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INPAKTHYECKOE 3AHATHUE 1
N3yuyenue 000pynoBaHusi GOHTAHHBIX CKBAKIUH

Crnioco0 KcrTyaTal CKBaXUHBI, TIPU KOTOPOH MOBEM HEPTH UM CMECH
HeTH ¢ Ta3oM OT 3a00s HAa TMOBEPXHOCTHh OCYIIECTBISAETCS TOJIBKO 3a CYET
IPUPOIHON SHEPTHUH, HA3BIBACTCS] (POHTAHHBIM.

[logbeM Ta30XKUAKOCTHOW cMecH OT 3a00d 1O YCThS CKBa)KUHBI
OCYUIECTBJISIETCS 110 KOJIOHHE HacocHO-kKoMripeccopHbix Tpyo (HKT). Otu tpyObI
BBIMYCKatOT U3 ctaiei rpynm npounoctd [, K, E, JI u M crnenyromux pasMepoB
(ycnmoBHBIN auameTp, Mm): 33, 42, 48, 60, 73, 89, 102 u 114, ¢ TOMIMHON CTEHOK
oT 4 10 7 MM U JUIMHOU TPYOBI OT 5 710 8,5 M.

VYcTbe CKBaXKMHBI 3aKaHUMBACTCSI KOJIOHHOM TOJIOBKOM, KOTOpasi 0OBSI3bIBAET,
T.€. COEAUHSET MEXKTy COO0M 00CaHbIE KOJIOHHBI, U TEPMETU3UPYET MPOCTPAHCTBO
Mexay HuMu. Ha BepxHuit iiaHer KoJIOHHOM TOJIOBKU YCTaHABIIUBAIOT (POHTAHHYIO
apmatypy ¢ mManudoiabaoMm. B cBoro ouepenb, poHTaHHAs apmaTypa COCTOUT U3

TpyOHOU T'OJI0BKH U enku (puc. 1).

i
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Pucynok 1 — TunoBbie cxeMbl OHTaHHON apMaTyphbl:
1 — poHTanHag enka; 2 — TpyOHast 0OBsI3Ka
TpybHas 2onoeka MpeqHa3HAYeHA ISl MOJBECKA OJHOTO WM JBYX PSIOB
NOJABEMHBIX TpyO, HX TepMETH3allud, a TaKKe TO3BOJISIET BBINOJHATH
TEXHOJIOTHYECKHE ONEPALNH NPH OCBOCHHMHM, SKCIUTyaTallUd U PEMOHTE CKBAKHH.

KosioHHBI MOaBEMHBIX TPYO MOABEIIMBAIOT K TPYOHOH TOJIOBKE Ha pe3pde WiIH

MyQrTe.
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donmannas enka TpeAHA3HAYEHA JUIsl HAIPABIEHUS MOTOKA MPOAYKIIUH
yepe3 MaHU(OIbA ¥ BBIKUAHYIO JIMHUIO Ha 3aMEpHYI0 YCTaHOBKY, MJis
pEryJIMpOBaHUs PEKMMA IKCIUTyaTallud U KOHTPOJIA 32 padOTOM CKBaXKUHBI ITyTEM
CIyCKa r’TyOUHHBIX TTPUOOPOB.

doHTaHHAas apMaTypa BbITyCKaeTcs Ha pabdouee aasienue — 14, 21, 35, 70,
105 u 140 MIIa, ceuenuem ctBoiia oT 50 10 150 MM, O KOHCTPYKUIHUH (POHTAHHOU
€JIKU KPECTOBBIE M TPOMHUKOBBIE, TIO YHCITy CITYCKAEMBIX B CKBAXHUHY PSAAOB TPYO
OJTHOPSITHBIC U IBYXPSATHBIE U 000PYIOBaHBI 33/IBUKKAMU WJIH KPaHAMU.

[udp dpoHTaHHON apMaTYpBI OMPEACIISAET €€ CXEMY, KOHCTPYKIIHIO, CIIOCO0
YIOPABJICHUS 3aJBUKKAMH, YCIOBHBIN MPOXOJ MO CTBOJY U OOKOBBIM OTBOJAM,
JaBJIEHUE, KIIMMAaTUYECKOE UCIIOJTHEHUE U KOPPO3UECTONKOCTb.

[Tonmubit mmdp dontannoit apmatypel (I'OCT 13846-84) ycioBHO
IIPENICTABIIACTCS B BUAE

ADX X, X5 — XuXsXeX7
rae A —apmarypa; © — ¢poHTaHHas;
X| — KOHCTPYKTMBHOE HCIOJHEHUE: MOABECKAa MOJBbEMHOM KOJIOHHBI Ha pe3ble
nepeBoIHUKA TpyOHOU ToNoBKH — K; moaBecka mobeMHOM KOJIOHHBI HA My(Te B
TpyOHOI TOI0BKE — 0€3 0003HaAYCHUS; AJI dKCIUTyaTanuu ckaxkud Y OI[H — 3;
X, — HOMEP CXEMBbI apMAaTyphl; IPU ABYXPAIHOW KOHUEHTPUYHOM MOJIBECKE K
HOMEpPY cXeMbl 1o0aBisieTcs Oyksa "a'";
X3 — cmocob ympaBleHUS 3aJBIKKaMHU: BpPY4YHYHO — 0e3 0003HaueHus;
JIMCTAHIIMOHHO M aBTOMaTH4YeCcKHu — B; aBTOMaThyecku — A;
X4 — ycnoBHbI npoxoa (B mm) o 'OCT 13846-84; koraa yclioBHbIE MPOXOIbI
CTBOJA CIKH MU €¢ OOKOBBIX OTBOJOB OTIWYAIOTCH, IM(poBOe 0003HAUCHHE
YKa3bIBAIOT APOOHON BETUYUHOM;
X5 —pabouee napienue, Mlla;
Xe — wimmatuyeckoe wucnonHenue no ['OCT 15150-69: nns  ymepeHHOM
KJIIMMAaTUYeCKOM 30HBI — 03 0003HaYeHUs; [JIs1 YMEPEHHOW M XOJOJHBIX

KJIUMaTH4YeCKuX 30H — XJI;
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X7 — UCTIOJIHEHHUE TI0O KOPPO3UECTOMKOCTH: I OOBIYHBIX cpefl — 0e3 0003HaYCHMS,
15 cpen, coaepxkamumx: 10 6 % CO, — K1; 710 6 % H,S u CO, — K2; 10 25 % HoS u
CO, - K3.
TurnoBble cxeMbl (OHTAHHBIX €JIOK (pHC. 2) BKIIOYAIOT MO0 OJUH (CXEeMBI 2
u 1), tu6o aBa (cxemsbl 3 U 4) TpoHUKA (OTHO WJIH ABYXbIPYCHAsI apMaTypa), Ju0o

KpPECTOBUHY (KpeCcTOBas apMaTypa — CXeMbl J U 6).

cxema 1 cxema 2 cxema 3 cxema 4 cxema b cxema 6

2 .9 g @7?
3 J E‘N&_ = Da— —=0d =
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Pucynok 2 — TunoBble cxeMbl (POHTaHHBIX €JIOK:
TPOMHHUKOBBIE — CXE€MBI [/, 2, 3 U 4; KPECTOBBIE — CXEMBI J U 6
1 — mepeBOHUK K TPYOHOM T'OJIOBKE; 2 — TPOMHUK; 3 — 3a[IOPHOE YCTPOICTBO;
4 — MaHOMETD C 3alIOPHO-PA3PAIHBIM YCTPOMCTBOM; 5 — IPOCCEID;
6 — oTBETHBIN (raHel]; 7 — KpeCTOBUHA
3aganus

CryneHTy HEoOXOIMMO O3HAKOMHUTHCS C TEOPETUYECKUM OOOCHOBAHUEM
paboThI [J11 OCMBICIIEHHOTO MOHUMAaHUs Ha3HAYEHUS! U KOHCTPYKIUMU (POHTAHHOU
apMaryphl.

Cnenatb 3cku3 GOHTAHHOW apMaTyphl C ONTMCAHUEM €€ OCHOBHBIX 3JIEMEHTOB
Y y3JI0B.

[Ipopaborarh mmdp GOHTAHHOU apMaTyphl.

[Tpumepst 0003HaueHUsT (HOHTAHHOM apMaTyphI.

ADK6B-100x21XJI — apmarypa (oHTaHHas € TOJABECKON MOIBEMHOM
KOJIOHHBI Ha pe3b0€ MepeBOAHNKA TPYOHO! rOJIOBKHU MO cxeMe 6, C TUCTAHIIHMOHHBIM
Y aBTOMAaTHUYECKUM yIPaBJIECHUEM 3aJBHKEK, C YCIOBHBIM npoxonoM 100 MM, Ha

pabouee napnenue 21 MIla nns HEKOPPO3MOHHOM Cpebl



XOJIOJTHOM KJIMMaTHUYCCKOM 30HBI.

AD6aB-80/65x70K3 — apmarypa oHTaHHAS C ABYXPSAHONU KOHIICHTPUYHON
MOJABECKOM MOJABEMHBIX TPYO MO cXeme 6, ¢ AUCTAaHIIMOHHBIM U aBTOMAaTUYECKUM
YIPaBIECHUEM 3aIBUKEK, C YCIOBHBIM MIPOXOAOM IO CTBOIY 80 MM M 110 OOKOBBIM
oTBojaM 65 MM, Ha pabodee napieHue 70 MIla myisi cKBaKMHBI, cojeprKalleld B
npoaykiuu 10 25 % H,S u CO..

Bonpochl kK NpaKTHYeCKOMY 3aHATHIO
1. Korna ucnonb3yercs (GOHTaHHBIN CIIOCOO IKCILTyaTalluy CKBAXKUH?
2. Koncrpyknust poHTaHHOM apMaTyphl, HA3HaY€HUE OCHOBHBIX 3JICMEHTOB.

3. OnuIIMTE OCHOBHBIE TUIIOBBIE CXEMbI (1)OHTaHHBIX CJIOK.

IMPAKTUYECKOE 3AHSTHE 2
N3y4enune 000pyA0BaHUA HACOCHBIX CKBAKUH

HaubGonee pacnpocTpaHeH B MHpPOBON MPAaKTHUKE IITAHTOBBIA HACOCHBIN
crioco0 100k HedTH, KOTOPBIA OXBaThIBAeT OoJiee 2/3 0OIIero AeMCTBYIONIETO
dbonna.

[[ITanroBass TIyOMHHAsT HAacOCHas YCTaHOBKAa (puc. 3) COCTOUT U3
CKBaXMHHOI'O0 Hacoca 2 BCTABHOTO WJIM HEBCTABHOI'O THUIIOB, HACOCHBIX IITAHT 4,
HACOCHO-KOMITPECCOPHBIX TPYO 3, MOJBENICHHBIX Ha IJIaHIIaibe win B TpyOHOU
MOJIBECKE & YCThEBOW apMaTyphl, CAIbHUKOBOIO YIJIOTHEHHS 6, CaJbHUKOBOIO
mToka 7/, craHka kadanku 9, dynaamenta /0 u TpoitHuka 5. Ha mnpueme
CKB&)XMHHOI'O HAcoCa YCTaHABJIMBAETCS 3alllMTHOE MPHUCIOCOOJIEHHE B BHJE
ra3oBOT0 WIH MECOYHOro GpuibTpa /.

CraHOK-KavaJika SIBIIICTCS WHIWBUIYAIbHBIM TPUBOJIOM CKBaXXWHHOTO
Hacoca. OCHOBHBIE Y3JIbl CTaHKa-Kayajlkd — pama, CTOWKa B BHUJE YCEUCHHOU
YETBIPEXTPAHHON MHpaMUJIbl, OaJaHCHUP C TMOBOPOTHOM TOJIOBKOW, TpaBepca C
IaTyHaMH, MIAPHUPHO-TIOABEIICHHAS K OallaHCUPy, PEIYKTOP C KPUBOIIUIIAMHU U
npotuBoBecamu. CK kommuiekTyercsi HAOOpOM CMEHHBIX IIKWBOB IS U3MEHEHUS

YHCJIa KaYaHUH, T. €. PETYJUPOBAHNE TUCKPETHOE.
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Pucynok 3 — CxeMa mTaHroBOM HACOCHOM YCTaHOBKH

B mmudpe, nanpumep, CKJI8-3,0-4000, ykazano JI — ae3aKCHAIbHBIN;
8 - HauOosblnas jJomyckaeMasi Harpyska Pp,x Ha TOJOBKY OajaHCHpa B TOYKE
nojBeca mraHr, ymHoxeHnHas Ha 10 kH; 3,0 — nanbGombinas 1jauHa xoaa yCTheBOTO
mroka, M; 4000 — HanOonbmIMI AOMyCKaeMbId KpPYTSAIIUA MOMEHT Mipmax HA
BEJIOMOM BaJly PeIyKTOpa, yMHOKeHHbIH Ha 1072 kH M.

[IITaHroBBIe CKBAXXMHHBIC HACOCHI MPEIHA3HAYCHBI JI1 OTKAYMBaHUA W3
HePTAHBIX CKBAXHMH OJKHAKOCTEH ¢ Temmeparypoil He ©Oosiee 130°C,
00BOJHEHHOCTBIO HEe Oomee 99 % mo oOwvemy, Bszkocthio a0 0,3 Ila-c,
MUHepanu3auen Boabl 10 10 /1, comepkaHueM MEXaHUYECKUX Mpumeceit 10 3,5
/1, cBOOOHOTO Ta3a Ha TpueMe He 6osee 25 %, cepoBoaopoaa He Oonee 50 Mr/n u
KOHIIEHTpaIueld HoHOB Bojopoaa pH 4,2-8,0.

Cranmapt npeaycMaTpuBaeT BBINYCK JIBYX CXEM IITAaHTOBBIX HACOCOB:
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BCTABHBIX W HEBCTaBHbIX. OCHOBHOE MPUHIMIHUAIBHOE UX OTJIMYHE B TOM, UTO
LWJIMHIP HEBCTAaBHOIO Hacoca BCTpoeH B KoinoHHy HKT u mns 3amensl Hacoca
HeoOxoauM noabeM kojonHbl HKT. BeraBHoit Hacoc omyckaetcst B Tpyost HKT
Ha IITAaHTaX U KPENUTCA B HY>KHOM MECTE KOJIOHHBI C IMOMOIIBIO CHENUAIBHOIO
(UKCUpYIOIIETro YCTPONCTBAa, HA3bIBAEMOr0 3aMKOBOW omopoi. I[lpumenenue
BCTABHBIX HACOCOB 3HAYMTEIBHO YCKOPSET PEMOHT CKBAKMHBI, TAK KaK ISl €rO0
CMEHBbl TpeOyeTcs NOABEM JIMIIb INTAHTOBOM KOJOHHBL. B TO ke Bpems
HEBCTAaBHOM HAcOC 3HAYMUTEIBHO TIPOIIE MO KOHCTPYKUMH U HE TpeOyeT
IIPUMEHEHHs 3aMKOBOM omopel. HeBcTaBHBIE HAcoChl MNOMYYWIA IIMPOKOE
pacnpocTpaHeHue A MoAbeMa OONbIINX 00BEMOB KUAKOCTEN U3 OTHOCUTEIBHO
HEOOJIbIINX ITyOrH, BCTABHBIE K€ HACOCHI 00Jiee YTOOHBI B TNIyOOKMX CKBaKUHAX.
CxBaxkuHHbIe Hacochl 10 OCT 26-16-06-86 BbITyCKaIOT CIEIYIOMIUX TUIIOB:
HBI1 BcTaBHOI ¢ 3amkoM HaBepxy, HB2 BctaBHOl ¢ 3amkoM BHHU3Y, HH HeBcTaBHOMI
0e3 noButenmss, HH1 meBcraBHO# ¢ 3axBatHbIM mTokoM, HH2 HeBcTaBHOH C
JIOBUTEJIEM.
[Tpumep o603Hauenust HacocoB 1o OCT 26-16-06-86:

XXX X-XX-XX-XX-X
1 2 3 4 5 6

1. Tun nacoca: HB1, HB2, HH, HH1, HH2.

2. NcnonHeHue Hacoca MO KOHCTPYKIMU ITUJIMHIpPA U KOHCTPYKTHUBHBIM
0COOEHHOCTSIM CaMOr'0 Hacoca:

b — 6e3BTYyI0YHBIH, TOJICTOCTEHHBIN HEIBHBIA [IMJIMHJID;

C — BTYJOUYHBIN, COCTABHOW LIWJIMHJIP;

N — u3HococToikoe ucnoiaHenrue. byksa U craBuTcs B KOHIIE 0003HAYCHHS
Hacoca ¥ 03Ha4yaeT, 9To HacoC MpeTHa3HaueH Il pabOThI B cpeiax ¢ CoAepKaHueM
MexaHnueckux mnpumecerd ot 1,3 mo 3,5 r/n; ecnu 3ToM OYKBBI HET, TO HACOC
npeaHa3HavYeH U1 padoThI B cpefiax ¢ CoJepKaHueM MEXaHWYECKUX IPUMECceH 10
1,3 r/m;

T — Hacoc ¢ NoaBIM MTOKOM. J[aHHBIE HACOCKHI MTPEAHA3HAYEHBI JJI1 Pa0OThI
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C MOJBIMU LITAHTAMH, TPUYEM MOJBEM OTKAYMBAEMOM JKUJIKOCTH OCYIECTBISAETCS
M0 BHYTPEHHEMY KaHay MOJIbIX IITAHT;

A — Hacoc ¢ aBTOCIIENIOM KOJIOHHBI IITaHT € IUTyH:KepoM. lIpumensiercs
TOJIBbKO Jj11 HacocoB HH;

A1, JI2 — coeunanbHble JABYXIUTYHXKEPHBIE HACOCHI JUISI  OTKAyKH
BBICOKOBSI3KHX, Ta3UPOBAHHBIX KUJIKOCTEH WIIW JJIsSl YTSKEIECHUS HU3a IITAaHTOBOU
KOJIOHHBI IPH XOJ€ TUTYH)KE€pa BHU3.

3. YcnoBHBINA TuaMeTp Hacoca B MuutnMeTpax. CTaHaapT NpeaycMaTpruBaeT
BBIIIYCK HAaCOCOB YCJIOBHBIM auamerpoMm 29, 32, 38, 44, 57, 70, 95 u 102 mm.
VYcnoBHBI qUaMETp Hacoca OMPEAENSIeTCS AUaMETPOM ILTyHXKEpa U MOXKET HE
coBMajath ¢ (haKTUYECKUM €ro 3HadeHueMm. Hampumep, HacocChl YCIOBHBIM
nuamerpoM 32 MM OyayT UMETh pa3opoc GaKTHUEeCKUX AUAMETPOB TUTYHKEPOB OT
31,9 no 32,425 ¢ marom 0,025 Mm.

4. MakcumanpHBIM XOJ IUIYH)KE€pa B MHJUIMMETpPAxX, yMeHbIIeHHbIA B 100
pas.

5. Hamop B MeTpax BOASHOTO cTOJ0a, ymeHbleHHbIH B 100 pas.

6. I'pynna nmocagku 0, 1, 2, 3 mo creneHW yBEJIWYEHHS 3a30pa MEXKIY
TUTYH)KEPOM U LUJTUHAPOM.

B YIICH nau6osnee 0TBETCTBEHHOE W €lIa00€ 3BEHO — KOJOHHA HACOCHBIX
HITAHT — MPOBOJHUK SHEPTUU OT MPUBOA, PACTIOIOKEHHOTO HAa MOBEPXHOCTH.

B cBsizu ¢ 3TUM pa3paboTaHbl HACOCHBIE YCTAHOBKH C MEPEHOCOM MPUBOJA
(mepBUYHOTO ABUTATENsI) B CKBaXXMHY K Hacocy. K HUM OTHOCSTCS yCTaHOBKHU
MOTPY>KHBIX I[EHTPOOEKHBIX, BUHTOBBIX M JuadparMeHHBIX 3JIEKTPOHACOCOB.
DNEKTPOIHEPTHs B TOM cliydae moaaercs mo kabdemto, 3akperiennomy Ha HKT.

O6nacte npumenenuss YOIIH — 5To BbICOKOAEOUTHBIE OOBOIHEHHEIE,
rIy0OKME W HAKJIOHHBIE CKBaKHMHBI ¢ gebutom 10...1300 M’/cyr m BbIcOTOI
noxabema 500...2000M.

Y CTaHOBKH MOTPYKHBIX IEHTPOOEKHBIX HACOCOB B MOYJILHOM HCIOJIHCHUHU

tunoB  YOIIHM u VYOIHMK npegHasHaueHbl I OTKAYKH
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OPOAYKIMH HE(PTAHBIX CKBAXHUH, COIEPKAUX HEPTh, BOAY, Ia3 U MEXAHUYECKUE
npumecu. YcraHoBku Tuna YOIUHM wumeror oOblYHOE HCIONHEHHE, a THUIIA
YOIIHMK — kopp03MOHHOCTOMKOE.
VYcraHoBka (puc. 4) COCTOUT U3 OTPYKHOTO HACOCHOTO arperara, KabeabHOM
JUHUM, CIIyCKa€MbIX B CKBaXXMHY Ha HAaCOCHO-KOMIIPECCOPHBIX TpyOax, H

HA3eMHOTI0 JIEKTPO0OOpyAOBaHUs (TpaHCHOPMATOPHOUN MOACTAHIIUN).

s

Pucynok 4 — YcranoBka norpy;kKHOro LeHTpoOeKHOTO Hacoca:

1 — oGopynoBaHKe YCThsl CKBOXKHH; 2 - MyHKT MOJKJIIOYATEIbHBINA BEBIHOCHOM;
3 - TpaHcopMaTopHasi KOMIUIEKCHAs! TOACTAHIINS; 4 — KJlanaH CIIyCKHOM;
5 - kJjanaH o0paTHbIN; 6 — MOJIYJIb-TOJIOBKA; 7 — Ka0elb; 8 — MOy Ib-CEKIIHS;
9 — MOIyJIb HACOCHBIN razocenapaTopHbii; 10 — MOyJIb UCXOIHBIN;
11 — nporekTop; 12 — sanexrpoaBuratensp; 13 — cucrema TepMOMaHOMETPUYECKAs
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3apanus

CryneHTy HE0oOXOIMMO O3HAKOMHUTHCS C TEOPETUYECKUM OOOCHOBAHUEM
paboTbl 11 OCMBICJICHHOTO TIOHMMaHUSi Ha3HAYEHUS] U KOHCTPYKIUHU
000py0BaHUSI HACOCHBIX CKBAYKHH.

Crenatp 3CKU3 HITAHTOBOM HACOCHOW YCTAHOBKU M YCTAHOBKHU MOTPYKHOIO
HEHTPOOEKHOTO Hacoca.

[Ipopabotarh mmM}p MTAHTOBBIX HACOCOB W YCTAHOBKH IOTPYKHOTO
EHTPOOEHKHOTO Hacoca.

[Tpumepsl 0003HAYCHMS.

Hacoc HH2b-44-30-12-1 — Hacoc HEBCTaBHOM C JIOBUTEJIEM, LMJIMHID
HEIbHBIM O€3BTYJOUHBIN, YCIOBHBIM nuamerp 44 MM, MaKCUMaJbHBIA XOJ
ryHkepa 3000 mm, Hanop 1200 M, 1 rpynma mocaaku, HOpMaJIbHOE UCTIOJIHEHHE.

Hacoc HB1bT-32-30-15-01 — Hacoc BCTaBHOM C 3aMKOM HaBEpXY, LHJIAH]IP
LEJbHBIA O€3BTYJIOYHBIHN, MOJBIN IITOK AJISl MOIbEMA KUJIKOCTH MO MOJIBIM IITaH-
raM, yCJIOBHBIM AuaMeTp 32 MM, MaKCUMAJIbHBIM X0 muryHxkepa 3000 mMm, Hamop
1500 m, O rpynna nocaaku, U3HOCOCTOMKOE UCTIOJIHEHHE.

Hacoc HB1B/[1-38/57-25-12-2 — Hacoc BCTaBHOW C 3aMKOM HaBepXy, LIH-
JUHIP TEIbHBIA O€3BTYJIOUHBIN, HACOC IBYXIUTYH)KCPHBIA CIICIMAIbHBIN, OJHUH
IUTYHXEP — BEPXHHUM C YCIOBHBIM JUAMETPOM 57 MM, APYrod — HWKHUN 38 MM,
MaKkCUMaJIbHbIN X0 TuryHxkepa 2500 MM, Hanop 1200 m, 2 rpynma nocaaku, HOp-
MaJIbHOE UCIIOJIHEHUE.

VYOIIHMKS-125-1300 —  ycTaHOBKa  DJIEKTPOILICHTPOOEKHOIO0  Hacoca
MOJYJIBHOTO M KOPPO3MOHHO-CTOMKOrO0 MCHOJIHEHUS; 5 — rpymmna Hacoca; 125 —
noxaua, m>/cyt; 1300 — pasBUBaeMbIii HAIIOP, M BOJ,. CT.

Bonpochl K IPpaKTHYECKOMY 3aHATHIO

1. YeTpolicTBO IITAHTOBOM HACOCHOM YCTaHOBKH.

2. llIndp mTaHTOBBIX HACOCOB.

3. YeTpoliCTBO YCTaHOBKH MOTPYKHOTO IIEHTPOOEKHOTO HAcOCA.
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MNPAKTUYECKOE 3AHSATHE 3
OmnpenesieHue NoJa4M U NapaMeTpoB padoThl IITAHIOBOI'0 HACOCA

[Togaya r1yOMHHOHACOCHOM YCTAHOBKH OIPEACNACTCS 10 Cleayrolen

dbopmyte

T -D 3
Q=1440 ——S, -n-p -, M/ey, (1)

rae 1440 — yucno MUHYT B CyTKax; D — quaMeTp IUIyH»)Kepa Hacoca, M; S — JUTMHA
X0/1a TOJIOBKH OaniaHcupa (CaJbHUKOBOIO IITOKA), M; 71 — YACIIO Ka4aHUM (JIBOMHBIX
X0JI0B) B MHHYTY; p — OTHOCUTEJIbHAs IUIOTHOCTb  JKUJKOCTH; 4 —
KO3 (PUIIMEHT MOJa4l HACOCHON YCTaHOBKH.

®opmyina (1) cBA3BIBACT MSATH IEPEMEHHBIX TAPaAMETPOB, U3 KOTOPHIX MOMXKHO
OTIPEICITUTh JII0OOH NPU U3BECTHBIX YETHIPEX NPYTHUX.

s yCKOpeHHsi pacyeToB MO OMNPEIEICHUIO MOJa4Yd IITAHTOBBIX HAacOCOB
MO>KHO BOCHOJIb30BaThcsl HOMorpammoii MBanosa (puc. 1). Ha npaktuke uaiie
BCET0 MPUXOAUTCA omnpenensats (J, D u #, Opu 3TOM MPOU3BEICHHUE JJIUHBI X0/aa
CAJIbHUKOBOTO IITOKA S HAa YKCIIO KaYaHUW B MUHYTY /1 IPUHUMAIOT TAaKUM, YTOOBI
OHO HE€ BBIXOJUJIO W3 MPEJETIOB, YKAa3aHHBIX B TEXHUYECKUX XapaKTEPUCTHUKAX
CTaHKOB-KaudajioK. CiieryeT OpuEeHTUPOBATHCS HA Syuqy, TPU KOTOPOM S1 UBMEHSETCS
ot 22,5 10 4,5, 9TO COOTBETCTBYET CKOPOCTH JABMKeHus ruryHxkepa 0,75 — 1,5 M/c.

Omnpenenum no Homorpamme (puc. 1) paxtudeckyro nogady Hacoca Qg Npu
caeayrommx ycnosusax: D =68 MM, S=1,8m, n=15,7=0,75 n p = 900 xr/m>. [{na
ATOTO Ha JIEBOW BETBU OCH aOCILIMCC HAilIeM TOUYKY, COOTBETCTBYIOIIYIO 3aJJaHHOMY
3HAUYEHUIO 71, 3aTEM MPOBEAEM BEPTUKAIIb BBEPX [0 3HAYEHUS S, a U3 MOTYyYCHHOU
TOYKH MPOBEJEM TOPU30HTAIL BIPABO JO MEPECEUCHUS C JIydoM D, TMOCJE Yero
OMYCTHUM BEPTHUKAJIbL JIO Jyda # B YETBEPTOM KBaJpaHTE U, HAKOHEI, MPOBEIEM

TOPU30HTAJb BJICBO J0 OCH OPJIMHAT, TJe W HalaeM (aKTHUECKYIO Mojady Hacoca

Oy = 105 M*/cyr.
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Pucynok 1 — Homorpamma 11t onpe/iesieHnid mapaMeTpoB padOThI ITAaHTOBOTO
Hacoca
Onpeodenenue ko3@@uyuenma nooayvu HACOCHOU YCMAHOBKU

Omnpenenenre ko3 @duIMEHTa TOJAYd HACOCA, YYUTHIBAIOIICTO YIPYTHE
YIJUHCHUS HACOCHBIX TPYO0 M INTAHT, TPeOyeT JUIMTEIbHBIX pacueToB. Jlis
00JICTYCHHS M YCKOPCHHS PacYETOB MOYKHO ITOJIB30BaThCsl HOMOTpamMMamu (puc. 2,
3), MOCTPOSHHBIMH C WCIIOIH30BAHUEM CIICAYIONINX (HDOPMYIT:

1. Koaddurmenra nogadu, yauThIBAIOIIET0 YIPYrue YUTMHEHNUS HACOCHBIX

TpyO U LITAHT OT JEHCTBUS CTATUYECKUX CHUII,
10°P L 1 1)

n =1- > oo+ |, (2)
SSE  f, 1.)

2. Kosdpduuuenra mnopaud, y4YWTHIBAIOIIETO BBIMIPBIINI XOJa 3a CYET

HHCPIHUOHHBIX CHII,
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_2250L°n’ )

‘ 10"
OO6mumit kKodppuiuenT nogauu 4 = n; + 1.
B dopmynax (2) u (3) L — rimyOuHa cirycka Hacoca, M; S — IJTMHA X0/1a TOJIOBKU
OaniaHcupa, M; 1 — YUCJIO XOJ0B Hacoca B MUHYTY; P, — BeC CT0JI0a KUIAKOCTH Ha
IUIYHXKEPOM Hacoca, H; f,, — IIomans ce4eHnsl HACOCHBIX IUTAHT, CM2; f,, — IUIOIIAb

CEYEeHHUs HACOCHLIX TpyO, cM%; E — Moayns ynpyroctu Merasia,

1 . 1 .
Ha; z __—CyMMa 3HA4YCHUM ___JJIA CTYIICHYATOH KOJJOHHBI HACOCHBIX IIITAHT .

S S
HIAAN S S A8
Il #7088 4274 mmnny
/} /‘///{.///1/ /’/sfs".’w/"‘ > |
e = ZE Pt
e e 1“!’5 T I
r I ! %
T 22 8% o+ asifk
L
i — W
__\\\\‘ Rein 2 b Sy o
Nk | T o
TR [ zs
INGASSSSn ]
DL N N N e €2, N
AR RSN
\ \\5 N K ]
=\ \\1"’ L% e o]
| \?"} o \J \\ \\ /

gx 85 &7 09y,
Pucynok 2 — HoMorpamma jyist onpenenenust KodgpuimenTa mojauu Hacoca #;
Homorpammel Ha puc. 2 1 3 JalOT BO3MOXXHOCTh ONPEAECTATh OTIEIBHO

3Ha4YeHus 7; U 17);. HomMorpamma Ha puc. 2 mocTpoeHa CIEAYIOUINMM 00pa3oM: Ha

1
ocu abcuucc kBajapaHTa | OTJIIOKEHBI 3HAYEHUS — - B kBampanre | HaHeceHsI

Ju

JIMHUU, COOTBETCTBYIOILIME PA3HBIM JIUAMETPaM HACOCHBIX TpyO, a B kBajapante Il —

BesmuuHaMm P,.; B kBajpante III mpuBeneHsl 3HaueHus S; U B kBajpante [V —
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BEJIMYUHBI L U #;.

B HOMOI'PAaMMC Ha PHUC. 3 HaHECCHBI 3HAUCHUS 11 U L I OIIPCACIICHUS 7).

miNiTiva
l /‘»@ *
\;9%"/
2 7
/ /[//_z
M/

1
0 0,12 3,24 0%y,
Pucynok 3 — Homorpamma 11t onipeienieHust ko3 puirenTa rnojiayu Hacoca

SR | — I-.q.-.-X

Bec cron6a xxuakoctu onpenaensercs no Gpopmyie
Py = hopoeg'F, 4)
rae hy — rmyOuHa 10 AMHAMHYECKOTO YPOBHS, M; P, — IIOTHOCTb XKHUIKOCTH,

Kr/M*; F — IJI0Ia b ceueHus IIyHKepa Hacoca, M2,

P
h=H- | (5)

:
P..&

rae H — riyOuHa ckBaXkuHbl, M; P, — 3a00iiHoe naBienue, [1a.

VYrpyrue yJinHeHUs! HACOCHBIX TPYO M IITaHT

Avo = S5 (1= 11).
VYBennueHue IIMHbBI X0/1a TUTYHKepa 32 CUET MHEPLUUOHHBIX CHJT
/1,4 = S5' Ho.
MeToauka U NOPsiI0K BbINOJHEHUS Pa0OThI

1. Paccuutath no ¢opmyne (1) u npoBeputh mo Homorpamme lBanosa
noJjiayy riyOMHHOHACOCHOW YCTaHOBKHU MPH U3BECTHBIX JaHHBIX D, S, n, 7 U p.

2. ITo Homorpamme MBaHOBa onpeaeanTh JuaMeTp IIyHKepa Hacoca D mpu

U3BECTHBIX AaHHBIX Oy, S, n, n U p. llonTBepauTs pacueTrom.
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3. Ompenenuts o6mMi K03((HULKMEHT MOJaYu HACOCHOM YCTAaHOBKHU 7], a
TaKK€ BEJIMYMHBI A,y U A, TIPH U3BECTHBIX NaHHbIX L, H, D,, dy, dm, P;, S5 n U pye.
Op, S, n, N 1 poc.
4. Onpenenuts 1aBleHHUE Ha IPUEMe HAacoca IIPU U3BECTHBIX AaHHBIX Py, Py,

PG'.M'm) DI’L’I 154 HCH'

NPAKHUYECKOE 3AHSITHUE 4

OmnpenesieHue HArPy30K Ha FOJIOBKY 0aJIaHCUPA CTAHKA-KAYAJIKH

Harpy3ku, nelictByromue npu padote riyOrHHOIO Hacoca B TOYKE MOJBECKU
HACOCHBIX IITAHT, COCTOST U3:

1) cTaTnyeckux Harpy30K OT BECa HACOCHBIX IITAHT U KUJIKOCTH, @ TAKKE CHUJI
TpEHUS TUTYHXKepa B MIIMHJPE HACOCA U CUJI TPEHUSI HACOCHBIX IITAHT O TPYOBI;

2) IMHAMUYECKUX HArpy30K, BBI3BIBAEMBIX CHJIAMH WHEPIUU JBIKYIIUXCS
MacC HACOCHBIX IITAHT B )KUIKOCTHU, & TAK)KE BUOpaIMei IITaHT.

Harpy3ku Ha 1ITaHryd, BbI3BAHHBIE JTHUMHU MPUYUHAMH, JIEHUCTBYIOT
OJIHOBPEMEHHO, M JJI1 MPAKTUYECKUX IeJied HEOOXOJIUMO 3HaTh UX COBOKYITHOE
JICUCTBUE.

MakcumanbHyl0 Harpy3ky Ha TOJIOBKY OallaHCHpa MOXHO OMpPENETUTh IO
pa3IuYHbIM (popMysiaM B 3aBUCUMOCTH OT PEKHUMA OTKAYKU KUJKOCTH.

ITo cTaTnyeckoi TEOpUM pacyeTa yYUTHIBAIOTCSA TOJIBKO CTATUYECKHUE YCHUIIHS
(BeC IITaHTr W JKUJIKOCTH) W MAKCUMAJIbHOE 3HaueHWe cuia wuHepuuu. Ilo
uccienoBanusM A. H. AnoHnHa, rpaHuiia MEXIy CTATUYECKUM U JTUHAMHUYECKUM
pEeKMUMaMU MPU OTKAYKE KUJIKOCTHU ¢ OOJBIITUX TIIYOHH HAXOIUTCS B 30HE 3HAUCHHI
napameTpoB | = wl/a=0,35— 0,45 (0 — yryioBasi CKOPOCTh BpallleHHsI KPUBOIIIMIIOB,
paa; a — CKOPOCTh pacIpoCTpaHEHUs 3ByKa B MeTajuie mTaHr, m/c. a = 5100 m/c).

B mHacrosiee Bpemsi MPUMEHSIOTCS B OCHOBHOM pexuMbl ¢ p < 0,5.
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VYKka3zaHHbIE 3HAUEHUS [L OTPAHUYMBAIOT OOJIBIIYIO 00JIACTh CTATUYECKOTO PEKUMA
paboThI MITAHTOBBIX HACOCOB Ha riryomHax 10 1000 — 1200 M, a TakKe TUXOXOTHYIO
paboTy Ha OonbmuX TIyOMHAX. 3a MpeAeTaMu dSTOM oOyiacth, T. €. TpHU
3HAYUTEILHOM YBEJIUYEHUHU TIIYOMHBI U CKOPOCTH OTKAYKH, CIEAYET MPUMEHSTH
JTUHAMUYECKYIO TEOPUIO pacy€era.

1. MakcuMmanbHasi Harpy3ka IO SJEMEHTApHOW (CTaTUYECKOM) TEeOopuu
omnpezensercs no Gopmyne

Piax = Px + Py (b + m),
rae Px — Bec ctonmba XUAKOCTH HaJ IUTYH)KEPOM BBICOTOM, paBHON TIyOWHE
ycTaHoBKM Hacoca L, H
Py = FurL-py-g/10%,

rae Fp, — Iomans ceuenus IIyHKepa, CM2; Py — ILIOTHOCTD JKUIKOCTH, T/CM°.

[TonmHBIN BEC HACOCHBIX IITAHT

P m qull
31ech qi — Bec 1 M 1-0¥ CeKITMH HaCOCHBIX IITAHT JJTMHOM ;.
KoadduimenT norepu Beca mTaHT B ) KUIKOCTU b paBeH
b = (Pw = Px)/Pur,

/1€ Py — INIOTHOCTh MaTe€pUalia ITaHT.

dakTop AMHAMUYHOCTH M PaBEH

m = Sn?/1440,

rae S — JyinHa X0Jia CalbHUKOBOTO IITOKA, M; N — YUCJIO KAYaHUW B MUHYTY.

2. MakcumanbHas Harpy3ka Ha OCHOBE JUHAMHYECKOM TEOPUHU
A. C. BHpPHOBCKOTO ¢ yYeTOM COOCTBEHHBIX KOJCOAHUN KOJIOHHBI IIITAHT

onpenensercs no popmyJe

5 2
P =p +p +1 Du SO (p 103ep ) aw_&+a27S(D P(l_"i\ﬁa —
1 w 1

20 \
max w ol g w olc S |

d, 2¢ U 20 wyS)

rae P, — IOJIHBIN BeC KOJIOHHBI HACOCHBIX mTaHr, H; P, — Bec cTon0a KUIKOCTH

MCXKAY INIYHKCPOM M IITAHIaMU, OHpCI[eJ]HeMBIP'I M3 BbIPAXXCHUA

P = P8 (Fn/zL _Zﬁll)s
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7€ f; — IUJIONIaJb CEUCHUS 1-0M CEKIIMM HACOCHBIX IITAHT JJIMHOM l;;
dy — cpeHuit AuaMeTp KOJOHHBI HACOCHBIX IITAHT; A — YJIMHEHUE IITAaHT

OT Beca cToyba KUIKOCTH, OIIPCACIIACMOC 110 q)OpMy.IIe

F -p -g-L’
7\’ — nt b ,
E-f
rne f, — CpeAHSAsd IUIOMAAb TIOMEPEYHOr0 CEUCHHS INTaHr C d,; a

U a; — K03(pPUIMEHTHI, 3aBUCSIINE OT KHHEMATHKU CTaHKa-KadajaKu: KO3PPUITUECHT
@ — OTHOLIEHHE YIJIa IOBOPOTAa KPUBOLIUINA 77/2 K YIJIy €ro oBOpOTa ¢ (cuuTas oT
HAYaJIbHOTO HEMOJIBI)KHOTO TMOJIOKEHHSI), TMPU KOTOPOM CKOPOCTh JOCTUTAET

MaKCI/IMYMa. a; OHpCI[eJIHeTCH n3 paBeHCTBa
2r

34€eCh ¥ — paguyC KpUBOILIHNIIA, M;

& — OTHOLICHHUC HJIOHIa,Z[eﬁ IIPOCBCTA
o= f

€

W — KO3 UIIMEHT, paBHbBIN

fﬁ’l + flll
3mech f — IUIOIIA b CEUCHHs TPYO M0 METaIy.

Ha ocHoBe »sKcnepuMeHTaNIbHBIX paboT, mnpoBeAeHHbIXx B A3HUU
A. H. AnoHuHBIM, OBUIM YCTAHOBJIEHBI MpEAEIbl MTPUMEHUMOCTH (QopMynbl A.

C. BupHOBCKOTO:

n= =0,785 .

a

38500
n=— - m——
L

-2

3. MakcuManbpHas Harpy3ka Ha OCHOBE IMHAMUYECKOW TEOpUH 1o popmyie

N. A. YapHoro
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S-n’t
p —p +Prb+ n guw‘

" k 1800 p )

. Z; o
B astoit popmyne e KOA(PUITUEHT, YIUTHIBAIOLINI BUOPAIUIO IIITAHT, a

W — IapaMeTp, XapaKTepU3yIOIINi peKUM OTKauku, paBHbIi 0,455 pan./c.
4. MakcumanbHasi Harpy3ka Ha OCHOBE JIMHAMHYECKOM TEOpUHU 1O

smnupudeckont popmyrne A. H. Anonuna

m-vr- n2~24—3,3L,10 4
P =P +P +(P +eP ) +2500 S,
900

w e w oHc

r/ie m — KHHEMaTU4eCKUI KO3 (ULUEHT, KOTOPBI paBeH

r
1+

rjae l, — IuHa maTyHa, M.
MeToanka U MOPSA0K BbINOJIHEHHUS PadoThI
OnpenenuTh MaKCUMAaJbHYIO HAarpy3ky Ha TOJOBKY OallaHCHpa CTaHKa-
kadasiku 1o popmynam A. C. Bupnosckoro, . A. Yapnoro u A. H. Agjonuna u
CPaBHUTbH MOJYYCHHBIC PE3yJIbTATHI.
Hcxonublie naHHBbIC: TIyOMHA TOABECKM BCcTaBHOro Hacoca L = 1800 wm;

IaMeTp TUTyH»)kepa Hacoca Dy, = 28 MM; BHYTPEHHUN JUaMETP HACOCHBIX TPYO
dn = 50,3 MM; KOJOHHa HACOCHBIX IITAHT JBYXCTYIIEHUaTas — JJIMHA IITaHT
BEpXHEW CTYIEHHU C d 'w= 22 MM coctasisgeT 28%, umu [; = 504 M, 1 yIMHA IITaHT

HUKHEW CTYTEHU C d;: 19 MM coctasisgeT 72%, nau [, = 1296 M; cTaHOK-Kavaika

CKH10-215; nnuHa X0/1a CaTbHUKOBOTO IITOKA S = 2,1 M; UUCIIO KaYaHUW B MUHYTY
n = 12; NIOTHOCTb XKUAKOCTU p,. = 900 kr/mM>; Moxyns ynpyrocts st cramd E =
0,21 TITa.

OnpenenuM yrioByr0 CKOPOCTb KPUBOILIUITOB

o =nn/30=3,14-12/30 = 1,26.
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[TapameTp u, XapakTepHU3yIOUIUI peKUM OTKAUKH, OyIeT
w=aol/a=126-1800/5100 = 0,445.

HaﬁHeHHOC 3HAYCHUC |L HAXOAUTCA Ha I'paHUIC MCKAY CTATHUYCCKHUM H

JAUHAMHWYCCKHUM PCXKUMAaMHU OTKAYKH JKUAKOCTH.

1. MakcumanbHas Harpy3ka 1o 3J1€MEeHTapHOU (CTaTHYECKOW) TEOPHUH.

Bec cromba JKMOKOCTM HaJ IUIYH)KEPOM BBICOTOW, pPABHOW TIIyOMHE

YCTaHOBKH Hacoca
P,.=6,15-1800-0,9-9,81/10*=9,8-10° H.

[lomHBIN BEeC HACOCHBIX IIITAHT
P, =30,8-504 +23,1-1296 =45,5-10° H.

3nech ¢; M g2 — BeCc 1 M HACOCHBIX IITAHT AUAaMEeTpoMm 22 u 19 mm

COOTBCTCTBCHHO.

KoadduimenT norepu Beca mITaHT B ) KUIKOCTU b paBeH
b = (7850 —900)/7850 = 0,885.
DakTop AMHAMUYHOCTH M PaBEH
m=2,112%/1440=0,21.
CrnenoBaTellbHO, MIMEEM MAKCUMAJIBHYIO HATPY3Ky

Prax=9,810°+45,5-10° (0,885 + 0,21) = 59,6-10° H.

2. MakcumanibHasi Harpy3ka Ha OCHOBE JMHAMHYECKON  TEeOpuu

A. C. BUPHOBCKOTO € y4€TOM COOCTBEHHBIX KOJI€OAHUI KOJTOHHBI IIITAHT.
Bec cronba sKuaKocTy MEXTy ITYHKEPOM U IITaHTaMU

790 9,81 (6,15-1800 — 3,8:504 — 2,83-1296) = 4,86-10° H.

Py = —
10

CpCI[HI/Iﬁ AUaMCTP KOJIOHHBI HACOCHBIX IITAHT, SKBUBAJICHTHBIMN AuaMETpaMm

I[BYXCTYHquaTOfI KOJIOHHBI C YUYCTOM HUX HPOLUCHTHOTO COOTHOIICHUS

dy = (2228 + 19-72)/100 = 19,9 mwm.

V anrHeHne mMTalT OT Beca CTO0JI0a KUIKOCTH

6,15-900 -9,81-1800

A= =0,271 m.

0,21-10" - 3,1



21
Hns CKH10-2115 npu S = 2,1 m a = 1,15; koadgdunmeHT a; onpeaensercs

U3 PaBEHCTBA

2-0,86
a, = =0,82.
2,1
3necs ¥ = 0,86 m ipu S = 2,1 m.
OTHolIEHUE MIoMAAeH MPOCBeTa
6,15 —-3,1
= =0,18,
19,8 -3,1

rae fr, = 19,8 cM? — mIomans IpoxoaHOro ceueHus 50-MM HaCOCHBIX TPYO.

8,68

y=— " =0,74..
8,68 + 3,1

3nech f = 8,68 cM*— momap cedeHust 60-MM TpyO MO MeTay.

[loncraus B ¢opmyny A. C. BUPHOBCKOrO HailIEcHHbIE YHCIIOBBIE

BCIIMYHUHBI, IIOJTYyYUM

. . L1528 [2,1-1.26° . 3
P =455.10" +4,86 10" + =—. (45,5-10° +0,3-0,18 -4,86 -10 ) x
3 199\ 981

0271 2,1-1,26° (074 2.0,271 )
+1,15° 45510’ 1 - | 0,82 — |=63,5-10°H

2-9,81 L\ 2 A 0,74 -2,1)

0,82 -0,74 —
X 2.1

[Ipenensl npumenumoctu popmyisl A. C. BupHoBcKoro:

_co-L

1) =0,785 .

a

[TogcTaBuB BMECTO YIiIOBOM CKOPOCTH KPUBOIIUIIOB » €€ 3HaueHue 7-1/30,
HAWJEM IIPEIEIIbHOE YUCII0 KaYaHU1

38500
n =
1800

— 2 =19 Ka4/MHUH.

B nameti 3anaue y = 0,445 u n = 12. [lostomy dopmyna A. C. BupHoBckoro
MIpUMEHUMA.

3. MakcumalibHast Harpy3Ka Ha OCHOBE JIMHAMUYECKOW TeOpUH 1o popmyie



N. A. YapHoro

22
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u=0,455pan./c =0,445-180/3,14 = 25,4 rpanyc/c

1g25.4 047
= =1,055 .
0,445 0,445
( 2,1-12° )
P =9.81-10"+45,5-10"] 0,885 + 11,055 |=58,1-10" H.
\ 1800 )

4. MakcumanbHasi Harpy3ka Ha OCHOBE JIMHAMHYECKOM TEOpUHU MO
smrupuueckoit popmysie A. H. Anonuna

0,86

1+ 33
m = : =1,3.

1_(036\2

\ 33 )

1.3-0.86 .12 23318010 4
900

P =45510"+98-10" +(45,5+0,18 -9,8)10" -

max

+

+2500 -2,1=64-10°H

Kak BUAHO W3 pacyeTHBIX MAaHHBIX, HAMOOJBINKE HArpy3Kd Ha TOJOBKY
OalaHcHpa MOJIy4aroTCs MPU KCIIOJIB30BAaHUU (POPMYITT TUHAMUYECKONW TeOpuH A.
C. Bupnogckoro u A. H. Agonuna. 1o atum xe popmyrnam nosydeHo HauboJibIiee
COBNAJICHHE C pe3yJbTaTaMHd HEMOCPEJACTBEHHOTO 3amMepa JauHamorpadom

Harpy3o0K, JEUCTBYIOIINX HA CaJJbHUKOBBIN IITOK.

MNPAKTUYECKOE 3AHATHE 5
JAunamorpagupoBanue padoThbl IITAHIOBOM INIyOMHHOHACOCHON YCTAHOBKH
JunamorpadupoBaHieM Ha3bIBAIOT H3MEPEHHE HArpy30K, HCIBITHIBAEMBIX
mTaHTaMU TIpU paboTe riIyOMHHOHACOCHOM ycTaHOBKU. Ha HedTemoObIBarommx
OPEeINPUITUIX TPUMEHSIOTCS TJIaBHBIM 00Pa30M TUIAPABINYECKUE TUHAMOTpadbl
KOHCTpyKIuu I .M.MunuHn3oHa.
Kapmannbiii tunamorpad I'/IM-3 (puc.1) cocTouT U3 1ByX OCHOBHBIX Y3JIOB:

VM3MEPUTENBHOIO U PETUCTPUPYIOLIETO. B M3MEpUTENBHBIN y3€1 BXOIAT: MECC03a
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11, npencrapmustonias co6oil mojaocts /(), 3aMOIHEHHYIO CIUPTOM U MEPEKPHITYIO
METAJJTMYECKOU WIIM PE3MHOBOM MEMOpPAHOM, Ha KOTOPYIO OMUPAETCs MOPIICHb 9;
reJauKouianbHas (TpyoyaTas) npyKuHa 7, COEIMHEHHAsl C MECCI030M KaWIISIPOM

8, v pbiyar /2.

Pucynox 1 - Iunamorpad I'’IM-3

M3MepUTENBbHBIN y3€JI BCTABIIETCS MEXIy TpPaBEpCaMU IOJBECKH IITaHT
TaKUM 00pa30oM, UTOOBI X PACTITMBAOLINE YCUIIHUS IPEOOPA30BBIBAINCH B YCUIIUS,
CKMMarolme Mecc103y (ppryar /2 1aBUT Ha MOPUIEHb 9, KOTOPBIN B CBOIO OYEPEb
JIaBUT HA MEMOpaHy).

Peruncrpupyromuii y3en COCTOUT M3 XOJOBOIO BHHTA 3, CTOJMKAa-CaMONMCLIA
5, mkuBa 2 v nepa 6, TPUKPEILNICHHOTO K TeIMKOUAATbHOMN NPy KUHE.

CoznraBaeMoe Ha)kaTUEM MOPIIHS JABJICHUE KUAKOCTH B IOJIOCTU MECCHO3BI,
KaIWUIIPE Y TEIMKOUIATBHOMN NPYKUHE PACKPYUUBAET ITOCIEAHIOIO HA YT OJI, BEJIU-
YiMHA KOTOPOTO MPSIMO NPOIOPLHMOHAJIBHA PACTATMBAOIIEMY YCWIHIO HA LITAHTH.
Bo Bpemsi packpyuuBaHus T1epo 6 UEpPTUT Ha JAMArpaMMHOM OJaHKe,
MPUKPEIUISIEMOM K CTOJIMKY caMONucla J, TUHUIO Harpy3ku. lunamorpad Bmecrte
CO IITAaHI'aMH COBEPIIAET ABUKEHUE BBEPX U BHU3.

[Ipu xone BBEpX HUTH [, MPUKPEIJIEHHAs K HEMOABMW)KHOW YacCTU YCTHEBOI'O

060py)1013aHI/151, CMAaThIBaA€TCsa CO IIKHBA 2, 3aCTaBJisid €0 BpallaTbCsl BMECTC C
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x0J0BbIM BUHTOM 3. Ilpu 3TOM Xo/0Bas raiika (Ha yepTexke He MOoKa3zaHa) CO
CTOJIMKOM CaMOIIKCLA, K KOTOPOMY OHa JKE€CTKO IMPUKPEIJIEHA, IBUKETCSI BMECTE C
MOCJICTHUM BBEPX MO HaANpaBsrouM 4. B monoctu BuHTa 3 MMeeTcsi BO3BpAaTHAs
crupalibHas TMpyKWHa (Ha YepTeke He IMOKa3aHa), KOTopas IpH XOJE BBEpX
3aBOJIUTCA, a MPHU XOJ€ BHHU3 PACKPY4YMBAETCs, BO3Bpallas CTOJMK B HayalbHOE
noynoxkenue. [Ipu mnepeMenieHnu CTOJIMKA NEpPO 3alMChIBAET HA HEM JIBUIKEHUE
MOJIMPOBAHHOTO INTOKAa B ONpeleJeHHOM Macmrtabe. Macmrad 3anucu
MEepeMEILICHUsT 3aBUCUT OT JuaMmeTrpa mkuBa 2. B komiuiekte auHamorpada
MMEIOTCS CMEHHBIE ITKUBBI U1 MacmiTaboB 1:15, 1:30 u 1:45.

UtoObl mo Onanky auHamorpada MOXKHO OBUIO ONpPENeNsiTh BEIWYUHBI
Harpy30K Ha IITaHTW, TPUOOp NpEeIBapUTENTHLHO KamuOpyeTcs (TapupyeTcs) Ha
COOTBETCTBYIOILIEH YCTAHOBKE (HAIpUMEP, HAa Pa3pbIBHOW MAILUHE).

Huuamorpadsr ['JIM-3 BeinmyckaroTcst Ha ipenesnsl usmepenuii: 40, 80 u 10 kH.
JonycTumas morpenHocTs nprudopa coctapisieT + 2% mnpeaena u3MepeHus..

JlunamorpaMmMa CTpOUTCS B IPSIMOYTOJIbHOM cuctemMe koopauHat (puc. 2). [1o
ocH abCLMCC OTKIIA/IBIBAETCS PACCTOSTHUE S TOUKH IMOJABECKH IITAHT OT IPOU3BOIBHO
BBIOpAaHHOM TOYKHM Hayajia orcyeTa K (Hanpumep, OT BEpXHEU IIIOCKOCTH YCTHEBOTO
dbrnanma), a Mo ocu OpAMHAT — Harpy3ka Ha mTaHru P. Yyactok Ab Ha
JMHAMOTpaMM€ COOTBETCTBYET HaudallbHOMY NEpUOJAY IBIKEHHUS IIITOKAa BBEPX
(pactaruBaroliee ycwine yBeIuuuBaeTcs). Touka b COOTBETCTBYET MOMEHTY
OTKPBITHSI BCAChIBAOIIETO KiamaHa. B unrepsane HB (poobKeHHE X0/1a BBEPX)
Harpy3Ka Ha IITaHTH MTOCTOsIHHA U paBHa P;. B untepBasie B/ (X011 BHU3) CO LITAHT
CHUMAETCs BeC CTO0a KUIAKOCTH M B TOYKe I OTKpPHIBACTCA HAarHETaTEIbHBIN
kiamnad. B unrepBaiie I'4A (mpoobKeHUE X0/1a) Harpy3Ka Ha IITAaHTY MUHUMAaJIbHasI

Y paBHa P,.
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Hus Xod nmonupobanwoeo  Bepx
wimgka §

d_20 40 60 80 100 mm

M
7.5 ~N— ~
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S

S

S

Hazpyska wa nonupobanms
wmok P, %o
S

7
Macwmad 7:20  Macuwmad cuner 100 %=7F kH

Puc. 2. Teopetnueckas AuHamorpamma padoThl TITyOMHHOTO HAacoca

AHann3 U o0OpaboTKa JMHAMOTpaMM TJIYOMHHBIX HACOCOB 3aKJIIOYAETCS B
ompenenieHU 1o ee (GopMe U pa3MepaM YCIOBHM pabOThl  TOJI3€MHOTO

o0opy1oBaHUs U MOKa3aTeeld paboThl MTyOUMHHOTO Hacoca.
B  3aBucumocTH OT  yCIOBHH  pabOThl  MOA3EMHOTO  00OpYIOBaHHS
INTyOMHHOHACOCHOW IITAHIOBOM YCTaHOBKHM JMHAMOIpaMMa HMMEET Ty WIM HHYIO

dbopMy, 4acTO OTAMYHYIO OT (HOpPMBI HOPMAJIBHOW JAMHAMOTPAMMBI, HO Oojiee WiH

MeHee OJMHAKOBYIO ISl ONPEeeIEHHBIX YCIOBUM.

[To dbopme muHAMOTPAMMBI ONPENEIISIOT KaYECTBEHHBIE MOKa3aTen pabOThI
riyouHHoro Hacoca. IIpaktuyeckue Hambosiee 4acTo BeTpedarontuecs (Hopmbl

JUHAMOTpaMM padOThl TIIYyOMHHOHACOCHOM IITAHTOBOM YCTAaHOBKHU TOKa3aHbl Ha

puc. 3.
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Puc. 3. Ilpaktuueckue popmMbl AMHAMOTPaMM

I —HopManbHas paboTa Hacoca: 1- npu riryOuHe criycka: 00JbIloif; 2 — cpeaHel, 3 — Maoif;
1] — yTedky B HarHeTaTelbHOHN YacTu: | — TeopeTHuyecKre IMHAMOrpaMMBbl, 2 — HeOOJIbIIas yTeuKa,
3 — cpenHsisa yTeuka, 4 — OoJbIlas yTeuka, 5 — CphIB MOJIaYu YTEUKOM, 6 — BBIXOJ HarHETaTEIbHOM
YacTH U3 CTpOsl, 7 — IepeMEHHas yTedka; [// — yredka B IPUEMHOM 4acTU: 1 — TeopeTudeckue
JMHAMOTpaMMbl, 2 — HeOoJbllas yTedka, 3 — CpeAHss yreuka, 4 — Oojpluas yreuka, 5 —

MEepeMCHHas yTeuKa, IIpuBOAAIas K CpbIBY IIOJAA4Y1 U BbIXOAY HpHeMHOﬁ 49acCTHU U3 CTpOA, 6 — HeT

nojauu; / V' — onHOBpeMeHHas yTeuka; V - yredka B TpyOax;
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[Iponomxkenue puc. 3. [Ipakruyeckue GopMbl AUHAMOTPAMM
VI—BnusiHue ra3a Ha paboTy Hacoca: 1 — TeopeThueckas IuHaMorpamMmma, 2 — BIUSHUE IIaCTOBOTO
ra3a, 3 — oTKauka ypoBHs /10 IIpHMeMa Hacoca, 4 — U3BMEHEHUE KOHTYpa MpHU BIUSHUU IIACTOBOTO
rasza; VIl — au3kas nocaaka; VIII— BeICOKas MOCaaKa B HACOCE C 3aXBaTHBIM IITOKOM; /X — BbICOKas
nocajika B Hacoce 0e3 3aXBaTHOIO HITOKA; X — 3aeaHue rneckom; X/ — npuxsar rryHxepa; X711 —
yaapsbl B crakane; X//I — Hu3kas mocajika ¥ HaTsbKKa 3aXBaTHOTO MITOKA; X/V — 0OpbhIB IITaHT WU
UX OTBOPOT
O06padoTka IMHAMOrpaMm

[Ipu mpocreiieit 06pabOTKe NUHAMOTPAMMBbI OMPEAEISIOT KOJIMUYECTBEHHbIE U

KaueCTBEHHBIE TOKa3aTeau palboThl TIIyOMHHOHACOCHOW YCTaHOBKHW: HArpy3Kd Ha

IMMOJIMPOBAHHOM HITOKEC, MJIMHBI XOJa IJIYHXEPAa U MOJUPOBAHHOTO IITOKA, BEJIMYNHBI

K03 dUIIMeHTa HAIOJHEHHsI Hacoca U T.11.
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N3mepsiemyro  Harpy3ky P onpeaenstoT  YMHOKEHHMEM  MOKa3aHUs
auHamorpada N (B % wiH B TOJSIX IUHUIIEI) Ha MacmTad ycunuit Mp (B kH / %)
P=N- Mp, xH. (1)
Jnst Touku M (cMm. puc. 2) ycuime
P=2065-70=4550xH.

[lepemenienusi MOMMPOBAHHOTO IITOKA W IUTYH)KEpa OIPENessIIoT JeJeHHEeM
paccTosiHUST MEXIy 3aJaHHBIMH TOYKAMHU Ha MacmTad mnepememeHuit, Ms, M/MM.
PaccTossHre Mexmy HByMsI TOYKaMU MO TUHAMOTPaMME OIPEACISIOT KaK Pa3HOCTb
MOKAa3aHUM JJIA 3TUX TOYEK IO MIKAJIE NEPEMEIICHUN.

PaccTosinue Mexay NeprneHAMKYJsIpaMu, OMYHIIEHHBIMH W3 KpPaWHUX TOUYEK
nuHaMmorpaMmbl (Touek A W B, cM. puc. 2) Ha 0OCb, COOTBETCTBYET XOJIy
MOJIUPOBAHHOTO IITOKA /1,.

B nannom ciyuae

hpw = ab —0a =109 — 18 = 91 mm. 2)

X0/ TOMUPOBAHHOTO IITOKA

S =l : Ms= 91 : 1/20 = 1820 mm. 3)
BennunHa xoma IUTyH)XXepa HAacoca COOTBETCTBYET PACCTOSHUIO MEXKITY
MEPIIEHAUKYJISIpaMU, OITYLIECHHBIMU HA OCh U3 TOUEK b u B
hpy=ab - 0S =109 — 29 = 80 mm. 4)
XoJ mIyHxepa
Spr=hpy - Ms=80: 1720 = 1600 mm. (5)
[ToTeps X012 MOJIMPOBAHHOTO IITOKA paBHA
AS = S-S = 1820— 1600 = 220 mm. (6)

Koaddunment mnomaun HaAcoca # OPHEHTUPOBOYHO OMPEACISCTCS Kak

OTHOIIIEHUE
N =Sw: Sw=1600:1820 = 0,88 (7)

Nmest pe3ynbTaThl pacyeTa M aHAIW3a AUHAMOTPAMMBI, ONPEAENSIOT

BO3MOYKHBIE TIPH ATHX YCIOBUSIX MTApaMETPhI: TIyOUHY CITycka Hacoca H,,, TuaMeTpsl

iyHxepa Dy, 1 ITaHr d,,, JaBJIEHUE CTON0Aa KUJKOCTHU p,, U APyTHE.
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I[JISI YHOpOIICHUA pacuCTOB HpGHC6pC)KCM ChJIaMH TPCHHUS WM NABJICHUCM Ha
YCTBC. HpI/IMeM BCC HITAHTY KOJIOHHBI OAHOTO JUaMCTpa.
I[aBJIeHI/Ie cTOJI0a ZKHUIKOCTHU 110 HACOCOM
Pu=prcg H, Mlla (8)
rAC Pouc — INIOTHOCTDL KUAKOCTU IMPOAYKIHU CKBAXXHHBI; & — YCKOPCHHUC
CBO6OI[HOI‘O IHaCHUs.
N3 ananuza ANHaAMOI'paMMBbI IIOJIY4arOT YCUJIMEC B IMOJMPOBAHHOM IITOKE OT
BE€Ca IITaHT
PW = Pmin = Nmin . Mp :—KH. (9)

Ycunaue ot Beca )KUJIKOCTH

Pofc: mec' Pmin = (Nmax' Nmin) Mp :—KH- (10)

[Tnomans miyHxkepa nuameTpom Dy,

F,. =1 D?,/4, M. (11)
Cuuta Beca cToJ10a )KUIAKOCTH
Pre = puFui= pacg Hy (n D?,/4), kH. (12)
OTtkyna
H,=4P,./ pacg 7 D*,, M. (13)

[Tnomans ceueHus mTaHTu JuaMeTpoM dy
fu=Td?u/4, M. (14)
Bec K0JIOHHBI MITAHT B )KUJIKOCTH
Py = (nd’u/4) - Hy (px - pac), KH, (15)
e Py — IUIOTHOCTh MaTEpHaNa IITaHT, Py = 7,85 T/M>.

OTtkyaa ¢ yuetoM ypaBaenuit (13) u (15)

P D *
d, = /( P oM (16)
p."t - pJIC HC

[IpoBens cokpallleHus U U3BIICUCHUE U3-TI0J KOPHS, ITOJy4aeM OTHOLICHHE

ABYX HCHU3BCCTHBIX TUAMCTPOB
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S TS
Bocnonpsiyemcs psgamMu CyIeCTBYIOINUX pa3MepPOB JHAMETPOB:
IyHKepoB, D, 29, 32, 44, 57, 70, 95 mwm;
IITAHT, dun: 12, 16, 19, 22, 25, 28 mm.

dw _ Pmp_mg (17)

Bri6epemM opueHTHPOBOYHO 3HAUEHUS TUAMETPOB, IPU KOTOPHIX OTHOIIICHUE
paBHO BeIUUCICHHOMY 110 (17), o Tab. 1:
Tabnuna 1- YncneHHble 3HaYeHNUs] OTHOIICHUN JUAMETPOB IITAHT U ILTYH>KEPOB

HacocoB dy, / Dy,

JrameTpsl IyHKEPOB Dyy, MM
29 32 44 57 70 95
. 12 0,41 0,38 0,27 0,21 0,17 0,13
§ 16 0,55 0,50 0,36 0,28 0,23 0,17
é . 19 0,65 0,60 0,43 0,33 0,27 0,20
a = 22 0,76 0,69 0,50 0,39 0,31 0,23
% 25 0,86 0,78 0,57 0,44 0,36 0,26
EE[ 28 0,96 0,87 0,64 0,49 0,40 0,29

OmnpenensieM TJIyOuHy YCTaHOBKH Hacoca 1o (13).
OpHEHTUPOBOYHO OMPEEIiEM TEOPETUYECKYIO IToAady Hacoca rpu 10 xonax
B MUHYTY
On =Suu (R D/ 4) - M- 10 - 1440 = m¥/cyr. (18)
OpHUEeHTUPOBOYHO MPUHUMAEM BO3MOKHbIE HIM(PBI HACOCOB MO TAOIUIE 2,
YUNTBIBAs TOJYYEHHBbIE 3HA4YEHUs JuaMmMeTpa IulyHxkepa D, UIMHY XoJa
MOJIMPOBAHHOTO INTOKA S,,, Hamop (TiIyOuMHY yCTaHOBKHM Hacoca) H, u nebur

CKBaXMHBI (MoJavya Hacoca) npu 10 Xxogax B MUHYTY.




Ta6J'II/ILIa 2 - O6macTu IMPUMCHCHU S PA3JINYHBIX TUIIOB CKBA)KMHHBIX HACOCOB U

cooTBeTCTBYOMMX KOJOHH HKT

Mudp YcnoBHbIM [Tonaua HaunGombmas Hanop, Y cnoBHbIM
Hacoca. Pazmep, (n=10), JUIMHA X074, M nuametrp HKT,
MM M /eym. MM MM
29 8,8 900 1200 48
32 10,4 900 1200 48
HHIC 44 19,7 900 1200 60
57 33 900 1200 73
32 35 3000 1200 48
44 76,6 3500 1500 60
HH2C 57 128,5 3500 1200 73
70 193,9 3500 1000 80
95 357 3500 800 114
32 35 3000 1200 48
44 98,5 4500 1500 60
HH2b 57 163.3 4500 1200 73
70 249.3 4500 1000 80
95 459,2 4500 800 114
29 28,5 3000 2500 60
32 35 3000 2200 60
HBIC 38 57,5 3500 2000 73
44 76,5 3500 1500 73
57 128,5 3500 1200 89
29 28,5 3000 2500 60
32 36 3000 2200 60
HB1b 38 98 3000 2000 73
44 131,3 6000 1500 73
57 2204 6000 1200 89
32 35 3000 3500
HB2b HB2b 38 98 6000 3500
44 131,3 6000 3000
57 2204 6000 2500

[Ipumeuanue: B ycioBHOM 0003Hau€HUU Hacoca, Hanpumep, Hb1b-29-12-15

it HH12C-32-18-15, mepBoie nBe OykBbl M IM(dpa yKa3bBAIOT THI HACOCA,

cienyroue OyKBbl — HMCHOJHEHUME LWIMHApA (M Hacoca), mepBble 2 nudper —

AUaMCTp HaACocCa, IMOCICAYIONMEC — MJMHY XOoJa IUIYHXKEpa B MM W HAIIOp B M,
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yMeHbleHHbie B 100 pas.
JluaMeTp HaCOCHO-KOMIIPECCOPHBIX TPYO D,y TPUMEM TIO MOCIEAHEH Ipade
Tabm. 2.
Teopernyeckast MOIITHOCTh HAacOCa
N Hm = p m Qm =

OpUEHTUPOBOYHO OMpeesieM MHU(p CTaHKa-Kadajakd, KOTOPbI MOT OBITH

, KBT. (19)

YCTaHOBJICH Ha UCCIIEyeMOM, CKBaXXHHE 10 TabmuIe 3:

Tabnuna 3 - Texauueckast XapaKTepUCTHKA CTAHKOB-KadaJloK

Tunopa3smep HomuHanbHas Harpy3ka Ha HomuHanbHas uiMHa Xo1a
CTaHKa-Ka4aJIKu YCTbEBOM IITOKE, KIH YCTHEBOIO LITOKA, M

CK3-1,2-630 30 1,2
CK5-3-2500 50 3,0
CK6-2,1-2500 60 2,1
CK12-2,5-4000 120 2,5
CK8-3,5-4000 80 3.5

CK10-3-5600 100 3,0

brnaHk aHanv3a TMHAMOTPAMMBbI BKJIOYAET UCXOAHBIE JAaHHbIE, rpaduyecKuii
aHaJIn3 JUHAMOTPAaMMBbI, pe3yJIbTaThl pabOThI, 3aKJIFOUEHUE U PEKOMEH 1Al H.

HcxoaHble JaHHBIE.

Opranmzanuss  (wmdp rpymnmsl), omnepatop (pamunus, UM, OTYECTBO
CTYZ€HTa), 1aTa, HOMEp BapuaHTa 3aJaHUsl, MAaCIITa0bl CUJI U MEPEMEILICHUH.

['padrueckuii ananmm3 AMHAMOTPAMMBI.

Konuga puHamorpamMmbl ¢ KOOPAMHATHOW CETKOM, NEPIEHAUKYJISIpAMU,
ONYIIEHHBIMHU HAa TOPU3OHTAIBHYIO OChb U3 TOueKk A b B w [, 3HadYeHUsIMHU
ONpPEAEIAEMBIX [0 JAWHAMOTPAMME BEJIIMYMH JUIMH XOJOB M HArpy3Kd Ha
MTOJIMPOBAHHBIN IITOK.

Ha xonuu nuHaMorpaMMbl BBIACISIOT IIBETOM XapaKTepHbIe (hOpMbl yU4aCTKOB
KPHBOM, HCIIOJIB3YEMBIE JJISI AHAJIN3a U COCTABIICHUS 3aKIFOYEHUS.

Pe3ynprarsl pacueros.

IIpuBOIATCS pe3yapTaThl pacyeTOB: U3MEPEHHAs Harpy3Ka Ha IOJIMPOBAHHOM

IITOKCEC, HauOoIbIIasl U HaWMEHBIIAs BEJIWYHHA X0Ia IOJIHMPOBAHHOI'O INTOKA H
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IUTYH)Kepa, MoTeps XojJa MOJMPOBAHHOTO INTOKA, KOA(PGUIMEHT moaadyu Hacoca,
JaBJICHUE CTOJI0A JKUIKOCTH, BEC INTAaHT M KUIAKOCTH, TIyOMHA CIycKa Hacoca,
JIMaMEeTPhl TUTYH)KEpa U IITAHT U Jp.

3aKIIroueHue.

[To pe3ynbraram rpadhuueckoro aHaiau3a JMHAMOTPaMMBbI U pacueToB JeIacTCs
3aKJTI0YCHUE 00 UCTIPABHOCTH HACOCHOM YCTAHOBKHU M KOHKPETHBIX HAPYIICHHSIX.

Pexomenmanuu.

B koHIIe TpUBOASTCS PEKOMEHJAIMK TI0 WCIIPABICHUIO PabOThI YCTAaHOBKH,
BHJIaM PEMOHTA, YKa3bIBAETCsI HEOOX0UMOE 000pyI0BaHue U HHCTpyMeHT. Dopma

0J1aHKa Moka3aHa Ha puc.4.

BJIAHK AHAJIM3A TUHAMOI' PAMMBbI

Oprann3zanus
Oneparop
Jlara Bapuant 3aJIaHUS
Macmrab cuibsr 100% , kH. Macmrab nepemenieHus M/MM.
b
é A Y 7 ~—N B
'_ /
3
=
e 2
M T P)K
E ©
= 8 | P
o
I E A . —~—————
o A r
= Pw:Pmin
©
u v 4
a 6 e 8

Xopg, noJINPOBAHHOIO LUTOKAa



XO,Z[ IMOJIMPOBAHHOI'O IITOKA Snm = s MM

XoJ IIyHKepa Hacoca Sy = , MM
[ToTepst xona mToka AS = , MM
Koaddunument nomauu n =

JlaBnenue cToi0a JXUIKOCTH Pn= ,Mlla
Bec niranr P, = ,kH
Bec cronba xxugkoctu P,.= ,kH
['myOGuHa crycka Hacoca H, = , M
JnameTp mmyHxkepa Hacoca Dy, = , MM
JlnameTp KOJIOHHBI IITaHT du= , MM
[udp Hacoca

HacocHo-komnpeccopHbie TpYyObl  [ur = , MM
Teopernueckas mojaya Hacoca On = , M /cym.
['mapaBiuyueckass MOIITHOCTh Num = , KBm

[udp cranka-kayaiaku

3aKII0YEHUE

Pexomennmanmmn

[Tonnuce oneparopa

IMPAKTHYECKOE 3AHATHE 6

IMoaoop ycranosku INIIH a1 3kcnyaTanmu CKBa)KMHbI

N3BeCTHO MHOXKECTBO Pa3IMYHBIX METOJUK Mojoopa ycraHoBku [I1[OH, HO

OOJBLIIMHCTBO U3 HUX JOCTAaTOYHO CJIOKHBIC.

Wznaraemeiii Huxke skcenpecc-meron momoopa IIIDH 0Gasupyercs Ha

pe3ylibTarax OKCIICPUMCHTAJIBbHBIX I/ICCHGI[OBaHI/Iﬁ

paboTHI

IMOT'PYKHBIX

LHEHTPOOEKHBIX IEKTPOHACOCOB HA PA3JIMYHBIX HEPDTAHBIX MECTOPOKICHUSX.
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B ocHoBy MeTona mom0opa MOJIOKEHBI CIEAYIONIUME 3KCIEPUMEHTATBHO
YCTaHOBJICHHBIE (DaKTHI:

1. DddexTuBHOCTL, PabOTHI HAcOCa OMPEAENSCTCS MaBJIICHHEM Y TpueMa
Hacoca ¥ K03(pPUIMEeHTOM cenapainu cBOOOIHOIO ra3a y npuema.

2. PeanbHble XapaKTEPUCTUKN HACOCOB MOTYT CYIIECTBEHHO OTJIMYATHCSA OT
MACIIOPTHBIX.

3. JlaBneHue Ha BBIXOJAE U3 HACOCA Pgyx ONPENEIAECTCS IO
COOTBETCTBYIOIIIMM  KPUBBIM  pPACOpPENCNICHUS  JIaBJICHUSI B  IOJHEMHHUKE.
[IpencraBiieHHbIE AKCIEPUMEHTANbHBIE KPUBBIE paCTpeleNiCHUs]  JaBJICHUS
CIpaBeIUBBI Ipu JedbuTax ot 23 10 475 1/cyT ms auameTpoB moabeMHUKOB 0,048
u 0,06 M ipu 06BogHEHHOCTH TIpoayKiuu 0 — 1.

DKcrnepuMeHTaAlIbHbIE KPUBBIE pacipeieieH s 1aBieHus (puc. 1) npuBeneHbl
K JJaBJICHUIO HA YCThE CKBAKUHBI, paBHOMY HYJ10. [Ipu 11000M yCThEBOM J1aBIIEHUU
JIaBJICHHE Ha BBIXOJIC M3 HACOCAa HAXOJMUTCS TaK, KaK 3TO MOKa3aHO Ha puc. 1 mus
cienyomux yciaosuit: py = 1,5 MIla, rimybuna cmycka Hacoca H, = 855 M,
00BoHEHHOCTH npoaykuuu B = 0,2. Ha ocu naBiieHni OTKJIaAbIBAIOT JABJICHUE Py
= 1,5 MlIla u npoBOAST JUHUIO JO MEPECEUEHHUs] C KPUBOM 3, COOTBETCTBYIOLIEH
ooBogHenHocTH B = 0,2, monyyas riyouny H =395 m. K atoii riryouHe npubaBmisitor
rIyOuHY cIycka Hacoca 855 M u nonydaroT riyouny 1250 M. I3 nanHo#M riiyOuHbI
MPOBOJASAT JIMHUIO JIO MEPECEUCHUS] C KPUBOW 3 U MOJTY4YarOT JABJICHUE HA BBIKHUIIEC
HAacoca Peux = 7,25 MIIa.

Cyts Metoma moabopa IIIOH  3akmrouaercss B MOCTPOCHUH
TUAPOJMHAMUYECKON XapaKTEPUCTUKHU CKBAaXKUHBI U COBMEUIEHUHU €€ C pPeallbHbIMU
XapaKTepUCTUKAMH HAcOCOB. TOYKM TEpecedeHHUs XapaKTEPU3YIOT COBMECTHBIC

pPEXUMBI paOOTHI CKBaKUHBI M HACOCA.

[Ton rTUAPOAMHAMUYECKOM XAPAKTEPUCTUKOM CKBAXXWHBI TTOHUMAETCS
COBOKYITHAsI XapaKTEPUCTUKA pabOTHI TJIacTa U MOIBEMHUKA, KOTOPAsi BEIPAXKACTCS

rpaduydeckoif 3aBUCUMOCTRIO Haropa (naBnenus) B Gyakunn nogaun H = £ (Q).
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Pucynok 1 — DkcniepuMeHTanbHbIE KPUBBIE PACTIPEACIICHUS TABICHUS

MaxkcuMaabHO BO3MOKHBIN IEOUT CKBAKHHBI
Q = KHP(pHH - p336)9 M3/CYT, (1)
e Ky, — KO(QQUIMEHT TPOAYKTUBHOCTH CKBaXUHBI, M/(cyT-MIIa), pus
mactoBoe napnenue, Mlla, p;,s — 3a0oitHoe naBinenue, Mlla.
[IpuauMas gaBieHUE HA TPUEME HACOCA ONITUMAJIBHBIM Porr, TOTYYAEM
10°(p,,, + £ P.)
K

H =L + » , 2)

P
w &

rac pm — INIOTHOCTb XHUAKOCTH B HMHTCPBAJIC OT 34005 CKBa)KHUHBI A0 IIpucMa

Hacoca, KI/M.
Takum o6pazom, 1o (2) aJist 3aaaHHoro 1eduta Q v OnpeIeICHHOTO JIaBJICHUS
Ponr BBIUMCISIETCS IIyOMHA cnycka Hacoca Hy. 3areM 1Mo COOTBETCTBYIOIIMM
KpuBbIM (puc. 1) B 3aBUCHMOCTH OT OOBOJIHEHHOCTH M YCTHEBOTO JaBIICHUS
OTIpEICIISASTCS JABICHUE HAa BBIXOJIC HACOCA Pyyx NMPH 33aHHOM mogade Q.
JlaBrienne py, HEOOXOAMMOE IS TOoabeMa 3aJaHHOro (Q Ha IMOBEPXHOCTH,

paccuHuThIBaeTCs 1Mo hopmysie

pH = pBbe - ponTo
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Hanop
H = 10°pu/pxg,

i€ Px — IIOTHOCTD KMIKOCTH, KI/M°.

3agaBasch HECKOJbKUMM 3HAYEHUSIMHU JCOUTOB (MOJ1ay), BBIYMCIISIOT IS
KXJIOro M3 HUX COOTBEeTCTBYIOmUEC Hy, Pex, Pu, H U cTposT Tpaduyeckyro
3aBucumocTh H = f (Q), koTOopas coBMmemaercs ¢ pealbHbIMA XapaKTEPUCTUKAMU
[TI3H (puc. 2). Touku nepeceueHHss XapaKTEpU3yIOT BO3MOXKHBIE COBMECTHBIC
PEXKUMBI PAOOTHI CHCTEMBI.

3agaua: Paccuutarh TUIPOJIUHAMUYECKYIO XApPAKTEPUCTUKY CKBaKUHBI,
BbIOpaTh TUMOpasMep [IIIDH u rioyOunHy ero cmycka Juis CIEAYIOIIMX YCIOBHUM:
rIyOrMHA CKBOXUHBI L, =__ M, TUIaCTOBOE JAaBJeHUE p,, =__ Mlla, 3aboitHoe
JaBI€HUE P =_  MIla, ko3dpuUHEeHT NPOIYKTHUBHOCTU CKBaXHUHBI K,
= M*/(cyr-MIla), 06beMHast 0OBOJHEHHOCT B = __, JIaBJICHUE HA YCThE P,

= Mlla, p = py = KI/M°, ONITUMAlIbHOE JaBIICHUE HA IIPHEME HAcoca

Donm = MI]a.

IHPAKTHYECKOE 3AHATHUE 7

Ilepecuer XapaKTepUCTHKH HEHTPOOEIKHBIX HACOCOB /LISl BA3KHUX KHIKOCTEH

XapakTepUCTUKHU LHEHTPOOEHKHBIX HAacoCOB, PaCCUYMTaHHBIX 151
npeJHa3HAaYeHHbIX JJI1 MEepeKauku BOJbI, NpU paboTe HAa HEPTH, HMEIOIIEH
OTJINYHYIO OT BOJBI BS3KOCTb, CYIIECTBEHHO H3MEHSIOTCA. B  pesynbrare
YBEJIMYEHHUSI CONPOTUBIIEHUS HA TPEHUE B MPOTOYHOM YACTH HACOCA YMEHBIIAKOTCS
nojiaya, Hafmop U K. M. 1., @ oTpedasiemass MOIIHOCTh YBEIMUMUBACTCA. XapakTep
kpuBblx H, N u 1 Hapymaercs BcineAcTBUE M3MEHEHHUsS Kod(h(dUIMeHTa TpeHus,
sBistolerocs pyHkuueit uncia Pelinonbaca Re.

B Hacrosimee BpeMs  CyIIeCTBYeT MHOTO CHOCOOOB  Iepecuera
XapaKTEPUCTUKU IIEHTPOOEKHOro Hacoca ¢ BoAasl Ha HedTh. Ilepecuer

XapaKTEPUCTUKU MPOU3BOJUTCA MPHU MOMOILIM MOMPABOYHBIX KOIPPHUIIUEHTOB K
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XapaKTEPUCTHUKE HACOCA, MOJYYEHHOM MPU NEPEKAUKE BOBI.

PaccMmotpum Meton nepecdeta, npeanoxeHHsii M. 1. Aiizenmreiinom. Ha
puc. 1 mpuBoasTcs rpaduku, nmoctpoeHHbie M. JI. AWizeHIITeiHOM, HA OCHOBaHUH
00001IIeHNS TAaHHBIX UCIBITAHUN Ha BOJAC M BS3KHX JKUIKOCTSAX IEHTPOOSHKHBIX
HACOCOB pa3lIMYHBIX ObicTpoxoaHocTed. Ha stux rpadukax mo ocu opjauHat
oTioKeHbl: Kod(hdumuenT nHamopa Ky mims ompenencHUs 3aBHCHMOCTA MEXKIY
HAnopoM IpH nepekayke BOAbl Hyopa M BSI3KOM KUIAKOCTH Hyegr,; KOIPPUIIUEHT
nonayu Ko, ycTaHaBIMBAIOIIKN 3aBUCUMOCTb MEXy ITOAa4el Hacoca Ha BOIE Qyoxa
U BSA3KOH XKHUAKOCTU Qyegr, M KO PUIMEHT nepecyeTa K. 1. 1. K, Hacoca ¢ BoabI
Nsoxa HA BA3KYIO KHJKOCTD Muegrs- 3@ OCh a0CHUCC NMPUHAT napameTp PeliHonbaca,

3alCaHHbIN B BHUJIC

e Qopm — ONTUMANIbHAS T0JIa4a HACOCA; V — KMHEMATUYECKAST BSI3KOCTD; Doy —

AKBUBAJICHTHBIN AUaMCTP KOJICCA, Ol'IpCI[CJIHGMBIﬁ 110 (bOpMYJIe

DJK« = V4.D2'b2'k’

rae b, — mmpuHa KaHaja Kojieca Ha BHelrHeM nuamerpe Ds; k — koaddumment

CTCCHCHHMS IIOTOKA JOIIaTKaMHM Ha BBIXOAC.

rje ty — [ar JIONaTokK; S, — TOJIIIMHA JJOTATKX Ha BHEITHENH OKPYKHOCTH KoJieca.

[TocTpoeHue XapaKTEPUCTUKHU [JIs1 BA3KOW KUIAKOCTU IO XapaKTEPHUCTHKE
Hacoca, MOJYyYCHHOW OMBITHBIM MYTEM Ha BOJIE, MPOU3BOJUTCS HAa OCHOBAHUU
CJICAYIOIINX MPENOChUIOK:

1) nmpu HEW3MEHHOM 4YHclie OOOpPOTOB Kojleca N JUIS  JKHJIKOCTEH,
00J1aJal0IINX PA3IUYHOM BA3KOCTHIO, IT0[a4ya U HaIllOp HacoCca U3MEHSIOTCS Tak, 4YTO
KO3 dUIIHEHT OBICTPOXOTHOCTH Ng OCTACTCS MTOCTOSHHBIM;

2) xoadpdunuentsr Ky, Ko u K, nmomydennsie no rpaduky (puc. 1) B

nuanasoHe oT Q = 0,8 Quopw 10 Q = 1,2 Qyopy HEU3MEHHBI,
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3) nwanop Hy nmpu Q = 0, ocraercss HEM3MEHHBIM ISl KUAKOCTEH 1000

BA3KOCTH.
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Pucynok 1 — I'paduk ko3¢ (uLneHTOB nepecuera XapakTepUCTUK LIEHTPOOEIKHBIX
HACOCOB C BOJIbI HA BSI3KUE JKUJIKOCTH.
Ky — koaddunuent nepecuera nanopa H; Kq — koaddunment nepecyera mogauu
Q; K, — xoaddunment nepecuera K. 1. 1. 1.
Ha puc. 1 nansl 3Hauenus kod¢pduunentos K, Kq u K, B 3aBucumoctu ot
ymucia PeliHonpaCa, OTKYAA NOJIyYUM

QHC{[)mb = KQ ’ Qze()()a

neghmo = KH ’ H 600a

n Hegpmo = Kr] T] 600a

U3 paccmotpenust kpusbix koddpdumuentoB Ky u Kqg Bunno, uro mis Re >
7-10° Benmnumna xodpduuuentos K, u Ko Mano ormiuyaercs OT €IUHULBI, T. €.
YBEIMYCHUE THUAPABIMYECKUX TMOTEPh TMpU Tiepecdyere ¢ BOAbl Ha HeDThH

HC3HAYUTCIIBHO.
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Koaddumment K, u3zmeHsercss 1OBOJBHO 3HAYUTENBHO, YTO OOBSCHSAETCA
YBEIIMYEHUEM TOTEPh HA JUCKOBOE TpeHue. J[js moToka >KUJIKOCTH pexuma R. <
7-10° rumpaBIMYecKHE MOTEPH CYLIECTBEHHO BO3PACTAIOT M 3aMETHO BIIHUSIOT HA
CHU)KEHHE K. II. JI. IGHTPOOEKHOT0 Hacoca.
Omnpenenus 3HaYeHUS Queqros Huegro U MNuegr, MOKHO BBIYMCIUTH MOIIHOCTD,
noTpedIsieMyt0 HACOCOM

_ QHE(/)mh ) Hne(j)mb
n Hegpmb

negpmo

IMPAKTUYECKOE 3AHATHE 8
Bb100p BhIIIKH, 000PY/10BAHNS U OCHACTKH TAJEBOM CHCTEMBbI LISl
NPOM3BOACTBA PEMOHTHBIX PadOT B CKBAKMHE

Bri6op HEOOXOOUMMOW YCTaHOBKHM, OOOpYAOBaHUSI W MHCTPYMEHTa I
PEMOHTA CKBaXMH IPOU3BOIAT UCXOAS U3 KATETOPUU PEMOHTA U BUJA ITPEACTOSIIUX
pabor. Jlig peMoHTa CKBAXKHUH HCIOJB3YIOTCA  CTAllMOHAPHBIE  BBILIKH,
NEepeBIKHBIE YCTAaHOBKHM, MauThl. OCHOBHBIM KpUTEpUEM JJid BblOOpa TUIA
YCTaHOBKH M 000pYy10BaHUS ABIISIETCS UX IPY30MOABEMHOCTH U BbIcoTa. B mporecce
PEMOHTHBIX pPabOT Ha BBILKY (MauTy) JAEUCTBYIOT BEpPTUKAJIbHBIE U
TOPU30HTAJIbHbIE HArpy3kud. BpIOOp BBINIKM NPOU3BOAAT MO BEPTUKAIBHBIM
Harpyskam, JUisl 4ero ONpEeNeNsIloT UX MaKCHMAJIbHOE 3HAYEHHUE, KOTOPOE MOMKET
UCIIBITHIBATH BBIILIKA B MPOLECCE PEMOHTA CKBAKHHBI.

[TpaBunamu 6e3omacHOCTH B HeTAHOM U ra3oBoi npombiiieHHocTH (P 08-
200-98) nonycTuMas Harpy3ka Ha KprOKe He JI0/bKHa npeBbimaTh 0,6 BEIUYUHBI OT
pacuéTHoi Macchl OypwJIbHOM KOJOHHBI; 0,9 — OT pacuéTHOM Macchl 00cCaHOM
KOJIOHHBI; 1,0 — OT BeIMUMHBI YKa3aHHOTO MapaMeTpa NpH JIMKBUAAIMU TPUXBATa.

3anauda 1.1. BeiOpaTh BBIIIKY, 000pYJI0BaHHE U OCHACTKY TaJ€BOM CHUCTEMBbI

AJIs1 IIPOU3BOJACTBA pa60T B CKBaXHHC, BOCCTAHaBJIMBAEMOM METOJIOM 3apE3KN U



42
OypeHust BToporo cTBoJjia. MicxonHple JaHHbIe MpuBeeHbI B Tabmuie 1.1.
[TopsiioK perieHus 3a1auu:
1. OnpenenseM MakCUMaIbHYIO BEPTHKATIBLHYIO HATPY3KY, JCHCTBYIOITYIO Ha
BBIIIKY, 110 (hOpMyJIE:
Prux=Pipt+ Pyt Pyt P, (1.1)
rne P, — MakcuMaibHas Harpyska, JeiCcTByroIas Ha Kprok, KH;
P, P, - HaTsDKEHUE, COOTBETCTBEHHO, XOIOBOTO M HEIIOABIKHOTO KOHI[OB
TajeBoro kanara, kH;
P,.. - Bec TaneBoii cuctemsbl, KH.
2. Onpeaenum Bec HanboJee THKETON KOJTOHHBI OYPHIBHBIX MM 00CaTHBIX
TpyO, CITyCKaeMbIX B CKBaXKHUHY 110 (hopMyJIe:
G = gsrL + qsan(L/l) + qysrlyst, (1.2)
rae: qsr— Bec 1 M OypuibHOM TpyOsI, H;
L — nyimHa KOJIOHHBI OypUIIbHBIX TPYO, M;
g3 — Bec 3amka bT unu mydrer OK, cootBeTcTBEHHO, H;
[ — cpenHss nauHa TPyOBI, M;
qgvsr—Bec 1 m YBT, H;
lysr— mmua YBT, m.

3. Onpenenum Bec 00caHOM KOJIOHHBI («XBOCTOBUKA») MO (hopMyIie:

L
G='q L +qL5m+q L +q 9% (1.3)

| BT BT 33— | | OK OK M — |
) \ r)
rne  Lpr— anuHa BT, Ha KOTOpBIX ciycKaeTcs "XBOCTOBUK', M;
Lok — nnuHa "XBocTOBHKA'", M;
qox —Bec 1m OK, H.
4. U3 (1.2) u (1.3) onpenensieM Bec HanboJee TAKETON KOMITOHOBKH.
5. Onpenenum CTaTUYECKYIO HArpy3Ky, AEHCTBYIOIIYIO Ha KPIOK, C YUETOM

obneruenus Beca bT B 6ypoBom pactBope 1o dhopmysie:
([ p )
P, =kG |1-—" |, (1.4)
CoP)
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k — ko3 PUITMEHT, YUUTHIBAOIINM 3aTSKKU U MPUXBATHI KOJIOHHBI

(k=125 + 1,30);

Gk — Bec HanboJree TsHKENOM KOJIOHHEI, KH;

P5p ¥ Py — THIOTHOCTH, COOTBETCTBEHHO, OYpPOBOTO pacTBOpa U MaTepuaa

Tpy0, Kr/M>; (par = 7850 kr/m?).

Ta6numa 1.1 — MicxoaHbie 1aHHBIC JIJ1s1 BEIOOPA BBIIIKH, 000PYI0BAaHUS U TaJIEBOM

CUCTEMBI
No |IIpoektnas| duamerp HNurepain Hwnamerp, Juamerp u qymHa
/11 [r1yOuHa, M| 9/KOJIOHHBL, | BCKPBITHSI | TOJIIMHA CTCHKH "XBOCTOBHKA",
MM "okHa", M BT, Mmm MM/M
1 1800 245 1600-1605 114/10 140/25 146/200
2 1810 168 1605-1610 102/10 114/30 140/250
3 1820 146 1610-1615 89/9 114/20 114/300
4 1830 168 1627-1630 89/11 108/25 114/230
5 1840 245 1620-1625 114/11 140/20 146/300
6 1850 146 1625-1630 102/9 114/20 114/100
7 1860 245 1630-1635 114/9 140/30 146/100
8 1870 168 1635-1640 114/8 114/40 140/100
9 1880 146 1645-1655 102/8 114/150
10 1890 245 1655-1665 114/7 146/150
11 1900 168 1665-1670 114/10 140/150
12 1910 146 1670-1675 114/9 114/200
13 1920 245 1675-1680 114/11 140/40 140/200
14 1930 168 1680-1685 114/9 114/250
15 1940 146 1685-1690 102/7 114/45 114/300
16 1950 245 1695-1700 114/11 140/250
17 1960 168 1700-1710 114/8 114/350
18 1970 146 1710-1715 102/8 114/400
19 1980 245 1715-1720 114/10 146/250
20 1990 168 1720-1730 114/9 114/55 114/400

* mmoTHOCTH OypoBOro pacreopa — 1200 xr/m’
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6. Mcxong n3 MakCUMasIbHOM Harpy3Ku Ha KPIOKE BHIOMPAEM THUII
NoAbEMHUKA JJIsI IPOU3BOACTBA PEMOHTHBIX paloT.
7. OmnpenernsieM Bec TaJeBOM CHCTEMBI IO (hopMyIie:
Prc = qxstqrstqke, (1.5)
Ie  gxs— Bec KpoHOsoka, kH;
¢ 15 — BeC TajeBoro 6ioka, kH;
qxp — BeC Kproka, kH.

8. OmpeaenuM 4UCIo CTPYH OCHACTKH TaJeBOM CUCTEMBI IO hopMyJie:

P
n=__"_

PN e
(1.6)
rne Pk — Haubosblnee TIArOBOE yCWIME Ha HaOerarlieM KOHIE TalleBOro
kaHaTa Ha | ckopocTu noabémMHuKa (J1e0&nku), kH;
Nrc — K.ILJ. TaJE€BON CUCTEMBI, 3aBUCSIINI OT YUCIIa IMKHBOB KPOHOJIOKA 1
TajeBoro 6yoka (cMm. Tabdm. 1.2).

Tabmuma 1.2 — 3aBUCUMOCTE K.II.JI. OT YHCJIa IIIKUBOB

YuCI10 MKUBOB 1 2 3 4 5 6 7 8 9 10

KT (n77c) 0,97 10941092 0,90 |0,88|0,87| 0,85/ 0,84 | 0,82 | 0,81

CornacHo pacuéra (1.6) mpuHUMAaeTCsl OCHACTKA TaJE€BOM CHCTEMBI.
9. OmpenensieM TOMYCTUMYIO TIIyOMHY OypeHHUsI BTOPOTO CTBOJIa C y4ETOM
BBIOpaHHOM OCHACTKH MO (popMmyiie:

B PI(B" B 1) _ Qysr lysr (1.7)

L - s
¢p"B-1)  d

oon

rne S — Ko3DPUIMEHT, YYUTHIBAIONIUN TPEHUE B MOIIUITHUKAX IITKUBOB U
kaHata o mkuBkl (f = 1,03);
, ,
q'—Bec 1 m BT ¢ yuérom BbICaIKM KOHLIOB U Beca 3aMKOB, H.
IKenayamayus 8viuiex U Maim.

B IMpoHuecCce OBKCIUTyaTallMKM BBIIICK W MA4UT HMX CICAYCT IMNCPHUOAUYCCKH
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OCMaTpHUBaTh TOCIE YCTAaHOBKH; JI0 M TOCIE TPAHCIIOPTUPOBAHUS B COOpPAHHOM
BUJIC; TIepe]] TPOU3ZBOJCTBOM CIIOKHBIX pPAOOT (JIOBWIBHBIX, pacXakKHUBaHUS
NPUXBAYCHHOTO MHCTPYMEHTA, CITyCKa 00CaAHON KOJIOHHBI | T.I1.); TIOCTIE CUIBHOTO
BeTpa (Ha OTKPBITOM MECTHOCTH CBBINIE 8 OanaoB U B jecHOW — 10 GamioB) u
OTKPBITHIX HE()TETIPOSIBICHUH.

[Tpu ocMOTpe BBITIEK U Ma4T 0cO00€ BHUMAHHE CIIeAyeT 00paIiarh Ha:
1)  TPSIMOJIMHEHHOCTH HOT W 3a30PHI B CTHIKaX TPYO.
2)  cocrosiHue (pyHAaMEHTOB (IehopMaIuio, TPEIIUHbI, KOPPO3UIO U JAPYyTUe
ne(EeKTHI).
3)  COCTOSHHME CBapHBIX IIIBOB, JHWArOHAJIBHBIX TAT, OAJIKOHOB, JICCTHHII,
OTPaXKJICHUN U OTTSIKEK.

HeobOxoammo cieanuTtsb 3a 00JTOBBIME COSTMHEHHUSMU BCEX y3JI0B BBITIIKU WITH
MayThl — OHM JOJOKHBI OBITh HANEKHO 3aTSHYTHI U YKPEIUIEHbl KOHTPraKaMu.

Br1siBI1eHHBIC I[G(bCKTI)I HCO6XOI[I/IMO HCMCIJICHHO YCTPAHHUTD.

INPAKTUYECKOE 3AHATHUE 9
N3yuyenue odopynoBanus st cO0Opa v MOATrOTOBKU He)TH M ra3a

B c6ope HedTH 1 raza HeOOXOAUMO BBITIOJIHSTH CIEAYIOIINE ONEPALIUN:

1) cOop 1 3aMep NMPOAYKIIMHU CKBAXKHH;

2) otnenenue (cenapanus) HeTH OT rasa;

3) ocBoOOXkAeHNE HEPTH U Ta3a OT BOAbI U MEXAHUUYECKUX MTPUMECE;

4) TpaHcniopT He(pTU OT COOPHBIX M 3aMEPHBIX YCTAHOBOK IO MPOMBICIOBBIX
pe3epByapHbIX MapkoB W Tra3a [0 KOMIIPECCOPHBIX  CTAaHUUH WM
ra3opacrpeeuTeNbHbIX Y3JI0B;

5) ob6e3BoxuBaHue (AeaMmysbcaius) HedTH U B psle CIy4aeB ee
o0OecconMBaHue U cTaOUIU3aLIMs, T. €. YJaJIeHUE U3 Hee JIETKUX YriIeBOA0POIOB;

6) yaneHue U3 raza HeHy >KHbIX pUMeceil 1 OTOEH3MHUBAHUE €r0;

7) yuetr n100buM He(pTH U Ta3a U UX claya TPAHCIIOPTHBIM OPraHU3aLUSIM.
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EnuHoli yHHMBeEpcalbHOM CXEMbI MPOMBICIOBOTO cOOpa, TpaHCIoOpTa H
00paboTKu HE(TH U Ta3a He CyIIeCTBYeT. Bece nMeromuecs cXeMbl BUTOU3MEHSIOTCS
B 3aBUCUMOCTH OT MECTHBIX YCJIOBHIA: Te0rpaduuecKoro pacroioKeHHus IpoOMbICTa,
paccTosTHUSL MEXAY CKBaXMHaMHU, oObeMa J00bIUM, Croco0a HKCILTyaTaluu
CKBa)KMH, KauecTBa J0ObIBaeMOi HEPTH, €e OOBOJHEHHOCTH U T. II.

Ha HedTsHBIX mpoMBICTaX dYalle BCErO HCIOJIb3YIOT LEHTPATN30BAHHYIO
cxemy cbopa u noaroroBku Hedtu (puc. 1). CO0p mMpoayKIUU MPOU3BOIAT OT
Ipynibl CKBAKUH HAa aBTOMATU3WPOBAHHBIE TPYIIOBHIE 3aMEPHbIE YCTaHOBKHU
(AT'3Y). Ot xaxa0i CKBaXUHBI 10 WHAUWBHAyaJbHOMY TpyOompoBoay Ha AI'3Y
NocTyraet HepTh BMeCTe ¢ ra3oM U 1utactoBoi Bojoi. Ha AI'3Y npousBoasT y4yet
TOYHOI'O KOJIMYECTBA NOCTYMAIOIIEH OT KaXJOW CKBAXKHHBI HEPTH, a TaKXKe
NEPBUYHYIO CEMapanuio sl YaCTUYHOIO OTJEIEHUS IIACTOBOM BOJBI, HEPTIHOTO
raza M MEXaHWYECKHX INPUMECE ¢ HampaBICHUEM OTHEICHHOTO Ta3a Mo
razonpoBonay Ha ['TI3 (razonepepadarbiBatonuii 3aBoj1). YacTuuHO 00€3BOKEHHAS U
YaCTUYHO JIera3upoBaHHAsh HEPTh IMOCTyMaeT Mo CcOOPHOMY KOJUICKTOPY Ha
neHTpaibHbli MyHKT cOopa (LII1C). OOb14HO HA OJTHOM HEPTSIHOM MECTOPOKICHUH
ycrpauBaroT oauH LIIC. Ho B psae caydaeB ogun LIIIC ycTpauBatoT Ha HECKOJIBKO
MECTOPOKICHHUH C pa3MeIEHUEM ero Ha 0osiee KpyITHOM MECTOpOXaAeHUuu. B aTom
cllyda€ Ha OTHEJIbHBIX MECTOPOXKACHUSIX MOTYT COOPYXAaThCsl KOMILUIEKCHbBIE
coopnsbie nyHKTHI (KCII), rie yactuuno npousBoautcs 0opadorka Hedtu. Ha LIIC
COCpPEZIOTOYEHBI YCTAaHOBKM IO TMOATOTOBKE HePTH W Boabsl. Ha ycraHoBke 1Mo
MOATOTOBKE HE(TU OCYHIECTBISIOT B KOMIUIEKCE BCE TEXHOJIOTUYECKUE ONEPALIMH
o ee moarotoBke. Komrekt atoro o6opynosanus HazbiBaeTcsa Y KITH — ycranoBka

10 KOMILIEKCHOM TOATOTOBKE HE(DTH.
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- Bodu

Pucynok 1 — Cxema cOopa 1 NOATOTOBKH MPOAYKIIMN CKBaKUH HA HEPTSIHOM
IPOMBICIIE:

1 — HedTAHAs CKBaXKMHA; 2 — aBTOMATHU3UPOBAaHHbBIE TPYIIIIOBBIE 3aMepHbIe ycTaHOBKU (AT'3Y); 3
— noxxumHast HacocHas ctanuus (JJHC); 4 — ycraHOBKa OYMCTKH IJIACTOBOM BOJBI; 5 —
YCTaHOBKA MOATOTOBKH He(PTH; 6 — Ta30KOMIIPECCOPHAsl CTAaHIUs; 7 — IIEHTPAIbHBIN MYHKT

cbopa HeTH, Ta3a U BOJBL; 8§ — pe3epByapHBIil Mapk

YKIIH npencrasisier co6oil HEOOIBIIONW 3aBOJ MO MEPBUYHOMN MOATOTOBKE
He(Tu (merazaumsi, 00€3BOKMBaHUE, oOeccoyiMBaHue, cTadbuinsanus). B ceipyro
HeTH (puc. 2), mocTynaroiyko 1o JuHuu I, nogaercs nesmynbratop (mo aunauu II).
Hacocom / HedTh HampaBiseTcsl B TEMII0O0OMEHHUK 2, B KOTOPOM HarpeBaeTcs 10
50-60°C ropsueir ctabuiabHOM HedThl0, moctymnaromed no jguauu I, mocrne
cTabunn3amoHHoN KoJoHHHKI 8. [TogorpeTas HeTh B OTCTOMHUKE MEPBOM CTYTICHH
00€3BOXKMBaHUS 3 YACTUYHO OTEJISETCS OT BOJBI U IIPOXOAUT Uepe3 CMECUTEIND 4,
IZI€ CMEIIMBAETCS C MPECHOM BOJOM, MOCTYMNAKOIIEH IO JIMHUM V IJISi OTMBIBKH
COJIEW, M HAIIpaBJISIETCA B OTCTOMHUK BTOPOM CTYNEHM 5 M MO JUHUHA VI B
anekTpoaeruaparop6. OtaeneHHas Boja oTBoauTcs o guHusm [V. ObecconenHas
He(Th HaCOCOM /4 HaNpaBISETCA B OTIAPHYIO YaCTh CTAOMIIM3AITMOHHONW KOJIOHHBI

8 uepe3 temnooOMennuk 7. HarpeB Hedru B Temnoodmennuke 7 mo 150-160°C
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OCYIIECTBJISIETCS 32 CUeT Temia CTa0wibHOM  HepTH, MOCTyMNaroIen
HEMOCPEJCTBEHHO CHU3Y CTAaOMIM3AIMOHHOW KOJOHHBI 8. B crabunuszanuoHHON
KOJIOHHE TPOUCXOAUT  OTAeNeHue Jerkux ¢pakumii HedTH, KOTOpHIC
KOHJIEHCUpYIOTC U nepenatrorcss Ha [TI3. BHuM3y oTnapHod  4actu
CTaOMIIM3AIMOHHON KOJIOHHBI MOJIEpKUBAETCs Oojiee BhICOKas TemrmepaTypa (10
240°C), uwem Temmeparypa He(TH, NOCTyMaroUmIed BBEpX OTIAPHOM 4YacTH.
TemnepaTypa noaaepKuBaeTcs HUPKYIIAIUeH cTaOUIbHON HEePTH U3 HIDKHEHN YacTH
CTaOMJIM3AI[MOHHON KOJOHHBI uepe3 meub /3. Llupkymsmus crabuibHONH HePTH
ocyuiecTBiseTcss HacocoM /2 o muHuM X. B rmeun /3 MOKeT Takke MoJ0rpeBaThes
4acTh HECTAOMIILHOUM HE(TH, KOTOpas 3aTEM MOJAAETCS BBEPX OTHAPHOU KOJIOHHBI IO
muauu XI. B pe3ynbrare HarpeBa U3 HE(TH MHTEHCHBHO HCHAPSAIOTCS JIETKHUE
(dpakuy, KOTOpbIe MOCTYNAOT B BEPXHIOK YacTh CTAOMIM3AIIMOHHON KOJIOHHBI,
I7ie Ha Tapejkax MPOUCXOAUT 0oJiee YETKOE Pa3[esieHHE Ha JIETKHE M TSHKEJIble
yrieBogoponasl. Ilapel nerkux yriaeBomopoaoB W ra3 mo JjuHuu VI u3
CTaOMIM3AIMOHHOM KOJIOHHBI TOCTYNAIOT B KOHJIEHCATOP- XOJOIMIBHUK 9, T1Ie OHU
oxnaxzaarorcs 10 30°C, oCHOBHas MX 4acThb KOHJACHCHUPYETCA M HAKAIUIMBACTCS B
eMKOCTH opoleHus /(. I'a3 1 HECKOHJAEHCUPOBABIIMECS Napbl HAIMPABISIOTCS IO
muann VIII Ha ropenku neun

13. Konpencar (mmpoxas ¢pakuus JErkKux YyriieBoJOpoAoB) HacocoMm [/
[IEPEKAYNBACTCS B EMKOCTU XPAHEHUS, a 4acTh 0 JUHUM [X HanpaBisercs BBEpX
CTaOMJIM3aI[MOHHON KOJIOHHBI Ha opolleHue. Yacto ais nepemeleHus HeQTu ot
AI'3Y po UIIC npumenstor JJHC — A0XMMHYIO HACOCHYIO CTAaHIIMIO, T.K.
IJJACTOBOTO JaBieHus okasbiBaeTcsa HegocratouHo. Ha LIIC pacnonmokensl Takxke
YCTaHOBKHM I10 NOATOTOBKE BoAbl — YIIB, Ha koTopoi Bona, ornenenHas Ha YKITH
OoT He(TH, MOABEPraeTCsd OUYMUCTKE OT YACTHUI] MEXAaHUYECKUX MPUMECEH, OKUCIIOB
Kene3a W T.J0. U HalpaBiseTCs B CUCTEMY NOJIJEPKAHMS IUIACTOBOIO JIaBJICHHUS
(ITI1). B cucreme IIITJ] moaroToBaeHHast BOJia ¢ MOMOIIBIO KYCTOBBIX HACOCHBIX
cranuuii (KHC) mox OGonemum naenenueM (mo 20-25 MIla) dgepes cucremy

TpyOOTIPOBOIOB-BOJIOBOJIOB TMOJAETCS K HarHETaTeIbHBIM (MHKEKIIMOHHBIM)
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CKBa)KMHAM U 3aT€M B IPOAYKTHBHBIE Tu1acThl. [locie Toro kak He(Th NOAHSIIN U3
CKBO)XMHBl Ha ITOBEPXHOCTh, OHA MOMAJAaET B CHCTEMY cOOpa W MOATOTOBKU
npoaykuuu. Bes aTa cuctema npencraBisieT co00M JOBOJIBHO CIIOKHBIM KOMILIEKC
HE(TENPOMBICIOBOIO 000OpPYAOBaHUS, COCTOSIIIUNA U3 TPyOOIpPOBOAOB, 3alOPHO-
PEryIUpYIOLIEH almapaTypbl, 3aMEpPHBIX YCTAHOBOK, CEIapaTopoB, PE3€pBYapoB.
dopmupyercs cucrtema coopa U NOATOTOBKH HE(TU B COOTBETCTBUU C [IpoekToM
00yCcTpONCTBa MECTOPOKACHUS, KOTOPBIN pa3padaTbiBaeTCs CIIELUAIN3UPOBAHHOM
IPOEKTHOM Opranu3anueil (IpOeKTHBIM HHCTUTYTOM).

[Iponykius HEPTSIHBIX CKBaXUH MPAKTUYECKHM HHUKOTJAa HE COCTOUT U3
yrcroil HegTH. Kak npaBuio, oHa npeacrasisieT co0oit cmech HEPTH, BOBI U ra3a
C HEeOOJBIIMMHU TpHUMeEcSIMHU Apyrux BemecTB. [losTomy BaxkHeillien 3amgaudei
cUCcTeMbl cOopa M MOJATOTOBKM HEPTH SIBISETCS cemapalusi, TO €CTh pa3felieHue
He(TH, ra3a U BOJBI Ipyr OT Apyra.

1l (20pR20a crodunt 30 YuoHHOA HEQETY) 7y (e03)

¥ (bodo zucTag) 9
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Pucynok 2 — Texnonornueckas cxema YKITH:
1 —Hacoc; 2 — TemI000MEeHHHK; 3 — OTCTOWHUK (CTyIeHb 00€3BOKUBAHUS); 4 — CMECUTEIb
(c uncroii Bos10i); 5 — oTcTOMHUK (1 CTYHeHM); 6 — ANEKTPOJETUTPATOP; 7 — TEMI000OMEHHHUK
(150 - 160°C); 8 — cTabunu3upoBaHHas KoNoHHA (oTrapHast); 9 — XOIOAUILHBIH KOHIEHCATOP

(m0 30°C); 10 — emxocTs opontenus; /1, 12 — nacoc; 13 — neus; 14 — Hacoc
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Cenapanusi, KaKk HpaBUIO, MPOUCXOAUT B HECKOJBKO crammii. Ha kaxnmoii
CTaJlMd MOTYT HCHOJb30BaThCS pa3IMUYHBIE TUIIBI cemapaTopoB. [lo mpuHIHITY
JCHCTBUSL CemapaTtopbl JENSITCs Ha LEHTPOOEKHBbIE U TPABUTAIMOHHBIC, TIO
KOHCTPYKLIMM — Ha TOPU3OHTAJbHbIC, BepTHKaIbHbIE, cepuueckue. s OGomee
3¢ (EKTUBHOTO OTIENEHUS BOABI OT He)TH W TpexymnpexneHus o0pazoBaHUS
TPYAHOPA3pyILIaeMOil SMYJIbCUH B MPOIYKIMIO CKBAXUH JOOABIISIOT Pa3InYHbIC
peareHThI-1eAMYNbraTophl. Takke Ha OMpeAeTICHHBIX CTAANUAX MPOU3BOISAT HATPEB
He(TH A7l YCKOPEHHsI POLIECCOB Pa3AeNeHus BOJbI OT HEPTH.

TpyOonpoBoabl,  mpumeHsiemMble  Ha  HedTenmpoMmbiciax  OOBIYHO

noapasacIAOTCA Ha:

. HedrenpoBoasr;

. ["azompoBoas;

. HedrerazonpoBoibi;

. BononpoBo bl (BOI0BOABI).

TpyOonpoBoabl, BEAyIIME OT YCTbS CKBaXMH [0 TPYIIOBBIX 3aMEpPHBIX
YCTAHOBOK, HAa3bIBAIOT BBIKUIHBIMU JIMHUSMHU. A OT TPYIIOBBIX YCTAHOBOK K
COOPHBIM ITYHKTAM — KOJUIEKTOPaMHU.

Ha mnepBoii cragum cOopa W TOATOTOBKM CKBOKHMHHAS JKHIAKOCTH IO
BBIKMHOW JIMHUU TOMaJaeT Ha TPYNIOBYI 3amepHyro ycraHoBky (I'3VY), rme
OTIpENENAETCS KOJIMYECTBO JA00OBIBAEMON M3 CKBAaXUH KHUJIKOCTU U MPOU3BOAUTCS
YaCTUYHOE OTJIEJIEHHE TMOMyTHOro ra3a W BoAbl OT Heptu. J[lanee HedTh
MOCPECTBOM J0XKMUMHOU HacocHO# ctanuuu ([AHC) uepe3 cOopHbIE KOMIEKTOPHI
HaIpaBJsieTCcsl Ha IeHTpalbHbIN myHKT cOoopa (LITIC).

OObIYHO HA OAHOM HEPTSIHOM MecTopoxaeHuH ycrpauBatoT oaud LIIC. Ho
uHora nenecoodpazno oauH LI1C ucmoas30BaTh 11 HECKOJIBKUX MECTOPOKICHUN
C pa3MelIeHHeM ero Ha 0oJjiee KpymHOM U3 HUX. B 3TOM ciydae Ha OTAEIbHBIX
MECTOPOXKJICHHUSIX MOTYT COOPYKaThCsl KOMIUIeKCHbIe cOopHble TyHKTHI (KCII), rae

KUIKOCTh, T0OBITAs U3 CKBAKUH, TPOXOJIUT YACTUUHYIO CETapaInio u 00padoTKy.
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OcHOBHOE Ha3HAUYE€HHE JOXKUMHOM HACOCHOM CTaHIUMU - OOECHeYuTh
JOTIOMTHUTENBHBI Hamop s mepekauku Heptu Ha [IIIC ¢  oTmameHHBIX
mectopoxkaeHuit. Yacro JJHC o0benuHSIOT ¢ YCTaHOBKOH MpeaBapUTEIHLHOTO
copoca Bojsl (YIICB), Ha KOTOpO#l MPOU3BOAMUTCS YacTHUHAS cenapamus HedTu,
ra3a, BOJbl U JaJIbHEWIIas epeKadka UX pa3aebHbIMUA TPYOOIPOBOAAMM.

OxoHuarteabHas MOATOTOBKA HEPTH MPOBOAUTCS HA yCTAHOBKE KOMILIEKCHOM
noarotoBku Hedtu (YKIIH), sBnstomelica cocraBHoi yacthio moustus LIIIC.
[Iporiecc okoHYATENBHON MOATOTOBKY HE()TH BKIIIOYAECT:

o Jlerazauuio (OKOHYATEIbHOE OT/IEJICHHE T'a3a OT He(PTH)

« OO0e3BoXXkHMBaHUE (pa3pyllIeHUE BOJOHEPTIHOM SMYIbCUU, 00pa3yIoencs
IIpU NOAbEME NPOAYKLINN U3 CKBaKUHBI U TpaHcnopte ee 10 YKIIH)

« OOecconuBanue (yJaJeHHe coJeil 3a cCUeT 10OaBIECHHs PECHON BOIBI U
MOBTOPHOTO 00€3BOKMBAHNS)

o Crabunmzanuio (yaajgeHue Jerkux (pakiquii ¢ Lenbl0 yMEHBIICHUs
NoTepb HE(PTH MPU €€ AaJIbHENIIEN TPAaHCIOPTUPOBKE)

[ToaroToBnennass (ToBapHas) HedTh HaNpaBisIeTCs B TOBapHBIA MapK,
BKJIIOYAOIIMN pe3epByapbl paznmyHol BMectumoctd: ot 1000 m® mo 50000 m>.
Hanee HeTh yepe3 roJOBHYIO HACOCHYIO CTAHIIMIO MOJAETCS B MAruCTPaJbHBIN
HedTenpoBoI.

Bonpocsl kK npakTHYeCKOMY 3aHATHIO

1. Kakue omepauuu BBIOMHSIOTCS B CUCTEME TpyOONpPOBOJOB,
amnrnaparoB U COOPYKEHUM g cOopa M MOATrOTOBKY HeTH U raza’?

2. HazoBute cymecTByromme cxembl cOopa W IMOJATOTOBKM Tasza, UX
IPEUMYILECTBA, HEAOCTATKU?

3. Cxema cOopa M MOArOTOBKM MNPOAYKIMU CKBRXXHUH Ha HEPTIHOM
npomeicie. Kak ona paboraet?

4. TexHonmornyeckas cxema yCTaHOBKH IO KOMILJIEKCHOM MOArOTOBKE

He(TH.
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MeTtonudeckue peKOMEHIAIMN MPeAHA3HAYCHBI ISl CTYICHTOB HAIMPABIICHUS TOJATOTOBKH
21.03.01 HedrerazoBoe neno, HampaBICHHOCTh (MPOoQuiIb) DKCIUTyaTaluss ¥ OOCITy)KMBaHUE
00BEKTOB J100bIUM Ta3a, TA30KOHICHCATA U MOI3EMHBIX XPaHMIIUII ra3a.

[{eqb METOIUUECKUX PEKOMEHIAITUN:

1. Meronuyeckoe CONPOBOXKIEHUE IMIpOIlecca BBEACHUS M pealu3aluu TpeOoBaHUI
(benepanbHOro rocyIapcTBEHHOIO 00pa3oBaTeNbHOTO CTaHJApTa BBICHIETO O0pazoBaHHs (Iayiee
®I'OC BO), momoris mpu pa3padoTke padodnx y4eOHBIX IPOrpaMM JUCIHUILIINH 00pa30BaTeIbHON
nporpammsl (naiee OIT).

2. Co3ganusi B 00pa3oBaTEIbHOM YUPEKIECHUU YUeOHO-METOJUYECKOro OOecreueHus
00pa3oBaTeNBLHOrO IpoIiecca.

Metoanyeckie pPEKOMEHIAMU  OINPENENSIOT CYITHOCTh CAaMOCTOSITENIbHOW — paboThI

CTYJCHTOB B By3€, €¢ Ha3HaUCHUE, INIAHUPOBaHUE, (OPMBI OPTraHU3AIUN W BH]IBI KOHTPOJIS.



Conep:xanne

1. HopmaTtuBHOe oOecnieueHue camoctosaTeasHoi padotel B PI'OC BO
2. Ha3znaueHue v BUIb CAMOCTOSATEIBLHON paOOThI CTYICHTOB

3. KonTpoisb caMocTosTeTbHON paboThI CTYICHTOB MPETIOIaBATEIIMU



1. HopmaTuBHOe 0o0ecniedeHne caMmocTosATebHOI padorsl B PI'OC BO
1.1. TpeboBanus Kk ycinosusm peanuzauuu Oll:

- TpeOoBaHUsI K 0053aTEIbHOMY MUHHUMYMY COAEp)KaHUs 0Opa30BaTEIbHOW MPOrpaMMbl
IOJIrOTOBKM OakajaBpa, K YCJIOBUSM €€ peajM3allid M CPOKaM €€ OCBOECHHUsS OIpPEIeISIOTCS
HactosmuMm OI'OC BO;

- B mporpamMmy OakanaBpuaTa BXOAUT «JlMCUMIUIMHBI (MOIYJH)», KOTOPBIA BKIIOYACT
JTUCUUIUIMHBL (MOMAYJIN), OTHOCSAIIMECS K OOS3aTeNbHOW YacTH HPOTPaMMbl W JIUCIUILTMHBI
(Momynun), OTHOCSIIMECS K 4acTd, (OpMUPYEMOIl ydacTHUKaMU OOpa30BaTeIbHBIX OTHOLICHUH.
JucuuiuinHel (MOJyJM), OTHOCSIIMECS K 00s3aTeNbHOM YacTH HporpaMMmsbl OakanaBpuata,
SBJIAIOTCS. 003aTENBHBIMU 11 OCBOEHUSI OOy4arOUIMMCsl BHE 3aBHCHMOCTH OT HAIPaBJIEHHOCTU
(mpoduiis) mporpammel OakajiaBpuara, KOTOpYt0 OH ocBauBaer. HabGop nucummiive (Momyneil),
OTHOCSALIMXCS K 00513aTeJIbHON YacTH MPOrpaMMbl OakagaBpuaTa, By3 OIpeesseT CaMOCTOSTEIbHO
B 00beMe, yctaHoBiaeHHOM HactosiuM PI'OC BO. lucuuniauasl (MOIYy/IH), OTHOCSIUECS K YACTH,
dbopmMHupyeMoil yJaCTHHKaMH OOpa30OBaTEIbHBIX OTHOIIEHHH OINPENEeNIIOT HalpaBICHHOCTh
(nmpogunpb) nporpammsl OakanaBpuara. HabGop nucuurumH (MOAysei), OTHOCSILMXCS K YacTu,
bopMHUpyeMoOil ydacTHUKaMH 00pa30oBaTeIbHBIX OTHOLICHUH, ONpeaeseT By3 CaMOCTOSITENLHO B
obobeme, ycranoBiaeHHOM HacTosaumm GI'OC BO. Ilocne BbiOopa 00yyaromuMcst HalpaBIeHHOCTH
(mpodunst) nmporpamMmbl, HabOp  COOTBETCTBYIOIUMX  JUCHUUIUIMH  (MOJYJIEH)CTaHOBUTCS
00s13aTeIbHBIM ISl OCBOCHUS 00Y4arOIUMCS;

- MaKCUMaJIbHBIM 00beM y4eOHOM Harpy3ku CTyJeHTa ycTaHaBlIMBaeTcsa 54 yaca B HeNedo,
BKJTIOYAsi BCE BUJIbI AyJTUTOPHON U BHEAYAUTOPHOM (CaMOCTOSTEIHHOM) yueOHOM pabOTHI.

[Tomemienust st caMOCTOSTENbHON pabOThl OOy4YarOIIMXCSl JOJDKHBI OBITh OCHAIllEHBI
KOMIIBIOTEPHON TEXHMKON C BO3MOKHOCTBIO MOAKIIOUEHHs K ceTH «VHTepHEeT» U obecredeHuem
JIOCTYTIa B DJIEKTPOHHYIO MH(POPMAIIMOHHO-00pa30BaTENbHYIO Cpely opraHusainuu. buOmmoreka
BYy3a JIOJDKHA UMETh JOCTaTOUYHOE KOJMYECTBO COBPEMEHHBIX YUEOHMKOB M yU4E€OHBIX IMOCOOMH 1O
BCEM JMCLHUILJIMHAM W TIOCTOSIHHO BOCIIOJHSATBHCS HAyYHOM JHMTEpaTypoll U NEpUOIUYECKUMU
U3JIaHUAMU HeTera3oBoro npoduis.

O0Bem BpeMeHH, OTBEICHHBII Ha BHEAYJUTOPHYIO CAMOCTOATENNbHYIO paboTy, HaXOAUT
OTpa’KeHHeE:

- B paboueM yuyeOHOM ILIaHe,

- B paboyMx mporpammax y4eOHBIX JUCHMIUIMH C paclpelesieHHeM MO pasjenaM WU

KOHKPCTHBIM TCMaM.



2. Ha3HayeHHe U BHIBI CAMOCTOSITEIbHOI Pa0oThI CTY/IEHTOB
CamocTosTenbHas paboTa MPOBOAUTCS € LETbIO:

e CHCTEeMaTH3allMd ¥ 3aKpeIUICHUs TIOJYYEHHBIX TEOPETUYECKHX 3HAHMHA U
MPAKTUYECKUX YMEHUN CTYJICHTOB;

e yrIyOJCHUS U PACIIMPEHHS TCOPETUICCKUX 3HAHUIA,

e (opMUpOBaHHS YMEHUI HCIOJIH30BATh HOPMATHUBHYIO, NPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIMIO U CHEIUATBHYIO TUTEPaTypy;

® Da3BUTHA IO3HABATEILHBIX CIIOCOOHOCTEW M AKTUBHOCTHU CTY/IEHTOB: TBOPUYECKOM
WHUIIMATUBBI, CAMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH, OPTaHH30BaHHOCTH;

e (opMHUpPOBAHHE CAMOCTOSATEIILHOCTH MBIIIJICHUS, CTIOCOOHOCTEH K CAMOPa3BUTHIO,
COBEPIICHCTBOBAHHIO M CAMOOPTaHU3aAIIH;

e (opmupoBaHus mpakTHUecKux (00IIey4eOHbIX U MPO(ecCHOHANBbHBIX) YMEHUH U
HaBBIKOB;

®  DPa3BUTHIO UCCIIEIOBATEIBCKUX YMEHHH.

BueaymutopHas camocrosiTenbHas ~ pabora — IUTaHHUpyemas — ydeOHas, y4deOHO-
UCCIIEIOBATENbCKAsl, HAy4YHO-UCCIENOBATeIbCKass paboTa  CTYACHTOB, BBINOJIHAEMAs  BO
BHEAYJMTOPHOE BPEMSI 10 3aJIaHHIO U IPH METOAMYECKOM PYKOBOJICTBE MTPEIIOIaBaTelis, HO 0€3 ero
HETIOCPEJICTBEHHOTO yYaCTHS.

B yueOHOM mporecce 00pa3oBaTENbHOTO  YUYPEXKJCHUS BBUICNSIOTCS JIBa BHUIA

CaMOCTOSITENTbHON PabOTHI:

AynuTopHas 1o BreaynutopHas no
JMCLUILITHHE, JTUCLUILIINHE,
MEXIUCHUTTHHAPHOMY MEX AU CLUIIITMHAPHOMY
Kypcy KypCy

BBIMOJIHAETCS Ha y4eOHBIX BBINOJIHSAETCS 110 3aJaHUI0

3aHATHUSX, 10]] HEMOCPEACTBEHHBIM npernojiaBaTens, Ho 0e3 ero

PYKOBOJCTBOM IIpENoAaBaTes u HENOCPEJICTBEHHOTO Y4aCTHs
IO €ro 3a/1aHUI0




3. KoHTpPOJIb caMOCTOATEILHOM PA00THI CTYACHTOB NPeNoAaBaTeIsSIMU

KoHTposib caMoCTOSTENNbHON pabOThI CTYJIEHTOB TPEAYCMATPHBACT:

. COOTHECEHHE CO/IEPKAHUS KOHTPOJIS € LeJIIMU O0y4EHHS;
. 00BEKTHBHOCTH KOHTPOJIS;
o BAIMIHOCTE KOHTPOJIT (COOTBETCTBHE NPEIBSABISAEMBIX 3aJaHUHl  TOMY, 4YTO

MIpeiroJiaraeTcs MpoBepUThH);

. Qg QepeHInaIuo KOHTPOIbHO-U3MEPUTENBHBIX MaTEPHAIIOB.

@DOpMBI KOHTPOJISI CAMOCTOSTEIILHON paboThI

—

[IpocMoTp 1 TpoBepKa BHIMOIHEHUSI CAMOCTOSITEILHON paboTHI MPEnojaBaTesieM.
CamornpoBepka, B3aMMOIIPOBEPKaA BHITIOJHEHHOTO 33/1aHUS B TPYIIIIE.
OO0cyxeHre pe3ysibTaToB BBHITOJHEHHOM PaOOTHI HA 3aHITHH.

TectupoBanue.

[TuceMeHHBIH OrpoC.

YcTHbIi orpoc.

WNunuBuayansHoe cobece10BaHKE.

Komnoksuym.

o ©® N kWD

Otuer o npojenaHHoi padore.

10. 3ammra pedepaToB WK KypcoBOil pabOTHI.
11. TBopueckmuii KOHKypC.

12. UnTepHeT-KOHDEPEHINH.

13. KonrtponbHas pabora.

Kpurepuu olieHKH pe3yabTaToB caMOCTOSTENbHOM paboThI

KpurepusiMu OLIeHOK pe3y/lbTaTOB BHEAYAMTOPHOM CaMOCTOSATENBHOW PabOThl CTy/IEHTa

SABJISAFOTCA .
L4 YPOBCHBb OCBOCHUA CTYACHTOB y‘IC6HOFO MaTepuaia,
L YMCHHA CTYACHTA HCIIOJIb30BaThb TCOPETHUCCKUC 3HAHHSA TIPU  BBIIIOJTHCHUU

IMPAKTUYCCKHUX 3a71a4;

. c(hOpMHUPOBAHHOCTH 00IIIEYUEOHBIX YMEHHIA;

o YMEHHUSI CTYICHTa aKTUBHO HCIIOJNB30BaTh JJIEKTPOHHBIE 0Opa3oBaTeNbHBIC
pecypchl, HAXOAUTh TPeOyIOIIyIOCcs HH(GOPMAIIUIO, U3YYaTh €€ U IPUMEHITH Ha MTPAKTHKE;

o 000CHOBAHHOCTH W Y€TKOCTh M3JI0KCHUS OTBETA;

o odopmIIeHre MaTepralia B COOTBETCTBUH C TPEOOBAHUSIMU;

L4 YMCHHEC OPUCHTUPOBATHCA B ITIOTOKC I/IH(I)OpMaI_II/II/I, BBIACIIATH I''TAaBHOC,



o YMEHHE YeTKO cPOpMYIHpoBaTh IpobdiieMy, IPEI0KUB €€ pelIeHne, KpUTHIECKH

OLICHUTH PCIICHUEC U €T0 IMOCIICACTBUA,

. yMEHHUE T0Ka3aTh, MPOAHAIM3UPOBATh AIbTEPHATUBHBIE BO3MOXKHOCTH, BapUAHTHI
JICHCTBUIA,
. yMeHHEe C(HOPMUPOBATH CBOIO TIO3UIIHIO, OIIEHKY ¥ apT'YMEHTUPOBATH €€.

ConeprkaHne BHEAYTUTOPHOM CAMOCTOSITEIBHOM JIEATEILHOCTH CTYJEHTOB
Meroandeckue ykazaHus JUisl CTYACHTOB I10 BBIMTOJTHEHUIO CAMOCTOSITEIIbHONU PabOTHI:
1. IToaroToBKa K IEKIUSIM;
2. [ToaroroBka K MpaKTUYSCKUM 3aHITHSIM;

3 CamocTosATeIbHOE U3yUeHHEe y4eOHOM IUTepaTyphl.

IlepeyeHb OCHOBHOM JINTEPATYPbI:

1. JIeonona, O. B. /letanu mamun u ocHOBbI KoHCTpyHrpoBanus / O.B. Jleonona ; K.C.
Hukynus. - Mocksa : Ansranp-MI'ABT, 2015. - 130 c., 3x3eMII5pOB HEOTPaHUUEHO

2. Hukurun, /. B. leranu mamia u ocHOBBI KoHCTpyupoBanus / [I.B. Hukutus ; 10.B.
Ponuonos ; U.B. UBanoga, 1, Mexanunueckue nepegaun. - Tamo6os : U3narensctso ®I'BOY BIIO
«TTTY», 2015.-113 c. - ISBN 978-5-8265-1391-0 (06mr.). - ISBN 978-5-8265-1398-9 (Y. 1),
9K3EMILISIPOB HEOTPAHUYEHO.

IlepeyeHb 10NOTHUTEILHOM JINTEPATYPHI:

l. KacpsinoB, B. M. 'ngpomaiinHbl 1 KOMIIpeccopsl : YUEOHUK JUIsl BY30B. - 2-€ U3/,
nepepabd. u gon. - M.: Henpa, 1981. - 295 c.

2. 3a0oiiHble BUHTOBBIE IBUTATENH AJ1s OypeHus ckBaxkuH. / ['ycman M.T., banaenko
J.®., Kouner A.M., Hukomapos C.C. — M.: Henpa, 1981. — 231 c.

3. Pacuer u koHCTpyHpoBaHUE HEPTENPOMBICIOBOTO 000OpY10BaHUS : yuel. mocodue

s By3oB / JI. I'. Uuuepos, I'. B. Monuanos, A. M. PabunoBuu u ap.. - M. : Henpa, 1987. - 422 c.

Ilepeuyenr  y4eOHO-MeTOAMYECKOr0  o0ecleYeHUs]  CAMOCTOATEIbHOH  padoThI
00yuyauuxcsi Mo JUCHUIINHE:

1. JJIEKTPOHHBIN KYPC JICKLIUM;

2. y4eOHO-METOMUECKOe  I0COOME IO  BBIMOJIHEHHWIO IMPAKTUYECKUX  3aHATUH
(37eKTpOHHAas Bepcusl);

Ilepeyenb pecypcoB MHGPOPMALMOHHO-TEJIEKOMMYHUKAUMOHHONH ceTn «HMHTepHeT»,
HeO00XO0IMMBIX /IJIsl 0CBOEHHUS THCUMIIJIMHBI:

1. http://eLibrary.ru/ - Hayunas snexTpoHHas OuOiIroTeKa

2. wwwURL:  http:/www.biblioclub.ru/ - DOnektpoHHas OubIMOTEYHAs CHUCTEMa
«YHHUBEpCUTETCKAss OMOIMOTEKA OHIIANH

3. wwwURL: http://e.lanbook.com/ - DnekTpoHHO-0MOIMOTEUHas cucTema «M31aTenbeTBO
«Jlanb».
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