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e
PE®EPAT KeanidikauinHa poboTa Ha TeMy:
& 3HanaeHo nocunanb: 0,02% id: 1

«AHani3z MeToAiB AiarHOCTUKKN NaMBHUX hOPCYHOK 3 PO3pobKOoIo YHiBEpPCasIbHOro CTEHAY A1
TeCTyBaHHS, OYULLLEHHS Ta pereHepaLiii»

BWKOHaHa Ha 66 CTopiHKax NOACHIOBaJIbHOI 3aNUCKN 3 BUKOPUCTaHHAM 20 niTepaTypHUX
oxepen. Y poboTi po3rigHyTO NMNTAHHA: NPUHLMM POBOTU Ta KOHCTPYKTUBHI 0COBNMBOCTI
nasnBHMX POPCYHOK; NpOaHani3oBaHO TeXHONOriYHe obnafgHaHHA AN PEMOHTY Ta OYULLLEHHS
hopCcyHOK; po3p0obsieHO KOHCTPYKLIT CTeHOY ANS YNbTPa3BYKOBOro OYULLLEHHS Ta
OiarHOCTyBaHHA POPCYHOK; po3p0obieHOo METOAUKY AiarHOCTUKN TEXHIYHOIM0 CTaHy Ta OYULLEHHS
nanamBHUX (POPCYHOK i3 3aCTOCYBaAHHAM YNbTPa3BYKOBOI BAHHW. JoCnigXXeHHS MeToA4iB
OiarHOCTMKKM NannMBHMX OPCYHOK Ta po3pobka yHiBepCcanbHOro cTeHay s ix TeCTyBaHHA,
OYNLLEHHS Ta pereHepauii € Hag3BUYalMHO aKTyaJlbHUMN Y Cy4acHOMY aBTOMObiNIbHOMY cepBici.
ManuneHi GOPCYHKN BifirpatoTb KJOYOBY pPoJib ¥ 3abe3nevyeHHi epeKkTnBHOI poboTn ABUrYHa,
NpaBWAbLHOr0 PO3Nuay nMasamMea Ta ONTUMI3auii BUTpPaTW NasbHOro. 3abpyaHeHHs abo
HecnpaBHOCTI POPCYHOK NPU3BOAATL A0 3HUKEHHS NPOAYKTUBHOCTI ABUIYHA, NiABULLLEHHS
BUTpAT NasibHOro Ta 36inbleHHS WKiganenx BUKUAiB. Knto4osi ciosa: aBToMobinb, naaneHa
hopcCyHKa, cCTeHA0Bi BUNPobyBaHHSA, TEXHIYHUI CTaH, YNbTPa3ByKOBa O4UCTKa hopcyHoK. 3MICT
BCTYMN7 PO31/1 | TEOPETUYHWIS 1.1 NpuHumMn poboTu Ta KOHCTPYKTUBHI 0COBAMBOCTI
nanmBHUX POPCYHOK8 1.2 KNto4oBi NposiBN HECMPABHOCTI NaanuBHUX hopcyHoK14 1.3AHani3
MeTOAIB Ta TEXHOJIOrN o4YnLLEeHHA (POPCYHOK16 BucHoBkM 1o po3ainy 122 PO341
TEXHOJNONYHUIN23 2.1 TexHonoriyHe ob6nafHaHHSA 4J19 PEMOHTY Ta OUYMLLEHHSA (hOPCYHOK23 2.2.
O6rpyHTYyBaHHS MeTOAIB NMPOAOBXEHHS eKCnJlyaTauinHoro pecypcy gopcyHok30 2.3 TexHosoris
pecTaBpalii po3nunnaoBadis popcyHoK35 BucHoBkM 0o posainy 1140 PO341J1 111 PO3PAXYHKOBO-
KOHCTPYKTUBHWI41 3.1 Po3pobka KOHCTPYKLIi CTEHAY AN YIbTPa3ByKOBOr0 OYMLLIEHHSA Ta
diarHoCcTyBaHHSA popcyHOK.41 3.2 MeToAanKa LiarHOCTUKM TEXHIYHOIN0 CTaHy Ta O4YULLEHHSA
OPCYHOK 3a A0MOMOIrO yibTPa3BYKOBOI BaHHW.46 3.3 Po3pobka TeXHOMIOriYHOro npoLecy
BU3HAYeHHA CTyneHs BuaaneHHsa 3abpyaHeHb 3 NOBEPXOHb KOMMOHEHTIB (POPCYHOK.53 BUCHOBKM
no posginy 158 PO341J1 |V OXOPOHA MPALLI59 4.1 3axoan 3 0XOPOHM Npaui Nig 4Yac BUKOHaHHSA
TEXHOJI0TriYHMX onepauin Ha aBToMobini59 4.2 be3neka Ta 0XopoHa npaui nig 4ac poboTn Ha
CTeHAi NS yNbTPa3BYKOBOIro o4nLLEHHS OopCyHOK.60 4.3 OXopoHa HaBKOJINLWIHBLOIO
cepenoBulla Ta noxxexxHa 6e3neka62 BucHoskn 0o posainy 1V64 3AFAJIbHI BACHOBKING5
Cnuncok BUKopucTaHoi nitepatypun66 BCTYI Cy4vacHi aBTOMOBiNbHI ABUMYHN BHYTPILLHLOIO
3ropsiHHA BiA3Ha4YalTbCA BUCOKMMUN BMMOraMun A0 e(PeKTUBHOCTI 3ropsaHHSA nanmea,
€KOJIOM4YHOCTI Ta HafinHocTi poboTn.

@AI generated text detected: ChatGPT 5.3, : 78,27% id: 2

OOHUM i3 KIIOYOBUX €JIEMEHTIB NaJIMBHOI CUCTeMU, Lo 6e3nocepedHbO BMJIMBAE Ha L
MOKa3HUKW, € MannBHi GOPCYHKN. Bif iXHbOI CMPaBHOCTI 3a1€XXNTb TOYHICTb A03YyBaHHSA NasaunBa,
AKICTb YTBOPEHHS NaJIMBO-MNOBITPSAHOI CyMilli, cTabinbHiCTb pob60TK ABUrYHa Ta piBeHb BUKNAIB
WKIAAMBUX PEYOBUH. i TEXHIYHMI CTaH BU3HaYa€ PiIBHOMIPHICTL Nodadi nananea, TOYHICTb
[03yBaHHSA Ta AKICTb pO3nuay, Lo, Y CBOIO YEpry, BMJAMBAE Ha EKOHOMIYHICTb poboTu ABUrYHa,
MOro MOTY>XHICTb Ta piBeHb LWKiAJINBUX BUKMAIB. 3 YHAacOM (hOPCYHKM MigAaloTbCA 3HOCY Ta
3abpyAHEHHI0, L0 NMPU3BOANTL A0 MOPYLUEHHA PEXUMIB NoAadi nanmea, HecTabinbHoi poboTun
OBUryHa Ta 36inbleHHS BUTPaAT NajibHOro. ToMy AiarHOCTMKa, OYMLLLEHHA Ta pereHepadis
hOpCYyHOK € HEBIA'EMHMMIN NpoLLecamMn TeXHIYHOro ob6cnyropyBaHHS Cy4acHUX aBToMobinis. Ha
CbOroHi iCHYE HU3Ka METOAIB KOHTPOJIIO NpaLe3aaTHOCTI (POPCYHOK Big MPOCTMUX MEXaHiYHUX
rnepeBipoK 40 KOMMIEKCHUX eNeKTPOHHUX CTEHAIB, AKi A03BOJIAOTb iMiTYyBaT! YMOBU peabHOi
poboTun aBuryHa. MpoTe 6iNblUiCTb TaKUX YCTAaHOBOK MalOTb By3bKe NMpu3HayYyeHHa abo BUCOKY
BapTICTb, WO YCKJAOHIOE X BAKOPUCTaAHHA B YMOBaX HEBEJIMKNX CEPBICHUX CTaHUIN. Y Win
po6OTi NPOMNOHYETLCA CTBOPEHHS CTEHAY ANA OiarHOCTUKU Ta OYULLEHHS NaJIMBHUX POPCYHOK,
AKi MaloTb Ba>k/iMBe 3Ha4YeHHA B 3abe3neyeHHi epeKTUBHOI poboTn ABUrYyHa.

Po3pobka Takoro cTeHay € KJAKYOBMM €TarnoM y nigTpMMaHHIi Ha4inHOCTI Ta npaue3naTHOCTI
aBTOMOBiNIbHMX cucTeM. . PO3[1J1 | TEOPETUYHUW 1.1 NpuHumn poboTu Ta KOHCTPYKTUBHI
0Co6/IMBOCTI NanMBHUX POPCYHOK PopCyHKa, abo iHXKEKTOP, € KOHCTPYKTUBHUM €1€EMEHTOM
CUCTEeMU BNOPCKYBAHHSA NanvBa, NpU3Ha4YeHUM ANa TOYHOro A03yBaHHSA Nanmea, NOro
PO3MNuSIeHHA B KaMepi 3ropsiHHS abo BMyCKHOMY KOJIEKTOpPI Ta popMyBaHHS NafMBHO-MOBITPAHOI
CyMiwWwi. POPCYHKM 3aCTOCOBYIOTLCA K Y BEH3MHOBUX, Tak i B AN3eNbHUX ABUTYHaX. Y CydYacHUX
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OBUIYHAaX BUKOPUCTOBYIOTLCS (DOPCYHKN 3 €NEKTPOHHUM YNPaBAiHHAM NPOLLECOM BMNOPCKYBAHHA.
3anexHo Big cnocoby 3aiNCHEHHS BMOPCKYBaHHSA PO3PIi3HAITb TaKi TN popCyHOK:
eNeKTpoMarHiTHi, efleKTporigpaBivyHi Ta N'e3o0enekTpunYdHi. EnekTpomMarHiTHa popcyHKa (puc.
1.1) 3a3BMYail BCTAHOBJIIOETLCSA Ha BEH3NHOBUX OBUrYHaX, 30KpeEMa Ha ABUIyHaX i3 CUCTEMOLO
6e3nocepenHbLOro BNOPCKyBaHHSA. Puc. 1.1. EnekTpoMarHiTHa opcyHKa: 1 - cit4acTtui inbTp; 2
- eNeKTPUYHUN PO3'eEM; 3 - NpyXKUHa; 4 - 06MOTKa 36yaXKeHHS; 5 - saKip enekTpoMarHiTy; 6 -
KOpPMycC POpCyHKU; 7 - ronika OPCyHKU; 8 - yulisibHEHHS; 9 - conno popCyHKN. BoHa MaE€
BiJHOCHO MPOCTY KOHCTPYKLIO, L0 BKJIIOYAE €/IeKTPOMarHiTHUM KNanaH i3 FosIKoK Ta Conno.
MpuHUWN iT pobOoTN NONAra€E B HACTYMHOMY: e/IeKTPOHHWUI 610K ynpaBiHHA BiAMOBIAHO A0
3af@aHoro anropuTMy noface Hanpyry Ha obMOTKy KflanaHa y BU3Ha4YeHnin MoMeHT. PoboTa
€/1eKTPOMarHiTHOI OpPCYHKN Ba3yeTbCS Ha YyNPaBJliHHI MOTOKOM NasMBa €NeKTPUYHUM
curHanom. Mpu nogadi HaNpyrm Ha KOTYLLKY BUHUKAE eNeKTpoMarHiTHe none, ke Aosa€e
3yCUANa NPY>XUHW i NigHIMaEe aKip i3 ronkot. Y pesynbTaTi BiabyBaeTbCA BiAKpUTTA conna i
BMOPCKYBaHHSA NajsimBa B Kamepy 3ropsHHs. lMicng 3aBepLUeHHSs iMNybCy e/leKTPOMarHiTHOro
CUrHany Npy>xrnHa NoBepTaE AKip y NoYaTKOBE MONOXKEHHS, 3aKpMBaliM POPCYHKY Ta
NPUNNHAKYX NoJady nanuvea. MNepeBarn eNneKTPOMarHiTHUX POPCYHOK: BUCOKa TOYHICTb
BMOPCKYBAHHSA Ta MOXXJIMBICTb perysitoBaHHA MOMEHTY Ta TPMBAaJIOCTi NogaYi naamea.
3MEHLUEHHSA WKIAAMBUX BUKNAIB Ta NONIMWEHHS eKOJIOTYHUX NMOKa3HMKIB ABUIYHA. MOXXJIMBICTb
pob0oTK y cMcTteMax 3 BUCOKUM TUCKOM BMOPCKYBaHHA. ObMe)xeHHA Ta HefoNikn: obMeXxeHa
WBNAKICTb peakLUil y NOPIBHAHHI 3 NM'€30eNeKTPUYHMMIK (POPCYHKaMUN. 3aJ1eXKHICTb Bif
CTabiNbHOCTI eNEKTPUYHOIr0 XXUBJIEHHSA Ta YYTAMBICTb 00 KOMMBaHb Hanpyru. notpebye To4HOro
TexHi4yHoro o6cnyrosyBaHHSA Ta OYULLEHHS Bif BiakNageHb NanvBa Ans 36epe)xeHHs
NPOAYKTUBHOCTI. EnekTporigpasnidyHa popcyHka (EF®) (puc. 1.2) € oaHUM i3 KIOYOBUX
€JIeMEeHTIB CyYacHUX cucteM 6e3nocepeHbOro BMOPCKYBAHHA NasMBa Yy AN3e/bHUX OBUIYHaxX Ta
BUCOKOMPOAYKTUBHUX BEH3MHOBUX ABUIYHaX i3 NMPAMUM YNPUCKYBaHHAM. BHacnifgok uboro
BUHNKAE eNIeKTPOMarHiTHe noJse, aKe, [oNalyn CUNY MNPY>XMHK, MEPEMILLYE AKip 3 FOJIKOI0,
BiIKpMBato4n COMJIO Ta 34iNCHIOKYM BMOPCKYBaHHA NaauvBa. licna npunmnHeHHs nogadi Hanpyru
Npy>XMHa NOBEPTAE roJIKy Ha CiAno, 3aBepLUYYN LUK BNOPCKYBaHHA. Puc. 1.2. MNpucTtpin
enekTporigpasnivyHol popcyHKN: 1 - consao QOPCYHKN; 2 - NPYyXKKMHA; 3 - KaMepa KepyBaHHS; 4 -
3/IMBHUI ApOCeNb; 5 - aKip eneKTpoMarHiTy; 6 - 3IMBHUI KaHan; 7 - eNeKTPU4YHUA po3'eM; 8 -
obmoTKa 36ypKeHHS; 9 - WwTyuep nigBeaeHHs nanamea; 10 - BOYCKHUI gpocenb; 11 - nopLueHs;
12 - ronka opCcyHKU. Llenm Tun popCyHKN aKTUBYETLCSA B MOMEHT Nodaudi Hanpyrn Ha obMoTKy
36yo)KeHHS KnanaHa BiANoBiAHO A0 aJirOpUTMY, 3anMporpamMoBaHOro B €1eKTPOHHOMY 6oL
KepyBaHHSA. losBa Hanpyrn opMye eNeKTpoMarHiTHe rnose, aKe A4osa€ onip NPy>XMHU Ta
nepemillye aKip pa3oM i3 roakoto, Wo Npmn3BoANTb A0 BiAKPUTTS Ccona Ta BNOPCKYBaHHS
nanumea. MNicng BiACYTHOCTI HAaNpPyrm NPYy>XNHHUA MEeXaHi3M NOBEPTAE rosiky OPCYHKN Y
MNo4YaTKOBE MOJIOXKEHHS. [i (PYHKLiOHYBaHHSA FPYHTYETLCS Ha iHTerpauii e1eKTPUYHOro KepyBaHHS
Ta rigpaBniyHOro MexaHismy, o 3abesneyye To4HE [03yBaHHA NajsiMBa, ONTUMI3aLilo Npouecy
3ropsiHHA Ta 3MEHLUEHHS BUKUAIB WKiAANBUX pevdoBuH. MNMpuHUMN 4ii enekTporigpasivyHol
hopCcyHKM Ba3yeTbCA Ha HACTYMHOMY MEXaHi3Mi: eNIeKTPUYHNI CUTHaN, SKUA HaaXoOuTb Big
610Ky KepyBaHHSA OBUIYHOM ( ), @aKTUBYE COJIEHOIAHUI abo N'€30€N1EKTPUYHNIA €NTEMEHT, WO
CTBOPIOE KEPOBAHE rigpaBriyHe TUCK y KaMepi POPCYHKN. Lle TUCK Nogosy€e Cny NPYy>KNHN
3anipHOro KnanaHa i 3abe3neyvye NignoM ronkm opCcyHKK, Lo BiAKPUBAE COMO ANs nogadi
najnBa. 3aBASKN TaKOMy MPUHUKNNY MOXXHa peanizoByBaTu 6araTokpaTHe Ta ha3oBaHe
YyrNpUCKYBaHHA NanvBa NPoTAroM O4HOro pobo4oro UMKy ABUryHa, O 3HA4YHO NiABULLYE
eheKTUBHICTb NpoLecy 3ropsaHHA Ta 3MEHLUYE AeTOoHaUinHI aBuLLa.

(M) Al generated text detected: ChatGPT 5.3, : 63,58% id: 3

KOHCTPYKTUBHO eneKTporigpaBiidHa hOpCyHKa CKNAfAETLCA 3 HACTYMHNX OCHOBHUX
eJIeEMEeHTIB: Koprycy, riapaBniyHoOi KaMepu, roJik1 3 3anipHUM KJlanaHoM, eleKTpoOMarHiTHOro
abo n’'e30enekTpuyHOro NpmMBoay, CACTEMM NoAadi Ta pPO3Mo4iny naamea. BUCOKOTOUHe
BUIFOTOBJIEHHS LIMX KOMMNOHEHTIB 3abe3nevyye MiHiManbHi NOXNOKN y BENNYMHI BMOPCKYBaHHS,
WO € KPUTUYHUM ONA CYHaCHUX OBUFYHIB i3 BUCOKUM CTYNEHEeM CTUCHEHHS Ta XXOPCTKUMU
€KOJIOriYHMMK CTaHAapTaMu. EnekTporigpasnidyHi hopCyHKM A03BONSAIOTL peanisyBaTu pag
TEXHIYHO Ba)KIMBUX (PYHKLiN: BMOPCKYBaHHSA MOXXJIMBICTb TOYHOI0 KEPYBaHHS KiflbKICTO
nasvea Ta (a30t0 NOro BBEAEHHSA Y Kamepy 3ropsaHHA. OnTuMi3alia npoluecy cyMilli NoBiTpsA Ta
nanavea NiABULLYE KKA ABUTYHa.

3aBAsSKM TOYHOMY [03YBaHHIO MasiMBa 3MEHLUYETLCSA YTBOPEHHS CaXKi Ta OKCUAIB a30Ty.
dopCyHKa 3[aTHa BUKOHYBaTX NonepeaHe, OCHOBHE Ta MiCASBAPUCKYBaHHS, W0 0Co6aMBO
aKTyaNbHO AN151 AN3eSIbHUX OBUTYHIB 3 TypboHaanyBoM. TakuM YMHOM, efleKTporigpasnivyHa
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hopCyHKa € BUCOKOTEXHOJIOMNYHUM NPUCTPOEM, LLLO NOEAHYE €NEeKTPOHIKY Ta rigpasniky ans
3abe3neyeHHs oNTMMaNbLHOMO NMpoLecy BNOPCKYBaHHSA najuea, NiABULLEHHSA €KOHOMIYHOCTI Ta
€KOJIOMYHOCTI ABUryHa. lN’e30enekTpuYdHi POpCyHKN (puc.1.3) € cydaCHUMU KOMMOHEHTaMu
CUCTEM BMOPCKYBaHHSA NasnBa B AM3eSIbHUX Ta 6@H3UHOBUX OBUIYHAX BHYTPILLUHbLOI0 3ropsHHS,
IO XapaKTepm3yoTbCS BUCOKOK TOYHICTIO KEpyBaHHA Ta WBUAKICTIO peakuii. ['e3odopcyHkamu
BCTAHOBJIIOETLCA Ha AU3eSIbHI OBUTYHU 3 . JaHnn Tnn GOopCyHKN €
HaMOOCKOHaMIWUM NPUCTPOEM. Puc. 1.3. KoHCTpyKLia n'e300opCcyHKN: 1 - rosika QOopCyHKHU; 2 -
YLWiNIbHEHHS; 3 - NPY>XWNHa Fofikn; 4 - 610K Apocenis; 5 - NepeMmnKaodni KnanaH; 6 - Npy>XKmMHa
KnanaHa; 7 - NoplieHb KianaHa; 8 - nopweHb WToBxa4a; 9 - n'ezoenemeHT; 10 - 3MBHUNA
KaHas; 11 - ciTyacTun inbTp; 12 - enekTpnyHU po3'em; 13 - HarHiTaNbHU KaHal. Ha BigMiHy
Bif TPaOULINHNX eNeKTpoMarHiTHUX (POPCYHOK, N'€30€NeKTPUYHI (POPCYHKMN BUKOPUCTOBYIOTb
BJIACTUBOCTI M'€30e€/IeKTPUYHNX MaTepianiB 4asa 34iNCHEHHS MPSMOro NepeMilleHHS roJIKu
hopcyHKU, Wo 3abesneyvye 6inbL TOHKe | TOYHE [03yBaHHA Maauea. MNpuHumn poboTu
n’'€30eNeKTPNYHOI PopCcyHKKN Ba3yeTbCA Ha N'€30eneKTpUYHOMY edeKTi, Koau nia aiewo
eJIeKTPUYHOro N0 KpUcTan n’'esoenemMeHTa AedopMy€eTbLCS, CTBOPIOKYN MeXaHiyHe
nepemiweHHs. LI nedopmauisa nepenaerbca Ha aKip hOPCYHKM, WO BioKpuBaEe abo 3akpmBace
ConJo, perynioyn nogady rnaamea B kamepy 3ropsHHA. OCHOBHOI NepeBaro Takoro
MeXaHi3My € 34aTHICTb 40 Ay>Ke LWBUAKOIro Ta TOYHOro perysitoBaHHA Yacy BiAKPUTTA POPCYHKU
Ta TPMBaJIOCTi BMOPCKYBaHHSA, WO A03BOAAE ONTUMI3yBaTN NpoLecC 3ropsHHSA, 3MEHLWNTU
BUTPaTK NajinBa Ta CKOPOTUTU BUKUAMN LWKIAIVNBUX PEYOBUH. NepeBaru n'e3oeneKTpudHnx
hPOPCYHOK BKOYAOTb. BUCOKY WBUAKICTb BIAKPUTTSA Ta 3aKpUTTA (40 AeKiIbKOX MIKpOCEKYHA),
O O03BOJISIE peani3yBaTu baraTokpaTHI BMOPCKYBaHHSA 3a 0AnH pobouni unki. ToyHe
[03yBaHHSA NManvBa, WO 3MeHLUY€E HepPiBHOMIPHICTb 3ropsiHHA Ta LWyM ABUryHa. MiasuwieHy
e(PeKTUBHICTb NpoLecy 3ropsHHS, LLO CMPUSAE 3HUKEHHIO BUTPaAT Nasnea Ta TOKCUYHOCTI
BigNpauboBaHMX rasis. MoXXAMBICTb peanisauil Cy4acHUX CTpaTerin KepyBaHHSA OBUIYHOM, TaKNX
AK (pa3oBaHe Ta NMoAisibHe BNOPCKYBaHHSA nasaunea.

@AI generated text detected: ChatGPT 5.3, : 74,18% id: 4

Heponikn Ta obMeXeHHS N’'€30e1eKTPUYHUX (DOPCYHOK MOB'A3aHi NepeBa>kHO 3 BUCOKOIO
BapTiCTIO BUPOOHULTBA, YYT/ANBICTIO A0 3abpyAHeHb NasnBa Ta HEOOXiAHICTIO BUKOPUCTAHHSA
BUCOKOSKICHUX €N1eKTPOHHMX CUCTEM YNpaBiiHHA. TAaKUM YMHOM, N'€30€/1eKTPUYHI OPCYHKN
npencTaBsisaloTb COB0K0 BUCOKOTEXHONONIYHNA KOMMOHEHT CUCTEM BMNOPCKYBaHHSA, KU
[03BOJISE 3HAYHO MiABULLNTY €(PEKTUBHICTb POBOTU ABUrYHIB BHYTPILLHLOIO 3rOPSAHHA Ta
BiAMOBIAHICTb Cy4aCHUM €KOJIOriYHUM cTaHgapTaM. 1.2 Kno4oBi NposaBM HECNPABHOCTI
nasnBHUX (hOPCYHOK BM3HavYeHHSA NnpobseM i3 naanBHMMU (hOPCYHKaMU € BaXKJIMBUM eTanoMm
DiarHOCTUKW MaJIMBHOI CUCTEMU, OCKiJIbKW CaMe Li eJIeMEHTU BiAMNOBiAAOTb 32 TOYHE
[03YBaHHSA MajlbHOro Ta PiBHOMipHE NOro po3nuieHHs B KaMmepy 3ropsiHHA. HannowmpeHiwmnmn
HEeCNpPaBHOCTSAMU € 3aCMiYEHHS PO3MNUJIOBaJIbHUX OTBOPIB, 3HOC FOJIKM abo yLiNbHIOBaIbHUX
€JIEMEHTIB, @ TaK0XX MOPYLUEHHS FEPMETUYHOCTI Kopnycy. Y An3enbHUX CUCTEMAX YacTo
CMOCTEPIraeTbCA YTBOPEHHS Harapy, SKNM 3HNKXYE ePEKTUBHICTb PO3MUIEHHSA NAlbHOrO, TO4
AK y 6eH3NHOBNX POPCYHKAX MOXYTb NPOSABAATUCA BiAKNAaLEHHS CMOJINCTUX PeYOBUH. JoCcuUTb
4aCTo NPUCTPIN Noaadi NnasanBa 3abpyAHIOETLCS, @ Ha CTiIHKaxX (POPCYHOK BUHUKAIOTb Pi3Hi
BigK/afeHHsA. HecnpaBHOCTI manuBHMX opcyHok 6e3nocepefHbO BN/IMBAOTbL Ha poboTy
ABUrYyHa, NOro AMHaMiKy, BUTpaTy NasIbHOr0 Ta €KOJIOriYHI NOKasHMKKW. HanvacTiwe npu4nHo
€ BUKOPUCTAHHA HESKICHOro NMaaunBa, Lo Npu3BoanuTb Ao nepeboie poboTn abo HaBiTbL BTpaTH
MOTY>XHOCTi ABUryHa. LLle 0oAHMM CUMNTOMOM € YTPYAHEHUN 3anyCK ABUryHa, 0cob6nBo B
XOJI0QHOMY CTaHi. Lle Mo)xe 6yTun 3yMOBJIEHO AK MiATiKAHHAM (hOPCYHKM, WO NPU3BOAUTL A0
3HVWXKEHHS TUCKY B NaJIMBHIA paMmni, Tak i HeJoCTaTHIM pPo3NueHHAM NasibHOro, BHACAi AOK
4oro yTBOPKETLCA HaaTo 6arata abo 6igHa cymiw. Kpim Toro, y npoueci ekcrayaTaLii MoXxnmse
BMHUKHEHHS AEeTOHALiMHNX CTYKIB, L0 MOSACHIOETLCS HEPIBHOMIPHUM HaAXOAXEHHAM NajlbHOrO
B OKpeMi unniHapu. BaXxnmBnM CMrHa oM HECMPABHOCTI € TAKOXX NOsBa CTOPOHHIX 3anaxiB
nasibHOro B CasioHi aBToM06ina 4m Nnobnamsy AsuryHa. Lle moxke CBig4nTN Npo HErepMeTUYHICTb
opcyHkm abo ii mocagkoBoro micus. B okpeMux Bunagkax y MOTOPHI 0/INBi BUABJISAIOTb
NigBULLLEHNIN BMICT NanbHOro, LLO BKAa3y€E Ha BUTIK Yepe3 POPCYHKN Ta NOTPanAaHHA NOro y
KapTep ABUryHa. [Ans niaTBepO>XeHHS BUSBIEHNX CUMIMTOMIB 3aCTOCOBYIOTbCS CheLiasi3oBaHi
MeTOoAW AiarHOCTUKN: NepeBipka Ha CTEHAi, KOHTPOJIb TUCKY B CUCTEMI XXUBJIEHHS, aHani3
hopmm Ta piBHOMIPHOCTI hakena po3nmMaeHHs, a TaKoX KOMN'lIoTepHa AiarHOCTUKA, Lo
[O3BOJISE BiACTEXNTN BigXMUEHHS y poboTi okpeMmunx umniHapis. Y Tabnuui 1.1 HaBegeHo
MMOBIpHi HECNPaBHOCTI NaNMBHUX (POPCYHOK i3 BKA3iBKOK XapaKTEPHUX CUMMTOMIB IX NPOSABY.

Tabnuus 1.1 OCHOBHiI HECMPABHOCTI MNanMBHUX POPCYHOK HecnpaBHICTb NannMBHOI OPCYHKN
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CumnTomm nposiBy 3abpyaHeHHS abo YacTKoBe 3acMiveHHsA comnna HectabinbHa poboTa ABUryHa
Ha XO0JI0CTOMY X044y, NiABULLEHA BUTPaTa NajlbHOro, NMoripweHHa AnHaMikm aBToMobins, YopHUin
AWM i3 BUXsonHoi Tpybu. MoBHe 3acMiveHHs hopCcyHKM OBUryH npautoe 3 nepebosamm, Moxxnmee

u 3HangeHo nocunaHb: 0% id: 5
"TpoiHHSA",
@ 3HangeHo naariaty: 0,03% id: 6

naAiHAe HEPYKMEEH; BEKkKANT S AV B Ay oY AB A i Ak HOrO B 0AMH LMAIHAP.
NiaTikaHHA (HerepMeTUYHICTb) POPCYHKM 3anax NasibHOro, HagMipHMN YopHU abo cU3nin oM,
HecTabinbHa poboTa ABUryHa

, YTBOPEHHSA Harapy Ha NopLHAX i KnanaHax. MopyLlweHHs po3nnay najabHOro (HenpaBuabHUN
haken ynopckyBaHHs) HepiBHOMipHa poboTa ABUryHa, AeTOHaUINHI yaapu, 3HUWXeHHA KK,
MigBULLEHI BUKMAW WKiQIMNBMX PEYOBUH. 3HOC po3nustoBada (consa) BTpaTa NOTY>XHOCTI, WWyMHa
poboTa OBUryHa, MOraHUM 3anyck y Xoa04Hy nopy, NigBuuWeHa BUTpaTa Naanea. HecnpaBHicTb
eNeKTpoMarHiTHOro KianaHa (y enekTpodopcyHKkax) BiocyTHicTb abo 3aTpuMKa YrNopCKyBaHHS,

B 3HangeHo nocunaHb: 0% id: 7

Ha NaHeni Nnpunagis, NOMUIIKU B eNleKTPoHHOMY 6oui kepyBaHHSA (EBY). MowKoa)XeHHSA KOTYLKN
dopcyHKM (06punB, KOPOTKE 3aMUKaHHA) IBUrYH NpaLOE B aBapPinHOMY peXxnMi, pi3ke nagiHHSA
NOTY>XXHOCTi, HEMOXXJIMBICTb 3aMyCKy OKpeMunx LUuniHapiB, PiKCyoTbCA NoOMUaKu B EBY.
3aK/IMHIOBAHHSA FOJIKN po3NntoBada OBUryH MOXXe rAyXHYTW nig 4ac poboTun, HecTabinbHi
0bepTn, nigBuweHe gumMmneHHs. NMpoaoB)xeHHA Tabnuui 1.1 MexaHiyHi NOWKOoO)XXEHHA Kopnycy
dopcyHkn abo yulinbHeHb MNigTikaHHA NasbHOro, BTpaTa repMeTMYHOCTI, 3anax AN3ens 4un
6eH3nHY, Cnigm Nnanmea Ha ABUryHi. HenpaBuabHU TUCK YNOPCKYBaHHA (3aHaATo
BUCOKUN/HU3bKNIN) Ba>KKnin 3anyCcK ABUIYHa, 3HWXKEHHSA TArn, nigBULLEHNIA PO3Xia NanbHOro,
nosiBa AeTOHaLil Y/ NpoNycCKiB 3anajtoBaHHA. TakKMM YMHOM, CBOEYACHE BUABNEHHS O3HaK
HecnpaBHOCTI POPCYHOK € HeobXigHO YMOBOI MiATPUMaHHSA Npaue3naTHOCTI ABUryHa
BHYTPILLHBbOIr0 3ropsiHHA, 3anobiraHHsA Noro nepeg4acHoOMy 3HoCy Ta 3abe3neyvyeHHs cTabiNbHOCTI
eKcrniyaTauinHUX XapakTepucTnuk aBTtoMobing. 1.3AHanis MeToAiB Ta TEXHOJIONN OYNLLLEHHS
hopcyHoK OuniieHHs POPCYHOK € Ba>KJIMBOO NpoLLeAypOoo TEXHIYHOro 06CyroByBaHHS
nannmBHOI cnctemun asTomobing, ska 3abesnedye ctabinbHy poboTy ABUrYyHA, 3MEHLLEHHS
BUTPATW MasibHOMrO Ta 3HUXXEHHSA TOKCUYHOCTI BUXJIOMHUX rasiB. 3asexHo Bif pPiBHSA
3abpyaHEHHSs, TNy ABUryHa Ta AOCTYNHOro obnagHaHHA 3aCTOCOBYIOTLCS Pi3Hi MeToan Ta
cnocobu o4nLLeHHA hopCcyHOK. HarpoMaa>KeHHs BiaKnaneHb Ha NOBEPXHAX (hOPCYHOK 3YMOBJIOE
NosiBY Pi3HOMaHIiTHMX 360iB y PYHKLiOHYBaHHI ABUIYHa.

(M) Al generated text detected: ChatGPT 5.3, : 65,6% id: 8

Came TOMYy NPOMUBaHHSA AN3eNbHMX (POPCYHOK € HEOOXiAHO NMpoLLEenypoto, AKy Cnif
BUKOHYBATW NepiognYHO K Yy NPOdiNaKTUYHUX LiNsax, Tak i 3a HAassBHOCTI O3HaK iX 3aCMi4YeHHs.
Mpu LbOMY HaBiTb BUKOPUCTAHHSA NMOCAYr aBTOPUTETHUX aBTO3arNpaBHUX MEPEX He [03BONSE
MOBHICTIO NependbavunTun Ym 3anobirt BUHMKHEHHIO AaHoi Npobnemun. Y Bunagky BUKOPUCTaAHHS
HesKiCHOro NasinBa BOAIN 3a3BMYal Oi3HAETLCA MPO Le JAnNLLe MiCaa AiarHOCTUKN Ha CTaHUii
TeXHiYHOoro ob6csyrosyBaHHS, KoM haxiBLi BCTAHOBJIOOTb BMUXiA 3 Nafy e/IeMeHTIB NaJIMBHOI
cuctemu. MNpoTe ona An3enbHUX OBUTYHIB HAaCNiAKM HE 0OMeXYOTbCS INLIE MOLUKOAXKEHHAM
anapaTtypu. 3Ha4YHUX HaBaHTa>XE€Hb 3a3HalOThb i POPCYHKM, AKi Nig Yac poboTu NpaLolTh B
yMOBaX BUCOKOIr0 TUCKY Ta NiABULLEHMX TeMnepaTyp. 3abpyAHEHHA € HEMUHYYUM SABULLIEM,
aj)xe ousesibHe nanavMBo MICTUTb NapadiHu, SKi Nig BNAMBOM TemMnepaTyp YTBOPKOWTL TBEPAi
BigKNaAEHHA Ha MOBEPXHi (hOPCYHOK. Lle ABuLLE YacTO Ha3MBaOTb «3aKOKCYBAaHHAM
popCyHOK». Ba>kn1BoO, LLO NpOLLEeC 0CafXeHHA bpyAy TpUBA€E HaBiTb MICASA 3yNUHKN ABUrYHa:
arperaT Lle TPMBaJIMA Yac 3a/IMLAETLCA rapa4mMM, OXONIOOXKEHHS HE PYHKLIOHYE, i Ha
iHXXeKTopax opPMYIOTbCS LLiNIbHI HallapyBaHHSA, NOAiOHI 40 NAaKOBOro MNOKPUTTS.

Taki BigkNageHHA B NepLly Yepry NopywyoTb PiBHOMIPHICTb Nogadi NaavBa, a TaKoXX MOXYTb
BUKNMKATK AedopMaLlilo okpeMux getasnen opCcyHKN. 30KpeMa, Yepes HaaJINWLKOBUA TUCK Ta
HaKOMMYEeHHS BiKNadeHb AedopMaLlii MoXxe 3a3HaTu 3anipHa roska. KaHanam opcyHkn
MOCTYMOBO 3apoCTaloTb BiAKNaAEHHAMMU, LLIO NPU3BOAUTL 00 HEPIBHOMIpHOI Nodadi nanamea. Y
nonibHMX BUNagKax EANHUM PilLEHHAM CTA€E o4YuMLLLEHHSA abo 3aMiHa PoOpCyHOK. IFTHOpyBaHHSA L€l
npobaeMn CNpMYMNHSE NOCTYNOBE MadiHHA NOTY>XHOCTI ABUIYHa Ta NiABULLEHHSA BUTPATKH
nanbHoro. CBOEYaCHe 3BepHEHHS A0 CneuianiCTiB aBTOCepBiCy [03BONAE 3anobirtn cepnosHum
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Hacnigkam Ta 3eKOHOMUTU KowTu. O4HUM i3 HANNPOCTIWMX MEeTOAiB OHYNLLEHHS € BAKOPUCTAHHSA
creuianbHUX NanMBHUX Npucagok (puc. 1.4), wo gogatoTbcs 6besnocepenHbo y 6ak. Puc.1.4.
Mpuncagka Ana o4nLEeHHS POPCYHOK. BukopncTaHHS cneuialbHUX NajMBHUX NPUCAA0K ANS
OYMLLEHHSA (DOPCYHOK € OOHUM i3 HaNBiNbLL NOWMNPEHUX | [OCTYNMHUX METOAIB NiATPUMAHHS
npauesfaTHOCTI NasIMBHOT cucTeMu. Taki XiMivHI gobaBku BBOAATLCA Be3nocepefHbO B
nanneHMM 6ak pasom i3 AnsenbHUM nasibHMM abo 6EH3MHOM, MiCAA YOro BOHM MPOXoAATh Yepes
YCIO CUCTEMY XUBJIEHHSA, BKJIIOYHO 3 NainBHUMK TpybonpoBogamm, HaCoOCoOM Ta CaMUMK
dhopcyHkamu. NMprncankn AitoTb 3aBAAKM aKTUBHUM KOMMOHEHTaM, L0 PO34YMHAKTL BiAKNaAeHHS
CMOJINCTOrO Y1 BYr1ELLEBOIr0 MOXOAXKEHHS, @ TaKoXX 3anobiratoTb yTBOPEHHIO HOBUX
HallapyBaHb Ha po3nustoBaYax. Lle 403BONAE BiAHOBUTM PIBHOMIPHICTL NogaYvi nanmsea,
MOKPALLMTN SKICTb po3nuay Ta cTabinbHICTb poboTn ABUryHa, 0CoB6MBO Ha XOJIOCTOMY XOAY.

(A Al generated text detected: ChatGPT 5.3, : 63,28% id: 9

KpiMm TOro, npucagku cnpusioTb 3HUWKXEHHIO BUTPAT NaJIbHOr0, 3MEHLUEHHIO TOKCUYHOCTI
BMXJIOMHUX ra3iB i MPOOOBXXEHHIO pecypcy nasZIMBHOI anapaTypu. EQQeKTUBHICTb Takoro Metoay
3a/1€XKUTb Bif perynsapHOCTi MOro 3aCToCyBaHHA Ta SKOCTi CaMOro npenapaTty, NpoTe B
6inbLIOCTi BUNaaKiB BiH 3abe3neyye BiAHOCHO NpocTe Ta 6e3neyHe ovuLLeHHS hopCyHOK 6e3
HeOoBXiAHOCTi AEeEMOHTaXY Y/ CKNAagHUX PEMOHTHUX npouenyp. MNpoTe iX eheKTUBHICTD €
06Me>XXeHOI0, i BOHU BUKOHYIOTb NEpeBaKHO NPOiNakTUYHY yHKLLO.

PionHa onsa ouymuweHHs, BigoMa 9K COJIbBEHT, NOOAETLCS 3i cneuiasibHNUX pe3epByapiB i
BUKOPMCTOBYETbLCA aHaNOrN4yHO 0 NajbHOro. BoHa o4nwae He nnwe popCcyHKK, ane 1 yci
eNleMeHTW NaJIMBHOI cMCTeEMM. X04a Ler cnocib He rapaHTy€e NOBHOIro BUOaIeHHSA BiAKIaAeHb,
BiH MO>X€ 3HU3UTN IHTEHCMBHICTb 3abpyAHEHHSA Ta NPOAOBXUTU pecypc poboTn OpPCyHOK.
Mpouec o4nweHHA an3enbHUX GopCyYHOK MOXKe 34iCHIOBAaTUCS YOO0CKOHaNeHUM criocoboM, KN
nepenbadvae NigkNtO4YeHHs ABUryHa A0 Crewiani3oBaHoi YCTaHOBKW. 3aCTOCYBaHHS AaHOro
meToay nepenbayvae BUKOPUCTAHHSA crneuiani3oBaHMX AiarHOCTUYHMX CTEHAIB, 3@ AOMOMOIrot
AKNX MO>XHa BU3HA4YNTK piBeHb 3abpyaHEHOCTI okpeMux opcyHok (puc. 1.5). Y npoueci
BUKOHaHHS NPOMMBAHHA AN3e/bHUX (DOPCYHOK Y LUAIHOPW ABUTYHa MOXKE NoTpanaaTu
He3Ha4YyHa KiNbKiCTb 3MUTUX BigKNageHb. Puc. 1.5. CTeHp AN o4nweHHs popCcyHOK

-603A. Micna 3aBepLlUEHHS NMpoLUenypy BiACYTHS MOXXJIMBICTb 06’'EKTUBHOI OLLIHKK i
e(heKTUBHOCTI, WO YCKNAOHIOE KOHTPOJIb AKOCTiI BUKOHaHMX pobiT. BogHo4Yac cepepn HefoNiKiB
cnif BiA3Ha4YNTW BIACYTHICTb MOBHOI FApaHTIl LLOAO ifeaslbHOro OYNLLEHHA eNeMeHTIB Ta iX
noganblioro 6e3sigMOBHOro hyHKLiOHYBaHHSA. KpiM TOro, He BUKJ/IIOYAETbCA CUTYaLiA, KON
nicns NnpoBeAeHHs 04YULLEHHS BUABNAETLCA HEOOXiAHICTb MOBHOT 3aMiHU (POPCYHOK Y 3B'A3KY 3
iXHIM NpMpoAHNM 3HOLWYBaHHAM [1]. Takuin nigxig 3abe3nevyye npoMmBaHHA hOPCYHOK B 06Xig,
OCHOBHOI MaMBHOI CUCTEMMN, L0 BUKJIIOHAE HEOBXIAHICTb iX AEMOHTaXY.

@AI generated text detected: ChatGPT 5.3, : 60,32% id: 10

3acTocyBaHHS OaHOI METOAUKM CMPUSE eDEeKTUBHOMY BUAANEHHIO BigK/laAeHb Ta Harapy 3
po60oymx MoBepPXOHb (POPCYHOK i KNnamaHiB. Mpu LbOMY OYMLLYBaibHa pPigNHa HE LIMPKYJIHOE
BCiMa MaJIMBHMMUN MaricTpanaMu, a Oi€ IOKaJIbHO, KOHLIEHTPYO4YM CBOIO Aito 6e3nocepeaHbO Ha
KPUTUYHNX eneMeHTax. 3aBAsSKN LboMy 3abe3neyyeTbCsa paLioHabHiLLe BUKOPUCTaHHA
MUMNHOIO CKNagy, OCKiNIbKX BiH CNPAMOBaHO BMJIMBAE JINLLE Ha Ti iNAHKN, e hopMYyloThCA
BigK/NIaAEeHHS, WO B MiACYMKY 3HMXXYE IX KiNbKICTb Ha popcyHKax i KnanaHax. MNgpognHaMivyHa
KaBiTalia € CydaCHUM METOAOM OYULLEHHA NAJIMBHUX POPCYHOK, KU FPYHTYETLCA Ha
BUKOPUCTaAHHI i34YHOro edhekTy YTBOPEHHSA Ta pyNHYBaHHSA KaBiTauinHUX 6ynbballoK y
pioKoMy cepenoBuLLi.

Llen cnoci6 HabyBae nonynsipHOCTi 3aBOSAKN BUCOKIN e(peKTUBHOCTI BUAANEHHS BioKNaaeHsb i
BiICYTHOCTI HEOb6XiAHOCTi 3aCTOCYBaHHS arpeCcMBHUX XiMiYHUX PedYoBUH. POPCYHKN MICTATb
OpibHi KaHanM, KaHaNM rofikK i conna, Ha AKMX oCigatTb TBepAi YaCTUHKWU, CMOJIN i BigKNaOeHHS
Big manmBa. MexaHiyHi 1 XiMiYHi MeToAM iHOAI He MPOHUKalTh y BCi Nopu. KagiTauia 3abe3neyye
iIHTEHCUBHE NlIOKaJibHEe MeXaHi4He O4YMLLEHHSA HAaBIiTb Y BY3bKMUX OTBOPaXx, He NOTpebyyn CUIbHUX
abpa3nBHMX 4YM arpecmnBHUX XiMiYHNX peareHTiB. [epeBarn MeToay riapoAnHaMIYHOI KaBiTauii:
6e3neYyHiCcTb ON19 MaTepianiB;, BUCOKa ePEKTUBHICTb; YHIBEPCANbHICTb; LUBUAKICTb NpoLecy.
YNbTpa3ByKOBUIA METOL OYULLLEHHS POPCYHOK € OAHUM i3 Hae(eKTUBHILLMX i Cy4aCHMX cnocobis
BiJHOBMIEHHS iXHbOI NpaLue3gaTHocTi (puc. 1.6). Moro 3acTocyBaHHS 6a3y€eTbCA Ha BUKOPUCTAHHI
BWCOKOYACTOTHMX YJ/IbTPa3BYKOBUX KOJIMBAHb, SKi CTBOPIOIOTL CNeundivyHnn gi3nKo-XiMivHUn
ehekT y pigkomy cepefoBuLli. DoOpCyHKU 3aHYPIOIOTb Y CneuiaibHy Y/IbTPa3ByKOBY BaHHY,
3aMoOBHEHY MMIOYNM PO34MHOM. BogHO4Yac MeTo4 BMMara€ CyBoporo AOTPMMaHHA TEXHOJOTrIl:
HagMipHa TpuBanicTb 06pPObKN Y1 3aCTOCYBaHHA arpPeCUBHUX PiAVH MOXKE MOLKOANTU
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yLinbHIOBaYi, NnacTtukosi abo rymoBi enemeHTn. Came TOMY y/IbTPa3BYKOBY OYUCTKY MPOBOASATb
crieuianizoBaHi CEpPBICHI LEHTPU 3 BUKOPUCTAHHAM cepTudikoBaHoro obnagHaHHA. Puc. 1.6.
YNbTpa3ByKOBUIA METOL Oo4ULLEHHS POpCyHOK. OCOBMBOCTI NpoBeAeHHS NpoLenypu OYULLLEHHS:
MonepedHsa AiarHOCTUKa NepeBIPSE repMeTUYHICTb Ta NPOAYKTUBHICTb OPCYHOK. POPCYHKM
BCTAHOBJIIOIOTb Y CreuiasibHUA TPUMaY i ONyCcKalTb Yy po34nH. O4nWEHHA Nig Oi€0 yNbTpasByKy
TpwuBae Big 10 oo 30 XBUIWNH, 3a51IeXXHO Bifl CTyneHs 3abpyaHeHHs. MNicns 06pobkn hopcyHKU
npoAayBalTb Ta NPOMMBatOTb NasameoM abo cneuiaibHUMK pignHamun, Wo6 BUAANNTY 3aJULLKKN
pPO34uHY 1 BiaknageHb. ®iHanbHa Nepesipka Ha cTeHAi. lNicnsa uboro Ha piAMHY NOAAIOTbLCSA
KOJIMBaHHS YNbTPa3BYKOBOI YacTOTKM (3a3BuYan y giana3oHi 20-40 kly). Mig gieo ynx KonmBaHb
Y PiAVHI YyTBOPIOETLCA ABMLLE KaBiTauii - MiKpocKoniyHi 6ynbballuky NOBITPSA BUHUKAOTD i
MUTTEBO CXJIOMYIOTLCA, CTBOPIOKOYN JIOKAbHI iMNY/IbCU TUCKY Ta BUCOKI TEMNEpaTypu Ha
MikKpopiBHi. Lli mpouecu cnpusioTb: pyMHYBaHHIO BigK/adeHb Ha MOBEPXHi AeTanen,
eheKTUBHOMY BUAANEHHIO Harapy, CMOJIMCTUX PEYOBUH, NlaKy Ta iHWNUX NPOAYKTIB 3ropsHHS;
OYMLLEHHIO HaBiTb BaXKKOAOCTYMHMX AiNIAHOK KaHaNiB OPCYHKU, AKi HEMOXXIMBO 06pobunTn
MeXaHiYHMM cnocobom. TakmMM YNHOM, YbTPa3BYKOBMIN METOL OYMLLEHHSA (POPCYHOK € CyHaCHUM
i BACOKOE(EKTNBHMM pPilLIEHHAM, SKe A03BOJIAE 3HAYHO MPOAOBXUTU TEPMiH CNy>XObn NannsBHOI
cuctemu, 3abesnedntun ctabinbHICTb pobOTHN ABUIYHA Ta 3MEHWMWNTU BUTPATU NasibHOroO.
BuncHoBKM 00 po3ainy | B po3aini po3arnaHyTo npuHLMN poboTn Ta KOHCTPYKTUBHI 0COBANBOCTI
nasimnBHNX POPCYHOK.

@AI generated text detected: ChatGPT 5.3, : 67,96% id: 11

ManueHa popCyHKa € OAHUM i3 KNOYOBUX €JIEMEHTIB CUCTEMUN XXUBJIEHHSA ABUrYHaA
BHYTPILLUHBOIO 3rOPsiHHSA, Bif CMPaBHOCTI SKOI 3aJIeXXNTb ePeKTMBHICTb poboTn ABUIYHa,
€KOHOMIYHICTb BUTPATW NaJIMBa Ta PiBEHb LUKiAINBUX BUKUAIB. AHaNi3 NOKa3as, L0 OCHOBHMMM
nposiBaMM HECMPABHOCTI MaJIMBHUX (hDOPCYHOK € HEPIBHOMIpPHE PO3MWIEHHSA NasMBa, 3HVXKEHHS
MPOOYKTMBHOCTI, MOAB TeYi Ta 3acCMivYeHHs conen. BnasneHi HecnpaBHOCTI hopCyHOK
6e3nocepenHbLO BMJNBAOTL Ha €WEKTUBHICTL POBOTY ABUrYyHa, NiABULLYIOTL BUTPATY MajvBa
Ta CrpUaOTb 36iNbLIEHHIO LWKIANMBUX BUKUAIB. [OCiOXXEHO Pi3HI MeToan Ta TeXHOJOrIi
OYMLLEHHSA NasIMBHMX (DOPCYHOK, LLO A03BOJISAOTL BiAHOBAOBATMY iX NpaLe3aaTHICTb Ta
niaBuULLYBaTN ebeKTMBHICTL poboTu AsuryHa. PO3411 TEXHOJIOMIYHWW 2.1 TexHonorivyHe
obnafHaHHA 4N PEMOHTY Ta OYULLEHHSA (POPCYHOK PEMOHT Ta 06CyroByBaHHS NasMBHUX
hOpCYyHOK Omn3enbHUX Ta 6eH3NHOBUX OBUrYHIB MOTpebye 3acTOCyBaHHSA cneLianizoBaHOro
TeXHoJIoriYHoro obnagHaHHS, ke 3abe3nevye BUCOKY TOYHICTb, ePEKTUBHICTb OYULLEHHS Ta
6e3neyHicTb pobiT. HeobxiaHICTb NPOBEAEHHSA PEMOHTY KOMMOHEHTIB CUCTEMU XKUBJIEHHS
OBUrYHIB BUHMKAE Y BMUMadKax HECMPaBHOCTI ABUryHa, HecTabinbHoi oro poboTun 3 nepebosimun
abo MigBULLLEHOIr0 CNOXXMBAHHA MananBa. PEMOHT NanMBHOI anapaTypwu ANU3EeJ/IbHOrO ABUIYyHa, SK
npasuno, nepenbayvyac 3aMiHy NOLIKOOXKEHUX OETANIEN Ta €JIEMEHTIB CUCTEMU XXUBNEHHSA Ha
HOBI, @ TAKOXX KOHTPOJIb Ta perysitoBaHHSA PYyHKLIOHYBaHHA NasMBHOI anapaTypu. BUKOHaHHS
LKMX onepaLin 34iNCHI0ETLCA Ha crneuiani3oBaHin ginaHui, obnagHaHin HeobxigHNMMK
npunagamu, iHCTPyMeHTaMM Ta KOHTPOJIbHO-PEryJtoBaJibHUMKN CTeHOaMu. Po3brpaHHs Ta
OYMLLEHHA arperaTiB i By3/1iB Na/IMBHOI anapaTypu NPOBOAATHLCA Ha CneLiaibHOMY CTeHAi, npu
LLbOMY MOXXJIMBE 3aCTOCYBaHHA MUNOK abo O4YULLEHHS cneliaNbHUMN razamMun. Ba>kaneo npwu
uboMy 3anobiraTv moTpanasHH 3abpyAHEHOro MajnBa A0 BHYTPILUHIX MOPOXHWH MaJINBHOI
anapaTtypu.

Y BCiX BMNagKax 3HATTS MaJMBHOI anapaTypun 3 ABUIryHa, Nicnsa Big' €gHaHHA NainNBHUX
TpybonpoBoAiB, HACOCHNX POPCYHOK Ta iNbTpiB, HeObXiAHO 3aKpMBaTU BIAKPUTI OTBOPU
TpybonpoBoaie NnpobkaMu, KoBNayvykamm, 3arjayikamm abo YMCTO i301ALIAHOK CTPIYKOIO 3
MeToto 3anobiraHHs NMPoHMKHEHHo Bpyay. Mig Yac ckaagaHHA By3iB NaJMBHOI anapaTypu chif
BPaxoBYyBaTW, LLO MAYHXXEPHI Ta KNanaHHi napu, po3nunoBaYi POPCYHOK, a TaKOXX BTYJIKa 3i
LUTOKOM MNifKavyBaslbHOrO HacoCa € KOMMJEKCHUMN KOMMOHEHTaMU i He NignsaratnTb
po36bumpaHHIo, X 3aMiHa MO>KJIMBa NiMwle B KOMMAEKTI. 1o 0CHOBHUX BuAiB 06nagHaHHA HanexaTb
OIarHOCTUYHI CTeHAW, YNIbTPa3BYKOBI Ta MexXaHiyHi o4uLLyBaYdi, @ TaKOX IHCTPYMEHTU A4
OeMOHTaxX<y, KanibpyBaHHS Ta TeCTyBaHHSA popCcyHOK. KOHCTpyKLUia dopcyHku (puc. 2.1)
BKJIIOYAE efleKTporiapasniyH1Uin By30/1, BiANOBIiAabHUA 3a BIAKPUTTA Ta 3aKPUTTHA po3nusoBaya,
AKUIN HanyacTiwe NigaaeTbcs 3Hocy abo BuxoanTb 3 nany. Puc. 2.1. OcobnuneocTi 6ynosu
hopCcyHKKN. 3a3BMYal 4EMOHTaXK POPCYHOK nepen peMOHTOM 34iNCHIOETLCA Be3 yCKNaaHeHb. Y
pa3i yTBOPEHHS OKCUAHOrO HaNIbOTy Ha NOBEPXHi HeobXigHe 3aCcToCyBaHHSA Creuiani3oBaHOro
iIHCTPYMEHTY Ta BUKOHAHHA A404aTKOBUX ornepauin. CKnagHiCTb Nnpouecy 3HATTA POPCYHOK
6e3nocepenHLO BMJMBAE Ha BapTiCTb pobiT. MNepen NOBTOPHOI YCTAaHOBKOK POPCYHOK iX
noBepxHt0 06pobAITL KepaMiyHO MacTUIOM, WO 3anobirae yTBopeHHto okucy. Po3bip
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POPCYHKM NPOBOONTLCA BiAMOBIAHO 4O BU3HAYEHOI MOCAIAOBHOCTI onepauin (puc. 2.2). Puc. 2.2.
MocnigoBHICTb po3bupaHHsa HOPCYHKN. Y pa3i peMoHTY abo 3aMiHn nuwe ogHiei popcyHkn 6e3
nepesipku CTaHy peLwTu, ICHYE PU3NK TOro, WO iHLWI POPCYHKN (DYHKLIOHYBAaTUMYTb
HenpaBWbHO Ta 3abe3nevyyBaTUMYTb HEKOPEKTHY NoAady An3enbHOro nanvea. Buxiag 3 nagy
OKpeMoi POpPCYyHKM MoxKe ByTn HacnigKkoM 3aBOACLKOro 6paky abo MexaHiYHOro NOLKOAXKEHHS,
npuv LbOMY pecypc ekcrslyaTauii iHWNX (POPCYHOK 3aJIMLLAETBCA Y MeXaxX HOpPMU, i IX 3aMiHa He €
HeobxigHot. MNMpoTe, AKLWOo ogHa GOpCyHKa BMALLIA 3 1ady, a pellTa 3Haxo4AaTbCA Ha MeXi
BiAMOBW, OOUINIbHUM € KOMMJIEKCHUI Nigxig 0o obcnyropyBaHHA MaaMBHOI CUCTEMN, LLO
nepenbadae 3amiHy abo PeMOHT yCiX (POPCYHOK Ta A0AATKOBO BKJIIOYAE NPOMUBAHHS
ansenbHoro 6aka, nanneHoro dinbTpa i Mmarictpanen Big 6aka A0 NasIMBHOIO HacoCa BUCOKOIo
TUCKY, @ TaKOX MepeBipKy CTaHy CaMOro Hacoca.

(A Al generated text detected: ChatGPT 5.3, : 73,33% id: 12

YCYHEHHS nuwe HacnigkiB NoWKOoAXKEHHA (hOPCYHOK 6e3 NikBigaLii NpUYNH IXHbOI MOOMKMU
MO>X€e MPU3BECTM A0 NMOBTOPHOIr0 BUXOAY 3 Jlady MaJIMBHUX efleMeHTiB. TeEXHOOoriYHe
obnagHaHHA 418 PEMOHTY Ta OYULLEHHSA (POPCYHOK € HEBIA'EMHOI CKI1AA0BOI CyHaCHMX
CEepBiCHUX Ta AiarHOCTUYHUX LEHTPIB 3 06C/yroByBaHHA AM3e/IbHUX Ta 6€H3NHOBUX OBUTYHIB.
OcHoBHa MeTa Lboro obnagHaHHA NOJIAra€ y BiAHOBJIEHHI MpaLe3faTHOCTI (hOPCYHOK,
3abe3neyvyeHHi TOYHOro po3NWJOBaHHA NasivBa Ta NiATPUMaHHI ONTUMaNIbHUX NapaMeTpiB
ABuUryHa. KoMnjekCcHe BUKOPUCTaHHA TakuX NPUCTPOIB OO3BOJISE MPOBOAUTU SK MeXaHiqHy
O4YMCTKY, TaK i €1eKTPOHHY AiarHOCTMKY MOPCYHOK. [10 OCHOBHOro o6nagHaHHS, Lo
BUKOPUCTOBYETLCA B aBTOCEPBiCax Ta AiarHOCTUYHMX LleHTpax, HanexaTb CTeHAN Ans
TeCcTyBaHHS (POPCYHOK, Y/IbTPa3BYKOBi BaHHWN, YCTaHOBKMW ANA OYULLEHHS NAaJIMBHUMU
npucagkamm, a TakoXx creuiajibHi IHCTPYMEHTU Ta NPUCTPOI ANa po3bupaHHA Ta KanibpyBaHHS.
PeMOHT (hOpCYHOK BMKOHYETbLCSA Ha po604OMYy CTOJI Ta BKJIOHAE 3aMiHY MOLUKOAXKEHUX
[eTasien, OMNLLEHHS BHYTPILWHIX KaHaniB Big Harapy Ta 3abpyHeHb, @ TaKoX MepeBipKy
repMeTUYHOCTI 1 Npaue3naTHOCTI oKpeMmx By3AiB. Micas po3bnpaHHA HOPCYHKN il KOMMNOHEHTH
nignaloTbCA PETENIbHOMY OrIiAY Ha HasBHICTb TpPiWMH, 3HoCy abo aedopmauin. 3HoweHi abo
HeCrnpaBHi eNeMeHTU, Taki 9K rosika, Npy>XuHa, yLlinbHIOBasbHI KinbLa abo knanaHu,
nignaratoTb 3aMiHi Ha HOBI. [Jani NPoOBOANUTLCA KOHTPOJIbHA 36ipKa 3 TOYHUM OOTPUMAHHAM
TEXHOMOriYHUX A0MNYCKIB, MiC/s 4Oro )OpPCyHKa TECTYETbCA Ha CTEHAI ANA BU3HAYEHHS
napaMeTpiB Nogadi naamea, TUCKY BMOPCKYBaHHA Ta NPaBWJIbHOCTI po3nuay. Jinwe nicns
YCNiLHOro NPOXoA>XeHHS BCiX TeCTiB (POPCYHKa BBAXKAETLCS BiJHOBNEHOIO Ta FOTOBOIO A0
ekcnayaTauii. CtTeHAN Npu3HaYveHi ona giarHoCTUKKM poboTu hopCyHOK Ta KOHTPOJIHO iX
napamMeTpiB.

BoHW [03BOAAIOTE BUMIPOBATU TaKi XapaKTEPUCTUKU, AK: TUCK BiGKPUTTHA POPCYHKN; KiNbKiCTb
Ta AKiCTb PO3MNWJIEHHA NasMBa; BUTpaTa Nnasmea Npu pisHUX pexnmax poboTn. CyvacHi cteHaun
MOXXYTb ByTUN eNieKTPOHHUMN abo MexaHi4YHO-e/IeKTPOHHUMUN. ENEeKTPOHHI cTeHan
NigKAYaloTbCA A0 KOMMN'oTepa i aBTOMAaTUYHO PIKCYIOTb YCi MOKA3HUKK, Hadauyn MOXJINBICTb
CTBOptoBaTU rpadiku Ta 3BiTKM Npo CTaH hopCyHOK. Ha pnHKy npeacTasseHi mogeni, akKi
NOEOHYIOTb 06MABI PyHKLIT Ta OCHALLEHI 4OOaTKOBUMUM akcecyapamu gnsa poboyoro crony.
Hanbinbw nowunpeHnmMmn supobHukamm cepep CTO € , , , i

Cepeg 4yncneHHnx BUpPObHUKIB CyHacHUX cTeHAiB o o6cnyrosyBaHHSA OpPCyHOK 0Cco6aMBO

BNOINAETLCA KOMMNAHIA , IKa C/IaBUTbCS BUCOKOIO HAOIMHICTIO Ta BiAMIHHOIO AKICTIO CBOEI
npoaykuii (puc. 2.3). Puc. 2.3. CteHpg Ons obcnyrosyBaHHS AnsenbHUX hopCyHok. CTeHaun
ansa obcnyrosyBaHHSA (hOPCYHOK 3abe3nevyloTb O4HOYACHE TeCTyBaHHS, OiarHOCTMKY Ta

PEMOHT 00 LWeCTn POPCYHOK AN3eNbHUX NIerkoBUx aBToMobinie. Ans poboTn 3 BaHTaXHMMU Ta
KOMepLiNnHNMKN TpaHCNOPTHUMK 3acobamun nepenbayvyeHe BUKOPUCTaHHSA 0OA4AaTKOBOro
KOMMNEKTY, LLLO PO3LWMPIOE PYHKLIOHANIbHI MOXJIMBOCTI CMCTEMU. YCYHEHHS HECMPaBHOCTER,
BUSABJIEHUX Mif Yac AiarHOCTUKW, 30iNCHIOETLCSA 3a AOMNOMOro cneuiajibHOro MOHTa)XXHOro
obnagHaHHA. KpiMm Toro, BMupobHMK Haga€ cepBicHe 06CNyroByBaHHSA Ta KOMMJIEKTYE
obnagHaHHA HeobXiaAHUM NporpaMHMM 3abe3neyeHHsM. ba30oBUI KOMMNEKT BKJIOYAE NPUBOAN,
KOMMpecop, BUMipOBaibHUI BN0K, 3aXNCHUIN KOPMYC, HAacOC NiKa4ykn, 4aCTOTHUN
nepeTBOPIOBaY, AAaTUYMKU 3 perynsaTopaMmun TUCKY, yTpuMyBadi hopCyHOK Ta 6opToBi koMn'toTepu.
Micna MOHTa)Ky BCiX KOMIMOHEHTIB CTeH, CTa€E FOTOBUM [0 MPOBEAEHHA PEMOHTHMX Ta
OiarHOCTUYHUX pobiT. CTeHan a5 AiarHOCTUKKN Ta PEMOHTY AN3eNbHUX hopCyHOK -

LLe BUCOKOTExXHosoriyHe obnagHaHHS, po3pobsieHe 0N TOYHOrO TECTYBaHHSA, OYMLLEHHS Ta
KanibpyBaHHS

@ 3HanaeHo nnariaTty: 0,07% https://turbolevel.com.ua/service/remont-forsunok/ id: 13
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hOpPCYHOK BoHwn BignoBigatoTb BUMOraM Cy4acHUX AN3eSIbHUX OBUMYHIB i
BUKOPUCTOBYIOTbLCS B aBTOCEpPBiCax, HaBYaJIbHUX 3aKJafdax Ta cneuianisoBaHUX ManCTEPHSAX Mo
BCbOMY CBiTy. CTeHa DS1E (puc. 2.4) € KOMNAKTHUM i yHIBEpPCalbHUM MNPUCTPOEM Ans
[iarHOCTUMKM BCiX TUMNIB €/IeKTPOMArHiTHUX Ta N'€30€NeKTPUYHUX (POPCYHOK Bi
BUPOOHMKIB , , ) / . Pnc. 2.4. CteHg DS1R gna giarHOCTUKK
€JIeKTPOMarHiTHNX Ta Mbe30-JIEKTPUYHNX POPCYHOK

. BiH 003BOSISE NPOBOOANTM ENEKTPUYHI TECTU, NEPEBIPKY FEPMETUYHOCTI Ta OLiHKY CTaHy
OPCYHKM 3a AOMOMOro TecTy . MakcumanbHnnM pobovmn TUCkK cTaHoBUTb 2200 bap. Y
Bepciax DS1R-E/20 Ta DS1R-D/20 AoCTyNHa MOXXJIMBICTb aBTOMaTUYHOI 0 OHOBJIEHHS
nporpamMHoro 3abesnedyeHHs Ta 36epexxeHHs pe3ynbTaTiB y BOyaoBaHin 6a3i naHux. Ctena ons
OiarHOCTUKKN POPCYHOK -602A (puc. 2.5) - ue komnnaekcHun nabopaTopHO-
TEXHONOrIYHUI Npunag, NpusHadyeHnin ana scebivHoi NnepeBipky Ta HanaWTyBaHHSA NalMBHUX
dOopCcyHOK BEH3VMHOBUX i AN3enbHUX OABUIYHIB. BiH moeaHye B cobi rigpaBnivyHy N eNIeKTPOHHY
YaCTWHMK, L0 A03BOJISE MOAENOBaTM poboYi yYMOBU NasIMBHOI CUCTeMU aBTOMOBGINA, TOYHO
BMMIpPIOBATN XapaKTEPUCTUKN PO3MNUIIEHHS, NPOMYCKHOI 34aTHOCTI Ta repMeTUYHOCTI POPCYHOK,
a TaKo)XX NepeBIpATN iX eNeKTpUYHi NapameTpun. KOHCTpYKLUisa cTeHaa 3abe3nedye HadinHy
ikcaLuito OPCYHKM Mifg Yac TeCTyBaHHA i LO3BOJISE NigKN0O4aTU POPCYHKN PiSHUX TUMIB
3aBOSKUN YHiBEpcasibHUM ajanTtepam, Wo pobuTb NOro NnpuaaTHUM 15 LWMPOKOro CrekTpa
CYyYaCHUX iHXXEKTOPHUX cucTeM. Puc. 2.5. YcTaHOBKa ANa AMarHOCTUKN Ta 04UCTKU POPCYHOK

-602A. Ba)X/IMBOK nepeBaro CTeHAiB € IX YHiBepCa/lbHICTb Ta
MOXJ/INBICTb PpoBOTU 3 Pi3HUMKU TUNaMn POPCYHOK, BKJIIOYAIOUYMN eIeEKTPOMarHiTHI Ta
n’€30e/1eKTPUYHI.

(A Al generated text detected: ChatGPT 5.3, : 65,85% id: 14

Lle n03BONISE CEPBICHUM LLeHTpPaM NPOBOAUTU AiarHOCTUKY LLUMPOKOro CrekTpy aBTomobinis 6e3
HeobxigHOCTI moaaTkoBoro obnagHaHHA. [loAaTKOBO, CTeHAWN 3abe3neyytoTb 6e3neyvyHi ymosu
pob0TKn, OCKINIbKN CMCTEMa aBTOMATUYHO KOHTPOJIOE TUCK Ta TeMrepaTypy nanvBea,
3anobiratoyn aBapinHUM CUTYyaUisM. 3aBASKW CBOIN TOYHOCTI Ta HaAiMHOCTI, CTeHA Ans
OiarHOCTUKKN hOPCYHOK € e(PEKTUBHMM IHCTPYMEHTOM AJ18 06C/yroByBaHHS Ta
PEMOHTY NaJINBHUX CUCTEM aBTOMOBINIB, WO [O3BONSE CBOEYACHO BUABISATA HECMPABHOCTI,
3MEeHLIYBaTW BUTPATU NaJMBa Ta NiABULLYBATU 3arajibHy eeKTUBHICTb poboTu aABUryHa. 2.2.
O6rpyHTYBaHHS MeTOLiIB MPOAOBXEHHS eKCrnJlyaTaLiiHOro pecypcy opcyHoK POpPCYHKM €
OOHWUM i3 KJIIOYOBUX €/1IEMEHTIB NaJIMBHOI CUCTEMN ABUrYHA BHYTPILLHbLOI0 3ropsHHS,
6e3nocepeAHbO BMJNBaAOYN Ha e(PEKTUBHICTb 3rOPSAHHA MasinBa, MOTYXHICTb ABUIYHa Ta
piBeHb LUKiOANBUX BUKUAIB. [JOBroOBiYHICTb (DOPCYHOK BU3HAYAETLCA HE NKLLE AKICTHO iX
BMIOTOBJIEHHS, @ N YMOBaMU eKcnJyaTalil, YACTOTO MaJsinBa, @ TaKoXX NMpPaBUJSIbHICTIO
TexHi4Horo obcnyrosyBaHHS. lMigBuLLeHHA pecypcy poboTn hopCyYHOK MOXK/IMBE 3@ PaxyHOK
KOMMJIEKCHOrO Nigxo4y, WO BK/OYAE TEXHIYHI, eKcnayaTauinHi Ta XiMivyHi meToan.

OCHOBHUMK (haKTOpPaMM, LLIO 3yMOBJIOIOTb 3HUXXEHHSA EKOHOMIYHUX, MOTYXKHICHUX Ta €KONOri4YHMX
XapaKTePUCTUK ON3ENbHOI0 ABUIYHA, € AKICTb AW3€/IbHOIro NaJnBa, CTYMiHb NOro
HanpauloBaHHSA, @ TaKOXX HeA0CKOHaiCTb MeToiB TEXHIYHOro 0b6CcnyropyBaHHS Ta PEMOHTHUX
3acobiB. MaTemMaTuN4YHIi Mogeni LEMOHCTPYIOTh, WO Ha 3arajbHy BUTpPaTy NajsiMBa CyTTEBO
BMNJIMBAE LUMKJiYHa nogadva NaanBa, ska, y CBOK 4Yepry, BU3HAYAETLCA BACTUBOCTAMMN NaanBa Ta
KOHCTPYKTUBHO-TEXHOIOMYHUMN NapamMeTpaMun po3nusoBada QOpCcyHKN. HaginHicTb i
OOBrOBiYHICTb (POPCYHOK ON3ENbHUX ABUMYHIB BU3HA4Yal0TbCA CTabinbHICTIO poboTun iXHix
po3nuatoBayiB. POpPCyHKa CKIaOaETbCA 3 BY3J1iB Ta OKpEMUX AeTasien, Takux aK WTaHra,
NMPY>XWHa, ranka, rojka Ta Koprnyc po3nutoBada (puc. 2.6). BAacTMBOCTiI MOBEPXHEBOro Wapy Ta
reomeTpuyHa opMa LMX AeTasIeEN € KJIIOYOBMMIN XapaKTepucTukamum poboTun posnuitoBaya.
MosBa oegekTiB Ha pobo4nx NOBEPXHAX PO3NM/OBayYa NPU3BOAUTL A0 MNOripLWEHHSA TEXHIYHOro
CTaHy ManmBHOI cnctemn. KoHTaKT poboymx NoBEPXOHb FOJIKM Ta KOPMycCy po3nuntoBaYa
3abe3neyye nogadvy naamea Nif BUCOKUM TUCKOM. Pobo4a noBepxHSA geTanen posnuitoBaya
BUCTYMA€E KAOYOBUM YAHHNKOM, L0 BU3HAYa€E HAAQINHICTb Li€i rpynyn KOMMNOHeHTIB. Po3nunatoBay
hOPCYHKM € OJHI€EI0 3 HaNBINbLL KPUTUYHNX AeTanen naamBHOi CUCTEMU ABUMYHA BHYTPILLHbLOIO
3ropaHHA. Moro HagiliHicTh 6e3nocepefHbO BMIMBAE Ha SIKICTb PO3MNUIIOBAHHA NaavBea,
ePeKTUBHICTb 3ropsHHSA Ta 3araJibHUN pecypc ABUTYHa. iCHYIOTb METOAN NiABULLEHHS
OOBroBiYHOCTI po3nuatoBayda. Puc. 2.6. bygosa opCyHKU: 1 - KOpNyc po3nuaoBaYya; 2 - ranka
po3nuatoBaya; 3,5 - BCTaHOBAOBasbHI WTNMPTN; 4 - NpokNagka; 6 - wTaHra; 7 - kopnyc; 8 -
yulinbHIoBanbHe Kinbue; 9 -wtyuep; 10 - inbTp; 11 - ywinbHOBaAbHa BTYJKA; 12 -
peroitoBaibHi Wanbun; 13 - npy>xuHa; 14 - roska po3nutoBada. 10 OCHOBHUX MPUYNH 3HOCY
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po604MX MOBEPXOHb PO3NUJOBaYa Ta 3MiHM iX POPMU HaNexXaTb TaKi hakTopu. MexaHivyHun
3HOC BMHWKAE BHACNiIAOK TPMBAJOro TepTH MiXK PyXOMUMUK eneMeHTaMun OPCYHKN, TaKUMU AK
rosika, Kopnyc Ta Cifno. KoXXHWA LMK BIAKPUTTA Ta 3aKPUTTS FONIKM CTBOPIOE KOHTAKTHI Cuan,
L0 MOCTYNOBO NPU3BOAATL A0 3MiHU reoMeTpii poboynx NnoBepxoHb. Ha ehekTUBHICTL poboTun
pO3MutoBaYa BMAMBaKOTb TBEPLICTb MaTepianiB, TOYHICTb 06p0o6KM Ta HadABHICTb 3Ma3ku. Mpu
HefOCTaTHbOMY 3aXUCTi Big TepTa Ta yAapHMX HaBaHTa>XeHb Ha NOBEPXHAX MOXYTb
YyTBOPIOBATUCA 3a4MPKKU, NoapsanmHu abo HeBennki BUGOIHM, WO CNPUSAIOTb NOripLUEHHIO hopMin
CTPYMeHS nanmea Ta 36inbleHHI0 BUTpaT Nanmea. KasiTalinHWiA 3HOC BUHMKAE Nif Yac
YTBOPEHHS Ta PYMHYBAHHSA MIKPOMOPOXXHUH (Bynbballok napu) y nanmei NpyM BUCOKIA LUBUAKOCTI
noTtoky. Konu 6ynbbalukm konancyTb Nob6am3y pobo4mx noBepxoHb, BOHW CTBOPIOOThL JIOKabHI
yOapHi XxBuAi, Ki NOCTYNOBO pPyMHYyOTb MaTepian. OcobnmBo Le NpoABAAETLCA Ha Cifnax Ta
BUXiAHMX OTBOpax po3nuoBada. KasiTauis 4acTo rnos’s3aHa 3 HepiBHOMIPHUM TUCKOM NasnBa
ab0 M0ro BUCOKOIO B'A3KICTIO MPU HN3bKMX TemMnepaTypax.

@AI generated text detected: ChatGPT 5.3, : 71,08% id: 15

Kopo3inHni 3Hoc 06yMoBEHUI BMJIMBOM XiMIYHO arpeCUBHUX KOMMOHEHTIB NasnBa, Bosioru abo
NPOOYKTIB OKUCNEHHS Ha MeTaJieBi MOBEPXHi OPCYyHKN. MeTan NoCcTynoBo po3’igaETbCs,
YTBOPHOOYM APiOHI KpaTepun Ta LOPCTKOCTI, WO 3MiHIOKTb (GOPMY PO3MUOBaIbHUX OTBOPIB i
MoripwyTb po3nuaoBaHHA. Llen npouec 0cob6nBo iHTEHCUBHUIA NP BUKOPUCTAHHI
HesikicHoro nananea abo npu TpuBasomy 36epiraHHi NanMBa 3 BUCOKMM BMICTOM BOAOMW.
Epo3iinHNiA 3HOC BUHMKAE Yepe3 BUCOKOLLUBUAKICHUIA MOTIK NanvMBa, SKUN MiCTUTb TBEpPAMX
YacTuHok abo abpa3mBHi [OMILLKK. HaCTUHKK yOapsaloTb MO NOBEPXHAX Cigna, roJkn Ta
KOpnycy, NOCTYMOBO 3HOCAYM iX MaTepiaa. B pe3yabTaTi OTBOPU pO3MNn/toBayvya poO3LLMNPIOTLCS,
L0 3MiHIOE (DOPMY CTPYMEHSA Ta MOPYLUYE TOYHICTb NoAadvi Nnanuea. Llein BuA 3HOCY 4YacTo
MOCUIOETLCA NPU BUKOPUCTAHHI AN3ebHOro najmBa HNU3bKOI AKOCTIi. TEPMiYHUI 3HOC
MOB’A3aHNN i3 YaCTUMMK KOJIMBAHHAMMN TeMnepaTypu NanaMBa Ta HaBKOJIMLLIHLOIO CepefoBULLa.
MeTan chopcyHKM NiAAaeTbCA HArpiBy Nig 4ac poboTn ABUrYyHa Ta OXOJIOOXKEHHIO MPU 3yNUHLIL.
LUnknivHi 3MiHKM TeMnepaTypu NpU3BoAATL A0 TEPMIYHMX HAMNPY>XeHb, MIKPOTPILLMH Ta
MOCTYMNOBOro pyrMHYBaHHSA MOBEPXHEBOro LWapy AeTanen. TepMiYHNN 3HOC YaCTO NOEAHYETLCA 3
MeXaHiYHUM Ta KOpPOo3inHUM, nornnbnatoodmn gedekTn. HeeyacHe abo HenpaBubHeE
o6cnyroByBaHHS (DOPCYHOK, BK/IIOYAO4YN HECBOEYACHY O04MCTKY abo BUKOPUCTaAHHSA
HEeBiANOBIAHNX NPOMUBHUX PiOWH, TAKOX CMPUSE 3HOCY PoboYMX NOBEPXOHb. 3abpyAHEHHSA
NaJINBHOI CUCTEMMU, 3aJIMLLKK CTaporo najnea abo abpasnBHi YaCTUHKM HAKOMNYYOTbCS Ha
cignax i ronkax, MPUCKOPIOYN 3HOC | 3HVXKYHOYN TOYHICTb PO3MNUJIIOBAHHS.

Mo>XXNuMBi LLINAXN NiSBULLEHHSA [OBrOBIiYHOCTI (POPCYHKM NpencTaBneHi y Burnagi 6n1ok-cxemu,
npencTaB/IeHOl Ha PUCYHKY 2.7. Pnc. 2.7. LUnaxu nigBnweHHS 0OBroBiYHOCTI pecypcy (QOPCYHKMN.
OOHWNM i3 OCHOBHMX METOAIB NiABULLEHHSA LOBrOBIYHOCTI PO3NnJOBayYa € BUKOPUCTAHHSA
BUCOKOSIKICHMX Ta 3HOCOCTINKNX MaTepianiB AN1a BUrOTOBJ/IEHHS MOro poboynx noBepxoHsb. Lie
MOXXYTb BYyTUW CnaaBu Ha OCHOBI CTani 3 NiABULLEHOIO TBEPAICTIO abo MaTepiany 3 NoKpaLLeHo
KOPO3iMHOI CTINKICTIO.

@AI generated text detected: ChatGPT 5.3, : 59,67% id: 16

3aBAAKN LbOMY 3MEHLUYETLCSA MMOBIPHICTb abpa3nBHOIro Ta KOPO3iNHOro 3HOCY, SIKUN BUHNKAE
nig Yyac TpuBaJsoi ekcrnsyaTauil popcyHKU. Taki MaTepiaan TakoX MOXYTb BUTPUMYBaATU BUCOKI
TeMnepaTypu Ta TUCK, O XapaKTepHi Ana poboTn nanmBHOI cuctemu. Lii meToam Ao3BONSAIOTh
3HAYHO NPOAOBXUTU pecypc PpoboTn MOPCYHKN, 3MEHLLUNTMN WMOBIPHICTb MOSABMK TPILLUH Ta
epos3ii. JoBroBi4YHICTb (DOPCYHKM TAaKOX 3a1€XXUTb Bif il KOHCTPYKTUBHUX NapaMeTpiB.
OnTuMi3auia BKIOYAE: 3MEHLUEHHSA TEPTSA MiXK FOJIKOKO Ta KOPMYCOM LUISAXOM TOYHOro nigbopy
3a30piB; NoJlinweHHa reoMeTpil consa Anas PiBHOMIPHOrO Po3MNuieHHSA NaanBa; BUKOPUCTAHHSA
MPY>XNH 3 BUCOKOLO CTINKICTIO 00 BTOMW MaTepiany. Takuin Nigxin A03BONASE 3MEHLLNTU
MeXaHiYHe HaBaHTa)XeHHS Ha aeTani, Wwo 6e3nocepenHbO NiABULLYE IX HAaOiAHICTb. HadinHICcTb i
TpUBaINN TepMiH cnyxbun posnuaoBavya 3Ha4YHOK MipOK BM3HAYalOTbCA YUCTOTOI Ta AKICHUMU
XapaKTepucTukamum nanmea. o6 3anobirtn 3abpyaHEHHIO Ta YTBOPEHHIO BiAKAageHb Ha NOro
pobo4nx MOBEPXHSAX, 3aCTOCOBYIOTb Cy4aCHi BUCOKOEMEKTUBHI DiNbTpU, cnewiaibHi
cTabinisaTopu Nnanvea Ta NpMcagKuy, L0 3MEHLUYIOTb HAKONUYEHHSA CMOIMCTUX PEYOBUH, a
TaKOX PEeryipHO KOHTPOJIIOTh AKICTb NajMBa, WO A03BOJISAE YHUKATU MEXaHIYHUX | XiMiYHNX
YLUWIKOOXXEHb po3nuoBaYa. 3aBAsaKu LM 3axodaM 3abe3nevyeTbca NigTpUMKa onTUMaibHUX
yMoB poboTu hopcyHkn. CBOEYaACHE 06CyroByBaHHSA po3nuitoBada 3abe3neyye MOXXINBICTb
BUABJISATY Ta yCyBaTu AedeKTn Ha paHHiX eTanax ekcrnsyaTtauil. o OCHOBHUX METOLIB
06CNyroByBaHHSA Ha/IEXNTb YNIbTPA3BYKOBE NMPOMUBAHHSA, AKe eDEKTUBHO BUAANSE
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3abpyAHEHHA, KOHTPOJIb TUCKY Ta hopMn hakena po3nmnieHHs Ha cneLiajJlbHUX cTeHhax, a
TaKOXX 3aMiHa 3HOLLEeHUX AeTasler, Taknx K NPY>XUHU Yn yulifibHIOBadi. PerynapHe
MpoBeAEeHHS LMX Npouenyp He auLle NoA0BXXYE TePMiH CyXbu OpCyHKN, a N NigTpUMYE
BMCOKMW piBeHb 1i Npaue3faTHOCTI Ta epeKTUBHOCTI.

2.3 TexHonoria pectaBpauii po3nuaoBadiB hopcyHoK lMpouec pecTaBpauii BKAOYae po3bupaHHS
POPCYHKW, peTesibHE OYULLEHHA AeTanen (y TOMy YMChi 3a 4OMNOMOro ybTPa3BYKOBOI BaHHN),
KOHTPOJIb 3HOCY €/IEMEHTIB po3nNuJoBada, MosipyBaHHs abo 3aMiHy 3HOLWIEHNX YaCcTuH. Micns
LbOro NPoBOAUTLCA CKNafaHHSA N BUNpobyBaHHSA Ha CrieuiasisHOMY CTeHAi ANs NepeBipKn
repMeTUYHOCTI, PiIBHOMIPHOCTI MogaYi NnanmBa Ta popMu hakena po3nuieHHs. 3aBasKku
3aCTOCYBaHHIO Cy4aCHUX METOAIB OYULLEHHS, NPeLn3inHOI MexaHi4HOi 06pobkn Ta KOHTPOIO
AKOCTI, BiAHOBNEHI po3nunaoBayi MOXXyTb 3abe3nevyyBaT eheKTUBHY pobOTYy ABUIYHA, EKOHOMIIO
MasinBa Ta 3HMXKEHHS TOKCMYHOCTI BUXJIOMHUX ra3iB, Wo pobuTb TEXHOJIOriO0 pecTaBpauil
€KOHOMIYHO BUFiOHOI N €KOJIOMiYHO AOLINbHO aNbTePHATUBOI NMOBHIN 3aMiHi (HOPCYHOK.
BigHOBMIEHHSA 3HOLEHUX LUATHAPUNYHNX NOBEPXOHb € AOCUTb CKAAAHUM MNPOLECOM, OCKiNIbKMK
notpebye cneuianbHOro obnagHaHHSA, BUCOKOTOYHUX BUMIPIOBaJIbHUX NPUIagiB, 3aCTOCYBaHHSA
TEXHONOrIN HAaHECEHHS TBepPAMX MEeTaNleBUX NOKPUTTIB i moganbwoi 06pobku 3 BUCOKOLO
TOYHICTIO Ta goBeaeHHSM. MNMoaibHa TexHOOris pPeMOHTY NPeuUmn3inHUX geTanen € EKOHOMIYHO
BUMNpaBAaHO NMLIE Ha BEJINKMX CNelianizoBaHMX NiANPUEMCTBAX, AKi MaloTb BignoBigHe
OCHalleHHA Ta Bennki obcsaru pobiT. Y ymoBax cTaHLUin TexHiYHOro o6cnyroByBaHHSA OOLiISIBHO
3aCTOCOBYBaTK NPUTUPAHHSA MPOCTUX MOBEPXOHb, A& He NoTpibHa ToYHa NiAroHKa geTanen nig
Mani 3a30pun abo cknagHa o6pobka LUNAIHAPUYHUX eneMeHTiB. MopPiBHAHO HECKIagHo 3a
OOMOMOrol NMPUTUPAHHA MOXXHa BiAHOBUTW TaKi Npeumn3inHi MoOBEPXHI, SK: KOHYCHI MOBEPXHI
rinb3; 3anipHi NOBepxHi po3nuoBaYis. g NpUMTUpPaHHA 3aCTOCOBYIOTbL CNeLianbHi NpUTUPanbHi
nacTu, 3okpema nactu Ol. BoHn BunyckatoTbCA TPbOX TUNIB rpybi, cepedHi Ta TOHKI. Pixkyya
30aTHICTb MacTV BM3HA4YaETLCA TOBLUWHOIO LLApy MeTany, SKNN BOHa 3HIMaE 3a CTO NOABINHNX
pyxiB (NpnbansHo 40 m wnaxy). Npyba nacta Bupansae 3Ha4yHUM wap meTany Big 40 oo 18 Mkm
(Do pDecaTux 4acToK MiniMeTpa) i Ma€ BignosigHi HoMepu Big 40 fo 18. Ii konip TeMHO-3eneHn i3
nepexonom y H4opHun. CepeaHsa nacTa 3HIMAE Wap TOBLUUHOW BiA 17 A0 8 MKM (COTi YaCcTKun
MinimeTpa), No3Ha4YaeTbCa HoMepaMn 17-8 | Mae TeMHO-3eneHnn Kosip. TOHKa nacTa 3abe3neyvye
3HATTS Wapy MeTasy TOBLWMHOW Big 7 40 1 MKM (TUCAYHI YaCTKM MiniMeTpa) i XxapaKTepusyeTbCs
CBiTNO-3eNneHUM BigTiIHKOM. OCHOBHUM abpa3nBHUM KOMMNOHeHTOM nacT Ol € okcna xpomy. Kpim
MeXaHiYHOI f4ii, NacTa YMHUTb i XiMiYHUI BNJIMB Ha NOBEPXHIO AeTasli 3aBASAKN HAABHOCTI
0J1eTHOBOT KUC/IOTW BOHa NMOM’AKLUYE TBEPAi MOBEPXHEBI LWapu, Nonerwyym nporec ob6pobku.
Ons YopHOBOro Ta nornepenHbLOro A0BEeAEHHS BUKOPUCTOBYIOTb NacTu Mapok 180-K, 30-M, 30-
Mc, 20-M. BoHU MicTATb abpa3nB KOPYHOO0BMIN NOPOLLOK (52-55%), oneiHOBY KUCNOTY AK
AKTUBHUN KOMMOHEHT (20-34%) Ta 3B’A3yBaJsibHy pevyoBuHy cteapuH (14-20%). Y poesaki Mmapku
AoaatoTb TakoX rac. Nacta 10-M npusHayeHa Oja nonepeaHbOro 4oBeAeHHS, a TOHKI macTu K-
500, 3-MY, 3-MC, 3-M i 1-M gnsa ocTaTo4HOro. ¥ 6inbWwocCTi 3 HAX pi3ajibHUM MaTepiasioM € OKCUA
anoMiHito (18-55%), XiMiYHMM KOMMNOHEHTOM O0JIeiHOBa KNC/0Ta, a 3B'A3yBasibHUMMN PpeYOBUHaMN
cTeapuH abo napaciH. a8 diHilWHOro 4oBeAEeHHS OCTaHHIM YacOM 3aCTOCOBYIOTb aJIMa3Hi NacTu
AcM-1 i AM-2. MacTtn H3TA BUPI3HAIOTLCA NiABULLEHUM BMICTOM ONE€IHOBOI KUCNOTU Ta
BUKOPUCTAHHSAM OKCUAY ajIloMiHilo 9K abpa3uBy. OCKiNlbKN TEXHOJOT A PEMOHTY NPEeUN3inHNX
neTanen i3 BUKOPUCTaHHAM AOBOOOYHUX NACT € CKNagHO0, Taki poboTn NOBUHHI BUKOHYBATK
[OCBiaYeHi cntocapi, ski BoNoAiloTb BiAMOBIAHOW TEXHIKOK Ta NPakKTUYHUMU HaBUYKaMmn poboTu
3 macTtamun. Y Bunagkax, Konv npeumnsinHi geTani MatoTb 3Ha4YHI MOWKOAXKEHHS Hanpuknag,
rnnboki NoapANMHN, HEePIiBHOCTI abo CyTTEBE 3HOLWEHHSA NOBEPXHi A1 BiAHOB/IEHHS IXHbLOI
dopMU 34iINCHIOKTb MOCAIAOBHE NPUTUPAHHSA 3 BUKOPUCTAHHAM TPbOoX BUAiIB nacT. CrnovyaTKy
3aCTOCOBYIOTb rpyb03epHUCTY NacTy, NOTIM NepexoasaTb A0 CepefHbOi, a 3aBepLUyoTh 06pobKy
TOHKOIO NacToo, WO A03BOJIAE YCYHYTU CAign, 3aMWIeHi monepegHiMm eTanamu.

@AI generated text detected: ChatGPT 5.3, : 74,27% id: 17

Macty Ol nepen po6oTo0 PO3BOASATL YACTUM FacoOM A0 KOHCUCTEHLIi rycTol pianHM, a nacty
H3TA - BepeTeHHOI0 0/IMBOIO A0 NOAIOHOro cTaHy. FOTYIOTb NMLLe HeobXiAHY KisIbKiCTb CyMiLli,
OCKiNlbKU Npu TpmBasioMy 36epiraHHi BOHa BTpaYa€ CBOi BAACTMBOCTI. LLLo6 yHUKHYTH
3abpyAHEHHS NMAOM YU iHLWIUMKW JOMIiLLKaMW, PO3BEAEHY NAaCTy PEKOMEHAYETLCA 36epiratu y
HeBeNUKNX MeTaneBux 6aHO4YKax i3 KpULLIKaMn, BUFOTOBAEHUX i3 NIATYHI, HA AKUX BKa3yloTb
HomMep nacTu. 3abopPOHAETLCA 3MillyBaTW pPi3Hi copTu nacT. MNpwn nepexoni 4o HOBOro BUAay
nacTv nornepeaHio NOTPIOHO MOBHICTIO 3MUTK 3 MOBEPXHi. 3arOTOBKMW MAMTOK Nepef,
npUTUpaHHAM 06pobNAI0TbL NPOCTPYrYOTh, WabpytoTb abo oNMAIOTL | 4OBOASATL 3@ METOA0M
TPbOX MANT. Y MpoLeci ekcrnayaTalii poboYi MoBepxHi MANT MOCTYMNOBO 3HOLWYTbLCS, TOMY iX
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Yyac Big Yyacy HeobxigHO BiAHOBAOBATWY 3a AonomMoroto rpyboi nactu. s npaBuabHOro
BUKOHaHHSA pobiT 6a>kaHO MaTu NPUHANMHI TPU OKPEMi NANTK, W06 YHUKHY TN 3MiLlyBaHHS
abpa3ugiB. Nepen HaHECEHHSAM NACTW MOBEPXHIO MANTU OYULLATb YUCTOK FaHYyipKolo,
3MOY€eHOI0 Y raci, a NoTiM BUTUPatOTb iibTPyBasbHUM NanepoM. MacTy HAaHOCATb TOHKUM
LIApOM YMUCTOI AepeB’aHO abo CKAAHO MasnyKow. HaanuMLWoK nacTu He NPUCKOPIOE
06pobKy, a e Npu3BoANTL A0 il nepeBnTpaTun. MNasMa nacTy NOBUHHa ByTn Tpoxu BinbLUoO
3a NJoLy NpuUTUpaHHSA. BukopnctosyBaTu OAMH | TOM CaMUI LWIap NacTyu TPUBaJIUA Yac He
MO>XHa, OCKi/lbK BOHa NOCTYMNOBO BTPAa4a€ CBOi abpa3nBHi BNaCTUBOCTI i NepecTae eheKTUBHO
3HiMaTK MaTepian. BigHOB/EHHS po3nutoBaYdiB NMPOBOAATL Y BMMaAKaX 3HOCY 3amnipHOro
KOHYyCa, NosBn Harapy abo 3aKOKCOBYBaHHS OTBOpPiB comesi. AKLLO Ha TOPLEBIN YaCTUHI Kopnycy
BUSABJIEHO TPILLMHN Y1 BiAKOAWN, HA KOHYCi FOJIK/ MOLUKOOXKEHHS, @ Ha CNoJly4YeHMX NOBEPXHAX
«rOJIKa-Kopnyc» € Kopo3id abo ramboki oedekTun, AKi HEMOXKIMBO YCYHYTU NPUTUPKOIO, TaKi
po3nuatoBaydi NignaratoTe BUbpakoByBaHHI. Mpy 3Ha4YHOMY 3HOCI Mapu «FoJIKa-Kopnyc» ixX
po3’€AHYIOTb OJ19 MOAAJIbLLIOFO BiAHOBEHHSA. LlniHopnYHY NOBEPXHIO KOPNyCy Wiy Thb
MPUTUPOM Ha [OBOAOYHOMY BepcTaTi. [0JIKK, WO NPONLLAN BiLHOBJIEHHS, COPTYIOTh 3a
po3MipaMu CNoJslyYeHUX AiNSHOK, NiabupatoTb y Napy Ta NpUTUPaTb A0 OTPUMaHHA poboyoro
3a30py 611M3bKO 1 MKM.

Ons [oCArHeHHS repMeTUYHOCTI 3anipHUA KOHYC FONIKM BUKOHYETBLCSA 3 KYTOM Ha 40" 6inbLunm,
HI>K Yy KOpMNyCi po3nuatoBaYda, Npy LbOMY KOHTAKT Ma€ BiabyBaTnCS y BUrnaai By3bKOro
KiNbLEBOro nacka WupuHoto He binbwe 0,2 MM. LLUnidpyBaHHSA rofKK 34iNCHIOIOTbL HA NPU3MI 3
nepepnaveto obepTaHHS 3a 4OMOMOroOK r'yMoBOro posuka. Micng obpobku ii ounwaroTb, HAHOCATb
MaCTWJI0 Ha HaNpPsAMHY YaCcTUHY, @ Ha KOHYC NpuTupanbHy nacty M10. NMosepxHio 3anipHoro
KOHYCa Kopnycy [0BOAATb CneuiafibHUM MPUTUPOM, KU PErynsapHO KOPUryoTb A5
3abe3nevyeHHs TOYHOro KyTa. icna uboro KOHiIYHI MOBEPXHi FONIKN Ta KOpNyCy NpUTUpatoTb A0
MOSABW CYLiJIbHOrO KiNlbLLEeBOIro CAiAYy Ha KOHYCi rofiku. Y npoueci BigHOBAEHHSA MOXK/INBE
36iNblIEHHA Xo4y roJIKK Yepes [OBeAEeHHS 3anipHMX KOHYCIB, TOAI SK MPUTUPKa TopLsa KOpnycy,
HaBMaKW, NOro 3MeHLWYye. AKLO BeNMYNHa XO4Y NepeBuLLyYeE HOpMY (BU3HAYAETLCH IHAUKaTOPOM
rOAVHHNKOBOIO TUMY), TOpeLb KOpnyCcy A0AATKOBO LWAIPYIOTb | NPUTUPaOTb; SKLWO MEHLa -
06po6ns0TE 3anne4nKkn roaku. lNicnsa 3aBeplUeHHA BCiX onepaui BigHOBMAEHI po3nuatoBadi
NPOXoAsiTb KOHTPOJIb HA FrEPMETUYHICTb, NEPEBIPKY Ha BiACYTHICTb NiATIKAHHA Ta OLiIHKY SKOCTI
PO3MNWJIOBaHHA NanMBa Ha BUNpobyBanbHoOMy cTeHAi Tuny KN-3333. O4unLleHHs | MUTTS
po3nutoBaviB ((DOPCYHOK) € BaXKJIMBMM €TarnoM TEXHIYHOro 06CnyroByBaHHS MaJIMBHOI CUCTEMMN,
OCKiNIbKW Bif LIbOr0 3a51€XXNThb NpaBusibHE PO3NUEHHS NannBa, ePeKTUBHICTb ABUIYHA Ta NOro
€KOHOMIYHICTb. HM>X4ye HaBeaeHO AOKAaAHUM onuc npouecy: TUCK MuinHoi pianHn - 0,2...0,25
MMa; TeMnepaTypa MUnHoi pignHun 20...30°C. Cknag MUNHOIO PO34MHY: KayCcTun4Ha coga (OCTY
2263:2011) - 25 r/n; kanbumHoBaHa coga (OCTY 100-64) - 35 r/n; piake ckno (OCTY 13078-67) -
1,5 r/n; rocnogapcbke Muno - 25 r/n. TemnepaTypa pobo4oro po3dnHy NiATPUMYETLCS Ha PiBHI
85 = 5°C, a TpuBanictb 06pobku cTaHOBUTL 2-3 roauHW. MNpn LbOMY TeMnepaTypa HarpiBy
CTiIHOK BaHHU He NoBMHHa nepesuwysaTn 40 °C. LLNihyBaHHA KOHYCa FOJIKX pO3Nu/oBaYya
30INCHIOITb 3a AOMOMOroto whnidgysanbHoro kpyra tuny ACO M1261 10058 npwn yacToTi
obepTaHHA 1000 06/xB, Toai Ak AeTanb obepTaeTbCa 3i wWBMAKICTIO 750 06/xB. JonycTuMui wap
3HiIMaHHSA MaTepiany nig Jyac wniyBaHHA He NepeBuLLyE 5 MKM. Ticnsa BigHOBNEHHS
pO3nuoBaYdi NiANAraloTb rNepesipLUi Ha repMeTUYHICTb, BIACYTHICTb NiATIKAHHA Ta SAKICTb
pPO3MNuMeHHA NasnBa Ha cneuianbHuUx cteHgax Tnny Ki-3333, KI-22203M, KI-562 i KI-15706. Oani
BW3Ha4Ya€eTbCA HeobXigHa KiNbKiCTb OCHOBHOIO TeXHOo0riYyHoro obnagHaHHA. 3arajbHa KilbKiCTb
MeTanoobpobHmx BepcTaTiB cTaHOBUTL [11]: NB=TmB[p £3M nN3m PB KBUK , Ae: TMB - pidyHa
TPYAOMICTKICTb BEpCTaTHUX pobiT, noa-rofd.; PB - KiJIbKiCTb BEPCTAaTHUKIB Ha ogHOMY pobo4vyomy
Micui, oc.; KBUK - KoeqilieHT BUKOpPMUCTaHHSA poboyoro Yyacy obnagHaHHA, KBuk=0,75-0,8.
3aranbHa KiNlbKicTb MeTan006pobHNx BepcTaTiB HaBeaeHa B Tabnnui.2.2 [1]. Tabnanusa 2.2
KinbkicTb MeTanoobpobnioBanbHUX BepcTaTiB Ha3Ba BepcTaTiB TMO % kBUMK ,3M
KinbKiCcTb,WT po3p. NpuinH. TokapHi 1554,15 48 0,75 1,00 1 1,697 1 WnidpysanbHi 10 0,75 1,00 1
0,353 1 MpuTtmpanbHi 8 0,75 1,00 1 0,283 1 CBepasmabHi 50,751,001 0,177 1 Yncno MUNHMX

yCTaHOBOK pO3paxoByloTh 3a hopMynoto: My = H 3M N3M
BMK=190:1,1520:8,2:1:0,98=1,36=1, ge: Ae= 5000 - KinbKicTb 00’€EKTIB PEMOHTY (3rigHo i3
3aBAaHHAM); KH = 1,15 - koedilieHT HEPIBHOMIPHOCTI HaAX0A)XeHHS aBTomobiniB; =20 -

NPOAYKTUBHICTb MUAHOI YCTAHOBKM, aBT/rog.; KBuk= 0,98 - koeiLieHT BUKOpMUCTaHHA poboyoro
Yacy MUINHOT YCTaHOBKMN. BucHoBkK oo po3ainy Il B po3agini po3rnsaHyTo pi3Hi BUAn
TEexXHONoriYyHoro obnagHaHHS, O 3aCTOCOBYIOTLCA AN AiarHOCTUKN, PEMOHTY Ta OYULLLEHHS
naJnBHUX OPCYHOK. By10 BU3HAY€EHO, O Cy4aCHi CTEHAM Ta NPUCTPOI A03BOJIAIOTL HE NunLle
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nepesipATU NPOAYKTUBHICTb (POPCYHOK, @ N e(peKTUBHO O4UMLLATHN IX 3a JOMNOMOrol MexaHivyHuX,
y/bTpa3BYKOBUX Ta KoMmbiHOBaHMX MeToAiB. OBrpyHTYBaHO MeTOAM NMPOLOBXKEHHS
eKcnyaTauinHoro pecypcy opCcyHok. lNpoBefeHNNn aHani3 Nnokasas, WO OCHOBHUMWN YUHHUKAMU,
AKi BNJIMBAOTb Ha 3HOC Ta Npaue3naTHICTb POPCYHOK, € 3abpyAHEHHA NasIMBa, MeXaHi4YHe
3HOLWEHHS pobo4MX MOBEPXOHb i KOPO3iMHi Npouecn. PO3rnaHyTo TeXHOO0riT pecTaBpauil
PO3MNWJIOBAYiB MaJIMBHUX (DOPCYHOK, SKa BKJIOYAE €Tanun AiarHOCTUKW, OYULLEHHS, BiAHOBJIEHHS
Ta KOHTPOJIO SIKOCTi BiAPEMOHTOBaHMX efleMeHTIiB. BusHayeHO HeobXiaHy KiNbKiCTb OCHOBHOIO
obnagHaHHA 4NA NpoBeAeHHA TeXHONOriYHOro npouecy. PectaBpauis po3nunaoBadis 3abesnevye
BiJHOBNEHHS iX Npaue3faTHOCTI A0 NapaMeTpiB, 6IM3bKNX A0 3aBOACLKUX, WO 3HAYHO
NOOOBXXYE TePMiH CyXbu POPCYHOK i 3MeHLUYE BUTPaTW Ha NpnAbaHHA HOBUX KOMMNEKTYIOUYUMX.
PO31I/1 |1 PO3PAXYHKOBO-KOHCTPYKTVBHWI 3.1 Po3pobka KOHCTPYKLIi cTeHay Ans
y/IbTPa3BYKOBOIr0o OYULLEHHS Ta AiarHOCTyBaHHA hopcyHok CTeHpose obnagHaHHSA (puc. 3.1),
po3pobrieHe KOMMaHi€el . , MPU3Ha4YeHe AN4 ybTPa3ByKOBOro
OYMLLEHHSA Ta BUMPOBYBaHHSA ManMBHUX OPCYHOK Yy peXXMMax, SKi MaKCUMaabHO BiATBOPIOOTL
YMOBMU X QPYHKUIOHYBaHHA B ABUryHi [9]. Puc. 3.1. CTeHA ANS ybTPa3ByKOBOI O4NCTKKN Ta
OiarHOCTMKKM POPCYHOK: 1 - KOXYX »ato3i; 2 - po3nofiNbHUK; 3 - BUMiptoBaabHi konbu; 4 -
rMaHesnb KepyBaHHS; 5 - yaibTpa3ByKOBa BaHHa; 6 - AWWK; 7 - Koneco; 8 - knanaH CKuay piavHu,
9 - ¢hinbTp; 10 - 6ak MUOYOI pianHK; 11 - TpuMay nepexigHukie; 12 - Tpybonposia nogayi; 13 -
3a/IMBHa ropnoBuHa; 14 - ropsoBuHa 3aamBku 6aka; 15 - BUMMKay yibTpa3ByKOBOI BaHHU; 16 -
po3’'eM Kabena opCcyHOK; 17 - eneKTPUYHUIN po3’'iM; 18 - eNneKTPUYHUN Po3’EM MEPEXXHOIO
kabens; 19 - 3anobi>xHUK; 20 - KHOMKa BBIMKHEHHS NiACBITKN; 21 - KHOMKa BBIMKHEHHS CTEHAY;
22 - po3’em gnga ctpobockony. KpiMm Toro, NpucTpinn 403BOJSE 304iNCHIOBATMN OYULLEHHS MaJINBHOI
cucTtemm Ta hopcyHok 6e3 AeMOHTaXy 3 ABUIYHa, Wo 3abe3neyye 3Ha4YHy €KOHOMIlo Yacy. Y
npoLeci TeCTyBaHHA MOXHa OUIHUTY PiIBHOMIPHICTb NMoAadi naanea KOXXHOK POPCYHKOIO, AKICTb
pPO3Mny Ta repMeTUYHICTb KanaHHOro MexaHi3My. Takuin Nigxia 003BONISAE BUSBUTU HaBiTb
HEe3Ha4Hi BigxmneHHsa y poboTi OpPCYHOK, O Y peasibHMX YMOBaxX MOXKYTb NMPU3BECTU A0
nigBULLEHOT BUTPaTW NMasnBa, BTPAaTU MOTY>XXHOCTi ABUIyHa abo yTBOpPEHHS HagMipHUX
WKIiAINBUX BUKUAIB. NaHenb KepyBaHHA CTeHAY (puC. 3.2) € BaXXJIMBOK CKJ1aJ0BOIO LbOro
npodgecinHoro obnagHaHHS ANa OiarHOCTUKM Ta oYnLLEeHHst POPCYHOK. BoHa 3abe3neyye 3pyyHe
KepyBaHHSA BCiMa PYHKLiSIMU MPUCTPOIO, BKOYAOYN TEeCTyBaHHA (DOPCYHOK, Y/IbTPa3BYKOBY
04YMCTKY, @ TaKOXX MPOMMBKY MaJIMBHOI cucTeMn 6€3 3HATTS POPCYHOK 3 aBToMobins. Puc. 3.2.
MaHenb ynpaBAiHHA CTeHAOM. BMKOHaHHSA onepalin Ha TakoMy CTeHAI 34iNCHIOETLCA NoeTanHo
Ta BKJIOYAE KiJibKa Ba)KNMBUX nNpoueciB: CnoYaTKy 34iINCHIOETLCA NMiAFrOTOBKa CTeHAa.

@)AI generated text detected: ChatGPT 5.3, : 61,86% id: 18

Y cneuianbHi EMHOCTI 3a/IMBAETbCA OYMLLYBasbHa pignHa abo iMiTaTop NanvBa, NEpPeBIPAETLCA
repPMEeTUYHICTb 3'€AHaHb Ta NPaBUJbHICTb NiAKIOYEHHSA ENEKTPOHHNX KabeniB i NaanBHNX
MaricTpanen. Ha cteHa MOHTYIOTbCA (POPCYHKU, AKi DiKCYOTbCA Y BiANOBIAHNX rHi3gax, nicns
4Oro 00 HUX NiABOAUTLCA XXUBJIEHHS Ta Nofdada poboyoi pignHW. Micna BCTaHOBNEHHS
obnagHaHHSA onepaTop 3a AOMOMOrolo NaHeni KepyBaHHS 3a4a€ HeobxioHU pexxmum poboTu. Lle
Moxxe ByTun nepesipka NPOoYKTUBHOCTI (DOPCYHKN, aHaNi3 AKOCTi po3nuiay, TeCT Ha
repMeTUYHICTb ab0o XX NpoMMBaHHA. Y BUbpaHOMYy peXXuMi CTEHA aBTOMaTU4YHO NOAAE iMMYSIbCK
€JIEKTPUYHOIro KepyBaHHS Ha KOTYLLKN (DOPCYHOK, BiATBOPIOKOYM pOBOTY eNleKTPOHHOro 610Ky
KepyBaHHS ABUrYHOM. MNpy LbOMY HacoC NoAa€ OYMULLYBasibHY PiAUHY Nig HEOBXiOAHUM TUCKOM,
a OPCYHKN 3[iNCHIONTb PO3MWJ Y MPO30pi MipHi KoNbwn, Lo 003BOJISE Bi3yaslbHO OLLIHUTK
PiIBHOMIPHICTb Ta SKiCTb hakena po3nuiay. Y npoueci AiarHOCTUKWN CTeH PEECTPYE KiNbKiCTb
PiAVHMK, WO NPOXOANTb KPi3b KOXXHY (DOPCYHKY, MOPIBHIOE MOKa3HUKK Mi>K CO60I0 Ta BUABNSAE
MOXXJINBI BiAXMNEHHSA. FKLLO METOI € OYNLLIEHHS, 3aNyCKAETbCA LMK NPOMMBAHHS, Mig Yac
AKOro Yyepes hopCyHKU TPMBaINA YacC MPOKavYy€ETLCSA CreLuiaNbHUA PO34MH, L0 BUAANAE
BiAKNageHHSA 3 KaHafniB Ta conen. lMicna 3aBepLUeHHA NPOMMBaAHHSA NPOBOANTLCA MOBTOPHMUN
TEeCT NPOAYKTUBHOCTI Ta repMeTnYHOCTI, abu nigTBEpAMTW BiGHOBIEHHS NpaLe3naTHOCTI
hopcyHKU. PekoMeHOoBaHa npoueaypa BunpobyBaHHA hopCcyHOK rnepenbayac Taky
MOCNiAOBHICTb eTaniB: 34INCHIOETLCS MepeBipKa repMeTUYHOCTI; KOHTPOJIb hopMu dakena
pPO3MuUOBaHHSA; BU3HAa4YeHHA BiGHOCHOI MPOAYKTMBHOCTI KiIbKOX (DOPCYHOK; Y/IbTPa3ByKOBE
OYNLLEHHS; AiarHOCTUKa MiCA NMPOBeAeHOro O4YULLLEHHS. 3aBepLUasibHUM eTarnoM € aHasi3
pe3ynbTaTiB: onepaTop NnepeBipsi€ TOYHICTb AO03YBaHHSA MajuBa, AKiCTb pO3Nuay Ta
rePMEeTUYHICTb. Y pa3i MO3UTUBHUX pe3ybTaTiB (DOPCYHKMN BBAXKAKOTLCA NPUAATHUMUN 40
noAasiblUoi ekcrnayaTauii. AKLLO XX BiXNIEHHA 3a/inLaloTbCs, CTEHA A03BOJISE NiIATBEPANTM
HeobXiaHICTb IXHbOI 3aMiHN. Pexxnum ekcnayaTauii cTeHAa 3abe3nedyye MOXNBICTb BU3HAYEHHS
haKTUYHOI NPOAYKTMBHOCTI NaIMBHOT (DOPCYHKU B YMOBaX, MaKCMMasibHO HabnMXeHux oo
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pobo4yunx, Ta 3iCTaBAEHHSA OTPUMaHUX pe3y/ibTaTiB i3 MAaCNOPTHUMU XapaKTePUCTUKaMM:
HeobxigHo migibpaTtn agantepu, CyMicHi 3 (POPCyHKaMM, @ TaKOXX BiAMOBiOHI YLLi/IbHIOBaJIbHI
Kinbus. NMepekoHaTUCA y CApaBHOCTI NYYMOBUX KisleLb YLUiNbHIOBaYiB, NiCa8 YOro BCTAHOBUTHN
hOpPCYHKWN 3 aganTepaMun y po3MnoAiibHUK TECTOBOI piaAnHN. BUKoHaTn dikcauito hopCcyHOK 3a
[OMOMOrO0 KPiNUIbHUX efleMeHTiB. 3a4aTu NapaMeTpu NepeBipku Ta 34INCHUTN BUMIpIOBaHHS
NPOOYKTUBHOCTI. Y peXXMMi KOHTPOJIIO NPOAYKTMBHOCTI NepenbayeHa MOXANBICTb
peryntoBaHHSA BCix NapameTpiB. Mpu Bubopi HoMepa hopcyHKN «0» BUNpobyBaHHA
30iNCHIOETLCA OAHOYACHO A1 BCiX €/IEMEHTIB, @ Y BUNAAKYy BCTAHOBJIEHHS iHLLOrO 3Ha4YeHHS -
POPCYHKM TECTYIOTLCSA NOCAIAOBHO. i Yac yNbTPa3ByKOBOro 04YULLLEHHA POPCYHOK Ha CTEHAi
3aCTOCOBYETbLCA MPUHLMM KaBiTauil, L0 BUHNKAE Nif Ai€0 BUCOKOYACTOTHUX 3BYKOBUX
KoJIMBaHb. Taki XBWUJli NPOHUKAOTb Y MIKPOCKOMIYHI KaHaau Ta oTBOpU, 3abe3nevytoymn
peTeibHe yCyHeHHS 3abpyAHEeHb HaBiThb i3 BaXXKOAOCTYMNHUX LiIAHOK NoBepxHi. CnepLuy
HeobXigHO PO3MICTUTK NonepeaHbO NPOMUTI IHXEKTOPM Ha creLuiafbHi NoanuLi 3 0TBOpaMu,
L0 3HAaX0AUTbCS BCepeanHi ybTpa3ByKoOBOI BaHHWU. PiBeHb po60o4yoi pianHM Mae NnepeBunLLyBaTn
BEPXHIO YaCTUHY Fos14acToro KjanaHa npmbansHo Ha 20 MM. KoxxHa hopCyHKa Mmif’ € HYETLCA
[0 npunagy 3a gonomMorot Kabento. [ani akTUBYETLCA YNbTPa3BYKOBMIA BUMPOMiHIOBaY. Y
MEHIO MPUCTPOIO B PO34iNi « » 0BMPAETLCA PEXUM « », MiC/S 4Oro B Cekuil

« » 338 a€ETbCA OMNLia « ». Y BKnagui « » BCTAHOBJIIOETbCA HEOOXiAHa
TPMBaiCTb OYMLLEHHS, SIKa 3a3BUYail CTaHOBUTb 611M3bKo 15 XBUANH. HaTUCKaHHA KHOMKN

« »y po3gini « . » 3anyckae npouec 0bpobku opcyHokK. MNicna 3aBepLUeHHSA
BCTaQHOBJ/IEHOIr O iHTepBaJly cMCTeMa aBTOMaTUYHO 3yNUHAE poboTy, NPO LLO NOBiAOMJIISAE
3BYKOBUWI cUrHa. MNMoTiM BaHHY clif BUMKHYTU. DOPCYHKN BUTAraldTbCA 3 MPUCTPOIO Ta
MPOTUPAKTHLCA CYXOI YUCTOI TKaHMHOW. [na AOCATHEHHS BiNbLIOro ehekTy TaKoX MOXKe
3aCTOCOBYBATUCS MPOMMBAHHSA Y 3BOPOTHOMY HaMpsMKY, sike 3abe3nevye BuaanieHHs
BigK/Na4eHb i 3anuLwWKiB 6pyay 3 OiNSAHKM Hag ronyacTuM KianaHoM. OyHKLioHan cTeHaa
nepenbaya€e NpoBefeHHS KOMMJIEKCHOI NepeBipKy (OPCYHOK Yy peXXnMi aBTOMaTUYHOI O
KepyBaHHS. [10 OCHOBHUMX MpoLenyp HanexxaTb: nepeBipka 6anaHCcy, KOHTPOJIb SKOCTI
pPO3NMAOBaHHSA, BU3HAYEHHA FrepMEeTUYHOCTI Ta MPOAYKTUBHOCTI.

Lle na€ MOXXMBICTb ONTUMI3yBaTN BUTPATW Yacy Ta 34iINCHUTN NOBHY AiarHOCTUKY POPCYHOK i3
Bi4TBOPEHHSAM Pi3HMX peXxumis poboTn aBuryHa 3a ogHy onepauito. [1o KomnaekTauii cTeHAa
BXOOUTb CreLianbHUA cknag ANs O4YULLEHHS NasIMBHOI cucTeMum aBTomobins. Moro HeobxigHo
3MillyBaTW 3 MaJIMBOM Yy NPOMopLii 0gHa YaCTMHa O4YULLYBasIbHOI PiAWHN 00 YOTUPLOX YaCTUH
nanuea. Y BunaakKy BUKOPUCTaHHSA iHWMX 3acobiB CMiBBIAHOLLIEHHS MOXKe 3MiHIOBaTUCA 3a1€XHO
Bif, TXHIX XapaKTepnCcTuK. 0na ynbTpa3ByKOBOro O4YULLLEHHS (POPCYHOK 3aCTOCOBYOTHCS
BUKJIIOYHO cneuianisoBaHi pobodi pianHW. BukopnctaHHa aBToMobinbHOro nannea (6eH3nHy) €
HENPUNYCTUMKUM Yepes NOoro TOKCUYHI Ta BUbyxoHebe3sneyHi Bunapwn. Pobo4y pignHy HeobxigHo
CBOEYACHO 3aMiHIOBATK, OCKIZIbKN NpY TPUBANOMY BUKOPUCTAHHI BOHa 34aTHa He o4uwaTuy, a
HaBnaku, 3abpyaHi0BaTM GOPCYHKN. NS UbOro il 3/7IMBal0Tb Yepes KpaH, Po3TallOBaHUN Y
HUXKHIN YaCTUHI EMHOCTI, NicNa 4Oro pesepsyap NPOMMBAOTb HEBEJIMKOIO KiSIbKICTIO CBIXKOI
pianHn. HanedekTnBHILe NPOBOANTM L0 Mpouenypy 04HOYaCHO 3i BCTAHOBAIEHHSAM HOBOIO
dinbTpa. BAMKHEHHSA Npuniaay 34iNCHIOETLCA Y TaKin NOCNIAO0BHOCTI: HATUCHYTU KHOMKY

u 3HangeHo nocunaHb: 0% id: 19

« »

’

o6 CNopoXXHUTWN BUMIpPIOBasIbHI EMHOCTI. Mpnnag cnig BUMKHYTU Ta Big'€aHaTw Big
enekTpoMepexi. PionHy 3 yAbTPa3BYKOBOI BaHHW MOTPIOHO 31NTK y repMeTUYHy Tapy, @ HUXKHIO
NOJINLLIO MPOTEPTU CYXOK M’'SKOH TKaHMHOI. AKLWO NPUCTPIN HaNBINXKYMM HYaCcoM He
NJaHYETbCA BUKOPUCTOBYBATW, MPOTEPTU CYXOI0 raH4ipKo NynbT KepyBaHHSA Ta poboyy
NOBEpPXHI0. TECTOBY PiANHY 3NMBAOTb Y 3aKPUTY EMHICTb. Mpun nepwwinn 3anpasui baka
000B’A3KOBO BMAANAKTb 3aJMLWLKN PiOVHN, WO 3aJIMWLMANCA NiCas 3aBOACLKOro BUNpobyBaHHSA
CTeHAay (3/IMBHMI KpaH po3TallOBaHWUN Ha HMXXHIN YacTuHi 6aka). Hapgani 6ak 3anpaBnaeTbCs
TECTOBOIO PiAMHOIO 3@ AOMNOMOrol BOPOHKU-NINKN, iKa BXOOUTb A0 KOMMJIEKTY npunagy. Takum
4ymHoM, poboTa Ha CTeHAi CKMIaJa€ETbCA 3 JIOri4YHOI MOC/iAOBHOCTI e€TaniB - Bif NiAroOTOBKWU Ta
NiaKAl4eHHA obnagHaHHA, BUBOpY peXXuMiB i BiTBOPEHHSA YMOB poboTu ABUIYHa A0 OYULLEHHS,
OiarHOCTMKM Ta OCTaTOYHOr0 aHanisy pesyabTaTiB. 3.2 MeToAonKa OiarHOCTUKK TEXHIYHOIO
CTaHy Ta 04MLLEeHHS (POPCYHOK 3a AOMNOMOIrO0 Y/IbTPa3BYKOBOI BAHHM TeXHIYHNIN CTaH NPUCTPOIO
BMOPCKYBaHHSA NanmBa 6yno gocnigxxeHo 3a gonomoroto cteHay AE&T HP-6B (puc. 3.4). Len
cTeHp 3abe3nevyye MOXNBICTb NEPEBIPKN NpaLe3naTHOCTI POPCYHOK, OLIHKM SKOCTI iXHbOIro
PO3MNuUYy WASXOM iMiTaLlii pi3HNX pexxnmis poboTu ABUIrYHA, @ TAaKOXX KOHTPOJIO repMeTUYHOCTI
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opcyHoK. OCHOBHI onepauiii, Lo BUKOHYIOTbCA Ha yCTaHOBLi: TecTyBaHHA (POPCYHOK
BU3HAYeHHA NPOAYKTUBHOCTI, NepeBipkKa TUCKY BIAKPUTTSA Ta hopMu hakena po3nusieHHs.
OyunLLeHHs opCyHOK BuaaneHHa 3abpyaHeHb Ta BiaKknageHb 3a 4ONOMOrolo cneuialbHUX
PEXUMIB OYULLEHHS, BKJIIOYHO 3 YNbTPa3ByKoBOI 06pobkoto. PerynioBaHHA Ta KanibpyBaHHSA npu
HeobxiAHOCTi ycTaHOBKa A03BOJSAE NiAKPYTUTU abo 3aMiHNTN OKpeMi AeTani POpCYyHKN Ang
BiAHOBNEHHA Ti NnapameTpiB. Puc. 3.4. CteHg AE&

& 3HanaeHo nocnnaHb: 0% id: 20
«HP-6B>»

018 BU3HAYEHHS TEXHIYHOro CTaHy NaanBHMX popcyHok. NepeBarow AE&

&4 3nanaero nocunatb: 0% id: 21
«HP-6B»

€ HasIBHICTb MaHesli KEPYBaHHS, sika CMPOLLY€E HasalWwTyBaHHSA TECTOBUX PeEXNMIB i Bigobparkae
BCi K/IIO4OBi MOKa3HMKN poboTU POPCYHKN B peasibHOMY 4Yaci. 3aBAAKM LbOMY 3abe3nedvyeTbCs
edeKTUBHa OiarHOCTMKa Ta NiATPUMKA ONTUMasibHOT POBOTN CUCTEMU XKUBNEHHS ABUIYHa.
OCHOBHI TeXHiYHi XapakKTepUCTNKKN cTeHay HaBefeHi B Tabauui 3.1. TakoXX NpoBoAnaach OLiHKa
KiNIbKiCHNX po604YnX XapakKTePUCTUK DOPCYHOK A0 Ta MiCas Y/bTPa3BYKOBOIr0 OYMLLEHHS.
FepMeTnyHICTb hOPCYHOK NepeBipsaamn Nig TUCKOM MajinBa: y BUMKHEHOT OPCYHKM Nig TUCKOM
Ha HOCMKY pO3MuoBavya He NOBMHHO YTBOPIOBATKCA Ta BigpmBaTucsa binbLie ogHiei kpanni
MPOTAroM ofgHi€i XBUANHK. CTaTM4YHa Ta AMHaMiYHa NPOAYKTUBHICTb (POPCYHOK BM3Ha4anacb y
aBTOMaTUYHOMY Ta PYYHOMY peXXuUMax LUAAXOM HasallTyBaHHS 4acToTu (NT), TpUBanoCTi
iMmnynbcy (T) Ta iXxHbOT KinbkocTi (NT). Tabnuus 3.1 TexHiYHi XapaKTePUCTUKN YCTaHOBKU

u 3HangeHo nocunaHb: 0% id: 22
«HP-6B»

1. Po3Mip ycTaHoBKUK: 56*56*75 cm 2. Maca HeTTo/Maca 6pyTT0: 42/56 Kr 3. MOTY>XHiCTb: 220 y
nepem. ctpymy 50y 200 BT 4. [iana3oH Tucky: 0~ 90 yHTIB Ha KB. AtonM (6.4 Kr/cm2) 5.
Poboya TeMmnepaTypa: -20°C~38°C 6. KinbkicTb hopcyHoK: 2-6 (He meHwwe 2 dopCyHOK 3a pa3s) 7.
IMAynbcn hopcyHKM (KinbKicTb): 0-9950 imnynbciB i3 KpokoM 50 imnynbciB 8. Pobova 4yacToTa
dhopcyHkm (06/xB): 0-9950 06/xB 3 Kpokom 50 06/xB 9. LLUnpuHa iMnynbCiB gopcyHKn (IMB): 0-20
MC i3 36inbleHHsAM 0.1 Mc Pexxum 1 -

ﬂ 3HangeHo nocunaHb: 0% id: 23
«ATOMi3aLia>».

DOPCYHKMN B LLbOMY PEXUMI 3aNMLWA0TbCA MOCTINHO BiAKpUTUMN. MNepeBipka NPOAYKTUBHOCTI
nonsrae y BU3sHa4eHHi 06’eMy pianHM, WO NOTPanasE B KOXKHY MipHY CKASHKY 3@ BCTaHOBJIEHUI
yac. Tako)X OUIHIOETbLCA hopMa po3nuay NanameHoOro akena. Pexxum 2 -

84 3HainpeHo nocunatb: 0% id: 24
«X0JI0OCTUIN Xig».

Llen pexxum BigTBOPIOE po60OTY (POPCYHOK Ha peXnMi X0JI0CTOro XxoOy: YactoTa N = 650 xB* (
84 3HainpeHo nocunatb: 0% id: 25
«KMiHIMYM>»

), TPMBANICTb iMAYNbCY T = 3 MC, KifIbKiCTb iMMNyJbCiB = 2000. Pexxum 3 -

B 3HangeHo nocunaHb: 0% id: 26

«MakcMMasilbHE HaBaHTaXXeHHS».

Y uboMy pexumi MoaentoeTbca poboTa GOPCYHOK Mifg Yac pyxy 3 NiABULLEHUM HaBaHTa)KeHHAM
Ha OBuUryH: n = 2400 xg ', © = 12 mc, Nl = 1000 imnynbciB. Pexum 4 -

ﬂ 3HangeHo nocunaHb: 0% id: 27
«Pob0Ta Npun BUCOKMX LUBUAKOCTAX>.

OaHnn pexxum imiTye npouec poboTm HOPCYHOK, L0 TECTYIOTLCH, Ha PEXMMI PyXy Ha
NigaBULLLEHIN WBUAKOCTI: n=3600 xB-1, T=6 MC, =2000 iMmnynbciB. BuTpaTa gl TeCTOBOI pignHM
npn BunpobyBaHHIi OPCYHOK PO3PaxXOBYETHLCS 3a TaKo POPMYJIOH: (i= , ae Ot - obcsar
nanvBa 3a YacC BMMiptoBaHHSA &, MA; [ -4ac BuMipy, xB. CepefHeE BiAXUNEHHS 3HAYE€Hb BUTPaATU
nanbHoro (Agcp) BU3HaA4Yanocsa sk cyma cepefHix 3Ha4yeHb NOXNBOK BUMipOBaHb KOXKHOIO
peXnMy, NOAINEHNX Ha KiJIbKICTb PEXUMIB: AQCp= , oe - CyMa noxmbok cepeaHbOi
apuMETMNYHOI BUTPaTU TECTOBOI PiONHN BCiX PEXUMIB, MJI/XB; N-4NCNO PEXNMIB. AK pe3ynbTarT,
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y Tabnuui 3.2 HaBefeHi Taki KinbKicHi po6o4i NoOKa3HMKN hOPCYHOK [0 OYULLEHHS, OTPMMaHI Ha
ycTaHoBUi HP-6B. Tabnnusa 3.2 Noka3HUKN NPOAYKTUBHOCTI POPCYHOK 6354
[0 NpPOBEeAEHHS OYULLEHHS, BU3HAYeHi Ha CTeHAi

84 3HainpeHo nocunarb: 0% id: 28
«HP-6B>».
Mpob6ir 40 TUC. KM. 6354 CtaT. Bup0b. y Ma/xB AMHaM. MPOAYKTUBHICTb Y

Ma/xB Pexxum 1 650 06/xB Pexxum 2 2400 06/xB Pexxum 3 3600 06/xB ®opcyHka 1 126,8 13 91,7
83,3 ®opcyHka 2 125,6 12,7 90 81,9 ®opcyHka 3 125,6 13 90 84,7 ®opcyHka 4 126,8 13 91,7
84,7 MNopiBH. 3Hay4: 126,2 12,925 90,85 83,65 CtaHpgapTHe BigxuneHHs: 0,69 0,15 0,98 1,34
Koed. CtbtogeHTa (L): 3,18244630 3,1824463 3,1824463 3,1824463 AbcontoTHa noxmbka 1,10
0,24 1,56 1,34 CepeflHE BiAXMNEHHSA 3Ha4YeHb BUTPaTW Nanvea MA/xB 1,26 Y pe3ynbTaTi
nMpoBeAeHNX OOC/igXXeHb BCTAaHOBJIEHO, WO BUTpaTa NasamBa POPCYHOK, 3HATUX 3 aBTOMObINIB i3
pi3HUM NpobiroM, He MoXXe ByTn yHiBEepCaNbHUM MOKA3HUKOM ANS OLIHKN IX TEXHIYHOr0 CTaHy
3a/1e)KHO Big HanpautoBaHHSA. Lle NOSICHIOETLCS TUM, WO NapaMeTp J Binobparkae He nuwe
CTYnNiHb 3abpyAHEHHS POPCYHKN, KNI 3pocTaEe 3 Npobirom, a i BiAMIHHOCTI Yy Ti MPONYCKHIn
30aTHOCTI (Hanpukniag, nig Yac BunpobyBaHb POPCYHOK pi3HUX Moaenen aBToMobinis, LWo
MaloTb Pi3HY NOYaTKOBY NPOAYKTUBHICTbL). TOMY AOLiNbHILLE OLiHIOBAaTN TEXHIYHNI CTaH
hOpPCYHOK 3a 3MiHOIO (BiAXWUIEHHAM Bif CepeHbOro 3Ha4eHHS) BUTPaTU NanbHoro. CepegHe
BiAXWIEHHS BUTPaTW NanmBa (/A JCp) € BaXXJIMBUM KPUTEPIEM Mif YaC BU3HAYEHHS
npaue3faTHOCTI KOMMJIEKTY POPCYHOK. I3 3pocTaHHAaM nNpobiry aBToMobing uen nokasHuk, K
npasuo, 36iNbYETLCA, WO MPU3BOANTL A0 HEPIBHOMIPHOIO NMOAaBaHHA NajinBa B OKPEMI
UWMAIHAPW Ta Pi3HULI y CKNadi NaJMBHO-MOBITPAHOI CyMilli Mi>X HUMU. Y OeAKNX HAayKOBUX
poboTax 3a3Ha4Ya€ETbCH, WO CUCTEMA KEPYBAHHSA ABUFYHOM HE MO>XE MOBHICTIO KOMMEHCYBaTK
MigBULLEHY HEPIBHOMIPHICTb LMKI0OBUX NOAay Yy KOMMNJEKTI POpPCYHOK, OCKiSibKM BOHa hopMye
3arasbHy, ycepeaHeHY KOpPeKLil0 Ha OCHOBI CMrHay A-30HAa A4 BCiX (POPCYHOK 0AHOYACHO.
TeopeTnYHO ANs yCyHEHHS uiel npobnemun gouinbHo 6yno 6 3acTocoByBaTK iHOUBIAYaNbHI 30HAN
ONS KOXXHOIO UuiiHapa ABUryHa, 0OHaK Yepe3 BUCOKY BapTiCTb TaKMX OaTUYMKIB LEen migxXia noku
WO HEe MAa€E NPaKTUYHOr 0 BUKOPUCTaHHSA. [loCcnigXeHHS Ha yCcTaHoBLi AE&

u 3HangeHo nocunaHb: 0% id: 29
«HP-6B»

BMKOHYBaIM 3a TUCKY Nanmea B Mmarictpani 3005 klla. ig 4yac npoBefeHHS BUMIipOBaHb
KOHTPOJIb TUCKY 34iACHIOBABCA 3a AOMOMOrow BbyaoBaHOro MaHoMeTpa. 9K TeCTOBY PiANHY
3aCTOCOBYBaAM NPOQECiNHY pignHy 2004 (pwuc. 3.5), npusHaveHy onsa nepeBipku
6eH3MHOBUX (POPCYHOK Ha CTeHAax. BukopncTaHHsa Ui€i pianHn 3abe3neyvyye ToYHe BiATBOPEHHS
hakena po3nueHHs, BU3HAYEHHA NPOAYKTUBHOCTI Ta NepeBipKy repMeTUYHOCTI (DOPCYHOK.
PionHa xapakTepun3yeTbCs cTabiNbHUMKM €TaIOHHUMN NOKa3HUKaMM LWiNbHOCTI Ta B'A3KOCTI, WO
BiAMOBiAalOTb BMMOram ctaHgapTy €H. Puc. 3.5. TecTytoya pignHa 2004. Ons
npoBeneHHs o4nLLeHHS POPCYHOK Bif 3abpyaoHeHb (Harapy, CMonN, MeTaneBnX YacToK)
3aCTOCOBYBaJioCcs Take obsiagHaHHA, Npuiagn Ta MaTepianun: ynbTpa3ByKOBa BaHHa

&4 3nanaero nocunatb: 0% id: 30
« »

; YCTaHoBKa AE&

84 3nanaero nocunatb: 0% id: 31
«HP-6B>»

(puc. 3.4), Nnpu3Ha4yeHa A4 4iarHOCTUKN TEXHIYHOro CTaHy NaJIMBHMX POPCYHOK; YCTaHOBKA
2003, AKa BUKOPUCTOBYETLCA AN BUAANEHHA CMOJIMCTUX, TAKOBUX | HArapHUX
BilKNlageHb. YNbTpa3ByKOBa BaHHa (puc. 3.6) CTBOPIOE BUCOKOYACTOTHI 3BYKOBiI KolMBaHHSA (20-
40 Klu), Wo reHepytoTb B pignHi Mikponyxupui. NMpouec kaBuTauii unx 6ynbballok BUKINKAE

iIHTEHCUBHE MexaHiyHe BuaaNeHHs 3abpyaHeHb 3 NoBepxHi hopCcyHOK 6e3 3acToCcyBaHHS
abpa3mBHUX MaTepianiB. Puc. 3.6. YnbTpa3ByKkoBa BaHHa

B 3HanaeHo nocunaHb: 0% id: 32
« ».

[Nna CTBOPEHHS eNeKTPUYHUX iMNYybCiB, AKi 3abe3nevyloTb NepiognyHe BioKPUBaHHA NaJIMBHUX
POPCYHOK Mif Yac ix o4YMULEHHS, 3aCTOCOBYBasiacs ycTaHoBKa HP-6B, npu3sHayvyeHa ona nepesipku
TEXHIYHOro cCTaHy OOPCYHOK. YbTPa3BYKOBMI reHepaTop, WO BUKOPNUCTOBYETLCA Y BaHHI,
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obnagHaHWUN CMCTEMOIO aBTOMaTUYHOIr0 HanalTyBaHHA YacToTn Ta cTabinizauii BuxigHoi
MOTY>XHOCTi. KONMBaHHSA yibTPa3BYyKy 3 4acToTow A0 40 KI'y 3abe3nedytoTb ranboke
MPOHUKHEHHS MUAHOIO PO34YUHY KPi3b COMSI0 POPCYHKU. Y pe3ynbTaTi BUHUKHEHHS KaBiTauiiHMX
npouecis BiAbyBaeTbCSA eheKTMBHE OYMLLEHHS Ti BHYTPILLHIX MOBEPXOHb. [eHepaTop CTBOPIOE
KOJIMBAHHA Y MUMHOMY CepefoBULLi, BHAaCNiAOK YOro BcepeanHi opCyHKM hOpMYOTbCS 30HU
MOHUXXEHOIr0 TUCKY.

(A Al generated text detected: ChatGPT 5.3, : 55,69% id: 33

Y LMX 30Hax yTBOPKOKTLCA NapoBi bynabbaluku, AKi Nig Yac pynHyBaHHS CANPSMOBYIOTb CTPYMEHi
MWUAHOIO PO34UHY A0 3abpydHEHUX OINAHOK, MEXaHIYHO 34MLLAYNM BiAKNaAEHHSA 3 MOBEPXOHb.
Mpouec o4nueHHS BiAOYBAETLCA 3@ paxyHOK KaBiTalil yTBOPEHHA Ta pynHyBaHHSA 6ynbballok y
piovHi Nig Oielo ynbTpa3ByKOBUX KOMIMBaHb, WO 3abe3nevye iHTEHCMBHE BUAAIEHHS
3abpyaHEHb HaBiTb i3 BaXKKOLOCTYMHUX MiClb.

OcHOBHI onepauii, Lo BUKOHYIOTbCS Ha Y/IbTPa3BYKOBIA BaHHI
84 3HainpeHo nocunaHb: 0% id: 34

« ».

MNepen novyaTkoM poboTN NepeBipsAlTb CMPABHICTb BaHHWN, HAABHICTb KPULLKN, LUHYPa XUBEHHS
Ta poboyoro KoHTenHepa. Y pasi notTpebu oynaoTb BHYTPILLHIO MOBEPXHIO pe3epByapa. Y
pe3epByap 3a/MBaloTb 04YULLYBaNbHUN PO34MH abo crneuianbHy pignHy 015 YyNbTPa3ByKOBOI
OYUCTKW, BiANOBiAHO 00 BMMOr BMPOOHMKA. PiBeHb pianHN Ma€E nepekpuBaTu aeTani, Wo
O4MLLYIOTLCA. 3 POPCYHOK abo iHLLINX KOMMNOHEHTIB 3HIMaloThb YL iNbHIOBaYi, N'YMOBI KifbLus Ta
€JIeMEHTH, WO MOXKYTb NMOLKOANTUCA Mif Ai€0 yNbTpa3ByKy. KoXkeH eneMeHT nonepegHso
OrNAAa€ETbCA Ta NPOMUBAETLCSA Big rpybux 3abpyaHeHnb. [leTani po3MillyoTh y crielialbHOMY
Kowwuky abo ciTui Tak, o6 BOHN He TOPKANNCA OfHa OAHOI Ta AHa BaHHW. YacToTa
YNbTPa3BYKOBUX KOJIMBaHb BCTAHOBIOETLCA Ha piBHI 40 KI'y. Ha naHeni kepyBaHHSA 3a0a€ETbCA
TemnepaTypa poboyoi pignHu (3a3Bnyanm 40- 60 °C) Ta TpMBaniCTb Npouecy o4ynwieHHs (5-20 xB
3a/1eXXHO Bif cTyneHs 3abpyaHeHHs). MNig fi€lo ynbTpa3ByKOBUX XBUJIb Y PiANHI YTBOPIOKTLCA
Mikponyxupui (KaBiTauis), SKi, pynHYK4YUCb, CTBOPIOKOTh iMAYJIbCU TUCKY. 3aBASKN LibOMY 3
NOBEPXOHb hOPCYHOK e(PEeKTMBHO BMAANATLCA CMOMUCTI BiAKNAAEHHSA, 3a/MLWKN NainBa Ta
iHWIi 3abpyAHEeHHS HaBiTb Y BaXKKOAOCTYNHUX MicusaX. MMicnsa 3akKiHYeHHSA UMKIY OYULLEHHS BaHHY
BUMWNKAIOThb, AeTalli BUTATYIOThb i3 PO34MHY, NPOMMBAOTb Y ANCTU/IbOBaHIN BOAI Ta BUCYLLYIOTb
CTUCHEHUM MNOoBITPAM abo nNpupoaHUM cnocobom. Micnsa 3akiHYeHHSA NpoLecy 04YNCTKM PO3YUH
3/1MBalOTb, BAHHY MPOMUBAOTb | BATUPAKOTb Hacyxo. PerynsapHe TexHidyHe o6cnyrosyBaHHS
NPOAOBXYE TEPMIH CNY>XOM obnagHaHHA. TakKUM YNHOM, 3aCTOCYBaHHS Y/IbTPa3BYKOBOI BaHHMU

u 3HangeHo nocunaHb: 0% id: 35

« »

€ etheKTMBHUM i 6e3MevYHMM MeTOLOM OHNLLEHHS NAIMBHNX POPCYHOK, SKNIN 3abe3neyye BUCOKY
AKicTb obcnyroByBaHHA 6e3 noTpebu y mexaHiYHOMY BTpyYaHHi. 3.3 Po3pobka TEXHOJIOrYHOro
npoLecy BU3HaYeHHS CTyNeHsa BuaaneHHsa 3abpyaHeHb 3 NOBEPXOHb KOMMOHEHTIB (DOPCYHOK.
3MiHM pobo4nX XxapakKTepUCTUK POpPCyHOK Be3nocepenHbO BMIMBAOTb Ha AKICTb PO3MUIEHHS
naaumea, LLLO, Y CBOIO Yepry, BU3HAYa€E eHepreTUYHi Ta eKONOorivyHi NMOKa3HMKN ABUIYHa, NOro
3anycK Ta AWHaMiYHi BNaCTUBOCTI TpaHCNopTHOro 3acoby. Onsa ouiHKKM eheKTUBHOCTI OYNLLLEHHS
rnoBepxHeBnx 3abpyaHeHb Ha BHYTPILLHIX Ta 30BHILLUHIX enemMmeHTax OPCYHKM 3aCTOCOBYBaIN
NnabopaTopHy YCTAaHOBKY 3 Npujagom 2.0 (peanimaTop hopCyHOK) (puc.
3.7). Npunapg 2.0 - ue cneuianizoBaHe obnagHaHHSA ONS MepeBipKU Ta
OYMLLEHHSA NasIMBHUX (POPCYHOK, AK€ aKTUBHO BUKOPUCTOBYETLCA B aBTOCEPBiCax Ta
nabopaTopiax ANnsa AiarHOCTUKKM Ta BiAHOBEHHS eheKTUBHOCTI hopcyHOK 6e3 ix po3bupaHHs. Y
nabopaTopHUX ymMoBax npunag 2.0 BUKOPUCTOBYBABCA OJ18 OLiHKMK
e(heKTUBHOCTI 04UMLLLEHHA (hOPCYHOK Bif 3abpyAHEHb, 30KpeMa CMOJINCTUX Ta JTaKOBUX
BigknageHb. Lle no3sonsie 6e3 po3bmupaHHA hOPCYHOK OLIHUTK iX CTaH Ta epeKTUBHICTb
OYMLLEHHS, LLIO € BaXX/IMBUM ANA AOCAIAXKEHb Ta po3poboK y ranysi aBToMobifIbHOI TeXHIKN. Puc.
3.7. Bnok kepyBaHHA 2.0. MpucTpin ons BiAHOBNEHHA POPCYHOK A€ 3MOry
OLIHNTM IXHIO MPOAYKTUBHICTb Y PEXUMi

84 3nanaero nocunatb: 0% id: 36
«[epeBipka»,

a B pexumi

u 3HangeHo nocunaHb: 0% id: 37
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«OYnLLEeHHSA»

BUAANATY 3a0pyAHEHHS Yy PiANHY, IKa KOHTaKTYE 3 POPCYHKO. TEeXHIYHI XapakKTepucTunkm
npuvnagy 2.0, WO BUKOPUCTOBYIOTbLCA ANS AiarHOCTUKN Ta OYULLLEHHS
MasnBHMX POPCYHOK HadaHo B Tabnuui 3.3. Tabnuusa 3.3 TexHi4YHi XxapakTepucTtuku npunnagy

2.0 MapameTp 3HayeHHA KinbKiCTb iMNynbCiB BigKPUTTSA hopCyHOK 10-
2550 Yac BiakpuTTa dhopcyHok 10-100 mc Pexxummn poboTu

ﬂ 3HanpeHo nocunaHb: 0% id: 38
«[NepeBipka»,

& 3HangeHo nocunaHb: 0% id: 39
«OYnLLEHHA»

OcobnuBICTb pexumy

&4 3nanaero nocunatb: 0% id: 40
«OYmnLEeHHA»

ABTOMaTUYHE BU3HAYEHHS PEe30HAHCHOI YaCTOTW roakKK DOPCYHKN; 3BOPOTHUIA NMPOKavyBaHHSA
PiIAVNHN ANSA IHTEHCUBHOIO o4nLLeHHS MNMpun3HadeHHA OUiHKa NPOoYKTUBHOCTI (hOPCYHOK,
ounLLEeHHn Big 3abpyaHeHb 6e3 po3bopy Lien npunan 0o3BoNsE ehekTUBHO OHULLLATY POPCYHKM
6e3 ix po3bupaHHS, WO € BaXXIMBUM A4 36epexxeHHs iX npaue3gaTHOCTI Ta 3anobiraHHsA
000aTKOBMM BUTpaTaM Ha 3aMiHy. PeaHiMaTop (hOPCYHOK Aa€ 3MOry BU3HAYUTU TXHIO
MPOAYKTUBHICTb, @ TAaKOXX 34iNCHUTUN OYULLIEHHS 3aBAAKN CNelia/ilbHOMY pPeXxumy
hyHKLIOHYBaHHA. Ha OCHOBI LLbOro NMPUCTPOIO MOXKHA CaMOCTINNHO BUFOTOBUTU CTeHA AN
rnepeBipKn Ta o4MLEeHHSA POPCYHOK i3 4OCTYMHMX MaTepianiB ynpoaoBX 1-2 OHIB. Y peXxumi

ﬂ 3HanpeHo nocunaHb: 0% id: 41
«[NepeBipka»

Ha POPCYHKW MOOaloTbCHA OQHAKOBI KEpPYHoYi iMMyibCx, MPU LbOMY 0OMOTKM BCiX POPCYHOK
nigKAYeHi NnapanensHo. MNig 4ac peXxmnMy oYunLEHHSA NporpamMmHe 3abe3sneyeHHS aBTOMaTUYHO
BMW3HA4Ya€ pe30HaHCHY 4YacToTy roakm opcyHku. Micnsa i

ﬂ 3HangeHo nocunaHb: 0% id: 42
«3aXOMJIeHHSA»

BiAOyBa€ETbCA AeBiaLis L€l YaCTOTM B HEBEJIMKOMY Aiana30oHi. Y uboOMy pexxuMi opCcyHKa,
3aHypeHa B OYNCHUI PO34MH, MOYMHAE NPOKAaYyBaTU PiANHY Y 3BOPOTHOMY HaMNpPsAMKY, WO
3abe3neyvyye akTUBHY B3aEMOAi0 XiMiYHOro 3acoby 3 3abpyaHEHHSAMN BCepeanHi (hOPCYHKMN.
OCKiNbKN cy4acHi enekTpoMarHiTHi GopCyHKN MatoTb 6e3p036ipHY KOHCTPYKLUiO, [OCTYN A0 iX
MPOTOYHOIT YaCTUHN ANg ornany 3abpyaHeHb MOXMBUN KLLE 3@ AOMNOMOIO PiXKy4unx
iIHCTPYMEHTIB, WO pobnTb HOPCYHKY HEMPMOATHOK A1 NOA4aNbLUOr0 BUKOPUCTaHHSA. Tomy byna
po3pobneHa nabopaTopHa yCTaHOBKaA, sIKa A03BOJISE OLIHIOBATU CTYNiHb Nepexoay CMOANCTUX,
JIaKOBUX Ta HarapHuX BigKNadeHb y piaky a3y 6e3 3acTocyBaHHS By Ab-IKOr0 MexaHiyHOro
po36opy (puc. 3.8). Puc. 3.8. JlabopaTopHa yCTaHOBKa A1 OUiHKK 3abpyaHEHHSA hOPCYHOK.
BnpobHMKN OBUIYHIB BHYTPILLUHBOr0 3ropsiHHA Y CBOIX eKCNyaTauiMHUX iHCTPYKLiAaX He
BCTAHOBJIIOIOTb 060B'AI3KOBICTb KOHTPOJIIO NPOAYKTUBHOCTI DOPCYHOK 3asieXXHO Bif ix npobiry 4n
HanpauloBaHHS, OCKiNIbKN Ha BCiX aBToMObiNax nepenbayvyeHo nanueHi inbTpu, ki, 3a 3agyMoM
BUPOOHMKa, MOBUHHI 3axMWaTn COMNJOBIi OTBOPY Bif 3abpyaHeHb. MNpoTe NnpakTuka NoKasye, Wwo
dinbTpn He 3abe3nevyoTb MOBHOMO 3aXMCTY NPOTOYHOI YaCTUHU POPCYHOK Big 3abpyaHEHHS.
ToMy 0J19 BU3HAYEHHS HAABHOCTI 3abpyAHEHb y COMMOBMX OTBOPaxX MPOTOYHOI YaCTUHM
dopcyHok bysnio NnpoBeaeHO CTeHA0Bi BUNPobyBaHHA efleKTPOMarHiTHUX OPCYHOK Ha yCTaHOBL

&
84 3Hanaero nocunatb: 0% id: 43
«HP- 6B».
Byno npoBefeHo OUiHKY TEXHIYHOr0 CTaHy NaamBHUX POPCYHOK 6354, AKi

BianpautoBanam 80-100 Tuc. kM npobiry. YacTtoTa cnpauboBYBaHHS POPCYHOK Ta TPUBaAJICTb

nogadi nasamea BU3HAYaIMCS BUKJIKOYHO iMITOBAaHUM pexXnMoM poboTu ABUryHa, LLO BKJKOYaB Tpu

BapiaHTM: poboTy Ha XONOCTOMY X04Y, MaKCMMaJibHE HaBaHTa)XeHHS Ta BUCOKIi LUBUAKOCTI pyxy

aBTOoMOb6inA. [lna Nnepworo pexxmmy 4acToTa iMAyNAbCiB CTaHOBMAa v = 650 XB~*, a TpUBanicTb

nodadi nanmea T = 3 MC; onsa gpyroro -v = 2400 xg %, T = 12 Mc; anda Tpetboro - v = 3600 xB *,
= 6 McC [5]. KoxXHY hOpCYyHKY NepeBipanuv ABidi: y BUXigHOMY CTaHi Ta Micas OYULLEHHS Big
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3abpyaHeHs. Mpouec NnpoMmBaHHA ByB AOCUTbL MPOCTMM: (DOPCYHKN 3aHYPIOBaIN B XiMi4YHY
CKNAHKY 3 20 M1 pO34MHY Tak, Wob npu nepemiwyBaHHi MarHiTHOKO MilLasikolo oOMMBanacs nuie
HVXKHA YacTuHa npucTpoto MNpouenypa ovYULLLEHHS BK/OYana ABa eTanu: nonepenHe
NMPOMMBAHHSA B PO34MHi BOOW, €TAHONY Ta NOBEPXHEBO-aKTUBHMX PEYOBUH, a NOTIM 06poOKyY
yfbTpa3BYKOBUMU iMNynbcaMn. Jani akTMByBaBCA peaHiMaTop (hOPCYHOK, SKUI NofaBaB Ha
hopcyHKy pobodi imnynbcu. Lilo npouenypy nposoannn ABidi: cnovyaTky npotsarom 30 cekyHa, a
MOTIM We NpoTAromMm 1 xBuanHu. Micna KoXXHOro BrnBy GOpPCYHKY 3asunLlann B XiMiYHIN CKAAHL,
Ha 10 XBWUAMH i3 NOCTINHUM NepeMillyBaHHAM, NiCaA YOro BU3Ha4Ya M BOAHEBUA NOKa3HUK pH Ta
eNeKTPonpoBiAHICTb O piakol asu (puc. 3.9). Ak nokasanu pesynbTaTtu, pH piakoi asn
(7,5+0,1) nig 4ac NnpoMmBaHHSA POPCYHOK 3anuMwaBcs cTabilbHMM, TOAI AK eNeKTPONpPOBIAHICTb
3pocTaE. a 6 Puc. 3.9. BumiptoBaHHA BOAHEBOro noka3sHuka: pH (a) Ta enekTponpoBigAHOCTI
pigkoi a3u (6). Tabnnusa 3.4 NMpoayKTUBHICTbL POPCYHOK (P) SIE 6354 npun
pi3HUX pexnumax BunpobyeaHHA CTaH popCyHKU MNPOaYKTUBHICTbL POPCYHOK, CM3/XB Ha PEXUMI
2 Ha pexumi No3 @1 ©2 ©3 ®4 ¢l ®2 d3 d4 o oymweHHs 100.0 102.0 106.0 106.0 63.9 66.7
69.4 69.4 Nicnga Y3-o4ynweHHsa 106.0 106.0 106.0 106.0 66.7 68.1 69.4 69.4 Takun meTon,
[O03BOJISIE [OCArTU MaKCUManbHO ePEKTUBHOIO BUAaNieHHS 3abpyAHEHD i3 BHYTPILLHIX KaHaniB.
TakuM YMHOM, nepesipKy poboynx NnapameTpis POPCYHOK AOLIILHO NPOBOANTU NiCAA BUKOHAHHSA
[BOX OCHOBHUX rnpoLenyp NPpOMUBaHHSA Ta ybTPa3BYKOBOro O4YULLLEHHS. BapTo BiA3HAUYUTK, WO
PO36iXKHICTb MOKa3HMKIB MPOAYKTUBHOCTI NiCASA LUX ONepauin € MiHIManbHOI | CTAHOBUTbL JiNLLE
0,4...1%. BucHoBku go po3giny Il B po3gini po3pobseHo KOHCTPYKLIitO CTEHAY, MPU3HAYeHOro
ONS yNbTPa3BYKOBOr0 OYULLEHHSA Ta AiarHOCTYBaHHSA MaamBHUX POPCYHOK. Po3pobneHo
MEeTOAMKY AiarHOCTUKM TEXHIYHOrO CTaHy Ta OYULLLEHHA NanMBHUX (POPCYHOK i3 3aCTOCYBaHHAM
yNbTpa3BYKOBOi BaHHW. [poBefeHe AOCNIAXXEHHS NIATBEPANNO, WO YNbTPA3BYKOBE OYULLEHHS €
eheKTUBHUM METOA0M BiJHOBJIEHHS NMpaLe3aaTHOCTI PopcyHOoK 6e3 noTpebu B ix po3bupaHHi.

(M) Al generated text detected: ChatGPT 5.3, : 79,17% id: 44

[JocnigXXeHo METOAMKY BU3HAYEHHA CTYNEHSA BUAANEHHSA 3abpyAHEHb 3 MOBEPXOHb
KOMMOHEHTIB hopcyHOK. MNpnnag 3abe3nevye ToYHE BU3HAYEHHS PiBHSA O4YULLEHHS Ta A0O3BOJISE
KOHTPOJIOBATU AKICTb NPOBEAEHOI yNbTPa3ByKoBOi abo MexaHi4HOi 06pobku. PO3 A1
OXOPOHA TIPALLI 4.1 3axoan 3 OXOPOHW MpaLi Nif Yac BUKOHAHHSA TEXHOJIOrIYHMX onepaLin Ha
aBToMObini MpodinakTnyHe ob6CcNyropyBaHHSA Ta PEMOHT aBTOMOBIIBHOrO TpaHCNOPTY
30iNCHIOITLCA BiANOBiAHO A0 BUMOT Nono)XeHHA Npo npodinakTnyiHe obcnyroByBaHHA Ta
PEMOHT PYXOMOro CKJlady aBTOMOOINIbHOro TpaHCMopTy Ta MpaBui TEXHIYHOI eKcryaTauii
PYyXOMOro cknay aBToMobinbHOro TpaHcnopTy. Taki poboTu BUKOHYIOTLCA Ha cneLianbHO
obnagHaHux pingHkax abo noctax, 3abe3nevyeHnx HeOOXiGHUMU TEXHIYHMMM 3acobamu,
iHCTpyMeHTamMu, npuiagamMmy Ta NPUCTPOSMU 3riAHO 3 YUHHOK HOPMATUBHO-TEXHOJIOMYHO
[OKYMeHTaLi€to. MnaHyBaHHS PO3MilLLlEHHA MNOCTIB TEXHIYHOro 06C/yroByBaHHS N PEMOHTY, a
TaKOoXX AOTPUMAaHHS BiACTaHEN MiXX TPaHCNOPTHMMMK 3acobamn Ta byaiBeNnbHUMY
KOHCTPYKLIiAMM MaloTb BiAMNoBigaTy BUMOraM HOPM TEXHOJIOMYHOr0 NPOEKTYBaAHHSA. MMig Yac
BMKOHAHHSA TEXHOJIOMIYHMUX onepaLin 3 TeXHIYHOro o6cnyroByBaHHA Ta peMOHTY aBTomMob6iniB
ocobnvBa yBara nNpuainseTbCcsa OTPUMAHHIO BUMOI OXOPOHU NpaLli, CNpAMOBaHUX Ha
3abe3nevyeHHs 6e3nekn npauiBHUKIB i 3anobiraHHsa BUpobHMYMM TpaBMaM. MNepen No4aTKOM
po60TU NpaLiBHUKN MOBUMHHI MPONTU iIHCTPYKTaX 3 OXOPOHW Mpayi, MaTu BiANOBiIAHY
KBanigikaLilo Ta 4ONYCK A0 BUKOHAHHA NeBHUX BUAiB pobiT. Pobo4ye MicLe NoBUHHO ByTK
4yncTuM, nobpe ocBiTNeHnM Ta obnagHaHUM HeobxigHMMK 3acobamMu iHAMBIAYaNbHOIO 3aXUCTY,
TaKMMU SK CNeLoAsar, 3aXUCHI pyKaBUYKKW, OKYNAPWN, KacKu Ta B3YTTH 3 HEKOB3HO MifOLLBOIO.
Mig Yyac BUKOHaAHHA onepaLin, NoB'A3aHMX i3 NiAHATTAM aBTOMO6iNA Ha NianomMHUKax abo
AOMKpaTax, HeobxigHO 3abe3neynTn HadinHe BCTaHOBJIEHHSA MalUVWHW Ta BUKOPUCTAHHS
CTpaxyBajbHUX ynopiB. 3abOpOHAETLCA NPOBOANTN PEMOHT Mig NigHATUM aBToMobinem 6e3
BiAMOBIAHOro hikCyBaHHA ONOPHUX enemMeHTiB. OcobnuBy yBary cnig npuainatu pobotam i3
naJuBHUMU CUCTeMaMU, efleKTpoobnagHaHHAM Ta rasibMiBHUMUK MexaHi3Mamu. Iig 4yac poboTn
3 MaJIMBOM MOTPIOHO BUKIIOYNTU OXKEPESa BiAKPUTOro BOrHto, ickpiHHS abo HarpiBasbHi
npuaagun, SKi MOXXyTb CMPUYUHUTY 3alMaHH4. MNpuMilLeHHSA NOBUHHO ByTn 3abe3neveHe
eheKTUBHOI BEHTUAALIE A4 3anobiraHHA HaKOMMYEeHHIO LWKiaAnMBux napis. Mig 4yac poboTu 3
enekTpoobnagHaHHAM HeobXioHO BiA'€AHYBATN aKyMynaTOpHY 6aTapeto, Wob YHUKHYTH
Ypa>keHHs eleKTPUYHUM cTpyMoM. 3abopoHEHO BUKOHYBaTU €/IEKTPOMOHTaXKHi onepalii y
BOJIOrOMY cepenoBuLli abo npyn HaABHOCTI BUTOKIB NasnBa. YCi iHCTpyMeHTN Ta obnagHaHHS
MOBWHHI By TN TEXHIYHO CMpaBHUMK, CBOEYACHO NEPEBIPATUCA Ta BiAMOBIAAaTN BCTAHOBAEHUM
BMMOram 6esnekun. Po60Tu 3 BUKOPUCTAaHHAM CTUCHEHOIO MOBITPSA, MacTUNbLHUX MaTepianiB abo
rigpaBaiYHUX CUCTEM BUKOHYOTbCS 3 4OTPUMAHHSAM iHCTPYKLIN 3aBOAY-BUPOOHMKa Ta npaBun
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6e3neyHoi ekcnayaTaulii. Y pasi BUSABIEHHA HECMPaBHOCTEN TeXHOMOriYHOro obnagHaHHsA abo
BUHNKHEHHS aBapiHMX CUTYauin NpauiBHUK 3060B'A3aHNN HEFraNHO NPUAVHUTU poboTy,
MOBiAOMUTUN KEPIBHMKA Ta BXXUTU 3ax0AiB OO0 YCYHEHHA Hebe3nekn. TakuMm YnHoM, cyBope
OOTPUMaHHS MPaBuJl OXOPOHW NpaLi Ta TEXHOJIOriYHOI AncUMnAiHN € 060B'13KOBOK YMOBOH
ehekTUBHOI Ta 6e3neyHoi AiaNbHOCTI Nif Yac BUKOHAaHHS PEMOHTHO-06C/1yroByBasibHMX pobIT 3
aBTOMObGineM. Lle He nuLe rapaHTye 36epeXXeHHs XXUTTA | 340p0B’a NepCoHay, a N MiaBULLLYE
AKICTb Ta HaAiINHICTb NPOBEAEHNX TEXHIYHMX ornepaLiin. 4.2 be3sneka Ta oxopoHa npaui nig Yac
pob0oTn Ha CTEeHAI A5 YNbTPa3BYKOBOr0 OYMLLEHHA (hOPCYHOK. Mig Yyac poboTun 3i cTeHAoOM ANns
YyJIbTPa3BYKOBOIro O4YNLLEHHSA (DOPCYHOK HEOOXiAHO OOTPMMYBATUCS BCiX 3aX0AiB 3 OXOPOHM
npaui, wob 3abezneynTtn 6e3neky nepcoHasny Ta 3anobirTn NowKogXeHH0 obnagHaHHA. Cam
npouec ekcrslyaTalii CTeHAa yNbTPa3BYKOBOI 04NCTKN (DOPCYHOK aBTOMODBIIbHMX ABUIYHIB 3a
[OMOMOrOH0 creLiasibHO MpM3HayYeHoro obsafHaHHA XapakTepPU3yeTbCA AEAKO TpaBMo- Ta
aBapinHoo Hebe3nekoto, ika B CYKYMHOCTI MO>Xe MOAISATN Ha CTaH 340p0B’ 06C/1yroBy04oro
rnepcoHasny. Y4 HHUKHK, L0 CTBOPIOOTL TpaBMoHebe3neyHi cuTyadlii Ta aBapii, MaloTb cneundiyHi
0Cob6AMBOCTI, AKi BU3HAYalOTb YMOBM Ta MiABULLYIOTb NMOBIPHICTb BUHUKHEHHS HEeLlaCcHMX
BMNagKiB nig 4ac poboTtn 3i cTeHAOM. N5 BCTAHOBJIEHHS MPUYNH iX NOSABM HEOBXiAHO NpoBecTun
aHasi3 BMAIB onepauin, Wo BUKOHYIOTbLCA Mif Yac eKcnjyaTauii CTeHAy ANS YAbTPa3ByKOBOro
OYMLLEHHA (hOPCYHOK. Y mpoLeci poboTn B pe3dysbTaTi OKPEMUX BUMALKIB MOXKYTb 3'ABAATUCA
AK WKiannei, Tak | Hebe3ne4yHi hakTopun. [10 HNX HaNeXXaTb MOXXJIMBI OMiKN NPN KOHTAKTI
po6o4oi pianHKM 3 TiZIOM oNepaTopa, PU3NK YParKeHHS eNeKTPUYHUM CTPYMOM Yepes
HenpaBWbHE MiAKIIOYEHHS YIbTPa3BYKOBOIro reHepaTopa, NiABULLEHE Fra30yTBOPEHHS B 30Hi
poboTu cTeHAy, a TaKoXX MiABULLEHUN piBEHb LWYMY i Bibpauin Ha pobo4vomy Mmicui. MNepen
rMoYaTKoM poboTu Ccnig NepesBipuTU CAPaBHICTb EIEKTPUYHUX NiAKAIOYEHb CTEHAA Ta HAABHICTb
3a3eMJIEHHS, OCKIiJIbKW yNbTPa3BYKOBiI reHepaTopn NpaLoTb MNig BUCOKOK Hanpyrot. Bci
onepauil NpoBOAATLCSA SNLLE B CMeLliasilbHOMY 3aXUCHOMY 04A3i, BKJII0YA04YM PyKaBUYKKU Ta
OKYJISIpU, L0 3aXULLA0Th Bif MOXXJINBOro po36pusKyBaHHSA pobo4voro posyunHy. Mpu
3aBaHTa>XeHHi (QOPCYHOK Yy BaHHY CJlif YHUKATW Pi3KUX pyXiB, 06 HE MOWKOANTY AeNiKaTHi
[eTani, i nepekoHaTuncsa, LWo AeTani HafinHo 3akpineHi. Mig Yac BKAKYEHHS YNbTPa3ByKYy He
MO>XHa HaXUIATUCA Had BaHHOI Ta TOPKATUCSA il MOBEPXHi, OCKiNIbKN BUCOKOYACTOTHI
KOJIMBAHHSA CTBOPIOIOTb iIHTEHCUBHE MeXaHiyHe nose. B npumiweHHi Mae 6yTn HanexHa
BEHTUAALISA, OCKIJIbKW Mifg 4ac NpoLecy OYULLLEHHS MOXKYTb BULINATUCSA BUNAPOBYBAaHHA MUKOYNX
PiAVH, O NOTEHLINHO WKiAAMBI MpyY TPUBa/IOMYy BAMXaHHI. TakoXX 3a60pPOHAETLCA 3anMLLaTK
cTeHpn 6e3 Harnaay nig 4ac poboTun, ocKinbkn Byab-9Ka HecnpaBHICTb 06nagHaHHA MOXKe
MPU3BECTN 00 BUTOKY PiaMHM abo KOPOTKOro 3aMmnKaHHS. Micnis 3aBepLUeHHS O4YULLLEHHS
HeobXigHO aKypaTHO BUTArTU (DOPCYHKM, MPOMUTHU IX Y YACTIN BOAI Ta BUTEPTU HACyXxoO,
[OTPMMYLOYMChL NpaBun 6e3nekn Nig 4ac KOHTaKTy 3 poboynMu pignHamun. PerynapHo
NMPOBOAUTBLCA TEXHIYHE 06CyroByBaHHA CTeHAa, MepeBipka Kabenis, KpinJjeHb Ta YACTOTH
YyJIbTPa3BYKOBOI BaHHMU, L0 3HMXXYE PU3NK aBapPiNHUX CUTyaLin. JOTPMMaHHA LMX 3aX04iB
3abe3nevye 6e3neyHy Ta epeKTUBHY PobOTYy 3i CTEHAOM, @ TaKOXX 36epe)xeHHA TEXHIYHOro
CTaHY O4MLLYBaHUX POPCYHOK. 4.3 OXOpOHa HAaBKOJINLLUHBOIO CepenoBuLLA Ta MOXKeXXHa
6e3neka OQHMM i3 KNIOYOBUX 06'EKTIB OXOPOHU € aTMOCdEpPHE MoBiTpA. OCHOBHUMU
A>xepenamu noro 3abpyaHeHHS BUCTYMNaloTb MPUPOAHI Ta MPOMUCIIOBI MpoLecw.

Cepe NpoOMUCNOBUX BUKULIB NepeBa>katoTb TEXHONOrYHI Ta BEHTUAAUINHI BUKNON
b6e3nepepBHOI Aii, SKi cknagaTb NpnbansHo 81% Big 3arasbHOI KiNbKOCTi 3abpyoHIOBasbHUX
pe4voBuH. Hanbinbwunn obcar 3abpyagHeHb NOBITPSA NMpuUNafa€e Ha CnaJtoBaHHSA OpraHidyHNX
€HEepProHociiB Byrinnsa, HaTK Ta rasy. ABToTpaHcnopT 3abe3nevye 0o 40% ycix BUKMAIB,
npuyomy usa npobnema yCcKNagHIETbCA TUM, LLLO aBTOMODBINIbHI BUKMAN KOHLEHTPYIOTLCA B
npuseMHoOMYy LWapi NoBiTps, Tob6To 6e3nocepefHLO B 30HI AMXaHHA ntoaen. OcobNuBICTIO TaKKX
BUKNAIB € T€, WO MaKCMMasibHi KOHLEHTpaUIi LWKIAIMBUX PEYOBUH CrocTepiratoTbcsa nobansy
MiCUb X BUHUKHEHHS. [/ 3MEHLEeHHS WKigJnBoro BNJNBY Ha aTMocdepy Ha aBTomMobinax
BCTAHOBJIIOIOTb KaTasli3aTopu, AKi OKUCAOKTb okcng Byrneut (CO) go giokcuay syrneuto ( ).
Ba>knmBmMM 3axo000M OXOPOHU MOBITPSA, BOAHUX 06'€EKTIB Ta 'PYHTIB € NpaBuibHe 36epiraHHAa Ta
BUKOPMCTaHHA HadpToNpoayKTiB. TOMy rocnogapcTBa MaloTb NpuainaTn ocobnmey yeary
BUKOPUCTaHHIO, 36epiraHHio Ta yTuailauii naanBHO-MacTUNbHUX MaTepianis (MMM). Y
roCrnoAapcTBi PYHKUIOHYE 3anpaBHa CTaHuida, obnagHaHa nig3eMHUMK pe3epByapamMum s
ON3esbHOro NasbHOro Ta 6eH3nHy, a TaKoXX € OKPEMi EMHOCTI ANA Pi3HUX BUAIB MaCTUIIbHMX
pionH i 6ak onga sBignpauboBaHux MMM, Xo4ya obnagHaHHA Ma€ 3HAYHUN TEPMIH eKCrJlyaTauil,
NOro TEXHIYHMN CTaH NOCTIMHO KOHTPOJETHLCA BiANOBIAHO 00 BCTAHOBNEHUX HOPM.
MepeBipsAETLCA repMeTUYHICTb pe3epByapiB, TpybonpoBoaiB i yCTAaHOBOK, a 0b6cnyropyro4ni
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nepcoHan Ma€ HeobxigHy KBasidikauito. KpiMm Toro, peMoHTHa MalCTepPHS OCHalleHa
pesepByapaMun 414 3/IMBY BignpauboBaHUX rasis. OQHUM i3 HEraTUBHUX HACNiOKIB LLUMPOKOro
BUKOPUCTaHHSA aBTOMOBINIbLHOro TPaHCNOPTY € NOCUNEHHS LWIKIAAMBOIrO BNJIMBY Ha AOBKIiNNA Ta
340poB’a nogen. Lle 3ymoBaieHO BUKMAAMN 3HAYHOI KiJIbKOCTi TOKCUYHMUX PEYOBUH Ta WYMOM,
AKNIA CYNPoOBOOXKYE poboTy TpaHCcNopTHMX 3acobis. LLym € hopmoto HECNPUATANBOIrO BNINBY
aBTOMOGINbLHOIO TPAHCMNOPTY Ha HaBKOJMLLHE cepenoBuLle. OCHOBHUMMK MOr0 AxXXepenamu €
npoLecn BCMOKTYBaHHSA NoBiTps kapbiopaTopoM, BUNYCK BignpauboBaHUx rasis, pobota
BEHTUIATOPa CUCTEMUN OXOJIOLXKEHHSA Ta KJlarnaHHOro MexaHi3My TpaHCMICil. Y An3esibHUX
aBTOMOGINAX 0OOATKOBUMU A)KEPESIaMM LWYMY € CUCTEMa BMOPCKYBAHHSA NMaJinBa Ta KOHTAKT
LUWH i3 4OPOXKHbLOIO rMoBepxHeto. MNpaBuia No)xexxHoi 6esnekn Ha aBTOTPAHCMOPTHUX
nignpnemcTBax po3pobneHi BignosigHO A0

u 3HanpeHo nocunaHb: 0,01% id: 45
«[MpaBun noxxexxHoi 6esnekn B YKpaiHi»

(MNB-01-93). NMopyLLIEHHS LNX BUMOT, Y TOMY YMCJi BCTaHOBJIEHUX MpaBuJl, TArHe 3a coboto
KPUMiHa/IbHY, agMiHICTpaTUBHY, ancuuniiHapHy abo iHwWy BiAMoBiAaNbHICTb 3rigHO 3 YAHHUM
3aKOHO4ABCTBOM. [loXKe)Ka Ha MigNPUEMCTBI NPU3BOANTL A0 3HAYHUX MaTepiaNbHUX BTpPAT i
4acTO CYNMPOBOAXKYETHCA HEWacHUMN BunagkamMu. OCHOBHUMU NpUYUHAMK 3aropsHHSA
MaTepianiB i BAHNKHEHHSA MOXXEX Ha aBTOTPAHCNOPTHUX NiIANPUEMCTBAX €: HEMPaBUJSIbHE
po3TalwyBaHHA TEPMiYHUX MeYven | KOTAiB; HeCNpaBHICTb ONasiloBaibHUX Npuiaais; AedekTun
enekTpoobnagHaHHA Ta OCBIT/OBa/IbHUX NPUCTPOiB abo HenpaBu/bHa iX eKcnayaTauis;
caMo3allMaHHS BHACiAOK HEMPaBUbHOro 36epiraHHA MacTU/bHUX Ta 06TUpanbLHUX MaTepianis;
HaKOMWYEeHHS CTaTUYHOT eNeKTPUKK; BiACYTHICTb 61MCKaBKOBIABOAIB; Heobepe)KHe MOBOAXKEHHS
3 BiAKPUTUM BOrHEM; HEAOCTATHIN KOHTPOJIb 3@ NOXXEXHUMU NPUCTPOSAMU Ta BUPOOHNYUM
obnagHaHHAM. MoXeXXHa NpodiNakTnKa € KIOYOBUM e/IEMEHTOM CUCTEMU MPOTUMOXKEXKHOIO
3axuUcTy Ta nepenbavae: yCyHEHHS NPUYMH BUHUKHEHHSA NOXKeXX; 3anobiraHHA NoLWwnpeHHIo
BOrHI0; 3abe3neyeHHsa 6e3neyHOi eBaKyallii 1t0oen Ta MaTepiasbHUX LLiIHHOCTEN; CTBOPEHHS YMOB
ONS e(PeKTUBHOIO raCiHHA NOXXeX.
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Y npuMiLLLeHHSAX Ans TeXHIYHOro o6cnyroByBaHHS Ta PEMOHTY aBTOMO6iNiB 3a60pPOHSAETLCA:
KYPIHHS; BAKOPUCTAHHSA BiAKPUTOr0 BOrHIO; MPOBeAEHHS PEMOHTHUX pobiT i3 6akamu,
3aMoBHEHMU NannmBoM; 36epiraHHA MaamBa Ta racy y KiJlbKOCTSX, O NepeBuLLyoTb noTpeby
3MiHW; 36epiraHHA NOPOXXHbLOI Tapu 3-Mif MaJvBa Ta MacTUJIbHUX MaTepiasniB. JoTpMMaHHSA
rMpaBuI OXOPOHU HAaBKOJINLLHBLOIO CEPEAOBMLLA Ta NOXKEXHOI 6e3nekun Nig Yac TEXHIYHOro
obcnyroByBaHHA aBToMObiNiB € 060B’A3KOBMM. Lle [O3BONSE HE NULLE 3MEHLUNTUN HEraTUBHNUN
BMNJMB Ha AOBKiNA4, ane n 3abe3ne4yntun 6e3neyHi yMoBM npaLii Ana nepcoHasny, 3anobirtum
aBapiiHMM CUTYyaLlisaM Ta 3aropsaHHSAM. BucHoBku oo po3giny | B po3aini obrpyHTOBaHO 3axoau
3 OXOPOHW MpaLi Mig YaCc BUKOHAHHA TEXHOMOriYHUX ornepauin Ha aBToMobini. MpoBeneHo
aHani3 NMTaHb 6e3neKkn Ta OXOPOoHM NpaLi Nig Yac poboTn Ha CTeHAi ANS ybTPa3BYKOBOroO
04YULLEHHA POPCYHOK. Byno po3rnaHYyTO HOPMATUBHI MOJIOXKEHHS OO0 OXOPOHU
HaBKOJIMLLIHLOIrO CepefoBuLLa Ta 3abe3nevyeHHS NoXXeXXHOi 6be3nekn. KoMmniekcHe A0TPMMaHHSA
LuMx npaBma cnpuse 3bepexxeHH pecypcis, NiABULLEHHIO ePeKTUBHOCTI BUPOBHMYMX NpoLecis
Ta 3aXUCTY XUTTHA | 380poB’A nepcoHany. 3AFAJIbHI BUCHOBKW B TeopeTu4yHOMY po34ini
PO3rASHYTO NPUHLUM PoBOTM Ta KOHCTPYKTUBHI 0COBAMBOCTI NaIMBHNX (POPCYHOK. BusaBneHi
HecnpaBHOCTI hopcyHOK Be3nocepefHbO BMAMBAlOTb Ha eDEKTUBHICTb poboTn ABUrYHa,
NigBULLYIOTb BUTPATy MajmBa Ta CApUAOTb 30ifbLUEHHIO LWKIAANBUX BUKNAIB. [OCAIAXKEHO Pi3HiI
MeToAMN Ta TEXHOJOTIT O4YULLEHHS NaJIMBHUX (POPCYHOK, WO A03BONAOTb BiAHOBIOBATH IX
npaue3faTHICTb Ta NiABMLLYBaTU ePeKTUBHICTb poboTn ABUIryHa. B TEXHOMOrIYHOMY pO34ifi
PO3rASHYTO Pi3Hi BUAW TEXHOOriYHOro ob6nagHaHHS, O 3aCTOCOBYIOTLCA ANA AiarHOCTUKW,
PEMOHTY Ta OYMLLEHHS NaAUBHUX HPOPCYHOK. OBrpyHTYBaHO METOAN MPOAOBXKEHHS
eKcnayaTauinHoro pecypcy opCyHoK.

Po3rnsaHyTo TexHONOrii pecTaBpalii po3nunBayiB NasnBHUX (POPCYHOK, KA BKJIIOYAE eTanun
[iarHOCTUKM, OYNLLEHHS, BiOHOBNEHHS Ta KOHTPOJIIO IKOCTi BiApEMOHTOBaHNX efleMeHTIB. B
PO3PaxXyHKOBO-KOHCTPYKTUBHOMY po34ini po3pobneHo KOHCTPYKLLi0 CTEHAY, NPM3HA4YeHoro Ans
yJIbTPa3BYKOBOIr0 OYULLEHHS Ta AiarHOCTYBaHHSA MaJMBHUX (hOpPCYHOK. Po3pobneHo meToaunky
[iarHOCTUMKN TEXHIYHOIro CTaHy Ta OYULLEHHS NaJMBHUX (POPCYHOK i3 3aCTOCYBaHHSAM
y/bTPa3BYKOBOi BaHHW. [LOCNiO>KEHO MEeTOANKY BU3HAYE€HHS CTYNeHs BuaaneHHsa 3abpyaHeHs 3
NOBEPXOHb KOMMOHEHTIB (DOPCYHOK 3a A0MOMOrro npuiany 2.0
(peaHimaTop hopcyHokK). O6rpyHTOBaHO 3aX04n 3 OXOPOHM Npaui Nig 4ac BUKOHAHHS
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TEXHOJI0TiYHMX onepauin Ha aBToMobini. MpoBengeHo aHani3 NMTaHb 6e3Nekn Ta OXOPOHU Npadi
nig 4yac poboTn Ha CTeHAi ANA yAbTPa3BYKOBOro O4MLWEHHS GOPCYHOK. Byno po3rasHyTo
HOPMaTUBHI MONOXXEHHS LLOAO0 OXOPOHU HaBKOJMLLHLOIO cepefoBuLLa Ta 3abesnevyeHHs
rnoxxe>xHoi 6e3nekn. KomnnekcHe OO0TPUMaHHS LUX NpaBua cnpusie 36epe>xeHHio pecypcis,
NigBULLLEHHIO e(PEeKTUBHOCTI BUPOOHMYMX MpoLLEeCiB Ta 3aXUCTY XUTTS i 340pOB’S NnepcoHany.
Cnuncok BukopucTaHoi nitepatypu Fopbik KO. MeTon BU3HAYEHHA AMHAMIYHUX XapaKTePUCTUK
nanumBHMx opcyHok / KO. MNopbik. CtaTtTa. 2025 Wanan T. A. YOOCKOHaNEHHS TEXHOJIOTNYHOIro
npowecy AiarHOCTUKKN on3enbHUX POPCYHOK : KBanidikau. poboTta / T. A. LWanan. TepHoninb :
THTY, 2023. 61 c. CopokiH C. IN. NMapameTpn SKocTi poboTun po3nustoBadiB PoOpCcyHOK. ABTOABOP.

8(125). 2019. C. 18 - 20. binokoHb 4.10., BanHTpayb M.A. YNpuCKyBasbHi CUCTEMU XXNBNEHHS
6eH3MHOBMX ABUTYHIB : HaB4. nocib. K. : IMTO HAMH YkpaiHu, 2015. 248 c. KoBanbyyk I.I".
Mo>xexxHa 6e3neka B aBTocepsici. Knie: HYBIl, 2020. 128 c. NeTpeHko A.C. TexHONOrii O4YNLLEHHS
nanuBHUX (HhOPCYHOK: MoHorpadcia. OHinpo: AHY, 2021. 220 c. babaHiH O. b., bByubkuii O. B.
AHani3 meToAiB AiarHOCTYyBaHHSA NaJIMBHOI anapaTypu an3enis // 36ipHNK HayKOBUX NpaLb
YkpAY3T, 2020, sun. 168. C. 31-37. Jocnig»XeHHS NasnBHUX POPCYHOK CUCTEMU XKUBJSIEHHS
6eH3MHOBOro ABUryHa : gocnigH. poboTa / JibBiB. HaL. YH-T NPMPOAOKOPUCTYBaHHSA. J1bBiB, 2024.
CaHTawos 0. B. OunuweHHs Ta AiarHOCTUKa An3enbHUX OPCYHOK : aunaoMHa pobota. — Kl im.
Irops Cikopcbkoro, 2023. 79 c. Mopo3os, |. B. Po3pobka cTeHay AN AiarHOCTUKN NannBHUX
dopcyHok / 1. B. Mopo3os, O. . KoBanb4yk // TexHiYHa AiarHOCTMKa Ta HeCNpPaBHOCTI MaLKWH. -
2019. - o 2. - C. 34-40. Map4eHkKo I.IN. OxopoHa npaui Npu BUKOPUCTaHHI ybTPa3BYKOBOIrO
obnagHaHHA. Kunie: OcsiTa YkpaiHum, 2019. 90 c. N'opbayos B.M. YnbTpa3ByKoBi TeXHONOrIT
O4YULLEHHSA B aBToCepBici. XapkiB: HTY

n 3HanpeHo nocunaHb: 0% id: 47
« XM,

2021. 130 c. Kokones O. A. PosnuntoBay popcyHkn / O. A. Kokones, M. ®. MunaHka, b. J1.
TapaceHKo. - XapkiB, 2017. KaprneHko C.C. [liarHOCTyYBaHHSA efleKTPOMarHiTHUX (pOopCyHOK
6eH3nHoBMX ABUryHiB aBTOMOb6iNiB: guniomMmHa poboTa marictpa. Kuis, 2023. 77 c. BonTiok I.C.
Po3pobka KOHCTPYKLIT cTeHAa ANa NPOMUBAHHA (DOPCYHOK : KBasidikaLuiiHa poboTa.
XMenNbHNUBLKNI Hau,. YH-T, 2023. NeTpeHKo A.C. TeXHONOriT O4YULLEHHS MaIMBHNX OPCYHOK:
MoHorpadia. OHinpo: OAHY, 2021. 220 c. 3ybapes B.A. [liarHOCTMKa NaJIMBHUX CUCTEM
aBToMob6inis. Knis: OcHoBa, 2020. 144 c. CaB4eHKoO, M. I. OuiHka etheKTUBHOCTI poboTn hopCyHOK
Ha cTeHpai / M. I. CaB4yeHKo, . B. ToH4YapyK // TexHi4yHa MexaHika. - 2019. - T. 15, I\ 4. - C. 88-
95. CupopeHko O. B., NeTposa |I. M. MeToan AiarHOCTUKM MasMBHUX CUCTEM OUN3ENbHUX OBUTYHIB
/ O. B. CngopeHko, |. M. MeTposa. - 2019. - 10 c. MicTyH L.M., Xom’sk W1.B., Xom’sik B.B. OxopoHa
npawi Ha aBTOTPaHCNOPTI: HaBY. Nocib. Kuie: YHiBepcuTeTcbka kHura, 2015. - 256 c.
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