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MeroanyHi peKoOMeHIALil IUIst TPOBEACHHS MPAKTUYHUX 3aHATH 3 JUCUUIUTIHHA
«ABTOMaTH3alis B MAIIMHOOYIyBaHHI» UIA CTYACHTIB OCBITHBOTO piBHSI
«bakanaBpy cneniansHocTi 131 «[Ipukmagna mexanikay. — Xuromup : JepxaBanit
yHiBepcureT «KutoMupcrka nomirexsikay, 2023. — 31 c.

Po3pobuuk: k.1.H. HouBait B.M.

Peunensentu: 1.1.H., npod. Menpauayk I1.I1.,

K.T.H., go1. Cremuun S.A.

MeTtoan4Hi pekoMeHauii Npu3HaveHi Ui IPOBEJCHHS MPAKTHYHMX 3aHATh
3 IUCLMIUTIHA «ABTOMATH3allisl B MAIIMHOOYAYBaHHI» JJIsl CTYJIEHTIB OCBITHHOTO
piBHs «bakanaBp» cnemianbHOoCcTi 131 «[IpukiagHa MexaHika» (akyJIbTeTy
KOMII'IOTEpHO-IHTETPOBaHUX TEXHOJOT1H, MeXaTpoHikH 1 poboToTexHiku. Bonn
MICTSTh TeMy Ta METy MNpakTHYHMX 3aHATh, IHAWBIAyaJdbHI 3aBIaHHS JUIS
BHUKOHAHHS po0OOTH, 3MICT 3BiTy Ta BUMOTH 10 OpOPMIICHHSI POOOTH.

PosrisiHyTO Ta peKOMEeHJ0BaHO Ha 3aciiaHHi Kadeapu MeXaHIuHOI iHxkeHepil.

Iporoxon Ne 3 Bix 22 mortoro 2023 p.
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IEPEJIIK YMOBHHUX ITIO3HAYEHb

Neep — amctio BeperatiB B ' BC, mT.;

t,6 — cepemHiii yac o6poOkm 1 merari, rox.;

N — cepenns micsiuHa mporpama BUILYCKY A€Tajleil OTHOro HalilMEeHyBaHHS,
miT.;

t; — cepenHiil yac 3aBaHTa)KEHHS AETali B IPUCTOCYBaHHA-CYIIyTHHK, XB.,

t, — cepenHiil yac po3BaHTaKEHHS €Tl 3 MPUCTOCYBAHHS, XB.;

t — cepemHiit vac BHOIpKOBOTO KOHTPONIO 1 meTani micis i-Toi omeparlii,
XB.;

tkn — cepeHiil yac 0cTaTOYHOTO KOHTPOIHO 1 meTaiti, XB.;

N1 — YUCIIO AeTanel, yepes sIKe AeTajlb BUBOAUTHCS HA KOHTPOJIb HA BUMOTY
TEXHOJIOTa, IT.;

tks — wac pospaxyHKy i mepemaui xaapy 3 EOM B lokanpHHNA TPHCTPIH
YIIK, xB.;

|, — cepenHs OBKHHA TIEpeMillleHb poOOTa-aBTOONEepaTopa B3I0BK JIiHiH
LEHTPaJILHOrO Mara3uHa iHCTPYMEHTIB, M;

V — MBUAKICTH MepeMillieHHs] poOoTa-aBTooNepaTopa, M/XB.;

t, th — uwac poOorm poOoTa-aBTOONEpaTOpa IO BHUKOHAHHIO OIepauii
«B3aru» 1 «IlokaacTu», XB.;

tr0e — 4acC Ha IOBOPOT p0oOOTA-aBTOONIEPATOPA, XB.;

ti, — cepeaHiit yac poOOTH OJTHOTO IHCTPYMEHTY, XB.;

N, — 9UCIO THCTPYMEHTIB, SIKi HE PO3MIIIYIOThCS B Mara3uHi BepcTara, IIrT.;
Ny — cepeHe YncIIo 1y0iepiB iIHCTPYMEHTY Ha OJHY JeTajlb, IIT.;

Noem — YMCIIO A€TAJIEH, 0 OJHOYACHO OOPOOIISIOTHCS HAa BEPCTATi, IIT.;
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BCTYII

[Ipu po3pobmi mpoexty THyukoi BupoOHHUOi cucremu (I'BC)
MEXaHI9HOi O0OpOoOKW, HapiBHI 3 MeETAJIOPi3IbHUM OO0JagHAHHIM
HeoOXimHO BHOpaTH 1 poO3paxyBaTH AaBTOMATH3OBAaHUN CKIad IJs
00po0OMIOEMHUX ~ 3arOTOBOK Ta  JAeTaled 1  CKJIAQJAChKY  CHCTEMY
IHCTpyMEHTaNbHOTO 3a0e3medeHHd. HalOiapIr MpOCTO CKIIAICHKOIO
CUCTEMOI0 € aBTOMAaTH30BAaHWUN CKJIAJ y BHIVBIAI CTENaxy, LIO
0o0cmyroByeThcsl  poOOTaMu-mITadenepaMu. AHAIOTIYHUM  00pa3oM
MPAKTUKYETHCS CKJIAJl CACTEMHU iIHCTPYMEHTAJIBHOIO 3a0€311eYCHH.

[Ipn BUKOHaHHI MPAaKTHUYHUX POOIT HEOOXITHO PO3paxyBaTH CKIAIH
JUISL THCTPYMEHTIB 1 JeTayeid, BU3HAYUTH HeoOXiqHe dncio mrabenepis i
poOOTiB-aBTOOMEPATOPIB sl X OOCIYTOBYBaHHS 1 HAaKPECIUTH CXEMY
crnpoektoBanoi ' BC.
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1. lMpakTu4uHe 3auaTTs Nel

OIINC XAPAKTEPUCTHUKHU CKJIAAY I PO3PAXYHOK YHUCJIA
MO3UIIN 3ABAHTAXKEHHS, PO3BAHTAKEHHSA 1
KOHTPOJIIO JJIS I'BC

1.1. MeTa podoTn

Hapuutncs ommcyBatn xapaktepuctuku ckianxy ['BC i BukoHyBatn
PO3paxyHOK 4YMCIIa MO3MLIN 3aBaHTAXEHHS, PO3BAHTAXKEHHS 1 KOHTPOIIIO
g 'BC

1.2. KopoTki TeopeTuuni BizomocTi

BpaxoByroun ckiamHicTh, BHUCOKY BapricTh I'BC 1 HeoOXimHICTh

BuKopucTaHHsA BXimHmX B I'BC BepcrariB mpu MOBHOMY 3aBaHTa)KeHHI
HEOOXiTHO TOYHO 3HATH, CKUTBKH eTaneit 0yne oopobnstucs B 'BC.

K . Doy * Neep
naim "~ t N !
oop

ne @ — MicauHME (OHI 4Yacy poOOTH OJHOTO BepcTara (mpu 2-X
3MiHHIH PO00TI Deep= 305 ToN);

Neep — KUTBKICTH BepCTaTiB, 110 BXoasTh B [ BC;

togp — CEpENHS TPYIOMICTKICTH OOPOOKH OJHIET JAeTali, TOINH;

N —cepemnss ~ MicsyHa  mporpaMa  BHIYCKY  JleTallied  OJHOro
HallMEHyBaHHSI.

OTprMaHe YHUCIIO JleTalied BU3HAYA€ YUCIIO OCEPENIKIB B CTENaXI.
Ockinbku ['BC 103BONSIOTE 00pOOIISTH MIMPOKY HOMEHKIIATYPY BHPOOIB,
sIKa MOYKE€ MIHSATHCS B IpOILECI eKCIuTyaTallii, TO TOIJIbHO MaTH 3amac
ocepeskiB B crenaxi Ha 10% Ha BUMagOK 30UIBIICHHS YWCIA JeTajei,
110 00POOIISIOTHCS.
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[Mo3urii 3aBaHTa)xeHHsI, ¢ MPOBOJUTHCS YCTAHOBKA 3arOTOBKH B
MPUCTOCYBaHHS, 1 PO3BAaHTAXEHHS, J€ 00poOIeHa meraiab 3HIMAETHCS 3
OPUCTOCYBAHHS, MOXYTh OyTH a00 po3’enHaHi abo 3’enHani (puc. 1.1).

| T O = B
T T

OO T

T

T2 A raRrifral

Puc. 1.1

Po3paxyHOk HEOOXiTHOTO dYHCIA TMO3WINA Ny  TPOBOIUTHCS 32
¢hopmyoro:

_ t Kt)em
s = 5 60 ,

nos

n

ne t — cepemHsl TPYJOMICTKICTh Ha IO3UWII (TITBKH 3aBaHTaXeHHS abo
pO3BaHTAXKEHHS, SAKIIO omeparlii po3’eqHani abo cymapHa, SIKIIO OOWABi
oreparlii BUKOHYIOTHCS Ha OJIHIH MO3MIIi1), XB.;

Kjem — KITBKICTh  JiCTANCH, IO MPOXOSTh YEpe3 TMO3HUINI0 MPOTATOM
MicALs, 1T,

Dy0; = 305 — micsianmit PoHJ yacy poOOTH TMO3UIIIT, TOA.

K()em:K N .

naim

VY I'BC y sikux BiICyTHI aBTOMAaTHYHI 3aCO0M KOHTPOJIIO HA BEpPCTaTi B
mpoiieci 0OpoOKM jeTajiei, HeOOXiJTHO BECTH MEPEBIPKY PO3MIpIB, IO
OTPUMYIOTh Ha CHEIiabHUX MO3UIIIIX KOHTPOJIIO.

Heo0OxigHe 4rcno mo3uilidi KOHTPOIIO Nyos« (OKPYTIIeHE Y OlbImi Oik
uinoro) 8 'BC
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n — tic’K()em.K
nos.x @ 60

nos

ne U, — cyMapHHMii Yac KOHTPOITIO O/IHI€T AeTali, XB.;
Koem.x — KITBKICTH IeTaJICH, IO MPOXOIATH KOHTPOIE 32 MiCSIIb, IIT.;
Dy0; — MicsTaHUH POH Yacy poOOTH MO3HUIIii, TO.

te =t (g, 1)+t |

Kdem.x :K()em/n '

ne Kpem — 9nCIIO eTaANCH, 1110 00pobisitoThes B 'BC 3a Micsip, mT.;
N — YUCIIO JIeTalieH, yepe3 sIKe IeTalb BUBOJAUTHCS Ha KOHTPOJIb, IIT.

n=_1_
ky - Ko

e N — 4KCcio JeTaneil, uepe3 sike JeTajlb BUBOAWUTHCS HAa KOHTPOJb Ha
BUMOTY TEXHOJIOTa, IIT.;
ki, ko — mompaBo4Hi KoedillieHTH, 110 BPaXOBYIOTh BIAMOBITHO KOHTPOJIb
nepmoi Jerani, oOpoOJieHOT HA MOYaTKy 3MiHH, 1 BHBiJI HA KOHTPOIb B
3B 513Ky 3 poboToro HoBoro inctpymenTa. (ki = 1,15, ko = 1,05).

1.3. 3aBaanns

Onucaru xapakrepuctuku ckiany ['BC i BUKOHATH pO3paxyHOK 4HCIa
MO3UIlIM 3aBaHTaXXCHHs, PO3BaHTaXEeHHsA 1 KoHTposto musi ['BC 3rigHo
METOJIMKA MpHUBEAEHOI B miApo3aini 1.2 Ta BUXIAHMX JaHUX 3TiIHO
BapiaHTy 3aBJaHb NPUBEIACHHUX Y NOJATKy A «METOIUYHUX PEKOMEHIAIli
JUTSL BAKOHAHHS IPAKTUYHUX POOITY.
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1.4. 3micr 3BiTY

1. Tema poboTw.

2. Mera poboTu.

3. Omnuc xapakrepuctuku ckiany ['BC.

4. Po3paxyHOK 4YHCNIa TIO3WIIIA 3aBaHTAXCHHSA, PO3BAHTAXKEHHS 1
koHTpoiro st I'BC.




MIHICTEPCTBO OCBITU | HAYKU VKPATHU

JEPKABHUW YHIBEPCUTET « X KUTOMUPCBHKA

®-20.05/05.01

Kuromupcpka TIMOJIITEXHIKA» /131.00.1/b/BK11.2-
NoJiTexHiKa Cucrema ynpasiinns sikictio Bignosizae JICTY ISO 2022
9001:2015
Exsemnaap Ne 1 Apx 1110

2. IlpakTuuHe 3aHATTA Ne2

PO3PAXYHOK YUCJIA IITABEJIEPIB PO3TAILIOBAHUX 3

BOKY BEPCTATIB

2.1. Merta poboTn

HaBuntncs
pO3TaIIOBaHUX 3

BUKOHYBAaTH  PO3paxyHOK  4Hcia

00Ky BepcTaTiB

2.2. KopoTki TeopeTnyni BizomocTti

mTabenepiB

3HauUM BiJICTaHh MK BepcTaTaMH 1 IMIBHIKICTh pyxy mTabenepa,

MO>KHa PO3paxyB

T

(¢

oc —

aTH cymMapHUil yac poOoTH mrabenepa

K t +K

cmen—eep "~ ‘cmereep 6ep—eep 'teepfeep

60

K ~28-K,,,,

cmen—eep =

K =690 (n,, —1),

eep—eep —

ne Kemer-cep — AACIO TIEPEMIIIIEHh MIJK CTENIAXKEM 1 BEPCTATaMHU,

temersep — CEPEIHIM Yac, IO 3aTpavyeThCsl HA Tepenavy CyMmyTHHKA 3i
CTeNlaxy Ha BepcTaT ado HABIAKH, XB.;

Kiep-gep — IMCIIO TIEPEMITIICHD MIXK BEpCTaTaMH;
teep-sep — CEpENHIA YaC, IO 3aTPadyyeThCs HA Tepeiady CymyTHUKa 3
BepCcTaTa Ha BepCTar, XB.

Yac BukoHaHHS mTabenepoM OHI€ET epeadi CymyTHHKA

(temen-sep @00 toep-sep) BU3HAYAETHCS YACOM BiIPAIFOBAHHS KAIPiB

tnep :t1+t2,

10
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me 11, to — gac BigmpamroBaHHsS KanpiB «lligifiTm g0 Micig 1 B3STH
cymyTHHK» 1 «[limiT! 1O MicIIsI 1 TOCTaBUTH CYITyTHUK.

tl:t]{A +tm-() +tB,
t2 =t[<;4 +tm'0 +tn,

ne x4 — 9ac po3paxyHKy i mepenadi kaapy Bix EOM Ha 10KansHYy CUCTEMY
YIIK mrrabenepa, xB. (txa = 1,5 + 10 c.);

tuio — Yac mMIXoay A0 33JaHOTO MICIIH;

tp — 9ac poOOTH MUKIOBOi aBTOMATHKH TEIECKOIIYHOTO CTONA ITadenepa
10 BUKOHAHHIO orepaii «B3aTu cynmyTHUK», XB.;

t, — yac poOOTH IUKIIOBOI aBTOMATUKH TEIIECKOIIYHOTO CTONA ITadenepa
10 BUKOHaHHIO omepaii «[locTaBuTn cymmyTHHK», XB.

| I
t = X + y ,
nio Vx Vy

ne Ix i ly — nowxuna nepemimenns mrabdesepa mo ocsim X i Y

Vy 1 Vy — mBuakocti nepemimenHs, M/xB. (Vx = 60 m/xB., Vy = 6 M/xB.).
Kinpkicte mTabenepiB mpuiiMaeMo MO KOeQillieHTy 3aBaHTAKEHHS

mradenepis

ne @, — ¢onp yacy podoru mradenepa (D, = 305 rox.).
SAxmo Ke- > 1, To moTpibHO 1Ba mradenepa.

JonycTuMuii cyMapHHi Yac MPOCTOI0 OJHOTO ITadenepa B 3MiHy

@m — To6c

E { =
OH : 3M : y

11
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ne Ky, — ancio pobounx AHIB B Micsi (22);

Ny, — 9UCIIO pOOOYNX 3MIH IIPOTATOM JIHS;

My — KoeiIlieHT, MO BpPaXOBY€ YHCIO MPUCTPOIB, KEPOBAHUX BiJ OMHI€l
cucremu YITK (1 mpucrpiii — 1, 2 mpuctpoi — 1,5).

Vyx =60 m/xB., Vy =6 M/XB.

ITp# Nuep <5, Ixcren-nep = 8 My Ny cmern-sep = 3 M, lxgep-sep = T M, Ny aep-sep = 1,5 M.
HpH neep > 5, IX cmen-gep =13 M, Iy cmen-gep = 3 M, IX eep-6ep =11 M,

ly sep-sep = 1,5 M.

2.3. 3aBnaHHs

Buxonat po3paxyHOK dYHClIa ITa0eJepiB pPO3TANIOBaHHX 3 OOKY
BEpCTATIB 3TiTHO METOJIMKH MPUBEACHOI B MiAPO3Miiai 2.2 Ta BHXITHHX
JaHUX 3TiHO BapiaHTy 3aBIaHb NPHBEACHHUX Y N0JaTKy A «MeTonnaHux
peKOMeH Al A1l BUKOHAHHS MIPAKTHYHUX POOITY.

2.4. 3micT 3BiTY

1. Tema poboTu.

2. Meta poboTn.
3. Po3paxyHok umncia mradenepiB po3TanioBaHux 3 00Ky BEpPCTaTiB.

12




MIHICTEPCTBO OCBITU I HAYKU YKPATHU
JNEPKABHHUM YHIBEPCUTET «(KHTOMUPCBbKA ®-20.05/05.01
)KﬂTOMP[pCbKa MNOJIITEXHIKA» /131.00.1/b/BK11.2-
noJiTexHika Cucrema ynpasJinas sikictio Bigmosinae JICTY ISO 2022
9001:2015
Exzemnisip Ne 1 Apr 1/13

3. IIpakTuuHe 3aHATTS Ne3
IHCTPYMEHTAJIBHE 3ABE3TIEYEHHS I'BC
3.1. Mera podotu

HaBunutucs BHKOHYBAaTH pO3paxyHOK 4YHCIIAa IHCTPYMEHTIB Ta dac
3MiHH IHCTPYMEHTIB 151 0OpOOKH BCi€i HOMEHKIIATYPH JeTaleit

3.2. KopoTki TeopeTnuHi BizomocTi

Ha cranmii texHiyHOi mpomo3wmii cyMapHe YHCIO IHCTPYMEHTIB,
HEOOXimMHUX JUIi OOpOOKHM BCi€i HOMEHKJIATYpU JeTalled MpPOTATOM
MICSIISI pO3PaXxOBYIOTH 32 JOPMYIIOIO:

KiH =K1+Kd,

ne K1 — urcno iHCTpyMEHTIB Juis 0OpOOKM HOMEHKJIATYpHU JAeTalei, IiT.;
K, — uucno nybnepiB iHCTpyMeHTa, IIT.

Kl — Kain o6 .60,

H

ne Kqin — 9uCI0 HalitMEeHYBaHb JeTajeH, IIT. ;
t,6 — cepenHili yac 0OpOOKU OJHOTO0 HAWMEHYBaHHS, XB.;
ti» — cepenHiii vac poOOTH OJTHOTO IHCTPYMEHTA, XB.
Uucino ayOniepiB iHCTpyMEHTa JUisi OOpPOOKHM MICSYHOI IMporpamu
JieTajiel, IiT.
K() =N, 'KHaLZw )
e Ny — cepeaHe Yucio 1y0nepiB Ha OJHY AETalb.

JyOnepu moTpiOHi Juisi IHCTPYMEHTIB MaJioi CTIMKOCTi, JIO YHCIIa SKUX
BiTHOCATBHCS MITYMKH, PO3TOPTKH 1 T.II.
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st opranizamnii momayi iHCTpYMEHTY B MarasuH BepcTaTa 3i CKiIany i
BUUMaHHS 3 HBOTO IHCTPYMEHTa 3aCTOCOBYIOThCS KaceTH. OCHOBHOIO
XapaKTEePUCTHKOI KaceTH € YHCIO THI3M TiJ IHCTPYMEHT, SKe
BH3HAYAETHCS 3 HEOOXiMHOCTI 3a0e3meunTd 3a OAWH MiTHOM KaceTu
JIOCTAaBKY /10 BEPXHHOTO CTENAXy HE MEHIIe 2-X IHCTPYMEHTIB.

IIponykTuBHICTB, SIKy TOBHWHHA 3a0e3mednTd Kacera (IIT/TO.),
PO3paxoBYIOTh 32 POPMYIIOIO:

0 _ K -m
Kac @ '
nos
ne K — 4YHWCIO IHCTPYMEHTiB, HEOOXimHe st O0OpoOKM BCi€i

HOMEHKJIATypH I€TAJIEH;
m — xoedimieHT, MO BpPaxoBye MapTiHHICTH aetamed (M = 1,5 xomm
MIOJIOBHHA JIeTajel 3ayCKAETHCS MIBMICIYHIMH MAPTISIMH).

Jns moctaBKUM iHCTpyMEHTa JI0 BepCTaTiB BUKOPUCTOBYIOTH POOOTIB
aBTOOIIEPATOPIB.

CymapHuil yac, 1o 3aTpayyeTbCsi poOOTOM Ha OOCIYyrOBYBaHHS
BepcTaTiB (ToJ1) BU3HAYAIOTH 332 (HOPMYJIIOI0

T neepK txM
o6 = X Ay, J
i=1 7 60
ne K, — 4Yucnmo 3MiH 1HCTPYMEHTIB Ha OJIHOMY BEpCTaTi MPOTSATOM

Micsd,;
t;, — cepenHiil yac 3MiHU OJJHOT'O IHCTPYMEHTA, XB.

Cymapue uwncio 3MiH iHcTpymMeHta B I'BC mpotarom wmicsus
BHU3HAYAIOTh 32 BUPA30M

nﬁep

; 1K3M,- = Kiu “m+ K().3M J
=

ne Ky — 9ncio 1oJaTKoBHX 3MiH iHCTPYMEHTY Ha BepcTarax; m = 1,5.
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Uncino ngomaTkoBHX 3MiH IHCTPYMEHTY B Mara3sMHax BepCTarTiB,
OB’ s3aHEe 3 HEKOMIUIEKTHICTIO PO3MIIICHHS HOro, BH3HAYAlOTh 3a
b opmyoro

K,,, =2-n, -N- Koain |

in
néem

Iie N;, — 9ICII0 IHCTPYMEHTIB, 1[0 HE PO3MIIYIOTHCS B Mara3uHi BepcTara,

IIT.,

Koem — unc0 HallMEHYBaHb A€TaNCH;

Noem — YACIIO I€TANIEH, IO OJJHOYACHO OOPOOIIAIOTHCS HA BEPCTATI.
CepenHili yac 3MiHM OJHOTO IHCTPYMEHTa y BEpCTaTi BHU3HAYAETHCS

4acoM BiJIpaIlfOBaHHS poOOTOM 2, 4-X Ka/IpiB:

th =t1 +t2 +t3 +t4,
ne ti — yac BiAmpamoBaHHS KaJapy: «B3sTH 1HCTpYMEHT 3 HEHTPAIBLHOTO
MarasuHy»,
t, — vac BiampamoBaHHs KaJpy: «B34TH IHCTPYMEHT 3 MarasuHy BepcTaTay,
t3 — wac BimnpamoBaHHA Kajupy: «BcTraHOBMTH B MarasuwHi BepcraTa
IHCTPYMEHT 3 IICHTPaJIbHOTO Mara3uHay,
t4 — wdac BignpamroBaHHA Kalupy: «BcTraHOBUTH iHCTpyMEHT B
HEHTPaIbHOMY Mara3uHi».

t2 :tm +tm-a +tB ,

t3 thA +tm-a +tn ,

t4 :tm +tm-() +tn.
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Tka — "ac po3paxyHKy 1 mepenadi kaapy 3 EOM B JOKambHUI TIPHUCTPIi
UTIK;
tnio — 9ac Ha mMAXIK 0 3a0aHOro THI3AA,
tp — yac poOOTH MO BUKOHAHHIO orepartiii «B3stu iHCTpyMeHTY;
twos — 9ac poOOTH Ha TIOBOPOT POOOTAa,;
thy — gac poboTH MO BUKOHaHHIO onepartlii «[locTtaBuTh iHCTpyMEHTY.
Takum 4rHOM, cymMapHa (hopMmysia Mae BUJI

t3’M :4'tI{A +3'tni() +tnoe +2'(tB+tn)’

ne t,, =1 p IV, |, — cepeqHs AOBXKHMHA TIEPEMIIIICHHS;

V — mBuKicTh nepemimenns (30-60 M/XB.);
ts — 0,02-0,05 xB.; t3 = t, = 0,12 — 0,25 xB.

HAns  BuzHaueHHs 4yuciaa  poOOTIB  BU3HAYAIOTH  KOEQIIIEHT
3aBaHTAKCHHS

K3a2 = Toﬁc /CDM '
JonyctumMuii 4ac mpocToro podoTa

(DM -T obc

np = J
KdH Ny my

>t

ne Ky, — uuciao poOoYux AHIB B MiCSIIi;

N,y — 9UCIIO POOOYNX 3MIH;

My, — Koe]iIlieHT, IO BPaxOBYE YHCIO MPHUCTPOIB, KEPOBAHHUX BiJ OJHIET
cuctemu YIIK.

3.3. 3aBaanus

BukoHaTu po3paxyHOK uuciaa IHCTPYMEHTIB Ta 4ac 3MIHHU
IHCTPYMEHTIB I OOpOOKH BCi€l HOMEHKJIATypH JeTanei 3rigHo
METOJIMKH TPUBEIAEHOI B MIAPO31UIi 3.2 Ta BHXIIHUX JaHUX 3TiITHO
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BapiaHTy 3aBJaHb MPUBEACHUX y AOAATKy A «MeTOIUYHNX PEeKOMEHIAIIH
JUISL BUKOHAHHS MTPaKTUIHUX POOITY.

3.4. 3micr 3BiTY

1. Tema poboTwu.
2. Mera poboTu.
3. Po3paxyHOK uymcia iHCTPYMEHTIB Ta 4ac 3MiHH IHCTPYMEHTIB IS
00poOKHM BCi€l HOMEHKIATYPH JeTalei.
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4, IIpaxkTuyne 3aHATTSI Ned
PO3PAXYHOK YHUCJIA POBOTIB-ABTOOITEPATOPIB,
PO3TAIIOBAHUX MIK JITHIAMHU HAKOITUYYBAYIB
HEHTPAJIBHOI'O MAT'ABUHA ITHCTPYMEHTIB
4.1. Meta po6otn

HaBuuTrcs BUKOHYBaTH pPO3paxyHOK YHCIa POOOTIB-aBTOOIEPATOPiB
MIDX JIiHIIMHA HAaKOTIMYyBadiB EHTPATHHOTO Mara3nuHa iHCTPYMEHTIB

4.2. KopoTtki TeopeTnuHi BizomocTti

CymapHu#i, TO 3aTpadyeTbcs poOOTOM, MPAIIOIYUM MK JIiHISIMH
[CHTPAILHOTO Mara3uHa iHCTpyMeHTiB (puc. 4.1) BU3HAYAIOTh 3 BUPA30M

Uyt
uye

k7] [e2] [ [

Puc. 4.1

T

obc.p ZTB—B +Ti.u J
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ne Tpp — dWac Ha OOCITYyroByBaHHS KaceT NPU BBEACHHI 1 BHBEICHHI
IHCTPYMEHTY 3 KOMIUIEKCY, TOJ;
T;, —9ac Ha OOMIiH IHCTPYMEHTY MiX JIiHIIMH Mara3uHa iHCTPYMEHTIB.

[
TB—B :KB—B'( BGOBJ’

ne Kpp — CyMapHE YHCIO IHCTPYMEHTIB, IO BBOISATHCS 1 BHBOIATHCS 3
KOMIUIEKCY TPOTSTOM MICSIIS, TO;
tp.p — cepenHiif 4ac 0THOTO BBEICHHI-BUBEICHHS, XB.

SKmmo iHCTpyMEHT, HeOoOXimHWid uIs oOpoOKHM BCi€i HOMEHKIATYpHU
JieTanel, mo o0poOISIFOTHCS Ha KOMIUIEKC1, 3HAXOUTHCS B Mara3uHax, TO

KB—B = KiSM;
e Kig,u — YHUCJIO 3HOHICHOI'O iHCprMCHTa, 10 BUBOAUTLCA 3 KOMIUICKCY
IpoTATroM MiCHLIH.
ﬂKH_IO B Mara3duHax KOMIIJICKCY HC€ BUCTa4Ya€ MiCHSI JI1 OJHOYACHOI'O
3HaXOI»KE€HHA BChOT'O iHCprMeHTy, TO
Kp p=K; -m,

tpp =6t +4-1,,,+2-1,, +3~(t3 +tn)+tqa,

ne t,, = 0,1 XB. 1 3a7I€XUTH BiJl CHCTEMH IPOTrPaMHOI0 3a0e3MeYeHHSI.

T, =Ky il

ne K, — cymMapHe 4uclio 3MiH 1HCTPYMEHTIB MiX JiHISIMH LEHTPAILHOTO
MarasuHa,
ti, — cepenHiit yac ogHiel 3MiHU, XB.
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ty, =4ty +3 b+l +2-(t, +1,),

W CKARY.

@ EE

\Puc. 4.2. 3paskoBa cxema I'BC 3 iHCTpyMEHTAIBHNAM CKIIAJI0M TS

3aroTOBOK 1 JieTajiei

4.3. 3aBpanusa

BukoHat po3paxyHOK uuciia poOOTiB-aBTOOIEPATOPIB MIXK JIiHIIMHU
HAKOMUYyBauiB IEHTPAILHOIO Mara3uHa iHCTPYMEHTIB 3TiJTHO METOJUKU
npuBeIeHOI B miapo3aiii 4.2 Ta BUXIAHUX JaHUX 3TiIHO BapiaHTy 3aBlaHb
MPUBEACHUX y J0AaTKy A «MeToIMYHUX PEeKOMEHJAIii Jiisi BUKOHAHHS
MPaKTUIHUX POOITY.
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4.4. 3micT 3BiTY

1. Tema poboTw.

2. Mera poboTu.

3. Po3paxyHok uucima  poOOTiB-aBTOOMEPATOPiB
HAKOMMYyBadiB EHTPATHHOTO Mara3muHa iHCTPYMEHTIB.
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Homatox A
BAPIAHTU 3AB/IAHb
Taommsa A.1

BapianTu 3aBnanb

Ne BapianTy

[Tapamerp
1 2 3 4 5 6 7 8 9

Neep, TIT 7 4 6 4 5 5 10 8 9

tos, TOA 0712 |09 08|10 | 06 | 08 | 13 | 04

N, 20 12 16 43 27 30 36 26 48

t;, XB 5 8 7 7 5 3 6 6 5
t,, XB 3 4 5 6 4 2 3 5 4
tvi, XB 5 10 7 5 7 4 8 4 6

tkn, XB 30 35 32 26 31 22 26 34 31

Ny, IIT 6 7 5 5 6 4 8 7 6

txa, XB 0,07 | 014 ) 0,12 | 0,05 | 0,08 | 0,17 | 0,16 | 0,11 | 0,08

lep, M 38 24 28 27 27 23 26 28 35

V, M/XB 58 34 38 46 34 43 36 46 42

t=t,xs | 019|021 0,14 |023|0,25|0,17 | 0,18 | 0,18 | 0,2

thos, XB 0,05 | 0,07 | 0,06 | 0,03 | 0,08 | 0,04 | 0,08 | 0,05 | 0,04

tin, XB 10 9 7 9 8 5 3 8 7

Njy, WIT 2 3 2 2 2 4 2 3
Ny, T 1 2 1 3 4 2 3 1 1
Noem, WIT 3 1 2 1 2 1 1 2 1
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[Ipomosxk. Tabm. A.l1
BapianTu 3aBaanb
Ne BapianTy
ITapamerp
10 11 12 13 14 15 16 17 18
Ngep, LT 10 11 12 12 14 15 11 14 7
tos, TON o7 | 07|10 04 )03)| 04| 03] 07|08
N, T 30 32 27 32 50 43 38 24 35
t;, XB 5 5 5 4 4 6 6 4 6
t,, xB 4 4 4 3 3 5 4 4 4
twi, XB 6 6 7 4 4 4 8 6 4
tin, XB 42 38 34 31 22 22 28 28 30
Ny, 10T 4 7 5 4 5 10 8 8 3
tka, XB 0,2 |0,23|008]|004|008]| 015|015 | 0,15 | 0,06
lep, M 24 28 27 36 32 18 32 34 31
V, M/XB 60 59 34 54 40 30 38 45 46
t.=t,xs | 022|017 |0,24| 0,21 | 0,18 | 0,26 | 0,24 | 0,25 | 0,18
thos, XB 0,05 | 0,03 | 0,08 | 0,04 | 0,06 | 0,03 | 0,03 | 0,04 | 0,08
tin, XB 10 8 8 6 7 7 5 3 5
Njy, WIT 3 3 2 4 3 4 3 2 4
Ny, TIIT 1 4 4 2 2 2 4 4 2
Noem, TIT 2 2 2 1 1 2 2 3 2
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IIpomosx. Tabm. A.l
BapianTu 3aBa1anb
Ne BapianTy
ITapamerp
19 20 21 22 23 24 25 26 27
Ngep, T 10 7 6 3 6 8 9 3 4
tos, TON 09 06 (07|14 |13 |06 | 13|06 | 07
N, mT 43 32 24 32 41 36 28 34 38
t;, xB 4 7 5 5 4 4 6 5 4
t,, XxB 3 4 5 5 4 4 6 5 4
tui, XB 10 8 6 6 7 7 5 6 5
tin, XB 43 31 27 42 35 41 32 28 30
Ny, IIT 6 7 6 6 9 8 5 8 10
tk4, XB 0,12 | 0,05 0,08 | 0,12 | 0,09 | 0,14 | 0,22 | 0,22 | 0,11
lep, M 27 28 23 48 53 36 58 47 411
V, M/xB 38 46 34 48 53 36 58 47 41
t=t,xs | 023]025|0,17 0,22 |0,19 | 0,240,148 | 0,2 | 0,17
{06, XB 0,08 | 0,05 | 0,06 | 0,03 | 0,08 | 0,07 | 0,04 | 0,06 | 0,05
tin, XB 9 8 5 10 8 7 12 7 6
Njy, WT 4 2 3 4 4 3 2 4 3
Mo, TIT 3| 4| 2| 3|1 1] 2| 2] 3
Noem, TIT 2 1 2 2 3 1 2 1 2
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3akinuenus tadim. A.l
BapianTu 3aBaanb

Ne BapianTy

ITapamerp
28 29 30 31 32 33 34 35 36

nsep, mT 4 5 6 13 12 11 8 9 7

tos, TOX 14 04 |06 |12 |07 | 05|03 ] 04| 11

N, mr 42 64 36 45 58 38 56 48 54

t;, XB 5 4 6 3 7 4 5 6 4

ty, XB 7 6 5 6 4 6 7 5 6

tki, XB 5 7 6 4 5 6 4 6 5

tkn, XB 23 28 32 21 18 24 26 28 17

Ny, T 9 12 10 7 8 9 10 12 12

tka, XB 0,08 | 0,15| 0,22 | 0,09 | 0,23 | 0,11 | 0,08 | 0,1 | 0,14

lep, M 28 32 26 30 22 24 26 32 27

V, M/xB 54 38 43 48 56 38 44 52 58

t=t,xs | 021|016 |014|0,22 | 0,15 0,19 | 0,17 | 0,25 | 0,19

thos, XB 0,07 | 0,05 | 0,06 | 0,04 | 0,08 | 0,04 | 0,05 | 0,07 | 0,03

tiu, XB 10 8 9 12 11 7 8 6 12

Niy LT 3| 3| 2| 4|3 ]| 2]|2 3
No, TIT 2 | 1| 3| 2 1] 4 | 3] 2|2
Noemyt | 1 | 1 1] 2 1] 2 | 2 1 1
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Homatok b

BUMOI'U 1O OPOPMJIEHHA 3BITY

3BIiT MOBUHEH MICTUTHU: TUTYJIIBHAN apKyHI (IUB. oAaTOK B); BuxigHi
JaHI 0 TMPaKTHYHUX DPOOIT 3 BKA3aHMM HOMEPOM BapiaHTy 3aBIaHHA
(3pazok odopmieHHsT TpuBeneHo B Aonatky Jl); BHKOHaHI MpaKTHYHI
po6oT NeNel-4 (3pazok oopMiIeHHS IPUBEACHO B 101aTKy E).

3BiT odopMitoeThCs Ha apkymax (opmary A4 (210 x 297 mMm) Ha
omHOMY Ooti apkyma gepe3 1,5 iHTepBany 3 BUKOpPHCTaHHIM mpudrty 14
TeKCTOBOrO pepakropa Word. Po3mipu mostiB: BepXHeE, HUKHE 1 JTiBe — HE
mentne 20 MM, ipaBe — He MeHmIe 10 MM.

3aroJoBKM  CTPYKTYpHHX €IEMEHTIB 1 pOo3miiaiB  HeoOXimgHO
PO3MINTyBaTH Ha CEpeInHI PAIKA 1 IPYKYBaTH MPOTUCHIMH JliTepaMu 0e3
Kparkyl B KiHII. 3arollOBKH MiAPO3iNiB, IIyHKTIB 1 IIAITYHKTiB
HeoOximHO moynHaTH 3 ab3amy (5 3HakiB). BigcTanps Mix 3arojgoBKoM Ta
HACTYITHUM a0o0 MONepeaHIM PSAKOM — OJIUH PSAIOK.

Pozninu, miapo3aiiay i MyHKTH HyMEPYIOThCS apabChKUMU MH(PpPAMH.
Homep migpo3miny cknamaeTscsi 3 HOMEPY pPO3IIIYy Ta MOPSIKOBOTO
HOMEPY TiAPO3IiTy, PO3AIIEHUX KpaIKkor, Hanpukian, 1.1, 1.2.

dopmynu Ta piBHSHHS HAaBOIATH OE3MOCEPEAHBO MICHS TEKCTY, Y
SKOMY BOHH 3TraJlyI0ThCsl, IOCEPEANHI PSAAKA, 3 TIOJISIMH 3BEPXY Ta 3HU3Y —
onuH psnok. Homep Qopmynn ckmagaerbcss 3 HOMEpa pO3AUTy Ta
MOPSAKOBOIO HOMEpa, PO3JAiIeHHX Kpamnkor. Homep mpocraBiseTbes B
KpyTIuX IOy)KKaxX Ha piBHI (OpPMyIH B KpaHROMY IPaBOMY MOJIOKEHHI
Ha psaaky. HymepyBaTu ciig numie Ti popMysH, Ha SKi € MOCHJIAHHS B
NoJaNbIIOMy TeKCTi. [HIII popMynn HymMepyBaTH HEe PEKOMEHAYETHCS.

[losicHeHHsT CUMBOJIIB Ta YHCIOBUX KoedimieHTiB dopmyn cmin
HaBOJUTH Oe3MOocepelHbO Mia GopMyIaMHu, B Tiil caMiid MOCIIiTOBHOCTI, Y
AKiii BoHM nogaHi B popmymi. [lepmuii psaaoK MOsICHEHHS MOYMHAIOTH 3i
cioBa «Ie» 0e3 nBOKpankH. [IosSICHEHHS KOKHOTO CHUMBOJY HEOOXiZHO
NMOYMHATH 3 HOBOro psAnka. dopmyna BXOOUTH A0 PEUYEHHS SK HOro
piBHOMpaBHUI eeMeHT, TOMY B KiHII (OpPMYJ i B TEKCTi mepes HUMH
PO3M1JIOBI 3HAKU CTAaBJIATH BiJNOBIAHO 10 MPaBWII ITyHKTYAaLi.
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MIHICTEPCTBO OCBITU I HAYKU YKPATHU
JIEPJKABHUI YHIBEPCUTET «)KUTOMHUPCBbKA @-20.05/05.01
)I(“TOMﬂpcha HOJITEXHIKA» /131.00.1/b/BK11.2-
noJiTexHika Cucrema ynpasiinns sikictio Bignosizae JICTY ISO 2022
9001:2015
Exsemnaap Ne 1 Apx 1128
Jonatox B
TUTYJIBHUU JIUCT 3BITY
MiHicTepcTBO OCBITH 1 HAyKH YKpaiHH
HepxaBuuii yHiBepcuTeT « ) KUTOMHpCHKa
MOJITEXHIKA
Kadempa
MEXaHIYHOT
IHxKeHepii
I'pyna
3BIT
3 MMPaKTUYHUX POOIT 3 AUCIUTUTIHH
«ABTOMAaTH3aIliSI B MAIIIMHOOYIyBaHH1»
Bukonas
Ipi3Buue Ta iHiniamu
[Teperipus
Tpi3Buie Ta iHimiaTN
Kuromup
202

Puc. B.1. TutyneHuit nuct
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MIHICTEPCTBO OCBITU I HAYKU YKPATHU
JNEPKABHHUM YHIBEPCUTET «(KHTOMUPCBbKA ®-20.05/05.01
)KﬂTOMP[pCbKa MNOJIITEXHIKA» /131.00.1/b/BK11.2-
noJiTexHika Cucrema ynpasJinas sikictio Bigmosinae JICTY ISO 2022
9001:2015
Exsemnasp Ne 1 Apx 1129
Jomatok []

BUXIAHI JAHI 1O ITPAKTUYHUMX POBIT

Buxinnai nani mo npaktuaHuX poOiT NeNel -4 (Bapiant Nel):

—uucyo BepcratiB B ' BC Ny, = 7 it

— cepenHiit wac 00podku 1 merami t,s = 0,7 rox.;

—cepelHs MiCS4YHAa TIporpamMa BHUIIyCKY JeTajleil  0gHOro
HaiimenyBaHHs N = 20 mT.;

— cepenHill yac 3aBaHTaXEHHs JETajll B MPUCTOCYBAHHSI-CYITyTHHK
,=5x8B;

— CepeHiil yac po3BaHTAXKEHHS JETali 3 MPUCTOCYBaHHSA t, = 3 XB.;

— cepenHiii wac BHOiIpKOBOro KOHTponro 1 pmerami micnst i-Toi
omepariii ty = 5 xB.;

— cepeHiil yac octaTo9HOro KOHTpoIto 1 netari tkn = 30 xB.;

— YHCJIO JeTaliei, depe3 sIKe IeTajb BHUBOAMUTHCS HAa KOHTPOJIb Ha
BUMOT'Y TEXHOJIOTA, N1 = 6 IIT.;

— yac po3paxyHKy i nepezaadi kagpy 3 EOM B jokanbHUM npucTpiit
YIIK txs = 0,07 xB.;

— cepeAHs JOBXHHA IepeMilleHb po0O0Ta-aBTOONIEpaTopa B3IOBXK
JHIN HEHTPaIBHOTO Mara3uHa iHCTpyMeHTiB |, = 38 wm;

— MIBHJIKICTh TIEpeMillieHHs poOoTa-aBToonepaTopa V = 58 M/XB.;

— dYac poboTH poOoTa-aBTOONIEpaTopa O BUKOHAHHIO OIEpariit
«B3arn» 1 «Ilokmactu» ts;, = t, =0,19 xB.;

— Yac Ha MOBOPOT poboTa-aBTooneparopa . = 0,05 xB.;

— cepenHiil yac poboTH ofHOTO iHCTPYMEHTY ti, = 10 xB.;

— YUCIIO IHCTPYMEHTIB, SIKi HE PO3MILIYIOTHCS B Mara3uHi BepcTara,
N;y = 2 WT.;

— cepellHE YnciIo 1y0nepiB iIHCTpYMEHTY Ha OJHY AeTanb Ny = | mr.;

— YHUCIIO JeTajeld, 10 OJHOYacHO OOpOOJIIOTBCS Ha BepCTaTi
Noem = 3 IIT.;
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MIHICTEPCTBO OCBITU | HAYKU VKPATHU
JEPKABHUW YHIBEPCUTET « X KUTOMUPCBHKA

®-20.05/05.01

HOJITEXHIKA» /131.00.1/b/BK11.2-
Cucrema ynpasiinns sikictio Bignosizae JICTY ISO 2022
9001:2015
Exsemnaap Ne 1 Apx 1130

Homatok E

3PA30K O®OPMJIEHHS [TPAKTUYHOI POBOTU

1. IIpakTrune 3aHATTs Nel

OIINC XAPAKTEPUCTUKU CKIIAZY 1 PO3PAXYHOK UHNCJIA
ITO3UNIIN 3ABAHTAXEHHA, PO3BBAHTAXXEHHA I KOHTPOJIIO

JUIS TBC

1.1. Meta po6otu

HaBuntncs onmcyBatn xapakrepuctuku ckiaxy I'BC i BukoHyBatH
PO3paxyHOK 4YMCIIa MO3MLIN 3aBaHTAXEHHS, PO3BAHTAXKEHHS 1 KOHTPOIIIO

g 'BC

1.2. 3aBganusa

Omnucatu xapakrepuctuku ckinagy ['BC i BUKOHaTH po3paxyHOK
Yyclia TIO3WIIA 3aBaHTaKEHHS, pPO3BaHTakeHHs 1 koHTpomio miusi ['BC
3TiTHO METOJUKHU MPUBEACHOI B MiApo3aiti 1.2 Ta BUXiTHUX MaHUX 3TiJTHO
BapianTy Nel nmpuBeneHunx y monatky A «MeToAMYHUX PEKOMEHIAIIN ISt
BUKOHAHHS MPAKTUIHUAX POOIT.

1.3. BukoHnaHHs poOoTH
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MIHICTEPCTBO OCBITU I HAYKU YKPAIHU
JEPKABHUW YHIBEPCUTET « ) KHTOMHUPCBKA

®-20.05/05.01

)Kl/lTOMﬂpcha HO.JIITEXHIKA» /13100.1/B/BK11.2-
MoJiTexXHiKa Cucrema ynpasJinas sikictio Bigmosinae JICTY ISO 2022
9001:2015
Exsemnasp Ne 1 Apx 11731

MeroanyHi peKoMeHIanil IIg MPOBEACHHS NPAKTHYHUX 3aHATH 3 IUCLUILTIHH
«ABTOMATH3alis B MAIMIMHOOYIyBaHHI» M CTYICHTIB

«baxanaBp»

OCBITHBOTO  PiBHSA
cnemianpHOCTei: 131 «lIpuknamHa MexaHikay.

—  Xwuromup :

JepxaBHuii yHiBepcuteT « KutoMupcrka nomirexHikay, 2023. — 31 c.

Po3pobuuk: k.1.H. HouBaii B.M.

PenakmiiiHo-BUIaBHUY U BiIIiiT

HepsxaBHOTO yHiBepcuTeTy «KUTOMHpPCHKA MOJIITEXHIKa»

[MiamucaHo 10 APYKy 2023 p. ®opmat 60x84 1/16. Tlanip odcerHuii.
IapuiTypa Taiimc New Roman. JIpyk odcernuit. YM. apyk. apk. 1,8.

Haknax 50 mpum. 3am. Ne
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JepxaBHuii yHiBepcuTeT «KUTOMHUPCHKA IO TEXHIKa»
Anpeca: 10005, m. JKuromup, Byn. Uyanisceka, 103




