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METOAHNYHI BKA3IBKH
10 BUKOHAHHSI IPAKTUYHHUX POOIT
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Tema 1. Po3BUTOK MeXaHiKH MAIIIMH B HAWIABHIII YacH

My KHBEMO B OTOYEHI MAIIMH 1 TaK 3BHKIH O HHX,
10 HE MOXKEMO YSBHUTH €001, K 001iTHCS 0€3 IUX YHMCICHHUX
MOMIYHHUKIB, IO TOJETIIYIOTh 1 MOJIMIIYIOTh HANIy IMPAIio,
Hal no0yT, HaIlle KUTTS.

CrmoBo '"mammua" 1 "MammMHOOYMIBHUK'" HACKUIBKU
MIIIHO yBIMNUIA B HAIl JIEKCMKOH, M0 OUIBIIICTH HE
3aMUCIIOETHCS HAl TIIMOOKUM 3MICTOM iH(opMarii, SKy BOHU
B c001 HecyTh. CITIOBHUKH TMOSICHIOIOTH 11€ B 3araJIbHUX pUcax 1
oyxe JakoHiuHo. Hampukiaaja, BiIKpUBAEMO POCIHCHKHIA
CIOBHHUK pociiicbkkoi MoBu mia penakuiero J[.H.Ymakosa i
yuTaemMo : "MammHa (BiX JaTHHChKOro machina) - mexani3wm,
3nicHIOOUNH, sKy-HeOynp poboty. Illlock gitoye momai6HO
MexaHi3My". A TpOXH HIXKYE " MamuHOOYAyBaHHS -
MIPOMHMCIIOBE BUPOOHUIITBO MAIIIUH ".

A ocp gk ommcano moHATTA "MammHa" B.[lamem , B
roro "ToJIKOBOM cjOBape >KMBOTO BEIMKOPYCCKOTO s3bIKa'
BugaHoro B 1881 pomi - "MaxuHa W MallMHA JIaT, CHapSb,
MOJICUJIOK; BCSKOE  YCTPOWCTBO, MPHUCHOCOOIEHUE NS
MepeHoca WM YBEIWUYCHHS CHJIBI, JINOO JUIS YBEIHUYCHUS
CKOPOCTH JIBHXKEHHUS ...".

Sk Oaumte, mnpuUBEACHI BU3HAYEHHS 3 TOJIKOBUX
CJIOBHUKIB BIJPI3HSAIOTHCS OJIHA BiJl OJHOI Ta Majo IO JAl0Th
JUIsi BUOOpPY crmemianbHOCTI. MK THMM MammHOOYIyBaHHIO
BiJIBO/ISITHCS KJTFOUOBI MO3UIIIT B HAPOJIHOMY T'OCIIOAAPCTBI, TaK
K Ha OCHOBI MAalIMHOOYAYBaHHS OJIEP>KYIOTh CBIH PO3BUTOK
BCi 0€3 BUHATKY BUJY BUPOOHUIITBA.

[ToctiitHO BHITyCKarOTbCcA 1 HOBI MAallMHM, B SKUX He
TITBKU Y3araJIbHIOIOTHCS TOCATHEHHS ChOTOHINIHBOTO Yacy, a
i BUKOPHUCTOBYETHCS JOCB1JI MUHYJIOTO.

Ojmxe 3anmuTaemMo cebe, MO Take MEeXaHi3M, MalldHa, B
SIKOMY CITIBBI/IHOILIEHHI NIepeOyBatoTh 1i BUPOOH, BUTOTOBJICHI
JIOJMHO0, 3 IHIIUMH - JIOMOM, COKHPOIO, HOXKEM, TOJIKOIO,
MOJIOTKOM, SIKUMH JTFOJTIHA KgpI/ICTyeTBCH J0Ci.



[Tepmr 3a Bce OyaemMo pO3pi3HATH 3HAPSAISA, MEXaHI3M 1
Marmad. [1in 3HAPSIAIME MU PO3YMIEMO Taki MPHUCTPOI, IO
B SKHICH CIIOCIO KOHILIGHTPYIOTh CHJy JrOoauHU. BoHuM abo
3BOJIATH /10 AY)K€ Majoi IJjomli, y 6arato pa3iB 30UIbLIYIOUH
THUCK (HampHUKIAM - HIXK), 800 BUKOPUCTOBYIOTh CHEPTII0 Mach
(HampuKIaa - COKMpa) i T. iH.

Byxe craponaBHi rpeku BUIUIMIIA CEpell IUX 3HAPSIb
Ti, fKI JyXe KOPHCHI OCOOJMBO MpH MiJHIMAHHI Ta
MepecyBaHHl BaXXKKWUX TMPEAMETIB 1 Ha3Bajdu Ii IPHUCTPOI
"nmpoctumu mMammHamu". Lle - Baxinb (Toi camuii JIom),
KJIMH (COKHpa),[TIOXWJIa IUIOIIMHA, a TAaKOXX BHMHANAEHI Ha
0araTo TUCAYONITh Mi3HiIIe OJIOK, KOJIOBOPOT 1 TBUHT.

MamuHa 3'BIS€TbCA JIUILIE TOMAI, KOJM JIIOJUHA
[IOYMHAE YCBIOMIIIOBATH, IO OKpeMi IMpeIMEeTH MOXKYTh
OyTH 3'€eIHaHHI MK COOOI0 PyXOM, a PyXOMICTb Ma€ OyTH
00MeXeHO.

OTxe, MalIMHA - $IK CYKYIHICTb PYXOMHX OJHE
Bi/IHOCHO OJIHOIO Tij, NPU3HAYEHA /115 BUKOHAHHSA OY/Ib-
SIKOI pO0OTH.

SIkuio BUKOHAHHS POOOTH HE € O0OB'I3KOBHM, 1 HAM

noTpiOHO JMIEe HAaJaTu TiIaM PyXy, TO TaKy CYKYIHICTh
HA3BEMO MEXaHi3MOM.
TakuM 4YMHOM, MalIMHA 1 MEXaHI3M - HOHATTS CHOpl,Z[HeHl
1HOI OJIHY 1Ty camy CYKYIHICTh T MOXHa Ha3BaTu 1
MAIIIMHOIO 1 MEXaHI3MOM, 3aJIE)KHO Bif TOTO, IO HAac OibIme
LIKaBUTh - PyX YU poboTa.

3poOuMMO HEBENMKHMHM €KCKypc B JaBHHUHY JI0 HAIIMX
npelKkiB 1 mobdaunMo, sIK 1 Koiu Oyiau CTBOpPEHI NEpBiCHI
3HAPSIS, MEXaHI3MH 1 MaIlTUHU.

Ilepion, TMPOTATOM SKOIO JIIOMHA CTBOPHIIA nepschl
3Hapsaas mpami 1 skud TpuBaB  800-900 TumC. pOKiB,
HA3WBAETHCS CMOXOI0 PaHbLOro majeosity. Toxmi Bim ymapy
KaMeHs 00 KaMiHb 3'sIBHJIOCS 3HAps, o pyoae. Hum MokHa
Oyno0 1 3Bipa 3a0uTu, ¥ IIKYpy 3 HBOro 3JepTH, W M'sca
po3pi3aT 1 e 6araTo 4oro KOPUCHOTO 3pOOHUTH.

[Tpubmm3no 35-12 THg. POKIB 70 H.€. TIepioji paHHbOTO




MajeosliTy AYXKe IMOCTYNOBO 1 HEMOMITHO TEPEeXOJIUTh 10
eNoXu Mi3HbOro mageonity. ®opmu 3HaApSAAb CTAIM OUIBII
PI3HOMAHITHUMH, BOHHU 'CHEIlali3yIOThCs'", ajie XapakTep
00pOOKH TX JIMIIAETHCA Ty>KE TPUMITUBHUM.

B emoxy me3outity (12-7 THC. poKiB 10 H.€.) PO3BHTOK
3HapsAb MOporpecye. 3'SBISETHCS HOBHUH MeXaHI3M - JIYK,
KU Pa3oM i3 CTPUIOI0 Mae JesKi OCOOMMBOCTI, XapaKTepHi
Juid MamuH. HenapeMHO BiH IpOICHYBaB, SIK OCHOBHHMM BHJ
30poi g0 17 Biky. Jlo mpOro 4yacy mpoBOISATH 3MaraHHs 3i
CTpiIBOI 3 JTyKa.

3apa3 KOXHOMY BiJIOMO, IO JJIsl OJAEP’KaHHS OTBOPY
3aCTOCOBYIOTH CBEPJIJIO, 1 IO JUIS M€l METH € CIIeliaabHi Aperi
ta Bepcratd. Hikomy B TroioBy He HpUXOIUTH OOepTaTu
CBEp/UI0 MK JIOJIOHSAMH. A B JaBHI 4acu Tak 1 poOwid,
obOepratoun 06amMOyKkoBYy TpyOOuKy, HaJIUYKy UM KICTKY
HONEPEMIHHUM  PyXOM  JOJIOHeH  Bmepex 1 Haszaj.
MastonpoIyKTUBHHAM Ta CTOMITIOIOYMM OyB 1€ mporece, J0KU
HAa JIOTNOMOTY He NpHIIIOB TyK. Moro TATHBAa CIipaibHO
3aKpydyBajlach HABKOJIO TAKOTO MPUMITHBHOTO CBEPUITYOTO
1HCTpyMeHTa. TakuM YMHOM JYK BUKOPHCTOBYBABCS SIK 30pos,
K TIPUCTPIA AJI1 CBEpIUIyBaHHS OTBOpPIB 1 , 3BMYANHO, IJIs
n00yBaHHS BOTHIO.

[lepiog 7-3 THC. POKIB 10 H.€. HAa3UBA€ETHCS EMOXOI0
HEOJIITYy - HOBOTO KaM'sTHOTO BiKy. B 1ei uac kam'siHi 3HAps s
HaOupawTh GopMH, sKa HalKpaile BiJNOBiJJa€ BUKOHAHHIO
JNEeSKUX omeparmiif, 1 1l oNnTUMaidbHli (GOpMHU 3HAPSAb
3QJUINAIOTHCS  MOTIM HE3MIHHMMHU TPOTATOM  HACTYIMHHUX
THUCSTYOIITh.

[Tpuctpoi, sfiki MU Ha3BaId "MPOCTUMHU MalIMHAMH',
3'SIBUTMCS Yy manekii naBHuHI. [lpuHaiiMHi, ABa 3 HHX -
BaXiJIb i KJIMH BUHUKIM 1€ B e€NmOXy HeoJity. B emoxy
HeoJIiTy 3'SBJISIEThCA 1€ KUIbKa MEXaHI3MIB, sIKI MO>KHA OyIlo
Ha3BaTH '"IPOCTUMHM MallMHaMu'": 3epHOTEPKA, KOPHA,
TOHYAPHUI KPYT, TKAULKHUI BepcTar.

[lepmuii, xoya 1 MPOCTUH, BXKE € TMEPEeXiTHUM BiJl
3HAPSIb 10 MEXaHI3MIB . 5



Hanpukinui enmoxu HeosiTy O1u3bpKko 4-3 THCSY POKIB
JI0 H.C. JIIOJIMHA TIOYNHAE BUKOPUCTOBYBATH MeTa. CriouaTky
OpoH3y (criaB miai Ta onosa), a B 13-12 cTomiTTsax 1o H.e. -
3amizo. Ille y TpeThbOMy THCSYOMITTI 10 H.e. 3'SIBISETHCA
KOJIECO, Ha MOYaTKy | TUCSYONITTS yIOCKOHAIIOIOTHCS KOpHA
- JI0 BEPXHBOTO KaMEHsl MPUPOOJIIE€ThCS pyyKa. 3aUIIAETHCS
30UTBIIUTH PO3MIPU KOPEH Ta 3pOOMTH YIPSDKKY — 1 JKOpHA
MEPETBOPIOIOTHCS HA MIIMH, IO HOTr0 MTPHUBOIATH B PyX
TBapuHHU. lle BXKe MaluHa.

bmu3pko 8 cromiTTs A0 H.e. B Accupii IOYMHAIOTH
3aCTOCOBYBAaTH I TMigiiMaHHS BaHTaxXiB 0J0K. Lle Bxke
4yeTBepTa 3 IepeliueHux Hamu '"mpoctux MamuH". Ili3Hime,
ONMU3bKO 4 CTONITTS 710 H.€. 3'BISIETHCS KOJIOBOPOT, a OJIM3BKO
1 cTOMITTS A0 H.€. - 1y>Ke IPOCTUN TOKApHUHN BepcTart (1o CyTi,
JMILIE MPUCTPIH A 0OpOOIIOBAHOTO MPEAMETa, MPH LBOMY
pPOOITHUK TpUMaE pizelb y pyui). ToOTo, sk 6a4numo, JII0AUHA
oBojionina oOeprampHUM pyxom. lle Oyno Benmnue3HUM
JNOCATHEHHSIM CTAapOJIaBHbOI TEXHIKH, 1 OINAHyBaHHS HHUM
TpuBaso 3 a To i 4 TUCSAYI POKIB.

3HayHy poJib y CIpaBl CTBOPEHHSI MAllUH BIJIrpaB
BUJATHUM JaBHBOTPEIbKHI MaTeMaTHK 1 MeXaHik Apximen
(287-212 p.p. mo H.e.). CBoi 3HaHHA BIH LIHPOKO
BUKODHCTOBYBaB [UIsl KOHCTPYIOBAHHS PpI3HUX MallldH 1
cropya. ApxiMeJ] MOSICHUB MPUHIIMIT 1T "MPOCTUX MaIUH" BiJl

HalleleMeHTapHIIMX 3 HUX Baxens ( HoMy NpUIHCYIOTH
BijloMi cnoBa: "JlaliTe MeHI TOUYKY OINOPH 1 S TIEPEBEPHY
3emuro!").

Bin BunHalimoB n'aty "mpocTy MamuHy" - TBUHT,
IBUHTOBUHM Hacoc Il MIAHATTA Boau. ICHye aymka, MO
BHUHaNJICHHS 3y04acTOro KoJjieca TaKoX HAJIEKUTh ApximMeny.

Po3BuTOK Ta BOIPOBaIKeHHS MAIINH B 1 THCAYOTITTI.

OTxe Ha MOYaTKy HaIIoi epu Bxke OyNu BIJOMI MAalIUHU
JUIS AHIMaHHS Ta nepeMimgHHﬂ BaHTaXIB ( KpaHU, YKOCHUHH,



KOJIOBOPOTH, TIOJICMACTH Ta 1H.), TIAPaBIIYHI MAIIUHA
(Hacocu, KypaBili, KOJIECO 3 uepriakaMi, TUMIIAH - JIePEB'THUI
OapabaH BEIMKUX PO3MIpPIB 3 BiJICIKaMH, B IKUX NIEPEHOCHUIIACH
BO/a, ApXiMe[iB TBUHT), BIICHKOBI, CLIIbCHKOTOCIIOAAPCHKI Ta
nmoOyTOBI MalIMHU, B TOMY YHCJi BJOCKOHAJICHI >KOpHA,
HapeIITi, pi3Hi MEXaHI4HI iTPaIllKi Ta aBTOMATH.

PabGoBnacHunibka Pumcbka immepis 1 deoganbHUI
crnoci6 BUpoOHUITBA B €BPOIT CTPUMYBAIIM PO3BUTOK TEXHIKU
Ta KyJIbTYpH BHUPOOHUIITBA 1 BHHAWICHHS Ta 3alPOBAJKCHHS
MaIlKH B EPLIIA MONOBKHI 1 TUCAYOMITTS H.€.

Puc.5. Boasni xoneca

OTxe MexaHIYHa CHAAIIMHA, IO i  oJepKanu
€BPOTIEHII APYroi MOJOBUHU 1 TUCAYOMITTS H.€. BIJ] pUMCHKOL
imMnepii, Oyna ayxe He 3Ha4yHOIO. JlilicHO, SIKIIO B 6 CTOMNITTI
H.e. B KpaiHax €Bponu IS IMiJPaXyHKy MalllH BHCTAYaJIO
OJIMHUIb Ta JECATKIB, TO y 12 CTOMITTI iX NIYWIA BXE Y
KOXKHINA KpaiHi COTHAMH, a B 13 cToNITTI TUCsYaMu. B AHrmii,
Hanpukian, y 11 cTomiTti HamigyBanocs moHan 5600 BoastHUX
KoJic (puc.5).



Tema 2. Po3Butok Mexaniku Mamuu B 13-18 crosiTrax.

TakuM 4yMHOM, Ha MOYaTKy 13 CTONITTS JIOAMHA BXKE
BUKOPHCTOBYBaJIa MOPSAJ 3 paHillle BIJOMUMHU JKEpeliaMu
eHeprii - mparero JIAUHN i TBAPUHM - HOBI JDKEpena : BOaYy 1
BiTep. BiTpsiK BUABHUBCA 3py4HIimIUM (puc.6).

; Bitpsiku  3'sBuimcs  y
Opanmii 1 Anrmii,
nizuime y [ommanaii, me
BOHM BiJIKa- 4yBajl BOIY
1 BIOTBOpIOBAIM  CYIIY.
bynu npuayMaHi
rajJbMylodi MpUCTPOi. Y
3B'SI3KY 3 PO3BUTKOM MICT
Ta 3pOCTAIOYUMU
noTpebaMu HaCEJCHHS ITi
Puc.6. Birpsik MJIMHA CTaJIA
HEOOXITHHUMH,

KHUTTEB
0 BaXXKJIMBHMHU 3ac00aMHu.

[Tounnaroun 3 13 CTOMITTS MAalIMHU PO3BUBAIOTHCS
nenam mBuAme. Y 1280 p. 1o €Bpornu noTpanuio npsauibHe
KOJIeCO, BHWHaWIeHe, O4eBUAHO, B [HAIl, sKe Majao OJHY
TEXHIYHY HOBHHKY - NPUBOJ HECKIHUYEHHOIO CTpiukoro (abo
nacom).

Otxe, y)ke B Mepioj MI3HBOTO CEPEIHBOBIYUS BIIOMI
Oynu mnepedaBajdbHI MeXaHI3MM :© KyJlauKoBi, 3yOdacTi,
MEXaHI3MH 3 THYYKHMH JIaHKaMH, B T.4. OJIOKH, TIOJIICIIACTH,
MPUBOIU OE3KIHEYHOIO CTPiUKotOo (pHc.7, 8).

B Kwurtai npubnuzno B apyriii mosnoBuni 10 cromitrs
BUHANJIEHO MOPOX, KWW 3T0JIOM IMEepeKodyBaB 10 €Bpomnu, 1e
JUI HHOTO 3HAMIIUIM HOBE 3aCTOCYBAaHHS. XTO CTBOPHUB HOBY
(dopMy BOEHHOI MalIMHU - TapMmary, HeBigoMmo. SIcHO muile,
110 apTuiepis 3'sBUjacs Ha moyaTky 14 CT., a HampHUKIHII
IIbOTO CTOJIITTSI BOHA HOTpaHSI/IJ'Ia 1o Pyci. Jlurra



rapmatr Ha Pyci Oyino 3acBo€HO MIBHAKO, 00 TYT Bxe a00pe
BMUIM BUIJIMBATH MiJIHI J3BOHM. Brmepiie mpo JMUTTS I3BOHIB
Ha Pyci sragyerbes B 1342 p.

—o) 4 7 , 3 => .l 2
—t T > e r g Sy
(e Z . (b oo b el 30
> & ¥ A E 3
- D ‘ 3

Jﬁvnvaﬁ:;aau xvi /‘;‘ >/; i
Puc.7. 3ybuacTa nepenaua Puc.8. Pyunwuii npusing
JKOpEH

Mu Bxe 3raayBajlu INpO THX, XTO YyMIB OyIyBaTH
MAalIMHU, MIJIMHU, POOUTH TOJUHHHUKH, TOOTO MpPO MaWCTpiB,
1HXKEHepIB, apXiTeKTOpiB. BUHMKae MUTaHHS : XTO )X HAaBYUB
ux Jojeit ? Sk 1 B HaBYaHHI YCiX 1HIIMX pemeceln, TyT Oyia
[IEX0Ba CTPYKTYpa : MACTEP - MAMaNCTED - YU€Hb. Y IIKOJaX,
AKl ICHYB&JIM IPH MOHACTUPSIX Ta LEPKBaxX HaBYaIM JIMIIE
YUTaTH, NMUCaTH Ta 3piaka paxysBaTtu. lllompaBna y neil gac
BIJIKpUBAIOTbCA ¥ BUIII IIKOJHM, YHiBepcuTeTH. [lepmmmu 3
Hux Oymu yHiBepcutetu B AHrimii ( Okcdopa, 11 ct.), Itamii (
bononss, 1119 p.), ®panmi ( I[lapwx, 1150 p.). B
Okcdopacekomy,  [lapuzpkomMy — Ta  JgeSKUX  1HIIMX
yHiBepcuTeTax, 3o0kpema B Ilpasskomy (1348 p.) Ta
KpakiBcbkomy (1364 p.) mNO4YMHAIOTH MPUAUIATH JeAani
OinpIlle yBaru BMKJIQJAHHIO MaTeMaTHUKU 1 caMe y 3B'SI3KY 3
TUM, IO BOHAa BUSBIAETHCS HEOOXITHOIWO s MOOYJOBU
MaIlyH.

Bxe B cepenauni 12 CT. BUCIOBIIOBAIUCS TYMKH, IO
MaTemaTuka, IO CYTi, 1190Tpi6Ha JUIIE  apXITEKTOpaM,



TeclspaM, apTHIEPHCTaM, MAIIMHOOYymiBHMKaM. MmeThes B
OCHOBHOMY IpPO TE€OMETpilo, TOMYy HI0 apu(METHKy 3/aBHA
BBA)KAJIM HAYKOIO JUISl KYIILIB, i TAKOIO BOHA, OUYEBHIHO, TOMI i
Oyna.

A THUM YacoM MalIMHM [OYajM B)KE JOCUTh BIAUYYTHO
JOTOMaraTd  JIIOAUHI.  MMUHYIM ~ CTOJITTA  AQHTUYHOTO
paboOBIACHULIBKOTO CYCIIIBCTBA, KOJIM 0€3 MallMH MOXKHa
Oyso 0o0ilTHCS, CTOMTTS (EOMATBLHOTO CEePEAHBOBIYYS, KOJIU
MallMHAMH X04a ¥ KOPHCTYBAJUCS, aje MOXKHA OYJO >KUTH i
6e3 Hux. [lonuBruMocCs, 110 cTanocs 3 MalIMHAMU JaJli.

Po3BuTOK MexaHiku MamuH B 15 -18 crosniTTsx.

MuHarTh mepmi pokd 15 CT. MOYMHAETHCS 3aHemaj
deonanpHOrO crnoco0y BUpoOHHITBAa. Benuki reorpadiyni
BIJIKPHUTTS 3B'sI3aJ11 BOEIUHO J0JI1 HAPOJIB 1 IJIEMEH, 110 JKHJIN
Ha MPOTHJICKHUX KIHIAX 3eMHOI Kyimi. (12 xoBTHS 1492 poky
reHye3bkuil MopemnaBenb Xpucropop KomymO Bigkpus
Hoswii CBit - AMepuKy, xoua mykas Ctapuii - [H1i10). 3Ha4HO
3pocTae IHTEpEeC 10 OCBOEHHS aHTHYHOI caammHu. B 3B's3Ky
3 YMM Mporpecye HayKOBO-AOCHITHHUIIbKa poOoTa y pi3HHX
rajly3sx 3HaHb Ha YHIBEPCUTETCHKUX Kadeapax il mo3a HUMH.
3'IBNAIOTHCS BeNHMKI BueHi. BuHuKae MeTon mocBimy i
CIOCTEpE)XEHHS. YueHl O00'€qHYIOTbCS B TYpPTKH, SKi
HaOuparoTh HamiBoginiiiHoi (opmMu TOCTIHHUX 310paHb
YUEHUX, IO JAiCTaju Ha3By akajaeMmiii. "Axagewmis [InaTonika"
- @Onopenuis, 1438 p.; Akagemis Jleonapno na Binui, Minan
1483 p., Axagemis B Kpakosi 6au3bko 1489 p.

VY 1457 p. y micti Binui no6nmmsy dnopenuii Hapoauscs
BEJIMKUHA XYJOXHHK, BUeHUH 1 iHxkeHep Jleonapao na Binui.
Hac BiH miKaBUTHL SIK OAWH 3 HAWBUIATHIIINX BHHAX1JHHUKIB
MaIlliH y CBITOBIH icTopii. Jleonapno na Binui ctBopuB G6arato
MPOEKTIB  HOBUX  MamMH  (BOEHHUX, TEXHOJOTIYHUX,
OyniBenbHUX). AJie HOTO MAalIMHU 3[e01BIIOr0 3aUIIATNCS
Ha manepi. HaiiBipHime BBaxaTH, 10 1HXEHEpPH, K1 KUIH 1
TBOPWJIM TICIsST HBOTO, Oarato YuM 3000B's13aHi iomy.
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JleoHap/10 BUHAMIIIOB NESKI TiIpaBIiYHI MAalIWHU, MPATUIBHY
MalluHy, BOJIOYWJIBHI BEpCTAaTH, BepcTaT /I HACiuKu
HanmuikiB (puc.9), mpucTtpoi mJis HapizaHHA TBHHTIB. BiH
pPO3poOUB GaraTo MPOEKTIB PI3HUX MiJAHIMAIBHUX MEXaHi3MiB
Ta MPUCTPOIB, 30KpeMa IMPOEKT MEPECYBHOTO EKCKaBaTopa.

[IpamroBaB JleoHapo TakoX SK BIMICBKOBUH 1HXKEHED,
CTBOPHMBIIIM PsJI TPOCKTIB BOEHHHUX MamuH. Bin Oararo
MpAIOBaB HAJ JITAIFHUM amaparoMm, MpoTe yci Horo crpodu
3aKIHYWIIMCS HeBAauero. CIMHUN MBUTYH - MYCKyJbHa CHIIA
JIFOIMHU HE MOTJIA i THATH anapaT B MOBITPSL.

[TouaTok 16 CTOMTTS XapaKTepU3YeTbCS BXKE JOCUTH
HIMPOKUM PO3IOBCIOHKCHHSIM MaITHH.

Pemiriiiai  BifiHM 110

% g BiZIOy- BaJMCsI BIEPEMiXK

= 3  Hallio- HAaJbHUMH,

oxomuiu Bcio €Bpory i

CIIYCTOLIMJIM 11 1€ 10

e

AR &

/ 07 TPUALSTAPIYHOT  BIHHH
- AL (1618-1648 p.p.). B
' HaCJIiI[OK IBOTO
BUHUKIIA BeJIHMKA
Puc.9. Mammna ISl HACTYKHU norpeba B IHXKEHEpax
HAITHJIKIB e MPOBENECHHSA
dbopTudikamiitHux
po0iT, apTUiIepucTax, a
TaKOXK

ripunuux maiicrpax. He mormiu o0iiitucs 1 6e3 Oy/1iBETbHUKIB.
ToMmy 3HOBY 3pocTae MalIMHHUN mapk. Psng iHkeHepiB
BHUBYAIOTh Ta ONHCYIOTh MAIlMHU 1 MEXaHI3MHU 10 PI3HUM
raimy3sm (TipHHYa TeXHIKa, METaypris 1 T. 1H.).

OaHuM 3 mepHMX TEOPeTUKIB MAaIIMHO3HAaBCTBAa OyB
minanens Jxeponivmo Kapmano (1501-1576 p.p.), im'st sikoro
HaBIKM 3B'S13aHO 3 Kap/JlaHHUM HIaApHIPOM.

KappaHo HanexuTh BU3HAYEHHsI NEPLIOTO IOHATTA




KiHemMaTu4HOi nmapu. Bin omucas 3yOuacti nepenayi, nepeaaqy
THYYKOIO JIaHKOIO, HaBiB MpaBWja Ui  BHU3HAYCHHS
MepeaBaIbHOTO BITHOIICHHS W 4YHcen 3yOIiB KOJicC, IO
BXOJISITh JI0 3a4€IJICHHS, Ta iH.

Hampukinmi 16 cromitrs Oymno omyOiiKOBaHO OJWH 3
HaMIIKaBIIUX TBOPIB MpPO MAaIIMHU. ABTOp HOro ArocTiHoO
Pamesuri (1530-1590 p.p.), MaTeMaTuk i iHJKEHEp - YYEHb
CKa)XeMO TaK BUMTEJs, sIKuii HaBuaBcs y Jleonapao na Bindi B
Minancekiii  akamemii. Mamo - mnomany 'y 1HXEHEpIB
BUKPHUCTAII30BYBAIOCS PO3YMIHHS TOrO, IO OJHUM 13
HaiCTOTHIMMX (PAKTOPiB MOOYAOBM MAIIMH € X KiHEMaTHKa -
MOJIMBICTh ~I€pelaBaTH Ta TEPEeTBOPIOBATH pyX 3a
JOTIOMOTOI0  OUThII 200 MEHII MaiCTepHO 3'€JHAHUX MIXK
co0or0 JaHOK, (oOepTanbHHMII pyX Ha 3BOPOTHO —
NoCTyNaJIbHUN (3y0uacta peiika), KpUBOLIMITHO - IIATyHHHM
MEXaHi3M Ta iH.).

Ha py6exi 16-17 cTtoniTh 3'1BUBCS TpakTaT MEPIIOTO 3
BEIMKUX MexaHiKiB HoBoro dacy [lamimeo Tasmines.
[amineit He IiKaBUBCS MAETATSIMH MAllWH, BiH BHIIYKY€E
3aKOHM, SIKMM I1IOPSAIKOBYIOTHCS BC1 MAILIUHH.

OaHuM 3 mepumx TIyMadiB MEXaHIKH, sika BeAe CBii
novarok Bin [amines, Oy Pene dexapt (1596-1650 p.p.) -
BUJATHUI MaTeMaTHK, MexaHik 1 ¢inocop. Ckpi3b BiH
3HaXOJWB 3aCTOCYBaHHs 3aKOHIB MeEXaHiKd, 1[0 mepedyBaia
TONl B Ipoueci craHoBiIeHHA. 3a [lexkaproMm, Hemae
INPUHIIMIIOBOI PI3HUII MK TBapUHOK Ta MAaIMHOIO, 1 JKHBa
ICTOTa MOBHICTIO MiIKOPEHA B CBOiX (hi31070TTUHUX (DYHKIIISX
3aKOHAM MEXaHIKW, ¥, 3a TIEBHHUX YMOB, ii HE MOXXHA
BIJIPI3HATH BiJ MammHU. Sk 6auuMo, MU MPUUILIU 10 TyKe
[[IKaBOTO TIOJIO)KEHHS : MDK TBapMHAMHU Ta MallMHAMH
CTaBUTHCS 3HAK TOTOXKHOCTI. | 11e B TOM 4ac, KoJIM He iCHYBajIo
H1 BUEHHS PO (Pi310JI0Ti0, HI HAYKU MPO MAIIMHU, TOOTO 3HAK
PIBHOCTI MiXK IBOMa HEBIJJOMUMH.

Hanpuxkinni 16 ta B 17 cT. B Hagpax MaHy(akTypHOTo
PO3BHUTKY 3apOJUKYETHCS ManI-JZI/IHHe BUPOOHUIITBO. Minuu 17



CTOJIITTS TOTYIOThCA CTaTH MamuHaMu y 18 1 pabpukamu y 19
CT.

Y Toil came 4Yac B EKCIIEPHUMEHTaxX Ta MIPKYyBaHHSX
BUYCHUX Ta IHXKEHEPIB 3apOKYETHCS MEPUINA yHiBEpCATbHUN
JIBUTYH - IAPOBA MAIIIMHA.

[llo »x wHoBoro 3'sBuiocs B 17 cromiTTi B ramysi
MalIMHHOI TeXHIKU? OCHOBHUMH TEXHOJIOTTYHUMH MalllMHaMU
3aJMINAINACS MIJIMHH. 3ami30po0OHI  MIMHH BXe Oynu
CKJIQIHUMU YCTAaHOBKaMHU 1 KpIM €HepreTuyHoro arperary (
BOJSIHE KoJjeco, abo cucrema KOJIC), BOHM Malld KiJbKa
MPUBOJHUX MOJIOTIB, IO TMpAIIOBald BiJ OJHOrO Bamy,
MPOKaTHY Ta CBEP/UIMIIBHY YCTaHOBKH, a TaKOXX KpaHHU, IO
MIPUBOJIMJIKCS B JIII0 BPYUHY.

Taki mumHM Bxke B 18 cr. moyasm Ha3MBaTUCS
3aBogamu. Y 1698 poui anrmiens CeBepi ojepkaB MaTeHT HA
BOJIOMIIHIMANIbHY MapoBy MammHy (puc.10) mist BiakauyBaHHs
BOJM 3 PYJIHUKIB.

[lochmimoBHicTh 1MKIIB [ii BKaszaHa mudpamMu B
Kpyx)oukax. Po6oTy BUKOHYe aTMOCpepHHUIl THCK Ha MPOTs3i
poboyoro xomy (mpaBa TMOJIOBUHA JlarpaMu), 3aBISKH 4OMY
MalllMHy Ha3MBalOTh artMochepHoro. bararo BaxIMBUX
netanei (HampukIiaj, IPUCTPi A BIABOJLY CKOHJIEHCOBAHOI
B LWJIIH/IP1 BOJIM) HA Jiarpami He MOKa3aHi.
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® ‘, @ | Knonan A

Kngnaw B ‘H.

Puc.10. Mammuna Ceepi

Ha puc.10 (3miBa): 1 — mopmieHs Hacoca OIMYCKA€ThCS
M7 €0 CHJIM Bard BHHU3; 2 — poOOYMiA TOPIICHb MAaIlWHU
HiAHIMAEThCA; 3 — Mapa 3 KOTJa MOCTynae B poOOUMi HUIIHIP.

Ha puc.10 (cmpaBa): 1 — miBka BoJH, sIKa BIPUCKYETHCS
B pobouMi  IWIIHApP, KOHJACHCYE IMapy, CTBOPIOIOYU
po3pimKeHHs; 2 — arMocepHUil THUCK HITOBXAa€ MOPUIEHb
MaIllMHU BHU3, a MOPLIEHb HAacoca MiJHIMA€EThCSL.

Benukuii BHECOK Yy cCHOpaBy BHHAWACHHS [apoOBOI
MalluHU ~ 3poOWMB  BUAATHUN  (paHmy3pkuil  ¢Qi3UK Ta
uHaxigHuk ewni [Manen (1647-1714 p.p.). Y 1707 uum Oyno
30yI0BaHO MapoBe CyJHO, 3HHILIEHE YOBHApPaMHM, SKi
no0auniIi B HhOMY KOHKYPEHTA.

VHiBepcaslbHU MapoBuil OBUTYH BuHaimoB J[[xemce
Yarr (1736-1819 p.p.) Awnrms. [lpuainun gii  MamiHA
(puc.11) monsiraB y TOMy, IO Iapa i3 KOTjia MOCTyIaua yepes
30JI0THUK B LMJIHAP. 30JIOTHUK J03BOJISB MOJABATU Mapy, SIK
13 ONHIET CTOPOHM, TaKk 1 3 JAPYroi, CTBOPIOIOYM THCK Ha
nopmieHb. JIs  BHUpIBHIOBaHHS 00EpPTOBOrO pyxXy VYart
3aCTOCYBAaB MaxoBe Kojiec, OJHOYACHO BiH 3aCTOCYBaB



CHeriaJbHUlA MEXaHi3M, SKHH JaBaB 3MOTYy 3a0e3leunTH

NPSIMOJIIHIHHUH PYX IITOKY MOPIIHS.

)

Puc.11. [TapoBa mammuna (Yartr)

g

G, ek

Bin Takox 3acTocoByBaB B MapoBiil MamuHi moABiiHOL il
MeXaHIYHUN HEHTPOPYXIUBUI PEryIATOp, IKUH IPU JONOMO31
CHeIaJIbHOT JPOCENbHOT 3aclHiHKM B MapONpoBiTHIA TpyOil
peryioBaB HaIXOKEHHs mapu B mamuHy. [lapoBa mammna
noxaBiiHOi nii  Oyna jmoompanpoBaHa 1 Bigpa3y —crana
YHIBepCAJIbHUM JIBUTYHOM TIPOMHCIOBOCTI.

[lepmuM mpuifmoB 10 imei CTBOpeHHS NapoOBHX
JIOKOMOTHBIB, Kl O pyXajiuch IO peWKax, MIOTJIaHJIChKUMN
iokenep 1 Mexanik Puuapn Tpesitik (1771-1833). Bin
3KOHCTpYIOBaB mapoBo3 y 1804 pomi 1 mnpoBiB mepiii
BUnpoOyBaHHs (puc.12). Mamuna nepeBe3na 10 15 ToOHH
BaHTAXY Ha BIACTaHb OuIbmie 9 MWIb 1 pyxamach 31
HIBUJIKICTIO 5 MWIb 3a rofuHy. OTxe, 3a1i3HULS 1 TOKOMOTHUB
CTaly TaKWUM BHJIOM TPAHCIOPTY, SKWAH 3a0e3medyBaB
JOCTaBKYy MaTepiaib.
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Puc.12. [TapoBo3 TpeBiTiKéf

VY 17 croniTTi po3BUHYMACS LIE OJIHA FPyIa MEXaHi3MiB
- TONVMHHMKY, JIIYUIbH] MAIIMHU 1 aBTOMATH.

Y 1657 poui BHUTOTOBJICHO TMEpPIIMH TOAWHHHUK 3a
npoektoM ['loiireHca, skl BUHAWIIOB MAasTHHUK, K
PEryyiaTop pPiBHOMIPHOCTI XOJy TOAMHHHUKOBOTO MEXaHIi3My
(Tonnanais). IlizHime ['odreHc CTBOPHUB psig MOJIEIEeH TOYHUX
XPOHOMETPIB.

VY 1624 poui mHimenpkuit MmaTemMatuk Binbreasm Hlikkapa
(1592
- 1635 p.p.) CTBOpHMB mepuly JIUMWIbHY MallUHYy, B SKii
BUKOPUCTaB  BJIACTUBOCTI  NEPEJaTOYHUX  BIJIHOIIEHb
3yOyacTux KoJjic (BOHA MOIJla BAKOHYBATH YOTHUPH Jii).

VY cepenuni 17 cTONITTS HaJX CTBOPEHHSM JIYMIBHOI
MalllMHU ~ MpalioBaB BUAATHUN  (paHumy3pkuil  Qizuk 1
maremaTik bae3 IMackanw (1623 -1662 p.p.) - BiH yxe B 19
pPOKIB  pO3pOOMB  MPOEKT  MAIMHU  TpHAATHOI  AJis
KOPUCTYBaHHS, a TIOTIM 11 YJJOCKOHAJIMB.

Po3BuTok aBTOMaTiB, 0cO0MMBO B 18 cT. - O Hesxoi
Mipy miAroToBuuii eram. [y BiATBOpEHHsS HEOOXITHHMX PYXiB
BUHAWICHO HOBI MEXaHI3MH, SKI YBIUNUIM 10 TMPaKTHKA
MalMHOOYAyBaHHS. ABTOMAaTu OynM BaXJIMBUM (DaKTOPOM Yy
CTBOpEH1 Teopii MallMH: 3'ACyBaloCs 10 MOXKHA, a 4Oro He
MOYKHA JJOCATTH MEXaHIYHUMH 3aCO0aMH.

BunatHum BHHaXi)IHJI/_IgOM aBromatiB y 18 cr. byB



bpanmy3pkuii Mexanik Kak ge Bokancon (1709-1782 p.p.).
Horo dueiituct (1736) 6yB cencauiero. Ilambui ¢oeiirucra
B1JITBOPIOBAJIM MPABWIIbHI PyXH, BiH 1yB Yy QUICHTYy TOMy Oarato
XTO 3 TIsAJadiB BBaXaB, IO 1€ Bce mapiataHcTBo. OgHAK
nepeBipka BCTAaHOBWJIA, IO Y (irypy mpaBHJIbHO BMOHTOBAHO
MexaHi3M. BiloMo Takox iHI HOTo aBTOMaTH: Kayka, rpad Ha
tamMOypuHi, maxicT. Kpim Toro BokaHCOH KOHCTpYIOBaB
TKAaIlbKi BEPCTaTH.

OcTtanHill eTan po3BUTKY MAlIMH Mepes MPOMHUCIOBUM
MepeBOPOTOM  BigoOpakeHO B 0araTOTOMHOMY  TBOpI
CaKCOHCHKOTO BYCHOTO i1 iHxeHepa SIkoBa Jleonmoabaa (1674 -
1727 p.p.) "Tearp w™amuH" (mopedi mpu MarepianbHil
noromo3i Ilerpa 1 ). Bevoro Bwmiinuio 9 Tomis (2 micist cmepri
IH)KeHepa), B SIKUX 310paHo Maibke Bce 10 3HAJIU MMPO MAaITUHU
JI0 TaK 3BaHOTO IPOMHCIIOBOTO TIEpEBOPOTY. BumanHs He pa3
nepeBuaBanu npotsrom 100 pokis ! Lle OyB BugaTHuil TBip 1
HOro BUKOPUCTOBYBAIH SK MIAPYYHHK, MO SKOMY HABUYAIIUCS.
[Tpuponno 3pocTana norpeda B TeXHiKaX, iHxkeHepax. Bxke y 18
CTOMTTI 3'IBUJMCSA TEXHIYHI IIKOJHW, YYWININA, aKajaemii
(BO€HHI, TIpHUYI1, XyJOXKHI).

Pocis opniero 3 mepmmix KpaiH cTaja Ha HUIX
IIKITPHOTO HaBYaHHS 1H)KeHepiB. bararo ans mporo 3po0iB
[letpo I. B nHayky HakazaHo Oyno HaOupaTtu "m0OpOBLIBHO
XOTAIMX BOCIPUATH VYUEHHS, WHBIX JK€ TMaye U ¢
npuHyxaeHueM ". OKpiM 1HXKEHEpHOI Ta HaBIraliiHOi IIKOJIN
B Mocksi (1700 p.) B 1715 poui y IlerepOyp3i BiIkpuTO
akajieMiro Mopchkoi rBapzii. Tak Oyno MOKJIaJAEHO MOYATOK
Pociiicbkiit TexHiuHiM mkoni. Take MiKIyBaHHS NP0 HAyKy
JaJI0 HACHiIKHM : BKe HampukiHui 18 cr. (mpubmmuzno 100
pOKiB) TexHIUHMH piBeHb Pocii gocsr piBHA NepeaoBUX
3ax1JHOEBPOIENCHKUX JIePKaB, a IeUOMY 1 MepeBUIIUB HOTO.

Y 1704 pomi m0 HaBIramiiiHOT WIKOJIM BCTYIUB
A.K.HaptoB (1680-1756 p.p.). micns 3aKkiHYeHHS IIKOJIH BiH
3aJUIIMBCS BUKIAJAaTH B HIA TOKapchbKy crpaBy. Haptos
30y1yBaB 1 CKOHCTPYIOBaB 62]1-1“7&T0 TOKapHUX 1 KOMIIOBaJIbHUX



BepCTaTiB, y ToMy uucii s camoro I[lerpa I.

Ha mouarky 18 cromitrs 3a Hakazom Iletpa [ y
Cectpopenpky (Ha miBHOY1 Bix [lerepOypra) 30ym0BaHO 3aBO/I,
Ha SKOMY KyBaJH SKOpI Ta 1HII 3aii3Hi BUpOOH st GIIoTy, a
TaK0 BUTOTOBJIISLIN 30pOI0.

VY 1714 poui ctBopeno Tynbcbkuii 30poWHUI 3aBOI.
Mexaniku M.CugopoB i Sl.baTtumeB CTBOPWUIM YHUMAJIO
JOCKOHAJIUX METalI000pOOHUX YCTAaHOBOK, 3aBISKH YOMY
BUPOOHMIITBO 30p0i HAa TYJbCHKOMY 3aBOJII OYJIO TOBEJACHO 0
BHCOKOTO PIBHSI JOCKOHAJIOCTI.

barato XTO 4yB JereHmy mnpo TYJIbCHKOTO KOBAJIA
Kocookoro JliBury skuii 3ymiB migkyBatu Osoxy. Jlerenmy
00pobuB Bimomuii pociiicekuii mrcbMeHHHK M.C.JleckoB. B
i HApoJHIKM "OmMoBiai" BTIJICHO 3aXOIUICHHS BIPABHICTIO Ta
BMIHHAM HaWCTapilluX POCIHCHKUX 30pOsipiB, TYIbCHKHUX
MaiCTpiB - MEXaHIKiB, SIKi BCE MOXYTb.

Benukunii POCIHCHKHIA BUECHUI aKajieMik
M.B.JIoMOHOCOB 3HAa4YHy YaCTHHY CBO€i HAYKOBOi TBOPYOCTI
npucBsATHB MamuHaMm. Y kHusi "llepmri ocHoBu mertamyprii',
10 HE OJIUH JIECATOK POKIB OyJia OCHOBHUM TMOCIOHMKOM ISt
POCICBKMX TIpPHHKIB, BIH TPHUCBSYYE OKpeMi TIJIaBU
OiAHIMAIbHUM  MallMHaM, pO3po0JieHHH mpucTpit s
nepeaaydi poOOTH BiJl OTHOTO KoJieca Ha KUJIbKa MIIMHIB.

VY 1765 pori LLIToaszynos (1728-1766 p.p.) - maiictep
3aBoy 30yayBaB " BorHexditouy " mapoBy maimuHy. Bona Oyina
yHiBepcajibHa 1 1 MO)kHa OyJlo mpHegHaTH 10 OyAb SKOTro
arperary.

Cepen Oaratbox iMEH POCIMCHKMX MEXaHIKiB KiHIS 18
cr. cmig wasBarn LILKyaigima (1735-1818 p.p.). Csoro
BUHAX1THUILIbKY TisSUTBHICTh BiH MOYaB 3 TOJMHHHUKA-aBTOMATa
y Qopmi sims, O TOKa3yBaB dYac, BIAOMBAB TOJWHY,
MOJIOBUHY W 4YBEpTh TOMWHU. HampukiHII KOXHOI TOJIWHU
"po3unHATUCS" ABEpIATa 1 B MAJEHBKOMY TeaTpi aBTOMari
BiI0yBasocs pedniriiiHe aiiicrBo. Bei ¢irypku Oyno BUIUTO 3
30710Ta 1 3pOOJEHO 3 BEIMKOI XYI0KHBOIO MaWCTEPHICTIO.
JIBa pasu Ha 100y MaJieSHLKI/Iﬁ OpraHYUK TOJUHHUKA



BUKOHYBaB JIBI MeJIOAii, aBTOpoM sikux OyB Takox KymiOinH
(1767p.).

VY rpymni 1769p. KyniGina npu3HAYeHO 3aBiIyrOYUM
MexaHIYHUMHU Maiicrepasmu IlerepOyp3pkoi akajgemii Hayk.
Tyt BiH 3poOMB JiXTap-IPOKEKTOp, ONTHYHHUI Tenerpad,
eJIEKTPUYHY MAIIMHY Ta CTBOPUB IMPOEKT OJTHOAPOYHOI'O MOCTa
yepe3 Hemy 3aBnoBxku 6mu3bko 300 MeTpiB (B TOM dac uepe3
HeBy He Oyno »omHoro mocriiiHoro mocrta). Bocenn 1801
poky Kymni6in moBepnyBcs no Hmwxknaporo Hosropoma, ne
IPOJIOBKYBaB IMPALIOBATH : CIIPOCKTYBAB CiBAJIKY, BUHAMIIOB
MEXaHIuYHl TPOTE3W, MAIIWHY ISl BUKAYyBaHHS COJISIHOTO
pO3UMHY, CaMOXiJHE CYAHO, CAaMOPYXOMHH eKimax -
"caMOKaTKy" 3 MeagIbHUM MTPUBOIAOM.

[Ipotsirom 18 cromitts y Pocii coctepiranucs 3HauHi
yCIiXd B MPOMHUCIOBOCTI (TipHUUOAOOYBHA, MeETalypriiiHa,
MeTaa000poOHa). BoHa cTana oHi€r0 3 HAWOIBII EKOHOMIYHO
PO3BHHYTHX JIepKaB. B 3aXiTHOEBPONECHCHKUX JeprKaBax
MIPOMUCIIOBICTh INBHJKO IepedyaoByBaiach Ha HOBUW Jai:
MaHy(pakTypHe BUPOOHHITBO 3BUIBHSIO MiICIEe MalIMHAM.
BinOyBaBcs mnpoMucioBuil 1MepeBOpoT. MamuHu novanu
MpaIOBaTH.

19



Tema 3. Po3Butok Mmexaniku Mammui B 19 -20
CTOJITTI.

Ha mouarky 19 cromittss AHDIS a7 HaHOMMKINX
cyciziiB Oyia KpaiHOI HEIOCSHKHHX TeXHIYHHX dynec. Maiixke
B YyCIX Taly3sX HPOMHCIOBOCTI MpAaIlOBaj0 0arato MalluH.
Tak Tpanuiaock TOMy, 110 HA L€ Yac MPOMMCIOBUI IEPEBOPOT
B AHIJIi BXe 3aKiHYyBaBCS 1 BOHA CTaja IEpIIO B CBITI
JEp’KaBOI0 MAIIMHHOI MPOMKCIOBOCTI. B 1HIMX KpaiHax Iiei
MpoIIeC ¢ He 3aKiH4YMBCS, a B Pocii TiIbKkM TOYMHABCS.

3MiHa OCHOBHOI MAIIMHHOI TEXHIKM po3moYajacs B
TEKCTHJIbHIN TIPOMHUCIIOBOCTI.

Jkon Yaiiert (AHTIIS) - mpsauibHa MamuHa (1100
npsictu  6e3 gomomoru mnanbiiB) ; E.Kaprpair (1785 p.)
CTBOpUB TKalbkuil Bepctar. @panny3 Kakkap (1801 p.) -
BepcTaT 3 aBTOMAaTUYHUM IPUCTPOEM, IO JaBaB MOKIMBICTh
BUTOTOBJISITH TKaHUHY 3 HUTOK Pi3HOTO KOJIbOPY i3 CKJIQJIHUM
BizepyHkoM. Y 1820 poui B AHrii mpairoBaiio Bxe noHaza 14
THUC. TAPOBUX TKAIIbKUX BEPCTATIB.

Pymnitny cuny mapy Oyno ocBoeno. Ha mowarky 19
CTOJIITTSA BUHHKAE MeXaH130BaHe MeTanoo0polHe
BUPOOHHUIITBO, TOOTO BHPOOHHUITBO MAIIMH 3a JOMNOMOTOIO
MaIlH.

VYV 1808 poui Bnepiie y BUIIOMY y40OBOMY 3aKiajl, B
MOJIITeXHIUHIN 1Ko (DpaHilisi), BBEICHO BUKIAAAHHSI KypCy
noOyJoBH MalMH. A TepuMid y CBITI HiAPYYHUK 3
MaImMHOOYyBaHHSl HANHMCaB JUPEKTOp MaapHIChKOi KON
MOCTiB Ta 1UsAxiB ABryctiH ge berankyp. 3 1808 poky
berankyp y Pocii, Ae BiH opraHizoBye i OYOJIIO€ IHCTUTYT
1HKEHEepIB IUIAXIB CIIONyYeHHs, Oy1ye 6araTo MaliuH.

Y 1807 poui amepukaHcbkuii 1HxkeHep Pobept
@yabTOoH 30y1yBaB MapoIUIaB 3 MApOBOI0 MALIMHOIO (BCHOTO
15 nmapomutaiB). ¥V 1818 pomi mepmmii maporuiaB IMepecik
Atnantuunuii okean! Ile Oyna "CaBanna" (mosxuna 30,5 m.,
mupuHa 7,8 M., ocaaka 4,3 M%.o



Y 1836 pomi anrmiens CwmiT 3acTOCyBaB 3aMiCTh
rpebHOro Koyieca - TBUHT. A mepmmii y Pocii maporuias -
"ITipockad" 30ynyBaB y 1815 pomi merepOyp3bKuii 3aBOAYUK
anriiens bepa.

VY 1823 poui 3'aBUBCA nepiuii maporuias Ha J{Hinpi, a B
1827 pomi mepiie mapoBe CyaHO Oyl0 TpUIKCaHE 0
ToproBoro nopty Oxecu .

Y cepenuni 19 cromitrs maibke omnodacHo B CIIIA i
€Bponi MOYMHAIOTH 3aCTOCOBYBATH CIBAJIKM BHUKIIOYHO Y
BeNMKHX rocrojaapcrsax. CiBanku Oyau KIHHUMHU.

B Pocii cTBOpeHO oOpuriHanbHI KOHCTPYKIII >KaTOK
(1868 p. - IBanoB; 1884p. - I'pyomucbkmii. bynyBanmu it
3aCTOCOBYBAJIM KATKH FOJIOBHUM YMHOM Ha YKpaiHi).

3'IBNAIOTHCS HOBI MallMHU TakKoX B  TipHUYIN
npomucioBocti. [lepdoparopu mis OypiHHS mmypiB (maposi,
nHeBMaTn4Hi). OcTaHHi OUTBII MPOIYKTUBHI 1 32CTOCOBYIOTHCS
BXKE JUIS MPOXOJKH 3alli3HUYHUX TyHemniB. [Ipuragaemo 1o
B 1814 pomi JIx.Credencon 30ymyBaB IMEpIIHid MMapoBO3.
Y A0CKOHAJNEHHS JIOKOMOTUBIB TpuBano. He munyno # 50-tu
POKIB sIK ycs1 €Bpolia BKpujacs ryCTOI MEPEkKeI0 3aJi3HULIb.

Ha 80-ti poku 19 cromitrs y Pocii npomucioBuii
MepeBOpOT B OCHOBHOMY 3akiHuuBcs. Y 1890 pomi B Pocii
Oyno mpubnuzno 400 MammHOOYMIBHMX 3aBOJIB, Ha SKUX
HamuyBasocss Ouis 70 BoasHMX JBUTYHIB 1 539 mapoBux
MaIlH.

[TapoBa  mammuHa  Oyla  TEpPeBaXHUM  THIIOM
YHIBEpCAJILHOTO JIBUTYHAa NPOTAroM Maibke Bchoro 19
cromtrs. Ane KKJ[ ix OyB nyxe HE BHUCOKUM, TOMY
1HXeHepHa TyMKa MpalioBaia B IHIIUX HampsMKax. [ 0JoBHHUX
HanpsMKiB OYyJ10 TpH .

[epmmii - mIykaHHs METOAIB Iepefadi eHeprii Ha
BIJICTaHI 3a JIONIOMOTOI0  EJIEKTPUKH 1 IEepeTBOPEHHS
eJIEeKTpUYHOI eHeprii Ha MeXaHI4yHy, TOOTO IIyKaHHS
€JIEKTPUYHOTO JBUTYHA.

WA - BHUBYCHHS  MOXJIMBOCTI  TOJIMIIATH
BUKODUCTaHHA €Heprii BOAM 32 JONOMOIrol  OuIbII
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e(eKTUBHIIOTO TpuiiMadya HIX BOJsgHE Kojeco. Llew
HANPSIMOK MPHBIB 10 BUHAKHICHHS TYPOIHU.

Tperiii - mykaHHs cIOCOOIB TEPETBOPEHHS EHeprii
najuBa Ha MexaHquy €Hepriio, 10 NPUBIB 10 BHUHANJCHHS
IBUTYHA BHYTPIINIHHOIO 3TOpaHHs, a 1€ 3yMOBHUJIO CTBOPEHH
HOBHMX TpAHCIOPTHUX 3aco0iB 1 Hacammepex JiTaka M
aBTOMOO1IIS.

Teopernunumu nepeayMoBaMu

BUHANJCHHS €JIEKTPOreHepaTopa
i enmekTpoaBUryHa Oynu mparli AmMmepa, 0 BIIKPHUB 3aKOH
€JICKTPOJIMHAMIKM, Ta JocCHikeHHs dapajaesi, 10 BiJKpUB
3aKOHH €JICKTPOMArHITHOT 1HIYKIIIi.

Junamomammunaa CimeHca 3amareHToBaHa y 1867 pori
(mimeupbkuit iHxkenep). Y 1834 poui akagemik b.C.fAko6i
30y1yBaB CIIEKTPOABUTYH  TOCTIHHOTO  CTpymMy 3
€JIEKTPOMArHiTaMH, IO XUBWINCH BiJl TalbBaHIYHOI Oarapei.
Y upomy x poui ¢paniy3 @ypHeidpoH cTBOpUB TypOiHY, SKa
HaOyla  IIMPOKOTO  3aCTOCYBaHHS B IPOMHCIOBOCTI
(mBuakoxinna, KKJI- 70 %).

Y 1860 poui ¢paniys E.Jenmyap (1822-1900 p.p.)
30ynyBaB MepIIMKA JIBUTYH BHYTPILIHBOTO 3rOpaHHS SKUU 3a
CBO€I0 KOHCTPYKIIEIO MOBTOPUB (POPMHU ApOBOi MAILIUHH.

B 1883 pomi TI.Haiimmep (1834-1900 p.p.)
3allpONOHYBaB  HOBY  KOHCTPYKIIIO  MajorabapuTHOTO
HIBUAKOXIJHOTO JBUTYHA BHYTpPIIIHbOrO 3ropaHHs. Toro
camoro poky Jlaiimiep 30yayBaB mortouuki. Y 1886 poumi
Jaiimiep npucTocyBaB CBIi JBUTYH 10 3BUYANWHOT BI3HUIIBKOL
MPOJIBOTKH 1 JOCAT Ha Hil MBUAKOCTI 18 kM/ TO.I.

[lepmnit  aBTOMOOLIBHUI MHpOOIr 3po0mia >KiHKa -
Bepra benn (npyxuna K.benna - mexanika sikuii BUHaHIIIOB
JIBOTaKTHUI MoTop), sika y 1888 pomi 3 gBOMa cuHaMu
mpoixayia Ha OJHIN MalIuHi, 30yaoBaHiil ii yosnoBikoM 100 kM.
[Tepmri mexaniuni exinaxi Jlaiimiepa 1 benna ne MoxHa 0yIno
e Ha3BaTU CyYacCHHUMH aBTOMOOLIsMHU. [le Oyno moegHaHHS
HOBOTO JIBUTYHA 3 MPUMITUBHUM Bo3oM. [lepenne koneco 6e3
pecop benm B3siB Big Bejocumena, a JBa 3aJHIX pa3oM 3
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pecoporo 1 BicCIo — BiJ IPOILOTKH (puc.13).

1898 pik 1899 pik
Puc.13. ITepuri mexaHiuHi eKinmaxi

Amepukancekuii Mexanik I'empi ®opa (1863-1947
p.p.) y 1892 poiui ckoHCTpYIOBaB CBiil mepIIHii aBTOMOO1IIb.
= BunsartkoBa ponb B ramysi

KOHCTPYIOBaHHS

JBUTYHI1
B BHYTPIIIHBOTO 3TOpPaHHA
HaJle-  JKUTh  BHHAaXody
HIMEIIbKOTO 1HXKeHepa

Pynoabda [izens (1858-
1913 p.p.), y 1897 poui

BiH 3pOOUB JBHUTYH, B IKOMY
CyMIIl PIJKOrO MajauBa 3
MOBITPSM BIPUCKYBasacs B
KaMmepy, Je TMOoBiTps Oyno
CTHCHYTO 110 35 atmocdep.

/3 ® - =1
[ e

Puc.14. CygacHuii Takuif IBUTYH HICTaB Ha3BY
ABTOMOOLIB nu3enb-MoTopa (abo mpocTo
TTU3ETIS).

Hanpukinmi XIX 1
movyarky XX CTONITTS B
pe3ynbTari pobotu
1HXKEeHepiB 1 BUHaXiJ-
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HUKIB OaraThboX KpaiH OyB CTBOpPEHHI aBTOMOOUIh Cy4aCHOTO
turmy. Tak, Ky30B, pama 1 pecopu Oynm 3amo3uyeHi y
NOPOJILOTOK, PYJIbOBE YIPaBIiHHSA, IIMHUA 1 JIAHLIOTOBA
nepemada (MPUBIL TEPIIMX aBTOMOOUTIB) — Yy BeEJIOCHIIENA,
KopoOKa mepenad — BiJ TOKapHOTO BepcTaTta. Bin mepmmx
MapoBUX aBTOMOOUTIB OyB B3sATHH audepeHIian, sSKui
3a0e3meuyBaB pi3HY MIBHJAKICTh BEIYy4HUX KOJIC, HEOOXITHY
MIPU TIOBOPOTaxX MamuHu (puc.14).

[lepmri  cnpobu  BXKHMBaHHSA — €JIEKTPOSHEprii  uis
OCBITJIEHHSI BiAHOCATHCA 1Ie M0 mouaTky XIX cr. Akaaemik
B.B. IletpoB, criocrepiratounii B 1802 p. siBuIIa enekTpuyHoi
IyTd, BIIEpIIe BKa3aB Ha MOXIUBICTb ii IIMPOKOTO
BUKOPHCTOBYBAHHS JUISI OCBITJICHHS. SIBHIE €IEKTPUYHOT
IyTH, IO CBITUTHCA, AOCHIIXKyBaB B 1812 p. aHrmilcbkuii
yuenuii JleBi, Skuii TakoX BHKa3aB AYMKY IpPO MOJIJIHBICTh
€JIEKTPUYHOTO OCBITJICHHSI.

CTBOpeHHs JpKepena CBiTjia, AI0YOro 3a MPUHLUIIOM
HarpiBy NPOBITHUKA CTPYMOM, TOOTO JIAMITH PO3KAPIOBAHHS,
BUSBIJIOCSI TIEPIIMM KPOKOM Ha MUISXY MPaKTHYHOTO
BXKUBAHHS €JEKTPUKHU Ui noTpeOd ocBiTieHHs. Haiipanima 3a
YacoM Jlamma po3KaploBaHHA Oyna cTBOpeHa (paHIy3bKUM
BueHuM Jleaaprwo B 1820 p. Bona Oyna uuIiHIPUYHOIO
TpyOKOIO 3 JBOMa KiHIEBUMH 3aTHCKAa4aMM AJIs TiABEACHHS
CTpyMy, B HIMl po3kaproBajacsi MjaTHHOBa cripaib. [Ipote
namma Jlemapro He ojepkala MPAKTUYHOTO BXKUBaHHS. Auie
CpoOW CTBOPEHHS JIaMII PO3KAPIOBaHHS HE TPUITUHSIIUCS
(muB. puc.15).
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Puc.15. EBomrortis mamn po3kaproBaHHS

IcTopist po3BUTKY TenebayeHHS MOYMHAETHCA B 1856
pomi, komu itamiiicekmii  ¢dizuk A.Kasemri BuHalmion
arapar, Ha3BaHUN HUM
«maHTenerpad» 1 NpU3HAYEHUN JUIs mepenadi mo TenerpadHux
JTIHISIX MAalIOHKIB, IO HAHOCATHCS Ha MeTaleBy (HOJIbry
CIICLMOPHUIIOM, IO HE MPOBOJE eNeKTpocTpyM. B mpoueci
nepenadi mo ¢oip3i KoB3aja MeTaleBa TOJIKa, IO MPHUBOIUTHCS
B PyX FOAMHHUKOBHM MeXaHi3MoM. ['ojika CTpoUKa 3a CTPOUKOK0
IIPOKpECIIoBAIa BCIO MOBEPXHIO (oubru. [Tpu HepeTI/IHl T'OJIKOIO
MaJIlOHKa CTPyM B JIaHLI031 NMpuUNUHABCSA. B mpuiimaui rosika
3aMiHIOBaJIacs MUIIYYUM TIEPOM, K€ MPUTUCKAIOCS 10 Tarepy,
KOJIM [0 JIAHLOTY NPOXOJUB CTPYM, i HE MNPUTHCKAIACS NP
foro BiacyrHocTi. TakuM YHHOM Bce TMOJ€  Mamepy
3alITPUXOBYBAIOCS, OKPIM MAJIIOHKA.

[TanTenerpad OyB «mpagigycemM» Cy4acHOTO B1JIEO
amapary, aje ue OyB meplMid HOpUCTpPid, MO JO3BOJIMB
nmepeAaTd  MajJlOHOK  Ha  BiACTaHb 32  JOMOMOTOIO
€JIEKTPOCUTHAIB. Y HHUHILIHIN yac TenebaueHHs ayKe IMIHUPOKO
MOIIMPEHO. 3'IBUIIMCS HOB1 TEXHOJOTI, K1 MIABUIIMINA SKICTh
300pakeHHs,  HOBI ~ BHIM  TEJNEBI3OpiB:  MPOEKIiiHi,
piakokpuctaimiuHi 1 1H. Takoxk 30UIBIIKINCS  PO3MIpU
JiaroHaien, mo aoxoadarh a0 40 aroiiMiB 1 Ouibine (JIMB.
puc.16).
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Puc.16. Bix npumituBHOTrO KiHo 10 3D TenebadeHHs

Panmio (Bim nmarmHchkoro — radiare — BUIPOMIHIOBATH,
BUITYCKaTH TPOMIHHSI) — TMeplia LeriMHa y (QyHIaMEHT
panioTexHiku 3akyaB jaaTchkuii npodecop P.Eperen, sxwuii
MOKa3aB, 110 HABKPYI'M IMPOBIJHMKA 13 CTPYMOM BHHMKAE
marnitHe none (MII). [Torim M.®apaneii (AHrmisi) A0BiB, 110
MarHiTHe MoJIe — eJIEKTPUIHUHN CTPYM.

B npyriit nmonoBuni XIX cTOmiTTS #HOro CHiBBITYM3HMK 1
nocnigoBHuk JI.MakcBes1 10BiB, 110 3MiHHE MII, nopyiyBane
€JIEKTPUYHUM CTPYMOM, CTBOPIOE €JEKTpUYHE TI0Je, SKe
ctBoptoe MII 1 t.1. Ilepmmit pagionpuiimMau (auB.puc.17)
[TomoBa MaB  nyxe  TpocTUi  TpUCTpiil:  OaTapes,
€JIEKTPO/3BIHOK, €JEKTPOMAarHiTHe peje 1 CKisHa TpyOka 3
METaJeBOI0 THPCOK BcepenuHi — koderap. [lepenaBauem
CIIY’KMB ICKpPOBHUH PO3PATHUK, 110 MOPYIIYBaB KonuBaHHs MIIT
B aHTeHi, Ky IlomoB Bmepiie BHUKOPUCTOBYBAaB IS
0€3/IPOTOBOTO 3B'SI3KY.

[TpomoBxkyouM JIOCHIAM 1 YAOCKOHATIOIOYM TMPUIIAIH
A.C.IlomoB  mocTynoBo  30UIbLIyBaB  JANBHICTh  Jil
pamio3B's3ky. 3 TOro Yacy fgﬂio Jy’)K€ MIIHO YBIWIIUIO 10



HAIIIOTO XHUTTS TaK CaMo, SIK 1 TeJleOadeHHs, CTaBIIM HOBUM
NPOTPECHBHUM BHIOM 3B'I3Ky. Y HaIl dYac paaio TaKoxXK
IIBUJIKO PO3BHBAETHCS: CTBOPIOIOTHCS HOBI MOJENI Pajiio, sKi
po3MipaMH TpPOXH OunblIe CIpHUKOBOI KOPOOKH, OyaylOThCS
HOB1 CYNEpMOTYTHI paAioCTaHLii, sKi BIIAIOTh O BCHOMY
cBity. Pazio 3apa3 € B KO)KHOMY OYJIWHKY, 1 0€3 HbOTO KHUTTS
NPAaKTUYHO HEMOKIJIMBO COO1 MPEICTABUTH.

Puc.17. Panio «roni» 1 pajgio «remnep»

3 HalilaBHINIMX YaciB JIOJWHA Mpisiia JiTaTH TOTIOHO
no nraxa. CBoi Mpii BOHa BTUIIOBaja B JIETEHaX.

A mepmMMH B CBITI MOBITpomjaBIsIMH Oynau OapaH,
MiBEHb Ta Kauka, L0 MIJHSUIMCA B MOBITPS Ha aepocTari,
30ynoBaHomy 6patamu MoHroabsgbe. Lle Oyno 5 uepus 1789
p., @ Bxke 21 nucromazna TOro » CaMOro POKYy MIJAHSUIUCS B
noBitTps 1 moau (ppannysu Ilinatp ne Posbe Ta mapkiz ae
Apmnan). Ilomit TpuBaB 25 xB., Bucota 1000 M. A kepoBaHMii
curaponofionuit aepocrar AHpi Kudapom B 1852 poui
nigHsaB oro B noBiTpa. B 1903 pomi y noBiTps migHsIUCS
Opatu Paiit. Ha aeporuiani BIacHOi KOHCTPYKIii BOHM 3a 12
cek. mposetimn 53 M. A Bxke B 1909 poui ¢panIiy3pkuit
imkenep JIyi buaepio Ha itTaky BiacHOi KOHCTPYKIT
nepesneTiB uepes Jla - Manrr.
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Po3BuTok Mexaniku mammH y 20 cTOTTI.

TexHika mepmux IBOX AecaTwiiTh 20 cT. po3BUBanacs y
TICHOMY 3B'SI3KY 3 HEBIUHHHMM 3pPOCTaHHSIM IPOMHUCIOBOTO M
EHEPreTUYHOT0 IMOTEHIIaly TMepeJoBUX B EKOHOMIYHOMY
BIJTHOIICHH] KAIMTATICTUYHUX KpaiH. 3'ABISEThCS MIE OJUH
HaIpsIM BIIPOBA/KEHHS] MAIIMH y BUPOOHUIITBO, a caMe 3JIUTH,
3'€eJHATH BC1 OKpeMi TEXHOJIOTIYHI TPOLEcH Oy/b-sIKOTo
BUPOOHMIITBA B OJIVH, B  SIKOMYy  BCi omeparii
BUKOHYBAaTHUMYTbCSI 0€3 BTpy4aHHS JOAUHU. T06mo tidoembca
npo aemomamu3sauiro. IHXEHEpHA MisIBHICTH B 00JacTi
aBTOMaTH3aIll BUPOOHUITBA 3BOJUTHCS TOJOBHUM UYHUHOM JO
pO3B'I3aHHA  TPHOX 3aBJaHb: CTBOPEHHS pPOOOTIB  Ta
MaHIIyJIATOPIB, TPOEKTYBAaHHA THYYKHX aBTOMAaTH30BAHHUX
JiHIA, CTBOPEHHS EJICKTPOHHO-OOYMCIIIOBAILHOI TEXHIKH Ta
BIAMOBITHUX  [pOrpaM  YOpPaBIiHHSA  aBTOMAaTH30BaHUM
BUPOOHUYHUM KOMIIJICKCOM.

Y 1907 poui QOyen BUHAWIIOB aBTOMAaT JUIs
BUpoOHUNTBA Mismok; y 1913-1914 p.p. Tenpi Dopn
3alpOIIOHYBAaB HA CBOEMY aBTOMOOUTEHOMY 3aBO/II CKIIAATbHY
JIHIIO. Tak MIOCTYIIOBO aBTOMaTH3allis rnmoyajia
BIIPOBAKYBATUCA Y P13HI rajly31 BUpOOHUIITBA.

[Tepmra cBitoBa BiiiHa (1914 p.) oxonuia mano He Bci
KYTKH 3€MHOI KyJli, TepeKiIiouniIa MalMHOOyTyBaHHS Ha
BUPOOHUIITBO 3ac00iB BEJCHHS BiHU - 030pOEHHS Ta BOEHHI
Marepiaiu.

ComianicTuHa peBotolis B Pocii Bifirpana Benu4e3ny
pOJb y TMOJAJbIIOMY PO3BUTKY TexHiku. PyOix 19-20 crt.
3HaMEeHYBaB CO0OI0 MMOYATOK HAYKOBO - TEXHIYHOI PEBOJIOLI].

Tenep yce BimOyBajiocsi 1HaKIIe: TeXHIKa Wae 3a
HAYKOIO, BIJTBOPIOIOYM B MeETall Ta IHIIMX MaTepianax Ti
KOHIENIIi1, ki OyJIo oJepkaHO B JlabopaTopisix Ta KabiHeTax
YUEHHX.

Ha nepmmii muaH BucTynae BHPOOHMIITBO 3aco0iB
BUPOOHUIITBA 1 3B'13aHA 3 HUM Ba)KKa IIPOMUCIIOBICTb.
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Ort:ke, BepcTaTu. Ha mouatky 20 CTONITTS BEpCTaTHHI
napK roJIOBHUM YMHOM CKJIa/laBcs 3 YHIBEpCaJbHUX BEPCTaTIiB.
A 3 TepexomoM 0 MacoBOrO0 BHPOOHMILITBA BHHUKAE
HEOOXIIHICT y HOJaNbIIIii creriaizanii Bepcraris (puc.18).

BiTunsnsiHe BepcTatoOymyBaHHs posmnoyanocs y 1928-
1932 poxax. Ha 1 tpaBHs 1932 poky Oyno BHIIyIIEHO mepiry
cepito TokapHo- rBHHTOpi3HOro Bepcrata [IIT (mornarm i
nepernatv). Maiike OIHOYAacCHO BEpCTaTOOyAiBHI 3aBOJIU
CIIA, Kanmamu, HimeuunHu Hajmaroauiad BHUPOOHHIITBO
aBTOMaTiB ( mpyTKOBi OaratommuuaensHi). B 1936 pomi y
KueBi BumymieHo ABa MepIIMX TOKAPHUX OJHOUIMHHAEIHHUX
BepcTaTH-aBTOMaTH. Toro »* poky B MOCKBI HalaropkeHo
BUPOOHUITBO OaraToOIIMUHCIBHAX BEPCTaTiB- aBTOMATIB.
[Toyanocs mMpoeKkTyBaHHSI arperaTHUX BepcTaTiB i Ha ix 0asi
aBroMatuyHux JiHiA ( 1939 pik, imkenep LII. Inoukin Pocis

).

[MapanenpbHo 3 BepcTaroOyIyBaHHSAM  OYpXJIMBO
PO3BUBAIIOCS TAaKOX 1HCTPYMEHTaJbHE BUPOOHHUITBO, SKE €
HEBIJ'€MHOI0 YaCTKOI MPOMHUCIOBUX 3ac00iB BHPOOHMIITBA.
IeTonirg NORRUTKV NDKYYOTO THCTPYMEHTY Oyze PO3TISIHYTO Y
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Puc.18. Bix py4ynoro nepeBooOpoOHOro BepcTaTa 10 BepcTaTiB
3 UIIK

OaHuM 3 OCHOBHMX  CIIOKMBaYiB  MPOIYKIT
BEpPCTAaTOOYAIBHUX  3aBOAIB  OynM  MIANPUEMCTBA, IO
BUTOTOBJISUIM 3acOOM TpPaHCHOPTY - JIITaKH, JIOKOMOTHBH,
ABTOMAIIIWHU, TPAKTOPH.

Haiictapimum 3 1ux BUpPOOHMITB Oyno OyayBaHHS
JOKOMOTHUBIB, iX BHIyCKaJu Ha  XapKiBCbKOMYy Ta
JlyrancekoMy mapoBo300OyIiBHUX 3aBojax. Y 1924 p.
npodecop KwuiBcskoro MOJTITEXHIYHOTO IHCTUTYTY
A.M.I'akkenb crnpoekTyBaB 1 30yayBaB MepIIMi y CBITI
MaricTpaJibHui TerioBo3, a y 1933 pomi posmouanocs ix
cepiiiHe BUPOOHUIITBO.

VY 1929 pomi B Pocii po3snouanocs OyniBHUIITBO JBOX
BEJIMKUX aBTOMOOUIbHUX 3aBoAiB B Hmxubomy Hosroponi
(T'opekwmii) i1 MockBi (AMO). BoHu BuUIlyCKanW BaHTaXiBKH
(1,5 1 3 TonHM) Ta nerKoBi aBTOMOOLT (TToTyTOpKa, 31C).

VY 1931 poui noyanu BUITyCKaTH KOJIICHI TPAKTOPH JBa
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HOBUX MiAnpueMcTBa - CTaTHTPAAChKHUA Ta XapKiBChKUI
TpakTOpHUH 3aBoau. Iloyano po3BuBarucs
mitakoOynyBanns. Jlitaku 20-x Ta mouatky 30-X pOKiB
OyJI¥ TOJIOBHUM YHMHOM OiriaHamu, TOOTO Mau JBi

HECYYl IJIOLIUHH.

B 1923 poui B XapkoBi 30yqoBaHo mepmuii B
Pansucerkomy Corosi macaxupchbkuii itak K - 1, Monorutan. ¥
30-x pokax mig kepiBHUIITBOM A.M.TymnoseBa crnpoekToBaHi
mitaku AHT, a B 1937 poui Ha mitaky AHT-25 npoTumku
UkanoB, benskoB Ta baiinykoB 3milicHMIN Oe€3MOCaT09YHUNA
nepemnit - [liBHiyamiA nomroc - Baakysep (CLLA).

A Temep 3HOBY moBepHeMocs 3 HeOa Ha 3emito. Y 20-x
pokax B CIIA 1 Kananmi 3'sBuiacs MaiimHa, SKa MOTIJa
BUKOHYBATH (DYHKIIIT 1 )KaTKHU-KOCAPKH i MOJIOTapKH.

B 1928 -1929 pokax 1i MammuHu, Ha3BaHI KOMOaitHaMH,
Oyno BunpodyBano B CPCP, a B 1930 pomi 3amopi3pkuii 3aBoj
"Komynap" Bxe BumyctuB nepmux 349 wMamuH Takoi
KOHCTPYKIIi.

Orxe, Ha 1941 pik paasHCbKE MAIIMHOOYAYBaHHSA
JOCSTIIO  3HAYHUX  ycmixiB.  BigOyBaerbcss — mojanbiia
aBToMaru3allisl BUPOOHHMITBA. B TmicnsgBoeHHMII dYac Ha
MamuHOOyAiBHUX  3aBojax CPCP  BcranoBmeno 350
aBTomMatuyHux niHik (1958p.), a, Hanpuknaa, Ha 3aBojax PeHo
(®panuis) 3 1946 p. mo 1954 p. Bcranosneno monan 600
ABTOMATUYHUX JIHIN.

Enexktponni oOuucmoBanbHi  MammHu (EOM) B
nicisBoeHH1 poku ctBopeHo B CPCP, CIIA Ta iHmmx kpainax.
[Tepmy Taky mammmay B CPCP  3po6meno B 1948-1951
p.p. y Kuesi mig kepiBHunTBoM C.0O.JlebGeneBa.
Po3BuBaeThcs 1 €JIEKTPOHIKA, YIAOCKOHATIOIOTHCS
o0YMCIIOBAJIbHI MalIMHU. SIKi BOHU Temep, BU 3HaeTe 1 Oynere
iX BUBYATH 1 IpaLlOBaTH Ha HUX (KOMM'IOTEpU, HOYTOYKH, MiH1
KOMI'IOTEpH, MiaHimeru) — puc.l9. o me Moxe cydacHa
EOM? Bona Bxke mae Garato moxiuBocTeil. OcoOnauBo 1e
BITHOCUTBCA 10 TmepcoHanbHHX EOM, sKi TpaionTs Y
cucremi IHTEPHET. 3aBHaH§I{{ MOJIOJIUX 1HXKEHEPIB BMIJIO Ta,



SK HAWOUIBII  IIWpINEe, BHKOPUCTOBYBATH  MOXJIMBOCTI
cyuacaux EOM.

[leperBOopeHHST KOMIT'IOTEpAa B MOBCIKACHHUN pOOOUMIA
IHCTpyMEHT HaJaB B  PO3MOPSIKEHHS  MPOMHCIOBHX
MiAITPUEMCTB €()eKTUBHUMN 3aci0 yIpaBIiHHS.

EOM 1-ro nokomiHHs [Tepconanbauit
KOMIT'FOTED

Mini [IK

HoyT6yxk

Inagmer
Puc.19. Esoxroniss EOM

A OCKUIBKHM poOOTa KOMIT'IOTEPIB MPOrpaMyeThCs, Ha iX
OCHOBI MO)XHa CTBOPHUTH JIOCTaTHBO THYYKE YyCTaTKyBaHHS,
Take YCTaTKyBaHHs, IO MpUAAaTHE Ui POOOTH B PI3HHUX
HABKOJIMILIHIX yMmMoBax. Takuil MiAXiJ NPUBIB 0 CTBOPEHHS
NepUIMX TMPOMHUCIOBUX pPOOOTIB, a camMe MeXaHIYHHX
MaHinyasTopiB, kepoBanux EOM. IlepmonpoxoaismMu TyT
Oynu nBa amepukaHcbki iHkeHepH: zkop:xk deBoa 1 xo3ed
Enrennoeprep.

VYV 1954 p. deBon 3anatentyBaB B CIIIA BuHalineHuii im
OporpaMHUN CHocid mNepeMillleHHs MPEeaMETIB MK Ppi3HUMHU
JISTHKaMH T ANPUEMCTBA.
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Bynp-skuii 3 TPOMHUCTIOBUX POOOTIB, «IIpabaTbKOM)
aKuX OYB TpUCTpiii, BuHAWIeHWH JleBoOM, CKIagaeThes 3
TPhOX OCHOBHUX YacCTHUH: MEXaHIYHOI PYKH 1 3aXBaTHOTO
MPHUCTPOIO, JDKEpena eHeprii; OJIOKY yIpaBiiHHS (SK MPaBUIIO,
KOMITFOTEpa), B TMaM'siTi SKOro 3alydcaHi KOMaHIU IS
BUKOHAHHS HeoOXimHuX omnepaniil. Ilepmmii npomucIoBUit
poboT OyB BcTaHOBICHUH B 1961 p. Ha aBTOMOO1IBHOMY 3aBO/Ii
dipmu «/[xenepan motope» B Tpenroni, mrat Heio-Jlxepcu.
Lle#i mpuCTpili BUTATYBAB pO3KapeHi MeTaeBl neraii 3 popMu
JUIA JIMTBA ITiJ TUCKOM 1 CKJIa/JaB iX.

3 yacy MOSBM MEpUIMX MPOMHUCIOBUX POOOTIB iX
KOHCTPYKIliI B CBOIi OCHOBI 3a3Haja HE3HAYHI 3MiHHU.
3aranbHUI BUTIIAL MPOMHUCIOBOTO poboTa Ta MOro CKIIaaoBi
npeJcTaBieHo Ha puc.20.

Puc.20.
[TpomuciioBuii poboOT Ta
HOro cKiIagaoBi,

ne: 1 — BukoHaBumii

MEXaHi3M; 2 -
3aXBaTHUI npucTpiit
pobora; 3 — 010K
KepyBaHHs; 4 — MyJbT
KEpyBaHHSI.

Ha cyuacHomMy erami pO3BUTKY IPOMHUCIIOBOTO
BHUPOOHHUIITBA aKTUBHO BIIPOBAKYETHCS HOBA aBTOMATH30BaHa
TeXHiKa, fKa TOOyJ0BaHA HA BHKOPUCTAHHI EIEKTPOHHHUX
CHCTEM IPOrpaMHOTO KepyBaHHs. Jl0 Takoi TEXHIKM B TeEpIIy
Yepry BiIHOCATH TEXHOJOTIYHE OONagHaHHs (MeTaJopizaibHi
BEepCcTaTH, IITammyBajdpHe oOnmaaHanHs 1 1H.) 3 UYIIK,
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MIPOMHMCIIOBI pOOOTH Ta KOMIT IOTEPH.

Puc.21. Po6oTn30BaHuII KOMILIEKC,
ne: 1 — tokapsi Bepcraru 3 UIIK; 2 — mpomucioBuii
po6oT; 3 — JONMOMIXHI TPHCTPOT

Baxnusum €JIEMEHTOM TaKoi TEXHIKU €
poboToTexHonoriuni komrekcu (puc.21). Ha mpunmumax ix
OynoBu Ta (QYHKIIOHYBaHHS (OPMYIOThCS OUIBII CKJIAIHI
TEXHIYHI CHUCTEMHU Taki, $SK pOOOTH30BaHI JiHIi, THYYKI
BUPOOHUYI CUCTEMHU 1 T. 1H.

EnexTpoHika janga MOKJIMBICTE CTBOPUTH TaKi MaIIMHU,
K1 MOXYTh 3aMIHUTH JA€AKl (i3ionoriunl (QyHKIIT JIOAWHU 1
TBapHH, - Ki0epHeTHYHi MAIIINHHU.

Byxe choromHi, Hampukiaa, CTBOpEHA INTyYyHAa pYyKa,
SKOI0 KepyloTb OIOTOKM M'Si3iB JIIOJMHH, INTY4YHE CepIle,
HUPKH, JiereHi. HoBl MammHM BHMararoTh 1 HOBHX METOIB
MalIMHOOYAyBaHHS  Ta  TEXHOJOrIM  (TOuyHe  JIUTTS,
€JIEKTPOICKpOBa 00po0Ka, eIeKTPO3BAPIOBAHHS, IPECYBAHHS).

Tpeba BignaTn Benuky maHy 6atbky Ta cuny IlaTroHam,
YKpaiHCbKUM BYEHHM, SIKI BHECIM Oarato y CTBOPEHHS
BITYM3HSIHOT HAayKu Ta TMPYGTUKK  TPO  €JIEKTPO3BAPIOBAHHS




(puc.22). bareko Ilaton y m'stuaecsti poku XX cT. 30y1yBaB
NepHIMiA y CBITI LUJTKOM 3BapeHuil Mict uepes p. JHinpo y MicTi
KueBi, CTBOPHB 1HCTUTYT €JEKTPO3BaplOBaHHsI, pPO3pOOUB
CHCTEMy AaBTOMATHYHOTO  3BapiOBaHHsA.  Moro CUH
€.0.Ilaton  BWHAHIIOB cmoci0  €IEKTPOILIAKOBOTO

3BaprOBaHHS Ta 3poOMB OaraTo IHIIMX BUHAXiAiB. BiH €
[Ipesunentom Akaznemii HayK YKpaiHu.

Pansucpki Bueni y 70-x - 90-x pokax XX cropiuds
Oarato 3poOwiM 11  CTBOpPEHHS  0ararboX  CrocoOiB
3BapIOBaHHS METAJIB SIK ITiJ] BOJIOIO, Y TIOBITPI, TaK 1 y KOCMOCI.

Hanpasnenns caapit s S
- T N —

Cepaesk 9NeKTpoa

Noxpsme Soupmas aTocdepa

Ayra

KARKA wnax
SacTuiBuMA WAIK

Coapueaemsat matepian SacTseunmii Metann

Puc.22. [Ipouec 3BaproBaHHS METAILY N

e 3amosro no [pyroi CsitoBoi BiiiHu II'ep Kiopi i
Mapia CkiaonoBeska-Kiopi  Bikpuin HOBHHA  XIMIYHUH
€JIeMEHT - pajid, 3JaTHUN 0 caMOpo3Naay 3 BUIUICHHSIM
eHeprii.

2 tpyaus 1942 poky B UYikaro miJ KepiBHHIITBOM
B1JIOMOTO iTaniiickkoro BueHoro EHpiko ®depmi BBeneHO B
Jito mepuuil saepHuil peaktop. A gami 6 ceprHs 1945 poky —
Xipocima, a motiMm Haracaki.

[TouaTok BHUKOpHUCTaHHS SJEPHOI €Heprii B MHPHHUX
usix B CPCP : 27 yepBust 1954 poky B M. O6Hick, Kany3pkoi
o0JacTi crana 0 Jaay nepuia B CBITI sI€pHA eNeKTPOCTAHIIISA
MOTYXHICTIO 5 ThC. KBT. A nmani:

- Awnrmis, 1956 pik szgepHa enekTpocTaHuis - 42

THUC.KBT.
- ClIIA, 1957 pik saepHa eaekTpocTaHiis - 68 Thc.kBT.
ByniBHUIITBO  sSiIEPHUX  €JIEKTPOCTAHIM  TPHBAE.
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3BUuyaiiHO  HOBI  JpKepena  eHeprii  BIUIMBAIOTH  HaA
MammHOOyAyBaHHsS. HOBI THNHM MaliWH, MO MOJETHIYIOTh
OBOJIOJIIHHS HOBUMH JDKEpElIaMd €HEprii, a TaKoX MalllWHH,
[0 TEPETBOPIOIOTH SIICPHY EHEPril0 Ha KOPUCHY pOOOTY.
BinOyBaeTbcst TakoX €BOJIIOLIS MAIMH: Ta YW 1HIIA MAalluHA
BJIOCKOHAITIOETHCSI, MOJICPHI3YETHCS, 3MIHIOETHCSI.

TpuBarOTh MOCTIIKEHHS 1O CTBOPCHHIO HOBUX THIIIB
JBUTYHIB, TOPIIHEBI JBUTYHH MOCTYIWIHCS PEAKTHBHUM B
JiTakoOyIyBaHHI, a II€ MiJHIO CTENIO JITAKIB 10 35 KM., a
MIBUKICTH MOJBOTY 710 2 000 kxM/To/I.

Y 1965 poui min xepiBauutBom O.K.AHTOHOBa
30y10BaHO HaWOINBIIMK Yy CBITI TpaHcropTHUM niTak AH-22
(AHTell) cyuinpbHOMETaJeBHid MOHOIUIAH (4 [BUTYHH -
3aranbHOI0 noTykHicTI0O 60000 k.c. mepeBo3uTh 80 T BaHTaXKy
Ha BifgcTanb 5000 kM; mBHIKICTE 650 KM/TOT).

B mpomy x poui B Xapkosi mis HazapiBeskoi I'PEC
30ynoBaHo TypOiny noryxHicTio 500 000 kBT. (Hanmpukiam Ha
Kpemenuynpkiiit 'EC - typ6ina 58 000 xBt, miametp
pobouoro koieca 8 m).

Po3po0rneno 1mie mMOTyXHIIN MPOEKTH TiApOTYpOiH.
Mamuan Aapyroi monoBuHU 20 CTONITTSA 30BCIM HE CXOXI Ha
MaIllMHA TIOYaTKy CTOJITTSA, a MAIIWHU KIHIS CTOMNITTS HE
CXO01 a00 CKa)XeMO Tak, BiJIPI3HAIOTHCS BiJ CBOIX "0aTbkiB" 1
"miaiB" - HAIIUX CYYaCHUKIB.

CrBopenHst nazepiB  (puc.23) € HaWKpyNHIILIUM
JOCSITHEHHSIM Cy4acHOI HayKd. BOHO MOCTYXXHIIO MOIITOBXOM
s OypXJMBOIO PO3BUTKY KBAaHTOBOI €JIEKTPOHIKH, SKa
3aliMa€ThCs, Y KIHIEBOMY MiJCYMKY, CTBOPEHHSIM KBaHTOBHX
npuOOpiB A7 BUKOPUCTAHHS Yy PI3HUX O0JAcTAX HAayKd Ta
TEXHIKH.
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Puc.23. CyuacHi nazepu

Ckazatu Oyab-II0 MPO MAIIUHU 22 CTOMITTS BAXKO.
[TuceMenHuKaMu-(haHTaCTaMH ~ HAIMCAaHO  Jyke  Oararo
[IKaBUX 1 BU3HAYHUX KHUT. MU OUIKyeMO Ha MOSIBY HOBHX
MeXaHi3MiB, 00 Ha TOMy, IO HaM BiJIOMO, HE 3aKiHUY€ThCS
iCTOpisl MaIIMH.

I 3HOBYy mocTae muTaHHg, a 1O Take MamuHa? B
octaHHbOMY  BugaHHi  "Teopis  MexaHi3MiB"  mpog.
L.LI.ApTo6oaeBcbKuii Tak COPMYITIOBAB MOHATTS MalllMHA!

"Mawuna ye npucmpiil, AKUit cCmeopro€c 110OUHA 013
6UKODUCMAHHA  3AKOHI@  nNpupoou 3  Memoio
nonecwenna  Qizuunoi i pozymoeoi npauyi ma
nioguuwienna it nPOOYKMUBHOCMI WIAXOM YACMKOBOT
abo noenoi 3aminu J0OOuUHU 6 i mpyoosux i
Qizionociunux ynkyiax'.
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Tema 5. IcTopisi po3BUTKY PizKy4oro ycTaTKyBaHHsI

Piskyumii iHCTPYMeHT € HalBaXJIHMBIIINM €IEMEHTOM
TEXHIKM PI3HUX Taly3edl MamMHOOYAIBHOI MPOMHCIOBOCTI.
Brponosx Bci€i icTOpii TEXHIKM YIOCKOHAJIEHHS PIKY4OTo
IHCTpYMEHTY pOOHMJIM BEJIMKHI BIUIMB Ha KOHCTPYKLIIO
METaJOPIKYYHX BEPCTATIB 1 TEXHOJIOT1I0 MAallTHHOO Y IyBaHHSI.

Hanpuknan, 3acrocyBaHHS HIBUIKOPI3aidbHOI —CTall
3aMICTh BYIJICLIEBOI 1HCTPYMEHTAJIbHOI BHKJIMKAJIO pi3Ke
MBUIIICHHS PEXKUMIB 0OPOOKH 1, BiIMTOBIAHO, TPOAYKTUBHOCTI
npari.

IBuaKOCTI pi3aHHs IHCTPYMEHTIB 3 BYIJICLIEBUX CTaJlel
KonmuBanucs  Omm3pko 10 m/xB.  IHCcTpymeHTH XK 3
HIBUJIKOPI3aIbHOT  CTaJIi JIO3BOJMJIA TIIBUIIUATH IIBUIKICTH
pizanHs q0 30—40 m/xB. [loxiOHE MiIBUINEHHS IIBUIAKOCTI
pizaHHS He MOIJI0O HE BiZOWTHCA HA  KOHCTPYKIIii
METAJIOPKYUnX BepcrTariB. ['pymoBuii TpaHCMICIHHUI HpUBIT
OyB 3aMiHCHHIA 1HIUBITyaTbHUM.

[Ipuknamom  HaWOUIBII ~ JOCKOHAIOTO  TOKapHOIO
BepcTaTa, MPU3HAYEHOTO g OOpoOKM JeTajeil MaiiuH
MIBUJKOPI3AIbHUMU PI3ISIMU, MOXke ciyxutua Bepcrar JIIT
3aBony «YepBonuit mposerapy. Ilepma maptia 3 10 BepcraTiB
AII1-200 Oyna BumymeHa jgo 1 tpaBHs 1932 p. ToxapHo-
reuHTOpi3HMNA Bepcrar [III1-200 3 BucoToro neHTpiB 200Mm
MaB  IHIUBIAyaJbHUI  €NEeKTpONpHUBOA, MLI0 3abe3neuye
MaKcCUMaJIbHe Ynciio 00opoTiB mminaens (600 06/xB).

[Tomanpmmii nmporpec MammMHOOYIyBaHHS 3B'A3aHUI 13
3aCTOCYBAaHHSIM TBEpPAUX CIUIaBIB SK MaTepial pLKYyYHX
IHCTpyMeHTIB. BuKOpHCTaHHS TBEpIUX CIUIABIB J103BOJIUIO
30IBIIMTH MIBUAKOCTI pi3aHHS B 3—4 pa3u B MOPIBHSHHI 3
MIBUJKOCTSMH IMIBUIKOPI3aJIbHUX 1HCTpYMeEHTIB. [ToniOHe pi3ke
301IbIIEHHS NIBUAKOCTI Pi3aHHS HACTIHHO
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3aKaago CTBOPEHHS HOBHX METAJOPDKYYHMX BEpCTaTIB,
BIJIMOBITHUX MO>KJIMBOCTSIM HOBHX 1HCTPYMEHTIB.

CrocoBHO 0OpOOKM TBEpPAOCIUIABHUM 1HCTPYMEHTOM
Bepctatu JIIIT 3actapinu. Tomy B 1949 p. 3aBox «YepBoHuii
npoJieTap» I0YaB BHUITYCKATH HOBY MOJENb TOKAPHOTO
Bepctata 1A62 13 30UIBIICHOI0 TOTYXKHICTIO 1 B JIBa pasu
OUTHIIUM MaKCUMAJIBHUM YHCIOM OOEpTiB IIMiHAENsS B
nopiBHsHHI 3 BepctaTtoMm J(II1-200. Ane i1 meit BepcraT, SKHiA
BUMyCKaBcs 110 1956p., HE MIr 3a70BIIBHUTH BCIM BHMOTaM
HIBHAKICHOTO pizaHHS. Tomy Ha 3aBoal «UepBOHUN mponeTap»
OyB cTBopeHuii 1 B uucromaai 1956p. 3amymeHuit y
BUpOOHUITBO Bepctar 1K62 3 yuciaom obepriB Big 12,5 no
2000 06/xB.

TakuM 4YMHOM, BIPOBAHKEHHS HOBUX, JOCKOHAJIIINX,
IHCTPYMEHTAJILHUX MaTepialiB MPUBOJUTH 1O BIAMNOBIAHOT
3MIHM KOHCTPYKILIH METaJOpLKyduX BEpCTATiB, NPUMYIIYE
NPOEKTyBaTH iX 13 30UIBIIEHUMH YHCIAMH  OOOPOTIB,
HOTYXXHIIIUMH 1 dKOPCTKIIIUMH.

Pouip pixkyunx iHcTpyMeHTIB B mpommucioBocti. Ha
NepIIMiA  TOTJIAN MOXKE 3[aBaTHCSA, IO pOJb  PLKYIHX
IHCTPYMEHTIB y MpPOMHCIOBOCTI HeBenuka. IIpore, sKiio
BpaxyBaTH, 110 Ha MAIIMHOOYIIBHUX 3aBOJaX IIOJHS MUIbIHOHU
PLKYYHUX KPOMOK OOpOOJIAIOTH JECATKH MIJIbHOHIB BCUISKUX
JeTaned, TO CTa€ 3pO3YyMUIMM 3HA4Y€HHS I1HCTPYMEHTY B
HapOJIHOMY T'OCIIOJIapCTBI.

VYenimHuii  po3BUTOK  OyAb-SIKOTO  MallMnHOOYA1BHOTO
BUPOOHUIITBA B 3HAYHINA Mipi 3aJ€KUTh BiJ] TOTO, HA CKUIbKU
BOHO 3a0e3NeyeHe HaJeKHOI0 KUTbKICTIO IHCTPYMEHTY.

IcTopin PO3BHUTKY iHCTpyMEHTAJIBbHOI 0
BUpPOOHUNTBA. Y nopeBoouiiauii yac B Pocii He Oyno
KOJTHOTO  CIMEeLiaJi30BaHOTO  1HCTPYMEHTAJIBHOTO  3aBOIY.
Pikyuuit 1HCTpyMEHT /i BIACHUX TMOTped BUTOTOBIISLIU
Tinbk  Tynbebkuit,  IlyTinoBCbKkME,  37MaTOYCTOBCHKHIA,
DbxeBcekuii, OOyxiBcbkuid, KomomeHCchkmid 3aBogu. 3-3a
KopzoHy BBO3uioca 90% pi>§§qnx iHCTpyMeHTIB. Y 1919 p. B



Mocksi OyB opraHizoBaHU TepIui

crienianizoBaHui

JIep)KaBHUN 1HCTpYMEHTAJIbHMIA 3aBoja. Ha
NepuIoMy eTami 3aBOJl CIeliani3yBaBcs Ha BHUPOOHUITBI
piKY4Oro i B3aTUCKHOTO IHCTPYMEHTy. MOro OCHOBHHMH
BUpoOaMu ctami (pesu, MITUMKH, IUIAIIKH, PO3TOPTKH,
cBepuia. BUpOOHUIITBO 1HCTpYMEHTY OyJi0 OpraHizoBaHe Ha
OCHOBI  pO3AUICHHS TMpolecy BHPOOHUITBA HA  PAX
€JIEMEHTAapHUX OIepaliid 1 BHKOHAHHS KOXXHOI orepartii
OKpeMUM poOOYMM Ha II€BHOMY BEpCTaTi, OCHAILIEHOMY
cremiaJbHUMU TpUCTposMu. [lomiOHWIA miaxig 1o
oprasizamii BUPOOHMIITBA 1HCTPYMEHTY OyB MO TOMY Yacy
HOBHM 1 IIPOTPECUBHUM 1 BUSBUBCS BEIbMU €(DEKTUBHUM.

Le#t npuHIMI PO3UIEHHS TEXHOJIOTIYHOTO MPOLECy Ha
psia omepariii i BAKOPHCTAaHHS YHIBEPCATHHOTO yCTATKyBaHHS
npu HOro OCHAIEHHI CHEelialbHUMH HPUCTPOsSMU  OyB
3aCTOCOBAaHMM  Ha  IHIIMX  3aBOJax. 3OKpeMa  Horo
BUKOpUCTOBYBaB CecTpopelKHil 1HCTpYMEHTaJIbHUN 3aBOJ,
akuil B 1922p. npuiiHaB npodisib IHCTPYMEHTAIBHOTO 3aBOJY.
B nepion BiJHOBJIEHHS HApOJHOIO TOCHOAApPCTBA, Pa3oM 3
Ha3BaHUMHU, (DYHKIIIOHYBAJIM TakKl CIeEIladi30BaHl 3aBOJH, 5K
3aBoA iM. JleHiHa B 311aTOYCTOBI, 3aBO/I pIXKYUHUX IHCTPYMEHTIB
B XapKoBi, HANMMJIKOBI 3aBoiu B Miacce 1 Bopormiosrpasi.

Jlo KiHIS mepuioi M'ATUPIYKH BCTYNUB B JIaJ MOTYTHIN
IHCTpyMeHTanbHUM 3aBox  «@Ppesep» im. M.L.Kaminina. VYV
3B'SI3Ky 3 IYCKOM 1 pO3ropTaHHAM BUPOOHUIITBA
IHCTpYMEHTY Ha 3aBOji
«®Dpe3ep», a TakokK Ha Takux 3aBojax, sk CecTpopeukuid i
31aTOyCTOBCHKHM, poiib MOCKOBCHKOTO 1HCTPYMEHTAJIBHOTO
3aBogly (Mi3a) K mocTadyagbHUKAa HOPMAIBHOIO PIKYUOTO
IHCTpYMEHTY CTaBajla JIpyropsaHoro. 3 uporo mepioxy MI3
NEepPEeXOUTh HAa  BUPOOHUITBO  MPOTSIHKOK,  3yOOpIZHHX
IHCTpYMEHTIB 1  IHIIOrO  CKJAJHOTO  HECTaHIapTHOTO
IHCTPYMEHTY.

OxHuM 3 TOJOBHUX  HampsiMiB B poOoOTi



IHCTPYMEHTAIBHUKIB 3'IBUTHCS MHIIBUIIEHHS SIKOCTI
IHCTpYMEHTY, 110 BUIYCKAETHCS, 30KpeMa HOro CTIHKOCTI 3a
pPaxyHOK 3aCTOCYBaHHS HPOTYKTUBHIIINX MapoK
IHCTpYMEHTAJbHUX CTajlel 1 TBepAMX CIUIABIB, CTBOPEHHA 1
OCBOEHHS ~ HOBHUX  BHCOKONPOAYKTHBHUX  KOHCTPYKIIiH
IHCTpYMEHTY, pO3pOOKH 1 BIPOBAIKEHHS BHCOKOE()EKTUBHUX
TEXHOJIOTTYHHX MPOIIECiB BUPOOHUIITBA IHCTPYMEHTIB.

Benukuii BHECOK B pO3poOKy Teopii mporiecy pi3aHHS,
MPOCKTYBaHHS PDKYYMX 1HCTPYMEHTIB BHECIH JabopaTopii
BY3iB, 30KpeMa MOCKOBCHKOTO BHIIOIO TEXHIYHOTO YUMJIMINA
iMm. baymana, MOCKOBCBHKOTO BepCTAaTOOYIIBHOTO I1HCTHUTYTY,
MocCKOBCBHKOTO aBiaIiifHoro iHCTUTYTY iM. OpKOHIKII3E,
XapkiBcbkoro, KwuiBchkoro, Jleninrpaacekoro, Tomchka
MOJIITEXHIYHUX  1HCTUTYTIB,  CBITJIOBOACHKHI  KOMOiHAT
TBEPIUX CIUIaBiB 1 TYrOIUIABKHX MaTepiamiB, [HCTUTYT
HaaTBepaux MmatepianiB iM..B.H.bakynsa (m.KuiB) Ta in. Cepen
CYy4JacHUX CBITOBHX IHCTPYMEHTAJIBbHUX (DipM BapTO BHIUIMTH
Hahnreiter ~ Prazision = Werkzeugfabrik  (BucokosikicHmuii
pi3bOOHapI3HUI 1HCTPYMEHT, - I'epmanist), Zenit (ycl OCHOBHI
BUJM Pi3LiB /Ul 30BHIIIHBOI Ta BHYTPIIHBOI 00po0KH, ITamis),
Tyrolit (maibke Bcl TuUNKM  aOpasUBHOTO  IHCTPYMEHTY
HaWBUINUOi €BpOMeHchkol sKocTi, -  ABCTpis), Sandvik
Coromant (6umem  Hix 35000 HaliMeHyBaHb  PIKYIHX
IHCTpYMEHTIB, - I1IBewist) Ta 6araTo iHIIKX.

HocaigxenHss B o0nacTi 0OpoOKM MeTalliB pi3aHHSAM
HIMPOKO PO3TOPHEHI TAaKOXX B Tajly3€BUX HAyKOBO-JOCIHIIHHUX
iHctutyTax (BHII, EHIMC, Lniitmam).

3a  ocraHHii  4yac  3'SBwiMCAd  XIMIYHMM i
€JIEKTPOXIMIUHHH METOU 00poOKH MeTaJiB,
aHOJIHOMEXaHUYecKasi, eJIeKTpoepo3iiiHa 1 eNeKTPOIMITYJIbCHA,
yIBTPa3BYKOBa, €JIEKTPOHHOIIPOMEHEBA 00pOOKa.

I[Ipy  0o0poOumi  HOBOrO  BHAY  BHUCOKOMIIIHHUX,
HEIpXKaBilOUMX 1 JKapOMIIHMUX MaTepialiB, M0 BaXXKO
00pOOISIIOTECS  3BUYaHUMHU METOJAMU pI3aHHS, YCHIIIHO
BUKOPHCTOBYIOTBCS (I)I/ISI/IKO-X%LMi‘{Hi metoau. Ilpu ouinmi poi



00poOKM pi3aHHAM HEOOXiJTHO BpaxoBYBaTH 1ii BHCOKY
MaHEBPEHICTh 1 THYYKICTb, MOJJIMBICTh BHUT'OTOBIJICHHS
HaWpI3HOMAHITHIIIMX  JeTalied, OOMEXKEHHX CKJIaJHUMHU
(dacoHHMMM  TMOBEpXHSAMH, BIAHOCHHA  MajWil  BIUIUB
BJIACTUBOCTEH 0OpOOJIFOBAHOTO MaTepiaay Ha TOYHICTh 1 SIKICTh
00poOKM, BUILY TOYHICTH PO3MIpIB B MOPIBHSHHI 3 IHIIMNMHU
MeToJaMu OOpOOKH, MOPIBHSHO Majy BapTiCTh IHCTPYMEHTY,
BEJIMKY THYYKICTh BEpCTaTiB MpHU MEpeHANaIli, Mali MUTOMI
BUTpATH €HEPTii.
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Tema 6. IcTopist pO3BUTKY TeXHOJIOT I
MAIIUHOOY/yBAHHSI

CyoBO “TeXHOJOTisl” 3al03U4eHE 3 TPEIbKOi MOBH

(techne
- MHCTEITBO, MaWCTEpHICTh, l0g0S - HaB4aHHsA, HayKa) i B
nepeksajil O3Ha4yae - HayKa Ipo MaliCTepHICTb a00 HaBYaHHS
PO PEeMiCHUYE MUCTENTBO. TexXHOOris MamuHOOYTyBaHHS -
HayKa Ipo clI0COOM BUTOTOBJICHHS MAalllUH.

MammnHo0yayBaHHsl 3aiiMae TPOBITHE Micle cepen
ycix ramysedl npomucioBocTi. Lle BU3HauaeTbcs THM, IO BCl
npolecd B MarepiaJbHOMY  BHPOOHHIITBI, TPaHCIIOPTI,
OyIIBHUITBI Ta CUICBKOMY TOCHOJApCTBI TMOB’si3aHi 3
BUKOPHCTAHHSM MAIMH PI3HOTO mnpu3HadeHHs. KoHcTpykmii
MallluH Oe3lepepBHO BIOCKOHAIIOIOTHCS BIJIOBIIHO 10 BUMOT
BUPOOHUIITBA Ta eKCIUTyaraiii, a TaKoXX Ha OCHOBI
BIIPOBA/IKEHHSI e(PEeKTUBHUX pe3yibTaTiB HayKOBO-
TEXHIYHUX JOCHIKEHb, TOSBH HOBHX MaTepialliB i crmocoOiB
Ha/laHHA IM NOTpiOHUX (OPM 1 BIACTUBOCTEH.

CTBOpEHHSI HOBHX MAIIIWH, SIK1 BIAMOBIIATH O Cy9acHUM
BUMOTaM, OB’ s13aHe 3 notpe0oro HiATOTOBKU
BHCOKOKBaJI1(h1IKOBAHUX 1HKEHEpHUX KaJipiB
MaIIMHOOYAIBHOTO MPO(iII0, 3AaTHUX PO3B’A3yBaTH MHUTAHHS
pO3paxyHKiB, KOHCTPYIOBaHHsI, BUPOOHUIITBA Ta €KCILTyaTaIlii
BHUPOOIB BUCOKOIO TEeXHIYHOro piBHs. [liAroToBKa Momomux
(daxiBIliB y IbOMY HaIPsIMKY 3A1HCHIOETbCS Ha 0a31 BUBUCHHS
(byHAaMEHTAbHUX 3arajJbHOOCBITHIX, 3arajJbHOIHXEHEPHUX 1
CreIIaIbHUX JUCITUIUTIH, Cepell KX OKpeMe Micie 3aiMae
KypC TEXHOJIOT1i MalmMHOOY TyBaHHSI.

OCHOBHUM  3aBAAaHHSAM  HAYKOBOi  JMCLMIUIIHU
“TexHosiorisi MalmMHOOYIyBaHHS® € PO3BUTOK 3HaHb, SKI
3a0e3meuyroTh Oe3nepepBHE BIOCKOHAJIEHHS TEXHOJIOTTUHHX
METO/[IB BUPOOHMIITBA Ta IiJBUILEHHS MPOIYKTUBHOCTI IMpari
B MaIuHOOYyBaHHI. Hanpsmok TEXHOJIOT11



MalIMHOOYAYBaHHS BHU3HAUYAETHCS 3aBAAHHAM OTPUMaHHS
MAaIlIMH HAJIEKHOI SIKOCTI, SKI BUTOTOBJISIOTHCS 3a MiHIMaIbHOI
cobiBapTocTi, oOprasizamii 0e3MeYyHoi Ta TOJICTHICHOI B
MaKCHUMaJbHO MOXJIMBIM Mipi mpami. Po3pobneHHs Takux
TEXHOJIOT1YHHMX TPOIIECIB IMMOB’sA3aHe 3 JOIUIBHUM BHOOPOM 1
CTBOPEHHSIM JIOCKOHAIBHIIIIOTO TEXHOJOTIYHOTO YCTATKyBaHHS
Ta OCHAIIEHHs, 3aco0iB MexaHi3amii Ta aBTOMaTH3alii
BUPOOHUIITBA, MIPUBEJCHHSM TEXHIKO-EKOHOMIYHUX
OOrpyHTYBaHb Ta BUKOHAHHSIM IMPOEKTHO-KOHCTPYKTOPCHKHX
po3pobok. Pazom 3 UM CTaBUTHCS 3aBIaHHS MaKCHUMaJbHOTO
CKOpOUYEHHS ~ TEpPMiHIB  MOOYyIOBHM  Ta  BIPOBAPKEHHS
TEXHOJIOTIYHHUX TPOIIECIB, Y Pe3yibTaTi YOro MPUCKOPIOETHCS
3aCTOCYBaHHS HOBOI TEXHIKM Ha CTaJlii BUTOTOBJICHHS BUPOOIB.

TexHoJI0TisI BUTOTOBJIEHHSI BUPOOIB € KOMILJIEKCHUM
KypCcOM, B SIKOMY BUKJIQJA€ThCS TEOPis MOOYTOBH Ta METOIU
PO3paxyHKY TEXHOJIOTIYHUX TMPOILECIB MAaIIMHOOYIIBHOTO
BUPOOHUIITBA, 10 BKJIIOYAIOTh OTPUMAHHS  3aroTOBOK,
MeXaHIYHy OOpOOKy pi3aHHAM 1 CKIaJaHHS MallUH 1 iX
eneMmeHTiB. Kpim TOoro, mel Kypc pO3MIMPIOE KpPYrosip
CTYIEHTIB B 00JacTi TeXHOJOrii, pO3BHUBa€ 3MATHICTH O
IPOBEJCHHS KPUTUYHOI OI[IHKM JII0OYMX MPOIECIB, a TaKOXK
NPUILIEIUTIOE  HAaBUYKH TBOPYOTO BUPIMIEHHS TEXHIYHUX
3aBJIaHb.

Y TexHojoOrii MamMHOOYAYBaHHS  CHUHTE3YIOThCS
MOJIOKEHHST TEOPEeTUYHMX 1 TMPUKIAJHUX HAyK II0J0
BUPIIIEHHS TEXHOJIOTIYHMX 3aBJaHb PI3HOTO XapakTepy.
[Topsin 3 1UM, WIISAXOM CHUCTeMaTH3alii Ta y3aralbHEHHs
BUPOOHHUYOTO JIOCBITY, @ TAKOK HA OCHOBI aHAJI3y PE3yIbTaTiB
BUKOHAHUX JOCTI/DKEHb CTBOPIOIOTBCS Ta PO3BUBAIOTHCS
OCHOBHI TEOPETHUYHI TIOJIOKEHHSI TEXHOJIOT1I BUPOOHHUIITBA
BUpOOIB, IO MiABOJATH HAYKOBY ©0a3y miJg po3poOiIeHHs
MpoIeciB  iX  BUTOTOBJIEHHS 1  JAOTh  MOXJIMBICTH
OOTpYHTOBAaHOTO  BHUOOpPY  TEXHOJOTIYHMX METOMIB s
KOHKPETHHX YMOB.

OmHI€0 3 TOJIOBHUX I;]I-EZ?/KOBI/IX poOIeM TUCIUTUIIHU €



BUBYCHHS 3aKOHOMIPDHOCTEH TMPOTIKAHHS TEXHOJOTIUHUX
OpoIeciB 1 BUSBICHHA THUX IapaMeTpiB, BIUIMB Ha fKI €
HaWO1IbI e(EKTUBHUM IS 1HTCHCH]IKaIi BUPOOHHUIITBA Ta
MABUILEHHS HOr0 TOYHOCTI. Y MOCHIDKEHHAX TEXHOIOTTYHUX
mporeciB Tpeba MOBHICTIO MEPEHTH Bia HAOIMIKEHOTO OIHUCY
SIBHIII, 1110 BiAOYBAIOTHCS, 10 MATEMAaTUYHUX TOYHUX BHPA3iB i
METOMIB Ccy4acHOi HayKd. TO4YHI TEXHOJOTIYHI PO3paxyHKH
0COOJMBO BAaXJIMBI JJIs1 aBTOMaTH30BAHOTO BUPOOHUIITBA, 1€
noTpiOHa  BHCOKAa  HAAIMHICTL  3a0e3MeueHHs  3a7aHol
MIPOJIYKTUBHOCTI Ta CTaOUIBLHOI SKOCTI BUPOOIB.

SxicHa 3MiHa BHUPOOIB, HEOOXIMHIMX JUIS JIFOJUHU
orpuMmasia Ha3By ‘‘TexHosioriunmii mpomec”. BukoHyrouu
Horo, JIIOJIMHA CTABUTH TIepe]] COOOKO JIBi 3a1adi:

1. IIpeamer mpatti (BupiO) HOBUHEH OyTH SIKICHUM.

2. Butpatu Ha  BHUTOTOBJICHHS BHPOOY

MOBHUHHI OyTH MiHIMaJIbHUMHU.

[Tepma 3ajaya BUPINIYETHCS dbopMyBaHHSIM
CITy»KOOBOTO MIPU3HAYCHHS BUPOOY, SIKE Oyne
XapaKTepU3yBaTUCS CUCTEMOIO ONTUMAIIbHUX IOKa3HHUKIB
AKOCT1 (TOYHICTb, ILIOPCTKICTh, BIAXWJIEHHS BiA (opmu,
BIIXWJIEHHS BiJ] B3aEMHOTO pO3TallyBaHHS IIOBEPXOHb,
HAJIHHICTD B €KCIUTyaTallii Ta iH.).

Jlpyra 3ajmada BHpINIYETbCS MiHIMI3alli€l0 3HAUYEHHS
YHIBEpCAJIBHOIO IMOKa3HMWKa BUTpaT Mpali — co0iBapTOCTI
BUTOTOBIEHHA BupoOy: CobiBapricth = Martepiam +
3apruiata + EneproButparu
+Haxmagni Butpatu. CyKylmHUM BUPIIIEHHSM BKa3aHHUX JBOX
3aja4 1 3aliMaeThCs HayKa ,, [ €XHOIOris MalnHOOYy TyBaHHS .

“Texnonozia mawunodyoyeanna — ye 2any3vb HAyKu,
AKA 3QUMAECMbCA BUBUEHHAM 3AKOHOMIPpHOCMENL, W0 OiI0Nb 6
npoueci 6u20moeieHHA MAUWIUH, 3 MEmOI GUKOPUCHAHHA
UUX 3aKOHOMIpHOCH eIl 0115 3a0e3neuenna HeoO0XiOHol aKocmi
Mawiunu i MinimanovHoi ix covieapmocmi’.

b.C.banakwuun.
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Texnomoris MaIuHOOyyBaHHS € HayKOIO
NPUKIAJHOK, TPOTE Mae 3HauyHy TEOpeTHUHy 0asy, €
KOMIUIEKCHOIO 1 TICHO MOB’Si3aHa 3 PSAIOM IHIIUX JUCIUILTIH —
TEOPIEI0 pizaHHS, MIPOCKTYBaHHIM TEXHOJIOT1YHOTO
YCTaTKyBaHHS Ta 3ac00iB TEXHOJOTIYHOTO  OCHAIICHHS,
opraHizaifi€o, IUIaHYBaHHSM Ta EKOHOMIKOI BHPOOHHUIITBA
TOIIIO.

OcHOBHI eTanu PO3BUTKY TEXHOJIOTII
MaIIUHOOYTYBAHHS SIK HAYKH

Hayka npo TexXHoJIOTil0 — [1e¢ He MPOCTO CYKYIHICThH
NEBHUX 3HaHb PO TEXHOJIOTIYHI MPOLECH, a CUCTEMA TOYHO
chOopMyITbOBaHUX 1 MEPEBIPEHUX IMOJIOKEHb MPO SBUIIA Ta iX
MIUOWHHI 3B S3KH, AKI BHPaXXEHI 4yepe3 0cOoONMBI MOHATTA. 3
iHmoro OOKy, Hayka MpO TEXHOJOTiIo, sK 1 Oynp-sfka iHIIA
rajny3b 3HaHb, — 11€ PE3YyJIbTAT IPAKTUYHOT AISIIBHOCTI JIFOJUHHU;
BOHA MIANOPSAIKOBYETbCA UM PO3BUTKY CYCIIJIBHOI MpaK-
TUKU 1 37aTHA CIYXHUTH TEOPETUYHOIO OCHOBOIO. SIKIII0 HayKa —
cUcTeMa HayKOBHX 3HaHb, TO MpoIec HAOyTTS IHUX 3HAHb €
HAayKOBUM III3HAHHSAM. Y TIPOLECI CTAHOBIIEHHS HAyKOBOI'O
Mi3HAHHSA B 0OJIACTI TEXHOJIOTIT MAIIMHOOYTYBAaHHS MOKHA
BUJIUTMTU TPU CTaii:

1) 3apO/KEHHS 1 PO3BUTOK €MITIPUYHOTO JOCTIPKCHHS Ta

NOYaTKOBE  HAKOMHMYEHHS  EMIIIPUYHMX 3HaHb  HpO

TEXHOJIOT14HI MPOIIECH;

2) 3apoJUKEHHs MepUIoi HAyKOBOI KapTUHHU CYKYIHOCTI
SBUI, $KI MarOTh MICIIE TPH 3AIMCHEHHI TEXHOJOTTYHUX
MIPOIIECIB;

3) mnoOynoBa Teopii Ta iX MPaKTUYHA peai3allis.

CraHOBJIEHHS TEXHOJIOTl MamMHOOYAYBAaHHS  SIK
HayKOBO{ JUCLUTUTIHA yTpyAHEHE BEJINYE3HOIO
PI3HOMAHITHICTIO 00’€KTIB BHUPOOHUIITBA (B1J MIHIATIOPHUX
OpuiIagiB 10 €KCKaBaToOpiB, BiJl HAHIPOCTIIIUX BUPOOIB TUIY
MOJIOTKa JI0 Haﬁcmnaumiunzné(1 6MaHII/IH, TaKUX, K KOCMIYHHI



KopaOelib), He3UHUCIEHHOIO KUTBKICTIO METO/1IB BUTOTOBJICHHS 1
YCTaTKyBaHHA Uil iX 3/AiHCHEHHA. TOMy PO3BHTOK HAyKOBHUX
OCHOB TE€XHOJIOT'i MamMHOOYyBaHHS AOBIMH 4ac 3HaXOAUBCA
Ha CTaJlii EMIIPUYHOTO JTOCIIKCHHS.

[ToctynmoBe  HaKkONMMYEHHA  JAaHUX  EMIIIPHUYHUX
JOCIIJKeHb TEXHOJIOTIYHUX TPOIIECiB, BUSB OKpEeMHX (DaKTiB,
3B’SI3KIB MK SIBUIIIAMH, BUCYHCHHS PI3HOMAHITHUX 1JIeH 1
rinoTe3 103BOJIMWIO CPOPMYyBATH TEXHOJIOTIIO SIK HAYKY.

Ha 1iii OCHOBI CTBOpPEHO BYECHHS TMPO TOYHICTh
00pOoOJICHHSI 3aTOTOBOK, PO3KPUTO 3aKOHOMIPHOCTI PO3MIPHUX
1 YacoBHX 3B’SI3KIB TEXHOJIOTIYHUX TIPOIECIB, PO3pOOICHO
PO3paxyHKOBI METOJH, C(OpPMYyJIbOBAHO CHCTEMY OCHOBHHUX
NOHATh 1 BU3HAYEHb, CTBOPEHO METOJUKY pPO3POOICHHS
TEXHOJIOTIYHHX MPOIIECIB TOLIO.

Po3BuTOK MamMHOOYAYBaHHS CTaBUTh HOBI MPOOJIEMH,
NOB’sI3aHi 3 MIJBHUIICHHSAM SKOCTI BHPOOIB 1 MPOAYKTUBHOCTI
npani Ta BUMarae ix BupimeHHs. CydacHe MalinHOOY/TyBaHHS
BUKOPUCTOBYETHCS MPAKTHYHO Yy BCIX cdepax IOACHKOI
TiSUTBHOCTI, JIOCSTIO 3HAYHUX YCHIXiB y MIABUIIEHHI i
e(eKTUBHOCTI 1 B pe3yJIbTaTl MEPETBOPUIIOCA Y TEXHOJIOTIUHY
06a3y MPOMHUCIOBOCTI, $Ka BHM3HAYa€ pIBEHb TEXHIYHOI'O
PO3BUTKY KpaiHH 1 i Oe3meKu.

Y MUHYJIOMY TE€XHOJIOTis MAalIMHOOYTyBaHHS OTpUMaa
HalOUIBIIMIT pPO3BUTOK y MalicTepHsX 1 3aBojax, [e
BUTOTOBJISUIUCS Pi3HI BUAM 30poi B KUIBKOCTSIX, OUIBIINX, HIXK
Oynb-ski 1HII BUpoOu. Ictopis 30epirae GaraTo yHIKaJbHUX
JOCATHEHb TexHoJorii. [IpakTHYHO y BCIX ICTOPHUYHUX MY3esix
MOXHa TOOAYUTH KOJEKIlli crapomaBHboi 30poi. [Tonamx 400
pPOKiB 3HaxoauTbcss Yy MockoBcbkoMy Kpemmi Bimomi Llap-
rapmara (Puc.24) macoro 40 TonH, BijytuTa AHApieMm YoxoBuM y
1587pomi, 1 Ilap-m3Bin (Puc.25) wmacoro 200 ToOHH,
BUTOTOBJICHWH  3HAMEHUTHMH JIMBapHUKaMH [BaHOM i
Muxaitnom Motopinumu B nepuriit noiouHi XVIII cTomiTrs.
VY 1761 poui Ha Tynbchbkii 30posipHi BHepiie y cBiTi Oyio
pPO3pOo0JIEHO Ta BIPOBAPKEHO BUTOTOBJICHHS B3a€EMO3aMiHHHMX



nerasei i X BUMiproBaHHs KainiOpamu.
. T .

Puc.24. Ilap-rapmara, Puc.25. Iap-n3BiH,
Mocksa, 1587p. Mockaa, nepia noJ.
XVIII cr.

Y PpO3BHUTKY NPOMHUCIIOBOTO BUPOOHHIITBA, 30KpeMa y
MaIIMHOOYyBaHHS, MOYKHA BUAUTUTH /1Bl epu: iHAYCTpiajbHy
i ingopmaniiiny.

[Tepmra mpoiinuia cBiff HUISIX PO3BUTKY, NMOYMHAKOYM 3
XI cromitTrs, 1 XapaKTepU3YETbCS MNEPEBAKHUM PO3BUTKOM
rajgy3eil MaTepialbHOrO BHUPOOHUITBA 1, B TEpIIy YeEpry,
npomucioBocTi. Came BUPOOHHMIITBO 3HAYHOIO MIPOIO CTallo
MacoBUM, OaratocepiiiHMM, Opi€EHTOBAaHMUM Ha PUHKH BEIHKOi
€MHOCTI 1 Ha BUpoOM MacoBoro nonuty. L{0o epy ymoBHO
MOYKHA MOJIIJIUTH Ha Taki eTaru.

Eran 1: XI cromitrs — 1929 p. ¥V 1615 p. — nepua
rapmara. Y 1761p. — nepiui KOHTpoOJbHI Kamiopu. Y 1765 p. —
nepma mnapoBa MamuHa. Y 1929 p. — mepun KepiBHI 1
HOPMAaTHBHI JOKYMEHTH; MepIlli IPOEKTHI YCTaHOBH.

Eran 2: 1930 — 1941 pp. Ilowarox po3poOieHHS
3arajlbHUX HAyKOBHX TPHHLMUIIB MOOYI0BH TEXHOJIOTTYHHX
nporeciB. DOpMyBaHHS TEXHOJIOTIT MaIIMHOOYIYBaHHS SIK
Hayku. Ily6nikanii po6iT A.Il.Cokxonoscbkoro, A.l. Kamipina,
B.M.KoBana.

Ertan 3: 1941 — cepeyga 1950 pp. Po3pobnenns HoBUX



1Iel:  PO3PaxXyHKOBO-aHANITHYHMM  METOJ]  BU3HAUCHHS
NEpBUHHUX TOXMOOK BUTOTOBJICHHS;, Teopis Oa3yBaHHS
3aroTOBOK 1 BY3JIB; TEXHOJOTIYHA CHAJKOBICTH, T'PYINOBUUI
METOJI TEXHOJIOTii Ta opraHizauii BUPOOHWITBA;, aJanTUBHE
KEepyBaHHsI TEXHOJIOTI€I0 MAIIMHOOYAYBaHHS; HAYKOBI OCHOBU
Teopii CKIIaaHHs.

Ha 3miHy iHgycTpianbHii epi npwuiinmia iHdopmariiina
epa, mepexij 10 AKOi y MPOBITHUX KpaiHax 3axony MmoyaBcs y
50 — 60-1 pokr MUHYJIOTO CTOJIITTS 1 3aBEPIIMBCS Y HAHOUIBII
€KOHOMIYHO PO3BMHEHHUX KpaiHaX CBITY 10 cepeaunu 80-x pp.
B epy ingyctpiamizamii OCHOBHHM ()aKTOPOM IIiIBUIICHHS
e(eKTUBHOCTI BUPOOHHIITBA OyJia IEPEBAKHO EKOHOMIisl BUTPAT
KUBOI Tpali y HaipisHOMaHiTHINMX cdepax. [linBumnieHHs
e(DEeKTUBHOCTI BUKOPUCTAaHHS Tipaii (BUpPOOHWYMX (OHIIB,
MaTepiaibHO-€HEPreTUYHUX ~ BHUTpAT)  3[iMCHIOBAJOCS, B
OCHOBHOMY, Y (hopmi “exoHoMii Ha MaciiTabax BUPOOHMIITBA”,
3HIDKCHHS BUTPAT PECYpCiB HAa OJUHHIIO KiHIEBOI MPOMYKIIi
3a paXyHOK MiJBUIIEHHS MUTOMOI MOTYXHOCTI TEXHOJIOT1YHOTO
yCcTaTKyBaHHA Touo. KpiM 1bOro crocTtepiranocsi MIHUPOKe
BUKOPUCTaHHSA (yHIAMEHTalNbHUX HAayK U1 BHpIIIEHHS
TEOPETUYHHUX TPOOJIEM 1 MPaKTHYHUX 3a7ad; BIPOBAHKCHHS
O0YMCTIOBAIBHOI ~ TEXHIKM, CHCTEM  aBTOMATH30BaHOI'O
IPOEKTYBAaHHS TEXHOJIOTIYHUX TpPOIECiB, oOONaJHaHHA 3
YHUCIOBUM MPOrpaMHHUM KEpyBaHHSAM; pO3pOOJIEHHS HOBITHIX
BHUCOKOE(EKTUBHUX METO/1B BUTOTOBJICHHS 3aTOTOBOK JIeTajel
MAIIIMH 1 iX CKJIaJaHHS.

[npopmaniiiny epy BuUpI3HSE TepeBaXKaIbHUN pICT
€KOHOMIKH, chepH Mociuyr (SK y BaJIOBOMY NMPOIYKTIi, TaK 1 B
YUCETBHOCTI 3aiHATHX), OCOOJIMBO IS Tally3ei, MOB’I3aHUX 3
nepepoOkoro iHpopmanii 1 3AIMCHEHHSIM MOCEPEAHULIBKOT
JISITBHOCTI BCiX BHIIB. BupoOHUIITBO B iH(OpMaIliiHy epy
CTa€ y BUILIN Mipi THYYKUM, ajieé HE MAaCOBHM, OPIEHTYETHCS Ha
IHIWBITyaIbHI 3allUTH CIIOKMBA4YiB 1 HEBEIWKI 3a €MHICTIO
PUHKH 30yTYy.

[Tpoiinum yacu, KOJIM MiANPUEMCTBO MOTJIO BUITYCKaTH



OMHY W Ty X TPOAYKIiI0 AecATHMTTIMH. ChOTOaHI Yy
HaliCydacHIIIMX Taxy3sx BUpPOOHMITBA (HANpHKIAL, B
€JICKTPOHIIl) JKUTTEBUH LHUKJI BUPOOY CKOPOUYYETHCS O
KUJIBKOX MICSIIB. SIKIIO 5K TOBOPUTH PO MAIIMHOOYTyBaHHS,
TO B HBOMY B CEpEHBOMY 3a TPHU-II’SITh POKIB HEOOX1AHI TTOBHA
3aMiHa BUPOOIB 1 3MiHA 3aCO0IB TEXHOJIOTIYHOTO 3a0€3MECUCHHS
(TEXHOJIOTIYHUX MPOIIECIB, yCTAaTKyBAaHHS, OCHAIIICHHS ).

TakuM 4YHHOM, YITKO BIJICTIIKOBYETHCS TCHACHIIIS
CKOPOYEHHSI  JKUTTEBOTO LMKIY BUPOOy, 00yMoOBIieHa
HaMaraHHsAM BHUPOOHMKIB IIBH[IIE 1 MaKCUMaJbHO IOBHIIIE
3aJJOBOJILHATH TOTpPeOU CYyCHiIbCTBA, IO B CBOK 4Yepry,
cTumymtoe pict mmx morped. [lotpebu cycminbeTBa, sKi
HETIePepBHO 3POCTAIOTh MOPODKYIOTh PICT PI3HOMAHITHOCTI
MaIMHOOYIIBHUX BUPOOIB, iX mnpu3HaueHHs. HeoOXimHICTH
BUIYCKY KOH- KYPEHTHO3JAaTHOI TPOAYKIIi TOCHIIIOE IO
TEHJCHIIII0O 1 BHMAara€ HENEpPEepBHOTO  BIOCKOHAJICHHS
TEXHOJIOTIYHMX  TPOIECiB 1  3aco0iB  TEXHOJOTIYHOTO
OCHAIIICHHSI.

CydacHe MIANPUEMCTBO TOBHHHO OYTH 3JaTHUM
IIBUJKO TMEPEXOJIMTH HAa BUIYCK HOBHUX BHUPOOIB MiABUIIECHOL
AKOCTI 3 MIHIMaJIbHUMH BUTPaTaMH.

PoGota cyuacHoro migmpueMcTBa B YMOBax, SKi
JTUHAMIYHO 3MIHIOIOTHCA, 3aCTaBIIsIE BUPIIITYBaTH
“B3a€MOBMKJIIOUHI” 3ajJaui: IMIBUIKO TMEPEXOJUTH HA BHITYCK
HOBOI TpPOXYKWii ¥ OJHOYAaCHO BIPOBAKYBAaTH HOBI
TEXHOJOTrlT 1 TEXHIKy; NIJABUINYBAaTH SKICTb BHPOOIB 1
3MEHIIIYBaTH BUTPATH BUPOOHHUIITBA.

Po3BuTKOM TexHOJIOTII MAamMHOOYTYBaHHS 3alMasocs
Oarato BumatHux ocoowucrocteit: A.K. Hapmoe (1693-1756),
M.B. Jlomonocoeé (1711-1765) i 6araro inmmx. SIk mpaBuJio, 1e
Oymnu pi3HoOiuHO AocBimdeni moau. Hanpuknan, A.K. Hapmoe
— “Iletpa Benukoro MexaHik 1 TOKQpHOTO MUCTELITBA BUUTEND
HE TUTBKM CaM BUHAXOJWB BEPCTATH, 30KpeMa TOKapHHMA
BEpCTaT 13 MEXaHIYHUM CYHOPTOM, MAalIUHHU IS
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MOHETHOTO JBOPY, M€XaHi3M i migiiomy Llap-n3BoHa, ane i y
1742- 1743 p. kepyBaB AKazeMi€l0 HaAyK i MECTEIITB.

PisHomanitHicTs  Tamanty ~ M.B.  Jlomonocosa
IPEJCTaBIATH HE Ma€ CEHCY. IM’sl IbOro BYEHOrO BiZlOME BCIM
1I1€ 31 MIKUTBHOT JIaBH.

[lonanpumie  y3aranbHEHHS  JIOCBITy 1  pO3BHUTOK
TEXHOJIOT1T ~ MalMHOOyIyBaHHA IOB’A3aHE€ 3  BUXOJOM
kamitanpHoi mpani mnpodecopa LI Time (1838-1920p.) -
“Ocnosa MawuHob6y0y8aHHs, OpaHi3ayiss MaUHOOYOi8HUX
Gabpux y mexuHiuHOMy ma eKOHOMIYHOMY BIOHOWEHHI |
8UPOOHUYMB0 pobim Ha Hux”, sika Oyna HajpykoBaHa y 1885 p.
y TpbOX TOMaX.

HaykoBa mnpaus npodecopa A.I1.Iaspunenka (1861-
1914 p.) “Texnonocis memanie” NOBI1 POKH Oyna OCHOBHUM
KypCOM  MiJIrOTOBKH  JIEKUIBKOX IOKOJIHb  POCIHCHKHX
IH)KEHEePiB.

OcHOBHI JOCSATHEHHS TEXHOJIOT1YHOT HayKU
npunagaote Ha XX cromitta. IlepemymoBamMu 1poro €
OypXJMBUH  pPO3BUTOK  IPOMHCIOBOCTI, TIOsSBA  MEPEXKi
HNPOEKTHUX IHCTUTYTIB, 301JIBIIEHHSI MEPEXkKi BUIIUX 1 CEPEAHIX
CHellaIbHUX 3aKJIajiB, LKL, KypciB MaiCTpiB 1 POOITHUKIB.
OfHUM 3 TOJIOBHMX OCHOBONOJOXHHUKIB Hayku ‘“TexHoJoris
ManmHoOynyBanus” € npodecop A.J1.Cokonoscekuii. Voro
nepuri Ha- ykoBi npaui Buinum y 1930-1932 pp. B meii xe uac
3’ aBIAOTHCS npaui npodecopis O.1. Kawupina 1 B.M.Kosana,
AK1 y3araJbHWJIU JIOCBil aBTOTPAKTOPHOI NMPOMHUCIOBOCTI. Y
1933 p. npodecop b.C.banakuun nyomiKye pe3yabTaTh CBOIX
TEOPETUYHHUX JOCHIIKEHb 3 Teopii PO3MIpHUX JIAHIIOTIB, IO
3a0€e3I1eYI0 MIABUIIEHHS SIKOCTI 1 TOYHOCTI BHUTOTOBJICHHS
mamuH. [loyarok HaykoBOMY aHaii3y NPUYMH BHHHUKHEHHS
noXnOOK 0OpOoOJIeHH 1 CKJIaJaHHS TIOKJIAIH palll mpogecopiB
M.A.bopooauesa, K.B.Bomunosea, A.A.3uxoea, A.b.Axina ta
IHIMX BueHUX. Y 1959 p. BuilioB 3 ApyKy MiAPYYHUK
npodecopa B.M.Kogana “OcHosu MexHono2ii
MawuHoOy0yeanns”,  SAKWA ~ MICTUB  OCHOBHI  HAayKOBI
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MOJIOXKEHHST TEXHOJIOT11, 3araJIbH1 JJI PI3HUX MAIIUHOOY TIBHUX
rajxy3eu.

Ha po3Butok texHosorii MamuHoOyayBaHHs poOuUIn i
pOONATH ICTOTHUI BIUIMB JOCSTHEHHS BUIATHHUX (HaXiBI[IB
IHIIMX CyMDKHUX Hayk. HailOinb11 BiTOMUMU 3 HUX €:

« akanemik B.L/lukywiun - KepiBHUK MPOEKTY
arperatyBaHHSl BEpCTaTiB, TOJOBHHI 1HXEHEp MPOCKTY
NEepUIOro aBTOMAaTU30BAaHOTO 3aBOAY TOPIIHIB, JUPEKTOP
iHctutyty EHIMB;

« axaneMmik JI.@.Bepewazin - KepiBHHK poOiT, sKi
npuBesH 10 cTBopeHHs y 1960 p. mryyHux anmasis,
 axaneMmik B.H.bakyns - kepiBHUK poOiT 3 peamizauii
IPOMMCIIOBOTO CHHTe3y anmasiB. Y Kuesi ctBopenuil Incturyt
HaaTBepauXx marepiainis im. B.H.bakys;

« akagemik €.0.Ilamon - ovH 13 TBOPIIIB
Jlpe3ieHchKoro Bok3aiy, (haxiBelb-MocToOyaiBHUK. Y 60 pokiB
3MIHIO€ HANIPSIMOK HAYKOBUX IHTEPECIB 1 3aliMaeThCs
eJleKTpo3BaproBaHHsIM. OpranizaTop nepuioro y cBiti [acturyry
eJleKTpo3BaproBaHHs y Kuesi, 1110 HUH1 HOCUTH Horo iM’s. Y 70
POKIB BUHAHIIOB c110ci0 3BaproBaHHs mif (pitocom. Y 80 pokis
(1950p.) xepyBaB npoeKTyBaHHAM 1 OyIIBHUIITBOM MEPILIOTO B
KpaiHi CyIiTbHO3BAPHOTO MocTa uepe3 JHinpo. Mict Ha3BaHU
iM’am €.0. Ilarona (Puc.26);




Puc.26. Micr I1aTona, Kuis, 1950 p.

« akanemik JILM.Kowkin - aBTOp CTBOpEHHS
TEXHOJIOTIYHOTO yCTaTKyBaHHS IMPHHIMIIOBO HOBOTO THILY -
POTOPHHUX Ta POTOPHO- KOHBEEPHUX JIHIM, B SIKUX MPOLECU
00poOJIEHHST 3arOTOBOK MPOBOJAATh- CsI B Tpomeci ix
TPAHCIIOPTYBAHHS;

« mnpodecop A.O.Mamanin - KEpIBHUK HAYKOBOL
IIKOJIM 3 JIOCIIJIKCHHsI TEXHOJIOTTYHUX 3ac00iB 3a0e3MeueHHs
SIKOCT1 TIOBEPXHI 1 BHMBYEHHS iX BIUIMBY Ha EKCIUIyaTalliifHi
XapaKTePUCTHUKH JICTaIi;

« mnpodecop B.C.Kopcakos - po3pOOHUK TCOPETUUHUX
3acaJ MPOCKTYBaHHS 3acO0iB TEXHOJOTIYHOTO OCHAIICHHS,
PO3paxyHKy TOYHOCTI BUKOHAHHS TEXHOJIOTTYHHX TIPOIIECIB Ta
iX aBTOMaTH3AIlii;

« mpotdecop b.C.banakwun -  poIOHAYATHHUK
pO3MIpHOTO  aHamidy, KEpiBHUK poOIT 3  aJanTHBHOTO
KEepyBaHHsI BEpCTaTaMu;

« mpodecop C.II. Mumpoghanos - aBTop inei rpymnoBoi
dopmu opranizaiii cepifHOro BUpOOHMLITBA SIK PO3BUTOK i€l
npodecopa A.I1.Cox0I0BCHKOTO 1010 TUTMI3aII
TEXHOJIOTIYHUX MPOIIECiB; YIEH- KOPECHOJeHT AKaaeMii Hayk
I'.K.I'opancokuii - OOUH 3 TEpPIIUX 1J1€0JIOTIB CTBOPEHHS
CHCTEM aBTOMAaTHU30BAaHOTO MPOEKTYBAHHS TEXHOJIOTIYHHUX
npoueciB (CAIIP TII).
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Tema 6. OcHOBHi BH3HAYEHHSI Ta NOHSATTA Yy
TEeXHOJIOTil MAIINHOOY/lyBaHHS

Bupio ma ito2o enemenmu. Texnonoziunuii npoyec.

BupoGom Ha3zuBaeThCs MPOAYKT KIHIEBOI crafil
MaIIMHOOYAIBHOIO BHpPOOHHMITBA. Bupobom Moxe OyTu
CKJIaJlaHa MaIllliHA, BY30J 1 HaBITh JeTajb 3aJCKHO BiJ
npoduTto0 MpoayKIii JaHoro BupoOHUITBA. Hampukian, mms
aBTOMOOUIBHOTO  3aBOAY  BHpPOOOM € aBTOMOO1JTb,
ABTOMATHYHOTO 3aBOJy MOPIIHIB — TMOPIIEHb, METH3HOTO
3aBOJly — Pi3HI BUAHM METH3Y, CTAJIEAPOTOBO-KAHATHOTO 3aBOAY
— KaHaTH, JPIT, CBITJIOTEXHIYHOTO 3aBOJy — OCBITIIOBAIbHHIMA
MIpUIIaJ Ta iH.

Jleranb — T[EpPBUHHUI  eleMEHT BHUpPOOY, IO
XapaKTepU3yeTbcs BIJACYTHOCTI B HBOIO pO3’€MHUX abo
HEpO3’€MHUX 3’ €HAHb.

By3i0M Ha3zuBaeThCs po3’€MHE 3’€HAHHS CKJIAI0OBUX
4acTUH BUPOOY 1 3 KOHCTPYKTUBHUX MIPKyBaHb MOKE
CKJIA/IaTUCSA 3 OKPEMHX JeTajeil abo 3 miIBy3iB 1 AeTajei.

CyKymnHICTh [T, YHACHIJOK SIKUX 3aroTOBKH 1
HaniBpaOpUKaTH NEPeTBOPIOIOTHCS Y TOTOBY MPOAYKIIIO, IO
BIJINIOBIIA€ CBOEMY CIIy’)kO00BOMY NpPU3HAYEHHIO, SBJSIE COOOIO
BHPOOHHMYHI Ipolec.

TexHosoriynuii mpouec — e YaCTMHa BUPOOHUYOTO
nporiecy, 1o 0e3nocepeHbO MOB’s3aHa 3 3MIHOIO INpeaMeTa
mpaii, MEpeTBOPEHHSIM MOro y TOTOBY MPOJYKIIIO Ta
CKJIAaJa€ThCs 3 ALy Omepalliif, o BUKOHYIOTbCS Y MEBHIN
nociioBHOCTI. Ha MammHOOYMIBHUX 3aBOJIaX TEXHOJOTIUHUN
npoliec BKJIKOYa€e HACTYIHI cTajii: BUPOOHUILITBO 3arOTOBOK, iX
00poOKa Ta CKIaJaHHs MAIIHH.

OCHOBHOI0 CKJIaJJOBOI0 YaCTUHOIO TEXHOJOTTYHOTO
mpoueca € omepaumis. Y MalmMHOOYIIBHOMY BHPOOHUITBI
PO3pI3HAIOTH TEXHOJOTIYHI, TPAHCHOPTHI Ta KOHTPOJBHI
onepamii. TexHoJioriuHOW omnepainiero Ha3UBAETHCS
JacTHHA TCXHOJ‘IOI‘i‘{%%FO IIPOLIECY, 10



BUKOHYETHCS Ha OJHOMY POOOYOMY MicCIi W OXOIUTIOE BCi il
o0JsiaTHaHHA Ta POOITHUKIB HAJ HUM.

Omepariiss MOXKe BUKOHYBAaTHCS 3a OJUH a00 KiJIbKa
YCTAHOB. YCTAHOBOM HAa3WBA€ThCS 4YacTHUHA OIeparii, Mo
BUKOHYETbCS TPU HE3MIHHOMY 3akpimieHHI 00po0iiroBaHol
3aroTiBKM (BYy3/1a, IO CKJIAnaeThes). Hampukian, ogHOYacHe
[EHTpYBaHHA 000X TOpLIB BalMKa Ha JBOOIYHOMY
IEHTPYBAIBHOMY BEpCTaTi € OJHIE  ONepaii€ro, 110
BUKOHYETBCS 3a OJMH YCTaHOB. Y TOH k€ Yac MOCIiJIOBHE
LEHTPYBaHHS TOPIB HAa OJHOOIYHOMY BEpCTaTi SIBJIsSIE COOOIO
OJIHY OTIEpallilo, aJie BAKOHYIOTH ii BXKE 3a JIBl yCTAaHOBH.

3a 00csroM BHKOHYBaHOI poOOOTH TEXHOJOTIYHA
oTIepallisi MOXKEe CKJIAJATUCS 3 TIEPEXO/IiB, MPOXOIIB 1 TPUHOMIB.

IMepexin — wuacTuHa omepaiii, IO XapaKTepU3YE
HE3MIHHICTh 00pOOII0BaHOT MOBEPXHi, pOOOUOTO 1HCTPYMEHTY
(abo KUTBKOX IHCTPYMCHTIB, 110 OJIHOYACHO

BUKOPUCTOBYEThCS) Ta pexxuMy Bepctarta. Ilif dyac ckianaHHs
nepexiyy  XapaKTepH3yeThCs  HE3MIHHICTIO CIPSHKEHUX
MOBEPXOHb 1 3aCTOCOBAHOTO 1HCTpYMeHTY. IIpu 3MmiH1 oj1HOTO 3
X EJIEMEHTIB 3 ABISETHCS HOBHM TEXHOJOTIYHMM Mepexin,
KM MOKE€ BUKOHYBATHUCS 3a OJIMH a00 KUJIbKa poOOYHX XO/IiB.

IIpoxin — uacTuHa mnepexoay, NMpH SAKiA 3HIMAETHCS
OJIMH IIap MeTally MpU HE3MIHHOCTI 1HCTPYMEHTY, MOBEpXHIi
00poOKH Ta peKUMY pOoOOTH BepcTarta.

binpmr fpiOHUM eneMeHTOM ormepauii € pobounit
npuiioM. IlpuiioM — 3aKiHUYE€Ha CYKYNHICTb OKPEMHUX pPYXIB
pOoOITHHKA y Tpoleci BUKOHAaHHS omepauii. Poboui npuitomu
MOXYTb OyTHM TIOB’A3aHI ab0 3 JaHOI0 ONepalielo Yu
YCTAaHOBOM Y LIJIOMY (HaNpHKIaJ, YyCTaHOBKA Ta 3HATTS
netani), abo 3 OKpEMHUMH TEepeXoJlaMHi Ta MPOXOAaMH (3MiHA
IHCTPYMEHTY, POBEJCHHS KOHTPOJIBHOTO IPOMIpY).

Tunu eéupodnuymea ma ix XapaKmepucmuxu
VY MamunHoOy/1yBaHH1 PO3Pi3HAIOTh TPU OCHOBHUX TUIIH
BUpPOOHUIITBA: OJAMHHWYHe, cepiliHe Ta MacoBe. YacTka
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OJMHUYHOI0 BUPOOHHITBA, B CYy4aCHOMY MallMHOOY/yBaHH1
OyXe  HEBHCOKA,  BUITYCKAIOTbCA  BHPOOM  IIMPOKOI
HOMEHKJIATYpU Y BIAHOCHO MajHMX KIUIBKOCTSX Bl OJHOTO JI0
KUTBKOX ~ €K3eMIUISpiB.  XapaKTepPHOI  O3HAKOI  IIHOTO
BUPOOHMIITBA € BUKOHAHHS Ha pOOOYUX MICIAX PI3HOMAaHITHHX
orepauid 3 BUKOPUCTAHHSAM i OOpPOOKHM yHIBEpCAIbHUX
BEpCTATIB 1 MIPUCTPOIB, a TaKO0XK 3BUYANHUX
IHCTpyMeHTiB. VY  I[iJloMy, OJWHOYHE BHUPOOHHIITBO B
MOPIBHSHHI 3  IHIIMMHA  TUMIAMH  XapaKTEPU3YEThCS
IOHAWMEHIIIOK TMPOJYKTUBHICTIO TIpari Ta OUIBII BHCOKOIO
cO01BapTICTIO IPOYKIIIi.

IIpu cepiliHoMy BHpPOOHHMNITBI BUTOTOBIISIFOTH MapTil
neTanei 1 cepii BUpOOiB, 110 PeryasipHO MOBTOPIOIOTHCS Yepe3
NEeBHI TNPOMiKKM uyacy. Moro xapakTepHa O3HaKa —
HOMEHKJIATYpHE BHUPOOHUITBO 1 BUKOHAHHS Ha OUIBLIOCTI
pobounx Micup omepamiid, MmO MePiOAUYHO TOBTOPIOIOTHCS.
3aJIe’)KHO BiJl KIJTBKOCTI OJHAKOBHX BHPOOIB, IO MPHUXOAATHCS
Ha PiYHYy Mporpamy, pO3pI3HAIOTH TPH PI3SHOBUAM CEPiitHOTO
BUPOOHHUIITBA: JpiOHO-, cepenHbo- 1 Oarato-cepiiie. Kpim
[IbOTO, JJaHE BUPOOHHUIITBO MOXKe OyTH 3MiIIaHOro THUMY. Y
FOMY pa3i OJHI JeTalli BUTOTOBIIOIOTh BEITUKUMHU CEpisIMU,
IHIIl — cepeAHIMH abo0 HaBITh APIOHMMH. Y TOPIBHSAHHI 3
OJIMHUYHUM cepiiiHe BUPOOHULITBO BIAPI3HAETHCS HACTYITHUMHU
OCOOJIMBOCTSIMH:  MEHII  pI3HOMaHITHA  HOMEHKJATypa
BUTOTOBJICHUX BUPOOIB 1 OumblI dWiTKa  CHeIiami3aiis
HiAMPHEMCTBA IO BHITYCKY II€BHUX MAIIWH; 3aCTOCYBaHHS
CHelLiaJi30BaHUX BEPCTaTiB PI3HOr0 MPO(]II0; 3aCTOCYBAaHHS
CHemiaJbHUX  BEPCTAaTHUX 1 CKJIAJAbHUX  IPHCTPOIB,
IHCTpYMEHTIB, a TakoX oOpoOka OJHOYACHO KiIbKOMA
IHCTpYMEHTaMH; YaCTKOBa CIIeIliami3allis BEPCTATIB 32 POJOM
pOOIT, 110 BUKOHYIOTHCS.

BinMiueHi 0coGIMBOCTI CHIPUSIOTH JTOCSTHEHHIO OLIbII
BUCOKOI IMPOJYKTUBHOCTI Ipalli Ta 3HWKEHHIO COOIBapTOCTI
MIPOJTYKITii.

Macose BHpOﬁHP[IITéSé) XapaKTEPU3YEThCS BEITUKUMH



MacimTabamMu BUITYCKY OJHAKOBUX BUPOOIB (BiJ KITBKOX THCSY
0 MUIBHOHIB INTYK Yy PiK) MPOTATOM TPHUBAJIOTO 4Yacy.
XapakTepHOI O3HAKOK JIAaHOTO THUIY BHPOOHUIITBA €
BUKOHAaHHS Ha OUIBIIOCTI poOOYMX MICHb TUIBKU OJHIET
TEeXHOJIOT14HOI omepartii. [IpoayKitis MacoBOro BUpOOHUIITBA —
e OXHOpiAHI BUPOOHW, SKI MArOTh IIMPOKE 3aCTOCYBAaHHS,
HaIPUKJIIA], aBTOMOO1TI, TPaKTOPH, TpoJieioycH,
€JIEKTPOIBUT YHH.

Jliss MacoBoro BHpPOOHHWIITBA BIACTHBI: OLTBII By3bKa
HOMEHKJIaTypa Yy TOpPIBHSHHI 3 CEpIMHUM 1 PI3KO BHSBICHA
creriamizaifisi 3aBOJly 3a THUIIOM 1 HaBiTb THIIOPO3MIPOM;
3aCTOCYBaHHS BHCOKOIPOAYKTHBHHX CIICLiaIbHUX BEPCTATIB
JUIs BUKOHAHHS OJIHIET omepallii HajJ| NEBHOI JCTAUII0 Ta
creniagi3oBaHoro oOJanHaHHs (aBTOMATIB 1 HAINiBaBTOMATIB),
IO HajaroJkeHi Ha OOpoOKy BenMKOi MapTii OJHAKOBHX
JeTajeil; IIMPOKE  3acTOCYBaHHS  OaraTOIINMHUHACTBHUX
BEpCTaTiB, a TaKOXX  BHCOKOIPOIYKTUBHHX CHEI[aIbHIX
NPUCTPOIB Ta IHCTPYMEHTIB; BHUCOKAa B3a€MO3aMiHIOBAHICTh
JeTaneH, o COpuse YCYHEHHIO PYYHUX MPUTOHOYHUX POOIT Y
MpoIIeCi CKJIaaHHS.

Ocobueocmi mexaniynoi 00pooku oemaneit. fAxicmo

ma mouynicmp n0GEpxoHsL demaiei.

IpunyckoM  Ha3WBaeTbcs Imap  Marepiamy, 1o
BUJASAETHCS Y IPOIECci MEXaHIYHOi 0OPOOKH 3aroTiBKH 3 METOIO
JIOCSITHEHHSI 33/1aHOI  TOYHOCTI Ta SKOCTI  0OpoOIrOBaHOL
noBepxHi. PO3pi3HAIOTE MPOMIXHI 1 3arajgbHi NPUITYCKH.

IIpoMikHMM NPHUIYCKOM HAa3UBAETHCS Imap, IO
3HIMA€ETHCA MiJl 4aC BHUKOHAHHS IOI'O TEXHOJIOTIYHOTO
Nepexo/ly MeXaHIuHOI 00poOKH, 1 SIBIIsIE COOOI0 PI3HUIIIO
PO3MipiB 3aTOTOBKH, OTPUMAHUX Ha CMIKHOMY TOIEPETHHOMY i
BUKOHYBAaHOMY TE€XHOJIOTIYHHX TIepexo/iaX. 3arajJbHUM
NPUITYCKOM Ha3MBAETHCS CyMa MPOMDKHUX HMPUITYCKIB 10
BCbOMY TEXHOJIOTTUHOMY MapuIpyTy MeXaHi4HOT 00poOKu 1aHOT
MOBEPXHI 1 BU3HAYAETHCS SK DPI3HHULSA PO3MIpIB 3arOTOBKH Ta
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TOTOBOI IeTal.

Po3mip — wu4ucnoBe 3HAYeHHA JiHIAHOI  AiCHOT
BEJIMYMHU (JllamMeTpa, JOBKHUHH Ta 1H.) Y BUOPAHUX OJMHHIIIX.
Y wmamuHOOyAyBaHHI pO3MipHU 3aJaloThcs Yy MUTIMETpax.
Posmipu OyBaroTh milicHi, TpaHuyHi ¥ HoMiHanbHI. JiiicHuid
po3Mip — pO3Mip eleMeHTa, SIKUIl BCTAHOBJIIOIOTH LUIIXOM
BUMIpPIOBaHHS.

I'panuyni po3mipu — 1Ba TpaHUYHO JOMYCTUMI
pPO3MIpH €JIeMEeHTa, MIXK SKUMH MIOBUHEH 3HAXOIUTHUCS A1MCHUN
po3Mmip. HaiGinpmuii (HalMEHIIHMI) TpaHUYHUNA pO3MIp —
HaOLIBIINI (HAMEHIINI) TOTTYCTUMUI pO3MIp elIeMeHTa.

HominanbHuii po3Mip — po3mip, BIAHOCHO SKOTO
BU3HAYAIOTHCS BigXwieHHs. HoMmiHanbHI po3Mipu BHOMPAIOTh
y Tmpoleci KOHCTPYIOBAaHHS Ha IIiJICTaBl PO3PaxyHKIB Ha
MiIHICTH a00 32 KOHCTPYKTHBHUMH  MIPKYBaHHSAMH 1
MIPOCTABJISIFOTh HA KPECJICHHI AeTalli a0o0 3’€IHaHHI JIeTajei.

Binxunennss — anreOpaiuHa pi3HHIS MK po3MipaMu
JicHUM (200 TPaHUYHKM) 1 BIAMIOBITHUM HOMiHAJIBHHUM.

I'panuyne BinxwieHHsi — anreOpaiuHa PIZHUI MIXK
IPaHUYHUM 1  BIJNOBIAHMM  HOMIHAIBHUM  PO3MipaMH.
Po3pi3HiolOTE BepxHE 1  HIDKHE  BiaxwieHHsS. Bepxue
(HMKHE) BiIXnjaeHHs — anreOpaiyHa pI3HUI MiX
HalOUIbIIMM  (HallMEHIIMM) TpPaHUYHUM 1 BIATOBIIHUM
HOMIHAJIBHUM pO3MipaMHu.

HynaboBa JiHisi — JiHIA, IO BiANOBIIa€ HOMIHATEHOMY
pO3Mipy, Bif sIKOI BiJIKJIaJalOTh BIIXWUJICHHS PO3MIPIB MpU
rpadiuHOMy 300pa’keHHI MOJIIB JOIYCKIB 1 MOCaaoK. Y pasl
TOPU30HTAJILHOTO  PO3MILIEHHS 11  JO0AAaTHI  BIOXWJICHHSA
BIJIKJIAJIatOTh BrOpy Bij HEl, a BII’€MHI — BHH3.

Jlonmyck — pi3HMLA MDK HaiOLIbIIUM 1 HaMEHIIMM
TPAaHUYHUMH po3MipaMu abo anreOpaidyHa pIZHHUIT MK
BEpXHIM 1 HWXKHIM BinxuieHHamu. Ilose momycky — more,
oOMexeHe HalOUTbIINM 1 HAMEHITUM TPaHUYHUMH PO3MipaMu
1 BU3HAYAETHCA JOMYCKOM Ta HOro TMOJOXKEHHSAM BiJHOCHO

HOMIHAJILHOTO PO3MIpY.
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Ha  moBepxHsx  geTaysied  3aduInarOTbCs  CIIIA
MeXaHI4HOT 00pOOKH, SIKi IPOSBISAIOTHCS Y BUIIIAI CYKYITHOCTI
BHUCTYNIB 1 3amaguH pisHUX (opm Ta pos3mipiB. Kpurepiii
OLIIHKH SAKOCTI OOpOOKM MOBEpXOHb — II€ TOKA3HUK, SKUH
Ha3MBAETHCA MIOPCTKICTIO MOBEPXHI.

TouHicTI0O peanbHOI fAeTaji HA3WMBAIOTh CTYIIHb
BIMOBIAHOCTI 11  KpECIIEHHSM, BOHA XapaKTEPU3YEThCS
BEJIMYMHOIO (DAKTUYHMX BIAXUIICHb PO3MIpPIB BiJ] HOMIHAJIBHUX.
ToYHICTh BUTOTOBIICHHS JI€TajeH € BITHOCHUM IOHSTTSIM uepe3
HEMOXJIMBICTh OTPUMaHHS aOCOJIOTHO TOYHOI Jeraii B
pe3yabTaTi MOXUOKH 00pOOKH pizaHHAM. TakuM YMHOM, JAETaNb
MOKHa Ha3BaTH TOYHO OOpOOJEHOIO y TOMY BHUMAJAKY, KOJHU
noxuOka A Ti BHUIOTOBIIGHHS HE TEPEBHUIIYE JIOMYCK O,
BCTAHOBJICHUI

KOHCTpYKTOpOM, TOOTO A [J4. IHmIMMH clioBamMH, TOYHICTH
JeTalli XapaKTepu3ye CTYIiHb HAOIMKEHHS (QOpMH, pO3MIpiB
OKpEMHUX MUISHOK 1 B3a€EMHOTO PO3MIIIEHHS IMOBEPXOHB, IO
YTBOPIOIOTh KOHTYp JeTalll, A0 XapaKTepUCTHK, IO JaHl Yy

KPECJICHHI.

Buou mexnonoziunoi 0okymenmauii

Po3pobnennii TeXHOIOTIYHUI NPOLIEC B €AMHINA CUCTEMI
TEXHOJIOTIYHOI ~ JJOKyMEHTalii OoQOpMIIOIOTE Yy  BUIVIAIL
KOMIUIEKTY  JOKYMEHTalii, cepes SKOi OCHOBHUMHU €
MapIIpyTHa KapTa i KapTa TeXHOJIOTIYHOTO MPOIIECY.

MapumpyTHa KapTa — 1€ TEXHOJOIIYHUM TOKYMEHT,
10 MICTUTh MAapHIPYTHUH a00 MaplIpyTHO-ONEpaLiiHUN OMUC
orepauid  BHUIOTOBJIEHHS YM PEMOHTY BHUpoOy (iforo
€JIEMEHTIB), BKJIIOUAIOYM KOHTPOJIb 1 MEpeMillleHHs M0 YCiX
omeparisix pi3HUX METOMAIB Yy TEXHOJIOTIUHIN MOCHiIOBHOCTI,
3 BKa31BKOIO JJaHUX MO 00JIaJHaHHS, TEXHOJIOTTYHY OCHACTKY,
MarepiajibHi HOpMaTHUBH Ta TPYJOBI BUTPATH.

Kapra TexHosoriynoro nmpouecy — ¢ TeXHOJOTTYHUHN
JOKYMEHT, II0 MICTHTh ONEpaIliiiHui OMHC TEXHOJIOTIYHOTO
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MIPOIIECY BUTOTOBJICHHS 400 PEMOHTY BUPOOY (MOT0 CKJIaJ0BHX
YaCTUH) B TEXHOJIOTIYHIM MOCTIIOBHOCTI MO YCIX OIepamisx
OJIHOTO BHIY POOIT, 3 BKa3IBKOI IEPEXOIiB, TEXHOJIOTTYHHX
PeKUMIB 1 JaHUX TPO 3acO0M OCHAIICHHS, MaTepiayibHi Ta
TPYJOB1 HOPMATHUBH.

Kpim BimMideHHX BHUIIE TEXHOJIOTIYHHUX JIOKYMEHTIB, J0
KOMIUIEKTY BXOJSATh OIepalliifHa KapTa, KapTa ecKi3iB,
TEXHOJIOTIYHA 1HCTPYKI[iS, BiAOMICTH neTaneil (CKiIagaabHHUX
OJIMHHMIIB) TA IHII JOKYMEHTH.

OmnepaniiiHa KapTa — 11 TEXHOJIOTIYHUI JOKYMEHT, 110
MICTUTh OINKUC TEXHOJIOTIYHOI omepamii 3 BKa3iBKOIO
MOCTIIOBHOTO BUKOHAHHS TIEPEXOMiB, ITaHUX TMPO 3aco0u
TEXHOJIOTIYHOTO OCHAIIEHHS, PEXHMH Ta TPYAOBI BHUTpaTH.
Kaptu po3pobmnsitoTh 1o ycix omepamisx B yMOBaX CepiifHOTro
Ta MacoBOrO BHUPOOHHUITBA 1 JOMOBHIOIOTH MAapIIPYTHOIO
KapToIo.

Kapra eckiziB — rpadiuyHuii AOKyMEHT, IO MICTHTb
€CKi3M, CXeMH Ta TaONIuIli, MNpU3HAYCHI IS TOSICHEHHS
MPOBEJCHHS  TEXHOJOTIYHOTO  Tpollecy, omepamnii  abo
NepEeXo/ly BUTOTOBJIECHHS (PEMOHTY BHpPOOY), BKIIIOUAIOUU
KOHTpOJb 1 mepemimieHHs. [y oOpoOKHM pi3aHHAM I KapTu
BUKOHYIOTh y BHUIJISAl €CKI3IB HANaroJKyBaHHsS (CXeMH
YCTaHOBU 3aroTiBOK 3 BKa3IBKOIO OTPUMaHUX pPO3MIpPIB 3
JIOTTyCKaMH Ta MIOPCTKOCTI 00poOeHnX MOBEpXoHb). Tabimii
H cxeMH pO3MIIlYIOTh Ha BUIBHOMY IIOJIi KapTH €cKizy,
paBopyY Bij 300paskeHHs a00 M1 HUM.

Komnektyroua kapra — 1€  TEXHOJOTIYHUI
JIOKYMEHT, IO MICTUTh JaHl Mpo JeTalli, CKIaJalibHI OJIMHUIIL
Ta MaTepiai, 0 BXOATh A0 KOMIUIEKTY 30MpaeMoro BHpPOOy.

TexHoJsioriyna IHCTPYKUIisE — 1€ TEXHOJOTIYHUI
JOKYMEHT, M0 MICTUTh ONHUC TEXHOJIOTIYHUX TIPOIIECIB,
METO/IIB 1 TPUIOMIB, III0 TOBTOPIOIOTHCS il YaC BUTOTOBIICHHS
abo pemoHTy BHUpPOOy, TIpaBWJI eKCIuTyaTallii 3aco0iB
TEXHIYHOTO OCHAIICHHS.
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Aemomamu3zoeane npoeKmysanHs

Januii BUA TNPOEKTYBAHHSA IMPHUIIYCKAE PO3POOKY
nporpaM 1 HiANpOrpamHoi JOKYMEHTAIi1 JUIs
OOYMCIIIOBAILHUX ~ MAIllMH, KOMIUIEKCIB 1 CHUCTEM, a TaKOX
JI03BOJISIE  BHUPINIYBAaTH HACTYNHI 3aBJaHHS: MPOEKTYBAaTH
TUTIOBl TEXHOJOTIYHI MPOLIECH BUTOTOBJICHHS CTaHAAPTHHUX
JeTajeid, po3poOSsATH HOPMATHBH [UIS IPOEKTYBaHHS. 3a
nonomororo  EOM  MokHa BUOpaTH METOJ OTpUMaHHS
3aroTOBKH, pO3paxyBaTH MPUITYCK HA 0OpOOKYy Ta ii TOYHICTb,
pPeKUMU pi3aHHS, HOpMH uacy Ta iH. OJHUM 3 OCHOBHHX
TEXHOJIOTIYHAX 3aBJaHb € aBTOMATHU30BaHE MPOCKTYBAaHHS
THIIOBUX TPOIIECiB 00pOOKH pizaHHAM 1 ckiaagaHHsA. Kpim Toro,
EOM wMoXHa BUKOPUCTOBYBATH 1 K 3aci0 aBTOMaTHYHOTO
KEepyBaHHsI KOMILJIEKCOM T€XHOJOTIYHOT'O 00JIaIHaHHS.

TexHonoriuni ~ MapuipyTé  OoOpoOKHM  3aroTOBOK
pO3pOOJIIIOTH HAa OCHOBI THIIOBUX TMPOIECiB. BuxigHumu
JaHUMH € KOHCTPYKIlis JeTali ¥ TeXHIYHI yMOBH Ha Ii
BUTOTOBJICHHS, BHJ 3aroTOBKH, OOCST BHITYCKYy, JaHI TIPO
o0nasiHaHHA Ta TEXHOJOTiYHY OCHACTKy. llpu mpomy peranb
BIJTHOCSITh JI0 MEBHOTO Kjiacy, rpynu abo miarpynu. CrnoyaTky
BUXIJIHY i1H(pOpMalil0 KOAYITh, a TOTIM BIPOBAKYIOTh B
npuiiMansHuil npuctpiit EOM.

Ha  cramii  ecki3HOrO  MPOEKTYy  PO3pOOIIAIOTH
MaTeMaTHYHy MOJIENb IPOEKTOBAHOTO TMPOIECY Yy BHUTIISAIL
aHAJIITUYHUX 200 eKCIIePUMEHTAbHUX 3aJIeKHOCTEH, TaOInIb.
BpaxoByroun, 1m0 CKIQJHICTh TPOIECYy HE J03BOJISIE
BUKOPHCTOBYBaTH TOYHI MaTeMaTH4HI 3aJeKHOCTi, 3 IE€I0
METOI0 3aCTOCOBYIOTh HEOOMEKEH1 PIBHSIHHSI.

Haii0inpi BaXKUM 3aBJaHHAM TEXHIYHOTO MPOEKTY €
po3po0OKa airopuTMy BHUPIIICHHS 3a1adl Ta CKJIaJaHHS
CTPYKTYpU TIporpaMH. AJTOpPUTM SBISIE COOOI CHUCTEMY
omepaiiii, fKi BHKOHYIOTbCS B TI€BHOMY TMOPSIKY s
BUPILICHHS MOCTaBJIEHOi 3aj1adi. Y MOJAIbLIOMYy Ha cTafii
poOOUOro  MPOEKTy 3IIHCHIOITh  PO3POOKY  MPOrpamu,
BiJIMOBIAHOT JOKYMEHTAIII1 Ta MPOBOJATH 11 BUIIPOOYBaHHSI.



Cepen  aBTOMAaTU30BaHMX CHCTEM  IPOEKTYBaHHS
TEXHOJIOTIYHUX TIPOIECIB HANHOUIBII PO3MOBCIODKEHUMH  €:
Aptonpoekt, Adem  Capp, Texnollpo, Beprukansp,
Tecnomatix. Jns peamizamii KOHCTPYKTOPCBKHX  3aaad
HAWOUIbII MOMYJASPHUMH TMPOTPAMHUMU HPOAYKTAMHU  €:
AutoCad Mechanics, Kowmmac, T-flex, Adem, CIIPVYT,
MathCad, Solid Works. Takox ocTaHHIM 4acOM KOPUCTYIOThCS
MOMUTOM CHCTEMHU JUISI CTBOPEHHS TIpOrpaM KepyBaHHS
Bepcratamu 3 YIIY Ta 6-TH OChOBUMH NPOMHUCIOBUMHU
pob6oramu. OCHOBY JaHUX CHUCTEM cKiajaroTh: MasterCam,
SprutCam, EdgeCam, Robot Studio, Roboguide, Robotmaster
(MasterCam). VY mnopiBHSHHI 13 3BHYaHMUMH METOJaMHU
ABTOMATH30BaHE IPOCKTYBAaHHS TEXHOJOTIYHUX TIPOIIECCIB
00poOKM pizaHHsAM 3a0e3neuye 3HIKEHHS TPYAOMICTKOCTI B
10...15 pa3ie Ta coOiBaprocTi Jgeraimi B I[UIOMY Ha
50...70%.

Tema 7. OcHOBHi TeHJeHLil PO3BUTKY Cy4YacHHMX
TEeXHOJIOTii B MAaIIMHOOY1yBaHHi

3acmocysanna manogioxXo0HUX mexnoocii

6U20MOGIEHHA 3A20MOGOK Oemaneil Mauiun

OnHUM 13 TOJIOBHUX HAIMPSMKIB PO3BUTKY BUPOOHHIITBA
€ IIHMPOKE BIPOBAHKEHHS MAJTOBLAXOAHUX 1 OE€3BIAXOIHUX
TEXHOJIOTI  BUTOTOBJICHHS 3aroTOBOK JeTajed  MallMH.
TexHonoriuHa coOiBapTICTh MOK€ OyTH CYTTEBO 3HMKEHA 3a
paxyHOK  BIPOBA/UKEHHS TOYHHUX  3aroTOBOK.  TakuMu
3arOTOBKAMH € 3arOoTOBKH, IO OTPUMYIOTBCS METOJaMHU
MOPOULIKOBOI METaNyprii Ta i3 KOMIIO3MIIMHUX MarepiajiB.
MOXIIMBOCTI TIOPOIIKOBOT METalyprii s BHUTOTOBJICHHS
Jetajgeid 3 pi3HUMH BJIACTHBOCTSMM MPAKTUYHO HEOOMEXKEHI.
[lumu  meTomamMm MOXHA  CTBOPIOBATH  MaTepiaim 13
KOMIIO3UII ~ MeTamiB 13  pI3HUMH  HEMETAJIYHUMHU
BKJIFOUEHHSIMU; OTPUMYBATH g{zaTepianH 3a/1aHOi MOPUCTOCTI; 13



3alaHUMH (PI3UKO-MEXaHIYHUMHU BIIACTUBOCTSMU. BUTOTOBIEHI
JeTajgi MOXYTh OyTH CaMMMHU Pi3HUMH: aHTU(QPUKLIHHUMU,
KOHCTPYKIIHHUMH, (ITBTPYIOYMMH, JIEKTPOKOHTAKTHUMHU,
IHCTpYMEHTAJbHUMH, NOPUYOMY BIIXOAM TpH 00poOIi €
MiHiIMaTbHUMH. OCHOBHMMH BUX1JIHUMH MaTepiajaMu JeTajei
SBIIIIOTBCSL TIOPOIIKKM METaNiB  (3ai3Hi, MiJHI, HIKEJIeBi,
KOOaIbTOB1, MOJIIOICHOBI, BOJb()paMOBi, TUTAHOBI), IIOPOIIIKH-
cruaBn Ta Jp. Di3WKo-MexaHiuyHI BIACTUBOCTI TOPOIIKIB
BHU3HAUYAIOTHCA OCHOBHHM MarepiajioM, HasBHICTIO JIOMIIIOK,
ra3is, QopmMol 1 po3MipaMH YaCTHHOK, TyCTHHOI 1
MIKpPOTBEPIICTIO. 3aCTOCYBaHHSI BUCOKOCHEPTETUYHHX METOIIB
(bopMOYTBOpEHHS JeTajneil J03BOJIsi€ NOCSITaTH T'yCTUHU Oiist
100%, 1, BIAOOBIAHO MIIHOCTI, OJH3BKOI OO MIIHOCTI
HITAMIIOBOK 1 BWJIMBOK 3 TOro >k Marepiany. DopMyBaHHS
BUPOOIB B OUIBIIOCTI BUMAJAKIB BUKOHYETHCS XOJOIHUM
MPECYBaHHSAM Yy 3aKpUTUX IMpec-popmax, micisg 4oro Bupiod
3aImKaEThCS 1 OTPUMYE 3aJaHi BiIacTUBOCTI. Ilicis 3amikaHHs
MOXKHa TPOBOJUTH  JOJATKOBY OOpOOKYy: MHPOCOUYEHHS
MacTWJIBHUMU MarepiajlaMu, TepMOOOpOOKy, KaiiOpyBaHHS,
00poOKy pizanHsAM. /[0 aHTHPPUKIITHUX TeTanel BIAHOCATHCS
MAIIAITHAKYA KOB3aHHS, BKJIAJUIN, IMAWHOW, IMiAn ATHUKU, SKi
JOBrUil yac 30epiraioTb  eKCIUIyaTaliiiHi  BJIACTUBOCTI.
Bucokomnopucti  maTepiaJii  3aCTOCOBYIOTH B SIKOCTI
GUIBTPYIOUMX €JEeMEHTIB Ui OYMIIeHHs rasiB 1 piauH. Tak,
MOPUCTI BUPOOU 13 TIOPONIKIB OpOH3H, 3ai3a, HIKEII0, TUTAaHY
3aCTOCOBYIOTh B (PIIbTpax [jisl OYMCTKM MOBITPS BiJ MHITY,
BOJSIHOTO Ta MAacTUJILHOTO TyMaHy, piiuH, ras3iB. OuibTpH 13
TUTAaHOBOI TyOKM OYMIIYIOTh arpecuBHI BOJSHI PO3YMHHU
kucnot. i marepianu nobpe 3aMiHIOIOTH TKAHUHU, KEPaMIKY,
CKJIO, cityacTi QinpTpu. OJHUM 13 HAWOUIBII NEPCHEKTUBHUX
HaIpsIMKiB CTBOPEHHS Marepialis i3 BHUCOKHMH
eKCIuTyaTalitHuMu BJIACTUBOCTSIMU € dbopmyBaHHS
KOMIIO3UIITHMX MaTepiajiB 3 BYIJIEEBUMHU BOJIOKHAMH, IO
MaroTh pi3Hi (Pi3MKO-MexaHiuHi 1 (i3UKO- XIMiIYHI BJACTUBOCTI.
Komno3umiiini Marepianu B TOpIBHAHHI 3 MeTalaMH 1



CIJIaBaM{ MAarOTh TakKi TMepeBaru: BUCOKI MOKa3HUKH MIITHOCTI,
XKOPCTKOCTI 1 B'SI3KOCTI; Majy YYTJIUBICTH [0 3MiHHU
TEeMIIepaTypH; TEIUIOBUX yAapiB, BUCOKY KOPO3iHHY CTIHKICTb,
MaJly 4yTJIHMBICTb JIO TOBEPXHEBUX NE(PEKTIB, BUCOKI IUIACTHYHI
BJIACTUBOCTI, €JIEKTPO- 1 TETUIONPOBiAHICTE. KoMITO3UTH naroTh
MOJKJIUBICTh BUTOTOBJIATH JETalli MallWH 0O€3 3aroTiBeIhbHUX
MPOIIECIiB  NUIIXOM O€3BIAXOJHOI TEXHOJOTIi 13 3HAYHUM
3HIDKCHHSAM Macu 3a PaxyHOK OUIbII BHMCOKOi MIIIHOCTI 1
MPY)KHOCTI MarepianiB. 3HWXKEHHS 3aTpaT HAa CHPOBHHY 1
BUPOOHHIITBO BOJIOKOH, po3poOka parioHaTbHUX
TEXHOJIOTIYHUX  TIPOLIECIB  BUTOTOBICHHS  JeTaled i3
KOMIIO3UTIB 3a0€3MeYHTh M IIUPOKE BUKOPUCTAHHS B PI3HHX
TaTy3sX TPOMHUCIOBOCTI.

Bukopucmanna eepcmamis 3 4ucnoeum npocpamHum

kepysannam (41IK)

CepiiiHe BUpOOHHUIITBO, B IKOMY BUITYCKaeThes 10 80%
3arajibHOi MPOAYKIII, XapaKTepU3yeEThCs BEIMKUMU 3aTpaTaMu
pobodoro dYacy Ha BHUKOHAHHS JIONIOMDKHUX —OIEparliil.
OCHOBHUM  HampsIMKOM  CKOpPOYEHHS  IIMX  3aTpaT €
aBTOMaTH3allisi ~ BUPOOHMYMX  TPOLECIB 32  PaxyHOK
BUKOPHCTaHHS  BEPCTaTiB 3  YHCIOBUM  MIPOTPAMHUM
kepyBanHsaMm (UIIK). Ha nux BepcTtatax mocsraerbcs BHCOKA
CTyMiHb aBTOMAaTH3aIlli OOPOOKH 1 MOMKIIMBICTH iX HIBUJIKOTO
HepeHanaro/KyBanHs Ha oOpoOKy Oynb-sKOi AeTanl B MexXax
TEXHIYHUX XapaKTepucTUK. EQeKkTuBHICTh 3aCTOCYBaHHS
BepcrariB 3 UIIK BupaxkaeTbcs B: - MiABUIIEHHI TOYHOCTI 1
OJTHOPIHOCTI PO3MIpiB 1 popMu 0OpOOIOBAHUX 3arOTOBOK;
HiJBUILIEHHI MPOIYKTUBHOCTI OOpOoOKM B KiJbKa pa3iB ;
3HMKEHHI COo0iBapTOCTI OOpOOKH; * 3HAYHOMY 3HMKEHHI
notped y BUCOKOKBaJIi(hiKOBAaHUX BEPCTaTHUKAX.
3actocyBanHs BepctariB 3 UIIK po3BuBaeThcs y ABOX
Hanpsmkax: [lepmmii HampsMok — 00poOka ayke CKIaTHUX
3arOTOBOK  YHIKaJbHHX JIeTallel, 10 MarTh CKJIaIHy
KOH(}irypartito i pi3Hi (acoHHI TOBEPXHi, BUTOTOBJIEHHS SIKUX Ha
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TPaJULIMHUX BEpCTaTax € HEMOXJIMBUM a00 BUMAarae BEIMKHX
3arpar yacy i mpaii, B TOMy YMCII BHCOKOKBaJi(hikoBaHOI abo
Bakoi (izumunoi mpami. [pyruii HanpsmMok — 00poOka
3aroTOBOK 3BMYaWHUX Jeraiei 3 Tounictio [T16 — IT8 Ta
mopctkicTio Rz =(3...10) mxMm. ExoHomiuHa e(eKTHBHICTH
3acrocyBanHs BepctatiB 3 UIIK nposBiseTses yxe npu o0poOrti
BilHOCHO HeBenukux maptid  (20...30 mT.) 3aroToBOK.
BinOyBaerbcs Brockonanenns cucreM YIIK Ta koHCTpyKuin
BEpCTaTiB, sIKI CHPUAIOTh MIJABULIEHHIO iX TOYHOCTI 1
IPOAYKTUBHOCTI, PO3IIMPEHHIO TEXHOJIOTTYHUX MOKIMBOCTEH
1o oOpoOIIi 3 OJHOTO YCTAaHOBA HAWOUIBIIOTO YKCIIA TTIOBEPXOHD
3arotoBku. Bpnockonanenns cucrem UYIIK B mepmy uepry
HAINpaBJISIETHCS HA MiABHUIICHHS TOYHOCTI OOpOOKM 3aroTOBOK 1
KOMIICHC L0 BUHHUKAIOUUX MOXHOOK. Cucremamu
3a0e3medyeTbcsi  O€3CTyIiHYacTe  PEryJIoBaHHS  4acTOTH
oOepTaHHs MIIHIAEHA 13 30€peKEHHSAM IMOCTIHHOCTI IIBHUAKOCTI
pizaHHs mTpu Tepexoai Ha OOpoOKy TOBEPXOHb JPYroro
JlaMeTpa; MOXJIMBICT KYTOBOTO IMO3UIIIOHYBAHHS IIITHHJENS
JUIsL  OpIEHTOBAHOI YCTAHOBKM B IIATPOH HECUMETPUYHOL
3arOTOBKH; MOJKJIMBICTH IOMNEpeYHOi OOpOOKH Ha TOKapHOMY
BEepCcTaTi  HEOPYXOMOi  3aroTOBKM  CBEpPUTYBAaHHAM 1
dpesepyBanusiM. Homi cucremu 3  UIIK mnependauarots
KOMIIEHCAIII0 CUCTEMaTUYHUX MOXUOOK 00pOOKH, OB sI3aHUX 13
TEIUIOBUMH JeOpPMALlIIMH TEXHOJIOT1YHOI CHUCTEMH, BIUIMBOM
3a30piB B 3 €JHAHHSAX Ha TOYHICTH IEPEMIIEHb; aBTOMaTHUUHY
KOPEKIII0 HAaKONMMYEeHUX MOXHOOK. B cyuacHMX ToKapHHX
BEpCTaTax BBOJAUTHCA AaBTOMAaTHUYHE BUMIPIOBAHHS pPO3MIpIB
00poOIIIOBaHUX 3aroTOBOK. OTtpumana iHpopMartis
00pobnserbest cuctemamu YIIK ams 31milicCHEHHST aBTOMAaTUYHOT
KOpEKIii MOoN0KeHHS IHCTpyMeHTY. [l 3anmo6iraHHs moJoMKaM
IHCTPYMEHTY Ta TOsIBH Opaky B 0ararbox CHCTEMaxX BBOJSATHCS
00MEKEHHS, 1110 MEPEPUBAIOTH MPOLIEC 0OPOOKH MPH TOCATHEHHI1
IPaHUYHUX 3HAYEHb MOTYXKHOCTI pi3aHHS, CHJIM, MOMEHTH 1 T.II.
Jns  cepiifHOro Ta KpPYMHOCEPIHHOIO THUIMIB BHPOOHUIITBA
Bepctatu 3 UIIK ocHamarothcst 3acobamu Jisi 3aBaHTaXKCHHS Ta



PO3BAHTAKEHHS 3aroTOBOK, 110 nae MO’KJIMBICTh
BUKOPUCTOBYBAaTH iX B CKJIaJi THYYKHX aBTOMAaTH30BaHHUX
ninpHULb. TokapHi, (pe3epHi 1 ¢pe3epHO- CBEPATYBAIBHO-
PO3TOUHI BEpCTaTH 3 OTIEPATUBHOIO CHCTEMOIO
KEpYBaHHS  JI03BOJIAIOTH  3JIHCHIOBATM  NPOIpaMyBaHHS
Oe3mocepelHbO Ha BEpCTaTi 13 BBEACHHSAM  YIPABISAIOYO]
IporpaMu 3 JIONIOMOIOX0 KjaBiaTypu IynibTa BepcraTa. CydacHi
OararoorepaniifHi BepcTaTd MalOTh TNPUCTPOI s 3MiHH
OKpEMHUX IHCTPYMEHTIB Ta OaraTOIINUHAEIBHUX TOJIOBOK,
OCHAIIlYIOTbCSI 3MIHHUMM CTOJaMH 1 HabOpaMu IOBOPOTHHUX
IUIAT-CYITYTHHUKIB, MO JO3BOJSIOTH 3IIHCHIOBAaTH IIBUAKY
ABTOMATUYHY 3aMiHy OOpOOIIIOBAaHHX 3arOTOBOK PI3HUX THUMIB 1
pO3MIpiB 3 KOHTPOJIEM TO3MUIIIOHYBaHHS 0a30BUX IOBEPXOHb.
Jns opranizamii aBTOMaTHYHOTO IIMKIY OOpOOKM CydYacHi
OararoorniepaniiiHi BepcTaTH 3a0€3MedyIOThCSI TPUCTPOSIMU IS
KOHTPOJIIO CTaHy pi3ajbHOIO I1HCTPYMEHTY 1 CTyrIeHl fioro
3aTyIJICHHS Ha OCHOBI KOHTPOJIO TOTY)XHOCTi, KPYTHOTO
MOMEHTY, CWJIU CTpyMy a00 BEJIUYMH CKJIQJ0BUX CHUJ Pi3aHHS.
BenuunHa po3MipHOTO 3HOLIYBaHHS 1HCTPYMEHTY JUIsl KOPEKIIil
HOT0 MOJIO’KEHHS BU3HAUAETHCA 3a pe3ybTaTaMi aBTOMaTHUYHUX
BHUMIPIOBaHb  OOpOOJIIOBAaHOI 3aroTOBKM ab0 BHUMIpIOBaHb
IHCTpyMEHTY 0Oe3nocepeJHbO Ha BepcTaTi. 3a paxyHOK
00 eqnanus BepcratiB 3 UIIK B motouHi mdiHIT gocsTaeThbest
HEMEepepBHICTh TEXHOJOTIYHOIO IMpolecy 1 HOro wyacTtkoBa
aBromaru3ailisi. CTBOPIOIOTHCS TPYIOBI MOTOYHI JIiHII.

Cmeopennsa ZHyYK020 A6MOMAMU308aH020

eUpPOOHUYmMEA

[TinBumieHnHss edEKTUBHOCTI  BUPOOHHUIITBA  MOXKE
3MIACHIOBATHCh 32  PAaxXyHOK  BHCOKOABTOMAaTH30BaHHUX
TEXHOJIOTIYHUX KOMIUIEKCIB YCTaTKyBaHHs, 0 (YHKIIOHYIOTh
3 BUKOPHMCTaHHSM NpUHIUMIB "Oe3moaHoi" TexHousorii - 6e3
yyacTi  poOITHMKIB ab00 3  MIHIMaJIbHOIO  KUIBKICTIO
00CITyTOBYIOUOTO TIepcOHaNTy. PO3BUTOK MOMIOHMX KOMIUIEKCIB
1 mepexi Ha  Oe3MIOAHY  TEXHOJIOTIIO B YMOBax
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0araTOHOMEHKJIATYPHOTO cepiitHOTO BUPOOHUIITBA €
MOYJIMBUM Ha OCHOBI BIPOBA/DKCHHS THYYKHX BHUPOOHUYMX
cucteM. I'myuka BupoOHmya cuctema (I'BC) 3rigno I'OCT
26228-84 - me CykymHiCTh a00 OKpeMa  OJUHUIIL
TEXHOJIOTIYHOTO YCTaTKyBaHHS 1 cucTema 3abe3nedeHHs i
(GYHKLIOHYBaHHS B aBTOMAaTHYHOMY pEXUMi, fKa Mae
BJIACTUBOCTI aBTOMAaTH30BaHOI'O IE€pPEHAIAr0/KyBaHHS IpU
BUPOOHMIITBI ~ BHpPOOIB  JOBUIBHOI ~ HOMEHKJIATYpH Y
BCTAHOBJIGHUX TpaHMISIX 3HAYeHb iX Xapakrtepuctuk. I[lo
OpraHi3amiiHid CTPYKTypi THYYKI BHPOOHHYI CHCTEMH
(GOpMYIOTBCS Yy BUIJISAI THYYKHX BUPOOHHYHMX MOJIYJIB
(I'TIM), rayukux aBromaruyHux JniHid ([TAJI) , ninpHUIB
(TAH), rayukux aBromarmsoBanux mnexiB (I’ALl) i 3aBoxiB
('A3). I'nmyuke aBTOMaTH30BaHE BHPOOHHUIITBO MPEACTABISNE
co00I0  PO3BHHYTY  aBTOMAaTH30BaHy  CHUCTEMY,  MIO
ynpansieTbess Bin EOM; BoHO BKkiIO4Yae B cebe KOMILIEKC
00pOoOHOTO  yCTaTKyBaHHS, 3B S3aHOTO AaBTOMATH30BaHOIO
TPAHCIIOPTHO-CKJIAJICBKOID CHCTEMOIO Iojadi, 30epiraHHs i
TpaHCIIOPTYBaHHS ~ 3arotoBok Ta  crpyxku  (AT3C),
aBTOMATH30BaHY CUCTEMY IHCTPYMEHTAJIbHOI'O 3a0e3MeueHHs
(ACI3), cucremy aBTomaruzoBaHoro koHtpoiio (CAK),
3B'A3aHE 13 CHCTEMOI0 aBTOMATHU30BAaHOI'O MPOEKTYBAaHHS
KOHCTpYKUIA  BupoOiB, 1mo  Bumyckaioteea  (CAIIP),
aBTOMATH30BAHOK CHCTEMOIO TEXHOJIOTIYHOI MiATOTOBKH
BupoOHunTBa (ACTIIB); aBTOMaTu30BaHOIO  CHCTEMOIO
HaykoBux jgocmikeHb (ACHJI) Ta aBTOMaTu30BaHOIO
cuctemoro ympaniiHHS BuUpoOHuUUTBOM (ACVYB). I'myuxe
aBTOMAaTH30BaHE BHMPOOHHUIITBO XapaKTEPU3YETHCS BHCOKUM
CTYIEHEM aBTOMATH3allll TEXHOJOTIYHUX MpOLEeCciB 00poOKH,
00CIIyroByBaHHS, YIpPaBIiHHA 1 HEMEPEPBHICTIO IPOLECIB
0araTOHOMEHKJIATYpPHOTO  JIpIOHOCEPIMHOTO  BUPOOHHUIITBA.
'AB nae MOXIUBICTH eKCIUTyaTallii Ha HpOTsI3i 100u
TE€XHOJIOTIYHOTO YCTaTKyBaHHS TNpPU HEOOOB S3KOBIM ydacTi
poOiTHUKA Y (QYHKIIOHYBaHHS CHCTeMHU. B Toli ke yac meBHa
YacTHHA TIEPCOHATy TOBMHHA 3alMIIATHCh Ha OIEpaIisax



KOHTPOJIIO, KOMIUIEKTYBaHHS 3aroTOBOK Ta 1HCTPYMEHTY,
3arajibHOTO CIIOCTEPEKEHHSA 3a X0I0M BHpoOHHUITBA OHI€0 13
OCHOBHUX ocoOnuBocteii ['AB saBnseTscs #ioro BHcOKa
THYYKICTb, SIKa JO3BOJISIE B yMOBaX CEpiiHOTO0 BUPOOHMIITBA B
OyIb-KUH MOMEHT TPUIIMHUTH BHUIYCK NPOAYKIIi 1 3a
KOPOTKHH Nepio 3 MiHIMaJIbHUMHU 3aTpaTaMH MPHUCTYIUTH 10
BUITYCKY HOBOI MPOAyKIii. 3araibHa MpPOAYKTHUBHICTH Ipari
3pocTaEe HE MeEHINEe, $K Yy I ATh-IIICTh pa3, pPOOITHUKU
3BUIBHSIOTHCS BiJI BOXXKUX, IIKIJJIMBAX 1 MOHOTOHHHX POOIT.
BuxigHoro OJIMHUIICIO THYYKOTO aBTOMATHU30BaHOTO
BUPOOHHUIITBA SIBJISETHCS THYYKHI aBTOMATH30BAaHUHA MOJYIIb.
['Hy4kuii aBTOMAaTU30BaHUN MOMYJIb - 1€ THy4YKa BUPOOHHYA
CHCTEMA, IO CKIAZACThCA 13 OMUHHII TEXHOJIOTIYHOTO
YCTaTKyBaHHS,  OCHAllleHa  aBTOMAaTHMYHUM  MPHUCTPOEM
IpOrpaMHOTO  KepyBaHHA 1  3acobamMu  aBTOMAaTH3aIlii
TEXHOJIOTIYHOTO Tmporecy. B 3aranmpHOMy BUNAAKy 3acobu
aproMaTm3anii ['BM  MOXyTh BKJIIOYAaTH HAaKONUYyBadi,
CYNIyTHUKH, 3acO0M 3aBaHTa)XKCHHSA-PO3BAHTAXKEHHA, 3aco0u
3aMIHHM TEXHOJIOTIYHOrO OCHAILEHHS, BHUIAIECHHS BIiIXOIIB,
aBTOMATH30BAHOTO  KOHTPOJIO,  JIarHOCTHKH,  3aco0iB
nepeHanaroxkyBanas. Ha 'BM aBromarn3zoBaHuil mepexia Ha
0o0poOKy  pI3HMX 3arOTOBOK  3JIHCHIOETBCSA B  Mexkax
TEXHOJIOTIYHHX  MOXIIMBOCTEH  ycTarkyBaHHS. [ 'Hyuka
BUpPOOHMYA CHCTEMa CKJIAQJA€TbCcid 13 KUIBKOX THYYKHX
BUPOOHUYMX MOJIYJIIB, 3B sI3aHUX aBTOMATHU30BaHOIO CUCTEMOIO
KEepYBaHHs 1 TPaHCIOPTHO-CKIAJChKOI0 cuctemoro. Cucrema
aBTOMATUYHOTO KE€PYBaHHS PO3MOJLISE POOOTY MK OKPEMUMU
MOJYJISIMH, HAaIIPABJISIIOUM 3aTOTOBKHU 110 HAMKpAIIUM MTOTOKaM.
[Tpu oMy Moske OyTH MpU3HaUYeHa 00pOOKa KUIBKOX JIPIOHUX
nmapTii  3arOTOBOK ~ HE3aJeXKHO  OJHAa  BiA  OJHOI.
ABTOMAaTH30BaHA TPAHCIIOPTHO-CKJIAJIChKa cucTema
BIJITIPaBJIsie 3arOTOBKM Ha OyJb-SKUH BepcTaT KOMIUIEKCY 1 B
OyIb-sIKIH  TTOCITITOBHOCTI. ABTOMaTH30BaHa

cHCTeMa 1HCTPYMEHTAJIBHOIO 3a0€3MEeUYeHHs CIIJIKye 3a
CTaHOM Pi3aJIbHUX iHCprMggTiB Ha BepcraTax 1 BUKOHYE



CBOEYACHY 3aMiHy OKpEMHX IHCTPYMEHTIB ab0 IIIMX
IHCTpYMEHTAJIbHUX Mara3uHiB.
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