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1 PEKOMEHJIALII 10 MPOBEJEHHS MPAKTUYHUX 3AHSTH

3azanvHi nON0IHCEHHA RPO NPAKMUYHI 3AHAMM A

[IpakTuyHl 3aHATTS TOBUHHI OPraHiuHO TOE€JHYBAaTUCA 3 JICKIIHHUMU,
71a00paTOPHUMU 3AHATTIMHU Ta CAMOCTIMHOIO pOOOTOIO CTYIEHTIB.

OcHOBHI 11UT1 MPOBEJECHHS MPAKTUYHUX 3aHATh:

— 3a0e3MeYnuTd YMOBHU JIA TMOTJMOJICHHS 1 3aKpIIUIEHHS 3HAaHb CTY/ACHTIB 3
OCHOB JUCUUIUIIHY, K1 HAOYTI MiJ Yac MPOBEJEHHS JEKIii Ta y Mpolieci BUBYEHHS
HaBYaJIbHOT 1H(OpMAITii, 10 BUHOCUTHCS HA CAMOCTIHHE OIpaIlFOBaHHS;

— CIIOHYKAaTH CTYJEHTIB JI0 OOrOBOpEHHS HaMOUIbII CKIAQJHUX NHUTaHb
METOMYHO1 JIiTepaTypu, popMyBaHHS y HUX HABUYOK CAMOOCBITH.

BinMiHHOIO OCOONUMBICTIO MPOBEJEHHS MPAKTUYHOTO 3aHATTA SK (popmu
HaBYAJIbHUX 3aHSTH €:

— aKTHBHA y4acThb CaMMX CTYJEHTIB y 3'iCyBaHHI NMpoOJieM, MUTaHb, K1 OyIu
BUHECEH1 Ha PO3IJIAL;

— BUKJIQJ]a4y HAaJla€ CTYJIEHTaM MOXKJIMBICTh BUIBHO BHCIJIOBIIOBATHCS Mij 4ac
PO3paxyHKy 3aJa4 Ta JoroMarae iM BipHO OyAyBaTH CBOi MIpKyBaHHS;

— HaBYaJIbHA METa MPAKTHUYHOTO 3aHATTS BUMArae, moo CTyAeHTH Oynau noope
MIATOTOBJICHI 10 3aHSTTS;

— SIKUIO CTYJIEHTH HEMHiArOTOBJIEHI A0 3aHATTS, TO NPAKTUYHE 3aHATTS
MePETBOPIOEThCS  y  (PpoHTanbHYy Oeciny (BUKIAmayd 3aja€ TUTaHHS, CTYJICHTH
BIITIOBIIaIOTh HA HUX).

B naHux mMeTronMyHMX BKa3iBKax HaBEJEHI 3aBAaHHS 1 peKOMEHJAIlli m[0/10 iX
BupieHHs. Ha moyaTky npoBeleHHs 3aHATTS BUKIAJNay O3HAHOMIIIOE CTYACHTIB 3
TEMOIO 3aHATTS Ta 3MICTOM 3ajad, Kl HeoOXigHO pimuTH. Ilicas nporo cTyneHtu 3
JonaTky A OGepyTh JaHl AJis MPOBEACHHS PO3paxyHKIB (HOMep BapiaHTYy NOBHHEH
CHiBNAJATH 3 OCTAHHIM HOMEPOM 3aJIiKOBOI KHM:KKH). B KIHIII 3aHATTS BUKJIaaay
nepeBipsie MPaBUIbHICTh BAKOHAHHS PO3PaXyHKIB.

3MICTOBHH MOJYJIb 1 3azansna xapakmepucmuka npoyecis,
Memo0ie i cxem OUUUeHHA RPUPOOHUX 600

Tema 1 Ouinka sikocTi npupoAHNX BoaA. Bulip cxemu BOIONIArOTOBKH

3asoanna 1.1. Ha o4yucHI ciopyau HaJaXOJUTh BOJA 3 TaKUMHU TMOKa3HUKAMU
aHaJi3y BOJIU:

— BMICT KaTIOHIB 1 aHIOHIB y BOJI, mr/am; Ca>™ — 56; Mg2+ —22.8; Na" — 39.6;
HCO; - 85,5; SO, — 176,3; C1” — 47;

-pH-17.5;

— temmepatypa Boau, ‘C — 13,1;

— KaJaMyTHICTb, Mr/am° — 94;

— 3a0apBJIEHICTh, T'paj. MKII — 54;

— 3amax, npucmak, oam — 2.



Bukonatu mnepeBipKy AOCTOBIPHOCTI aHali3y BOAM, pEe3yJbTaTH aHali3y
10HHOTO CKJIaZly BOAM 300pazuTu rpadiuyHo y BUIJISIl AlarpaMu repeadadyBaHOTO

CKJIaZy COJICH.
Piwenna. Bopa enekTpoHeHTpalibHa, TOMY CYMH KOHIEHTpAIlil KaTiOHIB 1

AHIOHIB, BUPAXKEHi B MI-€KB/IM°, TIOBHHHI OYTH PiBHUMH:
[Ca®] + [Mg”] + [Na'] = [HCO5] + [SO4] + [CI] (1.1)
Jisi TmepepaxyHKY KOHIGHTpALiil i0HiB, BHPQKEHHX B MI-GKB/IM, iX
HEOOX1HO PO3AUIMTH Ha €KBIBAJICHTHY Macy JJaHOT pEeYOBUHHU:
Ca**  Mg* Na® HCO; K SO; , CI" .
20,04 12,160 23 61,02 ' 48,03 3548’ (12)
56 228 39,6 855 1763 47
+ + = + + ;
20,04 12,16 23 61,02 48,03 3548
YK=XYA;
6,39=6,39.
TlepeBipuTH MPaBUIBHICTh aHANI3Yy MOXHA 3iCTABICHHSIM CYM y MI-CKB/IM’
KaTi1OHIB 1 aHIOHIB, MPHU I[LOMY:

2K=2A 100% < 5%:; (1.3)
>K+Y A
6,39-6,39
—=——>.100%=0 < 5%.
6.39+6,39 ’
Bbynyemo miarpamy nepeadadyBaHOTo ckiiaay coseit (puc. 1.1).
2,8 1,9 1,7
Ca?t Mg2+ Na*
| S 2 |5 7
@)
HCOy S0, cr
1.4 3,7 1,3

Pucynoxk 1.1 — Jliarpama nependauyBaHoro ckjiaay coJieil y BUX1AHIM BOJIl 32 JAHUMHU aHaII3y

(ZK=34)

VY Boi, sika HAAXOAUTh Ha OYUCHI CIIOPYAH, 3HaxoasaThes Taki coni: Ca(HCOs3),,
CaSO4, MgSO4, Na2804, NaCl.

3asoannsa 1.2. JIns naHux, sSKi HaBeleH1 B 3aBJaHHi 1.1, BU3BHAYUTH TBEPAICTD,
JY>KHICTB Ta CYXHH 3aJTUIIOK BOJIH.
. . . . 24+ . 2+
Piwenna. Cymapna xoHueHtpauis karioHiB Ca” 1 Mg~ BHU3Haudae 3arajbHy
TBEPAICTh BOJIU:
2+ 2+ 3
Ca Mg™" mr-exs/om’, (1.4)

T =
sar ~ 20,04 | 12,16
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_ 56 228 _, o wmr-exn/mm.
30 20,04 12,16
3arajibHa JIY)KHICTh 3aJIE)KHO BIJ] 10HHOTO CKJIaJy BOJM MOJXKE BKIIIOYATH
OikapOoHaTHy, KapOOHaTHY ¥ TiApaTHy CckJIanoBi. OCKUIBKH 3 TMepepaxoBaHUX
aHIOHIB y OUIbIIOCTI NpUpoAHUX BoJ TepeBaxkae aHioH HCO;, iXHS JyXKHICTb
BU3HAYAETHCS KOHIICHTpaIli€l0 OikapOoHATIiB. AJle IIe CHpaBeJIMBO 3a YMOBH, IO
BesmurHa pH He nepeBuiye §,3.

V¥ namomy npuknani pH = 7,5, omxe, ipu T3ar > 'H3ar:

[HCO J:T _J ,Mr-exkB/aM’ (1.5)
3 K 3ar

[HCO }:1)4 MI-EKB/IIM: .

3

T =T _T ,Mr-eKB/IqM (1.6)
HK 3ar K

3
T, =467-14=327 MI-CKB/IM .
[Ipy BH3HAYEHHI CYXOro 3aJMIIKy TpeOa BpaxOBYBATH TEPMIYHHUI po3maj

OikapOoHaTiB HaBMUI. CyxXuil 3aJIMIIIOK BU3HAYAIOTH 32 PIBHIHHSM:
P =[HCO;5 J/2 + [SO,* ]+ [CI'] + [Ca*] + [Mg*] + [Na'], mr/am’, (1.7)

3
P =56+22.8+39,6+ 52 1176,3+47 = 384,45 MI/IM .

3ae0anns 1.3. Bubpatu cxemy 1 CKJajJ BOJOOYUCHUX CIOPYI MPU TaKHUX
BUXIJTHUX JAHUX: KOPUCHA MPOAYKTUBHICTh BOJ0OUYMCHUX criopyn 72 000 M3/I106y,
3a0apBieHICTh 54 rpaj. IKII, BMICT 3aBUCIUX PEYOBHUH 75 mr/am’. Jlo3a KOaryJIsiHTy
66 wmr/onM’. BamHo mpm Kkoarymsmii He nomaroth. Ha crammii mepeaGadaerhes
MOBTOPHE BUKOPUCTAHHS MMPOMUBHUX BO/I.

Piwenna. KoHUEHTpalilo 3aBUCIMX PEUYOBMH Y BOJ1 MPU BBEJIEHHI B Hel
KOaryJistHTy BU3Ha4aroTh 3a [1, popmymna (10)]:

Cp =M+Ky J;+0,25-3+By, mr/nm’, (1.8)
ne M — kalaMyTHICTh BUXIJTHOT BOJIH, MF/):[M3;

i — 103a KoaryJsHTy 3a 0€3BOJHUM IIPOAYKTOM, MI/aM;

Ky — xoedinienT, skuit npuiimarote 11 Aly(SO4); — 0,5, g FeCls — 0,7;

3 — 3abapBieHICTh 0OPOOITIOBATBLHOT BOAM, TPal. TIKIII,

By — KUIBKICT HEPO3YMHEHHMX PEYOBHMH, IO BBOJATH 3 BalmHOM IIpH
MiITy’KyBaHHI BOJM, MI/IM ] BU3HAYAIOTh 3a [1, popmyra (11)]:

By :(I—KB)-JIB, M/ M, (1.9)
Jie Hg — no3a Banna 3a CaO, Mr/):[M3;
Ky —Bmict CaO y Banni, npuiiMarots He meHme 0,7.
Cp =54 +0,5-66 +0,25-54 + 0= 100,5 r/m’.

Jlo mpoeKkTyBaHHS TpPHUIHATA OJHOCTYNEHEBA CXE€Ma OYMILEHHSA, MpH SKIii
MIPUPOJIHY BOIY ITICJISI TPOIKYBaHHS Ha MIKpOLIbTpax 00pOoOIISIOTh peareHTaMu 1
HaIpaBJISIIOTh HA KOHTAKTHI OCBITIOBaul. JlJig iHTeHCUIKaIlli MPOUECY OUUILIEHHS Y
BXIIHY BOAY BBOJATH MIHEpAJIbHUN KOAryJasHT — cCyibpaT aloOMIHIIO 1
BHUCOKOIOJIIMEpHUM (JIOKYISAHT — ToJiakpuiaMia. Y MepioJ HecTaul JIy>KHOCTI
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piukoBoi BoaW (SKIIO € moTpeda) mjig mpolecy Koarymsmii 1 ajns cradurizamii
OYHUIIEHOT BOJU Nepe0avaeThes 11 MiTYKESHHS.

3aeodanns 1.4. BuOpatu cxeMy 1 CKJaJ BOJOOYMCHUX CIOPYI IpPHU TaKHUX
BUXIHAX NAHMX: KOPHCHA MPOAYKTHBHICTH BOJOOYHMCHHX criopyx 72 000 m°/nofy,
3a6apBIICHICT 54 Ipajl. MKII, BMICT 3aBHCIHX pedoBHH 94 Mr/aM’. J[03a KOArymsHTY
76,16 MF/I[M3. Banno npu koarymsiii He 10/1at0Th.

Piwenna. KoHUEHTpallil0 3aBUCIMX PEUYOBMH y BOJI NPU BBEIEHHI B Hei
KOaryJistHTy BU3HA4aloTh 3a popmyoro (1.8):

Cp =94 +0,5-76,16 + 0,25-54 + 0 = 145,58 r/m’.

BiamoBigHO 10 OCHOBHUX MOKA3HUKIB SKOCTI BUXIIHOI BOJM, PEKOMEHAIIiM
[4] 1 Tabmuui 16 [1] 10 mpoeKTyBaHHs NPUMHSTA IBOCTYIIEHEBA CXEMa.

[upoke 3acTocyBaHHS Ha CTaHIIAX BOAOMIATOTOBKM 3HAWIUIM CXEMHU 3
BOY/IOBaHUMH KaMepaMu YTBOPEHHs IUIACTIBIIIB B FOPU3OHTaNbHI BiAcTiiHUKH. Lli
CHOpPYAM MOKHA MPOEKTYBATH OJHOIOBEPXOBUMH 200 JBOMIOBEPXOBUMU 3 TOPIIEBUM
ab0 po3ocepeKeHUM 3a TIIOoLIEI0 300pOM OCBITJIEHOT BOAM Ta 0€3 MOBOPOTY BOJU B
TOPU3OHTANIBHIN a00 BEPTUKAIBHIN TIIOMIUHI.

OO6po6umoBany BoAy micis OapaOaHHHMX CITOK, B SIKUX 3aTPUMYIOTh KpPYIHY
CyCHeH31to, MiAAalTh 00poOIll peareHTaMu, SKi BBOJSITH MEpel BEPTUKATBLHUM
3MimryBayeM. [loTiM Boxa MpOXOAUTH TOPU3OHTANIbHI BIACTIHHUKHM 3 BOYJOBAaHUMHU
KaMepaMH YTBOPEHHS IUIACTIBLIB, a TAKOXX Yepe3 IBUIKI (UIBTPHU, BHACIIZIOK YOTO
OCBITJIIOETHCS 1 3HEOAPBITIOETHCSI.

3He3apakeHHs] BOJAW 3A1MCHIOIOTh 3a JOMOMOIOI0 CHELiaJbHUX YCTaHOBOK.
[loTiMm Bomy CHpPSAMOBYIOTH B pe3epByap UMCTOI BOJAM A KOHTaKTy ii 3
3HE3apa)KyBaJbHUM PeareHToM 1 Ha HacocH II-ro migiiomMy JJis mojadi CrosKMBaveBi.

s iHTeHcudikaiii npouecy BUXIAHY BOAY MiAaI0Th KOAryJssiii Ta oOpooIli
(hIOKYISTHTAMU.

SIK KOarynsiHT NPUHHATUN OYMIIEHUN Cynb(aT allOMIHIIO, SKUH MICTUTh HE
meHme 45,3 % Aly(SOy);. SAx daokynsHt npuitHatuil nomiakpunamin (ITAA) y
BUIJISI/II TeN0, KM MICTUTh 8 % aKTUBHOI YacTUHU. SIK JIyr BHKOPHUCTOBYIOTH
HeraiieHe BamHo, sike MicTUTh He MeHme 70 % Ca y ToBapHOMY MpOIYKTL. 3
ypaxyBaHHSIM MOKJIMBOCTI HAasBHOCTI HEPO3UYMHHUX 3€pEH MPOLEHTHUH BMICT
aKTMBHOI'O NMPOAYyKTY npuiimaeMo Kg= 60 %.

Boga mnicns npomuBaHHS QUIBTPIB HAAXOAWTH Y CHOPYAH TOBTOPHOTO
BUKOPUCTaHHS IPOMUBHUX BOJI, 3 SIKUX PIBHOMIPHO MPOTSITOM 00U i1 MepeKkadyroTh
B TpyOompoBin mnepen 3mimryBadem. [l BHIyYEeHHS MICKY 3 IPOMHUBHOI BOJAM
nependaydaroTh TOPU3OHTAIBHUI MICKOYJIOBIIOBAY 1 pe3epByap-ycepeaHtoBad. [licok
3 0CaJIOBOT YAaCTUHU IICKOYJIOBIIOBAaYa MEPIOAMYHO B MIpy HOTO HAarpoMaJiKEHHs
BUJIAJISIOTH TAPOEIeBATOPOM Ha MICKOBI MaiIaHYUKH.

3aeodanns 1.5. CkinacTu BUCOTHY CXeMYy OCHOBHHUX CIOPYJ CTaHIIIl OYMIICHHS
BOJIM Ha ITiCcTaBl JaHUX 3aBaaHHs 1.3.

Piwenna. JIns OpleHTOBHMX pPO3paxyHKIB BEJIMYMHHM NEPENajiB PiBHIB BOJU
MPUHUMaIOTh BTPATH HANopy y BianoBigHocTi a0 [1, m. 10.28.2]. CxiagaHHs BUCOTHOT
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CXEMH MOYMHAIOTh 3 HAaWOLIBII HU3BKO PO3TAIIOBAHOI CHIOPYIU — PE3EpBYyapa YUCTOI
Boau. [lo3Hauky HaiBUIIOro piBHSA BOAM NpuiiMaroTh Ha 0,3 m BuUIE BIAMITKU
noBepxHi 3emui. IloTiM, 3amarouuch BTpaTaMHM HAMOPY B CHOPYIax 1 CHOJYYHHX
KOMYHIKaIlisIX, 3HAaXOJATh IIO3HAYKM pIBHA BOJM B OKpeMHuX cropynax. Ha
PUCYHKY 1.2 HaBe/IeHO BUCOTHY CXEMY OCHOBHMX CHOPY/ OJHOCTYIIHYACTOT OUUCTKH

ITOBCPXHCBUX BO/I.
11

5,000

13

P
J

=
— 0.000
Yy — | 7= * WEEW_

9

W

14

Pucynok 1.2 — BucoTHa cxemMa OCHOBHUX CIIOPY/ OAHOCTYIIHYACTOT OUMCTKU [TOBEPXHEBUX BOJI:
1 — HacocHa ctanuisa [-ro migiiomy; 2 — MikpoiIbTpH; 3 — XJIOpaTOpHA; 4 — peareHTHe
roCIoIapcTBO; 5 — 3MillyBay; 6 — KOHTAaKTHUM OCBITJIIOBAY; 7 — pe3epByap UUCTO1 BOJIN;

8 — HacocHa cranis [I-ro migitomy; 9 — mojaya BUXiAHOT BOIH,

10 — nepBuHHE XJ0pyBaHHs; 11 — BTOpMHHE XJIOpYBaHHS; 12 — ojaya po3yuHIB peareHTIB
(koarynsHT, GIOKyIAHT); 13 — momaya Boau criokuBadaMm; 14 — mpoMHuBHA BOJa

3aeodanns 1.6. CkinacTu BUCOTHY CXeMYy OCHOBHHUX CIOPY] CTaHIl OYUIICHHS
BOJIM Ha ITiCcTaBl JaHUX 3aBaaHHs 1.4.

Piwenna. BUCOTHY cXeMy OCHOBHHMX CHOPYJ JIBOCTYIEHEBOI OYHMCTKH
MOBEPXHEBUX BOJA OyAYIOTh aHAJIOTIYHO OJHOCTYIIHYacTid cxemi. Ha pucynky 1.3
MPE/ICTaBIIEHO BUCOTHY CXEMY OCHOBHHUX CIOPY/ CTaHIIIi OYHUILEHHS BOJIH.

4250

14

15

Pucynok 1.3 — BucotHa cxeMa OCHOBHHUX CIIOPYA JABOCTYIIEHEBOT OUMCTKH IOBEPXHEBUX BOJ 13
3aCTOCYBAHHSAM FOPU30HTAIBHUX BIICTIMHUKIB 1 IIBUJKUX (QUIBTPIB:
1 — HacocHa cranuis [-ro migiiomy; 2 — xiopaTopHa; 3 — peareHTHe rocrnoJapcTBo; 4 — 3MillyBay;
5 — Kamepa yTBOpPEHHS IUIAaCTIBLIB; 6 — TOPU3OHTAIBHUI BIICTIHHUK; 7 — IIBUAKUN QUIBTP;
8 — pesepByap uncToi Boau; 9 — HacocHa crauiis [I-ro migitomy; 10 — mogavya BUXimHOT BOH;
11 — nepBuHHE XJI0pYyBaHHs; 12 — BTOpUHHE XJIOpYBaHHS; 13 — mojaya po3uuHIB peareHTIB
(koarynsHT, (GIOKyIAHT); 14 — momaya BOAM CHOKKBadaM; 15 — mpoMHUBHA BOJA
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3ae0anns 1.7. BU3HAUUTH MOBHY NPOAYKTUBHICTh BOJJOOYUCHUX CHOPY/I, SKILIO
KOPHCHA MPOAYKTUBHICTH cTautii 72 000 M*/106y.

Piwenns. TloBHY NpPOAYKTHBHICTH CTaHIi OOpOOKH TOCHOMapCHKO-TMUTHOT
BOJAM BHM3HAYAIOTh 3 YypaxyBaHHSM BUTpaTH BOJIM Ha BIJIACHI MOTpeOU CTaHIi
(mpomuBaHHS GUIBTPIB, OYMILNEHHS BIACTIMHUKIB, KaMep YTBOPEHHS IUIACTIBIIB,
3MilllyBayiB, pe3epByapiB YMUCTOI BOAM Ta 1H.), JOJATKOBOi BHUTpAaTH BOAM Ha
MOTIOBHEHHS IPOTHUIIOKEKHOI'0 3aMacy ¥ NpUroTyBaHHS PO3UMHIB pEareHTIB.

Butpaty BoauM Ha BiacHi MOTpeOM OYMCHOI CTaHLIi NpU MOBTOPHOMY

BUKOPHUCTaHHI BOJAM TICIs MPOMHUBAHHSA (UIBTPYBaJbHUX CHOpPYA TMpuiiMaroTb 3 %
B1Jl KUTBKOCT1 BOJIM, SIKY TTOJIat0Th crioxkuBavam [1, m. 10.1.6].
Ay ZQ—ZOPJFQHOH" M/Tof, (1.10)
ae o — KoedilleHT, KU BpaxoBye BHUTpATy BOJM Ha BJacHI MOTpeOH; s
OpPIEHTOBHUX PO3PaxXyHKiB mpuitmaiots: 1,03—1,04 — npu NOBTOPHOMY BUKOPUCTaHHI1
BOAM BiJ NPOMUBKU (uIbTpiB (KOHTAKTHUX oOcBiTaoBauiB); 1,06-1,08 — mpu
CKHUJ@HHI BOJ| BiJ TPOMUBKU (DUIBTPIB (KOHTAKTHUX OCBITIIOBAdiB) B KaHaJ13aIlilO
[1, m. 10.1.6].

JlonaTkoBy BHUTpaTy BOAM /I TOMNOBHEHHS MPOTUIIOXKEKHOIO 3amacy
BH3HAYaI0Th 32 (HOpMYJI0I0:

Q Viox _ 3,6:-t-[n-(qpox + 9nom) 1" (94 g T 9 os)” 0+

_ 3
pon =T , M/ron, (1.11)
O

tl'IO}I(

. . 3
ne VHO)I< — 00’eM BOJIH IJIs TACIHHS TTOXKEKI, M ;

n, n' — KUTbKICTh OJTHOYACHHUX TOXKEXK BIJAMOBIIHO B HACEJICHOMY ITYHKTI Ta HA
mianpueMcTsi [1, m. 6.2.2];

, ) )
— HOpPMA BHUTPATH BOJIM HA 30BHIMNIHE [MOXEKOTaCIHHSA
ql moX’ ql MOXK p p A

BIJIMOBIIHO B HACEJICHOMY MYHKTI1 Ta HA MANPUEMCTBI, J/c, [1, Tabmui 3, 5];

, ) )
— HOpMa BHUTpPpATH BOJIM HA BHYTPIIIHE II0XKEKOTACIHHI
ql moXx’ ql MOXK p p A yIp

BIJIMOBIIHO B HACEJICHOMY IyHKTI1 Ta Ha MATPUEMCTBI, Ji/c [3, . 8.2];

t oy — PO3PaxyHKoBa TPUBAJIICTb NOXKEXI1, rox. [1, m. 6.2.13];
THO)I< — Yac BIJTHOBJICHHSI IPOTUIIOKEIKHOTO 3aracy Boau, rof. [1, m. 6.2.14].
~3,6-3-[3-(80+5)+1-(30+5)-0,5] _ 3
Qron = 2 =122,6 m/rox.
_1,03-72000 B 3
Qoe. =54 +122,6=32126 m'/ron.

Po3paxynkoBa 1000Ba Ta CeKyHHA TPOJYKTUBHOCTI BIATIOBIAHO JTOPIBHIOIOTH:
Q, . =771024 M°/1100y,

do.c. =89241n/c.



Tema 2 BuzHaueHHs1 pO3paxXyHKOBHUX 103 peareHTiB. Po3paxyHok
TEXHOJIOTIYHMX CXeM NMPUTOTYBAHHS PeareHTiB

3asoanna 2.1. BuzHAUUTH PO3PaXyHKOBY 103y KOAryJSIHTY JJIsI BOAH, SIKa
HAJXOAUTh HA OYHUCHI CIOPYAM 3 IOKA3HWKaMH, HaBeJIEeHWMM B 3aBaaHHi 1.1.
[IpoayKTUBHICTH BOJIOOYMCHUX CIIOPY/ po3paxoBaHa B 3aBAaHHI1 1.8.

Piwenns. B sKocTi KoaryistHTy IpuiMaeMo OYHUIICHUN A12(SO 4)3 -18H20.

SIKImo HeMae JaHWX TEXHOJOTIYHUX TOCHIDKEHb, 03y KOAryjasHTY BH3HAYAEMO
srigHo [1, m. 10.4.2]:
— 3a 3a0apsreHicTio Boau [1, dopmymna (5), m.10.4.2].

i =4+/3 = 454 =29.4 wmr/nv’; (2.1)

— JUJIs KaJaMyTHUX BOJ 32 KUIBKICTIO 3aBUCJIMX PEYOBUH 3rigHO TaOmui 17
[1, . 10.4.2] 103y KoarymsHTy npuitMaeMo 34,5 Mr/am’.

[Ipy ogHOYAacHOMY BMICTI B BOJI 3aBUCIMX PEUYOBUH 1 3a0apBIEHOCTI
PUAMAIOTH GBIy 3 HAMICHHX 103 KOAryIsHTY — 34,5 Mr/aM’.

3a TOBapHUM MPOAYKTOM 3 BMicTOM 0e3BoAHOI comi Al (SOy4); — 45,3 % noza
KOAryJIsHTy ckmagatume JIk = 76,16 mr/am’.

3aranpHa 7000Ba BUTpaTa KOAryJsHTY:

A -Q
G =—X _0C 1/n006y; (2.2)
K00
G - 76,16-77102,4 _ 5,84 1/106y.
K 6
10
Jlo6oBa BUTpaTa BOJAM HA MPUTOTYBaHHA 5 %-T0 PO3UHMHY KOAr'yJISHTY:
G__-95
_ __BK 3 :
QBK == M°/100Y; (2.3)
QBK = 28795 _ 111,57 m’/no6y.

3asoanna 2.2. BuzHauuTu 103y (IOKYJSHTA IJIs BOAM, sIKa HAJIXOIUTh Ha
OYMCHI CHOPYIU 3 TMOKAa3HUKaMH, HaBeAeHUMHU B 3aaaHHi 1.1. IIponykTUBHICTH
BOJIOOYHMCHUX CIIOPYJ pO3paxoBaHa B 3aBlaHH] 1.8.

PozpaxyBaru oy ckiaay Juist 30epirants QIIOKYISHTY.

Piwenna. HalO1IbIIOro MOMMPEHHS OTpUMAB (QIIOKYJISHT TMOJ1aKpUIaMig
(ITAA). ITpuitmaemo ITAA Ttexuiunoi mapku “A”. Jloza [TAA — 0,5 mr/am’. KinbkicTs
TOBapHOro MPOAyKTy ITAA 3 BMiCTOM KOpHCHOI YacTHHH 8 % ckiaze 6,25 Mr/aM’.

Jlo6oBa nmotpebda [TAA:
I[TOB . Q
GHAA = HA1§6 o¢ T/100Y; (2.4)
GHAA _ 6,25-776102,4 0,48 1/106y .
10

Po6ounii 06'em 1 %-ro pozunny [TAA:
10



G -100
maA=—tAA _— 7, (2.5)
0,48-100
1
Kinbkicte Boau ams npurotysanss 0,4 %-ro po3unny [TAA:

TOB |
QBOAd :GHAA 99,6
ITAA 0,4
QBOZA :0,48-99,6
ITAA

Po6ounii 06'eM 0,4%-ro pozuuny [TAA, notpiOHOro Ha 100y, CKIadaE:

BOJA |
o _OMAA 100, o
ITAA 99,6 > T :
~119,52:100
QAA =996

[TAA 30epiraloTb y KpUTHX MPUMIIIEHHIX MpPU TEMIIEpaTypl HE BHUIIE
25-30 °C. Tepwmin 36epiranns He Gimbure 6 micsiiis. ITnomy ckmamy mis ITAA, M°,
BU3HAYa€eMO 32 (pOpMyII00:

[TAA = —48 M.

, M°/106Y: (2.6)

=119,52 m’/n06y.

b

=120 M.

; (2.8)

n
Aapyc
ne  n— KulbKicTh samukiB [TAA, po3paxoBana Ha 15-1000Be 30epiranss, miT.;
f— mioma smuka 3 ITAA, M° (B naHoMy Bumagxy 0,3 m°);
o — Koe(ilieHT, IKUi BpaxoBYe MIIONLY MpoxXoaiB, o = 1,15;

nﬂpyc_ KUTBbKICTh YCTaHOBJIEHUX B sipyc suukiB [IAA. [puitasiTo 4 spycu.

Ockinbku qo0oBa notpeda ITAA cranoButs 0,48 1/100y, TO 1ipu 15-1060BOMY
3amaci KUIbKICTb AIIMKIB IIpH Ba3i 50 KT CTAHOBUTb:

G 15
I :%, IIT.; (2.9)
50
mn= 480-15 =144 mr.,
50
TOA1
Fo 144-0,3-1,15 _12.42

Ipuitmaemo ckman mis 36epiranms [TAA 3 posmipamu 3x4,5 = 13,5 m°.

3asoanns 2.3. BU3HAUMTH BUTpATy BallHa ISl BOJH, sIKa HAAXOAUTh HA OUYHUCHI
CIIOpyIW 3 TOKa3HMKaMH, HaBeJeHMMU B 3aBaaHHi 1.1. TIpoayKTHBHICTH
BOJIOOUYMCHHX CIIOPY/1 pO3paxoBaHa B 3apaaHHi 1.8.

Piwenns. Banno Ha cTaHIisix oOpoOKH BOIU JJIsl TOCTIOAAPCHKO-TTUTHHUX ITLICH
MOX€E 3aCTOCOBYBATHUCS K JUISl TIOJNIMIICHHS YMOB YTBOPEHHS IUIACTIBIIIB, TaK 1 JJIs
cTabutizaliitHoi 00poOKH BOIH.
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CroyaTKky BHW3HAYa€EMO JI03y JIYT'Yy JUISl TIOJINIICHHS YMOB YTBOPCHHS
macTiBLiB [1, popmyna (6), . 10.4.6)]:

Hl

A 3
s =Ky '(E__H3ar)+1’ ML/, 2.10)

e KJI — koedimieHT, KU npuitMaroTh 11 BanHa (3a CaO) — 28, nns coau (3a
Na2CO3) — 53,
3
Iy — 103a KoaryJsiHTy 3a O€3BOAHUM IPOAYKTOM, MI/IM ;
EK — €KBIBaJICHTHAa Maca KoaryJstHTy (0e3BOJHOTO), MI/MI-€KB; MPUHMAIOTh

JJI51 Alz (SO4)3 — 57, FCCI3 — 54, FCQ(SO4)3 — 67,

'H3ar — JY>KHICTh BUXIJTHOT BOJH (0 KOATYIIAIIIT), MI-EKB/IIM .
I 28-(3;25 ~1,4)+1=-21,25 mr/mv’.

HeratuBHa m03a 1yry BKa3ye Ha Te, 10 MiJTy>KyBaHHS HE TIOTPI1OHO.
[Ipu BigCYTHOCTI JaHUX TEXHOJIOTIYHUX aHAI31B CTaOUIBHICTH BOJM
JOTYCKA€ThCS BUSHAYMTH 32 1HJIeKCcOM HacuueHHs [1, mogatok I', popmyna (I'.1)]:
J:pHO—pHS, (2.11)

ne pHO — TOKa3HUK KOHIICHTpaIlii BOJHEBUX 10HIB Y BOJA1 10 cTaOUIi3aIiiHOL

00poOKu;
pHS — pH piBHOBa)XHOTO HACUYCHHS BOJM KapOOHATOM KaJIbIIiF0, BU3HAYAIOTh

3a HOMOTpaMolo, HaBeJieHOt Ha pucyHky I'.1 [1, nomatok I'], BUXoasiuu 31 3HAUEHD
BMicTy Kamnblio Cc,, 3arajJbHOrO COJEBMICTY P, NY)KHOCTI JI,,, 1 TeMIepaTypu BOAU
t, °C.
[Toxa3HUK KOHLEHTpAaIli BOAHEBUX 10HIB MPU PIBHOBAXXHOMY HACUUYEHHI BOAU
KapOoHaTOM KaJibIlito pHg BU3HaUarOTh Ha MiJCTaBl BUXITHUX JAHUX:
Cca =56 MF/IIM3; JLa=1,4 MI-€KB/IIM° ; P=04 F/I[M3; t=13,1 [IC.
11 =6, cMm, 12 =59 cm,

1=6,1+5,9=12,0 cmM,
pHS =8.,5.

OckulbkM BOJA MIAAAETBCA 00pOOI CyiabdaToM adOMIHIIO, TO TMpHU
NiAPaxXyHKy 1HJIEKCY HAaCUYEHHs CJiJ BpaxoBYBaTH 3HWKEHHA pH 1 myXHOCTI Bozu
BHACJIIJIOK JI0JIJaBaHHs 10 Hel koarynsHTy [1, momatok I'.3 ].

Jly>kHiCTb BOJM MICHS KOAryJIlOBaHHS BU3Ha4aroTh 3a [1, noparox I']:

Jd_=J1 —H—K , MT-eKB/1IM’, (2.12)
K 3ar e
J =14- 345 =0,84 MI-€KB/IM" .
K 57

KinbkicTh BUIBHOTO TBOOKHUCY BYIJICIO y BOAI micist koaryatoBaHHS (CO2)gingy
BH3HAYaI0Th 32 (hOpMyII0I0:
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(CO2 )BiJIBH - (CO2 )O +44'J;[II<< , Mrime, @.13)

i (COZ)O — KOHIICHTpAIlisl BYTJIEKHCIOTH Y BUXIIHINA BOJI 0 KOAaryJrOBaHHS,

MI/IM’; BU3HAYAIOTH 3a1€XKHO Bix pH, CONEBMICTY, TeMIIepaTypH, JIY)KHOCTI BUXiZHOT
BOJIM 32 HOMorpamoto [1, nomarok I'.3].
,=48cm,L=3,0c™m,

>1=7,8¢cm.
3a Homorpamoto [1, nomarok I".3] (COZ)O =21=7,8)=6 ML/,
34,5 3
- 2 MI/aM".
(CO2 )BiJ'IBH 6+44 = 2,63

Bennuuny pH Boau micist 00poOKu KOaryassHTOM BU3HA4a€MO 32 HOMOTPaMOIO
[1, nomatok I'.3], BUXoAsYM 31 3HAYEHb JYKHOCT1 BOJAM ¥ BMICTY B Hiil JBOOKHCY
BYIJICLIO MMICIIsl KOAryJTIOBaHHS
pHozlzzzl—ll,CM. (2.14)
>1=6,8¢cMm, 12 =22 cM.
pHO :11 =6,8—-22=44cm=17,5.
Toni
I=75-85=-1,0.
Innexc HacMyeHHS Mae HEraTUBHE 3HAYEHHs, OTXE I 3aXUCTy TpyO BiA
KOpo3ii 1 YTBOpPEHHs TOPOMCTHUX KOPO3IMHMX BiAKIaJAeHb Tpeba mnepeadadatTu
cTaburi3aiiiiny oOpoOKYy BOJIU JIY’)KHUM pPEareHToM (BamHOM, COAOK0 abo IUMH

peareHTaMu pa3om) OUIbIle TPHOX MICSIIB Y poIli 3riaHo 3 [1].
Jlo3y BamHa ciij Bu3Hauatu 3a [1, mogatok I'.5]:

2 3
I[Bzzg.BB.Kt.]]K,Mr/J:[M, (2.15)
ne Jlg — 1034 BaIHa, MI/aM’, po3paxoByroun Ha CaO;

Bg — KoedilieHT, AKHHA BHU3HAYalOTh 3a HOMOIPaMOI — pUCYHOK [.4
[1, momatox I'] 3amexxno Bim pH Boam 10 crabimizamiiftHoi 0O0pPOOKHM (TMicis
KOAaryJIIOBaHH:A) Ta 1HAEKCY HacudeHHA J, Bg= 0,8;

K - Koe(illieHT, SKUN 3aleXUTh BiA TeMrepaTypu Boau: mpu t = 20 °C —
Kt=1; nipu t=50°C — Kt=1,3;

. e 3
JI — myHICTh BOAM A0 CTa0LI13a1iiHOI 00POOKH, MI-eKB/IM”.

212 =28-0,27-1-0,84=6,45 Mr/mv.
[Ipu BUOOp1 peareHTy ciiiJi KepyBaTUCS PE3YIbTATOM OOUMCICHHS JO3H JIYTY 3a
dbopmymnoro I'.6 [1, nomatok I']:

(CO2 )BiJIBH

dy= 0’7.{ > + g | MTI-€KB/IM, (2.16)

13



32,63
22
. 3
Ockinbky 103a BanHa J1,/28, MMOJIB/IM”, BUXOAWTH MEHIIE BENWYMHU dj, TO

dy = 0,7.[ +0,8} =1,6 MI-CKB/JIM.

SK peareHT JJig cTabuti3aniiHoi oOpoOKU BOAM MPUUMAEMO BaITHO.
Jns mnepepaxyBanHa Jl; B MacoBl OJIMHMII TEXHIYHOIO HPOAYKTY

(a E , MI/IM’) CITiI KOPHCTYBATHCS (HOPMYIIOL0:

HE =g 100 , MI/IM”, (2.17)
Cn
100 3
T_645."2 -1 MI/IM’.
JIB 6.45 20 0,75

Jlo6oBa BUTpaTa TOBApHOTO BalHa:
Qp =A% Qpe- M°/1100y, (2.18)
Qg = 10,75 - 77102,4 = 839005,005 mr = 0,83 T.

3aeoanns 2.4. Iligibpatu obnaaHaHHA Ta po3paxyBaTdU pPO3MIpH OakiB st
CXeMHM, SIKa HaBeleHa Ha pUCYHKY 2.1. IIpoayKTHBHICTh BOJOOYHUCHHUX CHOPY.
po3paxoBaHa B 3aBAaHHi 1.8. Jlo00oBa BUTpaTa TOBApHOTO KOAryJIIHTY PO3pax0OBaHa B
3aBlaHH1 2.1.

Piwenna. Ha BOJONpOBiHI OYHMCHI CHOPYAM KOAryJjsHT JOCTaBIISIOTh
aBTOCAMOCKHUAaMH 1 3aBaHTaXYyIOTh Y PO34UMHHI 6aku I, e roTytoth 17 %-il po3uuH.
[IpuitHaTo MoOkpe 30epiraHHs KoaryiasHTy y Oakax-cxoBumax 2. I3 mux OakiB
KHCJIOTOCTIMKUM HAacocoM 3 KOAaryJsHT NepeKadyioTh Y BUAATKOBI O0aku 4. bepyTb
PO3YMH 3 BEPXHBOT'O LIAPY Yepe3 ILIAHT, MPUKPIIIICHUH A0 MOIUIABIIA.

£
L
_ﬁ ] tee] 4
— — [ T— % Bil BOOOOPOBOOY

Oy

| — /’_4

5
2 @FF
3 [

B TpyBompoBix
nepen SMiwyeaueM

Pucynok 2.1 — CxeMa peareHTHOro rocroiapcTBa pu MOKpoMy 30epiraHHi KOaryisiHTy

VY BujaTkoBi 0aku MOJAIOTh BOJY AJIS PO3BEIECHHS PO3YMHY KOATYISHTY 10
5 %-i xonnenTpanii. IloTiM 1elt po3unH HacocamMu-103aTopamMu 5 MepexayyrTh Y
TpyOomnpoBi mepea 3MmimryBaueMm. /[l NOMINIIEHHS Npouecy NepeMillyBaHHS
MOJAIOTh MOBITPS OBITPOAYBKOIO 6.

O6'eM po3unmHHUX OaKiB, SAKUN PO3PAXOBYIOTh HA MPHUHOM KOAryisHTY Bij
OJIHOTO CaMOCKHJa BaHTAKOMIAHOMHICTIO 5 T 3 po3paxyHky 1,5 M Ha | T
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KOAry/IsHTY. EMKICTh 6aka 1,5 x 5=7,5 m’. Po3mipu Gaka npuitMaemo 2 M X 2 M X 2 M.
[Ipoextyemo BcTaHOBIEHHS 3 Takux OakiB. TpuUBadiCTh PO3UYMHEHHS TIPU
temneparypt Bogu 3°C (mng 3uMOBHX YMOB) TmpuiiMaemo 4 rtoauHu. Jlns
iHTeHCcHU]IKaIlli PoIlecy PO3YMHEHHS B OaKH IMOJal0Th CTHCHEHE MOBITPS. €MKICTh
0akiB-CXOBHIIl BU3HAYAIOTh 3 po3paxyHKy 15-30 moboBoro 30epiranHs 17 %-ro
PO3YMHY KOAryJsHTY 32 (hOpMYJIOLO:

_ HgQoc Tex M

10-B5 cx P6.cx
ne JIK — J103a KOAryJISIHTY 10 0€3BOTHOMY MPOAYKTI, MI/J;

W, ox (2.19)

ro — [OBHA MPOIYKTHBHICTh OYUCHUX CIIOPYIKEHD, M /100Y;

TCX — PO3paxyHKOBa TPUBAJIICTh 30€epiraHHsl PO3UMHY KoaryisHTty (15 ni0);

Bo ox KOHIIEHTpAIlisl po3unHy B Oakax-cxoBumax (17 %);

P6.cx IMiTBHICTD po3unHy Koaryasaty (1190 kr/m).

_76,16-77102,4-15
6.cx  10-17-1190
OTtpumanuii 00'eM 0aKiB-CXOBHIIl MOXE OyTH 3MEHILEHUN Ha CYMapHY €MKICTb
PO3YMHHUX OaKiB.
[Ipuitmaemo 1o mpoektyBaHHs Tpu 6aku. Pobounit 00'em onHoro 6aka:
6-9-2,7=1458m".
€MKICTh BUJATKOBUX 0aKiB BU3HAYAEMO 3a (POpMyIIo0:

—435.4 v’

. T
A Qoc. rox Tex e (2.20)
10-8

WBI/II[ = P
0.Bux " 0.BUI
Ie Qoc. 1o i — HOBHa MPOAYKTUBHICTh OUUCHUX CIIOPY/I, M /TO;

TCX — KUIBKICTb TOJAMH pOOOTH CTaHIlli, Ha SIKy PO3PaxXxOBYETbCS 00’ €M

PO3UMHY KOAryJsiHTY y BUJIaTKOBUX Oakax, mpuiimaemo 10 ron.;

B BT KOHLEHTpallii pO3YMHY VY BHUJATKOBUX Oakax, paxylodu [0

0e3BOJIHOMY TTPOAYKTY — 5 %0;
— W[TBHICTB 5 %-T0 po3unHy Koarymsaty, 1050 kr/m’.

W _76,16-3212,2-10
BUA 10-5-1050
TpuitMaeMo /10 IPOEKTYBAHHs JBa Oaky po3mipamu 5%4%1.2 i 06’ eMoM 24 .
Jlist 103yBaHHSL PO3YMHY PO3PAXOBYEMO MPOAYKTUBHICTH J03aTOpa:

p6.BI/IJI
=46,6 M°.

Wexyir 1000
Qup = ——, m'/rog, 2.21)
tup
QHI[ = %(;)OO =24 M /TOI.

Ipuitmaemo Tpu mo3atopa mapku HJI 2500/10 mpoxyKTuBHICTIO 2,5 M/Tox,
Haropom 100 m (2 pobouux, 1 pezepBuuit) [7].
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Jlis mepekadyBaHHs pO3YMHY 3 0aKiB-CXOBHUI] y BHAATKOBI MpUIIMaEMoO JBa
XiMiuHO-CTiifKiX Hacoca Mapkn MB 80 mpoayKTHBHICTIO 6 M/roj, HamopoM 6 M
(1 poGouunii, 1 pe3epBHmii) [6].

TpyOorpoBou peareHTHOTO roCHoJapcTBa MPOKIAAAI0OTh 13 MOJIETUICHOBUX
TpyO. IBUAKICT pyXy po3unHy Mae OyTu He MeHe 0,8 m/c.

BianoigHo no Butpatu Q, = 2,4 M /ron = 0,15 n/c, 1o MOHTaxy mpHUItMaeEMO
NoJIieTUIICHOB1 TpyOu aiameTpoM d = 16 MM, BUAKICTE pyxy v = 1,33 m/c.

Po3paxyHKOBY BUTpaTy CTUCHEHOIO MOBITPS, sIKE€ MOJAI0Th B PO3UMHHI OaKw,
BU3HA4Ya€eMO 3a (hopMyIIo0:

Q' =006, F -n,wmVxe, (2.22)
K TP
ne iIH — IHTEHCUBHICTb MOJIaul MOBITPs JJIs PO3YMHEHHs, 3rigHo [1, m. 10.4.10]

v 2,
npuitmaemo 10 n/cM’;

. 2.

Fp — IJI01Ia PO3UYMHHOTO 0aKa, JOpiBHIOE 7,5 M™;

N — KUTbKICTh PO3UMHHUX OaKiB.
Q! =0,06-10-7,5-3=13,5 M’/xs.
K
KinbKkicTh CTUCHEHOTO TOBITpPS, SKHM TMOAAIOTh y BUIATKOBUH Oak Jis
nepeMilllyBaHHs pO3YMHY, BU3HAYAEMO 32 (OPMYIIOIO:
2 _ - 3
Q — 0,06'121_[ 'FBI/II[ ‘n s M /XB, (2.23)
K
ne i2H — IHTEHCUBHICTh MOJa4il MOBITPS AJis 3MilnyBaHHs, 3riaHo [1, m. 10.4.10]

npuiimMaemMo 5 11/c-M’;
Fpyyy — IUIOMIA O/THOTO BUIATKOBOrO Oaka, 20 M.
Q> =0,06-5-20-2=12 MV/xE.
TK
3aragbHa BUTpaTa CTHCHEHOTO TMIOBITPSA JUIA NPUTOTYBaHHS DPO3YUHY
KOAryJIAHTY:

Ta = Qe + QR M, (2.24)
oK =13,5+12,0=25,5 m’/xs.

[Ipuitmaemo  nBi  moBiTpoayBku (1  pobGowa, 1 pe3epBHa) MapkH
CONTINENTAL 08.01-08.10 npoxyxruBHictio 10-27 m*/x8 [10].
[lepenbayaemo mpoKIAAKy TpYOONPOBOAIB 3 MOJIETHICHOBUX TPYyO 3TiTHO 3

BUTPATOI0 CTHUCHEHOro TOBITPS Qu = 0,175 m’/c. IBHakicTh pyxXy MHOBITpS
TopiBHIOE V = 12 Mm/c, niaMeTp TpyOOnpoBOAYy BU3HAUYaEMO 3a (hOPMYJIIOHO:
_Q 2.25
=y M, (2.25)
0,175 2
=——-=0,014 m";
® B 0,014 m7;

TOA1 AlamMeTp TpyoO:
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d=72 w, (2.26)

_14-0,014 _

HiameTp TpyO npuitMaemMo BIAMOBIAHO 10 copTameHTy — 140 mMm.

3aeoanns 2.5. IlimiObpatu oOiaJHaHHA Ta PO3paxyBaTH po3Mipu Oaky st
CXeMH, SKa HaBeleHa Ha pHCYHKY 2.2. IIpoayKTHBHICTh BOJOOYHMCHHUX CIOPYI
po3paxoBaHa B 3aBnanHi 1.8. Jlo6oBa BuTpara ToBapHOTO (DIOKYISHTY PO3paxoBaHa
B 3aBaHHI1 2.2.

Ein BOZOOpOBOOY

" T

— arpyaka [AA

\
|
)

_ -

S =
¥ BOfY, WO '
obpobnasTeca

Pucynok 2.2 — Cxema npurotyBaHHs po3uuny [1AA

Piwenna. T1AA 3aBanTaxyioTh B amapaT I 3 TypOIHHOI IIBHJKOXIJHOIO
mimankoro 2. Ilpu npumitHsTiii po6odiii eMKoCTi amapata 6 M° PO3YHH HEOOXiTHO
rotryBatu 8 pasziB Ha A00y. [ns nepekauyBanHsa 1 %-ro pozunny [TAA 3 mimanku y
BUJIATKOBUH 0ak 7 ycTraHoBJIeHO Hacoc 3 mapku MB 80, npoaykTuBHICTIO 6 M°/TOIL.,
HaropoM 6 M [6]. Hacoc npamtoBatume 8 pa3 Ha 100y no 60 xB. Yac nmpurotyBaHHs
pobouoro pozunny [TAA (BkItOUaOuu 3Ba>KyBaHHS, 3aBAHTAKEHHS, TIEPEMIITYBaHHS
1 mepekauyBaHHs) CTaHOBUTh Oyim3bko 2 r1oa. Kinmbkicte ITAA skuii HEOOX1THO
3aBaHTAXKUTHU 3a OJIMH pa3 B anapar:

TOB
OTiAA -

D338
=0,06T=60xT.

KT (2.27)

m= b
0,48
8

ITAA macor 60 Kr 3aBaHTaXyIOTh 4epe3 JIOK 4, B anapart o tpyodornpoBoay 5
MOJAal0Th BOAY B KUIBKOCTI, sIka HEOOXigHa sl MpUroTyBaHHS 1| %-ro po3uuny.
[Ticns 3akiHYEHHS LUKy MEpeMilllyBaHHS HAacocOM 3 PO34YuH IO TpyOompoBoay 6
nepeKkavyoTh y 6ak 7 s po3BeaeHHs 10 podouoi koH1eHTpartii (0,4 %), 30epiranss
1 103yBaHHS.

[IpuiiMaeMo ISl YCTAHOBKH ABa BUAATKOBHX Oaku mo (120 / (8:2) = 7,5 M) 3
po3MipaMu 2 M X2 M X2 M KOXKHHM.

m=
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VY Oaku Juis mepeMilryBaHHsI pO3YMHY BiJl OBITPOJAYBKH 8 MOAAIOTH CTHCHEHE

noBiTpsi. Butpara noBitTps 11 ABOX OaKiB:
Q  =0,06-i,-Fgyrp-n, M/xs, (2.28)
naa

J€ N — KUIBKICTH 0OaKiB, INT.;

i — iHTeHCUBHICTD MOAAY] TOBITPSL, JT/C-M™.

Q =0,06-5-4-2=2.4 m’/xB.
naa

[Ipuitmaemo  nB1  mnosiTpoayBku (I  pobouy, 1 pesepBHY) Mapku
CONTINENTAL 08.01-08.10 [10] mpoayktuBHicTio 1—17 M/XB.

[lonauy po3zunny [TAA BUKOHYIOTH HacocaMu-go3aTopamu tuny HJI 2500/10
[7] mpoxykruBHicTio 2,5 M>/rox Ta HamopoM 100 M (1 poGounii, 1 pesepBHuii).

3aeoanns 2.6. Ilinibpatu o6iaJHaHHA Ta PO3paxyBaTH po3Mipu Oaky st
CXeMH, ska HaBelneHa Ha pHCYHKY 2.3. IIpoayKTHBHICTh BOJOOYHMCHHUX CIOPYI
po3paxoBaHa B 3aBmaHHi 1.8. J[oOoBa BHWTpaTa TOBapHOTO BallHa PO3paxoOBaHa B
3aBiaHH1 2.3.

Bin BOOOOpPOBOOY
hs N
LLfliFE;}rﬁg lﬂ;X?r
L + B TpvBompoBRinm

nicmoma dpineTpie
. ;_E

a
'6 = N -{ l Q
i—;fjs TpYEOOpoEin g/ *‘ ’Z %
mepen B CTOK <
SHiUFBEaUeM

Pucynok 2.3 — CxeMa npUroTyBaHHs BallHIHOTO MOJIOKA

Piwenna. Banno 3 xonteitHepa I Hanxoautb y OyHkep 2 1 1aJli B BalIHOTACHUK
4, ne BinOyBaeThcs oro racins. [IpuiiMaeMo 1Ba TepMOMEXaHIYHUX BallHOTACHUKA
CM-1247 A nponyktuBHicTiO 2 T/ToA [9].
Jlo6oBa macoBa Butpara 30 %-ro BamHSHOTO MOJIOKA:
o, Qr-100%
133%’ :—330% , T/1100Y, (2.29)
30% _ 0,83-100 _
Ban. = 0% - 2,76 1/100y.
Jlo6oBa macoBa BuTparta 3 %-ro BalHsSHOTO MOJIOKA!

.100°
bab = Qp 100% 3(;) 0% /100y, (2.30)
0
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3% _0,83-100 _ 27,66 T/m00y.

BaI — 39,
ITpu mmeHOCTI 30 %-rO BamHsHOTO MOJoKa p = 1,2 /™M iioro moGosa
o0'eMHa BUTpaTa:
30%
y30% :mT, M°/1100y, (2.31)
v30% _ 21726 =2,3 M’/100y;
a 3%-ro
3%
y3% :mT , M°/106Y, (2.32)
y3% - 21,00 27,66 _ =27,12 M/106y.

1,02
[Ipuitmaemo Tpu Oaku nans npurotryBaHHs 30 %-ro poO3UMHY BamHSIHOTO
MoJioka 3 po3mipamu — 1,0 m x1,5 M x1,6 m.
Po3paxyHkoBa BuTpaTa NOBITps, SKE€ MOJAIOTh B Oak s MOKpAlleHHS
nepeMillyBaHHS:

Qnios =900 105 5 |13 /xa, (2.33)

. . . . . . 2 o
ac IHOB — IHTCHCHUBHICTH I10Ja4l ITIOBITPA B PO3YHMHHI1 6a1<1/1, a/c M » IpUHUMAarOTh

srigeo [1, m. 10.4.23] 1. =8-10 n/c-M’
I10B
Qop =0-06:10-2,4=1,44 v'/x.

[lepeminryBaHHsI BamHSHOTO MOJIOKA TPOBOJASTH CTUCHEHHM TOBITPSIM, SIKeE
Hagxonuth Bif moBiTpoayBku CONTINENTAL 08.01-08.10 (1 pobGoua,1 pe3epBHa) 6
3 inTeHcHBHICTIO 1-17 M’/XB [10].

Hns nomadi 30 %-ro BamHSHOTO MOJOKa B TiApPOMIIIANKH &8 10 YCTaHOBKHU
npuiiMaemo aBa Hacoca mMapku MB 80 7 mpoayKTuUBHICTIO 6 M°/TOLI, HaropoMm 6 M
(1 pobountii, 1 pesepBHuii) [6]. Lleif Hacoc mepekadye BamHSHE MOJIOKO MPOTITOM
23 XBUJIMH.

VY BuTpaTHuX Oakax BamHSHOTO MOJIOKA CJiJ 3aCTOCOBYBATH TiIpaBiiuHe
nepeMilllyBaHHs (3a JOMOMOTr0I0 HAacoCiB) a00 MexaHIYHe (3a JIOMOMOIr00 MIIIAIOK)
[1, m. 10.4.23]. [Ins ycTaHOBKHM MPUUHATI ABI1 T1IpaBiAiyHl HUPKYIALIAHI MIIIATKH
BanHsAHOTO Mosioka mapku MI'MI-4 3 mapamerpamu: D = 1 610 mm, H= 3 800 mwm,
V =4 \’, siki mparoroTh mo 4ep3i [12].

OcKUTbKH BaItHsIHE MOJIOKO 3aCTOCOBYIOTH JUIsl cTaOLIi3aIiiHOT 0OpOOKH, BOHO
HE TIOBUHHE MICTUTU 3a0pyAHEHB 1 MIKVIUBUX JOMIIIOK. /[ OUMIIeHHs] BaITHSHOT'O
MOJIOKa CJiJi 3aCTOCOBYBAaTM BEpPTUKaJbHI BIACTIMHUKU a00 TiIPOLUKIOHU
[1, m. 10.4.22].

s Bimomoi Butpatu 3 %-ro BamHsHOTO MoJoka 2,3/24 = 0,096 M>/rozt
npuiiMaemo nBa rigporukionu ['II1-75 3 giamerpom [ = 75 MM (BIAMOBIIHO 10
KUTbKOCTI TigpoMimanok) [15]. IIpoayKTUBHICTh TIPOLUMKIOHY MPU TUCKY Ha BXOI
Bix 0,6 mo 2,5 kre/cM’ cranoBuTh 3—10 M/rog. [IpurotoBiieHe B TigpoMIIIaIII
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3 %-He BamHsSHE MOJIOKO 3a0MparoTh HUPKYJsIiiHuM Hacocom CJI 50/56 9 [11] 1
MOAAIOTh JUIS OYMINEHHS Yy TIAPOUUKIOH 10, YKpilUIeHWH Haja MIMIaJkow. 3
TIPOIUKIIOHA BaIlHSHE MOJIOKO HAQJXOJUTh Y KOHIUHY YacTHUHY TIAPOMIIIAIKU B
KutbKOoCcTl 94 % Bim 00'emy rigpomimanku, T0o0TO 3,76 M’; 3aJMIIKOBA YacTHHA
0,24 M’ ii/1e Ha 3MB.

3Hatoun 00'eM BarHa, sIKe HAIXOJWUTh 3 TIAPOMIIIATIKH B 0OpOOIOBaHY BOIY
2,3 M, BU3HAYAEMO, IO B riipomMimankax Tpeda 3aroTOBJIIOBATH BAITHO MPUOIU3HO
6 pa3 Ha 100y. Hacoc, sikuit nepekauye 30 %-He BalHSHE MOJIOKO B T1IPOMIIIATIKH,
mpaitoe 5 xB 6 pasziB Ha 100Yy.

[licns ouMileHHS B TIAPOUUKIOHI TpU Oe3nepepBHIA UUPKYIANli B
TIpOMIIIANIII TTOYMHAETHCS Tojadya BAIHSHOTO MOJIOKAa B J03aTOpP, 3 SKOTO BOHO
HaJIXOIUTh B 00poOmtoBany Boay. IlpuiiHaTOo aBa poOOYMX J103aTOpa MapKH
HJI 100/10 mponyktusHicTio 100 5i/ron, namopom 10 M (BiAMOBIAHO 10 KIIBKOCTI
rigpomimanox) [13].

HIBHIKICT, BUCXIAHOTO MOTOKY B TApOMIIIANIll MOBHHHA OYTH HE MEHIIE
Swmwm/c [1, . 10.4.23] a6o 18 m/rox, s npuiiHATOr0 Hacoca MIBUJKICTh BUCXITHOTO
MOTOKY:

Q
- =_Ball \yrop, (2.34)
riap
_50-1,13 _
B W =23,95 m/rog.
KinbkicTh BoAM, sika HEOOX1HA AJI MPUTOTYyBaHHS 3 %-r0 BallHAHOI'O MOJIOKA:
Q.97
QBJI =—3 M /mo0y, (2.35)
Q= 2557 226,84 w06y,

Busznayaemo miomry ckiaay 3 ypaxyBaHHsAM 15-mo0oBoro 3amacy BamHa
(moctavanbHUK NepedyBae MooIM3y CTaHIIIT).

[Ipu noGosiit BuTpaTi ToBapHoro BamHa (0,83 T 3amac ii MOBUHEH CTAHOBUTH
12,45 T npu HacumHiit Maci | T/M° BoHa 3aiiMe 06'eM mpuGIH3HO 13 M.

Konteitepu mapku KI'C-5 maioth 06'eM 5,1 M° (zoxuna 2100, mupuna 1325
1 Bucora 2440 mMm). Ha craniiii moBuHeH OyTu 3amnac 13 3 KOHTEHHEPIB.

[Ipu ycTaHOBIII KOHTEWHEpIB y JBa pPSAU IO BEPTUKAIlL 3 YpaxXyBaHHAM
Koe(iIlieHTY 3amacy miolla cKJaay cKiajue:

F, =210 2 (2.36)

Ngpyc
ne N — KUIbKICTh KOHTEHHEPIB;
o 2\,
f — moma xonTeinepy (0,6 Mm°);
0. — KoeIIlie€HT, SKUW BBOAATH IS 30UIbIIEHHS TUIONT Ha ripoxoau (1,5);

nﬂpyc — KUIbKICTb BCTAHOBJICHUX SPYC1IB KOHTCHHCPI1B.
3-0,6-1,5 2
Fo = =5 —>=6.26 "

[puiimMaeMo oy ckiaagy 2,5 x 3 = 7,5 M.
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3MICTOBHH MOIYJIb 2 Ilpouecu ma cnopyou onis nposAcHeH A,
3HeOape1eHHA ma 3He3apPadceHHA 600U

Tema 3 Po3paxyHOK riapasBjaivHOro 3MillyBaya peareHTiB 3 BOAOI0
3asoanns 3.1. Po3paxyBaTu po3Mipu BEPTUKAIBHOTO 3MilllyBaya. Po3paxyHkoBa
BuTpara Boau 78 071,17 M/106y.
Piwenna. IlpuilMaeMOo YOTHpPUM BEPTHKAJIBHUX 3MilllyBaya. 3MillyBay
CKJIQJAEThCS 13 MPSIMOKYTHOI BEPXHBOT 1 MipaMiiaibHOT HUKHBOT YaCTUHHU.
[11o11a TOpU30HTANIBHOIO MEPETUHY Y BEPXHIl YacTHHI 3MIlTyBaya:

Q
f = _TO,.2 (3.1)
B Vv ‘n
B
e v, - MIBUAKICTb PYXy BOAM Ha piBHI BOJ030IpHOro Jjotka, 30 MMm/c
[1, m. 10.5.6];
N — KUTbKICTh 3MillIyBayiB.
f :M:7,53 Mz‘
B 36-30-4

BerHH qaCTUHaA 3MiH_IYBaLIa KBaapaTHa B HJ'IaHi, TOIIi IIUpPHUHA:

B:\/§> M, (32)
B=.7,53=2,7=3 m.

TpyOorpoBia, sikuii mojae BOAY B HMKHIO YAaCTUHY 3MIllyBada MPU BUTPATI
Boau (omHOro 3MmimyBava) ¢, = 225,9 n/c 1 mBuakocti 1,33 wm/c (3rimHO 3
[1, 1.10.5.6]), mae giameTp ymoBHoro npoxoay d = 450 mm [5]. 30BHIlLIHINA JlaMeTp
Tpybonposoay 3rigHo 3 JCTY popiBaioe 478 mm. Toai po3mip y miaHi HUKHBOT
YaCTHHM 3MilllyBaya B MicCIlli IPUMHUKaHHA 1IbOro Tpyoorposony 6yae 0,478%0,478 m,
a [UTOINA HIKHBOT YACTHHHM ycideHoi mipaminn ckaane 0,23 M’

[Ipuitmaemo BenuuyuHy ULeHTpaibHOro kyta 45°. Toal BHcCOTa HUXKHBOT
(mipaMiznanbHOT) YaCTUHU 3MIIIyBaya:

h :E:M, M, (3.3)
tgls
hH :O)S-M:4)7M_
tg15°
O6'em mipaMiJiadbHOT YaCTUHU 3MIIIyBaya:
_1 3
WH—g-hH-(fB+fH+ /fB-fH),M, (3.4

W :%.4,7.(7,53+ 0,23+/7.53-023) =142 v’

[ToBHMI1 00'eM 3MilTyBaua:
Qron't
W=—L2A_ '\, 3.5
60-n (3-5)
ne t — TpUBAIICTh 3MIIIYBaHHS peareHTy 3 Macor Boau, 3rigHo [1, m. 10.5.9]

t =2 XB;
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W=3229T2 594 2,
60-4
O06'eM BepXHbOT YACTUHHU 3MIIIyBaya:
W o=W-W (3.6)

W, =27,11-14,2=13 M.

Bucora BerHBOI HYaCTUHU 3MiHIYBa‘{a§

WB
hB - f_ 5 M, (37)
B
h =237 173
B 7,53
[ToBHa BuCOTa 3MilTyBaya:
h:hB+hH,M, (3.8)

h=4,7+1,73=6,43 m.

3aeoanns 3.2. Buznauutu aiametp TpyO 11 300py BOAM MICHS 3MIIIYBaHHS Ta
pO3paxyBaTH KUIbKICTh OTBOPIB HA HUX. JlJi1 BUKOHAHHS 3aBJaHHSI BUKOPUCTOBYBATU
pO3paxyHKH 3 3aBAaHHs 3.1.

Piwenna. 306ip BOOM BHUKOHYIOTH y BEPXHIA 4YacTUHI 3MillyBada JBOMa
3aTOIUVICHUMH JIpYacTUMM TpyOamu, SKI BIIBOJATH BOAY A0 30IpHOr0 OIYHOTO
kapmaHa. Bincrans Mix Tpydamu no ocsx — 0,97 m, go crin — 0,485 m. IIBuakicth
pPYXy BOJU B TpyOI1 VIp = 0,6 M/c.

Bopa, sika nmpotikae mo Tpy6ax y HanpsIMKy O14YHOr0 KapMaHy, pO3AUISETbCS Ha
JIBa MapaJiebHUX MOTOKU. TOMY po3paxyHKOBa BUTpaTa KOXKHOTO MOTOKY:
— qFOIl
Urp

_3252,97

, M’/rog, (3.9)

= 406,62 M>/roj.

p
[Tnoma xxuBoro nepepizy 30ipHOi TpyOHU:
-4 2 1
“1p = V.3600" (3-10)
406,62 0.19 2.

® = =
P 3600-0,6
Po3paxoByemMo niametp TpyOu AJis OAHOTO MOTOKY:
4.0

d= Py, (3.11)
T

40,19

Bubupaemo naibmmxuuit coprament tpyou d = 300 mm. [Ipuitmaemo giametp
oTBOpIB Ha 30ipHUX Tpy6ax 25 MM (f, = 0,00049 m).

b
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CyMapHy 1101y OTBOPIB BU3HAYAEMO 32 (POPMYJIOIO:

@ =K _-f M, (3.12)
0 mn - Tp
Efo =0,6-0,071=0,042 wm°.
KinbkicTh OTBOPIB:

>t
H:f—o,mT., (3.13)

0

_ 0,042
0,00049

[Ipuitmaemo 86 oTBopiB. OTBOpM pPO3TAIIOBYIOTH y JBa pAAd N0 OIYHUX
MOBEPXHSAX, TOOTO 1O 43 OTBOPU 3 KOKHOT CTOPOHU TPYOH.

[lepeBuneHHs piBHS BOAM B 3MillIyBaul HaJl BICCIO 301pHOI TpyOu MpH ii poOOTI
MTOBHUM TIEPEPI3OM:

v 2
_ S
HT—(8T+8Tp) 2 , M, (3.14)
ae e — koedirieHT onopy nephopoBaHOi AUISHKU TPYOH, TOPIBHIOE 6,5.
ST“P — cyMapHHil Koe(dilieHT MicLeBHX OMOpiB (BXiJ y TpyOy HopiBHIOE 1,
BTpaTH Ha BUXO/1 3 TpyOU B O1YHMI KapMaH JOPIBHIOIOTH 1).
2
H_=(6,5+2) 0.6 " =0,156 m.
Bincrans Bin 1Ha TpyOH 10 JHA 301pHOTO KapMaHY:
q2
H o =1733 Kag +0,2, M, (3.15)
ae qKap — BHTpaTa BOAM MO KHMIIEHi, M’/c (PO3PaXyHKOBa BHTPATa OIHOTO
3MilllyBaya):

q.. =13252,97: (4 -3600) = 0,23 m’/c;
Kap

B — mpuna kapmany, M, npuiimaemo B = 0,7 m.

2
H_ =1733 %Zw,z:o,é .
P 9,81.0,7

Burtparta Boau, sxa mpoTikae mo BABIAHINA TpyOi — 903,6 si/c. LlBuakicte y
oMy TpyOorpoBozal nmoBuHHa Oytu 0,8—1 M/c, yac mepeOyBaHHS MeEHIIE 2 XB.

[IpuitnsaTo craneBuit TpyoOompoBia aiamerpom 1200 MM  TOpH HIBUIKOCTI PyXy
VvV =0,8 m/c.
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Tema 4 Po3paxyHOK KaMepH YTBOPEHHS IJIACTIBIIB Ta TOPU30HTAJIbHOI0
BiACTIiHHKA

3asoanns 4.1. Po3paxyBaTu po3Mipu KaMepu yTBOPEHHS IUIACTIBIIIB 13 HIapOM
3aBUCIIOro ocaay. Butpara Boau sika HaJXOAUTh B KAMEPU YTBOPEHHS IJIACTIBIIIB —
78 191,17 M’/n06y. Kinbkicts kamep — 6 mrryk. [lupuna oxHiei kKamepn — 6 M.

Piwenna. Po3nonin BoIM MO IUIOLII KaMe€pu BHUKOHYIOTH 32 JIOMOMOTOIO
nepdopoBaHUX TPyO uepe3 OTBOPH, SKI CHPSIMOBAHI TOPU3OHTAIBHO. Y KOXKHIM
KaMmepi po3MILIyIOTh neppopoBani TpyOu. Bincranb MK HUMH CITiJ IpUAMaTH 2 M,
Bix cTiHKM Kamepu — 1 m [1, . 10.7.6].

Burtpara Boju, siKa IPHUIAgac Ha OLHY KaMepy, cKiIame 543 M>/rof.

Buxoasuu 3 saxocTi Boau (CepenHbOi KaJaMyTHOCTI), MIBUIKICTh BUCXITHOTO
noToky 3rijHo [1, m. 10.7.6] npuiimaemo 0,65—1,6 mm/c.

[To1a kaMepy yTBOPEHHS IIACTIBINIB:

Q
Fn =36y M
ae  V — IBUIKICTh BUCXITHOTO MOTOKY BOJU Yy BEPXHbOMY IEPETUHI, MM/C.
543 2
KII _—3,6-1,6 =9427m".

KoHCTpyKTMBHO poO3Mip OAHIET Kamepu NpUMMAaEMO pPIBHUM IMIUPHUHI
BiJICTIHHUKA — 6 M, JOBXHHA 16 M, BUCOTa KamMepH JOPIBHIOE BUCOTI BIACTIMHUKA
ot BiywKUMHOTO mmmTa — 4,13 M. Ilepenan Ha BOMO3NWB BUMIPIOIOTH JECATUMU
J0JIIMU MiJTIMeTpa (Moro He BpaXOBYIOTh).

Yac nepeOyBaHHs BOJIM B KaMepaxX YTBOPEHHs MJIACTIBIIIB:

(4.1)

t=E,XB, (4.2)
q
6-16-3,5
=_ - TT — 2 = .
t s 0,62ron =37 xB

[ITap 3aBUCIOTO OCany NPUUMAEMO 3 M.

3ae0anns 4.2. BuzHauuTu niameTp TpyO pO3MOAUIBYOT CHCTEMH KamepH
YTBOPEHHS IUIACTIBIIB Ta pO3paxyBaTU KUIBKICTh OTBOPIB Ha HUX. [I1s1 BUKOHAHHS
3aBJIaHHS] BUKOPUCTOBYBATH PO3paxyHKH 3 3aBaHHs 4.1.

Piwenna. OOpoOioBaHa BoJa TO IUIOL[I KaMepu  PO3MOAUIAETHCS
nepdopoBaHUMH TPyOaMH yepe3 OTBOPH, SIK1 CIIPSIMOBAHI TOPU3OHTAIIBHO. Y KOXKHIM
KaMmepi po3MILlyIoTh neppopoBani TpyOu. Bincranb MK HUMH CITiJ IpUiiMaTH 2 M,
Bi cTiHkM Kamepu — 1 M [1, m. 10.7.6]. IlpuiitMaeMo Tpu TpyOM pPO3MOALIBYOL
cucreMu. Butpata Boaum ana  KokHOi  mepdopoBaHoi  TpyOM  cKiaje
O = 543/3==181 M /rox abo qxp = 50,28 n/c.

[Ipuitmaemo ctaseBi TpyOu 3 yMOBHUM MpoxojaoM d=350 MM, IIBUAKICTD PyXy
Boau V=0,5 M/c (HopmMaTrBHa MBUIKICTh pyXy Boau V = 0,5-0,6 M/c).

3aranpHa 1oma oTBOpiB cTaHOBUTH 30—40 BiACOTKIB IJIOMNI ii MONEPEUHOTO
nepepizy [1, m. 10.7.6].

Zforp = 0,4 Opp, M, (4.3)

24



Xf g = 0,4-0,096 =0,0384 m’.

KinbkicTh OTBOpIB Ha O/HIN TPYOI:

Xfors
fors

ne  fypg — oA OTBODY, M’; 3HAXO/IATH, 3HAIOUH dgrg — MlaMeTp OTBOPIB, AKUH

n= IT., (4.4)

npuiimaeMo 25 mum [1, m. 10.7.6].
>fo 0,038
n= =2 =78t
forg  0,00049
3 KaMepu B TOPU3OHTAIBHUN BIICTIMHUK BOAY BIIBOJSTH HaJ 3aTOTUICHUM

BOJIO3JTUBOM. BepxX CTIHKM BOJO3JMBY pO3TAlllOBYIOTh HWXKYE PIBHS BOAU Y
BIICTINHUKY Ha BEJIMUUHY:

dk
h, = 4.5
BT 3600-V, by *3)

ne  Vp — IBHIKICTB PyXy BOJAHM Yepe3 Boao3aus, 0,1 m/c.
543
B=3600.0,1.6 ™

3a CTIHKOIO BOJIO3JIMBY BCTAHOBJIOIOTH MIABICHY MEPErOpOJKY, 3aHYpEHY Ha
1/4 BucoTH BiACTIHHUKA, OO BIAXWISTH MOTIK BOJU 10 HU3Y.

HIBUIKICTH MIXK CTIHKOIO BOJO3JIMBY 1 IEPETOPOAKOI0 Ma€e OyTH HE OUIbIIE HIXK
0,03 m/c.

BincTanp Bl CTIHKYA BOJIO3JIMBY /10 TIEPETOPOIKU:

I Q
g Q 4.6
3600-V b’ (46)
I 543
Mo 21 084w
3600-0,036 M

3asoanns 4.3. Po3paxyBaTu KUIBKICTh BOJIH, SIKa CKHIAETHCS Pa3oM 3 0CaJIOM,
IpU TiAPaBIIYHOMY HOro BUJAJEHHI 3 TOPU3OHTAIBHHUX BIACTIMHUKIB. KuIbKICTb
. NP . 3
BOJIY, SIKa HAJAXOAUTH TICIs BIACTIMHUKIB Ha PuIbTpH, ckiagae 77415,57 m’/no0y.
KoHueHTparlisi 3aBUCIMX PEYOBUH Yy BOJI, KA HAAXOIUTH y BIACTIMHHK, HOPIBHIOE
3
145,58 r/m”.
Piwenns. O6’eM 30HM HAKONMUYEHHS Ta YIIUTLHEHHS OCay:
Q‘b ‘Tp ‘(CB _MOCB)
Ny -0 ’
p

: . 3
ne  Cgp — KOHIEHTpAIis 3aBUCIIMX PEYOBHH Y BOAL, I/M’;

M. — KanaMyTHICTb BOJM, SIKa BUXOJWTS 13 BiACTiiiHuKa (8—15 /M),

O — cepenHsl 3a BUCOTOIO OCaJIOBOI YaCTHMHHW KOHIIEHTpallisl TBepAoi ¢a3u B
ocazi, Mr/om’, npuiMaroTh 3a Tabauuero 19 [1];
Tp — Tepio; poOOTH MK CKHUJIaMH OCay, Tp =1 noOa;

Np — KUIBKICTH BIJICTIHHHUKIB.
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_77415,57-1-(145,58—12)

Woc = 1020000 =51,71 v’.
O6’emM ocafy, KMl HAKOMUYYETHCS BIIPOJIOBXK JOOU B YCiX BIACTIMHUKAX:
W=Np-Wo, (4.8)
W=10-51,71 »’.
Butpara Boau, Ky CKUAAIOTH Pa30M 3 OCaI0M:
Qop. = W-Kp , M°/106Y, (4.9)

Qo.p. =517,1:1,5=775,6 /100y,
e Kp — KoediieHT po3daBieHHs ocaay Bojoro [1, m. 10.9.9].

3ae0anns  4.4. Po3paxyBaTH KUIBKICTh Ta PpPO3MIpU TOPU3OHTAIBHUX
BIICTIMHUKIB 3 TIApaBIIYHUM BUAAJICHHSAM ocaay. KiuIbKICTh BOAM SIKa HAJIXOJUTh
micas BixcTiitHuKiB Ha binmbTpu 77 415,57 M/100y. KinbkicTs BOAH, SIKY CKHAAIOTH
pasoM 3 ocagoM 775,7 M°/100y.
Piwenna. Butpata BoaM, sika HaAXOAWTHh B BIACTIMHUKH 1 KaMepH YTBOPEHHS
TJIACTIBIIB:

Qs =Q 0 +Qg o.» M'/106Y, (4.10)

Qg =77415,57+775,6=78191,17 m’/n06y,
Qg =3257,96 m/ron.
CymapHy IUIOIYy TOPU3OHTAIBHUX BIACTIMHUKIB B IUIaHI BH3HAYaEMO 3a
dbopmymoro (12) [1]:
o s Qrs
Fpp =—00 "2 2 4.11
T'.B. 396UO » M, ( )

e v Koe]iIieHT 00'eMHOTO BUKOPUCTAHHS BIJICTIHHUKIB ¢ 1,3;
UO— IIBUJKICT, BUMaAaHHsA cycnensii [1, Ta6m. 18, m. 10.7.6];
U0= 0,45 mM/c; 3a yMOBH 3aCTOCYBaHHS (DJIOKYIISHTY UO ciig 36ubmuT Ha 15 %,

TOOTO U0= 0,517 mm/c.

1,3-3257,96 2
=2 == 7 " =2275,6 m".
rB. " 360,517 o
JloBXUHY BIACTIMHUKIB BU3HAYaeMo 3a Gpopmynoro (13) [1, m. 10.9.2]:
Hoop -V,
L=_P P (4.12)
Yo

ae Vcep — pO3paxyHKOBa MIBHJKICTh TOPU3OHTAIBHOTO PYXy BOJIW Ha MOYATKY
BijacriiHuKa [1, m. 10.9.2]; Vcep =12 mMm/c;
Hcep — CepeHs BUCOTa 30HU OCAIKCHHS (Hcep = 3,0 m).

3-12
0,517

L= =69,63 M.

26



[Ipuitmaemo noBxuny BiacTiiiHuKa L = 70 M.
upuHa BIACTIHHUKIB:
B=F:L, M, (4.13)
B=2275,6 :70=32,51 m.
upuHa oJTHOTO BiACTIHHUKA — 6 M.
KinbKicTh BIACTIHHUKIB — 6 HIT.
Bucora 30HM HaKOMIMYEHHS Ocaly:

H; 4 :%, M, (4.14)
51,71

ITpuiimaemo H; ;= 0,5 m.

3arajpHa BHCOTA BIACTIHHHKA ckiaazae: 3 + 0,5 = 3,5 m.

Bunanenns ocagy 3 BiAcTiiiHMKa nepedavyaeThCs TIAPABIIYHUM CIIOCOOOM 3a
JOTIOMOTOI0 JIpYaTuX TPyO. Y KOXKHOMY BIIUIEHHI MO JHY PO3TAlIOBYIOTHCS JBI
TpyOM Ha BiJCTaHi 3 M OJHA BiJl OJHOI.

3asoanns 4.5. Po3paxyBaTu CUCTEMY BUJIAJICHHS OCay JJisi TOPU30HTAIBLHOTO
BiacTiiHUKa. [Ipn BUKOHAHHI 3aBAaHHS BUKOPHCTOBYBAaTH PO3PAaXyHKH 3aBaHb
4.314.4.

Piwenns. BunaneHns ocany mnpuiiMaeMo Oe3 NMPUMUHEHHS A1 BiICTIMHUKA.
KinbkicTh ocany:

_ Qoc ‘Tp (Cg ~Mqcp) T

] 1 (4.15)
oC Np106

p_ _7819L17-1-(145,58-12) _; 5

oc 6-100

Butpara ocagy, Akuil CKUAAIOTh AIpYACTO0 TPyOOr0, pPO3TALIOBAHOIO B
KOXXHOMY KOPHUAOP1 BiACTIHHUKA:

-Pﬁ-@-z, M/, (4.16)

n  pPr
Ie Kp — KoeinieHT po3dasneHns ocany [1, m. 10.9.9]; K, = 1,5;

doc = P

n — KUTBKICTh TPYO, pPO3TAIlIOBAaHUX B OAHOMY BIJCTIHHUKY;
Pt — CEpelHIi BMICT TBEPIO1 PEYOBUHH B 0cali, %o, IPUIAMAIOTh 5 %o;

t — TpUBaNICTh CKUJIAHHA ocafy, npuitmaiots 20-30 xa. [1, m. 10.9.6].

172 100 1 _, (5 o
7 ¢ 20—2,15M/XB,

Qoc = 35,83 n/c.

doc =1,5

[Tpuiimaemo 2 TpyOwu.
Qoc =35,83-2=71,66 n/c.
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Po3paxyHok TpyOM BHUKOHYEMO 3a TaOMUISIMU [5] 3 YMOBH, IO IIBUAKICTH
pyXy ocany B KiHIl TpyOu Mae Oytu He meHme 1 m/c. llum ymoBam BiamoBimae
niametp Tpyou d = 300 mm, 1=0,00112, V = 1,04 m/c.

JiameTp oTBOPiB IpUUMAEMO dorp = 25 MM (fo; = 0,00049 Mz).

3aranpHa IUI0L[a OTBOPIB:

0 )
ne kH — koedirieHT nepdopartii; kH =0,7;

>, =k -f (4.17)
m - Tp

pr — IUIOLIA [OIepedHoro mepetuny Tpyon d = 0,13 M°.

=f,=0,7-0,13=0,091 M.

KinbkicTh OTBOPIB:

np:zf—f)o,mT., (4.18)
0.091
_ 0091 g6
P = 0.00049 T

Kpok oci oTBOpiB, fKI pO3MILIYIOTh B JBa PSAU B IIAXOBOMY MOPAJKY
(nopmaTtuBHuii kpok 300-500 mm):

L.
L, :%,M, (4.19)
(0)

_70 _
0 =Tge =038 M.

Brpatu Hanopy BU3Ha4aroTh 3a GOPMYJIOL0:

L

h:C‘z—g, M, (420)

ne V — mBHAKICTH B TpydOl, M/C, BH3HAyalOThb MpU BUOOPI JlaMETPy
TpyOOIpoOBOY;
{ — xoedilieHT onopy, npuiiMaroTh 3a popmysnoro [1, m. 10.10.10]:
(=2, 4.21)
Kg+1
0,54
2-9,81

h=6,27- =0,093 m.

3asoanns 4.6. Po3paxyBaTum mnpuUCTpiii i 300py OCBITJIIEHOI BOIU 3
TOPU30HTAIBHOTO BiACTiHHWKA. IlpM BUKOHAHHI 3aBAaHHS BHKOPHUCTOBYBATH
pO3paxyHKH 3aBaaHb 4.3 14.4.

Piwenns. 36ip ocBITJICHOT BOAM 31MCHIOIOTH TOPU3OHTAILHUMH MiABICHUMHU
kKoJiobaMH 13  3aTOIUICHMMH OTBOopamMu  aiamMeTpoM  dop =25 MM.  JKosobu
BCTAHOBIIOIOTh Ha JAUISIHINI 2/3 JOBXWHHU BIICTIHHWKA, paxyrw4d BiJ 3aJHBOT
TopieBoi crinku [1, m. 10.9.10].
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[Ipuitmaemo 10 TPOEKTYBAaHHS TPH KOJ00U 3aBOBXKKHU:

2
al = §1BiIIC , M, (4.22)
_290-
1)1(1 = §70 =46,67 M.
Burpara Boau, 1110 30MpaeThes xKo10o6amu:
Q..
Qe =20 Me, (4.23)
nBiI[CT
_3257,96

d5x e - 542,99 m’/rog = 0,151 m’/c.

OHAM KO0JI000M:
_3257,96
dx = 6-3
HIBuaKICT, pyXy BOAM B KiHII kojoba mpuiimaerbess Big 0,6 mo 0,8 m/c
[1, m. 10.9.10]. ITpuitmaemo 0,7 m/c.
[Ipuitmaemo #0500 MpsAMOKYTHOTO mnepeTuHy. [lepeBuilieHHs piBHS BOAMU Y
BIJICTINHUKY HaJl TOPU30HTAIBHUM JHOM 0J100a BU3ZHAYAEMO 32 (HOPMYJIOLO0:

Hy =0,23-Ep -3/q2c, M, (4.24)
ne &y — KoedilieHT TigpaBlIidyHOro ONopy 0700a npu koedimieHTi nepdoparii

=181 m’/rog = 0,05 M/c.

xkonoba K= 1,03 nopisHroe 6,0.

H, =0,23-6-3/0,05% =0,187 m.

Pi3Huio BiAMITOK BOAM y BiICTIMHUKY 1 *k0y1001 (H) Bu3HA4atoTh 3 yMOBH
HIBUAKOCTI pyXy Bojau depe3 oTBip 1 m/c. [l BIACTIMHUKIB TaKOro THUILY Pi3HUIA
ckimagatume 0,054 m.

I'muOuna Boau B 3k0J1001:

b

H.=H_-H,wM, (4.25)
X X
H_=0,187-0,054=0,133 m.

[IupuHa x0100a npu MBUAKOCTI pyxy Boau 0,8 m/c:

By = H?K)KV , M, (4.26)
= % ~033 wm.
HIBHIKICTH pyXy BOAM B 5K0J1001:
Vg :Hn?—‘)KB)K , M/c, (4.27)
Vo = % =0,81 m/c.

[IBUAKICTH BIAMIOBiIa€ HOPMATUBHINA MIBUAKOCTI.
Busznauaemo 3arajibHy IJIOITY OTBOPIB:
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e =Ko Wiep =0.46- Ky -3/Que” By . 0%, (4.28)

ne Ky —koediunient nepdopanii: 1,03;
Q. — BUTparTa BOM, 10 30UpaeThCs K0a000M, Q4 = 0,05 M/c.

fe =0,46-1,03-30,052-0,33 =0,044 v>.

KinbkicTh OTBOPIB:

., (4.29)
OTB

005 _102 wr.

1= 0.00049
OTBOpI/I p03TaH10ByIOTL B H_IaXOBOMy HOpH}IKy. BI/IBHaqaeMO BiHCTaHB MI)K
OTBOPAMH:
10 = 1>1<1 ‘N, M, (4.30)
o = 46,67:102=0,46 m.

Tema 5 Po3paxyHok mBHAKHX QUIbTPIB. PO3paxyHOK KOHTAKTHUX
NPOSICHIOBAYiB

3ae0anns 5.1. Po3paxyBaTu KUIBKICTh MIBHAKUX (UIBTPIB Ta iX pO3MIpH.
T[IpoayKTHBHICTb ouncHUX criopyn 72 000 m>/no6y. KinbkicTs Boju, sika HEOOXinHA
JUISl IPUTOTYBaHHS PO3YMHIB PEareHTiB, po3paxoBaHa B 3aBaHHsax 2.1, 2.2, 2.6.

Piwenna. llpuiiMaemMo 0HOIIAPOBI MIBHUIKI (PUIBTPHU 13 3aBAHTAKEHHSM PI3HOI
KpynHOCTI 3a ganumu [1, m. 10.12.2]. Bucora puibTpyrodoro mapy 3 KBaploBOT'O
micky Hg=1500 MM, 3 giamerpoM 3epeH: MIHIMAIbHHNA dpin=0,7 MM 1
MakCUMaJIbHUN dp.= 1,6 MM. ExBiBamentHuit miametp 3epeH d. = 1,0 mMm, a
koediienT HeogHopigHocTi 1,8. IlinTpumyrouuit map Mae BucoTy (3arainbHy) 500
MM, KpYIHICTb 3epeH Bif 5 10 40 mm.

[Tnomy ¢inbTpa BU3HaUaemo 3a hopmynoro (22) [1, m. 10.12.4]:

Q

, M, (5.1)

F, =
b Tep-vy “Np Aop ~Dop " Tp YV
e Q— KinbKiCTb BOAM, 0 HAZXOAUTH HA MBHAKI QiTbTPH, M>/100Y:
— 3 .
Q_QHOJI+QBK+QBHAA+Q1H+Q1X’M/H06y’ (5-2)
T — TpuBamicTE pOOOTH CTAHIIT IPOTATOM 100U, TOL;
Vg — PO3paxyHKOBa INBUIKICTh ()UIBTPYBaHHSA IIPH HOPMAJIBHOMY PEXKHMI,

M/ToJ, 3T1IHO 3 peKoMeHaamisaMu 1 Tabnuiero 21 [1] 3 ypaxyBaHHSIM pPO3paxyHKIB 3a

dbopmynoro (23) [1];
Ny — KUIBKICTh MPOMHBAHb OJHOTO (UIbTpa Ha H00y MpU HOPMAJIBLHOMY

pexuMi excruryatartii, Tabmau 21 [1];
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1 '
Tpp — Yac TPOCTOro bimbTpa y 3B'13ky 3 mpomuBaHHiIM (0,33 roauHU TpU

BoAsiHOMY 1 0,5 TOMHU TTPU BOJIONOBITPSIHHOMY ITPOMUBAHH1);
- 3,2
(pp — MMTOMA BUTPATa BOJH HA OJIHE IPOMHMBAHHS OTHOTO buibTpa, M°/M°, SIKY

CJIIJT pO3paxoByBaTH 3 ypaxyBaHHsM [1, m. 10.12.15]:
®- typ -60

3, 2

16-5-60 o 3,

qu—W—4,8M/M.
72231,57

=407,81 M.

XF, =
¢ 24.8-2-48-2.0,33-8

Opi€HTOBHO KUIBKICTh (DUIBTPIB BU3HAYAIOTH 32 POPMYIIOIO:

N= ﬁ (5.4)

-5 - T,
N=—V407’81 =10 1T

2
[Tpuitmaemo 10 ¢puibTpiB 3 po3mipamu 6x9 M.
3 ypaxyBaHHSAM NPUAHATHX PO3MIPIB IUIOLIA OJHOTO DUIBTPY CKIIafE:

F, =54 m°.
¢

[Ipu npomMy moBuHHa 3a0e3medyBaTHCS MIBUAKICTH (PUIBTPYBAHHS BOAM TPH
(dbopcoBaHOMY PEXHUMI, TPUINHABIIN KUIBKICTh (UIBTPIB, 5Ki MepeOyBalOTh Y PEMOHTI
N1 =1, 3a popmymoro (23) [1]:

N
, m/rog < 10,0 m/Ton, (5.5)

V.=V .
pdb H|N-N

1
10
V , = 8(—] =8,9m/rox < 10,0 m/rox.
pd 10-1

3aeodanns 5.2. Po3paxyBatu TpyO4acTy pO3NOAUIbYY CHUCTEMY A QUIBTPY 3
po3MipaMH B TIaH1 6 M X 9 M.
Piwenna. KinpkicTh NPOMUBHOT BOJH, sika HEOOXiAHA JUIsl ogHOrO (ibTpa, Ha
OJIHY MPOMUBKY CKJIaJI€:
— . 3
Vnp = F‘b dpp» M (5.6)

Vi, =54-48=2592 .

11p
Butpara npoMuBHOI BoaU:
an =F-W, n/c, (5.7)
an =54-16=864 n/c.

HiameTtp TpyOOnpoBOaY, AKUH MOJa€ MPOMHUBHY BOJY /10 KOXXHOTO (QUIBTPY,
BHU3HAYAIOTh 32 PEKOMEH]IOBAHOIO LIBUJIKICTIO, SIKY HaJeKUTh MPUIMaATH HE OuIblle
1,2 m/c [1, m. 10.12.12]. Ilpu 3anauiit BuTpati 864 i/c npuitMaemo niamerp 800 mm,
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mBUAKICT — 1,2 m/c. [l piBHOMIPHOTO PO3MOJLTY NMPOMHUBHOI BOAM B HUKHIN
yacTHH1 301pHOr0 KaHaly (UIBTPY BIAIITOBYIOTh TIYXMH pPO3MOAUIBHUN KaHal
MPSIMOKYTHOTO TepeTuny 3 po3Mipamu 0,9%0,9 m, 1o sikoro miaBoAATH TPyOOIpPOBi
poMHUBHOI Boau AiameTpoM 800 MM.

[IBUAKICTE B PO3MOAUTLYOMY KaHa1 CKIIAJIE:

Q
Vian =%, w/e, (5.8)
KaH
0,864
Kag = 0.81 =1,07 m/c

OtpumaHa B pe3yabTaTi PO3paxyHKIB IIBUJAKICTh BIANOBIAAE PEKOMEHI0BaHIM
mBuakocti 0,8—1,2 m/c.

[Inoma nHa QinbTpa, fKa MPUIATAE HA KOXKHE BIATATY)KEHHSI PO3MOJLIBYOT
CUCTEMHU IpH BiACTaHAX MK HUMH m = 0,3 M 1 mupuHi po3noAuibuoro kaamy 0,9 m,
CKJIaze:

— —_ . 2
foin =(B—b)-m, M, (5.9)

ne B —mupuna ¢piuabTpa, 6 M;
b — mupuHa QuibTpa;
m — BiJICTaHb MIXK BIJITAIYKEHHSMU PO3MOAUTBYOT CUCTEMH.

f. =(6-09)03=153m2.
BIJT
BI/ITpaTa HpOMI/IBHOI BOJH, AKd HAAXOAUTHb YCPEC3 OAHC Biﬂraﬂy}KeHHHI
q. =f . W, o/, (5.10)
BII  BIX

q.. =1,53-16=24,5n/c.
BiJI

HiameTp BigraiyxeHb NpUAMaeMo 3a TAOIMUISIMU TiIPaBIIYHOIO PO3PAXYHKY
BOJIOTIPOBITHUX TPYO [5].

d. =125mm=0,125 m.
BiJ

Tonmi MBUAKICTE BXOMY BOJAM B BIATATY>KCHHS VBiJIZ 1,85 m/c (mo He
MEePEeBUILY€E PEKOMEHA0BAHOI BUAKOCTI 1,6—2 M/c).

V HWKHIA dYacTHHI BiAraaykeHb Imig KyToMm 45° mependavaroTh OTBOPHU
miamerpoM dgyrg =12mm [1, m 10.12.12].

BinHomieHHs miomii BCiX OTBOPIB Yy BIATAIYKEHHSIX PO3MOJAUIBHOI CHCTEMHU
>.fy mo momi dinsTpa F b npuitmaemo piBauM 0,25 %.
>, :O,ZS-FCP/IOO, M, (5.11)

> fy =0,25-54/100=0,135 wm’.
IIpu niamerpi otBOpiB d, = 12 MM moma orBopy f, =113 MM,

3aranpHa KUIbKICTh OTBOPIB Y PO3NMOALTRYIN cUCTeM] QLIbTpa:

ng = 2fo , IIT., (5.12)

fo
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no = 1350

° 1,13

KinbkicTe BiramyxeHb y KoxHOMY (iIbTpl mpu BincTtaHi Mk ocsimMu 0,3 M
CKJIaze:

=1195 wrr.

9:0,3 =30 mr.
KinbKiCTh OTBOPIB HAa KOKHE BIJIFATYKEHHS:
n=1195:30=40 wr.
Tak sk OTBOpPH PO3TAIIOBYIOTH B JIBa PSAM B IIaXOBOMY MOPSAIKY Il KyTOM
45° 110 HU3y Bil BepTHKAI, TO PH JOBKUHI KOKHOTO BiATraIyKEHHS:

Ly = bg = bice (5.13)

BIJI

1. =6-09=5,1 .
BIJI

Binctans Mixk 0csIMH OTBOPIB O OJHIM JIIHII:

2.1 .
lg = r’flﬂ , MM, (5.14)
1o =221 =255 wv,

1[0 HE NEPEBHUIIYe PEKOMEHA0BaH1 po3Mipu 1= 200-300 mm.

Jlist BUjaneHHs moBiTps 3 TpyOONpOBOY, KU MoJae BOAY Ha MPOMHUBAHHS
binbTpa, Yy HOIABUIIEHMX MICHSIX  PO3MOAUIBYOI  CHUCTEMH IepeadavyaroTh
YCTAHOBJICHHS TMOBITPOBIABIIHUX CTOSIKIB, PEKOMEHIOBAHHM JiaMeTp SKHUX
d = 75-150 MM 3 aBTOMaTHUHUM BUITyCKOM moBiTps [1, . 10.12.14].

[Ipuitmaemo 1Ba MOBITPOBIABIAHUX cTOsiKa AlameTpoM d = 90 mm.

3asoanna 5.3. Po3spaxyBatu mpuCTpid 1y 300py 1 BIABEACHHS BOAM IIPHU
npoMuBIli GuIBTPY. BuxigHi gaHH1 po3paxoBaHi B 3aBaaHH]1 5.1.

Piwenna. 30ip 1 BiaBeneHHs 3a0pyAHEHOI BOAM NpPH MPOMUBII IMIBUJKHX
GUIBTPIB 3A1MCHIOIOTH 3a JOMOMOTOIO KOJIO0IB, Kl PO3MINIYIOTh HaJl MOBEPXHEIO
(bUTBTPYIOUOTO 3aBaHTAKCHHS.

Bincranp Mik ocsiMH  K0JIOOIB HE TOBMHHA IMEpeBUINYyBaTH 2,2 M
[1, m. 10.12.16]. BpaxoBytouu po3mipu (uUIbTpY NpUIMAEMO 10 MPOEKTyBaHHS 4
KOJIOOU 3 HAMIBKPYTJIOK0 OCHOBOIO.

[Ipu BUTpaTi MPOMHUBHOI BOAM HA OAUH (PUILTP dp = 864 1/c, BuTpara

MIPOMUBHOI BOJIM HA OJIUH KO0JIOO:

qQx =qip, m/c, (5.15)
Q,, :¥:216 e = 0,216 me.
[Iupuny »xo0s100a BU3HAYaeEMO 3a popmyioro (26) [1]:
2
By =Ko 5—— % w, (5.16)
(1,57 + 0 )

3
€ (s — BHTpaTa BOJU IIO K0J00Yy, M'/C;
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Oy — BIJIHOLIEHHS BUCOTH IIPSAMOKYTHOI YACTHUHHM 3K0J100a J0 MOJOBUHH HOI0O
HIMpUHHU, TIpuitMaemo 1,5;
K. — koe(IieHT, MpUIAMArOTh 171 K0JI001B 3 HAMIBKPYIIIUM JOTKOM Ky =2.

2
0,216
B _2.§/—’ =0,55 m.

(1.57+1,5)
Bucora npsMOoKyTHOT YaCTHUHU k0J100a:
th:O,75-B>K,M, (5.17)
th =0,75-0,55=0,41 wm.

Kopucha Bucora xoioba:
hyop =0,75-By, M, (5.18)

hKop =0,75-0,55=0,69 wm.

KoHcTpykTHBHA BHCOTa k051002 (3 ypaXyBaHHAM TOBLUIMHU CTIHKH)
hye = hKop +0,08, M, (5.19)

hg =0,69+0,08=0,77 M.
Kpomku Bcix ko0jg00iB pO3TallOBYIOTH Ha OJHOMY PpIBHI 1 CTpOro
rOpu3OHTANIBHO. JIOTKH k051001B MaroTh yxui 1= 0,01 g0 30ipHOrO KaHaIy.
Bincranp Bin moBepxHi (UIBTPYIOUOrO 3aBaHTAXKEHHS O KPOMKH >KOJ00IB

BU3HA4YaeMo 3a Gpopmyroro (28) [1]:
_Hj-dg

K100
ne  H;—Bucora pinerpyroyoro mapy, m;

+0,3, M, (5.20)

d3 — BIJTHOCHE PO3LIUPEHHS QUIBTPYIOUOTO 3aBAHTAKEHHS.
_1,5:20

K 100
Tak sx koHCTpyKkTMBHa BHcOTa 0700a hg=0,77m Oinpme hy =0,6M,

+0,3=0,6 m.

NOTPiIOHO MPUUHATH BIICTaHb Bl HU3Y K0J00a O BEpXy 3aBaHTaXEHHS OUIbIIE Ha
0,06 m:

hy =h, +0,06, M, (5.21)
hye =0,77+0,06=0,83 M.
Butpara Boau Ha MPOMUBKY BCiX (DUIBTPIB:
Qu.cyr = Vip - N1, M/106y, (5.22)
ne N — KUIBKICTb (QUIBTPIB;
N — KUIbKICTh IPOMHUBOK.
3
Qn.cyr =259,2-10-2=5184 M"/nody.
YTouHeHa NPOAYKTUBHICTH (UIBTPIB 3 ypaxyBaHHSM BHUTpaTH BOJM Ha ixX
MIPOMMUBKY:
3
Q‘b =Qnon * bk + Qpnaa + Qpm + Q4 +Qn<1)’ M/no0y,  (5.23)
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ch =72000+111,57+120+0+0+5184=77415,57 m*/n0Gy,
=0,836 m’/c.
%

Bincrans Bin nHa )x0100a 10 AHA 30IpHOTO KaHATy BU3HA4YaeMO 3a (hOpMYJIOH0:

2
cap =1,73-3-0KaH_ 400 (5.24)

mva
g-bian
€  (ggqu — BUTpaTa BOIU IO KaHay, M°/c, piBHIif BUTpaTi IPOMMBHOI BOIHM Bix

H

OJIHIET TPOMMBKH;
b — mupuHa KaHamy, M;
2
g=9,81 m/c".

+0,2=0,79 M.

HIBUAKICTH PyXy NPOMHUBHOI BOJM B KiHLI 30ipHOro kaHanty mupuHowo 0,9 m
BU3HAYaloTh 3a (POPMYJIOIO:

_ dkan
U = ,M/c, (5.25)
Kt (H xan —0-2) bxan

0,864 =1,63 Mm/c.

U —
KaH ~ (79 -0,2)-0,9

3asoanns 5.4. BuzHauntu aiaMmeTpu TpyOONpOBOIIB IS T10/1a4l Ta BIJBEICHHS
BOAM 3 GUIBTPIB. SIK BUXIIHI JaHHI B3SITH PO3PAaXyHKH 3 3aBJaHb 5.2 1 5.3.

Piwenns. Jliametpu TpyOONpOBOMIB BHU3HAYAEMO 32 TaONUIIMH IS
TiIpaBIIYHOTO PO3paxyHKy cTayeBUX TpyO [5] 3a CEKyHAHOIO BUTPATOIO BOJAM, IIO
HAJXOAUTh Ha (UIBTPH, 1 PEKOMEHJIOBAHOIO IIBUJIKICTIO pyXy Boau. Pesynbratu
PO3paxyHKy 3BOJUMO B TaOIUIIIO 5.1.

Po3mipu TpyOompoBoaiB abo kaHaniB (UIBTPIB CJiA NPUHAMATH 32 YMOBH
dbopcoBaHOoTO pekuUMy poOOTH (TOOTO TpPU BHUKIIOYEHHI OAHOrO (UIBTpa Ha
npoMuBaHHs). TakuM YMHOM, PO3paxXyHKOBa BUTpATa BOJHU, SIKA MPUMATAE HA OJUH
GbiTbTp, CKIaME:

9
q¢ , /¢, (5.26)
b N 0 -N,’
c _ 836
q O -10-1 =92,8911/c.

10-1

Tabmums 5.1 — Pesymbraté TiApaBIiYHOTO PO3PaxyHKy TPyOONpOBOJIB TMojadi ado
B1JIBE/ICHHSI BOJM HAa (QUIBTPHU Ta 3 HUX
Burpara . Hiametp TpyO, Pexomenn.

Hazpa tpyOonpoBoay Bomm, 1/c [BukicTs M/C N [IBHAKICTD, M/c

Jlns mogadi ocBITICHOT

. 836,01 1,55 1000 0,8-1,2
BOJIM Ha BCl QUILTPU
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ITponosxenns tadmumi 5.1

Burpara . Hiametp pyo, Pexomen,

Hasga tpy6onposoy BOJH, 11/C HIBuakicTs m/c MM MIBUIKICTH, M/C
Te came, Ha 0UH QLILTP 92,89 1,22 300 0.8-1,2
Jst BiXBOLY ¢inpTpary 3 92,89 1,22 300 1,0-1,5
OJTHOTO (PUIBTPY
)1.]'['5[ Bl,?]BO)Iy ¢binpTparty 3 836,01 1,55 1000 0,8-1,2
BCIX (UIbTpax
JUia monadi MpOMHUBHOI 364 1.7 800 1,5-2.,0
BOJIN
JInst BiBOIy POMUBHO] 864 1,7 800 1,5-2,0
BOJIN

3ae0anns 5.5. BusHauutu BTpaTu Hamopy npu npomusli ¢puietpy. IlinidOpatu
HACOCH JJIsi MPOMUBKU (PUIbTPIB. SIK BUXIJIHI JaHHI B3SITU PO3PAXYHKH 3 3aBJaHb 5.2 1
5.3.

Piwenns. Brpatn Hanopy npu nmpomuBil QUIBTPY CKIAJAIOTHCS 3 HACTYIMHUX
BEJIUYMH:
a) BTpaTU HAIMopy B OTBOpaxX TPyO pO3MOALIBUOL CUCTEMU (DUIBTPY:
2.2 Vﬁ v2

+1[-K+50 'y

h = > >
PelkZ2 22 2¢

(5.27)

ne vy - IIBUJIKICTh Ha MOYATKY PO3MOAUTEHOTO KaHATY (Vk= 1,07 m/c), M/c;

Vgo — IIBHJKICTB Ha IOYATKy O14HOTrO BiaramyxeHus (vg, = 1,85 m/c), M/c;
K|, — BIJHOIIEHHA CyMHM IIJIOL] BCIX OTBOPIB PO3MOAUIBYOI CUCTEMH IO ILIOMII
MOMNEPEYHOro NePEeTUHY KaHaly:
= (0,15< K, £2), (5.28)
0,135
0,81

2 2

1 1

hpc: 2’22+1- 07 + 85 =4.84 wm;
0,167 2:9,81 2-9,81

0) BTpaTH Hanopy B GUILTPYOYOMY mapi BucoToro H,:

hfbﬂl =(a+b-oo)-H3,M, (5.29)

Je  ® — IHTEHCUBHICTh I0/1a4l MPOMUBHOT BOJIH;

a 1 b — emmnipuyHi Koedili€eHTH, $KI NPUWMAIOTh 3aJEKHO Bl TUIY
3aBaHTAXXEHHs; MNpuiMaloTh s kBapioBoro micky 0,75-0,85 1 0,017-0,004
BIJIIIOBIIHO.

Kn
K, =0,167,

h =(O,85+0,004-16)-1,5=1,37 M.
b
B) BTpaTU HAIlopy B IPaBiiHUX MIATPUMYIOUUX Iapax BUCOTO Hppy:

hyy =10 -Hpyyy s M, (5.30)
hy =0,022-16-0,5=0,18 M.
I) BTpaTH Hamopy B TpyOONpoOBOJl, SIKUI IOJAa€ NMPOMHUBHY BOJY, BU3HA4aeMO 3a

dhopmyoro:
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h _=h+h M, (5.31)
™ 1 M
ne h1 — BTpaTH HAMoOpy MO TOBXKHUHI (h1 BU3HAYAIOTh BPAaXxOBYIOUM BUTPATY

qup= 864 1/c, d=800 MM, v=1,2 wm/c, rigpaBmiunuii yxun 1=0,00412, mpu
1=100 m).

h1=1-i,M, (5.32)
h1 =100-0,00412=0,41 w;
hM — BTPaTH HAIOPY Ha MICLEBI ONOPH: o= 0,185 (3 xomina); &mp= 0,22

(2 TpiiHuKa); Ezpen= 0,3 (4 3acyBku); Eem= 0,0135 (12 3BaproBajibHUX CTHKIB).
MicuieBi onopu po3paxoBYIOTh 3a (PopMyI0t0:

U2
=Ye L 5.33)
hM_Zé 2 )Ma ( *

g

2

1,63
h. =2 | =2 =0,32Mm.
M ,357 {2-9,81] 0,32Mm
th =0,41+0,32=0,73 m.

[loBHa BenWuMHAa BTpaT HAMOpPy MpU NPOMUBAHHI MIBUAKOro (GiIbTpa
CTAHOBUTb:

2h=hpe+h, +hpy+h (5.34)

pe g > M
Th=4,85+1,37+0,1840,73=7,13 m.

Harmip, sxuii MOBUHEH pO3BUBATH HACOC TIPU MIPOMUBIIL PUIBTPY:
H:HF+Zh,M, (5.35)

ne HF — reOMeTpUYHa BUCOTa MiAHOMY BOJU (pi3HULS BIAMITOK HUXKHBOTO PIBHS
Boau B PUB 1 BepXHbOi KpOMKH K051001B (hi1bTpa), M; HF =6,5 m.

H=6,5+7,13=13,63 m = 14 m.

Jl1st mogavi mMpOMHUBHOI BOAM B KIIbKOCTI 864 11/c abo 3110 M3/1“OJI MpUMNMaEMO
nacoc mapku JI 3200-33 [11] 3 mpoxyktuBHicTIO 3240 M’/rox i HamopoMm 32 M 3
MOTYXHICTIO enekTpoaBuryHa 315 kBt 1 udacrotoro ob6eptiB 985 006/xB. s
MIPOEKTYBaHHs OEpeMo JIBa HACOCHU: OJIMH pOOOYHii 1 OIMH PEe3EPBHUM.

3asoannsa 5.6. Po3paxyBaTu 00°€éM 1 pO3MIpH BXIJIHOI KaMmepu THepena
KOHTAaKTHHMH OCBiTJIFOBaueM. BwuTpaTta BOJW, 5Ka TIOJA€ThCA HAa KOHTAKTHI
ocsiTiroBaul — 114 021 M3/1106y.

Piwenns. 3a po3paxyHKOBOIO BHTPATOI BOAM, Ky IMOAAIOTh HAa KOHTAKTHI
OCBITJIIOBaYl, BU3HAYAIOTh 00’ €M BXIJTHOI KaMepH 3a GOpMYJIOIO:

.t 3

W, =t 8 5.36
BX.K 5460 (5.36)
me t — yac mnepeOyBaHHA BOAM B KaMmepi, NPHUAHATO 5 XBWIMH 3TiIHO

[1, m. 10.15.2].
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114021-5
2460

[Ipuitmaemo dYotupu BXigH1 kKamepu Tiaubuuoro h =3 wm. [lnomy koxHOT
KaMepH BU3HAYal0Th 3a (OpMYJIOL0:

Wey k = =396 .

_ Whxk 2

xk - M (5.37)
_%_33 M2

BX.K 3 :

[Ipuitmaemo BXiJIHY KaMepy 3 po3MipaMH B TUIaHi 6 X 6 M.

Y KOXHIA KaMepl BCTaHOBIIOIOTH OapabOaHHI CITKM. BXinHi Kkamepu
Oo0NaAHYIOTh MPUCTPOSIMU JJII TNPOMHUBAHHSA CITOK, MEPEIUBHOIO Ta CIYCKHOIO
Tpy6oro [1, m. 10.15.2]. CTiHKK HUKHBOI YACTHHH KaMepu HaxXwieHi migx Kkyrom 50°
710 TOPU30HTY. BUCOTY HMKHBOT YaCTUHU KaMepH BU3HAYAEMO 32 (HOPMYIIOI0:

hycans =5 -0tgl90° ~50°), w, (5.38)

6 o o
hian =§-ctg(90 ~50°)=1,6 m.
[ToBHY BHCOTY KaMepH pO3paxoByeMO 3a (GOPMYJIOIO:
H=h+hggy, M, (5.39)

H=3+1,6=4,6 .

3asoanns 5.7. Po3paxyBaTu IUIONTY Ta KUTbKICTh KOHTAKTHUX OCBITIIOBAYIB JJISI

OJIHOCTYIIIHYATOl CXeMU OOpOOKM BOJAM OYHMCHHX CIOPYJ MNPOJAYKTHBHICTIO
114 021 m*/n06y.

Piwennsa. KoHTakTHHI OCBITIIIOBaY Ma€ BUIJIS 3a11300€TOHHOTO pe3epByapa,
SAKUN 3allOBHIOIOTH 3BEPXY IMICKOM IIApoM 3 KpymHicTio 3epeH 0,7-2 MM TOBIIMHA
mapy 2 M, a 3HU3Y IpaBlEM 3 KPYMNHICTIO 3epeH 2—4 MM ToBIIHHA mapy 50 MM,
KPYIHICTIO 3epeH 4—8 MM ToBimMHA mapy 100 mm, KpymnHicTiO 3epeH 8—16 MM
toBmHa 1mapy 100 mm. BepxHs rpaHulls HUKHBOTO WIapy TpaBis KPYHHICTIO
16-32 MM noBuHHa OyTH Ha 100 MM BUIIIE OTBOPIB PO3MOALIBUOI CUCTEMHU.

Po3zpaxyHkoBa MBUAKICTb (UIBTPYBAaHHA NpPU HOPMAJIBHOMY  PEXHUMI
5,0 m/rox, mpu popcoBanoMy — 5,5 M/ro.

[IpoMuBatOTh KOHTAKTHI OCBITIIOBa4Y1 KOMOIHOBAaHUM METOIOM:

— MepHIM eTanm — PO3MYUIEHHS 3aBAHTAKEHHS MOBITPSAM 3 IHTEHCUBHICTIO
18 11/(c'M”) IPOTATOM JBOX XBHJIHH;

— IpYyruil eranm — BIAMUBAaHHS 3aBaHTaXEHHS CHUIBHO BOJOIO IHTEHCHUBHICTIO
3 1/(c'M”) Ta HOBITPAM 3 iHTEHCHBHICTIO 18 1/(C'M”) IPOTATOM LIECTH XBHIIMH;

— TpeTiii eTam — BiIMMBAaHHS 3aBAHTAXXCHHSI BOJOI0 IHTEHCHBHICTIO 6 11/(c-M’)
MPOTSITOM I’ SITH XBUJIMH.

[T01y KOHTaKTHOT'O OCBITJIFOBaYa BU3HAYAIOTH 3T1HO 3 [1, m. 10.12.4]:

SF = Q 2 (5.40)
KO Tep vy —npp @pp +Top Ve + Ter " Va)

ne  Top — TpuBamicts pobotu craHuii 3a 1100y; Tor= 24 rogx;
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Vg — PO3PaxyHKOBa INBMIKICTh ()UIBTPYBaHHSA NP HOPMAJILHOMY PEXKHMI,
vy = 5 m/rog;

Npp — YHMCII0 POMHBAHDB KOKHOTO KOHTAaKTHOTO ocsiTiroBava (KO) 3a 1 100y
IPU HOPMaJIBLHOMY PEXHMi eKCIUTyaTallil; Npp = 2;

(pp — MTMTOMA BUTPATa BOJIM HA OJIHE NPOMHUBAHHS OJIHOTO KO Buznauaemo 3a

dbopmymoro (5.3):

_(3:6:60+5-6-60) _ 3.2,
dnp = 1000 =9 m/™M
Tnp ~ TpuBalicTh npoctoro KO y 3B'SI3Ky 3 NPOMUBAHHSM,; Tnp = 0,5 ron;
Tor — TPMBANIICTh CKMIAHHS nepmoro Gpierpary; ter = 0,17 rox;

114021 2
XF = =1155,58 m".
K0~ 24.5-2.(910,5-5+0,17-5) oM
OpienToBHO KUIbKicTh KO Bu3Hauaemo 3a popmyioro (5.4):
N = —“11525’58= 15,997 =16 mt.
[Ipuitmaemo 16 KOHTaAKTHUX OCBITJIIOBAYiB po3MipamMu B Iu1aHl 6 M x 12 M.
TaKHM YHHOM IUTONIA OHOrO KOHTAKTHOIO OCBIiT/IIOBaYa cKimaze 72 M.

SF =NF_, M, (5.41)
YF =16-72=1152 m>.
KO

HIBuakicTs ipu popcoBaHOMY peXUMI BU3ZHAYaeMO 3a popmyioro (5.5):

V(b =Vy .16——1: 5,34 m/rox < 5,5 m/ron.

3asoanna 5.8. PospaxyBatu TpyOuacty posnoauibHy cuctemy (TPC) mis
KOHTaKTHUX OCBITJIIOBAYIB, sIKi OyJIM po3paxoBaHi B 3aBlaHH1 5.7.

Piwenns. Po3paxyHok TpyOuacToi po3MOJALIbYOT CHUCTEMH BHUKOHYIOTH 3a
pexkomenaarisimu [1, m. 10.15.8].

MakcuMalibHa CEKYHJHA BUTpAaTa MPOMHBHOI BOJW JUUII IPOMHBAHHS OJHOTO

KOHTaKTHOT'O OCBITJIFOBaua BU3HauaeMo 3a Ghopmyioro (5.6):
an =9.72=648 n/c,

Q. =0,648 m’/c = 38,8 M°/xB.
p

[Ipu HasBHOCTI IBOX BIIJUIEHb HAa KOXHHUI KOJEKTOpP PO3MOALILYOI CHCTEMHU
KOHTaKTHOT'O OCBITJIIOBa4a BUTpaTa MPOMUBHOI BOJU ckiagae 324 m/c.

HIBUAKICTE pPYyXy BOAM TO IEHTPAJIbHOMY NPOMUBHOMY TpPyOONpPOBOIY
nmoBMHHa O0yTH B Mexax Big 0,8 mM/c no 1,2 m/c [1].

[Ipu BuUTpaTi MPOMUBHOI BOIU dnp = 324 n/c 3rigHo 3 [5] miameTp TpyOu
de= 600 MM IIBUIIKICTH Vnp: 1,09 m/c. 3oBHINIHINA AlaMeTp CTaIBHOT TpyOH Oyje
630 mMMm.

Hlar oci po3noauibHUX Tpyo noBuHeH OyTtu Big 0,25 m 10 0,35 m.
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KinpkicTe  po3moAuibHUX Tpy0O B OJHOMY BIIJAUIEHHI KOHTaKTHOTO
OCBITJIIOBaya CKJIaJe:

=2-(B: ) 5.42
np =2(Bim), . (542)

e M — Iar oci po3NoAUILHUX TpyO, mpuitmaemo 0,35.
nTp =2-(6:0,35)=34 mr.

BuTtpara npoMuBHO1 BOJIM HA OAHY TPYOY:
q

Ay =0 - 7, (5.43)
p
324
=—"—"=9,5 u/c.
Iip =734

HIBUIKICTH PyXy BOAM Ha BXOAl1 B pO3NOJUIBYY TpyOy 3rimHo 3 [1] moBuHHA
Oyt He OuIbIIE Vi rp = 2,0 M/c. BigmosigHO miaMeTp po3NoaLIbuoi Tpyom Oyze
75 MM, IBUAKICTb pyxy 1,76 Mm/c.

BinHoleHHs Mol BCiX OTBOPIB B BIATATY>KEHHSIX PO3MOALUIBUOT CUCTEMHU 0
IJIOMI1 KOHTAaKTHOTO OCBIT/IIOBaYa mpuiimMaroth 3a Tadmwuiero 27 [1, m. 10.15.8] 1
PO3PaxXOBYIOTh 32 POPMYIIOIO:

K -F
Yfor =W’ M, (5.44)
0,28-72 2
Yfor = 100 =0,2 M".

HiameTp oTBOpY npuitmaemo d, = 12 mm (pekomennyetbes d,= 10—-12 mMm).
Tonai KiITbKICTH OTBOPIB JJ1s1 BCIET pO3NOALILYOI CUCTEMHU:
_2hy

OfO

0,2
n,=——>——
0 0,00011
KinbkicTh OTBOPIB Ha OAHIN pO3MOALIBYIN TPYOI:

n , IIT., (5.45)

=1818 .

0
n) =_—-Wr, (5.46)
D

1818
ng=——= 27 mrt
68
OTBOpHU PO3TAIOBYEMO B HIXKHIM YacTHHI TPYOU MO IBa B KOXKHIM KOMIPIII.
JIOBXKUHY pPO3NOAUILYOI TPpyOM mNpuUMaeMO PIBHOIO JOBXKHHI BIIAUICHHS
KOHTaKTHOTO OCBITIIOBaya MiHyc 920 MM (30BHINIHIA JilaMeTp UEHTPalIbHOI
po3noauIeb4oi Tpyou), minyc 1200 (3a30p MK CTIHKOIO KOHTaKTHOT'O OCBITJIIOBadYa 1
KiHIsIMU TpyO). Toail BiicTaHi MK OCSAMH OTBOPIB:
10 _ 6000 _62340 —1200_ 161 MM (miputimaemo 160 mm), (5.47)
10 BiJMOBigae pekomenaaisam [1] (Biactanb Mix ocsiMu oTBOpiB 150-200 mMm).
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3ae0anns 5.9. Bu3HauuTH B1ICOTOK NMPOMMBHOI BOJM, SIKY BUTpAdyarOTh Ha
CTaHI[li HA MPOMHUBAHHA BCIX KOHTAKTHUX OCBITJIIOBAUIB, BiJ] MOBHOT MPOJYKTUBHOCTI
OUYMCHUX criopyn. JlJis BUKOHAaHHS 3aBJaHHS BUKOPUCTOBYBATH PO3PaXyHKH 3aBIaHb
5.715.8.

Piwenna. BincoTok NpOMUBHOI BOJIM, SKYy BHUTpayalOTh Ha CTaHIi
BU3HAYa€ThCS 3a POPMYJIOL0:

W -N-n
q;{% = “pOMT 100, %, (5.48)
Qoe P
e WHpOM — KIUIBKICTh BOJH, sIKa BHTPAYa€ThC HA TMPOMHBAHHS OJIHOTO
KOHTAKTHOI'O OCBIT/IIOBaya:
npoM 1000 » '
:(3-6+6-5)-72-60_2 3
poM 1000 =207,36 m".

KinpkicTs BOJIM, IO BUTpadaeThcs Ha mpomuBaHHA ycix KO 3 ypaxyBaHHSM
JIBOX TIPOMMBOK Ha J100Y, TOPIBHIOE:

W20 _w  N.n, (5.50)
pOM

ne N — KUIbKICTh KOHTAaKTHOT'O OcBITIIOBada, N = 16;
N — KUIbKICTh IPOMUBAaHb KOHTAKTHOT'O OCBITJIIOBayYa Ha 00y n = 2;
W20 —207,36.16-2 = 6635 m.
ro — PO3PaxyHKOBA BUTPATA BOIM, M /TO;
T — TpuBasicTs poboTH cTaHlii npotarom noou; T = 24 rox.

o, 207.36-16-2
_ 100=58 %,
Unp = 4750875-24 8 %

3aeoanns 5.10. Po3paxyBatu o001 11t 300py Ta BiABeACHHS (PLITPOBAHOI
Ta NPOMUBHOI BoaM. JlJIs BHUKOHAHHS 3aBJaHHS BUKOPUCTOBYBATH PO3PaxyHKH
3aBraHb 5.7 15.8.

Piwennsa. Y KOHTaKTHUX OCBITIIOBa4ax 301p PpuIibTpoBaHOI Ta MPOMUBHOI BOJIU
ciia 3aiiicHIOBaTH y Kojo6u 3rimHo 3 [1, mm. 10.12.15, 10.12.16]. Hag xpomkamu
#K0JI001B MOTPIOHO TependayaTy MIACTUHU 3 TPUKYTHUMH BHpizamu Big 50 MM 10
60 MM (IO BHCOTI Ta IIMPHHI), 3 BIACTaHSAMU MDK ocsiMu BuUpi3iB Big 100 MM 10
150 mm  BritouyHo. [lpuitmarore Tpu konoOu. Biacranb MK ocsMU  K0JI001B
6:3=2m.

[upuHa 5k051001B 3 TPUKYTHOIO OCHOBOIO BU3HA4YaeMO 3 Gpopmyiu [1]:

q2
N KO , M, (5.51)

(1,57 +ayey )

3
— BUTpaTa BOJH 10 k0JI00y, M"/C;

By = K)KOJI ’

1€ Yyon
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a)KOH — BiIIHOH_ICHHSI BHUCOTH HpHMOKYTHOi YaCTHHHU >K0J100a A0 ITIOJIOBHMHH

HOro mupuHyU, npuiimMaemo 1,5;
Ko — K0eOilieHT, IPUAMAETHCS I I’ ATUKYTHUX JKOI001B piBHUM 2,1.

2
By =2,1-3— 2217 46 m.
(1,57+1,5)3

Bucoty npssMOKyTHOT YaCTHHH k051002 BU3ZHAUYAEMO 32 (HOPMYJIOIO:

th =0,75-By, M, (5.52)

th =0,75-0,46=0,345 wm.

Kopucha Bucora »xoioba:

h=1,25-By, M, (5.53)

h=1,25-0,46=0,58 wm.
Bucora kpomku >x0i00a HaJ TOBEPXHEIO 3aBAHTAXKEHHS KOHTAKTHOTO

OCBITJIIOBaYa BU3HAYAEMO 32 (HOPMYJIOIO:

H,-d
hyge =252 +0.3, M2 0,63 m, (5.54)

ne  Hj; —Bucora QuisTpyBanbHOro mapy, M;

d3 — BITHOCHC PO3MINPCHHA (1)UIBTpYBaJIBHOI‘O 3aBaHTa>XCHHAI.

2-25
hy :W+O’3:O’8 M > 0,63 M.

3asoannsa 5.11. TlpoMuBHA BOjA 3 KO0JIOOIB KOHTAKTHOTO OCBITIIOBaYa BLILHO
3JIUBAETHCS B LEHTPaTbHUM 30IpHUM KaHal, 3BIIKKM BIABOAUTHCA Ha CIOPYIH
MMOBTOPHOTO BUKOPUCTAHHS NPOMHMBHOI Boau. Po3paxyBaTu 30ipHuM kaHam. s
BUKOHAHHS 3aB/IaHHS BUKOPUCTOBYBATH PO3pPaxyHKH 3aBiaHb 5.7 15.8.

Piwenns. TlepumeTp 30ipHOTO KaHATY MPSIMOKYTHUM, a HNIMPUHA KaHAIYy 10
yMOBaM eKcIUTyaTallii npuiimaetbcs He Mmeniie 0,7 M. [Ipu BinBeaeHHI MPOMHUBHOT
BOJIM 3 KOHTAKTHOTO OCBITJIFOBaua 301pHUM KaHaJ MOBUHEH 3amo0iraTi BUHUKHEHHIO
MIATIOPY Ha BUXO/1 BOJAM 3 5KOJOOIB.

Bincrans Bin 1Ha 05100y 10 THA 301pHOTO KaHATY BU3HAYAEMO 32 (POPMYJIOIO:

2
Hieqy =1,73:3 58102y, (5.55)
g-bkan
ne  by,y — HaliMEHINA JOIMyCTMMa IIMPHHA KaHay, M; by, = 0,7 M.

2
’ 0,648
HKaH :1,733W+0,2:O,9 M.

[IIBuaKicTh BOAM B KiHII 30IpHOTO KaHATy MNpPH po3Mipax HOro mepepizy
fran = 0,9 - 0,7=0,63 M’ U TIpH Qup = Jxan BU3HAYAEMO 32 (DOPMYJIIOIO:
_ Y9np
- f

KaH

Vk

, M/c, (5.56)
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0,648
0,63

[IIBuakicTh B KIHII 30IpHOTO KaHady OUIbIIE MIHIMAJIBHO JIOMYCTUMOL
IIBUJIKOCTI ITPH (POPCOBAHOMY PEKUMI Vi = 0,8 M/cC.

Vi = =1,03 m/c.

3ae0anns 5.12. BusHauuTH BTpAaTH HANOpPy MNPU HPOMHUBIIl KOHTAKTHOTO
ocBiTioBaya. Ilimibpatu Hacocw I8 NPOMHMBKM KOHTAaKTHOI'O OCBITIIOBada. Sk
BUXIJHI IaHH1 B3ATH pPO3paxyHKH 3 3aBlianb 5.8 ta 5.10.

BrpaTtu Hanopy B oTBOpax TpyO po3moaiibu0i CUCTEMH PUIBTPY:

22 Vi V2
he = 22541 - —K +-S0 'y, (5.57)
P lk2 28 2

Ie Vi ~ IIBUJIKICTH Ha MOYATKY PO3MOAUILHOTO KaHATy, M/C; Vi~ 1,09 m/c;

Vgo - IIBUIKICTB HA IIOYATKy O1YHOIO BIATAIyXKEHHS, M/C; Vg = 1,76 m/c;
K|, — BIAHOIIEHHA CyMH IIJIOII BCIX OTBOPIB PO3NOAUIBHOI CUCTEMH A0 ILIOMI]
nonepeyHoro nepetuny ka"any: K, =0,2:0,49 = 0,4; (0,15 < K, <2).
22 ). 1.09% | 1.76% _
0942 2-9.81 2-9,81

Brpatu nHanopy B pinbTpyrodomy 1mapi 3aBBuiiku H (b= 2,5 M BH3HAYarTh 32

h —

pc = 1,05 m

dhopmyoro:

h, =(@+bw)H,,wM, (5.58)

¢ b’
Ie  aib— mapaMmeTpu A micKy 3 po3MipoM 3epeH 1-2 mm a = 0,85 1b = 0,004.

gy =(085+0,004:9)-2.5=22 m.

Brpatu nHamopy B TpyOOmpoBOi, SIKUW MIABOJAUTH NPOMUBHY BOAY [0
KOJIEKTOPY pO3MOAUIbYOT CHUCTEMU TMpHU JOBXKUHI TpybOompoBony 1=100 wm,

BHU3HAYa€EMO 32 (POPMYIIOIO:

hyp =1+, m, (5.59)

th =100-0,00464=0,46 Mm.

Brpatu Ha miciieBl onopu B (paCOHHUX YaCTHHAX 1 apMaTypl po3paxoBYIOTh 3a
dhopmyoro:
of
hy =28 | 5|, ™, (5.60)
2g

ne  2.{ — Brparu Hamopy Ha MicueBi onopu: on = 0,185 (3 xonina); &, = 0,22
(2 Tpifinuka); C sac = 0,3 (4 3acyBkn); { = 0,0135 (12 3BaproBaqbHUX CTUKIB).

1,662
2.9.81

hM=3,815-{ ]:0,53 M.
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[loBHa BeaMYMHA BTpAT HANOpy MpU MPOMHUBAHHI KOHTAKTHOTO OCBITJIIOBaya
CTAHOBUTb:

thhp+h(bm+th, M,

>h=1,05+2,2+0,99=424 wm.
Hamip, sxuii TOBMHEH PO3BHBAaTH HAcOC IIPH TPOMUBII KOHTAKTHOTO
OCBITJIFOBAYA:

(5.61)

H:HF+Zh,M, (5.62)
ne HF — reoMeTpUyYHa BUCOTA MiANOMY BOAM (PI3HMIIS BIIMITOK HMKYOTO PIBHS
Bosu B PUB 1 BepxHiit kpoMili k01001B GUIBTPY): HF =6,5 M.

H=6,5+424=10,74m~= 10,8 m.

Jl;1st mogavi MpOMUBHOI BOJIM B KiIbKOCT1 648 11/c abo 2333 M/TON pUMaeMo
nacoc Mapku JI 2500-28 [11] 3 mpoxykrtuszicTio 2 500 M’/rox i Hamopom 28 M 3
MOTYXHICTIO eyiekTpoaBuryHa 315 kBt 1 dacroroto obepriB 985 00/xB. s
NpOEKTyBaHHS OepeMo 1Ba HACOCH: OJJUH POOOYHIA 1 OTMH PE3CPBHHUIA.

3ae0anns  5.13. Po3paxyBaTh TMOBITPSHY pO3MOAUIBYY CHCTEMY, SKY
BUKOPUCTOBYIOTh JJIs IPOMUBAHHS KOHTAKTHUX OCBITIIOBauiB. [1011a KOHTaKTHOTO
ocBiToBaua 72 M.

Piwenna. Tlogauy mOBITpS B 3aBaHTaXXEHHS KOHTAKTHOTO OCBITIIOBayda
3IACHIOIOTH 32 JOTIOMOI'0I0 CIELialIbHOI PO3MOAUIBYOT CUCTEMHU 3 MOJIETUICHOBHUX
neppopoBaHUX IIUTMHHUX TPYO, K1 pO3TallIOBaH1 Ha JIHI KOHTAKTHOTO OCBITJIIOBayYa
MDK pO3MOAUIBYMMH TpyOaMu s BOAM, W KOJEKTOPY MOJayl TMOBITPSA, SKHUM
YCTAHOBJICHO BHINE PO3MOAUIbYOI cucTeMH. BuTtpata moBiTps 71 IPOAYBKUA OJHOIO
KOHTAKTHOI'O OCBITJIIOBa4a CKJIAJE:

Quog = inos Fxo» M/XB, (5.63)
e ljop — IHTEHCHBHICTB I10J1a41 OBITP, 36 JI/(C'MZ).
Qpog = (36:72-60)/1000 =155 m’/xB.
Bincranp Mix ocsimu TpyO npuiiMaemo 300 MM, MK CTIHKAMU KOHTAKTHOTO

OCBITJIIOBaYa i ocamu kpaiiHix TpyO — 450 MM, TOAl KUIBKICTH TPyO B OZHOMY
BIUIUIEHHI KOHTAKTHOTI'O OCBITIIIOBAYA:
(12000 -600)
n= =38 mir.
300
3aranpHa KUIbKICTh PO3NOAUTBYUX TPYO MOBITPSIHOT CUCTEMH — 76 IITYK.
BuTtpara noBiTps Ha 0AHY MOBITPSIHY TPYOY:

Q
S :%OB , M'/XB, (5.64)
155 .
s . T 2,04 m/xB.

[IBuakicTe pyxy moBiTpa B TpyOkax Vop=20 M/c (pexomeHOoBaHA

MBHAKICTE 15-20 M/c).
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JliameTp noBITPsHOT TPYOH:

OB -V ’ ’ '
\ 1(0):]
4.0,034 _
dHOB: /3,14.20 =0,05M=50 Mm.

CymMapHa 1iolia muiMH y BiAranykeHHi cTaHoBuTh 0,35 1ol momnepeyHoro
nepepizy Tpyou:

Tfyy =0,35-F ), (5.66)

0,35-3,14-(0,05)2
X =
1 4
[lnomy onHi€l WIIMHU BU3HAYAEMO, BUXOASYM 3 pPeKOMEHAoBaHOI [1]
OOBXUHA HUMHU 15-20 MM 1 mupuan Ha 0,1 MM MeHIIe po3Mipy MiHIMalbHOI

Gbpaxuii:

=0,00068 m*> = 680 MM’

f =15(0.7-0,1)=9 MM (5.67)
KinpKicTh MIUIMH HA OTHOMY BiJITaTy>KCHHI:
>f
n_ =—"2 ., (5.68)
o f
il
n_ = 680 =75 wr.
il
HIBHIKICTH BUXOY MOBITPS 3 OTBOPIB:
dhos  Ine
EIOB = OB ___TOB_ "yy/c, (5.69)
fm fy i
I 0033 ~50,06 we.

Vv =
IoB  (,000009-75
JUist 3MEHIIeHHS IMIBHJIKOCTI BHMXOAY HOBITPS 13 IIUIMH (peKOMeHJO0BaHa
mBUAKICT B 40 1o 50 m/c) npuiiMaemMo N 76 wrt., TOAI:

0.034
m __ 0 ~49.7 wm/c.
Yios ~ 0,000009-75 ' M¢

IIpuiiMaeMo KOJEKTOP dK= 300 mwm; FK= 0,0706 m°. CymapHa miouia

MONIEPEYHOr0 TMepepidy BiAraaykeHb moBuHHA cTaHoBUTH (,4—0,6 TOMEpEeYHOrO
nepepizy KoJeKTopy:

= Frp 0,5, M%, (5.70)
ZFTp =0,0706-0,5=0,0353 m°.
Foin = ZFTp/n, M, (5.71)

F . =0,0353/76=0,0046 m".
Bl

TakuM YMHOM JlilaMeTp BiAralyKeHHS CKIaJaTHME:
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4-F

d= an' , (5.71)

40,0046 B

[Ipuitmaemo HaOIMKYMA 32 COPTAMEHTOM JAlaMeTp BiranyxeHHs — 80 Mm

MM

b

Tema 6 Bubip metony 3He3apaxeHHsi Boau. Po3paxyHok o0JialHAHHA
3aedanns 6.1. I1inibpaTu yCTAaHOBKM JJIsSl PUTOTYBAaHHS peareHTa-oKMUCHIOBaya
JUIsl BOJM, fKa HAAXOAWTh HAa OYHMCHI CHOPYAM 3 TNOKa3HUKaMHU, MPUBEACHUMHU B
3aBaanHi 1.1. TIpoayKkTHBHICTH BOJOOYKMCHUX CIIOPYJ po3paxoBaHa B 3aBaaHHi 1.8.
J1000BI1 BUTpaTH BOJAM Ha MPUTOTYBAaHHS pPEareHTIB po3paxoBaHi 3aBAaHHAX 2.1, 2.2,
2.6.

Piwenns. 3rigao 3 [1, m. 10.4.5] 1o3u peareHTiB-OKHUCHIOBAYIB 1 OCIIAOBHICTh
BBEJICHHA 1X y BOJAY PEKOMEHAYETbCS BCTAHOBIIOBATH HA OCHOBI TEXHOJIOT'TYHHMX
JOCIIKeHb, NIl OPIEHTOBHUX PO3paxyHKIB — ciuin npuitmatu 3a [1, m. 10.19.2,
10.19.3].

XJopaTopHa YCTaHOBKAa pO3paxoBaHa Ha TMOMNEPEIHE XJIOPYBAHHS 03010
I[lX: 5 mr/av’ [1, m. 6.18] i BTOpHHHE XJOPYBaHHS 03010 I[ZX: 3 mr/am’

[1, m. 6.146].
[ToTpiOHY roAMHHY BUTpATy XJIOPY BU3HAYAEMO 32 (pOopMyIIoL0:

_ Hlx ‘Qoc n H2X ‘Qoc

M, =M M, = A
x = Yx TV 2x T 71000 1000 * Kr/Ae0y: (©.1)
3212,6 3212,6
=5- : : =2 =61 :
X 1000 +3 1000 5,7 xr/ron = 617,7 xkr/no0y
BianoBigHo MicsuHa motpeda B pIIKOMY XJIOPi:
Ml)‘f =617,7-30=18531,22 kr. (6.2)

XJ0p Ha CTaHIIIO JOCTaBISAIOTH Y KOHTelHepax (Ooukax) emkicTio 1000 i 1
30epiratoTh Ha ckiaji. OCKUIbBKM Maca piAKOro xjopy B 604ili ctaHoBUThH 1250 kr, TO
Ha CKJIaJIl MOBUHHI 30€epiraTucs:

18531,22 /1250 =14,8 ~ 15 60u4ok.

Jlns mo3yBaHHS B BOAY XJIOPY HEOOXINHI CHEMiayibHI amapatd — XJIOPaToOpHu
[14]. TlepeTBOpIOIOTH PIAKUNA XJIOP Yy Ta3omnoAiOHHMI y BUIApPHHKAX 3MIEBUKOBOTO
TUIy. XJI0p-Tra3, 0 YTBOPUBCS, IPOXOIUThH Yepe3 0aloH-TPSA3bOBUK 10 XJIOPATOPIB,
AKUMHU JIO3YIOTh XJIOp. [3 XJOopaTOpiB BHUXOJWTH XJIOpHAa BOJAAa W MOAAETHCS B
00po0JIIOBaHy BOJTY.

Burtpaty Boau, HEOOX1IHY JUIsi pOOOTH XJIOPATOPIB MEPBUHHOIO XJIOPYBaHHS,
MOHa BU3HAYUTHU 32 (HOPMYJIOIO:

Q _ D1 QocKx _5.77102,4-0,7
Ix 1000 1000
Ae Ky —pospaxyHKoBa BUTpaTa BOJ I POOOTH XIOPATOPiB, NPUIHATA PIBHOIO

=269,85, m/n06y,  (6.3)

0,7 M Ha 1 kT X710DY.
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Burtpaty Boau, HeoOXiaHa uisi pOOOTH XJIOPATOPIB BTOPUHHOTO XJIOPYBaHHS,
BU3HAYaloTh 3a (POPMYJIOIO:
Dy, (Q+Qpk +Qpuy +Qpraa +Qp ) Kx
Q2X B 1000
Q. = 3-(72000+111,57+26,84+120+269,85)-0,6
2x 1000
JlJist IepBUHHOTO XJIOpYBaHHS NpuitHATI 3 xsopatopu mapku AXB-1000/P12-
CM [14] npoayktuBHicTiO 8 Kr/roa (2 pobouux, 1 peszepBHuit). Jjiss BTOPUHHOTO
XJIOpyBaHHS  mOpuiiHATI 2 xymopatopu  wMapku  AXB-1000/P12-CM  [14]
npoayKTuBHICTIO 8 Kr/ron (1 pobounii, 1 pezepBHuUit).
[lonaroTe XJIOpHY BOAY B 00poOIIOBaHy BOJly HAlIPHUMU T'YMOBUMH pyKaBamMu
BHYTPIIIHBOTO AiameTpa dyy = 25 MM, [KI NPOKIaAa0Th Mia 3eMieio y QyTtispax 3
a30€CTOLIEMEHTHUX TPYO.

, M/106y, (6.4)

=130,55 m/106y.

3a6danms 6.2. JIasl OUUCHHUX CIIOPYJ IPOAYKTHBHICTIO 77 102,4 M’/106y Gyio
NPUMHATO TMONEpelHE 3HE3apakeHHs BoaM 030HOM. [linmiOpaTu O30HATOPHY
YCTAaHOBKY Ta pO3paxyBaTH KOHTAKTHY KaMepy JJi 3MINIYBaHHS O30HO-TIOBITPSIHOI
CYMIIIIi 3 BOJIOIO.
Piwenna. HeobxinHy 103y 030HY AJi1 BUAAICHHS OPraHIYHUX PEYOBHH 13 BOJIU
CITix mpuitMaTH 3rigHo 3 Tabmunero 29 [1, m. 10.19.2] — 5 mr/mv’.
Po3paxyHKOBY BUTpaTy 030HY BU3HA4Ya€EMO 33 POPMYJIIOIO:
: 3
Qus :% , M"/1100Y, (6.5)
ne  Qguc — PO3paxyHKOBa BUTPATa BOJM, M°/1100y;
H o3 — 1032 030HY, Mr/am°.
Qs = 5-77102,4
037 1000
3a po3paxoBaHOIO BUTPATOIO MiAOMpPAEMO JIBa reHepaTopu 030HY mMapku ZF18
NpOoayKTUBHICTIO 21 Kr/roj (oauH pobouunii, oAuH pe3epBHUit) [14].
KinbKiCTh CyXOro noBiTpsi, HEOOX1THOTO JJIsl €JIEKTPOCUHTEY:

Qg _ Go3-1000 , M/ro, (6.6)
03
ne  Gg; — IPOJYKTUBHICTB OJJHOIO 030HATOPA, KI/TOJ;

=385,512 M’/106y.

. . _ 3
K3 — koediuieHT Barosoi koHUeHTpanii 0308y, K,,= 20 r/m".

21-1000
Q="

20
3aranpHa BUTpaTa OXOJIO/IKYBaHOTO MOBITPSI:

V33 =N-Q+360, m’/rox, (6.7)
ne 360 — BuTpaTa MoBiTps Ha pereHepaiiro aacopoepis AI'-50;
N — KUTBKICTh pOOOYHX 030HATOPIB.
V532 =1.1050+360=1410 m*/rox.

—1050 M /rox.
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3a JaHUM BUTpATH MOBITPS MiIOUPAEMO PEMIHHY MOBITPOAYBKY MOAMQIKALIT
2AF-53, mponyktuBHicTio 15,8 M’/XB (1Bi poGoui Ta OHA pe3epBHA) MOTYXKHICTH
neuryHa 30,0 kBt [10].

[lepmy cTymiHb  OCYIIEHHS TMOBITPSA  3IHCHIOIOTH 32  JOIOMOIOIO
xononunpHOro arperaty wmapku AK-®B-30/15, npoaykTHUBHICTH 3a XOJIOJAOM
7000 kxan/ron. Jpyra cTymiHb OCylIeHHS TOBITpsl — ajacopOyrova yctaHoBKa. [licis
OXOJIO/PKEHHSI 1 OCYIICHHS Y XOJOJMJIbHUKY IMOBITPS HAAXOAUTh HA OCTATOYHY
JOCYIIKY 110 afcopOepa aBToMatuuHoi 1ii mapku AI-50.

Po3paxoByeMo HEOOXIAHY IJIONLY MONEPEYHOrO Mepepi3y KOHTAKTHOI KaMepH
B IUJIAHI:

Fo-R0cl 2 (6.8)
N:-n
i Qoc — PO3paxyHKOBa BUTpaATa BOIMU, M3/I‘OIL;

T — TpuBasIiCTh KOHTAKTY O30HY 3 BOJOI0, MPUUMaIOTh B Mexkax 5—10 XBWINH;

N — KUTbKICTh KOHTAKTHUX KaMmep, MiHIMallbHa KUTBKICTh — 2;

N — rnubuHa mapy BoJid B KOHTAKTHIM KaMepl, NpUiiMatoTh 3a3Buyail 4—5 M.

Fe=22120 01 232,126 o

[Ipuitmaemo 2 KOHTaKTHI KaMepH 3 po3MipamMu 6X6X5 M.

JUiss  pIBHOMIPHOTO PO3NWIIOBAHHS O30HO-MOBITPSAHOI cyMilmi Ouig  JHa
KOHTaKTHOI KaMepu pO3MIIIyI0Th neppopoBani Tpyou. Kapkacom ciyxuts Tpyoda 3
HEepKaBioyoi cTaii (30BHIMHIN miameTrp dy =57 mm, BHyTpimHiA — d; =49 MMm) 3
orBopamu piametrpiB 4-6 MMm. Ha Hei HamiBatoTh GUIBTpOCHI Tpyowm — OJIOK
noBXHUHOIO 1 = 500 MM, BHYTpIIIHIM AlaMeTpoM 64 MM, 30BHIIIHIM — 92 MM.

KinbKicTh 030HOBAHOTO MOBITPSI, 110 MOJAETHCS PO3MOALTEHUMH TPyOaMU:

o3
q%ﬂ:%%ﬁiMm, (6.9)
Je o — BIIHOHIEHHS 00’eMy ra3oBoi cymimii a0 00’eMy 00poOJtoBaHOI BOIH,
3a3Buyail npuitmarots 0,27; 0,5; 1;

Qo — I'OIMHHA BUTPATa OYUCHUX CIIOPY, M°/TOL.

_3212,6-0,5

q =
03.11 3600
[lpu npuiiHATHX po3Mipax KaMmepu B IUIaHI, NPUAMAOTh KUIBKICTh

MariCcTpaabHHUX pO3MoAUIBHUX TPYO (Nyp) 1 KUIBKICTB OJIOKIB HA KOXKHINA PO3NOAUIBHIN
TpyOI.
[lepeBipsieMo MIBUIKICTh pyXy NOBITps y TpyOompoozl (v = 10-15 m/c):
v e (6.10)
frp

i€ qpp — BHUTPaTa O30HOBAHOTO MOBITPS, 110 MPUIAJAE HA KUBUW NEPETHH

=0,45 M/c.

KOXHOI TpyOu:

_Yo03.1
drp =N Mm’/c, (6.11)
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_ 045
I =310
pr — IUIOLIA MOIEPEYHOro Hepepidy MaricTpaabHOI PO3MOAiIBIoi TpyoH, M°,

~0,0225 M/c.

pH dyy = 49 Mm f1 = 0,00188 .

v 0,0225
0,00188
HIBUIKICTE PYXy MOBITPA Y TPYyOONPOBOJI 3HAXOAMUTHCS B PEKOMEHIOBAHUX

=11,96 Mm/c.

MCXKax.

8.
9.

2 KOHTPOJIBHI IUTAHHSA 1JISI CAMOCTIMHOI POBOTHU

3MICTOBUM MOJY.Jb 1 3azansna xapaxmepucmuxa npouecis,
Memo0ie i cxem OUUUeHHA RPUPOOHUX 600

Tema 1 IIpupoaHi Boau Ta BUMOTH 10 IX IKOCTI
1. XapakTepucTrKa JKEepes BOAOMOCTaYaHHS.
2. Bruius gomimiok Boau Ha i1 SIKICTb.
3. Bumoru 10 sIKOCTi TOCIIO1apChKO-ITUTHOT BOH.
4. BuOip MeTO/IiB OUHUIIIEHHS BOJM Ha OCHOBI Kjlacudikallii JoMiiok 3a ¢a3oBo-
JTUCTIEPCHUM CTaHOM.

Konmponvni numanns

. OxapakTepusyiiTe  OPUPOJHI  JDKEepella, BUKOPUCTOBYBaHI  JJIs  IIUIEH

rocrnoJapCbKO-IIMTHOIO BOAOIIOCTAYaHH.

. SIki mpupoIHI Ta TEXHOT€HH1 YUHHHUKY BIJIMBAIOTh HA SIKICTh IPUPOJHUX BOI?
. SIki 3a0pyHIOIOY1 PEUOBMHHU MOTPAIUIAIOTH B IOBEPXHEB1 BOJU Ta SIK 1I€ BILIUBAE

Ha SKICTh OCTAHHIX?

. Ilpuunnu Ta dpakropu 3a0pyAHEHHS MIA3EMHHUX BOJOKEPET.
. SIk 3milicHIOIOTE BUOIp JKepena BOAW JJIsi OOpOOKM 1 MOJATBIIOTO PO3MOILTY

yepe3 MepeKy MUTHOTO BOJIONIOCTAYaHHS ?

. SIK MOMIIIKHA BOIM BIUIMBAIOTH HA 11 SIKICTH?
. SIki Ta3u MOXYTb MICTUTUCS B MPUPOAHINA BoAi? SIK 1ie BIJIMBAaE Ha BIACTUBOCTI

BOOU?
OxapakTepu3yuTe BMICT Y IPUPOJIHUX BOJIAX 3aBUCIUX PEUOBHH.
OxapakTepu3yuTe BMICT Y TPUPOIHUX BOJIaX OPraHIuHUX PEYOBHH.

10. OxapakTepu3yiTe 10HHUN CKJIaJ TPUPOJAHUX BOJ.

11. SIx BU3HAYAIOTh CTYMIHb MiHEpAJi3allii BOAU?

12. Bumoru 0 SIKOCTi rocnoAapCchbKO-MUTHOT BOIH.

13. SIki JOKYMEHTH BCTaHOBIIIOIOTh BUMOTH 10 O€3MEYHOCT1 Ta SKOCT1 MUTHOI BOJU ?
14. 5Ixi OCHOBH1 BUMOT'H CTaBJSATH J0 MUTHOI BOAM, MPU3HAYEHOI ISl CIIOKMBAHHS

JIFOIUHOIO?
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15. Bubip mMeToaiB OYHMIIEHHS BOAM Ha OCHOBI Kiacudikallii AoMimok 3a ¢a3oBo-
JTUCTIEPCHUM CTaHOM.

16. Ha sixi rpynu po3auisie nominiku Boau kiacudikais JI.A.Kynbcbkoro?

17. Oxapakrepusyiite nomimku | rpynu 3a kiacudikamiero 3a ix (azoBo-
JAUCTIEPCHUM CTaHOM Ta METOJIY BUIAJICHHS IIUX JOMIIIOK.

18. OxapakTepusyiite Jomimkd 2 Trpynd 3a Kiacudikamiero 3a ix (azoBo-
JAUCTIEPCHUM CTaHOM Ta METOJIY BUIAJICHHS IIUX JOMIIIOK.

19. Oxapakrepusyiite nomimkd 3 rpynud 3a Kkiacudikamiero 3a ix (azoBo-
JAUCTIEPCHUM CTaHOM Ta METOJIY BUAAJICHHS IIUX JOMIIIOK.

20. Oxapakrepusyiite nomimku 4 rpynu 3a kiacudikamiero 3a ix (azoBo-
JAUCTIEPCHUM CTaHOM Ta METOJIY BUIAJIICHHS IIUX JOMIIIOK.

Tema 2 3arajbHa XapaKTepUCTHUKA METOAIB i CXeM MiITOTOBKHM BOJAH ISl
NHUTHOI0 BOJONOCTAYAHHS
MeTonu, TEXHOJIOT1YH1 IPOLIECH Ta CIIOPYAU AJI OUUILEHHS MPUPOIHUX BO/I.
Krnacudikaiii o0CHOBHUX TEXHOJIOTTUHHUX CXEM.
3. OcHOBHI KpuTepii /uisi BUOOPY TEXHOJIOTTYHOI CXEMH Ta CKJIaJy CHOpYyHd s
OUYHUIIEHHS BOJ, MPUHIUIIN iX KOMIIOHYBaHHSI.

N =

Koumponvui numanns

. SIk1 OCHOBH1 METO/IM 3aCTOCOBYIOTH ISl OUMILICHHS TTPUPOTHUX BO?

. Ski paxTopu BU3HAYAIOTH BUOIp TEXHOIOTII MIATOTOBKU BOIN?

. Ha K1 ocCHOBHI rpynu NOAUISIOTH MPOLIECH MiITOTOBKHU ?

. SIk 311ACHIOIOTH IPOSICHEHHS BOJIH?

. SIk 3111 CHIOIOTH 3HEOapBICHHS BOAM?

. Jns 9oro 1 siK 341ICHIOIOTH 3HE3apaXKEHHS BOAU?

. OCHOBHI YMOBHM PpO3MIIIEHHS TEXHOJOTIYHUX MPOUECIB 1 CHOpyA y MEBHIN

MOCJI1TOBHOCTI.

8. OxapakTepu3yiTe OCHOBHI TEXHOJIOTIYHI CXE€MM MIATOTOBKM IHUTHOI BOAM 3
MOBEPXHEBUX JIKEPEIL.

9. Knacudikaiiii OCHOBHUX TEXHOJOTTYHUX CXEM MiATOTOBKU MUTHOI BOJIU.

10. TlopiBHsiliTe peareHTH] i Oe3peareHTHI TEXHOJIOT14HI CXeMHU MIATOTOBKU MUTHOT
BOJIH.

11. Sk po3AUISIIOTh CXEMU MIATOTOBKU BOJIM 33 KUIbKICTIO TEXHOJIOTTYHUX MPOIECIB 1
YHUCJIOM CTYII€HIB KOKHOTO 3 HUX?

12. SIKi TEXHOJOTIYHI CXEMH PO3PI3HSIOTH 32 €PEKTOM MPOSICHEHHS ?

13. Ski TEXHOJOT14H1 CXEMH PO3PI3HAIOTH 32 XapaKTepoM pyxy o0poOIiroBaHOT BOIU?

14. TIpyHIMIYN KOMIIOHYBaHHS TEXHOJIOTTYHOT CXEMHU JJIsl OUUILCHHSI BOJI.

15. OxapakTepu3yiiTe pekoMeHJalii Juisi MOoNepeaHbOro BUOOPY CHOPYH AJis
OCBITJICHHSI Ta 3HEOAPBIICHHS BOJIH.

NN kW
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10.
1.
12.
13.
14.
15.
16.
17.
18.

19

Tema 3 PearentHe rocnoaapcrao
1. PearenTu, 1110 3aCTOCOBYIOTH JJIs MATOTOBKHU MUTHOT BoAU. [TociinoBHICTh
BBEJICHHS PEarcHTIB.
2. TexHONOT14H1 CXeMHU peareHTHOro ToCIoIapCTBa.
3. Jlo3yBaHHS peareHriB.

Konmponvni numanns

. SIki BUKOPHMCTOBYIOTb OCHOBHI pE€areHTH Ta Marepiaid Yy MpaKTUlll

BOJIOIIIATOTOBKH?

. SIki OCHOBH1 3aKOHOMIPHOCTI BBEJICHHS pPEareHTIB B OUUIIYBaHY BOJY?
. OnuIiTh NOCHIAOBHICTh BBEACHHS PEAreHTIB B OUUIIYBaHY BOAY 3aJIEKHO Bin ii

SIKOCTI.

. SIk BBOJSITH B BOIY KOAryJIsTHTH?

. SIk BBOZSAITH B BOAY (DIIOKYISIHTH?

. SIK 311HCHIOIOTH 3HE3apakeHHS BOIU?

. SIk mpoBOJATH aMOHI13aI1110 BOIH?

. Sk BBOJIATH PTOPOBMICHI peareHTu?

. 3MIACHEHHST SIKMUX TPOLECIB MependadarTh TEXHOJOTIUHI CXeMU pPeareHTHOTO

rocrnoaapcTaa?
OxapakTepu3yiTe CXeMHU opraHizailii peareHTHOr0 TroCIo/1apcTBa.
Sk 3A1ICHIOIOTH CKJIaAyBaHHS 1 30epiraHHs peareHTIB?
OCHOBHI IPUHIIMIH MPUTOTYBAHHS PO3YMHIB KOAr'yJISHTIB.
OCHOBHI IPUHIIUIY IPUTOTYBAHHS BAITHSHOT'O MOJIOKA.
OCHOBHI IPUHIIUIY IPUTOTYBAHHS PO3YMHIB (PIIOKYJISHTIB.
SIk BU3HAYaIOTh ONTUMAJIbHY 703y KOAryJsHTY?
Sxi TMIIM 103aTOPIB 3aCTOCOBYIOTH Y BOJIOIIATOTOBII?
[TpuHIIMI po6OTH 103aTOPIB MOCTIHHOT AO3H.
[TpuHIIMO poOOTH MPOMOPIIHHUX 103aTOPIB.
. Jlo3yBaHHs TBEpAUX MOPOILIKOMOAIOHUX Ta TPaHyJIbOBAHUX PEAreHTIB.

Tema 4 KoaryasiniiiHe 0OYMIIEHHS NPUPOIHUX BOJ
MexaHi3M OYHILEHHS BOJU KOAryJasHTaMu.
TexHoorist OUUIEHHSI BOAM KOAryIsTHTaMu.
OuuiieHHs Boau (DIOKYJISTHTAMH.
KoHnTakTHa Koarymsiis.
EnexrpoximMiuHa Koaryssitis.

NhAELD =

Konmponvni numanns

1. MexaHi3M OYHIIEHHS BOAM KOATYJISIHTAMH.

2. Sk xapakTepHu3yIOTh CTIUKICTh AUCTIEPCHUX CUCTEM?

3. SIki pe4OBMHHM BUKOPUCTOBYIOTH SIK KOAryJISIHTU?

4. CyThb mpollecy KOaryJsiliiHOIO OYMINEHHS BOAM B KOJOITHO-IUCIEPCHUX

PEYOBHH.
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5. Oxapaktepusyite a10¢UIbHI Ta 110()OOH1 TUCTIEPCHI CUCTEMH.

6. OxapakTepu3yHTe A0 KOAryJasHTy Cyiab(haTy alatoMIHIIO.

7. ONMIIITh CWJIM TPUTITAHHS 1 BIAIITOBXYBaHHS, AKI JIIOTh MDK JUCIIEPCHUMU
YaCTOYKAMH.

8. Slk BIuIMBae TeMriepatypa BOJU Ha CTYIIHb T1POJIi3y CyJabdaTy alfoMiHiI0?

9. OnuiiTh 3MiHY KalaMyTHOCTI BOAM B MPOLEC] KOAryJTIOBaHHS.

10. Eranu npouecy nposiCHEHHS BOJIH.

11. Bin sxux ¢akTopiB 3aJeXUTh CTPYKTypa IUIACTIBLIB, YTBOPIOBAHUX MpHU
KOaryJIroBaHH1 JOMIIIIOK BOJIH.

12. Ha3BiTh OCHOBHI Omepallii TeXHOJIOT1i OUHIIIEHHS BOJH KOAryJIsTHTaMu ?

13. It 4oro mijylyroByIOTh OYHUIIYBAaHY BOJY MPHU KOATyJIsIii?

14. Big yoro 3ajexuTh 1032 KOAryJasHTY?

15. SIx 3MIHCHIOIOTH PO3AUIbHE KOATYJIIOBaHHS?

16. Sk 31IHCHIOIOTH KOHLIEHTPOBAaHE KOATyTIOBaHHS?

17. Sk 3niCHIOIOTH (hpakiliiiHe KoaryaroBaHHS ?

18. Sk 31IHCHIOIOTH IEpepUBYACTE KOATYIIOBAHHA?

19. SIxy poiib BimirpaBae pelUpKyJsilis KoaryJiboBaHOI 3aBUC1?

20. Sk BMBae nepeMillyBaHHs Ha MPOLEC YTBOPEHHS MJIACTIBLIB?

21. OuunieHHs BoAH (QIIOKYISTHTAMHU.

22. SIx BnuBaroTh GIOKYJISHTU HA MPOLIEC OUMILEHHS BOJIU?

23. OcobnuBocTi nporecy GIoKymsii.

24. Ha ski rpynu OAUISIOTH (PIIOKYISIHTH, SIKI 3aCTOCOBYIOTD ISl OYUIIIEHHS BOAU?

25. Ha3BiTph HalnomupeHin (GpIoKyIstHTH.

26. Ha3BiTh 0COOIMBOCTI MPOLECY KOHTAKTHOT KOATYJISIII.

27. Ha3BiTh 0COOIMBOCTI MPOLECY €NEKTPOXIMIYHOT KOATYJIALI].

28. SIxi mpoliecu MPOTIKAIOTh MPU €IEKTPOIIi31 €IEKTPOTITIB?

Tema 5 IlonepeaHe oUNILIEHHS BOAH
Bono03abipHO-04nCHI CIIOPYHU Ta MPUCTPO].
Cnopyau aiis 6e3peareHTHOTO BiJICTOIOBAHHS BOIU.
[MaponuKIIOHH] pUIIaIH.
OinbTpyBaHHA BOJIU KPI3b CITKU Ta TKAHUHHU.
Mikpodi1bTpyBaHHS.

NhAELD =

Konumponvni numanns
1. JInst 4oro 3aCTOCOBYIOTH BOJI03a01pHO-OUHCHI CIOPYU Ta IPUCTPOI?
2. Ha3Bith npukiiagu BoA03a0ipHO-OUYMCHUX CIIOPYAH Ta MPUCTPOIB.
3. Ilpunuun aii GuIbTpyrOYUX BOJONPUNMAYIB.
4. 3acTocyBaHHSI BOJONPUMMATBHUX KOBIIIB Ta MIJBIIHUX KaHAIIB BiJ T'OJOBHOIO
JDKEpeJia BOJIONIOCTaYaHHs 10 OYUCHOT CTaHITII.
5. Ha3BiTh BUJIM KOBILIEBUX BOAONPUIMAYIB.
6. BrnamtyBanHs npubepexxHux (HaJTUBHUX) BOJOCXOBHILL.
7. BukopucTaHHs T1IpOLMKIOHHUX YCTAHOBOK JIJIsl TONIEPETHHOTO OUUIIIEHHS BOJM.
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8. I'iApOIMKIOHH HU3BKOTO Ta BUCOKOT'O THUCKY.

9. ®inbTpyBaHHS BOAM KPi3b CITKH Ta TKAHUHHU.

10. KonctpykTuBHE 0OpMIIEHHS MOBEPXHEBOTO (QLIBTPYBAHHS.

11. IpouimkyBaHHS BOJU Yepe3 CITKHU 3 PIZHUX MaTepialiB.

12. 3a skuMH MapaMeTpamMu XapakTepu3yloTh ciTdyacTi GuibTpu?

13. SIki BUMOTH CTaBJISATH /10 CITOK, 3aCTOCOBYBaHMX B CHCTEMAaX BOAONOCTaYaHHS ?

14. Ha3BiTh Buau GUIbTpyBaHHS Yepe3 CITUACTI MEPETOPOIKH.

15. SsIxa ocHOBHA MeTa MIKPO(UILTpYBaHHS?

16. Sxi ¢pakTopu 3a0e3neuytoTh eHEeKTUBHICTh MIKPO(UIBTPYBaHHS?

17. SIkoi pocAraioTb €(QEKTUBHOCTI 3HWKEHHS BMICTY 3aBUCIMX PEYOBHH
pe3ynbTati MIKpoUIbTpyBaHHS?

18. OnuIIITh KOHCTPYKIIIIO MIKPODUIBTPY.

3MICTOBHUM MOJY.JIb 2 Ipoyecu ma cnopydu 01a nposcHenus,
3HeOape1eHHA ma 3He3apPadceHHA 600U

Tema 6 3MilIyBaHHSI peareHTiB 3 BOJOI0
1. TexHomoris 3MilTyBaHHS peareHTiB 3 BoAow. Kinacudikariis 3MinryBaibHUX
IIPUCTPOIB.
2. TigpaBiiuHi 3MiIyBayi.
3. MexaniyHi 3MilIyBayl.

Konumponvni numanns
1. OnuiiTh 3arajibHi IPUHIUIIK TEXHOJIOTIi 3MIIIYBaHHS PEareHTIiB 3 BOJIOIO.
2. Slk BnuBae HeeEKTUBHE 3MIITYBaHHS HA MPOLEC OYUCTKHU BOJIU?
3. Sk 3a0e3neynTH piBHOMIpPHE 1 IIBUAKE 3MIITYBAHHS PEareHTIB 3 BOJIOIO?
4. 3aranbHUM NPUHLHKII i T1IAPaBIIYHUX 3MILTYBayviB.
5. OnuiiTe ripaBIiyHUN 3MIlIyBay 3 MEPEropoiKaMu.
6. OnUIIITh JIPYACTUN T1APABIIYHUAN 3MIITYBaY.
7. KoHCTpyKIIisl Ta IPUHIMII J1i BEPTUKATIBHUX (BUXPOBUX ) 3MIIIIyBayiB.
8. OnuiiTh NPUHIUN Ail IEPEropoAKOBUX 3MIITyBaUiB KOPUIOPHOTO THITLY.
9. KoHcTpyKiiis Ta IPUHIUI A1l TpyOYaCTUX 3MIITYBayviB.
10. Ha3BiTh nepeBaru MeXaHiyHUX 3MilIyBayiB.

Tema 7 Ilpouecu, 3acTOCOBYBAaHI HA MEPIIOMY CTYINEHi MPOSICHEHHA BOIH
7.1 Kamepu yTBOpeHHS IUIACTIBLIB
1. CyTHICTH Mpoliecy yTBOPEHHS IJIACTIBIIIB.

2. Kamepu yTBOpEHHS IUIACTIBIIB T'IPABIIYHOTO THITY.
3. ®nokyaATOpH Ta aepoIOKYISATOPH.
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Konumponvni numanns
. IlosICHITB CYTHICTh TpOLIECY YTBOPEHHS IUIACTIBIIB.
. SIk1 ¢pakTOpU BIUIMBAIOTH HA BJIACTUBOCTI IJIACTIBIIIB Ta MPOIIEC iX YTBOPECHHS?
. Slka TpuBanicTh GOpMYBaHHS MIIACTIBI[IB?
. Slka moBuHHA OyTH IHTEHCUBHICTh NEPEMIIIYBaHHS BOJAM B KaMepax yTBOPEHHS
M1acTIBIIB?
. Sk BmMBae Temmeparypa BOJAW Ha IHTEHCUBHICTD ii MEpeMilllyBaHHsS B Kamepax
YTBOPEHHS IJIACTIBIIIB?
Ha3BiTh THIIU KaMep yTBOPEHHS IJIACTIBLIB.
OxapakTepusyiiTe KaMepd YTBOPEHHS IUIACTIBIIB I'IPABIIYHOTO THUITY.
KoHcTpykiist Ta npyuHIMI poOOTH BUXPOBOI KAMEpU YTBOPEHHS TUIACTIBILIB.
KoHcTpykiis Ta npuHUOUn poOOTH KaMepu yTBOPEHHS IUIACTIBIIB 3alllIaMJIEHOTO
THUITY.
10. KoHcTpykIisi Ta IpUHLIMI pOOOTH BOJAOBOPOTHOI KaMepra YTBOPEHHSI IJIACTIBIIIB.
11. Koncrpykuiss Ta OpuUHOUMO poOOTH Kamep YTBOPEHHA IUIACTIBUIB 3
PELUPKYIATOPAMH.
12. TlepeBaru GhaoKyIsITOPIB Ta a€pOQIIOKYIISTOPIB.

9} AW —

o XN

7.2 OcaaxeHHs JOMIllIOK BOAM
1. OcHOBH TIpo1IECY OCAJIKEHHS.
2. Tunu BiACTIAHUKIB.
3. ToHkomiapoBe BiCTOIOBaHHS.

Konumponvni numanns
OcHOBH NIpoIIECY OCAIKEHHS TOMIIIOK.
OxapakTepuzyuTe cxemy Mpolecy BiICTOIOBAHHS.
OxapaKTepu3yiTe CTUCHYTE OCaKEHHS.
SIxi hakTOpU BpaxoBYIOTh MPU PO3PAXyHKY KUIBKOCTI BIICTIMHUKIB.
KoHcTpykilist Ta MpUHIKN A11 TOPU3OHTATBHUX BIJACTIHHUKIB.
KoHcTpykiist Ta pUHIMI 11 BEpTUKAIBHUX B1ICTIMHUKIB.
KoHcTpykiis Ta npuHIMN 1ii pagialbHUX BIICTIMHUKIB.
J1J1st 4OTO BUKOPUCTOBYIOTH TOHKOILIAPOBE BIJCTOIOBAHHS.
OxapakTepu3yiiTe BUKOPUCTOBYBaHI TOHKOIIIAPOB1 €JIEMEHTH Ta OJIOKH.

WX NN R WD =

7.3 IIposicHeHHS1 BOAYU B LIAPi 3aBUCJIO0T0 0CAXY
1. OcHoBU mpoIIecy NPOSICHEHHS BOJIM B IIapi 3aBUCJIOTO OCay.
2. BnacTHBOCTI 3aBUCJIOT0 KOHTAKTHOTO CEPE/IOBHUIIIA.
3. Tumnu ocBITIIOBAYIB 13 3aBUCIUM OCAI0OM.

Konumponvni numanns
. OCHOBH npoliecy IPOSICHEHHS BOJY B Il1apl 3aBUCIIOrO OCany.
. IlepeBaru Ta HEAOIIKHU OCBITIIOBAYIB 13 3aBUCIUM OCAJIOM.
. OnuIIiTh NPUHIKUIT POOOTH OCBITIIOBAYIB 13 3aBUCIUM OCAJIOM.
. OxapakTepu3yiiTe BILIUB KOHTAKTHOTO CEPEAOBHUIIA HA MTPOLIEC BOLOOOPOOKH.

AW N =
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5.3a yMOBHM JOTpUMAHHS SKHUX @apaMeTpiB JOCATAEThcs CTabuIbHA poboTa
OCBITJIIOBaYiB?

6. Oco0IMBOCTI CTUCHYTOTO OCAJIKEHHS.

7. OxapakTepu3yHTe BIAaCTUBOCTI 3aBUCIOT0 KOHTAKTHOTO CEPEIOBHUIIA.

8. SIki ¢akTOpHU BIUIMBAIOTH HA BIACTUBOCTI 3aBUCJIOT0 KOHTAKTHOTO cepeIoBuUIIa?

9. Ha3BiTh OCHOBHI TUIIM OCBITJIIOBAYiB 13 3aBUCIUM OCAJIOM.

10. Ha3BiTh yMOBH Ha11i{HOT pOOOTH OCBITJIIOBAYIB 13 3aBUCIUM OCAJIOM.

11. IIpuHun po6oTH NMPOSICHIOBAYIB 3 BEPTUKAIBHUMHU 0CaI0YIIUIbHIOBAYaMHU.

12. Po3ramryBaHHsi B 30H1 MPOSICHEHHS, BIIOKPEMJICHHS Ta YINUIbHEHHS OCaay
OCBITJTIOBAYIB 13 3aBUCJIIUM OCAJI0M TOHKOIIIAPOBUX MOJIYJIIB.

13. OnuuIiTe KOHCTPYKIIIIO Ta TPUHIUI J111 aKCeaepaTopy.

14. OnuuIiTe KOHCTPYKILIO Ta IPUHIUI 11 PECImiTaTopy.

Tema 8 @inbTpyBaHHS BOAU
1. ®inpTpyBaHHS Yepe3 3EPHUCTI MATEPIaIH.
2. Tunu dinbTpis.
3. KoHTakTHI NIposiCHIOBaYl Ta KOHTAKTHI (DUIBTPH.
[Tokpamenns po6otu GiTbTPIB.

Konumponvni numanns

1. Oxapakrepuzyite npouec GuUIbTpyBaHHS BOAM.

2. OxapakrepusyuTe ocajiu, IKi yTBOPIOIOTHCS Ha (DUIBTPYBaJIbHINA EPEropo/ILL.

3. Ski Tunu QUIBTPIB BUAUIAIOTH 3aJI€KHO Bil (GUILTPYBAIBLHOIO MIAPY?

4. Ski Tunu QUILTPIB BUAUIAIOTH 3aJI€KHO B/ MIBUIKOCT1 (PUIBTpYBaHH:?

5. Ski Tunu GIBTPIB BUIAUIAIOTH 3aJI€KHO BiJ BEIWYWHU 3€peH (PLILTPYBaIHLHOTO
3aBaHTAXKEHHS?

6. Sk xapakTepu3yroTh 3epHa (QUILTPYBAIBHOTO 3aBAHTAXKEHHS ?

7. o Take «dinbTpouukia»? Big 4oro 3anexuTh HOro TpUBaIICTh?

8. o Take «rpsa3eeMHICTB» QLIBTPY?

9. Ha3Bith Tunu pinbTpiB Ta 00JaCTh iX 3aCTOCYBaHHS.

10. KoHcTpyKIisi Ta IPUHIMI 111 MOBUTBHUX (UIBTPIB.

11. Koncrpykuis Ta npuHUMN (QUIBTPYBAHHA Kpi3b HAMUBHHMM IIAp CHELIATIBHOTO
(GUIBTPYBAIBHOTO MOPOIIIKY.

12. 3acTocyBaHHs nonepeaHix GuUIbTpiB.

13. 3acTocyBaHHS BEJIMKO3EPHUCTHX (DUIBTPIB.

14. KoHcTpyKIisi Ta IPUHLIMI 11 IBUAKUX (DUIBTPIB.

15. Koncrpykuiss Ta nOpuHmmn Aii QUIBTPY 13 3aBAaHTAXKEHHSIM 31 CIHIHEHOT'O
MOJTICTUPOITY.

16. KonTakTHe KOaryatoBaHHS JOMIIIOK BOJIH.

17. IlpuHiun po60TH KOHTAKTHUX MPOSICHIOBAYIB.

18. IIpoMHBaHHS KOHTAKTHUX MPOSCHIOBAYIB.

19. [IpuHun po6OTH KOHTAKTHUX (PUIBTPIB.

55



20. Ha3BiTh mnpuHUMIKA 1 CHOCOOM TMIABMILEHHA TI'PA3EEMHOCTI

3aBaHTAa>XKCHHAI.

21. OCcHOBHI HanpsIMU PEKOHCTPYKIIT MBUAKUX PLIBTPIB.

01N DN Wi~

—t et e e el e e e e \©
OO\ DN K~ WM — O

Tema 9 3ne3apakeHHs1 BOaAH
Meroau 3HE3apaKECHHS BOIU.
Ponb okKMCHIOBaYiB B MPOIECaX BOJOMIATOTOBKH.
EnexTpoi3Hi yCTaHOBKHM 7151 3HE3apa>KeHHS BOJIH.
3He3apakeHHs BOJIU OAKTEPULIUHUM OIPOMIHEHHSM.
[H111 METOIM 3HE3apa’KEeHHS BOJIH.

NhAELD =

Konmponvni numanns

. SlkumMu MeToaMu MOKHA 31MCHIOBATH 3HE3apa)KEHHS BOIAU?

. Sk 371iiCHIOIOTH BUOIp cIIOCOOY 3HE3apaXKEHHS BOIAU?

. OxapakTepusyiTe poJib OKUCHIOBAYiB B IIPOIIECaX BOJIOIIATOTOBKH.
. SIki mpotiecu BiA0YBarOTHCS MPH XJIOPYBaHHI BOJU PIIKUM XJIOPOM ?
. Illo Take «BUTbHUI aKTUBHUHN XJIOP»?

. 1o Take «3B’s13aHUN XJTIOP»?

. Ponb 3anuimkoBoro xjaopy.

. Slkuit moBMHEH OyTH Yac KOHTAKTy XJIOPY 3 BOJIOIO.

. SIki pO3pI3HAIOTH TUIIU XJIOPATOPIB?

. Sk po3MIIIa0Th NPUMILIEHHS XJIOPATOPHOIi?
. 3He3apa)keHHs BOAM 3a JOIOMOTI 00 030Hy. [IepeBaru 030HyBaHHS.
. 3aCTOCyBaHHs €JIEKTPOJII3HUX YCTAaHOBOK JJIsl 3HE3apa’KEHHS BOJIH.

. TexHo0T14HI CXeMH Ta eKCIUTyaTallis eJICKTPOJII3HOTO 00IaTHAHHS.

. 3He3apakeHHs BOAM OAKTEPULIMIHUM OMPOMIHEHHSIM.
. ONUIIITH TEXHOJIOT1I0 3HEe3apakeHHs BOJU Y D ONPOMIHEHHSIM.

3CPHUCTOTO

. Ha3BiTh IepeBaru Ta HCI[OJ'IiKI/I 3HC3apaKCHHA BOAU BI/IHpOMiHIOBaHHSIM.

. Ha yomy 6a3yeTbcst GakTepuuaHuil €peKT yIbTpa3ByKy?

. OxapakTepu3yiiTe KOMIUIEKCHE 3aCTOCYBaHHS peareHTHUX 1 Oe3peareHTHUX

MCTOIIiB IJIA 3HC3apaKCHHA BOJAU.
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JIOIATOK A
BUXIJIHI TAHI JIUISI PO3PAXYHKIB

Bapiantu 1 2 3 4 5 6 7 8 9 0
H%’gyiﬁﬁl;fé;“’ 100 08 93 89 85 30 76 7 70 69
Buicr |_Ca> 90,2 121 41,0 101 61,0 40,0 61,0 20,0 40,0 42,7
arionis, | Mg 15,2 25,0 61,0 13,0 24.6 12,0 24,0 249 24,7 13,1
mr/av | Na' 118,6 46,0 69,5 23,0 23,0 24,0 47,0 23,0 23.0 4,0
B HCO; 190.4 367 306 245 244 123 123 62 123 183
Kaﬁg;; SO 202.7 49 97 97 49 48 193 97 96 12,6
Sl 126.9 109 100 38 37 36 36 36 36 37

A Si0s> - - - - — — — — — 7.6

3arajgpHa

TBEP/IICTS, 5,76 8,1 7.07 6,04 5,04 2,99 5,03 3,05 4,03 32
MF—GKB/I[M3
betto ]f;’iﬁcﬁr i 800 200 300 400 500 160 600 250 350 20
32‘?;22“3‘;"1“” 30) 356 40 45 50 55 60 70 75 76
3aHaX,6HaI?II/ICMaK, 1 1 5 5 1 1 5 | 5 |

pH 7.8 7.6 7.5 7.9 7.3 72 7.7 7.5 7.4 7.8

Temneparypa, 8,2 11,8 12,6 10,9 13,1 7.9 8,5 10,2 12,5 9.8

°C




Bupobnuuo-npaxmuyne uoanms

MetoauyHi peKkoMeHaIii
710 TIPAKTUYHUX 3aHATh Ta CAMOCTIHHOI poOOTH
3 HaBYAJIbHOI JUCIUAILUIIHU

«CITIOPY/JIU 1 OBJIAJTHAHHSA BOAOIIOCTAYAHHS.
Monyab 3. OuncHi cnopyau BOAONOCTAYAHHSI»

(O cmyoenmis 3—4 Kypcis ycix ¢hopm HaguaHus

3a Hanpsamom niocomosku 6.060101 — bydienuymeo
(thaxose cnpamysanus « BooonocmavanHs ma 60008i08e0eH L))

Vxmagaui: BEJISIEBA Banenrnna MuxaiiniBHa
COPOKIHA Karepuna bopuciBHa

BinnoBinaneuuii 3a Bunyck /. I. braeooapna
3a aBTOPCHKOIO peAaKIi€lo

Komn’torepne Bepcranns B. M. bensesa

IInan 2017, mo3. 98 M

[Tign. mo npyky 23.10.2017. ®opmat 60 x 84/16.

Jpyk Ha pu3orpadi. Ym. npyk. apk. 2,2.
3am. Ne . Tupax 50 mp.

BunaBens i BUTOTOBIIIOBAY:
XapKiBChbKUH HAIlIOHAILHUNA YHIBEPCUTET
Mickkoro rocnogapctsa imeHi O. M. bekeTona,
ByJ1. Mapmana baxxanosa, 17, Xapkis, 61002.
Enextponna aapeca: rectorat@kname.edu.ua.
CBigonTBo cy0’€KTa BUJABHUYOI CITPABH:
JIK Ne 5328 Big 11.04.2017.



