MPOEKTYBAHHS HIOTOKOBOI TEXHOJIOI'TYHOI JITHI{
BOJOIIOCTAYAHHSI TA HAITYBAHHSI
TBAPHHHHUIIbKOI ®EPMHA

MeToanyHi Bka3iBKkH /10 1a0opaTopHoi podoTu Ne2

META POBOTM - HaBuuTHCH pO3pOOIATH 3arajibHy TEXHOJIOTIUHY
CXeMy JIiHIi BOJOIIOCTauaHHs Ta HAIyBaHHS TBApUHHMIIBKOI epMmu, miaou-
patu HeoOXiJHEe TEXHOJIOTIYHE 00JIaIHAHHS Ta BU3HAYATH HOTO KUTbKICTh.

1 BKA3IBKHA 3 CAMOIIATIOTOBKHA 10 POBOTHU

1.1 3aBmanns aas camocriiinoi miarorosku (Joxarox /1)

Buguumu:

— OCHOBHI (pi3MuHI, XIMi4HI Ta OAKTEPI0JIOTIYHI XapaKTEPUCTHKHU BO-
I¥ JUTS HarmyBaHHs TBapuH 1 mrui [1, ¢.338...339, 2, ¢. 21...43].

— XapaKTePUCTUKY OCHOBHHX JKEPEI BOJOMOCTAYaHHS TBAPUHHUI[b-
kux depm [1, ¢.337...338,2,c¢.51...72].

O3natiomumucs i3:

— TPU3HAYCHHSM TIOSICIB CaHITapHOI 30HM HABKOJIO JKEpesa BOJIO-
NOCTaYaHHs TBapuHHHUIILKOT (hepmu [1, ¢.80...94].

Cknacmu 36im no pobomi:

—  HOMep, HallMEeHYBaHHS Ta MeTa poOOTH;

— OCHOBHI (pi3u4Hi, XIMIYHI Ta OAKTEPIOJIOriuHI XapaKTEPUCTUKU
BOJIY JIJIS HAITyBaHHSI TBApHH 1 MTHIII;

—  XapaKTepHCTUKY OCHOBHUX JKEpell BOJIOMOCTAYaHHS TBAPHUHHHU-
IBKHUX depM;

— TpU3HAYEHHS MOSACIB CaHITApPHOI 30HM HABKOJIO JIKEpesa BOO-
MOCTayaHHS TBAPUHHUIIBKOT (hepPMH.

1.2 IIuranHa 15 caMONiArOTOBKH

1.2.1 3 sKkuX TEXHIYHUX €NIEMEHTIB CKIAJa€ThCS CUCTEMA BOAOIOCTA-
YJaHHs TBAPUHHUIBKOT pepMu?

1.2.2 OcHOBHI BUMOTH JI0 BOJY JIJIsl HAITyBaHHSI TBAPHH 1 MITHUII.

1.2.3 OcHoBHI JKepesa BOJONOCTa4aHHsl TBAPUHHULIBKUX (hepM.

1.2.4 JlaTn XapakTepUCTHKy OCHOBHHX JDKEpeT BOJOMOCTAYaHHS
TBapUHHHIIBKHUX (hepM.

1.2.5 3 sK0r0 METOI0 JXKepeno BOAOMOCTaYaHHS TBAPUHHHUIIBKOI (e-
PMU OXOILTIOETHCS CAHITAPHOIO 30HOI0?



2

1.3 PexomeHjoBaHa JiiTepaTypa

1. Cxnap O.I. Mexanizamiss TEXHOJIOTIYHMX  TPOIECIB y TBa-
punHULTBI: HaB4. mocionuk/ O.I'.Cxisp, H.L.bontsHceka. — MemiTonods:
Komnop Ilpunt, 2012. — 720 c.

2. Pesenko LI. IIpoekTyBaHHS MEXaHI30BaHUX TEXHOJOTIYHUX IPO-
1eciB TBapuHHHIBKUX mignpueMcTB / LI.PeBenko, B.J[.Poroswuii Tta iH. —
K.: ¥poxaii, 1999. — 190 c.

2 BKA3IBKH 1O BUKOHAHHS POBOTH

2.1 Ilporpama pooir

— Po3pobutu TEeXHONOTIYHY cxeMmy JiHii BOJAOMOCTAYaHHS Ta HaIly-
BaHHS,

— Bu3HauuTH BUTpaATH BOJM HA TBAPUHHHUIBKIN (hepMmi;

— Bubparn mammuu 1 o0nagHaHHs JUTS JTiHIT BOJIOTIOCTaYaHHS Ta Ha-
MyBaHHS 1 BA3HAYUTU HEOOX1AHY HOTr0 KUIbKICTb.

Crrnacmu 36im ma 3axucmumu pooomy.

2.2 OcHallleHHsI po0040ro Micus

2.2.1 MeroanyHi BKa3iBKH.

2.2.2 HaouHi cTeHay, MaKeTH, HaBYaJIbHA Ta TEXHIUHA JiTepaTypa.

2.3 Teoperuuni BitomocTi

2.3.1 CtpykTypa BoonocradyaHus ¢pepm

Ha cporoani cgopmyBasiack HacTylHa CTPYKTypa BOJONOCTadyaHHs
¢bepM: Bos103abipHa, BOJIOMIIHOMHA 1 BOJOHAIIpHA CIIOPYIH 3 Pe3epPBYapoM
JUIS Pe3epBHOTO 3aracy BOJM, 30BHIIIHS 1 BHYTPIIIHSA MEpeXi BOAOIOCTa-
YaHHs Ta BOJ0P030ipHa amaparypa.

Boooniotiomni i 6o0onanipni cnopyou ma o61a0HaHHAL.

3a TUNIOM POOOYMX OpraHiB BOJOMIIMOMHHUKH MOAUISAIOTHCS Ha HOp-
ITHEBI, BIAIIEHTPOB1, BUXPOB1, TBUHTOBI, CTPIYKOBI, KOBIIOBI, epiiTHI Ta
riipoTapaHHi i KOMOIHOBaHI.

3a miclieM BCTaHOBJICHHS IIOJIO BUIBHOI MOBEPXHI BOJOMIAHOMHHKH
MOMISAIOTECA Ha 3ariubieHi 1 HezarnmuOneni. OCTaHHI 3aCTOCOBYIOTHCS B
THX BHUIMAJIKaX, KOJU ITUOMHA BCMOKTYBaHHS € MeHIIOk0 3a 10 MeTpiB.

3a KIIBKICTIO pOOOYMX OpraHiB, 3’€HAHUX B OJHMH arperat, BOJOIMI-
MOMHMKY MOJUISIFOTHCS] HA OTHOCTYIIEHEBI 1 6araTocTyrneHeBl.

INopmHeBi BoAONiAHOMHMKH 100pe Y3roKYIOThCS 3 TUXOX1IHUMHU
MIPUBOJIAMHU, MaIOTh BUCOKUN KOE(IIIEHT KOPUCHOI Aii, ale HU3bKYy Haaiil-
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HICTb 1 3HAYHY CKJIQJIHICTh KOHCTPYKIIii. BOHM HE MOXYyTh HaAIiHO MpaIlio-
BaTH y BHIAJKY 3a0pyAHEHOI BOM aOpa3suBHUMHU PEYOBUHAMH.

BinuenTpoBi i BUXpoBi Hacocu 100pe Y3roKyrOThCS 3 BUCOKOIII-
BUJIKICHIMHU €JIEKTPOIIPUBOAAMH, aJie¢ MAIOTh TipIIi BIACTHBOCTI IMOYATKO-
BOI'0 IYCKYy B poOoTy. BoHn norpe0yroTh 3ax0/1iB [yl I0YaTKOBOIO 3a110B-
HEHHsI pOOOYHX KaMep Hacoca BOJIOIO.

I'BuHTOBI BOAOMITIOMHUKHN MalOTh TipIIl HaIipHI BJIACTUBOCTI 1
BUKOPUCTOBYIOTBCS, SIK MPABWIIO, B TIOEJHAHHI 3 IHIIMMHU poOOYUMH Opra-
HaMH.

CtpiukoBi, KOBIIOBi Ta epai)THi yCcTaHOBKH J0Ope MPAIIOIOTh Y
BUIIQ/IKaX 3HAYHOr0 3a0pyIHEHHs BOAM aOpa3uBHUMH PEUOBHHAMHU.

CinporapanHi yctaHoBKM He MOTpeOyIOTh BUKOPUCTAHHS 30BHIIII-
HBOT €Heprii, a BUKOPUCTOBYIOTh €HEPril0 Mepenaay piBHIB BOAU 1 TOMY
MOKYTh YCIIIIHO MPAIOBATH Ha MEePeCideHiid MiCIIeBOCTI.

Boponanipui cnopyau Haifyacriie 00’ €IHYIOTh 3 pe3epByapamu AJis
HAKOIMYEHHSI PE3epBHOrO 3amacy BoAW. Jl0 OCHOBHHMX THIIIB HaJeXaTh
OaiToBi 1 0e30a1ITOBI BOJOHAMIPHI CIIOPY/IH.

Y 0amToBUX BOJAOHANMIPHUX CIOPYAAaX HEOOXiTHWI Hamip BOIU
CTBOPIOETHCS 32 PaXyHOK BUIBHOTO CTOBIA PiIUHU. BOHM mpencTaBisioTh
co0o10 pe3epByap, BCTAHOBJICHHH Ha CTiMKax BIJMOBITHOT BUCOTH.

VY 06e30aITOBUX BOJOHANMIPHUX CHOPYAAX HEOOX1HUI Hamip BOaU
CTBOPIOETHCS IIITXOM HAarHiTaHHS BOJHM B TEPMETUYHHN pe3epByap 3 MOBi-
TPSIHOIO MOyHIKo0. /Iy kepyBaHHsI poOOTOI0 Hacoca nepeadadeHa cneri-
allbHA MTyCKOPETYJTI0BAJIbHA amapaTypa, sika 3aJeKHO BiJ THCKY B pe3epBYy-
api BMUKae ab0 BUMHKA€E BOJISIHUIM HAcoC.

3acobu ona nanysanms meapuH.

3acoOu U1 HaryBaHHS TBapUH MOJUISAIOTHCS Ha CTAI[lOHApHI 1 MOOi-
JbHI, 1HAWBIAYaNbHI 1 rpynoBi. KpiM TOro, po3pi3HslOTh HalyBaJKd 3a
MPU3HAYEHHAM JUJIsl TIEBHOTO BHUJY TBapuH, IO BpaxoBye iX (iziooriusi
BJIACTHBOCTI.

VY BHUNajKy 3aCcTOCyBaHHS IPHB’s3HOI cucteMu yrpumanHs BPX 3a-
CTOCOBYIOTbH 1H/IMB1/lyaJIbHI YallIKOB1 aBTOHAITYBaJIKH.

Jns nanyBanus BPX npu 6e3npuB’si3HOMY 11 yTpUMaHHI, a TaKOX Ha
BUTYJIBHUX 1 KOPMOBHX MailaHYMKax 3aCTOCOBYIOTh I'PYIOBI CTalllOHApHI
HamyBankH. Jlexonu s HanmyBaHHA BPX, oBelb 1 NTHII 3aCTOCOBYIOTh
KOJOOKOB1 HAITyBaJIKH, aJie iX BUKOPHCTAHHS CTPUMYETHCS TIPIIMMHU Xa-
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pPaKTepUCTUKAMU 1010 JOTPUMAHHS CAHITAPHO-TITIEHIYHUX BHUMOT Ta IH-
TOMOI BUTPATH BOJM.

2.3.2 Pexomenauii mo/10 BUKOHAHHS PO0OTH
Po6oTa BUKOHY€EThCS 3a BUXITHUMU JaHUMU 3 Ta0. 1.

Tabmums 1
3aBaHHA JI0 PO3paxyHKIB

IToxazHuk Bapiantu

1 | 2 | 3] 4] 5 6 | 7 | 8
1 Bun TBapun BPX CBuHi
2 Cmoci6 [TpuB’s13HUI bes- I'pynoBuii
yTpUMaHHS MIPUB’ SI3HU I
3 Tlpoxykuis, 1m0 Mostoko M'sico M'sico
BHPOOJISIETHCS
4 Tloromis’s, ron. | 400 | 600 | 800 | 1200 | 1500 | 3000 | 4000 | 5000
5 Bun kepena CeepanoBuHa. I'mubuna 3ansaranas Boau 20 m.
BOJIOTIOCTAYaHHS

BukoHaTu po3paxyHKH 3a OJHUM 3 BapiaHTIB 3aBJIaHHS y HACTYIHIN
MTOCITITOBHOCT!.

Texnonoziuna cxema ninii po3poOIsE€THCA MO 33JaHOMY BapiaHTY
3aBaHHs. CxeMa BUKOHYEThCS TpadiuHO y BUMIISAI pUCYHKY. Bona mae
HAOYHE YSBJIEHHS MPO TOCTIJOBHICTh BHKOHAHHS OIEpaIiii i MOJerurye
BUOIp KOMILUIEKTY MallluH Ta o0naaHaHHs. HaifuacTimie noTokoBa TeXHOJIO-
ri4Ha JIiHig BOJIOMOCTAYaHHS CKJIQIa€ThCs 13 HACTYIMHUX OIeparliil: migioM
BOJIM 13 JpKepesa, HAKOMUYEHHS, IOCTaBKH 1 PO3IMOALT BOJIU MiX TBapHHa-
MHU.

Bumpamu éoou gpepmoro

Cepednvooobosa nompeba 600u na gepmi Q, . (M°) BU3HAUAETHCS

3a hopmynoro
ana. = zgi -m;, (2.1)
i=1

ne g; - cepeqHb01000Ba HOpMa BUTPAT BOJAU OJHUM CIOXKHBAueM i-1

rpymnu, M (Hdomarox A);

M, - KUJIbKICTh CIIOKHBAa4Y1B i-1 r'pyIiiuy, roj.;
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N - KUIBKICTh TPYIl CIIOKMBAYiB 3 OJHAKOBUMH HOPMaMH BOJIOCIIO-
KUBaHHS.
Crnio)XuBaHHs BOJU MPOTATOM JIOOHM MPOXOIHUTH JTyXKe HEpiBHOMIpPHO.

3 ypaxyBaHHSM LbOI'O MAKCUMAIbHA 00006a nompeda ¢oou Q, . 1
¢depmu Oyne CTaHOBHUTH:

Qiosmax =% " Qoo (2.2)
Je o, - Koe(lUieHT HEPIBHOMIPHOCTI 100OBOI0 CIIOKUBAHHS BOJIU,
a, =1,3.
Benuunna makcumanvnozo cnoscusanna 600u 3a 2oouny Q, .
Q a
_ 006.max 200
ono. - 24 ’ (23)

Ie o,,, - Koe(llieHT HEPIBHOMIPHOCTI TOJUHHOIO CIOKUBaHHS BO-
m, o,,, =2,0...2,5.

Bu6ip mawun ma oo6naonanunsa 1 TEXHOJOTIYHOL JIiHIT 3/IHCHIO-
IOTh 3T1/THO 13 pO3POOICHOI0 CXEMOKO ISl KOYKHOI 200 IEKUTBKOX OTepartii.
Mammnu 1 o0jasHaHHSA NMOBHHHI 3a0e3meuyBaTu Oe3lepepBHICTh POOOTH
JiHIT 1 HE MOTIPIIYBaTH SKOCTI, MIAHATOI 13 [PKEpera, BOIH.

Bubip eooonioitimanvnozo odraonanns

Jnst mogaui Boau 3 riauOuHU Oueie 10 M 3aCTOCOBYIOTH BOJIOITI M-
MaJIbHI YCTaHOBKH, SIKI OITYCKalOTh Y CBEP/UIOBUHY: 3ariauOH1 BiILIEHTPOBI,
BOJIOCTPYMUHHI, TBUHTOBI, IOBITPSIH1 epiiTH.

HeobOxigHa npodykmuenicms 6000nidiimansnozo 001a0HAHHA
Q, (M3/FOZ[) BU3HAYAETHCS 32 MAKCUMAJILHUMU JOOOBUMHU BUTpaTaMHu BOJU

Ha pepmi:

— Q&oé.max
Q, = —r (2.4)

H

ne T, - TpuBalicTb poOOTH Hacoca MpOTAroM 100u,roa. Pexomenay-

€TbCs puitMatu He Outbiie 14...16 rox.

BiamoBigHO 10 BU3HAYEHOI MPOAYKTUBHOCTI 32 TEXHIYHUMHU JaHUMHU
(domarox b) BubuparoTh HE0OXiAHMI HACOC.

VY pa3i HeoOX1THOCTI 30UTBIIIEHHS 1MOJa4l BOAM MO>KHA BCTAHOBJIIOBA-
TH KUIbKa HACOCIB, K1 MPAIIOIOThH MapajelbHO Ha oJiHy Mepexy. [Ipu 1po-
My BpPaxoBYIOTh, 10 KIJIbKICTh HACOCIB HE MPHU3BOAMUTH A0 MPOMOPIIIHOrO
MiBUIICHHS POIYKTUBHOCTI. 1] MOSICHIOETbCS TUM, IO 13 301UIBIIEHHIM
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mojadi BOAW BTPATH THCKY Ha TOJIOJIAHHS OMOPY B TPYOOMPOBOJI TaKOX
3pOCTalOTh 1 TOMY MPOAYKTUBHICTH CYMICHO TPAIIOIOYOTO HAcoca JEIIo
3HM)KYETHCS TIOPIBHSIHO 3 HOTO aBTOHOMHOIO pOOOTOIO 13 TI€IO 3K BOAOIPO-
BiJTHOIO MEPEXKEIO.

Buoip éooonanipnoi cnopyou

Crio>xuBaHHs BOJU Ha (hepMi MPOTATOM JOOH BiZOYyBa€ThCS HEPIBHO-
MipHO. [[1s1 y3ro/pKeHHsT poOOTH HACOCHOI CTaHIli 3 HEPIBHOMIPHUM pe-
KUMOM BHUTpaT BOJU B CHCTEMi BOJOIIOCTaYyaHHsS MependadueHi cremianbHi
BOJIOHAMIPHI criopynud. BoHU CTBOPIOIOTH HEOOXIIHHMM 3amac BOAM 1 IIUM
HIATPUMYIOTh CTAIUN PEXHUM POOOTH BOAOPO30IPHUX MPHUCTPOIB Yy Mepios
3YNUHKU Hacoca, MPU YCYHEHHI aBapiii, racinHi moxkexi tomo. Haiicydac-
HIITMMH BOJIOHAMIPHAMH CIOPYIaMU TSl TBAPUHHULBKHUX ITiIIPHEMCTB €
cylimpHOMeTaseBl 30ipHO-010K0BI OamTu. BoHM BiI3HAYaIOTHCA MPOCTO-
TOXO KOHCTPYKIII1 Ta eKCIuTyaTanii 1 HaiifHIiCTIO B poOOTi.

3aransHa MicmKicmb pesepeyapa 6000Haniphoi 6awimu \ (MS) BU-
3HAYAETHCS 32 POPMYIIOI0

V=V, +V, +V,, (2.5)

. oo 3.
ne V, - pobounii abo pery:orounii 06’eM pesepByapa, M*;

V, - 06’em A5 HaKONIMYEHHS] HEOOXITHUX (aBapiitHUX, MPOTUIIOKE-

s
JKHHX) 3a11aCiB BOIH, M°,
V, - macuBHUI HEBUKOPUCTOBYBaHHUM 00’ €M pe3epByapa, M.
PeryntoBanbHa MICTKICTh pe3epByapa 3aleKUTh Bl BEIMYMHU Mak-
CHUMaJIbHOI J0OOBOT MOTpeOH BOJHM, XapaKkTepy ii BUTpauaHHs B Pi3HI ToAu-
HU 100U Ta pexumy poOOTH HacocHOi ctaHuii. HabmmxeHo po3paxyHKo-
BUM LIUISIXOM pezyrioioua micmkicms pesepgyapa \ , (M3) BU3HAYAETHCS 32

dbopmynoro
V,=(015..0,3)-Q,,; (2.6)
Heo6xinnuii 3anac ¢oou V, (M3) BU3HAYAETHCS 32 POPMYIIO0
V3 :Vae +Vnoolc’ (27)

oY 3.
Je Vas - aBap1MHUMU 3a1ac BOOU, M,

o 3
Vv - IPOTUIIOKECIKHUU 3aI1aC BOAU, M .

nooic
b 3 o
Asapianui 3anac éoou \V,, (M°) IpUiMaroTh 3 po3paxyHKy BUMYIIeE-
HOT 3yNMMMHKH HACOCHOI CTaHIl1 JJ YCYHEHHS MOXJIMBHX HEMOJAJ0K Mpo-
TATOM JIBOX TOJINH:
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Vas = 2 ) ond ) (28)

VY BonoHamipHii OalTi MIOBUHEH OYTH MPOMURONCEHCHUI 3anac 60-

ou V(M) 3 po3paxyHKy raciHHs MOKexi mpotsroM 10 XBHIHH NPH BH-

tpari Boxu 10 am’/c. To6To
VvV, .=36-T-q

noac

(2.9)

nooic!

ne T - po3paxyHKOBHH Yac raCiHHS IMOXKEXi, TOJ;
0d,,,. - BUTPAaTH BOAM HA TaCiHHS MOXKEXI, ,uM3/c. Pexomenayerbes
3
=10 mv/c.
Ilacusenuit Hesukopucmogysanuii 00’em pe3epByapa BKIIOUAE BEp-
XHIO YaCTUHY pe3epByapa, L0 He 3al0BHIOEThCA BOJOI0 V (MS), a TaKoX

npuUMaTH JUI PO3PaxyHKiIB (

nooac

HIDKHIO YaCTHHY, 5IKa BUKOHY€E POJIb BiAcTiiiHuKa V, | (MS). TobTto
Vn = V]T.B + Vl'I.H ' (210)

BepxHst macuBHa YacTHHA 3yMOBJIEHA TUM, L0 Pe3epByap HE MOXKHA
3allOBHIOBATH BOJAOIO JI0 Kparo. MakcuManbHa BUCOTA 3allOBHEHHS pe3ep-
Byapa Ha 0,2...0,3 M HIDKYe BEpXHBOT0 00pi3y Horo cTiHoK. [ mubuna Bijac-
TiliHOT YacTuHU pezepByapa — 0,15...0,2 m.

BpaxoByroun Bullle cka3zaHe, MaCUBHUN 00’eM pe3epByapa Oyne cra-
HOBUTH

7-D? 7-D?

— Vid K
V, = 2 -h, + 1 -hy, (2.11)
ne D, - miamerp pesepByapa BopoHamipHOi Oamitu, M. [Ipuitmaerbes
D,=3,0 m;
D, - nmiamerp kosnoHM BojaoHamipHOi Oamte, M. IIpuiimaerscs
D,=12..2,0mM;

h, - BECOTa BEpXHBOT YaCTHHU pe3epByapa BOJOHAIIPHOI OAIITH, 110
HE 3aII0BHIOETHCS BOJIO0, M. [Ipuitmaetsest h,=0,2...0,3 m;

h, - BHcOTa HIXHBOI (BIJCTIHHOT) YaCTUHM KOJIOHW BOJOHAIIPHOT
oamty, M. [Ipuiimaerscs h,=0,15...0,2 m.

OTpumaHy po3paxyHKOBHM IUISXOM 3arajibHy MICTKICTb pe3epByapa
BOJIOHAMIPHOI OallITH OKPYIJISIIOTH 1 BUOMPAIOTh HEOOX1IHY MapKy Oaitu
(Jonmarox B).
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Buoip ma su3nauenna KinbKocmi Hanyeaiox

Bubip 3aco0iB HamryBaHHS 3yMOBJIIOETHCS BUJIOM Ta BIKOM TBAPHH YU
NITUII, @ TAKOXK CIIOCOOOM iX yTpuMaHHS. [HAMBITyalbHI HAITyBaJKU BUKO-
PHUCTOBYIOTh IpU (DIKCOBAaHOMY YTPHUMaHHI BOJO CIIOKMBaYiB, a IPYIOBI
3aco0M — mpu BUTYIbHOMY. Ha BUT'YNbHUX MaiilaHUMKaX pPeKOMEHIYETHCS
3aCTOCOBYBATH 3aCO0M, OCHAIIECHI €NEKTPOMiAirpiBadeM, ssKUi 3a0e3mneuye
(bYHKI[IOHYBaHHS HAITyBaJIKU B XOJIOJHY TTOPY POKY.

Heobxinny kinbkicmes Hanyganok N, po3paxoBYIOTh 33 BIIHOIIEH-

HsIM:

n =-—-, (2.12)

e M - KiTbKICTh TBAPHUH JAHOI IPYIH, TOJIiB;
M, - KUIBKICTb T'OJIiB, 5IKI OOCIIyTOBYIOTHCSI OJIHIEI0 HAIyBAJIKOIO, TO-
niB (omarok I).

2.4 Xix npoBeeHHsI

2.4.1 IlepeBipka BHKJIaJa4eM CaMOCTIHHOI MIATOTOBKH CTYIEHTIB 10
nabopaTopHOi poOOTH.

2.4.2 Buknagad 3HAOMUTH CTYJEHTIB 3 METOI0, 3MICTOM JIaHOi po-
00TH Ta BUMOTaMHU JI0 3aXHUCTY.

2.4.3 CamocrTiiiHe OnpalloBaHHS CTYAEHTaMH TEOPETHYHUX BiJIOMOC-
Tel 3 JaHOT TeMHU, BUKOHAHHS POOOTH 3TiAHO 3 MyHKTOM 2.3 Ta 0dopMIIeH-
HS 3BITY.

2.4.4 3axuct maboparopHoi poboTH BiAOyBa€THCS 32 JOMOMOTOIO Te-
CTIB HaIIPUKIHILII 3aHATTS 32 YMOBH NPABUILHOTO OQOPMIICHHS 3BITY.

2.5 Ilicia BUKOHAHHA PO0OTH, CTYJEHT CKJIAAA€ 3BIT, AKHH BMI-
Y€ JaHi:

1 Homep, HaliMeHyBaHHS Ta MeTa POOOTH.

2 OcHoBHi (i3uuHi, XiMiYHI Ta OAKTEPIOJIIOTIYHI XapaKTEPUCTUKH BO-
TV JI71s1 HAITyBaHHS TBAPHH 1 TITUIT.

3 XapakTepHuCTHUKy OCHOBHHX JDKEpEN BOJONOCTAauYaHHsS TBapWHHU-
LBKUX (hepM.

4 Tlpu3HayeHHs TMOSCIB CaHITApHOI 30HM HABKOJIO JDKEpena BOJOIO-
CTayaHHS TBAPUHHHIIBKOI (hepMHu.
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5 Po3paxyHkHn TEXHOJOTIYHOI JIiHIT BOJOIOCTAYaHHS Ta HAITyBaHHS
TBAapUHHUIIBKOT hepmu.
6 Cxema TeXHOJIOTIYHOI JIiHIi BOJIONIOCTAYaHHS Ta HAIyBaHHS Y BU-
TS PUCYHKY.
Ilynkmu 1,2,3,4 cmyoenm 6ukoHye camocmitino, K Ni020mosKy 00
1aOOpaAMOPHUX 3AHAMb.

2.6 KoHTpoabHi 3anuTaHHA

2.6.1 OcHOBHI THIH BOJOIIIHOMHHUX CIIOPYJ Ha TBAPUHHHUIILKHX (e-
pMax.

2.6.2 OCHOBHI TUIU BOJOHAIMIPHUX CIOPYJ HA TBAPUHHULBKHUX (e-
pMax.

2.6.3 Knacudixkaris i o61acTb 3acTOCYBaHHS 3ac001B /ISl HAIlyBaHHS
TBapuH Ha pepmax.

2.6.4 3 gxkuX TEXHOJOTIYHUX OIepaliii CKIAJaeThCs MOTOKOBA TEX-
HOJIOT1YHA JIiHIS BOAOIIOCTaYaHHS TBAPUHHUIIBKOI (hepmu?

2.6.5 Sk BU3HAUUTH cepeaHbOI000BY (MakcMMaibHy AOOOBY, Mak-
CHUMaJIbHY TOJIMHHY) BUTPATY BOJU TBAPHHHHIIBKOIO epMOI0?

2.6.6 3 akux MipKyBaHb BU3HAYA€THCS 3arajibHa MICTKICTh BOJOHAIII-
pHO{ GamITH TBAPUHHULIBKOI (hepmu?
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JTOJATKH
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HopaTtok A
Tabmums A.1
Jl06OBi HOPMH BHTpAT BOIH JUIsl HAITYBAHHS TBAPUH, M /TOIL.
Bup tBapun Hopma ra Bup tBapun Hopma na
TOJIOBY TOJIOBY
Koposu niitHi 100 CBuUHOMATKH 3
Koposu m’sicHi 70 MOPOCATAMH 60
buku i Herenmi 60 CBuHI Ha BiIrOJiBII1 15
Momnonusk BPX 30 Kypu 1,0
Tensara 20 | 591050951 15
BiBmi mopocmi 10 Kauku i rycu 2,0
MonoaHSK OBELD 5 Kpomi 3,0
JlomaTok b
Tabmuns b.1
TexHi4HI XapaKTePUCTUKH 3arIMOHUX BIIIIEHTPOBUX HACOCIB
Yacrora | Io- Bayrpimnin Kinp-
loB- | obep- TyX- | JlaMeTp, MM KICTh
rnmojava, | HUH TaHHS HICTB | pobo-
Mapxa M>/rox. Hamip, | pobouo- | mpu- | CBCp- ;Iligi“o 60-
MIla |ro K0J116- BONy, | AUIO- HaT- E170'¢
ca, XB kBT BUHH py6Ka | KOTIC
O1IB4-2-10 1,6...2,7 | 0,46 2775 0,75 100 32 14
OlB4-1,6-65 | 1,2...2,7 | 0,74 2775 0,75 100 32 13
S1B6-7,2-75 | 6,0...9,5 0,9 2880 2,5 150 50 10
D1B6-7,2-
120 6,0...9,5 | 0,97 2835 4,5 150 50 16
6AIIB 9X7 6,0...10 | 0,52 2950 2,5 150 40 7
6AIIB 9x12 5,0...10 0,9 2950 4,0 150 40 12
OI1JI-6 13...23 0,86 2900 7,5 150 60 10
OITH-6-16-
50 16,0 0,75 2880 55 150 50 9
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Tabmuus b.2
TexHiuHI XapaKTepUCTUKN BOJIOCTPYMUHHHX YCTAHOBOK
Hamip
Ho- ] Mapka | Torysx- Hajl [Tonaua [mubuna
Mep BIJIIIEHT- | HICTH . !
Mapka BICCIO Hacoca, I THSATTS
ycTa- | poBOro MPUBO/IA, 3
Hacoca, | M~/rof. BOJIM, M
HOBKH | Hacoca KBT
MIIa
BH-2-8 1 2x-6 4,5 0,2 5,2...16,0 | Mo 28,0
2 2k-66 4,5 0,2 3,6...11,0 | Ho 28,0
3 3k-9 7,0 0,25 4,7...14,0 | Ho 33,0
4 3k-9 7,0 0,25 3,8...10,0 | Ho41,0
BH-211-6 1 17C-2 7,0 0,5 8,6...144 | [0 30,0
2 mac-3 10,0 0,5 7,2...10,8 o 50,0
4 c-4 14,0 0,5 6,8...10,4 | Mo 75,0
Honatoxk B
Tabmuns B.1

TexHiYHI XapaKTEePUCTUKNA BOJAOHAIIIPHUX CIIOPY/T

Tloka3zuuk

Mapka 36ipHO-0JI0KOBOI OarTu

BP-15V BP-25V BP-50Y
[ToBHA MICTKICTh AT, M 29 53 104
MicTkicTb pe3epByapa, M 15 25 50
MIicCTKICTh BOJM B KOJIOHI, M 14 18 54
Bucora go nHa 6aka, M 12 15 18
Hiametp 6aka, M 3,0 3,0 3,0
JliameTp KOJIOHU, M 1,2 1,2 2,0
Maca, kr 3160 4810 7960
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Hopatoxk I'

Taommms I'.1
TexHiuHI XapaKTEPUCTUKHA aBTOHAITYBAJIOK
Micrt- . KinpkicTh TOJIB,
X KIIBKICTB

Bun TBa- Mapxa KiCTh Micms s mo o0ciyroBy- | Maca,

puH qa13111, HamyBaHHs €ThCS  aBTOHA- | KT

M yBaJIKOIO
AIl-1A 1,8 1 2 0,75
ITA-1A 2,0 1 2 6,0
BPX ITA-1b 2,1 1 2 51
ATK-4b 40 4 Jlo 100 30,7
AT'K-12 8 o 200 46
ATTI-®-200 4 20 200 200
OIIT-D- 2 20 200 375
fiﬁ) (Te- 1 500 200 415
OIIK-®-
200

I1CC-1 0,3 1 25...30 45
' IIBC-1A - 1 25...30 0,19
Cauni TIBII-1A - 1 25...30 0,11
AC-D-25 - 1 25 0,1
o I'AO-4A 9 4 200 6,7
Biui ATIO-®-25 | 11,6 4 200 16,7
ITH-1 - 1 4...5 0,07
I[Ituus AIl-2M 35 He 5330 370
ATIDK-140 60 | HOpMYy€ETBCS 280 32
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JOIJATOK /1
(moBiIKOBUIN)

.1 OcHoBHi ¢izuyHi, XiMiuni Ta OakTepioJioriyni Xapakrepuc-
THKH BOJM JIJIs1 HALYBAHHA TBAPHUH i nTHLi

VY TBapMHHUITBI BOJly BUKOPUCTOBYIOTH B MEpUIy Yepry [yl Haiy-
BaHHS TBAapHH 1 IITHIIl, @ TAKOX B 1HIIUX TEXHOJOTIYHUX Ipoiiecax (Harpu-
KJIaJl, IPUTOTYBAaHHS KOPMIB, JJOTHHSI KOpiB 1 MEpBUHHA 00pOOKa MOJIOKA),
Ha MOOYTOBI, CAaHITAPHO-TITIEHIYHI, TIPOTUIIOXKEKHI IIOTPEOH TOIIIO.

Bopa ans TBapUHHUIBKUX HiATNPHEMCTB, SIK 1 7151 HACEIEHUX MyHK-
TiB, MOBUHHA BIAMOBIJATH BUMOTaM JIEP>KaBHOTO CTaHIApTy Ha MUTHY BO-
ay. SIKICTh OIIHIOETBCA 3a (I3UYHUMH, XIMIYHAMH 1 OaKTEpiONOTIYHUMHU
xapakTepucTukamu (tadsmms J1.1).

Tabmums /1.1
Bumorwu 110 sKocTi Bou

SIKiCHI TOKa3HUKH BOJN InTepan | Hopma
3amax 1 npucMmak npu temneparypi +20 °C, B 6anax 0...5 2
KonbopoBicTh 3a 11kasor, B rpagycax 0...100 <20
ITpo3zopicTk 3a mpudTOM, MI/I - <2
3arajibHa JKOPCTKICTh, MI'-€KB/JI 3,5...14 7
3aranpHa KUTBKICTh OakTepiit B 1 M 10...1500 | 100
Hepo30aBIeHOi BOAM
CepeHsi KUIbKICTh KHIIIKOBUX MAJMYOK B 1 J1 BOAM 0...10 3
|Boa He MOBMHHA BMIIYBAaTH BOJHUX OPraHi3MiB, sKi
MO>KHA BIJIPI3HUTH HEO30POEHUM OKOM

JlJis HarmyBaHHS TBApUH 3aJISKHO BiJl X BHY Ta BIKY PEKOMEH/Y€Th-
csl BOJA, sIKa Mae TeMmepaTtypy B Mexax 8...25°C, 6e3 CTOpOHHIX 3amaxy,
CMaKy Ta KOJbOpYy. 3a0pyaHEHICTh (BMICT OpraHiyHUX ab0 MiHEpaIbHUX
PEYOBHH) HE MOBUHHA MEPEBUIILYBATH 2 MI/IL.

JloOposikicHa TMTHA BOJia TOBUHHA MAaTH HEUTpaiabHY ab0 ciaboiy-
KHY peakiiito Ha piBHi pH 6,5...9,5, *opcTKicTh (32 BMICTOM COJIeH Kajib-
IIF0 1 MarHito) — He OUTbIIE 7 MI-€KB/JI, OKHCJICHICTh (HASBHICTh, BUIBHOTO
KHCHIO) — He OunbIe 2,5 Mr/i, a BMICT cBUHIIO — He Outbie 0,1 mr/mn, Ki-
JBKICTh KUIIKOBUX MAJMYOK B OJHOMY JIITP1 BOJHM HE TIOBUHHA IEPEBHIINY-
BaTH TPHOX.
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Bona nist hepMcbkux MoOIOYHHX a00 MOTOKOBHUX JIIHIN TEPBUHHOT
00poOKM MOJIOKa HE IOBHHHA MICTHTH BamHa (OyTH M’SIKOI0), CIIOTYK Mar-
HilO, 3aji3a Ta opraHiyHUX peyoBuH. JKopcTka BoJla CBOIMHU BiJIKJIaICHHS-
MU Ha CTIHKax TpyO 3MEHIIye iX MpOMYCKHY 3/JaTHICTbH 1 TeIulonepenavy.
Bogna 3 momimkamu 3ajtiza 1 OpraHiYHMX PEYOBUH 3HUXKYE SIKICTh MOJIOY-
HUX IPOAYKTIB 1 HABITh MPU3BOAUTH X JIO IICYBAHHS.

SIKiCTh BOJM MOKPANIYIOTh NMUIIXOM BiJICTOIOBaHHS ii y pe3epByapax
BEJIMKOi MICTKOCTI ab0 ¢inbTpyBaHHAM. 151 MOJIMIIEHHS SKOCTI BOJM il
MPOIMYCKAIOTh Kpi3b (DUIBTPH, K1 JO0OpE MOTIMHAIOTH KalbIlii, a00 Harpi-
BatoTh A0 Temmeparypu 70...80°C, B pe3ynabTari 4oro Kajblliii Ta MarHii
BUIAJIAlOTh B 0Caj. 3 METOK 3HE3apa)KCHHs Y BOJAY J00aBISIOTh YHCTUH
XJIOp 9d XJIOpHE BamHO. OOpOOKY BOJM XJIOPOM BEAYyTh Y CHEIliaIbHUX
armaparax, siKki Ha3UBalOTh XJIOPATOPaAMH.

J.2 XapakTepucTuka OCHOBHHUX JKepes BOJONOCTAYAHHS TBa-
PUHHUIBKHUX (epm

Jlnis BogonocTauyaHHsl TBAPUHHULIBKUX (pepM MOXyTh OyTH BUKOpHC-
TaHi BIIKpHTI (MOBEPXHEBI) JyKepena, 10 SIKUX HaJleKaTh Piukd, 03epa, BO-
MOMMMUIIA, KaHAIH TOIIO, a TAKOXK MiJ3eMHI BOIH, 110 IUIATHCSI Ha Oe3Ha-
MIpHI Ta HaIipHI.

ITig3emMHi BOAM B CBOIO Uepry MOJUISIOTbCA Ha IPYHTOBI 1 MiXKILIac-
TOBi. [pYHTOBI BOJIM, PO3MIIIYFOTECS HaJl MEPIIUM BOJOHENPOHUKHUM Ila-
POM, KM XapaKTepU3yeThCs BIJCYTHICTIO HAmopy, MOCTIHHUM KOJMBaH-
HSIM pIBHSI, MOXJIMBICTIO 3a0pYyJHEHHS PI3HUMHU pedoBHHaMU. MixruiacTo-
Bl BOJIM 3aJITal0Th MIX JIBOMa BOJJOHEIPOHMKHUMU IIapaMHu (HamipHi 1 ap-
TE31aHChKI).

[TinzeMHi BOAM YMCTIII 32 TOBEPXHEBI 1 MAIOTh BiIHOCHO MOCTIHHY
temneparypy. Ilpocouyrounch Kpi3b BOJOHEIPOHUKHI IIApH, aTMOC(HEpHa
BOJIa 3BUIBHIETHCS BiJl 3BaXEHMX YACTMHOK 1 MIKpOOpraHi3miB, 30arauy-
€TBbCS MIHEPATBHUMHU COJSIMH, MIKPOEIEMEHTAMH Ta BYTJIEKHCIOTOIO 1 B
pe3yibTaTi IIbOr0 OTPUMYE BUCOKI CIIOKUBYI SIKOCTI.

Jlist 3a60py BOJM 13 TOBEPXHEBUX HKEPEsl BUKOPUCTOBYIOTH CIIeIlia-
JIbHI TIPUCTPOT Ta Cropyau — Geperosi abo pyciosi. Ix po3milryoTh Mo Te-
4ii piyku 000B’SI3KOBO BUIIIE HACEIEHUX MMYHKTIB 1 BAPOOHUYMX 00’ €KTIB.

Bonay 13 mia3eMHUX JKepes BUKOPUCTOBYIOTh Yepe3 IaxTHi abo Tpy-
6uacTi Kos10/15131 (OypoBi CBEPIJIOBUHH).
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3a KOHCTPYKIIi€Er0 poO0ovoi yacTUHU (DUIBTPU IUTSATHCSA HA CITYACTI,
JPOTSHI, NIUTMHHI 1 TpaBiiiHi. SIKII0 BOJOHOCHMI MIAp CKIAIAETHCS 3 TBEP-
WX TOP1J 3 IIIJTMHAMU, TO (PUIBTPH HE BCTAHOBJIIOIOTHCS 1 BOJIA HAJIXOIHUTh
0e3mocepeHbO 13 CBEPAJIOBUHHU.

Cucrema BOJONOCTAYAHHS — 1€ KOMIUIEKC €JIEMEHTIB JIJIs 3a0upaH-
Hs, OOpOOKHM 0 HEOOXiMHOI SIKOCTI, JOCTaBKH 1 PO3MOMALITY BOJU MiX CIO-
xuBauaMu. CTpyKTypa Ta B3a€MHE PO3MIILIEHHSI OKPEMHX €JIEMEHTIB CHUC-
TEMHU BOJIOTIOCTAYaHHS 3aJIe)KaTh BiJ 1 MPU3HAYCHHS, MICIIEBUX MPHUPO/I-
HUX YMOB 1 CaHITapHUX BUMOT 70 BoJu. CxeMa BOJONOCTauYaHHs 3HAYHOIO
MipOI0 BU3HAYAETHCS BUOOPOM JIXKeperia BOJIH.

JlxepenaMu BojonocTauaHHs (epM MOXKYTh OyTu OypoBi CBEpIIO-
BHUHU (TpyOYacTi KOJOIs131), IAXTOBI KOJIO/SI31 Ta BIIKPUTI BOJIONMHU.

byposi ceeponosunu BUKOPUCTOBYIOTH BOAM TIMOUHHUX MOTY>KHUX
BOJIOHOCHHX TOPH3O0HTIB, SIKI HAJIHO 3aXUIICHI BiJ OakTepiaibHOTO 3a-
OpynHeHHs. Boia B HUX XapaKTepU3YeTbCs CTANICTIO SKICHUX MOKA3HUKIB
Ta TeMIepaTypH, TOMY BOHU IIUPOKY 3aCTOCOBYIOTHCS U MEXaHI30BaHO-
r0 BOJONOCTauYaHHs TBAPUHHUIIBKUX MIANPUEMCTB, HE3B)KAIOUX Ha 3HAUHI
BHUTPATH HA iX CIIOPY/KEHHS.

Lllaxmosi k0100531 BUKOPUCTOBYIOTH ISl 3a00pY I'PYHTOBHX BOJI, SIK1
3a1araoTh Ha Tubuni 30 — 40 M. Ix Bojga moTpedye MOCTIHHOTO KOHTPOIIIO
SIKOCTI.

Biokpumi Oowcepena (cTaBKu, piuKH) JIETKO MiJAAIOThCS OakTepiaib-
HOMY 3a0pYAHEHHIO, a iX OUMIIEHHS NOoTpeOye 3HAUHUX KamiTalIOBKIIAICHb.
[ToBepxHeBl Ta IPYHTOBI BOAM (LIAXTOBUX KOJOJA31B, BIAKPUTHUX BOJIONM)
JUTSL MEXaH130BaHOTO BOJIOMOCTauyaHHs ()epM 3aCTOCOBYIOTHCS JYKE€ PiJIKO.

Bopga nmis TBapHHHHIIBKUX ITiITPHEMCTB, K 1 JIJIST HACEJICHUX ITyHK-
TiB, TOBUHHA BIAMOBIJATH BUMOTaM JEP>KAaBHOTO CTaHAAPTy HA MUTHY BO-
ny. SIKICTh OLIHIOEThCA 33 (PI3MYHUMHM, XIMIYHUMHU 1 GaKTEpiOJIOrTYHUMU
XapaKTePUCTUKAMHU.

/.3 IIpu3HayeHHs NMOSICIB CAaHITAPHOI 30HH HABKOJIO JKepesia Bo-
AONOCTAYAHHS TBAPUHHHUIBKOI epMHU

1106 3anmo6irtu 3a0pyIHEHHIO BOAM B JDKepelaxX, HaBKOJIO HUX BiJ-
BOJIATH CaHITapHY 30HY, SKa BKJIIOYAE TPH MOSICH 3 PI3HUMH pPEKHMaMHU
OXOpOHH.

Mes:xa nepiioro nosicy Juist piyky po3TalioBaHa Bij MicIls 3a00py BO-
nu Ha Bifgctani 200 M BBepx (mpotu Teuii), 100 M — yHH3 (32 Tedi€lo) Ta Ha
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100 M — mo obuaBa Ooku 1Mo mupuHi piuku. [Ipu 3a6opi Boau i3 o3ep uu
BOJIOCXOBHII M€Xa 30HH MEPIIOro MOsSCy Ma€ BUTIIA Kona 3 paaiycom 200
M; IIpY BUKOPUCTaHHI IPYHTOBUX BOJ 1€l paziyc nopiBHIoe 50 M, a mionia,
10 BiJOKpeMITIOEThCS — 1,4 Ta; Ui miA3eMHUX JDKepell pajiyc moscy cra-
HoBUTH 30 M, a BiokpemiieHa mioma — 0,25 ra. TepuTopis mepmoro nosicy
BiJJOKpEMJIEHa OTOPO’KEI0 1 3eJIeHMMHU Haca/pKeHHAMU. Ha Hili 3a060poHsi-
€TbCSI 3BOAUTU OYyiBII JUIsl MPOXKUBAHHS JIIOJIEH, YTPUMaHHS TBapUH Ta
IITHULI.

Jpyruii mosic BKJIIOYAE JDKEPENo Bojo3ade3reueHHs 1 6aceitH ioro
KHUBIJICHHS (TOOTO aKBaTOPiI0), 10 MAE BIUIUB Ha (JOPMYBAHHS SIKOCTI BOJIU
mxepena. J1o Ipyroro nosicy HajekaTh HAaCeJIeHl MyHKTU i BUPOOHUYI Tif-
MIPUEMCTBA, TisUTBHICTh SKHUX BIUIMBAE Ha JDKEPENO BoAW. B 30HI mpyroro
MosiCy HeoOXiJHO mepeadayaTy 1 MPOBOIUTH 03[J0POBUI 3aX0/IH, B pasi mo-
TpeOu 0OMEXyYBaTH rOCIIONAPCHKY MisIIbHICTb.

Tperiit mosic 30HU caHITapHOI OXOPOHH MEXKYe 3 ApyruM. Ha tepuro-
pil IBOTO MOSICY MPOBAIATH CIIOCTEPEKECHHS 32 1HPEKIIHHUMHU 3aXBOPIO-
BaHHSMHU 3 METOI0 CBOEYACHOTO 3anmo0iraHHs iX MOLIUPEHHIO Yepe3 BOJOM-
POBIJT TSI TUTHOT BOJTH.



