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Conepxanue

[IpakTuueckoe 3ansitue Nel
TexHuueckue cpeAcTBa sl UCTIBITAHUS IEPCIIEKTUBHBIX TOPU30HTOB B IPO-
recce OypeHusl.

[IpakTuueckoe 3austue Ne2

Pacyer MakcUManbHOTO IaBJICHUS HA YCThE CKBRKMHBI M 00BbEM KHUIKOCTH, KO-
TOPYIO HEOOXOAMMO 3aKayaTh B CKBaXXMHY B MIPOLIECCE BHI30BA IPUTOKA U3
MPOJIYKTUBHOIO IJIACTA METOJIOM 3aMEIICHHUS KHJIKOCTH.

[IpakTuueckoe 3ansitue Ne3
Pacuer oObeMa JXUAKOCTH HAJ BO3IYIIHOM IMOAYIIKOM B IpOIecce BBI30Ba MPH-
TOKA U3 IPOAYKTUBHOTO IJIACTA METOAOM BO3IYUIHOW MOIYLIKH.

[IpakTrueckoe 3ansitue Ned
Ornpenenuthb rIyOMHBI YCTAHOBKHU MYCKOBBIX KiiarniaHoB Ha kojloHHe HKT st
BBI30BA MPUTOKA U3 MTPOJYKTUBHOTO TIACTA.

[IpakTuueckoe 3ansitue Ne5
Ornpenenenue JaBiaeHUs 3aKauku padouel )KUJAKOCTH HACOCHBIMU arperaTaMu
[P OCBOCHHMH CKBAKHUHBI CTPYHHBIMHU aIIapaTaMH.

[IpakTnueckoe 3ansatue Ne6
Pacuer 00beMOB KUAKOCTEH Il THAPABIMYECKOTO PAa3phIBa IIACTA U MACCHI
3aKpEnHTENs TPEIUH.

[IpakTnueckoe 3anstue Ne7
Omnpenenenne pacxona >KMIKOCTH U JAaBJICHUS BO BPEMsI HATHETAHUSI KUCJIOT-
HOT'0 PacTBOpa B ILIACT.

IIpakTnueckoe 3anarue Ne§
Omnpenenenne cKUH-3G(HEKTa ¥ OTHOMICHUS IPOTYKTHBHOCTEH.

Crnicoxk nureparypsl




NMPAKTUYECKOE 3AHATUE Ne1

Texnuueckue cpedcmea 0131 UCRLIMAHUA NEPCHEKMUBGHBIX 20PU3OHMO8 6 NPO-
uecce oypenus.

BrIsiBIeHHE KAadeCTBEHHBIX U KOJWYCCTBCHHBIX IMapaMEeTPOB  TUIACTOB,
BCKPBIBAEMBIX B TIpoliecce OypeHHsI CKBaKHWH, BO3MOJKHO JIMIIb MPH COYCTAHUU
pPa3HBIX METOJIOB WX HCCIICOBAaHHMNA - MPOMBIINUICHHO-TEO(PH3NIECKUX, THIPOIH-
HAMUYECKUX C MCCICIOBAaHUSIMH KEpHOBOTO Matepuana. Cpeaum STUX METO/0B
0c000€ MECTO 3aHUMAIOT THAPOJAMHAMHYECKHUE, MMO3BOJISIONIAE IMOJIYYHTHh MPUTOK
macToBoro Quirouaa, oToOpaTh HATypHbIE MPOOBI, OLIEHUTh XapPaKTEPUCTUKY KOJI-
JICKTOPCKUX CBOMCTB IIACTa M CTETICHB €T0 3arpsi3HEHUS B MMPU3a00HOM 30HE.

CyTh TUAPOJMHAMUYECKUX METOJOB 3aKIIOYACTCS B M3OJSIUU MPOAYKTHUB-
HOTO TOPHU30HTa OT BO3JIEHUCTBUSA CTON0a KUAKOCTH (OypoBOil) U OT OCTaJbHBIX
MIPOIYKTUBHBIX TOPU30HTOB B CO3/IaHWHU TIEepemnaaa JaBJICHUS B TAaHHOM OOBEKTE C
1EIbI0 TOJIYYCHUS JBMDXKCHHS TIACTOBOTO ()IIIOMJIa CO CTOPOHBI MAacCHBa KOJUIEK-
TOpa K CKBaXHHE, YTOOBI 3apETHCTPUPOBATh OOBEMHYIO CKOPOCTh MPUTOKA U Xa-
pakTep CMEHBI JABJICHHUS B CKBOKWHE MPOTHB HCIBITYEMOTO0 O0BEKTa Ha MPOTSIKE-
HUU BCETO IEPUOJIa UCIIBITAaHUSI M, KOHEUYHO, OTOOpaTh MpPEICTaBUTEIbHbBIE MPOOBI
MJ1acTOBOTO (hIrouza.

3HaueHUE JTUX HCCICAOBAHMI OUYEHb BEJIMKO, TaK KaK HAa OCHOBAaHUU HUX
aHaiM3a yAaeTCsl OMpPENEIUTh MPOJYKTUBHBIC IJIACTHI U OTIMYUTH UX OT HEMpPO-
JTYKTUBHBIX, TONYYUTh HWH(GOPMAIHMIO, TO3BOJISIONIYIO CYIIECTBEHHO COKPATHTh
pacxojpl Ha OypeHUe CKBaKHH.

Jlnst ucnipiTanusi 0OBEKTOB B OTKPBITOM CTBOJIE B TMpollecce OypeHus uc-

MOJIB3YIOTCS IBE TPYMIIBI CIICIIMATIBHBIX alnapaToB:
1) anmapaThl, CITyCKaeMble B CKBRXXHHY Ha OYPHIIBHBIX TPyOax;
2) ammapartsl, CITyCKaeMble B CKBRXHHY Ha KapOTaXKHOM Kabere.
B ckBakmHax, OOCaKEHHBIX DKCILTyaTAIHOHHOW KOJIOHHOW TpyO, Kpome
YKAa3aHHBIX BBILIE, WCMOJIB3YIOTCS TMIPOAUHAMUYECKUE HMCIBITATENA IUIACTOB HA



0a3e CTpyiHBIX anmnaparoB, CIIyCKaeMble B CKBAXXMHY TaK)Ke Ha TpyOax - Oypuiib-
HBIX WM HACOCHO-KOMITPECCOPHBIX.

[IpumeHeHue ucmbITaTeNlel MIACTOB (Ha OypHIIBHBIX TpyOax WM Ha Kapo-
TaXXHOM KaOeJie) CTalo HEOThEMJIEMOM YaCThIO TEXHOJIOTMYECKOTO IUKJIA CTPOU-
TEJbCTBA PA3BEIOYHBIX CKBAKHH.

[TomuMo Bcex pa3nuuuii B TE€XHOJOTHMU MCIBITAHUS, 1I€JIb ATUX METO/OB -

IMMOJIYYCHHC KPUBLIX IIPUTOKA U KPHUBBIX BOCCTAHOBJICHUA AABJICHWA.

UCTIbITATENU NNACTOB HA BYPUJIbHbBIX TPYBAX

Hcnbrtatenu Ha TpyOax BKIIIOYAIOT CIEIYIOUIME OCHOBHBIE Y3IIbl: (PHIIBTP,
nakep, COOCTBEHHO HCIBITATENh C YPaBHUTEIbHBIM U TJIABHBIM BITYCKHBIM KJIaria-
HaMU, 3allOPHBIA W LUPKYJISUMOHHBIA KianaHbl. DTU MCIBITATENH MpeIHa3HAYECHbI
JUIS. UCIIBITAaHUS CKBAXXWH B OJHO-, JBYX-, MHOTOIIMKIIOBBIX PEXKHMMaxX U paccyuTa-
HbI JIJI1 UCCIIEIOBAHMSI CKBAXXUH B OTKPBITOM CTBOJIE U IOCJE CIyCKa JKCIUTyaTa-
IUOHHOM KOJIOHHBI.

Ha puc. 1 uzobpaxkeHa cxema KOMIOHOBKHM HCIIBITATENs IJlacTa ¢ TIyOuH-
HBIMH TIpuOOpaMu M TMPOOOOTOOPHUKOM C 3aKpeIUIeHHeM Takepa Ha CTEHKax
CKBaXKUHBI.

Ha puc. 2, 3 n300paxxeHbl cXeMbl KOMIIOHOBKU MCHBITATENsl MJIACTOB C O-
HUM U JABYMsI Takepamu U ¢ ynopom ¢uibTpa ("Horu'") Ha 3a00#1 CKBaKUHBI

B Tabn. 1 mpexacraBiieHbl XapaKTEPUCTUKU TPEX THUIIOB HCIbITaTeNel Iuia-
croB tuna KN nByX1mukioBoro gAeMcCTBHUS.

OaHUMU U3 OCHOBHBIX 3JIEMEHTOB MCIBITATENEH IJIACTOB SIBISIOTCS LIUJIUH-
JIpUYeCKHe Makepbl cxartus. [lakepoBaHue MPOUCXOIUT MPU HArpy3Ke Ha Makep OT
15-30 no 150-200 xH B 3aBUCMMOCTH OT AUaMETpa CKBAXKMHBI U CBOWCTB PE3HHBI.
[Ipy ucnbITaHWK TJIACTOB C YHOPOM Ha 3a00il CKBaKMHBI B MOMEHT JIOCTHKEHHS
XBOCTOBUKOM 320051 PE3WHOBBINA 3JIEMEHT Makepa IMoJ Harpy3Koil COKpamaeTcs Mo
JUIMHE, YBEIIMYMBAETCA B JIMAMETPE U M30JUPYET PACIONIOKEHHYIO BBILIE IMaKepa

30HY OT MOJMAKEPHOW UCIIBITYEMOW 30HbI CKBAKUHBI.
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™l KOMIIOHOBKH HAIIOJHUTEISA
: :pOB Ha CTEHKaX CKBAKUHBI: [
y 5 - OypunbHble TpyOBI; 3 -
6 - KOMIEHcaTop; 7/ - MHO-
* IpOGOOTOOPHUK ¢ MAaHOMET-
11 IaKEp COOTBETCTBEHHO;

12 - onopHblf sIKOpb; 13 -

Pucynox - 2. CxemMa KOMIOHOBKH HCTIBITATENS IUTACTOB C OJHUM [TAKEPOM C YIIOPOM Ha 3a00i CKBaKHUHBI:
1, 4 - OypwbHBIE TPYOBI; 2 - MUPKYISAIAOHHBIN KJIanaH; 3 - BEpXHUA MaHOMETP; 5 - 3aIIOpPHO-IIOBOPOTHBIN KJIalaH;
6 - uctpITarensp; 7 - sicc; § - nakep; 9, 12 - yrskeneHnHas OypuibHas Tpy0a; /0 - HvokHuiA MaHometp; [ 1 - dunbTp; [

3 - ynopHsIi OammMax



HcnpiTyemMble HHTEPBAIBI, KAK MPABUWIO, XAPAKTEPU3YIOTCS WIM IMOJHBIM OT-
CYTCTBHEM 30HbI IPOHUKHOBEHHU S, UJTM HEOOJIBIIMMU €€ pazMepamu. [lakepoBanue u
UCIIBITAHUE OCYIIECTBIAIOTCS ¢ ymopoMm OammMvaka /3 Ha 3a00i CKBaXWHBI. B
KOMITOHOBKE MICTIBITATE ISl PUMEHSIOT OJIUH makep 8 v punbtp 1/ ¢ ManomeTpom 10,
KOTOPBIN YCTaHABIMBAIOT MPOTUB MHTEPBAJIa UCIIBITAHUS Ha OYpUIIbHBIX TPY- 0ax /
u 4. Hayx makepoM pacrnosio:KeH scc 7, UCIBITATelNb 6, 3alI0PHO-IIOBOPOTHBIN KJIallaH
5, OypwibHbIe TPYOBl / W 4, NUPKYJISAIMOHHBIA KjanaH 2. Bropoil maHo- metp 3
YCTaHOBIJICH HaJ| makepoM. Takke HaJl makepoM B OypHIIbHBIX TpyOax pa3- MelaeTcs
npo0ooTOOpHUK. B 3aBrcMMOCTH OT miiaHa pabOT M MHTEHCHUBHOCTH BBIXOJA rasa
U3 OypWJIBHBIX TPYO MPU OTKPHITUU 3aMOPHO-TMIOBOPOTHOTO KJIallaHA MCTBITAHUS

MOXET IMIPOXOJUTH B OJTHO- U JIBYXITUKJIIOBOM PEKUMAX.
OcHosuble y3161 KNN-2M-146:

WcnboTarens naacTtoB [1/1[-146 upennasnauen s BbI30Ba
IIPAUTOKA U3 IIJIaCTa,

W30JIMPOBAHHOTO OT OCTAJbHBIX YaCTEH CKBaXHHBI IMAKEPOM, MPH CHIIKEHHOM
IIPOTHBOJIABJICHUH Ha IJIACT.

HAcc rmapaB/iuydecKHH npumeHsieTcs s OOJErYCHUs CHATHS
makepa ¢ MecTa 10 OKOHYaHHWH MCITBITAHU.

[lakep yuumwnmHagpmyeckuu [TH-178 [1L-146
WCIIOJIB3YeTCs ISl Pa300IICHUs CKBa- )KUHBI C HCTIBITAHHBIM TIACTOM.
@usabT1p P-146 npenHasHaveH 1 GUILTPALMU KUIKOCTH, TOCTYIAIOMIEN
13 30- HbI HCTIBITAHHOTO TJIACTA CKBO3b UCTIBITYIONINE TTPUCTIOCOOICHHUS.
ﬂeﬁeBO,ﬂHMK A7 A4 yCcTaHOBJ/TTeHUA
npub6opos [1/]-146. HazHnauenne nepeBOAHUKA - YCTAHOBJICHHE
rIIyOMHHBIX TPUOOPOB (MAHOMETPOB, TEPMOMETPOB).

KnanaH UuWpKYNAUHNOHHDB W KL-146 ucions3yercs ¢
IIEJTBI0 BOCCTAHOBJICHUS TPsi- MOK M 0OpaTHOM MUPKYJISAIIAN HaJl UCITBITATEIISIMH
IJIaCTOB.

[lpbumcnocobrneHumue gna onpeccoBaHunsa ([10-
000). Ha3HadyeHue MNPUCTIOCOOTCHUSI - CO3JaHUE TUPABINYECKOTO JIaBJICHUS B
y3nax UIIT g ucneITaHWs Ha repMe- THYHOCTH M 3aII0JIHCHUE MACIITHON KaMephbl

HUCIIBITATCIIA 11JIACTOB.



KmnanatH 34aN0OpPHO-MTOBOPOTHBHU ABOWHOTIO
3aKkpbl Tusa (3/1-2-146). Ero nasHaueHue - ABYXKPaTHOE 3aKpPBITHE W

OTKPBITHE TOJOCTH OYPHIIBHBIX TPYO C LIETBIO 3alHUCH
6



IpU MOMOIIM TIyOMHHBIX MAHOMETPOB HAuaJbHOM M KOHEUYHOM KPUBOM BOCCTa-
HoBJieHus napneHus (KBJ).

O6BA3Ka K npbucrnocobi1eHUW [ATA CXAaTMHUSA
(O [1C-000). Ha3naueHne OOBSI3KM - IIOABOJ Maclia B MIPUCIIOCOOJICHHE JIJIsI
CXKaTHus U YIIpaBJICHUE €ro paboToil.

[TomcnocobneHue gna cxartrwusa ([1C[-146,000).
[Ipucnocob6yieHre UCHOIB3YETCS IS CKATUS U PACTSXKEHUSI UCTIBITATENS TJIACTOB.
YaanumHurtens (41.000) obecneunBaer cOOp IO CEKIMAM s
NPEAYNPEKICHUST W3- TMOa IITOKAa MpHU 3aTATMBAHUM KOMILUIEKCA B OYpOBYIO C
MOCTKOB M MOJ00pPE M- Hbl KOJIOHHBI OYPUIIBHBIX TPYO.

[Ipu ucnpITaHUU TUTACTOB € YIOPOM Ha 3a00# ckBakuHbI uepe3 30-180 ¢ mo-
cjie Tepeayu Harpy3kd Ha TMaKepYIOIIUl AJEMEHT 3aKphIBA€TCS ypaBHUTEIbHBIN
KJIallaH ¥ OTKPBIBAETCA BITYCKHOW KJallaH HCHBITATENS IIACTOB. MOMEHT OTKpHI-
TUS KJIanaHa (PUKCUPYETCS] Ha YCThE CKBAXXMHBI MOKA3aHUSMH CTPEIKHU THUIAPaBIIU-
YEeCKOT0 MHJIMKaTopa Beca (BaXHO HE YIYCTHTh KoJeOaHWs 3TOM cTpesku). Mo-
MEHT OTKpPBITHS KJIallaHa MOXXHO OOHApY>KUTh U MO PE3KOMY MEPEMEIICHUIO BEpX-
Hel TpyObl BHM3. [Ipu xopoiio npoMbIToM 3a00€ IpoceaaHue HHCTPYMEHTA OTCYT-
cTtByeT. OQHAKO TJIaBHBIM MPU3HAKOM OTKPBITHS KJIAllaHA WCIBITATENs U HaU4us
MPUTOKA U3 IJIacTa CIeAyeT CUMTaTh BBIXOJ rasza (Bosmyxa) u3 TpyO. [Ipu oOHapy-
KEHUU TPOAYKTUBHOTO HE(DTSIHOro, a TeM 0oJiee ra30BOTr0 IUIAaCTa WHTCHCHBHBIM
BBIXOJI BO3/yXa M Ta3a HaOronaercs BU3yalbHO. [ns (ukcanuu nputoka omepa-
TOPBI OOBIYHO TMOJB3YIOTCS PE3MHOBBIM [IUTAHTOM, COSUHSIONIUM BEPXHIOI My(D- Ty
OypwIbHON TPYOBI C COCYZIOM, 3aMIOJIHEHHBIM BOJIOU. [Ipu ATOM BBIXO My3bIph- KOB
raza CKBO3b CJIOM BOJbI XapaKTepu3yeT HHTEHCHUBHOCTH mpuToka duouna. B
komrieke UIIT BxoauT ycTheBas TOJI0BKa, 00JIerdaroniasi KOHTPOJIb BBIXO/A ra3a, u
oTOO0p ero npoo.

XapakTtep U3MEHEHUs AaBJIeHUs], 3aUKCUPOBAHHOTO MaHOMeTpamu 16, 13 u 7
(cm. puc. 3), mokazan kpuBbiMu [, II, Il na puc. 4. Cxema mpoO6OOTOOpPHUKA-

HakonuTens (a) u komnoHoBka UIIT ¢ mpobooTdopHuKom (6) n300pakeHa Ha puc.
5.
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Pucynox - 3. CxemMa KOMIIOHOBKH HCIIBITATeNs
IUTACTOB C JABYMS TAakepaMH M C YIMOpOM "HO-
ru" Ha 3a00¥ CKBaXKUHBI:

1 - OblcTpocheMHBIE TpPYOBI; 2 - THPOOHBIN
KpaH; 3 -CTON poTopa; 4 - 3aJBHXKKa IPEBEH-
TOpa; 5 - KOJIOHHa OypHJIBHBIX TPYyO; 6 - mUp-
KYJIALUOHHBIN KIamnaH; 7 -BepXHUM MaHOMETp; §
-  OypwipHas  TpyOba; 9 -  3amopHo-
MOBOPOTHBIN JABYXIMKJIOBON Kiamad; [ 0 - uc-
neiTatenb iactos; /1 - scc; 12 - makep IILI;
13 - ocHOBHOM ManoMeTp it 3anucu KBJ; 14 -
meneBold  GuiubTp; /5 -ypaBHUTENBHBIH Kia-
nad; / 6 - KOHTPOJbHBIH MaHOMeTp; [7 - yTd-
JKENICHHbIC OypWIbHBIE TPYOBI; /8 - YIOpPHBIHA
GarmMak

Pucynok - 4. Xapaktep U3MeHEHHs AaBICHHA, 3aQHUKCH-
POBAaHHOTO MaHOMETPAMHU:

I - nuarpamma BepxHero (TpyOHOro) MaHOMeETpa Uil pe-
THCTpaluu TpuToka (YpOBHS) B TpyOax; p1 - p2 - CITyCK
TpyO, 1aBJIeHHE CTONI0A KHUIKOCTH B TpyOax He N3MEHSET- CSl;
P2 - p3 - POCT HaBiEHHUs B MEPHOJA NPUTOKA ILUIACTOBOM
JKUJIKOCTH B TPYOBI TIOCIIE MaKepOBaHMS M OTKPBHITHS Kia-
MaHa; p3 - p4 - IPEKpalleHWE MPUTOKA, CTaOMIM3aLns
JlaBlieHus B TpyOax; ps - P s - JaBleHHE B Tpybax mnpu
MIOJTEME HCTIBITATENIS C 3aKPHITHIM KIIATTaHOM;

Il - mmarpamma MaHoMmeTpa B ¢uibTpe: pl - p2 - cTymeH-
9aThli POCT THUAPOCTATHYECKOTO MAABICHHS TPH CITyCKe
UCTIBITATENSA; P2 - P2 - MAJCHHUE JABJICHUS NPH OTKPHITHUH
KJIallaHa U PETUCTPAIMX MPHUTOKA P2 - P3; P3 - p4 - mepe-
KpBITHE TpHUTOKA (Touka p3) u 3amuch KBJ[; ps — cprIB ma-
Kepa; p4 - ps - AaBJICHHUE B IEPHOJ] CPHIBA MaKepa U MOAb-
eMa HCIBITaTeNs;

IIl - nuarpaMMa KOHTPOJBHOTO MAaHOMETpA: pi1 - P2 - CTY-
MEeHYaTBId POCT JIABJICHHMS THIPOCTATHYECKOro crojba
JKUJIKOCTH TIpH ITycke ucnbrratens miacta UIIT; p2-p3- 04
- JaBI€HHE B MOJNAKEPHOM 30HE B MEPUOJ BBI30BA U
MEPEKPBITHST MPUTOKA; P4 - P5 - MU3MEHEHHE [ABICHUSA B
nporiecce noasema UIT
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PucyHokrk -4
KomnoHoBkrka HUMNT wu
npbob6booT-60pPHUK:

l - Wwrokxk, 2 - 3allopHOe
npucnocobreHue, 3 -
YVNAAOTHARIWMKWE KOAbLUAE, 4-
nonocTb UCNbITAa-TenAa, s

- KnamnaH, 6 - 3aMNopHbBHU
KnamnatH;, 7 -
npob6oOoOTO6OPHUK, 8 -

mchnelraresb NnNiaiacrtToeB

MHOTI OUHNWKITOBBLIE UCTIBITATEJIU [TJTACTORB

bonee ycoBepiieHCTBOBaHHBIE Y3/l M IIUPOKUNA BBIOOP BCIIOMOTATENIbHBIX
IPUCTIOCOOJIEHUH BXOJAT B COCTAaB MHOTOIMKJIOBBIX HCIIBITATENEeH IUIaCTOB -
TpYOHBIX UCHBITaTeNIel TpeThero nokojeHus. Ha puc. 6 nzoOpaxeHbl pa3Hble Ba-
pPHAHTBl KOMIIOHOBOK 3THX HCIBITAaTeNed B 3aBHUCHUMOCTH OT HEOOXOJUMOCTH pe-
HIEHUS] T€O0JIOTO-MPOMBICIOBBIX 3a/1ad W TEXHUYECKOTO COCTOSIHUS CKBaXXUHBI. B
Taby. 2 coJepKarcsl TEXHUYECKUE XapaKTEPUCTUKU MHOTOIMKIOBBIX HCHbITATEIEH
wiactoB. B Tabn. 3 mpencraBieHO onMcaHWe HAa3HAYEHHs] OCHOBHBIX Y3JI0B MHOTO-

OUKJIOBBIX HWCHBITATEJICH TJIaCTOB.

_Ta6J11/1ua 3



[Tapa me Tpul MU I - MU T-127] MUK-95| MUK-80| MU K-65|
146 .

Buemnuii nuamerp, MM 146 127 95 80 » 67

Jmna, Mm: _ _ _ _

MaKCHMaJIbHasl CEeKITUH 2918 2890 2600 3470 3200

00II1er0 KOMITIEKCa 27450 27 150 21400 23410 16 500




Homyctumas Harpyska, kH: _ _ _ _
CKUMAIOIIAsI 1500 1250 600 400 200
pacTaruBaromas 700 600 450 200 1500
Kpyrsmmit moment, kH-m 10 7.5 49 3.9 3,1
MaxcumansHbIH iepenan gasneHns, Mlla 45 45 45 45 40
MaxkcumansHas Temreparypa, °C 200 200 200 200 200
Macca, kr: _ _ _ _
MaKCHMaJbHast CEKIIMHI 235 163 120 92 78
00IIIETO KOMIUIEKCA 5442 5682 1810 635 540
Tun npucoeMHNTENNFHON pe3bOB 3-121 3-101 3-76 3-62 3-56
JmaMeTp cKBakKHH, MM 190-295 161-243 118-165 97-112 78-102
Tabnuna 4 _ _
VY3en udp Haznauenue
UcnbiTarens 1ia- Kommniekec 00opymoBaHHS UL UCTIBITAHUS TEPCIEKTHBHBIX INIACTOB B HEOOCAKEH-|
CTOB CKB@KHUH HA HBIX CKB)XXHHAX C [IEJIBIO BBI30BA MPUTOKA U3 TIACTA; 0TOOpa MPOO IIACTOBOM KU~
Tpy6ax UIIT KOCTH (Ta3a) M ONpeHeNICHAsS OCHOBHBIX THIPOAMHAMHYECKUX XapaKTEPUCTHK HCCIICH
JyEMOT0 I1acTa
Ucnerrarens mma-| WII  |OcHOBHOW KiamaHHBIA MEXAHU3M I MEPEKPHITUS BHYTPEHHEM IMOJIOCTH KOJOHHBI
CTOB TpyO OT CKBaXHHHOW XHIKOCTH TpH cirycke u mogbeme UIIT; coequaeHms Oyprib-
HBIX TPYO C UCTIBITYEMBIM HHTEPBAIOM; YPABHUBAHUS JABJICHHS HAJ U O] TTAKSPOM
TepeJl €ro CHATHUEM U B mpoluecce cnycka u nogbema UIIT
Kianan 3amopusiii| 3I1 | MexaHusm npeqHazHadeH U1 HEPEKPHITUs OYpHIIBbHBIX TPYO B IPOLIECCE UCIBITAHUS
MIOBOPOTHBII C IIeBI0 MOJIYYEHUsI KPUBOI BOCCTAHOBIICHUS TJIACTOBOTO JIABJICHUS
Knaman mupkyns-| KI[ | Mexanusm uist OCYIIECTBICHUS MPSIMOW M 0OPATHOM IUPKYJISALUK KUAKOCTU B TFOOO0N
[IUOHHBIH MOMEHT NPOLIECCa UCTIBITAHUS IJIACTa
Slece ruppaBmmue-| ST | MexaHu3M [utst 00JI€TUCHUS CHATHS MaKepa Mocje UCIIBITAHUS UITH JIMKBUIAINH TIPH-
CKHUI xBarta xBoctoBuka UIIT
Maxep mumaapu-| IICT | Y3en s repMETHYHOTO MEPEKPHITHS KOJIbIEBOr0 IIPOCTPAHCTBA CTBOMA CKBAKMHBI C
YECKHH LIEJIBI0 U30JIIIUH UCTIBITYEMOTr0 00BhEKTa OT OCTAJIbHOTO CTBOJIA CKBAKUHBI
DuibTp ®  |ToncTocTeHHEIH NATPY6OK C IIPOIOIBHBIMH IIEIAMH H TIEPEBOJHUKAMH, CITyKAIAMH
JUTSL TIpeNynpexacHus 3a0MBaHUs MEXaHMYECKUMU TPUMECSIMU IMITyIepa U MPOXOJ-
Hex kaHanoB UIIT u muis pa3MenieHns TIyOMHHBIX PETUCTPUPYIOMUX MPHOOPOB
3amok  Oesomac-| 3b | MexaHu3M Juis OTKpyYMBaHUsI KOJIOHHBI OypuibHbIX TpyO 1 UIIT ¢ 1iesnpto noausaTus

HBIN

HX B CJIydae IpuxBaTa
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L 19 : 17 PucyHok - 6. KoMIIoOHOBKa HCIIBITATENEN MIIIACTOB:
l ' 7 15 a - ¢ IByMs ITaKkepamu;
-y 20 ;, 19 hd 0 - CEJIEKTUBHOTO HCIIBITAaHHUS OOBEKTOB;
21 | ! 21 B - MHOTOIIMKJIOBOTO HCIIBITaHUS OOBEKTOB B HAKIOHHO
HalpaBJICHHBIX CTBOJIAX;
& 21 T — 25 1, 3 - OypuibHbIe TPYOBI; 2 - IMPKYJSIMOHHBIH KnanaH; 4, 17,
7S 2z : 20 Tt 23 -nepeBoAHMKH; 5, 6,9, 1 2, 25 - naTpyOku; 7 - mTy- Lep; 8
23 25 L 23 - 3amopHO-MOBOPOTHBIM kiamax; 10 - MIIT; 11 - mpu-
Y 24 crniocobsieHue s Bpamienus; 13 - npo6oordopHuk; 14 - sicc; 1
24 23 L,f ;‘/ 5 - Ge3omacHbIi 3aMoK; 1 6, 21 - makep; 18 - pactpenens- romee
24 kF_ mpucriocobnenne; 1 9 - ¢wietp; 20 - ypaBHHUTEIBHOE
mpucmnocobienue; 22 - puiabTp; 24 - XBOCTOBHK
KOMIMJTEKC

OBOPYAOBAHWA KWOA-110
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Kommiieke npeaHasHayeH i WC-
CIIeIOBaHMs, HMHTEHCU(UKAIMU U OCBOE-
HUS OOBEKTOB B CKBa)XXMHE, OOCaXKECHHOU
SKCILTyaTal[MOHHOM KOJIOHHOM, a Takxe L1
ans ux gopasseaku. Kommekc omyckaer- ‘
ci B CKBaXHHY Ha HACOCHO-
KOMIIPECCOPHBIX UM OypUIIbHBIX TpyOax.

Kommiekc (puc. 7) BKJIHOYaeT MHO-
TOLMKJIOBOM HCIIBITATENh IJIACTOB 8, Mpo-
000TOOpHUK 9, YypaBHUTEIBHBIA KiamaH
12, sxopb 13, cexkuuoHHBIM makep [0 u
MayiorabapuTHYIO YCTHEBYIO TOJIOBKY /.

KMO/I-110 mno3BossieT HIPOBOAUTH
HCCJIEIOBaHMS KaK C OJIHOMAKEPHOHM, Tak U
CEJIEKTUBHO C JIBYXIIAKEPHOW KOMITOHOB-
KOH, a TakXe UCHBIThIBATh HECKOJIBKO
00BEKTOB 32 OJIUH CIIYCK KOMIUIEKca 000- FECEED 10
pPYIOBaHHSI B CKBa)KUHY, BBIMIOJIHATH WH-
TeHCU(UKALMIO TpPUTOKAa M3 IUlacTa 3a

Il
CYET OYMCTKH MNpH3aO00MHON 30HBI ILIacTa r';'r"’" 1:2
MyTeéM MHOTOKPAaTHOTO THIPABIMYECKOTO E"’l
BO3JICUCTBUS Ha HEE dYepeaoBaHUEM Je- i)
Mpeccuu U pemnpeccuu. Ero KOHCTpYKTHUB-
HbIC TIapaMeTpbl IO3BOJIAIOT padoTaTth B J? / 3
CKBOXMHAX C THAPOCTATUYECKUM JaBJie-
gueMm 1o 30 MI1a.

Pucynox - 7. KoMIulekc HCHBITATEIHBHOTO OOOPYIOBAaHUS
KHNO/J-110:
1 - ronoBka ycteeBas ['Y-30 wm; 2, 6 - HKT; 3 - knanan
ciuBHoM KC-100; 4 - xnmanan nepemnycknoit KII-110; 5 -
knanad 3anuBHoN K3A-110; 7 - ycTpoHCTBO [Jil yCTaHOBKHU
CKBOXMHHOIO MaHoMeTpa; § - ucnbiTatens miactoB WUIIT-
110; 9 - mpo6ootoopHuk [10-110; /0 - makep CEKIMOHHBIN
IIC-115, TIC-135; 11 - ¢unetp; I 2 - KIanaH ypaBHUTEIb-
Hb1it K3-110; /3 - sxops SK-110/136, SIK-135/156
[MTPUCTTOCOBLNTEHUE [JIA CEJTEKTUBHOIO UCTIBITAHUA TJTACTORB
Y CI1/-146-168
Ob6opynosanue YCIIJ[-146-168 nmpenHazHayeHO JUIsl MCTBITAHUS B MHOTOKPATHOM pe-
JKUME OJHOTI'O0 MJIM HECKOJIBKHUX INIACTOB, NPHUYCM HUCHBITAHHUC OO TPEX INIACTOB MOKCT BBIIIOJI-
HATBCSA C OTOOPOM TepMETHU3HPOBAHHOW MPOOBI U3 Kaxaoro miaacta. OOGopyqoBaHHE HCIIONb3Y-
C€TCsA B COCTaBC CCprIHBIX Hllc AKOPSAMU UJIM B KOMIIOHOBKE C YIIOPOM Ha 3a000 CKBa)KUHEI.
HpI/ICHOCO6J'ICHI/IC AJI4 CCJICKTUBHOI'O MCIBITAHUSA COCTOUT U3 YHOPHOIO Yy3Ja, Y3Jia
BIITYCKHOTO W YpPaBHHUTCJIBHOI'O KJIallaHOB C 0J10KOM Hp06 OT60pO‘—IHI)IX KaM€p U CHUTHAJIbBHOI'O
MPUCTIOCOOICHHUS.
yHOpHLIﬁ Y3€I CIYKUT I TPCAYINPCIKIACHUA CaAMOIIPOU3BOJIBHOIO IMPOKPYYHBAHUA
ITOKa MIpU CIIYCKAX-MOoAbECMAX, IMECpCaAavyu KPYyTAIECTro MOMCHTA C IOMOIIBIO PACIIOJIOKCHHOI'O
Huxe y3nna UIT u obecnieuenus ceoboanoro Bpamenust Y CIIl B cxxaToM MOJIOKEHUU.
V3en BITYCKHOT'O KJIallaHa CIYKUT Ui YCpCHAOBAHUSA OTKPBITUSA U 3aKPBITUSA MPOXOAHOI'O
KaHalia HpI/ICHOCOGHCHI/IH (BBIHOJ'IHCHI/IC NEprUOaAOB IMPUTOK - BOCCTAHOBJICHUC I[aBJ'IeHI/IH), a TaK- K€

yIpaBJICHHS pab0TOM MPOOOOTOOPOUHBIX Kamep.
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VYpaBHUTENBHBIN KJIaNaH NpeIHa3HAuYeH AJIs ypaBHEHUS JIaBJICHUS Ha TaKepe 10 OKOHYa-
HUM uccienoBanus. Kpome Toro, oH ciayxut 6aiiacom JjIst CIycka U mogbeMa 000pyI0BaHHUs.

[ITOK ypaBHUTENBHOTO KJIallaHa Ye€pe3 CMEHHYIO MY(TY COEIMHEH CO LITOKOM BITYCKHO- I'O
KJIalaHa KapkacoM OJioka mpoOOoOTOOpPHMKA, Ha KOTOPOM 3aKpEIUIeHBI TPH MPOOOOTOOPOUHBIE
kamepsl. [Ipucnocobnenue, ynpasistoniee ux padoToi, obecrneyrBaeT MOOUYEPEIHYIO UIH OIHO-
BpEeMEHHYIO0 paboTy kamep. Pexum pabotel mpoboorbopauka 3amgaercs npu coopke YCIIJ me-
pen odepeaHbM UcnbITaHueM. CurHaimbHOe mpucnocoOnenne YC-146 mpegHazHaueHO IS Tie-
penaud Ha TOBEPXHOCTh CUTHAJa O CO3[JaHMU Jernpeccud Ha muact. CUTHam O CO3JaHHMU Jie-
IPECCUM IepellacTcs Ha MOBEPXHOCTh B BHJIE YBEJIMYEHUS HArpy3kd Ha MHAMKATOpE Beca C OJ-
HOBPEMEHHBIM TpocenanueM TpyO Ha 3-8 cM. IlpuHImMN AeWcTBUS CUTHAJIBHOTO MPHCIIOCOOIIe-
HUS 3aKJII0YAETCsl B TOM, 4TO Ul Mepeladyd AENpPecCHH Ha IUIacT OceBas Harpyska repenaercs
pasMEIICHHBIM HIDKE Yy3JIaM dYepe3 MaciisiHylo HoAymKy. OTKpeITHE BIYCKHOTO KianaHa |
YMEHBIIIEHUE JIaBJIE€HUS M0/ BIIYCKHBIM KJIAIIAHOM U IOJ] TaKEPOM MPHUBOJAT K pa3repMeTU3aliu
MacIsTHOW KaMepbl, B PE3yabTaTe Yero MITOK CUTHAIBHOTO MPHUCIIOCOOICHHs OBICTPO IepeMeria-
eTcsl BHU3, 4TO 0TOOpaXkaeTcst Ha nokazanusx ['MIB u nonoxenuu tpyo.

UCTbITATEIN NJITIACTOB HA KABEIJIE

HpI/I pa60Te HCIBITATEN IJIACTOB Ha Ka0Oelle BLITOJHIIOTCS CJICAYIOIIUC OIICpallnuu:

a) M30JIAIHST HEOOJIBIIOTO MCIBITYEMOT0 y4acTKa Ha CTEHKE CKBKHHBI OT OCTAlIb-
HBIX YacTei CTBOJIA MPU MOMOIIH CEIEKTOPHOTO MPHKUMHOTO T€PMETHYHOTO 3JIEMEHTA;

0) COEIMHEHHE MOPUCTOr0 MPOCTPAHCTBA MCIBITYEMOIO ydacTKa MOpOJbl ¢ Oaio-
HOM JIJ1s1 0TOOpa MpoOkI U co3aanue (pu HEOOXOAUMOCTH) IPEHAXKHOTO KaHalla B TJIACTE;

B) 0TOOp TIPOOBI )KUIKOCTH U Ta3a U3 TUIacTa B 0aJUIOH ¥ repMETH3aIINS,

r) ypaBHUBaHUE NaBIEHUS Ha y4yacTke OTOOpa MpoObI C TUAPOCTATHYECKUM, UTO

oOecnieunBaeT OeCpenATCTBEHHBIN oabeM Ipudopa.

Hanuuue nputoka M U3MEHEHHE JaBJICHUs MPU UCHBITAHUU KOHTPOJIMPYIOTCS U peru-
CTPUPYIOTCS Ha TOBEPXHOCTH TPHU MOMOIIN TUCTAHIIMOHHBIX AATYUKOB. /lyiss paboThl MCHOB3Y-
IOTCSl CITYCKOIIOJIbEMHOE OOOpYAOBaHHE, PETUCTPHUpYIOLIas ammaparypa U Kabeib, NpUMEHse-
MBI TIPU Te0(PU3NUECKUX UCCIETOBAHHUIX CKBAKHH.

WcnipiTanus macToB MpuOOpaMu, CITyCKaeMbIMH Ha Kalelle, IMEIOT CBOM XapaKTEepPHbBIE
0COOEHHOCTH.

1. Bricokasi BEIOOPOYHOCTh - UCCIIEAYETCS OYeHb HEOONBIION MHTEPBAI pa3pes3a. DTO Mo3-
BOJISIET UCIOJIb30BAaTh UCHBITATENb AJIS MMOMHTEPBAJIBHOIO HCCIIEIOBAaHUS, OOHApYXEHUsS MecTa
pacIiooKeHus! BOJOHE(PTIHOTO M Ta305KUIKOCTHBIX KOHTAKTOB, OTOMBKH TPaHMII TUTACTOB.

2. Bbicokasi 4yBCTBUTENBHOCTh UCHBITATENSI K HAIMYMIO YIJIEBOJOPOAOB (HE(TH M rasza) B
NopoJiax CBsi3aHa C INIyOOKOH Jenpeccuel, co3aBaeMoi B Iuiacte npu ordope nmpoosl. ['epmern-
3alus U XpaHeHue B OaJJIOHe MIaCTOBBIX I'a30B J1aeT BO3MOXKHOCTh U3y4aTh XapaKkTep Hachllle- HUs
TUTACTOB HECMOTPS Ha HAIMYHE 30HBI IPOHUKHOBEHHUS.

3. TouHas mpuBsA3Ka pe3ylbTaTOB HUCHBITAHHUS C KapOTAXHBIMHU JUarpaMMaMH MO3BOJISET 00oc-
HOBAaHHO BHIOPATh TOYKH WCTIBITAHUS M COTIOCTABUTH 3TH PE3YNIBTATHl C JAHHBIMH APYrux reodu-
3MYECKUX METO10B. [Ipy HaTMYUK TOUHOM NMPUBSA3KU CYLIECTBYET BO3MOKHOCTb HCIIBITATH 1A~ CThI
Majo¥ MOITHOCTH.

4. OnepatuBHocThb. Ha onHy onepanuto, gaxke npu riyOOKuX CKBakMHax, notpedyercs 0,5-1,5
4. CrieruanbHON MOATOTOBKY CKBA)XKHHA HE TPEOyeT.

5. HeBO3MOKHOCTh OTKPBHITOTO (DOHTAHUPOBAHMS MPU MCIIBITAHUH, TaK KaKk BO BpeMs padOT THI-
pOCTaTUYECKOEe JaBJICHHWE B CTBOJIE CKBAaXMHBI OCTAETCSI HEM3MEHHBIM. DTO OCOOCHHO BaXKHO
IIPY UCCIIEIOBAaHUN Ta30HOCHBIX IIJIACTOB.

Y4uTeiBas ONEpaTUBHOCTh T€O(PU3UUYECKUX METOI0B C MH(POPMATUBHOCTHIO MPSMOTO HC-
IIBITAHWSI, UCIIBITATENN TUIACTOB O0ECIIEUNBAIOT YBSI3KY PE3YJIbTAaTOB HMCIBITAHHS C JaHHBIMHU Ka-
pOTa)ka M CYIIECTBEHHO JIOMOJHSIOT KOMIUIEKC UCCIIEI0BAaHUM Pa3BEIOUHBIX CKBaKUH.

[Tporecc MCTIBITaHUST MOXKHO Pa3JelIUTh Ha TPH TTOCIIEAOBATEILHBIC CTAIHH:

1) BO3HUKHOBEHHUE M PACIIPOCTPAHEHUE THAPOINHAMUYECKOTO BO30OYKICHHS B TIACTE;
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2) JBHIKEHHUE KMIKOCTH U raza U3 IjjacTa B 0aJlJIoH;
3) BOCCTAaHOBJICHHE IUIACTOBOT'O JABJICHUS B 30HE HCIIBITAHUS TIOCJIE OCTAHOBKM MPUTOKA.

HcnpiTanue miacToB mpubopamMu Ha Kabeme sIBISETCS CIOXKHBIM MHOTOCTAIUIHBIM, He-
YCTOMYMBBIM MPOLECCOM, TPOTEKAIOIIUM B KOPOTKUE POMEXKYTKH BPEMEHH.

BriepBeie B HeTSHON NpakTUKE HCHbITATENb IJIACTOB Ha KAapOTaKHOM Kabene ObLI
npeoxed B 1937 r. I'.C. Mopo3sossiM, I.H. Ctponkum u K.1. bonnapenko.

B CIIIA paGoTel O CO3/IaHUIO UCHBITATENCH IIACTOB Ha Kabeie MpOBOIMINCH (HUPMOI
"HlmomOepxe". C 1955 1. 3T mpuOOpHl HAYalIM IIUPOKO HCIONIb30BaThes Gupmoi "Lmrom-
Oeprke" U IpyruMu reopu3ndecKuMu (pupMaMu MHpA.

Hcnprtarens Gupmsbl "[moMOepixke" CIycKaloT B CKBOXHHY Ha CEMH)KMIBHOM OpOHHPO-
BaHHOM KabOeine (puc. 8). s pabotel nmpubopa B CKBAKMHE HCIIONB3YIOT SHEPTHIO THIPOCTATH-
YEeCKOTO JIABJICHUS KUIKOCTH B ckBakuHe. [locne ycraHoBkM mpubopa B 3alaHHOM HHTEpBaje
CUTHAJIOM MO KaOenro OTKphIBaeTcs ympasistouiuii kinamnad /. [IpoMbpIBouHas KUIKOCTH MOCTY-
naeT Ha NOPIIEHb-MYJIbTHILTUKATOP 2, BBITECHAIOMIMI pabouyro JKUAKOCTh, KOTOpAsh HAIOJIHAET
TUIPABIMYECKYI0 CHCTEMY MpuOOpa, 4epe3 PeryasTop NaBleHUs 4 K MOpIIHAM /] MprKuMaro-
mero Mexanumsma. [10CKONBbKY NOpIIEHb-MYJIBTHILUIMKATOP CO3/IAeT B CHCTEME JaBlieHHE Oolee
BBICOKOE, YeM THUJPOCTaTHYeCKOe, MOop MIHU [/ BBIABUTAIOTCS M3 Kopryca npubdopa. Ilpu stom
NPWKHUMAIOLIAs IUIaHKa /2 ¥ pe3MHOBBINM YIUIOTHSIOLMHN Oammak 8, 3aKpeIuIeHHbIE Ha MOPIIHSIX,
NPKUMAIOTCA K MPOTHUBOMOIOKHON CTEHKE CKBRXMHBI C YCHIIMEM B HECKOJIBKO KHIIOHBIOTOHOB.
[Tocre 3TOrO MO CHUTHANY C MOBEPXHOCTH CpadaThiBaeT mnepdopalroHHOE MpucnocobdieHue 9,
co3jarolee APEeHaXHBIH KaHaj B IUIaCTE M OTKPBIBaKOIlIee JOCTYI IJIACTOBOMY (IIIOUAY B eM-
KOCTb npubopa /8.

1/" e

Pucynok - 8. [IpuHIMIManbpHas cxemMa HCTBITaTels acToB Ha kabene gupmer "Lmromoepixe

Konctpykmust emkoctu [1st ipoOsl cimoskHas. OHa pasjiesieHa Ha JBE 4acTH TEPEeropo-
KOW, B KOTOPOM HaXOIUTCS APOCCEIMPYIOLIEE OTBEPCTHE-IUITYIEp /7 OYEHb MAajoro CE4YEeHHs
(0,2-0,002 mM). B BepxHIOI YacTb €MKOCTU IEpel CIIYCKOM MpuOopa 3alMBaeTcs BOja, OYH-
IIEHHAs1 OT TBEPBIX YACTHUII, B HUKHEHN - HAXOIUTCS BO3IyX MOJ atMocdepHbM aaBieHuem. [1o-
CTYyIMAMIIMEe W3 TIacTa (PIOUABl BT Ha TOJBWKHBIN MOPIICHHb /06, BBHITECHSIOMUNA BOAY W3
BEpXHEN 4acTH €MKOCTH B HIDKHIOIO uepe3 mTyuep. Jlenpeccus, BO3IEHCTBYIONAs Ha ILIACT,
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ONpEAEAETCS THAPABIMYECKUM CONPOTHBIECHHEM wITyliepa. CHUXKEHHE BEJINYMHBI JEIPECCUU
JUI NIPEIOTBPAILEHHs pa3pyIIEHUs] KOJUIEKTOPOB MO3BOJSAET OOJErYuTh YCIOBHs pabOThl YIUIOT-
HSIOMIETo OalMaKka W UCKIIOUUTH YIapHble Harpys3ku B rnpubop e. Ilocine otrGopa mpoObl OTKpHI-
BaeTcsd KiamnaH 6, nmojaroliuii pabouyro >KMJIKOCTh K TMAPaBIMYECKOMY KianaHy OajuioHa /4.
Knaman mepememiaercsi, repMeTu3upysa npoOy B Oammone. g CHATHA NPUKUMHOTO HPUCIIO-
co0JIEHUS OTKPBIBAETCS KJanaH 5, COeAUHAIOUIMN THIPABINYECKYIO CHCTEMY CO CIMBHOM Kame- poi
19, 3an0THEHHOW BO3IyXOM T0J] aTMOoc(hepHbIM aBiieHueM. Pabodast sKMIKOCTh HaIpaBJIs- €TCS B
CJIUBHYIO KaMepy, a 0OpaTHbIE NPYXKHUHbI /3 IOMOTalOT BEpPHYTh OallIMaK U MPY>KUMHYIO IIJIAHKY B
npexHee nonoxenue. [TockonbKy pasHuUIla AaBieHHs 1Mo OaliMakoM U THAPOCTATH- YECKOTO
JIaBJICHUS MPOJIOJDKAET CO3[aBaTh NPMKUMHOE YCWIIME, YAep)KuBarollee OaliMak, TO MPH 3TOM
3aropaeTcsi YpaBHHUTEIBHBIA IMOPOXOBOHM 3apsa (), OTPHIBAIONIMI OT CTEHKH OaliMak WU
paspymaromuii ero. Eciu He cpaboTaer kianaH CIMBHOM KaMepbl, TO HaTSKKOW Kabemsl cpe3aroT
aBapuiHbIi WTUQT 3. [Ipu 3TOM HapymaeTcs yjaoTHEHHE THIPABINYECKON CUCTEMbI U JJaBJICHUE
B Hell ypaBHMBAETCS C IMIPOCTATUYECKHUM.

JlaBieHue B ruipaBIMuECKON CUCTEME U B KaHalle 0TOOpa IUIACTOBBIX (DIIIOMOB KOHTPO-
JUpYyeTCsl IUCTAaHIMOHHBIMU JTaTYMKaMU AaBjieHus 7 U [5. B xadecTBe nmephopariioOHHOrO MpH-
CHOCOOJICHUST IPUMEHSIETCS KyMyIsTHBHBIN niepdopaTop. [Ipu ycraHoBke OJ0Ka ¢ KyMyIsTHB-
HBbIM 3apsA0M OOJBLIONW MOIIHOCTH, CIIOCOOHBIM NPOOUTH OOCAIHYIO KOJOHHY M II€MEHTHOE
KOJIbIIO, MPUOOpP MOXET HPUMEHSTbCS JAJIs UCIBITAaHUS OOCaKEHHbIX CKBakMH. HaunOonbumit
pasmep mpubopa B monepedHoM cedeHuu 140-160 MM B 3aBUCUMOCTH OT MepdoparmoOHHOTO
0J10Ka MO3BOJISIET UCTIOIB30BAThH €T0 B HEOOCAKEHHBIX CKBaKMHAX AUaMeTpoM 228 MM u Ooiee U B
00Ca)keHHBIX CKBAKMHAX uameTpoM Oosiee 157 Mmm.

B nountepBanbHOM HcnbITarene miaactoB ¢upmsl "HlnromOepxke" ycTaHaBIMBAIOTCS J1Ba
KyMYJISTUBHBIX 3apsiia Ha pacctosHuu 30 cMm apyr ot apyra. B nmpubope, npeaHazHaueHHOM AJis
paboThI B HEOOCAKEHHBIX CKBOKMHAX, 00a 3apsiia HAXOATCSI BHYTPH OJHOTO T€pPMETHU3HPYIOIIE- TO
Oammaka, a nmpu cOOpke Ui OOCaKEHHBIX CKBRXHMH Y KaKJIOW TOUKM OTOOpa MMEETCs WHAU-
BUJIYaJIbHBIN YIUIOTHSIOIIMM 3JIEMEHT HEOOIbIHNX pazMepoB. O0e TOUYKKM OTOOpa COSAMHEHBI Ka-
HaJIOM ¢ OaJIOHOM ISl TPOOBI.

Hannune nByx Todek oTOOpa mpoObI BBHI3BAHO JKEIAHWEM IOBBICUTH PE3YJIbTaTUBHOCTH
paboT B HEOJHOPOIHBIX KOJUIEKTOpaX, KOrja MOoMaJaHue Ha HEMPOHHIAeMbI MPOIIACTOK CIIy-
YKUT YCJIOBHOW MPUYMHON OTCYTCTBUS MPUTOKA, YTO TPEOYET NOMOTHUTEIBHBIX CITYCKOB IPHO0- pa.
B oOcakeHHBIX CKBaXHHAaX, KpOME TOr0, HaJlM4Me€ JBYX 3apsA70B IIOBBIIMIACT HaJAEKHOCTb
BCKpBITHS Macta. B cOopke ans o0CaKEHHBIX CKBaKUH I'€PMETH3UPYIOIINE 3JIEMEHTBI JKECTKO
MOJICOSAMHAIOTCS Ha OJI0KE MPHKUMHOIO IPUCTIOCOOIEHUS. Y paBHUTEIbHBIN MOPOXOBOH 3apsi U
paspymaomuid O6amMak 3aMEHEHbl YIPaBISIOUUM ypaBHUTEIbHBIM KJIAlIAHOM, KOTOPBIA OT-
KpBIBaeTCs MpU yOMpaHUM NPUKUMHOTO mpucrnocoOienus. Mexy kaHaioMm otoopa u OanoHOM
YCTaHOBJIEH PEryIMPYIOIINN KilanaH, KOTOPbIM MO3BOJsSET 0TOOpaTh Mpo0y 06e3 BBICTpena Kymy-
JSITUBHBIMM 3apsilaMU IIyT€M COEJUHEHHs I'epMETH3MPOBAHHBIX YYACTKOB OTOOpa ¢ OaJIJIOHOM.
J171st OBBILLIEHUS HA/IEKHOCTU TepMEeTH3aI[uK OalsIoHa YCTaHABIMBAlOT OOpaTHBIN KJIamaH.

HcnpiTarenu miaacTtoB, UCHOJIb3yeMble APYIUMU (prpMaMu, HE3HAUYUTEIHHO OTIMYAOTCS
ot ucneitarens pupmsl "Lmromoepxe".

B 6. CCCP pa3paboTka M IpUMEHEHHUE HCIbITaTeN el IUIacTOB Ha Kalene pa3BUBAINCH
aHasiornyHo 3apyoexxusiM. BHUUI'JIC (r. Yda, TBepp) Obl1u BriepBble MPOBEACHBI UCIIBITAHUS B
CKBa)KMHax U ocyuecTBieH cepuiHblil Beinyck UIIK B 1963 1. Ilocne npoBenenus uccienosa- HUi
B CKBa)KMHaX TNTyOMHOMN 4 KM 1 60jiee BO3HUKIIA HEOOXOAUMOCTh B HOBOM MPUHIMITUATIBHONW CcXeMe
npubopa JUIst 3TUX yciaoBUU. bonbime ynapHble Harpy3Ku M TUAPaBINYEeCKUEe yaaphl MPU- BOIUIN
K 3aKJIMHMBAHMUIO TOJBM)XHBIX MOpIIHEH. B pesynbrare BO3AEHCTBHS BBICOKO- CKOPOCTHBIX
TEUYEeHUIl pacTBOpa C aOpa3MBHBIMM J00aBKaMM CHJIOBOW IMJIMHJIpP W3HAIIMBAJICS, HEHAJEKHO
paboTasii TepMOYCTOMUMBBIE 3aps/Ibl, YINIOTHSIOIINE PE3UHOBbBIE KJIAalaHbl U T.1.

Jns coznanus TepMmoyctoiuuBoro ucnbitarens riacroB MIIT-7-10 Obuta mcnonb3oBaHa
3aMKHyTasi THApPAaBIMYECKas CHCTEMa JBOWHOIO JCHCTBUS C 30JOTHHUKOBBIM KJIallaHOM-

pacnpeaciiuTeiICM. HpI/IMeHeHI/Ie 30JIOTHUKOBOI'O ICPCKIIOYATCIIA B TGpMOYCTOfI‘-IHBOM HUCIIBITA-
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tene 1iactoB UIIT-7-10 uckmroyaeT BO3MOXKHOCTh BO3HMKHOBEHMSI PE3KHMX THAPABIMYECKHX
yIapoB B THAPABINYECKON cUCTeMe MpuOopa v OOJBIINX YAApHBIX HAarpy30K B €ro JeTajsX, KO-
TOpble UMenu MecTo B ucnbiTaTensax tuna UIIK npu nmogaue BHICOKOrO IMAPOCTAaTUYECKOTO JaB-
JICHUs Ha CUJIOBOM M 0OpaTHbIN kimamaHbl. B nmpubope UIIT-7-10 omacHOCTh 3aKIMHUBAHUS T10-
JBWDKHBIX YacTel U3-3a TEMIIEPATypHBIX Ae(opMaliuii MEHbIIIE, YeM B CUJIOBOM Y3JI€ UCTIBITAaTe- JIs
wiactoB tuna UIIK. D10, a Takxke cHUXKEHHBbIE paboyue Mepenajbl JaBI€HUsS O0ECHEUHUBAIOT
paboty mpubdopa UIIT-7-10 Ha Gonpmmx rryOMHAX MPH 3HAYUTEIBHBIX THIPOCTATUYECCKHUX JIaB-
neHusx. VcnpITaTenu miacToB ¢ TUCTAaHIMOHHBIMHM AaTdyukamu nasiaeHus WMIIJ[-7-10 paszpabora-
Hbl Ha ocHoBe mnpuoopa UIIT-7-10 u moBTOpsAIOT €ro NpUHLMIUAIBHYIO cxemy. Mcmeitarensb
NII/I-7-10 obecnieunBaeT mpu 0TOOPE MPOO TUCTAHIIMOHHYIO PETUCTPAIIMIO JaBICHUS B OAJIJIOHE C
LEJIbI0 KOHTPOJISL INPOLIECCa UCIBITAHUS, OINPEAEICHUE IIACTOBOIO JABJIEHMSI M OLIEHKY TMIpO-
JUHAMHUYECKHX [TapaMeTpoB ILIACTA.

HcneitaTenu mractoB il HeobcaxxeHHBIX ckBaxkwH WITH-7-10 mpenHazHadeHbl IS HC-
CJIEIOBAHMS KOJIJIEKTOPOB, B KOTOPBIX YEPEAYIOTCS IUIOTHBIE W MPOHULIAEMBIE IUIACTHI U 3HAYU-
TeJlbHAasl 4acTh 00bEKTa HE JaeT npuroka. [loaTomy HEOOXOAMMO yBENIMYMBATH YHUCIO HMCIIBITYE-
MBIX TOYEK, YTO YBEIMYUBACT BPEMsI U CTOUMOCTH padoT.

[Tpubopom UIIH-7-10 mpu oTcyTcTBHM MPUTOKA W3 HCHBITYEMOIO ydacTKa Ijacta (4To
BUJHO TIO TIOKAa3aHUSM JAaTYUKOB) MOXKHO IMOCIEIOBATENIbHO HCHBITHIBATh emie 8-10 ydJacTkos
0e3 mogbeMa Ha MOBEPXHOCTD, IIOKA HE OY/IET MoTydeH MPUTOK. [Ipr He0OX0AMMOCTH HCITBITA- HUS
Hanbosee MepPCIeKTUBHOTO Yy4acTKa MOXKHO TIOBTOPHUTH HCCJIEIOBAHUS C BBICTPEIIOM KyMY-
JIITUBHBIM 3apsIIOM.

Ucnertatens MIIH-7-10 skoHOMMYECKHM oOmpaBAbIBaeT 'TpOLIyNbIBaHHE" BEpXHEH U
HIDKHEH vactedl miacra Juist oneHkH ux 3¢dexruBroit mommuoctu. Mcnbrrarens WUITH-7-10 B
JAaHHOE BpEeMsl - OCHOBHOM MpUOOp 7S MCCleAOBaHUS HE0OCAKEHHBIX CKBAKHH.

BoinyckatoTcst TakkKe MCHBITaTENd IUIACTOB JJIi HEOOCAKEHHBIX IIYOOKHMX CKBaXXUH Ma-
noro puametpa WUITH-5-7 u ucneitarens miactoB ais o0caxkeHHbIX ckBakun UITO-5-6. [Ipubop
NITO-5-6 npenHa3sHavyeH sl UCCIAEAOBaHUS OCHOBHOTO (OHAA 0OCAKEHHBIX CKBAXHH C KOJOH-
HaMu JuaMeTpoMm oT 125 1o 152 mm.

B ero KOHCTpyKIIMM UCHOJIb30BaHA MpPUHLMIHAIBHAS CX€Ma NpHBOJAa OT TH-
JIPOCTATUYECKOTO JIABJIEHUS C 3aMKHYTOW TMIPABINYECKON CHCTEMOM JBOMHOIO XO0Ja, 30J0THHU-
KOBBIM pacHpeleNUTeIeM M MOPIIHEM-IEMYJIbTUIUIMKATOPOM, aHAJIOTM4yHas cxeMe HpuOopoB
HIIH.

BoinyckatoTcst Takke HMCHBITATENN IJIACTOB JUISl CTPYKTYPHO-TIOMCKOBBIX U THAPOT€0JIo-
ruueckux ckBaxuH WII-4-7. B koHCTpyKuuu 3Toro mpubopa HMCHOIb30BaHA MPUHIMNHATIbHAS
CXEMa JIEKTPOMEXaHNYECKOTo MpHUBOJia. Takoi THUIl IPUBOJA MOXKET OBITh YCHEIIHO pealu30BaH
Ha rayoune 10 3000 M, mO3BOJISET MPOBOAUTH PabOTy HE3aBUCHMO OT BETUYMHBI THAPOCTATHYE-
CKOT'O /IaBJIEHUS U J1a€T BO3MOKHOCTh MHOTOKPATHOI'O cpadaThIBaHUs IPHOODA.

s paboThl ¢ MCHBITATENIMU IJIACTOB Ha Kalele HCIONIb3yeTcsl MepeABIKHas Tabopa-
Topusi Ha aBToMoOuWie. B Helt cMOHTHpOBaHO 00OpymOBaHWE, HEOOXOAMMOE Il Pa30OpKH U
MIPOBEPKU HCHBITATENEH, TApUPOBAHUS NUCTAHIIMOHHBIX JAaTYMKOB. [IynbT ympaBiieHHs U KOH-
TPOJISl HAXOAUTCS Ha IPYrol MalluHE - KapOTaKHON CTaHIIMU-TIO0TbEMHHKE.

UCNbITATENN NNACTOB HA BA3E CTPYUHbIX AMMAPATOB

B UBano-®pankosckom uHcturyre HedTH u raza (P.C. Apemuiiuyk, B.P. Bo3nsrii, 1979-
1985 rr.) pa3paboTaHa TPHUHIMIIMAIHLHO HOBas KOHCTPYKIMS HCHBITATeNEH IMIacTOB Ha 0Oasze
cTpyiHbix anmaparoB. [Ipucnocobnenue YI'UII-1 (puc. 9) cocrout u3 kopmyca ¢ cenyom / moj
oOpatHbIi knanaH /2 u cTpyiiHoro anmnapara 2. Kopmyc npucnoco0nenust CHa0KeH KaHanaMu 3 JIst
HarHeTaHus pabouell >KUIKOCTHU, KaHAIaMU 4 JUIsl MPOXOKICHUS 3KEKTUPOBAHHOM KHUJIKO- CTH,
OKHAMHU J JJs BBIXOJAa CMEIIAHHOW >KHUIKOCTH B 3aTPYOHOE MPOCTPAHCTBO M KaHAIOM 6 s
nepesavyy JaBjeHusl U3 MOANAaKepHOro MPOCTPAHCTBA K MpeoOpa3oBaTelio JaBIECHUS B DJIEKTPH-
YECKUH TOK.
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BepxHsis M HIDKHSS yacTH Kopiyca CHaOkeHbl pe3bOoil st moxcoenunenuss k. HKT.
CrpyiiHblii amnmapar BKJIIOYAaeT B ce0s MOJICOSTUHSIONIYI0 TOJIOBKY 7, mpeoOpas3oBareib JaBiie-
HUS MeMOpaHHBIM TeH3oMerpuueckoro tuma [IJIMT 8, TBepaocmiaBHbIA Hacalok 9, Kamepy
cmemenus 10, nuddyzop 11, 06 parHbeiii knanan /2 co mrtokoM 13, BTynKy /4 ajia mojacoeauHe-
HUSl U3MEPUTEILHBIX MPHOOPOB (TTyOMHHOTO MaHOMETpa, TEPMOMETpa U pacxoaomepa). Ilpuco-
eMHUTENbHAs TOJIOBKa MMEET pa3beM JUIsl oOecreueHus 3JeKTpuueckoro koHTakra. [Ipucmo-
cobonenust YI'UII-1 u YEOC-2 npeanasHaueHbl JUIsl UCHBITAHUS IIJIACTOB U BBI30BA MPUTOKA U3
MPOJAYKTUBHBIX TOPU30HTOB C OJIHOBPEMEHHOH OYMCTKOW mpu3aboiiHOW 30HBI IUIacTa B 00-
CaKEHHBIX JKCIUTyaTallMOHHON KOJIOHHOM CKBaXKUHAX.
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Pucynox - 9. YcrpoiicTBo s rujpoJHaMHYecKuX uccinenoBanuii ruiacros YI'UII-1 nHa 6a3e crpyitHoro anmapara

YcTpolcTBO MO3BOJIAET:

B MPOLIECCE MCTBITAHUSI CKBAKUHBI MMPOBOJAUTH 3alUCh KPUBBIX BOCCTAHOBIICHUS JaBJie-
HUS ITOCJIC CHUKCHH JaBJICHHUA B IIOAITAKCPHOM ITPOCTPAHCTBE, YIIPABIIATH BEIIMYNHOMN AcTpec-
CUU 1 BpEMEHEM €€ JeHCTBUS 0€3 HCIOIb30BaHMS KOMIIPECCOPHBIX U a30THBIX YCTAHOBOK;

MPOBOJIUTH LUKJIMYECKOE BO3/ICMCTBUE HA TUIACT B PEKUME ACTIPECCHS - PEIIPECCUS C 11e-
JIBI0 OUMCTKU TIPpU3a00IHON 30HBI T1ACTA;

MPOBOANTH JUCTAHIIMOHHBIM KOHTPOIb MPH MOMOIIH PETUCTPUPYIONINX MPUOOPOB H3MeE-
HeHUs 3a00WHOTO MaBJICHHS B MPOIECCe MCCIEAOBaHUS (DUIBTPAIMOHHBIX XapPaKTEPUCTHUK TIjIa-

CTa U OYHMCTKHU €ro NMpu3ab0iHO 30HBI.
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Uccnenosanue ckBaxxuH ¢ nomoinbio YI'UII-1 npoBoaaT B yka3aHHOM HUMXKE MOCIEA0BA-
TEJTbHOCTH:

CITyCKAIOT Ha HACOCHO-KOMITPECCOPHBIX TPyOax Mmakep u KOpIyc MpucrocoOIeHus (Iocie
COOTBETCTBYIOLIETO JACUCTBUS - IOJTOTOBKU CKBAXKUHBI) U MAKEPYIOT KOJBIIEBOE MPOCTPAHCTBO;

YCTaHABIUBAIOT (OHTAHHYIO apMaTypy ¢ JIyOpUKATOpPOM, OMPECCOBBIBAIOT OTACIHHO
HKT u nakep coOTBETCTBYIOIIMMHU OMPECCOBOYHBIMU KIIallaHAMMU;

CIIYCKAIOT Ha KapOTa)KHOM KaleJsie CTpyHHBIH ammapar ¢ 0OpaTHBIM KJIAIlaHOM JI0 €To I0-
CaJIKU B KOPIIYC;

MIPOBOJIAT HMCCIIEAOBaHUS, ITpoKaurBasl padbouyro xunkocth uepe3 HKT u cTpyiinbiii armn-
napat HaCOCHBIM arperaToM.

[Tpu npoxoxkaeHun pabouel XKUAKOCTU 4yepe3 CTPYHHBIM amnmapaT B Kamepe CMELICHHS
CHUYKAETCsl JIaBJICHUE, 32 CUET Yero oOpaTHBIA KjamaH OTKPBIBACTCS, U JACMpeccus Nepenaercs B
MOJMAaKepHyo 30HY. BennuuHa nemnpeccuu U BpeMsi ee NEHCTBHUS 3aBUCAT OT pacxojia padboueit
JKUJIKOCTH, POKAYUBAEMOM Uepe3 CTPYMHBIM anmapar, mapaMmeTpoM KOHTPOJIS SBIISIETCS JaBJie- HUE
HACOCHOTO arperara.

[Ipekpamenne mogayn padoueld KUAKOCTH BEAET K YPaBHUBAHUIO JIaBJIICHUS B Kamepe
cmemienus u BHyrpu HKT, oOparHblil kinamaH mpu 3TOM 3aKpbIBaeTCs, U B MOJIAKEPHOM IIpO-
CTPAHCTBE MPOUCXOJUT MPOIECC BOCCTAHOBICHUS HaBieHUsSA. LIMKI MOMXET MOBTOPSATHCS MHOTO-
KpaTHO C pa3jiMYHbIMU 3HAYEHUSMU JIENIPECCUU M MPH Pa3INYHON UIUTEIHHOCTH IEPHOJO0B
(mpUTOKa ¥ BOCCTAHOBJICHUS IaBJICHUS) U ITUKIIOB. Perucrpanrio 1aBieHus BeyT Ha AuarpaMMe B
kapotaxHoii naboparopun AKC-JI; Takke BO3MOXHA yCTaHOBKAa aBTOHOMHOIO TIYOMHHOTO
MaHOMETpa u MPOOOOTOOPHUKA K XBOCTOBUKY 0OpaTHOTO KIlaraHa.

K nmocromHCcTBaM yKa3aHHOTO yCTPOMCTBAa OTHOCHTCSI TO, YTO MPH HCHBITAHUU TEPCIEK-
TUBHBIX TOPHU30HTOB HMMEETCS BO3MOYKHOCTH MPOBOJUTH MAPAIICIBHO U TeO(U3HUECKUE UCCIIe-
noBaHus 0e3 TOMOTHUTENBHBIX CIycKonmoabeMHbIX omnepaiuii ¢ HKT u OypunsHbIM HHCTpYMEH-
TOM.
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NMPAKTUYECKOE 3AHATUE Ne2

Pacuem maxkcumanvnozo oaenenus na ycmbe CKearCuHbsvl U 00veM IHCUOKO-
cmu, Komopyiro Heo0xXo00umo 3aKauamso 6 CKBAJICUHY 6 npoyecce evl3oea npumo-
Ka u3 npodykmuenozo naacma mMemooom 3ameuieénun JcuoKocmu.

OnpeenuTh MAaKCHMAJILHOE 3HAUCHHUE JIABJICHUS Ha YCThE CKBOXKHUHBI B IPOIIECCE BBI30BA
MPUTOKA U3 MIPOYKTHBHOI'O TUIACTA METOJOM 3aMEIICHUS JKUIKOCTH Ha 00JIee JIETKYIO.
Hcxonnple qanHbie (BapuaHThl B Tabuie 2.1):
- INIOTHOCTh OYPOBOT'O PacTBOpPA Pp;
- IJIOTHOCTH BOJIBI ps = 1000 Kr/™m?;
- rnyouna crycka HKT Hi;
- IOTEPHU JABJICHUS:
B KOJIOHHE TPYO -APr
B 3aTpYOHOM NMPOCTPaHCTBE -APxn.

MakcumanbHOe 3HaueHHUE AAaBJICHUS Ha YCTBC CKBAXUHBI OIPCACIISAOTCA 110 (I)OpMyne:
Poee = (2, —p:)gH, + AP, + AP, . (2.1.1)
[Totepu naBneHus: COOTBETCTBEHHO B 3aTPYOHOM IPOCTPAHCTBE U B KOJIOHHE TPYO (orpe-
JIEJSIOT U3 CIPABOYHBIX TAOJIUII JIMOO IO CHEIUATbHON METOTUKE).

Onpenenuts 00bEM KUIKOCTH, KOTOPYIO HEOOXOIUMO 3aKayaTh B CKBOKUHY B Ipoliecce
BBI30Ba IPUTOKA 10 METOJY 3aMELLEHHsI XKUIAKOCTH ISl CO3JIaHMsI JENPECCUN Ha IIacT.
Hcxonnbie nannble (BapuaHThl B Tabauie 2.1):
- IVIOTHOCTBH OYpOBOT'O pacTBOpa Pp;
- IJIOTHOCTH BOJIBI ps = 1000 Kkr/m;
- IIIyOMHa CKBaXKUHBI H;
- rmyouna cnycka HKT Hr;
- CpeJiHee IIacTOBOE JaBieHue Pux;
- TOTEPH JABJICHUS:
B KOJIOHHE TpYyO -APr
B 3aTpyOHOM IpOCTpaHCTBE -APxn;
- TMaMeTp (BHYTPEHHMI) SKCIIITyaTallMOHHOM KOJOHHBI Dos;
- konionHa HKT: Buemauit nuametp du 1 BHyTpeHHUH ds ;

OOBeM Jerkoi KUAKOCTH, KOTOPYIO HEOOXOJUMO MOJaTh B CKBAXHHY, YTOOBI 3HAUCHMS
JIaBJICHHi Ha 3200€ BBIPOBHSIIMCH, HAXOUM 110 (popMyie:

| S I ] 1

r7ie Skn - MJIOUIA]Ib CEYCHUS MEXTPYOHOTO MPOCTPAHCTBA;
St - mnomaab ceuenus BHyTpenne nonoctu HKT.
Eciu o0bemM XKHMIKOCTH, 3aKauaHHOM B CKBa)KMHY, IPEBBIIIAET MOJYyYEHHOE 3HAYCHHE,

3HAYUT, CO3JACTCA ACTIPCCCHUA HA IUIACT U MOKHO BbI3BATH ITPUTOK U3 TJIACTA.
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Tabauua 2.1 — BapuaHThl HCXOAHBIX JAHHBIX

MOTEPH JABJICHUS, Konxonna HKT

8—4 < MlIla 6 .

g T < s 1)

= ; . . . N =

o ! : SN B = 5

g = 5 g = é = = = 2 =
E 155 an i 5 S 5| & o s S
s |25 ¢ 3 2E |54 |3 2 3 =gt
= |92 & 2 S o, = s 2 Q
S lEs B o =¥ | 5f| & = 5 s~
A |© & K g 5 o = E S | < =2

i.| < T oM S o = = I} =

5 = o g 5 § = >§ i = qi, o

: g : 3 - | B |B 2 |3

g T = 5 > 5 2 5 2
1 2150 11250 |12 0%6 156 B S |BS 1280 16,8
2 1200 1300 | 125 [0,65 |154 |73 59 1330 | 17,48
3 1250 1325 |13 0,7 152 | 60 503 | 1360 | 17,68
4 1300 1350 [135 (075 [150 |89 ' 76 1380 | 17,94
5 1350 1375 | 1.4 0.8 (148 | 73 62 1410 | 18,33
6 1400 1400 145 [0.85 |156 73 59 1435 | 18,67
7 1150 1425 |15 0,9 (154 | 60 503 | 1460 | 19,0
8 1200 1450 [ 1,55 095 [152 |89 76 1480 | 19,24
9 1250 1475 | 1,6 098 [150 |89 73 1510 | 19,63
10 | 1300 1500 | 1,65 |1,15 [148 |60 503 [ 1530 [ 199
11 | 1350 1550 | 1,68 |06 156 | 73 62 1580 [ 20,54
12 | 1400 1600 | 1,7 065 [154 |73 59 1630 [ 21,2
13 | 1150 1650 [ 1,73 10,7 152 | 60 503 [ 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 | 1,2 085 [156 |73 59 1280 | 16,8
17 11350 1300 [ 1,25 109 154 | 60 503 | 1330 | 17,48
18 | 1400 1325 |13 1095 152 |89 76 1360 | 17,68
19 |1150 1350 [ 1,35 098 [150 |89 73 1380 | 17,94
20 | 1200 1375 | 1,4 1,15 | 148 |60 0503 | 1410 | 18,33
21 | 1250 1400 [ 1,45 10,6 156 | 73 62 1435 | 18,67
22 11300 1425 | 1,5 0,65 | 154 |73 59 1460 | 19,0
23 11350 1450 1,55 |07 152 | 60 0503 | 1480 | 19,24
24 | 1400 1475 | 1,6 10,75 | 150 |89 76 1510 | 19,63
25 | 1150 1500 | 1,65 |08 148 | 73 62 1530 | 19,9
26 | 1200 1550 | 1,68 1085 [156 |73 59 1580 | 20,54
27 11250 1600 | 1,7 10,9 154 | 60 1503  [1630 [21.2
28 | 1300 1650 [ 1,73  [0,95 [152 |89 76 1680 | 21,84
29 | 1350 1700 [ 1,75 [098 [150 |89 73 1730 | 22,5
30 | 1400 1750 | 1,8 1,15 | 148 |60 50,3 | 1780 | 23,14




NMPAKTUYECKOE 3AHATUE Ne3

Pacuem oovema yncuokocmu Hao 6030yUiHOU NOOYULKOUL 8 npouecce 6bl3064

nPUMOKa U3 NPOOYKMUBHO20 NIACHA MEMOOOM 8030YULHOTL HOOYUWIKU.

Onpenenutb 00beM KUIKOCTH HaJl BO3IYITHOM MOTYIIKOM.
Hcxonnbie qanneie (BapuaHThl B Tadmuie 3.1):

- INIOTHOCTH BOJBI pr = 1000 Kr/m3;

- [NIyOVMHA CHM)KEHUS YPOBHS BOJIbI B CKBaXHHE Hey;

- tuaMeTp (BHYTPEHHUM ) SKCIITyaTallHOHHON KOJIOHHBI Dog;

- kononna HKT: BHemHmii quametp dx 1 BHYyTpeHHMI ds

- JaBJICHHUEC Ha BBIXOJAEC KOMIIPpECCOpa IMOCJIIC HarHETaHUs I'a3a B 3an}76HOG IMPOCTPAHCTBO P

1. BeicoTa BO3yITHOW TOIYIIKH OTIpeeIsieTcs o Gpopmyie:

PE':M:E[
H., = o GLD

2. Koo puumeHTs! KBaAPaTHOTO YpaBHEHHS OTPEACIsieTCs 0 opMyIie:

B = Psg{ixnzgr:]Hc}' (312)
(Sen+5: )
C= [?_ He o | Pons (3.1.3)

rac Skn - Iiomaab CCUCHUA Me)KTp}I6HOl"O IIpOCTPaHCTBA,

St - mnomans ceuenust BHyTpeHHel nojgoctu HKT;
Ken — sMnupuueckuit koapdunuenr, pasex 0,8
3. BricoTta cTo10a BO/IbI HaJl BO3AYLIHOM MOAYIIKOM onpeaenseTcs no Gpopmyie:

(B2 +do_aC
HE _ B+./B +=1-,OEEC, (314)
2p.4a
4. O6beM BOJIBI HAJl BO3AYIIHOW MTOAYIIKOM omnpeensieTcs mo Gpopmyiie:
V. =HS (3.1.5)
3apayva 2

OHpGHGJ’II/ITI) FJ'Iy61/IHy CHMXXCHUA YPOBHA BOJbI B CKBAXXWHE B IMPOLECCE BbI30OBA IMPUTOKA
IIpyu IOMOIIIH BO3I[YIJ_IHOI71 NnoAYIKHN U MUHUMAJIbHYIO ITPOAYKTHBHOCTE ITOBEPXHOCTHOT'O HACOCA.

Wcxonnbie qannubie (BapuaHThl B Tabmuie 3.1):
- IUIOTHOCTBH BOABI ps = 1000 Kkr/m?;
- INyOVHa CHI)KEHUS YPOBHS BOJIbI B CKBaxHHE Hey;
- IMameTp (BHYTPEHHHUM ) 3KCIUTyaTalluOHHON KOJIOHHBI Dog;
- konmonna HKT: Buemmamit nuametp du 1 BHyTpeHHUH ds

- TaBJICHHE Ha BBIXO0JIe KOMIIpeccopa Mociie HarHeTaH!Us ra3a B 3aTpyOHOE MPOCTPAHCTBO Piwn;
- KOJIMYECTBO BOJIbl, 3aKaYaHHOU B KOJIbLIEBOE MPOCTPAHCTBO HAJl BO3YIIHOW MOAYIIKON V.
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PeweHwue
1. BricoTa BO3yIIHOM MTOAYIIKK ONpenesseTcs mo ¢hopmye:

P
H =lsm 357
ST peg

2. BricoTa cTos16a Bo/ibl B 3aTPYOHOM MPOCTPAHCTBE HAJ/I BO3AYIIHOM MOIYIIKOMH Onpese-
nsieTcst mo popmyIe:

4
H, ="/ Sem (3.2.2)

3. 'myOuHa CHIKEHUST YPOBHS KUIKOCTH ONpEeNsieTcs o Gpopmyse:

H..P £
H.:,v= kgn [HB 1 BT KMO KIT '
- Prrent PngHed Spn+5;

(3.2.3)

4. MuHuManbHasi NPOAYKTUBHOCTb IOBEPXHOCTHOTO Hacoca OOyclIOBJI€HAa TpeOOBaHUEM
OTCYTCTBUS IBH)KEHHS Iy3bIPHKOB T'a3a HABCTPEUY MOTOKY.

[TpoyKTHBHOCTH Hacoca BO BpeMsI HarHETaHHsI BOJIBI JI0JKHA Y/IOBICTBOPATH CIIETYIOIIe-
MY YCIIOBHIO:

Q: > S [m]mm , (3.2.3)

rae [ * Jmin - MUHHMAJIbHASI CKOPOCTh BOJIBI, ITPEAOTBPAIIAIONIAs HAPABICHUEC BBEPX JIBH-
JKCHUS My3bIPHKOB I'a3 B 3aTPyOHOM IPOCTpaHCTBe, U paBHa 0,4 Mm/c.

3apava 3
OnpenenuTs BEICOTY BO3IYLIHON MOAYILIKH.
Hcxonubie qannbie (BapuaHThl B Tabmuie 3.1):
- IVIOTHOCTbH BOABI ps = 1000 Kr/m;
- INIyOWHA CHM)KEHUS YPOBHS BOJIbI B CKBaXHHE Hey;
- muameTp (BHYTPEHHUI ) SKCITyaTalliOHHON KOJOHHBI Dog;
- kononHa HKT: BHenHuit tuametp ds 1 BHyTpeHHHH ds ;
- TaBJICHHE Ha BBIX0JI€ KOMIIpeccopa Mociie HarHeTaH!Us ras3a B 3aTpyOHOE MPOCTPAHCTBO Piwn;
- KOJIMYECTBO BOJIbI, 3aKaYaHHOW B KOJIBI[EBOE MPOCTPAHCTBO HAJ BO3YITHON MOAYIIKOU V.

1. BricoTa cTosi6a BoBI B 3aTpyOHOM MPOCTPAHCTBE HAJl BO3AYIIHON MOAYIITKON Ompeie-
asietcst o popmyIe: {,/g
= > 3.3.1
Hs = f§ G
2. BricoTa BO3MyIIHON MTOAYIIIKY ONpenemsieTcs mo ¢hopmye:
P=gHs Sun 5z
H,_ = [1 + ] . [ H. —H.] (3.3.2)
P S g

EII-KI
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NMPAKTUYECKOE 3AHATUE Ne4

Onpeodenumsp 21younsl yCMaHo8KU NYCKOBbIX K1ananos na kononne HKT
0J171 8613064 NPUMOKA U3 NPOOYKMUBHO20 NIACMA.

Omnpenenuthb, Ha Kakux TryonHax B kosnonHe HKT ciemyer pa3mecTuts mycKOBBIE Kilara-
HbI JJI51 BBI30BA IPUTOKA SKUKOCTH.
Hcxonnbie qanneie (BapuaHThl B Tadmuie 4.1):
- IVIOTHOCTb OypOBOT'O PacTBOPA Pp;
- IUIOTHOCTBH BOABI ps = 1000 Kr/m?;
- INIOTHOCTH ra3a pr = 1,29 kr/m;
- CTAaTUYECKH YPOBEHb PAaCTBOpa HaxoAuTcs Ha riryonHe Her;
- TIIyOMHa cKBaXHuHbI H;
- rimyouna cnycka HKT Hy;
- CpeJiHee IUIacTOBOE JaBieHue Pux;
- atmocdepHoe naBieHue Po;
- muameTp (BHYTPEHHUM ) SKCIUTyaTalliOHHON KOJOHHBI Dog;
- konmonna HKT: BHemHmii quametp dx 1 BHyTpeHHHI ds
- JaBJICHHE Ha BBIX0JI€ KOMIIpECCOpPa MOCII€ HarHETaHUs Ta3a B 3aTpyOHOE MPOCTPAHCTBO Piwn;
- JUIs BbI30Ba MPUTOKA U3 IUIACTa HEOOXOAUMO CO3/1aTh aenpeccuto AP.

1. YpoBeHb ®KHUJAKOCTH B CKBOKUHE, 00CCIICUMBAIONIUI MPUTOK TIACTOBOTO (DIIronIa orpe-
nensercs o popmyone:
H = Fm=AF

- SN 4.1.1)

2. PaccTosiHHE OT YCThsl CKBaXXMHBI K MECTY Pa3MEIICHUS MIEPBOTO KIIallaHa OMpeiesieTcs
o ¢popmyrie:

] O

rone * L - PAa3HOCTb MEKAY paCYCTHBIM U (I)aKTI/IquKI/IM YPOBHAMH pPa3MCHICHUA KJIAlldHa,

PR?"[E
Ly = He t o —AL (4.1.2)

npuHumaercs 20 -25 M.
3. PaccrosiHMe OT yCThsl K MECTY pa3MeIIeHUs] BTOPOro KjanaHa onpezensercs no Gopmy-

P,
Ly= Ly AL
2 1 ,g[1+ %] [P]:-_ r E::-tc]

, (4.1.3)

4. PaccTosiHuE OT YCThsl K MECTY pa3MelIeHHs] TPEThEro KiamaHa onpezensercs mo ¢op-

R Al

=
Ly=L,+———E AL
R e (4.1.4)

['myOuHa pa3melleHus: HUKHETo KjlaraHa He JoJDKHa ObITh MEHbIlle, YeM YpOBEHb, olec-

NeYUBAIOIINN TPUTOK (IIIOUA B CKBRXKUHY.
Pazmemenne Ha konmonHe HKT myckoBbIX KiamaHoB oOecrieunBaeT HEOOXOIUMBIN ypo-
BEHb CHVM)KECHMS )KUJIKOCTH B CKBaYKHHE.
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Tabnuua 4.1 — BapraHTbl HCXOAHBIX JaHHBIX

Komonna HKT
& 2 % g S = = ﬂ') & %
2 oo FES = |3 Sl = | g2 2%
© — [a) o =5 = '_U:’: o — = a =
52 o B S S 5 = o, = o S 5 =
S = s|EQ0E". N = = = 2 S
SIS54E off5us | B = g s | £ |52
= = Sle © 25 = S = ® Sa, B E
S | S = = a m A Q = s} = = o = S =
A= 2 g Lo s 3 S 3 = < = 2 59
8 8 o 213 2 2 & Si= = = = (R o %
£ =g 2|2 =58 g g = 5 S 2 2
= % SEEN | g = _|E_ |z |38 5 8 ..
1 [7150 H 1250 |2 S35 0,5 [156 |78 & |&2sS 1280 | 18,8 0@ =
2 1200 | 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 | 1300 | 1350 5.0 0.8 |150 |89 76 1380 | 17,94 | 150
5 1350 | 1375 6.5 0,5 |148 |73 62 1410 | 1833 [ 200
6 | 1400 | 1400 6.5 0,6 |156 |73 59 1435 | 18,67 | 200
7 11150 | 1425 8,0 0,7 | 154 |60 50,3 | 1460 [ 19,0 | 250
8 |1200 | 1450 8,0 0,8 |152 |89 76 1480 | 1924 | 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 |89 76 1730 [ 22,5 | 400
151250 | 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 |60 503 [ 1330 |17,48 | 100
18 | 1400 | 1325 5,0 0,6 |152 |89 76 1360 | 17,68 | 150
191150 | 1350 5,0 0,7 | 150 |89 73 1380 | 17,94 | 150
20 | 1200 | 1375 6,5 0,8 | 148 |60 503 | 1410 | 1833 [200
21 ] 1250 | 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 |60 503 | 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 | 1350 | 1700 12,0 0,8 | 150 |89 73 1730 | 22,5 | 400
30 | 1400 | 1750 11,0 0,8 | 148 |60 50,3 | 1780 |[23,14 |450




NMPAKTUYECKOE 3AHATUE Ne5

Onpeodenenue 0asienusn 3aKauKu padoyeil HeuoKoCmu HACOCHLIMU azpeamamnu npu
0CBOCHUU CKBAXNCUHBL CMPYIHBIMU ANNAPAMAMU.
3apava 1
Onpenenuth NaBleHUE 3aKadyuMBaHUS pabodell KUJAKOCTH HACOCHBIMH arperataMu IpH
OCBOCHHMH CKBAKUHBI CTPYHHBIM anmnapaToM.
Hcxonnple qanHbie (BapuaHThl B Tabuie 6.1):
- CTpYHHBIH anmapar pa3menieH Ha riayonne H an ;
- nuaMmeTp pabodeit Hacaaky anmaparta dp;
- TMaMeTp KaMepbl cMerieHus dc;
- pacxon paboueit xuakoct Qp ;
- OXKUJACMBIH IEOUT CKBaXKUHBI Qu;
- INIOTHOCTH pab04ero HHKEKTUPOBAHHOTO M CMEIIIAHHOTO ITOTOKOB Pp, Pu, Pc;
- IOTEPH JABJIEHUS B KOJOHHE APr;
- IOTEepH AaBJICHUS B 3aTpyOHOM IpocTpancTBe APxn;
PeweHwue
1. KoaddunmeHT WHKEKIUK CTPYHHOTO armapara OmpeAeIIsaioT U3 BhIPKEHUS:

U= QH/QP, (6.1)
2. OnpeAensoT IIONIaId XapaKTePHbIX CEUECHHUH CTPYHHOTO ammapara mno Gopmysiam:
- pabouero corura

. n-dZ, (6.2)
- KaMepI)I CMCILICHUA

f_ ™S (6.3)

=1l (6.4)

3. be3pa3mepHblil Harop CTpyHHOTO amnmapara corjiacHo ¢popmyse:

- KaMCPbl MHKCKIIUHN

e b LIsE g7 v — 1072k ) O

- mepen BeiRBoM fiphtoka (U =0) " p, fi P fe

- mocue Bb13oBa nputoka (U = 0,301)

4. Tlotrepu naBieHUs B KOJOHHE U B 3aTPYOHOM MPOCTPAHCTBE:
AP* = AP_-H__ . 6.6)
AP =AP,_-H,. . (6.7)

5. Z[aBJ'IeHI/Ie B KaMEpC MHIKCKIINU CTPYﬁHOFO arrapara:

- INOCKOJIBKY OFpaHI/I‘-ICHI/Iﬁ OTHOCUTCJIbHO YMCHBIICHUS IaBJICHUS B HOHHaKCpHOﬁ 30HE
HET, MOXXHO YMCHBIIIATh JABJICHUEC B KaMCPC MHKCKIIUU 1O MUHUMAJIBHO BO3MOKHOI'O 3HAYCHU A
Px=0.

6. FI/I,Z[pOCTaTI/I‘-ICCKI/IC AaBJICHUS ONPCACIIAIOT 11O (I)opMynaM:

P, =p,gH,> (6.8)
P-: = pu:.gHan 2 (6'9)
7. laBreHue arperara B BEIKUIHOW JIMHUY TOBEPXHOCTHOTO HAcOCa COTIAacHO (hopmyie:
p _ PP o b Pal1-(aP /8P, )] (6.10)
a AP_SAP. P AP_S AP

- Ha HaYaJbHOM CTaJIMM BBI30BA MPUTOKA, T.€. Tiepen Bbi3oBoM nputoka (U = 0)
- mocne Boer3oBa mputoka (U = 0,301)
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3apava 2

OnpeenuTh JaBJICHUE 3aKa4MBaHUS HACOCHBIM arperaToM pabodvei KUIKOCTH IIPH OCBO-
€HUU CKBaXUHBI CTPYWHBIM aIapaToM.

Hcxonnple qanHbie (BapuaHThl B Tabuie 6.1):

- IaBJICHHE B MOJIMAKEPHOM 30HE /IS BHITIOJHEHUS YCIOBUN IPOYHOCTH 00CATHOM KOJIOH-
Hbl Py (He menee 8 MIla);

- JUTsI TIPOBEJICHUS PACUETOB HCIIOJIB30BATh JaHHBIC U3 YCIOBHSI 3a/1a4u 1.

[TockoNbKYy MPOMEKYTOUHBIE PacueThl U3JIOKEHBI B MPEABIAYIICH 3amade, OmpeeseTcs
JABJICHUE B BHIKUTHOW JIMHUH MTOBEPXHOCTHOTO HAcOCa MPH yCiIoBuM, 4to Py * 0 cormacHo ¢op-
myie (6.10):

- HA HAYAJILHOW CTaJH BBI30BA MIPUTOKA

- TIOCJIE BBI30BA MPUTOKA

- CTpYIiHBIi anmapar pa3mereH Ha riayonsae H an ;

- nuameTp padoueil Hacaaku anmnapata dp;

- IMaMeTp KaMepbl cMerieHus dc;

- pacxon paboueit xxuakoct Qp ;

- OJKHJIA€MbIH JeOUT CKBAXXKUHBI Qu;

- IVIOTHOCTh pab0yYero HHKEKTHPOBAHHOTO U CMEIIAHHOTO ITOTOKOB Pp, Pu, Pc;

- IOTEPH JaBJICHUS B KOJIOHHE APx;

- IOTEPH JABJICHUS B 3aTPYOHOM MPOCTPaHCTBE APy,

Ta6n1z1ua 6.1 — BapmnaHTBI HCXOJHBIX JaHHBIX

ILIOT- riny6una Hi, | rmy6una Hz, M| napieHue [rpaJueHT qaBie- cpeaHee mia-
HOCTB M OIIPECCOB- | HUS THAPOpa3- CTOBOE€ J1aBJIe-
JKUJKO- KHO Pomp; [ppIBa mopox gra Hue Pnq; Mlla
. CTH B MIla |P rpn; MIIa/10
= CKBa- M
g JKHAHE P
S ko/we
] 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 | 18 | _ | 165
11| 1000 _ 1550 | 1675 | 18 | 1.8 | _ | 155
12 | 1020 _ 1600 | 1720 | 19,5 | 18 | _ | 163
13 | 1050 _ 1650 | 1770 | 205 | 1.8 | _ | 17,33
14 | 1070 _ 1700 | 1825 | 21 | 1.8 | _ | 182
15| 1100 _ 1750 | 1890 | 22 | 1.8 | _ | 193
16 | 1000 _ 1250 | 1370 | 15 | .8 | _ | 1252
17 | 1020 _ 1300 | 1450 | 16 | 1.8 | _ | 132
18 | 1050 _ 1325 | 1490 | 17 | 1.8 | _ | 139
19 | 1070 _ 1350 | 1500 | 17,5 | .8 | _ | 1445
20 | 1100 _ 1375 | 1510 | 18 | 1.8 - _ | 1513
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1000 _ 1400 1520 17 1.8 _ 14,1

1020 _ 1425 1550 17.5 1.8 _ 14,54
1050 _ 1450 1570 18 1.8 _ 15,3

1070 _ 1475 1600 19 1.8 _ 15,84
1100 _ 1500 1620 19.5 1.8 _ 16,6

1000 _ 1550 1675 19 1.8 _ 15,62
1020 _ 1600 1720 20 1.8 _ 16,41
1050 _ 1650 1770 20,5 1.8 _ 17,48
1070 _ 1700 1825 21,5 1.8 _ 18,34
1100 _ 1750 1890 22.5 1.8 _ 19,51
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NMPAKTUYECKOE 3AHATUE Ne26

Pacuem 00vemog yncuokocmeil 011 2u0pasIuiecko2o pa3pvleéa niacma u
Maccel 3aKpenumenss mpeujuH.

3agaua 1.
Jlst pa3paboTKy 101X0/1a K INIAHUPOBAHUIO PacXojia )KUIKOCTH HaMHU TIPe/-

JIOKCHO 06pa60TaTI> YHUCJIOBBIC JaHHBIC 00 M3MEHEHMU pacxoaa WU AABJICHUA II0
KaXKI0OMY I'PII ¢ IMOCTPOCHHUCM HHAUKATOPHBIX KPHUBBIX H KPHUBBIX HU3MCHCHHA KO-

s PunreHToB npueMucTocTu (cM. puc. 1 u 2).

K, M/ (cym - M01G)

mn.|

4Ky
0

ag, Mia
Zos Me

Puc. 1. I3MeHeHne nprueMUCTOCTH CKBAaXKHUH, XapakTepHoe miist ['PII:

T. A COOTBETCTBYCT ITPUCMUCTOCTU K{) IIpU paCxXoa€ ¢ o U NaBJICHUH HA 3a00¢e Po; T. B - npup p =

D pwm- MakKCUMaIbHOM JaBjieHud, jgocturuyroMm mpu IPII; . O -npu K = K u-
MaKCHUMaJIbHOM
Kod(purmenTe mMpUeMUCTOCTH

K D gm. na)

0 _j 530,41

10547, §8
BEZLAL 3, Wt

2 2 3 0 P 5 p,

Puc. 2. I3menenune npuemuctoctu ckBaxkut npu ['PII ckBaxkun CaMOTIIOPCKOTO MECTOPOXKIe-
Hus (no FO.J1. Kaumapy, 1991)

Hcxond U3 3TOro onpenessitoTcsl OCHOBHBIE MapaMeTphl MPOLIECCOB B Xapak-
Jlnst mpOorHO3UpPOBaHUS O0XKHIAEMOI0 pacxoja

Tepubix Toukax (A, B).
JKUJKOCTH TPH YETHIPEXKPATHOM YBEIMYECHHH KOd(PPUIIMEHTa IPUEMUCTOCTH (¢

4) pen- JI0KeHa 3aBUCUMOCTh
Gu = AKPou ~ Puas (D)
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JUTSI MAaKCUMAJIBHOTO pacxojia, 00ECIeurnBaloIero 3aKperuieHre TPeluH (B
cpenrem 10-20 T mecka), 3aBUcUMOCTb (1) numeeT BU

Gu = Agu Ko(Ay Ppt = Pua), (2)

rane A, - 0XXKHJAEMOC YBCIIMUYCHUEC NAaBJICHUS IIPHU MaKCUMAJIbHOM pacxonae.

[Tpunumaem 4,» = 5+8 u A, = 1,06.

[Ipu 3nHauenusx 4, =4 u A,., = 8 IPOrHO3UPOBAHUE OKUTAEMBIX PACXOIOB
s ['PII B ckBaxknnax Ilpenkapnares HaaeKHO, TaK KaK CPENHsS OTHOCHUTEJIbHAs
omubOka ompenenenus ¢, cocrasuna 17 %, a g, = 11 % npu MakcUMaJabHBIX OT-
KJIOHCHUSAX PAcueTHBIX U (akTudeckux AaHHbIX He Oonee 30 %. OObIYHO qu = =
2000+3000 mz/cyT.

Ilpumep.

W3noxeHHas METOAMKa MPUMEHEHa JJIsl POrHO3UPOBAHMS PAacXOJOB U JABJIEHUH IpH
npoektupoBanuu ['PII B ycnoBusx CaMOTIOpCKOro MECTOPOKACHHUS.

PaccuuTanbl Takke 3HaYEHHUS MaKCUMAaJbHBIX KOA(QUIMEHTOB mpuemucroctu Kw mpu
HauOOJIBIINX PACX0/axX, JOCTUTHYTHIX IPpH yke npoBeaeHHbIX [ P11, Giaronapst uemy omnpenesne- HO
CpeiHee 3HaueHUe yBeJIn4eHUs Ko3((huIueHTa NpueMUCTOCTH 110 CPAaBHEHUIO C HAYaJIbHBIM: Aq =
KM/KO = 5,4

ITocne aToro ompenenes oxunaemelii pacxon s ['PII npu packpeiTum TpeluH IpUMe-
HSIEMOM JKUIKOCTBIO M MX 3aKpEIUICHUU MecKoM (mpu Aq = 4 u Aq = 5,4) ana ycnoBuit CamoT-
JIOPCKOI'0 MECTODOKIAECHHUS 110 3aBUCUMOCTH

94 = 4Ko(pp = pua) (1)
u MaKCI/IMaHBHHﬁ paCXOIL l'IpI/I HUx pa3BI/ITI/II/I
au = 5'4K0(Apppd - plm) (2)

Pacuetsl, BoimonHeHHbie o ¢opmynam (1) u (2), mokaspiBa.T JOCTATOUYHYIO TOYHOCTh
pacdeToB JUIsl MpakTH4ecKoro mporrozupoBanus pacxona npu I'PII (cpeansist ommbka 17,7 u
15,2 %). OueBuAHO, C HAKOIUIEHUEM ONBITHBIX JAHHBIX KOA(PGUIHUEHT Aq OyIeT YTOYHEH, XKela-
TeJNbHO ¢ AU PepeHuanueit no miactam 1, BO3MOXKHO, C YU€TOM CBOMCTB >KUJKOCTEH.

3agava 2.

Macca 3akpenutens TpemmH. Jns ckBaxkuH rayounoit 1o 3000 M, kak CBU-
JIETEeJIbCTBYET NPOMBINUIEHHBIA OnbIT coTeH onepauuni ['PII, mpoBeneHHbIX B
[IpenkapnaThbe, 3aKpemuTeIeM TPEUIMH MOXKET OBITh KBApIIEBBIA TECOK, COOTBET-
cTByromuii TpedoBanusiM TY 39-982-84. OObIYHO MNPUMEHSIIOT MECOK (Ppakiuu
0,4-1,6 MmMm.

Pacuer macchl 3akpenurens (mmecka) 1eaecoo0pa3Ho MPOU3BOAUTH C yU4ETOM
HeoOxoauMon moBepxHocTH TpemuHbl ['PIT u ynenbHOro pacrnpeneneHus €ro Ha
€UHUIlY TOBEPXHOCTU. M3BECTHO, YTO MPUHSATHIE 3HAYEHUS] MPOBOJUMOCTH Tpe-
nHbl ['PII HaGmromaroTcss mpu yACIbHOM KOHIIEHTpaIMu 3akpenutens m, = 0,5
KI/M2, KOTOpasi COOTBETCTBYET pa3peKeHHOMY MoOHOciow. KoHieHTpauuu, mpe-
BBIIIIAIONIME M, = 2,4 KI/M?, COOTBETCTBYIOT MHOTOCJIOMHOMY Pa3MEIICHUIO 3aKpe-
nuTens. PekoMenayercs mpuMeHaTh m, = 5+20 kr/me.

OnTuManbHyI0 TONYJIMHY BEPTUKAIBHOM TPEUTUHBI MOYKHO OIPEIACTUTH IO
SMIIUPUYECKON 3aBUCUMOCTH

L = 14347, . (1)



rje L - monyaivHa (04HO KPbUIO) IBYXCTOPOHHEN BEPTUKAIBHOM TPEIIUHBI,
M; k - mpoHuIaeMocTh opobl, vz (1 pmz = 10+ mrme).
Hanpuwmep, mas k = 0,01 mxm2 =10 M2 HeoOxoaumo 3HaueHue L =76 M, a
s 1 w2 - 3Hayenue L = 143 m.
[ToBepXHOCTH ABYX MOJIYJINH TPEIIUHBI
Sp = 2LA.
(£)
3nech L onpenensrot o popmyne (1); 4 0ObIIHO paBHSAETCS TOJIIIMHE TIIA-
cra, noasepraromerocs ['PI1, m.
YaenpHOE pacnpeenieHre 3aKkpenuTes (Kr/M2) B TpEIMHE MOYKHO pacCyu-
TaTh MO YMIUPUUIECKON 3aBUCUMOCTH
me = 4 + 40(m — 0,09) ans m < 0,11, (3)
rae 0,07 <to <, 0,20 - moprucTOCTh MOPOJIbI, JOJIS €TUHUIIBI.
Macca 3akpenutens (1ecka), T, HeoOxoaumas JjIsl 3aKperyieHus: TPEuH,
M, = S,m,/1000. (4)
Kak cneayer u3 ypaBHeHui (3) u (4), B IPOYHBIX TIOPOaX MO MOPUCTO-
CTH KOJIMYECTBO 3aKkpenuTens (Imecka), HeOOXOAUMOE JJIs 3aKpEIUICHHs] TPEUIHH,
3HAYNTEIHLHO MEHBIIIE, YeM B MATKUX TIOPOJIax C OONBIICH MOPUCTOCTHIO.
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NMPAKTUYECKOE 3AHATUE Ne7

Onpedenenuepaaxoda HCUOKOCMU U 0AB/ICHUS 80 eépema HacHemanus Kuc-
JIOMHO20 pacmeopa 6 njaacm.

W3 npeaBapuTenbHbIX UCCIEA0BAaHUM CKBaXKMHbBI U3BECTHBI:

rIIyOMHA 3ajeraHusi MPOAYKTHBHBIX MOPOJ M ACOUT CKBAXKHHBI; ABJICHUE OMPECCOBKH
9KCIULYaTallMOHHOW KOJIOHHBI; XapaKTepUCTUKA M3MEHEHUS JaBJIEHUS BO BpEMs HArHeTaHWs B
CKB2XXHMHY JKUIKOCTH C MOCTOSHHBIM MJIM TIOCTETIEHHO BO3PACTAIOUIMM PAcXoJIOM; BIHSHHUE pac-
X0Jla KMCJIOThl Ha MIyOuHy (paauyc) oOpaOOTKHM IuUlacTa; rPaJUeHT AABICHHUs BO BpeMsl HarHeTa-
HUS KUCJIOTHI B IUIACT IO JAAHHBIM TPEABAPUTEIBHBIX 00pa0OTOK CKBAXHHBI U T'PATHECHTHI J1aB-
JIEHUs TUPOpa3phiBa IIIACTA.

MOXHO onpenenuTh yCIOBUS U OTpaHUYEHUs U1 00OCHOBAHMS 3HAYEHUH Pacxoaa xHJ-
KOCTH M JaBJICHUsI BO BpeMs HarHeTaHusl KUCIOTHOIO pacTBopa B miactT. J{jis 3Toro HeoOXoumMo
UCCIIEI0BaTh MPUEMHUCTOCTh CKBAXKHHBI, T.€. XapaKTep U3MEHEHUs JaBJIEHUs HAa YCTbEe BO BpeMs
HarHeTaHus B IJIACT C HAMMEHBIIUM IOCTOSHHBIM PacxoJIoM HacOCHOro arperara (J WiM Bo3pac-
tatommM Q7 * Q2 * (J3 pacxoIoM, HampuMep, MyTeM IOCTEIIEHHOTO YBEIWYEHUSI CKOPOCTH
HACOCHOT'O arperara.

[To MaHHBIM HCCIIEIOBAHUI TIOCTPOUTCSt KpuBYIO F y =f(1), tne P y - naBieHue Ha yCThe; ¢
- JIUTEIHHOCTh HarHETaHUS, MHH.

Jlis1 He3HAYUTEIBHOTO pacxoja MAJIOBS3KON JKUAKOCTH THIPABINYECKUE MOTEPH TPEHUS
HEBEJIMKHU, TTO3TOMY JUIS MPOIECca HAarHETaHWs KHUCJIOTHI B IUIACT THAPABINYECKUMHU TOTEPSIMHU
MOYKHO IIpeHeOpeyb.

Pacxox xucnotsl Ok BO BpeMs 3aKayMBAaHUS B IECYAHO-AJIEBPOJIUTOBBIC MOPHUCTHIC ILIA-
CTBl C YYETOM BJIMSHHUS Ha CKOPOCTb IPOXOXKJIEHMS PEaKLMU He periaMeHTupyercs. Haubomb-
1Iee JI0MyCTUMOE 3HAYCHHE PACcX0/1a OTPAHUIUBACTCS JIUIIb JTaBJICHUEM.

O He3HAauYUTEeNbHOM BIIMSHUU CKOPOCTU (PUIBTPALMM HA CKOPOCTh B3aUMOJAEHCTBHS KHC-
JIOTHI C TTOPOJION U3BECTHO M3 JTAOOPATOPHBIX MCCIEIOBAHUN M TEOPHH PEAKIUH KHUCIOTHBIX pac-
TBOPOB B NOPOBOM IpocTpaHcTBe. Jloka3zaHO, 4TO B mopax ¢ pasmepamu 10-12 MKM anurens-
HOCTh HEHTpaNM3aluy KaKUX-THOO KHUCIOTHBIX PAacTBOPOB Ha CTEHKAX CKBAXHHBI U3MEPSETCS
noasimu cekyH 1. B rmy6une 1311 npoomkuTeabHOCTh HEHTpanu3aluy HECKOIbKO BO3pacTaeT: s
COJISTHOKHCIIOTHBIX pacTBOpoB A0 10 ¢, a i TIIMHOKUCIOTHBIX - JI0 COTEH CEKYHJI. YBEIU- YeHUE
pacxojia KHMCJOTHI Jlake B HECKOJBbKO Pa3 HECYIIECTBEHHO BIIMSAET HAa JUIMTEIbHOCTb PEak- IHU
KHCJIOTHI B IIacTe. B oTiin4me oT 3akauynMBaHMUs KUCIOTHI B IUIACT, JJISIIETOCS YacaMH, pe- akius B
IOPOBOM TPOCTPAHCTBE MHPOMCXOIUT IOYTH MIHOBEHHO ISl JIIOOBIX peallbHBIX pacxo- 0B
KHUCJIOTHI BO BpeMsi 00pabOoTKH Ij1acTa.

N3BecTHO, YTO BO BpeMsi 00pabOTKH TPELIMHHBIX KAPOOHATHBIX KOJUIEKTOPOB XKeJlaTeNb- HO
3akaunBaTh CKP npn MmakcumaabHO BOZMOKHOM Pacxo/ie, TaK Kak 3TO 00ecIiednBaeT BO3pac- TAaHHE
IIIyOMHBI 00pabOTKH MJIacTa U yBeIuunuBaeT 3((heKTUBHOCTh KUCIOTHOTO BO3EHCTBUS.

OrpannumnBaeTcsi HauMEHbBINEE 3HAYCHHE pacxola, KOTOPOE 3aBHCHUT OT JOIMYCTHMOTO
npeObIBaHUS KUCIOTHI Ha 3a00€, ¢ y4eTOM 3aIlUThl MeTajlla OT KOPPO3UHHON aKTUBHOCTH IO
YCIIOBHIO:

Q=0 (5.1

Qup — IpeIeNBbHBIA PACcX0 KHCIOTHI; OTPAHUYCHUEM SIBIISICTCS JITUTEILHOCTh HATHETAHUS

6 M® KHCIIOTBI, KOTOPAsi C y4€TOM KOPPO3HIHOTO BO3CHCTBUS HA TPYOBI MPH TJIACTOBOM TEMITE-
paType U IpUMEHSEeMbIX HHIMOUTOpax He AOJKHA MPeBbIIATh 6 4., Qup * 24 M¥/CyT.

N3 ombrta KO m3BecTHO, 4TO pacxo 1 KUCIOTHI Ha yeThe 00b19HO Ok = 150 - 500 m?/cyT.

JlaBneHne Ha ycThe BO BpeMsl KUCJIOTHOH OOpabOTKH JOIKHO OBITh MEHBIIE JaBJICHUS
OTIPECCOBKH AKCILTYaTaI[HIOHHON KOJIOHHBI, TaK KaK 3TO 1T BO3MOXXHOCTbH POBOINTH HArHETA- HUE
KHCJIOTHI 0€3 makepa U y/elIeBIseT mpolecc:

P« = P omp. (52)
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rae P « - TaBJeHKE HA YCThE BO BPEMS MOCTYIUIEHHUS KMCIIOTHI B ILJIACT;
P 0 n p -1naBjieHKEe ONPECCOBKHU.

OOBIUHO JaBJICHHE OIMPECCOBKU HKCIUTYaTallMOHHBIX KOJIOHH cocrtaBisier 15-20 MIla B
AKCILTyaTalMOHHbIX CKkBaknHax U 20-40 Mlla - B pa3Be10UHBIX.

['pagvieHT naBieHUs BO BpeMsi HarHETaHHsI KHUCIOTHBIX PACTBOPOB B IUIACT JOJIKCH OBITh
MEHBIIIE TPaJIMeHTa JaBJICHUS TUIPOpa3pbiBa MOPOJ B CKBOKMHAX JAHHOTO PErHoHa (MECTOpPOXK-
neHus), yToosl n3dexars ['PII u pacnpocTpaHuTh BO3IEHCTBHE KUCIOTHI 110 TOJIIIMHE TUIACTA:

grad Px <grad P rpn; (5.3)
grad PI',DI7=PI',DI7/(0,07H); (5.4)
grad Pe=(Precr+ P« )/ 01H), (5.5)
Prcr =,0g/'/, (5.6)

rae Prpn - naBieHue Ha 3a0oe Bo Bpemst ['PII mepen 3akpernsieHHeM pa3BUTBHIX TPELIMH HECKOM;
H — rnybuna ckBaxkunbl, P r ¢ r — MHAPOCTATHYECKOE JIABJIEHHE BOJIbI B CKBAXKUHE; . O - ILIOT-
HOCTb >KHJIKOCTU B CKBa)KHHE.

Hanpumep, 3HayeHHs CpeJHUX TPaJWEHTOB AABIECHUN THIpOpa3phiBa IUIACTa, KOTOPHIE
HanOoJiee XapaKTepHBI Ul YCIOBHH MpeaKapnarckux MectopoxiacHuid. Ipaouenm Pron = 1,8
MITa/100 m ¢ nepmanwvix cxeaxcunax u zpaouenm Pron = 1,90 MITa/100 m — 6 60donazHe-
mamenvnoix. Bo Bpems KO HeQTaubix ckBaxun rpaguent P« = 1,56 MIIa/100 M, a BojgoHarHe-
TaTeapHeIXx — 1,73 MITa/100 m.

Paznocths naBnenuii o0ycioBieHa HAIMYMEM B MpuU3a00iiHON 30HE HE(TSIHBIX CKBAXKUH
BOPOHKH JICIPECCUH, & B HATHETATEIbHBIX — PENPECCUHU.

Ecnu naBnenue I'PII He ncciienoBano, TO MOXHO CYUTATh, YTO

grad Pron=100(Prcr+ 0 008 H)/H.

DTO 3HAYEHUE UCTIONB3YIOT ISl PUHATUS pelIeHus 1o ycioBuio (5.1).

3apava 1.

Onpenenuts 0XU1a€MbIE€ PACX0/Ibl KUCIOTHI U 1aBJIEHUE BO BpEMsI HAarHETaHUS B IUIACT.

Hcxonubie qannbie (BapuaHThl B Tabmuie 5.1):
- CKBa)KMHA HKCIUTyaTUPYeTCsl IITaHroBbIM I1youHHBIM HacocoM (IIII'H) ¢ nebutom 6 1/cyT;
- INIOTHOCTb JKUJKOCTU B CKBAXKHUHE p;
- a(ppexTrBHAS TOJNIIMHA TUIACTOB, pa3MenieHHbIX B uHTepBasie oT Hi 1o H2 , hoy = 50 M;
- CpeHee MIACTOBOE AaBICHUE Prx;
- TPaJIMeNT JaBIeHUs ruapopaspbiBa mopoxa grad P rpn;
- TaBJICHUE OMPECCOBKU KOJIOHHBI Ponp;
- pe3yabTaThl UCCIIEJOBAHMS CKBAXKMHBI HA IPUEMHUCTOCTH BOJIbI MII0THOCTHIO 1000 Kr/™M* n3006-

paXxeHbl Ha pUCYHKE 1.
3

By, MNa W~
y ! 10
201 —
75
2
A c=——
1o 45
P Po
5
J
e —
- L 1
17 15 t, mun

Pucynok 1 - U3meHenue naBineHus Py Ha yCThbe CKBaXXMHBI BO BpeMs NMPOOHOTO HAarHETaHHs B
IacThsl (g o =225 »*/ cyt): 1,2 — naBiieHHe AJIs BOJOHArHeTaTeIbHON U HE(PTAHOM CKBaXKH- HBI
COOTBETCTBEHHO; 3 — 00BeM XUAKOCTH V, M’; Py — naBiieHHe Ha yCThe CKBakuHbI, MIla;
! — TIPOJOJKUTEIIBHOCTh HATHETAHMSI B IIJIACT, MUH;

PeweHue
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1. Ananusupys kpusyro Py = f{t), Haxomurcs 3HaueHue Py , KOTOPOE MOMKHO
CUMTaTh KBa3MyCTOMYMBBIM Ul pacxoja qo = 225 MP/CyT, T.€. 3HaueHue nasjienus P« ,

2. Ipunumaercs Q x = go = 225 wm¥/cyr s HaiaeHaoro P «. IIposepsercs JomyCTUMOCTh
MPUMEHEHHUS TaKoro pacxoja. [IockoiapKy BEpXHUH IMpeaen pacxojia KUCIOTHl B MECUYAHBIX KOJ-
JIEKTOpax HE OrpaHHUYeH, MPOBEPSETCS NOMYCTUMOCTh IMpumeHeHus Qkx = go no yciosuio (5.1)
HAUMEHBIIIETO PAcX0/1a U ONpeAesseTCs 3HAaUCHHUEe pacxoia At 00paboTKy.

3. CpaBHuBaetcs naBieHus 1o yciaosuio (5.2). Ecnu ycnosue Bemmosnusercs, To KO mpo-
BOAUM 0e3 makepa.

4. TIpoBepsieTcss BOBMOXXHOCTh THIPOpa3pbiBa IJIacTa BO BpeMs HAarHETaHUA IO JaBJje-
aueM P« < P o np. BHadase paccuuThIBaEM CPEIHION TIIYOHHY 00pabaThiBaeMbIX ILJIACTOB

H=(H: + H2)/2,

a jaiee 1o yciaoButo (5.6)

Prer=0g H.

ITo ycnoswuio (5.5) onpenensiercs grad P« .

[TpoBepsiercs ycnoBue (5.3), ¥ 1enaercs BEIBOJ O BO3MOXXHOCTH THIPOPa3phIB IIacTa.

Tabmuua 5.1 — BapraHTbl HCXOAHBIX JTaHHBIX

TUIOTHOCTD KUJKO- FJ'Iy6I/IHa FJ'Iy6I/IHa JAAaBJICHUEC ONPECH TPATUCHT MABJICHUA TH/l-| cpemHee IIacTo- .
£ | cru B ckBaXkuHeE p , Hi,m | Hz,m | coBkuo Porp; | popa3psiBa nopox grad | Boe napienue Pux;|
% KI/M? MIla P rpn; MITa/100 M MIla
I 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 | 195 | 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 | 2 | 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 | 175 | 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 | 225 : 1.8 | 19,51




NMPAKTUYECKOE 3AHATUE Ne8

Onpedenenue ckun-3ghpghekma u omuowienus npoOyKmMueHoCmelil.

Haubonee xapakTepHbIil MOKa3zaTeiab JOOBIBAIOIIMX BO3MOXHOCTEH CKBa-
KUHBI -KO3(PPHUIMEHT TPOAYKTUBHOCTH 1], PaBHBII YacTH CyTOYHOIO O0TOOpa Mmpo-
TYKIUH, KOTOpask IPUXOAUTCS Ha €IUHUILY AETPECCHUHU:

=2 (1)

rae Q ne0uT ckBaxkuHbl (M*/cyT) npu genpeccur (MIla); Ap = p., -
o
P ., -m1actoBoe nasienne, MIla; 0 - 3a0oiHoe naBnenue, Mlla.

Pazinyaror (QakTudeckuii KOd(DPUIMEHT MPOJAYKTUBHOCTU CKBOXKUHE, U
HOTEHIUAIbHBIA KOO(P(YUIMEHT NPOTYKTUBHOCTU 5, 3HAYEHHsS KOTOPOTO pPacCyu-
THIBAIOT IO M3BECTHBIM 3HAYEHUSIM T'HIPOJIMHAMHYECKUX MapaMETPOB MPOTYKTHUB-
HBIX IIJIaCTOB.

OmnpenensaoTr paxkTuyeckuid KO3QPUIMEHT MPOAYKTUBHOCTH Ha OCHOBaHUU
WHIUKATOPHBIX auarpamm (puc. 1), KOTopble CTpOATCA MO pe3yJbTaTaM HCCIEA0-
BaHUs CKBAKMHBI Ha CJIOKUBILIUXCS PEKUMaxX 0TOOpA MPOIYKIMH (HE MEHEE TPEX).

WuaukaTopHas auarpamMma OTOOpa)kaeT 3aBHUCUMOCTb JeOuTta (MY/CyT)
CKBQ)KMHBI OT JIEIIPECCHUH:

Q =nyip (2)

U JaeT BO3MOXXHOCTb ONpPEAENUTh (PAKTUUECKUH KO3(DPUIMEHT NpOIyKTUBHO-
CTH
CornacHo ypaBHEeHUIO [[t0onyr MOTEHIIMAIBHBIN 1€OUT CKBAXKUHBI, M? /CYT,

Q. = 2me 2t — 3)

Paznenus HpaBYIO ¥ JIEBYIO YacTh ypaBHeHus ( 3) Ha A p, moxy4um Bbipa-
KEHUE I ONpeleNieHUs TMOTEHUHUATBbHOTO KO3(P(ULUHUEHTa MPOAYKTUBHOCTH
ckBaxuHbl, m¥/(MIla-cyr):
n, = 5,43 - 10'e b; 4)
rae e = kh/'1j - ruipSIpoBOAHOCTh TPOAYKTUBHBIX I1AcTOB, M¥/MIla-c; b - 06beM-
HbI KOd(puimenT 1t HePTu (kordduMeHT yBenuueHus o0beMa cenaprupoBaH-
HOM He(TH B IUIACTOBBIX YCIOBUSX); Kk - MPOHUIAEMOCTh IUIACTOB, M2, h—
TOJIILMHA MPOAYKTUBHOM YaCTH IJIACTOB, M; Rx - painyC KOHTYpa MUTaHuUs (30HbI), M

- paauyc CTBOJA CKBaKUHBI B MHTEPBAJIE MPOLYKTUBHBIX IUIACTOB, M.

Jns Hanbosee pacnpocTpaHeHHbIX 3HaUeHuM Ry = 250 mu 7. = 0,1 M, Ko-
TOpble 00ECIEUNBAIOT YIOBIETBOPUTEIBHYIO NIl MIPOMBILIUICHHBIX PAcue€TOB TOY-
HOCTb, ypaBHEHUE (4) MPUHUMAET BUJT

_ 111
Mg = 0,710 £ (5)
Jns onpenesieHus: TUAPONPOBOJHOCTH TIJIACTOB, OXBAYEHHBIX (PUIIBTpAIU-
eﬁ BO BpeMﬂ 0T60pa HpOI[YKHI/II/I, I/ICHOJ'II)BYIOT KpI/IBI)Ie BOCCTAHOBJICHUA 1ABJICHHUA Ha

3a00€ CKBaXKHMHBI, 3aKPHITOM I10CJIe 0TOOPA MPOAYKIIMU Ha IPOTSHKEHUU BpeMe- HU /-

¢ neobutom Q (puc. 2).
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IIpu orcyrcTBuM KpuBbIX BoccTraHoBieHUs aasinenus (KBJ[) mapamerp
THAPOTIPOBOTHOCTA MOKHO OIPEACTUTh uYepe3 MPOHUIAeMOCTh U 3P (HEKTUBHYIO
TOJIIIMHY TJIACTOB Ha OCHOBAaHHHM KEPHOBBIX M MPOMBIIUICHHO-TEOPU3NIECKUX HC-
CJICIOBAHUMU.

O6pabotky KB/l mpoBoasT, Hampumep, Mo MeTony XOpHepa, B COOTBET-
CTBHUHM C KOTOPBIM INPOILIECC BOCCTAHOBJICHUS JABJICHUS Ha 3a00€ CKBAKMHBI OIU-
CBIBAC€TCSl YPaBHCHHEM

ok
Pr = Pux — Lo _ (6)
WJIn
Qb
Py = Por — G,EGBE
I';Ir ﬁ'? -EJ- )
| . |
ap, | ' l
' I
| |
ap,F————- :
|
BPyfr——————— ==

ap
Puc.1 Tunnynan MHOWKATOPHAaA gnarpamma gna d)OHTaHHOM Hed)TﬂHOM CKBaXXWHbI

rrie p. - 3a00MHOE JaBJIEHUE uYepe3 OIpe/IeICHHbIE MPOMEKYTKH BPEMEHH ! I1OCIe
3aKPBITHA CKBAXHHBI (5-10 MuH); 7/ - IPOJOKMTENBHOCTD PabOTHI CKBAKHMHBI TI€-
pen 3akpbiTieM; Q - 1e0UT CKBAXHUHBI TIepe] 3aKPHITHEM.

[Tpu Hanwumy B 30He PUIBTpALIMKA BOKPYT CKBAXXUHBI OJTHOPOIHBIX IO MPO-
HUIIAEMOCTH KOJUJIEKTOPOB rpaduk 3aBUCUMOCTH (6) B KOOpJAUHATAX P, = f (ig r—:t)
MO>KHO M300pa3uTh B BUJIE IPSIMOM (pHC.3), HAKJIOH KOTOPOW B OCH BPEMEHU

BC Qb
i=—=10,208—
AB £

[To yrmoBomy KO3(pPHUIMEHTY i ONPEAENA0T THAPONPOBOIHOCTD IJIACTOB,

m3/(Ila-c), B 30He (DUIBTPAIIN BOKPYT CKBaYKUHBI

£= 0,208 - 10‘11% (7)
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Puc.2. I'padux usmeHeHusi 1aBjieHNs1 HA Puc.3.I'padpux BoccTaHOBJIeHUS 1aBJIEeHUS
3a00e CKBaKUHBI NOCJIE ee 3aKPbITHS Ha 3a00e CKBaKUHBI N0CJIe ee 3aKPbITHS,

npeo0pa3oBaHHbIi 1O MeTo1dy XOpHepa:
a - 0 00HOPOOHO20 niacma, 6 - O niacma ¢
VXYOULeHHOU  2UOPONPOHUYAEMOCIbIO  NPU3AOOUHOU
30mbl; 1,2- npuzabotinas u omoanieHHAs 30Hbl

Ecnu B mpu3a®oiHOI 30HE CKBa)KMHBI TMJIPONPOBOAHOCTH IUIACTOB YXYI-
niaeTcsi, Toraa Ha rpaduke BOCCTAHOBJIEHHS AaBi€HHUS (CM. puUC. 3) BBIICISIOTCA
JIBa IPSIMOJIMHEHHBIX oTpe3ka 1 u 2 ¢ ko3 (pULIMEeHTaMH HAKJIOHA COOTBETCTBEHHO 11
(mpu3aboiiHas 30Ha) W 12 (OTHAJeHHAs 30HA), MO KOTOPbIM Ha OcCHOBaHUU (7)
OTIPEIEIISIIOT THIPOTPOBOAHOCTD MPU3a00MHOM U OTIAIEHHOM 30H.

[TockonbKy NPONYKTUBHOCTh CKBa)KUHBI HAaXOAUTCS B MPSIMON 3aBUCHUMO-
CTH OT TMJIPOIPOBOJAHOCTH IUIACTOB U B OOpaTHOW 3aBHUCHUMOCTH OT JEHPECCUU, TO
YMEHBILIEHUE TUJPONPOBOAHOCTH WM JOMOJHUTEIbHbIE IOTEPU JaBJICHUS BO
BpeMsi (pUIIbTpauu NpOAYKIUU OOYCIOBIMBAIOT YMEHBILIEHUE IEOUTOB IMPHU OJI-
HOM M TOM K€ 3HAUEHHUH JICTIPECCUHU.

Hanbonee obocHOBaHHBIE WU OOBEKTHBHBIC IMOKA3aTEIIM COCTOSHUS TpH3a-
OOWHON 30HBI CKBKHUHBI CJEAYIOIIME: OTHOIICHHWE KOI(DPHUIIMEHTOB MPOTYKTUB-
HOCTH ((akThyeckoro K noreHuuansaomy) O /], oTHOlIEHHE TTapaMETPOB THAPO-
MPOBOJHOCTH (OTHAJIeHHOW 30HBI K Tpu3adoitHoW 30He) OI'; 3HaueHHE CKUH-
addekra S.

[Toka3aTenb COOTHOLIEHHS MNPOAYKTHUBHOCTEM - 3TO YAaCTHOE OT JEJICHUS
dakTrdeckoro kod(hdUIMeHTa TPOIYKTUBHOCTEH CKBAXMHBI HA TOTECHIIMAJIBHBIN
KO3 PULIMEHT NPOTYKTUBHOCTH:

ee =1,/m,

CornacHO BBIpOKEHUAM i1 (PAKTUYECKOTO Ty KOAD(HUIIUEHTOB MPOIYK-
TUBHOCTH TIOJTy4aeM
21 R

Ol =—.lg—=
Ap gr

c
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a nns 3HadyeHudd Ry = 250 m; r. = 0,1 M, KOTOpbIe 0OECIEUnBaIOT YOBJIETBOPHU-
TEJILHYIO JIJISl IPOMBICJIOBBIX PACYETOB TOUHOCT:

L
Ol =6,8—
Ap

[Ipu u3BeCTHON THIPONPOBOAHOCTU IacToB (Ha ocHoBaHuu KB/I) u 3Haue-
HUIX Ry= 250 M 1 r. = 0,1 M cooTHONIEHNE NPOJYKTUBHOCTEN MOKHO OIpe/e-
JUTH 110 hopmyJie
Of = 1,43- 107y, b

OTHOLIEHHE THUIPOIPOBOAHOCTEN HAXOAAT JEIIEHUEM IapameTrpa TUApo-
IIPOBOJHOCTH IJIACTOB OTAAJICHHOW 30HBI HA THAPOIPOBOAHOCTH MpU3a00MHON 30-
HbI, 3HAUEHHsI KOTOPBIX NoJIydaroT Ha ocHoBanuu KBJI (cm. puc. 17.3):

kh kh
or=(=) /() =us
. K ] K s
rie il u i2 - yrioBble KO3 UIMEHTB IPIMOTHHEHHBIX OTPE3KOB KPUBO BOCCTa-
HOBJIEHUS JaBJIEHHUs B KoopauHarax Ap, = f(lgt) wnu  Ap, = f (ig ﬂ) COOTBET-
4

CTBEHHO JJIsl TPU3a00MHON U oTHaieHHOW 30H. [Ipu HEBO3MOXKHOCTH OINpPEICTUTh
T'UJIPOIIPOBOAHOCTh MPHU3a00MHOM 30HBI Ha OCHOBAHWU KPHUBOM BOCCTaHOBJICHMUS

JIaBJICHUSI UCIOJIL3YIOT 3aBUCUMOCTD
kh kh
or= () /G
& I

u
kh
rac (:) — I'MPOIIPOBOJHOCTSD IIJIACTOB, IIOJIYUYCHHAA HAa OCHOBAHHUHU 06pa60T— KN
KO

KPHUBOW BOCCTAaHOBJICHHUS JaBJICHUS, (E] n - THIPOIPOBOJHOCTH  IUIACTOB,
T3
MOJIyYCHHAs] Ha OCHOBaHUU (haKTHUUECKOro Kod(duimenta npoayKTUBHOCTH. ['u-

ponpoBoIHOCTH MiactoB, M¥/(I1a-c), onpenenstor o dhopmyiie
kh
(?) n =1042-10 by (IgR, — lg7,)
a npu 3Ha4eHUsIX Ry = 250 Mm n 7. = 0,1 M 3annchIBarOT B BUJE
kh 14
(—) n=143-10""nby
o

Kak nepBblil (COOTHOILIEHHE MPOAYKTUBHOCTEH), TaK U BTOPOM (COOTHOIIE-
HUE€ TUAPONPOBOJHOCTEN) METO UMEIOT TOT HEJOCTATOK, YTO 3/1ECh UCIOIB3YIOT- CA
3HAuUCHUsA JeOWTa, TUTACTOBOTO JABJICHHUS U JCMPECCHH, TOYHOCTh KOTOPBHIX B
MPOMBIIIJICHHBIX YCIOBUSIX, OCOOCHHO TPU HATUYMU HU3KOMPOHMUIIAEMBIX KOJIJIEK-
TOpOB, HE Bcerjga rapaHtupoBaHa. [1o3ToMy mMpokoe NMpUMEHEHHE, OCOOEHHO B
3apyOeKHOM TPaKTUKE, MOJYYHJI METOJ OIIEHKH COCTOSIHUS NpU3a00iHON 30HBI
yepe3 CKUH-2GdEKT S.
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Metomuueckre pPEKOMEHIAIMKM MpeAHa3HaueHbl isi CcTyaeHToB By3a «CeBepo-KaBkasckuii (heaepanbHbIit
YHUBEPCUTET»
Ilenn MeToAMYECKUX PEKOMEHIALIUNA:
1. MeTtoandeckoe COMPOBOXKACHUE TMpolecca BBEACHUS M peanuzauuu TpeOoBanuii denepansHOro
rOCYJapCTBEHHOTO 00pa3oBaTeNbHOIO cTaHzapra Beiciiero odpaszoBanus (ganee GI'OC BO), momoms mpu pazpaboTke

pabouux y4eOHBIX MPOrpaMM JTUCHUIUIMH B IpodeccHoHaIbHBIX MOAYNIEH oOpa3oBaTenbHoN porpammel (ganee OIT).

2. Coznanrie B 00pa3oBaTEIbHOM YUYPEKIACHHH Y4eOHO-METOIUYECKOro o0ecredeHnss 00pa3oBaTeIbHOTO

nporiecca.

Mertomnieckre peKOMEH AN OTIPEIEIIIOT CYIIIHOCTh CAMOCTOSTENNbHON paboTHI CTYJIEHTOB B By3€, €€ Ha3HAUeHNE,

IUIAaHUPOBaHKE, JOPMBI OPTAaHU3AIINN H BHJIBI KOHTPOJISL.



Conep:xanue

1. HopmaTuBHOe o0ecniedeHne caMmocTosATeNbHOI padoTel B @PI'OC BO.
2. HaznayeHune 1 BHABI CAMOCTOSITEIbLHOM PadOThI CTYI€HTOB.

3. KoHTpoJb caMOCTOATEIBbHOH PatoThl CTyAEeHTOB MpenoaBaTeIsMH.



1. HopmaTtuBHOe o0ecnieuenne camocrositenbHol padorsl B PI'OC BO

1.1. ®I'OC paznen: «TpeboBanus K ycinoBusMm peanuzannu OlD»:

— TpeboBanust Kk 0053aTeTLHOMY MUHHMYMY COJIEp’KaHHsI 00pa30BaTEIbHONW MPOTPaMMbl ITOJATOTOBKH
CHEINAIMCTa, K YCIOBUSM €€ pealu3allid U CPOKaM €€ OCBOCHHS OINPEACNSIOTCS HACTOAIMUM (eneparbHbIM
rocyJapCTBEHHBIM 00pa30BaTEIbHBIM CTaHIaPTOM;

— OCHOBHasi oOpa3oBarelbHasi MPOrpaMMa TOJATOTOBKH CIEIUAIMCTA COCTOUT W3 JUCIMILIAH
00IeHayqHOTr0 B Mpo(heCCHOHATBLHOTO UKIIOB, COCTOSIINUX U3 0a30BOM M BapUATUBHOW YacTEH W JUCIUIUIMH 110
BBIOODY;

— MakCUMaJbHbIH 00beM Y4eOHOH Harpy3Ku CTYyACHTa yCTaHaBIMBaeTcs 54 4aca B HEAENTIO, BKIIOYAs BCE BUIBI
ayIUTOPHOHN M BHEAYIUTOPHOU (CAaMOCTOATENBHOMN) yueOHOH paOOTHI.

Bo Bpems caMOCTOSTETbHOM MOATOTOBKM 00ydaroluecs J0JDKHBI OBITh 00ecTedeHbl TOCTymoM K ceTu VHTepHeT.
Peanuzanust oOpa3oBaTenbHONH NpOrpaMMbl HMOATOTOBKH CIIEIUAIKMCTa JIOJDKHA OOECIeUHMBATHCS JOCTYIOM Ka)KIOro
CTyZeHTa K OnbiroTedHbIM (GoHAaM U 0a3aM JaHHBIX, (POPMHPYEMBIM 10 ITOJIHOMY TEPEYHI0 AUCIHILINH 00pa3oBaTeIbHON
MPOrpaMMBI U3 pacueTa 0OECIeYeHHOCTH yUeOHMKaMH W y4eOHBIMH mocoOusMu He MeHee 0,5 dK3eMInuisipa Ha OJHOTO
cTyzaeHTa. bubnroTeka By3a JOKHA UMETH JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX YYEOHUKOB M YUeOHBIX TOCOOHHA 1O
BCEM LMKJIaM JUCHMIUIMH M TIOCTOSHHO BOCIIOJNHSTHCA HAyYHOW IJUTEpaTypodl M NEPUOJMYECKUMHU H3IAHUSIMU
HedTerazoBoro mpoduis

O0beM BpeMeHH, OTBEJICHHBIN Ha BHEAYIUTOPHYIO CAMOCTOSTENLHYIO paboTy, HAXOIUT OTPasKEHHE:

o B pabo4eM y4eOHOM IIaHe — B 1IEJIOM 10 TEOPETUIECKOMY O0YUCHHIO, KAXKIOMY U3 IIUKIJIOB JUCIUILINH,

. B pabouux mporpaMMax y4eOHBIX AWCHMIUIMH LUKJIOB AWUCIMIUIMH C PacHpeie]eHueM 1o pasliesiaM HIn
KOHKPETHLIM TEMaM.

2. HazHayeHue U BUAbI CAMOCTOAITEILHON padoThI CTY/IEHTOB.

CamocrosTensHast paboTa MPOBOJUTCS C LEIBIO:

o CUCTEMaTHU3allil ¥ 3aKPeIUICHUS TOJIYYCHHBIX TEOPETHYECKUX 3HAHWHW M TMPAKTHYSCKHX YMEHHH
CTY/ICHTOB;

o yrITyOJIeHHs. ¥ PaCIIMPEHNS TSOPETHIESCKUX 3HAHUIA;

o (dbopMupoBaHH YMEHHI HCIIONB30BAaTh HOPMATHBHYIO, MHPABOBYIO, CHPABOYHYIO JOKYMEHTALUIO W
CIICIIHABHYIO JTUTEPATYPY;

o pa3BUTHS TO3HABATENBHBIX CHOCOOHOCTEH W AaKTUBHOCTH CTYIEHTOB: TBOPYECKOW WHUIMATHUBHI,
CaMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH, OPTaHM30BAHHOCTH;

o (hopMHpOBaHUE CAMOCTOSTEIIBHOCTH MBIIILICHUS, CIOCOOHOCTEH K CAMOPa3BUTHIO, COBEPILICHCTBOBAHUIO U
CaMOOpraHHU3aLIH;

o (hopMupoBaHUs MpaKTHIECKHX (00MIeydeOHBIX U TPO(PECCHOHATBHBIX) YMEHHUN 1 HABBIKOB;

o Pa3BHTHIO UCCIIEIOBATEILCKIX YMEHHH.

B yue6HOM miporiecce OY BBIAENAIOTCS JBA BHIA CAMOCTOATEIHHON paOOTHI:

PN

AyZuMTOpPHaA MO AUCLUM/INHE, BHeayauTOpHas no gucumunavHe,
MeXAUCLUMIMHAPHOMY Kypcy MeXAUCLUMIMHAPHOMY Kypcy
1
BbINO/IHAETCA Ha Y4eBHbIX 3aHATUAX, BbINO/IHAETCA MO 334aHMI0
noA HenocpencTBEHHbIM npenogasatens, Ho 6e3 ero

€ro 3agaHuio

BHCay,ZLPITOpHaH CaMOCTOATCIbHAs pa60Ta - IUIaHHUpyeMas yqe6Haﬂ, y‘IC6HO-I/ICCJ'IC,Z[OBaTeJ'IBCKaH, HAYy4HO-
HCCICI0BATCIbCKaA pa60Ta CTYACHTOB, BBIIIOJHACMAA BO BHCAYAUTOPHOC BpPEMA IO 3aJaHHUIO U IIPU METOAUYCCKOM
PYKOBOACTBE IMperIoaaBaTeiisd, HO 6e3 ero HEMMOCPEACTBCHHOI'O Yy4aCTHA.

3. KoHTpob caMOCTOATEJIbHOI PadoThI CTYAEHTOB NpenogaBaTe M.
KOHTpOJ'H: CaMOCTOSTEIILHOMI pa60TI>I CTYACHTOB IPCAYyCMaTpPUBACT:

L COOTHCCCHUEC COACPKAaHUA KOHTPOJIA C LCIIAMU 06y‘leHI/I$I;

L 00BEKTHUBHOCTE KOHTPOJIA;



00NN U AW~

10.
11.
12.
13.

BaJINTHOCTH KOHTPOJIA (COOTBETCTBUE MPEABABISAEMBIX 33/IaHUH TOMY, UTO MPEATIONIAraeTCs IPOBEPHUTD);
g depeHInaiio KOHTPOIbHO-U3MEPUTENBHBIX MaTEPHAIIOB.

@opMBbI KOHTPOJISI CAMOCTOSATEIBLHOH PadoThI
[TpocMOTp 1 poOBEPKa BBHITIOIHEHHS CAMOCTOSITENILHOI paboThI IpenoAaBaTesieM.
CamornpoBepka, B3aMOIIPOBEPKA BHIMIOJIHEHHOTO 3aJaHusl B TPYIIIIE.
OO6cyxeHne pe3ybTaToOB BEITIOTHEHHOHN paboThl Ha 3aHATHH.
TectupoBanue.
[TuceMeHHBIN Ompoc.
YcTHBIN onpoc.
WNunuBuayansHoe cobecemoBaHme.
Konnoxsuym.
OT4eT 0 IpoeTaHHON padoTe.
3amuTa pedepaToB WITH KypcOBOM pabOTHI.
TBoOpueckuil KOHKYpC.
WntepHert - KoH(EpeHIHH.
KontponbsHas pabora.

Kputepun oneHKkHu pe3yabTaTOB CaMOCTOSITEIbHOI padoThI

Kpurepusimu oieHOK pe3yIbTaTOB BHEAYAUTOPHON CaMOCTOSTEILHOM pabOThl CTYACHTA SBIISIFOTCS:

CIIEI[HAINCTA,

YPOBEHb OCBOCHUS CTYJICHTOB Y4€OHOT0 MaTepHaa,;
YMEHUS CTYJCHTa HCII0Ib30BATh TEOPETHUECKHUE 3HAHNS TP BBIIIOJHEHUH MPAKTUUECKUX 33/1a4;

(dopmupoBanne Habopa u3 OOMIEKYIBTYPHBIX W TPOPECCHOHANBHBIX KOMIIETEHIMH  Oymaymiero

YME€HUA CTyACHTA AKTHBHO HCIIOJIB30BAaTh OJJICKTPOHHBIC O6pa3OBaTCJ'II>HI)IC pPeCypChl, HAXOIUTH

TpeOyrouytocss HHGOpMaIuIo, U3ydaTh €€ ¥ MPUMEHSTh Ha PAKTHKE,

°
°
[
[
OCICACTBHAA,
°

00OCHOBaHHOCTB M YETKOCTb M3JIOKEHUS OTBETA;
odopmIIeHHEe MaTeprala B COOTBETCTBHH C TPEOOBAHUSAMHU;
YMEHHE OPUEHTHUPOBATHCS B TOTOKE HH(POPMAIINH, BBIACIATH INIABHOE;

YMEHHUE YETKO CPOPMYTUPOBATEH NPOOIIEMY, IPEIJIOKUB €€ PELICHNE, KPUTUIECKU OLICHUTh PEILIEHHE U €T

YMEHHE N0Ka3aTh, IPOAHAIM3UPOBATh aAJIbTEPHATUBHBIE BO3MOXKHOCTH, BAPHUAHTHI ICHCTBUH;
yMeHue c(hOpMHUPOBATH CBOIO MTO3UIIMIO, OLIEHKY M apTyMEHTUPOBAThH €€.
Copepxanne BHeayAMTOPHOI CaMOCTOATEIbLHOM
AeATeJbLHOCTH CTY/ICHTOB

MeToauueckue yka3aHus Ui CTYJICHTOB TI0 BBIMIOJTHEHUIO CaMOCTOSTEIbHON pa0OThI;
1. IloaroroBka K JIEKIIASAM
2. IToaroroBka K MpakKTHYECKUM 3aHSATUSIM



