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Beryn

Herani Tumy Tin oOepraHHs (Bayu, BiCi, JAWCKHU, BTYJKH,
a1, MKIBH Ta 1H.) € OOOB’SI3KOBUMHU €JIEMEHTAMH MAaIllMH Ta
mexaHi3MiB. KpiMm TpanumiiiHoi TokapHOi 00poOKkM mpu  iX
BUTOTOBJICHHI MOKE€ BHKOHYBAaTHCS (pe3epyBaHHs Ia3iB Ta JIMCOK,
CBEp/UTIHHS OTBOPIB, 3y00- 1 HUTiNeHapi3aHHs, HulipyBaHHS Ta iH.
3BakalOuM Ha BEJMKY KUIBKICTh THIIIB Ta MOJIEJICH MeTaIopi3albHUX
BEPCTaTiB y Cy4acHOMY BHUPOOHHWITBI JJsi BUTOTOBJICHHS HAaBiTh
BIJIHOCHO  TPOCTUX  JeTajedl  MOXXHa  pO3pOOMTH  KIJbKa
TEXHOJIOTIYHMX TPOIECIB, SAKI 3aJOBOJIBHATUMYTh TEXHIYHUM
ymoBaM. Tomy akTyaslbHOIO € mpobiemMa BHOOpPY HaMBHIiAHIIIOTO
BapiaHTy TEXHOJOTIYHOTO IMPOIECYy 13 YHCIIa KOHKYPYIOUHX, SKa
JIOCTOBIPHO MOX€ OyTH BHUpILICHA IUIIXOM OaraTOKpHUTEpialbHOI
onTUMIi3arii. 3aMponoHOBaHa CHCTeMa KPHUTEPIiB, JO CKJIaay SKOI
BXOJIMTh IHTEHCUBHICTh ()OPMOYTBOPEHHSI, IHTCHCUBHICTh MPUOYTKY,
€JICKTPOMICTKICTh MPUOYTKY Ta IMOBIPHICTh BHUKOHAHHS 3aBJaHHS,
BCEOIYHO OIIHIOE OCHOBHI aCHEKTH (PYHKIIOHYBaHHS TEXHOJIOTTUHUX
cucreM. AHaITUYHI [JOCHI[DKEHHS  JIO3BOJSIIOTH BCTAHOBUTHU
CTPYKTYpy MaTeMaTU4YHOI MOJeNi OaraToKpUTepialibHOT ONTHUMI3aIii
TEXHOJIOTTYHMX CHCTEM B 3QJICKHOCTI BiJl BAPOOHUYHUX YMOB.

BaxinuBuM  acnekToM  ONTHUMI3AaLIAHUX pPO3PaxyHKIB €
HEOOX1IHICTh BHKOPHUCTOBYBATH MIPOTHO3HI maHi I010
TPYAOMICTKOCTI OOpOOKHM JeTami 3a pI3HUMH TEXHOJOTIYHUMHU

npouecaMu.  3amporoOHOBAaHA  METOJWKAa  aBTOMAaTH30BaHOTO
BU3HAYEHHS TPOTHO3HOI TPYJOMICTKOCTI OOpoOKM jertanmi 3
BUKOPHCTaHHSAM HOKa3HUKa HOPMaTHBHOI IHTEHCHBHOCTI
(dbopMOyTBOpEHHS.

IaTencudikaris mporeciB MexaHI4HOT OOpPOOKH IMOB’s3aHa 3
BIIPOBA/DKCHHSIM Yy  BUPOOHUIITBO  HOBHX  KOHCTPYKTHUBHO-
TEXHOJIOTTYHHMX 3ac001B: 0araTopi3leBuX TpUMadiB JJIsI BEPCTATIB 3
UIIK, xomO0iHOBaHUX pi3liB, 0araTOMMUHACIBHUX CBEPIIAIBHIX
TOJIOBOK Ta 1H., AIKi MPOUIILIN eKCIIEPUMEHTAIBHI BUIIPOOYBaHHS, 110
HiATBEPIKYIOTh 1X €()EKTUBHICTb.

OnTuMizailis 0araToOiHCTpYMEHTHOI OOpOOKM Ha TOKapHHX
OaraTopi3lieBUX HalliBaBTOMarax Imepeadayae BUOIp ONTHMAIBHOL
PO3paxyHKOBOi CTIHKOCTI OaraTopi3IieBOi HajaJKd, OOTpYHTYBaHHS

6



HaWBWTIIHIIIOTO CTYMEHS KOHIEHTpalii oOpoOku Ta cTparerii
00CIIyroByBaHHS pi3aJIbHUX IHCTPYMEHTIB.

Po3BUTOK CcydacHHX TEXHOJOTIH OOpOOKH 00YyMOBIIOE
HEOOXIiHICTb [10/1aJ1bILIOTO BJIOCKOHAJICHHS KOHCTPYKLIH
BepcTaTHUX TpUCTpoiB (BII) 3 MeTor CKOpoYeHHS BHUTpAT dYacy,
MOB’SI3aHUX 3 iX MEepEeHANIaro/KCHHSIM TPHU MEepPeXoii 10 oO0poOKu
JneTane  iHmoro Tumopo3mipy. OOIrpyHTOBaHa  JOIUIBHICTh
BUKOPUCTAHHS CHUCTEMH YHIBEpCaJIbHO-30IpHUX MepeHalaroIxy-
Banux mpuctpoiB (Y3IIIl) Ha mpukiaml BEepCTaTHOTO MPHUCTPOIO,
CKOMITOHOBAHOTO Ha OCHOBI 0a3yrouoi MpHU3MH, JJIsi YCTAHOBJICHHS
BaliB Npu 00poOIi Ha CBEpATMIBHO-(PpPE3EepPHO-PO3TOUYBATBHUX
Bepcratax 13 UIIK. MogentoBanHs HanpyxeHO-1e(hOpMOBAHOTO
CTaHy MPUCTPOIO Ta eKCIIepUMEHTATbHI JIOCJIJUKEHHS
MiATBEP/DKYIOTh BHCOKI TOYHICHI MOJKIIMBOCTI 3alpONOHOBAHOI
koHcTpykuii Y3IIIT.

Po3pobiiena cucrema OaraToKpuTepiaibHOI — ONMTHUMI3AI|
komroHOBOK ~ Y3IIII  Ga3yerbcs Ha  iepapxiuHili  CTPYKTypi
koHcTpykiii  BII 1 BpaxoBy€ KOHCTPYKTHBHO-TEXHOJIOT14HI
XapaKTEPUCTUKH (PYHKIIOHAJIBHUX EJIEMEHTIB Ta BUPOOHHUYI YMOBH.
3anpornoHoBaHa CHCTEMa KOHCTPYKIIH (YHKITIOHATBHUX €JIEMEHTIB
JUIs yHiBepcaslbHUX Ta OaratoninboBux BepcrariB i3 UIIK, ska
XapaKTEPU3YEThCS BUCOKHM CTYNIEHEM THYYKOCTI Ta piBHEM
yHi(ikarii, 1 3a0e3neuye CKOpPOUYEHHS Yacy NepeHaaroKEHHsS Ta
3aJlaHy TOYHICTh OOpOOKHM JeTajiedl, a TaKOXX MiABUIICHHS TOYHOCTI
CKJIaJaHHs MpPHUCTPOIB B PE3yJIbTaTi 3aCTOCYBaHHS CIIOCOOY
0e33a30pHOT0 0a3yBaHHS €IEMEHTIB.

Bubip HaiiBurigHimoro BapiaHTy KommoHyBaHHsS BII €
OaraTokpuTepiaaIbHOIO 3a1a4yero, TOOTO 3I1HCHIOETHCS 3
BUKOPUCTAHHSAM KUTBKOX KPHUTEPIiB ONTHUMAJIBHOCTI, KOXKEH 3 SIKUX
XapaKkTepHU3ye MEeBHUHN acMeKT SKOCTI 00’ €KTy onTumizaiii. B skocTi
KPUTEPIIB ONTHUMAJIBHOCTI MPHHHATO MOXUOKY YCTaHOBJICHHS
3aroToBKH, CTyHiHb THy4kocTi BII, a Takox #oro BapTicTh i
MmarepianoMicTkicTe. OnTHMi3aliiHa 3aja4a BUPIIIYETHCS METOIOM
MOCJTIJIOBHHUX MTOCTYTIOK.



1. TexHoJs10riYHi 0CO0TUBOCTI BUTOTOBJICHHS JIeTaJieil THUILY Tijl
o0epTaHHs

1.1. KoHCTpPYKTOPCHKO-TEXHOJIOTIYHA Kkiaacudikanis
nerajen

Jlerani TUmy Tij1 0OEpTaHHS € CKJIAJ0BOIO YAaCTHHOIO Maiike
yCiX MaIlIMH Ta MEXaHI3MiB. Y Ce pI3HOMAHITTS TiJ1 00epTaHHS MOXKHA
PO3MOIIITUTH Ha nerai 3aralbHOMAIIHHOOYiBHOTO,
CIIEeIIaII30BaHOTO Ta CIEMIATBHOTO MPU3HAYCHHS.

Jlo neraneii Tuiy T 00epTaHHA 3aralbHOMAIIUHOOYAIBHOTO
MPU3HAYEHHS BIJHOCATHCS: BaJM, OCi, IHUCKH, BTYJKH, 3yO4YacTi
Kosieca, (uaHii, WKiBK, Oapabanu, 3ipouku Ta iH. [Ipuxmagamu
Creliai3oBaHuX JeTalied €. JTUCKH TypOOTBHHTOBHX JBHUTYHIB,
KYJIauYKOBI Ta KOJIIHYACTi BaJlM, IIMUHIEINI, XOA0BI TBUHTH Ta iH. J[0o
JeTajell CreriaibHOro MPU3HAYCHHS BiTHOCATHCS: BAIKH MPOKATHUX
CTaHIB Ta IHIIMX MAIIWH, IIHEKU 31 3MIHHUM KPOKOM, KOJICHI mapu
TOIIIO.

Texunonoriunuii npouec (TII) mexaniunoi oO6poOku nerani
3aJIeKUTh Bif KiacuikamiifHoi rpynu (THIy), A0 SKOi BOHA
HaJIEKUTh 3TiHO KOHCTPYKTOPCHKO-TEXHOJIOTIYHOTO
kinacudikaropa. IlpuHamexxHicTh JgeTami A0 Tiel YW IHIIOT
Kiacudikamiiaol rpynu BU3HAYAETHCS BIJIITOBIAHO 1o
knacuikamifHMX O03HAaK, OCHOBHMMH 3 SKHX JUIS JeTanei
3arajlbHOMalIMHOOYIIBHOTO MpPU3HAYEHHS €: IeoMeTpudHa (popma;
B3a€MHE pO3TallyBaHHS KOHCTPYKTHBHUX €JIEMEHTIB JeTalli Ta
¢yHKLiIOHATBHE MpU3HAYCHHA. |'eoMeTpuyHa (hopmMa Ta BUMOTH IO
TOYHOCTI Ta MIOPCTKOCTI MOBEPXOHB €Tl BU3HAYAIOTH TEXHOJIOTIIO
ii 00poOkH. BakIMBUM NMOKAa3HUKOM IPH BUPIMICHHI TEXHOJOTIYHUX
3a/1a4 € CITBBIIHOIICHHS JOBXKHHH Ta J[laMeTPy JeTali.

Bignosimno no knacudikaropy €CKJl yce pizHOMaHITTS
JeTaje 3araJbHOMAITMHOOYIIBHOTO MPU3HAYCHHS PO3MOATSIETHCS
Ha 6 kiaciB (kmacu 71-76) [1], KOXHUU 3 SKHX TOCITiZOBHO
MOAUISIETHCS HA AKJIACH, TPYIH, IATPYIU Ta BUIH.



Knac Tin obGepranHs o0'enHye B cepenHboMy 67% Bcix
JeTaseil, M0 BHUTOTOBISIIOTHCS Yy 3aralbHOMY MAIIMHOOYIyBaHHI
(puc.1.1), Ta ckagaeThes 3 TPHOX TUNOBUX rpy (puc. 1.2) [2].

Puc. 1.1. CriBBigHOIIIEHHS Puc. 1.2. Po3momin Tin
€JIEMEHTIB HOMEHKJIATYpHU JeTaleit o0epTaHHS 0 TUITOBUX
3arajibHOMaITUHOOYIBHOTO rpymnax: 1 — Banu, oci,
npusHadeHHd: 1 — Tina oOepranHs;  CTpHKHI; 2 — (paHLi, AUCKH,
2 — KOpIyCHI JeTai; 3 — IIOCKI 3y0y4acTi Koneca; 3 — BTYJIKH,
nmerani; 4 — iHmIi gerani TUTb3U, HATHAPH

[lpunanexHicTp neTaqi 10 TMEBHOTO MiAKJIAcy, TpYIH,
MIATPYNU Ta BUJY BU3HAYAETHCS 3a HASBHICTIO a00 BiJICYTHICTIO
KOHCTPYKTUBHHUX €JIEMEHTIB, II0 BIUIMBAIOTh Ha CTPYKTYpPYy Ta XiX
TII. Jlo TakuxX €JEMEHTIB BIIHOCATHCS 3yO4YacTi MOBEpPXHI, IUTIIH,
nas, pizbowu, JIMCcKH Ta iH. (puc. 1.3-1.5).

Banu mmmpoko BUKOPUCTOBYIOTHCS Y MEXaHi3MaxX MalluH AJis
nepenadi 06epTaILHOr0 PpyXy Ta KPYTHOIO MOMEHTY. IX pO3pi3HAIOTH
3a CIY)KOOBUM TMPU3HAYCHHSIM, KOHCTPYKIIIE€I0, pPO3MIpaMH Ta
marepiasioM. BoHu MoxyTh OyTu Oe3cTymiHYacTi Ta CTYMIHYACTI,
CYIUTBHI Ta MyCTOTLII, TJIAJKI Ta IUIIIBOBI, BAJIU-IIECTIPHI, a TAKOX
KOMOIHOBaHI B Pi3HUX MOETHAHHSIX.

VY mammHOOyMyBaHHI HAMOUIBII MOMUPEH]1 CTYMIHYACTI BaJln
niametpom 30-80 mm i moBxuHOW 150-1000 MM, SKi CKIAgarOTh
noHax 85% BiA 3aragbHOI KUIBKOCTI THUIIOpO3MipiB BaimiB [3].
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CrymiHgacTi Balyd MOIUIAIOThCA Ha KOpoTKi (1o 250 mm), cepenHi
(250-350 ™mm) Ta goeri (momam 350 wmm) [4]. XKopcrkumu
BBAKAIOTHCS BAJIM, Y SKHX BIJHOLICHHS IOBXHHHU JI0 JiaMETpy HE
nepesutrye 10 [4, 5].

Puc. 1.4. ®nanmi, qucku, 3y09acTi kojeca
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Puc. 1.5. Brynku, rine3u, muiiHapu

Haii0inpi TpyAOMICTKMMHM Yy BHMTOTOBJICHHI € CTYMiHYAcCTi
BaJiK, SKI MarOTh IMUHAKHM I MAMUAIHAKKA Ta 3y04acTi KoJjeca,
IIMOHKOBI KaHaBKH, INLIIIBOBI Ta pi3bOOBI MOBepxHi. Bamu
BUTOTOBJISIFOTBCA 13 BYTJICHEBUX 1 JICTOBAHMX KOHCTPYKIIIHHUX
craneir (35, 40, 45, 40T, 50T, 40X, 50X Tta iH.) i, SK MpaBUIO,
MiggalThess  TepMmivHi  00pooOmi. Ha puc. 1.6, HaBegeHo
3ampornoOHOBaHy Kiacugikaimis BaliB, sKi OOpOOISAIOTECS Ha
CBEPUTMIIBHO-(PPE3ePHO-PO3TOTYBATLHUX BEPCTATAX.

| Banu |
I

[ ]
3a [JoB#UMHO | Kopotki | | CepepHi | | Josri |
I ]

]
CTyriHb JKOPCTKOCTI | »opcTki | | HexxopcTki |
]

[ ]
HasiBHiCTb CTyrieHiB |  Bescryninvacti | | CryniyacTi |
[ ]

6 ‘ ‘ = L
HOB%OF?;':HOBa Ha [ Twmcka | [ Tes | | OTFIp | | KONﬁI‘HaLI,IH |

OpHa | | Kirnbka |

Kinbkictb 06po6rtoBaHmx |
MOBEPXOHb

Micue posralLyBaHHs \ \ \
obpobriosaHux nosep-|  Hakonconi | | Hagonopoo | | Mixonopawm |
XOHb BiJHOCHO 6a3

Puc. 1.6. Kimacudikariis Baiis, mo oOpoOIsSIOTECS Ha
CBEPUTHIILHO-(Ppe3epHO-PO3TOUYBATLHUX BepCTaTax

Kpim TokapHOi 00p0o0OKH, siKa 3a TPYIOMICTKICTIO HAHOIbIIIA,
Ha Bajlax MOXE BHUKOHYBaTHCs (ppe3epyBaHHS JHMCOK 1 IIMOHKOBHX
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na3iB, CBEp/UIIHHS OTBOPIB, @ TAaKOK KOMOiHaILli X 00pOoOIIOBaHMX
MOBEPXOHb, KIJIBKICTh SKHMX MOKE€ OyTH BiJ OJHI€T 10 KIIBKOX
3aJIeKHO BiJl CIYy»KOOBOro mnpu3HaueHHs Bajia. Ilpu ycTaHOBJIEHHI
BayiB y BII 06po0:1roBaHa moBepxXHS MOXKE PO3MIIITYBATHCS BITHOCHO
0a30BUX MMOBEPXOHb KOHCOJBHO, HAJl OMOPOI0 00 MiXK OITOpaMH.

B ocHOBY TexHosoriuHOi Kiacudikalii aeranseil MoKIaJaeHO
HACTYIHI O3HAaKW: PO3MipHA XapaKTEPUCTHKA; MaTepiai AeTai; BHI
Ta Ccrmoci0 OTpUMaHHS 3arOTOBKH; KBAJITET TOYHOCTI Ta IapameTp
IIOPCTKOCTI ~ TIOBEPXOHb;  TEXHIYHI YMOBH;  XapaKTepPHCTUKA
TepMIgHOT OOpPOOKHM Ta XIMIKO-TEpPMIUYHUX TMOKPHUTTIB; 00'eM 1 maca
JeTaini.

KonmyBanus pgeraneir 3rimHo kmacudikaropa €CKJI Ta
TEXHOJIOTIYHOTO KJacuikaropa € BUXiIHOIO iH(pOpMaILli€lo Ha cTafil
KOHCTPYKTOPCHKO-TEXHOJIOTTYHOT MiTOTOBKH BUPOOHUIITBA.
KoHcTpykTOpCchKO-TeXHONIOTIYHA KJIAacH(iKallis JIeTaneil CTBOpIoe
HepelyMOBH ISl CIIPOINEHHS aHaji3y X HOMEHKIJIATYypH, JO3BOJISE
dopmyBaTH Kinacudikaiiiiai rpynu as po3pooku yHidpikosanux TII,

110 3abe3mneuye MIIBUIEHHS cepiitHOCTI, KOHIICHTpAIIii
TEXHOJIOTIYHUX MEPEXO/IiB Ta MPOAYKTUBHOCTI OOPOOKH.
CtBOpeHHS iH(opMmariiHoi 6a3u Ha OCHOBI

KOHCTPYKTOPCHKO-TEXHOJIOTIYHO1 Kiacudikarii aeraneii 3adbe3neuye
TEeMaTUYHUN TIONIYK Ta 3allo3WueHHs paHime po3podienux TII, a
TaKOX BIJIKpHUBA€E IIUPOKI MOXKJIMBOCTI JIi BUKOPHUCTaHHS CHUCTEM
ABTOMATH30BAaHOTO  NPOCKTYBaHHS  TEXHOJOTIYHMX  MPOIIECIB
(CAITIP TIT) 1  BOpOBaKEHHS  aBTOMATH30BAHMX  CHCTEM
TEXHOJIOT1YHOI MiITOTOBKK BUPOOHHUIITBA.

Jlerani Ty Ti1 0OepTaHHA OOPOOISAIOTHCS HA PI3HUX THUMAX
TOKApHUX, (PE3epHUX, CBEPIUILHUX Ta NUTIYBATHLHUX BEPCTATIB.
Crpykrypa TII mexaniuyHoi 0OpoOKH Ti1 oOepTaHHs Oarato B 4oMy
3QJICKUTH BiJl TOYHOCTI pO3MipiB, (HOPMH, B3aEMHOTO PO3TAIIyBaHHS
Ta MOPCTKOCTI ITOBEPXOHb.

TokapHa oOpoOka € HAHOUIBII TPYAOMICTKOIO ONEPAIIEI0
00poOku Tin obOepranHs. [IpM BUTOTOBJIEHHI CTYIIHYACTUX BaJliB
TPYAOMICTKICTh TOKapHOi 00pOoOKHU CKJanae B cepenHbomMy 64% Bif
3arajibHOi  TPYIOMICTKOCTI  00poOKM  netanmi. TpymoMmicTKicTh
TOKApHUX omeparii mpu oOpoOui ¢aHIIB Ta IUCKIB CTAaHOBUTH
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omms3pko 75%, a mpm oOpoOmi BTymok — 58% Bim 3aranbHOI
TPYIOMICTKOCTI OOpOoOKM pdeTami. Y CTPYKTypli HOPMH dYacy Ha
00pOoOKYy HMITIHAPUYHHUX 3y04acTUX KOJIC TPYJOMICTKICTh TOKApHOI
00poOKka B cepeqHbOMY 3HaXOAMUThCA B Mexax 52%. Butparu udacy
Ha (pe3epyBaHHs Ma3iB Ta JHCOK Ha BajaX, (UIAHIAX Ta AUCKAX HE
nepeBuIlyloTh 15% Big 3aranbHOi TPYAOMICTKOCTI 0OpOOKH.
CBepumUibHI omepallii 3aJIe)KHO Bif THIY JeTali 3aiimMaioTh 3—22%
HOPMH Yacy Ha 00poOKy aetaii. TpyaomMiCTKICTh 0OpOOKH IUTIIIEBUX
Ta 3y04acTUX MOBEPXOHb BaJIiB, BTYJOK Ta 3y04acTHX KOJIC CKJIajae
18-37% Bix 3aranbHOi HOPMU 4Yacy Ha ix 00poOky. TpymomicTKicTh
Ui yBaIbHOI 00pOOKH TiT 00epTaHHS 3HAXOIUTh Mexax 5—32%.

TokapHa 00poOka Tij 0OepTaHHS BHKOHYETHCS Ha TOKApHO-
IBUHTOPI3HUX Ta TOKApHO-PEBOJILBEPHUX BepCTaTaX, TOKapHUX
Bepcratax 13 UIIK, TokapHmx OaraToniJibOBUX BepcTaTax Ta
OaraTommuHACTFHUX 1 06araTopi3lieBUX TOKApHUX HalliBaBTOMATaX.
3aJIe’)KHO BiJl KOHIIEHTpAIll TEXHOJOTIYHHUX TMepexoiiB (MOCiJ0BHA,
napayesibHa Ta MOCIiJ0BHO-TIapaebHa) 3aCTOCOBYIOTHCS OJTHO- 200
OaratopisleBl HaJaro/UKEHHsS 3 BHUKOPHUCTAHHS CTaHAApPTHHUX abo
CreliaJbHUX Pi3ajJbHUX Ta JOMOMIXHHUX IHCTPYMEHTIB.

OO6pobka OTBOpIB 'y JAeTalIX TUIY TiT oOepTaHHS
BUKOHYETbCS HA TOKAPHUX, BEPTUKAIBHO- Ta  paTiaibHO-
CBEp/UTMIIBHUX BEpCTaTaX, CBEPIIMIIBHUX Ta (Ppe3epHUX BepcraTax
13 YIIK i GaraTomiiboBuX BepcTaTax K HUIIXOM OJHOIHCTPYMEHTHOI
MOCJTIIOBHOI OOPOOKH, TaK 1 3 BUKOPUCTAHHSIM OaraTolmuHISTbHUX
TOJIOBOK Ta KOMOIHOBaHMX OCHOBHUX 1HCTPYMEHTIB.

®pe3epyBaHHS JIMCOK, YCTYyMiB, Ta3iB, 3yO04acTux Ta
HUTIIEBUX [TOBEPXOHb BUKOHYETHCS Ha (Ppe3epHUX BepcTaTax pi3HUX
THUITIB 3 BUKOPUCTAHHSM YHIBEPCAJIbHUX Ta CHEIliaIbHUX MPUCTPOIB,
pi3aibHUX 1 JOMTOMIKHUX 1HCTPYMEHTIB.

[nidyBanHs MOBEPXOHb TiA OOCPTAaHHS 3MIMCHIOETHCA Ha
KpPYIJIO- Ta BHYTPIIIHBONIUTIYBAIbHUX BepCcTaTax 3 pPYYHUM
kepyBaHHsM Ta 13 UITK.

BusnayanpHuii BIIIMB Ha BHUOIp TOTO UM IHIIOTO THUILY
BepcTaTa Ma€ BeIWYMHA BHPOOHWYOI mapTii neraneil. Benuka
KUIBKICTh PI3HUX THUIIB METAJIOpPI3aJbHUX BEpPCTATiB, Ha SKHX
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MOXJIMBa 00poOKa Jeraneid THIy Tid oOepTaHHsS, NMPHU3BOIUTH 10
dbopMyBaHHS 3HAYHOT KUTBKOCTI KOHKYpyrouux BapianTiB TII.

Ha puc. 1.7 Ta 1.8 mHaBemeHo cxemu ¢opMyBaHHS
KOHKypyrouux BapiadTiB TII 0o0poOku cTymiHYacTOro Bajga Ta
Gans.

Hamnpukiman, nis cryniHgacToro Bajia MoxkHa copmyBatu 34
Bapiant TII #oro oOpobOku, a st puanis — 20 BapianTis (puc. 1.7,
1.8). Tomy mns BuGopy HaiBurigHimoro Bapianty TII HeoOximHO
NPOBECTH BEJIMKY KUIBKICTh PO3paxyHKiB, CHOpPSIMOBAaHHUX Ha
BU3HAYCHHS TEXHIKO-€KOHOMIYHHMX TOKa3HUKIB  KOHKYPYIOUHX
BapiaHTIB Ta BUPIIIUTH 33aa4i ONTUMI3aIlil TEXHOJIOTIYHHUX PillICHb.

B ocnoBy po3poOku TII BuUroToBICHHS AeTalell MOKIAJACHO
TEXHIYHUNA Ta €KOHOMIYHMHA MPUHLUUIH. 3T1HO MEPIIOTro MPUHIIUITY
TII, 1m0 MPOEKTYEThCS, MOBHHEH 3a0e3MeYUTH BUKOHAHHS YCIX
BUMOTI POOOYOr0 KpPECICHHS JAeTali Ta TEXHIYHHUX YMOB. 3TiTHO
JIPYroro MPHUHIIMIY — BUTOTOBJICHHS JIeTall TTOBUHHO BigOyBaTucs 3
MiHIMaJIbHOIO TPYIOMICTKICTIO Ta COOIBAPTICTIO.

[IpoexktyBanus TII — 1e OaratoBapiaHTHa TEXHIKO-
€KOHOMIYHA 3ajaya, fAKa  Big3HA4Yae€TbCd  CKIAOHICTIO Ta
TPYIOMICTKICTIO. [IIs BUTOTOBJIEHHS OJHIET 1 Ti€i X TOPIBHSHO
npoctoi ferani Moxke OyTu po3poOieHo kinmpka pisHux TII, ski
MOBHICTIO 3a0€3MeUyI0Th BUMOTH pOOOUYOTO KPECACHHS Ta TEXHIYHUX
YMOB, aJI€ BiIPI3HAIOTHCS 32 TEXHIKO-€KOHOMIYHIMH MMOKAa3HUKAMH.

TexHIYHMI Ta €KOHOMIYHHMA MPUHIUNN TpoekTyBaHHS TII,
BiZIOOpakarouu pi3Hi aCMeKTH BUTOTOBJICHHS JeTalel, 3HaXOIAThCA
MDK c00010 y mpoTtupiudi. Po3B’s3aHHS MaHOTO TPOTHUPIYYUS
JIOCATAETBCSl  LUIAXOM  KOMIIPOMICY Ta  OaraTOKpUTepialbHOI
ontuMmizami TIL.

[IporpecuBHUM HAIPSIMKOM BJIOCKOHAJCHHS BHPOOHUIITBA €
tumizamis  TII, sxa mo3Bosse ckopoTutu pizHoMmaHiTTss TTI
OOTPYHTOBAHHMM 3BEACHHSAM iX 0 0OMexkeHOi KimbkocTi. Tumizamis
TEXHOJIOTIYHMX PIIICHh Ha PiBHI OOpPOOKH OKpPEMHUX TOBEPXOHB
JO3BOJIIE PO3POOUTH THIOBI TEXHOJIOTIYHI [HUKIHA JJS CHUCTEM
KepyBaHHSI METAJIOPI3aIbHUM OOJaJIHAHHSIM, CIIPOCTUTH IMiATOTOBKY
Kepyrouux  nporpam s BepcrariB 3 UIIK  [5-10].
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[Ipu mpoekryBanni TIl BU3HAYAIbBHUMU YWHHUKAMHU € THII
JieTaii Ta BeIMYMHA BUPOOHMYOI mapTii fAetaneid. Y pasi HEBEIMKOi
KUIBKOCTI  JIeTajeil y BHUPOOHWYMX TapTisx (OAMHHYHE Ta
npibHocepiiine BupoOHuITBo) TII peanizyeThcst Ha yHiBepcalbHUX
BEPCTax 3 BUKOPUCTAHHSIM YHIBEpCaIbHOI TEXHOJOTIYHOI OCHACTKHU.
TII naifyacrime po3poONsAIOTH YKpymHEHo. Jletamizarmis omepauiid
BUKOHYEThCS TIpuU BukopucranHi BepcrariB 13 UIIK y 3B’s3ky 3
HEOOXIJHICTIO MIATOTOBKU KEPYIOUUX IPOTPaM.

[Ipyn 3HayHI KITBKOCTI JAeTajied y BHUPOOHMYMX MapTisX
(cepiiiHe BHpPOOHMIITBO) MAOILIJIBHO mpoekryBatu TpymnoBi TII 3
BUKOpHUCTaHHAM BepctariB i3 UIIK, aBTOMaTH30BaHUX IiTBHUIG Ta
iH. ®opma opranizamii poOIT — mNpeaMeTHa, OO0JIATHAHHS MOXKE
pO3TAIIOBYBATHCS Y TMOCHIIOBHOCTI BHUKOHAHHS TEXHOJIOTIYHUX
ormeparii.

TII mexaniuyHOi 0OpOOKHM aeTanell po3poOJIseThCS Yy Takiit
MOCJTIIOBHOCTI: BU3HAYEHHS THUIYy BHUPOOHHWIITBA Ta OpraHizamiitHoOi
¢dopmu opranizanii BukoHanua TII; BuGip Buay i GopMu oTpuMaHHs
3aroTOBKM Ta BU3HAUYEHHS i1 pO3MipiB; BU3HAUEHHS METOIB 00pOOKH
MOBEPXOHB 1 MOCIIAOBHOCTI TEXHOJIOTIYHHUX OINepamii (MapmpyTHUl
TII); po3paxyHOK MIKOIEpAIIMHUX pPO3MipiB  00pOOIIOBAaHUX
IIOBEPXOHb; BHOIp pEXXHUMIB pi3aHHs; BU3HAUCHHS HOPM Yacy; OLlIHKa
TEeXHIKO-eKOHOMIUHOT edekTuBHOCTI TII; miaroroBka T€XHOIOTIYHOT
JIOKyMEHTAI].

[linBumut edexkTuBHICT, TpoekTyBaHHs TII mo3BoJsie
BrpoBakeHHs: CAIIP TII. TlopiBHSHO 3 TpaaUIiHHUMHU METOJIAMHU
aBTOMaTu3oBaHe mpoekTyBaHHS TII oOpoOku pizaHHIM 3a0e3reuye
3HIKEHHA TpyaoMicTkocti B 10-15 pasziB, a Takox 3MEHIIye
cobiBapricTh aerani [11].

BaxxnuBoro po0JIEMOTO npu ABTOMATHU30BAHOMY
npoektyBanHl TII € GopMyBaHHS anbTEpPHATHBHUX CXEM OOPOOKH
pI3HUX  THIB TIOBEPXOHb.  YHIBEPCAJIBHOTO  KiacudikaTopa
MOBEPXOHb, SIKHK O MICTUB y c001 BCl MOXKJIMBI HA0OpHU METOMIB X
00poOku Ha piBHi JJCTY Hemae, a € nuime JOBIAKOBI Ta CTATUCTUYHI
JlaHl B TEXHOJIOTTYHHUX JOBITHUKAX 1 (hparMeHTH KiaacupikaTopiB Ha
mianpueMcTBax. Y pobortax [12-14] aBTOopamu 3amporoHOBAaHO
BUKOPHUCTOBYBaTH 0a3y 3HaHb Ui BHOOPY METOMIB OOpPOOKH

17



MOBEPXOHb JieTajeii. 3HaHHS TPO albTEPHATHUBHI CXEMU OOPOOKH
BBOJSTHCS TEXHOJIOTOM TMiAMPUEMCTBA B JIAJIOTOBOMY PEXHMi 3
BUKOPHUCTAHHSIM JIOBIIHUKIB Ta BIIACHOTO JOCBIY.

Y po6Goti [15] BHKOHAHO CHHTE3 AalbTEPHATUBHUX CXEM
00pOOKHM TOBEPXOHb 13 BUKOPHUCTAHHSIM MOJENI Yy BHUIJISAAI Tpada
MOCJTIIOBHOCTI 3aCTOCYBaHHS METOMAIB OOpPOOKM KOXXHOTO THITY
MOBEPXHI 13 BpaxyBaHHSM KBAJIITETY TOYHOCTI Ta MapaMeTpy
IIOPCTKOCTI, 110 3a0e3rneuye aBToMaTu3oBaHe GOpMyBaHHS HAOOpPiB
Mepexo/iiB MpU THYYKOMY OaratoBapiaHTHOMY mpoekTyBaHHi TII
BUTOTOBJICHHsS JieTaneil. Po3pobiieHo anroput™ 1 mporpaMHUMA
IHCTpyMEHTapiii ans aBTOMAaTU30BaHOrO (OpPMyBaHHA MaTpPUIl
cymixkHocTi rpada 3 BukopuctanHsMm JICTY, TexHONIOTIYHUX
JTOBIIHHKIB, CTATUCTUYHHX JAHUX Ta JEKIAPATUBHUX 3HAHb.

Jlo maiOumem  posnoBcrokeHux cydacHux  CAIIP TIT
BiHOCAThCs cuctemu Texnollpo, Kommac-aBrompoekt, Beprukaisb,
Technologi CS, CITPYT-TII ta in. Cyuacui CAIIP TII npusnaveni
JUISE  TIPOCKTYBaHHS OMEpalifiHuX, MapUIpyTHO-OMepaIiiHux i
mapurpytHux TII, Bkitouatoun ¢popMyBaHHS MapUIpyTy, onepariii Ta
nepexoAiB, i3 BHOOpOM OOJIaHAHHS Ta TEXHOJIOTIYHOI OCHACTKH, a
TaKOXX 3 PO3PAXYHKOM TEXHOJOTIYHUX PO3MIPHUX JIAHIIIOTIB,
PSKUMIB pi3aHHS Ta HOPM 4Yacy. BoHu 3a0e3meuyioTh B3aEMOMIIO 3
KOpPUCTYBa4eéM B aBTOMaTHYHOMY, HAaliBaBTOMAaTUYHOMY Ta
JiaJlorOBOMY — peXMMax, a TakoX I1X moeaHaHHsAX. Kpim
npoektyBaHHss TII wmexaniunoi o0OpoOku gerameri CAIIP TII
3aCTOCOBYIOThCS A npoekryBaHHs TII ckilagaHHsA, 3BaproBaHHS,
HaHECEHHS IMOKPUTTIB, TEPMOOOPOOKH Ta iH.

Bxinnoto inpopmariero s npoexkryBanus TIT B CAIIP TII e
iH(opMariifHa MOIeNb ACTall, ika MOXKe OyTH OTpHMaHa 3 poOOYNX
KpeciieHb a00 TpHUBUMIPHUX MOJEJeH Jeraneii, BUKOHAHUX B
€JICKTPOHHOMY BUIVBIAI Yy TPUKIAAHUX TpadiuHUX Mporpamax
Kowmmac, T-Flex, SolidWorks Tta iH.

Buxinna indgopmairiss Moxke OyTH y BHTJISAI PI3HOMaHITHHX
TEXHOJIOTIYHUX JAOKYMEHTIB: MapIIPYTHHX KapT, KapT €CKi3iB, KapT
TEXHIYHOTO KOHTPOJIO, BIIOMOCTEH Ta IHIINUX JOKYMEHTIB, (hopma Ta
3MICT SIKMX MOK€ BU3HAYATHUCSA KOPHCTyBadaMu. TOMY BaXKITHBUMH
nuTaHHsAMHU Tpu npoektyBaHHI TII € po3poOka Ta BIOCKOHAJIEHHS
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CAIIP TII Ta iHmMMX mporpaMHUX MPOAYKTIB, SIKI CIpSIMOBaHI Ha
CKOPOUYEHHS TPYIOMIiCTKOCTI TEXHOJIOTTYHOT 1JTOTOBKHU
BUPOOHMIITBA.

AJe He3BaXalYM Ha CTPIMKHHA PO3BUTOK TEXHOJOTIH
BUTOTOBJICHHS JCTaJlel Ta IMHUPOKI (PYHKIIOHATHHI MOMJIMBOCTI
CAIIP TII nuranHs onTHMi3alii, TMOB’sS3aHi 3  BHOOPOM
HauBurigHimoro  Bapianty TII, moTpeOyroTh  MOIAIBIIOTO
JOCTIPKEHHS Ta BIOCKOHAJICHHSI.

1.2. TenaeHuii Ta TEXHOJOTiYHI MOMKJIMBOCTI Cy4acHOro
METAJIOPi3aJIbHOr0 00JIaIHAHHS /1J1s1 00POOKM TiJl 00epTaHHS

OnHi€I0 3 OCHOBHUX YMOB BUTOTOBJICHHSI KOHKYPEHTO3JaTHO1
MPOJIYKIII€ € BUKOPUCTAHHS BHCOKOE(PEKTUBHOTO TEXHOJIOTTYHOTO
oOnagHaHHA, B TMEpUIy 4Yepry, MeTajopi3aJibHuX BEpCTaTiB.
HaiiGimpmmmMy BUpOOHMKAMHU METAJIOPI3aJIbHUX BEPCTATIB Y CBITY €
Himeuyunna, Anonis, TaiiBanb, Itanis, [lseimapis, CIIA, [liBnenna
Kopes, a Takoxx Kutait, Pocis Ta iH.

AKTyamlbHUMHM  TEHICHLIAMH y  MeTanooOpodui €
BIIPOBA/DKCHHSI ~ BHUCOKOINBHJKICHOI ~ 00poOkm; 00poOka  0e3
3MallyBalbHO-OXOJO/KYI0UOi piiuHU abo 3 MiHIMaIbHUM il
BUKOPUCTAHHSIM; o0OpoOKa 3arapTOBaHMX CTajed Ta IHIIHX
MarepiaiB IMiJIBUIIEHOI TBEPIOCTI; KOMIUIEKCHa 00poOKa pi3HHUMHU
criocobamMu 00poOKM Ha oJHOMY BepcTaTi [16].

[TpoayKTHUBHICTh MeTaNOpi3albHUX BEPCTATIB OAarato B 4OMY
3aJICKUTh BiJI KOHIIEHTpAIlli TEXHOJIOTIYHHMX TMEPEXOiB 1 Oomeparii.
BiamoBigHOCTI 10 1IHOTO, PO3BUTOK (DYHKI[IOHATEHO-TEXHOIOTIIHIX
MOXJIUBOCTEH METAJIOPI3aIbHUX BEpPCTATIiB I OOpPOOKH  Tin
oOepTaHHs BiIOYBA€TbCS MOYMHAIOYU 3 OJHOIHCTPYMEHTHHUX [0
0araToiHCTPYMEHTHHUX 1 0araTOMO3UIIIHHUX CTPYKTYD.

OnHOIHCTpYMEHTHA 00pobka OJIHUM pizanbHUM
iHcTpymeHnToM (PI) BinmOyBaeThcs 31€0UTBIIOTO HA YHIBEPCATBHHUX
BepcTaTax (TOKapHO-TBUHTOPI3HHUX, BEPTUKAIBHO-(DpEe3epHUX Ta iH.),
mo He 3a0e3MeuyloTh BHCOKOI  MPOAYKTUBHOCTI.  binmbmry
IOPOAYKTHBHICTh 3a0e3nedye OaraTOiHCTpyMEeHTHa o00poOka 3
BUKOPHUCTAHHSIM  OJHOTHUIIHOTO abo  pizHoTHmHOTrO PI, ska
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MPOBOJIUTHCS Ha CHEIiali30BaHUX Ta CHEIllaJIbHUX BepcTaTax, a
TakoK Ha  0araTOLITLOBMX  BepcTaTax 3  BUKOPUCTAHHSIM
CrienianizoBaHoi TeXHOMIOTTYHOT ocHacTkH (puc.1.9) [2, 4, 9].

Puc. 1.9. O6po06ka nmerani oTHOYACHO KITbKOMA IHCTPYMEHTAMH Ha
TOKapHOMY 0araToliJb0BOMY BEpCTaTi

Hait0Ounema MPOTYKTUBHICTh OCATAETHCS Ha
0araTono3uLiHHUX BepcTaTax IpH OAHOYACHIN 00poOui KiTbKOX
3aroToBoK. Lli Bepcratu MaroTh MOBOPOTHI CTOJMW Ta IIMUHICIHHI
OJIOKH, SIKI TIOBEPTAIOTHCS MPU TEPEMILICHHI 3aroTOBKU 3 OIHi€i
no3ullii Ha iHmry. Ha koxHil mo3uilii Takoro BepcraTa 3/1e01IbII0Tr0
3MIMCHIOETBCS OaraToiHCTpyMEHTHA 00poOKa.

KoHneHTpalliss TEXHOJOTIYHUX Omepamiii 1 mepexoniB Ha
OJIHOMY BEpCTaTi 3a paXyHOK 0araTOiHCTPYMEHTHOI i, TUM OLIbIIIE,
Oararono3uuiiHoi 0O0pOOKM TNPHU3BOIUTH OO CTBOPEHHS OiIbII
CKJIATHUX, aje Oumbin e(eKTUBHHX BepcTaTiB. (OCHOBHUMH
HanpsMKaMu PO3BHUTKY (yHKIIIOHAJIBHO-TEXHOJIOT1YHUX
MOXJIUBOCTEH CY4aCHUX METAJIOPi3aIbHUX BEPCTATIB JIsI 0OOPOOKH
Tin obepTaHHA € MiJBUIICHHS TPOAYKTHBHOCTI, TOYHOCTI,
THYYKOCTI Ta HAJIHHOCTI.
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bararo cydacaux tokapuux BepcrtatiB i3 UIIK ocHamyroThcs
JMOJTaTKOBUMH  PEBOJBBEPHUMHU  TOJOBKAMH Ta  CYIOPTaMHU,
MeXaHi3MaM¥ 3aBaHTKEHHsI, KOHBEEPAMHU JUUISI BUIAICHHS CTPYKKH
Ta BUMIPIOBAJILHUMH NpUCTposiMH. TokapHi 0ararouisboBi BepcTaTH
MOXYTh OCHAII[yBaTUCS OJIHI€IO, JBOMa, TphOMa Ta YOTHpMa
PEBOJIbBEpHUMHU TOJIOBKAMH 3 TPUBOJAHUMH IHCTPYMEHTaAMH Ta
MOXJIUBICTIO TiepemimeHHss mo oci Y (puc. 1.10), a Takox
dbpe3epHUM CYMOpPTOM, IO JO03BOJSE BHUKOHYBATH HAa HUX BEIHKY
KUIBKICTh TE€XHOJIOTIYHHUX TEPEXOAIB BKIIOYAIOYM 3y00-, MITiIe- Ta
pissbodpesepyBanns (puc. 1.11, 1.12) [17-20].

Puc. 1.10. TokapHuii BepcTaT, OCHaIIEHU TPbOMa PEBOJIbBEPHUMHU
T'OJIOBKaMU

HasBHicTh KOHTPIITTHHICIIS (Bich @] JI03BOJISIE
MO3UI[IOHYBaTH mmuHAEeTs, 3 TouHicTio 0,001° mpu o6pobii
obepransbHuM iHCTpyMeHTOM. CyMilieHHsT OOepTaHHS naeraini Ta ii
nepeMillleHHs] J03BOJIS€E BUKOHYBAaTH OOpOOKYy 3 JiHIHHMM Ta
KPYTOBHM 1HTEPIOJIIOBaHHSM, (pe3epyBaTH TBUHTOBI KaHABKH Ta
1HIII TOBEepXHi ckinaaHoi popmu (puc. 1.12).

Ha toxapuux 06poouux neatpax HYUNDAI-KIA (ITiBnenna
Kopes)  [17] nmnepenbadeHe  BCTAHOBJICHHS  TiAPaBIiYHHX
1HIEKCOBAaHMX TATPOHIB, SKI MalOTh JOJAaTKOBY BICh IOBOPOTY
(mosumionyBanHs aerani) Ha 120°, 90°, 60°, 45°, ToOT0 MOXIHBA
00poOka merasneit 3 po3nosiyaom ii Ha 8, 6, 4 1 3 TpaHi BiIMOBIIHO.
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3acTocyBaHHS MATPOHIB JO3BOJISIE BUKOHYBATH BUCOKOIPOIYKTHBHY
00poOKy JeTaneil THIy KOpPIIyCiB, KJIanaHiB, NaTpyOKiB, XpEeCTOBUH
13 BUCOKOIO TOYHICTIO TIO3UIIIOHYBaHHSI.

Puc. 1.11. ®pe3epyBanns Puc. 1.12. ®pe3epyBaHHs TBUHTOBO1
3y04acToi MOBEpPXHi HA  KaHABKH 3 BUKOPUCTAHHSIM (Pe3epHOTO
TOKapHO-(ppe3epHOMY cynopta ta oci C

BepcTaTi

Kommanis  SPINNER  (Himewyumna) [18] po3pobuia
BHUCOKOIIPEIM3iiiHI TOKapHi BepcTatu i (iHIimHOT 0o0poOKM i
0o0poOku neraneit 3 BucOkoi TBepxicTio (Bume HRC 60), mo
BIJIMOBIIaIOTh HAWBUIUM BHMOTaM II0 TOYHOCTI  PO3MIpiB,
reoMeTpuyuHoi ¢popmu Ta mopcTkocTi. [IlopcTkicTh MoBepXoHb Micis
00pobOku ckmamae Ra = 0,02 MM, BiIXWICHHS BIiJ KPYIJIOCTI 0
0,2 MKM, TOYHICTh TIO3ULIIOHYBaHHs poOo4HXx opraHis 0,4 MKM.

Bepcratu OCHAIYIOThCSI BHCOKOTIPEIU31HHUMH
IIMAHESIME, JKOPCTKUMH HANpPSIMHUMH KOYCHHS, IJIaHETaApHUMH
TBUHTOBUMH  TiepeAadyaMH, KOHTPIIIHUHIEIEM Ta JIIHIHHUMH
BUMIPIOBAIbHUMHU CHUCTEMaMH i TOYHOTO TIIO3MIIIOHYBAaHHS, a
TaKOX MOXXYTh KOMIUIEKTYBATHUCSI IHCTPYMEHTAILHUMH CHCTEMaMHU
pisHoro BHWKOHaHHs. JliHiliHA Ta IiHiIHO-KaceTHa cucteMu [20]
JI03BOJISIIOTH BCTaHOBIOBaTH Pl B miHi0 (JMHIWHUK peBONBBED), IO
ckopouye dac 3MiHum PI Ta 3abe3meuye MOXIUBICTH TMOAAYi
3MaIlyBaJIbHO-0X0JI0/KYBaHOI piiuHu yepe3 1eHTp PI.

CporosiHi B OCHOBI MOOY/IOBU BEPCTATIB JISKUTh arperaTHo-
MOJYJIbHHI TPHUHITUI TPOEKTYBAHHS BY3JIIB PI3HOTO NMPH3HAYCHHS,
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SKUW B1IOOpakae MPOTPECUBHY TEHJEHIIIIO Ta J03BOJISIE CTBOPIOBATH
pi3Hi Moaudikanii TokapHO-(hpe3epHUX, CBEPUTUIBHO-PPE3epPHUX Ta
IHITUX BEPCTATIB.

Bukopucranus MEXaHi3MiB, CKOHCTPYHOBAaHUX 3
ypaxyBaHHSM JOCSATHCHb MEXaHIKW, TiJpaBIiKh, MHEBMATHKUA Ta
KOMOIHOBaHMX MEXaHi3MiB, MOOYyJOBaHMX Ha HOBUX (DI3MUHHUX
NpUHIMIAX  (MarHITOCTPUKIINHI ~TPUBOAM, JIHIWHI  JIBUTYHH,
MarHiTHi  OMOpPWM Ta 1H.) JIO3BOJSIE CYTTEBO  ITiIBUIUTH
MPONYKTUBHICTE 00poOku. Tak, cydacHI BepCcTaTH, OCHAIICHI
THIMHAMHA ~JBUTYHaMH 3a0€3MedyloTh TMEpeMINIeHHsS poOOoUnx
opraHiB BepcTata 31 MmBUAKICTIO A0 600 M/XB MpU TOYHOCTI
no3uttionyBanns 0,1 mxm [16].

[lepenecennss pobouUMx (QYHKIIH 3 MEXaHIYHHUX CHUCTEM Ta
NPUBO/IB Ha CHCTEMY KEpyBaHHS 1 EIEKTPONPHUBOJ JJTO3BOJISIE
OTPUMATH KOMIAKTHI Ta JIETKOKEpOBaHI BY3IHM 3 BUCOKHMHU
TEXHIYHHUMHU XapaKkTepucTukamu. Hampukiasn, cydacHi CBepTMITBHO-
dpe3epHi BepcTaTH  OCHAIIYIOTHCS IMIMUHACISIMH 3 TPSIMHM
MIPUBOOM, sIKi 3a0e3meuytoTh yactoTy obepranus mo 40000 o6/xB i
oinbmre [20].

[Mopsim 3 TOKapHMMH, (pe3epHUMH Ta CBEPUIHIBHUMU
BEpCTaTaMu CBITOBI BUPOOHHMKH BEPCTATiB BUTOTOBISIOTH LIMPOKY
HOMEHKJIaTypy HUTIQyBaIbHUX, @ TAKOX 3y00- Ta NLIIIE0OpOOHUX
BEPCTATIB.

[Iupoky raMmy KpyTJonuTiyBaIbHUX BEPCTATIB TUTBKH JIJIs
30BHIIIHBOTO ~ a00  BHYTPIIIHBOrO  HUTIQYyBaHHA, a  TaKOX
yVHIBEpCaIbHUX JUII 000X BHJAIB O0OpOOKM BHITycKae 0Oarato
3akopaonHux (ipm, cepen skux SCHAUDT, OVERBECK,
WOTAN, STUDER (Himeuunna), TSCHUDIN, KELLENBER
(IIBetinapis) Tta in. CywacHi KpyrjouutidyBadbHI BEpCTaTH
31€01IBIIIOT0 OCHAIIYIOTHCS JBO-, TPHU- Ta UYOTHPUIO3UIIHHUMH
MOBOPOTHUMHU TOJIOBKAMU 3 NUTIQ)YBaTbHUMHU Kpyramu ISt
30BHINIHHOTO Ta BHYTPIMIHBOTO MNUTI(QYBaHHS, IO JO3BOJISE
PO3MIMPUTH  iX  TEXHOJOTIYHI  MOMXJIMBOCTI Ta  MIiJBUIIUTH
MPOTYKTUBHICTb.

Bepcratm g umomime-,  3y0o- Ta  pi3zb0000OpoOKu
BUTOTOBJISIIOTh 3akopaoHHI ¢ipmu, Taki sk GLEASON (CILA),
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LORENZ, HURTH, KLINGEINBERG (Himeuunna), OERLIKON
(LIBetinapis) Ta iH. OcoOONMBICTIO Cy4YacHUX 3yOodpe3epHHX,
3y00/10BOATBHUX Ta pi3b0OO(]pe3epHUX BepCTaTiB € Te, MO0 BOHHU
OCHAIIIYIOThCSI CUCTEMaMU YIIK Ta IHIUBITyaTbHAMH
€JICKTPOJIBUTYHAMU TSI YCIX pOOOYMX OpraHiB.

JIns Hapi3aHHS Ta YHUCTOBOTO OOPOOJEHHS 3y04aThUX KOJIIC
MPOBIAHI CBITOBI BUPOOHHUKHN po3po0IsitoTh cydacHi Bepctatu 3 UITK
HOBOTO TIOKOJIIHHS, SIKI CTBOPEHI 3a IEePeIOBOI0 TEXHOJIOTIEI0 CYXOTr0o
BHCOKOIIIBUJIKICHOTO 00poOJieHHs MeTaliB pizaHHsM. Ha cydacHuX
syoonntidpyBanmeHux Bepcrarax i3 YIIK € MOXIUBICTH YHCTOBOTO
00pob6neHHst Moan(iKOBAaHUX O MPodiTIo Ta BUCOTI 3youis [21, 22].
Y 3ybomunidyBanpHuX Bepctatax Tamm LCS mepenbauena
MOXJIMBICTh NUTi(yBaHHS 3y04acTUX KOJIC SK JUCKOBUMH, Tak 1
YepB’SIYHUMHU  TUNIQYBAIBHUMHU  Kpyramm, TOOTO  3akjajcHa
TexHouyoris uutipyBanHa 3y0iB 0e3 3minum PI, mo 3abe3neuye
TEXHOJIOT1YHY THYYKICTh O0JIaIHAHHS.

Takum 4MHOM, y CydacHHX BepcTaTax Julsi 0OpoOKu jaeraneit
TAMY Tin OOepTaHHS MPOCIIIKOBYETHCS TEHJICHIISI PO3BHUTKY
KOMIUIEKCHOI ~Ta  0araroiHCTpyMEHTHOI 0OpoOKM 3  METOIo
T1IBUIIIEHHS MPOTYKTHBHOCTI Ta TOYHOCTI.

1.3. IncTpyMeHTa/IbHEe 3a0e3MeYeHHs] MeTaJopi3aJbHUX
BepCTAaTIiB

EdexTHBHICTh BHKOPHCTaHHS BEpPCTAaTiB 3HAYHOIO MIpOIO
3QJIEKUTh Bl TEXHIYHOTO PIBHSA IHCTPYMEHTAIBHOI OCHACTKH Ta
pamioHanbHOCTI 11 BUKopucTaHHsA. CyyacHi 1HCTpyYMEHTaJbHI
CUCTEMHU MAaroTh Ba)KJIMBE 3HAYEHHS B peamizaii
BHUCOKOTIPOAYKTUBHOT 00poOku. Mo>kHa BiJI3HAUUTH TakKi OCHOBHI
HanpsIMKA po3BUTKY Pl Ta iHCTpyMEHTaJIbHUX CHCTEM: CTBOPEHHS
HOBHX 1 BJJOCKOHAJICHHS ICHYIOUMX CHCTEM aBTOMAaTHYHOI Ta Py4YHOT
3aminu Pl; ynmockonaneHHsi koHCTpyKIid Pl Ta iHCTpymMeHTanbHUX
MarasuHiB; pO3pOOJEHHS CHCTEM TOYHOIO MO3MIioHyBaHHS PI;
CTBOPCHHSI CHCTEM aKTHBHOTO KOHTpoisto ctaHy Pl; yHidikamis Ta
CTaHJApTHU3aIlisl 1HCTPYMEHTAIbHUX OJIOKiB, 0a30BHX TOBEPXOHb
(mocamoYHUX OTBOPIB, KOHYCIB, OMTPABOK) Ta OKPEMHUX €JIEMEHTIB.
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HaiiGinpmumu  cBiToBUMH BupoOHMKamMu Pl €  dipmu
SANDVIK COROMANT, SECO TOOLS (IllBemis) [23,24],
KORLOY (IliBnenna Kopest) [25], ISCAR (I3pains) [26] Ta iH. Bonn
BUITYCKAIOTh MIHMPOKY Tammy Pl mist TokapHHX, CBEpIJIMIBHUX Ta
bpesepHux pooir, OCHAIIICHUX TBEPJIUMH CIJIaBaMHU,
MiHEepaJIoKepaMiKOIO Ta HaATBEPIUMHU MaTepiaIaMu.

3actocyBanHs 30ipHOTO PI 31 3MiHHMMEM OaraTorpaHHUMH
IUTACTUHAMHU  JIO3BOJISIE TIABUINMTU eKCIUTyaTariiiHi stkocti Pl
3a0e3nevye 3HAYHYy €KOHOMIIO Ne(PIUTHUX pi3aIbHUX MaTepialiB.
PazoM 3 THUM CKIagarOThCs CHPUSATIMBI yYMOBH JUISI IIMPOKOTO
3aCTOCYBaHHS OUIBII 3HOCO- Ta TEIJIOCTIMKUX pi3aJIbHUX MaTepialiB.

®ipma PRAMET TOOLS (Yexis) [27] mponoHye HIHPOKY
ramy PI gns TokapHOi 00poOkM 31 3MIHHHUMH pi3alibHUMHU
MJjacTHHAMKA ~ Ta  pi3leBUMU  OjlokamMu, 1mo 1o0pe  cebe
3apeKOMEHAYBAIM TpU OO0poOIi 3 BEJIMKUMH  IPHUITYCKaMH.
[TpomOHYy€eTHCSI TAKOXK BEIMKHA aCOPTUMEHT TPUMAUiB Ta KaceTHUX
CHCTEM.

Kommanis SUMIMOTO (Anownist) po3poOmia BEIUKUN
ACOPTUMEHT TOKapHUX Pl, 1m0 BiApi3HAIOTHCS BUCOKOIO HAIIMHICTIO
Ta BIJI3HAYAIOTHCSA €(DEKTUBHICTIO POOOTH HAa IHTCHCHUBHUX PEKUMAX
pizanHs. [l NOCATHEHHS BHMCOKOi SIKOCTI TOBEPXOHb JeTalieit
BUKOPUCTOBYIOThCS TUIACTHHH, IO MAalOTh pi3ajJbHYy KpPOMKY 3
WIPER-edexToMm [28].

®ipmoro SECO TOOLS pospobneni PI mis Toxkapuux Ta
dpe3epHux poOiT, MO0 MOETHYIOTh Yy c0o0i 6araToyHKIIOHATHHICTH
Ta ONTHMAJIbHY TEOMETPII0 PI3aIbHUX IUTACTHH, $K1 JI03BOJISIOTH
00pobsaTH Maibke Bci Matepianu 3 TBepaicTio 10 60 HRC [24].
Humu  pospobriena Takok rama po3rouyBaibHHX Pl 1o
XapaKTEpU3YIOTbCS YHIBEPCATBHICTIO Ta 3a0e3MeuyroTh BHUCOKY
TOYHICTH OOpPOOKH.

[TponyKTUBHICTH OOpOOKM y 3HAYHIM Mipl 3aJI€KHUTh TAKOX
BiJI TOMIOMDKHOTO iHCTpyMeHTa. CKOpOYEHHSI OCHOBHOTO dYacy, IO
JOCATAETHCSl  IHTEHCU(IKAIIIEI0 PEXHUMIB pi3aHHS, Moxe OyTu
3a0€3MeYeHO IIIAXOM TIIBUIIEHHS >KOPCTKOCTI TOTIOMIXHOTO
IHCTpyMeHTa, 30inblIeHHs cuiad  3akpimieHHs PIL ocoGmmBo
OCHAIIIEHOTO TBEPJOCIUIABHUMH HETIEPETOUYBAHUMH TUIACTHHAMH Ta
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BUTOTOBJICHUMH 3 HaATBepaAux MaTtepiamiB. CKOpOUCHHs 4acy 3MiHH
JIOTIOMI>)KHOTO 1HCTpyMeHTa pa3oM 3 Pl mocsraerbes iX momepeaHiM
HAJIarO/DKEHHSIM 11032 BEPCTAaTOM Ta BCTAHOBJICHHSM y PEBOJIBBEPHI
TOJIOBKM 200 1HCTpYMEHTAIbHI Mara3uHu.

OnmHUM 3 HaNpsIMKiB PO3BUTKY IHCTPYMEHTAIBHUX CHCTEM €
NO€AHAHHS  (YHKLIOHAJBHUX  MOXIMBOCTEH, 1[0  J03BOJISE
BUKOPUCTOBYBaTH cydacHuid Pl Ha pi3HMX THUIax BepCTaTiB.
[acrpyment CoroPlex MT (puc. 1.13) d¢ipmu SANDVIK
COROMANT saBmsie co60rw0 BHajge TMOETHAHHS JBOX PI3HUX
IHCTPYMEHTAJIBHUX PIIlICHb B OJTHOMY.

Puc. 1.13. Inctpyment CoroPlex MT

Bin mMoxe OyTu BHKOpHCTaHHWH SK OOepTalbHHUI (hpe3epHuUid
IHCTpyMeHT a0o0 sK 3BUYAWHUN TOKApHUM pi3elb 3 MOKIMBICTIO
BUOOPY HaMOUIbII 3pydHOi GopMHu  pi3aibHOI TutacTHHU. st
cKkopoueHHs yacy 3MiHM Pl Ta Oinbin e(eKTUBHOrO BUKOPUCTAHHS
IHCTPYMEHTAJIBHOTO ~Mara3uHy 1€ X (ipMo0  po3pobiieHi
3nBoeHuit  iHcTpyment CoroPlex TT Tta  GaraTomo3wuiliiiHi
incrpymentn CoroPlex SL (puc. 1.14).

3nBoenmii  iHctpymeHnt  CoroPlex TT  po3poOnenwuii
CreliaibHO 151 6araToIiiboBoi 00poOKku. Po3ramyBanHs y Kopmyci
poro Pl mBOX pi3HUX TUTACTHH JO3BOJISIE BUKOPHCTOBYBATH HOTO
JUISL PI3HUX TEXHOJOTIYHUX MEPEX0/liB, CKOPOUYIOUH THM CaMHM 4ac
Ha 3aminy PL

bararono3umiitanii PI CoroPlex SL sBisie co6ot0 MonynbpHY
KOHCTPYKLIIO, 110 CKJIANAEThCA 3 JEP/KAaBKU Ta 3aKPIIUIEHOTO Ha Hil
azlanTepa 3 YOTUPMa Pi3HUMHU Pi3aIbHUMH TOJIOBKaMU a00 JI€3aMH.

Bukopucranss iHcTpyMeHTaIbHOI ocHacTku Coromant Capto
(puc. 1.15) na GaraToImip,OBUX BepcTaTax 3abe3redye TEXHOJIOTIUHY
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THYYKICTh 1 3HAa4HE CKOpouyeHHs HoMeHknarypu Pl. Bona omnakoBo
epexTUBHA UIA  TOYiHHS, (pe3epyBaHHs, CBEpAJTIHHSA  Ta
PO3TOYYBaHHS.

Puc. 1.14. Incrpymentu CoroPlex TT Ta CoroPlex SL i cxemu ix
3aCTOCYBaHHS

3 METOI0 CKOpPOYEHHS OCHOBHOTO Ta JOMOMIDKHOTO 4Yacy
poboTH BepcTara IMHMPOKO BUKOPHCTOBYETHCA  KOHIIEHTpAIIis
TEXHOJIOTIYHUX OTepalliil i mepexoiB, ika MOXe 3I1HCHIOBaTUCS Ha
BepCTaTaxX, IO BITHOCATHCA MO PI3HUX Tpym 1 TUMIB (TOKAapHO-
I'BUHTOPI3HI, BEPTUKAIBbHO-(PpE3epHi, paaiaabHO-CBEPAIMIbHI Ta 1H.)
NpH BUKOPUCTAHHI CHEIIaIbHUX TIPHUCTPOIB 1 JIOMOMIKHUX Ta
pi3albHUX IHCTPYMEHTIB.
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Puc. 1.15. Incrpymentansaa cuctema Coromant Capto:
a — Il TOKQpPHUX BEPCTaTiB; O — JAJIsl CBEPATMIIBHO-Ppe3epHO-
pPO3TOYYBAJILHUX BEPCTATIB

Hampuknan, BukoHaHHsS — J0OBOaldbHHMX  oOmepaiii  Ha
BEPTUKAIBHO-(PE3ePHUX abo BEPTUKAIbHO-CBEPTHIIBHIX
BepcTarax 13 BUKOPUCTAHHSM JOBOANBHOI HACAIKU, IIO JO03BOJISE
NEPEeTBOPUTH  OOEPTANBHUN  pyX  IIMHHACIS Yy  3BOPOTHO-
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noctynaneHuii pyx Pl. KoHmeHTtpalliss TEXHOJOTIYHHX IEpPEXO/IiB
3MIMCHIOETECA ~ NUISXOM  BOPOBA/PKCHHS Ta  BUKOPUCTAHHS
koMOiHOBaHMX PI, OaraTommuHIETFHUX TOJOBOK 1 (Qpe3epHux
HACaJI0K, a TAKOXK 0araTopi3LeBUX TpUMayiB.

Ha TokapHux BepcraTtax Uiss KOHIIGHTpAIlil TEXHOJOTIYHHX
MEPEeX0/IiB 3aCTOCOBYIOThCS CIieliani3oBaHi (pacoHH1 Ta KOMOIHOBaH1
pi3ii [29], AKi pO3MIMPIOIOTH 1X TEXHOJOTIYHI MOJKJIMBOCTI Ta
HiABHUIYIOTH €PEKTHUBHICTH OOPOOKH.

Y pobGori [30] ama 3abe3medeHHs ~ KOHIEHTpaIlii
TEXHOJIOTIYHMX TepeXxo/iB Ha TokapHux Bepctatax i3 UIIK, mo
OCHAIIEHI  PEBOJIbBEPHUMH  IHCTPYMEHTAILHUMU  TOJOBKAMHU
3amponoHOBaHUM crmocid GaraTopi3ieBoi 0OpOOKH Ta TMPHUCTPIA It
Horo peamizanii — OaraTOpi3LeBUl TpuMmad, IO SBISE COOOIO
JOTIOMDKHUHM 1HCTPYMEHT, TpPH3HAYCHWH JUII BCTAHOBJICHHS Ta
3aKpIIUICHHS B OJHIH MO3MII{ PeBOJILBEPHOI TOJIOBKH KIJIBKOX Pi3LIiB
3 METOI BHKOHAHHS OJHOYACHOI OOpOOKM BIJMOBITHUX MOBEPXOHD
3arOTOBKH.

Jnis po3MIMpeHHs] TEXHOJOTIYHUX MOXKIMBOCTEH TOKapHUX
BepctaTiB i3 3amHboro Oabkor ¢ipma KNUTH (Himeuunna)
MIPOTIOHYE 3aCTOCYBAaTH CIIPOIICHI YOTHpPU- a00 MIECTUIO3MUIIINAHI
pPEBOJILBEPHI TOJIOBKH, SIKI MAalOTh IHIUBIAYaJIbHUH TPUBOA Ta
BCTAHOBJTIOIOTHCA Y THOJb 3a1HBOI 0a0ku (puc. 1.16) [21]. e nae
3MOTY 1CTOTHO 3MEHIIUTH KiIbKicTh Pl amst omepariif ieHTpyBaHHS,
CBEPUTIHHS, pO3BEPTAHHSI, HApI3aHHS Pi3bOH.

) K W

Puc. 1.16. PeBonbBepHi TOJIOBKY 3 1HAWBIyaIbHUMU PUBOJAMH,
BCTAHOBJIIOBaH1 y MHOJb 33/IHBOI 0A0KM TOKApHUX BEPCTATIB

BaxnauBuM  HanmpsMKOM — KOHIIGHTpAIii  TEXHOJIOTIYHUX
nepexoAiB Ipu MexaHiyHii 00poOri oTBopiB ockoBuMHU Pl (cBepiia,
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3CHKEPH, PO3BEPTKH, MITUYMKH) Ha  CBEPUTHIIBHO-(pE3epHO-
pO3TOUYBAILHUX BEpCTaTaX € BUKOPUCTAHHS OaraTOIIMUHACIHLHUX
TOJIOBOK. 3aJ€KHO BiJ TpHU3HAYEHHs OaraTOIIMUHIAEIbHI TOJIOBKH
MOXYTh MaTH [JBa Ta OUIbIIE pPeryabOoBaHUX a00 HEPYXOMHX
pobounx mmuHgeis [31].

Komnmanis OMG (Iramis) Bumyckae MIMPOKY Trammy
0araToOMIMUHACTHPHAX TOJIOBOK 1 HAcaJOoK 3 pEryJlbOBaHUM Ta
HEPETyTbOBAaHUM TOJOKeHHsM mmuHaeniB (puc. 1.17) [32]. Bonu
BiJ3HAYAIOTHECSI KOMIIAKTHICTIO, BIiHOCHO HEBEJIMKOK Macol Ta
MO>KJIUBICTIO 320€31eYeHHS BUCOKOIIBUIKICHOT 0OpOOKH.

e

Puc. 1.17. BararommnnaaenbH1 TOIOBKA

Komnanis OMG TakoX BHUIOTOBIISIE KYTOBI Ta IOBOPOTHI
peBOJIbLBEpHI TOJIOBKM Ta (pe3epHi Hacaaku. KyToBi TOJIOBKH 3
OJIHAM Ta JBOMA Pi3HOCIPSMOBAHUMH IIMUHACISAMHU 3a0€3MeUyIOTh
00poOKy OTBOpIB Mij pi3HUMH KyTamu B aiana3zoHi £90°. dpesepHi
HACaJKU JO3BOJISIOTH MPOBOJUTH OAPOOKY OJHOYACHO Kijgbkoma Pl
M1 PI3HUMH KyTaMH.

[IpoekTyBaHHsI Ta BIOCKOHAJICHHS KOHCTPYKIIH pPi3aIbHOTO
Ta JOMOMDKHOTO 1HCTPYMEHTa il 3a0e3IledYeHHs KOHIICHTpaIlii
TEXHOJIOTIYHUX TEPEeXOMiB JO3BOJSE HE TUIBKU  IABUIIUTH
MPOJIYKTUBHICTh BEPCTaTIB, aje W PO3MHMPUTH iX TEXHOJIOTIUHI
MO>KJIMBOCTI Ta 3MEHIIIUTH COOIBapTICTH OOPOOKH.
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2. OCHOBHI 10J10KeHHSsI 0araToKpuTepPiaaIbHOI ONTUMI3aIiT
TEXHOJIOTIYHUX CUCTEM

2.1. Kputepii oNTHMAJIBHOCTI TEXHOJOTIYHHUX CHCTEM
MeXaH000poOKH

EdexTuBHICTh (yHKITIOHYBAHHS TITPUEMCTBA BU3HAYAETHCS
Ha ITiJICTaBl KOMIUIEKCHOI'O Ta CUCTEMHOIO JOCIIDKEHHS [TOKA3HUKIB
HOTO MiSUTBHOCTI, TIPH SIKOMY TPOBOJMTHCS I1X CITIBCTaBJICHHS Ta
BU3HAYEHHS B3acMO03B’s13KiB. OCHOBHUMHM IMOKA3HUKAMHU JISUIBHOCTI
MIIMPUEMCTBA €: MMPOAYKTUBHICTh Mpalli, MAKCUMaJIbHUA TPHOYTOK,
c001BapTICTh 1 KOHKYPEHTOCIIPOMOXKHICTh MPOAYKIIii, IHTEHCUBHICTh
Ta e(QEeKTHBHICTh BUKOPUCTaHHA (DIHAHCOBUX pecypciB, MaTepiayo-
Ta EHEPrOMICTKICTh TPOAYKIli, peHTaOEIbHICTh, (OHIOMICTKICTS,
dbonmoBiAMaYa, KOe(iliEHT BUKOPUCTAHHS 00JaIHAHHS Ta 1H.

[IporpecuBHMII pPO3BUTOK TEXHIKM Ta TEXHOJOTIA Ta
M ABUIEHHS KOHKYpEHIIii 00YMOBITIOIOIOTh HEOOXITHICTE
iHTeHcHu(dikaiii BHPOOHHWIITBA, sKa mepeadavyae  IiIBUIICHHS
MPOIYKTHUBHOCTI 00poOKH, e(eKTUBHOCTI BUKOPUCTAHHS
MaTepialbHUX, CHEPreTHYHuX 1 (IHAHCOBUX pECypciB, SKOCTI
IPOAYKIIil, a TAKO)K CKOPOUYCHHS CTPOKIB TEXHOJIOTIYHOT MiJIrOTOBKU
BUPOOHMIITBA.

Takum yuHOM, BU3HAUEHHS HaWBUriAHimoro Bapianty TII
00poOKHM JeTanmi CliJi BUKOHYBaTH Ha MIJCTaBl CUCTEMH KPHUTEPIiB,
gKka crpuse iHTeHcu@ikamii BHPOOHMIITBA Ta XapaKTEpU3ye
OpraHizarifHO-TEeXHOJIOTIYHY CTPYKTYpY MalIuHOOYIIBHOTO
BUPOOHUIITBA Ta [O3BOJIIE HAWOIMBII TOYHO BU3HAYUTH YMOBH
€(hEeKTUBHOTO 3aCTOCYBAaHHSI TEXHOJIOTTYHUX CHCTEM.

B skocTi kpurepiiB ONTHMalbHOCTI, fKi XapaKTEepPU3YIOTh
OpraHi3aIlifHO-TEeXHOJOTIYHY  CTPYKTYpYy  BHUPOOHHUIITBA  Ta
BiOOpakatloTh HOTO TEXHOJOTIYHI Ta EKOHOMIYHI aCHeKTH
TISIIBHOCTI, @ TAKOXK JO3BOJISIIOTH HAWOUIBII TOYHO BH3HAYHUTH MEXKI
e()eKTUBHOTO 3aCTOCYBaHHS TEXHOJIOTTYHOI'O o0aTHaHHS
MPOMOHYETHCSI BUKOPUCTOBYBATHU [HMEHCUBHICIb (hOPMOYMBOPEHHSL,
IHMEHCUBHICMb MAPICUHATLHO20 NPUOYMKY, NOCMINIHI GUMPAmu, wo
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npunaoarms Ha 8UpPOOHUYY napmilo demanetl, eleKmpoMICMKICIb
NPUOYMKY Ma IMOBIPHICIb BUKOHAHHSL 3A60AHHSL.

OCHOBHMM KpUTEpi€EM, II0 JO3BOJIAE OXapaKTepU3yBaTH
BUPOOHUYY JiSUIbHICTh HIANPHEMCTBA, TOB’SI3aHY 3 BUTOTOBJICHHSAM
JeTanl € MpoayKTUBHICTh. [IpoayKkTHBHICTH OOpOOKHM BIUIMBAaE Ha
OUTBIIY YaCTHHY IOKa3HUKIB POOOTH MiJNPUEMCTBA, 30KpeMa, Ha
co0iBapTiCTh MPOYKIIii Ta MpuOYTOK Bix ii peamnizarii. 301IbIICHHS
IPOAYKTUBHOCTI Ta 1HTEHCUBHOCTI OOpOOKM € HaOIIbIl CYTTEBUM
dbakTOpoM 3HIKEHHS coOiBapTocTi mpoxaykiii. Tak, 3a maHuMH
bipmu SANDVIK COROMANT (IlIBerrist) migBUIIEHHS MIBHIKOCTI
pi3aHHS TBEpAOCIUIABHUMH IutacTUHaMu Ha 20%  1o3BoJsiE
3MEHIIUTH co0iBapTicTh 00poOku Ha 15%, Toal SIK 3MEHUICHHS
Butpar Ha Pl ma 30% 3menmye cobGiBapricts jnume Ha 1% [16].
Tomy, HaWOIIBII  pAiOHATIBHUM  HANpPSIMKOM  IT1JIBHIICHHS
€(EeKTUBHOCTI BHUPOOHMLITBA € 30UIbIIEHHS MPOAYKTUBHOCTI Ta
IHTEHCUBHOCTI OOpOOKM 3a paxyHOK BHKOPHUCTAHHS CY4YacHHUX
pi3albHUX MarepiajliB MPOBIJHUX CBITOBUX BHUPOOHHKIB Ta
CHeliaIbHUX KOHCTPYKIHN pi3albHUX 1 JOMIOMDKHUX 1HCTPYMEHTIB,
mo 3a0e3MeuyioTh MapalielbHy KOHIIGHTPALil0 TEXHOJOTTYHUX
MePEXO/IiB.

[TponyKTUBHICTH ~ OOpOOKM  aJ€KBaTHO  XapaKTEpHU3Yye
CHUCTEMHHUM KpUTEPI «IHTEHCHBHICTH (hopmoyTBOpeHHs» W, MM/XB
[19], sxuif Ha BiAMIHY BiJ NMOKa3HUKA «IITy4YHA MPOJYKTUBHICTHY
Mae aOCONIOTHUN XapakTep 1 J03BOJSE OIIHUTH MPOIYKTHUBHICTH
PI3HUX THIIB METaIOpi3aIbHUX BEPCTATIB 1 BEPCTATHUX CHCTEM IPH
00po01Ii pi3HOMAHITHUX JI€TAJICH.

Inmencusnicms ghopmoymeopenns A611e coborw DikmueHy
WBUOKICMb  PO30CEPeOICceH020  GNaU8y  KiHeMamudmo  abo
cmpykmypHo  nog azanumu Pl na 3aeomoexy, eusnauewy 3
VPAaxXy8auHAM MEeXHONO2IYHUX, KOHCMPYKMUBHUX | eKCNILyamayiiHux
gaxmopis.

Ileli mMOKa3HWUK Mae€ i€papXiuyHy CTPYKTYpY, IO BiJIIOBiJIa€e
CTPYKTYpl  TEXHOJOTIYHOi CHCTEMH 1 TIOKa3HMKa <«IITy4YHa
MIPOJIYKTUBHICTBY. lepapXiuHa CTpyKTypa MOKa3HUKA 1HTEHCUBHOCTI
(GOpPMOYTBOPEHHSI CKIAAA€ThCA 3 TEXHOJOTIYHOI, IHMKJIOBOI Ta
HOPMATHBHOT IHTEHCUBHOCTI (HOPMOYTBOPEHHS.

32



Texnomoriuna Wt  IHTEHCHBHICTH  (DOPMOYTBOPECHHS
(XBWJIMHHA TI0J]aya) BPAXOBYE TUIBKU 3HAUEHHS PEXKHUMIB PI3aHHS Ta
JI03BOJIsIE BU3HAUYUTH OCHOBHHMM 4Yac 0o0poOku, a muxioBa Wiy 1
HopMaTuBHa Wy 1HTEHCHBHOCTI (DOPMOYTBOPEHHS BpaxOBYIOTh
TaKOX BHYTPIITHBOIIMKIOBI Ta TIO3alMKJIOBI BTpaTH dacy 1
BiJIMOBITHO JO3BOJISIIOTh BU3HAYMTH Yac LUKy poOOTH Bepcrara Ta
HOpMY dYacy Ha oOpoOky nmertami. [[ins OIIHKM TPOIYKTUBHOCTI
00poOKM neTaneil Ha pPI3HUX THUMAX METaJopi3aibHUX BEPCTaTIiB
JOUITBHO  BHUKOPHCTOBYBAaTH  HOPMAMUBHY  [HMEHCUBHICHb
Gopmoymeopenns.

[inboBa  GyHKIE A0S BU3HAYCHHS  IHTCHCHBHOCTI
(OpPMOYTBOPEHHS Ma€ BUTJISI:

m Pj t

w, =3 | Sw,
" JZ=;‘ i=L TJTumj Ty INy +7

Oij

ne W; — TEXHOJOTIYHA IHTCHCHBHICTH (DOPMOYTBOPEHHS I -i
NIOBEPXHi HA | -MY BEepCTaTi, MM/XB;

T iy
BEpCTaTi, XB;

to; — OCHOBHHI1 yac 06poOKwu |-1 TOBepXHi Ha | -My BepcTari, XB;

— HOpMa IITYY4HOrO Yacy OOpOOKH I-i MOBEpXHI Ha | -My

T ;5 — MIATOTOBYO-3aKIIOYHUI Yac, MOB'A3aHUN 3 0OPOOKOK mapTii
JeTaliel Ha | -My BepCTaTi, XB;

N,
T; — pes3epB dacy, HEOOXIMHMIA JJIsi BiAHOBIEHHS Mpare3gaTHOCTI
] -TO BepcTara y pa3si BHITaIKOBOI BiIMOBH BepcTara abo Pl, 3 meToro
MiIBUIIIEHHS WMOBIPHOCTI BUKOHAHHSI BUPOOHMYOTO 3aBJIaHHS, XB.

B ymoBax IHEHTpai30BaHOTO YHPABIiHHS EKOHOMIKOIO,
XapakTepHOTO I COLIAJICTUYHOI CHCTEMH TOCIOJapIOBaHHS,
BeJIMYMHA TpUOYTKYy BH3HAYANAcs Taly3eBUMHU 1 JEepKaBHUMH
opraHaMy  yOpaBmiHHSA. 30KpeMa MNpUOYTOK  MiANMpPHUEMCTBA
pO3paxoByBaBCsl HA MiJCTaBl IEHTPANIi30BAHO BCTAHOBIEHOI HOPMU
npuOyTKYy, a HampsSMKH HOTO BUKOPUCTaHHS Ta PO3MOIIT Oyin
perinaMeHToBaHi.  MarepiasibHa  3alliKaBIEHICTh  IMiJIPUEMCTB
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peamizyBajiacs JIMIIE€ Y BHUTJIAII MaTepialbHOTO CTUMYJIIOBaHHS
TPYZAOBUX KOJEKTHUBIB Yy BUIJISAI BIOCKOHAJIEHHS (GOpM 1 cUCTEM
3apo0iTHOI TIaTH Ta mpeMid. Y CcydacHUX yMoOBaX, KOJIH
HiANPHEMCTBA MalOTh MOJKIJIMBICTH CaMOCTIMHOTO (OpMyBaHHS Ta
posnozaineHHss (piHAHCOBUX pPECypCiB, MarepiajibHa 3alliKaBJIEHICTh
BU3HAYAETHCS Y 30UTbIICHHI TPHOYTKY.

[TpubyTok 3aiiMae Jigupyroue IMOJOKEHHS B iepapxii Iyien
BUPOOHWYOI opranizamii. SIk eKOHOMIYHAa MeTa BiH XapaKTepu3ye
(GiHAaHCOBHI PE3yNbTaT MiANPUEMHHUIIBKOI TISIBHOCTI ITiAMPUEMCTB.
[IpuOyToK € TMOKa3HUKOM, IO HaWOLIBII TIOBHO BigoOpaxkae
e(pEeKTUBHICTb BUPOOHMLTBA, MPOJYKTUBHICTH IIpamli, pPiBEHb
cobiBapTocTi, sKicTh mpoaykmii Ta iH. [33-37]. Pazom 3 TuMm
npuOyTOK BIUIMBA€ HA 3MIIHEHHS KOMEPIIHHOI MisUIbHOCTI,
IHTeHCH(]IKaIliF0 BUPOOHUIITBA Ta € JDKEPEIIOM 3a0e3MeueHHS
BHYTPIIIHBOTOCMIOAPCHKUX TOTPE0 MIANPHEMCTB. 3a paxyHOK
npuOyTKY  3IIWCHIOEThCS  (pIHAHCYBAaHHS  3aXOJiB  HAyKOBO-
TEXHIYHOTO 1 COLIaJIbHO-€KOHOMIYHOTO PO3BUTKY. Tak, HalpUKIIA,
89% amepuUKaHCHKUX KOMITaHIM pI3HUX Traily3eil eKOHOMIKH CTaBIISATh
Ha TIepIIe Miclle cepel IIed CBOEl MisITBHOCTI caMe OTpUMaHHS
npuOyTKy [33], TOMy OCHOBHOIO METOIO KOYKHOTO IiJANMPHEMCTBA €
OJIEpXKaHHA KOMOTra OUIbIIOro IPUOYTKY.

Benuunna npuOyTKy 3aJI€KUTH BiJl pUHKOBOI IIHU TPOIYKITT
Ta ii cobiBapTocTi. B yMOBaX pMHKOBOI €KOHOMIKM IiHA MPOIYKIIii
BU3HAYAETHCS TiJ] JI€I0 PUHKOBUX (hAaKTOPIiB, OCHOBHUMHU 3 SIKUX €
MOMHUT Ta TMPOMO3WINS 1 HE 3aleXKHUTh BiJ] TEXHOJOTIYHUX
0COOJIMBOCTEH BUTOTOBJICHHS AcTaied. ToMy OCHOBHUM (DakTOpOM,
SIKUH 3a71euTh Bif TII BUTOTOBIEHHS eTall 1 BIUIMBA€E HA BEIUYUHY
NpUOYTKY MIAMPUEMCTBA, 3ATUIIAETHCS COOIBAPTICTD.

Ha miny, co6iBapTicTh Ta mpuOYyTOK MiANPUEMCTB BIUIUBAIOThH
3MIHM B TIOJAaTKOBiM, MUTHIA Ta 1HIIN MOMITHIN Jep)kKaBU. Takum
YMHOM, B YMOBaxX HECTaOlIbHOI EKOHOMIYHOI Ta CoLiaJIbHO-
MOJIITHYHOI CUTYyaIlli HAWOUIbII 3HAYYIIICTh (PIHAHCOBOI METOIO
OiANPHEMCTBA €  OJIEPXKAHHA MAaKCHUMaJIbHOTO HOpPUOYTKY B
HakopoTmmii TepMiH. [liii MeTi TOBHOIO MIpOIO BiAMOBITAE
KPUTEPIH «inmencusHicmos maporcunanrbho2o npubymky» |, , TpH/XB,
SKUWA BigoOpakae BEJIMYMHY OJICPKYBAHOTO MapKHHAIBHEOTO

34



npuOyTKYy BiJ peaiizaimii MpOAyKIli, 10 MpUIaTae Ha OIUHUIIIO
Yacy, BUTPaYeHOr o Ha ii BUPOOHHUIITBO.

[limeoBa  GyHKIS I8 BU3HAYCHHS  IHTEHCUBHOCTI
Map>KUHATHHOTO MPUOYTKY Ma€ BUTIIS

D (UPI|1+CCUIZ +1) KBT Oij

ug_lls’ z Z +3P‘

= T .7 J

m
2. Tumg

=t

+CEJ.

IH

ne 1], — pUHKOBA IliHA JIETAl, TPH;

L], — puHKOBA I1iHa 3aTrOTOBKH, T'PH;

I,; — uina xommiekty Pl mns oOpoOku i-i mosepxui Ha j-my
BEpCTaTi, TPH;

M — KUTBKICTh METaJIOpI3aIbHUX BEPCTATIB, 110 3a/isiHI TIpH 00poOiIIi
JIeTalll, IIT;

P, — KIIBKICTH OOpOONIOBAaHMX MOBEPXOHb  J€TaNi Ha | -My
BEpCTaTi, IIT;

K, —xoediuient Bunaakosoi Brpatu PI;

T, — crifikicte komnnekty PI st 06po6ku i-i moepxni Ha j -my
BEpCTaTi, XB;

ty; — OCHOBHHMIA 4ac 0OPOOKH i-1 IIOBEPXHI Ha j-My BEPCTATi, XB;

Zj — KUIBKICTh TpaHed 6ararorpaHHoi HENepeTOYyBaHOI IJIACTHHH
PI, mt.;

C.,; — BUIMOBIAHO BHUTpaTH Ha MEPETOYYBaHHA abo 3MiHY
OararorpanHoi mactunu Pl, rpH;

3, — 3apo0iTHa IUIaTa OCHOBHHX 1 [ONOMDKHHMX POOITHHKIB 3
HapaxyBaHHJIMHU Ha j-My BEpCTaTi, IPH;

C}; — BapTICTh €NEKTPOCHEPTi, IO BUTPaYeHa Ha OOPOOKY JeTa Ha
] -My BepcTari, IpH;

T 7y — HOPMA IITYYHO-KAIBbKYISUIMHOrO Yacy 00poOKu aerani Ha
] -My BepcTari, XB.
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PunKoOBa 1iHA 3arOTOBKM 3aJIeKHUTh B BUIY Ta CIOCOOY ii
OTPHMaHHS, a TAKOXK BiJ] pHHKOBOI BapTOCTI MaTepiaily, 3 SKOro BOHA
BUTOTOBJICHA.

3apobiTHa TUIATa OCHOBHHMX 1 JONOMDKHHMX POOITHHKIB
BU3HAYAETHCS 32 TAKOIO 3aJICKHOCTIO:

n(C,  C, K
3, =3 2L+ |1+,
& ,Z;‘ 60 60-K,, 100 ) "

ne C, — roauHHa TapudHa CraBKa POOITHHKAa Ha j-My BEpCTari,

IpH/TOZ;
C,; — romuHHa TapuHa CTABKA HANAT4MKa j-TO BEPCTaTa, IPH/TO;

K 5 — KIIBKICTB BEpCTaTIB, 1110 00CIYTroOBYy€ HaJa4MK, 1IT.;

K, — BIICOTOK BigpaxyBaHb IO 3apoOiTHIN IuiaTi a0 IleHciiiHoro

¢onny, @onny comianbHOro crpaxyBaHHs Ta DOHIY CTpaxyBaHHS
BIJI HEIJACHUX BUIIAIKIB.

BunineHHs cymMH TNOCTIHHHUX BHUTpAaT y CHUCTEMI «IUPEKT-
KOCTHHT» JO03BOJISIE BHUSBUTH iX BIUIMB Ha (AKTHYHHN HPUOYTOK
HiIPUEMCTBA, TOMY KPUTEPIH «MOCTIHHI BUTPATH, IO MPUTIATAIOTH
Ha BHUPOOHHWYY TapTii0 ACTaliel» y TMO€AHAHHI 3 IHTCHCHBHICTIO
MapXXHHAJIBHOTO  NPUOYTKY  JO3BOJSE  OO0'€KTHBHO  OLIHUTHU
€KOHOMIYHY JISUTBHICTH MIANPHUEMCTBA  YIPOJOBXK  IUIAHOBOTO
IPOMDKKY dYacy, BH3HAQUE€HOI'O CTPOKOM BHKOHAHHS BHPOOHHYOTO
3aBIaHHS.

[linboBa (QyHKIISA A7 pO3paxyHKy MOCTIHHUX BUTpAT, IO
MPUTIAJAI0Th Ha BUPOOHUYIY MApPTIIO ACTaJICH, Ma€ BUTIIS

(Sos Sy )-7,-12-Co+Cyy - H, Tumo N4

S, = T L
1 ]Z; @ﬂ EQj 60

ne S, — BUpOOHMYA IUIONIA, Ky 3aiiMac j-i BepcTar, M

Sg; — BHpOOHHMYA IUIOWIA, SKY 3aliMarOTh BUHOCHI HPUCTPOI ] -ro

BepcTaTa, M2
7 — Koe]illieHT, 10 BPaxOBY€ J0IATKOBY ILUIONLY | -TO BEPCTATa;
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C, — BapricTh Mics9HOT opeHH | M BUPOOHHUYOI TIJIOIII, l"pH/MZ;
C, — 0anancosa BapTicTh ] -TO BEpCTATa, IPH;

H , — HOpMa amMOpTH3aLIiHUX BiJpaxyBaHb II0J0 00T JHAHHS;

340, — BUTPATH Ha CKCIUIyaTallil0 Ta 0OCIyroBYBaHHs OOJaIHAHHS,

TEXHOJIOTTYHOT OCHACTKH Ta BUPOOHMYUX ILIONI | -TO BEpCTaTa, IPH;
@, — nificuui piurui GoHn yacy poboTH OO HAHHS, TO/I.

BapricTh pi3HHX THIIB METAIOPi3aIbHUX BEPCTATIB 3aJICKUThH
BiJI KpaiHM Ta MIANPHUEMCTBA BUPOOHMKA 1 I[IHM HA OJHAKOBI THITH
BEpPCTATIB MOXYTh ICTOTHO Biapi3HaTUCA. [[ns 00'€eKTUBHOCTI
pO3paxyHKiB  HEOOXIJIHO  KOPHCTYBATHCS JaHHUMH o/THi€l
HOpPMAaTHBHOI 0a3u, HANPUKJIAM, [{IHAMH Ha OOJIaJJHAHHS YKPATHCHKUX
Ta POCIUCHKMX MAIIMHOOYIIBHUX MIANPUEMCTB a00 OKpPEMHUX
MPEJICTAaBHUIITB i1HO3eMHUX (DipM.

Butparu Ha excrutyatariito Ta 00CIyroByBaHHs OOJIaHAHHS,
TEXHOJIOTIYHOTO OCHAIIEHHS Ta BUPOOHUYUX TUIONI BU3HAYAOTHCS 32
TaKOIO 3aJIeKHICTIO:

CBH 'SO/ +COC_/ '(Ko +KP)

3E0j:(PM~RM+PE-REj+PCKj)+ ' o ,
A

ne P,, — BUTpaTM Ha PEMOHT Ta OOCIYroBYBaHHS MEXaHIUHHX

YaCTUH BEpPCTATIB y PO3paxyHKy Ha 1 ronuHy pobOTH, I'pH;
R,; — Kareropis peMOHTHOI CKJIAJHOCTI MEXaHIYHOI YACTHHH j -TO

BEpCTaTa;
P,; — BATPATH Ha PEMOHT Ta OOCIYTOBYBAHHS €ICKTPUIHUX YACTHH

BEPCTaTiB Y pO3paxyHKy Ha | ToAuHY, TPH;
R;; — Kareropis pEMOHTHOI CKJIAHOCTI ENEKTPUIHOI YACTUHH  j -TO

BEpCTara;
Py, — BATPATH Ha PEMOHT Ta OOCIyrOBYBaHHs CHCTEMH KEPYBaHHsI

j -TO BepcTaTta B po3paxyHKy Ha | ronuHy, IpH;
Cj,; — BUTpATH Ha ONAJICHHS, BEHTHJIALII0, PEMOHT Ta MPUOWPaHHS
1 M BUPOOHWYHMX TUJIOI, TPH/PIK;
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S, —BUpOOHMYA I[UIOINA, SKYy 3aliMa€ j-ii  MeTanopizajbHUi
2.,

BEpCTaT, M*;

Coy¢; — BapTICTh TEXHOJIOITYHOI OCHACTKH, TPH;

K, —koediuieHT, 1m0 BpaxoBye IIOralleHHs  BHUTpaT  Ha
TEXHOJIOTIYHY OCHACTKY 3a pik (mpuitmarots 0,5 [38]);
K, — xoeoirieHT, M0 BpaxoBye BUTPATH HA PEMOHT TEXHOJIOTIYHO]

ocHactku (mpuiimarots 0,1 [38]).

Ha croromHi BaXJMBHM HAMpsIMKOM JisZTIBHOCTI CBITOBHUX
MPOMHCIIOBUX  TIANPHUEMCTB €  €KOHOMISL  €HEpPropecypciB.
ParionanbHe BUKOPHCTAaHHS €HEPIeTUYHUX PECYPCiB — II€ BaXKJIMBE
3aBAAHHS TiA dYac 3AIHCHEHHS BHUPOOHHMYOI disUTbHOCTI. OCHOBY
CHepreTUYHUX  PecypciB, SKi  CIIOKMBAIOTh  MAIIMHOOYiBHI
MIAMPUEMCTBA Ha TEXHOJIOTIYHI IIUTl, TIOB'I3aHI 3 MEXaHIYHOIO
00poOKOI0  jgeranelf, CTAHOBUTH eJeKTpoeHepris. OCHOBHUMHU
MOKa3HUKAMH BHKOPHCTAHHS EJIEKTPOEHEPTii €: eJIEKTPOMICTKICTh
MPOYKIIii, €IEeKTPOMICTKICTh OCHOBHUX (OHIIB Ta BHPOOHHUIITBA,
€JICKTPOOCHAIIEHICTh TIpalli, BUTPATH EJIEKTPOCHEprii Ha OJHOTO
npaifiBHuka Ta id. [39-43].

Panime B  MammHOOyIyBaHHI  HOPMATHBH  BHUTpAT
EHEPropecypciB  3aCTOCOBYBAIUCS  JIOCHTh PIIKO 1  HOCHIH
pPEeKOMEHIAIIMHUN  XapakTep W Yy BUPOOHWYIH  JISUTBHOCTI
HiAIPUEMCTB  MPAKTUYHO HE 3HAXOMWJIM 3acTOCyBaHHsA. Ha
CBHOTOJHINIHIA  J€Hb IUTAaHYBaHHS  JISUIBHOCTI  MiAMPHUEMCTBA
HEMOXJIUBE 0e3  ypaxyBaHHS  €(EeKTHMBHOCTI  BHUKOPUCTAHHS
EHEePTeTUYHUX PECYPCIB.

OnHUM 13 OCHOBHUX HEIOJMIKIB ICHYIOUHX TOKa3HHUKIB BUTPAT
€JICKTPOCHEPrii € BIACYTHICTh B3a€EMO3B'SI3KY MK  BUTpaTamMu
€JIEKTPOEHeprii 1 TEXHIKO-€KOHOMIYHUMH  IOKa3HUKaMH, IO
XapakTEepU3ylOTh 1HIN  pe3yJabTaTH ISTIBHOCTI  IIIIPHEMCTB,
HaNpUKIaJ, TPOIYKTUBHICTh Mpali Ta coOiBapTicTh mpomykmii. Lli
MOKAa3HUKH PO3PAaxXOBYIOTHCS HA OJIWHUIIKD HATYPaJbHOTO BHITYCKY
OPOAYKINi, IO YCKIATHIOE iX 3acTOCYBaHHS B HECTaOUIbHUX
€KOHOMIYHUX  YMOBax TIpM  HECTAaOUILHOMY  3aBaHTAKCHHI
oOJnaIHaHHA Ta MPHU YacTil 3MiHI 1iH HAa €HEPTOHOCII.
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[Toka3HUKM BHUTpAT EJIEKTPOCHEPrii MOBMHHI BpaxoBYBaTH
BUTPAaTH €JIEKTPOEHEprii B pPO3paxyHKy Ha OJUHMLIO  1HIIMX
BUPOOHMYHX PECYpCiB. IX 3aCTOCYBaHHs CIpHATHME 3a0e3MeueHHIO
€(pEeKTUBHOCTI ~ BUKOPDUCTaHHS  €HEPreTUYHUX  PECypCiB Y
B3a€EMO3B 3Ky 3 BHPOOHHMYMM TIOTEHIAIIOM IMiMPUEMCTBA. Tomy
OLIIHIOBATH BUTPATH EJNEKTPOCHEPrii MOTPiOHO 3a TMOKAa3HMKaMHU
KIHIIEBOTO BUITYCKY TTPOTYKIIii.

BennunHy crnoxxuToi enekTpoeHeprii BH3HAYalOTh OOCITH
BUPOOHMIITBA TPOMYKIIi, 3MIHAa SKHX 3a3BUYall BUPAKAETHCA Y
(GiHaHCOBHX TIOKa3HWKaX. TakWM YHMHOM, ICHye Oe3mocepenHii
3B'SI30K MK 3MIHOIO OOCSTiB BUPOOHHMIITBA, SIKI IpPEICTABICHI B
TPOLIOBOMY  BUIJISIAI, Ta 3MIHOK  BHUTPAT  E€JICKTPOCHEPrii.
Enepretuuni Ta TpOIIOBI OLIHKKA pe3yabTaTiB BHUPOOHMIITBA €
BOKIMBUMH 1 HETOTOKHMMH XapaKTEPUCTHKaMH. Y BHPOOHHYMX
YMOBaxX JIOLUJIBHO 3ICTaBJIATH EHEPreTUYHI Ta TPOIIOBI OLIHKH
pe3yabTaTiB BUTOTOBJICHHS TTPOIYKITIi.

Jlnst OIiHKM e(EeKTUBHOCTI BUPOOHHMIITBA 3 YpaxyBaHHSIM
BUTpAT E€JCKTPUYHOI €Heprii JOIIIHPHO BUKOPHCTOBYBATH KPHUTEPIi
«EJIEKTPOMICTKICTh TPHOYTKY» [42], 1110 BU3HAYAE CITiBBiTHOIICHHS
BUTpPAT €JIGKTPOCHEPTii, CIOXHUTOI B TMPOIECI BUTOTOBJICHHS
IPOAYKIIii, Ta MPUOYTKY, OTPUMAHOTO B PE3YJIbTaTi i1 BAKOPHCTAHHS.

[limeoBa (GyHKISE IS BU3HAYEHHS  EJIEKTPOMICTKOCTI
npuOyTKY Ma€ BUIJISL

m Pj
Z Z(Ppi/ “toj )/’71?/ +(2PB./ Koy 1176 + PEJZ/)'TIHT./‘
EH _ =1\ i=l ,
Hﬂ

ne P,; — CHOXWBaHHs EIEKTPOCHEPTii JIBUTYHAMHU TOJIOBHOTO PyXy
npu o0poOui -1 moBepxHi Ha j-My BepcTari, KBT;
ZPy;— CyMapHa MOTYXKHICTh JJOOMDKHUX JBUTYHIB j-TO BepcTara,

KBT;
kPj — KoedIlieHT 3aBaHTAXCHHS JIOMOMIKHUX JBUTYHIB 3a

HOTYXKHICTIO Ha j -MY BEepCTari, XB;
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Py
obOnasHaHHAM BepcTara, KBT;
Nps My — KOCOIUIEHTH KOPUCHOI Aii OCHOBHMX Ta OIOMDKHHX

CHOXHMBAHHA €JEKTPOCHEPTii CcHCTeMaMH KepyBaHHS

CJICKTPOJIBUTYHIB | -TO BepcTaTa BiJOBIIHO;

1,

— Map)KHHAJIBHUHN PUOYTOK BiJ| pearizalii geraini, TpH.

[Iporiec BUKOHAHHS BUPOOHUYOTO 3aBIaHHS € CTOXaCTHYHUM,
TOMYy III0 Ha HBOTO BIUIMBAIOTh BHUITAJKOBI (haKTOPH, BUKIWKaHI
BigMoBamu BepcrtatiB Ta PL. Ilpum npomy mpoayKTHBHICTE 0OpOOKH
Mae JIesKe PO3CIIOBAHHS Ta ICHYE€ WMOBIPHICTH TOTO, IO PEaTbHO
NMOCATHYTA TMPOIYKTUBHICTh BUSBHUTHCS MEHIIE 3allJIAHOBAHOI, SKa
He0OXiIHa JJIsi BAKOHAHHS BUPOOHWYOTO 3aBJaHHS Y BCTAHOBIICHUM
TEPMiH.

BusHaunt;t Ta OMIHWATHM CTOXAaCTUYHHNA 3B 30K MK
HEOOXIJTHOI0 Ta JIOCSATHYTOIO MPOAYKTHBHICTIO J03BOJISE€ KpUTEPid
«IMOGIDHICMb BUKOHAHHS 3A80AHHS).

Bin € y3aragbHeHMM IMOBIPHICHUM TOKa3HHKOM, IO
XapakTepu3ye HaMIMHICTh Tporecy (YHKIIIOHYBaHHsS OO0IaJHaHHS
TII mpoTSAroM IJIAaHOBOTO MPOMIKKY 4acy, BH3HAUYEHOI'O CTPOKOM
BUKOHAHHS 3aBJaHHA. IMOBIpHICTh BUKOHAHHS 3aBJAaHHS 3aJIEKUTh
BiJl TOKa3HHKIB, M0 XapakTepHU3ylOTh HAMIWHICTh OO0JaTHAHHS
(iMOBipHICT,  0€3BIIMOBHOI  pOOOTH, IHTEHCHUBHICTH  BIJIMOB,
IHTEHCUBHICTh BIJHOBJICHHS, KOE(IIIEHT TOTOBHOCTI). 3HAYCHHS
napameTpiB 1HTEHCHBHOCTI BiJIMOB A Ta IHTEHCHBHOCT1 B1JHOBJICHHS
|l BU3HAYAIOTHCS HA MIJCTaBl CTATUCTUYHUX JAHUX CEPEAHBOTO Yacy
HaIpalloBaHHS Ha BIIMOBY Ta CEPEeJHHOTO dYacy BiAHOBICHHS
€JIEMEHTa, IO BiIMOBHB B YMOBax [il0YOro BHPOOHHUIITBA.
[TapameTrpu A 1 W 3amexarb BiJl KOHCTPYKTHBHO-TEXHOJOTIUYHUX
XapaKTepUCTUK OOJIaJHAHHS Ta YMOB HOro eKcIuTyaTarii. 3HaueHHS
MOKa3HHKa WMOBIPHOCTI BUKOHAHHS 3aBJIaHHS J03BOJISIE BCTAHOBUTH,
3 SIKOI0 MMOBIPHICTIO MOJJIMBE BHMIOTOBJICHHS MapTii MPUAATHUX
netanei (1o BiAMOBIAAIOTH POOOYOMY KPECICHHIO 1 TEeXHIYHUM
BUMOTaM) TIPOTATOM 33JaHOTO MMPOMIXKKY 4acy.

[Ipy BuU3HAYEHHI TOKAa3HUKA «UMOBIPHICMb  BUKOHAHHSL
3a60aHHA» JIOUUIBHO OKPEMO aHalli3yBaTH BIUIMB I1HTEHCHUBHOCTI
BIJIMOB ¥ IHTCHCHBHOCTI BiJIHOBJIeHb OOmaaHanus ta Pl [44-48]. 1le
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BUKJIMKAHO THM, IO NPWYMHA BUHUKHEHHS IIMX BIJIMOB 1 Yac iX
BIJTHOBJICHHSI Pi3HI ¥ 31e0UIbIIOr0 BOHM BHUKOHYIOTHCS PI3HUMHU
KateropisiMu o0cimyroByrouoro mnepconany. DyHkimii po3moairy
H#MOBipHOCTI 0€3BIIMOBHOI POOOTHM Ta MMOBIPHOCTI BiJHOBJIECHHS
oOlagHaHHS TNPHHHATO BBaKaTH CKCIOHEHTHMMH [46, 48].
VmoBipuicHi ominku nponecy dynkuionysanns PI pexoMeHmyeThes
3MIMCHIOBATH Ha TijcTaBi 3akoHy posmoainy BetiOyma[45]. Ile
HIiATBEPKYETHCS CTATUCTUYHUMH JTAHUMH JIOCIIDKCHHS TIPOLIECY
ekcruryaTartii PI.

[inmeoBa (yHKIIISA 1UIsI BUSHAYCHHS WMOBIPHOCTI BUKOHAHHS
3aBJJaHHSI MA€ BHTIISI

le—e%"ts_”l'rzn:w MM lN_Kll glait) sy awvzm:(( }]) (ml(:”qJ )

L e i1 | v tw=0 w!

e A;, uy - BiJITIOBITHO 1HTCHCUBHICTh BiTMOB Ta BiTHOBJICHb | -TO

Bepcrara, 1/xB;

Agiv Haj — BIJIMMOBIJIHO IHTCHCUBHICTh BIIMOB Ta BiJHOBJICHb (-TO
IHCTpyMeHTa Ha J-My BepcTari, 1/xB;

N, M — KUIBKICTh TEPIIMX WICHIB POy, IOJaHOTO METOIO0M
MIOCJIiJOBHMX HAOJIMIKEHD;

v, W — BIJIOBIIHI HOMEPH WICHIB PsIY;

t, — gac poboTu BepcTaTra mpuU BUKOHAHHI BUPOOHUYOrO 3aBJAaHHS,
XB;

t, —4ac po6oru PI npu BukoHaHHI BUPOOHHUOIO 3aBIaHHS, XB;

T — pe3epB yacy, XB;

b — moka3HUK cTeneHs po3noainy Beitbyna;

a,, — KOe]IUIEHTH IJIs BH3HAYEHHsS 3TOPTOK, IO BIANOBIJAIOTH
YJIeHaM Py,

Ny — KUIBKICTb IHCTPYMEHTIB, IO BHUKOPHCTOBYIOTBCS MpPH
BUTOTOBJICHHI JIeTalli HA | -My BEpCTari, IIT.

TexHiYHUMU  OOMEXKEHHSMHU Ui BUOpaHOI  CHUCTEMH
KpUTEPIiB ONTUMAIBHOCTI € OOMEKEHHS MI0JI0 PUHKOBOI IIHHU
sarotoBku (L[3) Ta neram (Lly), GamancoBoi BapTOCTI BepcTara
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koxxHoro Tty (Cogj), cmoxuBaHHS —enekrpoeHeprii  (Pp),
BUPOOHMYOI TUTOIIl, $AKYy 3aiimMaioTh BepcraTH (So) 1 BHUHOCHI
npucTpoi  BepctartiB  (Sg), BapTOCTI OpEHAHOI IIaTH  3a
BUKOpUCTaHHs BUpoOHMUMX roml (Cp) Ta HMOBIPHOCTI BUKOHAHHS
3aBaaHHs (P).

Takum yMHOM, CHCTEMa TEXHIYHUX OOMEKEHb Ma€ BUIIISL;

U32[H3] SOS[SO]
O, <u,]  Ss<lSs)
Coy <[Cop]  CrSICH]
P, <[P,] P<|P]

2.2. AHajiz MeToiB OaraToKpuTepiajJbHOI onTUMIi3aii
TeXHOJIOTiYHUX MpoleciB

[IpuiiHATTS TEXHOJOTIYHMX pimeHp npu ontumizamii TII
NOB’si3aHe 31 3HAYHMUMU TPYJHOUIAMH, OCHOBHUM 13 SKHX €
HEOOXITHICT ~ BpaxyBaHHs 0araTbOX yMOB  TEXHOJOTIYHOTO,
OpraHizalifHOro, €KOHOMIYHOTO Ta BUPOOHHYOTO XapakTepy, a
TaKO)X BH3HAa4YeHHS ©€()EKTUBHOIO METOJy ONTHUMI3aIii s
PO3B’sI3aHHS MTOCTABIICHUX 3a/1a4.

HaiiGinbin 00’ ekTuBHO 00patu HaBuriAHIMA BapianT TII i3
yrciaa KOHKYPYIOUHMX JO3BOJISIIOTH METOIM OaraTOKpHUTepialbHOI
onTuMizamii. bararokpurepiaipbHa onTHMI3allisl J03BOJSE IMTOBHOIO
MIpOI0  OMIHUTU TOTEHI[IHHI MOXXIUBOCTI  METAIOPi3alIbHOTO
0o0JIaIHAHHS Ta TEXHOJIOTIYHOI OCHACTKU.

HeoOxignicte  OararokputepianbHoi — omtumizamii  TII
MOB'si3aHa 3 TUM, 110 okpemi moka3Huku TII (JTokanpHI KpuTepii) HE
MOXKHa 3BECTH OAMH JI0 OJHOro abo [0 €IMHOTO TJI00aTBbHOrO
KpUTepito. A TakoXX TOMY, IO KpHTepii ONTUMaIbHOCTI
nepedyBalOTh MK €000 y CKJIaJHOMY B3a€MO3B'SI3KY, IO
XapaKTEPU3YETHCS CYMEPEWINBICTIO OKPEMUX JIOKATBHUX KPHUTEPIiB,
TOOTO  BIOCKOHAJCHHS OJHOTO KPHUTEPI0  MPU3BOAUTH  JIO
MOTIPIIEHHS XapaKTEPUCTHUK THIIOTO Ta HABMAKH.

42



Icnye Benmmka KUTBKICTH METOMIB  OaraTOKpHUTEpiaIbHOT
omTHUMi3allii, M0 ICTOTHO BIAPI3HAIOTH 33 CKJIAJIHICTIO Ta
TPYJIOMICTKICTIO PO3PaXyHKIB.

Jljis BUMaIKiB, KOJIM BUXiHI JaHi MapaMeTpiB MaTeMaTHUIHIX
MOJIeNiell MarTh YMOBHO JIETEpMIHOBaHWH XapakTep, MPOBEICHHS
OaraTokpuTepiabHOI ~ ONTHUMI3alii  TEXHOJIOTIYHMX  pIllIeHb
3MIMCHIOETHCSA TAKUMH METOJIAMH: BaroBUX KOEQIIIEHTIB; BUIUICHHS
[TapeTo-onTuManbHUX pilIeHb; MOCIIJOBHUX MOCTYIOK; OJM3bKOCTI
10 imeanpHOl TouKH [ 7-9].

bararokputepianpbHa ~ omTHMI3aImis  METOJAOM  BaroBHUX
Koe]ilieHTiB KpHUTEpIiB IPYHTY€EThCS Ha  3HAXO/UKEHHI
KOMIIPOMICHOTO  pIilIEHHS  [UISXOM  BCTAaHOBJICHHS  BaroBUX
CHIBBIAHOIIEHh MDK JIOKQIBHUMH KPHUTEPIsIMHM, IO JO3BOJISIE
NUISIXOM JITHIMHOTO 3ropTaHHsA C(OPMYBAaTH €IWMHHUK y3araJbHEHHI
KpHUTEpiii:

q

Fs :Zyi ‘Fij(x)'

i=1
ne F;(x) — 3HaYeHHs i-ro KpUTEpiO ONTHMAILHOCTI j-ro BapiaHTa,

3BeJICH] /10 €IMHOTO 3HAMEHHUKA;
7; — KoeillieHT BaKIIMBOCTI | -TO KPUTEPIFO ONTHMATbHOCTI;

( — KUIBKICTb KPUTEPIiB ONITUMAIBHOCTI.

[Ipy 1pOMy oONTHUMaIBbHUM € BapiaHT 13 MaKCUMaJbHUM
3HAUEHHSM y3arajJbHEHOTO KPUTEPIto.

Buznauenns Koe(imieHTiB BKJIUBOCTI KpUTEPIiiB
ONTUMAIIFHOCTI — CKJIagHE 3aBJaHHs, 110 MOTpedye cyO’eKTHBHOI
OIIIHKH OCI0, SIKi MPUUMAIOTh PIIICHHS.

BaratokpurepiaibHa ONTHUMI3allisl METOIOM MOCIITOBHHUX
MOCTYIIOK nepenbavae MoeTanHe pO3B’sI3aHHS 3amavi
OaratokpurepianpHOi ontuMizarii. KoxHuii etan xapakTepusyeTbes
JIOCSITHEHHSIM ONTUMAJIBLHOTO PIIICHHS Ha MiJCTaBl OJHOTO OKPEMOTO
kpurepito. Ilpu 1poMy Bci KpuTepii YHOPSAKOBYIOTbCA 32
MIPIOPUTETOM BiJIITOBITHO 10 CBOET 3HAYYIIIOCTI:

F(x)> F(x)>...> F,(x).
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[licms  ynopsinkyBaHHST ~ KpUTEpIiB 32  MPIOPUTETOM
3HAXONMTHCA ONTHMANbHE 3HAUEHHs mepuioro kpuTepio F° Ta

npusHavaeTbcss moctynka AF, ToOTo BenuumHa, Ha SKYy

JIOTTYCKAETHCS TIOTIPIICHHS KPUTEPIIO 3 METOK ONTHUMI3allli 1HIINUX
kputepiiB. IloTiM 3HAaXOAWTHCS ONTUMAIbHE 3HAYEHHS JAPYroro
KPUTEPII0 3 ypaxyBaHHSM MPU3HAYEHOI MOCTYNKU JUISl TIEPIIOTO i

npusHavaeTbes nocrynka AF, it..
F.(x)>F’ -AF, .

OnTuMizailis MO0 KOXXHOTO  HACTYIMHOTO  KPHUTEPIIO
BiOYBAa€ThCS 3 ypaxXyBaHHSM TPU3HAUYEHUX IMOCTYNOK ISt
nmomnepenHix KpurepiiB. HemomikoM mporo MeToay € HeOoOXiTHICTh
BU3HAYEHHS 3HAYYIIOCTI KPUTEPIiB 1 3HAYECHD MOCTYIIOK.

VY Bumangkax, KOJM HEMOXIIMBO IPHU3HAYUTH TEpEeBaru 3a
OKpPEMHUMH JIOKaJJbHUMU KPHUTEPIsIMM 1 BIOpSAAKYBaTH 1IX 3a
BOXITUBICTIO, OOMEXYIOThCS BH3HAueHHsIM MHOXUHH [lapero-
onTuManeHUX pimeHb. OpHak Meron Bumiienas [laperto-
ONTUMAIIFHUX PIIICHh € TPYAOMICTKHM 3aBIaHHIM, IIIO BHMAarae
oprasi3zaiii creniaJTbHIX OOYMCITIOBATHHUX MPOLEAYp 1 Y 3B’SI3KY 3
IIUM BiH HE OTPUMAaB BEITUKOTO MOIIUPEHHS.

baratokpurepianbHa onTUMI3allis METOAOM  OJIU3BKOCTI
pILIEHHS JI0 1IeaJTbHOT TOYKHU 0a3yeThCsl Ha MPUHIIUII TApaHTOBAHOTO
pe3yabTary, o nepeadadae BUOIp Takoro HabOpy mapameTpiB, MpH
SKOMY PEaTi3yeThCsl MaKCHUMaJbHE HAOMMIKEHHS 10 TJI00aIhHOTO
ontumymy. [Ipu mbOMYy JUIsI KOXKHOTO KPHUTEPI0 IMIOAO KOXKHOTO
HIOPIBHIOBAHOT'O BapiaHTa BU3HAYAIOTHCS HOPMOBaHI Pi3HULI Ajj, sKi
MOKA3yIOTh BEIWYMHM iX BiJIMIHHOCTI BiJi ONTHMAJIbHUX 3HAYCHBb
KpUTEPIiB.

Ha  migcraBi  HOpMOBaHUX — PI3HUIb dbopmyeThes
y3araJbHEHUW KPUTEPIiH, 1110 BU3HAYAE MaKCUMaJIbHI BIAXUJICHHS BiJ
r7100abHOTO ONTUMYMY III0JI0 KOXKHOT'O BapiaHTa:

F, = max(Aij 'J’i)-

HaiiBurinHimmM BBaXXa€ThCsl BapiaHT 13 MiHIMAJIbHUMHU
BIIXMJICHHSIMH BiJ] IOKQTHHOTO ONITUMYMY.
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Y pa3l BUKOpPUCTaHHS B TMPOIECI NPUAHATTS pIlICHb
cy0’ekTHBHOI iH(OpMAaLii, a TaKOX KOJU BUXITHI JaHI MapaMeTpiB
MaTeMaTHYHUX  MOJEJCH  HOCITh  CTOXaCTHYHHMH  XapakTep,
BUHUKAIOTh yYMOBH HEBH3HAUEHOCTI. YMOBHM HEBU3HAYEHOCTI
CIPHUSIOTh OTPUMAHHIO HEYITKUX 3HAYCHb IUIHOBUX (YHKINIH 1
pe3ynbTaTiB JOCTIIKEHHS. [Mpuannamu BUHUKHECHHS
HEBM3HAYCHOCT1 €. HEMOBHOTA 3HAHBb IPO BIIACTUBOCTI 00’€KTa;
HEIOCTaTHIl CTyHiHb YNEBHEHOCTI B TMPAaBWIBHOCTI 3HAYEHB;
CyMepewINBICTh 3HAHb; HEYITKICTh MOJIaHHA 1H(pOpMAITii.

[Ipu po3B’s3aHHI ONTHUMIZAIIMHUX 33Jad B  yMOBax
HEBU3HAUYEHOCTI 3aCTOCOBYIOTHCSI METOJIM OaraToKpHTepiaJbHOI
onTUMI3alii, siKi 0a3ylOTbCcs Ha Teopii HEYITKMX MHOXHH 1 Ha
MiJICTaBl €KCIEPTHUX OI[IHOK.

Meron GaraToKpHUTEpiaibHOI ONMTHUMI3allii, MO0 0a3yeThCs Ha
BUKOPUCTAaHHI TEOpii HEUITKMX MHOXHUH, € CIIPOOOI0 MaTEeMAaTUYHOT
dbopmaizaiii HeuiTkoi iH(pOpMaIlii 3 MeTo i BUKOPUCTAaHHS MpPHU
noOy/JI0BI MaTeMaTUYHUX MOJEJIEH CKIaJHUX CHCTEM. YIeplie BiH
Oy 3anpononosanuii JI. Baxe [53].

[ToHATTSI HEYITKOI MHOKHHH TIOJISTAE Y TOMY, IO €IEMEHTH
Kl CKJIaIal0OTh JaHy MHOXKMHY 1 MalOTh 3arajibHy BJIaCTHBICTH,
MOXYTh MaTH L0 BJIACTUBICTh y PI3HOMY CTYIEHi, 1 BiJIMOBiJIHO,
HaJeXaTH JaHid MHOXHHI 3 pi3HUM cryneHeMm. CTymiHb
NPUHAJICKHOCTI €JIEMEHTa | HEYITKIH MHOXXHHI BH3HAYAETHCS

(byHKILI€0 NPUHANEKHOCTI 4, sKa HAOyBa€ 3HAYCHHs B IHTEpBaIl
[0, 1].

OyHKIIiS TPUHATIEKHOCTI BU3ZHAYAETHCS 3a (popMyIamMHu:
— JUTSL KPUTEPIFO, 110 MAaKCUMI3YEThCSI:
max F; — F; (X)
max F; —minF,

Hij = 1-

— JUTSL KPUTEPIFO, 1110 MIHIMI3Y€EThCS:
F; (X) —min f,

max F; —min F;

=|1-

H;
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[Ipu po3B’si3aHHI 3a7a4l JTOCATHEHHS HEYITKOI ONTHUMAJIbHOI
METH HE BU3HAYAETHCS ONTHUMAILHUIN BapiaHT, a BUSHAYAETHCS JIUIIE
CTYMiHb WOr0 TPHHAICKHOCTI HEUITKIH ONTUMAaJbHIA  METI.
Po3p’s3aHHAM 3amaul JOCATHEHHS TIJIO0ANBHOI HEYITKOI METH €
NEPEeTHH HEYITKUX MHOXWH KOXHOI OKpeMoi Metu. DyHKIis
MPUHANICKHOCTI HEYITKOi TJI00ANbHOI METH PO3PaXOBYETHCS 3
ypaxyBaHHSM KOediIi€HTa BArOMOCTI )i KOKHOT OKPEMOi METH:

Ha = min(,uij '7,')_

OnTuManbHUM BapiaHTOM pPO3B’S3aHHS 3ajadl € TOH, SKui
Ma€e MaKCUMaJbHHHM CTYHiHb NMPHUHAICKHOCTI HEUITKIA TIIOOAIBbHIMN
METI.

OmauM 13 MeETOAiB OaraTOKpUTEpiaIbHOI onTuMmizamii B
YMOBaX HEBU3HAYECHOCTI, 110 TPYHTYETHCSI Ha MIACTaBI €KCIEPTHUX
OIIIHOK, € METOJI aHAII3y 1€papXii, AeTaTbHO PO3TISHYTHI B pOOOTI
[54].

4 pobori [55] PO3TIISIAETHCS IIPOBEICHHS
OaratokpurepianbHoi ontumizanii TII 3 BHKOpHUCTaHHSAM METOIY
aHajizy iepapxii. BiH po3Bosisie Tpymi eKcHepTiB (TEXHOJIOTIB,
€KOHOMICTIB, KEpIBHUKIB MiAPO3AUIIB Ta 1H.) B3aEMOMISATH Pa3oM 3
npoOjemMu, MmO iX MiKaBUTh, MoaudikyBaTh Ta 00'€THYBaTH CBOL
MIpKyBaHHS BIAMOBIIHO MO0 OCHOBHOI MeTH. OO’€THAHHS PO3TyMiB
BIIOYBA€EThCSA TIPH TMPOBEACHHI TOMAPHUX TIOPIBHSIHL OO0'EKTIB.
[TpuiiHATTS pilmieHs y NpoLeci JOCHIPKEHHS CKIAJHUX CUCTEM
3BOJIUTBCSI JIO TIOCHIIOBHOCTI TIOMAPHUX TOPIBHSIHL X OKPEMHX
CKJIaJ0BUX. MeToJ aHaji3y i€papXii CKIala€eTbcs 3 TaKUX €TalliB:
noOyaoBa iepapxii, (opMyBaHHS MATpHUIll TMOMAPHHUX TOPIBHIHB,
OTPUMAaHHSI BEKTOpA MPIOPUTETIB Ta OLIHKA CTYNEHS BiAMOBIIHOCTI
MaTpHIll TOTTAPHKUX MTOPIBHSIHbD.

Heo0Oxiguo BiI3HAYUTH, 110 icHyrOUi METOIU
OaratokpuTepiaabHOI ONTHUMI3aIlli ICTOTHO BIAPIZHSIOTHCS 3a
CKJIQIHICTIO Ta TPYIOMICTKICTIO pPO3paxyHKiB, a pa3oM 3 THUM
BIJICYTHI JIOCTaTHHO HAyKOBO OOTPYHTOBAHI TOJIOKEHHS CTOCOBHO
BUOOpPY e(heKkTuBHOro MeToay OaraTokpuTepianbHoi ontuMizarii TIT
3 ypaxyBaHHSM BUPOOHHYHX YMOB.
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2.3. locaiazKeHHsI MaTeMaTHYHOL MoOIeJIi
O0araTokpuTepiajbHOI ONTHMI3alil TEXHOJIOTTYHUX CHCTEM

Icayroui Meromam OaratokpuTepiaqbHOI ONTUMIZAIi (IUB.
n.2.4)  BIAPI3HAIOTBCS  TPYIAOMICTKICTIO  Ta  CKJIQIHICTIO
ONTUMI3AIINHUX PO3pPaxyHKIB, a TaKOX KUIBKICTIO CYyO'€KTHBHOT
iH(popMarii, 1o HeoOXiTHO OTPUMATH BiJ 0codu abo rpymu ocild, sKi
npuiiMatoTh pimeHHa. Cy0’exTuBHOW0O iH(MOpMaIliero 0ocid, sKi
NPUIMAIOTh PIIICHHS, € BU3HAYCHHS BaroMOCTi OKPEMHUX KpPUTEPiiB
(MeToau BaroBux Koe(imieHTIB, OJU3BKOCTI 10 iI€aTbHOI TOYKH Ta
HEYITKMX MHOXHH) a00 CTymeHs 3HauymocTi (MeToa aHami3y
lepapxiil), paHXyBaHHS KpPUTEpIiB 3a 3HAYYIIICTIO 1 MpPU3HAYCHHS
BEJIMYMH TOCTYMOK (METOA TOCHIJIOBHMX TIIOCTYIOK) Ta iH.
HeonHopinHicTh 1 HEOAHAKOBA KIUMBKICTh BUXIiMHOI iHpoOpMarlii, a
TaKOXX PI3HUH CTYIIHb CKJIATHOCTI PO3PAXyHKIB MOXKYTh MPU3BECTH
JI0 CYNEpPEewIMBOCTI pPe3yNbTaTiB, OTPUMAHUX PI3HUMH METOJIAMH.
Tomy npu BubGopi Meromy ontumizamii TII oOpoOku neraneit
noTpiOHO BpaxoOBYBAaTH HOTO MPUHIMIIOBI OCOOIMBOCTI 3 TOUKH 30pY
KUTBKOCT1 KPUTEPIIB ONTUMAIBHOCTI Ta BUPOOHUYHUX YMOB.

3 MeTor0 BHOOPY palliOHATHHOIO METONY OmTHMi3allii OyB
MPOBEACHUIN TOPIBHAJRHUNA  aHATMI3  pe3ylbTaTiB  BU3HAYCHHS
ONTUMAJIFHOTO THUIy TOKapHOTO BepcTara Juig OOpoOKW maprii
JeTanei Tamy ¢iaHIl, OTPUMaHUX PI3HUMH METOJaMH ONMTHMI3aIlii.
JlocmikeHHsT TPOBOAMIINCS 3 ypaxyBaHHS Pi3HOI KUTBKOCTI THIIIB
BEPCTAaTIB, HA IKUX MOJIMBE IPOBEICHHS OOPOOKH.

VY Ttabn. 2.1 HaBeneHi 3HAYEHHS KPUTEPIiB ONTHUMI3aIli JIs
pI3HUX THUIIIB TOKAPHUX BEPCTaTiB, a y Tabn. 2.2 — pe3yiabTaTh
onTuMi3alii, OTpUMaHi PiI3HUMH METOAAMHU 3 ypaxyBaHHSIM Pi3HOI
KUIBKOCT1 KpuTepiiB. Y Tabn. 2.1 momaHi MO3HAYE€HHS BEPCTAaTiB:
1 — toxapHo-TBUHTOpI3HUH; 2 — TokapHuii i3 UIIK; 3 — TokapHO-
peBoibBepHU; 4 — TokapHud aBommuHAEeHbHHM 13 UIIK;
5 — TokapHU# OaraTOmIMUHACILHUN HamiBaBTOMaT. Y Tabm. 2.2 —
MO3HAYEHHS METOAIB onTuMizamii: 1 — BaroBux Koe]illi€HTIB;
2 — aHamizy iepapxidd; 3 — OJM3BKOCTI 1O 1l€aNbHOI TOYKH;
4 — OCTiAOBHUX MOCTYIOK; 5 — HEYITKUX MHOXKHH.
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3HavYeHHS KPUTEPIiB ONTUMI3AIlil A1 PI3HUX TUITIB TOKAPHUX BEPCTATIB

Ta BEJTMYMHU BUPOOHUYOI MapTii geranen

Tabauus 2.1

Bennunna BUpoOHMYO] apTii geTaynel, mrT.

Beperar 5 10 20 50 100 200 500 1000
1 2 3 4 5 6 7 8 9 10
Wy, MM/XB
1 35,9 63,2 69,8 73,7 76,2 771 77,5 77.9 78,0
2 20,7 74.8 96,6 | 112,9 | 1257 | 130,6 | 1332 | 1349 | 1354
3 15,1 55,5 831 | 1108 | 1384 | 150,9 | 1581 | 1628 | 16473
4 22,6 81,9 | 1219 | 161,2 | 1999 | 2173 | 2272 | 2336 | 2357
5 6,6 31,6 60,2 | 1098 | 217,01 | 3218 | 4241 | 5242 | 5689
I, rpu/xs
1 421 775 8,61 9.11 9,44 9,55 9,61 9,65 9,67
2 248 873 | 1155 | 13,68 | 1534 | 1598 | 16,32 | 16,53 | 16,60
3 0,96 6,20 930 | 13,40 | 16,98 | 18,62 | 1955 | 20,15 | 20,36
4 143 914 | 1433 | 1944 | 2446 | 26,72 | 28,00 | 2883 | 29.12
5 0.1 2,57 629 | 12,73 | 26,67 | 4028 | 5359 | 6659 | 7241




[Iponosxxenns tadu. 2.1

1 2 3 4 5 6 7 8 | 9 | 10
S, I'PH
1 3,79 9,07 15,68 28,89 68,51 134,55 | 266,64 664,5 1320,6
2 21,49 30,87 42,6 66,05 | 136,43 | 253,9 | 488,29 1192 2365,5
3 24,26 28,9 34,7 46,3 81,9 139,08 | 255,05 | 602,97 | 1183,2
4 39,08 46,88 56,63 76,13 | 134,63 | 232,13 | 427,13 | 1012,1 | 1987,3
5 118,24 | 120,76 123,9 130,22 | 149,13 | 170,64 | 233,67 | 432,76 7479
Eqn, kBr/rpH

1 0,0082 | 0,0045 | 0,0041 | 0,0039 | 0,0038 | 0,0037 | 0,0037 | 0,0037 | 0,0037
2 0,04 0,012 0,009 0,0077 | 0,0069 | 0,0067 | 0,0066 | 0,0065 | 0,0065
3 0,142 0,022 0,014 0,011 | 0,0084 | 0,0077 | 0,0073 | 0,0072 | 0,0071
4 0,197 0,032 0,021 0,015 0,012 0,011 0,01 0,01 0,01
5 0,634 0,169 0,069 0,034 0,016 0,011 | 0,0083 | 0,0064 | 0,0062
1 0,998 0,996 0,994 0,99 0,979 0,962 0,936 0,896 0,886
2 0,995 0,992 0,988 0,98 0,959 0,924 0,863 0,725 0,685
3 0,995 0,993 0,992 0,988 0,978 0,961 0,932 0,866 0,82
4 0,995 0,988 0,985 0,978 0,96 0,93 0,876 0,745 0,699
5 0,995 0,991 0,981 0,976 0,97 0,958 0,947 0,923 0,898




Taomums 2.2
Bu3HaueHHs ONTUMAaTBLHOTO TUITY TOKAPHOTO BEpCTaTa Pi3HUMHU
MEeTOaMH OaraToOKpUTEpiaIbHOT ONTUMI3AITii

Beprmam Begusuna Bupodwuyor nagmir Gemaned, wi.
! 5 w2050 00 200] 500 100
TokopHo-2BunmapisHul SaaTand 314 5
Tokaphud 3 4K R \
ToxapHo-peBonsBepHud Nt
TokopHud dBownundenskud 3 YK —0—O
TokapHuU GazamownuHdensHud 7 Ve 0OTHHOOTH)

Sx Oaummo, 3a pe3ynbTaTaMd PO3pPaxXyHKIB METOIHU
ONTHUMI3aIlil PO3NOAUTHINCS Ha JIBI TPYIH, B MEXaX SKUX YCl METOIH
3a0e3MeuyoTh OJHAaKOBI pe3ynpTatd. Jlo mepmioi rpynu BXOAATH
METOJI BaroBUX KOE(QIII€HTIB Ta aHANI3y i€papxidd, a A0 APyroi —
MeTo/ OJIM3BKOCTI JI0 171eajbHOI TOYKH, MOCTIOBHUX MOCTYIOK Ta
HEYITKMX MHOXHH. HeoOXi1HO 3a3HAunTH, 10 NMPU BEIUYHHI TapTii
meraneit N, <5 mr. ta N, > 200 mT. yci MeToaw ONTUMI3amii

3a0e3neyyloTh OAHAKOBI pe3ynpTaTd. lle BUKIMKAHO TuUM, IO
TOKapHO-TBUHTOpPI3HMA Bepctar npu N, < 5 wr., a TOKapHwWii

OaraTommuHACIFHUN HamiBaBTOMAaT mpu N 1 2 200 mrr. 3a Bcima

KPUTEPISIMH ONTUMAIIBHOCTI TMEPeBaXKaIOTh 1HII BEPCTaTH 1 iX BUOIp
SK ONTUMAJIBHUX € OJTHO3HAYHUM.
Jlist BenmauHn BUpOOHKYOI mapTii getanedt S < N, <200, sixa

XapakTepHa Ui yMOB 0araTOHOMEHKJIATYpHOTO BUPOOHUIITBA BUOIp
METO/y ONTHMI3aIlil BILTUBAE HA ONTUMI3aIliifHE PIllICHHS.

I'padiuni 3anexHOCTI, HABEJCHI HA pHC. 2.2—2.5, 103BOJSAIOTH
HAOYHO TPOAHAII3yBaTH OCOOJMBOCTI BHU3HAYCHHS ONTHMAIBHOTO
TUITY TOKApHOTO BepcTaTa Pi3HUMH METOJaMU 0araToOKpHUTepiaabHOT
ornrtumizanii. [lo3nadenns BepcrariB Ha puc. 1-4 Take: 1 — TokapHO-
rBUHTOPI3HUM; 2 — TokapHuil 13 UIIK; 3 — TokapHO-pPEBOJIbBEPHHIA;
4 — rtokapuuwii gBommuHaensHuM 13 UIIK; 5 - TOKapHuUit
OaraTOIIMUHAEIILHINA HalliBaBTOMAT.

[Tpu ontumizarii METOJIOM BaroBUX KOEQIIiEHTIB Ta aHAII3Y
iepapxidi  (puc. 2.1 Ta 2.2) HaUBUTIAHIIUM € TOKApHUU
OaraToINMUHACILHUNA HaliBaBTOMAT (BapiaHT 5), A AKOTO KpUTepii
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Wy, I, Sp, P HaOyBawTh onTUMallbHUX 3HA4Y€Hb, a KpUTEepid Ep
HaOyBae cepelHbOro 3HAUEHHs 3 Jllalma30oHy 3MIHU 3HA4YEeHb Cepell
KOHKYPYIOUMX BapiaHTiB, TOOTO ONTHUMI3allisi IIMMH METOJIaMH
0a3yeTbcs HA MPUHLUII CyMapHOrO BIUIUBY, TIpU  SIKOMY
BPAaXOBYEThCA CYMapHHH BHECOK a0CONIIOTHHX 3HA4E€Hb KOXKHOTO
KpPHUTEPiIO.

I
Jope = max(F g

(I g
04 e /

i

a |\—“‘r‘1
\.

' J/
°/ /)
” Fs VFE”
g
1 2 3 P 5

Puc. 2.1. 3anexxnocti BenuunaM JjokanbHux (Fi) Ta
y3aranbHIOBanbHOro (Fy) KpuTepiiB oNTHMaNbHOCTI IS Pi3HUX
THUITIB TOKAPHUX BEPCTATIB IMPU ONTUMI3AIlil METOJIOM BaroBUX
xoedinientis (N ; = 150 mr.)

[Ipu onTumizariii MmeTogamMu OIM3BKOCTI A0 11€albHOI TOYKH
Ta HEYITKMX MHOXHH (puc. 2.3 Ta 2.4), a TakoX METOJIOM
MOCJTIIOBHUX TTOCTYNOK HAWBUTIAHIIINM € TOKapHO-PEBOJbBEPHUM
HamiBaBTOMAar (BapiaHT 3), [UIA SKOTO JKOJAEH KpHUTEpii He Mae
ONTUMYMY, aj€ y HBOTO OJTHOYACHO BCl KPHUTEPIl ONTHUMAIBHOCTI
HaOyBalOTh CepeHIX 3HAUCHb 13 Jlama3oHy 3MiHH 3HA4eHb. T00TO 11
MEeTOM 0a3ylOThCsl Ha IPUHITUII TapaHTOBAHOTO PE3YbTaTy, 3TiIHO
3 SKUMH B ONTHMAJBLHOTO BapiaHTa 3HAYEHHS OJIHOYACHO BCIX
KpUTEpiiB HAMOUIBII HAOMMKEHI J0 ONTUMAJIbHUX 3HA4YEHb CEpej
KOHKYPYIOUHMX BapiaHTIB.

Axmo BUOIp HAWBUTITHIINIOTO THIY BepcTaTa 3IHMCHIOETHCS
cepen 1BoX ab0 TPhOX aJbTEPHATUBHUX BapiaHTiB (Tabu. 2.3-2.5), TO
BCl METOJIM OMTHMI3aIlii 3a0€31e4yl0Th OJHAKOBI pe3yabTaTtu. ToOTO
3a HasBHOCTI He OulblIe TPhOX aTHTEPHATUBHUX BapiaHTIB PILICHHS
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JOIITPHO BUKOPHUCTOBYBAaTH HAMMEHII CKJIATHI ¥ TPYyIOMICTKI
METOIM OIITUMI3allii.

Jope= max(W 9
|

\Wrr' o

o2\ Vg

LY

1 2 3 ¢ 5

Puc. 2.2. 3anexuocTti BeauunHM JIoKambHUX (W) Ta r1o6abHOTO
(Wy) npiopuTeTiB pi3HUX THIIIB TOKApPHUX BEPCTATIB IPH
onTUMi3alii MeTOI0M ananizy iepapxii (N , = 150 mrT.)

e

rd

06 /

A
04 \/\ 4, dope= min(F 5 N
02 k= M LZ*-— .
7/ TN
0

1 z 3 ‘ 55

%7

Puc. 2.3. 3anexHOCTi BeTMYMHA HOPMOBAHUX Pi3HUIB (Aj) Ta
y3arajJpHIOBalIbHOTo Kputepito (Fy) A pi3sHUX TUIIIB TOKapHUX
BEPCTATIB MPH ONTUMI3aIlii METO0OM OJIU3BKOCTI A0 17eanbHOT
touku (N, =150 mr.)
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Puc. 2.4. 3anexxHocTi BeNMMYMHU (DYHKINIH TPUHATEKHOCTI IS
PI3HUX THITIB TOKAPHUX BEPCTATIB MPU OMTUMI3AIlil METOIOM
HewiTKMX MHOKHUH (N ; = 150 mr.)

Taomuusa 2.3
Bu3HaueHHs ONTUMAaTLHOTO TUITY TOKAPHOTO BEpCTaTa Pi3HUMHU
MEeTOaMH OaraToOKpUTEPiaIbHOT ONTUMI3AITii

Benuyura BuypocHuYa! napmil Gemanet, Wwim.

Bepcmam 00 | 200 | 500 | 7000

TokapHo-2BUHMOpI3HUG
Tokaprud 3 YK
TokopHo-pefonsbepHul

Taomuus 2.4
Bu3HaueHHs ONTHUMAaTBLHOTO TUITY TOKAPHOTO BEpCTaTa Pi3HUMHU
MEeTOaMH OaraTOKpUTEPiaIbHOT ONTUMI3AITii

BenuyuHa BupadHuyar napmir Gemaned, wi.

Beocmam
P 7 \ 5 \ i 20 50 00 | 200 500 000

TokapHo-2BUHMopI3HUD
TokapHud 3 YK
TokapHud dbownurdenbHUG 3 YK

3a YMOBHO JCTEPMIHOBAHOI'O XapaKTepy BHXITHHX IaHHX
HEOOXiJIHO BHKOPHUCTOBYBAaTH METOJI BAaroBUX KoeQilli€HTIB, a B
yMOBaX HEBU3HAYEHOCTI — METOJ HEYITKUX MHOXKHH.
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Taomuus 2.5
Bu3HaueHHs ONTUMAaTBLHOTO TUITY TOKAPHOTO BEpCTaTa Pi3HUMHU
MEeTOaMH OaraToOKpUTEpiaIbHOT ONTUMI3AITii

Benusuwa GupodHyyer napmir Gemared wim.
R vl 20] 50 0] 200 ] 500 7000

ToKnpHo-2BUHMOpI3HUG W%_J L4 5
TokapHo-peBonLBepHul 77 2 oovnomgovno-oowo-oovno
YV T1adn. 2.3-2.5 mo3HadeHHS MeETOAIB omrumizamii: 1 —
BaroBux Koe(ilieHTiB, 2 — aHami3y iepapxiif; 3 — OIM3KOCTI 10
11eabHOT TOYKH; 4 — IMOCTIAOBHUX MOCTYIOK; 5 — HEUITKUX MHOXKHH.

Takum  uymHOM, BHOIp Meroay OaraTOKpUTepialbHOI
ontumizamii TII 3amexuTh HE TUIBKK BIJ XapakTepy 3aJaHHS
napaMeTpiB Ta OOMEXEeHb Yy MaTeMaTUYHHX MOJENsIX, a W Bif
KUJTBKOCTI aJIbTEpHATUBHUX BapiaHTIB PilICHHS.

3 METOI BCTAHOBJICHHS BIUIMBY KIJBKOCTI KpPHUTEPIiB
ONTUMAJIFHOCTI 13  3alpoOIOHOBAHOI CHCTEMH Ha pe3yjibTar
ONTUMI3AIIHOTO PilIeHHS OYB MPOBEICHUN BUOIP HAWBUTIIHIIIIOTO
TUIy TOKapHOTO Bepcrara Ais OOpoOKH (QuaHIsl 3 ypaxyBaHHIM
pi3HOT KUIBKOCTI KputTepiiB. Y Tabm. 2.6 TmomaHi BeIWYHUHU
BUPOOHMYOI MapTii geTaneil, Mexi SKUX BU3HAYAIOTH ONTHUMAaJIbHUN
TAN BepcTaTa 3 ypaxyBaHHSAM PIi3HOI KUIBKOCTI KPHUTEPIiiB
ONTUMAJILHOCTI 13 3aIPONIOHOBAHOI CHCTEMU KPHUTEPIiB.

VY rpadiuHoMy BuUTIAAI HA puc. 2.5 HaBeJEHI miarpamu
BIUIUBY KUIBKOCTI KpUTEpIiB ONTUMAJIBHOCTI Ha  BEJIHYUHY
BUPOOHMYOI MapTii JeTayieid, ska BHU3HAYAE HAWBHTIIHIMINANA THI
BepcraTa. JlocmipKeHHsT pe3ynbTaTiB BUOOPY HAMBHTiAHIIOTO THUITY
TOKapHOTO BepcTara, fKi MPOBOAMIUCS 3 BUKOPUCTAHHSIM JIMILE
JeSIKUX KPHUTEPIiB ONTUMAIBHOCTI 13 3alpONOHOBAHOI CUCTEMHU
KpUTEPIiB JaJI0 3MOTY BCTAHOBUTH, IO 30UTBIIIEHHS YMCiIa KPUTEPIiB
00’€KTUBHO PO3IIUPIOE 001aCTh €PEKTUBHOIO 3aCTOCYBAaHHS TOTO YU
inmoro TII 1 no3Bosisie yTOYHUTH TPaHWUYHI 3HAUYEHHS BEJIUMYUMHU
BUPOOHWYOI TapTii JeTaneid, sKi BU3HAYAIOTH HAWBUTIIHIIIUI
BapianT TII.

Bepcmam
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Taomuus 2.6

Bennuuna BupoOHHUOi mapTii AeTanel, o BU3HaYae ONTUMAIBHUN THI BepcTaTta

Kputepii onTUMaIbHOCTI, 10 BPaXOBYBAJIHUCS

BepCTaT WH WH, IH WH, IH, SH WH,];H) SH) WH) IHIy)SH, EH!
I
ToxkapHO-TBUHTOPI3HUM 1-6 1-8 1-10 1-13 1-15
Tokapuuii i3 UITK 7-36 9-43 11-44 14-55 16-62
ToxapHO-peBOTBBEPHUI 37-53 44-63 45-89 56-113 63-127
| oxapHiit. 54-180 | 64-196 | 90-235 114-285 128-318
neommuHaensaui 13 YITK
Toxapuuii >180 | >196 >235 >285 >318

OaraTomMUHICIILHUN
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Puc. 2.5. [liarpama BIUIMBY KUTBKOCTI KPUTEPiiB ONTUMAIBLHOCTI HA BETMYMHY BUPOOHUYIOT
naprii ferane, Mexi Kol BU3HAYal0Th ONTHUMAILHUIN THIT TOKAPHOTO BEepcTara:
1 — TokapHO-TBUHTOPI3HUH; 2 — TokapHUH 13 UIIK; 3 — TokapHO-pEBOJILBEPHHIA;
4 — Tokapuuit aommuHAeabHUH 13 UIIK; 5 — TokapHuii 6araTonmuHAeTbHUN



Tak, mpu BUKOPUCTaHHI 3alPONOHOBAHOI CUCTEMH KPUTEPIiB
001acTh  €(QEeKTHUBHOTO 3aCTOCYBAaHHS TOKApHO-TBUHTOPI3HOTO
BepcTaTa 30uIbInyeThes y 2,35 pasa, TokapHoro i3 YUIIK — y 1,85,
TokapHoro asoumuuaensHoro i3 YIIK — y 2,65, a TokapHo-
peBosbBepHOro — y 1,7 pasa BianosigHo (puc. 2.5).

TakuM 4YMHOM, 3ampPONOHOBAHA CUCTEMa KpPUTEPIiB s
OararokputepianpHoi ontumizamii  TII  mo3Boisie 00’ €KTHBHO
po3mupuTu Mexi eekTuBHOro 3acrocyBanus TII.

Jlnst  BU3HAYEHHS 3aKOHOMIPHOCTEW 3MIHM  KpUTEpIiB
ONTUMAIBHOCTI Oyl TPOBEACHI PO3PAaXyHKH 3HAUYCHb KPHUTEPIiB
ONTUMAJILHOCTI Tpu  00poOIi jgeTasiel Ha pPI3HUX  THUIAX
MeTajopi3aTbHUX BEpCTaTIB 3  ypaxyBaHHsIM  JilameTpa
00poOIOBaHOi TMOBEpXHi, MaTepialy 3aroTOBKH Ta XapakTepy
00poOkn  (uopHOBa 1 umcroBa). Po3paxyHOK HOpM dHacy
3MIACHIOBABCS 3 ypaxyBaHHSM pEXKHUMIB pi3aHHA 3TITHO 3
PEKOMEHIAIIsIMU  3arajJbHOMAIIMHOOYIIBHUX HOPMATHBIB 4Yacy Ta
pexuMmiB - pizanHs  [56, 57]. AHami3  3aJeXKHOCTI  KpPHUTEpIiB
ONTUMAIBHOCTI Bi AiameTpa oOpoOitoBaHOI MoBepxHi (puc. 2.6—
2.9) mokaszaB, 110 31 30UIbIIEHHSAM JAiaMeTpa OOpOOKM 3HAYEHHS
KpUTEPIiiB IHTEHCHUBHOCTI npuOyTKy  Ta  IHTEHCHUBHOCTI
(OpMOYTBOPEHHS 3MEHIIYIOTHCS, a EIEKTPOMICTKOCTI MPUOYTKY Ta
BUTpAT HAa BUPOOHUYI TUIONI 30UThIIYIOThCS. [le 00yMoBiIeHO THM,
0 MpH 30UIbLICHHI JaiameTpa OOpOOKM 3MEHIIYEThCS IIBUAKICTD
pi3aHHs, SKa HaWOLIBII CYTTEBO BIUIMBAE HA MPOAYKTUBHICTH
00pOOKH 1 BiINOBITHO 3HAYEHHS KPUTEPIiB ONTUMAIBHOCTI.

Taka 3aKOHOMIpHICTh XapaKTepHA I BCIX BHIIB 0OpOOKH,
KpiM BHYTPIIIHBOTO HUTIQYBaHHS, MPH SKOMY 31 30UIbIIEHHSIM
niamMerpa oOpoOIIOBaHOI MOBEPXHI MapaMeTpu PEKUMY pi3aHHA 1
NPOAYKTHBHICTh  30UIBIIYIOTHCS, 3a0€3Meuyroud  MOJIMIIEHHS
3HAYEHb KPUTEPIiB ONTUMAILHOCTI.

Kputepii onTuManbHOCTI 3alie)XaTh TAaKOX B XapakTepy
00poOKM Ta Marepiany 3aroToBku. [liarpamm, TOKa3aHi Ha pHC.
2.10-2.13, BiZI0OpakaroTh piBEHb 3HAaYECHb KpUTEPiiB
ONTUMAIBHOCT] I YOPHOBOT'O Ta YHUCTOTO TOYIHHS JETall THITY
(iraHIs, BUTOTOBIIEHOTO 3 PI3HUX MaTepiajiB 3arOTOBKH.
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Puc. 2.6. I'padixu 3a1€KHOCTI IHTEHCUBHOCTI
(GhopMOyTBOpPEHHS (2) Ta IHTEHCUBHOCTI MapKUHATHLHOTO
npubyTKy (0) Big aiamerpa oOpoOIItoBaHOT MOBEPXHI MPH YOPHOBOMY
TOYIHHI CTaneBOro ¢yiaHIld Ha PI3HUX THIMAaX TOKAPHUX BEPCTATIB:

1 — TokapHO-TBUHTOPI3HUH; 2 — ToKapHuit 3 UIIK; 3 — TokapHo-
peBonbBepHUit; 4 — TokapHuil ABommMHUHAETbHUM 3 UIIK;

5 — TokapHUl GaraToIIHH/ICTHLHHHA
&
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Puc. 2.7. I'padiku 3a1eKkHOCTI TOCTIHUX BUTPAT, 1110
MPUTIAJAI0Th Ha BUPOOHUTY TAPTIito JeTayei (a) Ta
eJIEKTPOMICTKOCTI MpUOYTKY (0) Bix aiamerpa oOpoOIroBaHOl
MOBEPXHI MPU YOPHOBOMY TOUIHHI CTaJIEBOTO (hJIAHIIA HA PI3HUX
TUINaX TOKAPHHUX BEpPCTaTiB: 1 — TOKapHO-TBUHTOPI3HUI;

2 — tokapawuii 13 UIIK; 3 — TokapHO-peBoIbBEepHUIL; 4 — TOKapHUH
neommnuHaenbaui 13 UIIK; 5 — TokapH#ii OararommuHaeIbHAN
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Puc. 2.8. I'padixu 3a5e:xHOCTI IHTEHCUBHOCT1 (JOPMOYTBOPEHHS
(a) Ta IHTEHCUBHOCTI MapKUHAJIBHOTO MPUOYTKY (0) Bix AiameTpa
00poOIII0OBaHOT MOBEPXHI MTPU CBEP/TIHHI CTajIeBOTO (DrIaHIst Ha
PI3HUX THUIIaX BEpCTATIB:

1 — BepTUKATBLHO-CBEPAITUILHUN; 2 — CBEPUTHIIBHO-(PE3epHUH 13
UIIK; 3 — TokapHUii Oaratomias0BHii

i g
2pH Kl Sa"."?,/‘?ﬂﬁ
200 a0 | e
-I'"‘-.
L 7 1 3t |
50 = a0 b
00 il — ] 003 T
L -_i —-—#’ ——
: -
50 P — 002 F—==1
a aat
g 5 0 15 20 25 30 H0mm g 5 i) 5 20 25 30 H0mm
a) 0)

Puc. 2.9. I'padiku 3a51€:KHOCTI TOCTIHHUX BUTPAT, 110
MPUIIAJAI0Th HAa BUPOOHUYY NapTilo JeTanei (a) Ta
€JIEKTPOMICTKOCTI TpuOYTKY (0) Bix aiameTpa oOpoOIroBaHol
MOBEPXHI MPHU CBEPUTIHHI cTajIeBOro (praHIlsd Ha PI3HUX THUIIAX
BepcTaTiB: |1 — BEpTUKATBHO-CBEPUTHIIBHUI; 2 — CBEPITUIIBHO-
dpesepnuii i3 UIIK; 3 — TokapHMii OaratomniipoBuit
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Puc. 2.10. Jliarpama iHTeHCUBHOCTI JOPMOYTBOPEHHS
U TOKapHii 00poO1i (raHs: a — YHOpHOBE TOUIHHS;

0 — yncToBe TOUiHHA; 1 — TOKapHMIA OaraTOMITUHETFHUN
HamiBaBTOMAT; 2 — TOKapHHii ABommnuHAenbHui 13 UIIK;
3 — TokapHO-peBONbBepHUIL; 4 — TokapHwmit 13 UIIK;

5 — TOKapHO-TBUHTOPI3HUI

AnwliHin

Puc. 2.11. liarpama iHTEHCUBHOCT1 Map>KUHAIBOTO IPUOYTKY MpH
TOKapHii 00poOI1i IaHI: a — YOPHOBE TOYIHHS; O — YUCTOBE
TOUiHHS; | — TOKapHMIA OaraTomIUHACTLHUNA HalliBABTOMAT;

2 — Tokapuaui apommuHaensHuH 13 UIIK; 3 — TokapHo-
peBosbBepHUil; 4 — Tokapuui i3 UIIK; 5 — TokapHO-TBUHTOPI3HUI
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Puc. 2.12. Jliarpama mocTiiiHUX BUTpAT, 110 MPUTIATAIOTh HA
BUPOOHUYY MapTito eTaneil mpu ToKapHii o0poOIi duaHIs:
a — YOpPHOBE TOYiHHS; O — YUCTOBE TOUIHHSA; | — TOKApHUA
OaraTommuHACTFHUIN HaMiBABTOMAT; 2 — TOKApHUHN
neormmuHAebHIUH 13 UITK; 3 — TokapHO-peBOIBBEPHUT;

4 — rokapuuit i3 UIIK; 5 — TOKapHO-TBUHTOPI3HUI

En.
KBTirpH

0.07

0,06 —
0,05
0,04

Puc. 2.13. Jliarpama eIeKTpOMICTKOCTI TPHUOYTKY IIPH TOKApHIii
00poO11i ¢uraHIs: a — YOPHOBE TOUiIHHS; O — YUCTOBE TOUIHHS;
1 — TokapHMi1 OaraTOMIMUHICTFHNAN HAIlIBABTOMAT; 2 — TOKApHUI
nsomnubaensHui 3 UIIK; 3 — TokapHO-peBOIbBEPHUIL;
4 — toxapuuti 3 UIIK; 5 — TokapHO-TBUHTOPI3HUI
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[Ipy 4YwrCcTOBOMY TOYIHHI y TIOPIBHSAHHI 3 YOPHOBHM
IHTEHCUBHICTh (POPMOYTBOPEHHS Ta IHTEHCHUBHICTh Map>KUHAJIBLHOTO
npuOyTKy 3MeHmyThes y 1,35 1 1,43 pa3za, a mocTiifHi BUTpaTH, 110
NPUIIAAAI0Th HA BUPOOHMYY MAapTilo JeTaliel, Ta eIeKTPOMICTKICTh
npuOyTKY 30UThITYIOThCS BiamoBiaHo —y 1,35 ta 1,17 pa3za.

[Ipu yopHOBOMY TOUIHHI YaBYHHOI 3arOTOBKM Y IMOPIBHSHHI
31 CTaJeBOI0 I1HTEHCUBHICTh (POPMOYTBOPEHHS Ta IHTECHCUBHICTH
MapXKMHAJIBHOTO MpHUOYTKY 301MbLIyIOTHCS BigmosimHo y 2,1 Ta
2,25 paza, a TOCTIAHI BUTpPATH, IO MPHUIAJAIOTh HAa BUPOOHUUY
MapTiio JIeTajei, Ta eNeKTPOMICTKICTh MPUOYTKY 3MEHITYIOThCA — Y
2,1 Ta 1,4 paza.

Jly1st 9opHOBOi 0OPOOKM aIFOMIHIEBOI 3arOTOBKH BiJAIOBIIHO
IHTEeHCUBHICTh NpPUOYTKY Ta 1HTEHCUBHICTH (DOPMOYTBOPEHHS
30uTbImyrOThC Yy 2,4 Ta 2,25 pasza, a TMOCTiIHHI BHUTpaATH, IO
NPUIAAAI0Th Ha BUPOOHMYY MApTiI0 JeTaleil Ta eNeKTPOMICTKICTb
NpuOyTKY 3MEHIIYIOThCS — y 2,25 Ta 1,47 pa3za.

ITpu ymcToBiit 00poOLi YaBYHHOI Ta aJIFOMIHIEBOI 3arOTOBOK
IHTEHCHUBHICTh (POPMOYTBOpPEHHsI 30uIbmyeThess y 1,35 Ta 1,6 pasa,
IHTEeHCUBHICTh Map >KMHAIBHOTO MpuOyTKy — B 1,42 Ta 1,67, nmocriiini
BUTpATH, [0 TMPHUNAAAIOTh HA BHPOOHWYY TMApTIIO JeTaNeH
3MEHIIYIOThCS BiqnoBigHo — y 1,6 Ta 1,35 pa3za, a enexkTpoMicTKiCTh
npuOytky — y 1,35 Ta 1,18 y mopiBHsSHHI 3 00OpOOKOIO CTayeBOi
3arOTOBKH.

Ax OGaunmo, xapaktep OOpOOKHM Ta Martepiall 3aroTOBKH
HaOIIbII CYTTEBO BIUIMBAIOTH HA IHTEHCHBHICTH Map>KUHAJIBLHOTO
NpUOYTKY 1 ICTOTHO Ha IHTEHCUBHICTh ()OPMOYTBOPEHHSI Ta MOCTIHHI
BUTpPATH, IO TMPHUIAJAI0Th HAa BHUPOOHHYY NapTiio jeTanei, i
HaWMEHIIIOIO0 MipOIO BiJl HUX 3aJICKHUTh EJIEKTPOMICTKICTh IPUOYTKY.

Ha puc. 2.14 Ta 2.15 HaBezeHi JiarpaMu BIUIMBY JliaMeTpa
00poOKHM, Marepiany 3aroTOBKH Ta XapaKTepy OOpoOKH Ha BHOIp
ONTUMAJIFHOTO TUIY TOKApPHOTO BepcTara. 31 301IbIIEHHIM AiaMeTpa
00pOoOKM 3HAYEHHS KPUTEPIiB ONTUMAIBLHOCTI TMOTIPIIYIOTHCS 1
3MEHUIYEThCS BEIMYMHA BUPOOHUYOT MapTii AeTayel, y Mexax sKoi
BU3HAYAETHCS ONTUMAJIBLHUM THUN Bepcrara. HailOumpm cyTTeBO Ha
BEIMYMHY BHUPOOHMUOI mTapTii JeTanell BIUIMBAE 30UIbIICHHS
niamerpa oopoOku Big S0 10 100 Mwm.
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Puc. 2.14. JliarpaMa BILTUBY JiaMeTpa 00poOKH Ha BUOIp ONTHMAJILHOTO THITY
TOKapHOTO BepcTaTa
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Puc. 2.15. Jliarpama BITUBY MaTepialy 3arOTOBKHU Ta XapakTepy 0OpoOKu
Ha BUOIp ONTHUMAIBHOTO THITY TOKaPHOTO BepcTaTa



VY nianazoni giametpiB 100-300 MM BenmnymHa BHUPOOHUYOT
napTii 3MIHIOETbCS HEicTOTHO. Hampukiana, mpu 4opHOBiK 00pooOii
3aroToBKM miamMeTpoM S50 MM, BHTOTOBJICHOi 31 CTalli, TOKAapHO-
IBUHTOPI3HUNA BEpCTAT € HAWBUTIAHIIINM HPU BEITUYMHI BUPOOHHUOT
naptii 7o 11 mrT.,, a npu miamerpi 100 MM — go 7 mT., y pasi
301IbIIEHHST  JiaMeTpa 3aroTOBKM MeEXi HOro e(peKTUBHOTrO
3aCTOCYBaHHS OOMEXYIOTBCS IICThMa JETANSIMH Yy BHPOOHUYIM
naprii.

[Tpu umcToBiii 0OpOOIlI 3HAYECHHSI KPUTEPIiB ONTUMAIBHOCTI
MOTIPITYIOTBCA 1 BEIWYMHA BHPOOHWYOI mapTii jgetaneld, Mo
BU3HAYa€e ONTUMAJIbHUM TUI BEpCTaTa, 3MEHIIYETHCS B CEPEIHBOMY
Ha 32%. VY pa3i 0OpoOKHM 3aroTOBOK, 1[0 BUTOTOBJICHI 3 YaBYHY Ta
QIIOMIHIIO, BEJIMYMHA BUPOOHWMYOI mapTii 30iIbIIYyETHCS B
cepenHbpoMYy BiamoBimHo B 1,95 ta 2,12 pa3za.

Kputepii iHTEHCHMBHOCTI MapXKMHaJIbHOTO MpHOYTKY Ta
€JICKTPOMICTKICTh TPHOYTKY ICTOTHO 3ajie)kaTh BiJ PI3HUII MIXK
PUHKOBUMH  I[iHAMH  3aroTOBKH Ta JeTalli, [0 BHU3HAYAIOTh
BETMYMHY TPUOYTKYy. 31 30UIBIICHHSAM PI3HUII MK I[IHAMH
3arOTOBKM Ta JIeTalli TOMITHO 3OUIBIIYETHCS PI3HUI MK
IHTEHCHUBHICTIO TIPUOYTKY pi3HUX TUMIB BepcTaTiB (puc. 2.16), Tomi
K PI3HHLIS MDK EJIEKTPOMICTKICTIO NpUOYTKY PpI3HMX THIIIB
BepcTaTiB — 3MeHmyeTbess (puc. 2.17). Ile miaTBepmkye pi3HMMA
CTYHiHb BIUIUBY IIMX KpUTEpiiB Ha BHOIP ONTUMAIBHOTO THUILY
BepcTaTa 3aJeXHO Bl piBHSI NPHOYTKY.

3anexHocTi, HaBeAeHI Ha puc. 2.18, 103BONAIOTH BUBHAUUTH
MiHIMQJIBHY IIHY JI€Taji, MPU AKid KOXKEH THUI TOKapHOTO BepcTara
3a0e3nedyBaTuMe OTPUMaHHs PHOYTKY.

Bix miHm getam 3aMeKWATh KPUTHYHA MpOTpamMa BHUITYCKY
IPOAYKIii, 110 BU3HAYAE MIHIMAJIbHY BETUYMHY BUPOOHMYOI maprii
JIeTanei, mpu sAKi oOpaHWil THN Bepcrara 3abe3medyBaTHMeE
OTpUMaHHs NpUOYTKY (puc. 2.19).

Ha iHTeHCHBHICTh Map)XKMHAJIBHOTO MPUOYTKY BIUIMBAE TAKOXK
TPYIAOMICTKICTh OOpOOKM neTami. 3aJeKHOCTi, HaBeIeHI Ha
puc. 2.20, 103BONSAIOTh BU3HAYUTH 1€ BIUIUB I KOXXHOTO THITY
TOKapHOTO BepCTaTa.
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Puc. 2.16. BB pi3HUII MiX LIHOIO 3aTOTOBKHU Ta JIeTajl Ha
IHTEHCHUBHICTh MapKHHAJIBHOTO MPUOYTKY MPHU YOPHOBOMY TOUIHHI
craneBoro ¢uiaHis: 1 — TOkKapHO-TBUHTOPI3HUI; 2 — TOKapHUH 13
UIIK; 3 — TokapHO-peBOJIbBEPHUIA; 4 — TOKAPHHI1 ABOIIIMUHIECIbHUI
13 UIIK; 5 — TokapHwMii OaraTolmmuHeTbHANA HalliBaBTOMAT
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Puc. 2.17. BB pi3HUII MiX LIHOIO 3aTOTOBKHU Ta JIeTajl Ha
€JICKTPOMICTKICTh MPUOYTKY MPHU YOPHOBOMY TOUIHHI CTAJICBOTO
¢nanmg: 1 — BepTUKAIbHO-CBEPUTHIBHUI; 2 — CBEPATMIIBHO-
dbpesepuutii 13 UIIK; 3 — TokapHumii 6araToniiboBuid
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Puc. 2.18. 3anexHicTh IHTEHCUBHOCTI MapKUHAJILHOTO TPUOYTKY
BiJl I[IHY JI€Tai JUTsl PI3HUX THITIB TOKAPHUX BEPCTATIB
(N; =150 mT.): 1 — TokapHO-TBHHTOPI3HHUIA; 2 — TokapHwuii i3 UIIK;
3 — TOKapHO-PEBOJIbBEPHHUIA; 4 — TOKApPHUH JBOIIMUHACIBHUN 13
UIIK; 5 — TokapHuii OaraTommuHISIFHUN HalliBaBTOMAT
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Puc. 2.19. BruuB 1inu feTaini Ha BEIMYUHY KPUTUIHOT
IpOrpaMH BUITYCKY JJIS: @ — TOKAPHO-TBHHTOPI3HOTO BEPCTATA;
6 — TokapHoro Bepcrata i3 UIIK
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Puc. 2.20. BmuB TpyaomicTKoCTi 00poOKH JeTari Ha IHTCHCUBHICTD
MapKHHAJIBHOTO MPUOYTKY AJISl PI3HUX TUIIB TOKAPHUX BEPCTATIB:
1 — rokapHO-TBUHTOpI3HUH; 2 — TokapHu# 13 UIIK; 3 — TokapHo-
peBONBLBEpHUIL; 4 — TOKapHUI nBoMIMUHAENbHMM 13 UTTK;

5 — TokapHUl OaraToOMMUHACILHUNA HAaIliBABTOMAT

[TocriitHi BUTpaTH, 110 NMPHUNANAIOTh Ha BUPOOHHUUY MapTito
JeTaseil 3anexaTh BiJ BETMYMHM IIOMICSYHOI OPEHIHOI IUTaTH 3a
KOPUCTYBaHHS BUPOOHUYMMH IIJIOLIAMH, SIK1 3aiiMae MeTanopizanbHe
oOJIaHaHHSL.

Ha puc. 2.21 noka3zaHa 3aJeXHICTh MOCTIMHUX BHUTpAT, IO
MPUTNIAJAI0Th Ha BUPOOHUYIY TAPTIIO JETANCH BiJl BETMYHMHN OPEHIHOT
wiat. Sk 6aunmo, 31 30UIbIIEHHS OPEHIHOT IJIATH MTOMITHO 3pOCTa€e
PI3HUIL MDK TOCTIHHUMH BHTpaTaMU JUIsl PI3HUX THITIB BEPCTaTIB,
301IBpIIYIOYM THM CaMHMM BIUIMB LbOTO KpHUTEpil0 Ha BHOIp
ONTUMAIBHOTO PIIICHHS.

IMOBIpHICTh BUKOHAHHS 3aBJaHHS 3aJE€XKHUTh BiJl 4yacy Horo
BUKOHAHHS, SKUH  BHU3HAYAEThCS  TPYAOMICTKICTIO  O0OpOOKH
3arOTOBKM Ta BEIMYMHOI BHpOOHMYOi mapTii ameranedt. Tak, 3i
30UTBIIEHHSM BEJIWYMHU BHPOOHWYOI TapTii JeTaneil IMOBIPHICTH
BUKOHAHHS 3aBJaHHS 3MEHIIYETHCS, IO BUKJIMKAHO 301JIbIICHHAM
iMOBipHOCTI BiiMoBH Bepcrata Ta Pl (puc. 2.22).

HasBHIiCTh pe3epBy 4Yacy 7 TOA JIO3BOJISIE KOMIICHCYBATH
MOXJIMBI TpocToi yepe3 BigmoBy Pl Ta oOmagHanHs, 3abe3neuye
T1IBUIIICHHS IMOBIPHOCTI BUKOHAHHS 3aBIaHHS.
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Puc. 2.21. 3anexHicTh OCTIHHUX BUTPAT, 110 MPHUIIAAIOThH
Ha BUPOOHHUYY MapTiio JAeTanei, BiJl BEIMUYMHHI OPEHIHO]T IJIaTh
IIPU YOPHOBOMY TOUIHHI CTaJIeBOTO (pyIaHIIs:

1 — TokapHO-TBUHTOPI3HMIA; 2 — ToKapHuit i3 UIIK;

3 — TOKapHO-PEBOIBLBEPHUN; 4 — TOKAPHUH ABOIIITUHICTLHUN
13 UIIK; 5 — TokapHwMii OaraTommuHeTbHANA HalliBaBTOMAT
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Puc. 2.22. 3anexHicTh IMOBIPHOCTI BUKOHAHHS 3aBJIaHHS
BiJ] BEIMYMHU BUPOOHHYOT NAPTii MPU YOPHOBOMY TOUIHHI
ctaneBoro ¢uaHIyl: 1 — TOKapHO-TBUHTOPI3HUT;

2 — Tokapnwuii 13 UIIK; 3 — TokapHO-pEeBOIBBEPHUN;

4 — Tokapuuit aBommuHAenbHUH 13 UIIK; 5 — TokapHuii
OaraTOMIMUHIEIILHIN HAIlIBABTOMAT

Ha puc. 2.23 naBeneHi rpagiku 3aJIe)KHOCTI HMOBIpHOCTI
BUKOHAHHS 3aBIaHHs JJIs TokapHOTo Bepcrara i3 UIIK Bix pesepBy
yacy. Ha HiMOBIpHICTh BUKOHAHHS 3aBJaHHS BIUIMBAIOTH SIKICTh Ta
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HamiiHicTh PI, sKy BHW3Hauae TOKa3HWK CTEMEHs b y po3moaim
BeiiOyna, 1mo xapakrepusye 3aKOH PO3MOJUTY T'yCTUHH MMOBIPHOCTI
crifikocti PI (excrioHeHmabHIM, HOpMaTbHUH, Pemest).

Ha puc. 2.24 naBeneHi rpadiku 3aJIe)KHOCTI HMOBIpHOCTI
BUKOHAHHS 3aBIaHHS BiJ MOKa3HWKa CTEMEHs po3noniry BeilOyma
JUTSL PI3HUX 3HAYEHDb PE3EPBY Yacy.
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Puc. 2.23. 3anexHicTh IMOBIpHOCTI BUKOHAHHS 3aBJIaHHS
BiJl BEIMYMHU BUPOOHHUOT MApTii Ta pe3epBy yacy A TOKAPHOTO

Bepcrarta i3 UIIK
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Puc. 2.24. 3anexHicTh IMOBIPHOCTI BUKOHAHHS 3aBJIaHHS
BiJl MOKa3HUKa CTeTeHs po3noiry BeliOymna s TokapHoro
Bepcrarta i3 UIIK
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Axicte Pl icToTHO BmIMBae Ha WMOBIPHICTP BUKOHAHHS
3aBJaHHsS 3a BIACYTHOCTI pe3epBy uacy. HasBHicTh pesepBi uacy
t>0,5ron 103BOMSE BUKIIIOYMTH BIUIUB SIKOCTI Pl Ha WMOBIpHICTB
BUKOHAHHS 3aBJIaHHSI.

2.4. IIporHo3yBaHHsI TPYAOMICTKOCTi 00poOKM aeTai st
KOHKYPYIOYHX BAPIaHTIB TeXHOJIOTIYHOI0 Npouecy

B ymoBax 0araToOHOMEHKJIATypHOTO BHPOOHHUIITBA JIs
BU3HAuUeHHs onTuManbHoro TII HEoOXiIHO TPOBOAWTH BENUKI
00csSTH PO3paxyHKIB, MOB’S3aHUX 13 BHU3HAYCHHSIM IX TEXHIKO-
€KOHOMIYHUX TIOKa3HUKIB. [[ns NpUUHATTS pileHHs 3 BUOOPY
ontumansHoro TII HeoOXiTHO BU3HAYUTH NMPOIYKTUBHICTH 0OpOOKH
Uil BCIX KOHKypytouux BapiantiB TII. Tomy mnpioputeTHUM
3aBJaHHSAM TiJ Yac TEXHOJOTIYHOI MiJrOTOBKA BHPOOHHUIITBA Ta Y
xomi  po3poOneHHss  HawBurigHimoro TII €  BU3HAYeHHS
TPYAOMICTKOCTI 00poOKHM AeTani /i BCiX MoxuBUX BapianTiB TII.
[Ipy mpoMy  TPYAOMICTKICTH OOpOOKM Ba)XIMBO BH3HA4YaTH Ha
mizictaBi pob0OYOro KpeciaeHHs Aetani 0e3 AeTalbHOro po3poOIeHHs
OTIEpAIlIfHUX  TEXHOJOTiM  0e3  BUKOHAHHA  CKJIQAHUX  Ta
TPYAOMICTKHX PO3paxyHKiB. Icnyroui METOIU OLIIHKH
TPYIOMICTKOCTI, M0 0a3ylOThbCsl HAa HOPMax dYacy BHUTOTOBJICHHS
Jerajeli-aHajoriB, He 3a0e3MedyloTh BHCOKOi JIOCTOBIPHOCTI
pe3yabTaTIB 1 HE BiI3HAYAIOTHCS YHIBEPCATBbHICTIO 3aCTOCYBaHHS.

OmiHKy TpyAOMICTKOCTI OOpOOKHM JeTaii IMPOMOHYETHCS
3MIACHIOBAaTH 32  JIONIOMOTOK  CHUCTEMH  aBTOMAaTH30BaHOTO
pO3paxyHKy Ha TiJCTaBi yCEepeJHEHHX KUIbKICHUX ITOKa3HHUKIB
HOPMATHBHOI 1HTEHCHBHOCTI (DOPMOYTBOPEHHSI MeETaJIOPi3aTbHUX
BEPCTATIB, IO 3aCTOCOBYIOThCS IpH i 00pooi [58].

Or1iHKa TPYIOMICTKOCTI OOpOOKM AeTali 3IIMCHIOETHCS 3a
JOTIOMOTOI0 ~ CHUCTEMH  aBTOMAaTH30BaHOTO  PO3PaxyHKYy 3
BUKOPHUCTAHHIM yCEPETHECHUX KUIbKICHUX MOKAa3HUKIB HOPMATHBHOT
IHTEHCUBHOCTI (DOPMOYTBOPEHHSI METAJOPi3albHUX BEPCTaTiB, SKi
3aCTOCOBYIOTHCSA 7151 OOPOOKHU:
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Tume = 20| 2™
IS WHij
)
e M — KiIBKICTh METaJOPi3albHUX BEPCTATIB, 110 3aCTOCOBYIOTHCS
npu oOpoOI1i aeTati, mrT.,
P, — KUIBKIiCTh 0OpPOOIIOBAHMX TIOBEPXOHD JIETAN HA | MY BEPCTaTi,

IIT.;
L; — moBxuHa I-i moBepxHi, 00POOIIIOBAHOT HA | -MY BEpPCTaTi, MM;

W\, — TOKa3HUK HOPMATHBHOI IHTEHCUBHOCTI (POPMOYTBOPEHHS |-

MOBEPXHI Ha | -My BepcTaTi, MM/XB.

Jis  BU3HAUEHHS YCEPEOHEHMX KUIBKICHUX TIOKa3HHUKIB
HOPMATHBHOI 1HTEHCHBHOCTI (OPMOYTBOPEHHSI MeETaJIOPi3aTbHUX
BEpCTaTiB pO3pOOJICHI aHANITUYHI 3alIe)KHOCTi, SKI BpPaxOBYIOTh
KOHCTPYKTHBHI napameTpu 00poOroBaHNX MMOBEPXOHb,
TEXHOJIOTIYHI OCOOJMBOCTI OOpOOKM Ta CTyMNiHb KOHIIEHTpaii
TEXHOJIOTTYHHUX TTEPEXO/IIB.

VY 3aralbHOMY BUIIAJIKY IIi 3JIEKHOCTI MalOTh BUTJISI]T

W, =(a-e" +c)-(m-In(L+ f)+g)-(h+k-N),

ne a,b,c, f,g,h, k, m—xoedimieaTn, 1m0 XapaKTepU3yrOTh
THUII BEpCTaTa, XapakTep 1 yMOBU 0OpOOKHM Ta MaTepiall 3arOTOBKH,

d — miametp 06pobOKu, MM;

L — noBxxuHa 0OPOOKH, MM;

N — KUTBKICTh IHCTPYMEHTIB y HaJaro/pKeHHi, IIIT.

Bonn oTpumaHi IIISIXOM  anpOKCHMAIlii  pe3yJbTaTiB
pO3paxyHKiB IHTEHCHBHOCTI ()OPMOYTBOPECHHS 3 BHKOPHCTAHHSIM
3araJlbHOMalIMHOOYIIBHUX HOPMAaTHBIB 4Yacy Ta PEXUMIB pi3aHHS
[56, 57]. AmamiTHuHi 3aJCKHOCTI OTpUMAaHi  JUIS PI3HUX THITIB
BEPCTaTiB 1 TEXHOJOTIYHUX IEPEeXOoJiB, IO 3aCTOCOBYIOTHCS MpHU
00poO1Ii MOBEpXOHHb BaJiB, (JAHIIB 1 BTYJOK Ta I PI3HUX
marepiais.

Hampukian, aHamiTH4HI 3aJ€KHOCTI Uil  BU3HAYEHHS
HOPMATHUBHOI IHTEHCHBHOCTI ()OPMOYTBOPEHHS YOPHOBOI TOKAPHOI
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00pOOKH MUITTHAPUYHUX TTOBEPXOHB JETaJl TUIY «(hIIaHEeIb» MaOTh
BUTJIAO:
pu 00poOIli Ha TOKAPHO-TBUHTOPI3HOMY BEpCTaTi

W, =(0,45-In(L +85,84)—1,39)- (1,31- e °=° +0,34)x
x(74,3+4119-N);

npu 00poO11i Ha TokapHOMYy Bepcrati 3 UITK

W, =(0,675-In(L +83,149)-149)- (1,28 g SIITD 0,437)x
x (59,158 +37,948- N )

pu 00poOI1i Ha TOKAPHO-PEBOILBEPHOMY BEpCTaTI

W, =(0,72-In(L+75,25)-117)- (1176 5**° +.057 )

x(55,9+33,2-N)

npu o0poO1i Ha TOKApHOMY ABOLINMHMHICIBHOMY BEpCTaTi 3
YIlK
W, = K-(0,67-In(L +773)-012)-[L17-e7#°® + 05}
x (31,57 +31,78-N);

npu 00poOIll HAa TOKAPHOMY JBOIIIHHACIBHOMY BEpCTaTi 3
YIIK

W, =K -(0,86-In(L+57,8)—0,54)-(1,2- e **%° +11}x
x(9,7+9,3-N).

AHAITUYHI 3aJIEKHOCTI 11 BU3HAYCHHS HOPMATHBHOI
IHTEeHCUBHOCTI (hOpMOYTBOpPEHHS MpH (pe3epyBaHHi Ma3iB KiHIIEBOIO
(bpe3010 MatOTh BUTJISI:

npu 00poO1li Ha BEpTHKAIBbHO-(pe3epHOMY BepcTaTi

W, =(115-In(L+15,2)+125)- (591 °**° +0,3}

npu oOpoOIi Ha TOKapHOMY OaraToIiIbOBOMY BepcTaTi 3
YIlK

W, = (169-In(L+12,2)+8,2)- (7,96 °°° +1,25)
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npu o0poO11i Ha ppe3epromy Bepctati 3 UITK
W, = (166-In(L +13,4)+7,4)-(7,7- °° +1,2)

AHAIITUYHI 3aJIEKHOCTI 11 BU3HAYCHHS HOPMATHBHOI
IHTEeHCUBHOCTI (bopMOyTBOpEHHS nuTipyBaHHS ~ 30BHIIIHIX
MATIHAPAYHAX TIOBEPXOHb Ha JeTalml TUIy «(iaHenp» MaroTh
BHTJISI:

npu 00poOI1i Ha KpyTIoNuTiQyBaIbHOMY BEepCTaTi

W, = (0456220 4 0,781)- (- 0,054 e#0°L 1 0152}
npu o0pood1i Ha kpyrnonutidysaasHOMY BeperaTi 3 UITK
W, = (047 .e2#2*° 1 05).(982.10 - e %2t +0,23)

AHaJITUYHI 3QJEKHOCTI Il BHU3HAYCHHS YyCEPEIHEHUX

KUTBKICHUX TIOKa3HHUKIB IHTEHCHBHOCTI (DOPMOYTBOPEHHS OKpPEMHX
IOBEPXOHb  pO3pOOJSUIMCS 3 ypaXyBaHHAM iX  OCHOBHHX
KOHCTPYKTUBHUX oO3HaK (puc. 2.25), 1m0 BIUIMBAlOTH HA
TPYAOMICTKICTb OOPOOKH.
Jlnst  aBTOMAaTM30BaHOTO PO3PAXYHKY TPYAOMICTKOCTI 0OpoOKH
po3pobieHo iHpopMaliifiHy MOJeNnb IOBEpXHI JAeTami, Mo €
JECATUTIO3UIIIMHUM KOJIOM, SIKUI BpaXxOBY€ THIT Ta MaTepiai AeTai,
BUJ TIOBEpXHI, ii po3TallyBaHHS Ha JETalll, a TaKOX PO3MIpPH 1
BUMOTH 32 TOYHICTIO Ta WIOPCTKICTIO. Y CTPYKTYypi KOy
iHpopMariiftHoi Moneni IMIiHAPUYHOT TOBepxHi (puc. 2.26)
BPaxOBYIOThCS JlaMeTpa, JOBKHMHA Ta KBaJITET TOYHOCTI JiaMeTrpa
noBepxHi. IIpu o00poOii pi3pOOBUX TOBEPXOHb BPAXOBYIOTHCS
JiaMeTp Ta JOBXKMHA, KPOK PIi3bOM 1 KJac TOYHOCTI Pi3bOH, Ist
3yOuacTUX MOBEPXOHb — BIAMOBIAHO AUTMIIBHUH AiaMeTp, IMIMpUHA
3y04acToro BiHII, MOIYJb Ta KJac TOYHOCTI ¥ T.1I.

Homep moBepxHi aertani y CTPYKTypi KOJYy IO3HAYa€ThCS
quciioBuM 3HadeHHSIM Bix 01 mo 99 Bxirouno. Ksamiter To4HOCTI
niamerpa abo KJIac TOYHOCTI pi3bOM 1 3yOUacToro BiHIA 337al0ThCs
JBO3HAYHMUM HOMIHAJIBHUM 3HAYCHHSM, HaNpPUKIAQA, KBaJIiTETa
tounocti IT12 Bignosimae kox 12, a IT6 — 06 1 T.1.
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00epxH emaned muny min o 2PMAHHA
03HOKO [ Nobepx 8 | y min 03 |
g o o S 5 3| |12
A2 1E LEL LEL 18] 2] 2] 18] LEL 18] |E < B |2
Bud nobepxui |2 [E| |Z] (2] (2| (2] [E] (2] 1=l 131 1] 18] 2| 2] || |2 || (5] ]2
I [} — b T = E [
HRE NN EEERE R ERE R RE RE R EH R E R R E RS A R E
= Sl 1L 1€ FL LELEN 11 18] P F = =
= = E =
o =]
PosmawybaxHs nobepxHI -
ha demani 3obHwHE BrHUMpIWHE
Po3amawybarHa nobepxHi [ |

cmocobHo ocl deman | (nbbicke | | TNoponense | | Kymobe |

Puc. 2.25. Knacudikariis moBepXoHb JeTaiei THITy Tij 00epTaHHS 32 KOHCTPYKTUBHUMH O3HAKaMH



1><
1><

XXX XX XX XX XX XX

NobxuHa nobepxHi
[opcmkicmes noBepxH
KBanimem mayHocmi
Miamemp nobepxHi
PosmawybaonHa nobepxHi cmocobHo oci deman
PosmawubanHa nobepxui Ha deman
Bud nobepxHi
Homep nobepxHi
Mamepian demani
Tun demani

Puc. 2.26. CtpykTypa Koy iHpOopMaIiitHoi MoIemi
[WTIHIPUYHOT ITOBEPXHI

KonyBanus 1HmmMX Kiaacu@iKaliiHUX O3HAK IMOBEPXOHb
3IMCHIOEThCA Ha TicTaBi kogudikaropa (Tadm. 2.7).

Taomuus 2.7
Komudixarop knacudikaniifiHux o3HaK MOBEPXOHB JeTalIeh

Knacudikamiitna o3Haka
MOBEPXHI
1 2

Tun geranmi Ban
dnagens
Brynka
Marepian nerani Craibp
YaByH
AnromiHii
Bun noBepxHi Huninapuana
Komniuna
Cdepuuna
daconna
[TpodinpHa
Topuesa
[Tpusmaruuna
I'BunTOBA

Mo>xiuBi BapiaHTH Kon

O NO|OPB[WINPFPIWINIFPWINFP|Ww
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[Iponosxxenus tadm. 2.7

1 2 3

Bun noBepxHi Pizs0oBa 9
3ybuacra 10

miesa 11

KanaBka 12

dacka 13

JIncka 14

Ckoc 15

Yeryn 16

[Ta3 17

OTBip rmagKui 18

OTBip pi3pOOBHUIA 19

Po3ramryBanHst moBepxHi 30BHiIIHE 1
Ha JeTani BryTtpimae 2
Po3ramryBanHst moBepxHi CriBBicHe 1
CTOCOBHO OCi JieTai [Tapanenbue 2
Kyrose 3

[opcTKicTh MOBEPXHIi 12,5 01
(mapaMeTp MIOPCTKOCTI 6,3 02
Ra, Mxm) 3,2 03
2,5 04

1,25 05

0,8 06

0,63 07

0,5 08

0,4 09

0,32 10

3amponoHoBaHa CTPYKTypa Koxay iHdopMamiifHoT Moxeni
MOBEPXHI € CYKYIHICTIO XapaKTePUCTHUK IMOBEPXHI H BUMOT, MIO
CTaBIATHCS 0 HEl Ta BIUIMBAIOTH HAa TPYAOMICTKICTD ii 0OpOOKH.

Bona wmictuth y €001 BCIO HEOOXiJHY Ta JOCTaTHIO
iH(poOpMarliio A7 BU3HAUYEHHS SK TPYAOMICTKOCTI 0OpOOKH OKpemoi
MOBEPXHi, TaK 1 I€TaJIl B IJIOMY.
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Hampukian, BiamoBigHO 10 Kogudikaropa i CTPYKTypH KOy
30BHIIIHA HWJIHAPHUYHA TOBEPXHS JIeTalll 3 MOPSAKOBUM HOMEpoM 1
niamerpom d = 50 mm 3 TounicTiO 32 h10, mopcrtkicTio Ra = 6,3 Mkm
Ta goxuHow L = 30 MM Mae kox:

— g craiesoro Basta 1. 01. 1. 1. 1. 50. 10. 02. 30;

— st yaByHHoro ¢umanns 2. 01. 1. 1. 1. 50. 10. 02. 30.

[Ticns KoIyBaHHS TOBEPXOHB PO3POONISIETHCS  3arajabHa
iH(dopmariitHa Monenb fnetani (puc. 2.27), mo CKIAAaeThCs 3 KOJIB
iH(opMaIiifHOT MOAEN KOXKHOI OKpeMoi MOBEepxHi 1 GOpMYEThCA Y
BUTJISIZII MAaTPHUIll KOJAOBAHMX 3HA4YEHBb KiIacH(IKaIIHHUX O03HAK yCiX
MOBEPXOHb.

Tyr i — nomep i-i moBepxHi gerami | =1, 2, ..., n, ge n —
KUTBKICTh TTOBEPXOHB JIeTali; | — HOMep Kiacu]ikaIiiHol 03HAKH B
CTPYKTYpi Koy iHdopmamiitnoi moneni i-i moBepxHui geram j = 1,
2, ..., 10; L; ; — KOJOBaHC 3HAYCHHS ] -1 xacudikamiiHolT 03HAKH

J -1 moBepxHi.

IJJ IIE [I_,. I]]r

L, L, ... L, .. 1,
B= : : : : : :

I 1 1 1

il i wee 0

Pucynok 2.27 — Indopmarriiina Mozenb nerai

ABTOMAaTH30BaHUN PO3PaXyHOK TPYAOMICTKOCTI OOpOOKH
BiIOyBa€eTbCs Ha TifAcTaBl iH(OpMaIiiHOI Momeni aetam 3
BUKOPUCTaHHAM  0a3W  JaHUX  METalOpi3aJibHUX  BEpCTaTiB,
TEXHOJIOTIYHOI OCHACTKM Ta aHAJIITUYHUX 3AIEKHOCTEH I
BU3HAYEHHS 1HTEHCHUBHOCTI (POPMOYTBOPEHHS 3TiHO 31 CXEMOIO,
nmokaszaHoro Ha puc. 2.28. Po3paxynok Ha EOM BinOyBaeThCs y Takii
MOCJTIIOBHOCTI: BBOJAATHCS 1H(OpMaLiiHa MOJEINb JeTajl Ta po3Mipu
MOBEPXOHb 3arOTOBKH; PO3MI3HAIOTHCA CKJIAIO0B1 1HGOpMaIiiiHOT
MoJIel Jeraii; Ha MiAcTaBi 0a3W NaHWX BU3HAYAIOTHCS MapIIpyTH
00poOKHM geTaimi; OOWMparOThCS MeETalopi3ajdbHI BEpCTaTH Ta iX
TEXHOJIOTIYHA OCHACTKa; OOWparoTbcs HEOOXigHI  aHaNMITUYHI
3QJIKHOCTI JUIsi BU3HAYECHHS 1HTEHCHBHOCTI (OPMOYTBOPCHHS; 3
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ypaxyBaHHSIM TJHOWMHH  pi3aHHS  PO3PAXOBYIOTHCA  IPOMIXKHI
TEXHOJIOTIYHI pO3MIpU TOBEPXOHb;, NPU3HAYAIOTHCA 3HAYCHHS
JiaMeTpa Ta JIOBKMHHM TIOBEPXHI M BiAOyBaeThCs pPO3PaxyHOK
TPYAOMICTKOCTI 0OpOOKH TTOBEPXOHb.

o ) ‘
brok pedakmybonns GoHux \a—y  BKHO k= brok odpodky GaHux
X mgyfmgﬁam/

[ ‘
| Po3nisHaHHs cknodobux |
‘ IHQOPHOWOHO | Moden Bemani

¥ |
Buip munoBozo Mapwpymy p
‘ 0Bpodku demani !
: [1 !
\ |Buﬁ|p MemanopiansHux Bepcmamit | )

Bud ma cnocid ompuMaHHa
3020mobiku

[Puampu nobepxoHs 3020mobku

: Pafio4e kpecnexHs demani ‘
\ I

] InhopmawiuHa Modens deman

brok kepybanHs
JaHuMy

‘ l Budip memHONDZI4HOI OCHOCTKU I

i |
Sl s 8t N s S ‘ Bufip aHammu4HUX 30nexHocmed Bns '
baza danux j | Busnosess inmescubrocm goprioyBopests |
L — ] | : ] ;
nobi Mopwpymu odpodku demaned

' | okl o Pt e | ) ‘ Po3paxyHok mexHonozi4HuX po3Mipit
Y : 1 nobepxoHe Bemani |
| |Tunu MemQNOPI3NLHUX t-epcrrumwhl ‘ [ [] !
[ : ' Po3paxy+ok mpydomicmikocmi oBpodku |

! TeXHONDZI4HO OCHOCTKD ! \ Demon

| MemanopiaaneHUX Bepcmami ;
| Asanimuni 3anexHocmi A buskauens| |
| IHMeHcuBHoCmI goproymBopeHHs ‘

Puc. 2.28. Cxema poO0TH CHCTEMHU aBTOMATU30BaHO1 OIIHKH
TPYIOMICTKOCTI 00pOOKH JeTai

Jns HepeBipKU e(pEeKTUBHOCTI BUKOPHUCTAHHSI
3aMpONOHOBAHOI METOJMKH OYB NMPOBEIACHUN TMOPIBHSILHUN aHai3
3HaYeHb  TPYAOMICTKOCTI  OOpOOKH,  OTpUMaHUX  IIISIXOM
TPaIMLIHHOTO PO3paxyHKy 3a HOpPMAaTHUBAaMH Ta 3a JOIOMOTOI0
3aMpONOHOBAHOI METOIUKH aBTOMATH30BAHOI OIIHKHY.

JlocnimkeHHss TPOBOAWIUCS AJII TOKApHOI, CBEPUIMIIBHOI,
dpe3eprHoi Ta nwTihyBanbHOI OOPOOKM TOBEPXOHB JAETANCH TUITY
Bajia Ta (IaHIsl, BATOTOBJIEHUX 31 CTaJl Ta YaBYyHY.

Ha puc. 2.29 noka3ani rpadiku 3anexsocti Ty = f(d) mpu
YOPHOBIM Ta YMCTOBIM TOKapHIM 0OpoOIl CTambHOrO Bajga, a Ha
puc. 2.30 i 2.31 mpu YOpHOBIM Ta YHCTOBIA OOpPOOII CTATBLHOTO i
4aBYHHOTO ()JIaHIIIB HA PI3HUX TUIIaX TOKAPHUX BEPCTATIB.
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Puc. 2.29. I'padiku 3a1neXHOCTI TPYIOMICTKOCT1 YOPHOBOI (a) Ta
9rcTOBO1 (0) TOKapHOi 0OPOOKH CTATHHOTO Bajia Ha Pi3HUX
BepcTaTax BiJ AiaMeTpa 0OpOOKH MPU PO3PAXYHKY:
3a HopMmaTuBamu [56, 57] — ; 3 BUKOPUCTaHHSIM MOKa3HUKA
HOPMATHBHOT IHTEHCUBHOCTI (DOPMOYTBOPEHHS - - - - - ;

1 — TokapHO-TBUHTOPI3HMI; 2 — ToKapHuit i3 UIIK;

3 — TOKapHU# KOMiI0BaIBHO-0araTopi3ieBuit

Sk Oaunmo, TOXMOKM PpO3paxyHKy 3a JOMOMOTOIO
3aMpOMOHOBAHOI CUCTEMHU aBTOMATH30BaHOI OIIHKHA TPYAOMICTKOCTI
He nepeBUulyoTh +15%.

Ha puc. 2.32 nokazasni rpadiku 3anexsocti Tyt = f(d) npu
CBEp/UTIHHI YOTHPHOX OTBOPIB Y CTAIBHOMY Ta YaBYHHOMY (praHIisIx
Ha PI3HUX TUIIAX BEPCTATIB.

I'padixu 3aJIeKHOCTI TPYAOMICTKOCTI YOpPHOBOI'O
bpe3epyBaHHs Na3iB KIHIIEBOIO (PPe30r0 y CTATBHOMY Ta YaBYHHOMY
(aHIIX BiJ IUPUHY M1a3a OKa3aHi Ha puc. 2.33.

I'padixu 3anexnocti Tyt = f(d) npu nutigyBanHi 30BHINTHIX
Ta BHYTPIIIHIX IMJIIHAPUYHUX TIOBEPXOHb CTAJBHOIO Bajla Ta
dnanH1s TOKa3aHi Ha puc. 2.34.

Jnst Beix BUAIB 00poOKHM MOXHOKK PO3paxyHKiB, OTpHUMaHi 3a
JIOTIOMOT'OF0  3aITPOTIOHOBAHO1 CHCTEMH aBTOMATH30BaHOI OIIIHKH
TPYAOMICTKOCTI, HE IepeBUIYIOTh +15%.
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Puc. 2.30. I'padiku 3amexHOCTI TPYIOMICTKOCT1 YOPHOBOI (a) Ta
4q1cTOBOI (0) TOKapHOT 0OPOOKH CTANBHOTO (prIaHI HA PI3HUX
BepcTaTax Bij JiamMeTpa o6p061<1/11

Tum] e
X6 X6
a7 a7 i
26 = 25 ]
=
- ,‘I// /
U437 = 041
"] # | "
a3 = "]
Y5 Ik -
1 :j, | — = o :2/# o= =
I8 L a5E3 —
= N — 1, ==
7 E°* o E5—==
50 g 5g 200 250 00d mm 50 00 57 200 250 3004 m

a) 0)
Puc. 2.31. I'padiku 3a51€:KHOCTI TPYAOMICTKOCTI YOPHOBOT () Ta

9uCTOBOI (0) TOKapHOi 00pOOKM YaBYHHOTO ()IIAHIIS Ha PI3HUX
. . 1
BepcTaTax Bijg Jiamerpa oOpoOKu

! Ipu pospaxyuky: 3a Hopmatusamu [56, 57] — ; 3 BUKOPUCTAHHIM
MOKa3HNUKa HOPMATUBHOI IHTEHCUBHOCTI ()OPMOYTBOPEHHS - - - - - ; 1 — ToxapHo-
IBUHTODI3HUI; 2 — TokapHui 13 UIIK; 3 — TokapHO-peBOibBEpHUil; 4 — TOKapHUI
neommuHaenbHui 13 UITK; 5 — TokapHuit 6araTommuHAeIbHAN HAaMliBABTOMAT.
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Puc. 2.32. I'padiku 3a51€:KHOCTI TPYAOMICTKOCTI CBEPATIHHS
YOTHPHOX OTBOPIB Yy CTAILHOMY (a) Ta 4aByHHOMY (0) (prraHIsix Bij
niameTpa oOpoOKHu
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Puc. 2.33. I'padixu 3a51€KHOCTI TPYIOMICTKOCTI YOPHOBOTO
bpe3epyBaHHs Ma3iB KIHIEBOIO (ppe30r0 y cTaapbHOMY (a) Ta
qaByHHOMY (6) (QITAHITAX Bij LIMPUHH ra3a’

2 [pu po3paxyHKy: 3a HOpMaTHBamu [56, 57] — ; 3 BUKOPUCTAHHIM
MOKa3HUKa HOPMAaTHBHOI IHTEHCHBHOCTI (OpMOyTBOpeHHi - - - - -; 1 —
BepTUKaIbHO-(pe3epHuil; 2 — cBepammibHO-¢pesepuuii i3 UIIK; 3 — TokapHmii
GaraTouinpoBHit
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Puc. 2.34. I'padixu 3a€XKHOCTI TPYIOMICTKOCTI IUTipyBaHHS
30BHINIHIX HWJIHIPUYHUX TTOBEPXOHB CTATBHOTO Bajia (a) Ta
BHYTPIIIHIX HWITIHAPUYHUX TOBEPXOHB CTAIBHOTO (pranIst (0) Ha
PI3HUX BepcTaTax Bijl AiaMeTpa 0OpOoOKH MPU PO3PAXYHKY: 3a
HopMmatuBamu [56, 57] — ; 3 BUKOPHCTaHHSM TTOKa3HUKA
HOPMATHBHOT IHTEHCUBHOCTI (DOPMOYTBOPEHHS - - - - - ;

1 — xkpyrnonutidpyBansHuit; 2 — kpyraonutidysanpauit i3 YITK

Jns mepeBipkd 00’ €KTHBHOCTI 3alpOINIOHOBAHOI CHCTEMH
aBTOMATHU30BaHOi  OIIHKM  OynM  TIPOBEACHI  PO3paxyHKH
TPYAOMICTKOCTI OOpOOKM THMOBUX jetaned «Baim» (puc. 2.35) ta
«pmanens» (puc. 2.36) ns BUMAIKIB iX 00p0oOKM Ha yHIBEpCaATbHUX
BepcTaTax 3 pYYHUM KepyBaHHAM Ta Ha Bepcrarax i3 UYIIK
(tabum. 2.8). Ilpm 00poOIli Bajda Ha YyHIBEpCaJbHUX BEpCTaTax 3
PYYHMM KEpYBaHHSM 3aCTOCOBYBAIMCS TOKApHO-TBUHTOPI3HUM,
BEPTUKAIbHO-()pE3epHUN Ta KpYTJIONUTIQyBaIbHUI BEPCTATH, a TIPH
00po6ui Ha Bepcrarax i3 UIIK BiamoBigHO TokapHUA, Gppe3epHUil Ta
kpyraonutipyBanbanii Beperatu i3 UIIK.
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125
125

Puc. 2.36. ®aauenn

TakumM  YWHOM, BHCOKa JIOCTOBIPHICTH  pe3YJIbTaTiB,
OTPUMAHUX 3a JIOIIOMOTI'00 3aMpoIOHOBAHOT CHUCTEMH
aBTOMATH30BaHOI OITIHKH, JIO3BOJIIE BUKOPHUCTOBYBATH 1 s
BU3HAUEHHS TPYAOMICTKOCTI OOpOOKM Ta YHCIOBHX 3HAY€Hb
KpUTEPIiB ONTUMAIIBHOCTI JIJIs1 KOHKYpYounx BapianTiB TII o6poOku
JeTajel TUIY Ti1 OOepTaHHS.
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Taomuus 2.8
PesynbpTatu po3paxyHKy TPYAOMICTKOCTI OOpOOKH aeTaneid

T TpynomicTkicTe 00poOKH, XB ITo-
. Bepcraru 33 HO _ | xubka,
nerani pMaTu- | aBTOMAaTH30 0
BaMH BaHa OI[IHKA %
3 PYHiuM 17,5 19,1 9,3
Ban KEpYBaHHAM
i3 UIK 10,2 10,9 6,4
3 PYHiuM 20,2 28,3 14,4
Dnamens | KCPYBAHHAM
i3 UIK 12,4 111 10,2
2.5. BuzHaueHHsI ONTUMAJIbHOL CTPYKTYpH

TeXHOJIOTIYHOI0 nmpouecy 00podKu BaJIiB

s Bamy (puc. 2.35) 3rigHO cxemu GOpMYBaHHS
KoHKypytounx BapiantiB TII (puc. 1.7) po3poOneHi MOXKIHBi
Bapiantu TII #ioro 06poOkwu.

Ha puc. 2.37 Ta 2.38 mokazaHi 3aJ€XHOCTI 1HTEHCHUBHOCTI
npuOyTKy Ta IHTEHCHBHOCTI (OPMOYTBOPEHHS BiJlI BEIUYHHHU
BUPOOHMYOT napTii fetaneit 1 pizuux BapiantiB TI1 o6poOku Bama.

Sk Oaunmmo, 3 ypaxyBaHHSIM KPHUTEPiII0 «IHTCHCHBHICTH
MapXKHHAJIBHOTO TNPUOYTKY» MpH BEIMYUHI BHPOOHHUOI mapTii
neraned Ny < 8 mr oOpoOKy Bama AOLUIBHO NPOBOAMTH Ha
yHIBepCcaJIbHOMY 00JIaJIHaHHI 3 pyYHUM KepyBaHHsM (BapiaHt 3-8-
13), 'a mnpu  BHUKOPHUCTAaHHI  KPHUTEPII0  «IHTCHCHUBHICTH
¢dopMoyTBOpeHHS» €(EeKTUBHICTh 3aCTOCYBAHHsS YHIBEpCAIbHOTO
o0JyaHaHHA 00OMEXYETHCS YOTHPMA JIETASIMU Y BUPOOHWY1H TapTii.

OOpoOKky Bama [UIsi OTPUMAHHS HAWOLIBIIO! IHTEHCUBHOCTI
MapxkHHaIbHOro npubyTKy nmpu 8 < N7 <200 mrT caig mpoBOIUTH Ha
TOKapHOMY 0araToIiIboOBOMYy Ta KpyrjounundyBaJlbHOMY BepcTaTax
13 UIIK (Bapiant 2-7-14), a mpu 30i7ablIeHHI BUPOOHWYOI TapTii
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JeTanei 3aMicTh ToKapHoro OararoriisoBoro Bepcrara 3 UIIK crmix
3aCTOCOBYBAaTM  TOKApHUW  KOMIIOBaJIbHO-OaraTopisleBuil  Ta
IIMTOHKOBO-(ppe3epHnii  HamiBaBTOMatd (Bapiant 2-5-11-12-14).
Haii6inbiry iHTeHCHBHICTD popmoyTBOopeHHs BapianT TII 2-5-11-12-
14 3a6e3neuye npu 4 < N; < 95, a BapianT 2-7-14 npu Ny > 95
JIeTaJICH.
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Puc. 2.37. 3anexxHiCTh IHTEHCUBHOCTI (DOPMOYTBOPEHHS BiJ|
BEJTMYMHU BUPOOHHMYOT MApTii AeTasel A1 BiATOBIIHMX BapiaHTIB
TII 06po6ku Bana: 1 — Bapiant 3-7-11; 2 — BapianT 1-4-10-14;

3 — BapianT 2-5-11-12-14; 4 — papianT 2-7-14
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Puc. 2.38. 3anexHiCTh IHTEHCUBHOCTI MapKUHATIBLHOTO IPUOYTKY BiJl
BEJIMYMHM BUPOOHUYOI napTii netaneit 1 pizHux BapianTiB TII
00poOku Bana: 1 — Bapiant 3-7-11; 2 — Bapiant 1-4-10-14;

3 — Bapianrt 2-5-11-12-14; 4 — Bapianr 2-7-14
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Criz 3a3Ha4YMTH, 1[0 KPUTUYHA BEIMYMHA BUPOOHUYOI TapTii
JeTanel, mpu s[Kii iHTeHCHBHICTh MmpuOyTKYy ofHoro Bapianty TII
cTae OUIBIIOIO, HDK Yy IHIIOTO Maibke BABIYI y TOpPIBHSIHHI 3
KPUTUYHOIO BEJIMYUHOIO BHpOOHHMUOi mapTii mnst mux sxe TII mo
iHTeHcuBHOCTI  popmoyTBOpeHHs. Ile oOymoBiIeHO THUM, IO
3pOCTaHHs MPOAYKTHBHOCTI OOPOOKH 32 paXyHOK 3MiHH CTPYKTYpHU
TII moB's3aHo 31 30UIbIMIEHHAM COOIBApTOCTI 1 TOMY €KOHOMIYHA
edexTuBHIcTh BripoBamkeHoro TII Oyxe 3abe3nedeHa TiIbKU TpU
30UTbIIIEHH] BUPOOHUYOI MapTii JeTaICH.

3aJIe)KHOCTI  MOCTIMHMX  BHUTpAT, IO NPHUMNAJAl0Th Ha
BUPOOHMUYY TapTilo JeTaneld, Ta IMOBIPHOCTI BHKOHAHHS 3aBIaHHS
BiJI BEJIMYMHM BUPOOHWYOI mapTii mpu oOpoOIi Bajga MmoKa3aHO Ha
puc. 2.39-3.40.
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Puc. 2.39. 3anexHIiCTh TOCTIHHUX BUTPAT, 10 MPUTIATAIOTh HA
BUPOOHMYY MApTIilO JeTaliel, BiJl BEIMYMHNA BUPOOHNYOT MapTii
netaneit 1y pizHux BapianTiB TII 06poOku Baa:

1 — BapianT 3-7-11; 2 — Bapiant 1-4-10-14;

3 — BapianT 2-5-11-12-14; 4 — papianT 2-7-14

He3Baxaroun Ha HEBHUCOKY NPOAYKTHBHICTh HalMeHIIa
€JICKTPOMICTKICTh MPUOYTKY 3a0e3neuyeThesi pu 00poOIl Bama Ta
¢danns Ha yHiBepcalbHOMY OOJIaJJHAHHI 3 PYYHUM KEpyBaHHSM
TOMY, LI0 IpHU IbOMY MalOTh HailMEHIIE €eJIEeKTPOCIOKUBAHHS.
MakcumanbHe 3HAa4YeHHS eNEKTPOMICTKICTh TpUOYTKY Mae mpu
ONHIN neranmi y BUPOOHMUIA mapTii, 31 301IBIICHHSIM KUIBKOCTI
JieTajell BOHA MOCTYIOBO 3MEHIIYEThCS 1 3AJIMIIAETHCS HE3MIHHOIO

87



3a paxyHOK TOTO, III0 TIPH 3POCTaHHI BEJIUYHMHU BUPOOHHUUOT mapTii
JeTajgei MiroTOBYO-3aKIIOYHMN 4Yac, IIepecTae BIUIMBATH Ha
TPYIOMICTKICTh 0OpOOKH JeTali Ta mMpuOyTOK BiJ ii peami3ariii.
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Puc. 2.40. 3anexHicTh IMOBIPHOCTI BUKOHAHHSI 3aBJIaHHS BiJI
BEJIMYMHM BUPOOHUYOT napTii netaneit 1 pizHux BapianTiB TII
00poOku Bana: 1 — Bapiant 3-7-11; 2 — Bapiant 1-4-10-14;

3 — Bapianrt 2-5-11-12-14; 4 — Bapianr 2-7-14

Bapiantn TII, B sAKWX BUKOPHUCTOBYETHCS YHIBEpCaIbHE
oOlajHaHHA 3 PYYHUM KEpyBaHHSIM, MAlOTh MiHIMajbHI MOCTiHHI
BUTpATH, 110 MPUIAJAIOTh HA BUPOOHUUY napTiro aetaneit npu Ny <
30. IIpu 30 < Ny < 1000 HaiimeHmI MOCTifiHI BUTpaTH, IIO
MpUNaal0Th Ha BHPOOHWYY mapTiio neraneit, mae TII, B skomy
BUKOPHUCTOBYETHCS TOKapHUU 6araroIiibOBHiA Ta
kpyraonutipyBanbauii  Bepcratu 3 UIIK (Bapiant 2-7-14 Ha
puc. 2.39). lle Bu3HAYa€TBCS 1X TOCUTH BUCOKOKO MPOJYKTUBHICTIO
Ta HE3HAYHUMHU BUPOOHWYMMH IUIONMIAMH, SIKI BOHH 3aiiMaloOTh
MOPIBHSHO 3 1HIIUMU BepCTaTaMH.

IMOBIpHICTP BUKOHAHHS 3aBIaHHS TNPH OOpoOIll Baja s
N7 <30 He 3anexuts Big Bapianty ctpykrypu TII i ckinanae 61u3bpKo
95% 3a paxyHOK TOTro, II0 TpHU HETPUBAJIOMYy 4aci oOpoOKH Takoi
napTii Jerajel MpakTUYHO BIJACYTHI BiIMOBH BepcTaTiB. Y LbOMY
BUIMAJIKy IMOBIPDHICTh BUKOHAHHS  3aBJIaHHSI BU3HAYAETHCS
HanidHicTio PI, mo 3anisHi mpu oOpoOmi gerami Ha KOXHOMY
BepcTaTi. 31 301UIBIICHHSIM MapTIi AeTanell 30UIbIIYETHCS Yac poOOTH
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BEpCTaTiB Ta IMOBIPHICTh iX BIJIMOBH, IO MPHU3BOJUTH [0
3MCHILICHHS IMOBIPHOCTI BUKOHAHHSI 3aBIAaHHS.

JIisi migBUINEHHST PiBHSA 1IMOBIPHOCTI BHUKOHAHHS 3aBIaHHS
nepen0daueHo  BBEIACHHS  pe3epBy 4Yacy Ha  BiHOBICHHS
mpare31IaTHOCTI MeTajopi3aibHOro oOmamgHanHs Ta Pl y pasi ix
BHUITIaJIKOBOI B1JIMOBH.

Ha puc. 2.41 moka3zaHo 3aJeXHICTh IMOBIPHOCTI BHKOHAHHS
3aBJIaHH MPpH 00pOOIIi Bajia BiJl pe3epBy dacy.
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Puc. 2.41. 3anexxHicTh IMOBIPHOCTI BUKOHAHHSI 3aBJIaHHS BiJI
pesepBy vacy i pizHux BapianTiB TII 06poOku Bana
(Ny =200mr): 1 — BapianT 3-7-11; 2 — Bapiant 1-4-10-14;
3 — BapianT 2-5-11-12-14; 4 — papianT 2-7-14

Sk Oaummo, ansi 3a0e3redyeHHs IMOBIPHOCTI BHUKOHAHHS
3apnaHHsa 98% mnpu o6pobui 200 BasiB B 3aJ€KHOCTI BiJl BapiaHTy
TII neoOxinHMit pe3eps vacy Bix 3,7 10 9,5 rox.

BBenenHss pesepBy uYacy BIUIMBaE Ha TPYAOMICTKICTh
00poOKM JeTaii i BIAMOBITHO MPU3BOAUTH 10 3MIHU 3HAUY€Hb 1HIIMX
KPHUTEPIiB ONTHUMAIBHOCTI (puc. 2.42-2.45).

IIpu 30inblIeHHI IMOBIPHOCTI BUKOHAHHS 3aBAAaHHS 3a
paxyHOK pe3epBy 4Yacy IHTCHCHUBHICTh (DOPMOYTBOPECHHS Ta
IHTCHCUBHICTh ~ MapXXHMHAJIbHO  NpUOYTKY  3MEHIIYIOTHCS B
cepenapboMy Ha 29% 1 40% BIAMOBIIHO, a MOCTIWHI BUTPATH, IO
NPUIAAAI0Th Ha BUPOOHMYY MApTii0 JeTalieil Ta eNeKTPOMICTKICTb
npuOyTKy 30UIBIIYIOTECA B cepeHbOMY Ha 23% 1 6% BIANOBITHO.
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Puc.2.42. 3anexHicTb Puc.2.43. 3anexHicTb
IHTEHCUBHOCTI MapKUHAIBHOTO  IHTEHCHUBHOCTI JOPMOYTBOPEHHS
npuOYTKY BiJl pe3epBy 4acy s BiJl pe3epBY Yacy JUIsl pi3HUX
pi3aux BapianTtiB TII 0O6poOku BapianTiB TII 06poOku Basa:
Bana: 1 — BapianT 3-7-11; 1 — BapianT 3-7-11,
2 — Bapiant 1-4-10-14, 2 — Bapiant 1-4-10-14,
3 — BapianT 2-5-11-12-14; 3 — BapianT 2-5-11-12-14;
4 — papianrt 2-7-14 4 — papianrt 2-7-14

[Ipu 30imbiIeHHI WMOBIPHOCTI BUKOHAHHS 3aBJAaHHS 3a
paxyHOK pe3epBy uacy A0 98% I1HTEHCHBHICTb Map>KHHAIBHOTO
npuOyTKy Ta I1HTCHCUBHICTH (DOPMOYTBOPEHHS 3MEHIIYIOTHCS
BignoBigHo Ha 40% 1 29%, a eleKTpOMICTKICTh MNpUOYTKY Ta
BUTpAaTH Ha BHUPOOHHMYI mouli 30utbmIyloThest Ha 6% 1 23%
BIJIITOBIHO.

Peseps uacy, mo notpibeneH s 3abe3nedeHHs HeoOXiJHOTO
piBHS WMOBIPHOCTI BHKOHAHHS 3aBIaHHS, 3aJICKUTh BiJl BEIMUYHNHU
BUPOOHMUYOI MapTii neTanei.

Ha puc. 2.46 moxkazaHO B3aJIeKHICTh pPE3E€pBY YaCy BIf
BEJIMYMHM  BUPOOHMYOI maprii ngetanmeil mnpu  3abe3nedeHHi
HMOBIpHOCTI BUKOHAHHS 3aBaHHs 98%.
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Puc.2.44. 3anexHicTh Puc.2.45. 3anexHIiCTh MOCTIHIX
€JICKTPOMICTKOCTI TPUOYTKY BiJI BHUTpAT, 110 TPUNIAAAIOTh Ha
pe3epBy yacy A pi3HUX BUPOOHUYY MApTiIO Bi pe3epBy
BapianTiB TII 06poOku Basa: yacy J1s pizHux BapianTiB TII
1 - BapianT 3-7-11; 00poOKH Baja:
2 — BapianT 1-4-10-14, 1 — BapianT 3-7-11,
3 — BapianT 2-5-11-12-14; 2 —Bapiant 1-4-10-14,
4 — papianrt 2-7-14 3 — BapianT 2-5-11-12-14;
4 — Bapianr 2-7-14
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Puc. 2.46. 3anexxHicTh pe3epBy yacy BijJ BEIMUYUHH BUPOOHUYOT
napTii getaneit 1y pizaux BapianTiB TII 06poOku Bana:
1 — BapianT 3-7-11; 2 — BapianT 1-4-10-14;
3 — BapianT 2-5-11-12-14; 4 — papianT 2-7-14
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[Tpu 06poO6IIl Basia BUpOoOHWYA TTAPTis AeTalel, B MeXax sKOi
pe3epB yacy He 3anexuth Big cTpyktypu TII, ckmamae 17 mr. Lg
KUIBKICTh BU3HAYAETHCS TPUBATICTIO OCHOBHOTO Yacy iX 0OpOOKH.

VY Ttabn. 2.9 naBeneHo HaiBurigHimn Bapiantu TII 0oOpoOku
Bajia B 3aJICXKHOCTI BiJ] BEJTMYMHN BUPOOHUYOT MapTii JeTanei.

Tabmus 2.9
BrumiB BenmurHN BUpOOHWYOT MapTii JeTaneit Ha BUOIp
HaiiBuriguimoro Bapianty TII 06poOku Bana

Bennuuna BupoOHHUOi maprii geranei, mr.

Bapiant TII

3-7-11

1-4-10-14

2-5-11-12-14

2-7-14

2.6. BuOip HaiiBUrigHilIOro BapiaHTy TeXHOJIOTiYHOIO
npouecy o0pooku aerajnei Tumy JaaHus

MoxuBi Bapiantd TII 00poOku gerami Tumy QuaHIsg
(puc. 2.36) po3pobiieHi 3rimHO cXxeMu (OpPMYBaHHS KOHKYPYHOUHX
BapiaHTiB (puc. 1.7).

Ha puc. 2.47-2.49 nHaBeneHO 3aJeXHOCTI 1HTEHCHBHOCTI
MapXKHHAJIBHOTO MNPUOYTKY, IHTEHCUBHOCTI (DOPMOYTBOpPEHHS Ta
MOCTIHHUX BUTPAT, IO MPHUIAAAIOTh, HA BUPOOHUYY NapTIIO JAeTalIeh
BiJl BEJIMYMHHM BUPOOHMYOT maptii peraneil 1uis pizHux BapianTiB TII
00poOKH (raHts.

Ha puc. 2.50 nmoka3aHo 3aJe)XHICTh IMOBIPHOCTI BUKOHAHHS
3aBJaHHS BiJ pe3epBy vacy, a Ha puc. 2.51-2.54 — 3anmexxHOCTI
BIUIMBY PE€3€PBY Yacy Ha BEJIMUUHY KPUTEPIiB ONTUMAIBLHOCTI.

[Ipu 36indpmIeHH] WMOBIPHOCTI BUKOHAHHS 3aBIaHHS 3a
paxyHOK pe3epBy 4Yacy IHTCHCHBHICTh (OPMOYTBOPEHHS Ta
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IHTCGHCUBHICTh ~ MAap)KWHAJIBLHOTO MPUOYTKY  3MEHIINYIOTHCS B
cepenabomy Ha 24% 1 35% BiANOBiAHO.
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Puc. 2.47. 3anexxHICTh IHTEHCUBHOCTI (POPMOYTBOPEHHS BiJI
BEJIMYMHM BUPOOHMYOI napTii netaneit 1 pizaux BapianTiB TI1
00po0Oku dnanns: 1 — Bapiant 1-7-10-11; 2 — BapianT 2-9-12,;
3 — BapiaHT 6-12; 4 — BapianT 3-9-12; 5 — BapianT 5-9-12;

6 — BapianT 4-9-12
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Puc. 2.48. 3anexHiCTh IHTEHCUBHOCTI MapKUHAJIBHOTO MPUOYTKY Bif
BEJIMYMHU BUPOOHMYOT NapTii AeTanei Ay pisHux BapianTiB TI1
00po6ku ¢nanus: 1 — Bapiant 1-7-10-11; 2 — BapianT 2-9-12;

3 — BapiaHT 6-12; 4 — BapianT 3-9-12; 5 — BapianT 5-9-12;

6 — Bapiant 4-9-12
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Puc. 2.49. 3anexxHiCTh MOCTIHHUX BUTPAT, 110 IPUTIAIAIOTh HA
BUPOOHUYY NAPTIiIO JETAJICH, B1I BEIMYNHUA BUPOOHUYOI MapTii
neranei ans pisHux BapiantiB TII 06poOku ¢manis:

1 — BapianT 1-7-10-11; 2 — BapianT 2-9-12; 3 — BapianT 6-12,;
4 — apiant 3-9-12; 5 — Bapiant 5-9-12; 6 — Bapiant 4-9-12
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Puc. 2.50. 3anexxHicTh iIMOBIPHOCTI BUKOHAHHS 3aBJIaHHS BiJ
BEJIMYMHU BUPOOHHMYOT NapTii AeTanei Ay pisHux BapianTiB TI1
00po6ku ¢nanus: 1 — Bapiant 1-7-10-11; 2 — BapianT 2-9-12;
3 — BapianT 6-12; 4 — BapianT 3-9-12; 5 — BapianT 5-9-12;

6 — Bapiant 4-9-12
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Puc.2.51. 3anexHicTh Puc.2.52. 3anexHicTh
IHTEHCUBHOCT1 JOPMOYTBOPEHHS  1HTEHCHUBHOCTI Map>KHHAJIBHOTO

BiJl pe3epBY Yacy AJIs PI3HUX npubyTKYy, BiJl pe3epBy Hacy IJis
BapianTiB TII 06poOku danis: pi3aux BapianTtiB TII 06poOku

1 — BapianT 1-7-10-11, ¢dnanms: 1 — Bapiant 1-7-10-11,

2 — BapianTt 2-9-12; 2 — BapianT 2-9-12;

3 — BapiaHT 6-12; 3 — BapiaHT 6-12;

4 — papianr 3-9-12; 4 — papianrt 3-9-12;

5 — BapianTt 5-9-12; 5 — BapiaHnT 5-9-12;

6 — BapianT 4-9-12 6 — BapianT 4-9-12

301UTbIIICHAS] IMOBIPHOCTI BUKOHAHHS 3aBIaHHS MPHU3BOAUTH
TaKOXX J0 30UTbIIEHHS TOCTIHHUX BUTpPATH, IO NPHUMNAJAIOTH Ha
BUPOOHMYY MapTii0 JeTalell Ta EeJIeKTPOMICTKICTh NpHUOYTKY B
cepenabomy Ha 19% ta 5% BiamoBigHO.

Ha puc. 2.55 mnokasaHo 3aleXHICTh pe3epBy 4acy Bif
BEIMYMHU  BUPOOHMYOI mapTii jgeramed Tpu  3a0e3NeueHHi
IMOBIpHOCTI BUKOHaHHS 3aBAaHHA 98%.

Bupobnuya maprtis aetanei, mpu sIKiii HEOOXITHUU pe3epB
yacy s 3a0e3MedeHHs IMOBIPHOCTI BHUKOHAHHS  3aBIaHHS
cTaHoBUTH 98%, He 3anexuTh BiA cTpykTypu TII oOpobku dumannsg i
cKiajae 22 jeraii, a caM pe3epB yacy CTAaHOBHTH 3 XB.
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Puc.2.53. 3anexHicTh ocTiiiHUX  Puc.2.54. 3aiexHicTh IOCTIHHUX

BUTpAT, 1110 IPUMAJAl0Th HA BUTpAT, 1[0 IPUMAJAl0Th HA
BUPOOHUYY MAPTil0, BiJl pe3epBy  BUPOOHUUY MAPTit0, BiJl pe3epBY
yacy Jy1s pizHux BapianTiB TII yacy J1s pizHux BapianTiB TII
00poOku (nanus: 1 — Bapiant 1-  00poOku dranus: 1 — Bapianr 1-
7-10-11; 2 — BapianT 2-9-12; 7-10-11; 2 — BapianT 2-9-12;

3 —Bapianrt 6-12; 4 — Bapiant 3- 3 — Bapiant 6-12; 4 — BapianT 3-
9-12; 5 — Bapianr 5-9-12; 9-12; 5 — BapianT 5-9-12;

6 — BapianT 4-9-12 6 — BapianT 4-9-12
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Puc. 2.55. 3anexHicTh pe3epBy yacy BijJl BEIMUYUHH BUPOOHUYOT
napTii getanen s pisHux BapianTiB TII 00poOku daHIs:
1 — BapianT 1-7-10-11; 2 — BapianT 2-9-12; 3 — BapianT 6-12;
4 — papiant 3-9-12; 5 — BapianT 5-9-12; 6 — BapianT 4-9-12
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VY Ttab6un. 2.10 HaBeneHo HaiBuriAHIII Bapiantu TII 06poOku
(iraHIs B 3aJICKHOCTI BiJ] BETUYMHU BUPOOHUYO]I MapTii JeTanei.

Taomuus 2.10
BB BennunHu BUpOOHUYOI MapTii Aetaneld Ha BUOIp
HavBurigHimoro Bapianty TII o6poOku ¢uranis

Benmuunna BUpoOHUYOI apTii AeTasiei, IT.

BapianT TII

1-7-10-11

6-12

5-9-12

4-9-12
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3. KOHCTPYKTOPCHKO-TEeXHOIOTiuHe 3a0e3MmeyeHHs
iHTeHCcHpikanii 00poOkM TiJI 06epTaHHs

3.1. baraTopi3ueBa o0po0ka Ha TOKAPHUX BepcTraTrax i3
YIIK

Bucoka BapTiCTh CydacHHX METAJIOPi3aIbHUX BEPCTaTiB
BU3HA4Ya€e HEOOXIHICTh MAKCHUMAaJbHO €(EKTUBHOIO BUKOPUCTAHHS
BEPCTAaTHOTO 4Yacy IUISIXOM ITOE€IHAHHS MOXIMBOCTEH BepcTara Ta
TEXHOJIOTIYHOT OCHACTKU. 301IbIICHHS! €()EeKTUBHOCTI BUKOPUCTAHHS
BEPCTATHOTO  4Yacy JIOCSATAEThCS 32  PaxyHOK  ITiIBHICHHS
MPOJAYKTHBHOCTI IUISIXOM 3MEHIIICHHST OCHOBHOTO Ta JIONMTOMI>KHOTO
yacy pobotu Bepcrata. OgHUM 3 €PeKTUBHUX CIIOCOOIB MiABUICHHS
MPONYKTUBHOCTI ~ BEpcTaTa €  BIPOBADKCHHS  OaratopisieBoi
0o0poOKM, siKa 3IIACHIOETBCS 32  JIOMOMOTOK  CHEI[iaIbHUX
JOTIOMDKHHUX Ta Pi3aJIbHUX IHCTPYMEHTIB.

3nificauTi  Oaratopi3nieBy ~— OoOpoOKy  Ha  TOKapHO-
TBUHTOPI3HUX Bepcrarax 1 Bepcrarax 13 UYIIK wmoxnouBo 3a
JOTIOMOTOI0  3aMpPOIIOHOBAHOTO HaMU KoMOiHOBaHOTrO pizms [59],
SKUWA OKpIM 0a30BOTO CTaHIAPTHOTO Pi3Ilsd JOJAATKOBO OCHAITYETHCS
OoNHi€EI0 ab0 KUIbKOMa pI3LUEBUMHM BCTaBKaMM 3  pi3ajJbHUMHU
MJIaCTUHAMH, 10 BCTAHOBIIOIOTHCS Ta PETYJIIOIOTHCA HAa HEOOXIiMIHI
po3MipHu 0OpOOKH B YCiX HAMPSMKaX.

Komb6inoBanwmii pizenp (puc. 3.1, a) ckinamgaeTbesi 3 6a30BOTO
CTaHAapTHOro pi3usg 1 1 pi3eBoi BCTaBKM 2, sSIKi BUCTaBIEHI OJUH
BIJIHOCHO 1HIIIOTO 3a JIONIOMOTOI0 TMPOKJIamoK 4, 5 1 6 Ta 3’emHaHi
3aTUCKHUM KPOHIUTEHHOM 3 3 BUKOPUCTAaHHAM O0nTiB 7, 8.

Hanaromxennss pi3nsg Ha HEOOXiJHI pPO3MIpH  0O0poOKH
BUKOHYETBCS 11032 BEPCTATOM 3TiJHO 3 TEXHOJOTIYHOI CXEMOIO
00poOku. PizanmbHI KpomMKkH 0a30BOTO Pi3llsd Ta PIi3IEBOI BCTABKH
BUCTABJISIIOTBCS IO BHCOTI 3a JIOMOMOTOI0 MiIKIagKu 5. Y
MO3/IOBXKHROMY HAIPsIMKY BIJICTaHb MDK pi3albHUMH KPOMKaMH
6a30BOT0 i3I Ta Pi3LEBOT BCTABKU PETYIIOETHCS MPOKIAIKo0 4. Y
MOTIEPEYHOMY HAMNPSIMKY BIJICTAaHb MIDK BEPIIMHAMH Pi3adbHUX
IUTACTUH PETYTIOEThCS IIITXOM TEPEeMIlIeHHS pI3IeBOi BCTaBKHU
B3/IOBXX TpHMada 0a30BOTO pi3ld. 3a JOMOMOTOI0 TMiIKIAIKH 6
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3a0e3mevy€eThCs IIIIBHICTh Ta OJHOYACHE CTHUCKAaHHS pi3Id Ta
Ppi31I€BOi BCTABKH.
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Puc. 3.1. Kom6inoBauwii pizenp (marent Ykpainu Ne 24137)

3anexHo BiJ MOEIHAHHS 0a30BOr0 pi3lis Ta Pi3LIEBUX BCTABOK
(puc. 3.1, 6) koMOIHOBaHM pi3elh AOIUIBHO BUKOPUCTOBYBATH IS
00pOOKH CTYNIHYACTHX LUIIHIPUYHHUX [MOBEPXOHb, KAHABOK 1 (pacok

K Ha TOKApHO-TBHHTOPI3HMX BepcTarax, TaK 1 Ha TOKapHUX
BEpCTaTax i3 UIIK, 110 OCHAIlIEHI  PEBOJILBEPHUMU
IHCTPYMEHTATbHUMU TOJIOBKAMH. TexHomoriuHi CXeMH
OaraTopi3ieBoi 0OpoOKH 3 BUKOPHCTAHHIM KOMOIHOBaHMX PI3LiB Ha

TOKapHO-TBHHTOPI3HOMY BepcTaTi Ta TokapHomy Bepcrtari 3 UIIK
IO0Ka3aHo Ha puc. 3.2 Ta 3.3.
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Puc. 3.2. TexHonoriuni cxemu 0araropi3reBoi 0OpoOKu
Ha TOKapHO-TBUHTOPI3HOMY BEPCTATi 3 BUKOPHUCTAHHIM
KOMOIHOBAHOTO Pi3IIs

Puc. 3.3. Texnonoriyna cxema OaratopizueBoi 0OpoOKku Ha
tokapHomy Bepcrari 3 UIIK npu BukoprcTanHi KOMOTHOBAHOTO
pizus: 1 — mmuHaens BepeTara; 2 — 3aHii HeHTp; 3 — peBOJIbBEPHUI
cynopt; 4 — 06pobIIOBaHa 3ar0TOBKA; 5 — KOMOIHOBAaHHH pi3elb
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3naificHuTi OaraTopi3ieBy 0OpoOKy Ha TOKapHHX BepcTarax 3
UIIK, 1m0 oOcHamieHi pEeBOJBBEPHHUMH  IHCTPYMEHTATBbHUMHU
TOJIOBKaMH, JTO3BOJISIE TaKOX OaraTopiziieBuid Tpumad [60], skuii y
3HAYHIM Mipl pO3IMIHUPIOE iX TEXHOJOTIYHI MOXKIMBOCTI Ta IMiJBHILY€E
MPOJIYKTUBHICTH 00poOku. bararopisiieBuii Tpumad sBiisie 0000
TOTIOMIXXHUHM 1HCTPYMEHT, 110 MPU3HAYCHHUH N7 BCTAHOBIICHHS Ta
3aKpITUICHHS B OJIHIM MO3HIIIT PEBOJIBBEPHOI TOJIOBKH KiJIbKOX PI3IIiB.

bararopizueBuii Tpumau 1 (puc. 3.4) kpim 6a30Boro pisus 8
Ma€ TO3/I0BXKHIM Ta3, y SKOMY PO3MINIYIOThCA pi3ii 2, 5, mio
3aKPITUTIOIOTHECST OonTamMu 9 3a JOMOMOTOI0 IUIAHOK 3 Pi3bOOBUMH
orBopamu 4, 7. Pi3anpHi KpOMKHM pi3liB 2, 5 BHUCTaBISAIOTHCS II0
BHUCOTI BITHOCHO Pi3aJIbHOI KPOMKH 0a30BOTO Pi3Ilsd 3a JOMOMOTOIO
migkaanaok 3, 6. 3MiHA MONOXKEHHs PI3liB 2, 5 BIANOBIAHO HOBOI
cXeMu OOpoOKHM BiOyBa€eThCs NUISIXOM 1X TMEpPEeMIIIEHHS TI0
M03/I0B)XKHBOMY I1a3y B HEOOX1HOMY HAIpSIMKY.

Puc. 3.4. bararopisuesuii Tpumau (mateHT Ykpainu Ne 24139)

BaratopisueBi Tpumayi 3 TOMEPEAHHO HAJIATOKEHUMHU Ha
posmip PI, BCTaHOBMIOIOTHCS Ta 3aKpIIUIIOIOTBCA B Taszax
PEBOJIBBEPHOI I'OJIOBKHU BepcTara (puc. 3.5).

3anpornoHoBaHa yIIOCKOHAJICHA KOHCTPYKIIist
OararopisneBoro  Tpumadya (BukoHaHHs 1) mopiBHAHO 3
KOHCTPYKITi€to mpoToTuny (BukoHaHHs 1) [30] Biapi3HAETBCSA OLIBIT
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NIMPOKMMH  TEXHOJOTIYHUMH MOXKIUBOCTSIMH Ta  MiJBHIIECHOIO
JKOPCTKICTIO 3a PaxXyHOK TOro, MI0 OaraTopi3leBWii TpuMad
OCHAIIICHUH TOAATKOBO 0a30BHM pI3IEM 13 3aKpIIUICHOI Ha HbOMY
Pi3aIbHOIO TIACTHHOIO.

Buxonanns | Buxonaunns 11

Puc. 3.5. baratopi3uesi Tpumayi

Bararopi3uieBuii Tpumad B 3aJ€XKHOCTI BiJI TEXHOJOTTYHOL
CXEMH HaJaro/KEHHS J03BOJISIE MPOBOJUTH OJHOYACHY OOpPOOKY
KUJTbKOX TTOBEPXOHb 3arOTOBKU Y TO3[IOBKHROMY a00 MOTIEPEIHOMY
HanpsiMKax (puc. 3.6).

Puc. 3.6. TexHOJOTI4YHI CXEMH HAJIATOKEHHS 0araTopizieBoro
TpUMaya
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3anporoHoBaHi KOMOIHOBaHWW pi3elnb 1 OaraTopi3leBui
TpUMad MOXXYTh BHKOPHCTOBYBATHCS sl OararopizueBoi oOpoOku
neTaniel sIKk Ha TOKapHUX BepcTarax 3 pyYHUM KepyBaHHSM, Tak 1 Ha
tokapHux Bepcratax i3 UIIK mis migsumenHs npoayktuBHocTi. [Tpu
IbOMY KOMOiIHOBaHWHM pi3elb 1 Oaratopi3leBUil TpUMad MOKHA
3aCTOCOBYBATH MpU 00poO1i criocoOoM po3MOIiICHHS MPUITYCKY Ha
00poOKy a00 pOo3MOIiTIEHHS JOBXKHUHU 00POOKH.

Jis  BU3HA4YeHHS PIBHSA MIJBUIICHHS MPOIYKTHBHOCTI
OararopisieBoi 0OpoOKH MpHu BUKOPUCTaHHI KOMOIHOBAHOTO Pi3Isd Ta
OararopisneBoro Tpumada OyJM MPOBENEHI JTOCTIKCHHS 1X BIUTUBY
Ha BEJIMYUHY IHTEHCUBHOCTI (POPMOYTBOPEHHS Ta TPYAOMICTKOCTI
00poOKHM netaneil pizHoro miamerpy. Po3paxyHOK IHTEHCHBHOCTI
(GOpMOYTBOpEHHSI Ta CKIAJOBMX HOPMH 4Yacy BHUKOHYBaBCS IS
BUMAAKy BUKOpUCcTaHHA Pl 3 TBeprocmiaBHUMU TJIaCTUHAMH
BITYM3HSIHOTO BUPOOHMULTBA 0€3 3HOCOCTIHKOTO MOKPUTTS, PEXKUMHU
pi3aHHS IS SKOTO TPU3HAYAIUCS 3TIIHO 3 PEKOMEHAIisIMU
3araJbHOMANIMHOOYIIBHUX HOPM Yacy Ta peXUMIB pi3anHs [56-58],
a takox mpu Bukopuctanui Pl ¢pipmu SANDVIK COROMANT 3
peXKMMaMH  pi3aHHS 3TigHO 3 pekoMeHpamisimu [24]. Ilpu
BUKOPUCTaHHI BITYM3HSIHOTO Pl 00p0oOKy JOIUIBHO 3A1MCHIOBATH Ha
3BHuaiiHoMy TokapHomy Bepcrati 3 UIIK, mo He 3abe3neuye
BUCOKHMX IIBUAKOCTEH pi3aHHs, a Tpu BukopuctanHs Pl dipmu
SANDVIK COROMANT, saxuii 3a0e3nedye BHCOKI IIBUIKOCTI
pi3aHHs, HEOOXIHO OpIEHTYBATHCS Ha BUCOKOIIBUIKICHI TOKapHI
BepctaTu 3 YIIK.

Ha puc. 3.7 naBemeHo rpadiku 3aIe)KHOCTI HOPMATHBHOL
IHTEeHCUBHOCTI (OpMOYTBOpeHHsI TokapHoro Bepcrara 3 UIIK Bin
niaMeTpy oOpoOIIOBaHOI TOBEPXHI MPH OAHOPINIEBIA 00pOOIT
crangaptHuM PI ta GaraTopisueBiii 00poO1i KOMOIHOBAaHUM pi3LEM 1
3a IOMOMOT010 0araTopi3ieBoro TpuMayva.

Oo6pob6ka PI ¢pipmu SANDVIK COROMANT Ha pexumax
pi3aHHS 3TITHO 1X PEKOMEHJAIlli Ha BHCOKOIIBHJKICHUX TOKapHHX
BepcTaTax JI03BOJSIE MIJBUIIMTH HOPMATHUBHY 1HTEHCHBHICTb
(GbOpMOYTBOPEHHS Ta 3MEHUIMTH TPYIOMICTKICTH 00poOku Ha 48%.
3nificHeHHs 6araTopi3ieBoi 0OpoOKHU 3a TOTTOMOT0I0 KOMOIHOBAaHOTO
pi3ll Ta GaraTtopi3leBOro TpUMaua 3 JBOPI3IEBOI HAJIAIAKOI TMPH
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BUKOPUCTaHHI BITUM3HSHOTO Pl 103BOJISIE MIABUIIMTH 1HTEHCUBHICTD
(GOopMOYTBOpEHHSI Ta 3MEHIIUTH TPYIOMICTKICTh OOpOOKH Yy
MOpIBHSIHHI 3 OJHOpi3IEeBol0 oOpoOkoto Ha 47%, a mpu
BukopuctanHi Pl ¢ipmu SANDVIK COROMANT - na 64%.
bararopi3uieBuii TpuMad 3 TPUPI3LEBOIO HATAIKOK J03BOJISIE
HiABUIIUTH  IHTCHCHUBHICTH  (OPMOYTBOPEHHS Ta  3MEHLIUTHU
TPYAOMICTKICTh 00poOku Ha 95 Ta 145% BIANOBIIHO MOPIBHSHO 3
OJTHOPI3LIEBOI0 0OPOOKOIO.
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Puc. 3.7. 3anexHicTh HOPMATUBHOI IHTEHCUBHOCTI (DOPMOYTBOPEHHS
s Tokapaoro Bepcrara 3 UIK Bix miametpy oOpoOkwu:
1, 2, 3, — onHO-, IBO- Ta TpHUpi3IeBa 0OPOOKA BiMOBIIHO 3
pEeKMMaMHK pi3aHHs 3TiHO 3 peKoMeHaamisMu [56-58];
4,5, 6 — onHO-, BO- Ta TpupisneBa oopodka Pl mpu pexxumax
pi3aHHs 3TiHO 3 peKOMeHIaIisamMu [24]

Takum YUHOM, e()eKTUBHICTh BUKOPHUCTAHHS
3alpONOHOBAHOTO  KOMOIHOBAaHOTO pi3lsl Ta  OaraTopi3LeBOro
TpuMaya 30UTBIIYETHCS TIPH 1X 3aCTOCYBaHHI Ha BHCOKOIIBHIKICHUX
TOKapHUX BepcTaTax i 3 BUKOpUCTaHHAM Pl mpoBigHHX CBITOBHX
BUPOOHUKIB.

3.2. TexHoJIOTiYHA OCHACTKA /15 TOKAPHHUX BEPCTaTIB

EdexTuBHICTh p0OOTH TOKApHUX BEPCTATIB Ta MIIBUIIECHHS 1X
NPOAYKTHUBHOCTI Yy 3HAUHIA Mipi 3aJ€KUTh B TEXHIYHOTO PiBHS
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TEXHOJIOTTYHOI OCHACTKUA. CTPIMKHUI PO3BUTOK TEXHOJOTIi 00pOOKH
JeTtajed Ha TOKapHUX BepcTarax OOyMOBIIOE HEOOXITHICTh
BJIOCKOHAJICHHSI Ta PO3POOKHM HOBUX KOHCTPYKIIH TEXHOJIOTIYHOI
OCHACTKH, 30KpeMa JomoMikHOro Ta PI, a Takoxx BHKOpUCTaHHS
HIBUJIKOTICPEHANIArOJDKYBAHUX ~ TPUCTPOIB 1 IIBHIKOMIFOYUX
3aTHCKHUX MEXaHi3MiB.

CyvacHu#l TOMOMIKHHUI IHCTPYMEHT TTOBUHEH 3a0e3MeuyBaTH
HafdiiiHe KpitwieHHs Pl 3 HEOOXiTHOI TOYHICTIO Ta >KOPCTKICTIO;
pO3MIUPEHHS TEXHOJIOTTYHHX MO>KJIMBOCTEH BEpCTATIB;
KOHIICHTPAIIII0 TEXHOJOTIYHUX MIEPEXOIiB; 3pyUHICTh Y eKCIUTyaTaIlii
Ta MOXJIMBICTh mepeHanaromkeHHs. Pl moBuHHI 3abe3nedyBatu
HEOOXIIHY TOYHICTh O0OpOOKH, HAIIMHICTh Ta MOMJIMBICTH IIBHAKOT
3aMiHH.

CyyacHe TOoKapHEe MeTajopi3aibHe oOJagHaHHS Tependadae
BUKOPUCTAHHS BEJIMKOI KUTBKOCTI pi3HOMaHiTHOTO PI, sikuii BrijmmBae
Ha pIBEHb HWOro TNPOAYKTUBHOCTI. ToMy JuIsi  IIiJIBHIICHHS
e(EKTUBHOCTI BUKOPUCTAHHS TOKAPHHUX BEPCTATIB 3aCTOCOBYIOTHCS
cremianmizoBadi PI, 30kpema OaraTtomoswiiiiHi Ta MOIYJbHI, MIO0
3a0€3MeuyoTh PO3MIILIEHHS B OJHOMY TpHUMadi KUIBKOX pi3aJIbHUX
MIacTUH abo mepeadavaroTh MBHUIKY 3aMiHy pi3aibHOT yacTuHU Pl

Jlnst  CKOpoYeHHs JONMOMDKHOro uacy Ha 3aminy PI Ta
palioHaJbHOTO  BUKOPHUCTaHHSA  poOOYMX  MO3HINN  (THI3M)
PEBOJIBBEPHUX 1HCTPYMEHTAJIBHHUX T'OJIOBOK a00 pi3LIEBUX TPHUMAaUiB
HaM{ 3alpONOHOBAHWI IIBUAKO3MIHHMMA piznieBuil 0ok [61]. Bin
aBisie coboro PL, mo ckmamaerbes 3 pi3LeBOi TOJIOBKU 3 KUJIbKOMA
poOOYMMHU TO3UIlISIMH, Ha SKUX BCTAHOBJIEHI pi3albHI IJIACTHHHU.
KinbkicTh poOounx MO3UIliH pi3eBOi TOJIOBKH BiMOBIAA€ KUTHKOCTI
rpaHei ii 0TBOPY, MO SKOMY BOHA 0a3yeThCs Ha MOBEPXHI PI3IIEBOTO
TpuMaya.

[IBuako3MiHHMK pi3neBuit 070K (puc. 3.8) ckimamaeTbes 3
pizueBoro Tpumaua 1, Ha SKHH BCTAHOBIIOETHCS KOPIYC pPi3LIEBOI
TOJIOBKH 2 3 pi3albHUMH TuiacTuHamu 3, 4, 5, 6. Kopmyc pisneBoi
TOJIOBKM 2 TIPUTHCKAETHCA O PI3LEBOTO TpUMada 3a JOIOMOTOIO
MPY>KUHHHUX €JIEMEHTIB 7, sIKi MPUKPIIJIEHI 0 HhOT'O TBUHTAMH 8.

Y mporeci 00poOku pi3lieBUll OJOK BCTAHOBIIOETHCSA Y
pobouy MO3UIlII0 PEBOIBBEPHOI TOJOBKM ab0 pPi3IEBOTO TpHUMaya.
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3mina pobOouoi mo3wmiii abo pi3lEeBOi TOJIOBKA B IUIOMY MOXE
BiIOyBaTucs K B PYYHOMY, TaK 1 B aBTOMAaTH30BAaHOMY PEXHUMI 3
BUKOPHCTaHHSAM 3aBaHTAXYBAIBHUX NPHCTPOiB. [ mporo kopmyc
pi3LeBOi TOJOBKM TMEPEMINIYEThCS Y TMO3JO0BXKHBOMY HAMpPSIMKY
BilHOCHO TpuMava. [licms BubGopy HeoOXimHOI pobOovoi mmo3mIii
npolieypa BiJOyBa€eTbCsl Y 3BOPOTHIM MOCHIIOBHOCTI i 4ac 4Oro
OPYKHHHI ~€JIeMEHTH BXOIATh Yy 3AYCIVICHHA 3 TOXWINMH
NOBEPXHSMHU TMa3iB PI3LEBOr0 TpuMaya, 3a0e3Meuyioud MIiIbHE
3’€QHaHHS 3 KOPIYCOM Ppi3[EeBOi TOJIOBKH Y IIO3JOBXHBOMY
HAaIpsIMKY.

2

Puc. 3.8. [lIBuaKO3MiIHHMI pi31IeBUNA OJI0K
(marent Ykpainu Ne 31382)

VY 3amponoHoBaHIi KOHCTPYKIlii BUKOPUCTOBYIOTHCS pi3aibHI
IUTACTUHU PI3HUX THUIIIB 1 BOHA MOXXE €(PEKTHUBHO 3aCTOCOBYBATHUCS
JUIT BUKOHAHHS PI3HOMAHITHUX TMEPEXOJIIB TOKapHOI 0OpOOKH,
3a0e3nmeuyroud  THUM ~ CaMHM  OTPUMaHHS  OUTBII  IIHMPOKHUX
TEXHOJIOTIYHMX MOJKJIMBOCTEH 1 MIABUINCHHS MPOAYKTHBHOCTI
00poOKH 32 PaxXyHOK CKOpPOUYEHHS BETMYHMHHU JIOTIOMIKHOTO Yacy Ha
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3aMiHy Ta TepeHamaropkeHHs Pl a Takox 3abe3nedyroun
MOYJIMBICTB 31MCHEHHS CTPYKTYPHOTO pe3epByBanHs PL
HIBuaKO3MIHHNI pi3ieBuit 010K, B SIKOMY
BUKOPUCTOBYIOTbCS ~ BITUM3HSIHI OaraTorpaHHi HeMEpeTovYyBaHi
MJIACTUHH, JIO3BOJISIE MMIBHIIMTH 1HTEHCHUBHICTH (POPMOYTBOPEHHS
Ta 3MEHIIUTH TPYAOMICTKICTH OOpOOKM Jdenajli Ha TOKapHO-
TBUHTOpI3HOMY BepcTarti Ha 3%, a Ha TokapHoMy Bepcrarti 3 YIIK —
Ha 7% (puc. 3.9). Ilpm 3acrocyBaHHi OaraTorpaHHHX
HereperouyBanux 1iaactuH  Gipmu  SANDVIK  COROMANT
MiJBUIICHHS IHTEHCHUBHOCTI (OPMOYTBOPEHHS Ta 3MCHIICHHS
TPYAOMICTKOCTI 00poOKHU BiOyBa€eThCs BiAMOBiAHO Ha 5 Ta 12%.
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Puc. 3.9. 3anexHicTh HOpMAaTUBHOI IHTEHCUBHOCTI ()OPMOYTBOPEHHS
(a) Ta TpymomicTkocTi 00poOku (0) Ha TOKapHUX BepcTaTax Bifl
niameTpy oOpoOroBaHOl MoBepxHi: 1, 2 — CTaHAAPTHUMA BITUYM3HIHUN
PI 3 pesxxumamu pizaHHs 3rigHO 3 pekoMeHaarisamu [56-58]);

3, 4 — pi3ueBuii 6J10K 3 6araTorpaHHUMH HENEPETOUYBAaHUMHU
IUTACTHHAMU Ta PEKUMaMHM Pi3aHHsI 3TiAHO 3 peKkoMeHaamissMu [24]

Sk Gaummo, Oinbil e()EeKTHBHO HIBHJIKO3MIHHHHA pi3leBUA
0JIOK MOXKe OyTHM 3aCTOCOBAaHWW Ha CyYaCHHX BHCOKOIIBUIKICHUX
tokapHux Bepcrarax 3 YIIK mpu BuKopHcTaHHI OaratorpaHHuX
HEIepPETOUYyBaHUX TUIACTHH MPOBIIHUX CBITOBUX BUPOOHHMKIB PI.

Ongaum 13 e(EeKTUBHUX CI1oco0iB M ABUIEHHS
MIPOJIYKTUBHOCTI € KOHIICHTpAIli TEXHOJOTIYHUX TepexojiB. BoHa
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peanizyeTbCs TPH BUKOPUCTAHHI CIHEIiali30BaHOi TEXHOJOT1YHOI
OCHACTKH, a TaKOoXX Ha 0araTomilibOBOMY OOJaJHaHHI, SKe
nepenbavae BHKOHAHHS OIepalii  TO4iHHS, ¢pe3epyBaHHA Ta
CBEp/UIIHHS Ha OJHOMY BEpCTaTi, IO JO3BOJSE KOMILIEKCHO
00po0ATH 1eTai 3a OIMH YCTaHOB.

3a0e3neunTi KOHIEHTPALiI0 TEXHOJIOTIYHUX TMEPEXOJiB MpU
00poOIi  OTBOPIB HA  TOKAPHO-TBHHTOPI3HMX Ta  TOKApHO-
PEBOJILBEPHUX BepcTarax T03BOJISIE BUKOPHUCTAHHS
OaraTolIMUHACIBPHUX IJIAaHETAPHUX HAcaJoK. bararommuHaenbHi
TJIaHETapHI HACAJIKU PO3MINIYIOTHCS B IMIHOJI 3aJHKOI 0abKku abo B
nazax PEBOJILBEPHUX TOJIOBOK. Bonu 320e3MeuyIoTh
0araToiHCTpYyMEHTHY O0OpOOKY KPIMMUIBHUX OTBOPIB Y JACTAIAX THUITY
dmaHIs Ta AECKa.

Jlist  3MIACHEHHsI CBEPIMJIBHUX OIepaliii Ha TOKapHHX
BepcTaTax, M0 TMOB’s3aHI 3 OOPOOKOI0 KPIMWIBHUX OTBOPIB Y
¢draHLsSIX Ta OUCKax 3allpollOHOBaHA OaraTOIINMMHJENIbHA TOJIOBKA
s TokapHOro Bepcrata [62]. Ii KoHCTpYKTMBHMME 0COOIHBOCTAMM
€ Te, MO poOoYl IMUHJACTI, $SKI BCTAHOBJICHI Y HE3aJICKHUX
KOpITycax, MOXYThb oOepraTHch B 00muaBa OOKu Ta (ikcyBaTHCA
HE3aJIeKHO OJIMH BiJl OTHOTO y OyIb-IKOMY KYyTOBOMY ITOJIOKEHHI.
IlepecyBHi CKaJlKH, IO TNepeAalOTh OOEPTOBUH MOMEHT BiX
mmusaenss go Pl, mepeminryioThcsi 1Mo HampsSMHUX KOYEHHS Ta
320€3Meuy0Th PETYNIIOBAaHHS BEIUYHMHH POOOYOrO0 Ta XOJOCTOTO
XOZIB.

BaratommunaensHa rojoBka (puc. 3.10) ckinamaeTscs 3 Baj-
IIECTIpHI 1, 0 BCTAaHOBIIOETHCS y MIHOMb 3aAHKO1I 0a0ku abo y ma3
PEBOJILBEpHOI TOJIOBKM BepCTaTa, a TaKOX OCHOBHOTO Kopiryca 2,
AKUWA y Tporeci oOpoOKM 00epTaeThCs pa3oM 31 IIMHAHIETIEM
BepcTara 3a JIONOMOTol0 TepecyBHUX ckainok 9. Ilpu obepranni
OCHOBHOTO KOpIyca MIECTIPHI MPOMDKHUX BaJliB 3, MEPEKOIYIOUHCH
1o 3yOusx Bay-IecTipHi 1, mouynHarOTh obepTatucs, 3a0e3neuyroun
He3aJIe)KHEe O00CepTaHHS TPOMDKHMX BaliB 4 1 mmuHzmeniB 5 3 Pl
dikcarisi He3alIeKHUX MIMUHICIBHUX KOPIYCiB 6 y HEOoOXiTHOMY
MOJIOKEHHI 3IHCHIOETHCSI PO3TUCKAHHSIM PO3PI3HUX BCTABOK 7 Y
KUTBIIEBUX Ta3aX OCHOBHOI'O Kopmyca 3a jonomoroto 6onri 8. ITifg
yac 3AiliCHEHHs poOo4yoi ToAadi TOJOBKH PYXOMi  CKaJIKH
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MIEePEMIIITYIOThCS 110 HANMpAMHUX Ko4ueHHs 10, mepenaroun o0epTOBUA
mMomeHT PI. 3azopu B pyXOoMuX CcKajJKaXx peryjrolThCs 3a
JOTIOMOTOr0  3aTUCKHUX KiuHIB 11. Tlo310BXKHE perymroBaHHS
PYXOMHX CKaJIOK 3 YpaxXyBaHHSIM JOBXHHHU POOOYOTO Ta XOJIOCTOTO
xony PI BinOyBaeThcs mepemimeHHsM raifok 12 ta 13.

1
=
ar
o
a
¥

{
4
Ry

Puc. 3.10. bararommuHaenbHa rojoBKa JJisl TOKAPHOTO BepcTaTa
(marent Ykpainu Ne 36305)

109



[Ticnsa 3aBeprieHHsT 0OpPOOKH PyXOMi CKQJIKH BiIBOJSATHCS Yy
IIOYaTKOBE IIOJIOKEHHA MpyxkuHamu 14. bes3azopHe mNpuiAraHas
CKaJIOK J0 3aTHUCKHUX KYJIauKiB TaTpoHa  3a0e3MedyroTh
EKCIIEHTPHUKOBI BTYNKHU 15.

3anponoHoBaHa OaraTOMIMUH/EIbHA FOJOBKA AJI1 TOKAPHOTO
BepcTaTa MOXKe BUKOPHCTOBYBATHCS IPU 00pOOLIl OTBOPIB Y JAETaSIX
TUAMY JUCKa, (UIaHms 1 BTYJIKM HAa TOKAapHO-TBUHTOPI3HUX Ta
TOKapHO-PEBOJIbBEPHUX BEpCTaTax 3 METOI0 PO3MIUPEHHS IX
TEXHOJIOTIYHMX MOMKJIMBOCTEH Ta IMMABUIICHHS MPOAYKTHBHOCTI
00pOoOKH.

Ha puc. 3.11 mokazano rpagiku 3aJIe’KHOCTI HOPMAaTHUBHOI
IHTEHCUBHOCTI  (D)OPMOYTBOPEHHSI Ta TPYAOMICTKOCTI OOpOOKH
HECIIBBICHUX OTBOpIB Yy JAeTaniax Tumy (iIaHms Ta AUCKY BiX
JIiaMeTpy OTBOPY MpHu iX 0OpoOIli Ha PI3HUX THUIAX BEPCTATIB 13
3aCTOCYBaHHSAM 0araTOIINUHACILHUX TOJOBOK.

%r 6--_--__ -_-__"_"""———.
MM/ xb /_

170 | (BepnunsHo-dpe3epHul 3 YK

| m——

%o T e
\ TokapHo-zbusmopizHul
b3
[~ =— - —_————
&0 ™ BepmukansHo-chbepnunsHuu
—1
50
20
4 6 8 0 20 mm

Puc. 3.11. I'padiku 3amexHOCTI HOPMATUBHOI IHTEHCUBHOCTI
(bopMOyTBOpeHHS 4-X OTBOPIB y JETAAX TUITY (PIIAHIII Ta AUCKA 32
JIOTIOMOT'OF0 0araTOIIMUHICIbHUX TOJIOBOK BiJl AlaMETPy OTBOPY:
1, 2, 3 — 06podka BiTun3HsAHUM PI 3 pesxumamu pizaHHs 3TiTHO 3
pexomenaamismu [56-58]; 4, 5, 6 — 06pobka PI Ha pexxnmax
pi3aHHs 3TiHO 3 peKOMeHIaIisamMu [24]
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3a paxyHOK CKOPOYEHHsS BHUTpAT JOMOMDKHOIO dYacy Ha
BCTAHOBJICHHS Ta 3aKpIIUICHHS 3arOTOBKH NMPOJYKTUBHICTH 00pOOKH
OTBOPIB y JeTalsiXx Tuny GJiaHIsd Ta JUCKa TPH BHUKOPUCTaHHI
3aMpoONOHOBaHOI  OaraTOMIMUHIETHHOI TOJIOBKA JUISI TOKApHOTO
Bepcrara 3 BiTuM3HsAHUM Pl minBuimyetrbcs Ha 60% MOpiBHSAHO 3
00poOKOI0  0araTOIIMMUHJIEIBHOI TOJOBKOIO Ha BEPTHUKAIBHO-
CBEepIIIIBHOMY BepcTari Ta Ha 12% mopiBHAHO 3 0OpOOKOIO
0araTOMMUHACIFHOI TOJIOBKOID HAa  CBEpIUIBHO-(QpPE3epHOMY
BepctaTti 3 UIIK. Buxopucranns PI pipmu SANDVIK COROMANT
JIO3BOJISIE  TIABUIIUTH TMPOAYKTHUBHICTH OOpOOKM OTBOpIB Ha
TOKapHO-TBHUHTOPI3HUX Bepcratax y cepennboMmy Ha 40%, a Ha
ceepammiibHO-ppesepuux 13 UIIK — na 82%. Ilpu ubomy ob6podxa
HECIMIBBICHUX  OTBOPIB Ha TOKAapHO-TBUHTOPI3HOMY  BepCTarTi
OaraToONIMUHIEILHO T'OJIOBKOIO 3abe3neuye MIIBUIEHHS
IPOJAYKTUBHOCTI Ha 65% HOPIBHSHO 3 00poOKOIO
0araToIMUHACIBHOI TOJIOBKOI0O HAa BEPTUKAIBHO-CBEPAJIUIHLHOMY
BepcraTi. Ane BOHa He 3a0e3ledye JOCTaTHBO BHCOKOTO PiBHS
MiJBUIIECHHS TPOIYKTUBHOCTI TIOPIBHIHO 3 BHUCOKOIIBUIKICHUM
cBepUIIIbHO-(Ppe3epuuM BepcraToM i3 UIIK, 3a paxyHOK TOro, mo
yacToTa oOepTaHHs IUMUHIENIS TOKapHO-TBUHTOPI3HOTO BepcTara He
nepesuiye 2500 06/xB.

BuxopucTtanHs 3anporoHOBaHUX METOJIB KOHCTPYKTOPCHKO-
TEXHOJIOT1YHOT iHTeHCH]iKalil 0OpOoOKH JT03BOJIAE PO3MIUPUTH MEXKI
e(EeKTUBHOTO  3aCTOCYBaHHS  METaJOpI3albHOTO  OOJIaIHAHHS
ocobnmBo cydacHux Bepcrartis i3 UITK.

Ha puc. 3.12, 3.13 wHaBemeHo [iarpaMu  BIUIUBY
3alpONOHOBaHUX 3aco0iB KOHCTPYKTOPCHKO-TEXHOJIOT1YHOT
iHTeHcudikaiii oOpoOKH Ha BETWYMHY BUPOOHWYOI MapTii JAeTane
npu o0poO1i Bana Ta (hiIaHLs.

[To3nauenHns TumiB BepcTaTiB Ha puc. 3.12, 3.13 HacTymnHi: a —
yHIBEpCaJlbHI BEpPCTAaTH 3 PYYHHUM KepyBaHHAM; O — yHiBepcasbHi
Bepctatu 3 UIIK; B — Gararoninsosi Bepctatu 3 UIIK; T — BepcTaTu-
HAIiBaBTOMATH.

BukopucTtanHus 3anpornoHOBaHOI TEXHOJIOTIYHOT OCHACTKH Ha
Bepcratax 13 YIIK 103Boisie 301IBIIMTH BEJIWYMHY BUPOOHUYOL
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napTii Jeranei, B Mekax sAKOi iX 3aCTOCYyBaHHS € ONTHUMAaJIbHUM
(mo3HaueHHs «6» i «B») Ha puc. 3.12, 3.13).

3Sd [T 5 1] B 2]
2 8 [ B ] B | z 1)
1 Ta [ [5] B | 2 )
0 1 .1 ll'l L0 0 o i a aQ 10 m T D0 N wm

Puc. 3.12. Jliarpama BIUTMBY TE€XHOJIOTIYHOT OCHACTKH Ha BEIMYHUHY
BUPOOHUYOI apTii JeTanei, Mexi SKOi BU3HAYAIOTh HAWBUT1THIIIUI
THUII BepcTata 1yt 00poOKH Bayia: 1 — BUKOPUCTaHHS CTaHIAPTHOI
TEXHOJIOTIYHOT OCHACTKH; 2 — BUKOPUCTAHHS IIBUIKO3MIHHOTO
pi31IEeBOTO OJIOKY; 3 — BUKOPUCTAHHS IIBUIKO3MIHHOTO Pi3IIEBOTO
050Ky Ta GaraTopi3eBoro TpuMaua

BukopucranHss MBHAKO3MIHHOTO pi3leBOro OJIOKYy Ta
OaraTtopi3lieBOro Tpumaya Npu oOpoOIli Bajla Ha yHIBEpCAJTIbHHUX
(mo3HavyeHHs1 «O» Ha puc. 3.12) Ta OaraTomiIBOBUX BepcTarax i3
UIIK (mo3naueHHss «B» Ha puc. 3.12) no3Bonsie Maixe BIBiUi
30UTBIIUTH BETMYMHY BUPOOHUYOI MapTii AeTalield, B MeXax SKOi iX
BUKOPUCTaHHA € ONTHMAJbHUM TOpPIBHSIHO 3 00poOKOIO Ha
YVHIBEpCAJTbHUX BEpCTaTax 3 PyYHHUM KEpyBaHHSM (ITO3HAYECHHS «a»
Ha puc. 3.12) Ta BepcraTax-HamiBaBTOMAarax (TMO3HAUYEHHS «I» Ha
puc. 3.12).

ITpu 3acTocyBaHHI 3aIPOINIOHOBAHOI TEXHOJOTIYHOI OCHACTKU
st oOpoOku  nmeranedt Tumy QuiaHms  o0macTh  €pEeKTHBHOTO
BUKopucTanHs BepctariB 13  UIIK  Takox  poO3MIMPIOETHCS
(mo3HavyeHHsT «O» 1 «B» Ha puc. 3.13). [Ipuyomy ix eheKTHUBHICTH
301IBIIY€ETHCSI TIPH  BUKOPUCTAHHI JIBOLIMHHICIBHUX TOKapHUX
BepctaTiB 13 UIIK (mo3Hauenns «B» Ha puc. 3.13).

Po3pobnennii komOiHOBaHMHM pizenb Ta Oararopi3ueBuit
TpUMad J03BOJISIFOTH ITiIBUIIIMTH 1HTEHCUBHICTH ()OPMOYTBOPEHHS Ta
OPOAYKTHBHICTb TOKapHHX BepcraTiB y 1,4-245 pasu, a
MIBUIKO3MIHHUHN pi3neBuii 610k B 1,05-1,12 pa3u. 3anpomnoHoBaHi
OaraToIIMUHACTbHI TOJIOBKHU HiABHUIIYIOTH IHTEHCUBHICTb
(GhOpMOYTBOPEHHS Ta MPOAYKTUBHICTH 0OPOOKH OTBOPIB MOPIBHSIHO 3
OJTHOTHCTPYMEHTHOIO 00po0KoI0 B 2,2-3,4 pa3u.
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Puc. 3.13. liarpama BIUTUBY TE€XHOJIOTIYHOT OCHACTKU Ha BEJTMUUHY
BUPOOHUYOI apTii AeTasield, MeXI1 KO BU3HAYAIOTh HAWBUT1THIIIIANA
TUN BepcTarta A 00poOku ¢nanis: 1 — BUKOPUCTaHHS CTaHJAPTHOT
TEXHOJIOTIYHOI OCHACTKH;, 2 — BUKOPUCTAHHS IIIBUIKO3MIHHOTO
pi3LeBoro 0JI0Ky; 3 — BUKOPHCTAaHHS KOMOIHOBAHOTO Pi3Iis;

4 — BUKOPHUCTAHHS MBUIKO3MIHHOTO PI3IIEBOTO OJIOKY Ta
KOMOIHOBAHOTO pi3Lis; 5 — BUKOPUCTAHHS HIBHIKO3MIHHOTO
pi311eBOTO OJIOKY, KOMOIHOBAHOTO PI3IIsl Ta OaraToMIMUHIASIHBHOT
T'OJIOBKH

3actocyBanss Pl pipmu SANDVIK COROMANT 36imb11ye
e(pEeKTUBHICTb  BHKOPHCTAaHHS  KOMOIHOBaHOTO  pi3ug  Ta
OaraTopi3leBoro TpuMmaua B cepeqHboMy Ha 37%, IBUIKO3MIHHOTO
pisueBoro Oyoky — Ha 42%, a 0araTOIMUHICILHUX TOJOBOK — Ha
45%.

BukopucranHs 3anpornoHOBaHOi TEXHOJOTIYHOT OCHACTKH Ha
Bepctatax 13 UIIK mpu oOpoOrii meranedl TUy Bajia JO3BOJIAE Ha
87% 301IbIINTH BEIMYUHY BHPOOHMYOI MapTii aerayeid, Mexi Kol
BU3HAYAIOTh 00JaCTh €(EKTUBHOTO 3aCTOCYBAHHS BEpPCTAaTIB, a MPHU
BUKOPUCTaHHI 11 JuIst oOpoOkuM neraneid Tumy (iaaHus BeIWYHHA
BUPOOHNYOI apTii AeTane 301bmyerbest Ha 55%.

3.3. TouHicTh Ta peskuMHU OaraTopizueBoi 00poOKU

TounicTh TOKapHOi O0OpOOKM jAeTaleld 3HAYHOIO MIpPOIO
00yMOBJIIOETHCSI BETMUUHOIO TPYKHUX Jeopmaniii 00pobIroBaHIX
3aroTOBOK, SIKI 3ajekaTh BiJ JWHaAMIYHOI [ii CHJ  pi3aHHS,
KOPCTKOCTI TEXHOJIOTIYHOI CHCTEMHM Ta XapakTepy 3aKpillJIeHHS
3arotoBku. [Ipm OararopisueBiii 006poOIi, 0COOIMBO Ha BepcTarax,
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IO JIaBHO €KCIUTYyaTYIOTbCS, HEOOXiAHO TPU3HAYATH PEKUMHU
pi3aHHS 3 ypaxyBaHHSM JOIMYCTHUMHUX CWJI pi3aHHS TNpH 3alaHii
TOYHOCTI 00OpoOIIOBaHMX MOBEpPXOHb. Haiibinpie BruiMBae Ha CUITY
pizaHHs mojavya Ta TauMOuHA pizaHHSA. OCKUIbKM TIHMOMHA pi3aHHS
3QJIOKUTh BIJ BEIMYMHM TPUITYCKY Ha OOpOOKY, TO KOPEKIIIO
PSKUMIB pi3aHHA JOLUIBHO 3MIHCHIOBATH 3a pPAaxXyHOK 3MiHH
BEJIMYMHH I10Jadl.

3HalOYM JOMYCTHME BIJTHUCKaHHS TEXHOJIOTIYHOI CHUCTEMHU
Voon BIIMOBITHO 0 TOYHOCTI OOpPOOKH, CyMapHY IOMYCTUMY CHITY
Roon 3HAXOAMMO 3a hopmysaoro [63]:

R()on 1 1 y()ij
Y

jcyn L jn6 j36

A€ ] Jusr )i — KOPCTKICTB CYMOpTa, NEPEHBOI Ta 3aHBOT 6a0ku

BigmoBigHo, H/MM;
L — BigcTaHb MiX OIIOpaMH, MM ;
L;, L, — Biacrani Big omop NepeaHbOi Ta 3aaHbOI 0aOKU 110
PIBHOJIII0YOI CHITH pi3aHHS BIATIOBIAHO, MM.
[TincraBumo y BuIle HaBeaeHY popMyIry BUpas

Xpy Yoy Moy
P,=10-C, -1 8" V™ K,

ne Cp,y — MoCTiHHUIA KoedillieHT, 10 BPaxoBye yMOBU 00pOOKY;
Xpys Ypys Npy — IOKA3HUKU CTEIIEHI;
Ky — nonpaBounuit KoeirieHT.

[Ipu Oararopi3lieBOMy TOYIHHI JKOPCTKHX  3aroTOBOK
BiZIOyBa€ThCS TUIBKM TpPY)KHE BIATHCKAaHHS IX Ha OIMoOpax, a He
MpOruH. SIKII0 X 3aroToBKa HEJAOCTATHHO JKOPCTKA, TO HEOOXI1THO
BpaxoBYBAaTH M 11 IPOruH. Y NEPIIOMY BUIIAJIKY AOIYCTUMY I10AAYY,
CHIJIBHY JIJIS1 YCIX PI3IIiB HAJArO/HKEHHS, BU3HAYaEMO 3a (DOpMYJII010

1 1 L Ll < Xpy Mpy
S, = [Y,., j7+f J_2+j -ZlO-pr-t V™K.
cym né 36 =1
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VY npyromy BUNaAKy

3
SO= ydan i—i_l i—i_i +K L

NH
——1->10.-Cc -t -V™.K_,
chn L Jn6 J36 E ’ J Zl a ”

ne E — monynb npyxHocTi, H/mwm;
J — 0CbOBHIT MOMEHT 1HEpIIIi MOMIEPEYHOTO Mepepizy AeTall , MM;
K — xoedimieHT, 1m0 BpaxoBye XapakTep 3aKpilICHHS 3aroTOBKU
(ms 3akpiruienns B mentpax K=0,018).

Hamu pocnipkyBaBcsi BIUIMB YMCJIa Pi3liB, YCTAHOBICHUX Y
0aratopi3lieBOMY HaJaro/DKEHHI, Ha JONMYCTUMY IMojady S, TP
Yoon = 0,1MM. Marepian 3aroToBKd Baja — KOHCTPYKIIiMHa CTalb 3

momyinem mpyxrocri E =2,1-10° H/mm®. JloBXHHA 3aroTOBKH

300 mm; BimcTanp Mk pizisamu 100 MM;riuOuHa pizaHHs 3 MM.

IToxa3HMKHU >KOPCTKOCTI BY3JIiB Bepcrarta: J.,, = 25000 H/mm;
Jns = 100000 H/mm; J,5=50000 H/Mm.

Otpumani rpadiky, 10 XapaKTepU3ylOTh BILUTUB YKCIa Pi3IiB
y HajJaro/pKeHHI Ha JIOMYyCTHUMY Tojady, HaBeaeHOo Ha puc. 3.14
[104].

Ax 6aunmo, 301IbIIeHHS yKcia Pl y HamaromkeHHi BUMarae
CYTTEBOTO 3MEHIIEHHS mofadi. SKmo > 30UIBIIUTH BETUYUHY
JOIYCTUMOTO BIATUCKAHHS Vjon, 11O MOXIMBO TPU UYOPHOBOMY
TOYiHHI, TO II¢ 3MCHIIICHHS He3HauHe (puc. 3.15).

Brume piametpy 00po0OsrOBaHOi TMOBEpPXHI 3arOoTOBKHM Ha
JOMyCTUMY TIOZayy XapakTepu3yloTb Tpadiku, HaBeACHI Ha
puc. 3.16. 31 30iIbIICHHSAM JlaMeTpPy TPH HE3MIHHIM JTOBXUHI
3arOTOBKH 11 KOPCTKICTh 3pOCTA€, TOMY JOMYCTHMa I0/a4a MOXE
OyTu cyTTeBO 30ubIIeHA. ["padiku, M0 UTFOCTPYIOTh BIUIUB TITUOMHU
pi3aHHS Ha JONYCTHMY IOAa4Yy IOKa3aHo Ha puc. 3.17.

OueBHIHO, 110 BUKOHAHHS BUMOTHM BHUKOPHUCTOBYBATH ISt
00poOku Ha Bepcrarax i3 UIIK TouHI 3aroToBKH, IO3BOJUTH
MIHIMI3yBaTH MPUITYCKH Ha 00pOOKY, a OT)Ke 1 TNIMOUHY pi3aHHS, sSKa
NPaKTUYHO HE Oyze 0OMEeXyBaTH JOMyCTUMY HOJauy.

AHaJi3 BIUTMBY >KOPCTKOCTI OCHOBHHMX BY3JiB TOKApHOTO
BepcTaTa Ha BEJIMUYMHY J0NycTHUMOI moaayi (puc. 3.18) mokasye, 1o
HaWOIBIIHMI BIUTMB Ma€ >KOPCTKICTh CYIOPTA.
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Puc.3.14. I'padiku 3amexHOCTI
JOMYCTHMOI TI0J1avi BT YMclia
PI3IIiB Y HAJIar0PKEHHI Ta
niameTpy oOpoOKHu:
1-d=75mm; 2 -d =60 Mmm;
3 —d =50 mm; 4 — d=40 mm;
5 - d=30Mmm

0 dmm

Puc. 3.16 I'padixu BruiuBy
niamerpy oOpoOKH Ta yucia
pI3IIiB y HAJIaro PKEHHI Ha
JOMYCTUMY TIOJaqYy:

1 - N =2 wt; 2 — N;=3 mr;
3 — Ny=4 mt; 4 — N,=5 mt

MM;Q.CF T T p
ol /

a7 7

a5 / —
0251 / e

, 4
= =T

0 a1 02 03 g, m

Puc. 3.15.I'padiku 3amexHOCTI
JOIYCTUMOI TT0/1avi Bij
BEJTMYMHU NIPY)KHUX BIITUCKIB Ta
YHClia Pi3IiB y HAJIaroHKEHHI:
1-N,=2 wt; 2 — N,=3 mr;

3 — Ny=4 mt; 4 — N,=5 mt

MM/ 00| /
z 21 I
E)
\-—H_________
'\_______—__—
h_'_'—-———.—_-
g 7 z ER A

Puc. 3.17. I'padiku 3amexHOCTI
JOMYCTUMOI TT0/1a4i BiJ ITHOWHU
pi3aHHs Ta YKCIIa PI3IiB Y
HAJIaroKEHH:

1 - N =2 wt; 2 — N,=3 mr;

3 — Ny=4 mt; 4 — N,=5 mt
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Puc. 3.18. I'padiku BIIMBY )KOPCTKOCTI BY3J1iB TOKapHOTO BepcTaTa
Ta YUCJIa Pi31iB Y HAIAroHKEHHI Ha JIOMYCTUMY T0Jjauy:
a — YKOPCTKICTh CymopTa; O — KOPCTKICTh IEPEIHBOI 0a0KH;
B — JKOPCTKIiCTh 3a1HB01 0a0ku; 1 — Ny= 2 mt; 2 — Ny=3 mT;
3—N,=4 mt; 4 — N,=5 wr

AHamiTHYHl  JOCHIPKEHHS  TOYHICHHUX  MOMJIHMBOCTEHN
OararopisneBoi TOKapHOi OOpPOOKH IOIIIPHO BHUKOHYBAaTH TaKOX
METO/IOM CKIHUEHHHX E€JIEMEHTIB, IKUW € OJHUM 3 Haile)eKTHBHILINX
YHCEIBbHUX METOIB PO3B’s3aHHS KPAEBHX 3a/1a4 MEXaHIKH TBEPOTO
Tija, o JePOPMYy€EThHCS.

3.4. BuzHaueHHsl mepioay cTiiikocTi MaKCMMaJIbHOI
iHTEeHCUBHOCTI OaraTopizueBoi 00pooKku

30UIbIICHHS] BUTPAT Yacy Ha 3MIHY Ta HaJaro/pKEHHs Pi3IliB
npu  OaraTOIHCTpyMEHTHIM  oOpoOri  BuMarae  30UIbIICHHS
PO3paxyHKOBOTO TEPIOy CTIMKOCTI Hajaro/keHHs. Pekomenmamii 3
MPU3HAYCHHS CTIHKOCTI 3aJIKHO BiJl YKCIA PI3I[iB y HAIATO/KCHHI1
Ta pIBHOMIPHOCTI 1X 3aBaHTa)KEHHS, SIKI HABEJCHO Yy JIOBITHUKAX [S57,
64], 3Ha4HO BIAPI3HAIOTHECS MK COOOIO Ta HE JJO3BOJISIOTH y TIOBHIH
Mipi BpaxOBYBaTH KOHKPETHI yMOBH OOpoOKH. TOMy aKkTyaJIbHOIO €
3a/ladya  BCTAHOBJICHHS 3B’S3Ky MIDK HAWBHUTITHINIOW CTIHKICTIO
0araTtopizlieBOro HaJaro/DKEHHs, YHCIOM pI3I[iB Ta I1HIIMMH
napameTrpamu 00poOku [65-67].
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KoMrmiekcHO OLIHUTH CyNepewInBUi BIUIUB IapaMeTpiB
0araTopi3leBOi HalagKd Ha MPOAYKTUBHICTH OOPOOKH H03BOJISIE
KpUTEpid 1HTEHCUBHOCTI (OPMOYTBOPEHHS, SIKUU SBJISE COOOIO
(IKTUBHY MIBUIKICTH PO30CEPEHKEHOr0 TEXHOJIOTIYHOTO BIUIMBY Ha
00’eKT 00pOOKH, MO 3MIWCHIOETHCS KIHEMAaTHUYHO a00 CTPYKTYPHO
nos’si3anuMu Pl 3 ypaxyBaHHSM 4YacOBUX CITIBBITHOLIEHb MIX
eleMeHTaMu poboyoro muKiIy. Ha BemuumHy 1HTEHCHBHOCTI
(GOpMOYTBOpEHHSI CYTTEBO BIUIMBAIOTH peXuMH pizaHHs. [lomgauy
npu  Oararopi3lieBiii  00poOIi  MpU3HAYAIOTh  MaKCHUMAabHO
JOTIyCTUMY MIIHICTIO MEXaHi3My IojJadi BepcTara, MIIHICTIO Ta
XKOPCTKICTIO pi3LiB, 0OpOoOIIOBaHOI 3aroTOBKM Ta 1H., @ TaKOX 3
ypaxyBaHHSM BIUIUBY 0araToiHCTPYMEHTHOTO XapakKTepy OOpOoOKH
Ha TOYHICTh Ta SKICTh NMOBEPXOHb aeraneit. IIIBuakicTh pi3aHHS
3aJICKUTH Bl pO3PaxyHKOBOI BeTUYMHU Tiepiony ctiiikocti PI. Tlpu
OJTHOIHCTPYMEHTHINi ~ 00poOIli  KOHCTPYKUIHHMX  MarepiajiB
HAaWBWTIMHINII ~ 3HAYEHHS TEpioay  CTIMKOCTI, SK MPaBHIO,
3HAXOJAThCA B 30HI, J€ CTIMKICHA 3aJIe)KHICTh MOXKE 0€3 CYTTEBUX
MoXuOOK ampOKCUMYBAaTHCh 3aliekHICTIO Teiymopa, ame mpu
OaraTtopismeBiii 00poOIli 3amexHo Bif ywcina Pl B HamaromkeHHi
MIBUIKICTh pPi3aHHS MOXKE€ BHUSBUTHUCS Yy 30HI, J¢ BUKOPHUCTAHHS
3anexxHocti Teiyopa MpU3BOAUTH 10 3HAYHUX MOMHIIOK. Y IIbOMY
BUIMAJIKy  JOIIJBHO  3aCTOCOBYBAaTH  CTIMKICHY  3aJICKHICTH,
3anpornonoBany M. 1. Knymunuwm [57].

[HTEHCUBHICTH MpOIIECY Pi3aHHS XapaKTEPHU3YE TEXHOJIOTIUHA
JiHIHA IHTEeHCUBHICTH (HOPMOYTBOPEHHS (XBUJIMHA MOaYa).

Butpatn dacy Ha oOciyroByBanHsi Pl GaraTtopisiieBoro
HAJIAaTO/DKEHHST (3MIHY Ta Halaro/pKeHHS) BpPaxOBYIOTbCA 32
JIOTIOMOT0F0 Koe(imieHTy 00CTyroByBaHHS IHCTPYMEHTIB

NH
K,=1/1+>t,-K /T |,
=
ne 1 — gac 3miHu i-ro pi3us, XB;
K oi Koe(iIieHT pi3aHHs , IO SABJISIE COOOIO BiTHOIICHHS JOBXKHUHHU
pi3aHHS i-TO Pi31s 10 AOBXHUHU POOOYOro X01y CYNopTa;
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T, — criiikicts i-ro PI, xB.

Ha puc. 3.19 naBeaeHo rpadiku, 1m0 XapakTepU3yOTh BILIUB
critikocti T iHCTpyMeHTiB Ha TexHosoriuny inTeHcusHicts Wi
(opMOYTBOpEHHS, a TAKOX BIUTUB CTiiiKocTi T IHCTpYMEHTIB Ta yacy
t, 3sminm ogHoro PI Ha 3Hauenns koediunienty K obcmyrosysanms
PIL

W5, MMixB ) K,

1200

038

300

400

0.4

0,2

0 40 80 120 160 T,xs
Puc. 3.19. anexuocri intencusrocti W popmoyTBopenHs Ta
koedimienty K o6cnyroBysanns Pl Bix ix criiikocti T, otpumani 3
BUKOPHUCTAHHM 3ajiexkHocTel Tewmopa (------ ) Ta M. 1. Knymuna
(———) 2715t YOPHOBOTO TOYIHHS TBEPIOCIUIABHUMH Pi3LIIMH

CTayieBuX 3aroToBok miamerpom 20 mm (1), 50 mMm (2), 100 mm (3),
200 mm (4)

Ax OGaummo, 31 30UIBIIEHHSAM JiaMETpPiB OOpOOTIOBaHUX
MOBEPXOHb PO3ODKHICTh Y BEIMYMHAX TEXHOJIOTIYHOT IHTEHCUBHOCTI
(GOpPMOYTBOpEHHS, OTPUMAaHHMX 3a  JOMOMOTOI  CTIHKICHHX
3anexxHocredt Teinmopa Tta M. I Knymmna, 3menmyrorses. Lli
pO30DKHOCTI MIHIMQJIBHI B 30HI HU3BKHUX CTidkocter PI Ta
30LIBIIYIOTBCSA  MPH  1X 3pocTaHHi. B  ykasaHiii 30HI piBeHb
TEXHOJIOTIYHOI 1HTEHCHUBHOCTI (OPMOYTBOPEHHS, PO3PaxOBaHOI 3
BUKOPUCTAHHAM CTiliKicHOT 3anexnocti M. I. Kinymuna, Bumumii Hix
pe3yabTaTH, OTPUMaHI 3 BUKOPUCTaHHSAM 3aniexxHocTi Teiopa. [Ipu
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MIJBUIIECHI PO3PAXYHKOBOI CTIMKOCTI PIi3IiB 1€ CHiBBIAHOIICHHS
3MIHIOETBCSI Ta PO3OLKHICTH CYTT€BO 30unblIyeThes. KoedimieHT
obcmyroByBanHs Pl 3amexuTs, y mepmry 4depry, BiJ 4Yacy 3MiHH
oaHoro PL

Pisna nuHamika 3miHm xapakrtepy kpunx W, = f(T) 1

K, = f(T) 3YMOBIIIOE EKCTPEMAaJIbHUN XapaKTep BiAMOBITHHX

kpusux W, = f (T)
N, N,
Wy =>"n-S;/ |1+ D t;-K /T, [-> max.
i1 i1

Takum 4MHOM, KPUTEPi IHTEHCUBHOCTI (popMOoyTBOpeHHs Pl
HATAIKU JI03BOJISIE BHU3HAYATH ONTHUMAIBHUK TMEpioJ CTIHKOCTI
PpI3IiB, IO BIAMOBIIa€ HOTO MAaKCUMAaJIbHIN BEJTUYHHI.

Ha puc. 3.20 naBenero rpadiku samexsocri W, = f(T)
JUTSL PI3HOTO 4YHCIIa TBEPAOCIUIABHHUX PI3I[iB Yy HAJarO/DKCHHI Ta
pI3HUX JlaMeTpiB 0OpOOJIOBAaHWUX IOBEPXOHb IPH UYOPHOBOMY
TOYIHHI CTajJi, OTpUMaHi 3 BUKOPUCTaHHSAM CTIHKICHOI 3aJIeKHOCTI
M. 1. Knymuna.

W, MmMm/XB

20 mm

1300

1200

1100 i T T
N, =15

|
|
1000 JI
|
|

200 /\\\. — 10
100 %
>
d = 200 .\nlu J Vo= 15
| h |
0 20 40 60 80 7. xe

Puc. 3.20. Brutus crifikocti T pi3wis, ix uncna N Tta giamerpy d
00poOITI0OBaHOT MOBEPXHI HAa IHTCHCUBHICTh WH dhopMOyTBOpEHHS

120



Pesynbrati aHANMITHYHHUX JOCHIDKEHb IOKa3ajiu, IO TMpH
TOYiHHI po3Mipu O0OpOONIOBaHMX IOBEPXOHb HE BIUTUBAIOTH Ha
BEJTMYMHY ONTUMAJILHHUX MEPIOAIB CTINKOCT1, TOOTO OIITLHO BBECTH
MOHSTTA TEpIoAy CTiMKOCTI Oaratopi3ieBoro HamarokeHHs. Ha
BEJIMYMHY ONTHMAIIBHOI CTIMKOCTI HE BIUIMBAE TAaKOX XapakTep
00poOku (yopHOBa ab0 yMCTOBa). BU3HAYANLHUM € YUCIO PI3LiB Y
HaJaro/pKeHHI Ta MaTepiall 3aroTOBKH Ta pi3alibHOT yacThHH Pl.

Ha puc. 3.21 naBeneno rpadiku 3ainexHOCTI IHTEHCUBHOCTI
dbopMOyTBOpEeHHST ~ 0araTopi3leBOro  HaJaro/pKeHHS  CTaJIeBOi
3arOTOBKM  PI3IsMH, OCHAIICHHMMH TBEPIAMM  CIUIABOM  Ta
MIBUAKOPI3abHOKO  cTaiumo, Big cridikocti P Onrumanbai
pPO3paxyHKOBI TEPIOAM CTIMKOCTI HAIAaroKeHb 3 YHCJIOM pI3IliB
OinbIIe JecaTu MIOMITHO 3pOCTaIOTh npu 00poo1i
mBUaKOpizansHuMHA Pl

YCcTaHOBIEHO, 110 PO3PAXyHKH, BUKOHAHI 3 BUKOPUCTAHHSIM
CTIMKICHOT 3anmexHoCTi Telnopa, TPU3BOAATH A0 30UIBIICHHS
HaMBHUTiIHIIIO! pO3paxyHKOBOi cTilikocTi Hamagku (tabm. 3.1). ¥V
000X BHUMAJKaxX Ha BUOIpP CTIMKOCTI HAJTaJKU CYTTEBO BILIMBAE Yac
3miHu ogHoro PL

Taomums 3.1
OnTuManbHi pO3paxyHKOBI IEPi0IM CTIHKOCTI GaraTopi3neBux
HaJIaro/KeHb

OnTuManbHUN PO3PaxXyHKOBHH MEpioj]

ABTOD t CTIMKOCTI, XB, HAJIArO>KCHHS
e P o L
CTIMKICHOL 3 apcnoM pismis N, .
3anexxHocTi | XB
1 2 3 5 10 15

1,0 10 10 10 20 30 60

Teitnop 1,5 10 10 20 30 60 90

2,0 10 20 20 60 90 120

1,0 10 10 10 10 20 30

Knymuua M.I. | 1,5 10 10 10 20 30 30

2,0 10 10 10 20 30 60
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W, Mm/xB

1
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3 \\
800 \\“‘
4 /T_\
| \\\%
600 |— //—\ \E*‘-_.___
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4/| | i
| | '
0o |5 ]
) ] | |
| | | |
50 ] | | |
0 20 40 60 80 100 T, x8

o)

Puc. 3.21. I'padixu 3amexHOCTI IHTEHCUBHOCTI WH

(hOpMOYTBOPEHHS CTAJIEBOI 3arOTOBKH 0araTopi3lieBUM
HAJIAroHKEHHSM 3 Pi3IsIMHU, OCHAIIIEHUMHU TBEPIUM CILIaBOM (a) Ta
MIBUIKOPi3alibHOIO cTautio (0), Big cTifikocti T mpu Ny=1 1wt (1);

N,=2 it (2); Ny=3 mwr (3); Ny=5 mr (4); N;=10 mr (5);
Ny=15 T (6)

Ha puc. 3.22 naBeneHo rpagiku 3a1exHOCTI pO3paXyHKOBUX
MepioiB CTIMKOCTI Oaratopi3lieBUX Hajlaro/keHb Bim uucia Pl B
HUX, PEKOMEHJIOBaHI Y TEXHOJIOTIYHUX JIOBIIHUKAX Ta OTPUMAHMX 32
PpO3p00IEHOI0 METOANKOIO.
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Puc.3.22. 3anexHicTh ONTHMAIBHOI po3paxyHKoBoi criiikocti T

GaratopisieBrx Hanarompkens Big uncaa N, PI B HEX Ta iHIIHX

yMOB 00poOk#u: 1 —3a meronukoro [64]; 2,4 — 3a metoaukoro [57];
3 — cipwuit waByH (CYH), mBuakopizanpHa ctanb (IC); 5 — cranb
koHcTpykuiiiaa (CK), HIC; 6 — CY,tBepamii crnas (TC); 7 — CK, TC

Ax 6aurmo, HaWOULIBII PO3paxyHKOBI mepiofau cTikkocTi PI
npu OararopisueBiii 00poOIli peKOMEHAYIOThCS Yy JOBITHUKY [64]. ¥V
IIMPOKOMY JIiama3oHi MOXJIMBHH BHOIp TMepioAiB CTIHKOCTI 3a
noBiiHUKOM [57]. BigcyTHiICTh KOHKPETHOCTI Ta JIOCTaTHBHOI
BU3HAYCHOCTI Yy IHMX PEKOMEHAIISAX HE JI03BOJSE JIOCTOBIPHO
pO3paxoByBaTH  ONTHUMAlbHY  INBUIKICTh  pi3aHHsA.  PiBeHb
PEKOMEHIOBAaHMX HaMHU PO3PAXYHKOBUX TIEPIOJIB CTIMKOCTI 3HAYHO
HIDKYMMA, 1 ONTHMaJbHUKA BHOIp 3AIHCHIOETbCA 3 ypaxyBaHHSAM
XapaKTEePUCTUK OOpOOIOBAaHMX JeTajiel Ta 1HIIUX YMOB OOpOOKHU 3
BUCOKOIO TOYHICTIO. 3HAUHUH BIUIMB Ha BHUOIp ONTHUMAJIBHOI
CTIAKOCTI 0Oararopi3lieBUX HAJIAJ0K Ma€ dYac 3MiHHM omHoro Pl
(puc. 3.23.).
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Puc. 3.23. I'padiku 3a1neXHOCTI ONTUMATBHOI CTIHKOCT1
0aratopi3leBUX HAJIArOKEHB B1Jl YMCIIA PI3IIB Y HUX MPHU PI3HUX

3HaueHHsX yacy {. 3minm oxmnoro PI: 1 — pospaxyHku 3
BUKOPHCTAHHSIM CTilKicHOI 3anesxHocti Teitnopa, t,=2xs;
2 —3a Teitnopom, {,=1,5 xB Ta Knymmaum M. L, {,=2 xB;
3 —3a Kirynmaum M. L, 1 =1,5x8; 4 — 3a Teitnopom, t.=1 xB;
5 —3a Kimymmaum M. 1., t,=1x8
OOrpyHTOBaHE 3HIKEHHS BEJIWYMHH TMEpPIOAY CTIHKOCTI
0araTopi3lleBUX  HaJaJOK  JIO3BOJSIE  CYTTEBO  MiABUIIUTH

NPOAYKTUBHICTG  TOYIHHS,  CTBOPIOKOYM  TMEPEAYMOBH  JUIs
BHCOKOIIIBHJIKICHOI 0OpPOOKH.
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4. AHajiiTH4YHe TOCJTiIKeHHsI TOYHOCTi 6araTopi3zueBoi 00poOKu
HA TOKAPHHUX BepcTaTrax

4.1. IToxu6xu 00poOKM 3 BUKOPHUCTAHHIM KOMOIHOBaHOT0
pi3us

[Tpu PO3paxyHKy HaTpyKeHb, TUTACTUYHUX Ta
TeMIIepaTypHux Jredopmariid, 0 BUHUKAIOTh y Tilax i TI€K0 CHII 1
TEMIIEPATYpHUX IIOJIIB IMUPOKE PO3MOBCIOUKEHHS OTPUMAaB METOJ
CKIHYEHHUX €JIEeMEHTIB, SKHH BUKOPUCTOBYETbCA SK  3acid
OTPUMAaHHS Ta TOCIIKEHHS AUCKPETHOI MOJIeNi (Bi3UIHOTO 00’ EKTY.
Jluckperusailiss TOYMHAETHCS 13 po3OMBaHHSA o0nacTi Tila Ha
migo0nacTi — CKIHUEHHI eNeMEHTH, sSKi MalTh JOCHThb MPOCTi 3
TEOMETPUYHOT TOYKH 30py (OpMH: TETpaeapH, Mapayelemninead — B
TPUBUMIpHIH  00NacTi; TPUKYTHUKH, TNPAMOKYTHUKH — B
JIBOBUMIPHIH; BiJIpi3ku — B omHOMIpHIN. Ilicns po3ouBanHs 00acTi
TiJa Ha CKJIAJ0BI YAaCTUHU CKIAJAIOTHCS JOMYCTUMI (PYHKIIIT
pIBHOBaru Ta HEPO3PUBHOCTI IMX EJIEMEHTIB Ta BCTAHOBIIIOETHCS
B32€MO3B’ 30K MK HUMU. CyTHICTh METO/1a CKIHYCHHUX EJICMEHTIB
noJisirae B 3aMmiHl (DYHKIIIOHAJIBHOTO TPOCTOPY TiJia MiAMPOCTOPOM
nonyctuMux (GyHKIiH. Y pe3ynapTari BUXiJHA 3a1ada 3BOAUTHCS J0
CHUCTEMH JTUCKPETHHUX aireOpaidHuX PiBHSAHB, PIICHHSIM KO OYIyTh
napamMeTpu HaOmmxkeHux pimens. [loOymoBa Ta  BHpIIICHHS
BIJIMOBIIHUX CHUCTEM JUCKPETHHX PIBHSHb MOTpeOye TMepepoOKH
BEJIMKUX 00’eMiB iH(opMarlii, ToMy HpHU BHUpIMIEHHI MPUKIATHUX
3a7ad4 METOJIOM CKiHYEHHHUX EJIEMEHTIB IIHPOKO 3aCTOCOBYIOTHCS
KOMIT FoTepHu Ta npukiaani nporpamu CosmosWorks i ANSYS.

EdextuBHicTh  Oaratopi3iieBoi  OOpOOKM  BHU3HAYAETHCS
MOYJIMBICTIO ~ 3MEHILEHHS  TPYAOMICTKOCTI Ta  coOiBapTOCTi
BUTOTOBJICHHS JIETai 32 YMOBU 30€pEeKEHHs a00 TOKpAaIICHHS
TOYHOCTI Ta HIOPCTKOCTI OOpOOSIOBAaHMX MOBEPXOHb MOPIBHSHO 3
OJTHOPI3IIEBOO TTOCIIIIOBHOIO 00POOKOIO.

3abe3nedeHHsT HEOOXiHOT TOYHOCTI TOBEPXOHb JeTaled €
BOXJIMBOIO 33Jlayeio TpH OaraTopis3leBid 0oOpoOIi Ha TOKapHUX
Bepcratax i3 UIIK. 30inmbiieHHs cun pizaHHs mpu Oaratopi3ueBii
00po011i 3a paxyHOK OJTHOYACHOI POOOTH KUJIBKOX 1HCTPYMEHTIB Ta
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3MCHIICHHS JKOPCTKOCTI TEXHOJIOTIYHOI CHCTEMH BHACIIJIOK
BBEJCHHS JIOJAaTKOBHUX JIOMOMDKHHUX I1HCTPYMEHTIB (pi3LEBUX
TPUMayiB, TMOJOBXYBAIBHUX OINPABOK Ta iH.) CIpHUsE 30UIBIICHHIO
OpyKHUX jAedopmariiii 1 BIAMOBIZHO TOTIPIIEHHIO TOYHOCTI
00p00IIIOBaHUX TIOBEPXOHbD.

bararopizueBa o0poOka Ha TokapHOoMy Bepcrarti 3 UIIK 3
BHKOPHCTAHHSM 3alPOIIOHOBAHOTO KOMOiHOBaHOro pismsg [59]
3MIACHIOETbCS TPH  KOHCOJBHOMY BHJIBOTI PpIi3IIEBOI  BCTaBKU
BIJIHOCHO PEBOJIbBEPHOI T'OJIOBKH, IO CIPUSIE 30LIBIICHHIO MPYXKHUX
nedopmariii  pizagbHOi KPOMKH Ta BIJIIMOBITHO IOTIPIICHHIO
ToyHOCTI 00poOKH. [Tpu 11bOMy Ha OXHOKY OararopizueBoi 00poOKu
3 BUKOPHUCTaHHSM KOMOIHOBAHOTO pi3lld BIUIMBAIOTH MPYXKHI
nedopMariii  CKIaIOBUX TEXHOJIOTIYHOI CHUCTEMH, SKa BKIIIOYAE:
MepeHI0 Ta 3aJHI0 0aOKW, pEBOIBBEPHUN CYNOpPT, HETalb Ta
KOMOIHOBaHUH pi3elb.

Ha puc. 4.1. mokazana cxema ¢hopMyBaHHS TOXHOKU 0OpOOKH
Ha TokapHoMy BepcraTi 3 UIIK npu BuUKOpHCTaHHI KOMOIHOBAaHOTO
P31

[IpyxxHi mepemilmieHHs TepeaHbOi Ta 3agHbOT  0abKu
NPU3BOJATH JI0 3MIIICHHS JIiHIT IEHTpIB Bepcrata. Bruus
nepeMillieHHs IEHTPIiB BepcTaTa Ha MOXUOKY 00poOKHU y Oyb-sIKOMY
mepepi3i Jerajgi BH3HAYAETHCS 3 BIJHOIICHHS CTOPIH MOIOHUX
tpuxkyTHUKIB ABC Ta ADE (puc. 4.2) 3a HaCTYITHOIO 3aJICKHICTIO!

AU — (L_I)(AI3_5 _An6)+A

no

ne L — nosxxuHa 3arotoBku, MMm;
| — noBxxuHa 0OPOOKH, MM;

A ;5 — ipy>xHi nedopmariii 3agHp01 0a0KH, MM;
A, ; — npyxHi nepopmarii nepeHb0i 6aOKH, MM.

IIpyxHi mepemilleHHs JIHII LEHTpiB Bepcrata Ay Ta
3aroToBkd Aj BigOyBaroThCsi y HampsMKy nii piBHomiiiHOT R
panianpHOi Py Ta KOJIOBOi Pz CKIAJOBHX CHJIM PI3aHH, IO JIIOTh
Ha gerans (puc. 4.3) Ta BIUIMBAalOTh Ha TOXHUOKY 00poOKwH,
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NPU3BOJAYM A0  30UIBIICHHS  HAJAaro/pKyBaHOTO  JlIaMETpy
00po0r0BaHOi NOBEPXHI d 77 1O (GAKTUYHOIO 3HAUYEHHA d g .

0)
Puc. 4.1. Cxema popmyBaHHs MOXHUOKH 0OPOOKHU MpH BUKOPUCTAHHI
KOMOIHOBaHOTO pi3Ls
127



[
S
lta ﬁ
< B O] ]
,L—.:—_—;—_——_——_—_____'___.(________ f’“-q-j
=~ _ — _ _f/ .
1 ~L | ) |
<

Puc. 4.2. Cxema popmyBaHHs TOXHOKH 0OPOOKH BiJ IPY>KHUX
TepeMileHb ePeHbOI Ta 3aIHHO1 0a0KH

Ry _ yF:

Puc. 4.3. Cxema BBy NpyXHUX JedopMalliii nepeHbo1 Ta
3aIHHO1 0a0KM Ha TOXHOKY 00pOOKH

[IpyxkHi mHepeMillieHHs] PEBOJBBEPHOro cymopra Apc 1
KOMOIHOBAHOTO pi3lsl A, TaKoX B1AOYBalOThCS Yy HANpPAMKY il
PIBHOJIIMHOI pagiaibHOT Ta KOJIOBOT CKJIAJIOBUX CHJIM pi3aHHS, IO i€

Ha Pl Ta Takox mpu3BOIUTH A0 30iTbIIEHHS NOXHUOKH 00pOOKU
(puc. 4.4).
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Puc. 4.4. Cxema BIUIUBY NPY>KHHUX Jedopmariiii KoMOiHOBaHOTO
pi3Ls Ha MOXUOKY 00poOKH

Brue npy:kHux nedopmaliii koMOiHOBaHOTO i3l A p Ha

MOXHOKYy OOpOOKH PO3PaxOBYETHCS 3 NPSIMOKYTHOTO TPUKYTHHKA
OADB 3a Takoro 3alexXHICTIO!

A, =R, +AY, ) +AZ,? -R,,

ne Ry — paniyc o6po0iioBaHOI 3arOTOBKH, MM;

AYp — IpYyXKHI NepeMilleHHs KOMOIHOBAHOIO pi3ls B3I0BXK oci Y,
MM;

AZp — TIpYXKHI IepeMilleHHs KOMOIHOBAHOIO pI3Ls B3I0BXK
oci Z, MM.

Cxema BIUIMBY TIPYXHHUX TIEPEMIllIeHb PEBOJIBBEPHOTO
CymnopTa Ha MOXHOKY OOpOOKHM Ta 3aJeXKHICTh AJs X 3HAXOJKEHHS
aHaJIOTIYH1 /TSI KOHCTPYKIIT KOMOIHOBAHOTO Pi3IIs.

AHaNITUYHI JOCTIJKEHHS HalpyXeHO-1e()OPMOBAHOTO CTaHY
€JIEMEHTIB  TCXHOJIOT1YHOI  CHUCTEMH THPOBOJWIUCS  METOJIOM
CKIHYEHHHX E€JIEMEHTIB JJs PI3HMX 3HAYEHb IO3JOBXKHBOIO Lp Ta

IOIEPEYHOro Lpg BMIBOTIB PI3LA Ta PI3LEBOI BCTAaBKM, a TaKOX
nmiamerpie d i moxuH L 3aroroBku. Ilpu 1bOMy 10 KOKHOTO
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€JIEMEHTY TEeXHOJOIIYHOI CHCTEMHU TPUKIAJATUCT HABAHTAXKCHHS
BIJIMOBITHO /10 3HAYEHb CKJIQJOBUX CUJIM Pi3aHHSA, SKi BiAMOBIIAIU
rbuHl pizanHs t = 1 MM 1 t = 4 MM Ta 3HAYEHHSIM TOfad, IO
MpU3HAYAIUCS BIJIITOBIAHO 1o peKOMeHIaIii
3araJpHOMAIIMHOOYIIBHUX HOPMATHUBIB Yacy Ta PEKUMIB Pi3aHHS.

Ha pizanbHi  KpOMKHM pi3mst  Ta  pi3LEBOi  BCTaBKH
MPUKJIAJATHCS HAaBAHTAXEHHS, 0 BIIMOBIIAJIA BETUYNHI CKIIAJJOBUX
CHJIU pi3aHHs. PeBoNbBEpHUI CyNnoOpT CpHiiMaB HaBaHTAXEHHS, SIKi
BIJIMOBIIAIOTh CyMapHil Aii cui pizanas. OOpoOaoBaHa 3aroToBKa
HAaBaHTAXXYBAJacs CUJIAMU pi3aHHS BiJ pi3Ild Ta Pi3IEBOi BCTABKU Y
TOYKaX, 110 BIAMOBIJAIN AOBXHHI 00poOKHU. Jl0 LIEHTpiB MepeaHboi
Ta 3a7HHOT 0a0OK MPUKIATANKMCS 3HAYCHHS peakIii Bim mii cui 3
ypaxyBaHHSIM JIOBXXHHH 3arOTOBKH Ta 0OPOOKH.

JliameTp 3aroToBKH Ma€ 3Ha4deHHs 0 = 32 MM Ipu JOBKHHI
L= 160 mm 1a L = 320 MM, a Takox 0 = 64 MM mpu JOBXKHHI
L=320mM Ta L = 640 MM. T1o3m0BXKHIN BHIIIT, SKHI OI[IHIOBABCS
BIZICTAHHIO MDK pPi3aJIbHUMH KPOMKaMH pi3ls Ta Pi3LEBOi BCTaBKU
cxiazas Lp = 18 Ta Lp = 30 mM.

[Tonepeunuii BUIIIT, TOOTO BiZCTaHb BiJ BEPLUIMHH Pi3ajbHOI
IUTACTUHU 10 TOYKU TMEpPeKUIaHHS Pi3ls Ta Pi3LeBOi BCTaBKU Mae
3HaueHHs Lg = 35 ta Lg = 45MMm. JloBxkuHa 0OpoOKH CKiIamae
L =30 mm.

JInsi IOpiBHAJIBHOTO aHalli3y MPOBEACHA cepist JOCTiIB MpU
OJIHOPI3IEBIA  TMOCHIOBHIM  OOpoOIli  3arOTOBOK  aHAJITUYHHUX
napameTpis.

Ha puc. 4.5 moka3zaHo mNpuKIaad CKIHYCHHOETIEMEHTHHX
MoOJIeJIel Ta TMPYKHUX TMEpPEeMillleHb CKJIaJI0OBUX TEXHOJIOTTYHOI
cucTteMu OaraTopi3iieBoi 00poOku Ha TokapHoMy Bepcrati 3 UIIK 3
BUKOPUCTaHHSAM KOMOIHOBAHOTO Pi3Ls.

3HaYCHHS MOXHOOK Oararopi3ieBoi 00poOKH 3
BUKOPUCTaHHAM KOMOIHOBAHOTO pi3lLs Ta OJHOpI3LEBOI 0OpoOKHU 3
BUKOPHUCTAHHIM CTaHJAAPTHOTO i3l HaBeAeHo y Tabm. 4.1, 4.2, ay
rpadidyHOMY BUTJISAI — Ha puc. 4.6, 4.7.

JlocmikeHHsT TOKa3ainu, 10 00poOKa 3 BHKOPUCTaHHSIM
3aMpONOHOBAHOI0 KOMOIHOBAHOTO Pi3Ls MPU3BOAUTH A0 301IbIICHHS
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MOXUOKK JlaMeTpaIbHUX pO3MIpiB y cepeaHbomMy B 2,1 pasu
HOPIBHSIHO 3 OJHOPI3IEBOIO.

Puc. 4.5. CxiHueHHOEIEeMEHTH1 MOJIei (a) Ta JiarpamMu Py KHUX
nepemimnieHs (0) CKIaI0BUX TEXHOJIOTIYHOI CUCTEMH 0aratopi3ieBoi
00pOOKH 3 BUKOPUCTAHHIM KOMOIHOBAHOTO Pi31Is
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a) 0)

Puc. 4.5. CxinueHHOETIeMEeHTHI Mo/iei (a) Ta iarpamMu MpYKHUX
nepemiieHs (0) CKIIaoOBUX TEXHOJIOTIYHOI CHCTEMH 0araTopi3ieBoi
00poOKH 3 BUKOPUCTAHHIM KOMOIHOBAHOTO pi3Lis
(npooosoicertst)

[Tpu 36inb1IeHH] TTUOUHY pi3aHHs 10 t = 4 MM BUKOpPHCTaHHS
KOMOIHOBAHOTO Ppi3lsl HE 3a0e3reuye KBaJIITETy TOYHOCTI, IO
BIJITIOBiJJa€ YOPHOBiH 00pOOIT IMITIHAPHUYHUX TOBEPXOHb.

3HavyeHHS MOXHOOK 0O0poOkw mpu t = 1 MM 3HaXoIATHCS B
Mexax mosist gomycky 4dopHoBoi (IT12) ta mamiBumcroBoi (IT11)
00poOKH, 7Sl SIKUX BIAMOBIIHO JTOMYCKH HA JlaMETPU CTAHOBJISTH:
IT12 — Td = 250 mxm mrsg d = 30-50 MM Ta Td = 300 MxkM st
d=50-70 mm; IT11 — Td = 160 mxm gz d = 30-50 MM Ta
Td =190 mxm gos d = 50-70 mm.

Pe3ynpTaTi aHAMITHYHUX JOCIIIKEHb MPYKHUX NEpeMilleHb
eJIEMEHTIB TexHoJioriyHoi cuctemu (puc. 4.8, 4.9) mokasamu, 110
HaOIIBIIMIT BIUIMB Ha TOXMOKY OOpOOKM YHHATH MPYKHI
nepemimieHHss 3agHboi  0abku. [loxmOku 0OpoOKM BHACHTIIOK
OPY)KHUX TEpeMillleHb KOMOIHOBAaHOTO Ppi3ld  3ajexarb BiX
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MO3/IOBKHBOTO Ta TONEPEYHOr0 BHJILOTY DIi3IliB, ajie iX BIUIUB HE
nepesuirye  20%  Big  3araibHOl  MOXMOKHM A, BUKIMKAHOI
nedopMaIli€ro BCIX €NEMEHTIB TEXHOJIOTIYHOI cHucTeMHu. Bruims
MPY)KHUX TIEPEMIIIEHB TTepeaHb01 0a0KHU, PEBOJIBBEPHOTO CYIIOpTa Ta
3aroTOBKM He3HauHUH 1 He nepesuinye 10%.

Tabmuus 4.1
[Toxubku GaraTopi3reBoi 00pOOKH 3 BUKOPUCTAHHIM
KOMOIHOBAHOTO PI3IIs, MM

Hiametp JloBxxuHa [To3moBxkHIM [Tonepeunnii
3arOTOBKH, 3arOTOBKH, BUJIIT Pi3IIiB, BUJIIT Pi3IIiB, MM
MM MM MM 35 | 45
I'mubuna pizanus t = 4 Mm
1 24 77
160 8 0,3 0,3
32 30 0,407 0,495
18 0,358 0,430
320
30 0,457 0,535
1 437 4
320 8 0,43 0,489
64 30 0,514 0,550
18 0,460 0,520
640
30 0,528 0,625
['mubuna pizanns t = 1 MM
160 18 0,128 0,150
32 30 0,162 0,196
320 18 0,142 0,172
30 0,183 0,214
18 0,195 0,205
320
64 30 0,205 0,220
640 18 0,184 0,206
30 0,215 0,248

133




Tabmuus 4.2
[Toxubku oHOPI31IEBOI 0OPOOKHU 3 BUKOPUCTAHHSAM
CTaHIAPTHOTO Pi3Is, MM

Hiametp JloBxuHa [To3moBxkHIM [Tonepeunnii
3arOTOBKH, 3arOTOBKH, BUJIIT PI3IIiB, BUJIIT Pi3IiB, MM
MM MM MM 35 | 45
I'mubuna pizanus t = 4 MM
1 14 172
160 8 0,148 0,
32 30 0,185 0,225
18 0,177 0,198
320
30 0,209 0,243
1 1 22
320 8 0,196 0,220
64 30 0,231 0,250
640 18 0,210 0,237
30
I'mubuna pizanss t = 1 MM
160 18 0,052 0,063
39 30 0,067 0,082
320 18 0,060 0,072
30 0,076 0,090
18 0,073 0,080
320
64 30 0,084 0,092
18 0,075 0,086
640
30
[Toxubxu 00po0OKH, 10 BHUKJIMKaHI NPY>KHUMH

MEPEeMIIIEHHSIMHU €JIEMEHTIB TEXHOJIOTTYHOT CUCTEMH, IPU3BOMASATH J10
30UThIIEHHsT  AlamMeTpy oOpoOmtoBaHoi moBepxHi. [ligBummmTh
TOYHICTH OOpOOKM MOXXHAa IUIAXOM BBEACHHS KOPEKIil Yy
KOOPJWHATH IIOYaTKOBOTO MOJIOKEHHs pi3ls. BenmumHa Kopekiii
MPU3HAYAETHCS 3 ypaXyBaHHSAM CKIAJIOBHX NPYXHHX TEpeMilIeHb
€JIEMEHTIB TEXHOJIOT1YHOI cucTteMu (Tadir. 4.3).
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Puc. 4.6. I'padixu 3amexHoCTI
noX1OKHU 00pOOKH
KOMOIHOBAaHHM Ta CTaHIAPTHUM
pi3iem Bix giameTrpy oOpoOKw:
1,2-t=4mm;3,4-t=1 MmMm;
Lp =30 mm; Lg =45 Mm;

L/d=10
4 5
1%_ 1%
/
3 __
2_\ ‘ 16% R\\
3% |/
|
1
79%
a)

Puc. 4.7. I'padixu 3amexHoCTi
noX1OKHU 00pOOKH
KOMOIHOBAaHHM Ta CTaHIAPTHUM
pi3LeM BiJ OMEPEYHOTO
BWJIBOTY Pi3MiB: 1, 2 —t =4 MmM;
3,4-t=1wmm; Lp = 18 Mm;
d=64mm; L/d=10

4 5
1% 2%

/

3
18%
2 e,
3% il
1
76%
6)

Puc. 4.8. BruiuB npy>XHUX MepeMilIeHb eIEMEHTIB TEXHOJIOTTYHOT
CHCTEMH Ha IOXHOKY 00poOKH KOMOIHOBAHUM pi3LIEM:
a—L =640 mm; 6 — L =320 mMm; 1 — 3aans 6a0ka; 2 — peBOJIbBEPHUIA

cymnoprt; 3 — KOMOIHOBaHUH Pi3ellb;
d=64mm; Ly =45
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Puc. 4.9. BinuB npy>XHUX NepeMillleHb eIEMEHTIB TEXHOJIOTTYHOT
CHUCTEMH Ha TOXUOKY 00pOOKHM KOMOIHOBAaHHUM PI3IIEM:
a—L=320wmm; 6 — L =160 mMm; 1 —3anus 6abka; 2 — peBOJIbBEpHUI
CymnopT; 3 — KOMOiHOBaHUM pi3elb; 4 — AeTalb; 5 — nepeaHs 6adka,
d=32mm; Ly =45 Mm; Lp =30 Mm

Taomums 4.3
[Ipy>xHi nepeMilIeHHs eIEeMEeHTIB TEXHOJIOTIYHOT CUCTEMHU
Oararopi3ieBoi 00pOOKH 3 BUKOPUCTAaHHSIM KOMOIHOBAHOTO Pi3IIs
npu rubuHi pizaHHa t = 1 MM

[Tozmosxk- | Ilomepeu- | Ilepemimien- [Tepemi- Cymapne
Hil BUWIIT, | HAHM BWIT, | HA 1O oci Z, IIEHHA [10 | 3MILEHHS,
MM MM MM oci Y, MM MM
KomOiHoBanwmii pizernb
30 45 0,0388 0,0096 0,04
Hiametp HomxwuHa | 3mimenns mo | 3wmimeHHs | CymaphHe
3aroTOBKH, | 3arOTOBKH, ociZ, mo oci Y, 3MIIIEHHS,
MM MM MM MM MM
1 2 3 4 5
3aroTroBka
32 160 0,0047 0,0015 0,005

320 0,0066 0,0022 0,007
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[Tponosxennst Tabdm. 4.3

1 2 3 4 5

64 320 0,0009 0,0003 0,001
640 0,0019 0,0006 0,002

[Tepenus 6abka

32 160 0,0019 0,0006 0,0020
320 0,0014 0,0004 0,0015

64 320 0,0014 0,0004 0,0015
640 0,0009 0,0003 0,001

3agus 0abka

39 160 0,069 0,022 0,073
320 0,091 0,002 0,096

64 320 0,091 0,002 0,096
640 0,097 0,032 0,102

PeBosbBepHUIt CynopT

. [
320 0,0065 0,0026 0,007

o4 640

[IpyxHi mepeMilieHHs TepeaHboi Ta 3aaHboi  0aboK,
KOMOIHOBAHOTO pi3Lis, PEBOJBBEPHOIO CYNOPTa Ta JETall B3JOBXK
oci Y KOMIICHCYIOThCSl IIJISTXOM BBEICHHSI KOPEKINi y KOOPJIUHATH
MIOYaTKOBOTO TOJIOXKEHHS Pi3lis B30BXK oci Y 3 MylbTa KepyBaHHS
cucreMu YIIK. 3menmenns moxuOok OOpoOKH, IO BHUKJIUKAaHI
OPYKHUMH TIEPEMIIICHHSIMH PEBOJIbBEPHOTO CYIOpTa Ta Pi3Is
B3JOBX oOCl Z, IOCATacThbCAd 3a OOINOMOIOI0 KOMIIEHCAIIHHUX
MiIKIaJ0K,  SKi  BCTAHOBIIOIOThCA Mg pisui.  ToBmuHU
KOMIIEHCAI[IMHUX IIOKIAA0K IIOBUHHI  BIAIOBIAATH  BEIWYUHI
MPYKHUX TEPEMIIeHb IINX eJIEeMEHTIB B3J0BXK 0ci Z.

BBeneHHs KOPEeKI[iii y KOOPJAWHATH MOYATKOBOTO TIOJIOKEHHS
pi3ist B3IOBXK Oci Y JO3BOJISIE MiABUIIUTH TOYHICTH 00pOOKH Ha 6%,
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a KOPEKIIisl TIOJIOKEHHS Pi3Ils B3JOBX OCI

Z 3a0e3nedye cymapHe

MiBUIIICHHS TOYHOCTI Ha 35% (puc.4.10, 4.11).
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Puc. 4.10. I'padixu 3amexHOCTI
MOXUOKH 00pOOKH
KOMOIHOBAaHHM Pi3IIEM BiJl
niameTpy oOpoOKH:

1, 4 — 6e3 KopeKIIii KoopaAuHAT
MOYaTKOBOTO TOJOKEHHS Pi3IIs;
2, 5 — 3 kopekitiero 1o oci Y ;
3, 6 — 3 Kopekiriero o oci Y Ta
Z, Lp =30 mm; Lg =45 MM,
L/d=10

Puc. 4.11. I'padixu 3amexHOCTI
OXUOKH 00pOOKH
KOMOIHOBAaHHM Pi3IIEM BiJl
MOTIEPEYHOT O BHIIBOTY Pi3LIiB:
1, 4 — 6e3 KopekKIIii KoopaAuHAT
MOYaTKOBOTO TMOJOKEHHS Pi3IIs;
2,5 — 3 KOpeKIIi€ro 1mo oci Y
3, 6 — 3 KopekIiero mo oci Y Ta
Z, Lp =30 mm; Lg =45 MM,
L/d =10

TakuMm 4MHOM, P TNIMOMHI pi3aHHA 10 4 MM KOMOIHOBaHUI
pizenp 3a0e3reyye TOYHICTh, IO 3HAXOIUTHCSA B MEXKax MO
JIOITYCKY Ha YOPHOBY Ta HAIlIBYMCTOBUX TOKAPHY 0OPOOKY.

4.2. lloxudxu
0araropi3ueBoro TpuMava

00poOKHu

3 BUKOPUCTAHHAM

3nificHeHHs GaraTopi3ieBoi 0OpoOKM Ha TOKAPHHUX BEpCTaTax

13 UIIK 3a momomororo 6araTtopi3iieBUX TpUMaviB BiIOYBAETHCS MPH
JOCUTh BEIMKOMY KOHCOJIBHOMY BMJIBOTI KOpIyca TpHUMaua
BIJIHOCHO KOPITyca PE€BOJIBLBEPHOT TOJOBKH Ta MPHU 30UIBIIICHUX CHJIaX
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pi3aHHs, IO BUKJIWKAE JOJATKOBE 3MIMICHHS Pi3aJbHUX KPOMOK
pI3LIB 1 BIAMOBITHO MOTIpHICHHS TOYHOCTI OO0poOku. [ligBurmTH
TOYHICTh OOpOOKM J03BOJISIE 3aMpPONOHOBAHUN BIOCKOHAJICHUI
OaraTopi3leBHii TpuMady, SIKU MOPIBHSAHO 3 0a30BUM TpUMadyeM Mae
O1ITBIII )KOPCTKY KOHCTPYKITifo [60].

Ha nmoxu6ky 6araTopi3ieBoi 00poOKH Ha TOKApHOMY BepcTaTi
3 BUKOPHCTaHHSM 0araTtopi3leBOTO TpHMada BIUIMBAIOTH MPYXKHI
nedopMartii BCiX CKJIAJOBHX TEXHOJOTIYHOI CHCTEMU: MEPEeIHbOI Ta
3aIHBOI 0a0OK, PEBOIBLBEPHOTO CYIOPTA, JACTalll Ta OaraTopi3ieBoro
TpumMaua [68, 69].

3rigHo cxemu (opMmyBaHHs MOXUOKH 00poOku (puc. 4.12)
BIUTMB MPYKHUX JedopMaIliii eIeMEHTIB TEXHOJIOTIYHOI CHCTEMH Ha
noXHUOKy 0OpOOKHM 3HAXOAMTHCS 3a TIEK K METOAUKON, M0 U s
KOMOIHOBAHOTO Pi3IIsl.

Jlis BU3HA4YeHHS MOXUOOK OOpPOOKH METOJOM CKIHYCHHHX
€JIeMEeHTIB Oyl TPOBENCHO aHAIITUYHI JOCHTIDKEHHS HaIpyXeHO-
neOpMOBAaHOTO  CTaHy  €JIEMEHTIB  TEXHOJOTIYHOI  CHUCTEMU
OararopiznieBoi 0OpOOKM 3 BHUKOPHCTaHHSIM 0aratopi3ieBoro
tpumaua (puc. 4.13). JlocmipkeHHS MPOBOAMIMCS ISl CKIIAJOBHX
CHJIM Pi3aHHs, 110 BiAMOBIAAIOTh MMOMHI pizaHHA t =1 MM 1t =4 MM
Ta TMoJaYaM 3TiAHO PEKOMEHJallild 3araJbHOMAIIMHOOYiBHUX
HOPMATHBIB Yacy Ta peKUMIB pizaHHs [56, 57]. [iamerp 3aroToBKu
mae 3HaueHHs 0 = 32 mm npu gorxkuni L = 220 mm Ta L = 320 MM, a
takox d = 64 MM nipu goBxwuHi L = 320 MM Ta L = 640 mm.

[To3noBxHIN BUIIT pi3miB ckiaaaB Lp = 551 Lp = 175 MM st
OaratopizlieBoro TpuMada 3 JBOPI3IEBUM HAJIArOJDKEHHSM Ta
Lp =551 Lp = 85 MM a5 GaraTopi3neBoro Tpumaya 3 TpUpPi3LEBUM
HaJIar O/KEHHSIM.

[lomepeunuit BumiT mnpuiiMaB 3HayeHHa Lg = 25 Ta
Lg = 55 mm. [loBkuHa 00poOKHU BiAnmoBigHO ckiaagana — L = 200 mm
Uis 3-T0 pi3Id TPU PI3LEBOTO HAIATOKEHHS Ta 2-TO pi3usd
nsopizueBoro; L = 115 MM pus apyroro pisisg TPUPI3LEBOTO
HaarokeHHs Ta L= 30 MM 175 mepimx pi3iiB 000X HaIaro KeHb.
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a)

Puc. 4.12. Cxema ¢popmyBaHHS TOXHOKH 0OpOOKH ITPU BUKOPUCTAHHI 0araTopi3ieBOro TpumMaya




Puc. 4.13. CkiHueHHOEIEMEHTHI MOJIeli (@) Ta AlarpaMu Mpy>KHUX
nepeMimieHb (0) CKIIaIOBUX TEXHOJIOTIYHOT CUCTEMH OaraTtopi3ieBoi
00pOOKH 3 BUKOPHCTAaHHIM OaraTopi3neBoro Tpumaya
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a) 0)

Puc. 4.13. CkiHueHHOEIEMEHTHI MOJieli (@) Ta AlarpaMu Mpy>KHUX
nepemirieHs (0) CKIIaqoBUX TEXHOJIOTIYHOI CHCTEMH 0araTopi3IeBoi
00pOOKH 3 BUKOPHCTAaHHIM 0araTopi3neBoro Tpumaya
(npo0oedicenHs)

3HaueHHS  TOXHOOK  OOpOOKM  JuIsi  JOCHIKYBaHHX
OaraTopi3lieBUX TpUMadyiB HaBeleHO y Tabiu. 4.4, 4.5. Ha puc. 4.14-
4.17 HnaBeneHo rpadiKd 3aJEKHOCTI TMOXHOKH Oaratopi3neBoi
O0poOKM 3 BHUKOPUCTaHHSAM JIOCHIDKYBaHHUX  OaraTopi3leBHX
TpUMadviB Ta TPH OJHOPI3IEBIA OOpOOIll CTAaHAAPTHUM PIi3LEM BiJ
niameTpy 0OpoOKH Ta MOMEepeuHOro BUIBOTY Pi3IIiB.

Pe3ynpraTi mOCHi[UKEHh MOKA3adM 3MEHIICHHS BEIMYUHU
noxuOku 0OpOOKM MpU BUKOPUCTAaHHI OaraTtopisieBoro Tpumaua Il-
ro BUKOHaHHS Ha 17%, 110 A03BOJISIE 301BITUTH PEKUMH Pi3aHHS Ta
MPOIYKTUBHICTH OOPOOKH.
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Tabmuus 4.4

[Toxubku 06poOKu OaraTopizlieBUM TPUMAYeM 3 TPUPIZLEBUM
HaJIaro/KEHHSIM, MM

= = baratopi3ueBuii Tpumau
é é m S| S p130 P
o | E | A5
SS|SES| 25| &5 Buxonanus | Buxonanns I1
= = o)
IR
25| S5 5;‘ 5 ? Howmep pizus
3 S|EE|FE
® © = 2 1 2 3 1 2 3
1 2 3 4 5 6 7 10
['mubuna pizanss t = 4 MM
55 25 0,143 | 0,153 | 0,163 | 0,126 | 0,132 | 0,140
920 55 | 0,272 | 0,278 | 0,289 | 0,222 | 0,231 | 0,237
85 25 0,143 | 0,275 | 0,444 | 0,126 | 0,255 | 0,381
32 55 0,272 | 0,434 | 0,593 | 0,222 | 0,305 | 0,509
55 25 0,155 | 0,161 | 0,167 | 0,135 | 0,141 | 0,148
390 55 0,335 | 0,341 | 0,350 | 0,285 | 0,292 | 0,298
85 25 | 0,155 | 0,406 | 0,663 | 0,135 | 0,352 | 0,569
55 10,335 | 0,589 | 0,847 | 0,285 | 0,501 | 0,719
55 25 0,327 | 0,333 | 0,340 | 0,275 | 0,284 | 0,292
320 55 0,455 | 0,465 | 0,470 | 0,375 | 0,386 | 0,395
85 25 0,327 | 0,485 | 0,640 | 0,275 | 0,405 | 0,542
64 55 0,455 | 0,613 | 0,771 | 0,375 | 0,514 | 0,658
55 25 | 0,347 | 0,355 | 0,365 | 0,295 | 0,303 | 0,311
640 55 0,540 | 0,550 | 0,559 | 0,470 | 0,477 | 0,485
85 25 0,347 | 0,606 | 0,867 | 0,295 | 0,528 | 0,739
55 0,540 | 0,761 | 1,015 | 0,470 | 0,669 | 0,878
I'mubuna pizanns t = 1 MM
25 {0,042 | 0,045 | 0,048 | 0,037 | 0,039 | 0,041
32 | 220 | 55
55 | 0,080 | 0,082 | 0,085 | 0,065 | 0,068 | 0,07
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[Tponosxenns Tad. 4.4

1 2 3 4 5 6 7 8 9 10

25 0,042 | 0,082 | 0,131 | 0,037 | 0,080 | 0,113
220 | 85

55 0,08 | 0,128 | 0,175 | 0,065 | 0,112 | 0,150
25 0,046 | 0,048 | 0,050 | 0,039 | 0,041 | 0,043
32 > 55 0,098 | 0,100 | 0,103 | 0,084 | 0,086 | 0,088
320 25 0,046 | 0,124 | 0,195 | 0,039 | 0,105 | 0,167
8 55 0,241 | 0,247 | 0,260 | 0,084 | 0,152 | 0,222
25 0,096 | 0,098 | 0,099 | 0,08 | 0,083 | 0,085
o 55 0,133 | 0,135 | 0,137 | 0,111 | 0,115 | 0,117
o4 320 25 0,183 | 0,185 | 0,187 | 0,08 | 0,122 | 0,160
85 55 0,222 | 0,225 | 0,229 | 0,188 | 0,191 | 0,195
25 0,102 | 0,105 | 0,108 | 0,086 | 0,089 | 0,092
o 55 0,159 | 0,162 | 0,165 | 0,138 | 0,140 | 0,142
o4 640 25 0,102 | 0,178 | 0,255 | 0,086 0,3 0,217
85 55 0,159 | 0,235 | 0,314 | 0,138 | 0,212 | 0,279
Taomuus 4.5

[Toxubku 006poOKHM OaraTopizLeBUM TPHUMAadeM 3 JBOPI3LEBUM
HaJIaro/KEHHSIM, MM

> = Bararopi3zuesuii TpuMau
=N = g 2 P P
% S| ES| 2| EE Bukonanns I Buxonanms 11
4 ~ m = =
HERI T
= £ Lg( g g f B & Howmep pizns
5 S|EE|FE
® © = m 1 2 1 2
1 2 3 4 5 6 7
['mubuna pizanns t = 4 MM
55 25 0,044 0,048 0,038 0,042
32 | 220 55 0,075 0,082 0,062 0,070
170 25 0,044 0,105 0,038 0,097
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[Tponosxenns Tad. 4.4

1 2 3 4 5 6 7 8
220 | 170 55 0,075 0,161 0,062 0,136
25 0,075 0,08 0,061 0,067
32 > 55 0,125 0,137 0,111 0,117
320 25 0,075 0,222 0,061 0,190
170 55 0,125 0,330 0,111 0,275
25 0,067 0,073 0,055 0,060
> 55 0,125 0,130 0,107 0,112
o4 320 25 0,067 0,160 0,055 0,138
170 55 0,125 0,212 0,107 0,181
25 0,115 0,120 0,098 0,103
> 55 0,180 0,192 0,148 0,161
64 | 640
25 0,115 0,265 0,098 0,227
170 55 0,180 0,400 0,148 0,335
['mubuna pizanss t = 1 MM
25 0,02 0,022 0,017 0,019
> 55 0,034 0,037 0,029 0,032
220 25 0,02 0,047 0,017 0,044
170 55 0,034 0,072 0,029 0,061
32 25 0,034 0,036 0,028 0,03
> 55 0,057 0,062 0,049 0,053
320 25 0,034 0,100 0,028 0,085
170 55 0,057 0,130 0,049 0,112
25 0,03 0,033 0,026 0,028
> 55 0,057 0,059 0,048 0,05
320 25 0,03 0,072 0,026 0,062
64 170
55 0,057 0,095 0,048 0,081
25 0,051 0,054 0,042 0,045
640 | 55
55 0,081 0,086 0,068 0,072

145




MM 1
i ——e ||
| | "] _

08 1 "

E.’-'\'L".‘Tm.;ué“ o Moy
mnﬂ" El
fc

r:hamw
i

e —

—_—

N

M= L MORaamELL s
5 &7

s Zx\

—_—

3
=

E “ 70 o my

Puc. 4.14. I'padixu 3amexHOCTI
noxXuOKKU 00pOOKH
0aratopizleBUM TpUMAYEM 3
TPUPI3IEBUM HAJIATOPKCHHSM BiJl

niaMeTpy oOpoOKH:
1,2, 3-t=4wmm;
4,5 6-t=1wMm; Lp =85 mm;
Lg =55mm; L/d =10
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Puc. 4.15. I'padixu 3amexHOCTI
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JBOPI3IIEBUM HAJIArOPKEHHSIM
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Puc. 4.16. I'padiku 3a51e:KHOCTI
MOXHOKU 00pOOKH
0araTopi3leBUM TPUMAYEM 3
TPUPI3LEBUM HAJIATOJHKEHHIM
BiJl TONIEPEYHOTO BUIILOTY
pizuiB: 1, 2, 3 —-t=4 mm;
4,5 6-t=1mMm; Lp =85 MmuMm;
Lg =55 mmMm; L/d =10
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BiJI lilaMeTpy 0OpOOKH:
1,2, 3-t=4 mm;
4,5 6-t=1mMm; Lp =85 mm;
Lg =55mm; L/d =10
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Puc. 4.17. I'padiku 3a51€:KHOCTI
MOXHOKH 00pOOKH
0araTopi3leBUM TPUMaYEM 3
JIBOPI3IIEBUM HAJIArOJKEHHSIM
BiJl TONIEPEYHOTO BUIILOTY
pizuiB: 1, 2, 3 —t=4 mm;
4,56 -t=1mm; Lp =170 mm;
Lg =55 mmMm; L/d =10



[TopiBHAHO 3 OIHOPI3IEBOIO O00pOOKAa 3 BUKOPUCTAHHSIM
0araTopi3lieBUX TPHUMadiB MPU3BOAUTH 1O 30UIbIIEHHS NOXHOKU
00poOKH: 6araTopi3eBoro TpuMada 3 TPUPI3IEBUM HAJIAr0KEHHIM
I-ro BukoHawHs y 2,75 pasu; Oararopi3ieBOro TpuUMada 3
TpUpi3lieBUM Hayaro/pkeHHssM  [I-ro BukonanHs y 2,32 pasw,
OaraTopi3leBoro TpuUMada 3 JIBOPI3IEBUM HaiarokeHHsM II-ro
BUKOHAHHA y 1,24 pa3u.

[lopiBHsNIBHUI  aHaNi3 BIUIUBY MPYXHHUX IepeMillleHb
€JIEMEHTIB  TEXHOJIOTIYHOI CHCTEeMH Ha TOXHOKYy 0O0poOKH
OaratopizlieBUM TpHMadeM 3 TPUPI3IEBUM HajaropkeHHsM II-ro
BUKOHAHHS MPU MaKCUMATbHOMY TIO3/JI0BXXHBOMY Ta MOIEPEYHOMY
BUIbOTI pismiB (puc. 4.18, 4.19) nokasae, 1m0 CYTTEBHI BIUIMB Ha
noxuOKy o0pooku (35-53%) 4MHATH MPYKHI MEepPEeMIlIEHHS 33 JHbOT
6abku. IlpyxHi mnepemimenHs OaraTopi3leBOro TpuMada y
CepeqHbOMY CKIanaloTh 32% B 3araJibHOl MOXHOKH OOPOOKH.
[Toxubka Big TpykHOI gedopMaliii 3aroTOBKH Oe3MmocepeaHbo
3aNeXUTh BiA il giamMeTpy Ta JOBXKMHU Ta ckianae 4-27% Bifg
3arajpbHO1 MOXUOKW. BIiMB npyXHUX TEepeMiIleHb MepeIHb01 0a0Kku
Ta PEBOJILBEPHOTO CYNOPTa 3HAXOAUThCS y Mexax 10%.

[Tpu rmbuHI pizanHs t = 4 mm OararopisieBi Tpumadi 000X
BUKOHAHb HE 3a0e3Me4yI0Th HEOOX1THOI TOYHOCTI YOPHOBOI 0OPOOKHU
HWIHIPUYHUX TOBEpXOoHb. Kopekiliss KOoopAMHAT MOYaTKOBOTO
NOJIOKEHHA pi3LiB 0araTopi3lieBOro TpUMada 3 TPHUPI3LEBUM
Hanaro/keHHs M 1I-ro BUKOHAaHHSA B3JOBXK OCi Y, BEJIMYMHA SIKOI
BiJITOBiIA€ BEJIUYHHI MPYXKHUX nepeMilieHb CKJIQJIOBUX
TEXHOJOTIYHOI CHCTEMH B3JOBXK OCi Y, J03BOJAC IIiJABUILIMTU
TOYHICTH 00pOOKH Ha 11%.

Kopekmiss koopauHaT TOYAaTKOBOTO TIIOJIOKEHHS  PI3IIiB
B3JIOBXK OcCi Z, siKa BpaxoBye IPYXKHI TEpeMillleHHS pi3IliB Ta
PEBOJILBEPHOTO  CyIOpTa, 3a0e3nedye 3arajbHE  MABUIICHHS
touHocTi Ha 47% (puc.4.20, 4.21).

[Toxnbxu 06poOKM KOMOIHOBAaHHMM Pi3lleM Ta OaraTopi3IeBUM
TpUMaueM 3HaXOMAThCS B MEXKaxX IMOJs JIOMYCKYy Ha YOPHOBY Ta
HaIlIBYNCTOBY TOKapHY OOpOOKYy Ta JO3BOJISIIOTH €(QEKTUBHO
BUKOPUCTOBYBATH iX MPH IMTUOUHI pi3aHHA 10 4 MM.
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9%

6%

a) 0)

Puc. 4.18. BrimuB npy>kHHUX TIEpeMIlIeHb €IEMEHTIB TEXHOJIOT1YHOT
CHCTEMH Ha OXHOKY 00poOKH 6araTopi3lieBUM TpUMaueM 3
TpUpi3LeBUM HamaropkeHHsM: a — L = 640 mm; 6 — L = 320 mm;

1 — 3agns 6a0ka; 2 — peBoIbBEpHUH cynopT; 3 — GaraTopi3ueBuit
TpuMay; 4 — 1eTaib; 5 — nepeaHs 6adka;
d=64Mm; L, =85Mm; L, =55 MM

5

4 10%__
8% ;

a) 0)

Puc. 4.19. BruiuB npy>XHUX MEpPEMILIeHb €JIEMEHTIB TEXHOIOTIYHO1
CHUCTEMH Ha TOXHOKY 00pOOKH OaraTopi3ieBUM TpHUMAYEM 3
TpUpI3IeBUM HanmaropkeHHsM: a — L = 320 mm; 6 — L = 220 mw;

1 —3agnHs 6abka; 2 — peBOJILBEPHHI CyNopT; 3 — OaraTopi3leBUid
Tpumay; 4 — 1eranb; 5 — nepenHs 6abka;
d=32mMm; Lp =85MM; L =55 Mm;
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Puc. 4.20. I'padixu 3anexHOCTI
MOXHOKH 00pOOKH
6araTtopi3lieBUM TpUMaydeM 3
TPHPI3LEBUM HAJIAr0HKCHHSIM
BiJl liamMeTpy 0OpoOKH:

1, 4 — 6e3 KopeKIIii KoopaAuHAT
MOYATKOBOT'O MOJIOKEHHS PI3IIs;
2, 5 — 3 kopekitiero 1o oci Y ;
3, 6 — 3 Kopekiiero mo oci Y Ta
Z, Lp =30 mm; Lg =45 MM,
L/d=10
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Puc. 4.21. I'padixu 3a5nexHOCTI
MOXHOKH 00pOOKH
6araTtopi3lieBUM TpUMaydeM 3
TPHPI3LEBUM HAJIArOHKCHHSIM
BiJl IOTIEPEYHOTO BUIIHOTY
piziiB: 1, 4 — 6e3 KopekIrii
KOOpJIUHAT MOYaTKOBOTO
TTOJIOXKEHHS Pi3IIs;

2, 5 — 3 KopekIi€ero mo oci Y
3, 6 — 3 KopexkIti€ro 1mo oci Y Ta
Z; Lp =30 mm; Lg =45 mm;
L/d=10

Buxopucranns po3po6ieHoro 6araTopi3ieBoro TpuMauya Ha
17% 3MeHIIIye BeTMYUHY TOXHOKH 0OpOOKHM y OPiBHSAHHI 3 6a30BUM
TpUMadeMm, 10 JI03BOJISIE€ 30UIBIIMTH PEXUMH  pi3aHHA Ta
MPOIYKTUBHICTH OOPOOKH.

[IpyxHi nedopmariii koMOIHOBAHOTO Pi3lsd cTaHOBIATH 20%
BiJl 3arajJbHOi MOXMOKM OOpOOKHM, BHKIMKAHOI MPYKHUMHU
nedopmarlisiMi yCciX CKJIaJIOBUX TEXHOJOTIYHOI CHCTEMH, a MPYKHI
nedopmarii  OaratopizueBoro Tpumaua — 42% Big BeIUYUHU
3arajgbHOl MOXHOKK. Kopekiiss BHXIIHOTO TIOJOXKEHHS PI3MiB 3
ypaxyBaHHSIM TPYKHUX JedopMalliii eIeMEeHTIB TEeXHOJIOT1uHOi
CHUCTEMHU JIO3BOJISIE TIABUIIUTH TOYHICTH OOpPOOKM KOMOIHOBaHHM
pizuem Ha 35%, a 6araropizueBuM TpumaueM Ha 47%.
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5. ExkcnepuMeHTAJIbHI A0CTiKeHHsI 0araTopi3ueBoi 00pooKu
Ha TOKapHuX Bepcrarax i3 UIIK

5.1. MeToauka NMPoBe/IeHHs eKCIepUMEHTAJIbHHUX
JOCJHITKEeHD

Jist  OWIHKM  TOYHOCTI Ta TIEPEBIPKM  aJEKBATHOCTI
AQHAITUYHUX PO3pPaxXyHKIB Oynu TIpoBeleHI eKCIepHUMEHTANIbHI
JIOCITIJDKEHHS TIOXHWOKHM OaraTopi3iieBoi OOpoOKM Ha TOKApHOMY
Bepcrati 3 UIIK 3 BHKOpHCTaHHSM KOMOIHOBaHOTrO pi3Is Ta
Oaratopi3leBoro TpuMayva.

Meroro  AOCHIDKEHHS  Mepeadadanoch  BUMIPIOBaHHS
niamMeTpiB  0OpoOIIOBaHMX 30BHIIIHIX LWIIHAPUYHUX TTOBEPXOHb
micass BHUKOHAHHS Oararopi3iieBoi OOpOOKM Ta BCTAHOBJIIECHHS
3aKOHOMIPHOCTEH 3MiHM MOXMOOK OOpPOOKH 3aJIeKHO Bifl BEIUYHHU
(dakTOpiB, IO BIUIMBAIOTH HA HET.

Jlnst 3amponoHOBaHOT KOHCTPYKIT KOMOIHOBaHOTO pi3us Ta
OararopisueBoro Tpumayda [59, 60] po3pobieHi podoui KpecIeHHs Ta
BUTOTOBJICHI JOCiIHI 3pa3ku (puc. 5.1, 5.2).

Puc. 5.1. Jocnigauii 3pa3ok Puc. 5.2. Jocnigauii 3pa3ok
KOMOIHOBaHOTO Pi3IIs OaraTopi3leBoro TpuMaya

HocmimxenHs OaraTopi3iieBoi 0OpOOKH MPOBOIUIIUCS Ha
tokapHomMy Bepcrarti 3 UITK moza. 16K20D3C32 (puc. 5.3, 5.4).

OOpoOsUTHCST 3aTOTOBKHM  PI3HOTO JiaMeTpy Ta JTOBXKHUHHU,
BUTOTOBJIeHI 31 crami 45. ['nmubuna pizanHs t = 1 mm. Yacrora
obepTaHHs WMUHAENS Ta  IoJada  MPHU3HAYAIKMCS  3TiTHO
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3arajlbHOMAaNTMHOOYAIBHUX HOPMATHBIB 4Yacy Ta PEXKHUMIB pi3aHHS
[56-58].

Puc. 5.4. O6po6ku Bana GaraTopi3LeBUM TPUMAYeM 3 TPUPI3LEBUM
HaJIaroJHKEHHSIM
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JlocmipKyBaHMMH TTapaMeTpaMu € JiaMeTp 3arotoBku d Ta
no3noBxkHii Lp i momepeunwii Lg Buimboru pisuis. JocmimkeHHs
MPOBOJIMIIMCSA HA JBOX DPIBHAX TNPH JBOX 3HAYCHHIX (PAKTOPIB.
3aranoM OyJio TpoBeneHO JBi cepii MOCHTiAIB AJS 3aroTOBOK Pi3HOI
JKOPCTOKOCTI 3 BIJHOIICHHSM JOBXMHH 3arOoTOBKH JO J1aMETpy
L/d =5 ta L/d = 10. [locTranoBka MOCIiAiB BUKOHYBAIACS 3TiHO
noBHOTO (hakTopHOTO ekcriepuMeHTy ([IDE).

AHaini3 pe3ynbTaTiB EKCIIEPHUMEHTIB JI03BOJUB OTPUMATH
EeMITIpUYHI PIBHSHHS perpecii 11l BU3HAYCHHS TOXHUOOK 00pOOKH.

5.2. lloxubku G6araropizueBoi TOKAPHOI 00pOOKH

ExcnepumeHTanibHl  AOCHIIDKEHHS  MOXHOKHM  0OpOOKH
KOMOIHOBaHHMM pi3lieM MPOBOIWIHCS 3a MeTonukoro [70]. Hani mms
noctaHoBku T1iany I[IDE mpu o6polbiii KoMOIHOBaHUM pi3lieM
HaBeneHo B Ta0iI. 5.1.

OOpoOka Ta BHUMIPIOBaHHS JiaMETPiB MOBEPXOHBb gy
BUKOHYBQJINCS B MICISIX, BKa3aHUX Ha TEXHOJOTIYHIA cxemi

(puc.5.5).

Tab6mums 5.1
Binomocti mnany [I®E mpu 06po0biri komOiHOBaHUM pi3lieM

Hiametp | Ilo3nomxniit | [Tonepeunuit
Hazsa ¢akTopa 00poOKH, | BWIIT Pi3IliB, | BIIIT PI3IIiB,
MM MM MM
KonxoBane no3zHauyeHHs X, X, X
¢axTopa
BepxHiii piBeHb +1 64 30 45
HwxHilt piBeHb -1 32 18 35
OcHoBHUII piBeHb | Xo 48 24 40
lirreppan AX | 16 6 5
BapirOBaHHSI
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D

Puc. 5.5. Texnomnoriuna cxema 00poOKH KOMOTHOBaHUM Pi3LIeM

Cratuctuuna oOpoOKa pe3ynbTaTiB AOCHiKeHb (Tabm. 5.2,
5.3) miaTBepaAMsa OMHOPIAHICTH AMCHEPCIi MOXUOKH EKCIEPUMEHTY
3a kpuTepieM KoxpeHa Ta A03BOJMIA BCTAHOBHTU 3HAYMMICTH YCIX
¢dakTopiB BIUIMBY 3a KpuTepieM CT 101eHTa.

Perpeciifuuii aHani3 pe3yabTaTiB JOCTIIKEHHS JI03BOJIUB
po3poOUTH MaTeMaTHU4HI 3aJIeKHOCTI JJII BU3HAYEHHS IOXUOKHU
00poOKH.
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Tabmuus 5.2
Marpuis ninanyBanss [IOE 6aratopiziieBoi 00poOku 3
BUKOPHCTaHHSAM KOMOiHOBaHOTO pi3iyt mpu L/d =5

[Toxubku Cepenns

No daxropn o6po§1<14 3a apudmMeTny-
noc- cepisiMU Ha MoxuoKa,
nimy JIOCIIIB, MM MM

Xo | Xa | X2 | X3 1 2 A

1 +1 | +1 | +1 | +1 | 0,24 | 0,22 0,23

2 +1 -1 +1 | +1 | 0,13 | 0,15 0,14

3 +1 | +1 -1 +1 | 0,22 | 0,22 0,22

4 +1 -1 -1 +1 | 0,17 | 0,15 0,16

5 +1 | +1 | +1 -1 0,20 | 0,23 0,215

6 +1 -1 +1 -1 0,18 | 0,18 0,18

7 +1 | +1 -1 -1 0,21 | 0,20 0,205

8 +1 -1 -1 -1 0,13 | 0,15 0,14

ITepeBipka 3a kputepiem ®Dimepa CBIAYHTH MPO T, IO
OTpUMaHI ~ MaTEeMaTU4HI  3aJEXKHOCTI  aJEKBATHO  OIHUCYIOTh
eKCIICpUMEHTAIIbHI 3HAYCHHS TTOXHUOOK.

MatemaTuyHi  3aJI©KHOCTI  JUJII  BHU3HAUEHHS  IMOXHOOK
OararopizneBoi 00poOku Ha TOKapHoMy Bepcrari 3 UIIK 3
BUKOPUCTAHHSAM KOMOIHOBAHOTO Pi3Ls MalOTh HACTYITHUN BUTIIS:

a)npu L/d =5
A =-0,032+0,00168-d +0,00281-L,+0.00212-L,;

0)mpu L/d =10
A =-0,056+0,00176-d +0,00302-L, +0.00287-L,.

Ha pwuc.5.6 HaBeneHo TOBEepXHI BIATYKY 3aJI€KHOCTI
noXHUOKM OOpOOKM KOMOIHOBaHUM pi3LeM BiJ MO3/J0BXHBOTO Ta
MOTNIEPEYHOTO BUJIBOTIB PI3IIB Uil PI3HUX 3HAYCHb JlaMeTpy
00poOKH.

154



Tabmums 5.3
Marpuis ninanyBanss [IOE 6aratopiziieBoi 00poOku 3
BUKOPHCTaHHIM KOMOiHoBaHoTO pisist npu L/d = 10

[Moxunbku Cepenns
Ne daxropn 06p0§KH 3a apudmerny-
noc- cepisiMu Ha 1moxuokKa,
iy JOCITIJIIB, MM MM
Xo | X1 | X2 | X3 1 2 A
1 +1 +1 +1 +1 0,27 0,29 0,28
2 +1 -1 +1 | +1 | 0,21 | 0,23 0,22
3 +1 | +1 -1 +1 | 0,24 | 0,24 0,24
4 +1 -1 -1 +1 | 0,18 | 0,17 0,175
5 +1 | +1 | +1 -1 0,25 | 0,23 0,24
6 +1 -1 +1 -1 0,19 | 0,19 0,19
7 +1 | +1 -1 -1 0,22 | 0,21 0,215
8 +1 -1 -1 -1 0,16 | 0,16 0,16

m02102
802021
w0202
N iR 19
w0 i70.18
[ [IR[ETRE)

Puc. 5.6. [ToBepxHs BIATyKY 3aJI€KHOCTI MOXUOKH 00pOOKH
KOMOIHOBaHMM Di31eM BiJ] TO3/JOBKHBOTO Ta MOMEPEYHOTO BUIIbOTIB
pizuiB npu L/d =10: a—d=32 Mmm; 6 —d = 64 mm

155



[TopiBHANBEHUI aHaAMI3 MOXHOOK OOpPOOKH, OTPUMaHHUX
EKCIIEPUMEHTAILHUM IIJIIXOM Ta 3 BHKOPUCTAHHSIM MaTEMaTHYHUX
3aJIEKHOCTEH, MIATBEPI)KYE BHUCOKY JOCTOBIPHICTh aHaJITUYHUX
po3paxyHkiB (puc. 5.7, 5.8).

Ax Gaummo, pI3HUI MDK 3HAYCHHSIMH TOXUOKH OOPOOKH,
OTPUMAHUMU MOJICITIOBAHHSIM 332 METOJIOM CKIHYCHHHX €JIEMEHTIB, Ta
3HAYEHHSIMH, OTPUMAaHUMHU EKCHEPUMEHTaJIbHUM ULUIIXOM, HeE
nepeBuiye 16%, a pi3HUIA MikK 3HAYCHHSIMH, OTPUMAHUMU [IUISIXOM
MOJIETIOBaHHSI METO/IOM CKIHUEHHUX €JIEMEHTIB Ta 3 BUKOPUCTAHHIM

MaTeMaTUYHUX 3aJeKHOCTEeN He nepeBuiye 13%.

A, A,
MM s 1 MM -
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Puc. 5.7. 3anexHicTh MOXHUOKHI
00poOKM KOMOIHOBAaHHUM Pi3IIEM
BiJl iameTpy 00poOIroBaHOl

Ly

5 i §25 i5 L

Puc. 5.8. 3anexHicTh TOXUOKHU
00poOKM KOMOIHOBAaHHUM Pi3IIEM
BiJl IOTIEPEYHOTO BUIIHOTY PI3IIiB:

MTOBEPXHi: — eKCIIEpUMEHTAJIbHI
— eKCIEePUMEHTAaJbHI 3HAYCHHS;
3HAQYeHHs; 00000 m---- — pe3yabTaTtu
----- — pe3yibTaTh MOJICTFOBAHHSI:
MO/ICTIOBAHHS: 1,2-d=64; Lp =30 mm;

1,2-Lp=30mMm; Lg =45 mm;
L/d=10;3,4-Lp =18 mM;
Lg=35mm; L/d=5

L/d=10; 3,4 -d =64,
Lp=18mm; L/d=5

JloCITiPKeHHST TOYHOCTI TOKapHOi 00pOOKH 3 BUKOPUCTAHHSIM
0aratopizleBoro TpUMaua BHKOHYBAJIOCA Il 0aratopi3ieBoro
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TpUMaya 3 JBO- Ta TPHPI3LEBUMU HAJArOUKCHHSIMH 32 JAQHUMH,
HaBeJeHUMH y Tabm. 5.4 Ta 5.5.

Tabmuus 5.4

Binomocti murany [IOE npu 06po611i 6araTtopi3ieBUM TpUMadeM 3
JBOPI3LEBUM HAJIArOJUKEHHIM

Hiametp | [lozmomxwuii | [Tonmepeunwmit
Ha3sa ¢akTopa 00pOOKH, | BWIIT pi3I, | BHJIT Pi3Is,
MM MM MM
KonoBane noznaueHus
daxTopa X1 X2 X3
BepxHiii piBeHb +1 64 175 95
HwoxHiii piBeHb -1 32 55 25
OcHOBHHUI piBEHBb Xo 48 115 40
lirreppan AX | 16 60 15
BapifOBaHHS
Tabmurs 5.5

Binomocti mtany I[I®E npu 06po0i1i 6aratopi3iieBuM TpuMaveMm 3
TPUPI3IECBUM HAJIATOPKEHHSIM

Hiametp | [To3nomxniii | [lonepeunuit
Hazsa ¢akTopa 00pOOKH, | BWIIT pi3Ils, | BHUJIT Pi3Is,
MM MM MM
KonoBane no3zHauyeHHA X, X, X
daxTopa
BepxHiii piBeHb +1 64 85 55
HwoxHiii piBeHb -1 32 55 25
OcHoBHuil piBeHb | Xg 48 70 40
lirreppan AX | 16 15 15
BapifOBaHHS

Bukonanus oOpoOKM Ta BUMIPIOBaHHS J1aMETpPiB MOBEPXOHb
MIPOBOJIAIIOCS 3T1HO TEXHOJIOTIYHOI CXEMHU, TIOKa3aHoi Ha puc.5.9.
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Puc. 5.9. Texnomnoriuna cxema oOpoOKku 6araTopi3ieBUM TpUMaUdeM 3
TPUPI3IEBUM HAJIATOPKEHHSIM

Bpizanus Ha HeoOXimHY TNIMOUHY pi3aHHS BiAOyBasioCs TOI,
KOJIM BEpIIMHA TepIIoro pi3ls  OararopislieBOro TpuMmaua
3HaXOAWIAcs Ha BIJCTaHI 5 MM BIiJ MPaBOrO TOPIS 3aroTOBKH.
JloBxxrHa 00pOOTIOBaHOT MOBEPXHI KOKHUM Pi3IeM 0aratopi3ieBoro
TpuMada 000X HajmaroJkeHb ckiamana 40 mm. BumiproBanHs
JiaMeTpiB MOBEPXOHb MPOBOJMIIOCS Y IEepepizax, 10 3HAXOAATHCS Ha
BIJICTaHI 5 MM BiJl KIHIIEBOT TOUKH OOPOOKH KOKHHUM Pi3IEM.
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Marpuii TUlaHYyBaHHS EKCHEPUMEHTAIBHHUX JIOCIIKEHB
HaBeleHO y Tabm. 5.6-5.9. IlepeBipka omHOpigHOCTI aAucmepcii
MOXMOKM EKCIIepUMEHTY 3a KpuTepiem KoxpeHa Ta 3HAYMMOCTI
¢dakTopiB  BmimBY 3a Kputepiem Cr’iojgeHTa  miaTBepAuia
OJTHOPIHICTh BHUITAJIKOBOI MOXHMOKH MOCTIAY Ta 3HAYMMICTh YCiX
(baxTopiB, 10 PO3IIIATATUCS.

AJIEKBaTHICTh PO3POOJICHUX Y MPOIIECI PErPECIHOTO aHai3y
MaTeMAaTHYHUX 3alle)KHOCTeH Oyna mepeBipeHa 3a KpHUTEpiEM
dimepa.

Tabmuus 5.6

Marpuris ninanyBanss [IOE 6aratopiziieBoi 00poOku 3

BUKOPHUCTAHHIM 0araTopi3iieBoro TpuMaya 3 JBOPi3IEeBUM
HayaropKkeHHsM pu L/d =5

[Moxubku
00poOKH 11O Cepensa

Ne dakropu : apupmMeTHIHA
Aoc- ceplax HOXUOKa, MM
iy JOCHIJIB, MM ’

Xo | X3 X2 X3 1 2 A

1 +1 +1 +1 +1 0,09 0,09 0,09

2 +1 | -1 | #1 | +1 | 0,07 | 0,07 0,07

3 +1 | +1 | -1 | +#1 | 0,05 | 0,06 0,055

4 +1 -1 -1 +1 0,03 0,03 0,03

5 +1 | +1 | #1 | -1 | 0,06 | 0,07 0,065

6 +1 | -1 | +#1 | -1 | 0,05 | 0,05 0,05

7 +1 +1 -1 -1 0,03 0,04 0,035

8 +1 -1 -1 -1 0,02 0,02 0,02

MatemaTuyHi  3QJIEKHOCTI  JUII  BU3HAUEHHS  IMMOXHOOK
OararopiszneBoi 00poOku Ha TokapHoMy Bepctari 3 UIIK mnpu
BUKOPUCTaHHI 0aratropizlieBoro Tpumaua 3 JBOPI3LEBOI0 HaJAJKOIO
MarOTh BUTJISII;
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aynpu L/d =5

A =-0,032+0,00168-d +0,00281-L, +0.00212-L,;
0)mpu L/d =10

A =-0,056+0,00176-d +0,00302-L, +0.00287-L,.

Tabmuus 5.7
Marpuis minanyBanas [IOE 6araropizueBoi o0poOku 3
BUKOPHUCTAHHIM 0araTopi3iieBoro TpuMaya 3 JBOPi3IEeBUM
HaytaropkeHHsM ripu L/d = 10

IToxubxn Ceneriis
2 00poOKH 110 pe
o 3 daxTopu . apudmMeTHIHa
Z 35 cepax HoXubKa, MM
g[ JOCHII1B, MM
Xo | X1 | X2 | X3 1 2 A
1 +1 +1 +1 +1 0,14 0,14 0,14
2 +1 -1 +1 +1 0,13 0,14 0,135
3 +1 +1 -1 +1 0,09 0,08 0,085
4 +1 -1 -1 +1 0,05 0,04 0,045
5 +1 +1 +1 -1 0,11 0,10 0,105
6 +1 -1 +1 -1 0,09 0,10 0,095
7 +1 +1 -1 -1 0,06 0,06 0,06
8 +1 -1 -1 -1 0,04 0,03 0,035

Maremariudl 3aJIE€KHOCTI JUII BHU3HAYEHHS IIOXHMOOK
OararopiziieBoi 00poOkM Ha TokapHomy Bepcrari 3 UYIIK mnpu
BUKOPHUCTAHHI  0araTopi3lieBOro  TpuMada 3  TPHUPI3IEBUM
HAJIAr0JKCHHSIM MArOTh BUTIIS;

aynpu L/d =5
A =-0,032+0,00168-d +0,00281-L, +0.00212-L,;

0)mpu L/d =10
A =-0,056 +0,00176-d +0,00302-L, +0.00287-L,.
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Tabmums 5.8
Marpuris minanyBanas [IOE 6araropizueBoi o0poOku 3
BUKOPHUCTAHHIM 0araTopi3iieBoro TpuMaya 3 TPUPi3IEeBUM
HanaropKkeHHs M mpu L/d = 5

[Toxubxn Cepenns

Ne Daxroph 0§p06KH o apupmeTny
noc- cepisix MOCHiiB, | Ha MOXUOKa,
nigy MM MM

Xo | X1 | X2 | X3 1 2 A

1 +1 | +1 | +1 | +1 0,22 0,21 0,215

2 +1 -1 +1 | +1 0,16 0,16 0,16

3 +1 | +1 -1 +1 0,13 0,15 0,14

4 +1 -1 -1 +1 0,08 0,08 0,08

5 +1 | +1 | +1 -1 0,19 0,19 0,19

6 +1 -1 +1 -1 0,13 0,12 0,125

7 +1 | +1 -1 -1 0,08 0,09 0,085

8 +1 -1 -1 -1 0,05 0,05 0,05

3 BUKOPHUCTAHHSM OTPUMAaHUX MaTeMAaTHUYHUX 3aJIEKHOCTEN
noOy/oBaHi TOBEPXHI BIATYKY 3alIe)KHOCTI TMOXUOKH OOpOOKH Bif
MO3/IOBXKHBOTO Ta TIOTMIEPEYHOTO BUJIBOTIB PI3IIB ISl  PI3HUX
JiaMeTpiB 00poOIIIOBaHKUX MoBepxoHs (puc. 5.10, 5.11).

Ha puc. 5.12 Ta 5.13 HaBeneHO 3aJeXHOCTI IMOXHOKH
00poOKH, OTPUMAHUX PI3HUMH CIIOCOOaMU, Bij JiameTpy oOpoOkH Ta
MOTNIEPEYHOTO BWJIBOTY pI3IIB I 0aratopi3lieBoro TpuMava 3
TPUPI3LEBOIO HATATKOIO.

Ax OGaunmo, 3HAYCHHS TMOXHOOK OOpPOOKH, OTPUMAHHUX
OUISXOM  MOJICTIOBAHHS  HANpPYKEHO-Ie(OPMOBAHOTO  CTaHy
€JIEMEHTIB TEXHOJIOTIYHOI CHCTEMH 3a METOIOM CKIHUYEHHUX
€JIEMEHTIB, HECYTTEBO BIJPI3HAIOTHCA BiJ 3HAYCHb, OTPUMAHUX
€KCIIEPUMEHTAJILHO Ta 3a JIOIOMOT'0I0 PO3pO0IEHUX MaTeMaTHYHUX
3QJIEKHOCTEN.
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Tabmuus 5.9
Marpuis ninanyBanss [IOE 6aratopiziieBoi 00poOku 3
BUKOPHUCTAHHIM 0araTopi3iieBoro TpuMada 3 TpUpi3IeBUM
HanaromkeHHsM npu L/d = 10

[Toxunbku Cepenns

Ne Daxtoph 0§p06KH o apupmeTny
noc- Cepisix MOCTiiB, | HA MOXUOKa,
nimy MM MM

Xo | X1 | X2 | X3 1 2 A

1 +1 | +1 | +1 | +1 0,32 0,31 0,315

2 +1 -1 +1 | +1 0,24 0,24 0,24

3 +1 | +1 -1 +1 0,15 0,16 0,155

4 +1 -1 -1 +1 0,10 0,07 0,085

5 +1 | +1 | +1 -1 0,23 0,23 0,23

6 +1 -1 +1 -1 0,19 0,18 0,185

7 +1 | +1 -1 -1 0,11 0,10 0,105

8 +1 -1 -1 -1 0,07 0,07 0,07

0)
Puc. 5.10. IToBepxHs BIATYKY 3aJIeKHOCTI TOXUOKH 00OpPOOKH
0aratopi3leBUM TpUMadeM 3 JIBOPI3IIEBUM HAJArOJKEHHSM BiJl

M03/I0BXKHBOTO Ta MOMEPEYHOT0 BUILOTIB pisiiB npu L/d = 10:
a—d=32MMm;6-d=64 Mmm
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Puc. 5.11. IloBepxHs BIATYKY 3aJI€KHOCTI MOXUOKU 00pOOKH
0aratopi3leBUM TpUMAdeM 3 TPUPI3IIEBUM HAJIArOJKECHHSM BiJl
MI03JIOBXKHBOTO Ta MOMEPEYHOr0 BIILOTIB pi3wiB npu L/d = 10:

a—d=32MMm;06-d=64 Mmm

Pi3Hunsg mMixk 3HaAYEHHSIMHU MOXHMOOK OOpOOKH HE TEPEBUIIYE
13%, 1m0 103BOJISIE BHUKOPUCTOBYBATHM OTPUMAaHI pPE3yJbTaTH IS
BU3HAYCHHS ONTUMAIBHUX PO3MipiB Hasaro pkeHHs Pl.

Pesynbpratu mMojentoBaHHS METOJIOM CKiHUEHHUX €JIEMEHTIB,
a TaKOXX EKCIEPUMEHTAIbHI JOCTIIKEHHS] TOYHOCTI OaratopisieBoi
00poOku Ha TokapHux BepcraTax i3 UIIK mo3BONMMIM BCTaHOBUTH,
mo ToXWOKM  Oaratopi3iieBoi O0OpoOKM 3  BHUKOPHUCTAHHSIM
3aMpONOHOBAHOTO  KOMOIHOBAaHOTO pi3lie Ta 0Oaratopi3ieBoro
TpUMava 3HAaXOIAThCS Yy MeEXax IOl JOIMYCKy Ha YOPHOBY Ta
HAMBYMUCTOBY TOKapHy o0OpoOKy. BcraHoBieHo, 1m0 NpyxHi
nepeMileHHs KoMOiHOBaHOTO pi3ig He Oumbme 20% Bix 3aranbHOI
NOXMOKM, BHUKIMKAaHOI JedopMalisiMU €JIeMEHTIB TEXHOJIOTIYHOT
CHUCTEMH, a TMpYxXHiI aedopmariii OaraTopi3leBOro TpuMada — HE
O 42% Big 3araqbHOT MOXUOKH.

Kopekiiiss BUX1THOTO TOJIOKEHHS Pi3I[iB MIPH HAJIArOJKEHHI 3
ypaxyBaHHSIM TPYKHUX JedopMaliii eIeMEeHTIB TEeXHOJIOT1uHOi
CHUCTEMHU JIO3BOJISIE TIABUIIUTH TOYHICTH OOpPOOKM KOMOIHOBaHHM
pizuem Ha 35%, a 6araropi3ieBUM TpuMaueM — Ha 47%.
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Puc. 5.12. 3anexHicTh MOXUOKH
00pobOKH OaraTopizLeBUM
TpUMaYEM 3 TPUPI3IEBUM

HaJaroHKCHHSIM BiJl JiaMeTpy
00po0TIOBaHOT MTOBEPXHI:

— EKCIIEpUMEHTAJIbHI

3HAYCHHS,

----- — pe3ynbTaTtu
MOJICTIIOBAHHS:
1,2-Lp=30mMm; Lg =45 mm;
L/d=10;3,4-Lp =18 mm;
Lg=35mm; L/d=5

Puc. 5.13. 3anexHicTh MOXUOKHU
00poOKH GaraTopi3LeBUM
TpUMaYEM 3 TPUPI3IIEBOIO

HaJIaIKOIO0 BiJl TONEPEUHOTO

BUJIBOTY PI3IIiB:

— eKCIIEpUMEHTAJIbHI
3HAUCHHS;

----- — pe3ynbTaTtu
MOJICTFOBAHHS:
1,2-d=64; Lp =30 mm;
L/d=10; 3,4 -d =64;
Lp=18 mm; L/d=5
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6. YHiBepcasibHO-30ipHi mepeHaaroaxKyBaHi NpucTpoi

6.1. MaremaTH4Ha  MoAedb  BHOOPY  ONTHMAJIbHUX
KOMIIOHYBAHb BePCTATHUX NPHCTPOIB

Bubip HaiiBurigHimoro BapiaHTa kommoHyBaHHS BII e
OaraTokpuTepiaIbHOIO 3a7a4€elo, TOOTO 3I1HCHIOETHCS 3
BUKOPUCTaHHSAM KUNbKOX InboBUX (QyHkumin [49,51,71]. V¥
OaratokpuTepiaabHIn onTuMizarii HEMOKJIUBO OJIHOYACHO
3a0€3MEUYUTH ONTHMYM 3a BCIMa KPHUTEPIsIMH, TOMY JOLLUIBHO
BUKOPHUCTOBYBATH METOJ] TTOCIITIOBHUX TTOCTYMOK [50]. TIpu po3rmsimi
JTUCKPETHUX CHUCTEM, SIKI CKJIQJal0ThCA 3 OKpeMUX OO0 €KTiB, IO
XapaKTEpU3YIOTbCS CYKYIHICTIO KpUTEpiadbHUX OIIHOK, MOXHA
JOCUTh OOIPYHTOBAHO MpPHU3HAYATH IIOCTYNKM HpPHU  BIJOMHUX
XapakTepucTukax KomnoHyBaHb BII. 3actocyBanHs Meronmy
HOCIIOBHUX MOCTYNOK JuIsi BHOOpy KoMmrmoHyBaHb BII He
NOPU3BOJUTE 0 CYO’ €KTUBHOTO MPU3HAYEHHS IOCTYNOK, OCKUIBKU
KpOK TpU3HAYCHHS TIOCTYNOK Oyae pI3HMM 1 BIANOBiIaTHME
KOHKPETHOMY KOMITOHYBaHHIO BIIL

Jlns  3aCTOCYBaHHSI METOJYy TIOCHIIJOBHUX IIOCTYNOK JJIst
BUOOpY KommoHyBaHb BII cmodaTky BU3HA4alOThCS KpUTepil
ONTUMAIBHOCTI, TIOTIM BHUKOHYIOTHCSl iX aHalli3 Ta paH)XyBaHHS 3a
CTyHeHeM BaxJMBOCTI. [lepmnii kpuTepiit — HAaWBXXITUBIIINN, Aaji —
3a 3MEHILEHHSIM BaXKJIMBOCT] XapaKTEPUCTHK.

3a  kpurepii  ONTHUMAJIbHOCTI  NPUHHATO  MOXHUOKY
YCTaHOBIIEHHS ~ 3aroToBKM (¢, — MiN),  CTymiHb  IHYYKOCTI

(G,,; — max), Bapricts (C,, — min), metanomictkicts (M 5, — min)
[72].

[Toxubka ycranoBneHHs 3arotoBku y BII, Ha Ham nornsn, €
HaWBKJIUBIIIUM KPUTEPIEM ONTHUMAIBHOCTI, TOMY III0 BOHA BIUIMBAE
Ha TOYHICTH 00poOku neraneit y BIL. Bin Hei 3amexuts TOUYHICTDH
Oa3yBaHHs Ta 3akpiruieHHs 3arotoBok y BII, a omke, orpumanHs
PO3MipiB i3 33JJaHOI0 KOHCTPYKTOPOM TOYHICTIO.

[inmeoBa ¢yHKINS UIsi BU3HAYCHHS MOXUOKW YCTAHOBJICHHS
3arotoBku y BII, sk cymapHe monie poO3CiIOBaHHS BHIIAJKOBUX
BEJINYMH, Ma€ BUTTIS]
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_ [z 2 2 2 2
&, —\/86 tE t L, TELTEL

Ie &, —noxubka 6a3yBaHHS 3arOTOBKUY;
£, — OXMOKa 3aKpINJIEHHS 3aTrOTOBKH;

£ — M0Xu0OKa BUTOTOBJIeHH neraneii BII;

suz

¢, —noxnbka ycranosneHns BII na Bepcrari;

&, — MoXuOKa 3HOCY YCTaHOBIIOBAJIbHUX eneMeHTiB BII.

3H

Imyukicte — ue 3natHicTh BII 1o mnepeHanmaromkeHHs
(msxoM 3amiHM a00 PETYNIOBaHHs) HOTO €IIEMEHTIB y Mexkax
3aJaHUX TEXHIYHUX XapaKTepUCTHK M 0O0poOkM moTpiOHOT
HOMEHKJIATYpH 00po0IIOBaHNX JeTanei. B yMOBax
0araTOHOMEHKJIATypHOTO BUPOOHMIITBA THYYKICTH — OAMH i3
HaWBAKJIMBIIMNX TOKA3HMUKIB, IO XapakTepu3ye e(EeKTUBHICTH
Bukopuctanus BII ans o6poOku mupokoi HOMEHKIATYpH AETaleH.
[linmpoBa yHKIIiA A1 Bu3HaueHHs THyukocTi BI1 mae Burisn

GBH :(1_1) n ! n J
Vo1 t,, /Zti N,
i=1 i=1

JI€ N — KUIbKICTh TUIIOPO3MIPIB JIeTanei, mo oopoodstoTses y BIT;
t — yac mnepenanaromkenus BII s oOpoOku gerami |-r0

nep;

TUTIOPO3MIPY;
t, — yac 06poOKu meraii | -ro THIIOPO3MIpY;

N, — BenmuuHa maprii 3amycKy aeTaieit i -ro THIOPO3MIpY.

Koxxne xommonyBanus BII ckmamaeTbest 3 meBHOT KiJTbKOCTI
JeTanell Ta CKIaJadbHUX OJUHHIG. BapricTe kommoHyBaHHs BII
BU3HAYAETHCS BUTPATAMH: HA MPOCKTYBAHHS Ta BUTOTOBJICHHS BCIX
enemenTiB BII; Ha 3akymuieni gerani Ta CKIagaidbHI OJWHMIN; Ha
CKIaJaHHid KoMmmoHyBaHHa BII; iHm HakmagHi BUTpaTH Ha
3a0e3nevYeHHs] BUPOOHUYOTO MpoIecy (Ha yTpUMaHHS BHUPOOHUYHMX
IUIOIMH, €HEepProHocii, JOMOMIDXKHI MaTepiald Ta BHMIpIOBATbHUN
IHCTPYMEHT, Ha YTPUMaHHS 00CIyTOBYIOUOTO TIEPCOHAITY TOIIO):
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CBH = Cnp + Csue + C + Ccm + CiH '

3aKyn
ne C,, — BUTPATH Ha POCKTyBaHHs exeMeHTiB BIT

C, . — BHTpaTH Ha BUTOTOBJICHHS ejeMeHTiB BII;

sue

C — BUTpATH HAa 3aKyIJICH] JETal Ta CKJIaiajdbHI OAWHUIL;

3aKkyn
C,, — 1HIIl HaKJIa/THI BUTPATH.
Butparu Ha npoexryBanHs BIl BU3Ha4ar0ThHCS 32 1OIIOMOT OO

BIJIOMOCTEH, IO MICTATHCS Yy JIOBIIHHUKaX-KiacudikaTopax pooirt i3
npoekTyBaHHs 3ac00iB TO, BUKOPHCTOBYIOUH 3aJI€KHICTh

b
—_— e .
Cnp - choncma tnpa ’
a=1

ne C°

KOHCM,

roAMHHa TapudHa CTaBKa KOHCTPYKTOpa Iij Yac

IPOEKTYBaHHS JIeTalll a-Iro HallMEHYBaHHS;

t,,. — BUTPaTh 4acy Ha IIPOEKTYBaHHs J€Talli a-TO HAlMEHYBaHH;

b — kinpKicTh HalilMEHYBaHb JeTasiell kKoMrnoHyBaHHs BIIL.

Butpatu Ha BUTOTOBIICGHHSI €JE€MEHTIB KOMMOHYBaHb BII
BHU3HAUYAIOTHCA 3a YKPYNHEHMMHM HOpPMAaTHUBaMH, BHKOPHUCTOBYIOUHU
3aJIeKHICTD [73]

Caua = qu ' CMq +§C1q th !

g=1

ne |(q — KUIBKICTB JIeTasiell (-TO HaliMEeHyBaHHS, 10 BUTOTOBIISIOThH

iy yac BupoOHunTea BII;

Cw — BapTIiCTh Martepiany JUIsl BUTOTOBJICHHS OJHI€] aerani (-ro

HallMEHYBaHHS;
' — KITbKICTh HAaliMEHYBaHb JIeTalleH, 110 BUTOTOBIISIOTHCS,
M — KUIBKICTh omepariiii o0poOku aetaii (-ro HaiiMeHyBaHHS;

C, — BATpaTH Ha BUKOHaHHS POOIT -1 TexHOMOriYHOi omepaii 3a

OJMHULIIO Yacy;

t; —yac BUKOHaHHS | -1 TEXHOJIOTIYHOT Onepartii.
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Butpatn Ha 3akymieHi aeTani BHU3HAYAIOTHCA 32 JaHUMU
MAIIMHOOYAIBHUX  MIANPUEMCTB, IO  CHEIIali3ylOThcs  Ha
BUTOTOBJIEHH] eneMeHTiB TO:

ne C, — BapricTh 3aKyIuieHoi fetaii € -ro HalMeHyBaHHS;
f, — KigBKicTh 3aKyIUICHHX AeTaneil € -ro HallMeHyBaHHS;
d — KUIBKICTh HallMEHYBaHb 3aKyIJICHUX JeTalei.
Butparu Ha ckiananHs koMnoHyBaHHs BII Bu3HadaroTecs 3a
dbopmyIoro
c. =C_-t

CKTl CKTl cK !

ne C. —romunHa TapudHa CTaBKa CIIOCapA-CKIAIaIbHUKA;

t., — BUTpaTH 4acy Ha CKJaJaHHs] KoMIoHyBaHHs BIIL.

loguaHi TapudHi CTaBKU NPHU3HAYAIOTHCS BIAMOBIAHO 10
Tapu(HO-KBaMipiKaIifHOTO JOBIAHMKA, a HOPMH BHTpPAT yacy Ha
BUKOHAHHS CKJIaIaJIbHUX orepartiu, BUKOPHUCTOBYIOUH
3arajJbHOMAIIMHOOY/IIBHI HOPMATHBHU Yacy Ha CKJIaJalibHI poOOTH 3i
CKJIa/IaHHS MaIIHH.

Orxe, minpoBa (QYyHKINIA I BU3Ha4YeHHs BapTocTi BII mae
BUTJISIT

;

b m
_ 2
Cunr = 2 Cromem, i + 2 Ka | Co + 2.Cia b |+
a=1 j=1

gq=1

d
+>.C,-f,+C2, t,, +C,.
e=1
YeTBepTUM KpPUTEPIEM ONTHUMAIBHOCTI € METaJIOMICTKICTb.
MertanomicTkicTs — 11e Maca BII, sika BU3SHAYa€THCS SIK CyMa Mac [
€JIEMEHTIB, 0 CKIaJarTh KomnoHnyBaHHs BII, a Takoxx HaiOinbma

Maca 3aroToBku M_ ., sika Moke OyTu ycraHosieHa y BII:

3ae 2
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ne m, —maca K -i gerauni, 110 BXOIUTh 10 KOMIOHyBaHHs BII.

Texuiuni oOMexxeHHs1 Ha BUOip komnonyBaHHs BII y mporeci
ONTHUMI3aIll Taki: MOXMOKa yCTAaHOBJICHHsI 3arOTOBKH HE TMOBHHHA

NEPEBHIIYBATH JOMYCTUMY BENMYMHY €, < [gy], CTYMiHb THYYKOCTI
BIIl moBureHn Oytu OimbimuM ab0 AOPIBHIOBATH HEOOXITHOMY 3a
yMoBamu BUpOOHHMUTBA G, >[G,,], a wMeranomictkicts BII
MOBMHHA OYTH MEHIIIOI, HI’K BaHTAXXOIIMOMHICTh CTOJIa BEpcTaTa
M,, <B,. [74].

Takum YUHOM, 3alporoHoBaHa MaTreéMaTuiHa MOJCIIb
CHUHTE3Y CTPYKTypH KoMnoHyBaHHs BII mae Takuit BUrmsi:

sepcm

2

2, 2 2 2 .
€, -\/55 té, +6,, tE, TE, DM,
1

") 1+Zn:tn€pl Zn:ti N,
i=1

i=1

— max,

b m

r d
CBH =Zc)joucmn .tnpa +qu ' C.wq +chq tJq +ZC€ ’ fe + Cczm .tcm +CiH _)min’

a=1 g=1 j=1 e=1

p
My =) m+m,, —min,
k=1

¢, <le],

GBH 2 [GBU ]’
M,,<B

eepcm *

BaraTokpurepiallbHy ONTHMI3aIlil0 METOJOM IOCIiTOBHHUX
MOCTYIOK BHUKOHYIOTh TakuM YuHOM. CrodaTKy BH3HA4alOTh
ONTHUMYM 3a TEPUIMM KPUTEPIEM, TMOTIM MPU3HAYAIOTH BEIHMYHUHY
MOCTYNIKK 3a TEPIIUM KPHUTEPIEM 1 3HAXOAATh MaKCHUMAaJIbHE
3HAUEHHS APYroro Kputepito i T.7. Cuctema onTUMI3aliiHUX 33734
NPY I[bOMY Ma€ TaKUH BUTIIS:
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K, =inf ¢ (u),
K, =supG,, (u), npu ¢, (u) <K, +Ae,,
K, =infC,,(u), mpu G,,(u)>K, -AG,,,
K, =inf M, (u), mpu C,p, (U) <K, +AC,,,
€ U — KOHKpeTHHH BapiaHT komnonyBaHHS BII 13 muoxuHu U ;

Ag,; AG,,;; ACy, — TOCTYNKHM 3a KPUTEPisSMH, BENMYMHA SKUX

BU3HAYAETHCS TIPH MOPIBHIHHI KPUTEPIIB MOMAPHO Ta TOCIIIOBHO.

Otpumane B pe3ysbTari onrtumizarii pileHHs
OararokputepiaabHOl 3amayi, He 3a0e3medyroud  ONTUMYMIB
JOKaJbHUX  KpuTepiiB, Oyae HallkpamuMm 3a  CYKYIHICTIO
XapaKTEPUCTHK.

6.2. CuHTe3 KOMIIOHYBAHb BEPCTATHUX NPHUCTPOIB

Konctpykmis BII  Mae iepapxiuyHy CTpYKTypy, IO
CKJIAJAa€ThCsl 13 YOTUPHOX PIBHIB, AKI BIAPIZHSAIOTBCS MK C000I0
KUIBKICTIO KOMITOHEHTIB 1 CTYIIeHeM y3araiibHeHHs (puc. 6.1). Mix
CKJIQJIOBUMHU KOXKHOTO PIBHS ICHYIOTh TIEBHI CITIBBiJHOIICHHS, SKi
00YMOBJIIOIOTh 00’ €THAaHHS CTPYKTYPHUX OAWHHIIH HIDKYUX PIBHIB Y
CTPYKTYPHI OJMHMII BHIIUX piBHIB. KOXHMHA KOHCTPYKTHBHHMI
CJIIEMEHT XapaKTepU3yeEThCs 3aJ]aHOI0 KOHCTPYKTOPOM
reoMeTpuuHo0 (opmoro, po3Mipamu 1 mnpusHaueHHsAM. Jleranb
bOpMyeTbCS  CYKYMHICTIO  KOHCTPYKTHBHUX  €JIEMEHTIB,  SKi
3rpyNOBaHO 3 METOI0 BUKOHAHHS BU3HAYEHOI (PYyHKIIIT.

Jleraumi, siKi BXOJATh 10 CKJIAJIBbHUX OJUHUIIb, MOXYTh OyTH
BUTOTOBJICHI 13 pI3HUX MarepiaiiB, MaTh pi3HOMaHITHY (opmy i
rabapuTHi po3Mipu, aje BCl BOHW TPU3HAYCHI [JIi BUKOHAHHS
KOHKPETHOI  3a/Jayi, BHU3HAUYEHOI KOHCTPYKTOPOM IiJ  dYac
MIPOCKTYBaHHSI.

OyHKIIOHATHHUI MOIYJb — 1€ camocTiiiHa yacTuHa BII, ska
CKJIAA€ThCs 3 JeTaled 1 CKIAAadbHUX OJUHHUIL, 00 €IHaHUX
€IMHUM (QYHKLIIOHATBHUM MpH3HaueHHsIM. Hampukmnan, O6azyroumii
MOAYJIb JUIsl YCTAaHOBJICHHS CTYIMHYACTOrO Baja mpu oOpoOii Ha
dpe3epHUX 1 CBEPVIMIBHUX BEpCTATaX CKIANAETHCS 31 3MIHHUX
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HaJaJ0K, sKi 3a0e3meuyroTh Oa3yBaHHS 3aroTOBKH 110 30BHIIIHIX
IUTIHAPUYHUX TIOBEPXHAX, 1 ymopa, sSKuil 0a3zye Bajl MO TOPIIO 1
peanizye omopHy ©0a3y. Takum 4YWHOM, yCi CKJIaJ0BI YacTUHU
0a3yro4oro MOAyJsS Y CYKYIMHOCTI MarmTh OJHE (YHKI[IOHATbHE
NMpu3HaueHHs — Oa3yBaHHS o0OpoOmoBaHOi 3arotoBku y BIIL.
AHAJIOTIYHO 3aTUCKHUN MOJyJib 3a0e3leuye He3MIHHE IMOJIOKEHHS
3arotoBku y BII y mporieci MexaHiuHO1 0OpoOKH 1 T.I.

KoHcTpykuia Bl

®yHKLiOHamMbHI
Moayni

CknaganbHi
oanHuyi

HeTani

| KOHCTPYKTUBHI
enemMeHTu

Puc. 6.1. IepapxiuHa CTpyKTypa BEpCTaTHOTO MPHUCTPOIO

Mopenb cuaTe3y komnonyBanb BII Mmoxe Oyt 300pakeHa y
BurisiAl rpada (puc. 6.2), Ha SKOMyY TIOKa3aHa iepapxis eleMeHTiB E
y BIIl i mokazaHo y 3araipbHOMY BHIIAQJIKy MEXaHI3M CHHTE3Y
KoHCTpyKUi BII Ha ocHOBI 6a3u JaHUX 3a OKPEMHUMH PIBHAMHU
iepapxiuHOi CTPYKTypHu. Sk Gaummo, Ha puc. 6.2 TyramMu MoKa3aHO
HUIXY HakonuueHHs iH(opmarii y komrnonyBanHi BII 3 6a3u nannx
3a BIAMOBIAHUMHU (GYHKIIOHAJTLHUMH DPIBHSAMH. MHOXHHA BEPIIUH
E BiamoBigac MHOXMHI KOMIIOHEHTIB Oa3W JaHUX 1 JUIS KOXXHOTO
PIBHSI CTPYKTYPU Ma€ CBOIO KIJIBKICTb, SIKa 3QJIKUTD BiJl CKIQJHOCTI
xkoHctpyknii BII. Tak, y komnonysanni BII Mmoxe Oyru |
(GYHKITIOHAJILHUX MOJYJIIB, | CKJIaJaJIbHHUX OJUHHIb, K JeTaied Ta

N KOHCTPYKTUBHUX €JICMCHTIB.

171



Ba3a daHux

PyHKUiOHaNbHI
moayni

CknapanbHi
oanHWuUI

Oetani

KoHCTpyKTUBHI
eNemMeHTH

Puc. 6.2. I'pa¢ cunTE3y CTPYKTYpPH BEPCTATHOTO MPUCTPOIO

Bubip naiiBurigaimoro komnonyBanss BII 3xilicHioeThest Ha
OCHOBI  OaraTokpuTepianpHOi  omnTUMizalii, ska mnepeadayae
dbopMyBaHHS KOHKYpYIOUMX BapiaHTiB komroHyBaHb BII. Monens
(dopMyBaHHS KOHKYpYIOUHMX BapiaHTiB KommnoHyBaHb BII MoxHa
MPOJIEMOHCTPYBATH CXEMOI0, HaBEIEHOIO Ha puc. 6.3.

Ha ocHOBI BUXiIHUX [aHUX, SKi OTPUMYEMO 3 POOOYOrO
KpPECJICHHS Ta OTEPAIIHOTO eCKi3y JaeTal, 1o mijuisirae oopooili Ha
MaHiil omeparii, TEXHOJIOTIYHOI [OKyMEHTaIllli Ta 3aBIaHHS Ha
npoektyBaHHs BII, a Takox yMOB BUPOOHHIITBA MOXXHA BU3HAYUTHU
GyHKIIOHATBHI ~ €JIEMEHTH, SKI  HEOOXimHI [ peasizarii
TEOPETUYHOI ~ CXEMH  YCTAHOBIEHHS  3aroTOBKM.  MOIHBI
KOHCTpYKIIii enemenTiB BII mictarbes y 616mioTeni GpyHKITIOHATBHUX
€JIEMEHTIB, CTPYKTYPY SIKO1 HaBeZIeHO Ha puc. 6.4.

bibmioTeky copMoBaHO 13 TPyl €IEMEHTIB, KI BUKOHYIOTh
onHakoBl (yHkii y xoHctpykuii BII, Hampuknan, no rpymnu
ONMOPHUX  €JIEMEHTIB  HajleXaThb IUIMTH Ta  KYTHHKH; IO
YCTaHOBJIIOBAJIHHUX €JIEMEHTIB — OTOPHI MJIACTHHU, OMOPH, MPU3MH,
YCTaHOBIOBAJIbHI TAaJbIll; J0 JOMOMDKHHUX YCTaHOBIIOBAJIBHUX
€IeMEHTIB — CaMOBCTAaHOBIIOBAJIBbHI Ta MiABIAHI OMOPH; JIO
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3aTHCKHUX €JIEeMEHTIB — Pi3HI KOHCTPYKIli NMPUTHUCKAUiB, TUIAHOK,
BaKelIliB TOIIIO.

N N .\ /7 Kok gi
BibnioTeka Kgg“}’ggﬁf' r gap!ifg:ﬁq
BuxigHi aaHi PyHKUiOHaNBHUX yHK ‘i)oHaanux KOMMOHYBaHb
eneMeHTIB yeﬂLéMGHTiB BEPCTATHMX
\ AN RN _/ \__Mpuctpoie  ;

Popma 3aroToBkKKu

raGapurHi
=

Maca saroTosku
Cxema BasyeaHHa
3AroTOBKK

NapameTpu Gazoeux
C>

WopcTricTs Gazoeux
NOBEPXOHE 3aroTOBKKM

operTkicTs sarotosin | [ >

MapameTpu NoBEpXOHL
nig NPUTHCKEY

[ omm |

OnopHi
ENemMeHTH

YeraHoenweansHi
EnemMeHTH

MopaTrosi
YCTAHOBMNHOBANLHI
ENeMEHTH

3aTHckHi
ENEMEHTH

=1

1-i BapiaunT
2-i papiaunT

k-li BapiaHT

1-i Bapiaunt
2-i BapiaunT

m-i BapiaHT

o m

1-i BapianTt
2-W BapiaHT

n-i BapiaHT

1-i BapianT
2-i BapiauT

p-i BapiaHT

S

1-i gapiaHT
2-i papianT
3-i BapianT
4-i papianT
5-i BapianT

q-i BapianT

3aroTOBKK
Puc. 6.3. Cxema opMyBaHHsI KOHKYPYIOUHX BapiaHTIB
KOMIIOHYBaHb BEPCTaTHUX IIPUCTPOIB

BupimeHnHs: TpoeKTHO-KOHCTPYKTOPCHKUX POOIT MOB’sI3aHE 3
BUOOPOM THIIOBUX PIIlICHB, SIKI BU3HAYAIOTHCS 3HAUCHHSMHU JESKOT
MHOXHHHU TlapamMeTpiB abo yMoB. SIk mpaBwiio, Taki 3ajavi MaroTh
CKJIagHI JIOT1YHI B3a€MO3B’S3KM MK YMOBAMHU 1 PILICHHSMH, SKi
BOHHM BHM3HA4YarOTh. [T HAOYHOrO i KOMITAKTHOTO IMOJAHHS JaHUX
VCIIIIHO 3aCTOCOBYIOTHhCSI TaONW4YHI METOAM pimeHHs [51], sxi
JI03BOJISIIOTH CKOPOTUTH Yac MPH MOCTAHOBII 3a/1a4l, TPOrpaMyBaHHi,
a TaKOX MPH BUSBICHHI MOMXJIMBHUX MMOMIJIOK 1 HEKOpEeKTHOCTEH. J{ms
PO3B’sI3aHHA 3a7a4 HaWOIBII MOMUPEHUMH TAOJMYHUMHA METOJaMHU
€ Tabmuui pilleHb, XapaKTEepUCTHUYHI TaOnuui Ta TaOmuMIl
3acTOCOBHOCTI [51, 75].

Tabnuui pimieHs MaioTh Sl BaXIMBUX IIepeBar mepen
IHIIAMU TaOJIMYHUMH METOJIaMH, 30KpeMa MPH aBTOMAaTH30BAHOMY
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MPOEKTyBaHHI. TaOnuIll pileHb JOCTAaTHHO MPOCTO CKIIATAIOTHCS,
JIETKO TIepPEBIPAIOTHCA HA MOBHOTY, CYNEPEWIMBICTh 1 HAJAMIPHICTDH
iHdopmartii. [Ipu oMy ycyBaroThCs HKepeia MOXKITHBUX MTOXHOOK 1
BCTAaHOBIIIOETHCS MOBA, 3py4YHA JJIs JIFOJAUHUA W OJHOYACHO OJM3bKa
n1o MoBu cydacHux EOM. Tabmuimi pimmeHs T03BOJISIOTH JIETKO
3MIHIOBAaTH 3HAUEHHS IapaMeTpiB, JIOTIOBHIOBATH  JOJIATKOBI
napamMeTpu Ta PINICHHS 1 MaiTh CTPYKTYpy, SKa y 3araJbHOMY
BUTJISIII TTOKa3aHa y Tabi. 6.1 [51].

bi6nioteka |
dyHKUiOHaNbHUX |
eNleMeHTiB
|
1 1 1 . 1
. A O/, aTKOBI .
OnopHi YcTaHOBMOBaNbHI Roa : 3aTUCKHI
YCTaHOB/IOBA/bHI
eNleMeHTH eNleMeHTH eNeMeHTH
eNlemMeHTH
OnopHi CamoBCTaHOB- .
Nantn S . == [1pUTUCKaYi
NAACTUHM NOBaNbHI
KyTHUKM = Onopwu NigBigHi == [1naHKu
= [lpuamun - IHWi
|__| YcraHosnto-
Ba/bHi NanbLj

Puc. 6.4. Ctpykrypa 016:110TeKH (QYHKIIIOHAIbHUX €JIEMEHTIB

Taomumus 6.1
3aranbHU BUIIIA CTPYKTYPH TaOJIUIb PillIeHb
Kpurepii (o3HaKH) Mo>kn1Bi BapiaHTH pillleHHS
BHOODY pIlICHHS Y. Y, Ys — Y.
T X1 X12 Xi3 Xin
T2 X2 X2 X23 Xan
Tm Xml Xm2 Xm3 an
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Ax OGaummo 3 Tabm. 6.1, xpurepii Ti, T2, ..., Tn
BiZIOOpakaloTh TeEpelik O3HaK, IO XapaKTepu3yloTh OO0’€KTH, a
MO>KJIMB1 BapiaHTH pilIeHHS mo3HadyeHi Y1, Yo, ..., Yp.

biGmioTeka (byHKI1OHATEHUX €JIEMEHTIB (mom. A)
chopMoBaHa Ha OCHOBI TaONMWIb pilleHb MJIs KOXXHOI TpyIH
(YHKLIOHATBHUX  €JIEMEHTIB:  ONOPHUX, YCTAaHOBIIOBAJIBHUX,
JOTTOMDKHUX YCTAaHOBJTIOBAJILHUX Ta 3aTHCKHUX.

Jlesiki mapaMeTpu €JIEMEHTIB MalTh KOJOBE MO3HAYCHHS,
posmudpyBaHHs KX HaBeneHe y Taou. 6.2—6.7. Koncrpykiii onop
BIJIPI3HSIOTHCS 32 (PYHKIIIOHATBHUMH MOBEPXHSIMH, SKICTIO 0a30BUX
IIOBEPXOHb 3arOTOBKH, BHJOM TOJIOBKM OIOPH, BEIMYUHOIO
MaKCHUMaJIbHOTO HAaBAaHTXXCHHS HA OMOPY, BEIMYMHOIO PETYIIIOBAHHS
3a BUCOTOIO, JOBXHHOIO 1 KyTOM HaxmWily, a TakKOX CTyIeHEM
aBTOMATH3aIlil MepeHasaroukeHHs (Tadbm. A4—AS).

Bubip npusMm 1 yCTaHOBIIOBJIBHUX MNAJBLIB 3/1HCHIOETHCS
BIJIMOBIIHO /0 CTaHy 0a30BOi TOBEpPXHI 3aroTOBKH, [1aMETpiB
0a30BUX TOBEPXOHb, CHOCOOOM Ta CTYIIEHEM aBTOMAaTH3aIii
nepeHanaromkeHns (tabm. A.9-A.10).

3aTHCKHI e€JeMEHTH OOWpParoTh BIAMOBIAHO JIO0 TaKHUX
nmapamMeTpiB: CTYIIHb MeEXaHi3aIlii MpoIecy IepeHaIaroKeHHs,
Jiama3oH  peryjlioBaHHA, MiHIMaJbHAa 1 MAakKCHUMajbHa BHCOTA
3arOTOBKH, SIKY 3[aTHUW 3aKPIIUTH 3aTUCKHUI €IEMEHT, BEINYHHA
MaKCHUMaJIbHOI CHITM 3aKPIIJICHHS, a TaKoX Bara (tadur. A.11-A.13).

Takum uYnMHOM, KOXHa Tpyma (QYHKIIOHAJIHLHUX EJIIEMEHTIB
MICTUTh KOHCTPYKII €IMHOTO (YHKIIOHAJIBFHOTO MPHU3HAYCHHS, SIKI
BIJIPI3HSIOTBCSI MDDK COOOIO 32 TEXHIYHHMMH IMOKa3HUKAMH, a OTXKE,
MaloTh TIEBHY cdepy 3actocyBaHHs. [[ist ineHTH}IKALT €TeMEHTIB y
010110TENl KOKHUN €JIEMEHT Ma€ KOJI.

VYpaxoByloun BHUXIOHI JaHi Ta TEXHIYHI XapaKTePUCTUKU
€JIeMEHTIB Uil KOXHOI 3 (YHKIIIOHAIBHMX TPy, MOXKHA
chopMyBaTH MEBHY KUIBKICTh KOHKYPYIOUMX BapiaHTiB, IPUUIOMY iX
YUCJIO IS PI3HHUX Tpyn Oyzae pizHUM. Tak, y 3arajbHOMY BHMAJIKY 3
TPy OMOPHUX €JIEMEHTIB MOXHa BHOpaTH BiI OJHOTO a0 K
BapiaHTIB ONOPHHUX €JEMEHTIB, M BapiaHTIB YCTAHOBIIOBAJIHLHUX
€JIEMEHTIB, n BapiaHTIB JONOMDKHHMX yCTAaHOBJIIOBAJIbHUX €JICMEHTIB
Ta p BaplaHTIB 3aTUCKHUX €JIEMEHTIB.
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Knacudixamist pyHKIIIOHATBHUX TOBEPXOHb 00POOIIOBAHOT

Taomuus 6.2

3aroTOBKH
HaiimenyBanHs
G yHKIIIOHATBHOT DyHKIIISI TOBEPXHI Kon
MOBEPXHI

Omnopna 06aza [To30aBisie 3aroTOBKY OJTHOTO CTYIECHS 1

BUTLHOCTI (TIEpEeMIIIEHHS B3IOBX OJHI€T

oci a0 oOepTaHHs HaBKOJIO OJIHI€T OC1)
Hanpsimua 6a3za [To36aBmnsie 3aroTOBKY ABOX CTYIICHIB 2

BUIBHOCTI (TIEpEMIIIICHHS B3/I0BXK OJHIET

oci Ta 00epTaHHs HABKOJIO 1HIIOT)
[ToxgiiiHa omopHa [To30aBisie 3aroTOBKY IBOX CTYICHIB 3
Oasa BUTBHOCTI (TIEpEeMIIIIEHHS B3JJOBXK JBOX
oceif)

BcranosmioBanbHa | [lo30aBiisie 3arOTOBKY TPHOX CTYIICHIB 4
Oaza BUIBHOCTI (TIEpEMIIIICHHS B3/I0BXK OJHIET

oci Ta 00epTaHHs HABKOJIO ABOX 1HIIHX)
[Toxgitina [Toz0aBiisie 3aroTOBKY YOTUPHOX 5
HanpsiMHa 0a3a CTYIEHIB BUILHOCTI (TIepeMilIeHHS

B3JIOBXK JIBOX OCEH Ta 00epTaHHS
HABKOJIO 1X)
[oBepxHs mix CripuiiMae 3aTUCKHI 3yCHIUIA 6
3aTHUCKHI €JIEMEHTH
Taomumus 6.3

Knacudixkariist ycTaHOBIIOBaJIbHHUX €JIEMEHTIB 32 CTAHOM SIKOCTI

0a30B01 TOBEPXHI 3aTOTOBKH

Cran 0a30B0O1

. Cran 00poOKH MOBEPXOHb Kon
MTOBEPXHI
He BuKxoHaHO X0QHOT MEXaHIYHOT
Heobpobiena o . 0
orepariii Ha JIJaHil TTOBEPXHi
BukonaHo oqHy 4M KiIbKa MEXAHIYHUX
OO6pobnena Y 1

oTiepalliii Ha TaHii MOBEpXHi
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Taomuus 6.4
Knacudixartist omop 3a BUIOM roJI0BKH

Bup roinoBku onopu Kon
ITnocka 1
Cdepuuna 2
Pucdnena 3
[Tpusmaruana 4
Tabmuig 6.5

Knacudixkariist ycTaHOBIIOBaJIbHUX €IEMEHTIB 32 CTYIICHEM
aBTOMATH3allii MepeHaIaroIKeHHs

Cryninp aBTOMaTH3aII{ Ko
NepEeHAIAarOKECHHS g
Bpyuny 0
MexaHi30BaHO 1
ABTOMAaTH30BaHO 2
Taomuus 6.6
Knacudixariist onopHUX IIACTHH 32 BiTHOLICHHAM JOBXHUHU J10
MIAPUHA
Binnomrenus L/B Kon
L/B=1 1
L/B>1 2
Taomuus 6.7
Knacudikaist ycTaHOBIIOBaIbHUX €JIEMEHTIB 32 CIIOCOO0M
HepeHAIaroKeHHS
Croci6 nepeHanaro/KeHHs Kox o
3aMiHa 1
PeryntoBanHs 2
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Ha ocHOBi BUOpaHMX OKpEMHX €JIEMEHTIB MOXHa CTBOPUTH
MHOXHHY KOHKYpPYIOUMX BapiaHTiB KoMmroHyBaHb BII, 3aranbna
KUIBKICTB (| SIKHX JIOPIBHIOE TOOYTKY BapiaHTIB JIJIsl KOXKHOI TPYITH:

g=k-m-n-p.

byne-sxe komnonyBanus BII moxe OyTu 3anucana y BUTIIAII
CTPYKTYpHOI (OpMYITH, IO CTAHOBUTH OYKBEHO-YUCIIOBUHN KO, SIKUI
CKJIQJIA€ThCSA 3 UYOTHPHOX TPYH, BIAOKPEMIIEHMX OJIHA BiJl OJHOI
3HaKoM Tupe (puc. 6.5).

1 I Ml v

X - XX = XX. XXX | XXX / XXX. X - XXX. X

~ / TKianiCTb 3aTUCKHNX ENEeMEHTIB

Kop 3aTuckHoro enemeHTa

KinekicTe goaaTroBMX YCTaHOBNHBaNBHNX EeNeMEHTIE

Koaw yCcTaHOBNIOBANBHNX ENEMEHTIB

Cxema yCTaHOBNEHHA

Kop onopHoro enemexTa

Tun npucTpow

Puc. 6.5. CtpykrypHa dopMyna KOMIOHYBaHHS BEPCTATHOTO
MPHUCTPOIO

[lepma rpyma BH3HA4Ya€ THIT TMPHUCTPOIO 1 BIAMOBITAE BUIY
po0iT, sKi BUKOHYIOThCS y gnaHomy BII, nampukmang, C -
ceepmymibanii, @ — ¢pesepunii, CO — cBepIMIBHO-(Dpe3epHUIA
BIl. ¥V gpyriii rpymi HaBOAMTBCA KOJ OIOPHOTO €JeMEHTa 3
010;1i0TeKH (PYHKITIOHATBHUX €JIEMEHTIB.

Tperst rpyna xapakrepusye Oaszyrounii monynb BII, a came
MICTUTB KOJI CXEMH yCTaHOBJIEHHs 3arotoBku y BII (Tabmn. 6.8) i mani
yepe3 3HaK « / » 3amuMcyoTh KOAW OCHOBHHX YE, siki peami3yroTh
TEOPETUYHY cXxeMy Oa3yBaHHs. 3ale)XHO BiJ CXeMH Oa3yBaHHS
KUTbKICTh BUAIB YE, 1110 BUKOPHCTOBYIOTHCS TIpH KOoMIToHyBaHH1 BII,
moxe Oytu 1-3. Skmio kinpkicte BuAiB YE MeHIe Tppox, TO y MO,
3anuiieH1 0e3 KOJIiB, 3alUCY€EThCS HYIb.

[Ticns ocHoBHux YE BKa3ylOTh KUIBKICTh JOMOMIKHHX
YCTaHOBJIIOBAJILHUX €JIEMEHTIB, SIKI MPU3HAYCHI I 3a0€3MeUeHHS
KOPCTKOCTI 3arotoBku y komrnonysanHi BII. [lo uerBepToi rpynu
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Knacudikariist cxeM ycTaHOBJICHHS 3arOTOBOK y BEPCTATHUX IMPUCTPOSIX

Taomuus 6.8

Kon cxemu ycranoBieHHs
3aroTOBKH NpH 0a3yBaHHI

Y cTaHOBIOBAJIBbHI €IEMEHTH MPU YCTAHOBJICHHI 3aTOTOBKHU

10 QYHKIIOHATHHUX MOBEPXHSIX

1 2 3 4
BcranosmoBanbHa Hanpsmua OnopHa
3a TppOMa IIOLMHAMHA
6aza 6aza 6aza
11 TJIACTUHU TJIaCTUHA oropa
12 MJIACTUHU onopu ornopa
13 OTopHu OTopHu oropa
14 IIJIACTHUHA Ta ONIOPU IJIaCTUHA ornopa
15 IIJIACTHUHA Ta ONIOPU Onopu ornopa
3a mBOMa IUIOIIMHAMU Ta BcTanoBaroBanbHa [Toxgiiina omopHa OnopHa
OTBOPOM 0aza 0aza 6aza
21 IUIACTUHA MATIHAPUYHAN TTaJielb oropa
22 ornopu IUTIHAPUYHUH Majenb ornopa
PO3TUCKHUI
23 IJIACTUHU CaMOLIEHTPYBaJIbHUI oropa
najueub
PO3TUCKHUI
24 ornopu CaMOIICHTPYBAJIbHHI oropa

naJcub




[IponoBxenns Tadm. 6.8

1 2 3 4
3a IUIONIMHOO 1 IBOMA BcranosaroBanisHa [Toxgitina omopHa Onopna
OTBOpaMH 6aza 6aza 0aza
) . WIHIPUIHAR
31 [JIACTUHHA WTIHIPUIHAN TTaJIeb I P
rmajelb
. . pOMOIUHMIT
32 [UIACTUHA HWIHAPUYHUHT TTaJelb . o
(3pi3anuit) manenn
KOHIYHHUH BUCYBHHH OMOITYHHI
33 ILUTACTUHA yB P .
raJeib (3pi3anuit) manenn
PO3TUCKHUI o
. poMOiuHMI
34 IUIACTUHU CaMOILICHTPYBaTbHUI ; .
(3pi3anuil) manenn
ajelb
3a 1BOMa 30BHIIIHIMU o
S —— IlonBiitHa HanpsiMHA OnopHa
P Oaza Oaza
MIOBEPXHSIMH 1 MJIONTMHOIO
41 IpU3MHU O60KOBa onopa —
CaMOILIEHTPYBAILHI
42 HEHTPYB OoKoBa ormopa -
PU3MHU
43 CaMOLICHTPYBAJIbHU I

IaTPOH




3amuCyoTh 1H(OpMaIio moao0 KoHCTpyKIii 3E 13 3a3HadeHHsIM iX
KUTbKOCTI y KoMroHyBaHHi BIT.

[Mpuknax  cTpykTypHOi  (GOpMyaH UL  CBEPIUIHIBHO-
¢dpeseproro BII qns ycranoBneHHs: KopirycHoi aertaini (puc. 6.6) mae
purmsia: CO — 31 — 11.101/108/251.0 — 233.2, a crpykrypHa
dopmyna cBepmmmibHoro BIT g ycraHoBneHHs  (uiaHIS
(puc. 6.7) - C — 11 — 22.406/0/0.0 — 233.2.

Puc. 6.6. KomnonyBanus Puc. 6.7. KomnonyBanHs
BEPCTaTHOT'O MPHUCTPOIO IS BEPCTaTHOI'O MPHUCTPOIO IS
00poOKH KOPITYCHOT eTati 00poOku (hraHIst

BbararokpurepiagbHa onTHMizalig nepeadayae po3poOiIeHHs
CUCTEMH KOHKYPYIOUMX BapiaHTIB, TMPUYOMY TIPH PyIYHOMY
(dopMyBaHHI MHOXHHHM KOHKYPYIOUMX BapiaHTIB CIIOCTEPIraroThCs
BEIMYE3HI BUTpaTH dYacy, TOMY HaWJOIUIBHINIE 1€ TpoIiiec
aBTOMaTH3yBaTH. Jlng 1[BbOro  3amporOHOBAHO  AITOPUTMIYHY
CTPYKTYPY CHCTEMH BHOOpPY ONTHMAaIbHUX KOMIOHYBaHb BII
(puc. 6.8), sxa cknamaeTbcs 3 0a3u JaHUX Ta TPbOX MOJYIIB:
BUXIJTHUX JIaHHX, 1H()OPMAIIHHO-TIONTYKOBOTO, PO3Pax yHKOBOTO.

Ha BuGip BII BrnnuBae Benwka KUIBKICTh (DaKkTOpIB,
OCHOBHUMH 3 SKHX €. KOHCTPYKTHBHI (reomerpuuyHa dopma,
pOo3MipH, Maca, KOPCTKICTh JETaNe 1 T.1.); TEXHOJOTIUHI (XapakTep
BUKOHYBAaHOI ormepariii, BHJ METAJIOPi3aIbHOTO  OO0JaJHaHHS,
pi3albHOTO IHCTpyMEHTa, cxema Oa3yBaHHS Ta 3aKpiIUICHHS
3aroTOBKH TOIIO); BUPOOHWYI (TUN BUPOOHMIITBA, PiYHA MpOrpama
BUIYCKY JIeTaJIei, YUCIIO JeTajel y mapTii i T.1.); eKOHOMIYHI; iHIIi
(epronomiusi, ecreTuuHi xapakrepuctuku BII Ta iH.).

OcHoBHMMH ~(QYHKIisIME 0a3W JaHUX €. HAKOIMHMYEHHS,
YTOUYHEHHSI, BIOCKOHAJICHHS, 30€piranHs Ta HaJaHHs iH(popMaIii mpo
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ICHyIO4Yl PO3pOOKH BIJIMOBIIHO 10 MOTPEO, 110 BHHHUKAIOTH TPHU
ocHamleHH1 omepauii. baza gaHMX cHcCTeMH aBTOMaTH30BaHOTO
cuHTe3y KommnoHyBaHb BII cknamaerbest 3 Takux 010710TEK:
(GYHKLIOHABHUX €JIEMEHTIB; HOPMAaTHBHO-IOBIIKOBOI iH(opMariii;
B1JIOMOCTEH MpO MeTanopi3aibHe 00JIaIHAHHS Ta IHCTPYMEHT.

Bubip KOHKypylOUMX BapiaHTis
PYHKLiOHANbHUX ENEMEHTIB

Y

QopmMyBaHHS KOHKYPYIOUMX BapiaHTIB
KOMMNOHyBaHb Bl

Ty

KOHCTpyKTUBHI
M| napametpu petaneis

TexHonoriyHi hakTopu

!
i
i
|
|
— BupobHwuui hakTopm :
|
|
i
i
i

i
n EkoHOMIYHI Bubip komnoHyBaHb BI1,
i XapaKTepUCTUKK XapaKTepPUCTMKU AKX 3a00BONbHANTbL
i CUCTEMY TEXHIYHMX 0BMEXeEHb
' IHWi chakTopu +

Po3paxyHOK YUCENbHUX NOKA3HUKIB
KpuTepiis onTUmMansHOCTI

Y

baraTtokputepiansHa onTuMisadis
KOMnMoHyBaHb BI

Y

OntumanbHe KOMMNOHYBaHHA
BEpPCTaTHOroO NPUCTPOD

B
i
|
|
|
|
|
|
|
— L

BibnioTeka
Lmbl  byHKUIOHANBbHMX
enemeHTis Bl

Bibnioteka HopmaTWBHO-
[OBIAKOBOI iHopmauii

BibnioTeka
BiAOMOCTEN Npo MeTarno-
pizancHe obnagHaHHsA

, Ta iHCTPYMEHT ,
B——

Puc. 6.8. AnroputMiuHa CTPYKTypa CHCTEMH CHHTE3Y KOMIIOHYBaHb
BEPCTAaTHUX MPUCTPOIB. 1 — MOAYIJIb BUXIIHUX JAHUX;
2 — 6a3a ganux; 3 — iHGOPMAIIITHO-TTOIITYKOBUI MOTYITb;
4 — po3paxyHKOBUI MOJYJIb

VY 6i6mioTeri HOpMaTHBHO-TOBIIKOBOI 1H(OpMaIlii MICTAThCS
TaONUII JTOMYCKIB Ta TOCAJOK, KBAJITETH TOYHOCTI, HaHi TIPO
MIOPCTKICTh TIOBEPXOHb, HOPMH Yacy Ha o0OpoOKy neraiei,
CKJIaJaHHs KoMIOHyBaHb BII Ta mnepeHamarojkeHHs eJIEMEHTIB,
HOPMATHBHU PEKHUMIB pPi3aHHS.

182



bibmioTeka BimomocTel mpo MeTajopizanbHe oOJagHaHHS Ta
IHCTPYMEHT MICTUTh TEXHIYHI XapaKTEPUCTUKU METaJIOpPi3alb-HOTO
oOyagHaHHsA, 30KpeMa XapaKTepUCTUKH pobodyoi 30HM Ta
MOCAJKOBUX MICIIb BEpPCTATiB, Ha SKUX TOBHHEH yCTAHOBIIOBATHUCS
BIL

Jns  cBepAIHIbHO-()pPE3epHO-PO3TOUYBATBHUX  BEPCTATIB,
HaIpUKJIAJ], HEOOXITHO 3HATH TakKi MapameTpH: Po3Mipu poOOYOoro
CTOJIA; BIJICTaHh MiXk Ta3aMHU CTOJIA; BiJICTAHb BiJl TOPIlS LITMTHHACISI
0 CTOJla y KpallHbOMYy BEpXHbOMY ToJIokeHHI. Kpim Toro, mo
010JTIOTeKH 3aHECEHO PEKOMEHJallli I0J0 BHOOPY pPi3aIBHOTO
IHCTpyMEHTa 3aJIe’KHO BiJl yMOB Ta MapameTpiB 0OpoOKH MOBEPXOHb
JNeTaJIEN.

6.3. CTpykTrypa CHCTEeMH YHiBepcaJabHO-30ipHUX
nepeHaIaroKyBaHuX MPHUCTPOIB

CydJacHuil cTaH BITYM3HSHOTO MAaIIMHOOYTyBaHHS CTaBUTh
BUCOKI BuMoru 10 BII, ski BHKOPHCTOBYIOThCS Ha BepcTaTax i3
YIIK, OCHOBHUMH 3 SIKHX €:

— THYYKICTh, JOCTAaTHS [JIi OOpOOKHM JeTajedl y Mexax
TEXHIYHOT XapaKTEPUCTUKH BEPCTATA;

— 3a0e3MeUeHHS 3a]aH0T TOUHOCT1 00pOOKH;

— MeXaHi30BaHe a00 aBTOMAaTU30BaHE TMEPEHAIAroKeHHs
MIpH TIEpexoi 10 0OpoOKH JeTalell 1HIIOTO TUIOPO3MIpY;

— BHCOKa XOPCTKICTh JIeTaJIel Ta CKIaAanbHUX oquHUIE B,
3MaTHUX CHOPUMMATH 3HA4YHI CWJIM pi3aHHS Ta 3a0e3nedyBaTu
MaKCHUMaJIbHe BUKOPUCTAHHS MOTYKHOCTI 00JIaJHAHHS;

— IHCTpYMEHTAJIbHA JTIOCTYIHICTH ISl 0OPOOKH MaKCUMaIbHOT
KUJIBKOCTI IOBEPXOHb 3arOTOBKH 32 OJIUH YCTaHOB,;

— BUCOKHMM piBeHb YHIdiKkamii gertased 1 CKIQJaTbHUX
OJIMHMIIb, SIKUH 3a0e3nedye 3HIKEHHs BapTocTi BII;

— BUCOKa (PyHKITIOHAIBHA ¥ TexHoJoriuyHa HafgiiHicTh BII Ta
HOr0 €JIEMCHTIB;

— EKOHOMIYHICTb.

VYpaxoByioun HaBelE€HI BHMMOTM Ta BHUPOOHUYI YMOBH,
noxanbmuii po3BuTok BII mms BepcratiB 13 UIIK mnoB’si3anmii 3
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MIIBUIEHHSM CTYIIeHS THYYKOCT1 ¥ piBHA yHIi(ikarii enementiB BII,
CKOPOYCHHSIM BUTpAT 4Yacy, BUKIUKAHUX MepeHanaropkeHHsM BII
npu Tepexoai 10 oOpoOkHM jAetaneld iHImOro Ttumopo3mipy. Lle
MOXJIMBO 3a YMOBHM CTBOpPEHHs Takoi cucremu BII, sxa no3Bosuth
MoeHATH TiepeBaru 30ipHUX Ta mepeHanaroKyBanux — BII,
3a0€3MeUnBIIN TiABUIICHHS €(EKTUBHOCTI 3aCTOCYBAaHHS BEpPCTATIB
13 UIIK B yMOBax 6araToHOMEHKJIATYPHOT'O BUPOOHUIITBA.

VY 3B’M3Ky 3 LUM Yy JaHiii poOOTi 3amporoHOBaHO HOBY
cucreMy BII - yHiBepcalbHO-30IpHUX TIepeHaIaroHKyBaHUX
npuctpois (Y3IIII), B OCHOBY $KOi TMOKJIaAEHO arperaTHo-
MOJYJIbHUN TPHUHIMI TMOOYAOBH KOMIIOHYBaHb Ta MOXKIIHUBICTh
NIepeHaaro/KCHHs €JIEeMEHTIB, 30KpeMa aBTOMaTH30BaHOTO [76].

3anpononoBana cuctema Y3IIII npusnadena s 6a3yBaHHS
Ta 3aKpIIJICHHS JeTajel mpu oOpoOIll Ha CBEepTHIBHO-(Dpe3epHO-
pO3TOYyBaIILHUX Bepcrarax i3 Y4IIK B yMOBax
0araTOHOMEHKJIATYPHOTO BHPOOHUITBA [7/7]. 3 METOI CKOPOUYEHHS
BUTpAT 4yacy npu GopMyBaHHI KOMIIOHYBaHb BII BUKOPHCTOBYIOTHCS
MEepEeBaXHO HE OKpeMi JeTaii, SK, Hampukian, y cucremax ¥Y3Il,
V3IIM, 3PII, V3IIO, a ¢yHKIiOHAIBHI MOIYMi, A0 CKJIAAY SIKUX
BXONATh JeTajl Ta CKIaJajJbHI OJMHUIN, IO MaloTh OJHAKOBE
¢yHKLIOHATPHE TpPHU3HAYEHHA. Y CKJIaAl KOXXHOTO MOIYNIS €
€JIIEMEHTH, SIKI MEePEeHaNaroKyIOThCs y MeXaxX 3a/laHuX TEXHIYHHUX
XapaKTEPUCTHK 32 PAXyHOK BIATOBIAHUX MEXaHI3MIB PEryIIOBaHHS.
KpiMm TOro, CKOpOYeHHsI KIUIBKOCTI CTHUKIB YHACIiOK MOIYJIbHOI
CTPYKTYpH, y CBOIO 4Yepry, MiBUIIYE KOPCTKICTh KOMIOHYBaHb BII
Ta TOYHICTH 00poOKM 3aroTtoBok. Ctpykrypy cucremu Y3IIIT
HaBeJieHo Ha puc. 6.9 [78-80].

Ocnosoro cucremu Y3IIII € 6a3oBa mimTa, sIKa € aHAJIOIOM
rigpaBiiuaux 610KiB 30ipHUX BII 13 BOyI0BaHUMU T1APOUUTIHAPAMU
1 MABITHUMH MACISHUMHU MarictpamsimMu. Ha  06a3oBiii  1umti
BCTAHOBIIIOIOTH (YHKIIOHAJTBHI MO, 1HIII JeTai Ta CKJIaJaJibHi
OJIMHMUIII.

baszyrounii  Moaynp — 1€ CIPYKTYPHMH  €IE€MEHT
komnonyBaHHs BII, 10 ckiany sikoro BXOAsSTh JeTalli Ta CKJIaJalbHi
OJIMHMIII, IO Yy CYKYNHOCTI BUKOHYIOTH CHUIbHE (DyHKI[IOHANbHE
npuszHaueHHa. Ha Ga3zyrouomy MOyl 3aJIe)KHO BiJl HOMEHKIIATYpH
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00poOMOBaHUX JeTalied MO)XXHAa BCTAHOBJIIOBAaTH Pi3HI 3MiHHI
HAJIATOJKCHHS, TOJOXEHHS SKUX BIAHOCHO 0a3ylo4oro MOMYJIs
3MIHIOETBCSI 32 JOIIOMOTOI0 MEXaHI3My PpEeryJlOBaHHS IMOJOKEHHS
HaMagoK. Hampukian, TMONOXKEHHS HAIAaro[KeHb 3a JOBXKHUHOIO
0a3yrouoro MOAYJsS MOXXHA 3MIHIOBaTH 3a JIOMOMOTOIO JIIHIHHOTO
JBUTYHA, SKUM 3a0e3nedye BHUCOKY HAIIMHICTD 1 TOYHICTD
MO3UIIIOHYBAaHHS  €JIEMEHTIB  MPOTATOM  yChOTO  TEPMIHY
BUKOpUCTaHHs BIIL.

MexaHizM peryniosaHHs YCTaHOBNOBANGHI OB'ext 3aTWCKHI MexaHizM peryniosaHHs
CTAHOBMIOBANEHUX ENEMEHTIR ENeMEHTH 06pobikn enemMeHTH 3ATMCKHUX ENneMeHTis

!

Perynsosani Heperynbosani Hoparwosi ; 3aTHCKHMit
HANaAKK HANAAKH YCTaHOBNIOBANLH MORYL
enemMeHTH Ry,
MexaHisM perynosaHHa Bazyioumit MexaHizmM perynosaHHa
MONOMEHHA HANAROK MOAY N NONOMEHHA 3TUCKHOTD
MOAYNA
| Bazoea nnura

Puc. 6.9. CtpykTypa yHiBepcaabHO-301pHOTO MEPEeHAIAr01>)KyBaHOTO
HPUCTPOIO

SIk  mpaBWMJO, 3MIHHI HaJaiKd, SKI MOXYyTb OyTu
HEpEeryJIbOBAaHMMHU W pErylbOBaHMMH, BCTAHOBIIOIOTH Ha OJHIN 3
NOBEPXOHb  Oazytoyoro  moxyms. Ilepmi — mpusHayeni  auis
YCTAaHOBJICHHS Ta 3aKpIIUICHHS ONHM3bKUX 3a KOH(Irypamiero
3arOTOBOK PI3HHUX Ta0apUTHHUX PO3MIPIB 13 OJHAKOBOIO CXEMOIO
0asyBaHHs. Hampukinan, HeperyibOBaHUMH — HaJQKaMH IS
0a3yBaHHS JeTayliell THUIy Til oOepTaHHs, AKi OOpOOISAIOTH Ha
CBEepUTMIIbHUX 1 (Ppe3epHHUX BepcTarax, € yHiiKOBaHI MPU3MH, IO
3a0€e3MeuyloTh ~ YCTAaHOBJIGHHS ~ 3arOTOBOK 10  IMJIIHAPUYHUX
noBepxHsax giamerpamu  5—-150 wmm. PerympoBani  Hamamku
JIO3BOJISIFOTh  YCTAHOBJIEHHS HEOOXIAHOT HOMEHKIJIATYpH JieTalei,
OCKLJTBKH 3a0€31evyIoTh MO>KJIUBICTh peryaoBaHHs
ycraHoBoBanbHUX eneMeHTiB (YE) y Mexax 3agaHux TEeXHIYHUX
XapaKTEPUCTHK.
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VYcranosmoBanibHI enemenTn BII 3a0e3meuyrors peanizaiito
TEOPETUYHOI CXeMH Oa3yBaHHS 3aroTOBKH, a TaKOX JOCTATHIO i
cTtamicte mnpu  o0pobmi. HeoOXigHO BiA3HAYUTH, MO TIPH
BCTAHOBJICHHI 3aroTOBKM Ha HEOOpOOJIeHI MOBEpPXHi JOMIJIBHO
3actocoByBatd YE 3 0OMEXKEHOIO OIOPHOI TOBEPXHEI0, a TP
0a3yBaHHI Ha 00poOsieHi 0a30Bi IOBEPXHI 3arOTOBKH OIOPHY
noBepxHiO YE 3011b11yI0Th.

[lepenanaromkenns YE MoxHa 3ailiCHIOBaTH SK 32
JIOTIOMOTOI0 €JIEMEHTAPHUX MEXaHI3MIB perysaioBaHHs (HANpHUKIIA],
TBUHTOBI PETyJbOBaHI OMOPH), TaK 1 3 BUKOPUCTAHHSAM 3yOUacTHUX
nepeaad, peiKoBUX, BaXUTHHUX, KITMHOTLTYH)KEPHHUX,
EKCIICHTPUKOBUX MEXaHi3MIB Ta iX KOMOIHaIIIi.

ITpu ycranosnenni y BII noBrux BaniB, y skux o0po0itoBaHi
MOBEPXHI 3HAXOMAThCS HA 3HAYHIA BIiJCTaHI OJHA B OJHOI,
ctpykryporo Y3IIIT nepenbaueno nomarkosi YE, siki 3a0e3meuyroTh
HEOOXIJTHY >KOPCTKICTh 3arOTOBKH MPH MeEXaHIYHIA 00poOmi. Sk
nonatkoBi  YE  BUKOpUCTOBYIOTH — peryiboBaHi, CaMOBCTAHOB-
JIOBAJIbHI Ta MiABIAHI OMIOPH Pi3HUX KOHCTPYKIIIH.

3aruckuuii enement (3E) — nerans abo rpyma neraneii BII,
SK1 3HaXOAATHCS y O€3MOCcepeTHhOMY KOHTAKT1 3 00’ €KTOM 00pOOKH
IpU 3aKpIIUICHHI, NMPUTHCKAIOYU 3aroToBKy a0 YE mpucrporo i
3a0e3mevyroud  HE3MIHHICTh  ii  TIOJIOKEHHA Yy  Tpolieci
dopmoyTBOpeHHs. Y kommnoHyBaHHAX Y3IIII BHKOPUCTOBYIOTH
pizHoMmaHiTHI yHipikoBaHi 3E, ski 3a0e3medyloTh BIIbHE 3HATTS
netani ¥ ycraHOBJIeHHS HOBOi 3arotoBku y BII, Hampukian pisHi
KOHCTPYKITi TUTAHOK, TPHUTHCKAYiB, BaXKeJiB, KYyJIauKiB TOIIO.
Kinekicte 3E 06uparoTh 3a5exHo BiJ opMu i rabapuTHUX po3MipiB
0o0pobmoBanoi  3arotoBku. [ perymoBanas 3E  moriiasHO
BUKOPUCTOBYBAaTH TBUHTOBI, KJIMHOBI, KIMHOIUTYH)KEPHI, BaXKiJIbHI,
EKCIICHTPHUKOBI Ta 1HIII MEXaHI3MH.

3aTUCKHUM MOAYNb — 1I€ CTPYKTYpHUH €JIEMEHT, 1O CKIaay
SKOTO BXOIATH JeTalml W CKJIagajdbHI OJWHHUIN, IO CTBOPIOIOTH
CHJIOBHH IMITyJIbC 13 METOIO mojaibiuoro nepenaBanus Ha 3E. Tumn
MPUBOAY 3aKpIIUICHHS OOHMPAIOTh 3aJIeKHO BiJ HEOOXITHOI CHIH
3aKpIIUICHHS, IIBUAKOMII, a TakoX rabapuTHux posmipiB BII. 3a
CTYNICHEM aBTOMAaTH3aIlil MPHUBIJ 3aTUCKHOTO MOIYJS MOXe OyTH
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PYYHHM, MEXaHi30BaHUM a00 aBTOMATH30BaHUM. Y KOMIIOHYBaHHSX
npuctpoiB cuctemu Y3IIII MOXyTh 3aCTOCOBYBATHCS TiJIpaBiiuHi,
MMHEBMATHYHI, E€JIEKTPOMEXaHI4HI, €JEeKTPOMArHiTHi, MarHiTHi,
BaKyyMHI Ta iHIII npuBoAd. [loNOKEHHS 3aTHCKHOTO MOYJsS
BIIHOCHO 0a30BOl IUIMTH MOJKHA 3MIHIOBAaTA 3a JIOIIOMOTOFO
MeXaHi3My peryiatoBaHHS. Hampukiaa, BUKOPUCTAHHS JIIHIHHOTO
JBUTYHA JIO3BOJISIE 3MIHIOBATH MiCIle MPHKIAJAaHHS 3aTUCKHOTO
3yCHJUIL B3/IOBXK YCi€i JOBXHUHU OOpOOIIOBaHOI 3aroTOBKH 3a
Kepyrodoro nporpamoro cucremu YIIK Bepcrara.

[TopiBHATH TEXHIUHI XapaKTEPUCTUKH pi3HUX cucteM BII
MO>KHA 32 JaHWMH, HaBeJleHUMH Ha puc. 6.10.

36ipHi 2Gipul

BRpCTATHE

BepcTaTHi npucTpol

¥en
YHN
cBen
CHN
Ann
yann

Cnocib nepeHanaromxenns BN
NepexkomnoHyeaHHA enemenTis BN

Per YET: i EBNEMEHTIE

-O—¥3N-4nK

O—-O—yanm

O—y3no

O—van
O—-0—3Pn
et
e

-
S

3amMiHa IMIHHWX Hanaaox O
ParynioBaHHa NONOXEHHA 3MIHHWK HANAA0K
ParynioBanHa NONOXEHHA 3ATUCKHOMD MOZYNA

CTyniHb aBTOMaTH3auii npolecy nepeHanarogXeHHa

BpyuHy o o000 g o] g O

Mexawizosaro

ABTOMATUIOBAHO ()
Crynine aBTOMaTM3aUii 3aKpinNeHHA 3aroToBOK

BpyuHy o] g g

Mexanizosaxo O O -0 O O O

ABTOMATHIOBAHO )

[ianazoH nepeHanarofxeHHs YCTaHOBNHEANBHUX
1 3aTHCKHHUX enemMeHTIB

Cyry o}
ByAb-Rki NONOXEHHA ¥ MEXAX 3anaHal TpaekTopil g O O O

Eyab-aki ¥ MeEXax

Byae-axi ¥ Mewax aag; o np py

Xapax‘repuc‘mxu BCTAHOBNKHEBAHWX 3aroTOBOK
3aroToekn Bnwssk 3a dop 3 CHEMOH y O O O
BaroToskn Bnuaski 3a dop 3 PiIHEMA ¢ Gaay

Byab-fki 3aroTOBKM ¥ MENAX TEXHIMHWX XAPAKTEPHCTHK O O O O O

Puc. 6.10. TexHiuHI XapaKTEepUCTUKHU CUCTEM BEPCTaTHUX MPHUCTPOIB

3anporionoBana cucrema  Y3IIII  mopiBHIOBamace i3
cucremamu 30ipHux BII — yHiBepcaabHO-30IpHUMH NPUCTPOSIMHU
(Y3I1), yHiBepcanbHO-30ipHUMH MPUCTPOAMHU Ut Bepetaris i3 UIIK
(VY3II-UIIK), yniBepcanbHO-30ipHUMH MPUCTPOSIMH MEXaHI30BaHUMH
(Y3IIM), yHiBepcaabHO-30ipHOIO MEePEHAIAr0[)KyBaHOK OCHACTKOIO
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(Y3I10), 30ipHO-PO30IpHUMH MIPUCTPOSMH (3PIT) i
nepeHanaro/kyBanux BIl—  yHiBepcaibHO-Oe3HANIAroPKyBaHUMU
npuctposimu (YBII), yHiBepcanbHO-HAIAr0KyBaHUMHE TIPUCTPOSIMU
(YHII), cnenianmizoBanuMu —Oe3HANaroUKyBaHUMH — TPUCTPOSIMH
(CBII), criemianizoBaHUMK HayaroKyBanumu npuctposmu (CHIT),
ABTOMATUYHO TIEpEHANAro/KyBaHUMU npucTposiMu (ATIIT).

SIk  O6aummo, cucrema Y3IIII mMae 3HauHi NOTEHIIIHI
(GYHKILI0HAJIbHO-TEXHOJIOT1UHI MepeBaru nepes iHIIMMHU CUCTEeMaMH
BII, sxi 1OBHOIO MipOI0 MOXYTh OYTH peaii3oBaHI Ha Cy4acHHUX
CBEPTHIIbLHO-(hPE3epHO-PO3TOUYyBAUTHBHUX 0araToIiIL0BUX
Bepcrarax i3 UIIK.

6.4. ®yHKIiOHABbHI eJIeMeHTH YHiBepcaJbHO-30ipHUX
NMepeHaIaroJ:kyBaHUX TPHUCTPOIB JJs YCTAHOBJIEHHSI  Tija
o0epTaHHs

CknasHIiCTh  BHUKOHAHHA  TEXHOJOTIYHUX  IPOLECIB Y
MaImHOOyIyBaHH1 00yMOBITIOE BEIIUKY PI3HOMAaHITHICTh
komroHyBaHb BII i BUCOKUIT piBeHb BUMOT, 1110 CTaBJIATHCS 10 HUX.

Hespaxxatoun  Ha  pI3HHUIIO 32  KOHCTPYKTUBHUMU
napamerpamu, BIl mMaroTh 0fHaKOBY CTPYKTYpY 1 CKJIQAalOThCS 3
€JIeMEHTIB 3 OJHAKOBHUM  (YHKIIOHAJTLHUM  TPU3HAYCHHSIM.
OcHoBHOW0O (yHKII€0 KoMIoHyBaHb BIl € Ttoune Oa3yBaHHs
3aroTOBKH 1 HaAliHE 11 3aKpiryieHHs i yac o0poOku. [[s moBHOTO
0a3yBaHHS 3aroTOBKM HEOOXITHO TO030aBUTH 1i YCiX CTyIEHIB
BUTBHOCTI (TIPaBWJIO IIECTH TOYOK). 3 II€0 METOI0 BUKOPHUCTOBYIOTH
VE, KUIBbKICTh SIKMX TOBHMHHA JOPIBHIOBATH KIUIBKOCTI CTYIICHIB
BUIBHOCTI, SIKMX I11030aBisie€Thcs 3aroTtoBka. J[mst peamizamii cxem
0a3yBaHHS BUKOPHCTOBYIOThCS pi3HI YE.

3E 3a0e3neuyioTh MIbHUNA KOHTAKT 3arotoBkd 3 YE BII 1
3aro0iraroTh 3MIIIECHHIO 1 BIOpaIisiM 3aroTOBKM MHpPU PI3HUX BHJAX
00poOku. PiBHOMIpHICTH 3akpimieHHs KiTbkox 3E  copusie
MiJBUIICHHIO TOYHOCTI 0OpOOKHM 3aroToBok. J[ias 3MeHIIeHHS
MOXMOKM  3aKpIIJIEHHA HEOOXITHO 3a0e3MeyuTd  CTaOUIBbHICTH
3aTUCKHOTO 3yCHJUIA 1 30epiraTtu Horo y pasi aBapiifHOrO BUMKHEHHS.
3aTUCKHE 3YyCWJUIS, SIK TPaBWIIO, COPSIMOBYIOTh Yy HampsMkKy YE,
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OJTHAK BEJMYMHA CWJIM 3aKpilUICHHS HE TOBHHHA OyTH HaITO
BEJIMKOIO, 1100 HE 3aJIMIIMTH yM SITHHU Ha 3aroToBui. KoHCTpyKIis
3aTHCKHOTO MeEXaHI3My IIOBUHHA OyTH TPOCTOI0, 3pPYYHOIO B
oOciyroByBaHHI Ta ekcruryaranii. [lepenanaromkenus 3E nominbeHO
BUKOHYBATH SIKHAWIIBUIIIE IJIsi 3MEHIICHHS BHUTPAT JOIOMIKHOTO
qacy.

KommonyBannst BIl HeoOXimHO BHKOHYBaTH y Takii
nociioBHocTi (puc. 6.11): cmowarky BuOHMparOTh 0a30BY IUIUTY,
ocHoBHi Ta noaatkoBi YE, motim 3E. Ha BuOGip xoxHOTO enemMeHTa
BIUTMBAIOTh Kibka (akTopiB. Tak, mis BuUOOpy 0a30BOi IUTHTH
HEOOXiTHO MaTu JaHi mpo Qopmy, rabapuTHI pO3MipH, Bary Ta
MaTepiai 3aroTOBKH, IO Miisirae 00pooiri.

®opMa 3aroToBKN |

TaBapuTHi posMipy saroTosku |

BazoBa nnuta

Bara saroToBkm I

@ MaTtepian 3aroToBKK |
YcTaHOBNKBanNbHI ©opma saroTosku |

enemMeHTi Bua Ta skicTe GaszoBux neaepxoub|

HonomixHi JKOpCTKICTS 3aroToBKN |
yCcTaHoBnNOBanbHI

enemeHTi YetaneHicts sarotosku |

@ O6pobnoeaHi nosepxHi

3aTUCKHI MoeepxHi nig npuTHCKaYi
enementy Cuna pisaHHa

{} Cuna 3aKkpinneHHA 3aroToBKKM

KomnoHyBaHHA
BEpCcTaTHOro NPUCTPOID

Puc. 6.11. Cxema cuHTE3y KOMIIOHYBaHHS BEPCTATHOTO MTPUCTPOIO

Hns Bubopy YE Buximnumu naHuMmu € iHpopmauis Mpo
dbopMy 3aroToBKH, BHIJIAI Ta SKICTh 0a30BUX MOBEPXOHb. Jlis
3a0e3medeHHsT HeoOXiqHOT )KOPCTKOCTI ¥ YCTaJIEHOCTI 3aroTOBKU Yy
komrionyBaHHi BII nepenbavarors HasBHICTH qonaTkoBux YE.
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Jst Bubopy 3E HEoOXigHO 3HATH  XapaKTEPHCTHKH
00poOITIOBaHUX MOBEPXOHb Ta MOBEPXOHb IiJI MPUTUCKAYl, @ TAKOXK
JlaHl PO CUJIOBE HABAaHTAKCHHs HAa 3aroTOBKY (CHJa pi3aHHS, CHja
3aKpimieHHsT 3aroToBku). Jlami OUTbIN [ETaNbHO PO3TIISTHEMO BCi
(GyHKIIOHATBHI ~ €JIEMEHTH, SKi OepyTh ydacTh y CTBOPCHHI
KOMITOHYBaHHSI.

ba3oBi mIMTH € OCHOBOIO KOMIIOHYBaHb 1 TMpU3HAYCHI IS
YCTAQHOBJICHHSI HAa HUX IHIMIMX (QYHKIIOHAJBHUX €JeMEHTIB. BoHu
CTAHOBJISITH MEXaHI30BaHI CKJIANajdbHI OJWHHMIN 13 BOYIOBAaHUMH
T1APONMIIIHAPAMH 1 MABIAHUMU MACASTHUMH MariCTpaJIsIMH.

Bubip 0a30Boi IUIMTH 3aJeXUTh BiJ rabapuTHUX PO3MIpIB,
dopmu Ta Mmacu 3arotoBku. Tak, kpyrmi tumtd (Tadna. A.l)
BUKOPUCTOBYIOTh ~ TIEPEBAXHO  JuUIsi  Oa3yBaHHS  3arOTOBOK
numiHagpuaHoi  Gopmu  (kpuiku, BTynkd, (uanmi). Ksagparthi
(tabn. A.2) ta npsMokyTHI (Tabna. A.3) IUIMTH 3aCTOCOBYIOTH JIJISt
YCTAaHOBJICHHS KOPIYCHHMX JeTaJiel 1 JeTaneil ckiamaHoi (opmu
(Baxkenmi, KPOHIUTEHHH, IIATyHHU, TPIMHUKKA Toulo). [abaputHi
PO3MipH IUTMTH BU3HAYAIOTh MOKJIMBI MAaKCUMaJIbHI PO3MIpH Y TUIaH1
3aroTOBOK, III0 BCTAHOBIIOIOTHCA. Tumopo3mip 0a30BUX ILUIUT
3aJIOKUTh BiA Jiamerpa (I KPYriauxX IUIAT) abo IupuHHA (11
KBAJIpATHUX Ta MPSAMOKYTHUX IUIUT). Ha moBepxHi 0a30BUX ILTUT
HAHECEHO CITKY 0a30BHUX 1 pi3bOOBUX OTBOPIB y IIaXOBOMY MOPSIZIKY.
ba3oBi oTBOpH mpu3HAUYEHI AJIT TOYHOTO YCTAHOBJICHHS €IIEMEHTIB
BII na 6a3o0Biif T, a pi3p00BI — ISl X HAAIMHOTO 3aKPITUICHHS.
3aj1eKHO BiJl TUMOPO3MIPY IUIUT JiaMETPU OTBOPIB CTAHOBIATH 12—
22 MM, a BIJICTaHb M)XK OCSIMH JIBOX PI3bOOBHX a00 JTBOX 0a30BHUX
oTBOpiB AopiBHIOE 60—100 MM.

bes3sazopue 3’eqnanus enementiB BII ma 0Ga3oBiii miuTi Ta
MiXK €000 3IIHCHIOETHCS 3a JOMOMOTOK CaMOIICHTPYBATBLHUX
30ipHux  BTyJnoK (puc.6.12) [81]. ba3yBaHHs  eneMeHTIB
3MIACHIOETbCS TakuM uuHOM. Ha 0a3o0Biii miuTi po3MIILyIOTH
€JIEMEHT TIPHUCTPOIO 3 YMOBOIO 30DKHOCTI X 0a30BUX OTBOPIB, Y SKi
BCTAHOBJIIOIOTH CAMOLICHTPYBaJIbH1 301pHi BTYJIKH.

[Ticms 1pOro TBUHT 5 BIBUHYYIOTH Y pPI3OOBHI OTBIp
Koprryca 1, mepeMilyloun KpUIIKy 4, sKka CTUCKAE TiIpOIUIAaCTHYHY
macy 3. Ilig nmiero rigporiacTMacd, IO PIBHOMIPHO THCHE Ha
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BHYTPIIIIHIO TOBEPXHIO TOHKOCTIHHOI CTaJIeBOi 0OOJIOHKH 2, OCTaHHS
neGopMyeTbes 1 LEHTPYE Ta 3aKpiIUIIOE EJIEMEHT MNPUCTPOI0 Ha
0a30B1i IUINTI.
5 4 Bukopucranus
L 3aIPOIIOHOBAHOI CAMOICH-
|‘x @ ~ TPYBAIbHO 36ipHOi BTYII-
‘ KA MIJBUILYE TOYHICTh
|
|
|

E/1eMEHIM
Tpucimpog

J Ga3syBaHHs €JEMEHTIB BEp-
CTaTHUX TIPUCTPOIB, a
OTX€, 3MEHIIyE BIUIMB
OPUCTPOI0 HAa MOXHOKY
YCTAQHOBJICHHSI 3arOTOBKH.
3anpornoHoBaHa CaMOLIEH-
| ] TpyBaJIbHa 30ipHa BTYJIKa
‘ / MOXe OyTH BHKOpPHCTaHA

) st 0a3yBaHHS 3arOoTOBOK
Puc. 6.12. Cnioci6 §e33a30pH0r0 Mo  rTomEMHI i  IBOX
0a3yBaHHs €JICMCHTIB BEPCTATHUX

OTBOpax abo MO TUIONTUHI 1
npucTpoiB (mateHT Ykpainu Ne 44718) oTBOpY, MO 3abe3mnedye

oasoba
nauma

IHCTpYMEHTAJIBHY JOCTYITHICTh TPU KOHTYpPHIN 00poOIi, a oTxe
niaBHILYye €(PEeKTUBHICTh CBEPATIMIBHUX Ta (PPE3EpPHUX OMEparliii.

Cxema 6a3yBaHHS MO 30BHIMIHIX MUJIIHIAPUYHUX TOBEPXHSIX €
HaOIBII TMOMIMPEHOI0 JJIs JeTaleidl Tury Baja mpu oOpoOmi Ha
CBepIMIbHUX 1 (¢pe3epHux Bepcratax. Jus 11 peamizaiii
3aCTOCOBYIOTHCS IIPU3MU Pi3HUX KOHCTPYKIiH [82-85].

Hamu  3anpomoHOBaHO ~ KOHCTPYKIIIO  peryibOBaHOl
npusmu [83], sKka 103BOJSE MIJBUIIATH TOYHICTH Oa3yBaHHS
HWITIHIPUYHUX 3arOTOBOK 32 PaXyHOK OJAHOYACHOTO MEpeMIIEeHHS
OIOp 3a JIOIOMOTOI0 TBHHTOBOTO MEXaHI3My pEryJIOBaHHS, IO
cIpusie CKOpPOYEHHIO BHUTpaT 4Yacy Ha IepeHalaro/KeHHs
KoMIIOHyBaHHs BII.

Jlns  BCTaHOBJIEHHsS 3aroToBKW TBHHT 1  (puc. 6.13)
BUTBHHYYETHhCA 13 KOpIyca 2, 3aBAJKA YOMY OIOpPHUHM aucK 3
MigHIMAeTbess 1 THUCHE Ha omopu 4 1 5, sKi  OJHOYACHO
NEePEMIIIYIOTHCS JOTOPH.
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Heo0xinHe MOI0KEeHHs OIop
JUTSI BCTAHOBJICHHSI 3aTOTOBOK
MEBHOTO JlilaMeTpa KOHTPO-
JIOETBCS 32 JIOIOMOTOIO
MOIUIOK IIKaJ, SIKi HaHECEHO
Ha omopax 4 1 5. dikcaris
or10p BUKOHY€ETbHCSA 3a
JOTIOMOT OO CTOIIOPHUX
~—_ / TBHHTIB 6. [lepenana-
5[21] TOJDKEHHST ~ MPU3MHU  3[I1H-
HIOETbCA TBHHTOM 1, Ha
SKOMY KOPCTKO 3aKpiIIeHO
omopuwuii auck 3. [oninku Ha
omopax BIAMOBIAAIOTh Jia-
MeTpaMm 0a30BHUX IOBEPXOHb
Puc. 6.13. PerynroBana npuszma 3aroTOBOK, HI0 OOpOOISIOTH-
(matent Ykpainu Ne 29823) cs iz vac onepartii [84].

Hns perymoBanHs 3E  Haliuacriime BUKOPHCTOBYIOTh
TBUHTOBI, KJIMHOBI, KJIMHOTUTYH)XEPHI, BaXKUIbHI, €KCIICHTPUKOBI Ta
iHmi  MmexaHismu [86], sKi XapaKTepH3YIOTBCS MEpPEIaTOYHUM
BimHomeHHsM cui, KK/ mexaHi3smy (BiHOIICHHS CHJIM Ha BUXOJI
10 cuiIH 03 TepTs), CTYIIEHEM KOHIICHTpAIlil (3aTHICTh PO3MOALIATH
KUIBKICTh CHJI Ha BXOJl Ha KUIBKICTh CHJI Ha BHXO]Ii), IIBUAKOIEIO.
Hampuknan, mBuakosis reuaToBoro Mmexanizmy — 0,04-0,07 xB, a
eKCIIeHTPUKOBOTO — 01m3bK0 0,04 xB. [lepemaroune BiTHOMICHHS CHIT
TBUHTOBHUX MeXaHi3MiB 65—140, eKCIeHTpUKOBUX — 12, KIMHOBUX —
1-7, xmuHOmITYyHXepHuX — 1-11, Baximeuux - 1-3 [87].
[TepenaToune BiHOIIEHHS CHJI KOMOIHOBAaHUX MEXaHI3MiB JOPIBHIOE
IOOYyTKY TepedaTOYHUX BIIHOIIEHb CHJ YCIX €JIIEMEHTApHUX
MEXaHi3MiB, IO BXOATH 10 MOTO CKIIaay.

[Mupoka pizHOMaHiTHICTE 3E 32  KOHCTPYKTHUBHUMHU
O0COOJMBOCTSIMH  JTO3BOJISIE  3aKPIIUIIOBATH 3aroTOBKU  OYAb-KOT
dbopmu Ta rabapUTHUX PO3MIPIB.

Knacudikamiiina  o3Haka  «XapakTep  NepeMilleHHs
3aTHCKHOTO €JIEMEHTa» BU3HAYAE OCOOJIMBICTh MPOIIECY 3aKPITICHHS
00’exta 00poOku. Tak, camonenTpyBanbauii 3E, Hanmpukian, HaHry
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BUKOPUCTOBYIOTH JUIsl 0a3yBaHHS 3arOTOBKH BIJHOCHO BJAcHOI OCi i
MOJAJIBIION0 OJHOYACHOTO 11 3aKPITICHHS.

O6eproBi 3E 3miiCHIOIOTH 3aKpIMICHHS] 3aTOTOBKHU IUISIXOM
o0epTaHHsSI HAaBKOJIO BIIACHOI OCi (FBUHTH 3 I’ATaMu) ab0 HaBKOJIIO
1HI10T 0ci 00epTaHHs (EKCIICHTPHKH ).

[ToBoporni 3E (mputuckaui ¥ Baxeni) J03BOJSIOTH
BUKOHYBaTH Oe3mepemkoane 3HATTs Aetani i3 BII 1 BcraHoBimeHHS
HOBOI 3aroTOBKM, OCKIJIBKM TMicis po3kpimieHHs aeram 3E
noBepTaerbcsi Ha KyT 90°. KomuBHi 3E BUKOHYIOTH (QYyHKIIIO,
aHaJIoriyHy moBopoTHUM 3E, ogHak MaioTh iHIIE KOHCTPYKTHBHE
BUKOHaHHsA. [licng  poskpimuieHHss 3aroTtoBku  KonuBHUM  3E
MOBEPTAETHCSI Y BHUXIJHE TOJIOXKEHHS 3a JOMOMOTOI0 MpPY>KUHHU.
OcobnuBicTio nepecyBHUX 3E € MOXJIMBICTH iX pO3TallyBaHHS Ha
3HAYHIA BiACTAaHI OJWH BIiJ OJHOTO, a OTXKE, I& IO3BOJIIE
3MIHCHIOBATH 3aKpilJICHHS 3aroTOBOK Yy UIMPOKOMY JIiala3oHi.
[TnaBue migseneHus 3E 10 06’exta 0OpoOKHM 3MEHIITYE MOXUOKH, SKi
BUHUKAIOTh TNPH 3aKpiruieHHi 3arotoBok y BII. Bigkuani mmanku
3aCTOCOBYIOThH MEPEBAXHO JJIs 3aKPIIJICHHS BaJliB Ha CBEPAJIMIBHUX
1 ppe3epHHX omeparisx.

JIist 3aKpituieHHs TUT 0OepTaHHs TPU MeXaHIuHIN# 00poOIli Ha
CBEPUIMIIBHO-(PPE3epPHO-PO3TOUYBAIBHUX ~ BepcTaTtax  JIOIJIBHO
BHKOPHCTOBYBATH 3alpOINOHOBaHMM 3aTUCKHUK Moxyns [88]. B
OCHOBY 1€, 1110 POTOHYETHCS, MOCTABJICHE 3aBJAaHHS CIPOLICHHS
KOHCTPYKIIIi, MABUIIICHHS THYYKOCT] Ta aBTOMATH3aIlisl 3aKPITUICHHS
3aroTOBOK MPU MEXaHI4Hii 00pooii.

[Ticns ycranoBnenHst 3arotoBku cucrema YIIK Bepcrara
[I01a€ KOMaHy Ha KPOKOBMI IBUTYH, SIKUM IIPUBOJUTH y PyX Bal-
mectipaio 1 (puc. 6.14). Ilpu npoMmy Bai-peiika 2 3IIHCHIOE
NOCTYNAIILHUNA pyX JOHU3Y, THM CaMHUM TSTHYYd 3a COO0OM0
MOBOPOTHUH Bajd 3 13 TpuUXOIUTIOBaueM 4. Y CTaHOBIIOBAIbHHI
TBUHT 5 HampaBligie pPyX Bajia MO CHipadbHOMY TMa3y, TUM CaMHUM
MOBEPTAIOYU HMOT0 y MOJIOKEHHs A 3akpituieHHs. [licng motuky
NPUXOIUIIOBaYa JO 3aroTOBKH KPOKOBUW JBUTYH 3abe3nedye
dikcariito perKoBo-3y0uacToi nepeaadi B HEOOX1THOMY ITOJIOKEHHI.
JIyist pO3KpITICHHS IeTall OIa€ThCsl KOMaH/1a Ha KPOKOBUM JIBUTYH,
MICIISL YOT0 MPUBOAUTHECS B JIII0 PEMKOBO-3yOuacta mepemada. Ban-
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perika 2 3mIMCHIOE TOCTYMAJIbHUH pPyX Bropy, OIHOYACHO
MOBEPTAIOYU MPUXOIUTIOBAY 4 Y MOJOKEHHS ISl PO3KPIIICHHS, 110
3a0e3nevye BiIbHE 3HATTS 00poOJIeHOT AeTall.

Puc. 6.14. 3atuckauii MOIYIb
(marent Ykpaiau Ne 38073)

194

3aTUCKHUM MOAYNb BHKO-
HaHO SIK CAaMOCTIMHY CKJIa-
JMAIBbHY OJMHUITIO, IO J03-
BOJISIE IOTO BCTAHOBJICHHS
y Oynb-KOMY Micii po0o-
4oro CToja Bepcrara Bif-
noBigHO 10 ¢dopMH Ta
po3MipiB 3arotoBku. Bu-
KOPHUCTaHHS 3alpOTIOHOBA-
HOTO 3aTUCKHOTO MOJYJIs
II03BOJISIE M IBANTATH
rayukicte BII, a Takox
3MEHIIUTA  JONOMDKHHUHI
yac 3aBISKM aBTOMAaTH-
3amii  3aKpiluIeHHS 3aro-
TOBKM, 1[I0  ITi/IBHIIY€E
€(EeKTUBHICTh CBEPJTHIIb-
HUX Ta (ppe3epHUX orepa-

it [89, 90].



7. BepcTaTHi npucTpoi 1Jis1 6a3yBaHHsA Ta 3aKPiNJIeHHs TLI
o0epTaHHs

7.1. Bu6ip HaiiBUTiIHIIIOr0 KOMIOHYBAHHSI BepPCTATHHUX
NMPUCTPOIB /IS YCTAHOBJICHHS BaJIiB

Jns nmpuknagy po3rissHEMO CUHTE3 KommnoHyBaHb BII s
YCTAQHOBJICHHSI BaJIiB TpU 0OpoOIl Ha CBEpAIMIBHO-(Dpe3epHUX
BepcTaTax. @opMyBaHHs KOHKYPYIOUMX BapiaHTiB KOMIIOHYBaHb BII
3MIMCHIOETECS HA OCHOBI BUXIIHMX JlaHUX Ta Oi0MiOTeKH
dbyHKIIOHATEHUX ~ eneMeHTiB  (puc. 7.1). Sk Oaummo, s
YCTAaHOBJIEHHS Bajla MOXJIMBO 3aCTOCYBaTH INICTh THIIIB MPHU3M
(xomu 301, 304-308 y 6ibmioTeni QyHKIIOHATBHUX €JIEMEHTIB), AB1
00koB1 oropu (Koau 253, 255); 3akpirieHHs Bajga MOKHA 3MIMCHUTH
I’ aThMa 3aTUCKHUMU enemeHTamu (komu 201, 202, 206, 237, 238).
Jnst po3mimieHHsT yciX (YHKIIOHAIBHUX €JIEMEHTIB HaWOLIbIIe
miaxoasTh Bi 0a3zoBi T (ko 22 ta 31). Ha ocHOBI BuOpaHux
eleMeHTIB oTpuMyeMo 120 KOHKYpYIOUMX BapiaHTIB KOMITOHYBaHb
BII nyst ycTaHOBIIEHHS BaJia.

BiamoBigHO 10  aNrOpUTMIYHOI  CTPYKTYPH  CHHTE3Y
komrnoHyBaHb BII (auB. puc. 6.8) 3 MHOXHHH KOHKYPYIOUHX
BapiaHTIB BHOMpaeMo Taki KoMmoHyBaHHS BII, siki 3a10BONBHSIOTH
TEXHIYHUM OOMEXCHHIM MaTeMaTH4HOI Mojem (auB. 1. 6.1).

JlomycTMa BeNMMYMHA TOXMOKH YCTAHOBIIEHHS 3aroTOBKHU
[£,] BusHavaerses 13 cniBBigHOWeHHS [¢,]=0,7-Td , ne kKoediuieHT
0,7 BigmoBigae HamiBYMCTOBIM 00poOLi MOBepxoHb netaneit [91], a
Td — momyck Ha BUKOHYBAaHHH po3Mip (U pO3paxyHKIB MPHUUHATO
Td =160 mkm). Takum  uyumHOM, KoMmMmoHyBamHs BII,  ski
320e3Meuy0Th MOXUOKY YCTAHOBJICHHS 3arOTOBKH 3 BEIHYHWHOIO
MEHILOIO 33 JIonycTuMy [£,]=112 MKM, 3a10BOJIBHAIOTH TOYHICHAM
BHMOTaM.

Jlnst 3a0e31edeH s BUCOKOT THYYKOCTI BUPOOHUIITBA CTYIIHB
rayukocTi BII nmoBunen 3Haxomutucs y Mexax 0,25<G,, <1 [92].
TakuM YMHOM, AONYCTUMHH CTYMiHb T'HYYKOCTI [G BH]=0,25, a,

omxe, komnonysanHs BII moBunHi 3an10BonbHATH yMOBI G, > 0,25.
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N

J

YcTaHoBNBanGHi
enemeHTK

BuxiaHi nawi
[ dopma 3aroToBKu |—>| Ban |—
abaputHi L =300 mm,
PO3MipK 3aroTOBKM B d o= 62 MM
[ Maca saroToBku |—>| 4.3 kr |»
Cxema basysaHHs | ] 3a asoma UMNIHAPUUHAMK |
3aroTOBKW NOBEPXHAMM Ta TOpLEM
MapameTpun 6azoBux [ | L; =75 mm, d; =45 mm,| |
noBepxoHb L, =130 mm, d, = 50 MM
WopcTkicTs Bazoeux _
NOBEPXOHb 3aroTOBKA | 1 Ra = 3.2 Mkm -
l HopcTKicTb 3aroToBku |—>| Lid=6 |
MapameTpy NOBEPXOHb | | L= 48 Mm, d = 56 mm,
nig npuTuckadi Ra = 3,2 Mkm
l Cwuna pizaHHA |—>| Fois =950 H
Cuna 3aTUCHEHHA -
3aroToBKU B Faap = 2000 H

3aTUCKHI
enemeHTH

- KoHkypytoui . .
Bibnioteka BapiaHTH KoHKkypyHoui BapiaHT )
fbyH;ulﬁHag_bHHX yHKUiOHaNbHKX|| KOMMOHYBaHb BEPCTaTHUX NPUCTPOIB
EnemeHTis enemeHTis
OnopHi
B E: enemeHTn E:) |:

—{C® - 22 -41.301/301/253.0 - 201 )
—[Co - 22 - 41.301/301/253.0 - 202.]
[Ca - 22 - 41.301/301/253.0 - 206.

"ICo - 31 - 41.308/308/255.0 - 237 |
"220Co - 31 - 41.308/308/255.0 - 238.

Puc. 7.1. Cxema popMyBaHHsS KOHKYPYIOUUX BapiaHTIB KOMIIOHYBaHb BEPCTATHUX MPHUCTPOIB AJIS

YCTaHOBJICHHS BaJIiB



Mertanomictkicth BIl He moBMHHA TIEpEBUIIYBaTH BEITUYHHY
MaKCHUMaJbHOTO HABAaHTAXXEHHA Ha poOOYMA CTLT Bepcrara, sKa
BIJIMOBIIHO 70 TEXHIYHOI XapaKTePUCTUKH BEpcTaTra JIOPIBHIOE
200 kr. Omxe, wmaca BIl mnoBMHHA 330BOJBHATH  YMOBI
M, <200 xr.

[Ticns 1pbOro BU3HAYAEMO YHCIOBI 3HAYEHHS KPHUTEPIiB
ONTUMATBHOCTI JIJ1s1 COOPMOBAHMX KOHKYPYIOUHX BapiaHTIB.

BaratokpurepianbHa onTUMI3aIlisa 3a METOJOM MOCIiTOBHHUX
MOCTYMNOK 31HCHIOETHCS TaKUM YUHOM. [3 MHOKMHHM KOHKYPYIOUHX
BapiaHTIB BU3HAYAETHCSI KOMIIOHYBAHHS, sIKE 3a0€31euye MiHIMaJIbHY
noxuOKy ycrtaHoBieHHS 3arotoBku y BII. Jlns Bumanky, skwit
posrnajaeTscd, &, =30 Mxm. Ilicms mporo mpuU3HAYAETHCS

Ymi
BEJIMYMHA NOCTYNKU. BpaxoByrouM BUIEBUKIIAZICHE, MOXKHA 3pOOUTH
IOCTYNIKY Ha BEIMYMHY, sKa JopiBHIOE 59 mxm. OTtxe, s
NOJAJIBIIOrO BUPILMICHHS 3a/1a4l pO3IJIsAaloThesi KoMIoHyBaHHs BII
3 MTOXHOKOFO YCTaHOBJIEHHS 3arOTOBKHU £, <89 MKM.

KoMmmonyBanHs,  siKi  3aJOBOJBHSIOTH  YMOBaM  CHUCTEMH
ONTUMI3AIINHUX 3a1a4 BHAUICHO cipuM KoibopoM (moxa. b). [ami
BU3HAUAIOTECA KoMMNoOHyBaHHS BII 3 MakcuMalbHUM CTyNEeHEM
THYYKOCTI, IKu# qopiBHIOE 0,67.

BpaxoByroun TexXHIYHI OOMEXEHHS, TPU3HAYAETHCS MMOCTYKA
1 7manmi 31iHCHIOETbCS BUOIP KOMITOHYBaHb 31 CTYNEHEM THYYKOCTI Y
niarmazoni 0,25-0,67. YMoBoro 3amadi OOMEXKEHHS Ha BapTiCTh
komroHyBaHHs1 BII He 3amaHo, 0TXe 3a70BOJIBHAIOTH yCl BapiaHTH,
Kl MalTh CTYIIHb THYYKOCTI, IO HAJIEKHUTh 10 BHUIICBKA3aHOTO
nianmazoHy. BiAmoBimHO 10 OCTaHHBOI  3ajadi  ONTHUMI3aIlil
ONTUMAILHUM  Oy/le KOMIIOHYBaHHs, $IK€ Ma€ HaWMEHIIY
METAJIOMICTKICTb.

VY pe3ynbrari 3A1MCHEHHST OaraToKpuTepiaabHOI ONMTHUMI3AIli
HAUBUTIIHIIIUM KOMITOHYBaHHsM BIIl 111 BCTAaHOBJIGHHS BaiB €
KOMIIOHYBaHHS 31 CTpykTypHOiO (opmymoro CHO - 22 -
41.308/308/253.0 — 238.1, ske ckuaagaeTrbecss 3 0a30BOI  IUIMTH
(xom 22), nBox mpusMm (kox 308), GokoBoi omopu (kox 253) Ta
nputruckada (koa 238). YCTaHOBIIOBANbHI €IEMEHTH 3a0€3MeuyIoTh
OaszyBaHHs 3aroToBku y BII, peamizyroun MmojBiiiHy HampsiMHY Ta
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omopHy 0a3u, a 3aTUCKHHM €JIEMEHT — 3aKpiIUIEHHS 3aroTOBKH.
Crpykrypa onTumaibHoro komnonyBanHs BII noka3ana Ha puc. 7.2.

r _______________ | r———"""—"""""""""""= ‘:
| o u |
! 3aTUCKHUN O6'exT YCTaHOBOYHUM !
= efleMeHT 06D06KH enemMeHT —

| (kon 238) P (koa 253) :
L ___ _JaKpinnenns____ ___Onoprabasa ___ |

r—— 7 T TN = |

| |

i | YcTaHoBnoBanbHUM YcTaHoBMOBaNbHUA | |

I enemeHT enemeHT I

: (koa 308) (koa 308) :

L] _llogBivHa HanpamHabasa [ _ _ J

basosa nnuta (kop 22)

Puc. 7.2. CtpykTypa onTuManbHOi KoMioHOBKH BII

HeranpHy 1H(MOpMAIIO MO KOXHOMY (YHKIIOHATLHOMY
€JIEMEHTY HaBeJICHO Y BIAMOBIAHUX TAOIUIX pillleHb, PO3MIILEHUX
y Tabm. A.2, A.7, A.9, A.13 (mox. A). OnTuManbHe KOMIOHYBaHHS
BII  xapakTtepu3yeTbCsi TaKMUMH  KPUTEPIUIBHUMH  OLIIHKAMHU:
g, =0,07 mm; Gy, =0,67; Cp;, =181451pH.; M, = 68,5kT.

7.2. AHaJi3 KOHCTPYKUi BepCTAaTHUX NPHUCTPOIB s
YCTaHOBJICHHS BaJiB

st anamizy kommoHyBaHb BII 3 Touku 30py TeXHIYHHX
XapaKTEePUCTHK PO3IJISIHEMO SK MPUKIAA BapiaHTH Oa3yBaHHs
CTYMIHYACTOrO0 Baja MO 30BHINIHIX IWIIHIAPUYHUX TIOBEPXHAX B
yHIBEpCaJIbHOMY, Me€XaHi3oBaHOMY Il aBToMaTu3oBaHomy BII. Ils
cxema 0a3yBaHHs € HaWOUIBII MOMMPEHOIO IS JACTaJIC THUIY Bayia
npu 00poO1Ii Ha cBepITHIBHUX 1 Ppe3epHux Bepcrarax i3 UIIK.

Jlnst peamizanii mi€i cxemu 0a3yBaHHS 4acTO 3aCTOCOBYIOTH
XKOPCTKI omopHi mnpu3Mu. KOMIUIEKT mnpu3M CKIagaeTbes 3
10 tunoposmipie  [93], 110 OXOILUIIOIOTH  JiaMeTpu  0a30BUX
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nmoBepxoHb 5—150 MM (TUnopo3mip 1 Biamosizae aiamna3oHy 0a30BUX
niamerpiB 5-10 mwm; Tumoposmip 2 — 10-15; tumoposmip 3 —
15-20 mMm; Tunoposmip 4 — 20-25 mMm; tanoposMmip 5 — 25-35 mwm;
TUNIOPO3Mip 6 — 35—-45 MM; THIOpO3Mip 7 — 45-60 MM; TUITOpO3MIp 8
60-80 w™mm; Ttumoposmip 9 - 80-100 mwm; Tumoposmip 10 —
100-150 mm). Maca koMmIIeKTy Mpu3M 0e3 KpIMMWIbHUX €JIEMEHTIB
ctaHoBuTh 10,7 kr. Jlms 3a0e3rneueHHss yCTaHOBJIEHHS 3arOTOBOK 3
pi3HMMH JiamMeTpamMu 0a30BUX TOBEPXOHb JIOIUIBHO MaTH JBa
KOMIUIEKTH TPHU3M, 00 BHUKIIOUYWTH MOXKIMBICTh, KOJM 0a30Bi
JlaMeTpu OJHIET 3aroTOBKM HajeXaTh JO OJHOTO Jiana3oHy
niamMeTpiB, TOOTO MOTPEOYIOTh BUKOPUCTAHHS OJHOTO THUIIOPO3MIpPY
PU3M.

AHami3 TEeXHIYHUX XapaKTePUCTUK KOMIUIEKTY TIIPU3M
MOKa3aB, 110 BiACTaHbL MIXK BICCIO BCTAHOBJIIOBAHOI 3arOTOBKM 1
OCHOBOIO TPH3MH JUIsl PI3HUX TUIOPO3MIpiB BiApi3HAeThCs. Kpim
TOT0, SIKIIO Y MPU3MY OJTHOTO TUIIOPO3MipYy BCTAHOBUTH 3arOTOBKH 3
pizHuUMH  0a30BUMM  JiaMe€TpaMH, HANpHKIaJ, TPaHUIHUMHU
3HAYCHHSIMU JiaMEeTPIB JJI1 BU3HAUYEHOTO TUIIOPO3MIpPY, TO BiJICTaHb
MK IX ocsiMu Oyae mopiBHIoBaTd BenwuuHi A. ToOTo, gKmo Ha
ONHIM 0a30Bii TUIMTI BCTAaHOBUTH JBI TNPU3MH JUIsl Oa3yBaHHS
CTYIIHYAaCTOrO BaJla, TO CIIOCTEPIraeTbcs HEMapaleNbHICTh OCl
3arOTOBKM  BIJHOCHO IUIOMIMHM 0a30BOi I[UINTA. 3  METOIO
3a0e3MeueHHs]  CIIBBICHOCTI INMMHOK CTYMIHYacTOrO Baja MpU
0a3yBaHHI y TpPU3MaX BUKOPUCTOBYIOTh KOMIUICKTH IPOKJIAIOK 1
migknagok. CymapHa BHCOTa TMPOKJIANOK 1 MIIKIANOK, SKi
BCTAHOBJIIOIOTHCA MM OJHY 3 TPHU3M, KOMIIEHCYE HEOOXiTHY
BennunHy A. KoMIiekT mpokimagok ckiagaerses 3 80 mr., po3mipu
akux Big 1,00 mo 4,95 mm 3 xpokom 0,05 mMm. Jlo KOMIUIEKTY
MiIKIaI0K BXOAUTH 7 THIOPO3MIpiB: 5 MM, 7,5 MM, 10 mm, 12,5 mm,
15 mm, 17,5 mm Ta 20 mm [94].

IIpu ycranoBneHHi crymiHyactoro Bana y BII Ha >xopcTki
omopHi mnpusmu (puc. 7.3) #Horo 0a3ylOTh IO 30BHINIHIX
WTIHIPUYHUX TOBEPXHAX 1 TOPIIFO.

Ha 6a3o0Biit mumTi 1 po3MIIIyrOTh )KOPCTKI OTOPHI MPU3MH 2
Ta 3, TOpUYOMYy MiJ TpU3My 2 JOAATKOBO BCTAHOBIIOIOTH
MPOKIAAKY 4 1 MAKIANKY S5 3 METOI 3a0e3MeUeHHS MapaieabHOCTI
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OCl CTYIIHYacToOro Baja 6 BITHOCHO IUIOMIMHK 0a30BOi IIJIUTH.
XKopctkwuii ynop 7 peaiizye onopHy 6asy.

Puc. 7.3. YcTaHOBIEHHS CTYIIHYACTOTO Bajia
Ha )KOPCTKUX OMOPHUX MpHU3Max

3akpimieHHs 3arOTOBKHU 3[IICHIOETHCS BIJIKATHOIO
mankoro 8. [Tpu mepexoni 10 0OpoOKu AeTaieil 3 IHIMMH 0a30BUMH
JiaMeTpaMu HEeoOXiZHI 3aMiHa JKOPCTKUX OMOPHUX HpPU3M 1 Mindip
BIIMOBIIHUX TPOKJIAMIOK Ta MIAKIAAOK 3  KOMIUICKTY, IO
3MIHCHIOETbCS BPYYHY 1 MOTpedye 3HAUYHUX BUTPAT MiATOTOBYO-
3aKIJIFOYHOTO 4Yacy.

IIpu ycTaHOBIEHHI 3aroTOBKM B YHIBEPCAJIbHHX MAITMHHHUX
nemtarax (puc. 7.4) mist hpesepyBaHHS JIUCKU IO HEPYXOMOi ryoku 1
NPUKPIIUTIOETHCST KYTHUK 2, Ha SKUM BCTAHOBIIIOIOTH INUIKY BaJsa
00p0o0IIIOBaHOT 3ar0TOBKH 3, HA AKIH HEOOX1THO OOPOOUTH JTHCKY.

3aKpimieHHs 3ar0TOBKH 31HCHIOETHCS] PyXOMOIO TYOKOI0 4 31
3MIHHOK HAJaJKOI 5 3a IOHNOMOIOK TI'BHHTA 6. TakuM YHHOM
3a0e3meuyeThesi HEoOXigHa JKOPCTKICTh 3aroTOBKM Y TpoIeci
dbopmoyTBopenHs. [lpu dpesepyBaHHI KUIBKOX JIMCOK Ha OJIHIN
3aroTOBIIl ~ BUKOHYETHCS  IEPEYCTAHOBICHHA.  3aTUCKAaHHSA 1
PO3TUCKaHHS 3arOTOBKHU 3/IIHCHIOETHCS BEPCTAaTHUKOM.

IIpu ycranoBnenHi 3arotoBku y BII, ckommonoBanuii 3
enementiB cuctemu 3PII (puc. 7.5), 11 0a3yroTh MO 30BHINIHIX
MWTHIPUYHUX TMOBEpXHAX 1 Topio. [lmuty 1 3 ycranoBneHUMHU
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peryab0BaHUMH Mpu3MaMu 2 1 3, a TaKOX PEryJbOBaHUM YIIOpOM 4
3aKpIIUTIOIOTh HA CTOJII BepcTaTa. PerynoBaHHs yCTaHOBIIOBAIBHUX
HaITIBIPU3M 3IIMCHIOETHCS TBUHTOM 3 JIIBOIO 1 MPABOIO pi3b0aMu, 110
JI03BOJISIE  OJTHOYACHO  DEryJIoBaTH OOWJBI  HAmiBIPU3MHU  Ha
HeoOXiTHUM 0a30BHl AiaMEeTp 3arOTOBKH, 3a0€3MEUyI0Ur CYyMIIEHHS
OCEH MPU3MHU Ta 3aTOTOBKH.

Puc. 7.4. YcTaHOBJIECHHS CTYMIHYACTOTO Bajla B YHIBEpCAIbHUX
MAIIMHHUX JICIAaTax

Puc. 7.5. YcTanoBiIeHHS CTYMHYACTOrO Bajia
y 30ipHO-p0306ipHOMY ITPHUCTPOT
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Jlist 3MiHM BifCTaHI MK mpu3MaMu 2 1 3 OAHY 3 TPH3M
HEOOXIZIHO  mepeycTaHOBUTH.  SIK  MeXaHIi30BaHUN  MPUBIL
3aKpITUICHHS BUKOPUCTOBYIOTH Tiaporwmiaap. Ilpm mepexomi 1o
0o0poOKM JeTaneil IHIIOrO THUIIOPO3MIpYy HEOOXITHO BUKOHATH
nepexomnonyBaHHs BII, sike 31iiCHIOETBCS POOITHUKOM.

IlepeBaroto manoro BIl mopiBHSHO 3 YyHIBEepCalIbHUMHU
MalTMHHAMH JIEIIaTaMH € MOXKJIUBICTh OOPOOKH KITBKOX ITOBEPXOHb
0e3 TMepeyCTaHOBJIEHHS 3arOTOBKM, a TaKOXX BUKOPUCTAHHS
MEXaHI30BaHOTO TPHUBOJA JUISl  3aKPIIUICHHS  OOpOOIIOBaHUX
3arO0TOBOK.

3anpornoHoBaHe KomroHyBaHHS BII 3 enemeHTiB cucreMu
V3IIII Ha OCHOBI aBTOMAaTUYHO TIEPEHAJIArO/KyBaHOI 0a3yrouoi
npusmu [85]. YE Bukonano y ¢opMi AMCKiB, oci 00epTaHHS SKHX
3MIIIEHI BIIHOCHO OCI JIUCKa Ha BEJIUYHHY CKCIICHTPUCUTETA e
(puc. 7.6). 3a TOMOMOrOI0 CHCTEMHU 3y04acTUX KOJIC OMOpPHI AUCKHU
OJIHOYACHO O00epTalThCs B PI3HI OOKM HA 3aJaHUNA KYT, SKUU
BIZIMOBiJJa€ MOTPIOHOMY JiaMeTpy OOpOOIIOBAaHOI 3arOoTOBKH Y
miama3oni  dsar min—Osarmax  [76]. MakcuManbHHUR KyT IOBOPOTY
onopHux auckis — 90°.

- ~ 3ar max

MakcumansHuia kyT
~ NOBOpPOTY fiucKa

Puc. 7.6. Cxema MexaHi3My peryiOBaHHS yCTaHOBIIOBAIbHUX
eNeMeHTIB 0a3yrouoi npu3mu (mateHT Ykpainu Ne 31416)
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Ha 6azoBy miuty 1 (puc. 7.7) BCTaHOBIIOIOTH Oa3yrouuid
MOIyJdb 2, Ha SKOMY pO3TalloBaHi 3MiHHI Hajmanku 3 1 4, mo
pPEerymioloThCS, NpPUYOMY Hallagka 3 >KOPCTKO 3aKpiljieHa Ha
0a3yro4omMy MOy, a Hajaaka 4 — Ha KapeTIi 5 NiHIHHOTO JBUTYHA,
10 J03BOJISIE 3MIHIOBAaTH BIJICTaHb MK OIOPHHMH JUCKaMHu 6 1
3a0e3meuye HEOOXigHY IKOPCTKICTh 3aroTOBKM 7 'y TpoIeci
MexaHIYHOT 00pOoOKH. 3aroToBKYy 7 — 0OpOOJIFOBAaHMI CTYMIHYACTUN
BaJI YCTaHOBIIOIOTh 0a30BUMH MOBEPXHSMH Ha OINOpPHI IUCKU 6 3
YIOpPOM Y TOpeIb. YTOp 8 MOYKHA PETyJIIOBaTH 10 BUCOTI 1 JOBKHUHI
BWIBOTY omnopu, mo peryioersea. Cucrema UIIK Bepcrara momae
KOMaHIy Ha KpOKOBI JIBUTYHH 9, sKi dYepe3 BalM-IIECTIpHI
00epTaloTh OMOPHI JUCKM Ha HEOOXITHUN KyT, SKUH BiAMOBiIaE
niamerpy 3arotoBkd. [IpyuoMy cuTHaIM Ha KOXXKHUH KPOKOBHH
JIBUTYH TIEPEIAlOThCS OKPEMO, IO [JO3BOJIIE OIMNOpPHI JUCKHU
peryaboBaHUX Hala0K MEepPEeHaNaro/PKyBaTH Ha pi3Hi AlaMETpH.

Puc. 7.7. YcTaHOBJIEHHS CTYMIHYACTOTO Bajia B
YHIBEpCaIbHO-301pHOMY MEpEHAIAr0PKYBaHOMY TIPUCTPOIT

Jliniiauit quryH 10 3a1iicHIOE 3MiHY TIOJIOKEHHS MOIyJs 11
B3/IOBXK OCI 3aroTOBKH. 3aTHICK 3aroTOBKM BHUKOHYIOTH BIiJBIIHUM
npuTuckadeM 12, sxuil  3abe3neuye  Oe3MepenIkojHEe 3HATTA
00po0JIeHO1 eTai W yCTaHOBJIEHHS HOBOI 3arOTOBKH. 3aTHCKaHHS-
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pO3THUCKaHHS 3aroTOBKH, a TakKoX nepeHanaromkeHHs BII s
00poOKM JeTaneil 1HIIOr0 THIOPO3MIpy 3A1HCHIOIOTH aBTOMAaTHYHO
3a komanaamu Big cuctemu UIIK Bepcrara.

AHami3  TEeXHIYHHUX  XapaKTEepUCTHK  3alporOHOBAHOI
koHcTpykIii Y3IIII Ha ocHOBI 06a3yro4yoi NpPU3MU MMIATBEPIUB
JOUIIBHICTh 11 3aCTOCYBaHHS JUIsI OCHALICHHS METaJopi3aibHUX
BepctaTiB 13 UIIK y 6araToHOMEHKIaTypHOMY BUPOOHHIITBI.

Jlo mepeBar 11i€i KOHCTPYKIIii HATEKUTh MOKIUBICTB!

— aBTOMAaTU30BaHOT0 MEepeHaIaro/PKeHHs OMOPHUX JUCKIB Ha
HEOOXI1THUN JiaMeTp 0OpOoOIIOBaHOT 3aTOTOBKH;

— aBTOMATU30BaHOIO TEPEeMILEHHS OJHI€] 3 HalagoK, IO
pPeryJIOOThCSA, TPH 3MiHI BiZICTaHI MK O0a30BUMHU TOBEPXHIMHU
3ar0TOBKH;

— IpUKJIAAaHHs 3aTUCKHOTO 3yCHWIIS y Oyab-aKid TodIIll
3aroTOBKH B3JIOBX ii OCI.

Hns  po3riasiHyTHX KOMIIOHYBaHb BII BHUKOHAHO
NOPIBHSUIBHUHM aHaMi3 3a Koe(illieHTOM 4acOBOi THYYKOCTI, Ha KUK
3HAYHUI BIUIMB YMHATH TakKi MOKAa3HUKW: Yac TMepeHaNIaroKeHHs
BII, BenmunHa napTii 3amycky Jerasiei Ta yac 0OpoOKu aeTati.

Koxne xomnonyBanHs BII xapakTepusyeTrbcsi NEBHUMH
TEXHOJOTIYHUMHU  MOXIUBOCTAMHU.  OjHiI€l0 13  OCHOBHHX
xapaktepuctuk  BII B ymoBax  GaraTOHOMEHKJIATYpPHOTO
BUPOOHUITBA € Yac mepeHanaromkeHHs BIl nns ycTaHoBineHHS
JeTaje 1Hmoro Tumopo3Mipy. Ha 1mi BUTpatu BITUBAIOTH
MirOTOBUO-3aKJIIOYHA  CKJIQJ0Ba HOPMH Hacy, TIOB’s3aHa 3
NepeHaIaro)KeHHsIM YCTaHOBIIIOBAIBHUX Ta 3aTUCKHUX €JIEMEHTIB,
a TaKOX JIOTIOMIXKHA CKJIaJJ0OBa HOPMH 4acy, IO 3aJIe)KUTh BiJl BUTPAT
yacy Ha YCTaHOBJICHHS-3HATTS Ta 3aTUCKAHHSA-PO3TUCKAHHS JeTaliel
y BIL. Benuuunna naprii 3amycky aeTajeil — 1e KiJIbKICTh JAeTajei
MEBHOTO THUIIOPO3MIpYy, IO MiUIATaloTh OO0poOIll y 3aJaHOMy
komrionyBanHi BII. [lpu po3paxyHkax HpuHHSTO, IO BEJIWYHHA
napTii 3amycKy aetalieid 3MIHIOeThCs y miana3oni 1-10 mr., a
00poOka onHi€el nerani 3aiiicHIoeThCs 3a 0,5-5 XB.

BceranoBieHo, 10 KOMIIOHYBaHHSI 3 €JIEMEHTIB CHCTEMHU
V3IIII mae HaiiBUIII MOKAa3HUKH YacOBOi THYYKOCTI MOPIBHSHO 3
iHmuMu komronyBanHsmu BII. Ha puc. 7.8 a HaBegeHo 3alIe)KHICTh
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kKoe(imieHTa 4YacoBOi THYYKOCTI BiJl BEJIMYMHU TapTil 3amycKy
neranei nans kKommoHyBaHb BII 3a ymoBH, mo uvac o00poOku
3aroToBku cTtaHoBuTh 1, = 1 xB. Jlng xommonyBans BII,
NpU3HAYCHUX I 00pOOKH 3ar0TOBOK 3 mapTieto 3amycky N = 5 mir.,
3aJIeKHICTh KOedillieHTa YacoBOI THYYKOCTI BiJl Yacy o0OpoOKH
JeTanell Mae xapakTep, okazanuii Ha puc. 7.8 0.
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Yac 00pobku 3aroToBku, XB
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Puc. 7.8. 3anexnicts koedirieHTa 4acOBOi THYYKOCTI Bi:
a — BEJIMUMHU MapTii 3aIycKy JeTaneii; 6 — 9acy oOpoOKU 3aroTOBKH;
y komnonyBaHHsX BII: 1 — 3 kommnekry Y3IIII; 2 — 3 kommuiekty
V3I1; 3 — 3 kommiekty 3PII; 4 — mamuHHI Jemara
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Ax 6aunmo, 3anmponoHoBaHe komrnoHyBaHHs BII 3 enemenTiB
cucremu Y3IIII xapakTepu3yeTbcsi BUCOKMM KOE(illIEHTOM 4acoBOl
THYYKOCTI ~ TIOPIBHSHO 3  IHIIMMH  KommoHyBaHHsmu  BII.
PamnionanpHOI0 00MacTiO 1i BUKOPUCTAHHS € OOpoOKa 3aroToBOK 3
BEITMYMHOIO TapTii 3amycky N > 3 miT.

KpiM TOrO, MONIINBHUM € 3aCTOCYBAaHHS 3allPOIIOHOBAHOTO
komrionyBanHs BII mpu 00poO1ii 3aroToBOK 13 BEIWYWHOIO TapTii
3amycky N = 2-3 mr. Ta N = 1 mT. 32 yMOBH, IO Yac 0OpoOKH
3aroTOBKH TepeBUIlyBaTUME | XB Ta 2 XB BIMOBIIHO.

7.3. AHAJITHYHI TOCTiKeHHsI TOYHOCTI O0a3yBaHHsl BaJliB
B YHiBepCaJIbHO-30ipHUX NEPEeHAJATOAKYBAHUX NPUCTPOSAX

baszyBannsa geranet Tuny Tinm oOepranHs y BII Ha
CBEPUTMIIBHO-(PPE3epPHO-PO3TOUYBAILHUX BEPCTaTax, SK IPaBHUIIO,
3MIMCHIOETHCS 110 30BHIMIHIX IMITHAPUYHUX TOBEPXHAX 1 TOPIIIO, 10
BIJINIOBiTa€ MOABINHHIN HAaNpsIMHIN Ta onmopHii 6a3am. J{ns peanizarii
mie€i cxemu Oa3yBaHHS 3aCTOCOBYIOTHCS Pi3HI KOHCTPYKIIT MPU3M ,
ki MOXyThb Oyru 3 kyramu 60°, 90° Ta 120°. IlepeBaroro mpusm
nepes IHIIUMH YCTAaHOBIIOBAJHHUMH €JIEMEHTaMH € Te, IO BiCh
3aroTOBKH 30iraeThCs 3 IIIOMMHOK0 cuMeTpii npu3mu. Haifuacrime y
BII BukopucToByIOTbCA HpuU3Mu 3 KyroM o = 90° y sxux
3a0e3meuyeThesl HalKpalia yCTalIeHICTh 3aroTOBKH (TOPIBHSIHO 3
npu3MaMu 3 KyToM ¢ = 120°) Ta mupmmil Aiana3oH AiaMeTpiB
YCTaHOBIIIOBAIBHUX 3aroTOBOK (TIOPIBHSHO 3 NPHU3MaMH 3 KyTOM
a = 60°).

IIpu OGa3yBaHHI Bama HOro LEHTP MOXe 3aiiMaTé pi3Hi
NOJOXKEHHS Y IUIOMMHI CHMETpii NpU3MH dYepe3 KOJIHMBAaHHSI
30BHIIIHBOTO JiaMeTpa y MeXax JIOIyCKy Ha po3Mip 3aroTOBKH. Y
3B’SI3Ky 3 IIMM TIPH YCTAQHOBJICHHI 3arOTOBKH Y NPHU3MY 3’ SBIISIETHCS
noxubka 6a3zyBaHHS.

basyBanns 3arotoBku y BII € ogauM 13 HallBaxIHMBIIIHX
eTamiB omepauii, IO ICTOTHO BIUIMBa€ HA TOYHICTb OOpPOOKH.
IToxubkoro 0Ga3yBaHHS &, Ha3MBAalOTh BIIXWIEHHS (DAKTHYHO

JOCSTHYTOTO  TIOJIO)KGHHS ~ 3arOTOBKM  INpu  Oa3yBaHHI  Bif
HeoOxigHoro. [ToxuOka 6a3yBaHHS — i€ BIACTaHb M T'PAHUYHUMU
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MOJIOKEHHSMH TIPOEKI BUMIpIOBaIbHOI 0a3W Ha HAMpPSIMOK
BUKOHYBAaHOTO po3mipy. Bona BuHuKae y pa3i He30iranus
BUMIPIOBAJILHOT 1 TEXHOJOT1UHOI 0a3. Y 3B’A3KY 3 LM IOJOKCHHS
BUMIipIOBaJIbHUX 0a3 pi3HUX 3arOTOBOK y MapTil mpu OazyBaHHI Oyne
pI3HUM BITHOCHO OOpOOJIFOBAHO1 MOBEPXHI. Y 3araJbHOMY BHUTIAIKY
noxuOka Oa3yBaHHS BHM3HAYAETHCS 3a aITOPUTMOM, HABEJCHHM Ha
puc. 7.9 [95]. Sk mpaBmiIO, HAa KpECIEHHSIX 3aJal0Th PO3MIPH
00poOIIIOBaHUX IMOBEPXOHb BiJ pi3HMX 0a3. Hampuknaxa, oxHiero 3
HaWTIOMMPEHIMNUX cXeM Oa3yBaHHsS BaJliB y Mpu3Max Npu oOpoOiri
JUCOK Ha (hpe3epHUX BepcTaTax € cxema, HaBeaeHa Ha puc. 7.10.
Tak, MOXyTb
OyTu 3amaHi TaKi
1 po3mipu: h; — Bix
BuzHauuti Bl'lMipIOBEI'II:\:H‘,lI Iﬁaay HH)I(HBOI TBlpHOl
ANS BUKOHYBAHOTO po3mipy
Baja 10 00Opo6-
JIOBaHOI TTOBEPXHI;

Tak_ | Moxubka 6asysanna &£ h, — Big BerHbO'l.
BOpIBHIOE HyMIO

BCTaHOBWTW TEXHONOTIYHY Basy

Y cymiweHa
BUMiploBansbHa basa
3 TEXHONOMYHOW?

TBIpHOi Bajla [0
s o0po0OroBaHoi  1o-
BW3HaYMTH rpaHNYHI BIAXMNEHHA BerHi' h3 — BII[ oci
BUMipioBansHoi 6a3m Ana ?
napTii 3aroToBoK BaJia 0 06p06-
1 JIIOBaHOT TOBEPXHI.
Po3paxysaTi BENMYUHY BIACTaHI MiX .

NpOEKLisMM rpgguanx NONOKEHD - B%’:’;‘;‘;;i:ﬁo:ﬁ““ Oco0uUBICTIO 63.3y-

BUMIpIOBanNLHOT 6a3u Ha HanpAMOK : :
BHKOHYBAHOrG PO3Mipy BUKOHYBaHOTO posmipy BaHHA BaJliB y

npusMax € Te, 1o

Puc. 7.9. Anroput™m BU3HaYCHHS TOXUOKH . .
BUMIpIOBaJIbHI 0a3u

0a3yBaHHS .
BEy, . JUIS  pO3MIpIB, sKi
F < pO3TIIAIAIOTECS, HE
TN 301rar0ThCA 3 TEXHO-

JIOTIYHOIO  0a3o010.
OTxe, BUHHKAE
noxubka Oa3zyBaHHS

&;. TexHonoriuna

6aza mpu Oa3yBaHHI
BaJliB y TMpuU3Max
BIJIITOBIa€ TOYKAM

Puc. 7.10. Cxema 6azyBaHHs Baja IS
00pOOKH JIMCKHU Ha BaTy
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JIOTHKY 3arOTOBKH 3 NpU3MoI0 (Touku Th), a BuMiproBanbpH1 6a3u Jj1st
po3mipiB hi, hy, hs 3Haxomstecs y Toukax Bbpi, Bbnpa, Bbns
BIJIIIOBITHO.

Bennunna noxuOku 0a3yBaHHA Bana &, Ui PI3HUX BaplaHTIB

MIPU3HAYEHHS PO3MIPIB BIAPI3HIETHCS 32 BEIIMUYMNHOIO 1 3aJICKHUTH BiJ
JONycKy Ha 0Oa30BHH niamerp 3aroToBku 1d Ta KyTa HpPU3MHU O.
[ToxubOku OazyBaHHs BaiB st po3mipiB hy, hy, hs pospaxoByrotbes
3a BiAmoBimHUMHU Gopmynamu [96]:

g6h :E. L_l ;g6h2 :%, 1 1 Td .

1 2 sing
2

&5 =
sin% Co2sin

2

Amnai3 HaBeZIeHUX (OopMyJI TToKa3aB, 10 MPH YCTaHOBIICHHI Yy
NpU3MH BajiB, 0a30Bi IMOBEPXHI SKUX BHKOHAHO 3a OJHAKOBHM
KBaJIITETOM TOYHOCTI, BeJIMYMHA TMOXUOKU Oa3yBaHHS 301IBIIYETHCS
31 30UIBIICHHSAM JiaMeTpa 0a30BHX ITOBEPXOHb 3aroTOBOK Ta
3MCHILIEHHSM KyTa mpu3Mu o. Y Tabm. 7.1 HaBeneHO dYHCIOBI
3Ha4YeHHs MOXMOOK 0a3yBaHHS BalliB y MpU3Max 3 Kyramu o = 60°
90°% 120° mns posmipie hi, hy, hs mias nmianasony niamerpis
3arotoBOK ds,;; = 18-120 MM i3 TouHicTIO 00poOKHM 0a30BHX
nmoBepxoHb 3a kBajiTerom IT9. Sk OGaummo, HaiimeHIITa ToXHOKa
0a3yBaHHS CIIOCTEpIraeTbcsi MpH  JOTPUMAHHI  po3Mipy hi,
HauO1IbIIa — A1 po3Mipy hy. OTxe, i Yac MPOCKTyBaHHS BUPOOIB
JUI 3MEHIIEHHS MOXMOKM Oa3zyBaHHS JOIUIBHO NMpPHU3HAYATH caMme
po3mip hi. Pesymbratm po3paxyHKIB TOKaszajid, IO HaWMEHIIa
noxubOka Oa3yBaHHs cIocTepiraerbess s po3mipy hi; mpm
YCTaHOBJICHHI 3arOTOBOK 3 giameTpamu d,,r = 18-30 MM y mpuzmax
i3 kKytoM ¢ = 120° (puc. 7.11 a).

[lpu ycraHOBIGHHI y TPHU3MY 3arOTOBOK OJHAKOBOTO
niamerpa 3 0a30BUMH TOBEPXHSIMM, BHKOHAHMMHU 32 DPI3HUMH
KBATITETAMH TOYHOCTI, CIIOCTEPIraeThbcsi 3OUTBIICHHS BEIHMYUHH
noxuOku Oa3yBaHHS TpU 3OUIBIIEHHI KBaJliTeTa I 3MEHIICHHI
BEJIMYMHM KyTa HpusMu ¢ (puc. 7.11 6). ¥ Ttabn. 7.2 HaBeneHo
YHUCJIOB1 3HAYCHHS TTOXWOOK Oa3yBaHHS BajiB ISl MPU3M 3 KyTaMH
a = 60° 90° 120° qus po3mipis hy, hy, hs mas giamazony miamerpis
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0a30BHUX MOBEPXOHb 3aroTOBOK O = 30-50 MM, oOpobieHux 3a
kBaiiteramu Tounocri [T6-1T11.

Taomuns 7.1
[ToxuOku 6a3zyBaHHS BaJliB y MPU3MaxX
JTlianason [Toxubka 6a3yBaHHS Bajla &, , MM,
JiaMeTpiB MIPY BEJIMYMHI KyTa MPU3MH ¢ , °
3aroTOBOK, MM 60 90 120
JUTst po3Mipy hi
18-30 0,026 0,011 0,004
30-50 0,031 0,013 0,005
50-80 0,037 0,015 0,006
80-120 0,044 0,018 0,007
JUTsL po3Mipy ho
18-30 0,078 0,063 0,056
30-50 0,093 0,075 0,067
50-80 0,111 0,089 0,080
80-120 0,131 0,105 0,094
JUTsL po3Mipy hs
18-30 0,052 0,037 0,030
30-50 0,062 0,044 0,036
50-80 0,074 0,052 0,043
80-120 0,087 0,062 0,050

Jns  ycraHoBIeHHS BamiB giamerpamu  5-150 MM Ha
CBEepUVTMIIbHUX Ta ()pe3epHUX BepcTaTax HEOOXITHO MaTH KOMILICKT
3 10 TUOPO3MIpiB CTaHAAPTHUX KOPCTKUX OMOPHUX Ipu3M. Koxen
TUTIOPO3MIP TPU3MHU J03BOJISIE Oa3yBaHHS BajJiB y HEBEIHKOMY
Jiaras3oHi AiaMeTpiB, SIKUH y cepeIHboMYy cTaHOBUTH 10-15 mMm.

[Ipu ycTaHOBIEHHI BajliB 1HIIOTO THUIIOPO3MIPY HEOOXITHO
3a0€3MeUnTH MapajJeNbHICTh 0Ci 3aTOTOBKU JI0 IIOHMIMHU poOOYOTro
CToJla BepcTaTra, M0 JIOCATAETHCA PYYHHM TEPEKOMITIOHYBAHHSIM
IPU3M 13 BUKOPUCTAHHSAM KOMIUICKTY MiAKIAJOK Ta Mpokianok. Lle
NPU3BOIUTH O 3HAYHUX BUTPAT IiArOTOBUO-3aKIIOYHOTO 4Yacy Ha
nepeHalaroKeHHS.
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0,045

0,03

0,015

Noxunbka 6asyBaHHA, MM

60 80-120
90 50-80

KyT npuamu, © 120 18-30 OiameTtp 6a30BuUx
NoBepPXOoHb, MM

0,08 -
0,06 -
0,04

0,02

Moxubka 6a3yBaHHA, MM

90 7

120 6 Ksaniter
Kyt npusmu, °

6)

Puc. 7.11. Jliarpamu 3a51e’KHOCTI TOXUOOK Oa3yBaHHSI BATIB IS
po3mipy hi BiJ KyTa NpU3MH ¢ : a — Ta AlaMeTpa 0a30BUX
MMOBEPXOHb 3aTOTOBOK; 0 — Ta KBaJiTeTa 0a30BUX MMOBEPXOHD
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Taomuus 7.2
[ToxuOku 6a3zyBaHHS BaJliB y MPU3MaX

KBaJiiTeT TOYHOCTI IToxubka Ga3yBaHHS Bajla &, , MM,
0a30BHUX TOBEPXOHb TIPH BEJIMYMHI KyTa IPU3MH ¢ , °
3arOTOBKHU 60 90 120
TUTst po3Mmipy hi
IT6 0,008 0,003 0,001
IT7 0,013 0,005 0,002
IT8 0,020 0,008 0,003
IT9 0,031 0,013 0,005
IT10 0,050 0,021 0,008
IT11 0,080 0,033 0,012
s po3Mipy ho
IT6 0,024 0,019 0,017
IT7 0,038 0,030 0,027
IT8 0,059 0,047 0,042
IT9 0,093 0,075 0,067
IT10 0,150 0,121 0,108
IT11 0,240 0,193 0,172
1 po3Mipy hs
IT6 0,016 0,011 0,009
IT7 0,025 0,018 0,014
IT8 0,039 0,028 0,023
IT9 0,062 0,044 0,036
IT10 0,100 0,071 0,058
IT11 0,160 0,113 0,092

MeTo10 pOEKTYBaHHS 3alPOIIOHOBAHOT 0a3yr0Uuoi MPU3MHU €
HiJABUIIEHHSA CTYNEHS THYYKOCTI KOHCTPYKII HIUIAXOM 30UIbIICHHS
Jllara3oHy JiaMeTpiB 3aroTOBOK, IO IMIATAIOTh YCTaHOBJICHHIO.
HoBu3HO0 3anpornoHoBaHOi KOHCTPYKIIii 6a3yr040i IPU3MH € Te, 110
BiCh TOBOPOTY ONOPHHMX JUCKIB 3MIIIEHO Ha BEIUYUHY
EKCI[CHTPUCHUTETY BIAHOCHO oci auckiB [85].
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Taka B1acTHBICTh KOHCTPYKIIT 0a3yrouoi npu3mMu 3abe3nedye
MIMPIIUHI Jiama30H JiaMeTpiB 3arOTOBOK MOPIBHSHO 31 CTAHIAPTHOIO
YKOPCTKOIO OTTOPHOIO MPH3MOIO.

Bimomo, mo y MammHOOYyAyBaHHI HaWOUIBII TOIIMpPEHi
CTyMIHYACTI BaiM y aiana3oni miamerpiB 30—-80 MM, sIKi CTAaHOBIIATH
noHaj 85% Bij 3aranbHOT KUIBKOCTI TUHOpo3MipiB BaiiB [3]. OTxe,
JOIUTBHUM € PO3pOOJICHHS KOHCTPYKIl 0a3yrodoi MpU3MH IS
YCTAQHOBJICHHSI 3arOTOBOK CaMe€ LbOro Aiana3oHy niamerpiB. s
00pOoOKM TakWx BaliB JOIIIbHO BHUKOPHCTAaHHS BEpCTaTiB 3
MIUPUHOIO poOounx cTodiB 250—400 mm.

I'pannyHi 3HA4YEeHHs [iaMETPiB YCTAHOBIIOBAHUX 3arOTOBOK
3aJIe)KaTh BiJ TakWX TMapaMeTpiB: pajiyca OMOPHUX IUCKIB R;
BEJIMYMHU EKCLUEHTPUCHUTETY e, Ha SKy 3MIIIEHO BiCh IMOBOPOTY
OTIOPHOTO JMCKa BIiJ WOTO IEHTPA; BIJCTaHI MiX OCSIMHU IMOBOPOTY
onopHux auckis L (puc. 7.12).

L

Puc. 7.12. Cxema BU3HA4YCHHS OCHOBHHX IapaMeTpiB 0a3yro4oi
NPU3MH, 1110 BIUTMBAIOTh HA BEJIMUMHY Jiara3oHy AiaMeTpiB
YCTaHOBJIFOBAaHUX BaJliB

[TapameTpu 3yOuacToi nepenadi Ha Jianma3oH JlaMeTpiB BajiB
BIUIMBAIOTh ITOCEPEAHBO, OCKUIBKH ISl TPOEKTYBaHHSA 0a3yrodoi
OpU3MU JIOCTaTHBO MaTu 1H(OpPMAIlI0 IIOJ0 PO3MIIEHHS Ocel
OTIOPHUX JWCKIB. [HIII mapamerpu (TepenaTtoyHe BiTHOIICHHS,
MDKIIEHTpOBa  BIJICTaHb, JiaMeTpU 3yO0YacTHX KOJIC  TOILO)
NPU3HAYAIOTHCS BUKIIIOYHO 3 KOHCTPYKTHBHUX MIPKYBaHb.
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Buxonsuun 3 Toro, mo MmUpUHAa OPUSMH HE IOBHHHA
NEepeBUIlYBaTH LIMPUHY poOOYOro crojla BepcTara, JOLULUIBHO
BCTAaHOBUTH TPAaHUYHY HIMPUHY 0a3yrodoi MPU3MU BEIHMYHUHOIO
250 mm. Tlpm TakomMy OOMEXEeHHI paJiyc OHNOPHHMX JHCKIB
BIJIMOB1IaTUME BEJIMUHMHI, SIKa 3HAXOAUTHCS Y AlanazoHi 20—-40 M.

VYCTaHOBIEHO, 10 HAlWMEHINIA BEJIMYMHA EKCUEHTPUCUTETY,
sKa 3a0e3reuye po3MMPEHHS Iiama3oHy J1iaMeTpiB BaJliB, BiIOBIIAE
BennunHi R/4. JIns momepekeHHsS CKpy4YyBaHHs Baja Mif AI€r0
30BHIIIHBOTO HABaHTa)XCHHSI 301TbIITYBaTH BEJIMYUHY
EKCIICHTPUCHUTETY Oibill HibK R/2 He pekomenayerbes [97]. Orxe,
JUIS BU3HAYEHHS BIUIMBY €KCIIEHTPUCUTETY Ha Jiala3oH JiaMeTpiB

3arOTOBOK O€peMO Taki BENMYMHH eKcueHTpucuTery: €, =R/4 Ta
e, =R/2.

Biacranp MK OCAMH TOBOPOTY ONOPHUX JHCKIB TaKOX
BIUIMBA€ Ha BEMYMHY Jiala3oHy JiamMeTpiB 3arotoBok. HaiimeHiia
BIJICTaHb, SIKy MOJKJIMBO 3a0€3MEYHTH, BIATNOBIAAE€ BUMAIKY, KOJH
OTIOpPHI JWUCKUA JOTHKAIOThCS OJWH OAHOro, 1 jgopiBHioe L =2-R.
BpaxoByroun 3ajmaHe TexHIYHE OOMEXKCHHS Ha WIMPHHY MPH3MH,
MaKcHMaibHa BiJicTaHb AopiBHIOBaTuMe L = 3-R.

[IpoBenenuit anamiz mokazaB (Tabm. 7.3), 1m0 HANUOUIBIINIA
nianma3oH JiaMeTpiB YCTAHOBJIIOBAHWX 3arOTOBOK BiIOBINA€ JTBOM
KOHCTPYKITIAM 0a3yrounxX MpuU3M: 13 PaJlyCOM OIOPHUX JHMCKIB
R =40 MM Ta BEIMYMHOIO EKCIIEHTPUCUTETY e = R/2 1 nopiBHIOE 75
MM (puc. 7.13 a) ta 80 MM (puc. 7.13 0) anmsg KOHCTPYKLINA 3
BIJICTAHHIO MDK OCSMH TIOBOPOTY OMOpHHMX nuckiB L =2-R Ta
L =3-R Bigmosigno. Ilpudomy B mepmioMy BHIIAJKy TEXHOJOTIUHI
MO>KJIMBOCTI 3ampONOHOBAHOI KOHCTPYKII JO3BOJISIIOTH TOBHICTIO
NEPeKPUTH HAWUTIOMIMPEHIMNUKA Jiama30H JiaMeTpiB BaliB  (IUB.
puc. 7.13 a — BuAUJIEHO CipUM KOJb0poM). Sk 6Gaunmo Ha puc. 7.13 0,
301IbIIEHHS BIZICTaHI MIX OCSIMH TIOBOPOTY OIOPHUX IHMCKIB JI0
BenuunHU L = 3-R mo3Bossie 3milicHIOBaTH 0a3yBaHHS 3arOTOBOK 3
niamerpamu 80—-160 mm.

OTxe, MOXXHa CTBEP/DKYBaTH, IO KOHCTPYKIIS 0a3zyrouoi
OpU3MH 3 paailycoM oOmopHHX auckiB R =40 MM, BeanuuHOIO
eKCLeHTpucHTeTy ¢ = R/2 Ta BincranHio L = 2'R € HallBUT1AHINIOIO
MOPIBHSHO 3 IHITUMHU 0a3yIOUMMHU MTPU3MaMHU, 1110 PO3TIISIATHCS.
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Taomuus 7.3
Jliama3oHu JiaMeTpiB BaJliB IPU YCTAHOBIIECHHI y 0a3yr0uy IpU3My

Bemnmnuuna Jiama3oHu iaMeTpiB BaTiB
€KCLIEHTPUCUTETY 1pHY pajiyci ONopHUX AUCKIB R, MM
e, MM 20 \ 30 | 40
npu L =2.R
R/4 15-30 20-50 25-65
R/2 15-50 20-75 25-100
npu L =3-R
R/4 45-60 65-90 85-125
R/2 40-80 60-120 80-160
100 — =160
% 145
8130
2115
€2 <100

[ianazoH giameTpie 3aroToBOK, MM

(o8 €2
i 83 _ e,
g 70
| T 55 '
e 40
| =4
10 o
0 )
20 30 40 20 30 40
Papiyc onopHUX guckie, Mm Pagiyc onopHWX gMCKIB, MM
a) 0)

Puc. 7.13. Jliama3zoHu giaMeTpiB BaIiB IIPU YCTAHOBJIEHHI y 0a3yr0uy
MpU3MY 3aJIeKHO BiJI pajiiyca OMOPHUX AMCKIB Ta BEIMYUHU

excuenrpucurerye; = R/4 ta e, = R/2 npu Bigcrani mixk ocamu
moBopoTy nuckiB: a—L=2:R;6-L=3R

Amnauni3 TEXHOJIOTYHUX MOJKJIMBOCTEN KOMIUIEKTY
CTAaHJAPTHUX  JKOPCTKUX  OMOPHUX TNpPH3M  MOPIBHSAHO 13
3alpONOHOBAHOI0  0a3ylo4oi MPU3MOI0 TMOKas3aB, IO OCTAaHHSA
3a0e3mnevye yCTaHOBJICHHS BaliB y Aiama3oHi aiamerpiB 25-100 mm
Ta J03BOJILE 3aMIHUTH S5 THUIOPO3MIpPIB CTAHIAPTHUX >KOPCTKUX
OMOPHUX MPH3M, a caMe THITopo3mipu 5-9 (puc. 7.14).
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150
140
=130 .
10
= 120 12
2110 X
) 100 ]
§ Baayoua
o 90 npuama o
a
2
L)
=
gu]
=8
==
=1 7
(1]
c
© 6
= S
| CraHgapTHa
= HOpCTKa
T OonopHa npusma

Trnopo3aMipu NpUam

Puc. 7.14. Tunopo3mipu 6a3yrounx moxyinis: 1-10 — ctangapTtHi
YKOPCTKi omopHi ipu3mu; 11, 12 — 3anponoroBaHi 6a3yrodi npu3mMu

Jliss yCTaHOBJIGHHS BaNiB, sSKI HE BXOISATh Yy BH3HAYCHUU
Jiara3oH JlaMeTpiB, MOXHa 3aCTOCOBYBATH CTaHJAPTHI KOPCTKi
onopHi npusmu (tunoposmipu 1-4, 10) abo OGasyrouy mpusmy 3
BIJICTAHHIO MK OCSIMH IOBOPOTY omopHux nuckiB L =3:R (muB.
puc. 7.14, mo3. 12), sika g03BoJsie€ 3aMiHUTH THIOpOo3Mipu 9 ta 10
CTaHJAPTHHUX JKOPCTKUX OMOPHUX TPHU3M 1 3a0e3reuye CKOPOUYCHHS
BUTpAT 4Yacy Ha MepeHanarojkeHHs. [[ns BU3HAYEHHS MOXUOOK
0a3yBaHHS 3arOTOBOK Yy KOMITOHYBaHHSX 3alPOTIOHOBAHOI CHCTEMHU
yHIBepCcalbHO-301pHUX MEpEeHANTaroPKyBaHUX IPUCTPOIB SIK IPUKIIA
pO3MIISIHYTO Oa3yBaHHs BaIIB y pO3pOOJICHIM KOHCTPYKIIl 0a3zyrouoi
OpU3MH 3 pajiycoM oOmopHuX JuckiB R =40 MM, BeIMYUMHOIO
excueHTpucurery e = R/2 Ta Biacrannio L = 2.R.

[TonoxeHHsT ONMOPHUX JMCKIB HABKOJIO OC1 MOBOPOTY (Bich 1)
BHU3HAYAETHCS BEIUYMHOIO Y — KYTOM IOBOPOTY OMOPHOTO IHCKA,
SKUW BIJMOBIZAE KYTYy MDK OCSMH 3arOTOBKH (BICh 2) Ta OIOPHOTO
nucka (Bick 3) (puc. 7.15). HeoOximHo 3ayBakutH, mo oci 1 ta 2
MaroTh HE3MIHHE TIOJIO)KEHHS OFHA BIJIHOCHO OJHOI Ta KOHCTPYKIIii
0a3yo4oi TpU3MH, a BiCh 3 — 3MIHIOE CBO€ IOJIOKCHHS MPHU
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MepeHaTaroPKeHH1 Ha 1HIIMH TUIIOPO3MIP 3aroTOBOK Ta BH3HAYAE
KYT MIOBOPOTY OTIOPHOTO JUCKA.

Puc. 7.15. BuzHaueHHs KyTa IOBOPOTY ONOPHOI'O AMCKA Y:
1 — BiCch TOBOPOTY OMOPHOTO IUCKA; 2 — BiCh 3aTOTOBKH;
3 — BiCh OIOPHOTO JHCKA

I'pannyHi 3HAYCHHS BEIMYMHH KyTa 7Y BH3HAYAIOTHCS
0COOJMBOCTSIMH KOHCTPYKIii Oa3yrouoi mpusmu. [Ipu momnoxeHHi
OTIOPHUX JHUCKIB, KOJH iX OCi 3 mapajesibHi 0ci 3arOTOBKH 2, TOOTO
KyT Y = 0°, OmopHi AMCKM NOTHKaIOThCs y Toulli A (puc. 7.16 a). ¥V
IIbOMY TIOJIOKEHHI 3a0e3MeuyeThCsl YCTAHOBJICHHS 3arOTOBKH 3
MIHIMaJTbHO MOXJIHMBHUM JiaMeTpoM dmin BIAMOBIAHO 0 TEXHIYHOI
XapaKTEePUCTUKHA KOHCTPYKITIT 0a3yr0uoi IPU3MH.

IIpu Ga3yBaHHI 3aroTOBKAa YCTAHOBIIOETHCS TAKUM YHHOM,
00 KyT O MDK TOYKaMH 3aroTOBKH, SKHMH BOHA JOTHKAETHCS
OTIOPHUX TUCKIB, 1OpiBHIOE 90° 1 3aIMIIIA€THCS CTAJIMM IIPH TOBOPOTI
OTIOPHUX JHCKIB Ha Oy/b-sIKy BETHUUHY. [HIIIe TpaHUYHE TIOJI0KECHHS
OTIOPHOTO JIMCKA BiJIMOBIIA€ MOJIOXKEHHIO, KOJM OC1 OMIOPHOTO JHMCKA
MEePHEHANKYIISIPHI IO OCl 3aroTOBKH, TOOTO KyT Y = 90°. [Ipu nibomy
MIOJIOKEHHI OIOPHI JUCKU JOTHUKAIOTHCS 3 OCHOBOIO MPU3MHU Y
touri B (puc. 7.16 6), mo 3abe3nedye yCTaHOBJIEHHS 3arOTOBKH 3
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MaKCUMaJIbHUM J1aMeTPOM dmax IS TAHOTO THUTIOPO3MIipy 0a3yrodoi
PU3MHU.

|

|
;?»,7,7

|

|

|

B

OCHOBa NpU3mn

0)
Puc. 7.16. I'pannyHi 1MOJIO’KEHHS ONIOPHUX JTUCKIB 06a3yI0401 MPU3MHU:
a—npu Kyti ¥ = 0% 6 — ipu kyTi Y = 90°

VYcTaHOBIIEHO, IO 30UIBIIEHHS KyTa IOBOPOTY ONOPHHUX
nuckiB Ha Otk HiXK 90° HemorinbHE. [lo-mepie, 11e MPU3BOIUTH 10
HE3HAYHOT0 PO3IIMPEHHS Jiana3oHy JiaMeTpiB BajliB, SKI MOKHA
YCTAaHOBUTU Yy TMPHU3MI, TOMY JOLLUIBHO 3aCTOCOBYBATH 1HIIUH
TUTIOpPO3MIip 6a3yrodoi npusmu (auB. puc. 7.14, mo3. 12). [lo-npyre, —
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30UTbIIIEHHsT TA0APUTHUX PO3MIPIB KOHCTPYKII MO BHCOTI, IO, Y
CBOIO 4Yepry, MPU3BOIUTH 1O HEOOXITHOCTI TPOCKTYBaHHS Ta
BUKOPHUCTAHHS CIICIIAIbHUX 3aTHUCKHUX eleMeHTiB. KpiMm Toro,
3MEHIIYETbCS BIACTaHb MDK OOpOOJIOBAHOIO TOBEPXHEIO Ta
pI3aIbHUM 1HCTPYMEHTOM, YCTAaHOBJIGHMM Y IIMHUHACII Bepcrara.
Jlns BU3HaUeHHS MOXMOKK Oa3yBaHHS 3arOTOBKU IPU yCTaHOBJICHHI
y KOHCTPYKIIi0 0a3yr04oi MPU3MH PO3TIITHEMO CXEMY, 110 HaBeAcHa
Ha puc. 7.17.

i
1

[
-

Puc. 7.17. Cxema Bu3Ha4YeHHS TOXUOKKM O0a3yBaHHS Baja
IpY YCTAaHOBJICHHI y 0a3ylouy npu3My

BesnepepBHUM KOJIOM TIOKa3aHO 3aroTOBKY, JiaMeTp SIKOl
BIAMOBIIa€ HAMOLIBIIIOMY JliaMeTpy 3aroTOBKH Umax B 00pOOITIOBaH i
naprii, IMTPUXOBUM — HAMMEHIIOMY JiaMeTpy 3aroToBKU Umin. [pu
0a3yBaHHI 3aroTOBKHM TEXHOJOTiyHa 0a3za uis MaKCHMAaJbHOTO Ta
MIHIMQJIBHOTO JIIaMETPiB 3arOTOBOK 3HAXOJUTHCS Ha TBIPHIN Baja y
toukax T Ta T1 BiIMOBiIHO, a BUMIpIOBaJIbHI 0a3u, HAPUKIIAL, [IPH
JIOTpUMaHHI1 po3mipy h; BiamoimaroTe Toukam B Ta Bi. Bincranp
MK HUMH € TOXHOKOI0 0a3yBaHHS 11 po3Mipy hi.

Takum unHOM, MOXUOKY Oa3yBaHHS I po3Mipy h; MokHa
BU3HAYUTH 31 CITIBBIAHOILIEHHS
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£, =0B-0,B,-00,.

d d .
VpaxoByrouu, 10 OB = ;""X ) O,B, = g'” , a
d max d min Td
T_T = 7, TO BUIICHaBEACHY (HOpPMYTy MOXKHA 3alUCaTH Y
BUTJISAIL
Td
86h1 = 7 - 001 ,

ne OO1 — 3MIIIeHHS OCi IIEHTPIB BaJla BHACIIIOK PI3HUIN JiaMEeTpPiB
3aroTOBOK B 00pOOIIIOBaH1i MapTii.

Bemnunna OQO;  BU3HAYaeTbesl 13 pO3MILIAY  JABOX
npsaMokyTHUX TpukyTHukiB OFD Ta O1FD:

00, = OF —-O,F =OD? - FD? - ,JO,D? - FD? .

Bennuuna OD BU3HAYAETHCSA 3 r€OMETPUYHUX

O

cniBBigHomeHp OD = OT +TD . dk 6aunmo 31 cxemu OT = 1%

2
dﬂ=E+dLi”, a TD = R. TakuM 4HMHOM, OD=E+dﬂ+R.
2 2 2 2

AHaoriyao BU3HAYAETHCS BEJIWYHHA O,D:

d
O,D=0T, +T1D:%+R.

Cknanosa FD BusHauaetbcs 3a popmynoro FD =FK +KD.
Binpizok OF 3 npsamoxytHoro TpukyrHuka OFD 36iraerbcs 3 Biccio
3arOTOBKHM 1 CTAaHOBHTH JIIHIIO CHMETpii 0a3yrouoi MPU3MH, OTXKE,

L . . .
FK = > ne L — BigcTanp MK 0CcIMH ITIOBOPOTY OIOPHHUX JIUCKIB.

Bemnunny KD po3paxoByroTh 3a 3anexHictio KD =e-siny,

Ie e — BEJIMYMHA €KCLIEHTPUCUTETY, Ha SIKY 3MIIIEHO BICh TOBOPOTY
OTOPHOI0 MAHMCKAa; y — KyT IOBOPOTY omopHoro aucka. Ilicis
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MiJICTAHOBKM BCIX CKJIJ0BUX IS BHU3HaueHHs BenuduHd O0;
dbopMyIa Mae BUTIIS

2 2
00, = E+dL‘”+R —(£+e-sinyj -
2 2 2
2 2
- dL‘”+R —[£+e-sinyj.
2 2

OTxe, 3aICKHICTh JJI1 BU3HAUCHHS MMOXUOKW Oa3yBaHHS IS
po3mipy h; Mae Burmsa

2 2
£, _Td_ E+Lm+R —[£+e-sinyj -
nooo2 2 2 2
2 2
- dL‘”+R —(£+e~sinyj :
2 2

[ToxnOka OaszyBaHHs g po3mipy h, BHU3HAYaeThCS 3a
3aIIeXKHICTIO

Td |(Td d. Y (L . Y
&, =—+,|| =—+——+R| | =+e-siny| —
w2 2 2 2

dn o) (L . Y

— || —+R| =| =+e-siny| |

2 2

[Toxubka OazyBaHHs mis po3mipy hs JOpiBHIOE BenWYWHI
001, a 0TKe, BU3HAYAETHCS 32 POPMYIIOI0

2 2
&5, :OOI:\/(%+d%"‘+Rj —(%+e-sinyj -~
2 2
- dﬂ+R —(£+e~sinyj :
2 2
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JlocmimpKeHHs TOKaszan, Imo Ui BajiB 13 0a30BUMH
NOBEPXHSMH  OJIHAKOBOI'O  JiaMeTpa  MoxuOka  Oa3yBaHHs
30UTBITYEThCSI TIPU  30UTBIICHHI KBaJiTE€Ta TOYHOCTI 0a30BUX
MIOBEPXOHb 3aroTOBKM, TOOTO MpH 30UIBIICHHI BEIMYUHH IOJIS

nomycky (tabi. 7.4) [98, 99].

Tabmuus 7.4
[ToxnbOxu 6a3zyBaHHs BaJliB y 0a3yrouiid MpU3Mi
KBaiTeT TOYHOCTI [ToxnOka Ga3yBaHHS Balla &, , MM,
0a30BHX OBEPXOHb IIPU BEJIMYMHI KyTa IPU3MH ¥ , °
3aroToBKH 0 45 90

TUTst po3Mipy hi
IT6 0,003 0,005 0,006
IT7 0,005 0,008 0,009
IT8 0,008 0,013 0,015
IT9 0,013 0,020 0,022
IT10 0,021 0,033 0,037
IT11 0,033 0,052 0,060

TUTst po3Mipy hp
IT6 0,019 0,024 0,027
IT7 0,030 0,038 0,042
IT8 0,047 0,059 0,065
IT9 0,075 0,094 0,105
IT10 0,121 0,153 0,169
IT11 0,193 0,242 0,266

TUTst po3Mipy hs
IT6 0,011 0,015 0,016
IT7 0,018 0,023 0,025
IT8 0,028 0,036 0,038
IT9 0,044 0,057 0,062
IT10 0,071 0,093 0,099
IT11 0,113 0,147 0,156

OTxe, HampuKiaA, MPH YCTAaHOBJICHHI BaliB JiaMEeTPOM
30 MM, HaliMeHIIOIO Oyne moxwOka Oa3yBaHHS IS 3arOTOBOK 3
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0a30BUMH TIOBEPXHSMH, OOPOOJICHMMH 3a IIIOCTUM KBaJIITETOM
touHocTi, i1 mopiBHIOBaTEMe (0,003-0,019 MM 3anexHo Bin 3a1aHOTO
KOHCTPYKTOPOM po3Mipy (puc. 7.18).

TakuM 4YMHOM, NIPU YCTAHOBIICHHI y 0a3yrouiil mpu3Mi BajiB
niametpom 30 MM, 0a30Bi MOBEPXHI SIKUX 0OPOOJICHI 32 KBATITETaMHU
IT6-IT11, moxmubka OazyBanHa [ig po3mipy hi 3HaxoauThes y
mexax 0,003-0,033 mwm, mas posmipy h, — 0,019-0,193 MM, ais
po3mipy hz —0,011-0,113 mm.

[lin wac moCHiPKEHHS BIUIMBY KyTa IOBOPOTY OIOPHOTO
JIUCKa Ha TMOXMOKY Oa3yBaHHS BCTAaHOBJICHO, IO TMPHU 301IbIICHHI
KyTa y noxuOka 0a3yBaHHs 30unbiIyeThesi. Ha puc. 7.19 naBeneno
3QJICKHICTh TOXHOKM Oa3yBaHHS 3aroTOBKHM BiJl KyTa IOBOPOTY
ONOPHOTO0 JuCKa s po3Mmipy hi; ansg BamiB i3 0a3oBUMH
MOBEPXHIMHU, 00poOIeHUMH 3a KBajiTeTaMu TouHocTl [T6—I1T11.

0,200 0,06

0.160 - s 0,05 == |T6 == |T7
g s e T8 emmemm 9
g £ 0,04 e [T10 et [T11
Z 0,120 z / /
S Y
o ® 0,03
© ©
\le] (=]
c 0,080 g
e © 0,02 1
x x
= =

0,040 0,01 -

0,000 0 + T )

6 7 8 9 10 11 0 45 90
Ksanirer KyT nosoporty vy, 2
Puc. 7.18. 3anexnicts moxubku  Puc. 7.19. 3anexHicTh MOXUOKH
0a3yBaHHS BiJ KBajiTeTa 0a3yBaHHS BiJl KyTa IOBOPOTY

TOYHOCTI 0a30BUX MTOBEPXOHb OTIOPHUX JIHUCKIB Y

3aroToBOK

Pesynprati aHamITHYHUX PO3PaXyHKIB MOXMOOK Oa3yBaHHS
3a PO3pOOJICHUMH MaTEeMaTHYHUMH 3aJISKHOCTSIMU TMOKA3alH, IO
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npu OazyBanHi BamiB giamerpamu  30-100 MM 3 0a3oBUMH
NOBEpPXHsMH, 00poOneHumu 3a kBamiteramu IT6-IT11, moxuOka
0asyBanHs 3HaxomuThes y Mexax 0,003-0,06 mm miast po3mipy hy,
0,019-0,266 mm st po3mipy hy ta 0,011-0,156 MM uist po3mipy hs.

7.4. Po3mipHuii aHaJji3 TOYHOCTI TepeHaJIaroaKyBaHUX
BepPCTATHUX NMPHUCTPOIB 1JIs1 00po0KH BaJIiB

Pospaxynku 3a Teopiero po3mipuux Jjaniioris  [100]
JIO3BOJISIIOTh BH3HAUUTH TMOXWMOKM OazyBaHHS BajliB y MpH3Max
3aJ©KHO  BiJI TOYHOCTI  BUTOTOBJICHHS  YCTaHOBIIOBAJIHLHUX
€JIEMEHTIB, K1 3a0€3IMeUyl0Th MepeHaIaroHKeHHs MPU MePEXoi 10
YCTaHOBJICHHS 3aTOTOBKH 1HIIIOTO THIIOPO3MIpY.

PosrnsiHemMo po3MipHi JTaHIIOTH KOMMOHYBaHb BII ms
BUMAJKy YCTAHOBIIGHHS Bajla MO 30BHIMIHIX HWIIHAPUIHUX
noBepxHsx i3 miamerpamu 30-50 MM 3 momyckom Td = 160 MKM.

Jiis 6a3yro4uoi mpu3MH BU3HAYWIIM JIAHKH, SIK1 BIUTUBAIOTH HA
TOYHICTh BCTAQHOBJICHHS Bajla, 1 TPU3HAYWIA JIOIYCKH Ha
BUTOTOBJICHHSI BCIX €JIEMEHTIB, IO BXOIATH JI0 PO3MIPHOTO
naHiora. Po3MipHuii  maHIIOr CKiamaerbess 3 11 yaHOK, sKi
BpPaxOBYIOTh KOJHMBAHHSA JdiaMeTpiB Baja y MapTii, 3a30pu MiX
CIIPSOKEHUMHU JCTAIIMHM, a TakKoXX OOKOBI 3a30pu Yy 3yOuacTiid
nepenadi (puc. 7.20).

Jlonyckr Ha JaHKH PO3MIPHOTO JIAQHIIOTA TPHU3HAYAEMO
BIJIMOBIAHO 10 poOOYMX KpEClIeHb JeTayiell 0a3yrdoi Mpu3Mu Ta ix
TEOMETPUYHUX CITIBBIJHOIIEHb, a TaKOX JOIMYCKIB Ha 3y0dYacTi
nepenayi (tad:. 7.5) [101].

Jlomyck 3amMuKanbHOI JaHku TA,, BU3HAUYEHUI 32 METOIOM
MaKCUMyMY-MIHIMyMY, PO3PaxoBYyeMO 3a (OPMYIIOr0
TA, =TA +TA, +TA; +TA, + TA, + TAs + TA, + TA; + TAy + TA,, ;
TA, =24+17+29+23+30+23+29+17+11+10 = 213 mxm.

Po3paxyHOK JOMYyCKy 3aMHUKanbHOI MaHku 1A, , BU3HAYeHHI
3a UMOBIPHICHHM METOJIOM, BUKOHYEMO 3a (hOPMYIIOI0
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TA, =\ TA? +TA? + TAZ + TA? + TAZ + TA? +TA? + TAZ + TAZ + TAZ;

TA, =242 +17% + 297 + 237 +302 + 282 + 292 +17° +112 +10? = 70.

Puc. 7.20. bazytoua mpusma (rareHt Ykpaiau Ne 31416) i
PO3MIpHUIA JTAHLIIOT 7151 BU3HAYCHHS TMOXHOKM Oa3yBaHHs Bajia
npu ¢pe3epyBaHH1 JTUCKU, TapAJIETBLHOI 10 poO0Y0i MOBEpXHIi
CTOJIa BepcraTa

AHaJIOTIYHO BUKOHYETHCS PO3PAXyHOK IMOXMOKH Oa3yBaHHS
Baja JUIsl BUMAAKY (pe3epyBaHHS JHCKH, MEPHEHAUKYISIPHOT M0
pob6o4oi moBepxHi croja Bepcrara (puc. 7.21). BenuuuHu 10mMycKiB
Ha pO3MIpHi JIaHKM HaBeJeHi y Tabi. 7.6.

Jlomyck 3amMuKanbHOI JaHKu TA,, BU3HAYEHUI 32 METOIOM
MaKCUMyMY-MIHIMyMY, JOPIBHIOE

TA, =24+3+29+23+32+23+29+3+11+10=187 mxm.
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Taomuus 7.5

Jlomycku Ha JTaHKU pO3MIPHOTO JIaHIora 6a3ytouoi mpu3Mu
(mpu ppe3epyBaHHI JIMCKH, TapaJieIbHOT poOO0Uil TOBEPXHI CTOJIA BEPCTATA)

ITo3na- | Benuumna
YEHHS JIOTTYCKY, [TosicHennst Crnioci0 BU3HAYCHHS
JIOMYCKY MKM
1 2 3 4
TA 24 OITYCK Ha pO3MIp MK TEXHOJIOTTYHOIO 1
' lomyex 1a poswip 74, = 1% (1 cos4s)
BUMIPIOBAJILHOIO 0a3aMH 3ar0TOBKHU 1 2 '
ne Td,, — nomyck Ha aiamerp
3arOTOBKH
TA 17 Jlommyck Ha po3Mip MIK TEXHOJIOTTIHOKO T4 - Td,,.., 0845 + Te - sin
0a3010 3arOTOBKH 1 BiCCIO 00EpTaHHs 2 2 7
OIMOpHOTO Jucka (Bich 1) 1€ € — EeKCIICHTPUCHTET;
¥ — KyT TIOBOPOTY JIUCKa
TA;3 29 MoXIuBUI MaKCUMATBHHN 3230p MK BinmosigHO 10 KpecieHs Bana i
OCSIMH BaJla i OTBOPY Y KYTHHKY KYTHHKA
(oci 112 BiAMOBITHO)
TA4 23 Jlomyck Ha GOKOBHI 3a30D |, iy MIK ITAPOIO TA, = j,mn - COS45°

3y0uacTUX KOJIC 13 ypaXyBaHHIM KOCHHYCa
KyTa, MiJ] IKUM PO3MIIIeHI KoJjieca

BignosigHo 1o ['OCT 1643-81




[IponoBxenns Tadm. 7.5

1 2 3 4
TA5 30 MoskMBUI MaKCUMAIIBHAM 3a30P MK BiamoBigHO 10 KpecieHHs
OCSIMU OTBOpIB Y KYTHHUKY (0ci 3 1 4) KYTHHKA
TAg 23 Jlomyck Ha GOKOBHH 3a30p |, .. MiX Iaporo TAs = J,min - COS45°
3yOuacTux KOJicC i3 ypaxyBaHHsIM KocuHyca | BianoBigHo 1o [OCT 1643-81
KyTa, MiJ] IKUM PO3MIIIEeHI KoJieca
TA- 29 MoXIUBU MaKCUMATBHHN 3230p MiK BinmosigHO 10 KpecieHs Bania i
OCSIMHM OTBOPY Y KYTHHKY 1 Bajia KyTHHKA
(oci 5 1 6 BiAMOBIAHO)
TAg 17 Jloryck Ha po3Mip Mixk BicCro 00epTaHHA Td R
OIOPHOTO JTKCKa (BICh 6) i TEXHOJIOTIYHOO Tds = T, 08 45%+
043010 3aroTOBKH +Te-siny
TAq 11 Jlommyck Ha po3Mip eTajioHa BiamosigHO 10 TEXHIYHUX
BHMOT Ha BUTOTOBJIEHHS
€TaJIOHIB
TA1 10 Jlomyck Ha po3Mmip sl HAJIaroKeHHS BiamosigHo 10 BUMOT Ha

pi3aIbHOTO IHCTPYMEHTY

HaJIaroKEHHSI Pi3aIbHOTO
THCTPYMEHTY




Taomuus 7.6

Jlomycku Ha JTaHKU pO3MIPHOTO JIaHIora 6a3ytouoi mpu3Mu
(pu ppe3epyBaHH1 JIUCKHU, TIEPIICHAUKYIIPHOT 10 POOOUOi TOBEPXHI CTOJIA BEPCTATA)

ITo3na- | Benuuuna
YEHHS JIOTTYCKY, [TosicHeHHs Crnioci0 BU3HAYCHHS
JIOITYCKY MKM
1 2 3 4
TA; 24 Jlommyck Ha po3Mip MK TEXHOJIOTTYHOIO 1 Td,, .
BUMIPIOBAJIHOIO 0a3aMH 3arOTOBKU T4, = 2 '(1_ cos 45 )
TA> 3 Jlomyck Ha po3Mip Mi’K TEXHOJIOTTYHOIO TA, =Te-siny —
0a3010 3arOTOBKH 1 BiCCI0 OOEpTaHHS Td
OTIOPHOTO JMcKa (Bich 1) - % -Cc0s45°
TA3 29 MoskMBHI MaKCUMAIIBHAM 3a30P MK BiamoBigHO 10 KpeciieHp Baia
OCSIMH Bajia i OTBOPY B KYTHUKY Ta KyTHUKA
(oci 112 BiAMOBIAHO)
TA4 23 Jlonyck Ha 6OKOBHMIf 3a30p ... Mik Iaporo TA, = j, i - SiN45°
3y04acTHX KOJIIC 13 YpaxXyBaHHSIM CHHYCa BianosigHo A0 ['OCT 1643-81
KyTa, IiJ1 SKUM PO3MIIIEH] KoJieca
TAs 32 Jlonyck Ha 60KOBHIA 3330 j, .- TAs = j, i

MIDXK TIapOF0 3y0UacTUX KOJIIC

Bignosigao 1o 'OCT 1643-81




[IponoBxenns Tadmn. 7.6

1 2 3 4
TAs¢ 23 [apaHToBaHUi GOKOBHH 3830D J, i MIK TAs = jomin -SIN45°
naporo 3y0UacTHX KOJIIC 13 ypaxyBaHHAM BignosigHo 10 'OCT 1643-81
CHHYCa KyTa, ITi/I SKUM PO3MIIIEH] Kojieca
TA- 29 MoXIUBU MaKCUMATBHHN 3230p MixK BinmosigHO 10 KpecieHb Baia
OCSIMU OTBOPY B KYTHHUKY 1 Bajia Ta KyTHUKA
(oci 3 14 BiAMOBIAHO)
TAsg 3 Jlomyck Ha po3Mip MiXK BicClO 00epTaHHS TAg =Te -y —
OTIOPHOTO AKCKA (BiCh 4) 1 TEXHOJIOTTYHOIO Td
0a3010 3aTOTOBKH - % -C0s45°
TAq 11 Jlommyck Ha po3Mip eTajioHa BiamosigHO 10 TEXHIYHUX
BUMOT Ha BUTOTOBJICHHS
€TAJIOHIB
TA1o 10 Jlomyck Ha po3Mip AJIs HaJIarO/KeHHS BinnosinHo 10 BUMOT Ha

pI3aIbHOTO THCTPYMEHTY

HaJIaroJKEHHS Pi3aJIbHOTO
IHCTPYMEHTY




Puc. 7.21. basytoua npusma (mareHt Ykpaiau Ne 31416) i
PO3MIpHUI JIAHITIOT JJIsI BU3HAUYEHHS MOXMOKHM O0a3yBaHHS Baja
npu ¢ppe3epyBaHH1 JIMCKH, MEPIEHAUKYISIPHOI 0 poO0Ud0i
MMOBEPXHI CTOJIa BEpcTara

Jlomyck ~ 3amuKanbHOi JaHKuH ~[A,, BU3HauYeHWl 3a
HMOBIpHICHUM METOJIOM, TOPIBHIOE

TA, — /247 +32 £ 297 4+ 232 + 322 +23% + 292 + 32 +11% +10° = 67.

Ha puc. 7.22 HaBeneHO XKOPCTKY OINOpPHY NpHU3MYy 1
PO3MIpHUI JIaHIIOT 11 BU3HAUYEHHS MOXMOKM Oa3zyBaHHA TIpH
dbpe3epyBaHHI JUCKU. PO3MIpHUHN JAHITIOT CKIIAAETHCS 13 YOTUPHOX
JaHOK, SIKi BpPaxOBYIOTh KOJHMBAaHHS JdiaMeTpiB Baja y Maprii
3arOTOBOK 1 IOITYCK Ha BUTOTOBJICHHS €TAJIOHY.
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Puc. 7.22. KopcTka onopHa npusma i po3MipHi JIaHIIOTH
JUIs BU3HAUYEHHS MOXUOKM 0a3yBaHHs MpH (ppe3epyBaHHI JIUCKU:
a — mapayiesIbHOi po0OoYiii MOBEPXHI CTOJIa BEpCTaTa;

0 —mepneHIuKyIApHOI 10 poO0Y0i MOBEPXHi CTOJIA BepcTaTa

Bukonaemo po3paxyHKH pPO3MIpHHUX JIAHIIOTIB 32 METOJIOM
MaKCUMyMY-MiHIMyMy Ta WMOBipHICHMUM. JlOMyCKHM Ha CKJIAJ0BI
JIaHKH HaBeJICeHO y Tabm. 7.7.

Jlomyck 3amukansHol JaHku 1A, npu dpesepyBaHHi JTHCKH,

napaneiabHOi poOouiii MoBepxHiI cToja Bepcrata (puc. 7.22 a),
BU3HAYCHUH 32 METOJIOM MaKCUMyMY-MIHIMyMY:

TA, =24+11+10 =45 mxm.

Jlomyck  3amuKanbHOi JaHku 1A,  BU3HAUCHWIT 3a
HMOBIpHICHUM METO/IOM:

TA, =+/24% +11% +10° = 28 mxwm.

Jlomyck 3amukansHol JaHku 1A, mpu dpesepyBaHHI JTHCKH,

NepHeHANKYIISIPHOI 10 po0OoYoi TMOBEpXHI CTOja  Bepcrara
(puc. 7.22 6) BUBHAYCHUI 32 METOJIOM MaKCUMyMY-MiHIMyMY:

TA, =24 +11+10 = 45 mxm.
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Jlomyck ~ 3amMuKanbHOi JaHku 14,  Bu3HayeHwdl 3a
HMOBIpHICHIM METOJIOM:

TA, =+/24 +11% +10? = 28 MKM.

AHAJIOTIYHO BHKOHYETBHCS PO3PAXYHOK MOXHOKM Oa3yBaHHS
BaJIa y IPU3MI 3 OTIOpaMH, IO PETyIIOITHCS He3alexKHO (puc. 7.23).
BuxinHi nani 115 po3paxyHKy HaBe/IeHi B Tab. 7.8.

4

A;

Puc. 7.23. Tlpu3ma 3 onopamu, 110 peryIroThCS HE3AJICKHO 1
PO3MIpHI JIAHITIOTY 7151 BU3HAUCHHSI MOXUOKH 0a3yBaHHS BaJla IpU
dbpe3epyBaHHI JUCKH: a — TapaJIeIbHOT pOOOUiii MOBEPXHi CTOJIA
BepcraTa; 0 — MepHeHIuKyIIpHOI 10 poO0Y0i TOBEPXHI CTONIA
BepcTara
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Tabauus 7.7

Jlomycku Ha JIaHKH PO3MIPHOTO JIAHIIIOTA YKOPCTKOI OMOPHOI MPU3MH

Bennunna
Ilo3nauenHs )
JOMYCKY, [osicnenHs Croci0 Bu3HaUEHHS
TOIYCKY
MKM
ITpu ¢pe3epyBanHi IMCKH, TapasieNbHOT poOOoYiil MOBEpXHi CTOJIAa BepcTaTa
TA; 24 Jlommyck Ha po3Mip MiXK Td,, ( )
TEXHOJIOTIYHOIO 1 BUMIPIOBAJIbHOIO T4, = 5 1-cos45),
0a3aMu 3arOTOBKH .
ne Td ,,, — nomyck Ha giameTp
3arOTOBKHU
TA> 11 Jlomyck Ha po3Mip eTaoHa BianoBigHO 10 TEXHIYHUX BUMOT
Ha BUTOTOBJICHHS €TAJIOHIB
TA3 10 Jlonyck Ha po3Mip AJIsl HaJaroHKeHHs BinnosinHo 10 BUMOT Ha

pI3JIBHOTO 1HCTPYMEHTY

HaJIarOJKEHHS Pi3aJIbHOTO

IHCTPYMEHTY
[Tpu dbpesepyBaHH1 TUCKU, TEPIECHANKYIISIPHOI 10 poO0Y0i MOBEPXHI CTOJIa BepcTaTa
TA; 24 I[oquK Ha'posM'ip MiX . Td,, (1 cos 450)
TEXHOJIOTIYHOIO 1 BUMiPIOBAIEHOKO 1=
0a3amMu 3arOTOBKHU
TA, 11 Jlomyck Ha po3Mip eTajoHa BiamoBigHO 10 TEXHIYHUX BUMOT

Ha BUTOTOBJIEHHS €TAJIOHIB




Tabauus 7.8

Jlomycku Ha JaHKHA PO3MIPHOTO JIAHI[IOTa MPU3MHU 3 OIIOPaMHU, 1[0 PETYIIIOIOTHCS HE3aIeKHO

Benmmunna
ITo3nauenHs )
JOITYCKY, [Mosicuenus Cnocib BU3HAYCHHS
JOTTYCKY
MKM
1 2 3 4
IIpu ¢pe3epyBanHi IMCKH, TapasieNbHOT poOOoYiil MOBEpXHi CTOJAa BepcTaTa
TA; 24 Jlommyck Ha po3Mip MiXK Td,, .
TEXHOJIOTIYHOIO 1 T4, = 2 '(1_ cos45 )
BHMIPIOBAJILHOIO 0a3amMu
3arOTOBKH
TA> 10 Jlommyck Ha po3Mip OTOpH 3 TA, = TL -cos45°,
ypaxyBaHHIM KOCHHYCA KyTa, MiJI nie L — po3Mip KOHCTPYKTHBHOTO

SIKUM BCTAHOBJICHO OTIOPY eJleMeHTa OTopH

TA3 30 Jlomyck Ha CHMETPHUYHICTh BiamoBimHO 10 KpecIeHHs TPU3MHU

OTBOPIB BITHOCHO OC1 IPU3MHU
TA4 10 Jlomyck Ha po3Mip onopu 3 TA, = TL - cos 45°
ypaxyBaHHSIM KOCUHYCa KyTa, ITi]I

SIKUM BCTaHOBJICHO OTIOPY

TA5 11 Jlommyck Ha po3Mip eTajoHa BiamoBigHO 00 TEXHIYHUX

BHMOT Ha BUTOTOBJIEHHS €TAJIOHIB




[Iponosxenns tad:n. 7.8

1 2 3 4
TAg 10 Jlommyck Ha po3Mip IS BiamoBigHO 10 BUMOT Ha HAJIATOHKEHHS
HaJIarO/KEHHS Pi3aJIbHOTO Pi3aIbHOTO IHCTPYMEHTY
ITHCTPYMEHTY
[Ipu ¢pesepyBanHi TUCKH, TEPICHAUKYIAPHOT 10 poOOYOi TOBEPXHI
CTOJIa BepcTaTa
TA, 24 Jlomyck Ha po3mip Mix Td,, ( )
TEXHOJIOTTYHOIO i T4, = T 1-cos45
BUMIPIOBAJIHOIO 0a3aMu
3arOTOBKH
TA, 13 Jlommyck Ha po3Mip eTanoHa BiamoBiHO 40 TEXHIYHUX BUMOT Ha
BUT'OTOBJICHHS €TAJIOHIB
TA3 56 Jlonyck Ha po3mip Mix Td )
TEXHOJIONYHO0 0a3010 1 BicCrO T4, = 23(12 -C0S45
3arOTOBKH
TA4 10 Jlommyck Ha po3Mip IS BiamoBigHO 10 BUMOT HA HAJIATOHKEHHS

HAJIArOJKEHHS Pi3aJIbHOTO
IHCTPYMEHTY

Pi3aIbHOTO IHCTPYMEHTY




Jlonyck 3amukansHol jJanku 1A, npu (pesepyBaHHi JTHCKH,

napaieiabHOi poOouiii MmoBepxHiI cToja Bepcrata (puc. 7.23 a),
BU3HAYCHUH 32 METOJIOM MaKCUMyMY-MIHIMyMY:

TA, =24+78+30+78+11+10 = 231 mkm.

Jlomyck  3aMuKanbHOI  JaHKu 14, Bu3HavyeHWdl 3a
HMOBIpHICHUM METO/IOM:

TA, = V247 +78% +302 +78% +11° +10% =118 mkm.

Jlomyck 3amukansHoi JaHku 1A, npu dpesepyBaHHi JTHCKH,

NepHeHAUKYIISIPHOI 10 po0OoYoi TMOBEpXHI CTOja  Bepcrara
(puc. 7.23 6), BU3HAYCHHIA 32 METOJIOM MAKCUMYMY-MIHIMyMY:

TA, =24+13+56+10=103 mkm.

Jlomyck  3amMuKanbHOi  JaHku 14,  Bu3HaYeHWd 3a
HMOBIpHICHUM METO/IOM:

TA, =+/24% +132 +56° +10% = 63 MKM.

Busnaunmo BennunHy MOXHOKM Oa3yBaHHS Bajla y MpHU3MI,
o perymoerses (puc. 7.24) [83]. Buxigui maHi ams po3paxyHKY
NPU3HAYAEMO 3T1THO 3 KOHCTPYKLIEIO MPHU3MH Ta T€OMETPUYHUMHU
CIIBBIIHOIIICHHSIMH ii eleMeHTiB (Tadm. 7.9).

JIomyck 3aMuKanbHOI TaHKu 1A, Tmpu Gpe3epyBaHHS JHUCKH,

napajieslbHOi 10 poOouoi MOBEpxHI cToja Bepcrara (puc. 7.24 a),
BU3HAUCHUH 32 METOJJOM MaKCUMyMY-MiHIMyMY:

TA, =24+78+30+10+10 =152 mxm.

Jlomyck ~ 3amMuKanbHOiI JaHkH 1A,  Bu3HavyeHWdl 3a
HMOBIpHICHIM METOJIOM:

TA, =~/24 + 782 + 307 +10% +102 =88 MkM.
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Puc. 7.24. Tlpu3zma, o perymoeThbes (mateHT Ykpainu Ne 29823) i
PO3MIpHI JIAHITIOTY /7151 BU3HAUCHHSI MOXUOKK 0a3yBaHHS BaJla pU
dbpe3epyBaHHI JUCKH: a — TapaJIeTbHOT POOOUiii MOBEPXHi CTOJIA
BepcraTa; 0 — MepHeHIuKyIIpHOI 10 poO0Y0i TOBEPXHI CTONIA
BepcTara
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Tabmuus 7.9

Jlomycku Ha JaHKHA PO3MIPHOTO JIAHI[IOTa PU3MH, 110 PETYIIOETHCS

[To3HaueHHs Bennuuna .
[MosiceHHs Crioci6 Bu3Ha4CHHS
JIOITYCKY JIOTTYCKY, MKM
1 2 3 4
ITpu dbpesepyBaHH1 TUCKH, TTApAIEIbHOI poOOUiii MTOBEPXHI CTOJIa BepCTaTa
TA; 24 Jlonyck Ha po3mip Mix Td,,. .
TEXHOJIOTIYHOIO 1 T4, = '(1_ €05 45 )
BUMIPIOBAJIHOIO 0a3aMu
3arOTOBKHU
TA, 78 Jlonmyck Ha po3Mmip oropu 3 TA, = TL-sin45°,
YpaxyBaHHsM KOCHHYCa e L — poswmip omopn
KyTa, i1 AKUM
BCTaHOBJICHO OTIOPY
TA3 30 Jlonmyck Ha CUMETPUYHICTh BinnoBinHO 10 KpecaeHHs IpU3Mu
OTBOPIB BiTHOCHO OC1
pPU3MHU
TA4 10 Jomyck Ha po3Mip Mix BiamoBigHO 10 CKIIaIaIbHOTO
OTIOPOIO 1 €TAJIOHOM KpECICHHS
TA5 10 Jlommyck Ha po3Mip IS BiamosigHo 10 BUMOT Ha

HaJIarO/KEHHS Pi3aJIbHOTO
IHCTPYMEHTY

HAJIaroHKEHHS Pi3aIbHOTO
THCTPYMEHTY




[Tponosxxenns tadmn. 7.9

1 | 2 3 4
[Tpu dbpesepyBaHH1 TUCKU, TEPIECHANKYIISIPHOI 10 poO0Y0i MOBEPXHI CTOJIa BepcTaTa
TA; 24 Jlonmyck Ha po3Mip Mix Td, .
TEXHOJIOTIYHOIO 1 T4, = 2 '(1_ cos45 )
BUMIPIOBAJIbHOIO 0a3aMu
3arOTOBKHU
TA, 56 Jlonyck Ha po3mip Mix Td_ )
TEXHOJIOTIYHOIO 033010 i T4, = 23& -C0s45
BiCCIO 3aTOTOBKH
TA3 10 Jlommyck Ha po3Mip IS BiamosigHo 10 BUMOT Ha
HAJIaroJKEHHS Pi3aJIbHOTO HaJIaroHKEHHS Pi3aIbHOTO
IHCTPYMEHTY ITHCTPYMEHTY




Jlonyck 3amukansHol jJanku 1A, npu (pesepyBaHHi JTHCKH,

NEepIEHIUKYISApHOT 70 poOoyoi TOBEpXHI CTONAa  Bepcrara
(puc. 7.24 6), BUBHAYCHHI 32 METOJIOM MaKCUMyMY-MIHIMyMY:

TA, =24+56+10=90 mkm.

Jlomyck  3amMuKanbHOi  JaHku 14, Bu3HaYeHWd 3a
HMOBIpHICHUM METO/IOM:

TA, =+/24% +56% +10° =62 MxMm.

Po3MmipHUi NAQHIIOT TPU3MH, IO BXOJUTH J0 KOMIUJICKTY
3PII, HaBeneHo Ha puc. 7.25, a BUXIJIHI AaH1 111 HOTO PO3pPaxyHKY B
tabu. 7.10.

Jlonyck 3amukansHol jJanku 1A, npu (pesepyBaHHi JHCKH,

napaieiabHoOi poOouiii moBepxHi crona Bepcrata (puc. 7.25 a),
BU3HAYCHUI 32 METOJIOM MaKCUMyMY-MIHIMyMY:

TA, =24+30+25+30+10 =119 mxm.

Jlomyck  3amMuKanbHOi JmaHKH 1A,  Bu3HavyeHWdl 3a
HMOBIpHICHIM METOJIOM:

TA, =+/242 +307 + 257 + 30 +10% = 56 M.

Jlomyck 3amukansHOl JaHku 1A, mpu dpesepyBaHHi JTHCKH,

NEepIEHIUKYIApHOT 70 poOoyoi TMOBEpXHI CTONAa  Bepcrara
(puc. 7.25 6), BUBHAYCHHI 32 METOJIOM MaKCUMyMY-MIHIMyMY:

TA, =24+13+56+10 =103 mxm.

Jlomyck  3amMuKanbHOi  JaHku 14,  Bu3HayeHWdl 3a
HMOBIpHICHUM METO/IOM:

TA, =~242 +132 +562 +10° = 63 MKM.

KoHCTpykIlis MalIMHHMX  CHEIiali30BaHUX  Jiemar i3
NPU3MATHYHUMH TyOKaMH HaBeleHa Ha puc. 7.26. MexaHi3MOM
peryiioBaHHSl JIBOX HAIBIOPU3M € 3yOuyacTo-peiikoBa mepenava.

239



BuxinHi gaHi 11 po3paxyHKY pPO3MIPHOTO JIaHITIOTa HABEACHI B
tabn. 7.11.
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Puc. 7.25. Ilpusma 3 kommnekty 3PI1 i po3mipHi JTaHIIOTH 1Is
BU3HAYCHHS TOXUOKM 0a3yBaHHS Baja npu Ppe3epyBaHHI JIUCKU:
a — rmapaneynpHoi poOoyiil MoBepXHi CTOJNa BEpCTaTa;

0 — mepneHIUKYISIPHOI 10 poO0Y0i MOBEpXHI CTOJIa BepcTaTa
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0)

Puc. 7.26. CamonieHTpyBaJIbHi JIeIIaTa 1 PO3MIpHI JIAHITFOTH JIJIs1
BU3HAYEHHs MOXUOKU O6a3yBaHHS Bajia npu (pe3epyBaHHI JIUCKU:
a — mapayiesIbHOi poOoYiii MOBEPXHI CTOJIa BEpCTaTa;

0 — meprneHuKyISIpHOL 10 poO60UO0T MOBEPXHI CTONIa BepcTara

Jlonyck 3amukansHol jJanku 1A, nipu (pesepyBaHHi JTHCKH,

napaieiabHOi poOouili mMmoBepxHi cTona Bepcrtara (puc. 7.26 a),
BU3HAYCHUH 32 METOJIOM MaKCUMyMY-MIHIMyMY:

TA, =24 +46+35+35+12+10 =162 mxm.
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Tabmuus 7.10

Jlomycku Ha JIaHKU PO3MIPHOTO JIAHIIOTa MPU3MH 3 KoMIuiekTy 3PI1

Bennuuna
Ilo3nauenHs )
JIOITYCKY, [MosicHenHst Crioci6 Bu3Ha4eHHS
JIOTIYCKY
MKM
1 2 3 4
IIpu ¢pesepyBanHi IMCKH, TapasiebHOT poOOoYiil MOBEpXHi CTOJA BepcTaTa
TA; 24 Jlommyck Ha po3Mip MiXK T4 - Td,, (1 cos 450)
TEXHOJIOTIYHOIO 1 BUMIPIOBATLHOIO 17T, T
6a3amu 3arOTOBKHU
TA> 30 Jlonyck Ha po3Mip Mix BinnoBinHO 10 CKIIaganbsHOTO
TEXHOJIOTTYHOIO 023010 3arOTOBKH 1 KpecJaeHHS
BICCIO OTBOPY B HaliBOPHU3MIi
TA; 25 Jlommyck Ha CITIBBICHICTH M1 Bigmosigao no 'OCT 24643-
OTBOpPaMU HaIliBIIPH3M 77
TA4 30 Jlomyck Ha po3Mip Mi>K OTBOpOM y | BiamoBigHO 10 cKiIamambHOTO
HaIIBIPU3MIi il €TalIOHOM KPECIJIEHHS
TA5 10 Jlommyck Ha po3Mip IS BiamoBigHo 10 BUMOT Ha

HAJIarOJKEHHS P13aJIbHOTO
THCTPYMEHTY

HaJIaroHKEHHS Pi3aIbHOTO
THCTPYMEHTY




[Tponosxenns tad:a. 7.10

1 | 2 | 3 4
[Tpu dbpesepyBaHH1 TUCKU, TEPIECHANKYIISIPHOI 10 poO0Y0i MOBEPXHI CTOJIa BepcTaTa
TA; 24 Jlonyck Ha po3Mip Mix Td, ( )
TEXHOJIOTIYHOIO 1 BUMIPIOBATBHOIO T4, = 2 1-cos45
0a3aMu 3arOTOBKHU
TA, 13 Jlommyck Ha po3Mip eTajioHa BiamosigHO 10 TEXHIYHUX
BUMOT Ha BUTOTOBJICHHS
€TaJIOHIB
TA3 56 Jlonyck Ha po3Mip Mix Td_ )
TEXHOJIONYHO0 0a3010 i BicCro T4, = 23& -C0S45
3arOTOBKH
TA4 10 Jlommyck Ha po3Mip IS BiamoBigHo 10 BUMOT Ha
HAJIaroJKEHHS Pi3aJIbHOTO HAJIAaroHKEHHS Pi3aJIbHOTO
THCTPYMEHTY THCTPYMEHTY




Tabmuus 7.11

Jlomycku Ha JJaHKHU PO3MIPHOTO JIAaHIIOTa CAMOLEHTPYBAIbHUX JICIAT

Bennuuna
Ilo3nauenHs )
JIOITYCKY, [MosicHenHst Crioci6 Bu3Ha4eHHS
JIOTTYCKY
MKM
1 2 3 4
IIpu ¢pe3epyBanHi IMCKH, TapasieNbHOT poOOoYiil MOBEpXHi CTOJAa BepcTaTa

TA 24 OITYCK Ha pO3MIp MiX

' Hony PP TA :—Td“‘e -\1-cos45°

TEXHOJIOTIYHOIO 1 BUMIPIOBATLHOIO 1 5
6a3amu 3arOTOBKHU
TA> 46 Jlonyck Ha po3Mip Mix BinnoBinHO 10 CKIIaganbsHOTO
TEXHOJIOTTYHOIO 023010 3arOTOBKH 1 KpecJaeHHS
JUTMIIBHOIO IPSIMOIO 3y0UaToi peiku
TA; 35 Jlomyck Ha BiICTaHb MIXK TA; = f, BignoBigHO 10
JTUTHITEHOKO TIPSIMOIO 1 BICCIO TOCT 1643-81
3y04aToro Koseca
TA4 35 Jlomyck Ha BijicTaHb MiXk BICCIO TA, = f, BIANOBIAHO 10
3yOuaToro xoneca i JUIMIIbHOO TOCT 1643-81
PSIMOIO

TA5 12 Jlomyck Ha po3Mip MK JUTHJIBHOIO | BiamoBigHO 10 CKIIagabHOTO

psSAMOI0 3y0uaToi peku i
eTATOHOM

KpPECJICHHS




[Tponosxxenns tabmn. 7.11

1 2 3 4
TAg 10 Jlommyck Ha po3Mip IS BiamoBigHo 10 BUMOT Ha
HAJIarOJKEHHS Pi3aJIbHOTO HaJIaroHKEHHS Pi3aIbHOTO
THCTPYMEHTY THCTPYMEHTY
[Tpu pe3epyBaHHi JIUCKH, TEPICHIUKYIIPHOT 10 poO0Y0i NOBEPXHi CTOJIA BEepcTaTa
TA; 24 Jlonyck Ha po3Mip Mix T4 < Td,, .(1_ cos 450)
TEXHOJIOTIYHOIO 1 BUMiPIOBAIIbHOIO 1
6a3amu 3arOTOBKHU
TA> 13 Jlommyck Ha po3Mip eTanoHa BinmoBigHO 4O TEXHIYHUX
BUMOT Ha BUTOTOBJICHHS
€TAJIOHIB
TA; 56 Jlomyck Ha po3Mip Mix Td,, ,
TEXHOJIOTIYHO0 633010 i BicCIO T4, = 5 O3 45
3arOTOBKH
TA4 10 Jlonyck Ha po3Mmip A BinnosinHo 10 BUMOT Ha

HaJaro/HKeHHS Pi3ajJIbHOTO
IHCTPYMEHTY

HaJIaroJ[KEHHS Pi3aJIbHOTO

IHCTPYMEHTY




Jlomyck ~ 3amMuKanbHOi JaHku 14,  Bu3HayeHwdl 3a
HMOBIpHICHUM METO/IOM:

T4, = V247 +46? +352 + 352 +12% +10° = 74 MKM.

Jlomyck 3amuKanbHOI TaHku TA, mpu ¢pe3epyBaHHS JHCKH,

NepHEHAUKYISIPHOI A0 po0OoYoi TMOBEpXHI CTOJa  Bepcrara
(puc. 7.26 6), BU3HAYCHHIA 32 METOJIOM MAaKCUMyMY-MIHIMyMY:

TA, =24+13+56+10 =103 mxm.

Jlomyck  3amMuKanbHOi JmaHku 1A,  Bu3HavyeHWdl 3a
HMOBIpHICHIM METOJIOM:

TA, =~/242 +132 +562 +10° = 63 MKM.

3icTaBieHHsT pe3yNbTaTiB  PO3paxyHKIB 3a  METOJaMH
MaKCUMYyMY-MiHIMyMY Ta iiMOBipHiCHUM (Tabiu. 7.12) moka3zano, 1o
IIPU OJIHAKOBUX JOIYCKaxX Ha CKJIAJOB1 JAHKU PO3MIPHOTO JIAHILIIOTA,
JOIYCK 3aMHUKAIBHOI JIAaHKM MEHIIMH IIpU  pO3paxyHKy 3a
HMOBIpHICHM METOJIOM.

JUnst JOCSATHEHHS Takoro C€aMoro 3Ha4eHHs [OIMYyCKy Ha
3aMHUKaJbHY JIaHKY 32 METOJIOM MaKCHUMYMY-MiHIMyMY HEOOXiTHO
npu3Ha4aTu OibII JKOPCTKI JOMYCKH HA BUTOTOBJICHHS EJIEMEHTIB,
0 BXOJATH y pO3MipHHM JaHIor. [le mpu3BoauTh 10 301MbIICHHS
BUTpPAT Ha BHUTOTOBICHHS, a OTXKE, 10 IMiJBUIICHHS BapTOCTi
KOHCTPYKIIi B muioMy. 3a pe3yiabTaTaMHd pO3PaxyHKYy 3a
HMOBIpHICHUM ~ MeTofoM  moxuOka  Oa3yBaHHS  Bajma Yy
3alpOINOHOBaHIN 0a3ylowi mpu3mi CTaHOBHTH &, = (0 MKM mpu
dpe3epyBaHHI JIHCKH, TMapaleinbHOi poOoUili TOBEpXHI CTONA
Bepcrata 1 &, =67 MKM Tpu  (¢pe3epyBaHHI  JIHCKH,
NEePIEHIUKYIIIPHOT 10 poOoUoi MOBEpXHi cTONa BepcraTa [82].

YpaxoBytouu 3alaHui KOHCTPYKTOPOM JIOMYCK
(Td =160 MKM), MOXHa 3pOOMTH BHCHOBOK, IO 3allPOMOHOBaHA
KOHCTPYKIliA 0a3yrodoi MPU3MH JO3BOJIUTH OTPUMATH PO3MIp 13
3a/1aHOI0 TOYHICTIO.
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[ToxnOkun GazyBaHHS BB y MIPU3Max

Tabmuus 7.12

Konctpykuis npusmu

[Toxnbka 6a3yBaHHs Bajia, MKM, TIPY YCTAHOBJICHH]1
y pHu3Max Jjisi 0OpoOKHU JIUCKU

napajiesnbHoi poOoUiit
MOBEPXHI CTOJIa BEpCTaTa

MePIEHIUKYISIPHOI 10 po60o40i
MOBEPXHI CTOJA BepcTara 3a

32 METOI0M METOZOM
MARCHMYMY= IMOBIpHICHUM MaRCHMYMY= IMOBIpHICHUM
MIHIMYMY MIHIMYMY
ba3zyroua npuzma
(prc. 7.20, puc. 7.21) 213 70 187 67
’Kopcrtka onopHa
npusma (puc. 7.22) 45 28 45 28
[Ipusma 3 onopamu, 110
PETYIIOI0ThCS 231 118 103 63
He3aIexHo (puc. 7.23)
[Ipu3ma, 10 peryoerbes
(pic. 7.24) 152 88 90 62
IMpuzma 3PII (puc. 7.25) 119 56 103 63
CamoueHTpyBaJIbH1 162 74 103 63
nemata (puc. 7.26)




7.5. AnaniTuyne JOCTiTKeHHHA HaNpYyKeHO-
aedopmMoBaHOro crany 0a3ylouMx MOAYJIB VIS yCTAHOBJICHHSI
BaJIiB

Jlis  BW3HAYEHHS TMOXWMOOK, IO BHUHUKAIOTH YHACIiJOK
npy)KHUX fedopmariii  mja Ji€l0 CHWJI  pi3aHHA, MPOBEIACHO
CKIHYEHHOEJIEMEHTHUM aHami3 ais 0a3ylouMx MOIYNIIB Ha OCHOBI
3anmponoHoBaHoi Oa3yro4oi mpusMu [85] Ta cTaHAApTHOI KOPCTKOI
OTOpHOI MpU3MHU. BukoHaHO MoOneNMOBaHHA Mpolecy (pe3epyBaHHs
JUCKH Ha By IWIIHAPUYHOIO Ta KIHIIEBOI (pe3aMH 3a CXEMOIO,
HaBEeJIEHOIO Ha puc. 7.27.
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Puc. 7.27. Cxemu cui pizaHHs npu ¢ppe3epyBaHH] HHITHAPHIHOO
¢dpe3oro (a) 1 kiHmeBoro ¢pe3oro (0): 1 — cTyniHuacTUii Baj;

2 — nmniHapuyHa ¢pesa; 3 — KiHiena ¢pesa; Py — 0CbOBa CKJIa0Ba
CHJIM pi3aHHs; P, — pajiaiabHa CKJIaZoBa CHIM pi3aHHsA; P, — 10TH4YHa
CKJIaJI0BA CUJIU Pi3aHHS; Py — CHIIA 3aKPIIUIEHHS; Ny, — YACTOTA
obepranus pesu; S, — momaya cToja BepcrarTa

Jlo 3aroToBKM NPUKIAAAIOTh CHUIIY 3aKPIIUICHHS Ta CHIIY
pizaHHs, po3paxoBaHy 3a HopmatuBamu [102]. Cuny pizaHHS
BU3HAUAIM JUIsI YMOB, KONMH TMOWMHA pizanHa t = 1 MM, mIo
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BIJINOBI/1a€ HAMMBYHCTOBOMY (hpe3epyBaHHIO 1t = 4 MM — YOPHOBOMY
bpe3epyBaHHIO.

Ha puc. 7.28 1 7.29 HaBeneHO CKIHUEHHOCIIEMEHTHI MOJIeN 1
JiarpaMy MPYXHHUX MepeMillleHb MpH (pe3epyBaHHI JHMCKU Ha
KOHCOJTI BaJIa IMUTIHAPUYHOIO (PE30I0 MPH 3aKPITUICHH] 3aTOTOBKH Y
0a3ylouiil Ta y cTaHIapTHINA KOPCTKIA OMOPHINA MPU3MI BiJIOBIIHO.
Sk GaunMo 3 HaBEIEHUX Jaiarpam, Ipu 0OpoOIll BUHUKAIOTH MPYKHI
nepeMillieHHs, K1 BiIPI3HAIOTHCS 32 BEIMYMHOIO 3AJICKHO Bl YMOB
00poOKY Ta BITUBAIOTH HA TOYHICTh OTPUMYBAHOTO PO3MIpY.

Puc. 7.28. CkiHueHHOEIeMEHTHA MOJICITb () 1 JiarpaMma mpy>KHHUX
nepemiiieHs (0) 3arpornoHoBaHo1 6a3yr04oi MPU3MHU

Puc. 7.29. CkiHueHHOEIEMEHTHA MOJIENb () 1 jlarpama npy>KHUX
nepeminieHsb (0) dKOpPCTKOI OMTOPHOT MPU3MH
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Pesynmprat  MonmenroBaHHS 32  METOJIOM  CKIHUCHHHX
€JIEMEHTIB CBiJJ4aTh, 10 MpU MIHOUHI pizaHHs t = 1 MM aedopmartii
pu 00pOoOIIi AK MUTIHAPUYHOIO, TaK 1 KIHIIEBOIO (DPE30I0 3ar0TOBOK,
YCTaHOBJICHUX HAa O0OX THUIAX MpPHU3M, OJHAKOBI M 3HAXOIATHCS Y
niamazoni 0,002—0,008 MM 3a1eXHO Bia MICIl OOpOOKM JIMCKH Ha
Bay (taba. 7.13) [103].

Tabmums 7.13
[IpyxHi nepemilieHHs, SKi BAHUKAIOTh IpU (pe3epyBaHHI JTUCKU
Ha BaJly, MM

Micrie 06poOku Baia

. . MIDXK JBOMa
bazyrounit Ha KOHCOJI1 HaJ[ OIIOPOIO
OTIopamu
MO/IYJTb —
1pyU TIMOMHI pi3aHHsI t, MM
1 | 4 | 1 ] 4 | 1] 4
®dpezepyBaHHS MWITTHAPUIHOIO (HPE3010
3anponoHoBaKa | g g | 0 024 | 0,004 | 0,014 | 0,006 | 0,024
0a3yroua nmpu3Ma
CrangapTHa
xopctka onopua | 0,006 | 0,016 | 0,004 | 0,008 | 0,006 | 0,015
npu3Ma
@pe3epyBaHHs KiHIIEBOIO (pe30i0
3anpONoHOBAA | 4 hq4 | 008 | 0,002 | 0,005 | 0,004 | 0,008
6a3zyroya mpusma
CrangapTHa
xopctka oropra | 0,004 | 0,007 | 0,002 | 0,005 | 0,004 | 0,007
npu3Ma

ITpu 00poOIIi 3ar0TOBOK IMITIHAPUYHOIO ¢pe3oro (t = 4 mMm)
nepeMilieHHsT 30UIbIIYIOThCS, OJHAK iX BEIMYMHA HE IEPEBHILYE
0,016 mm g xoperkoi omopHoi mpmsmu 1 0,024 MM s
3ampornoHoBaHoi 0a3yrouoi npusmu [104]. Jns miamMeTpiB 3aroTOBOK
y mianmazoni 18-30 MM J0mMycK BUKOHYBAHOTO PO3MIPy CTaHOBHUTH
Td = 0,13 MM, ansa giamerpiB 30-50 mm — Td = 0,16 mm, a aus
miamerpiB 50-80 mm — Td = 0,19 mwm.
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Ax 6aunmo, MOXMOKH, OTPUMaHI B pe3ybTaTi MOACITIOBAHHS
HaInpyKeHO-/1e()OPMOBAHOTO CTaHy, 3HAUHO MEHIII 32 TOJIS TOMYCKiB
Ha (Qpe3epyBaHHS BIAMOBIAHMX TOBEPXOHb, TOMY 3alpPONOHOBaHA
KOHCTPYKIliss 0a3yr04oi MPU3MH MOBHICTIO 3aJ0BOJIbHSIE BHPOOHUYI
YMOBH.
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8. ExcnnepuMeHTaIbHE TOCiAKEHHA TOYHOCTi 00pOOKH 3
BUKOPHUCTAHHAM 0a3yH040i NPU3MH

8.1. Koncrpykuisi 6a3yro4oi mpusmMu

s BU3HAUCHHS TOYHICHUX MO>KJTMBOCTEH Ta
MIATBEP/DKCHHST  aJICKBAaTHOCTI aHANITUYHUX PO3PaxXyHKIB OyiH
IPOBE/ICH] EKCIIEPUMEHTAIbHI TOCTiKEHHSI 0OpOOKH CTYMiHYACTHX
BaJIiB y 3alpOTOHOBAHIN KOHCTPYKIli 0a3yrodoi mpu3aMu (MaTeHT
VYkpainu Ne 31416). [Ins 1poro po3poOJIeHO KOHCTPYKTOPCHKO-
TEXHOJIOTIYHY JOKYMEHTAI[il0o, Ha OCHOBI SIKOI BHUTOTOBJIEHO
JOCIITHUMA 3pa30ok Oaszyrouoi mpusmu (puc. 8.1), a T TexHiuHa
XapaKTepUCTUKa HaBeaeHa y Taoi. 8.1.

Puc. 8.1. Jlocninnuii 3pazok 6a3yr04oi npu3Mu

Ha puc. 8.2 HaBegeHO cxeMy MeEXaHI3My peryTIOBaHHS
YCTaHOBIIOBATHHUX €JIEMEHTIB JIOCIIITHOTO 3pa3ka 0a3yrdoi mpu3Mu
13 3a3HAYCHUMHU 1 OCHOBHHUMU mapameTpamu. Jns
EKCIIePUMEHTAIbHUX JIOCITIKCHb BUKOPUCTOBYBAJIUCS
TproxcTyminyacTi Baym (puc. 8.3) 3 0a30BUMH TOBEPXHIMH
niamerpamu d = 42h9 mm ta d = 54h9 mm.
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Tabmums 8.1
TexHiuHA XapaKTEPUCTUKA JOCTIAHOTO 3pa3ka 0a3yr4oi mpu3Mu

IToka3nuk 0a3yruoi OnuHanIs
yIo Ilo3Hauenus A 1t

; Bennunna
MpU3MHU BUMIPIOBAHHS

MiHiMaIbHUH
JiaMeTp
YCTaHOBIIFOBAHOL
3arOTOBKU

d 3ar min MM 25

MaxkcuMansHuN

: d3ar max MM 100
TiaMeTp

MakcumanbHu KyT
MOBOPOTY OMOPHUX Ymax rpaj 90
JTUCKIB

Bigcrans Mix ocsiMu
IIOBOPOTY OIIOPHUX L MM 80
JTUCKIB

Bennunna
E€KCLIEHTPUCUTETY

Paniyc omopaux
JIUCKIB

[[InpuHa onopHUX
JTUCKIB 0a3yr04oi - MM 40
MIPU3MH

MiHiMaIbHa BIJICTaHb
MIDK OTIOPHUMH - MM 100
JMCKaMU JBOX MPU3M

Bara 6a3yrouoi
pU3MU

VYcTaHOBIIGHHST JTOCTIAHOTO 3pa3ka 0a3yrouoi MpU3MH Ha
pobouomy cTONl BepcTaTa  3MIMCHIOBAJIOCS  IMOHKAMHU  I10
T-momibHMx  ma3ax CcTola Ta  3aKpIIUIIOBaBCS  TBUHTaMHU.
HanaromkeHHss OmMOpHHMX IHUCKIB Ha 3aJaHui 0a3o0BHWM JiaMeTp
3arOTOBKM  31MCHIOBAJOCS 3a JIOMIOMOIOI0  IIa0JIOHA-yCTaHOBA
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(puc. 8.4), sKkWii BCTAaHOBJIOBABCS Ta 3aKPIIUTIOBABCS Ha OJHINW 31
CTiIOK 0a3yI040i IPU3MH.

Puc. 8.2. Cxema MexaHi3My peryltOBaHHS YCTAaHOBIIOBAILHUX
€JIEMEHTIB JIOCIITHOTO 3pa3Ka 0a3yrvoi MpU3MHU 13 3a3HaYEHUMHU
OCHOBHUMHU TTapaMeTpaMu

Puc. 8.3. O6po6atoBaHmii CTYIHYACTHI Ba
(excriepuMeHTaIbHUN 3Pa30K)

[Ticns 1pOro OMOpHI JUCKHA 3a JOMOMOTOK 3y0dacToi
nepeaadi  OJJHOYACHO TMIJABOJWIIMCS JO JIOTUKY 13 1I1aOJIOHOM-
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YCTaHOBOM, TIOBEPXHi 1 Ta 2 SIKOT0 BUTOTOBJIEHI 3 BUCOKOT TOUHICTIO
Ta AKICTIO 1 BiIIOBIIal0Th 0a30BOMY J[iaMETPy 3arOTOBKH Uy

Puc. 8.4. HanaromkenHs 6a3yr04oi mpu3Mu 3a JOTIOMOTOI0
11abJIoHa-ycTaHOBA: IOBEPXHI | Ta 2 — BIANOBIAAIOTH AlaMeTpy
3arOTOBKH; MOBEPXHS 3 — [UIs HAJArOKEHHS Pi3aIbHOTO
IHCTpYMEHTY

dikcarrisi OMMOPHUX TUCKIB y ITbOMY TOJOKEHHI BUKOHYETHCS
IUIIXOM 3arBUHYYBaHHs TaloK. TakuMm dYHMHOM 3a0e3MedyeThCs
TOYHE 1 HEPYXOME IOJOKECHHsI OMOPHHUX JHMCKIB 0a3ylouoi mpu3MHu.
HanaromkenHs iHmoi 6a3yi040i NpU3MH BUKOHYETHCS aHAJIOTIUHO.
[ToBepxHst 3 miabiioHa-yCcTaHOBA BIAMOBIAA€ OCi BCTAHOBIIOBAHOL
3arOTOBKM 1 MOXE CIYXHUTH JUIS HaJaro/LKEHHS —pi3ajibHOTO

IHCTPYMEHTY.
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8.2. locaiazkeHHsI MOXHOKH 00podKu BajJiB Ha
rOPU30HTAIBLHO-Qpe3epHOMY BepcTaTi

MeTo10 eKCIIepUMEHTALHOTO JOCIIKEHHS Tependavyanocs
BU3HAUEHHSI TTOXUOOK po3MipiB 00poOKu mpu (ppe3epyBaHHI JTUCOK
Ha BaJIaX MPH IX YCTAHOBIICHHI Ha 3alpOIIOHOBaHY 0a3yrouy MpU3MYy.
Jliss BU3HAYEHHS TOYHICHUX MOXKIUBOCTEH OTpUMAaHi BEIMYUHU
MOXHOOK PO3MIpIB MOPIBHIOBAIM 3 MOXHWOKaMH pPO3MiIpiB 0OpOOKH
BaNiB NpU iX YCTAHOBJIEHHI Ha CTAaHIAPTHY >OPCTKY OIOpPHY
pU3MY.

st MOPIBHSHHS pe3yabTaTiB aQHATITUIHHUX Ta
EKCIePUMEHTAIBHUX JOCITIKeHb 00pOoOKY BajliB 3I1MCHIOBAIN IS
Ti€el camoi cxeMu 0OpOOKH, 110 ¥ MPH aHATITUYHUX po3paxyHKax. Ha
Baax (ppesepyBasucs JTUCKH, PO3TAIOBAHI y PI3HHUX MICIX Basa:
koHconbHO (d = 30 mm), Hax omoporo (d = 42 MMm) i MK ABOMa
omopamu (d = 54 mm). ®DpesepyBaHHS JUCOK BHKOHYBAJIOCS JIJISI
pexuMiB 0OpOOKH, sIKI BIJIOBIIaIOTh YOPHOBIM (TIMOWMHA pi3aHHS
t =4 MM) Ta HamiBUKHCTOBIK 00pOOIi (t = 4 Mm). Takum YHHOM, TTPU
00poO01Ii TUCOK HEOOXIAHO OTpUMaTh po3Mipu 3a kpamiteroM IT11:
npu rmbOuHi pidanHa t = 1 MM — 29(013), 41(.016), 53(-019)
BIJMOBIAHO; a Tpu TauOuHI t = 4 MM — 26(013), 38(0,16) Ta 50(.016)
BiJIIIOBI/THO.

OOpoOKy BHKOHYBaJIM Ha TOPHU3OHTAIBHO-(Dpe3epHOMY
Bepcrati Moj. 6P82I. Jlng ¢pesepyBaHHS JTMCOK BUKOPHCTOBYBAIU
numiaagpuany ¢pesy P80 mm. Yactotm obGepTaHHS MIMUHACIS Ta
nojgadi poOOYMX CTOJNIB BepcTara MPHU3HAYAIMCSA BIANOBITHO [0
3araJbHOMAIIMHOOYMIBHUX  HOPMATUBIB  4Yacy Ta  PEXHUMIB
pizanns [56]. BwuwmiproBaHHsS po3MipiB  BaiiB micis  0OpoOKH
sniicHoBanucs Mikpomerpamu MK-50 ta MK-75 13 1iHOI0 ToAUTKH
0,01 mm.

Ha puc. 8.5 naBegeno ¢ororpadii mpouecy ¢pesepyBaHHs
JUCKH Ha TOPU3OHTaIbHO-(ppe3epHOMYy Bepctari Mon. 6P82IT mpu
YCTaHOBJICHHI 3arOTOBOK Y TTOPIBHIOBAaHUX 0a3yIOUMX MOIYJISX.

VYcTaHOBIIEHO, IO  BHACHINOK MPYXHUX Aedopmartiit
TEXHOJIOTIYHOI CHUCTEMH CIIOCTEPIraloThCs MOXHOKH pO3MIpiB, SKi
BIJIPI3HSIOTHCS 32 BETUYMHOIO 3aJIEKHO BiJl YMOB OOpOOKH.
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Puc. 8.5. ®dpe3epyBaHHs JIMCKK HA TOPU3OHTAIBHO-(DPE3EPHOMY
Bepcrati Moa. 6P82T" mpu ycTaHOBJIEHH] 3arOTOBOK:
a — Ha 3alpONOHOBaHy 0a3yrouy Npu3My;
0 — Ha CTaHJAPTHY KOPCTKY ONOPHY MPU3MY
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I[Ipy rmmbunri pizamas t = 1 MM (HamiBYKMCTOBE
¢pezepyBaHHs)  MOXMOKM  OOpOOJIIOBaHMX  pO3MIpIB  TNpHU
YCTaHOBJICHHI 3aroTOBOK Ha 000X THUIIaX NpPHU3M OJIHAKOBI U HE
nepesutnytoTh 0,01 MM (Tabdu. 8.2).

Tabmus 8.2
[Toxubxu po3mipiB 06poOku mpu (pe3epyBaHHi
MUATHAPUYHOIO (Ppe3oro, MM

Micrie 06poOku Baia

N . MIXK IBOMa
bazyrounit Ha KOHCOJI1 HaJl OIIOPOIO
OIopaMu
MOJTYJTb —
1pH TIHOWHI pi3aHHs t, MM
1 4 1 4 1 4
3anponoHoBaka | g ¢ | 903 | 001 | 0,02 | 001 | 003
0aszyroya rpusma
CrangapTtHa

xopctka omopua | 0,01 | 0,02 | 0,01 | 0,01 | 0,01 | 0,02

npu3Ma

[Tpu 306inplIeHH] MUOWHU pi3aHHS MWIHIPUYHOIO (Hpe3oro
1m0 t = 4 MM (yopHOBe (hpesepyBaHHS) MOXUOKH PO3MIpiB 00pOOKH
3HaxomaTbes B Mexax 0,01-0,02mm  Ta  0,02-0,03 MM mpu
YCTaHOBJICHHI 3arOTOBKM Ha CTaHJAPTHY YXOPCTKY ONOPHY NPHU3MY
Ta Ha 3alpONOHOBaHy 0a3ylody NPU3MY BIAMOBITHO 3AJIEKHO BiX
Micust 00poOku nucku Ha Baimy [105]. Jlnms po3mipiB y miamasoHi
18-30 MM pmomyck BukoHyBaHoro posMmipy Td = 0,13 mm, mus
po3mipiB 30-50 mm — Td = 0,16 mm, mams posmipiB 50-80 mm —
0,19 mm.

JInss  TOpIBHSAHHA ~ pe3yJbTaTiB  EKCHEPUMEHTAIbHHUX
JOCITIKEHb 3 Pe3yIbTaTaMH MOJIEIIOBAHHS 32 METOIOM CKIHYEHHHX
€JIEMEHTIB PO3IIIsIHEMO Ipadiku, sKi HaBeIeHO Ha puc. 8.6.

SIk GaumMmo, pe3yNbTaTH EKCIIEPUMEHTAIBHHUX JOCHiKEHb
HEICTOTHO  BIAPI3HSIOTBCA 3a BEJIMYMHOIO BiJl  PE3yNbTaTiB
MOJICITIOBAHHS 332 METOJIOM CKIHUEHHHUX €JIEMEHTIB, 110 CBITYUTH MPO
JIOCTOBIPHICTh OTPUMAHUX PE3yJIbTATIB.
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Puc. 8.6. I'padiku 3anexxHOCTI TOXHOOK 0OPOOKH Bi IMTMOMHU pi3aHHSA
MpH IWTHAPUIHOMY (Dpe3epyBaHHI JIUCOK, K1 PO3MIIICHI:
a — Ha KOHCOJIi; 0 — HaJl ONOPOI0; B — MIXK ONIOPaMU;

pe3yNbTaTu eKCIePUMEHTAIbHUX JOCIIIKEHb;

— — — pE3yAbTaTH MOJACIIOBAHHS 32 METOIOM CKIHUYCHHHX €JIEMEHTIB



8.3. lociTzKkeHHsT  MOXHOKH o0podku  BajiB  Ha
BepPTHKAJIBLHO-(p)pe3epHOMY BepceTaTi

O06poOKy BUKOHYBAJIM Ha BEPTUKAIBHO-(Ppe3epHOMY BepCTaTi
mon. 6P13®@3. Jlns ppesepyBaHHs THCOK BUKOPHCTOBYBAIIU KiHIIEBY
bpe3y D30 mm. YacTtoTn oOepTaHHS MITTMHIEISA Ta MOAadl poOOUYNX
CTOJIB BepcTara MIPU3HAYATIUCS BiJITIOBiTHO 10
3araJlbHOMAalIMHOOYAIBHUX  HOPMAaTHUBIB  4Yacy Ta  PEXHUMIB
pizanns [56]. BwuwmiproBaHHsS po3MipiB  BaiiB micis  0OpoOKH
3aiicHioBanics Mikpomerpamu MK-50 Ta MK-75.

Ha puc. 8.7 naBeneno ¢ororpadiro mpouecy ¢pesepyBaHHs
JUCKH Ha BEpPTHKaJIbHO-(pe3epHOMYy Bepctari moa. 6P13d3 mpu
YCTaHOBJICHHI 3aroTOBOK Ha 3allpOTIOHOBaHY 0a3yrdy NpH3MY.
Pesynbrati moxuboK po3MmipiB 0OpoOKM MpHU (ppe3epyBaHHs JHCOK
KiHIIEBOIO (hpe3oro HaBeaeHo y Tabi. 8.3.

Puc. 8.7. ®pe3epyBaHHs JIHNCKK HA BEPTUKAIBHO-GpE3epHOMY
BepcraTi Moa. 6P13®3 npu ycTaHOBJIEHHI 3arOTOBOK
Ha 3aMpoIOHOBaHy 0a3ylo4y IpU3My

Sk mokaszanu pe3ynbTaTh eKCHEPUMEHTAJIBHUX JIOCIIIKCHb,
MOXHOKK OOpOOKM KIHIICBOIO (Pe30I0 MPAKTUYHO HE 3MIHIOIOTHCS
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3QJIKHO BiJ TJIMOWMHU PI3aHHS Ta 3aCTOCOBYBAHMX KOHCTPYKIIIH
0a3yrounx MOIYJIB i He mepeBuiytoTh Beauuuny 0,01 mm [105]. Ha
puc. 8.8 HaBemeHo rpadikd 3aJeKHOCTI MOXHOKH PO3MIpIB BiJ
IMIMOMHU pi3aHHs Npu (pe3epyBaHHI JTUCKH KIHIEBOIO (Ppe3oro uis
MOPIBHSHHS ~ OTPUMAaHUX EKCIEPUMEHTAIBHUX PE3YNbTATIB 13
pe3yNbTaTaMu aHAITHYHUX JOCITIIKEHb.

Tabmums 8.3
[Toxubxu po3mipiB 06poOku mpu (pe3epyBanHi
KiHIIEBOIO (Ppe30ro, MM

Micrie 06poOku Baia

. . MIX JIBOMa
baszyrounit Ha KOHCOJI1 HAaJ| OIIOpPOIO
omyITh oropaMu
M Mpu TIMOWHI pi3aHHS t, MM
1 4 1 4 1 4
3anponoKoBaka | 1 | 901 | 901 | 0,01 | 0,01 | 0,01
Oa3yroua mpu3Ma
CrangapTtHa

xopctka omopua | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01

npu3Ma

[TopiBHsIbHMIT ~ aHaAMI3 TMOXHMOOK OOpOOKH, OTPHUMAaHHX
[UIIXOM E€KCIEePUMEHTATbHUX JOCHI[DKEHh Ta 3a JOIMOMOTOI0
MOJICITIOBAHHS 32 METOJOM CKIHUYCHHHMX €JIEMEHTIB MIATBEPIKYE
BUCOKY JIOCTOBIPHICTh aHAJTITUYHHUX PO3PAXYHKIB.

TakuM  YWMHOM, 3HA4YHE  PO3MIMPEHHS  TEXHOJIOTIYHUX
MOYJIMBOCTEH 3alporOHOBAHOTO 0a3ylouoro MOIYJsl 1 THYYKOCTI
BinnmoBimHux BIl He moB’s3aHe 3 MOTIPIIEHHAM iX TOYHICHUX
MOKA3HHKIB, AKi MOBHICTIO 33JOBOJIbHAIOTH BUPOOHUYI YMOBH.

Pesynbrati  eKCepUMMEHTAIBHUX  JOCHIDKEHb  O0OpOOKH
CTYMIHYaCTHX BaliB MIATBEPAWIN JIOCTOBIPHICTh aHATITUYHUX
pO3paxyHKiB 3a METOJOM CKIHUEHHHMX €JIEMEHTIB, 110 CBIIYUTH MPO
BUCOKI  TOYHICHI ~MOJIMBOCTI  3alpOIIOHOBAHOI  KOHCTPYKIIi1
0a3yrouoi mpu3MH, a OTXKe, MATBEPKYE MOIIIBHICTh 3aCTOCYBaHHS
CHCTEMH YHIBEpCaIbHO-30IpHUX MEPEeHANaroPKyBaHUX IPHCTPOIB
JUTS yHIBEpCaIbHMX Ta OaratoriiboBux Beperatis i3 UIIK [106].
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Puc. 8.8. I'padiku 3anexxHOCTI TOXHOOK 0OPOOKH B INMTMOMHU pi3aHHS
MIpH KiHIIEBOMY (hpe3epyBaHHI JIUCOK, K1 PO3MIIICHI:
a — Ha KOHCOJIi; 0 — HaJl ONOPOI0; B — MIXK OIIOPaMU;
pe3yabTaTH EKCIIEPUMEHTATBHUX JTOCTIIKCHb;
— — — PE3yAbTaTH MOJACIIOBAHHS 32 METOIOM CKIHUYCHHHX €JIEMEHTIB

4t MM



Benmnunan  moxmOok  00OpoOSOBaHWUX  PO3MIpIB  TNpH
HaMiBYUCTOBOMY (pe3epyBanHi (t = 1 MM) HUIIHAPUYHOIO (PE30I0
MIPU YCTAHOBJIICHHI 3arOTOBOK Ha 000X THIAaX MPU3M OJHAKOBI U HE
nepeuiyioTh 0,01 MM, mpu 4opHOBiM 00poOI BamiB (t = 4 MM)
MoXHOKH po3MipiB 00poOku 3HaxoaaThes y Mexax 0,01-0,02 mm ta
0,01-0,03 MM pH yCTaHOBJIEHH] 3arOTOBOK Ha CTaHIApPTHY KOPCTKY
OTIOpHY MPU3MY W Ha 3aIIPOIIOHOBaHY 0a3yr4y MPU3MY BiIMOBIIHO.

IIpu ¢pe3epyBaHHI JHCOK KIHIEBOIO (pe30l0 SK TMpH
HamiBuncToBil (t = 1 MM), Tak i Ipu YOPHOBIK 0OPOOII 3arOTOBOK
(t= 4 mm) moxubKku 0OPOOKH MPAKTUYHO HE 3MIHIOIOTHCS 3aJICKHO
BiJl KOHCTPYKLIN 0a3ylouux MOYNIB 1 HE MEPEBUIIYIOTh BEIUYHHY
0,01 mm.
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Honatok A

Ta6mums A.1
®parMeHT TaOIHIlL PIICHb 71 BUOOPY KPYTIuX 0a30BUX ITUT

Tunose 300paxxeHHs Ta KO KPYIJIUX 0a30BUX IUIUT

ee@N\
= oD OGO
LR R
660 (06 06
XapakTepucruka 900065000
POOOO OO @
KPYIriuX 0a30BUX ILJTUT eeocpee

11 12 13 14
Hiametp umtu D, mm 300 400 500 600
Bucotra mutu H, Mm 90 90 90 90
JliameTp 6a30Bux oTBOpIB A1, MM 12 12 16 16
Jliametp pi3p00BHX O0TBOpIB 02, MM M12 M12 M16 M16
I'mubuna pizbOOBUX OTBOPIB, MM 20 20 30 30
Kpoxk mixx 6a3oBumu (pizsbO0OBUMH) 60 60 80 80
oTBOpamu t, MM
Kpoxk mixx 6a30BHMH 1 pi3bOOBUMHU 30 30 40 40
oTBOpamiu /2, MM
Kinbkicte BOygoBaHuX 1 1 1 1
T1IPONMITIHAPIB, IT.




Tabmums A.2
@®parMeHT TabIUIb pillleHb A7 BHOOPY KBaJpaTHUX 0a30BUX IUIUT

Tumnose 306pa>KeHH5[ Ta KOJI KBaI[paTHI/IX 0a30BUX IUIUT

jk$;>é>eeee$$

—o(@)e & o & 3(0)

XapakTepucTuka
KBaJpaTHUX 0a30BUX IUIUT

24 26
[upuna ot B, Mmm 300 400 500 600 800 1000
JloBxkuHa ity L, MM 300 400 500 600 800 1000
Bucora muta H, MM 90 90 90 90 90 90
Jiametp 6a3oBux otBOpiB d1, MM 12 12 16 16 22 22
Jliametp pi3p00BHX O0TBOpIB 02, MM MI12 MI12 MI16 MI16 M22 M22
I'muOuHa pi3b00BUX OTBOPIB, MM 20 20 30 30 40 40
Kpok mix 6azoBumMH (pi3b00BHMH) 60 60 80 80 100 100
oTBOpamu {, MM
Kpok mix 0a30BUMH 1 pi3b00BUMH 30 30 40 40 50 50
otBOopamu /2, MM
KinbkicTs BOy1OBaHUX 5) 5) S) 5) 5 5
T1APOIMIIIHAPIB, IMIT.




@parMeHT TabIUIb pillleHb A7 BHOOPY IPSIMOKYTHUX 0a30BUX ILTUT

Taomums A.3

XapakTepucTuka
NPSAMOKYTHUX 0a30BUX IIIUT

Tumnose 300pakeHHS Ta KOJI MPSIMOKYTHUX 0a30BUX TUIAT

T 00 PO &Y

tiy,@&eewaee@ewa@&gs
leeeosvs oo e
c éeee&é’e
@9@:&@ 63 0500 66 00
] 040 6

o0 0d 0

34 35 36
[upuna ot B, Mmm 300 400 500 600 800 1000
JloBxkuHa ity L, MM 500 600 600 800 1000 1200
Bucotra mutu H, Mm 90 90 90 90 90 90
JliameTp 6a30Bux oTBOpIB A1, MM 12 12 16 16 22 22
Jliametp pi3p00BHX O0TBOPIB 02, MM MI12 MI12 MI16 M16 M22 M22
I'muOuHa pi3b00BUX OTBOPIB, MM 20 20 30 30 40 40
Kpok mix 6azoBumH (pi3b00BHMH) 60 60 80 80 100 100
oTBOpamu {, MM
Kpok mix 0a30BUMH 1 pi3b00BUMH 30 30 40 40 50 50
otBOopamu /2, MM
Kinbkicth BOymoBaHUX 11 11 11 11 11 11
TAPOIMIIHIAPIB, IIIT.




@parMeHT TabIUIb pillieHb 17151 BUOOPY OMOPHUX ITUIACTHH

Tabmuus A.4

Kon Ta TumoBe 300paykeHHs OMOPHUX TIIIACTHH
101 102 103 104 105 106

XapakTepucTuka

OTIOPHMX TUTACTHH . ’ ’ .
OyHKITIOHATHHA 1; 4 1; 4 1. 4 1 2;
TTOBEPXHS
SIkicTh 0a30BOi 1 1 1 1 1 1 1
MMOBEPXHI 3arOTOBKHU
BigHomnrenus 1 1 2 1 1 2 2
noBxuHU L 10
muprHy B nnactuHn
Crnoci6 1 1 1 1 1 1 1
TepeHanaroKCHHS
MOKIUBICTh 0 0 0 1 1 1 1
3’€IHAHHA 3 IHIIUMA
YCTaHOBIIOBAJTbHUMU
eJICMEHTaMH




@®parMeHT TabNIuUIlb PillieHb AJi1 BUOOPY HEMEXaH130BaHUX OTOP

Taomuus A.5

XapakTepucTuka
HEMEXaHI30BaHUX
orop

Ko Ta Tumose 300pakeHHSI OT10p

201

202

203

204

205

OyHKIIOHATIbHA
TIOBEPXHs

SIkicTe 6a30B01 MOBEPXHI
3arOTOBKH

Bun ronosku onopu

Bemmunnaa MmakcuMans-
HOI'O HaBaHTA)KEHHS HA
onopy, kH

PerymroBaHHS IO BUCOTI,
MM

PerymroBanns no
JIOBKHHI, MM

PerynroBanHus min
KyTOM, °

15

15

CrymiHp aBTOMATH3AIII{
MIEPEHANIATODKCHHS

o O o] o

o O] o] o

o o o O

o O o] o

o ol ol o




[Tponosxenns tabmn. A.5

Kop ta TunoBe 300paskeHHs HEMEXaHI30BaHUX OIOP

208 209 210 211 212 213 214
XapakTepucTrkKa b
HEMEXaHi130BaHHUX OTIOP

OdyHKIioHaapHa oBepxHs | 1;2; 4 1;2;4 1 1;2;4 1;2;4 1;2;4 1;2;4
SIkicTh 6a30BOi MOBEPXHI 1 0 1 0 1 1 0
3arOTOBKHU
Bua ronosku onopu 1 3 1 2 1:2;: 4 1.2 3
Benuunna Makcumarb- 15 15 20 0,5 50 50 15
HOTO HABaHTAXXCHHS Ha
onopy, kH
PerymtoBanHs mo 5 5 10 40 40 40 40
BHUCOTI, MM
PerymtoBanHs mo 0 0 0 0 0 0 0
JIOBKHHI, MM
PerymroBanHus mijg KyTom, 15 15 0 0 0 0 15
Cryminp aBTOMaTH3aMi{ 0 0 0 0 0 0 0

NEpCHaIaro>KCHHs




@®parMeHT TabIUIb pillleHb A BHOOPY MEXaHi30BaHUX OIMOpP

Tabmuus A.6

Kon Ta TumoBe 300pa)keHHs MEXaHI130BaHUX OIOP

231 232 233 234 235 236 237
XapakTepucTuKa - -
MeXaHi30BaHHUX OIOp ‘ ‘

@ynkiioHanpHa noBepxHs | 1; 2; 4 1,2;4 1,2;4 1,2;4 1,2;4 1;2;4 1;2;4
SAxicts 6a30B01 MOBEPXHIi 0;1 0;1 0;1 0;1 0;1 0;1 0;1
3arOTOBKH
Bu ronosku omnopu 1;2 1.2 1.2 1;2 1.2 1;2 1.2
Benuunna Mmakcumarb- 15 20 25 30 35 40 50
HOT'O HABAaHTAXXCHHS Ha
onopy, kH
PerymtoBanHs mo 20 20 10 20 20 20 20
BHUCOTI, MM
PerymntoBanHs mo 0 0 0 0 0 0 0
JIOBKHHI, MM
PerymoBanHs mijg KyToMm, °© 0 0 0 0 0 0 0
Cryninp aBTOMaTH3aII{ 1 1 1 1 1 1 1

NepeHanaro>KeHHs




®parMeHT TabJIUIb PillIeHb U BHOOPY OOKOBUX OTIOP

Tabmuus A.7

XapakTepucTuKa
OOKOBHX OIOp

Kon Ta Tumose 300paxxeHHsI O0KOBUX OTOP

251

252

253

254

255

256

i

DyHKITIOHATbHA TOBEPXHS

SAxicts 6a30B0i MOBEPXHI
3ar0TOBKH

Ad o
=N

Bup ronoBku onopu

Beanunna MmakcuMain-
HOI'0O HaBaHTaXCHHA Ha
onopy, kH

PeryimoBanHs 110
BHCOT1, MM

20; 25; 30

PeryimoBanHs 110
JIOBXKHHI1, MM

40

PerymoBanHs nig KyToMm,

0

Cryninp aBTOMaTH3aII{
TIepeHAaIaroKeHHs

0




@parMeHT TabNuUIlb PillieHb 111 BUOOPY T0IaTKOBUX OIOP

Tabmuis A.8

XapakTepucThKa
JIOIATKOBUX OIOP

Kon Ta TumoBe 300paykeHHS TOAATKOBUX OTIOP

271

272

273

274

275

276

N

@

DyHKITIOHATbHA TOBEPXHS 1 1 1 1 1 1

SAxicts 6a30B0i MOBEPXHI 0;1 0;1 0;1 0;1 0;1 0;1
3arOTOBKH

Bu ronosku omnopu 2 2 2 2 2 2 2
Bennunna Makcumalb- 0,4 9 9 1 3 2,5 10
HOI'O HaBaHTA)KCHHS Ha

onopy, kH

PeryntoBanHs mo 3 6 10 6 15 15 15
BHUCOTI, MM

PeryntoBanHs mo 0 0 0 0 0 0 0
JIOBKHHI, MM

PerymoBanHs nijg KyTom, ° 0 0 0 0 0 0 0
Cryninp aBTOMaTH3aII{ 0 0 0 0 0 0 1

NepeHanaro>KeHHs




®parmMeHT TabJIUIlb PIlIeHb ISt BHOOPY MPU3M

Tabmuus A.9

Koz ta Tunose 300pakeHHS IpU3M

XapakTepucTuka /3‘01 302 303 304 305 306 307 308
Ipu3M \ ﬁ 4 ‘ "' Q ' ) , % ¥ a
w V4 b‘ ’ ¢ “%:J’L

DyHKITIOHATbHA TTOBEPXHS 5 5 5 5 5 5 5 5
SkicTh 06a30BOi MOBEPXHI 1 1 0 0 0 1 1 1
3arOTOBKHU
MiHimMansHUH giameTp Komn- | Kowmn- 10 5 30 25 25 25
BCTaHOBJTFOBAaHUX JEKT 3 | JIeKT 3
3aroTOBOK, MM 10 10
MaxkcuManpHU# TiaMeTp NpU3M | TOPU3M 160 80 80 110 150 100
BCTAHOBIIIOBAaHUX (95— (95—
3aroTOBOK, MM 150) 150)
Croci6 1 1 1 2 2 2 2 2
MepeHAIArOKCHHSI
Cryninp aBTOMaTH3aII{ 0 0 0 0 0 0 1 2

NepeHanaro>KeHHs




@parMeHT TabIUIb pillleHb A7 BHOOPY YCTAaHOBIIOBAIBHUX MaNbIIIB

Tabmuis A.10

Kon Ta TumoBe 300pa)keHHs yCTAHOBOYHUX MAJIBI[IB

XapakTepHcTHKa 401 402 403 404 405 406
YCTaHOBITIOBAIBHUX 5= &

MaIbIiB ' ’ *,ﬁ_-
DyHKITIOHATbHA TTOBEPXHS 1; 3 1; 3 1.3 1; 3 1; 3 1.3
Bun ycranoBitoBanbHOTO 1;2 1;2 1.2 1;2 1 1
MMaJIbIs
SIkicTh 6a30BOI MOBEPXHi 1 1 1 1 1 1
3arOTOBKH
MiHiManbHHH iaMeTp Kommniekt 3 | Kommiekt 3 | Kommiaexkt | Kommiaekt 3 10 20
0a30BOTO OTBOPY 8 ycranoB- | 10 ycranos- | 3 14 ycra- | 17 ycTraHoB-
3arOTOBKH, MM JIFOBAJIb- JIFOBAJIb- HOBJIIO- JTIOBAJIBHUX
MaxkcuManpHU TiaMeTp HHUX HUX BaJILHUX [1aJIbIIB 60 120
0a30BOr0 OTBOPY HaJIbIB HaJIBIIIB HaJIbIIB (96-50)
3arOTOBKH, MM (26-20) (26-25) (26-35)

I'mubuna 6azoBOro 25 30 45 65 40 50
OTBOPY, MM

Cnocio 1 1 1 1 2 2
TIepeHAaIaroKeHHs




@parMeHT TabIUIb pillleHb A1 BHOOpY OOKOBUX 3aTUCKHHUX €JIEMEHTIB

Taomumsa A.11

Kon Ta Tumoe 300pakeHHss O0KOBUX 3aTHCKHUX €JIEMEHTIB

XapakTepucTHKa 101 102 103 104 105 106 107
OOKOBHX 3aTHCKHUX .
eJIEMEHTIB 6 3 i
8

DyHKITIOHATbHA TOBEPXHS 6 6 6 6 6 6 6
Cryninp MexaHi3arii 0 0 0 0 0 1 1
mpoIiecy MepeHana-
TOJDKEHHS
JliarazoH peryoBaHHs, 7 4 5 3 10 8 8
MM
MinimManabHa BUCOTA 0 0 15 25 30 5 20
3aroTOBKH, MM
MaxcuManbHa BHCOTa 15 25 40 60 50 25 35
3arOTOBKH, MM
BenuunHaa MakcuMabHOL 3,5 5,0 6,5 7,0 11,0 3,5 6,0
CHUJIU 3aKpimieHHs, KH
Bara, kr 0,2 0,1 0,45 0,15 0,5 0,9 1,3




Taomums A.12

@parMeHT TabIUIb PilIeHb A7 BUOOPY HEMEXaHI30BaHUX 3aTUCKHUX €JIEMEHTIB

Kon Ta TumoBe 300paykeHHs 3aTUCKHUX €JICMEHTIB

201 202 203 204 205 206 207
XapakTepucruka
3aTUCKHHX EJIEMEHTIB # ﬁ *

DyHKITIOHATbHA TTOBEPXHS 6 6
Crynine MexaHizarii 0 0
nporecy
TIepeHAaJIaroKeHHs
Jliana3oH peryiroBaHHS, 100 95 100 15 15 50 15
MM
MiHimasibHa BUCOTA 0 15 20 30 40 50 60
3aroTOBKH, MM
MakcumanbHa BUCOTa 100 110 120 45 55 100 75
3ar0TOBKH, MM
BennunHaa MakcuMaIbHOL 5,0 3,5 5,0 6,5 8,0 8,5 3,5
CHUJIU 3aKpimieHHs, KH
Bara, kr 0,4 0,35 0,45 0,35 0,9 0,8 0,4




Tabmumst A.13
@®parMeHT TabIUIb pillleHb A7 BHOOPY MEXaHI30BaHUX 3aTHUCKHUX €JIEMEHTIB

Kon Ta TumoBe 300paykeHHs 3aTUCKHUX €JICMEHTIB

231 232 233 234 235 236 237
XapakTepucruka — :
3aTHCKHHX €JIEMEHTIB QI - 1 * ﬁ :F E

DyHKITIOHATbHA TTOBEPXHS 6 6 6 6 6 6 6
Cryminp MexaHizaiii mpo- 1 1 1 1 1 1 1
11eCy MePeHAIArOPKCHHS
Jliama3oH perynoBaHHs, MM 40 40 40 40 15 40 40
MiHiMaabHa BUCOTA 0 20 40 60 70 80 100
3arOTOBKH, MM
MaxcuManbHa BUCOTa 40 60 80 100 85 120 140
3arOTOBKH, MM
Bennunaa MakcuMaIbHOL 75 10,0 7,5 9,5 8,5 10,0 8,5
cHJIM 3aKpimineHHs, kKH
Bara, xr 0,54 1,8 0,9 0,41 0,7 19 15




Taomuus b.1

Konkypyroui BapiaHTH KOMIIOHYBaHb BEPCTATHUX MPUCTPOIB JUI YCTAaHOBJICHHS BaJliB

Ne CrpykrypHa Gopmyrna €y G Cprrs M 57,
1/ KOMITOHYBaHHs BII MEM BI TpH KD
1 2 3 4 5 6
1 CD -22-41.301/301/253.0 - 201.1 30 0,05 16475 55,6
2 Cd -22-41.301/301/253.0 - 202.1 30 0,05 16485 55,55
3 CD -22-41.301/301/253.0 — 206.1 30 0,05 16565 56
4 CD -22-41.301/301/253.0 - 237.1 30 0,05 17385 56,7
) CD -22-41.301/301/253.0 — 238.1 30 0,05 17185 56,5
6 CD - 22 - 41.304/304/253.0 - 201.1 119 0,11 16635 55,8
7 CD - 22 —41.304/304/253.0 — 202.1 119 0,11 16645 55,75
8 CD - 22 —41.304/304/253.0 — 206.1 119 0,12 16725 56,2
9 CD - 22 —41.304/304/253.0 — 237.1 119 0,15 17545 56,9
10 CD - 22 - 41.304/304/253.0 — 238.1 119 0,15 17345 56,7
11 CD - 22 - 41.305/305/253.0 - 201.1 89 0,16 16835 59,6
12 CD - 22 - 41.305/305/253.0 — 202.1 89 0,15 16845 59,55
13 CD - 22 - 41.305/305/253.0 — 206.1 89 0,17 16925 60
14 CD - 22 - 41.305/305/253.0 — 237.1 89 0,24 17745 60,7




[Tponosxenns tadma. b.1

2

5

6

15 Cd - 22 - 41.305/305/253.0 — 238.1 89 0,24 17545 60,5
16 Cd - 22 -41.306/306/253.0 — 201.1 58 0,13 17035 63,6
17 Cd - 22 - 41.306/306/253.0 — 202.1 58 0,13 17045 63,55
18 Cd - 22 - 41.306/306/253.0 — 206.1 58 0,14 17125 64

19 Cd - 22 - 41.306/306/253.0 — 237.1 58 0,18 17945 64,7
20 Cd - 22 -41.306/306/253.0 — 238.1 58 0,18 17745 64,5
21 Cd -22-41.307/307/253.0 - 201.1 76 0,16 18435 83,6
22 Cd - 22 -41.307/307/253.0 — 202.1 76 0,15 18445 83,55
23 Cd - 22 -41.307/307/253.0 — 206.1 76 0,18 18525 84

24 Cd - 22 -41.307/307/253.0 — 237.1 76 0,25 19345 84,7
25 Cd - 22 -41.307/307/253.0 — 238.1 76 0,25 19145 84,5
26 Cd - 22 -41.308/308/253.0 — 201.1 71 0,21 17435 67,6
27 Cd - 22 -41.308/308/253.0 — 202.1 71 0,19 17445 67,55
28 Cd - 22 -41.308/308/253.0 — 206.1 71 0,23 17525 68

29 Cd - 22 - 41.308/308/253.0 — 237.1 71 0,67 18345 68,7
30 Cd - 22 - 41.308/308/253.0 — 238.1 71 0,67 18145 68,5
31 Cd - 31 -41.301/301/253.0 - 201.1 30 0,05 19035 70,6




[Tponosxenns tadma. b.1

2

5

6

32 C®d - 31 -41.301/301/253.0 — 202.1 30 0,05 19045 70,55
33 C®d - 31 -41.301/301/253.0 — 206.1 30 0,05 19125 71

34 Cd - 31 -41.301/301/253.0 — 237.1 30 0,05 19945 71,7
35 Cd - 31 -41.301/301/253.0 — 238.1 30 0,05 19745 71,5
36 Cd — 31 -41.304/304/253.0 — 201.1 119 0,11 19195 70,8
37 C®d — 31 —41.304/304/253.0 — 202.1 119 0,11 19205 70,75
38 Cd — 31 —41.304/304/253.0 — 206.1 119 0,12 19285 71,2
39 Cd — 31 —41.304/304/253.0 — 237.1 119 0,15 20105 71,9
40 C®d — 31 —41.304/304/253.0 — 238.1 119 0,15 19905 71,7
41 Cd — 31 - 41.305/305/253.0 — 201.1 89 0,16 19395 74,6
42 C®d — 31 —41.305/305/253.0 — 202.1 89 0,15 19405 74,55
43 Cd — 31 - 41.305/305/253.0 — 206.1 89 0,17 19485 75

44 Cd — 31 - 41.305/305/253.0 — 237.1 89 0,24 20305 75,7
45 C®d — 31 —41.305/305/253.0 — 238.1 89 0,24 20105 75,5
46 Cd — 31 -41.306/306/253.0 — 201.1 58 0,13 19595 78,6
47 Cd - 31 -41.306/306/253.0 — 202.1 58 0,13 19605 78,55
48 C®d - 31 -41.306/306/253.0 — 206.1 58 0,14 19685 79

49 Cd — 31 - 41.306/306/253.0 — 237.1 58 0,18 20505 79,7




[Tponoskenns tada. b.1

2

5

6

50 Cd — 31 - 41.306/306/253.0 — 238.1 58 0,18 20305 79,5
51 Cd - 31 -41.307/307/253.0 — 201.1 76 0,16 20995 98,6
52 Cd — 31 -41.307/307/253.0 — 202.1 76 0,15 21005 98,55
53 Cd - 31 -41.307/307/253.0 — 206.1 76 0,18 21085 99

54 Cd - 31 -41.307/307/253.0 — 237.1 76 0,25 21905 99,7
55 Cd — 31 -41.307/307/253.0 — 238.1 76 0,25 21705 99,5
56 Cd - 31 -41.308/308/253.0 — 201.1 71 0,21 19995 82,6
57 Cd — 31 -41.308/308/253.0 — 202.1 71 0,19 20005 82,55
58 Cd — 31 —41.308/308/253.0 — 206.1 71 0,23 20085 83

59 C®d - 31 -41.308/308/253.0 — 237.1 71 0,67 20905 83,7
60 Cd — 31 -41.308/308/253.0 — 238.1 71 0,67 20705 83,5
61 Cd - 22 -41.301/301/255.0 — 201.1 30 0,05 16508 55,8
62 Cd - 22 -41.301/301/255.0 — 202.1 30 0,05 16518 55,75
63 Cd - 22 - 41.301/301/255.0 — 206.1 30 0,05 16598 56,2
64 Cd - 22 -41.301/301/255.0 — 237.1 30 0,05 17418 56,9
65 Cd - 22 -41.301/301/255.0 — 238.1 30 0,05 17218 56,7
66 Cd — 22 — 41.304/304/255.0 — 201.1 119 0,11 16668 56

67 Cd — 22 —41.304/304/255.0 — 202.1 119 0,11 16678 55,95
68 Cd — 22 — 41.304/304/255.0 — 206.1 119 0,12 16758 56,4




[Tponoskenns tada. b.1

2

5

6

69 Cd — 22 — 41.304/304/255.0 — 237.1 119 0,15 17578 57,1
70 Cd — 22 —41.304/304/255.0 — 238.1 119 0,15 17378 56,9
71 Cd — 22 — 41.305/305/255.0 — 201.1 89 0,16 16868 59,8
72 Cd — 22 —41.305/305/255.0 — 202.1 89 0,15 16878 59,75
73 Cd - 22 —41.305/305/255.0 — 206.1 89 0,17 16958 60,2
74 Cd — 22 — 41.305/305/255.0 — 237.1 89 0,24 17778 60,9
75 Cd — 22 —41.305/305/255.0 — 238.1 89 0,24 17578 60,7
76 Cd — 22 - 41.306/306/255.0 — 201.1 58 0,13 17068 63,8
77 Cd — 22 - 41.306/306/255.0 — 202.1 58 0,13 17078 63,75
78 Cd - 22 - 41.306/306/255.0 — 206.1 58 0,14 17158 64,2
79 Cd — 22 - 41.306/306/255.0 — 237.1 58 0,18 17978 64,9
80 Cd - 22 -41.306/306/255.0 — 238.1 58 0,18 17778 64,7
81 Cd - 22 -41.307/307/255.0 — 201.1 76 0,16 18468 83,8
82 Cd - 22 -41.307/307/255.0 — 202.1 76 0,15 18478 83,75
83 Cd - 22 -41.307/307/255.0 — 206.1 76 0,18 18558 84,2
84 Cd - 22 -41.307/307/255.0 — 237.1 76 0,25 19378 84,9
85 Cd - 22 -41.307/307/255.0 — 238.1 76 0,25 19178 84,7
86 Cd - 22 -41.308/308/255.0 — 201.1 71 0,21 17468 67,8
87 Cd — 22 - 41.308/308/255.0 — 202.1 71 0,19 17478 67,75




[Tponosxenns tadma. b.1

1 2 3 4 5 6
88 Cd — 22 - 41.308/308/255.0 — 206.1 71 0,23 17558 68,2
89 Cd - 22 -41.308/308/255.0 — 237.1 71 0,67 18378 68,9
90 Cd — 22 —41.308/308/255.0 — 238.1 71 0,67 18178 68,7
91 Cd - 31 -41.301/301/255.0 - 201.1 30 0,05 19068 70,8
92 Cd - 31 -41.301/301/255.0 — 202.1 30 0,05 19078 70,75
93 Cd — 31 -41.301/301/255.0 — 206.1 30 0,05 19158 71,2
94 Cd - 31 -41.301/301/255.0 — 237.1 30 0,05 19978 71,9
95 Cd - 31 -41.301/301/255.0 — 238.1 30 0,05 19778 71,7
96 Cd — 31 —41.304/304/255.0 — 201.1 119 0,11 19228 71
97 C®d — 31 —41.304/304/255.0 — 202.1 119 0,11 19238 70,95
98 Cd — 31 —41.304/304/255.0 — 206.1 119 0,12 19318 71,4
99 Cd — 31 —41.304/304/255.0 — 237.1 119 0,15 20138 72,1
100 C® — 31 —41.304/304/255.0 — 238.1 119 0,15 19938 71,9
101 Cd — 31 - 41.305/305/255.0 — 201.1 89 0,16 19428 74,8
102 C®d — 31 —41.305/305/255.0 — 202.1 89 0,15 19438 74,75
103 Cd — 31 —41.305/305/255.0 — 206.1 89 0,17 19518 75,2
104 Cd — 31 —41.305/305/255.0 — 237.1 89 0,24 20338 75,9
105 C®d — 31 —41.305/305/255.0 — 238.1 89 0,24 20138 75,7
106 Cd — 31 - 41.306/306/255.0 — 201.1 58 0,13 19628 78,8




[Tponosxenns tadma. b.1

1 2 3 4 5 6
107 Cd — 31 - 41.306/306/255.0 — 202.1 58 0,13 19638 78,75
108 C®d - 31 -41.306/306/255.0 — 206.1 58 0,14 19718 79,2
109 Cd — 31 - 41.306/306/255.0 — 237.1 58 0,18 20538 79,9
110 Cd - 31 -41.306/306/255.0 — 238.1 58 0,18 20338 79,7
111 C®d - 31 -41.307/307/255.0 — 201.1 76 0,16 21028 98,8
112 Cd — 31 -41.307/307/255.0 — 202.1 76 0,15 21038 98,75
113 C®d - 31 -41.307/307/255.0 — 206.1 76 0,18 21118 99,2
114 Cd - 31 -41.307/307/255.0 — 237.1 76 0,25 21938 99,9
115 Cd — 31 -41.307/307/255.0 — 238.1 76 0,25 21738 99,7
116 C®d - 31 -41.308/308/255.0 — 201.1 71 0,21 20028 82,8
117 Cd — 31 -41.308/308/255.0 — 202.1 71 0,19 20038 82,75
118 Cd - 31 —41.308/308/255.0 — 206.1 71 0,23 20118 83,2
119 Cd - 31 -41.308/308/255.0 — 237.1 71 0,67 20938 83,9
120 Cd — 31 —41.308/308/255.0 — 238.1 71 0,67 20738 83,7
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