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1 PEKOMEHJIALII 10 MPOBEJEHHS MPAKTUYHUX 3AHSTH

3azanvHi nON0IHCEHHA RPO NPAKMUYHI 3AHAMM A

[IpakTuyHl 3aHATTS TOBUHHI OPraHiuHO TOEJHYBAaTUCA 3 JIEKIIMHUMU,
71a00paTOPHUMU 3AHATTIMHU Ta CAMOCTIMHOIO pOOOTOIO CTY/ICHTIB.

OcHOBHI 11UT1 MPOBEJECHHS MPAKTUYHUX 3aHATh:

— 3a0e3MeYnuTd YMOBHU JIA TMOTJMOJICHHS 1 3aKpIIUIEHHS 3HAaHb CTY/ACHTIB 3
OCHOB JUCUUIUIIHY, 5Kl HAOYTI MiJ Yac MPOBEJECHHS JEKIi Ta y Mmpolieci BUBYEHHS
HaBYaJIbHOT 1H(OpMAITii, IIT0 BUHOCUTHCS HA CAMOCTIMHE OIpaIllOBaHHS;

— CIIOHYKAaTH CTYJEHTIB JI0 OOrOBOpEHHS HaMOUIbII CKIAQJHUX NHUTaHb
METOJMYHOI JIiTepaTypu, GopMyBaHHS y HUX HABUYOK CAMOOCBITH.

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

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

— BUKJIQJ]a4y HAJla€ CTYJIEHTaM MOXJIUBICTh BUIBHO BHUCIIOBIIOBATHCS i 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
MIePETBOPIOEThCS  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, ki HeoOXiaHO pimuTH. Ilicns nporo cTyneHTtu 3
JonaTky A OGepyTh JaH1 AJisd MPOBEACHHS PO3paxyHKIB (HOMep BapiaHTYy NOBHHEH
CHiBNAJATH 3 OCTAHHIM HOMEPOM 3aJIiKOBOI KHM:KKH). B KIHIII 3aHATTS BUKJIaaay
nepeBipsie MPaBUIbHICTh BAKOHAHHS PO3PaXyHKIB.

3MICTOBHH MOJIYJIb 1 Hpovecu ma cnopydu ona ouucmiu npupoonux oo

Tema 1 Ouinka sikocTi npupoaHux BoA. Budip cxemu BogoOmiAroToBKU

3asoannsa 1.1. Ha o4ucHI 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, Tpaj. NKII — 54;

— 3amax, npucmak, oam — 2.



Bukonatu mnepeBipKy JOCTOBIPHOCTI aHali3y BOAM, pE3YyJbTaTH aHAI3y
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 €KBIBAJIGHTHY Macy JaHOT pEYOBUHHU:
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:

2KR=2A 100%< 5%; (1.3)
>K+Y A
6,39-6,39
= .100%=0 < 5%.
639+639 ’
Bbynyemo miarpamy nepeadoadyBaHOTo ckiiaay coseit (puc. 1.1).
2,8 1,9 1,7
Ca?t Mg2+ Na*
s &) 2 |32
@)
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, sKi HaBelIeH1 B 3aBJaHHI 1.1, BUBHAUUTH TBEPAICTD,
JY>KHICTB Ta CYXHH 3aJTUIIOK BOJIH.
. . . . 24+ . 2+
Piwenna. Cymapna xoHueHtpauis karioHiB Ca” 1 Mg~ BHU3Hauae 3arajibHy
TBEPAICTh BOJIU:
2+ 2+ 3
Ca Mg™" mr-exs/om’, (1.4)

T =
sar ~ 20,04 | 12,16
5




_ 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 OUIBbIIOCTI NpUpoAHUX BoJ TepeBakae aHioH HCO;, iXHS JyXHICTb
BU3HAYAETHCA KOHIICHTpAIli€l0 OikapOoHaTiB. AJle I CHpaBeJIMBO 3a YMOBH, IO
BesmurHa pH He nepeBuiye §,3.

V¥ namomy npuknani pH = 7,5, omxke, 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 PIBHSIHHSIM:
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
BUXIHAX NaHMX: KOPHCHA MPOAYKTHBHICTH BOJOOYHMCHHX criopyx 72 000 m°/nofy,
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 Yy BOJ1 MPU BBEJIEHHI B Heil
KOaryJistHTy BU3Ha4atoTh 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 0OPOOTIOBATBLHOT BOAM, TPal. TKIII,

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

By :(I—KB)-JIB, MI/IM, (1.9)
Jie Hg — no3a Bamna 3a CaO, MF/I[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 TpPUIHATa OJHOCTYIIEHEBA CXE€Ma OYMILEHHSA, MpH SKii
MIPUPOJIHY BOIY ITICJISI TPOIKYBaHHS Ha MIKpOUIbTpax 00poOIIsSIOTh peareHTaMu 1
HaIpaBJISIIOTh HA KOHTAKTHI OCBITIOBaul. JlJig iHTeHCUIKaIlli MPOUECY OUUILIEHHS Y
BXIIHY BOAY BBOJIATH 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 ajis 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,
3a6apBICHICT 54 Ipaj. IKII, BMICT 3aBHCIHX pedoBHH 94 Mr/nM’. J[03a KOAry/IsHTY
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 NPUIHSTA IBOCTYIIEHEBA CXEMa.

[upoke 3acTocyBaHHS Ha CTaHIIAX BOAOMIATOTOBKM 3HAWIUIM CXEMHU 3
BOY/IOBaHUMH KaMepaMu YTBOPEHHs IUIACTIBIIB B FOPU3OHTaNbHI BiacTiiHUKH. Lli
CHOpPYAM MOKHA MPOEKTYBATH OJHOIOBEPXOBUMH 200 JBOMIOBEPXOBUMU 3 TOPIIEBUM
ab0 po3ocepeKeHUM 3a TIIOoMIE0 300pOM OCBITJIEHOT BOAM Ta 0€3 MOBOPOTY BOJU B
TOPU3OHTANIBHIN a00 BEPTUKAIBHIN TIIOMIUHI.

OO6po6umoBany BoAy micis OapabaHHHX CITOK, B SIKUX 3aTPUMYIOTh KPYIHY
CyCHeH31to, MiAAalTh 00poOIll peareHTaMu, SKi BBOJSITH MEpel BEPTUKATBLHUM
3mimryBayeM. [loTiM BoJla MpPOXOAUTH TOPU3OHTANIbHI BIACTIHHUKUA 3 BOYJOBAaHUMU
KaMepaMH YTBOPEHHS IUIACTIBLIB, a TAKOXX Yepe3 IMBUIKI (UIBTPHU, BHACIIAOK YOTO
OCBITJIIOETHCS 1 3HEOAPBITIOETHCSI.

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

Jnis iHTeHcudikalii npouecy BUXIAHY BOAY MiANaI0Th KoaryJssuii Ta oOpooIri
(hIOKYISTHTAMU.

SIK KOarynsiHT NPUHHATUN OYMIIEHUN Cynb(aT allOMIHIIO, SKUH MICTUTh HE
meHme 45,3 % Aly(SOy);. SAx daokynsHt npuitHatui nomiakpunamin (ITAA) y
BUIJISI/II TeN0, KU MICTUTh 8 % aKTUBHOI YacTUHU. SIK JIYyr BHKOPHUCTOBYIOTb
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 TMOBTOPHOTO
BUKOPUCTaHHS IPOMUBHUX BOJI, 3 SIKUX PIBHOMIPHO MPOTSITOM 00U i1 MepeKkadyroTh
B TpyOompoBin mepen 3mimryBaueM. Jlnsi BUIydeHHS MICKY 3 IPOMHUBHOI BOJHU
nependaydaroTh TOPU3OHTAIBHUI MICKOYJIOBIIOBAY 1 pe3epByap-ycepeaHtoBad. [licok
3 0CaJI0BOT YAaCTUHU IICKOYJIOBIIOBaYa MEPIOAMYHO B MIpy HOTO HArpoMaJiKEHHs
BUJIAJISIOTH TAPOEIeBATOPOM Ha MICKOBI MaiIaHYUKH.

3ae0anns 1.5. Bu3HaUUTH MOBHY NPOAYKTUBHICTh BOJJOOYUCHUX CHOPY/I, SKIIO
KOPHCHA MPOAYKTUBHICTH cTauiii 72 000 M*/106y.

Piwenns. TloBHY NpOAYKTHBHICTH CTaHIi OOpOOKH TOCHOAApChKO-TMUTHOT
BOJAM BHM3HAYAIOTh 3 YypaxyBaHHSM BUTpaTH BOJIM Ha BIJIACHI MOTpeOU CTaHIi
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(mpomuBaHHS GUIBTPIB, OYMILNEHHS BIACTIMHUKIB, KaMep YTBOPEHHs IUIACTIBIIB,
3MilllyBayiB, pe3epByapiB YMUCTOi BOAM Ta 1H.), JOJATKOBOI BUTpaTH BOJM Ha
MOTIOBHEHHS IPOTHUIIOXKEKHOI0 3aacy ¥ NpUroTyBaHHsS PO3UMHIB pEareHTIB.
Burtpaty Boau Ha BiacHi MOTpeOM OYMCHOI CTaHLIi NpU MOBTOPHOMY
BUKOPHUCTaHHI BOJAM TICs MPOMHUBAHHSA (UIBTPYBaJbHUX CHOpPYA TNpuiiMaroTb 3 %
B1Jl KUTBKOCT1 BOJIM, SIKY TIOJIat0Th criokuBavam [1, m. 10.1.6].
o- .
q =ﬂ+Q |, M/ron (1.10)
0cC 24 (01 ’
ae o — KoedilleHT, KU BpaxoBye BHUTpATy BOJIM Ha BJacHI MOTpeOM; s
OpIEHTOBHUX PO3PaxXyHKiB mpuitmaiots: 1,03—1,04 — npu NOBTOPHOMY BUKOPUCTaHHI1
BOAM BiJ NPOMUBKU (uIbTpiB (KOHTAKTHUX oOcBiTiaoBauiB); 1,06-1,08 — mpu
CKUJaHHI BOJ| BiJ] TPOMUBKU (DIIBTPIB (KOHTAaKTHUX OCBITIIOBAdiB) B KaHaJ13aIlilO
[1, m. 10.1.6].
JlonaTkoBy BHUTpaTy BOAM /I TOMNOBHEHHS MPOTUIOXKEKHOIO 3amacy

BU3HAYAIOTh 32 (OPMYJIOIO:
Q. = Viox _ 3,6-t-[n-(qpox +9nom) 1" (94 g T 9 os)” 0+
aonq T t

IO O3

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

n, n' — KUIBKICTh OJTHOYACHHUX TTOXKEXK BIJAMOBIIHO B HACEJIICHOMY IYHKTI Ta Ha
mianpueMcTsi [1, m. 6.2.2];

, M3/1“OI[, (1.11)

, ) )
HOpMa BHUTPATH BOJAM HA 3O0BHIIIHE TMIOXKEKOTACIHHS
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 II0XKEKOTACIHHSI
ql mox’ ql MOXK p p A yIp

BIJIMOBIIHO B HACEJIEHOMY ITyHKTI1 Ta Ha MIATPUEMCTBI, Ji/c [3, m. 8.2];

t o — PO3PaxyHKoBa TPUBAJIICTb NOXKEXI1, rox. [1, m. 6.2.13];
THO)I< — Yac BIJTHOBJICHHSI IPOTUIIOKEKHOTO 3amacy 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 TPOIYKTUBHOCTI BIATIOBIAHO JOPIBHIOIOTH:
Q, . =771024 M°/1100y,

do.c. =89241n/c.

Tema 2 BuzHaueHHs1 pO3paxXyHKOBHUX 103 peareHTiB. Po3paxyHok
TeXHOJOTIYHMX CXeM NPUTOTYBAHHS PeareHTiB
3ae0anns 2.1. BuzHAUUTH PO3PaXyHKOBY J03Y KOAryJisHTY ISl BOJM, SKa
HAJXOAUTh HA OYHUCHI CIOPYAM 3 IOKA3HWKaMH, HaBEJIEHMMM B 3aBaaHHi 1.1.
[IpoayKTUBHICTH BOJIOOYMCHUX CIIOPY/ pOo3paxoBaHa B 3aBAaHHI 1.5.



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

SIKImo HeMae JaHWX TEXHOJOTIYHUX JOCHIKEHb, 03y KOAryasHTY BHU3HAYAEMO
srigHO [1, . 10.4.2]:
— 3a 3a0apsreHicTio Boau [1, dopmymna (5), m.10.4.2].

i =4+/3 = 454 =29.4 wmr/nv’; (2.1)

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

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

3a ToBapHUM MPOIYKTOM 3 BMICTOM 0e3BOoaHOI coii Aly(SO4); — 45,3 % noza
KOAryJIsHTy ckimagatume 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 (IOKYJISHTA JJIs BOAM, sIKa HAIXOIUTh Ha
OUYMCHI CHOPYIU 3 MOKAa3HUKaMH, HaBeAeHMMHU B 3aaaHHi 1.1. IIponykTUBHICTH
BOJIOOYHMCHUX CIIOPYJ pO3paxoBaHa B 3aBlaHH] 1.8.

PozpaxyBaru oy ckiaay Juist 30epiranHs QIIOKYISHTY.

Piwenna. HalO1IbIIOro MOMMPEHHS OTpUMAB (QIIOKYJISHT TMOJIaKpUIaMig
(ITAA). ITpuitmaemo ITAA Texuiunoi 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)
6,25-77102,4
G = *—=0,48 T1/100Yy .
ITAA 100
Po6ounii 06'eM 1 %-ro pozuuny [TAA:
Smaal® s
ITAA = 0 M ; (2.5)
HAA:Qﬁ%H@=48M?

KinpkicTs Bogu mi1s npurotryBanus 0,4 %-ro po3unny ITAA:
P y Y y



GIOB .99.6

Boma _ [IAA “7 3 :
QHAA = 0.4 , M"/100y; (2.6)
QPR = 098998 _ 119,52 s/noby.
Po6ounii 06'em 0,4 %-ro po3uuny [1AA, morpiOHOTO Ha 100y, CKIIAIAE:
GBoAa 100
ITAA 99,6

119,52-100
QAA =996

[TAA 30epiraloTb y KpUTHX MPUMIIIEHHIX MpPU TEMIIEpaTypl HE BHUIIE
25-30°C. Tepmin 36epirannst He Ginbie 6 micsuis. [lnomy cknaxy ast [TAA, M°,
BU3HAYa€eMO 32 (hOpMyII00:

=120 M.

F=—"", 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, SKUi BpaxoBYe MIIONLY MpoxoaiB, o = 1,15;

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

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

G 15
IT :%, IIT.; (2.9)
50
mn= 480-15 =144 mr.,
50
TOA1
Fo 144-0,3-1,15 _12.42 2

Ipuitmaemo ckian s 36epiranms [TAA 3 posmipamu 3 Mmx4,5 m = 13,5 m”.

3asoanns 2.3. BU3HAUMTH BUTpATy BallHa sl BOJH, siIka HAAXOAUTh HA OUYHUCHI
CIIOpyIW 3 TIOKa3HMKaMH, HaBeJeHMMU B 3aBaaHHi 1.1. TIpoaykTUBHICTH
BOJIOOYMCHHX CIIOPY/1 pO3paxoBaHa B 3apaaHHi1 1.8.

Piwenns. Banno Ha cTaHIisix oOpoOKH BOJIU JJIsl TOCTIOAAPCHKO-TTUTHHUX ITUICH
MOX€E 3aCTOCOBYBATHUCS K JISl TIOJIMNIICHHS YMOB YTBOPEHHS IUIACTIBIIIB, TaK 1 JJIS
cTabuti3aliitHoi 00poOKH BOIH.

CrnouaTky BH3HAYaeEMO [I03y Jyry JUIsl TIOJNIMIICHHS YMOB YTBOPEHHS
macTiBLiB [1, popmyna (6), . 10.4.6)]:

I[l

I ;
s =K, -(E——Hgar)+1, MI/am”, (2.10)

K
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ne KJI — koedimieHT, KUl npuitmMaroTh 11 BanHa (3a CaO) — 28, nns coau (3a
Na2CO3) — 53,
3
I — 103a KoaryJIsHTy 3a O€3BOAHUM IIPOAYKTOM, MI/IM ;
EK — €KBIBaJICHTHAa Maca KoaryJstHTy (0e3BOJHOTO0), MI/MI-€KB; MPUHMAaIOTh

JJIs1 Alz (SO4)3 — 57, FCCI3 — 54, FCQ(SO4)3 — 67,

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

HeratuBHa m03a 1yry BKa3ye Ha Te, 110 MiJTY>KyBaHHS HE TIOTPI1OHO.
[Ipu BigCYTHOCTI JaHUX TEXHOJIOTIYHUX aHai31B CTaOUIbHICTH BOJHM
JOTYCKA€ThCS BUSHAYMTH 32 1HJIeKCOM HacuueHHs [1, mogatok I', popmyna (I'.1)]:
J:pHO—pHS, (2.11)

i pHO — TOKa3HUK KOHIICHTpaIlii BOJHEBUX 10HIB Y BOJ1 10 CTaOUII3aIIHHOT

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

3a HOMOTpaMolo, HaBeieHOI Ha pucyHky I'.1 [1, nomatok I'], BUXoasiuu 31 3HAUEHb
BMicTy Kamnblilo Cc,, 3arajJbHOr0 COJEBMICTY P, NYy)KHOCTI JI,,, 1 TEeMIepaTypu BOAU
t, °C.
[Toxa3HUK KOHLEHTpalli 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=13,10C.
11 =6, cMm, 12 =59 cm,

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

OckulbkM BOJA MIAAAETBCA 00pOOI CcyiabdaToM adOMIHIIO, TO TMpHU
NiAPaxXyHKy 1HJIEKCY HAaCHUYEHHs CJiJ BpaxOBYBAaTH 3HMKEHHA pH 1 My>XHOCTI BoJu
BHACJIIJIOK JI0JIJaBaHHs 10 Hel koarynsHTy [1, momatok I'.3 ].

JIy>kHICTb BOJM MICHS KOAryJIlOBaHHs BU3HA4aloTh 3a [1, nopatok I']:

A 3
Jd =1 ——X  wmr-eks/nm 2.12
K 3ar e M, ( )

114345
K 57

=0,84 MF-CKB/IIM3.

KinbkicTh BUIBHOTO TBOOKHUCY BYTJICIO y BOAI micis koaryatoBaHHS (CO2)gingy
BH3HAYaI0Th 32 (hOpMYJI0I0:

1 ;

— . 2.1
(coz)BmH (002)0+44 o , ML/, (2.13)
ne (COZ)O — KOHIICHTpAIlisl BYTJIEKHCJIOTH Y BUXIIHINA BOJI 0 KOAaryJIrOBaHHS,

3 . . . . .o
MTI/IM”; BU3HAYAIOTh 3QJICKHO B pH, coleBmicTy, TeMIepaTypH, JIy>)KHOCTI BUX1THOT
BOJIM 32 HOMorpamoto [1, nomarok I'.3].

,=48cm,L=3,0cm™m,
11



>1=7,8¢cMm.
3a Homorpamoto [1, nomarok I".3] (COZ)O =21=7,8)=6 ML/,

34,5

—6+44.20> =2 63 M/’
57 ©

co, ),
2/BinbH
Bennuuny pH Boau micist 00poOKu KOAryassHTOM BU3HA4a€MO 32 HOMOTPaMOIO
[1, nomatok I'.3], BUXoAs4M 31 3HAYEHb JYKHOCTI BOAM ¥ BMICTY B Hiil JBOOKHCY
BYIJICLIO MMICIIsl KOAryJIOBaHHS
pHozlzzzl—ll,CM. (2.14)
>1=6,8¢cMm, 12 =22 cM.
pHO :11 =68—-22=44cm=7,5.
Toni
I=75-85=-1,0.
Innexc HacMyeHHST Mae HeraTUBHE 3HAYEHHs, OTXE I 3aXUCTy TpyO BiA
KOpo3ii 1 YTBOpPEHHs TOPOMCTHUX KOPO3IMHMX BiAKIaZeHb Tpeba mnepeadadatu
craburi3aiiiiny 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]:

H2 K. .JL., Mr/a’
B:28.BB. t. K) F/I[ 9 (2'15)
ne Jlg — 1034 BaIHa, MI/IM’, po3paxoByroun Ha CaO;

Bg — KoedilieHT, AKHHA BHU3HAYalOTh 3a HOMOIPaMOI — pUCyHOK [.4
[1, momatox I'] 3amexxno Bigm pH Boam 1o crabumizamiitHOi 0O0poOku (micis
KOAaryJIIOBaHH:A) Ta 1HAEKCY HacudeHHA J, Bg= 0,8;

K - Koe(illieHT, SKUM 3alIeKUTh BiJ Temneparypu Bomu: npu t=20°C —

Kt= I; mpu t = 50°C — Kt= 1,3;
JI — myHICTh BOAM A0 CTabLIi3aniliHOi 00pOOKH, MF-CKB/IIM3.
212 =28-0,27-1-0,84=6,45 Mr/my.

[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)

32,63
22
Ockinbku 103a BamHa JI,/28, MMOJIB/IM°, BUXOJUTh MEHIIE Beanunuu d 71, TO

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

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

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

12



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

3aeoanns 2.4. Iligibpatu obnaaHaHHA Ta po3paxyBaTd PO3MIpH OakiB st
CXeMHM, SIKa HaBeleHa Ha pUCYHKY 2.1. IIpoayKTHBHICTh BOJOOYHUCHHUX CHOPY.
po3paxoBaHa B 3aBAaHHI 1.8. Jlo00oBa BUTpaTa TOBAPHOTO KOAryJIIHTY PO3paxoOBaHa B
3aBlaHH1 2.1.

Piwenna. Ha BOIONpOBiHI OYHMCHI CHOPYAM KOAryJjsHT JOCTaBIISIOTh
aBTOCAMOCKHUIaMH 1 3aBaHTAXXYIOTh Y pO3UMHHI 0aku I, e roTytoTh 17%-uit po3unH.
[IpuitHaTo Mokpe 30epiraHHs KoaryiasHTy y Oakax-cxoBumax 2. I3 mux OakiB
KHCJIOTOCTIMKUM HAacocoM 3 KOAaryJsiHT NepeKadyioTh Y BUAATKOBI O0aku 4. bepyTb
PO3YMH 3 BEPXHBOT'O LIAPY Yepe3 ILIAHT, MPUKPIMIICHUHN A0 MOIUIABIIA.

_ﬁ g M G_ 4

—T— § Bil BOOOIPOEOOY

Oy

| — /’_4

5
2 @FF
3 e

B TpyBompoBix
nepen SMiwyeaueM

Pucynoxk 2.1 — Cxema peareHTHOro rocroapcTBa Npyu MOKpoMy 30epiranHi KoaryisiHTy

VY BujaTkoBi 0aku MOJAIOTh BOJY JJIS PO3BEIECHHS PO3YMHY KOATYISHTY 10
5 %-i xonnenTpanii. IloTiM 1elt po3unH HacocamMu-103aTopamMu 5 MepexayyrTh Y
TpyOomnpoBi mepea 3MmimryBaueMm. /[l NONINIIEHHS Npouecy NepeMillyBaHHS
MOAAI0OTh MOBITPS MOBITPOIAYBKOIO 6.

O6'eM po3umHHUX OaKiB, SAKUN PO3PAXOBYIOTh HA MPHUIOM KOAryjisHTY Bij
OJIHOTO CaMOCKHJa BaHTAKOMIAHOMHICTIO 5 T 3 po3paxyHky 1,5 M Ha | T
KOAaryJIsHTy. €MKicTh 6aka 1,5%5 = 7,5 m’. Po3mipu Gaka mpuitMaemMo 2 M X2 M X 2 M.
[IpoektyeMo BcTaHoBIeHHs 3 Takux OakiB. TpuBanmicTh pO3YMHEHHS MpHU
temneparypt Boau 3 °C (mnsa 3UMOBUX YMOB) mnpuiiMaemo 4 rtonuHd. s
iHTeHCcHU]IKaIlli TPoIeCy PO3YMHEHHSI B 0aKu MOJal0Th CTUCHEHE MOBITPS. €MKICTh
0akiB-CXOBHIIl BU3HA4AIOTh 3 po3paxyHKy 15-30 moboBoro 30epiranus 17 %-ro
PO3YMHY KOAryJsHTY 32 (hOpMYJIOLO:

13



_ HK'QOC'TCX M

10-B5 cx P6.cx
ne JIK — 71032 KOAryJISIHTY 10 0€3BOJAHOMY MPOAYKTI, MI/JI;

(2.19)

W6.CX

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

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

Bo ox KOHIIEHTpAIlisl po3unuHy B Oakax-cxoBumax (17 %);

— HinbHICTh po3unny koarymsuty (1190 kr/m’).

W _76,16-77102,4-15
0.cx 10-17-1190
OTtpumanuii 00'eM 0aKiB-CXOBHIILl 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 (hOpMyIIoro:

p6.cx
—435.4 v’

Ak ‘ro.roz[ ’TCX 3

Waun = , M7, 2.20
BUA " 10-8 P (2:20)
0.Bux " 0.BUI
e Qoc.roy — HOBHA MPOAYKTUBHICTE OYMCHHX CIIOPYL, M°/TO;
TCX — KUIBKICTb TOAMH pOOOTH CTaHIlli, Ha SIKy PO3PaxXxOBYETbCS 00’ €M

PO3UMHY KOAryJsiHTY y BUJIaTKOBUX Oakax, mpuiimaemo 10 ron.;

B BT KOHLEHTpallii pO3YMHY VY BHUJATKOBUX Oakax, paxylouu [0

0e3BOJIHOMY TTPOAYKTY — 5 %0;
— WTBHICTB 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 .

JIs 103yBaHHS PO3UMHY PO3PAXOBYEMO IPOAYKTUBHICTE 03aTOpa:

p6.BI/IJI

=46,6 m°.

QHI[ = , M/ron, (2.21)
th
Qg = %(;)OO =2,4 Mm/rox.

Ipuitmaemo Tpu mo3atopa mapku HJI 2500/10 mpoxyKTuBHICTIO 2,5 M/rox,
HaropoM 100 m (2 pobouux, 1 pezepBuuit) [7].

Jlis mepekadyBaHHs pO3YMHY 3 0akKiB-CXOBHUI] y BHAATKOBI MpHUIIMaEMoO JBa
XiMiuHO-CTiifKiX Hacoca Mapkn MB 80 mpoayKTHBHICTIO 6 M/roj, HamopoM 6 M
(1 poGouunii, 1 pe3epBHmii) [6].

TpyOorpoBoiu peareHTHOTO rocroJapcTBa MPOKIAAAI0Th 13 MOJIETUICHOBUX
TpyO. IBUAKICT pyXy po3unHy Mae 0yTu He MeHie 0,8 m/c.

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

14



Po3paxyHKOBY BUTpaTy CTUCHEHOIO MOBITPS, sIKE€ MOJAI0Th B PO3UMHHI OaKw,
BU3HAYa€eMO 32 (hOpMyII00:
Ql =006-i, -F_-n,wxs, (2.22)
Im "p
K
ne iIH — IHTEHCUBHICTb M0JIaul MOBITPs JJIs pO3UMHEHHs, 3rigHo [1, m. 10.4.10]

o o2,
npuitmaemo 10 n/cM’;

. 2.

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

N — KUTbKICTh PO3UYMHHUX OaKiB.
Q! =0,06-10-7,5-3=13,5 M’/xs.
K
KinbKkicTh CTHCHEHOTO TOBITpPs, SKHM TMOAAIOTh y BUIATKOBUU 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 3MilTyBaHHs, 3riaHo [1, m. 10.4.10]

o 2,
npuiiMaemo 5 j1/c-m”;
2
Fpyyy — TUIOLIA O/IHOTO BUJATKOBOrO Oaka, 20 M.

Q2 =0,06-5-20-2=12 m’/xs.
IIK
3aFaJIBHa BI/ITpaTa CTUCHCHOI'O HOBiTpr JUJIA HpI/IFOTYBaHHH pOBqI/IHy
KanYHHHTy:

gzlfr = Q}IK +Q%IK , M'/XB, (2.24)
K =13,5+12,0=25,5 m’/xB.
[Ipuitmaemo  nBi  moBiTpoayBku (1  pobGowa, 1 pe3epBHAa) Mapku
CONTINENTAL 08.01-08.10 npoxyxtushictio 1027 m*/xs [10].
[lepenbayaemo MpokIaAKy TPYyOONPOBOJIB 3 MONIETUICHOBUX TPYO 3riAHO 3
BUTPATOI0 CTUCHEHOro TOBITPS Que= 0,175 w’/c. IIBuAKicTh pyXy MOBIiTPS
TOpiBHIOE V = 12 Mm/c, niaMeTp TpyOOnpoBOAYy BU3HAUYaEMO 3a (hOPMYJIIOHO:

® =% v (2.25)

0,175
W=

=0,014 m*;
B 0,014 m7;

TOA1 AlamMeTp TpyO:
d=,—, M, (2.26)
4-0,014

3,14
HiameTp TpyO npuitMaemMo BIAMOBIAHO 10 copTameHTy — 140 mMm.

=0,13 m.

3aeoanns 2.5. Ilinibpatu o6iaJHaHHA Ta pO3paxyBaTH po3Mipu Oaky st
CXeMH, SKa HaBeleHa Ha pHCYHKY 2.2. IIpoayKTHBHICTh BOJOOYHMCHUX CIOPYI
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po3paxoBaHa B 3aBiaHHi 1.8. J/[oboBa BUTpaTa ToBapHOTO (HJIOKYJSHTY po3paxoBaHa
B 3aBJaHH1 2.2.
Eil BOOOIPOBOOY

" T

— arpyaka [AA

\
|
)

_ -

"

¥ BOfY, WO '
obpobnasTeca

Pucynok 2.2 — Cxema npurotyBaHHs po3uuny [1AA

Piwenna. T1IAA 3aBanTaxyioTh B amaparT I 3 TypOIHHOI IIBHJKOXITHOIO
mimankoro 2. Ilpu npwmitHsTiii po6odiii eMKoCTi amapata 6 M° PO3YHH HEOOXiTHO
rotryBatu 8 pasziB Ha A00y. [ns nmepekauyBanusa 1 %-ro pozunny [1AA 3 mimanku y
BUJIATKOBUH 0ak 7 ycTraHoBJIeHO Hacoc 3 mapku MB 80, npoayKkTuBHICTIO 6 M°/TOL.,
HaropoM 6 M [6]. Hacoc npamtoBatume 8 pa3 Ha 100y no 60 xB. Yac nmpuroryBaHHs
pobouoro pozunny [TAA (BkItouaOuu 3Ba>KyBaHHS, 3aBAHTAKEHHS, TIEPEMIITYBaHHS
1 mepekadyyBaHHs) CTaHOBUTh Onu3bko 2 roxa. Kimekicts TTAA saxuit HeoOX1IHO
3aBaHTAXKUTHU 3a OJIMH pa3 B anapar:

GTOB
m:LM, KT, (2.27)
N3ap
m= 0’38:O,O6T:60Kr.

ITAA macoro 60 Kr 3aBaHTaXyIOTh Yepe3 JIOK 4, B amapar 1no TpyoonpoBoay 5
MOJal0Th BOAY B KUIBKOCTI, sIka HEOOXigHa sl MpUroTyBaHHs | %-ro po3uuny.
[Ticns 3akiHYEHHS LUKy MEpeMilllyBaHHS HAacoOCOM 3 PO34YUH MO TpyOompoBoay 6
nepeKkavyroTh y 6ak 7 s po3BeaeHHs 10 po6ouoi koH1eHTpaitii (0,4 %), 30epiranss
1 103yBaHHS.

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

VY 0Gaku Juis mepeMillyBaHHsI pO3YMHY BiJl OBITPOAYBKH 8 MOAAIOTH CTHCHEHE
noBiTpsi. BuTpara noBitps 11 ABOX OaKiB:

Q =006 -Fyyppn, M’/XB, (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
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[Ipuitmaemo  nB1  mosiTpoayBku (1  pobouy, 1 pesepBHY) Mapku
CONTINENTAL 08.01-08.10 [10] npoayktuBHicTio 1—17 M/XB.

[lonauy po3unny [TAA BUKOHYIOTH Hacocamu-go3aTopamu tuny HJI 2500/10
[7] mpomykTuBHiCTIO 2,5 M/rox Ta Haropom 100 M (1 poGounii, 1 pesepBHHiA).

3aeoanns 2.6. Ilinibpatu oOiaJHaHHA Ta PO3paxyBaTH po3Mipu Oaky st
CXeMH, ska HaBelneHa Ha pHCYHKY 2.3. IIpoayKTHBHICTh BOJOOYHMCHUX CIOPYI
po3paxoBaHa B 3aBmaHHi 1.8. J[oOoBa BHWTpaTa TOBapHOTO BallHa PO3paxOBaHa B
3aBiaHHl 2.3.

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

nicmoma dpineTpie
. ;_E

b
H—=d L7010
ﬁs TpyBonpoein -+ ? o ¢B CTIII{ %

nepen *
SHiUFBEaUeM

Pucynok 2.3 — Cxema npUroTyBaHHs BallHIHOTO MOJIOKa

Piwenna. Banno 3 xonteitHepa I Hanxoautb y OyHkep 2 1 1aJli B BalIHOTACHUK
4, ne BinOyBaeThcs Horo racinas. [lpuiiMaeMo 1Ba TepMOMEXaHIYHUX BalTHOTACHUKA
CM-1247 A nponyktuBHicTiO 2 T/ToA [9].
Jlo6oBa macoBa Butpara 30 %-ro BamHsSHOTO MOJIOKA:
o, Qr-100%
133%’ :—330% , T/100Y, (2.29)
30% _ 0,83-100 _
Ban. = 0% - 2,76 1/100y.
Jlo6oBa macoBa Butparta 3 %-ro BalHsIHOTO MOJIOKA:
0 -100%
bab = Qp 100% T °, 1/106y, (2.30)
3% _ 0,83-100
BaL = BT 27,66 1/100y.
IIpu mineHOCTI 30 %-rO BamHsHOTO MOJOKa p = 1,2 /™M iioro moGoBa
o0'eMHa BUTpaTa:

30%
y30% :mT, M°/1100y, (2.31)

v30% _ % =2,3 M*/n06y;

a 3 %-ro
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0,
3% _m%

, M°/106Y, (2.32)

3% 27,66 3
\Y 102 =27,12 m/100y.

[Ipuitmaemo Tpu Oaku nans npurotryBaHHs 30 %-ro poO3UMHY BamHSIHOTO
MoJioka 3 po3mipamu — 1,0 m x1,5 M x1,6 m.

Po3paxyHkoBa BuUTpaTa NOBITps, sKE€ MOJAIOTh B Oak s TMOKpAIleHHS
nepeMillyBaHHS:

=0,06-1 F

Q moB 6 | v3/xs, (2.33)

. . . . . . 2 o
JC IHOB — IHTCHCHUBHICTDH IIOAA4Y1 ITOBITPA B PO3UYNHHI 6a1<1/1, Ja/c-M , IPUUMAIOTh

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

[lepeminyBaHHsl BaIlHSHOTO MOJIOKAa TPOBOJSITH CTUCHEHUM TOBITPSIM, SIKE
Hagxonuth Bif moBitpoayBku CONTINENTAL 08.01-08.10 (1 pob6oua,1 pe3epBHa) 6
3 inTeHcHBHICTIO 117 M’/XB [10].

Hns nomadi 30 %-ro BamHSHOTO MOJOKa B TiIpOMIIIANKK &8 10 YCTaHOBKHU
npuiiMaeMo 1Ba Hacoca Mapku MB 80 7 mpoayKTHBHICTIO 6 M’/roji, HaImopom 6 M
(1 pobountit, 1 pesepBHuii) [6]. Lleii Hacoc mepekadye BamHSHE MOJIOKO MPOTITOM
23 XBUJIMH.

VY BuTpaTHuUX Oakax BamHSHOTO MOJIOKA CJiJ 3aCTOCOBYBATH TiIpaBiiduHe
nepeMilllyBaHHs (3a JOMOMOTro0 HAacoCiB) a00 MexaHIYHEe (3a JIOMOMOIrO0 MIIIAIOK)
[1, m. 10.4.23]. [Ins ycTaHOBKHM MPUUHATI JABI1 T1IpaBiAiyHl HUPKYJISALIAHI MIIATKH
BanHAHOTO MoJjioka Mapku MI'I—4 3 mapamerpamu: D = 1 610 mm, H = 3 800 mm,
V =4 W, siki mparoroTh mo uep3i [12].

OcKUTbKH BaItHsIHE MOJIOKO 3aCTOCOBYIOTH ISl ¢TaOLIi3aIiiHOT 0OpOOKH, BOHO
HE TOBUHHE MICTUTU 3a0pyAHEHD 1 MIKVIUBUX JOMIIIOK. /[ OUMIIeHHs] BaITHSHOT'O
MOJIOKA CJiJi 3aCTOCOBYBAaTM BEpPTUKaJbHI BIACTIMHUKU a00 TiIPOLUKIOHU
[1, m. 10.4.22].

Hns Bimomoi Butpatu 3 %-ro BamHsHOTO MoOJoka 2,3/24 = 0,096 M /rox
npuiiMaemo nBa rigporukionu ['II1-75 3 giamerpom [ = 75 MM (BIAMOBIIHO A0
KUTbKOCTI TigpoMimanok) [15]. IIpoayKTUBHICTh TIPOLUMKIOHY MPU TUCKY Ha BXOI
Bix 0,6 mo 2,5 xrc/cm” crasoButh 3—10 M°/rop. [IpurotoBiieHe B TigpoMIIIaIIl
3 %-He BamHsIHE MOJIOKO 3a0uparoTh HUPKYJsIidHuM Hacocom CJI 50/56 9 [11] 1
MOAAIOTh JUIS OYMINEHHS Yy TIAPOUUKIOH 10, YKpilUIeHMH Haja MIMIAJkow. 3
TIIPOIMKIIOHA BalHSHE MOJIOKO HAAXOAUTh y KOHIUHY YAaCTHHY TIAPOMIIIANKU B
Kimbkocti 94% Bim o6'emy rizpomimamkm, ToO6TO 3,76 M°; 3aNMIIKOBA YACTHHA
0,24 M’ /1€ Ha 3MB.

3Hatoun 00'eM BarHa, sIKe HAJIXOJIWUTh 3 T1APOMIMIATIKH B 0OpOOIOBaHY BOIY
2,3 M, BU3HAYAEMO, IO B riipomMimankax Tpeda 3aroTOBJIIOBATH BAIHO MPUOIU3HO
6 pa3 Ha 100y. Hacoc, sikuit nepexauye 30 %-He BalHSIHE MOJIOKO B T1IPOMIIIAJIKH,
mpaioe 5 xB 6 pasziB Ha 100Yy.

II0B
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[licns ouMieHHS B TIAPOUUKIOHI TpU Oe3nepepBHIA UUPKYIANli B
TIpOMIIIANII TTOYMHAETHCS Toadya BAIHSHOTO MOJIOKAa B J03aTOpP, 3 SKOTO BOHO
HaJIXOIUTh B 00poOmtoBany Boay. IlpuiiHaTO ABa poOOYMX J103aTOpa MapKH
HJI 100/10 mponyktusHicTio 100 5i/ron, nHamopom 10 M (BiANOBIAHO 10 KILIBKOCTI
rigpomimanox) [13].

HIBUIKICT, BUCXIAHOTO MOTOKY B TApOMIIIANIll MOBHHHA OYTH HE MEHIIE
5wmwm/c [1, . 10.4.23] a6o 18 m/roa, [ns npuitHATOr0 Hacoca MIBUAKICTh BUCXITHOTO
MOTOKY:

Q
- :]?;an, M/TOJ, (2.34)
riap
_50-1,13 _
B W =23,95 m/rog.
KinbkicTs BoAM, sika HEOOX1HA AJI MPUTOTYBaHHS 3 %-r0 BallHAHOI'O MOJIOKA:
Q.97
.- :—3 , M /II06Y, (2.35)
_0,83-97 _ 3
Qpy =3 =26,84 m’/n00y.

Busznayaemo rmiomry ckiaay 3 ypaxyBaHHsAM 15-mo0oBoro 3amacy BamHa
(moctavanbHUK MepedyBae 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° (zoxkuna 2100, mupuna 1325
1 Bucora 2440 mMm). Ha craniiii noBuHeH OyTu 3amnac 13 3 KOHTEHHEPIB.

[Ipy ycTaHOBIII KOHTEWHEpIB y JBa pPSAU IO BEPTUKAIlL 3 YpaxXyBaHHAM
Koe(iIlieHTY 3amacy miola CKJIaay cKiajie:

Fo, = Ij—f“ Ve, (2.36)
Aapyc

ne N — KUIbKICTh KOHTEHHEPIB;

f — mnoma xonTeitepy (0,6 M°);

0. — KoeIIlie€HT, SKUW BBOAATH IS 30UIbIIIEHHS TUIONT Ha ripoxoau (1,5);

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

[puiimMaemo oy ckiagy 2,5 x 3 = 7,5 M.

Tema 3 Po3paxyHOK riapasBjaivHOro 3MillyBaya peareHTiB 3 BOAOI0
3asoanns 3.1. Po3paxyBaTu po3Mipu BEPTUKAIBHOTO 3MillTyBadya. Po3paxyHkoBa
BuTpara Boxu 78 071,17 M*/106y.
Piwenna. TlpuilMaeMo 4YOTHpPU BEPTHKAJIBHUX 3MilllyBaua. 3MillyBay
CKJIQJAEThCS 13 IPSIMOKYTHOI BEPXHBOI 1 ipaMiiaibHOT HUKHBOT YaCTUHH.
[1no11a TOpU30HTANIBHOIO MEPETUHY Y BEPXHIl YaCTHHI 3MIlIyBaya:
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Q
f = _TOh,.2 (3.1)

B Vv ‘n
B
e v, - MIBUAKICTb PYXy BOAM Ha piBHI BOJM030ipHOrOo JoTka, 30 MMm/c
[1, m. 10.5.6];
N — KUTbKICTh 3MillIyBayiB.
f :M:7,53 Mz‘
B 3,6-30-4

BerHH qaCTHUHaA 3MiH_IYBaLIa KBaapaTHa B HJ'IaHi, TOIIi IIMpPHUHA:

B:E, M, (3.2)
B=.,/7,53=2,7~3 m.

TpyOormpoBia, sikuii mojae BOAY B HMKHIO YACTUHY 3MIIlyBada MpPU BUTPATI
Boau (omHOro 3mimyBava) ¢, = 225,9 n/c i1 mBuakocti 1,33 wm/c (3rimHO 3
[1, m1.10.5.6]), mae miameTp ymoBHOrO npoxoay d = 450 mm [5]. 3oBHIMHIN AlaMeTp
Tpybonposoay 3rigHo 3 JCTY popiBaioe 478 mm. Toai po3mip y mjiaHi HUKHBOT
YAaCTUHHU 3MilllyBaya B MICIIl MPUMHKAHHS LbOTO TpyOorposoay Oyne 0,478 m x 0,478 M,
a IUTOINA HIKHBOT YACTHHHM ycideHoi mipaminn ckaame 0,23 M’

[Ipuitmaemo BenuuyuHy ULeHTpaibHOro kyta 45°. Toai BHcCOTa HUXKHBOT
(mipamMinanbHOT) 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 Boju, 3rigHo [1, m. 10.5.9]

t =2 XB;

W:w:m,u M.
60-4
O06'eM BepXHBOT YACTUHHU 3MIIIyBaya:
W o=W-W (3.6)

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

Bucora BerHBOI HYaCTHUHU 3MiHIYBa‘{a§

20



__ B
hB =< M, (3.7)
B
h =137 173
B 7,53
[ToBHa BuCOTa 3MilTyBaya:
h:hB+hH,M, (3.8)

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

3aedanns 3.2. Buznauutu aiametp TpyO 11 300py BOAM MICIHsI 3MILITYBaHHS Ta
pO3paxyBaTH KUIbKICTh OTBOPIB HA HUX. JlJi1 BUKOHAHHS 3aBJaHHSI BUKOPUCTOBYBATU
pO3paxyHKH 3 3aBAaHHs 3.1.

Piwenna. 306ip BOAM BHUKOHYIOTH y BEpXHIA 4YacTUHI 3MillyBada JBOMa
3aTOIUVICHUMH JIpYacTUMM TpyOamu, SKI BIIBOJATH BOAY A0 30IpHOr0 OIYHOTO
kapmaHa. Bincrans Mix Tpydamu no ocax — 0,97 m, go crin — 0,485 m. [IBuakicth
pPYXy BOJU B TpYOI1 VIp = 0,6 M/c.

Boga, sika nmpotikae mo Tpy6ax y HanpsIMKy O14YHOr0o KapMaHy, pO3AUISETbCS Ha
JIBa MapaJiebHUX MOTOKU. TOMY po3paxyHKOBa BUTpaTa KOXKHOTO MOTOKY:
q
rog 3
q..= M /Tox (3.9)
Tp 2 > >

_3252,97

= 406,62 M>/roj.

p
[Tnoma xxuBoro nepepizy 30ipHOi TpyOHU:

-4 2 3.10
®1pTV3600" M (3.10)

406,62 _ ) 19 2

® = =
P 3600-0,6
Po3paxoByemo giamerp TpyOu 111 OAHOTO MOTOKY:

4-©
d= nTP M, (3.11)

_ 14-0,19 _

Bubupaemo nanbmmxuuit copramenT Tpyou d = 300 mMm. Ilpuiimaemo niametp
oTBOpIB Ha 30ipHUX Tpy6ax 25 MM (f, = 0,00049 m).

b

CyMapHy U101y OTBOPIB BU3HAYAEMO 32 (POPMYJIOIO:
@ =K _-f M, (3.12)
0 oo Tp
Efo =0,6-0,071=0,042 wm°.

KinbkicTh OTBOPIB:
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xf

H:f—o,mT., (3.13)
0
0,00049

[Ipuitmaemo 86 oTBopiB. OTBOpM pPO3TAIIOBYIOTH y JBa pAAd N0 OIYHUX
MOBEPXHSX, TOOTO 1O 43 OTBOPU 3 KOKHOI 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 — cyMapHHuil kKoe(dillieHT MicLeBHX OMOpPiB (BXiJ y TpyOy AopiBHIOE 1,
BTpaTH Ha BUXO/1 3 TpyOU B O1YHMI KapMaH JOPIBHIOIOTH 1).
2
0,6

=0,156 M.

b

H_=(6,5+2)-
T 2-9,81

Bincrans Bin 1Ha TpyOH 10 1HA 301pHOTO KapMaHY:

2
q
H o =1733 Kag +0,2, M, (3.15)
A Q,, — BMIpaTa BOE MO KUIIEHi, M>/c (PO3paxyHKOBA BUTPATa OIHOIO
3MilllyBaya):

Qyeap= 3252.97 : (4 3600) = 0,23 M’/c;

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

2
H_ =1733 %Zw,z:o,é .
P 9,81.0,7

Butparta Boau, sxa mpoTikae mo BABIAHINA TpyOi — 903,6 si/c. LlBuakicte y
oMy TpyOorpoBoal moBuHHa Oytu 0,8—1 M/c, yac mepeOyBaHHS MeEHIIE 2 XB.
[IpuitnsaTo craneBuit TpyOomposia niamerpom 1200 MM npu MIBUAKOCTI PyXy
VvV =0,8 m/c.

Tema 4 Po3paxyHOK KaMepH YTBOPEHHS IJIACTIBIIB Ta TOPU30HTAJIBHOI0
BiICTIHHUKA
3aeoanns 4.1. Po3paxyBaTu po3Mipu KaMepu YTBOPEHHS IUIACTIBIIB 13 IIapOM
3aBUCIIOro ocaay. Butpara Boau sika HaJXOAUTh B KAMEPU YTBOPEHHS IJIACTIBIIIB —
78 191,17 M’/n06y. Kinbkicts kamep — 6 mrryk. [lupuna oxHiel kKamepn — 6 M.
Piwenna. Po3nonin BoIM MO IUIOLII KaMepu BHUKOHYIOTH 32 JIOMOMOTOIO
nepdopoBaHUX TPyO uepe3 OTBOPH, SKI CHPSIMOBAHI TOPU3OHTAIBHO. Y KOXKHIM
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KaMmepi po3MILIyIOTh neppopoBani TpyOu. Bincranb MK HUMH CIliJ IpUiiMaTu 2 M,
Bix cTiHKM Kamepu — 1 m [1, . 10.7.6].

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

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

[To1ia kaMepy yTBOPEHHS IUIACTIBINIB:

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

KoHCTpyKTMBHO poO3Mip OAHIET Kamepu NpUINMAEMO pPIBHUM IMIUPHUHI
BiJICTIHHUKA — 6 M, JOBXHHA 16 M, BUCOTa KamMepH JOPIBHIOE BUCOTI BIACTIMHUKA
ot BiywKUMHOTO mmmta — 4,13 M. Ilepenan Ha BOJO3NWB BUMIPIOIOTH JECATUMU
J0JIIMU MiJIIMeTpa (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 3aBUCHIOTO OCany NPUMUMAEMO 3 M.

3ae0anns 4.2. BuzHauuTu niameTp TpyO pO3MOAUIBYOT CHCTEMH KamepH
YTBOPEHHS IUIACTIBIIB Ta pO3paxyBaTH KUIBKICTh OTBOPIB Ha HUX. [IJ1s1 BUKOHAHHS
3aB/IaHHS BUKOPUCTOBYBATH PO3paxyHKH 3 3aBaHHs 4.1.

Piwenna. OOpoOioBaHa BoJa 1O IUIOH[I KaMepu  PO3MOAUIAETHCS
nepdopoBaHUMH TPyOaMH uepe3 OTBOPH, SIK1 CIIPSIMOBAHI TOPU3OHTAIIBHO. Y KOXKHIM
KaMmepi po3MILIyIOTh neppopoBani TpyoOu. Bincranb Mk HUMH CITiJ IpUAMaTH 2 M,
Bi cTiHkM Kamepu — 1 M [1, m. 10.7.6]. IlpuiitMaeMo Tpu TpyOM pPO3MOALIBYOI
cucteMd. Butpata Boaum g KokHOI  mepdopoBaHoi  TpyOM  cKiaje
Orp = 543 /3 =181 M /ron abo ¢p= 50,28 1/c.

[Tpuiimaemo craneBi Tpyou 3 ymoBHUM TpoxoioMm d = 350 MM, MIBUIKICTH
pyxy Boau V=0,5 m/c (HOopMaTuBHa WBUAKICT pyXy Boau V = 0,5-0,6 m/c).

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

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

Xf g = 0,4-0,096 =0,0384 m’.

KinbkicTh OTBOpIB Ha O/IHIN TPYOI:

n= 2forp

>
fors
2, . . o
ne  fypg — IJI0IIA OTBOPY, M™; 3HAXOMATh, 3HAIOUU d g — AlAMETP OTBOPIB, AKHMI

wr., (4.4)

npuiimaeMo 25 mum [1, m. 10.7.6].
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>fo 0,038
—zlo _ 08 ¢
forg  0,00049  'C

3 Kamepu B TOPU3OHTAJIbHUM BIJACTIMHUK BOJY BIIBOJSATH HaJ 3aTOIJICHUM
BOJO3JIMBOM. Bepx CTIHKM BOJO3JMBY pO3TAILIOBYIOTh HKXKYE PIBHS BOAU Y
BIICTINHUKY Ha BEJIMUUHY:

h, = Ak M 4.5
B 3600-Vy-by (4.5)
ne  Vp — IBHIKICTB PyXy BOJAHM Yepe3 Boao3aus, 0,1 m/c.
543
=5 =025 M.
3600-0,1-6
3a CTIHKOIO BOJIO3JIMBY BCTAaHOBJIIOIOTH MIABICHY NEPEropoJiKy, 3aHypeHY Ha
1/4 BucoTu BiACTIHHUKA, OO BIAXWISTH MOTIK BOJIU 10 HU3Y.

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

Bincranp Bl CTIHKYA BOJIO3JIMBY /10 IEPETOPOIKU:

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. KuIbKICTbH
. A . 3
BOJIY, sIKa HAJIXOJWUTh MICIs BIACTIMHUKIB Ha GUIbTpH, ckiaangae 77 415,57 m”/no0y.
KoHueHnTpariisi 3aBUCIMX PEYOBUH Yy BOJI, SKa HAAXOIWUTH Y BIACTIMHHK, HOPIBHIOE
3
145,58 r/m”.
Piwenns. O6’eM 30HM HAKONMUYEHHS Ta YIIUTBHEHHS OCay:
Q‘b ‘Tp ‘(CB _MOCB)
Ny -0 ’
p

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

M. — KanaMyTHICTb BOJM, SIKA BUXOJWTH 13 BiACTiiHUKa (815 /M),

O — cepenHs 3a BUCOTOIO OCaJIOBOI YaCTHMHHW KOHIICHTpallisl TBepAoi ¢da3u B
ocazi, Mr/om’, npuiMaroTh 3a Tabauuero 19 [1];

Tp — Tmepio; poOOTH MK CKHUJIaMH OCay, Tp =1 noOa;

Np — KUTBKICTB BIJCTIMHUKIB.
_77415,57-1-(145,58—12)

W = =51,71 v’
oc 10-20000 M
O6’eM ocafy, KMl HAKOMUYYETHCS BIIPOJIOBXK JOOU B YCiX BIACTIMHUKAX:
W=Np-Wo, (4.8)
W=10-51,71 »’.

BI/ITpaTa BOJH, AKY CKHIAIOTH pa3oM 3 0Caa0OM:
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Qo = W'Kp , M3/H06Y: (4.9)
Qo.p. =517,1-1,5=775,6 m*/n06y,
0.B. y

ne Kp — KoediieHT po3daBieHHs ocaay Bojoto [1, m. 10.9.9].

3ae0anns  4.4. Po3paxyBaTH KUIBKICTh Ta PpPO3MIpU TOPU3OHTAIBHUX
BIICTIMHUKIB 3 TIApaBIiYHUM BUAAJICHHSAM ocany. KiabKiCTh BOAM SIKa HAIXOIUTh
micas BixcTiitHuKiB Ha bimbTpu 77 415,57 M/100y. KinbkicTh BOIH, SIKY CKHAAIOTH
pasom 3 ocagoM 775,7 M°/100y.
Piwenna. Butpata BoaM, ska HaAXOAWTHh B BIACTIMHUKH 1 KaMepH YTBOPEHHS
TJIACTIBIIB:

Qrg = Q‘I’ +Qg.0.5 M3/I106y, (4.10)
Qg =77415,57+775,6=78191,17 m’/n06y,
Qg =3257,96 M/ron.
CymapHy IUIOIly TOPU3OHTAJIBHUX BIACTIMHUKIB B IUJIaHI BHU3HAYAEMO 32
dbopmymoro (12) [1]:

o ~ Qg
Fr b, =—§’2.U M (4.11)
Yo

e N KoedirieHT 00'eMHOTO BUKOPUCTAHHS BIJCTIHHUKIB ¢ 1,3;
UO— IIBUJKICTh BUMaAaHHsA cycnensii [1, Ta6m. 18, m. 10.7.6];
UO = 0,45 Mm/c; 3a yMOBH 3aCTOCYBaHHS (DJIOKYJISIHTY UO ciia 30ubmuT Ha 15 %,

TOOTO U0= 0,517 mm/c.

1,3-3257,96 2
=2 == 7 " =2275,6 m".
rB. " 360,517 o
JloBKUHY 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 TOYATKY
BijacriiHuKa [1, m. 10.9.2]; Vcep =12 mm/c;
Hcep — CepeHs BUCOTa 30HU OCAIKCHHS (Hcep = 3,0 m).
3-12
0,517

[Ipuitmaemo noBxuny BiacTiiiHuKa L = 70 M.
upuHa BiACTIHHUKIB:

L= =69,63 M.

B=Fg:L, M, (4.13)
B=2275,6 :70=32,51 m.
upuHa oJTHOTO BiACTIHHUKA — 6 M.
KinbKicTh BIACTIHHUKIB — 6 IIT.
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BucoTa 30HM HAKOIMHMYCHHS ocany:

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

[puiimaemo H, o = 0,5 m.

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

Bunanenns ocaay 3 BiACTiiiHHKa nepedavyacThCs TIAPaBIIYHUM CIIOCOOOM 3a
JOTIOMOTOI0 JIpyaTuX TPyO. Y KOXXKHOMY BIIIUIEHHI MO JHY PO3TAlIOBYIOTHCS JBI
TpyOM Ha BifCTaHi 3 M OHA BiJl OJHOI.

3asoanns 4.5. Po3paxyBaTu CUCTEMY BUJIAJICHHS OCaly JJisi TOPU30HTAIBLHOTO
BijcTiiHUKa. [Ipy BHKOHaHHI 3aBIaHHS BUKOPUCTOBYBATH PO3PAXyHKU 3aBIaHb
4.314.4.

Piwenna. Bunanenns ocany npuiiMaeMo 0e3 NPUIMHEHHS i1 BiICTIMHHKA.
KinbkicTh ocany:

_ Qoc ‘Tp (Cg —Mqcp) T

] 1 (4.15)
(0] Np106

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

oc 6-100

Butpara ocagy, Akuil CKUAAIOTH AIpYACTO0 TpyOOr0, pPO3TALIOBAHOIO B
KOXXHOMY KOPHUAOP1 BiICTIHHUKA:
Pye 100

3
qOC:Kp‘T‘E‘z,M/XB, (416)

Ie Kp — KoeinieHT po3dasneHHs ocany [1, m. 10.9.9]; K, = 1,5;

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

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

1,72 100 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.

Po3paxyHok TpyOM BHUKOHYEMO 3a TaOMUISIMU [5] 3 YMOBH, IO IIBUAKICTH
pyXy ocany B KiHIl TpyOu Mae Oytu He MeHmie 1 m/c. llum ymoBam BiamoBimae
niametp Tpyou d = 300 mm, 1=0,00112, V = 1,04 m/c.

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

3aranpHa II0LIa OTBOPIB:

=, =k, -pr’ M, 4.17)

ne kH — koedirieHT nepdopartii; kH =0,7;
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f _ — mroma monepeunoro meperuny Tpyou d = 0,13 m”.

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

KinbkicTh OTBOPIB:

np :Zf—f)o’ IIT., (4.18)
0.091
=_—2""7" =186
P = 0.00049 T

Kpok oci oTBOpiB, fKI pO3MILIYIOTh B [Ba PAJd B ILIAXOBOMY MOPAJKY
(nopmaTtuBHuii kpok 300-500 mm):

L .
L, = BIJICT

o
_ 70 _

0 =8¢ 0,38 m.
Brpatu Hanopy BU3Ha4aroTh 3a GOPMYJIOL0:

2
\%
h=(-—_ )
g 2™ (4.20)

M, (4.19)

L

ne V — mBuAKICTH B TpydOl, M/C, BH3HA4yalOTh MpU BUOOPI JlaMETPy
TpyOOIpoOBOY;
C — koeditieHT onopy, npuiMaroTh 3a popmynoro [1, m. 10.10.10]:
_ 22
KZ+1
0,54
2-9,81

4.21)

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

3asoanns 4.6. Po3paxyBaTu mnpuCTpiii i 300py OCBITIEHOI BOIU 3
TOPU30HTAIBHOTO BiACTiHHUKA. IlpM BWKOHAHHI 3aBAaHHS BHKOPHUCTOBYBATH
pO3paxyHKH 3aBaanb 4.3 14.4.

Piwenns. 36ip oCBITJICHOT BOAM 31MCHIOIOTh TOPU3OHTAILHUMH MiABICHUMHU
kKoJioOaMHU 13  3aTOIUICHUMU OTBOpaMH  giaMeTpoM  dop =25 mMm.  XKosobu
BCTAHOBIIOIOTh Ha AUISTHINI 2/3 JOBXWHHU BIACTIMHWKA, paxyr4d BiJ 3aJHBOT
TopieBoi cTinku [1, m. 10.9.10].

[Ipuitmaemo 10 TPOEKTYBAHHS TPH KOJ00U 3aBJOBXKKHU:
2

sl = 3 nines M (4.22)
_ 240
L =570=46,67 m.

Butpara Boau, 1110 30MpaeTbes xKonooamu:
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Q..
BIACT \ie, (4.23)

n .
BIACT

O =

Qo = 32567,96 =542.99 m’/rox = 0,151 m°/c.

OHAM KO0JI000M:
_3257,96
dx = 6-3
HIBuIKICT, pyXy BOAM B KiHIIl kojo0a mpuiimaerbess Big 0,6 no 0,8 m/c
[1, m. 10.9.10]. Ipuitmaemo 0,7 m/c.
[Ipuitmaemo #0100 MPSAMOKYTHOTO mnepeTuHy. [lepeBuilieHHsT piBHS BOAMU Y
BIJICTIHHUKY HaJl TOPU30HTAIBLHUM JTHOM 051002 BU3ZHAYAEMO 32 (HOPMYJIOLO:

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 nopisHioe 6,0.

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

Pi3HuII0 BIAMITOK BOAM y BIACTIMHUKY 1 k0J001 (H) BH3HA4aioTh 3 yMOBH
IIBUAKOCTI pyXy Boau depe3 oTBip 1 m/c. [l BIACTIMHUKIB TaKOro THUILY Pi3HULS
ckimagatume 0,054 m.

I'mubuna Boau B *0J1001:

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.
HIBUIKICTH 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:

e =Ko Wiep =0.46- Ky -3/Qu” By . 0%, (4.28)

ne Ky —koediunient nepdopanii: 1,03;
Q. — BUTpaTa BOM, 10 30UpaeThCs k01a000M, Q4 = 0,05 M/c.

fe =0,46-1,03-30,05%2-0,33 =0,044 v,

KinbkicTh OTBOPIB:
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n= , T, (4.29)
fOTB
0.05
0.00049 02 T

OTBOpM pO3TAlIOBYIOTH B IIAXOBOMY MOPsAKY. Bu3zHauaemo BifCTaHb MIXK
OTBOPAMH:

lo =L, (4.30)

1y =46,67:102=0,46 M.

3MICTOBHH MOJYJIb 2 Komnonyeanus mexuonoziunux cxem
OUUCMKU RPUPOOHUX 800

Tema 5 Po3paxyHok mBUAKHX QUIbTPIB. PO3paxyHOK KOHTAKTHHUX
NPOSICHIOBAaYiB

3ae0anns 5.1. Po3paxyBaTu KUIBKICTh MIBHAKUX (UIBTPIB Ta iX poO3MIipH.
T[poayKTHBHICTb ouncHUX criopyn 72 000 m>/no6y. KinbkicTs Bojn, 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 gaHumu [1, m. 10.12.2]. Bucora pinbTpyrodoro mapy 3 KBaploOBOI'O
micky Hg=1500 MM, 3 gilamerpoM 3epeH: MIHIMAIbHHHA dpin=0,7 MM 1
MakCUMaIIbHUN dy= 1,6 MMm. ExBiBanentHuér miametp 3epeH d.=1,0 mMm, a
koediienT HeogHopigHocTi 1,8. IlinTpumyrouuit map Mae BucoTy (3araimpHy) 500
MM, KpYIHICTb 3epeH Bif 5 10 40 mm.

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

Q

e (5.1)

b Tep-vy “Npp dap ~Dop " Top *V
ne  Q — KUIBKICTh BOJIM, 110 HAJIXOIUTh HA MBUIKI PLILTPH, M3/1106y:
— 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 PO3paxyHKIB 3a

dbopmynoro (23) [1];
Ny — KUIBKICTh MPOMHMBAHb OJHOTO (UIbTpa Ha N00y MpU HOPMAIBLHOMY

pexuMi excruryatartii, Tadmaui 21 [1];

1 '
Tpp — Yac MPOCTOro bimbTpa y 3B'13ky 3 mpomuBaHHsIM (0,33 roauHuU TpU

BoAsiHOMY 1 0,5 TOMHYU TTPU BOJIONOBITPSIHHOMY ITPOMHUBAHH1);
- 3,2
(pp — MUTOMA BUTPATa BOJH HA OJTHE IPOMHBAHHS OTHOTO buibTpa, M°/M°, SIKY

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

_ 3, 2
Inp =000 M

; (5.3)
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dnp = 16165680 =48 MO/M
SE = 72231,57
b 24.8-2-4,8-2-0,33-8

Opi€HTOBHO KUIBKICTh (DUIBTPIB BU3HAYAIOTH 32 POPMYJIIOIO:

N = ‘/% (5.4)

=407,81 M.

~5 - T,
N=—V407’81 =10 1T

2
[Tpuitmaemo 10 pinbTpiB 3 po3mipamu 6 M X 9 M.
3 ypaxyBaHHSAM NPUAHATHX PO3MIPIB IUIOLIA OJHOTO QUIBTPY CKIIAfE:

F, =54 m°.
¢

[Ipy npomy moBuHHA 3a0e3medyBaTHCS MIBUAKICTH (UIBTPYBAHHS BOAM IpPH
(dbopcoBaHOMY PEXHUMI, TPUINHABLIN KUTBKICTh (UIBTPIB, K1 MepeOyBatOTh Y PEMOHTI
N1 =1, 3a popmyroro (23) [1]:

N
1)
N- N1
10
V. , =8| ——|=8,9m/rox < 10,0 m/rox.
pd 1

V.=V .
pb

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

3aeoanns 5.2. Po3paxyBatu TpyO4acTy pO3NOAUIbYY CHUCTEMY A QUIBTPY 3
po3MipaMu B 11aH1 6x9 M.
Piwenna. KinpkicTh NPOMUBHOT BOJH, sika HEOOX1AHA JUIsl ogHOTO (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.

HiameTp TpyOOnpoBOAY, SAKUU MOJa€ MPOMHUBHY BOJY /10 KOXXHOTO (QUIBTPY,
BHU3HAYAIOTh 32 PEKOMEHJIOBAHOIO LIBUJIKICTIO, SIKY HaJeKUTh MPUIMATH HE OUIbIle
1,2 m/c [1, m. 10.12.12]. Ilpu 3anauiit BuTpati 864 i/c npuitMaemo niamerp 800 mm,
mBUAKICT — 1,2 m/c. [l piBHOMIPHOTO PO3MOJLTY NMPOMHUBHOI BOAM B HUKHIN
yacTHH1 301pHOr0 KaHally (UIBTPY BJIAIITOBYIOTh TIYyXWUHA PO3NOAUIBHUN KaHAI
MPSIMOKYTHOTO TepeTuny 3 po3Mipamu 0,9%0,9 m, 1o sikoro miaABoAATh TpyOOIpOBi
poMHUBHOI Boau AiameTpoM 800 MM.

[IBUAKICTE B PO3MOALTLYOMY KaHa1 CKIIAJE:

Q
Vkan = FHPOM , M/c, (5.8)
KaH
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Vian = 06886 14
)
OtpumaHa B pe3yJbTaTi PO3PaxXyHKIB IIBUJKICTh BIAMOBIAAE PEKOMEHI0BaHIM
mBuakocti 0,8—1,2 m/c.
[Inoma nHa QinbTpa, sKa MPUIATAE HA KOKHE BIATATY)KEHHSI PO3MOJLIBYOT
CUCTEMHU MpH BiACTaHAX MK HUMH m=0,3 M 1 mupuHi po3nojauipyoro kanamy 0,9 m,
CKJIae:

=1,07 m/c.

f— —_ . 2
foin =(B-b)m, m’, (5.9)

ne B —mupuna ¢piuibTpa, 6 M;
b — mupunHa QuibTpa;
m — BIICTaHb MK BIATATY>KEHHSIMHU PO3MOAUIHYOI CUCTEMHU.
f . =(6-0,9)-03=1,53m2.
BiI

BI/ITpaTa HpOMI/IBHOI BOJH, dKd HAAXOAUTHb YCPEC3 OAHC BiI[FaJIy}KCHHHI

qBiﬂ = fBiI[ ‘W, n/c, (5.10)

qBiﬂ =1,53-16=24,5n/c.
HiameTp BigranyxeHb NpUUMaeMoO 3a TAOIHUISIMHU TiIPABIIYHOIO PO3PAXYHKY

BOJIOTIPOBITHUX TPYO [5].

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

Tomi MBUAKICTE BXOMY BOJAM B BIATATY>KCHHS VBiJIZ 1,85 m/c (mo He

MEPEeBUILY€E PEKOMEHA0BAHOI IBUAKOCTI 1,6—2 M/c).
V HWKHIA dYacTWHI BiAramykeHb Imig KyToMm 45° mependavaroTh OTBOPHU
niamerpoM dgyrg =12Mm [1, m 10.12.12].

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

>f, =0,25-54/100=0,135 v".
IIpu niamerpi otBOpiB d,= 12 MM mroma orsopy fo= 113 MM’

3aranpHa KUIbKICTh OTBOPIB Y PO3NMOALTBYIN cUCTEM] QLIbTpaA:

= 2fo , IT., (5.12)

fo

=1195 mrr.

)

no = 1350

° 1,13

KinpkicTe BiAramyxeHb y KOxHOMY (iIbTpl mpu BincTaHi Mk ocsimu 0,3 M
CKJIaze:

9:0,3 =30 mr.
KinbkicTh OTBOPIB HA KOXKHE BiATATYKEHHS:
n=1195:30 =40 mr.
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Tak sik OTBOpPH PO3TAlIOBYIOTH B J[Ba PSIAM B IIAXOBOMY MOPSAKY Il KyTOM
45° 710 HU3Y BiJl BEPTUKAI1, TO MPU JOBXKUHI KOKHOTO BiJIraTy>KCHHS

Ly = bg = bico (5.13)

BIJI

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

Binctans Mixk 0cSIMH OTBOPIB 1O OJTHIM JIIHII:

lg = r’flﬂ , MM, (5.14)

| = 2-5,1
0 40
1[0 HE NEPEBHUIIYye PEKOMEHA0BaH1 po3Mipu 1= 200-300 mwm.

=255 MM,

Jlist BUJaneHHs moBiTps 3 TpyOONpOBOAY, KU MOJa€e BOAY Ha MPOMHUBAHHS
binbTpa, Yy HOIABUIIEHMX MICHSIX  PO3MOAUIBYOI  CHUCTEMH TIepeadavyaroTh
YCTAHOBJICHHS TMOBITPOBIABIIHUX CTOSKIB, PEKOMEHJIOBaHWM JlaMeTp  SKUX
d = 75-150 MM 3 aBTOMaTHUHUM BUITyCKOM moBiTps [1, m. 10.12.14].

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

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

Piwenna. 30ip 1 BigBeneHHs 3a0pyAHEHOI BOAM NpPH MPOMUBII MIBUIKHX
GUIBTPIB 3A1MCHIOIOTH 332 JOMOMOTOIO KOJIO0IB, SIKI PO3MINIYIOTh HaJl MOBEPXHEIO
GUTBTPYIOYOTO 3aBaHTAKCHHS.

Bincranp Mik ocsiMH K0JIOOIB HE TOBMHHA IMEpeBUINYyBaTH 2,2 M
[1, m. 10.12.16]. BpaxoBytouu po3mipu (uUIbTpy NpUMAEMO 10 HPOEKTyBaHHS 4
’KO0JIOOU 3 HAMIBKPYTJIOK OCHOBOIO.

[Ipy BuTpaTi NMPOMUBHOI BOAM HA OJUH (QUIBTP dp = 864 n/c, BuTpara

HpOMI/IBHOI BOJAW HA OOUH ’KOJI00:
>

3
A
” Mm’/c, (5.15)

dx

=864 _516 nic=0216 e,
x4

[Iupuny »xo0s100a BU3HAYaeEMO 3a popmyioro (26) [1]:

2
By =K, -5 K m, (5.16)
(1,57 + 0y )

3
€ (s — BHTpaTa BOJU IIO K0J00Yy, M™/C;

Oy — BIJIHOLIEHHS BUCOTH IPAMOKYTHOI YACTHUHHM 3K0J100a 0 MOJOBUHH HOTO
HIMpUHH, TIpuitMaemo 1,5;
K. — koe(IieHT, MPUIAMArOTh A7 K0JI001B 3 HAMIBKPYIJIMM JOTKOM Ky =2.

0,216%

B, =2.5— =
a (1.57+1,5)

=0,55 m.
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Bucora npsMOKyTHOT YaCTHHU k0J100a:

hpp =0,75-By, M, (5.17)
hpp =0,75-0,55=0,41 m.
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
rOpu30HTANIBHO. JIOTKM k051001B MaroTh yxui 1= 0,01 g0 30ipHOrO KaHaIy.
Bincranp Bin moBepxHi (UIBTPYIOUOrO 3aBaHTaXKEHHS O KPOMKH >KOJ00IB

BHU3HA4YaeMo 3a Gpopmyroro (28) [1]:
_Hj-dg

K100
ne  H;—Bucora pinerpyroyoro mapy, m;

+0,3, m, (5.20)

d3 — BITHOCHE 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.

NOTPIOHO MPUUHATH BIACTaHb BiJ HU3Y K0J00a O BEpXy 3aBaHTaXXEHHsS OUIbIlIE Ha
0,06 m:

hy =h, +0,06, M, (5.21)
hae =0,77+0,06=0,83 w.
Burtpara Boau Ha MPOMUBKY BCiX (DUIBTPIB:
Qu.cyr = Vip -N-1, M/106y, (5.22)

ne N — KUIbKICTb (QUIBTPIB;
N — KUIbKICTh IPOMHUBOK.
Qu.cyr =259,2:10-2=5184 m’/106y.

YTouHEeHa NPOAYKTUBHICTH (UIBTPIB 3 ypaxyBaHHSM BHUTpaTH BOJIM Ha ixX
MIPOMMUBKY:
Q‘b =Qpon Qpk * Qgraa * Qm +Qlx +me, M /106y,  (5.23)
ch =72000+111,57+120+0+0+5184=77415,57 m’/n06y,
Q 0= 0,836 m’/c.

Bincrans Bin 1Ha )x0100a 10 AHA 30IpHOTO KaHAIy BU3HAa4YaeMO 3a (hOpMYJIOH:
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2
Hyqpy =1,73-3—K8H_ 402y, (5.24)

g b%aH
€  (ggqu — BUTpaTa BOIU IO KaHay, M°/c, piBHIif BUTpaTi IPOMMBHOI BOAH Bix
OJIHIET TPOMMBKH;
b — mupuHa KaHamy, M;
g =981 m/c.

+0,2=0,79 m.

HIBHUAKICTH PyXy NPOMHUBHOI BOJM B KiHLI 30ipHOro KaHaity mupuHowo 0,9 m
BU3HA4aloTh 3a (POPMYJIOIO:

_ Jxan
U = ,M/c, 5.25)
Kal— (H xan —0:2) byan (

0,864
U = ’ =1,63 m/c.
KaH = (079-0,2)-09 - ¢

3aeoanns 5.4. Busnauutu aiameTpu TpyOOIPOBOIIB AJIs MOayl Ta BiABEACHHS
BOAM 3 GUIBTPIB. SIK BUXIIHI JaHHI B3SITH PO3PAaXyHKH 3 3aBAaHb 5.2 1 5.3.

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

Posmipu TpyOompoBoaiB abo kaHalmiB (UIBTPIB Ciif NpUAMATH 33 YMOBHU
dbopcoBaHOTO peXUMy poOOTH (TOOTO TpU BHUKIIOYEHHI OAHOTrO (UIBTpa Ha
npoMuBaHHs). TakuM YMHOM, PO3paxXyHKOBa BUTpATa BOJHU, SIKA MPUMATAE HA OJUH
GbiTbTp, CKIAME:

%
q¢ , a/c, (5.26)
b N 0 -N,’
¢ - 836 _ g3 89
= =92,89n/c.
19 "10-1
Tabmums 5.1 — Pesymbratu TiApaBIiYHOTO PO3PaxyHKy TPyOONpOBOJIB TMojadi ado
BIJIBEJICHHSI BOJIM HA QUIBTPU Ta 3 HUX
Butpara . Hiametp TpyoO, Pexomenp.
Hazsa tpyGomnpoBoy Bomm, 1/c HIBuaxicTte M/C N [IBHAKICTD, M/c
Al ozl OCBITIEHOT 836,01 1,55 1000 0,8-1,2
BOJM Ha BCl QUIBTPU
Te came, Ha oiuH QITBTP 92.89 1,22 300 0,8-1,2
Jlua Bigsoy dibTpary 3 92,89 1,22 300 1,0-1,5
OJTHOTO (PUIBTPY
Jlut Bitsony dinepaty 3 836,01 1,55 1000 0,8-1,2
BCIX (UIbTpax
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IIpomosxenus Tadmui 5.1

Butpara . Hiametp TpyoO, Pexomeng.
Hasga tpybonposoy BOJIH, J1/C ITeamkicTs M/c MM HIBUJIKICTB, M/C
JUia monadi MpOMHUBHOI 364 1.7 800 1,5-2.,0
BOIH
Jlg BinBOAY IPOMHUBHO1 364 1.7 800 1,5-2.,0
BOIU

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

Piwenna. Brpatu Hanopy npu npoMuBii (QUIBTPY CKIANAIOTHCS 3 HACTYIHHUX
BEJIUYMH:
a) BTpaTu HAMopy B OTBOpaxX TPyO pO3MOALIBUOL CUCTEMU (DUIBTPY:

22 Vi V2
hpe=| 22541 K 480 (5.27)
PelkZ2 22 2¢

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

Vgo — IIBHJKICTB Ha IOYATKy Oi4HOTO BiaramyxeHus (vg, = 1,85 m/c), M/c;
K|, — BIJHOIIEHHA CyMH IIJIOL] BCIX OTBOPIB PO3MOAUIBYOI CUCTEMH IO ILIOMI]
MONIEPEYHOT0 TIEPETUHY KaHAIY:
Ky = (0,15<K, £2), (5.28)
K, = 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-w) Hs, M, (5.29)

J€e  ® — IHTEHCUBHICTh II0/1a4l MPOMUBHOT BOJIH;

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

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

hg =1-0-Hyyys M, (5.30)
hy =0,022-16-0,5=0,18 M.
I') BTPaTH HANopy B TPYOONpPOBOAi, KU IOJa€ MPOMHBHY BOJY, BH3HAYaEMO 32
dhopmyoro:
h =h+h ,mMm, (5.31)
™ 1 M

ne h1 — BTpAaTH HANopy MO JOBXKHUHI (h1 BU3HAYAIOTh BPAaxXOBYIOUM BUTPATY

qup = 864 11/c, d = 800 MM, v = 1,2 M/c, TinpaBimunnii yxui 1= 0,00412, npu 1 = 100 m).
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hl =1-i, m, (5.32)
h1 =100-0,00412=0,41 w;
hM — BTpaTH HAIOPY Ha MICLEBI ONOPH: o= 0,185 (3 xomina); &m,= 0,22

(2 TpitiHuKa); Ezpen= 0,3 (4 3acyBku); Eem= 0,0135 (12 3BaproBajbHUX CTHKIB).
MicuieBi onopu po3paxoBYIOTh 3a (POpMyI010:

02
_vyel| L 5.33)
hM_Zé 2 )Ma (

g

2

1,63
h.. =2 | =2 =0,32Mm.
v =2,357 {2.9’81] 0,32m
hyp=0,41+0,32=0,73 m.

[loBHa BenWuMHA BTpaT HAMNOpPy IMpPU TNPOMUBAHHI MIBUAKOrO (iIbTpa
CTAHOBUTb:

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

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

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

ne HF — reoOMeTpUYHa BUCOTa MiANOMY BOJM (pi3HUL BIAMITOK HUXHBOTO PIBHS
BoaM B PUB 1 BepXHbOi KpOMKH K051001B (hi1bTPa), M; HF =6,5 m.

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

Jl71s1 mogavi MpOMHUBHOI BOAM B KUTbKOCTI 864 11/c ab6o 3110 M3/1“OJI MpUMNMaEMO
nacoc mapku JI 3200-33 [11] 3 mpoxyktuBHicTIO 3240 M/rox i Hamopom 32 M 3
MOTYXHICTIO enekTpoaBuryHa 315 kBt 1 udacrotoro ob6eptiB 985 006/xB. s
MIPOEKTYBaHHs OEpeMo JIBa HACOCHU: OJMH pOOOYHii 1 OIMH PEe3EPBHUM.

3asoannsa 5.6. Po3paxyBaTu 00°€M 1 pO3MIpH BXIIHOI KaMmepu Tepen
KOHTAaKTHHMH OCBiTJIFOBaueM. BwuTpaTta BOJM, 5SKa 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 (OpMYJIOL0:

-t
WBX.K = 23 60 5 M39 (536)
e t — d4ac Hepe6YBaHHH BOOAU B KaMepi, HpHﬁHHTO 5 XBWINH 3FiI[HO
(1, 10.15.2].
114021-5 3
WBX.K :Tm:396 M.

[Ipuitmaemo 4YoTupu BXigHI Kamepu rmoObuHoro h = 3 M. [lnomry koxHOT
KaMepH BU3HAYal0Th 3a (OpMYJIOL0:
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—_ WBX.K 2
o =R (5.37)

99 2
BX.K =?=33 M.
[Ipuitmaemo BXiJIHY KaMepy 3 po3MipaMH B TU1aHi 6 X 6 M.
Y KOXHIA KaMepl BCTaHOBIIOIOTH OapabaHHI CITKM. BXinHi kamepu
00NaAHYIOTh MPUCTPOSIMU JJI TNPOMHUBAHHSA CITOK, IEPEIUBHOI0 Ta CIYCKHOIO
tpy6oro [1, m. 10.15.2]. CTiHKH HUXKHBOT YACTUHHM KaMepy HaxWjeHi mix kyrom 50°

710 TOPU30HTY. BHCOTY HUKHBOT YaCTUHM KaMepU BU3HAYaeMO 3a (hOPMYJIOHO:

hycans =5 -0tgl90° =50°). w, (5.38)

6 o o
hian =§-ctg(90 ~50°)=1,6 m.
[ToBHY BHCOTY KaMepH pO3paxoByeMO 3a (OPMYJIOIO:
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,
KWW 3allOBHIOIOTH 3BEPXY IMICKOM IIApOM 3 KpymHIcTiO 3epeH 0,7-2 MM TOBIIMHA
mapy 2 M, a 3HU3Y IpaBlEM 3 KPYMHICTIO 3epeH 2—4 MM ToBIIHHA mapy 50 MM,
KPYIHICTIO 3epeH 4—8 MM ToBimMHA mapy 100 mm, KpymnHicTiO 3epeH 8—16 MM
toBmrHa I1mapy 100 mm. BepxHs TpaHuLd HIKHBOIO LIApYy TIpaBis KPYIHICTIO
16-32 MM noBuHHa OyTH Ha 100 MM BUIIIE OTBOPIB PO3MOALIBUOI CUCTEMHU.

Po3paxyHkoBa MBUAKICTb (UIBTPYBAaHHA NpPU HOPMAJIBHOMY  PEXHUMI
5,0 m/rox, pu popcoBanoMy — 5,5 M/ro.

[IpomMuBatOTh KOHTAKTHI OCBIT/IIOBa4Y1 KOMOIHOBAaHUM METOJIOM:

— MepHIMi eTanm — PO3MYUIEHHS 3aBAHTAXKEHHS MOBITPSAM 3 1HTEHCUBHICTIO
18 11/(c'M”) IPOTATOM JBOX XBHJIHH;

— Ipyruil etanm — BIAMUBAHHS 3aBaHTaXEHHsS CHUIBHO BOJOIO 1HTEHCHUBHICTIO
3 1/(c'M”) Ta HOBITPAM 3 iHTeHCHBHICTIO 18 1/(C'M”) IPOTATOM LIECTH XBHIIMH;

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

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

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

ne  T.p — TpuBamicTh poboTH cTanii 3a 1100y; Tor = 24 rox;
Vg — PO3PaxyHKOBa INBMJKICTh ()UIBTPYBaHHSA IIPH HOPMAJILHOMY PEXKHMI,

vy = 5 m/rog;

37



N — YUCJIO MPOMHUBAaHb KOKHOT'O KOHTaKTHOTO ocBiTitoBaya (KO) 3a 1 100y

1p
IPU HOPMAIBHOMY PEXHMMI1 €KCIUTyaTallii; Npp = 2;

qu — IIATOMA BUTpATA BOAU HA OOAHC ITPOMHUBAHHA OOAHOI'O KO Bu3nagaemo 3a

dbopmymoro (5.3):
_(3:6:60+5-6-60)
np =000
Tnp ~ TpuBalicTh npoctoro KO y 3B'SI3Ky 3 NPOMUBaHHSAM; Tnp = 0,5 ron;

=9 M/M%

Tor — TPMBAIICTh CKMIAHHS nepmoro Gierpary; ter = 0,17 rox;
114021 2
XF = =1155,58 m".
K0~ 24.5-2.(910,5-5+0,17-5) oM
OpienToBHO KiIbKicTh KO Bu3Hauaemo 3a popmyioro (5.4):
N = —“11525’58= 15,997 =16 m.
[Ipuitmaemo 16 KOHTaAKTHUX OCBITJIIOBAYiB po3MipamMu B Iu1aHl 6 M x 12 M.
TaK{M YHHOM IUTOINIA OHOrO KOHTAKTHOIO OCBIT/IIOBaYa cKiuaze 72 M.
F =N-F__, (5.41)
KO KO
SF =16-72=1152 M’.
KO
HIBuaKkicTs ipu popcoBaHOMY peXUMI BU3ZHA4YaeMO 3a (popmyioro (5.5):
_ 16
T

=5,34 m/rox < 5,5 m/ron.

3asoannsa 5.8. PospaxyBatu TpyOuacty posnoauibHy cuctemy (TPC) s
KOHTaKTHUX OCBITJIIOBAYiB, sIKi OyJIM po3paxoBaHi B 3aBlaHH1 5.7.
Piwenns. Po3paxyHok TpyOuacToi po3MOJALIbYOT CHUCTEMH BHUKOHYIOTH 3a
pexkomenaarisimu [1, m. 10.15.8].
MakcuMalibHa CEKYHJHA BUTpaTa MPOMHBHOI BOJW JUII TPOMHUBAHHS OJIHOTO
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 ABOX BIIJIUIEHb HA KOXKHUU KOJIEKTOP PO3MOALILYOT CUCTEMHU
KOHTaKTHOT'O OCBITJIIOBaYa BUTpaTa MPOMUBHOI BOJU ckiagae 324 n/c.

[IBuaKicTh pPyXy BOAM TIO LEHTPAJIbHOMY MPOMHUBHOMY TPYOONPOBOIY
nmoBuHHa 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 MIBUIKICTb Vnp: 1,09 m/c. 3oBHILIHIN IaMeTp CTalbHOI TpyOu Oyne

630 MM.

Hlar oci po3noauibHUX Tpyo noBuHeH OyTtu Big 0,25 m 10 0,35 m.

KinpkicTh  po3mOAUTBHUX Tpy0O B  OJHOMY BIIJAUIEHHI KOHTAaKTHOTO
OCBITJIIOBaya CKJIaJe:
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=2-(B: . 542

€  m — Iar oci po3noAUIbHUX TPYO, npuiimaemo 0,35.
n__=2-(6:0,35)=34 wr.
D
Butpara npoMuBHO1T BOJIM HA OAHY TPYOY:
U = np , 1/c, (5.43)
frp
324
qu = =9,5 n/c.
HIBHIKICTH PyXy BOAM Ha BXOJAl1 B pO3NOJUIBYY TpyOy 3rimHo 3 [1] moBuHHA
Oyt He OuIbIIE Vi rp = 2,0 M/c. BigmoBigHO diaMeTp po3NonaLIbuoi TpyOom Oyze
75 MM, IBUAKICTb pyxy 1,76 Mm/c.
BinHomeHHs miomi BCiX OTBOPIB B BIATAIYKEHHSAX PO3MOAUIBUOT CUCTEMH JI0
IJIOMII KOHTAaKTHOTO OCBIT/IIOBada MpuiimMaroth 3a Tadmuiero 27 [1, m. 10.15.8] 1
PO3PaxXOBYIOTh 32 POPMYJIIOIO:

Ky -F
Yfor =W’ M, (5.44)
0,28-72 2
szT =W=O,2 M.

Hiametp oTBOpY npuiimaemo d, = 12 mm (pexomennyetbes d, = 10—-12 mm).
Toni KITBKICTH OTBOPIB ISl BCi€T pO3MOALIBUOT CUCTEMH:

_Zh

ng T, (5.45)

0
0,2
n~, =
0 0,00011
KinbkicTh OTBOPIB Ha OAHIN pO3MOALIBYIN TPYOIL:

=1818 .

o
n, =——1mr., (5.46)

n
ys)

68

OTBOpHU PO3TAIOBYEMO B HIKHIM YacTUHI TPYOH IO IBa B KOXKHIM KOMIPIII.
JIOBXKHHY pPO3NOAUIRYOI TPpyOM mNpuUMaeMO PIBHOIO JOBXKHHI BIJAUICHHS
KOHTaKTHOTO OCBITIIOBaya MiHyc 920 MM (30BHINIHIA JilaMeTp UEHTPalIbHOI
po3mnoauIeb4oi Tpyou), minyc 1200 (3a30p MK CTIHKOIO KOHTaKTHOT'O OCBITJIIOBadYa 1
KiHIsIMU TpyO). Toai BiicTaHi MK OCSAMH OTBOPIB:
-630-12 o
10 _ 6000 62340 00 _ 161 mm (mpuiimaemo 160 mm), (5.47)
10 BiAMOBITa€e pekoMeHaarisaM [ 1] (BiacTanb Mk ocsiMu oTBOpiB 150—200 Mm).

3ae0anns 5.9. Bu3HauuTH BIICOTOK NMPOMMBHOI BOJM, SIKY BUTpavyarOTh Ha
CTaHI[li Ha MPOMHUBAHHA BCI1X KOHTAKTHUX OCBITJIIOBAYIB, BiJ] MOBHOT MPOJYKTUBHOCTI
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O4YMCHUX criopyA. JlIsi BUKOHAHHS 3aBJAaHHS BUKOPUCTOBYBATH PO3PAaXyHKHU 3aBJIaHb
5.715.8.

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

W -N-n
q;{% = “pOMT 100, %, (5.48)
Qoc 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
WHpOM 1000 =207,36 m".

KinpkicTs BOJIM, IO BUTpadaeThes Ha mpomuBaHHA ycix KO 3 ypaxyBaHHAM
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 J00y 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 (PLIHTPOBAHOI
Ta NPOMUBHOI BoaM. JlJIs BHUKOHAHHS 3aBJaHHS BUKOPUCTOBYBATH PO3PaXyHKH
3aBaHb 5.7 15.8.

Piwennsa. Y KOHTaKTHUX OCBITIIOBa4ax 301p PpuIbTpoBaHOI Ta MPOMUBHOI BOJIU
ciia 3aiiicHIOBaTH y Kojo6u 3rimHo 3 [1, mm. 10.12.15, 10.12.16]. Hag xpomkamu
K0JI001B TIOTPIOHO mMependayaTy TUIACTUHU 3 TPUKYTHUMHU Bupizamu Big 50 MM 10
60 MM (IO BHCOTI Ta IIMPHHI), 3 BIACTaHSAMU MDK ocsiMu Bupi3iB Big 100 MM 10
150 mm  BritouyHo. [lpuitmarors Tpu konobu. Biacranb MK ocsMU  K0JI001B
6:3=2mMm.

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

2
5 Dxon M

(1,57 +ayey P

3
— BUTpaTa BOJH 10 k0JI00y, M"/C;

Bk =Kskon - : (5.51)

c
a q)KOJ'I
a}KOH — BiIIHOH_ICHHSI BHUCOTH HpSIMOKYTHOI YaCTHHHU >K0J100a A0 ITIOJIOBHMHH

HOro mupuHyU, npuiiMaemo 1,5;
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Kixon — K0oeOilieHT, IPUAMAETHCS I I’ ATUKYTHUX JKOI001B piBHUM 2,1.

0,2162

By =2,1-3 (1,57+1,5)3 0,46 M.
Bucoty npsMOKyTHOT 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 >k0io00a HaJ TOBEPXHEI0 3aBAHTAXKEHHS KOHTAKTHOTO
OCBITJIIOBaya BU3HAYAEMO 32 (OPMYJIOIO:
_H;-ds
K100
ne  Hj; —Bucora QuisTpyBanbsHOro mapy, M;

+0,3,M>0,63 M, (5.54)

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

2-25
hy :W+O’3:O’8 M > 0,63 M.

3asoannsa 5.11. TlpoMuBHA BOjA 3 KOJIOOIB KOHTAKTHOTO OCBITIIOBaYa BLILHO
3JIUBAETHCS B LEHTPabHUM 30IpHUM KaHa, 3BIIKKM BIABOAUTHCA Ha CIOPYIH
MMOBTOPHOTO BUKOPUCTAHHS NPOMHMBHOI Boau. Po3paxyBaTu 30ipHuM kaHam. s
BUKOHAHHS 3aBJIaHHS BUKOPUCTOBYBATH PO3PaxyHKH 3aBlaHb 5.7 15.8.

Piwenns. TlepumeTp 30ipHOTO KaHATY MPSIMOKYTHUM, a IIMPUHA KaHAIYy IO
yMOBaM €KcIUTyaTallii npuiimaetbcs He Mmenmie 0,7 M. [Ipu BinBeaeHHI MPOMHUBHOT
BOJIM 3 KOHTAKTHOTO OCBITJIFOBaua 301pHUM KaHaJ MOBUHEH 3amo0iraTi BUHUKHEHHIO
MIATIOPY Ha BUXO1 BOAM 3 KOJOOIB.

Bincrans Bin 1Ha 05100y 10 THA 301pHOT0 KaHATY BU3HAYAEMO 32 (POPMYJIOIO:

2
Hieqy =1,73:3 58102y, (5.55)
g-bkan
ne by, — HalMEHINA JOIMyCTMMA IIMPHHA KaHaly, M; b,y = 0,7 M.

2
’ 0,648
HKaH :1,733W+0,2:O,9 M.

[IIBuaKicTh BOAM B KiHII 30IpHOTO KaHATy MpPH po3Mipax HOro mepepizy
— — 2 —

frag = 0,9 - 0,7= 0,63 M" ¥ IpH Qup = (xan BU3HAYAEMO 32 HOPMYJIOIO:
q

Ve =—2 /e, (5.56)
fran

_ 0,648

V., =070
K°0,63

=1,03 m/c.
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[IIBuakicTh B KIHII 30IpHOTO KaHady OUIbIIE MIHIMAJIBHO JOMYCTUMOL
IIBUJIKOCTI ITPH (POPCOBAHOMY PEKUMI Vg = 0,8 M/cC.

3ae0anns 5.12. BusHauuTH BTpAaTH HANOpPy MPU MPOMHUBIII KOHTAKTHOTO
ocBiTioBaya. Ilimibpatu Hacocw I8 NPOMHMBKM KOHTAaKTHOI'O OCBITIIOBada. Sk
BUXIJHI IaHH1 B3ATH pO3paxyHKH 3 3aBlianb 5.8 ta 5.10.

BrpaTtu Hanopy B oTBOpax TpyO po3noAuibu0i 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 PO3NOJUIBHOI CUCTEMH A0 ILIOMI]
nonepevHoro nepetuny ka"any: K, =0,2:0,49 = 0,4; (0,15 < K, <2).

C o[22 ) 1092 | 1767
e 042 [ 2-981 2:981

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

1,05 m

dhopmyoro:

h(bm =(a+b-oa)-H(b,

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

M, (5.58)

h, =(0,85+0,004-9)-2,5=2,2 m.
b
Brpatu namopy B TpyOoOmpoBOi, SIKUW NIABOJAUTH HPOMUBHY BOAY [0
KOJIEKTOPY PpO3MOAUIBYOI CUCTEMH Mpu JOBXHMHI Tpybomposoay | = 100 wm,
BU3HA4Ya€eMO 32 (hopMyIIo0:
th:I-i,M, (5.59)
th =100-0,00464=0,46 m.

Brpatu Ha miciieBi onopu B (h)aCOHHUX YaCTHHAX 1 apMaTypl pO3paxoBYIOTh 3a
dhopmyoro:
of
hy =28 | 5|, ™, (5.60)
2g

ne  2.{ — Brparu Hamopy Ha MicueBi onopu: o = 0,185 (3 xonina); &, = 0,22
(2 TpittauKa); C 5005 = 0,3 (4 3acyBkn); = 0,0135 (12 3BaproBaibHUX CTHUKIB).

1,662
2.9.81

hM=3,815-{ ]:0,53 M.

[loBHa BenMuMHA BTpAT HANoOpy MpU MPOMHUBAHHI KOHTAKTHOTO OCBITJIIOBaya
CTAHOBUTb:
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thhp+h(bm+th, M,

>h=1,05+2,2+0,99=424 wm.
Hamip, sxuii TOBMHEH PO3BHMBAaTH HAcOC IIPH IPOMUBII KOHTAKTHOTO
OCBITJIFOBAYA:

(5.61)

H:HF+Zh,M, (5.62)
ne HF — reoMeTpuyYHa BUCOTA MiANOMY BOAM (PI3HUIIS BIIMITOK HMKYOTO PIBHS
Bosu B PUB 1 BepxHiit kpoMiii k01001B GUIBTPY): HF= 6,5 M.

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

Jl;1s1 mogavi MpOMHUBHOI BOJM B KUTbKOCT1 648 11/c abo 2333 M/TOx pUuiMaeMo
nacoc mapku [ 2500-28 [11] 3 mpoxyktuBHicTio 2500 M’/roz i Hamopom 28 M 3
MOTYXHICTIO eyiekTpoaBuryHa 315 kBt 1 dacroroto obGepriB 985 o006/xB. s
MpOEKTyBaHHS OepeMo Ba HACOCH: OJJUH pOOOYHIA 1 OTMH PE3CPBHHIA.

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 CIELialIbHOT PO3MOAUIBYOT CUCTEMHU 3 MOJTIETUICHOBHUX
neppopoBaHUX IIUTMHHUX TPYO, K1 pO3TallIOBaH1 Ha JIHI KOHTAaKTHOTO OCBITIIOBayYa
MDK pO3MOAUIBYMMH TpyOaMu s BOAM, W KOJEKTOPY TMOJayl TMOBITPSA, SKHUM
YCTAHOBJICHO BHINE PO3MOAUIbYOI cucTeMu. BuTtpata moBiTps 71 IPOAYBKUA OJHOTO
KOHTAKTHOI'O OCBITJIIOBa4a CKJIAJE:

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

OCBITJIIOBaYa i ocamu kpaiHix TpyO — 450 MM, TOAl KUIBKICTH TPyO B OZHOMY
BIUIUIEHHI KOHTAKTHOTI'O OCBITIIIOBAYA:
(12000 -600)
n= =38 mir.
300
3aranpHa KUIbKICTh PO3NOALUTBYUX 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 NOBITpA B TpyOKax Vpog= 20 M/c (pexomMeHOOBaHA

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

1oB n'VHOB ’ ’
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/4-0,034 _ _
dHOB: 3.14.20 =0,05M=50 Mm.

CyMapHa 1iolia muiiH y BiAranyxkeHHi ctaHoBuTh 0,35 1ol momnepeyHoro

nepepizy Tpyou:
Tfyy =0,35-F ), (5.66)

0,35-3,14-(0,05)2
X =
1 4
[nomy onHi€l WIIIMHU BU3HAYAEMO, BUXOASYM 3 pPEKOMEHA0BaHOI [1]
OOBXUHA HIUMHU 15-20 MM 1 mupuan Ha 0,1 MM MeHIIe po3Mipy MiHIMaNbHOI

Gbpaxuii:

=0,00068 m*> = 680 MM’

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

Vv =
IoB  (0,000009-75
JUist 3MEHIIeHHS MIBUJIKOCTI BHMXOAY HOBITPS 13 IIUIMH (peKOMeHJO0BaHa
mBUAKICT Bix 40 1o 50 m/c) npuiiMaemo N 76 wrt., TOAI:

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

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

MONIEPEYHOro TMepepidy BiAraaykeHb mnoBuHHA cTaHoBUTH (,4—0,6 TOMEpEeUHOrO
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:
4-F

d=— B oy (5.71)
7T

_ [4-0,0046 B

[Ipuitmaemo HaOIMKYMM 32 COPTAMEHTOM JAlaMeTp BiranyxeHHs — 80 Mm
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Tema 6 Bubdip metony 3He3apaxeHHsi Boau. Po3paxyHok o0/ialHAHHA
3aeoanns 6.1. I1inibpaTu yCTaHOBKM JJIsl PUTOTYBAaHHS peareHTa-oKMUCHIOBaya
JUIsL BOJIM, KA HAAXOAWTh HA OYHMCHI CHOPYAM 3 TNOKa3HUKaMHU, MPHUBEACHUMHU B
3aBaanHi 1.1. TIpoayKkTHBHICTH BOJOOYKMCHUX CIIOPYJ po3paxoBaHa B 3aBaaHHi 1.8.
J1000BI1 BUTpaTH BOJM Ha MPUTOTYBAaHHS pEareHTIB 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 TEXHOJIOTTYHHMX
JOCIIKeHb, NIl OPIEHTOBHUX PO3paxyHKIB — ciuin npuitmatu 3a [1, m. 10.19.2,
10.19.3].

XJopaTopHa YCTaHOBKAa pO3paxoBaHa Ha TMOMEPEIHE XJIOPYBAHHS 03010
)IlX=5 mr/am’ [1, m. 6.18] i BTOpUHHE XJIOPYBaHHS 03050 H2X=3 MI/aM’

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

_ Hlx ‘Qoc n H2X ‘Qoc

M, =M M, = A
x =Mx % T 000 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. OCKUIbKM Maca piIAKOro xjopy B 604ill ctaHoBUThH 1250 kr, TO
Ha CKJIaJIl MOBUHHI 30€epiraTucs:

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

Jlns mo3yBaHHS B BOJAY XJIOPY HEOOXIIHI CHEMiayibHI amapatd — XJIOPaToOpHu
[14]. TlepeTBOpIOIOTH PIAKUNA XJIOP y Ta3oMNoAiOHHMI y BUIApPHHKAX 3MIEBUKOBOTO
TUIy. XJI0p-ra3, 0 YTBOPUBCSA, IPOXOJIUTh Yepe3 0ajJoH-IPSI3bOBUK JI0 XJIOPATOPIB,
AKUMHU JIO3YIOTh XJIOp. I3 XJopaTopiB BHUXOJWUTH XJOpHAa BOJAAa W MOAAETHCS B
00po0JIIOBaHy BOJY.

Burpaty Boau, HEOOX1IHY JUIsi POOOTH XJIOPATOPIB MEPBUHHOIO XJIOPYBaHHS,
MOHa BU3HAYUTHU 32 (HOPMYJIOIO:

o, = ik Qoe®x _5771024-0.7
Ix 1000 1000
ae Ky —pospaxyHKkoBa BUTpaTa BOAM JUISt poOOTH XIOPaTOpiB, MPUHAHATA PIBHOIO

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

0,7 M Ha 1 kT X710DY.
Butpary BoaH, HEOOXiAHA Ui POOOTH XJIOPATOPIiB BTOPHHHOTO XJIOPYBAHHSI,
BU3HAYAIOTH 32 (HOPMYJIOH0:
Q. = D, (Q+Qpx +Qppy +Qpraa + Q) Kx
2x 1000
_3-(72000+111,57+26,84+120+269,85)-0,6
1000

, M/106y, (6.4)

=130,55 M/106y.

QZX
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JlJist IepBUHHOTO XJIOpYBaHHS NpuitHATI 3 xsopatopu mapku AXB-1000/P12-
CM [14] npoayktuBHicTiO 8 Kr/roa (2 pobouux, 1 pezepBHuit). Jjisi BTOPUHHOTO
XJIOpyBaHHS  mOpuiiHATI 2 xymopatopu  wMapku  AXB-1000/P12-CM  [14]
npoayKTuBHICTIO 8 Kr/rox (1 pobounii, 1 pezepBHuUit).

[lonaroTe XJIOpHY BOAY B 00poOJIIOBaHy BOJly HAlIpHUMU T'YMOBUMH pyKaBamMu
BHYTPIIIHBOTO AiameTpa dyy = 25 MM, KI NPOKJIAAA0Th Mija 3eMieio y QyTtispax 3
a30€CTOLIEMEHTHUX TPYO.

3a6danms 6.2. st OUUCHHUX CIOPYH HPOAYKTHBHICTIO 77102,4 M>/100y Gyio
NPUMHATO TMONEpelHE 3HE3apakeHHs BoaM 030HOM. [linmiOpaTu 030HATOPHY
YCTaHOBKY Ta pO3paxyBaTH KOHTAaKTHY Kamepy JUIsl 3MIIIyBaHHS O30HO-TIOBITPSIHOT
CYMIIIIi 3 BOJIOIO.

Piwenns. HeobXigHy 103y 030HY JIJIsl BUAAJIEHHS OpTaHIYHUX PEYOBHH 13 BOIH
CITix mpuitMaTH 3rigHo 3 Tabmunero 29 [1, m. 10.19.2] — 5 mr/mm’.

Po3paxyHKOBY BUTpaTy 030HY BU3HA4Ya€MO 33 POPMYIIOIO:

Qoc Hos M/
= _<0C 203 N/no0y, 6.5
Qos 1000 Y (6:5)

ne  Qguc — PO3paxyHKOBaA BUTPATa BOJM, M°/1100y;
H o3 — 1032 030HY, Mr/):[M3.
_5:77102,4
Qo3 =600
3a po3paxoBaHOIO BUTPATOIO MiAOMpPAEMO JiBa reHEepaTopu 030HY Mapku ZF18
NpOAYKTUBHICTIO 21 Kr/roa (oauH pobounii, onuH pe3epBHuii) [14].
KinbKicTh CyXOro noBiTpsi, HEOOX1THOTO JJIsl €JIEKTPOCUHTESY:
Qp :M , M>/ro, (6.6)
Kos
ne  Ggy3 — NPOAYKTHBHICTB OJJHOTO 030HATOPA, KI/TOJ;

=385,512 M’/106y.

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

21-1000
="
3aranpHa BUTpaTa OXOJO/IKYBaHOTO MOBITPSL:
V33 =N-Q+360, m’/rox, (6.7)
ne 360 — BuTpaTa NoBITps Ha pere”epaiito aacopoepis AI'-50;
N — KUIBKICTh pOOOYMX 030HATOPIB.

V532 =1.1050+360=1410 m*/rox.

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

[lepmy cTymiHb OCYHIEHHS TMOBITPSA  3IMCHIOIOTH 32  JOIMOMOIOIO
xononunpHOro arperaty wmapku AK-®B-30/15, npoaykTUBHICTH 3a XOJIOJAOM
7000 kxan/ron. Jpyra cTymiHb OCylIeHHS HOBITpsl — ajacopOyrova yctaHoBKa. [licis
OXOJIO/PKEHHSI 1 OCYIICHHS Y XOJOJIMUJbHUKY IMOBITPS HAIXOIUTh HA OCTATOYHY
JOCYIIKY 110 afcopOepa aBroMatuuHoi 1ii mapku AI-50.
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Po3paxoByeMo HEOOXiAHY IUIONIY MONEPEUYHOTO Mepepi3y KOHTAKTHOI KaMepH
B IUIAHI:

Fo-R0cl 2 (6.8)

b

N:-n
3
ne  Qgc — PO3paxyHKOBa BUTPATa BOJIH, M /TOJ;

T — TpuBasIiCTh KOHTAKTY 0O30HY 3 BOJOI0, MPUUMaIOTh B Mexkax 5—10 XBWINH;

N — KUTbKICTh KOHTAKTHUX KaMep, MiHIMallbHa KUTBKICTh — 2;

N — rnubuHa mapy BoJid B KOHTaKTHIM KaMepl, IpUiMatoTh 3a3Buyai 4—5 M.

3212,6-0,1 2
Fy =#=32,126 M.

[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
HepKaBitoyoi ctani (30BHIIHINA niamerp dy= 57 mwm, 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:

Qac-0 3
= <0C /e (6.9)
q = M /C, .
03.11 3600
J€e o — BIIHOHIEHHS 00’eMy ra3oBoi cymilil A0 00’eMmy 00poOJtOBaHOI BOIH,
3a3Buyail npuitmarots 0,27; 0,5; 1;
3

Qo — I'OMHHA BUTPATa OYUCHUX CIIOPYH, M /TOL.

_3212,6-0,5

q =
03.11 3600
[lpu npuiiHATHX po3MipaX KamMepd B IUIAHI, NPUHAMAIOTh KUTBKICTh

MaricTpaabHHUX pO3noAUIBHUX TPYO (Nyp) 1 KUIBKICTB OJIOKIB HA KOXKHINA PO3NOAUIBHIN
TpyO1.
[lepeBipsieMo MIBUIKICTh pyXy NOBITps y TpyOompoozl (v = 10-15 m/c):
v e, (6.10)
frp

¢ qu — BHUTpATa O30HOBAHOTO HOBiTpSI, o IIpuIragace Ha JKUBUM MEePCTUH

=0,45 M/c.

KOXHOI TpyOu:

Qrp = ‘118% Mlc, (6.11)
0,45 3
=277 —0.0225 m'/c.
dip =570 = %0223
pr — IUIOLIA MOIEPEYHOro Hepepidy MaricTpaabHOI PO3MOAiIBI0i TpyoH, M°,
pH dyy = 49 My f1 = 0,00188 .
0,0225
=_ Y442 _11.96 M/c.
Y70,00188

HIBUIKICTE PYXy MOBITPA Y TPYyOONPOBOJI 3HAXOAMUTHCS B PEKOMEHIOBAHUX
MEKaX.
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Tema 7 KomnonyBaHHsi 04MCcHOI cTaHIil. CKJIaJaHHS BUCOTHOI CXeMH CIIOPY/
3aeodanns 7.1. CkinacTu BUCOTHY CXeMYy OCHOBHHUX CIOPY] CTaHIIl OYUIICHHS
BOJIM Ha ITiCcTaBl JaHUX 3aBaaHHs 1.3.

Piwenna. JIns OpleHTOBHMX pPO3paxyHKIB BEJIMYMHHM NEPENaiB PiBHIB BOJU
MPUHUMAaIOTh BTPATH HANopy y BianoBimHocti a0 [1, m. 10.28.2]. CxiaganHs BUCOTHOT
CXEMH MOYMHAIOTh 3 HAaWOLIBII HU3BKO PO3TAIIOBAHOI CHIOPYIU — PE3EpBYyapa YUCTOI
Boau. [lo3Hauky HaiiBUIIOro piBHSA BOAM NpuiiMaroTh Ha 0,3 m BHUIE BIAMITKU
noBepxHi 3emui. IloTiM, 3amarouuch BTpaTaMH HAMOPY B CHOPYIax 1 CHOJYYHHX
KOMYHIKaIlisIX, 3HAaXOJATh IO3HAYKU pIBHA BOJM B OKpeMHuX crnopynax. Ha
pPUCYHKY 7.1 HaBeIeHO BUCOTHY CXEMY OCHOBHMX CHOPY/ OJHOCTYIIHYACTOT OUUCTKH
MOBEPXHEBHUX BOJ.

10 11

:
5,000
N
t ) 4.200
1,300
2

5 B — 0.000
Yy — | == 77£;
9

14

Pucynok 7.1 — BucotHa cxeMa OCHOBHHUX CIIOPYZ OJHOCTYIIHYACTOI OUUCTKH MOBEPXHEBUX BOJI:
1 — HacocHa ctanuisa [-ro migiiomy; 2 — MikpoiIbTpH; 3 — XJIOpaTOpHA; 4 — peareHTHe
roCIoIapCcTBO; 5 — 3MillyBay; 6 — KOHTAKTHUM OCBITJIIOBAY; 7 — pe3epByap UUCTO1 BOJIU;

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

10 — nepBuHHE XJ0pyBaHHs; 11 — BTOpUHHE XJIOpYBaHHS; 12 — ojaya po3yuHIB peareHTIB
(koarynsHT, (GIOKyIAHT); 13 — momaya Boau criokuBadaMm; 14 — mpoMHuBHa BoJa

3ae0anns 7.2. CKIacTh BUCOTHY CXeMYy OCHOBHHUX CIOPY] CTaHIl OYUIICHHS
BOJIM Ha ITiCcTaBl JaHUX 3aBaadHs 1.4.

Piwenna. BUCOTHY cXeMy OCHOBHHMX CHOPYJ JIBOCTYIEHEBOI OYHMCTKH
MOBEPXHEBUX BOJA OyAYIOTh aHAJIOTIYHO OJHOCTYIIHYacTid cxemi. Ha pucynky 7.2
MPE/ICTaBIIEHO BUCOTHY CXEMY OCHOBHHUX CIIOPY/ CTAHIII1 OYUILEHHS BOJIH.
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L 4250
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15

Pucynok 7.2 — BucoTHa cxeMa OCHOBHHUX CIIOPYA JABOCTYIIEHEBOT OUMCTKH IOBEPXHEBUX BOJ 13
3aCTOCYBAHHSAM FOPU30HTAIBHUX BIICTIMHUKIB 1 IIBUJKUX (QUIBTPIB:
1 — HacocHa ctauIs [-ro mimitiomy; 2 — XJiopaTopHa; 3 — peareHTHe roCroIapcTBO; 4 — 3MIlTyBaY;
5 — Kamepa yTBOpPEHHS IUIACTIBLUIB; 6 — TOPU3OHTAIBHUI BIICTIHHUK; 7 — IIBUAKUN QUIBTP;
8 — pe3epByap uncToi Boau; 9 — HacocHa crauiis [I-ro miaitomy; 10 — mogavya BUXimHOT BOIH;
11 — nepBuHHE XJIOpYBaHHS; 12 — BTOpMHHE XJIOPYBaHHS; 13 — nmojaya po3yuHIB peareHTiB
(koarynsHT, (GIOKYyIAHT); 14 — momaya BOAM CHIOKKBadaM; 15 — mpoMHuBHA BOJA

2 KOHTPOJIBHI INTAHHA 1JIsI CAMOCTIHHOI POBOTH
3MICTOBUM MOJYJb 1 Ipouecu ma cnopyou ona ouucmxu npupooHux 600

Tema 1 MeToam niAroroBKU BOIM VISl IMTHOTO BOJAONOCTAYAHHSA
1. TexHONOT14HI MPOILIECH Ta CIIOPYIH AJISI OUUILEHHS MPUPOIHUX BO/I.
2. Bulip MeTO/IB OYHIIICHHS BOJIH.
3. Knacudikariii OCHOBHUX TE€XHOJOTTYHUX CXEM.

Konmponvui numanns
. SIk1 OCHOBH1 METO/IY 3aCTOCOBYIOTH /ISl OUMILICHHS TPUPOTHUX BO?
. Ha K1 oCHOBHI rpynu NOAUISIOTH MPOLIECH MIITOTOBKHU ?
. SIk 311HCHIOIOTH IPOSICHEHHS BOJIH?
. SIk 3111 CHIOIOTH 3HEOapBICHHS BOAM?
. JlJ1s 9oro 1 K 3/1IACHIOITH 3HE3apaKEHHS BOIU?
. Knacudikariii oCHOBHUX TEXHOJIOT1YHUX CXEM MiATOTOBKH MUTHOI BOJIU.
. [lopiBHsiliTe peareHTHI 1 Oe3peareHTHI TEXHOJIOT1YHI CXEMU MIATOTOBKH MUTHOI
BOJIH.
8. SIk po3niAIOTh CXEMH MIATOTOBKH BOJH 3a KUIBKICTIO TEXHOJIOTYHUX IPOILIECIB 1
YHUCJIOM CTYII€HIB KOKHOTO 3 HUX?
9. SIki TEXHOJIOT14HI CXEMU PO3PI3HAIOTH 32 €(hEKTOM MPOSICHEHHS ?
10. Aki TEXHOJOT14H1 CXEMH PO3PI3HAIOTH 32 XapaKTepoM pyxy o0poOIiroBaHOT BOU?
49

NN DN kW -



11. Bumoru 10 SKOCTi TOCIOAapChKO-ITMTHOT BOJIH.

12. SIki JOKyMEHTH BCTaHOBIIFOIOTh BUMOTH JI0 O€3IIEYHOCTI Ta SKOCT1 IMUTHOI BOU?

13. SIki OCHOBHI BUMOTH CTaBJISATH JO MUTHOI BOAM, MPU3HAYCHOI JUISI CIIOKMBAHHS
JIOAMHOIO?

14. BuGip mMeToAiB OYHUIIEHHS BOJAM Ha OCHOBI Kiacudikallii AoMimok 3a ¢a3oBo-
JTUCTIEPCHUM CTaHOM.

15. OxapakTepu3yiiTe peKOMEHJallii Ui MONepeaHbOr0 BHOOPY CIOPYH IS
OCBITJICHHSI Ta 3HECOAPBIICHHS BOJIH.

Tema 2 3MinnyBaHHSI peareHTiB 3 BOJOK0
1. TexHomoris 3MilTyBaHHS peareHTiB 3 BoAow. Kiacudikariis 3MinryBaibHUX
IIPUCTPOIB.
2. TigpaBiiuHi 3MiIIyBayi.
3. MexaniyHi 3MilIyBayl.

Konumponvni numanns
1. OnuiiTh 3arajibHi IPUHIUIIK TEXHOJIOTIi 3MIIIYBaHHS PEareHTIiB 3 BOJIOIO.
2. Slk BnuBae HeeEKTUBHE 3MINTYBaHHS HA IPOLEC OYUCTKHU BOJIU?
3. Sk 3a0e3neunTH piBHOMIpPHE 1 HIIBUAKE 3MIITYBAHHS PEareHTIB 3 BOJIOIO?
4. 3aranbHUM NPUHLHKI i T1IAPaBIIYHUX 3MILTYBayviB.
5. OnuiiTe ripaBIiyHUN 3MIlIyBay 3 MEPEropoiKaMu.
6. OnuIIITh JIPYACTUN T1APABIIYHUAN 3MIITYBay.
7. KoHCTpyKIIisl Ta MPUHIMII J1i BEPTUKAIBHUX (BUXPOBUX) 3MIIIIyBayiB.
8. OnuiiTh NPUHIUN Ail IEPEropoAKOBUX 3MIITYyBaUiB KOPUIOPHOTO THITY.
9. KoHcTpyKiiis Ta IPUHIMUI A1i TpyOUaCTUX 3MIIIYBayviB.
10. Ha3BiTh nepeBaru MexaHiyHUX 3MiLIyBayiB.

Tema 3. IIpouecu, 3acTOCOBYBAaHI HA MEPIIOMY CTYIEHi NPOSICHEHHA BOIH

3.1 Kamepu yTBOpPeHHS IJIACTIBUIB
1. CyTHICTh Mpoliecy yTBOPEHHS IJIACTIBIIIB.
2. Kamepu yTBOpEHHS IUIACTIBIIB T'IPABIIYHOTO THITY.
3. ®noKyIATOPH Ta aepOPIOKYISATOPH.

Koumponoui numanns
. IlosiICHITB CYTHICTh TpOLIECY YTBOPEHHS IUIACTIBIIB.
. Ski pakTOpU BIIMBAIOTH HA BJIACTUBOCTI IJIACTIBIIIB Ta MPOLEC iX YTBOPEHHS ?
. Slka TpuBanicTh GOpMyBaHHS MIIACTIBI[IB?
. Slka moBuHHA OyTH IHTEHCUBHICTh NEPEMIIIYBaHHS BOJAM B KaMepax yTBOPEHHS
MI1acTIBIIB?
5. SIx BIIMBae Temmeparypa BOAM HA IHTEHCHBHICTH il MEepeMilllyBaHHS B Kamepax
YTBOPEHHS IJIACTIBIIIB?
6. Ha3BiTh TuIM Kamep YTBOPEHHS IUIACTIBIIB.
7. OxapakTepu3yiTe KaMepu YTBOPEHHS IJIACTIBLIB I1IpaBiIiqYHOrO TUILY.

AW N =
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8. KoHcTpykiig Ta MpUHIMI pOOOTH BUXPOBOI KaMEPH YTBOPEHHS IIACTIBIIIB.

9. Konctpykuist Ta IpUHIUI pOOOTH KaMepu YTBOPEHHs IUIACTIBIIB 3allLIaMJIEHOTO
TUITY.

10. KoHcTpykIisi Ta pUHLIMI pOOOTH BOJAOBOPOTHOI KaMeprua YTBOPEHHSI IJIACTIBIIIB.

11. Koncrpykuiss Ta OpuUHOUMO poOOTH Kamep YTBOPEHHA IUIACTIBLIB 3
PELUPKYIATOPAMH.

12. IlepeBaru ¢paoKyasaTOpiB Ta aepodIOKYIATOPIB.

3.2 OcaxKkeHHS JOMIllIOK BOIH
1. OcHOBH TIpo1IECY OCAJIKEHHS.
2. Tunu BIACTIAHUKIB.
3. ToHkomiapoBe BiJCTOIOBaHHS.

Konumponvni numanns
OcHoOBH NIpoIIECY OCAIKEHHS TOMIIIOK.
OxapakTepuzyuTe cxemy MpoIecy BiICTOIOBAHHS.
OxapaKTepu3yiTe CTUCHYTE OCaKEHHS.
SIki hakTOpU BpaxoBYIOTh MPU PO3PAXYHKY KUIBKOCTI BIICTIMHUKIB.
KoncTpykilist Ta MpuHIKN A11 TOPU30OHTATBHUX BIJACTIHHUKIB.
KoHcTpykiist Ta pUHIMT 11 BEpTUKAIBHUX B1ICTIMHUKIB.
KoHcTpykiis Ta npuHIMI 1ii pagialbHUX B1ICTIMHUKIB.
J1J1st 4OTO BUKOPUCTOBYIOTH TOHKOILIAPOBE BIJCTOIOBAHHS.
OxapakTepu3yiiTe BUKOPUCTOBYBaH1 TOHKOIIIAPOB1 €JIEMEHTH Ta OJIOKH.

WX kW=

3.3 IIposicHeHHs1 BOAU B LIAPi 3aBUCJI0T0 0CAXY
1. OcHoBU mpoIiecy NPOSICHEHHS BOJIM B IIapi 3aBUCJIOTO OCay.
2. BnacTHBOCTI 3aBUCJIOT0 KOHTAKTHOTO CEPEJIOBHUIIIA.
3. Tumnu oCcBITIIOBAYIB 13 3aBUCJIUM OCAI0M.

Koumponvni numanns
. OCHOBH Mpo1IeCcy MPOSICHEHHS BOAM B I1Iapi 3aBUCIIOrO OCay.
. IlepeBaru Ta HEJI0JIIKK OCBITIIOBAYIB 13 3aBUCIUM OCAJIOM.
. OnUIiTh NPUHIKUIT POOOTH OCBITIIOBAYIB 13 3aBUCIUM OCAJIOM.
. Oxapakrepu3yiTe BIJIMB KOHTAKTHOT'O CEPEIOBUINA HA MPOIIEC BOJTOOOPOOKH.
.3a yMOBHM JOTpPUMaHHS SKHUX [apaMeTpiB JOCATa€Thcs CTabuUIbHA poboTa
OCBITJIIOBaYiB?
. Oco6AMBOCTI CTUCHYTOTO OCAJIKEHHS.
. OxapakTepu3yiTe BIaCTUBOCTI 3aBUCIOT0 KOHTAKTHOTO CEPEIOBHUIIA.
. SIki pakTOpU BIIMBAIOTH HA BJIACTUBOCTI 3aBUCIOT0 KOHTAKTHOT'O CEpeAOBHILA?
9. Ha3BiTh OCHOBHI THUIIM OCBITJIIOBAYiB 13 3aBUCIUM OCA/IOM.
10. Ha3BiTh yMOBH Ha11i{HOT pOOOTH OCBITJIIOBAYIB 13 3aBUCIUM OCAJIOM.
11. IIpuHun po6oTH MPOSICHIOBAUIB 3 BEPTUKAILHUMHU 0CaI0YIIUIbHIOBAYaMHU.
12. Po3ramryBaHHsi B 30H1 MPOSICHEHHS, BIIOKPEMJICHHS Ta YIIUIbHEHHS Ocaay
OCBITJTIOBAYIB 13 3aBUCIUM OCaJI0M TOHKOIIIAPOBUX MOJIYJIIB.

A W =
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13. OnuuIiTe KOHCTPYKIIIIO Ta TPUHIUI 11 aKCeIepaTopy.
14. OnuuIiTe KOHCTPYKILIIO Ta IPUHIUI 11 PECImiTaTopy.

Tema 4 @inbTpyBaHHS BOAU
1. ®inpTpyBaHHS Yepe3 3EPHUCTI MATEPIaIH.
2. Tunu dinbTpis.
3. KoHTakTHI IposICHIOBaYl Ta KOHTAKTHI (DUIBTPH.
[Tokpamenns po6otu GiIbTPIB.

Konumponvni numanns

1. Oxapakrepuzyite npouec GUIbTpyBaHHS BOAM.

2. OxapakrepusyiTe ocajiu, IKi yTBOPIOIOTHCS Ha (DUIBTPYBaJIbHINA EPEropo/IL.

3. Ski Tunu QUIBTPIB BUIUIAIOTH 3aJIKHO Bifl (UILTPYBAJIBLHOIO HIAPY?

4. SIxi Tun QUIBTPIB BUAUISIOTH 3aJI€KHO BiJ] IIBUIKOCT1 PLILTPYBAHHS?

5. Ski Tunu GUIBTPIB BUIAUIAIOTH 3aJI€KHO BiJ BEIWYWHU 3€peH (PLILTPYBaJIHLHOTO
3aBaHTAXKEHHS?

6. SIk XapakTepHu3ylTh 3¢pHa PUIBTPYBAITHLHOTO 3aBAHTAKCHHS ?

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

8. IIlo Take «rpsa3eeMHICTB» QLIBTPY?

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

10. KoHcTpyKIisi Ta TPUHIMI i1 MOBUTBHUX (UIBTPIB.

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

12. 3acTocyBaHHs nonepenHix GuUIbTPiB.

13. 3acTocyBaHHS BEJIMKO3EPHUCTHX (DUIBTPIB.

14. KoHcTpyKIisi Ta IPUHLIMI 11 IBUAKUX (DUIBTPIB.

15. Koncrpykuiss Ta npuHmun Aii QUIBTPY 13 3aBAaHTAXKEHHSIM 31 CHIHEHOT'O
MOJTICTUPOITY.

16. KonTakTHe KOAryatoBaHHS JOMIIIOK BOJIH.

17. IlpuHiun po60TH KOHTAKTHUX MPOSICHIOBAYIB.

18. IIpoMHBaHHS KOHTAKTHUX MPOSCHIOBAYIB.

19. [IpuHun po60TH KOHTAKTHUX (PUIBTPIB.

20. Ha3BiTh mOpUHIUMIK 1 CHOCOOM TMIIBUIIEHHS TPSI3€EMHOCTI 3€PHUCTOTO
3aBaHTAKECHHS.

21. OCHOBHI HanpsIMU PEKOHCTPYKIIT MBUAKUX PLIBTPIB.

Tema S 3ne3apakeHHs1 BOAH
Metoau 3He3apaKeHHs BOAU.
Ponb okHCHIOBaYiB B MPOIECaX BOJOMIATOTOBKH.
EnexTpo:i3Hi yCTaHOBKHM JJ1s1 3HE3apa’KeHHS BOJIH.
3He3apakeHHs BOJIU OAKTEPUIIUHUM OIPOMIHEHHSM.
[H111 METOIM 3HE3apa’KEeHHS BOJIH.

NhAELD =
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Konmpononi numanns

. SlkumMu MeToaMu MOKHA 31MCHIOBATH 3HE3apaXKEHHS BOIAU?

. Sk 3711iCHIOIOTH BUOIp CcIIOCOOY 3HE3apaXKEHHS BOIAU?

. OxapakTepu3yiTe poJib OKUCHIOBAaUiB B IIPOIIECaX BOJIOIIATOTOBKH.
. SIki mpotiecu BiA0YBarOTHCS MPHU XJIOPYBaHHI BOJAU PIIIKUM XJIOpOM ?
. Illo Take «BUTbHUI aKTUBHUHN XJIOp»?

. 1o Take «3B’si3aHUN XJTIOP»?

. Ponb 3anuimkoBoro xjaopy.

. SIkuit moBUHEH OyTH Yac KOHTAKTy XJIOPY 3 BOJIOIO.

. SIki pO3pI3HAIOTH TUIIU XJIOPATOPIB?

. Sk po3MIIIa0Th NPUMILIEHHS XJIOPATOPHOIi?

. 3He3apakeHHs BOAM 3a J0MOMOTror0 030HY. I[lepeBaru 030HyBaHHS.
. 3acCTOCyBaHHS €NEKTPOJI3HUX YCTAHOBOK JIJIsl 3HE3aPaKEHHS BOJIH.
. TexHo0T14HI CXeMH Ta eKCIUTyaTallis eJICKTPOJII3HOTO 00IaTHAHHS.
. 3He3apakeHHs BOAM OAKTEPULIMIHUM ONPOMIHEHHSIM.

. OnuUIIiTh TEXHOJIOTI0 3He3apaxeHHs Boau YD onpoMiHECHHSIM.

. Ha yomy 6a3yeTbcst GakTepuuaHuil €peKT yIbTpa3ByKy?

MCTOIIiB IJIA 3HC3apaKCHHA BOJAU.

3MICTOBUM MOJIYJb 2 Komnonysanns mexnonozianux cxem

OUUCMKU RPUPOOHUX 800

Tema 6 IlonepeaHe ounIIeHHS BOAH

1. OcHOBHI KpHTepii Jyisi BUOOPY TEXHOJIOTTYHOI CXEMH Ta CKJIaly CIOPY st

OYHMIICHHA BOJH.

2. HpI/IHI_II/IHI/I KOMITOHYBAHHS TEXHOJIOTTYHHX CXEM OYHUCTKHU MMPpUPOAHHUX BOJ.

Konmponvni numanns

. SIk1 ¢pakTOpU BU3HAYAIOTH BUOIP TEXHOJIOT] MIATOTOBKU BOAM?
. SIk1 ICHYIOTH peKOMEHJallil 13 3aCTOCYBAaHHS PEareHTiB JUIsl OYMCTKU MPUPOJIHUX

BON?

. Ski pakTopu BU3HAYAIOTH KOHCTPYKTUBHE O(hOPMIICHHS PUHHATOT CXeMU?
. Sk po3paxoBy10Th 00’ €MU OUHCHUX CIIOPYA?

. Sk 3a06e3neuyroTh 6e3nepebiHICTh B pOOOTI OUMCHUX CIIOPY?
. OCHOBHI YMOBHM PpO3MIIIEHHS TEXHOJOTIYHUX MPOUECIB 1 CHOpyA y MEBHIN

MOCJIITOBHOCTI.

. OxapakTepu3yiiTe OCHOBHI pPEareHTHI TEXHOJIOTIYHI CXEMH IIATOTOBKH MUTHOI

BOJH 3 ITOBCPXHCBUX IKCPCII.

. OxapakTepusyiiTe OCHOBHI O0e3peareHTHI TeXHOJIOT1YHI CXeMH MIATOTOBKU MUTHOT

BOJH 3 ITOBCPXHCBUX IKCPCII.

. Ha3BiTh MMPpUHOUIIA KOMIIOHYBAaHHA TEXHOJIOTTYHOI CXEMU JJIs1 OYHMIIICHHSA BOA.
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. Ha3BiTh IepeBaru Ta HCI[OJ'IiKI/I 3HC3apaAKCHHA BOAU BHHpOMiHIOBaHHSIM.

. Oxapakrepu3yiTe KOMIUIEKCHE 3aCTOCYBAaHHS pPEareHTHUX 1 0e3peareHTHUX



1.
. Ha3BiTh nipukiiagu Bo103a01pHO-0YMCHUX CIIOPYIU Ta MIPUCTPOIB.

. IIpuHnun aii GiTbTpyrOYrX BOJONPUHMAYIB.

. 3acTocyBaHHSI BOJIONMPUNMMAJIBHUX KOBIIIB Ta MIABIIHUX KaHAJIB BiJl TOJOBHOTO

B~ W N

%0 N W»

9

Tema 7 IlonepeaHe oYNILIEHHS BOAH
1. Bomo3a0ipHO-04KCHI CIOPYAH Ta MPUCTPOI.
2. T'iIpoIuKIOHHI MPUJIAJIH.
3. ®inbTpyBaHHS BOJIU KPi3b CITKH Ta TKAHUHHU.

Koumponvni numanmus
J171s1 40ro 3aCTOCOBYIOTH BO/103a01IpHO-OYUCHI CIIOPYAH Ta IPUCTPOi?

JDKEpeJia BOJIONIOCTaYaHHs 10 OYUCHOT CTaHITII.

. Ha3BiTh BUIM KOBIIEBUX BOJONPUIMAYIB.
. BnamtyBanHus npubepexxHux (HaJuBHUX) BOJOCXOBHILL.

BukopucranHs riponyKIOHHUX YCTAHOBOK sl IOTIEPEAHBOT0 OYUIIICHHS BOJIH.
['IpolMKIOHH HU3BKOTO Ta BUCOKOT'O THUCKY.
OinbTpyBaHHA BOJU KPI3b CITKU Ta TKAHUHHU.

10. KonctpykTuBHE 0OpMIIEHHS TOBEPXHEBOTO (QLIBTPYBAHHS.

11. IpouimkyBaHHS BOJU Yepe3 CITKHU 3 PIZHUX MaTepialiB.

12. 3a skuMH MapaMeTpamMu XapakTepu3yloTh ciTdyacTti 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. SIxi ¢pakTopu 3a0e3neuytoTh eHEeKTUBHICTh MIKPO(UIBTPYBaHHS?

17. SIkoi pocAraloTb €QEKTUBHOCTI 3HUKEHHS BMICTY 3aBUCIUX pEYOBUH B

pe3ynbTati MIKpoUIbTpyBaHHS?

18. OnuuIiTh KOHCTPYKI[1F0 MIKPODIIBTPY.

W
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Tema 8 PearentHe rocnogapcrao
1. PearenTu, 1110 3aCTOCOBYIOTH JJIs MATOTOBKHU MUTHOT BoAU. [Toc/inoBHICTh
BBEJICHHS PEarcHTIB.
2. TexHONOT14YHI CXeMHU peareHTHOro ToCIo1apCTBa.
3. Jlo3yBaHHS peareHriB.

Konmponvni numanns

. SIki BUKOPHMCTOBYIOTb OCHOBHI peareHTH Ta Marepiaid Yy MpaKTUlll

BOJIOIIIATOTOBKH?

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

SIKOCTI.

. SIk BBOJSITH B BOIY KOAryJIsTHTH?

. SIk BBOZSATH B BOAY (PIIOKYISIHTH?

. SIk 311HCHIOIOTH 3HE3apakeHHS BOIU?
. SIk IpoBOJATH aMOHI13aI1110 BOIH?

. Sk BBOJIATH PTOPOBMICHI peareHTu?
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9. 3nilicHeHHsI SKMX TPOLECiB mependadarTh TEXHOJIOTIUHI CXEMH pPEareHTHOIrO
rocrnoaapcTaa?

10. OxapakTepu3yiiTe cxeMu opraHizallii peareHTHOTO TOCIoAapCTBa.

11. Ak 3a1iCcHIOIOTH CKJIaAyBaHHSA 1 30€piraHHsl peareHTiB?

12. OcHOBHI IPUHIIMIIN TPUTOTYBAHHS PO3UMHIB KOATYJISIHTIB.

13. OCcHOBHI MPUHIUIIN MPUTOTYBaHHS BAalTHIHOTO MOJIOKA.

14. OcHOBHI IPUHIUIIN MPUTOTYBaHHS PO3UMHIB (DJIOKYJISHTIB.

15. SIx BU3HAYaIOTh ONTUMAJIbHY 103y KOAryJsHTY?

16. Axi Tunum 103aTOPiB 3aCTOCOBYIOTH Y BOAOMIATOTOBIII?

17. IlpuHiun po6oTH 103aTOPiB MOCTIMHOT TO3H.

18. [IpuHun po6oTH NPONOPLIKHUX 103aTOPIB.

19. lo3yBaHHS TBEpAUX NOPOIIKONOIIOHUX Ta TPaHyJIbOBAHUX PEareHTIB.
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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
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