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PaboTa BbITIOTHEHA B TOCYIApCTBEHHOM 00pa30BaTEIbHOM YUPEXKICHUU BhIC-
mero mnpodeccuoHanbHOr0 00pa3oBanus Y GUMCKUN TOCyAapCTBEHHBINA He(DTIHON

texunueckuit yausepcurer u OAQO "HK "Pocuedts"-Caxanuumopuedreras”.

Hayunsli1 pykoBoauTEINb KaHJWIaT TEXHUYECKUX HAYK, JTOLEHT

HemakoB Pycram AaunoBuy.

OdunmaibHble ONNOHEHTHI: JOKTOp TEXHUYECKHUX HayK, CTapLIA{
Hay4YHBIN COTPYIHUK
Kpbicun Hukonau UBanoBuy;
KaHAUAAT TEXHUYECKUX HAyK, CTaplIui
Hay4YHBIN COTPYIHUK

Camuryinn Banepuit XakuMoBu4.

Benymas opranusanus HIIO " PocuepTh-TepmuedTh" .

3amura coctoutcs ' " mekabps 2004 roma B Ha 3acCeIaHHM AHUCCEpTa-
nuoHHoro copera [[ 212.289.04 npu YdumckoMm rocynapcTBEHHOM HE(DTIHOM TeX-
HUYECKOM YHuBepcuTete no aapecy. 450062, Pecnybnuka bamkoproctasn, 1. Ya,
yi. Kocmonasros, 1.

C muccepraiyeit MOKHO 03HAKOMHUTHCSI B OMOIHMOTEKEe Y PUMCKOTO TOCYNapCT-

BCHHOI'O He(llTHHOFO TEXHUYCCKOI'0O YHUBCPCUTCTA.

ABtopedepat pazocnaH " Hos10pst 2004 rona.

YueHblli ceKkpeTapb

JHUCCEPTALUOHHOI'O COBETA Marsees [0.I'.
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OBIIAA XAPAKTEPUCTUKA PABOTEI

AKTyaJIbHOCTB TpoOaeMbl. BaxkHeitmieit 3aiaueit Hedrerazoao0biBaromen

MIPOMBITIUICHHOCTH CTPaHbl HA COBPEMEHHOM JTarle SBJISICTCS] YBEIWYCHUE pa3BeIaH-
HBIX 3aI1aCOB YTJIEBOJOPOAOB U YCKOPEHHE Pa3pabOTKH OTKPBHITHIX MECTOPOKICHHH.
[Tpu 3TOM BCe Gorbllee 3HaUCHHE MPUOOPETAIOT Pa3BEAKA U OCBOCHHE MECTOPOXKIC-
HUM He(TU U Ta3a HAa MOPCKHUX U OKEAHCKUX IIeNb(ax.

D¢ddexTrBHOE pernieHNe ITHX BAKHEHUIINX JJII HAPOJIHOTO X03sicTBa Poccuu
po0IeM ompeenseTcs, MPEXIe BCEro, KAYeCTBEHHBIMH M YKOHOMUYECKUMH TIOKa-
3aTeJIsIMU CTPOUTENIbCTBA HEPTSIHBIX M Ta30BBIX CKBAXHH B PA3IUYHBIX T'€0JIOTHYE-
CKHX, KIIMMAaTUYECKUX U TEPMOJIMHAMUYCCKUX YCIOBUAX Pa3BEIIKH U Pa3pabOTKu Me-
CTOPOXKJICHU. Y CHENIHOCTh CTPOUTENHCTBA CKBAXHUH MPU 3TOM OOECIEeYMBACTCS
BBICOKMMH CKOPOCTSIMU OypeHHs, pa3pabOoTKON W peanu3alieil MEepompHUsTHH TIOo
MPOTHO3WPOBAHUIO U TIPEAYIIPEKICHUIO OCTOKHCHHM.

HecMoTpst Ha 0OITHOCTH OCHOBHBIX TPOOJieM OypeHus Ha Ienb(e U aKBaTOpH-
SX B KQKJIOM PETHOHE BCTPEYAIOTCS U criennduueckre ocooeHHocTH. [Ipu ocBoeHHM
MECTOPOXKACHHH TeNbda ocTpoBa CaxanvH MPUMEHEH OPUTHHAIBLHBIN METO pa3pa-
00TKH TIPOOYPEHHBIMH C CYIIM HAKIOHHBIMH CKBOXHHAMH C TOPU30HTAIBHBIM OKOH-
YaHUEM, YTO 00CCIICUMBACT BBHICOKYIO MPOTYKTUBHOCTh CKBKUH M CYIIECTBEHHO yTI-
poIlaeT M yACHICBIACT UX MOCIEIYIONTYI0 dKCIuryaTannioo. CKBaXUHBI OTJIMYAIOTCS
cBepxaaibHuMu otxogamu (0onee 4500 M) 3a00€B OT BEpTUKAIU U OOJIBIIUMU 3€-
HUTHBIMH YTJIAMH, 9TO OOYCIIOBIIMBACT CJIOKHYIO KOHCTPYKITMIO CKBAXWUH, HU3KYIO
MEXaHUYECKYI0 CKOPOCTh OypeHHs, TPYIHOCTh OOECIEYeHHs] YCTOMUYMBOCTUA CTBOJIA
CKB)KHMHBI U OYHCTKH €€ OT Iuiama. [103ToMy mepBoodYepeTHEIMU aKTyaIbHBIMH 3a-
Ja4aM¥ UCCJICIOBAaHUMN SIBJISIOTCS YTOYHEHHE MPOYHOCTHBIX PACUYe€TOB CTEHOK CKBa-
’KWHBI HA CTAJNH MPOCKTUPOBAHUS, COBEPIICHCTBOBAHHE MIAPOIICYHBIX JOJIOT C y4e-
TOM PabOTBhI ¢ KOMIIOHOBKOW MHCTPYMEHTA, B COCTaB KOTOPOH MOCTOSHHO BKJIFOYCH
3a00MHBIN OTKJIOHUTENH, U PELENTYPbl OypOBOTO pacTBOpa C ONTUMAIBLHBIMHU PEOJIO-

THMYCCKUMH U TpI/I6OT€XHI/IIIeCKI/IMI/I XapaKTCPUCTUKaAMH, O6€CH€‘H/IBaI-OH_II/IMI/I MUWHU-
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MaJIbHOC HU3MCHCHHUC IIPOYHOCTHBIX CBOMCTB IFOpHBIX IIOPOMd, ClIararomux CTCHKHU
CKBa>XHHBI.

Lenn Da6OTBI. yﬂy‘IHIGHI/Ie TEXHUKO-2KOHOMHMYECKHX II0Ka3aTejeu 6prHI/IH

CKBOXHH CO CBEPXJAJbHUM OTKIOHEHHEM 3a00€B ITyTEM COBEPIICHCTBOBAHMS Ia-
POIIEYHBIX JIOJIOT U PeIenTyp OypOBBIX pacTBOPOB Ha Oa3e U3yueHus yciaoBuil pabo-
Thl HHCTPYMEHTOB, OYUCTKHA CKBKHH OT IIJJaMa, MPOYHOCTHBIX CBOWCTB TOPHBIX I10-
POJl ¥ UX HAMPSHKEHHOTO COCTOSTHHUS.

OCHOBHBIE 3aJ1a4 UCCJICOBAHUM.

1) u3yueHHe MPOYHOCTHBIX CBOMCTB M €CTECTBEHHOT'O HAIMPSKEHHOTO COCTOSI-
HUSI TOPHBIX MOPOJ pa3pe3a MECTOPOXKJICHUS C YUETOM MU3MEHEHHUs TUIOTHOCTH U T0-
PHUCTOCTH C ITyOUHOM;

2) OlleHKAa BJIUSHUS CTEIICHW KOJbMAaTallMM CTCHOK CKBa)KMHBI HAa HAIPSKCH-
HOE COCTOSIHHE ClIaralollluX MX MPOHMIIAEMBIX MOpOJ, 000CHOBaHHE O00OOIIECHHOMN
XapaKTEPUCTHKU HAMPSHKEHHOTO COCTOSIHHS TTOPOBI B CTEHKE HAKJIOHHOW CKBaYKUHBI
Y TIPOYHOCTHOM pacyeT CTEHOK C YYETOM JJIUTENIbHON MPOUYHOCTH MTOPOJIbI;

3) 000CHOBaHUE TEXHUYECKOTO PEIICHUS MO0 COBEPIICHCTBOBAHUIO BOOPYKE-
HUS IIAPOIICYHBIX JIOJOT MPUMEHHUTEIBHO K OCOOEHHOCTSIM OypeHHs] HAKIOHHBIX H
TOPU30HTAIBHBIX CKBaXKHH;

4) 000CHOBaHHE COCTaBa M CBOMCTB MHBEPTHO-IMYJILCHOHHOTO OypOBOTO pac-
TBOpa J1J1s1 OypeHUs: HAKIIOHHOTO ¥ TOPU30HTAIIBHOT'O YYaCTKOB CTBOJIA CKBAKUHBI.

MeToibl peLICHUS NOCTABICHHEIX 32124

[Tpu mpoBeaeHNN HCCISIOBAHUM ObUTH MCIIOJIB30BAaHbl AaHATMTHYCCKUN METO/I,
MOCTAHOBKA, MPOPa00TKa TEXHUYECKUX PEIICHUHN C MPUMEHEHUEM MaTeMaTHYECKOro
MOJICIMPOBAHUSA U TEOPETUUYECKON MEXAHWKHU, COBPEMEHHBIE METO/IbI TIIAHUPOBAHUSA
Y BBITIOJTHEHUS DKCIIEPUMEHTOB C OICHKOW OIIMOKM W3MEPEHUU M JOCTOBEPHOCTH
KOHEYHBIX PE3YyJIbTATOB, TPOMBICIIOBBIC UCTIBITAHUSA HOBBIX TEXHUYECKUX U TEXHOJO-
THYECKUX PEUICHUN U UX aHAIU3.

Haquaﬂ HOBH3HA

1. OGocHOBaHa W TIpeNIOKEHA YTOYHEHHAsT METOJMKA pacyeTa MpeaelbHbBIX

I[aBJ'IeHI/Iﬁ B HAKJIOHHOM CKBa)KHUHE: YTOYHCH pacyeT IreoCTaTHYCCKOro JaBJICHUSI,
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BBEJICHBI W anpoOHMPOBaHbI MO SKCIIEPUMEHTAIBHBIM JaHHBIM 0000IIEHHBIEe MMOKa3a-
TEJIM HANpPsHKEHHOTO COCTOSIHMSI TOPHOM MOPOAbI, MpeCTaBIIfiomue co0oil oTHoIIe-
HHE JIeHCTBYIOMNX MaKCUMAJIBHBIX KacaTeIbHBIX HANPSIKEHUN K TpeAeTbHBIM.

2. YCTaHOBJIEHO, YTO TOPHBIE MOPObI HIPKHEHYTOBCKOTO TIOJTOPU30HTA, Clia-
ralplliye CTEeHKH HaKJIOHHOTO M TOPU30HTAJIBHOTO Y4acTKOB CTBOJA CKBa)KHMHBI, Ha-
XOJISITCSL B HAMPSDKEHHOM COCTOSIHUM, OJM3KOM HJTM MPEBBIMAIONIEM MpeAe TeKyde-
CTH TIOPOJ.

3. O6ocHOBaHa U pa3paboTaHa HOBasi CXeMa pa3MeIleHus] BOOPYKEHHUS B BEH-
[ax IIapoIIeK C MOMApHBIM pa3MeIlleHrneM 3yOKOB B psnax nepudepuilHbIX IBYX-
PSIIHBIX BEHIIOB U COTJIACOBAaHHBIM C HUMU pa3MelleHHeM MOAPE3HbIX 3yOKOB Kallno-
pYIOILIEro psja.

4. OO0CHOBaH M peajnu30BaH METOJ LEJIEHANPABICHHOIO U3MEHEHHUS CBOMCTB
MHBEPTHOHN 3MYJIbCUM NP MEpexojie U3 00BEMHOIO COCTOSHUS B (DUIBTPALMOHHYIO
KOPKY Ha OCHOBE IIpolecca TMIPOJIMTUYECKON MOJUKOHIEHCALUU AJTKOKCHUIIPOU3-
BOJIHBIX TJIMLEPHUHA, HTHUIIMUPYEMOT'O TEMIIepaTypoil U KOHILIEHTpaluel AUCTIepCHON
¢a3pl dMyIBCHM, KOTOPHIH OOecredYrBaeT MOBBIIMICHHYIO arperaTuBHYIO YCTOWYH-
BOCTb KOPKHU, CHIJKAET €€ COMPOTHUBIICHUE CABUTY U XUMHUYECKH CBSI3bIBACT BOY.

3aluIacMble MOJI0KCHUS

1. Pe3ynbTaThl Onpe/eeHrs €CTECTBEHHBIX HAMPSKEHUN B TOPHBIX TOPOaX C
Y4€TOM U3MEHEHHUS UX MIOTHOCTU U MOPUCTOCTHU € IITyOMHOM M MPOUYHOCTHBIX XapaK-
TEPUCTUK TOPOJ C yUeTOM MaciTabHoro 3¢ dexra.

2. YCOBEpIICHCTBOBaHHAsI METOJMKA pacyeTa HAMpPsKEHHOTO COCTOSHUS TOp-
HOU MOPO/JIbI B XapaKTEPHBIX TOYKAX CTEHKH HAKJIIOHHOM CKBa)KUHBI M OLICHKH JHana-
30Ha Mpe/IeNIbHBIX JIaBJIeHU OypOoBOTO pacTBopa.

3. TexHuuyeckoe peueHre mo pa3MEelEHUIO SJIEMEHTOB BOOPYKEHHS B BEHIIaX
nIapouiex, o0ecrneyrBarollee Kak npeaynpexiacHue peiikoooOpazoBanue Ha 3a00e, Tak
U yJy4dllleHue KaTuOpyroleni ClnocOOHOCTH 10J10Ta.

4. CocTaBbl HHBEPTHO-3MYJIbCHOHHBIX pacTBopoB (MDP), BKItOUaromue pas-
paboTaHHBIN peareHT 3MyJjbrarop-cradunuzatop (POC-T), s OypeHHsl CKBaXKUH C

OOIBIIMMU 3€HUTHBIMU yriamMu.
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IIpakTuyeckas LICHHOCTh Da6OTBI

1. Pazpaboran u ytBepxkiaeH CTaHIapT OpeAnpUsTHS MO METOAUKE pacueTa
Jana3oHa JaBjieHuil OypoBOro pacTBOpa B CKBa)KWHE M3 YCJIOBHUS COXpPaHEHUS CTe-
HOK B YIPYTOM COCTOSHUH', KOTOPBHIM BBEJACH B JCHCTBHE M HCIONB3YETCA C
01.06.2004 r. 8 OAO "HK "Pocnedts"-CaxanmuamopHedreras”.

2. Pearear POC-T B cocrtaBe pa3paOOTaHHOTO Ha €r0 OCHOBE WHBEPTHO-
MYJIBCHOHHIO PAcTBOpa MCIIONB3YETCs MPHU OypEeHUU CKBAXXUH C OOJBUIMMH 3€HUT-
HeiMu yriaamu B OAO "HK "Pocuedtr'-CaxanuamopHedreraz”. DKOHOMUYECKUI
3¢ deKT 1Mo ceMu CKBaKMHAM cocTaBui Oosiee 222 MiTH pyomeit.

Anpobais paboOThI:

OCHOBHBIC TTOJIOKEHUS JTUCCEPTAIMOHHON pabOThI JOKIAJBIBAIUCE M 0OCYXK-
namuch Ha Bceepoccuiickoit koHdepennuu "I'eonorust u mpobiieMbl pa3pabOTKU Me-
cropoxkaenuii  yraesogopoaos” (Yda, 2001); nHa Bcepoccuiickoii HaydHO-
npakTrdeckoil koHpepeHnuu "TexHochepHas Oe3omacHocTh' (PoctoB-Ha-/lonHy,
2002); na mexayHapoaHoM ceMuHape "HoBble TEXHOJOTHH B MepepabOTKe U yTHIIH-
3allid  OTpabOTAaHHBIX Macesl U cMa304yHbIX MatepuaiioB” (Mocksa, 2003); Ha Hay4-
HO-TIpakTHIecKoi kKoHpepennuu "Hedremepepadorka u Hedhrexumus” (Yda, 2003);

Ha 7-th Annual Event "Sakhalin Oil and Gas" (London, 2003).

[MyOnukanmu 1o Teme nuccepranuu. OCHOBHBIE BOMPOCHI, pACCMOTPEHHbBIE B

pabote, u3noxxeHsl B 10 meuaTHbIX paboTax, B TOM YKCIIE B IBYX MareHTax PO.

CrpykTypa U 00beM auccepraumu. J(uccepranus COCTOUT U3 BBEICHUS, MATH

IJIaB, OCHOBHBIX BBIBOJIOB U PEKOMEHAAINMH, OMOIMOTrpadmueckoro Crucka u mpuiio-
KCHHUS.

Pabota m3noxena Ha 152  cTpaHUIaX MaITHHOMUCHOTO TEKCTA W BKIIOYACT
32 puc., 29 tabn., bubnuorpaduueckuit cnucok u3 115 HauMeHOBaHMA, TPUIIO-

xeHus Ha 18 crpanumax.
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COLAEPXAHUE PABOTDI

Bo 66edenuu 060cHOBaHA aKTyaIbHOCTh PabOThI, CHOPMYJIUPOBAHBI 11€J1b, 3a-
a4y, Hay4yHasi HOBU3HA, OCHOBHBIC 3allIUIAEMbIE MOJIOKEHUS U MPAKTUUYECKAs 1CH-
HOCTb.

B nepeom pazoene paccMOTPEHO COBPEMEHHOE COCTOSIHUE PACUETOB €CTECT-
BEHHBIX HaNPsHKEHUM W JABJICHUNM B TOPHBIX MOPOJIaX, MPOYHOCTHBIX PacuyeTOB CTe-
HOK CKBQ)XWH U3 YCJIOBUH MPEIyNPEKACHUS OCI0KHEHNUM, OCOOEHHOCTH TEXHOJIOTHH
OypeHHUsI HaKJIOHHBIX U TOPU30HTAIBHBIX YYaCTKOB CTBOJA CKBAKUHBI U MOCTABJICHBI
3aJa4u MCCJICIOBaHUM.

UccnenoanusiMm BonpocoB NpOoPUIaKTUKKH U OOPHOBI C OCIOKHEHUSMH TPU
MPOXOJIKE CTBOJIA CKBAKUHBI U CITyCKE 00CATHBIX KOJIOHH MOCBSIICHBI PAOOTHI
M.T. AnumxkanoBa, b.B. baiintoka, B.®. bycnaesa, B.C. Bolitenko, A.I'. Kanununa,
I''B. KoneceBa, B.. Kpeosa, H.M. Kpsicuna, JI.M. JleBuncona, E.I'. JleoHoBa,
P.P. JlykmanoBa, A.B. Muanakanona, JI.K. Myxuna, B.H. ITonsakosa, A.H. Ilomnosa,
B.X. Camurynnuna, M.K. Ceun-P3a, A.Il. CenpBantyka, I'.A. CemeHbI4EBA,

JLE. Cumonsama, A.W. CrnuBaka, H.C. Tumodeera, T.I'. @apamxkeBa, M.J[. Dara-
nueBa, 3.M. Illaxmaesa, JI.A. [lpeitnepa, U.I'. FOcynosa, P.C. SIpemuituyka u MHO-
TUX JIPyTHUX.

B BBINIOTHEHHBIX HCCIICIOBAHUAX W Pa3padOTaHHBIX METOJMKAX pacueTa He
YAEJIEHO JOCTATOYHOTO BHUMAHHUSI TOUHOCTH PACUETOB €CTECTBEHHOTO HAIPSKEHHO-
IO COCTOSIHUSI TOPHBIX TTOPOJI U B CTEHKAX HAKJIOHHBIX CKBaXKUH, COTJIACOBAHUIO BbI-
0opa METOJOB MPEIYNPEKACHUS OCIOKHCHUN ¢ YPOBHEM HAIPSKEHHOT'O COCTOSHUS
U JIUTOJIOTHEN pa3pe3a B YCIOBUSX OOJBIIUX YIJIOB UCKPUBJICHUS U CBEPXJAAIbHUX
otxoa0B. OcobenHocTr obecredeHus: 3PGHEKTUBHOTO pa3pyIlIeHUs 3200 BOOpYXKe-
HUEM JI0JI0T, UX PabOThI C MOCTOSHHO BKJIFOUYEHHBIM B COCTaB KOMIIOHOBKU UHCTPY-
MEHTAa OTKJIOHSIIOIIUM YCTPOMCTBOM M OUMCTKU CKBXKUHBI OT LIJJaMa TaKke TPEOYIoT
JTIOTIOJTHUTEJILHOTO U3YUYEHUS.

Bmopoit pazoden nuccepraniiv COAEPKUT pe3ysIbTaThl U3YUCHHS HAIPSKEHHO-
IO COCTOSIHUSI M TIPOYHOCTHBIX CBOMCTB FOPHBIX MOPOJ B YCIOBUAX 3ajieranus. ['eo-

JIOTUYECKUH Ppa3pe3 MCECTOPOKIACHHA OI[OHTy-MOpe MNpCaACTAaBJICH IICCYAHO-
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TJIMHUCTBIMUA TOPHBIMU TOpoaaMu BepxHeHyToBCKoro (Nanty) M HIKHEHYTOBCKOTO
(N1Nnt;) mMOAroprU30HTOB, XapaKTEPUCTHKA KOTOPHIX MpeAcTaBicHa B Ta0. 1.
Tabmuna 1

Jlutonoruyeckas XxapakTepucTHuKa MecTopoxaeHus OI0nTy-Mope

Crparu- WNuTepBai, M ['opHas mopoaa
rpaduye- | mo 1o Ha3Ba- % B
CKOE TIOJI- | Bep- CTBO- | HHE UHTEP | JIUTOJOTUYECKOE OMHMCAHHE
pasnerne- TUKa- | Iy BaJie
HUE B0
MIeCKHU 60 CpelaHe- U  KPYMHO3EPHHUCTHIE,
N-nt, 14- 14- KBaplIEBbIE, PBIXJbIC, C PEAKUMHU
1059 | 2230 IPOCJIOSIMH TJIUH
necya- 20 CpeIHe- U MEJIKO3EepPHHUCTHIE, Cla-
HUKHU 00 YIIJIOTHEHHBIE
TJIMHEI 20 cephle, IeCYaHUCTHBIC
necya- 50 CpellHe- W MEIKO3epHUCTHIE, XO-
N1nt; 1059- | 2230- | Huku pOIIIO OTCOPTUPOBAHHBIE, aJIEB-
1577 | 5300 PUTOBBIC, TIIMHUCTHIC
anespo- | 30 cepble, pPa3HO3EPHUCTHIC, IUIOT-
JIUTHI HbIE
TJIMHBI 20 cnabo mecyaHUuCThie, BHU3Y IUIOT-
HbIE, aPTUJJTUTONOI00HbIE

OTHOCHUTENBbHOE TIJIACTOBOE JaBJEHUE B Meckax W mecuaHukax paBHo 1,01 u
1,03 B BepXHEHYTOBCKOM W HIDKHEHYTOBCKOM IOJATOPU30HTaX COOTBETCTBEHHO M HE
OKa3bIBACT BJIIUSHMS HA BHIOOP KOHCTPYKIIMU CKBA)KHHBI. 3/16Ch U HUXKE BCE IIOTHO-
CTU W JABJIECHUS JAIOTCA B OTHOCHUTEIBHBIX BEIMYHMHAX [0 OTHOIIEHUIO K BOAE C
moTHOCTHI0 1000 Kr/ve.

KoHcTpykiust ckBakuH, npuMeHsieMas Ha CeBepHOM KYT0JIE MECTOPOXKICHHS,
BKJIIOYAET MSITh KOJIOHH: HAMPABJICHUE; KOHAYKTOP IJI NEPEKPHITUS HEYCTOMUYUBBIX
TUIPONPOBOISAIINX MECKOB U M3OJAIMUA CTBOJA CKBaXHMHBI OT MOPS; MEpBasi TEXHU-
YyecKkasi KOJIOHHA ISl TPeA0TBpalleHus TpruoHO00pa30BaHUM MPU BO3MOKHBIX BOJIO-
1 He(DTETIPOSIBIICHUSX, a TAK)KE PeHICHUs MPoOIeMBbI jke100000pa3oBaHms HA Y4aCTKE
Ha0bopa 3€HUTHOI'O yIJIa; BTOpasi TEXHUYECKas KOJIOHHA, KOTOpasi epeKphIiBaeT Hed-
TEHOCHBIC U BOJOHOCHBIC IUIACTHI, & TAKXKE€ CIOCOOCTBYET CHMXXCHHUIO CUJI TPEHUS

IpU TOCIEIYIONIEM CITyCKE IKCIIyaTallMOHHON KOJOHHBI (XBOCTOBHKA), YTO MO3BO-
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JSIET CIyCKaTh XBOCTOBHK C BpAIICHUEM JUIsl YJIYYIICHUS €ro HMPOXOJIUMOCTH IO
CKBa)XKHHE.

TexHonorust OypeHus Mo KOHIYKTOP M MEPBYI0 TEXHUYECKYIO KOJIOHHY JOC-
TaTOYHO TOJTHO OTpabOTaHBI, MOATOMY B JUCCEPTAIMOHHON paboTe OCHOBHOE BHU-
MaHHe YJelIeHO 3a7adyaM OypeHHs O]l BTOPYIO TEXHHUYECKYIO U IKCILTyaTaIl[IOHHYIO
KOJIOHHY (XBOCTOBHK).

[Tpu pemeHnn 321241 10 YTOYHEHHIO pacdeTa Te0CTaTUIECKOTO IaBJICHUS Obl-
JIM TIPOaHAJIM3UPOBaHbI JaHHBIE, omyonnkoBanHble A.I1. CenpBaniykom u Ip., ¥ clie-
JaHa BBHIOOpKA MAHHBIX O IUIOTHOCTH M TIOPUCTOCTH MOPOJ 10 M3y4aeMOMY paspesy,
BBITIOJIHEH COOTBETCTBYIOIIUI aHAIHM3 M MOJYYEHBI pacueTHble GopMmyibl. B mpene-
Jax TOJIIMHBI BEPXHEHYTOBCKOTO MOATrOpu3oHTa TiyomHa h msmensercs ot O mo
KPOBJIM HIKHEHYTOBCKOTO moAropu3oHTa h;y. C yu4eToM BBIIICU3II0KEHHOTO OTHOCH-
TEIbHOE T€OCTATUUECKOE IaBJICHUE B MIPE/IeiiaX MEPBOTO HHTEPBAJa PABHO

p-= 051,82 + 1,82 + 0,000216 h) = 1,82 + 0,000108 h. (1)

B mpenenax TOJIIUHBI HIXKHETO MOJArOpU3oHTa rinyomHa h mamensercs ot hy
10 hy (10 momoImBE HUKHEHYTOBCKOTO TIOJrOPU30HTA), & TEOCTATHUECKOE JTaBICHHUE
00yCJIOBJICHO BECOM TOPHBIX IOPOJ] BCETO BEPXHEHYTOBCKOT'O MOJTOPU30HTA U BECOM

ropHbIX nopoj B uaTepBaie (N - hy) HUKHEHYTOBCKOTO MOATOPU30HTA, T.C

% + (1,85 + 0,000131(h + hy)) h _hhl .

IIpoyHOCTHBIE XapaKTEPUCTUKU T'OPHBIX MOPOA MeCcTOopoxkaeHusA Ogonty-Mope

p-= (1,82 + 0,000108 hy) 2

oInpeseseHbl METOJOM CTaTUYECKOro BAABJIMBAHMSA LWIMHIPUUYECKOIO IITamMma ¢
wiockuMm ocHoBaHueM (Meromom JI.A. Ilpeiinepa mo 'OCT 12288-66). VcnbiTanus
IIPOBEJICHBl HA KEPHAX MEJIKO3EPHUCTOrO U CPEIHE3EPHUCTOIO NECYAHUKOB, AJIEBPO-
JUTa U aprujuinTa, OTOOPaHHBIX B HUKHEHYTOBCKOM Topu3oHTE. JIJIsl OLlEHKHU BIMs-
HUS MacTabHOTO 3(peKTa UCIONB30BATUCH mTaMIbl AuamMerpoM ot 1,5 o 10 mm.
[To pe3ynapTaTam UCHBITAHUN PACCUMTHIBAIIUCH CpeHEE apu(METHYEeCKOoe 3HAUECHUE
npenena TeKy4ecTH (po) U ero cpefHee KBagpaTuieckoe OTKIOHEHUE (Sp).

Onenka OypuMOCTH TOKa3ajia, YTO TBEPIOCTb TOPHBIX IOPOJ HE IPEBHIIIAET

YCTBCPTYHO KATCTOPHIO, HO HMCIOTCA BKIIOUYCHUA IISTOM KaTCropHHu.
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[TockonbKy BiusHHE MacITAOHOTO 3 ¢eKTa ObUIO CYLIECTBEHHBIM, TO Ipeaes
TEKY4YECTH TOPHBIX TOPOJI ObLI MPUBEJEH K CTAHJAPTHOMY JIJIsl UCTIBITAHUN Ha OJTHO-
OCHOE C)KaTHe auameTpy 42 mu:

aJIeBPOJIUTHI Poaz = 92 MIla S, = 4,79 MIla

apPTUJLTUTHI porz=125MIla  s,=9,25MIla

NIECYaHUKU MEJIKO3EPHUCTBIE posy = 80 MIla s,=2,31 Mlla

IIECYAHUKU CPETHE3EPHUCTBIE posp = 46 MIla s, = 1,57 Mlla.

[TonyyeHHbIE TPOYHOCTHBIE CTATUCTHUYECKUE XaPAKTEPUCTHUKU TOPHBIX MOPOJT
MOJITOTOBJICHBI K MUCTOIB30BAHUIO ISl pacueTa WX MacropTOB MPOYHOCTH B COOTBET-
CTBUU ¢ Teopuen npounocty Mopa-Kynona.

B mpemvem pazodene nuccepranuu pazpaboTaHO METOAMYECKOE oOecreueHue
MPOYHOCTHBIX PACUETOB CTEHOK HAKJIOHHOM CKBa)KMHBI M BHITIOJHEHA OIIEHKA HATIPS-
KEHHOTO COCTOSIHUS CIIArarolIuX UX TOPHBIX MOPOJ C TOYKH 3pEHHUs MPOTHO3UPOBA-
HUS U TPEAYTNPEKICHUS OCIOKHEHNH. HampspkeHHOe COCTOSTHUE Perylupyercs W3-
MEHEHHEM JIaBlieHUs] OypOBOI'O pacTBOpaA, a MOITOMY BCE PacueThl BHIIIOJIHEHBI OTHO-
CUTEJILHO TPENeTbHBIX JaBJICHUM B CKBAXKHUHE C 3a/JIaHHOW BEPOATHOCTHIO. B Oype-
HUHM OJTHOCTOPOHHUHN ypOBeHb 3HaAUMMOCTH ( mpuHuMaeTtcs paBabiM 0,025. B ciydae
codeTaHusi K He3aBUCUMBIX XapaKTEPUCTUK TOPHOM MOPOIBI UX OOIINI ypOBEHb 3HA-
YIUMOCTH Takke mpuHuMaeM paBHbIM 0,025. Torna ypoBeHb 3HAUMMOCTH JBYX He3a-
BHUCHUMBIX XapaKTePUCTUK (p cocTaBuT okoiio 0,158, koTopoMy COOTBETCTBYET Mapa-
MeTp HOpMasbHOTO pacnpeaenenus t =1,0.

[Ipu OypeHUH BEPTUKAIBHBIX M HAKJIOHHBIX CKBAXHH IS MPETYTPEIKICHUSI
OCIIO)KHEHHM BCE MIMPE MPUMEHIETCS UCKYCCTBEHHAs KOJbMaTalus CTeHOK. Bormpoc
0 MEXaHU3MeE €€ BIMSHUS Ha pa3BUTUE OCIOKHEHUI U3y4YeH HEJIOCTATOYHO.

W3BecTHO, 4TO B 0011eM BHE popMysia sl pacueTa JaBiICHHs THIPOpa3phiBa
D-p AMEET BUJL

Pep = Ap.+ Bpy, 3
rie p, ¥ p, - TeOCTaTUUECKOE U MJIACTOBOE JaBJICHUSI COOTBETCTBEHHO; A U B - mapa-
METpPbl YPaBHEHHUSI, KOTOPbIE MOTYT OBITh TOJYYEHBI O MPOMBICIIOBBIM JIaHHBIM HIIU

AHAJIUTHUYCCKU.
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['opHyro mopony oxapaktepusyeM KOd(D(PUIMEHTOM MOJHOW MOPUCTOCTH M1,
pPaBHBIM cymMMe KO3((HUIIMEHTOB OTKPBITON 71, U 3aKPbITOM MOPUCTOCTH m, TMapa-
METPOM ¢, paBHBIM JI0JI€ CKEJIETAa Ha 0KUAAEMON MOBEPXHOCTH pa3pyLICHUS,
¢ = exp(-19,1m?), (4)
Y KOMIIOHEHTaMU €CTECTBEHHBIX HANPSIKEHUN B CKEJIETE:!

03=p, + Le—Ln ;pn ; (5)

01= Ap, + p,[1-A)1-c), (6)

rie O3 U O - BepTUKaJIbHAs U TOPU30HTAIbHAS KOMIIOHEHThI HAIIPSIAKEHUN B CKeJe-
TE TOPHOM TOPOJIbI COOTBETCTBEHHO; A - K03 durrieHT 0okoBoro pacropa. Kpome

TOTO, BBEZeM KO3(PPUIIMEHT OTKPBITON MOpUcToCTH Ky

()

kotopbiii uaMmensiercs ot 0 10 1. Eciu K, = O, To Bce MOpbI 3aKphITHl (CTCHKA CKBa-
’KMHBI TIOJTHOCTBIO 3aKoJibMaTrpoBaHa). [Ipu K, = 1 Bce mOpbI OTKPBITHL U COOOIIAIOT-
cs CO CKBAKMHOW. C y4yeTOM Ha3BaHHBIX XapPaKTEPUCTUK AHAJUTUYECKHU MOJYUYEHBI

cienyrommue GopMyIIBI JIJIsl pacyeTa nmapameTpoB ypaBHeHUS (3):

_ 2¢A _

1= k (1-c)’ ()
_ (1-e)2c(t-A)+k, +1]

b= 1+k, (1-c) ' ®)

A.IT. CenpBaniykoM | JIp. OIyOJMKOBaHbI Pe3yJIbTaThl POMBICIIOBBIX H3MeEpe-
HUH JaBJICHHS OTKPBITHS IMOIJIONIEHUs (THaApopa3phiBa). Pe3ynbraThl aHaIM3a 3THX
JTAHHBIX MO3BOJIMIIM COCTaBHTH cUcTeMy ypaBHeHwid (7) u (8), HalWTH BXonsmue B
HHX pPacueTHBIC 3HAYCHUS C, U A, U TIPOBECTH OLICHKY BEJIMYMH MapaMeTpa pacrpese-
aeaust t u K,. IlpuHMMaeM, 4To pacueTHbIE 3HAYCHMS STHX IapaMeTPOB COOTBETCT-
BYIOT YPOBHIO 3HAUUMOCTH (. I3 ypaBHEeHHUS

)\p:X_S)\t, (9)

http://www.tech-biblio.ru



12
e A M S, - cpeHee apudMeTHUYECKOe 3HAUCHHE U CpeIHee KBaApaTHIecKoe OT-
KJIOHEHHE BEJIUYMHBI A, HAXOAMM 3HaUeHHs mapameTpa t. Pe3ynbraTel pacueToB mpu-
BeZicHBI B Ta0. 2. V3 Tabi. 2 BUAHO, 4TO pacueTHas BeJIWMYMHA rmapamerpa t He mpo-
TUBOPEYHT JOIMYIICHUIO U €T0 CIASAYET ONMPEeIsITh M0 YPOBHIO 3HAYMMOCTH (. Bee
pacueTHbIC BETUYHHBI K, MPUHUMAIOT 3Ha4YeHUs 100 OMU3KHe K HYJIIO, JINOO0 Onm3-
ke K equHuile. [loydeHHbIe pe3yabTaThl MO3BOJISIOT CAEIaTh BBIBOJ O TOM, YTO B
NECYAHO-TJIMHUCTHIX TOPHBIX MOPOJIaX TOJHKO TMOJHAS KOJbMaTallys BIUSET Ha Ha-
NPSHKEHHOE COCTOSTHHE TOPHOM MOPOJIbI CTEHKU CKBKUHBI. [Ipy yacTHYHOM KOIbMa-
Talluy THAPABINYECKAs CBSI3b C TIOPAMU MOPOJ CTCHKU CKBaKUHBI JIOCTATOYHA, YTO-
OBl TIOJIHOCTHIO HEUTPATN30BaTh BIUSHUE KOoJdbMaTaluu. JlocTaTouHas HempoHHIlae-
MOCTb CTEHKH JOCTHTAeTCs TOJIbKO MCKYCCTBEHHOM KoibMmaTareid. [Ipu aTom nmeer

MCCTO 3HA4YUTCIbHOC T'MAPOMEXaHHUYICCKOC U BI/I6paI_[HOHHO€ BOSI[CI\/JICTBI/IG, IMO9TOMY

HCO6XOI[I/IMO, YTOOKI TOPHBIC ITIOPOABLI B CTCHKC MMCJIN HeKOTOpBIﬁ 3al1ac IMpOYHOCTH.

Tabmuma 2
PesynbraThl pacuera BenuuuH t u K,
Mectopoxacane |t HcxonHbie qanHbIe 115 pacdyera K, Ko
A4 B Pap Pn Cp A

[le6enuHckoe 0,927 |0,403|0,804 |- - - 0,41 |-0,004
Hle6enuHckoe - - - 1,437 10,928 | 0,492 | 0,41 | 1,068
Edpemorckoe 0,780 0,500 | 0,678 | - - - 0,41 |-0,040
OIIOIMIHSHCKOE 1,179 0,481 | 0,518 |- - - 0,37 | 1,075

IIpenen TekyudecTu Ts B COOTBETCTBUHU C Teopuen npoyHoctu Mopa-Kyiiona o
JTAHHBIM CTaHJAPTHBIX HMCIBITAHUNA PACCUMTHIBAETCS 1O W3BecTHOW (opmyrne. He-
TPYJIHO MOKa3aTh, YTO IS CKEJIeTa MOPOIbl 3Ta (hopMyJsia IPUMET BUJ

Ts = Toc + AOy, (10)
rae A - yrioBoit ko3 dumueHT; To. = To/C - CONMPOTUBIICHUE CIBUTY CKeJieTa MPU

O, = 0.
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Benuunnbl AEHCTBYIOMIMX B CTEHKE MAaKCUMaJIbHBIX KacaTeNbHBIX Tmax M HOP-
MallbHbIX O, HANPSDKEHUH 3aBUCAT OT 3HAYMTENBHOIO 4Yuciaa (PAaKTOPOB, a MOITOMY
JUTsl y10OCTBa MPUHSITHS PEIICHU MPeJIaraeTcs pacCYUTHIBATh 3aac MPOYHOCTH /1 B
paccMaTpuBaeMOM TOUYKE CTEHKH CKBaXKUHBI 1O hopmyJie

n=Tg [Ty (11)

Yrpyromy COCTOSSHUIO TOPHOM TMOPOJIbI B CTEHKE CKBAXKUHBI C YYETOM JUIH-
TEBHON MPOYHOCTH MOPoJ (yuuThiBaeTcs KOdPduimeHTroM K,;) COOTBETCTBYET yc-
JIOBHUE

KN > 1. (12)

CkBaxkxriHa paccMaTpUBAETC B IUIUHIPUYECKONW CUCTEME KOOPAUHAT, B KOTO-
POl KOMIIOHEHTA HANPSIKEHUN BIIOJb OCH CKBaXXMHBI 0003HaueHa Oz, B paauaibHOM
HaIpaBJICHUU OR U B TAHTECHI[MAILHOM HalpaBlieHUH O;. . [I0CKOJIBKY COOTHOIICHUE
KOMIIOHEHT HamNpsHKeHUH 10 pacueTa HEU3BECTHO, TO PACUEThl BBIMOJHAIOTCSA JIs
TpEeX BO3MOKHBIX CIIy4as HAMPSHKEHHOTO COCTOSTHUSA .

1) ecin |0,|>|G[>|GR|, TO Trex = (02— OR)/2; Og,. = (0, + OR)/2,

2) ecnn |Gy >|Q|>|0R| , TO Tmex = (Ot = OR)/2;  Og, = (01 + OR)/2;

3) ecin |05|>|GR[>|G] , TO Tmax = (0.~ 0)/2; O, = (0, + OY)/2.

[TIpoBepka BO3MOKHOCTH UCIIOJIb30BaTh BEJIMUMHY 3araca MPOYHOCTU B Kaude-
CTBE 00O0OIIEHHONW XapaKTePUCTUKU HAIMPSIKEHHOTO COCTOSIHUS TTOPO/IbI, Cllararoliei
CTEHKY CKBaXXMHBI, MPOBEJICHA MO SKCIEPUMEHTAJIbHBIM JIAaHHBIM, OIyOJIMKOBAHHBIM
H.C. TumodeeBbiM u ap. [lonbie 06pa3isl ropHON MOPOBI, MOJEIUPYIONINE BEPTH-
KAJIbHYI0 CKBQXXHMHY B YCJIOBHUSIX BCECTOPOHHETO C)KaTHsl, HArpy»>KajaucCh JaBJICHUEM
M0 OCH Z, MOJICTTUPYIOIIUM TeOCTaTHIEeCKOE JaBlieHue, U (PUKCHpOBANICS Tpeaen Te-
Ky4eCTH MOPOJbl CTEHKH CKBaXXMHBI. B Ha3BaHHOU paboTe ISl UCTIBITHIBAEMBIX TOP-
HBIX MOPOJ MPUBEACHBI JaHHBbIE 00 MX MOPUCTOCTH, Mpeiesie TEKYUeCTH MO IITaMITy
U MPOYHOCTH Ha OJHOOCHOE CIKATHE, YTO MO3BOJHIO ONMpeaeianTh 3aBucumocTH (10)
¢ yueroM macimtabHoro 3¢ dexra. [TockoabKy HaNpsHKeHUs B TOPHOM MOPOJIe U 1aB-
JICHUS PACCUUTHIBAIOTCS B O€3pa3MEPHOM BHUJIE, & TIPOUYHOCTHBIE XapaKTEPUCTUKH T0-

POJIbI pa3MEPHBIE, TO COOTBETCTBEHHO ObLTa IpeoOpaszoBana ¢opmyia (11):
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0= kz)ﬂ (Aocppe +T0c)

PeTmax

: (13)

rae Ky, - Koo huImeHT aIuTenbHoi npoyHocTH (B akcnepuMenTax Ky, = 1); p, - nas-
JICHUE CTOJI0a BOJIBI HA MOJICITHPYEMOi TTyOnHe.

Pacyetsl moka3zanm, 4TO0 MUHHMAaJbHBIC 3HAUCHUS 3araca MPOYHOCTH CTEHKH
CKBKHHBI TPYNITUPYIOTCS OKOJIO €IMHUIIBI. CpeHee apuPMETHIECKOe 3HaYSCHUE TI0
BceM onbiTaMm coctaBwio 1,004, a crannapTHas omuOka - menee 2 %.

HakJioHHas CKBaKMHA pacCMaTpUBAETCS B MWIMHIPUICCKON CHCTEME KOOPIH-
HaT W XapaKTePHU3yeTCsl TOTOJHUTEIBHBIM IMapaMETPOM - YIJIOM HCKPHUBJICHUS O.
OcobeHHOCTAMU pacdeTa Ty U Ogp SBISETCA TO, YTO 3TH HAIPSKEHUS B CTEHKE Ha-
KJIOHHOM CKBaKMHBI IPUHUMAIOT SKCTpEMaJbHbIe 3HAUCHHsS] HA OOKOBOM CTEHKE B T.

A ¥ Ha BEpXHEH CTEHKE B T. B. AHAIUTUYECKH MMOKA3aHO, YTO B T. 4

0,= 0;Cos’a + (01 + 2U(03— 01))Sin’a; (14)

o = (305 - 0;) Sin‘a + 20,Cos’a — O, (15)
U BT. B:

0,= 05(Cos’a — 2uSin‘a) + oy(1 + 2u)Sin“a; (16)

o = (30, - 03) Sin‘a + 20,Cos’a — O, (17)

raie O;u O3 - KOMIIOHEHTBI €CTECTBECHHBIX HaHpH)KCHI/Iﬁ B CKCJIICTC FOpHOfI IMOpOJHhI.

PaI[I/IaHBHBIe HaHmeeHI/ISI HC 3aBUCAT OT erIa adu OHpeI[eH}IIOTCH 110 Cl)OpMyJIe
_ 1
OrR =pn + _(pc _pn) (18)
C

B CJIy4Yae HEMPOHMIIAEMOW CTEHKH CKBAa)KUHBI, a B ClTydae MPOHUIAeMOU OR = p.

C ucnonp3zoBanueM nporpammel Microsoft Excel aBTopom coBmecTHO ¢
P.A. VcmakoBeim 1 A.H. TTonoBeiM pa3zpabotan "CraHmapT NpeanpusThs M0 METO-
JMKE pacueTa Auana3oHa JaBlIeHHs] OypOBOIrO pacTBOpa B CKBAKUHE U3 YCIOBHS CO-
XpaHEeHUs CTEHOK B yNpyroM coctosiHuu", BBeAeHHBIN B neiictBue ¢ 01.06.2004 r. B
OAO "HK "Pocuedtp"-CaxanuumopHedreras”, B KOTOpbI BOLUUIM PacCMOTPEHHBIE
BBIIIIE METOJUYECKHUE Pa3pa0OTKHU.

B pacuerax B xadyecTBe apryMeHTa MPUHATO OTHOCHUTENbHOE JaBjeHUe Oypo-

BOI'0 pacTBOpa B CKBaXkuHE p.. [lepeceyenne 3aBUCUMOCTH 7 OT p. ¢ opauHaTo n = 1
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COOTBETCTBYET KPUTHUUYECKOMY JaBJIEHHUIO B CkBaxkuHe. Ha puc. 1 npuBenen npumep
pe3ynbTatoB pacueta. [lpu p. < p., 3amacbl MIPOYHOCTH MEHBIIE SAUHUIIBI U CTEHKA
BEPTUKAIBHON CKBOXKUHBI HE MOKET HaXOJUTHCS B YIPYroM cocTossHUU. B nuamnazo-
HE Pg < Pc < Peg BCE 3aBUCUMOCTH 7 OT P, PaCIOJI0KCHEI BBIIIEC OPAUHATEL 77 = 1 (pCH u
Pes - HIOKHEE U BepXHee MpejebHble aBjieHus B ckBaxkuHe). Cliej0BaTeIbHO, 3TOT
JMaria3oH JaBJICHUN B CKBOXKMHE 00eCTIeUrBaeT YIIPYroe COCTOSTHUE €€ CTEHOK.

Pacuetsl mokazanu, yTo npu OypeHHUU B MECYAHUKAX C YIJIOM HCKPHUBJICHUS
oonee 80° oOecrieueHHe YHPYroro COCTOSHHS CTEHOK CKBa)KHHBI MaJIOBEPOSITHO.
[lecyanuku B CTEHKE HAXOMASTCS B HAINPSKEHHOM COCTOSIHUM, OJM3KOM WJIM MPEBBI-
HIAI0IIEeM Mpeesl TeKy4eCTH, YTO PE3KO YCKOPSET YCTaTOCTHBIE MPOIECCHl U MOBHI-
[IaeT OMAaCHOCTh MX pa3pyllIeHHs, a TakKe He oOecreurBaeT 3amac MPOYHOCTH Ha

IMPOBCIACHUC HCKYCCTBGHHOfI KOJIbMaTaluu.

Touka A Touka B
5 ' 5 - \ -
= < —O0—nl
5 4 7 5 4
(@]
> 33 Is 3 ——n2
a % o %
c @ Qo
62 1 N
8 \ 0 © —&—n3
g 1 =
™ | P o‘g 1 1
0 - Lo 0 Pes n=1
0,5 1,0 1,5 2,0 05 1.0 15 20
OTHoCUTEnNbHOE AaBrneHne B OTHOCUTENbLHOE AaBreHve B
CKBaXKMHe CKBaXKuUHe

Puc. 1. 3aBucumoct# n OT p. 715 IeCUaHHKA:
U dpHI IPU 7 COOTBETCTBYIOT CIy4asiM HANPS>)KEHHOTO COCTOSIHUS

PacueTsl, BoIIOMTHEHHBIE 7151 apTUJUIMTOB, MOKA3ald, YTO UX HadalbHAas MpoY-
HOCTb O0€cleuuBaeT ymnpyroe cocrosiHue cteHok. [lo Mepe yBenuueHus riyOUHBI
OypeHusi 1 yMeHbUIEHUS! KO3(PPULMEHTa ATUTEIbHON MPOYHOCTH JUAINa30H JOIyC-
TUMOTO JaBJICHHS B CKBa)XMHE OBICTPO CY’KaeTcCsl, U HAa MaKCUMaJIbHOM riyOuHe Oy-
peaus (h = 1577 m, o = 90°) 006nacTh JAOMYCTUMOIO JaBJICHUS B CKBaKHMHE CTaHO-

BuTCs He3HauuteabHO! (0T 1,33 mo 1,40). [pu camxennn Ky, 10 0,5 Toabko B KpOB-
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Jie HIPKHEHYTOBCKOTO MOJTOPU30HTA 00ECTIeYMBACTCS YIIPYTOoe COCTOSHUE apTHILIH-
TOB.

B uemeepmom pazodene nucceptanuy MpeCTaBICHBI pe3yIbTaThl UCCIIEI0BA-
HUI, HANIPaBJIEHHBIX HA TOBBIIIICHHE MEXaHUYECKON CKOPOCTH OypeHUs] M CHUKEHHE
paguaIbHBIX HArPY30K HA CTEHKY CKBKMHBI CO CTOPOHBI HHCTPYMEHTA.

bypenne ckBaxkuH Ha MecTopokaeHHH OONTy-MOpE OCYIIECTBIAETCS B OC-
HOBHOM Jojotamu ¢pupmbel Security DBS. B wactHoCcTH, OypeHHe MO dKCILTyaTalu-
OHHYIO KOJIOHHY (XBOCTOBHK) OCYIIECTBJISUIOCH IapomiedHbiMu aonoTamu S80F
(417), SB2FL (437) n S83FL (447), npenHa3HAaYCHHBIMH JJI MATKHX a0pa3HBHBIX
nopoa. B ckobkax man kox IADC. OcHoBHBIE CBeJieHUSI 0 paboTe 3TUX J0JIOT MPH-

BeIEHBI B Ta0I. 3.

Tabmuma 3
Pexxum 1 mokasaTenu padothl 1010T B uHTepBaiie 4005...5589 M no cTBoy
Pexxum paboThl [Tokazarenu paboThI
Harpys- | Yacrora | IIpo- [Ipoxonka | Mexanuue- | IIpoxonka
Honoro | ka,kH | Bpame- |MbIBKa, | HA J10J0- | ckas  cko- |3a 1 oGopor,
HUSA, alc TO, M pocTh, M4 | MM
00/MuH
S80F 50-100 85 30 60 1,02 0,20
S82FL 50-120 110 20-30 175 3,62 0,55
S83FL 120-140 110 20 155 3,86 0,58

N3 t1abn. 3 BUAHO, YTO MEXaHWYECKHE CKOPOCTH TPOXOJKH BEChMa HU3KHE.
OTHU UHTEPBAJIbI B BEPTUKAJIbHBIX CKBAKUHAX MPOXOAATCS MIAPOIICYHBIMU JOJI0TaMU
¢ mexanudeckor ckopocTbto 20...50 M/4. OCHOBHBIMH NPUYMHAMH TAaKUX HHU3KUX
CKOPOCTEH SIBJIAIOTCA: BO-TIEPBBIX, HU3KHUE OCEBbIE HArpy3KH Ha J0JOTO; BO-BTOPHIX,
pelikooOpa3oBaHue Ha 3a00€¢ M 3aBHCAHHE JIOJOT Ha BBICTyINax peiku. Huszkue Ha-
IPY3Kd Ha JOJOTO MPUMEHSUINCh H3-32 BBICOKOIO COMPOTHUBJIEHHUS BpalleHUIO Oy-
PHUJIBHOTO MHCTPYMEHTA B HAKJIOHHOW CKBa)XXHHE, KOTOPOE OOYCIOBJICHO TPEHUEM O
CTEHKHU CKBa)KHMHBI 32 CUET Beca JIe)KaIllero Ha CTeHKE MHCTPYMEHTA M 33 CUET YCUIIUS
pacnopa OTKJIOHSAIOIIEH KOMIOHOBKM B CKBaXKUHE. /[ ynpaBieHHUs KPUBU3HOU HC-
MOJIB3YEeTCs 3a00MHBINM OTKJIOHUTENh Ha 0a3e BHHTOBOI'O JBHUTATENs, MOCTOSHHO
BKJIIOUEHHBI B KOMIIOHOBKY, @ 3TO 3HAYUT, YTO OYypWJIbHBIM UHCTPYMEHT U J0JIOTO

Harpy>k€Hbl JOITOJHUTEIIbHON pPaadaIbHOM CWIOW, NPWXKUMAKOIIEH HX K CTEHKE
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CKBaXXHMHBI (CHJIOW pacriopa). 3ajlavya 1Mo CHUKCHHUI0O MOMEHTa CONpPOTHBIICHUS Bpa-
IIEHUI0O MHCTPYMEHTOB JOJKHA pPelIaTbCcsl KOMIUIEKCHO: HEO0OXOJUMO 00eCHeduTh
BBICOKHE CMa3bIBAIOIIYIO0 CIIOCOOHOCTh OypoBOro pacTBopa U 3(PHeKTUBHOCTH pabo-
TBI IEPUPEPUNHOTO BOOPYKEHHS TOJIOT.

Hu3zkast MHTEHCUBHOCTh pa3pyllI€HUs] TOPHOU MOPOABI CO3AAaeT OIaronpusTHhIC
yCIOBUS I peiikooOpa3oBanus Ha 3a0oe. Takue pexumbl pa3pylieHUs TpeOyroT
YMEHBILIEHHOTO Iara MopakeHus 3a00s, YTO JOCTUTAETCS TPYNIOBBIM KOOPIUHHUPO-
BaHHBIM pa3MelleHreM 3yOKOB B BeHIaxX. Jis yMeHbIIeHus] TpeOyeMoi paauaibHOM
CWJIBI, CO3/1aBAa€MOM OTKJIOHUTENIEM, HEOOXOIUMO MOBBICUTH 3(PPEKTUBHOCTH pabOTHI
nepudepuitHOro BOOPY>KEHUS MIapOIIIeK Kak MpH pa3pylieHuH 3a00sl, Tak U mpH ¢pe-
3epOBAHHUH CTEHKH CKBaKWHBI. [Ipu MpoBepKe TMMOTe3bl 0 PeKooOpa3oBaHNH Ha 3a-
0oe Obuta MpoaHaIM3UpOBaHa paboTa BOOPYXKEHHUs cepuiHbIX noinotr M3-I'B, M3-
['B-2 u M3-R-04 ¢ ucnonb3oBaHueM nporpammsl, pazpadorannoit B YI'HTY, koto-
pasi MO3BOJISIET UMUTHPOBATh OypeHHe U BOCIIPOU3BECTH Ha DKpaHEe JUCIIIEs TBUKE-
HUE BEHIIOB HIAPOIIEK C 3aJaHHBIMU T'€OMETPUUECKUMU U KUHEMaTHYeCKUMHU Iapa-
MeTpamu u GopmupoBanue uMu npoduis 3ados. [Iposepka mokaszana, uro nepude-
puitHble U npeanepudepuitHble BEHIBl Mapoiek (GOpMUPYIOT YCTOWYMBBIE PEHKH,
BEPIIMHBI BBICTYIIOB KOTOPBIX Pa3pylIalOTCs pa3aBiIMBaHUEM TEJIOM MIAPOUIKU. ITO
MPUBOIUT KaK K 3aBUCAHMIO JIOJIOTA, TAK U K 3HAYUTEILHOMY M3HOCY TeJa IIapoIliekK.

Jlia mpenynpexaeHus peiikooOpa3oBaHMs Ha 3a00€ MPEIOKEHO Ha OJHOU
HIApOIIKE YacTh 3yOKOB BHYTPEHHETO pAJia ABYXPSAIHOTO BEHIIA Pa3MECTUTD MOMAPHO
B CBETY 3yOKOB BHEIIIHETO PsAJa, @ Ha APYTOil MIapOIIKe YacTh 3yOKOB BHEITHETO Ps-
Jla pa3MECTUTD MOMAPHO B CBETY 3yOKOB BHYTpEeHHETo psaja. s yinydiieHus Kaiuo-
pyromel crmocoOHOCTH 0JIOTa W pa3pylIeHUs] PEHKH HEMOCPEICTBEHHO Y CTEHKH
CKBa)KUHBI M CIUPATBHBIX BBHICTYNIOB Ha CTEHKE Ha Mepudepun 3TUX MIApOIIeK yCTa-
HOBJICHBI TIOJIpe3HbIe 3yOKu. Ha mepBoil mapolike Takue 3yOKH YCTaHOBJIEHBI ClieBa
OT 3yOKOB BHEIITHETO PsiJia B CBETY 3yOKOB BHEIITHETO M BHYTPEHHETO PSJIOB U B CBE-
Ty MapHbIX 3yOKOB BHYTPEHHETO psja, a Ha BTOPOM IIApOILIKe - B CBETYy 3yOKOB
BHYTPEHHETO M BHEIIHETO PSJIOB TO CIpaBa, TO CleBa OT 3yOKOB BHEIIHETO pPsja.

OnHopsiaHbIN eprdepruiHbIN BEHEIl TPETheU MapOITKh OCTaBIeH 03 N3MECHECHHIA.
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OnucaHHOE TEXHUYECKOE PEIlIEHUE MOTYYEHO U 3alaTeHTOBAHO B COABTOPCTBE
¢ P.A. UcmakoBeiM, FO.I'. MaTtBeeBbiM, A.H. ITonoBeiM 1 A.B. Topramossim. [lpen-
JIaraeMoe BBITNIOJIHEHUE BOOPYIKEHHSI TPEXIIAPOIIEYHBIX JOJIOT ITO3BOJIAT PEIIUTh 3a-
Jady Kak IpeaynpexIeHus pekooOpa3oBaHUs Ha 3a00e nepudepuitHbIM BOOpYyXKe-
HUEM ILapouIeK U MOBbIMIEeHUs 3()(HEKTUBHOCTH pa3pyllIeHUs: TOPHBIX MOPOJ, TaK U
yIIy4IIeHHs KaTuOpyrouieil CocoOHOCTH J10JI0Ta.

B namom pazoene 000CHOBaHBI CBOWCTBA MHBEPTHO-3MYJIBCUOHHOTO pacTBOpa
(UDP) nnst OypeHHs CKBaXKHH CO CBEpXJATBHIUMHU OTXOAaMHU U CIIOCOOBI UX peaju3a-
1M, pa3padoTaHa KOHKpPETHas peLenTypa pacTBOpa, OTBEUArollas yCIOBUSAM Oype-
Hus ckBakuH Ha menbde CeBepHoro CaxanuHa, U TNPUBEICHBI Pe3yJbTaThl €ro
OTBITHO-TIPOMBIIIJIEHHOM anpooaiuu.

[Ipu OypeHun OypoBOW pacTBOP HAXOAUTCA B JIBYX COCTOSHUSIX: OJIHO — HOP-
MaJlbHOE B 00bEME CKBa)XKMHBI U BTOPO€ — U3MEHEHHOE B COCTaBe (PUIBTPALIMOHHON
KOPKU Ha CTEHKE CKBa)XMHBI, B KOTOPOW CYIIECTBEHHO YMEHbIIAETCs AOJS JUCIep-
CHOHHOHW CpeIbl M YBEIWYMBACTCS JOJS AMcIiepcHOU (asbl (Bomocoxepkanue). M3-
MeHeHHue cBoiicTB MIOP mpu mepexone ero u3 odbema B KOPKY [0 CHX IIOp HE pac-
CMaTpUBaJIOCh. ITO 00YCIOBICHO W3HAYAIBHO HU3KOM (DUIBTPYEMOCTHIO U BHICOKOU
€CTECTBEHHON CMa304YHOM CIIOCOOHOCTBIO TpaaUuIMOHHBIX coctaBoB MOP. Opnako
IIPU BBICOKOM BOJOCOJEPKaHUH IMYJIbCUU B KOPKE MO yKa3aHHBIM MOKA3aTesiM OHA
MOET yCTYIIaTb COBPEMEHHBIM OypOBBIM pacTBOpaM Ha BOJIHOM OcHOBeE. IIpumeHu-
TEJIBHO K OyPEHHIO CKBa)XMH CO CBEpPXJAJIbHUMM OTXOJaMHU BbICOKOEe KadecTBo M1OP
MOET OBITh 00ECIIEYEeHO MPH:

1) MakcUMaJbHOM MpENeTBHOM BOIOCOICPIKAHUH B0, COOTBETCTBYIOILEM
TaKOM KOHIIEHTpaluu aucnepcHoil ¢asel MOP, mpu KOTOpOH ero TepMOCTOMKOCTD
T'peo PAaBHA MAKCUMAJILHOM TEMIIEPATYPE B CKBAXKHMHE,

2) MUHUMaJIBHOM TipeaenbHoM Hanpspkerun casura (ITHC) B oGmactu BbICO-
KuX Bojocoaepxanuii UDP mist obecrieueHnst HU3Koro ko3 duIueHTa TpeHus Mex-
1y KOJIOHHOW U KOPKOH;

3) makcuManbHBEIX 3G (HEKTHBHON BSIBKOCTH I, TOKA3aTEIEe HECYIIEH CIOCO0-

http://www.tech-biblio.ru



19

T
HOCTH n=—2 ¥ KO3 (UIMEHTE TeMIEePaTyPHOTo pazkmxkeHus K, s obecrieyeHus

nin

BbIHOCA IIIJIJaMa, MPeJI0TBpalleHUs] 00pa30BaHHE CAIbBHUKOB U HapaOOTKU B PacTBOP
KOJUIOUTHOM TBEPI0M (a3oii.

B coorBercTBUM ¢ 3TUMH TpeOOBaHUAMH HaMU pa3pabOTaH >AMYJIbraTop-
crabunuzatop UDOP POC-T, nelicTBue KOTOpOoro ocHOBaHO Ha peanuzaimuu B MOP
YIOPaBJISIEMOr0 Tpoliecca TUIPOJUTUYECKON TMONMKOHACHCAIIMN, B KOTOPOM YYacT-
BYIOT QJIKOKCHITPOW3BOJIHBIC TIUIIEpUHA U IucrepcHas (aza smynbeuu (Bona). [po-
TEeKaHWEe KOHEYHOW CTaJlMu JTaHHOTO Ipoliecca KOpke o0ecrieurnBaeT NociaeHeld HU3-
KO€ CONpPOTHUBIIEHUE clBUra. B TO ke Bpemsi, MOJUKOHIEHCALU MPOLYKTOB THAPO-
732 aJIKOKCUITPOU3BOAHBIX IIHIeprHa B 00bemMe DOP HexenaTenbHa, Tak Kak B pe-
3yJbTaTe CHIKAETCS Hecylllas CIocOOHOCTh pacTBopa. [losromy suist ympaBiieHHs
MOJINKOHJIEHCALIMOHHOM cTaJuel mpouecca UCIOJIb3yeTCcsl HEMOHOT€HHBIM 3MyJIbra-
TOp, hopMuUpyOmuii Ha MeK(PazHON MOBEPXHOCTU IMYJBCUH 3AIIUTHYIO 000JIOUKY,
NPENSATCTBYIOUIYIO MOJUKOHJAEHCAIMM MPOAYKTOB THUIPOJM3a. 3allUTHBIA CIIOU
AMYJIBraTopa pa3pylIacTcsl TOJBKO MPH MOBBIIIEHUH BOJOCOAEPKAHUS U TEMIIEpaTy-
pel UDP B KOpKe, MHUIIMUPYS MIPOIIECC MOJUKOHICHCAINH, YTO 00ecreynBaeT Heoo-
XOJIMMOE U3MEHEHHE CBOWCTB pacTBOpa MpH Mepexoie U3 o0beMa B KOPKY.

CaoiictBa UDP Ha ocHoBe paspaboranHoro pearenta POC-T B cpaBHeHUU C
NDP Ha ocHOBe 0a30BBIX peareHTOB AMyJbraropa-crabuinuzaropa C-1 u smynbraro-

pa Hedrenon-H3 npuBenens: B Tabdi.4.

Tabaua 4
[Tokazarenu coiictB UOP nipu pa3HbIX TeMIiepaTypax
Peareut | T, C | Nyy(a), Ko n= 1o/, o, Typess €
mITald ¢t cm/30 mun (AHH)

POC-T 30 938 1,37 1279 3,5 175

90 1288 2674
C-1 30 386 0,57 957 13,0 160

90 221 863
Hedre- 30 70 0,50 131 12 70
Hos-H3 90 35 150
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N3 Tabn.4 cnenyet, uro pazpaboTaHHblil peareHT B cpaBHeHuu ¢ C-1 u Hedre-
HoJoM-H3 1o3B0osIsIeT MOBBICUTH TEPMOCTOUKOCTh, HECYIIYIO CIIOCOOHOCTh, KO3 du-
LIMEHT TEMIIEPATYpHOTO pazxkmwkeHus MOP, a Takke yMEHbIIUTH €ro MoKa3aTellb
¢unbTpaumu [/@. BBUny SIBHO HEJOCTATOYHBIX CTaOMIM3HpYIomuUX cBorcTB Hedre-
Hona-H3 B mocnemyrommx ombiTax MCMoiIb30Bajack kommnosunus Hedrenona-H3 ¢
pearenToM KomiutekcHoro nerctBus CMAJI-1IM (TY2458-001-50780546-01) B co-
OTHOIIIEHUU COOTBETCTBEHHO 1:3, KOoTOpas objamaeT 0ojee BHICOKUMH TEXHOJIOTHYE-
CKHUMU CBOWCTBaMH.

Bnuaane POC-T u 6a30BbIX peareHToB Ha cBoiicTBa Kopku MOP nokaszaHo Ha

puc.2.
W3 puc.2 BUAHO, YTO MPUMEHE-
25 1-P3C-T Hue pearenToB POC-T u komno3uuuu
3
20 {| 2-Cwmap Hedrenoma-H3 u CMA-IM (ma
© 3 - OmynbTan .\ |
c 15 - puc. 2 o6o3HaueH "Cman") mo3BoJsieT
(i) 10 | kpatHo cHu3uTh [THC xopxku NOP B
=
. 1 CpPaBHEHHUU C TIPUMEHEHUEM OMYIb-
W 2 taja. Huskoe mnpenebHOE HarpsKe-
o 1 1 1
125 175 2925 275 395 Hue casura kopku MOP obecneunBa-

KOHLI,eHTpaLI,I/IFl, % (06'beMH) CTCA IIpU COXPAaHCHHUU €€ arperaTruBb-

HOU YCTOWYHUBOCTH.
Puc. 2. BiusiHue KoHIIEHTpaIuu

pearenToB B IOP na ITHC npu Bo- Takum o6pazom, pazpaboTan-
noconepxxkannu 80% u Temnepary-

. HBI peareHT COOTBETCTBYET Tpebo-
pe 70°C

BaHUSAM Kak K OOBEMHBIM CBOMCTBaM
NOP, Tak u K CBOMCTBaM €ro KOpKH, 4YTO N03BOJMII0 pekoMeHaoBate POC-T nns no-
nayuyenus UOP, npumeHseMoro npu OypeHrur CKBaXKUH CO CBEPXJATbHUMU OTXOJaMHU.
Ha coctraB u cnoco6 nonyuenus POC-T namu B coaBTopcTBe ¢ A.f. COJIOBBEBBIM,
B.A. brnarosemienckuM, B.A. JIoku4eBBbIM U JIp. MOJTY4YEH NATEHT HAa U300pEeTEHNUE.
JIJ1s1 ONBITHO-IPOMBINIEHHBIX MCIBITAHUM HaMH TpeiuiokeHa peuentypa MOP Ha
OCHOBE JIM3€JIHHOTO TOTUIMBA U BOJHOTO PAaCTBOPA XJIOPUCTOTO KalbIUs B 00bEMHOM

cootHouennu 1:1, konnentpamus POC-T B koTopom, cornacHo puc.2, Obuia BeIOpa-
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Ha paBHO# 2,25 %. [locie smynbrupoBanus Boabl MOP Obl1 yTskeneH 6aputoM 10
mrotHoctd 1,17 r/em®. Pe3ynbTaThl HCC/IeOBAHMI HeCyIIell CIOCOGHOCTH U JTHITKO-
CTH GUIbTpaoHHON Kopku 3Toro MOP u 6a3oBoro pactBopa BMIDOP nansl Ha puc.3.
Penentypa BUOP: ned1h oxuuckas — 14,9%, nuzenpHoe ToruBo 24,3%, BOIHBIN
pacTBop xyopucroro kambuust (p=1,2r/cm’) — 36,7%, CMAJI-1IM — 3%, Dmyibran —
1,9%, u3Bects — 0,9%, opranorimua VG-Plus — 0,9%, 6aput — 17,4%. U3 puc.3 cie-
IYeT, YTO MPEAJIOKEHHbIA pacTBOP UMEET CYLIECTBEHHbIE MPEeUuMyLIecTBa nepen Oa-
30BbIM. [Ipumenenue paszpaboranHoro UDP Ha ckBaxuHax mectopoxxaeHus Omon-
Ty-MOpPE€ CaXxaJIMHCKOTO Ieb(a MO3BOJIWIO YMEHBIIUTh KPYTAIIUA MOMEHT Ha Oy-
puiIbHOM KoJioHHe B cpaBHeHun ¢ BUDP B cpennem Ha 8%, a takxke obecneyuThb

CIYCK B CKBRXMHY BTOPOM TEXHUYECKOM KOJIOHHBI 0€3 BpaIICHHUS.

1600 —; - 0,16
- OMbITHbIN -
) 1200 2 - 6a3oBbIN ‘:Jsg <0,12 - >
' 365 *— M
~ 800 A =9 2
) 5 2008
400 - g E O o—"
5 S 0,04 - -
0 ‘ 1
0 50 100 0 ‘ |
4 8 12 16
Temnepartypa, °C Bpemsi, MvH
a 6

Puc. 3. 3aBrCHMOCTH HecyIlel criocoOHOCTH 7 0T Temueparypbl UDOP (a)
Y JIUTIIKOCTH €0 KOPKH OT BpeMeHu (6)

B pesynbrare npumenenus pazpadborannoro M9P crouMocTs MeTpa MpoxXoaKu
cam3unack Ha 11,3%. B nenom, npu OypeHUN ceMu CKBaXXMH CO CBEPXJaIbHUMH OT-
XO0ZaMH OT BEPTUKAJIM C MPOMBIBKOM pa3paboTaHHbM MDP nonyden skoHoMUUeCcKHit

ad ekt 6onee 222 miH pyOIIei.
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OCHOBHBIE BbIBO/IbI U PEKOMEHIALIUN

1. Pazpe3 mectopoxaeHus: OIonTy-MOpe CIOXKEH MeCYaHO-TIMHUCTBIMH TTOPO-
JaMH BTOPOH M TpeThel Kareropuil TBepAocTu. IlecuaHble MOpoOIb UMEIOT 3HAYM-
TeJIbHBIC TPOHUIIAEMOCTh U TIIMHUCTOCTH, KOTOPHIE MPU B3aMMOJICHCTBUH C OyPOBHI-
MU pacTBOpaMH 0OYCIIOBIUBAIOT OBICTPOE CHUKEHHUE MPOUYHOCTHU MOPOJ BO BPEMEHH.
C yBenuueHHeM TTyOWHBI 3aJIeTaHUs WUMEET MECTO YIUIOTHCHHE HE TOJBKO TIIMHH-
CTBIX, HO U TecYaHbIX MOPoJa. C y4eToM COOTBETCTBYIOIIETO M3MEHECHHSI TUIOTHOCTH
TIOPOJT TPEJUIOKEHBI (POPMYJIIBI JJIT YTOYHEHHOTO pacdeTa reoCTaTUYecKOro JaBiie-
HUSL.

2. C ydyeroM MacmtabHoro s¢dexra onpeneaeHsl IPOYHOCTHBIE XapaKTepH-
CTUKH TOpHBIX mMmopoa. C ucrmonp3oBaHWEM OMYOJIMKOBAHHBIX JTAHHBIX IPOBEPEHO
BIIUSIHUE CTETICHU KOJIbMATAIlMH Ha CONMPOTUBIIEHNE CTEHOK CKBAKUHBI TUPOPA3PHI-
BY W YCTaHOBJICHO, YTO TOJBHKO TMOJIHAS KOJbMATAIHsI CTCHOK OKa3bIBaeT CYIIECTBEH-
HOC BJIMSTHUE HAa COMTPOTHUBIICHUE Pa3pyIICHUIO.

3. Pa3zpaborana MeTouKka MPOYHOCTHOTO pacyeTa CTEHOK HAKJIOHHOW CKBaXKH-
HBI, YTBEpXKICHHAsI KaK CTaHAAPT MPEANPHUATH, U BBITIOJHEHBI PacueThl, KOTOPHIC
MOKa3aJid, YTO TOPHBIE TOPOBI pa3pe3a, BCKPHIThIE CKBAXUHOW C YTJIIOM HCKPHUBIIE-
Hus Oonee 50°, HAXOAATCSA B HAMPSHKEHHOM COCTOSHUH, OJIM3KOM K MpEJeTy TeKyde-
CTH WJIH TIpeBbIIaroniemM ero. OTcyTcTBUe HEOOXOIMMOTrO 3araca MpOYHOCTU He Ta-
paHTUPYET yCreX NCKYCCTBEHHOW KOJbMATAIlUA CTEHOK CKBa)KMHBI.

4. Tlpn pa30ypuBaHUM MSITKUX TUTACTHYHBIX W IIACTUYHO-XPYIKHX TOPHBIX
MIOPO/T IAPOIIECYHBIMH JTOJIOTAMH UMEIOT MECTO OJIarONpHSTHBIC YCIOBUS I 00pa-
30BaHMs 3a00IHOM peWKW M 3aBUCAHMS HA HEW JI0JIOTa, a Takke o0pa30BaHHE CIU-
pPaNbHBIX BBHICTYIIOB HA CTEHKAX, 3aTPYIHSIONINX yIPaBICHUE KPUBU3HOU CKBaKUHBI.
O6ocHOBaHO U pa3pabOTaHO Ha YPOBHE M300PETECHHUS MIAPOIIEYHOE TOJIOTO C TPYII-
MOBBIM KOOPJAMHUPOBAHHBIM Pa3MEIICHUEM 3JIEMEHTOB BOOPYKCHHS B BEHIAX U C
HOBBIM TIPHHIIMIIOM Pa3MEICHHSI JOTOJHUTEIBHBIX KaTHOPYIOIIUX CTEHKY CKBAKH-
HBI 3yOKOB, 00eCreynBaroiiee He TOJbKO MOBBIMIeHNE 3((PEKTUBHOCTH pa3pyIIeHUS
320051, HO U A()PeKTUBHOCTU (pe3epOoBaHUs CTCHOK CKBAXXWUHBI MPU YIPABICHHUH

KPUBU3HOMU.
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5. IlpennoxkeH MpUHIMI aJanTaldyd CBOMCTB MHBEPTHO-3MYJbCHUOHHOTO pac-
tBOpa (UDP) npu nepexone ero u3 00beMHOTO COCTOSIHUS B PHIIBTPALIMOHHYIO KOPKY
3a CUeT pealu3aliy Mpolecca ruAPOIUTUYECKON MOJUKOHICHCAIUN aTKOKCUIIPOU3-
BOJHBIX ITMUEPUHA, HHULIUUPYEMOTIO0 TEMIEPATYPOH U KOHLIEHTPALMEN TUCTIEPCHOMN
¢a3bl pacTBOpa.

6. Ilonyuen Ha ypoBHE HM300pETEHUS U HUCIBITAH 3MYJIbraToOp-CTaOUIN3ATOP
NUDP (pearerr POC-T), obecnieunBaronuii BHICOKHE arperaTHBHYIO yCTOHYHMBOCTH
pacTBopa U GUIBTPALIMOHHON KOPKH U €€ aHTU(PPUKIITMOHHBIE CBOWMCTBA, a TAKXKEe XU-
MUYECKH CBSI3bIBAIOIINNA CBOOOIHYIO BOY B KOPKE.

7. Pazpaborana penentypa MIOP Ha ocHOBe AM3€IHHOTO TOIUIMBA W BOJHOTO
pacTBOpa XJOPUCTOTO Kaabliusl, cTadmn3upoBaHHoro 2,25 % POC-T u yTskeneHHO-
ro 6apuroM. ONBITHO-IPOMBIIIJIEHHBIE UCIIBITAaHUS NpeioxxeHHoro MOP npu Oype-
HUU JIEBSATU CKBAXXUH CO CBEPXJAJIbHUMH OTXOJAMH MOKA3aJIH, YTO MPEII0KEHHBII
pacTBOp 00ecreyrMBaeT KaueCTBEHHYI0 OUMCTKY CTBOJIA CKBAaXXKMHBI OT LIaMa, J0Jro-
BPEMEHHYI0 YCTOMYMBOCTD €€ CTEHOK M CHUKAET COIIPOTUBIICHUE IBUKEHUIO KOJIOHH
B CKBAJKHMHE.

8. Ilpu OypeHnu ceMH CKBaXUH Ha MecCTOpoaeHnru Oponty-mope MOoy4eH

SKOHOMMYECKUH 3P eKT cBbIlIe 222 MITH pyo.
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