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BCTYII

BuBueHHS OCHOB TiIpaBliKM ciyxadyaMH 3a04HOi ()OpMH HaBYaHHS - II€ CaMOCTiiHa poOoTa 3
HiIPpYYHUKOM Uil 3aCBOEHHS TEOPETHYHOIO Marepialy, a TaKoX BUKOHAaHHA J1a0OpaTopHHX Ta
KOHTPOJILHHUX POOIT.

Mera MeTOIMYHUX BKa3iBOK - JOIMOMOITH CllyXadaM Yy CaMOCTIHHOMY BHBYEHHI TEOPETUYHOTO
Mmarepiany Ta y BUKOHaHHI KOHTPOJBbHOI poOoTH. MeToauuHi BKa3iBKM YKJIaJeHI 3TiTHO 3 THUIIOBOIO Ta
po060U0I0 IporpaMaMu i MiCTSTh PEKOMEH/AIIIT IO MPaKTUYHOTO BUKOPHCTAHHS 3aCBOEHUX 3HAHb.

KonrtponbsHy poOoTy mepeBipsie BHKIaAay i mpuiiMae 1o 3axucry. Ciayxad oaepikye 3aiik micis
3aXHCTY JIaOOPAaTOPHUX Ta KOHTPOJIBHOI POOIT.

[Ticns BUBUYEHHS Kypcy ciyxad 3700yjae 3HaHHS, HEOOXiaHI MalOyTHBROMY CIEIIalliCTy B HOTO
IH)KEHEPHIN JIsITBHOCTI.

1. METOJUWYHI BKA3IBKH 10 CAMOCTIMHOI'O BUBYEHHS OCHOB I'IAPABJIIKHA
(mucuuninm « TexniyHa MexaHika pigunm i raszy*)

1.1. Icmopina pozeumky 2iopaeniku i 0CHOBHI énacmugocmi pioun ma 2azie

Y 1boMy po3aiii ciyxad MOBUHEH O3HAMOMUTHCH 3 ICTOPIEI PO3BUTKY TiAPABIiKU, 1 CydacHUM
CTaHOM Ta TEPCIIEKTUBAMHU PO3BUTKY.

BuBYCHHS AMCIUIUTIHU IOYUHAETHCS 13 BUBYCHHSI OCHOBHHUX BJIACTUBOCTEH PiJUH Ta ra3ib.

Piguna Maibke He YMHHUTH OTIOPY 3MiHI CBO€T (hOpMU, ajle YNHHUTH BEIUKUHN OITip 3MiHI CBOTO 00'eMy.
Omip piauH 3MiHI CBOTO 00'eMy XapaKTepH3yeThCs KOE(IliEHTOM TEMIEPaTypHOTO PO3MIMPEHHS St Ta
00'eMHOTO CTHCHEHHs W (Benn4YMHA, OOCPHEHA MOAYIIO MPYKHOCTI £o). OCKiNbKH B OyIiBHHUIITBI 3MiHA
00'eMy BOJIM 3aJIXKHO BiJI TEMIIEpAaTypH i TUCKY HE3HAYHA, HIMH MOKHA HEXTyBaTH. BBakaeMo muToMy
Bary BOJM MPaKTHYHO MOCTiiHOW0. B Mixknapoasiii cucremi CI muroma Bara BUpa)kaeThcsi B HBIOTOHAX Ha
KyGiunuit Metp (H/m®). [Tutoma Bara Bomu nipu 4°C mopisaioe y = 9810 H/a.

Koedimient Pw B cucremi CI Bupaxaerses 8 M*/H, a Eo - B mackansx (Ila).

Onip piauHu 3MiHI CBO€i (OpMH XapaKTEepPU3YeThCS B'A3KICTIO. PO3pI3HAIOTH JWHAMIYHY
(abcomoTHY), KiHEeMaTH4HY (BIIJHOCHY) Ta YMOBHY B'S3kocTi. KiHemarmuHa B'SI3KICTh TICHO 3B's3aHa 3

JUHAMIYHOKO V = ﬁ. OnuHuIll BUMIpIOBaHHS KIHEMAaTUYHOI B'SI3KOCTI cm?/c, m%/c, a nuaamiunoi - Ila-c.

P
Crapi oquHuI BUMIipIoBaHb - yasu - [[1 = 0,1 I1aec,
1 xecec/m?=9,811Ta-c.
Crnyxay MOBMHEH 3aCBOITH OCHOBHI BJIACTUBOCTI rasziB. ['a3u € ineanbHi Ta peanbHi. CTUCINBICTh
rasiB MpOXOJIUTh 3a 3akoHOM Knanelpona-Menneneena:
PV=M-RT,
e P - Tuck;
V - 00'eMm;
M - maca;
R - razoBa crana;
T- abcomoTHa Temnepatypa, 7- t°C + 273°K.

M
Ockineku P = V,To P=p-R-T
Jnst peanbHUX Ta31B BBOAATH KOS(IIIEHT CTUCHEHHS (Z):

P=z-p-R-T

CryxadeBi HEOOX1HO 3aCBOITH, IO 17€aJIbHI ra3u MAlOTh YOTHPHU MPOIIECH 3MIHU CTaHY:

1 - i30XOpHMIA - MPOXOAUTH MPU MOCTIHHOMY 00'eMi;

2 - 1300apHUH - TPOXOAUTH MPH MMOCTIHHOMY THCKY;

3 - 130TepMiuHUH - IPOXOIUTH MPH MOCTINHIN Temmneparypi;

4 - amiabaTHUMN - MPOXOAUTH O€3 TeTI00OMIHY 3 HABKOJIMIIIHIM CEPETOBUILIEM.

Kpim Ha3BaHMX, € y3arajJbHIOIOYMHA - MOMITPONHHMHA mporec. TemaoeMHICTh - KUIBKICTh Terlia,
HeoOX1/1Ha JUIsl HarpiBaHHS TUIa Ha OJIMH Ipagyc. 3aleXHO BiJl MPOLECY 3MIHU CTaHy I'a3y po3pi3HAIOTHCA
JIBa BUJU TEIUIOEMHOCTI:



1 - Cv-130x0pHa TEMJI0EMHICTB;
2 - C, -1300apHa TETJIOEMHICTb.
OnuHuULS BUMIPIOBaHHS TETUIOEMHOCTI -/[oic/keK.

e C .
CuissigHomenns — - =K - agiabarna crana.
Vv
Cnyxad MOBHHEH 3HATH, IO iICHYIOTh HE HBIOTOHIBCBHKI pimuuu. g mux pigun f(t) moxe maru
pizuuii Burisia. Li pinuau € 06'€KTOM OKPEeMOTo TOCIiKEHHS.
Yac Ha caMOCTiliHE 3aCBOEHHS MaTepiany — 6 TOIUH.
Jliteparypa: [1,c.4..12]; [2,4..10]; [ 1, ¢.3.24]; | 2, ¢.4,.9]; [ 3, c.3.,23]; [ 4, c.3.,7].

1.2. Ocnoeni nonamms i 3aKoHu 2iopocmamuxu

VY 1npoMy po3AiTi pO3TIISIAETHCS MOHATTS PO OJUHUYHHM TiApocTaTHUHUM THCK. Cilyxad MOBHHEH
BUBYMTH HOTO OCHOBHI BJIACTHBOCTI, 3aKOH [lackais Ta ocCHOBHe piBHAHHS Tigpocratuku. Ciyxauam
HEOOXIJTHO pO3B'A3aTH JIEKiJIbKa 3a/a4 JUii BU3HAUYEHHS HAIMIPHOTO i BaKyyMMETPHYHOTO THCKY Ta
3BEpPHYTH yBary Ha NpHJagdl Ui BUMIPIOBaHHS THUCKY, OJMHUII, B SIKUX BUMIpIOeThCs THCK. Ciryxay
NOBHHEH BMITH BiJl (i3WYHHMX, TEXHIYHHX aTrMocdep, MUIIMETpiB PTYTHOTO CTOBIYMKA Ta METPiB
BOJSIHOTO cTOBHa nepexoautu 1o Ilackamis. [Ipu npomy cuix mam'staty, mo B cuctemi Cl 3a oxguHUIO
TUCKY NIPUAHATHI PIBHOMIPHO PO3MOiNEHHIA THCK, pU KoMy Ha 1 M? mpumnazae cuia, pisaa 1 H, To670:

1 H/Mm? =1 a; 1 kec/cm? = 0,1 MITa; 1 mm. Boz. ct. = 9,81 ITa.
1 xec/em® =lam = 1 6ap.

BaxnuBuM € BUBUEHHS THCKY Ha TUIOCKI Ta KPUBOJIHINHHI MOBEPXHI (CTIHKH).

CrnyxauaMm HEOOX1JHO HABUMTHUCS OyIyBaTH CMIOPU Ta BU3HAYATH TUCK 3a iX JOMOMOTOK); BMITH
BU3HAUaTH IIEHTP TUCKY; O3HAHOMHUTHUCH 13 3aCTOCyBaHHsSIM 3akoHIB [lackans Ta Apximena B TEXHILL;
BUBYHTHU TPH piBHAHHSA Eiinepa s cTatuky.

Yac Ha camocTiiiHe 3acBO€HHS MaTtepiany — 10 roaus.

Jliteparypa: [1, ¢.13..37 ]; [2, ¢.10..22]; [3, ¢.55..91]; [4, ¢.10..34]; [5, c.23..45]; [6, c.7..25]: [7,
c.9..34].

1.3. OcHnoeni 3axonu 2iopoounamiku

CriouaTKy ciyxadi MOBHHHI 3aCBOiTH OCHOBHI MOHSTTS MPO MOTIK PiAMHHU 1 HOTO €leMEeHTH, PO
OCHOBHI BHWJM pyXy pIAWH (CTaJUi Ta HECTalIWW, PIBHOMIpDHUN Ta HEpIBHOMIpHHWM, HamipHUN Ta
Oe3HamnipHMii), a MOTIM BUBYMUTH PIBHSAHHs OajlaHCy BUTpAT PiAMHU Ta piBHAHHSA bepHymi - piBHAHHA
OalaHCy TUTOMOI €Heprii.

Crnyxay NMOBUHEH 3BEPHYTH yBary Ha METO[| MEepeXoJy BiJl CTAaTMKH JO AWHAMIKHU, HAa (Qi3UYHUH Ta
reoMeTpuuHui 3MicT piBHSHHS bepnymni. i piBHSHHS A0NOMOXYTh po3B'a3yBatu 3ajnadi [loTpiOHO
PO3IIISIHYTH TPUKIIAIU PO3B'sI3yBaHHS 3aa4 B nitepatypi [1, 4, 7, 9, 10, 11].

UYac Ha camocTiliHe 3aCBOEHHS MaTepiany — 6 TOJIMH.

Jliteparypa: [1, c.38..68]; [2, c.22..37]; [3, c.25..55]; [4, c.34..40; ¢.91..105]; [5, c.45..75]; [6,
c.25..363]; [7, c.34..44].

1.4 Tiopaeniuni onopu

[Tpu pyci piiuHM BUHMKAIOTH BTpaTu Hamopy (piBHsHHS bepnymmi). Ciayxay NMOBHHEH BUBYUTH
BHJI OTIOPIB 1 3HATH, [0 KOEPIIIEHT T1APABIIYHOTO OMOPY 3AIEKUTH BiJl peKUMy pyxy piaunu. Ciiyxaay
CJIiJ] 3aCBOITH, IO € JIBA PEKUMH PyXy: JlaMiHapHUH Ta TypOyneHTHuil. Takox Tpeba BUBUYUTH YMOBH
Nepexoly Bl OAHOIO PEXHUMY A0 APYroro i 3Hatu (opMmyny ais BU3HAueHHs ducia PeliHombica.
Ockinbky uncio PeifHonb/ca 3aneXuTh BiJ] MBUIKOCTI PyXY, TO CJIJ 3HATH PO3MOJUT MIBUIKOCTEH MO
norepeyHomMy nepepizy notoky. OCHOBHY yBary ciiiJi NPUAUINTH TypOyJIE€HTHOMY PEXHUMY pyxy, 00 3
UM BHJOM pyXy HaWlyacTille JOBOJUTHCS 3yCTpidaTHUCh (pyX BOAM B TpyOaX, pyKaBax, CTBOJaXx,
KaHaBax, piukax). Po3pi3HAIOTH BTpaTH Hamopy IO JOBXKHUHI Ta B MicieBux omnopax. HeoOximHo noGpe



BUBYMTH BIUIMB 4Kclia PeifHompaca 1 BIIHOCHOI IIOPCTKOCTI Ha KOE(MIMIEHT TiApaBIidYHOTO TEPTH.
3aranpHi 3aJ1€KHOCTI MK LIMMHU BEJIMYMHAMHU MaroTh JlorapudMidHuil xapaktep. [IpubnuzHo ix MoxHa
MOJIATH Y BUTJISI/II MPOCTUX CTETICHEBUX (POPMYII:

1/4

A1=01 kﬂ+§ ,
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Y (yrrpet,

VMAX

3HayeHHs Kewe - BeENMYMHA €KBiBaJCHTHA aOCONIOTHIM MIOPCTKOCTI Ta 3aJCKUThH BiJ Marepiaay
TpyOHu, 1 Horo moxkHa 3HaiiTh B Tabmumi 7 [12]. Cnyxau moBuHEH a00pe 3acBOiTH, B sIKiii oOmacTi
TypOYJICHTHOCTI OIip HE 3aJIeKUTh Bia umcia Re (kBaapaTuyHa), a B SKUX - Bij BITHOCHOI IIOPCTKOCTI
(abcomoTHO THamkux TpyO). BwmiTe BHOpatHm pO3paxyHKOBI 3aJeKHOCTI IJIS KOXKHOI 00JacTi
TypOYJICHTHOCTI MpH PO3B'S3aHHI 3a7a4. 3HAYHY yBary CJiJ MPUIIIUTH BUBYCHHIO MICIIEBHUX BTpAT
HAropy, TOMy II0 B 0araThbOX BUIMAJKaX, HAPUKJIAJA, HA HACOCHUX CTaHISNX, B TPyOONPOBOIAX MEpex
OTaJICHHsI, BEHTHJIAIIT i BTpaTH € nepeBaxkatounmu. CitiJi BMITH BUKOpUCTOBYBaTH (popmyny bopma st
BU3HAYEHHS MICIIEBHX OMOPIB MPH PANTOBUX PO3LIMPEHHSX YW 3BY)KEHHSX MOTOKY pimuHu (miadparmu,
mudys3opu, KoHPY30pu Ta iH.). bararo 3HadueHp koe(ili€HTIB MicleBHX OMOPiB { MOXHA 3HAUTH B
miteparypi [12].

BaxiuBo poO3MISIHYTH TPUKIIAAW PO3B's3aHHS 3a/1a4 100 BU3HAYCHHS BTPAT HAIOPY IO JIOBXHUHI
Ta B MICIEBHX OMOpax. 3HAHHSA IHOTO pO3ALTY Oyle BHKOPHCTAaHO NPU BUBYCHHI  CIHEIIaIbHOTO
BOJIOTIOCTAYaHHS, TIIOKEKHA TaKTHKA, TIOXKEKHA Ta aBapiiHO-pATYBaJbHA TEXHIKA, MOXKEKHA
npodiTakTHKa Ta TEXHOTEHHA Oe3MeKa TEXHOJIOTIYHUX MPOIIECiB.

Yac Ha camocTiitHe 3acBO€HHs Martepiany — 10 roauH.

Jliteparypa: [1, ¢.69..80];[2, ¢.37..47];[3, c. 105..180]; [4, ¢.45..59]; [5, ¢.76..106], [6, ¢.36..48], [7,
c.44..64].

1.5 Po3paxynox nanipuux mpyoonpoeooie

Cnyxau 3HalloMuThCcsi 3 Kiacudikaiieo TpyoornpoBonaiB. OcoOnuBY yBary ciil NPUIUIMTH
pO3paxyHKaM KOpPOTKHX TpyOOmpoBOMiB (BCMOKTYKOUHMX MaTpyOKiB, CH(OHHUX TpyOONpPOBOJIIB).
Heo0xiHO HaBYMTHCh BH3HAYaTH BUCOTY YCTAaHOBKM Hacoca BIHOCHO pIBHS BOOM Yy JDKepei
BOJIONIOCTAYaHHs 4M pe3epByapi, 1mo0 3ade3neuntu Oe3nepediiiHy poboty Hacoca. Ilpu pospaxyHkax
JIOBTUX TPYOONpPOBOIB 3BEPTAETHCS yBara Ha 3'elHaHHS TpyOonpoBoiB. OCHOBHA yBara NMpHUALISETbCS
TUIIOBUM 3aJlayaM: BU3HAYEHHIO BUTpAT, HAMopiB, AlameTpiB TpyO. Po3paxyHOK AOBrux TpyOOmnpoBO/iB
HOJIETIIYEThCSA, SKIIO BBECTU y3arajlbHEHI I'iIpaBliyHi MapaMeTpH, Taki K MOJAYJb BUTpAT Ta MUTOMHUIL
omip. Ilpu po3paxynkax ciin BukopucrtoByBaTu Ttadbmmii @.A. IllesensoBa Ta rpadiku A.I'. Mypina Ta
3BEpHYTH YBary Ha XapakTepUCTUKH TPYOOIPOBO/IIB.

UYac Ha camocTiliHE 3aCBOEHHS MaTepiany — 4 roivHU.

Jlitepatypa: [1, ¢.81..98]; [2, ¢.47..53]; [3, ¢.204..239]; [4, ¢.59..100]; [5, c.140..162]; [6, ¢ 55..66]
[7.c. 81..109].

1.6 Heycmanenuii pyx peanvHoi piounu

Heycranenuii pyx piauHu BiAOyBaeThCsl MpU MIBUAKOMY BMHMKAaHHI 1 BUMHUKaHHI MOJadl piIUHU B
YCTAHOBKH TIOXEKOTACIHHS, MPH PI3KOMY BIAKPHUBaHHI Ta 3aKpUBaHHI KPaHiB Ha BOJOIPOBIIHIA Mepexi,
IpH MycKy 1 3ynuHIl HacociB. IIpu 1iboMy pi3KO 3MIHIOETHCS IIBUIKICTH PYXY PIAMHH, IO BUKIIMKAE
pi3Ky 3MiHY TUCKY B Pe3yJIbTaTi 4OTo BiJOyBa€eThCs TiipaBIiyHUi yrap. BeanunHa 101aTKOBOTO TUCKY B
cepeauHi TpyOonpoBoy ab0 MOXKEKHUX pyKaBiB OyBa€ Ha CTUIBKU BENMKA, IO CIPUYMHSIE PO3PHUB iX
cTiHoK. CiyXad MOBHMHEH 3HAaTH NPUYMHM BUHUKHEHHS TipaBIiYHOIO yJaapy Ta CIocodu 6opoTeOM 3
HUM, BMITH pO3paxyBaTy MiJABULICHHS TUCKY AJISl IPSIMOTrO 1 He MPSMOTO TiApaBIidHOrO yaapy.

Yac Ha caMOCTIiifHe 3aCBOEHHS MaTepiaiy — 6 TOUH.

Jliteparypa: [1, ¢.87..98].



1.7 Bumikannsa pioun i3 omeopie, uepe3 Hacaoku ma KoOpomki mpyoonposeoou

OCKUTbKH TiIpaBIiyHI CTPYMEHI MIMPOKO 3aCTOCOBYIOTBCS B TEXHiIll, TO HEOOXIAHO 3HATH iX
OCHOBHI XapakKTepUCTUKH. J[IsI NMpaKTUKW BaXKIMBI BUMAJAKM BUTIKAHHS DPITUHM: 13 MallUX OTBOPIB B
TOHKIM CTiHIII pe3epByapa B arMocdepy YW TiJ piBeHb; 13 HACaJOK pi3HOI (QopMu; Yepe3 BEIHKI
NPSMOKYTHI OTBOPH; IPH 3MIHHOMY PiBHI.

[Ipu BuBenmeHHi Gopmyna s BHU3HAYCHHS IIBUAKOCTI BUTIKAHHSA Ta BUTpPAT PIIAWHHA CHiJ
KOPUCTYBATHCS piBHAHHAME bepHysui, piBHIHHAM MOCTIHHOCTI Ta HEPO3PUBHOCTI MOTOKY 1 BpaXOBYBaTH
BTpaTH HAnopy (B OCHOBHOMY MICIIEB1).

Cnyxad MoBHHEH 3HaTH (Pi3MUHY CyTh KOE(iIliEHTa OIOpPYy, CTUCHEHHsI CTPYMEHs, MIBHJIKOCTI,
BUTpAT 1 3B'13Ky Mk HUMH. HeoOXi1HO 3BepHYTH yBary Ha CIIOPOKHEHHS pe3epByapiB MpU MOCTIHHUX Ta
3MIHHUX Haropax.

Yac Ha camocTiiiHe 3aCBOEHHS MaTepiary — 8 TOIUH.

Jliteparypa: [1, ¢.99..116];[2, ¢.53..64];[3, c.181.204]; [4, C.100..112], [5, c.106..121]; [6, c.48.55];
[7, c.64.,74].

1.8 I'iopaeniuni cmpymeni

Crnyxaul MOBUHHI PO3PI3HATH CYHUIBHI Ta pO3MWIEHI CTpyMeHi. 3HATH CIOCOOM iX PO3MHIICHHS.
HeoOxinHo 3BepHYTH yBary Ha piBHSHHS TPaekTOpii cTpymeHs. MakcuMaibHY AalbHICTh IOJBOTY
CTpyMEHSI MOXXKHA BU3HAYHUTH 32 (OPMYIIO0

2H

e = KH
1+ —
d

Ha mpakTuili MakcuMallbHY HallbHICTh BHJIBOTY CTPYMEHS MOXKHA JOCSATTH IPH HAIopi mepen
HacaakoM H =7m mpu KyTi Haxwily CTpyMeHs J0 Topu3oHTy 6 =45°, a mnpu Hamopi
H =10m—-60=35..40°, npu H >35u—6 =30...40°. [Ipu Haxumni cTBoNa A0 TOopu3oHTY Ha 30° Takox
MOYKHA JIOCATTH MaKCHUMAJIBHOTO BHJIOTY CTpPYMEHs. BHCOTY BEpTHKaIbHOIO CTPYMEHs BU3HAYaeEMO 3a
dopmymoro Jlrorepa. Cimyxadi HOBHHHI BMITH BU3HAYATH PAJIyCH A1l KOMITAKTHOI Ta PO3MUICHOI YaCTUH
cTpymeHs. HeoOxiiHO 3aCBOITH, 110 MiHIMAIBHUN pajilyc il KOMIIAKTHOI YACTUHU CTPYMEHS MPH raciHHi
MOXKEXK1 CTAaHOBUTH 17 M, a HOro MOKHA JOCATTU TPH Hamopi nepea HacaakoM Big 23 mo 33m. Tpeba
3HATH 10 TaKe PeaKIlisi CTpyMeHs 1 5K ii po3paxoByBaTH.

UYac Ha camocTiliHE 3aCBOEHHS MaTepiany — 4 roivHU.

Jliteparypa: [1, ¢.116..133];[2, ¢.64..77].

1.9 Hacocno-pykaeni cucmemu

CriouaTKy ciyXxad MOBHHEH O3HAaOMHUTHUCH 3 TiJPaBIiYHOIO MAIIMHOIO, L0 MpHU3HAYEHa IS
HAJaHHS P1JIMHI KIHETUYHOI €Heprii Ta Ha3UBA€TbCS HACOCOM; BUBUMTH OYyIOBY, MPUHIUN [ii, OCHOBHI
poboui mapaMeTpu Ta XapakrepucTuku. OcobauBy yBary noTpiOHO 3BEpHYTH Ha CyMiCHY poOOTY HacociB
Ta BOAOMpPOBIAHOI Mepexi. Ciiyxad MOBHUHEH 3HATH CXEMHU MOJadl BOJM O MICIS MOXKEXl Ta BMITH
IPOBOJUTH PO3PaXyHOK HACOCHO-pYKaBHHMX cucTeM. HeoOXiHO mam’sTaTH Ha 110 BUTPAYa€ThCs Harip,
110 3a0e3mneuye HacoC Ta sIK 3a0e3MeUYnTH HaJIHY Mojavdy BOAM 3a oOpaHOoro cxemor. Ciyxad MOBHUHEH
3BEpHYTH yBary Ha CrocoOu mepekayky BOJH SKIIO JKepesa BOJOMOCTaYaHHs pO3TalllOBaHI HAa 3HAYHIN
BIJICTaH1 JI0 MiCIlsl MOKEX1; BMITH PO3paxoOBYBaTH BIJCTaHb MIX CYCITHIMH HacocaMH Ta HEOOXIIHY
KUJIBKICTh aBTOHAcoCiB. IIpu raciHHi BEJMKHX T0XK€X BUKOPHUCTOBYIOTH IMOTY)KHI BOJSHI CTPYMEHI Bif
nadetrHux ctBOdiB. CilyxaduaM MOTpiOHO 3HATH CXEMU I0jadl BOJU Ha JadeTHI CTBOJIU Ta OCOOJIMBOCTI
KOXKHO1 3 HUX. BMITH BU3HauaT BUTpATH BOJM 13 CTBOJIA Ta HEOOX1HY KUIBKICTh HACOCIB.

Yac Ha camoOcCTiiiHE 3aCBOEHHS Martepiainy — 14 roauH.

Jliteparypa: [1, ¢.145..186];[2, ¢.77..104].

1.10 OcHoeu aepoounamixu

Jnist Ta3iB, K 1 A7s PIMH, 10 CTUCKYIOTHCS, TU(EpeHIIiiiHe pIBHAHHSA PIBHOBArd Ma€ BUTIISA:



dP = p-(Xdx+Ydy = Zdz)
PiBHSHHS BUIBPHOT TOBEPXHI:
Xdx+Ydy+2Zdz=0

PiBHSIHHS cTaHy ra3y 3alUCY€ThCS y BUTIISIL:

E=R-T.

yo,
Cnig 3acBOITH, IIO:

. ) . P . .
- IIPH 130TEPMIYHOMY TIpolieci — = CONSt (1ieil mporec CyNmpoBOKYETHCS ) TEIUIOOOMIHOM);
yo,

. . P
- TPy a1iabaTHOMY TIPOLECT — - = CONSt;

. . P
- IIPH TIOJITPOITHOMY TIpoLect — - = CONst.
P

Cnyxady ciiji BUBYMTH PO3IMOAUI THCKY JUIsl Pi3HUX TporieciB ra3y. [Ipm BuBUEHHI pyXy rasi
00OB'SI3KOBO MOTPIOHO 3HATH PiBHAHHSA bepHymni /s pi3HUX mpoueciB (HMOdiTporHoro, agiadaTHOTO,
130TE€pMIYHOT0), HEOOXiHO HABUUTUCH PO3PAXOBYBATH TPYOONPOBOAM sl Ta3iB  (BUALTUBIIH
TPYOOIIPOBOIH JIJIS Ta31B 3 MAIMMHM Ta BEIMKUMHU TepenajaMu TUCKY). Tpeba 3BepHyTH yBary, pu sKoMy
poleci IPOXOAUTh BUTIKaHHS a3y uepe3 oTBip. LIIBUAKICTh BUTIKAHHS Ta3y yepe3 OTBIp y TOHKIM CTiHIII
BU3HavaeThes 3a hopmynoro Cen-Benana:

k-1
P, | X
P2

Ve . K R
k=1 p

[lpy BHU3HAYEHHI MAaCOBHX BHTpPAT Tra3y IpH BHUTIKaHHI 4Yepe3 OTBIp MOXKHA KOPHCTYBATHUCS
dbopmyoro:

Ivlmax “Vmax " @ Pl “Prs
JI€ Wmax JUIS IOBITPS Ta IBOATOMHMX Ta3iB nopisHioe W, . = 0,865
KpuTtnuHa mBUAKICTS BUTIKAHHS Ta3y, 110 BIANOB1/Ia€ MAaKCUMAJIbHUM BUTpaTaM:

_Mmax k'E=C2,

V = =
T - R, \ P

ne Cz - MBUAKICTH 3BYKY, IO BIJINOBIAa€ yMOBaM Ha BUXO/1 3 OTBODY.

3HaHHS OCHOB aepoAMHAaMIKM HEOOX1ZHO BMITH BHUKOPUCTATH MpPH MNOJAIBLUIOMY BHUBYEHHI
CTEiaJbHOTO BOJIONIOCTAYaHHS, TOXEKHOI TAaKTUKH, TOXEKHOI Ta aBapiiHO-PATYBAJIBHOI TEXHIKH,
HOXEXHOT MPO(IITAKTUKY Ta TEXHOTEHHOI 0€3MEKH TEXHOJOTIYHUX MPOIIECIB.

UYac Ha camocTiliHe 3aCBOEHHS MaTepiany — 6 TOJIMH.

Jliteparypa: [1. ¢, 134..144];[6, c.10..24, 55..62, 104..109, 301..308].

1.11 Pignomipnuii pyx piounu y 6iOKpumux pyciuax

[Tpu piBHOMIpHOMY pyci PIIMHM Yy BIJKPUTOMY PYCII OCHOBHI €JIE€MEHTH, SIKI XapaKTepHU3YIOTh
MOTIK (TUTOIIA TIOTIEPEYHOTr0 TIepepi3y, TiApaBIiYHUN pajaiyc, MOPCTKICTh pyciia, YKIOH) 30epiraroTh CBO€E
3HA4YeHHs TNpH MNEepexoil BiJ OXHOro mepepiy 10 apyroro. Jlns BHU3HAuU€HHs BUTpPAT PIAMHHU CIiJ
BUKopucTatu 3anexHicTs [lle3i, a nms Bu3HaueHHs koedirienta C Kpamie CKOpucTatucs (Hopmysioro
[TaBnoBchkoro. HeoOxiqHO 3BEpHYTH yBary Ha TiJIpaBIi4HO HAWBUTIIHIIII Mepepi3u KaHaliB. 3'1CyBaTH,
SK PO3PaxOBYIOTh O€3HaIIpHI TPYyOOTIPOBOIH.

Yac Ha caMOCTiifHe 3aCBO€HHS MaTepiaiy — 4 roJIuHH.

Jliteparypa: 3, ¢.240..249]; [5, ¢ 121..140]; [6, c.66..73]; [7, c.109..141].

1.12 Pyx piounu ¢ nopucmomy cepeoosuuyi

Pyx uyepe3 mopucre cepefoBuile - 1€ (uIbTpauis. 3HaAHHS OCHOBHHMX 3aKOHIB (inbTpamii mae



BEJIMKEC 3HAYCHHS [UIS PO3B'A3aHHS pPI3HUX IH)KEHEPHUX 3a/a4: BHU3HAYCHHS MPHUTOKY BOAU [0
BOJI030IpHUX Tajnepei, KoIoaa3iB, MypdiB; po3paxyHOK 3HIKEHHsS PIBHS I'PYHTOBUX BOJ; BU3HAUCHHS
BTpaT HAMopy BOAM Ha (UIbTpaIiio i3 KaHATIB Ta BOJOCXOBHII, TMOXKEKHUX BOJONMHUII, PO3PaXyHOK
IpeHaxHuX cropya Ta iHme. OcobnuBy yBary mHoTpiOHO 3BEpHYTHM Ha BUBYEHHs 3akoHy /[lapci.
Heo0ximHo 3HaTH, IO TaKe KPUBa JAeNpecii, CTATHYHUI, THHAMIYHUN PiBHI, 1€0IT CBEPAJIOBUHHU Ta Pajiyc
BIUIMBY CBEPIJIOBUHH, KOJOAA3S YU JIpeHU. BMITH 3aCTOCYBaTH 3aCBOEHMI MaTepian IJisi pO3B's3aHHS
3ajay.

Yac Ha camMocCTiiiHe 3aCBOEHHS MaTepiany — 4 rOIUHH.

Jliteparypa: [6, ¢.74..77]; [7, ¢.276..293].

Konmponvni numannsn

OCHOBHI BJIACTUBOCTI PiJHH.

['iapocTaTHYHMI THCK 1 HOTO BIACTHUBOCTI.

OcHoBHe piBHSHHS rigpocTaTHky. 3akoH [lackans.

Bunu tucky (po3paxyHkoBi popmyin).

[Tpunanu 1i1st BUMIPIOBAHHS TUCKY Ta OJAWHUII HOTO BUMIipIOBaHSI.

TUCK piIMHU Ha MJIOCKY CTIHKY.

TucK piAvHU Ha KPUBOJIIHIIHI TOBEPXHI.

HaitnpocTimi rigpaBiiydi MaliuHy, 00 po3poOIeHi Ha OCHOBI 3aKOHY T'1IPOCTATUKU

[NapomuHamika, sSKi 3aKOHH BOHA BUBYAE?

0. [atu BU3HAUEHHS JiHII TeUil eJIeMEHTapPHOTO CTPYMEHsI, PIBHSIHHS HEPO3PUBHOCTI Ta EJIEMEHTH

MOTOKY.

11. BurpaTu piaiuHH, OAWHHII Ta CIIOCOOM BUMIPIOBAHHSI.

12. Cmoci6 Eiinepa st mepexo/y Bif CTATUKH 70 AUHAMIKH.

13. PiBHsHHs BepHimni ajs ineanbHOT piauHU.

14. PiBusinHs bepuymi ans peansHoi piauHu.

15. Enepreruune Ta reoMeTpu4He TIyMadeHHs piBHAHHA bepHyi.

16. BukopucranHs piBHSHHS bepHYIUTI Ui CTBOPEHHS BOJIOCTPYMEHEBOTO HACOCY.

17. Tpyo6xa IliTo, ii mpu3HaUYeHHs, pO3PaXyHKOBI (OPMYIIH.

18. CrBoxn BoOMip, HOTO MPU3HAYSHHS, PO3paxyHKOBa (popmyia.

19. BcraBka Benrypi, 1i npu3HaueHHs, po3paxyHKoBa Gpopmyia.

20. Po3paxyHOK KOPOTKHX TPyOOTPOBOJIIB.

21. Pexumu pyxy, uncio PeitHonb/ca, ioro (i3uyHe TiiyMaueHHs 1 IPaKTUYHE 3HaYCHHS.

22. Po3mojin mBUAKOCTI MO MONIEPEYHOMY TIepepi3y MOTOKY IPH JaMiHAPHOMY Ta TypOYJICHTHOMY
PEXUMI pyXy PiIIUHH.

23. Monenb TypOyJIeHTHOTO MTOTOKY, BUTbHA Ta MPHUCTIHHA TYPOYJIEHTHICTb.

24. Tpu obnacti TypOYIEHTHOCTI Ta KOe]illieHT TipaBiIiuHOro TEPTs I LuX o0nacTeil.

25. TloHATTS MPO TiAPaBIIYHO TITAIKI TPYOH.

26. IIo Take kBagpaTHUHa 00JaCTh TypOYJIEHTHOCTI?

27. Brpartu Hamopy o noBxuHi, popmyna Beiicbaxa-/lapci.

28. Ilo Take micuesi onopu? @opMynu 1711 BUSHAYCHHSI BTPAT HAOPY B MICHEBUX OMOPax.

29. SIki € oTBOpH B TOHKHUX cTiHKax? KoedimieHT CTUCHEHHS TIOTOKY.

30. BuBectu ¢popmyiny Juist BUSHAYCHHS BUTPAT PIIMHU Yepe3 OTBIP.

31. Sxi Bu 3Haete Hacanku? Ix nopiBHsANbHI XapakTepucTiky. O01acTh 3acTOCyBaHHS. Po3paxyHKoBa
(dopmyna BUTpAT BOJHU Yepe3 HACAIKU.

32. PozpaxyHOK TpyOOIIPOBO/IIB.

33. Tonsrtsa npo riapaBniyHuii yaap. OCHOBHI po3paxyHKOBI (popmyiu.

34. Crnocobwu 3axucty Bij rigpoyaapy. [igporapan.

35. BnactuBocri rasis.

36. PiBHsiHHsA BepHyITi U1 TPhOX OCHOBHHX CTaHIB Ta3iB.

37. Po3paxyHOK ra30npOBO/IiB.

38. BusHaueHHs BUTpAT Ta3y NP BUTIKaHHI Yepe3 OTBIp B TOHKIN CTiHIII.

39. Bunu crpymeHniB. Po3paxyHOK BEpTHKAIbHUX CTPYMEHIB.

RO ~NoOMWONE



40. Tloxwmmi ctpymeHi. Peakiist ctpyMeHs.

41. CrocoOu po3NnuIeHHS CTPYMEHIB.

42. Knacudikaris HacociB. [TpuHIun Aii BiAIEHTPOBOTO HACOCY.

43. OcHoOBHI po00OYi MapaMeTpu HacOCIB.

44, XapakTepuCTHKH HacociB. PoOoTa HacoCiB Ha MEPEXKY.

45. Cxemu mojadi BOIM IO MiCIISI TIOXKEKI.

46. Po3paxyHOK HACOCHO-PYKaBHHX CHCTEM.

47. Tlepekauka BOJIM Ta BU3HAYECHHS KIJIbKOCTI aBTOHACOCIB.

48. TlapanenpHa poOoTa HacoCiB Ha Jad)eTHI CTBOJIH.

49. Pyx pimuH y nopuctomy cepenoBuiii. @opmynu st BUSHaAUYCHHS KoedilieHTy GiabTparrii.
50. Pyx pigun y Binkputux pyciax. @opmyna Llle3i qyis BU3HaYeHHST BUTPAT PiAUHU.

2. BKA3IBKH TA 3ABJJAHHS IO KOHTPOJBHOI POBOTH

[Ipy BUKOHAHHI KOHTPOJILHOI POOOTH HEOOXITHO JOTPUMYBATHCh TaKUX MPAaBUI: KOHTPOJIbHA
po00Ta BHKOHYETHCHl Bil PYKHM YOPHWIOM OJHOTO KOJbOpYy, a00 HaJIpyKOBaHA; 3aJHMIIATH IOJIS
MIMPHHOIO 3 - 4 cm Ui 3ayBaKeHb BHKJIaJa4ya; HABOJUTH OOTPYHTYBaHHS PO3B'S3aHHS 3a/]adi; HABOJAUTH
GopMynH 3 TOBHOIO iX pPO3MM(POBKOIO Ta TIOPSAKOBOI HyMeEpalli€lo; 3pOoOMTH IIOCHJIAaHHS Ha
BUKOPUCTaHy JIiTepaTypy B TOpSAKY 3ragyBaHHs (Hampukiazg, [1], [2] 1 T.n.); mpu HEOOXiTHOCTI
PO3paxyHKH CYHNPOBOKYBAaTH CXEMAaMHU YHM PUCYHKaMM; Ha KOHTPOJIbHI NMUTaHHS JaBaTH KOPOTKi, aye
BUYEPIHI BIAMOBIAL; peTenbHO OopopMHTH poOOTy. B KiHII poOOTH HABECTH CIUCOK BHUKOPHUCTAHOL
JiTepaTypH, BKa3aTH MPI3BUILE Ta iHIIIATH aBTOPA, MOBHY HA3BY MiJIpyYHUKA UM JIOBITHUKA, MICIIE Ta PiK
BUJAHHS (B MOPSAAKY 3ralyBaHHS IO TEKCTY).

KoskeH ciryxad MOBHHEH PO3B's3aTH LIICTh 3aJad 1 JaTh BiANOBIJl HA M'ITh KOHTPOJBHUX ITHTaHb.
Ha pemrty nmuTanp ciryxad MOBHHEH JaTH BIATOBIAL MIPH 3aXKCTI JIAOOPATOPHUX Ta KOHTPOJIBHUX POOIT.

Homepu KOHTpONBHMX INMUTaHb, Ha sIKIi HEOOXITHO JaTH MUCHMOBI BIAMOBiAI, Ta HOMEpPU 3a]a4
ciryxad oOMpae 3aJIeXKHO BiJl OCTaHHBOI MU PU 3aTIKOBOT KHIKKH.

Tabmuus | - Bapiantu 3aBnanb 3 OCHOB TipaBIiKu

Howmep Homepw 3anay Homepu KOHTPOJIBHIX

BapiaHTa [epmra Ipyra Tpers YeTBepTa II’sara [ocTa IIANTaHb
1 10 11 21 31 2 30 1,43, 11,40, 30
2 9 12 22 32 3 27 2,47,12, 39, 29
3 8 13 23 33 4 1 3,48, 13, 38, 28
4 7 14 24 34 5 2 4, 47,14, 37, 27
5 6 15 25 35 11 3 5, 46, 15, 36, 26
6 5 16 26 1 12 35 6, 45, 16, 35, 25
7 4 17 27 5 13 34 7,44,17, 34, 24
8 3 18 28 6 14 22 8,43, 18, 33, 23
9 2 19 29 7 15 30 9,42,19, 32, 22
10 1 20 30 8 16 31 10, 41, 20, 31, 21

BapiaHT BUXIJHHUX JaHUX 33734 NPUHHATH 32 HOMEPOM MepIIoi 3a1adi.

Benuky posib mpu BUBYEHHI TiJIpaBIIKU BiJIrpae po3B'a3yBaHHs 3aaad. lle momomarae kpaiie
3aCBOIOBAaTH TEOPETUYHMH Marepiall Ta 3aCTOCOBYBAaTH Ili 3HAHHS JUId BUPIMIEHHS MOJAJIBIIMX
MPaKTUYHUX 3aBJIaHb MMPU BUBUYCHHI CTICIIATBHUX TUCITUTIIIH.

[Tepen po3B's3aHHAM 33a7a4 HEOOX1HO O3HAHOMUTHCH 3 PO3JILIIOM TEOPETUYHOI'O MaTepiaiy, IKOMY

IpHUCBsiUEHA 3ajjauya, BUOpAaTH HEOOXITHI pO3paxyHKOBI (GOpMyINH, SKIIO MOTPIOHO, CKIACTU
pPO3paxyHKOBY cxeMy. TeKCT YMOBH 3ajiaui 1 MOSICHEHHS A0 Hel HaBOJUTHCS MOBHICTIO.

Skio ciyxad BUKOHAB KOHTPOJbHY poOOTY HE 3a CBOIM BapiaHTOM, TO Ha 3aXHUCT I poOoTa He
NpUHMAETHCS, a CllyXad 3aJIiK He OJIEpPXKYE.

Jnst omepxkaHHS 3aliKy TepeBipeHa 1 MiAmUcaHa A0 3aXUCTy poOOTa 3aXHIMAETHCS IUIIXOM
NOSICHEHHsI i BUKOHAHHS Ta BIJNOBI/II HA MUTAHHSA 1O PO3/iIax.



3ATAUI

1. BigkpuTi 3'enHaHi TOCYAMHU 3allOBHEH1 PI3HUMH PiIMHAMH 3 P1 Ta P2. 3HAWTH BIACTaHb BiJ JiHIT
posaity AB 10 piBHsI pijHU B KOKHi# nocyauHi h1 Ta hy, Ko pisHUIS piBHIB PiIMH Y TOCYJHHAX
cranoButh h.(Puc. 1)

2. Jlo pe3epByapa, 3alIOBHEHOT'O Ta30M 3 TUCKOM P,, IpHreHaHa TpyOKa OIyIieHa B OCYIUHY 3 PTYTTIO.
Heo06xiaHo BU3HAUYUTH TUCK Po B pe3epByapi, AKIIO PTYTh MiAHIACh y TpyOLi Ha BucoTy h.(Puc. 2)

3. Jlo pe3epByapa, 3aII0BHEHOTO Ta30M 3 TUCKOM P,, IpU€HaHa TPyOKa, OMyIlieHa B MOCYAUHY 3 PTYTTIO.
Heo06xiaHo 3HaiiTi BUCOTY h, Ha SIKy HiHIMAEThCS PTYTh y TPYOLIi, SKIIO BAKyyM Yy pe3epByapi
CTaHOBUTH Po, a arMochepHUid TUCK - Pamy (Puc. 2).

4. ITpu rigpaBaidHUX BUIIPOOYBAHHIX pe3epByapa JOMYyCKAETHCS BUTIKaHHS BOIH, Q K01 3a oAHy 100y
He MOBMHHE TIePEBUILYBaTH 3 1 3 1 M? 3MO4eHOT MOBepXHi. UM MOKHA MPUIAHATH B eKCILTyaTalliio
pe3epByap NpSIMOKYTHOI (hopMH 3 po3MipaMH B IJIaHi a Xb,B SKOMY PiBEHb BOJH 32 OAHY J00Y
3HM3MBCA 3 1 10 h2? BusHaunTi Macy Bojy, 110 BUTEKIIA.

5. BuzHaunT aOCONIOTHUH 1 HAAMIPHUH TUCK B pe3epByapi 3a HOKa3HUKaMU PTYTHOTO TU(MaHOMETpPa, B
IPaBOMY KOJIiHi SIKOTO 3BepXY HaJl PTYTTIO HAIUTO Macjo mapom h,, 3 p,. Bucota pryti hp,. [lpn
3agaHoMy Pary.(Puc. 3).

6. BuznauuTy, Ha sIKy BUCOTY H MOXe MiJHATHCA BOJIA 13 BOJSHOI0 6aKa I'iIpONHEBMATUYHOT YCTAHOBKH,
SIKIII0O MAaHOMETP, BCTAHOBJIICHHI Ha MOBITPSHOMY Oarli, MoKa3ye TUCK P.

7. BuzHauuTH BUTPATH BOJH [0 TOPU3OHTAIBHOMY YaBYHHOMY TPYOOIPOBO/Ii A0BXKUHOMK | Ta niamerpom
d, sIKII0 MaHOMETpPH, BCTAHOBJICHI Ha MMOYaTKy TPyOOIpPOBO/A i B KiHII HOTO, MOKa3aK BiIIOBIIHO
Tucku P1 1a Ps.

8. BusHauuTH yac aBapiilHOTO CIIOPOYKHEHHS pe3epByapa 3 HaPTO Yepe3 30BHIMIHIN HMITIHAPUIHUN
Hacazok aiamerpom d. Jliamerp pesepByapa D, Bucora mapy Hadtu h.

9. IliniGpatu craHAapTHUN HACAIOK Ui CTBOJIA BHYTPIIIHBOTO MOXKEKHOTO KpaHa, K0 HEOOX1THO
ojnepxaTtu BuTpaTu He MeHIe Q1. ["apanTiitHuil Hamip nmepen HacaakoMm cTaHoBUTH H. KoedimieHT
BUTpAT y. BusnaunTu aiiicHi Butpatu Q s BUOpaHOTO HAacaaKa.

10. Kanasa mupusoro b i rimbusoro h neperopopkeHa muroM npsMoKyTHoi popmu. Busnauutu cuiry
TATH 1, HEOOXIAHY IS TiAioMy muTa Baroro G, sKmio KoedilieHT TepTs muTa 00 MOBEPXHIO Ma3iB K.
(Puc. 4).

11. Bu3HauuTH TpaHUYHy BUCOTY pPO3TallyBaHHS OCl1 BIALUEHTPOBOrO Hacoca HaJ pIBHEM BOJU B JUKEpe,
SIKIIO Hacoc 3a0bupae Q BoaM uepe3 BCMOKTYHOUMi TpyOorpoBia aiamerpom d. Bakyymerpudnuii TuCk
Ha BCMOKTYIHOYOMY Natpyoky OyB Py, . BTpatu Hamopy y BcMokTyrouiii miHii hw.. (Puc. 5).

12. BusHauuT MakCUMaiibHi BUTpaTy Boau Q Ha AUISHIN TpyOompoBoay aiamMetpom d, qoBkuHoro |, 11106
BTpATH Haropy He nepesuiryBain hy. KoedirieHt rigpapiigysoro onopy 4.

13. Boaa BUTIKAE i3 BIAKPUTOTO Oaka yepe3 30BHINIHIN IIIIHIPUIHUI HAca 0K AiameTpoM d. 3HaUTH
Hamip H, npu KoMy BUTpaTH BOJH i3 6aka JopiBHIOWOTH Q. Skum Oyzae Hamip H1 U NIPOMYCKY LUX
K€ BUTPAT 4yepe3 BHYTPILIHIN HUIIHAPUYHUM HacaJoK TOro x Jaiamerpa d.

14. Buznauutu 1e0iT apTe3iaHChKO1 CBEpAJIOBUHH 32 YMOBH, 1110 NMOTY>KHICTh BOJJOHOCHOTO IjacTa t,
rTMOWHA BiZIKAYKH S, miaMeTp cBepuioBuHU 0, pamiyc BBy R, koedimieHT dinbrparrii Ky.

15. BusHauutu pajniyc BIUIMBY R TOCKOHAIIOrO IPYHTOBOTO KOO s13s1 tipu H, h, Zo, K, sikiiio 1edit
ko053 Q.

16. Ha cranbHOMY TpYyOOTpOBO/Ii AiaMmeTpoM d BCTAaHOBIICHA 3aCyBKa, Yac 3aKPHUTTS SKOi t3. BusHauutn
IiIBUIIEHHS THCKY 4P y TpyOomnpoBoi qoBxuHOW |, sxiio Butparu Boau Q. HIBuakicTh
po3noBcroKeHHs ynapHoi xBuii C.

17. I3 BepXxHBOTO pe3epByapa B HWKHINA HAIXOIUTh BOJA 3a7aH01 Temneparypu °C 1o HOBOMY
CTabHOMY CU(OHHOMY TpyOOmpoBoi AiameTpoM d, moBxuHOMO | 1 BuTpaTtamu Q, a BigcTaHb Bij
novaTKy TpyoornpoBoay 1o nepepisy I-1 h. Busnauurtu pisuuiito piBHiB H 'y pesepByapax. (Puc. 6).

18. I3 3akputoro 6aka Boja BUTiKae yepe3 oTBip AiameTpoM d B ioro 6okoBii crinui. [locriitHuit Hamip
HaJ LIEHTPOM Baru oTBopy H, MaHOMETpHYHUI TUCK Ha MOBEPXHI BOAM B Oanli P,. 3HalTH, IpU SIKOMY
TUCKY BUTIKaTHMe 3 Oaka Q Bozu.

19. Bu3Hayutu TUCK P y KOTII Ta M'€30METPUYHY BUCOTY N1 SIKIIO BUCOTA MiJHATTS PTYTi B PTYTHOMY
manometpi hy. (Puc. 7).

20. 3a moromororo BogoMipa BeHTypi Bu3HaunTH BUTpaTn Boau Q, sika mpoTikae mo TpyOi giamerpom D



SKIIO JiamMeTp BeTaBku d, a pisHuils m'ezomerpuudux Bucot H. (Puc. 8).

21. BurikaHHs BoJM 13 6aka MpOXOaUTh 10 CUCTeMI TPyO 3MiHHOTO nepepi3y. HexTyroun onopamu,
BU3HAYUTH MBUAKICTh BUTIKaHHA V, BuTpaTu Q 1 moOymyBaTu 1m'e30MeTpUYHY JIiHIO, KO Hamip H, a
IomIa nepepiziB Tpyou Si1, Sy, Sz, Sa. (Puc. 9).

22. Bu3nauuTu Hamip Ha cTBOJIi b, skuii migHATH HA BUcOTY Z, M. Bozia Bi1 aBTOHacoca OIa€ThCs 1O
IPOTryMOBaHi# pyKaBHii JiHii giamerpom d, Mm, goBxuHor0 |, M. Hamip Ha Hacoci H, m.(Puc. 11).

23. Bu3HauuTH peakiito CTpyMeHs, SIKUi BUTIKA€ 3 Hacaaka JadeTHOro cTBoJIa AiameTpoM d, MM rpu
Haropi H, m.

24. Bu3HauuTH HAIIp Ha HACOCI, SKIIO BiJ HHOTO MPOKJIaZeHa MariCTpaibHa JIiHis giaMeTpom d, MM
JIOBXKUHOIO |, M. Bif posranymkeHHs moaHi [8a cTBOJIM b 110 ABOX poOOYHX JIiHIAX AiameTpoM d, MM,
JOBXHHOMW |, M KOKHa, Y BiKHO 3-T0 moBepxy. PykaBa nporymoBaHi. (Puc. 10).

25. Po3paxyBaTu BUTPATH BOJH 3 MOXKEKHOTO CTBOJIA b, K110 3a1aHO Pyax , aT™., d, Mm. (Puc.11).

26. BusHauuTH MakCUMalbHy BUCOTY MiAHOMY CTBOJIB, SIKIO BO/A BiJl aBTOHACOCA MOJAETHCS 10 MiCLIs
HOYKEIKI 110 PYKABHIN CHCTEMI, SIKa CKJIaJa€ThCs 3 MariCTpaibHOI JIiHil qoBkuHO |, M i giamerpom d,
MM 1 3-x poOouux JiHil, ToBXuHOO |, M Ta miameTpom d, MmMm. [liamerp Hacaaka d, MM, Harlip Ha
nacoci H, m. PykaBa nporymosani. (Puc. 12).

27. BU3BHAYUTH CHITY T1IPOCTATUYHOTO TUCKY HA TJIOCKY MPSAMOKYTHY CTiHKY. [lIupuna criaku B, M,
BHCOTA CcTOBMA BoAu H, M.

28. Bu3HaunTH NOTYXKHICTB, sSIKa HEOOX1AHA BiAeHTpoBoMYy Hacocy ITH-60, sixmio Bigomi ioro momava Q,
m%/cex, moHwmit Hanip H, M, mosruit KIT/T 1.

29. Bu3HAunTH Yac CHOPOXKHEHHs pe3epByapy 06’emom W, M°, SKIIIO aBTOHACOC MO/IABAB BOY 10 MiCIId
MOXKEXK1 B KIITIbKOCTI Q, 11/C.

30. BusHauuTH Ha SIKy MaKCHUMAJIbHY BiJICTAHb MOKHA TTIOAATH CTBOJ A BiJ aBTOHAcoca 1O MPOTyMOBaHiH
pykaBHiii jiHii giamerpom d, mm. MicrieBicTs piBHa, Hamip qopiBaioe H, m. (Puc. 11).

31. BusHauutu pagiyc Iii KOMIAKTHOI YaCTHHH CTPYMEHS Ta BUTPATY BOJH, SKIIO BOJA BUXOIHUTH 3
Hacajka aiaMeTpoM 0, MM y BUIJISI BEPTUKAILHOTO CTPYMEHSI, BUCOTOIO H, M.

32. BusnaumTh HEOOXiTHWUH HaIip Ha HAcOCi, SKMO Big Hboro mnomanwii crtBos PC-70 (A) mo
pOryMOBaHi# pykaBHii jiHii giamerpom d, MM Ha BucoTy Z, M Ha Bigctanb 1=120 m. (Puc. 11).

33. BusHauuTH Hamip Ha HACOCI, SKIIO BiJl HHOrO MPOKJIAJCHA MaricTpaibHa JiHis giameTpoM d, MM
noBxuHO0 |, M. Bin po3ranymkeHHs mogaHuii cTBoJ A 110 poOoyiii miHii giameTpom d, MM, JTOBXKHHOO
I, M, y BikHO 4-T0 oBepxy. PykaBa mporymosasi. (Puc. 11).

34. BuzHauuTH 9ac 3aKPUTTS 3aCyBKH, 11100 MiIBUINEHHS THCKY B CTAIEBOMY TPYOOMPOBO/Ii TOBKHUHOIO |,
M i miamerpom d, MM He mepeBumiryBano 9-10°TIa. Butpara Bomu ckmamae 60 n/c. IlIsmaxicTs
po3noBCIOKEHHS yrapHoi xBuii 1180 m/c.
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Tabauus 2 - YncesibHi 3HAYeHHSI BEJIMYMH 10 KOHTPOJILHUX 3a/1a4

Buxingai BemmauHn Bapiantu
Homep VYMmoBHI | OguHULL
3amagi . 1 2 3 4 5 6 7 8 9 10
TO3H. BHMID.
p1 Kr/M° 750 878 888 890 895 896 750 925 760 930
1 P2 Kr/m® 1250 1220 1030 1100 1150 1215 1200 1210 1200 1200
h cM 10 25 30 12 11 9 10 21 15 18
2 h cM 23 25 27 29 19 18 20 21 25 22
Pan MM PT.CT. 740 750 746 760 736 750 760 760 740 750
3 Po M BOJ.CT. 3 3.1 3.2 3.5 4 3.1 2.8 3.4 2.5 29
Paru kIla 98.1 98 98.6 99 101 97 90 98 80 97
axB M 12x6 25x4 10x7 15x4 18x4 19x3 19x5 16x4 12x8 15x6
4 hy M 35 5 3 35 4 4.2 35 3.8 3.4 3.8
h, M 3.48 4.45 2.58 3.48 3.9 4 4.2 3.72 3.88 4.1
Par MM PT.CT. 730 760 751 727 735 742 760 755 740 759
5 hy M 15 25 18 16 18 19 18 21 15 19
hpr M 40 50 43 41 43 44 40 46 50 47
6 Py Krc/cM? 3.2 2.4 2.5 2.7 2.9 3 3.5 3.1 2.5 3.4
L M 1000 950 1000 989 975 1000 950 978 1000 980
7 d MM 150 100 150 100 125 125 150 100 150 150
P1 aT 4.2 4.1 4 4.2 35 3.2 4.4 4 3.8 3.9
P, aT 3.1 3 3.1 3.6 2.9 2.8 3 3 2.7 2.95
d MM 200 150 200 250 200 150 150 125 200 200
8 jil| M 10 25 32 50 15 20 25 32 10 25
h M 8 10 14 25 32 17 8 20 9 19
Q1 n/c 6 4.3 55 5.9 8 6.2 55 4 6 5
9 Hy M 28 14 32 18 20 25 28 23 28 27
u 0.98 0.96 0.98 0.94 0.96 0.98 0.98 0.98 0.98 0.94
b M 4 5 4 4.45 5 4.3 4 45 4 4.7
10 h M 3 25 3.2 3 2.5 2.8 3 2.3 3 2.5
Q KH 15 18 20 25 18 16 15 11 16 10
Ky 0.5 0.25 0.3 3.41 0.52 0.5 0.5 0.55 0.54 0.6
Q n/c 30 40 50 35 32 29 28 41 30 55
11 d MM 150 100 200 90 80 125 150 100 150 150
Py ITa 6.5=10* |6.3=10* |6.7=10% 6=10* | 5.910* |5.8=10* | 6=10* |6.3=10* 610* | 6.2=10*
hw M 1 0.9 1.6 2.3 15 1.2 1.3 1.55 14 1.7
d MM 125 150 200 100 125 150 125 200 150 125
12 L M 400 500 300 250 620 327 400 435 500 727
hw M 15 18 19 16 14.5 15.6 15 14.9 17 15
A 0.025 0.03 0.028 0.031 0.05 0.019 0.17 0.02 0.02 0.033
13 d MM 25 20 25 32 20 25 32 25 20 20
Q n/c 1.8 1.6 2.2 0.9 1.8 2.2 1.8 1.9 1.6 1.95
t M 15 18 17.7 15.5 19 16 13 14 10 15
S M 6 5 3 7 6.5 5.9 7.2 5.6 6.1 6
14 d M 0.3 0.4 0.4 0.4 0.4 0.3 0.3 0.35 0.4 0.3
R M 150 200 157 215 1000 750 800 700 900 800
k cMm/c 0.01 0.2 0.015 0.02 0.0019 0.03 0.027 0.06 0.03 0.01
H M 10 8 9.9 7.1 10.2 10.1 11 12 8.95 10
h M 8 7.5 8.3 7.9 8.1 8.6 7.9 8 8 7.5
15 Zo M 0.5 0.4 0.32 0.6 0.59 0.4 0.55 0.4 0.5 0.4
k 3=10% | 4=10* [29+10° |18=10° | 4=10* | 3=10* |27=10° | 3=10* 104 10+
Q Mm%/ 106y 500 450 600 850 400 320 1200 500 600 700
d MM 200 150 200 200 150 200 150 200 200 150
ts c 8.2 8.1 8.1 8.2 6.7 8 6.7 8 8.1 8.2
16 L KM 5 4 5.9 4.9 5.2 4 35 5 4.9 4.8
Q n/c 53 50 51 56 54 81 63 52 56 53
Cyv M/C 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300
t oC 45 42 43 44 45 46 41 45 42 45
d MM 25 25 32 20 25 32 20 25 25 25
17 L M 14 13 14 17.1 20.9 18.9 21 17 23 15
Q /e 0.5 0.6 0.49 0.5 0.5 0.5 0.5 0.48 0.49 0.5
h M 4 3.9 4.1 3.85 3.76 3.89 3.95 4 4.1 4




Howmep

Buxinni Beauuuau

Bapiantu

sapaqi | O MOB- | Omununi 1 2 3 4 5 6 7 8 9 10
HO3H. BHMIp.
d o 2 21 | 23 2 19 | 24 | 19 7 18 | 19
5 H y 2 1.9 2 21 | 22 2 19 | 19 2 2
Pu xITa 10 11 12 13 9 14 8.5 10 9.6 11
Q e 086 | 09 | 11 1 07 | 14 | o8 | 085 | 082 | 08
19 hy y 100 | 120 | 80 | 110 | 90 75 92 | 110 | 110 | 90
i vy 150 | 100 | 80 | 200 | 80 | 120 | 140 | 100 | 120 | 150
20 d MM 80 50 40 50 65 60 70 70 50 | 100
H M 900 | 1000 | 700 | 850 | 650 | 800 | 900 | 710 | 800 | 760
) e 055 | 055 | 06 | 062 | 05 | 065 | 05 | 05 | 06 | 055
S, iy 5.5 5 55 | 53 | 45 | 49 5 5 55 | 58
21 S5 e 13 | 12 | 13 | 125 1 121 | 12 | 12 | 13 | 15
Ss e 02 | 02 | 025 | 032 | 055 | 065 | 03 | 025 | 03 | 032
H y 25 25 22 20 23 19 20 21 24 24
Z v 30 30 20 20 17 30 18 24 25 35
dy MM 51 51 51 51 51 51 51 51 51 51
22 0 y 80 | 100 | 80 60 90 70 68 95 80 | 100
H, v 80 80 80 70 80 70 70 80 80 80
”s d, Y 65 50 32 38 50 65 28 32 50 65
H y 70 55 40 40 60 70 40 50 70 80
d, M 77 66 77 66 77 66 66 77 66 77
tu y 120 | 100 | 8 | 100 | 120 | 140 | 120 | 100 | 100 | 80
24 dy MM 51 51 51 57 51 51 51 51 51 51
t y 60 80 70 56 80 40 40 60 80 60
. P p— 5 4 3 4 5 6 7 4 5 6
d, MM 13 16 19 13 16 19 19 13 16 16
U y 100 | 120 | 170 | 100 | 80 | 120 | 140 | 100 | 140 | 120
d, MM 66 77 77 66 66 77 66 77 77 66
I y 60 60 80 80 40 60 80 78 60 80
26 dy MM 51 51 51 51 51 66 51 66 66 51
d MM 13 13 13 13 13 19 13 16 19 16
H, v 90 90 90 80 70 70 90 70 90 90
” b y 10 8 4 35 4 35 12 7 115 | 95
H y 3 4 5 4 28 | 35 6 45 | 38 | 72
o) e 0.06 | 0.0039 | 0,018 | 0.0611 | 0.0889 | 0.05 | 0.007 | 0,017 | 0.012 | 0.0083
" H y 35 14 46 | 795 | 70 26 25 50 27 60
N 06 | 05 | 06 | 05 | 06 | 05 | 06 | 05 | 06 | 05
2 W v 500 | 450 | 580 | 300 | 800 | 200 | 500 | 450 | 500 | 450
q e 159 | 168 | 177 | 159 | 145 | 139 | 128 | 139 | 159 | 168
i ds M 51 66 51 66 51 66 51 51 66 66
H, y 80 90 70 90 80 80 70 65 72 78
o d, vy 19 16 13 13 16 19 22 25 13 16
Ho y 25 19 9 10 17 14 17 10 20 26
» d vy 66 51 66 51 66 51 51 66 51 51
z y 15 25 24 20 18 16 20 21 19 20
d, v 77 66 77 77 66 77 66 77 66 77
I w 80 | 120 | 140 | 140 | 120 | 100 | 120 | 140 | 180 | 160
33 dy MM 66 51 66 66 51 51 51 51 51 66
0 y 60 40 80 60 40 50 60 40 60 80
% | L a v 700 | 400 | 600 | 400 | 500 | 350 | 220 | 700 | 600 | 500
d ¢ M 200 | 250 | 150 | 100 | 200 | 250 | 100 | 200 | 250 | 300




Homatok 1
(Turynsaui uct st popmary A-4)

YEPKACBKMI THCTUTYT IIOXXEXHOI BE3IIEKW IMEHI T'EPOIB YOPHOBMJIA

®AKYJIBTET 3A0YHOI'O TA JUCTAHLIIITHOTO HABYUAHHS

KOHTPOJIbHA POGOTA

(Ha3Ba JUCLMILTIHH)

Cnyxaua Kypcy
HanpsMy MiATOTOBKA
®3 ta JIH

(mpi3BHILE Ta 1HIIIATN)
[Mudp
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