MIHICTEPCTBO OCBITH 1 HAYKH YKPAIHU
MUKOJIAIBCbKUI HAIIIOHAJIbHUM ATPAPHUAM YHIBEPCUTET
TH)KEHEPHO-EHEPTETUYHU ®AKYJIBTET

Kadenpa TpakTopiB Ta ClIbCHKOTOCTIOAAPCHKUX MAIIWH,
eKCILTyaTarli 1 TEXHIYHOTO CepBiCYy

PEMOHT MAIIIMH I HAJIMHICTHh TEXHOJOI'TYHUX
CUCTEM:

MeToau4uHi pekoMeHaALIT
JUTsl TPOBEICHHS J1a00paTOPHUX POOIT 11 3100yBaviB BUIIOI OCBITU
cnemianbHocTI 208 «ATpoiHXKEeHEpisH» IEHHOI Ta 3a04HO1 (POpMU HaBUYAHHS.
Monyns 1 -2

Mukosais 2019



VJIK 631.3:629.017
P37

JpyKyeThCsl 3a PIIIEHHSM HAyKOBO METOJMYHOI KOMICIi 1HXKEHEpPHO-
eHepreTuyHoro (axkynbrery MUKOJIAIBCHKOTO HAI[lOHAJIBHOTO arpapHoro
yHiBepcuteTy Bija 18.12.2019 p., mpoTokon Ne 5

Vknagaui:

JIumap O. O. — xaHn. ¢i3-maT. HAyK acUCTEHT Kadeapu TpakTOpiB Ta
ClIbCBKOTOCIIOIAPCHKUX MAIIIMH, SKCIUTyaTallii Ta TeXHIYHOTO
cepBicy, = MMUKOJAIBCHKOTO  HAIIOHAIBHOTO  arpapHOro
YHIBEPCUTETY.

Mapuenko JI. J[. — kana. Tex. Hayk, AOLEHT Kadeapu TpaKTOpiB Ta
CUIbCHKOTOCIIOAAPChKUX MAIIIUH, €KCIUTyaTalli Ta TEXHIYHOTO
cepBicy,  MMUKOJAiBCbKOTO  HAI[IOHAJBLHOTO  arpapHOro
YHIBEPCUTETY.

3yOexina-Xanar O.B. —  acucteHT  kadeapu — TpakTopiB  Ta
CUTBCHKOTOCIIOAAPCHKUX MAIIMH, €KCIUTyaTallli Ta TeXHIYHOTO
cepBiCy,  MMUKOJIAiBCbKOTO  HAIIOHAJIBHOTO  arpapHoro
YHIBEPCUTETY.

Peniensenru:

Kapneuenko A.A — KaHaugaT TEXHIYHUX HaAyK, JOLEHT Kadeapu
«Martepiano3HaBctBa 1 TexHonorii MetamiBy HYK 1M..
Anmipana Makaposa.

Mopryn C.O — KaHIUJAaT TEXHIYHUX HAYK, NOUEHT Kadenapu «lHxeHepHOi
MEXaHIKMU Ta TexHoyorii wmamuHoOyayBanHs» HVYK im..
Anmipana Makapoga.

©MuKoIaiBCbKHI HalllOHAIBHUI

arpapHuii yHIBEpCUTET



3MICT

CTOp.
2% 174 3
JlaGopaTopHa POOOTA Nol...uvvviiiiiiiiii i 5
JlaGopatopHa poOOTa No2. ... . i 12

JlaGopaTtopHa poGoTa Ne3 ... ..o, LT
JlaGopaTtopHa poGoTa Ned . ... ..., 2D
() 307 (610) Q0 F U< 0 ;1§ 1'4'0) % SRR ERRP 33
PeiiTunroBa cuctema 0aiB 34



Beryn
Benukuili mapk pi3HOMaHITHUX 3a MPU3HAYCHHSIM 1 KOHCTPYKTHUBHOIO

CKJIQJIHICTIO CUIHCHKOTOCTOJIAPCHKUX MAIIMH YKpaiHU IIOPIYHO TIJJIATae
PEMOHTHUM [I1SIM PI3HOTO CTYNEHIO CKJIAAHOCTI. [TiIBUIIIEHHS IKOCTI PEMOHTY
1 HaJIMHOCTI BIJPEMOHTOBAHUX TPAKTOPIB, KOMOANHIB Ta 1HIIMX MAIIWH €
FOJIOBHUM  (paKTOPOM 1[0 BH3HAYa€ CTPOKHM 1 SKICTh BHUKOHAHHS
arpOTeXHIYHUX POOIT, 3HMXKEHHS BTPAT ClIbCHKOTOCHOAAPCHKOI MPOYKILI.
Jlns Bamoro pimieHHs Ii€l 3ajadi HeOOX1AHO MOCTIHHO BECTH TEXHIYHY
MIJITOTOBKY PEMOHTHOTO BUPOOHUIITBA MPU CYBOPOMY JTOTPUMAHHI MIIOUUX

CTaHJIapTIB Ta TEXHIYHUX BUMOT.

Jocniagm Ta mNpakTUKa IMOKa3ylTh, IO 3 OJHOrO OOKYy PpPEMOHTY
CLIIbCHKOTOCIIOAAPCHKOI TEXHIKA YHUKHYTH HISIK HEMOJIMBO, 3 IPYrOro BiH €
€KOHOMIYHO JOLUIbHUM. DbBUIBIIICTh 3HOIIEHUX JETalleii Ma€ BHCOKY
3QJIMIIKOBY BapTICTh, MPU iX BIJHOBIECHHI BHUTpadaeTbca y 20 — 30 pasis

MEHIIIE METajly 1 MaTepiajliB HK MPU BUTOTOBJICHHI HOBUX.

MeToto poBeieHHS JTa0OPATOPHUX POOIT € 3aKPITUICHHS TEOPETUUHUX
3HaHb, MOTMHUOJIEHHA Ta KOHKPETH3allisl YSBJIEHb MPO 3aCO0M 1 TEXHOJIOT1H0
PEMOHTY, ONTUMAJBLHOIO MiAO0OpY OOJNaJHAHHS, PO3BUTOK HABUYOK

BUKOHAHHSI PEMOHTHHX OIlepalliil.

B nmabGopaTtopHux poOOTax BHUTPUMYEThCA €JIMHA CTPYKTypa: MeTa
po0OTH, 3aBAaHHA [JII CAMOCTIMHOI pOOOTH, OCHAIIEHHS POOOYOTO MICIf,
0COOJIMBOCTI TEXHIKU O€3IEKH, 3arajibHl BiJTOMOCTI Ta BKa31BKU 00 pOOOTH,
AKy BUKOHYIOTh, MOPSJOK il BHUKOHAHHS, 3MICT 3BITYy. Y KOXHIil poOOTI
nepe0ayeHo KOHTPOJIbHI 3alMUTaHHS, 10 BUKOPUCTOBYIOTHCS CTYJIEHTaMU

IPU CAMOCTINHINA MATOTOBIN Ta MICJS 11 BUKOHAHHS.



["'0J10BHOIO METOIO KYypCY € HaBUUTH MaOyTHIX (paxiBIliB 3a0e3meuyBaTu
Mpale3aTHICTh CUTbChKOTOCIIOAAPChKUX MAIllUH MPU MIHIMaIbHUX BUTpATaX
qyacy, TPYJOBUX Ta MaTepiajlbHUX PECYPCIB, a TaK0X €(PEKTUBHE BUKOHAHHS
yCiX BHUJIB PEMOHTHUX POOIT  CUIBCBKOTOCHOMAPCHKOI  TEXHIKM 13

3aCTOCYBAaHHSM MPOTPECUBHUX TEXHOJIOT1H 1 PO3PAXYyHKIB.

VY pesynpTaTi BUBUECHHSA IUCIHUILUIIHU «PeMOHT MammH 1 HaJaIMHICTH

TEXHOJIOTTYHUX CHUCTEM CTYACHT IIOBUHCH:

- 3HATU METOJMKHM OI[IHKK 1 NOPUHHATTS ONTUMAJbHUX PIIICHb
MIJIBUINICHHS ~ HAIIMHOCTI  MaIllMH, CyYacHI CIocoOm  3a0e3mnedeHHs
Mpane3gaTHOCTI  C.I. MallluH, METOJM NPOEKTYBaHHS MPOTPECUBHUX
TEXHOJIOT1YHUX MPOILIECIB, TUMOBI MPOEKTHI PIIIEHHS LIOJ0 PEMOHTHOI 0a3u
rocroJiapCcTB Ta MIAPO3/LIIB, OPraHI3allil0 PEMOHTHOIO BUPOOHMIITBA Ha
MIJIMPUEMCTBAX PI3HOTO PIBHSA, OyJIOBY Ta OCHOBU BUKOPUCTAHHS CYy4acCHOI'O

peMOHTHO-TeXHOHOFi‘IHOFO 06J'IaI[HaHH$I;

- YMITH IUIAHYBaTU BUNPOOYBAaHHSA MalllMH HA HAJIAHICTh 1 BU3HAYATH ii
KUIbKICHI TOKAa3HUKH, MPOEKTYBAaTH palllOHAJIbHI TEXHOJIOTIYHI PEMOHTHI
IpoIlecH, OOIPYHTOBAHO MiAOMPATH THUIIOBI MPOEKTH JJIsi CTBOPEHHS Ta
PEKOHCTPYKIIII PEMOHTHO-00CIYroByt0Uoi 0a3u 1 ii OKpeMHUX MiIpO3/ILIiB,
OOTPYHTOBYBaTHU TEXHIKO-EKOHOMIYHY TOIIBHICTh BIPOBAKCHHS
1H)KEHEpHUX pIlIeHb Yy BUPOOHUIITBO, BU3HAYATH 1 MPOTHO3YBATH PECYpC

MaIlIMH 1 MEXaH13M1B, BAKOHYBaTH OCHOBHI PEMOHTHI OIepallii.



JlabopaTopna podora Nel

Tema: [lepeBipouHnii po3paxyHOK Bajly 3 KOHIEHTPATOPOM HANpyru
raJTellb

Meta po6oru: HaBuutncs 3100yBayam BHINOI OCBITU TMEPEBIPOUHMIA
pPO3paxyHOK BajiB Ha MII[HICTh METOJAOM BH3HAUYCHHS KOEQIIIEHTY 3amacy
MIITHOCT1 B HEOE3MEUHOMY TMepepi3i 3 KOHIIEHTPATOPOM HANPYTHU rajaTelb

TeoperuyHi ocHOBM

Buxinai maHHi Uit po3paxyHky (tabmung  1.2) TlepeBipounwuii
PO3paxXyHOK BaJIIB HAa MILHICTh MOJISITA€ Y BU3HAYCHH1 Koe(illleHTa 3amacy
MIITHOCTI B HEOE3MEYHOMY TIiepepi3i 1 MOPIBHAHHI HOTro 3 JOMYCTUMHUM
3HAYCHHSIM.

HeGe3neune mepeTuH BU3HAYAETHCS HAWOUIBIIMMHU  3HAYCHHSIMU
3TMHAIYO0T0, KPYyTHOTO MOMEHTIB 1 HasBHICTIO KOHILEHTpPATOpa HANpPY>KEHb
rajaTenb

KoedittieHT 3anmacy MIITHOCTI BU3HAYAETHCS 32 (OPMYIIOIO:

ne Ng- KOedILieHT 3anacy MIIHOCTI 38 HOPMAJIbHUMU HaIPYKEHHSIM;

N: - KOe(ILIEHT 3amacy MIIIHOCTI MO JOTUYHUM HaIpPy>KECHHSIM.

KoediieHTH 10 HOPMAIBHUX 1 JOTUYHUX HAIMPYT 3HAXOMSAThH 32 TAKUMH
dbopmynamu:

0

R T ). (1.2)

n = = 2 Ir.r| (1'3]

K7t +w -7

i

1€  o_;- MeXa BUTPUBAJIOCTI IIaJAKOr0 3pa3ka MpPU CUMETPUUYHOMY ILIUKIII
3MiHU Hanpyru BUTHHY (TaOu. 1.1), Mlla;



T_; - MEXa BUTPUBAJIOCTI TJIAJKOTO 3pa3Kka MPU CUMETPUUYHOMY LUK
3MiHM HanpyT Kpy4deHHs (tad:. 1.2), Mlla;

K,p K.p- epexTuBHUN KOEPIIIEHT KOHIICHTPAIIIl HAMIPYT IS ACTai;

Os T, - AMIUIITY/la HOMIHAJIBHUX HAMPYXEHb BIAMOBIAHO BUTHHY 1

kpy4deHHs1, MIIa;

1)

'y T - CEPEIHI 3HAUEHHSI HOMIHAJIbHUX HanpyxeHb, MIla;

W, Ta W,- Koe(DilleHTH YYyTJIMBOCTI MaTepialy JI0 aCUMETPil LUKy
HaIpY>KeHb BIAMOBIIHO MPH 3TUHI 1 KpYUCHHI.

Tabmuus 1.1
EdexTuBHi KoedilieHTH KOHIIEHTpallii Halpy>KeHb 1715 BalliB K, Ta K,
L ——
=l I'| = {
£ }..J(—l—ll‘!—;f. s ’ﬂf%j
L I' “ k= I|
P . Ky K
" i npu a,, MIla npu a,, Mlla
500 700 900 1200 500 700 900 1200
0,01 1.35 1.4 1.45 1.5 1.3 1.3 1.3 1.3
0,02 1.45 1.5 1.55 |6 1,35 1,35 l.4 |4
I 0,03 1.65 1,7 1.8 1.9 1.4 1.45 1,45 1,5
0,05 1,6 1.7 1.8 1,9 1.45 1.45 1,5 1,55
0,1 1.45 1,55 1.65 1,8 |4 1.4 1.45 1,5
0,01 1.55 1.6 1.65 1,7 1.4 1.4 1.45 1,45
b 0,02 1.8 1.9 2 215 1,55 1.6 1,65 1,7
0,03 1,8 1,95 2.05 2,25 1,55 1,6 1,65 1,7
0,05 1.75 1.9 2 2.2 1.6 1.6 1,65 1,75
001 | 19 | 20 | 21 22 | 155 | 16 | 1.65 | 1.75
3 002 | 195 | 2.1 2.2 2.4 1.6 1.7 | 175 | 1.85
003 | 195 | 2.1 | 225 | 245 | 165 | 1,7 | 1,75 | 19
s 001 | 21 | 225 | 235 | 25 22 23 24 | 26
002 | 215 | 23 | 245 | 265 | 21 | 215 | 225 | 24




Buxiani gaHi 11t po3paxyHKiB

Tabnuusa 1.2

HiameTp :
Neo Mapxka 3arOTOBKH, ;;eplllsz Os Om Tm G1 T1
BapiaHTy | crai MM (He GiTB LI e)He MlIla MlIla MlIIa | Mlla MlIla

OinbIIIe)
1 Cr5 bynp-skuit | >190 510 |275 147 | 216 128
2 20 <60 > 145 392 | 235 118 |167 98
3 35 <100 > 187 510 | 304 167 | 255 128
4 45 <60 240...270 | 785 |540 324 | 383 226
5 40X <100 240.270 785 | 589 353 |[392 235
6 40XH <100 270.300 903 | 736 441 | 461 275
7 40XI'P <70 270.300 532 | 834 540 |490 324
8 45X11 <80 > 300 834 | 608 392 (412 265
9 Cr5 bynp-sxuii | >190 500 |275 147 | 216 128
10 12X2H4A | <40 > 300 1079 | 834 589 |530 265
11 20X <50 > 197 638 | 392 235 | 304 167
12 40XI'P <70 270.300 532 | 834 540 |490 324
13 20X <60 > 197 638 | 392 235 | 304 167
14 45X11 <70 > 300 834 | 608 392 (412 265
15 12X2H4A | <60 > 300 1079 | 834 589 |530 265
16 Cr5 bynp-sxuit | >190 510 | 275 147 | 216 128
17 25X2T'HT | <100 > 340 1226 | 981 687 | 598 304
18 12X2H4A | <150 > 360 1226 | 1050 736 | 618 314
19 40XI'P <50 270.300 532 | 834 540 |490 324
20 12X2H4A | <60 > 250 1079 | 834 589 |530 265
21 45X11 <80 > 300 834 | 608 392 |412 265
22 40XTI'P <70 270.300 532 | 834 540 | 490 324
23 20X <60 > 197 638 | 392 235 | 304 167
24 12XH3A | <60 > 260 932 | 687 481 | 451 226
25 12X2H4A | <60 > 300 1079 | 834 589 |530 265
26 12X2H4A | <150 > 360 1226 | 1050 736 |618 314
27 18XIT'T <30 > 330 1128 | 932 647 | 559 304
28 30XI'T <120 270.300 922 | 736 510 |461 253
29 25X2T'HT | <100 > 340 1226 | 981 687 | 598 304




Tabmuus 1.3

EdextuBHi koedimienTn koHIeHTpamii HanpykeHb (K ~ K[') B 3aJIe)KHOCTI Bij

HIOPCTKOCTI MOBEPXHI.

Kiacu ' 3paszkoBe mno3HadeHHA|Ipu nbomy 11p1/16J.11/13Ha(76 ,15\/101(;[a ‘ 200 ‘ 900 ‘ 1200
[IIOPCTKOCTI Ha KPECJIEHHAX 00po0OKa MoBEpPXHi
K~ K!
3; 4 5; Rz80; Rz40; K/20 001MpaHHs 1,20 1,25 1,35 1,50
6;7; 8:; 2,5:1,25; 0,63 00TOYYBaHHS 1,05 1,10 1,15 1,25
9: 10 0,32; 0,16 UTi ) yBaHHS 1,00 1,00 1,00 | 1,00
Tabnuis 1.4
Macmrabuuii paktop (£, 1 £€;) B 3JIEKHOCTI BT IlaMeTpa Bajy.
JliameTp
CTYHiHYaCTOro 20- 30- 40- 50- 60- 70- [80- 100- 120-
Bajia 3130 40 50 60 70 80 |100 120 140
PKOJIOOHHKOM, MM
Byraeunesi craJi
£, 091 | o088 | 084 | 081 | 0,78 | 0,75 | 0,73 0,70 0,68
£, 0,89 | 081 | 0,78 | 0,76 | 0,74 | 0,73 | 0,72 0,70 0,68
JleroBani craui
£, 0,83 | 0,77 | 0,73 | 0,70 | 0,68 | 0,66 | 0,64 0,62 0,60
£, 0,89 | 081 | 0,78 | 0,76 | 0,74 | 0,73 | 0,72 0,70 0,68
Tabmung 1.5

KoedimienT f, mo BpaxoBye 3MIITHEHHS TOBEPXHI MPU 3aCTOCYBaHHI

cHeraJIbHUX TEXHOJIOTTYHUX METOIIB.

Lo cTBOprOE Jpu mamii|[Ipu BENUKIH
. Bun IIOBEPXHEBOI
JIONATKOBE MIABMIIEHHS o KOHIIEHTpaLii KOHIIEHTpalli HalpyXeHb
MeX1 BTOMHU p Hanpyxenb (K, <1,5) (K, >1,8)
Haxnen Haxatka CTaleBUM|; 4 16
OBEPXHEBOI'O POJIMKOM ' !
niapy O6xyBaHHS 1poOOM 1,5 1,7
Tepmiune Il
OBEPXHEBE

) 1,6 2,0

3MILIHEHHS 3arapryBanHs TBY
Hpumirkmu:

1.3a BiAICYTHOCTI cHeIiaJbHOr0 3MilHEHHs abo Tepmooopodku B = 0,80 - 1,00 (rpyde
oorouyBanus 3 = 0,80 - 0,86; uncre odrouyBanns 3 = 0,88 - 0,94; muridpysanns = 0,95 - 0, 98,

nosipyBanns § = 1,0).

2. Bukopucranus 3Ha4yeHb 3 > 1, HaBeIeHUX y TaOJUIl, MOXKJIMBO 3a YMOBHU 3a0€3MeUYEHHS
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Ipukiaag BUKOHAHHSA JIA0OPATOPHOI pOo0OTH

ano:
Marepian Bany - Ctanp 40X;
KpyTtHuit MoMeHT B HeOe3neunoMy nepepizi T = 760 Hw;
3ruHalibHU MOMEHT Ms = 725 Hwm
Jlonyctumuii 3amac ButpuBajiocTi [n] = 1,8
lNanpTensHui nepexia Bia aiamerpa di= 55 mM 1o aiamerpa dz = 50 mm
Po3B’si3aHHAA:
3 tabnumi 1.2:
- TUMYaCOBUM oI1ip po3puBy o = 883 Mlla;

- M€Ka BUTPUBAIIOCTI IPU CUMETPUYHOMY LUKl HAIPY>KEHb BUTHHY G-1
=451 Mlla

- MEXa BUTPUBAJIOCTI IPU CUMETPUYHOMY LIMKJIl HANPY>KEHb KPYyUYECHHS
1.1 =275 Mlla

- KOe(III€EHTH YyTIUBOCTI MaTepialy 0 aCUMETPii [MUKIY HANpy>KEHb
BIJIMOBIJTHO TIpH 3TUHI 1 Kpy4yeHHl Yo = 0,151 y;=0,1

3HaX0IUMO BIIHOIIEHHS

3HaxoauMO (1IHTEPIOIIOBAaHHAM) €(DEeKTUBHI KOE(ILIEHTH KOHIIEHTpAIil
HarnpyxeHb npu 3ruHi 1 kpyuenHi Ks = 1,79 K; = 1.49 (tab6n. 1.1) mpu h/r=1,
r/d = 0,05 Ta o5 = 883 MlIa).

KoediiieHT cTaHy MOBEpXHI OpH MOPCTKOCTI Ry = 2,5 MM (Tadm. 1.3)
K =K 114
Macmrabni koedimieHTn €, = 0,7; & = 0,76. (Tadmn. 1.4)

EdexktuBHi  Koe(DiliEHTH KOHILIEHTpAIll HAMpyXeHb ISl JaHOTO
NEepPEeTHHY Bajia MPH BIICYTHOCT1 TEXHOJIOTTYHOTO 3MIITHEHHS
9



K_+K>-1 1.79+114-1
K=o -2 2T 0T 07,
g, 0.7
- K. +K' -1 149+114-1
K,=—ioro o2 - =214
&, 0.76
AMIUTITY]Ta HOMIHAJIbHUX HaNpy>KeHb 3TUHY
M.-10° M_.-10°  725.10°
o, =0= = — = — =353
W, 01-d:  01-50
HomMiHanbHe HanpyXeHHS KPy4YeHHsI
i 3 760 - 3 . 3
. 110 60-10"  760-10 304

W, 02-d; 02-50°

AMHJ’IiTyI[a Ta CCPCAHE 3HAYCHHA HOMIHAJIBHUX HAIIPpY’KCHb KPYUCHHA

roog 222304 155
i Hr 2 2
3amac MIITHOCTI JIJIsl JOTUYHUX HAMPYy>KEHb
" e - 275 ~8.08

‘Kt +w.r. 214-152+01-152

T mn

= m,-n. 2.81-8.08 =21ﬁ5}[ﬁ]=118_

I *> > - [ ¥ -5
Vi +n 42817 +8,08°

YMoBa 3anacy MilTHOCTI BUKOHY€EThCSI.

10



KoHTpo/bHI NUTAHHS

1. Ski1 dhakTOpH BILIMBAIOTH HA HAIMHICTh POOOTH Bally 3 KOHIIEHTPATOPOM
Hanpyru —TaJITeNnb?

2. 511 yMOBH MIITHOCTI MTOBHHHI BUKOHYBATHCS JIJIS TpaIe3aaTHOCT]
cucreMu’?

3.1Io Take aMIUTITY]a Ta CEPEIHE 3HAUEHHSI HOMIHAJIbBHUX HANpPYyKEHb
KPY4YEHHS?

4. SIxi edekTUBHI KOEeILIEHTH KOHIEHTpAIlli Halpy>KeHb BTy TIPH
BIJICYTHOCT1 TEXHOJIOTTYHOT'O 3MIITHEHHSI BUKOPUCTOBYBAJIUCS TIPU
pO3paxyHKy?

5. 5Ik BU3HAYa€ThCs 3arajlbHUX 3amac MIIHOCTI B iepepizi?

11



JlabopaTopHa podora Ne2

Tema: IlepeBipounuii po3paxyHOK Bajy 3 KOHIIEHTPATOPOM HaNpyru
HaCKpi3HUH OTBIp

Mera poGoru: Hauutucs 3a00yBauam BHUIOT POOUTH OCBITH
MEPEeBIPOYHUM PO3PaxyHOK BaJiB Ha MINHICTP METOJOM  BH3HAYCHHS
Koe(lLIEHTY 3amacy MIITHOCTI B HEOE3MEUHOMY Mepepi3i 1 HOPIBHAHHI MOTO 3
JTOTYCTUMHUM 3HAYCHHSIM.

TeoperuyHi ocHOBH
BuxinHi ganHi ayist po3paxyHky (Tadnuis 1.2). HeOe3neunuii nepeTux
BU3HAYAETHCS HAMOIBITMMU 3HAYEHHSIMH 3THHAI0YO0T0, KPYTHOTO MOMEHTIB 1
HasIBHICTIO KOHIIEHTpAaTOpa HampyXeHb (KOJOOHUK(TanaTenp), IIMOHKA,
mocajika Ta iH.).

KoeditieHT 3anmacy MIITHOCTI BU3HAYAETHCS 32 (OPMYIIOIO:

nzﬁg[ﬂ] 2.1

2 2
N

o€  Ng- KOEQILIEHT 3amacy MIIHOCTI 32 HOpMaJIbHUMH HaNPy>KEHHSAMU;
N: - KOEILIEHT 3aMacy MIIHOCTI IO JOTUYHUM HAMPYKEHHSIM.
KoedimieHTH 10 HOpPMaJIbHUX 1 JOTUYHHMX HaNpyrax 3HAXOIATh 3a
TakUMU (HOpMyJIaMu:

_ g
”“' B Km’.? {j‘u + lfll"rn 'ﬂ-r.lr ) [n] (2'2'J
- Z 2.3
”r Kn‘.l 'Tr + !-'rj. I-m ) [H] ( )

I€  o0_,- MeXa BUTPUBAJIOCTI TJIAJIKOTO 3pa3Ka MpPU CUMETPUYHOMY LMK
3MiHU Hanpyru BUTHUHY (Tadu. 1.2), Mlla;
T_;, - MEXa BUTPUBAJIOCTI TJIAJKOr0 3pa3ka MpU CUMETPUUYHOMY IUKIII
3MiHU Hanpyr kpydeHHs (tabun.1.2), MIla;
K,p K,.p- epekTUBHUN KOE(]IIIEHT KOHIIEHTpAIll HANIPYT JJIs AeTai;

12



a, - aMIUIITyJla HOMIHAJIbHUX HAMPYXXEHb BIJMOBIJHO BUTHHY 1

)

Ta

KpyudeHHs, Mlla;

Om» Tm - CEPENIHI 3HAYCHHS HOMIHANIBHUX HampykeHb, MIla;

W, Ta W,- KOe(DilleHTH YYyTJIMBOCTI MaTepialy JI0 acCUMETpii IUKITY

HaIMpy€eHb BIJMOBIAHO MPU 3TMHI 1 KPYUECHHI.

Tabmuus 2.1
EdexTuBHI KoediIlieHTH KOHIIEHTPAIlli HAMPY>KEHb JJ1s BAJIIB 13
raJTeJIbHUM Iepexoaom K, ta K,

] ) |
—- - At — 1y
| l i | I' 1
i 1!
K, [ K,
0y, MITa npu dy/d
0,05...0,15 0,15...0.25 0,05...0,25
500 1,95 1,75 1,75
700 2,05 1,85 1,80
9200 2,15 1,95 1,90
1200 2,30 2,10 2,00

EdexkTuBHUN KOE(ILUIEHT KOHIEHTpalll HampyxeHb i getam K,p 1pu
B1JICYTHOCTI TE€XHOJIOTIYHOT'O 3MIIIHEHHSI BU3HAYAIOTh 32 (POPMYJIOIO:

K, =letke ol 2.4)
E'T

K, =2 tKe (2.5)
E

[Tpu HAsIBHOCTI TEXHOJIOTIYHOTO 3MIITHEHHS (TEPMOXIMIYHUX 00pOOKa, 00 yBaHHS
IpobomM, 00poOKa POTUKAMH )

13



K 6 =—= (2.6)

K, == 2.7)

ne K, ta K- epekTuBHI Koe(ilieHTH KOHIIEHTpaIliii HanpyT (tadm 2.1);
K! ta K - edhekTuBHI KOE(IIEHTH KOHIEHTpAIlli HAPY>KEHb B 3aJIEKHOCTI
BiJl IIOPCTKOCTI moBepxHi (Tadim. 1.3);
£, Ta £,- MACIITAOHUH (PaKTOp KWW 3aJICHKHUTD BiJl Aiamerpa Baiy (tadum. 1.4);
[ - Koe(dilieHT 10 BpaxoOBY€ 3MIIHEHHSI MOBEPXHI MPU BUKOPHUCTAHHI
CHCIIaIbHUX  TEXHOJOTIYHHMX METOZIB (Tadim. 1.5).

IIpukjaang BUKOHAHHSA J1a00paTOPHOI po00TH

ano:
Marepian Bany - Ctans 40X;
KpyTtHuit MoMeHT B HeOe3neunoMy mnepepizi T = 760 Hw;
3ruHalibHUd MOMEHT Ms = 725 Hwm
JlormycTumuii 3amac ButpuBaiocti [n] = 1,8
Hiametp otBopy do=35 MM
Hiametp Bany d = 60 MM
Po3B’s13aHHA:
3 tabn. 1.1:

- TUMYACOBHI1 omip po3puBy G = 883 Mlla;

- Me€Xa BUTPUBAJIOCTI MPU CUMETPUUYHOMY ILMKII HANPYKEHb BUTUHY G-1
=451 Mlla

- MeXa BUTPUBAJIOCTI NPU CUMETPUYHOMY LMKl HANpPyXEHb KPYUYEHHS
1.1 =275 Mlla

- KOe(IIEHTH YYTIMBOCTI MaTepialy A0 aCUMETPil LUKIY HaNpy>KEHb
BIJIMOB1IHO TIPU 3TWHI 1 KpyueHHi ys=0,151 y,=0,1

3HaxoauMO (1IHTEPIIOIIOBAaHHAM) €(EKTUBHI KOE(IIIEHTH KOHIICHTpAIlil
HanpyXeHb Tpu 3TuHI 1 KpyueHHi Kq = 2,14 K; = 1.89 (ta6xa. 2.1) npu o = 883
MIla
ta dg /d=5/60=0,08 ).
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KoedimienT cTany MoBepxHi OpH MOPCTKOCTI Ry = 2,5 MM (Tadm. 1.3)

K =Kr 114
Macmra6Hi koedimientu £, = 0,7; . = 0,76. (Tadn. 1.4)
EdexktuBHi Koe(DiliEHTH KOHIIEHTpAIll HAMpYyXEeHb ISl  JaHOTO
MEPETUHY Bajia MPH BIJCYTHOCTI TEXHOJIOTIYHOTO 3MILIHEHHS
K, +KL-1 204+114-]

K ., = =325;
N £, 0.7

K. = K, +K -1 I,B‘;‘+],I.4—I _267
£ 0,76

T

[Tocanky HEe BpaxoOBYyEMO, 3 METOI HaJaHHA MpukiIagy (Ipy po3risiil
JIBOX KOHIIEHTPATOPIB - MOCaJKa 1 IIMOHKA, PO3PaXOBYIOThCS €(EKTUBHI
KOe(QIIEHTH KOHIIEHTpallli, MOJAJBIINN PO3PaXyHOK TMPOXOJAUTH IO
HaWOLIBIIUM KOE(IIIEHTAMHM).

OcboBUH Ta NOJSIPHUN MOMEHTH ONOPY NEPEPIZY Baia

3 3
H”r.zﬂ'd .[1_1__54.ﬁ]=n'6ﬂ -(1—1154-%J=18484ﬁ34

32 d 32
W~ T-d .[|-ﬁ]: 760 -[I —1J=19438.6 A’
: 16 o 32 60

AMIUTITYJa HOMIHAIBHUX HANPYXEHb 3TUHY

M, 10" 725107

o, =0= — = =39.22 MIla
: W, 1848434
HomiHanbHe HanpyXeHHS KPYUYEHHSI
M. 760-10°
Sl 60-10° _ 39,1 Mila.
I 19438.6

l|'.'
AMIUIITY]a T CEPEAHE 3HAUECHHA HOMIHAIbHUX HANPY>KEHb KPYUYEHHS

ro=7 =L- 32“1 ~19.5 MIla

i nr -5

3anac MIIHOCTI JjIs HOpPMAJIbHUX HANPYKEHb

15



451
n, = == - > =354
Kop -0, +W,-0, 325-39.22+0,15-0

.

3anac MIITHOCTI JIJIsl TOTUYHUX HAMNPY>KEHb B Mepepisi

[ -1

n = = =500
" Kgr,+y.or, 267-195+01:19.5
3arajpHUi 3ammac MIIIHOCTI
, 54.5.09
pe foon 35430 =291>[n|=18

Jn2+n? 43,547 +5,09°

YMOBHU 3amacy MIITHOCTI BUKOHYIOThHCS
KoHTpo/bHI NUTAHHS

1. [llo Take MeXa BUTPUBAJIOCTI TMPU CHUMETPUUYHOMY LUK
HaINpy>KeHb KPYYEHHS ]

2. lllo Ttake edexkTrBHI KOSDIMIEHTH KOHIIEHTpAIlli HANPY>KEHb IJIs
JAHOTO TMEpPEeTHHY BaJly MPU BIACYTHOCTI TEXHOJIOTIYHOIO
3MIIHEHHS?

3. o Take 3arajabHU 3amac MIITHOCTI?

4. ki yMmoOBM 3amacy MIIHOCTI TIOBMHHI BUKOHYBAaTUCS IS
HAIMHOCT] TEXHOJIOTTYHOI CUCTEMHU?

5. IIlo Take pe3epByBaHHS TEXHOJOTTYHOI CUCTEMMU?
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JlabopaTopHa podora Ne3

Tema: IlepeBipouHuii po3paxyHOK JOBrOBIYHOCTI Ta HAAIMHOCTI poOOTH
paaiaibHO-YIIOPHOTO MiIIUITHUKA

Meta po6oTu: Hapuutucsa 3100yBayaM BHUILOI OCBITU PO3pPaxOBYBATH
JIOBTOBIYHICTh 1 HAJIMHICTh pajlajibHO-YIMOPHUX MIANIMIIHUKIB MPU J1i HA
HUX paJlaJiIbHUX Ta OCbOBUX CHJ TaKuX SIK: KYJbKOBI pajiaibHi (Tipu i
pajlaibHOI Ta OCHOBOI CUJIN), PaJiajJbHO-YIIOPHI KYJIbKOB1, KOHIYHI Ta 1H..

TeopeTnyHi oOCHOBH
BuxigHi nqaHHi Jig po3paxyHky (tadmwuis 1.2). Po3paxyHOK IpHBEACHO

0 BHU3HAYEHHS  JIOBTOBIYHOCTI  pOOOTH  MIAIMMIHHUKA. BuAIAIOTH

JOBIOBIYHICTh B MJIH. 00. Ta B FOJMHAX, SIKI IOPIBHIOIOTHCA 3 JIOMYCTUMUMU
MIEBHOTO 3 TTOYaTKOBUX YMOB a00 1o Tabimit 2.5.
i

—y

L=a,-a; | (3.1)
_10°-1 (32)
" 60-n
ne  aip — koedimieHT HaaiiHOCTI (Tadm. 2.1)
823 — KOE(]IIEHT CHUIBHOTO BIUIMBY SIKOCTI METally 1 YMOB
ekcrutyarariii (tad. 2.2);
Cr - quHaMI14Ha BaHTa>KOH1IHOMHICTE H;
P, - exBiBaJIecHTHO HaBaHTaXKeHHs, H;
f — TmMOKa3HWK CTYINEHS TP BH3HAYEHHI pecypcy poOOTH
niamunanKa (mapukosi B = 3, ponukosi = 10/3 ~ 3,33);
N - yacToTa 00EpTaHHS Baly HIAUIMITHUKA, 00 / XB.
Tabmms.2.1
KoedimienT HaIIMHOCTI TMMTATHUKIB
S 0,9 0,95 0,96 0,989 0,98 0,99
ai 1 0,96 0,53 0,44 0,33 0,21
Ipumirka: [ DIQIUMOHUKIB — OLIBIIOCTI  BUPOOIB  (KpiM

OOyMOBJIEHUX CHELIANBHO), NPUINMaOTh KOS(DIIEHT HAAIHHOCTI S

=09
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Tabnuis 2.2

KoediIieHT cCijIbHOTO BILUIUBY SKOCTI METaJly 1 YMOB €KCILTyaTallii az 3

: 3HaueHHs a2,3 3a yMOBH
Twn oianmmImanKa
1 2 3
HTapukomiIMAITHUK 0,7...0,8 1 1,2...1,4
PoaukomamumHuKl KOHIYHI 0,6...0,7 0,9 1,1...1,3

Ipumirka:
1. 3Buuaiini yMOBH 30€piraHHs;
2. YmMmoBH,
KOHTaKTYIOUYUMU

IMOBCPXHAMU B

I1JIBUIIICHUX MEPEKOCIB Y BY3Y;

3. Tot#i ke nmpu BUTOTOBJICHHI KUJICIh 1 TUT KOUEHHS 3 €JIEKTPOILIIaKOBOTO

a00 BaKyyMHOI CTajeil.

OIIMTATHAKY 1

0 XapaKTEepPU3yIOTh HASBHICTh IUIIBKM Macjia MIK
BIJICYTHICTb

Taomung 2.3
3HadeHHS KOS(DIIIEHTIB I OJHOPSAHUX T1IITAITHUKIB
. npH i <e npH i_>e .
a, - R; V- Rg e e
X | Y X | Y
IHlapuaxoei
0,24
0 0,56 xS 0,518-(F*‘J "
e COr
0,163 0,195
12 0,45 s S 0,618-(’?] 0,563-[{25]
l O € (‘0’ ('Or
1 . X F 0,12 R 0,136
15 0.44 0,618-| — 0,579 =
€ ('u,« C‘l.)r
26 0.41 0,87 0,68 e
36 0,37 0,66 0,95 S
PoIHKOBI
- | 1 ] o | 04 |04cte(a)l 1.5-tg(a) | 0.83-¢

e

P=(X-V-R +Y-F ) K, K,

X - koe(irieHT pagiaTbHOrO0 TMHAMIYHOTO HaBaHTa)XeHHs (Tabdi. 2.3);

V - koediuient obeptanHs (V = 1 - npu oOepTaHHI BHYTPIIIHHOTO
KinbI, V = 1,2 - ipu 00epTaHHI 30BHIITHLOTO KIJIBIIS);

Rs - cymapHa pajianbHa cuja, o i€ Ha miamunauk, H;

Y - koediIieHT 0OCHOBOTO TUHAMIYHOTO HaBaHTa)XeHHS (Tab:. 2.3);
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FA - exBiBameHTHa ochoBa cmia (Tabm. 2.4) 3rigHO

HaBaHTaxxeHH:), H;

Ks - koedirient 6e3nexu (Tadim. 2.5);
Kt - TemnepatypHuuii koedimieHt (tadi.2.6);

Cor - cTaTUYHA BAaHTAXKOIIIMOMHICTD IMIIIITUITHUKA

ExBiBaJIeHTHI OCHOBI CHUJIH

3aJaHOl CXEMHU

Tabnuusa 2.4

Puc. 1 Puc 2

SIkmo: SIxmmo:
Fao=Fa+S1 2 S; Fa2=S1-Fa 2 S,
To To

Far=3S1 Fa1 =951
Fao=Fa+ S1 Fa2=S1-Fa

B IHILIOMY BUIAAKY
Far=3S2-Fa
Faz=S;

B IHIIOMY BHUIAJIKY
Far=S+Fa
Fa2= S

ne S11S; - ochOBa CKIIA[0BA CHIIM JIif0Ya HA IiIMUAIHUK, H

S=¢e'Rg

1e €' - koedilleHT MIHIMAJIbHOT OCbOBOT'O HaBaHTa)keHHs (Tad. 2.3)
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Koediientu 6e3nexu

Tadomurs 2.5

MamuHu T2 00JIaJHAHHSA. Y MOBH iX eKCILTyaTaIil

Ln

Ks

[lpunanum ¥ amapaTd, BHUKOPHCTOBYBaHI IEPiOJUYHO
(memoHCTparliiina

OyIiBeIbHI KPaHH).

amapatypa, 1oOyTOBI  IpHJIaJH,

500

MCXaHiSMH, 10 BHKOPHUCTOBYIOTHCA IIPOTATOM KOPOTKHUX

nepioAiB  yacy (MexaHI3MH 3 PYYHHM
CLIBTOCIIMAIIIMHY, TIIAOMHI KpaHU B CKIAJAIBHHUX II€XaX,

JIeTK1 KOHBEEPH).

IMpUBOAOM,

> 4000

L1...

BiamoBimaneHi MeXaHi3MH, IO MPAIOIOTh 3 TEepepBamMu
(KkOHBEEpH TOTOYHOTO BUPOOHHULTBA, JI(PTH, HE YACTO
MPAIIOI0Th METAJIOPi3aIbH1 BEPCTATH).

> 8000

1,2...

Maiuay 18 OJIHO3MiHHIM  poOOTHU 3  HEMOBHUM

HaBaHTAXXEHHSIM (EJIEKTPOJBUTYHHU, PEIYKTOPH 3arajbHOIO
MIPU3HAYCHHS).

> 12000

1,3...1,4

MarmuHy, Mo NpamroTh 3 TOBHUM HABAaHTAKCHHIM OJTHY
3MiHY (MaIIMHU 3arajlbHOTO MAIIMHOOYIyBaHHS, M1IHOMHI
KpaHU, BEHTUJISITOPU, PO3MOIIIIBHI BaJN).

~ 20000

1,4...

Maian, 1o TpaIoTh IMUI0J000BO  (KOMIIPECOPH,

HacoCH, MIaXTHI MAHOMHHUKH, cTalioHapHI1

€JIEKTPOMAIIINHU ).

>40000

L,5...

Marmunu,  6e3nepepBHO BHCOKUM

HABAHTAKCHHAM (00JIafHAHHA 3 BUPOOHUIITBA TMATNEpy

NpalwoTh 3

(haOpuK, eHEpreTuyUH1 YCTAaHOBKH, IIIaXTHI HACOCH).

>100000

2,0...2,5

TemnepaTypHuii KoeilieHT

Tabmuis 2.6

PoGoua temniepatypa miammnHuka ° C Ho 100 | 125

150 | 175

200 | 225

250

K 1,0 1,05

1,1 [1,15

1,25 1,35

1,4
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Ipukiaag BUKOHAHHSA JIA0OPATOPHOI pOo0OTH

Jlano: Bu3HauuTH TPUAATHICTH MIAMIMIIHUKA cepeaHboi cepii 36308.
HMoro ocroBHi napametpu: d = 40 mm, D = 90 mm, B = 23 mm, Cr = 53900 H,
Cro=32800H,a=12"°
YacTtoTa obeptanHsa N = 630 00 / XxB (0OepTaHHSI BHYTPIIIHBOTO KIJIbLIS);
PanianbHa cuiia Ha niBomMy migmunHuKy Rsp = 1000 H;
PanianbHa cuiia Ha npaBoMy MmiAMUMHUKY Rso= 1100 H;
OcpoBa cuna Fa = 4000 H;
Heo0Oxianuii pecypc podotu migmunuuka Ly = 4500 roa.

R

Y R’-I.-?
fo =S L O
.

:{ R .

- O 'F U=

Puc. 3 — Cxema HaBaHTaXCHHS

Po3B’si3annq:
Bu3znauaemo 0chOBI CKJIAI0B1 CHJI AIFOUUX HA I AIIATHAKHT:

S, =¢"Ry, =0,285-1000 = 285 H
S, =e,"Ry, =0,29-1100 = 319 H

ne €' - KoeilieHT MIHIMaJbHOTO OChOBOT'0 HAaBAHTAKEHHS BU3HAYAETHCS
mo TaoumIn 2.3

-

H]:._u.--‘. 0,195
ey=0563 K| _os63. (1001 g5
Oy ) 32800
I s, 0,195 ’ » 0,195
e,'= 0,563 ‘rf;”' = 0,563 | =029
L) | 32800

3HaX0aMMO €KBIBAJIEHTHI OCHhOBI HAaBAHTAXXEHHA. TaK SK:

F,=F +S5 =4000+285=42852>5, =319
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F,=57=285H

F,=F, +5 =4000+285=4285 H

Al

ITomanpmuii po3paxyHOK BeIEMO I10 HAWOLIbII HaBaHTAKECHOMY
miAMmUnHUKA Fa (mpaBomy).
KoedimienT ochoBOro HaBaHTakeHHs (TabiI. 2.3)

- . \_._Ih_i

) (4285 )"
e. = 0,618 2 =0,618-| =0,443
- C, ) 32800
l‘ f? 5
.f_,_. _ 4285 _ 389
VR, 11100
- ’ q
X-045u ="K 17085,
e 0,443

Koedimient obeptanus V = 1 (nmpu oOepTaHHI BHYTPIIIHHOTO
KUTBIIA).

Koedirient 6e3neku Ks = 1,3 (1ab. 2.5).

Temmnepatypuuii koedimient K, = 1 (tadim. 2.6).

P=(X-V-Ry+Y -Fp)-K, K, =(0,45-1-1100+1,24-4285)-13-1= 75509 H

Koedimient Haxirinocti a1 = 1 (tada. 2.1);

VY3aranbHeHHl KOE(IIEHT CHUIBHOTO BIUIMBY SKOCTI MeETaly 1
yMOB ekcruryaraiii azz = 0,75 (Tabm. 2.2);
[Toka3HUK CTyIEHs MPY BU3ZHAYEHHI pecypcy poOOTH miAMMUIHUKA f = 3
Pecypcu poboTu:

I 3
' 53900
L=a-a,,- €| 21075 22 ~272.8
Blp 7550.9

I, = If]“-f. _ IQ“ 2728 ~ 72169
60 - n 60-630
[Ilo 3a10BOJIBHSAE YMOBY
Jano: BuzHaunTtu npuaatHicTh migmumnauka 7507 A 1erkoi mupoKoi

cepii, y akoro d = 35 mm, D =72 MM, B =23 mMm, T = 24,25 mm, C,= 61600

H, Cor =45000 H,
a=14°2"'10"
YacTtoTa obepranusa n = 1250 006/xB (0OepTaHHSI BHYTPIIIHBOTO KiJIbLIS);
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PanmianpHa cuna Ha nmiBomy miamumHUKy Rsi = 5400 H;
PanianbHa cuiia Ha mpaBoMy MmiAMUNHUKY Rsy = 2000 H;

OcpoBa cuna Fa =500 H;
HeoOxi1auuii pecypc poodotu nigmunauka Ly = 12000 .

i

Rst ’l"':l_f;
7| d-fe e
% | -

Puc. 4 — Cxema HamnpyxeHHs
Po3p’si3aHHsA:
Bu3HauaemMo 0CcbhOBI CKJIa/10B1 CHUJT AIFOYMX HA MIIIIUITHUKU:
S, =¢"Ry, =0311.5400=1679.4 H
S, =e," Ry, =0,311-2000 = 622 H

ne €' - koedilieHT MiHIMaIbHOI OChOBOI0 HAaBAaHTAKEHHS BU3HAYAETHCS
o tabmum 2.3

g, =¢,=083-¢=083-15-1g(a)=0,83-15-1g(14°2'10") = 0,311

3HaX0IMMO €KBIBAJIEHTHI OCHOB1 HABAHTAXKEHHA. TaK SK:

F,, =8 -F,=1679,4-500=1179,4 > §, = 622

F,=5=1679.4 H
F.=8 —-F =1679.4-500=1179,4 H

[Tomanpimmii po3paxyHOK BEJEMO MO 000X MiAIIUITHUKAX.
KoedirieHT och0BOro HaBaHTaxeHHs (TadJ1. 2.3)

e, =e, =15 tgla)=1512(14°210") = 0,375
F, 16794

= ~=0311<e
V-Ry 1-5400

Xi=1Tu ¥ =0

Koedimient odbepranns V = 1 (npu 06epTaHH1 BHYTPIIIHBOTO KiJIbIIS).
Koedimient 6e3nexu K = 1,3 (Tadmn. 2.5)
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Temneparypuuii koedirient K; = 1 (tadm. 2.6).

Py~ (X, -V R,+Y, - F,) K, K; = (1.1:5400+0.1679.4)-1.3-1= 7020 /J
Py=(X.V-R,+Y,-Fp) K, Kr=(0.4-1-2000+1.6-1179.4)- 1.3-1= 349315 H
[loganpmnii  po3paxyHOK BEAEMO 1O HAMOUIBII  HAMpyKEHOMY
MIIMATHAKY — TIEPIIOMY.
Koedimient HagirinocTti a; = 1 (tada. 2.1);
VY3aranbHeHU KOE(QIIIEHT CHUIBHOTO BIUIMBY SIKOCTI METally 1 YMOB
excruryaTanii az3 = 0,75 (tadmn. 2.2);
[loka3HUK CTymeHss NpU BU3HAYEHHI pecypcy poOOTH MIIUIUITHUKA
B =333
Pecypc pobotu:
f -
L=a a,, [{ j’" =1:0.75 [M] =1037.7
P, 7020
_ 10°- L B 10°-1037,7

= — = - =13835.7
60-n 60-1250

“h

[ITo 3a710BOIBHSIE YMOBI.

KoHTpoJibHi NUTAHHSA
1. Knacudikaiiis miammHuKIB.
2. SIk BU3HAYA€THLCS €KBIBAJIEHTHA HABAHTAKEHHS HA IMAIIUITHUK?
3. SIki mOKa3HMKY BILUIMBAIOTh HA PECypcC MiAMUITHUKA?
4. SIx1 ckimamoBl aeTasl MAMIAITHAKA?
5. SIx BU3HAYNUTH JOBrOBIYHICTH HIJIIUITHUKA?
6. Y yomy nossirae mia0ip MiAMIAITHUKIB
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JlabopaTtopna po6ora Ned

Tema: IlepeBipounuii po3paxyHOK Bajy 3 KOHIIEHTPATOPOM HaNpyru
OJ/IHA IITMOHKA

Mera poGoru: HapuuTucs 3700yBadyamM BHUINOI OCBITM POOUTH
MEPEBIPOYHUM PO3pPaxXyHOK BaJliB Ha MIIHICTb METOJOM BHU3HAYCHHS
Koe(ili€HTY 3amacy MIITHOCTI B HEOE3MEeUHOMY Mepepi3i 1 MOPIBHAHHI HOTO 3
JOTYCTUMUM 3HAYCHHSIM.

[lepeBipouHHii po3paxyHOK BajiB Ha MIIHICTh MOJISITAE Y BU3HAYCHHI
KoeQiIlleHTa 3aracy MII[HOCTI B HeOE3MeYHOMY Mepepisl 1 MOPIBHAHHI HOTO 3
JOMYCTUMUM 3HAUYCHHSIM.

HeOe3neynuii MepeTHH BU3HAYAETHCS HAWOUIBIIMMHU 3HAYEHHSIMU
3TMHAIYOT0, KPyTHOTO MOMEHTIB 1 HasABHICTIO KOHIIEHTPATOpa HAIMPYKEHb
ITTOHKH

KoedirmieHT 3amacy MIITHOCTI BU3HAYAETHCS 32 (POPMYIIOIO:

pe el ] @
NI
T T
ne  NgKoedIIieHT 3amacy MIITHOCTI 3@ HOPMaJIbHUMU HaIMPYKECHHSIM;
N: - Koe(DIIIEHT 3armacy MIITHOCTI O TOTUYHUM HaIpPy>KEHHSIM.

KoedimienTr mo HopManbHUX 1 JOTUYHHUX HANPYT 3HAXOMASTH 3a TAKUMH

dbopmynamu:

— 0. > 42
no- KD:D’U(T-I-WJ.JFH —[n]‘ ( )

n = Lo > [n] (4.3)
KrD ’ Ta + wr ) Tm

I€  o_; - MeXa BUTPUBAJIOCTI TJIAJIKOTO 3pa3ka MpU CUMETPUYHOMY ILIMKJII

3MiHU Hanpyru BUTHHY (Tabn. 1.2), MIla;

T_, - MEXa BUTPUBAJIOCTI TJIAJKOr0 3pa3ka MPU CUMETPUUYHOMY ITUKIII

3MiHM HanpyT Kpy4deHHs (tad:. 1.2), Mlla;

K,p K,.p- epekTUBHUN KOE(]IIIEHT KOHIICHTpAIllT HANIPYT JJIs AeTai;

0, T, - AMIUITyJla HOMIHAJIBHUX HaINpPYXEHb BIJAMNOBIAHO BUTHHY 1
KpyueHHs, Mlla;

O, T - CEPENIHI 3HAUEHHS HOMIHAJIBHUX HaNpykeHb, MlIa;
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W, Ta U,- Koe(]illeHTH YYyTJIMBOCTI MaTepialy JI0 acUMETpii IUKITY

HaIpYy>KeHb BIJMOBITHO MIPH 3TUHI 1 KPYUYEHHI.

EdexTuBHMI KOE(]ilIEHT KOHIIEHTpAIlll Hanpy»XeHb s aetaii Kep npu
BIJICYTHOCT1 TEXHOJIOTIYHOT'O 3MIITHEHHS BU3HAYAIOTh 32 (DOPMYJIOIO:

K_ +K? -1 4.4

Kr:rD = - - s ( )
EG

K, +K” -1 (4.5)
L = c

T

a TpU HASBHOCTI TEXHOJOTIYHOIO 3MIIHEHHS (TEpMOXIMIYHUX OOpoOKa,

001yBaHHA IpoOOM, 00poOKa poIUKaMu)
K

K,=—2 (4.6)
ol ﬁ'Sn,
K
K, =—& 4.7)
p-e,

ne K, ta K,- ebpekTuBHI Koe(illieHTH KOHIIEHTpaIlii Hanpyr (1ab:. 4.1);
K? Ta K - epexTUBHI KOe]illiEHTH KOHIIEHTpallll HAPYEHb B 3aJI€HKHOCTI
BiJl IIOPCTKOCTI MoBepxHi (Tab:. 4.2);
£, Ta &,- MACIITAOHUH (GakTOp B 3aJICIKHOCTI Bij giameTpa Bajia (taodi. 4.3);
B - koedilieHT 10 BpaxoBy€ 3MIIHEHHS MOBEPXHI MPH BUKOPUCTAHHI
CHeIiaIbHUX TEXHOJOTTYHUX METOIB (Taou. 4.4).
Ta6mus 4.1

EdexTuBHI Koe(dillieHTH KOHLIEHTpAI[li HANPY>KEeHb JJ1s BaliB K, Ta K,

Banw 31 mIMmoHOYHOI0 KaHABKOIO
Ko
N?lfla KaHaBKa, BI/.I.KOHaHa dpesoro " K.
JTHUCKOBOI TOPIICBOI
400 1,30 1,51 1,20
600 1,46 1,76 1,54
800 1,62 2,01 1,88
1000 1,77 2,26 2,22
1200 1,92 2,50 2,39
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Tabaunsg 4.2
EdexTuBHI KoedinieHTH KOHIIEHTpAaIlil HanpyXeHb (K2 ~ K) B
3aJICKHOCTI1 BiJ] IIOPCTKOCTI MOBEPXHI.

[Ipu nupomy op .Mlla

Knacu Y MoBHe npuoIr3Ha 500/ 700| 900| 120
.| mMo3HaYeHHS Ha
IITOPCTKOCTI 00poOka Kn o~ KT
KpCCICHHAX ] g - g
TOBEPXHI
3. 4.5; Rz80; Rz40; 00aMpaHHs 1,20{ 1,25| 1,35 15
6:7:8; 2.5:1,25:0,63 00TOYYVBaHHS 1,05/ 1,10/ 1,15 1.2
: 10 0,32; 0,16 nutiyBaHHSA 1,00 1,00/ 1,000 1,0
Taonus 4.3

KoedimieHT B, mo BpaxoBye 3MIIHEHHS MMOBEPXHI MPHU 3aCTOCYBaHHI
CIEIAJIbHUX TEXHOJOTTYHUX METO/IIB.

[ITo cTBOpIOE [Tpu mamii [Ipu Benukii
JI0JIATKOBE Bun nosepxHeBoi KOHIICHTpaIii KOHIICHTpAIli1
M1JBUILICHHS MEXI1 00poOKuU Harnpyxeb (K, < | Hanpyxens (K; >
BTOMU 1,5) 1,8)
Haxkartka cranesum
1,3 1,6
- POJIMKOM
aKJiern
OOTHCHEHHS
HOBCPXHEBOTO aHCOHOM MicCLS
N
mapy Y 1,4 1,4
BUXOAY
OO6ayBanHs1 1poOOM 15 1,7
.. . A30TyBaHHS,
X1IMIKO-TEPMIUHE .
. IIEMEHTAIIl, 15 1,8
3MILHEHHS ,
I[laHyBaHHS
TepMmiune [ToBepxHeBe
P P 1,6 2,0
3MIL[HEHHS 3araptyBanHs TBY
[Tpumitku:

1.3a BiACYTHOCTI creniajibHOro 3MilHeHHs abo Tepmooopodku = 0,80 - 1,00
(rpyoe oOtouyBanus B = 0,80 - 0,86; uucre o6rouyBanns [ = 0,88 - 0,94;
nutidyBanns B = 0,95 - 0, 98;
nosipyBanns f = 1,0).

2. Bukopucranss 3HaueHb 3 > 1, HaBeleHUX Yy TaOJMIll, MOXKIHUBO 32 YMOBHU
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Tabmuusa 4.4
Macmtabuuit haktop (&, 1 €;) B 3aJIEKHOCTI BiJl JlaMeTpa Baiy.

'HliaMean 20-| 30-| 40-| 50-| 60-| 70-| 80- | 100-| 120-
CTYMHIACTON | a4 | 40| 50| 60| 70| 80| 1200| 120| 140
O BaJia 3

BvrJaenesi craJi

:. 0.91] 0.88 0.84 081 0.78[ 0.75] 0.73[ 0.70] 0.68

:, 089 081 078 0.76/ 0.74] 0.73] 0.72] 070] 0.68
Jlerosasi crajam

c 0.83[ 0.77] 0.73] 0.70 0.68] 0.66] 0.64] 062] 0.60

‘. 089 0.81 078 0.76/ 0.74| 0.73] 0.72| 070] 0.68

HanpyxeHHs 3ruHy B BajlaX 3MIHIOIOTHCS 10 CHUMETPUUYHOMY
3aKOHO3MIHHOMY ITUKITY:
o, = o, Mla.
Om = 0.
Ie ¢ — Hanpyra suruny, Mlla.

Jlns Banmy HEpEBEPCUBHUM mMepenadl HaOJMKEHO MPUMMAEThCA, IO
HaMpy>KeHHs KPYUYEHHS 3MIHIOIOThCS T10 MyJIbCYIOYOMY BIJIHYJICBOMY ITUKITY,
TOJI1

7 (4.8)

rn :Tm :_3 Mn .
9 d

1€ T- Hallpy>KeHHs Kpy4deHHs, MIla
JInst peBepCcHBHOI Tiepelladl MPUKUMAETHCS, IO HAMNPYrd KPY4YEHHS
3HAKO3MIHHMI:

Hanpy»eHHsl 3ruHy 1 KpY4YEHHS 3HAXOJIATh 3a BIAOMUMH (DOpMyTaMu
OTIOpy MaTepiaiB:

O-=MS‘].O- )Mna, (49)
WO
T-10°

r=— M (4.10)

ne Ms - BuruHae MOMeHT B HeOe3neuHoMy rnepepisi, H-m;
T - KxpyTHHI1 MOMEHT B HeOe3neuHoMy nepepisi, H-Mm;
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Wo, W, - 0cb0BOI 1 OJSIPHUM MOMEHTHU OTOPY NEpepi3y Baly, MM®,

3

Tab6m. 4.5
OCHOBHI pO3MipH LINOHOK, MM
.| I'mubOuna : ['mubuna
: [Tepepi3 ITepepi3
Hiametp 3aHYpPEHH | _. 3aHYpEHHSA
[ITTOHKHU JliameTp Bajia| IIIIOHKH
Baja S IITTOHKH [IITOHKH B
bxh bxh
B BaJl t1 BaJ t1
OT 6 110 8 2x2 12 | Cs.851095| 214 9,0
25x14
Cs. 8 10 10 3x3 1,2 (CB.95 no 110 28x16 10,0
Cs. 10 no 12 4x4 2,5 Cs.110 no 32x18 11,0
CB. 12 no 17 5x5 3,0 Cs. 130 o 36x20 12,0
Cs. 17 no 22 6x6 3,5 Cs. 150 o 40x22 13,0
7x7 Cs. 170 o 45x25 15,0
Cs. 22 no 30 4.0 ’
B 2220 8x7 Cp. 200 10 | 50x28 17,0
Cg. 30 1o 38| 10x8 5,0 CB.230 o 56x32 20,0
Cs. 38 no 44 12x8 5,0 CB.260 o 63x32 20,0
Cs. 44 no 50 14x9 55 CB.290 o 70x36 22,0
CB. 50 no 58| 16x10 6,0 Cs. 330 o 80x40 25,0
Cs. 58 no 65| 18x11 7,0 CB.380 1o 90x45 28,0
CB.65 no 75| 20x12 7,5 Cs. 440 o 100x50 31,0
Cs. 75 no 85| 22x14 9,0 - - -
Jl1s1 Bana cyuuipbHOTO miepepizy npu aiametpi d
2
Wﬂﬁo,l'd3—b.h‘(;i_tl) ,MMS. (411)
2
szo,z.dt”"l'(j"l) ) (4.12)

IS

b - mmpuHa mmonkwu (Tadn. 4.5), Mm;
t1 - ruOuHa naza (tadi. 4.5), MM.
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3HaYeHHA o 1 Y7 3aJI€KaTh Bl MEXaHIYHUX XapaKTEPHUCTUK MaTepiamy.
3a3Buyai NPUUMAaKOTh:

Vs = 0,05 y: =0 - ByIJIClLIEBI M'SIKi CTaJIH;
vs=0,1 y: = 0,05 - cepeaHbOBYyIJICIEB] CTANH;
Ve =0,15 v: = 0,1 - ;meromaHi cTammu.

IIpukian BUKOHAHHS JIA0OpPATOPHOI podoTH

ano:

Marepian Bany - Ctans 40X;

KpyTtHuit MoMeHT B HeOe3neuHoMy riepepizi T = 760 Hw;
3ruHajJbHUM MOMEHT Ms = 725 Hwm

JlonycTumuii 3amac BuTpuBaiocTi [m] = 1,8

Hiametp Bana d = 60 Mm.

[IImonkoBwit ma3: b = 18 mm. t; = 7 MM.

Po3B’s13aHHA:
3 tabnumi 1.2:

- TUMYaCOBHUM oI1ip po3puBy o = 883 Mlla;

- M€Ka BUTPHUBAIIOCTI IPU CUMETPUYHOMY LUKl HAIPY>KEHb BUTUHY G-
=451 Mlla

- MeXa BUTPUBAJIOCTI IIPU CUMETPUUHOMY LMKJII HANPY>KEHb KPYyUCHHS
1.1 =275 Mlla

- KOe(IIIEHTH YYyTIMBOCTI MaTepially J0 acUMETpPli LUKIY HaIpyKEHb
BIJIMOBIIHO TIPH 3TWHI 1 KpyueHHl Ys=0,151 y;=0,1

3HaxoauMO (IHTEPIOJIIOBAHHAM) €(PEKTUBHI KOE(DIIIEHTH KOHIIEHTpaLlil
HampykeHb npu 3ruHi 1 kpydeHHi Ks = 2,1 K; = 2 (npu o5 = 883 Mlla
Taoi. 4.1).

KoeiiieHT cTaHy MOBEPXHI IPU MIOPCTKOCTI
Ra= 2,5 mxm (Tab6um. 4.2) K* = K™ 1,14,

Maciurabni koedirientu ¢, = 0,7; £, = 0,76 (Tadm. 4.3).

EdextuBHI Kkoe(]ilIeHTH KOHIIEHTpallli Hampy>XeHb JUIsi JaHOTO
MEPETHHY BaTy MPHU BIJCYTHOCTI TEXHOJOTTYHOTO 3MIITHEHHS
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K, +KI-1 21+114-1

K 32
o &, 0,7
K, +K/—1_24114-1
K, =—r e 2T 07 _9g)
£, 0,76

BAKJIMBO: Ilocanky HE BpaxOBYe€MO, 3 METOK HAJAaHHS NPUKIALY
(mpu po3TIIAl ABOX KOHIIGHTPATOPIB - MOCAJKa 1 HIMOHKA, PO3PaXOBYIOTHCS
e(dexTUBHI KOe(PIlIEHTH KOHIIEHTpaIlil, MOJAIbIINA PO3pPAXyHOK MPOXOIUTH
0 HAWOUIBIINM KOe(IliEHTaMH).

OcbOBOi 1 OJSIPHUN MOMEHTH OmOpy mepepizy Bany (popmynu 4.11 1
4.12):

bot,(d-t Y 18-7-(60—7)

W,=0]l-d" - =0,1-60° - =18650,55 s’

18-7-(60-7)°
2.60

W, ox02-d° bt d=t) =0,2-60° - =40250,55 3’

AMIUTITY]Ta HOMIHAJIbHUX HAMPyT BUTHHY
M.-10°  725-10°
0T =0 = =

f - =389 Mla.
: W, 18650,55

HowmiHanbsHi Hanpyru kKpydeHHs (popmyia 4.8)

7-10° 76010’

= =18,88 Mlla .
Wﬁ 40250,55

T =

AMIUTITYAA 1 CepeIHE 3HAUEHHS] HOMIHAJIbBHUX HAIpPyKEHb KPYyUYEHHS

r,=1, == g 44 nita
2" 2

3anac MILIHOCTI JJIsi HOpMaJIbHUX HANpPY»KeHb 1o hopmyi 4.2

o, 451

H

" Ko, +y.0, 32-389+0,15-0

3amac MIITHOCTI JIJIs TOTUYHUX HANpPY>KeHb 3a popmyioro 4.3
7, 275

= = =998
“ Kt +y.r, 282.944+01.944

fl

3arajgpHUI 3ammac MIIHOCTI B Tiepepisi (popmyia 4.1)
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2.
3.

nn, 3,62-998 =3543"[”]=|=3.

JnZ+n? 3627 49,98

H =

YMOBH 3amacy MIIIHOCTI BUKOHYIOThCS

KoHTpobHI nUTaHHSA
VY yomy noJisira€ KOHCTPYKTUBHE BIJIMIHHICTh MI>K BaJIOM 1 BiCCIO?
SIKi OCHOBHI KpHUTEPI1i pare31aTHOCTI BaliB?

VY dkux nmepeTuHax Bajdy NPOBOJAUTHCS MEPEBIPOYHUN PO3PAXYHOK 1 11O

IIPU [IbOMY BU3HAYAKOTh?

4,
S.

SIK1 TEXHOJIOT19H1 METOIHM 3MIITHEHHS IMOBEPXHI BajliB?

Yum BU3HAYAETHCS HEOE3MEUHUM IEPETUH ?
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PeiiTuHroBa cucrema 0aJjiB
OuiHOBaHHS 3HaHb 3700yBayiB BHUINOI OCBITH 3JIMCHIOETHCS 32
PEUTHHTOBOIO cucTeMoro OamiB. OIliHKa BHUCTaBISIETHCS Y BIAMOBIAHOCTI 13

MNPUBCACHOIO IIKAJIOHO.

[IIkana omiHOK

3a mkaJnomw
3a mKkaJior .
ECTS 3a HAIOHAJIbHOIO IIKAJI0I0 HABYAJBLHOI0 3aKJIa1y
(K MpPUKJIAT)
A 5 (BiAMIHHO) 90— 100
BC 4 (nobpe) 75—89
DE 3 (3a10BUIBHO) 60 — 74
EX 2 (HEe3aJI0BUIBHO) 3 MOKJIMBICTIO 35 59
MOBTOPHOTO CKJIAJaHHs
2 ' 0oB’
- (HE3a10BUJIBLHO) 3 OOOB’ I3KOBUM 1 34
MOBTOPHHUM KYPCOM

Po3noain 0aniB, siki OTPUMYIOTh 3/100yBayl BUIOT OCBITH

Oninka
Monyanb KinbkicTs roann DopmMa KOHTPOJIIO _

min max

Jlabopatopne 3ansTTs No 1 15 25

1 14 JIaGopatophe 3aHATTs Ne 2 15 25

Pazom 30 50

JlaGopartopue 3aHsaTTs Ne 3 15 25

2 14 Jlabopatopne 3ansTTs No 4 15 25

Pazom 30 50

Pazom 60 100
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