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[TporpamMmoii Kypca mpeaycMOTPEHO BOCEMb MPAKTHYECKUX PadoT, B IPOIECCE BBHITOIHEHUS
KOTOPBIX 3aKpPEIUISIETCS TEOPETUICCKUI MaTepHall.
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IIpakTnuyeckas padora Ne 1
PACUYET U TIOCTPOEHME d-3KCIIOHEHTbI

B 70 roap! 011 pa3zpaboTaHbl pa3IHuHbIE METOIBI «HOPMATH3AIMN) MEXaHUUYECKOH CKOPOCTH
Oypenus. Llenpro ux ObIIO yCTpaHEHHE BapHalliii TEXHOJIOTUIECKHUX ITapaMeTpOB Tpolecca OypeHus, u
JaTh MPEICTaBUTEIbHBIN ITapaMeTp OypuMocTH ropHoii nopoasl. [loctpoenue d- SkCOHEHTHI OyeM
IIPOU3BOAUTH 0€3 ydeTa U3HOoca J0JIOTA.

HOpﬂ}IOK BbIINNOJTHCHUSA paﬁoTbl

Pacuer u MOCTPOCHUE d-3KCIOHEHTHI U TpeHaa
d - skcronenTa paCCUUTBIBACTCA 110 CJ'IGI[yIOHIGfI 3aBUCHUMOCTH.

o _lglv /(80 N)]
12-W /(10°- D)’
rie V- ckopocts, ft/min; N — 06/mun;. W- Harpyska Ha 107070, GyHTHI, D-1rHamerp 10710Ta, JH0MNMBIL.
JI1st METPHUYECKOM CUCTEMBI PEKOMEH/TYETCS CISAYIOMINNA BUI (-39KCITOHEHTHI:
d- 1.26—Ig(V /' N)
 1.58—Ig(W /D)

B tabauimel npuBeacHBI HCXOIHBIC JaHHBIE K pacyeTy d- SKCIIOHEHTHI.

Tabnuna 1
I'mybuna, M V, m/u. N, 06/MuH. W, T.
2001 3.9 63 10.9
2002 3.7 63 10.9
2003 3.5 64 9.5
2004 3.3 65 10.7
2005 3.0 65 10.2
2006 2.7 62 10.2
2007 2.3 63 9.4
2008 2.0 60 9.2
2009 2.3 64 9.8
2010 2.7 62 9.5
2011 3.0 63 9.5
2012 3.3 61 9.1
2013 3.5 62 9.4
2014 3.8 62 9.3
2015 4.0 63 9.3
2016 3.6 62 9.2
2017 3.5 65 9.5
2018 3.2 64 9.4
2019 2.8 62 9.3
2020 2.3 64 9.2

Paccuurannas dc KOPPEKTHUPYCTCA C YIYETOM IIJIOTHOCTU 6ypOBOl"O pacTBOpa 1 peFHOHaHBHOﬁ
IIJIOTHOCTHU:
. p pez

C H

p3K6
riac, ppeg - peruoHaibHaA IJIOTHOCTE CO3Jaronias rTuApOCTaTHICCKOE AaBJICHUE, O - OKBUBAJICHTHAsA

9K6

ds=d

IIJIOTHOCTB 6yp0B01"0 pacTBOpa. I/IHTepBaJ'I NMOCTPOCHUSA 3aaCTCA MPETIOAaBATCIICM.



IMocTpoenne TpenaoBoi UM d

TpennoBast TMHUS CTPOUTCS 10 IBYM TOYKaM METOI0M M30paHHBIX ToueK. ba3zoBoe ypaBHeHuUE:
d, =ax+b
TpenpoBast TUHUS OTpakaeT YIUIOTHEHHE TOPHBIX MOPOJ M TAKXKe XapaKTepu3yeT OypUMOCTbh TOPHOM
IOPOJIBL.

IIpakTuyeckas padora Ne 2

PACUYET U [TIOCTPOEHME a-5KCIIOHEHTHI

B otmmune or d — OKCIIOHCHTBI, KOTOpAad MOJIY4CHA OMIIUPUYCCKUM ITYTEM, a4 — SKCIIOHCHTA
IIOoJIy4€Ha Ha OCHOBAHUU TCOPUH HOI[O6I/I${.

IMopsiiok BbINOJTHEHHSI PadOTHI

Pacuer u nmocTpoenue a -3KCMOHEHTHI M TPEHAA
a - DKCIIOHEHTAa PAaCCUUTBIBAETCSI O CIETYIOLIECH 3aBUCUMOCTH:

_ _Ig[Vv /(60-N)]

Ig/W/p-g-D?)’
rae V-Mexanudeckas Ckopoctb, MuH/M; N — 06/muH;. W- Harpyska Ha 107010, T, D-muamerp mosora, M,
0 - TUIOTHOCTh ITPOMBIBOYHOM JKHIKOCTH, KI/M3.
JlaHHbIC 17151 pacyeTa a- SKCIIOHEHTHI TIPUBEICHBI B TaduIie 1.

Paccunrannas a, KOPpPEKTUPYETCS C YIETOM IUIOTHOCTH OypOBOTO PACTBOPA M PETHOHAIBHON
TUIOTHOCTH'

Tac, ppee - p€ruoHajJIbHaA IJIOTHOCTh CO3Jaromas rugpoCTaTHIYCCKOEC AaBJICHUE, O, - OKBUBAJICHTHAsA

IK6

IIJIOTHOCTB 6ypOBOFO pacTBOpa. I/IHTepBaH INOCTPOCHUA 3aaCTC IMPEIOJaBaTCIICM.

ITocTpoenune TpeHA0BOI JIMHUM A,

TpeHI[OBa}I JIMHUS CTPOUTCH IO ABYM TOYKaM MCTOIOM I/136paHHBIX To4eK. bazoBoe YPABHCHHUC:
a,=ax+b.
TpeHI[OBa}I JIMHUA OTPAXKACT YINIOTHCHUC TOPHBIX IOPOA M TAKKE XapAKTCPU3YCT 6ypI/IMOCTL FOpHOI71
IIOPOABbI.



IpakTuyeckas padora Ne 3
OLEHKA ITOPOBOI'O JABJIEHUA T10 d — DKCITOHEHTE

OueHka IOpoBOTo AaBieHUs 10 0 —IKCIIOHEHTE SBJISCTCS IPOTHO3HOM, a He JocToBepHOH. JlocToBepHbIe
JaHHBIC O ITIOPOBOM JABJICHUU OAIOT IIPSAMBIC MCTO/BI. OT60p CI)JHOI/II[a WA TUAPOAUHAMHUYCCKUC
YICCJICIOBAHMSL.

HOpﬂ}IOK BbIINNOJTHCHUSA paﬁoTbI

OuneHka NopoBoro JasJjieHust Mo d - IKCIIOHEHTE
Pacuernas popmyna rmo onpeaeneHuio MopoBoro (MIacTOBOT0) TABJICHUS PUBEACHA HIKE!

1.2
gradP; = gradpP, — B(S—SJ

n

rae gradP, - rpaament ropuoro nasinenus, B = gradP, - P,e. - HaBiieHue P paccunThIBaeTCs JUISL BCETO

uHTEpBana riyoun, 6ap. gradP, =2.31 r/em®. 1 Gap=1.02 kr/em?, 1 MITa = 10. 1972 kr/em?’.

P, =0.0981-gradP; - L.
IIpakTnueckas padora Ne 4
PACYET 1 [IOCTPOEHUE /o -PKCIIOHEHTbI

\Jo - JKcToHeHTa mpeaHa3HAUeHa IS pacueTa U Iporro3uposanns ABIIJ] B kapGoHATHBIX
orioxkeHusx. Kak u d — 9KCMOHEHTa OHA CTPOUTCS 110 TEM XK€ JaHHBIM.

IHopsinok BbINOJHEHHUS PA0OTHI

Pacuer u OCTPOEHHE \/O IKCNOHEHTHI H TPEHIa
Pacuer ocymiectBisiercs B ciaeyromen mocaea0BaTeIbHOCTH .

0.5 0.25
JE:V\’[)—N+0.028-(7—0.001- L)

RVEES

rae, D — nuamerp nonota, L — rimyOuHa CKBa)KUHBI.
Jlanee paccuuThIBaeTCS a/% ¢ yueToM auddepeHInanbHOTO TaBICHUS:

Vo= o

PaccumnThiBaeTcs BCroMoraTenabHasl BeJIMYKNHA, F:

1-+1+n® JP?
F=1+ ,
nipP
r7ie, N —pacyeTHbI mapaMeTp BpeMeHH TpeOyIOIIerocs /Ui BeIpaBHUBAHUS AU (HepeHInaTbHOTO

JIaBJIEHUs] MEK/Ty PACTBOPOM C y4ETOM Iiama u miactom, 1P =0.1-(p,,, —p,..) L
3.25

640-\[o,

Ecimn JO} <lton=



ecin 4fo, >1 10 n=i‘(4—E

640 \/;t)'

HOCTpOCHI/IC TpCHIIOBOfI JIMHUHA OCYHICCTBJIACTCA aHAJIOTUYHO, KaK U TP NIOCTPOCHHUU d-5KCTIIOHEHTEL.



IIpakTnueckas padora Ne 5

OLIEHKA TUIACTOBOI'O JIABJIEHUS 10 JE SKCIIOHEHTE

OneHka 11acToBOIrO JaBJICHHUS IO 4 /at TaK)Ke SBJISIETCS IPOTHO3HOM, a He J0CTOBEpHOM. OLIEHKY

MOXHO BECTH KO BCEM q)OpMaLII/I?IM, a HC TOJIBKO K I''TMHAM U T'JIMHUCTBIM CJIaHIIaM.
HOpﬂ}IOK BBIIIOJIHCHU A paﬁoTbI
OIIeHKa IJI1AaCTOBOI'0 1aBJICHUA.
Pacuer OILICHKH I1JIAaCTOBOT'O IAaBJICHUS BCACTCSA 110 cneny}omeﬁ 3aBUCHUMOCTHU.
20-(1-Y)

T~ o~ )
n-Y(2-Y)-L
rae, Y — BCTioMoOrarejibHas BCJIMYUWHA, paCCYUThIBACMas CICAYIOIIUM 06pa30M:

gra‘dpf = p3K8 -

y =N
en

ITopoBoe naBnenune P, paccunthiBaeTcs A BCEro MHTEpBaa IiTyOuH, Oap:
P, =0.0981.gradP, - L.

Onpenesienne o01IeH MOPUCTOCTH TOPO/L.

Onenka 6ypoBoi MOPUCTOCTH ¢ SIBISIETCS TaK)Ke MPOTHO3HOM BEIMYMHON M paCCUUTHIBACTCS

CIIeIyIONUM 00pa3oM, I.e:
1

P 4o Jo

IIpakTuyeckasi pad6ora Ne 6
[TOCTPOEHUE JIMHUI PABHOBECHOU ITJIOTHOCTU

MO3>KHO MOCTPOUTH CEMENUCTBO JIMHUI PaBHO IJIOTHOCTH, YTOOBI HEMOCPEACTBEHHO 10 IrpaduKy
OTpEeeNIUTh 3HAYCHHSI PABHOBECHOM TIOTHOCTH.

IHopsinok BbINOJIHEHHUS PadOThI

Pacyer 1 nmocTpoeHue JUHUA PABHOH IVIOTHOCTH
[TocTpoenue JMHMI paBHOBECHOH MIIOTHOCTHU OCYIECTBIISIETCS CIEAYIONINM 00pa3oM:
1.PaccunthiBaeM INIOTHOCTH IPONIOPIIMOHATIBHYIO YBEJIMYCHHS 1aBICHUA,

d, .
pskm =pn d_
SO
r7e p,- HOpMajibHas paBHOBECHAS MIIOTHOCTD.
2. Bosemem 1. AHa d . Ilycte d =12 u Pre: =P, =1.03. 3aganumMcst o4epeHBIM 3HaUeHHeM p, =1.2

rlem®.
3. Paccunraem d, .



4. Ha nepecedeHNU TOPH30HTATBHOM U3 T.A M BepTHKanbHOM u3 0., mosydum Touky B.
5. [IpoBoaum vepe3 Touky B npsmyro napamnensHyro d, .
6. Paccunraem ananornuno d,, mns 3Hauenuit p, = 1.4, 1.6, 1.8 u nocrpoum cemeicTBO IMHUI paBHOH

IIJIOTHOCTH.

B 3axmouenune paszaena HeoOX0ANMO Bce rpaKy CBECTH B OJIMH U [IPOAHAIN3UPOBATH HX.

IIpakTnueckas padora Ne/
OLEHKA IMTPOYHOCTH IIOPOBI I10 TAPAMETPAM BYPEHUA

OneHka IpOYHOCTH MOPOJIbI IO ME0JI0T0-TEXHOJIOTMYECKUM IapaMeTpaM Ipoliecca OypeHust
OCYILIECTBIISIETCS MO CIEAYIOIIEN 3aBUCUMOCTH:

Ut -N-W-.c

6yp
o, 3
r/ie S- OMOpHAs MOBEPXHOCTH A0J0Ta, N — 060poThl poTopa, W- Harpy3ka Ha 10J0T0, ¢ — K03 dummeHT
paszmepHocTH. KpoMe 3ToTo MpeiokeHo HCIoIb30BaTh KOJIMYECTBO SHEPTHH A 3aTpaunBacMoi Ha
pa3pylieHne eTMHUIIBI 00beMa:

W
A=——r,
V.S
riae W —MomHoCTh, peanmnzyeMast Ha 3a00€, S - ormopHast MOBEPXHOCTH J0JI0Ta, V — CKOPOCTh OypeHusI.
IHopsinok BbINOJHEHHUS PA0OTHI

OueHka MPOYHOCTHU NMOPOJbI N0 TEXHOJIOTHYeCKUM NapaMeTpaM OypeHus

1. Haunsie uist pacdera 6epyrest u3 tabmuust 1. Jlonoto -215.9 MM u paccuntars o, ipu ¢=1.

o, Nwee

Kp S
IIpakTuyeckas padora Ne 8
OLIEHKA IIJIOTHOCTHU IJTAMA U [TOPUCTOCTHU

OneHka IIOTHOCTH IIJIamMa MPOU3BOAUTCS HECKOIBKUMHU CIIocoOaMu: Hanboiee TOUHBIN U3 HUX —
PTYTHBIH CIIOCO0, 1O BECy B BO3AyXE M BOJIE, IO PEXKYIIEMY KOJIbILY OIpeaesieHHOro pa3Mepa. Jlis
AKCIPECCHOTO OIPEICIICHUS FIOTHOCTH FOPHBIX TIOPOJ] PEKOMEHIYIOT CITI0CO0, OCHOBAHHBIN HA U3Y4YCHUHU
BCIUTBIBAHHS [IJIAMa B KHUJIKOCTSIX Pa3IMYHON TNIOTHOCTH.

IMopsinok BbINOJIHEHHUS PAadOThI

OneHka NVIOTHOCTH M MOPUCTOCTH LIJIaMA B mpouecce OypeHus

1. IInam IIpU MOMOIIIH BECOB B3BCUINBAIOT B BO3AYXC U BOAC.



rae m,; - Bec B Bo3ayxe, M, - Bec B Boje. Cormacuo I'OCT: onpenensercs M BEC Tapsl, 3aT€M BEC
BJIQ)KHOT'O LIJJaMa C Tapoil M, U BeC M, BBICYIIEHHOI'O IPyHTa ¢ Tapoil. Onpenensercs BIaKHOCTb
rpYyHTA:

m —m
wW=—-_1_—°2
m, —m
a 3aTEM U INUIOTHOCTH CKEJIeTa IjiaMa.
__ P
p(?K' -
1+W

IIpakTuyeckas padora Ne 9
PACYET ITAPAMETPOB I'/TYIHEHUA CKBAXHWHBI ITPU I'HBII

[Tocne repmeTu3amu yCThsi CKBaXXHMHBI 3aIIMCHIBAIOT 5 MapaMeTpoB. JaBiieHue B TpyOax —
SIDPP, nasnienue B K3I1- SICP, BeprrkanbHyto riryonHy ckBaxunbl —I VD ( HO He U3MepsSeMYIO 110
MHCTPYMEHTY B HAaKJIOHHOM CKBa)kXMHE, HAaIlpUMep), 00beM mpuToka- V U MIOTHOCTh OypOBOTO pacTBopa-
MW. JlanHbIe IO MpoKavykaM uMeroTcs Ha OypoBoit-SCP. Ipu pacuere B 6apax g = 0.0981 u mimoTHOCTH
epercst B r/em’ .

IHopsiiok BHINIOJIHEHHS PA0OTHI

Pacuer mapamerpos riaymenusi 'HBII
1. Omnpenensercs MIacToOBOE JaBICHHUE

P.=p-9-h+SIDPP
2. PaccuuthiBaeTcst I0THOCTH pacTBopa rirymenus — KMW winu npyroe o6o3HadeHue
P,+AP
pe,iym R ——
g-TWD
AP - 3amac 1o aBiieHHI0 Ha 0€30MacHOCTH Mpoliecca riynieHus. B oredectBenHol npaktuke AP
Oepercs ¢ yaetoM riryonHsl, B Hoperun — 5-7 6ap. Bo ®pannuum - mopsinka 8 6ap B 3aBUCUMOCTH
CBOWMCTB OypOBOTO pacTBOpa.
3. OmnpenensieTcs HaYaIbHOE JIaBJICHUE ITUPKYJISIIHN:
ICP = SIDPP + SCP

4. PaccuuThIBaeTCsl KOHEUHOE qaBieHue nupkymsiauu, FCP:

Fcp = scp MW
MW

eyt "

5. PaccuutsiBaercs unciio xo0B N IOBEPXHOCTH JIOJIOTO U ONIPEIEIISICTCS ePera TaBICHUS MEXITY
ICP u FCP u nenutcs Ha yucio xon0B N u ymHoxkaetcs Ha 100, i P. T.e onpenensemM, kak Mbl
JIOJDKHBI CHYDKATh JTABJICHUE B MPOIECCE 3aKaYKH YTSHKEIICHHOTO OypOBOTO pacTBOpa B
WHCTPYMEHT.

6. Jlanee ctpoutcs rpaduk M3MEHEHUs aBieHUs B 3aBUCUMOCTH OT N,I u coctaBnsercs Tabmuna.
[Ipumep coctaBneHus: TAOIUIIBI TPUBEIECHO HUXKE!

Tabmuna 2.
Yucao xoloB JlaBrnenue Bpewms1, mun
0 ICP 0

100 Icp-p
200 IcP- 2L/




300 IcP- 3P
400 ICP-4L1p
N FCP t

B tabnuue 3 npusenens! nanHbie o I'HBIT st pacuera u mocTpoeHus rpaguka n3MeHEHHs
JABJICHHA OT YMCIIa XOJ0B.

Tabmuna 3.

P, , 6ap P, Gap L, m vV, m p,tlem® | JlaBnenue. npokauky, Gap
30 32 1250 0.5 1.12 60
35 37 800 0.7 1.12 48
42 44 2000 1 1.14 65

B cnenytomieii Tabnuie 4 npuBeieHa KOHCTPYKIUS CKBaKUHBI U KOMIIOHOBKA MHCTPYMEHTA.

Tabmuma 4.
I'nyouna | bamvak OK, m | Iuamerp | duamerp | Jnuna Hunametp
MOPS, M | OT THA MOPS BT, MM VBT, mm | KHBK, M J0JIoTa, M
350 1200 127/108 178/80 65 215,9
500 600 127/108 178/80 89 215.9
800 1400 127/108 178/80 125 215.9

IIpakTuyeckasi padora Ne 10
IMPOBEPKA BECA KHBK JIUTS1 CITYCKA MHCTYMEHTA T10/] JABJIEHUEM

[Ipu posiBiICHUM MPUITOBEPXHOCTHOTO ra3a u B ciaydae ABIIJ] HeoOxo1umMo mpoBepuTh BeC
KHBK pacuerom, eciiu OypoBOii HHCTPYMEHT y Bac Ha TOBEPXHOCTH.

IHopsinok BbINOJHEHHUS PA0OTHI

Pacuer Beca KHBK ju1s1 cmycka HHCTpyMeHTAa 10/ JaBJIeHUEM
OcHOBOM pacuera sBJISICTCS ITOJI0KEHHUE MMPOBEPKHU ACHCTBYIOIMX cuil. [1oa mpeBeHTOpoM HaxXxoAauTCs

JaBJICHHE, KOTOPOE BBIIIC YeM Ha YCThe Ha MIyOUHY Mops. VcXo/HbIe TaHHBIC [Tl pacueTa IMPUBEICHBI
B Tadsuie 5.

Taobnuua 5.
I'mybuna | IlnoTHOCTH [muuaa | YereeBoe Pacuernas
mops h, oyp. p-pa | KHBK |, M | naBienue mmaa KHBK, M
M 0, rlem® | w Bec ot | P, Gap U BEC, KT,
350 1.14 85/25 25
500 1.15 100/30 30
700 1.16 125/30 42

PaccuuteiBaeM gaBieHHE MO IIPEBCHTOPOM, npeHereraﬂ €ro JJIUHOM:

P=p-g-h+P
OrnpernesnisieM CHITY, ISUCTBYIONIYIO CO CTOPOHBI JIaBJICHHMS M0l IPEBEHTOPOM:
F=P.S



C ydeToM II0THOCTU OypOBOTO pacTBOpA OIMpPEACIUM CUITy, JeicTBYomyto co ctopoHsl KHBK:

FKH6K = q ’ (1_£) ' S

Ecmn F <F_, TO cmyck mHCTpyMeHTa 10J| JaBlleHueM npoizer 6e3 ocnoxuenuid. Ecim F>F_ . To

KHOK

nobasere onHy TpyOKy YBT.

IIpakTnueckas padora Ne 11
PACYET OBBEMHBLIX I[TOITPABOK

Bo Bpems onepanuii no npuHyAUTEILHOMY CITYCKY —T10Jb€MY HHCTPYMEHTA HEOOX0IMMO
OCYILIECTBIISITH KOHTPOJIb 332 00bEMOM CTPaBJIMBAEMOTI0 (3aKaUY€HHOI0) OYpOBOTO PacTBOPA C IIEJIBIO
KOHTPOJIA CUTyallun Ha 3a00€ CKBaKUHEI.

IMopsiioKk BbIMOJTHEHHSI PadOTHI

Pacuet 00beMHBIX ONPABOK
3aBUCUMOCTh 00BbEMA BBITECHSIEMOT0 OypOBOTO pacTBOpa OT AABJICHUS BBIPAKAETCS COOTHOILIEHUEM |

0.0981- p-1

1p_ 00981 p:l
VK_?i’l

IJie p - IIOTHOCTH GYPOBOro pactBopa, kr/m® ; | — winHa, M; V., - yaenbeHbIi 00bem K311, M. OP -

nmasnenne B K311, 6ap/M3.

[Tycts uaCcTpyMeHT d=0.127 M € BHyTpeHHnM auameTpom 0=0.108 M crryckaercst B 00caHOM KOJIOHHE

D= 0.340 m.

Paccuunraiite komuuecTBO OypOBOTO pacTBOpa, KOTOPOE HEOOXOIUMO CTPABUTH (3aKauaTh) MOCIIE CITyCKa

ka0 ceeun. [loctpoiiTe rpadmk n3menenus [/ P oT o6beMa 1 4yuciia KOJIMYecTBa CBeve oT oObeMa.

IIpakTuyeckasi pa6ora Ne 12
OLIEHKA CHIXEHU S 3ABOMHOI'O JTIABJIEHU A

W3-3a Hacemenus 6ypOBOFO pacTBOpPOM ra3zomMm JaBJICHHUEC Ha 320011 CHIKAeTcsl. DTOT ra3 MOYKET
OBITH U3 BI)I6prHHOI>'I MmopoAbl UJIM U3-3a OCBITIEH ra3oCoACpiKaluX I'JIMH.

IHopsinok BbINOJHEHHS PA0OTHI

OneHka CHHKeHHS 3200iiHOTO JaBJICHUS
Copep:xaHue ra3a B pacCTBOpE OILICHUBAETCS 10 Gopmyrie:

_Va7D*-C-P,

4-Q-P,
riae V- MexaHndeckasl CkopocTs npoxoaku; Ci-comepikanue rasa B nopoje; Ps- 3a6oitHoe nasnenue; Py-
ycTheBoe JaBiieHne. OIeHuTe CHUKEeHne 3a00iHOro aBieHus [ P B pe3yabTaTe HachleHUs] OypoBOTroO
pactBopa ra3zoMm. B tabmuie 6 npuBeneHbl HCXOIHbIE TaHHBIE, HE3AMIOJHEHHbIE I'padbl CleayeT
paccuntath. Mcxoanas riryonna 2830 M, miioTHOCTh pactBopa 2300 kr/m®, pacxonx 25 n/c. lonoto 215.9
MM, TIOpUCTOCTH TIopo1 20%.

C




Tabmuua 6

V,, M/ 4 P, MIla C,% 1P, Mlla p,. Kriu® Do KDV
1 10 0.8 1980
5 10 4 1920
10 10 8 1840
1 50 4 1920
5 50 20 1600
10 50 40 1200
1 100 8 1340
5 100 40 1200

IIpakTuyeckas padora Ne 13
OLEHKA BEJIMYMHBI TUAPOAMHAMUYECKOI'O JABJIEHUA

Haubonee yacTo mposiBIeHUs] BO3HHUKAIOT IPU NOIBbEME TPYO U3 CKBAKUHBI. ITO MOKET
MIPUBECTH, B KOHEYHOM cueTe, K BhIOpocy. [1oaToMy HE00X0IMMO OrpaHuYMBaTh CKOPOCTh OTPhIBA
JI0J10Ta OT 3a0041.

IHopsiok BhINOJIHEHHS PA0OTHI

Ouenka BeJMYMHBI THAPOAHHAMHYECKOT0 aBJIeH U
YcnoBue, mpu KOTOPOM MPOUCXOTUT MPOSIBJIICHHUE TIJIACTOBOTO JTABJICHHUS

P, 4P, 1P, ~p-g-h<IP,
roell P ' - THIPOJIMHAMUYECKOC JIABJICHUC BO3HUKAIOLIEE 3@ CYET MOIbeMa TpyO; [ P, -cHI>KEeHHe
CTaTHYECKOTO JaBJICHUS B HEMOABIKHOM OYPOBOM PacTBOpPE; p - INIOTHOCTH OypoBoro pactsopa; h-
riIyOMHa ypOBHS PacTBOpa B CKBaXkHHE; P - ruapocrarndeckoe AaBieHUe. [l OLIEHKU BETHYHHBI

| P, IpUMEHSIOT CcleyroIue GOPMYIIbI:

DP0=4.9'L,
D-d,
4.60-L S
P, = +p-0 -(V-V,)2,
0 D-d ,OUP( O)Sk
p ALV
D-d, gt-S,

rje - ctaTuueckoe HampsbKeHHe caBura OypoBoro pactBopa, L —anmuHa xonoHHbI TpyO, D-auamerp
CKBa)XUHBI, d - HApY)KHBIH 1ramMeTp Tpyo, V, - CKOPOCTb PacIpOCTPAHEHHs yAaPHOH BOJIHBI 110
3aTpyOHOMY IIPOCTPAHCTBY, V — CKOPOCTH JBUKEHHS TPYO JOCTUTHYTAS 32 BPEMsI yIapHOU BOJHBI OT
3a00s1 710 YCTbs CKBaXXHHBI, V- HauaJabHasi CKOPOCTh JIBMKEHUS TpYO, S, - ruiomans Tpyos! u K3I1-S, .
O1leHUTh CHUKEHUE NABJIEHUS B CKBAXKUHE B 3aBUCUMOCTH OT & Jexamiero B nuanaszone 100-300 I1a.

Ecnn OypoBo#i pacTBOp HaXOAUTCS B IMOKOE, TO THAPOCTATHUECKOE JABJICHUE CHIDKAeTCs Ha 2-5% npu
@ mensb1e 200 I1a.




IIpakTnueckas padora Ne 14
INIYIHEHUE OTKPBITOI'O ®OHTAHA 110 E.T' IEOHOBY

B cnygae rimymienus razoBoro ¢onrana E.I" JleoHoBbIM BBIBeIeHA clieayromiast popmyna s
JTABJICHUS HA YCThHE!
A-pV
P, =Lt—p~g Vt+ P,
2-d,

rac Py - IaBJICHMC HArHCTaHUA )XMAKOCTH B CKBAXKHUHY, P ~-IUIOTHOCTb KUJKOCTH, V —CKOPOCThb

IBUKEHUS )KUIKOCTH B KOJIOHHE, d , “THJIPAaBIMYECKUN TuameTp; { — Bpems ¢ Havaja 3aKavKu KUIKOCTH,
P, - 3aboliHoe naBiieHME.

IMopsiioK BbINOJTHEHHSI PadOTHI

I'imymenne razosoro ¢gponrana
[Ipu HeycTaHOBUBLIEMCS TPUTOKE T'a3a U3 IJIACTa B 3aKPHITYIO CKBAKHHY:

P3=4fa+,6‘|nt,

2.25-
a=P*+B-nZ24 1 p.Q¢,
n r-c
B = Qu-#-R
2.7k, -h
rie Py- miactoBoe AaBieHUE; y - MbE30MPOBOIHOCTD IUIACTA; [~ PaIUyC CKBaXKHHBI; D-HIbTpainoHHBIN
koaddunment; Qo- 1eOUT rasa; 1 -TUHAMHYECKas BSI3KOCTh ra3a; Po- atmocheproe naBnenue; K-

MPOHUIIAEMOCTh ra30BOro 1iacta; h — MomHoCTh iacta. HeoO0XoquMo mocTpouTh rpadMk 3aBUCUMOCTH
Py ot t npu pasueix Q. B Tabnuue 7 npuBeeHBl JaHHbBIE I pacyeTa M HOCTPOEHHs JaHHOTO rpaduka.
OcranbHbIe TaHHBIE CTYJCHTHI BRIOUPAIOT, CAMOCTOSITEIILHO COTIIACOBAB C MPETOIaBATEIICM.

Tabnuma 7.
Py, Mmita X e b Qo eIl Po MIla Koo h, m
2.44 - - 1.2 - 0.012 0.103 18 50

IIpakTuyeckasi padora Ne 15
PACUYET T'JIYBUMHBI KOJIBMATALIUU ITPOAYKTUBHOI'O IIJIACTA

[Tpu OypeHun NpOUCXOAUT MPOHUKHOBEHUE PUIIbTpaTa OYpOBOrO pacTBOpa B Mpu3aboitHyIO
yacTh m1acta. [Ipyu BCKpbITUM TPOYKTUBHOTO IJIACTA UMEET CMBICII OLIEHUBATH PAJANyC IPOHUKHOBEHUS
¢unbTpaTa OypoBOTo pacTBOpa C IEbI0 MPOrHo3a Bo3MoxkHbIX mpodaem. B PITIK AUHI pexomenaytoT

CIIeTytoIIee BBIPAXKCHHUE!
R,=R 1+—Q(t) >
7-h-m-R;

rae R, - paauyc ¢ppoHTa IPOHMKHOBEHHS (uibTpaTa OypoBOro pacTBopa; R, -paguyc CKBaKUHbI;
h -3¢ dexTuBHAs MOLIHOCTH MUTACTa; M-TIOPUCTOCTh IUIacTa; t —Bpems ¢ Havana nornomenus; Q(t) -
00BbeM KHJIKOCTH NOCTYNArOIMUK B T1acT. Eciiu yduTeIBaTh BA3KOCTh 4 (hiarouja:




K{P-t
R,=.]—.
om-u
rie K — nponunaemocts, [P - mepenaja gaBieHus MeXKIy 3a00€M H IIACTOM.

HOpﬂ}IOK BbIINNOJTHCHUSA paﬁoTbI

Pacuer rinyOMHBI KOJIbMAaTAMM NPU3A00HHOM YaCTH NPOAYKTHBHOIO IJIACTA
[Tpu gactuanom norsomenuu B ctanuuu [ TU dukcupyercs magenue ypoBHs OypoBOTo pacTBopa B
CKBa)KMHE, TaK KaK 3TO IIPOUCXOJAUT BO BPEMEHH, TO MOKHO ITOCTPOUTH 3aBUCUMOCTA!

Q(t)=a+b-t+c-t?,
riae a u b — koadduiments Mmogenu. B tabnuie 8 mpuBeeHbI JaHHbIC IS pacyeTa riTyOHHBI
KOJIbMaTalHH.

Tabmuna 8.
m, n.e a b c h, m t, cex
0.15 0.000825 0.00106 -3.761 10°® 0.8 510

BypoBoii pacTBOp COAECPKUT KpoMe KHUAKOH (a3l emie U TBepaAyro (azy, KOTOPYIO OTpeAesFoT Ha
OypOBO# B IPOIIEHTAaX K HEKOTOPOMY 00beMy OypoBoro pactBopa. Ecnu o6bem norsomenust V To OH
COCTOHUT U3 00beMa (unmpTpaTa OypoBOro pactBopa u o0bema TBepaoi (ha3pl. PuIbTpaT OypOBOTO
pacTBOpa MOXKET B OTACIBHBIX CIIyYasx MPOHUKHYTH JTAJIEKO IO IUIAcTy ( TIyOOKas 30Ha
MIPOHUKHOBEHMSI), TOT/1a KaK TBepaas (a3za KoJIbMaTUpyeT nMpru3aboiHyro 9acTh miacta. Ciemyromiee
BBIPA)KEHHUE MOJTYYEHO TEOPETHUECKUM ITyTeM JUIs KUIKOHN (Pa3bl:

2
R(p:Ka/cd) Q(t)_'_ﬂ. RC h m|
z-h-m

JUTs TBEpAOH (hassl:

Q)+ 7x- Rf-h-m
7-h-m '
I'ne Koo = MOJISL COTCPIKAHNUS KUAKOH (asbl, K, = HOJISL COZICPIKAH U TBEpAOi asbl. K, " =0.16, Ky,=2

Rd) =Ky

103 M2, n=15 10°ITa c. Heo6GX0aMMO [0 BCEM BBIPAKEHUSIM PACCUHTATD PAJUYC IPOHHKHOBEHHS

¢unbTpaTa OypoBOTO pacTBOPA U PaNyc KOJIbMaTaluu Npru3a00iHON YacTu I1acTa U pe3yibTaThl
CpaBHUTH. B cBOIO ouepenb KOJUIOUAHAS YacTh MIMHUCTOTO PacTBOpa 3aTUPAET 30HY KOJIbMATalluu U
(dbopMUpYeT TITUHUCTYIO KOPKY Ha CTEHKE CKBAKHHBI.

IIpakTuyeckas padora Ne 16
OLEHKA JABJIEHUSA TMIPOPA3PBIBA

B pAAC CiIydacB Tpe6yeTc;1 OHPCACIINTD AABJICHUC TNAPOPAa3pbiBa IIOPOA AHAIIUTHYCCKUM ITYTCM.
Z[J'ISI 3TOr0 MO>XHO IIPUMECHUTH CICAYIOIIYI0 3aBUCUMOCTD.

P, =0.0083L+0.066P,,,

rne L —paccmarpuBaemas riryouna, P - - nminacroBast riyOHHa.

ni

ITopsiiok BbINOJIHEHUS PadOThI
B nedrenoOriue pacnpoctpanena popmysna Xyooepra u Yurca UMeromas Bui:




1%
P=(P-P)(—)+P,,
ep ( 2l }’l}l) (1—V) nun

rae P,- ropHoe naBieHue, P - I1acToBoe JaBieHue, v - koddduuuent [lyaccona. B rabnune 5

MPUBCACHBI JaHHBIC JII OICHKU AAaBJICHUA T'HApOpa3phiBa.

I

Tabnuna 5
L, M P, , MIla 1% P, , MIla
1000 12 0.25
1200 13 0.25
1300 14 0.25
1400 15 0.25
1500 16 0.25
2000 21 0.25

IIpakTnueckas padora Ne 17

OINPEAEJIEHUE JABJIEHUA HA TJIYBUHE L CKBAXWHBI

B psige cinydaeB TpebyeTcs onpenenuTh MaKCUMalIbHOE JIaBJIeHUE 10| 0allIMaKoM KOJIOHHBI U
OIIEHUTH, HE MPOU3OUIET JIU TUAPOPa3phIiBa. JlaBieHne ruapopaspriBa Mo OalMaKkoM KOJOHHBI

MU3BECTHO.

Iopsinok BbINOJHEHHUS PA0OTHI

OmnpenesieHue 1aBJeHUs1 HA T1yOuHe L CKBasKMHBI

MaxkcumanbHOE JaBlIeHHEe Ha paccMaTpuBaeMoi TiyonHe L onpenensercs u3 BbIpaKeHUs:

roe P

L max

_1 Pl'Vl'TL
pia 2 VA

- naBieHue, P - naBieHue B rase, Korja oH Ha 3aboe, V, - 00beM rasa B 3a00WHBIX YCIOBHSIX,

T1— Temnepatypa Ha 3a00e ckBakuHbI, V| - 00beM ra3za Ha paccMaTpuBaeMoil riryoune, zZ —
CXKMMAEMOCTh I'a3a B 3a00MHbIX yciaoBusx. s pacyera Bo3sbMute rpaauent 3.5 C°na 100 m. z=0.8. Bee

OCTaJIbHBIC JJAHHBIC U3 MPAKTHIECKOI paboThl Ne 9.

IIpakTuyeckas padora Ne 18

OLEHKA MAKCHUMAIJIBHOI'O ITPUPAIIEHN A OB BEMA BP

MakcuManbHas BeJIMuuHa npupaiieHust 6ypoBoro pactsopa (bP) B mpueMHbIX eMKOCTAX 3a c4eT

paclIupCHUs rasa 1nmpm €ro noagbeMe B K3II Bo BpEMs BbIMbIBA (1)J'II-OI/II[8..

ITopsinoxk BbINOJIHEHHS PadOTHI

Onenka MakcMMaJIbHOTO nNpupamenusi o0bema BP B npueMHBIX eMKOCTSX
MakcuMasnbHOe TIpUpalieHne 00beMa B eMKOCTSIX MOXKHO IMPOU3BECTH 10 CIEAYIOIEMY BBIPAXKEHUIO .




zpl'V'T
e z T,-P

ymax

rae V., - 00beM, p - IIOTHOCTH ra3a, Korja oH Ha 3aboe, V, - 00beM rasa B 3a00HHBIX ycioBusX, T1—

TemIeparypa Ha 3a00e CKBaXHHbI, V| - 00beM Ia3a Ha pacCMaTpUBAEMOi TTyOHHE, Z — CKUMAEMOCTb
rasa B 3a00MHBIX ycaoBusX. I pacuera Bo3bMute rpaauent 3.5 C°na 100 m. z=0.8. Bee ocranbubie
JAHHbIE U3 IPAKTHUeCKOM paboThl Ne 9, nHnekc 1 cooTBeTCTBYET 3a00MHBIM YCIOBUSIM, UHIEKC 2 — Ha
paccMarpuBaeMoi riryoune. P, npuMute Pyyax = Py /&, £=0.8. HeoO0x0auMo OLIEHUTH TPHPAICHUE

max
o0bema. CKOpOCTh BCIUIBIBAHUS ra3a MOXKHO ONPEIEIUTh 10 (hopMyIIe:
P

=,
P9
riae [P - mpupamenue nasienns 3a Bpems t, t = 60 mun. [1P = 10 6ap.

OLIEHKA MAKCHUMAJILHOI'O JABJIEHMSI HA PACCMATPUBAEMOM I'JTYBUHE

Hanbouree wacTo mornomeHnst BOSHUKAIOT 10T OAIIMAaKOM IMPOMEXYTOYHON 00CaTHON KOJIOHHBI.
[ToaToMy naBiieHHEe B CKBaXKHHBI CIIEAyeT HEe ToBOAUTH 110 3HaueHus LOT u 80% 3amaca nmpoyHocTH
00ca/THO KOJIOHHBI, €CJIM OHA Y Bac HE U3HOIICHA.

JlaBieHue Ha paccMaTpUBaeMOM TIIyOMHE MPU YCTAaHOBUBIIEMCSI TaBJICHUH [IYILIEHUS! B HAarHETAaTEIbHON
JIUHUU.

_SIDPP+p-g-L+1P 1

Lmax —
2

PV, T p g
z.T,-F

\/(SIDPP+p2 g-L+IP)’ +4

rae L - paccmarpuBaemMas riryOrHa; p - INIOTHOCTh OypOBOIO pacTBOpa; O, -INIOTHOCTS rasa; [P -

JaBJeHuEe Ha Oe30macHOCTh; P1 — maBnenue Ha 3ab0oe; V. _o0beM ra3a Ha 3aboe; T1- TeMneparypa Ha
3a00e ckBakuHsbl; F — mmomans K3I1. Tlo Bammm maHHBIM U 1101 Bally KOMIIOHOBKY HHCTPYMEHTA
pacroioKuTe OarmmMak TpoMeKyTouHO# KoIoHHBI Ha S00 M BhImIe 32005 u 3agaiiteck 3HaueHnem LOT.

[Moctpoiite 3aBucumocts P, . 0T 00beMa, mocTynusinero Garonga. 3agaiTech N0 CIPABOUYHHUKY

naBiieHrueM Ha pa3pbiB OK.

IIpakTuyeckasi padora Ne 14
OLIEHKA MAKCHUMAJIBHOI'O JABJIEHUS HA YCTBE

[Tpu THBII y Hac ecTb Tpu AaBjieHUs, KOTOPbIE MbI HE JIOJDKHBI IIPEBBIIIATh. JTO AABJICHUE HA
npuemuctocts LOT, 80% mpounocT 06caqHOM KOJOHHBI Ha Pa3pbIB U IaBICHUE OIIPECOBKU
MMOBEPXHOCTHOTO 000pYyI0BaHUS (MIPEBEHTOP, 3aABMKKH, TUHUH IPOCCETUPOBAHUS U TIIYILICHUS ).
Hanpumep, naBrnenue onpecoBKH MOBEPXHOCTHOTO 000PYIOBaHUS MOXKET COCTaBIIATh nmopsiaka 12 Mlla.
Torga kak nocjenHrue NpeBeHTOpa 00ecneunBaOT repMEeTUYHOCTD IpH gaBienuu 15 000 ncu.

IHopsinok BbINOJIHEHHS PAdOTHI

Ouemca MAaKCUMAJbHOI0 TaBJICHHUSA HA YCThE
MakcuMalbHOE JaBICHUE YCTBC ITPHU YCTAHOBUBIIEMCA NABJICHUU TIYIICHUA B HarHeTaTeILHOM JIMHUH .

_SIDPP+P 1 (S0P Py 44 BT p 8
2 z-T,-F




rle p,-IIOTHOCTb ra3a; [l P - naBineHue Ha 6e3omacHoCTb; Py — naBieHue Ha 3a60e; V. _00beM rasa Ha
3aboe; T1- Temmeparypa Ha 3a60e ckBakubl; F — momans K3I1. JlanHbIi BOIpOC MOXKHO PacCMOTPETH C

TOYKH 3pEHUs 3aKOHa boiinss-MaproTTa — ¢ KaKo# rTyOMHBI HAUMHAETCS PE3KOE PacIIMpPEHHE ra3a.
[IpakTHKa TOBOPUT O TOM, TO 3TO HauuHaercs ¢ riryounsl 800-1000 m.

IIpakTnueckas padora Ne 15
NHTEINPETALNMS BPAIHAIOIIEI'O MOMEHTA HA POTOPE

Bo3HUKHOBEHHE MIACTUYECKUX WIIH YIPYTOIUIACTHYECKUX Ae(opManuii riivH B IPUCTBOIBHOM
YaCTH TOPHOT'O MaCCHBa BbI3BAHBI ITPOABJIICHUEM I'OPHOTO JABJICHUA. KaK, Harmpumep, B IJIaCTHYHBIX
TJIMHAaX, MMII u coneBBIX OTIOKEHUIX. ITH I[e(i)OpMaHI/II/I, B 4YaCTHOCTH IINIaCTUYHBIX I''IMH
OIMHUCBIBAOTCA CJICOYIOIIUM BI)Ipa)KeHI/IeM:
(1+v)-P-r,
TTTE
rae v - koapounueHt Ilyaccona; P- ropHoe gaBiieHue olieHuBaeMoe M0 cpeAHel MI0THOCTH nopon 2.31
r/em®; I, - pagryc ckBaxkuHbl, E- Mmoxyns FOHra i nansbeIx nopos. 3ajgaite cBOMCTBA FOPHBIX MOPOJ
JJI TUTACTUYHBIX I'IMH U OTIPCACIINTE CY>KCHUE CTCHOK CKBAXXWHEI. Haubonee Tounnie JaHHBIEC MO>KHO

MOJIYYUTh IO 3aMepaM KaBepHoMepa B Hauasie npoBeeHns [ IC u B KOHIIe 3amucu TpOBEACHUS
reopU3NIECKNX UCCIICTIOBAHNI CKBAKUH.



