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Conepxanue

[Ipaktuueckoe 3anstue Nel
TexHuuyeckue cpeacTBa sl UCTIBITAHUSI IEPCIIEKTUBHBIX TOPU30HTOB B MPO-
1ecce OypeHusi.

[TpakTnueckoe 3ansatue Ne2

Pacuer MakCMMaIbHOTO JIaBJICHHUS HAa YCThE CKBAKUHBI U 00BEM JKUIKOCTH, KO-
TOPYIO HEOOXOAMMO 3aKauaTh B CKBAKUHY B IIPOLIECCE BBI30BA IPUTOKA U3
IPOAYKTUBHOIO IJIACTa METOJIOM 3aMELLEHUS )KUJIKOCTH.

[IpakTuueckoe 3ansitue Ne3
Pacuer oO0bema >kUIKOCTH HaJl BO3AYIIHON MOIYIIKON B IPOIIECCE BHI30BA MPH-
TOKA U3 MPOAYKTUBHOTO IJIaCTa METOJIOM BO3yIIHON MOIYIIIKH.

[IpakTuueckoe 3anstue Ned
OnpenenuTth NIyOMHBI YCTAHOBKHM MYCKOBBIX KilanaHoB Ha kKoonHe HKT myist
BBI30Ba MPUTOKA U3 MPOJAYKTUBHOTO IJIACTA.

IIpakTrnueckoe 3ansatue Ne5
Onpeznenenue AaBICHUS 3aKauKy pabodel KHUIKOCTH HACOCHBIMH arperatamMu
IIPY OCBOCHUH CKBAKHMHBI CTPYHHBIMU annapaTaMu.

[IpakTuueckoe 3ansatue Ne6
Pacuer 00beMOB KHIIKOCTEH JIJIst THIPABIMYSCKOTO pa3phiBa IJIaCTa U MacChI
3aKpEenuTeNs TPEIIHH.

IIpakTnueckoe 3ansatue Ne7
Omnpenenenne pacxona *XUIAKOCTH U IaBJICHNS BO BPEMsI HATHETAHUSI KUCIIOT-
HOT'O PacTBOpa B ILIACT.

[TpakTueckoe 3ansatue Ne8
Omnpenenenne ckuH-3(¢()eKTa U OTHOIIECHUS TPOAYKTUBHOCTEH.

Criucok nuTeparypsl




IMPAKTUYECKOE 3AHATHUE Nel
Texnuueckue cpedcmea 0,11 UCNBIMAHUA NEPCNEKMUBHBIX 20PU3OHIMOE 6 RPO-

uecce oypenus.

BrisBiieHME Ka4yeCTBEHHBIX M KOJIMYECTBEHHBIX MApaMETPOB IJIACTOB,
BCKPBIBAEMBIX B Ipollecce OypeHUs CKBaKMH, BO3MOKHO JIMIIL MPU COUYETAHUU
pPa3HBIX METOJIOB WX HCCJICIOBAHWHA - MPOMBINIIEHHO-TEODU3NICCKUX, THIAPOIH-
HAMHYECKHUX C HUCCIEHOBAHUSIMU KEpPHOBOrOo Mmarepuana. Cpeau 3TUX METOJIOB
0co00€ MECTO 3aHUMAIOT THUJPOJAUHAMUYECKHUE, MO3BOJISIIONINE MOJTYYUTh MPUTOK
MJ1acTOBOrO (pyiroua, 0To0paTh HATYpHBIE MPOOBI, OLIECHUTh XapaKTEPUCTUKY KOJI-
JIEKTOPCKUX CBOMCTB IJIaCTa U CTENEHB €ro 3arpsi3HeHMs B MpU3a00MHOM 30HE.

CyTh TUAPOAMHAMUYECKUX METOAOB 3aKJIIOYAETCS B U30JISUUMU MPOTYKTUB-
HOTO TOPU30HTA OT BO3JACUCTBHUS CTOJIOA KUAKOCTH (OypOBOM) M OT OCTaJbHBIX
MPOYKTUBHBIX TOPU30HTOB B CO3JJaHUU TEperajia AaBJICHUS B JAHHOM OOBEKTE C
LEbI0 TIOJIYYEHUs JIBHXKCHUS TJIACTOBOTO (PIIIOMIa CO CTOPOHBI MacCHUBa KOJIIEK-
TOpa K CKBaXUHE, YTOOBI 3apPETUCTPUPOBATh OOBEMHYIO CKOPOCTh MPHUTOKA U Xa-
paKkTep CMEHBI JIaBJICHUSI B CKBOXKMHE MPOTUB UCIILITYEMOTO 00BhEKTa Ha MPOTSIKe-
HUU BCETrO IMEPHOJIa UCTILITAHUS W, KOHEYHO, OTOOpaTh MPEICTABUTEIBHBIC MPOObI
IJIaCTOBOTO (hiIron/Ia.

3HaYEHHWE 3TUX HCCIECAOBAHUM OYEHb BEJIMKO, TAaK KaK HAa OCHOBAaHUM HUX
aHaJIN3a yAaeTCs ONPENEIINTh MPOAYKTHUBHBIE IIJIACTHI U OTIIMYUTh UX OT HEMNPO-
JTYKTUBHBIX, TOJYYUTh WH(OPMAIIUIO, MO3BOJSIONIYIO CYIIIECTBEHHO COKPATUTh
pacxopl Ha OypeHue CKBaXKHUH.

Jlist ucnibiTanusi 0OBbEKTOB B OTKPHITOM CTBOJIE B TMpoIlecce OypeHUs uc-
MOJIB3YIOTCS JBE TPYIIIIbI CIEIUAIBHBIX allllapaToB:

1) anmapartsl, cryckaeMble B CKBaXXHUHY Ha OypUIIbHBIX TpyOax;

2) anmaparthbl, CITyCKaeMbI€ B CKBOKMHY Ha KapOTaKHOM Kadee.

B ckBaxxnHax, 00CaAKEHHBIX HKCILUTyaTAallMOHHOW KOJIOHHOW TpyO, Kpome

YKa3aHHBIX BbIIIC, UCIIOJIB3YIOTCA TUAPOAWHAMHWYCCKHUC HCIIBITATCIIA IJIACTOB Ha



0a3e CTpyHHBIX amlmapaToB, CIIyCKaeMble B CKBaXHUHY TaKXke Ha TpyOax - Oypuib-
HBIX HJIM HACOCHO-KOMITPECCOPHBIX.

[TpumeHeHne ucmbITaTeNed TIACTOB (HAa OYpHIBHBIX TpyOax MM Ha Kapo-
Ta)XKHOM KabeJie) CTalo HEOThEMJIEMOM YaCThIO0 TEXHOJIOTMYECKOIO IMKIA CTPOU-
TEJICTBA PA3BEJOYHBIX CKBAYKUH.

[ToMrMoO Bcex pa3nuuuii B TEXHOJOTHH HUCIBITAHUSA, LEJb ITHX METOJOB -

IMOJIYYCHHC KPUBBIX IIPHUTOKA U KPUBLIX BOCCTAHOBJICHUA JIaBJICHUS.

HUCHBITATEJUA IVIACTOB HA BYPUWIBHBIX TPYBAX

HcnprTatenn Ha TpyOax BKIIOYAIOT CIEAYIOIIME OCHOBHBIE Y3JIbl: (DUIIBTD,
nakep, COOCTBEHHO MCIIBITATEb C YPABHUTEIbHBIM U TJIAaBHBIM BITYCKHBIM Kilama-
HaMHU, 3alIOPHBII U HUPKYISUMOHHBIA KJIanaHbl. DTHU UCMIBITATENN MPEIHa3HAYECHbI
JUISl UCTIBITAHUS CKB)XWH B OJHO-, ABYX-, MHOTOLIMKJIOBBIX PEKMMAX M pacCUUTa-
HBI JUIS UCCIIEA0BAHMS CKBAXKHH B OTKPBITOM CTBOJIE U IIOCIJIE CITyCKa 3KCIUTyaTa-
LIHOHHOW KOJIOHHBI.

Ha puc. 1 nzobpaxeHa cxema KOMIIOHOBKH HCIIBITATENs IUIacTa ¢ IIyOUH-
HbIMU TNPUOOpaMHU U MPOOOOTOOPHUKOM C 3aKpeIsICHMEM MaKepa Ha CTEHKax
CKBA)KHUHBI.

Ha puc. 2, 3 nzo6paxeHsl cXxeMbl KOMIOHOBKH HCIIBITATENs IIACTOB C O-
HUM U ABYMS IIakepaMu U ¢ yrnopom (uiibtpa ("Horu'") Ha 3200 CKBaKUHBI

B Tabn. 1 mpeacraBieHbl XapaKTEpUCTUKU TPEX TUIIOB MCIBITATENeH Iuia-
ctoB Tuna KNMM nByX1ukioBoro aencTBuUs.

OaHUMU U3 OCHOBHBIX 3JIEMEHTOB UCIIBITATENEH TJIACTOB SBJISIFOTCS ITUJIMH-
JpUYECKUE MaKkepbl cxxaTus. [lakepoBaHne MPOUCXOOUT IPU HArpy3Ke Ha Makep OT
15-30 no 150-200 xH B 3aBHCHMOCTH OT THameTpa CKBAKUHBI U CBOMCTB PE3HUHBI.
[Tpu ucnbITaHUM TIIACTOB C YIOPOM Ha 3a00i CKBa)XKUHBI B MOMEHT JIOCTHXKEHUS
XBOCTOBHKOM 320051 pe3MHOBBII 3JIEMEHT MaKkepa MoJ Harpy3Koi COKpauiaercs mo
JUIMHE, YBEJIMYMBAETCS B JAMAMETPE M U30JUPYET PACIOJIOKEHHYIO BBIIIE IMaKepa

30HY OT MOJMAKEPHON UCIIBITYEMOW 30HBI CKBAKUHBI.



Tabmmma 1

IToka3arenn KHNH-2M-146 KHNHN-2M-95 KHNHN-M-65
JlmaMeTp BHENIIHET0 KOpITyca, MM 146 95 67
JnameTp CKBa)KHMHBI, MM 190-295 108-161 75-112
JlmaMeTp makepyromero 3JeMeHTa, MM 170-270 95-145 67-95
MakcumManbHasi AJIMHa OQHOIO y371a, M 2,3 2,5 2,575
JlnuHa moJTHOM KOMIIOHOBKH, M 16,2 18,18 18,465
Macca y3na, Kr 200 100 50
MOJHOTO KOMIUIEKTa 120 910 325
HonycTumslii nepenaj naBiaeHus Ha nakepe, Mlla 35 35 35
Jomyctumas 3aboiiHast Temneparypa, °C 170 170 170
Honyctumas oceBast Harpy3ka, KH:

TIPY COKATHH 300 100 45

IIPU PaCTSLKEHUU 600 250 150

Pucynox - 1. O6mas cxema KOMIIOHOBKM HAallOJIHUTEISI
IUIACTOB C 3aKPEIICHUEM ITAKEPOB HA CTCHKAX CKBAKHUHBI:

1 - ycteeBoe obopyznoBanue; 2, 5 - OypunbHbIe TPYOHI; 3 -
portop; 4 - cnuBHOW KiamaH; 6 - KOMIeHcaTop; 7 - MHO-
TOIMKJIOBOW HCTIBITATEND; 8 - IPOOOOTOOPHUK C MAaHOMET-
pom; 9, 11 - BepxHUIl U HIKHHAN TTaKep COOTBETCTBEHHO;
10 - ¢unbTp ¢ manomerpoM; 12 - onopHbId sKope; 13 -

MaHOMETp
1

, 2

a1 7 3

PucyHok - 2. CxemMa KOMIHOHOBKHM MCIBITATENS IUIACTOB C OJJHUM ITAKEPOM C YIIOPOM Ha 32001 CKBaXKHHBI:

1, 4 - 6ypunbHbIe TPYOBI; 2 - TUPKYJSIHOHHBIN KJIaNaH; 3 - BEpXHUI MaHOMETP; 5 - 3aII0pHO-TIOBOPOTHBIH KJlalaH;
6 - ncnieitarens; 7 - sicc; 8 - makep; 9, 12 - yrspkenennas OypuibHast Tpy6a; 10 - HrwkHuit Manomerp; 11 - dunbtp; 1
3 - ynopHslii 6ammax



HcnbiTyemple MHTEPBAITBI, KaK TPABUIIO, XapaKTEPU3YIOTCS UITU TTOJTHBIM OT-
CYTCTBHEM 30HBI TPOHUKHOBEHUS, UJIM HEOOIBITMMU e¢ pa3sMepamu. [lakepoBanue
U UCIBITAHHE OCYIIECTBISIIOTCSA ¢ ymopom OamMaka 13 Ha 3a00# ckBakuHbl. B
KOMITOHOBKE UCIIBITATEIISI IPUMEHSIOT ouH makep 8 u ¢punstp 11 ¢ MaHOMETpOM
10, KOTOpPBIN yCTaHABIMBAIOT MPOTUB MHTEpBaja UCHBbITAHUS Ha OYpUIIBHBIX TPY-
0ax 1 u 4. Han makepom pacmosioeH sicc 7/, UCTIbITaTelNb 6, 3a1I0OpHO-TTOBOPOTHBIN
KJIanaH 5, OypuibHbIe TpyObl 1 1 4, MUPKYJISAIUOHHBIN KiiamaH 2. BTopoit maHo-
MeTp 3 yCTaHOBJIEH HaJ makepoM. Takxke HaJl makepoM B OypHIIbHBIX TpyOax pas-
Melaercsi mpooooTOOpHUK. B 3aBUCMMOCTH OT mjiaHa pabOT U MHTEHCHUBHOCTH
BBIXOJIa Ta3a U3 OYPWIIBHBIX TPYO MPH OTKPHITHH 3aIIOPHO-TIOBOPOTHOTO KJIAllaHa
UCIIBITAaHUSI MOKET MTPOXOJIUTh B OJTHO- U JBYXIIMKIOBOM PEXKUMAaX.

OcHosuble y3161 KUN-2M-146:

HUcnvimamensv nniacmos IT11-146 npenHa3HaudeH NI BbI30Ba IMPUTOKA U3 IJIACTa,
M30JMPOBAHHOTO OT OCTaJbHBIX YAacCTEH CKBAXMHBI MAKEPOM, MPU CHIKEHHOM
MIPOTHUBOJIABIICHNHY Ha TUTACT.

Acc cudpasnuueckuii IpUMEHsIETCA Il OOJIETYEHUs CHATHS MaKepa C MecTa I0
OKOHYAHWH HUCTIBITAHUS.

Iaxep yununopuuecxuu I11]-178, [11]-146 ucnonb3yercss mjs pa3oOIIeHHUs CKBa-
YKUHBI C UCTIBITAHHBIM TJIACTOM.

Qunbmp @-146 npegHazHaveH A GUIBTPAINH KUAKOCTH, MOCTYHAIOIIEH U3 30-
HBI UCTIBITAHHOTO TUTACTA CKBO3b HCIIBITYIOIINE MPUCITOCOOTICHUS.

Ilepesoonux ons ycmawnoenenus npuoopoe I111-146. HazHaueHue nepeBOgHUKA -
YCTaHOBJICHHE ITYOMHHBIX TPUOOPOB (MAHOMETPOB, TEPMOMETPOB).

Knanan yupxynayuonnwviti KIJ-146 ucnonb3yeTcsi ¢ 1eIbI0 BOCCTAHOBJICHUSI TIPSi-
MO¥ ¥ OOpaTHON ITUPKYJISIIMN Ha/l UCIIBITATSIISIMU TUTACTOB.

IIpucnocobnenue ons onpeccosanus (I110-000). Hasnauenue mpucrocoOacHUS -
CO3JIaHuE TuapaBiIndeckoro nasieHus B y3nax UIIT gns ucoeitanus Ha repme-
TUYHOCTH M 3alIOJTHEHNE MACJITHON KaMephl HUCIIBITATEIS TIACTOB.

Knanan 3anopno-nosopommutii 08otinozo 3axpvimus (311-2-146). Ero HazHaueHue -

JIBYXKPAaTHOE 3aKpPBITHE U OTKPBITUE TMOJOCTU OYPWIBbHBIX TPYO C LEIbIO 3alUCU
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IpU MOMOIIM TITyOMHHBIX MAaHOMETPOB HAdajJbHOW M KOHEYHOH KpHUBOW BOCCTa-
HoByieHus nasieHus (KBJ).

Obssizka k npucnocobnenuio onsi cocamus (OI1C-000). HasHayeHue oOBSI3KU -
MOJIBOJ Maciia B MPUCIIOCOOJICHUE JIJISl CHKATHUS U YIIPaBJICHHUE €ro paboToH.
Ipucnocobaenue ons cocamus (I1CI-146,000). [IpucrnocoOieHHe HUCHOIB3YETCs
JUTSL COKATUSL U PACTSIKEHUS! UCTIBITATENS TIJIaCTOB.

Yonunumens (41.000) obecrieunBaet cOOp MO CEKUUAM JUIsl IPEAYNPEKICHUS U3-
ruba MmToKa MpU 3aTATMBAaHUKM KOMILIEKCa B OYpOBYIO ¢ MOCTKOB U MOA00pE UIH-
HbI KOJIOHHBI OypUIIBHBIX TPYO.

[Ipu ucnpiTaHUM MIIACTOB € YIOPOM Ha 3a00¥ ckBakuHbl yepe3 30-180 ¢ mo-
clie TIepe/ladyu Harpy3Kd Ha MaKepYIOIIMM AJIEMEHT 3aKpbIBACTCS YPAaBHUTEIIbHBIN
KJIallaH ¥ OTKPBIBAETCS BITYCKHOM KJIallaH MCIBITATENs TIACTOB. MOMEHT OTKpPHI-
TUS KJanaHa GUKCUPYETCS Ha YCThe CKBAXKUHBI MOKA3aHUSIMHU CTPEJIKU TUIPABIU-
YECKOTO MHAMKATOpa Beca (BaKHO HE YIYCTUTh KoJieOaHUs 3TOU CTpenku). Mo-
MEHT OTKPBITHS KJIarlaHa MOKHO OOHapyXHUTh U MO PE3KOMY MEePEMEIICHUIO BEPX-
Hell TpyObl BHU3. [Ipu Xopo1o mpomMbITOM 3a00€ poceaHne HHCTPYMEHTa OTCYT-
ctByeT. OJIHAKO TTIaBHBIM MPHU3HAKOM OTKPBITHS KJlaraHa MCIBITATENS U HAIWYHS
MPUTOKA U3 TIacTa CIeayeT CUYUTATh BBIXOJ ra3a (Bo3ayxa) u3 Tpyo. Ilpu oOHapy-
YKEHUU TPOAYKTHUBHOTO HEe(TSHOTO, a TeM OoJjiee Tra30BOTO IJIaCTa UHTCHCUBHBIN
BBIXO/I BO3/lyXa W Ta3a HaOmromaeTcs BU3yanbHO. [l Qukcanmy nmpuToka omnepa-
TOPbI OOBIYHO MOJIB3YIOTCSI PE3MHOBBIM IIIJIAHTOM, COEIMHSIOIIUM BEPXHIO MY(d-
Ty OypuUIBHOM TPYOBI C COCYIOM, 3aMOJTHEHHBIM BOJ0M. [Ipr 3TOM BBIXOM My3BIPh-
KOB Ta3a CKBO3b CIIOW BOJIbI XapakTepu3yeT MHTCHCUBHOCTh NpUTOKa (monga. B
komriekc UIIT BXoauT ycTheBasi TojIoBKa, 00Jierdaroniasi KOHTPOJIb BbIXOa rasa,
1 0TOOp ero npooO.

XapakTep U3MEHEeHHs AaBjeHUs, 3apukcupoBaHHOro MmaHomerpamu 16, 13 u
7 (cMm. puc. 3), nokaszad kpuBbimu |, I, 11l Ha puc. 4. Cxema npobooTdOOpHUKA-

HakonuTens (a) u komnoHoBka UIIT ¢ mpobooTbopHukom (6) n3o0pakeHa Ha puc.
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Pucynok - 3. CxemMa KOMIIOHOBKH HCITBITATENs
IUIACTOB C JIByMs MAKepaMu U C YHOpPOM "HO-
ru" Ha 3a00¥ CKBaXKMHBI:

1 - OpIcTpOoChEMHBIE TPYOBI; 2 - TPOOHBII
KpaH; 3 -CTOJ] poTopa; 4 - 3aJBHXKa IPEBEH-
Topa; 5 - KoJMOHHAa OypPHIBHBIX TPYO; 6 - mup-
KYJIIUOHHBIN KIIamaH; / -BepXHUM MaHOMETp;
8 - OypwibHas 1T1pyOa; 9 - 3amopHo-
NOBOPOTHBIN IBYXUMKIOBOH Kiaman; 1 0 - nc-
neITatenb miactoB; 11 - sice; 12 - makep I111;
13 - ocHoBHOI1 ManomeTp aust 3anucu KB/I; 14
- weneBod ¢uibTp; 15 -ypaBHHUTENbHBINA Kila-
maH; 1 6 - KOHTpONBHBIH MaHOMeTp; 17 - yT4-
JKEeNICHHbIe OypwibHBIE TPYOBI; 18 - ymopHBIH
Garmmak

Pucynok - 4. Xapaktep U3MEHEHHs AaBICHUA, 3apHUKCH-
POBAaHHOT'O MAaHOMETPaMH:
| - muarpamma BepxHero (TpyOHOTO) MaHOMETpa IS pe-
THCTpAllui MpUTOKa (YpOBHS) B TpyOax; pi - p2 - CIyCK
TpyO, JaBleHHE cTOI0a KUIKOCTH B TpyOax HE U3MEHSET-
Csl; P2 - P3 - POCT AAaBIICHUS B IIEPHOJ] IPUTOKA MIACTOBOM
JKUJIKOCTH B TPYOBI MOCIIE MTAaKEPOBAHUS M OTKPBITHS Kia-
NaHa; P3 - P4 - NPEKpalleHWe IPHUTOKA, CTAOMIM3AIMA
JIaBJIeHUs] B TPyOax; ps - ps - AaBIEHHE B Tpybax mnpu
MOZbEME HCITBITATEIIS C 3aKPBITHIM KIIaIaHOM;
Il - nnarpamma maHomerpa B ¢uibTpe: pl - p2 - cTyneH-
9aThli POCT THUAPOCTATUYECKOTO MABJICHUS TPU CITYCKE
UCIIBITATENIS; P2 - P2 - NMAJieHUE JABICHUS MPH OTKPHITUH
KJIallaHa ¥ PETUCTPALUU MPUTOKA P2 - P3; P3 - P4 - TMepe-
I KpBITHE TIPUTOKA (TOUKa p3) U 3anuchk KB/I; ps — cpbIB ma-
Kepa; ps4 - Ps - AaBJICHHUE B MIEPHOJ CPHIBA IAKepa U TOIb-
2, e€Ma HCTIBITATels;
> Il - tnarpamMma KOHTPOJILHOTO MAaHOMETpA: P - P2 - CTY-
MEeHYaTBI POCT JaBJICHUS THAPOCTATHYECKOTO CTOJIOA
JKUKOCTH Ipu Mmycke ucnsitatens niaacra UIIT; ps - ps -
P4 - IaBJCHUE B IOJIAKEPHOH 30HE B MEpUOJ| BBHI30BA U
NEePEeKPBITHS NPUTOKA; P4 - Ps - U3MEHEHHUE IaBJICHUS B
npouecce nogbema UIT
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Pucynok - 5. Komnonoska UIIT u npoboom-
OOpHUK:

1 - wmox; 2 - 3anopHoe npucnocobnenue; 3 -
yniomuaowue konvya, 4 - nonocms ucnvima-
mensi; 5 - knanan; 6 - sanopueiil kanau; 1 -
npoboombopHux; 8 - ucnvimamens niacmos

MHOI'OLUKJIOBBIE UCIIBITATEJINA 1IJIACTOB

bosnee ycoBeplIEHCTBOBAHHBIE Y3/bl U IIMPOKUN BBIOOP BCIOMOIaTENIbHBIX
IPUCIIOCOOIEHUH BXOJAAT B COCTaB MHOTOLIMKJIOBBIX HCIBITAaTENEed IUIacTOB -
TpyOHBIX HCTIBITaTENeil TpeThero nokojeHus. Ha puc. 6 n3o0paxkeHbl pa3Hble Ba-
pUAHTHl KOMIIOHOBOK 3THX HCIBITATENEH B 3aBUCUMOCTH OT HEOOXOAMMOCTU pe-
LIEHUS TE0JI0r0-IIPOMBICIIOBBIX 3a/1a4 U TEXHUYECKOTO COCTOSIHHS CKBa)XMHBI. B
TabJ1. 2 coAepKaTcs TEXHUYECKHUE XapaKTePUCTUKH MHOTOIMKIIOBBIX UCTIbITATEIEH
macToB. B Tabn. 3 nmpeacTaBieHo onMcaHue Ha3HAYEHUsI OCHOBHBIX Y3JI0B MHOIO-

OHUKJIOBBIX HCIIbITATEJICH IJIaCTOB.

Ta6mmma 3

Ilapamempsl MUT-146| MHUI-127 MUK-95 MHUK-80 | MUK-65
Buemnuii nuamerp, MM 146 127 95 80 67
JlmiHa, MM:

MaKCHMaJIbHas CEKITUI 2918 2890 2600 3470 3200
00I1Ier0 KOMILJICKCa 27 450 27 150 21 400 23410 16 500




Jonycrumas Harpyska, kH:
CKHMMaroIas 1500 1250 600 400 200
pacTsrUBaoIas 700 600 450 200 1500
Kpytsmuii moment, kH-m 10 7,5 4.9 39 3,1
MaxkcumanbHblid nepenay aasiaesus, Mlla 45 45 45 45 40
MaxkcuManbHas Temneparypa, °C 200 200 200 200 200
Macca, Kr:
MaKCHUMaJIbHAas CEKIUH 235 163 120 92 78
00IIero KoMIuIeKca 5442 5682 1810 635 540
Tun npucoeMHUTENBEHON pe3b0bI 3-121 3-101 3-76 3-62 3-56
JlnaMeTp CKBaXXHH, MM 190-295 161-243 118-165 97-112 78-102
Taonuma 4
VY3en Mudp Haznauenue
Hcneitatens mia- Kommekc o6opynoBaHMs AJsl: UCTIBITAHMS TEPCHEKTHBHBIX IUIACTOB B HEOOCAKEH-
CTOB CKB&XHH Ha HBIX CKB@)KMHAaX C LIEJIbI0 BBI30BA MIPUTOKA M3 IUIacTa; 0T00Opa Mpod MIacTOBOW JKUA-
Tpybax UIIT KOCTH (Ta3a) M OnpenesieHUs OCHOBHBIX I'MIPOAMHAMHUECKUX XapaKTEpUCTHUK HCCIIe-
JlyeMOoro IiacTa
Hcnerratens 1ia-| WII |OcHOBHOW KiamaHHBIN MEXaHU3M JUISL: MEPEKPBITHS BHYTPEHHEH MOJOCTH KOJOHHBI
CTOB TpyO OT CKBRXMHHOM UAKOCTU TpH ciycke u noabeme UIIT; coennnenust Oypuib-
HBIX TPYO C MCHBITYEMBIM HHTEPBAJIOM; YpaBHMBAHUS JABJICHUS HAJ M MOJ IaKepoM
Iepe]] €ro CHATHUEM U B Ipouecce cimycka u nogbema UIIT
Knanan 3amopreni| 3I1  |MexaHusMm npenHa3HA4eH IS MIEPEKPHITHS OYPHIIBHBIX TPYO B MPOLECCE MCHBITAHUS
MOBOPOTHBIN C LIEeNBIO MOJyYEHHs] KPUBOM BOCCTAHOBIICHUS IIJIACTOBOTO IaBICHUS
Knanan mupkyns-| KL |MexaHu3M Ui OCYIIECTBICHHUS MPSIMOI M 00paTHON MUPKYIISIIH KUIKOCTH B IIOOOH
LUOHHBIN MOMEHT NPOLECCa UCTIBITAHUS MIacTa
Slcc ruapaBnuue-| AT |MexanusM it 00NerdeHus CHATHS IaKepa 1Mocie UCIBITAHUS WM JINKBUAALMN TIPH-
CKHH xBara xpoctoBuka UIIT
IMakep mumuaapu-| IICT |Y3en mis repMETHYHOrO MEPEKPBITUS KONBLUEBOTO MPOCTPAHCTBA CTBOJA CKBAYKUHBI C
YECKHUH LIENTBIO M30JISIIIMU MCTIBITYEMOT0 00BEKTa OT OCTAIBHOTO CTBOJIA CKBAYKHHBI
OunbTp @ |ToncrocTeHHbIH MaTPyOOK ¢ MPOJONBHBIMHE IIEISAMH M TIEPEBOIHUKAMHE, CITy>Kal[IMU
JUISL TIPEAYTIPEKACHHUS 3a0MBaHUSI MEXaHWYECKUMH IPUMECSIMU LITYyLEpa W IPOXOA-
HbIX kKaHanoB UIIT u nyist pazMenieHust riTyOMHHBIX PETUCTPUPYIOMINX TPUOOPOB
3amok  Oesomac-| 3B |MexaHu3M JUIS OTKPYYHBAaHUS KOJIOHHBI OypunbHBIX TpyO u UIIT ¢ mensio mogHATHS
HBIN UX B Clly4yae IpuxBaTa
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19 17 7 Pucynok - 6. KoMnoHoBka ucneITaresnei miacToB:
g 18 a - ¢ IByMs IIaKepaMu;
20 Y P
& 1 H 19 hd 0 - CENEeKTUBHOTO HCIBITAHUSI 00BEKTOB;
21 = : 21 6 - MHOTOIMKJIOBOTO HCHBITAHUS OOBEKTOB B HAKIOHHO
HalpaBJICHHBIX CTBOJIAX;
& 22 ‘ 21 ! — 25 1, 3 - OypunbHble TpyOBI; 2 - HUPKYJIALUOHHBIN KianaH; 4,
T 20 |D 17, 23 -nepeBoguuky; S5, 6, 9, 1 2, 25 - matpyOku; 7 - mry-
23 25 l 23 1ep; 8 - 3anmopHO-noBopoTHHIN kinanax; 10 - UIIT; 11 - npu-
] 23 24 criocobnienue ams BpameHus; 13 - mpoboorbopHuk; 14 - scc;
24 L,r N 1 5 - 6e3omacHsbIit 3amok; 1 6, 21 - makep; 18 - pacnpenens-
24 %L fomiee npucnocobnenne; 1 9 - punptp; 20 - ypaBHUTEIHHOE

npucrnocobienue; 22 - GuiabTp; 24 - XBOCTOBUK

KOMIIJIEKC OBOPY]IOBAHHA KHO/[-110
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Kommuiekc mpenHasHaueH ISl UC-
ClIeJOBaHMsI, MHTEHCU(PHUKAIIUKM U OCBOE-
HHUS OOBEKTOB B CKBaXXHHE, 00CaKEHHOI
AKCIUTyaTallMOHHON KOJIOHHOM, a TaKke
Ui UX jopasBenku. Kommuieke omyckaer-
ci B  CKB@XMHY Ha  HAacOCHO-
KOMIIPECCOPHBIX WK OYpUIIBHBIX TpyOax.

Komrmiekc (puc. 7) BKIrOYaeT MHO-
TOIUKJIOBOM MCIIBITATENb TJIACTOB 8, Mpo-
000TOOpHUK 9, ypaBHUTEIBHBIN KiamaH
12, sxopp 13, ceknuonHbii makep 10 u
MajnorabapuTHYIO YCThEeBYIO rOJIOBKY 1.

KMO/I-110 no3BossieT MpoBOAUTH
UCCIIEIOBaHMS KaK C OJJHOIAKEepHOM, TaK U
CEJIEKTUBHO C JBYXIAKEPHOW KOMITOHOB-
KOH, a TaKXe HCHBITHIBATh HECKOJIbKO
00BEKTOB 32 OJMH CIYCK KOMILIEKCa 000- D 10
pyIOBaHUS B CKBa)KUHY, BBIMOJIHSITH WH-
TeHCH(HKALKIO TMPUTOKA W3 IUIacTa 3a
CYeT OYMCTKHM MpHU3aOO0NHON 30HBI IJIacTa

E 12
IIYTEM MHOTOKPATHOI'0 TUAPABIMYCCKOI'O
BO3JICHCTBUS Ha Hee 4yCpCaOBaHUCM MC- a

MPECCUu U penpeccu. Ero KOHCTPYKTUB-

HBIE TapaMeTpbl MO3BOJISIIOT pabdoTaTh B /i
CKB@)XHHAX C THUIPOCTATUYECKHM JIaBJie-

HueM go 30 MIla.

Pucynok - 7. Komruiekc HcIbITaTeIbHOrO 000pYIOBaHMUS
KNO/J-110:

1 - ronoBka ycteeBas ['Y-30 mr; 2, 6 - HKT; 3 - kimanan
cimuBHoi KC-100; 4 - kmaman mepemycknoit KII-110; 5 -
kianaH 3anuBHON K3A-110; 7 - ycTpoiicTBO A yCTaHOBKHU
CKBO)KMHHOT'O MaHOMeTpa; 8 - ucmbitarens miactoB UIIT-
110; 9 - npobootoopuuk I10-110; 10 - makep CEKIHOHHBIN
[C-115, TIC-135; 11 - ¢umpTp; 1 2 - xiIamaH ypaBHUTENb-
weid K3-110; 13 - sxopp AK-110/136, SAK-135/156

IIPUCIIOCOBJIEHUE JIVIA CEJIEKTUBHOI' O UCIIBITAHHUA ITVIACTOB YCII/[-146-168

Ob6opynosanne YCIIJ[-146-168 mpenHa3HaueHO ISl UCHBITAHUS B MHOTOKPaTHOM pe-
KUME OJIHOTO WJIM HECKOJIBKUX IUIACTOB, IPUYEM MCIBITAHUE /10 TPEX IUIACTOB MOKET BBINOJI-
HATBCS ¢ OTOOPOM T€PMETU3UPOBAHHOM MPOOBI U3 Kaxaoro rmiacta. O60pyJ0oBaHHE HCIIONb3Y-
eTcs B coctaBe cepuiHbIx UII ¢ sskopsiMU UM B KOMIIOHOBKE € YIIOPOM Ha 320011 CKBayKUHBI.

[IpucnocoOnenuie sl CENEKTUBHOTO HCHBITAHUS COCTOMT M3 YIOPHOTO Y3Ila, y3la
BIIYCKHOTO U YPaBHHUTEIHHOTO KIJIAMIAHOB C OJIOKOM MpPoO OTOOPOYHBIX KaMep M CUTHAJIBHOTO
MIPUCTIOCOOICHHUS.

VYIOpHBIM y3€n CHYXUT Ul NPEAyNpeKIEHUS CaMOIPOM3BOJIBHOTO IMPOKPYYHMBAHUSA
HITOKA MPHU CIyCKaxX-MoJgbeMax, Mepefaun KpyTsIIero MOMEHTa C MOMOIIBIO PACIIONIOKEHHOTO
ke y3na UII u obecnieuenus ceoboanoro Bpamienus Y CIIJ] B cxaToM MOI0KEeHUH.

VY3en BIYCKHOTO KJalaHa CIY>KUT JUIsl YepeJOBaHUS OTKPBITHS U 3aKPBITHS POXOIHOTO
KaHaJla PUCTIOCOOJICHUS (BBIIOJIHEHHE TIEPUOIOB MTPUTOK - BOCCTAHOBJICHHUE JABJICHUSA), a TaK-
e yIrpaBJlieHUs padoTol MpoOOOTOOPOUHBIX KaMep.
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YpaBHUTENBHBIN KJIAMaH MPeIHAa3HAuCH U YPaBHEHMS JaBIICHUS Ha MaKkepe Mo OKoHYa-
HUM ncciieoBanms. Kpome Toro, oH cirykuT 6aiimacom JiIst CITycKa U IoJbeMa 000pyIOBaHHUS.

[lITox ypaBHHTEIHHOTO KJIAallaHa Yepe3 CMEHHYI0 My(Ty COSMHEH CO MTOKOM BITYCKHO-
r'o KJIallaHa KapkacoM 0Jioka mpoOo0TOOPHUKA, HA KOTOPOM 3aKpEIUICHBI TPU MTPOOOOTOOPOYHEIC
kamepsl. [Ipucnocobienue, ynpapistomnee ux padboTol, o0ecreunBaeT MooYepeIHYI0 WA OTHO-
BpEeMEHHYI0 paboTy kamep. Pexxum pabotsl mpobooTOopHUKa 3amaercs npu coopke YCII me-
pen ouepeAaHbIM ucnbiTaHueM. CurnanbHoe npucnocodnenue YC-146 npegHazHaueHo yisl me-
pelavyn Ha MOBEPXHOCTh CHUTHAJAa O CO3JaHMU Jenpeccuu Ha tuact. CHrHal O CO3JaHHMH Jie-
Ipeccuu TepeacTcs Ha TIOBEPXHOCTh B BHJIC YBEIUYCHUS HATPY3KH Ha MHIUKATOpPE Beca C OJ1-
HOBPEMEHHBIM IpoceianueM Tpyo Ha 3-8 cm. [IpuHIMN NeiCTBHUS CUTHAIBHOTO MPHCIIOCO0IIe-
HUS 3aKJIIOYAeTCsS B TOM, UTO JUIs NEepeAayd JEMpecCUy Ha IJIacT OceBas Harpy3ka mepeaaercs
pa3MEIICHHBIM HIKE y3J1aM uepe3 MacisHyl moaymky. OTKpbITHE BIIYCKHOTO KIalaHa H
YMEHBIIICHUE JABJICHUS MO/ BITYCKHBIM KJIAlIaHOM U TIO]I TAKePOM MPHUBOJIAT K pa3repMeTHU3alun
MAacIISTHOW KaMepbl, B Pe3YJIbTAaTe Yero MITOK CUTHAIBHOTO IMPUCTIOCOOICHUST OBICTPO IepeMenia-
eTCsl BHU3, 4TO oToOpakaeTcs Ha nmokazanusix [ IB u mosnoxxennu tpyo.

HUCIIBITATEJIM IVIACTOB HA KABEJIE
IIpu pabore ucnpITaTeNs IUIACTOB Ha KalOeJie BhITOJIHAIOTCS CISAYIOIINE ONepaliu:

a) M30JISMA HEOOJBIIIOT0 UCIBITYEMOTO YYacTKa Ha CTEHKE CKBa)KUHBI OT OCTaJIb-
HBIX YacTel CTBOJIA MPHU MOMOIIH CEIEKTOPHOTO MPMKUMHOTO T€PMETHYHOTO 3JIEMEHTA;

0) COEIMHEHUE MOPUCTOr0 MPOCTPAHCTBA UCHBITYEMOrO y4acTKa MOpoibl ¢ Oasio-
HOM JJIs1 0TOOpa MpoOkI U co3aanue (Mpu HEOOXOANUMOCTH) IPEHAXKHOTO KaHalla B TUIACTE;

B) 0TOOp MPOOBI KUIKOCTH U Ta3a U3 IlacTa B OAJUIOH U TEpMETH3aLINS;

r) ypaBHHMBAaHHE JABIIEHUS HAa y4acTKe OTOOpa MpoObl ¢ TMIPOCTATHYECKHM, YTO

oOecrieunBaeT OECIPEIATCTBEHHBIN MOIbeM pruOopa.

Hannune npuToka M M3MEHEHUE JABJIECHUS NMPHU UCIBITAHUM KOHTPOJIUPYIOTCS U peru-
CTPUPYIOTCS Ha TIOBEPXHOCTH IMPH TIOMOIIM AUCTAHIIMOHHBIX JaTYUKOB. [t pabOTHI MCTIONB3Y-
IOTCSl CITYCKOIIOJIbEMHOE 00OpYAOBaHHE, PErHMCTpHUpYIOLIas anmnaparypa u kalenb, MpUMEHse-
MBbI€ ITPU Fe0PU3NIECKUX UCCIETOBAHUIX CKBAYKUH.

VcnblTanus miaacToB NpubOpaMu, CIIyCKaeMbIMHM Ha Kabese, HMEIOT CBOU XapaKTepHbIE
0COOEHHOCTH.

1. Bbicokast BBIOOPOYHOCTD - MCCIIEAyeTCsl OUeHb HeOOJbIIO HHTepBal pa3pesa. ITO M03-
BOJISIET MCIIOJIb30BaTh UCHBITATENb JIJIsl MOMHTEPBAILHOIO HCCIEA0BaHUs, OOHAPYKEHUSI MecTa
pacIonoKeHHst BOAOHEPTSIHOTO U ra30KHIKOCTHBIX KOHTAaKTOB, OTOMBKY I'PAHUI] IJIACTOB.

2. Bricokas 4yBCTBUTEIBHOCTh UCIIBITATENS K HAJIMYUIO YITIEBOAOPOJOB (HE(TH U ra3a) B
HopoJax cBsizaHa ¢ IIyOOKOM Jenpeccuel, co3aBaeMoil B miacte mpu oroope npoOsl. I'epmern-
3alMsl U XpaHEeHHEe B OaJlJIOHE IUIACTOBBIX a30B J1a€T BO3MOXKHOCTh M3ydaTh XapakTep Hacblllle-
HUS IJIACTOB HECMOTPSI HAa HAJTMYKE 30HbI IPOHUKHOBEHUSI.

3. TouHas mpuBsI3Ka Pe3yJbTAaTOB MCIBITAHUS C KAPOTAKHBIMU JUarpaMMaMH MO3BOJSET 000cC-
HOBAHHO BBIOpAaTh TOYKU MCIIBITAHUS M COMIOCTABUTD ITH PE3YyIbTAThI C JAHHBIMU JAPYTUX Teodu-
3MYECKUX METOJOB. [Ipy HaMMYUM TOYHON MPHUBSI3KH CYIIECTBYET BO3MOXKHOCTH MCIIBITATH IJIa-
CTBI MaJIO MOIIHOCTH.

4. OnepatuBHOocTh. Ha ofHy omeparuio, 1axe npu riayooKuxX CKBakuHax, notpedyercs 0,5-1,5
4. CrienuanbHON MOATOTOBKY CKBAa)XKHHA HE TPEOyeT.

5. HeBO3MOXKHOCTH OTKPHITOTO (POHTAHUPOBAHUS TIPH MCIIBITAHUH, TaK KaK BO BpeMs paboT ru-
pOCTaTUYECKOE JIaBJICHUE B CTBOJE CKBAKUHBI OCTACTCS HEM3MEHHBIM. DTO OCOOCHHO Ba)KHO
IIPU UCCIEI0BAaHUH Ta30HOCHBIX IJIaCTOB.

VY4uThIBas ONEpaTUBHOCTh Ie0(PU3MUECKUX METOJI0B ¢ MH()OPMATHBHOCTHIO IPSMOTO HC-
TIBITAHHS, HCITBITATENN TUIACTOB 00ECIIEYNBAIOT YBSA3KY PE3YJIbTAaTOB UCIBITAHHS C JAHHBIMU Ka-
pOTa)ka M CYIIECTBEHHO JOTIOJIHAIOT KOMILJIEKC UCCIIEJOBAHUH pa3BEIOYHbBIX CKBAXKHH.

IIporniecc ucnbITaHUS MOXKHO Pa3Ae/IuTh HAa TPU MOCIIEA0BATENbHbIC CTAINN:

1) BO3HMKHOBEHHUE U PACIPOCTPAHEHUE THAPOTUHAMUYECKOTO BO30YKICHHUS B TIIACTE;
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2) IBIDKEHHUE )KUIKOCTH U ra3a U3 IjIacTa B 0ajlIoH;
3) BOCCTAHOBJICHHE IJIACTOBOTO JIaBJICHUS B 30HE UCIIBITAHUSI [TOCIIE OCTAHOBKU MPUTOKA.

HcnpiTanue mmactoB npubopamu Ha Kabesne SBISETCS CIO0KHBIM MHOTOCTaJAUWHBIM, He-
YCTOMYHMBBIM MPOLIECCOM, TPOTEKAIOIIUM B KOPOTKHE IPOMEXKYTKH BPEMEHH.

BriepBbie B HeTSAHOI NpakTHUKE HMCHBITATENb IJIACTOB HA KAapOTAXHOM Kabesie ObLI
npeioxed B 1937 r. I'.C. Mopo3zoBsim, I'.H. Ctporkum u K.1. bongapenko.

B CIIA paboTsl O CO3aHHUIO UCIIBITATENEH M1aCTOB HA Kaberne mpoBOIMINCH (pupMOn
"[LImrombGepxke". C 1955 1. 3tn mpubOOpsl HAYAJIM IIUPOKO HCIONIb30BaThes pupmoit "Illmrom-
Oepxe" U ApYyruMu reopu3nIecKuMu GupMamMu MUpA.

Ucnertatens pupmel "[nromOGepke" CrycKarOT B CKBOXKUHY Ha CEMUKUIBHOM OpOHUPO-
BaHHOM KabOerne (puc. 8). Jlns paboTel mpubopa B CKBAKHUHE HCIIONB3YIOT YHEPTHIO THAPOCTATH-
YECKOT'0 JIaBJICHUS KHUAKOCTU B CkBaxkuHe. [locie ycraHoBKH mpubopa B 3aJaHHOM HHTEpBaJIe
CHUTHAJIOM I10 KaOelto OTKphIBaeTcs ynpasistomuid kianan 1. IIpoMbIBouHas )KUAKOCTH MOCTY-
MAaeT Ha MOPIIEHb-MYJIbTUIUIUKATOP 2, BHITECHSIOMINN PaboUuyio KUAKOCTh, KOTOpasi HAIlOJIHSAET
THJIPABIMYECKYIO CHCTEMY MPUOOpa, uepe3 peryasTop nasieHus 4 k nopmasM 11 npmxumaro-
niero Mexanusma. [10cKoIbKy MOPIIEHb-MYJIBTUIIIMKATOP CO3[aeT B CUCTEME JaBiieHue Ooliee
BBICOKOE, YeM TUApocTaThyeckoe, mop mHu 11 BeigBurarorcs u3 kopmyca npubdopa. [Ipu atom
MpKUMaloIas Tianka 12 v pe3nHOBBIN YIUTOTHAIOMNN OamMak 8, 3aKperieHHbIE Ha MOPIIHSX,
INPHKUMAIOTCS K IIPOTUBOIIOJIOKHON CTEHKE CKBAYKUHBI C YCUIIMEM B HECKOJIBKO KHMJIOHBIOTOHOB.
[Tocne 3TOr0 MO CHrHalTy C MOBEPXHOCTHU cpadaThiBaeT nepdopanroHHoe mpucrnocodnenue 9,
co3naroniee JpeHaKHbI KaHal B TUIACTE€ W OTKPBIBAIOIIEE JOCTYIN IUIACTOBOMY (IIIOHIY B €M-
KOCTb Ipuodopa 18.

1/— [

Pucynok - 8. I[IpuanunuanpHas cxeMa UCTIBITaTeNs IacToB Ha kabene ¢pupmel "Lmombepixe

KoncTrpykuus emMkoctu A npoOsl cinoxkHass. OHa pasziesieHa Ha JIB€ 4acTU MEepPeropo-
KOI, B KOTOpOW HaXOAWTCS JApOCCEeNupylollee oTBepcTue-mTynep 17 o4eHb Maloro CeyeHus
(0,2-0,002 mm). B BepxHIOIO YacTb €MKOCTH MEpe] CIIyCKOM IMpHOOpa 3ajJuBaeTcCsl BOAA, OYU-
[IEHHAs OT TBEPJbIX YaCTHUIl, B HI)KHEN - HAXOAUTCS BO3yX MoJ aTMochepHbIM AaBieHueM. [lo-
CTyHaroIue M3 Iiacta (Irouabl AaBsIT Ha MOJABMXKHBIM MOpIIeHb 16, BHITECHAIONINI BOAY U3
BEpXHEW YacTHM €MKOCTH B HIDKHIOW dYepe3 mTynep. Jenpeccus, Bo3aeicTByoNas Ha IUIACT,
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OINpeAEIAeTCsS TUAPABINYECKUM CONPOTUBICHUEM IITylepa. CHUKEHUE BEIMYMHBI JENPECCUU
JUIs IPEIOTBPALLEHHsI pa3pyIIEHUs! KOJJIEKTOPOB MO3BOJISIET O0JIErYUTh YCI0BUS pabOThI YILUIOT-
HSIOIIETOo OalMaka U UCKIIOUUTh yAapHbIe Harpy3ku B mpuodop e. [locne or6opa mpoOsl OTKpHI-
BaeTcs KiamaH 6, moJarimi padouyro KUAKOCTh K THAPABIMYECKOMY KianaHy Oamiona 14,
Knaman mepememiaercsi, repMeTu3upyst npody B Oamone. /i CHATHA NPUKUMHOTO IMPHCIIO-
cOOJIEHUS! OTKPBIBAETCS KJIANaH S, COeIMHSIOMINI THIPABINYECKYI0 CUCTEMY CO CIIMBHOW Kame-
poii 19, 3amoaHEeHHON BO3IyXOM 10 aTMoc(hepHbIM aaBiieHneM. Pabodast )KHIKOCTh HarpasJis-
eTcs B CIIMBHYIO KaMepy, a oOpaTHble NpyKUHbI 13 HOMOraroT BEpHYTh OallIMaK U MPHKUMHYIO
IUTAHKY B IpeXHEe oioxkeHue. 1lockonbKy pa3HuLa JaBieHUs 1oj OaliMakoM U FHMAPOCTaTH-
YECKOI'o JaBJICHMS IMPOJOJKACT CO34aBaTh NPMKMMHOE YCHUIIME, yJepKuBarollee OaliMak, To
IIPU TOM 3aropaeTcsi ypaBHUTEIbHBIA NOPOX0oBoi 3apsa 10, oTpeiBaronMii OT CTEHKH OamMak
win paspymaromuii ero. Eciu He cpaGoTaeT kiamaH CIMBHOM KaMepbl, TO HAaTSKKOM Kabens
cpesatot aBapuiHbId ITUGT 3. [Ipr 3TOM HapymaeTcs: yIIOTHEHHE THAPABIMYECKOW CUCTEMBI U
JIaBJICHUE B HEHl ypaBHUBAETCS C THAPOCTATHUECKUM.

JlaBneHne B TUAPABIMYECKON CUCTEME U B KaHajie 0TOOpa MIacTOBBIX (DIFOMIOB KOHTPO-
JUPYETCsl TUCTAaHIIMOHHBIMU JaT4YuKaMu JaBiieHus /7 u 15. B xauecTBe nepdopanmoHHoro npu-
CHOCOOJICHUST IPUMEHSIETCSl KyMYJIATUBHBINA niepdopartop. [Ipu ycTtaHoBKe 050Ka C KyMYJIsSITHB-
HBIM 3aps0M OOJBIIOW MOIIHOCTH, CIOCOOHBIM HPOOUTH 00CAJHYIO KOJIOHHY M LIEMEHTHOE
KOJIbIIO, MPUOOP MOKET MPUMEHSTHCS AJI UCIBITAaHUSI OOCaKEHHbIX CKBaXkuH. HamOonbimit
pasmep npubopa B momepedyHoM ceueHur 140-160 MM B 3aBHCHMOCTH OT IepdoparimoOHHOTO
0JI0Ka MO3BOJISIET MCIIOJIF30BATh €r0 B HEOOCAKEHHBIX CKBKMHAX TUaMeTpoM 228 MM u 6onee u
B O0Ca)KEHHBIX CKBXXMHAX JuamMeTpoM Oosee 157 mm.

B mounrtepBansHOM HcmbITaTene mwiactoB Gupmel "HlnomOepxke" ycTraHaBIMBAIOTCS 1BA
KyMYJISITUBHBIX 3apsiia Ha pacctostHuu 30 cM apyr oT apyra. B npubope, npeaHa3HaYeHHOM JUIs
paboThI B HEOOCAKEHHBIX CKBAKUHAX, 00a 3apsa HaXOISATCS BHYTPH OJHOTO TePMETH3UPYIOIIe-
ro OamMaka, a mpu cOopke Al 00CaKEHHBIX CKBAXXHMH Y KaXKIOH TOYKU O0TOOpa MMeeTcs MHU-
BUIYQJIbHBINA YIIJIOTHSIOMIUN 3JIEMEHT HEOONIbINUX pa3zMepoB. O0e TOYKU 0TOOpa COCTUHEHBI Ka-
HaJIOM ¢ Oa/JIOHOM I TPOOBI.

Hanuuue nByx Todyek oTOOpa mpoObl BBI3BAHO KEJIAaHHEM IOBBICUTH PE3YJIbTaTUBHOCTD
paboT B HEOAHOPOJHBIX KOJJIEKTOpaX, KOT/Ia MOMNaJaHue Ha HETPOHUIAEMBbIH MPOMJIACTOK CIIy-
JKUT YCJIOBHOW NMPUYMHON OTCYTCTBHS IPUTOKA, YTO TPEOYET JOMOIHUTEIbHBIX CIYCKOB MpUOO-
pa. B oOcakeHHBIX CKBa)KMHaX, KpOME TOTO, HAJM4YME JBYX 3apsiOB MOBBIIIAET HaJI€KHOCTb
BCKpBITUS miacTa. B cOopke uist 00Ca)k€HHBIX CKBAKUH T€PMETU3UPYIOLINE 3JIEMEHTHI )KECTKO
MOJICOEAMHAIOTCS Ha OJIOKE MPUKUMHOTO MPUCHOCOOIEeHUs. Y paBHUTENIbHBIA TTOPOXOBOI 3apsij
U pa3pylIalmui OamiMak 3aMEHEHbl YIPaBJISIONIMM YPaBHUTEIbHBIM KJIAIAHOM, KOTOPBIM OT-
KpBIBaeTCs MU yOUPaHUU NMPHXKUMHOTO IpucrocoOsieHus. Mex 1y kaHaioMm oT0opa 1 6alioHOM
YCTaHOBJIEH PETYIUPYIOLIUI KlanaH, KOTOPbIN MO3BOJISIET 0TOOpaTh Mpody Oe3 BhICTpenaa KymMy-
JSITUBHBIMM 3apsilaMu MyTeM COEIUHEHUs TepMETU3MPOBAHHBIX YYaCTKOB OTOOpa ¢ OalsIOHOM.
J171s OBBILLIEHUS HA/IEKHOCTU TepMETH3aluH O0alIoHa YCTaHABIMBAIOT OOpAaTHBIN KJlanaH.

VcnplTarenu miaacToB, UCHOIb3yeMble IPYTUMHU (UpMaMH, HE3HAYUTEIbHO OTIMYAIOTCS
ot ucneitarens gupmsl "Hlnrombepxe".

B 6. CCCP pa3paboTka ¥ NpuUMEHEHUE UCHBITaTeNel MJIacTOB Ha Kalese pa3sBUBAINCH
aHasnornyHo 3apyoexusiM. BHUUT'JIC (1. Yda, TBepb) ObLIM BrepBble MPOBEAEHBI UCIBITAHUS
B CKBa)KMHax M ocylecTBieH cepuiinblii Boimyck WUIIK B 1963 r. ITocne nposenenus uccinenosa-
HUW B CKBOKMHAX TIYOMHOU 4 KM U 0oJiee BO3HHUKJIA HEOOXOMMOCTh B HOBOW MPUHIIMITHAIEHON
cxeMe npubopa A ATUX YCIIOBHUM. bobiye ynapHble Harpy3Ku ¥ THApaBIndYecKUe yaaphl Mpu-
BOAWJIM K 3aKJIMHHUBAHUIO TOJBMXKHBIX MOpIIHEH. B pe3ynbTare BO3AEHCTBHSA BBICOKO-
CKOPOCTHBIX TEUEHHUH pacTBopa ¢ aOpa3MBHBIMU J100aBKAMU CHIIOBOM IIMJIMHJAP W3HAIIMBAJICA,
HEHa/Ie’KHO paboTali TEPMOYCTONYMBBIE 3apsi/ibl, YIUIOTHSIOLIUE PE3UHOBBIE KJIAMlaHbl U T.1I.

st coznanus TepMoycToiunBoro ucneitatens miactoB MIIT-7-10 Obiia ucnons3oBaHa
3aMKHyTas THMJpaBIUYecKas CUCTeMa JABOMHOIO JEHCTBHA C 30JI0THUKOBBIM KJIAIIAaHOM-
pacnpenenuteneM. IIpruMeHeHne 30J0THUKOBOIO MEPEKIII0YATeNsl B TEPMOYCTONYMBOM HCIIBITA-
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tene 1uactoB WMIIT-7-10 uckiaroyaeT BO3MOYKHOCTh BO3HUKHOBEHUS PE3KMX THIAPABINYECKHX
yapoB B TUAPABINYECKON cucTteMe mpubopa U OOJbUIMX YAAPHBIX HArPY30K B €ro JeTalix, Ko-
Topble uMenu Mecto B ucneltatesnsx tuna UIK npu nogaue BBICOKOro ruipoCTaTuYeCcKoro 1as-
JISHUs HA CWJIOBOM M 0OpaTHbIN KianaHbl. B mpubope UIIT-7-10 omacHOCTh 3aKJIMHUBAHUS T10-
JBUKHBIX YacTel M3-3a TEMIIEPATYPHBIX Je(opMainuii MEHbIIIE, YeM B CHIIOBOM Y3JI€ HCIbITATE-
ns mactoB tuna MIIK. D10, a Takke CHIKEHHBbIE paboyre nepernajbl 1aBleHusl 00ecreynBaoT
paboty npudopa UIIT-7-10 Ha Gonbmux rIyOMHAX MPH 3HAYUTEIBHBIX THAPOCTATUYCCKUX JIaB-
neHusx. VcnpITaTenu miacToB ¢ TUCTAaHIIMOHHBIMU naTdyukamu aasienus UIT-7-10 pa3pabdora-
Hbl Ha ocHOBe mpubopa UIIT-7-10 u moBTOPSIOT €ro MpUHIUNHAIBHYIO cxemy. VcmbiTarensb
NII/I-7-10 oGecnieunBaet mnpu oTOOpE Mpod AMCTAHIIMOHHYIO PETUCTPAIIMIO JaBJICHUS B Oa/IOHE
C LIEJIbI0 KOHTPOJISI IPOLIECCa UCTIBITAHUS, ONPEAEIEHUE TUIACTOBOIO JAABJIEHUS U OLEHKY THJIPO-
JUHAMHUYECKHX [1apaMeTpoB IJIACTa.

Hcneitarenn miaactoB st HeoOcaxkeHHBIX ckBaxxuH MITH-7-10 npennasHaueHsl AJis UC-
CJIEIOBAHMS KOJJIEKTOPOB, B KOTOPBIX YEPEAYIOTCS IUIOTHBIE M MPOHULAEMBIE IJIACTHI U 3HAYU-
TeJlbHAasl 4acTh 00bEKTa HE JaeT npuToka. [loaToMy HE0OX0IUMO yBETUYMBATH YUCIO UCIBITYyE-
MBIX TOYEK, YTO YBEIHUMBAET BPEMsI U CTOMMOCTh padoT.

[Tpu6opom MITH-7-10 mpu OTCYTCTBHMU MPUTOKA U3 UCIBITYEMOTO y4yacTKa Iuiacta (4To
BUJIHO TIO TMOKA3aHUAM JATYMKOB) MOKHO IOCJIEIOBATENIbHO HMCIBITHIBAThH emie 8-10 ydacTkoB
0e3 noabeMa Ha MOBEPXHOCTh, [10Ka HE OyJeT mojay4yeH npuTok. [Ipu HEOOXOAMMOCTH HCIIbITa-
HUsl HanboJiee MEePCIeKTUBHOIO y4acTKa MOXHO MOBTOPUTH UCCIIEIOBAHUS C BBICTPEIOM KyMY-
JIITUBHBIM 3apsIIOM.

Ucnbitatens UITH-7-10 sxoHOMHMYECKM oOmpaBAbIBacT '"MpOUIyNbIBaHUE" BEpXHEU U
HIDKHEH uJacTed Iuiacta Juis OueHKH ux s¢dextuBHON MommHoctu. WMcmbrrarens UITH-7-10 B
JAaHHOE BpeMsl - OCHOBHOM MpUOOp 1715 McCcleA0BaHUs He0OCaKEHHBIX CKBAKUH.

BebImmyckaroTcst TakyKe MCHBITATEIH IJIACTOB JUII HEOOCAKEHHBIX TTTyOOKHX CKBa)KUH Ma-
noro nuametpa MITH-5-7 u ucnbiTarens miacToB it oOcakeHHbIX ckBaxkuH MI1O-5-6. [Tpubdop
NITO-5-6 mpenna3nayeH Jjisi UCCIIEIOBAaHNS OCHOBHOTO (POH1a 00CaXKEHHBIX CKBAXHH C KOJOH-
HaMu JuaMeTpoMm oT 125 1o 152 mm.

B ero KoHCTpykuIMM HCHOJb30BaHa MpPHUHLIMIMAIbHAS CXeMa NpuUBOJa OT TH-
JPOCTAaTUYECKOTrO AaBIEHUS C 3aMKHYTOW THIPABIMYECKON CUCTEMOMN JIBOMHOIO X0/a, 30JI0THU-
KOBBIM paclpeeuTeeM U IMOPIIHEM-AEMYJIbTUININKaTOPOM, aHAJIOTMYHAs cXeMme MpUOOpOB
HIIH.

BrinmyckaroTcst Takke UCIBITATENN IUIACTOB JUIsl CTPYKTYPHO-IIOMCKOBBIX U THAPOTe0JIo-
ruueckux ckBaxuH UIII-4-7. B koHCTpykuuu 3TOro npubopa MCrojib30BaHa MpUHLIUIHATbHAS
CXeMa ANIEKTPOMEXaHUYECKOT0 NMPUBOAA. Takoil THUII IPHUBOJA MOXKET OBITh YCIIELIHO pealn30BaH
Ha riyouHe 10 3000 M, MO3BOISIET MPOBOIUTH PAOOTY HE3aBUCUMO OT BETUYHMHBI THIPOCTaTHYE-
CKOT'O /IaBJIEHUS U J1a€T BO3MOKHOCTh MHOTOKPATHOI'O CpadaThIBaHUs IPHOODA.

Jiis paboThI ¢ UCHIBITATENSIMU TIIACTOB Ha Kabelle MCIONb3yeTcs MepeABUKHas Tabopa-
TopHsl Ha aBTOMoOWIIe. B Hell cMOHTHMPOBaHO 00OpyIOBaHME, HEOOXOIUMOE IS pa3OOpPKH U
MPOBEPKU HCHBITATENEH, TAPUPOBAHUS JNUCTAHIIMOHHBIX JATYMKOB. IlynabT ympaBieHuss U KOH-
TPOJISl HAXOAUTCS Ha IPYroi MalllHe - KapoTaXXKHOW CTaHIIMHU-TT0AbEMHUKE.

HCHBITATEJM IIJIACTOB HA FA3E CTPYHHBIX AIIITAPATOB

B HBano-®pankoBckoM nHctutyte HeTH U raza (P.C. Spemuituyk, B.P. Bo3usiii, 1979-
1985 rr.) pazpaboTaHa NMPUHLMIIMAIBLHO HOBas KOHCTPYKIUS MCIIBITaTeNell IacToB Ha 0Oasze
cTpyiHbIx annapatoB. [Ipucnocobnenne YI'UII-1 (puc. 9) cocrout u3s kopmyca ¢ ceayiom 1 nox
oOpartHbIi kanad 12 u crpyiHoro ammapata 2. Kopmyc nprucnoco6neHus cHaOXeH KaHaJlaM# 3
JUIS HaTHeTaHUs pabodel KHUJIKOCTH, KaHaaMH 4 7Sl POXOXKACHUS 3KEKTHPOBAHHOM KHJIKO-
CTH, OKHAMH 5 /151 BEIXO/Ia CMEIIAHHOM JKUIKOCTH B 3aTPYOHOE MPOCTPAHCTBO U KAHAIOM 6 JIst
nepeaayy AaBJICHHs U3 MOANAKEPHOTO MPOCTPAHCTBA K MPeoOpa3oBaTeio AaBICHUS B AJIEKTPU-
YECKUH TOK.
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BepxHsis U HWKHSAS 9acTH Kopryca cHaOXeHbl pe3bOoir i moncoenunenuss k HKT.
CrpyiiHBIi anmapar BKJIIOYAET B CeOsl MOACOSIUHSIONIYIO TOJIOBKY 7, MpeoOpa3oBaTeNb JaBiie-
HUST MeMOpaHHBIN Ter3oMerpudeckoro tumna [IJIMT 8, TBepmocmiaBHbI Hacamok 9, kamepy
cmemenus 10, nuddyzop 11, 06 paTHseiii knanad 12 co mrokom 13, Brynky 14 mist moxcoeanHe-
HUSI U3MEPUTENIBHBIX MPUOOPOB (TITyOMHHOTO MaHOMETpa, TePMOMETpa U pacxoaomepa). [Ipuco-
eMHUTEIbHAS TOJIOBKA UMEET pa3zbeM [l oOecreueHus: IeKTpruueckoro KoHtakra. [Ipucmo-
cobnenust YI'UII-1 u YEOC-2 npeanasHaueHbl UIsl UCIIBITAHUS [IJ1ACTOB M BBI30BA IIPUTOKA U3
MPOJAYKTUBHBIX TOPU30HTOB C OJHOBPEMEHHOW OYMCTKOM Mpu3a0OMHON 30HBI IUIacTa B 00-
CaKEHHBIX SKCIUTyaTallMOHHON KOJIOHHOM CKBA)KUHAX.
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Pucynok - 9. YcTpo#icTBO 11t THApOAMHAMIYECKUX HccienoBannii mactoB YT MII-1 Ha 6a3e cTpyliHOro anmapara

YcTpolcTBO MO3BOJISET:

B MIPOLIECCE MCTBITAHUSI CKBAXKUHBI MPOBOAUTH 3aMKMCh KPUBBIX BOCCTAHOBJIEHUS JIaBlie-
HUS TTIOCJIC CHMIKCHUA JAaBJICHHA B IMOAINAKCPHOM IPOCTPAHCTBE, YIIPABIATH BEIIMYNHON ACIpeEC-
CUU M BpEMEHEM ee JeHCTBUS 06€3 HCIOIb30BaHMsI KOMIIPECCOPHBIX M a30THBIX YCTAHOBOK;

MIPOBOAUTH IIUKINYECKOE BO3JEHCTBUE HA IUIACT B PEKUME JIEIPECCHUs - perpeccusl ¢ 1e-
JIBI0 OUMCTKU TIPU3a00HHOIM 30HBI IJ1aCTa;

MPOBOJIUTH JUCTAHITMOHHBIA KOHTPOJb MPU TTOMOITH PETUCTPHUPYIONTUX TPUOOPOB U3MeE-
HEHMs 3a00MHOTO JJaBJICHUS B MPOLIECCE MCCIEAOBAHMS (PUIBTPAIIMOHHBIX XapaKTEPUCTHK IJIa-
CTa ¥ OYMCTKH €T0 MpHU3a00MHON 30HBI.
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Nccnenoanue ckpaxuH ¢ nomouipto YI'UII-1 npoBoasaT B ykazaHHOM HMKE MOCIIE0BA-
TEIbHOCTH:

CIIyCKaIOT Ha HACOCHO-KOMIIPECCOPHBIX TPYyOax Makep M KOpIryc npucrnocoOneHus (mocie
COOTBETCTBYIOLIETO JEHCTBUS - IOATOTOBKU CKBa)KUHBI) U MAKEPYIOT KOJIbLIEBOE IPOCTPAHCTBO;

YCTaHABIMBAIOT ()OHTAHHYIO apMarypy € JIyOpHUKaTOpOM, OIPECCOBBIBAIOT OTAEIBHO
HKT u nakep cOOTBETCTBYIOIIMMH OIPECCOBOYHBIMU KJIallaHAMMU;

CITYCKAIOT Ha KapOTaXHOM Kabelie CTpyHHBIN anmapaT ¢ 0OpaTHBIM KJIAllaHOM JI0 €ro Io-
CaJIKu B KOPIIYC;

MIPOBOJIAT MCCIEIOBAHNUs, MpoKauuBas padouyro xuakocts uepe3 HKT u crpyitnslit an-
1apaT HaCOCHBIM arperaToM.

[Tpu npoxoxaeHun pabodell KUIKOCTH Yepe3 CTPYHHBIN ammapar B KaMepe CMEIICHUs
CHIJKAeTCs JIaBJIeHUE, 3a CYET Yyero oOpaTHbIN KilallaH OTKPBIBACTCA, U JIENPeccHs IepeaeTcs B
NOJIaKepHyI0 30Hy. Bennumnna nenpeccun U BpeMs ee ACWCTBUS 3aBUCIT OT pacxoja padouei
KUAKOCTH, IIPOKAYMBACMON 4epe3 CTPYHHBIN amrmapar, napaMeTpoM KOHTPOJIS SIBISIETCA JaBiie-
HUE HACOCHOTO arperara.

IIpekpaiienue nojgaun pabodel >KUIKOCTH BeJET K ypaBHUBAHUIO JABICHHS B Kamepe
cmemienus u BHyTpu HKT, oOpaTHbIi KinamnaH mpu 3TOM 3aKpbIBaeTcs, U B MOANAKEPHOM IPO-
CTPaHCTBE MPOUCXOAUT MPOLIECC BOCCTAHOBIICHU AaBJIeHUs. L{MKJI MOKET OBTOPATHCS MHOIO-
KPaTHO C pa3JIMYHbIMU 3HAYEHUSMH JEIPECCUU U NPHU PA3IUYHOU [UIMTEIBHOCTU IIEPHOJIOB
(IpUTOKA ¥ BOCCTAHOBJICHUS JaBJICHUS ) U LIUKIJIOB. Perucrpanuio qaBaeHus BeAyT Ha JUarpaMme
B KapoTaxxHou nadoparopun AKC-JI; Takke BO3MOKHA yCTaHOBKa aBTOHOMHOT'O TTyOWHHOTO
MaHOMeTpa U IPoOOOTOOPHUKA K XBOCTOBUKY OOpAaTHOI'O KalaHa.

K mocromHCTBaM yKa3aHHOTO yCTPOMCTBA OTHOCHUTCS TO, YTO IPU UCIIBITAHUM IEPCIIEK-
TUBHBIX TOPU30HTOB MMEETCS BO3MOXHOCTH ITPOBOJAUTH MapajljiesIbHO U reou3nyeckue uccie-
JI0BaHMsI 0€3 JOMOJHUTENIBHBIX cIycKonoabeMHbIX onepauuii ¢ HKT u OypuiibHbIM UHCTpYyMEH-
TOM.
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INPAKTUYECKOE 3AHATHUE Ne2

Pacuem maxkcumanvnozo oaenenusn na ycmbe CKearCuHbl U 00beMmM HCUOKO-
cmu, Komopyro Heo0X00uMo 3aKauams 6 CK6aDICUHY 6 npouecce énlzoea npumo-
Ka us npodykmueﬂozo naacma Memooom 3ameuienun HcuokKocmu.

3amaua 1
Onpenenuth MakCUMaJdbHOE 3HaYCHHE JABJICHUS HA YCThE CKBAXXHHBI B MPOIIECCE BHI30BA
NPUTOKA U3 POAYKTHBHOTO TJIACTa METOAOM 3aMEICHHS XKUAKOCTH Ha OoJiee JeTKYIO.
Hcxonnple nanHbie (BapuaHThl B Tabmume 2.1):
- IUIOTHOCTH OypOBOTO PacTBOpa Pp;
- IVIOTHOCTH BOABI Pz = 1000 Kr/M>;
- rimyouna cnycka HKT Hy;
- IOTEepH JAABJICHUSA:
B KOJIOHHE TpYyO -AP;
B 3aTpyOHOM mIpocTpaHcTBe -APx.

Pewenue
MaxkcuManbHOe 3HaYCHHE JaBJICHUS Ha yCThe CKBAKUHBI OIMPEIeNsoTCs o hopmyIie:
1::.I}'r:r = (_J':"p _pg)gHT + "ﬁ'P'r + Ilil'Flllai:r:’ (211)
[ToTepu naBneHus COOTBETCTBEHHO B 3aTPyOHOM IPOCTPAHCTBE U B KOJIOHHE TPYO (ompe-
JENSIOT U3 CIPABOYHBIX TAOIUIL JINOO MO CcrieluaibHOH METOTUKE).

3agaya 2
Onpenenutb 00beM KUAKOCTH, KOTOPYIO HEOOXOAMMO 3aKayaTh B CKBR)XHMHY B IIpOLECCE
BBI30Ba IIPUTOKA 110 METOY 3aMELIEHUS )KUIKOCTH JUIsl CO3/IaHUs IETIPECCUH HA TUIACT.
Hcxonnbie nanHble (BapuaHThl B Tabmuie 2.1):
- IVNIOTHOCTb OYpOBOT'0 PacTBOpa Pp;
- IIOTHOCTB BOJBI ps = 1000 Kr/m;
- TTyOuHa CKBaXKUHBI H;
- rnyouna cnycka HKT Hy;
- CpellHee TUIaCTOBOE AABIECHUE Pry;
- IOTepY JABJICHUS:
B KOJIOHHE TPYO -AP:
B 3aTPYOHOM NMPOCTPAHCTBE -APyy;
- IMaMeTp (BHYTPEHHHI) SKCITyaTallMOHHON KOJOHHBI Dsg;
- kojonHa HKT: BHennuii tuamerp dy v BHyTpeHHUH ds

Pewenue
OO0beM JIerKoi KHUAKOCTH, KOTOPYIO HE0OXOIMMO TOJaTh B CKBAXKUHY, YTOOBI 3HAYCHUS
JaBJieHW Ha 3a00€ BBIPOBHSUIUCH, HAXOIUM IO (hOpMyJIe:

V, = S H,+ S, ["P“‘_ﬂp““_”’”*’_‘q"]’ , @2.2.1)

Fp~Pg

1€ Skn - MJIONIAb CEYEHUSI MEKTPYOHOTO MPOCTPAHCTBA;
St - uionaae cedyenus BHyTpenHen nonoctn HKT.

Ecin o0beM XKUIKOCTH, 3aKauaHHOM B CKBa)KMHY, IMPEBBIIIAET MOJYYEHHOE 3HAYEHUE,
3HAYMT, CO3/IAETCS JEMPECCHS Ha TUIACT U MOXKHO BBI3BATh MIPUTOK U3 IJIACTA.
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Ta6mmma 2.1 — BapuaHThl HICXOHBIX JaHHBIX

S = HOTEPH JIABJICHUSL, | & Kononna HKT .

2 e MITa i = ©

5 an , [ = = o) o

g = o = S, = = < = 2 <

S . = S = = = = = 2=
| g2 ! o _ S s | & 3 S g S
< m - § g Q £ o N ) § S 8 S
= | 2 S 2 g o = S 2 o B
= | &% |2 | E =< | §z |8 = . g o
:les |5 | 2o | 2E| & | = < = o

ﬁ s S Lg E g = plasi E = 8 T

2 g S > © SR - = ¥ =

= S S = . = 2. = 5y

= i = < ) =| = E o,

S = = © = S s > 5 5

= A i = =
1 1150 1250 1,2 0,6 156 73 62 1280 16,8
2 1200 1300 1,25 0,65 154 73 59 1330 17,48
3 1250 1325 1,3 0,7 152 60 50,3 1360 17,68
4 1300 1350 1,35 0,75 150 89 76 1380 17,94
5 1350 1375 1,4 0,8 148 73 62 1410 18,33
6 1400 1400 1,45 0,85 156 73 59 1435 18,67
7 1150 1425 1,5 0,9 154 60 50,3 1460 19,0
8 1200 1450 1,55 0,95 152 89 76 1480 19,24
9 1250 1475 1,6 0,98 150 89 73 1510 19,63
10 1300 1500 1,65 1,15 148 60 50,3 1530 19,9
11 1350 1550 1,68 0,6 156 73 62 1580 20,54
12 1400 1600 1,7 0,65 154 73 59 1630 21,2
13 1150 1650 1,73 0,7 152 60 50,3 1680 21,84
14 | 1200 1700 1,75 0,75 150 89 76 1730 22,5
15 1250 1750 1,8 0,8 148 73 62 1780 23,14
16 | 1300 1250 1,2 0,85 156 73 59 1280 16,8
17 1350 1300 1,25 0,9 154 60 50,3 1330 17,48
18 1400 1325 1,3 0,95 152 89 76 1360 17,68
19 1150 1350 1,35 0,98 150 89 73 1380 17,94
20 | 1200 1375 1,4 1,15 148 60 50,3 1410 18,33
21 1250 1400 1,45 0,6 156 73 62 1435 18,67
22 1300 1425 1,5 0,65 154 73 59 1460 19,0
23 1350 1450 1,55 0,7 152 60 50,3 1480 19,24
24 | 1400 1475 1,6 0,75 150 89 76 1510 19,63
25 1150 1500 1,65 0,8 148 73 62 1530 19,9
26 | 1200 1550 1,68 0,85 156 73 59 1580 20,54
27 1250 1600 1,7 0,9 154 60 50,3 1630 21,2
28 1300 1650 1,73 0,95 152 89 76 1680 21,84
29 1350 1700 1,75 0,98 150 89 73 1730 22,5
30 | 1400 1750 1,8 1,15 148 60 50,3 1780 23,14




MNPAKTUYECKOE 3AHATHUE Ne3

Pacuem oovema s«cuoxocmu Hao 6030yuiHOll NOOYUIKOIL 8 npouecce vli3064
RPUMOKa U3 NPOOYKMUEGHO20 NIAACHA MEMOOOM 8030YUIHOU NOOYUIKU.

3amaua 1
Onpenenutb 00beM KHIKOCTH HaJl BO3IYIITHON TTOTYIITKOM.
Hcxonnbie nannbie (BapuaHThl B Tabmuie 3.1):
- INIOTHOCTH BOABI Pz = 1000 Kr/M>;
- IyOMHA CHUYKEHUS YPOBHS BOJbI B CKBaXUHE Hey;
- tuaMeTp (BHYTPEHHHM ) SKCIUTyaTaIlMOHHOW KOJIOHHBI Dsg;
- konnonna HKT: BHemrHmii auametp dy 1 BHYTpeHHUH ds ;
- IaBJICHHE Ha BBIXOJIe KOMIIPECCOpa MOCJIe HarHETaHUsI ra3a B 3aTPyOHOE MPOCTPAHCTBO Piwn.

Pewenue
1. BeicoTa BO31ylTHOM MOAYIIKH OIpeaesseTcs no hopMmyIe:

P
H,,=—"%, 3.1.1
==, G.1.1)

2. Koo pummeHTs! KBaApaTHOTO YpaBHEHHSI OnpeAenseTcs mo Gopmyie:

B — Pe g SuntS; ) Hyy
kEI.TSECf[

(3.1.2)

(Sun+5;)
C= [_Em e Hsn PKME[9 (3.1.3)
';I:EHSHE
I21€ Skn - MJIONIAb CEYEHUS MEKXTPYOHOTO MPOCTPAHCTBA;
Sr - momans ceuenust BHyTpenne nomoctu HKT;
Ksn — sMnupuueckuii koappunment, pasex 0,8

3. BricoTa cTonba BobI HaJ BO3AYITHOM MOIYIIKON onpeaensieTcs mo Gopmyie:

B+, B2+dp_gC
H, = ——&& (3.1.4)
2peg

4. O6beM BOJIbI HaJl BO3AYIITHOM MOTYIIKOW OMpeaesnsieTcs no hopmyse:

V, =H.S5,, (3.1.5)

3anaua 2
Onpenenuth ryOMHY CHM)KEHHUSI YPOBHS BOJbI B CKBR)XHHE B IPOLIECCE BBI30BA NMPHUTOKA
IIPY TOMOIIY BO3AYIIHON MOIYIIKA U MUHUMAJIbHYIO IPOAYKTUBHOCTH TOBEPXHOCTHOTO HAcOCA.
Hcxonnbie nannpie (BapuaHThl B Tabmuie 3.1):
- INIOTHOCTH BOABI Pz = 1000 Kr/M> ;
- TITyOMHa CHI)KEHUS YPOBHS BOJIbI B CKBaKHHE Hey;
- TuameTp (BHYTPEHHHI) IKCIUTYyaTallMOHHON KOJIOHHBI Dsg;
- kononHa HKT: BHeurnuii auametp dy 1 BHYTpeHHUH ds ;
- IaBJICHHE Ha BBIXOZIE KOMIIPECCOpa IOCIe HarHEeTaH!sI ra3a B 3aTpyOHOE MPOCTPAHCTBO Piyn;
- KOJINYECTBO BOJIbI, 3aKaYaHHOU B KOJIBLIEBOE IIPOCTPAHCTBO HAJl BO3AYILIHON MOAYIIKON V.
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Pewenue
1. BeicoTa BO3IyITHOW MOAYIIKH OMpenesieTcs o Gopmyre:

P
H., =——, 3.2.1
= . ( )

2. BoicoTa cTos10a BOJBI B 3aTPyOHOM MPOCTPAHCTBE HaJl BO3AYIIHON MOIYIIKON ompese-
nsieTcst mo popmyie:

|4
Ho="% 322
== /s, (322)
3. I'myOuHa CHI>KEHUST YPOBHS KUIKOCTH OMPEENsieTCs 1Mo Gpopmyre:
HEF[PECMH l:;E':l'[
HI:F N ksn [HE + PECMF[+IDEEHE:| SECEI:+51" (3.2.3)

4. MuHuUMasbHas MPOAYKTHBHOCTh ITOBEPXHOCTHOTO Hacoca 0oOycioBieHa TpeOOBaHHEM
OTCYTCTBUA ABHUIKCHUS IIY3bIPbKOB Ira3a HaBCTPEYY IMOTOKY.

[IpoayKTUBHOCTH HAacOca BO BpeMsl HATHETaHMsI BOJIBI JOJDKHA YIOBIETBOPATH CIIEIYIOLIe-
MY YCIIOBHIO:

Qs = Siq [m]mm, (3.2.3)

r7ie [®]min - MUHIMaJIbHAS CKOPOCTH BOJIBI, MPEIOTBPAINAIONIAs HATIPABICHNE BBEPX JIBU-
JKEHUS MYy3bIPbKOB ra3 B 3aTpyOHOM IpocTpaHcTBe, U paBHa 0,4 m/c.

3agaua 3
OrnpenenuTh BBICOTY BO3AYITHOM MO TYIIIKH.
Hcxonnbie nannbie (BapuaHThl B Tabmuie 3.1):
- IIOTHOCTB BOABI Py = 1000 Kr/m;
- INIyOMHA CHUKEHHSI YPOBHS BOJBI B CKBaKUHE Hey;
- TuameTp (BHYTPEHHHMI) IKCIUTyaTallMOHHON KOJOHHBI Dog;
- kononHa HKT: BHemHwmii nuametp dy v BHyTpeHHUH d;
- TaBJICHHE Ha BBIX0JI€ KOMIIpEcCcopa Mociie HarHeTaH!s ra3a B 3aTpyOHO€ MPOCTPAHCTBO Prym;
- KOJIMYECTBO BOJIbl, 3aKaYaHHOU B KOJIBLIEBOE MMPOCTPAHCTBO HAJl BO3AYIIHON MOAYIIKON V.

Pewenue
1. BeicoTa ctoba BobI B 3aTpyOHOM MPOCTPAHCTBE HAJ[ BO3AYIIHON TOIYIIKON Ompeie-
nsieTcs mo popmyine:

|74
H, =" 33.1
== /s (33.1)
2. BplcoTa BO3YIIHOM MOMYIIKH OIpENeIseTcs no GopmyJie:
H 5
H, = [1 4 o8 ] . [ = Hy — H, (33.2)
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IMPAKTHYECKOE 3AHSATHUE Ne4

Onpedenums 21y0uHbl YCMAHOBKU NYCKOBBIX K1ananoe Ha Koioune HKT
0J151 6b13064 NPUMOKA U3 RPOOYKMUBHOZ0 NIAACMA.

3agaua 1
Onpenenuts, Ha kakux riyouHax B kosioHHe HKT cnenyer pasmectuts nmyckoBble Kilara-
HBI JUIsl BBI30BA IIPUTOKA KUIKOCTH.
Hcxonnbie nannbie (BapuaHThl B Tabmure 4.1):
- IVNIOTHOCTb OypOBOT'0 PacTBOpa Pp;
- IIIOTHOCTH BOJBI Ps = 1000 Kr/m>;
- IUIOTHOCTH Ta3a pr = 1,29 kr/m;
- CTATUYECKHI YPOBEHb pacTBOpa HAXOAUTCS Ha TiyouHe Her;
- riTyOuHa CKBaKUHbI H;
- rmyouna cnycka HKT Hy;
- CpellHee TUIaCTOBOE AABJIECHUE Pry;
- atmocdepHoe naBieHue Po;
- IuaMeTp (BHYTPEHHHUIT) SKCILTyaTallMOHHON KOJOHHBI Dsg;
- konmonna HKT: BHemHmii auameTp dy 1 BHYTpeHHUH ds ;
- IaBJIEHHE Ha BBIXOJIE KOMIIpEccopa Iocjie HarHeTaH!s ra3a B 3aTpyOHO€E MPOCTPAHCTBO Piyn;
- JUIsl BbI30Ba IPUTOKA U3 IUIacTa HEOOXOAUMO co3AaTh Aenpeccuto AP.

Pewenue

1. YpoBeHb XKUAKOCTH B CKBRKHHE, 00SCIICYMBAIOIINI MPUTOK TIACTOBOTO (pIIronaa ompe-
nensiercs o gopmysie:

Py —AP
H_ =-5F— 4.1.1
e ppd ( )

2. PaccTosiHue OT yCThsl CKBKHMHBI K MECTY pa3MelIeHHs MEPBOro KJlarmaHa OmpeenseTcs

o ¢popmye:

Ly =H, +g[1+ﬁf[i““_w] — AL, (4.1.2)
5 F 0 Fp
rne AL - pa3HOCTh MEXIy pacdeTHbIM U ()aKTUYECKUM YPOBHSMHU Pa3MEIICHHUs KIIalaHa,
npuaumaercs 20 -25 M.
3. PaccTosiHMe OT yCThsl K MECTY pa3MeIlleHusl BTOPOro KiaraHa ornpesensercs no Gopmy-

Je:

z Trxn frlumm
1+ S Py

L,=1L,+ s — AL, 4.13
o ], ] 13

4. PaccTtosiHue OT YCThSl K MECTY pa3MEIEHUs] TPEThEro KianaHa omnpenensercs no ¢op-
MyJi€:

— Pyvn _
Ly=1, +g[1+%n][pp_prg?n] AL, (4.1.4)

['myOGuna pa3meleHus HUKHErO KJialaHa He JIOJDKHA ObITh MEHbIIE, YeM ypOBEHb, o0ec-
MeYUBAIOIINN TPUTOK (DITIOMA B CKBAXKUHY.

Pasmemenne Ha konmonHe HKT myckoBbIX KiamaHoB oOecrieurnBaeT HEOOXOIUMBIN ypo-
BEHb CHM)KCHMS )KHJIKOCTH B CKBAYKHHE.
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Tabnuna 4.1 — BapuaHThl HCXOJIHBIX JAHHBIX

[O ! (&)
g i § % % . I.<S)HOHHa }nIKT < flé g E
S |E |28g |2 |7 5 |d |é &
O = —~ M o) B g S - & a =
g = s 28| % | 2 5 T = | 2=
el 8B | & T o 23 A 5 & B g = 2 g =
= 2 < S B = g oAl v § ¥ ) = QR ..
Slea| 8 |e"8%s |5a 2 2 3 Ef | ZEf
al o« S SH Z| = o 2| g = £ S Al Sl =
S| s E T afal 8 2 E| B = o 5 s =
Rl g |0 S ow 3 g 3 S © = 2 5 2
S A = 28 3 2| & RZ|OE = = 8 = o 5
ST |E | REgzg 8 |5%: |R |& |3 |E:
= > EE o E = ) & o
= |5 | EEF = |2 |Fg|" |5 |SE
1 1150 1250 3,5 0,5 156 | 73 62 1280 16,8 100
2 11200 1300 3,5 0,6 154 | 73 59 1330 17,48 100
3 | 1250 1325 5,0 0,7 152 | 60 50,3 1360 17,68 150
4 11300 1350 5,0 0,8 150 | &9 76 1380 17,94 150
5 [ 1350 | 1375 6,5 0,5 | 148 |73 62 1410 | 18,33 200
6 | 1400 1400 6,5 0,6 156 | 73 59 1435 18,67 200
7 | 1150 | 1425 8,0 0,7 | 154 |60 50,3 1460 | 19,0 250
8 |1200 | 1450 8,0 0,8 | 152 |89 76 1480 | 19,24 250
9 |1250 | 1475 5,5 0,5 | 150 |89 73 1510 | 19,63 300
10 | 1300 | 1500 9,5 0,6 | 148 |60 50,3 1530 | 19,9 300
11 | 1350 1550 7,5 0,7 156 |73 62 1580 | 20,54 350
12 | 1400 1600 7,5 0,8 154 | 73 59 1630 | 21,2 350
13 | 1150 1650 9,5 0,5 152 | 60 50,3 1680 | 21,84 400
14 | 1200 1700 12,0 0,6 150 | &9 76 1730 | 22,5 400
15 | 1250 1750 11,0 0,7 148 | 73 62 1780 | 23,14 450
16 | 1300 1250 3,5 0,8 156 | 73 59 1280 16,8 100
17 | 1350 | 1300 3,5 0,5 | 154 |60 50,3 1330 | 17,48 100
18 | 1400 | 1325 5,0 0,6 | 152 |89 76 1360 | 17,68 150
19 | 1150 | 1350 5,0 0,7 | 150 |89 73 1380 | 17,94 150
20 | 1200 | 1375 6,5 0,8 | 148 |60 50,3 1410 | 18,33 200
21 11250 1400 6,5 0,5 156 | 73 62 1435 18,67 200
22 11300 1425 8,0 0,6 154 | 73 59 1460 19,0 250
23 | 1350 | 1450 8,0 0,7 | 152 |60 50,3 1480 | 19,24 250
24 | 1400 | 1475 5,5 0,8 | 150 |89 76 1510 | 19,63 300
25| 1150 | 1500 9,5 0,5 | 148 |73 62 1530 | 19,9 300
26 | 1200 | 1550 7,5 0,6 |156 |73 59 1580 |20,54 350
27 | 1250 | 1600 7,5 0,7 | 154 |60 50,3 1630 | 21,2 350
28 | 1300 | 1650 9,5 0,7 | 152 |89 76 1680 | 21,84 400
29 |1 1350 1700 12,0 0,8 150 | &9 73 1730 | 22,5 400
30 | 1400 1750 11,0 0,8 148 | 60 50,3 1780 | 23,14 450
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IMPAKTUYECKOE 3AHATHUE Ne5

Onpeoenenue oasnenusn 3aKauKu paodoyeil HeuoKoCmu HACOCHLIMU azpezamamu npu
0CBOCHUU CKEANCUHBL CIMPYIIHBIMU ANNAPAMAMU.
3agaua 1
Onpenenuth NaBlieHUE 3aKauyuBaHUs pabodel KUAKOCTH HACOCHBIMHU arperaramu Ipu
OCBOEHHUU CKBAKUHBI CTPYHHBIM aIlllapaToM.
Hcxonnbie nannbie (BapuaHThl B Tabmuie 6.1):
- CTpYHHBIN ammapat pazMenieH Ha riyoune H ay ;
- TuameTp paboueit Hacaaku ammapara dp;
- TUaMeTp KaMephbl cMelIeHus dc;
- pacxox paboueii xkuakoctu Qp ;
- OJKHJIa€MbIH 1eOUT CKBaXKUHBI Qy;
- IJIOTHOCTH Pab0Yero HHKEKTUPOBAHHOTO M CMEIIAHHOTO TTIOTOKOB Pp, Pu, Pc;
- IOTEPHU JaBJIECHUA B KOJOHHE APy
- IOTEpU AABJICHUS B 3aTpyOHOM IpocTpaHcTBE APxy;

Pewenue
1. KoadduimeHT HHKEKIIUHA CTPYHHOTO armapara Onpe/IeITIOT U3 BIPAKCHUS:

U = QH/era (61)

2. OnpenensioT TUIOIIAIU XapaKTEPHBIX CEYCHHI CTPYHHOTO anmapara mo gopmymiam:
- pabouero coruia

m-d2
fo=— (6.2)
- KaMC€pPbl CMCHICHUA
m-dZ
=" (6.3)

- KaMCPbI UHKCKIIUU

fo = fe = for (6.4)

3. Be3pa3zMepHbIil Hanop CTPYWHOTO arrapaTa corjaacHo GpopMyiie:

o B(175+ 10722 12 — 107221+ 07) ) (6.5)

*':"Pp [ Pulc Pulc

- nepen Bb13oBoM nputoka (U = 0)
- nmocJe Ber3oBa mputoka (U = 0,301)
4. ITorepu naBieHMs B KOJIOHHE U B 3aTpyOHOM MPOCTPAHCTBE:!
AP* = AP_-H,_ (6.6)
AP = AP, _-H,_, 6.7)
5. JlaBieHue B kKamepe WHKEKIMHU CTPYHHOTO anmnapara:
- TIOCKOJIbKY OTPaHUYECHUH OTHOCHUTEIHHO YMEHBIIICHUS JIABJICHUS B TOANAKEPHOW 30HE
HET, MO’KHO YMEHBILIATh JIaBJICHUE B KaMepe MHXKEKIUH 10 MUHUMAaIbHO BO3MOXHOIO 3HAaYECHUS
P, =0.
6. 'mapocraTuueckue JaBlIeHUs ONPEEISIOT M0 GOpMyIaM:
P, =p.gH,,, (6.8)
P.=p.gH., (6.9)
7. JlaBneHue arperara B BBIKMIHOMN JIMHUH ITOBEPXHOCTHOTO HACOCa COrJIaCHO (opMyIie:

P +AP* . Pu[1-(ap./ap,)]

,=———— —P_ +AP" —= e (6.10)
AP./AP,, P AP,/ AP,

- Ha HaYaJIbHOM CTaJIUM BBI30BA MPUTOKA, T.€. mepes] BbIzoBoM nputoka (U = 0)

- nocJe Bei3oBa nputoka (U = 0,301)
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3agaua 2

Onpenenuth AaBlICHHE 3aKaYMBAHUSI HACOCHBIM arperaTtoM padodeil KUAKOCTH MPHU OCBO-
€HUU CKBaXUHBI CTPYWHBIM amlapaToM.

Hcxonnple nanHbie (BapuaHThl B Tabuie 6.1):

- IaBJICHUE B TOJIMAKCPHOU 30HE IS BHIMOTHEHUS YCIOBHIA MIPOYHOCTH 00CATHOM KOJIOH-
Hbl Py (HE Menee 8 MIla);

- JUTSI IPOBEJICHUSI PACYETOB UCIIOJIB30BATh JJAaHHBIC U3 YCIOBHS 3a1a4u 1.

Pewenue

[TockonbKy MPOMEXYTOUHBIE pacyeThl M3JI0KEHBI B MPEAbLAYLIEH 3aJade, ONpenesseTcs
JABJICHUE B BBIKWJIHOMN JIMHUH MTOBEPXHOCTHOT'O HACOCA MPH yciIoBuH, uto Py # 0 cormacHo dop-
Mmyite (6.10):

- Ha HaYaJIbHOM CTa/IMM BBI30BA MPUTOKA

- IOCJI€ BBI30BA IPUTOKA

- CTpYHMHBIN anmnapar pazmenieH Ha rinyoune H an ;

- TuameTp paboueit HacaakH ammapara dp;

- TMaMeTp KaMephl cMeeHus d;

- pacxon paboueii xuakoctu Qp ;

- O)KHJIaEMBIM TOUT CKBAXKUHBI Qy;

- IJIOTHOCTH pab04Yero MHKEKTUPOBAHHOTO M CMEUIAHHOTO TOTOKOB Pp, Pu, Pc;

- IOTEPH JaBJIEHUS B KOJOHHE APr;

- IOTEepH AaBJICHUS B 3aTPYOHOM IpocTpancTBE APyy;

Ta6mmma 6.1 — BapuaHThl HCXOIHBIX JaHHBIX

IOT- rnyouna Hi, |rayOuna Ha, M| naBieHue |rpaiueHT naBiie- cpenHee Ia-
« | HOCTh M OIPECCOB- | HHUS THAPOpPa3- CTOBOE JIaBlie-
= | KHIKO- k1o Ponp; |pIBa mopon grad HHe Py MIla
a CTH B MIla  |P,y:; MIIa/100 m
< | CKBa-
m
KHHE P
, kr/m?
1 | 1000 1250 1370 15 1,8 12,3
2 | 1020 1300 1450 16 1,8 13,3
3 | 1050 1325 1490 17 1,8 13,9
4 | 1070 1350 1500 17 1,8 14,4
5] 1100 1375 1510 18 1,8 15,1
6 | 1000 1400 1520 17 1,8 13,9
7 | 1020 1425 1550 17 1,8 14,5
8 | 1050 1450 1570 18 1,8 15,23
9 | 1070 1475 1600 19 1,8 15,8
10| 1100 1500 1620 19 1,8 16,5
11| 1000 1550 1675 18 1,8 15,5
12| 1020 1600 1720 19,5 1,8 16,3
13| 1050 1650 1770 20,5 1,8 17,33
14| 1070 1700 1825 21 1,8 18,2
15] 1100 1750 1890 22 1,8 19,3
16 | 1000 1250 1370 15 1,8 12,52
17 ] 1020 1300 1450 16 1,8 13,2
18 | 1050 1325 1490 17 1,8 13,9
19| 1070 1350 1500 17,5 1,8 14,45
20 | 1100 1375 1510 18 1,8 15,13
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21| 1000 1400 1520 17 1,8 14,1

22| 1020 1425 1550 17,5 1,8 14,54
23| 1050 1450 1570 18 1,8 15,3

24 | 1070 1475 1600 19 1,8 15,84
25| 1100 1500 1620 19,5 1,8 16,6
26 | 1000 1550 1675 19 1,8 15,62
27 | 1020 1600 1720 20 1,8 16,41
28 | 1050 1650 1770 20,5 1,8 17,48
29 | 1070 1700 1825 21,5 1,8 18,34
30| 1100 1750 1890 22,5 1,8 19,51

28




IMNPAKTUYECKOE 3AHSATHUE Ne6

Pacuem 00vemoe yncuokocmeil 011 2uOpasIUYeCcKo20 pa3povleéa niacma u
Mmaccol 3aKpenumens mpeujuH.

3anpauva 1.

Jlnst pa3paOoTKH 1OAX0/1a K IJIAHUPOBAHMIO pacxoja *KUJIKOCTH HaMU TIpe/I-
JI0’)keHO 00paboTaTh YMCIIOBBIE JAaHHBIC 00 M3MEHEHHWH Pacxojia W JABJICHHS TIO0
kaxaomy ['PII ¢ mocTpoeHreM MHIUKATOPHBIX KPUBBIX U KPUBBIX U3MEHEHUS KO-
s PunreHToB npueMucTocTu (cM. puc. 1 u 2).

K, M/ (cym - Mfla)

nm-|

4Ky
0

ag, Mia
Zos Me

Puc. 1. I3MeHeHue npueMucTocT! CKBaXKuH, xapakrepHoe st I'PII:
T. A COOTBETCTBYET MPUEMHUCTOCTH Ko IpH pacxofie Jo, U JaBICHUU Ha 3a00€ Po; T. B - ipu P, =
P pu~ MaKCUMaJIbHOM JAaBiieHuH, focTuruytoM mpu I'PIL; 1. O -npu K = K, - MakcUMalbHOM
Kod(hpuImeHTe mMpUEeMUCTOCTH

K,m s Mita)

206 15317, A1

HI2510 S AY

BT Al 35,101

}'.sm, 510
4 oGaer,n0
)

0 2 3 ) 5 6 g M

10547, 58

Puc. 2. I3menenne npuemMuctoctu ckBaxkud npu ['PII ckBaxkun CaMOTIOPCKOTO MECTOpPOXK/ie-
Hus (no FO. /1. Kaumapy, 1991)

Hcxons u3 31010 onpenenstoTcs OCHOBHBIE TapaMeTphl MPOIIECCOB B Xapak-
TEepHBIX TouKax (A, B). Jlis mpOrHO3UPOBAHUS 0KUAAEMOTO PacXojia KUJKOCTH
IPU YETHIPEXKPATHOM yBeIrueHUH Koddduimenra npuemucroctu (( = 4) mpen-
JI0’KEHA 3aBUCHUMOCTD

Gu = AKkPpp ~ Pasd, (1)
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JUTSI MAaKCUMAJIBHOTO pacxojaa, 00eCIeunBarOIIeT0 3aKPEIUICHHE TPEIIH (B
cpeadem 10-20 T mecka), 3aBUCUMOCTH (1) uMeeT Bu

Tu = Aqu KO(AP Pp4 - pml)’ (2)

rne A, - 0XuaaeMoe yBeJIHMUeHHUE JaBJICHUS P MaKCUMaJIbHOM pacxojie.

[Tpuaumaem Agm = 5+8 u A, = 1,06.

[Tpu 3HaueHmsIX A = 4 U Ag, = 8 TIPOTHO3MPOBAHKE OKUIAEMBIX PACXOJIOB
st I'PIT B ckBaskmHax Ilpenkaprmarhs HaJIe)KHO, TaK KaK CPEIHSSI OTHOCHUTEIbHAS
omubOka omnpeneneHus s coctasmia 17 %, a (,, = 11 % npu MakCUMaNbHBIX OT-
KJIIOHEHUSX PACUETHBIX M (akThuecknx AaHHBIX He 6omnee 30 %. OOb4HO (u = =
2000+3000 m3/cyT.

Ilpuwep.
N3noxxeHHas MeToAMKa MPUMEHEHA NJId MPOTHO3UPOBAHUS PACXOJOB M JABJICHUM TP

npoexktupoBanuu ['PII B ycnoBusax CaMoTIOpCKOrO MECTOPOKACHHUS.

PaccuuTanbl Takke 3HaUYCHHMsSI MAaKCUMAaJbHBIX KO3 UIMEHTOB mpueMucroctu Ky mpu
HauOOJIBIINX PACX0/axX, JOCTUTHYTHIX NpHU yxe npoBeaeHHbIX I'PII, Onaroxaps uemy onpenene-
HO cpeJlHee 3HaueHue yBeIUYeHUs KO3((UIMEeHTa IPUEMUCTOCTH 10 CPAaBHEHHIO C HAYaJIbHBIM:
Aq=KwKo=54.

ITocne storo omnpenenen oxuaaembri pacxon s ['PII npu packpsiTun TpeluH mpruMe-
HSEMOM XKUAKOCTBIO U UX 3aKperyieHUH neckoM (rnpu Aq = 4 u Aq = 5,4) s ycioBuii CaMoT-
JIOPCKOTO MECTOPOXKICHHUS 110 3aBUCUMOCTHU

(h = 4K0(pp4 - plm) (1)
1 MaKCHUMaJbHBII pacxoa IIpu UX pa3BUTUHU
Gu = 5,4K {4,000 = Pra). (2)

Pacuetsl, BbIoHEHHbIE 10 (popmynam (1) u (2), Moka3bIBa.T JOCTATOUYHYIO TOYHOCTh
pacdeToB js MPAaKTUYECKOTo mnporHo3upoBanus pacxona npu I'PII (cpenusas ommbka 17,7 u
15,2 %). O4eBUIHO, C HAKOIUIEHUEM ONBITHBIX JTAaHHBIX KO3QuuueHT Aq OyleT yTOUHEeH, XKema-
TeNbHO ¢ AuddepeHnnanyen mo macTaM 1, BO3MOXKHO, C YI€TOM CBOMCTB )KHUIKOCTEH.

3agauya 2.

Macca 3akpenurens TpemuH. Jns ckBakun riyouHoin 10 3000 M, kak cBU-
JIETEJIbCTBYET NPOMBINUIEHHBIA ONbIT cOTeH omnepauuid ['PlI, mpoBeneHHBIX B
[IpenkapnaThbe, 3aKpenUTEIEM TPEUTUH MOXKET OBITh KBApIIEBBIA MECOK, COOTBET-
cTBytonnii TpedoBanusiM TY 39-982-84. OObIYHO NPUMEHSIOT MECOK (PpaKuu
0,4-1,6 mM.

Pacuet Macchl 3akpenuTens (Mecka) 1eaecooOpa3sHo MPOU3BOIUTH C yUETOM
HeoOxoaumoin noBepxHocTH TpentuHbl ['PII u yaensHOTO pacnpenesneHus ero Ha
€IUHUILY TOBEPXHOCTU. VMI3BECTHO, UTO MPUHSATHIC 3HAYEHUS MPOBOJAUMOCTH Tpe-
nHbl ['PI1 HaOmiomaroTes mpu yneabHOW KOHIIGHTpaluu 3akpenutens my = 0,5
KI/M?, KOTOpas COOTBETCTBYET Pa3peKEHHOMY MOHOCIOK. KoHIEHTpauuu, mpe-
BBILIAOLINE My, = 2,4 KI/M?, COOTBETCTBYIOT MHOTOCIOMHOMY Pa3MENIEHHIO 3aKpe-
nuTeNs. PEKOMEHIyeTCst IPUMEHATD My, = 5+20 Kr/m2,

OntumanbHy0 HOJYAJIMHY BEPTUKATBHON TPEUIMHBI MOXKHO OMPEAEIUTH 10

OMIIMPUYECKON 3aBUCUMOCTH
= 0,27
L = 143 R (1)
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rae L - monyanuHa (0JHO KpbUIO) ABYXCTOPOHHEW BEPTHKAIBHOM TPELIMHBI,
M; K - mporumaemocts mopoasl, pm? (1 dm? = 107 mrm?).

Hanpumep, m1g k = 0,01 Mmxm? =10 ¢pm? HeoOxoamumo 3Hadenune L = 76 M, a
g 1 @Mz - 3gayenne L = 143 m.

[ToBepXHOCTBH ABYX MONYUIMH TPEUIUHBI

Sy = 2Lh.

(2)

3nech L ompenensitor mo ¢popmyne (1); h oObraHO paBHSETCS TONIIUHE TIIA-
cra, noasepraromerocs I PII, m.

VenbHoe pacnpeneneHie 3akpenuTens (Kr/M?) B TPEIUMHE MOKHO PacCuu-
TaTh MO SMITUPUIECKON 3aBUCUMOCTH

m, = 4 + 40(m — 0,09) zns m < 0,114, (3)

rae 0,07 <to <, 0,20 - TOpUCTOCTh MOPOABI, AOJI €IUHUIIBI.
Macca 3akpenuTtens (mecka), T, He0OX0auMast 1Jid 3aKPEIUICHUS] TPEILHH,
Kaxk cnenyer u3 ypaBaenuii (3) u (4), B IpOYHBIX MOPOJIaX MaJIOW MOPUCTO-

CTH KOJIMYECTBO 3aKpenurens (Mmecka), HeoOXOAUMoe ISl 3aKpEeIJICHUS! TPEIIUH,
3HAYUTEIBLHO MEHBIIIE, YEM B MATKHX NOpOAax ¢ OOJbLIEH OPUCTOCTHIO.
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IMMPAKTUYECKOE 3AHSTHUE Neo7
Onpeoenenue pacxooa HcuOKOCHMuU u 0a61eHUs 60 8PEMs HAZHEMAHUS KUC-
JIOMHO20 pacmeopa 6 niacm.

Memoouka

W3 npenBapuTeNbHBIX UCCIEI0BAaHUM CKBAXKUHBI U3BECTHBI:

riyOWHa 3ajeranvs MPOJYKTUBHBIX MOPOJ M JEOUT CKBAKUHBI; JIaBJICHHE OMPECCOBKU
AKCIUIYaTallMOHHOM KOJIOHHBI; XapaKTepUCTHKA U3MEHEHMs JaBJICHUs BO BpeMsl HarHeTaHWs B
CKBa)XKMHY >KMJIKOCTH C TIOCTOSIHHBIM WJIM IIOCTEIIEHHO BO3PACTAIOLIMM PACXO0J0M; BIUSHUE pac-
X0J1a KUCIIOTHI Ha MIyOuHy (paauyc) oOpabOTKH I1acTa; TpajueHT JaBJICHUs BO BpeMsl HarHeTa-
HUSl KUCJIOTHI B IJIACT IO JIaHHBIM IPEIBAPUTENIBHBIX 00paOOTOK CKBaXMHBI U TPAJUEHTHI J1aB-
JIEHUs TUAPOPA3phIBa IIACTA.

Mo’xHO onpeAenuTh YCAOBHS U OTpaHUYEHUS AJ1i 000CHOBAHUS 3HAUEHUN pacxo/ia Ku /-
KOCTH U JIaBJICHHUS BO BpPEMs HATHETaHUSI KUCIIOTHOTO pacTBoOpa B muiacT. [y 3Toro Heo6xoammo
HCCJIE0BATh IPUEMUCTOCTh CKBAKUHBI, T.€. XapaKTep U3MEHEHHUs JaBJICHUS Ha YCThE BO BpeMs
HarHeTaHUs B TUIACT C HAUMEHBIINM ITOCTOSIHHBIM PacxXoJIoM HacocHOro arperata Q wmiu Bo3pac-
tatomuM Q1 £ Q2 £ Q3 pacxomom, Hampumep, MyTeM MOCTEIEHHOTO YBEIWYEHHs] CKOPOCTU
HACOCHOTO arperara.

ITo nanHBIM HccIeaoBaHUi TTOCTpouTCs KpuByto P, =f(t), rae P, - naBnenue Ha ycthe; t -
JUTUTEIbHOCTh HarHETaHUsl, MUH.

JlJ11 HE3HAYUTEIBLHOTO PACX0/1a MAJIOBI3KON JKUJIKOCTH T'HIPaBIMUYECKUE TOTEPH TPEHUSI
HEBEJIMKH, MO3TOMY ISl MPOIecca HAarHETaHUsI KUCJIOThI B IUIACT TUJPABIMYECKUMHU MOTEPSIMU
MOYKHO TIpeHeOpeyb.

Pacxon xucnotel Qk BO BpeMsl 3aKayMBaHHs B MECYaHO-aJIeBPOJIUTOBBIE MOPUCTHIC IJIa-
CTBl C YYETOM BJIMSIHMSI Ha CKOPOCTb MPOXOXKJIEHUS peakluu He persiaMmeHTupyercs. Hanbonnb-
1Iee JOMyCTUMOE 3HaYEHHE PacX0/1a OTPaHMYNBAETCS JIMIIb JABJICHUEM.

O He3HauMTEeNbHOM BIIHMSHUU CKOPOCTU (MIBTPALIMU HAa CKOPOCTh B3aMMOZIEHCTBUS KHC-
JIOTHI ¢ IOPOJIOM U3BECTHO U3 JIAOOPATOPHBIX MCCIEJOBAHUI M TEOPUH PEaKIMil KUCIOTHBIX pac-
TBOPOB B IOPOBOM IpocTpaHcTBe. JlokazaHo, 4To B mopax ¢ pa3mepamu 10-12 MKM IuTensb-
HOCTh HEUTpAIM3aLUU KaKUX-IMOO KHCIOTHBIX PACTBOPOB Ha CTEHKAaX CKBAKUHBI M3MEpseTCs
nossimu cekyHa. B rimy6une T311 npogomkuTenbHOCTh HEUTpATN3alui HECKOJIBKO BO3PACTAET:
JUISL COJITHOKUCIIOTHBIX pacTBOpoB 10 10 ¢, a IS IIMHOKHUCIOTHBIX - IO COTEH CEKYyHJ. YBEu-
YEHHE pacxo/ia KUCIOTHI 1aKe B HECKOJIBKO pa3 HECYIIECTBEHHO BIMSET Ha AJIUTEIbHOCTh pPeak-
LMY KUCJIOTHI B IulacTe. B omiinune oT 3akaunBaHUs KUCIIOTHI B IUIACT, JUISILErOCs 4acaMu, pe-
aKlMs B MIOPOBOM MPOCTPAHCTBE MPOUCXOAMUT MOYTH MIHOBEHHO JJIS JIFOOBIX pealibHbIX pacxo-
JIOB KUCJIOTHI BO BpeMs 00pabOTKHM IIacTa.

N3BecTHO, 4TO BO BpeMst 00paOOTKM TPEIIMHHBIX KapOOHATHBIX KOJIJIEKTOPOB JKeJlaTellb-
Ho 3akaunBaTh CKP npu MakcuMaiabHO BO3MOXKHOM pacxojie, Tak Kak 3T0 00ecreunBaeT Bo3pac-
TaHue rI1yOrMHbI 00pabOTKH IU1acTa U yBeIM4nuBaeT 3¢ (EeKTUBHOCTH KUCIOTHOTO BO3/IEHCTBUS.

OrpannuMBaeTcs HaMMEHbILIEE 3HAUEHUE pPAcXoAd, KOTOPOE 3aBUCUT OT JOINYCTHMOIO
npeObIBaHMs KUCIOTHI Ha 3a00€, ¢ YYeTOM 3allluThl MeTajljla OT KOPPO3UHHOW aKTUBHOCTU TIO
YCIIOBUIO:

Q=Q,, (5.1

Qup — IpEeeNbHBIN pacXo] KUCIOThI; OTPAaHUYEHUEM SBISETCS JUIUTEbHOCTh HarHETaHUS
6 M’ KHCIIOTHI, KOTOpast C y4eTOM KOPPO3UIHOTO BO3AEHCTBHS Ha TPYOBI IPH MLIACTOBOM TemIle-
paTtype ¥ NpUMEHSEMBIX MHTHOUTOpAX He JOIKHA IPEBBIIATh 6 4., Qup>24 M/CyT.

U3 oneita KO n3BeCTHO, 4TO pacxos KUCIOTH Ha yeThe 006r9H0 Qk = 150 - 500 M>/cyT.

JlaBneHre Ha yCTbe BO BpeMsl KUCIOTHON 0OpabOTKH JOKHO OBITh MEHBIIE J1aBICHUS
ONPECCOBKHU IKCIUTYaTAllHOHHOM KOJIOHHBI, TAK KaK 3TO J1a€T BO3MOXHOCTh ITPOBOJIUTH HarHeTa-
HUE KHCIIOTHI 0€3 Makepa U yAeleBseT MpoLecc:

Pk Z P onp. (5.2)
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rae Py - 1aBIeHUE Ha yCThE BO BPEMsI IOCTYIUIEHHS KUCJIOTHI B IUIACT;
Ponp -NaBIeHE ONIPECCOBKMU.

OObIUHO JaBIECHHE OMPECCOBKH SKCIUTYaTallMOHHBIX KOJOHH coctaBiser 15-20 Mlla B
AKCIUTyaTallMOHHbIX CKBaxnHax u 20-40 MIla - B pa3Be10UHBIX.

I'panveHT naBieHus BO BpeMsi HATHETAHUS! KUCIOTHBIX PACTBOPOB B IUIACT JIOJKEH OBITh
MEHbIIIE TPaJIMeHTa JaBJIEHUS THAPOPa3pblBa NOPOJ] B CKBAXKMHAX JJAHHOI'O PErMOHa (MECTOPOXK-
neHus), yToosl n3dexars ['PII u pacpocTpannuTh BO3AEHCTBHE KUCIIOTHI 1O TOJIIIMHE TJIACTa:

grad P < grad P.p; (5.3)
grad Py, = Popu /(0,01H); 5.4
grad Pc = (Poem + Pr )/(0,01H); (5.5)
Pem =,09H, (56)

rae Prpn - naBnenue Ha 3a6oe Bo Bpems ['PII nepen 3akperuieHreM pa3BUTHIX TPELIUH ECKOM;
H — rny0uHa CKBaXXWUHBI; P.c; — TUAPOCTATUYECKOE JaBIICHUE BOJBI B CKBAXHHE; . p — IJIOT-
HOCTb UJKOCTU B CKBa)KHHE.

Hamnpumep, 3HaueHusi CpeIHUX TPATUEHTOB JABJICHHUM THUApOpa3phbiBa IUIACTa, KOTOPHIE
Haubosee XapakTepHbI Ui YCIOBHM MpeaKapnarckux mecropoxiaeHuit. I paouenm Prpn = 1,8
MIla/100 m ¢ negpmanwvix ckeaxcunax u zpaouenm Popn = 1,90 MIla/100 m — ¢ 600onazHe-
mamensnuix. Bo Bpems KO nHedTsaHbIX ckBaxkuH rpagueHT P = 1,56 MIla/100 M, a BogoHarHe-
tatenbHbIX — 1,73 MIIa/100 m.

Pa3nocTe naBneHuit oOycnoBiieHa HaTU4YUEM B MPHU3a00NWHON 30HE HE(TAHBIX CKBAXKHH
BOPOHKH JCTPECCUH, & B HATHETATEIBHBIX — PEIPECCUM.

Ecnu nasnenue I'PII He ncciienoBaHo, TO MOYKHO CYUTATh, YTO

grad P.p, = 100(P.cn + 0,008 H)/H.

DT0 3HaUYEHUE UCTIOIB3YIOT AJISl IPUHATHUS PelieHus o yciaoBuio (5.1).

3anauva 1.
OrnpenenuTh 0KUAAEMbIE PACXO/IbI KUCIOTHI U IaBJIICHUE BO BpEMs HarHETAHUS B TJIACT.
Hcxonanbie nanHble (BapuaHThl B Tabmuie 5.1):
- CKBa)KMHA HKCIUTYyaTUPYETCsl IITAaHTOBBIM ITyOHMHHBIM HacocoM (LLII'H) ¢ nebutom 6 1/cyT;
- INIOTHOCTH JKUJIKOCTU B CKBaXKHUHE p;
- 3¢pexTrBHAS TONIIMHA IJIACTOB, pa3MelleHHbIX B uHTepBaie oT Hi 1o Haz , hygy = 50 m;
- CpeaHee MIACTOBOE AaBIEHUE Pry;
- TPaJIUEHT JaBJeHUs ruapopaspeiBa nopox grad Pap,;
- IaBJIEHHUE OIIPECCOBKU KOJOHHBI Porp;
- pPe3yNbTaThl UCCIIE0BAHMS CKBAXKHHBI HA IIPHEMUCTOCTh BOJBI MIOTHOCTHIO 1000 Kr/M> 1306-

pa’keHbl Ha pUCYHKe 1.
3

2y, Mia V m
y ! 410
20 —
15
2
A e——
1z 45
L Po
5
J
———— - J-.-
- L I ]
7] 15 2, Muy

Pucynok 1 - U3menenue napnenus Py Ha ycThe CKBa)XMHBI BO BpeMsl MPOOHOTO0 HarHeTaHHUs B

mnactsl ( (=225 M/ cyt): 1,2 — naBneHue Ui BOJOHATHETATENbHON M HEPTAHOM CKBAXKH-
HBI COOTBETCTBEHHO, 3 — 00beM xuakoctd V, M°; Py — JaBleHHE Ha YCThE CKBA)KHHBI,
MIla; t — npoJOIKUTENBHOCT HATHETAHUS B IUIACT, MUH;

Pewenue
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1. Ananusupys kpuyto P, = f(t), Haxoaurcs 3HaueHue P, , KOTOPOE MOXHO CUUTATh
KBa3MyCTOMYMBBIM JJIsl pacxona (o = 225 M3/cyT, T.€. 3HAUeHHUE aaBjicHUus Py ,

2. Hpunumaerca Q, = do = 225 M*/cyr aa naiinennoro Py. [IpoBepsieTcst JOMyCTUMOCTS
MPUMEHEHHUS Takoro pacxoja. [lockonbKy BepXHUN Mpesel pacxoa KUCIOThl B IECUYaHbIX KOJI-
JICKTOpax HE OTPaHUYCH, MIPOBEPSAETCS TOMYCTUMOCTh mpuMeHeHus Qk = (o mo ycmoBuio (5.1)
HAaUMEHBIIIETO PAcX0/1a U OINpeAesieTcs 3HaUeHue pacxo/a A 00paboTKu.

3. CpaBHuBaeTtcs napieHus o ycnoButo (5.2). Eciu ycnoBue Beinomnusiercs, To KO npo-
BOAUM 0e3 makepa.

4. IIpoBepsieTcsi BO3SMOXKHOCTb THIIPOPA3phIBa IIACTa BO BpEeMsl HArHETaHUs O] JaBje-
HueM Py < P,,p. BHauane paccuuTbiBaeM cpeiHIO ri1yonHy oO0pabaThiBaeMbIX MJIACTOB

H=(H; + Hy)/2,

a janee 1o yciaoButo (5.6)

Deem = pQH.

ITo ycnoButo (5.5) onpenensiercs grad Py .

[IpoBepsiercs ycnosue (5.3), u nenaercs BbIBOJ O BO3MOYKHOCTH I'MIpOpa3phbIB ILIacTa.

Tabmuna 5.1 — BapuaHThl HCXOTHBIX JTAHHBIX

£ | TUIOTHOCTH KHIIKO- rryOmHa | TiryOMHa |maBJICHHE OTpec-| TPaJAUeHT JaBIICHIS TH/- | CpeIHee TIacTo-
S | CTH B CKBaXHHE p , Hi,™m Ho, m COBKUO Popp; popaspsiBa mopon grad |Boe naBieHue Pyy;
§* Kr/m3 MIla P.py; MITa/100 m MIla
1 1000 1250 1370 15 1,8 12,3
2 1020 1300 1450 16 1,8 13,3
3 1050 1325 1490 17 1,8 13,9
4 1070 1350 1500 17 1,8 14,4
5 1100 1375 1510 18 1,8 15,1
6 1000 1400 1520 17 1,8 13,9
7 1020 1425 1550 17 1,8 14,5
8 1050 1450 1570 18 1,8 15,23
9 1070 1475 1600 19 1,8 15,8
10 1100 1500 1620 19 1,8 16,5
11 1000 1550 1675 18 1,8 15,5
12 1020 1600 1720 19,5 1,8 16,3
13 1050 1650 1770 20,5 1,8 17,33
14 1070 1700 1825 21 1,8 18,2
15 1100 1750 1890 22 1,8 19,3
16 1000 1250 1370 15 1,8 12,52
17 1020 1300 1450 16 1,8 13,2
18 1050 1325 1490 17 1,8 13,9
19 1070 1350 1500 17,5 1,8 14,45
20 1100 1375 1510 18 1,8 15,13
21 1000 1400 1520 17 1,8 14,1
22 1020 1425 1550 17,5 1,8 14,54
23 1050 1450 1570 18 1,8 15,3
24 1070 1475 1600 19 1,8 15,84
25 1100 1500 1620 19,5 1,8 16,6
26 1000 1550 1675 19 1,8 15,62
27 1020 1600 1720 20 1,8 16,41
28 1050 1650 1770 20,5 1,8 17,48
29 1070 1700 1825 21,5 1,8 18,34
30 1100 1750 1890 22,5 1,8 19,51




INPAKTHYECKOE 3AHSITUE Ne8
Onpedenenue ckun-3hghekma u omuouieHus nPoOyKmueHocmeil.

Haunbonee xapakTepHbli MOKa3aTelb JA0OBIBAIONIMX BO3MOXKHOCTEH CKBa-
KUHBI -KOA(DPUITUEHT MPOAYKTUBHOCTH 1], paBHBIA YacCTH CYTOYHOI0 0TOOpa IMpo-
TYKIUU, KOTOpast MPUXOUTCS HA SAUHUILY JEIPECCUU:

n=-=< (1)

Ap
rae Q - nebut cxpaxkunsl (M>/cyt) mpu penpeccun (MIla); Ap = pu, — ps;
Pun -Ti1acTOBOE AaBieHue, Mlla; p; - 3a6oiinoe naBnenue, Mlla.

Paznnuaror gakTrueckuii KO3QPUUHUEHT NPOAYKTUBHOCTU CKBAKUHBI 7z U
MOTEHIUATBHBIA KOAPPUIIUEHT MPOTYKTUBHOCTH 7, 3HAUEHUSI KOTOPOTO PaCCUH-
THIBAIOT 10 W3BECTHBIM 3HAUEHUSM TUAPOAMHAMUYECKUX MApaMeTPOB MPOIYKTHB-
HBIX TJIACTOB.

OnpenensaroT pakTHUECKUN KOA(PPUIUEHT MPOTYKTUBHOCTA HA OCHOBAHUH
WHIUKATOPHBIX AxarpaMM (puc. 1), KOTOpble CTPOSTCS MO pe3yJbTaTaM HUCCIE0-
BaHUs CKBOKMHBI HA CJIIOKHMBIIUXCS peKUMax 0TOOpa MPOAYKIMH (HE MEHEE TPEX).

MuauKaTtopHas auarpamMMa OTOOpaXkaeT 3aBUCHMOCTH nedura (M/Cyr)
CKBaYKUHBI OT JIEIPECCUU:

Q =mngAp 2)

U J1a€T BO3MOXXHOCTh ONpPEAEIUTh (aKTUYECKUN KOIPPHUIMEHT MPOIyKTUBHO-
CTH

CornacHo ypaBHEHUIO J{I0IyH IIOTEHIUAIBHBIA JEOUT CKBAXKHHEI, M° /CYT,
Q. =2m e——2 (3)

bin(Ry/ry)’
Pasnenus npaByio M J€BYIO 4acTu ypaBHeHus ( 3) Ha Ap, HONy4nuM BBIpa-
JKEHHME JJIS ONpPENENEHHsS MOTEHIMAIBHOrO KOd(PQUIMEHTa NPOAYKTUBHOCTH
ckBaxkunsl, M>/(MIla-cyr):
N, = 5,43-1011s —— 4)

bin(Ry/rg)
rae e = kh/y - ruzponpoBoaHOCTS IPOAYKTHBHEIX IIacTOB, M>/MIla-c; b - 06BbeM-
HBI KodurmenT st Hehtu (kordduiMeHT yBennueHus oobeMa cenapupoBaH-
HOM HE(TH B IUIACTOBBLIX YCIOBHsAX); K - IPOHMLIAEMOCTH IUIACTOB, M?; h—
TOJIILIMHA MPOIYKTUBHOM YaCTH IIACTOB, M; Rk - paanyc KoHTypa nutanust (30HbI),
M; T - paliyC CTBOJIA CKBRXKUHBI B HHTEPBAJIC MPOYKTHBHBIX TJIACTOB, M.

Jliist Haubonee pacnpocTpaHeHHBIX 3HaueHu Rk = 250 M u 2, = 0,1 M, Ko-
TOpble 00€CTIEUNBAIOT YIOBIETBOPUTEIBHYIO SISl IPOMBIIIEHHBIX PACYeTOB TOY-
HOCTb, YypaBHEHUE (4) IPUHUMAET BU

o = 0,710, (5)

Jlnis onpeneneHus ruApONpPOBOHOCTH IJIACTOB, OXBAUYEHHBIX (UIbTpAIU-
eil Bo Bpemsi 0TOOpa MPOAYKLHHU, UCTIONIBb3YIOT KPUBBIE BOCCTAHOBIICHHUS J1aBJICHUS
Ha 3a00€ CKBa)KMHBI, 3aKPBITOH OC]Ie 0TOOPA MPOAYKLHUH HA IPOTSHKEHUN BpeMe-
Hu 7' ¢ nedurom Q (puc. 2).
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IIpu oTcyTrcTBUM KpuBBIX BoccTaHoBiieHHs naBieHus (KBJl) mapamerp
TUAPOIPOBOTHOCTH MOYKHO OIPEISTUTh Yepe3 MPOHUIAeMOCTh U 3D (PEKTUBHYIO
TOJIIIMHY TJIACTOB HA OCHOBAHUM KEPHOBBIX U MIPOMBIILICHHO-TCO(U3NIECKUX HC-
CJIeIOBaHUM.

O6pabotrky KBJI mpoBoasT, Hampumep, 1Mo METOAy XOpHepa, B COOTBET-
CTBUM C KOTOPBIM IPOIECC BOCCTAHOBJICHUS JaBJIEHUS Ha 3a00€ CKBa)KUHBI OIH-
CBIBAETCS YPABHEHHEM

2k
Pe = Ppx— lap (0)
0] 051

= 0,203 Qb
Pr = Pan ! ds

ap, |- !
|

ap, ———-—-

.r.‘:lﬁl_;]——— - -
ap
Puc.1 TunuyHaa MHANKATOpHaA aMarpamma ana GoOHTaHHOM HeEPTAHOM CKBAXKMUHDbI

re Pt - 3a00iHOE JaBJIeHUE Yepe3 OIMpeesIEHHbIE TPOMEXYTKH BpeMeHu t mocie
3aKpbITUS CKBXXUHBI (5-10 MuH); T - IPOJOIKUTENBHOCTh pa00OThl CKBAXKUHBI T1€-
pen 3akpbitieM; Q - 1eOUT CKBaXKUHBI TIEPET 3aKPBITUEM.

[Ipu Hanmuuu B 30HE PUIBTPAIIUU BOKPYT CKBAKUHBI OJTHOPOJIHBIX IO MPO-
T+t
HUIIAEMOCTH KOJUIEKTOPOB I'paduK 3aBUCUMOCTH (6) B KOOpaAWHATaX p, = f {lg T)

MOXHO U300pa3uTh B BUJIE TIPSMOM (puc.3), HAKJIOH KOTOPOW B OCH BpEMEHHU

EC Qb
i =—=10,208—
AB g

[To yriaoBomy KO3(QQHUIMEHTY | ONPEACISIOT THAPOIPOBOJIHOCTD IIACTOB,
m*/(ITa-c), B 30He GUILTPALMU BOKPYT CKBAXKHUHEI

£ = 0,208 - 10‘11% (7)
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Puc.2. 'paduK nsmeHeHua gasneHnA Ha Puc.3.I'padpukK BocctaHOBNEHUA AaBNEHUA
3a60e cKBa*KMHbI NOCNE ee 3aKpbITUA Ha 3a60e CKBaXXMHbI NOC/Ie ee 3aKpbITUA,

npeo6bpa3oBaHHbI No MmeToay XopHepa:
a - 0718 00HOPOOHOo20 naacma; 6 - 044 naacma c
yxyoweHHol 2udponpoHuyaemocmsto npu3aboliHol
30HbI; 1,2- npu3aboliHaa u omoaneHHAsA 30HbI

Ecnu B mpr3a®oiiHOI 30HE CKBa)KMHBI THIPONPOBOAHOCTh IUIACTOB YXY/I-
11aeTcs, Toraa Ha rpauke BOCCTAHOBJIEHHS JABJIEHUS (CM. pUC. 3) BBIAEISIOTCA
7IBa MIPSIMOJIMHENHBIX O0Tpe3ka 1 u 2 ¢ koadduimeHTaMi HaKJI0HA COOTBETCTBEHHO
i1l (mpuzaboiiHas 30Ha) U 12 (OTHajeHHAsl 30HA), MO KOTOPbIM Ha ocHoBaHUU (7)
ONPEAENSIOT THAPONPOBOAHOCTD MPU3a00IHON U OTAATIEHHOM 30H.

ITockonbKy MPOAYKTHUBHOCTh CKBa)KMHBI HAXOAUTCS B MPSMOM 3aBUCHMO-
CTH OT TUAPONPOBOJIHOCTH IJIACTOB U B OOPATHOM 3aBUCHUMOCTH OT JICTIPECCHHU, TO
YMEHBUIEHUE THAPONPOBOAHOCTA HWJIM JOIOJHUTENIBHBIE NOTEPU JABIEHUS BO
BpeMs (pUIbTpaIuu MpOoAYKIIMU OOYCIOBIMBAIOT YMEHbIIIEHUE JEOUTOB MPHU OJI-
HOM U TOM € 3HaYEHUU JECTPECCHH.

Hanbonee o60ocHOBaHHBIC U OOBEKTHBHBIC IMOKA3aTEIN COCTOSHHUS TpH3a-
OOMHOM 30HBI CKBaXUHBI CIEAYIOIIME: OTHOIIEHHE KO3(PPUIMEHTOB MPOTYKTHUB-
HOCTH ((paKTHUECKOro K MoTeHIuanbHoMy) OII; OTHOIIEHHE TapaMeTpoOB TUJIPO-
MPOBOAHOCTH (OTHAJICHHOM 30HBI K mMpuzadoitHoi 30He) OI; 3HaUeHUE CKUH-
s dekra S.

[TokazaTenb COOTHOILIEHUS MPOAYKTUBHOCTEH - 3TO YACTHOE OT JIEJICHUS
bakTrueckoro ko3@QpuuueHTa TpoayKTUBHOCTEH CKBaKMHBI Ha MOTEHLUUAIbHBIN
KO3 PUIIMEHT MPOAYKTUBHOCTH:

ee =1, /M,

CornacHO BBIpaKEHUSIM IJi1 (PAKTHUECKOTO T KOI(PPHUIHEHTOB MPOAYK-
TUBHOCTH TIOJTy4aeM
21 R

ol =—-lg—
Ap g*r

C
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a s 3HaueHuid R = 250 m; r. = 0,1 M, KOoTOpbIe 00EeCeunBalOT yI0BIECTBOPH-
TEJbHYIO JJI IPOMBICIIOBBIX PACUETOB TOUHOCTD:

L
oIl = 6,8 —
Ap

[Tpu u3BECTHOM THAPOIIPOBOAHOCTH TIacTOB (Ha ocHoBanuu KBJI) u 3Haue-
HUIX Rk= 250 M u 1, = 0,1 M cOOTHOIIIEHHE TTPOTYKTUBHOCTEH MOXKHO OIIpejie-
JIUTH 110 hopMmyIie
OIl = 1,43- 107y, b

OTHoOIIEHHE THUAPONPOBOJHOCTEW HAXOMAT ACJICHHEM IapaMerpa TUApO-
IIPOBOJHOCTH IJIACTOB OTJAJIEHHOM 30HBI HA THIPONPOBOAHOCTh NPU3a00KMHOM 30-
HbI, 3HAUEHHsI KOTOPBIX NoJIy4aroT Ha ocHoBanuu KB/ (cm. puc. 17.3):

kh kh o
or=(=) /(=) =us
. F . oT.=z F L=
rae 1l u 12 - yriaossie K03(QGUIHEHTH NPIMOIUHENHBIX OTPE3KOB KPUBOW BOCCTa-

HOBJICHUS NaBjicHHUS B koopauHatax Ap; = f(Igt) wm Ap, = f (ig%) COOTBET-

CTBEHHO JIJIs1 TIpU3a00MHON 1 OTAaNIeHHOUW 30H. [Ipy HEBO3MOXKHOCTH ONpPEAETUTh
TUJPONPOBOJHOCTh MPU3a00MHON 30HBI Ha OCHOBaHUU KPUBOM BOCCTaHOBJICHUS
JTaBJIEHUS UCIIOJIB3YIOT 3aBUCUMOCTD

or« () () 4

kh
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) kh
KW KPHUBOM BOCCTAHOBJICHUSA HaBJICHHUA, [:) 1 - THAPOIIPOBOOHOCTb ILIIACTOB,

MOJIy4eHHas! Ha OCHOBAHHUH (DAKTUUYECKOTO KOd(PUIlMEeHTa MPOAYKTUBHOCTH. [ M-
pOIpPOBOAHOCTH MmiactoB, M>/(I1a-¢), onpenensror mo GpopmyJie
kh
(_) n=042- 10_11ﬂb¢, (lgR, —lgr.)
o
a ipu 3HaueHuIX Rk = 250 M u r. = 0,1 M 3amKCBHIBAIOT B BUJIC

kh 11
(I) n=143-10""nb,

Kak nepBblii (COOTHOIIEHUE MTPOIYKTUBHOCTEMN ), TAaK U BTOPOU (COOTHOIIIE-
HUE TUIPOIPOBOJIHOCTEN) METOA UMEIOT TOT HEJOCTATOK, YTO 37E€Ch UCIOIb3YIOT-
Csl 3HaYeHUs NeOHTa, MIACTOBOTO JIaBJICHUS U JENPECCUU, TOYHOCTh KOTOPBIX B
IPOMBIIIICHHBIX YCIOBHIX, OCOOEHHO MPY HATTMYMUA HU3KOIMPOHUIIAEMbIX KOJJIEK-
TOpPOB, HE Bcerja rapaHtupoBaHa. [loaTromy mupokoe mpUMEHEHHE, OCOOEHHO B
3apyOeKHON TMpaKTUKE, TOMYyYUSI METOJ OIIEHKH COCTOSIHHS TPH3a00MHON 30HBI
yepe3 CKUH-3QdexT S.
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BBICILIET'O ObPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»

MeToanyeckue ykazaHus

10 OpraHU3aluy U MPOBEACHUIO CAMOCTOATEIbHOU PabOThI
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Meroauueckue peKOMEHAAMU MpEeAHAa3HAYEHbl I CTYJIEHTOB cnenuaibHoctu 21.05.06
HedrerasoBsie TexHHKa W TEXHOJOTWH, crhenuanu3anus TexHonorus OypeHus HEPTSIHBIX U
ra30BBIX CKBA)KHH.

[{enbp METOAMYECKUX PEKOMEH AWM

1. Metoauyeckoe COMPOBOXKACHUE IIpPOIlecca BBEJACHUS M peau3alud TpeOOoBaHUU
(denepanbHOro TOCYIapCTBEHHOTO 00pa30BaTENbHOIO CTaHapTa BBICHIET0 oOpa3oBaHUs (manee
®I'OC BO), nomomipb mnpu pa3padoTke pabounx yuyeOHBIX MPOrpaMM JUCIUILIMNH 00pa30BaTeIbHOMU
nporpammsl (nanee OIT).

2. Coznmanust B 00pa30BaTEIbHOM YYPEKICHUH YYECOHO-METOIUYECKOTO OOecreueHus
00pa3oBaTeNLHOTO MpoIiecca.

Mertoanueckue pEeKOMEHIALMU OMPEISISIIOT CYIIHOCTh CaMOCTOSITEIbHOM PabOTHhI

CTYACHTOB B BY3€C, €€ HA3HAYCHUC, IINITAHUPOBAHUC, (bOpMLI OpraHu3anuu 1 BUJbl KOHTPOJIA.
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Conep:xkanue
1. HopmaTtuBHOe obecrieuenue camoctostenabHoi padotsl B PI'OC BO

2. Ha3znauenue u BHUbI CaMOCTOSITEILHOM pa60TI:>I CTYACHTOB

3. KonTponb caMocTosTenbHON paboThl CTYACHTOB IIPENOAaBaTeIsIMU
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1. HopmaTuBHoOe oOecnevyeHue caMocTosiTeTbHoi padoTsl B ®I'OC BO
1.1. TpeboBanus k ycinousim peasiuzanuu OI1:

- TpeOoBaHUsA K 00S3aTETbHOMY MHUHUMYMY COAEp)KaHUS 00pa30BaTeNbHOW MPOrpamMMbl
MOATOTOBKM OakanaBpa, K YCIOBHUSIM €€ pealu3alud U CPOKaM €€ OCBOEHUS OIpPENeSIFOTCS
gactosamuM PI'OC BO;

- B IPOrpaMMy CHELHMAIUTETa BXOAUT «JIUCUMIUIMHBI (MOAYJIM)», KOTOPBIA BKJIIOYAET
JUCHMIUIMHBL (MOJyJM), OTHOCALIMECS K O00s3aTeNbHOM YacTU MpPOrpamMMbl U JIUCLUUIUIMHBI
(Moaynu), oTHOCSIIMECS K 4acTd, (OpMHUPYEeMON ydaCTHUKaMU OOpa30BaTElIbHBIX OTHOIICHUH.
JucuuiuinHeel  (MOJYJIM), OTHOCSIIMECS K 00s3aTeabHON 4YacTH NpOrpaMMbl CIELUAINUTETA,
SBIISIIOTCSL 00s13aTENbHBIMU JIJIs1 OCBOCHHSI 00yYarOMIMMCSl BHE 3aBUCHMOCTH OT HAINpPaBICHHOCTU
(mpodusist) mporpaMmbl CHEIUATUTETa, KOTOPYIO OH ocBauBaeT. Habop mucuuriuivH (MOIynei),
OTHOCSIIIUXCST K  00s3aTeNbHOM YacTH MPOrpaMMbl  CIELMAINTETa, BY3  OIpeaesseT
CaMOCTOSITeNIbHO B 00beme, ycraHoBiaeHHOM HactosmuM PI'OC BO. [lucummiaussl (Momyin),
OTHOCAIINECS K 4acTH, (OPMHUPYEMOI y4acTHUKaMH 0Opa30BaTEIbHBIX OTHOLICHHH OMPEAEISIOT
HaIpaBJIEHHOCTh (Mpoduib) mnporpammsl crnenuanutera.  HabGop nucuuruive (Momyseil),
OTHOCSIIIUXCS K 4acTH, GOpMHUPYEMON y4acTHUKaMH 0Opa30BaTEIbHBIX OTHOILIEHUH, OMpenesseT
By3 CaMOCTOATENIbHO B oObeme, ycrtaHoBieHHOM HacrosmuMm @OI'OC BO. Ilocne Bbibopa
00yYaromuMcsl HarpaBJIeHHOCTH (Ipo¢uiis) mporpaMmbl, HAOOp COOTBETCTBYIOUIUX AMCHUUILUINH
(MOyJeit)cTaHOBUTCS 0053aTEIBHBIM JIJIST OCBOSHHUS 00yYJarOIUMCS;

- MAaKCUMaJIbHBIA 00beM yueOHON Harpy3ku CTyJEHTa yCTaHaBJIMBaeTcs 54 yaca B HEJEIIO,
BKJIIOYasl BCE BU/IbI ayIMTOPHON M BHEAYJUTOPHOM (CAaMOCTOSTENbHOMN) yueOHO!H paboThl.

[Tomerenust AJis CaMOCTOSITEILHOM pabOThl OOYYAIOIIMXCS JIOJKHBI OBITH OCHAIICHBI
KOMITBIOTEPHON TEXHUKON C BO3MOYKHOCTHIO MOAKIIOUEHUs K ceTu «MHTepHeT» U obecrnieueHuemM
J0CTyNa B 3JEKTPOHHYI MH()OPMALMOHHO-00pa30BaTeNIbHYIO cpelly opraHu3anuu. bubmmoreka
By3a JIOJDKHA UMETh JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX YUEOHMKOB M YU4e€OHBIX MOCOOHH Mo
BCEM JMCLUILJIMHAM W TOCTOSIHHO BOCIIOJNHATHCA HAyYHOW JMTEpPaTypod M IMEPUOIUYECKHUMHU
U3/IaHUSAMU HEPTEra30BOro npogus.

OOBeM BpeMeHHU, OTBEACHHBIN Ha BHEAYTUTOPHYIO CAMOCTOSITEIbHYIO padOTy, HAXOIUT
OTpa)KEHUE:!

- B pabouemM yueOHOM IIJIaHe,

- B pabouux mporpaMMax Yy4eOHBbIX UCHMIUIMH C paclpeiesieHueM Mo paszzeiiaM HWiIH

KOHKPCTHBIM TCMaM.
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2. HazHayeHMe U BBl CAMOCTOSITEJIbHOI PadoThI CTY/IEHTOB
CamocrosTenbHas padoTa MPOBOAUTCS C LENIBIO:

® cuUCTEeMaTH3alMd M 3aKPEIUICHUs [OJIYUEHHBIX TEOPETHUECKUX 3HaHUU U
MPAKTUYECKUX YMEHUU CTYJCHTOB;

e yruyOJeHHS U pacIIMPEHUs TEOPETUUECKUX 3HAHUM;

e (opmupoBaHUS yMEHUN HCHOJB30BaTh HOPMATUBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTAIMIO M CHEIHATBHYIO TUTEPaTypy;

® pa3BUTHA MO3HABATEIbHBIX CIHOCOOHOCTEH M aKTUBHOCTH CTYACHTOB: TBOPUYECKOI
WHUIUATUBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH, OPTaHH30BAaHHOCTH;

e (opMHUpPOBaHHE CAMOCTOSTEILHOCTH MBILIUICHUS, CIIOCOOHOCTEH K CaMOpPa3BHUTHIO,
COBEPIICHCTBOBAHHIO U CAMOOPTaHU3AIH;

e (opmupoBaHUs MpaKkTUYECKUX (0OIICYUYeOHBIX U MPOPECCHOHANBHBIX) YMEHUN U
HAaBBIKOB;

® Ppa3BUTHIO MCCIIEJOBATEIBCKUX YMEHUM.

BHeaynutopHas camocrosiTenpHas ~pabora — IUlaHHpyeMas — y4yeOHas, y4yeOHO-
UCCIIeIOBATEeNbCKasA, HAy4YHO-HCCIEeNOBaTeNbCckas pabdoTa  CTYJASHTOB, BBHINOJHSEMas  BO
BHEAYJAUTOPHOE BPEMS IO 33JaHUI0 M TPU METOAMYECKOM PYKOBOJCTBE IPEIojaBaTelisi, HO 0e3
€r0 HEMOCPEICTBEHHOTO YUACTHS.

B yueGHOM mpormecce 00pa3oBaTENbHOTO  YUYPEXKJCHUSI  BBIACIAIOTCS JIBa BHUIA

CaMOCTOSITENTbHON PabOTHI:

AyautopHas 1o BueaynuropHas no
JHUCIHIIINHE, JMCIHILINHE,
MEXIUCIUIIITUHAPHOMY MEXIUCIUIIITUHAPHOMY
Kypcy KypcCy

BBITIOJTHSETCS Ha yU4EOHBIX BBITIOJIHSECTCS 110 33JaHUIO0
3aHATHUSX, TT0]] HEMOCPEICTBEHHBIM MpernoaBaTelis, Ho 6e3 ero
PYKOBOJICTBOM IPENOAABATENS U HEIMOCPEICTBEHHOTO Y4acTHs
10 €T0 3aJaHHI0
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3. KoHTpoJIb caMOCTOATEILHOM PadoThl CTY/IEHTOB NMpPenoaaBaTe/siMu

KoHTpoIb caMOCTOSATENBHON Pa0OTHI CTYICHTOB MPEAYCMaTPHUBACT:

o COOTHCCCHHUC COACPIKAHNA KOHTPOJIA C HCIIAMHA O6yLIeHI/Iﬂ;
o 00BEKTUBHOCTD KOHTPOJIA;
o BaJIMJHOCTL KOHTPOJIA (COOTBeTCTBI/Ie MPEABABIACMBIX 3a,[[aHHI>'I TOMY, YTO

MIpeioiaraeTcs MpoBEpUTh);

o nuddepeHInalnio KOHTPOIbHO-U3MEPHUTENbHBIX MAaTEpUAIOB.

@DOopMBI KOHTPOJISI CAMOCTOSATEIBHOU PabOTHI
[TpocMoOTp M MpoBEpKa BBHIIOJIHEHUSI CAMOCTOSITENIFHON pabOThI penogaBaTeneM.
CamonpoBepka, B3auMONPOBEPKA BHINOIHEHHOTO 3aJJaHUs B TPYIIIIE.
OOcyxeHre pe3ynbTaTOB BRIMIOJHEHHON paOOThI HA 3aHATHUH.
TectupoBanue.
[TucbMeHHBIH ompoc.
YcTHBIM onpoc.
NuauBuayanbHoe cobeceioBaHUE.

Komnoksuym.

© 0o N o g b~ w0 DR

Otuer o npojienanHoi padore.

10. 3amwuTa pedepaToB WK KypcoBOil paboTHI.
11. TBopueckuii KOHKYpC.

12. NuTepHeT-KOH(PEPEHITNH.

13. KoHTponbHas paboTa.

Kpurepun onieHKH pe3ysibTaTOB CaMOCTOSATEILHOW paboThI

KputepusmMu OLEHOK pe3ylbTaTOB BHEAYAUTOPHON CaMOCTOSTENBbHOM pabOThl CTYJEHTA

SIBJISIFOTCSL:
o YPOBEHb OCBOEHMSI CTYJJEHTOB Y4€OHOI0 MaTepuaa;
o YMEHHSI CTYAECHTAa HCIIOJIb30BATh TEOPETUYECKHE 3HAHUS IIPU  BBIIOJHEHUU

MPAKTUYCCKHUX 3a/1a4;
. c(hOpMUPOBAHHOCTH OOIICYYCOHBIX YMEHHIA;
. YMEHHSI CTyJEHTa aKTHBHO WCIIOIBh30BaTh JJIEKTPOHHBIE 00pa3oBaTeIbHBIC

pecypchl, HaX0AUTh TPeOyoIIyocs HH(OPMALINIO, U3Y4aTh €€ U IPUMEHATh Ha IPAKTUKE;

o 000CHOBAaHHOCTh U YETKOCTh U3JIOKEHUS OTBETA;
. odopmileHHe MaTepraia B COOTBETCTBUU C TPEOOBAHUSIMU;
o YMEHHE OPUEHTUPOBATHCS B TOTOKE WH(OPMAIINH, BBIIENISATH IJIABHOE;
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. YMEHHE YETKO CPOPMYIUPOBATH MPOOIEMY, MPEUIOKHIB €€ PEIICHHE, KPUTHICCKU

OLICHUTH PCIICHUEC U €T0 IMOCIICACTBUA,

° yMEHHE I0Ka3aTh, MPOaHAIN3UPOBATh aJbTEPHATHBHBIC BO3MOXXHOCTH, BapHAHTHI
JIEHCTBHI,
. yMeHue chopMUpPOBaTh CBOIO MO3UIINIO, OIIEHKY U apTyMEHTHPOBATh €€.

Copeprxanue BHEAYIMTOPHOM CaMOCTOSITEIbHOM JIEATETbHOCTH CTYJEHTOB
Meroaudeckue ykazaHusl IJIs CTYICHTOB I10 BBITIOJHEHHUIO CAMOCTOSATEILHON paOOThI:
1. IToaroToBKa K JIEKITHIM;
2. IloaroroBka K MPakTUYECKUM 3aHSATHUSIM,

3 CamocTosTeTbHOE H3yYCHNE YIEOHO! JINTEPATYPHI.
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riy0okux ckBaxuH. -M.: OAO«M3natenscTBO<« Hempar»,2000.
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Oypenuto rinyookux ckBaxkuH. [log obmr. Pen. JI.T.H. mpodeccopa Kamuanna A.I''M.. M..OOO
«Henpa-buznecuentp»»,2005.

Ilepeyenb  y4eOHO-METOAMYECKOr0  oO0eclme4YeHHs] CaMOCTOSTEIbHON  PadoThI
00y4aroIUXCcs Mo JUCHHUILIHHE:

1. JJIEKTPOHHBIN KYPC JIEKIUH;

2. y4eOHO-METO/IUYECKOE T0COOME 1O  BBINOJHEHUIO MPAKTUYECKUX 3aHSITHH
(3meKTpOHHas Bepcusl);

3. METOAMYECKHE YKA3aHUS TI0 CAMOCTOSTENHFHOU padoTe (AIEKTPOHHASI BEPCHS).

Ilepeyens pecypcoB MHGPOPMALMOHHO-TEICKOMMYHUKAUMOHHOU ceTu «HMHTEpHeT»,
HEO0XO0AMMBIX /115l OCBOEHHS TUCIUTIJIMHBI:

1. http://eLibrary.ru/ - Hay4nas snekrponHas Oubianoreka

2. WvwURL: http://www.biblioclub.ru/ - Dnexkrponnass OHOIHOTEYHAs CHUCTEMa

«YHHUBEpCUTETCKast OMOIMOTEKA OHITAH)
3. wwwURL.: http://e.lanbook.com/ - DaekTponHO-6MOIHOTEUHAs crcTeMa «31aTenbeTBO

«JIaHbpy.
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