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BBenenne

[IpoBenenye Mccnen0BaHMIA Ta30BbIX M Ta30KOHAEHCATHBIX CKBAXUH U obpaboTka nosny-
UCHHBIX TAHHBIX 10 HACTOSALIETO BPEMEHH perlaMeHTUpoBauch MHCTpyKuueit 1mo KOMILIEKCHOMY
MCCJICNOBAHUIO Ta30BbIX M Ta30KOHIEHCATHBIX TUIACTOB U CKBaXWH (1o pemakuueit I.A. 30oToBa
u 3.C. Anuesa), paspa6otanHoit OO0 «BHUUTA3» B 1979 I., yTBepxaeHHoi Munrasnpom CCCP
14 vions 1979 r. v uznannoi B 1980 r. (nanee — HUuctpykuus [1]).

3a nepuon, NpoILEALINii C MOMEHTA BBEACHUS WMHCcTpyKUMK B IeiicTBYE, BBINOTHEHO GOJTBIIOE
KOJIU4ECTBO PabOT MO UCCIEIOBAHMIO CKBAXUH M HAKOIUIEH 3HAYUTEIbHbIA OMBIT HX MPOBEJCHUS U
00paboTKH pe3y/ibTaToB, B CBA3M C YeM BO3HUKJIA HEOOXOAMMOCTD MO pe3yJabTaTaM IIpOBEIEHHOIO
aHanmn3a 1 00OOLICHHUS MMEIOLIMXCS 3HAHUI, ONbITA Pa3paboTaTh HOBBII HOPMATHUBHBIN TOKYMEHT
OAO «T'aznpom» B cTatyce «Pekomennanym»: P I'azripoM «MHCTPYKLIMSA 110 KOMITIEKCHBIM UCCIIENO0-
BaHMAM ra3oBbIX U [A30KOHICHCATHBIX CKBAXMH» (Janee — PekomeHaaLum).

ITo pe3ysnbratam anpobauun Pekomennauuii Ha MPAaKTHKE HA UX OCHOBE MOXET ObITh ITOATO-
TOBJIEH KOMILIEKC cTaHaapToB OAO «["a3npoM» B 06J1aCTH KOMILIEKCHBIX MCCIENOBAHUI Ta30BbIX U
ra30KOHAEHCATHBIX CKBAXUH.

PekoMeHmaLnu cocTosT U3 IByX YacTeil, U3NaHHBIX B IBYX TOMax: 4yactb I — cobcrBeHHO UH-
CTPYKUHMS; YacTh Il — MeTonnyeckue ykazaHus mno ee mpuMeHEHHIO.

IIpu noarotoske, npoBeneHnM U 06paboOTKE pe3ynbTaTOB MCCIENOBAHMUI CKBaXUH, B TOM
HUCJIE C UCTIOTb30BAHUEM KOMITBIOTEPHBIX TPOTPAMM, CJIEAYET PUMEHSTD YacTh I,

Yacrs l aBnsieTcs BcmoMoraTenbHOlM M BKITIOYAET peKOMEHAAIIMH TTO pELEHUIO BOTIPOCOB IS
KOHKPETHBIX YCIOBUI Pa3iMYHbIX MECTOPOXICHMIA (3aexeir).

Anementsl «[Ipennciosues, «BBenenme», «bubnuorpadus», «bubnnorpacduueckue JIaHHBIE»,
pasnesibl «O01acTh NpUMEHEHMs», «HOpMaTUBHBIE CCBITKI», «TepMUHBI, onpenesieHust, COKpaLeHUsI
1 0003HAYCHUsI» ABAIOTCSA CAMHBIMU JUIs 00EMX YACTEH M PACTIONOXEHbI B YacTH .

Penakunonnas kosuterus: B.U. Mapunus, [1.B. Jhoraii, 3.C. Anues. [on o61wueii penakimeii
I'.A. JlaHuakoBa. ABTOpCKHii KoyutekTHB B coctase: C.H. bysunos, 10.H. Bacuibes, T.I. OctpoBckas,
C.I'. Paccoxun, ®@.P. Bunanos, I0.M. ®puman, A.H. Bonkos, C.A. 3aHouyes, 3.b. Byxranrep,
I'.C. AkonoBa, F0.M. Kopuaxkuu, H.M. [Tapdenosa, 10.A. Tlepembiiunes, A.E. Poikos, AJI. Te-
pexos, b.0O. bynnukos, A.A. Tumakun, H.U. Xoneesa, B.T. Wnbauukast, J1.H. Kopyaxkuna, A.B. Mu-
3uH, M.A. Tpunenko, I'.C. ®enoposa, T.I1. AHHEHKOBA (000 «I'asmpom BHUMT'A3»); J1.A. Mapa-
KoB, A.A. Pe6GpukoB, A.A. Epmonaes, b.E. Comos (PTY HedTH 1 rasa umenn U.M. I'y6kuHa);
A.U. IToHomapes, A.B. Kouwenes, B.A. Crasuukuit, 9.T. Crpoitnsiit, I.C. JIu, A.A. TopomuuH,
['M. Cuithuk, B.A. Msuibues, M.T. XKapukos, T.A. XKabcekaa, O.A. Hurunun (000 «a3npom mo-
Obrya Ypenroii»); B.®. Hosonaumu (OO0 «TiomenHWHrunporas»); C.E. Epwos (Jenaprament

10 TOOBIYE ra3a, ra30Boro KoHaeHcara, Hetu OAO «Fasnpom»).
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PEKOMEHIAIIH OTKPBITOIO AKIITMOHEPHOT'O OBIIECTBA «TA3IIPOM»

UHCTPYKIINA 1O KOMILUIEKCHBIM UCCJIETOBAHHUAM I'A30BbIX
U FTASOKOHJIEHCATHBIX CKBAXKHH. Yacts 11

Nara BBegenuss — 2011-04-29

MeToanyecKne YKa3aHHs [0 NPOBENEHUI0, 00padOTKe JaHHBIX M HCNO/Ib30BAHUIO
pe3yJIbTATOB KOMILTEKCHBIX HCCJIEIOBAHMIA Fa30BbIX U Ta30KOHIEHCATHBIX

CKBAaXHH

1 KoMieKCHpOBaHHE METOIOB MCCJIeJOBAHMI CKBAXKHH

1.1 O0mue nonoxeHus

JLts KaxKnoro KOHKPETHOTO paifoHa, TUIOHANN, MECTOPOXIEH S, KOHKPETHOM CKBaKMHBI WK
IPYNIbl CKBAXWH B COOTBETCTBHU C MPOEKTHLIMHU YCIOBUSIMU CTPOUTENILCTBA U SKCILTyaTalld, a
TaKXKe C OCOBEHHOCTSAMM Te0JIOTMYECKOro CTPOEHUA 3a/1€XH PEKOMEHAYETCS1 COCTAB/IATH MPOEKTHBIH
KOMILIEKC UCCIICAOBaHMIE, OMAIEXKAIUI 00513aTEILHOMY BbIIIOJTHEHHIO.

[poeKTHBINA KOMILTEKC I0/IKEH 00ecTieunBaTh 3¢ (HeKTHBHOE PELICHHE COOTBETCTBYIOIINX 38~
[a4 ¥ KOHKPETU3UPOBaTh COCTAB METONOB UCCIENOBAHUM, MX OObEM M OXBAT CKBAXMH Ha TIOIIAIH.

[TpoeKTHBI KOMIUIEKC MCC/IEJOBaHUH B COCTaBE MPOEKTHBIX JOKYMEHTOB Ha T€0JIOTHYECKOe
M3ydeHHe Hellp, pa3paboTKy ra30BbIX M Ta30KOHAEHCATHBIX MECTOPOXKACHUH COIIACOBBIBAETCH Opra-
HAMU TOCYIapCTBEHHOTO T€0JIOTMYECKOTO KOHTPOJISA, OCYIIECTBIISIIOLIMMHI HAA30p U KOHTPOJIb UX BbI-
NOJTHEHHUS.

KoMImieke McciieqoBaHU BLHIOKpAeTCs B COOTBETCTBUU ¢ Ha3HAYCHHEM CKBaXHUH, I€0JIOrU-
YeCKMMU M TEXHUYECKUMMU YCJIOBUSIMU UX CTPOUTENBCTBA M 3KCIUTyaTalMu. B KOMILIEKCHI BKITIOUAIOT
METO/IbI, OCBOEHHbIE B OTEUECTBEHHOI MpakTHKe. [To Mepe ocBoeHMs U anpobdaluy HOBBIX METOIOB
KOMILIEKCHI MOTYT JOIOJIHATHCS.

B cOBpEMEHHBIX YCJIOBUSX KOMIUIEKCHI JOJIKHBI ObITh OPUEHTUPOBAHB! HA IPUMEHCHNE UG-
POBOJ KOMITHIOTEPH30BAHHOMN TEXHUKH  KOMOWHUPOBAHHbBIX CKBAXUHHBIX [IPUOOPOB (Monynei).

B nepuon reosioro-pa3se10uHbIX paboT Ha ra30KOHIEHCATHOM MECTOPOXIEHUH (T'KM) B 06s1-

3aTeJIbHOM TMOopsAaAKe ITPOBOANTCA KOMILICKC, BKJIIOYAIOLIMNA YEThIPE OCHOBHBIX BHIA UCCIIEAOBAHUNA:

H30anue opuuuaasnoe



P I'aznpom 086-2010

- NETPOU3NIECKUE UCC/IEOBAHNUS: HEOOXOMMMBIE TS U3ydeHUs TUTOIOTMIECKHX XapaKTe-
PUCTHK U (QUIIBTPALIMOHHO-EMKOCTHbIX ¢BOICTB (PEC) ropHbIX nopox;

- reopusnyeckue uccnenosanusi (FTUC): HeoGXxonuMble IS U3YYEHUS CTPOCHHS U CBOWCTB
BCKPBITBIX CKBAXWHO FOPHBIX [OPOJI, BBIABIEHUS] U OLEHKH CONEPKALIUXCA B OPOAaX (PIIONIOB;

- rasonuHamuyeckue uccnenopanus (IIUC): nonyyeHne nHboOpMaLUu 0 TepMOBAPUIECKUX
MapaMeTpax IJ1acTa U TepMObapu4eCKUX NapamMeTpax paboThl CKBAXKHUHBI C MOCIEAYIOLIIM PacyeToM
(UIBTPaLMOHHBIX CBOMCTB KOJIIEKTOPA;

- ra3okoHaeHcaTHble uccaenoBanust (’KH): nsyueHue ra3oKoHIEHCATHO XapaKTepUCTUKU
(I'KX) razokoHaeHCaTHOM 3a1eXU.

[lepsble Tpu BUIa uccneoBaHMi M3yUalOT Mopomy-KoiekTop, a F'KU usyuatot dioun.

3adauu KomnaekcHbix uccaedo8anuil

IIpu poBeneHnu nccnenoBaHMi TOXKHBI GBITh MOJTYYEHBI CIEAYIONIME NTAHHbIE O CKBAXMHE,
NPOAYKTUBHBIX TUIACTAX U HACHIINAIOIIMNX UX DIIoUIax:

- OLIEHKHM MTapaMeTPOB pexXrMMa paboThl CKBAXUHBL;

- 3HaUYCHMsT DUITBTPALIMOHHO-EMKOCTHBIX CBOMCTB KOJLIEKTOPA (TMAPOINPOBOIHOCTH, [1b€30-
MPOBOJHOCTH, POHULIAEMOCTH, TIPOAYKTHBHOCTH);

- JAHHBIE O TUIIaX XU MECTOIOJIOXKEHNH HEOXHOPOAHOCTEN U IPaHULL B IUIACTE, 0OYCIOBIEHHBIX
JIMTOJIOTUYECKUMH U TCKTOHUYECKUMHU OCOOEHHOCTSIMU CTPOEHUS 3AJIEXMU;

- [1apaMeTphl S3HEPTETUYECKOI'O COCTOSHUS CUCTEMBI «CKBaXXUHA-TUIACT» — IIACTOBBIC XABJIE-
HUS, IETIPECCHH;

- XapaKTepUCTUKK KavyecTBa COBEPLIEHCTBA BCKPBITUS TUTaCTa M COCTOSHUS NMPU3aboifHOM
30HbI CKBaXHH;

- COCTaB IJIaCTOBOM yriieBonopoaHo# (YB) cuctemsl, ee hazoBoe COCTOSIHUE, MOTEHLMANbHOE
COIEPXaHUE B HEM KaK Pa3INUHBIX KOMIIOHEHTOB, TaK W TPYIII KOMIIOHEHTOB.

HMudopmauus, mosydyeHHas B pesysbTaTe IPOBEACHHs KOMILIEKCA UCCIEOBAHMIA, HCTIONb3Y-
€TCs1 VISl PELLIEHUS CIIeMYIONINX T€0JIOTO-TTPOMBICIOBBIX 33]aY;

- ONTUMM3ALMHU PEXHUMA U CITOCO0a IKCIUTYyaTallMM CKBaXXKMHBI U [U1aCTOB;

- YTOYHEHUS Te0JOTUYECKOTO CTPOCHUS 3aJIEXH,

- OLEHKH 3HEPreTUYECKOTO COCTOSHHUSL 3AIEXKM;

- OLICHKM Ka4eCTBA BCKPBITHS U COCTOSHUSI NPU3aO0MHON 30HBI CKBAXUHBDI;

- KOHTpOJIs1 9p(HEKTUBHOCTU MEPOTIPUSITHI BO3NEACTBUSA Ha ILUIACT;

- ONpeleIeHUs 6aTaHCOBBIX M M3BJIEKAEMBIX 3aI1acoB CsH,,,, n apyrux komroHeHToB YB
CHUCTEMHI;

- U3MEHEHMS B [IpoLiecce pa3paboTKK MMOTEHIMAIBHOTO colepxkaHus B YB cucteMe Kak pas-

JIMYHBIX KOMITOHEHTOB, TAK W I'PYIIT KOMIIOHEHTOR,;
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- oMnpenesieHust TOBapHOW XapaKTEPUCTUKH LEJICBBIX POAYKTOB;

- U3MEHEHUS B IIpoliecce pa3paboTKM TOBAPHOH XapaKTEPUCTUKH LIETEBbIX IIPOXYKTOB.

[Tpy 060CHOBAHUHK KOMIUIEKCA U METOIOB 0OpabOTKM pe3y/ibTaToB UCcCIeIOBaHWIH 11 KOH-
KPETHOTO OOBEKTa BBITMOJHSETCS] aHA/IU3 TOCTOBEPHOCTH M OLEHKA IPaHML NPUMEHUMOCTH Tiepe-
YHCAEHHBIX MeTonoB. [Ipy aHANM3e YUUTHIBAIOT OCOGEHHOCTU MPOBEICHHUS N3MEPCHHIA (TEXHOIOTH-
yecKue NeOUTHI, COCTaB M CTAOMIbHOCTb IPUTOKA, BO3MOXHbIE MIEPUOABI ITPOCTOS CKBaXHH).

UCHIOMHUTENSIMU U TIOTPEOUTEIAMU KOMILICKCHBIX NCCIIEN0BAaTEIbCKUX paboT U UX COCTaB-
JITIOIMX MOTYT SIBJISITHCSL HEOPOTOJIb30BaTelM M OPTaHMU3AIMU, BBITIOIHAOIIME KOMIUICKCHbIE HC-
CclIeI0OBaTENbCKUE PAOOTHI HA OCHOBAHUY Pa3pelleHni, BbIIAaHHBIX B YCTAHOBJICHHOM IIOPANIKE Opra-
HaMU yIpaBJlieHHst TOCYIapcTBEHHBIM (OHIOM Help.

[1poV3BOIMUTEIAMH KOMILTEKCHBIX NCCIIENIOBATENILCKMX PAOOT U UX COCTABIAOLINX MOTYT 5B~
JATbCS TeoU3NYECKUE OPraHM3alny (IpY BEITIONTHEHUH IeOPU3UICCKUX HCCIENOBAHUN B CKBAXH-
Hax), He(Tera3oao0bIBalOLIME OPraHU3aluM (IIOApa3aeNeHUs — HUUIPr, HHWb, uccaenosa-
TeJbCKME IIEHTPHI), HAy4HO-MCCAEN0BATENCKHE M TIPOEKTHBIC OPraHM3alMu (foapa3eieHns —
LIEHTPBI, OT/EJbI, IJAG0PaTOPHH, [IaPTUK) U APYTUE OPraHU3aMHU, MMEIOLLNE IMLIEH3MH Ha OCYIICCTB-
JIeHUE COOTBETCTBYIOLIMX BUIOB JCSITEIBHOCTH, CBA3aHHBIX C KOMIUIEKCHBIM U3YYE€HNCM U MCIOJb-
30BaHUEM HeIp.

MeTonnueckye OCHOBBI KOMILIEKCHPOBAaHUS UCCIEI0BAHWIA MPpUBeAeHbl B Tabnuue 1.1.

Ta6avua 1.1 — [IpUHLUTIB KOMILIEKCUPOBAHUS U 3TATTbl U3YYEHHUS F€0NIOTO-Te0Qu3NIeCKUX
XapaKTepPHCTHK I1acTa v (QJIIoUIoB

STansl OCBOCHHSsI, COTTACOBAH-
3anaym, u3ydaemsie reojoro-reopu3anuecKue

MeTtoasl n3ydeHus HOCTb U CHHXPOHHOCTb BpEMEHHU
XapaKTepUCTUKK U JaHHbIE
c6opa NaHHBIX, HCTTOMTHUTENN
1 2 3
CTpyKTyphl, cTpaturpadusi, perepHbie ropu-
. PYKTYPHI, CTD pacus, perep p TTouck U pa3Benka, MHXEHEPbI-
CeiicMopa3Benka 30HTHI, (PIIOH/IbI, MEXKCKBAaXUHHbIE HEOTHOPOA-

reopu3UKHu
HOCTH, pa3pbiBbl, COPOCHI

3aKOHOMCpHOCTI/I 0CaaAKOHAKOIUICHHUA, JUTOJIO0- Pa3penka, OTKPBITHE U pa3pa-

leonorus
rUs, CTPYKTYpa, pa3pbiBbl U TPELLUHUHBI GOTKa, UHXEHEPbI-TeoJ0TH
[nyOGyiHa, AUTOJIOT U], TOJNILMHBI MIACTOB, NOPK-
PasBenka, OTKpBITUE U pa3pa-
CTOCTh, (PJIIOMIOHACHIIIIEHHOCTb, KOHTAKThI
Kaporax 60TKa, reoyioru, NeTpoPU3nKu,

(BHK, 'HK, I'BK), koppeisiLiusi MEXIy CKBa-

UHXEHEPbl
KUHAMHU

Bypenue, reosioru, HHXEHEPHI,
OypOBUKH, pa3pabOTUUKHU U CITe-
LIMATHCTHI JJabopaTopuit

Tun XxoaneKTopa, HacbILLEHHOCTb, MOPUCTOCTD,

Ot160p KEpHOB
MPOHMLIAEMOCTb, HEOIHOPOAHOCTD I1jiacTa

OTHocuTeTbHAS IPOHULAEMOCT, KanuuisipHoe |OTKpbITHE U pazpaborka, UHXKe-
CneumanibHble [aBJieH1e, CKIMMAeMOCTb [10P, TPAHYJIOMETPUSI, |HEPbl-T€0I0TH, Pa3pabOTIMKH,
pacripeiejieHue Top 1o pa3MepaM CTIeLIMauCThI JabopaTopuit
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Oxkonvanue mabauyw 1.1

Iransl OCBOCHHA, COIJIaCOBAH-
3a11alm, H3y4yacMbIe FCOHOFO-FCO(I)I/BI/I‘{CCKHC
MeToas! H3YyUCHHA HOCTb H CHHXPOHHOCTb BpeMEHU

XapaKTEePUCTUKH U JaHHbIE
cbopa NaHHBIX, UCTIOTHUTEN

1 2 3

OTKpbiTHE U paspaborka. B ne-

['a3okoHmeHcaTHbIE HC- puon I'PP 'KH nposopsrtcs
KI'®, npobsl

C/Ie10BaHUs nociie TANUC, Bo Bpems paspa-

60Tk 'KM — o THUC

CocTab 1U1acTOBOIO rasa, Ko3pQULUUEHT ycanKu
KT'H, noteHunanbHoe cogep)xaHue KOMIOHEH-
JlabopatopHbie (pU3MKO-|TOB, AaBNEHKE HAYAIA KOHACHCALIMH, k03¢duLn-|OTKphiTHE, OKOHTYPUBAHUE,
XUMUYECKUE U TCPMOM-|EHT U3BJIEYCHMS] KOHIEHCaTa, 0ObeMHbIii Ko3d-  |paspaboTka v 106bIYa, HHXe-
HaMUYECKUE UCCIIEN0BA- ((PULIMEHT B IUIACTOBBIX YCJIOBUSIX, CKMMAEMOCTb  |HEPBI-Pa3pabOTYMKK U CrIeLUa-
HUA Npod MIaCTOBBIX BOIIbl, HedTH, rasa, BA3KOCTb, PACTBOPUMOCTb ra- |JIMCTHI Naboparopuii PVT 1 xu-
(hnonnos 30B, XUMHUYECKHIA COCTAB BOAbI, (Pa3oBbIe NMpeBpa- [MUKM-aHAUTMTHKH

LICHUS, YAEJIbHDIA BEC, CTPYKTYPHO-MEXaHUYE-
CKHE (peonornyeckue) CBOMCTBA

TlnacToBble NaBAEHHS, THAPONPOBOLHOCTD, Te0-
['MaponvHamuyeckne  (MeTpuuecKue pa3Mepsl M1acTa, HATHYME pa3pbl-
UCC/IENIOBaHKS CKBaXWH (BOB M HEMIPOHHLIAEMBIX rPaHUL, KOS(PPULMEHTDI
(raAncC) NMPONYKTUBHOCTH U NMPUEMHUCTOCTH, OCTATOYHAS
He(TEHACBIIEHHOCTh, CKUH-(PAKTOD

OTKpbITHE, OKOHTYPUBAHUE,
paspabotka, 100bl4a U HaTHeTa-
HME XUAKOCTEH U ra3oB, MHXeE-
HephI 110 pa3pabdoTke U A00bIYe

Texywas npombicnosast undopmauus (TITU), [Jo6biya U HarHeTaHue B npo-

TEKYLINE ¥ HAKOIUIEHHbIC NCOMTHI He(pTH, rasa  |uecce pa3paboTKH, IPOMBICIO-
Hobblua 1 HarHeTaHue

U BO[BI, a TaKXe JeOUTHI HATHETAEMBIX BOIEI Bble MHXEHEPHI 110 100blYe
M rasa, npouin oTAaYu U MPUEMUCTOCTH U pa3paboTke
Pesynbrarsl PUHAHCOBO-3KOHOMMYECKUX pacye- | DHHAHCOBO-3KOHOMUYECKHE
DOUHAHCOBO-3KOHOMMU -
GeCKIi aHAIN3 TOB MOJY4E€HUS MHPOPMALIMHU O ILIACTE U 3¢- CIYXOBI, UHXEHEPbI-3KOHOMMU -
(DEKTUBHOCTH €€ UCITOIb30BAHUS CThI ¥ pa3paboTYNKH

1.2 MOHHTOPHHT TeXHOIOTHYECKHX NAPAMETPOB

OcHoBHbIe TpeGOBaHMs K OXBAaTy M MEPHONMYHOCTU MCCIEHOBAHHI M 3aMepOB, 0BeCTIeUl-
BAIOIIME HEOOXOIMMYIO ITOJIHOTY M KAUECTBO UCXOIHBIX AAHHBIX JUISl TEKYILIETO MOHHTOPUHTA paboTHI
CKBaXWH U1 NOJ3eMHOI0 000pYyNOBaHUS, IIPEACTaB/Ie bl B TabnuLe 1.2.

MOHHTOPHHT TepMOGAPHYECKMX TEXHONOTHYECKMX TAPAMETPOB PEKOMEHIYETCS OCYLIECTBIST
C MCMOJIb30BAHUEM CTALIMOHAPHBIX MHGOPMAILIMOHHO-U3MEPUTEILHBIX CUCTEM JIMOO aBTOHOMHBIX
CHCTEM H3MEPEHUS.

MOHHTOPHHT 3KCITyaTallMOHHBIX TAPaMETPOB B CKBAKHHE PEKOMEHIIYETCS TPOBOIMTD C OMO-
1bto cTauroHapHbIx cucteM (CMHC), momenaeMpIx B CKBaXKMHY Ha IUTUTENbHbII CPOK M MTO3BOJISIIOILMX
NOMYYUTD OOJIbLIONH 00beM HalexkHOMH nHMopMauuu. JIUCTaHIMOHHBIE CPeCTBa usmepeHust CUUC
NPEACTABIAIOT COOO MHOroMNapamMeTpUIECK1e KOMIUIEKCHBIE IPUGOPbI Ha KabeJle, MO3BOSIOLIHE [PO-
BORWTD JUTUTE/IbHBIC U3MEPEHHsI B CKBAXKHHE B PEXMME PeaIbHOro BpeMeHHU. [10106HbIE CUCTEMBI peKo-

MCHAYETCA UCTIOJIB30BATh VISl CIIELIMATBHBIX TEXHOJIOTUYECKHUX U TMAPOINHAMHUYECKUX UCCIIEAOBAHUIA.
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Ta6nunua 1.2 — PekoMeHayeMas NepUOIAYHOCTD TEKYILIUX UCCIENOBAHUI CKBAXHH

3anauu
Ouenka koatduumed- | W3mepeHue
Tunsl ¥ 06beKThI! TOB OUIBTPALIMOHHBIX 3a00HHOIO H3MepeHue MIacTOBOrO AaBJIEHUS K
HUCCAeI0BAHUIN COMPOTHUBICHUI NaBIeHUS OII"{IT(I;?%
[Mbe3omeTpuue-| KOHTpOJIBHBIE
[o6bIBaloline CKBaXX UHbI
CKME CKBaXKMHBI CKBaXXHHBI
| 2 3 4 5 6
1 HavasibHast cranus pa3padoTku
Oxgart, % 25 100 100 100 100
10 pa3 B roa unu 1 pa3
[MeproguyHOCTD 1 paz Bron 4 paza B rof 1 pa3 B ron? P A b p
HETNpePBIBHO B rom
2 Ctanys IpOMBILLLIEHHOM pa3paboTKu
Oxsar, % 20 100 100 100 100
2y |8—10pasBronmmm| 1pa3
IMepronuuyHOCTH 1 paz Bron 2 pa3a Brof | pa3 B ron 1)
HETPEPLIBHO B rof
3 Craaus nagarouieit 106b4u
Oxsat, % 15 100 100 100 100
10 pa3 B roa uiu | pa3
IlepuoaAMYHOCTD 1 pa3 B roa 1 paz BT1OA 1 pa3 B ron? p A 1 P
HeNnpepbIBHO B 1ol
) MHauBUAYaNbHBIA KOHTPOJD € TTIOMOIIBIO CTALIMOHAPHBIX MHGOPMALIHOHHO-U3MEPUTEIBHBIX CUCTEM
(CHUUC).
2) 3amep r1yGMHHBIM MAHOMETPOM.

ABTOHOMHBIE cucteMbl MoHUTOpuHIa CUMC cniyckaloTcsi B CKBaXkXMHY Ha [POBOJIOKE JINOO
HEMOCPEACTBEHHO BCTPAMBAIOTCSA B 2JIEMEHTHI KOHCTPYKLIMM (HAlpuUMeEp, MOMELIAIOTCS B KapMaH
JUGTOBBIX TPYO MK KpensaTcsl K MydTam o6cafHON KOJOHHBL C TOMOUIBIO CIIELMATIBHBIX SIKOPHbIX
YCTPOWCTB Ha NIEPHOI OCBOEHUST WK ONpPe/eeHHBI TePHUO MOCie MPOBEAEHUS PEMOHTHBIX paboT B
CKBaXXHHe).

MOHHUTOPHHT ra30KOHIIEHCATHON XapaKTePUCTUKU PEKOMEHIYETCS OCYLLECTBIIATE C UCIIO/Ib-
30BaHMEM ITOMHOTIOTOYHBIX CeNapalOHHBIX YCTAHOBOK, CMOHTUPOBAHHBIX HAa YCThe KOHTPOJIbHBIX
CKBaXMH. B HauanbHbINM Tepuoa pa3paboTKU BO3MOXXHO NpoBoauTh [' KU yepe3 KOHTPOJIbHBIL cemna-

parop, cMOHTHpoBaHHBIH Ha ruowmaake YKIIT (VIIIIT).

1.3 PexoMeHaanuu N0 TEXHOJIOTHH H NEPHOIHIHOCTH HCCJICAOBAHMI

TazornapoaHaMHUYECKUE UCCIEIOBAHMS IKCIUTyaTaAlMOHHBIX Ta30BbIX CKBaXHWH NMPOBOIST
MO TEXHOJIOTUSAM HUCC/IedoBaHuil rIpy ycTaHoBuBlieiicss (/1) n HeyctaHOBUBIIEHCS DWIbTpaLUU
(KB, KC) u MHorouunknoBsiM TexHosorusiM UI-KBI, UA-KCJ. ManoMeTp npu u3MepeHUsIX
JOJIKEH HAXOJUTHCS Ha 3a00€ B HEMOCPEACTBEHHOM OIM30CTH OT HcciaenyeMoro rmiacta. s yyera
HEJIMHEIHOM 3aBUCUMOCTH 1e0MTa OT AEIPECCUUN KOJHUECTBO pexXumoB st Meroga M1 momxHo
OBITh He MeHee TIATH. C HeJIbI0 KOHTPOJIS BBIHOCA XUAKOCTH U3 MAaCTa U Ta30XXUAKOCTHOIO ITOTOKA B

CTBOJIE pEKOMEHAYIOTCSI CHHXPOHHBIC U3MEPEHHS NJaBJICHUS Ha YCTHE U HA 3aboe.
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I'naponnHaMmyeckre uccie10BaHMS TOPU3OHTATBHBIX CKBaXWH. B IIMTEIbHO NpOCTanBalo-
HIMX TOPU3OHTAJIBHBIX CKBaXMHAX peKoMeHyeTcst peructpupoBath KCI 3anycka UTMTENIBHOCTBIO
He MeHee 10—15 cyTok. [1ponoKUTe IbHOCTD MPEaIIeCTBYIOLIETO MPOCTOS JOJ/KHA MPEBBILIATD A1 -
tesabHOCTE KC/I B 3—5 pas. Peructpauust KB/I MoxeT GBITh MIPOBeNeHA TOIBKO MOCIE UTUTEILHOTO
(He MeHee 2—3 MecsLeB) eproaa ctabuibHo pabotsl. ITponokurensHocTs nepuona KB/ nomxHa
ObITh He MeHee 10—15 cyrok. Pervctpauuio KC/ u KB/l BHIIOMHSIOT Ha OTMETKE, HEITOCPEACTBEHHO
BhIILIe ropu3oHTalbHOM YacTh cTBosia ['C. B I'C pekomenayercs nposenerne ITMUC B muinoTHOM
CTBOJIE, BKIIOYAIOIIUX ABAa UMKJIAa UCCAEIOBaHUNI: cHavyaja ¢ 4acTUYHOI Iepdopauneil oobekTa
(BckpbiTas ToawmnHa — 10 % — 20 % ot addeKTUBHO), 3aTeM I0CIE MOJIHOTO BCKphiTUs. [Tpyu He-
BOo3MOXHOCTH npoBeneHus [JTIMC B nM10THOM cTBOJIE HEOOXOIUMO UCIOIB30BATh aJ1bTEPHATUBHbBIE
UCTOYHUKH OTpEe/IeHUs N1apaMeTpa IIPOHULIAEMOCTH B 30He MCClIeAOBaHU (HAIIpUMED, OLEHKHU B
COCEIIHUX CKBAXUHAX).

I'maponpocnymuBanue (I'IIT) oTHocHTCst K Yncity Hanbosee pacipoCcTpaHEHHBIX MEXCKBA-
KUHHBIX UCCJICIOBAHMI, NPOBOANTCS C LIEJBIO ONpeAeeHUs THAPOIVMHAMUYECKON CBA3U MEXIY
CKBaXXMHAMHU [10 UCCAENYEMOMY IUIACTY U OLEHKU THAPOAMHAMUYECCKHUX NTApaMETPOB IJIACTa B MEX-
CKBaxkuHHOM obnactu. [1pu I'/1T1 npoBoasT CUHXpOHHBIE paGOTEl B HECKOJIBKUAX CKBAXUHaX. B oqHoM
M3 CKBaXWH (BO3MYILAKOILEH) MEHSIOT PEXUM PaboThbl, B OCTAIBHBIX (pearupyromux) GUKCUPYIOT
CBSI3aHHOE C 9TUM W3MEHEHME JaBjieHUs. B KauecTBe BO3MyNIAOIIEH UCIOMB3YIOT OEHCTBYIOIIYIO
J160 MPOCTauBAIOLLYIO AOOBIBAIOIIYIO WM HArHETATEIbHYIO CKBAXUHY.

Jlo Hayasa uccieJoBaHUi AeiCTBYIOIas NOOBIBAIOIIAs CKBAXWHA JOJKHA paboTaTh Ha I0-
CTOSIHHOM pexuMe He MeHee 10—15 cyTok, npocranBalolliasi He JOJDKHa 9KCIUIYaTUPOBAThCSA B TEYEHHE
3TOTO XK€ CpOoKa.

BosMylleHre COCTOUT B MU3BMEHEHUU COCTOSIHUSI CKBAXHUHBI (OCTAHOBKM, I1yCKa, U3MEHEHUS
pacxona). JJoCTaTOYHOCTb BO3MYLUEHUS! MOATBEPKIAETCS 00S3aTe/IbHBIM CHELMAIbHBIM PAaCUETOM
WY (IIPY CII0XHOM reOMETPUM UCCJIEIYEMOTO TLIacTa) OLIEHKOM XapakTepa B3aUMOIEHCTBUS CKBaXXKUH
C MOMOLIBIO CEKTOPHOTO THAPOJIUHAMUYECKOTO MOACIUPOBAHUS (C ITOMOUIBIO CEPTUPULIHMPOBAHHOIO
nporpaMMHoOro obecrieyeHusi). PearupyionimMu MOTYT ObITh Ibe30METPUYECKHE, TIPOCTAUBAIOILINE
WIH CIIELIMAIbHO OCTAHOBJIEHHbIE 100bIBAIOIINE CKBAXKMHBI BOJIM3H BO3MYILAIOIIEN CKBAXXUHEL. Pea-
TUPYIOIIHWE CKBaXKWHbI JOJDKHBI [IPOCTAUBATH NEpe] UCCIEHOBAaHUIMHM KaK MUHUMYM 10—15 cyToK.
I1pyu BEIGOpE pearupylolux CKBaXWH HEOOXOMMMO 0O0S13aTeIbHO COBMIONATh CIEAYIOLIUE YCIOBUS:
CIIyCK MAHOMETPA MOJ YPOBEHb XUAKOCTH, HATHYHUE CBA3U CKBAXMUHBI C IUIACTOM.

B pearupyrolmx ckBaxxmHax NpOBOAUTCS HEMPEPBIBHAS 3aMMCh M3MEHEH WS BO BpEMEHH JaBJIe-
HMsl Ha 3a00e. PerucTpauns naejieHMsi HAaUMHAETCS He MeHee YeM 3a CYTKM JI0 M3MEHEHHs pexXuMa

pa60TbI BO3MYIIAIOUIEH CKBAaXKMHbBI U IpOAOIXKACTCA B TCUCHUE PAaCYETHOTO BPEMEHU pearupoBaHuA,
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KOTOpOE OOOCHOBBIBAETCS C [TOMOLUBIO TMAPOAMHAMUYECKOTO MOICTMPOBAHMA. 3a ero 3HaUE€HUE NpU-
HUMaeTcs MUHUMAJIbHOE BpeMst, TIPH KOTOPOM aHOMaIUS IaBIeHHsl B CKBAXKMHE ITPEBHILIACT NIOPOroBoe
spagyenue Ha 0,01—0,02 MITa. Bpemst vicciienoBaHHst 10JKHO NPEBLILIATH YKa3aHHOEC BPEMS B 3—5pas.

B CJIOXHBIX YCJIOBMSIX MCCIIEIOBAHMIA (HApuMep, B Citydae HEIOCTATOYHOM IUTEJIbHOCTH Bbl-
JEePXKY pearnpyrollieii CKBaXMHbI WM HECTaOWIbHON paboTe BO3MYILLAIOLLEH CKBaXKNUHBI) PEKOMEHILY-
eTCSl UCMIO/IB30BATh IMKIMYECKOE BO3MYlLileHHE. B 3TOM citydae OCYLUECTBIAIOT NEPUOANYCCKOE U3MC-
HeHUe pacxoa BO3MYILAIOLIEH CKBaXHHbL. Kon4ecTBO IMKIIOB USMCHEHUS PACXO/Ia — HE MEHEC IBYX,
TPOIOJEKUTENBHOCTD LIMKIIOB — OT HECKOJIBKHX 4aCoB 110 HECKOJILKHMX CYTOK B 3aBUCUMOCTH OT GWIBT-
PALIMOHHBIX TAPAMETPOB ILTAcTa (YTOUHSAETCs MPY TIaHMPOBAHUM KOHKPETHOIO HccIeIOBaHUS).

[Tbe30METPHUECKUE CKBAXUHBI KOHTPOJILHOTO (hOH/1a TPeJHA3HAYEHDI /U1 KOHTPOJIS TEKYLIETO
IIACTOBOTO AABJICHUS KCILTyaTUPYEMOTO MECTOPOXIEHMS, UCITOJIb30BAHUE B KAYCCTBE MbC30MET-
PUUECKMX CKBaXUH KCIUTYyaTaLIMOHHOTO (hOHIA HE JLOMYCKACTCH. B nne3oMeTpUUECKUX CKBAXHMHAX
JOJXKHBI OTCYTCTBOBATh MEXILTACTOBbIE MIEPETOKH 0 HETEPMETUIHOMY 3aKOJIOHHOMY NMPOCTPAHCTBY.
C 1IeJIbI0 KOHTPOJISI TEXHUYECKOTO COCTOSIHUS B MbE30METPUYECKUX CKBaXMHAX HE PEXKe 4eM pas B
71Ba TOJ1a PEKOMEHAYETCS! BBIMTOJIHATDH UCCIEA0BAHUS METONAMU THUC-xoHTpoaa. KoMruieke METOLOB
NOKEH B 0653aTeIbHOM TOPSIKE BKJIIOYATh TEPMOMETPHUIO U METOAbI OLIEHKH FEPMETUYHOCTH LIC-
MEHTHOTO KaMHs M o6cagHbIX KOJIOHH. PekoMeHayeMass NEPUOIAMYHOCTD 3aMEPOB IJIaCTOBOIO AdB-
JeHust — 2—3 pasa B IOl IPH OXBaTe BCEro (hoHma Mbe30METPUICCKUX CKBAXKHUH. B nporecce Herno-
CpeICTBEHHBIX M3MEPEHU 3aG0WHOTO NaB/eHHs POBOANTCS HENPEPbIBHASA 3aMUCh MapaMeTpa
JUTUTEbHOCTHIO He MeHee 3—5 YacoB.

OmnopHas ceTh 3KCIUTYaTallMOHHOTO (hoHAa CKBAXUH NMpeaHa3HaueHa U1 obecrnieyeHUs He-
0GXOMMMOii TIPEeICTABUTENLHOCTH Ta30TMIPOANHAMUYECKUX UCCIeJOBAaHUM. CKBaXHHbl OTIOPHOMH
CETH JOJIKHBI ObITh PACIIONOXEHBI PABHOMEPHO MO NPOCTUPAHUIO [/1ACTA € YIETOM €0 re0I0MNYECKNUX
ocobeHHocTel. POHI IKCILTyaTALIMOHHBIX CKBaXXWH OINOPHOU CETH NOJIKEH COCTABJIATH HE MEHEE
25 % ot ob1ero GoHIa HA HAYaIbHOMN CTaIMM pa3pabOTKN MECTOPOXKAEHM, a B CTalUH najJamien
no0byn — He MeHee 10 %.

CeTb KOHTPOJIbHBIX CKBAXWH 3KCIUIYaTallMOHHOTO GOH/a NIPEefHa3HAYeHa 1Is o0ecrieyeHust
HeoBXOIMMOI MPEICTABUTENBHOCTH ra30KOHAEHCATHBIX MCC/e0BaHUN. CkBaXUHbl KOHTPOJBHOM
CeTH IOJIKHbI ObITh PACTIONOXEH B PABHOMEPHO I10 MPOCTUPAHUIO IL1ACTA C Y4ETOM €TI0 Te0I0rMICCKHX
0COOEHHOCTEMN.

B cOCTaB OMOPHOI CETH HE MOTYT OBITb BKJIIOUEHBI CKBaXHHBI, BCKPLIBAIOIIME COBMECTHO
HeCKOJIbKO SKCIUTyaTUPYeMbIX OObEKTOB. B cKBaXMHax HOJKHBI OTCYTCTBOBATh MEXKITACTOBbIC IIE-
PETOKM TIO0 HETePMETMUHOMY 3aKOJIOHHOMY MPOCTPAHCTBY. C LeJbI0 KOHTPOJISI TEXHUYECKOTO CO-

CTOSTHUS B CKBOXMHAX OMOPHOM CETHU JO/LKHBI BBINIOTHSATHCS UCCIEA0BAHKS METONAMU ' C-koHTpons



P Taznpom 086-2010

He pexe yeM pa3 B Ba rona. Komiuieke T'MC-KOHTpoOISI mOMXKEH B 0643aTeIbHOM NOPSIAKE BKIIOYATh

TCPMOMETPHIO U METOb] OLIEHKU TEPMETUYHOCTH LIEMEHTHOTO KaMHS U 00CaIHBIX KOJIOHH.

1.4 KomniekcupoBanue ra3orupoaMHaMHYecKuX, ra30KOHIeHCATHBIX 1 reou3HYeCKUX
HCCJIEJOBAHUH CKBAXKHH

[Ipu KoHTpose 3a pa3paGOTKON MecTOPOXIeHHUS rasorupoAMHaMUYECKUE HCCIIEN0BAHUS
AOJIKHBI MCTIONB30BATLCS B KOMILIEKCE € reO(U3NYECKUMU METOJAMH, BKIIIOYAs reobH3uYecKuii
KOHTPOJIb pa3paboTKH B 06CaxxeHHOM (DOHIEe CKBaXHH, a TAKKE re0dH3NIECKIE METOBI B OTKPBITOM
creoie (I'MC-6ypenne). KomiuiekcupoBanue B repsyio ouyepenb HEOOXOOMMO MpHU MoAdOPe ONTH-
MaJIbHOTO PeXnMa M Criocoda IKCIUTyaTallMi CKBaXWHbI, OLEHKHM KAYeCTBA BCKPHITUS TUIACTA U CO-
CTOSAHUA MPU3a00MHOI 30HbI, ONpeaeseHU GUIBTPALMOHHBIX MAPAMETPOB ILIACTA U YTOUHEHUH
re0I0rMYECKOro CTPOEHHUs pe3epByapa.

'MC-6ypenue ucronb3yeTcst JUist TUTONOrMYECKOrO pacuieHEHUsl paspe3sa, onpeaesieHUs THIa
1 CTPYKTYPHBIX OCOOEHHOCTEIi KOJLIEKTOPA, BBISBICHUS HENPOHUIIAEMBIX [TPOILIACTKOB, OLEHKH ad-
(EKTUBHOMN TOMNIMHBI, HAYAIbHOM HACBILIEHHOCTH, EMKOCTHBIX CBONHCTB M HX pacropenesieHusl 1o
paspesy. DT1 METOIbI TAKXKe IPUMEHSIIOT U1 TOCTPOSHHS re0I0rMYECKOi MOIE/H IU1aCcTa U BbIOOpa
al€KBATHOH MOJE/IM MHTEPIIPETALIMM PE3yIbTATOB Ta30TMAPOIMHAMUYECKHX UCC/IEI0BAH M.

[TpoMbiciioBo-reodusnueckne uccaen0BaHUS SKCILTYaTALMOHHBIX CKBAXKIH (F'UC-koHTpoOIb)
UCTIOJB3YIOT € LICbIO YCTAHOBICHUS HAIMYHSI TUAPOAMHAMUYECKOI CBSI3U IU1ACTA M CKBAXHUHBI, OLie-
HUTb BEIMYMHY PaOOTAIOLLICH TOJIIMHEI TL1aCTa, MOJYYMTh JAHHBIE O TEKYILEM HACHIILIEH UM T171acTa U
COCTaBe NPOAYKIMH, YTOUHUTD MapaMeTPphl TEXHOJIOTHYECKOTO PeXKUMa paboThl CKBAXUHbBI U1 J10-
CTOBEPHOIO pacyeTa (PUILTPALMOHHBIX TAPAMETPOB 110 PE3YNbTATAM ra30rHAPOIMHAMUYECKUX HC-
CJIENOBAHUMA.

Ha ocHOBe JaHHBIX 0 HATMYKMH MEXILTACTOBBIX IEPETOKOB M X WHTEHCUBHOCTH, TIOJYYaeMBbIX
¢ nomMouibto uccsnenoBaHuit 'MC-KoHTpoNsl, MpUHUMaeTCsl pelieHre 0 BO3MOXHOCTH U JIOCTOBEp-
HOCTH KOJIMYECTBEHHOM MHTEPIpPETallMU ra30ruapoIMHAMUYECKUX UCCIENOBAHNI WM 060CHOBbI-
BaeTCs NMOMpaBKa, CBSI3aHHasi ¢ 3aKOJIOHHbIM JIBUXEHHEM.

3anaHMPOBaHHbIE B CKBAXHHE KOMILIEKCHBIE Fa30TMAPOINHAMUYECKHE H [A30KOHIEHCATHbIE
uccnenosanust U F'MC-KOHTPoNb peKOMEHIYeTCS COBMEILATD [0 BPEMEHH.

CylecTByIOT HEKOTOPBIE OTJIMYMS KOMILIeKcupoBauust TKU u T JUC nns nepuona passenku
¥ nepuosa paspabotku. B nepuon passeaku KW Heo6XooMMo mpoBOaUTE MOCIE WM BO BpeMs
I'INC, nockonbKy BLIGOP pexXrMa paGoThl CKBAXHHBI nipu 'KH Bbibupaercs mo pesynsratam ITUC.

B nepuon paspabotku KU ciienyet mpoBoauTh 10 M3MEHEHHS pexXuMa paboThl CKBAXXHHHBI.
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1.5 O6s13aTe /IbHBIH KOMILJIEKC HCCJIE10BAHMIA

PeKOMEHIYETCSi COOTBETCTBYIOLIMM CJ1yX0aM M0 UCCIIeJOBaHUSIM COCTABIATh U yTBEpXNaTh y
PYKOBOJICTBA OPraHM3alliy 00sI3aTeIbHbINH KOMIUIEKC HCC/IENOBAHUMI 110 KOHTPOJIIO 32 pa3paboTKOH
MectopoxaeHuil. Takne KOMIUIEKCHl MOTYT ObITb TMIOBBIMH (WIS TPYTIIBI pa3pabaTbIBaeéMbIx 00b-
€KTOB) WM MHAWBUIYAJIbHBIMU (TOJIbKO JUIsl JAHHOTO 00beKTa).

B HoMeHK/IaTypy «O6s3aTeIbHbIX KOMILIEKCOB» HE BKIIIOUAIOT UCCIEN0BAHMA CKBAXUH, Bbl-
XOISAILMX M3 OYpeHHUs, C TOMOILbIO MCTIBITATENEH [1aCTOB Ha TPYOax U BUIbI HCCIIC1OBAHUM , KOTOPbIC
TpeayCMOTPEHbI CMIEIMATbHBIMU AOMOTHUTEIbHBIMU NPOrPAMMaMHU. Bce Mcciief0BaHUs,, BKITIOUAaEMbIE
B «OB6s13aTe IbHbII KOMILUIEKC», OCYILECTBIISIOTCSA B COOTBETCTBUHM C AEACTBYIOLUMMH PYKOBOASIINMHU
W HOPMATUBHbBIMU TOKyMEHTAMMU.

DddpeKTUBHOE BeIEHNE KOHTPOJIA U PETYJIMPOBAHNUS NPOLECCOB pa3paboOTKU MECTOPOXKAEHUM
TpeGyeT He TOJBKO KOMILIEKCHOTO UCTIONb30BaHUs MH(OPMALIMH O TUIACTE U CKBAXMHAX, MOJTYICHHbIX
[0 aHHBIM Pa3HOTO BUIA UCCIENIOBAHMIA: Fa30rMAPOANHAMNYECKHX, FA30KOHACHCATHBIX, reodusu-
yeckyx. OHO TpebyeT KOMILIEKCHOTO MOAXO0/IA Ha BCEX CTAIMAX PEIUEHHUS TIPO0/IEM KOHTPOJIS C MO-
MEHTa UX BOSHUKHOBECHHUS:

- IIAHUPOBAHHUE UCCIIEAOBAHHIA, COCTABNEHUE IPOrPaMM KOMILIEKCHBIX pabOT Ha CKBAXMHE,
Ha MECTOPOXIAEHUH, UX MOCJIEA0BATEIBHOCTH;

- COBMECTHOE TPOBEJEHME Pa3HbIX BUIOB UCCIENOBAHUI KaK eMHOro Mpouecca, To eCTh UX
KOMILIEKCUPOBAHMS, KOl 3TO BO3MOXHO;

- KOMIUIEKCHASI MUHTEPIIpETaLvs, aHAINU3 Pe3yIbTaTOB UCCIEAOBAHUI U OLIEHKA UX IOCTOBEP-
HOCTH, 00061eHMsT BCEX MOTYYSHHBIX JaHHBIX U PEKOMEHIALUH 110 UX XPAHEHUIO B 0aHKe JaHHBIX.

st npumepa B Tabnuiie 1.3 mpyBeaeH KOMILIEKC KCCeJ0BaHUI MPUMEHUTEIBHO K HedTIHBIM
MECTOPOXIECHUSAM.

T1py IUIAHUPOBAHUK U MIPOBENEHUH UCCIIENOBATENIBCKMX PabOT B MpoLecce pa3paboTKu Me-
CTOPOXAEHHA HEOOXOIMMO BBIMONHAThH BCE TEXHOJIOTMYECKUE YCIOBHS HcciieJOBaHUM, yToObl pe-
3y/IbTaThl KAXIOTO UCCIIEIOBAHNS MOLJIM ObITh HCIOIB30BaHbl KaK ISl PEIICHHUS TeKYLIMX npodeM
110 KOHTPOJTIO Pa3paboTKH, TAK U TPH TIOATOTOBKE MAaTepPUaOB sl COCTABIEHUS MPOCKTHBIX NOKY-
MEHTOB Ha pa3pab0TKy MECTOPOXIECHHH.

Jlnst npuMepa B Tabuiie 1.4 MprBeaCHBI KOMILIEKCH HCCIICA0BAHUH.



P I'aznpom 086-2010

HWXed)) EUH
-BOLJ0J OIOMI9hHHXAL QUHEBEONID90)

T'MPC

22

"dI M BEAX UOMIO ‘R ¥ oMH
-eXdaroo ‘19708 HOWIBIURBNBE CHITBHY

21

HLpaH
godU XIIHHUQALT eulreHE U dOgLQ)

N

T, TUPC,
'Xu

19709 YOHIAUO1 godu eUlreHe 1 dogL()

19| 20

H.LOOHHQIT[I‘]OBHQ.Lq)QH KEUHOHINEN
BXHITIO U Y H | BUHIXOLOU ‘I].(OC[J.HO)[

18

K1

ULOOHHOMIIOBHALDIH BUHOHIWEU
EXHOIIIO U Y H{ BMHIXKOLOL 9r0dLHOY|

17

Kl

edAredonnal BedoLORL]

r'c

16

Kl

BUHamoIrIou 9arugdod |

N3

BUHIHI04Q0 1IreddaLHU U
WMMHhOLOM ‘edorndu arudodi]

14

80d0QL0 BOXUITIEUEOHRBIIA TOLI A

N |IN2/M3
N [N2/M3

EUHQIrde BUHOLAOHRL)J0d TOLON

12
K1 |[N1/M[N2/M3
K |[NI/M|N2/M3

K
K

"Md aMHaIraRT JogoLoRL] |

11
Fl
F
F

F/K

10
El
El
E1l
El

B |F1/K|K/FINM| N/M

Buabl usmMepeHuil 1 uccnenoBaHUM CKBAKHMH

jen)
=
%
<
m
b
Q
o
=
T
<
[aa)
<
% 9% 4 SMHOIERY J0HKOQRE
Q
; QUHOIIrERY
1eg 49

§ = d d0HOAdIxoW 1 P d doHdahAq
L|=| = o oeH i}
=5 29 d > dud]
el =
Sla 2 = ovH v d
g1gl £ d < "d nd]
? T 2
S
5l=| 8= (% 06—C) 219H
18| £ 5 | -HoHZOEQOaHTAdD U -ONEMY
=gl g ¥
Q| I X
gl 2 §g_ (% 06 99110Q) SITHHIHTOAQ00N
E12| v F | -00198 1 (94 7 OT) J19HT0GED
ST q
R
2= 4 LAD/L G7 Q3110
g <] L o~ ~ Z
HEl E_é £ S0HLMQATONODI9g

=
2@ T £ 2 |(149/1 §7—¢) 20HLUQATIHTA)
o ===
o (o]
= < = % | (1ho/1¢ om) QOHLUQITONEU

D
D

JOBaHWUU

MECTOPOXIAECHHUH
KaTCFOpI/lI/l H BUAbI CKBAXXWH

Ta6nuua 1.3 — KoMIuieke runipodMHaMUyYecKux, NIPOMbIC/IOBO-TeO(U3UUECKIX HCCIIENOBAHHIA 110 KOHTPOJIO 33 pa3paboTKOi HEPTSIHDBIX
Tunwr KOMILIECKCHBIX UCCJIe-

MbE30METPUYECKHUE
HaOMIOIaTeNbHEIE

ob6opyaos. LLITH
BonozabopHble

obopynos. D11H
HelictBytommue

¢doHTaHHBIE
rasaugTHbie

HeiicTyiolne no6wipatoiue,

BT.U.
Ipu npoBeneHny peMoHTa

HaTHeTATEJIbHbIE
wiu I'T™M

KoHTponsHble

<o



P TI'asnpom 086-2010

"HONI1Q0 BUHAMEAN00 OJOHXOWE0d UMITBL) ‘ULOOHHIhAEU HOH

-hOLB1D0OY UML) — JIrALBHOWEBHE d B ‘WXIIrRE MIDOOHHOhASH HOQRLD MHUTRLY — miLogedeed MUITELD HOHILRhEH M BOLEOOHLO LALULOMh 4 HATIBTHOWOM3] T
9% 6—€ — €% 0S— 7 %001 — | ‘HIXEENO MMdOIa1eN HOHHEBERNA BLRAXO WOLHATIOAL WHITIOIATRLrD 03 41mMrogodu BOLOATHOWOMAd BMHBEOTADOY] |

BEUHBhOWHUA[]

‘urreLd yodold UT — Q ‘Tod d £ed

HWTO MUTeLd yosdol BT — N ‘erod edl 4 ced HUTO — |A ‘Tol 1 ged HUTO — 7 ‘ouToJALrOU 8 £ed HUTO — Y ‘Ireided g €ed HUIO — . ‘TIBDIW € €ed HUTO —
‘NB9W € eeed BT — ( ‘UOHT 990 d cod HUTO — 7) ‘BHY UdL d ced HUTO — ¢ ‘MNLAD g eed HUTO — v ‘auNddhUIMRLMpOdL — ] ‘BUHROTdIrdOU didoged — |
:BUHIRBHEOQO JI9HHOLDA

1oged BUHAT

d | d d|d d d d -osodu oirpoy | BOLOBL WoMH
Toged -amooundu UK
n

d |d d d d d | d BIEhEH O HOMNBLOEN O
100ed BUHAT I9HOE
d d d d -2g0du a0 ]| yoHuogeeudu
Loged BUHBO0100D
d d d d d PI'BhBH OHN WIUHIHANWEH D)
109ed BUHAY suHegOUTAdOQO
d d d d - HOHOWO UIY

ddod1I 910 | v
MUTIELBAL L
1oged| -oye ewmxad
d d d d|d BIBhBH O] | WOUHOHIWEH D)

[44 121 0T |61 ] 8L | L1 {91 €I vl el RISy l

£] MNNUvQpuw dNHDRHON(



P Faznpom 086-2010

BUHRIOQOdLIO JLIBLE BH "4OLOBIL

XI9HAITLO BUHAmMQoted KUY dodadel UNEOH
~BLOA WOLAL QMHEed000d L) "IIHUXEBEND 919H
~HOMIIRLRALIONE QI9WORIHEBED0 M AIIHhOTER]

eHdoM

E€ULBHE ‘XBHUXEBEND
XIqHeed 4 godu esurr
-eHe sunewdopH|

Ty ‘Tl

SILO ‘LLIO ‘edeid09 ‘edol
-AdL UHOTIO 9OTOLOW UNIGH

-HET 9 L3N BrrOd1d oJoLliady
-10 90T0LdW BUITeWdOpH|

BEUHRE090dLIO

XIIHHEY UMHBHOEIOLIOHU
“du HUMIroL XI9HgUIMATod I
nuHed1 sunsraddod BeHWS
-400 UK BeHarudod]] |

2d.LoHedLo0d WOHH

MXBIAINKONW g UOLOOHTOdOHTOIH XMMODhUIOI0AI U 90198 XIIHEULIATOdII

BUHOXOLOL dUHAIaTaduQ [[']

I9HEBdQO0DILrITIOH
MHUWAa10a1 BUHBIOWArOOU (S19HHIWadd) J19H

rodoil x19redoWoIOHW BUHRI
-3rree MIreddalHU ‘XeHUXRIND

-dOL9O0[] "eXWOLD BRAOHO 'I9HUXKRLND OUITIOIRY WL XHimofegrerdodu o1ror 4
-He.Lo0dII 0110 I (SUXALL) JI9HILALBTOIIQEH LHouTedl UMNOORUNAAL09 ] §
BIrOdLHON-))}{ | UMHBEOTILOOU X901
. ) [9HMXedd eeadeed OIOHLEH
MHUHaTgodU HdL OHAIRLBEBY() "Woeaderd WiaH NI ‘INH
-o0dey (MDLLOWLO) IIHUOQAL | ¢
-HBIMSW) UM WITHLEHOQdEN O IMHMXBEMD 90¢]
BIrod1HOM-)} | UMHEBEOTILOIU XI9QO0iL IIHUXREND
HMHAargodl udu oHAIraLeeBg() "Wosadsed WI9H I | eeadeed oxoHHoIMddAL 9010
-HEMIOWI UIFK WIIHHAIKAdAL O MHUXEEND 90¢ -BUl (MMLOWLO) IIHHMOAL | €
VHIN BMHOMIIGOBH UMHAMIO

BEWH20420 a1ele el

‘eMoludl edo£199 WaLALl I9HOE HUIHXHULQ 9MLOIHhO

udu v 9MuLeLd 9 QIM4OHO 'I9HHXEEND JI9H
-HOUIRLRAILIONE IINIBAHURLD0 »DEETO.QOQMNA—

eHAOY U eTHOIL (]
godu eUreHY

‘WY ‘0/0 MHU H
40TOLOW UWIGHHRBY O 2103NWd
AUro9.Ld WoLdX10 g YUHeHOT
-31r20M OTOLIW BUITeWdOodH |

FOTOLIW XMAIIRMALNOIEIH
XIIWEdL HUHREIOEIIrOLIOM WOH
-9IfOLUHIFOLIOT WALl HUIIOL
XI9HEULMATOdI MTIMHed | 7

EMHEB4000d IO JlRLlE

eH "(goxioeruiodu) 4010BL XITHILATLO BUH
-amgogced BIT 40davel UNFOHRLIA WILALI oM Hed
~090d L0 SOHURLEO] | ‘ITHUXEEND J19HhOTIHER]

eHdoN

E€HIreHe ‘ernoirg
BABLOOD UNHITIO
BT godu 19dogL

U ‘g

MLIO ‘LIIO
‘e4RLO0D-NOoLUdL UIHITIO

GOTOLON UWIGHHRY O 100N
ALr04.Ld WOLI9dN10 € YMHREOT
-91r20M dOXOLOW BUITRWAO(DPH]

UuHegogoduo udu HUTIIOL
XM HEUINATOdL [9TIUHed | |

IHIXeIN) Acadeed ol HUINIOL XI9HEUIMATOdU THHRAT SUHOHKOLA [']

[THUXVEND BUHIXOLOUDVd GHOE 9 UIrAITON MO DF

hHNI0Ir0Od] AMHIHhOLA |

v

£

[4

|

(MheIeE YOHILATLO BT 90JAdT U
9LO0OHLIBLE ‘UMHBIOTIL 00U KUIOKOHXIL
‘UMHBEOIIOOU 191M9990) dIUHBhaWHUA] |

BHAON 1
erruoird UrHed
-OT3IrO0U XUNIIhUIN
-UX031 U XITHLBOHIT
~HOMOERI OMANLNOY]

(nx1L008dQO TOLIW U
BUHIdIWEU QOO
-0OlUd) YHHEBHOLILD
-OU XUMDOhUWEBHUT
-odruloge] MIOLIN

(DUI) HUXEEND UMHRLEOT
-31r00M XUNIhUEUPOII-0d0L
-019WOdU dOTOLIW ONALLINOY

Uheree
HMOHLdeTHELD QUHRHOHIWUEH
"heree XI9HLdeTHeLD eUUAd |

BeRl MULMHEAX XIFHWOETOU ‘UMHAT)OdOLOOW

XITHLBOHITHOMOERI U XI990¢e. iMLogedeed xeele XI9HhUIged BH heree MUHAMd AL HUHBEOTSLO0M I90NALLINOY — '] BMTUL QR |




P T'aznpom 086-2010

MK O

MO

AH

q100H
-HOMI9OeHOER] BRHIL'BheH T

(XI9HOOHOER. BI'T) BUHIGOHNMHOAL [MHOE
suHeaodrnwdodoed o0l ‘EUHI08I0 dLiLLE BH
-exoLndl edociad WALALI IFHOE HOHXULQ 9MLOUhO
udu 1 9MULEL) 9 JI9EOHO "TIHUXEEND JI9H
~HOMTTBLBAILIONE IMMWIBAMLREI0 ‘QIIHROTdER]

eHdaY KNieedo

VI ‘0/D SIHU MH

4LOOHHIIIIID
-gHOERIoL(PIH BEHILIBhRY [

BB BUHOMLGOBHOSE] U -2L(PoH OJOHROLBLOO UL OJJMANAL ‘OI0OHILEhEH aunHararaduQ I1'11

BI0J G'() 10 — 9L0OHRUTONdIL
‘94 G O — LeaX() "900anodu-IHUINIYED ndu Acel
Ol [FHUXPENO JIHAIaLBLSHIBH ‘ JX ] 19149100

UIT ‘WL ‘UL d ‘Nd

peRI ULOOLOMWIUdL
(atregdainn) arndodi] ¢

MMLOHBLOQO0 Ol — qIO0HhUT

eoludu edeld0d UMHIMOo
orreddalH € HOQOWD HOHLIOA

-oudau ‘(7 Or — Leax( " X LI 19143990 KOUIT HIN ‘1 Nd _ruxosel axoLol udu 1Py
_OIBHIT0HQ0 ‘IIHHXBEXO 91990€R] IUIMOIed Q0] a ndaLowl ouxvohuIraedI | ¢
Brol [ 10 — 9L00HhHTOUdAI eerd porndi

‘94 0G OF — LBAX( "MUWERHUT € 1adoweg " IX L Ad ‘1 d

19132900 UIrM IGHIXEEND A1980€1 UMOILd1990]]

(o19HIIBIdILHH) [9LUQAYT T

BrOJ | 1O

— q1o0HhUTOUdIL ‘9 () OF — LBEX( "IUN
-gHUT g I9doweg " IX1] 191M9990 UlrH XBUHIIKOd
~OLO3W BH I9HIXEEMD d1990€R] IUITIOIRd1900T]

UM ‘WLUL1 d

eeed eMolndu
(1rreadoiHu) darudod]] |

eioLnd1l BEELO00 MNHATIO ‘MLo01ouwaudil uirk exolndu srngodu aunalraraduQ 1'11

do.LDVIrH UOMLO9VdI9d VE 4OdLHOM 11

X ]I BMHEre0D alele vH dWnedlodi poHqIeMI

ag1oHedLood WOHHUXEBEND

OUH
-aLI> Ol BUHEBHOWRIr0}] "auTmoiAdniesd ¥ SUTOIem qU vihedeg LUDg| -Xon d BUHImAdEH 1 MLOOH
) -eaumALrsoduodiry |
-AWE0d AUTTIONEhOIINIE ‘HIDKead (19dewr) [umiAd | -TOdOHTO9H dMMIIhHUION0 ]
S 4 ¢ [4 1
eHdM U (1109edQo TOLoW 1

(¥heres MOHILATLO BT J0JAdT 1
9LO0HLIBLE ‘UUHBHOTIIDOOH BUIOKOHXIL
‘UUHRAOTAOOU 19I43990) ouHeRaWHA]]

eruoild UMHed
-OTALIdU XUNIIhUN
-MXO02.1 U XITHLEOHaI
-HOMOERI OMIULINOY

BUHIJIWEU Q0D
-0lD) YUHRLOWALD
-OU XMMOOhHWBHHUT

-odruiosel [9TOLIA

(DU.]) HUXeEXD UMHeHdOT
-2rO0U XUMIIRUEUPOII-080L
-o19Wodi HOTOLIW OAJILTNOY

MRETeE
voHLdeTHELO 9MHEIOHIWHEH
‘neres xi9HLderHeLd euUAd |

p annvgpw anHaxcvopodj]

i3



P I'asnpom 086-2010

X OJ

'U MM 79 ‘HIW
elLoelrll argody g

WHoWadd og ldoneg

Nd

SUHaLdew 9040.LIRI]] ¢

OHAIreLdeaMIN — HUXBEND

9199 BeHdOILI() "BIIOJ [—G*() LO — 9L00HhUTOMdDL
‘% 001 OF — LeAX() "UMHBRIOT2LIIU XUMNOIhUEUD
—03d MITH XUNOOhHUWRHUTOERI BUHOTRd0d1I 99001
-odll g "HUXEENd THOD WIHHOUTIRLRALLIOIEG

v
aod9modu 9 ‘(I7DY)

71 dwroou ‘g y|
radou WKHHaLgeT
WI9939104 OlI 1919k
-oedoadou — xBeRAID
XI9HAIrOTLO 9 *H N
MHowWadd od adoneg

QUHAIder S0HHOQRE 7

BUHITOILQEH 919H
-HOHIOXY "HUXEENO THO( UITHHOMIIBLRALTIONG

NHaWadd 08 19dowee aUMANS |

(0HOAdL
-X3W U d0HQgAd1es ‘aoHdad
-AQ) SUHIIERY 2093910L |

BLOBIIU 41010499

XMMO3hMLAIdOHE UMHATIQ ['[]]

VIOVIIH 419040 IHUdOLUHOW UMNDAhMINVHUTTOd T IT1

-»~

JA L Q19HH3Wadg Y

MH. SHHaXOLO[] /

-»—

A L S19HHOWadd “YH

Mg, SHHIXOLO] | 9

% 0] OX LedX() "HIX
-BEMD THO( UIIHHOMTIBLRAILIONE DOILL 9% oL

“SIH 19danee sal9HHawadg

AHU

WHowadg roud
-9l BE ULOOHHIMIGOBHOYOd
‘-0£RI ‘~0LPIH SUHIHINE Y C

(HUIMIIOL XIGHILALO A UNLOWhO MHOUALO U BLINOL
WAHHRAaMXALd0dU U g\ HOMKENEE O Y H I KU1
-OOHX3.1) IFHUXBEO JUITIONRE 10T JOILL 3K O]

AH

4LO0H
-HIMI9oBHOLRI Rmd.;v_oy—.. 74

(mirogedeed suele womoiemdodes BH)

19l ¢—[ O (BMHIHT08Q0 BLHOA(D MMHBANXKIID
-0du ndL) *99W 9—¢ 10 9LOOHRMTOMAO] | ‘IIHHX
~BEND QUXALN (JI9HILILETOIQRH) SIMHIFOdLHOY]

WVIII ‘0/0 IHU MH

9LOOHHIM
-I99BHOERIALGOH BRIANI [ ¢

S

v

3

[4

(Mheree HOHALAWLO BIT 90JAdY M
ALOOHLRBILE ‘UUHBHOTIIIU BUIOLOHXOL
‘MMHEBHOUIIr0M [INI9Q0) suHehaWud[]

BHA U
eruoird uruHed
-OT3LODU XUMOIhUNW
-UXO0dI U XI9H1BOHAT
-HOMOERI ONJLINOY

(11100edQO TOLOW U
BUH3dOWEU 90D
-0LID) UMHBAOWILD
-OM XUNDIhHUWEBHUT
~0dITUIOLR] [MIOLIA

(OUI) HUXREMD yMHBLIOT
-390 XUNOSIhUEUDOI-0gOLr
-OMWodU 40TOLOW OMNOLTINOY

Uheres
VOHLJETHEL) OUHBIOHOWHR
"herree XI9HLIdBIrHRL) BULA |

Pl annvgow annaxcvopodjy




P T'asnpom 086-2010

K O]

wiLogedeed MMdOLOU OLI JAITHHEY BEIOIEINQOQO ‘BUHIT
-0d0LI9W 9IreTON (BBHHOUTIRdLALrU() BEXIOhMWEHUTOAIUI D041 X O]

BUHOTKOdOLOIW

oxLogedeed yam

-O1ATra1roou udu eidelr ULd
-OHAUINATOdU UOHILrBUTTHOL
-0l BMHOHAWEeH coHIOd]] 6

ol [—G“0

eTBdol — 9L90HhUTOMdAN ‘9 ()G 99HIW

OH IBAX() “DKILBE BRIOoiedrd1edxo oHdowoHgerd
‘HUXedD XIIHHOUITRLBALTIONE 94193 eHdouQ

BLORKL €M BERI MMHOHO21198 O BUTTEWdo(HHN BeIMANL
ol KMHelnl edALHOY 20AuTed WOHALEsd M HUMIFOL XITHEULNIPPE XuTm
-ore1oged ‘HJI7] OU MLOOWIRTIMHOAL O XITHHEY MHHEEOHOO BH 1919h0%d

ALBOHAITHO ‘Agel O MHUX
- ULOOHGUIIATOdU YIOH
-qIBUTTHALOL JHOUITU(DDEOY §

ol [—¢*( exrsdou — q1y0HhuTOUd
-9l ‘94 ()§—(T IOHIW oH LedXO ‘OIMHATXOAOLIIN
AW224 Ol HIDKBEM) XIIHHOUTIBLBALLIONE THOD

(9Xa1reE “LORLLI) 140900 XUMOIAdULRALLIONE “HIXBEND X004 BT
VHHEBLOAIrO0U XITHLEOHATHOMOERT M XUNIShHWEHUTOATUIOER] ‘XMMOOhUE
-uoal gorerariedd NEE BH EULIEHE (Vi9HHeg.LOHRd100d1T) HOHTEMION] |

wxalres (AW9Q0) UTRITIOL L
ol MLYOHgNIATodU yogosed
HOMOOhULNED BUHOHIWEY [

(4L00HhHTONdI1I KRQOIlr) BUHEHOTAID
-5U S19HHAWadg "BHMXEEND BEHHOMITRLRALLIONG

QHMXREMD UOHILDTLO O UNHEYE

-oTalrooM golrldrAead X208 NG E BH eMIBHR (MOHHOWad4) UUIOOhUWEBHUTT

(MHIWade

0d) SHUXBINO 8 ULOOHAULNAY
-odu yogoged HONIdhULIED
BUHOHOWEU JUNIOhUWRHHT 9

I9HX
HUXEBEND XITHLBOHIT ey It -BEM0 9LOOHEUIATOdH BBH
-HOMOER] M XI990£R] XUITIOIREI9Q0T BIT 9X O ] a3 1 -qIrorA (AgeJ Ol ‘ALBOHITHOM
olr) segoced BeAIShULNED §
. (19)1oerll BH
-»- KO
Ty T L (¥nooaduad) BU00dIRT ¢
S 14 13 [4 I
eHdoN U (111008dQO TOLON 1

(MhETRE HOHIATLO BIT J0IAdY 1
qLO0HURBLE ‘UHUHBLOTALDDU BMIOLOHXAL
‘YUHBIOTIOOU [91%2990) SUHEBhOWHA] ]

eruoird YuHed
-0TALrO2Y XUNIIhUN
-UX091 U XI9H1BOHOT
-HOMOERI IO

BUH2dOWEN QOO
-010) UMHEeIOWID
-0U XMDIOOhHWBHUY

-odUTnIOERI IITOLIN]

(DW]) BUXedd0 UMHedOT
-2r90M XUNOIRUEU(DOII-0d0L
-219WOd1I SOTOLIW ONIULINOY

UhBIBE
yoHLdeIrHEL) QUHBIOHIWHEH
‘heree X[gHLIderHEL) BULAd |

pl wnnvogpu anuaxcvopody]

15



P I'aznpom 086-2010

-

KoL

HI eloeru
srdgods g MHaWadd og [9doweg

[IHHMXRINO
BALOHAMAOE09 OIONIOhHIW
-eHUTOdrUI LHOMTTUDDEDY] ¢

X O HIA eLoeru XUIMOIKIEBLI0D
>
L ardody 9 UHoWodd og [9daweg| oo sulreHE ‘doried-HUN)) ¢
HIN eLoeru HMLOOHHAdOUANBE HOH
IKOL I O],

ardody g MHowadd og 1adomeg

-yogeendu LHoUMUPHeoY| ¢

Tod [—G“( edxrsdou — 91L00H

-huroudsii ‘94 )] or — Leax() ‘OIMHITX0doLdoN

AW90d OLI HUXEBENO XITHHOUTBLEALLIONE THOD

T ‘raM

HIA eloeru
arrdods g nHowadg od [adaweg

BLOBI(L ITHOE YoH
-XuIrg aLooHrogoduodru J |

QHOE YoHuogeeudL € 84101080 XITHHOUNEALIIrM( BUHIHIWEH WXHINO 1111

eLoRL I
HUHHBLEOTIID
qU Monex L1 2uH QHOE YoH4Ier 4 UireduLdag
-OU ‘T2UD aWWedI1odu O] “IIHUXeIND JI9HTIraL
-Be dUHedMXAUo0d] | -~eammArooduodiry | Ol HHMIfOL XITHEULNATOd1I
~BLOHIEH U QUTIOIREI900T I9HHOUTIBLBALTIONG
HEBED QUNIORUNEHUTOAIH | ¢
(1anum
-Ir'0L HOHaU LMD (DE HUommoIeL
oX 0], XK O], HW MHoWadd od 1adoweg
-0ged WOLIhA 0) BLORII I9HOE
WOHIL®T 9L00WaeNMHOd] | ¢
uunediarng
BOUOMAUEOHBLIAOH

ol [ —¢*( edrsdou — 9.L00H
-hUTONdall ‘94 ()(] OT LBAX() "OIHHATXOdOLIIN
AW09 Ol HUXXEBENO XI9HHOMIIBIBALLIONG THOH

nudu BUHEBAOWALD
-OU 191U “(edoL
-de@-HUNO oudLd
-LAD10 g OM4910L)

I'W IO ‘Iray

INd ‘HIN HHowadd od 1adoweg

BLOBIL ITHOE UOH
-qIelr 9190HTogoduodru | |

BLOBIML 4101089 XITHHOMTIRd LI UXHATIQ [['[]]

14

£

4

]

(Vhewes YOHALOTLO BIT 901AdT 1
9LOOHLBLE ‘UMHEBEOTILOOU BUIOLOHXIL
‘UMHBHOTAIOOU 19.1999.00) IMHBRIWHNA] |

eHdIM 1
eTHOIL] UUHERH
-OX3IrOOU XUNIShUIWN
~UXO031 U XIIHIBOHOY
-HOMOLRI OMJULINOY

(m1L00edQO TOLOW U
BUHodIWEU Q0D
-OLID) YNUHBLOTIIrD
-OU XUNOOhUWBHUT
-odIruIogR] 19T0LI N

(D) HUXeadd UMHRLOL
~3Ir90M XUAIIhUEUPOII-090L
-OIWOdL HOOLIW OAOKLINOY

uheres
VOHLAETHRLD SNHEBIOHIWHR]
"heree XI9HLderHeld euuAd |

Pl unnvgow annaxcvopodyy

16



P Ta3npom 086-2010

-

(qN YoMheNeE 2)

WHMU ‘(€U voxnedee 9) W
:[900011) JIHENLINE IXMEBL B

‘O ‘VHI ‘WL B1daD

godolradall x19dg
—OLoRIIXAN BuHardedUueH ¢

aX o]

exoradall eLved
BUHIIGOHRBLOA

1T — TY T

91109l 4 8J0L
-udi UIHIIIO I9TY0LOW U XK O |,

godo1adau X198
-010BIIPKaN 0g10HedLo0d][] T

BIrodLHOM 0I0303h

_MHXaL a3dotodir & UL (J[] ‘['11 U “WD) BEBLI0D
“storudu WouHaIRTadLo 9 BrodiHON-D U 1
900910d1I g “IHIDKEEND SMITIOIRdI9Q0T]

(g nodhedee 3)

WHH ‘(dU vodnexee 0) W
“[9Q0001I) SIGHENINE IKMEBL €

O ‘UM ‘WL BudaD

godorad
-911 XI980LOBIIDKIN (BIIOTOL
—praods) [gresdalH|] |

q030Lodol XI9EOLIRITIIKIW dUHALRTUQ TTTAl

paRLO0d-NoLUdl WanHaaradLIo
5 srodLHOM-DY ] 9009nodir g ‘noumiArodi HOH
- LHOHOLIWOMOJOHW O I9HUXEEND SUMIOIeg1990T]

~ WL ‘UL
‘() Wd ‘(LI ‘HIW “Ud ‘Ird

(aHHOKOM nodoupulr
WUIY YOHHOUTTBLBAILIDNE)
J1rodI1d 9 MHE0dA 91980E8D

pae1909-3oLudl WaHHALATadUO O BrodLHOX
-] 999911041 g '[AHMXEENO SUTTIOIedI990]]

i
‘'Y ‘HW ‘Ud ‘g mm Xe

(ouHoL0Y nogoLduLr UI'U
VOHHOMTTEIBAILIONE) L0E1D
 MLOONIUX 9H280d £ |

I9HUXBdMD EOEQQHOONQ arrodaLd 94 UUIMIATodU BUHKEOLI0D UMHINIQO [T'Al

snwnediodu YOHILBUTISID

Ol1 UM BIrodLHOM-D}].] MMHEIOTa1r00M XMIADY
200on0d1 g *(80LX9900 UOUTTBLEALLIONE HOHILAY
_ced 5 MIrK 91990€L1) IGHIKEEND duTTIoNed1900]]

BUHAART 91949910 4

NN
~BHUT 9 YIT] UK 71T XE

edaviell 9L00HRULINAI] |

ENHEF0TAdOQO OJOHWIETOL HOLHOWALE 19L00Bd MNHANQ ['Al

[HUXVEND 19109Vd 9If0d LHOA NMMOdhUIOKOHXTL Al

14

¢

[4

I

(MhereE NOHILATLO BIT 20JAdr 1
qLOOHLEBLE ‘MMHBIOTIIO0U BUIOIFOHXAL
‘YMHREOTALOIU 19LM9990) ouHeRaWMA]]

eHd U
erruoilrd uuHed
-OU3Ir9U XUADOhUW
-MX031 ¥ XIIHLBOHIT
-HOMOER] ONILNOY

(u1109edgo TO19W U
BUHIdIWEN Q0D
-0LD) YNHRLOWILD
-0 XDIOOhUWERHUT
-odruiocel I9TOLIN

(DU]) HYXREXD UMHELOT
-31r99U XUNI3LUENPOAI-0dOI
-o19Wodll 4OTOLIW MW TINOH

MRBIeE
noH1derHEL) SUHBAOHIWHEH
-herres xIgHLderHELD BUUAd |

p' ] annvgou anHaNV0QOod]]

17




P I'aznpom 086-2010

OIr0dLHOM-D) | | Ol HHHBLOTALDIIU
XIIQOMIr 9309110d 11 { "ITHMXBEND SIIHHIKBIQ()

A ‘I ‘euHegoduHOL QR[]

UOQRE NITHHII1IAMO] ¢

VMNALOWOHHUINHH oHdoLg0L AHRLT — I9IHHUX
OHOBILIOD) "HUXEBIND THOM WI9HHOMMRLRALLIONE W1 HU -8 errodLd ¥udorxoed] ¢
OIrOdLHOM-D 1 | O HMHBLOTIIrDOU TINE T L1 ‘WL HHOLrOY X194

XI990i1r 3509110dU § "ITHUXEBEND JITHHIKEIQ()

-~OLPUIr M XITHTEDQ0 19LPA |

MUTIIAdLOHON 01HINII'E BUHOXOLOL QUHIHKOLLK ['A

ITHUXVEND BUHKEOLD0D 91r0d LHO UUADIhHUHXTL A

(I'Il ‘U "Wo) egRLI0D
-yoindu wanHararaduo o BLOdLHOM-D I ]
900am0dU g "IIHMXREND 219908R.] auTTIoRdI900T]7

19709 U BLROHOTHOMN
edeLo0o ‘edolyed
OJOHLEOHOTHON
-0tRl UMHOTIO KITT
90d1l KUHREOTALD ]

adov
-edeuad eH 19doweg

Ird “(HW)
I[LI ‘(XeWo9IoLl U XeMALD

BH XE100doM0 X19HeRd BH BOL
-ndu gorreadsLHu oHg 19done)

X Wd MM WL HIN ‘1 INd

(4100HHOHTOd

-00 99 BBhOILg) MHUXBEMD
yamoieroged KI'r HUITAY
-0dILI HOHLOONTUXKOER 19L1Q
-9l a1990ge() SI9HdBWNAD) 7

(I'[1 ‘U "Wo) egeLdO
-MoiMdu WarHaIraTadLo 5 BIOdLHOM-D I |
920amnodu g “I9HUXedNd 2199080l aulmoied99oYy

adoledeirao ex [doneg

I d

A€el Ol MHUX
-eId Toxoed HIHABWWAY) |

ITHHWXBEND goroxoed xiagoced XIIHABWWAD IMHaeraduQ) ATAL

-»-

WL B1da)

(Age1 o 1Ko/ W *014L ()¢

UMM MLOONTMX 0L LAd/ W G()
SIMIIEd 401UQAY KIT) 4OMOL
-odol XIIHHOIrONEE 1[91MQYT ¢

.

BUNKIraddoy eMoon
-UIWHX03I ‘ernoirg
godu enireHy

Tdir ‘Ol ArrodLld
Awolir9dio ou H | sUNEN

-dohHM OHAIr3LUHIrOLOT ‘BER]
BT — M HUW UM JH ‘VHIN

(direq

-dornu s9HHegodudoddan
£2doh 19704 BUHAIrLIALD

-Oll BMMHhOLOU dUHIXAdRH
-00 Beholinid) aioradall wod
~OLJBIIIXON € BTHOIL( LU ] p

S

14

£

[4

|

(MheIeE HOHALATLO BIT 90JAdY U
9LO0HURBLE ‘UUHRIOUIIDON BUIOIFOHXAL
‘MHHBEOTIIrOOU [M143990) QUHEBKhIWUA] |

eHdoY u
BITHOILD UMHRY
-OT3LIOU XUMIIhUN
-UX031 M XI9HLBOHIT
-HOMOERI INOILINOY]

(m109edgo TOLIW U
BUH3daWEM QOO
~OLD) UUHBIOTDIrD
-OM XUMOIhUWBHUY
-odruioces MTOLajN

(DW.]) HUXeaYD YUHRLOT
-91rdd0M XUNIdhUEUPOII-040IS
-OITWOdL H0TOLIW ONIITLINOY]

uheres
WOHLderHELO OUHEHOHIWMRY
"helree XI9HLIdBTHRLY BULIAd |

Pl annvgow anuaxcvopodyy




P T'aznpom 086-2010

BXEBLHIWOT BUHOHIOLIIGE J1rD0] |
“94 001 — LBEAXQ "HUXEBEND XITHHIXEIQO THOD

v
“T1.1] ‘MMEMILEBE O1rd0L A L

sd1oHedLd0dl WOH
-HOIrOMEE € BLHIWAN (QOHAMULD
-Bh UIM QOHLOL) OUhUILRH |

EXELHOWOT B9109hEY 9K0dLHOY ATA

SUHEOLI0D 20399k UHXAL doHUKdegR H XBUHadE
-orol Ud[] ‘HIKedd XIIHHOUTTRLRALIONE THOD

TneE

(‘du ¥ YOHROLANXaWOdH ‘HOND
-OhMHXJLl) HHOLOM XI9HTBOQO
XUIAAT U1DOHRULIWAOISH T

HHOIFOM 9L00HRENLIWAAIoOH BH XBUHadeoToU
ndu ‘unnedoddau yoHdordou UM HOHKUddIU
3Ir00[ [ "HUXREND XITHHOUTIRLRAILIONE THO(D

HULOONTUXK
adAredauwal ol HOHLOBALHON
uodhedeE O N L ‘N UOMhEX
-B£ 90 Yd ‘€U HOMhedBE D A ]
BUdad :1[9Q0D0LD JITHAUINR

axeLe N ‘TTINE ‘T1] ‘WIT

I9HHOL'OY UOHI'EIQ0 HOH
-HOMTRLRBALLIONE U HOdOLPUIr
NLOOHKhULIWAIIH QI9HIILBIILO
‘(arreadainu) suredodda] |

edidrud TUH

©dl QUHOHKOLA Y HHOI'OM YILOOHhMLOWAAIOH auHovgsIag [[1A

BIrodIHON 01030
-ahrHxa1 prisrnduodan xuiAdr soosmodu € 9 (1
OT — Leax() "HIDKBEd XIFHHOUTRLBAIIONE THOD

0271d SOHHUXEIND 1V ‘711

segewd sucoddoy ¢

9 (001 OT — LedxQ
“HUXREND XIGHHOUTIRLBALLIONE THO) niadel)

1] ‘TTNE I

BeHAL'MD BUeoddoy ¢

(goHorger) godogudil
BUHOIKOX0d1IoH HUhUAL UUTIETUENUL 300311
-odU ¢ "IMHUXRENO QUITIOIREIIQOT SITHHOXKEIOO

MNUWBHUT € L [T]
‘eqoLUdU UMHATIO HWBIOLIW
UK YA ‘ouHegodMHOLQBT]

(BMH
-9XOIrL0 91999109 ‘mMgodir
s19HLedTUI) UMXMHALERD) |

(gorreadoLHu

XIqHEULIATOd U 9Hd) 9AdL eaLoHed1o0dU OIOHHOKOMMALAHE BUHEOLO0J UMHAN() JI'A

nudedge uun
-RTHENUL 0002an10d1 g "IIHUXEBEND SIHHIXEIQ(

MV ‘NIF ‘ol

guHedorAdogo "dr ‘ [ ) H eiedx
-udu 19N auHArTaduQ §

awwediodll HOHALRUTI
-5L5 Ol UK OIFOdIHOM-)) |4 | OU YMHERIOTILDIIU
X19QOIIr 9209n0d1 g “IIHIXKBENO SITHHIXBIOO

PDIMWBHUY € YITT
‘L ‘edoindu UMHITIO HWBTOL

SWMIM T LT ‘TTINE TN "I

(UL v 9LpAN

a19g030AL ‘ladaden ‘M H
MENWITIEQ) BUHBAOTAdOQO
OJOHWIETOU [9LHINWALE

¢

14

3

[4

]

(Vheres MOHILITLO BUT 301AdY 1
qLOOHLBLE ‘UMHEBAOTILDOU BUIOKOHXAL
‘MMHBIOTDIOOU [919990) InHRhoWHUd ||

BHAOM U
pTUOILD UNHEd
-0TALOOU XUMIShUW
-UX0aI U XIIHLROHAT
-HOMO0ERT MIANOY

(m11008dQo TOLOW U
BUHAdaWEN Q0D
-0l1D) UMHEBAOTALD
-O1 XUMOOhUWBHUT
-odruloced MTOLIN

(DM]) HUXedMD HHMHedOT
-31r00U XMMOIhUENDOII-0d0l
-o19WodL HOTOLIN OMIULTNOY

UhETBE
MOHLJBTHBL) QUHRAOHOWHUEBH
‘heres XI9H.LderHeLO euuAd |

p ] ANNVgoU anHINVOPOd]]

19




P I'aznpom 086-2010

Loged xigaHHouNedOopdall KMHAT
-080dU 3100 | “ITHMX AN JIHHOMITBLBALLIONG

BELOHOITI

-dog05 010M09RUN
-BHUTOdTHUI UMHIIIO
BT UMHEBLOD1rD
-OU XUMOOhUWRHUTT
-odruiosel [ITOLIW

MHUWBHUT 4 eXoLUd UHINO
I9TOLOW — OHILRLUHIONU

-Or M N ‘TINE ‘T7 1] ‘WIS

(eloeIrl BULIGANOg IHOLALO U
04.109he) younedoddau ero
-BU'L OJOHEULNATOdI 1egX() |

— OHALLUHLOLOT]
B1OBLT BULIIAN09 HL0OHEMLNaD(dE MIHANQ [['[A
U32WUdL XUNIOh
IO suHedodWHOLQRT]

-MUHBX3W BOQRE O QUHOKBIA
UULENduodon XUIMoIA910L39.1000 BUHAT . . . . (19vod) UL
-980dU K00 | "IIHMXEEND JAITHHOUTTBLRALLIONG ML UL Wd HW Ird -OMITUX BOQBE 3 JUHALBIA |
BOQEE MLOMhO U1DOHAUINO(p(DE UMHINQ ['A
UUTIVAUPUDHALHU 9IrOd.LHOM IA
goruoird goxorad
v DI ‘WII1| -SU XI9HHOLrOMBE KIT BULOIrdA

“»-
‘IN L -MWBTOLOW MUWBHUT ¢ SUITIOIBYEOD ‘B0 OJOH
-LHOWAN ULOOHRULINAAIOY ¢
oX O [4HHOI
L Wvim| -y EXEBLHOWAYI O4LOARRY] §

mxoLadou SI9HHOLKOMNEE U
. WOHHOIrOM U norod

EHWEM OJOHLHOIWIY 4LO0HhULOWAOIOH BH XBUH WVITT ‘TIIV

-OLl 3 BLHOWAI QUHILLIAN)) ¢

-odeorou Ud[] "HMXBEND XITHHIKEIQO THOQ
oK O . q WEHHArgedUIBH Ol
1 WVITI TIAV 1L BLHOWAM suHexdaro)) g

S 14 3 [4 I
eHdOM 1 (11008dQO TO1OW U

(MheTee YOHALATLO KI'T 301AdT 1
9LOOHUBLE ‘UHUHRLOTILIOU BUIOLOHXAL
‘YHHEBHOTO0H 19.09900) IUHBhOWHA] |

eruoird uuHed
-OIALrDOU XUMOIhUN
-UX031 U XIIH1BOHOY
~HOMOERT DMILINOY

BUHOJIWEU Q0D
-OLD) UHHRBLOTALD
-OU XUMOOhUWBHUT

-odrnIogRT I9TOLIA

(DU ) HUXEeaMD UUHeLOT
-9Ir00M XMMIIhUEU(DOI-0d0I
-0I9WOdL 4OTOLIW ONILINOY

HhereE
HOHLdeIHBL) SUHBHOHIWHEBH
‘heree XI9HLdeTHRLY BUUAd |

pl mhnvopw annaxucvopody]




P T'aznpom 086-2010

nULBUduodon XUIMOIAG.LOLI91000 BUHIT
-ag0du 310 | IIHUXBEND JMHHOUTRLRALTIONE

eMoLMdU UMHATIO [9TOLIN ‘I |

BLOOW OIOHLHIWOTI
UMIOHBLOA ALOOHEULNIPDE |

[HUXEBENO OIMHBEOLI0) AWOMI9hMHXAL ol yuLsnduodow xuIAdr

ULOOHAUIIAPDE BIHINO A'A

UULEAALIIOdoW XHITIOIAE.LOL39L00D BUHAT

INVIT] ‘edoLudu

eroeru ediad

-2g0d11 2120 | "ITHUXEBEMD JIIHHOUNRLRAILIINE e T VDIHONO [9ToLoW ‘HIA ‘I.L| -cedodrni a1ooHanmiapode |
LOBIFU BH BUELOUMATEOT ULOOHAULNIPDE UNHANO AT'IA
nULEUduodaW XUIOIAELILIEL00D BUHIT . edoLudu miLogedoo YOH

rad ‘1

-2g0dU JI0] | "IIHUXKEENO JIIHHONTTRLRALILIONE,

MMH2TIO [MTOL3N ‘I I ‘IWH

-LOLOUW 9100HINLIPPE, |

19HOE HOHHOQREUAL UNLOURO ULDOHEULIdDdE AHANQ [1]'1A

(HUIMLFOL XI9WBIIMHOALIONODI9d
UUTIBIroEH ) U10010Mwandu sirudodu uumiad
-doy ot unLEuduodaw XI9HIIBUTIILD SWWed]
-odu o] "(JX[1) '9HMXeEND J19HIIrSLBIOHIEH

HOHUXEDID U
WOLORIIT AN
MEKAD HOMIIhUIN
-pHUTTOdIMI UNHITIO
K17 YMHBEOWILD

-OU XMDIOOhUWRBHAY
-odruiocel MTOLIW
— OH4IALUHIOUOT]

DIUWBHUT 4
(n1ooronwandil) exorudu
MMHOTIO MIOLOW M HIN ‘AL

g0MMLIWdal XI9HdOW
-UIroU (4108h OI9 UIfH) 1oelrll
4 UMhedee ALOOHAULNPPE ¢

A HOgXArd Loged XITHHOMTNIBLIOEU BUHIT
-ag0dU 2100 | "IIHUXBEND SIHHONITBLRALLIONG

MOHUXREND
U WOLJBLIL ATKIW
UEEE0 HOMNDIhUN
-eHUTOdTHUI UNHITIO
I UMHBLOTILD

-OU XUMNDOhUWBHUY
-odruiocel MYOLINW
— OH4LRLUHIOUOYY

IMUWBHMUI € (MLOOLOUN
-oudu) exoiudi UNHITIO 1970L
-OW U HIW ‘L MM (WVTTI
STHU) 9HOE UAHXUIQ 4 BUH
-9TMTI90BH UNHIMO I9TOLON UMM
(1 d vodnexdes 2 A ) 19900010
QIHAULYE xRl B TVD N

(ediqarrud orsmdiag

3109 € «BdI4LoBII» 9LO0HhUL
-owdar) DY sroou eLderl
MUTIBIFOEU 9LO0HEULAdPDE T

14

3

C

(MheTree YOHALATLO KU d0JAdT U
9LOOHIIBLE ‘UMHBEOTIIDOU BUIOOHXL
‘UUHREOTAIOOM 191%9900) IMHEhoWUA] |

eHdO U
eruoird yuHed
-OU31rOOH XUNIOhUIW
-MX0d1 U XI9HLEOHJT
-HOMOER] INANLINOY

(11L0gedQo TOLON U
BUHIdOWEN Q0D
-0Ud) YMHEBLOTILD
-OM XUMOhUWEBHHUT
-0odTnIOER] ITIOLIA

(D) HUXedNO YHHedOT
-31r0U XUMNIIhUEN(HOII-0d0L
-519WO0dU 40TOLIW ONJILIWOY]

Hheree
HOHLABTHRLO SUHBAOHOIWHRH
‘heres Xi9HL1derHeLo eulAd |

p'] ”Mnvgow anHaxucvopodjf

21



P I'aznpom 086-2010

"MOHEOdA BUTIENOLOXE — X € ‘BUIIONO0LMI(ON BEHIMHIBWOALINAIE — [TNE ‘BUdL1oWodINoU-EMdLOWOWATT — DIT *(demowAm) doLexMTHUOWATT — M []]
‘(1V) HOHOHI0d TOLIW HUMORULOANE YITHIOLOLIONOdUIT — V] ‘BudLowondar — L “xerodey yigHTOdoroud-oHrodarIA — /D) ‘dosUaaIral UIXNOdh
-MLOAME HITHHUXEEND — | v ‘BedodAgeed1arA sudioworoxoed — £ ‘Eel BIT HELOW UM (MI0MIUX BIT T |d ) UMMohUHEXaW doworroxoed — N J SMIIHHOUTI
-MATHU downauLonedd — Yq ‘arainiraraduooreaxudu — Q[ ‘(BWWel-ewwel) dOWQLOOHLONL — (1] *xegAd1 ex Mwedogudu gorderru sauHedogodlo — 1[0
-a1rage eH Mwedogudu 40198111 SMHEE090dLIO — Y[ ] ‘eXeroded 0JOHHOALIAH 0IOHARHOUTIRL) I9TOLIW — MH {MLOOHEULINE HOHHOUTD8BH TOLOW — VH A
“WOdLOWOHEW WITHHHOAIM] BUHALdRr dowes — H A *(HUXEBEMD XITHHIXBIQO sudiswarndodir) sudrowondegexodinn — YW (giArodu 219891

-000dog 1 -0doLX) 09.1031Mod J0HIhIN — A ‘LPAW doresior — N|r ‘(BeHAIedLINA1I0) KRHIMHIBWOLNALE TOd BUHIXHET BUIIRNOI — [7g[[ ‘BUHAIERT OJOH
-M0QeE BUHATRL Beand) — [T ‘BHE0dA BUHOIGOHRLI008 Keaudy — £ ‘BMHAIMEY OJOHUOQRE BUHALMOHEBLOD0d Beandy — rg ‘xeroded HI9HHOALWOH
WITHOIIALAN — Y H A ‘BEAOShULONI0dUI BUALOWOHUINHH — |4 [HY ‘19LUOLOEU SUMAgHxX0NL0d0Y slgHgn L eouTed — €U ‘ewwedienr seHdOLEUTHU — [TY
“BALOOMIE JITHAOLEMMTHH — g ‘("du 1 dALedOLINAL ‘UMHOIERY XI9999.10K ‘90LMQAT X1990€e) UNHOHBLIA J19HAIWRE JI98I9LIK — A€ ‘TOLOW-BWWRI — A |
‘YIMHIKRdIOLHHN Xelodex-BWARI — Y | {(QOHHUXREANINXIW) aUHeaUMALoduodrnl — U] H(LIT1D) BUALOWOLHIWAT BWIWRI-BWWES — Y] | | ‘BUdLoWOLNSD
- BWWRI-BWIWR] — 17 | ] -ouHedoduIMdodi 20%09n1MNonad doHIrednLded — [[Dg ‘(dowoddrrenr) dowolerd — Ird ‘BUALIOWOLHOWATI BRIOOhULIANE — [TV

OUHEhdWUd]]
S 14 3 [4 I
BHAIY U (M1L09edQO TOLOW U
(MhBeI'eE YOHILATLO BUT 90JAdY U BrHOIL(] UUHEY BUH3daWeW Q0o (DU.I) HUXREMD HUHRBLIOT Uheres
9LO0HUBLE ‘UHHBLEOTIDOU BUIOLOHXAL -OLAIIOM XUHIIhUW | -OLID) UMHEHOTILD | ~d1rdOU XUNOIhUEN(DPOII-080L | YOHIABTHRLO SUHRIOHIWHE]
‘UMHEBEOTAI'O0U 19149900) SOUHBhOWHA[ | ~MXO3I M XITHLEOHII | -OU XHMOOhMWEHHY | -019WOdL 4OTOLIW ONOVINOY| | "heres XITHIdBIHELD pULAd |
-HOMOERI OMJLWOY | -0dINIOER] I9TOLIN

Pl MNNUQDW ANHDRHON ()



P TI'a3npom 086-2010

2 Onpenesenne GU3NKO-XHMHIECKUX H TEMIO(H3NIeCKHX CBOWCTB
MHOFOKOMIOHEHTHbBIX NPHPOJHBIX ra30B H FA30KOHIEHCATHBIX CMece

2.1 CocTaBbl ¥ OCHOBHbIE CBOMCTBA KOMIIOHEHTOB Ira3oB

2.1.1 Kputnueckue napaMeTpsl IPUPOIHBIX Ta30B U MX KOMIIOHEHTOB

Kputiueckue napameTpbl MPUPOAHOTO rasa (1aBleHHUe, TeMIeparypa, MloTHOCTb, 00BeEM)
OTIPENEIAIOTCS KaK MCEBIOKPUTHUYECKUE MO COCTABY rasa.

11 onpenesieHUst quD u Tn.Kp ra30BBIX CMeCei ra30KOHIEHCATHBIX MECTOPOXIEHUH peKo-

MEHIYETCsl HCTIOMb30BaTh (POPMYJIbl

K

Pn.Kp:F; 2.1
K

Tl‘l.Kp 27, 2.2)

rac

Zx Kp.i

POS

Kp.i
2

0,5
le Kp1 3 in TKp.i

"3 P P

Kp.i Kp.i

[a30BbIE CMECH MOTYT COCTOSITh U3 HEMOJSAPHBIX U [ONSPHBIX COeNMHEHUH. K HEMOAPHBIM
COCIMHEHUSM OTHOCSITCS BCE YIIIEBOAOPOAHbIE KOMITOHEHTBI [a3a, a30T U YIJIEKUCIbIi Tas3. K nonsip-
HBIM COEIMHEHMSIM OTHOCSITCS Mapbl BOAbI, CEPOBOIOPOJ U BBOIMMBIC B NOTOK rasa METaHOI H
CoJIsiHasi KHCoTa.

Ecniu conepXaHue MOJSIPHBIX [IPEBBILIAET 5 % MOJBHBIX, TO TICEBAOKPUTHYECKHE NapaMETPbl

cleayeT onpenesiTh no hopMmyiam

X zl(pl O 0,5.
H.K l(p ’ n.Kp :szix (TKplTKp]) (2.3)
i=l j=1
1 1 3
n o Z T i3 Z T 3
Kp.1” Kp.1 Kp.17 Kp.1
=3 > xx%|0,5 —;’)—p +0,5| ZxRKed |7 (2.4)
i=1 j=1 Kp.i Kp.i
TIe pr.i — KO3 DULIMEHT CBEPXCKUMAEMOCTH {-I'0 KOMITOHEHTA NPY KPUTHICCKHUX JaBICHIN PKp

u remnepatrype T, 3TOro KOMNOHEHTA.

Bornpoc o k03hGULMEHTE CBEPXCKUMAEMOCTH IETAIbHO PACCMATPUBACTCA HUXKE (. 2.2.1).
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Ecnu conepxanue KoHaeHcaTa B COCTaBe ra30KOHICHCATHOMN CMECH npesbitiaet 300 r/M3, To

TICCBAOKPUTHYECKHE NAPAMETPbl PEKOMEHIYETCSI BEIYUCIATE 110 GopMyJiam

Z, oRT,
PH_Kp n:p%, (2.5)
M.Kp

X x;05: 115
KD ZZ SR (2.6)

i=1 j=I n.Kp

rae Uikaij :(UKplTKp lUKp.jTKp.j)O’ ’

Vn.ip = 0,250 X0, +30 %, qul)(Zx Kpl (2.7)
ZH.Kp =0,291-0,08a,,,, (2.8)

me o, =Ixo;
Uyp.i — MOJBHBI 00BbEM i-ro KOMIIOHEHTa B KPUTHYECKOI TOYKE, PaBHBIH MPOU3BENEHMIO

YIAEJIbHOTO 06beMa Ha MOJIEKYJISIDHYIO MacCy;
ZH.Kp — MCCBIOKPUTHYECKUI KOI(DDULIMEHT CBEPXCKUMAEMOCTH TIPU PH.K ul Kp>

O s ©; — AUCHTPUYECKUIA (PAKTOP A1 CMECH U i-TO KOMIIOHEHTA COOTBETCTBEHHO (n. 2.1.1).

cM?

DU3UKO-XMMHYECKHE CBOMCTBA KOMIIOHEHTOB MPUPOIHOTO ra3a npuBeAeHbl B Tabauie 2.1.

2.1.2 AueHtpuueckuii paktop

Jl151 XapakTepUCTUKN PeaibHbIX Ta30B HEOOGXOMMMO YUeCTh MapaMeTphl, CBSI3aHHbIE C MOJie-
KYJISIpHBIM B3aUMOEHCTBUEM.

Jnsi yueta nONONTHUTENbHBIX HELEHTPUYHBIX CHIT MEXILy MOJIEKYJIAMU Ta3a Hechepuyeckoi
(OpMbl BBEICH NOMOIHUTENbHBIN NTApaMeTp, Ha3BaHHbI allCHTPUYECKUM (akTopoM. OH ABASETCS
OZHHM H3 NapaMETPOB, OLICHMBAIOLINX OTKIIOHEHUS Ta30B CO CIIOKHOM (HOPMOIt MOJIEKYJT OT MPOCTHIX
ra3oB co chepryecKoit popMoit MosieKyl. 3HaueHUs aLleHTPUYECKOTO (hakTOpa 11 OTHETBHBIX KOM-

NMOHEHTOB ra30B NpUBeIeHL! B Ta0aulie 2.1.

[IpubamxeHHo 3TOT hakTOp WISl KOMITOHEHTOB ra30B MOXET GbITh onpeneaeH GopMynoi

PKp.i
lg| —=~
Far
®; =0,4286— 27/ | (2.9)
&’L_l
TKHH.i
rae T yn.i — TEMIIEPATYPA KMIIEHHS /-TO KOMITOHEHTA, 3HAYEHUE KOTOPOIl onpenensieTcs U3 Tad-

KHIT.1

JMLbL 2.1;

P, — atmocdepHoe nasnenue, MIla.
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Ecnu cogepxaHue BBICOKOKHMILSIIIUX YTJIEBOAOPONOB C;, Brase He MpeBbIIACT 1 % MOJBHBIX,
TO KPUTUYECKUE TAPAMETPbI TOU IPYTITIBI MOTYT ObITb 3aMEHEHbI KPUTUUECKUMHU MTapaMeTpamMu HOp-
manbHoro rentaHa. Ilpu coaepxanun Cs, , NPEBLILIAIOLICM 1 %, ciemyeT 3Ty IPyIITy YrjieBO1OPOAOB
3aMeHUTh hpaKiMeil TOBApHOTO KOHIEHCATa M pacCMaTpUBaTh NX KaK KOMITOHEHTDI CMECH.

Ecau B cocTase ra3a cofepxurcs 10 50 % KMCIIbIX KOMIIOHEHTOB (CO, u H,S) v KOHLIEHTpauUs

KAXIIOrO U3 HUX He TpeBbILaeT 25 %, TO MOXHO MCMONb30BATh MPUOIMXEHHbIE dopMybi

*
P T
* _ M.Kp~ IL.Kp . * _ e
P[I.I(p - T +x (l—x )8’ Tl'l‘Kp _Tl'l.l(p & (2-10)
.Kp H,S H,S
 14+-0,36_08 0,7
€ —14xH25 Xco, +0,8xHZS, (2.11)
rae XHZS, XCO2 — mosbubie gomu H,S u CO, B cocTase rasa;
P T — riceBIOKPUTHYECKUE JABJICHHE U TeMIIepaTypa.

n.Kp> * M.Kp

2.1.3 I11oTHOCTL rasa
[1JI0THOCTb Ta3a MPH CTAHZAPTHBHIX yCjaoBUAX (P . = 1,01325-10° Ma / 760 MM pT. CT.;
T.,=293,15K (20 °C)) MoxeT GbITh oMpeaeneHa o hopmye

MM

pCT_—_:———24’04, (2.12)

uCT

rac M — MoJeKysipHasl Macca rasa.

)]JIH 0oJiee TOUHOTO OMNpeaeeHHs IVIOTHOCTH OTAC/TBHBIX KOMITOHEHTOB U CMECH Ira3oB CJIEAYET

UCIIOJIL30BaTh pABCHCTBA!

n n M
Moy =Y M5 Vg = D X055 Py =~ (2.13)
2.

i=1 Ucy

rae X; — MOJIbHasl 10151 [-TO KOMITOHEHTA;

M, — MoneKy/sipHast Macca i-ro KOMIOHEHTa;

v, — 0OBEM OJHOTO MOJIsI i-TO KOMTIOHEHTA.

3HaueHus1 M, 1 v, NpUBEIEHbI B tabmuile 2.1. Kak BUAHO U3 3TOM TabauLbl, 00BEM OIHOTO
MOJIsi PAa3MYHBIX KOMITIOHEHTOB, BXOMSIUMX B COCTaB IPUPOAHBLIX Ta30B, MeHsieTcsl OT
20,87-10°3 M3/Monb AT n-TIEHTaHA U i-TIEHTaHa 0 22,71-10-3 M3/Moub LIS n-OKTaHa.

[LIOTHOCTb Ia30B 3aBUCHUT OT COCTaBa, AaBJICHUs, TEMIIEPATYPhl U ITPH 3alaHHbIX NABICHUN U

TeMIlepaType ONpeNeIseTCs [0 U3BECTHOM MIIOTHOCTU NPH CTAHAAPTHBIX YCIOBUAX 110 dopmyne

Pler (2.14)

P=PCT7,3T—Z?’

rae T,, — cTaHIapTHas TEMNEpaTypa, K;
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Tabauua 2.1 — Pusuko-xuMuIecK1e CBOHCTBA KOMIOHEHTOR IIPUPOIHOTO rasa

npu P=0,1013 MIla

- T z = z I z z b=
Mapamerp § (‘;_é g \,% g g ?:% S E g E
= < -~ - X & & =

Xumuueckas hopmya CH, C,H C;H, n-C4H, i-C,H, n-CsH , i-CsH n-CgH,, n-C,H ¢ n-CgH g1 N,
Monekyasipubie:

Macca 16,043130,068144,094| 58,120 | 58,120 | 72,151 | 72,151 | 86,178 100,198 | 114,22 (28,016

00beM 22,36 | 22,16 | 21,81 21,75 | 21,50 | 20.87 | 20,87 | 22.42 22,47 | 22,71 |22,404
MnotHocTs, kr/M?:

npu T=273,16 K 0,717 | 1,356 | 2,010 | 2,668 | 2,703 | 3,457 | 3,457 | 3,845 4,459 | 5,030 {1,250

npu 7=293,16 K 0,668 | 1,263 | 1,872 | 2,486 | 2,518 | 3221 | 3,221 | 3,583 4,155 | 4,687 | 1,165

S ;:‘y‘s:i“lj:::;g"““” PHTEMIE | 416 | 546 | 585 | 582 | 600 | 625 | 637 | e64 - - -
O61beM B ra3oBoii (hase nocsie ucnape-
HHS! KUIKOCTH, MPHBEAEHHBLI 42,1 [ 31L,1 (2729 229.4 | 237,5 | 2046 | 206,6 182 - - -
K 7=273,16 K, m3/M3
T'azoBast nocrosinnas, M/°C 52,95 ] 28,19 | 19,23 | 14,95 14,95 | 11,75 | 11,75 9,89 8,46 7,42 130,26
Kpuruyeckue napamerps:

MIOTHOCTb, KI/M3 162,0 | 210,0 | 2255 | 232,5 | 225,2 | 469,65 | 460,39 | 507.35 540,15 | 568,76 (126,26

Temnepatypa, K 190,551305,43 (369,82 408,13 | 425,16 | 3,435 | 3,448 | 3.072 2,790 | 2,535 | 3,465

napaenue, MIla 4,695 4,976 | 4,333 | 3,871 3,719 - - - - - -

YAenbHblii 06beM, M3/kr 0,0062)0,004710,0044; 0,0043 | 0,0044 | 0,268 | 0,269 | 0,264 - - -

MOSIPHBI 06beM, 1076 M3 /Monb 99,5 | 148,0 | 200,0 | 263,0 | 255,0 345 345 413 282 320 91,5

ko3¢ buunenT cepxexnmaemoctn | 0,290 | 0,285 | 0,277 0,283 0,274 | 5769 | 5,769 | 5,909 8,880 7,541 | 3,681
[TapameTpbl noTeHUMANOB;

e/k, K 140 | 236 | 206 217 208 269 269 423 288 333 91,5

G, A 3,808 1 4,384 15420 | 5819 | 5,869 | 6,099 | 6,057 | 5.916 7,00 7,407 | 3,681

5 - _ _ _ _ _ _ _ - _ _
DakTop aleHTPUYHOCTH 0,0104|0,0986(0,1524| 0,1849 | 0,2010 | 0,2539 | 0,2223 | 0,3007 0,3498 | 0,4018 | 0,040
ﬁzafﬁ“;‘leg;;'fg?‘ﬁ‘ﬁ‘;"f” PO 10,010310,0083[0.0075| 0,0069 | 0,0069 | — ~ - - - -
Temneparypa, K:

KHMIIEHHS 111,86]184,56]230,90( 263,06 | 272,66 | 300,96 | 309,26 | 341,86 371,56 | 398,86 | 77,36

IUIaBJIEHUsI 90,66 |100,66| — 128,16 | 138,16 | 113,26 | 143,46 | 177,86 | 182,56 | 216,36 63,16
TennoemkocTs npu 7= 273,16 K,
[k /(xr-rpan.):

NPU NIOCTOSAHHOM JaBJIEHUH, CID 0.5172{0.3934]0,3701 0,3802 | 0,3802 0,3805 | 0,3805 | 0,3827 | 0,3846 | 0,3856 0,24

TPH MOCTOAHHOM 00beMe, C, 0.3936(0,3273(0,3252| 0,3466 | 0,3466 | 0,3533 | 0,3533 | 0,3600 0,3652 | 0,3686 [0,1770
(Tl;:f;rr'g;’;jﬂ”““ MPHT= 27306 K: 0,026 | 0,016 [ 0,013 | 0,011 | 0,010 | 0,0106 | 0.0106 | 0.0096 | 0.0092 0,0084 | 0,020
Tennotanpu T= 273,16 K, kX /Kr:

WcnapeHus 570 490 427 352 394 — - - - - —

MAaBNeHUs 60,8 | 95,2 | 80,0 77,6 75,5 - - — — - -
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% = g .a
s | 2| 8| ) 2|88 |s8| s |z|c¢
[apameTp g % § % % é § g ez:' E 5 E
SlE 2|28 |= N S
Xumnyeckas dopmyna — H,0 | O, H, H,S | CO, | CO He Ar Hg
MonekyaspHble:

Mmacca 28,96 |18,016| 32,00 | 2,016 |34,082|44,011|28,011| 4,00 39,95 |200,59

06beM 22,40 | 23,451 — 22,43 | 22,14 | 22,26 | 22,41 - — |18,019
T110THOCTb, KI/M?:

npu T=273,16 K 1,293 1 0,768 | 1,429 10,0899 1,539 | 1,977 | 1,250 | 0,178 | 1,784 13,595

npu T=293,16 K 1,205 | 0,750 | 1,331 {0,0837| 1,434 | 1,842 | 1,165 | 0,166 1,662 |13,546

B XWAKOM COCTOSIHUHM TIPH TEMITE- _ _ _ _ _ _ _ B _ _

paType KMIIEHUs
O6beM B Ta30B0i ase f1ocae ucnape-

HMS XUIKOCTH, TPUBEICHHbBIA - 47,06 | 26,97 |420,63| 24,89 | 19,27 | 30,27 211,841 — —
k T=1273,16 K, M3/m>

[azoBas nocrosiHHas, M/°C 29,27 - - - - — - - - -
KpHutuyeckue napamerphi:

[UIOTHOCTB, KI/M? 132,40 — 154,78 33,25 | 373,6 | 304,2 |132,93| 5.2 150,72 -

Temmeparypa, K 13,24 | — 5,18 | 1,325 19,185 7,527 | 3,568 | 0,234 14,959 | —

nasneHue, Mlla — - - — — — — — — —

YREbHBII 0BBeM, M3 /KT - - - - - - - - - -

MOTAPHBII 06beM, 107 m3/monb - - - - - - - - - -

KO(DDULIMEHT CBEPXCKMUMAEMOCTH | — - 88 33,3 343 190 110 10,8 | 124,9 -
TMapaMeTpsi MOTEHLMAIIOR:

g/k, K 78,6 — 13,541 |2968 1 3,49 | 3,996 | 3,59 | 2,57 |3.423| -

o, A 3,711 — - — 0,21 - — - - -

5 _ _ _ _ _ — _ _ _ _
dakTop aleHTPUYHOCTH — - 0,019 - 0,100 | 0,231 - 0,246 - -
Ko>¢duilueHT IMHAMUYECKOH BA3KO- | _ _ _ _ _ _ _ B _
ctunpu 7T=273,16 K, mIla-c
Temneparypa, K:

KMIIEHUA 78,8 1373,16/ 90,16 | 20 [211,4|1947 | 81,7 | 43 | 875 -

naaBJieHUst — |273,16] 54,36 — - - — — — —
TennoeMKocTb ipu 7= 273,16 K,

Ax/(xrrpan.):

NPH IOCTOSIHHOM JaBJEHUH, Cp 0,2397/0,4441]0,2185(3,3904 | 0,253 10,1946 |0,2483 1,260 | 1,243 10,0335

npu nocrosiiHom obweme, C, 0,1712(0,3469] 0,156 |2,40451 0,192 0,149610,1774{ 0,760 — —
o pORaIOCT® P! T=21306K.4 g 051 loo1s| — |oaas [oonoon2| — foa2s| - | -
Temtora npu T= 273,16 K, kIx/Kr:

ucnapeHust — - - - - - — - - —

LIaBICHUS - - — - - — — - - -
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P, — atmoceptoe nasnenue, MIla;

T..=293,16 K (20°C);

P =0,1013 MITa (760 mMm pr. cT.);

Z — K03 OHULMEHT CBEPXCKUMAEMOCTH ra3a NpH 3aJaHHbIX Py T

Per — TUIOTHOCTD ra3a MpU CTAHAAPTHBIX YCIIOBUSIX, 3HAYEHUE KOTOPOM [UISI OTAEbHBIX KOM-
NIOHEHTOB OepeTcs U3 Ta0auubI 2.2.

[1pu u3BecTHOM cocTase rasa p or OTIpenengercs no popmye

n
Per = 2 PeriXis (2.15)
i=1

rme  p.; = M./24,04.

[1py HanuuuM BAAary BOASIHBIX TTAPOB B Tase IS OIPENEIEHUA €ro MIOTHOCTHU BBOIATCS I1O-
fIPaBKU Ha BJIAXHOCTbD.

BesMyMHBI NONpPaBoK K MIOTHOCTH «CYXOTO» ra3a Ha ero BIaKHOCTD MPH Pa3IMYHbIX TEMIIE-
patypax npuBeseHb! B Tabsuue 2.2. [TonpaBku 106aBISIOTCS WK BHIYUTAIOTCS U3 IIOTHOCTH «CYXOro»
rasa B 3aBUCMMOCTH OT MX 3HaKa, yKa3aHHOTO B 3TO# TabIuIie.

T110THOCTb ra30KOHAEHCATHOM CMECH MPH HEM3BECTHOM KOMIOHEHTHOM COCTABE ornpene-
JisIeTcd 1o popmyie

— prQr +pKQK

0. +a0, (2.16)

pCM

e Pr» P — IVIOTHOCTH OTCENMapUPOBAHHOIO ra3a U KOHIEHCaTa;

Q,, Q, — Ae6UTHI ra3a U KOHJAEHCATa;

O — KaXyLIMiACs 0ObeMHBIA KO3(DMUINEHT KOHEHCaTa NIPH YCIOBUSIX ONpPeae/IeHHs TIOT-
HOCTEH P, P U P, . 3HAYEHHE 0L OTIPEIENIAETCS MO hOpPMYJie

a=24,04]‘;—’<, (2.17)

K

rie M, — MonexynsipHast Macca KOHIEHCATa, KI/MOJTb.

Tabanua 2.2 — INonpaBKH K IOTHOCTH «CYXOro» ra3a Ha €ro BJIaXXHOCTb

InorHocTh IMonpasku, %, npu Temnepatype, K
«CYXOro» rasa, Kr/m3 283 288 293 298 303 308 313 318 323
0,4 1,2 1,5 2,0 2,7 3,4 5,5 6,4 7,0 8,5
0,5 0,7 0,9 1,2 1,5 1,9 2,4 2,9 3,5 4,3
0,6 0,4 0,5 0,6 0,7 0,9 1,0 1,2 1,4 1,6
0,7 0,1 0,1 0,2 0,2 0,2 0,4 0,0 -0,1 -0,3
0,8 0,0 -0,1 -0,1 -0,2 -0,4 -0,6 -0,9 -1,3 -1,7
0,9 -0,2 -0,3 -0,4 -0,6 -0,8 -1,2 -1,6 -2,2 -3,0
1,0 -0,3 -0,4 -0,6 -0,8 -1,1 -1,6 -2,1 -2,9 -3,9
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B npakTuKe pacyeToB YAaCTO UCTIONb3YETCA OTHOCHTEIbHAS TUTOTHOCTB I'a3a [0 BO3YXY, paBHast
OTHOLLIEHHMIO TUTOTHOCTU ra3a npu P= 0,10 MTlau T = 293 K K IJIOTHOCTH BO3/1yXa P, IPH TEX XKE

YCTOBUAX:

5=—F_. (2.18)

pBO3
IMpu P=0,1013 MIMau T=273Kp,, = 1,293 kr/m* anpu T=293 Kp_, = 1,205 KT/M5.
VYWTHIBAS MAEHTUYHOCTh OOBEMOB ra3a M BO3LYXa MPU CTAHAAPTHBIX YCJIOBHAX, OTHOCUTEIbHYIO

[LTOTHOCTP Ta3a MO BO3AYXY MOXHO OIPeNeIMTb 1o Gopmylie

M
28,96

p= (2.19)

2.1.4 Bs3kocTh ra3za

Bsi3kocTb — (PU3MUYECKOE CBOMCTBO BELLECTBA, KOTOPOE MPOSIBISETCS NMPU IBUXEHUUN U Xa-
paKTepU3YeT COMPOTHUBIAEMOCTb CKONBXEHUIO U CABUTY OJHOH YACTH OTHOCHUTEIBHO npyroi. Be-
JIMYMHA CUJIbI BHYTPEHHETO TPEHHSI MEXTY ABYMs1 IBUXYIUMMUCS CIOSIMU POMTOPLIMOHAIBHA TUIOIIANM
COMPUKOCHOBEHHUSA JTHX CJI0EB U M3MEHEHHMIO CKOPOCTH ABMXEHHsI B HallPaBICHUH, NEPICHANKY-
JIIPHOM TUIOCKOCTH COTIPUKOCHOBEHUsI cJI0eB. Koo dHULUMEHT MPONOPLMOHATbHOCTH MEXIY cunom
BHYTPEHHETO TPEHUS ¥ [POU3BENEHUEM ILIOIIANAM Ha U3MEHEHHE CKOPOCTH IBUXEHUS Ha3bIBACTCA
K02 ULIEHTOM TMHAMUYECKOM BSI3KOCTU. PasMepHOCTh k0abdrLeHTa IMHAMUYECKOH BA3KOCTH:
cua‘BpeMsl/(JUIHa)2, TO ecTh H-c/m?2 unm INa-c.

KoadhdULHMEHT IMHAMUYECKOi BA3KOCTH, OTHECEHHBIN K IUIOTHOCTU BELUECTBA MMPU TEX Ke
yCIOBUSIX, HasblBaeTcsi KO3 HUILMEHTOM KHHEMATUUECKO BA3KOCTH M UIMEET Pa3MEPHOCTD mZ/c.

BsI3KOCTb ra3a 3aBUCUT OT JaBJeHMs, TeMIIEpATyphl M cOCcTaBa rasa. MeTodbl onpenesieHus
K03(hdULHEHTa IMHAMUYECKO# BSI3KOCTH Ta30BBIX M Fa30KOHAEHCATHBIX CMECel OCHOBaHbI Ha MC-
MOJTb30BaHUM ITPUHIIMIIOB COOTBETCTBEHHBIX COCTOSTHUHM.

Ha pucyhke 2.1 npuBeneHa 3aBUCMMOCTb i onpeeieHust koadbduuneHTa MPUBEACHHON
JMHAMWYECKOM BI3KOCTH p;p MIPUPOAHBIX Ia30B NMPH PAa3TMYHBIX JABJIECHUSX ¥ TEMIIEpaTypax.

BenuuuHa u;p onpenesieTcs no popmysie

s w(P,T)

T : (2.20)
" (P, T)

rae B, — KOI(P@ULIMEHT BSI3KOCTH Fa3a npu arMocthepHoM nasienuu P, = 0,098 MIla n 3anannon

TeMIepaTtype, KOTOpbiii orpezesnsiercs 1o hopmylie

¢ 05
Zuixi i
By =, (2.21)
inMiO’S
i=1
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rae K; — KO3(pPHUUUEHT JUHAMUYECKON BI3KOCTH i-TO

)51 aTMOC(bCpHOM JaBJICHHUU.

KOMIIOHEHTA NPY 3a1aHHOU TeMIIepaType

Benuumna p;, onpenensercs u3 rpaduka, MOKa3aHHOIO Ha PUCYHKe 2.2, WK 110 hopmyJie

JMT

piaT=0,002669.6i29u., (2.22)
- Hip
T &
/ )
/ i
adl
1(9) ] —_ /\\i
p L L .
L // 1 40
7 — ~ g
6 -
: T
75
/ 1
3 / yd // //// /4/ ;/ ////,/ 1
AP’
o
7 - A A
e T
10,6 0,7 0,80,9 1,0 2 3 4 5 I 6 7 8 910 20 30 40

P, MIla

np?

PucyHok 2.1 — 3aBUCHMOCTD IPUBEACHHOM BI3KOCTH “:]p OT PUBEICHHBIX IaBJIEHUA

U TEMIIEPATYPhI

M, MITa'c

0,020

RN

0,016

NAN
\\

0,012

0,008

-
P
— -

——
-

- -
- -

-
——
L
— -

-—
— -

e

0,004
0

150

30

| — renuii; 2 — Bo3ayx; 3 — a3or;
4 — yriekucielii ra3; 5 — cepoBOAOpPOL;
6 — MeTaH; 7 — 3TUjIEH; 8§ — ITaH;
9 — nponan; 10 — i-6yran; 11 — n-6yran
12 — n-neHraH; 13 — n-rekcax;
14 — n-renraH; 15 — n-okraH;

16 — n-nonan; 17 — n-nexau
PucyHok 2.2 — 3aBUCHMMOCTD BA3KOCTU
ras’oB |, OT TEMIIEPaTyphbl
rpu aTMochEpHOM JaBICHUU
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rae M, — MoneKynapHast Macca i-ro KOMITOHEHT,;

Q. — uHTerpan CTOJIKHOBEHUI;

T — Temrieparyparasa, K;

O, — IapaMeTp MOTEHLHANIOB.

Benuunna ¢/k nana B Tabnuue 2.1. 3HayeHUs Qum B 3aBIUCUMOCTH OT T~ NpyMBeaeHbI B TaGJH-
max 2.3u 2.4.

3HayeHMst KOHCTaHT G; U Qum HaXOIAT 1o TadmmiaM 2.1 1 2.4 1o U3BECTHOMY KOMITOHEHTHOMY

COCTaBy rasa. HJBI HX HAXOXICHHUS CHavyaJla BbIYMCIIAIOT BEJIUYUHY

T = . (2.23)

Ecnu B cocTaBe ra3a npuMCyTCTBYIOT HEYTJIEBOOJOPOIHbBIE KOMITOHEHThI, TO UX BJIMSHUEC Ha BE-
JIMYUHY P, YIATBIBACTCA BBCIACHHUEM COOTBETCTBYIOUIUX TIOIIPABOK, 3aBUCALINX OT 00BbEMHOM KOH-
LEHTpAL U HEYIJICBOOOPOAHBIX KOMITOHCHTOB B CMECH U OT OTHOCHUTEJIbHOM JIOTHOCTH 3TOM CMECH
IIpu aTMOC(I)CpHOM JapjneHnu. 3HaUYeHUs MO paBOK Ha NPUCYTCTBUEC B ra3¢ HEYTJIEBOOAOPOAHbBIX KOM~

MNOHEHTOB MOTIYT OBITb BEIYUCJIEHBI AHAJIUTUYECKHU 110 (I)OpMYJ'[aM

uN, = [(0,07132xg’j ~0,09011)p %% +(0,02379—0,01996x%j)]-10—6; (2.24)
Mco, = [(0,06759xg’(5)2 —0,07853)p™"% +(0,02906-0,03213x5 )]-1075; (2.25)
s =[(0,09007xp —0,12753)p™* +(0,09674 -0, 06753x10{’fs)]-10‘6. (2.26)

*
TlorpeHoCTH ONpeaeIeHUs L U3 PUCYHKa 2.1 coctaBnaior 3—5 %. AHanuTHYECKas! 3aBU-

CHUMOCTDb IIPUBEIEHHOM BA3KOCTH OT IPUBENCHHBIX JABJICHUS ¥ TEMIIEPATypbl UMEET BUIL
. 4 4 o
_ i mj
Mmp = Z Z a;PrpTap. (2.27)
i=0 j=0
3HaueHus KoddPHIMEHTA a;; IPUBE/ICHbI B tabmuie 2.5.

IMceBnOKpUTHYECKHE TTAPAMETPHI OTTPEACSIIOTCS 110 (hopMyJIaM
Pm( :inPKi; Tm( :inTKi' (228)

BMecTto ¢popmyisl (2.27) MOXeT ObITh UCIIOIB30BAHO CJIEAYIOLLEE BEIDAXEHUE:

3 3
m(pLTnp} =S 4T Py (2.29)

at i=0 j=0

31



P I'aznpom 086-2010

Tabnauua 2.3 — 3HaueHUs1 UHTETPAJIA CTOJIKHOBEHU I Qu_m IUTSI TIOJISIPHBIX KOMITOHEHTOB

« )
T 0 0,25 0,50 0,75 1,00 1,50 2,00 2,50
0,1 4,1005 4,2660 4,833 5,742 6,739 8,624 10,340 11,890
0,2 3,2626 3,3050 3,516 3,914 4,439 5,570 6,637 7,618
0,3 3,8399 2,8360 2,936 3,168 3,511 4,329 5,126 5,874
0,4 2,5310 2,5220 2,586 2,749 3,004 3,640 4,582 4,985
0,5 2,2837 2,2770 2,329 2,460 2,665 3,187 3,723 4,549
0,6 2,0838 2,0810 2,130 2,543 2,417 2,862 3,329 3,786
0,7 1,9220 1,9240 1,970 2,072 2,525 2,614 3,028 3,435
0,8 1,7902 1,7950 1,840 1,934 2,070 2,417 2,788 3,560
0,9 1,6823 1,6890 1,733 1,820 1,944 2,558 2,396 2,933
1,0 1,5929 1,6010 1,644 1,725 1,838 2,124 2,435 2,746
1,2 1,4551 1,4650 1,504 1,574 1,670 1,913 2,181 2,451
1,4 13551 1,3650 1,400 1.461 1,344 1,754 1,989 2,528
1,6 1,2800 1,2890 1,321 1374 1,447 1,630 1,838 2,053
1,8 1,2219 1,2310 1,259 1,306 1,370 1,332 1,718 1,912
2,0 1,1757 1,1840 1,509 1,251 1,307 1,451 1,618 1,715
2,5 1,0933 1,1000 1,119 1,150 1,193 1,304 1,435 1,578
3,0 1,0388 1,0440 1,059 1,083 1,117 1,504 1,310 1,428
33 0,9986 1,0040 1,016 1,035 1,062 1,133 1,520 1,319
4,0 0,9699 0,9732 0,9830 0,9991 1,021 1,079 1,153 1,536
5,0 0,9268 0,9291 0,9360 0,9473 0,9628 1,005 1,058 1,121
6,0 0,8917 0,8979 0,9030 0,9114 0,9230 0,9545 0,9955 1,044
7,0 0,8727 0,8741 0,8780 0,8845 0,8935 0,9181 0,9505 0,989
8,0 0,8538 0,8549 0,8580 0,8632 0,8703 0,8901 0,91604 0,948
9,0 0.8379 0,8338 0,8414 0,8456 0,8515 0,8678 0,8895 0,916
10,0 0,8243 0,8251 0,8273 0,8308 0,8356 0,8493 0,8676 0,890
12,0 0,8018 0,8024 0,8039 0,8065 0,8101 0,8201 0,8337 0,850
14,0 0,7836 0,7840 0,7852 0,7872 0,7899 0,7976 0,8081 0,821
16,0 0,7683 0,7687 0,7696 0,7712 0,7790 0,7730 0,7878 0,798
13,0 0,7552 0,7554 0,7562 0,7575 0,7592 0,7642 0,7711 0,780
20,0 0,7346 0,7435 0,7445 0,7455 0,7470 0,7512 0,7569 0,764
25,0 0,7198 0,7200 0,7204 0,7211 0,7221 0,7250 0,7289 0,734
30,0 0,7010 0,7011 0,7014 0,7019 0,7026 0,7047 0,7076 0,711
35,0 0,6854 0,6855 0,6858 0,6861 0,6867 0,6883 0,6905 0,693
40,0 0,6723 0,6724 0,6726 0,6728 0,6733 0,6745 0,6762 0,678
50,0 0,6510 0,6510 0,6512 0,6513 0,6516 0,6524 0,6534 0,655
75,0 0,6140 0,6241 0,6143 0,6145 0,6147 0,6148 0,6148 0,615
100,0 0,5887 0,5889 0,5894 0,5900 0,5903 0,3901 0,5895 0,488
HpI/I 3TOM 3HAYCHUEC l"’a‘r ONpeacjsieTCsa U3 BbIpaXXKEeHUW
2 2
Har = > 3 b M; (18T —459,67). (2.30)

3HayeHus Ko3hGULIHEHTOB a;u bij TIPUBEIEHBI B Tabnuuax 2.6 u 2.7.
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Ta6nuua 2.4 — 3HauyeHUsI HHTEerpaia CTOIKHOBEHUH Qum TIpH pa3NUyHbIX T U1 HETIOASPHBIX

KOMIIOHECHTOB

r Quiar T Qum r QHiaT T Qum
0,30 2,785 1,35 1,375 2,80 1,058 4,90 0,930
0,35 2,628 1,40 1,353 2,90 1,048 5,00 0,927
0,40 2,492 1,45 1,333 3,00 1,039 6,00 0,896
0,45 2,368 1,50 1,314 3,10 1,030 7,00 0,877
030 2,257 135 1,296 3,20 1,022 8,00 0,854
0,55 2,156 1,60 1,279 3,30 1,014 9,00 0,833
0,60 2,065 1,65 1,264 3,40 1,007 10,0 0,824
0,65 1,982 1,70 1,248 3,50 0,999 20,0 0,743
0,70 1,908 1,75 1,234 3,60 0,993 30,0 0,700
0,75 1,841 1,80 1,221 3,70 0,987 40,0 0,672
0,80 1,780 1,85 1,209 3,80 0,981 50,0 0,650
0,85 1,725 1,90 1,197 3,90 0,975 60,0 0,633
0,90 1,675 1,95 1,136 4,00 0,970 70,0 0,619
0,95 1,629 2,00 1,175 4,10 0,965 80,0 0,608
1,00 1,587 2,10 1,156 4,20 0,960 90,0 0,597
1,05 1,349 2,20 1,138 4,30 0,955 100,0 0,588
1,10 1,314 2,30 1,122 4,40 0,951 200,0 0,532
1,15 1,482 2,40 1,107 4,50 0,946 300,0 0,502
1,20 1,452 2,50 1,093 4,60 0,943 400,0 0,481
1,25 1,424 2,60 1,081 4,70 0,938 - -

1,30 1,399 2,70 1,069 4,80 0,934 — —

Ta6auua 2.5 — 3HaueHus KoapduiueHTa a;B dopmyne (2.27)

; J
0 1 2 3 4
0 0,17781 -0,47358:10°! 0,37594 -0,11057 0,97366:10°2
1 0,10415-10 -0,10395-10 0,34607 -0,36813:107!1 -
2 0,33453-10°2 0,30158-10"! -0,19083-10 0,27406:102 —
3 -0,27980-10°2 0,10317-102 0,20286-10-3 -0,67054-104 -
4 0,68869-10- -0,40429-10-4 0,39972:10°3 0,38265-10 —

Tpu ucronb3oBaHuM HopMy.asl (2.29) ais onpeneseHUs | IPUBEACHHBIC NaBICHUE U TEMIIE-

paTrypa pacCuMThIBalOTCS 110 GopMyJiaM

P
Py, =145,1 7 (2.31)
700,55 47,94
28,97
1,87 — 459,67
T, = T (2.32)
175,59+307,97 =
28,97

rac M- MOJIEKYJIApHas Macca rasa.
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Tabnauua 2.6 — 3HaueHus KoadduireHTa a; B dopmyne (2.29)

; J
0 1 2 3
0 -2,462118 2,970547 -2,862640-10°! 8,054205-10-3
1 2,808609 -3,498033 3,637302-10! -1,443241-1073
2 -7,933857-10°! 1,396433 -1,491449-10°! 4,410155-10°3
3 8,393818-102 -0,186409 2,033679-1072 -6,095793-104
Tabnuua 2.7 — 3HaueHns KoadpduumreHTa bij B opmyie (2.30)

. J

: 0 1 2

0 1,112319-10-2 1,677266-1073 2,113605-10°

1 -1,094850-1074 -6,403164-10°8

2 4,577352-10°7 2,129034-10-10

Ilpumep — B mabGauue 2.8 npuseden npumep pacuema es3xocmu 2aza npu ammocghepnom oasenuu.

Tabauya 2.8 — Pacuem eéaskocmu 2aza npu ammocgepruom dasienuu

CH, 0,7410 16,042 0,0123 0,00911 4,005 0,0365 2,9678
C,H, 0,0748 30,068 0,0104 0,00078 5,483 0,0043 0,4101
C;H, 0,0337 44,094 0,0081 0,00031 6,640 0,0020 0,2238
i-C,H,, 0,0076 58,120 0,0088 0,00007 7,623 0,0005 0,0579
n-C/H,, 0,0168 58,120 0,0085 0,00014 7,623 0,0010 0,1281
i-C;H 0,0057 72,151 0,0078 0,00004 8,494 0,0003 0,0484
n-CH,, 0,0032 72,151 0,0078 0,00002 8,494 0,0001 0,0272
CH,, 0,0063 85,178 0,0072 0,00004 9,366 0,0003 0,0584
N, 0,0609 28,016 0,0197 0,00120 5,293 0,0063 0,3223
H,S 0,0200 34,082 0,0148 0,00030 5,837 0,0018 0,1167
co, 0,0300 44,011 0,0169 0,00050 6,634 0,0033 0,1990
2 1,000 - - - - 0,0564 4,5597

2.1.5 Bnaroconepxanue rasa

AOGCOI0THasA BJIAXHOCTb ra3a mpU 3aJaHHbIX JaBJI€HUM M TEMIIEPATYPE — 3TO OTHOLLEHUE
MAacchl BOASIHBIX [TAPOB, COAEPXKAILUXCS B raze, K 00beMy, MPUBEACHHOMY K CTaHIAPTHBIM YCAOBUAM
3TOTO Ta3a, U3 KOTOPOro yAajeHbl Naphl BOIbl. AGCOMIOTHAS BIAXHOCTL U3MepsieTcsl B KT/ 1000 M3.
OtHocuTenbHAs BIaXHOCTh — 3TO OTHOILEHHE (PAaKTHUECKOTO COAEPXKAHUA MAPOB BOAbI B CAMHUIIE
00beMa ra3a npM 3aJaHHbIX 1aBIEHUK U TEMIIEpaType K €ro BJaroeMKOCTH, TO €CTh K KOJTMYECTBY BO-
ISTHBIX I1aPOB B TOM X€ 00beME U I1PU TeX XKe NaBJIeHUH U TEMIIEPAType, HO NPU IIOMOILNU HACBILIEHUS

rasa nnapamMy BOIbI. OTHocuTeIbHAs BIaXHOCTD H3MEPAETCA B JOIIX CIMHHULBI UJIN B IIPOLICHTAX.
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Bnaroconepxaﬂne raza W 3aBUCHUT OT COCTaBa rasa, oDaBJICHUS, TEMIICPATYPHI U ¢)H3HKO—
XUMUYECKUX CBOUCTB KOHJIEHCUPOBAHHON BOIbI, C KOTOPOW ra3z HaxoaMTCs B TEPMOANHAMHUUYECCKOM

pPaBHOBECHH, OHO OIpeesieTcst 1o GopMyIie
W=Ww,¢.C,, (2.33)

rie W}.¢ — BIArocoiepxaHue rasa ¢ OTHOCUTEIbHOM ILIOTHOCTBIO p = 0,6 C MPECHOIi BOIO;

C, — momnpaBKa Ha COJIEHOCTb BOJbI;

C, — norpaBKa Ha OTKJIOHEHHE MIOTHOCTH IAHHOTO Ia3a OT BEMMYMHBL p = 0,6.

[1pyu oTpuuaTeIbHBIX TEMIEPATYPaAX, UTO CBSI3aHO C YCIOBHMSAMM MOATOTOBKM Ia30B Ha Ipo-
MBIC/IaX U rasorepepabaTbiBalOIINX 3aBOAAX, HEOOXOMUMO YYECTh M TEMIIEPATYPHYIO MOMPABKY G,
UCTIONB3YST TP 3TOM rpaMuecKyio 3aBUCUMOCTb C, OT TemmnepaTypsl T [Isi pa3inYHBIX AABIEHHI,
MTOKa3aHHYIO Ha pUCYHKe 2.3.

Bennuuna Wo,e MOXET OBITh pacCuMTaHa Mo GhopMyJie
A
Wos =5+ 8, (2.34)

rae A — BrarocojepxaHue WIeaJbHOIO rasa;

B — xoadduuueHT, 3aBUCALLMIA OT COCTaBa rasa;

P — naBnenue.

3HaueHus1 KOG GULUUEHTOB A M B puBeneHBI B Tabuuie 2.9. DT Xe KO3(h(OULHUEHTH MOTYT
OBITB OIIpee/IEHbl aHATUTUYECKUM ITyTEM,

BennunHy A MOXHO oripenennThb rno ¢hopmylie

_ PBHMH20 ar

A= O ar _
T (2.35)

cT-ar

rae P, — NaBjeHue HACHILIEHHOTO Napa BOJbI Hall KOHIEHCUPOBaHHOM (Pa30ii, KOTOpoe MOXKeT
ObITH OMpenesieHo MO TablIMYHBIM JaHHBIM, IPUBENCHHBIM B Tabnuie 2.10, WM pacCYUTaHO TIpHU-

6mxeHHo nipu 203 < 7< 373 K o popmyiie

P = exp[—0,60212(0,01T)* + 1,475(0,01T) —
—2,97304(0,01T)% + 7,19863(0,01T) + 6,41465] (2.36)

uapu 373 < T< 623 K no popmyie

P, = exp[—0,0366(0,01 T)* + 0,4375(0,01T)3 —
—2,2148(0,017)% + 6,8574(0,01T) + 6,4856]. (2.37)
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PucyHoK 2.3 — 3aBMCUMOCTb MTONPaBOYHbIX KO3GDOULIMEHTOB Ha BJIaXXHOCTb ra3a OT COAEePXaHHUs
coneit (a), Temrepartypsl (6) U OTHOCUTEILHOM IUIOTHOCTH p (MJIM MOJIEKYJIAApHO Macchl M) (B)

3nayeHue kodpduumnenta B B popmyiie (2.34) npubIMXKEHHO MOXKET ObIThH ONPENETEHO MO

dopMye
B=10"3exp[0,0685(0,01 T)* — 0,3798(0,017)3 +
+ 1,06606(0,017)2 — 2,00075(0,017) + 4,2216], (2.38)
rae T — temnieparypa, °C.
3HaycHuUE W0,6 MOXET OBITh BBIYUCIIEHO 110 GOpMYyJie, IMOTy4YeHHOM MyTeM 00pabOTKU JaHHBIX

no A v B, npuBeneHHbIX B Tabauue 2.9:
W0,6 =0,4736-exp(0,0735T — 0,0002772) + 0,0418-exp(0,054T — 0,0002 T2). (2.39)
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Tadbnuna 2.9 — 3naueHus koappuimeHToB A u B B hopMmyie (2.34)

T,K A B T,K A B T,K A B

233 0,1451 0,00347 281 8,20 0,0630 329 120,0 0,487
235 0,1780 0,00402 283 9,39 0,0696 331 138,0 0,521
237 0,2189 0,00465 285 10,72 0,0767 333 152,0 0,562
239 0,2670 0,00538 287 12,39 0,0855 335 166,5 0,599
241 0,3235 0,00623 289 13,94 0,0930 337 183,3 0,645
243 0,3930 0,00710 291 15,75 0,1020 339 200,5 0,691
245 0,4715 0,00806 293 17,87 0,1120 341 219.0 0,741
247 0,5660 0,00921 295 20,15 0,1227 343 238.,5 0,793
249 0,6775 0,01043 297 22,80 0,1343 345 260,0 0,841
251 0,8090 0,01168 299 25,50 0,1453 347 283,0 0,902
253 0,9600 0,01340 301 28,70 0,1595 349 306,0 0,965
255 1,1440 0,01510 303 32,30 0,1740 351 335,0 1,023
257 1,3500 0,01705 305 36,10 0,1895 353 363,0 1,083
259 1,5900 0,01927 307 40,50 0,2070 355 394,0 1,148
261 1,8680 0,02115 309 45,20 0,2240 357 427,0 1,205
263 2,1880 0,02290 311 50,80 0,2420 359 462,0 1,250
265 2,5500 0,02710 313 56,25 0,2630 361 501,0 1,290
267 2,9900 0,03035 315 62,70 0,2850 363 537.5 1,327
269 3,4800 0,03380 317 69,25 0,3100 365 582,5 1,367
271 4,0300 0,03770 319 76,70 0,3350 367 6240 1,405
273 4,6700 0,04180 32t 85,29 0,3630 369 672,0 1,445
275 5,4000 0,04640 323 94,99 0,3910 371 725,0 1,487
277 6,2250 0,05150 325 103,00 0,4220 373 776,0 1,530
279 7,1500 0,05710 327 114,00 0,4540 383 1093,0 2,620

Ta6auua 2.10 — 3nayeHusa P, B 3aBUCHMOCTH OT TEMIIEPaTYphI

T,K P, MIla T, K P, Ma T,K P, MIla
233 0,000013 283 0,00126 333 0,02057
238 0,000023 288 0,00176 338 0,02582
243 0,000038 293 0,00241 343 0,03219
248 0,000065 298 0,00327 348 0,03982
253 0,000106 303 0,00441 353 0,04892
258 0,000170 308 0,00580 358 0,05971
263 0,000268 313 0,00762 363 0,07242
268 0,000496 318 0,00989 368 0,08731
273 0,000628 323 0,01274 373 0,10466
278 0,000902 328 0,01625 378 0,14799

[1pu npoBeneHuu pacuetoB Ha DBM co 3HauMTEbHBIM 06 BEMOM BBIYMCIEHH LEIECOO0PA3HO
TIOTIPaBKH Ha COJIEHOCTh BOJIbI U IUIOTHOCTD € YYETOM BJIMSIHUSI TEMIIEPATYPhl IPOU3BOAMUTD aflIpOK-
cUMallMel KPUBBIX, MOKA3aHHBIX Ha pUCYHKe 2.3a, 6 B Buie

C.=1~ 0,225:107K; (2.40)
Cp =107-T? - 1,11103Tp —0,079p2 + 0,73:10>T+ 0,156 p + 0,927, (2.41)

rae K — coJleHOCTb BOMBI, KI/M3;
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T — Temnieparypa, °C;

p — OTHOCHUTEJIbHAs TUIOTHOCTD Ta3a.

TlpuBeneHHble BhIlE rpadpUyYecKUe U pacueTHbIE METOAB OMpPENEAEHUs BIarocoaepXaHus
rasa He YYMTHIBAIOT HAJIMYME KUCIBbIX KoMmroHeHToB. Hannuue B rase CO, u H,S noseiiiaer, a N,
CHMXaeT BJIarocoAepXKaHue ra3oB.

IMpu comepXaHUU B rase cepoBoaopona 1o 2 % €ro BIarocoAepx)RaHue MOXHO OIPEAENIUTD MO

CIIEYIOLIEN METOIUKE: BBIYMCISAETCS KOIGDDUIIMEHT paclipeaeeHUst BOIbI

PBI'I (fB )HZO
T‘—‘ P 0,0049
K= _sn , (2.42)
Do \Pan
P

rae P — ynpyrocTb MapoB BOjibl IIPY 3aaHHOMN TEMIIEPATYpe, onpeaeisieMast U3 Tab LB 2.10
wnu 1o ¢opmyJiam (2.36), (2.37);

Sy fB* — JIeTy4ecThb MapoB BOAbI MPH 3aIaHHON TeMmriepaType W AaBieHusx P, u P coorsert-
CTBEHHO.

3HayeHus f;, fB* ONpedeNsIoTcs U3 rpadMKoB, MOKa3aHHBIX HA pUCYHKax 2.4 1 2.5. Boruucnsercs

BJIarOCOIEpXKaHUe ra3a ¢ OTHOCUTEJILHOM IIOTHOCTBIO 0,6 TIo hopmyJie

VA
Woe = K(%J : (2.43)

rme  f— JIeTy4ecTb IPUPOAHOTO ra3a 6e3 napoB BOIHI, onpenessieMas rpau4ecku U3 pucyHka 2.5

B 3aBUCUMOCTH OT ITPUBECICHHBIX JaBJICHHUS U TEM-

%0 S rneparypsl;
Z — KO3(P(PULMNEHT CBEPXCKUMAECMOCTH,
1€ .
70 gzl OIpeaesisieMbl i OTHUM U3 CITOCOOO0B, U3JTOXEHHBIX
5A',A"

L~ §°C

3 B 2.2.1 ¥ YYUTHLIBAIOIINX HATMYUE KUCJIBIX KOMITO-

60 NEN HEHTOB B rase.

Eciu comepxaHue cepoBOIOpOAa B MpU-

50

AN

poaHoM rase npesbitnaet 20 06. %, To Biaroconep-

NN

JXaHUE OTIPENCIAIOT 110 NMpaBujiaM alIUTUBHOCTH,

40
C y4ETOM HaJIM4Us B ra3e CepoBOAOpOA:

30 /
y W: xW0q6 + xCO2 WC02 + tzs WHZS’ (2'44)

20, 3 P 9 12 P.MIa TIC X, Xq , Xy g — MOIBHbIE TOJU YIIEBOTOPOIHBIX

Puicynok 2.4 — 3aBUCUMOCTb KO3(DPULIMEHTA  KOMMIOHEHTOB, JBYOKHUCH YIJIEPONA M CEPOBOJIO-

JIETY4ECTH ITapOB BOILI f, OT NaBJICHUS
i p b1 f; OT X pojia B Tase;
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PucyHok 2.5 — 3aBUCUMOCTb JieTyueCTH IPUPOLHOTO ra3a
OT MPUBENECHHBIX ABJICHUS U TEMIIEPATyPbl

W6 WCOZ, WHZS — BJIATOCOAEPXKAaHUE B YIJIEBOJOPOIHOW YaCTH Ira3a, ABYOKHCH yIJepoaa U
cepoBonopona. 3HaueHus W ¢, WCOZ, WHZS OMpEAEAIOTCS TpapUUECK U3 pUCYHKOB 2.6 11 2.7.
BnaroconepxaHnue nprpoaHOro raza, HaxoAsAIEerocs: B paBHOBECUM ¢ PaCTBOPAMHU TJIMKOJIE,

MOXET OBITh OTIPEEIECHO IO hopMYyJie

W =1,752P" [11)00

KOH

+0,00913-exp(0,0000772 —0,0195TK0H)} (2.45)

rae P} — ynipyrocTh BOASHOrO Napa Hajl pacCTBOPOM IIIMKOJIs, KI1a;

PKOH — JIaBJIeHWE KOHTAKTa ra3-riukKoJsb, klla;
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PucyHok 2.6 — 3aBUCUMOCTb BIarocoAepXaHust  PucyHok 2.7 — 3aBUCMMOCTb BJIarOCOJEpKaHusI
YIJIEKUCJIOro rasa WCOZ OT JIaBJIEHUS CepoBOAOpOIA WHZS OT HABJIEHUS
1 TEMITIEPATYPbI U TEMIEPATYpPhi

T, — TEMIIEpaTYpa KOHTaKTa, K.

3nauenue P onpenessieTcst GopmyIioii
P;.II = 0’129PBHYHZOXH20’ (246)

rae P_ — ynpyrocthb BOASIHBIX apOB IPH 3a/1aHHO# TeMIepaType, onpeessieMas 110 TabTHIHbIM
JAHHBIM, IIPUBeACHHbIM B Tabauite 2.10, UM pacUETHBIM IYTEM.

Bennumny P, caenyet onpenensits 1o dbopmyie

T..—273)—0,00027T,

OH( KOH KOH(

P, =4,579-exp[0,735T, Ton — 273)°1. (2.47)

OH

KoadhdpuumeHT aKTUBHOCTH BOILbI Yh,0 B dbopmyie (2.46), xapakTepU3yIOIIUMIA aKTUBHOCTb

BO/bI B paCTBOpPE [JIMKOJIs, OIpenensieTcs no hopmyie

-2,303

: :
(m1x+n] (T o —273)

YH,0 = €XP (2.48)

—X

a3 m=0,0245;n=0,137, mia TOI m=10,0187 un =0,111. MosibHasA 40151 BOABI B PaCTBOPE

Xp,0 ONPENENAETCA W3BECTHOM MACCOBOI 10JIEl BOIBI M MOJIEKYJIIPHOM Maccoii mukosisi o opMysie

X0 = ———2—, (2.49)
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rae M, — monekynsipHasi Macca rvkonedt. s A9 M = 106,12, mna TOT M = 150,18;

g — Macca BOJAHOTO pacTBOpa IIMKONiS, KT.

2.1.6 TemtoeMKocCTb rasa

TennoeMKocTh raza — 370 OTHOILIEHHUE KOJMYECTBA TEILIOTHI, IOABEAEHHOM K ra3y B 3a1aHHOM
TEPMOAMHAMUYECKOM TNPOLECCE, K COOTBETCTBYIOLIEMY U3MEHEHHIO €ro TeMIIEPATYPhI.

Pasznuyaiot n300apHyIO TEILIOEMKOCTh Cp, KOT/Ia TEPMOJMHAMUYECKUI IPOLIECC MTPOUCXOAUT
TIpY TIOCTOSIHHOM JaByieHuu (P = const), 1 u30xopHyto C,, KOrIa 3TOT MPOLIECC POUCXOIUT MPH MO-
CTOsSIHHOM 00BeMe (V= const). Enunnna namepenus reroemkoctu X /(kr-rpan.), win Ji/(MonbTpai.).
B pacyerax ucnonb3ylorcs yaeabHble — MacCOBbIe WIM MOJISIDHBIE — TEIUIOEMKOCTH, TO €CTh TEIUIO-
€MKOCTH, OTHECEHHDIE K €IWHUILIE MAacChl WJIM K OTHOMY MOJTIO ra3a. TerioeMKOCTh MPUPOIHbIX ra30B
3aBUCUT OT JABJIEHUS1, TEMIIEPATYPhI M COCTaBa ra3a, a TakKe OT Mpoliecca Nepesadu Teria.

HN300apHas TemioeMKOCThb Cp rasa npu remmneparype 7 v napneHuu P onpenesiercst o GopMyJie
_ 0
G, =C, +AC,, (2.50)
rae Cg — u306apHas TEIUIOEMKOCTb NMpU aTMOc(epHOM HaBJieHUM U 3amaHHoO# TeMmnepartype T,
Kan/(kr-°C);

ACp — MonpaBKa Ha faBjieHue, Kkan/(kr-°C).

Tak Kak CS = R, NOAyYUM:
CD—CV=ACP—ACV+R, (2.51)

rae C? — U30XOpHas TEMJIOEMKOCTh IIPH aTMOCGhEPHOM IaBJIeHHU;

R — yHuBepcanbHas ra3zosast nocrosiHHas (R = 8,3144 J1xx/(Moib-rpan.)).

TenjioeMKOCTh ra3oB Cg npu aTMoc(epHOM [aBjieHUHM onpenesercs rpaduyeckd (pucy-
HOK 2.8) WM aHAIMTUYECKUM TTyTeM. [1pu onipenesieHUU TEMIOEMKOCTH Ta30BO CMECH U3BECTHOIO

COCTaBa MCITONb3YIOT POPMYITY
0 L
Coom = 2,8 Cpi- (2.52)
i=1
3HayeHUs Cp NpUBENEHBI B TabMLE 2.1 MPU HOPMANBHBIX YCJIOBUSIX U WUTIOCTPUPYIOTCS PH-
CYHKOM 2.8. AHamuTH4ecKu BennynHa C g.i MOXeT OBITh ONpefieeHa 1o popmyie
N.
Cyi = E; +nF, +n’G, +n* H; + 1, (2.53)
: n

rIe E, F,, G, H,, N, — x03b®buuneHThl, onpeaessieMble U3 Tabauibl 2.11;

n=T/100, T — temnepatypa rasa, K.
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PucyHok 2.8 — 3aBUCHMOCTb N300apHO
MOHHpHOFI TEINTIOEMKOCTHU Cp ra3oB

100 T,°C IIPH aTMOC(EPHOM JaBJICHUU OT TeMITEPaTyphl

<
w
<

-50

BenmnuuHa C g . MOXET OBITb OTIpe/ie/ieHa Takke 1o Gopmyie

2 2

N

C; =4,1868{ B+C — o5 | E|— 7| [ Rx/(mons-rpan.), (2.54)
sinh(*] cosh(—)

rae B, C, D, En F— uncneHHble KO3(PPHUIUEHTH OTASIbHBIX KOMIIOHEHTOB ras3d;
T — temneparypa rasa, K.
Ter10eMKOCTb Ta30B, HE COJEPXALKWX KMCIBIX KOMIIOHEHTOB M a30Ta, MpU arMochepHOM

JNAaBJIEHUU MOXHO ONPEAETUTD MO U3BECTHON MTOTHOCTH, MCTIOJb3Y$ (HOPMYITY
C = B, +Byp+Byp® + Ty (By + Bsp + Bgp?), (2.55)
rae B,— B — noctosiHHbIE KO3(D(ULIMEHTBI M COOTBETCTBEHHO PaBHbI: B = 5,5967; B, = -2,2335;
B, =0,8073; B, =-1,0039; By = 3,1416; B, =5,7587.
ITpu u3BecTHOM coctase rasa ¥ Hammuun H,S, CO, u N, TemnoeMKoCTh IpY 3a1aHHOM! TeM-

nepaTtype U atMocghepHOM AaBJeHUH MOXET OBbITh OnpeaesieHa rno gopmyiie

01
C
Cy = P , (2.56)
FCO2 + FHZS + FN2
rae CI())1 — TEIUTIOEMKOCTD Ta3za 0e3 JBYOKHMCH yIiIepoaa, CepoBoaopona U as3ora, onpele-

JsieMad o popmyJe (2.55);
Fcoz’ FHZS, FNz — MONPaBKU Ha NPUCYTCTBUE 3TUX KOMIIOHEHTOB, 3HAYEHUs KOTOPBIX OIpe-

JIeJsoTCs o popmysiam

42



P I'aznpom 086-2010

Ta6nuua 2.11 — KoadbduumeHts! ypaBHeHuUs (2.53) juist onpeneaeHust Cr?’ Ix/(kr-rpan.)

rac

T — 3amaHHast TeMIeparypa, K;

X; — MoJbHbIE 10T CO,, H,S u N, Brase;

Monekynap-|  p /oo F10/¢°, | G¢103/c0, | H105/C | N-10/CO,
KoMIoHeHTBI Hasl Macca, p p p p
Jix/(xr-rpan.) | x/(xrrpan.) | Ix/(xrrpan.) | Jx/(xrrpan.)| 1k /(krrpan.)
KT/KMOJb
MertaH 16,04 0 58522,25 15215,04 -2947.67 18575,95
DT1aH 30,07 0 62557,49 25663,79 36001,45 3343,11
IMponan 44,09 0 66328,12 32767,24 62295,40 -782,07
byran 58,12 0 65812,73 33182,44 33182,44 3,8610
M306yTan 58,12 0 68152,31 36790,16 75903,33 -1685,56
IMeHTtan 72,15 0 65762,49 33814,98 66951,12 -112,122
H3zoneHran 72,15 0 66,838,91 34687,09 69556,98 -1530,40
lexcan 86,18 0 66060,17 34773,68 70914,34 -456,22
Tentan 100,20 0 66040,07 35091,50 31839,23 -503,65
OxTaH 114,22 0 66094,50 35466,84 73861,01 -561,57
Hounan 128,26 0 65986,06 35489,58 74039,37 -522,39
JexaH 142,29 0 65991,50 -35677,77 74788,39 -549 .49
Kucnopon 32,0 0 21621,09 16458,14 49445 .62 12051,12
Bonopon 2,02 0 330368,33 294527,51 14165,32 200717,79
Bona 18,02 0 40147,27 27801,52 79225,56 26409,75
lennii 4,0 5191,632 0 0 0 0
AproH 39,95 520,712 0 0 0 0
Kpunron 83,80 248,696 0 0 0 0
CepoBogopon 64,86 0 19097,88 154,95 43953,78 5109,53
JIBYOKHCH CEepBI 34,08 0 24379,36 16676,57 45818,66 11682,30
A3zoT 28,01 0 21745,15 16129,31 45183,53 15429,99
JByokuch yriepojaa 44 01 0 25745,76 19428,01 53589,36 6924,42
Okuch yraepona 28,01 0 22065,65 16193,91 44592,35 15197,54
FCO2 :1+Xco2 (By; +1,8TBy); (2.57)
FHZS :1+XHZS(B9 +1,87Byy); (2.58)
Fy, =1+ B, Xy, + B X% +18T(B;3 Xy, + By X%), (2.59)

B,—B,, — mocTosiHHble KO3((MHMLMEHTHI, 3HAUEHUSI KOTOPBIX COOTBETCTBEHHO DPaBHbI

B,=0,4259; By = 1,2432:10°3; By = -0,0406; B,, = 1,0089-10-3; B,, = 0,3624; B,, = -0,4661;

B;=0,0976; B,, =

0,2708.

®dopmyna (2.56) MOXeT ObITH UCTIONB30BAHA IS pacueTa Cp B JMana30oHe U3MEHECHUS TEMIIE-

parypbl 274 < T< 422 K 1 1Tpu KOHUEHTpaLusX B raze ceposopopona 1o 40 %, 1ByokucHu yriepoja —

10 20 % wm azora — 10 25 % (MOJIbHBIX).

IMpupauerne uzobapHoil TenoeMKocTi AC, MOXET ObITb ONPeaeCHO rpadu4ecKUM U aHa-

JMTHYecKUM criocobamu. Hanbonee IIPOCTHIM crnocodom OoIpeacICHUA BEINIYNHBI ACp ABJIACTCA I'pa-
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(pryeckuit cnocod Mo U3BECTHHIM MPUBEACHHBIM NTapaMeTpaM Pnp, T p (pucyHok 2.9). 115 3a1IaHHOTO
COCTaBa ra3a [o U3BECTHBIM KPUTHYECKHUM IIapaMeTpaM KaXIoro KOMIIOHEHTa PKp U TKp OTIpENENsIOT

NCEBAOKPHTUYECCKHUEC ITapaMeTphI:

Pn.Kp = inPKp.i; Tl’I.Kp = zxiTKp.i’ (2.60)

T.=T/T,

a 3aTeM NMPUBEIEHHbIE Pnp = P/P Kp"

nxp 4 Ilo u3BecTHBIM Pnp U Tnp OIpenesioT ACp.

WUcnonp3zoBaHue 3TOTO CMocoba 1eaecoobpasHo MpH CoIepKaHUM B COCTaBe ra3a metaHa 98 %
U Gonee. Ecnyu MonbHasi KOHUEHTPALMsl BBICOKOKMITSIIMX YIJIEBOAOPOAHBIX M HEYIJIEBOAOPOMHBIX
ra3os npesbiwiaeT 10 %, a Takxe Mpu HATUYKMK B Ta3e MOASPHBIX BEIIECTB, NIPU OINPENEICHUN ACp
CJICAYET YUYECTh BJAWSIHUE TPEThEro MapaMeTpa — aleHTPUYECKOro (akropa MOJKEKYI . 3HaueHHE
ALEHTPUYECKOTO (PakTopa BBIYUCISAETCS MO M3BECTHOMY COCTaBY rasa mo NMpUBEIEHHOH ¢op-

MmyJie (2.108). [Ipu n3BeCTHBIX 3HaYEHUAX P

1’ T np ¥ © TIPUpAILICHUe M300apHOi TEII0EMKOCTH ACp

onpenaessieTcs mo GopMmyIie

AC. - [AC +wACVIR
P M *

2.61)

3HaueHUs ACF()O) " ACp(l) onpenenstorcs rpadudecku (pucyHku 2.10 u 2.11). PasmepHocTb Be-
muunHBl AC) 3aBUCHT OT pasMEpPHOCTH ra3oBoil nocrosHHol R. Ecim ucnonb3yercs sHaueHue
R = 1,986 kxan/(MonbTpai.), TO 1S MOJy4€HHUs TEILIOEMKOCTH B JIX/(KITpaml.) HEOOXOOMMO BBI-
YUCJTUTEIBbHYIO BEJIMYMHY ACp YMHOXHTb Ha 4186,8 1 pa3nenuTh Ha MONEKYISIPHYIO Maccy rasza M.

Ilpumep — Heobxo0umo onpedeaumsv menaoemxocms 2aza (cocmae 3adan ¢ mabauye 2.12) npu
P=147IMIlau T=410K.

Jasn evivucaenus Cp cHa4aaa esiucaniomcesn 3navenus C g no gpopmyae (2.53). Ilo ussecmnoim x;
gvriucasiomen ;. 3amem no gopmyae (2.52) paccuumoigaemca C go = 2,4064 (mabauya 2.12). Ilo 3a-
Oannomy cocmagy evruucasiomes P, wpl 3amem onpedeaaromea Pnp uT w Pnp =14,71/4,74 = 3,10;
T, =410/200 =2,05.

Jasa noayuenusn Pnp uT np 1O epaguxy (pucynox 2.9) naxodumcsa ACP = 6,2 xlluc/(kmoav-epad.).

];ucp‘

Pas3deaue smy eaununy na moaexyaapuyro maccy, noayuum 0,355 x{nc/(x2-2pad.).

Caedosamensho, Cp =C g+ ACp = 2,406 + 0,355 = 2,761 x[{n/(xe2pao.).

Jas evtuucaenun AC, c yuemom paxkmopa auenmpuunocmu mosexya @ ucnoassyemcs Gop-
myaa 2.61. Ilo ussecmuvim P, u T, no epaguxam (pucynku 2.10 u 2.11) naxodsmes ACIf”) =0,77u
AC ;’) = 0,11, a samem evruucasiomes AC, u C,.

AC, =8,315(0,77 + 0,0182-0,11)/17,431 = 0,367 xJlnc/(x2"2pad.).

C,=2,406 + 0,367 = 2,773 x/Inc/(x22pad.).
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PucyHok 2.9 — 3aBUCUMOCTb NMpUpalieHUs U300apHOM TEIUIOEMKOCTH ACp
OT NMPUBEACHHBIX IaBJICHUS U TEMIIEPATYPbI

B uHTepBasax U3MEHEHMsI IPUBEAEHHBIX AaBjieHUs 0 < Pnp < 6 1 TeMnepaTyphi 1 £ Tnp <4 Be-
JIMUUHBI ACl()O) /Ru ACél)/ R MoryT 6bITb onpeaesieHbl rpaduueckyt (pUcyHoK 2.12). lnst Gosiee BBICOKUX
MoKa3aTeJiei JaBIeHUs 3HAUEHUE ACp orpenesieTCs aHATUTHIECKUM IyTeM. B 4yacTHOCTH, BeMYnHa
ACp pacCUUTHIBAETCS 1O MPpUBeneHHON popme ypaBHeHUs1 beHennkra — Be66a — Pybuna, umeroilero

CJICAYIOLIMI BA:

AC,=C,-CY =R %+(q +Cy)e M0 _C 6.4, 2

2 np

—11; (2.62)
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OT TIPUBEICHHBIX JABJICHHS U TEMIEPATYPhI
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64 34
C=—2L C=—1T%; (2.63)
A8Tnp Tr[p
24,40 ) 240 2\, Al
Fi :Tr[p |:1+_—3£+A4pnp - T3 =L (1+A8pnp)'e 4P ’ (2~64)
np np
A3 2 5
By =Ty + 2pu| ATy + Ay 22 |+ 305 (AT + As) +6 s AgPip +
np
| 4107 2 2 4\ A
+ T—z“p}(usfgpnp —242p% )-¢ AP, (2.65)
| ‘e
Tac THp’ pnp — MPUBCACHHBIC TApaMETPLI T'a3a, TO €CTb NIPUBEACHHEIC TEMIIEPATYpa U TILJIOTHOCTD
CMECH;

A,—Ag — nocTosiHHbIE KOIPDULUEHTDI.

JUnst onipeeNieHUs M30XOPHO# TeruoeMKocTH C, MOXHO HCIO/Ib30BaTh hopmyity
C, = Cg +AC, - R, (2.66)

roe AC — npupallleHre U30XOPHOU TEIUIOEMKOCTH, ONpeaeIieMoe 110 (POPMYJIC
v

AC, ACD . Ac)
R R R’

(2.67)
3nauenusa AC/R u AC{V/R naxonsaT u3 pucyHka 2.13. Benuunna AC,/R MOXeT ObITb BbI-
yucjeHa B 1o popmyie

AC, ACY A9 4+oADP
R R B9.ia"

+1, (2.68)

e A©, A0, BO y B — ko3 duULMEHTsI, ONpejiesisieMble U3 PUCYHKOB 2.14 n 2.15.
st BBIYACICHUS Cp Heobxoaumo 3HaTh C g.i. 3Havyenus C g.i onpeaensiiorcsi rpaduyecku (pu-

CYHOK 2.8) WM pacyeTHBIM MyTeM. [10 M3BeCTHOMY 3HAYEHMIO X; OTIPEEISIOT Maccy rasa g;, 3aTeM 1o

0
p.cMm®

dopmyie (2.52) paccuntsiBatoT C ITo 3agaHHOMY COCTaBY ra3a OnpeaesiIoT KpUTHYIECKIE TaBIeHNe
1 Temmnepatypy. Juia wutiocTpaiu NpuBoaMTes Tabaunua 2.12.
2.1.7 TennonpoBOAHOCTH ra3a

KonuyecTBo repeaaBaeMoro B ra30Boi cpejie Teria BbipaxaeTcs (GopMyJIoii

Q:xp.Ti_z, (2.69)

rae At — rpaIyeHT TeMIIePaTyphl;

F — rutomaanb nepenayu;
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Pucynok 2.14 — 3asucumocts A (a) u A1) (6) oT npuBeseHHBIX 1aBIEHMS U TEMIIEPATYPhI

T — IMPOLOJIKUTENBHOCTD NIPOIIECCa TEILIONEPEIAUH;

AL — ToymHa cJ1os rasa;

At =1, — t; — pa3HOCTb TEMIIEPATYPHI 110 06€ CTOPOHBI Ta30BOM Cpeabl TOJNLIMHON AL;

A — K03(pDULMEHT NPONOPUUOHATBHOCTUA MEXIY KOJMYECTBOM TEIUIA U TTapaMeTpaMH ra30Boi
cpelbl.

KonnuecTso Temnia, Npoxoas1ero yepes eAMHULLY IUIOLIANM ¥ TOJLUMHDI 32 €IUHULLY BPeMEHU
NPy pa3HOCTH TeMIepaTyp, paBHOM 1°, MPUHATO Ha3bIBaTh KO(DODULHMEHTOM TEIIONPOBOAHOCTH.
Koapduiment temnonposonHocty usMepsietcs B [{x/(M-c-rpan.), unu Br/(M-rpam.).

TeronpoBoAHOCTD ra3oB 3aBUCHT OT AaBJIEHUsl, TEMIIEPATYPhl, COCTABA [a3a U OTIPEACAETCS

rpaduIeCcKUM WM aHATUTUYECKUM I1yTeM. Bce aHamuTHuecKue BHIpaKeHUs MOJYYCHBI ITyTeM ari-
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Pucynok 2.15 — 3asucumocts B (a) n B() (6) ot nprBeneHHBIX NABICHUS U TEMIIEPATYPbI

MPpOKCUMAUMHU SKCTICPUMEHTATbHBIX KPUBBIX. Haubonee MpOCTBIM CIIOCOOOM SIBJISIETCS OIpeacieHUE

A C MCTIOJIb30BaHMEM rpadU4eCcKOi 3aBUCUMOCTH A /A, U k/pr OT TIPUBEJICHHBIX HaBJIEHUS U TEMIIe-

patypbl (pucyHkH 2.16 1 2.17) uim 3aBUCUMOCTH (A — A, ) OT MPUBENCHHON TUIOTHOCTH Ta30B P,

(pucyHok 2.18). [lns onpefiesieHust A ¢ UCMIONB30BAaHUEM PUCYHKaA 2.17 HEOOXOAUMO BBIYUCIUTE BE-

JUYHUHY XKp, TO €CTb TEIUIONPOBOIHOCTD Ta3a MPU KPUTUIECKUX PKp uTl,

b

J17151 Ta30BbIX CMECEH A, , OTIPEAEIISICTCS KaK MCeBIOKPUTHYECKAS TETLIONPOBOAHOCT 11O dopmyte

2/3

P
A =12,24-107° M & Br/(wrpan),
Tl‘l.l(p

rie M_,, — MONeKyNpHas Macca CMECH, OTpejiesisieMast o popmye
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Tadnuuna 2.12 — PacyeT UCXOAHBIX MAPAMETPOB LIS OTIPENEIEHI TETUIOEMKOCTH ras3a

KomnoHentsl | MosnekynspHas C ;()).i , M, Mo Maccogas Cg.igi,
rasa a0 x;, % kx/(kr-rpang.) | Kr/moib i nos g; kJx/(kr-rpam.)
CH, 93,70 2,4857 16,04 15,030 0,8620 2,1426
C,H, 3,04 2,0934 30,07 0,914 0,0524 0,1097
C,H, 1,05 2,2834 44,1 0,463 0,0265 0,0605
CH, 0,71 2,1654 58,17 0,413 0,0236 0,0511
CsH,, 0,17 2,2094 72,35 0,123 0,0070 0,0155
co, 0,72 0,9093 44,03 0,317 0,0188 0,0169
H,S 0,61 1,0467 28,03 0,171 0,0097 0,0101
> 100 — - 17,431 1,000 2,4064
Okonyanue mabauywv 2.12
KoMIoHeHThI
rasa PKp.i, MIla PKp_ixi, MIla TKp_i, K TKp.ixi, K o; ®;X;
CH, 4,699 4,399 190,55 178,54 0,0104 0,0097
C,H, 4,976 1,151 305,43 9,28 0,0986 0,0029
C,H, 4,333 0,045 369,82 3,88 0,1524 0,0016
C,H), 3,671 0,027 425,60 3,02 0,2010 0,0014
CH), 3,448 0,006 469,65 0,80 0,2539 0,0004
co, 7,521 0,054 304,20 2,19 0,2310 0,0016
H,S 9,135 0,056 373,60 2,28 0,1000 0,0006
)3 4,74 — 200 — 0,0182
n
M, = xM; (2.71)
i=1
PH.Kp uT nxp — NMCEBIOKPUTHYECKUE JABJICHNE U TEMIEpaTypa, ONpPEeAeNsIOTCs CIeaAYIOUIMM
obpasom:

n n
Pn.l(p :inPKp.i n Tn.](p = inTKp.i'
i=1 i=1

[Tpu ucrnonb3oBaHUM PUCYHKOB 2.16 11 2.17 mst onpeneeHUs: & HEOOXOAUMO BbIUKMCIUTD Be-
JUYUHY A, TO €CTb KO3((DULMEHT TEMIONPOBOIHOCTH IIPH 3a1aHHOMN TeMIMepaType U arMocdhepHOM

nasnenun P = 0,098 MIla. Beanyuna A OIpeNEeaIeTC HECKOJBKMMHU PACYETHBIMH METOJAMMU,

aT.CM

13 KOTOPBIX IPUBOAATCSA IBa Haubosee MPUECMIIEMBIX.

1. Onpenenenue A . 1o popmyine
>
7"a‘r.i
Maron = 2.72
aT.cM n X. ’ (2.72)
1+ A+
j=1 X i
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PucyHok 2.16 — 3aBUCHMOCTb IPUBENCHHOM! TETLIONPOBOAHOCTU A /A, TA30B OT IIPUBENCHHBIX
JABJIEHUA U TeMiepatyphl: 0,6 < PHp <6(a)yun0,1< Pnp <1(0)

54



P T'aznpom 086-2010

MAy,

\\
\\

/
\

\{(

]
0 —/-—//

0,5

0,2

0,1
0,2 0,5

—_—
3%}
W

10 20 50 T,
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JABJEHUS U TEMITEPaTYpPhI
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02 7 PucyHok 2.18 — 3aBUCUMOCTb AL = A — A,
0,02 0,06 0,10 02 0408 10 Prp OT MPUBEAEHHOW TIOTHOCTH Ta30B

§i (3 Ayr i — KOIDOUUUMEHT TEIIONPOBONIHOCTH /-TO KOMIIOHEHTA,;

Aj; — mapameTp B3aNMONCHCTBHS, ornpeneaseMblii no popmyie

0,5
1 M 0’751+i 1+ﬁ
A=+ Hari o g_ g, (2.73)
ua"r.] j 1+7J 1+ 2%
T T

rae Haris Harj — K03 (GULMEHTDI BA3KOCTH IIPH 3alaHHOU TeMITepaType 1 aTMOC(HEPHOM IaBJIEHHU
i-r0 U j-TO KOMIIOHEHTOB COOTBETCTBCHHO;
Sij — MOCTOSTHHBIN KO03(GOUIIMEHT, olipeesieMblit Mo (opmyiie
Sij = CS(Si-Sj)O’S, (2.74)

rae C, — k03(hHULMEHT, 3aBUCALLMIA OT NPUPOIbI KOMIIOHEHTOB.

Ecnu cMech COCTOUT U3 BJIM3KUX MO IIPUPOJE KOMITOHEHTOB, HAIIPUMED TOJIBKO M3 ITOJIIPHbIX
WJIY HETIOJISIPHBIX KOMMOHEHTOB, TO C, ~ 1. Eciiv ra3 CoCTOMT 13 pa3IMYHbIX 110 PUPOAE KOMITIOHEHTOB,
10 BeTmynHa C, MoxXeT ObiTh npuHaTa C, = 0,733. 3HayeHus K03DOULHUEHTOB S; 1 SJ OTIPEACHSIIOTCS

110 IMIIUPUYECKON hopmyie

Sj = I’STKI/m.j’ (2.75)
rae TKMj — TeMIepaTypa KHTeHUsI j-ro KOMITOHEHTa, 3HaUeHUe KOTOPOit oNpenesseTcs U3 Tad-
JIMLBI 2.1.

2. C norpeHocThIO 10 5 % 3HayeHue A MOXET ObITh OIpeneaeHo o GopMyne

ar.cMm
1/3
_ in)"aT.iMi/

ar.cM ZXIMII/B (276)

A
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Bennuuna A, ; B popmyiie (2.76) onpenensieTcst B 3aBUCUMOCTH OT 3aJaHHbIX TEMIIEPATYPHBIX
YCJIOBUM U COCTaBa rasa (PUCYHOK 2.19) mo TabIMYHbBIM TaHHBIM WM PACYETHBIM ITyTeM. B yacTHOCTH:
- Ul MeTaHa, HapTEeHOBBIX M ApOMaTUUECKUX YIJIEBOIOPOIOB IIPU Tnp <1

co.
Agri =2,047-107 BL; (2.77)

i

- IJI1 OCTaJIbHBIX YIJICBOOOPOOOB ITPU JIFOOBIX TEMIIEpATypax

C%.(14,52T . —5,14)*3
np .

Ay ; =0,46.1073 2 ; (2.78)
&i
- JJIS1 HEYIJIEBOAOPOAHbBIX KOMIIOHEHTOB MPpHU THp <1
Aari =0,46:107(Cp)/*(20Z g, +1,08) T 2% 200, (2.79)
- [UIS1 HEYTJIEBOAOPOOHBIX KOMIIOHEHTOB 1TpH 1 < Tnp <3
Aars =0,46-10(C)¥*[(195Z,y; ~31,94) T, ; +16,83-82,5Z,,, 17 2 %wi.  (2.80)

- JUTSI HEYTJIEBOAOPOAHBIX KOMIIOHEHTOB MpH 3 < THp <15

Aari =0,46-107(C2 )/ [(7,18-18,25Z,, YT ; +10,21Z,,; ~4,911"7 720 (5 g1

B ¢popmynax (2.77)—(2.81) Cg.i usmepsiercst B Ax/(monb-rpan.), P— s MIla, T -8B Ku i —
B Bt/(Mrpan.), roe Z

pi KO3(OULMEHT CBEPXCXKUMAEMOCTH i-TO KOMIIOHEHTA TMPU PKp u TKp;

&; — onpexensiercst o ¢hopmysie (2.77) py U3BECTHBIX M; M KDUTHUECKUX TIapaMeTpax i-ro KOMIo-

HeHTa PKp U TK

p; E—?i - I/I3063pHaH TCILTOCMKOCTD rasa npHm aTMOC(i)CpHOM JaBJIEHUU U 3aJJaHHOM TEM -

neparype.

(=23
(=]

/1

wn
(=]

A,s BT/(M'Tpan.)

40

-

- 5

= -9 -

9 —9 TEIIONPOBOLHOCTD ra30B npu P,

1 — MetaHa; 2 — aTaHa; 3 — a30Ta; 4 — Nnpomnaxa;

—— S — n-6yTtaHa; 6 — n-TeHTaHa; 7 — YIJIEKUCIIOro
rasa; 8§ — n-rekcaHa; 9 — n-rerfraHa

PucyHok 2.19 — 3aBUCHMOCTD TEILIOMPOBOIHOCTH
KOMIOHEHTOB NPUPOIHBIX Fa30B A,

E)20 20 60 100 140 180 T,°C  TIpU aTMOcepHOM HNaBJACHUH OT TEMIIEPATYPHI

NN

-

_
///

7
—

L \\EN
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AHATUTHYECKM BETMYMHA A MOXET ObITh ONpesesicHa 1o (GopMynaM IPU U3BECTHBIX A,
KPUTHYECKOH BEJIMUMHE CBEPXCKHUMAEMOCTH ZKp, IPUBELEHHO TUIOTHOCTH Ta3a p,,, M ITapaMeTpa £,
3aBUCSILIETO OT MOJIEKYJIIPHOM MacChl CMECH W KPUTUUYECKUX NAaBICHUS U TEMIIEPATYPHI.

pnu Prp < 0,5 BennunHa A onipeaensercs o gopmysie

141078 (72w _1)

A= Aar.om g ; (2.82)
EJZrl.l(p
npu 0,5< Prp <2
-8, 0,67
13,1-1078(°"P= —1,069)
A=Rarcu 5 (2.83)
§Zn.1(p
MIPH P, > 2
-8, 1,55
2,976-1078(e P +2,016)
A=y eum , (2.84)
. 5
E.rZrl.Kp
rae Prp — MPMBEICHHAs! MIIOTHOCTB ra3a, OTpesieiseMas 1o topmyne
P Zl'[.KpTII,Kp .
Pup = =P ; (2.85)
pH.Kp I.Kp
Zn'Kp — NCEBAOKPUTHYECKHIA KOIDEOUIIMEHT CBEPXCKUMAEMOCTH, ONIPEiesIsieMblii 10 popmyJie
Zn.Kp :inZKp.i’ (2.86)
rae ZKp.i — K03 PUHUEHT CBEPXCKHUMAEMOCTU TIPU PKp.i U TKp.i [-TO KOMITOHEHTA,;
X, — MoJIbHas (06beMHast) 10J1s1 i-TO KOMITOHEHTa B COCTABE rasa;
Z — K03(PPULMEHT CBEPXCKMUMAEMOCTH IPH 33aHHbIX 1aBleHUH P u remneparype 1.
[Mapametp & onpenensercs no popmyJiaMm
n il/ 27176
_ CE Kp.i
&cm _ingia E.»i "Z P2/3 : (2.87)
i=1 Kp.i
3HaueHUS A BBIUMCISIIOTCS B COOTBETCTBUM C TpeOyeMol TOUHOCTBIO PACYETOB OIHUM U3

aT.CM

TIPUBEIEHHBIX BbILIE CITOCOOOB.

2.1.8 dpoccenmpoBanue rasa. KoaddbuimeHt Ixoynss — ToMcoHa

HpocceMpOBaHUE — pacUIMPEHUE Ta3a MpH MOCTOSTHHON SHTAIBITUU B TIPOLIECCE €r0 Mpo-
XOXIEHUS uepe3 CyXKaiollie YCTPOHCTBa (Yepe3 MECTHOE COTIPOTUBIICHUE, KAKOBBIM SIBJIAIOTCS OUa-
(dparmMsl, coruia, HITyliepa, BEHTWIb, KPaH, Cy>KEHUE TPYOb!), CONPOBOXIAIOLIEECS MU3BMEHEHUEM TEM-
nepaTypbl, BbI3BAHHBIM 3aTpaToil SHEPTrUM Ha NMPEOJOJIEHUE BHYTPEHHHUX MOJIEKYJISPHBIX CHI

B3aUMHOTI'O IIPUTAXKCHUA. Hpouecc, l'IpOI/[CXOI[HH_[I/Iﬁ NIPH 3TUX YCIIOBUSAX HA3BIBAETCS annadbaTHYECKUM.
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M 3MeHeHUe TeMIepaTyphl fa3a NP1 U30HTAIbIMIAHOM PaCLIMPEHUH Ha3bIBAETCSI APOCCENb-3(PPEKTOM
u ycraHosseHo JIxoyneM 1 TomcoHoM. OTHOIIEHHE U3MEHEHUS TEMIIEPATYPhI K U3MEHEHUIO TaBICHUS

HazbiBaeTcs KoddduumeHToM JIxxoyasi — ToMcoHa v onpeaeaeTcs GOpMyJIon

oT
D; :[ﬁl . (2.88)
Koadduument Ixoynst — ToMcoHa 3aBUCUT OT COCTaBa rasa, IaBJIeHUS U TEMIIepaTyphbl, U3Me-
HSIETCS B ILIMPOKMX NPENEIaX ¥ MOXET MMETh NOJIOXHUTETbHbIH U OTpULATENbHBIH 3HaK. OTpUIATETbHbIN
3HaK Koadduimenra JIxxoyns — ToMcOHa [MOKAa3bIBAET, UTO JAPOCCETUPOBAHUE CONMPOBOXKIACTCS HA-
rpeBanueM rasa. JIusi IpMpOIHBIX ra30B NIPY TEMIIEPaTypax U JaBICHUAX, BCTPEYaeMbIX Ha MPAKTHUKE,
JpOCCENTMPOBaHKE PAKTUUECKY BCEera COTTPOBOXKAAETCS oxlaxaeHueM rasa. Ha ActpaxaHckom raso-
KOHIEHCATHOM MECTOPOXIEHWU NPH JaBIEHMSIX, OIU3KUX K HaYallbHOMY, KoadhduuueHt Jxoynsa —
TomcoHa oTpunaTtenbHbliil. C yBeMueHNEM IaBIeHUS 3a €70 KPUTUUECKUM 3HaYeHUEM KOS GHULIMEHT
JIxoynsa — ToMcoHa yMeHbITaeTCsl, MPOXOAMT YEPE3 HYJb, TO €CThb Y€PE3 UHBEPCHOHHYIO TOYKY, U CTa-
HOBHUTCS OTPULIATE/ILHBIM. B 3TOM clyuae ra3 rpu IpoccelMpoBaHUU HarpesaetTcs. YeM Bbllle JaBieHue,
TeM 3HaYMTE/IbHEE HArpeBaHue Tasza. [Lis1 ornpeaeacHUs MHBEPCUOHHOM TOUKM UCTIOJIb3YeTCA (popMyJia
T ( 60) -V
oT 0

D=— "2 (2.89)

G

rae L — 00beEM raza;

dv — U3MeHeHue 00beMa MPHU IOCTOSSHHOM JABJICHUM B pe3yJibTaTe U3MECHEHUS TeMIlepa-
Typhl HA 0T

Cp — TEIJIOEMKOCTh raza pHu MOCTOSHHOM IAaBJICHUH.

I1pupaBHUBas K HYJIO KO3GOULUMEHT € U 3a1aBasiCh Pa3IMYHBIMY 3HAYEHUAMU TEMITEPATYPhI
B TOYKE MHBEPCUM, HAXOMAT 00BEM U JaBjieHUE Ta3a 3aJaHHOTO COCTaBa, COOTBETCTBYIOLIME ITOM
Touke. B pe3yabrare nojay4yaoT MHBEpCUOHHYIO KpUBY10. B Tabnuue 2.13 naHbl 3Ha4€HUS TPUBEICHHBIX
JaBJIEHNA, TEMITEPATYPhi U 00beMa, TIPU KOTOPbIX € = (). DTH BEJUUUHBI ITOJTy4€HbI U3 YPaBHEHHUS CO-
crosinusi Peminxa — KBoHra.

3naueHne Ko durenTa Jxoynst — ToMcoHa MOXET OBITh OINPENETEHO DKCIIEPUMEHTATIbHO U
pacueTHbIM MyTeM. Kak rnpaBusio, 4714 MpoBeaeHUs TepMOra30rapOAMHAMHYECKMX PACYETOB UCTIONb3YeTCs
aHATUTUYECKHMIA criocob onpeaesenus koddduimerra Ixoyns — TomcoHa 1 ¢ noMoLIbio HOPMYJTbI

5Tl (D)

2.90
Gl (2.90)

onpenendercs D;.
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Ta6nauua 2.13 — 3HaueHus: NpUBeIeHHBIX AaBJIEHMsI, TEMIIEPATYPHl U 00beMa
B UHBEPCUOHHOM TOYKE

Pnp Tnp U1'1p Pnp Tnp Unp Pnp Tnp l)np
1,237 0,8 0,393 10,631 2,5 0,827
4,813 1,0 0,428 9,668 3,0 1,060 4.067 45 3,472
9,924 1,5 0,527 8,145 3,5 1,428
10,747 2,0 0,653 6,242 4,0 2,069 1,094 50 9,017

B dopmyne (2.90) TKp, PKp — KPUTHYECKHE TeMIepaTypa U NasineHue rasa; f(D,) — dyHkums,
onpefessieMas 110 rpaguky (pUCyHOK 2.20) B 3aBUCHUMOCTH OT MTPUBEIEHHBIX AaBJIEHUS U TEMIIEPATYphl

raza. @ynkuus f(D,) MMeeT pa3MEPHOCTb TEIIIOEMKOCTH Ia3a M aHATUTHYECKM BhIpaxaeTcs (hopMyJIoit

T4y

oo,
f(D)=1,44 Unp"Trlp AT Pnp s (2.91)

rae VU, =V /1)Kp — OpUBEIECHHbIA 00BbEM rasa.

p
I'pachnueckas saBucumocts f(D;) (pucyHok 2.20) B 1uanasoHe usMeHeHmii 1,6 < T, np < 2,lu

0,8< Pnp < 3,5, MOXeT ObITh BhIpaxeHa popMyioii

f(D;)=2,343T,.2% ~0,071(P,, -0,8). (2.92)

Cpennuii ko3dduuuent Jxoynsa — ToMcOHa IPU UCITONIB30BAHUM U303HTAIbIUIHBIX AHa-
dbparm onpeaensercs no ¢popmyiie

p =AT

i T AP (2.93)

WJIN U3 BBIPAKEHUS JUTH OIPENE/IEHUS KOHEUHOM TEMIIEPATYPEHI ra3a Mmocjc JpocCeINpPOBaHUA

— 025
Lzl_ﬂ“—p—[s-m—ﬁ-m(ﬁJ+o,029-10‘6(P12—Pzz)—20,9(Pl—Pz)], (2.94)
T2 Tl CPTr[pl P2
rae
—  p+P -
Prp="l 22,1 = L G =Cop(Poys Topy); (2.95)
2Pn.l<p TH.Kp

Cp — CpenHMit KO3(hdULMEHT TEII0EMKOCTH, PACCYMTAHHBIN LTS yCpeTHEHHBIX TEpMOOapH -

YEeCKHUX YCJIOBUI 10 U MOCJIE IPOCCENBHOrO YCTPOMCTBA.
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Pucynok 2.20 — 3aBucrMOCTb 0600111€HHON hyHKLMH f(D;) OT IPUBEIECHHBIX ABJICHUS
Y TEMIIEPATYPhI
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HnterpanbHblit Apocceb-2¢hdeKT MOXeT OBITh PACCYUTAH M TI0 YPABHEHUIO COCTOSHUS

buttu — bpumkmeHa ¢ moMoILbIo HGOPMYJIbI

1 1 1
I,=T, +E—“+P2"2 =Py, +(T\By —B)[U———]+

p 1 V2
Ty-y[1 1) Ty8,-8[1 1
+‘1¥{7‘—2}+%[—5‘—3]’
v L3 L] Ly (2.96)
roe
B, =BOR+g; B=—a, +BRT—%; (2.97)
T T
2CB,R bByR CB,R
= —bB,R; y=ady ——2" ; 5
n=" ok v=a4, T P (2.98)
26CB,R . bCB,R
& =5 d=— (2.99)

T3 T2
Ay, By, a, b, C — xooppuumneHTs ypaBHeHUs1 BUTTH — BpumkMeHa, 3HaueHUs KOTOPbIX TS
KOMITOHEHTOB IIPUPOIHOIO ra3a npuBeleHbl B Tabmute 2.14.
B dopmyiie (2.96) T sripaxena B K; v — B M3/kT; Cp —BJXx/(xkr'K) u P— B MIla.
2.1.9 PacTBOpUMOCTB IIPUPOIAHBIX Ta30B B BOJIE
PacTBOpUMOCTB MPUPOAHBIX Ta30B B BOZIE ONPEE/ISIETCS KOTUYECTBOM Ia3a, pacTBOPSIOILErOCs

B 1 M3 Boanl ipu T, o = 293,15 K u P= 0,1 MIla, xapaktepusyercs KO3hGOHLNEHTOM b 1 3aBUCUT OT

TEMIIEPATYPHI U JABJICHUS:

b=—, (2.100)

rae u_— 06beM PacTBOPEHHOIO B BOJIE a3a NP HOPMAbHBIX YCIOBUAX, M3;

M — macca Bonbl, KT.

Ta6nunua 2.14 — 3Hauenus koadduMeHTOB B popmynax (2.97; 2.98; 2.99)

KoMrnoHeHT rasa A, a B, b c-10?
MertaHn 2,2769 0,01855 0,05587 -0,1587 12,83
OtaH 5,8800 0,05861 0,09400 0,01915 90,00
Iponau 11,9200 0,07321 0,18100 0,04293 120,00
n-byraH 17,7940 0,12161 0,24620 0,09423 350,00
i-0yTaH 12,6037 0,11171 0,23540 0,07697 300,00
A3zor 1,3445 0,02617 0,05046 -0,00691 4,20

YrInekHCIblii ras 5,0065 0,07132 0,10476 0,07235 66,00
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CoziepXaHue pacTBOPEHHOTO rasa (B MOJISIDHBIX JOJISIX) ONPENENAIOT 1o hopMyie

N==a (2.101)
Z”i Ty
rie n; — 4MCII0 MOJIeH i-TO KOMIIOHEHTA B BOJIE,
n, — 4nAcCIo MOJIeit BOIBI.
N; = —bl— (2.102)
D b +1244

Jlnst MHOTHX Ta30B 2.b; < 10, M03TOMY MO CPaBHEHHIO CO 3HAUCHUEM 1244 BenuuuHoii 2b,
MOXHO NpeHebpeun. Torna N, = 0,804 10'3-bi.

PacTBOPMMOCTD ra3oB B IJIACTOBOI BOJE 3aBUCUT HE TOJBKO OT €€ TEMIIEPATYPbl U MUHEPAJIH-
3allMU, HO U OT COCTABOB paCTBOPEHHBIX coJiei U ra3oB. IIpu OTCYTCTBMM JaHHBIX O PACTBOPUMOCTH
Ta30B B BOJIE 110 KOHKPETHOMY MECTOPOXIEHHUIO CJIEAYET MOIb30BaThCs 3HAYCHUAMU KOIDHUILIMEHTOB
PacTBOPMMOCTH Fa30B B JUCTWUIMPOBAaHHOM BOZE C YYETOM TeMIIEpaTyphl M BHECTH MOINpPaBKy Ha

MUHEepan3aiuio no dhopmyine
o= cxo-lO"“, (2.103)

rae o U 0Ly — MOJIbHBIE JI0JIM PACTBOPUMOCTH Ia3a B MUHEPAJIM30BaHHOM H JUCTWLIHPOBAHHOU
BOIAX;

k — x03(DUILIMEHT BbICATUBAHUS,

¢ — KOHILIEHTpALUS CONN B rPAMM-3KBUBaIeHTax Ha | 11 rutactoBoit Boasl ipu 7= 293 K.

B cOOTBETCTBUH € PUCYHKOM 2.21 3HaueHre K03 dULIMEHTa BbICAIMBAHUA k 3aBUCHUT OT CO-
CTaBa ra3a ¥ TeMIIepatyphl BOMbL, TO €CTh BEJIMYMHA k U151 BoAHBIX pacTBopoB NaCl mpu pasinyHbix
TeMITepaTypax MoKa3blBaeT, 4To 1l MHTepBana TeMiepatyp 353 < T'< 413 K xoadpduument k = 0,1.
B mpenenax temneparyp 283 < T< 353 K BennunHbl Koah@ULMEHTa k IS MeTaHa, a30Ta, ITaHa
nporaHa 6yayT COOTBETCTBeHHO paBHbI 0,10 < kCH4 <0,15;0,10 < sz <0,15;0,13< kczﬂ(, <0,18;
0,165< kC3H8 <0,220.

PactBoprmocTs CO, B IJIACTOBBIX BOJax He3HaUMTe bHA. ONBITHI IOKA3BIBAIOT, YTO B BOJAX
pa3YHOl cTeNeHM MUHepanusaiuu npu 273 < T7< 333 Ku P = 0,1 MIla pactsopumocts CO, co-
crasnsiet 0,2—1,7 M3 /M3 Bonel. [Ipryem, YeM BbiLe MIUHEPATHA3ALMS U TEMIIEPATYPa BOAbI, TEM HUXE
pacteopumocts CO,. Hampumep, npu Temneparypax 293—333 K 1 MUHepaau3aluy Bobl 3,5 MOJb
NaCl ua 1 1 Boxs! pacTBopuMocTb CO, MeHsietcst o1 0,2 10 0,4 M3 /M3,

B 11acTOBBIX BOIaX pacTBOPSETCS 3HAYUTEIbHOE KOINYecTBo cepoBonopona (H,S). Hampumep,
B Bozax OpeHOyprcKoro ra3oKoHAEHCATHOTO MECTOPOXIEHUS paCTBOPEHO 13 M3 /M3 cepoBonopona,

yrto coctapaseT 30 % — 40 % ot 061ero o0beMa pacTBOPEHHBIX ra308. OMBITH TOKA3bIBAIOT, YTO pac-
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TBopuMocTh H,S B Bone npu P= 0,1 MIa, 293 < T< 333 K 1 MUHepann3aliK BOAbI B COOTHOIIEHHUSIX
2—5 Monb Ha 1 21 Boxsl coctaBnsieT 0,5—1,6 M3 /M3,

[1nacToBble BoJbl ra30BbIX MECTOPOXKICHMIA, KaK NPABWIIO, HACBILLUEHBI B OCHOBHOM METAHOM.
Ha pucynke 2.22 npuBeseHa 3aBUCMMOCTD OT [AaBJIE€HUS pACTBOPUMOCTH METAHA B ILTACTOBOM BOJE C

yenosHoi coneroctsio NaCl 20, 100, 200 u 300 xr/m3 Boast npu Temneparypax ot 0 °C o 80 °C.

/T 7 7 -
/7

~

0,20 \

3 3
PacTBOpUMOCTE MeTana, M /M
»
(==

AN
AN

<
NN
AR

™\
N

S
N
\

§
\
\

N
\ \ 0, 7
N Wz
\ ® 2 Lt
e |
0,10
0 20 40 60 T,°C 0 10 20 30
P, MIla
PucyHok 2.21 — 3aBucumocts KoddhdureHra PucyHok 2.22 — 3aBUCHUMOCTD OT JaBJI€HUS
BBICAJIMBAHUSA kK OT TEMITEPATYPbl pacTBOPMMOCTH METaHA B IJIACTOBOM BOZE
[U1st MeTaHa — 1, a3oTa — 2, 3TaHa — 3, ¢ ycnoBHOM coneHoctbio NaCl 20 kr/m3
npomnasHa — 4 (kpusbic 1—4npu T=0°C, 15°C, 40°C

1 80 °C); 100 kr/m3 (KpuBble 5—7 npu
T=20°C, 40°C u 80°C); 200 kr/m? (kpuBbIe
8—10pu T=20°C, 40°C u 80 °C) u 300 xr/m>
(xpusbie 11 1 12 mpu T=20°C u 80°C)

2.2 YpaBHeHMs1 COCTOSAHHSA NPHPOIHBIX 2308 H FA30KOHIECHCATHBIX CMecei

2.2.1 KoadhdHLMeHT CBEPXCKUMAEMOCTH ra3a

Koadduument cpepxcxnMaeMocTH rasa (Z) — 370 OTHOLICHHE 06bEMa T'a3a NPU 3aAaHHbIX
3HaueHusIX Pu T (V) k o6vemy stororasa (V,, 1)» OTIPEJICIEHHOMY NP MOEHTUYHBIX P11 70 3aKOHaM
uneanbHoro rasa. KoagduureHT Z ra3a xapakrepusyeT OTKJIOHEHHE 00bEMa PealbHOTO rasza OT
o0beMa nIeanbHOro rasa. YpaBHeHUe, CBA3BIBAIOIIEE OCHOBHBIE MAapaMeTPhbl ra3a — 00beM, AaBiaeHHe
Y TEMIIEPATYPY, Ha3blBaeTCsl YpaBHEHHEM COCTOSHMUS rasa.

YpaBHeHMe COCTOSTHUA MIEATBHOTO Ta3a MOJTyYeHO U3 YCIOBHsl OTCYTCTBUA MEXMOJIEKYISIPHBIX

B3aUMOMCUCTBMII U Oe3 yyeTta 00beMa caMux MOJICKYJ U UMCET BUI
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weop (2.104)
rae H — YUCJI0 MOJIEH Ta3a;
R — yHUBepcanbHas Ta30Bas NOCTOSTHHAS
T v P — teMrnepartypa v JaBjieHUE rasa.
YHuBepcaibHasi ra3oBasi ocTosiHHAsA (R ) BeIpaxaeT paboTy OIHOI0 MOJIsI ra3a Ipy MOBBIILIEHUH
ero TeMnepatypsl Ha 1° u B cucreme CU umeet pasmepHocTb J1x/(kMoib Tpal.).

U3 onpenenenus KoabPuiiMeHTa CBEPXCKMMAEMOCTH Fa3a ClleiyeT, YTO

v
Z=—o:, (2.105)
Vo
TOTAAa
V:E%Z. (2.106)

BennuuHa KoadduumeHTa Z 3aBUCHT OT COCTaBa ra3a, JaBJICHUS, TEMITEPATYPbl U MOXET ObITH
olnpelejieHa rpaUuecKuM M aHATUTHYeCKUM criocobamu. Criocob onpeaeneHus Z BeiOMpaeTcs
ucxons u3 TpebyeMori TouHocTu. Hanbosiee MpocThiM criocoboM siBiisieTcs rpadudeckuii. st MeTana
UCTIONb3yeTCs: rpachudecKasi 3aBUCUMOCTD Z OT IIPUBEJCHHOTO JaBIEHUS PmD Y TIpUBEIEHHOM TeMITe-
paTyphl THp (pucyHok 2.23). Ha pucynkax 2.24—2.26 ripuBeZicHa 3aBUCMMOCTDb Z OT JABJICHUST U TEM-
nepatypnl 1A N,, CO, u H,S.

ITpu Gosee BHICOKOM COfiep:KaHUH B ra3e BHICOKOKMISLINX yIiieBoaoponoB Cs, ¥ MOMAPHBIX

KOMIOHEHTOB KO3 GULIMEHT Z CIIEAYET OMpPENe/ISTh C y4eTOM alleHTpHYecKoro gakropa 1o ¢popmyiie

Z=70+@ 270, (2.107)

me  Z© 7 _ xosbduumeHTsl, onpenesseMble u3 rpadukos sasucumocteit Z(O u ZW or npu-
BeJIeHHBIX ITapaMeTPOB PHp 1% Tnp (pucyHku 2.27 u 2.28);

®,,, — AllEHTPUYECKHUH (PaKTOP, ONpeeAeMBblil [10 U3BECTHOMY COCTaBY ra3a Ilo dbopmyie
n
(DCM =Z(Dixi, (2.108)
i=1

TJie ®; — aUEHTPUYECKH I PaKTOp /-TO KOMIIOHEHTA, onpenensieMbIit U3 Tadauwel 2. 1 wiu no dop-
Mmye (2.9).
[MceBrokpuTHUECKHE NTAapaMeTphl (P xp Y Tn'Kp), HEOOXOIUMBIE JIJISI ONPEAcICHUS Pnp uTl 1’

¢ nomotipio kotopbix Haxooat Z(© u ZV) (pucynku 2.27 u 2.28) onpenensiioTcst B 3aBUCUMOCTH OT

cocTaBa rasa. EciM B raze moBbILIEHHOE KOJUYECTBO BEICOKOKHUITAUINX YITIEBOOOPOAOB U MOJIAPHBIX
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BewecTs 6oiee 5 %, To ucnosbayrotest hopmyist (2.3), (2.4) u (2.5). [Npu HaMUYKK B ra3e MOJSIPHBIX
KOMIIOHEHTOB (CEpPOBOAOPOAA, BOIBI U APYTUX) BEJIUUMHBI Pt Ty p ONIPEACTIIOTCS TAKXKE 10

dopmynam
leq LPL 0,5 2
m( _Tm(z T szixj(Tijkj) ’ (I—E,.ij) , (2.109)
i=1 j=1

1 1 3

7 Z. 7o \3
ZZxx 05[ ‘;kIJ +0,5[—M] (1-&) | ; (2.110)
i=1 j=1 ki kj

T 0,5
£;=0,25a; (B))*| 2 | ,

*
rae o — IMOJAPU3YEMOCTb HEMOIAPHBIX MOJIEKYJI, oTpeneJisieMast 1o opmyite

(2.111)

. B o P, .

o =2,277-10 19[‘—‘“],1\43, (2.112)
ki‘ ki

(Xi — MOJIAPU3YEMOCTD HEMTOJISIPHOIO i-TO KOMIIOHCHTA,

* o o o
BJ — IIPUBEACHHDBIN JICKTPUIECKHHU MOMEHT IUIOJIA ITOJISIPHBIX MOJICKYJ1, OIIpeAcisiEMbIH 1O

dbopmyne

0,5

P\

B; =28,342- 1029[5’]][;} : (2.113)
kj

rae Bj — MIPUBEIECHHBIIA JIEKTPUUECKUI MOMEHT WO j-i ONSIPHON MOJIEKYJTHI.
3nauenus koadpduuuentos Z© u Z(D MoryT 6bITh BEIYHCIIEHBI [10 CASAYIOLMM TPUOIUKEH-

HbIM (POpMyJIaM, ONMUCHIBAIOIIMM rpadUyecKre 3aBUCUMOCTH, MTPUBEIeHHbIE HA PUCYHKE 2.29a, ©:

5 5 . .
ZO=%"%a; P (InT,,)™; (2.114)
i=0 j=1
1 5 5 . .
Z0 =% b T (nP )7, (2.115)
i=0 j=I1

rae b. , — k03 GULIMEHTBI, onpeaesisieMble TI0 TaOJUYHBIM JAaHHBIM, 3HAYE€HUsA KOTOPBIX

i 1> Vi

NpuBeaeHbI B Tabmuax 2.15 u 2.16.

Eciu B raze conepxurcs 6onee 5 % CO,, To 3HaueHHE Z paCCYUTHIBAETCS CIEIYIOLINM 00pa3oM:

- 110 popmyrnam (1. 2.1) BHIYKMCIISIOTCS IICEBIOKPUTHYECKHE faBIeHue P p M TEMIIEPATypa T, Kp>
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TEeMIIEpaTyphl

72



Tab6nauua 2.15 — 3Hauenus kosdduunenra a;_| B dhopmysne (2.114)

P I'a3npom 086-2010

; J
0 1 2 3 4
0 0,986028 0,164611 0,291911 -1,144999 0,609442
| -0,362992 0,582224 0,222584 -0,226665 -0,361378-107!
21 0,119989-10°! 0,210721 0,389290-10"! 0,304513-10"! -
31 0,342341-10"! 0,183026-107! -0,685522-10°2 — —
4| -0,684662:10"2 | -0,246605-10-3 - - -
5| 0,387380-10°3 - — — -
Ta6bnuua 2.16 — 3Hauenus koapdumenra bij_1 B popmyiie (2.115)
; J
0 I 2 3 4
0 -0,328373 0,666710 0,601826-102 -0,866196:10°2 | 0,560253-10-2
1 0,350508 -0,188771-10°! -0,149765 -0,151139-10°! | 0,757125-10-3
2 -0,171917 0,177251-10°! 0,107350 0,442447-10-2 -
3 0,248316 -0,618610 -0,175277-10°! — -
4 -0,133605 0,710867-10°! — - -
5| 0,196087-10°! — - — -

- BBIYUCIISIETCST alCHTPUYECKMI (haKTOp CMECH, UCKITIOUAsT U3 Hee CO,, no popmysne

110 U3BECTHOH BeTNYUHE ®y, ¥ KoHueHTpaunu CO, B rase u3 rpadukos (pucynok 2.30a u 6) orpe-

AETACTCSA BEAIUUMHA €, SIBIAIOWIASCS TeMIlEpaTypHOI MOIpPAaBKOU st HUCTOJIb3YEMOU Mpu pacyeTax

TCCBIOKPUTUIECKOH TemmepaTypbl. Ha pucynke 2.31 npuBeneHa 3aBMCHMOCTD TEMITEpaTypHOH MO-

NpaBKHU & OT KoHUEHTpauuu B cMecu CO, u H,S. Tlpy Hanuuuy B rase CO, u H,S 3HaueHwue ¢ pac-

CUHUTHIBAETCA TAKXE U N0 popMyIie

rac

(2.117)

&=5280y,,(4-A%)+5(B% — B?),

A — cyMMapHBbIe MOJIbHbBIE JONU CO, u H,S B razse;

B — MonbHag nons H,S.

3Haga P

.Kp’ * n.kp

P

*
nK — HKT

*

T *

=P

nx .
— T

nK

nK

=T

nx &

U ®, BBIYUCIIAIOT HOBBIC IICEBAOKPUTHYECKHE rnmapaMeTpsl
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g, K g, K

R
5,5 /
0
0,1 0,2 0,1 0,2
[0 (0]

PucyHok 2.30 — 3aBUCHMOCTb TEMIIEPATYPHOI1 TIONPABKM € OT KOHUCHTPALMK B CMECH Co,
M alieHTprueckoro ¢gakropa o

[To M3BeCTHBIM BeJIMUMHAM 3adaHHBIX P U T Y BBIYMCICHHBIM P; xp 1 T; xp PACCUHMTHIBAIOT

NpUBEAEHHbBIE TAPAMETPI:

p - .r I (2.119)
np P np T
I.Kp .Kp

Wcnonb3yst rpadyKu, IPUBEICHHBIC Ha PUCYHKE 2.29a 1 6, OnpeeNsioT ZO y Z(M | azatem,
ucnosb3ys hopmyiy (2.107), BBIYUCITAIOT 3Ha4YEHUE Z.

Ipu Hanuuuu B raze CO, n H,S k0o PULNEHT CBEPXCKMMAEMOCTH Z onpedensiercs aHato-
I'MYHBIM 00pa3oM, C TOM JUIIb Pa3HULEN, YTO MPU BBIYMCIEHUHN ALIEHTPUICCKOro ¢akropa o, Mo
dopmyse (2.116) 13 cocTasa rasa HCKJIIOYAeTCs HE TOJBKO CO,, Ho 1 H,S.

Jlns razos, cogepxamyx CO, u H,S, pacyeThi BbIMOIHAOTCSA C/IEAYIOIMM 00pasoM:

- 1o hopmysaM (11. 2.1) pacCUUTHIBAIOTCS 3HAYCHUSA Pn.Kp 15t Tn.Kp;

- o rpaduKaM U3 pucyHKa 2.30 HaXxoaAT MONPaBOYHBIH x03(pPULIMEHT €;

- BBIYUCISAIOTCS HOBBIE TICEBAOKPUTUYECKHE TapaMeTpPHi 10 popMysiaM

. P T,
Py = e , (2.120)
Tl'lK +tzs(1 —tzs )8
rac xHZS — MOJIBHAasa 40JI CepoBOIOpOaa B CMECH;
T =Ty —& (2.121)
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PucyHok 2.31 — 3aBUCHMOCTb TeMIIepaTypHOI OMPAaBKHU & OT KoHueHTpaunn B cMecu CO, u H,S

Ucnonways hopmyiny (2.119), paccYUTHIBAIOT BETUUMHBI P, p M T 1’

JEHHBIM MapamMeTpaM, UCIIONb3ysl PUCYHOK 2.29, HaXOaAT Koacb(bHuHeHTbI ZOu ZM, Mo ussectHbIM

a 3aTEM I10 3TUM MPUBE-

ZO y z(O pryucssiior Z.

I1pu Gostee TouHbIX pacyeTax KO3 bULMEHT Z TPUPOIHBIX TA30B OMPEAENIETCS 110 KYOMYECKUM
YPaBHEHHSM COCTOSIHUSA Ta30B, Hanbosiee 1IMPOKOE pacnpocTpaHeHWe CPENr KOTOPBIX IOJMYYIIH
ypaBHeHusi Coase, Pennnxa — KpoHra, TTenra — Po6uncona. Kpome Ky6udeckux YpaBHEHUH co-
CTOSTHUSI TIPEIUIONKEHBI TAKXKE MHOTOKOHCTAHTHBIE BUPUAJIbHBIE YPABHEHHUS! COCTOSIHUS, K KOTOPBIM
OTHOCSITCS] ypaBHeHUs1 benenukra — Be66a — Py6una, Crapanura u ap. JU1st 3THX METOIOB pacudeTa
TMPUCYTCTBUE B ra3e KUCIBIX KOMIOHEHTOB IPAKTUYECKHU HE BIHSIET Ha BEeJIMYMHY MOTPELTHOCTH ITPU

Orpene/IeHUH Z, €CJIU pacueThl BEAYTCs C Y4ETOM KOI(PPHIIMEHTOB B3aUMONEHCTBHS.
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JLnst onpeneneHust Koo UIHEHTa CBEPXCKUMAEMOCTH Z KyOUYeCKUe YPaBHEHHST COCTOSTHNMA
pelaloTca OTHOCUTEbHO Z. FIMeroliee 10CTaTOYHO BBICOKYIO TOYHOCTb YPaBHEHNE Pemnxa — KBoHra

119 ONIpeacICHUA Z 3aTIMCHIBAE€TCA B BUJIC

7372+ Z[a,, + b2, P~ b |P—aeybe P? =0, (2.122)

rac
Oy = 9, %1055 beyy = D Xiby; (2.123)
a; =0,4275R’ T B,;. (2.124)

YpasHeHue (2.122) naet He06XOAMMYIO TOYHOCTD ISl ra3000pa3HBIX KOMIIOHEHTOB U MX CMe-
ceit. Hanuuue B cMeCH KOMMOHEHTOB B XKMIKOM COCTOSSHHUHM, a TAKXKE MOJICKYJT pa3IMuHOro CTPOCHUA
pe3KO YBEJMYMBAET MOTPELIHOCTb PacyeToB. B 3T0ii cuTyaly NOBBILIEHUE TOYHOCTH PAcicTOB BE-
JIMYMHBI Z BO3MOXHO MyTeM BBEIEHUs TIONIPaBKU AZ Ha Z.

Hau6onee TOUHO KO3(DMUILMEHT CBEPXCKUMAEMOCTH Z OTIPEIENACTCS U3 ypaBHEHUS COCTOSTHUSA

IMeHra — PoGMHCOHA, UMEIOUIETO OTHOCUTENIBHO Z BU

73— (- A)Z2+(A—3B2—2B)Z— (AB— B> - B3 =0, (2.125)
rac
aP bP
A=——; B=—; 2.126
R*T RT ( )
n n 05 n
a=>">" xx;(1-Cy)aa;)*; b= xib; (2.127)
i=l j=1 i=l
22
a _0,45724 %% . _0,0778 R . (2.128)
ki By
a; =[1+m (1-To)P; m; =0,37464 +1,542260; ~0, 269920, (2.129)

3HayeHUst KO3hDPUIIUEHTA Cij B opmyite (2.127) npuBeneHst B Tabnuue 2.17.

2.2.2 ®a30B0o€e COCTOSHUE YU OCHOBHBIC IIapaMeTphl TIPUPOAHBIX Ta30B

B 3aBMCMMOCTY OT TEPMOIMHAMUYECKUX YCIOBUM M COCTaBa MPHUPOAHbIC ra3bl HAXOMATCS B
onHoMa3HOM WK ABYX(ba3HOM COCTOsHUM. [Ipy M3MEHEHMH TEPMOAMHAMMYECKUX YCIOBUH MPO-
MCXOIAT (ha30Bble MEPEXOIb, YTO MPUBOAUT K 00Pa30BAHMIO XUAKOM (a3bi U3 ra3000pa3HoOii U ra3o-
06pa3Hoit Pa3sl M3 XUIKOI. B yCIOBUSIX TEPMOIMHAMUYECKOTO PABHOBECHS IPOMCXOMT PABHOBEC-
Hbili MacCOOOMEH KOMITOHEHTOB MeXay da3amu. PacrpesnesieHue yrieBoIOpPOAOB MeXay dazamu

nByx(a3HOI paBHOBECHOM CHCTEMBI IPOTEKAET B COOTBETCTBUY C YIPYTOCTHIO HACBILICHHBIX N1APOB
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Ta6nuua 2.17 — 3HaveHus KoadpuumreHTa Cij B (hopmyine (2.127)

KoMmoHeHTbt ot
rasa N, Co, H,S CH, C,H, C,Hy, | n-CH,
N, 0 0 0,130 0,025 0,010 0,090 0,095
Co, - 0 0,135 0,105 0,130 0,125 0,115
H,S - - 0 0,070 0,085 0,080 0,075
CH, — - - 0 0 0,010 0,025
CH, _ _ - _ - 0,005 0,010
C,H, — - - — - 0 0
n-C,H,, - - — - — - 0
n-CsH), — — — — — — —
n-CeH,, - - - - - - -
n-C,H, ¢ — — — — — — -
n-CgH g — — — — — - —
n-CoHyg - - - - - - -
n-CoH,, - - - - - - -

Okonuanue mabauyw 2.17

KoMMoHeHTHI G
rasa n-C:H,, n-CiHy, n-C;Hg n-CgH g n-CoHy, n-CjoHy,
N, 0,100 0,110 0,115 0,120 0,120 0,123
Co, 0,115 0,115 0,115 0,115 0,115 0,115
H,S 0,070 0,060 0,060 0,060 0,060 0,055
CH, 0,030 0,030 0,035 0,040 0,040 0,045
C,Hy 0,010 0,020 0,020 0,020 0,020 0,020
C;Hg 0,005 0,005 0,005 0,005 0,005 0,005
n-C,H, 0,005 0,005 0 0 0,005 0,005
n-CiH |, 0 0 0 0 0 0
n-C¢H - 0 0 0 0 0
n-C,H ¢ - - 0 0 0 0
n-CgH 4 — - - 0 0 0
n-CyH,, - - - — 0 0
n-C oHy, - - - - 0 0

YIJIEBOAOPOIOB U MX MOJIbHBIMU KOHLUEHTpauusAMHU. [1pu M3MEHEHUN paBHOBECHSI B CHCTEME IIPO-
MCXOIUT TIepepacripeesieHue Mexny (GazaMu 10 BBIpABHUBAHUS MMAPLUAIBHOTO NaBAEHUS KAXIOTO
KOMIIOHEHTA B IMapOBO# M XUIKOi1 (ha3ax.

Da30Basi KOHLEHTPALNSI KOMITIOHEHTOB CMECH OIpele/IsieTCsl YPaBHEHUAMMU:

niK;

STYK D+ (2.130)
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W — 2.131
NIy -y @130

rae X;, ¥; — MOJIbHBIE 0TI i-TO KOMITOHEHTa B ICXOJHOM CMECH ra3oBoil U XuJaKo# (a3 COOTBET-
CTBEHHO;
K. — nocrosinnbie pazoBoro paBHOBECHS. KoadduuueHTsl pacipeIeneHus i-ro KOMIOHEHTa

B [apPOBYIO M XMAKYIO (a3bl MPEICTABIAIOT COOO0I BhIpaXXEHHUE

K ==L (2.132)

TO €CTh OTHOIUEHHE NOJHU i-TO KOMITOHEHTa B ra3oBod (aze K MOJBHOM J0Je 3TOr0o KOMIIOHEHTA B
XHUIKo# dase;
V — MoJibHas 107151 TAapOoBOH (ha3bl B UCXOXHOM CMeCH, orpeessemMas 1o hpopmyrie

N
V=2, (2.133)

roe N, — unciio Moseit 1apoBoii pasbl B UCXOIHOH CMECH;

N — o01ee UMCI0 MOJIEH UCXOTHOU CMECH.

3HayeHus KOHCTAHT (pa30BOro PaBHOBECHUS ONPEAEIIAIOTCS SKCIIEPUMEHTATBHO UJIA PacyeT-
HbIM TIYTEM.

B npoliecce pa3paboTKy MECTOPOXIECHUS IPH CHUXKEHUU JaBJIeHUs] HUXe 1aBJieHUsl HaYala
KOHICHCALIMY TIPOUCXOAMT BblIEJIEHUE KOoHIeHcara. Kax mpaBuio, Mo Mepe yBeJIMUEHHUs TTyOHHbBI
3aJieraHusl MECTOPOXIEHUI PACTET COAEPX)aHUE YIIIeBONOpoaoB rpynibl Cs, p B IIaCTOBOM CMecCH,
YTO BEAET K YBEJIUUEHHUIO €€ KpUTHUeCKo# Temreparypbl. C yBenudeHueM conepxanus Cg, p B rase
ILIMpPUHA ABYX(Pa3HoM 06/1acTh (Ha30BON 1UarpaMMBbl yBeJIMUMBaeTCs. BO3MOXHBbI CTyuau, KOFa CMeCH
OIMHAKOBOIO WJIM OYeHb BJIM3KOrO COCTaBa MOTYT B 3aBUCHMOCTH OT COOTHOIHEHUS MEXIY IUTACTOBOM
Y KpUTHYECKOM TeMIIepaTypaMu MPOSIBASATE ce0s KaK ra30KOHICHCATHBIE, €CJIU MJ1aCTOBast TeMIIepa-
Typa Bblllle KPUTHYECKOIA, WM KaK HedTera3oBble, €C/H I1aCTOBast TEMIIEPATypa HUXE KPUTHISCKOU
TeMIepaTyphl CMECH.

[1o 06001LIEHHBIM ITapaMeTPaM COAEpXaHHUs B ra3e KOHIEH CaTa, IIPUBEICHHOIO K CTaHAAPTHLIM
YCIIOBMSIM, WJIM 110 KOJIMYECTBY Ta3a, BbLISTUBLIErOCs B CTAaHAAPTHBIX YCTIOBUAX U3 | M3 XUAKOI po-
OyKUUU, 0 TUIOTHOCTH BBLICJSTIOLIENCS] B cenapaTope YI1€BOJOPOIHOM XHUIKOCTH U TIO €€ LBETY
ONPENENUTh THI [UIACTOBOTO (JIIOMIa 3aTpyIHUTEAbHO. [103TOMY B TakMX ciiy4asx 6e3 uccaenoBaHus
(a30BOro COCTOSIHUSI CMECH ONPENETUTD, SIBJISIETCS JIM OHA HE(TEra30BOM WJIM a30KOHIEHCATHOM,
He MpeJCTaBIsSIeTCS] BO3MOXHBIM.

OpUEHTUPOBOYHBIMU KPUTEPUSIMY, TIO3BOJISIIOIIMMHU OTHECTU ILTACTOBYIO CHCTEMY K Ta3o-

KOHIEHCATHOH, MOTYT ObITh ra30BbLil PaKTOP M IUIOTHOCTD CTABMIIN3NPOBAHHOIO KOHIEH caTa. Eciu
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conepxaHue KoHIeHcaTa He npesbimaet 10~ m3/m3 rasa wu rasoslit hakTop He Bbime 1100 M3 /M3
KOH/ICHCATa U MJIOTHOCTh KOHIEHCaTa He npeBbitiaeT 800 Kr/M>, To Takas cucteMa MIPOSBISIET ceOs
KaK ra3oKOHIeHcaTHasl.

@a30Bo€ NMOBEICHHUE IUIACTOBBIX CUCTEM CYILECTBEHHO BMSICT Ha TEXHUKY, TEXHOIOTHIO U METO-
AMKY NPOBEACHUS UCCIENOBAHMIA U 0OPabOTKM MOTYYEHHBIX pe3y/abTaToB. [laBieHue u TeMIIeparypa,
TNIPY KOTOPBIX POMCXOAUT (GUIBTPALIUSI CMECH B IUIACTE U €€ ABMXKEHHE B CTBOJIE CKBAXKHUHDI 1 IIPOMBbIC-
JIOBBIX COOPYXKEHHSIX, COOTBETCTBYIOT 00JIaCTH CYLIECTBOBAHUS Ta30KOHAEHCATHOM CMECH B IBYX(a3HOM
COCTOAAHMH, B TOM YMCJIE U B PETPOrpanHoi 30He. [103TOMy Npy ra30KOHAEHCATHBIX ¥ Ta30TMIPOIHHA-
MHUYECKHX UCCIICNIOBAHUAX U OTOOpE MPOO MJIACTOBON CMECU HEOOXOIMMO ODECIeYrTh JIOCTOBEPHOCTD
noJy4aeMoi HH(POPMaLMHU € Y4eTOM (ha30BBIX TEPEXOIOB B CUCTEME TUTaCT-Ta30IIPOBO/L.

Eciu npu vccieoBaHUM CKBAXUH NaBleHHe OKA3bIBAETCS HMXE NaBJICHUS HAYaa KOHJIEH -
CalluM IIaCTOBO¥ CMECH, TO B IPU3abOIHOI 30He BbLAeIsieTCs XuaKas (a3a, KOTOpast MOXKET He Bbi-
HOCHTCA M3 CKBaXUHbI. [IpH 3TOM MPOMCXOMUT HAKOIUIEHHE KOHIEHCATA B [IPH3abOHHOI 30HE, 4TO
TIPUBOIMT K OOCIHEHHIO 10ObIBAEMOi CMECH BBICOKOKMITAIINMH YIIEBOIOPOAaMU. B pe3yJbTarte
KOHICHCATHO-Ta30BbIN (haKTOp M CBOWCTBA NOGBIBAEMOM MPOAYKLMH, OCOBEHHO ¢bpaKINOHHBI
COCTaB KOHACHCATA, B [IPOLIECCE UCCIIENOBAHUS CKBAXUHBI MeHSIOTCS. JlajibHeiilee CHUXEHKE JaB-
JICHHS1 ¥ TEMIICPATYPBI 110 CTBOTY PabOTAIOIIEN CKBaXXUHBI TPHBOAMT K IOIOTHUTEILHOMY BBUIEIEHUIO
XUIKo# (asbl, BLIHOC Ha MOBEPXHOCTBH KOTOPOI SIBJISIETCS 0653aTeIbHBIM YCJI0BHEM LTSI TIOJIyYeHHAs
JOCTOBEPHON HH(POPMALIMH.

OtcyTeTBHE HalleXHBIX METOLIOB U ANapaTyphl [T 0T60pa MPeaCTABUTEbHOlM MpOObI U3 ABYX-
(ba3HOro MoToKa BENET K HEOBXOAUMOCTH 0TOOPA ITPOOHI KAXIONH 13 PaBHOBECHBIX Ta30BOM M XHUIKOMN
¢as, n3MepeHHs UX cocTaBa M COOTHOLIEHUS [UTsI MOCIEAYIOLIEro PACUETa COCTABA ILTACTOBOM CMECH.

2.2.3 MexdasHoe MOBEPXHOCTHOE HATSKEHUE

MexdasHoe MoBepXHOCTHOE HATSXEHUE TPAHMYHOTO CIOS MEXIY XUIKOCTBIO M TA30M — 3TO
Cuiia, IEeMCTBYIOLIAs B IUIOCKOCTH TIOBEPXHOCTH XKMAKON (Pa3bl, MPUXOAAIIAACI HA €AUHULY JUTUHBI
TIOBEPXHOCTHOTO CJIOA U HalpaB/eHHas NEPIEHANKYISAPHO 3Toi utnHe. EnMnunua usmepeHus mo-
BEPXHOCTHOTO HaTskeHus o, H/M. Belnuuna o 3aBHCUT OT AaBneHMs, TEMIEpaTypsl U COCTaBa
ra3oBOM CMECH.

3HaYeHUe NMOBEPXHOCTHOIO HATSXEHUS OTHENbHBIX KOMIIOHEHTOB MPUGIMKEHHO OIpele-

JIIETCS MO AMIUPUYECKON (hopMyIie

o =[T(p, —p))* 1072, (2.134)

e Py P — IUIOTHOCTU XMIKOMW U ra30Boii (a3, Kr/M>;
IT — nocTosiHHas, Ha3BaHHasl MAPaXxOpPOM, MPEICTABASIONIAs COBON OTHOCUTEIbHBIA OOBEM

ABYX XWUAKOCTEH C paBHBIM MOBEPXHOCTHBIM HaTspkeHWeM. Ilapaxop MpakTHYeCKM He 3aBUCUT OT
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TEMIIEpATYpPhl U 11 UHAUWBUAYAJIbHBIX KOMIIOHEHTOB MOXET ObITh ONnpenesieH 1o MOﬂeKyHHpHOﬁ

Macce KOMIMOHCHTOB!

T, = 30 + 2,82M, (2.135)

B MHTepBaJic U3MeHeHus 16 < M, < 114 u

I, = 189 + 1,43M, (2.136)

B MHTepBAIe M3MEHEHHUs MOJIEKYJIAPHOi Macchl 114 < M; < 170.

[Mapaxopsl XMIKOI WM Ta30BOii CMECH ONPENesIoTcs No hopmyrie
n
Ly =Znixi' (2.137)
i=1

JLnst IpUOIMXKEHHBIX PACYETOB 3HAUEHUE Mapaxopa OTACTbHBIX KOMIIOHEHTOB MOXET OBITH
ornpejeacHo 1mo popmye

_ A2,911VK

5 (2.138)

IT

rie A, — mapamerp, onpenenseMblii 110 U3BECTHBIM KPUTHIECKMM [1apaMeTpaM I1o dbopmyne
_ 2/371,3
A, = (10,2PKp) / TKlé (0,133a, — 0,281), (2.139)

rie PKp, T «p — KPUTHYECKHE NABIEHHE N TEMIIEPATYPa, cootBeTcTBEHHO B MIla u K;

V. — MOJIbHBIIi 0GbEM B KPUTHHYECKOH TOUKE, 106 M3 /Mo,

B — miapaMeTp, onpeieisieMblil IO TAOJINYHBIM JaHHBIM [UIS1 KAXIOTr0 KOMIIOHEHTa, TIpUBE-
JEeHHBIN B Tabauue 2.18.

3Hauenue KoohGhHLHEHTa o ONPEAeAeTcs 0 U3BECTHOMY alCHTPHYECKOMY daxTopy 1o
dopmyne

_0+1,179

_ 2.140
“x 70,203 (2.140)

WY 10 SMIIMPUYECKOMY BbIPaXXEHWIO HA OCHOBAHMH M3BECTHOM TEMIIEPATYPhl KMITCHMS T, 1 KpH-

THUYECKOMY ABJIEHUIO PKp o ¢gopmyie

1+T,, In10,2P,

a, =0,9076 , (2.141)
~T,,
rie T;p — MpUBeleHHas TeMIeEpPaTypa, COOTBETCTBYIOILAs TEMIEPAaType KUNEHUA U paBHas
Tnp = TKI/IH/TK;

P — KpUTHYECKOE NaBICHHE, MITa.
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Ta6auua 2.18 — 3HayeHHs IAPaxopoB OTAENBHBIX KOMIIOHEHTOB M MapameTpa B B popmyte (2.138)

- z T T z = = =
= < o
KoMrmoHeHT % = 5 E g» % % § E
= o = 2 Z : T & °
IMTapaxop I 73,2 112,2 181,5 190,2 225,0 219,2 268,2 307,2 346,2
B 3,409 3,63 3,681 — 3,687 — 3,695 3,726 3,781

Okonuanue mabauywo 2.18

3 =
jond jon} o, W
I on T < < o © = <
KoMmoHeHT g % g ﬂé § § § :S: 2 §
3 = = = B 2 5
O >
ITapaxop I 385,2 4242 463,2 502,2 60,0 82,4 82,4 85,0 52,4
B 3,852 3,865 3,855 3,641 3,815 3,414 — 3,505 4,310

Benuuuna NMOBEPXHOCTHOT'O HATAXKEHUS 3aBUCHUT OT TEMIIEpATYPhI. 3Ta 3aBUCUMOCTh BbIpa-

XaeTtcs popMyJIoi

o(T)=oy(1 - T), (2.142)

rie T _ — npuBeneHHas TeMIIepaTypa;
- Ty

p
C TaKkxe onpenensercs rpaduyecku (pUCyHOK 2.32).
Jlng npelenbHbIX YII€BOAOPOIOB HOPMAIBHOTO CTPOEHHMS T0KAa3aTeNb cTereHu n ~ 1,259 u
6, = 54,292 H/m.
Il cpaBHEHMS BEJIMYMH MOBEPXHOCTHOTO HATSKEHHUS TIPH pa3HbIX Temmneparypax (7 uT)

HCIOJIb3yeTCd hopMyna

1,22
-7\
o) =0y —BL| | (2.143)

-T,,

rie T npt ¥ T}y — TIDMBEICHHBIC TEMIIEPATYphI.
C yBesinyeHUEM JABJIEHHS U TEMIIEPATYPhl TIOBEPXHOCTHOE HATSKEHUWE YMEHDBILIAECTCS U CTa-
HOBUTCS] PABHBIM HYJIIO B KPUTUYECKOM TOYKE.

Ipn aTMOC(EpHOM NaBlIeHUH MOBEPXHOCTHOE HATSIKEHME CMecell onpenensercd GopMyaoit
n

Oey = D, 01X, (2.144)
=

rac X; — MOJIbHAas 101 i-TO KOMITOHEHTA.
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PucyHok 2.32 — 3aBUCHMOCTb [TOBEPXHOCTHOTO HATSKEHHS YIJIEBOJOPOAOB OT TEMIIEPATYPHI:
| — n-oKTaH; 2 — i-renTaHn; 3 — n-rekcaH; 4 — n-neHTaH; 5 — n-6yraH; 6 — i-OyraH; 7 — IIpONaH;
8 —atan; 9 — metan; 10, 11, 12 — npu MOREKYIAPHONA Macce COOTBETCTBEHHO
M = 140, 180, 220 xr/MoJb

Tpu naBieHUM BbILLE aTMOCHEPHOTO G, ONpeseiseTcs no hopmysie

4
n
Ocm = zni(yip)ld+xipri) ’

i=]

(2.145)

rie  X;, y; — MOJIbHBIE JOJIH Ta30BOM M XUAKO# (a3 i-ro KOMIOHEHTA.
Ecy napaxopbl OTAENbHBIX KOMITOHEHTOB HEM3BECTHBI, TO IIOBEPXHOCTHOE HATSKEHUE MOXET

OBITH OMpeAesICHO MO (hopMyJie

IT I1
3,911 p p
Oem ~ A); - A} -, (2.146)

X r

MHIEKCHI «X» 1 «I» OTHOCATCA K XHUIKOM v ra3oBoi ¢asam. [1pu aTom 3HaueHua M, u M_ornpenessior

10 N3BECTHOMY COCTaBY:

n n
i=1 i=1
a rapaxopbl CMeCeii ONpeaesisioT CaeAyIoIINM 00pa3oM:
A3,91 lV
1= %m (2.148)

CM
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rac

2/3

P
Ay o =1 /'g" (0,133a.

I.Kp

nKp_O;ZOI)- (2.149)

3HaueHye B L1 HOpMATbHBIX YITICBOLOPOIOB C YMCIOM aTOMOB yrjiepoa 6osee 10 u dhpakiimii
KOHJIEHCaTa MOXHO ITPUHUMATDb paBHbBIM B = 3,821. /1)1 yI1€BOIOPOLOB C YKMCIIOM aTOMOB YIJIEpoa

MeHee 10 3HaueHre B MOXeT GbITh paCCUMTAHO IO (hopMyJie

B=1,854426-Z,,, — 0,52402, (2.150)

rae Zpi — KOODOHULMEHT CBEPXCKUMAEMOCTH i-TO KOMIOHEHTA B KDUTHUECKOI TOUKe. 3HAYEHUS]

B,.P, kp’ T nxp> Frxp B bopmynax (2.148, 2.149) BeIMUCTSAIOTCA ClieayOIMMUA GOPMYIaMU:

- IUTSl Ta30BOA (ha3bi:

n
PH.Kp:ZPKpl Xi; n. ZTKplx G xp :Zaxp.i'xi;
i=1 i=1
n
VH.Kp :ZVKpl‘xl’ By ZBixi; (2.151)
i-1 =
- IU1S1 KUOKOU (pasbi:
n n
P Kp :ZPKp.iyi’ LK ZTKplyl’ . Z Qypidis
i=1 i=1
Z iV Bex ZBy1 (2.152)
i=l

2.3 CtpyKTypa H CBOHCTBA IHIPATOB, METO/IbI ONPEEIeHHs! DPABHOBECHBIX TEPMOGAPHIECKHX
HApaMeTPOB rHAPATOOOPa3OBAHHA

2.3.1 Ctpoenue, cOCTaB U TePMOIMHAMUYCCKHME XaPAKTEPUCTUKH Fa30BbIX THAPATOB

[1pu ymepeHHbix naBnenusx (1o 10—30 MITa), xapaKTepHbIX )15 TPOMBICJIOBBIX CHCTEM, [HI-
paThl MPUPOJHBIX Ta30B CYLIECTBYIOT BIUIOTH A0 TeMriepatyp rumoc 20°C —25°C,

C TOYKM 3peHUs IPAKTUYECKHUX NPUIOXKEHHMIA B Ta30BOM IPOMBILLICHHOCTH OCHOBHO# HHTEPEC
MPEICTABIISIOT ABE KyOudeckue cTpykTypbl ruapatoB — KC-1 u KC-II.

B Hacrosilee BpeMsl YCTaHOBICHO, YTO MHAMBUAYaIbHBIe ra3sl CH 4 CO,, H,S, CH, C,H,
00pa3yioT (NP1 HU3KMX M yMEPEHHBIX JABISHUSIX) TMapaThi cTpykTyphl KC-1, a rassi Ar, Kr, 0,5, N,,
C;Hg, i-C4H, ctpyktypel KC-II. TIpupoaHsie rasbl ra3oBbIX MeCTOPOXIECHUI (IIpH collepXXaHUU
nponaHa u u3odyraHa MeHee 0,3—0,6 %), a Takke rassl, comepxXallile 3HaYUTETbHOE KOJTMYECTBO He-
YTJIEBOIOPONHBIX KOMIOHEHTOB (CEPOBONOPOAA, AMOKCUAA YIJIepOa U a30Ta) o6pas3yloT TMAPATH
KC-I, Torma kak st pUpOaHBIX ra30B ra30KOHACHCATHBIX MECTOPOXAEHMIT XapaKTepHO 06pa3oBaHme

rugparos KC-11. B 1 M3 npuponHoro ra3oBoro ruapara Moxer conepxarbcst 10 164 HM? raza.
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CocTaB UHAMBUAYAJLHOTO M’MAPATa MOXHO 3a1aTh TPEMS CIIOCOOAMMU: THAPATHBIM YKCIIOM 1,
npeanonaras popmyny ruapara M-nH,O; MonspHoi nojieit x raza B THAPAaTHON TBEPAOH daze, npen-
nosarasi popmyity ruapara (1 —x)H,O'xM u cTerneHsiMu 3aroIHeH 1Sl MOJICKYJIaMH Ta30B 0,, 0, MalbIx
1 OOJIBLIMX TOJOCTEl COOTBEeTCTBEHHO. CTelleH! 3allOIHEHUSA 110 OINPEAECIEHUIO MOTYT MEHATBLCA OT
HyJist 10 enMHULIbI. CriocoObl 3a1aHUs COCTaBa B3aHMOCBSI3aHbI!

1-x I 23 11 17

n= ; no= ; =
201! + 0

; T (2.153)
x 0! +36)

Y10 KacaeTcsl 3alaHus COCTABOB CMEILIAHHBIX TUIPATOB, TO B 3TOM CJIy4Yae TAKXKE 3a7al0T MOJISIPHBIC
IO/ KOMITOHEHTOB JIMOO BETMUMHBI CTeTIEHel 3aIoTHEHUs; TMAPATHOTO YKca #, To B hopmyne M-nH,O mon
M NOHMMAETCsi MOJTb CMECH [a30B (B razorvaparHoii dase). Crieayer OTMETUTD, YTO HaUbOJIEE TIOJIHYIO XapaKTe-
PHCTHKY COCTABa IMIIPATa JAl0T BEIMUMHBI CTENEHEl 3aMoTHeHUs NOJIOCTei 6, 0.

Y CMeIaHHbIX TMIPATOB (THIPaThl, 0OPa30BaHHbIE MHOTOKOMITOHEHTHBIMM TA30BBIMU CMECSIMH) BE-
JIMYMHA 71 MOXKET BAPbUPOBATLCA B IIMPOKHX Mpezieniax. Harnpumep, ecym B OMHapHO CMECH MeTaHa v IPoTTaHa
M3MeHSITh conepaHvie Metaa ot 0 10 100 Mo, %, To n GyeT MeHsiTbest oT 17 10 6 (3a cuer uameHeHust 8, ot 0 1o
0,9, BT0 e Bpems B, ocTaeTcst GiM3KOH K 1).

a3 CeHOMAHCKHUX 3aU1exkeil MecTopoxaeHH it 3anamHoii Cubupy 00pasyet ruapars! cTpykTypbl KC-1¢
THIPATHBIM YHC/IOM 7 ~ 6, IIOCKOJIbKY ITOT a3 COCTOMT IIPaKTHYECKH M3 YMCTOIO METaHa (CoAepXaHUe MporaHa
menee 0,2—0,3 00. %).

T1poBeACHHDBII aHATU3 COBOKYTTHOCTH SKCTIEPHMEHTATbHBIX JaHHBIX [TOKA34/1, YTO KPUBbIE TPexasHbIx
DPaBHOBECHIA /st ra30B M TA30BbIX CMeceid (B OCHOBHOM YIJIEBONOPOIHBIX CMECEH ) Lie/ieco00pasHo NMpecTaBIATh
B popMe
B,

)

T (2.154)

lnpz:Al—%, wi Inf=A4,—

31ech 7 — KO3 dUUMEHT CXUMaeMOCTH MHANBUIYAJIBHOTO Ia3a ra3oBoy CMeCH;

f— neTy4ectb ra3a Jiubo CMECH ra3oB (JIETY4ECTh CMECH Fa30B OIPENESISIeTCS 110 COOTHOLUEHHUIO
f= Z fiyi , Tae y, MoJIIpHas 1014 i-TO KOMIIOHEHTa ra30BOMH CMECH).

i

OTMETUM, YTO MPH daBieHusx a0 ~10 MITa 3t 18e 3aBUCUMOCTH (2.154) MpakTHYeCKH paBHO-
3HAYHBI, TAK KaK pz = f(peub UIET, NIABHBIM 06Pa30M, O IIPUPOIHBIX YITIEBONOPOIHBIX CMECSIX). SHAUCHHS
IMIMPHYECKNX K0P dULUMEHTOB B 3aBUCUMOcTH Inpz = A, — B, /T npuseneHb! B TabuLie 2.19.

JUIS WUTIOCTPALIMK KPUBBIX TpEX(a3HbiX PABHOBECUH MPUBOIMTCS PUCYHOK 2.33.

2.3.2 MeToapl pacuyeTa YCIOBUI ruapaTooOpa3oBaHUSA MPUPOIHBIX Ta30B

Huxe npyBeneHbI HEKOTOPBIE U3 MIPOCTHIX MHXEHEPHBIX METONOB, HauboJIee TOUHbIE U Y100~

Hbl€ U1 MPaKTUYEeCKOro UCTOJb30BaHHA. PaCCMOTpI/IM AHAJIMTUYCCKUEC METOIbI.
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Tab6nuua 2.19 — 3HaueHUs SMIUPHIECKUX KOIDMUUMEHTOB B 3aBUCUMOCTH Inpz = A, — B /T

l'uaparoobpa3oBaTenb A, B, UnTepBan remneparyp, K
CH 8,486 2087,4 250-272,95
4 26,718 7056,8 272,95-287
C.H 12,054 3497,34 250—-273,12
2776 30,176 8447,18 273,12-285
C.H 10,98 3485 250-273,15
3078 53,05 14975 273,15-278
iC.H 12,42 4000 250-273,15
4710 52,700 15000 273,15-275
co 15,309 4153,46 253-273
2 29,105 7921,94 273-282
H.S 8,460 2960,86 250-272,75
2 28,026 8306,86 272,75-290
N 10,488 2152,02 260-271,85
2 26,286 6394,04 271,85-280
N, Ar
E 50 pd P
%30 // //
=
=0 iy on
- I iy 4
~ S | / //
8 —— //
6 —
4 P 1= laz-nen-runpar (paBHoBecre VIH npu
3 // // //' i TeMmrniepatypax Huxke 273 K) 1 ra3z-Boga-rugpar
2 A // - (paBHOBecue VLH nipu Temriepatypax BbIllIe
1,5 v // 273 K. Touk# — TOYKH KEAAPYIOJBHOTO
o é /r/ (ueThipexda3Horo) paBHOBeCHS (Havaia
0.7 = // KOHIEHCAIlMH ra3a)
852 a PucyHok 2.33 — Kpusnbie Tpexda3HbIX
035 268 7 78 8 388 293 paBHOBECU TSI MHIWBUAYATbHBIX [a30B-

Temnepartypa, K

ruaparoodpasoBarenieil

JLs npeaABapUTEIbHBIX TPYObIX OLIEHOK MOXHO BOCIIOJIb30BaThCs YIIPOLIEHHON KOPpeIsaLHUeil

YCJIOBMIA THAPATOOOpa30BaHUsI HEGDTSAHBIX U MPUPOIHBIX FA30B ¢ OTHOCUTEILHOM IIOTHOCTBIO Ta3a,

MMEIOHIEH BUI

lgP =B+ a(r + k?),

rae P — naBnenue, 6ap;

1. — TeMIleparypa ruaparoobpasosanus, °C;

a = 0,035.

(2.155)
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KoadduimeHTsl 3 1 k& onpeaensitores 4epe3 OTHOCUTENBHYIO TNIOTHOCTD Fa30BOMA CMECH:

P k B
0,60 0,005 1,00
0,65 0,006 0,90
0,70 0,0075 0,82
0,75 0,0087 0,76
0,80 0.0100 0,70
0,85 0,0114 0,66
0,90 0,0128 0,61
0,95 0,0144 0.57
1,00 0,016 0,54

B OO0 «I'azmpom BHHUWI'A3» pazpaboraHa aHaIMTHYECKass METOIMKA pacueTa PABHOBECHBIX
MapaMeTPOB IMAPaTO0Opa3oBaHMs (TEPMOIMHAMUYECKAs KOPPEJALHS TEpMOOAPUIECKIX MAPAMETPOB
TpexdasHbix paBHoBecuii VIH (raz-nen-ruapat) u VLH (raz-Boaa-ruapar) MHOTOKOMITOHEHTHBIX ra-
30BBIX CMeceil JJ1s1 CilydaeB 00pa30oBaHUs Fa30BbIX TUIPaTOB Kybuueckux cTpyktyp I u I1). B pamkax
3TOI METOAMKHM HA NIEPBOM 3Talle pacueTa ONnpeAeasoTcs (MTEPAlMOHHO U3 AHATUTUYECKUX COOTHO-
IIEHUiT) PABHOBECHbBIE NaBlIeHUs THAPaTo0Opa3oBanus P, Mpu IBYX 3aaHHBIX TeMIepaTypax, a Ha
BTOPOM 3Tare — i Ipyrux TeMIepaTyp.

Hst Tpexda3HBIX paBHOBECHI Ta30BBIX FTMIPATOB KYOMYECKOM CTPYKTYpH | COOTHOINEHME U151

onpeneseHus P, UMeET BUI

1
3
[1+[Zai]yiJPCMj| S (2.156)
i Yi
PCM Zijl

Jj P

Inst Tpexdpa3HbiX paBHOBECHH ra30BBIX TUAPATOB KyOn4ecKou cTpyKTypsl I1:

2
[1+[Zai“yi]Pcm} - (2.157)

y.
' B[22

j Pj

311eChb y; — MOJIAPHOE COAEPXAHME i-I0 KOMITOHEHTA B ra30Boii da3se (3anaHHOE Ha «Oe3BOLHON»
OCHOBE); a.;, PJ — MapaMeTphl, 3aBUCSIIIIKE OT TEMIIEPATYPhI.

B tabnuue 2.20 nmpuBeneHbl 3MITUPpUYECKHE TapaMeTPEI B hopMmyJie (2.156) 11 TMAPATOB CTPYK-
typbl KC-1, a B tabauiie 2.21 mapametpbl popmyisl (2.157) ans ruaparos crpyktypbl KC-11. ITpu 3TO0M

mapameTpbl Uts TeMiepatyp Huxe 273 K otHocsiTest k paBHoBecHio VIH, a Beie 273 K — k VLH.
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Tab6nuua 2.20 — IMapameTpsl 3aBucUMOCTH (2.156) A ruapaToB KyOMYeCKO# CTPYKTyphI |

TTapameTps! (B yMcaUTENE O, B 3HAMEHATENE P )
Temmnepatypa, K !
CH, C,Hg CO, H,S N, c-C;H¢
243,15 12,8/2,26 0/0,11 11/0,46 350/0,053 1,9/17,1 -
268,5 3,73/4,53 0/0,39 2,8/1,34 62,2/0,139 0,8/36,2 0/0,05959
273,15 3,03/5,03 0/0,51 2,2/1,89 45,7/0,166 0,7/43 0/0,072
283,15 2,03/17,2 0/1,7 1,39/8,76 25,5/0,57 0,4/137,3 0/0,255

Tab6nuua 2.21 — [TapameTpsl 3aBUCUMOCTH (2.157) n1st TuaparoB KyOuueckor cTpykTypsl 11

[TapaMeTphl (B YMCIUTENE O, B 3HAMEHATEJIE P;)
Temneparypa, K ;
CH, C,Hg C;Hg i-C4H,, | n-C,H,, Co, H,S N,
243,15 0,85/97,3| 0/0,524 | 0/0,0375 | 0/0,0194 { 0/0,22 | 6,74/5,65| 350/6,2 | 1,89/759
268,15 2,8/173 0/1,55 | 0/0,1365 | 0/0,0854 | 0/0,97 1,81/14,37| 62,3/8,4 | 0,8/1575
273,15 2,5/231 0/2,3 0/0,176 | 0/0,113 0/1,6 1,4/26,3 146,1/10,47{0,67/2323

Pacuer PaBHOBCCHOTI'O NABJICHUA T I/IﬂpaTOO6pa30BaHI/IH 110 3TOMA METOOUKE IJIST MHOTOKOMITO-
HEHTHOW ra30BOM CMECH OCYIIECTBIISIETCS B IBA 3Tara. Ha MEPBOM ITAIIC OMNPCOCTIACTCA JaBJICHUEC THI~

paTooOpa30oBaHus IIPH IBYX PeNepHbIX TeMilepaTypax. [ajiee ¢ MCIoNb30BAHUEM 3aBUCMMOCTEN TUIIA

1nP=—£+B, (2.158)
T
WU (YTO HECKOJIBKO TOUHEE)
4
IHZP:—?-FB] (2159)

HaxonATCs napamerpol A, B (wiu xe A,, B|), 1 3aTeM 1o 3TUM (POpMYJiaM PaBHOBECHOE JaBIIEHNE
PACCUMTHIBAETCS ITPU JIIOOOH TeMIlepaType (B UHTepeCcylollieM Axana3oHe Temiepatyp). IlorpeiHocTts
aHanutnyeckoro Metona OO0 «['azmpom BHMUUI'A3» no temnepaType ruapaToodpa3oBanust (npu
naBiaeHusix Huxe 12 MTI1a) ouenuBaercsi B +1,0 °C.

Harnee paccUMTBHIBAIOTCS YCJIOBUSA TMAPATOOOpa30BaHMsI Ta30B CEHOMAHCKHUX 3aJIexXeil MecTo-
poxnennit 3amanHoit Cubupu. OpUEeHTUPOBOYHBII COCTaB CEHOMAHCKOTO ra3a NpuBelcH B Ta0-
Jute 2.22 (BapHaliiy COCTABOB CEHOMAHCKMX ra3oB MPAKTUYECKU HE BIUSIOT HA YCIOBUS THIPATO-
00pa3oBaHUs, TOITOMY MOXKHO T0JIb30BAThCS MMOJYYEHHOM HIXKE eMUHON 3aBUCUMOCTBIO).

PaBHOBecHbIe YCIOBHUS THIPaTOOOPa30BaHUS ra3a CEHOMAaHCKHUX 3ajlexXeil MeCTOpOXICHUIM

3anamgHoit Cubupu nmpeacTtapieHbl B Tabnuiie 2.23 1 Ha pucyHKe 2.34.
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Tabnuna 2.22 — OpueHTUPOBOYHBIN COCTAB ra3a CEHOMAaHCKHX 3aJlexXeil MECTOPOXAEH M

3anagHoit Cubupu

KoMIoHeHT Cocras, 00. %
MeTaH 98,38
DTaH 0,5
[Tponan Cnenpl
[Byokuch yriaepoaa 0,1
A3oT 1,0
AproH 0,02

Tabauna 2.23 — PaBHOBECHBIE YCA0OBMS TUAPATOOOPA30BAHUS Ia3a CECHOMAaHCKUX 3aJIexXeil

MecTopoxaeHui 3anagHoi Cudupu

Temnepartypa, K Hasnenue, MIla
273,15 2,58
274,15 2,84
275,15 3,12
276,15 3,44
277,15 3,8
278,15 4,19
279,15 4,63
280,15 5,12
281,15 5,66
282,15 6,28
283,15 6,98
284,15 7,72
285,15 8,55
286,15 9,50
287,15 10,59

[ S]

Nasnenue, MIla

AN

2
270,15 280,15 290,15

TeMmnepartypa, K
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3 Onpenenenne M1aCTOBBIX U 3200MHBIX TEPMOOAPHIECKHX IAPAMETPOB
M 1e0MTOB ra3oBbIX M ra30KOHIEHCATHBIX CKBAXKHH

3.1 Onpenenenre aGCOMIOTHOrO AABJIECHHS ra3a
B rasoBoii otpaciu npu o6paboTKe pe3yibTaToB UCCIEN0BAaHUA CKBAXUH MCTIONB3YeTCs a6-
COJIIOTHOE 3HAYEHUE NaBJEHUA P, KOTOPOE OMpeNeseTCst Kak CyMMa W3GBbITOYHOro AaBieHus Py 1

bapomerpuyeckoro Pg: P= Py, + Pp. Eciu U36bITOYHOE NaBieHUe Py u3mepeno B [1a, a 6apomeTpu-
Py 10°

. Eclii u30bITOYHOE DaBiIeHUE PM
750,06

deckoe Py B MUJIMMETPaX PTYTHOTO CT0ji6a, To P =P +

M3MepeHo B aT (Krc/cm?), a GapoMeTpHUecKoe Py B Muinumerpax pTyTHOro crojba, TO
P=Py +—73§—B’56‘ bapoMeTpuueckoe naBeHHE 3aBUCUT OT BHICOTHI MECTHOCTH Hall ypOBHEM MODS U
pacnpeneneﬂim TeMIIEpaTyphl BO3/IyXa I10 BEICOTE Hall JAHHOW MECTHOCTBIO. B Tabnuiie 3.1 npuBeaeHs!
3HauYeHUs1 6APOMETPUUYECKOIO NABJIEHUS B 3aBUCUMOCTH OT BBICOTbI MECTHOCTM HaJll YPOBHEM MOPS

ot 0 1o 400 M rpy1 HEKOTOPBIX 3HAYEHUSIX CPENHEN TEMIIEPATYPHI.

Ta6nuua 3.1 — 3HayeHHst GAPOMETPUUECKOTO NABJIEHUS

BricoTa, M Temneparypa, K bapomertpuyeckoe nasnerue Pb, MM pr. cT.
0 288,15 760,0
100 287.5 751,0
200 286,85 742,1
300 286,2 733,3
400 285,55 724.6

3.2 Moaenm pacyera AaBjieHHs Ha 32a00e OCTAHOBJICHHOI U padoTaoueil CKBAXKHHbI

BHenpeHve HOBBIX TEXHMUYECKHX CPEACTB NOTyYeHUs1 MHGOPMaLMK O IaBJIEHMSIX, TeMIIepaTypax
¥ 1e0UTaX [IPH MCCIIEN0BAHUM Ta30BbIX U Fa30KOHIEHCATHBIX CKBAXWH C BHICOKOM YACTOTOl perucT-
paliu U3MepsiEMbIX MapaMeTPOB, a TAKXKE LLIUPOKOE NIPUMEHEHHUE JIEKTPOHHOM BBIYMCIUTEILHOM
TEXHUKH [U1st 006pabOTKH MOJNy4€HHOM NHGOPMALIMY NMPEIbSIBISIOT HOBbIE TPEOOBAHUS K MCTIOIb3Ye-
MBIM [IpY 3TOM MaTeMaTUYEeCKUM MOIEJIAM: OHU JO/LKHBI ObITh O0Jiee aneKBATHHIMUA UCCJIELYEMBIM
pETbHBIM COCTOSIHUSIM U IIpoLeccaM. B IpOTMBHOM cilydae OKa3bIBalOTCH HEIOUCIIONb30BAHHBIMH
BO3HMKIIHME K HACTOSILIEMY BPEMEHM HOBBIE CPENCTBA MOJTYyYeHHUST U 00paboTKH MH(POPMALUKU NpU
HCCIIeIOBAaHU M Ta30BbIX CKBAXHH.

B nepByio ouepenb YTOUHEHUE NTPUMEHSIEMBIX B HACTOALLIEE BpeMs TPAAMIIMOHHBIX MaTeMa-
THUYECKUX MOJE/IEH NOJLKHO KacaThCA 3aMEHbI B HUX CPEHUX BEJIMUYUH (CPEAHUX KO3(D(MHULHMEHTOB
CBEPXCKUMAEMOCTH Z = Z(P, T') Kak hyHKUHNH OT JaBAEHUS U TEMIIEPATypbl, U Temnepatypsl 7= T(x)

IO CTBOJY CKBaXXMHBI) Ha (DaKTUYECKHE 3HAYEHUS ITUX BEJIUYUH.
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Ecau npuMeHeH e TpaIMLIMOHHBIX MAaTEMAaTUYECKUX MOIENIEN C OCPEIHEHHBIMU 3HAUEHUAMHU
zu T 071 06paboTKU pe3ybTaToB CCIeA0BAHN I CKBAXUH Ha MECTOPOXIEHUAX [IyonHo#M 10 1200—
1500 M, B cocTaBe raza KOTOpPBIX TIpeo0JiafacT MEeTaH, 1al0T BIIOJIHE YIOBICTBOPUTE/IbHbIE PACUETHBIE
BEJIMUMHBI, COBIANAIOLIUE C HEMOCPEACTBEHHBIMU MPSIMBIMU U3MEPEHUAMHU ITUX BEIMUKH, TO TOXE
camoe HeJlb3s YTBEPXKIATh MUl CKBAXKWH, KCIUIyaTUPYIOIIMX [JyOOKo3ajerawiue npoiyKTUBHBIE
[JIACTBI CO CJIOXKHBIM COCTABOM Tasa.

WHCTpyKUMSI HE MOXET YYeCTh BCEr0 MHOroo0Opasusi yCIOBUM, ¢ KOTOPbIMHM CTaJKUBAIOTCS
CMIeLMATUCTBI, 06pabaThIBaIOLIME Pe3y/IbTaThl UCCIEIOBAHNS CKBAXMH Ha Pa3HbIX MECTOPOXICHUAX
C pa3In4YHbIMU TepMOOapUUeCKUMU ycaoBUAMHU. [1o 3Toi npuunHe B peKOMEHIALUAX MHCTPYKUUU
BCEIIa OrOBapMBalOTCA YCJIOBUS M TUATIa30H NPUMeHeHUs Toi Wi MHOM Mozeu. Ecin cnienuanictam
O UCCJIEIOBAHMIO CKBAXKMH U3BECTHBI HCXOMHbIE TPEATIOCHUTKM IPU pa3pabOoTKe MOIEIH U MPUHSITHIC
MIPY 3TOM YIIPOILEHWS, TO OHU, B 3aBUCUMOCTU OT KOHKPETHBIX YCIOBHIA, BCETa MOTYT YIY4IUUTh
MOIEND U TIOJIYYUTh 00Jiee TOYHbIE pACUETHBIE BEJIMUMHBI.

Pacuet 1aBieHus Ha 3a060€ OCTaHOBJIEHHOM MM paboTatonieil BepTUKaJIbHON CKBaXWHBI MTPO-
BOJIUTCS MO MPUOIMKEHHBIM PELIEHUSIM YPaBHEHUSE SHEPTUU B MEXaHUYIECKOH (hopMe [UTsi U30Tep-

MUUYECKOTO ABUXEHUS C KBAZPAaTUYHBIM TPEHMEM M C yUETOM BBICOTBI TTOJIOXKEHUS Y (PUCYHOK 3.1):

2
dy+d—P+ﬂ+&V—dx=0, 3.1

pg & d2g

rac P — nasneHue raza B TOUKE ¢ KOODAWHATOM X;
p — MJIOTHOCTB ra3a B TOM Xe TOYKE,
V — cpenHss o ceueHUo TpyObl 0ObEMHAsA CKOPOCTD rasa;

d — BHYTPEHHMII 1UaMeTp TPyOBI;

a Pucynok 3.1 — PacrionoxeHue 0ceil CUCTEMBI
0 - KOOP/IMHAT
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Y — BEpTUKaJIbHAg KOOpAMHaTa (y = xsina., oL — yIroj OCH TpyObl C TOPU3OHTAJIBIO);
£ — YCKOPEHUE CHIBI TSKECTH
A — K03(pGULHEHT TMAPABIRYECKOTO COMPOTUBICHUS.

ns BepTUKaIbHOM ckBaxuHbl dy = dx. YpaBHeHue (3.1) MOXHO Neperucarh B BHIE

2
dP=- pgdx+deV+£& . (3.2)
d 2

W3 ypaBHeHus (3.2) cnenyer, YTo MOTEPU AaBJIEHUS COCTOST U3 TPEX CIaraeMbIX:

- IEPBOE CIIaracMoe XapakTepru3yeT [OTEePIO NaBJeHHS Ha PEOaoAeHNE IPaBUTALIMOHHBIX CUIT;

- BTOpPO€ — ITOTEPU Ha YCKOPEHHE ra3a;

- TPETbE — MOTEPU AABICHHUS HA TPEHUE, NTPU KOTOPOM MEXAHUYECKAS SHEPTUS MEPEXOIUT B
TETJIOBYIO.

Jlna BeiBona popmys oTopackiBaercs: cnaraemoe p VdV. Tlocie Takoro yrnpoliueHus UTst ToJy-
4eHus bapoMeTpruuecKoil hopMysbl, MO KOTOPOIl pacCUMUTHIBaeTCs 3a60ifHOE JaBIeHHE B OCTAHOB-
JIEHHOW CKBaXXWHE, UCIIOJIB3YETCSI YypaBHEHHUE

dP = —pgdx. (3.3)

s BeiBOZA hOpMYJibl AfaMoBa, NIpeTHAa3HAYEHHOM IS ofpeaeIeHUs JaBleHus B paboTalo-
HIeH CKBaXXWHE, HCIIOAb3YeTCsI yPaBHEHHE
2

ApV
dp :—(pgdx+2p—2—-dx). (3.4)

3aMbIKaOLIKUM 119 ypaBHeHus (3.1) 9BjseTcs ypaBHEHNE COCTOSHUSA B BUJIE

_ P Pt Ty

— , 3.5
p T P (3.5)

rie 2, T — coOTBETCTBEHHO KO3(PDULIMEHT CBEPXCKMUMAEMOCTH U abCOIOTHAsI TEMITEpATypa rasa.
HHaekc «c1» OTHOCUTCS K GU3NYECKOii BEIMYMHE TP HOPMAJTbHBIX YCIOBUSIX, IIPUHSATHIX B ra30BOM
OTpacJIn.

Jns penieHust ypaBHeHUS (3.4) UCIOIB3YETCA 3aKOH COXpAHEHMS MACCHI B BUAE
p
0=0. f, (3.6)

rae Q — 1eduT CKBaXWHHI.
Hcnons3osanue popmyn (3.5) u (3.6) npeobpasyet nuddepeHinanbble ypasHeHus (3.3) u

(3.4) k BUIy

dP =-o;—dx; )
o (3.7)
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dp :-(a2i+a3 —de, (3.8)

rine O, Oy, 0.3 — KOHCTAHTHI.

B ypaBHenusix (3.7) u (3.8) KoapDULMEHT CBEPXCKUMAEMOCTH Z sBJIgeTcsd QYHKUUEH NaBlie-
uus P u temnepatyphl T, To ectb 7 = Z(P, T), a TemMneparypa ra3a B TMpTOBOI1 TpyOE 3aBUCUT OT II1y-
OMHBI (0T KoopauHatel x) T = T(x).

H3BecTHas GapomeTpudeckas gopmyna U ¢dopMyna AnaMoBa SIBASIIOTCS PELICHUSMU COOT-
BeTCTBEHHO ypaBHeHMs (3.7) u (3.8) npu z u T, NIpUHATHIMU B BUIE KOHCTAHT pH T op 6e3 OLIEHKM
JIOTTYCKAaeMBIX ITPU 3TOM MOTPEIIHOCTEH,

B Hacrosiliee BpeMsi Ha MHOTUX MECTOPOXISHHUSIX HAKOTUIEH 00/bILON HaKTUIECKUA MaTepual
MO pacripelesieHUIo TEMIIEPATYphl BIOJb CTBOJA OCTAHOBJICHHBIX U Pa0OTAIOIIMX CKBAXUH. Takue
U3MepeHUS HEPEIKO MPOBOIATCS B OMHOM U TOM Xe CKBaXXHMHE Kak MpHU ee padoTe, TaK U HECKOJIBKO
pas nocie ee octaHoBKU. PakTHUecKoe pacrpeaeseH|ue TeMIeparypsl 110 CTBOJY paboTaroleii CKBa-
XHUHBI Y €€ U3MEHEHNUE IT0CJIE OCTAHOBKH UMeET UCKITIOYNTEJIbHYIO IEHHOCTD U1l YTOYHEH U KakK 0a-
pOMeTpUYECKOl hOpMYITBI, TaK U (hopMyIbl ATaMOBa.

Hu oauH pacyeTHBIH crmocod, 0coGeHHO ISl MECTOPOXKIeHUH ceBepa 3ananHoi Cubupwu, rae
B pa3pe3e HMEeTCsl MHOTOJIETHEMEP3JIbIE TTOPO/Ibl, HE MOXKET 1aTh TAKUX TOYHBIX PE3YJIbTaTOB M0 pac-
npeaesicHUIO TEMIIEPATYPhI, KAKME MOTYT ObITh MTOJYYE€HBI MIPSIMBIM €€ U3MEPEHUEM.

OcHoBHoe n1uddepeHIManbHoe ypapHeHue (3.1) ormMcpIBaeT H30TEPMUYECKOE IBVKEHHUE rasa,
B TO BpEMs KaK B PealibHbIX YCJIOBHSIX OT 33005 W 10 YCTbst CKBAXHWHBI IPOUCXOIUT MOCTOSIHHBIA
OTTOK TeIL1a U3 CKBAXMHBI B OKPYXalOLIUe ee ropHble ropoabl. M3MepeHune GakTUIeCKOro U3MEHEHHUS
TEMIIEpATyPhl KaK (GPYHKLIMK OT KOOPAMHATHI X, MOACTaHOBKA 3Toi dyHKUMU T(x) B ypaBHeHMs (3.7)
U (3.8), a Takxe B GYHKUHOHAIBHYIO 3aBUCUMOCTD 7 = Z(P, T) = z(P, T(x)) noBbllIaeT TOYHOCTH
dhopmyi1 Wist BoIYMCIEHUS 3a00MHBIX AaBJIE€HHUH 11O YCTHEBbIM B OCTAHOBJIEHHBIX U pa0OTaIOLINX CKBa-
JKMHAX 3a cYeT yuyeTa TAaKUM CIIOCOO0M He MOAJAIONIMXCsl pacyeTy ¢ MPUEeMJIEMO [U1s TIPAKTUKH I10-
IPELIHOCThIO IEPETOKOB TETUIA OT CKBAXXHWHBI B OKPYXaIOLLKE TOPHBIC OPO/bI.

Kak yxe GblJIO CKa3aHO, IpU BbIBoAe OapoMeTpuueckoil dopMysisl U GopMyiisl AnamMoBa
ocpenHsieTcs: KOdGOUUUEHT CBEPXCXKHMAEMOCTH Tas3a z, 3aBUCALLMI OT AaBieHus Py temnepartypsl 7,
KOTOpasi, B CBOIO OYepelb, TOXe TPUHUMAETCS CpeIHEN ISl BCETO CTBOJIA CKBAXUHBI.

[Tpu HEGOIBLUIOH ITO OTHOLIEHHIO K 3a00{HOMY AABICHHUIO Pa3HOCTH MEXIY 3a00MHBIM U YCTb-
€BbIM JABJICHUEM, a TAKOKE PA3HOCTH B 3a00MHBIX M YCTHEBBIX TEMIIEPATYpax K 3a00iHOM TeMIiepaType
TaKoe yCpeAHEeHHE TOMyCTUMO, HO ITPU BO3PACTAHWU 3TUX OTHOLIEHUH OLIMOKY B ONPENEICHUN 3a-
OOMHBIX JaBIEHUI TOJKHBI BO3pacTaTh. [Janee u3naraeTcs oIMH U3 MOAXOA0B K OLIEHKE MOrpeLlHOCTEN

[TPU YKa3aHHBIX BbIIIEC OCPCIAHCHUX. Heob6xonumo MOOYEPKHYTD, YTO 3TOT IMOAX0 CTAJT BO3MOXHbBIM
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TOJILKO ITPH IUMPOKOM NPUMEHEHUH 3JIEKTPOHHO-BbIYUCIUTEbHBIX MAllIMH B IIOBCEIHEBHOIT paboTe
CIELHATUCTOB.

Eciin xoopauHaTHyto och Ox HampaBUTh [0 OCH BEPTHKAJIbHON CKBAXHHBI B CTOPOHY OT
LEHTpa 3€MJIM Y 33 HAYaJI0 OTCYeTa IPUHATL TOUKY Ha 3a60€ CKBaXXUHBI, B KOTOPOii JaBjieHMe rasa
paBHO P, (3aboiiHoe aBneHNE), TO B CEYEHUHN Ha LIyOUHe X 1aBieHue 6yaeT paBHO P = P(X) U IIOT-

HocTb raza p = p(P). Ha rybune x + dx nasnenue 6ynet P + dP, npudem no ypasHeHuio (3.7)
dP = —pgdx. (3.9)
YT10Obl HAWTH 3HAYEHHE [ABJICHHS P, na rny6uHe L, 10CTaTOYHO [TPOMHTErPMPOBATh THDGE-
peHLMAIbHOE ypaBHeHue (3.1) B mpeenax Mo JaBJICHHUIO OT P, o Py ¥ 1to KoopauHare ot 0 go L, npu
3TOM MpeJBapUTE/IbHO HEOOXOAUMO TUIOTHOCTh ra3a p BEIPAa3UTh Yepes AaBacHue P.
Ilnst nanbHeiiero BeIBONA MCTIONB3YETCST yPABHEHUE COCTOSAHUS PEANTbHOTO ra3a B hopme

G
PV =——zRT, )
M, R (3.10)

riue P — naBneHue rasa;

V — ero o6peM;

G — Mmaccarasa;

My — MonsipHas Macca rasa;

2 — K03(DPUUHMEHT CBEPXCKUMAEMOCTH, 3aBUCSILINN OT napjieHus P u temmnepatypsl T
=P, T

R — yHMBepcaibHast Ta30Bas MOCTOSHHAA,

T — abonoTHas TeMIlepaTypa rasa.

3nech 1 najiee yKasaHbl pa3MEPHOCTH Beex BesinuuH B cucteme CH. Ypasuenue (3.10) moxet
OBITh NEpEeMUCcaHo B BUIE

p
P=——2RT, 3.11
MBZ (3.11)

rae P — IJIOTHOCTbD rasa.

J1y1st cTaHJapTHBIX YCJIOBHIA ypaBHeHHe (3.11) mpUHUMaeT BUn

p
PCT = A;T ZCTRZ:T‘ (3.12)
B

B rasoBoit oTpaciu 3a HopMaJlbHbIe (CTaHIAPTHbIE) YCIOBHSI NPMHATO COCTOSTHUE ra3a Mpu
Temneparype 7., =293,15Ku P_ = 1,01325-10° IMa (20 °C 1 760 MM pr. cT.).
W3 ypaBHenuit (3.11) u (3.12) caenyer:

_im

_ (3.13)
T B,
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Koncrantamu B ypaBHeHMH (3.13) SIBJISIOTCS TOJIBKO BEJIUYMHbBI, OTMEUYEHHBIE MHIEKCOM «CT».
[Ipu pacyere 3a6oiiHorO NaBieHust P, mo ycTbeBoMYy B dopmyre (3.1) nmepemennnie z = (P, T) n
T = T(x), rae x — BepTHKaJbHAasi KOOPAMHATa Ha OCU CKBAXUHBI, 3aMEHSTUCh HEKOTOPbIMHM CPETHUMH

NOCTOSTHHBIMU 3HaueHusiMu z.. U T.._. B 3ToM ciyuae popmya (3.13) npuHuUMaeT BUI
cp " “ep

p=CP, (3.14)

_PerZerler

PCT

e C = const.

ch cp
[Tpy CTPOTOM MOIXONE 7, HE ABIAETCA KOHCTAHTOM, TaK KakK 3aBHUCHUT OT COCTaBa NPUPOIHOTO
rasa, HO €ro 3HaueHue OJIM3KO0 K eINHULIE, U MMO3TOMY YCIIOBHO NIPUHUMAETCS MOCTOSTHHBIM.
3HaueHwme p u3 ypasHeHus (3.14) noacrasisietcs: B iMbdepeHUMaNbHOe ypaBHeHHE (3.9), KO-

TOpOE OKa3bIBaeTCd YPaBHECHHUEM C PAZACTIIOMUMHUCS NEPEMEHHBIMU!

dP = —C, Pgdx; (3.15)
P, L
! dP
I_F =-Cig[ dx. (3.16)
P, 0
W3 sToro ciaenyer, 4To
P, =P, (3.17)

BespasmepHas BennunHa C gL 0603HA4a€TCS B MPEALIECTBYIOIUMX HHCTPYKLMAX ITO KCCIIENO-

BAaHMIO CKBAXUH uepe3 S:

§=Zerled Pl (3.18)
Pc'r chT;:p

B 3THX Xe MHCTPYKLMUAX BMECTO IUIOTHOCTH ra3a npy HOpMaJIbHBIX YCJI0BUAX MCTIOIB3YCTCA

€r0 OTHOCUTEJIbHASE INTOTHOCTD 10 BO3AYXY P ..

Pcr = ProanPoru: (3-19)
rae P o3 — TWIOTHOCTB BO31YXa IPY HOPMANIbHBIX YCJIOBUSAX, PaBHAS 1,205 kr/m3;
P ory — OTHOCUTENIbHAS TUIOTHOCTD Fa3a 110 BO3AYXY.
C ucnonb3oBaHueM p . dopmyJia (3.18) 3amuiueTcs: B BUae
g = Zerler8Puom Porul (3.20)
PCT chjz:p
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Hanee BuIMMC/IAETCS NOCTOSHHBII MHOXUTEND B popmyte (3.20) Zer TCTngO3£[ /P, nMeromnit
pasMepHOCTb B cucteMe CH — K/M, nipu clienyrommx MCXOOHbIX JAHHBIX:

2= 1,0; T, =293,15K; g = 9,80665 m/c%; p, . = 1,205 kr/m%; P = 1,01325-10° [a;

Zer 18P posn/ Py = 0,03419 K/m.

®opmyaet (3.17) 1 (3.18) B OKOHYATEIEHOM BUIE GYIYT MMETD BHJI, B KOTOPOM OHH MPUBOAATCS

BO BCE€X MHCTPYKIHAX ITO UCCIICOOBAHUIO CKBAaXKHH.

P, =P’ (3.21)
5 = 20340, L (3.22)
chT::p

Ilpu z_,. = 0,998 uncnosoii koapdurmeHt oyner pasen 0,03412.
HuddepenunanbHoe ypasHeHue (3.15), 3anMcaHHOE ¢ MCIIONB30BAHUEM YPAaBHEHHUST COCTOSI-

Hud (3.13), 6e3 ycpenHeHUi OyIeT UMeTh BUL

dP=—C2g£dx, (3.23)
zT

rie C2 = pCTzCTTCT/PCT'

B mudpdepenunanbHom ypaBHeHuu (3.23) temrniepatypa rasa T J0JKHa 3aBUCETh OT KOOPAU-
HaThI X, TaK KaK OHa U3MEHSIETC 110 CTBOJY CKBaXXMHbI. Ha nmpakTuke GpyHKIMOHANbHAS 3aBUCUMOCTD
T ot x, KaK NpaBWJIO, U3BECTHA U3 NIPSMBIX 3aMEPOB TEMITEPATYPHI 110 CTBOJTY CKBAXXMHBI ITYOMHHBIMU
tepmomeTpamu. [lycts T'=f,(x).

Yro Kacaerca ko3 dULUEHTa CBEPXCXKUMAEMOCTH Z, TO OH 3aBUCHUT OT JaBJIEHUS U TEMIIepa-
Typhl Z(P, T). B Tex nnana3oHax nasjieHU U TeMIIEpaTyp, KOTOPHIE 10 pe3yJbTaTaM IITyOUHHBIX UC-
ClIeIOBAaHUI U3BECTHBI [UI1 KOHKPETHON CKBAaXVHBbI, BCEIa MOXHO C BHICOKOM TOUHOCTBLIO alllpOK-
CUMHPOBATh KO3I(M@PULMEHT CBEPXCKUMAEMOCTH B BUJE MPOU3BeAeHUs ABYX (GYHKLMI, ONHA U3
KOTOPBIX 3aBUCHT TOJIBKO OT P, a ipyrasi ToJibKo OT T 7 = f,(P) f3(T). Takas anmpokcuMaLusi T03BOJISIET
TpY PELICHUH Pa3[eIUTh IepeMeHHbIe B ypaBHeHuH (3.23). Tak kak T = f((x), T0 2 = £,(P), f5(T) =
= hH(P)3(f1(x) = F{(P)f(x).

YpasHeHue (3.22) npuHUMAaET BUL

P
dP=-C dx. 3.24
* R PLOAD 29
Ero pewenuem sipnsercss ynkumnsa P, = P(L):
P, L
J~f2(P)dP :_ngj dx . (3.25)
5 P L flA(x)

3
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EcJii MHTerpalibi B JIEBOI U NPaBOiA YacTsX ypaBHEHHUS (3.25) He BHIPaXaloTCst YePe3 U3BECTHBIE
(YHKLMH, TO 3HAUCHUSI ITUX UHTETPAJIOB JIETKO MOTYT ObITh HaMICHbI YUCICHHBIMUA METOIAMMU.

B yacTHOM ciydae, Korza f,(x) = const = TCp u f5(P)f,(x) = const = Z,p> TIOTYYACTCA tapomeT-
puueckas ¢opmyina (3.17).

CornocTraBlIeHHE PE3YNILTATOB pacyeToB Mo opmyie (3.25) Kak 6oiee TOUHbIX € pe3ybTaTaMU
pacueros 1o dopmy.ie (3.17) HO3BOJISIET OLIEHUTD MOrPELIHOCTh MPH UCIIONb30BAHUH TOCIEIHEH U
YCTAHOBUTbH T€ MpPEIeSIbl TIO IAaBJIEHHUIO U PACIIPENEJIEHUIO TEMIIEPATYPhl M0 CTBOJY CKBaXHHBI, B KO-
TOPBIX IpUMeHeHHe hopmyJbl (3.17) naeT mpueMiaeMble VISl IIPAaKTUKHU pPe3ybTaThl.

CreayeT OTMETUTD, 4TO 10 YpaBHEHMIO (3.25) MOXHO MOJIyYUTh CaMble pa3IM4HbIE HOPMYITBI

IS onpeneseHus P, eciy, KOHEYHO, MHTErPaIbl BBIPAXAIOTCS Yepe3 U3BECTHbIE PyHKUMU. B mpo-

2
TUBHOM CJTy4ae CHayaa YuCI€HHBIM METONIOM HAaXOIUTCS 3HaUYSHHUE MTPaBoii YaCTH ypaBHEHUS (3.25),
a 3aTeM, TaKXe YHCICHHO, HAXOOUTCS BelnuKHa P, IIpu KOTOPOH JieBbIi COOCTBEHHBIN MHTCTpal
paBeH fnpaBomy. Jliisi 3Toro yno6HO repecTaBUTh MpeAebl MHTETPUPOBAHUA 110 JABJICHUIO.
AHaJIOTMYHBII aHAJIU3 MOXHO C/IeJIaTh OTHOCUTEHHO (hOPMYJIbI LIS ONIpEACIeHUS aBICHUS
Ha 3a60e paboTarollei ckBaxuHbl. Hauano KoopaAMHAT, KaK U B MPEIbIIYLLEM ClIy4yae, PUKCUPYETCS
Ha 3a00e CKBAaXMHbl, U ochb Ox HAIPaBJAETCA MO0 OCU CKBaXuHbI OT IeHTpa 3eMin. [lo dopmye

Hapcu — Beiic6axa rmorep JaBjieHUs] Ha TPEHUE NP TYpPOYJEHTHOM ABMXEHUU KMAKOCTH WIH ra3a

10 KpYIJIOi TpyOe ¢ IMaMeTpOM d onpeaensiioTes o popmyiie

2
h:ké—;’—, (3.26)
g

rae h — moTepu Ha TpeHHUe, OIpeeisieMble BBICOTON CTON0A NBUXKYILIMXCS T10 TPYOe XHUIKOCTH
WJIY ra3a;

[ — nuHa TpyObI;

d — BHYTPEHHMH TUaMeTp TPyOBI;

V — cKOpOCTB XUIKOCTH (rasa);

) — KO3 DULIMEHT rUAPaBIMYeCKOrO COMPOTUBIEHUS (Oe3pa3MepHast BETUYNHA).

YT0OBI BLIPA3UTh IOTEPU HA TPEHHUE B BUIIE Teperana AaBJIcHUS, JOCTATOYHO JIEBYIO U IIPaBYIO
yacTu paBeHcTBa (3.26) yMHOXuUTh Ha pg. Torna dopmyna (3.26) npumer BUA
/ sz
d 2

AP = , (3.27)

rie AP — niepenaf AaBjacHUs Ha JIUHE /.
Ec1 yCTaHOBUBLUMICS 1€OUT CKBaXKWHBI TIPU HOPMAJIbHBIX (CTAHIAPTHBIX) YCJIOBHUAX PaBeH

Q.. IPY TUIOTHOCTH Ia3a [l TeX e YCJIOBHMIA p ., TO MaCCOBBIH PACXOI B JIIO60M CEYCHUH JTHPTOBBIX
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TPYD OCTAETCS MTOCTOSIHHBIM M PaBHBIM Q. p .., CIEN0BATEIBHO, 06BbEMHBIH pacxol Q MpH IUIOTHOCTH

raza p MOXHO ONpPeIeIUTh U3 COOTHOLIEHUS
p
Q=QCT—;—T. (3.28)

B CCYCHNH, I'l€ ra3 UMEET IJIOTHOCTD p, CKOPOCTD rasa V6y,£[eT paBHa

V= 40 — 4QCTpCT :

3.29

nd? p1td2 ( )

y2= 16Q2T"§T. (3.30)
d

CnenosarenpHo, dhopmyna (3.27) ¢ UCToONb30BaHUEM HAMAECHHOIO 3HAYeHUs IS V2 MOXeT

OBITH 3aTIMCaHa B BUAE

AP = 8Q;pgT. (3.31)
pn°d

Hanee B popmyay (3.31) noacrasnsercs p o popmyie (3.13):

8Q TpCT PCT
2 P Zer 1

CcT

AP =l (3.32)

W1H, BBels 0003HayeHue C = 8p ./ (n? 2o T;) = const, popmyiy (3.32) MOXKHO 3arIMcaTh B BUIE

XQ PerzT

AP=C———ZF—
2d5

l. (3.33)

B dopmyrie (3.33) Benmunna @, onpenensieTcss peXXuMOM paGoThl CKBAXHHBI, d — KOHCTPYK-
uuen TudTa, Z apisiercss GyHKUMEH nepeMeHHbIX naBieHus Py TeMneparypbl 7 Tasa B KaXIoM cede-
Huu 1o avHe tudra. Temnepatypa 7, B cBOIO 04epeb, 3aBUCHT OT PACCTOSIHUSA X 10 pacCMaTpHBae-
MOTO0 CEYEHU OT Hayajla KOOPAWHAT, KOTOpOoe 3a(pUKCHPOBAHO HA 3a00€ CKBAXXUHBI,

HuddepenunanbHoe ypasHeHue (3.8) ¢ ucrnonb3oBanueM dopmysl (3.33), yuuThIBaKOLIEH

MOTEPH AABJICHUA HA TPCHUEC, IPUHUMAET BUL

4P o | P Pzl (AOaPaiT |
T P, d°P

(3.34)

B obuiem cnyvae npu z = z(P, T) u T'= T(x) HenuHeliHOe ypaBHEHWe TiepBoro nopsaka (3.34)
B KBajipaTypax He paspeiaetcs. [1o 3Toil npuymHe 1U1s NOTyYyeHHs POCTON aHATUTUYECKOM (hOPMYJTb
1S OTIpeneNieHus 3a00MHOTO aBJeHUA 10 YCThEBOMY IIPH U3BECTHBIX 1€OUTE CKBAXKUHBI o M TEM-

rneparypax rasa Ha 3a6oe 7T, U ycTbe Ty npousBeneHue 7 B ¢popmysie (3.34) 3amMeHsieTCsT B Cylle-
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CTBYIOLINX PYKOBOJICTBAaX MO MCCACAOBaHWIO CKBAXMH Ha MOCTOAHHYIO BCJIUYHNHY chTcp B 3TOM

ciyyae ypaBHeHue (3.34) 3aMeHsieTcsl Ha ypaBHEHHME € pa3le/silOIIMMUCS IEPEMEHHBIMU:

dP:—(ClPJr%)dx, (3.35)

2
pCTZCTT::Tg C, = 8PCT }"QCTpCTzCP TCP.

wolpP | © nz,T d°

CT

rac C]

Jlaniee MpOM3BOANTCA Pa3aesieHne ePeMEeHHBIX M MHTETPUPOBAHMUE 110 IaB/IeHUI0 oT P, 1o P,

a 1o koopauHare x ot () 1o L:

Py L
j dPC _ I dr,
P,CP+-2 0
P
M3 YeTro cacayeT, 9To
1 . QP +C
—InX—Z2—-f (3.36)
W13 paeHcTBa (3.36) HaxonuTcs BelpaxeHue s P
1
2
P, = [PyzezclL +ﬁ(e2qL —1)} , (3.37)
G
rae
8P\
G O 2ep T (3.38)

Cl Tc zCT TC%' gd 5

2 122
B BeipaxkeHuu (3.38) MHOXuTenb 8P /(n7°z%, CTg) SIBJISIETCS TOCTOSSHHBIM KOG DUIIMEHTOM,
uMeronM B cucteme CU pasmeprocTb (kr2/(M3c2K2)) u uncienHo pasHbii 9,9143-10°. B cyue-
CTBYIOLIMX MHCTPYKILMSX, KaK yXe ObUT0 OTMedeHo, poussencHue C, L obo3Havaercs yepes S. C yye-

TOM cKaszaHHoro, dopmyna (3.37) oKoHYATETLHO 3alIULIETC B BUIE

2
P, =| P2e*® +9,9143-10° M ;°P C”( Bopl. (3.39)

JI71s1 TOTO YTOOBI OLIEHUTD [IOTPELITHOCTD, TOITYCKAEMYIO IIPY OTPEAEIEHIH 3a00MHOTO JaBIeHUs
110 YCTbEBOMY B paboTaiolleil CKBaXuHe, HeoOxonuMo B ypaBHeHue (3.35) moacraButh C; u C,,
3aMEHMB B HUX KOHCTAHTHI Z,, 1 TCp dyaxkuuamu z = zZ(P, T) u T = T(x), ¥ YACJEHHO PCLIMTDb 3TO

YPaBHECHUC OOHHUM U3 U3BECTHDBIX CTIOCODOB.
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Ho cyiuecTByioT BecbMa nosie3HbIe YaCTHBIE PEILCHUS YPABHEHUS (3.34), ecin 3anaBaTh TEM-
nepaTypy B BUie PYHKLMK OT KOOpAHHATHI X: T = T(x) (Ha4ajo KOOpIMHAT GepeTtcs Ha 3a60€ CKBa-
XMHBI). B pacniopsixenuu uccienosareieit Hepenko uMeercst ”HGOPMAaLUs O (akTHuecKoM pacripe-
A€NIeHHHU TeMIIEPATYpPBI 110 CTBOJTY PabOTAKOLLEH CKBAXUHBI, U3MEPEHHAs! LIyOUHHBIM TEPMOMETPOM.
B aT0M cityyae n KoahhUILIHEHT CBEPXCKMMAEMOCTH TAKKE MOXKET GbITh 3alaH KakK QyHKIMS OT IJ1y-
ounbl. [IpubaMXeHHO KO3(DOULMEHT CBEPXCKUMAEMOCTH £ MOXET GbITh ITPEACTABIEH Kak HEKOTOpoe
€r0 3Ha4YCHHUE, YCPEMHEHHOE MO NABJICHUIO, U YMHOXCHHOE Ha (GYHKIMIO OT TeMIlepaTypbl
= z_cpf( T). B cBowo ouepensb, Temmeparypa sBiasieTcsi QYHKIMEH KOOpIOUHATHI X, TO €CTh
7= z_cp ()= z_cp fITx)]= Zep JS(x). B aToM ciyuae ypaBHeHue (3.34) MOXET GBITH 3aIIMCAHO ciaenyio-
LIUM 00pa3oM:

dp? L X
dx 2o, f(0)T(x)

P? =207, f(0)T (x), (3.40)

2
C* _ pCTZCTTCTg. C* _ 8Pc:T }\'QCTPCTZCP

rne ) = . G=5 . 5 .

Lepfor T zCTT;)T d

Ypasrenue (3.40) npencrasisiet co6oit anHeiHoe 1uddepeHuaIbHOe YPaBHEHUE NIEPBOTO

NOpsiIKa OTHOCUTEJIbHO KBaapara AasjieHusa P = P(x) u uMeeT obllee peLeHue:
X
Pl(x)=e 7| P’ -2C; (2, /()T (x)e  dx |, (3.41)
0
rne € — OCHOBaHHe HaTypabHBIX JJorapudMoB (e = 2,71828...);

X
F(x)=2C | _ >
} Zep ST ()
B dopmyne (3.41) uHTerpan ciaemyer BLIYMCIUTL OT HYJS 40 L, TO eCThb HAWTH 3HAYCHUE

P(L)= Py M TOJTy4CHHOE YPaBHEHHE Pa3peLMTh OTHOCUTENBHO P,
L
PI=Pl" 120} j Zepf (O (x)e dx, (3.42)
0

¢ B NICPBOM C/IaraéMOM B NPaBOM YaCTH MHTETpai F BLIYMCISETCS B NMpedenax oT Hyas o L. Am-
npokcumupymolne GyHkunu f(x) u 7(x) yio6Hee BIGHPATh TAKUMH, YTOGBI MHTETPAJTBI OT HUX Bbi-
paxanuce yepe3 usBectHble GyHkuud. [pu f(x) = 1 u T(x) = TCp u3 opmyssl (3.42) monyyaercs
¢dopmyna (3.39), mpuBoauMasi B MHCTpyKuuu [1].

Kak yxe 0bL10 0T™MeueHO, o dhopmyie (3.4]1) MOXHO HAaXOOUTh 3a60HHOE IaBJI€HUE, €CIIU
CYMTaTh Takxke GyHKIHMEH KOOpAMHATHI X He TOMbKO TeMmneparypy T = T(x), HO u ko3 dutmeHT

CBEPXCXMMACMOCTH Z = Z(xX) TI0 CTBONY CKBaXMHBL. C/le1aTh 3TO MOXHO CJIEAYIOLIM 00pa3oM.
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BHauase clieflyeT OCTPOUTh aNIPOKCHMUPYIOLLYIO DYHKLMIO 7 = Z(P, T) B BUIE MPOU3BENCHUS
ABYX (DYHKLIHIA, OHA U3 KOTOPBIX 3aBUCHT TOJIBKO OT P, a pyrasi TOJIKO OT T. B nocnenHei 3aMEHUTD
T ua byuxumnio T= T(x). ClioxHee 3aMeHUTH GYHKIUIO OT P PYHKLHMEH OT X, TAK KaK [Uisl 3TOro He-
OBXOIMMO 3HATH pacrpeaeieHue IaBIeHusl [0 CTBOMY CKBAXHMHEI. [L1s1 IepBOTO MPUOIIHKEHNS MOXHO
BOCTIOJIb30BATCS pacIipeie/IeHUEM IaBiieH sl 10 HEMOABWXHOMY CTONIOY rasa, a 3aTeM CleJaTh He-
CKOJIbKO TMOC/IEN0BATEAbHBIX ITPUOJIMXEHU, YTOUHSAIOIHX 3TO PACTIPEACICHHE.

Peitenue B Buae gopmyibi (3.41) erko nonaaercst NporpaMMHUPOBaHUIO W PE3Y/IbTaThlL Bbl-
YUC/IEHUS 3a00IHOTO NaBIeHus, 6e3yCIOBHO, BynyT 6oJiee TOUHBIMU, UeM 1O hopMyJie AlamoBa 3.39)
[1pH YCJIOBUM, KOHEYHO, OMHAKOBBIX 3HaU€HUI KOG (PUIUMEHTOB I'MAPaBIHICCKOTO CONPOTHBICHUS A
B 00eux (popMyax.

Haunbosiee HafexXHbIe 3HAUYEHUs KOPOULIMEHTA rMApaBIUYECKOro CONMPOTUBICHUS MOTYT
GBITh MOJYYeHbl OTHOBPEMEHHBIM 3aMepPOM JaBJIEHUIA Ha 3a00€ 1 YCTbe CKBAXUH U PEIICHUCM YpaB-

Heuuit (3.39) win (3.41) oTHOCUTENBHO KO3(PPULIMEHTA A.

3.3 Pacuer noTephb JaBJieHUs B KIaNaHAX-0TCEKATENAX

B oTe4eCTBEHHOI MPAKTHKE B OCHOBHOM MCITOJIB3YIOTCS KJianaHbI-OTCeKaTesId ¢ APOCCeIn-
pytolmm ycrpoiictBoM. [ToTepH naBneHus B KilaraHax-0TCeKaTe/IsIX TAKOro TUI1a 3HAYMTEIBHO BBILLIC,
4eM B KJIaIaHaX-0TCEKATESIX C TMCTAaHIIMOHHBIM YIIPaBI€HHUEM U C HAITIOPHOH KaMepo#, U MOTYT J10-
cturath 1,0 MITa u Gosee B 3aBUCMMOCTH OT JMaMETpa JPOCCENMPYIOLIEro YCTPOHCTBa KilarnaHa-
oTcekares, 1ebuTa cKBaXHHBI U 1p.

ITomepu Oaénenus 6 kaananax-omcexamensx muna KA onpedeasiomes no dopmyne

_ T
P2 P} =2,85-107260%2p, Fsi (3.43)
2

riue P, P2 — naBJieHUs COOTBETCTBEHHO 10 U MocJIe KianaHa-otcekarens, Mlla;

£ — K03 HULMEHT CONPOTUBIEHHUS, ONpEe/isseMbli MO dopmyae

3 2
2 g 2
2% L )

£=0,5/1-
o} D}

, (3.44)
rie D), D, — BHYTPeHHME AMAMETDBI IM(TOBLIX TPYG /10 M NOCE KIANaHA-OTCEKATENs, M;

D, — IMaMeTp IIPOXOIHOTO CEYEHHMsI KIIaNaHa-0TCeKarTels, M;

Q — 1e6UT CKBAXUHBI, ThIC. M3/CYT;

Py — OTHOCHTEINIBHAS TUIOTHOCTD ra3a;

7 — K03(DDHUILIMEHT CBEPXCKUMAEMOCTH TIPU CpeHeM nasinenuu P = (P + P 2 U cpenHei
cp 1 2 P

TeMIiepaType TCp =(T,+T,)/2.

100



P I'azmpom 086-2010

Tak kak nmortepu maBreHud Ha KianaHe-oTceKarese HE3HAYUTEJIbHbI, NPU OMNPEAETICHUN 7
OObIYHO B KAY€CTBE CPENHUX AABIEHUsS M TEMIIEPATYPbI MOXHO HCITOIb30BAT 3HAYCHMS P, T, umn
P, u T, Kak cpenHue. 17151 TOBbILIEHUS TOYHOCTU PACYETOB HEOBGXOMUMO HCIIONB30BATE METOJ UTepa-
LHH, TO €CTh 10 U3BECTHOMY AABIEHHIO P, WK P, BBIYMCIAIOT MIPUOIMKEHHBIE 3HAYEHUS Z M AP, a
3aTeM TyTeM MOCJIEA0BATEIBHOIO MPUOIMKEHUSA YTOUHSIOT 3HAYEHHUE Z, TOKA O4EPEIHOE €10 3HAYEHMUE
HE COBIALET C MPEIIECTBYIOINM. 3Ha4eHHE KOI(DHOULIMEHTA COPOTUBIIEHNS & MPU PABEHCTBE BHYT-
PEHHHUX IMaMETPOB JIMGBTOBBIX TPYD 10 U MOCJIE KlanaHa-0TCeKATENs, TO €CTh IPH D,/ D,, onpenensiercst

U3 rpaduka, MoKa3aHHOTO HAa PUCYHKE 3.2, B 3aBUCHMOCTHU OT OTHOLLEHMS D,/D,.

RN
N\
\

0.8 \\
0,6
\ Pucynok 3.2 — 3aBucuMocTs Ko3ppHULMEHTA
0,4
0 0.2 0.4 0.6 0.8 CONPOTHUBJIEHUA KJlanaHa-oTcekaTens KA §
Dy/D, OT oTHoIeHus D,/ D,

Ilpumep — Onpedeaums nomepu daeaenus é kranane-omcexameae muna KA npu uzeecmmoix uc-
xo00novix dannvix: Q = 1600 moic. m°/cym; Pomn = 0,56; T = 300 K; P, = 10,13 MIla; D, = 0,050 m;
D,=D;=0,1503 m.

Ilo epagpuxcy na pucynre 3.2 no useecmnomy D,/D,=0,05/0,1503 = 0,333 onpedeasiom & = 1,248.

B nepeom npubauxcenuu npunumarom Pcp =PuT o= T. Tozda z = 0,84 u 6 nepeom npubauxcenuu
P,=[10,13° + 2,85-10-12-1,248-16007-0, 84:300-0,56/0,05°]/2 = 10,62 MITa.

Ilomepu dasaenus nocae nepgozo npubauxcenus 6yoym paeuvt AP = P,np - P,=10,62 - 10,13 =
= 0,49 Mlla. /l1n ymounenus pactema onpedeasionm Hogoe 3na4enue Z, npu Pnp = (P, + P,)/2P,
I,=1/T uz,=0835

Toz0a P, =[10,13° + 2,85:10°12-1,248-1600-0,835-300-0,56/0,053 V2 = 10,61 Mlla, u nomepu

dasaenun cocmaeam AP = 10,61 — 10,13 = 0,48 MITa.

Inp
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Onpedenenue nomepb 0a6AeHUs. 8 KAANAHAX-0MCEKAMmeNix 3apybexcHblx upm

a) lomepu dasaenus 6 Kaananax-omcexamensx muna A-3 u A-4 pupmot «Kamko». ITH norepu
onpeaensorcs no Gopmyne

0>

P=P+—t—,
10,2202

(3.45)
rae C — K03¢hdUUMEHT pacxona KiianaHa, ofpeesisieMblit U3 rpadrika Ha pUCYHKE 3.3,
P,, P, — 1aBIeHHE COOTBETCTBEHHO 0 1 TIOCJIE K/lanaHa-0TceKaTeNIs. [MoTepu naBjeHUs ONpe-

JeSI0TCSL KaK Pa3HOCTb AaBIEHMI JI0 U mocie KianaHa: AP= P, — P,.

32 /

’ /
. /

8 /
v

Y

/ PucyHok 3.3 — 3aBUCUMOCTb KO3GhDULIHEHTA
0
0 10 20 30  p10°,m pacxona C OT AMaMeTpa KJIanaHoB TUIOB A-3 1 A-4

ITpumep — Onpedeaums nomepu daeaenus AP 6 kaanane-omcekameae A-3 npu ucxoonoix oannoix:
Q = 365 moic. M7 /cym; P, = 14,8 MIla; duamemp npoxoonozo ceuenus xaanana D = 0,01905 m.

s 3adannoeo D (pucynok 3.3) onpé()mlom C=11,707.

P,=148+ 3652/10,2%-14,8-11,707 = 15,43 MIla u AP = 0,63 Mlla.

Ipu duamempe xaanana D = 0,0334 m onpedeasiom C = 34,8, u mozda P, = 14,8 + 3 652+
+10,2°-14,8°34,8° = 14,871 MIla u AP = 0,071 Mlla.

6) Iomepu dasaenus 6 Knanane-omcekamene muna A-6 onpedeasiomcs no cdhopmyne

AP=(1-r)P, (3.46)

rac r= P2/Pl — OTHOILUEHYE OaBJICHNUA ITOCJE KilanaHa K JaBlIeHUIO J0 KJlallaHa, oIpeaejasicMoc B

3aBMCHMOCTH OT rapameTpa S 13 pucyHka 3.4, TIoJly4eHHOro 1o (opmyiie
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1,00 g

0,98

0,96

0,94

\
0,92 \

0,90 \
1-K=1,27;2-K=1,50
n\\ PucyHok 3.4 — 3aBucumocts r oT .S st
0,88 .
0 0,1 0,2 0,3 Ky pasINYHbBIX 3HAYEHMIT ToKa3arelis annadatel K

1 12

1
KK —r 'K)
K1

S= , (3.47)

rie K — nokasarens anuadarsl.
I'pacpmueckast 3aBUCUMOCTD .S OT F MMOCTPOEHA IS PA3IMYHBIX 3HAYSHMIA MMOKa3aTesls aaua-

Oatpl K. BentnunHa S BeraMciisiercs mo Gpopmysie

/ T,
§=2,026-107Q, |py, -chﬁ, (3.48)
1

rie  Q — neGUT CKBaXMHBI, ThIC. M3/CYT;

P ory — OTHOCHUTEJIbHAS TUIOTHOCTB;

Lp— KO3 (ULMEHT CBEPXCKUMAEMOCTH VTS CPENHUX PCp =(P,+P,)/2n TCp =(T,+T;)/2.Npn
TPAKTHYECKHX pacyeTax BENMIMHY Z MOXHO OMPEIEUTb MCXOIss U3 U3BECTHBIX Py u T win Py u Ty;

F — nyomane npoxonHoro cedenust kiuanana F= nd ¥/4;

D — mnaMeTp NpOXOIHOTro cedeHus KiianaHa, M.

Ilpumep — Onpedeaumv nomepu daeaenus na xaaname muna A-6 npu ucxoduvix danmvix
D = 10,795-10-3 m; Q = 2140 mosc. M’ /cym; Pomn =0,722; T=327,4 Ku P, = 19,085 MIla.

IIrowaow F 6yoem pasna F = 1 (10,795:103)2/4 = 84,78-10-6 m°.

3nauenue 7 npubaudcenHo eviqucaum dana P ; u T,, npu xomopvix z = 0,82, mozda
S =2,02610"7-2140-(0,722-0,82-327,4)%°/19,085-84,78-10-6 = 0, 15.

1o useecmuomy S = 0,15 u3 spapura onpedeasiom r = 0,976. Toeda nomepu dasaenus cocmassm
AP =19,085(1— 0,976) = 0,458 MI1a.
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8) [Tomepu dasnernus Ha nPeOOXPaAHUMEAbHOM KAANAHe muna PKA-03

[MpuHLUMT AeACTBUS NPEIOXPAHUTEIBHOTO KJlanaHa TUIa PKA-03 uaeHTHYEH IPUHLATLY Aeii-
CTBUS KialaHa-oTcekarens Tvna A dupmbr «Kamko». KoHcrpyktusHas ocobeHHocTh PKA-03 nos-
BOJISET U3MEHUTH €ro MPOXOJHOE cedeHue nyTeM cMeHbl Anadparm ot 0,025 mo 0,052 M. Kaxnas
auadparmMa MMeeT COOTBETCTBYIOLINH €if KOOPOUIMEHT MPOMOPLUOHATLHOCTH MEXY Nepenanom
napieHMs AP U KpaapaToM Ae6uTa cKBaxuHbl Q. 3HaUeHUs! ITUX KO3(DHUIIMEHTOB LIS Pa3IUYHbIX
AuaMeTpoB aMadparm D v BXOJHOTO NaBjeHVs ra3a B KjlanaH P nokasaHbl Ha pUCYHKE 3.5 v onipene-

Jig0Tcs hopMynaMu
AP
£=— un AP=0,098780, (3.49)
Q2
rae AP= P, — P, — nepenaj naBieHus, MIla;
P,, P, — naBjeHue COOTBETCTBEHHO 10 U MOCJIE KanaHa PKA-03.
Mcxoast u3 3TOr0, HETPYAHO YCTAHOBHUTDH CBSI3b MEXAY KO3(MGUUMEHTaMU COMPOTUBIEHUA
knananos PKA-03 u A-3, A-4 no popmyiie

1

— (3.50)
PC A3 A4

Epka =

rae P, — nasnenue nocie anapparmsl, MIla.

Ilpumep — Onpedeaums nomepu dagaenus 6 kranane PKA-03 npu caedyrougux HCXOOHBIX OAHHBIX:
D = 0,03334 m; P, = 10,13 MIla; Q = 906 myic. M3 /cym; kodpuuuenm E, onpedeasemolii nymem un-
mepnoaayuu u3 pucynxa 3.5, pagen & = 0,8721 0.

10

55 \

3 \ \\
N \\ \\ 1-4 — P, =3,0;6,0;9,0 1 12,0 MIla
\\\\ COOTBETCTBEHHO
| \\\\\ PucyHok 3.5 — 3aBucumMocTb K03 dulIMeHTa
§§ — IPOTOPLUOHANBHOCTH & MeXny AP= P, — P,
02 s 3 25 5 1 Q, TP Pa3TM4HbIX 3HAUEHUsIX P
D107 m OT nMameTpa guadparmsl
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Tozoa AP = 0,0987-0,872-10-5-906° = 0,7 Mlla u daeaenue nocae xianana P, 6ydem pasno
Py = (10,13 +(10,13° — 0,04104-906%/34,82)%.5)/2 = 9, 39 MIla, a nomepu das.aenus npu smom cocmaeam
AP = 10,13 — 9,39 = 0,74 MIla, wmo noxasvieaem na 6auzocme pesyavmamos pacuemoe nomeps dasaenus
6 kaananax PKA-03 u A-4 pupmot «Kamro».

&) Ilomepu dasnenus na npedoxpanumenvrom kaanane muna MOX gupmol «Omuc»

B wactHocTH, npenoxpanutenbHbii Kianan Tuma MOX-38150 VWMEET HapyXHbI JUaMETP
D,, =0,095 M, BHyTpeHHHMii 63 TyLEpa D, =0,0908 M u inuny L = 0,396 M. B HeM MOXHO YCTAHOBUTH
LWITYLEPbI CJIENAYIOIUX PA3MEPOB:

D= (15,08 +0,794:n)-10"3 m, rae n — uenoe 4ucio, MeHswoineecs ot 0 go 31. INorepu nasnexus

B Kianane 22-MOX-38150 onpenensiiores no dopmyie

AP=3—5=0,636-10—5-Z“’4LQ2=§Q2, (3.51)
D*P
rae & — K03(hGHUMEHT MPOMOPUMOHATLHOCTH;
Q — nebur rasa, Thic. M3/cyT;
P ory — OTHOCUTENIbHAS TUIOTHOCTD;
T, — Temneparypa rasa rmoa KnanaHom, K;
D — nnamertp mryuepa, Mm;
P,— nasnenue no knanana, MIa.
Ipumep — Onpedeaums nomepu dagaenus ¢ kaanane muna 22-MOX-38150 npu ucxoonsIx 0anuwix:

D = 0,0254 m; Q = 430 moic. M’ /cym; P, = 10,13 MIla; T,=303K; Pomn =0,6,2=1,0
AP = 0,636'10-5-0,6-430°-303/10, 13(0,0254)* = 0,514 MITa.

0) Hlomepu daénenus 6 knanane muna PKD

IpenoxpanutenbHelii kianan tTuna PKD pabotaer noj AeiicTBUEM NaBNeHUs 3aPSAKH Ha-
TIOPHOH KaMepbl KanaHa. JlaBieHue 3apsiky 3aBUCUT OT JABJICHHS Ha r1yOMHE yCTaHOBKM KilanaHa P
Y 3a/1aBOYHOTO NaBJIEHUS CpabaThiBaAHUS (3aKpbIBaHUs). [JlaBleHue Ha ITyGHHe YCTAHOBKM KJ1arnaHa P

MOXHO MPUOIMKEHHO OIpeae/UTh 110 (hopMyIie
B =P/(L 0,82:107 +1), (3.52)

rae L, — rnybuHa ycTaHOBKM KJIanaHa, M

Py — YCTBEBOE IaBfieHUE Ha cKBaXHHe, MI1a.

HasneHue cpabaTblBaHUS KanaHa P, BBIOMPAIOT O HEOBXOAUMOMY MMPOLIEHTY CHUXEHMUS
JaBICHUS Ha [NIyOUMHE YCTAaHOBKHU KijalaHa PLK. Hanpumep, ecm npuuste naBneHue cpabaTbiBaHus
Kj1anaHa paBHbIM 10 % cHMXeHUS PLK, T0 P, = PLK-(I — 0,1). Ecau tpeGoBanoch 6bI 3aKpbiTHE

KJlanaHa npu CHUXeHuu P; Ha 20 %, To naBneHue 3aKpbIThs GbLIO ObI P ,=P -(1-02)ur.n
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3Hag JaBieHue cpabarbiBaHus KilarnaHa, ONpee/sioT AaBicHUe 3apAaki HaloOpHOM KaMephbl
Ha rIyOUHE YCTaHOBKM KJlanaHa 1o ¢opmyre

P, =P,0+0,81, (3.53)

3ap

rae o — 00BbeMHbIH KO3(GhULIHEHT HAMIOPHOI KaMepBl, PaBHBIH 0,9665.

TNepecueT MOJTy4YeHHOTO aBJieHUs1 3apsIIKM KJlaniaHa ¢ ycaoBuii paGodeit yOHHBI Ha TIOBEPX-
HOCTHbIE YCJIOBHSI IPOBOAUTCS € MOMOUIbIO IPaUKOB, TIOKa3aHHbIX HA pUCYHKaX 3.6 (1pm 3apsIKe
azotoM) u 3.7 (npw 3apsiike MPUPOAHBIM raszoMm). Jlu1st onipeaeeHus NaBICHU 3apAAKK KilalaHa Ha
YCThe CKBaXHHBbI C UCNIOJIb30BaHMEM PHCYHKOB 3.6 1 3.7 JOJKHBI OBITh U3BECTHBI JaBJICHUE U TEMIIE-

parypa Ha paboueii rTyGHHe KilanaHa, TeMIIepaTypa 3apsAiky Ha yCThe U NPUMEHSIEMBII U151 3apSAKU

ra3 (a30T WiV TIPUPOIHBIi Tas).
Ilpumep — Onpedeaumsb das.aenue 3apAdKu KAanana Ha ycmoe azomom npu L,=1000mu

Py = 10,13 Mlla, Ty =263 Ku T =293 K a5 daeaenus cpabamvieanus kianana npu 10 %-nom cuu-

wcenuu P, .

Onpedeanemca P :
P, = 10,13-(1000-0,82:10-10-* + 1) = 10,96 Ml1a,

npu smom daeaenue cpabamoieanus Gydem pagro
P, = PLK-(I - 0,1) =10,96:0,9 = 9,86 MIla.

Toz0a daeaenue 3apadxu na pabouei eaybune L 6yoem pasro
P.,= P,:0,9665 + 0,810 = 9,533 + 0,81 = 10,34 Mlla.

L)
I 30
L
ST YL ]
I i
Il
T il

[
m T

Tl
Wi
I
Wi
Wi

-20
0 4 8 12 16 20 0 4 8 2 16 20 24 28
P, MIla P, MIla
Pucynok 3.6 — I'paduk ajs1 onpeneyieHus PucyHok 3.7 — I'paduk 11st onpeaeaeHus
IABJIEHUS 3apAIKH KJIaraHa a3oToM JAaBIEHUS 3apAIKH KilarnaHa IPUPOIHBIM Ta3oM
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Ha pucynke 3.6 npu PwpL = 10,34 MIla u T = 393 K Haxonum Touky 1. OT 3T0ii TOYKM na-
pajuieibHO GIMXKaiIIMM KPUBBIM OIycKaeMcs 10 AuHuu T = 263 K 1 Haxooum TOYKY 2. Y3 Touku 2
10 BEPTUKAJIU CITYCKAEMCS 10 OCH aOCLIUCC U HAXOAUM P3ap.y = 8,9 MIla.

OcHoBHbIe MOTepH NaBleHUs! B KilanaHax Tina PKD cBsi3aHbI ¢ cyxeHnem TIPOXOIHOTO Cceye-
HUs celUla KnanaHa. [103ToMy MoTepu NaBleHHsT OLEHUBAIOT UCXOs U3 3HAYeHUsT Ko3hduumnenTa
COTPOTHBJICHUS CE/UTa KaraHa. Koab@uumenT nponopLUuoHaibHOCTUH MeXIly Pa3HOCTBIO KBAAPATOB
JaBJIeHU# 10 KJiamaHa P]2 u nociie Hero P2, 1o ecth AP? u KBaJpaToM neGuTa CKBaXuHbl 02, paBeH
C=16,810-10".

Ilpumep — Onpedeaumsv nomepu odasaenusn é xaanane muna PKD npu P, = 10,13 Mlla,
Q = 2000 muoic. M>/cym.

/laa dannozo muna kaananoe gopmyaa pacnema umeem eud

P12 - PZZCQZ. (3.54)

Ilpu 3adannvix snavenusax C, P, u Q noaywum

P,=[10, 13?2 +16,8:10-7-22-105]%5 = 10,45.
To20a nomepu dagaenus 6 kaanane 6ydym pagnot

AP =P,— P,=10,45— 10,13 = 0,32 MITa.

3.4 Pacuer naB/ieHHs H TeMIepaTypbl CTAMOHAPHOTO HEH30TEPMHYECKOTO ABHXKEHHS
ra30BOJSHBIX H FA30KOHIEHCATOHE(PTAHBIX CHCTEM MO CTBOJTY CKBAXKHHDI C Y4€TOM (ha30BBIX Mepexoaos

JIBUKEHHE Ta30KUIKOCTHBIX CMECEl B CTBOJIC CKBaXMHBI MPOMCXOAUT [Py 3HAYMTEIbHOM
M3MEHEHUHU TepMOOapUYECKUX YCIOBUH MO ee ITyOUHE: U3MEHEHHE NaBieHUSI MOXET JOCTUIATh He-
CKOJIbKUX JecsaTKOB MIIa, a TemnepaTypel — HECKONBKHUX AECATKOB IpaaycoB. MMeHHO MO3TOMY
noxbeM J0ObIBACMO# MPOLYKLMHU 1O TUGDTOBBIM TPYOaM COMPOBOXKIACTCS CYLICCTBEHHBIM H3MEHe-
HUEM TEIIO(PU3NYECKUX CBONCTB M COOTHOLIEHMS (ha3 10OBIBAEMOI CMECH 110 UTHHE TpyOBI, UTO
NIPUBOIUT K (POPMUPOBAHUIO PA3TUYHBIX CTPYKTYD TEUEHUS B CTBOJIE CKBAXMHBL. Oco60e 3HAUCHE
3TH HaKTOPBI NPUOBPETAIOT NPU HATHYMH MaccooOMeHa Mexny dazamu.

On1HOI N3 OCHOBHBIX 0OCOGEHHOCTE IBUXEHUS B CTBOJIE CKBAKUHBI ra30KOHIeHCAaTOHEePTIHOM
CUCTECMBI SIBJISIETCS TO, YTO MPH ONMPEJCICHHBIX TEPMODAPUYECKUX YCIIOBUSAX YACTh ITYTH CMECH MOXKET
HaXOMMUTLCS B ONHO(A3HOM Ta3000pa3HOM (ra30KOHIEHCATHAs CMeCh) WIM 0qHOMhA3HOM XUIKOM
(HeTAHas CMEChb) COCTOSIHUM, @ 3aTeM — B IBYX(pa3HOM MapOXHIKOCTHOM COCTOSIHUU. Ilepexon ot
OIMHO(}A3HOTO K ABYyX(Ha3HOMY NBUKEHHIO COOTBETCTBYET CO3JAHUIO B CTBOJIE CKBAXKIHBI TepMobapu -
YECKHUX YCJIOBUH Havaa KOHACHCALINM CMECH B PETPOrPaTHOI 06/1acTH (Ta30KOHIEHCATHAs! CMECh)
WY Havyasla pa3rasupoBaHus (HeTIHAsT CMeCh).

Matemaruyeckoe MoaenpoBaHHe 6a3MPyeTCsl Ha IPUMEHEHHU OCPEIHEHHbIX IuddepeHn-

aTbHBIX YPABHEHH 1 COXPAHEHUSI KOJIMYECTBA ABVKEHUSI, 3HEPTHM U HEPA3PLIBHOCTH IS cMecH. JList
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KaXIO# CTPYKTYPbI TE4EHUs] COXPAHSIOTCS CBOM KOJMYECTBEHHBIE U KaYECTBEHHbIE CBOMCTBA: UC-
TUHHOE ra30coepXaHne, CKOPOCTH U IVIOTHOCTH (a3, CrIaXeHHbIe THAPABINYECKUE CONIPOTUBIICHUS,
peabHblE COOTHOUIEHUS! CBA3EH MEXIY TMIPaBINIECKUMU BETMIMHAMMU.

B CIUIy CTALIMOHAPHOCTH IBMKEHHI ra30XHMAKOCTHOM CMECH MACCOBbIN AEOUT CKBaXMHbI G,
OCTaeTCs HEM3MEHHBIM MO BCeil [UTHe TPpYObI ¥ IIPU MPAaKTUYECKUX pacueTax 3aAacTcA CACIyolnM
obpa3oM.

B ciyyae mBuxXKeHus AByxba3HO cucTeMBl 6e3 (a3oBbIX NEPEXONOB (raz-Boma) MaccoBbid
pacxojl KaxXoi pasbl MOCTOSIHEH, CJIEI0BATE/IbHO, MACCOBBIH IEOUT CKBAXKMHBI PABEH CyMME 3allaHHBIX
MacCOBBIX PacXoJ0B I'a3a y BOIbI.

[p¥ IBUXEHMH CUCTEMBI C MACCOOOMEHOM MeXy (pa3aMm MACCOBBIii NEOUT CKBAXMHBI ONpe-
HeNseTcs Ha OCHOBE KOMILIGKCHOTO MCHOJIb30BAHUS AAHHbBIX Ta30KOHACHCATHBIX UCC/IeI0BaHIH 1
pacueTa MapoXKUIKOCTHOrO PAaBHOBECHs NPU U3BECTHBIX I€OUTE CKBAXKUHEI 0 rasy cenapaliu Qo>

naBieHUH P, 1 Temnepatype T, cenapalun:

M_ + ——LM"‘C

rc V
G, =0.—7—7
CM QFC 24,05 (3.55)

rae G,,, — MaccoBbli 1eOUT CKBAXWHBI, T/CYT;
Q, — 1ebut raza cenapalu, ThiC. M3/CyT;

M

e’ M)KC— MOJIEKYJIIPHBIE MACCHI ra3a ¥ XKUIKOCTHU cenapalum COOTBETCTBCHHO;

V, L — MONISIpHbIE 1OJIM Ta3a ¥ KMAKOCTH Cerapaliii COOTBETCTBEHHO, mpuyeM V' + L = 1.

OnpeesieHye pacripee/eHIs AaBJIeHUS M TEMIIEPATYPBI B CKBAXXHHE NPH YCTAaHOBUBIIEMCS
ABMXCHUH TA30KUIKOCTHOM CMECH CBOIUTCS K PELIEHMIO CUCTEMBI ABYX OGBIKHOBEHHBIX nndde-
peHUMANbHBIX YPaBHEHUI COXPAaHEHMsl KOJIMYECTBA IBUXEHUSI U SHEPTUH CMECH. IIpu a1OM TIEPE-
MEHHBIMK TIPHHUMAIOTCA JABJIEHHME U TEMITepaTypa ABIKyIlerocs (iona. B xauecTse 3aMbIKalOIMX
3Ty CUCTEMY COOTHOILLIEHUI UCTIOJIb3YIOTCS:

- ypaBHEHHUE COCTOSHUA LIS OTIPEAC/ICHHUS TEITODU3NYECKMX XapAKTEPUCTHK (a3 HauGonee
anpoOMpPOBAHHBIM LTS MHOTOKOMITIOHEHTHBIX CUCTEM, BKIIIOYAIOLINX H,S, CO,u N,, siBisieTcs ypas-
HeHue coctosgHus [lenra — PobruHcoHa;

- KOppe/sSLIMOHHbIE COOTHOILIEHUSI JUI pacyeTa BA3KOCTH U TETUIONIPOBOIHOCTH,

- (pYHKUMOHAIbHBIE 3aBUCUMOCTHU IJIsI OIpENEIEHUsT UICTUHHOTO ra30COAEpXKaHus, a TaKxke
IMIUPUYECKUE 3aBUCUMOCTH IUIS OIPeeseHHUsI CTPYKTYPBI TEYEHHS ¥ KOI(PHHULIMEHTOB THAPAB/IH-
4eCKOr'o COMPOTUBIICHHUSI TIPU Pa3IMYHbIX CTPYKTYypax.

B ciyuae MOIeIMPOBAHUSA MPOLIECCA ABUXEHHSI MHOTOKOMITOHEHTHOM CUCTEMBI ¢ Maccoobme-

HOM MEXOY Cba3aMl/[ K YKa3aHHbIM 3aMbIKAIOLUIUM COOTHOMICHUAM n00aBIsIeTCA YCIOBUE JIOKAJIIBHOTO
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TEPMOJMHAMHUUECKOI0 pABHOBECHS — PABEHCTBO JIETy4eCTei KOMIIOHEHTOB CMECH B ra30BOM M XXKMUIKOIL
dazax (naBneHue U Temneparypa B pasax B paccMaTpUBAEMOii TOYKE MPUHATHI OTUHAKOBBIMHU ).
['paHnYHbIE YCIOBUA YCTaHABIMBAIOTCS KaK M3BECTHBIE JABJIEHUE U TEMIIEpATypa Ha OJIHOM
13 KOHLIOB (DOHTaHHBIX TPYO. J171s1 pacueTa pacripenejieHust TEMIIEPATYPbl B CKBAXUHE HEOOXOIMMO
3HaTh FEOTEPMUYECKU M IPAOUEHT U KOIPOULMEHTHI TEIUIONMPOBOAHOCTH M TEMIIEPATYPOIIPOBOIHOCTH

TOPHBIX TIOPO/L.

4 O0paGoTKa ¥ HHTepIPETANHSA Pe3YIbTATOB IA30IHIPOAMHAMHYIECKHX
HCCJIE0BAHMI ra30BbIX U FA30KOHIEHCATHBIX CKBAXKHH

4.1 UccnenoBanne CKBAXKHH MPH YCTAHOBUBIIEHCS (PHILTPALIMM ra3a

UccnenoBanue ckBaxXuH NP YCTAHOBUBIIEHCS (DUIBTPALUUU ABISETCS OCHOBHBIM METO0M
HCCJIENOBAHMS CKBaXUH. TONbKO B pe3ybTaTe UCCAEAOBAHUSA CKBAXUH 3TUM METOIOM MOXHO J0-
CTOBEPHO OMNpPENEUTH ITPONYKTUBHOCTb CKBAXXWHBI, €€ MOTEHIIHaJbHbIE BO3ZMOXHOCTH, OIIPEAETUTD
ycloBus Oe3rHapaTHOR U OE3BOIHOM SKCIUTyaTallii, MaKCUMAaJIbHYIO JOMYCTUMYIO JENPECCUIO Ha
I1aCT, TeMIIEPATYPHBIA peXUM paboTbl CKBaKMHBL. KOMIUIEKCHOE MCITOJIb30BAHUE PE3YJILTATOB UC-
CJIEAOBAHMS CKBAXMH MPHU YCTAHOBUBLIMXCS PEXUMAX € pe3yJIbTaTaMU MCCIIEN0BAHUSA CKBAXUH [1pU
HEYCTAHOBUBILUXCS PEXHUMAX [O3BOJISIET ONIPENEIUTh HEKOTOPbIE XapaKTePUCTHKM ILIACTa 34 Ipeje-
JlaMu 1pu3ab0oMHOM 30HbI. ToJIbKO MO pe3yibTaTaM UCCIETOBAHUS CKBaXKMH Ha YCTAHOBMBILIMXCH pe-
KMMaxX MOXHO IOCTOBEPHO OLIEHUTD Pe3yJIbTaThl padOT MO UHTEHCH(UKALIMHU, CTENIEHDb BO3ACHCTBUAS
paboT 110 KanuTaIbHOMY PEMOHTY CKBaXKMHbI Ha MPHU3ab0iHYI0 30HY, OPEeAeUTh TA30KOHIEHCATHYIO
XapaKTEPUCTUKY MECTOPOXKICHMUSI.

B nocnennee BpeMs 6iaronapsi TEXHUUECKOMY MPOrpeccy B CO3IAHUU CPEACTB M3MEPEHUS
pacxona, JaBjle€HHs, TEMIIEpATypsl U B o01acTu nepeqadyd MHGOPMALIMK CYILECTBEHHO YCOBEPIIEH-
CTBOBaHBI MPOLIECCHl KOHTPOJIA 3a pa3pabOTKOii ra3oBbIX M FA30KOHAEHCATHBIX MECTOPOXIEHUN U
SKCITyaTalMeN IOA3EMHBIX XpaHWINIIL Ta3a. B CBA3M ¢ 3TUM MHOTUE 3a0a41 UCCIEN0BAHUA CKBAXUH
MOXHO peliaTh B MPOLIECCe KOHTPOJIS 3a pa3paboTKOM 3aJIeXH.

AGCOJTIOTHO YCTaHOBHUBILIETOCS peXXrMa (DUIbTPALIMH Ta3a U ra30KOHIEHCATHOM CMECH B IUIacTe
He cyuiecTByeT. OIHAKO C ONPENeNEHHON YCIOBHOCTHIO (WIBTPALIMIO Ta3a B HEKOTOPBIX CIydasx
MOXHO CUUTATh YCTAHOBUBILEHCS. B peanbHbIX YCIIOBUSIX 33 yCTAHOBUBILUACSA IIPUTOK [a3a K CKBAXWHE
MOHO MPUHATb TAKON HEYCTAaHOBUBILHUICS MPUTOK, IIPH KOTOPOM U3MEHEHUE NaBJICHUS U 1e61Ta B
TEYEHHUE OINPENETEHHOTO NIPOMEXYTKA BPEMEHU CYIIECTBYIONIMMHU HANOO0JIEE TOUHBIMU TIPUOOPaMU
He @ukcupyerca. [ToaToMy B MPOMBICTOBBIX YCIOBUSIX YCTAHOBUBIIUMCS PEXUMOM (DHIbTPALIU

CUMUTAETCS TAKOU, MPU KOTOPOM M3MEPSAEMBII ITapaMeTp «[IEPECTAET» U3MEHSITHCSI.
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MHOrOUMCIEHHBIMHA MCCIENOBAHUAMU YCTAHOBJIEHO, YTO (UJIBTpALIUA ra3a B MjacTe ocy-
IIECTBIISIETCS TI0 HETMHENHOMY 3aKOHY (hMJILTPAIlNH, CBS3BIBAIOLLEMY CKOPOCTb (GUIIBTPALIMU C TIPU-
JIOXEHHBIM TPaIUEHTOM JABJIEHMUS.

HenuHelHOCTb CBA3aHA ¢ JOTIOIHUTEIbHBIMU ITOTEPSIMU, 00YCIOBIEHHBIMH CBOMCTBAMU T10-
PUCTOM Cpelibl — B OCHOBHOM M3BUJIMCTOCTBIO TIOPOBBIX KaHAJIOB.

OTK/IOHEHHUE OT JIMHENHOTO 3aKOHa (PUIILTPALIUM MIPUBOAUT K TOMY, YTO 3aBUCHUMOCTH Pa3HHIIbI
KBaIpaToB JaBJeHuii (TU1aCTOBOrO U 3a00iHOT0) OT Ie6uTa ra3a sIB/ISeTCs HEIMHEHHOM. DTa 3aBUCH-
MOCTb 6JIM3Ka K MapabolIMyecKoii 3aBUCMMOCTH U C TOCTATOYHOI CTENEHbIO TOUHOCTU MOXET ObITh

BbipaxeHa GopMynoi
P2 —P? = aQ+bQ*. 4.1)

Dra popMyIia HallLIA IUPOKOE MPUMEHEHHE B PaKTHKe 00pabOTKH pe3yJIbTaTOB UCCIIE0BA~
HUS CKBAXWHBI, aHAIN3a, MIPU MPOEKTUPOBAHUHN Pa3pabOTKM Ta30BbIX MECTOPOXIECHUN, MAaTEMATH -
YeCKOM MOJAEIMPOBaHUU (QUIBTPALIMOHHBIX MpolleccoB. OTMETUM, UTO B 3apyOeXHOM JMTEpaType
4acTO IPUHUMAETCS CTeNEHHAs 3aBUCHMOCTh PA3HOCTH KBaIpaToOB JABJIEHUI OT pacxoa.

[IpuTOK raza npu HeJIMHEHHOM JBYWIEHHOM 3aKOHE (pUIbTPALMU ra3a K CKBaXHHE ONMChIBA-
eTcsa popmyoit (4.1), B KoTopoil a ¥ b — k03D GULIMEHT! GUIBTPALIMOHHOIO CONIPOTUBICHUS, 3aBH -
cAlne oT GUILTPALHMOHHO-eMKOCTHBIX CBOMCTB IJIacTa, HECOBEPILIEHCTBA CKBAaXWHBI, TECOMETPUU
30HBI IpEHUPOBaHUsA, CBOMCTB ra3a. 11 MOAebHOTO cllydyas BCKPBITHSL OJHOPOJHOIO IU1acTa BEPTU-
KaJIBHOU CKBAXUHOM aHATUTUYECKH OHH OMMUCHIBAIOTCS (DOPMYJIaMHU

;= 308u(P. )P )P T || [ R
k(P)hT,

+CG+GCy |; 4.2)

0,0000068 PTYP.T . 11 1
_ pc;z( ) CT I ————+C3+C4 , (43)
T, R, R

b

rae u — koadbduumneHT Bs3kocTu, Mlla-c;
Z — KO3 PULIMEHT CBEPXCKUMAEMOCTH Ta3a, AOJHU el.;
P_. — 3HavyeHue cTaHAapTHOrO AasneHus, MIla;
T, — 3HaYeHME CTAHIAPTHOM TeMIiepaTyphl, K;
T_, — 3Ha4eHue [U1aCTOBO#M TeMIiepaTypsl, K;
k — TIPOHULAEMOCTb I1aCTa, MKMZ;
h — TOJIUMHA 1171aCTa, M;
! — K03(pPpHUOHUEHT MaKpOIIEPOXOBATOCTH IJ1ACTA, MKM;

3.
Py — TVIOTHOCTb ra3a MPM CTAHAAPTHBIX YCIOBHSIX, KI/M”;
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C, n C; — K03 HUIMEHTBI COBEPILEHCTBA CKBAXKHBI 10 CTENEHM BCKPBITHS I11ACTa, 1OJH €.
U 1/M COOTBETCTBEHHO;

C, u C; — K03 GHUUMEHTH COBEPILIEHCTBA 110 XapaKTepy BCKPHITUA IU1acTa, 6e3pa3MepHBbIil U
1/M COOTBETCTBEHHO;

R, R, — pajuycel KOHTypa TUTaHHUSI ¥ CKBaXXWUHBI COOTBETCTBEHHO, M.

B obnactu punpTpaiiu rasza OT KOHTYpa MATAHUA 10 326051 CKBaXUHBI 1aBICHUE MEHSETCS
or P no P, atemneparypaor 7, 1o 7.

[Tpu HeGoNBIIMX AENpeccUsiX Ha IUIACT U3MEHEHHUSIMH [ U Z OT JABJIEHUS U TEMIIEPATYPHI
MOXHO npeHebpeub. Ecnu 3abo0ifHOE naBieHUe OTAMYAETCs OT ILIACTOBOIO CYLIECTBEHHO (Ha He-
ckonbko MIla), To BausiHue naBieHuUs Ha p U Z OyaeT 3HaYMTeIbHBIM,. MI3MeHeHHe TeMmiepaTyphl rasza
OT KOHTYpa A0 3a00s W €€ BAMSHHUE HA U M Z HeCcylleCTBeHHBI. [103TOMy ClieAyeT y4ecTb TOJBKO
BIIMSTHUE JABJICHUS Ha pEaIbHBIE CBOMCTBA ra3a. OT U3MEHEHMS JaBJIEHHs 3aBUCAT, B OCOOEHHOCTU B
TPELIMHOBATBIX U TPELIMHOBATO-MTOPUCTBIX KOJUIEKTOPAX, MPOHUIIAEMOCTD IIIacTa M KO3(POULIMEHT
MaxkpoIepoxoBaTocTH. OIHAKO apaMeTpPhl IJ1aCTa MEHbIIIEe MOABEPXEHBI U3MEHEHUAM OT JABJIEHUS,
4yeM CBOMCTBA ra3a. [1o3ToMy B OOJIBIIMHCTBE CIy4aeB CUUTAETCS, YTO OHM OT JaBJICHUS HE 3aBUCHT.

KoadduuineHTs HeCOBEPILIEHCTBA 1O CTETMEHU BCKPBITHS MOTYT ObITh OLIEHEHEHI 10 (hOpMyIaM

1. - 1-h S
C, ==In(h)+ —In| —— 4.4
1= (h) = RA (4.4)
151
Co= (4.5)
3= ) .
hBCK
e h_ — OTHOCHUTEC/IEHOC BCKPBITUE TLIacTa CKBaXHHOﬁ, JOJIN €1.,
(LTS 4.6
p (4.6)
rae hBCK — TOJIIUHA TJ1aCTa, BCKpbITast CKBa)l(I/IHOP'I, M;j
-2
§=16(1-h). (4.7)

KonuuectBeHHO Koo duLiveHT C; Y BCKPBITHY OT | (110J1HOE BCKpbITHE) 10 0,5 U3MeHsieTcst
ot 0 10 4-8.

Ouenka koapduuneHTos C, u C, MOXET ObITh NPOU3BeAEHAa 10 HOPMYJIaM

h

C2 =
nRKaB

(4.8)

111



P I'aanpom 086-2010

h2

Cp=——,
¢ 3”2R3a3

4.9
rIe R, .. — panmyc KaBepHbl (mosychepbl 3a LIEMEHTHBIM KaMHEM) 0cie nepdopaliii 00CaKEHHOI
3KCILTyaTallMOHHOU KOJIOHHOW CKBaXUHHI, M;

n — KOJMYECTBO OTBEPCTHIA, 00pa30BaBILIUXCS B KOJOHHE NOC/E nep@opalui.

OTMETHM, YTO [T AHU30TPOIIHbIX [17IACTOB AHAJIMTUUECKHUE BRIpaXKeHUs U151 KOIDHULHUEHTOB
C,, C,, (31 C, CYLIECTBEHHO YCIOXKHSIOTCS.

Ecnu ckBaxuHa COBEpLICHHA 110 CTENEHU U xapakTepy Bckpbitud, T0 C|, C,, C; 1 C, paBHbI
HYJTIO.

Onpe/eeHHYI0 METOIMYECKYIO TPYAHOCTD BBI3BIBAET ONpEeeHNE BEJIMYUHBL R, — KOHTYpa
nuTaHus. JUist peabHbIX YCJIOBUIA MOHSATHE KOHTYpa MMTaHMs TOBOJbHO YCIOBHO. Kak npaBuiio, nox
R, noH¥MaeTca NOJIOBMHA PACCTOSHMS MEXIY IKCTUTyaTallMOHHBIMH CKBaXuHamu. O1IKOKa B onpe-
AeNeHMH R, HECYLIECTBEHHO BIMAET Ha BEIMYMHY KOIGbODHLMEHTA a.

MHOro4YHCACHHBIE UCCICAOBAHUS MOCBAILIEHBI CIIOCO0aM, NMO3BONSIIOIIMM MO HEKOTOPBIM
3HAYEHHMAM IIapaMeTPOB ra3a U YCJIOBHSIM B ILIACTE PACCUMTHIBATH MMapaMeTp a. IIpu coxHoi cxeMe
noTokKa (JIMHUI TOKa) rasa B racte (HarpuMmep, 1 CIydyast HeOMHOPOJHOTO MacTa) KodgduuneHTt
MOXET OBbITh OIpeNeieH MaTeMaTHYeCKUM MoJeupoBanreM. OnHaKO oNpeAeaUuTb GUIbTPALIMOHHO-
€MKOCTHbBIE CBOMCTBA IUIACTA 110 HalIEHHBIM B MpOLECcCce UccieloBaHUs KO3 dUuMeHTaM a U b mpak-
TUYECKU He TIPeICTaBIAECTCS BO3MOXHBIM. MOXHO OLIEHUTh TOJIBKO HEKOTOPOE 3HaUeHNE THAPOIIPO-
BOJHOCTH IIacTa kh/u, Ha BEAUYUHY KOTOPOH OKa3blBaeT CYLIECTBEHHOE BJIMAHHUE COCTOSTHHE
npu3aboitHOM 30HbI MIacTa.

Ha koaddunueHT GuabTpalHOHHOTO COMPOTUBIEHUS MO XapakTepy BCKphITHs (| cylle-
CTBEHHOE BJIMSHHUE 0KAa3bIBAET COCTOSHUE MPHU3ab0iiHO#M 30HBI. [ToaTOMY BBOIAT 001N KOSDGULMEHT

HeCOBeplleHCTBA CKBaXHHBI C 1 BhIpaxXeHue (4.2) NpeAcTaBIsioT B BUIE

g 3,68H(PaT)z(P’T)PcTTIUI In RK

, (4.10)
k(P)hT R.np
rae RC.np — IPUBEIEHHBIN paainyC CKBAXXUHBI, M.
Repp=Re™®. (4.11)
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4.2 TexHoJI0rus HCCIeJOBAHUS CKBAXKHHBI HA YCTAHOBUBUIMXCA pexuMax (puIbTpaunu

4.2.1 TlapaMeTpsl U 3aBUCUMOCTH, OTIPEAE/SIEMBIE 10 pE3YJIbTaTaM UCCIeIOBaHUNA CKBAXWH
Ha YCTAaHOBUBIIMXCA peXnuMax GUIbTpalLiuu

OCHOBHBIMH pe3yJIbTaTaMU UCCIIEA0BAHUI Ha YCTAHOBUBLUMXCS PEXXKMMaX (PUIBTPALIMH SIBJISIOTCS:

- onpeznenieHre Ko3hduiMeHToB GWILTPALMOHHOIO COIIPOTUBIIEHNS @ U b M UX COIIOCTaB-
JIEHUE € 3TUMHU XKe KodhPUIIMEHTaMHU, ONIpeIeJICHHBIMHA U3 KPUBBIX CTAOUITM3allUN 3a00HOTO 1aB-
JIEHUS U IeOUTa;

- YCTAHOBJIEHUE 3aBUCHMOCTH MEXY AeTpecCUel Ha IIacT (JaBJIeHHEM Ha YCThe) U IEOUTOM,
KUCNOJNIb3yeMO Npy 0O0CHOBAHUH TEXHOJOIMYECKOTO peXXHUMa pabOThl CKBAXKHUHBI;

- [10JIy4€HHWE 3aBUCUMOCTU MEXJly MapaMeTpaMH TEXHOJOTHMYECKOTO pexXyuMa (Iernpeccus Ha
IUIACT, IEeOUT rasa, JaBJ€HUE HA YCThE) U KOJIMUYECTBOM XHIKUX U TBEPILIX IIPUMeECeit B TPOAYKLIMH
CKBaXXMHBHI IIpH pa3IMYHbIX PeXUMAX (IeNMpeccUsX Ha IUIacT);

- YCTaHOBJICHUE 3aBUCUMOCTH MEXIY AEOUTOM, 3a00MHBIM B YCThEBBIM JaBJIEHUEM JLJIsI OLEHKH
MOTEPD JaBJIEHUS IO CTBOIY MPH 3a1aHHOM (CYILLECTBYIOINIEH ) KOHCTPYKIIMH CKBaXXUHBI;

- onpenecacHUe (OLEHKA) rapaMeTpoB ILIacTa, B YACTHOCTH IPOHULIAEMOCTH kK U THIPOHNpPO-
BOJHOCTH kh /1L, 110 U3BECTHOMN BEJIMYUHE a.

4.2.2 TexHOJOrUg UCCAeNOBAHUH

ITocnenoBatebHOCTD BHITOJHEHHS Ollepaliiii IpHU UCCIENOBAHUH CKBaXXMHBI HAa YCTAHOBMB-
IIUXCS peXUMax (HIbBTpallMM CXeMaTHYHO IToKa3aHa Ha pucyHke 4. 1.

ITporpaMma npoBeaeHUs UCCIENOBAaHMM BKJIIOYAET CJIEAYIOUINE LIArH:

1) ecnu cKBaXMHa Nepel HayajaoM UCCAEA0BaHUs Ha YCTAHOBUBILIMXCSI peXXUMax GWIbTpalluu

paboTasna B ra3ocOOpHYIO CETh JIMOO OTpabaThiBaiach B aTMOC(depy, €e clienyeT ocTaHOBUTh. [lepen

P, at™

_______________________________ -~

— -

WIH MOAKII04YEHHE
B KOIUIEKTOD

s paboTht

Ha MPOEKTHOM
pexunme

0 s Nt O N S S A

nepea NCCIeAOBaHUEM
OcTaHoBKA CKBAXMHbBI
Ha BOCCTAHOBNEHUE

JaBACHMA OCae

OCTaHOBKa CKBAXHHEI
5-ro pexuma

Ha BOCCTAHOBACHNE
JABJACHHUA NOCae

OCTaHOBKA CKBAXKHBI
4-ro pexuma

Ha BOCCTAHOBJIICHHUC
JaBJISHHUA NOCae

OCTaHOBKA CKBaXHHb
3-ro pexumMa

Ha BOCCTAHOBJIEHHE
JABJICHHUA TIOCAEC

OCTaHOBKA CKBAXHHbI
2-ro pexuma

OCTaHOBKa CKBaXHHEL
Myck ckBaXUHB

Ha |-M pexumMe

Ha BOCCTaHOBJIEHHE
ZlaBNEHUS TTOCNE
1-ro pexuma

MycK cKBaXHHB

Ha 2-M pexume
TTycK CKBaOXHHBI

Ha 3-M pexume
TTycK CKBaXUHbI

Ha 4-M pexume
IMyck cKkBaXUHbI

Ha 5-M pexume
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HDOZIOJDKHTCJII:HOCTI: UCCJIENOBaHUA ¢, CYT
1—12 — ToukM (MOMEHTBI BpEMEHH ) 3aMEPOB AABJICHHS, TEMIIEPATYPbI U 1eOUTA CKBAXUH
Pucynok 4.1 — IlocnenoBaTeIbHOCTL ONEpaLIvi TIPU UCCIIEAOBAHUYM CKBAXHHbI
Ha YCTAHOBUBILUXCS pexXumax huIbTpalun
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OCTAHOBKOM CKBaXWHBLI HEOOXOAUMO (PUKCHMPOBATH 3a00iHOE (YCTHEBOE) NABJIEHUE, TEMIIEPATYPy
rasa Ha yctee (6ydepe) 1 1e6UT CKBAXHUHBL. DTH JaHHbBIE HeoOx0ouMbI 151 06padoTku KB/I;

2) ¢ MOMEHTa OCTAHOBKH CKBaXXUHbI cHATh KB/l 10 noniHOro BOCCTaHOBJIEHUS 1ABJICHUS Ha
YCThbe, TO €CTh 10 AaBneHus P . ;

3) 3aTeM NyCTUTh CKBAXHHY B pabOTy Ha MEPBOM peXUMe, YCTaHaBJIMBAeMOM Avadparmoi
(CYXaloHIMM YCTPOMCTBOM) JINOO PeryIupyeMbIM HITyliepoM. C MOMEHTa MyCKa CKBaXXMHbI 10 MTOJIHO
CTaOUIM3aLIMM JaBJIEHNUS U 1e0UTa CHATh KpYBbIe CTabMIM3allMy 3200 HOTO NaBleHus U Aebura;

4) B KOHLIE paGOThI CKBAXWHbI Ha [IEPBOM PEXHMMeE, KOT/la aBJIeHUE U 1eOUT Ha 3TOM pexuMe
CTaOMITN3UPOBANTUCH, 3aPUKCHPOBATh BPEMSI OKOHYaHUSI CTA0MIM3aLMK U 3apETUCTPUPOBATL COOT-
BETCTBYIOILIME 3TOMY MOMEHTY BPEMCHU JaBJIeHHE Ha YCThe, 3200 HOE NaBlieHHe U AEOUT rasa, a TakKe
TeMIIEpaTypy Ha yCThe B KA4eCTBE YCTAHOBUBLIMXCS MTAPAMETPOB IEPBOTO PeKKUMa UCCIICIOBAHU;

5) 3aTeM OCTAHOBHUTbL CKBAXMHY IS BOCCTAHOBJICHUS JaBIEHUS U B MIPOLIECCE BOCCTAHOBICHUSA
naBneHust cHATh KB/, [IpomoxnTebHOCTH NMpoliecca BOCCTAHOBIEHHUS TOJKHA ObITh PABHOM IPO-
JIOJKUTENBHOCTH CTabMIM3aluK 3a00MHOTO TaBJICHMS I1OC/IE [TYCKA CKBaXXUHBE B paboTy;

6) B JayibHeilIleM pabOTHI 1O MyHKTaM 3—5 MOBTOPHUTh Ha HECKOJBKMX PEXUMAaxX NMPSIMOTO
X0la, TO €CTh ¢ yBeJMYeHHeM Jebura (aMamerpa nuacdparmbl) 1 oOpaTHOro xoma (NP MEHLLIEM
JebuTe Mo CPaBHEHUIO C MAKCUMAJIBHBIM);

7) 110 OKOHYaHMH TIpoliecca CTa0MIM3ALMHU Ha [TOCIETHEM PEXHUME UCCAEA0BAHUSI OCTAHOBUTH
CKBaXHWHy 1151 BOCCTAHOBJIEHUA NaBieHus, CHATb KB/l 10 HOCTHXEHMUS NaBleHUs Ha YCThe P, ]

8) BKJIIOYHTb CKBAXKMHY B IIPOMBICJIOBBII KOJUIEKTOP ¢ MapaMeTpaMu YTBEPXIEHHOIO TEXHO-
JIOTUYECKOTO peXUMa,

TakuM 00pa3oM, MpH UCCACIOBAHMU CKBaXXMHBI Ha HECKOJBKHUX YCTAHOBUBILMXCA PEXUMAX
OydyT NOJYYEHBI MapaMeTPhl (IaBACHMS, 1eOUT) 3TUX PEXKUMOB, 8 TAKXKE KPUBbIE BOCCTAHOBJICHUA U
CTAOWIM3aLMM JaBJIEHUS M 1cOUTa HA 3TUX peXUMaXx.

INpu raHUPOBAHWHY BepXHee 3HAYCHHE pacxoa (Ienpeccun) fpyu EPBUYHBIX UCCIEI0BAHUAX
CKBaXUHBI OIIpenesIAeTCs] HA OCHOBAHUM OIIbITA DKCIUTyaTaluy (MCCileJOBAaHUS) APYTUX CKBAXUH,
AHATOTMYHBIX [TO CBOUM CBOMCTBAM, ¥ NOXKHO Ha 20 % mpeBbllaTh perioiaraeMblit pabouuii 1eout
CKBAXWHbI. DTO 3HaYEHME YKa3bIBaeTCsl B MporpaMMe ucciaenoBaHus. B mpouecce nccieroBaHUsA
OTIpeesieTCsl BeJIMYMHA MaKCHMabHOIO 1e0uTa (MakKCUMalbHOM JIETIPECCHM) TIPU MCCIEI0BAHUN
CKBaXHHBI, YTO OTPAXKAETCSA B OTYCTHBIX MaTepuaax Mo UCCACAOBAHUIO CKBAXUHEL.

[Mpu noceayommx TEKYILINX UCCAIOBAHMSIX BEJTMUMHBI MAKCUMATIbHOTO Pacxo/a (Jenpeccun)
He IOJIKHbI [IPEBOCXOANTh 3HAYEHUI, YCTaHOBJEHHBIX 10 pe3y/ibTaTaM MPOBEIECHUA NEPBUYHBIX UC-
CJIEIOBAHUH.

TIpu onpeneieHUHU BEPXHETO 3HAYCHMSE pacxo/ia raza (Aenpeccuu) YUMThIBAETCS TEXHUYECKAS

BO3MOXHOCTb JOCTHKEHUST Heobxoaumoro pacxona (nenpeccun). [Ipu HaTMUUKM TEXHUYECKON BO3-
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MOXHOCTH BEPXHEE 3HAUEHHE Pacxoa (IENPecCHm) IOMIKHO He MeHee 4eM Ha 20 % mpeBbliaTh npen-
TNI0/1araéMo€e 3HaYCHHE pacxona (IE€MPeCCUr) MPHU NMOCTIEAYIOIIEM YCTAHOBICHUH TEXHOIOTMYECKOrO
peXuMa CKBAXKHHBI.

IIpu mpoBeneHMH KOHTPOJIbHBIX, 8 TAKXKE OMOPHBIX GA30BBIX UCCIIENOBAHUI ornpeneseTcst
BEJIMYMTHA MAaKCUMaJIbHO JOMYCTUMOTO pacXona (AeMpeccum) sl MOoCIeNYIOMIMX UCCIeT0BaHHIA.

4.2.3 TexHMKa U TEXHOJIOTHS TIPU UCCAETOBAHUHN CKBAXKUHBI C BBIITYCKOM ra3sa B aTMochepy

It npoBe ety Mccen0BaHMIi CKBAXKUHA JIOJLKHA GBITH 060pynoBaHa Aisi M3MEPEHHS pacxona
rasa, XHIKOCTH, TaBJI€HNA U TEMIIEPATYPh, & TAKXE U3MEPEHUS] 06beMa BBIHOCUMOM € TIPOAYKIIME it
CKBAaXWHDI TBEPAOH mopoab!. [1puMeHsiemble MPUOGOPHI LISt H3MEPEHUS PACXO/Ia ra3a, KOHACHCATa,
BOIIbl M TPEOOBAHMS K HUM NPUBENEHBI B pa3aenax 9 u 10 yactu I u pasnene 6 uactu 11 HacTosILIMX pe-
KOMEHIALIUN.

JJ1s n3MepeHus pacxoa ra3a ¥ XHIKOCTH CKBaXHHBI 060PYIYIOTCS CEapaTopaMmu (cenapa-
LIMOHHBIMM YCTAHOBKaMU TUIA «HanbimM-2» wiin apyroit KOHCTpyKUUM). PacXom rasa v XKUIKoCTH 13-
MepsIeTCsl Ha BbIXOJIe CenapallMOHHOMN YCTaHOBKH (I10C/Ie Cenapayi).

Jlng onpeneneHus BBIHOCA TOPHBIX TOPOJ HA YCThe CKBAXUHBI JOJKHDI ObITh CMOHTHUPOBAHbI
MOPOIOYJIOBHTENH, CIIELIUATIBHBIE CENAapaTOPhl WIM JATYUKH I1ECKa.

Ilpn npoBeneHnK NEPBUYHBIX U TEKYLIMX MCCIENOBAHMI, €CIH TIPH paboTe CKBaXUHBI HA
TEXHOJIOTMYECKOM PeXHUMe He ObUIO OTMEYEHO BBIHOCA TOPHOIA MOPOABI U BOMBI, yCTAHOBKA 060DY-
NOBaHMA, NMPEIHA3HAYEHHOIO U U3MEPEHHS 3TUX BEJIMYUH, HE 00513aTe/IbHA.

Ipu npoBeneHUY NEPBUYHBIX UCCIIENOBAHUIT TOJKHO OCYILECTBISATLCS U3MEPEHHE NABIeHNs
Ha 3200€ CKBaXXUHBI ITyOUHHBIMU TprGopamu. [1py M3MepeHnU JaBieHUs NyGMHHBIMH IPUGOPaMu
CKBaXWHa JIOJIXKHA ObITh OCHALIEHA COOTBETCTBYIOLIMM 060PYIOBAHUEM.

Ecnu umeeTcs BO3MOXHOCTb M3MEpEHMSI JaBJICHHs Ha 3a60¢ 110 HEMOABUXHOMY CTOJI0y ra3a,
TO MOXHO OTPaHUYUTLCSA 3TUM METOIOM B TOM CJIyyae, eCIv 10 IIPOBEAEHUS UCCIIeTOBAHMS He3ama-
KEPOBaHHOM CKBaXXMHBI, IOCJIE MPOMYBKM, a TAKXKE TIPU OCTAHOBKE CKBAXMHBI TIEpE]l IEPEXOI0OM Ha
JIpYroii pexXHM IOKa3aH!si MAHOMETPOB Ha Gydepe U 3aTpyGHOM MPOCTPAHCTBE OTIMYAIOTCS MEXIY
€000 Ha BEIMYUHY, He MPEBHIIIAIOIIYIO UX TIOIPELIHOCTH.

IIpy IpoBeIeHUN TEKYLIMX UCCITENOBAaHUIA OTTYCTUMO OTIpeie/icHHe 3a60MHbIX TaBISHUI IO
IBUKYLIEMYCS CTOJIOY ra3a pacyeTHBIM METOLOM.

4.2.4 TexHWKa ¥ TEXHOJIOTHS TIPH UCCIIELOBAHUY CKBAXHUHBI C BBITYCKOM MPOIYKIIMU B Ta30-
MpOBOI

IIpw nccenoBaHnM CKBaXUHbBI B Fa30HPOBO/ I€OUT ra3a MOXET OIPENETSITECS TYTEM:

- U3MEPEHUA PACXOMa ra3a Ha YCThe CKBAXWHBI TPYU MOHTAXE CIIELUAJILHOTO 000PYI0BAHUSI;

- U3MEPEHUS pacxo/la raza Ha paGoyeil JUHUU;

- U3MEPEHMA pacxo/ia raza npu paboTe CKBaXXMHBI Ha 3aMePHOM JIMHUU KOHTPOJIBHOTO cena-
paropa YKIII' (VIIIII).
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TpeGoBaHUeE U TEXHOJIOTHSI U3MEPEH s 3a00HHOTO NaBICHMS TaKas XK€, Kak 1 TpH UccIeoBaHUu
CKBaXXHHbI B aTMocdepy. JomkHa ObITh 0043aTe/IbHOM PErUCTPALIMA U3MEHEHUS NaBACHUs U TEMIIE-
paTypbl Ha YCThe CKBaXKMHBI, @ TAKXKE pacxo/a rasa v 1aB/J1eH1s Ha BXOJIE B cOOpHBIH MYHKT. BpeMs pa-
GOTBI PErMCTPUPYIOLIEH anapaTypbl A0JIXKHO OBITh CTPOTO COTJIACOBAHO (CUHXPOHU3UPOBAHO).

[1pu npoBeneHWH ITEPBUYHBIX UCCIENO0BAaHUM TJIACTOBOE IaBJICHHE ONPEAENIAETCS NocJie 10J1-
HOTO €ro BOCcCTaHOBeHUsl. Ec/id B TeueHHe 24 YacoB HE TIPOUCXOAUT ITOJTHOTO €r0 BOCCTAHOBJICHMS,
TO MIACTOBOE JABJIIEHHE MOXHO OIPEIEANUTh PACYETHBIM METOROM.

Ec/I1 porpamMMoit NpeycMaTpUBAETCs Ha HEKOTOPBIX PEXUMaX ¢ GOJIbIIMMY JeOMTaMU Bbi-
TyCK Ta3a B aTMOCGepy, [UIMTeTbHOCTh OJHOTO PEXMMa J0JKHA ObITh B NpEe/iax 20—30 MuHYT.
Bcero rnpy NepBUYHbIX CCIEA0BAHMSX JTOKHO ObITh 5—6 PEXUMOB, M3 KOTOPBIX OAMH PEXUM JOJIKECH
OBITDb MOJIyYEH MpU 0OpaTHOM XO[IE.

Ip1 IpoBeNCHUN TEKYILMX UCC/IEA0BAHHI CKBaX1H HEOOXOIMMO B TEYCHHE CYTOK 00ECTIeYUThb
paboTy CKBaXHHBI C OCTOSHHBIM PACXOIOM, KOTODBIN HE OTIMYANICS Obl OT CPENHEro IeOUTa CKBa-
XHUHBI IPY ee paboTe 3a Mecsll (KBapran) bonee, ueM Ha 10 %. ITpu paboTe CKBaXHHBI C IOCTOAHHBIM
pACXOIOM M3MEpSIeTCs NaBJIeHHE Ha YCTbe CKBaXUHBI U B 3aTpy6HOM npoctpaHcTse. [locsie ckBaxuHa
OCTAHABIMBAETCSA IUIS ONpeNeIEHMS TIACTOBOTO AaBleHUs. M3MeHeHUE NaB/ieHUs] Ha yCThe CKBAXKHHbI
TP € OCTAHOBKE J0JKHO OBITh 3aMKCMPOBAHO NMPUOOPaMU, OCYILECTBIIAIONIMMU 3ATTHUCh. Ilo 6a-
poMeTpUUecKOi (opMyJie onpeesieTcsl MIacToBoe AaBieHue. JonycTumMo 11 OnpeneieHus Iia-
CTOBOTO AABJIECHUs: HCTIOJb30BaTh pACUETHHIN METOL.

3aboitHoe naBaeHue TIpY padoTe CKBaXUHbBI MOXET ONPeaeTsaThCs:

- C TOMOILBIO ITYOMHHBIX TPUOOPOB;

- pacyeToM I10 U3MEPeHHSIM JaBJIeHNI Ha 3aTpyOHOM NPOCTPAHCTBE;

- pacyeToM IO U3MEPEHUSIM JABJICHUI Ha YCThE.

Ecnu 3a60iiHOE DaB/IeHYE ONpeae/isaeTcs 0 BEIMUMHE AaBJIEHUS Ha YCThe CKBAXHUHBI pacyeT-

HBIM [IYTEM, TO HeoOXOIMMO MTPOBECTU UCCIIEIOBAHUC HE MCHEE UE€M Ha IIBYX pEXKHMax.

4.3 O6paboTKa pe3yJabTATOB HCC/IEI0BAHNS CKBAKHHDBI HA YCTAHOBHBIIMXCA PEKMMAX b Tpanun

4.3.1 Onpenenerue K03bGULMEHTOB GUILTPALMOHHOTO COITPOTUBIEHUS

OnpeneneHue Ko3hGOUIUMEHTOB a@ U b ABSAETCA OMHOW U3 OCHOBHBIX 3ala4 UCCICI0BaHUS
CKBaXXMH Ha YCTAHOBUBILMXCS pexkuMax GubTpaLvu.

KoadduimeHTsl GUIBTPALMOHHOTO CONIPOTUBICHMUS a U b 3aBUCAT:

- OT COCTaBa Y CBOVICTB ra3a U ra30KOHICHCAaTHON CMeCH;
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- (ha30BBIX NIEPEXOIOB B POLIECCAX UCCIENOBAHUS U SKCILTyaTalMK CKBaXMH;

-~ MEXaHUYECKUX, EMKOCTHBIX M (PUIbTPALIMOHHBIX CBONCTB MOPUCTOI CPEMBL;

- aHW3O0TPOIIUH [L1ACTA;

- TEPMOOAPUYECKUX NTAPAMETPOB TIOPUCTOM CPEb U ra3a;

~ KOHCTPYKLHMH CKBaXHUHBI U CTENEHHU COBEPLICHCTBA BCKPBITUS TUIACTA;

- Ka4yecTBa BCKPbITHS MPOLYKTHBHOTO pa3pesa.

B dopmyste nputoka raza K cKBaxuHe (4.1) py U3BECTHBIX MO PE3YJIBTATAM 3aMEPOB U pacyeroB
3HAYCHUSAX MIACTOBOTO M 3a00HOrO faBjieHNs U 1eOUTA MIMEIOTCS 1Ba HEM3BECTHBIX KoadduimeHTa
CONPOTUBNICHUs: — a u b. [l aHANUTUYECKOTO OTpeae/IeHUs 3TUX KOIDGDHLUEHTOB HEOOXOIUMBI
NaHHBIE 1O NaBACHUSIM U 1e0UTY KAK MUHMMYM Ha JBYX YCTAHOBUBLIMXCS PEXHUMaX HCCIeI0BaHuUs.

KoadduumeHTsi a u b onpenensiiores rpadpuyuecky Ui aHATUTHYECKH.

['pacdmueckumit MeTon (cnoco6) ornpeneeHns Ko3(pPULMEHTOB @ U b TOKA3aH Ha pUCyHKe 4.2.
J1J1s1 9TOro MO TaHHBIM MCCIENOBAHUI PACCUMTHIBAIOTCS 3HAYEHUS Prfn - P32 IUTSE KaXIOTO peXUMa
UCCIIeI0BAHNS. 3aTeM CTPOUTCS 3aBUCUMOCTD MEXIY Plfn — P32 " Q, Ha3blBaeMasi UHIUKATOPHOM KpU-
BOJi, KOTOpasi COIJIACHO YPaBHEHMIO NPUTOKA (4.1) LOMKHA MPOXOAMTH Yepe3 HAayalo KOOPAMHAT.
[lepecTpoeHre TaHHBIX B KOOPAMHATAX Pén - P32/Q oT Q (PUCYHOK 4.2, NuHMs 2) TIO3BOJISIET ONPEAETIUTh
13 rpadrka K03 OULMEHT g KaK OTPE30K, OTCEKAEMbIii Ha OCH OPAMHAT, 1 KOdDDULIMEHT b KaK Ha-
KJIOH (B JINTEPAType HAa3bIBAETCA TakKe TAHTCHCOM YI/Ia HAKJIOHA) MPSMOA, MPOBEAEHHO 110 TIONY-

YCHHBIM TOUYKAaM.

"5 200 05
= S
% 1
160 /’ 0,4
120 ,/ 0,3
2
S
80 5 7 0,2
— /
40 0,1
0 00 200 300 400 00 g0 700 PucyHok 4.2 — 3aBucumocts AP? (1)

0,, Teic. M'/cyT U APZ/Q 2)orQ
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[Mpu 3HaYMTETHHOM YKCTIE TOUEK (PEXHUMOB UCC/IEIOBAaHUSA CKBAXUH) K03 HUIMEHTH! DIIBT-
PalMOHHBIX COMPOTHUBICHNI MOTYT OBITh ONPE/eNICHbl METOJOM HAMMEHBILMX KBAaApaTOB (peKOMEH-
AyeTcsl TIPH YMC/IE PEXUMOB, mpesbimaomem 10). @opmyiibl ISt ONpeneNeHus Ko3(pPpuLKEeHTOB

(I)I/UII)TpaLII/IOHHOI‘O CONPOTUBJICHUS TI0 3TOMY METOLY UMCIOT BUI

AP?
24P -Y.0) AP
_0X0° .
NS P50 ; (4.12)

Ny apr - ZOEAP

b Q0 (4.13)

NY 0*- 07

rae N — obuiee YUCI0 peKMUMOB.

B Tex ciyuasix KO MacTOBOE AaBJlEHKUE HEU3BECTHO, PE3YITbTAaThl MCCIIENOBAHUS MOTYT ObITh
00paboTaHbl B KOOpAMHATAX (P32‘i — P32,n)/(Qn — Q) or (Q, + Q). 3mechb i — MOPSIIKOBBIA HOMED
pexX1Ma MCCIIEN0BaH s, # — HOMEP OTHOTO M3 PEXMMOB UCCIICIOBAaHUSL, KENaTeIbHO PEXMMa C Mak-
cUManbHBIM ae6uToM. Ko3(hhULHEHTH a ¥ b TIpH 3TOM MOTYT GBITH ONpeleneHbl KaK rpaduyecky,
Tak ¥ uncaeHHo. Jnd onpeneeHns KOG OUIHUEHTOB a U b YUUCIIEHHBIM METOJIOM TTPY HEU3BECTHOM

TMJAaCTOBOM JABJICHUHU CICAYET I10J1b30BaThCA (I)OpMy.TIaMI/I

P2 2_p2) 0,+0
ya Z(Q +Q, U0, +Q)D (P Pm
a= %0 3 Q - ; (4.14)
NY(Q, +0) -0, -0
2 _p2 _ 2 2
b= S , (4.15)

N0, +0) 120, -0, W

rae N — 41CiIo peXUMOB, YMEHBIIEHHOE HA ENWHUILLY.

4.3.2 ®akTopsl, BAUAIOLIME HA HOPMY UHINKATOPHbBIX KPUBBIX

Mopmy.a (4.1), omuckIBaIOLIAs TIPUTOK ra3a K CKBaXXMHe, MAEHTHYHA (HOpMyJie napabobl,
TIpOXOnsiILeli Yyepe3 Hayano KoopauHar. Eciii KpuBasi He IPOXOAUT Yepe3 Haualo KOOPAMHAT, TO 3TO
03HayaeT, YTO Ha ypaBHEHHUE [IPUTOKA BIMSIOT ONHH WM HECKOJIBKO NapameTpoB. YacTh 3TuX napa-
METPOB U3MeEPSIETCS, a Ipyras ONpeaesAeTCs.

K 13MepsieMbIM [TapaMeTpaM OTHOCSITCS TU1ACTOBOE U 3a00IHbIE NaBJICHMUS U IEOUTHI CKBOXHHBI
Ha pa3IMYHBIX pEXUMaX.

HckaxaomuMy GOpMY MHIUKATOPHBIX KPUBBIX (PaKTOpaMH, IPEXK/IE BCETo, SIBJSIIOTCS MNO-

IPELIHOCTH, JOMYyCKAaeMble IPH M3MEPEHUU (OIpelesIeHUHN) TIACTOBOTO U 3a00MHOIr0 NaBICHUH U
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JebuTa Ha Pa3IMIHBIX PEKMUMAX, BbI3BAHHBIE HEJIOBOCCTAHOBJIEHHUEM JaBJIeHUS WIX HeCcTaOWIHU3aLunei
JIaBJIEHUA U 1e0HuTa.

Ecau H3MECPEHHOE IJIACTOBOE AaBjicHe P

wr.3ay OTAAYACTCA OT HCTUHHHOTO PmI Ha BCJIMYHHY 6,

TO UCTUHHOEC TUTaCTOBOE OaBJICHUE 6y,Z[CT OIIPpEACJIEHO MO (I)OpMy.TIC

P =P _ +5. (4.16)

1.3aM

ﬂ)’[ﬂ BCJIMIYMHBI UBMCPCHHOIO IJIAaCTOBOIO HaBJAeHU!S YpaBHCHUE MTPHUTOKA 6y,£l€T HUMCTb BUO

Pl — PI=aQ+ b0+ C,_ | (4.17)

TJ1.3aM
rae

C,=2P2 . 5+52 (4.18)

It.3aM

Dopmyna 115 06paboTKU Pe3y/IbTaTOB B 3TOM CJIydae UMeeT BUI

P2

IJL.3aM

Q

Eciu Heu3BecTHO UCTUHHOE 3HAYEHUE TTaCTOBOTO AABJICHUSA, TO CJICAYCT CHa4daIa pe3yJibTaThl

2
IUL.3aM

2
P +Cy, —a+50. (4.19)

UCCJIeIOBaHMS CKBaXHWHBI 00paboTaTh B KoopauHartax (P - Pf) ot Q (pucyHok 4.3). I1pu atom

MHIMKATOPHAsl KpUBAsl OTCEYET Ha OCH OPAMHAT OTPE30K, paBHbiii C_ . Jlaliee MOXHO paccyuTath d,

a KO3(ULHEHTBl (PUITBTPALIMOHHBIX COMPOTUBIECHUI ONPENENNTh rpadiecky U3 3aBUCUMOCTH,

2

TIOCTPOEHHOI B KoopauHaTax (P; ..

- P32 + C,)/Q ot Q (pucyHOK 4.4, pe3y/ibTaThl 06pabOTKH 110

dopmyne (4.19) nokazaHbl TUHKEH 2).

AP?, MTIlIa’

20

.
15 v4 / /
0,02

10 /
5 / 0,01 /

AP0, (AP7 +C,)/0

LA

0 200 400 600 800 0 200 400 600 800
Q, ThIC. Ma/cy'r Q, ThiC. M3/cy"r
PucyHok 4.3 — 3aBucumocTb PucyHok 4.4 — 3aBucumocts AP*2/Q (1)
*2 - *2 2 *
AP =P2_ p2orQ (AP +C_)/Q(2) o1 Q
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‘W3 3aBMCHMOCTH, TTOKA3aHHOI Ha PHCYHKE 4.4 BUAHO, YTO NPY HEMIPABWIBHOM OIIpeAe/ICHUHU
[JIACTOBOTO NABJICHUS MHIAMKATOPHAS AMarpaMma He ABIseTCsl MpsiMoii, a ee 0OpaboTka (MonbTKa
OMMcaTh MPSIMOI TOUKH IMHUM 1) MIPUBEET K 3aHIKEHUIO KO3 huLMeHTa a (BO3MOXHO, 10 puzn-
YeCKHM HepeaTbHbIX OTPULIATENBHBIX 3HAUYEHUIA) M 3aBBIILEHUIO KO3 bHLMEeHTa b.

AHAJIOrMYHO BBICISANT MHIMKATOpPHAs auarpaMmma B ciydae, ecjiyd 3a0OMHOE AaBleHME Ha
BCEX PEXMMAX 3aBbilieHo. O6a 3TH cilydast IPUBOAT K IONYYEHNIO HHAUKATOPHOK KpUBOH, MoKa-
3aHHOM Ha pUCYHKe 4.3.

[Tpu onpenenenuy Ko3phuuneHToB GUILTPALIMOHHOTO COPOTUBIEHUS 110 YCTHEBBIM 3aMe-
paM TOYHOCTh OMpeleeH s I1aCTOBOTO M 3a00MHbIX IaBlIeHUN 3aBUCUT, KPOME Klacca TOMHOCTH
MPYMEHSIEMBIX U3MEPUTENIBHBIX TIPUOOPOB, OT COCTaBa MPOAYKIMH CKBAXHMH, X KOHCTPYKIIMHU, Xa-
pakTepa CTPYKTYPhI MOTOKA, TIOCTOSTHCTBA KO3(dHLIMeHTa TMAPABINYECKOTO CONPOTUBICHNMS Tpyo,
HaTM4Ks 3200 HOTO0 00OPYIOBAHMS, TO4HOCTU METOAOB ONPEAETEHUS IABJICHHS U OT MHOTUX IPYTUX
akTopos.

B cuiy 3TOro MHAMKATOpHas AuarpaMma (Pgﬂ — P32) oT Q TakxXe MOXET He IIPOXOAUTH Yepe3
HAyaJ0 KOOPAMHAT, OTCEKasi Ha HEil HEKOTOPBIi OTPE30K, a B KOOpAMHAaTax (Plfﬂ — P32)/Q oT  Oynet
UCKPUBIATheS. Onpeneienne KoahOUUMEHTOB GUIBTPAUMOHHBIX COMPOTUBICHUN B 3TOM Cilydae
YacTo AOMYCTUMO N0160POM (ITyTeM MOC/IEA0BaTEbHBIX MPUOIMKEHUI) TAKOTO Ko3dduLIeHTa Cooo
NP1 KOTOPOM MHAMKATOpHAst IMHKUSA B KOOpAMHATAX (Pr%.rl — P32 + C,,)/Q ot Q bynet npsMoit.

4.3.3 Oco6eHHOCTH onpenesieHus KodhdUIIMeHTOB (PUILTPALIMOHHOIO CONMPOTUBIECHU MPU
UCITOIb30BaHUHU YCTHEBbIX 3AMEPOB

B psine ciyuaes, Koraa, HanpuMep, HEU3BeCTeH KO3 GHIIMEHT THAPaBINYECKOTO COMPOTHB-
JIeHUs 10 CTBOJTY, lieiecoo0pa3Hee 06paboTKy pe3yJIbTaToOB UCC/IeI0BaHHUS IPOU3BOAUTD 110 3HAYCHUSIM

JAaBJICHUS, 3aMEPEHHLIM Ha YCThC CKBAXXWHBI, UCIIOJIb3Yysi [IPA 3TOM d)opMyny

P2 — P2e2S=aQ + bQ* +00?, (4.20)

rac

1,32410 2z, T2
e___ Cp-Cp (e2S_1)’ (4‘21)
5
d
rae A — Bespa3MepHblit KO3Gh@MULMEHT THAPABINYECKOTO COMPOTUBIICHHUS];
d — BHYTPEHHUWI IHaMeTp TUPTOBBIX TPYO, M;
Q — 1eOUT CKBaKWHbI, TPUBEACHHBIN K CTAHIAPTHBIM YCJIOBUSIM, TBIC. M3/cyT;

¢ — OCHOBaHUE HaTypalbHbIX jorapudmos (e = 2,71828);
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S — nokasareJb, onpene/sieMblii 1o popMye

~0,03415pL

chTE:p

A) ) (4.22)

e P — OTHOCHUTENbHAS IUIOTHOCTD ra3a, JOJH e1l.;

L — rnyOKrHa CKBaXUHBI 0 BEPTUKAIU, M

Zop — 3HAYCHHME KOO (DHLMEHTA CBEPXCXKMMAEMOCTH Ta3a [UIsl CPEIHUX 3HAYCHHWI NaBIEHUS U
TEMIIEPATYPEI 110 CTBOJIY CKBaXUHBI OT 330051 10 YCThs, J0JH €. ;

Tcp — CpeiHee 3HaYeHUe TEMIIEPATYPhI Ia3a 1o CTBOJY CKBaXUHbI, K.

O0paboTKa IaHHBIX B KOOpAMHATAX (Pl%1 — Pyzezs) /Q oT  IO3BOJIAET ONpPeNeauTh U3 rpaduka
KO3(DPHLMEHT @ KaK OTPE30K, OTCEKaeMBbIil Ha OCH OPAMHAT, 1 CyMMY KO3(PPHULMEHTOB b 1 6 KaK Ha-
KJIOH NPSIMOM, MPOBEICHHOM IO NOJIYYeHHBIM TOYKAM.

Ha pucynke 4.5 npuBeeHO CONOCTaBACHHE THIOTETHYECKUX WHAMKATOPHBIX 1UATrPaMM JLIsI
Clly4aeB 3amMepa Ha 3a00¢ ¥ Ha yCThe. BUIHO, YTO pU paBEeHCTBE OINpPEAEIAEMOro 3HaYeHUS KO3(PhU-
LiMeHTa a (JITMHKUU 3 ¥ 4 OTCEKAIOT OAMH U TOT e OTPE30K Ha OCY OPAMHAT) JIMHHUSA 4 TIO CPABHEHHIO C
JIMHHUEN 3 MIET Kpyde, TO eCTh HeTMHEHHBIN KoadduimeHT Gonbllie, YeM XapaKTEPHBIii [UIS [U1acTa.

Takum o6pasomM, B pesysbTaTe 00paboTKU onpeaesioress Koddduuuents a u (b + 0). Lns
U3BECTHOW KOHCTPYKLIMM CKBAXXUHBI 3HAYEHUE O MOXHO OLIEHUTH O hopmyJie (4.21) U ¢ HEKOTOPBIM
NIPUOTVXKEHUEM OIPEICTUTh KoM MULHEHT b.

DakTUYECKU MO pe3yIbTaTaM UCCIETOBAHU I 3aTIaKePOBAHHBIX CKBAXUH 3HAYEHHUsT KOIDDHU-
HMeHTa PUILTPAUMOHHOIO CONPOTUBAEHHUS a MPpU 0O6paboOTKe B yKa3aHHBIX BblllE KOOPIMHATAX
(P2 — P2)/QorQu (P2 — Pyzezs)/Q oT Q pasnnyarTc. D10 0BBACHAETCS TeM, YTO KO3 dHULIMeHT

THAPABIMYECKOTO CONIPOTUBIEHUS, TPUHUMAECMBIH MnpHu 06pa6OTK€ IIOCTOSAHHBIM, Ha CAaMOM JgJie 3a-

2

a

[N
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(=]
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=

~

~ PeyQ
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‘ (PP —P

7 0,2 1, 2 — saBucumocts P2, — P2or O,
M 3,4~ (P2, — PYQ) u (P2 — P2e?5/Q) o1 Q
0.1 Pucynok 4.5 — O6paboTka pe3ynbTaToB

HCCJIETOBAHUS IPH HEU3BECTHOM
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BUCHUT OT Ae6uTa. [T03TOMY 5TU 3HaUEHMsI HE MOTYT GbITh UCIIO/1b30BAHbI UTS ONPEIEEHUS (DUIbTpa-
IIMOHHBIX XaPAaKTEPUCTHUK ILI1ACTa (TMAPOMPOBOAHOCTHU, IPOHULIAEMOCTH).

4.3.4 Onpenenenne Ko3HGULUEHTOB GUILTPALIMOHHOTO COMTPOTUBIEHMSE C y4ETOM OYMIIECHUA
320051 CKBaXKUHbI

B npoLiecce Mccne10BaHUsS CKBAKMHbBI BO3MOXHO 00pa30BaHHe NeCYaHO-KUIKOCTHOM TIPOOKH
WM ee OuMILeHHE [0 MepE pocTa Aenpeccuu Ha ruiact. [1py Hanuyuy recyaHoil WM XUIKOCTHOU
MPO6KH yBEJINUEHME CKOPOCTH TIPUBOAMT K Pa3pYLUEHHUIO U MOCTENEHHOMY YHOCY TMPOOKH, UTO CY-
1LIECTBEHHO BAUSACT Ha KOX(PGHULIMEHTHI COMPOTUBJIEHUS @ U b.

Hajiuuue necyaHoil IpoOKYU B CKBAXMHE MPAKTUYECKU PABHOCUIbHO HECOBEPIIEHCTBY CKBa-
SKUHBI 110 CTEMEHU BCKPBITHSI, TO €CTh OTJIMUMIO OT HYJ1 KO3(D(MULMEHTOB COBEPIICHCTBA CKBaXKMHbI
1o creneHu BCKpbITHs IU1acTa C; 1 C;. B mpoliecce nccieioBaHust Ko3hGHUUNEHTHI CONPOTHBIIEHHU
a v b MOTyT CyILIeCTBEHHO N3MEHSThCs 3a cueT yBeamdeHus C; u C; (eciu B rpoliecce Uccie10BaHus
[IPOUCXOIUT 0Opa30BaHKE MecYaHoi MPoOKU) WM 3a CYET UX CHUXCHUS B pe3yJibTaTe OUUILCHUSA
32004 M0 Mepe poCTa AENPECCHUM HA ILIACT.

B GOJILIUIMHCTBE C/1y4yaeB, BCTpedaeMbIX MPH MCCIENOBAHUM CKBAXUH, IIPOMCXOIUT pa3py-
HIEHUWE fecyaHo MPOOKHU, IIO3TOMY B Pe3ybTaTe YMEHbIIICHUS BBICOTBI ITPOOKHU ITO MEPE POCTA e~
MPECCUM Ha TUIACT IPOMCXOIUT CHMXKEHWE BETUYUH @ U b. DTO IPUBOANT K HCKAXEHUIO (HDOPMBI MH-
JIMKATOPHOMW KpUBOM.

DKCIEPUMEHTATIBHO YCTAHOBJIEHO, YTO /151 BBIHOCA YACTULL [IOPOI CKOPOCThb MOTOKA NTOJIKHA
ObITh GoJtee 2 M/c. XapakTep U3MEHEHUs1 BbICOTHI IPOOKU, 00pa3oBaHHOM U3 KBAPLEBOTO NECKa MPo-
M3BOJIbHON hopMbl U AuaMeTpoM ot 0,05:1073 o 0,2-10-3 M nokasan Ha pucyske 4.6. B nuteparype
YacTo yKa3blBaeTcs, YTO CKOPOCTh A0/LKHA GbITh Oosiee 4 M/c. Cyast o puUCcyHKy 4.6, Ipu CKOPOCTH
5 M/c npo6Ka ¢ ZTaHHbIM COCTaBOM f1€CKa MOJTHOCTbIO OUHUIIAETCS.

Ha pucynke 4.7 nokasaHa 3aBUCHMOCTb OTHOCHUTEILHOTO Je0HTA ra30BOi CKBAXXUHBI C IPOOKOM
0= an /Q6e3.np OT OTHOCHUTEJILHOM BLICOTHI IIPOOKH [LJIs COOTHOIIEHUs1 ITTPOHMUAEMOCTU IIPOOKH knp
W 1j1acTa k|, paBHOTO knp/km[ =1; 50 u 200.

[Tpu nnpoBeeHIH UCCIIENOBAaHM I CKBAXUHBI C BHIHOCOM I1€CKA HA YCTAHOBUBLIMXCS PEXMMaX
Ba)KHO OLIEHUTD NPeJIeJIbHYIO BEIMYMHY AeOMTa, BBIlIe KOTOPOil BHIHOC MecKa NpeKpaluaercs (npodka
paspylteHa), a Ko3(hOUIMeHTHl GUIBTPALIMOHHBIX CONTPOTUBIEHUI ONIPEAEIATD N0 peXXUMaM, NoJy-
YEeHHbBIM ITOCJIC pa3pyllieHUs MPOOKHU.

BenuuuHy NpenejibHOro JebuTa U 3aBUCSIIYIO OT Hee BeJIMYMHY CKOPOCTH MOTOKA Ha 3ab0e
(Ha 6awMake JTUGTOBLIX TPYO) CACAYET UCIONB30BaTh MPU MPOEKTUPOBAHUY Pa3pabOTKHU U YyCTAHOB-

JIEHUH TEXHOJIOTHYCCKOTIo peXKruMa pa6OTbI JTAHHOM CKBAXWHBI.
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h Q
1.0 00000\00 2 1.0 -
20
0,8
0,6
0,4
0,2
0 1 2 3 4 v, M/c 0 0,2 0,4 0,6 0,8 1,0
h
PucyHok 4.6 — 3aBUCUMOCTD PucyHok 4.7 — 3aBUCUMOCTb OTHOCHUTEJIbLHOTO
OTHOCHUTENBHOM BHICOTHI MPOOKH eOUTa CKBaXMHBI C TIECYAHOM TTPOOKOi
OT CKOPOCTH IIOTOKA ra3a (pa3nuyHbIMH OT BBICOTHI ITpOOKU A = (h — hnp)/h
3HAYKaMM ITOKa3aHbl pa3anyHbIe npu krlp = 200k, (1), knp =50k, (2),
(bpakumu mecka) k, =k, (3)

4.3.5 OnpeneneHue ¢cBOOOIHOTO U aOCOMIOTHO CBOOOIHOIO 1e0MTa ra30BbIX CKBAXHH

TToHaTHAa CBOOOIHBIN M aOCOTIOTHO CBOOOIHBIN JeOUTHI BBEACHBI C LIEJIBIO OLEHKH TTOTEHIIM -

aJIbHO BO3MOXHOM NPOU3BOAHUTCIBHOCTU CKBAa>XHUH. KpOMe TOTO, 3TU KOJIMYCCTBECHHBIC OICHKH UC-

NMOJIB3YIOTCA B pAOC CTPpaH AJId YCTAHOBJICHUS TEXHOJOTHYECKOI'O peXMa paGOTbI CKBa>XHWHBI — z[e6ma,

MpUHUMaeMoro Ha ypoBHe 10 % — 15 % ot BeIMYMHBI AGCOIOTHO CBOOOIHOIO JeOHTa.

Dopmyssl TS oTipeaeseHU ¢CBOOOIHOIO U abCOMIOTHO CBOOOIHOTO 1EGHUTOB B Fa30BbIX CKBa-

KMHaX UMCIOT BUL

roe

—a+[a® +4b(P2 — P2)]'/?
2b

Oa6.cs = (4.23)

_—a+[a® +4(b+0)(P2, - P2e*H] /2
a 2(b+0)

Ocp , (4.24)

0,6 o, — AOCOTIOTHO CBOGOIHBII NeOUT, ThC. M3/CyT;
QCB — CBODOOIHBIN AEOUT, THIC. M3/cyT,

Kax BunHO, cBOOOIHBIN TeOUT OTIpeiesIsieTCsl YCIOBMEM PABEHCTBA JaBJI€HUA Ha YCThE CTaH-

JapTHoMy (aTMoc¢hepHOMY), TO €CTh XapaKTepu3yeT BO3MOXHBIA N1eOUT ITOJTHOCTBIO OTKPHITON B aT-

Moc(epy CKBaXXUHHI C YU€TOM €€ KOHCTPYKLUMHU. AGCOIIOTHO CBOOOAHEIHM NeOUT B GOMIbILEH MEPE Xa-
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paKTepu3yeT CBOICTBA IL1aCTa, BCKPHITOTO CKBaXUMHOM, TaK KaK ONPEAEIsAETCA MPU TUIIOTETUYECKUX
YCJIOBUSIX PaBEHCTBA 3a00MHOT0 AaBJIEHHUS CTAHAAPTHOMY (aTMOC@epHOMY) O€3 y4eTa MoTeph AaBIeHUs]

NnpHU NoABEME Ha MOBECPXHOCTD.

4.4 OcoGeHHOCTH NPOBeAEHHS HCCIe0BAHMNI NIPH YCTAHOBUBLINXCS PeXXUMaxX pHIbTPaLHH

4.4.1 OrnopHbIe ¥ TOYEYHBIE TEKYIIUE UCCIIENOBAHUS

TekylLue UcCIeN0BaHUs MOXHO NOApa3feJUTh Ha IBa BU/a — OTIOPHBIE U ToYeyHEbIe. K onop-
HBbIM MCCAECIOBAHUAM CJIEAYET OTHOCUTD UCCIIEN0BAHHUS, TPOBEIEHHbIE TIPY YCTAaHOBUBLUEHCS (PUIBT-
paly Ha HECKOJIbKUX peXuMax vccienoBaHus (He MeHee S5). [1py nposeneHUH OMOPHBIX UCCIIENO0-
BaHUIl HEOOXOIUMO MPOBECTH UCCIIENOBAHUE CKBAXMHBI IIPU HEYCTAHOBUBILEMCSI peXUME (CHATHE
KB/I, npuMeHeHHe 3KCIIpecc-MeToaa NN IPYTUX criocoboB).

K TOueYHBIM UCCIENOBAHUSM OTHOCSITCS. UCCIEI0BAHMS, TIPOBEIEHHBIE ITPH YCTAHOBUBLIENCH
dunbTpalny Ha 1—2 pexxuMax UK IIPU HEyCTaHOBUBILECS PUIbTPaLIUN.

[Ipu MpoBeAeHUH TEKYILIMX TOYUEYHBIX UCCAEIOBAHUM MOTYIEHHBIE TaHHbBIE COIOCTABIAIOTCA
¢ MHIMKATOPHOI KpUBOM, MOJIYUeHHOM paHee TIpY KOHTPOJIBHBIX UCCAEAOBAHUAX WIN IIPU OTIOPHBIX
uccnenoBaHusx. Eciy naHHbie TOYEUHBIX UCCIIEAOBAHUI (pa3HMLIA KBAPATOB IUTACTOBBIX M 3a00MHbIX
JaBJIEHUI) JUTSI COOTBETCTBYIOLLETO pacxona oTiuvaioTcs 6osee yeM Ha 10 %, pe3yabTaThl MX HE MOTYT
ObITh NMPU3HAHBI YAOBJIECTBOPUTEIBHBIMM U CKBAXXWHA JOJEKHA ObITh UCCNIENOBAHA MO TEXHOJIOTUHU
OIOPHBIX UCCIEIOBAHUIA.

OnopHble UCCIETOBAHHMS IOKHBI IPOBOAUTHCS HAa KaXIOH 3KCILTyaTallUOHHOM CKBAXXKUHE
He pexe OJHOro pa3a B 3 roja.

I1poBeneHue TOUCUHBIX UCCAEAOBAHUM MOXET OCYILIECTBIATHLCS 10 TUTIOBOMY PElIaMEHTY Ha
IIpOBeJeHUE TAKUX UCCICIOBAHUM, YTBEPXKXICHHOMY IJTaBHBIM MHXECHEPOM OpraHu3alivy.

Ecnn B poliecce pa3paboTKy MIPOU3OLLIIO PE3KOE UBMECHEHHE YCI0BHSE PUTOKA ra3a K CKBa-
XKWHE, TO HEOOXOIUMO MPOBECTH TEKYLIME UCCIEIOBAHUS MO TEXHOJOTUM OMIOPHBIX UCCIEIOBAHUIA.

4.4.2 OlueHKa TeKYIIMX HPOAYKTUBHBIX XapaKTepPUCTUK CKBAXXHWHBI 110 JAHHBIM €€ KCILTyaTalliu

[upoxoe BHeAPEeHHE HOBLIX COBPEMEHHBIX METOIOB PEryJIMPOBAHUS U YTIpaBJieHUs1 paboTOM
CKBaXXMHbI, 000pyIOBaHKE TMPOMBICIOB COBEPUICHHON KOHTPOJbHO-U3MEPUTEIBHON annmapaTypou,
NMpUMeHEeHUe HOBEHIIMX METOAOB Mepelayy MHGOPMAIMK MO3BOJISIIOT UCTIONb30BaTh TaHHBIE 9KC-
IUTyaTallM¥ CKBaXKMHBI ISl PeLIEHUSA 3aAa4, CTAaBIUIMXCS MPU UCCAEN0BAHUAX CKBAXKUH.

OnHolt U3 BaXXHEHIIMX 3a0a4 UCCISIOBAHUS CKBAXUH SIBJISIETCS TTOTYUEHUE CBA3M MEXY 1aB-
JIEHMSIMM Ha YCThe WK 3a00¢e CKBaXXMHHBI U €€ 1e0uToM. [1pu cTabuibHOM padoTe CKBAXXUHBI Ha paboyeM
TEXHOJIOTUYECKOM PEKMME TaKasl CBA3b OTPAXAETCs B PETUCTPHUPYEMBIX CHCTEMOU KOHTPOJISI (MOHUTO-
PHHIa) [TOKA3aHUX JaTIHKOB JaBJICHMSI, TEMIIEPATYphI M pacxona. B 3ToM ciTydae nporiecc SKCIuTyaTaluu
CKBaXKMHbI MOXHO pacCMaTpHBAaTh KaK HETIPephIBHBLH Mpoliecc uccaenoBaHus. [Tpobiema 3akitouaercst

B YMECHHWHU U TIPAaBUWJILHOM UHTEPNIPETALIMU MTOJTYYAEMBIX JAHHBIX CUCTEMBI KOHTPOJIS.
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ITpremieMOCTb UCIIONBb30BaHMS AAHHBIX IKCIUTYATALIMU AJIsl OUEHKH TEKYILIMX MPOAYKTUBHBIX
XapaKTEePUCTHK CKBAXMHBI MYTEM MOCTPOEHUSI U 00pabOTKM MHAWKATOPHOM JTUHUHU U ONpe/IeIeHUA
no Hel KOd(POULMEHTOB HUIBTPALLUOHHOTO COTIPOTUBJICHUS M, TEOPETUYECKH, TIPOHULIAEMOCTH,
THIPOIPOBOAHOCTH, MbE30MIPOBOIHOCTY U APYTUX MApaMETPOB TUIACTA IOATBEPXKIEHA TEOPETUYECKUMU
Y DKCIIEPUMEHTAIIbHBIMH HCCIIETOBAHHSIMM.

HicxonHpiMy TaHHBIMU [UIS IOCTPOCHMSI UHAKKATOPHOM JTMHUHM MO JaHHBIM 3KCIU1yaTALIUK
MOTYT CJIYXXUTb 3apETUCTPUPOBAHHbIE HA IPOMBIC/IaX PEXXUMHBIE U3BMEHEHHUSI B [TpoLecce pa3paboTKu
Kax 3alJlaHUPOBAHHBIC, TAK U CIyYaliHblE, BbI3BAHHBIE HEOOXOIUMOCTBIO BPEMEHHOIO YBEIUIEHUS
WM YMEHBIIEHUSI 0TO0PA U3 CKBAaXWHBI C 3aMEPOM TIPH 3TOM JaBJIeHHUs U 1ebuUTa rasa.

MeTtoanka onpeneneHust Ko3hbULIMEHTOB PUITBTPALIMIOHHOTO COMTPOTUBIIEHUS O MHAMKA-
TOPHOW JTMHUY, TIOCTPOEHHOM IO JAHHbIM 3KCTLTyaTallM¥ CKBAXKHH, 3aKJII0YAETCS B CJIENYIOLLEM.

N3 uMeromumxcsi JaHHBIX 3KCITyaTallMu CKBaXKMH BbIOMPAIOT HECKOALKO (MUHUMYM LIECTh-
BOCEMbB) MIEPUOIOB €€ padOTHI C pa3TUYHBIMU TEXHOJIOTUYECKUMU PEeXUMaMH, KOTOPbIE IIPUHUMAIOTCS
B KaYeCTBE PEXXHMMOB HUCCIEIOBaHMUSI CKBaXXWHBI. JJIsl KaxXI0TO U3 BbIAEJIEHHbBIX PEXUMOB OIpeae-
JIIOTCS BEIMYMHBI ILTaCTOBOrO, 3a00MHOrO faBieHus U neoura. ITmactoBoe naBieHHe pacCUUTbIBAETCS
110 U3BECTHOMY CTaTMUYECKOMY JABJACHUIO Ha YCThe CKBAXHHBI. 3a00ifHOE maBlIeHHe, KaK MpaBUIIo,
pPacCUYUTHIBAETCS MO HEMOABUKHOMY CTOJIOY ra3a B 3aTpyOHOM IIPOCTPAHCTBE.

B cnyyae oTcyTcTBUS 3aMepa IJ1aCTOBOTO JaBAEHUS Ha OTACJBHBIX HIH Ha BCEX PEXUMaX OHO
TIPUHUMAETCHA T10 KapTe U300ap (C repecyeToM Ha OTMETKY CepeJMHBI MHTepBaia nepdopaliy CKBa-
>KMHBI), OLIEHUBAECTCH 110 YPABHEHHUIO MaTePHATIbHOTO OasaHca IS paCCMATPUBAEMOTO YJIaCTKa 3aJIeXHU
JINO0 MPUHUMAETCS TT0 JaHHBIM MOJEIMPOBaHMS Pa3pabOTKH (ABTOPCKOTO CONPOBOXKICHMS ITPOEKTa
pa3paboTKH).

Bri6paHHbIe pexXrMbI 00padaThIBAIOTCS MO ABYWIEHHOH hopmyine (4.1).

CornocTaBiaeHHe C pe3yJibTaTaMH paHee MPOoBeAeHHBIX UCCICTOBAaHU MTO3BONSIET OLIEHUTH CTa-
OUJIbHOCTH pabodeil XapaKTepUCTHKY CKBaXKWHBI U TOATBEPINTD, YTO:

- He TIPOMCXOIUT pa3pyLIeHHs MPU3a00iiHOIN 30HHI,

- TA30HOCHBIH TIJIACT He OOBOMTHSIETCS KOHTYPHOH HJIM MOIOLIBEHHOM BOOOH B 00JIaCTH Ape-
HUPOBAaHMST pacCMaTPUBaeMOM CKBAXHHBI;

- HACBIIEHHOCTD XUIKOCThIO MPU3a00iHOM 30HbI IUIACTa MPAKTUYECKHU HEe U3MEHSIETCH.

CyluecTBeHHOE U3MeHeHre K0P PUITMeHTOB (PUIBTPALIMOHHBIX COITPOTHUBIIEHUI AAET OCHO-
BaHMs Misl TNTAHWPOBAHUS TIPOBEICHUS TEKYILIMX UCCAEAOBAHUIT CKBAaXKUHBI ¢ UCMIO/Ib30BaHHEM Ta-

PUPOBaHHbIX ITIPUOOPOB U 0OOPYIOBAHMUS.
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4.4.3 OcobeHHOCTH UCCIIETOBAHUS CKBaXWH, BCKPBIBILIMX MHOTOILIACTOBBIE 3aJ1€XKU

HccnenoBaHne CKBaXHUH, BCKPBIBIIMX MHOI'OILIACTOBBIE 3AJIEXH, C OMpPEAEREHUEM pacxoaa
rasa B [IOBEPXHOCTHBIX YCJIOBMSIX He TO3BoJisieT AuddepeHIIMpOBaTh YCIOBUA IIPUTOKA rasa U3 OT-
JIEIbHBIX TPOTLIACTKOB.

I'lpu IpoBeAEHUM PEXKUMHBIX UCCASIOBAHNIN CKBAXWH JOITYCTUMO OTIpee/IeHUe 3HAaUeHUH Iu1a-
CTOBOIO JIaBJIEHUS [TOCJIE OCTAHOBKHM CKBAXMHBI U CTAOWIM3aLMHY JaBJICHUS MPY HATMYUXA MEXTLUIACTOBBIX
MIEPETOKOB ra3a. 3a00iHOe AaBIeHUE MOXET ONPEIENISATHCS MO TEXHOJOTHU U3MEpEHUs1 3a00MHBIX 1aB-
JIEHUI CKBaXHH, BCKPBIBLIMX OJHOILIACTOBYIO 3ajieXb. [LnacToBoe naBieHue Ha 3a00e paboTaroimx
CKBaXKWH JOKHO OBITH OTpeee HO Ha OMHOM M TOH XKe T'MIICOMETPUYECKON OTMETKE B MPEIEIaxX BCKPhI-
THUS IJIACTA-KoJUIeKTopa. MHAMKaTopHast XapaKTepUCTUKA OIPENEsieTcs] METOIOM, IIPUMEHSIEMBIM TIPU
aHaNM3e pe3yJIbTaTOB UCCIIEIOBAHNS CKBAXMH, BCKPhIBILIMX OJHOILIACTOBBIE 3AJIEXH.

[Tpu onpeneneHnUN YCIOBHUH MMPUTOKA Ta3a U3 OTAEJbHBIX IIPOIUIACTKOB HEOOXOIMMO OCYIIEe-
CTBUTH M3MEPEHHE pacxoja rasa IIIyOMHHBIMHU 1eOuTOMEpaMH (POTALIMOHHOTO, TEPMHUYECKOTO UIH
JIPYTUX TUITOB). [ TyOUHHBIE M3MepPEeHUS 1¢OUTOB OTAEIbHBIX NPOILIACTKOB (MEXILTACTOBEIE ITEPETOKM )
JOJKHBI OCYILECTBIIATRCSA U IPH 3aMEPE CTATUIECKOIO TaBICHMUS.

OmnpeneaeHUE YHCIA PEXXMMOB M BpeMEHHM pabOThl Ha HUX IIPOM3BOAUTCS TaK Xe, KaK U IS
OOBIYHBIX CKBAXHH.

AHQIUTUYECKU MOKA3aHO, YTO MPU CYLIECTBOBAHWH IBYWICHHOTO 3aKOHA IJi KaXIOro U3
[U1aCTOB MHOFOILJIACTOBOM 3AJI€KW CYMMAaPHBI ITPUTOK I'a3a U3 IUIACTOB C PA3IMYHON XapaKTEPUCTUKON
W OIMHAKOBLIM TJIACTOBBIM [aBJIEHUEM OIMCHIBACTCS ABYWIeHHOH (GopMyJIoi. 3aBUCUMOCTh IS
CKBAXXMHBI, SKCIUTYaTUPYIOUIEH OMHOBPEMEHHO HECKOJIBKO TLTACTOB, SABJISIETCS KPUBOM, HATIPABJICHHOMN
BBIIYKJIOCTBIO BBEPX U OTCEKAKOLIEH Ha OCH OPIMHAT OTPE30K A .

TeopeTndecku ob11Me KOIDDULIMEHTH GUIBTPALIMOHHOIO CONPOTUBIeHUs A U B OyayT omnpe-

JCTATHCA U3 Bpra)KCHI/Iﬁ

a9
x

1
A= 2;B= 5
e e
b b

WHaukaTtopHasi TMHUS, ITIOCTPOSHHAsI IIPH U3BECTHOM CYMMAapHOM neOHTe BeeX IDIacToB Q 1

(4.25)

paBeHCTBE ILUIACTOBLIX M 3a00MHbIX IABJICHUA, IEXHUT MEXIY ABYMS IIPSIMbIMU, OITHUCHIBAEMBIMU YPaB-
HEHUAMU

2 2
%:A,+BQ n %:A+BQ. (4.26)
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®opMa UHAMKATOPHOM JUHUH, CHITON B APYQ

50
CKBAXKWHE, BCKPBIBILIEH HECKOJIbKO FA30HOCHEIX I'O-

PHU30OHTOB C pa3IuYHBIMU Ko3(pdULIMEeHTAMU

(GUIBTPaLlMOHHOTO COMPOTHB/IEHHMSA, MMOKa3zaHa Ha 40
pUcyHKe 4.8.

MeToarka oO6paboTKH pe3yabTaTOB UCCIIE-

30
JOBaHUH ¢ 1eOMTOMEPOM ABYX IUIACTOB C Pa3jIny-

HBIMH TIJIaCTOBBIMH OABICHUAMMU W IapaMeTpaMu

MJ1acTa 3aKJII0YAETCs B CIIEAYIOLIEM. 20

B 3akpbiTOil CKBaXHHEe, BCKpBIBIIEH aBa p
IJIacTa, U3-3a Pa3HOCTHU IIACTOBBIX JaBIEHHH MPO- " 4
HCXOOMUT MEXIUIACTOBBIN nepeTok raza. I[Ipu sToM 0 200 400 600 g?gmc. M%?CO}?T
NeOUT CKBAXHMHBI HA OBEPXHOCTH (, paBEH HYJIIO, PrcyHOK 4.8 — Pe3ynbratsl 06paboTKy
IaBjieHKE Ha 3a060¢e paBHO HEKOTOPOI BeJindnHe P, UHINKAaTOPHOU JIMHUH CKBAXWHEI,

BCKDBIBLIEH HECKOJIBKO Fa30HOCHBIX TJIACTOB
C OIMHAKOBBIM ILJIACTOBBIM OTABJICHUEM
H pas/iIMYHbIMHU NapaMeTpaMu

MEPETOKU U3 OMHOTO ILJIaCTa B APYTOM IIPH 3TOM [0-
CTHUTAIOT MaKCUMYyMa.
s Kaxaoro u3 IJIaCTOB CIIPAaBEIIUB ABY-

YJIEHHBIH 3aKOH:

2 2 2 .
Prm2 - PO = a2Qr1.max + bZQrI.max ’

2 2 2 (4.27)
PO "Prml :alQn.max +b1Qr1.max’

rae P, — HexoTOpOE 3a00/HOE 1aBIeHUE B OCTAHOBJICHHO CKBaXUHE;
P, s P, , — TUIaCTOBOE JaBJE€HHE MIEPBOTO ¥ BTOPOTO IJIACTOB, COOTBETCTBEHHO;
a,, a,, b;, b, — K03OUIMEHTBI (DIIBTPALIMOHHOTO CONPOTURICHHUSI IEPBOTO U BTOPOTO ILTACTOB;
O max — MaKCUMAJbHBIA NeOUT rasa, MepeTeKaloIero 13 riactTa ¢ BHICOKMM JaB/IeHHEM B
I1ACT C HU3KUM JaBJIEHUEM B OCTAHOBJIEHHOM CKBaXHHE.

[Tpu nmycke cKBaxkKMHbBI B 3aBUCUMOCTH OT ee JeO0MTa Ha yCThe 3a00MHOE JaBJICHUE CTAHOBUTCS
Hizke Py. Beanunnbl Q, pu 3TOM MOXHO BHIOMpaTh TAKMMH, TIPH KOTOPBIX P, <P <P, Torna

HC6I/IT ra3a U3 1utacta ¢ BbICOKUM OaBJICHUEM 6YL[CT
0, =0y + 0y (4.28)

rie Q, — 1eGUT U3 TJ1aCTa C BBICOKUM JaBJICHUEM;
Q,; — AeOUT MEepeTeKaioIero B MepBblii MIACT rasa Ha pexume (ONpPenenseTcs Mo JaHHbIM
DIyOWHHBIX H3MEPEHUIA);

ch — 1eOuT Ha YCTBhC CKBaXMHbI Ha TOM XK€ pCKUME.

127



P T'asnpom 086-2010

YcTraHaBIMBas HECKOJIBKO PEXUMOB U OTIpeneisist JIeOUT MO Ha3eMHBIM 1 1'.1'[}’61/IHHBIM 3aMeEpaM Ha

KaXKIOM peKMMeE, MOXHO MOJTYYUTh MHANKATOPHYIO JIMHUIO JUTS IU1acTa (5, ONUChIBAEMYIO dopmMmynoit
P2 _P2-00,+b0? (4.29)
mn2 3j — ¥2¥2 b2 2 .

rie Q, onpeiensieTcst 1o JaHHbIM Ha3€MHBIX M LTYOMHHbIX 3aMEPOB, 3aTEM ONPEICTUTD TapamMeTphl
BTOPOTO IUIACTA d, U b,.

HUMes o rnyOUHHBIM 3aMepaM COOTBETCTBYIOLLYIO BEIUYUHY HA KaXAOM PEXHME an, o
(bopmye

stz _P112n1 =10y +b1Q§j (4.30)

MOHO OIpeaeTUTh TapaMeTphbl NEPBOTO flacTa a, u b;.

[IpoBensa vccaenoBaHUS Ha HECKOJIBKHMX PEXUMax ¢ U3MEPEHHEM AeOUTOB KaXJIOro IIacTa,
HETPYAHO NMOCTPOUTh MHAUKATOPHBIE KPUBbBIE M OMPEAETUTD NTaPAMETPHI ILTACTOB.

3Hast KO3DPULINEHTHI a,, d, b;, b, ¥ IEOUTBI OTAENBHBIX MPOILIACTKOB, T10 IIyOMHHBIM 3aMepaM
MOXHO OIpeNe]UTh IUIAaCTOBBIE JaBIECHUS.

Ipu Hanuum Tpex u 6ojiee MIACTOB MPUHIKIT 00paOOTKU UHANKATOPHBIX KPUBBIX OCTAETCS
TAKWUM XK€, KaK U IIPU ABYX IUIACTAX, €CJIU N3BECTHBI UX IEOUTHI U TUTACTOBLIE JaBICHHUA.

INpoBedeHHbBIE TEOPETUYECCKHUE U IKCTIEPUMEHTAIbHBIE UCCIIEAOBAHUSA MTOKA3LIBAIOT, YTO:

- MHIMKATOPHbBIE IMHUM, CHSITbIE B CKBAXMHE, BCKPBIBLICH nBa MJIacTa, Mo cBoei ¢opMe He
BCEr/a Mo3BOISIOT ONpPeaeJMTh MOMEHT BKIIIOUEHHUS B pabOTy TIACTAa C HU3KUM JaBjIEHUEM;

- MIpY CYILIECTBEHHON pa3HUIe B KO3(dUllMeHTax (PUIBTPALIMOHHOTO COIIPOTUBJIEHHUS OT-
IEJIBHBIX T1acTOB 001Ke Ko3hdULIMEHTH A U B, onpenejeHHbie M3 rpadvika MHIMKATOPHOM! JIMHNH,
O CBOEH BEJIMUYMHE OJIM3KH K ITapaMeTpaM IUIACTA ¢ HU3KMMH KO3 DUILIMeHTaMU COITPOTUBIIEHHUS.

4.4 4 lMpeaynpexneHne ob6pa3oBaHUs THAPATOB NPU UCCIEIOBAHUU CKBAXWH

Ha 60JIbILIMHCTBE CEBEPHBIX MECTOPOXKICHNI, UMEIOIIIUX CPABHUTENBHO HU3KUE TEMIIEPATYPHI
TU1acTa, B IIPOLIECCE UCCIIENOBAHUA CKBAXKHH METOIOM YCTAHOBHUBLLIMXCS OTOOPOB BOZHUKAIOT YCIOBUS
JUis 0O6pa3oBaHusi THAPATOB. DTH YCIOBUS 3aBUCST, IPEXIE BCErO, OT COCTaBa Ta3a, ero BlIarocouep-
>KaHUSI, NAaBJEHUS MO MYTH IBMXEHUs ra3a, TeIUIO(pHU3UYECKHUX CBOICTB ra3a U OKPYXarllel CTBO
CKBaXXMHBI cpe/bl. Pasjinuus nmepeurcieHHbIX MapaMeTPOB Ha Pa3HbIX MECTOPOXACHUSIX O0YC/IOBIU-
BAIOT HEOOHO3HAYHOCTh PABHOBECHBIX YCIOBUI TMAPaTooOpa3oBaHUs Jaxe B Mpeaesiax OaHOTO Me-
CTOPOXIEHMSE CO 3HAYUTEIbHBIMU Ta30HOCHOW MOILLHOCTLIO U TUIOLIAABIO.

B03MOXHOCTb 00pa30BaHMs T'MAPATOB B MPOLIECCE UCCIIEIOBAHUA CKBAaXUHBI Ha PaslIMUHBIX
pEXMMAaX 3HAYMTENBHO BbIIIE, YEM ITPH IKCILTyaTallMK Ha 3aJlAHHOM PEXHUME, YTO CBSI3aHO C HE00XO0-

JUMOCTBIO U3MEHEHHUS NaBleHUs U JeOUTa B OOJBILIOM JAATIA30HE npu UCCJIENOBAHNH.
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O6pasoBaHue rHAPaTOB B IPM3a00HHON 30HE IUTACTA, B CTBOJIE CKBAXMHBI, LiUTeiide, ITyLepax
NPUBOAMT K OCJIOKHEHHSIM IIPU UCC/IENOBAHUM U OOJIBLLIMM MOTPELIHOCTSIM B MOJYYEHHbIX PE3Y/ILTATAaX.

Uccnenosanus 6e3 0CJI0XHEHUH ¢ TPUMEHEHUeM U 0e3 TpUMeHEHS MHTUOUTOPOB TMAPaTO-
00pa30BaHMs NOJKHBI OBITh IPOBENEHBI UCXOIS U3 ITyOMHBI 3a/1€raHusI U paiioHa PacTiooXeHHS 3a-
JIEXU, OOYCJIOBIMBAIOIIMX [1ACTOBOE IaBJICHHUE U TEMITEPATYPY, C YIETOM COCTaBa ra3a U ero BJIaro-
CoJepXaHus, HAJIMYUSA U XapaKTePUCTUK 30HbI MHOTOJIETHE 1 MEP3JIOTHI.

YcnoBust 06pa3oBaHUs TMAPATOB OMNPENEISIIOTCS PAaBHOBECHBIM JaBI€HHEM M TEMITEPATYpPOii
rUApaToo0pa3oBaHUsA Pp U Tp. Bo3MoxxHOCTh 00pa3oBaHHUsl TMIPATOB B NPU3abOHOM 30HE U IO
CTBOJIY CKBaXUHBI Ha Pa3/IMYHBIX PEXUMAX B MPOLECCE UCCIAEIOBAHUA MOXHO MCKIKOYUTD TOJIBKO
IPH YCJAOBUH, UTO HA BCEX MPEAITIONATAEMBIX PEXUMAX TIPH UCCIIENOBAHUH YCTHEBBIE JaBICHUS U TEM-
nepaTypbl OyIayT BEIIIE, YEM Pp u Tp.

B 3aBMCHMMOCTH OT XapakTepUCTUKH MECTOPOXIEHHUS TMIPATHI B IPU3a00MHOM 30HE U B CTBOJIE
CKBaXKMHBI MOTYT 00pa30BaTbcsl Ha BCEX WJIM TOJIBKO Ha OTJEIbHBIX PEXHMMAX.

B yciioBUsX BO3MOXHOro 00pa3oBaHUsI I'HIpaTOB KAYeCTBEHHOE UCCIIEJ0BaHHE CKBAXHUH (KC-
KJTIOYasl CIIeLIMaJIbHBIE UCCIIEAOBAHMS) METOOM YCTAHOBUBIIIMXCS OTOOPOB JOCTUTAETC TOJIbKO IIPU
YCJIOBUM NIPUMEHEHHSI HHTUOUTOPOB WM 3a00HbIX HarpeBarteieil. K ocHOBHBIM MHTUOUTOpaM, IIpH-
MEHSIEMBIM B [A30BOH MPOMBIIIIEHHOCTH, OTHOCSATCS METHIOBLIH CITUPT (METAHO), XJIOPUCTHIA Kajib-
LU, JIMKOJIU (3TUWIEHIJTIMKOJb, AUSTWICHIIMKOJb, TPUATWICHIJIMKOJIbL) U T.0. Pacxon uHruduropa
OIpeeISeTCA UCXON U3 BAarocoAepXaHus ra3a. XapakTepucTuka v apdeKTHBHOCT, MHTMOUMTOPOB
MEHSIOTCS B 3aBUCMMOCTH OT HX KOHUEHTPAIIMHU B pacTBOpE.

NHruduTopsl ruapaTo00pa3zoBaHMs CHIDKAIOT TEMIIEpaTypy IMApaTo06pa30oBaHUsI U CHUMAIOT
OTpaHWYEHMs, BbI3BAHHbIE JCMpEecCcUeli Mo MyTH ABMKEHHUS raza U pacxolgoM rasa. Kpurepusmu
BBIOOpAa HHTUOWUTOpPA THAPATOOOPA30BaAHUS SABASIIOTCS €T0 CIIOCOOHOCTD MOHMXATh TEMIIEPATYPY T -
paToobpa3oBaHusl, CTOMMOCTb, PACTBOPUMOCTb B BOJIE, TEMIIEPATypa 3aMeP3aHusl BOTHBIX PACTBOPOB,
BSI3KOCTh, BO3MOXHOCTb PEreHEPALIMUM Ha MPOMBICIIC C MUHMMAIbLHBIMHY [TOTEPSIMH MHIUOUTOPA.

[ToHMXeHre paBHOBECHON TeMIMEpaTyphl VIS METAHOA, STWIEHIJIMKOIA (OI) ¥ nnsTuieH-
rnuxoisa (A31) onpenensiercs o popmyie

KC,

At=— 2 .
M(100-C,) .31)

rae C, — BecoBas KOHLEHTpaL s OTpabOTaHHOTO HHTM6UTOpa, %;
M — MonekynsipHas Macca;

K — K03 puLiMeHT, onpeaensieMbIi 3KCIIEPUMEHTANIBHO.
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3navenus M u K nng Metadona, 31 u 1971

HHrudutop M K
MeTtaHon 32 1295
ar 62 1220
A2 106 2430

[ToHMXKEHUE PABHOBECHOM TeMIEPATyphl MPU MPUMEHEHUH XJIOPUCTOIO KaJbLUHsS MOXHO

OIpeAe/IUTh M0 SMITMPUUYECKOU GopMmylie
AT =0,0275C3. (4.32)

KO/IM4EeCTBO MHTMGUTOPA, BBOLMMOIO B CKBAXIHY, OIIPEIESIOT MCXOMA H3 BIaTOCOIEpXKaHHs
ra3a B [JIACTOBbIX U YCTHEBBIX YCJIOBUSIX, I6OUTA CKBaXXUHBI M HEOOXONMMOI KOHLIEHTPALIMH UHI -
pouTtopa.

JUist CBOEBPEMEHHOTO MpeypeXIeHNs THAPATO06Pa30BaHHs BAXHO IPAaBUILHO 060CHOBATH
HOPMY €ro pacxoza.

B HacTosiee BpeMsi, KaK [PABIIIO, HA YCTAHOBKAX PEreHePALIMH TIOTyJaloT METAHOJ C KOHIIEHT-
paumeit 96 % n Hixe. Pacxol HHIMOGUTOPOB THIPATOOBPA30BAHMS MOXKHO OTIPENETUTD 110 (hopMyJie

G- Whi,0G Lloo-¢,
G-G G-G

(84 + 8k ], (4.33)

rae G — pacxox uHruéuropa, kr/1000 m3;

W\y,0 — BI1arocoiepxaxue rasa, kr/1000 m3;

C| — HayanbHAas KOHLEHTpaLKs MHrHOUTOpa, Macc. %;

C, — KOHUEHTpaUKsl IHTMOMTOPA, TPeOYIOLAsACS LISt IIPEIyNPEXICHHUsI THAPATOOOpa3oBaHus,
Mmacc. %;

g,, — KOJIMYECTBO MHIMOUTOPA, Nepexosiiee B ra3oByto dasy, kr/1000 M3;

g, — KOJIM4ECTBO MHIMOUTOPa, PACTBOPEHHOE B YIJIEBONIOPOIHOM KOHAeHcare, Kr/1000 M.

KonlleHTpaunio HHrHOMTOpa, 00eCIIeuMBaIOIIy0 TpebyeMoe CHUKEHUE TeMITepaTyphl THI-
paTooOpa30oBaHusl, MOXHO OTIpeNeTUTh TpadMIecKy U3 pUCYHKA 4.9, a KOJIMYeCTBO HHIMOUTOpa, I1€e-
pexosiLero B ra3zoByto dasy, 1o (bopMyné

g, =0,001aC,, (4.34)

rie o — Ko3dhdULUEHT pacrpenesieHust (OTHOLIEHUE COAEPXaHUsl MeTaHoMa B ra3oBoil ¢ase, He-

00XOIMMOTO [UTS HACBLILLEHNSA ra3a, K KOHLIEHTpalli METaHOJIa B pacTBOPE), ONpe/esisieMblH 1o hopMyJie
o =1,97-10"2P % exp(6,54-1072T -11,128), (4.35)
rae P — nasnenue B cucreme, Mlla;

T — Temneparypa, K.
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AT, K

70

6 N

N/ 1

30 1“3//
/// /
20 //A/ /// l—LiC1;2—MgC12;3—NaC1;4—NH4OH;
///////// 5 —CaCl,y; 6 — CH;0H; 7 - 3rI'; 8 — I9T; 9 — TAT
7

PucyHok 4.9 — 3aBrcHMOCTD NOHMXKEHUS
TeMIIepaTyphbl r’HIPaTO00pa30BaHMs IPUPOIHOTO
0 p” 20 P 50 100 rasa c p = 0,6 oT MaccoBO# KOHLIEHTPALIUU
C, macc. non., % UHTUOMTOPOB

1

\

Konnuectso nHrnbuTopa B KoHaeHcaTe onpeaensiercsa popMyIon
& =0,01C,.q,, (4.36)

rae C,, — PaCTBOPMMOCTb UHTUOUTOPA B KOHAEH CaTe, Macc. %;

g, — YAENIbHBI BBIXOJ CBIPOTO KOHAeHcaTa, Kr/1000 M3,

Iipumep — Onpedeaums pacxod 96 macc. % memaroaa da5 npedynpexcoenus 2udpamoobpazosanus
npu caedyrouux ycaogusx: daeaenue P = 10 MIla, memnepamypa T = 278 K, memnepamypa 2udpamoo6-
pasosanua T, =292 K, koaunecmeo 600v1 6 2aze Wy 0= 0,2 k2/1000 M, Koaunecmeo cvipozo Kondencama
q, = 20x2/1000 M, pacmeopumocms memanoaa 6 kondencame C.=0,2 macc. %.

Heo0xo0umoe cnuxcenue memnepamypst cudpamoobpasosanus onpedesnemces no Gpopmyae

AT=T,—-T=292-278=14K.

Munumaavnan konyenmpayus memanoaa, obecnewusarowan AT = 14 K u onpedeaseman u3 pu-
cynuka 4.9, cocmaeasem 26 macc. %.

Kosgppuuuenm pacnpedeaenus, eviuucasemotii no popmyane (4.35), pagen

a =197-107%10°%-exp(6,54-10-2-292 — 11,128) = 11,357.

Onpedensem Koaunecmeo memanoaa, nepexodausezo 6 2a3o6yro Qazy u pacmeoparoOwe20ca 6 Ko-

dencame:
g, = 0,31x2/1000 M, g, = 0,04 k2/1000 m°.
Pacxo0 96 %-no2o unzubumopa 6 xkurozpammax na 1000 m> 2aza onpedeasiom no dopmyae

_0,2-26 10026
96-26 96-26

(0,31+0,04) ~ 0,45 k2/1000 »°.
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B ciyuae Mcce0BaHUs CKBAXHHBI B YCJIOBUAX, KOTIA B €€ MPOLYKLUHMH UMEETCA MUHEPAIH-
30BaHHAas BOIA, HEOBXOINMO [T0I06PaTh TAKYIO KOHIEHTPALIMIO METaHoJIa (B Macc. %), Mpy KOTOPO#

HE 6yneT MPOUCXOIUTH BBITAACHHUE KpMCTaJIHH‘{CCKOﬁ COJIU U3-3a HAJTU4YHA I/IHI‘VIGI/ITOpaZ

KoHueHTpauus MeTaHona 98,6 [ 95,6 | 93,9 90,7 | 88,0 | 85,4 | 82,8 | 80,1
CoaepxaHue colu 15 16 17 18 19 20 21 22

CienyeT yu4ecThb, YTO MMHEPATM30BAHHbIEC BOIBI B ONPEIEIEHHON CTENEHN CaMU MOTYT Mpet-
YIIpexXIaTh rMApaTooOpa3oBaHue Ta3os (pucyHok 4.10).

Ipumep — Onpedeaums pacxod mMemanoaa @ ycaosusx npusedennozo eévime npumepa. Cmenend
Mmunepaauzoéannocmu 600t — 16 macc. %.

H3 pucynxa 4.10 onpedeasiem KoHueHMPAuuio Memanoaa 6 cMecu ¢ MUHepaIu308anHol 6000i
16 macc. %, xomopas obecnewuéaem cHudceHue memnepamypst eudpamoobpasosanusa na 14 °C;
C, = 10 macc. %.

M3 npugedennsix eviule KOHUyeRmpauuii 600H020 pacmeopa MemanoAa caedyem, 4mo npu cmenenu
munepaauzayuu 16 macc. % u navaavnoi Konyenmpayuu memanoaa 96 % mozym evinadamsy Kpucmabl
coau. Tlosmomy nauarvhyro Kouuenmpauuro memanoaa cnuxcaem do 80 macc. %. Hcnoawsys gop-
myay (4.33), onpedeasem mpeGyembiii pacxod 80 macc. % pacmeopa:

B 0,2-26+100—10
80-10 80-10

(0,31+0,04) ~0,49 x2/1000 »m>.

Taxum o6pazom, pacxod 80 macc. % memanona 042 npedynpexycoeHus 2uopamoospazoeanus mu-

HepaauzoeanHoii 6000ii ¢ Konuenmpauuei 16 macc. % cocmaeasem oxoao 0,5 x2/ 1000 M eaza.

>

I, K

25
/I //2 //3 4

e

A/

e /
e
s
o

20

o4
/ 1—6 — conepxanne CH,OH, macc. %:

1-25;2-20;3-15;4-10,5;5u6—-0
/
Pucynok 4.10 — I[ToHMXeHHE TEMIIEPATYPbI
ruapaToobpa3oBaHuUs IPUPOIHOIO rasa
0 s % 5 OT MUHEpAIU3aLIHH BOJIbl B 3aBUCUMOCTH
MuHepanu3aLus BOIbI, Macc. 101., % OT cOoAepKaHuA MCTaHOJIa B IJIACTOBOM BOJIe

\\\\\

N\

(=
w
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4.4.5 OcoBeHHOCTH HCCeJOBaHUs CKBAXHH, BCKPBIBIIMX IUTACTHI C MIOAOIIBEHHON BOLOM

OcHoBHast 0COGEHHOCTb UCCITEIOBAHMS CKBAXHH, BCKPBIBLIMX IUTACTBI C TOAOILIBEHHOIM BOZIOH, —
BO3MOXHOCTb IPEXACBPEMEHHOTO OOBOTHEHMSA CKBaXXMH 3a CUeT 06pa3oBaHMsl KOHYCOB Boabl. MHTeH-
CUBHOCTB [TOABEMA M BPEMS TMPOPBIBA KOHYCA ITOJOLIBEHHOM BOIbI B CKBAKHHY 3aBUCAT OT ACTIPECCHH,
OIHOPOIHOCTH IUTACTA M0 pa3pe3y, MPOHULAEMOCTH, TONIIMHBI, TPELIMHOBATOCTH, CBOICTB HACKIILIAIO-
IIETO €O IUIaCTOBOTO (hiIoNAA, KOHCTPYKLMU CKBaXHHbI, CTENIEHN BCKPBITUS TU1acTa. [1piMeHsieMble
Ha TPaKTUKE MPUOIMXKXECHHBIE METOMIBI ONIPENENEHNST JOMYCTUMON NETPECCHM Ha TLTACT I1OMYYEHbI IS
CYLUECTBEHHO YTPOIIEHHOM MOCTAHOBKM MPOLIECCa KOHYCOOOPAa30BaHUS, YTO 3HAYUTEbHO CHUXAET
TOYHOCTb OLEHKH BO3MOXHOCTH OOBOIHEHMS CKBaXXUHBI PU e paboTe Ha paCYETHOM PeXUME.

J17151 OUEHKM OTTYCTUMOM NeNPECCHUH Ha TUIACT B UCCIIEyeMOI CKBAXHHE MOXHO IOJ1b30BATHCS
NMPUOIXEHHBIMH (popMyNIaMu

—p.)gh? 1 3| [k
AP,y < P2 P18 3 % _0,42gh(p, —p,), (4.37)

3 hlzc —Rcz h kB

AP, <{0,1(h—hy ) (py —p,)gl2P,, —0,1(h -k ) (p, —p,)gl}/?, (4.38)

rae P> P, — COOTBETCTBEHHO IJIOTHOCTH BOJIBI M ra3a B MJIACTOBBIX YCIOBUSIX;
h, h,. — ra3oHOCHas M BCKpbITast TOJILIMHBI [L1ACTa;
k., k, — ropu3oHTalbHAas U BEPTUKAIbHASI IPOHULIAEMOCTH;
P, — n1acToBoe naBieHue.

Ilo HafineHHBIM 3HaUYEHUSIM AP

o 3HAST TUIACTOBOE faBeHue P, BRIYMCISIOT 3a60iHOE 1aB-

senue P,. OnpenesieHHyo o oaHoi 13 GopMyJT IOMYCTUMYIO JAETIPECCUIO CJIEAYET PABHOMEPHO JIEUTD
Ha MpeanoiaraeMoe YMUCIO PeXHWMOB, Ha KOTOPBIX OyleT uccienoBaHa cKBaxuHa. Jlenpeccus Ha
KaXIOM peXHMe BbIYUCIACTCS U3 PaBEHCTBA AP, = AP /n,toei=1,2,3, .., n— HOMEp peXUMa;
n — oblliee 3alaHHOE YUCIIO PeXUMOB. Tak, HallpuMep, Ha MePBOM peXUMe AP, = I'AP, /n, a Ha
nocienHeM AP, = nAP, /n=AP .

JIAs HE3HAYUTENBHOM AOMYCTUMOMA AETIPECCUU KOHTPOJIb PEXXUMOB CTAHOBUTCS TEXHUYECKH
HEBBINIOIHUMBIM. B Takux cilyyasix pasneneHue Ha pexXuMbl OCYILECTBIISAETCS 110 AeOUTY Q1o TONTY-
YEHHOMY I1pU paboTe CKBaXXUHBI ¢ TOITYCTUMOM AeTIpeccHueit AP . Ucnionb3ys popmyiny Q, = i0,o/1-

Ilpumep — Ecau debum cxeaxcuno: npu ee paéome ¢ donycmumoii denpeccueii AP, Obia
Qyon = 900 murc. M>/cym u uccaedosanue npednosazarom npogodums na 6 Dpesxcumax, mo Ha nepeom pe-

wcume Q, = 1-900/6 = 150 moic. M /cym, na emopom Q, =2-900/6 = 300 moc. m>/cym u m.o.
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4.4.6 UccienoBaHue ropu30HTATLHBIX CKBaXXUH

[Ipu HccleN0BaHHU TOPU3OHTATBHOM CKBAXKUHBI, KAK PABUIIO, TpeOYeTCst GObIIM EPHOL
BpEMEHM JUISi CTAOWIM3ALMHK TTOTOKA ra3a. DTO BbI3BAHO F€OMETPUEH IMOTOKA, XapaKTEPOM NMPUTOKA
rasa ¥ GOJTBILIM IO CPAaBHEHMIO C BEPTUKATbHOM CKBaXUHON 00beMOM 3((MEKTUBHOTO IPEHUPOBAHHUA
ruacTa. bosiee IJTMTENbHBIIM [IEpHOA CTAGMIM3ALIMU MOXKET OBITh CBSAI3aH TAKXKE C TEM, YTO TPUMEHEHUE
TOPM30OHTATbHBIX CKBAXUH TIPEINOYTHTEBHO B TUIaCTaX C HU3KMMU (DUIBTPALIMOHHBIMU XapaKTe-
PUCTHKAMU.

O6paboTKa U WHTEPIIPETALIUS] PE3YIBTATOB UCCIEIOBAHMS Ha HEYCTAHOBUBLIMXCS PEXHUMAX
bUABTPALIMU OCYILECTBISETCA MO CIOXHBIM (DOpMyJiaM NMpUTOKa. B MpakTHKe OLEHKH TOOBIBHBIX
BO3MOXHOCTEH TOPU3OHTAIBHBIX CKBAXUH NPUMEHSIIOTCS Pa3IMYHbIE MOAXOAbl U MPUOIKEHHbIE
dopmybl, ykazanHble B Muctpykuunu 1980 1. [1] u meTonmnueckux paspaborkax [1, 34—37], koTopsie
3aBUCST OT TIPUHSTOIN MOJEM TIACTa U Pa3/IMYHBIX TOMYUIEHU! NpuU BbiBode (opMyi. TouHoe pe-
[IEHHWe 33024l O CTALIMOHApHOM IpuTOKe ra3a K I'C ¢ yyeToM IBYWIEHHOTO 3aKOHa (PUiIbTpalvi B
HacTosILIee BPEMs OTCYTCTBYET.

B03MOXHBI pa3IM4HbIe TOAXOIb] K AHATUTHYECKOMY OTNIpeNeIeHUI0 KO3POUIMEHTOB HUIBT-
paLIMOHHBIX COMPOTUBIIEHMIT a Y b TI0 M3BECTHBIM CBOKCTBAM IUIacTa U FeOMETpUM MoToka. Hampuwmep,
JUIs CXeMaTU3allMy PUTOKA B (PparMeHTe I1acTa, MpUBeIeHHON Ha pUcyHKe 4.11, koadduuneHTs!

GWIBTPaLMOHHOTO CONPOTUBNIEHUS a_, b omuckIBatoTCs HOpMyiaMu

_ “zPaTTrm _z Rc RK_hl .

ar(tp)————erkTCT L h1+Rclch+hl R | (4.39)
CTPaTTl'IJ'lz 2 Rc+hl h] RK_hl

b, =Perar m®) 2|1y - , 4.40
BLAAT., |h\ R Ro+h) (R+h) (449

rie 1 — KoahHULMEHT BA3KOCTH ra3a;
7 — KO3 UIMEHT CBEPXCKUMAEMOCTH Tasa;

T

" T, — TU1ACTOBas U CTAHAAPTHAsI TEMIIEPATypPBl Ta3a;

k — MPOHMLIAEMOCTb TUIACTA;

[ — K03(pDHUUMEHT MaKpOUIEPOXOBATOCTH NTOPUCTOM CPEebI;

L_— mnvHa ropu3OHTaIbHOTO y4acTKa CTBOJA;

h, — TOJIIMHA, ONPENENsieMast PABEHCTBOM /1 = h/2 — R, (h — obwas TommHa njiacra; R, —
pPaanyc CKBaXXMHBI);

R, — paccrosiHue 10 KOHTypa (pparMeHTa.

®opmybl (4.39) 1 (4.40) moy4eHbI JUTS1 TOCTOSTHHOTO 110 JUTMHE CTBOJIa 3a00MHOT0 NaBJIeHUs

M TIOJTHOTO BCKPBITHS MOJ0c00bpa3zHoro ¢hparMeHTa Iiacta JInHoM, paBHol L, = L .
’ ¢p r
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Hpyroil noaxon, npetoxeHH bl cnenuanuctamu 000 « l'aznpom BHUUT'A3», ocHoBaH Ha

MOJE/IbHBIX NPENCTABICHUSIX O IUIACTE U (PUIIBTPALIMOHHBIX IOTOKAX, PEACTABICHHBIX Ha PHUCYH-
kax4.12u 4.13.

Y&

PucyHok 4.11 — CxeMa 30HBI IPEHHPOBAHMS [J1ACTa TOPU3OHTAILHBIM CTBOJIOM
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PucyHok 4.12 — Mozaenbs ropu3oHTaIbHOTO [10JI0CO00Pa3HOTO [U1acTa

135



P T'asnpom 086-2010

. Monens GWIETPalMOHHBIX TOTOKOB!
| 30Ha — IUIOCKOMapauteibHast GUILTPalUs
2 30Ha — AByMepHasl puibTpanus

—a
P, 1 21 1 P,
Xk -h/2 Xy

11. Mozneb GIBTPalHOHHOTO MOTOKA (BCIOMOTraTe IbHass BUPTYalbHast):

1, 2’ 30HBI — IJIOCKOTIApALIebHAS (DUITBTPaLIMs B 9KBUBAICHTHOM TPELLMHE
r
i
[
1
i

P, 1 v 1 P,
E
H
1
o
Xy -h/2 0 h/2 Xy

PucyHok 4.13 — BepTukaibHOE ceueHHE M0J10C000pa3HOro I1acTa

CyIIHOCTB MOIXO0A COCTOUT B 3aMEHE CI0XHOr0 (GWIbTpallMoHHOoro notoka k ['C B obnacTy
OT MMHYC A/2 110 TUTI0C //2 Ha NPUTOK K KBMBAJEHTHOI 10 00beMy BepTHKaIbHOM TpeuinHe. Takas
3aMeHa BITOJHE KOPPEKTHA, TaK KakK C BBICOKON TOYHOCTBIO B 3TOM 00J1aCTU MOXHO 3aMEHUTh KBaapaT
CpelHeB3BEILEHHOTO AaBIeH sl HA CPeIHEeB3BCLLCHHbII KBa/paT naBjieHus. B pesysibrate pelieHus
MONYYEHbl aHATUTUYECKHE YPaBHEHMs, ONMCHIBAIOLINE ABUXEHHE TOTOKA OT «HOocKa» (KoHua ['C)
10 «TATKK» (Touka Bxofa I'C B IuiacT) W jajee 1o CTBOMY CKBaXKMHBI 110 YCThbs. PacueTHbie hOpMyIibl
MPOBEPEHb Ha MIPUMEPE YMCIICHHOTO PELIEHNUs] METOIOM KOHEUHbBIX Pa3HOCTEN HEIMHEHHOTO TpeX-
MEPHOTO ypaBHEHUS1 GUIBTPALIMU Ta3a B U30TPOITHOM IM010CO00PA3HOM TIIacTe M [10KA3aJIy BEICOKYIO
TOYHOCTb (0KON0 | %). PopMyna MPUTOKA ra3a K «MSTKe» MPY 06paboTKe [0 HEMOABUKHOMY CTOIOY

(I'C He 3anakepoBaHa) 3aMCHIBAETCA CIEAYIOLUM 00pa3oMm:
3 1
p2—p? zarqr+[br+ZCr)qr2, (4.41)

rae p, — NaBJIEHUE HA KOHTYpE I11aCTa;

p,, — nabinenue Ha Bxoae I'C B niact, paBHoe 3a60iHOMY B Nep(hOPHPOBAHHOM XBOCTOBUKE
WM B OTKpbITOM 3ab60¢ I'C;

a, b, C. — KoahHUUUEHTbl GUIBTPALIMOHHBIX CONPOTUBICHUH, NMPHYEM C. y4uTBIBAET 10~
MOJHUTEIbHBIC MTOTEPU Ha TOPU30OHTAIILHOM YYaCTKe CTBOJIA CKBaXKHHBI, KAK [TOKA3aHO B METOXMYECKOI
pa3paboTke [34]. B aHaIMTUUECKUX BbIPAXCHUSX IS 4, b, C,, IpUBEIEHHBIX B METOANYECKOH pa3pa-
6oTKe [34], yuTeHO BIMsIHUE Ha QUIbTPALIAOHHOE CONPOTUBIIEHHUE IIPOU3BOJILHOTO PACIONOXCHUA

TOPU3OHTAJIbHOI'O CTBOJIA MEXKY KpOBJTCI)JI W MOJOIIBOK TA30HOCHOTO HOJIOCOO6pa3HOFO rJiacra.
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Tlpu viccnenoBaHny 3anakepOBaHHBIX CKBaXHH (opMya (4.41) mpuBoauTes K BUIY
1
p,% _p)%ezS =a.q, +(br +ZCr + quf, (4.42)

rae 0 onpenensietrcs o ¢popmyiie (4.21).

s peiieHus BaXXHOH JUTsSl NPAKTUKM 3a1a4u OLEeHKH 3¢ dekTuBHocTi ['C He0GXOIMMO 3HATh
3naveHnss @EC no seeit TomuyAe ruiacra. Ecu npu coopyxenuu I'C cHavana 6ypuTcst BEpTUKAIbHbII
cront (BC), HeoOXonnmo npoBeeHMe Ta30AMHAMUYECKUX MCCaenoBaHuil 1 onpeneieHue OEC B
BC. Pekomennauun no ouenke MEC wist TaKOro ciiyyasi NpMBEAEHBI B TEXHUYECKUX PELICHUSIX [38].
3areM mo pesyabrataM uccienoBaHus BC M pacueToB Ha OCHOBE CO3NAHHON MOIETH BO3ZMOXHBIX
KoHcTpykuuit I'C npunumaetcs peuleHue o nenecoobpasHoctu 6ypennsa I'C. Tpu 3ToM «3apeska»
TOPU3OHTAILHOTO CTBOJIA OCYLIECTBIISIETCS B CKBAXKMHE MOCIE LIEMEHTUPOBAHUS BEPTUKAIbHOM YacTH
nponyKTuBHOTO IJacta. [locnenyrouine razonHamudeckue uccnenosanus I'C U conocrabieHue
K03 GUUMEHTOB (DUIBTPALOHHBIX COMPOTUBJICHHH C 10Jy4€HHBIMU paHee MpHU uccienoBaduu BC
AanyT HanboJIee NOCTOBEPHYIO OLIEHKY 3(D(hEeKTUBHOCTH AaHHOI FOPU30HTAIbHOM CKBaXUHBI.

Takoii moaxon ocobeHHO a(hbeKTUBEH Ha HOBBIX BBOAMMBIX B pa3paboTKy MECTOPOXKICHHSIX,
pa3BeJaHHbIX PEAKOH CEThIO CKBaXUH, KOTIa HEBO3MOXKHO C U3BECTHOM TOYHOCTBIO CIIPOTHO3UPOBATh
HeoOxonumble 114 pacyetoB I'C napameTpsl 1tacta. OTMeTUM, YTO Haubosbluas 3pHeKTUBHOCTD
npuMeHeHus I'C nocturaercs B r1actax ¢ MaJIbIMM TOJUIMHAMMU ¥ yXyaiieHHBIMU PEC.

BepoATHOCTB UCKaXeHUs1 MHAMKATOPHbBIX JIMHUH NP UCCIIEN0BAHUY FTOPU3OHTAIBbHOI CKBa-
>KMHBI 3HAYMTEJTBHO BBIILE, Y€M BEPTUKATIBHONW. DTO CBSA3aHO C MpodrieM ropu30oHTAILHON CKBAXUHBI,
BO3MOXHOCTbIO 00pa30BaHUs MOJHOTO WM YACTUUHOTO TMAPO3aTBOPA Ha TOPU3OHTAIBHOM Y4acTKe
CTBOJIa, OTCYTCTBMEM TOCTOBEPHBIX JAHHBIX O TMAPABINYECKOM COMPOTUBIEHUH (PUILTPOB, KOTOPHIMHU
000pyN0BaH TOPU3OHTAIBHBIN YYaCTOK CKBAXXKHMHBI MM OTKPBITOCTBIO CTBOJIOB MPU OTCYTCTBUH 00-
CaIHbIX KOJIOHH Ha FOPU3OHTAILHOM YYACTKe, IEPEMEHHOCTBIO 3200 HOT0 JaBICHUS 110 [JUIMHE 3TOTO
ydacTka. B cuity aT0T0, KaK M B Cily4yae BEpTUKATBHBIX CKBAXHH, OMPEAETUTDb HAlEXXHO 3TH NTAPAMETPbI
¥ TEOMETPHUIO NMOTOKA 110 JAHHBIM UCCJIENOBAHNSA CKBAXUH MPY YCTAHOBUBIIEMCS pexXUME (110 KO3d-
uumenTaM a u b) He NPeACTABIIETCS BO3MOXHBIM.

IIpu nccnenoBaHUM rOPU3OHTAIBHBIX CKBAXKH IUIACTOBOE U 3a00iHOE NaBJeHUE MOXET 13-
MEpPSITLCA:

- TI0 HEMOABUKHOMY CTOJIOY Ta3a (110 U3MEPEHUSIM JaBJIEHHUsI B 3aTPYOHOM ITPOCTPAHCTBE);

- IBUXKYIIEMYCS CTOJOY rasa;

- TaHHBIM U3MEepPEeHUs] NABJICHUS TTTYOMHHBIMU ITpUOOpaMHU.

ITpyu ananm3se pe3ynbTaTOB UCCIENIOBAHUS TOPU3OHTATBHOM CKBAXUHBI C IPUMEHEHUEM [ITy-
OMHHBIX NTPpUOOPOB 3a IUIACTOBOE JaBJeHUE U JaBJieHUe Ha 3a00e CleayeT [IPUHUMATh AaBjeHUE

BHYTPU JTU(PTOBHIX TPYO B TOUKE, COOTBETCTBYIOLIEH CepearHe IIMHbI BCKPBITHS TUIACTA.
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[pu NpoBeAeHNU aHAIN3a U3MEHEHHS TUIACTOBOTO JABJICHUS B MPOLIECCe PaspaboTKu MECTO-
POXIEHHUS (B TOM YKCJIE TIPU MOCTPOEHHH KapT U300ap) B KAYECTBE TL1aCTOBOIO JABJIEHNA CIEAYCT PU-
HUMATh JaB/eHNe HA COOTBETCTBYIOLLEH TMIICOMETPUYECKON OTMETKE, MPUHATOM B KauecTBe 6a30BOil.

B ciy4ae oTCyTCTBUSI BO3MOXHOCTH OITYCKaHUSI ITYOMHHBIX TPUOOPOB O CePENMHbBI ITUHEI
BCKPbITHS TLIACTa 3a00iHOE M IJIACTOBOE aBJAEHNE MOXHO 3aMEPATH B MHTEPBAJie, COOTBETCTBYIOLIEM
KpOBJIE I1acTa. 3HaYCHMsA 3aMEPEHHBIX JaBJIeHUI1 N1ePECUUTHIBAIOTCS (MPUBOMISATCS) K TMIICOMETPU-

YyeCKOM OTMETKE, COOTBCTCTBYIOLHCﬁ cepeanHe IUIMHBI BCKPLITUS TU1acTa.

4.5 VccnenoBanne CKBaXHH NMPH HeyCTaHOBUBILeHCA (HHIbTPAIMH

UccnenoBaHus CKBaXUH NP YCTAHOBUBIIEHCA GUIBTPALIUU ABIAIOTCS CPEICTBOM OIpenese-
HUSL OCHOBHBIX TTAPAMETPOB CKBaXHHbI, B IIEPBYIO OYePElb €€ NPON3BOAUTENBHOCTH. OHAKO OHU He
MO3BOJISIIOT ONPENENATH PUIBTPALIMOHHO-EMKOCTHbIE CBOICTBa TU1acTa. [103TOMY HIMPOKOE pacIipo-
CTpaHeHHeE MOJIYYWIN METOIbl NCCIIEN0BAaHMUSI CKBaXHMH TP HeycTaHOBUBLIelicA puibTpaunu. Heko-
TOpBbIE X BUIbI (HATIPUMED, UCIIOJIb30BAHHE KPUBBIX BOCCTAHOBJIEHMS IaBJIEHHU) HE TPEOYIOT OOJIBILIOTO
00beMa MaTepUaIbHBIX M BPEMEHHBIX 3aTPAT U MIO3BOJISIIOT MOTYYaTh HYXKHYIO MHGOPMALIHIO.

AHanu3 JaHHBIX UCCIENOBAHMSA CKBAaXHH IIPU HEYCTAaHOBUBILEHCS QUIBTpaLUK TPEOYET MPo-
BeJEHUA TPYAOEMKHX PAaCUETOB, YTO JIETKO YCTPAHUMO € IUMPOKUM BHEAPECHUEM KOMITBIOTEPHbIX TEX-
HOJIOTHI1 NIPY UCCIIEAOBAHUM CKBaXHH, B TOM 4UCJe MpHU 00pabOTKe Pe3yabTaTOB UCCIENOBaHUS.
[pu 310M Takke TpebyeTcss GUKCUPOBaHWE U3MEHEHUS AaBIEHNS M pacXola C BHICOKOW CTEIEHBIO
TOYHOCTH 4epe3 KOPOTKUE MPOMEXYTKH BPEMEHH.

[1pu npoBeaeHNH HCCIeTOBAaHUI TPU HEYCTAHOBMBILUXCS PEXUMaxX HE yIaeTCs ONpeAeTUTh
CTEIeHb YCTOMYMBOCTH IL1aCTa, TMHAMUKY TOCTYILUIEHUS XUIKOCTH B CTBOJI CKBaXXWHBI, Ta30KOH-
JEHCATHYIO XapakTepucTHKy. Ho onpenenuts koa¢hduureHTs GUIBTPALIMOHHOIO CONPOTHUBIICHHUS
[IPY 3TOM CIIOCO0E MCCIIEIOBaHMSI MOXHO C TAaKOM Xe CTETIEHbIO TOYHOCTH, KaK U TP NPOBEICHUHU
YCCIIeIoBaHMi MTPY YCTAHOBUBILEMCS peXnMe. [1py 3TOM Hapsiy ¢ MoTydeHUEM JaHHBIX O KO3ddu-
LeHTax (PUIBTPaLIMOHHBIX CONPOTUBIEHHIA MOCTYTTAET Y JOTIONHUTEIbHASA HH(POPMALIKS 00 YCIOBHUSX
paboThl CKBaXKHbBI, 0 GUIBTPALMOHHO-EMKOCTHBIX CBOMCTBAX IJ1acTa.

Ipu onpenenenun GUIbTPaAMOHHO-EMKOCTHBIX CBOMCTB IL1acTa 10 JaHHBIM UCCJIETOBaHUS
CKBa)XMH [pU HEYCTAHOBMBLUEUCS (DUIBTPALIUM HE PEKOMEHIYETCSA MOJHOCTBIO MoJIaraTbCsi Ha Mo-
JIydaeMble Pe3y/IbTaThl, TAK KAK OHU OCHOBaHbI Ha pellieHUM OOPaTHBIX 3aJa4 MOA3¢MHOU TUIpOras3o-
IMHAMUKH, KOTOPbIE OTHOCATCS K KJIaCCy HEKOPPEKTHO TOCTaBIeHHbIX. Pelienne nonoOHeIx 3anad4,
TO €CTb ONpeeIeHUe MapaMeTpOB TUIacTa U CKBAXWH, B pAIE CIIy4aeB SBJISETCS HEONHO3HAYHBIM.
JI71s1 oJlyYeHUsl OGHO3HAYHOTO OTBEeTa TPeOYIOTCS TOTTOMHUTEIBHBIE UCCIEN0OBAHUA U OOOCHOBAHHUS.
3a4acTyro pe3yabTaThl HCCASIOBAHUI MOTYT SIBIATHCS TOJBKO 1OKa3aTEIbCTBOM WIIH OTIPOBEPXKEHUEM

TOW MJIM MHOM I'MIOTE3bl O CTPOEHUM I11acTa.
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Mertonbt uccienoBaHus CKBaXXMH MPU HEYCTAHOBMBILEHCS (QUIBTPALINY CIICAYET OTHECTH K
KaTeropuu BHICOKOTEXHOJIIOTMYHDIX, TaK KaK TPeOyeT COOII0NEHHUSI COOTBETCTBYIOIMX MHCTPYKLIUIA,
a TaKKe IyGOKOTO 3HAHWS MEXaHU3MOB (DHITTpALUH (DIIIOMIOB, IIPOLIECCOB, POUCXOSIIIIUX B CTBOJIE
CKBaXXMHBI, TEXHUKU U3MEPEHMUS U TIepenayr HH(POPMALIUH.

4.5.1 TeopeTr4ecKue OCHOBBI HICCTIEN0BAHUSI CKBAXWH MDY HEYCTAHOBMBILEHCS (DYIBTpaLny rasa

I1pu nycke CKBaXUHBI B 5KCIUTyaTaLUIO JaBICHHUE Ha ee 3a60e HAUMHAET NMaNaTh, B IPU3a60ii-
HOM 30He 06pa3yeTcst BOpoHKa fenpeccuu. OT60p rasa 13 CKBaXMHbI IPUBOIMUT K POCTY BOPOHKH J1€-
NIPECCHH, a 3amackl Ia3a B TUIACTE YMEHBIIAKOTCA. DTOT NEPUOJL BPEMEHU HA3BIBAIOT TNEPBOii (ha3oil
ucroumeHus niaacra. Co BpeMeHEM BOPOHKM JETIPECCUN COCENHUX CKBAXUH COSTUHSIIOTCS U ITOCTE-
NEHHO IOXOAAT IO rpaHMLIbI I1acTa. [Tocae atoro otdop raza u3 CKBaXMHbI OCYLLECTBISIETCS 32 CUET
YMEHBLIEHHS 3aM1aCOB rasa U NajaeHus JaBjeHUS B C(OOPMUPOBABIIEHCS BOPOHKE AETIPECCUN. DTOT
MepHoJ BpEMEHU HA3bIBAIOT BTOPOit (pa30il HCTOUIEHUS TU1ACTA.

Ecnu ckBaxuHa nylieHa B 3KCIDTyaTalMio ¢ IOCTOSHHBIM AeOUTOM, TO JaBleHHe Ha 3a60€ COo
BpeMeHeM OyeT nagate. B Hauase, Korna BOpOHKa Aenpeccuy HeOObIlas, AaBAeHUE NafiaeT UHTEH-
cuBHoO. ITo Mepe pocta BOPOHKM JENPECCHMM TEMI NMaNEHUs NaBIeHUs 3aMeisgercsi. TeMIT MageHus
HaBJICHUSI MOXET OBITh HACTOJIBKO HE3HAYMUTEIbHBIM, UTO Ha TPOTSKEHUH ONPEAeIEHHOTO TPOMEXXYTKA
BpEMEeHU U3MECHEHUE IABIEHHS HE MOXET ObITh 3a(pUKCUPOBAHO U3MEPHUTEIbHBIMU ITPUOOPaMHU (Ma-
HoMeTpaMu). Hactynaer Tak Ha3biBaeMblif YCTAHOBHMBLIMICS PEeXUM paboThl CKBaXXUHBI. [ToHsATHE
YCTaHOBUBIUIETOCS PeXXUMa SIBJIAETCS YCIOBHBIM. Bee ornpenensiercs mepuoaoM BpeMeHH, Ha IpOTsi-
XEHUU KOTOPOIo MPUHUMAETCS, YTO HE MPOMCXOAUT U3MEHEHUSI TEXHOJIOIMUYECKMX TTOKa3aTeseil pa-
00TBI CKBAXXUHbI (1¢0MTa U 3a00MIHOrO NaBJIEHUS).

B nanbHeiilieM TeMn mageHust OyAET ONMpPeneasaThCsl OTHOLIEHUEM AeOuTa K 3aracaM ra3a B
macre. [Ipu HaIMYMKM B TIacTe CUCTEMBI CKBaXXMH Ha IMaJeHUE JaBIeHUs OKA3bIBAeT BIMUSIHUE VUH-
Tep(epeHLMs CKBaXUH, YUaCTBYIOLIMX B pa3paboTke 3aiexu. Eciii cKBaXuHa NylieHa B 9KCILIyaTa-
LUIO C MOCTOSIHHBIM 3a00MHbIM NaBIEHUEM, TO €€ NeOUT CO BPEMEHEM MafacT BIUIOTh IO MOJHOI
octaHOBKU. [Ipy mycke ckBaxXuHBI B paboTy (Ha HCC/IeA0BAHKME) ¢ HEKOTOPLIM (DUKCHUPOBAHHBIM
JIpOCCETUPYIOLIUM YCTPOICTBOM (11aiiboit) co BpeMeHeM HabiogaeTcs najgeHue 1aBJICcHUS U 1e0uTa.

OueBuaHo, yeM GoJbllie MOPUCTOCTD TUIACTA U 3aMachl rasa, NMPUXOIALIMECS HA eJUHHLLY
00beMa ropHOM NOPO/IbI, TEM MEUIEHHEE OyIeT MPOUCXOAUTH MPOLIECC UCTOLIEHHUSI, MEUTEHHEee HyeT
nagarh faBjieHUe (ITPU IyCKe CKBAXXUHBI B PA0OTY € MOCTOSIHHBIM 1e6UTOM). M HA060pOT, ueM Gobliie
MOABWXXHOCTD Ia3a B [1J1aCTe, TEM ObICTpee OyIeT paclpoCTPaHITHCS BOPOHKA IENPECCUU U POUCXO-
IWTb NiepepacipeieSieHUe 1aBleHKs B ruiacte. [1oBMXKHOCTD ra3a B IUTaCTe OIPEAe/IseTCs OTHOLLUEHUEM
TIPOHMLAEMOCTH TLTACTa K BA3KOCTH rasa (k/p,), re k — IIpOHHMIIaeMOCTb IL1AcTa, |t . — BSI3KOCTb Ia3a.

[MoaTomy crenyeT oxunath, 4To MpoLece nepepacipencacHus 1aBjIeHus B IuacTe (mpolecc ctabu-
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JIM3ALIMH [IOTOKA ra3a) OyIeT ONpeNeNAThCs IapaMeTpoM k/my_, Tae m — TIOPUCTOCTb TutacTa. bosee
CTPOTHIA aHAJIM3 OKA3BIBAET, YTO TAKMM aPAMETPOM JUIsl Ta30BOM CKBAXMHBI ABIAETCS KOIPOULIMEHT
MTbE30IPOBOJHOCTH Y, = kPCp/m“‘, raue Pcp — cpelHee JaBICHUE B [UIACTE.

C Tako¥ Xe CTENEHBIO YCIOBHOCTH, C KOTOPOH MPUHUMAETCSI HACTYIUICHHE YCTaHOBHUBLLIETOCH
TIPUTOKA ra3a K CKBaXxuHe, Bbiuessietcs IBe (asbl (CTaquu) pexXnma UCTOLIEHMS. [1pu TycKe CKBaXXHHBI
B paboTy najeHue AaBIeHMs B IUIaCTe PACTIPOCTPaHsIeTCs ¢ GOMBIIOI CKOPOCTbIO. OHAKO Ha 3HAYH-
TENTbHOM PAaCCTOAHMM OT CKBaXUHBI 3TO MaJeHUe HACTOJIBKO MaJlo, YTO 3apETUCTPUPOBATH €ro HE-
BO3MOXHO. EC/IM YCIOBHO BBLACIUTD HAJIUHAPUYECKYIO ITOBEPXHOCTH C IEHTPOM Ha OCU CKBAaXXUHBI,
TO NMPUTOK Ta3a BHYTPb 3TOM IMOBEPXHOCTH O Mepe YBEJIUUYEHH pannyca HMJIMHAPHUYECKON MOBEPX-
HOCTH OyeT yMeHblaThcs. M HaoGopoT, Mo Mepe YMEHbILEHHS paauyca IWIMHIPUIECKOM ITOBEpX-
HOCTHM pacxoll ra3a 6ynet pactu. [py MaTbix panuycax HIMIMHIPHYECKON [TOBEPXHOCTH, COU3MEPUMOA
C paIMycoM CKBaXMHBI, PACXojl Oy/ieT MpakKTU4eCKH paBeH JeOUTy CKBaXUHbI. MHBIMU ClIOBaMHU, B
OKPECTHOCTH CKBaXHMHBI PeAIU3yeTCsl KBa3MyCTaHOBUBILIascA (DUIBTPALIMs ra3a — pacxofi rasa yepes
JI00YI0 3aMKHYTYIO [TIOBEPXHOCTH Oy/IET ODHUM M TEM XK€, TO €CThb PACNpeleIeHUE aBICHUS B ITOM
30He OYIET TAKMM XK€, KaK U [Py ycTaHOBUBLIeHcs GUnbTpauru. [ToCKONBKY NPYU yCTaHOBUBILIEHCS
(buIbTpaLMK ra3a OCHOBHOE MajieHWE AABJICHHUS TIPOUCXOAMT B NPU3ab0iHOM 30HE, TO ISl pacueTa
fpolecca UCTOLIEHHMS TUIACTa HA TIEPBOM CTaIMM MOXHO ToJIaraTh, YTO MPUTOK Tasa K JIoOoi 3a-
MKHYTO# LIMJIMHIPHUYECKOM TOBEPXHOCTH B BOPOHKE JEMPECCUU MOCTOSTHEH M PaBEH JIEOUTY CKBa-
XuHbl. Toraa cBsi3b MeXIy HaYaJIbHBIM JaBJI€HUEM B TUTACTE W JaBJeHUEM Ha 3a00€ CKBaXUHLI BbI-
paxaeTcs 3aBUCMMOCTBIO BUAA

-Po=Een s, (4.43)

rae P_. — HavyaJbHOE NaBJIEHUE B ILIACTE;

P (1) — Tekyniee 3a001HOE NaBleHHE;

A — TOJIMHA 1J1acTa;

R — pajnyc CKBaXuHBbI;

R, () — paanyc BOPOHKH IETIPECCUH;

Q — 1e0uT, MpUBEASHHBINA K CTAHIAPTHBIM YCIOBUAM.

dopmyiia cripaBeTMBa WIS ciiydyasi GUIbTpalUU MACATbHOIO Ia3a U HE YYUTHIBACT PA3HULLY
[JIACTOBOI U cTaHAapTHOM TeMmepatyphl. IIpH Takux AonyleHUSAX MOXHO 10Ka3arh, 4TO pOCT pagnyca

BOPOHKH JeTpeccuu omnpenensiercs popMymoit

RA(t)=r2 +4xt ~ 411, (4.44)
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TOr;a

4yt
PL-P()="Lm ™ (4.45)
nkh r

rae t — BpeMs pabOTHI CKBaXHHBI ¢ 1e6UTOM (.

3a npenenaMu BOPOHKH JAeTIpeccHu (rpu r > R, (7)) Benn4nHa ckopoctu huibTpanuu Gyaer
HE3HaYHUTEIbHOH U €10 MOXHO TpeHebpeyb. [1oaToMy nmapaMeTphl riacra 3a rmpeaeaaMu BOPOHKH J1e-
TNpeCCUM He OyIYT BAMATH Ha U3MEHEHHUE TABICHHUS Ha 3a00€ CKBAXWHBI, TO €CTh YCIOBUS HA BHEITHE
TPaHMIIC IACTA HE OKA3BIBAIOT BIMSHHA Ha NIPUTOK ra3a K CKBaXWHE 10 TeX Mop, moka R, (1) < R,
rae Ry — panuyc BHELUHeH rpaHuULIbI TUTacTa.

B Takux ycioBusx ckpaxuvHa paboTaeT Tak, Kak OHa paboTaia 6bl B ILIaCTe HEOTPAHHUUYEHHOTO
pa3mepa (B 6ecKOHeYHOM IL1acTe). Co BpeMeHeM BOPOHKA HETIPECCHH JOCTUTAET BHELHEH IPaHMIbL
nnacta R (f) = Ry ¥ yClIOBUSI HAYHYT OKa3bIBaTh BAMSIHUE HA PAbOTy CKBaXMHBI [1pu 3TOM Hamo
UMETb B BUIY YCJIOBHOCTh BbIAEIEHMS IBYX (ha3 UCTOLUEHUS M1ACTa M YCJIOBHOCTD CaMOM BOPOHKH
aenpeccun. CTporo roBopsi, rpaHUYHbIE YCJIOBUSI HAUMHAIOT OKA3bIBaTh BJIUSIHUE C CAMOTO Hayala
MyCKa CKBaXMHBI B IKCILIYaTALMIO, HO 3TO BJIMSAHUE CTOJIb HUUTOXKHO, YTO UM MOXHO MPEeHEOpeUb.

B onHoponHOM 1uiacte, MMeIOLIEM TOCTOSIHHYIO TOJIIMHY, IIOPUCTOCTb U MTPOHULIAEMOCTD,
V3MEHEHHUE NaBJICHUs IS Cliydasi paboThl CKBaXXMHBI, PAcloONOXEHHOM B LIGHTPE ILJ1aCTa, KOTOPBIi

MOXHO CXeMaTU3UPOBaTh B BUNE LIMJIMHIPA, BbIpaxkaeTcsl AMddepeHIMaNbHBIM YPABHEHUEM

1o op\ muop
——| = |=—=. 4.4
rar( 6r) k ot (4.46)

OTO ypaBHEHUE MOJYYEHO Ha OCHOBAHUM CUHTE3a YPaBHEHUH HEPA3pBIBHOCTU (YpaBHEHUS
MaTepHaibHOro fajaHca), IMHaAMHUYECKOro ypaBHeHUst (pruibTpaLnu — 3akoHa Jlapcu, M ypaBHEHUs,
CBSI3bIBAIONIETO 3aBUCUMOCTD TUIOTHOCTH Ta3a OT 1aBJICHUS.

I1pu HeOoMBILIOM THMania30He U3MEHEHHSI JaBJICHUS MTOC/IEIHEE YPaBHEHNUE, BSIOIEECS He-

JIMHENHDBIM [10 OTHOIUEHHUIO K PYHKUMHU P(r, ) MOKHO JIMHEAPU30BaTh U IPUBECTH K BULY

2 2
10,,00" _ mu " (4.47)
ror - or kR, ot

Ecnu 0603HaYUTE

P2, M _ X
kP,
TO MOCJIEIHEE BBIPAXEHHUE ITPUMET BT
1of,,0u)_10u (4.48)
ror\_ " or) vy ot
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D710 ypaBHEHHE BCTPEYAETCA BO MHOTMX OO/MACTSIX MaTeMaTUYeCKON (pu3MKku. B yacTHOCTH,
3TO ypaBHEHHUE LINPOKO UCTIO/IB3YETCA MPH pacueTax HeyCTaHOBMBLIEHCS (PUIbTPALIMK HE(TH K CKBa-
xuHaM. [To3ToMy ¢ LIeIbI0 MCMOIb30BaHUs! OOIBLIOIO OMNbiTa MIPUMEHEHUS 3TOTO YPaBHEHUS Lee-
co06pa3HO UCIIO/Ib30BATh JIMHEAPU30BAHHOE YpaBHEHUE (PUIBTPALIMH Tasa.

Pemenuie ypaBHEHUs 1/t CIIy4dast, KOTa YCJIOBUS Ha BHELIHEH IPpaHUIIC TUTACTa HE OKa3bIBaioOT
BIMSIHMSI Ha pabOTy ra30BOi CKBaXXMHbI (Cydail 6ECKOHEYHOro IU1acTa), MMeeT BUll

P 2
Prn-pt Qe p| T

Hay Ynkh i _4_X.t : (4-49)

D10 BbIpaXeHUE CIIPABELINBO, KOIa 1e6UT CKBaXXUHbI TIOCTOSHEH BO BpeMeHH. DyHKuus
— E(—x) sABNsieTCA MHTErpaibHOM N0Ka3aTelbHON dyukumeit. Tabauubl ee 3Ha4YEHUH MTPUBEIEHDI B
psilie CrIpaBOYHMKOB WK MOTYT OBITh PACCYUMTAHBI NIPU TIOMOLUM TEX WJIM MHBIX TIPOTPaMMHBIX MPO-
IYKTOB, MpeIHA3HAYEHHBIX /TSI MATEMaTU4YECKHUX PacYETOB.

C BBICOKOI CTENEeHbIO TOUHOCTH BrIpaxeHue (4.49) MOXHO MPEeICTaBUTh B CIEAYIOILIEM BUe:

QuF,
PX(r,)=PL, - S ¥ (4.50)

rac

T=—7. (4.51)

DopMynsl (4.50) 1 (4.51) TO3BOJISIIOT OLEHUTh U3MEHEHNE NABJIEHUs B IJIACTE MPU ITyCKe
CKBaXMHBI B pabOTy U OLEHUTh CKOPOCTb U3MEHEHUSI BODOHKH JENPECCUH. 3HAs MbE30MPOBOXHOCTD
IJ1acTa ¥ rMAPOTIPOBOIHOCTD U YYNThIBAs BEJIMYUHY U3MEHEeHUs aasnenus (P, — P(r, 1)), MOXHO
paccuMTaTh PaCCTOSIHUE 7, HA KOTOPOE PaclipoCTPaHUIACH 3a BPEMs ! BODOHKA ACMPECCHH.

I1pu npoBeieHU U MTPAKTUYECKHUX PACYETOB BRIPAXEHUE LIS Pz(rc, ) IpUMET BUI

P 2,25yt
P2 1 :P2 _Q“’ T Inl 2
D= Fa = ™ 2

C

(4.52)

JlaBjieHMe, onpeelisieMoe 1o npubIxKeHHOo hopMmyre (4.45), yI0BIETBOPUTENBHO COOTBET-
CTBYET 3HAYEHUAM JABJICHUS, KOTOpbIe onpenessiiores: popmyioit (4.52).

[pu punbTpaLMK peaJbHOTO ra3a B IUIACTe, B3KOCTb U TUIOTHOCTL KOTOPOI'O 3aBUCAT OT JaB-
JIEHUsI, TAKKE KaK M TIPOHULIAEMOCTb IL1acTa, BeUuMHy P2(f) Heo6X0AMMO 3aMeHUTh dyHKImei Jleit-

6eH3oHa R(P):

R(P)=| E1%@@, (4.53)

p)
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roc

e ()= B2, () - K2,
Hro kcp

Torna Belpaxenue (4.52) npumer Bun

R(0)—R(r) = %@0)- (4.54)
cp

Kak npasusio, npu onpeneseHnu GyHKuuyu JeibeH30Ha IPUHUMAIOT BS3KOCTb ra3a M po-
HUIIaeMOCTb IIaCTa IOCTOSTHHBIMU BEJTMYMHAMU, COOTBETCTBYIOIIMMU CpeIHEMY IABJICHMIO B TUIACTE.

IltoTHOCTE Ta3a PacCYUTHIBAIOT 110 CIAEAYIOLIEH 3aBUCHUMOCTH:

pT.
Pr(P)=Prcr —zT;T : (4.55)

cT

KoaddrumneHT cBepxcXMMaeMOCTH ra3a z TakKe MPHHUMAIOT CPEJHMM Ha PACCMaTPUBAEMOM

Iuana3oHe U3MEHEHUS NaBjieHus. Toraa BoipaxkeHue (4.52) OyneT UMeTh BUT,

py-p2 =Pk , '
(1) Pray i PO (4.56)
rac
2,25x¢
o(t)=In| 2K (4.57)
F.

C

@®yHkuMIO ¢(f) Ha3biBaIOT HYHKIUeH BiausiHISA. OOpaTUM BHUMAaHHME Ha CIIELYIOLINE CBOMCTRA
3TON PYHKLUH.

Bo-nepBbix, 3Ta GyHKIUA NONOXHUTENbHASI, BO-BTOPBIX, €€ MPOU3BOMHAs TI0 BpEMEHU @' (1)
MOJIOXKHTEIbHas U yObIBalollas. Bropas npoussoaHas orpunateabHas. COOTBETCTBEHHO, BCE MTOCIIE-
OYIOIINE HEYETHbIE IPOU3BOAHBIE — MOJOXUTENbHbIC, @ YETHbIE — OTPULIATE/ILHBIE.

B Teopu# nosnst nokaspiBacTCsl, YTO B 0O11IEM ClTydae UIsl IJIACTa IPOM3BOJIBHOIO CTPOEHHUSI C I1e-
PEMEHHBIMH T10 MIPOCTPAHCTBY QWIBTPAIIMOHHO-EMKOCTHBIMU CBOMCTBAMU M3MEHEHUE NaBASHUS Ha
3a60€ CKBaXUHBI OyIET OIIPENESATECS BhIpOXKeHNEM THIIA (4.56). Bl dhyHKIMY ¢(7) OyneT onpenesThes
reoMeTpuel iacta, xapakrepom nsmenenus ®EC ruiacra, ycaoBUsIMU HA TpaHULIAX [U1ACTA. SHAYCHUS
(GYHKUMH @(f) MOTYT OBITH ONPEAE/IeHbI PeIIeHUEM YPaBHEHHS DUILTPAllMM Ta3a ¢ IPUMEHEHUEM CO-

BPEMCHHbLIX BEIYHUC/IUTCIIBHBIX KOMITBIOTEPOB. I/]HOFI[a (I)YHKI_II/IIO BJIMAAHMS BBIPaXKaloT B BUIC
2 2
PX(1)- Pay =—00(t). (4.58)

ITpu Takom onpenesieHNK PyHKIIMUS BIUSTHUSI TPUHUMAET OIpPeIeIeHHbIA (PU3NUECKUI CMBICT:
(GYHKUUSA BIUSHUS TIPEACTaBIIsIET CO00M M3MEHEHME BEIMYMHBI KBAalpaTa JaBlIeHUs Ha 3a60€ CKBa-

KUHBI, BbI3BAaHHOE paboToii CKBaXXUHBI MPU 1e0UTE, pABHOM €IUHULIE.
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B TEOPHUH MO TAKXKE JOKA3bIBACTCH, YTO HE3ABUCUMO OT CBOMCTB IJ1acTa U TpPaHUYHBIX YCJIO-
BUi1 (bYHKI_II/[H BIIUAHHWUA — [TOJOXHUTCIIbHAs (I)YHKHI/IH, €€ HeUYE€THas Npou3BOaHad ABIACTCS TOJIBKO
MOJIOXKUTEJIBHON BEeJIMYMHOM, a YeTHad Mpou3BoaHas — OTpMI.IElTCJIbHOﬁ.

CaenoparesibHO, PYHKLIMA @(f) oOnanaeT caeayommMu CBOMCTBaMU:

do(t) _ . d’(t) _ o) d*e()
1)=>0; >0; <0; >0; <0. 4.59
o) dr dr? dr’ dr* (*-9)

Kaxk oTMe4anoch BhIlLE, [IPU IMyCKEe CKBAXUHbLI B pa60Ty C MOCTOSIHHBIM AEOUTOM TEMIT U3ME-
HEHUS JaBJCHUS CO BPEMEHEM HE OCTACTCA MOCTOAHHBIM. Ecinn Ha BHEUIHEN rpaHHULEC IJ1acTa 1noa-
JNEPKMUBAECTCSA MTOCTOAHHOE JABJICHUE, TO CO BPEMEHEM M3MEHEHHUE NaBJICHUS MNpEeKpaTUTCA U 6YIICT

coboaaThCs YCJIOBUC

lim @(#) = const, (4.60)
{—o0
Wi
lim ¢(£) =0. (4.61)
t—H®

J11151 OTHOPOLHOTO 6ECKOHEYHOTO TUIACTa IPH OOTBLIMX MOMEHTaX BPEMEHH f (PYHKILIVA BI1M-

HUA NPpUHUMACT BUI

lim @(¢)= A+ Blnt, (4.62)
t—o
nin
lim (p(t)z—Bi. (4.63)
t—»00 t

Eciu rutacT 3aMKHYT (OrpaHUYeH ), TO TTOC/Ie TOCTHXKEHUSI BODOHKOM AENPECCUH TPAHULI IL1acTa
HauyHeTCsl pABHOMEPHOE TaJlcHUe JaBIeHMs BO BCEM IIacTe, B TOM YUCJE U Ha 3a00€ CKBaXHMHBI.
B sTom ciydae P(r,, t)/z OyleT TMHEAHO 3aBUCETh OT OTOOPA Ia3a, TO CTh OT BEIUYUHBI gf (OT BpeMeHU
{ IUI pacCMaTpUBAEMOTO CTyYast, Koraa BeJinurHa Q NocTosiHHast). Torna npy JUIMTEIbHbIX MHTEPBaJIax

BPEMEHH TOJIy4aeM
lim@(f) = Byt, (4.64)
15805
lim ¢(#) = B, = const. (4.65)
Bel1e 6bUT pACCMOTPEH CJiydaii TMHEeHOM (GuibTpaliuy rasa B ruiacte. B npu3aboiiHoi 30He
HaOJII0MaeTCsl HapylieHue JUHEeWHOTo 3akoHa. K moTepsM naBieHus1 NpUOABIAIOTCS MOTEPH, CBS-

3aHHbIE C HapylleHHeM 3akoHa Japcu. DTH moTepu MPOMCXOIAT HEMOCPEACTBEHHO B TPU3a00HHOM

30H€E, ri€ IIpU U3BMCHCHHUU pEXHUMa pa6OTbI CKBaXWHbI MPAaKTUIECCKU MTHOBEHHO HACTYINAET yCTAHO-
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BUBILIMIACS peXUM (pacxof raza yepes o0yl LWIMHIPUYECKYIO TOBEPXHOCTh, OTPAHUUYEHHYIO KPOB-
Jiedl ¥ TIOJIOIIBOM ILIACTa, OOUH U TOT Xe). B CBSA3M ¢ 3THM JOMOIHUTENBHBIE TIOTEPH, CBA3AHHbIE C

HapylleHUEM JIMHEHHOr0 3aKOHA, MOXXHO PaCCUMTHIBATH IO (hOpMYIIe
Apros =b0?, (4.66)
TO €CTb CBOIATCH K BUIOY
P2 P2 _ 2
Hay (t) —Q(Pl(t)+bQ . (4.67)

MoxHO yTBepXIaTh, YTO MOTEPU NABJIEHHUS HAa KBAAPATUYHOE CONPOTUBIEHUE HOCST «KECT-
KU#» XapakTep. DT MOTEPH MOCTOSIHHO MPOTMOPLMOHATIbHbLI KBaJpaTy AeONUTa CKBAXUHBI, NaXe B
YCIJIOBUAX IMOCTOSIHHO MEHSIIOLIErocs pacxoa.

Hekotopoe u3MeHeHHe K03hbULIMEHTa MOXET HaGII0OaThes! B IIPOLIECCE HEYCTAHOBUBIIIETOCS
NPUTOKA rasa Npu U3MEHECHHUH €T0 NOTOKa B Npu3aboliiHoi 30He. Harpumep, 310 siBeHKe GyneT Ha-
OonaThCs B CKBaXWHAX, THAPOAMHAMUYECKH HECOBEPIIEHHBIX 10 CTENEHU BCKPBITUS.

Bhile Obu1 pacCMOTPEH ciyyait U3SMEHEHUsl 3a00MHOTO IaBIE€HUs CKBaXUHbI IIPU MOCTO-
SIHHOM JcOuTe.

B cnywae mepemenHoro nebura mis aHanM3a U3MEHEHHs 3a00HOrO JaBIEHUS] UCTIONb3YIOT
MPUHLIMI CYNEPIO3ULIUUA. DTOT MPUHLIMIT MOXKHO MPUMEHSTH IIPU OTHOCUTEJIBHO HEOOMBIIOM nHa-
Na30He U3MEHEHMA JaBlieHUs1. Eciu gaBneHue B npoiecce GUAbTpallMu U3MeHsAeTCd He 6oJiee 4eM
Ha 10 % — 15 %, npMMeHeHue 3TOro PUHIIKIIA TOMYCTUMO. B 3TOM ciTyuae MHeapu3auus ypaBHeHUS
HEeyCTaHOBUBILENCS PUIBTPALIMK ra3a TakKe BIOJTHE AONMYCTUMA. TIPUHLIMI CYTIEPIO3ULIMH 3aKTIO-
4aeTcs B alredpanyeckoM CyMMUPOBAHUH MMITYJIbCOB, BbI3BAHHBIX PAa3/IMYHBIMU UCTOYHUKAMHM BO3-
MYILEHUS.

Ilycts ckBaxnHa B uHTepBate 0 < ¢ <7 pabortana ¢ 1e6UTOM Q,. Torna B MoMeHT BpeMeHu T'

IaBJieHue Ha 3a60¢e 6yneT onpeaensaTbest GopMyIoit
PL, —PX(1)=0i¢,(T)+b0}. (4.68)

Ecin xe B MoMeHT BpeMenH £, (0 < 7, < T') 1e6UT ee U3MEHWICS U CTaJl PABHATHCA 0,, Torna
M3MEHEHHUE JaB/ICHUA [T0CJIE MOMEHTa BDEMEHU MOXHO pacCMaTpUBaTh KaK CYMMY H3MEHEHHUS IaB-
JIEHUS] OT IKCIUTyaTallM CKBAaXMHBI C HAYTbHBIM €6UTOM Q; M M3MEHEHHS JaBJICHHs1, BbI3BAHHOTO
M3MeHeHUeM neburta. MsmeHeHne nebrta (M3MeHEHKME BO3MYILIEHUS) PABHO 0, — Q,. 910 npudas-
JIEHHOE BO3MYLIECHHE ICHCTBOBATIO K MOMEHTY BpEMEHU B TeueHue nepuona T — ¢,. Torna nasieHue B

MOMCHT BpEMCHH 6YI[CT OonpeacaaTbCA U3 BbIPpAXKCHUS

PL,— P ()=00(T)+(Qy -Q)-¢, (T —1,) + bQ3. (4.69)
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4.5.2 T'a30rApOAMHAMUYECKHUE METOMBI UCCIIEIOBAHUS CKBAXWH IPU HEYCTAHOBUBLLIMUXCS PE-
KHUMax GUIbTPALIUU

B HacTosllee BpeMsi MCINOJB3YIOTCS [1Ba METOJA UCCIENOBAHMS Ta30BbIX CKBAXUH ITPU HeE-
YCTAHOBUBLIMXCS peXuMax (pUuabTpaluu:

- CHAATHE KPUBBIX BOCCTaHOBNeHUs 3a00iHoro napneHus (KB/) nmocie 3akpbITHs CKBaKHHBI;

- CHSITME KPMBBIX CTAOMIM3allMK 3a00WHOr0o NaBlEHMS W JeOMTa IPU MyCKe CKBAXUHBI HA
OTTpEACICHHOM PEXUME.

DTY METOXBI NTO3BOJIAIOT OTIPEAETUTD IPOBOIUMOCTD, TBE30MTPOBOIHOCTD, MOPUCTOCTD IJIACTa,
a TAKXKE BBISIBUTH 30HbI C PE3KO BHIPAXXEHHOW HEOTHOPOAHOCTbIO, HAXOAALLMECH B 00JACTH IPEHU-
POBAaHMUS UCCIAEAYEMOl cKBaXUHbI. COBMECTHOE UCIOIb30BAHUE KPHUBBIX BOCCTAHOBJIEHUS U CTA0HU -
NU3AIUK JABJISHUS TIO3BOJISIET OLEHMBATh TAKXE U3MEHEHME ITapaMEeTPOB IJ1acTa B [polecce paboThl
CKBaXMHBI.

4.5.3 TexHos10THS MOJYYEHNUST KPUBOM BOCCTAHOBJIEHUS NaBIEHUS

[Mepen cHATHEM KpUBOI BOCCTAHOBJIEHMS AABJACHUS CKBAXHHY MOAKIIOYAIOT K ra30IpoBOIy
(uwteiicy, KOUIEKTOPY), coenrHsoeMy ckBaxuHy ¢ YKIIT, win K IMHUM UCC/IeIOBaHUS C BBIITYCKOM
rasa B atMocdepy. [1py 3TOM perucTpUpyIOT U3MEHEHHUE AABICHNS Ha YCThe CKBAXUHBI, B YaCTHOCTH
B 3aTPyOHOM NPOCTPAHCTBE, ECJIM OHO HE 3allaKEPOBAHO, a TAKXE [JaBICHUE U TEMITEPATYPY Ha H3Me-
puTesie pacxona rasa u Ha 6ydepe. Ecnu ckBaxuna nepen cHsitueM KBJI He paboTana, To ee mycKaioT
B paboTy, PETUCTPUPYs NIPH 3TOM MPOLIECC CTAOWIU3ALINH NaBIEHUSI Ha 3a00€ (YCThe) U 1€OMT CKBAXUHBI
Bo BpemeHHU. [lepen custruem KBJI naBieHue U 1eOMT TOKHBL OBIT MOJIHOCTBIO CTAOMIM3UPOBAHbI,
TaK Kak [Ip1 00paboTKe pe3yabTaToOB UCCAeI0BaHMS Ha HEYCTAHOBUBLIMXCS PEXKUMAX B KaYeCTBE UC-
XOMHBIX JAHHBIX UCIIONB3YIOT CTAOMIN3UPOBAHHbIE 3HaYeHUS 3a00HHOr0 AaBleHUd U 1e6uTta. 3aTeM
3aKpPBIBAIOT CKBAXHMHY U PETMCTPUPYIOT U3MEHEHUE NaB/IeHUs Ha 3a00€ WJIU Ha YCThe KaK B TPYOHOM,
TaK ¥ B 3aTpyOHOM NPOCTPAHCTBE, a TaAKXKe TeMrieparypy rasa. Eciu KB]l cHuMaeTcs Ha 3a6oe ¢ auc-
TAHLUMOHHO perucrpalLueil 3HaueHUii 1aBJIeHUsI BO BDEMEHHU Ha [TOBEPXHOCTH, TO U3MEPEHUS TEMIIE-
paTyphl MocJIe 3aKpbiTUsL He Tpebyetcst. Eciu pasHuLa Mexay 3a001HOM 1 yCTbeBOM TeMIIepaTypoil B
npoluecce paboThl CKBaxKHbl He3HauuTeapHas (1o 10 °C), To U3MEHEHHE TEMIIEPATyphl B Mpoliecce
BOCCTaHOBJICHUS JaBJEHUS HE cKasbiBaeTcd Ha ¢hopme KBJL v moiyyeHHasi KpuBas noaaaercs odbpa-
6otke. OnMcaHHOe BHILIE YCIOBUE PUEMIIEMO U TIPH CPABHUTEIBHO HEBBICOKMX TEMIICpATypax rasa B
rwacte. Eciiu TeMriepaTypa rasa B T1acTe BbICOKasi, TO MOCJIE 3aKPBITUS CKBAXHHBI TPOMCXOAMT OCTHI-
BaHUE ee CTBOJIA 10 BEJIMYUHBI [EOTEPMUYECKOTrO pacipeaeieHrsl TeMIepaTyphl 10 NIyOMHE, U OXJ1aX-
JIeHVe ra3a B CTBOJIE CYLIECTBEHHO BiMsieT Ha xapaktep KB/, cHATOM Ha yCThbe CKBaXXKHHBI.

Ecau paboTta CKBaXMHBI IEpe]] ee 3aKPhITUEM XapaKTepPU3yeTCs YacToM CMEHOW HEYCTaHO-

BHMBLIMXCS PEXUMOB, TO HEOOX0AMMO (PUKCUPOBATh YKa3aHHBIE [TapaMeTPbl Ha BCEX PEXMMaX paboThl,
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npenmectsyrolux cHaThio KB/1. B ckBaxuHax, He MMeIOLINX CBOGOIHOTO 3aTpyGHOro MPOCTPAHCTBA
(TIpY OTCYTCTBUH JIMMTOBLIX TPYO MIIM 0GOPYIOBAHHBIX MAKEPOM), a TAKKE [IPU HATUYMH B CTBOJIE
CKBaXWHBI 3HAYUTENIBHOTO Kofu4decTBa xuakocti KBl nomkHa cHUMaThed Ha 3a60€ ¢ [OMOIIBIO
r1youHHBIX MaHOMeTpoB. CHatre KBJI Ha 3a60e NmpennoyTuTenbHO BO BCEX CIyyasix, 0COGEHHO B
BBICOKOIEOMTHBIX CKBAXHHAX, PA0OTAIOIINX C MATTBIMU JETIPECCUSAMMU W BCKPBIBAIOLIHX [LTACTHI C BbI-
COKOU TeMIIepaTypoil.

4.5.4 OnpeneneHre NapaMeTpoB IU1aCTa M CKBAXHMHBI 10 KPUBBIM BOCCTAHOBJIEHUS JABJIEHUS]

Hawubosnee pacnpocTpaHeHHBIM METOIOM OTIpe/Ie/IeHUs] MApaMeTPOB TUIACTa MPH HEYCTAaHO-
BUBIIECHCS (DUIBTPALIMU SABJISIETCS CTIOCO6, OCHOBAHHDBIiA Ha CHATUM KPUBOIi BOCCTAHOB/IEHHS AaBIeHHs
1 00paboTKe NaHHbIX €€ MoiyyeHusi. JlaHHbI crnocob onpeneneHus MapaMeTpoB TUIACTa SIBASETCS
3G@EKTUBHBIM U MOJTYYMBILUM IHUPOKOE PACTIPOCTPAHEHMUE.

[Tpu nccnenoBaHMM CKBaXUH Ha HEYCTAHOBUBLIMXCS pexXMMax HEOOXOIUMO 0BeCIeYnTh MO-
JyyeHue JaHHbIX 00 U3MEHEHUH 3a00MHOIrO MABJIEHMS M PACXONA C BHICOKOI CTEMEHBIO TOYHOCTH.
B Hacrosiiee Bpems M3MepeH1e JaBieHUs] BO3MOXKHO C BHICOKOI CTEIIEHBIO TOYHOCTHU, TOCTATOYHOM
IUTSl pellIeHMsl TTOCTaBAeHHON 3anauu. [1pu cHATUM KPUBOIl BOCCTAHOBIEHUS JABAEHUS TIOSIBIISIETCS
BO3MOXHOCTb OMPEJEICHUsT PaCcXola ra3a ¢ BBICOKOH JOCTOBEPHOCTHIO. DTOT pacxon Jubo paBeH
HYJO (TMPU 3aKPHITHU CKBaXWHBI), TM60 YBEPECHHO OIPEAEISIETCS 110 H3MEHEHUIO 3a00MHOTO H yCTh-
€BOro naBjieHui. [lJist onpeeyieH|s NapaMeTpoB IUIacTa OO0JbIIOE 3HAYEHHE UMEIOT MHTEPBAJIBI Bpe-
MEHH, Ha KOTOPBIX OCYIIECTBISIIOCHh U3MEPEHUE PAacX0oa U NaBIeHUsI. [l uHTepripeTanny JaHHbIX
KB/l 04eHb BaXHBI IaHHbIE, TOTYYEHHbIE KaK Ha GOJIbIIMX IIPOMEXYTKAX BPEMEHH, TAK U HA MAJIBIX.
OnHako npu MajbIx MPOMEXYTKaX BpeMeHU (HECKOJIbKO CEKYHI) TaHHbIE NU3MEPEHUS He SIBJISIFOTCS
MPEACTABUTEIbHBIMU. DTO CBA3aHO C IByMS BUIAMMU ITPUYUH: TEXHUYECKMUMU U METOIUYECKIMU.

[To TexHUYECKMM NPUYMHAM 3aKPbITHE CKBAXHHbBI 3aHUMAET OIpeneIeHHbII EPUOI BpeMeHH,
MO3TOMY BpeMsl TTOCJIe 3aKPBITHA CKBAXXUHbI OTNIPEIENSICTCS ¢ HEKOTOPOM MOTPELLHOCThI0. Takke BO3-
HUKAIOT MOIPeIHOCTH B U3MEPEHNUHU AEOUTA U TABJIEHUSI IPH CKOPOTEUHOM MPOLIECCE BOCCTAHOBIEHUS
JaBJICHHUsl B HAYIBHOU CTaAMHU 3TOoro npouecca. OUabTpallMOHHO-EeMKOCTHBIE CBOICTBA B MPHU3a-
0OiHO 30HE, ONpeeNALI1e XapaKTep BOCCTAHOBIEHHUS 1aBJIieHUs B HAYa1bHOM CTaI1H, TAKXKE He-
oxHoponHbl. [1py GypeHUH CKBAXUHBI U BCKPBITHUU TIJTaCcTa, TPOBEACHHUU KANIMTAJILHOTO PEMOHTA,
npu paboTax Mo HHTeHCUbUKALUU MpU3aboitHast 30Ha MOABEPraeTCs ONpeaeeHHBIM H3MEHEHUSIM.
YyecTb UX IPM MaTEMAaTUYECKOM MOIETHPOBAHMH He yraeTcsi. He M3yyeHo nposiBeHe HapyileHust
JTMHEWHOTO 3aKOHA (PUIILTPaLMK B 3TOM 30HE. Bee 3TO MPUBOANT K TOMY, UTO IpM BCeil KaxyLLeiics
BO3MOXHOCTH UCITONIb30BaTh AaHHble KB/l /U151 ManbIX IPOMEXKYTKOB BPEMEHU HE YIAETCS.

PaccMOTpUM BOCCTaHOBJIEHME NABJIEHHUST TIPU OCTAHOBKE CKBAXHHBI (MTHOBEHHOE IIPEKpa-

HICHUE NPUTOKA Ha 3a00€), paboTaBLuel TPOTOIKUTEILHOE BPEMS C ITIOCTOSTHHBIM TEOUTOM Q, B ox-

147



P I'aznpom 086-2010

HopoaHoM macte. O603HaYMM ! KaK BpeMsl IOCJIE OCTAHOBKM CKBaXWHBI, T — BpEMs ¢ MOMCHTA
TTyCKa CKBaXUHb! U T — MPOJOIXKUTENBHOCTD IIEPHO/IA BPEMEHN ¢ MOMEHTA IyCKa CKBAXUHBI B 3KC-
TUyaTaluio ¢ e6utoM Q, 10 ee ocTaHOBKH. [loc/ie oCTaHOBKHM CKBAaXUHbI €€ JIeOUT CTajl paBHBIM
HyJ110. [Tpoliecc BOCCTaHOBEHHS AABJIEHUSI MOXHO pacCMaTpUBaTh KaK NMPONOIKEHHE padboTHI CKBa-
XUHBI TIpU T > T ¢ nedbutom @, 1 paboThl CKBaXNHBI B 3TOT MOMEHT BPEMEHHU C neduToM MUHYC Q.

Tormna u3MeHeHUe AaBjeHUs Ha 3a00€ 9Toil CKBaXXUHBI OYIET paBHO

P2 p(py= 28 X ) Qb ut (4.70)
akh | RP 2nkh R}

B mMoMeHT BpeMeHH T = T IaBieHue Ha 3a60€ 9TOi CKBaKUHbI MOXHO ONPEAETUTD MO hopmye

t
Pl B = Q‘”‘“"ln;c +BQ3. 4.71)

2nkh

Eciu ckBakvHa paboTaia 3HAYUTENbHEI# MOMEHT BpEMEHH, a NepHo/l BOCCTAHOBJIEHUST ObLT
x(T +¢)

2
e

t
OTHOCHUTE1IbHO HebonblIMM T << T, TOrIa MOXHO CUMTATh, YTO In ~ lnx—z. DTO paBHOLIEHHO

I

TOMY, UTO CKBa)XMHa Iepejl OCTAHOBKOI paboTala Ha yCTAHOBHUBIUEMCSI PEXUME.
Torna u3 BhILIETPUBEIEHHBIX (GOPMYJI ClELyET

P2(r)- P2 _g":; mzé + BQ2. 4.72)

Eciu 06paboTaTh pe3y/ibTaThl U3MEPEHK 3a00HHOT0 AaBIEHUS B KOOpIMHATaX AP2=P(f) —
- PO2 = f(In?), oTkNaABIBas IO OCH OPAUHAT P2(f) — P2, a no ocy abcumcc Inz, TO MOIYYUM MPSIMYIO
JIMHUIO, HAKJIOH KOTOPOH K ocH abeuuce paBeH Q1 z/(2rkh), a OTpe30K, OTCEKaeMblit Ha OCH OPANHAT

(Int = 0), Oynmet paBeH Qo—p‘zlni +bQ§.
2nkh RC2

MocKobKY IEGUT 10 OCTAHOBKHU CKBaxXXUH Q) U3BECTEH, TO 110 3HAYEHMIO HAKJIOHA K OCH abC-
1IMCC MOXHO OIPENEIUTh TMAPOIPOBOIHOCT TUTacTa kh/u.

Kak BuaHO, BblpaxeHue (4.72) nisi onpeseseHusl AaBJE€HUs 1P €r0 BOCCTAHOBJIEHUM HE
3aBHCHT OT BPEMEHH PabOThI CKBAXHHBI 10 OCTAHOBKU. OHAKO CKBaXMHa 10 OCTAHOBKH paboTala Ha
YCTaHOBMBLIEMCS PEXHME, & IEPUOJ] BOCCTAHOBJICHHUSI [0 CPABHEHUIO C TIEPUOAOM €€ PabOThI 10 OCTa-
HOBKH ObLJT OTHOCHTEABHO HEOONBIIUM (TP YCJIOBUM MPOJOIKEHUS! €€ paboThl Ha NEPUOI, PaBHBbIM
BpPEMEHU BOCCTAHOBJIEHH NaBJIeHUs, U3MEHEHHUE JaBJICHUs Ha 3a00€ He ObL10 Obl 3a(pUKCHPOBAHO).

4.5.5 OnpeneneHue IJIACTOBOIO NABJIEHHMS 110 KPUBLIM BOCCTAHOBJICHUS JTABJICHUA

PaccMOTpMM Tenepsk cydyaii JUIMTETbHOM OCTAHOBKU CKBAXXWHB, IIPECIIEAYIOLIEHN e ONpe-

JeJICHUS BeJTMUMHBI MJ1acTOBOTO AaBjeHus (Meron XopHepa). [TycTb MOMEHT BpeMeHM pabOThI CKBa-
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XUHBI € 1e6UTOM (), u3BeCTeH U paBeH 7. Uepes r 0603Ha4MM BpeMst ITOCIE OCTAHOBKHM CKBAXUHDL.
PaccMoTpuM ciyuait MTHOBEHHOTO 3aKPBITUS CKBAXMHBI Ha 3a60€¢. DTOT MPOLIECC MOXHO paccMar-
pYBaTh KaK MHTEPMEPEHLUIO ABYX NMPOIIECCOB — Npoliecca paboTbl CKBAXUHBE C 1EGUTOM Q, B TeueHHe

BpeMeHu T+ f u rpoliecca ee paboThl ¢ 1€6UTOM MUHYC Q, B TeueHue BpeMeHH . Torna

4.73
fad 2nkh t (+75)

OtknaneiBaeM 1o ocu abeuucc Benuunny In((T + £)/1), a o ocu opauHat PX(f), monyyaem
TNpsIMYI0 JIMHUIO, HAKJIOH KOTOPO# K ocH abcumce paseH QuuzP. /(2nkh), 4To mo3BoJiseT onpenesTh
TMIPONPOBOAHOCTD ILTACTA KA/, DKCTPanonupyst NpsMyo JUHUIO 10 3HaueHus In((7 + 1)/f) = 0
(10 ocK opauHAT), oNpenesisieM BEJTUYMHY [LTACTOBOTO JABIEHUSI.

4.5.6 YyeT npUTOKa rasa K CKBaXHHe 110CJIE e 3aKPbITHS

O6paboTKa KPUBBIX BOCCTAaHOBJIEHHUS TaBJ€HUs TpEOYeT 3HAHMS AeOUTa M 3a60HHOIO TABICHUS
Tiepen 3aKphiTHEM B MOMEHT BpeMenu ¢ = (. B nanbHeiflnem nocsie 3aKpbITHS CKBaXXKMHBI HA YCThe Ha
3a00€ MPOI0JLKAETCs NOCTYILICHHUE ra3a B cTBON. YeM GoJiblie NyGHHa ILUIacTa, TeM 60JIbIle NpOoJIOJI-
XKaeTcst MPUTOK ra3a K 3a0010, TaK Kak MOBBILICHUE JABIEHHUS B PE3YAbTaTe 3aKPbITHS CKBAXHHbI Ha
YCTbe NepeaacTCs Ha 3a00¥ 3a OOABIUMIA MPOMEXYTOK BpEMEHH. YUUTHIBas BJIM30CTh KOHEYHBIX pe-
3yJIbTATOB, MOJTY4EHHBIX PA3TMYHBIMU METOIAMHU, LIEJIECO0OPa3HO UCTIONB30BaTh ANPdepeHLIUATEH B
METO/ yYeTa NpUTOKa Ta3a K CKBaXUHE.

1. Yyer KonMyecTBa rasa, MOCTyNAaloLIEro B CKBAXMHY, B KOTOPOii HET JTU(TOBBIX Tpy® (Win
3aTpYOGHOTO MPOCTPAHCTBA, TO ECTh KOIIA 3TO IPOCTPAHCTBO 3aAMAKEPOBAHO), MOCIE €€ 3aKPbITHS.

B npoliecce BoccTaHOBIEHHUS TaB/ICHHE U TEMIIEPATYPa Fa3a M0 CTBOJTY CKBAXKUHbI MEHSIOTCS.
I1pu onpeneneHnn 06beMa MOCTYMUBILETO Ta3a AOMYCKAETCS, YTO B CTBOJIE CKBAXUHBI K KaxXImomy
MOMEHTY BpeMeHHU KOI(DGMHLIMEHT CBEPXCKMMAEMOCTH Z MOXET ObITh 3aMEHEH €TI0 CPEIHUM 3HAYEHUEM
Zp TIPY COOTBETCTBYIOLLIMX Pcp(t), Tcp(t). Cpeanss temrneparypa rasa 1o crBoJly CKBaXHHbI B 60Jb-
IIMHCTBE CJTy4aeB MOXET ObITh MPUHATA NMOCTOSIHHOM BO BpeMeHU. Eciu Temnepatypa miactoBoro
rasa BbICOKasi, TO HEOOXOMMMO Y4ECTb U U3MEHEHHE TEMIIEPATyphl ra3a B MPOLIECCE BOCCTAHOBIEHUS
nasneHust. [Ina storo npy cHsitnm KBJL HyXHO hDMKCHPOBATb U KPUBYIO OXJIAKICHHS ra3a BO BpEMEHHU
Ha ypoBHe He#TpaibHoro ciiost. Eciin KBJI cHsiTa Ha 3a60e, a He Ha yCTbe, TO HEOOXOIUMOCTb (HUK-
CHPOBaHHs KPUBOW OCThIBAHUS ra3a BO BpEMEHU OTIANAET.

OGbeM rasa, NOCTYNMBILETO B CTBOJT CKBAXHHBI NOCJIE €€ 3aKPBITHS, OTIPEACIISIETCS IPHOIH-
X€HHO no dopmyJie
_QT.| P P@=0)

P | 2epTp (1) 2, (1 =0)T, (£ =0) |

u(?) (4.74)

rac QO — 00BEM CTBOJIA CKBAXKHHDL.
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C TouHocThio 10 1,5 % cpelHee TeKyllee HaBjieHUE B CTBOJIE MOXET OBbITh OMpPENEIeHO T10
dopMmyie
— P(H)+P, (1)
P)=""Y", 4.75)
2
e P.(D), Py(t) — COOTBETCTBEHHO 3a00HHOE M yCTheBOE HABJICHUS B MOMEHT 1.

CpenHss TeMIiepaTypa BO BpEMEHH OIpeneseTcs no hpopmyrne

T+ T,

T..(t)= 5 , (4.76)

rae T,(0), Ty(t) — COOTBETCTBEHHO TEMIIEpPATyphl Ha 3a00€ U Ha [IyOMHE HEWTPaJIbHOIO CJ10s B
MOMEHT BPEMEHU .
Ecnu npuHsaThH Zcp(t), Tcp(t) = Zcp(t = (), Tcp(t = (), To 0ObeM rasa, MOCTYMAIILIETO B CTBOJI

CKBaXXHHBbI, paBCH

T — —
u(f) = —}%i—[l’(t) -P(t=0)], 4.77)

at%cp’cp

rae Zcp(t =0), T cp(t = ()) — COOTBETCTBEHHO PaBHBbI Zcp, T cp IEPEII 3aKPBITHEM CKBAXHHBI.

HC6I/IT CKBaXHWHBI I[TOCJIC €€ 3aKPLITHUA B HepBI)Ifl MOMCHT BPEMCHHU HpI/I6J'II/DKCHHO MOXET ObITh

orpeselicH o gopmyse

(4.78)

o) s [P(’z)—P(tl)]’

PaTZcpTc::p Ih— 4

rae i_’(tl), P (t,) — CpeIHueE MO CTBOJTY CKBaXKUHBI NaBJICHHUS, ONPEACTAEMBIE IO dopmyne (4.75), B
MOMEHTHI BpEMeHH 1, 1,. Tlpu pacuetax Q(7), ueM MeHblie OyIyT UHTEPBAJIbl BDEMEHH /| — f;, TEM
TOYHee OyIeT ONpPEeNAThCS 1eOUT CKBAaXKUHbI BO BpEMEHH TOCJIE 3aKPbITHS.

2. YyeT KoMMyecTBa ra3a, MoCTYNaoLEro B CKBAXWHY NPU HAJTMYNAU B HEW JTUQTOBBIX TPYO.
Pacuer KoJIM4ecTBa ra3a, HOCTYTAIOIIEr0 B CKBaXXUHY € TUGTOBBIMU TPyOaMU, UIEHTUYEH METOTUKE
OnpenesieHUs ero 6e3 MMGToBLIX TPyO. PasHula MeX 1y STUMY BAPMAHTAMU COCTOUT B HECOOXOIMMOCTH
ydeTa 06beMa JUDTOBBIX TPYO, CYLIEHHBIX B CKBaXUHY.

EciM B CKBaXMHY chylleHsbl JudhTOBbIE TPYOD! U ABMXCHUC ra3a NMPOUCXONUT MO HHUM, TO
BCJICACTBUC Pa3HOCTH JABJEHMIA B TPYOHOM M 3aTPyOHOM MPOCTPAaHCTBaxX 0ObeM rasa v(f) Gyzet onpe-

JenaThest GOPMYJIOH

u(f) = Q:«1Tc'r P(1) B P(it=0) .
PaT Zcp(t)Tcp(t) Zcp(t = O)TL:p(t = 0) .
QT P P(t=0)
+ P, [Zcp(t)Tcp (t) Z,(t=0)T,(t=0) l ; (4.79)
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rae Q,, Q. — 0ObeMbl 3aTPyGHOTO U TPYOHOTO NPOCTPAaHCTB. Je6HUT CKBAKMHBI B PACCMATPUBAEMOM

cjiydyac paBcH

o= Ter [P(a)—P(tl)} LT, {P(&)—Pm)} (450)

PaT [ZcpYZ:p ]3 t2 _tl PaT [Zcpnp]T t2 _tl

3Hauenus v(7), O(f), MoNyYeHHBIE BbILle TIPY HATMYMK U OTCYTCTBHH B CKBAXHHE JUDTOBBIX
TPy, Mcnonb3ytoTcst npu 06paboTke KB/ ¢ yueToM MpUTOKa raza K CKBaXHHE MOCIe ee 3aKpbITHS.
Meronos o6pabotku KB/I ¢ yueToM MpHUTOKa rasa K CKBaXuHe [10CIIE €€ 3aKPBITHsI HECKOJIBKO. Ilpu-
HUMas BO BHUMaHUE, YTO MPU MPAKTHIECKOM NOJIb30BAHUH 3THMH METOaMU MIOJTy4aeMbI€ PE3YIbTAThI
BECbMa OJ113KH, Lie1eco00pasHee NPUMEHATh MPOCToi AnbdepeHnanbHbI MeToa. COrTacHO 3TOMY

Mmeroay KB/l obpabarkiBaetcs no ¢popmysie

P} (t)- P}

0 _ o, +Blgo(r), (4.81)
0w
o)
rac

0]

_ 2,25X 2. . QO
ay =Blg z.np +b0Qy; (P(t)—i@‘-

00

3nauenus M(1), Q(t) onpenenstiores no dopmynam (4.77) u (4.78), unu (4.80) u (4.81).

Ilpumep — Onpedeaums nposodumocms naacma kh/u no gopmyaam, noayuennvim das «becko-
HeuHo20» naacma, ¢ ywemom u Oe3 yuema npumoka 2a3a nocae 3aKpoiMusi CKEANCUHBL NPU UCXOOHBIX
dannvix: Q)= 79,56 moic. M /eym; P, , = 2,03 Mlla; duamemp sxcniyamayuonnoi kosonnot D = 0,168 m;
eaybuna ckeaxcunst L = 227 m; moawuna naacma h = 6,5 m; m = 0,2; u,, = 0,012 mila-c; Ty =280 K;
T, = 286 K; xosgppuyuenmo: pusompayuonnozo conpomusaenusn a = 0,985-102 MIla?/(moic. m°/cym),
b = 1,6:10” MIla’/(mvic. m>/cym)?, Q. = 4,25-10°2 m3. Hamenenusn dasaenun 6o epemenu nocae 3a-
Kpbimusa ckeadxcunvt npueedensvt 6 mabauyax 4.1 u 4.2.

O6pabomxa KBJ] 6e3 yuema npumoxa ¢ koopounamax [ Pf( 1) — P320 ] om Igt, ¢ yuemom npumoxa
6 Koopdunamax [ Pf( 1) — P320 I/[1—-Q()/Q],om Igp npusedena na pucynxe 4.14. Hs pucynxa euono, umo
He3agucumo om memooa o0pabomxu HAKAOHb! NPAMBIX, ROAYHEHHbIX PAIAULHBIMU MeMO0aMU, OKA3AAUCH
odunaxosvimu. H3 2pagura onpedeseno, wmo a, = 0,2257; B = 0,1308. Ilpoeodumocms niacma
kh/u = 4,3-79,56:0,1013/0,1308 = 265 mxm?m/(mIa-c).
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Taé6auua 4.1 — Pesyasmamot uccaedosanus u oopabomru KBJ 6e3 yuema npumoxa

2, 2 274) _ P2

t,c| Igt |P(y), MiTa %7’)‘; P 3(’)]‘;1;230( D N el| tg|Pm, Mia %I’)‘; P 3(’)]‘415;0( 9,
0 71,7420 | 1,780 210 | 2,32| 1,8780 | 1,917 0,506
6 10,78| 1,8030 | 1,831 0,189 240 |2,38| 1,8800 | 1,920 0,518
72(1,08] 1,8180 | 1,858 0,283 300 2,48 1,8830 | 1,922 0,526
18(1,25| 1,8280 | 1,874 0,343 360 |2,56| 1,8870 | 1,927 0,545
2411,38] 1,8370 | 1,879 0,362 420 (2,62] 1,890 | 1,929 0,553
30(1,48] 1,8410 | 1,883 0,377 600 (2,78] 1,8950 | 1,934 0,572
36(1,56] 1,8438 | 1,887 0,392 1200(3,08] 1,9020 | 1,943 0,607
4211,62| 1,8500 | 1,888 0,399 1800(3,25| 1,9060 | 1,947 0,622
48(1,68] 1,8520 | 1,89 0,408 24000 3,38| 1,9120 | 1,952 0,642
54(1,73| 1,8536 | 1,893 0,415 3000(3,48| 1,9140 | 1,953 0,646
60(1,78] 1,8556 | 1,895 0,423 3600|3,56| 1,9150 | 1,955 0,654
9011,95| 1,8620 | 1,902 0,449 4800(3,68| 1,9160 | 1,957 0,661
120(2,08] 1,8680 | 1,906 0,464 60003,78| 1,9200 | 1,959 0,669
750(2,18| 1,8710 | 1,910 0,480 6600|3,82| 1,9230 | 1,962 0,681
180(2,25| 1,8740 | 1,914 0,495 72001 3,86| 1,9250 | 1,964 0,689
7800] 3,89 1,9250 | 1,964 0,689

Ta6auuya 4.2 — Pesyavmamot o6pabomxu KBJ] c ynemom npumoxa 2aza ¢ CK6ANCUHy

noc.ae ee 0CmaHo6Ku

| tnll: O\ By, Mila| Py — B, MTa PO PO~ f%ﬁ v,
0| 1,7420] 1,7800 | 1,7610

6 [1,8030| 1,8310 | 1,8170 0,0560 0,0560 6 0,009333 | 2,349
12| 1,8180| 1,8580 | 1,8430 0,0820 0,0260 6 0,004333 | 3,440
18 1,8280| 1,5740 | 1,8510 0,0900 0,0080 6 0,001333 | 3,776
24| 1,8370| 1,8790 | 1,8580 0,0970 0,0070 6 0,001170 | 4,069
30| 1,6410| 1,830 | 1,8620 0,1010 0,0040 6 0,000667 | 4,237
36| 1,8438 | 1,8870 | 1,864 0,1044 0,0034 6 0,000567 | 4,380
42(1,8500] 1,8880 | 1,8690 0,1074 0,0030 6 0,000500 | 4,506
48[ 1,8520| 1,8900 | 1,8710 0,1100 0,0026 6 0,000433 | 4,615
54(1,8536 | 1,8930 | 1,8733 0,1123 0,0023 6 0,000383 | 4,711
60| 1,8556 | 1,8950 | 1,8750 0,1143 0,0020 6 0,000333 | 4,795
120] 1,8680 | 1,9060 | 1,8870 0,1260 0,0117 60 0,000200 | 5,286
180| 1,6740| 1,9140 | 1,8940 0,1330 0,0070 60 0,000117 | 5,580
240| 1,8800 | 1,9200 | 1,9000 0,1390 0,0060 60 0,000100 | 5,832
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Oxonuanue mabauywn 4.2

P T'aznpom 086-2010

v(t v(t
Pz(t)—PZ Psz(t)‘Pazo - £0) - 50)
_ ¢ 271) lr—
t, ¢ [v1)/Qp cla@®), m/c q(1)/Qy | 1 - q(©/Qy| " * Mila? 1_‘1(!) t—v(®)/Qyp c p 2(0) p 2(t)
% "o | o

0 — — — —_ — — — — —

6 | 2,550 | 0,39144 |0,42500| 0,57500 0,184 0,321 3,450 6,000 0,778
12| 3,735 | 0,18166 |0,19720) 0,80280 0,283 0,352 8,265 10,295 013
18| 4,100 | 0,05592 |0,06072 0,93928 0,343 0,365 13,900 14,798 1,170
24| 4,418 | 0,04908 |0,05330| 0,94670 0,362 0,382 19,582 20,648 L316
30| 4,600 | 0,02798 {0,03038| 0,96962 0,377 0,389 25,400 26,195 1,418
36| 4,756 | 0,02379 |10,02583| 0,97417 0,392 0,402 31,244 30,072 1,506
42| 4,892 | 0,02098 (0,02278| 0,97722 0,399 0,408 37,108 37973 1,579
48| 5,011 | 0,01817 |0,01973| 0,98027 0,408 0,416 42,989 43,854 1,642
54| 5,115 | 0,01607 (0,01745| 0,98255 0,415 0,422 48,885 49,753 1,697
60| 5206 | 0,13970 |0,01517| 0,98483 0,423 0,429 54,794 55,638 1,745
120| 5,739 | 0,00839 |0,00911 0,99089 0,464 0,468 114,261 115,311 2,062
180) 6,059 | 0,00491 |0,00533| 0,99467 0,495 0,498 173,941 174,873 2,243

240| 6,332 | 0,00419 |0,00455| 0,99545 0,518 0,520 233,668 | 234,736 2,370
§1,0
s | [

|

0.8

Nn? /
|

Lo o ,/

| ol®

Zoa ./53&}/
) / o
g
0.2 Pucynox 4.14 — Obpabomra KB/ pasaunnsimu
Memoodamu, He YHUMbIBAIOUUMU
U yMUMbL8AIOWUMYU RPUMOK 2A3d K CKEANCUHE

—

4
lgr; Ige

nocae ee 3akpovimus
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MoxeT ObITh UCIIO/Ib30BaH HaubosIee CTPOTHIA METO/ yueTa NMPUTOKA ra3a B CKBaXUHY. [L1s1 aToro
MHTepBaJl BPEMEHH 1, , Ha TIPOTSDKEHMM KOTOPOTO MPOMCXOIIIO BOCCTAHOB/ICHHUE NaBNCHUS, IEJIUTCSA HA
M paBHbIX yacteit At = 1, /M. O60o3Ha41M vepe3 J AeOUT CKBAXNHBI 0 OCTAHOBKH 4epe3 Q, — nedur
rasa [ocJjie ee OCTAHOBKM Ha N-OM MHTepBase BpeMeHu. [Lis1 onpeneneHus 40MTa IIPUTOKA rasa B CTBOJ
CKBaXMHbl MOXHO BOCITO/Ib30BAaTHCS METOIOM, M3JIOKEHHBIM BbIlle. Toraa i KOHLA #-Io HHTEpBaia

BPEMEHHU MOXHO 3alTUCaTh CACOYIOLICC BIPAXKEHUE [UTA ONPEACTIEHUS 3a00MHOTO JaBJICHUS:

P25(1)— P2(0) = ba? —ba? +(gy —ay)- ¢, (AN +
+Z(‘10 —anl)-{q)] [(2i + DAE] -, 2iAn)}, n=1..M. (4.82)

Peutas cucremy ypasHeHui (4.82) 1 MCIOIB3ysl CBOMCTBA (PyHKLMHK BAUSAHUA (4.59), onpenenum
K03GbGUUMEHT (PUIBTPALIMOHHOTO COTIPOTUBIIEHHS b, a TakxKe QYHKUUIO BAMAHUA @, (iAr). Cructema
ypaBHeHuMit (4.59) 1 (4.82) pemiaeTcsi ¢ TPUMEHEHUEM BbIYUCIUTEILHON TEXHUKU.

4.5.7 O6paboTka KpuBoii BoccTaHoBIeHHUs AaBneHus (KB/l), cHATON B CKBaXXMHE, pacnosio-
XKEHHOM B «TOJTYOECKOHEYHBIX» Y KIMHOBUAHBIX TU1ACTAX

B ruiacTax ¢ pe3ko BbIpakeHHON HEOZHOPOMHOCTbIO (IKpaHAMH) B 3aBUCHMOCTH OT KOH(U-
TYpaLUK U YMCIa SKPAHOB U MX Pa3MEPOB MOXET ObITh HECKOJIBKO MPSIMOJIMHEHHBIX YUacTKoB. Ecin
McellelyeMBblii TUIacT UMEET ONMH KPaH OECKOHEYHOI MPOTsXKeHHOCTH, To Ha KB/I orMevaroTest nBa
NpAMOJIMHEHBIX yyacTKa. Takoil xe xapakrep umeeT KB/l ipy acCMMMETPHYHOM IOJI0XKEHUM CKBa-
>KMHBI OTHOCUTEIBHO 3KPaHOB, TO €CTh KOIJA paCCTOSIHUE OT CKBaXXMHBI 4O ONMXKANLIEro 9KpaHa Ha
MOPSLIOK MEHBILIE, YEM 10 APYTUX IKpaHOB. [Lsi orpenesieHns pacCTOAHUA 10 9KpaHa UCIIONb3YeTCs

TOUYKa IMepeCceUCHNA HpHMOHMHCﬁHbIX Y4aCTKOB, TO €CTb

1=J0,5625k1,, (4.83)

rie t, — BPeMsl, COOTBETCTBYIOIEE TOUKE MEPECEUEHHS MPAMOIMHEHHBIX Y4aCTKOB, C;
k| — Mbe30MPOBOMHOCTb MEPBOTO YUACTKA, M2/c.
Ecnu Ha KB/I HeT 4eTKO BBHIPaXXE€HHOIO BTOPOTO Y4acTKa, HO 3aMeTHAa TEHACHUUA K UCKPUB-

JIEHUIO TIEPBOTO YYacTKa, TO PacCTosiHUE A0 MPEroaaraéMoro aKkpaHa onpenensercs GopMynoi

1= /3,1415k], (4.84)
1*1

Tae f; — BpeMsl, COOTBETCTBYIOLIEE HaYaly MCKPUB/EHHS MIEPBOTO y4acTKa, C.
Ecm yuecTh Npoao/KUTETBHOCTb pabOThI CKBAXKMHBI TEPE] 3aKPLITUEM T, TO PACCTOSHUE 10

3KpaHa onpeaessieTcs no dopmyse

0,5625k,T

. 4.85
T+ (4.85)
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Ecnu oTHOLLEHHUE YTIIOBBIX KOI(PGhULIMEHTOB BhlAeJeHHBIX MPAMBIX Ha KB/ B, u B, Gosbiue
IBYX, TO €CThb f3,/B | > 2, TO IOJIy4eHHBIH pe3yJIbTaT ciedyeT paccMOTpeTh Kak KBJI, cHsITO# B rutacTe
C IBYM4 U Oosiee NPAMOJIMHEHHBIMY rpaHuLiaMu. Hanpumep, ¢ AByMsi 5KpaHaMH1, MMEIOLMMH OOLIYIO
Touky O, KaK 10Ka3aHo Ha pUCYHKe 4.15.

VYron pacTBopa B TOUKE MepeceYeHHUs SKPaHOB PaBeH

0 =360PL. (4.86)
2

Ecnu npy annpokcuManu KOHEUHOTo yyacTka HenoBoccTaHoBaeHHBIX KB/ He ynaeTcs Bbl-
AEJIUTh YETKHUIA NPSIMOJIMHENHBIN YY4acTOK, TO (popMysia (4.86) MO3BOIMT MOJYUUTH YTOJI pACTBOPA.

B nenom KB/, cHATBHIE B MacTax ¢ HENMPOHUIIAEMBbIMU 3KPAHAMM, MOTYT UMETH CJIOXHYIO
¢dopMy. I1pu HEOOMBIIOM PAaCCTOSIHUM 10 9KPaHa ¢ BBICOKOU MbEe30MPOBOIHOCTLIO A WIIM TIPU NIPO-
JOJIKUTEIbHOM IPUTOKE Ta3a K CKBAXKMHE [TOCJIE 3aKPbITHSI MOXKET OTCYTCTBOBATh M HAaYaIbHBIH TIPS -
MOJIMHEWHBIH y4acTOK. KOHEUHBIN y4acTOK MOXKET OTCYTCTBOBATH IIPH MAJIOH ITbE30IIPOBOAUMOCTH k
¥ OOJIBLLIMX PACCTOSTHUSIX IO IKpaHa.

i yBeandeHus pa3mMepa MeEPBOro yyacTka HeoOX0AMMO MPOUTUTh BpeMsI pabOThI CKBAXHHBI
A0 OCTAaHOBKHM Ha NOCTOSSHHOM PEXUME, a pa3Mepbl KOHEYHOTO Y94acTKa MOXHO YBEJIHYHUTH ITyTEM
YBEJIMYEHHU S IPOAO/LKUTENIBHOCTHU IPOLIEcca BOCCTaHOBJICHUS. Hamnuue 3KpaHa B OKpECTHOCTH CKBa-

>KUHBI MOXET OBbITb IPAaBUJIBHO CIIPOTHO3UPOBAHO MPHU CIERYIONIUX YCIOBUAX:

, (4.87)

~g 600

PO, MITa
g

R
o o ]
400
e
\J o
L ]
®
300 =%
*
°®
5e®
/o°
200

PucyHok 4.15 — 3aBucumocts P2(1) or lgr,
100 . ToJIydeHHask B CKBaXXHHE, IPEHUPYIOLLEH
Igt KJIMHOBUIHBINA IL1aCT
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rae T ¥ t — NpOJOJIKUTEIBHOCTL PAOOTH CKBAXKMHbBI HAa MOCTOSTHHOM pPEXHMeE Mepel 3aKPhITUEM
u B npouecce cHsATHA KB/l cOOTBETCTBEHHO, C;

a — pacCTosiHUE A0 Onuxkaiiied rpaHUllbl [U1acTa.

JoctoBepHocTh uHTepnpetauny KB/ MoxeT GbITh MOATBEpKIeHA YyTEM CPaBHEHHUSA (DaKTHU-
yeckux KB]l ¢ MomenbHO#, rojydyeHHO# TeopeTnuecku. [1porpamma Ha si3bike «PL-1» mis mHTep-
npertaund KB/l B ruiacte ¢ TEKTOHUYECKUMU U JIMTOJIOTMYECKUMU HEONHOPOIHOCTSIMU XPaHUTCS B
6aHke nporpamm B OO0 «BHUITHMMopHedTeras» u non HasBaHueM «MHTepnperatop-M» 3aperu-
ctpuposana B ODAIT OAO «[aznpom» (mpunoxenue b k yactu 1I).

DYHKLIMOHUPOBaHUE MPOTrpaMMBbl, pazpabotaHHoi JI.I'. KyJblUHbBIM, OCHOBaHO Ha pelIEHHH
NpSAMOM 3a1a4X U BOCCTAHOBJICHUWM JaBJIieHUs Ha 3a00€ CKBAaXMHBI, IPEHUPYIOLIEH KIMHOOOPa3HbIi
rutacT. HenapasiaenbHOCTh IpaHUIL B KIIMHOOOPa3HOM I1AacTe MIPUBOIUT K KOHEUHOMY POy 3epKajib-
HbIX OTpaxeHMil. JlaBieHue Ha 3a60¢ TakOl CKBaXKWHBI B MOMEHT BPEMEHH t OIPENEAECTCI CYMMHM-

POBaAHHUEM JIEUCTBUH BCEX OTpa)KeHI/Iﬁ OTHOCUTEIbHO I'PaHULI T1aCTa 1 CaMoOI CKBaXKMHBI ¥ BhIpaAXKaeTcs

dopMynoit
PX(H)=Pp +B 1;;@-0,434821@i —45;- ; (4.88)
p
rie R =2Rsin®_; (4.89)
@, = %[1+(—1)”]+%[2n—3(—1)”], (4.90)

3HaueHue GYHKUNH E;(—x) MOXET ObITh onpeaesieHo hopmysioi tuna (4.55);

n=360/a;

O — YTOJI KTMHOBUAHOTO TUTACTa;

R — paccTosiHME OT UCCNIENYEMOM CKBAXHMHBI 10 €€ 7-T0 OTPaXeHHUsI OTHOCHTEIbHO IPaHUIL
1J1acTa, M;

a, = arcsin(a/R);

R, =2a;

R = 2b;

b — paccTosiHue 1O BTOPOM IpaHMLIbI TUTacTa.

Ecnu ckBaxuHa a0 cHsatia KBJI paboTaia B orpaHMY4eHHOM TUIacTe B Te4eHHE BpeMeHu T Ha
OTNpeNeICHHOM peXHME, TO MPOLIECC BOCCTAHOBJICHUS JaBJIEHUS 3aIUChIBAETCS HPOPMYJI0i

T+t N Rf Rf‘,
P2(f) = P? 20,4348y | E | —— 1 |—E | -2 ||l ,
s (0= B 4P le— 2_‘5 N\ “akT+n ) | ke @.90)
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[Ipu cHsaTHy 1 0bpabotke KBJI TpebyeTcs Gonee TiuaTeIbHOE BbIMONHEHUE TEXHOJIOIHIA, TIPU-
CYIIHMX UCCJICIOBAHUIO CKBAXUH [1PU HEYCTAHOBUBLIMXCH pexXuMax GUIbTPALMU, TaK KaK Ha Ha-
YaJIbHbIe U KOHeYHbIe y4acTKu KB/I, KpoMe Iu1olanHoii HCOMHOPOAHOCTH, BAMSIET MHOXECTBO IPYTUX
(bakTOpOB. B HEKOTOPBIX Cryyasix Mmocie KpaTKOBPEMEHHOM SKCILTyaTaLlMU CKBAXUH 0 OCTAHOBKH
NpU HEOONBILIOM PACCTOSHUM 10 3KPaHa U BBICOKOI Mbe30MPOBOIHOCTH IIACTA HAYATBbHBIH YUaCTOK
Ha KB/l MOXeT OTCyTCTBOBATb, UTO IPUBOINT K HEBEPHOMY ONpEIENEHHUIO TapaMeTpoB Iu1acta. Ko-
HEYHBI, BTOPOHl y4aCTOK MOXET OTCYTCTBOBATh [P MaJIOi Mbe30MPOBOAHOCTH M HOJBLIMX PACCTOSI -
HMSIX 1O 3KpaHa, a TakXe Moj BIUAHHUEM psiaa ApYTrux (akTopoB. B aToM ciyuae nonyyeHue uHpop-
MalMH O MapaMeTpax IjacTa 3aTpyaHeHo. OITHUM U3 BOZMOXHBIX CIOCOBOB YBEJIMYEHHS pa3MEpPOB
NEepBOHAYAIIbHOTO YYacTKa ABJIAETCS NPOJJIEHUE NMPOJOKUTEIBHOCTH PAabOThI CKBaXXUHBI 10 OCTa-
HOBKHU Ha HEU3MEHHOM DEXHUME, a [UISl yBEJIMUEHUS Pa3MEPOB KOHEYHOTO Y4acTKa HEOOXOIMMO yBe-
JWUIUTH npouecc cHatusg KB/

Ilpumep — Onpedeaums nposodumocms, nvezonposodnocms u paccmosnue do sxpana no KB/,
CHAMOU 6 CKBaMcumne, 6CKpbleulell HEOOHOPOOHbIE no nAowadu naacm, Npu UCXOOHBIX OAHHBIX:
P, =21,41 Mlla, T, = 303 K, 3h = 10 m, m = 0,07, Q, = 1040 moic. m’/cym.

Hsmepennvie 3nauenus dagaenun 6o spemenu u o6paéomra pezyasmamos npusedenst 6 mabauue 4.3
u noxasanvl Ha pucynke 4.16. B pezyabmame o6pabomxu noayuenst 06a npamMoAUHEHbIX yHACMKA C KO-
Quuuenmamu 38,58 u 77,27. Ilo eeaunune B onpedeaeno kh/p = 12,42 mxm?-m/(mIla-c) u nponuyaemocme
k = 0,025 mxm.

Touxa nepecewenun npamMoaUHeliHbIX YHACMK06 coomeencmeyem epemMenu t, = 63100 c, nveso-

nposodnocms pagna 0,025-21,41/0,07-0,02 = 0,382 m?/c, a paccmosnnue do sxpana pasro 116,4 m.

Tab6auua 4.3 — Obpabomuxa KBJ], cuamoii 6 ckeaxcune, komopas 6ckpolia HeoOHOPOOHbLl
no naowadu naacm

tc Igt P (1), Mlla P32( 1), MIla’ tc Igt P, MIlla | P2(1), MIla’
0 - 11,8 138,5 7500 3,9 15,2 229,6
60 L8 12,2 150,0 259200 5,4 17,5 307,8
120 2,1 12,8 163,0 432000 5,6 18,0 323,8
180 2,2 13,1 170,9 604800 58 18,2 331,6
300 2,5 13,4 179,2 864000 59 18,5 342,4
600 2,8 13,8 190,7 1137600 6,1 18,8 353,8
900 3,0 4,1 198,6 1483200 6,2 19,1 364,9
1200 3,1 14,2 202,2 1828800 6,3 19,2 367,9
1500 3,2 14,3 205,6 2606400 6,4 194 376,6
2100 3,3 14,5 210,7 3556800 6,6 19,7 387,8
3000 3,5 14,7 216,1 4766400 6,7 20,0 399,8
3600 3,6 14,8 218,7 6396000 6,8 20,2 409,7
4800 3,7 14,9 2234 7516800 6,9 20,3 412,9
6000 3,8 15,0 226,3
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HaXoOIHTCA B HGHOCpCI{CTBCHHOﬁ 0JU30CTH OT CKBaKHMHEIL.

B oTsiume OT MpUBEAEHHOTO BbILIE IPUMepa ollpeesieHus mapameTpoB ruiacta no KB/, ko-

TOpas CHATA B CKBAXUHE, IKCILTYATUPYIOLLUEH MOJTyOeCKOHEUHBIH I1aCT, PACCMOTPEH Clly4Yai, Korna

CKBAXMHA IPEHUPYET KIIMHOBUIHBIA Y4acTOK I1J1acTa.

Ilpumep — Paccmompen cayuaii, Ko20a cKeajcuna openupyem KAUHOSUOHBIL yHacmox niacmad.
Pesyavmampi pactemos npusedenvt 6 mabauve 4.4. B mabauye 4.5 npueedenvt paciemusie 3Ha4eHus
KBJT no npoepamme «Humepnpemamop-M», obecnevusarouue Hauiy4utee cognadenue paxmueckoi
u pacuemnoii KBJ]. Ono noayueno npu napamempax kh/u = 0,0069 mem-m/(mllac), k = 0,34 m*/c,

ye0a «KAuHO6UOH020» naacma a. = 30°, paccmosnue 0o Gauxcaiiweii epanuyst a = 13 m, a paccmosnue 0o

eeputunbl kauna R = 68 m.

no naowadu niacmax

Ta6auua 4.4 — O6pabomrxa KB/ ¢ ckeaxcune, dpenupyroueii «KAuHOGUOHbLI»> naacm

Pucynox 4.16 — Obpa6omrxa KBJ] 6 HeodOnopoonsix

tc Py, MIla | P(1), MIla® Igt tc Py, MIla | P(1), MIla® Igt

0 13,4 178,5 — 1080 17,3 299,6 3,03
120 14,7 214,6 2,079 1380 17,5 305,9 3,14
180 15,1 2274 2,255 1980 17,7 3115 3,30
240 15,6 244,3 2,38 2580 18,5 342,6 3,41
300 15,9 253,8 2,477 3780 19,5 3783 3,58
360 16,4 267,9 2,556 4980 20,3 411,7 3,70
420 16,5 272,6 2,623 6780 31,4 454,5 3,83
480 16,7 281,9 2,681 8580 21,8 476,9 3,93
540 16,9 283,92 2,732 10380 22,5 506,2 4,02
600 17,0 287,6 2,778 12780 22,7 515,3 4,11
780 17,1 293,8 2,892
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Tab6auua 4.5 — Pezyavmamot o6pabomxu KBJ] no npozpamme « Humepnpemamop-M»

P (1), Mlla tc P29, Mila? Igt P (1), Mlla tc P(v), Mla? Igt
16,2 468 261 2,67 18,2 2138 330 3,33
16,3 525 265 2,72 18,6 3020 346 3,48
16,4 603 269 2,78 19,4 4169 377 3,62
16,5 661 273 2,82 20,1 5623 403 3,75
16,6 759 277 2,88 20,9 7586 437 3,88
16,9 977 286 2,99 21,6 9333 467 3,97
17,3 1318 298 3,12 22,2 11220 491 4,05
17,6 1660 310 3,22 22,6 13804 512 4,14

4.5.8 O6paboTKa U MCIIOIB30BaHUE KPUBOM BoccTaHOBIeHua nasaenus (KBJI) B mosynora-
pUDMUYECKUX KOOPIUHATAX
O6pabotka KB/ B monynorapudMu4ecknx KoopauHaTax P32 OT lg? IBMsIeTCSI CAaMBbIM PACIIpoO-
CTpaHeHHBIM MeTonoM. Ha tTunuynoii KB/ Beaessietcst Tpy yyacTka — HadadbHBI, CPEIHUIA U KO-
HeuHbli. OnpenenieHre napaMeTpoB IUTacTa MPOU3BOAUTCS TI0 CPEIHEMY YYaCTKY COIIACHO aHAJIM-
TUYECKOMY pellieHnIo (4.51), 1MHEHHOMY B 3TUX KoopauHartax. HadanbHBIN y4acToOK, KaK IpaBuIo,
MCKaXaeTcs 3a CYeT AeMCTBUS TAKMX (PaKTOPOB, KaK BIUSIHHE EMKOCTHU CTBOJIA CKBAXMHbBI, COCTOSIHUE
npu3aboiiHoM 30Hbl. Ha KOHEYHOM y4yacTKe HaUMHAIOT BIMSTh TaKe (haKTOPbI, KAK HATMYUE TPAHHUIIL
1acta (cOpochl, BHIKTMHUBAHMS ) M KBMEHEHHS pEXHUMa paGOThI COCETHUX CKBAXHH. B CBA3M ¢ 3TM
BBIIEJICHUE IPSMONIMHEHOTO yuacTka KB/ U1 pacueTa ruiponpoBOIHOCTH 110 (opMyIie
@ — 4’23QTHJIZMPCT
H BT,

(4.92)

Y IPYTUX [1ApAMETPOB CTAHOBUTCS CJIOXHOM 3a/1a4eii.

AHanMTHYECKOE pemieHue (4.53) momydeHo Uis YCJIOBU i MTHOBEHHOTO 3aKPBITUSl CKBAXHHBI,
10 3toro paboTaBuIei Ha yCTAHOBUBILEMCS pexkuMe. [11acT NpUHAT ONHOPOIHBIM, TOCTOSIHHO TOJ-
LIMHBI ¥ OECKOHEYHBIM [0 MPOTSKEHHOCTH, GUIBTPALINA — N30TepMUYecKOil. U3BeCcTHbIC aHATUTH-
YECKUE pellieHUs [UIsI HEOAHOPOJHOTO IJIacTa (HaJIMYKUE HETPOHUIIAEMOM BHEMIHEN IPaHULBI 1IX00
KpYTOBOI'0 KOHTYpa C MOCTOSTHHBIM JaBJIeHUEM) Nperonaralor npeobpasosanre KB/ B mipyrux koop-
avHatax, a runorerudeckre KB/I Ha ocHOBE TakuXx peteHHii B mosyjorapudMuyecKux KOOpAUHATAX
HUCKaXaloTcs (He UMEIOT IMHEMHOrO yJyacTKa).

Hckaxenne ¢opmbl KB/ MOXeT MPOUCXOANUTh HA Pa3HBIX €€ y4acTKaX B 3aBUCHMOCTH OT
TOT0, KaKUM (baKTOPOM OHO BbI3BaHO.

Hckaxenne GpopMel HadanbHbIX yyacTKoB KBJl MOTYT BBI3BaTh ClIeAyolIUe (GaKTOPHI:

- HaJIMYMe MPUTOKA rasa B CKBAXUHY T0CJE €€ 3aKpbITUSI Ha ycThe. I1pyu 3TOM HadyayibHbI
Y4acCTOK OTKJIOHSETCS BHU3 OT MpAMOi (pUcyHoK 4.17a). ObpaboTtka Takux KBJI ¢ yueToMm npuToka

MPpUBCICHA BBILIC,
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- 3HAYWUTEILHOE OTIMYUE NTApaMeTPOB MPpU3ab0HHOM 30HbI OT TAPAMETPOB I114aCTa, B TOM YHUC/IE
YXYILICHUE UX B pe3ybTaTe BbINAIECHUSI KOHIEHCATA U yTyYLIeHUE N10cJIe PAabOT 110 MHTEHCUGHKALIMH.
Ecny npoBoIvMOCTb MpU3ab0iHON 30HBI Jiyyllle TPOBOIUMOCTH IUIACTa, HauyalbHbil YUacTOK pac-
TMOJIaraeTcsl BbILLE 3KCTPAIOJIS MM NPAMOIMHEHHOTO yuacTKa (pucyHok 4.176);

- 3ama3lbplBaHMe 3aKPLITUA CKBAXXUHBI Ha 3a00€ TTO CPaBHEHMIO ¢ HayaJIOM OTCYETa BPEMEHH.
Bpemsi 3ana3nbiBaHus £, NOJy4aeTCst KaK TOYKa MepeceyeHus IMHUN P32 = P32(0) 1 KpUBOM 3KCTpaIio-
JIMPOBAHHO JIMHUY HAUATBHOTO YyYacTKa, MMEIOLIETO 0ObIYHO TOUKY Meperuba (pUcyHok 4.178);

- cHatre KB/ B 1 TOBLIX TpyOax WM IKCIUTyaTaLIMOHHOM KOJIOHHE, 110 KOTOPBIM CKBaXKHHA
pabotana 1o octaHoBkH. [1pu 310M nepBbie Touku KB/ MOTyT GBITH 3HAUMTENLHO HUXE, YEM Ha-
yayibHOe 3a60iiHoe naBneHue. HayanbHBINA y4acTOK XapakTepuayercsl OONbILIOH KPYTU3HOM, B OCO-
GeHHocTH ripu cHsATuM KBJI mocsie npoayBKu ¢ ieGUTOM, 6JIM3KUM K CBOOGOAHOMY (PUCYHOK 4.17T).

OcHoBHbIe (PaKTOPHI, HCKaXalolIre ¢hopMy KoHeuHbIx yuacTkoB KB/I:

- BIUSIHUE TPAaHUL [UIACTA, TO €CTh COOTBETCTBHUE MPUHATHIX IPY 00pabOTKe rPaHMYHBIX YCII0-
BUii xapaKTepy paboThl CKBaXMHHI B npoliecce uccienosanus. Tak, Hanpumep, npu o6padotke KBJ]
CKBaXXMH, PaboTaloIIKUX B YCIOBUSIX OTPAHMYEHHOTO IL1acTa, 1o ¢opMy/iaM 0eCKOHEYHOTO ruiacta
KOHEYHBIH y4aCTOK UCKPUBIIsieTcs (pUCYHOK 4.171);

- HEU30TEpPMMYHOCTh NPOIIECCa BOCCTAHOBICHUS JaBJieHHs B BbICOKONEOUTHBIX CKBaXKMHAX
CO 3HAYMTEIBHOI Pa3sHULIEH MEXIY CTATUYECKOM TeMIepaTypoil Ha 3a60€e U yCTbe. B Takux ciyvasix
nipu cHatu KB/ Ha ycThe CKBaXKMHbBI HEYYET NpoLIecca CTAOWIN3ALIMN TEMIIEPATYPbl MOXKET IPUBECTU
K 3aMETHOMY MCKAXEHUIO (hOPMbI KOHEUHOTO yyacTKa (PUCYHOK 4.17€¢) 1 K M3MEHEHUIO €TO HAKJIOHA

Y CBSI3aHHBIM C 3TUM OIIMOKaM B OIIpEACICHUM MapaMETPOB ILIACTA,
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Pucynok 4.17 — Bnusnue pasnnunbix pakropos Ha popmy KB/I
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- Hajlnyue B 06JaCTH IPEHUPOBAaHUSI CKBaXUMHBI 30H C PE3KO BHIPAXEHHOWM HEOIHOPOLHOCTHIO,
B TOM 4MCJI¢ HEMMPOHULIAEMBIX 3KPaHOB, 30H BBHIKJIIMHUBaHUsA, cOpocos U T.A. Bun KB/l noka3aH Ha
pucyHke 4.17x.

PeajibHOE 1MoBeNeHUE 1aBIEHUS B CKBaXHHE, BCKPBIBAOLIEH TIACT CJIOXHON (POPMBI, MOXET
OBITH IPOMHTENIPETUPOBAHO HA MATEMATHYECKMX MOIEISAX IUTacTa. TakuM crioco6oM MOTyT GBITh MO-
Jy4eHbl pacyeTHble (3TanoHHbie) KBJl 1151 Haubonee THMMYHEBIX C1y4aeB HEOAHOPOIHOCTH IL1aCTa.

[TosTOMY B COBPEMEHHBIX YCJIOBUSAX BaXHBIM SIBISETCS IUATHOCTHPOBAHUE OCOOEHHOCTEM
HEYCTAaHOBUBILETOCS MPUTOKA Ta3a K CKBaXuHe. Takas [uarHOCTHMKa MOXET OBITH MPOBEAEHA 110
KB/I, mocTpoeHHBIM B MosyiorapudMuIecKuX KOOpIUHATAX P32 oT lgf unu B BrtorapuPMHUYECKUX
KOOpAWHATax lg(P32) ot lgr. Ina KB/, uMetomux B rnosynorapubMudecKux KOOPAUHATAX CIOXHYIO
(bopMy (OTCYTCTBUE NPAMOIUHENHBIX yIAaCTKOB Wi HATMYHE HECKONBKHUX), 00paboTKa IIPOBOIUTCS
TyTeM NMOCTPOEHHS rPpa)uKOB B GUIOrapuMHUIECKUX JIMGO CTIIELHATBHBIX KOOPIMHATAX, MYyTEM CO-
MOCTABJICHHUSI ¢ STAJIOHHBIMU KPUBBIMH, TOCTPOCHHBIMM Ha HU(PPOBBIX MOJESX IJIACTA.

4.5.9 Ucnionb3oBaHKe KPUBBIX CTaOHIM3ALMH 3a00HHOTO JaBJIEHUS 1 AeOUTA ra30BbiX CKBAXUH

[Tyck ¥ ocTaHOBKA CKBAaXUHBI IPUBOISAT K NEpepacpeieeHUIO NaBICHUS B IIacTe OT 32604
10 KOHTypa nuTaHus. TeMn U XapakTep nepepacnpenesieHUs TaBIeHUs MOCIIE yCKa WM OCTAHOBKH
CKBaXHWHBI 3aBUCST OT CBOMCTB ITOPUCTOM CPEMIbl M HACBILIAIOUINX €€ XUIKOCTeM 1 ra3oB. [To Temry
Y XapakTepy pactpe/ie/ICH!s1 TaBICHUA B IUIACTE, ECJIM UMEETCSI BO3MOXHOCTb (DUKCHPOBATh 3TH MPO-
LECChI, MOXHO CYIUTh O KOJUIEKTODCKMX CBOMCTBax miacra. [lpouecc pacripeneaeHuss oaBlieHUs
NOCJIe IMyCKa CKBaXXUHEI B pabOTy Ha3BaH MPOLIECCOM CTaOWIM3ALIMK JaBJIEHUS, a 10CJIe OCTAHOBKU —
MPOLIECCOM BOCCTAHOBJIEHUS NaBJIEHUS. XapaKTep U3MEHEHUs IaBJIeHUsI Ha YCThe CKBAXWHBI U Ha

HHUKTe nokazan Ha pucyHke 4.18.
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\\ Pucynok 4.18 — Xapakrep nsMeHeHUs DaBIeHUS
T3 Ha ycTbe CKBaXUHHI (1) u nmepen nuadparMoit
Ha JIUKTe (2) B npoliecce cTaGuIn3aLuu
8
0 2000 4000 6000 8000 t,¢ JaBJICHUSA
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Hnst OIIpencJCHUS MapaMETPOB TJ1acTa HeOoOXOIUMO C BRICOKOH CTENMEHBIO TOUHOCTH ONPEACHATh
MPUTOK ra3a K CKBaXHUHeE. HpI/I BOCCTAHOBJICHHUU TAaBJICHUS IPEACTABISACTCH BO3MOXHBIM ONIPEAC/STD
3Ty BCJIMYNHY. HpI/I CcTabuIM3alHU 3a00HHOTO JaBJIEHUS BOZHUKAIOT Olpe/esieHHbIE OCI0XHECHMSI.

HN3BecTeH MeTOd UCTIONB30BaHUS KPUBBIX cTabWwIM3aLUy 3a00MHOrO JaBleHUsT U AebuTa
TOJILKO Ha OJHOM PEXUME pa6OTLI ra3oBbIX CKBaXUH IS OTIPEACIICHUA TapaMeETpa [iacTta.

ypaBHeHI/IC NPUTOKA ra3a K CKBaXXMH€ MOCJIC €€ ITyCKa UMEET BUL

QNWZP, T, 2,05 o OMWZPuTy, . Cros
T In 2 +bO* (1) + T an(t)’ (4.93)

Py -Pln=

rac

paTPaTZTnn (1 - RC]
_ Ry

202 IW°T,, R,

Jlns ynobctBa 06pabOTKM KPUBBIX CTAabWIM3allMK 3a00MHOrO NaBleHUs U nebura ¢op-

MyJy (4.93) mpeactaBuM B BUIE

[P2 - PX()]-b0*(t)

o0 = o+ Bo(?), (4.94)
rae
5 HZBuTuy.
© 2nkhT,’
o &;;20_53;
t
Jowar
f)=InY =In=2%
o) Q(T) o)

Ipu M3MepeHNM BO BpEMEHH M3MEHEHHS 3200 HOTO 1aBneHUs U 1ebuTa popmyna (4.94) nos-
BOJISAET OIPENSIUTD IapaMeTphl TUIACTA.

U3 dbopmynsl (4.93) BuaHo, 4To Wi 06paGoTKU KpUBOH cTabuin3auum TpebyeTcs 3HaTh Be-
TnuuHy Koadduuuenta b. CornacHo dopmysie (4.94) HyXXHO 3HATh BETWYUHBI B 1 In2,05y /RCZ. OaHako
rlapaMeTp y, caM 1o cebe TipeacTaBiseT IPaKTUYECKUI MHTEPEC, U €0 ONpe/IeIeHUe He MEHee BaXHO,
yeM ornpeneieHue koadduuuerta b. NMostomy s onpenesneHHst Koadduimenra b, a CJieI0BaTeNbHO,
Y 11apaMeTpa ¥, Hy>)KHO MTOCTYIIHUTB CIECAYIOLNM 00pa3oM:

- ypaBHeHue (4.93) HarMcaTh U151 ABYX 3HAU€HU I BpEMEHM; B YACTHOCTH, [UIsl TPOM3BOABHOIO
BPEMEHH ! 1 JUIS1 BDEMEHH f,, COOTBETCTBYIOLIETO BPEMEHH [TOJIHOM CTabIIN3aLUY JaBleHHA U neouTa.

MHIekc «k» B JaHHOM CJIyyae 03HayaeT KOHeIl [iporecca CTabMIN3alINU;
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- BBIYECTb U3 KOHEYHbIX 3HAYECHU I U3MEPACMBIX BEIUUYHUH HX TEKYILIHUE 3Ha4YC€HHWA, KOTOpPbIC
MO3BOJIAT U30aBUTHCS OT OTHOTO U3 HEU3BECTHBIX napaMeTpoOB, B HaCTHOCTH OT IMapaMeTpa o.

Eciu chopmyaupoBaTh BeIpaKeHUS

B2 —PXt). PL-PXt,).

y(r)= o vt )= 00y (4.95)
Q 06 Q 06

=In—2%2; ¢t ) =In 22 4.96

PO 0w =000 (420
TO
y(t)—bO(2) = a+Po(?); (4.97)
w(t) - b0t ) = o +Po(t, ); (4.98)
B pe3ynbTate npeo6pazoBaHuii mogyyaem

vt ) -y (@) +b1O(1) - Ot )] = Blo(t, ) - o(N]; (4.99)
vt ) -w() _p,20-0@) (4.100)

ot ) —o(t) ot )—o(t)’
rie b onpenensercs Kak HAKJIOH NPSIMO#A, TOCTPOCHHOM B KoopauHarax [y(7,) — w(H)]/[e(t,) — o(1)]
ot [Q() — Q(t)]/ [o(t) — 9(1)], a KoabduienT B — KaK OTPE30K, OTCEKAEMBbIil Ha OCH OpIMHAT.

Caa3p Mexay koadduimmeHToM B U K03hbHLHEHTOM (OWIBTPaLIMOHHOTO COTIPOTUBIIEHUS @ OyneT

HUMETDb BUJ,
R
a=2BIn=x. (4.101)
R,

KpuBble cTabunusannu 3a60HHOrO MABICHUA U NeOUTa caenyer obpadorath o ¢op-
Mmyde (4.100).

Takum 06pa3oM, UCHONB3YS KPUBBIE CTAGWIN3AIIMY TaBIEHUS U nebuTa, MOXHO OIPEAEIUTD
K03 dUUMEHTHI PUIBTPALIMOHHBIX COTIPOTUBIICHMUIT @ U b, a TAKXKe KO3(GULUEHT B, XapaKTepU3yIo-
LI TPOBOAUMOCTb U IIPOHMLIAEMOCTb [U1ACTA 3a NpeeiaMy GUKTUBHOM CKBAXUHBL. Crenyet UMeTh
B BUIy, YTO NEpBOC BpEMsl, TO €CTh B HayaJle MycKa CKBaXWHBI B paboTy, 3a60iiHOE U yCTheBOE
IaBIEHUS ¥ IEOMT OYAyT UBMEHATECS 60JIee HHTEHCUBHO, YeM K KOHLLY [IPOLIecca CTa0MIN3ALMH, TAK
KaK JenpeccHoHHas BOPOHKA B IPU3ab0HHOM 30He Golee IIyOOKast, 4eM 3a MpeAeIaMu pH3aboiiHOM
30HBI. KpoMe Toro, B Havaste mporiecca CTabuan3anuy GyIeT MMETh MECTO y4acTue rasa, HaxoIs1lerocs
B CTBOJIE CKBaXHHBl. [103TOMY COBOKYMHOCTb HOTMyNIEHNI, NPUHSITBIX IPU PEUIEHUH UCXOTHOTO
I bepeHUHATLHOTO ypaBHEHMUSI, ITYCK CKBAXKMHBI HE Ha 3a60€, 4 Y YCTh U IpyTHe (GaKTOPHI [IPUBOIST

K OTKJIOHEHHUIO HAYaJIbHOTO y4YacTKa KPUBBIX OT TNIPSMOM. HHH IU1IaCTOB € HU3KHUMHM KOJUIEKTOPCKHUMHU
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CBOMCTBAMH KPHBbIE CTAOMIN3AIIMY CHUMAIOTCS JIETKO, TO €CTh U3MEHEHUE ABICHUS U Je6uTa BeCcbMa
CYLLECTBEHHO, U MO3TOMY TEXHHYECKUE TPYNHOCTH, CBSI3aHHBIE C TOYHOCTHIO U3MEPHUTEIbHBIX TIPH-
60pOB, M U3MEHEHMU Sl U3MEPAEMBIX NAPaMETPOB HE BO3HUKAIOT.

OMBIT NOKA3bIBAET, YTO €CITH MPOLECCHl CTAOUIM3aLNY AaBleHHs U JeOUTa 1oce MmycKa U
BOCCTAHOBJICHMS NABNCHHS U OCTAHOBKHM CKBaXXMHBI MpeBbILAIOT 10 4, TO CHATHE KPUBbIX CTaOMIH-
3a1MK 06Pa3LOBBIMH MAHOMETPAMH He BbI3bIBAET TPYAHOCTEN. 3HAUMTEIbHO TPYIHCE CHSITh KPHBbIC
CTABMIN3ALIMY TIPU CPABHUTEIBHO BBICTPOH CTaOMIN3ALIMK 3200HOTO NaBJICHUS U ICOUTA CKBOKUHDL.
Tpouecc cTabMAKM3aLUK TPOUCXOAMUT BCETAA, OAHAKO LIS MIACTOB € XOPOLUIMMHU KOJUIEKTOPCKUMU
CBOMCTBAMM 3TOT MPOLIECC MPOUCXOAUT CPABHUTEIBbHO ObICTPO. CrieyeT OTMETUTD, YTO [UIs [/1aCTOB
CO CpelHell XapaKTePUCTHKOM B Mpolecce cTabuIn3auun HeoOX0IMMO (ukcupoBarb U3MEHEHUE
JaBieHus Ha 3a060¢ (YCThbe) CKBaXXHMHBI repel AnadparMoii pacXoqoMepoB ¢ TOYHOCThIO KaK MUHMMYM
110 OiHOM ThICSIyHOM g0 MITa. TlpeHeOpexXeHue ITUM YCTIOBUEM MPUBOIUT K CYIIECTBEHHBIM OIIHO-
KaM, WK e KpuBble He noanaloTcs odpaborke. Mcmosib3oBaHUE KPUBBIX cTadwin3auuy 3a60iHOro
JABJICHUS U 1e6MTa UCKITIOYaeT HEOOXOIMMOCTD 3aKPhITHS CKBAXXWHBI U IPUBOAUT K MUHMMYMY [TPO-
NOMKUTENBHOCTY MCC/IEIOBAHHsE CKBAXUH JUIs OTIPEeIeHUst IapaMeTpoB MuiacTa. Tombko MeTon
YCTaHOBMBILIMXCsI OTOOPOB I103BOJISAET OO0CHOBATh PEKMUM IKCIUIYATalMK CKBAXHH. Bce octanbHbIE
METOJIbI, BKJTIOYAst X KPMBbIE CTAOM/IM3a1MK 3260/ {HOTO JaB/ICHHUS 1 1e01Ta, IPUMEHAIOTCSI JUIs OTIpe-
JefleHus TIapaMeTpoB ruiacTa. JIns o60CHOBaHMS PeXHMa IKCIUTyaTalln HeOOXOAUMBI yCTAHOBHB-
[HIMecs 3HAaYeHUs 3a00MHbIX JaBAeHU U 1¢OUTOB Ha pa3jIMYHBIX PEXKMaX, Ha OCHOBAHMH KOTOPbIX
ONpeeNsIoTCA Npee/ibHble 3HAUeHUs IENPECCHUU Ha [U1acT, FpafeHTa NaBieHHsl, CKOPOCTH MOTOKA,
BeMYMHa YCTBEBOTO JaBIeHNs, BO3MOXHOCTH 00pa30BaHys 1 paspyLICHUS TIeCYaHO MpOOKU.

Mcro/b30BaHKe KPUBBIX CTAOMIM3AIHY 3a00MHOTO (YCThEBOTrO) NaBICHUA 1 nebuTa Mo3BOJISET
MpU MUHMMAJIbHBIX 3aTPaTax CUJ U CPEICTB OMPENSIUTD TAPAMETPHI IU1acTa. J17151 LIMpOKOro BHEAPE-
HUs ITAHHOTO crocoba cienyeT MCIONb30BaTh TEXHUYECKUE CPENCTBA BHICOKOW TOYHOCTH. Meton
OTpe/ic/IeHUsI TApaMeTPOB TLIACTA [10 KPUBBIM CTaBMIM3ALMM JOJKEH ObITh HCTIONb30BAH TaK e M0-
BCEMECTHO, KaK 110 KPUBBIM BOCCTaHOB/IEHUS AaBieHus. [Ipumep o6paboTKH KPUBBIX cTabWIn3aluu
npuBeaeH B Tabuue 4.6 U MoKa3aH Ha PUCYHKE 4.19. Ecnu B npouecce cTabuin3auyy 3a60iHoro
JNABIeHMs 3aperCTPUPOBAHO U3MEHEHHE BO BpEMEHHU 3a00MHOTO IaB/IeH s ¥ 1€O1Ta ra3a CKBAXHHEL,

TO MOXHO OIpeacadaTh NapaMeTphI I1acTa € TMOMOULIbIO (I)yHKL[I/II/I BIUSAHUA.

4.6 YCKOpeHHbIe METOIb HCCJIE0BAHNS CKBAKHH € JNTHTENbHON CTa0HIN3aIMel 1aBIeHus
¥ 1e0MTA HAa YCTAHOBHBLIMXCS pexxumax GpUIbTpaunu

B CKBaXXWHAax, BCKPBIBLUIMX IJIACTHI C IUIOXUMU KOJUIEKTOPCKMMU CBOWCTBAMHU, NPOLIECC 1€~
pepacrpeneieH|s NaBIeHHs NIPH UX MyCKe M OCTAHOBKE MPOUCXOIMT MEUICHHO. DTO NPUBOIUT K
3HAYMTEIbHON 3aTpaTe CUJI U CPENCTB ISl UCCIeNOBaHMsl TAKUX CKBaXMH Ha YCTAHOBHBILIMXCS pe-

XuMax ¢uibTpauun. [103TOMy McCle10BaHNE CKBAXWH, BCKPBIBLINX HU3KOMPOAYKTHBHBIC KOJLICK-
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Ta6anua 4.6 — Pe3ynbraThl 06pabOTKH KPUBBIX CTAOMIN3ALMM 3a60/HOTO NaB/IeHUs 1 nebuta

Le | P, MIa | Q@) | AQ() =0 —Q(1,) o) | Ae() =¢(1,) —o() Ap(1)/AQ(1)
0 22,05 0 0 0 0 0
66 21,722 7,801 0,425 3,3584 0,682 1,605
1200 21,373 7,708 0,332 3,4193 0,6211 1,871
2400 21,031 7,616 0,24 3,48 0,5604 2,335
3600 20,063 7,535 0,159 3,6293 0,4111 2,585
4800 19,326 7,477 0,101 3,7401 0,3003 2,973
6000 18,726 7,434 0,058 3,8282 0,2122 3,659
7200 18,209 7,407 0,031 3,9008 0,1396 4,46
8400 17,752 7,39 0,014 3,9627 0,0777 5,59
9600 17,15 7,376 0 4,0404 0 0

OkoHuanue mabauyw 4.6

[AQ0/Ap)I10° | AP = Ph — PX(1) [w(1) = AP)/Q0)] Aw() = w(r,) — w(D [[Aw()/AQMT 10| Ay(r)/Ae(r)
0 0 0 0 0 0
623,17 14,37 1,8421 24,198 5,694 35,484
534,54 29,38 3,8116 22,284 6,696 35,791
428,26 43,88 35,7615 20,279 8,45 36,188
386,77 83,7 11,108 14,932 9,39 36,317
336,33 112,69 15,072 10,969 10,861 36,53
273,33 135,54 18,232 7,8076 13,465 36,805
222,06 154,62 20,875 5,1625 16,667 37,034
180,18 171,09 23,152 2,8885 20,624 37,194
0 192,08 26,04 0 0 0

10() — Q) )/To(r,) — o(
0 0,1 0,3 0,4 0,5 0,
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lo(t) — oI/10() — O(2)]

PucyHok 4.19 — 3aBUcuUMOCTb
lw(t) —w(O)/10(1) — Q1 )]
oT [@(1,) — ()]/10(t) — Q)] (1)
u ly(@) —vw)/le(t) — o]
ot [Q(1) — Q) /lo(1) — ()] (2)
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TOPBI, HA YCTAHOBUBIIMXCS PEXUMAX (QIIBTPAlMM CTAHOBUTCS HELETeCOO0Pa3HBIM. Tloatomy s
CKBAaXXMH, BCKPHIBILMX [UIACTHI C ITUTENbHO# cTabuiM3aLueii 3a60itHOTO naBneHus 1 1ebura, 6bUIH
TPEUTOXKEHBI PA3TUYHble MOIM(UKALIMU METO/Ia YCTAHOBMBLUUXCSI OTOOPOB, TIO3BONIAIOLINE YCKOPUTD
fpolece MccleNoBaHKs TAKUX CKBaXHH. Kaxnas 13 IpeioXeHHbIX MOIM(UKALIMI METONA YCTAHO-
BUBIIMXCS OTGOPOB IOIMYCKAET BO3MOXHOCTh MCTIONIb30BAHUS HECTAOWIM3MPOBABILMXCS 3HAUCHUH
JaBJIeHWs U AeOUTA CKBAXKUHBI.

MeTon HCC/IeI0BAHMS HAa YCTAHOBMBIIMXCS PEXUMax GUAbTPALMU TpeOyeT MpakTHYeCKH Mo
HOM CTabGWIM3aLMK 3a00MHOTO 1aBJIeHUS U 1e01Ta CKBaXKMH Ha KaXXIOM PeXUME U IIOJTHOTO BOCCTA-
HOBJIEHMs JABJEHUST MEXIy pexXumamu. PexxuM cuuraeTcs cTabMIM3UPOBAHHBIM, €CIM B TCUCHME
OTIpelICJIEHHOTO TIEPMOJIa BpEMEHH 3a00iHOE JaBIeHKe U IEOUT HE U3MEHAIOTCS, TO €CTh 3TH U3ME-
HeHUsl He PUKCUPYIOTCS MCTIOIb3YEMbIMHM NPUOOPaMH.

BpeMsi, HeOGXOIMMOE JUTsi CTaGWIIN3aLUH 3a00IHOTO IaB/IeHUsl U 10K Ta, MOXKET OBITh OLIEHEHO
1o opmyne
CR>m
_Lhemp
kP

nn

v 1, = CRYY, (4.102)

e C — uncnenHbIit K03hbULIMEHT, MpMHUMaeMblid B ipeaeiax 0,122 < €< 0,350;

R_— paauyc KOHTypa MATaHUS;

t.. — Bpems, Heobxoanmoe s crabunn3auuy JaBlIeHU I,

m — MOPUCTOCTB;

1 — KoabUINMEHT BA3KOCTH ra3a;

¥ — KO3 OULIMEHT NbE30MPOBOAHOCTH;

k — xo3(hdUIMEeHT NPOHULIAEMOCTH T/1acTa;

P — IuiacToBOE IaBJICHUE.

U3 dopmyasl (4.102) cienyer, uto, yeM donblie KO3hHHOUIMEHT TPOHULIAEMOCTH, TEM MEHbLIIE
BpeMst, HEOBXOIUMOE IUTst CTaOIIN3ALMHU PEXUMa, U YeM GoJTbLIe BS3KOCTb rasa, TeM GoJIblIIe BpEMEHU
TpedyeTcs /Uil CTaOUITU3aLIUH,

4.6.1 M30XpOHHBII METOI UCCIIENOBAHHS CKBAXXKUH

OnHoit 13 MepBbIX MOAMUMUKALIMI METOIa NCCIIENOBAHNUS Ha YCTAHOBUBILMXCS PeXUMaX PUITBT-
paLuH SBISETCS M30XPOHHBIA MeTol. CyIIHOCTb METOAA 3aK/TI0UAeTCsl B TOM, 4TO [IPH UCCI/IEI0BAHMU
CKBAXUHBI B TEYeHHE ONMHAKOBBIX OTPE3KOB BPEMEHH C PAa3IMYHBIMU NeOHMTaMK OyzeT mojyyeHa
WHAMKATOpHAsl KpUBasl, XapaKTepu3ylollasi paboTy CKBaXUHbI JUTsl JAHHOTO OTPE3Ka BPCMCHHU. IIpu
3TOM 00S3aTeIbHBIM YCJIOBHEM SIBJISIETCSI HEOOXOAMMOCTD ITOC/IE KaXA0TO pexXuMa 3KCIUTyaTalliu
CKBaXXWHbl €e OCTAHOBKM J10 MOJHOTO BHIPABHMBAHUSA HaBlEHUs MO BceMy ruracTy. OTMETHM, 4TO

€CJIM IIJIACTOBOE JaBJIEHUE HE yCIleBaeT MOJHOCTbIO BbIPABHUBATLCSA MCXKIY peXuUMaMHU U BpEMA
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paboThl CKBaXXMHbI PABHO BPEMEHU OCTAHOBKHU MEXIY peXUMaMH, TO MOJyYeHHAas! HHAUKATOpHAs
KpHBaA TAKKE MO3BOJISICT ZOCTATOMHO TOYHO ONPENENUTh NapamMeTpsl riacta. OCHOBHO MPUHIIAI
M30XPOHHOTO METONA MCCJICNOBAHUS CKBAXUHBI 3aKIIIOYAETCA B TOM, YTO PafuyC APEHUPOBAHHOM
00J1aCTH He 3aBUCHUT OT AcOuTa.

[TpunsiToe ycnoBue o3HayaeT, 4TO ISl OMHOIO U TOTO Ke OTpE3Ka BPEMEHH HE3aBUCUMO OT
AebuTa Oy/IeT IpeHPOBATLCS 30Ha ONMHAKOBOTO paguyca. B atom CJly4ae, TaK Xe Kak U IpH MOJHON
CTabuIM3aluy 3260/ HOTO NaBJIeHHs U 1eOUTa, YTOJI HAKIIOHA WHIMKATOPHOM KPUBOIi, 06paboTaHHOI
B KoopauHartax AP2/Q ot Q, octaetcs MOCTOSHHBIM. B TIPOTUBHOM CJIy4ae IPpUMEHEHHUE Pa3INYHbBIX
MOIU(pUKALINA METOa yCTAHOBUBINHMXCS OTOOPOB B CKBAXMHAX C JUTUTETbHOI CTabuIu3aLHneN 1aB-
JIEHU U 1e0uTa OBIJIO ObI HEBO3MOXHbIM.

Jlna HenvHeHOro 3aKoHa (PUIBTPALIUY Ta3a K CKBAXMHE pe3ynbTaThl UCCAeOOBAHUS H30-

XPOHHBIM METOJI0M 00pabaThIBaIOTCs MO CIeayoIlei GopMmyJe:
Pl =PI (ty) = a,(1,)0(t,) +b,(£,)02(1,), (4.103)

rae P3(tp) — 3a00iHOe NaBJICHKUE, COOTBETCTBYIOLICE BPEMEHU 1y

!, — BPEMs pabOThI CKBAXWHbI, HE TIPEBBIIIAIOLIEE Yaca, ONMHAKOBOE Ha BCEX PEXMMAX HC-
CJIeIOBaHUS CKBAXHHBI,

Q(tp) — 1NeOUT CKBaXXUHBI, COOTBETCTBYIOIINIA BpeMEHH 1

a(tp) — K09 OUUMEHT QUIBTPALUOHHOTO CONTPOTUBJIEHUSI, 3aBUCSIIHIA OT CBOICTB TIOPUCTOM
Cpellbl U HACHILAIOIIMX €€ XKMAKOCTEH M Ia308B, a TAKXKE OT paquyca IpeHHpoBaHusA. B 1aHHOM ciyyae
U3MEHYUBOCTb KO3 (UIINEeHTA a(tp) 00yCJIoB/IEHAa HE TOJIBKO PATNYCOM 30HBI IPEHUPOBAHUS, Be-
JIMYUHA KOTOPOTO 3aBUCUT OT NMPOJOIKUTEIbHOCTH PaGOThl CKBAXKHMHbI f, Ha PaslM4HBIX PEXUMAX.

ITpu BeanunHe !,» PABHOI BPEMEHH MNOJHOW CTAOUIM3aLIMM aBIEHUS M AeOuTa ¢

rag» PAIMYC 30HBI

IPEHUPOBAHUA NTOXOIUT 4O KOHTYpa NuTaHus. YeM 6osiblire f,, TeM OJIMKe 3HAYEHUE a(rp) K AICTUHHOMY
3HavyeHuwo a, .. CTpykTypa KoadduimeHTa a(tp) ITPH U30XPOHHOM METOAE UCCIEAOBAHUS CKBAXKHHBI

HMECT BULO
R(t,)
p‘z‘PaTTl'UI ln " 1 R(t )

, Wi a,(t,)=a —In—2P",
nkhT,, Blp)=a Zin—p

ay(tp) = (4.104)

*
rae =pzP, T ./(kT,);
W, Z — COOTBETCTBEHHO KOI(OHULMEHTHI BI3KOCTH U CBEPXCXKUMAEMOCTH Ta3a, 3aBUCSAIIUE OT
AaBJCHYS, TEMIIEPATYPBI M COCTABA ra3a. Yuer BIMAHUS JaBIeHUS U TEMIIEPATYPhI [a3a HA PE3Y/IbTATHI

UCCJIEN0BAHUI OYIET pACCMOTPEH OTAENBHO;
T

> Ter — TUIACTOBAs U CTAHAAPTHAS TEMIIEPATYPBI;

h — ToNImMHA I1acra;
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k — Kod¢dPuLUMEHT NPOHULIAEMOCTH T1aCcTa;

R. — pannyc CKBaXXHHBI,

R(tp) — paaMyc 30HbI IPEHMPOBAHUS, OXBAUEHHbIH CKBaXHUHOI 3a BpEMA paboTHI 7,,.

[Tpu mocTostHCTBE BCEX NMapaMeTPOB BETUYMHA aB(tp) 3aBUCHUT TOJIBKO OT R(tp). B 3aBucumoctu
OT KOJLTIEKTOPCKHUX CBOMCTB IL1ACTa ¥ TIPOIOJLKMTENLHOCTH PAbOThI CKBaXKHHbI HA PA3TUIHBIX PEXHMax
3HAYEeHHE aB(tp) MOXKET 3HAUUTENbHO U3MEHATHCS.

O6pabaTbiBasi pe3y/IbTaThl UCCIIENOBAHMI B KOOpOMHATAX [Pr%J1 — Pg(tp)] / Q(tp) oT Q(tp), ornpene-
JieM Ko3(pDuiMeHT a(tp) KaK OTPE30K, OTCEKAEMbIii Ha OCH KOOPIMHAT, U KO DHIMEHT b, xaK HaKJIOH
nipsimMoit. JU1sl onpenesieHust MICTUHHOTO 3Ha4YeHust Ko3(hdHLMEHTa g, NPEIOXKEHBI [1Ba METO/1a.

1. IMpu usBecTHOM KO3 dULIMEHTE b 171 onpeneieH! UCTUHHOTO 3HaYCHUS Koa3(pduumreHTa
a,,., COOTBETCTBYIOLLETO CTabMIM3MPOBAHHBIM BEJINIMHAM 3a00IHbIX JaBJIEHMIT U 1eOUTOB, HEOOXO-
JMMO Ha OJHOM M3 PeXMMOB I0XMIATHCA TMONHOM CTabMIN3aLNK 3360HHOTO 1aBieHNs U AeOUTa,
HCTIONH3YS YPaBHEHUE

— Pr2m _P32(tCT)

—bQ*(t.), 4.105
ye o) Q- (t.r) ( )

roe b — K0o3(hDULIKEHT, ONpeaesieMbli 110 pe3yJIbTaTaM MCCIeA0BaHUs CKBAXXWHBI H30XPOHHbBIM
METONOM,;

P (1..6) — 3a00iHOE IABICHIE HA PEXKUME, C KOTOPbIM OKCIUTyaTHpyeTCs CKBaXXMHa TOCIIE
MMOJHOU CTAOUIM3AIINN;

Q1 1a5) — [EOUT CKBAXHHBI [TOCTIE MOJIHOM CTAabMIIN3alIMKU paboThl HA JAHHOM PEXHME;

!

crab BpEMS, HEeoO0X0AUMOE U1 cTabUIM3allMKY 1aBjIeHUs U JeOuTa Ha O4HOM U3 PCXKUMOB

paboThi CKBAXKUHBI.

2. 3Has BEJWUYUHY a(tp) 0 pe3yJbTaTaM MCCJIEI0BaHHS CKBaXHWHBI H30XPOHHBIM MCTOAOM,
COOTBETCTBYIOLLYIO HECTAOMIM3MPOBAHHBIM 3HAUEHHUSAM 3a00HHbIX IaBNEHUA U A1eOUTOB, UCTUHHOE
3HaueHne KoddduLeHTa @, JUISl ONHOPOIHOTO I1ACTa MOXKHO ONPENEIUT 110 dopmyne

t
a,c =a(tp)+[31n%, (4.106)
p

rae 3 — HaKJIOH KPUBOW BOCCTAHOBJIEHHMs AABJICHUA, 06paboTaHHOW B KOOpAWHATAX Pg(t) ot lgt.
Mpy vccIe10BAHUM CKBAXMUHBI U30XPOHHBIM METONIOM OIHUM M3 00s13aTe/IbHBIX YCTIOBUH ABNAETCS
MOJIHOE BOCCTAHOBIICHUE NABJIEHMS MEXIY PeXXUMaMU. DTO 03HAYAeT, YTO IIPH MCCIIENOBAHUM CKBA-
XUHbI H30XPOHHBIM METOIOM HMEEM CTOJIBKO KPUBBIX, CKOJIbKO PEXMMOB. [103TOMY U1t OIIpEneIeHUsT
MCTUHHOTO 3HaYeHusi Ko PULMEHTa g, . HEOOXOIUMO OTHY U3 KPUBBIX BOCCTAHOBJICHUS JNaBJIeHUI
00paboTraTh B KOOpAWHATAX Pg(t) ot lgt. Jlanee, onpeenus B, a TAKKE £, U [, HAXOMSIT UCTUHHBIA

KO3POULHUEHT a .
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TexHoMOTUs UCCIEI0BAHUS CKBAXXWH M30XPOHHBIM METOIOM 3aK/IIOUAETCH B CIEAYIOLIEM:
nepea HayajaoM MCCIeA0BaHUS CKBRXKUHBI U3MEPSIOT TUIACTOBOE 1aBJICHUE WIM OTIPEAEJISIOT €T0 pac-
YETHbIM YTEM, U3MEPHUB CTATUYECKOE aBJIeHUE Ha YCThe. Jlaee CKBaxXMHY MycKaioT B paboTy ¢ Je-
ouToM Q Ha BpeMsi 1= 30—60 MuH. K KOHILY BBIOpaHHOTO BpeMEHH U3MEDPSIOT 3aTpyOHOe U OydepHoe
JABJIEHUE, 110 BO3MOXHOCTH 3a00MHOe JaBieHUe NIYOMHHBIM MaHOMETPOM, TEMIIEpaTypy rasa, a
Takxe naBjaeHue u temnepatypy rasa Ha JIUKTe. Ilpu ussectHbix P, ~ P 0eOUT CKBaXUHBI Ha
MEPBOM peXUMe OYIET 3aBUCETh OT IMaMeTpa quadparMbl U IMHUM U3MEPEHHUS 1eOUTa. 3Hasi AMaMeTp
JAUKTa u BbIOHpas quaMeTp auadparM, MOXHO onpeneuTh KoadduuueHTt pacxoaa raza C.

Ipu uccnenoBaHUM CleAyeT 00paTUTh 0COD0E BHUMAHUE Ha clie/lyloline (haKTOpbI.

1. JleObuThl CKBaXHUHBI HA BCEX PEXUMAX UCCICIOBAHUS N10KHbBI 00ECTIEYHTH BHIHOC C TOTOKOM
rasa XHUIKHUX W TBEpAbIX MTpUMeceil ¥ UCKIIOYUTh BOZMOXHOCTb 3arpsi3HEHHUs MPHU3ab0iHON 30HBI
I1acTa, o6pa3oBaHuUs XMIKOH 1 recyaHoi npodok. O6pazoBaHUe MPOOKU WIN OUMLIEHUE 32005 OT
Hee B NPoLecce UCCIeI0BaHHMs IPUBOINT K U3MEHEHUIO KOI(DDHUILIMEHTOB PUIBTPALIMOHHBIX COTIPO-
TUBJIEHUI. U3MeHeHHe KOAPPULIHEHTOB (PUIBTPALIMOHHLIX COMPOTUBJIICHUNA OT PeXKHUMa K PEXUMY
ABJISAETCA OJHUM U3 (PaKTOPOB, BAUSIOILNX Ha (JOPMY UHIMKATOPHBIX KPUBBIX.

2. [TapaMeTpsl pexkrMa JOJKHB HCKITIOUMTH BO3MOXHOCThH 00pa30BaHUsI KPUCTAIIIOTHIPATOB
B ITpHU3a00HHON 30HE IUIacTa U B CTBOJIE CKBAXXUHEIL,

3. PexuM cKBaXMHBI JOKEH UCKITIOYUTH BO3MOXHOCTh MTOATSATMBAHNS KOHYCa MOMOLUIBEHHOM
BOJIBI B IPOIIECCE UCCAE0BAHUS.

Ha BTOpOM U TIOC/IEAYIOLIMX peXXUMaX, aHATOTMYHO MEePBOMY PeXHMY UCCIe10BaHus, TIO UC-
TeYCHUM BPEMEHH [, M3MCPSIIOT JaB/ieHHE, TEMIIEPaTypy ¥ PacXol rasa M 3aKphlIBAIOT 0 MOTHOTO
BOCCTAHOBJIEHUA JaBieHust. TakuM 00pa3oM, MYCK CKBaXXKMHBI Ha Pa3IHYHBIX pexXHUMax Ha BpeMs
Iy =ty = I3 =... I, M1 OCTAHOBKA MEXIY PeXMMaMHU JI0 NIOJTHOTO BOCCTAHOBICHU ABIEHUS TO3BO-
JISTIOT TMOJIYYMTh XapaKTep U3MEHEHHUs YCThEBOTO IABJIEHHS BO BPEMEHH, TOKa3aHHOTO Ha pucyHke 4.20,
MIPU U30XPOHHOM METOME UCC/eI0BaHUs CKBaxuHbl. Huxe B Tabnuue 4.7 npuseneH npumep odpa-
OOTKH pe3y/lbTaTOB UCCIEeI0BAHUS CKBaXKUHBI M30XPOHHBIM METOIOM U Ha pucyHke 4.21 nokaszaHa
3aBUCUMOCTh AP2(tp) H APZ(tp)/Q(tp) oT Q(tp), T10 KOTOPO¥ onpeneaeHbl KoddpuumeHTh a(tp) u b(tp).

OCHOBHBIM HEAOCTATKOM H30XPOHHOI'O METOHA SIBASETCS HEOOXOIMMOCTh MOJIHOTO BOCCTa-
HOBJICHMS TABJICHUS MEXJY PeXUMaMHU.

J11s1 KOJLIEKTOPOB, B KOTOPBIX CTAOMNIN3aIIMs AaBJICHMS U ieOUTa HA pa3IMUHbIX PEXUMaX pa-
00TbI CKBaXXHHBI M BOCCTAHOBJICHUE JaBJICHUS MEXIY peXUMaMU TpeOYIOT NECATKOB YaCcOB, a UHOFA
Y JHEW, UCNOIb30BaHUE U30XPOHHOTO METOMa TaKXe HelieJecoobpa3Ho, KaK M METONa YCTAaHOBUB-

HIMXcst oTOOPOB.
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VI

1

1-VI — HOMepa peXXUMOB; PCT — CTaTUYECKOE MABJIEHME HA YCThE CKBAXXUHbI Mepe]l Ha4yaJIoM
UCCIENOBAHUS; /) — POLOKUTEILHOCTD paboThbl CKBaXKMHBI Ha PEXUME; [, — BPEMS TIOJTHOTO

yen

YCKOPEHHO-U30XPOHHOM HCCEN0OBAHUM CKBAXHHEI
PucyHok 4.20 — Xapaktep u3aMeHeHUsI 1aBJI€HUsI BO BPEMEHU IIPU UCCICI0BAHHU CKBaXXHWHBI
U30XPOHHBIM METOIOM

Tabnauua 4.7 — O6paboTKa pe3yabTaTOB UCCICI0OBAHUSA H30XPOHHBIM METOIOM

BOCCTAHOBJICHUW OABJICHUS MEXAY PCXUMaAMU, t(:'r — BpEMH4, HeoO0Xxoa1MMOoe IS IOJTHOH

cTabunu3aluum 3aboHOro 1aBJeHUS U ,[[C6I/ITa; P, _— YCJIOBHOC 1J1aCTOBOC JaBJICHUEC ITPH

Homep pexxuma | P, MIla | P, MIla | [P2 — Pt )], MIla QO(1,), Thic. M/cyT AP2/Q(ID)
1 11,58 13,48 13,47 52 0,259
2 10,89 12,89 29,29 94,6 0,309
3 9,92 11,57 61,56 158,8 0,387
4 8,48 10,17 92,01 203 0,453
) 7,33 8,52 12,85 243.5 0,502
6 6,36 7,34 141,56 266,5 0,531
[Ipumevanue — P, = 13,98 MIla.
= 140 1 0.7 2
= 3
2120 0,687
Ncl: 2 ]
5 Y
¥ 100 V/ 0,5
80 / 7 0,4
60 / /’ 0,3
40 /' 0,2
20 // 0,1 Pucynok 4.21 — 3aBUCHMOCTD [PI%I — P%(tp)]
(D u [P, — PA1)1/Q(1) (2) o1 Q(1,),

[TOJTyYeHHAs IIPH H30XPOHHOM METOIIE
HCCIEIOBAHUSA

0 40 80 120 160 200 240 , 280
Q(t,), THIC. M /CYT
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4.6.2 JKcrpecc-MeTOI UCCIeIOBAHUSA CKBAXWH

HccnenosaHue cKBaXXUH U30XPOHHBIM METOIOM IIPOBOLUTCS ¢ 063aTeIbHBIM BOCCTAHOB-
JICHUEM JaBJICHUs MEXIY peXHUMaMH. [ I1acTOB ¢ [UIOXMMH KOJJIEKTOPCKUMU CBOMCTBAMH,
KOTJla BOCCTAHOBJIEHHE JABJIEHUS [TOCJIE KAXIOTO pexXuma Tpedyer 2—3 CyTOK, UCCIE[OBAHUE CKBA-
XUHBI HA 5—8 peXuMax MpoJoKaeTcsi HECKONbKO NHel. MccmenoBanue cKBaXUH ¢ BBITYCKOM
rasa B aTMocdepy NpONOIKUTEIBbHOE BpeMsi HeIOMycTUMO. [103TOMy NpennoXeH MeToM, 3Hauu-
TEJbHO COKPAIIAIIIMI TPOLOIKHUTENILHOCTD UCCIEA0BAHUS CKBaXWH. OH MOJYYMII Ha3BaHHUE «3KC-
Mnpecc-MeToa».

OTOT METOL OTIIMYAETCSI OT U30OXPOHHOTO TEM, UTO IIPH €r0 IPUMEHEHUHN He TpeObyeTcs ocTa-
HOBKa CKBaXXMHBI IO MTOJTHOTO BOCCTAHOBJIEHHS JaBJ€HHUS, OCTAHOBKA CKBAXUHBI IIPOU3BOIUTCS B
TeYEHHUE BPEMEHU, paBHOTO BPEMEHU pabOThl CKBAXWHBI Ha peXuMe (pUCYHOK 4.22).

Takxe Kak ¥ Ipy U30XPOHHOM METO/IE, BpPeMsT pabOThI CKBAXMHbI Ha KAXKIOM PEXUME OTHO U
Toxe. O003HaYMM 3T0 BpeMsi uepe3 Af. JIeOUT CKBaXXMHBI Ha 71-M peXnMe 0003HaAUUM Q,. Torna 3a-
GoiiHOE NaBjieHUe B KOHLIE 1-TO peXruMa paboThl CKBAXUHBI OYIET paBHO

n—l1

Pl —Pas(m)= 0,6 (A+ > 0, 9, [(2n+1)Ar]— @y (2nAN)} + Bg?. (4.107)

i=1
BennuuHy ¢ (A7) MOXHO TPakToBaTh KaK KO3(MGHUILMEHT JTUHEHHOTO CONPOTUBIEHUS d, CO-

OTBETCTBYIOLLIMHA BPEMEHM pabOThl CKBaXKMHBI Af.

P, atM

w\
2

WM NOAKTIOYEHHE

B KOJUIEKTOP

1151 paboThl

Ha NPOCKTHOM pexXumMe

OcTaHOBKa CKBaXHHBI
nocne 4-ro pexuma
PabOTHI CKBAXUHBI

Ha 5-M pexume
OCTaHOBKA CKBKUHBI —
noce 5-ro pexxuMa

MpozomxuTensHOCTL
TposoxuTenbHOCTh

OCTaHOBKA CKBAXHHbI
nepes HAYAIOM
HCCNENOBaHUS
3KCNPeCC-METOOM
TIponOmKUTENBHOCTD
paboThl CKBAXMHBL

Ha 1-M pexume
OCTaHOBKA CKBaXUHBI
nocae 1-ro pexuma
[MpoxomkuTensHOCTL
paboThl CKBAXHHBI

Ha 2-M pexuMe
OCTaHOBKA CKBAXUHBI
nocne 2-ro pexuma
TpomomXUTENBHOCTS
paBOThl CKBAXUHBL

Ha 3-M pexume
OcTaHOBKa CKBAXMHbI
nocine 3-ro pexuma
paboThl CKBAXHHbI

Ha 4-M peXuMe

HpO}IOJ'[)KHTCJIbHOCTL UCCICAOBAaHUA 1, 4
2,4,6, 8, 10 u 12 — Touku 3aMepa JAaBJIeHUs, TEMIIEPATYPHI U I€OUTA CKBAXUHBI; 1150 — BPEMS LIS
MOJIHOTO BOCCTAHOBJIEHUS NABJICHUS TIEPE] HAYaJIOM MCCIeNOBAHUSI 3KCIIPECC-METONOM;
1, ; — BpeMsl, HEOOXOIMMOE [UIsT YACTUYHOTO BOCCTAHOBJIEHHU S IaBI€HUSI OCIE KaXI0ro pexXuma
Ty Tl Tlyy = oo = 1, =155 1§ — IPOIOJBKHTEIBHOCTD PAGOTBI CKBAXMHBI HA KAXIOM PEXHUME
PucyHoxk 4.22 — Xapakrep u3MeHeHUs1 1aBJIeHUS B [IPOLECCE UCCIEI0BAHUS CKBAXUHbI

KCNpeCC-METOOAOM
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O6o3Hauum a = ¢, (Af). B cnyyae oIHOPOIHOTO IU1acTa HEOrPAHUYEHHOIO pasmMepa GyHKUHUS

BIUAHNWA NPECACTABIICHA B BUIEC

uzl.. . 2,25y
At = T In 4.108
(P1( ) rkh "c2 ( )
1 (popMyJia IPUMET BUL
n-1 5
P2 —Plo(m) =gy + .00, +b0} +'¥, (4.109)
i=1
rie
n—1 .
2i+1 3 5 3 2n-1
Y= In—= In—+ In=+...+ In=+Q In =
; Qn—l i Qn—l ) Qn-—2 4 Qn—l ) Ql m-2
2n-1
=0,1766Q, ; +0,097Q, , +...+Q;In “4.110)

2n-2"

Ecnu ckBakyHa nepel UCCIEI0BaHUEM IKCIIPECC-METOA0M 3HAYUTEIBHOE BpeMsl IIPOayBaIach,
a 3aTeM 3aKpblBAJaCh HA HEIPOIOXUTENbHOE BpeMs, B TEUEHUE KOTOPOTO IU1aCTOBOE JaBIEHUE HE
TIOJIHOCTBIO BOCCTAHOBWIIOCH, TO TIPY 3TOM MOJIYYEHHas 3aBUCUMOCTb OT @, OyIeT OTCeKaTh Ha OCH
OpAMHAT OTPE30K, PaBHBII

Ban 1n(tnp + toc1‘)
t 2

OCT

C, = 4.111)

rac an — J1eOUT CKBaXXMHBI NpH NIPOAYBKE MEPEH 3AKPHITUEM HAa UCCIIEAOBAHUE

fnp — MPOOOJKHUTEIBHOCTD IIPOAYBKH;

TOCT — NPOOOIXHUTENBHOCTh OCTAHOBKH MOCJIE IMTPOAYBKH.
B atom ciiyyac 06pa60TKy PE3yNbTAaTOB UCCIEAOBAHUA IKCIPECC-METOAOM CIIEAYET BECTH T10

dopMyie

P2 — P4 (t,) = a(t,)0,(t,) + bO2(t,) +BICi(t,) + Cy . 4.112)

P2 - PA(1,)-BCi(1,)
0.(7,)

O6paboTka pe3yJNbTaTOB HCCJICAOBAaHMS B KOOpAMHATaX

b

2
P2 - PL(1,)-BICi(1,)+ Gy
0.(1.) oT Qi(tp) [IO3BOJIAET ONpeaeaiuTh KOG IHUUHEHTH QUABTPALUOHHBIX
i\'p

CONpPOTUBICHUN a(tp) u b. Kak Buano u3 dopmyinl (4.112), pe3yabTaThl UCCACAOBAHUS 3KCIIPECC-
METOIOM 00GpabaThIBAIOTCA TOJBLKO IPU M3BeCTHOM kKoadhduuueHTe B, onpeneysseMOM KaK HaKJIOH
KPHBO1 BOCCTAHOBIICHUS JaBIeHUs, 00pabOTaHHOW B KOOpAMHATAX P32(t) ot lgt. CienoBaTenbHO, LISk

06paboOTKU Pe3YyJIBTATOB MUCCAEI0BAHHUA 3TUM METOAOM TPEOYETCS CHATDH XOTs ObI ONHY KPHBYIO BOC-
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CTaHOBJEHMS NaBieHus. Ecin Takast KpuBasi o Kakoi-nubo NpUYMHE He CHATA U KoadpuumneHT B
HEU3BCCTEH, TO CICAYET NOCTYMUTD C/IEYIOIUMM 00Pa3oM: MEPBYIO TOUKY NPMHUMAIOT 33 HA4YAIO0 OT-

cyera U BBOOSAT 0003HAYEHUS:

PL(t,) Pl —PL(t,) Co(1,)
; yT = ; xT = b
Ql (tp) QT (tp) Q’r (tp)

N=

NIOJIYYCHHBIE PE3Y/IbTaTbl UCCNIENOBAHUS 00pabaThIBAOT 110 GOpMYyJie
Y= = %00, (1) - Oy (7,)]. (4.113)

ITocTpouB 3aBUCUMOCTD vy —y))/x, ot QT(tp) — Ql(tp), onpenesior Koah@UUUeHT B Kak oT-
PE30K, OTCEKAEMbII HA OCH OPIMHAT, M KOI(PPULMEHT b KaK HAKJIOH MOMYyYEHHOI MIPSIMOIA.
Eciv B CKBaXXMHe Mepex Ha4ajloM UCCIEN0BaHUS IKCIPECC-METONOM AABIEHUE MONTHOCTBIO
HE BOCCTAHOBUJIOCH, TO BEJIMMMHY X, ClIe[lyeT OIIPEeNnTh N0 HopMyJie
B C. (1) -Gy

= 4.114
X, 0.() ( )

HctunHoe 3HaueHUe KoadduuueHTa a,,. IPY UCCIECNOBaHUN CKBAaXHMHBI IKCTIPECC-METOIOM
OMNpPENC/ACTCH TaK XK€, KaK M MPU U30XPOHHOM M YCKOPEHHO-U30XPOHHOM METOAAX, C MOMOILIBIO
dhopmyn (4.105), (4.106).

Hns onpenenenns koadduimenra B B popmysne (4.111), Heo6XOAMMOTO WISk 00paboTKH pe-
3yJIbTATOB UCCJIEAOBAHUS IKCIIPECC-METOLOM, CACIYET CHATb OMHY KPUBYIO BOCCTAHOB/IEHUS NABIEHU
(1160 nepen HavyanoM MCCIIEIOBaHUsL, TMOO MOCIE MOCTEAHErO PEXIMa). DTO Ke 3HaUeHUe Ko3dPpu-
1IHeHTa 3 HYXHO MCIIOb30BaTh IIPU ONpPe/eICHNH MCTUHHOTO Ko3dduLiMeHTa a,. o dopmyne (4.108).
J1st pUOMIMXEHHBIX PACUETOB B CJTy4ae OTCYTCTBUSI BOBMOXHOCTH CHSTHSI KDUBOM BOCCTAHOBJIEHUS
NaBJICHMSA, 10 KOTOPOH omnpenensieTcss Ko3G@UUHUEHT B, MOXeT OBITh MCTIOIb30BaHO €ro 3HAUCHUE,
HaiIeHHoe 1o 60Jiee paHHUM UCCAENOBAHUAM CKBAXUH.

Cy1ecTByeT 1 Apyroii crnoco6 onpeaeicHUst Ko3hdHULUeHTa B.

Hcnonb3ys Beipaxkene (4.110), onpesensieM 1aBjieHHe B KOHIIE TTIEPHOIA OCTAHOBKY CKBAXKHHBI
B n-M UMK (pexume). [Toayuyaem

n—1
Pl = Pas(n) =g, [0, QAN ~ @ (AN]+ Y 4o {9,[2nA1] - @, [(2n—1)AL]} =
i=1

n—1

P
= 0,020~ 4,080+ Y4119, [2nAM] - @y [2n - DT . @.115)
i=1

B ciiyuae onHoponHoro rtacta nocenHss Gpopmysia IpUMeET BUI

n-1
n
“z&; gaIn2+> g, In—"

6(”)_
pamy 2n—11|

(4.116)
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wzhr

Qnkh
[IpenMyIIECTBO IKCIIPECC-METO/IA 3aKITI04aeTCA B TOM, YTO OH OBOAMT TPAKTHYECKH 10 MU -

W3 3TOro BeipaKeH!s1 MOXHO ONPEACIUTh B =

HUMYMa [1POIOIKUTENBHOCTD UCCIENOBAHUA CKBaXUH. TaK, HalpuMep, €CJu 1IPOIOKUTETbHOCTD
TIPOLIECCOB MONHON CTAOMIM3ALMN JABJIeHUs M AebKTa 1 NOIHOE BOCCTAHOB/ICHNE AABICHUA T10C/E
KaXJI0TO pexuMa paBHsiorcs 10 4, To rpy 6 peXXuMax Ha UCC/IeIOBaHHE CKBAXUHBI 3KCTIPECC-METONOM
Tpebyercs Bcero 6 4, U3 KOTOPHIX 3 Y PacXOMyeTCsl HA OCTAHOBKM MEXIY peXHUMaMu 1 34— Ha
pOIyBKY Ha 6 pexumax. B NpuHLMIE KCTIPECC-METON MOXET OBITh MCTIO/Ib30BaH HA BCCX MECTO-
POKIEHUSIX, €CIU JaXe MPOLEcC CTabIIM3aUMK JaBieHUs 1 1e0UTa Ha peXUMax U BOCCTaHOBICHNA
JaBJICHUS MEXILY pexXuMaMu rpoposkaercs 1 4 v 6onee. OnHAKO MPpY HEKAYECTBEHHOM OMPEieaeHUN
BeJIMYMHBI B ciaraemoe B popmye (4.111) MOXET 0Ka3aThCsi OOMTBLIE, YEM CIIAraeMoe Pﬁﬂ — P%li(tp).
Toraa pe3y/lbTaThl MCC/IEIOBAHUS IKCITPECC-METONOM He TOAIATCsT 00paboTKe. Tax, HanpuMmep,
pe3y/ibTaThl MCCIEN0BaHUsl CKBaXXUH ceBepa TIoMeHCKO# 001aCTH 3KCITPECC-METONOM HE obpabarbl-
BAIOTCS, TaK KAK Pa3HOCTh KBaJpaTOB JaBIeHUS NPU JEMPECCUsIX, XapaKTEPHbIX MUl 9THX CKBaXHH,
3HAYUTEJIBHO MEHbIIIE 3HAYEHU I BCi(tp). Huxe npuseneH npumep 00paboOTKH pe3yabTaTOB UCCIIENO0-
BaHUS 3KCIIPECC-METOOM.

Ipumep — Creancuna uccaedosana na 5 pexcumax. Bpema pabomot na kaxcoom pexcume u 6pems
0CMan06KU MeXcOy pexcumamu OOUHAKO8b! U PaGHbl 1, = I, = 1800 c. Ilracmoeoe Oasaenue
P,, = 14,67 Mlla. Ilapamempsi cmabuiuupoeannozo pexcuma caedyowue: P (1, .) = 9,59 Mlla,
Q(t pi5) = 35 moic. m3/cym.

Kos¢puyuenm B, onpedenennviii no Kpusoii 60ccmanosenus 0ag1eHus, pagex 1. Pe3yavmamut
o6pabomxu npueedenvt ¢ mabauue 4.8. Ilo epagpuxy (AP? - B C,)/0( 1, ) om Qi 1, ) onpedeasem 3navenue
a(tp) = 0,670 u b = 0,0010. Hemunnoe 3nauenue xo3punuenma a,, no useecmuvim b, P (1., .-) u

Q(t,, ;) pasno a,, = (14,672 — 9,59’ — 0,001-35%)/35 = 3,48.

Tab6auya 4.8 — Obpabomra pe3y1bmamog uccaed08anus SKCnpecc-memooom

X T | 5 [ 3%
S )
Pl s s 8 = 5| g
g N = = < ~ f o s
iy RN < 2 N G S 3 3
& t - ‘\R Ao Q E Q E
= S N N N | = RN
= & = 3 > < | Y g

o) N~ Q SN E
1 12,2 14,3 205,6 9,6 0,0 9,7 11,0 0,9
2 11,7 13,9 192,6 22,7 L9 20,7 2L5 Lo
3 10,8 12,7 160,0 55,2 2,9 52,3 43,0 L2
4 9,8 1.5 131,2 84,0 10,3 73,7 54,0 L4
5 89 10,4 108,7 106,7 15,6 90,9 63,5 1,4

IIpumeuanue — P,, = 14,67 Mlla.
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4.7 Iloaxompl K onpe/ie/IeHHIO TAPAMETPOB IIACTA € IOMOMIBIO YHKUMH BIUSHHS

OnpeneseHue NapamMeTpoB MIACTa ¢ TOMOLIBIO GDYHKLMHU BIUSHUS MO3BOJISIET CYLIECTBEHHO
PacLIMPUTE CIIOCOOBI 0OPABOTKH PE3YILTATOB HCCICIOBAHMIA Ha HEYCTAHOBUBIIIHXCS PEXUMAX.

TexHonorMyeckyn Misi UCTIONB30BaHMsT HYHKLUMHU BIUSHUS TpeGyeTcsl OpPraHW30BaTh Ipo-
M3BOJIbHBIN IEPEMEHHBIN PEXUM PabOThl CKBaXKMH B TEICHUE OTPEIEIEHHOTO HHTEPBAIA BPEMEHH.
C uesibio NOBbILIEHHS MHQOPMATUBHOCTH HCC/ICAOBAHMS LIENECO0OPA3HO BO3MYLIEHHE Ha I11ACT (fe-
OUT) MOCTOSIHHO yBeIM4UBaTh. B TeueHHe 3T0TO HHTEPBANA HEOGXOAUMO OGECTIEYUTh PETHCTPALIMIO
TNoKa3aHW{ U3MEPUTESIbHBIX IIPUOOPOB, KOTOPHIE TO3BOJISIOT IIPH 06pabOTKE pe3y/IbTaTOB UCCIIEN0-
BaHHA OMpPEIEIUTh U3MEHEHHE Te0UTA CKBAXWHBI U 3800 HOTO HaBICHUS.

WHrepsan HabmoneHuit pa3duBaeTcs 0 BpeMeH Ha M paBHbIX yacTeil. JIIst n-ro MHTepBaia

BpeMeHu (n < M) BbIpaXeHue Ulsl 3a00i{HOTO NaBJIeHMsT B KOHLIE 3TOTO MHTEPBATIA MMEET BH

Piw — Pis(m) =010y (0) + (25— 4) 01 (n—D) +...+ (g —gi_y)- @y (n—i+ 1) +..+
G~ Gn1)- 91 (D) + Bgz + Ay — . (4.117)

B BeipaxkeHuH (4.82) 100aBIeHBI WICHBI A Ky, ABIAIOLIMECS HEBSI3KAMU IUISL OMpEAeIeHUs
3a00MHOTO TaBJICHUS .

B cOOTBETCTBMM € BBIIIEU3JIOKEHHBIM Ha (DYHKLHUIO ¢,(/) HaKIaABIBAIOTCS CJIEOYIOLINE
OTrPaHUYEHUs], CBA3aHHBIC C TEM, YTO HEYETHBIE TPOM3BOAHBIC TIO BPEMEHH TIOJIOXUTENbHBI, 2 YETHbIE
MPOU3BOIHBIE — OTPULIATENABHBI. DTH YCIOBUSI MOTYT OBITh IIPEACTABIIECHBI B BUIE

¢ (>0, i=1,... M;

Q) - (-1)>0, i=23,..M;

¢ (D290 -D+¢;(i-2)<0, i=3,4,.. M;

o) -3¢, —1D)+3¢, (I -2)—(i-3)>0, i=4,5,..M. (4.118)

BBomI HEBSA30K A, 1 {1; CBSA3AH C TEM, YTO IPH KOJIMUECTBEHHOM OTPENENEHHN (PYHKLIUM BIUSHUS
3a00MHbIE JaBIE€HNs ONPEAEIAIOTCS KaK BEIMYMHbI, HECKOJILKO OTJIMYAIOLINECS OT 3aMEPEHHBIX. DTO
CBSI3aHO B MEPBYIO OYEPENb C IIOTPELIHOCTBIO ONpeesIeHUsT 3a00MHOro AaBIEHUs, a TAKXKE HealeK-
BaTHOCTBIO PACYETHOM MOENH YCIOBUSM GUIBTPALIMK ra3a. BeJWYMHBL A, M 1, MOTYT GBITH TOJNBKO
MOJIOXKUTENBHBIMY . TakM 00pa3oM, eciTi 3a60iiHOE JaBIeHNe P_, (i) onipesienseTcs ¢ 3aBbILIEHUEM,
10 A; > 0 W p; = 0. Y HaoGoporT, ecau 3aboifHOE HaBeHIe P (i) onpesensieTcst ¢ 3aHMKEHUEM, TO
A =0mnp; >0.

DyHKLHUS BJII/U};II/IH ©,(i) onpenenseTcd Tak, YTOObl OHA YMOBJIETBOPsLIA yCiIoBUsAM (4.118),
TPH 3TOM cymMa F = in +u; Obuta 661 MUMHMMaTbHOI. [Ipu Takoli ocTaHOBKE paccMaTpuBaeMast
3amaya SIBJISIETCS THIVHOM 3ajayeil TMHEHHOro MporpaMMupoBaHusi. Mcnons3ysa paHee paspabo-
TaHHbIE METO/Ibl PEUIEHHUS 3a/1a4 IMHEHHOTO MPOTPaMMUPOBAHUS, OTIPEAEIISIOT (DYHKIIUIO BJIUSHUSA,

KO3 OULIMEHTRI ¢ U b.
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Jlanee MOIyT ObITh PEATH30BaHBI CAELYIOLINE BOZMOXHOCTHU:
1. Crpourtcs rpaduk 3aBucumocty @ (i) ot In(i). Ecu Ha rpaduke umeercs TIPSIMOJTUHEWHbIA
YYACTOK, TO HAHHbBIE UCCIENOBAHUA MOXHO 06paboTaTh LISl CXeMbl OIHOPOAHOTO MuiacTa. Hakion
MPSMOIMHEMHOTO yyacTKa K ocH abcuuce paBeH pz/(2rnkh). DTo Mo3BOJSIET ONPEASTUT TMAPOTIPO-
2,25y At

BOIHOCTB tacta kh/u. OTpe3oK, OTCEKaeMblil Ha OCH OPIWHAT, paBeH 5 H m In 5
T r
C

. 3nech At —

MHTEPBAJ BpEMEHHU, Ha KOTOPbIH pa3OUT aHAIM3MUPYEMbIi MEPUOIT UCCIIEN0BAHUA.

2. Mo xapakTepy n3MeHeHHUsI KOHEYHOTO Y4acTKa (PyHKLHMYA MOXHO CYIUTh O XapakTepe CTpoe-
HUS TL1acTa-KOJIeKTopa.

3. MoxHO onpeaeutb Ko3p@uimeHT GUIbTPaLMOHHOTO CONPOTUBIEHUS a. B 5TOM ciyyae
KO3(PULHEHT @ SBISETCA MEPEMEHHO TTOCTOSIHHO pacTylleil (C POCTOM BPEMEHH #) BEJIUYMHOM.
DKCTpanonnpyst GyHKLHIO BAUAHMA 10 3HaYeHust In T, MOXHO ONpPene/UTb KOO(MGOHULMEHT g, KOTOPBIH
GyICT pealn30BaH B CKBaXHHE IIPH ee paboTe B TeueHUe BpeMeHu, paBroro 7. Eciu mact Heorpa-
HUYEH 110 MPOTSKEHHOCTH U OAHOPO/IEH I10 CTPOCHUIO, TO 3aBUCUMOCTb (PYHKUMH BIMAHHA OT InT
OymeT MPSAMOJIMHENRHOIA, 3a0a4a 3KCTPANOsSUMHU ypocThTest. JUist 3Toro Heo6xoauMo rpaduk 3aBu-
CUMOCTH @, (i) OT In(/) MPOAIUTE IO 3HAYEHHS Ink, rne k= MT,/T.

CyLIecTBYeT ApYroi criocod peliieHus MOCTaBIeHHOM 3a1auy, Koraa o0pabarTbiBalOT pe3y/ibTaThl
yccleJOBaHUIA, UCTIONB3Ys 3aBUCMMOCTH JloraprdMa Mpor3BoaHOMN OT (DYHKUNK BIMSHUS 110 BpEMEHU
ot torapudma BpemeHu. Haxonutes rpadmyeckoe oto6paxkenue peuieHus O(f) B HopMe 3aBHCUMOCTH
In®(?) ot yt/ R02, rae Ry — HEKOTOPbI# reOMETPUUECKUI pa3Mep. DyHKIUS BAUSHUS CTPOUTCS TAKXKE
B 6UI0rapuMUYECcKOoit cucteMe KoopauHat. COBMEILIEHUEM DTUX KPHUBBIX HAXONSATCSI COOTBETCTBYIO-
1L{{de 3HAUYeH U ITapaMeTpoB IuiacTa. [IpuMeHeHe MPUHIIMIIA COBMEIEHUS CO3/1aeT HEKOTOPbIH dJ1e-
MEHT CYObEeKTUBHOCTH, C OJHOI CTOPOHBI, a ¢ APYTroW CTOPOHBI — AaeT BO3MOXHOCTb ONpPENe/sATh
CTETNEHb BIUIHUS UCCIIeLyEMbIX ITapaMETPOB Ha Pe3y/IbTaThl PacueTOB U YTOYHUTL CTPOCHUE N1acTa.

4. ITpu 06paboTKe pe3y/IbTaTOB UCCIeIOBaHUs onpenenseTcs KoahdUUMEHT KBaApaTUYHOTO
(GWIbTPALIMOHHOTO COMPOTUBIIECHUA b.

5. I1py BBICOKOKAYECTBEHHbIX UCCIIEIOBaHHAX CKBAXXUHBI (TOCTOAHHOE U3MEPEHHUE PACXO/I0B
ra3a ¢ BbICOKO# CTEMEHbIO TOUHOCTH, a TAKXKe 3a00MHOTO JaBjieHUs) U IIPU HATTMYUH d(PGHEKTUBHBIX
MaTeMaTHUYECKUX TPOAYKTOB JUHEHHOrO NPOrpaMMUPOBaHUSA MOXHO OCYLIECTBUTH 30HIUPOBaAHUE
[1acTa, 4YTo OYyAeT U3I0XKEHO HIXE.

4nmh® OP
DTaNoOHHbIE KPUBbIE 1IETECO0OPA3HO CTPOUTH B CUCTEME KOOPAMHAT In ———— ot In(yt/h?).

qoLer

3ateM cTpouTcst rpadmk 3aBUCUMOCTH Ing' (£) — Inz. CoBMel1asi TPOU3BOAHYIO OT (PYHKLIMH BIUSTHUS
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Amh’

qOPCp

Ho,y= X OI'Ipel[CJII/IB 0 My, MOXHO

C HOBbIMH 3TaJJIOHHBIMU KPUBBLIMHU, OTIpENCIIIeM o= = h_2

kh ¢
HallTU mapaMeTp — = 4—0(11(12. KpoMme Toro, MoxXHO oLieHUTh ITapameTp mh?.
M n

W3noxeHHbI# BbILE METO MOCTPOCHHS DYHKLIMU BIMSIHUA MOXET OBITh YCOBEPLICHCTBOBAH
JOIOJHUTEIBHBIM YYETOM TpeGOBaHUSA TOUHOTO PaBEHCTBA PAaCYETHOrO M (DaKTUYECKOTO MaBJIEHUS
LISt HEKOTOPBIX MOMEHTOB BPEMEHH (151 9TOTrO B ypaBHEHUH 4.117 U151 HEKOTOPBLIX MOMEHTOB BpEMEHHU
HEBSA3KH CIIEAYET TOI0XKUTh PABHBIMHU HYJII0). DTO NPUBELET K YBEJMUCHUIO OTPaHMYEHUIA Ha (DYHKIIUIO
BJIMAIHMS U TIO3BOJIUT MOJNYYMTh Gosiee TOUHOE pemieHre. OMHAKO €C/IM OTPaHWYEHUI TAKOTO THIIA
OyaeT MHOTO, TO 3a/129& MOXET CTaTh HEKOPPEKTHON M PELIUTD €€ METOIOM JTHHEHHOTO IPOrpaMMH-
POBaHUs HE NPEICTaBUTCS BO3MOXHBIM. B HacTosiiiee BpeMs He ynaeTcs 1aTh PeKOMEHIALIUH IO KO-
JIMYECTBY TAKMX OTPAHNYCHHUI. DTO 3aBUCHT OT MHOTHX (DaKTOPOB, B TOM YMCJIE OT KAYECTBA H3MEPEHHIA
B MPOLIECCE HUCCIIEOBAaHUS M OT pa3pelialoumiei CriocOOHOCTU UCTONb3yEMOro MPOAYKTa. MOXHO
OMpeeIUTh YMCJIO TAKUX OTPAHMYEHHI METOIOM IIPO6 U OLLIUOOK.

Ilpumep — Ha pucynre 4.23 npueedenvt uzmenenus debuma u 3a6oiinozo 0asrenus no pesyibmamam
UCCACO0BAHUSL CKBANCUHDL.

Jannvie uccaedoeanus sanocamea ¢ mabauyy 4.9 no nuscecaedyroueii hopme.

£ 350 T T T 10,4 E
o
= —e— 1e6UT CKBAOXUHbI =
i ‘ — (akTHyeckoe 3a00iHOE TaBICHNE /_‘...-———— m=>“
2 300 < — =~ pacyeTHOe 3a00itHOe JaBIcHUE “ 10,2 §
z \ 2
: L 2
g 250 . ; 10,0 2
¥ A _— ] 8
E \ 3
& N I >
= 200 - ! 9,8
1
[
]
\ |
150 \ 1 9,6
A \ |
———————e l\ :
100 4 ) 9,4
i \ !
|
———————— \ \ :
50 ‘\ 1 9,2
T & !
9,0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Bpewms, ¢

Pucynox 4.23 — Hamenenua 3a60iinoeo dasrenus u debuma 6 npouecce uccied08anus cKeawcunbl
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Ta6auya 4.9 — Obpabomka pe3yabmamog uccaedoeanui

Homep Hauano Koney Jlebum cxeaxcunui, 3aboitnoe Pasuuua
unmepeaia unmepeana, ¢ | unmepeasa, ¢ | moic. M>/cym Oaeaenue, Mlla xeadp amos
’ ’ ’ dasaenuii, MITa?

1 0 0 0,0 10,30 0,00

2 0 500 66,2 10,18 2,33

3 500 1000 66,2 10,17 2,65

4 1000 1500 116,6 10,03 5,32

5 1500 2000 116,6 10,02 5,67

6 2000 2500 176,6 9,82 9,48

7 2500 3000 176,6 9,79 10,16

8 3000 3500 176,6 9,79 10,16

9 3500 4000 233,3 9,61 13,56
10 4000 4500 233,3 9,52 15,32
11 4500 5000 233,3 9,51 15,47
12 5000 5500 304,3 9,24 20,55

[MocJe 3toro no pazpadoranHoit B OO0 «Tasnpom BHUHI'A3» niporpaMme pacCYMThIBACTCS
(hYHKIMS BIUSHUS.

PaccuutaHHast pyHKLMSA BAUSHUSA TIPUBEICHA Ha pUCYHKe 4.24.

Kak BMIHO U3 PUCYHKA, TIPH GOJTBIINX HHTEPBAIaX BpeMEeHH (DYHKIIMS BLINIONAXUBAETCS. ITO
MO3BOJISIET ONpENeIUTh KO3IMOUIMEHT JUHEHHOrO GUIBTPAIIMOHHOIO CONPOTHBIICHHUS a Kak Ipe-
JenbHOe 3HaueHue (yHKUMM Bausinus. OH okasancst paBHbIM 0,0328 MITa2/tbic. M3/cyT. PacueTht
TaKkKe MOKa3aIH, 9T0 Ko PUIMEHT KBapaTU4HOTO GUILTPALIHOHHOTO CONPOTUBNICHHS b oKa3ancs
paBHbIM 0,00015 MITa?/(Teic. M3/cyT)?.

Boiltie ObLT M3I0XEH METOI olTpeaeaeHus: GyHKLIMM BAUSAHMA, KOTIa BeCh IEPUOJ UCCIEN0Ba-

HUd pa36I/IB2U'[C$[ Ha paBHBIC 10 MPOJOJLKMTEIbHOCT MHTEPBAJIBI. B HacTosiluee BpeMs pa3pa60TaH

B
g /—
N\
<
=
: /
&
20,02
s /
&
=
=
=
M
=
& /
0,01 /
/
/ Pucynok 4.24 — @yHKUMSA BIMAHUA
oL—A JUISI CKBaXXUHBI, paboTaoieii ¢ nepeMEHHbIM
2 4 6 8 10

Int IeOUTOM
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TaKX€ METOI 00pabOTKY Pe3y/IbTaTOB UCCIENOBAHKS, KOTa WUHTEPBAJIbl BDEMEHU MOTYT GBITh TPO-
WU3BOJIBHBIMU.

B atoM ciyyae vcxonHble naHHBIe LSt peleHus 3aqavu ynoOHee MpencTaBuTh B JOpMe Bbi-
HIeyKa3aHHOU Tabnuust 4.9,

IlpuMeHeHne QYHKUMU BIMSHUS IS 00pabOTKU KPUBBIX BOCCTAHOBIEHUS NABJICHUS opu

KPATKOBPEMEHHOH paboTe CKBAXHMHEBI JI0 €€ OCTAHOBKHU

B Tex ciyuasix, korna nonydena KB/I, a ckBaxuHa 10 ee OCTaHOBKM paboTajila OTHOCUTETBbHO
KOPOTKOE BpeMsI (NPOIOJLKUTENBHOCTD €€ paboThl Ha ITOC/IeIHEM PEXUMeE I1epell OCTAHOBKO MeHbIIIE
3—4 MHTEepBAJOB BOCCTAHOBIEHUS AapJieHysi), Heobxoaumo npu o6padotke KBJI YYUTBIBATH IIpe-
BapuUTEIbHYIO pabOTY CKBaXUHHI.

B ocHoBy 06paGoTKu MoNOXeHO BBILIEU3IOXCHHOE MpeaCTaB/IEHUE O HEYCTAHOBMBIIIEHCS
(GUIbTpalUK ra3a B racre.

[TycTh 10 OCTAaHOBKM CKBaXWHA, HAUMHAS C HEKOTOPOro MOMEHTa BPEMEHH £ (KOTOpBbIit
YCJIOBHO Ha30BEM ONOPHBIM), paboTasia Ha m pexXuMax ¢ IeOUTOM g; Ha KaXJOM pEeXHMe,

Ecau miactosoe napnenue Ha OMOPHBI MOMEHT BPEMEHH U3BECTHO, TO 0G03HAYUB €r0 Pt ),

BbIpaxeHHe (4.117) MOXHO NpeacTaBUTD B BUJiE

lzﬁs(t)—Pnﬁ(tonF—ql<p(t+t1)—(q2 =G Q1+ 1) ~..~ (g — Gy 1)t + 1)+ @ G() + A —p,

TII€ MOX g; TOHUMAETCs JeOUT CKBaXUHBI HA [-M MHTEPBAJIE T10CIIE OTIOPHOTO MOMEHTA BPEMEHH,

/; — IPOMEXYTOK BPEMEHH OT HayaJla i-To MHTEPBAJIA 0 OCTAHOBKH CKBaXHWHBI;

gy, — A€OMT raza Ha NocNeaHEM pexXUMe PaGOThl CKBAKUHDI TIepel OCTaHOBKOIA;

¢(f) — byHKUUA BAUSHUSI.

CocraBnsercs cucreMa ypaBHEHUH U 3aHOCHTCS B Tabnuy 1mo (GopMme, COOTBETCTBYIOIIEN
dopme Tabmuusl 4.9. JIe6UT raza 40 OCTAHOBKH CKBAXHHbI JOJKEH OBITh B 3TOH Tabiuue OTpUIa-
TEJIbHOW BETUYHNHOIA.

Ecnu HensBecTHO 11acTOBOE maBjeHe B OIIOPHBI MOMEHT BPEMEHH, TO BeIMYMHA Pﬁﬂ(ton)
HOMTEKHUT ONPEACICHUIO TIPY PELICHUU CUCTEMBI ypaBHeH Uil (4.1 17).

Onpenenenue 1apaMeTPOB I1ACTa 110 KPUBOH BOCCTAHOBJIEHUS JAaBJICHUS NIPA HATUYUU IPU-

TOKa rasa B CKBaXMHY IOCJE €€ OCTAHOBKHU

I[IprMeHeHue U3N0XEHHOTO MeTOA peryIsipU3aluy 3a0a4qu ONPpeie/ICHUS MapaMeTPOB [L1acTa
T03BOJIAET GoJslee NOCTOBEPHO OLEHMBATh MAPAMETPhl TIACTA 10 KB/ npu HeoGxomumocTu yyera
TIPUTOKa rasa B CKBaXXWHY I10CJI€ €¢ 3aKPBITHS Ha ycTbe. B 3TOM ciiyyae ITO-TIPEKHEMY COCTaBIISIOTCS
MCXOIIHBIE TaHHBIE 110 (HOpME BBILIEYKA3aHHOM TabuLbl 4.9, Kpome Toro, Heobxonumo 3HaHue Be-

JIMYUHEI 1e0UTa CKBaXXUHBI [0 €€ OCTAaHOBKHU.
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Ilpumep — B mabauye 4.10 npusedenst danHbie 60CCMANHOBACHUA 3a00UiH020 0a6AeHUS 8 CKBAJCUHE,
paGomaeuieii ¢ debumom 304 myic. M /cym.

3amem ckeaxcuna bvLia ocmanosaena na 25 mun. Hzmepenue 3a60inozo 0aeaeHus ocyulecmens-
40Cb 2AYOUHHBIM MAHOMEMPOM.

JI1a HA4a1bHbIX MOMEHMOB 6DEMENHU 6 mabauue 4.10 npusedeno uzmenenue debuma npumoxa
2030 8 CKEANCUHY, 4 MAKYCE UIMEHeHUe PA3HULbL K6A0pamos meKyue2o U Ha4atbHozo daeaenuil na 3aboe.

B pesyavmame paciemos 66110 onpedeaeHo 3HaeHue Ko puuuenma PuibmpayuorrHo2o conpo-
muéaenus b u Qynxuuu eauAnUA, 2paPuUK Komopoi usobpaxcen na pucynxe 4.25, 20e no ocu abcyucc om-

A0Xceno 3navenue Int, 2det— 8peMsA 3aKpuimus CK8ANCUHbL Ha ycmboe.

Tabauua 4.10 — Hexodnsie dannvie 015 pactema dynkyuu 6auAHUA

Homep unmepsasa | Hauanso unmepsaaa, c | Koney unmepeaaa, ¢ Mebum creancuny, | Pasuuua K6a0pamos
P P peaid, “ poaid, moic. M>/cym daeaenwii, MIIa?
1 0 0 304 0
2 0 5 200 8634
3 5 10 121 8853
4 10 15 80 8998
5 15 20 83 9151
6 20 25 65 9272
7 25 30 67 9397
8 30 35 62 9514
9 35 40 57 9622
10 40 45 51 9718
11 45 50 55 9823
12 50 55 49 9916
13 55 60 41 9996
4 60 65 40 10074
T 0,05
F; /
2 —
004 NG
= Lo ws /
= 7
£ 0,03
S
F
2
£ 0,02
Fe)
- /
0,01
oL~ 4
1 2 3 4 5 6 7 8
Int Pucynok 4.25 — Ipaux gpynxuuu 6auanus
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Hs pucynxa eudno, umo xpusas 3asucumocmu umeem dea npamoauneinvix ywacmra. Ilpunumaem,
Mo 6IMOPOl yHacmok ompaxjcaem napamemps: niacma. 3Has HAKAOH IM020 Yyuacmka kpueoii k ocu abc-
uucc — eeaununy f = 0,0022, no gpopmyae
kh 36,86
H B

onpeodeaum 2udponposodnocme naacma kh/u = 16800 JT-cm/cIl.

(4.119)

Kpome mozo, ¢ pesyavmame pacuemoe 6vr10 ycmanosaeno, umo xosppuyuenm xeadpamuunozo

Pussmpauuonnozo conpomus.enus b pasen 0,00103 MIla?-cym?/(moic. m3)>.

4.8 3onmupoBanue niacTa ¢ npuMenenneM QYHKUMY BIHSHHS

[Tox 3oHIMpPOBaHMEM MlacTa MOHUMAETCS OTpeneIeHHe Xapakrepa U3MeHeHUsl (puIbTpa-
LIMOHHO-EMKOCTHBIX CBOHCTB IUIACTA 110 IUIOLIANN MECTOPOXIEHHS 10 Pe3y/bTaTaM HCCICI0BAHNS
CKBaXMH. CYIIHOCTb JaHHOTO METOA 3aKJII0YAETCS B CeAyIoLIeM. Y HCC/eIoBaTeNs MMeeTCs TUTIoTE3a
0 CTPOCHMU IJ1aCTa KOJLIEKTOPA, HA OCHOBAHWMM KOTOPOii CTPOSIT MPEATIONAraeMyio Mojieth iacra,
TNpuaaBas €d onpeneneHHble 3HAYEHNs MapamMeTpoB. DTH MapaMeTphl 3a1aI0TCS B 6e3pa3mMepHOM
Bune. Hanpumep, nmpu MoneMpoBaHmH 1J1acTa ¢ KOJIbLEBOI HEOMHOPOIHOCTBIO 331aI0T OTHOLIEHHE
paanyca 30HBI, Tie NPOMCXOAUT CMEHA 3HaYeHUH (PUIBTPALMOHHO-EMKOCTHBIX CBOICTB ILIACTA K
panuycy CKBaXXMHbl M OTHOWEHKE 3HaYeHn GEC BHeLIHEH 30HbI K BHYTPEHHEH.

Ha ocHoBaHMM YKCIEHHOTO MONEIMPOBAHMS ONIpeneAeTCs 3aBUCHMOCTS L)Z 2rekch oT lnx—t,
qOP‘ZI)CT R()
e Ap? = pX(0) — p(r) — PAcueTHOE CTaTUYCCKOE NaieHUe NaBeHU Ha 3a00€ CKBaXMHBI NP ee
pabote ¢ 1eGMTOM ¢, B MOMEHT BPEMEHH ; R — HEKOTOpBIi XapakTepHbIil pazmep MOIEIUPYEMOTO
f1acTa, B KAYECTBE KOTOPOTO MOXET OBITh IPUHSIT PAAUYC CKBAXKUHBI. DTa 3aBUCHMOCTD CTpoOUTCS B
1y AP 2k

KOoOpAHWHaTax
0 HZR:T

t .
u Inx—z. CTpouTCs HECKONBKO KPUBBIX JUTS Pa3HbIX 3HAYCHUIA 6e3pa3mep-

HbIX 11apaMETPOB NPEAINO/IaracMoid MOIEIN TUlacTa. DTH KPUBbBIE HA3bIBAIOTCS 3TATOHHBIMIL. Hanee
00pabaThIBalOT NaHHBIE UCCIIENOBAHUSA CKBAXUH T10 MCTOIUKE, U3NTOXECHHON B NpeabIaylleM pasiene,
M NOJTYYaIoT GYHKUMIO BIUSTHYSE (7). 3aTeM DYHKIUS BAMSHUA B KOOpAMHAaTax COBMEUIAETCA C OQHON
3 STAIOHHBIX KPUBBIX. BeIOUpaeTcs kpuBasi, coBMelLieHre KOTOPOIi ¢ 3TAIOHHOI KPHWBOI HauyyIiiee.
Taxkast kpuBas Ha3bIBaeTCs ONTUMATBLHOM. [TapaMeTphbl ONTUMAIBHOM KPUBOW MPUHUMAIOTCS B Kaye-
CTBE IapaMeTpoB INpeanonaraeMoit Mogenu. CTposiTcsi HOBbIE STaOHHBIE KPUBbIE, napaMerTphl Ko-
TOPBIX OJM3KH K MapaMeTpam ONTUMAJIbHOIN KPUBO, U TIOBTOPSIETCS NMPEbIAyIlasi POLEaypa cO-

BMCIICHHST HOBOM STAIOHHOM KPHBOH ¢ yHKLMel Bananus. Ecan npu 3ToM HabmonaeTcs Jiydliee
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COBIaNCHHeE, YeM B TIPEIbLIYLIEH Onepalny, PeAnonaraeMoi MOLe/IM TIPUAAIOT 3HAYEHUA HOBBIX
MapaMeTpoB U TPOLIEAYpY NOBTOPsIOT. Ec/u He HaOMONAETCs JIyHLIero COBIAlEHNA, MIPUHUMAIOTCS
TapameTphl, COOTBETCTBYIOLINE ONTUMAIbHOM KPUBOW Ha MPEIBIAYLIEM 1Iare.

Ap?* 2mkh

[To pacxoXAeHHUIO 3HaYeHUH In@(f) ¥ In———— ONPEALSIOT 3HAICHUE TUIPOITPOBOJHOCTH
oM Ler
[1acTa, a MO PACXOXICHUIO 3HAYCHU I ln(xt/R(z))u Ini — 3HaYeHUE xAt/R(z).

K HeZocTaTKaM JAHHOTO METOIa OTHOCUTCA HEOOXOAMMOCTD pa3paboTKU (HaJIM4YKsl) KOM-
[IbIOTEPHO} MPOrPaMMbl JUTsl pacueTa NMPEANOoNaraeMoi MOIEIH.

MeTon 30HAMPOBAHUS MOXET CJIYXUTh JTOMOJIHUTEIbHBIM 060CHOBaHHMEM IPEATONaracMomn
Mouesu nacta. [1py 3ToM He rapaHTUPOBAHO TMOJYYEHUE OAHO3HAYHBIX PE3YJIbTATOB. Bricoka Bepo-
ATHOCTb, UTO NPOBEJEHHBIC UCCIENOBAHUS MOIYT TakXke OTBEYaTh M IpYTMM TMIIOTE3aM CTPOCHMUS
nacTa. Pe3ynbTaThl ONpeeeHus MapaMeTPOB IU1aCcTa 0 METOLY 30HAMPOBAHHA 0e3 IpUBJICUECHUS
JOTONHHUTEIBPHBIX COOOPaXeHUH He MOTYT sABJISITHCS OCHOBAHUEM [UIS TIPUHATHA TEXHOJIOTUUECKHUX
pelIeHui.

J1nst nony4eHus yI0BJIETBOPUTEIbHbBIX PE3YJIbTaTOB HEOOXOMUMO JUTUTEIBHOE UCCIENOBAHUE
CKBAXMHBI Ha HEYCTAHOBUBLIEMCs pexxiMe. OTHOIIeHE BPEMEHH UCCIC10BaHHA K BpEMCHH Hayaja
JIOCTOBEPHOCTH JOJIKHO ObITh He MeHee 100.

B HacTosiiliee BpeMsl UMEeTCsl 3HAYUTETbHOE KOJIMIECTBO pELIeHHIT ¥ KOMITBIOTEPHBIX IPO-
rpaMM LIS TOCTPOEHHSI YHUBEPCATbHbBIX 3TAJIOHHBIX KPUBBIX 1151 PA/la BAPUAHTOB [UTIOTE3 CTPOCHMUS
ruiacta. Huxe ceoyeT nepedrciieHre TUIoTe3 CTPOCHUS TLU1acTa, VIS KOTOPbIX MOTyT OBITh COCTaBIEHbI
KOMITbIOTEpHBIE TporpamMmbl (Tabauua 4.11).

[TpuBeieHHbIe B TAOIHULIE CXEMBI HE SIBISIOTCA yHUBEPCATIbHBIMH. MoxeT ObITh COCTaBJIEHA
MaTeMaTH4yecKas MOJeb T1acTa, COOTBETCTBYIOIAA UHOM rUMnoTese, MOJIy4eHO pellieHne U Ha €ro
OCHOBAaHMHM MOCTPOEHBI CEPUU ITATOHHBIX KPUBBIX, KOTOPbIC 3aTCM OyIyT COBMELICHBI ¢ PYHKIIMEN

siausiHus. He PEKOMEHOYETCA TPpH MpOBEICHUH COBMEILCHUS CTPOHUTDH ooJiee 5 3TAJIOHHBIX KPUBBIX.

Ta6auua 4.11 — [NepedeHb cxeM, JUIsi KOTOPbIX MMEIOTCS YHUBEPCAIbHBIC STATOHHBIE KPUBLIC

CTpoeHMUe M1acTa U KOHCTPYKUMS Cxema [TapaMeTpbl, KOTOPbIE MOTYT ObITH OMPEEIEHBI
CKBaXHHbI ¢ TIOMOLLIBIO STAIOHHBIX KPUBBIX

r rn kk m
KosblieBag HEOZHOPOAHOCTh e‘ 1.2 22 2
n h okom
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Crpoenue niacta M KOHCTPYKLIHS

[TapaMeTppl, KOTOPBIE MOTYT GBITH OTIpeAENeHbI

Cxema
CKBaXXHHBI C MOMOILBIO ITANIOHHBIX KPUBBIX
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OkxoHuanue mabauyol 4.11

CTpoeHHe M1acTa U KOHCTPYKLIUSA Cxema [TapaMeTpbl, KOTOPBIE MOT'YT ObITh OMPEIETEHDI
CKBaXXHHBI C MTOMOLLBIO 3TAJIOHHBIX KPUBBIX
]
O l O«
[laacT ¢ ABOIHOM MOPUCTOCTHIO o 1 O o " o ke Mp
. ™M T TP
W MIPOHULIAEMOCTBIO O ! O hky my
O | k‘rp 2ry
2Z, 7
2r,

U3n0XKeHHbIH METOJ ABJISETCS TIPOMEXYTOUHBIM 3BEHOM MEXIY aHalUTUIECKUM METONOM
06paGOTKH Pe3y/bTATOB UCCIENOBaHUs W MaTeMaTHYECKUM MOLCTMPOBAHNEM pa3paboOTKK MECTO-
POXIEHMUIi Ha TIOCTOSIHHO JEUCTBYIOIIMX TEXHOIOTUUECKIX MOLETIAX. Ha nocTossHHO IeiCTBYIOLIMX
TeXHOMOTMYECKHMX MOJIEISX MOXHO BBLICIUTD (PparMeHT r1acTa 1 UISMEHHUTD ®EC ruiacta; Ha CKBa-
KWHE WIM Ha TPYMNIe CKBaXHH COOTBETCTBYIOILUM ITyTEM MEHATD ne6ut. [TapamMeTpsl 1j1acta BHIOK-
PAIOTCS TAKMM 00Pa3oM, UTOObI OCYLIECTBISIOCH HANIYYLISe COBMANCHNE pacuyeTHON KPUBOM € 13-
MepeHHoil. TakuM 06pa3oM MOCTyNawT, KOr1a NPOU3BOAKUTCS ananTaliusd MOACIN Mo JaHHbIM
paspaborku. st TOro 4To6bl HIMPOKO UCTIONB30BATH MOCTOAHHO NEeHCTBYIOLIME TEXHOJOTHYECKHE
MOJIEJIM TLIAcTa IIpy 00paboTKe pe3ynbTaTOB UCCTIE0BAHUS CKBAXNH HEO0OXOAMMO, YTOOBI OHU 00J1a-
JQJTH CJIEAYIOIIMMHU CBOMCTBAMU!:

- BO3MOXHOCTBIO UCTIONB30BATh CETKY MY pacyeTax Mpu3abOWHON 30Hbi, MOACTUPYS €€ HE-
CKOJIBKMUMMU JAeCATKAMHU AYEEK;

- BO3MOMKHOCTBIO «OTKJTIOUATh» U3 PACUeTOB 00J1aCTh, HE BJIUSIOIIYIO Ha POLECC NCCIICN0BAHMA
C LIeJIbI0 COKPALICHMsI BpEMEHH pacueTa;

- yueT BAUSAHMS XapaKTePUCTUK CKBAXMHBI HA IIPOLIECC MPH HeyCTaHOBHUBILEHCS GUIBTPALIMY;

— BO3MOXHOCTbIO aBTOMATUUYECKH M3MEHSITh MapaMeTphbl M1acTa M HaXOAUTh ONTHMATbHbIC

pelIeHns (MTapaMeTpbl ILU1ACTa M CKBaXMHBbI) [0 ONPEAEICHHOMY KPUTCPUIO.

4.9 KoMOMHMpPOBaHHE METOI0B HCCJIEI0BAHNS CKBAXKHH IPH yCTaHOBUBIIEHCS
¥ HeyCTAHOBMBUIEHCs (GUIbTPAUMH [LIA ONPe/ieieHHs NapaMeTpoB N1acTa

[Ipu Hccien0BaHNUK CKBaXWH Ha yCTAaHOBMBLIMXCS PEXUMaxX WILTpalMHY ONPEAETSIOT KOIbh-
(ULMEHTB! GUIBTPALIMOHHBIX CONPOTUBIIEHNH CKBAXWH @ 1 b. [Mapamerp a 11 ciiydast OTHOPOJAHOrO
T1acTa onpeaesieTcst BblpaXeHHEM

Ty | 225
2nkhP.,.T

2
crinn Fenp

(4.120)

Onpe e iTh IPOHULIAEMOCTb (TUIPONPOBOIHOCTE) U3 3TOTO BHIPAXCHHM HE NpeACTaBISIETCS

BO3MOXHBIM. VI3 HETO MOXHO TOJIBKO OLIEHMTD BeJNYMHY 3HaY€HUst K/, EC/v MOPSIIOK BETHUMHbI
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TbE30MPOBONHOCTH MOXXHO OLEHHTh, TO 3HAYEHHE NTPUBENCHHOTO pagnyca T np MOXET OTJINYAThCH
OT pajinyca CKBaXXMHbI Ha HECKOJILKO NOPAAKOB. Bennunna F'e np OTIPEAENAETCA 110 DOpMyJIe

C,+C.
r 1 2’

cp — 1c€

(4.121)

rae C,, C, — ko3(pDULMEHTEI THAPABINYECKOTO HECOBEPLICHCTBA CKBAXWHBI (CKUH-(DAKTOP) 1O
XapaKTepy U CTENEHU BCKPHITHSL. [IIs1 MX ONpeaeieHusT CYLIECTBYET MHOKECTBO MeTOI0B. OIHAKO X
onpeneieHne (0COGEHHO KO3(hdULIMEHTa HECOBEPLICHCTBA MO XapaKTepy BCKPBITHS) CBA3aHO CO
MHOXECTBOM HCONPEACIICHHOCTEN, BBI3BAHBIX TEXHOIOTMYECKMMHU TIPOLIECCAMHU MPH COOPYXEHUH
CKBAXHMH, BIMSHNE KOTOPBIX HA TPU3a00IHYIO 30HY TPYAHO (a TOYHEE, HEBO3MOXKHO) OLEHUTD (Kasb-
MaTalust 1acTa Np1 OypeHMHU U KaUTaIbHOM PeMOHTe, nepdoparus CKBaXWH, pabOTLI IT0 HHTEH-
cUpUKaUMK, pa3pyIleHHe I1acTa IPH IKCILTYATALlMHU 1 np.).

I1pu uccnenoBaHNK CKBAXHMH TIPU HEYCTAHOBUBLIEMCS PEXMME, KaK MPpaBUJIO, YIAETCS Bbl-
uucmuTh napametp 3 = uzP T /(2nkhT, c)> M3 KOTOPOTO OMpe/eNaeTcs TUIPONPOBOIHOCTb ML1ACTA
kh/u u X/rg'np. OTO MO3BOSAET OLEHNTb NPUBEAEHHBI PALHYC CKBAXUHbI U TEM CAMbIM CTeNneHb
HECOBEPUIEHCTBA CKBAXUHEL,

I1o xpuBOJi BoccTaHOBNEHHs HaBIEHUS, OTPabATHIBAs e¢ B KOOpIMHaTax P32a6(t) —In(f) ¥ no

oM Ty In 2 25x. 3aTeMm

OTPE3KY, OTCEKAEMOMY Ha OCH OPAMHAT, PACCYMTHIBAEM N1apaMeTp bqg + 3
2nkhP, T, T

COINTAaCHO BBILLIEU3IOXKEHHOMY HAXOIHUM Tenp: Taxum 06pa3oM, Ha OCHOBAaHMU JAHHBIX UCC/IEIOBAHMS
CKBAXWH M ONHOM KPUBO! BOCCTAHOBJICHUSI AABJIEHUS YIACTCS OMPENE/TUT Ko3bPUuMeHTs! HUIBT-
PallMOHHbIX COTMPOTUBIIEHUH @ U b, IbE30NIPOBOIHOCTS T1J1aCTa U (IBYMSI criocobaMu) KOahPULIUEHT
TUAPOAMHAMHUYECKOro HECOBEPLICHCTBA CKBAXMH. DTO MO3BOJIAET 06pabaThIBATE pe3yJbTaThl UCCJIE-
JOBaHUsI NJIaCTa, KOTOPBIH MOXHO PACCMAaTPUBATh KaK ONHOPOJIHBIIA, 110 KpaiHelH Mepe, 3a NpeaeaamMmu
pu3aboHHOI 30HDI.

I1pu npoBeneHus Mccaen0BaHMIA CKBAXKH C NIPUMEHEHHEM (PYHKLUHU BIUSHHUA B CiIydae Ofi-

HOPOIHOTrO IJ1acTa HEMOCPEACTBEHHO ONPECACTAIOTCA KOC—)(I)(I)I/ILII/ICHTBI (I)I/LTII)TpaL[I/IOHHOI‘O COINIpOTUB-

weley 225

JIEHUs @ U b, K0P OUUMEHT TMIPONPOBOAHOCTH, NAPAMETP >
2nkhP,. T, T

, KOTOpBINA Takxe
MO3BOJISIET OLICHUTH CTENEHb HECOBEPIIEHCTBA CKBAXUHDI.

[Ip1 06paboTKe MaTepuanoB UCCIEIOBAHMIA CKBAXIHDI C MPpUMEHEHUEM (DYHKIIMU BIMSHUS
Mosy4aeTcs 3HaYeHUe KoadduLineHTa QUIbTPALIMOHHOTO COPOTHBIICHUS b, a Takke pyHKUMSA ¢,(0)

U1g nyanaszoHa 0 < ¢ < T, roe T — BpE€MSA UCCICNOBAHUA CKBAXWHBI.
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JLns cityyast OHOPOIHOTO TUIACTa (DYHKLIMIO BIMSHUSI MOXHO MHTEPIPETUPOBATD BHIPAXCHICM

pe T 2,25yt
In
2nkhP.. T r?

CT i Cc

. Torma pe3yabpTaThl UCCAEROBAHUS MOXHO HHTEPINPETUPOBATH T10 METOOUKE

o6padotku KB/ s ycJIOBHO MTHOBEHHOTO 3aKPbITHsI CKBAXKHUHBI HA 3a00€, OTKJIaIblBasg Ha OCH Op-
JIMHAT 3HaueHus! GYHKLWHU BIUSHUS, a 110 Ocu abcuyce — Int. DT0 MO3BOJSAET ONpeneTuTb KoahdPu-
LHEeHT (PUIBTPALIMOHHOTO CONIPOTUBICHUS d, TUAPOMTPOBOLHOCTD ILIACTA kh/u v oLleHUTb KO3 Pu-
LHEeHT r’UAPOAMHAMUYECKOTO UCCIIe0BaHUS CKBAXUHBI.

B ciiyuae HEOOHOPOIHOTO M1aCTa rpauuecKoe UCCIEN0BAHUE MATEPUATIOB B dopMe 3aBUCHU-
moctH ¢ (f) — In(7) 1 noceayiolee IKCTPAroTMpoBaHUe 3TOI 3aBUCHMOCTH N1O3BOJISIET ONPEAC/IUTD
K03O(PUIMEHT GUILTPALIMOHHOTO COMPOTUBIIEHUS d, C IPUMEHEHUCM METOMA 30HIMpOBaAHUS TUTA-

cTa — HEKOTOPBIC MapaMETPhl TUTACTA.

4.10 OcoOeHHOCTH HCCe0BAHHA CKBKHH B IOPOBO-TPEIIMHHBIX KO/LIEKTOPAX

OnHa U3 0cOBEeHHOCTE CKBAXWH, BCKPBIBAIOLIMX IUTACTHI C TOPOBO-TPEIUUHHBIM KOJUIEKTO-
pOM, 3aKJTIOYAETCS B TOM, UTO C YBEIMYEHUEM 1eONTA U CHUXKCHHUEM [ABICHUS B np13aboiiHOM 30HE
BO3HMKAET BO3MOXKHOCTh CMbIKAHHUS TPELIMH. DTO IPUBOAUT K YMEHBLICHHUIO MPOAYKTUBHOCTN CKBA-~
XWH 1 pocTy GUIBTPALMOHHBIX CONIPOTUBNEHU . OIHAKO C yBEIMUCHUEM neOuTa CKBaXHH YBEJIUUU-
BaeTCst 1018 (PUILTPALIMOHHBIX COMPOTUBIICHUH, CBSI3aHHBIX C HAapYLICHUEM JIMHEWHOro 3aKoHa
GbwibTpauuy. M3-3a onpeneneHHbIX MOTPeLIHOCTE NPY U3MEPEHNUH MapaMeTpos, NpUOIKEHHON
cXeMaTu3aluu mpouecca GUIbTpaLru [Ipy UCCIeA0BaHNM CKBAXMH (YCIIOBHOCTD HAaCTYIIIEHUS yCTa-
HOBMBILEICS DIIBTPALIAN, TPEHEOPEKeHHEe HATMYMEM ILYMOB B IUTACTE, MPEAMNONOXCHUE HEUIMEH =
HOCTU KO(hMHULUMEHTOB b pa3nennThb 3pdeKT HapyLIeHNs JMHEHHOTo 3aKoHa (pyIbTpaluu U 3P dexT
CMBIKAHUS TPELMH [1PH COBPEMEHHOM YPOBHE Pa3BUTHS W3MEPUTEIbHOM TEXHUKM U CYLLIECTBYIOLIMM
MpeICTABIEHUAM TIOI3EMHO THAPOra30qMHAMUKH 10 JaHHBIM UCCIeN0BaHMsA CKBAaXNH He mpen-
cTapisieTcsl BO3MOXHBIM. B HacTosiuee Bpemst 3¢dexT oT H3MEHEHUsl IPOHUIIACMOCTH OT JABJICHUA
[IPUXOAMTCS CITUCHIBATh Ha KOI(PMUUUEHT (PUIbTPALMOHHBIX colnpoTtuBiieHuit b. Bo3MOXHO, 4TO
NepCHeKTHBb] MOABSATCS, CIIM OXHOBPEMEHHO MPOU3BOAMTH HCC/ICOBAHUA € OTOOPOM U 3aKayKOMN
rasa B wiacT. OJHAKO OMbBITa UCCAEAOBAHUI 110 TAKON TEXHOJIOTUM HET U UX CJIEAYET OTHECTH K THITY
cleliHaIbHBIX.

Eciu nipu UcelieoBaHMK CKBaXHH OTCYTCTBYET HapylIcHUe JIMHENHOTO 3aK0Ha QUJILTPaLUH,
TO UMeeTCs ONpeNeNeHHAs BO3MOXHOCTb BBITBUTh 3aBUCUMOCTb NIPOHUIIAEMOCTH OT JaBJICHHUA, 9TO
aKTYalIbHO JUTS CKBAXMH, BCKPBIBAIOILKX ILUIACTHI C TPEIIMHOBATO-TIOPOBBIM KOJIICKTOPOM.

B pe3y/ibTate SKCIUTyaTallMi Ta30BOTO MECTOPOXICHHs B TCUEHNE LTUTEIBPHOTO CPOKa MPO-

MICXOAMT MajeHue JABIEHUA M CMbIKAHUE TPEIUMH. JTO NPUBOIUT K YBEIUUCHUIO K03(hPUIIUEHTOB
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(bUIBTPAaLIMOHHBIX CONPOTHBIeHUHA. [10 aHANM3Y U3MEHEHUS 3TUX KO3(POULMEHTOB MOXHO CYIUTH O
BIMSIHUM JaB/ICHUA Ha TPOHULIAEMOCTh FOPHbBIX 1opou. Ho 3To yxe He 3anava uccieJ0BaHUsT CKBAKIH,
a 3ala4a KOHTPOJIS U aHATU3a pa3pabOTK1 MECTOPOXAEHUIN. XOTS M B 3TOM CJIy4ae BOSHUKAET MHO-
XKECTBO TPOOJIEM, CBSI3aHHBIX C TEM, UTO B TIpOLiecce Pa3paGOTKM MOTYT BO3HUKATb CHTYalMH, KOTa
M3MEHEHUE (PUIBTPAIIMOHHBIX COTIPOTUBIEHUI OT APYTHX (haKTOPOB GOJIEe OLLYTHUMO, YEM BIUSAHUE
AaBJICHUA HA NPOHULIAEMOCTb (M, BO3MOXHO, KO3(DOHULMEHT U3BUIMCTOCTH, OTIPEAETS IO KO3bh-
(bULHEHT QUIBTPALIMOHHOTO CONIPOTUBIEHUS b).

HMeeTcs BO3MOXHOCTD ONpeeieHUS TapaMeTPOB TAKUX ILTACTOB MO TAHHBIM UCCIEI0BaHUs
CKBaXWH IPU HEYCTaHOBUBLIECS puibTpaunu. B HacTosilee BpeMst MMEETCS HECKOIBKO TMAPOIN-
HAMHUYECKUX MOJeJIed TPELUIMHOBATO-NIOPOBOIo KojuteKTopa. HanGoee pacnpocTpaHe HHOM MOIETbIO
siBIsAeTcst Mosenb bapen6iatra — XKenrtoa, Korna TpelUMHHAs Cpela HaNOMHIETCS MATPHYHBIMU
6i10kamMKi. MaTpu4Hblii 610K MMEET HEKOTOPBIE XapaKTEPHBIE Pa3Mepbl (ITHHY Ky0a, panuyc cepsbl),
00BEM MOPOBOTO MPOCTPAHCTBA, KOIDMULIMEHT CBA3M MaTPHMLbI C TPELIMHOI, ONMpeIesioNinii Be-
JUYMHY NepeTOKa (IlIoM/Ia € MEPENanoM JaBleHUst MEXIy TPEIMHON U MaTpuieil. TpelmnHbl 06/1a-
AAI0T HEKOTOPOIi MPOHUIIAEMOCTBIO U IIOPUCTOCTHIO. [IPOHMLAEMOCTD TPELMHBI HA HECKOJIBKO 110-
PSIIKOB BOJTbiIIE IPOHUIIAEMOCTH MATPULIBI, @ 06BEM MTOPOBOIO MPOCTPAHCTBA B TPELIMHAX HAMHOTO
MEHbILIe TOPOBOro 00beMa MaTpuilbl. M3 pusnueckux coobpaxeHuii ciienyer, 4To B Ha9albHbIi MO-
MCHT BPEMEHH BO3MYILEHUS B [171aCTE B MAJION CTENEHU OYAYT BIUATD HA IIPOLIECC U3MEHEHUS TaBJIe-
Hus B MaTpuue. PaGoTaoT TonbKO TpelwnHbl. M3MeHeHWe faBieHus], BbI3BAHHOE BO3MYILEHUEM,
Oyzet onpenenaTbcsa GUIbTPALMOHHO-EMKOCTHBIMH CBOIMCTBAMU TpeluH. Jlanee Ha M3MeHeH e I1aB-
JIEHUS HAYMHAET CYLIECTBEHHO BJAMSTD IPOLIECC [IEPEHOCA Ta3a U3 TPELUUH B MATPULLY. DTO IPUBOAMUT
K 3aMEUICHUIO IIPOLIECCa BOCCTAHOBIEHUS AaBieHus. [1py AnuTebHbIX TPOMEXyTKaX BpEMEHU 1aB-
J€HUE B TPEILIMHAX U B MATPULIE CTAHOBUTCS TIPAKTHYECKU OIMHAKOBBIM U IPOLIECC BOCCTAHOBJIEHHUS
JAaBJICHUA TIPOUCXOIUT TaK XK€, KAK B OQHOPOIHOM I1acTe. Ha KpUBOIT BoCcCTaHOBICHUS OaBIEHHS
CAEIYET OXHUAATh 1BA MPSIMOJIMHEMHBIX Y4aCTKa — HaYaIbHBI{ YUacTOK, OTPaXaloliuii CBOICTBa Tpe-
L1MH, U KOHEYHbIX y4aCcTOK, OTPaxXalollMii CBOICTBa MaTpuLl.

PaccMoTpum mockopaauanbHoe TedeHHe (uTioraa B TUiacTe (OCI0XHEHHOE IEPETOKOM (hiTionaa
M3 TpEeLIMHbI B MaTpully). [IpencraBum mMatpuily B BUIe cchepuyecKuX Te paauycoM Ry, B1OXEHHBIX
B IJ1ACT TOMUIMHOM A (puCyHOK 4.26). B 3TOM Ciiyyae, npyuHKMMas pacnpeneneHue TMHUH TOKa B 6J10Ke
MaTpHLbl palHaIbHbIM, TUTIOTeTHYeCKMEe KB/l He uMeIoT AByX MPAMOTMHERHBIX YYaCTKOB.

4 OnpenesieHne NapaMeTpoB, XapaKTePU3YIOLLIMX CBOWCTBA TPELIMHOBATO-TIOPOBbIX KOJLIEKTO-
POB, O JaHHBIM MCCJICNOBaHUSI HEYCTAHOBHMBILEHCSA (DUIIBTPALIMH SIBIISIETCS CJIOXHOM TMIPOTa3onu-
Hamu4eckoi 3anauei. ITpu 3TOM crienyeT yaensaTb BHUMaHUe [Uana3oHy BpEMEHH, B Te4EHHE KOTOPOIo

HEOOXOMMMO MPOBOAUTH UCCAENOBAHUSA. DTOT IMATa30H MOXET ObITh PaCLIMPEH KaK 3a cYeT yBe-
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PucyHok 4.26 — Cxema NpuTOKa rasa

N N\ B TPELIMHOBATO-IOPUCTOM IL1acTe ¢ 6I0KaMHU

2r, .
s MaTpHIIbl HIAPOBUAHOMN (POPMBIL

JIMYESHUS BPEMEHHU UCCIIEN0BAaHMs, TAK U 33 CYET MOBbIIIEHUS MHHOPMATUBHOCTH JAHHBIX HCCIICN0-
BaHUWM IIPU MaJIbIX MOMEHTaxX BPEMEHH.

B npakTHKe MCCIeI10BaH s CKBAXUH MOMYYHIT OlIpeeeHHOe pacrpocTpaneHue merox [losn-
napna — IMupcona. Ero Teopetnyeckoe 000CHOBaHHME (TMPUHUMAETCS MIOCKOMNapauleibHas cxema
(wIbTpaLMK) BHI3BIBAET PSiAl BOIIPOCOB.

Mo runote3se [Mosutapaa — Mupcona dyHKIMS BIUSAHUS (KPYBask BOCCTAHOBIEHUSI CKBAXKHHBI
TIPU OTCYTCTBUH MPUTOKA Ha 3a60e) MPEeICTaBsIeTCs B BUIE 3aBUCUMOCTH (TPUMEHUTETIBHO K Fa30BbIM
CKBaXXMHaM):

@, (#) = Aexp(—oy 1)+ Bexp(—a,t) +Cexp(—ast);
a3 >0, > 0. (4.122)

YTBepXKAaeTcs, YTO NpU 0OpabOTKe PE3yJNbTaTOB MCC/ICNOBAaHUs CKBaXXHMHbl B KOOpAMHATAX
TM0JIy4aeTCs HECKOJIbKO MPSIMOIMHENHHBIX YYACTKOB, YTO 00YCIOBIEHO NPOLIECCAMU MAacCoMepeHoca
MeXIy TpellMHaMu U Matpuliei. [Ipemaraercs MeTon onpeneneHus KoadduuneHTos A, B, C, ay,
0, O3, 3AKJTIOYAIOLIMIACS B [TOC/IENOBATEIbHOM ONPENEICHUH K03bGULUEHTOB A M oL, 3aTeM B U o,
u 1.10. Koadpduuuenr C onpenenseT rnepenal AaBIeHUA MEXIY 1aBICHUEM B CUCTEME TPELIMH BCETO
UIACTA W JaBJeHHUEM B CUCTEME TPELUMH B IpU3ab0iiHOM 30He, KO3(POULUEHT B XapaKTepu3yeT I1po-
HULIAeMOCTb TPEIMHBI, Ko3dduimeHT K1, = 1/[1 + a,/a (B/A + B)] onpenenseT IMHAMUIECKYIO
€MKOCTb TPEILIVH U KaBEepH.

Takas rpoleaypa MPUBOIUT K HEOTIPEAEIEHHOCTH IIPH OLieHKe K03 duumenTos B, C, o, a,,
a,, CBSI3AHHBIX C NOTPELIHOCTSIMU IPHU ONPENEICHUH dynkumu Biusiaust (KBJ). B1oT MeToxR TpebyeT
[pOBEdEHMS ITUTETbHBIX BO BpEMEHHU MCCIEIOBAHUH, a TAKXKE UCNO0/b30BaHUst KBJI pu MaJIbIx MO-

MEHTax BpEMEHU, KOrJa Ha MpoLeCC BOCCTAHOBJIEHU NaBJICHUSI OKa3bIBAlOT BJIMAHWEC MHOTHE TPYIHO
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yuuTbiBaeMble (hakropbl. Korna nsmeHeHne 1aBjieHUs CTAHOBHTCS COM3MEPHMBIM C YYBCTBUTEJIb-
HOCTbIO MAHOMETPA, Ha (DYHKLIMIO BIMSIHUA TAKXe HAUYMHAIOT AeiCTBOBATh Apyrue GakTopbl (paboTa
CKBaXuHbI 10 cHATHA KB/, paboTa cocenHux cKBaXMH, HEOTHOPOIHOCTD MJ1acTa, (hOPMBI TPaHMUII
nuiacta). [TostomMy HecMOTpA Ha BHENIHIO NPHUBJIeKaTeNbHOCTH MeTona [Tosutapaa — Ilupcona, cie-

AYET KPUTUYECKH OTHOCUTBCS K PE3YIbTaTaM ero pUMEHEHUS.

4.11 Onpenenenre napaMeTpoB IACTA 110 AAHHBIM PEATHPOBAHMS CKBAKHHEI

Ycrexu B IpMMEHEHUH TTYGMHHBIX MPUOOPOB, 3aMUCHIBAIOIINX U3MEHEHIE IABIeHUS Ha
0OJIbILIOM HHTEPBAJIE BPEMEHHU (HECKOJIBKO CYTOK) C BBICOKOM CTENEHbIO TOYHOCTH (0 0,001 MIla),
TI03BOJISIIOT UCTTIOIb30BATh METO/ ONPEIe/ICHUs 1apaMETPOB IUIACTa M0 IaHHBIM PearupOBaHKSI CKBa-
XKWH, COCCIHMX C BO3MYLIAIOLIEH (METO TMAPONPOCITYIIMBAHHUS ). TOT METOI UMEET PSi OCOBEHHO-
CTei, B YaCTHOCTH, ET0 IPUMEHEHHE MO3BOJIAET ONPENEIATh EMKOCTHbIE XapaKTePUCTHKH TJIacTa.

MeTonuka MccnenoBaHMst METOIOM IMIPOIPOCYIIMBAHUS 3aKIIOYAETCS B cieayiomieM. Bol-
OUpaloTCsl BO3MYILAIONIAs U PearnpyloLasi CKBAXHMHBL. B Bo3Mylaiomeii CKBaXMHe CO3MAI0T HM-
MyJIbChI LTSt BO3OYXIEHHUA [1acTa. TexHOMOrMYeCKH Hanbosee y10GHBIMH GOPMAMK CO3NAHUS NM-
MyJibCa BO30YXXINEHUS SABISIOTCS IMYCK CKBAXHHBI B pabOTY C TOCTOSTHHBIM A€6UTOM oTbopa (3aKauku)
rasa. Tex e pe3ybTaTOB MOXHO JOCTUYb U OCTAHOBKOM CKBAXMHHBI. Heo6xonumo, 4to6bt Bo Bpemsi
NPOBEACHWS HCCIIENIOBAHMI BO3MYLIEHHE B PEarnpylolleii CKBaXxHHe 6bJ10 Ha MOPSIOK GOJIbIIE, YeM
M3MEHEeHUC (LUIYMbI) IaB/IEHUs B HEH B 3aBUCHMOCTH OT IPYTHX (haKTOPOB (PeakKiins COCEIHUX CKBa-
KMH, TAICHNE [1aCTOBOTO NABJIEHUsI U 1IP.). B pearnpyioleit CKBaxnHe OCYINECTBISETCS PerncTpaius
M3MEHEHUs! 3a00iHOTO NaBieHus. Perucrpauus 1aBaeHUs MOXET OCYILECTBISTbCA KaK Ha YCThe
CKBAXUHbI, TaK U Ha 32060¢ C MOMOLLbIO TTIyOMHHOTO MaHOMeTpa. ONHAKO NOKA3aHUSI YCTHEBOTO Ma-
HOMETpaA CBsI3aHbI C MOTPELIHOCTSIMU, BbI3BAHHBIMHU BIMSHUEM aTMOCGHEPHBIX YCIOBUI U IPYTUMHU
(akTopamMu, U MOTYT CYLIIECTBEHHO UCKA3UTh pe3ynbTaThl. [ToaTomy WU3MEPATh AABJIEHHE HEOOXOIUMO
DIYOMHHBIM MaHOMETPOM € UyBCTBMTEIBbHOCTHIO He MeHee 0,001 MITa. Ipu u3MepeHuM naBiieHUS
BEJIMYMHA a0COIIOTHOTO NABJIEHUST MOXET U3MEHAThCA B rpeaesax 0,1—0,2 MITa. OnHako U3MeHeHue
NaBJIeHUS HEOOXOAMMO U3MEPSITh C TOYHOCTHIO He MeHee 0,01 MITa.

[Ipu mpoBeneHnu UccNeN0BaHHMIT METOIOM TMAPONPOCTYLINBAHUA HEOOXOIUMO MPUHATH
MEpbl, YTOObI Ha PE3YJIbTaThl U3MEPEHMIA He BIUsIa paboTa COCEIHMX CKBAXUH. [Noatomy usmeHeHue
pexuMa paboThl CKBaXKUH, PACTIONOXEHHBIX HA PACCTOSTHUM MEHEe 3R, rne R, — paccTosiHue OT pea-
TUPYIOLIEH 0 BO3MYILAIOLICH CKBAXHMHbI, IOKHO GBITh HCKIIIOYEHO. 3@ HECKONBKO CYTOK [0 IIPOBE-
IeHUs UCCIEN0BAaHUI MaHOMETD [OJIKEH OBITh CIYILEH B CKBAXUHY [T ONpefeIcHUs (hoHa M3Me-
HeHUs NaBieHusa B niacre. Ecnn B mpouecce mosyyeHust GOHOBBIX M3MepeHHI OGHAPYXKEHO
3aKOHOMEPHOE M3MEHCHUE NaBJICHHS, TO B MOCIEIYIOIEM 1TpU 06paBGOTKEe JAHHBIX HEOBGXOIUMO U3

KPHBO pearpoBaHust BbIYECTb (POHOBOE 3HAUCHMUE, MTOTYIAEMOE TTYTEM €T0 IKCTPATIONALINH.

189



P T'asnpom 086-2010

OTMETHM, 4TO Ha PEATHHO Pa3pabaThiBAEMOM MECTOPOXIACHHH, T1€ IPOMCXOIUT HOObIYA ra3a,
najieHye JaBjIeHust Ha pearupyiolleil CKBaXXHE, BbI3BAHHOE pa3pabOTKOM, COM3MEPUMO (nnu gaxe
6OJIbLLIE) C M3MEHEHHMEM JaBIEHHS, BBI3BAHHOTO PabOTOH BO3MYLIAIOLIEH CKBAXUHBI. Tak, HampuMmep,
eCIi UCcClieyeMas CKBaXHHa HAXOIUTCS Ha MECTOPOXKIEHUM, T/le MaACHUE IaBICHMS B TOL COCTABIISCT
1,0 MTla, To 3a peaTbHbIil MEPUOI UCCIENOBAHNSA CKBaXUHbI (OT 0,5 0o 2 cyToOK) IaBJE€HHUE B pearu-
pYIOLLEil CKBaXWHE U3MEHUTCS OT OOLIEro MajeH!sI AABJICHMA Ha MCCTOPOXICHNUHN Ha 0,0032 MIIa.
ConocTaBneHue ¢ MpeBapuTeIbHOM OLEHKOI H3MEHEHMs! JaBeHHUs B pearupyloleil CKBaxXuHe (Ha-
npumep, 0,004 MIla) or uMnyJibca AaBleHuUs B BO3MYILAIOILEH MOXET NPUBECTH K BBIBOLY O TOM,
YTO NPAKTUUYECKH HEBO3MOXKHO MOIYYUTh JOCTOBEPHYIO MH(POPMALIUIO OT IIAHUPYEMBIX UCCIIEN0BA-
HMI METOIOM THAPOIPOCTyLInBaHus 6e3 yueta poHOBOrO u3MeHeHHs. OTHAKO 3TO MOXHO OCYIIe-
CTBUTD, ecii (DOH MaJeHUs JaBJeHUS TIOCTOSHHbIN M OMPENENEHO €T0 3HAYCHUE. YUNTHIBAsA 3TOT
(HOH, MOXHO OXHMIATh MOJOXUTEIBHBIX PE3yIbTAaTOB.

BpeMsi perucTpaiyyi MMIy/Ibca BO3MYILEHUA ¥ pearupoBaHUsl CKBAXHMHbI TOJLKHO ObITb CTPOTO
CHMHXPOHM3MPOBaHO. Bo3MyllieHME MOXHO CO31aTh HE TOJIBKO ITyCKOM CKBaXHHBI B paboTy, HO U Cy-
ILeCTBEHHBIM U3MeHeHeM nebuTta. Ecu B mpoliecce HecieToBaHUA 1€OUT BO3MYMIAIOLIEH CKBaXKUHBI
110 KaKUM-JM60 TPHYMHAM ObUT U3MEHEH, 3TO H3MEHEHUE JO/KHO OBITh CTPOTro 3aUKCHpPOBaHO.

Bpemsi, HeO6GXOOUMOE VTS TPOBEIEHMUS UCCIEN0BAHUS, MOXHO OPUEHTHPOBOYHO ONPEACIIATH
rcxonst U3 GopMYJIbl, 0TOOpaXalollel U3MEHEHHUE AaB/IEHKS B ONHOPOJHOM IUIACTE HE OrpaHUYCHHOM
110 IPOCTHPAHMUIO:

_ Oy p R
akhP. T | 4y

- cT

Ap= : (4.123)
Tae QO — U3MECHEHUCE JICGI/ITa rasa, NpUuBCACHHOTO K CTaHAapTHBIM YCJIOBHUAM;

P

i Tm1 — COOTBETCTBECHHO JIaBJICHUE U TEMIIEpaTypa B IJiacTe;

P, T. — cTaH#apTHble 3HAYCHUS NABICHUS U TEMIIEPATYPbI;
Z — K03 PHIIHEHT CBEPXCKUMAEMOCTH 1asa,

kh/u — ruaPONPOBOIAHOCTD TUTACTA;

x = kP_,/(mu) — K03(OULKEHT be30MTPOBOAHOCTHU NJ1ACTa;

R — paccTosHHUE OT BO3MYLIAIOLIEH CKBaXXMHBI 10 PEarupyloLie.

Ha pucyrke 4.27 npuBeieH rpaduK 3aBUCMMOCTH 0e3pa3MEpHOro NaBleHMs

P —%—TC—TAPO‘) ot 6e3pasMmepHoro BpeMeHu T = 4y#/R (rpaduK 3aBUCUMOCTU In[—Fi(—x)]

O Ty

oT —Inx). TTonb3ysich 5THM rpadMKOM, MOXHO I1yTeM COBMELIEHHS €T0 C Pe3yJibTaTaMy HCCIeNOBaHUHA

OMpenensATh ImapaMeTphl IU1acTa, a TaKXKe INIAHUPOBATh ITPOBCICHUC HCCIIeIOBaHUMA. 3Hasl I1acTOBOE
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w

JaBJI€HUE U PECYPChI, KOTOPBIMH BJIANEET UCCIIENO-

BaTeJIb — BEJIMYMHA BO3MOXHOTO JIeOUTa BO3MYIIIE-

(==
\
\
g

In(Ap(#); In(P)

HHS1, TOYHOCTb IPUOOPOB LIS U3MEPEH U 3a60itHOTO

HaBJICHHS, BBLAEJICHHOE BpeMs IS TIPOBEACHMS UC- ,

CJIENOBaHMIA — OIpenesieM BeIMuuHy P. 3ateM 1o - ;
ITAJIOHHOW KPUBOM OIIpeNesisieM COOTBETCTBYIO- ;
wee 7. [To dopmyne ¢ = R2T/(4y) oteHMBaeM pe- -10

AJIbHOE BPEMA JJISI TIPOBEIEHUSA UCCIEAOBAHUMH.

Ilpumep — Onpedeaumn, moxucno au oxcu- -15
---- 3TaJIOHHAast KpUBast

—&— KpHBas pcarnpoBaHUs

— COBMCIICHHAas KpHUBas pearupoBaHus
T T T 1 T T

6edenus uccaedo8anus no memody 2udponpocayuiu- 20
4 22 0 2 4 6 8 10 12
In(®); In(T")

Pucynok 4.27 — CoBMenieH1e KpUBOii
pearupoBaHHsI ¢ 3TATOHHON KpUBOH

damb y006.1emeopumeabrbIX pe3yabmamos om npo-

6AHUA NPU CAEOYIOWUX OAHHBIX:
- mo4YHOCMb  u3MepeHusa oaeaenua —
0,005 MIla (0,05 kec/cm?);
- paccmosnue mexcoy ckeaxcunamu — 200 m;
- naacmogoe dasaenue — 10 MIla (100 kec/cm?);
- easkocms 2aza — 0,018 mIla-c (0,018 cIl).
Ilpednoaazaemoie napamempot naacma:
- moawuna — 50 m;
- nponuyaemocms — 0,5:10°12 m? (500 m/]);
- nopucmocms — 0,2 (20 %).
Temnepamypy naacma npunumaem pasnoii 300 K.
Bpemsa, 6 meuenue komopozo nameueno nposedenue uccredosanusn u pecucmpupauus dacrenus,

ozpanuteno 0syma cymrxamu (172800 c). Jebum eozmywaroweii ckeancunv: pasen 500 moic. M /cym.

Ilo npusedennvim eviue opmysam onpedeasem eéeaununy P. Ona pasua 1,385, mo ecmp
InP = 0,325. IIpoeodum na smasonnoi kpueoii (pucynox 4.27) 20PU30HMAAbHYIO NPAMYIO, OPOUHAMA KO-
mopoi pasna 0,325. Ona nepecexaem smaaounyio kpusyio 6 mouxe InT = 1,772, mo ecmp T = 5,88.
3amem onpedeasiem 6 coomeemcemeuu c 6viuenpusedenHvIMU OPMYIaMU BpeMA L, ¢ MOMEHMA Komopozo

HadexcHo uzmepsemcs 3aboiinoe dasaenue (6 dannom cayuae 42000 ¢). Ilosmomy om npoeedenus uccae-

dosanuii credyem oxcudams y006.1emeopumensHbIX pe3yibmamos.
3Has 4yBCTBUTENBHOCTDb NPUBOPOB, 3amaeMcs Ap. [10 puUBeNeHHOMN BbIlLe dopmyrne (4.123)

onpenensieM —Ei(—R2/(4yt)), 3aTeM Bpems ¢, TIpH KOTOPOM OyZIeT JOCTUTHYTO U3MEHEHUE TaBICHUS B

pearvpylouiei CKBaXHe Ha BEJTMYMHY Ap.
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B pesynbrare uccnenoBaHus GUKCHPYETCs 1eOuT BO3MYILAIOILEN CKBaXWHBI (J; U KPHUBbIE
pearuposanusi Ap(f). O6paboTKa MO3BOJISAET ONPEeATh TMIPONPOBOAHOCTD IL1ACTa, KOTOPYIO 000-
3HAYMM Yepes3 o, ¥ Mbe30MPOBOIHOCTD IIACTa, KOTOPYIO 0603Ha4YMM UEPE3 O,. 3HAS 3TU BETUUUHBI,

MOKHO OIIPEeAEIUTh YAEIIbHYIO €MKOCTD IJIaCTa mh:

- Prmal

mh (4.124)

1)

Jlns onpeneneHUst TMAPOTPOBOIHOCTH U NbE30TIPOBOXHOCTY MJ1aCTa Ha ONHOM rpaguke co-
[IOCTABJISIOTCS KPUBAsi pearpOBaHKs CKBaXHKHBI B KoopaMHaTax InAP(f) ot Inf 1 STaOHHAs KpUBas
3aBrcuMocTy — Ei(—x) 0T —x, ocTpoeHHas B Guiorapudmuieckux koopanHarax. [o pasHulie 3Have-
HUIi Ha OCH OPAMHAT OMpeleNseTcs TMAPONPOBOIHOCT ILTACTA, a M0 Pa3HHUIIC 3HAUCHNH Ha OCH abc-
LIKCC — I1bE30IPOBOJHOCTD.

B ciyuae ecy 1e6UT BO3MYLUAIOLIEH CKBaKMHbI U3MEHSIETCS] BO BDEMEHH, TO BMECTO M3ME-
HEHUs 1aBIeHUS Ap(f) MOXHO UCIIOIb30BaTh GDYHKLMIO BIUSHUS @ (f), KOTOpasi MPENCTABIIACT coboit
M3MEHEHUe NaBIeH s B pearnpyioLieii CKBAXUHE IPH eIMHAYHOM U [TOCTOSHHOM BO BpEMEHU 1ebnte
ra3a BO3MYLIAIOUIENH CKBAXUHDL.

MeToanuecku 60jiee 060CHOBAHHO, HCXO U3 UMEIOLUMXCS NMPEACTABICHU O CTPOEHUH IL1a-
CTa, MOCTPOUTH MaTEMATUUECKYIO MOZIE/ib IPOLIECCa pearnpoBaHysl CKBXUHbI M HAWTH M3MEHEHHC
aBeHusl B pearupyiollieil CKBaXUHe U HECKOIbKUX (Ge3pa3sMepHBIX) MapaMeTpOB ITOH MOIETH.
[MonyyeHHas! 3aBUCMMOCTb OTOGpaxaeTcsl Ha rpaduKe M Ha3bIBAeTCsl ITaIOHHOH KpuBoii. Kpusyio
pearupoBaHus (TIpY yCIOBUM €€ TIOTYYeHHs MPU MOCTOSHHOM 1ebuTe BO3MYLIAIOIIEHA CKBaXKMUHBI)
WK (GYHKIMIO BIMAHUS COBMELLAIOT C ITATOHHOM KpUBOiA. [lapaMeTpbl 3TaoHHOH KpUBOH 0TOOpa-
XKaloT [mapaMeTpbl UCCIEAYEMOTO TUIacTa.

Ilpumep — Ha peazupyroweli ckeaxcune, omee4aroueii yci06uam ebluienpueedeno20 npumepa,
noaAy4ena Kpusas peazuposanus — uzmenenue 3a6oiino2o dagaenus. /lagaenue uiMepaocy C Hawaia nycka
6 pabomy eosmyuiarouieli ckeaycunst. Hcenoavsosaiucs pesyaomamol usMepeHus daeqenus 6 mevenue
1,7 cym, nauunas c MomeHma épemeHu, Ko20a 0aéaenue UMeHUAOCh N0 CPAGHEHUIO C NEPBOHAANLHLM
na 0,005 MITa (mounocms uzmepsiouux npubopog). lasee 6v1.1 nocmpoen 2pagux 3agucumocmu In[dp(v)]
om Int. Tlpu 3mom nod dp(t) nonumaemcs usmenenue 0aeaeHus 6 peazupylousell CK6aAX3Cune ¢ Ha4aia
nycka 6 pabomy eozmyuwaroueti cxeaxcunst ¢ Mlla, t — coomeemcmeenno 6pemsa 6 cexyndax. Ipagux
yKa3annoil 3asucumocmu npueeden eviute na pucyuxe 4.27. Tam xce npueedena Imat0HHAA KPUBAA.

Ipubasaan x snauenuro Infdp(t)] nexomopyio éeaununy A, a Kk eeauune Int Hexomopyro
seauuny A, u eapbupys eeauHuHamu A, u A, mo ecmb coguzan Kpusyio peazuposaus, dobueaemca nau-
Ayuue20 co6nadenus Kpueoil peazuposanus ¢ IMa10HHOU KpUGoi. Coemewenue noay4eno npu coeuze

Kpueoii éeepx na eeaununy A, = 3,2 u 6.1e60 na seaununy A, = -9.
1 y 4
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Haaee no hopmysam

Qoo T

X
= exp —A;)u-2=0 25exp A 4.125
fnkhl Mzcm ( 1) RZ ’ ( 2) ( )

onpedeasem napamempor naacma — 2udponposooHoCntb kh/u (a;) u nvezonposodnocms y = Rzexp(AZ )
(a,). Imu napamempot coomeemcmeenno pagnvi kh/u = 112900 I-cm/cll, x = 12340 cm?/c. o op-
Mmyae (4.124) onpedeasiem ydeavnyro emrxocms naacma mh = P, a,/a,=(100-112900)/12340 = 915 cm.

5 IIpoBe/ienne ra30KOHIEHCATHBIX HCCIEIOBANMI H 00paboTKA HX pe3yabTaTOB

5.1 Bausnue MCTOPHH IKCILTYaTAMKA CKBAKHHBI HA Pe3y/IbTATHI rA30KOHIEHCATHBIX
HCCJIeIOBAHMI

It HACBHIIUEHHBIX YIJIEBOIOPOIHBIX CUCTEM HEMATOBAXHOE 3HAYEHUE UMEET HUCTOPHUS 3KC-
TTyaTalliy CKBaAXWH, CYIIECTBEHHO BIUSAIOLIAS HA Pe3Y/IbTATEl UCCIICIOBAHUSL.

['a30KoHI€EHCaTHAS 3aJIeXb MOXET U3HAYANbHO COLEpPXKaTh HACBILIEHHYIO YTJIEBOJOPOIHYIO
cucTeMy, 1160 MOKOOHAA CUCTEMA MOXKET BO3HUKHYTh B 3aJIeXXH B Pe3yJIbTarTe IKCIUIyaTallu, KOTaa
I1aCTOBOE JIaBJIeHUE JOCTUTAET NaB/eHHs Hayaaa KOHIEHC AU,

Ecin nenpeccust Ha rutact B CKBaXXMHax, JpeHUPYIOLINX HACBILIEHHYIO YIIEBOAOPOIHYIO CH-
cTeMy, nipeBsiiaeT 10 % OT I1aCTOBOTO AaBJeHHs, B IPU3a00iHOM 30He CKBAXUHBI thopmupyercs
00J1acTh, HaCbIIEHHAs BBITTABILIMM M3 Ia3a KOHAEHCATOM.

I1py yMeHbllIeHHM JETIPECCHU ra30CconepKaHie KOHIEHCATa, paHee BbIMABILErO B npu3aboitHoit
30HE, Bo3pacTaeT. 30Ha, HACHILLEHHAsl KOHAEHCATOM, CYXKaeTCsl, TaK KaK KOHIEHCAT MOCTENEHHO Te-
PexXonuT B maposyto (asy. [1pu yBesmueHUHU AeTIPECCUHN YXKE BbIMABLINI KOHIEHCAT pasrasupyercs, a
30HAa, HaChIllIEHHAs KOHIEHCATOM, PaCUIMPSETCS.

B o6oux cnyqasx 10 MOMeHTa CTaGUIM3alMK 06J1aCTH PABHOBECHOTO HACKIEHHST MPOAYKLIMS
CKBaXHHBI HE COOTBETCTBYET IO KOMIIOHEHTHOMY COCTaBY ILIACTOBOM YITIEBOAOPOLHON CHCTEME.
[ToaToMy HccenoBaTh 3KCITyaTAlMOHHYIO CKBaXHHY HA Ta30KOHAEHCATHOCTD HEo0X0IMMO Ha pa-
bouem pexume. IMpuyeM pexxum paboThl CKBaXMHBI EPE UCCIEN0BAHMEM He JOKEH MEHSThCA B
T€YEHUE IBYX HENEIb.

Eciu skemuryaTaulnoHHast CKBaXHHa 10 KaKoii-11u60 npudnHe 6bi1a IepeBecHA B pe3ePBHBIi
boHz, To BpeMs CTabIIN3aLMH YBETMIUBAETCS IO TPEX U Goiee MecLIEB IOCIE BO30GHOBIEHUS 3KC-
ruryatauuu. B mporusHoM cinydae KI'®, a cnenoBatenbHO, ¥ MOTEHLMAT CsH ,, ,, moTy4eHHBIH BO
BpEMSI MCCJIEIOBaHMIA, BO3pacTaloT B 1,5—2 pa3a Mo CpaBHEHUIO C MX UCTUHHBIMH 3HAYEHUSIMH.

[To3anss cragust pa3pabGOTKM ra30BbIX M FA30KOHAEHCATHBIX MECTOPOXICHUI XapaKTepu3yeTcs

MHTEHCHBHBIM MTOCTYIUICHHUEM XUIKOM (a3pl (BoIa, YIIIEBONOPOAHBIE XUIKOCTH ) Ha 3260 CKBAXHMHBL
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[1poMBICI0BbIE HAGMIONEH S, IPOBEAEHHbIE HA CKBaXHHAaX, NIOKA3a/lu, 4To 32 HEKOTOPBIH MPOMEXYTOK
BpeMeHH 10 06BOHEHMST HA CKBaXUHAX PE3KO YBEIMYMBACTCS! 100ObIUA KOHIEHCATA. DTO CBA3AHO C
5 heKTOM BHIMBIBAHHUS BHIMABLIETO B TIACTE KOHAEHCATa BHEAPSIOLIEHCS B 3AIEXKD Bogoii. Takum
06pa3oM, CHayala K CKBaXWHe MOIXOIUT KOHAeHCAaTHast OTOPOUKA, a 3aTeM I/1aCTOBAs BOIA.

ConepxaHue KOHIEHCATa B MPOAYKIINY TAKMX CKBAXWH MPEBBIILIAET CPEMHETIPOMBICIIOBYIO U
J1aXe HAYaIbHYIO BeTMYMHY. OIHOBPEMEHHO CYLIECTBEHHO 3MEHSIOTCSE QU3MKO-XUMHUYECKUE CBOI-
CTBa KOHIEHCATa, YTSKeNAeTCsl PPaKLIMOHHDINA COCTaB, YBEJIMUMBACTCSA MIIOTHOCTD, MOJICKYJISIpHAA
Macca; KOHIEHCAT, OOBIYHO CBET/IbIH Ha MO3IHE| CTally pa3pabOTKH, [IpHoOpeTaeT TEMHYIO OKPACKY.

Ilpumep — Bausnue pexcuma pabomot ckeaxcur Ha pempozpacubie NPoueccsl 6 niacme Ha Ypen-
200iCKOM 2A30K0HOEHCAMHOM MECHOPONCOCHUN

Ipombicaoevie uccaedoganus 00HOU UX CK6ANCUH NPOBOOUAUCH HA MPeEX PEHCUMAX (no 24 4 na
Kaxcoom pexcume):

- pabouuii — cKeANCUNA UCCAeA06ANACH NPU 0ABACHUI, PAGHOM YCIbEBOMY 0ABACHUIO NPU pabome
6 NPOMbICAOBBLI KOA1EKMOp;

- coxpawennsil (3axcamolii) — cKéaxcuna pabomaia npu dagaenuu, OAu3KUM K CIAMUu4ecKomy;

- ghopcuposannbiii (pasxcamolii) — CK6AXCUHA pabomaia npu 0asaeHuN HuMce pabouezo na 0,15—
0,20 Mlla.

Ipumenenue, napady co cmandapmubimu Memooamu, Uccae0o6anus y21e6000p0006 HA MOAEKY-
AAPHOM YPOGHE (2a30MCudKOCMHAA Xpomamozpadus u ungpaxpacran cnexmpomempus) no3eoauto eoi-
A6UMb demanu, ompaxcaloujue GAUARUE Pexcuma pabomyl CKEAXCUHbL He MOALKO HA COOePHCaHUE KOH~
dencama ¢ 000bleaemMom 2a3e, HO U HA €20 COCMAB.

Pexcum pabombi cKeaXCUHbL OMPANCACMCA HA 6CEM CHEKMPe Yy21e6000PO0H020 COCMAsa KoHOencama.

Hamenenus 6 cocmase U KoAU4ecmee KOHOeHcama no pexcumam pabomo ckéaxcun (npumep —

ckeaxcuna Ne 2323) caedyrowue:

Pescum Iomenyuan C,, o/m° H’"’Z'Z’;ﬁ’”"’ 9801’1%;:2:;2:)2? Cs,, Tomoa. | Cpgyy %o Mon.
Pabouuii 54,7 0,7188 180 67,9 0,19
Coxpawennotii 48,8 0,7166 164 70,9 0,11
Dopcuposannbtii 56,4 0,7194 182 67,6 0,32

Ipu nepexode c paboyuezo Ha coKpauwiennslil pexcum pabomst CK6ANCUHbL HPOUCXOOUM CHUMICEHUE
codepxcanun Kondencama 6 cocmage 0o6bieaemozo 2asa (54,7—48,8 2/m>) c o0noepemennvim obaecuenuem
xondencama (naomnocmo 0,7188—0,7166 2/m3, 90 %-nas mouxa eviunanua 180 °C — 164 °C, KoH-
uenmpauus aeekux YB C;H,,, 67,9— 70,9 % moa., konuenmpayus evicoxoxunauux YB C.. 0,19—

0,11 % Moa.), ¥mo yKazbiéaem Ha UHMEHCUBHOE BbINAJEHUE €20 6 npusabolinol 30He.
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Ha popcuposannom pexcume nomenyuasvnoe
codepxcanue YB C s+ 6occmanoeuaocy (54,7
56,4 2/m3), no dobvisaemviii Kondencam ymsaxce-
AAEMCA 0axce 6 CPAGHEHUU ¢ PaboMuUM PencuMoMm

(naomuocms 0,7188—0,7194 2/m>, 90 %-nas mouxa

eévikunanus 180 °C —182 °C, konyenmpayus aezxux

YB n-Cg, 67,9—67,6 % moa., KOHUeHmpauus 6vico-

Koxunawux YB C,., 0,19—0,32 % moa.). Taxum 06-

pasom, nepexod pabomot ckeaxcunsvt Ha Qopcuposan-

HbL peXUM cnocobcmeosan owucmye npuzaboiinoi

30HblI Om evinasueo lcouaeucama, 6 moMm Hucaie u panee

14 15 16 17
nepeueoduie2o 8 ¥cuoKyio asy 6 npouecce sxcnayama- Conepxarue bpaxumm, Brikumatoweit
P 4 d) Y 6 npou ¢ npu T'> 160 °C, macc. goi., %
yuu. Ilpumep pacnpedesenusn decamuzpadycupix dpax- Pucynox 5.1 — Pacnpedenenue
yuil Kondencama cxeaxcunvt No 2306 npu pasaunnpix Oecamuzpadycuoix paxyuii kondencama

cxeaxcunvt Ne 2306 npu pazauunvix pexcumax

pexcumax ee pabomot noxaszan na pucynxe 5. 1.
pabomst ckeancunbt

HpI/IBCI[CHHLIC JaHHbIC CBHICTEABCTBYIOT O
TOM, YTO U3MCHEHHE pexXuMa pa6OTbI CKBaKUHBI
BJIMSIET HA COCTaB NOOBIBAEMOTO KOHIOCHCAaTa " €ro

KOJIMYECTBO.

5.2 Bausnne pexxuma paboTsl miteiida va Pe3yJIbTAaThl TA30KOHAEHCATHBIX HCCJICA0BAHMIA
JKCILIYaTAIMMOHHBIX CKBAXKHH

HccnenoBanne sKCIUTyaTalMOHHBIX CKBaKMH C MTOMOLLBIO CenapaTopoB, CMOHTHPOBAHHBIX
Ha ra30COOpHbIX IYHKTaX, HMEET Psil 0COBEHHOCTEN 1Mo CPaBHEHHIO C MCCIIEIOBAaHUSIMU Ha cernapa-
LUMOHHBIX yCTAHOBKAX, CMOHTMPOBAHHbIX HEMTOCPEACTBEHHO Ha YCThe CKBAXUHbBL. OIHOMN 13 HUX SB-
JAETCA BOSHUKHOBEHHE KOJIEOaHHI TEXHOIOTMYECKNX TaPAMETPOB (IaBJICHMUIA, pacxol0B) pa3IAYHON
aMILTUTY/Ibl ¥ YaCTOTBI. B cHCTeMax COBMECTHOTO BHYTPHIIPOMBICIOBOTO TPaHCIOpPTa TaKue KoJieOaHus
MOTYT BOSHUKHYTb MPH HEAOCTATOYHOM 3arpy3Ke TPyOOIIPOBOA, B CIYYAsIX H3MEHEHUS (}a3oBLIX CO-
OTHOILIEHU# B TIOTOKE B PE3YAbTATEe U3MEHEHUS 1ABJICHUS U TeMIIepaTyphl 10 JUIUHE TPYOOIIpoBO/IA.

OCHOBHBIM (haKTOPOM, BIUSIOLIMM Ha pesynbratel [ KU, sBaserca HemoctaToyHast 3arpyska
TpybonpoBoja (uuteiicda). MoXHO BBIIETHTD IBE OCHOBHBIE NPUYMHBI HETOCTATOYHOM 3arpy3KH Tpy-
Gornposoaa (1wteiita): pe3koe CHUXEHHE IPOU3BOIMTETBHOCTH CKBAXKIHEI B IpoLiecce UCCNeJOBaHUS
M OTK/TIOYEHHUE (Ha BPEMs UCCIIEIOBAHMA) CKBAXUH, paGOTAIOLIUX B OMUH ueid c uccnenyemoii

CKBAXXHHOMH.
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ToNbKO MocJIe JUTMTEIbHOM OTPABOTKM, YOeIMBLIKCh, YTO HACTYIHIIO Ta30TMAPOAMHAMUIECKOE
paBHOBECUE CUCTEMBI CKBaxHHa-1U1eHd-cenapaTtop, MOXHO OCYLIECTBIATb 3aMep KI'® u or6op npod.
Ecau 3amepsl KI'®D moka3blBaloT HUKJIMYHOCTb BbiXOAa KOHAEHCATA B KC, HeobX0onMMO OMNpPeacIUTh
MPOAOKUTETLHOCTb LIMKJIA K PAaCCHUTATh CpeIHELIMKITUYECKHA BbIX0 KoHaeHcata. [Tpobb! koHaeH aTa
11 ra3a OTOMPAIOTCS B TOT EPUO]I, KOINIA BBIXO/ KOHEHCATa PABHSAETCS CPEAHEIMKIIMIECKOMY.

[Tpu KycTOBOM pa3dypuBaHUU MECTOPOXIECHUA TUAMETD uieiida nocruraet 0,5 M. st opra-
HM3aLMK MCCIefOBaHMs OAHOM CKBaXXMHbI M3 KycTa HEOOX0AMMO MPOKIAIbIBATE BAOJIL OCHOBHOTO
1ueiida 60bILIOro AMaMeTpa CnelranbHbIi wccaenopareTbekuii mueitd nuamerpom 0,10—0,15 M.

Ipumep — Ha Ypenzoiickom MecmopoxcOeHuu waeidol 6AIAHHCUHCKUX CKBAXCUR C6APEHbL U3
mpy6, umerouux ouamempst 168, 219 u 273 mm.

Iaeiigh moxcro npedcmasums Kak uepedosarue HUCXO0AUWUX U 60CXOOAUWGUX yHACMKOE mpybo-
npogoda. Amnaumyda u wacnmoma KoaeGanuii napamempos (6 mom uucae obsema HCUOKOCMHBIX NPOOOK 6
wreiihe) 3aéucum om duamempa mpybonpogooa. Yem Menvue duamemp, mem MeHvuie macca 00HOu
Hcudxocmuol npobxu.

Ilpu nocmosnnom debume 2a3a epemsa cmabuausayuu pabomvt waeiiha 3aéucum om e2o0 obsema,
a amMnaumyoa u 1acmoma nyascauuii — om ouamempa waeiigpa. O6semol welihos 6AAAHHCUHCKUX CKBA~
wcun usmensiomes om 11 00 450 m>.

IIpu o6veme waetipa 16,2 m3 u debume nacoimennozo xondencama Q, = 12,6 m3/cym pacwemnoe
épema cmabuausayuu pabomot waeiga Hacmynuio Hyms Goavue wem vepes 6 u. Ilpu obveme waeiipa
255 m?, npu 0,,.=22 M3 /cym pacuemnoe epema cmabuausayuu pabomot waeiipa nacmynaem no npo-
wecmeuu 6oaee 89 4.

Ipu uccaedosanuu na YKIII eca npooyKyusa CK6axCunbl nodaeanace ¢ cenapamop C-203 no
ureiipy. Ilpu 5mom ocmaavuble CKEaAXCUNbL OAHHO20 Kycma Ha 6pemA uccae0o8aHUs 0CMAHACAUBANUCD.
Iponycknas cnocobrocmy wieligpa paccHumana Ha cymmapnbtii de6um ecex ckeaxcur kycma. Ilpu uc-
ca1edosanuu 00HOU CKBANCUHbI PeXcuM pabomol wiieida usmeHaemca — CKOpocms nomoxa 6 waeiigpe
yMenvuaemcs.

Hlaeiihot cxeaxcun YKIIT-1AB ouamempom 1 68 mm pabomatom 6 npoGK06oM pexcume, HO am-
naumyda (pazmep) npoboK HecouzMepuMo MeHbule Mapupoeannozo 00sema 3amepro2o cenapamopa, 4a-
cmoma nyavcauuii 3Ha4umenbHo 0obue 6pemenu 3amepa npu 2azoxondencamnvix uccredosanusx. Ilosmomy
pe3yabmamat uccae006aHUA CKBANCUH, KOMOPbLe coedunenst ¢ C-203 marxum waetlihom, MONCHO cHumambs
enoane Hadexcuvimu. B mo xce epemsa paod pesyabmamos ucc.ae006aHUsA CKBANCUH YKIIT-5Bu YKIIT-8B ¢
duamempom waeiipa 273 mm cuumamsv HAOeHCHbIMU HeAb3A, MAK KaK Hacmoma nyabcauuii u o6sembt
npoGoK npu ucca1e0o8anuY ObLIU COUIMEPUMBL CO 6PEMEHEM 3aMepa U MApUpOGanHbIM ofsemom cenapamopa.

Ipu 60avwom duamempe waeiipa (273 MM) 8peMa 3an0AHeHUs mapuposanio2o obsema cenapa-

mopa uzMenA10cs 6 wupokom ouanasone. Tax, npu uccaedoeanuu cxe. Ne 5266 200 4 kondencama Haxan-
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ausaaocs 3a 40 mun, npu uccaedosanuu cxe. No 5291 nepevte 200 1 naxonuauce 3a 9 mun, a 3amem 3anoa-
HeHue npexpamuioch 6oaee yem na 1 u.

Ilpu duamempe waeiipa (219 mm) omaunue 6peMeHU 3ANOAHCHUA MAPUPOCAHHO20 00BeMa Cena-
pamopa cocmaeanao 4—5 mun (cxe. Ne 8396) u 11 mun npu uccaedosanuu cxe. No 8271.

[Tpyu 3HaunTeNBHBIX KONEGAHUAX BpeMEHM HAKOIICHMUS KOHI€HCaTa, NPOIOJKABILUXCS B
TCUCHHUE CYTOUHBIX UCCICAOBAHUI W CBUIETENLCTBYIOLUNX O HECTAGHIBHON paboTe CUCTEMBI [1aCT-
CKBaXXMHa-LIeH(-KOHTPObHBI cenapaTop YKIIT, NONYYEHHbBIE JaHHBIE CYUTATMCH HEIOCTOBEP-
HBIMM U UCCIIeIOBAHUS CKBaXXMHbI ITPEKPALIATHICh.

Hcenenoanust ¢ MCNONb30BaHUEM 3aMEPHbIX cenaparopos Y KIII" no3Bosisiin npoBoauth us-
MEpPEHUsI [151 CKBaXMH C 1ebnutamu He MeHee 300—400 Toic. M3/cyT 6e3 BBIMYCKA ra3a B atMocepy,
HO CO 3HAYMTE/ILHBIM COKPALICHUEM J0OBIYM BBUIY OCTAHOBKH IPYTMX CKBaXHH KyCTa BO BpeMs
3THX pabot. 171 BBIBOA CKBAXMHBI Ha paGouuii PeXuM (peXum paboThl B ra30c60pHbIIt KOJIZIEKTOP)
TPeOOBAIOCh HE MEHEE OLHUX CYTOK.

McenenoBanust CKBaxuH yepes 3aMepHble Cenapartophl, aHaJIU3 Npod, 06paboTKa NaHHBIX U
PacteT Ha ra30KOHACHCATHYIO XapaKTePUCTHKY 60Jiee TPYIOEMKH, YEM YePe3 YCThEBIE cenapaTophl.
Tak, npu uccnenoBaHusx yepes 3amMepHoie CerapaTopbl OTOMPAETCSt KOMILIEKT P06 HECTAGMIIBHOIO
KOHJEHCATa, KOTOPBIH COCTAB/ISIET HAOOP U3 6 KOHTEHHEPOB (MO TPU ¢ KAXIOH CTYIIEHM), a TIDH UC-
C/IENOBAHMAX YePe3 YCThEBbIE — 3 KOHTEHHEPa (UCC/IeOBAHNUS B OJIHY CTYTICHb).

B nepuon 1995—2000 rr. mo Mepe cHiXeHus NPOAYKTUBHOCTH OOJBILMHCTBA CKBAXUH TPE/l-
CTABUTENLHOCTL MCC/ICNIOBAHMH Ha Ta30KOH/IEHCATHYIO XapaKTePUCTHKY Yepe3 3aMepHbIC cenapaTopsbl
YKIIT' HeyknoHHO cHuxanack. OCHOBHOI NPUYNHON siBJIsiIach OOJIbIIAS YIAJEHHOCTh KYCTOB OT
YKIIT'. Huskue ckopoctu notoka B F'CK He obecreunBain CTabUNBHYIO pabOTy CUCTEMBI ILIACT-
ckBaxuHa-I CK-cenaparop. Habaronanuce 3HauuTebHbIE KOTeGaH 1S BPEMCHH 3aITOTHEHUS TAPU-
POBaHHOTO 00BbEMa 3aMEPHOTO CEMapaTopa HECTAGUIBHBIM KOHICHCATOM.

Ha mosnHeit ctanuu pa3spaGoTKyt CHUXAIOTCS TeGHThHI CKBaXWH, YMEHBIIAETCS KOJAYECTBO
KOHJIEHCATa B rase. JTO BbI3bIBACT YBEJIHUECHUE BPEMEHH CTAGW/IM3aLNK paboTs! uLteiida. Bpemsa
TPOCTOSA OCTAHOBJICHHBIX CKBAXXUH HEYKIOHHO YBEJIMUUBAETCS, @ 3HAUUT CHIUXKAETCSA OOBEM T06BIYN
rasa. 3To OCHOBHasl IPUYHHA, 110 KOTOPOI MPUXOAMTCSH OTKA3BIBATHCH OT nposeneHust KM gepes
KOHTPOJbHLIN cenaparop (KC) Ha nosaeit cranuu paspaGotku MECTOPOXIAEHUS MPH OTCYTCTBUM
creluanbHoro uwtekida ot kycra cksaxus go YKIIT (VIITIT).

MOHHMTOPHHT ra30KOHAEHCATHOI XapaKTePUCTHKH PEKOMEHIYETCS OCYIHECTB/IATh C UCTIONb-
30BAHUEM MOTHOMOTOYHbIX CENAPALNOHHbIX YCTAHOBOK, CMOHTHPOBAHHBIX Ha YCThe KOHTPOJIbLHBIX
CKBaXUH. B HauabHBII nepron pa3paGoTKy BO3MOXHO nposoanTh 'KH yepe3 KC, cMoHTHpOBaHHbIi

Ha miowanxke YKIIT (YTIIIT).
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5.3 OcoGeHHOCTH HCCJIeN0BAHNSA HA rA30KOHEHCATHOCTD HU3KOMPOAYKTHBHLIX N1aCTOB
¢ JUINTEIbHOI CTAOHIM3aNMeNl JaBJIeHNs | nebuTa

HWccnenoBanie Ha Ta30KOHAEHCATHOCTh HU3KOMPOMYKTUBHBIX ra30KOHACHCATHBIX 3aexen
XapaKTepu3yeTcs CleNyIoIUMU hakTopaMu:

- anvTenbHO#M (MHoraa no 30 nHel) crabuan3sauuneil JaBleHus 1 neduTa BMECTO HECKOJIBKHX
yacoB, NPEAYCMOTPEHHBIX NEHCTBYIOUIEH Unctpykuuei [1]. B cOOTBETCTBIH € 3aKOHOM 00 oxpaHe
OKPYXaIoLIel cpeibl MPOIOKUTENBHOCTD NPOAYBKU CKBaXUHBbI, HeoOX0nMMOM TS MOJTHOM cTabu-
M3aLMK JaBJIeHUs 1 1eOuTa, 10/KHA ObITh COKpallieHa 10 MUHUMYyMa. Heo6xonyMa oLieHKa BIUSTHUS
HeTOMHOTHI CTAa6IIN3aLIMM JAaBICHMS M 1eOKTa Ha Pe3y/IbTaThl HCCIIENOBAHNSA Ha ra30KOHACHCATHOCTD.
CJieyeT CUMTaTh LEJEcOOOpasHbIM B IIPee/ax I0MyCTHMON TOYHOCTH, [IPUHSITOM MPU MOACYETE 3a-
[12COB Ta3a M KOHIEHCaTa, IPOBOIUTE OMNpeIe/IeHUE Ta30KOHACHCATHOH XapaKTeEPUCTHKH, HE IOXH-
JasCh ITOJHOM CTabMIM3alINY [aBIEHUS U NeOUTa;

- cO3/IaBaeMOii IeTIpeccueil Ha TIACT, 3HAYUTE/IbHO MPEBHILIAIONIe! MAKCUMATIBHO JOMYCTH -
myto (B ipeneax 10 % — 20 %) oT n1acToBOTO AaBI€HUs, MPEAYCMOTPEHHYIO HUHcrpykuueit;

- OTCYTCTBMEM YCJIOBUI1 JUIA BbIHOCA ITOTOKOM rasa BbIMABILCTO B npu3aboiHON 30HE KOH-
JeHcaTa Ha MOBEPXHOCTh BCJIEACTBUE HU3KOM MPONYKTUBHOCTH CKBAXHUHBL.

Tpy WIMTEIBHON CTaGUIM3ALNY JABJIEHMs M [1e6nTa KaYeCTBEHHOE MCCICN0BaHME Ha Ta30-
KOHAEHCATHOCTD XeJaTe1bHO MPOBOAUTD MOCJIE BBOJA CKBAXXUHBI B 9KCIUTYaTalMIO. IMepBuyHbBIE JaH-
HBIE O COMePXAHUHM KOHIEHCATa MOXHO TTOJY4UTh C HEGOIBIION TIOTPENTHOCTBIO U NIPH HETIOJIHOMU
cTabUIM3aLuy 1eOUTa CKBaXHHBI.

Hanuumne HU3KONPOAYKTUBHbBIX KOJUIEKTOPOB B 3aJI€KU, KaK NpaBuio, 00OYCIOBIUBAET 3HAUM -
TeNbHBIE IETPECCHH Ha TLIACT. Y BeIMUeHHe NeNPecCuy Ha I1acT PUBOIVT K BbIMaACHHIO KOHIEHCATa
B 30He ¢ [YOOKOIi JIenpecCHOHHON BOPOHKO# G0JIbIIOro paauyca. [TosTOMy cocTaB 10OBIBAEMOTO
KOHAEHCATa MOXKET 0Ka3aThCsl IEPEMEHHBIM B TEYEHUE JUTUTEILHOIO OTPE3Ka BDEMEHHU. TTocTosiHCTBO
(paKLIMOHHOTO COCTaBa BBIXOAALIETO KOHICHCATa — OJINH U3 OCHOBHBIX rokKasarejeil JOCTOBEPHOCTH
TI0JIy4aeMbIX Pe3y/IbTATOB IIPYM NCCIEN0BAHNN HA FTA30KOHICHCATHOCTD B CIIyHae OOJIBILION Jerpeccuu
Ha TracT. OTCYTCTBHE YCIOBHIA BHIHOCA BbINaBLIEro Ha 3a60¢ KOHAEHCATa MOXET CYIIECTBCHHO BIMATD

Ha Ka4€CTBO HOHy‘{aCMOﬁ ra30KOHIEHCATHON XapaKTEPUCTUKHU 3aTICXKU.

5.4 MeToanKa onpe/ieieHHsi COCTABA MIACTOBOIO ra3a H NOTEHUHAILHOTO COACPKAHUS
KOHIEHCATA NPH JABYXCTYNEHYATOH cenapauuu

T1py BBICOKOM JaBJCHUM WM TEMNEPATYpPe B MOJHOMOTOYHOM CENapaTope 3amMep BBIXOZA
KOHIIEHCATA 1 OTOOP Npo6 HEOGXOAMMO TIPOBOIMTH MPHU IBYXCTYNEHYATOM Cenapaliii rasa.

TTposenenne FKHW MeTozoM ABYXCTYyNeHYaTO Cenapainm 1aeTes Ha IPUMEpe YpeHroickoro

HT'KM. UccienoBanysi CKBaXHH ¢ TIOMOILBIO KOHTPOJIbHBIX CENapaTopoB MPOBOAWIMCE B COOTBET-
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CTBUU C METONMKOU UCCNIENOBAHHUI CKBAXUH BATAHXHUHCKUX 3aIeKel YpeHroiickoro MectopoxaeHus
Ha Ta30KOHACHCATHYIO XapaKTEPUCTUKY ¢ ucronb3oBauueM KC YKIIT , IpuMeHsiemoit B OO0 «Ta3-
npoM 106k14a Ypenroin» ¢ 1986 r. MeTtonuka rno3osiser MPOBOAUTB UCCIENOBAHMS €3 BBIITYyCKa ras3a
B aTMOCGepy U MOTHOCTHIO yTHTH3UPOBATh MOJIy4aeMYIO TIPOAYKLHIO.

CKBaXuHBI HCCIEAOBANUCH HA PaBOYNX peXuMax B 1Be CTyneHM cenapauuu. Mccnenyemas
CKBaXMHa nepexinovanack B paboty yepes KC YKIIT, npu stom Apyrue cKBaXHHbI JAHHOTO KyCTa
OCTaHaBJIUBAJIUCD.

Ha YHI'KM wucnonb3oBanuce cenaparopbl KOHCTPYKUMH HKBH «MuHxuMma», Kotopbie
BXomaT B KoMIutekT YKIIT nmon unaexcom C-203.

PexuM paboTsl CKBaXHHBI YCTAHABIMBATICS C NIOMOIIbIO perynmupyemoro wryliepa (I1P) Ha ne-
penyckHoM rasocbopHom kosuiektope (I'CK) 3nanus nepekmouyatomien anmaparypst (3[1A). B ciyyae
HEOOXOIMMOCTH Ha YCThe MCCIIENYEMO CKBAXMHDI WITH nepen BxoaHbM LLP 3I1A YKIIT npeaycmor-
PeHa 10/1a4a MHTHOUTOPA (BOAOMETAHOMBHBIN PACTBOP C KoHLeHTpauueit 75 % — 90 %) mna npen-
OTBpALLEHUS 00pPa30BaHMUs TMAPATOB. B cenaparope npoucxomnmio pa3ieieHue ra30BoH U XUIKOIH Pa3.

Ilns onpeneneHus ra30KOHAEHCATHOM xapakTepucTuku (I'KX) uccnenosanuce ckpaxuuel,
pabouuii 1e6UT KOTOPBIX cOCTaBsLT Gojiee 400 Thic. m3/cyt. Takoit ge6ut HeoOXoRUM JUIST BBIHOCA
KHIKOCTH € 320051 CKBaXXMHBI NPH JTU(PTOBLIX TPyGax AMaMeTpoM 114 MM M CTaLIMOHAPHOTO TPaHCTIOpTA
ra30XXUIOKOCTHOM cMecH oT KycTa 1o YKIIT.

[ vccenoBaHust 1OAGMPANTHCH CKBAXMHBI C HE3HAYUTENLHBIM IeOUTOM IJIACTOBOM BOMBI,
Tak Kak NPOBEICHNE CHCTEMATHYECKHX 3aMEPOB Ie01Ta BOMbI B YCIOBHSIX YPEHIOHCKOTO MECTOPOX-
AcHus Ha cenaparopax C-203 He nmpeacTaBasics BO3MOXHDBIM I10 CIEAYIOUIMM IPHYUHAM:

- BIICpMOI HApaCTAIOLIE! ¥ CTAOUIU3UPOBAHHOM 1OOBIYH JEGHUT BOIBI UCCIIEAYEMBIX CKBAXXUH
XapaKkTEpU30BaJICS BEIMIMHAMM HA [1BA MOPsIKA MEHbILMMM OTHOCHUTE/IbHO AeGUTOB KOHJAEHCATa,
HTO HPUBOIUIIO K HEOTIPABNAHHOMY YBETMUEHHIO BDEMEHH UCCEN0BAHMS CKBAXHUH BCIICICTBIE U~
TEIbHOrO 3aI0JIHEHUS] TAPUPOBAHHOM EMKOCTH /TSl BOIBI;

- BBIHOC BOJbI M3 Lileii(a, B OTJIMYME OT BBIHOCA Ta30BOTO KOHZICHCATa, XapaKTepH3yeTcs
KpaiiHei HepaBHOMEPHOCTBIO. [TOTIBITKY MCCIEN0BATh STOT NPOLECC, BBISIBUTH IEPUOINYHOCTD BLIHOCA
1 CBA3aTh C TEXHONOTMYECKUMHU MTPUIMHAMM He NIPUBOLIST K ONHO3HAYHbBIM Pe3yJIbTaTaM.

Konuuectso Beienusierocs KI'H onpenensiiocs 1o BPEMEHH 3aI0JIHEHUSI TAPUPOBAHHOTO
o6bema KC. IMo mosnyyeHHBIM 3aMepaM paccuMTBIBACTCS cpennee Bpems HakoruieHust KI'H B tapu-
POBaHHOM 00beMe. OTKIIOHEHUE BPEMEHU HAKOILIEHUS OT CPEIHETO HE NOJIKHO IMpeBbIiuath 2 %.
B ciiyuae e1MHUYHBIX OTKIOHEHNI BpeMeHu 3aMepa, BhI3BAHHBIX KPATKOBPEMEHHBIMUY H3MEHEHUSIMH
B paboTe TEXHOIOTMYECKOI JIMHUHU, Ha KOTOPYIO paGoTaeT uccieayeMasl CKBaXXyHa, 3TH 3aMephl He

YYUTBIBAIOTCS.
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[Mpy 3HAYMTENbHBIX KONEOAHUAX BPEMCHU HAKOIICHNs KOHACHCAT4, NPOAOJIXKABLIUXCS B
TeyeHue CYTOYHBIX UCCIEIOBAHNI U CBUAETEILCTBYIOUINX O HecTabWIbHOUN paboTe CUCTEMBI TIACT-
ckpaxita-ITCK-KC YKIIT, nonydeHHbIe JaHHbIE CYUTATUCH HEIOCTOBEPHBIMU U HUccaea0BaHUA
CKBaXMHbI IIPEKPALLATUCD.

Jle6uT rasza cenapaluuy U3MepsuIcst ¢ TIOMOUIbIO nuadparMeHHOTO U3MEPUTENIsT pacxoia rasa
tuna JCC, naBneHUs U3MEPAINCH 0OPa31loBbiMM MAHOMETPaMI KJ1acca TOYHOCTH 0,4, Temnepa-
Typa — PTYTHBIMU WM CIIMPTOBBIMU TEPMOMETpaMHU.

BBuIy TOIO UTO MO TEXHOJIOTHUECKUM OCOOCHHOCTAM VKIIT paGoyee naBieHUe cenaparopa
C-203 B 3aBUCUMOCTH OT EPUOIA Pa3padOTKU JOCTUTATO BETUUHUHbI 12 MTla, ra3 cemapauuu coaep-
a1 3HauMTeIbHOE KOJMuecTBO KoHieHcaTta. ColepxaHue KOHIEHCaTa B rasc cernapaliuu 1iepBoit
crynenu (C-203) no ckBaXXMHaM K0J1e0anoch ot 25 10 60 t/M3. Ha YKIIT' YpeHroicKoro ra3oKoH-
JEHCATHOTO MECTOPOXIEHHUSI TEXHUYECKH HEBO3MOXHO OCYLIECTBUTD NCCICAOBAHNE CKBaXWH B [IBE
CTYNEHM C CENapMpOBaHUEM TOJHOTO MOTOKA MPOAYKLUHMHU CKBOXMHBI. Kak cieicTBUE B KauecTse
sropoit ctynenu cenapaciu npu KW ucnonb3osanach manoraGaputHas ycraHoBka bBJIYUC-2 xon-
crpykumu 000 «TiomenHU Wrunmporas».

ONHOBPEMEHHO C 3aMEpaMy BPEMEHU HAaKOIICHU: B KC onpenensiercst konuyectso KI'H,
conepxauieroca b raze cenapatmu nocne KC. [lst 3Toro 4acTb notoka rasa cerapalliy HalpaB/isiach
a Bropylo cryrenb cenapauny (bJIYUC-2), roe n3 rasa, NpoLICIIIEro nepeyto CTyI€Hb, TONOJHH-
tenbHO Bhuiesuics KTH nipy gapnenun, 61M3KOM JaBJIEHUIO MaKCcMMasbHOIM KoHaeHcaimu (5,5 MIla).
Pacxox ra3a cenapauuu nocie BJIYUC-2 nzmepsiica CHET4UKOM PT'-40.

OT160p 4acTH MOTOKA IS cenapanuy B BJIYUC-2 npousBoawics rnocse auadparmbl ACC,
KOTOpast BBITOMHSIA TAKXKE POJIb CMECHUTEJISI, TO €CTh MAKCUMAIBHO BOSMOXKHO 06ecn’eq14}3ana O/IHO-
POIHOCTb MOTOKA 10 CEUEHUIO TPYOLI.

Ocnognbim Hedocmamiom BJIYHC-2 aBnseTcsd HU3Kasg [PONyCKHast CcrocoBHOCTh. B ycTaHOBKY
[ocTyraeT He3HaunTeabHast yacThb (0T 0,5 % 10 2 %) ra3a cerapaluy nepBon CTYNEHU.

Jocmouncmeom yemarnosku bJ1YHC-2 apasietcs TO, 4TO OHA MO3BOJIACT OCYIIUTD ras 10 ocra-
ToyHoit koHueHTpauun CsH ,, — 1 r/m>.

DU3NKO-XMMUUYECKME CBOMCTBA KOHEH CAaTa U ra3a cernapaiuy onpeiessiuch B J1a00paTopHUsIX
HTL 00O «T'a3npoM 100bi4a YpeHrou», Uik 4ero B KOHTEWHEDPBI OTOMPAIUCH COOTBETCTBYIOLINC
Mpo6bl HECTAGUIBHOTO KOH/IEHCATa C T1epBOii 1 BTOPO#I CTYTEHE# cenapaiy 1 Ipo0Obl ra3a cenapaimu
BTOpOIi cTyneHu. YaenbHbiii Beixoa KI'H orpeesisiics OTHOILIEHHEM KOIHIECTBA BbLAEJUBIICTOCS B
cernaparope KOHAeHcaTa K KOJIMUYECTBY Ta3a, MPOIyLIEHHOro 4epe3 ceraparop.

B npotecce uccieN0BaHNi CHUMAIOTCS TEPMOIMHAMMUECKNE TTApaMETPBI yCTbs CKBaXXHHBI,

sxonaa 3I1A, 3aMepHOTo ceraparopa.
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ITpu npoBeaennn KU ucnonb3osantocs cienywouiee obopynoBaHue:

- ACC — cuiboHHBIH AU(PMaHOMETp, YCTAHABNUBAETCS B MECTeE pacnoJjioxeHusi aMapparmbi
Ha JIMHMK BBIXO/Ia ra3a cernapalMu repBoii ctyneHu. Pacxos rasa ¢buKcupyercs B npolieHTax Hepas-
HOMEPHOU 1iKajbl uarpammel JJCC;

- IpoGbI rasa cenapauuu U KI'H ot6upatorcs B cTaibHble KOHTEIHEPBI COOTBETCTBEHHO 0Gbe-
MoM 50—150 cm? ¢ pabounm napneHuem no 12 MIla u 400 cm? ¢ naBaennem no 34 MIla. ITpob6o-
OTOOPHHUK (KOHTEIfHED) MPeCTaBIsET OGO TIOIbIH LUWIMHID C BHYTPEHHEH pe3b0oii Ha KOHIaxX, B
KOTOpbIE BBUHYEHBI UTOJIbYATBIE BEHTUIIN,

- BIYUC-2 — 6510yHas MajlorabapyTHas CerlapallMOHHAst YCTAHOBKA KOHCTpyKiuKu OO0 «Tio-
MeHHHWWrunporas» npenHasHauena as MOACIMPOBAHUSI BTOPOM CTYIEHU CeNapalyy [Py HCce-
A0BAHWH BAJTAHXUMHCKUX CKBaXUH vepes cenapatop C-203. YcTaHOBKa BJIYHUC-2 nossonser npo-
M3BOIUTD 3aMep YNEIbHOTO BBIXO/a KAK OTHOILEHUS] 00BbeMa BbIIETUBLIErocs 3a Bpemd 3aMepa KI'H
K 00BeMy rasa cenapaLuyu BTOPOii CTyleHH, IPOUICANIEro 3a 3TO Xe BPeMst Yepe3 CYETUUK, BXOAA LM
B KOMILTEKT ycTaHOBKU. BJIYHUC-2 o6¢nyxupaercs WHXEHEPOM U ONEPaTOPOM.

Ipu ucciaenoBanun ckBaxuH Bo BTOPOH CTYIEHU Yepe3 3aMepHbie cemaparopel YKIIT ycra-
HoBka BJIYMC-2 noncoeaunsiercs K cremuaibho 000pYyIOBaHHOIA TOYKE 33 Y37I0M 3aMepa aebura
rasa cernapalMy NepBoi CTYIIEHHU.

BJIIYHUC-2 cocrouT u3 cnenymonmx 6,10K0B u Y3JIOB:

a) METaHOJIbHULIA UCITOMb3YETCS IS IOJAYH METAHO/A B [IOTOK ra3a, MOCTYMalOIETO B MaJIO-
rabapuTHBII cenapaTop ¢ LeabIo NPEIOTBPAILEeHUs THAPATOOOPA30BAHUSI;

0) cemapauMOHHbIIi 610K CITYXKHT ISt CeTapaliMu NOTOKA ra3a 13 nepBoil cTyneHu. B cenapa-
TOPE MPOMCXOLNT pasjieIeHHE ra30BOM M XKUIKOH a3, u3mepsiercs konmuectso KITH , BBLIEUBLIETOCS
13 rasa cenapalu nepBoi crynenu. 'azoBast cMech noctynaer B CEMapalMOHHBII 37EMEHT yepe3
TaHTCHUMATBLHO PACIIONOXKEHHBIN IUTYLIEp W MPOXOAUT 1O BUHTOBOH KAHABKE. XKunkocts Bo Bpa-
LIAIOLIEMCH TIOTOKE OTOPAChIBAECTCS LUEHTPOOEKHBIMU CHIAMU K Hapy>XHBIM CTEHKaM M 4epes3 TaH-
TCHUMAILHYIO LIE/Tb CTEKAET B MEPHYIO eMKOCTb. ['a3 cenapaiuy BbIBOLUTCS U3 ceraparopa uepes
LUTYLEP BbIXO/IA ra3a. YPOBEHb XMAKOCTH HabIIOdaeTCs yepes MepHOe CTeKIT0. O6beM XKUIKOCTH U3-
MEPSETCA 10 TApUPOBAHHON JIMHEHKE, PaCIONOXEHHOI Ha TiepeaHeit naHe n. OGbeM BBIJEIUBILETOCS
KI'H (v, ., cM’) onpenensiercs no TapupOBaHHOMY 00beMy cenapatopa. B cemapatope ¢ nomombio
BXOIHOTO 1 BRIXOXHOTO BEHTUJIEH MOANEPXKUBAETCS [IOCTOAHHOE JaBJIeHMUE, (pukcupyemoe 06pa3sio-
BBIM MaHOMETPOM. BeHTunu ycraHasimsaiores B pesknme AapoccenvpoBaHus. TeMrieparypa rasa ce-
napaunu GUKCUpPYeTCs ¢ MOMOLIBIO TEPMOMETPA, YCTaHOBJIEHHOTO B CeTapaTope;

B) 6JI0K 3aMepa ra3a COCTOUT M3 ra30BOIO CYETUMKA PT-40, MmaHoMeTpa u TepmomeTpa st

OonpeaciicHUa TCpMOﬁapI/I‘{CCKI/IX IMapaMeTpoB ra3a Ha BbIXOAE U3 CYETUMKA. BJIOK CIIYXMIT U1 3aMepa
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KOJIMUECTBA 1234, IPOTyILeHHOTo Yepe3 cenapatop (O . m3/4). Ta3, mpomnyieHHbIX Yepe3 CUeTIHK,
c6pacbiBaeTcs B atMochepy.

B npouiecce MCC/IEA0BAHNsA CKBaXHHbI 1ABJICHUE H3MEPATOCH € MOMOILBI0 0GPA3LIOBBIX Ma-
HomeTpoB Kiacca Toynocth 0,4. Temneparypa cenapalini fIepBOI 1 BTOPOM CTYIIEHEH, a TAKXKE TEM-
[lepaTypa ra3a, IpOXOASILIETO Yepe3 CHETUNK PI'-40, u3Mepsiiach pTYTHHIMU TEPMOMETPAMU.

KoIM4ecTBO ra3a, MPOLIEIIEro Yepe3 cernapaTop BTOPOi CTYTEHH, OTIPEAL/IACTCA 1O dopmysie
Qrc = Qr.cq.Knep’

rne Q. ., — KOJIMYECTBO ra3a, POLIELIero yepes cueTunk PI'-40, M3/4;

Knep — K02(¢dUIMEHT Nepecyuera rasa.
_ TPy
Knep - ’
T.P

cCy~CT

rae T,, — CTaHAapTHas TEMIICpaTypa (293,15 K);

P_, — nepernaj NaBiaeHus Ha cuerurke, MIla;

T, — TeMIepartypa rasa Ha BbIXOe 13 cyeryuka, K;

P — craHmapTHOE JaBieHHUe (0,1013 MTIla).

VaenpHbiit Boixoa KI'H Bo BTOpoii cTyNeHy cernapaunn (BJIYHUC-2) onpenensieTcsi OTHOIIC-
Huem o6bema KTH, BolIe MBIIETOCs B cerapaTope, K 00beMy rasa cernapainu BTOPOM CTYTIEHU:

V.
Qg = c™’ /M3.
TC

PacueT cocTana r1acTOBOrO ra3a Ijisd 3Toro cjiy4as BbIITOJIHSETCSA B COOTBETCTBUU C METOIMKOI,

usnoxesHoii B 9.4.2 yactu I.

[MokazaTenu TlepBas CTyIEHb Bropas cTyneHb
HNasnenue, MIla 10 4
Temmneparypa, °C 29 -5
Konnuectso soiaenstomerocst KTH, g, em?/m3 22,7 19

Kounencat K['H, oTo6paHHBbIif U3 BTOPOU CTYTIEHU B KOHTEHEP 00BeMOM 85 cM3, moaBepriu
nerazanuu. TIpy 3TOM GbUIO BBLAENEHO 5,3 am3 rasa cieaymoliero cocrasa (MoJisipHas 10JIsi KOMIIO-
Henta, %): C, — 65,92; C, — 17,19; C; = 2,79, u-C4 — 1,36; u-C, — 2,75, CsH 5y — 3,02; CO, — 1,48.

Brixo Aera3upoBaHHOTO KOHIEHCAaTa COCTaBHI 67 cm?, ero rotHocTh — 0,74 T/cM3, MOJIeKy-
nsipHas macca — 104.

CoCTaB rasa rocJjie BTOPOii CTYNIEHH cenapaiuy Ceayoluii (MonspHas 10715t KOMITOHEHTA, %):

C, 93,87 C, — 3,29; Cy — 1,06 u-C, — 0,16, #-C4 — 0,22; CsH ., = 0,1:N,0 — 0.8, CO, = 0.5.
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[To dopmymnam (9.3) u (9.5) yactu [ BbIuKCASIEM

A=5,319/85 = 1,18 moeit;
B=1967-0,74-24,04/(85:104) = 2,56 mMoneii.

[TonydeHHBIE TaHHBIE PUBEAEHHI B Tabauue 5.1.

P I'a3npom 086-2010

J1st ompenesieHus cocTaBa rasa, MPOLIEILIETro NEPBYO CTYNEHb CEeNapaliy, CyMMUPYEM YHCIO

rpaMM-MOJIEH KaX10ro KOMIIOHEHTA rasa, MpoIIEALICTO BTOPYIO CTYIIEHD CeMapauni, ra3a qerasaliuu

u C;H |, ., a 3aTeM eMM MOIYYEHHYIO CYMMY Ha OBllee YHCJIO IPaMM-MOJiei (1003,74). Cocras

rasa, poleaIEro MepBylo CTyNeHb Cenapaluni, IIpuBeaeH B cToaone 8 Tadbauuesr 5. 1.

KI'H, otobpanHblit U3 1epBoii CTyneHu cenapaluu B KOHTeiHep 06beMoM 85 M3, 6buT Mos-

BEPrHYT ferazauuu. Boinemmiock 6,1 M3 rasa crenyrouero cocrasa (MOJsSIpHast 10J151 KOMITOHEHTa, %):
C,—829;C,—11,76; C; — 2,76, u-C, — 0,49; n-C, — 0,61; Csy — 0,85, CO, —0,6.

Brixon nerasupoBaHHOIO KOHIEHCATA COCTABUI 68 M3, TNTIOTHOCTD €50 — 0,7855 r/cM3, Mone-

KynsipHasi Macca paBHa [35.

IUIACTOBOTO rasa (Tabnuua 5.2, cronberr 8).

Mo dopmynam (9.3) u (9.5) npoBOAUM CllEAYIOLLIME BHIYNCIICHUS:
A=06,1-22,7/85= 1,63 mouneii;

B=1227680,7855-24,04/(85-135) = 2,54 moneil.

IlonyyeHHBIE TaHHBIE MPUBEAEHBI B TAOAULE 5.2.

Ilo anamoruu ¢ cocraBom rasa, IMpOoiIICALICTO NIEPBYIO CTYNEHb CETIapalluy, ONPEALIsIEM COCTAB

[MoreHunansnoe conepxanne KI'C B iactosom rase (IT) paBHo cymme COAECPXKAHUN 3THX yT-

nesonoponos B KI'H (K) u rase cemapauuu nepsoit crynenu (L).

Ta6awnua 5.1 — PacyeT cocraBa rasa mociie epBoii CTyNeHHU cenapannm

o o I'a3 cemapanuu [a3 nerasauunu KrH: oTo- Conepxatine CocraB raza, npolLealero
S g i OpaHHOTO Ha BTOPOIi CTY- CsH,,,, B nerasu-

= BTOPO# CTYNIEHH B MEPBYIO CTYTEHb Cenmapaluy
z 2 TIEHU CerapaLuu POBaHHOM KOH-
» MOJL. moJist, % | MOJM | MOJ. nons, % MOJIH JieHcaTe, MO MOJTH MoJ. gonsi, %

1 2 3 4 S 6 7 8

C, 93,87 938,7 65,92 0,78 — 939,48 93,60

C, 3,29 32,9 17,19 0,20 — 33,10 3,30

C, 1,06 10,6 8,28 0,01 - 10,70 1,07
u-C, 0,16 1,60 1,36 0,02 - 1,62 0,16
H-C, 0,22 2,20 2,75 0,03 - 2,23 0,22

Cs, 0,10 1,00 3,02 0,03 2,56 3,59 0,35

N, 0,80 8,00 — — — 8,00 0,80
co, 0,50 5,00 1,48 0,02 — 5,02 0,50
Bcero 100 1000 100 1,18 2,56 1003,74 100
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Ta6auua 5.2 — Pacuer cocTaBa ILUIACTOBOIO ra3a Ipy ABYXCTYIIEHYATOM cenapauuu

é & [as cenapauiu g;z}fiflrﬁx;ggé 23: C goﬂepz(zggin- CocTas [J1acTOBOTO rasa
z ;’ MIEpBOH CTYMEHH MEHHU cenapauuu SOB‘;EZOM KOH-
> MoJ. 1onst, % | moau | mou. nonst, % MOJIU JleHcaTte, MOJu MOJTH Mo gons, %
1 2 3 4 5 6 7 8
(OF 93,6 936 82,90 1,351 — 937,351 93,34
C, 3,30 33,0 11,76 0,192 — 33,192 3,31
G, 1,07 10,7 2,79 0,045 - 10,745 1,07
u-C, 0,16 1,6 0,49 0,008 — 1,608 0,16
n-C, 0,22 2,2 0,61 0,010 — 2,210 0,22
Cs, 0,35 3,5 0,85 0,014 2,54 6,054 0,60
N, 0,80 8,0 - - — 8,000 0,80
Co, 0,50 5,0 0,60 0,010 — 5,010 0,50
Bcero 100 1000 100 1,630 2,54 1004,17 100

MotenumnanbHoe conepxkanne CsH,, B rase cenapauiu IepBoii CTyNeHH Cenapannm L paBHoO
cyMMe coepxanus atux yriesonoponos B KI'H K' u raze cenapauuu L' BTOpo# CTYTIEHH.

Takum odpaszom,
MM=K+K + L,
rae
22,7 3
K :—85—(0,03-6,1-0,85+68~O,7855)=14,3 r/M’;

K'=3(0,03-5,3-3,02+67-0,74)=11,2 r/M;

L'=10-0,1—2— —3 1/,
24,04

Crenosarenbdo, [1= 14,3+ 11,24+ 3 =28,5r/m>.

5.5 TIporno3 pacnpene/ieHus KOHIEHCATA B CHCTEME ABYXCTYIIEHYATONH cenapaunu

[1py NpOEKTUPOBAHKM O0YCTPOIICTBA MECTOPOXIECHUST HEOOXONUMBIMH [1apAMETPAMU ABJISIOTCSA
KOJMYECTBO KOHAEHCATa, BBUIEAIOLIErOCs B MEPBOMH M BTOPOM CTYIEHSX cenapaluu, KOJNIeCTBO
KOHIEHCATa B Iera3aTope, KOJIMYECTBO M COCTAB ra3a fera3aliuy, IoTHOCTh u ycanka KI'H B rwiactoBoM
raze u rutotHocTs KI'C. TlonyuuTts 3TH JaHHBIE MOXHO MyTeM MOCTaHOBKH JJAGOPAaTOPHBIX IKCHEPH-
MEHTOB C UCIIOJIb30BAaHUEM IBYX YCTAHOBOK BBICOKOTO JaBiaeHHs. ONHa U3 HUX UMUTUPYET IL1aCT, B
KOTOPOM PEKOMOUHUpYeTCs poba, ApyTasi CITyXHUT B KauecTBE Ceraparopa nepBoii cTyneHu. B kayectse
BTOPOJi CTYIIEHHU UCIIOJb3YIOT CEMAapaTop OJHOM U3 ycTaHOBOK. CMelMBaHMe KOHICHCATa IIepBOi 1
BTOpOIi CTyIeHel ocyliecTBisieTcst B cenaparope. Cenaparopbl YCTAHOBOK BBICOKOTO IaBJIE€HHS UC-

MOJB3YIOT U1l MOACJIMPOBaHMA KOHACHCATa BO BTOpOﬁ CTYIIEHHU CeMNapaluu U KOHIEHCATOIIPOBOAA.
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Huxe npuseneHa MeTonuka u3yyeHus pacrpeneieHUsi KOHAEHCATA B CUCTEME IBYXCTYIIEH-
4aTOH cenapauuu Ha MpUMeEpPe 3alIeXH BbY,, Ypenroiickoro Mectopoxaenus. [loreHuMabHOE CO-
JepXaHue KOHIeHcaTa — 245 1/M3, III0THOCTD CTAGMIBHOTO KOHAEHCATa — 742 KI/M>.

KoMIiekc UCXOIHbIX JaHHBIX, MOJTYyYEHHBIX 3KCIIEpUMEHTANbHO Ha YTK-3 1 pacyeToM, cie-
OYIOLUHA;

- ipy naByieHuH 13 MITa u temneparype 24 °C soinensiercs 480 cm3 KI'H Ha 1 M3 taza cernapauyu.
Kosdpduunent ycanku KI'H ripu cHxeHun nasiedus no 8 MITa mpu remrneparype 10 °C pasen 0,8;

- B Cemaparope BTOpOU CTymneH! npu JasieHuu 8 MIa u remneparype munyc 10 °C Bbizesgercs
136 cM3/M3 KI'H;

- obimee xonnuectBo KI'H, nocrynarouiero Ha aerazaumio ¢ nasieHueM § MIa u TeMIIepaTypoi
0°C, —480-0,8 + 136 = 520 cm3/m3;

- mnotHocTb KI'H — 575 kr/M3, a koacbduumenT yeanku npu aasjieHuu 1o 0,1 MIla npu tem-
neparype 20 °C — 0,643;

- TUIOTHOCTDb YaCTUYHO JI€ra3upOBaHHOTO KOHIEHCATa NpK AaBneHuu 1,5 MITa — 635 kr/m3;

- u3 | M? KT'H Boinensiercst 100 m? rasa nerasauun, uto 8 riepecdete Ha 1 M3 KI'C paso 156 M3,
aHalTt—211wm3;

- Ha 1 Mt M3 rasa cenapaunu Boigenserca 520 M3 KI'H, uto cootBercTByeT 335 M3, unu
249 T KI'C;

- KOJTMYECTBO rasa ierasaliui, KOTOpoe OyAeT BhIIEsIThCS Ha rnpoMbicie U YCK:

520-100 = 52 Thic. M3,

Bec KI'H, noctynatoiero Ha aerasanmio, paBeH 298,5 T.

Mcnonb3ys nomyyeHHble MCXONHbIE JAHHbBIE MOXHO MPOBECTH PACUYET MATEPHAILHOTO GaaHca
I06bIYM, era3aliuy U CTaOMIM3al MK KOHIEHCaTa.

Marepuanbhblit 6anaHc 106BIYM KOHIEHCATA COCTABJIEH 6€3 yYeTa ero TeXHOIOMMYECKHX
TOTEPb Ha NPOMBICTIE M YCTAHOBKE CTAOMIN3ALIMH, YTO AT HEKOTOPBIH 3aM1ac 110 CPaBHEHUIO ¢ (ak-
THYCCKUMU JaHHBIMHU MPU TPAHCIIOPTUPOBKE KOHAEHCATA.

Pacyer nposeneH n71s ciydast ferasauuu KoxaeHcara ot 8 10 1,5 MIla [IpU TEMITepatype
Munyc 10 °C.

MarepuanbHbiit 6anaHe coctasieH Ha | MiIH M3 rasa cenaparuu.

Tlo nanHbIM TabopaTOpHBIX UccieaoBaHuit py nerasauuu KTH ot 8 MITau 0°C no 1 ,5 MIla
u MuHyc 10 °C Boigessietcst 175 M3 raza gerasauuv va 1 1, wim 130 M3 Ha | M3 KI'C, uTo B mepecyere
Ha 1 M3 KT'H pasHo 83 M3.

CocrtaB rasa npuseneH B Tabnuiie 5.3.

Komnuectso rasa nerasauuu Ha npomsiciie 83-520 = 43 toic. M3, wiu 37,5 T.

Konuuectso KI'H npu nasnenuu 1,5 MIla u temneparype 10 °C 298 — 37,5 =261 T wiu
410 M3 (motHOCTB 635 KI/M3).

Konunyectso raza nerasauuu Ha YCK 52 — 43 = 9 toic. M3, wim 12 1.
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KonmnuectBo KI'C Ha YCK 261 — 12 =249 1.

Konuuectso KI'H, moctynubiiee Ha YCK ¢ ydeToM rasa nerasalud M CTabuIM3alui,
261/1,052 =248 T.

KonuuecTBo rasa crabwinsauuu, noiydyaemoe Ha 1 T KI'C, 211 — 175 = 36 M.

Ha 1 M3 KI'C — 26 M3,

Ha I M3 KTH — 17 M3,

Konuuectso KI'C, nonyuaemoe Ha YCK ¢ yueToM rasa nerasaumu 249/1,0375 = 241 r/M3uc
y4eToM rasa crabunusannu 249/1,052 = 236 /M.

Pe3ynpraThl pacyeTa KOJIMYeCcTBa ra3oB JerasalMu ¥ CcTabWin3alMM, a TAKKEe KOHACHcaTa

MpeAcTaBieHbl B Tabnuue 5.4.

Ta6auna 5.3 — CocTaBbl ra3oB Aera3alMy U CTa0MIM3alUuU

Mokasatens Hasnenue, MTIla
8—15 (merazauusi) 1,5-0,1 (cTabunusanus)

MonsipHasi 10/ KOMIIOHEHTA B COCTaBe rasa, %:

CH, 75,59 26,67
C,Hg 9,2 18,17
C,Hg 7,37 28,23
C,Hy, 3,47 19,75
CsHy,, 3,9 6,96
N, 0,13

Co, 0,34 0,22
T110THOCTD ra3a, Kr/M> 0,87 1,33

Tabauua 5.4 — KojnuuecTBo ra3oB Jerasaluy U CTabWIn3alun KOHICHCaTa

KoHnencar a3 zerasaluuu TOB?::MH
KoJMye- | MOTeHLHAbHOE KOJHye- - -
- COIEPXAHHE | o = =
CTBO colepxaHue | = CTBO 5 X
~ ~ Q jes)
[Mpeneas U3MeHEHHUs s = = & g 2 S
apiaenus, MIla = |e g1 4 (OR e 3 > 5
) 52858/ 5) |=[8|Z|E|8] E |§
T M| FE|EEI ST 5 2 3 R
TR s e |2 ¢
=g 5g 8|5 A - B = =
S |ILg5| = = = = o
I X
8=1,5 mpuremnepa- | o1\ 410 | 261 | 248 |835(37,5| 43 | 175|130 | 83 |0,87| 43 [1,043
type MuHyc 10°C
Or 1,5 npu Temrnepa-
Type Munyc 10°C 40 3351 949 | 236 |742] 12| 9 |36 | 26 | 17 [1,33] 52 |1,052
no 0,1 mpu TemMnepa-
Type 20 °C
[MpuMeyaHus

1 OGbeKT mera3aluy U cTabuwiusaunn — rnpomsicen YCK.
2 Tpu pacueTe 1OOLIYM KOHASHCATA YUTEHHI 9 /M3, yXoAsllMe B PACTBOPEHHOM COCTOSIHMM B rase cernapa-
uuu. PacueT nposoaman ucxons us 520 m3 KTH na 1 MH M3 rasa cemapaumu.
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5.6 OcobenHocTH HCCIeI0BAHMA NIACTOBBIX CHCTEM, HAXOAAIINXCS B OKOJIOKPATHYECKOM
COCTOSTHHH

[t OKOJIOKPUTUYECKUX CHCTEM IPOMBICTOBBIE MCCIEAOBAHMS HEOBXOINMO NPOBOAUTDL Ha
HECKOJIBKHUX PEXHUMAX € 3aMEPOM 3a00HOTO JaBAE€HHS U OTOOPOM CEMapaTOPHBIX P06 HA KAXIOM
peXuMe. YUUTHIBag XapaKTEPHOE CBOMNCTBO OKOJOKPUTUYECKUX CUCTEM — HEIOHACHIIIEHHOCTD, 3TH
MCCJICIOBAHUA JO/DKHBI COTIPOBOXAATHCS 003aTeIbHOM OTpabOTKOM CKBAaXKUHBI TOCJIE OCBOEHUS Ha
MUHMMaJIbHOM nenpeccuu. [1pu 53ToM Ha Beex pexumax XenaTebHO MOAePKUBATh BIU3KIE rnapa-
METPBI CCNIapalluK, KOTOPLIE U1 OKOJIOKPUTHIECKOH CUCTEMBI B KaKOii-TO Mepe OyayT ob6ycIoBIu-
BaTbCsl NTPOJYKTUBHOCTHIO CKBAXKUHBI.

OcHoBHBIM TpebOBaHUEM K NMapaMeTpaM Cenapaliy I0JKHO ABIAThCS CO3IAHME Onarompu-
SITHBIX YCJIOBUM JUIS 3aMepa AeOUTa XUIKUX YITIeBOJOPOIOB, a TAKXKe OTOOpa MpencTaBHTeIbHbIX
npo6 rasa.

Bricokoe comepxaHue B NPOLYKLIUU CKBAaXWHBI XUIKHUX yrieBogoponos (no 1000 r/m3 u
Gosnee) 06yc10BANBaET HEOOXOMMMOCTD IPUMEHEHUS IS TOBMIILIEHUS TOYHOCTH 3aMepOB B KAUeCTBE
CenapallMOHHOM YCTAHOBKY FOPU3OHTANIBHOTO CENAapaTopa, MMEIONIEr0 KOHIEHCATOCGOPHUK BHICOKOTO
nasienus (tuna I'CT). B 3ToM cityuae BpeMsi KOHTAaKTa MeXKIy Ta30BO# 1 KHUAKOM (hazamu Bo3pacraer,
a GUKCUPOBAHHBII 00BEM, UCTIONb3YEMBIH TS 3aMepa, IIOBBILIAETCA B TpH pa3a. [1pu ManbIx ne6urax
Fa3a BCTa€T BONMPOC MCIOJIB30BAHUS IUISI €TI0 3aMepa CHELMATbHBIX CYETYUKOB, TAK KAK TOYHOCTD
3aMepa nebuTa B 00J1aCTH HU3KMX JaBJEHMH U MAIBIX I€6GUTOB C MOMOLIBIO AWKTa cymecrseHHO
CHMXaeTcH.

Ha cranuy npombIcioBsIx U 1a60paTOpHBIX PabOT rIaBHOM 3a0aueil sIBISeTCS omnpeneneHue
CoCTaBa IUIacToOBOTO (IIOMIA M TUIIA 3aJIEXKH YTIEBoLopoaoB (5.7). CocTas I1acTOBOTo dnrouna onpe-
ACTACTCA MO pe3y/IbTaTaM UCC/IeJOBAHHI CeMapaTOPHBIX PO Ta3a Cenapally U ChIPLIX KUIKHUX YT-

JIEBOAOPOIOB.

5.7 Onpenenenne Tuna 3anexu

Crioco6bl IMarHOCTHKM TUIA 3aJIEXH U1 OOBIYHBIX U TTyGOKO3AIEraIOIIMX 3aIeKeil yIj1eBo-
AOPONIOB pa3Hbie. B 06bIYHBIX 3a1eXax Ta30KOHACHCATHAS CHCTEMA HE COIEPXKUT CMOIUCTO-achanb-
TEHOBBIX coeNMHeHN. O6HapyxeHHe 1axe B HEGOIBIIMX KOJMYECTBAX CMOJ U aCHaTETEHOB B npo-
AYKLMH YKa3blBAC€T Ha HATUYUE TIPUMeCH HedTU B KoHAeHcate. MHPOpPMATUBHBIM MoKa3aTresieM
OTJIMYMA HE(PTH OT KOHAECHCATOB ABJISETCS MOSIBIEHME OULIMKIUYECKHX apPEHOB B HedTH, KOTOpBIE
¢dukcupyrorcs Ha MK-cnekrpax MHTEHCHMBHBIMU TIOJOCAMHU MOTJIOLICHHS npu 800—900 u 1038—
1040 cm~!. Ha MK -crieKTpax KOHAEHCATOB YKa3aHHBIC NTOJIOCHI ITOVIOLIEHUS OTCYTCTBYIOT. [TosiBiieHue
B COCTaBe JJOOBIBAEMOI0 KOHAEHCATa CMOJT U ac(haibTEHOB YKA3bIBAET Ha HANTUYHE npuMecu HebTH B

NPOAYKIIMU CKBAXUHBI (CM. ITaTeHTHYI0 HHbopManumio [39]).
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B ri1yGOKO3aIeTaioIMX 3a1eXax yIJeBOLOPONOB (PU3UKO-XMMUIECKHE CBOACTBA HedTH U KOH-
JeHcaToB comxaloTcest. s HUX XapaKTEpHO BbICOKOE COlepKaHMe XUIKOH (a3bl B COCTaBE MOCTY-
namoleil U3 CKBaXXMHbI NMpoayKuuu (6osee 1000 cm3/M3). dazoBoe moseaeHUE Ta30KOHIEHCATHON
CMECH B CENapaTope NpakTHYeCKM He OTJIMYAeTCst OT pa30BOro MoBeneH s HETH. Jna onpenenieHust
tina GIIOKAa B 3TUX YCJIOBHUSIX HEOOXOAMMO U3YYUTh XapaKTep BAUAHUA TEMIIEPATypHOTO dakTopa
Ha BEJIMYMHY JaBJeHUA OTHO(A3HOTO COCTOSHUS, TO €CTh ONPEAENUTh — CUCTEMa PaCTBOPEHHOTO
raza B XXMIKOCTU (HepTh) WIM CHCTEMa PaCTBOPEHHOM XUIKOCTU B rase (konaeHcar). B nepsoM
cJlyyae ¢ MOBBIIIEHMEM TEMIIEPATYphl AaBleHNE OIHOGMA3ZHOTO COCTOAHUA (DaBieHUE HACBHILIEHUS)
MOBBILIAETCS, BO BTOPOM — BEAMYMHA [JaBjieHUsl ONHO(DA3HOTO COCTOSIHMS (IaB/IEHME Hayana KOH-
nencaunu) cHuxaercs. CyTb MeToNa 3aKJTI04aeTcs B 1Jab0paToOpHOM MCCIEN0BAHNY ¢dazoBoro nose-
JICHUSI YTI€BOJOPOIHOM CUCTEMBI B YCTAHOBKE (DAa30BbIX PABHOBECHI IIPU HECKOJIbKHX TEMIICPATYypaXx,
BKJIIOUast I1acToBy1o. [1py uccienoBaHUsIX BBITONHAETCS Cepusl 3arpy30K C pasTMIHbIM COLCPXKAHNEM
KI'C. CucteMa p1BOIUTCS B paBHOBECHE U LTS KaXIOM 3arpy3KH ONpENEIACTCS 3HAYCHNE 1aBICHUA
01HO(}a3HOTO COCTOAHHUSL.

Ipumep — Ixcnepumemanvibie Oannble

~ 1400
3
~
5 no pacmeopumocmu y21e6000podos CsH , , p npu-
& A4S
.z 1200 gedenvl Ha pucyHKe 5.2, 20e mouKa nepeceveHus
g
£ 1000 Kpusbix pacmeopumocmu xapaxmepusyem Kpu-
% 980 N\ MuMecKyo 301y
g \ y .
g NN M
S 800 <
4.5 \\% Cyd 1o XxapakTepy BAUSHUs TemIepa-
600 Prhay \ Typbl Ha BEJIMYMHY 1aBI1€HUS OMHOGDA3HOTO CO-
) '\\g\ CTOSIHUS, IMHUM, PACIIONOXEHHBIE BHILIE KPU-
400
\U} =
P TUUYECKOM TOUKU, SBJISIOTCS TPAeKTOPUSIMU
=
200 T TOYEK MABJIEHNS HACBIIIEHUS, HUXe — U30JIU-
0

T
HUSIMU TOUEK Hayajla KoHaeHcauuu. HuxHaa

0
40 45 50 55 60 65 70 75

BETBBb Irpa@ukKa sBJISACTCA KJIaCCUYECKOM ras3o-
Tasnenue ogHodgasHoro cocrosiHus, Mlla p (1)

PUCYHOK 5.2 — 3aBUCHMOCTb JABICHHS KOH/IEHCATHOM, BEPXHSISl — FA30KOHAEHCATHOM,
01HO(a3HOTO COCTOSTHUS OT COACPXKAHUA HaxXoAsIIeHCad B OKOJOKPHTUYECKOM COCTOSI-
yraesonoponos CsH 5, , MpY pasInyHbIX

HUU. XapaKTEPHBIM U1l 3TUX CUCTEM SIBJISICTCS
TeMIepaTypax
MX HEIOHACHIILIEHHOCTh MTPU BBICOKOM COACP-
xanuu yriaesoaoponos CH . B Takux 3aexax L1ONOIHUTENBHOE PACTBOPEHNE KOHAEHCATA BEACT
K CHVKEHUIO JaBJICHHUST, TIPY KOTOPOM CHCTeMa OCTaeTCsl B OAHOGhA3HOM ra30BOM COCTOAHUH.
JIaHHBII METO KPOME OTIpe/Ie/IeHHs] THIIA 3aJ1€Xel II03BOJISIET BBLICATh [PAHUYHBIC YCTIOBUS

CyLIeCTBOBaHHUSA TOrO WM MHOI'O TUIIA 3aJ1€XKHU MO KOHKPETHBIM 00BEKTaM.
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5.8 Yuer piunsinus psaga GpakropoB Ha K03 HIHEHT H3BICYEHHS KOHIEHCATA

OmnbIT pa3paboTKK ra30KOHICHCATHBIX MecTopoxaeHuit (YpeHroiickoe, OpeHbyprckoe) no-
Ka3bIBA€T, YTO BO3HUKAET HEOOXOAMMOCTb BHECEHMUSI MOMNMPABOK B 3KCIIEPUMEHTAILHbIE BETMYMHBI
KHK, nonydyeHnsie npu jiabopaTopHOM MOIEIMPOBAHUU MPOLECCA Pa3pabOTKU 3a1€XHM METOILOM
najneHusi miacToBoro gasjieHus (cM. 9.9 gactu I). D10 cBA3aHO ¢ BAUsIHMEM psna (GakToOpoB Ha
(ba30Bble IPEBPAUIEHUs TA30KOHIEHCATHBIX CUCTEM B PEAIbHBIX TUIACTOBBIX YCI0BUsIX. K HUM OTHO-
CSITCSI, B YaCTHOCTH, TUOKCHUI YITIEpOJa, a30T, KOHIAEHCAIMOHHAsA BOxa, HedTh, HEPABHOMEPHOCTD
BBOJA 3aJIEXU B pa3paboTKy.

Hanmuune nuokcuna yrnepona (6onee 3 mon. %) yBenuuusaet Beimuuny KUK, cHuxas npu
3TOM BEJIMYMHY JaB/IeHHS Hayala KoHaeHcauuu (P, ).

IToripaBka K BemunHe P, Ha BIMSHUE IUOKCUIA yriieposa (%) onpenensercs no popmye
AP, =-0,471n,, 5.1

raec h, — HPOUCHTHOC COACPpXKAHHE TMOKCHU A YTJIEPOa B IUIACTOBOM rase.

IMonpaska k BennunHe KUK Ha BrusiHue nuokcuna yriepona (%) onpeaensercs o gpopmysie

AKUK = | (5.2)
0,0808

Ilpumep — Jlasaenue nauaaa kondencauyuu naacmoeozo 2asa 6e3 duoxcuda yaaepoda cocmasasem
30 Mlla, éeaununa KHK — 0,67. Onpedeaumv geaununvi P, u KHK npu nasuuuu é naacmoeom 2ase
20 moa. % ouoxcuda yaaepooa.

Cozaacno popmyaam (5.1) u (5.2) onpedeasem nonpaexu k éeaununam P, u KHK c yuemom

sausAHuUA Quokcuda yeaepooa:

AP, =—0,471-20 = -9,4 %

20
K = /— = 15,75 %.
0,0808 ?

Beauwunvt P, u KHK c ynemom eauanus ouoxcuoa yzaepoda coomeemcmeeHHo pacHsl

30-(100-9,4)
P = 100
KHK = 0,67 +0,67-0,157 =0,77.

=27,18 Mlla.

A30T B I1aCTOBOM rase cHuxaet BennuuHy KUK, Ho noBbilaeT BeIMunuHy I

[Mompaska K BenuunHe P, Ha BIMsiHYeE a30Ta (%) onpenessiercs o hopmysie

(5.3)

rac nNz — MPOUCHTHOC COOCPKAHUE a30Ta B IJIaCTOBOM rase.
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[Tonpaska x BesmurHe KUK Ha BnusiHue azorta (%) onpenensiercs 1o gopmyiie

ny
AKHUK =— . (5.4)
0,123

Ilpumep — Jlasaenue nauasa xondencauyuu niacmoeozo 2asa 6e3 asoma cocmasanem 22 Mlla,
éeaununa KHK — 0,64. Onpedeaurns eeausunvt P, u KHK npu nasuuuu ¢ naacmosom 2ase 20 moa. %
azoma.

Cozaacno gopmyaam (5.3) u (5.4) onpedeasnem nonpasxu x éeaununam P, u KHK ¢ ywemom

8AUAAHUA azoma.

20
AP, = -2 _ 36,5 %;
we =\ g 015 ?
AKHK =— |- 20— 12,75 %.
0,123

Beaununvt P, u KHK ¢ yuemom eausnus azoma coomeemcmeeHHo pagHbl

P, =22+ 22:0,365 = 30 Mila;
KHK = 0,67 — 0,67-0,127 = 0,58.

BansHue koHaeHcannoHHo Bogsl Ha KWK B 3aBUCHMMOCTH OT TepMOOapUUECKHX YCIIOBUMA U
($a30BOro COCTOSTHUS YTJIEBOAOPOAOB B 3aJI€XaX pasHOHAIIPABJIEHO.

I1pu HOpMaJIbHBIX TEPMOOAPUYECKHX YCJIOBUAX KOHIEHCALIMOHHAA BO/Ia CHHXKAET BEJIMYUHY
KUK u3 Henmp uz-3a cHukeHuUst 3ddeKTa ucriapeHNs BHIIABIIETO B [L1acTe KOHIEHCcaTa.

B yc/10BHSIX aHOMaJIbHO BBICOKMX ILIACTOBBIX JaBIeHM I Boa Takoke cHUXaeT Bennunny KUK,
OtpunarenbHoe BausiHue Boasl Ha BeinunHy KWK 13 nnacra nposisisieTcs: B Iepruon rnpotecca KoH-
neHcauuu yresonoponos C.H 5, ., cioco6cTByst 60/iee MHTEHCHBHOMY BBIINANCHUIO KOHIEHCATA.

B cucTeMax OKOJOKPUTUYECKOTO COCTOSIHUA KOHAEHCAIIMOHHAs BOJa CIIOCOOCTBYET MOBbI-
wenuo BenuuHbl KUK 3a cuer 6osee akTHBHOTO MpoLiecca ucnapeHus yriesonoponos CsHy, . .

KoHaeHcaUMOHHAs BOJA B CUCTEME JIeTyueii HeTH UrpaeT 3HeprocOeperaoiyto poJib 3a CUET
CHUXXEHUS BeIMYMHBI JaBJCHHUS HACBILLIEHUS.

J11s1 KOTMYECTBEHHOM OLIEHKK BJAMSHHMS KOHIEHCAIIMOHHOM Boabl Ha BequuuHy KUK He-
00X0/111Ma B KaXJOM OTIEJIbHOM ClIyJae TOCTAHOBKA 3KCIEPUMEHTOB.

[Ipu Hasmunu npuMecH HedTU B TA30KOHIEHCATHOM CUCTEME YBEJIMYMBACTCS BEIMUMHA 1aB-
JEHMs HayaJla ¥ MaKCUMaJibHOW KOHIeHcaluu yraesonoponos CsH, . ., Bo3pacTaioT n1acToBble M0-
TepH TOCIeIHMX, BCIeacTaue yero cHuxaercst BenmunHa KMK. Bennuuna nonpasku KHK 3a cuer

MpuUMecH HEMTH orpeaeaaeTcs 1o 3IMIUPUIECKOR 3aBUCHMOCTH
AKHWK = —0,0014H2 + 0,0541H — 0,0018, (5.5)

rae H — npumech HedTH B KOHAEHcaTe, Macc. %.
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Ilpumep — Beaununa KHK pasna 0,7. Onpedeaums eeaununy KHK npu Haausuu npumecu Hegpmu
6 2a30KoHOeHcamHtoll cucmeme 8 Koaunecmee 2,9 macc. %.

Cozaacno ypaenenuio (5.5) nonpasxa no éausnuio Heghmu cocmaeum

AKHK = —0,0014-2,9? + 0,0541-2,9 — 0,0018 = 0,143.
Toz0a eéeaununa KHK 6ydem pasna
KHK = 0,7 — 0,143 = 0,557.

IIpi HepaBHOMEPHOM MO IUIOLIANM BBOME B Pa3pabOTKy ra30KOHAEHCATHON 3ayiexXH npo-
siBjseTcs 3pHEKT KOHTAKTHON KOHAEHCAIINH, 32 CYET YETO BO3HUKAIOT JOMOMHUTENbHBIE UIACTOBbIE
TIOTEpH KOHICHCATA, TO €CTh CHIXKAETCS! BeJIMYMHA U3BJIEYEHUsI KOHAEHCaTa U3 Henp. Benuunna
BIIMAAHUS] KOHTAKTHOM KOHIEHCAUMU Ha (pa3oBbie IpeBpaIleHHS] TA30KOHAEHCATHBIX CUCTEM 3aBUCHUT
OT TepMOOAPUYECKHUX YCITOBHIA 3aJleraHusi 3aJIEXH M YIJIEBONOPOIHOIO COCTAaBA KOHneHcara. Ha pu-
CYHKE 5.3 TIpUBE/IEHBI PE3YJITAThl SKCIIEPUMEHTOB 1O BIMSHUIO KOHTAKTHON KOHACHCAIIUH HA Be-
munHy KUK ns koHaeHcaTos pasiyHoro cocrasa.

Ilpumep — Beaununa KHK, onpedenennas memodom Jugppepenyuaavroii kondencayuu, cocmas-
asnem 0,63, memnepamypuoui epaduenm 3aaexcu — 2,9 °C/100 m, codepcanue apomamu4ecKux y2ieo-

dopodos — 13 macc. %, omuowenue Koaumecmea apomamuveckux y21e6000p0006 K memnepamypromy

~

0,30

0,20 0,25 \
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OTHoOLEeHHe COAEPXaHUs aDOMATHYCCKHUX YIJIEBOAOPOAOB
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4
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OTHOCHUTEIBHOE CHHXCHHUE NaBJI€HHA KOHTAKTHBIM METOIOM, %
PucyHok 5.3 — OnpenesieHre OTHOCUTETBHOTO U3MEHEHUS Ko3(hduLeHTa U3BIEUEHNS
KOHIIEHCATa OT YIJI€EBOJOPOAHOIO COCTaBa NP1 KOHTAKTHO- UM hepeHINATBHOM KOHIEHCAUU
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epaduenmy — 4,4, doas ynacmus npouecca KOHMAKMHOU Kondencauuu npu paspabomie 3asexcu — 13 %.
Ouenums ausHUE NPOUECCA KOHMAKMHOU KOHOCHCAUUU HA 8eAUHUHY KHK.
Cozaacho pucynxy 5.3 omnocumeavnoe usmenenue éeausunst KHK cocmasanem 0,25 .Toz0a ee-

auquna KHK pagua
KUK = 0,63 — 0,63-0,25 = 0,47.

Mpumeuanue — O®IY «K3» Poccun nporokonom or 28.1 1.2003 yTBepKIeHbI BeIMYUHBI KO3hdU-
[IMEHTOB M3BJIeYCHHsT KOHAEHCATa Mo 0ObeKTaM pa3paboTKH Y PEHroncKoro HI'KM ¢ yueToM BAUSHHUS OCTa-
TOYHOMN HeTH, KOHAGHCALWOHHON BOIbI M HEPABHOMEPHOCTH BBOIA 3ajiexXeil B pa3padoTKy.

5.9 O6ocHOBaHHE FA30KOHACHCATHBIX MAPAMETPOB H XaPAKTEPUCTHK IS NOACYETA 3aNACOB,
COCTABJICHHS POEKTOB Pa3paGoTKH H KOHTPOIA 32 Pa3padoTKO#

Jnsa noacuera 3anacoB KI'C HeoOxonMMbl ciieylolne MaTepuabl 1o 000CHOBAHHIO Ia30-
KOHJ/IEHCATHBIX NTapaMeTPOB U XapaKTEPUCTHUK!

- pe3yJbTaTbl MPOMBICAOBbIX MCCIENOBAHNI Ha ra30KOHIEHCATHOCTh B COOTBETCTBUHU C 9.3
yacTu I;

- pacdeT COCTaBa [L1aCTOBOTO ra3a B COOTBETCTBUHU ¢ 9.4.2 4acTu I;

- pacueT noTeHuManbHoro conepxanus KI'C, ataHa, nponaHa, OyTaHOB Y TIPX HEOOXOIUMOCTH
CEpOBONOPOA, TENHS, ABYOKUCH YIJIEPOIA, a30Ta M Fa30BO Cepbl B COOTBETCTBUH C 9.5yactu I;

- st onpenenennsi KUK ncnonp3ylor cieayionye METOIbl: pH COACPXKaHUH KI'C B mia-
CTOBOM rase 6oiee 25 I/M3 — 3KCIEPUMEHTAIbHBII METOM B COOTBETCTBUM C 9.6 yactu 1; nmpu conep-
wanun KI'C B 1acToBoM rase Menee 25 r/M? — rpagoaHaTMTUYECKU I METO 110 3aBUCUMOCTH, NPU-

BEIECHHOI Ha pUCyHKe 5.4, WK no dhopmylie
KUK =—0,0087x* +0,362x> —5,6392x% +39,43x ~ 11,59, (5.6)

rae X — OTHOILIEHNE CYyMMBbI COAEPXaHUsI dTaHa, NpolaHa ¥ OYyTaHOB K CyMME CONEPXKaHUs yIje-
popoponos CsH |, , B IaCTOBOM rase.

PacyeT 6a1aHCOBBIX M U3BjiIckaeMbix 3anacos KI'C, ataHa, nponaHa, OyTaHOB, HEYIJIEBOOO-
POIHBIX KOMIIOHEHTOB MPOBOJSIT CJIEAYIOIIMM 0Opa3oM.

Banancosbie 3amacel KI'C Q,, T, BHIUUCISIOT 110 hopmyre

(o8
108°

0 =TI (5.7)

191 (5 I1 — noteHuUManbHOE conepxanue yriesogoponos CsH 5, r/™M3;
0, — 3amachi rasa, M.
BaslaHCOBbIE 3aMachl KOMIIOHEHTOB (B TOHHAX) B IJIACTOBOW CMECH TIOJCYMTHIBAIOT ITyTEM YMHO-

KeHUS TOTEHLMAILHOTO COepKaH!s B HEli KaXII0TO U3 KOMIIOHEHTOB (B r/M3) Ha 3aMachl U1ACTOBOTO
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Koadduument nssneueHmns KoHaencara U3 Heap

Pucynox 5.4 — 3aBucuMocTs Koa(puLMeHTa
5 5 2 . 3 0 > M3BJICYEHUS] KOHIEHCATA U3 HEAP OT
(C,+C, + C)/C,,, COOTHOLIEHUST KOMITOHEHTOB TLIACTOBOTO ra3a

rasa (B M%), nenennnie Ha 106, Eciiu pacuer 3anacoB BeaeTcst Ha «CyXOii» ra3, TO MOTEHLMATLHOE COLEP-
XaHHE KOMITOHEHTOB Ha Ky0. METP «CyXOT0» ra3a yMHOXalOT Ha 3aachl «CyXOro» rasa rno dopmysie

O

T

(5.8)

H3enekaembie 3anacet KI'C (B TOHHax) B 11aCTOBOM CMECH MOACYUTHIBAIOT [IYTEM YMHOXEHUS
banancosbix 3anacoB KI'C (B ToHHax) Ha KMK npu cTaHIapTHOM IIaCTOBOM NaBieHUU (0,1013 MIIa)

no dhopMyJie

Q™ =Q, -KUK. (5.9)

[l5ist cocTapieHMsi NPOEKTOB pa3paboTKK Ha 6a3e MaTePHAIOB [0 060CHOBAHHIO GATAHCOBBIX
v u3BnekaeMbix 3anacoB KI'C, stana, nponana, 6yraHoB, a Takke HEYT/IeBOIOPOIHbIX KOMIOHEHTOB
BBIMOJIHAIOT NMPOTHO3 U3MeHEHUs1 coliepxkanusi KI'C B miiacToBOM rase npu CHUXEHUH TUIACTOBOIO
JaBJICHHUS B MpoLecce pa3paboTKU MECTOPOXKIEHHUS.

[Tpu conepxanun KI'C B miacroBom rase 6osee 25 r/m3 ucxoaHoit nHboOpMauueit 1s mpo-
THO3a ABJIAECTCA SKCTIEPUMEHTA/IbBHAsA 3aBUCUMOCTD KOJiMYecTBa Boimanawiiero KI'C oT CHUXEHUS
T1aCTOBOTO NaBlCHHUA, T10JlyYEHHAs 110 MeToauKe (cM. 9.6 yactu I). Pesysbrarsl uccaenosanuii npes-

CTaBJIAIOTCA N0 hopme, IpUBedeHHOH B Tabnule 5.5.

Ta6anua 5.5 — PesynbraTel onpeneneHust miacTosbix noreps KI'C

Haenenune, MIla P 0,1013

nn

Konnyecrso Beinanamouiero KI'C, r/m3
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Ko1iMuecTBO KOHIEHCATa, KOTOPOoe OYAeT CONEPXKATbCs B U3BIICKAEMOM M3 I1J1aCTa ra3¢ Ha pas-
JIMYHBIX 3TATIaX CHIKEHUs JaBneHust (ITpY AeJIeHUH BCEro Meproa pa3paboTKy Ha 10 paBHbIX 3TafloB,
JUISE KQXKIIOTO M3 KOTOPBIX MPOBOIMTCS PACYET), PACCUMTHIBAIOT MO hopMyIam:

- JU1S IEPBOTO JTara:
g; =a(0,95¢5 —4{"); (5.10)

- L1t BTOPOTO U IOCACAYIOIMNX 3TAIOB!:

i=i-1

g = 0,95¢5-0,1)" ¢;—4{"”" |, (5.11)

i=1

rie g; — TeKylliee OTEeHUATbHOE COAEPXaHNe KI'C B U3BIEKAaEMOM U3 IUTACTa ra3e B KOHLIE i-TO
sTamna, r/m>;

g, — HaYaJIbHOE MOTEHLMATBHOE CONEPXaHNEe KI'C B u3BJIeKacMOM U3 TU1ACTa Tase, T/M>;

g{*°" — MIacTOBBIE IOTEPH KI'C B KOHIIE /-TO 9TaMa, I/M> (OTIpeAeNsI0TCS SKCITEPUMEHTATBEHO
KaK KojnuecTBo yrieponoponos CsH 5 ., BbIICTUBIINXCA B YCTAHOBKE (a30BBIX paBHOBECHH B KOHIIE
j-ro 3Tala CHUXEeHUs 1aBJICHUS);

o — kK02 DUIMEHT, onpeneaseMblii U3 TabIULBbL 5.6 B 3aBUCHMOCTU OT HOMEPA 3Tara.

PesysibTaThl pacyeTa IpeaCTaBasioT B hopMe, IPUBEACHHOM B TabINLIe 5.7 ¥ Ha pucyHKe 5.5.

Ipu conepxanun KI'C B r1acToBoM rase MeHee 25 /M3 ucxomHol uHbopMaumei st po-
THO3a SIBJISIIOTCA:

- HauaTbHOE MoTeHUManbHoe cogepxaHue KI'C B rase, r/M3;

- ¢pakumonnstii coctas KI'C;

- 0606IIEHHAs 3aBUCUMOCTb Konuuectsa Beinaaaioiero KI'C or temnepatypbl BBIKUTIaHUS

90 % KI'C, npuBeaeHHasi Ha pucyHKe 5.5;

Ta6nuua 5.6 — KoadduumeHt s pacyeta noreHuaibHoro coaepxanusa KI'C

Howmep atana 1 2 3 4 5 6 7 8 9 10
a 1,051 1,18 1,33 1,54 | 1,82 | 2,22 | 2,86 | 4,00 | 6,67 | 20,00

Ta6nuua 5.7 — [IpOrHo3 I1aCTOBBIX IOTEPH ¥ AMHAMUKU conepxanusi KI'C B n3sjiekacMOM

M3 I1acTa rase

ITnacToBOE AaBIeHUE [MnacToBBIE MOTEPH Tekylee MoTeHLIMATLHOE
Howmep 3tana ot 3 3
P, MIla KI'C g{™", t/m conepxanue KI'C ¢, r/m
O PHa‘{.
1 PTCK.
2
...no 10
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PricyHok 5.5 — 3aBUCMMOCTbD ILTACTOBBIX IOTEPD
180 200 220 240 260 280 300 320

Temnepartypa Boikunanus 90 % konneHcara, °C KI'C ot ero (bpakuMoOHHOrO cocTaBa

- 06061IeHHbIE 3aBUCHMOCTH KOIMYecTBa Boinanatowero KI'C oT cCHUXeHUs IU1acTOBOTO 1aB-
JIeHUs1, IPpEACTaB/IeHHbIe Ha pucyHKe 5.6 wia KI'C, 90 % kortopeix Beikunarot npu 200 °C; 220 °C;
240°C;260°C; 280°C u 300 °C.

[o rpaduky Ha pucynke 5.5 onpenensitor koaudectso KI'C, nepexonsiuero KUAKYIO a3y B
T1acTe (MOKa3aHO CTPEJIKAaMK), UCXOMIs U3 BEMMYMHBI TEMIEPATyphl Boikunanus 90 % KI'C. 3aTem
onpenensitoT KUK npu crannaptHom nasnenuu (0,1013 MIla) no popmysne

100—g7%,
100 °

KHK = (5.12)

e g% - norepu KI'C, %.

Hist pacyeTa MI1aCTOBBIX MOTEPh BHIGMPAIOT ONHY U3 H30TEPM, IPHUBEAEHHBIX HA pUCyHKe 5.6,
B 3aBUCHMOCTH OT TeMnepatypb! BeIKumiaHus 90 % KI'C 1 3aHocAT B Tabnuity 5.8 (cTpoka 2) 3HaueHUsI
KojnyecTsa Bbinafaroulero KI'C B nmpoueHTax ot noteHumansHoro cogepxxanust KI'C B miacToBom

rase. KonuuecrBo Buimagaiomero KI'C OQuor B /M3, (cTpoKa 3) BBIMHCISAIOT MO dbopmyite

%
904
Gnor =%, (5.13)

e dpor — KOMMYECTBO Bhinanatoliero KI'C Ha kaxnoM aTare CHUXeHUs TaBlIeHUS, I/M;

q‘ffm — Komn4ecTBo Bbinagawliuero KI'C B % ot noreHnuansHoro cogepxanus KI'C B rna-
CTOBOM rase.

J11s1 aHa/n3a ¥ KOHTPOJIA 33 Pa3paboOTKON MECTOPOXAEHUI HEOGXOANMO TIPOBOIMTE €XETOIHO
TEKYIIHE ra30KOHAEHCATHBIE UCCIC0BAHMS, YTOUHSIOINE IPOTHO3 TUHAMUKHM conepxaHusi KI'C B

IJ1aCTOBOM rase.
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B nNJ1acTe, B % OT HAYAJILHOTO CO/IEPXAHUA

KoJiMuecTBO KOH/EHCATa, TIepeXOISIIero B XXKUIKYIO (asy

8
6 6 /‘h\‘ <
1 5 p/”’_‘h\‘ \\
4 —| \ N
4
2'?.,/*»—* \‘\\\\\\
. 2//::\\\\\\\\\
8"1/‘/ \:k\k \\ \
| NN
4 \\\\ \\ PucyHok 5.6 — M3otepmbl AuddepeHInaTbHOMK
\ KOHACHCALIMY TUTACTOBBIX TA30KOHIEHCATHDIX
2 N cucreM, 90 % KI'C KoTOpBIX BEIKMITAIOT ITPH
200°C — 1;220°C —2;240°C — 3;260°C — 4;
0 10 20 30 40 50 60 70 80 90 100

TractoBoe gaBiexue B % OT HAYaIbHOTO 280°C —5;300°C — 6

Ta6nuua 5.8 — INnacroBbie norepu KI'C

InacToBOE AaBiAEHUE B LOJSIX €NMHMLIbI OT HAYAJIBHOTO 0,910,8(0,7(0,6[0,5(0,410,310,2/0,1,0,0

Konunuectso seinanatoiero KI'C B % ot rnoTeHUManbHOro
conepxanusi KI'C B miacToBoM rase

Konuuectso Bbinagaiowero KI'C, r/m?

Vuet 3anacos KI'C npoBomsr 1o pe3ynbTaTtaM 0alaHca pacnpeliejieHus 3anacos KOHICHCaTa

npu pa3paGoTKe MECTOPOXAEHHUS 110 hopMme, TpeacTaBleHHOM B Tabinwe 5.9.

B cTon6usl 2 1 3 3aHocsT yTBepxkaeHHble K3 P® 3anace! miacrosoro raza u KI'C.
Cronbubl 4 ¥ 6 3aMOIHAIOT MO pe3yIbTaTaM U3MEPEHUT.
Cronbell 5 3aMmoaHs0T, CYMMUpPYS 3HadeHUsl cTonboLa 4.

Croabupl 7 u 8 3aMOJIHAIOT MOCJIE ONpeaeJeHYS NOTCHUUAbHOTO CONEPXKaH U KOHIACHCATa B

OT6I/IpaCMOM U3 [J1acTa rase npy TeKylLieM MmjiacTOBOM JaBJI€HUM Ha KOHCH U cepearHy roja B COOT-

BETCTBUM ¢ 9.5 yacTH | HaCcTOSIIIMX PpEKOMEHJALINA.

216

Cronbell 9 3aMOHSIOT IO pe3yjibTaTaM pacueTa no GopmyJie

hI ) U (5.14)

ol =
Cronben 10 3aroMHsI0T, CYMMUpPYs 3Ha4eHUs CTPOK cTonoua 9.

Cronbeil 11 3aMonHSAIOT MO pe3yJbTaTaM pacuera o GopmMye
0" =0, - .. (5.15)
Cronbell 12 3aN0IHSIOT 110 pe3y/IbTaTaM pacueTa 1o GopmyJie

Q](()CT :HKF 'Q;-)CT- (516)
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Tadauua 5.9 — ®opma 3anonHenus GajiaHca pacnpenesieHus 3anacoB KOHAEHCAaTa 1o Mepe
pa3paboTKu MECTOPOXIEHUSA

[MoteHuMab-
Kosuyectso
HavanbHbie Q HOE colepxa- Tekyiue [MnacroBole
2 U3BJIEYEHHOTIO
GanaHCoOBbIe Otbopraza | § Hue KI'C B ot1- U3 MacTa OCTaTOYHbIE MoTepH
s 3anachl § 2| OupaeMoM KIC 3anachl KOH/ICHCATa
5 = T | M3 nacra rase
S =
< o) = L o
£ | & < | 2 |g8l5 |3, ¢ | £ 5 2
o & T ~ A = = )
a o 3 - e & |z ES|E° e g 53 |2 12|28
= 58 v c:s = © ¥ Ol o g « = 58 W o | &S
8 < » s = < 8 * b} S & 3 T2
= 3}
= > T ey = g
roa Kr C roa ocT ocT nor nor
0, O | Af 20, | P | I [ree | e 20, A Q10T 20/
mapam?| T mapa M3/rox | MITa r/m3 T T |mupaim3| T T T
1 2 3 4 5 6 7 8 9 10 11 12 | 13 14
0
|
2
3
4
5
Cronbent 13 3aNONHSIOT 110 pe3yNbTaTaM pacyeTa Ha Kaxkablii rofl pa3paboTKH MECTOPOXIEHUS
no dopmyne

nOT =0~ D M~ 00, (5.17)

rae n — 1ol pa3paboTKU.

AHAJIOTHYHbIE PACYETHI IPOBOAT Ha KAXAbIi MOC/EAYIONINIA TO pa3paboTKL Mo opmyne
nor __ ocT
n+1QK _nQK—n+IZHK_n+lQK : (5.18)

Cronbel 14 3an0mHAIOT, CyMMUpYS 3HAUYeHUS CTONIOLA 13.

Ilpumep — Pacuem 2azokondencamnvix xapaxmepucmux 041 nodcuema 3anacos, cocmaeAeHus
npoeKmoes paspabomku u KOHMpoOAA 3a pa3pabomxoi.

Hcxoonvie dannvie 045 pacuema cocmasa naacmoeozo 2asa:

Gy — 375 em’/m? — KI® KTH npu yeaosusx omGopa npo6;

V— 89cm’ — obvem Konmeiinepa, 6 komopotii omo6pan KI'H;

a — 6,011 — obvem 2a3a, evideausuezoca uz KI'H npu dezazayuu;

6 — 2,36 oM — o6sem 2a3a, eviderusmezocs uz dezazupoeannozo Kondencama npu de6ymanusauuu;

b — 62 cm? — o6vem wcudrux y21€6000p0006 6 o6seme Konmeiinepa (OeGymanu3uposannbLii Kow-
dercam);

M, — 110 — moaexyasnpras macca deGymanuzuposannozo kondencama.

p2l — 0,7296 2/cm® — naomnocms deGymanusuposannozo xondencama.
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Ilpu onucanuu pacwema dansl cCoLIKU Ha HOPMY.ibl, npuedeHHble 6 pasdeae 9uacmu 1.
Koauuecmeo moaeii 2aza, evideasiowezoca npu dezazauuu KI'H, evruucasiom no opmyae (9.3)

yacmu I nacmoauux pexomenoauui

_6,01-375
89

A — 25,323,

Koauuecmeso moaeii 2a3a, bideasrouje20cs npu 0eGymanuzauuu 0e2a3uposantozo Kondencama,

gviyucasiom no gopmyae (5.4):

b

_ 2,36-375 ~ 9,944,
89

Koaunecmeo mo.eii 0eGymanu3upoeannozo KOHOEHCAmMa 6bIMUCAAIOm no opmyae (5.5):

375-62-0,7296-24,04

= 41,654.
89-110

Ioayuennvie Oannvie 3anocsm 6 mabauyy 5. 10 coomeemcmeenHo 6 cmoabupwt 5, 8, 11 cmpoxu «Bcezo».

Komnonenmmusie cocmaebi 2306 cenapayuu, 0e2aauyuu, debymanusayuu u 0e0ymanu3upoeannoo
KoHdeHcama, onpedeeHHble MemoooM 2a30#CUOKOCMHOI Xpomamozpagpuu, 3aHocam 6 mabauyy 5.10 co-
omeemcmeenHo 8 cmoabust 3, 6, 9, 12.

Hexodn u3 o6ugeco wucaa moaeil 2a3o6 cenapayuu, dezasauuu, dedymanusayuu u debymanusupo-
6ANHH020 KOHOEHCAma, Onpedeision 4ucao Moaell omoesbHbIX KOMIOHERMO0E COOMEEmMCmBeHHO no dop-
myaam (9.12)—(9.15) wacmu I u 3anocam ¢ cmoabypi 2, 5, 8, 11.

Moaexyanpuste maccot cmeceli y2ae6000poOHbIX U Hey21e6000pOOHbIX KOMNOHEHMOE 24306 cend-
pauuu, dezazauuu, 0eGymanu3auuy npu U36eCIMHOM MOAAPHOM COCINABE GbIMUCAAIOM 01a Kaxcdoeo 2aza
no gpopmyae (5.6) u 3anocam & cmpoky <M, » (cmoabupt 3, 6, 9).

Moaexyaapuoie maccot cmeceil y21e6000pOOHbIX KOMNOHEHMO6 24306 Cenapauuu, Oezazauuu, Oe-
Oymanuszauuu npu u36eCmHOM MOAAPHOM COCIMABE GbIHUCAAIOM 0as Kaxcooeo 2aza no gopmyae (5.7) u
sanocam & cmpoxu «Mcg.; M55 M_z.» (cmoabup 3, 6,9).

Maccoebie KORUEHMPAKUY KOMNOHERMOE 24308 Cenapayuu, deeasauuu u debymanusayuu, 041 Ko-
IMOpBIX U3GECHIHbL MOACKYAAPHbIE MACCHL, bluUCAAIOM no dopmyae (5. 8) u 3anocam coomeemcmeento 6
cmoabust 4, 7, 10.

MoasApHYIO KOHUEHMPAYUIO KOMNOKEHM06 0eGymanusuposaniozo Konoencama, 044 KOMOPbIX U3-
gecnibl MOAEKYAAPHbIE MACCbl, gbiiucasion no gopmyae (5.9) u 3anocam 6 cmoabey 12.

Moaspuyro konuenmpayuro C,H,, , , MO1eKyaapHas macca Konopozo HeUu3eeCmua, bIHUCIAIOM

no gpopmyae (5.10).
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Moaexyanpnyio maccy 6 debymanusuposannom Kondencame y21ee000podos C,H,, evinucaaiom
no gpopmyae (5.11)

25,16
MC10+ =75—67—110=177.

s onpedenenusn cocmasa KTH cymmupyrom no KoMnoxnenmam Hucao 2-moaei 2a306 cenapauuu,
dezazauuu, deGymanuzayuu u 0e6ymanusuposannozo Kondencama no gopmyae (5.16) u 3anocam 6
cmoabey 14.

Moaspuyro xonuyenmpauuto komnonenmoe KI'H evruucasrom no gpopmyae (5.17) u 3anocam 6
cmoabey 15.

Maccosyro xonuenmpayuro xomnonenmos KI'H eviuucasiom no opmyae (5.18) u 3anocam 6
cmoabey 16.

Koauuecmeo 2-moaeii KOMNOHEHMOG U 8 UeA0M NAACMOB020 2a3a sbiucasiom no gopmyae (5.19)
u 3anocam 6 cmoabey 17.

Moaspuyto KOHUeHMPAUUI0 KOMNOHERMO8 NAACMO8020 2a34 8biuucasiom no opmyae (5.20) u 3a-
Hocsaam 6 cmoabey 18.

Maccogyro KoHUeRMPayuIo KOMNOHEHMO8 NAACIMOB020 2a3a GbiMucAAom no gopmyae (5.21) u 3a-
nocam é cmoabey 19.

Moasexyaspuyro maccy KTH u naacmosozo 2aza eviuucasiom no popmyae (5.6), 045 y21e6000po0os
CpH ;. ucnoav3yrom snavenue MOACKYAAPHOI MACCHL IMUX Y21€6000p0006 6 0eOymanu3upoeanHom KoH-
dencame.

Moaexyaapuyro maccy C, . KI'H u naacmogozo 2a3a ebiucanrom no dopmyae (5.7).

Ipumep — Pacuem nomenuuaibHo20 co0epHCaHus KOMNOKEHMOB NAACMOBON 2A30KOHOCHCAMHOl
cMmecu.

Ilomenuuaashoe codepxcanue yeaeeodopodos C;H . na 1 M 2aza cenapayuu evrucaaom no

dopmyae (9.24) pazoeaa 9 uwacmu 1

1T

cen

:%'(0,03-6,01'2,56'*‘0,03'2’36.12,43_'_62-0’7296' 9190,02)+

10,35-75,36
24,04

+10 =206 2/m°.

Moaspnuyio doaro 2a3a cenapauuu 6 niacmogom 2ase GoiuucAaom no gopmyae (5.25)

1000

——=0,9286.
1076,9

M, =

Moasapuyio 00410 «cyxo20» 2a3a 8 n1acmoeom 2ase 8biHucAAOm no gopmyae (5.26)

4,34
Moy =1-"109

=0,9566.
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Moaspnoe coomnowenue 2aza cenapayuu u «cyxozo» 2aza evruucasrom no dopmyae (5.27)

M = 1000 =0,9707.
1076,9— 46,706

Tlomenyuaavhoe codepxcanue yznres00opodos C H,5,, 6 naacmoeom zasze évtuucasrom no gop-
myae (5.28)

II,, =206-0,9286 = 191 o/m° .
Ilomenyuaavnoe codepxcanue yzaesodopodoe C sH 5., HA «cyxoll» 2a3 evruucasiom no gop-
myae (5.29)

191

=" =200 /m°.
=0 9566 os/m

Tlomenyuaavoe codepxcanue smana, nponana, Gymanoe 6viuUCAAIOM Nymem YMHONCEHUA MOAAPHOZ0
NPOUEHMHO20 COOEPHCAHUR KANCO020 KOMNOHEHIMA 6 NAACMOBOM 2a3€ COOMEEMCMBENHO HA Koddduuu-
enmbvt 12,5; 18,3; 24,2, deyoxucu yeaepoda, asoma coomeemcmeenno na kosgguuuenme: 18,3; 11,7:

Oy =4,91-12,5=61,4 2/’ ;
fc gy =2,48-18,3=45,4 o/m’;
Micy,=0,76-24,2=18,4 o/m’;
M, g, =0,96-24,2=23,2 2/ ;
Hco, =0,09-18,3=1,6 2/m°;

My =0,94-11,7=11,0 o/m’.

Ilepesoo codepcanus evimenepenucaennsix komnonenmos na 1. m> «cyxoeo» 2aza ocywecmeasiom
deaenuem noayHeHHbIX SHAUEHUI HA MOAAPHYIO 00410 «CYX020» 2a3a 8 NAACHIO80M

ox _ 61,4

_ 3
C,H, —m—-64,2 Z/M u m.o.

Hpumep — Pacuem xosgpdpuyuenma uzeaenenus y21e6000podos C sH 154, npu cmandapmuom das-
aenuu (0,1013 Mlla) u npoenos ounamuxu codepucanua KIC 6 uzeaexaemom uz naacma 2aze npu CHUMCEHUU

dasaenus.
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B ma6auuy 5.11 3anocam pe3yabmamyt IKCnEPUMERMA NO OnpedeseHut0 NAacmosbix nomepb KIC
u paccuumannoe no popmyaam (5.10) u (5.11) xoaunecmeo kondencama, Komopoe Oydem codeprcambcs

8 U3BACKACMOM U3 NAACMA 2a3€ HA PA3AUMHBIX IMANAX CHUNCEHUA dasaenus:

g, =1,05-(0,95-200—19) = 180;

g, =1,18-(0,95-200—0,1-180-39,4) = 156;

g3 =1,33-(0,95-200—0,1-(180+156)—60,2) = 128;

g, =1,54-(0,95-200-0,1-(180+ 156 + 128 ) 78,8 ) = 100;

qs =1,82-(0,95-200-0,1-(180+156 + 128+ 100) - 92,2) =75;

g =2,22-(0,95-200—0,1-(180 + 156 + 128 + 100 +75 )— 99,8) = 58;

g, =2,86-(0,95-200—0,1-(180+ 156 + 128 + 100+ 75 + 58 ) — 102,6 ) = 51;

qg =4,0-(0,95-200—0,1-(180 + 156+ 128 + 100+ 75+ 58 + 51) - 102,8) = 50;

go =6,67-(0,95-200—0,1-(180+ 156 + 128 + 100+ 75+ 58 + 51+ 50 ) - 101,4) = 59;
d1p=20,0-(0,95-200—0,1-(180 + 156+ 128 + 100+ 75 + 58 + 51+ 50+ 59) — 100) = 86.

Ilpu npoeedenuu 3xcnepumenma 6 ycmaHnoske (pasosvix pagrosecui ¢ coomeemcmeuu ¢ KIp
(375 e /m3) 6 yemanoexy sazpyxceno 121,10m’ 2aza u 45,4 cv® KTH. Ilpu daenenun 0,1013 Mlla 3amepenoe
xoaunecmeo KI'H, evinasuezo 6 kamepe ycmanosxu ghazoevix pasnosecuil, pasno 16 e’ wiu @ nepecweme na

3azpyxcennbiii 2a3 no popmyae (9.33) pazoeaa 9 wacmu I naacmossie nomepu KoHOeHcama cocmaeuiu

16

= =132 cm’ /m>.
0,1211 cm /m

e

I1omuocmy evinasuiezo kondencama pasua 0,7803 2/cm>.
KHK npu cmandapmuom daeaenuu (0,1013 Mlla) sviuucasiom no gopmyae ( 9.34) pazodeaa 9

yacmu I

206-132-0,7803
206

KHK =

=0,50.

Taéauya 5.11 — Ipoznos naacmossix nomeps u dunamuxu codepxcanus KIC 6 uzgrexaemom
u3 naacma 2ase

Homep smana| ITraacmosoe dagaenue, MIla | Ilnacmoesie nomepu KIC, o/’ ﬁ’;{;‘;;:;’:i’;%‘i};%e
0 26 0 200
1 23,4 19 180
2 20,8 39,4 156
3 18,2 60,2 128
4 15,6 78,8 100
5 13 92,2 75
6 10,4 99,8 58
7 7,8 102,6 51
8 52 102,8 50
9 2,6 101,4 59

10 0,1 100 86
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3
[
[=3
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Konuyectso KI'C, r/m
I~ =
< <
N

" X
)/

0 L \ 1 — norepu KI'C, r/m3;
\ 2 — conepxanue KI'C, r/m3
N PucyHok 5.7 — TIporHo3 noTeps ¥ cofepxaHus
T R T ra—— 24\27 KI'C B mnacToBoM rase mpu CHUXEHUS

IMnacroBoe naBnenue, MIla IIJIaCTOBOTO JaBJICHUA

Ha pucynke 5.7 npencraieHa nporHo3Has 3aBucumocts noreps KI'C 1 conepxanus KI'C B
IUIACTOBOM I'a3e OT CHUXXEHWUS IUIACTOBOTO NaBIEHU.
Ilpumep — Pacuem 6asancoewix 3anacoe KIC u komnonenmoas.

Ecau 3anacot naacmosozo 2aza — 10 mapd m>, 6 mom wucae «cyxoeo» — 9,6 Mmapd m>, mo Garancossie
sanacvt KIC évtuucanrom no hopmyae (5.7)

9
0, =200-25 1% _ 1920000 m.
10

banancoevie 3anacot komnonenmoe eviuucasiom no gpopmyae (5.8)

9
Qc,n, = 61,4-% = 589440 m.

H3eaexaemvie 3anacot KIC 6 naacmosoii 2asoxondencamnoii cmecu gvtnucasiom no gpopmyae (5.9)
Q%" = 1920000-0,50 = 960000 m.

Ilpumep — Yuem 3anacoé KIC paspabamoieaemozo mecmoposicoenus.

Pacuem baasanca pacnpedeaenus 3anacos Kondencama no mepe papabomxu Mecnoposcoenus
npedcmasnen 6 mabauye 5.12.

Ha koneu nepeozo 200a paspabomru naacmosoe dasrenue pansioce 20 MIla, no 3aeucumocmu 2

pucynka 5.7 onpedeaarom nomenyuaastoe codepxcanue KIC — 149 2/m°.

Cpeonee nomenyuaavnoe codepycanue KIC 3a 200 paspabomiu pasno 175 2/m°.
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Ta6auya 5.12 — Dopma 3anoanenus 6asanca pacnpedeieHus 3anacos Konoencama

no Mepe pa3pabomxu MecmopoycoeHus

Ilomenyuans-
Hauaavnoie 3 Hoe codepxca- | Koauuecmeo Texyuue Iliacmoesie
banancoevte Ombop 2aza | § nue KIC 6 om- | useaeuennozo ocmamovHble nomepu
3 3anacet g g | Oupaemom |u3naacma KIC 3anacol Kondencama
§ S § u3 naacma 2aze
S 3
8| 2 |88 ¥ 2 g
8 3 S FO| T ® ° S 8
S8y & |35 |F |ielE%| 3 iy g | %8S
< §8 X = & 22| S g S § £3 ™ 3 3 3
‘3 = 4 § § & 1 ™ S A 5 5’.
= ey oy N 2
Qe Qx ﬂgod ZZL P JI*? I ﬂf{od XZIK eocm Q xocm Q’t‘rom Z‘Q’r:om
mapdm’| m | mapdm/200 | Mlla o/m’ m m |mpom’| m m m
1 2 3 4 5 6 7 8 9 10 11 12 13 4
0| 9,6 1920000 26 | 200
1 2 2 20 | 149 175 3500003500000 7,6 |1132400(437600|437600
2 2 4 156 100 125 250000600000, 5,6 | 560000 |322400|760000
3 2 6 10 56 78 | 156000|7560000 3,6 | 201600 |202400|962400
4 2 8 4,6 52 54 108000864000, 1,6 83200 | 10400 | 972800
5 06 | 86 | 2,3 60 56 | 33600897600 1 60000 | 10400 1962400
Koauuecmeo uzeaeuennozo us naacma KI'C 6 cocmase omoGpannozo 2aza 3a 200 ebiuucaaiom no
dopmyae (5.14)
175-2-10°
J2° =222 = 350000 m.

10°
Texywue ocmamounbie 3anacst 2asa estucasiom no gpopmyae (5.15)

Q%™ =9,6-2=7,6 mapd m>.

2

Texywue ocmamounvte 3anacot KIC evtucasrom no gpopmyae (5.16)

ocm _ 149-7,6-10°

Q’ = 1132400 m.
10°

ITiacmosvie nomepu KIC 3a 200 evtucasiom no gpopmyae (5.17)
107 = 1920000 — 350000 — 1132400 = 437600 m.

Ha xoney émopoeo 200a pazpabomiu naacmosoe dasaenue pagnsaocs 15,6 MIla, no 3agucumocmu 2

(pucynok 5.7) onpedeastom nomenyuaastoe codepxcanue KIC — 100 /M.
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Koauuecmeo useaeuennoeo uz naacma KIC ¢ cocmase omobpannozo 2aza 3a 200 eviucaniom
no gpopmyae (5.14)

wo _ 125-2-10°

b/ fa = 250000 m.
10°

Texywue ocmamounvie 3anacot 2aza svtuucasiom no gpopmyae (5.15)
Q*™ =9,6-4=5,6 mapd m°.
Texywue ocmamounsie 3anacot KIC éviuucaarom no gpopmyae (5.16)

9
Qe - mj% - 560000 m.

Iaacmoevie nomepu KIC 3a 200 svtuucasiom no popmyae (5.17)

20" = 1132400 — 250000 — 560000 = 322400 m.

Ha koney mpemvezo 200a paspabomru naacmoeoe daeaenue pasnsaocs 10 MIa, no asucumocmu 2
(pucynok 5.7) onpedeanrom nomenyuaastoe codepxcanue KIC — 56 2/m>.
Cpednee nomenyuaavroe codepycanue KIC 3a 200 paspabomuu pasno 78 2/m°.

Koauuecmeo uszenenennozo uz naacma KIC ¢ cocmase omobpannoeo easa 3a 200 eviucaniom no
dopmyae (5.14)

9
2 = 7812710 = 156000 m.

Texywue ocmamounvie 3anacot 2aza eviuucaaom no gopmyae (5.15)
Q2™ =9,6-6 = 3,6 mapd m>.
Texywue ocmamounvie 3anacvt KI'C gvtuucanrom no gpopmyae (5.16)

9
Qo — % = 201600 m.

Ilaacmogvie nomepu KIC 3a 200 éviuucasiom no gpopmyae (5.17)
Q™ = 560000 — 156000 — 201600 = 202400 m.

Ha xoney wemeepmozo 200a paspabomku naacmoeoe dasaenue pasuaiocs 4,6 MIla. Ilo 3asucu-
mocmu 2 (pucynok 5.7) onpedeasiom nomenyuasvnoe codepucanue KIC — 52 o/m>.

Cpeonee nomenyuaavnoe codepycanue KIC 3a 200 pazpabomiu pasno 54 2/m>.
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Koauvecmeo uzeaenentozo u3 naacma KIC é cocmase omoGpannozo 2aza 3a 200 6b14ucAa0om no
dopmyae (5.14)

w0y 54-2-10°

2 — 108000 m.
A 10°

Texywue ocmamounbte 3anacol 2a3a ebiuucasiom no opmyae (5.15)

Q%™ =9,6-8=1,6 mapd m°.

2

Texywue ocmamounvte 3anacot KI'C gvruucasiom no popmyae (5.16)

52-1,6-10°

= 83200 m.
10°

rom —
e =

Haacmossie nomepu KIC 3a 200 evrucasrom no gopmyae (5.17)
30°°™ = 560000 — 156000 - 201600 = 202400 m.

ITo dannsvim, npusedennvim 6 mabauue 5.12, 6udno, wmo na namotii 200 paspabomxu u3 mecmo-
poxcoenus omobparo 8,6 mapo M3 eaza, wmo cocmasanem 90 % om nauaavnoix 3anacos. Mz naacma 6 co-
cmase omobpannozo 2aza ussaexeno 897600 m xondencama 2a306020 cmabuavHo20, uau 47 % om na-
uaibHbIX 3anacos. B ocmamounvix 3anacax zaza codepxcumca 60000 m KIC, uau 3 % om nauaavHoix

3anacoe, a naacmogvie nomepu KI'C cocmasuau 962400 m, uau 50 % om na4uaibHbix 3anacos KITC.

5.10 [porHo3 BEIX0/Ia M KAY€CTBA TOBAPHBIX (hpaKiiHii KOHIEHCATa NpH paspaboTke
MeCTOPOXKICHUN

3Has KonuuecTBO Bbinapiiero B ruiacte KI'C B 3aBUCHMOCTH OT CHUXEHUS NaBleHUS (pU
TUIACTOBO# TeMTIIepaType) U (PPaKLIMOHHBIN COCTaB KOHIEHCATa, BbLACIUBILErocs U3 J1IaCTOBOTO rasa
(TpM HAyaIBHOM IIJIACTOBOM AABJICHUM), OMpEeNaloT (paKUMOHHBIA COCTAB KOHICHCATa Ha pa3-
JIMYHBIX 3Tanax CHUXEHHS MJ1aCTOBOrO AaBIEHUA.

Ipumep — Koauuecmeo KIC, evideasiousecocs 6 naacme npu CHUNCEHUU NAACMO6020 0agaeHU,
onpedeaennoe KCNePUMEHMAIbHO HA YCMAHOBKE GbICOK020 0a6.1eHUA no memoduke, YKA3AHHOU 6 9.6
wacmu I, noxazano na pucynke 5.8, kpusas 1. @paxuuonnvui cocmae KIC npu nauaisHom naacmogom
daenenuu 25 MIla npedcmasaen xpusoii 2. Koaunecmeo KIC, nepeweduezo 6 xcuoxyo gasy 6 naacme
npu daeaenuu 0,1 MIla, cocmasuao 30 06. % om Ha“a1bHO20 COOEPHCAHUA 8 NAACMOBOM 2d3e.

B kauecTBe npuMepa nokasaH mporHo3 dpakuronHoro cocrapa KI'C npu TekyiieM 1acToBoM
nasnenuu 15 MIla — kpusas 3. Kak BuaHo 13 pucyHka 5.8, mpy aToM AaBieHun Konuuectso KI'C,
HepelleaIero B XXKUAKyio a3y B rutacte, coctasisier 16,3 06. % ot €ro HAYANLHOTO CONEPXKAHMS.

CrenoBaTebHO, BbIXO (Ppakinii KOHAEHCATa, U3BJIEKAEMOr0 U3 HEIp B COCTaBe ra3a Ipy 1aB-

nenuu 15 MITa, cocrasur 100 — 16,3 = 83,7 06. %. [1o nepeceyeHNI0 OPAMHATHI, IIPOXO/ISIIECH Yepe3
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3Ty TOYKY (TOYKa @), C KPMBOI Pa3rOHKU (KpUBas 2) HAXOAUM, YTO 3TOT [POLEHT COOTBETCTBYET
¢paxkumu, BeIKUMaoOLIEH ipu Temrnepartype 203 °C.
TakuM e 06pa3om cielyeT BHIIOJHST MPOrHo3 (HPaKIMOHHOIO cOCTaBa KOHACHCATA pu

APYTHUX TNIACTOBBIX OaBJICHUSX.

5.11 I'pachoananuTiaecKne METOBI ONpeeIeHUs NapaMeTpoB ra30KOHAEHCATHLIX
XapaKTepHCTHK

Hapsiny ¢ naGopaTtopHbIMU METOIAMH MONYYEHHSI TA30KOHAEHCATHBIX XapaKTepUCTHUK TOCIE/-
HuUe MOTYT ObITh OlIpeNeeHbl rpad0aHATUTHYECKUMU METOIAMH (KAK 9TO OMHUCAHO B aHATHTHUECKOM
pabore [40]). K 3TiM xapakTeprcTKaM OTHOCITCS [TOTEHLIMATBHOE conepxanue KI'C, koappunenT
uspieueHust KI'C, naBnenue Hayana KoHneHcaunu, KoahULHEHTH yCaIKy, TEKYyHICE MTOTEHITHAIBHOE
conepxanue KI'C B muractoBoM rase, Boixon KI'C npy pa3HBIX yCaoBUsX cernaparuvu, MoJeKyJIsIpHas
macca KI'C. /Ina onpeneneHus ykazaHHBIX XapaKTePUCTHK HOJKHBI ObITh M3BECTHbI TPYIMIOBOH yr-
JieBonoponnsiit coctaB KI'C, To ecTh Konn4ecTBO apoMaTUyecKUX, HahTeHOBBIX U METAHOBBIX yrile-
BOIOPOZOB, CTEMEHB HENOHACHILEHHOCTH CUCTEMBI B IIPOLIEHTAX OT HAYaJIbHOTO TUIACTOBOTO JABJIEHMS,
nokasarens npenomiaeHnst KI'C. Huxe npuBeseHbl ra30KOHIEHCATHBIE XapaKTEPUCTHKY, orpene-
JiseMble rpadOaHATUTUYECKUMU METOTAMM,

HotexuuanbHoe conepxanune KI'C B I1aCTOBOM rase 3aBUCHT OT IPYNIOBOTO YIJI€BOAOPOI-
HOTO cOoCTaBa KOHIEHCaTa, TePMOOAPUYECKHMX YCIIOBHI HAXOXKIEHUS 3aIeXKeH, CTeNeHH HACBIILEH-
HOCTH 3aiexeit yriesogoponamu CsH,, ., HanMuusi HEYrIeBOTOPOIHBIX KOMIIOHEHTOB B COCTABE

MJ1acToBOTO rasa.
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['pynnosoii yresogopoaHstit coctas KI'C namexsieTcs B ILMPOKOM 1Hana3oHe (apomaTHue-
CKME YIIeBOIOPOIBI cOCTaBsiioT 2—60 Macc. %, HahTCHOBBIE 10—90, MeraHoBble — 10 80) U UMeeT
YeTKYIO CBSA3b C JaBJEHUEM M TEMITEPATyPOii B 3a1ekax (PUCYHOK 5.9).

Onpedenenue nomenyuansroeo codepxcanua KIC. Jlis onpeeneHus nOTeHUMAIbHOTO COACP-
xanus KI'C pazpabotaHa cepysi HOMOTpaMM, Kaxnast U3 KOTOPBIX COOTBETCTBYET HacbIIIEHHOM ra-
30KOHIEHCATHOM CUCTEME C OTpeIeSIeHHBIM COIEPKaHUEM apOMaTUYECKHX YTJIEBOIOPOIOB B COCTABE
KI'C. Ha HomorpamMe (pucyHOK 5.10) nokasaH nipuMep ONpeAeTeH|A NOTEHIMANbHOIO COACPKAHUS
KTI'C B miactoBoM rase st KI'C ¢ comepXaHueM apoMaTHIecKyX YIieBoaoponos 5—15 macc. %. I1pu
conepxaHuy HadTeHoBbIX yrieBonoponos B coctase KI'C 40 macc. %, TIpY ILIACTOBOM TeMIlepaType
75 °C u nacrosoM mapicHuy 30 MIla, paBHOM IaBJeHHIO Hadaja KOHACHCALMK, TIOTCHUMAIbHOE
conepxanue KI'C B miiacToBOM rase OL€HMBAETCS BETUUMHON 160 r/m3.

Onpedenenue kogppuyuenma uzenewenus KIC. JLnsi onpeneseHus KWK HeobxoquMo 3HaThb Ha-
yanbHOE MoTeHManpHoe coaepxanue KI'C, apoMaTiyecKix 1 HaTeHOBBIX yIJIEBOJOPOAOB B Macce. %,
a TAaKXKe CTelleHb HACBHILLIEHHOCTU CUCTEMBL.

Ipumep — Hacviuennas 2a3okondencamunas cucmema cooepycum 170 2/m° KITC, 6 cocmase ko-
mopoeo codepucumcs 25 macc. % apomamuneckux y2ae6o0opooos u 30 macc. % nagpmenosvix. [1a onpe-
deaenus KHK ucnoavsyem nomozpammy na pucyuxe 5.11. Beauwuna KHK npu xoneunom daeaeHuu 6 3a-

aexcu 0,1 MIla ¢ dannom npumepe paena 0,65.
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PucyHok 5.9 — M3aMeHeHue rpynnoBoro yrjieBolIopoHOrO COCTaBa KOHICHCATa ra30Boro
CTAaOWILHOIO B 3aBUCMMOCTH OT TeMIEPATyphl U JTaBJICHUS
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Pucynoxk 5.10 — HoMorpamma futst onpenesieHus moTe HLHATbHOO COlepXKaHUA KOHAeHcaTa
ra3oBOro CTabHJIBHOIO B ILIACTOBOM rase Ipu CONEPXKaHUM apOMAaTHUECKUX YTJIEBOIOPOIOB
oT 5 mo 15 macc. %

Bennunna KUK MoXeT ObITh BBIUMCIEHA AaHATUTHICCKH [IPU U3BECTHBIX 3HAYEHUAX TIJIOTHO-
CTH, MOJICKY/ISIPHOW Macchl KOHIEHCATa M COCTaBa ILIaCTOBOTO rasa 1o dbopmyie
KWK =10,157 - 0,796-C5Jr — 0,059-C2 - 6,835-10‘2pM+

+3,238-102M/p + 0,464-C; — 0,756-C, + 0,049(Cs, ) — 0,04222-C,C,, (5.19)

raoe P, M — 110THOCTD U MOsieKyIsipHas Macca KI'C;
C,, C;, C, u C5 — MonsipHast [0Sl COOTBETCTBEHHO aTaHa, rpornada, 0yTaHOB U IIEHTAHOB +

+ BBICHINE B MJIaCTOBOM rase, %.
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PucyHok 5.11 — Homorpamma juist onpenesieHus: BeIMUMHBE KHUK

HenoHachIILlEHHOCTh CUCTEMBI YBEJIUYMBACT BETUYHNHY KHWK. 3aBUCUMOCTL YBETUUEHUS BC-

muunast KUK OT cTeneny HeoHACHIILIEHHOCTH TJIACTOBOI CUCTEMBI ( ) UMEET BUIL

AKUK = 64,9 y>104,

rae

B P

y= 100 —IuL.Had “THX . (5'20)

1. HaYy

Ipumep — Onpedeaums, HACKOALKO 603pacmaem 6eAuuLa KUK 6 cucmeme c dasaenuem navaaa

xondencauyuu 27 MIla npu naacmoeom dagaenuu 40 Mlla no cpasrenuro Hacotuennoll cucmemoil.
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Hedonacviuwennocms cucmemboi 041 dannozo npumepa pasna 13,0 MIla, uau 32,5 % om nauaavnozo
naacmoeozo Odaeaenus. Cozaacno ypasmenuro (5.20) HedonacvlueHHOCMb cuCmeMbl cocmasum
64,9-32,52-10-% = 6,8, mo ecmv nedonacsiuennocms cucmemot va 32,5 % cnocobcmeyem pocmy éeAuHUHb!
KUK na 6,8 %.

HenoHacbIlieHHOCTD psiia ra30KOHIEHCATHLIX cucTeM nocTuraeT 50 % u 6osiee, 4YTO BHOCUT
KOPPEKTUBHI B 3aKOHOMepHOCTb pactBopumocTtu KI'C B rutacroBoM raze. Homorpamma Ha pu-
CyHKe 5.12 gaeT BO3MOXHOCTb POTHO3MpOBaTh coaepxkanue KI'C B HadyaibHBIM epHon pa3paboTKu

3aexen u ONpE€AcATb MOMCHT €T0 BhINMAACHUS B XNIKYIO q)a3y B HCAOHACBILICHHBIX 3aJI1€XKax.

ﬂame}me Havania KOHACHCalUKuu

wn
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T T T T T
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TInacrosoe naBneHue, MIla
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— — NOTEHUUATBHOE COIEPXKAHUE KOHIEHCATA, I/CM

ApOMaTHYECKHE YIIIEBOAOPOIbI, MACC. IO, %
S
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L

PucyHoxk 5.12 — HoMorpamma U1l onpefie/ieHus CTENEHU HAChIILEHHOCTH IUIACTOBOM
ra30KOHAEHCATHOU CUCTEMBI
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Tlpumep — Onpedeaums seaununy 0ae1eHus Ha4A1a KOHOEHCAUUU 015 NAACMOBOU CucneMbl npu Ho-
menuuaasiom codepxcanuu KIC 38 2/m, codepucanuu apomamuueckux yzieeodopodos — 47 macc. %, nagh-
menosvix — 20 macc. % npu navaivHom naacmoeom dasaenuu 33 Mlla. /lacrenue navaaa xondencayuu 6
dannom npumepe pasno eeaudune 16 Mlla.

3HaunTeNIbHOE BIUsHUE Ha pacTBopuMocTs KI'C, v cneaoBarebHO, BENWYMHY JaBIE€HHS Hadala
koHneHcauun 1 KUK, oka3pIBaloT HEeyI1eBOIOPOAHbIE KOMITOHEHTH! B COCTABE IJIACTOBOrO rasa: a3orT,
YIJIEKUCIIBIN Ta3 U CEPOBOAOPOA. YUET BIUSAHUS a30Ta ¥ YIJIEKHCIIOTO ra3a pacCMOTPEH B 5.2.

Y4ecTh BIUSTHUE CEPOBOAOPO/A B IJIACTOBOM ra3e Ha BeJMYMHY JaBICHUS Ha4aia KOHAEHCAlluH

MOXHO 10 HOMOIrpaMMe, NpP1UBEeIeHHOM Ha pUCYHKe 5.13.

[\%

P\

%

-

3
CoaepxkaHue KOHAEHCATa, CM /M

16 20 24
Conepxanue H,S, Mon. %

PucyHox 5.13 — HomorpaMma st oripeejieHUsl BJAUSIHUS CEPOBONOPOIA
Ha BeJIMUUHY JaBJIeHU Ha4yala KOHACHCAIUHU
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Ilpumep — Onpedeaumpy éauanue ceposodopoda Ha eeauuny 0as.1eHUA HA1A1a KOHOEHCAUUY naa-
cmosoii cucmemor npu memnepamype 100 °C, codepucanuu KIC — 500 cm/m’ npu xonuenmpayuu cepo-
600dopoda 6 cocmaee naacmogozo 2aza — 10 moa. %.

B smom cayuae daénenue nauana kondencayuu 6ydem na 10 % nusce 6 cpagnenuu ¢ naacmoegoii
cucmemoil b6e3 ceposooOPoOa nPu NPOYUX PABHBIX YCAOBUSX.

B onbitax no nnddepeHLnanbHOM KOHAEHCAMN O6GBIYHO ONPEAESSIIOT KOJUYECTBO BbiEINB-
1Ierocs B IU1aCTe KOHAeHcaTa ra3oBoro HecrabwibHoro (KI'H). I1pu uzBectHOM KoadduiimeHTe ycaaku
KI'H rpu mnactopoit Temmnepatype U miotHoct KI'C, BbINaBLIEro B I1acTe Ha COOTBETCTBYIOLLEM
3Tarne pa3paboTKH, MOXHO NOCTPOUTh KpuBYIo uddepeHunambHoi KonaeHcauuu ana KI'C Ha pas-
JIMYHBIX 3Tanax CHUXEHUS TUIACTOBOIO AABJIEHUSE B MACCOBOM M OOBEMHOM BBIPAXEHUH. DTU JaHHBIE
UCMOJIB3YIOTCA 115 osTy4eHUs 6anaHca pacnipeaenenust KI'C B nponecce pa3paboTKu 3a1exHu.

OGbemHbLi KO3bOULKEHT ycanku KI'H onpenessiercst o HoMorpamme, oKa3aHHOI Ha py-

cyHke 5.14, ipu usBectbix M, /p,, T, 1 P_ , TO €CTh ITPH U3BECTHBIX MOJIEKYJIAPHOM Macce U IIOT-

mr’
Hoct KI'C, miacToBoi TeMnepaType U TEKyIIEM IL1aCTOBOM JaBI€HNU, OTHECEHHBIX K HAYaIbHOMY
naBieHUIO B racte. Kiod K HaxoxXneHu1o koadduumeHTa ycanku rmokasaH Ha pucyHke 5. 14.

s onpeneneHns KoaM4ecTBa BblaeausLuerocs B rutacte KI'C B MaccoBbIX eIMHULAX CAEAYET
N0JIb30BaThCS rpaUKOM, NIPEACTaBIEHHBIM Ha PUCYHKE 5.15, Ha KOTOPOM MpUBeIeHa 3aBUCUMOCTh
usaMeHenus wiotHoct KI'C, Haxonsiierocst B XXUIKoii dhase B ruacTe Ha pasIMuHBIX 3Tanax paspa-
OOTKH, OT ILIOTHOCTU KOHJEHCATA B Havasle pa3pabOoTKH 3aJIeXH U TUIACTOBOM TEMIIEPATYPhl 3A1EXU.

Ilpumep — Onpedeaums naromnocme vinaguwezo ¢ naacme KIC: naomunocms KIC 6 nanaae pas-
pabomiu — 0,74 2/cm?, naacmosas memnepamypa — 80 °C, mekyuee naacmoeoe dasaenue — 0,5 om na-
4aavno20. B coomeemcmeuu ¢ pucynxom 5.15 naomnocme evinaswezo KI'C 6ydem paena 0,785 2/cm’.

Onpedenenue ko3gpduyuenma ycaoku KIH. [11s uMpoKoOro nMana3oHa U3MEHEHHUs TUIOTHOCTH
p, KI'C (0,68—0,82 /M%) 1 MOJEKYJIApHOI Macchl KOHACHCATa M, = 80—140 kr-monb B npenenax
TeMIIEPaTypHl U AABJIEHHUs cerapauuu coorBeTcTBEHHO 0T MUHYC 40 °C 1o mmmoc 40 °C u 1-9 MIla
ko3¢ duuuent ycanku KI'H onpenensiercs ¢ ucnonb3oBaHMeM HOMOIPaMMBbI, MOKA3aHHOM Ha pU-
CYHKe 5.16.

Ilpumep — Onpedeaums ob6semnubiii u maccosniii kosgpduyuenmot ycaoxu KI'H npu dagaenuu
8 MIla u memnepamype munyc 10 °C. Moaexyaspnan macca u naomnocmo KIC coomeemcmeenno pasusi
100u 0,740 2/m>.

Ha aesoil nuxcneii kpugoi Haxo0um mo4Ky, COOMEEMCMEyOWYI0 3HAEHUIO M /p, = 135. Om
MOYKU HA KPugoii npoeodum 6epmuKaibHylo AUHUIO 00 nepecevenus ¢ uzomepmoil, pasnoi munyc 10 °C.
Om 3moii mouxu npoeoouM 20pU30HMANLHYIO AUHUIO 00 NEPeceHenus ¢ 6ePMUKAILHOI AUHUell, NPOGeOeHHOT

om movxu ¢ daeaenuem 8 MIla. Tourka nepecevenus 3mux aunuii 6ydem coomeemcmeosams 3HA4EHUIO
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PucyHok 5.14 — HoMorpamma st onipe/ie/ieHUsl ycanky KOHIEHCATa ra30BOro HeCTabUILHOrO,
BBITABILIETO B I1aCTE

06semnoz0 ko3ppuyuenma ycadxu KITH (mouxa a). /{15 onpedesenusn maccoeozo koaghpuuuenma ycaoxu
om mo4Ku a npoeodumM 6epMUKAALHYIO AUHUIO 00 nepecedeHuA c aunuell AB. [lasee om mouku nepecenenus
sepmuxaavnoil aunuu ¢ aunuel AB (mouxa O) nposodum nepnenduxyasapuyro aunuro Kk aunuu AB. Ha
IMUX AUHUAX HAXOOUM paccmosanue, pasroe ompesky a0. Beauuuna maccoeozo xo3¢pguuuenma ycaoxu
coomeemcmeyem 3nayuenuio 6 moyuke b. O6semubiii koapuuuenm ycadxu ¢ doannom npumepe 0,62, mac-
coevti — 0,71,

Onpedenenue svixoda KIC npu e2o codepxcarnuu 6 naacmosom eaze — b6onee 60 em?/m?. Tpu nipo-
BEJICHUM MA30KOHICHCATHBIX UCCIENOBaHUI B [IEPUO/ Pa3BeIKM MECTOPOXAECHHUS, KaK IIPaBUJIO, 3a-

Mepsl Bbixoga KI'H mpoBonar npu masieHusix, He npesbimatomux 4—5 MIla, u remneparypax, 06-
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Pucynok 5.15 — HoMmorpamMma uisi onpeaejieHUsl INIOTHOCTH BBITIABIIIETO B IUIACT¢ KOHASHCATA
ra3oBOro cTabWIbHOTO

YCJOBJIEHHBIX TIEpPernafoM JaB/lIeHUs Ha YCThe CKBaXHHBI (B cernaparope). IlpeacTaBneHHas Ha pu-
cyHKe 5.17 HoMorpaMma no3BoJisieT 1o pe3yibrataM 3aMepa KI'®D Ha eIMHUYHOM peXnMe cernapaimu
onpene/sath Boixod KI'C npu pasnuuHbIX JaBIEHUSIX U TeMIIepaTypax B CMECH, coiepxaiiei donee
60 cM3 /M3

Hlpumep — Jl1s onpedeaenua 6vixoda xondencama npu daeaenuu cenapayuu P, = 6,0 Mlla u
memnepamype T = munyc 10 °C no nomozpamme npu useecmiom evixode KIC (q, = 100 cm’/m) npu
P=4,0MIlauT= 10 °C neobxodumo om eepxueii wraavt dasaenus ¢ P = 4,0 Mlla nposecmu eéepmu-
KaAbHYyio AuRUI0 00 nepecexenus c Kkpueoi 1. Om mouku nepecewenus 3mou AUHUU NPOBOOUM 20DU3OH-

MmMaatbHyrO AUHUO do nepece4enusn co wKaaou nonpasxku u Haxooum nonpaexy Ha oMKJAOHEHUE B8eAUHUNHDI
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PucyHnok 5.16 — HoMmorpamMma s onpenenenust Ko3ah@HiMeHTa ycaaky KOHIeHcaTa ra3oBoro
HeCcTabWJIbHOTO, BBLIEJSIIOLIETOCS B cenapaTope

évlxoda Kondencama om ezo évixoda npu P = 6,0 MIla. Beaunwuna nonpasxu paena 10 cm>/m> npu
P=06,0Mlla uT= 10 °C. Cymmapnsuii 661x00 KOHOeHCama ¢ paccMampueaemom cay4ae pasen g,
(P = 6,0 MIla, T = munyc 10 °C) =q,_(P =4,0 MIla, T= 10 °C) + Aq = 100 + 10 = 110 cM’/m>. Jlus
onpedeaenus 6vixoda xondencama npu P = 6,0 Mlla, T = munyc 10 °C om aesoii nuxcneii ommemxu,
pasnoii 110 cm’>/m>, nposodum 2opuzonmansryio aunuio 0o nepecewenusn ¢ 6epMuUKaIbHON, KOMopas npoxodum
om mouku, coomeemcmeyioweii memnepamype 10 ° C. Ilepeceuenue smux aunuii daem mouxy A. Om mouxu
A napaaieabHo auHuu U300ap NPoGOOUM RYHKMUPHYIO AUHUIO 00 NEPeceqenust ¢ ePMUKAALHOU AUNuel,
udyweti om mouxu ¢ memnepamypoii muryc 10 ° C. Toura nepecenenus smux aunuii daem 661xo00 KoHOencama

npu P = 6,0 MIla u T = munyc 10 °C. B dannom npumepe 61x00 kondencama cocmasanem 128 cm’/a.
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Pucynok 5.17 — HomorpaMma mis onpeaejieHUs BbIXoJa KOHAEHCATa ra30BOro CTabUILHOIO
B 3aBHCHMOCTH OT TeMIIepaTyphl U JaBJICHUS celapallii ra3a sl CUCTEM C colepKaHUeM
KOHIEeHcaTa cBbile 60 cm3 /M3

Onpedenenue avixoda KI'C npu e2o codepacaruu & naacmoeom eaze menee 60 cm>/m>. s mnacto-
BHIX cHcTeM ¢ copepxanueM KI'C menee 60 cm3/M3 ciesyeT nonb3oBaThesi HOMOTPaMMOIA, MPEACTAB-
JIEHHO¥M Ha pHCYHKe 5.18.

Ilpumep — Onpedeaums evixod KIC npu P = 8,0 MIla u T = munyc 20 °C npu uzeecmmuoix
ucxodnvix oannoix: P=3,0 MIla, T=0°Cuq, =30 cm’/m3. Boixod kondencama npu dasaenuu 6,0 MIla
u memnepamype 0 °C pasen 30 + 5 = 35 cm’ /. Ilpu dagaenuu 6,0 MIla u memnepamype munyc 20 °C
6b6ix00 Kondencama paesen 40 cm’/m>. Ilpu dasaenuu 8,0 MITa u memnepamype munyc 20 °C 6b1x00 Kon-

dencama nocae 6Hecenus NonpasKku Ha eausnue oagaenus (3 cm’/m3) = 40— 3 =37 em?/m.
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Pucynok 5.18 — HoMmorpaMma 1151 onpeaeaeHus BhIX0Aa KOHAEHCATa ra30BOro cTabuiIbHOIO
B 3aBUCMMOCTH OT TEMIIEPATYphI U JaBJIEHMUS Cerapaliuu raza jUisi CUCTEM C COIepXaHUEM
KoHaeHcaTa MeHee 60 cm3/m3

Tabnuia 5.13 1aeT BO3MOXHOCTD OlIeHUTE cTeneHb BoineaeHnsa KI'C nmpu pasnuyHbIX TeMIe-
paTypax cenapauyy B YCJIOBUAX AaBJICHUS MAKCUMAJIbHON KOHACHCALIMK B 3aBUCHMOCTH OT ITOTEH-
uuanbHoro conepxanust KI'C B rnacropom rase (moapoGHee cM. YkaszaHus [41]).

Hpubauxcennoiii Memod onpedenenus moaekyasaproi maccot KoHoencama. I1pu pa3nTUIHBIX pac-
yeTax, CBSI3aHHBIX C M3YYCHUEM Ta30KOHIEHCATHBIX CUCTEM, ONpeeIeHUEM OCHOBHEIX ITOKa3aTeeit
pa3paboTKM ra30KOHJEHCATHBIX MECTOPOXAEHUH U OOYCTPOMCTBOM ITPOMBICIIOB UCHOJL3YIOT (hu-
3uko-xumudeckue napametpbl KI'C: monexynsapayio maccy KI'C (M), morHocTs (p). OXHUM U3

JICTKO OIIPpE€ACIACMBbIX ITapaMCTPOB KI'C no MaJIOMy €0 KOJINYCCTBY ABJISICTCA IMTOKa3aTECJIb ITPCJIOM-
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Tadnuna 5.13 — 3aBucumocts koahuumenTa sBoiaeeHuss KI'C OT NOTeHLMAILHOTO CONEPXKAHUS
€ro B ra3e 4 yCJIOBMI cenapaliuu

[Morenuu-
AIBHOC €O~ i, 1uvecTBO KI'C, nepelreninnx u3 ra3o06pa3HoOro COCTOSHUS B XKUIAKYIO Ga3y NpH pasinyHoM
AcpkaHue TeMIlepaType cenapanvu, B % ot noteHuUuanbHoro coaepxauusa KI'C
KI'C B no-
ObIBacMOM
rase, r/m3 -10 -5 0 5 10 15 20
10 37,5 33,5 30,50 27,5 25,0 22,5 20,0
20 53,0 50,0 47,00 44,0 41,0 38,0 35,0
30 60,5 57,5 54,50 51,5 48,5 46,0 43,5
40 65,5 62,5 60,00 57,5 55,0 52,5 50,0
50 68,5 66,0 63,50 61,0 58,5 56,5 54,5
60 70,5 68,0 65,50 63,5 61,5 59,5 57,5
70 72,5 70,0 68,00 66,0 64,0 62,0 60,0
80 74,0 75,0 70,00 68,0 66,0 64,0 62,5
90 75,5 73,5 71,50 69,5 66,5 65,5 64,0
100 77,0 75,0 73,00 71,0 69,0 67,0 65,5
120 80,0 78,0 76,00 74,0 72,0 70,0 68,0
140 82,0 80,0 78,00 76,0 74,0 72,0 70,5
160 83,5 81,5 79,50 77,5 75,5 74,0 72,5
200 83,0 - 79,00 - - - 74,0
250 87,0 - 83,00 - - - 78,0
300 89,0 — 85,00 - - - 80,0
400 94,0 - 90,00 - - - 85,0
450 97,0 — 94,00 - - - 88,0
500 97,0 - 94,00 - - - 89,0
600 98,0 - 96,00 - - - 91,0
700 98,0 - 96,00 - - - 93,0
800 99,0 - 98,00 - - - 96,0
1000 99,0 — 99,44 — - — 98,0

JICHHS (nlz)o)_ [1pu u3BeCTHOM 3HAYEHUU nlz)O MOXHO ONPENEIUTb IJIOTHOCTh, MOJIEKYJISIPHYIO Maccy
KI'C u kaxyumiics 06beMHBIN KO3(hdDHIIMEHT KOHOeHcaTa (ra30Bblii 3KBUBAJIEHT).

[MnotHocTe KI'C MOXET ObITh MPUOAMKEHHO OIpeiesieHa 1o (hopMyIie

p =1,99337n2 — 2,09066. (5.21)

Monexynspxasi Mmacca KI'C onpenensiercs no ¢popmysne

M= 44O7+8618-(n]%0)3 — 21461-(r112)0)2 +10067-n]2)° (5.22)
Wiu 1o popMmyiie
M= 109,25p(n]230)2 —19,25. (5.23)
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MonekynsapHas Macca KI'C 3aBUCHT OT I'pyIIIIOBOTO YIJIEBOJOPOAHOIO COCTaBa M €T0 TUIOTHO-
cti. Ha HoMorpamme pucyHka 5.19 npuBeleH npumep ornpenesieHus: MosekyasipHoit Maccel KI'C
MpU COACPXAHUU apoOMaTHYeCKUX yrieBomoponoB B konudectBe 30 macc. %, HahTEHOBBIX —
20 macc. %, u woTHOCTH — 740 Kr/M3. MonekynsipHas Macca paBHa 112 (Touka A).

MornekyasipHYI0 Maccy aecsaturpanycHbix ¢ppakuuii KI'C, Beikvnaionero rnpu TeMiiepaType

200 °C, mpuOIHXKEHHO MOXHO OIPEISIUTD IO popMyJie
M= 164,7+l81p4-(n,2)0)4 - 257,9p2-(n]7j°)2. (5.24)

Hns dpakuuii, Beikunamomux seile 200 °C, MonekynspHas macca KI'C onpenensiercss o

¢dopMyiie
M=—-0,2249-10% + 0,396~105p4-(n]2)0)2 - 0,327~106-p2-(n]2)0)2. (5.25)

IMepeson konudectsa KI'C, BbIpaXXeHHOI0 B MAaCCOBBIX €IMHHUIIAX, B 00b€M KOHIIEHCaTa, Ha-

XO0OosAUI€rocqd B ra3006pa3H0M COCTOAHHUHU, OCYLUCCTBIISICTCS YEPE3 ra3oBbIf 3KBUBUICHT 10 (bOpMYJ'Ie

T, =243—0,59£. (5.26)
p

MonekynspHas Macca

{\Q

wn
[==}
L

0,78 0,80
IMnoTHOCTE, I/CM

£
(=]
1

CoaepxaHue apoMaTHUECKUX
VIJIEBOAOPOAOB, Macc. Aoi., %
L2
<o
1

PucyHok 5.19 — HoMorpamma 1w onpeaesieH|sl MOJIEKYJISPHOM Macchl KOHIeHcaTa
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6 Ilon0op KOHTPOJIbHO-H3MEPHUTEJILHBIX NPHOOPOB, YCTPOICTB H KOMILIEKCOB
JUIS MCCJIEOBAHUS IA30BbIX H FA30KOHIEHCATHBIX CKBAXKHH

B vactu | Hacrosmux pekoMeHpauvii (pazoen 10) npeactaBieHB OCHOBHBIE TUITBI KOHT-
POJIBHO-U3MEPUTENBHHBIX MTPUOOPOB, YCTPOMCTB ¥ KOMILIEKCOB, HEOOXOMMMBIX TS NTPOBEIEHHS Ka-
YECTBEHHBIX MUCCIIEI0BAaHU M Ta30BbIX M Fa30KOHACHCATHBIX CKBaxXuH. Bei6op HeoOxomumMoro obopy-
JOBaHUA U U3MEPEHUI 3aBUCHUT, PEXIIE BCETO, OT 33/1a4 UCCIICAOBAHNI, TEpMOOAPUUYECKUX YCIOBUH
3a/IeKeH M KIIMMaTUYeCKUX YCIOBUM OKpyxXaroliei cpeabl. HemanoBaxxHbIH (pakTop, BIMSIOILMI HA
noadop TOro WIX MHOTO TUIIa 000PYNOBaHUsI, — 3TO TPEOOBAHHUSA K TOYHOCTH U3MEPSIEMOTO NapameTpa.
Hanpumep, mig npoBereHUsl ra3oAMHaMUYeCKUX UCCIENOBAaHUIM BHICOKOIIPOAYKTHUBHDBIX Fa30BbIX
CKBAXMWH, 1€ JEMPECCUs OT PEXUMAa K PEXUMY MOXET U3MEHSITLCA B IIpeesiax JecIToi 10JU Mera-
nackajig, HeOOXOAUMO MPUMEHATH NPUOOPHI C TIOBBIIIIEHHBIMH YYBCTBUTEIBHOCTBIO M TOYHOCThIO.

[1pu uccaenoBaHUM pa3BeAOYHbBIX CKBAXXHH B OTCYTCTBHE 1OPOT U KOMMYHHKALMA TITaBHBIMU
XapaKTepUCTUKAMU CTAHOBATCA MOOWJIBHOCTb M aBBTOHOMHOCTb IIpUMeHsieMoro o6opynoBaHus. Bep-
TOJIETHBIE U MOOWJIbHBIE BADUAHTHI JIEOEJOK B JAHHOM CiTydae MO3BOJISIOT IIPOBECTH DIYOUHHBIE 3a-
MEpBI JaBJIEHUA U TEMITEPATYPhI, 2 TAKXKE BBITIOJTHUTL 0TOOP TITyOMHHBIX TIP00.

NccnenoBaHus 3KCIUTyaTallMOHHBIX CKBaXXHH B MPOLIECCE Pa3pabOTKH MECTOPOXKAECHHS 4aCTO
[IPOBOASAT Y€PE3 KOHTPOJIBbHBIH Cenaparop, yCTaHOBIeHHbIH Ha riowmanke YKIIT. B HacTosiee BpeMs
npaktTudyecku Ha Bcex YKIIT BHeIpeHbI CUCTEMBI TeJIEMETPHH, MTO3BOJIAIOLLME BCE JaHHBIE TEXHOJIO-
rMYecKoy LieTH IIOArOTOBKY ra3a oto0paxarth Ha ITyJibTe oreparopa. [1o3ToMy McciiefoBaHUA CKBAXUH
yepe3 KOHTpoJbHBIN cenapatop YKIIT nmpoBoaarcs ¢ Ucnionb30BaHMEM JATYUKOB OABJIEHUS, TEMIIE-
paTyphbl, a TAKXKE PACXOXOMEPOB, BKIIIOYEHHBIX B ODIIIYIO CUCTEMY TEJIEMETPHU.

Hcnonp3oBaHKe nepeaBUXKHbBIX CENapallMOHHBIX YCTAHOBOK, 000PYI0OBaHHbBIX 3IEKTPOHHBIMU
JaTYMKaMU JaBJIEHUS, TEMIEPATYPHl U pacxoda ISl UCCAEN0BAHHS SKCIUIyaTallMOHHBIX CKBAXHH B
npouecce pa3paboTKA MECTOPOXIEHUS, TTIO3BOJISIET MPOBOINTD UCCIIEAOBAHUS KYCTOBOM CKBaXKUHbI
0€e3 OCTAaHOBKU OCTaIbHBIX. [Ipy 3TOM cenapaliMoHHasi yCTaHOBKA ITOIKIIOUAeTCs Yepe3 hakeJbHYIO
JIMHHIO, OTBEAEHHYIO C KaXIOW CKBAXHWHBI KycTa. HecOMHEHHBIM PEUMYILIIECTBOM JaHHOTO CIIOCO6a
HCCIeI0BaHU M CKBAXWH IEPe] UCTTONIb30BaHUEM KOHTPOJIbHOTO cenapaTopa Ha YKIIT asnsiercs uc-
KJIIOYEHUE BIUAHMA IUIMHHBIX HeddoB (no 10 kM) Ha pe3ynbTaThl UCCIENOBaHUS CKBaxXHH. Ha
MO3HEN cTaluK pa3spaboOTKKU MECTOPOXAEHUS, KOT/IA TaBJieHUE BO BXOTHOM KOJIJIEKTOPE MIOHU3UTCS
10 5—7 MIla, npoayKuusi cKBaxX¥HbI MOCJIE NEPEABUXXHOM YCTAHOBKU MOXET IOIaBaThCsl HEMOCPEA-
CTBEHHO B ra3olipoOBOM, YTO CHU3UT MOTEPH Fa3a BCJCICTBHE €r0 CKUIaHHH.

HManHbii pasnen yacty Il pexoMeHpauuii conepxut 6osee noapoGHBIA 0630p U ONUCAHUE
KOHTPOJIbHO-U3MEPUTEIIbHBIX MPUOOPOB, YCTPONUCTB U KOMIUIEKCOB, MX TEXHUYECKIE U METPOJIOTH -
YeCKUE XapaKTEPUCTHKH, UTO FIO3BOJISIET 00JIee KaYECTBEHHO BBIOMPATh HEOOXOAMMOE 000pYIOBAaHUE

IUTS1 pa3TUYHBIX BULOB UCCICIOBAHUM.
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6.1 YcTheBbie aBTOHOMHbIE MAHOMETPbI-TEPMOMETPBI H TeIEMETPHYECKHE KOMILIEKChI

B pasnene 10 yacty I HacTOSIIIMX peKOMEHIAIIMI PACCMOTPEHBI MPUMEHIEMBIE B UCCIEI0BA-
TEJIBCKUX CITYK0ax 00pa3LoBbie MaHOMETPEI THa MO, MUHYCOBBIE PTYTHBIC TepMoMeTpbl TUITa TH-6
M B Ka4ecTBe NMpUMeEpPa EKTPOHHBIN MAaHOMETP-TEPMOMETP ¢ BBIHOCHBIM JaTUMKOM TeMITEPATYPhl
tina YMT-01.

B HacTosllee BpeMsT MPOU3BOAUTEISAMU allllapaTyphl MpeaiaraeTcs psii 3JIEeKTPOHHbBIX MaHO-
METPOB-TCPMOMETPOB ISl TPOBEACHUS 3aMEPOB AaBICHUM U TEMIIEPATYD Ha YCThE CKBAXUH, a TAKXKE
B TEXHOJIOTHYECKOM O00OPYIOBaHUH.

Kommnanug OO0 «MHUKOH» Hapsimy ¢ TeXHHUECKUMHU
CpeACTBAMHM LISl UCCJEIOBAHUM HEQTSIHbBIX U ra30BbIX CKBAXWH
[IPEICTABISIET AaBTOHOMHEIN MaHoMeTp-TepMoMeTp MUKOH-227
(pucyHOK 6.1), TIpeTHa3HAYEHHbIN I PETUCTPALIMK BO BPEMEHH
3HaYeHUI JaBJAeHUSA U TEMIICPATYphl HA YCThE CKBAXMWH, TPyOO-
NPOBOIAX, pe3epByapax. MaHOMETp UMeET BHELIHUH LLIYII TS W3-
MEpeHUs TeMIlepaTypsl. JlaTUMK TeMIIepaTypsl yCTAaHABIUBAETCS B
TEPMOKApMaH Ha TpybOIpoBO/e, I1¢ MPOU3BOIAUTCS U3MEPEHUE
TeMneparypbl. JaHHble B 1IM(POBOM BUIE MOCTYNAIOT B ME€PCO-

HaJIbHBIA KOMITBIOTED. HMmeeTcst BOSBMOXHOCTD nepeaay JaHHbIX

no pagrokanany (1o 30 m). MUKOH-227 paccunTtan Ha U3MEpEeHUst

Pucynok 6.1 — Matometp BEJIMYWH fasieHus 10 25 MIla (no cnennaasbHOMY 3aKa3y — J0
MarucTpajibHbIil ABTOHOMHBII
C BLIHOCHBIM JIaTYMKOM
temneparypst MUKOH-227 nepatyp 0,1 %. Auana3oH U3MepeHUsl TEMIIEpATyp BHELIHUM JaT-

60 MIla) npu nmpuMBeAEHHON MOTPELIHOCTH B 30HE pabOYUX TEM-

yukoM cocTtasiisteT MuHyc 40 °C — nmoc 130 °C, npu padouem
nuanasone temmeparyp — MuHyC 40 °C — mumoc 60 °C. TTutanue npudopa OCYLIECTBISIETCSA OT TPEX
aAKKYMYJIITOPHBIX Oarapeil Tuma AA. T1pu6op M3rotaBiuBaeTcs B COOTBETCTBUM C TPEOOBAHHAMM
T'OCT P 51330.0, TOCT P 51330.1, TOCT P 51330.10 B MCIOJTHEHUH «31EKTPOOOOPYIOBaHUE T10O-
BBILIEHHONM HAJEeXHOCTHU IIPOTHB B3PbIBA», YACTUYHO «UCKPOOE30MacHasl ceTh», UMEET MapKUPOBKY
B3pbiBo3allnThl 2ExdibIIBT3 1 npeaHa3zHaueH [Uist YCTAaHOBKH B COCTaB TEXHOJIOTMYECKOI'O 060pyI0-
BaHMs, COIepXallero B3pbiBoonacHbie cMecu Kateropuit I1A, 11B rpynmsr T3.

00O «HIIIl TPAHT» BuITTycKaeT Mpeodpa3oBaTev JaBJICHUS C U3MEPUTEIEM TEMIIEPATYPHI
MTYVY-04, npeaHasHayeHHbIE JUTSI OMpEAEIeHUs] BEIMUMH JABJACHUA U TEMIEPATYPhl XUIAKOCTEN U
ra3oB Ha pa3IM4YHbIX TEXHOJOTMYECKUX YCTaHOBKAaX. Moandukauuyu npudbopos NO3BOJIAIOT paboTaTh
KaK B COCTaBe CUCTEM TeJiEeMEXaHHUKH, TaK U aBToHOMHO. Hanpumep, MTY-04.01 — nucTaH LIMOHHBI

npeobpa3oBatesib AaBJAEHUS ¢ U3MEPUTEIEM TEMIIEpaTypbl, UMEIOLINI 1Ba TeépPMETUYHBIX BBHIBOIA,
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ONMH U3 KOTOPBIX MpeqHa3HauYeH ISl MOAKAIOYEHU S BHEITHErO UCTOYHHMKA TMTAHUS U TIepenayy UH-
dbopMaiMy B CUCTEMY TEIEMEXaHUKH, a IPYroil — IJid MOJKIIOYEHUS] BHEIIHEro TepMoMeTpa. Oc-
HOBHO€ €r0 HazHa4YeHHe — paboTa B COCTaBE CTALIMOHAPHBIX cucTeM KOHTposid. MTY-04.03 — asto-
HOMHBbIH NpeoOpa3oBaTtesib NaBJIEHUsI C U3BMEPUTEIEM TEMIIEPATYPhl, UMEIOIIMNI OIMH repMETUYHBIN
BBIBOJL JUTst TOAKJIIOYEHUST Yepe3 aganTep K MoayJ/ito cbopa MHGOpMaLMK U OJMH FepMETUYHEIN BBIBOI
JU1S1 MOAKJTIOYEHUST BHEILIHEro TepMoMeTpa. OCHOBHOE Ha3HAYEHHE — U3MCEPEHUS JaBJICHUS U TeM-
nepaTypbl BaBTOHOMHOM pexume. OCHOBHBIC TEXHUYECKHE XapaKTePUCTUKU JAHHOTO MpUOopa mpe-
crapjeHbl B 10.1 yactu [ HacTOsIIIMX peKOMEHTAIIUIA.

Monudukanus npeodpasopaTeiis napaeHUs U Temiepatrypsl MTY-05U ¢ uudpoBbIM UHIK-
KaTOpOM MoKa3aHa Ha pucyHke 6.2. [IpeobpasoBaTenb paboTaeT B AMCTAHIIMOHHOM peXUME C TTATa-
HHEM OT BHEIITHETO UCTOUHMKA HanpsKeHUsI (9...12 B). O0MeH 1aHHBIMH C BHEITHUMU YCTPOMCTBAMU
ocylecTBageTcsa no uHrepdericy RS-485. Hanuuue Broporo kabeIpHOTO BBOJA ITO3BOJISIET MOIKIIIO-
YUTh BHEIIHMI JaTYMK TeMIlepatypbl. B rmpeobpa3oBaresie ycTaHOBIEH MHDPaKpacHbIi IIpUEeMHHUK,
KOTOPBI MTO3BOJSIET IIPU MOMOIIM IMCTaHLIMOHHOTO MY/IbTa YIIPaBJISITh peKMMaMiy paboThl Ipeodpa-
30BaTeNIsl, MEHSTh PEXUMbBI MHIWKAIIMM, U3MEHSATb YCTAHOBKY M HACTPOHKU. KOoHCTpyK1IUS NMpeobpa-
30BaTeNIs MO3BOSIET MOBOPAYUBATHL KOPITYC MPUOOpa OTHOCUTEILHO IITYlIepa MpUeMa IaBIeHUs B
npenenax 350° ¢ marom dukcanuu 30°, 4To MO3BOJSAET BLIOpATh HauboIee yIOGHOE NONOXEHHE TIpe-
oOpa3oBareJisi JUTsl MOJAKTIOUEHUS Kabesis U HabJII0IeHUA 3a IOKA3aHUSIMU UHIMKATOPA.

ABTOHOMHBIH 1TM(DPOBOI MAHOMETP-TEPMOMETP YCTheBOM ALIM-4V (pucyHok 6.3) npenHa-
3HAYEH AJISl PETUCTPALMM AABJICHUS U TeMIIEpaTyphl Ha YCThe CKBAXXUHBI MJTW B IPYTHX Ha3eMHBIX CH-
ctemax. [Tpubop MoxeT padoTtath A0 BesvunH AaBraeHus 40 MIla u B aManazoHe U3MepsieMBIX TEM-
nepatyp MuHyc 40 °C — rioc 50 °C. Ipubop MoxeT paboTaTh B TeuecHue 137,7 4 MpH LIMKIIE OIIpoca

1 c. IIponoXUTETBHOCTE PaOOTH HCTOYHKMKA uTaHus — 800 cyTok npu Lukie onpoca 10 c.

a 6
Pucyhok 6.2 — IIpeoGpasoBaTeib PucyHok 6.3 — ABTOHOMHBIE YCThEBbIE
JaBieHUs1 u3MepuTenbHbii MTY-051 MaHOMeETphI-TepMOMeTpEl ALIM-4Y (a)

u CAD.147 (6)
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B 00O «IlpousBoacTeeHHasi npodieMHasi 1adbopatopusi CAD» pa3zpaboTaH ycTbEBOU MaHO-
meTp thna CA®.147. [Ipubop Mo3BoISeT U3MEPATH JaBJICHUE U TEMIIEPATYPY M COXPAHSTh JaHHBIE B
HEProHE3aBUCUMOM NaMSTH. [1penesibHO NONyCTUMOE NaBieHMe MaHoMeTpa coctanisieT 40 Mlla,
pabouwnii nuana3oH TemMnepatyp — MuHYyC 40 °C — rwitoc 50 °C. IuTaHMe OCYIIECTBISCTCS OT TPEX aK-
KYMYJISITOPOB THITIa AA ¢ oOlIMM HanpsokeHueM 2,8—3,8 B. O0beM mamsaTu coctapisiet 212 ToiC. 3a-
nuceit. OTHOCHUTEbHAS MOIPELIHOCTD 110 AaBjieHuIo — 0,25 %, nuckperHoctb — 0,001 MIla. Ha naH-
HBIi MOMEHT pa3paboTaHO YeThipe MOAM(HKAIIMKA JAHHOTO NpHUOOpa, UX OTJIIMYAET BapUaHT
TEXHOJOTMYEeCKOr0 UCIIOJHEHHUSI, HAJIMYUE TUCTAHLMOHHOTO HHAWKATOPA WJIM XKUJIKOKPUCTAILIINYE-
CKOT0 AUCILIES U1l OTOOpaKeHMs 3aMePEHHBIX BEJTUYMH KABACHUS U TEMIIEPATYPHI.

BricokoTouHblii yeTbeBoit MaHOMeTp PPS 31 (pucyHok 6.4) ycTaHaBIMBaeTCs HEMOCPEACTBEHHO
Ha YCThe CKBaXHWHbI. [Ipubop cHabXeH CUIMKOH-CAn(pHUPOBBIM JaTYMKOM JABJICHUS (Tipeaen —
105 MIla). Anana3oH usMepeHust temneparypbl npubopa — ot MuHyc 40 °C mo ruttoc 80 °C ripu 4yB-
cTBUTeJIbHOCTH KaHana 0,01 °C. O6beM NaMsATH MOXET IOCTHTATh | MJIH COMETaHHMIA TaHHBIX (BpeMs,
JaBJjeHue, TeMIepaTrypa). 3amepsieMasl MH(GOpMaIlUsl HaKaIJIMBaeTcs B MaMATH Mpubdopa U MOXeT
ObITh 3arpyXeHa ONnepaTopoM B KOMIIBIOTEDP JIU0O, B ¢/iydae UCIOAHEHUs Mpubopa ¢ palronepenar-
YUKOM, MOCTYIAeT Ha KOMIIBIOTEp OIepaTopa B PeXWME pPeaibHOTO BpeMeHU. Tekyluive 3HavyeHUs
JIABJIEHUS] MOTYT OBITh CYMTAHBI HA TMCILIee MaHOMeTpa. Kopityc MaHOMeTpa U3roTOBNEH BO B3PBIBO-
3aILMILIEHHOM UCTIOJHEHWU, IPUTOIHOM IS [UTUTEJIBHOTO MCTIOJIb30BAHMS HA YCThe CKBAXXKUHBL. HH3-
KHe TeMIlepaTyphl U Ipyryue MpUPOAHbBIE YCJIOBUS HE BAUSIOT HA €ro paboTy.

®upma KUSTER Company BeinyckaeTt ycTheBbie MaHOMeTpbI-TepMoMeTpbl KUSTER Surface
Unit (pucyHOK 6.5), KOTOpbI€ pacCUMTaHbl HA MakCHMMaibHOe AaBieHue 68,9 MIla u muana3oH
pabouux Temriepatyp — oT MUHYc 40 °C no mmnoc 50 °C. IutaHue npubdopa oCyLIEeCTBASETC OT JIU-
THUEBBbIX baTapeii, eMKOCTb NaMATH 6osee 1,2 MJIH HA0OPOB JAHHBIX, YTO TO3BOJIIET TPOBOANUTH UC-

CJ€I0BaHWA B TCHEHUE JUTUTCIIBHOI'O BpEMEHU.

PucyHok 6.4 — YcTbeBOI MaHOMETP- PucyHok 6.5 — YcTbeBOI MaHOMETp-
tepMomeTp PPS-31 tepmomeTp KUSTER
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6.2 T'nyOunHbIE ABTOHOMHBIE MAHOMETPbI-TEPMOMETPbI H KOMILIEKChI

B HacTos1ee BpeMs BHITYIIEHO JOCTATOYHO MHOTO TUITOB IJTYOUHHBIX MTPUOOPOB, OTIMYAIO-
LIAXCS KaK TEXHUYECKMMH XapaKTepPUCTHKAMHU (TUIIOM JaTYMKa, KOHCTPYKTUBHBIMH pa3MepaMu),
TaK ¥ cTOMMOCTBI0. [1pH 3TOM GOJMBIIMHCTBO U3 HUX 00/1aJal0T OOLIUM MPUHLIMITOM AEHACTBUS U CXO-
KeH KOHCTpyKuMeit. s mprMepa paccMaTprBaeTCsl KOHCTPYKIIMS M MPUHLMIT A€HCTBUS rIpeodpa-
soBarens [1TA-1 (pucyHok 6.6), Beimyckaemoro HITLL «3HaHue».

T'omoBka 1 mpubopa CIyXUT 151 KpeTuleHUs Mpeodpa3oBaTes K CKpeOKOBOM MPOBOJIOKE. 3a-
[JIYIIKA 2, pe3UHOBbBIE YIIJIOTHUTENbHBIE KObLa 3, 3alIMTHLIN KOXYX 4, NepexoaHuK 21 BMecTe ¢ aaT-
YMKOM JIaBfieHHS 19 U KOpNyCOM JaTYMKa TeMIlepaTypbl 23 00pa3yloT repMeTUUHYIO 30HY ¢ aTMOCEPHBIM
naeneHueM. [locagouHblie MecTa faTyuKa JaBlIeHUs M KOpITyca IaTYMKa TeMITEpaTypbl FepMeTU3UPOBaHEI
VIUIOTHUTEIBHBIMM BKJIaAbiiaMy 20 1 22 U3 OTOXKEHHOH KpacHOH Menu. JlaTduk temmepaTtyps 24
HaxOAMTCs BOJIM3M 3alTyllieHHOTO KOHLA Kopryca 23. K nepexonHuKy 21 ¢ moMoinblo raiiky 18 kpenurcst
maccu 16, Hecylee Ha cebe BCe JIEMEHTBI TepMETUYHOM 30HBI. BuHTamMu 17 Ha 1maccu 3akperUieHa
UiaTa 3JIeKTPOHUKH 15, e pacnoyioXKeHbl CUTHAIBHBIHN cBeTomMoA 12 ¥ KHOMKA yIIpaBJeHUs 13, mocTym
K KOTOPBbIM BO3MOXEH Yepe3 OTBEPCTUS B IIACCH U 3AIIMTHON TpyOKe 14, MPUKPETUIEHHOH K HIACCH C
IIOMOIIBIO raiiku 7. 3a I1aToii 3akperuieH MHTepdeHCHBIH pazbeM 11 WISl TOIKITIOYeHUS KOMIThIOTEPHOTO
Kabens. [lanee pacronaraetcs KacceTa 6 /uis a7JeMeHTa 8 MUTaHMsl, BKJIIOYAIOUIas o/10CTh, Ha IHE KO-
TOPOM 3aKpeTUIeH YIIOPHBIN N30 IUPYIOIIMA BKIAOLII 9 ¢ YCTAHOBJIEHHBIM B HEM TOAIPYKUHEHHBIM
MTOIBUXHEBIM KOHTAaKTOM 10, K KOTOpOMY JOJ/DKEH TIPHKUMATHCST TTOJIOKUTEIBHEIN 2JIeKTpOI 2JIeMeHTa

IMUTAaHHUA, KOJIITIAYO0K 6 CIIYXUT IJid HaJECXKHOM (1)1/IKcau1/m SJICMCHTA B KAaCCETE.

1 — rosioBKa; 2 — 3arjylika; 3 — KOJIbIO YIUIOTHUTEABHOE; 4 — KOXYX; 5 — KOJINavyokK; 6 — KacceTa;
7 — raiika; 8 — 3JIeMEHT MUTAaHUs; 9 — BKJIAABIIN U30JUPYIOIMIA; 10 — KOHTAKT TTOABUXKHBIMH;
11 — pasbeM; 12 — cBetoauon; 13 — kHonka; 14 — tpybka; 15 — mata; 16 — waccu; 17 — BUHT;
18 — raiika; 19 — ngatumk gaBiacHus; 20, 22 — BKAaAbiK; 21 — nepexoaHuK; 23 — KOpIyc;
24 — naTyMK Temilepatyphbl; 25 — ¢poHapb; 26 — HAKOHEUHUK
PucyHox 6.6 — KoHctpykiuus rnpeo6pasopartens I[1TA-01

245



P I'a3anpom 086-2010

UsMepsiemoe napiieHUe Yyepes NMornepevyHoe OTBEPCTUE, BBIXOAALIce Ha OOKOBYIO MTOBEPXHOCTh
nepexoaHuKa 21, a 3areM 4epe3 OCeBOE OTBEPCTUE TEPENaeTCs BO BHYTPEHHIOW MOJIOCTH JaTYMKa
nasseHust 19 ¥ BO3eHCTBYET HA €ro YyBCTBUTEIbHBIN 371eMEHT. BLIBOIBI AaTYMKA THOKMMU MPOBOI~
HUKAaMU COEINMHEHBI C COOTBETCTBYIOIIMMHU BXOIHBIMHA KOHTAKTAMH ILIATHI 37eKTpoHUKH 15. Ilpe-
o0Opazopareib [IT'A-01 MoxeT Mcnonb30BaThCA IS N3MepeHus aaBienud no 100 MIla u Temmnepa-
Typsl — J0 1itoc 125 °C. bonee noapoOHble METPOIOTHYECKHUE XapaKTEPUCTUKH JAHHOTO Mpubopa 1
€ro KOHCTPYKTHUBHbBIE pa3Mephbl, MpeAcTaBaeHbl B Tadauie 10.5 yactu | HacTOSAIIMX peKOMEHAALIUIA.

Takxe HIHUpOKOe IMMPUMEHEHHUE B MPAKTUKE TTPOBEIEHUS Ta300WHAMUYECKUX UCCIeN0OBAHUM
TTOJIYYWIM aBTOHOMHbIe MaHOMeTphI-TepMoMeTpel OO0 «MUKOH» (r. Ha6epexnrie Yennn). Ma-
Homerpsl MUKOH-107 1 MUKOH-1007 (pucyHok 6.7a, 6) IMEIOT IIMPOKUIA 1HATTa30H U3MEPEHMS
JaBiaeHus (1o 60 MIla) npu paboueii remmepaType A0 100 °C. INpuBeneHHas1 MOrpelHoOCTh pubopa
1o naenaeHuto coctapisiet 0,15 %, morpenHOCTL M3MepeHUs — 1o TeMItepatype 0,5 °C. MakcMManbHBIA
00beM nmaMaTH paccyutaH Ha 240 TeIC. TOYEK, aBTOHOMHOE MIUTAHHE OCYHICCTRIISIETCS C TIOMOIIBIO
JBYX baTapeii TMHA AA WM BEICOKOTEMIICPATYPHOTO 3JIeMEHTA MUTAHMS 3,6 B, 4TO mocTaTouHO A
aBTOHOMHOM pad®oThl B TeueHue 180 cyr. Moaudukanus MHUKOH-1007 uMeeT BO3MOXHOCTE Oec-
KOHTaKTHOTO CUMTBIBAHUS WHPOPMALIMK U 3AIIUCH YIIPABISIOMINX [IPOTPpaMM B IaMATh MaHOMETpa
4yepes3 yCTPOMUCTBO CBSI3H.

000 «CHMAM» noCTaBISETCI ABTOHOMHBIM NTYOMHHBIN MaHoMeTp-TepMomeTp «CAMT-02»
(pucyHOK 6.7B), KOTOPBIM MOXeT paboTaTh B IMana3oHe TemiepaTyp ot Munyc 40 °C go mwoc 125 °C.
ITpubop obagaeT MaibIMU ITOPOraMU YyBCTBUTEABHOCTH 110 AasieHuio (0,0001 MIla u temMnepatype
0,001 °C, 06beM BHYTpeHHeN naMaTu npudopa coctapasietr 2170 Toic. 3HayeHuit. [1pubop MoxeT pa-
00TaTh Ha HECKOJbKUX PEXMMAX, OTIMYAIOIIUXCS TUCKPETHOCTHIO MPOBEACHUS 3aMEepPOB OT 1 ¢ 10
I cyr. MaHOMETp MOXET OBITH CYIIIEH B CKBaXXHHY Ha TpyOax, CKpeOKOBOI poBoJioke. Bpems He-
MpEPLIBHOM pabOTH MpHOOpa OT OMHOW TUTHUEBOM GaTaper W MpH TEMIIEpaType OKPYXaIOILEeH cpe/ibl
He 6onee 85 °C cocrapisieT He MeHee 500 cyT. [Tpubop rmocTaBisieTcs B IBYX HCIIOJIHEHUSIX: THAMETPOM

28 v 32 MM, Ipy4eM IpuOOp AMaMeTpoM 32 MM HMEET YCWIEHHOE KOPPO3HOHHO-CTOHKOE UCTIOJTHEHNE.

PucyHok 6.7 — ABTOHOMHBIE T1yOMHHbIE MaHOMeTphi-TepMoMeTpsl MU KOH-107 (a),
MHKOH-1007 (6) n CAMT-02 (B)

246



PR

P T"asnpom 086-2010

Nudopmauns ¢ npudopa CUUTHIBAETCS C MOMOILLBIO ABYXIIPOBOAHOIO MHTEpdeEIica, TOAKIIOYaEMOro
K BHELIHUM OTKDBITBIM YacTAM 6e3 pazdopku npubdopa. Manomerp CAMT-02 uMeeT mporpaMMHYIO
TEMIIEPATYPHYO KOPPEKLUIO JaTYMKA JaBICHUS, KOTOpasi MUHUMHM3UPYET MTOrPELIHOCTh, 00YCI0B-
JIEHHYIO TeMIIEpaTypHLIMU KoJiebanusiMu 1o 0,1 %.

B OO0 »baitHUITHHedTH» (. Yba) co3naHbl COBpeMeHHBIE [JIYOMHHBIE JIEKTPOHHBIE Ma-
HoMeTpbl-TepMoMeTphl TUna MTI. Ins nutanus mpuOOpoB UCTIOAB3YIOTCS JIUTHEBBIE 3JEMEHTHI C
pabouuM MHTepBaioM Temneparyp — oT MuHyc 40 °C 1o ruttoc 130 °C. Haubounblumii 06beM BHEApEHUS
MOTYYWIN MaHOMeETphI-TepMoMeTphl Tuia MTT-25. MX rmopor 4yBCTBUTEIBHOCTH [10 JABJIEHUIO CO-
crasisiet 0,0005 MIla, nopor uyBcTBUTENBHOCTU MO Temiepatype — 0,003 °C, obumit 06beM na-
MATU — |14 ThIC. 3HaUeHMI1 n3MepeHuii. Pabounii temnepatypubliit unTepsan 0 °C — 100 °C. [uranue
npubopa ocylIECTBIAETCS OT IBYX Napa/UIeIbHO paboTaOIINX OaTapeii, YTo 06eCeUuBAET BLICOKYIO
HaJeXHOCTb MUTAHUS OPU JUIMTENBHON paboTe B aBTOHOMHOM pexuMe. MakcuMalbHas pOaOIKH-
TeJIBHOCTH paboThl ipudopa cocrasiser 300 cyT.

Droi xe opranusauueil paspadborana cepust IyOGUHHBIX puGopoB MTT-20, npu coxpaHeHUH
METPOJIOTHYECKUX XapaKTEPUCTUK CYLIECTBEHHO YAYUIlIEHbI X TEXHUYECKUE XapaKTePUCTHKU. Mak-
CUMaJIbHasA 4acTOTa PErUCTpalMy yBeJIUdYeHa 10 256 U3MEpEHMIt B CEKYHIY, YTO MO3BOJISAET PETH-
CTPUPOBATH OBICTPOINPOTEKAOLIME TIpoliecChl. Pabounilt TemmnepaTypHblii HHTEPBAA pacCIIMPEH 10
mmoc 120 °C. CkBaxuHHbINA MaHOMeTp-TepMomeTp MTT-20MT ¢ MaloMHEPLIMOHHBIM TEPMOIATYH -
KOM 00J1a1aeT IOPOroOM 4yBCTBUTEIBHOCTU 1o Temmeparype 0,002 °C U 1o3BoJsET IPOBOAUTH J¢-
TaJIbHYI0O TEPMOMETPHUIO CTBOJIA CKBaXWHBI. [abapuThi caMOro MUHUATIOPHOTO MaHoMerpa MTT —
22x250 MM, 4YTO NO3BOJISIET YCTAaHABIUBATD €TO B TPYOAX MAJIOro [HaMeTpa 6€3 CyLIECTBEHHOIO CHHU-
JKEHHS IUaMeTPpa MPOXOIHOTO CeYeHUsl UM YCTaHABIMBATh MPHOOPHl B KapMaHax 3aMKOBBIX COEH-
HEHMUI. 3HAUUTEIbHO YBEJIMYEH 00bEM INaMSITH LTS 3aITMCcH mapaMeTpoB 10 500—1088 Toic. Toyek.

Hay4Ho-npousBoacTtBeHHas ¢upMa «['paHT» BbIycKaeT
[IyOMHHBIE MaHOMETphI-TepMOMeTphl THma AMT-08 (pucy-

HOK 6.8). TIprbops! paccunTaHbl Ha gasiaeHue 10 100 MIla u Tem-

neparypy 1o 125°C.

PucyHok 6.8 — ['TyOuHHbIE

IIpuBeneHHast IOrpeIIHOCTL IpUbopa Mo JaBJIEHUIO CO-

MaHOMETPbI-TEe PMOMETPHI
crasngert 0,25 % ¢ paspeluanoiieit cnocodHocTsio 0,002 MITa. ITo- tvna AMT-08
JTydeHHad nHGopMallvsi CYUThIBaeTcs U3 MaHomerpa AMT B KoM-

MBIOTED YEPE3 €r0 CTAHAAPTHLIIA NocaenoBaTeNbHbIN MopT. BapuaHuT ucroanenns AMT-08.02 umeet
MaJible rabapuTHbie pa3Mepbl 25x500 MM U yBeJIMUEHHBIN 00beM ramsTu (1o 697 ThIC. To4yek). Mo-
mudukanmsa AMT-08.01 nosropsiet hopmy raznudTHOro KiianaHa MaHapeIu, COOTBETCTBEHHO MPUOOP

NpeaHa3HayeH IUIsl [IPOBEACHUS UCCIIeIOBAHMI [TPH Ta3IMPTHOM CIIOCOOE JOOLIUK.
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ITpeoGpaszosareny naBieHust U TeMIiepatypbl usmeputeabHsie UMCII-11 (pucyHok 6.9), Bbi-
nyckaeMmble OAQ «O0beanuHeHHas aHepreTuueckas rpyrra «[lerpocepsucs, UMeOT yHU(ULIMPOBAH-
HYIO KOHCTPYKLIMIO, COCTOSLLYIO U3 U3MEPUTENBHOTO 0/10Ka, UICTOYHUKA MUTAHUA U 3alLIUTHOIO KOXYXa.
AOGCONIOTHOE JaBjeHHe BO3IeHCTBYET Ha MeMOpaHy UyBCTBUTEIBHOTO 3JIeMEHTA NaTYMKa JaBIeHUS, B
pe3ysIbTaTe 4ero MpoOUCXOAUT U3MEHEHME 3JIEKTPUIECKOTO COMPOTUBIEHMS TeH30pe3ucTopa. Mame-
PUTEIbHBIN 610K TPAaHCGHOPMUPYET U3MEHEHUE COMPOTUBIEHUS] TEH30PE3UCTOPOB YYBCTBUTEILHOIO
3JeMeEHTA B HU(MPOBOI KOA, KpoMe TOTo, B 1IMGPOBOIi KO TpaHCHOPMUPYETCS aHAJIOTOBOE HalpsxKe-
HUE, PETUCTPUPYEMOE JATYMKOM TeMIEpaTyphl. 3aTeM LU pPOBbIe KOAbl JABJIEHUS U TEMIIEPATYPHI 3a-
MOMUHAIOTCA B 3HeproxesaBucumoil namsatu. [pudopsr UMCII-11 paccuutanbl Ha gaBJIeHUE 10
100 MTI1a u temnieparypy o wioc 150 °C. OcHoBHasi npUBeeHHAas MOTPELUIHOCTb KaHaJIa abCOMOTHOrO
nasneHus coctasiseT 0,25 %, 4yBCTBUTENBHOCTD KaHana gasneHus — 0,01 MIla. TouHocTs u3MepeHUA
temnepaTypsl npubopa — 0,1 °C npu uyBctBuTenbHoCTH 0,01 °C. MUHMManbHas IMCKPETHOCTh U3ME -
peHust mapaMeTpoB coctasseT 0,3 ¢, KOJIMYeCTBO TOUEK perucTpauu nocturaeT 250 Teic.

ABTOHOMHBIH LUGPOBOIt MaHOMETp-TepMOoMeTp ALIM-4, BeimyckaeMblil HayYHO-KOMMepYe-
ckoll pupMoit «I'eoTex», paccunTaH Ha nasiaenue no 100 MTIla ¢ pa3pelnatolieil CnocOOHOCTBIO MO
nasnennio 0,0006 MITa, na pabouyio TemnepaTypy — rumoc 50 °C, TepMocToiiKas KOH(pUrypauus
npubdopa ALIM-4T paccuurana Ha Temrepatypy Jo mmoc 120 °C. [Turanue npubopa oCcyiecTBIseTCs
C IMOMOLUBIO JIMTUEBON GaTapeu HanpsixeHueM 3,6 B. B 3aBucuMocTu Ot 3a1ay Ha JaHHBIA MOMEHT
cyuiecTByeT psia Monudukauuii npudopos ALIM-4C, npenHasHayeHbIX I H3MEPEHUS NIapaMeTPOB
B KOPOTKOM HHTepBaJie BpeMeHU (¢ koM omnpoca ot 0,05 1o 1 ¢), HanipuMep, U1 KOHTPOJIS TTpo-
uecca nepdopauuu, KoHpurypaums AMT-4TD — 11 NOBBILIEHHBIX TEMIIEPATYP B ra30BbLIX Cpeaax.
JI1s1 NOBBILUEHUSI TOUHOCTH U3MepeHuit ¢upMoii paspadbotan npudop ALUM-41AT ¢ pa3nenbHbIMU
JATYNKAMM JABJICHHUS U TEMTIEPATYpHI.

[nyounusii npucop CA®.AMTB (pucyHok 6.10) mo3BoJisieT NpOBOANTL U3MEPEHUS U TTOMeE-
HIaTh B 3HEPTOHE3aBUCUMYIO [TAMSTh HE TOJbKO 3HAYEHUS AABJICHUS U TEMIIEPATYPBI, HO U BJIaXKHOCTH.
[Tpu padore B Komrutekce co cueTunkom CAD.CI1C-2/CI1C-3/CI1C-5 npubop nossousier GopmMu-
pOBaTh OTYET O pacrhpeesieHUU MapaMeTpoB Mo riayouHe. [1o METpONIOrnYeCcKHM XapakTepUCTUKAM
AWana3oH U3MepeHus naBieHus cocrapnsgeT ot 0 1o 60 MIa, mpy OTHOCUTENBHO TPUBENEHHOM NO-

rpetrHocty 0,25 % v IMCKPETHOCTH Mo KaHany aaeiaeHus 0,0001 MIla. MakcumanbHas nsmepseMas

PucyHok 6.9 — [1yOUHHBIA MaHOMETp- PucyHok 6.10 — ABTOHOMHEBIN MaHOMETp-
tepmoMetp MMCII1-11 tepMmoMeTp-Biaaromep CAO.AMTB
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TemrepaTypa rnpudopa cocrasJsier moc 120 °C, npu abcomroTHoi norpeinHocty 0,5 °C v 1MCKpeT-
noctH 0,0003 °C. INocTosiHHas BpeMEHM KaHajla U3MEepPeHUS TeMIIEpaTyphl cocTapiser 1,5 ¢. [Tutanue
pUOOPa OCYLIECTBISIETCS OT OJHOTO JIUTHEBOrO 3JIeMeHTa THUIIA AA ITpH NMOTpebIeHUHM TOKA He boliee
0,6 MA. Bpems HenpepoiBHO#M pabotel CAD . AMTB npu uHtepBase 3anucu 1 ¢ cocrasiasier 59 u.
JdunameTp npubopa — He 6oJiee 25 MM, JUTHHA COCTaBIIsAET 720 MM.

ABTOHOMHBbIE 3J1eKTPOHHbIe MaHOMETpbI-TepMOMeTphl KCA-A2-28-(36), BhIITycKaeMble hUp-
Mot OAO «HIT® TEOP®U3UKA», npenHazHaueHbI IS U3MEPEHMS JaBICHUSI U TEMITEPATYPhl IIPH
TUAPOIUHAMHYECKMX UCCIETOBAHUSIX CKBRKHUH, OHW MOTYT OBITh CITY1LIEHbBI Ha TpyOax, reoH3nIecKoM
kabeJjie WM Ha CKpeOKOBO# NMpoBoJioKe. Pabouee nasiaenue rpubopa — 1o 100 MIla npu auckpeTHOCTH
0,004 MI1a, pabouas remneparypa — no mitoc 120 °C. I[Ipenen nomyckaeMoi OCHOBHOM MPpUBEIEHHOIA
MOTPEUIHOCTU U3MEPECHMS JaBJcHMS B nMana3oHe temnepartyp roc 5 °C — 100 °C cocraBngeT He
oosee 0,2 %. AOCOTIOTHAS TIOIPELIHOCTL U3MEPEHUS TeMITepaTyphl — He 0ojiee 0,04 °C nipu nopore
yyBcTBUTENLHOCTU TepMomeTpa (0,003 °C. O6beM BCTPOSHHOH 3HEPrOHE3aBUCUMOI [TaMSATH — OKOJIO
100 ThIC. 3anKCel, TPOIOIKUTEILHOCTD HENMPEPLIBHOI paboThl JocTuraeT 540 cyToK.

MerTposoruuecKue XxapakTepUCTUKH PeACTaBICHHBIX IPMOOPOB NpUBeaeHbl B Tabuuie 10.5
B yacTu | HacTOATIIMX peKOMEHAALUMN.

C 1en1bio NOAYYEHHS TOTIOJHUTEIBHON UHGOPMALIMM, KacaloLIeHCs

COCTOAHHUA CTBOJIa CKBAaXXHWHbI, ONPEACTICHUST KAYECTBEHHOIO COCTaBa

Hakoneunnk

CI)J'IIOI/II[a, CCTECTBCHHOTI'O raMMa-Hu3iy4cHnd, CKOPOCTH ITOTOKa ra3a U XXun-

KOCTH, IPUMCHAIOT MHOT'OKAHAJTBbHBIC FCO(I)I/BI/I‘-ICCKI/IC HpI/I60pI:I, TEXHU- Monyss

pacxonomMepa fr

YECKUE XapaKTePUCTHKU U KPATKOe OMUCAHHEe KOTOPLIX IMPEACTABACHbI B
HacTosiIIKX pekoMeHaauusx (pazaen 10 yactu I). Ilpubopsr MOTyT COCTOSITD
13 HECKOJIBKMX CeK1IMi (PUCYHOK 6.11): 6a30BOro MoayJisi, MOIYJISI pACXO- Moo [K

JoMepa, MOAYJIsl pe3UCTUBUMETPA U MOIYJIS 0J10Ka MUTaHus. ba3osblit Mo-

2700

AOyJib COACPXUT JATYUKH AABJICHHUA, TEMIICPATYPbI, BJIaXHOCTH, a TaKXe

TEPMOMHAMKATOP MMPUTOKA U JIOKATOP MY(DT. ABTOHOMHBI KOMILIEKCHBII

Jatunk
nokaTopa MydhT
NpUOOP CIYCKAIOT B CKBAXUHY HAa POBOJIOKE THaMeTpoM 1,8—2,5 MM. R
ALII, MI, namsits, |
MHorokaHaabHbIE TPUOOPHI AOTIOMHUTEIABHO MOTYT KOMILJIEKTO- —

JatinK naBieHUst

BaTbCsl MOAYJEM onpenencHust coctaBa. Hampumep, npudop 'EO-2M

IaTunk TemMneparypbl

900 (6azoBbIi MOZYSTB)

(cM. pasnen 10 yactu I HacTOSILIMX PEKOMEHIALIMIT) MOXET OBITH JOTIOJI -

Brok nuranug |

HEH aBTOHOMHBIM MoayneM coctaBa tumna [[EO-2MC, koTopkelil npeaHa-

3Hay€eH IS 06CKOHTAKTHOIO U3MEPEHMS YAECTbHOMN 3NEKTPUIYECKOM Npo-

Pasvem mns cBstsu
C KOMIBIOTEPOM

BOAMMOCTH, COAEPKAHHUS BOABl U BOJOPONOCOAEPXKaHUSA B MPOAYKIIHH
PucyHok 6.11 —
MHorokaHanbHbIH
aBTOHOMHBIH pUOOP

CKBaXWHHBI. Momy/ab ompenejeHUs COCTaBa COMEPXKMUT PE3UCTUBUMETP,

BJIArOMEP, TEPMOMETP.
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6.3 OcHOBHbIE METPOJIOrHYECKHE XAPAKTEPHCTHKH IATYHKOB AABJICHHS

Boifop myOGMHHBIX MAHOMETPOB-TEPMOMETPOB, COOTBETCTBYIOILINX TPeOOBAHUSIM UCCIENO-
BaTeJIbCKUX 3alay4, 3aBUCHUT, ITPEX/EC BCETO, OT METPOJIOrHYECKHX XapaKTePUCTUK KOHKPETHOTO 000-
pyzoBaHusa. KauecTBo M3MepeHUi 3aBUCUT HE TOJLKO OT TUIIOB JaTYUKOB NPUOOpa, HO U OT Xapak-
TEPUCTUK LETH MIEKTPUYECKUX U MEXAHHUECKUX KOMIIOHEHTOB, K KOTOPBIM TTPUOOP MOJKITIOYEH.

Pasnuyalor ABa THUNA METPONIOTMUECKHUX XapaKTEPUCTUK NMPUOOPOB: CTATUMECKWE U JHMHA-
MHYECKHUE.

CraTtnueckye METPOJIOTHYECKIE TTapaMETPbl OTNIPENENSIOT XapaKTepUCTUKU ITpeodpa3oBaTess
JABJEHUS TIPH HEU3MEHHBIX yca0BUsIX paboueit cpenbl. OCHOBHBIMU BIMSIIOIIMMHA (aKTOpaMH SiB-
JISIIOTCSI TOYHOCTh, pa3peniarolias ClriocoOHOCTh, CTAOUIBHOCTh U 4YBCTBUTENBHOCTb.

TouHoCTbh — 3TO MakCHUMaJibHasl OIIMOKA, BOZHUKAIOILAS B [IPe00pa3oBaTe/ic JaBICHUS HE3ABU -
CHMO OT YCJIOBUI €ro UCMoJIb30BaHusl. TOUYHOCTH mpubopa onpeaesaeTcs CASAyIoIMMU NapaMeTPaMHU:

- cIIaXUBawllas olnoKa WK CpeaHee KBapaTUYHOE OTKIOHEHHWE (Mepa KauecTBa MaTeMa-
TUYECKON ajanTalvi KaTMOPOBKM JaTUMKA M U3MEPSEMBIX ITApaMETPOB), KOTOPOE paCCUUTBIBACTCS
Ha OCHOBE PaCcCYUTAHHOTO U 3TAIOHHOIO JaBJICHUI IIPU AaHHOM TeMIiepaType (pUCYHOK 6.12);

- TUCTEPE3NUC — MaKCUMAaJIbHas pa3HUILIA B TOKA3aHUSIX TPHUOOpa MPY MOBHIIIIEHUH M CHUXKEHUH
JABJEHUS B X0/J€ KaTUOPOBKM AaTuuKa (pUCYHOK 6.13a);

- IIOBTOPAEMOCTh — PA3HMIIA MEXIY ABYMS INOCIEA0BATEIbHBIMU U3MEPEHUSIMU TaBIEHUS
MIPY paBHBIX 3HAYCHUSIX TEMIIEPATyphl (PUCYHOK 6.136). B TpOMBICIOBBIX YCJIOBHSIX TOBTOPSIEMOCTD
BJIMSIET HAa U3MEPEHHUS, BBIMOHSIEMbIE HA HECKOJIbKUX pexXuMax. Oco0eHHO BaXXHO 3HATh BEJIMUMHY
JAHHOTO MapaMeTpa MpH UCCIeI0BAHUU BbICOKOITPOIYKTUBHBIX TA30BbIX CKBAXWH, KOTr/a aBjJieHue

OT peXHMa K PpCXXHMY MCHACTCA Jinlllb Ha JCCATBIC IOJIN MErartaCkKais.

DTajOHHOE JaBjIeHUE

|
L
|
]
|
'
L
'
|
|
i
'
t
'
'
'
'
'
]
1

s, PucyHok 6.12 — MmocTpaliysi OHATHS
PaccuvranHoe qaBieHUE «CpCAHEC KBaApaTUYHOC OTKIIOHCHHUEC»
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PucyHok 6.13 — WuniocTpalys MOHATHI «THCTEPE3NC» (a) U «ITOBTOPSEMOCTE» (0)

Pa3pema}oma51 CIIOCOOHOCTh an/I60pa — 9TO0 MUHHUMAJILHOC U3MECHCHUEC NaBJICHUA, KOTOPOC

cnocobeH 3a(pUKCUPOBATH TATUYMK.

6.4 Pacxogomerpusi
6.4.1 CtaHgapTHbIC CyXalollUe YCTPOCTBa

K cranmapTHbIM (HOPMaTM30BaHHBIM) CYXAIOIUM YCTPOM-

CTBaM OTHOCATCS1 AMadparMbl, COMJjia Pa3IMYHbIX KOHCTPYKLIMIA £
u Tpyonsl BeHTypH. 1 Z 2
NN

CrangapTHasi 1MadgparMa — 3TO THTI CY>XaIOLIETO YCTPOd- ) L

CTBa, BHITIOJTHEHHOTO B BHI¢ TOHKOTO IMCKA C OTBEPCTUEM, UMEIO- /@

LIIM CO CTOPOHBI BXOJa OCTPYIO NIPSIMOYTOJIBHYIO KPOMKY (pHUCY- .

Hok 6.14). Texunyeckue TpeboBaHus K aradparMaM, a Takxke K

ux ycraHoBke pernamentupoBaHbl TOCT 8.586.2. 8| 8 1M1 "HW’
Jl1s1 HopMaltbHOM paboThl nMadparMbl 10JKHBL OBITH 00eC- "

IeYeHBLI OTBEPCTHUS 11 OTOOpA JIaB/IEHUs — HE MEHEE OJIHOTIO J10 7

auadparMbl M OTHO — TIOCJIE HEE, PACMOJOXEHHBIE B TOM WU ¢

JIPYIOM CTAHAAPTHOM I0JIOXKEHUHI B 3aBUCUMOCTH OT CItoco6a OT- ' '

6opa JaBieHus (YIJIOBOM, TpeXpaaguyCHbIN, (piaHLEBbIN ). é
Jlns nmacghparm € yriioBbIM ciocoboM 0T60pa reperana 1aB- 1 — BXonHOii TOpeil

auagparmsol; 2 — BBIXOTHOMH
Topeu nuadparmMbl
PucyHoxk 6.14 — CrangapTHas

JIEHUSI IOMNYCTUMBbIE IUaNa30Hbl 3HAUCHUH TUaMETPOB TPyOOIIpO-
BoIOB D MOKHBI HaxoouThes B nipeaenax S0 mm < D < 1000 mmM.

OTHOCHUTEbHBIN JUaMeTp AradparMbl, XapaKTepU3yIOLIHi OTHO- nvadparma
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[IEHHUE TUaMETpa OTBEPCTUSA d CyXalolIero YCTPOMCTBA K BHYTPEHHEMY AUAMETPY U3MEPUTENILHOTO
TpYOOIpOBOAA MEpel CyXKaloLUIMM yCTpoicTBOM B = d/D, nonxeH 6wiTh B npeneax 0,05 < B <0,64.
Hng nuadparm ¢ aHiieBbIM cocoboM oTOOpa Mepernana JaBieHUsT 3TH BETWYUHBI T1OJIKHBI HAX0-
muThed B nipeaenax 50 mm < D <760 mm; 0,04 < B < 0,56. InaMeTp oTBepcTusi auadparm HE3aBUCUMO
oT criocoba oTbopa JaBlIeHUA JOJIXKEH ObITh HE MeHee 12,5 MM, OTHOCUTE/IbHBIN 1MaMeTp B JOIKeH
HaxoauThbes B npeaenax ot 0,1 no 0,75.

MaccoBbiit pacxon cpensl (¢,,,) Ipy 3ToM paccuuTbiBaeTcs 1o dpopmyse (FOCT 8.586.1)

nd*CEs

Gm = 2 K, K \2pAp, (6.1)

rae d — IMaMeTp OTBEPCTHUS CYXaloUIero YCTPOHUCTBa P pabodeil TeMIiepaType Cpenbl, M;

C — ko3®PULINEHT UCTEYEHHS, 1. ;

E — xoadpduiineHT CKOPOCTH BXOHa, ex.;

€ — KOahPUUHEHT pacllIMpEeHUs, e11.;

p — IUIOTHOCTB Cpebl, KI/M3;

Ap — niepenaj JaBJeHUs Ha CyXaloleM ycTpoicTse, I1a;

K, — K03bGUUMEHT IEPOXOBATOCTH BHYTPEHHUX CTEHOK M3MEPUTENLHOTO TPyOOIIpOBOAA;

K_ — kosduLueHT ucteyeHns auadparmol.

PacueT MaccoBoro pacxoma BBIMOJHSIOT B COOTBETCTBUU ¢ (DOPMYJION NTPU U3BECTHBIX 3HAYE-
HUSIX €€ COCTABSIONINX, YaCTh U3 KOTOPBIX IOJIYYAIOT ITyTEM HENTOCPEACTBEHHBIX H3MEPEHUIL, IPYIyIo
YacTb — PaCUYECTHBIM ITyTEM.

Cas13b MacCcOBOI'0O pacxojia Cpe/ibl, 0O0bEMHOI'0 PACXOAA CPEAbI IIPU paboYMX YCIOBUAX U 0OBEMHOTO

pacxona cpefibl, IPUBENEHHOTO K CTAHAAPTHBIM YCIOBHSIM, YCTAHABIMBAET ClleAyolas popMyna:
dm = 9P = 4cPc> (6.2)
rae g, — OOBEMHBI pacXo/l Cpelibl NPU pabounX YCIOBHUAX, M3/c;
g, — OOBbEMHBIN PaCX0/ CPelbl, IPUBEAEHHBIN K CTAHAAPTHBIM YCIOBHSIM, M3/c;

p — IUIOTHOCTh CPe/ibl P CTAHIAPTHBIX YCIOBHUSX, KT/M>.

KoadduineHT uctedenus st auacdparm orpenesiior 1o ypaBHEeHUIO

6. \0,7 6\03
C:0,5961+0,0261B2—0,261BB+0,000521[110{—BJ +(0,0188+0,00634)p>" IRLJ +
€ (&}

4
+(0,043+0,08¢'%4 _0,123¢ 74 )(1—0,11A)1 BB -—0,031(M,; —0,8M")B" + M, (6.3)
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rac

0,8

A=(1900B) ’ :

Re
M, = 2L
1-pB

b

_D_ npu D<0,07112 M
0,0254 ;

0 mpu D>0,07112 M

0,01 1(0,75—[3)(2,8—
2 =

Re — umncino PCﬁHOHbL[Cﬁ, XapaKTEePU3YIOILIECC OTHOMICHUE CUJIbl MHEPIIMU K CUJIE BA3KOCTHU

MOTOKA, PACCUUTHIBACTCS IO hopMyIie

Re= A = 44cPe .
muD  npD

3HayeHus L, v L', TpUHUMAIOTCS PaBHBIMM:

(6.4)

L, =L, =0 — s yriooro crioco6a otbopa 1aBieHUI,

L,=1; L;,= 0,47 — 11s1 TpexpaxnuyCHOro crocoba ordbopa 1aBieHUH;

L, =L, =0,0254/D — nnsa dnaHuesoro cnocoba oTéopa AaBjIeHUH.

KoadduimenT pacimpeHusi pyu MCHoJb30BaHUH JI000Tr0 criocoda 0TOOpa JaByieHUs ¢ Aua-

(dparmel onpenensieTcs no popmyiie
£=1-(0,351+0,256B* +0,936%) 1—[1——J" , (6.5)
D

rie  p — JaBJICHUE CPEIbI;
K — ITOKa3aTesb aauabdaThl (M303HTPOIMK) rasa.
Tloka3aTtenb aguabaThl pacCUUTHIBAETCS 110 (hopMyJie

x=P®

6.6
20 (6.6)

A
HpI/I OTCYTCTBHHU CITPABOYHBIX JAHHbIX O 3HAUYCHHUAX [10KA3aTECJIA anguadaTbl UM METodax ero

pacyeTa BMECTO IMOKa3aTEIsd anuabaTel MOXET OBbITh UCIOJb30BAHO OTHOILICHHUE YHCHBHOﬁ TCIIO-

€MKOCTH ITpHU NOCTOAHHOM IABJICHHU K VIEJIBHOM TETJIOEMKOCTH TTPH MOCTOSAHHOM obbemMe.

3HaueHue Ko3pPUIIMEHTa CKOPOCTH BXxoja E onpenensor o ¢popMmyiie

Fod . (6.7)
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[TonpoGHoe onmucaHue pacyera MOMPABOYHBIX KO3((MHUINESHTOB, YYUTHIBAIOUIMX LIEPOXOBa-
TOCTb BHYTPEHHEH MOBEPXHOCTU MU3MEPUTETHHOTO TpyOompoBona (K ) U MPUTYILUIEHHE BXOAHOM
KpoMmku auacparmsl, npeacraeieHo B FOCT 8.586.2. 115 npuOAMKEHHBIX pacyeToB 1e6GHUTOB Ia30BbIX
Y TAa30KOHIEHCATHBIX CKBaXXHUH LIEAEC000Pa3HO 3TU KO3(MHUILUEHTH MPHHATH PABHBIMU €IMHULIE.

B Liesiom ypaBHeHHWe pacxona Cpelibl ABIAETCA HEABHBIM, KoodduuueHTh C 1 K, 3aBUCAT OT
yucaa PeitHosbaca, KOoTopoe, B CBOIO 0Uepelb, 3aBUCHT OT 3HAYEHHMS pacxoda cpednl. Takoe ypaBHEHUE
pelIAETCs UTePALMOHHBIMU METOIAMHU.

PacueT pacxona BbIIONHAIOT B C/IEAYIOLIEH OCIeN0BaTeNbHOCTH

- IPUHKUMAIOT MepBOe NPUOIMXeHUe 3HaYeHus yucra PeiiHosbaca Re,, paBHoe 109;

- PaCCYMTBHIBAIOT MEPBOE NMPUOIMKEHUE 3HAYEeHUS KOobbuuneHToB C, u K ;

- PACCYMTHIBAIOT NEPBOE MPUOTMKEHUE PACXOAA CPENEI 4 ;

- 110 MOJIYYEHHOMY 3HAYEHHUIO ¢ I0C/ICNOBATEIbHO HAXOAT BTOpoe Npubanxenue Re,, C,,
Kup 1 4y;

- MPOLECC YTOYHEeHUs 3HaYeHui Re, C, K ¥ ¢ TPOBOAT [0 TeX MOP, NOKA 3HAYEHUE OTHOCH -
TE/IbHOTO OTKJIOHEHUSI MEXY ITOJyYeHHBIM 3HAaYCHHUEM PAcXona g; ¥ €ro NpeablIyIuM 3HaYeHHEM
g;_; OYIET yIOBIAETBOPATD YCIOBUIO

g — iy | <1075, (6.8)
4;

HajinenHoe 3HaueHMe g; NPMHUMAIOT 32 MCKOMOE 3HAYE€HHUE PACXOJA.

s u3MepeHusi pacxoia B KaUeCTBE CYXKAIOIIETO YCTPOICTBA MPUMEHSIOTCS TaKXKe COILIa.
Cormio — 370 TUMN CyXalolIero yCTpOiCTBa, MMEIOIIETO TUIABHO CYXAIOIHYIOCS YacTh Ha BXOJeE, repe-
xonsiinyio Ha Bbixojie B ropsioBuHy. CornacHo F'OCT 8.586.3 g usMepeHus pacxola perjlaMeHTH-
pytoTcs Tpy Buaa comnelt: corio MCA 1932, syutnnconaHoe coruio 1 corio BeHTypu.

C MoMoIbIO COMUIA CO3AETCSI MECTHOE CYXKeHUE ITOTOKA, YaCTh ITOTEHLIMAIbHON SHEPTUH Ne-
peEXONUT B KHHETUUYECKY10. CpeaHssi CKOPOCTh [TIOTOKA B MECTE €I'0 CYKEHMSI MMOBLIIIACTCS, 4 CTATUYE-
CKO€ J1aBJleHME CTAHOBHMTCS MEHee CTaTMUECKOTrO IaBJCHHUS J0 CYXaIoUIero ycTpoiictea, Mepoii
pacxoqa sIBJigeTcs pa3HOCTb AaBiaeHuii. Ha pucynke 6.15 npuBeneH o61uii pa3pes coria MCA 1932
B IUTOCKOCTH, TPOXOASIIEH Yepe3 OCh TOPJIOBUHBL. YacThb COILIa, pacloNoXeHHas B Tpybe, SIBIsIeTCs
Kpyroii. COTIo COCTOMUT U3 CyXaloLIehcs CeKIIUM C 3aKPYIIEHHbIM NMpoduieM U HUIMHIPUYECKOMN
ropJioBUHBI, OCHOBHBIE TUIIOpa3MepPhl M TeXHUYeCcKMe TpeboBaHus peryiameHTHpoBanbl TOCT 8.586.3.

ITpodune paccmatpuBaeMoro comia 00pa3oBaH BXOAHOM TOPLEBOM IUNIOCKOCTBIO A, NEpIieH-
JUKYJISIPHOU K OCEBOU JIMHUHU COILIA; IUIOCKOCTHIO CYKaIOHIEHCsI YaCTH CoIla, 06pa3yiolleil KoTopoi
SIBJIIETCS JIUHUS, COCTOSIIAs U3 Oyr oKpyxHocTel B n C; BHyTpeHHeH LHWIMHAPUYECKON MOBEPX-
HOCTbIO TOpPJIOBUHBI E; BHYTpEeHHEN TTOBEPXHOCTBIO KOJIBLEBOIO BhICTYNA F, MIpeaoXpaHsiiOnero Bhl-

XOAHYIO KPOMKY G OT ITOBpEXIeHMs.
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a 6 PucyHnoxk 6.15 — Comio UCA 1932

Comta UCA 1932 nmpUMeHSIOT [PH CJIEAYIOLINX YCIOBUSX: AMAMETP U3MEPUTEJIBHOTO TPyDO-

nposona 0,05 M < D < 0,50 M, OTHOCUTENbHBIN TUaMeTp OTBEPCTUS 3 = d/D NOIKEH HaXOOUTLCS B
nuanasoHe ot 0,3 mo 0,8.

MaccoBblit pacxon cpenst (g,,) mst conea MCA 1932 paccunThiBaeTesi aHAIOTUYHO PACXORy
MIPY UCTI0Ib30BaHMH Auadparm (6.1), TonbKo 6¢3 KoaddulimeHTa uctedeHns: tuadparMaol.

Kosddunument ucreuenus conesn MCA 1932 onpenensior no gopmyie
106 1,15
C =0,99-0,2262p™' —(0,00175p> —0,0033[34"5)[i—J . (6.9)
e

Kosddunuenr paciupenus conena MCA 1932 paccuutbeiBaercs no Gopmylie
2/ 1-g* 1/
e= || < P - , (6.10)
k-1 [ 1-B*t /% 1-1

KoadduimeHT, yIMTHIBAIOUIMI 1IEPOXOBATOCTh BHYTPEHHEH MOBEPXHOCTU U3MEPUTEIILHOTO

rae 1=1-Ap/p.

Tpybonposoaa (K ), TPUHUMAETCH PaBHbIM eIMHULE. B ciiydae MCmonp30BaHus B Ka4eCTBE CyxXalo-
wero ycrpoiictsa coria MCA 1932 Gonee TOYHBIN pacdeT pacxoia cpelibl IPOBOIUATCS Ha OCHOBE
onpeneneHus koapbuuuenta K, B cootserctuu [OCT 8.586.3.

CyILUeCTBYIOT IBE Pa3HOBHAHOCTH SJUIMIICOMIHBIX COTEN, OTAUYAIOUIMECS TPEOOBAHUSAMM K

W3TOTOBJIEHUIO UX BHYTpeHHeH MpodWIbHOR YyacTu: coria ¢ 6onpmmM (0,25 < B < 0,80) ¥ ManbiM
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(0,20 < B < 0,50) OTHOCHUTENBLHBIM IMAMETPOM TOPJIOBUHBI (PUCYHOK 6.16). Jiia 3HAYEeHUH B MeXIy
0,25 1 0,5 npodribHYI0 YacTh COMIa MOXHO M3rOTaBIMBATH B COOTBETCTBMU C TPEOOBAHMAMHU K
COIUTaM Kak OOJbIIOro, TaK U MaJIoro OTHOCUTE/IBHOTO JUAMETPA TOPJIOBUHBI.

[Tpoduns corna (pucyHoK 6.16) 06pa3oBaH CyXaloILEHCs YaCThIO COIUIa A; BHYTPEHHEH LIU-
JIMHIPUYECKOH rOPIOBUHOM B; MOBEPXHOCTHIO BBIXOAHOIO TOpla comia C.

DJUIMIICOMIHBIE COIUIAa NMPUMEHSIIOT MPU CASHYIOIIMX YCIOBUSIX: TMAMETP U3MEPUTEILHOTO
Tpybonposona 0,05 M < D< 0,63 M, OTHOCUTENIbHBII AUAMETP OTBEPCTHS B = d/D NOKeH HAXOMUTHCS
B nuanaszone ot 0,2 1o 0,8.

Pacxon cpeanb! 1is 2JUTUIICOMAHBIX COIEN ONpeaeIsieTcs TaK Xe, Kak v st cones MCA 1932.

KoadduureHT nucteueHus 3/UTMICOMIHBIX COIIEN OIPEesioT 1o (hopMyJie

108

C =0,9965-0,00653,/ ——. 6.11)
Re

KoadduuumeHnt paciimpeHus 3JUTMIICOUMIHBIX COMeEN onpeaesieTcs mo ¢popmye 6.10, koad-
¢uuveHT (K ), y4UTHIBAIOLIMI LIEPOXOBATOCTh, PABEH EAWHULIE.

ITpodunu coruia Benrypu nokazansl Ha pucyHke 6.17. Coruto BeHTypH MoXeT ObITh JTHHHBIM
WU KOPOTKUM. B nepBoM ciyuae HanbOOIbIINM IMAaMETP BHIXOAHOTO KOHYCa paBeH THaMeTpy Tpy6o-
MPOBOJAa, a BO BTOPDOM — MeHblle nuaMeTpa Tpybornposoaa. Ilepenan naBiaeHUs cieayeT U3MEPSTh
4yepe3 KoJbleBble KaMephl. 3alHI010 (MUHYCOBYIO) KaMepy COCOUHSIOT ¢ IWIMHAPUYECKONH YACThIO
coruia BeHTypu ¢ NOMOLIBIO pafUaTIbHbIX OTBEPCTHIA.

Comna BeHTypu NpUMEHSIOT MPH CeIYIOMNUX YCIOBUSX: TUAMETP U3MEPUTEILHOTO TPyOO-
nposoa 0,065 M < D < 0,50 M, OTHOCUTEJTbHBINA TUaMETP OTBEPCTHS B = d/D 10NXKEH HAXOIUTHCA B

auamnasone ot 0,316 no 0,775, nnameTtp oTBepcTHd corta d > 0,05 M.

D/2  06d d 0,64
N
) N
—— S /77, \ S
ZZZ2 ™
N )/ .
% Q| s 3
'~y Q - ~
Q|
Q ISR 2
) Q Q SR A B
Hampasnenue A B HanpapneHue — —
MoToKa T _\ I0TOKA e C
N C
A [
o ZZZA § A
\ vz
H Y

PucyHok 6.16 — DJUTMIICOMAHOE COILTO
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1 — yKopoueHHoe coruto Bentypu;
2 — HeyKOpouYeHHOe coIuio BeHTypun
PucyHok 6.17 — Comua Bentypu B paspese

Pacxon cpenbl wist 3/UTMIICOMIHBIX COTIEN ONPEAEIAeTCs TaK Xe, Kak v Wis cones MCA 1932,

KosdduumeHT ncteyeHus conesn BeHTYpH He 3aBUCUT OT 4Mcia PeifHonbiaca v onpenessieTcs o
dbopmyne
C =0,9858—-0,196p*. (6.12)

Hns 6osee TOYHOTO pacyeTa pacxoja Cpebl B CIy4ae UCIOIb30BaHMUS B KAUYECTBE CYXAIOLIETO
yCTpOicTBa corula BeHTypu Heob6xoauMo paccyuTtaTh KO3(PEOULUUEHT K, B COOTBETCTBUM C
T'OCT 8.586.3.

[Tpumenenune Tpyd BeHTypu 3aBHCHT OT UX PasHOBUAHOCTH, OOYCAOBIEHHO CIIOCOGOM M3-
FOTOBJIEHUSI UX BXOMHOM KOHMYECKOM YaCTH U ITPODUIS HEPECEUEHHUS BXOIHOTO KOPITYCa ¥ FOPJIOBUHBI.
Crnoco6bl  m3rotopieHUss Tpy6 BeHTypM M rpaHMUBl HX NPUMEHEHUS pErIaMEHTHDPOBAHBI
T'OCT 8.586.4. Tpy6n1 BeHTypu ¢ 11TOI (63 06pabOTKM) BXOAHON KOHUYECKOM 4aCThIO IPHMEHSIIOT
NIpY AMAMETpax U3MEPUTEIbHBIX TpyOonpoBoaos ot 0,1 1o 0,8 M 1 OTHOCHUTEILHBEIX AMaMeTpax OT-
BepcTust TpyOs! oT 0,3 10 0,75. Tpy6st BeHTypu ¢ 06paboTaHHOM BXOIHON KOHUYECKOM YaCThIO MTPU-
MeHs1oT npy auamerpax ot 0,05 1o 0,25 M ¥ OTHOCUTENIbHBIX THAaMeTpax oTBepCTHs TpyOs! oT 0,4 10
0,75. Tpy0Osl BeHTypH co cBapHO! BXOAHOM KOHWYECKOW YACThIO U3 JUCTOBOM CTAIM MPUMEHSIOT
npu auamerpax ot 0,02 1o 1,20 M ¥ OTHOCHTENBHBIX THAMETPax OTBepCTUA Tpy6r! oT 0,4 1o 0,75.

TpyGa Bentypu (pricyHOK 6.18) cOCTOMT 13 BXOIHOTO LIIMHAPUYECKOTO YIaCTKa A, CyXaIOILIeHCsI
KOHUYECKO# YacTh B, umwimHapuyeckoii ropaoBuHsl C U auddysopa E. BHYTpeHHssl TOBEPXHOCTD

TI)Y6I)I BCHTypI/I SABJIAETCS LIWIMHAPUYECKOU M KOHUYECKOM K OCH H3MEPUTECIIBHOI'O Tp}’601'IpOBOlI3.
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' Bo BxonHOM KOHYCE€ U TOPJIOBUHEC BbIIOJ

| MOIIBIO CIIEHHNATIBHBIX HpI/ICI'IOCO6JIeHI/II7L B HMXHel yacTH KOJbLEBLIX Ka-

TYPH Ha3bIBACTCS INTMHHOM, €CIN HauOOJBLIUHA TU

HaripasneHue motoka

N | MeHbIIIE JuaMeTpa TpyoonpoBoIa.

conen UCA 1932 (dbopmy:a (6.1)). KoadduumeHr

(0,5 +0,02)d

R
4 & BeHTypu paccuutbiBaloTcs o opmyie (6.10).
oD

6.4.2 IndmMaHoMETp CHIB(OHHBIN caMoIl

! B nocnenHue IecATIWIETHS TTPHU MPOBEIEHNUH B IIpoLecce pa3paboTKu

PucyHok 6.18 —
Cxemarnyeckuit BUl
TpyObl BeHTypH

HI/I(I)MaHOMCprI C NMPUBOAOM JUArpaMMHOTO JHUCKA OT YaCOBOTO MEXaHU3Ma

(nanpumep, JCC-712-M1), KoTOpbIe YCTaHABANWBAIOTCS HA BbIXOIE U3 Ce-

napartopa Ha ucciieqoBatebckux TuHusax YKIIT.

Tab6auua 6.1 — KoadhdpuumueHTs ucteueHus: Tpyod BeHTypu

HEHBbI KOJBILIEBBIC YCPCI-
HAOMNWE KAMEDBI. OHu coo0LIAOTCA ¢ BHYTPEHHUMU MOJIOCTSIMU BXOIHOTO
KOHyCa ¥ TOpJIOBUHBI ¢ TIOMOIIBI0O HECKOJBKUX OTBCpCTPIfI, KOTOPBIC NIPpU

HaJIMYHUHN B HBMCpHCMOﬁ JKMIKOCTH B3BE€LICHHBIX YaCTHL TPOYUIIAKOT € 10~

Mep ycTaHaBIMBAKOT MPOOKOBbIE KPaHbl IS cITycKa XuakocTu. Tpyba BeH-
aMeTp BBIXOIHOI'O KOHyca

paBeH AXaMeTpy TpyOOonpoBoaa, WM KOPOTKOM, ECIIH YKa3aHHBIA IMaMeTp

R A Pacxon cpensl uist Tpy0 BeHTypH onpenensercst Takxe, KaK U JUTs
-

ucreyeHus Tpyo BeHtypu
3aBUCHT OT yucia PeiiHonbaca, a Takke OT criocoda U3roTOBIEHUS TPYO

(Tabnuua 6.1). KoadhduimeHT paciinpeHus s BCeX pa3HOBUIHOCTEN TpyO

ULIYIHWUA

MCCTOpO)K,[ICHI/Iﬁ HNCCIEIOBAaHUM DKCIUIYATAllMOHHEBIX ra30BbIX U TA30KOH-

JEHCATHLIX CKBAaXXUWH HIHUPOKOE paClIpOCTPAaHCHHUE MTOJTYIUITH CI/IIIb(I)OHHbIC

Tpyosl Bentypu KoagppuiumeHT ucreueHust

Ycnosus

C auToii (6e3 06paboTKH) BXOZHON
KOHMYECKOH YacThIO

10°
C=0,991-0,0014-| —
Re

4.10* <Re<2-10°

C=0,984 Re>2-10°
106 —0,013
C=1,009-[B——J 2-10*B<Re<5-10°B
Re
C 06paboTaHHOI BXOIHON KOHUYE- C=0.9950 S P
CKOii 4acTbio ’ 5-10°B<Re<10°B
C=1,000 105B<Re<2-10°B
C=1,010 2-105B<Re<10%B

Co cBapHOH BXOJHON KOHUYECKOM
YacTbiO U3 TUCTOBOM CTAIN

10°
C=0,992-0,0013. —
Re

4-10* <Re<2-10°

C=10,984

Re>2-10°
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Jl1s 3aMepa nepenana aaBIeHUM K CUIbGOHHOMY 00Ky IMPUCOEIUHSETCSH BEHTUIBHBIM 0JI0K
(pucyHOK 6.19), a nokasblBalolliee WIM PETUCTPUPYIOLIEE YCTPOMCTBO YCTAHABIUBAECTCH B MPIMO-
yrojibHOM Kopityce. B cuiibthoHHOM 6110Ke (prcyHOK 6.2() Ha OCHOBaHMH 6 PAaCTIOIOXEHBI CUTLGMOHBDI 1
1 14, TOHBIIIKY KOTOPbIX CBSI3aHbl IUITOKOM 16. BHyTpeHHME MOIOCTH CUIL(GOHOB 3aII0MIHEHH! CIIe-
LUMaJIbHOW XUIKOCTBIO IS 3aLLUUThI OT OAHOCTOPOHHEH Meperpy3Ku U repMETUYHO VILUIOTHEHBI. B mo-
JI0CTb, OTPaHMIEHHYIO KPBILIKO 2, Yepes wryuep 3 MOABOAMTCSA Ta3 C JaBIcHUEM P, a B OJIOCTS,
OTpaHMYEHHYIO KPBILLKOH 11, yepe3 wityuep 9 — ¢ naBnenuem P,.

Ipu yBeimuennn nepenana naBieHU cUIbGOH | CXUMAeTCs M XKUIKOCTh U3 HETO MEPETEKACT
B cub(oH 14, KoTopelit pasxumaercsl. [1py 3ToM mTok 16 nepeMelaeTcs BIpaBo, OKa3blBasl pacTsi-
ruBaiouiee Bo3neicTBue Ha npyxuHbl 8 u 13. llTok yepe3 mapukonomuMmHUK 17 MOBOpaYUBaeT
pblyar 5, KOTOpbI# CKpyYMBAaeT TOPCUOHHYIO TPYOKY 7, IOBOpaunBasi paclolOXeHHbI BHYTPU Hee
crepxeHb. [locneannit KHeMaTUYeCKOM Tiepenayeit CBsI3aH CO CTPEIKOM WK repoM. MakcuManbHbIi

YTOJI TIOBOPOTA CTEPXKHS COCTaBaseT 293°.

Pucynok 6.19 — BentwibHblii 610K
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1, 14 — cunbdonbl; 2, 11 — Kpbiky; 3, 9 — mWTyHepsl; 4 — YIVIOTHUTEbHOE KOJIbLIO; 5 — phIYar;
6 — ocHoBaHMe cuiib(oHa; 7 — TOpcMOHHas Tpybka; 8, 13 — npyxuHsl; 10, 12 — raiku;
15, 19 — nmpobku; 16 — wtoK; 17 — NOAIIMITHMK; 18 — cemto
Pucynok 6.20 — JIByXcUIb()OHHBIA TUDMAHOMETP

O6a cunbdoHa cHaGXeHbl KITanmaHHbIMU ycTpoicTBaMu. [Ipy onHO-
CTOpPOHHEMH MNeperpy3ke KOHMYECKU KilanaH cUibdOHa NPeJOXpaHseT eTO
OT pa3pyllcHus.

6.4.3 Y1bTpa3ByKOBbIE€ PACXOAOMEPEI

IMopraTuBHBIE VIBTPAa3BYKOBLIE PACXONOMEDBI XKUIKOCTH, BHIMTyCKae-
Mble pupmoit Micronics, Ltd (Benukobputanus), nony4usii LIMPOKOE pac-

npoctpaHenue B Poccuu ¢ 1992 rona.

Pacxonomepsl Tuna PortaFlow (pricyHok 6.21) npeactasisiioT coboi

Pucynox 6.21 — yJIBTPa3BYKOBBIE MPUOOPHI, COCTOSILLUE U3 IJIEKTPOHHOTI'O OJI0OKA U IBYX JIaT-
Pacxonomep

PortaFl YUKOB. DTH pacxoaoMeEpbl UCTTOJNB3YIOTCHA U1 ONEPATUBHOIO M3MEPCHUA
ortariow

06BEMHOTO pacxoja U CKOPOCTH JTFO00H YMCTOMN XHUAKOCTH.
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JlaTuvku pacxomoMepoB yCTaHABIMBAIOTCS HAa HapYXXHOW NMOBEPXHOCTH TPYOBl M TOIKIIO-
4aKOTCSA K 3IEKTPOHHOMY OJI0KY, KOTOPBIA HaxoauTcs y oneparopa. [1pu paboTe ¢ mopTaTUBHBIM pac-

XOIOMEPOM I0J1b30BATENO HEOOXOIUMO 3HATH TOJILKO pa3sMEphbl pr60r1p013011a.

6.5 I'nyounnbie Jie0eaku

Hnst ynobcTBa TpaHCIIOPTUPOBKH B TPYIHOMOCTYITHBIX PAaifOHAX BBIMYCKAIOTCS TTOTHEMHHMKH
ruapasiauieckue uccnenopareabckue II'M u MIT3-JICT, cMoHTHpOBaHHbIE HA CAHAX (BEPTONETHBII
BapHUaHT) — PUCYHOK 6.22. X TexHUYeCcKue XapaKTepUCTUKY MPUBeNeHbl B TabauLe 6.2. Bech cryc-
KOTIOXBEMHBIN arperar ciieJlaH ONHUM 610KOM. B Ky30Be pasMmelleHbl My/abT ynpasieHUs!, Kpecio
omneparopa, wkad ¢ 371eKTpoodOPYI0BAHUEM, OTONHUTENb, TSTOBBII 3JEKTPOABUIATENb, THIPOHACOC,
nebenka. McTouHMKOM OTOMpaeMoil MOLIHOCTH SBIsSeTcs 3nekTpoasuratesb AUP 160S4 no
I'OCT P 51689, npusoxn nebenxu ruIpaBIMdecKuii OT Hacoca, Kak U B BAPUAHTE C YCTAHOBKOI Ha
1raccu aBToMo6uiIA. KOHTpoJb HAaTSKEHUsSI TPOBOJIOKM 3JIEKTPOMEXaHUYECKUIA CO CBETOBOI CUTHA-
JIM3aluel, ynpaBieHUe J1e0eIKOI OCYIIECTBIISIETCS C [1YJIbTA.

[1pu yctaHoBKe riyOMHHBIX 166€10K Ha aBTOMOG I 6e3 KOPOOKH IONOIHUTEILHOTO 0T6Opa
MOLIHOCTH B KaYeCTBE MPHBOIA IPUMEHSETCS JEKTPOABUTATE b, McclienoBaTeIbCKUil KOMILIEKCE,

TIPEACTABIEHHBIA Ha pUCYHKE 6.23, OCHAILIEH 3JIEKTPUYECKO JIeOEIKON ¢ 3IEKTPOHHBIM YaCTOTHBIM

Pucynok 6.23 — Kommiiekec CuamMactep-I’TMC2 Ha 6a3e aBToMo6wist «Co00b 4x4»
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yrpasieHueM. [TutaHue ocyulecTsisieTcs 6o ot BHewH el cetu 220 B/50 ', 1160 0T aBTOHOMHOTO
0eH30/1M3e1b reHeparopa.

000 TIK® «TexHoBeK» (r. BOTKMHCK) W3roTaBIvBacT JiebeIKy ¢ KOHCONbHBIM OapabaHoOM
(JIKU-1, ITU-1) — pucyHOK 6.24, TeXHUYECKUE XapaKTePUCTUKM — B Tabmuwe 6.2.

BapuaHT J1e6e1KH ¢ py4HBIM MPUBOIOM MOXET ObIThb I1€pe0OOPYIOBaH B BApDUAHT C MEXaHM-
3UpoBaHHBIM TpuBoaOM. [lepenaya BpalleHus K 6apabaHy JeOEIKH OCYLLECTBISETCS] OT ABUIATEN
aBToMO6IIs. JlebeaKa MOXET paboTaTh [P TEMIIEPATYPE OKpyXatoilero Bosayxa or Munyc 40 °C o
ntoc 50 °C.

000 «CTK TEOCTAP» (r. Habepextbie YeaHb) sIBISIETCS pa3pabOTYUKOM, TIPOU3BOAUTEIEM
W TTOCTABIIMKOM MOGHIIBHBIX JJaOOpaTopuii, 000PYI0BAHHBIX JieOe1KaMH 115 TPOBEAEHHUS THAPOAH-
HaMHYECKUX U reoU3NUECKUX UCCIeoBaHMit CkBaxXUH. Ha 6a3e M3rotaBamBaroTCst HECKOJIBKO TUIIOB
NOABEMHUKOB (pHCYHOK 6.25, Tabnuua 6.3). KoHcTpyKund 1ebenKy rmpeycMaTpuBaeT HATMIME KOM-
TJIEKTa Chbe MHBIX 6apabaHoB, IUIaBHYIO PETryJIHPOBKY CLEIIEH S, YTO UCKIIIOYAET aBAPUMHbIC CTyJau,
CBsi3aHHbIe C OOPBIBOM ITPOBOJIOKH.

MexaHn4yecKuil MpUBOJI — Mepesayda BpalleHus K 6apabaHy 1e0e1K1 OCyLIECTBISICTCS OT IBU-
raresisi aBTOMOOMISI. BCTpOEHHBIN peryinpyeMblii 3J1eKTPOTIPUBO/ TOCTOSHHOTO JIMOO0 MEPEMEHHOTO
TOKAa MOILHOCTBIO OT 1,5 10 2,0 KBT 1M03B0JISET [IJIABHO PEryJIMpOBaTh CKOPOCTb NoabeMa. I'nupasiu-
YeCKHii pUBOJ — Nepeiava BpalleHus K 6apabaHy Je6eIKH OCYLIECTBIACTCS OT IBUTATEsl aBTOMO-
OuiIs yepe3 KOpoOKy 0T60pa MOIITHOCTH [TOCPENCTBOM THAPOCTATUYECKOM TPAHCMUCCHH.

JleGenka MoxeT paboTaTh IpU TeMIlEpaType OKpyXalolliero Bossyxa oT MuHyc 40 °C mo
mioc 50 °C.

Ha pucyHke 6.26 npeacrapicH ruapaBnuueckuii nogpeMHuk [1I'M-1, ero Texnuyeckue xa-

PaKTEPUCTUKY MTPUBEAEHBI B Tabuue 6.2.
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PucyHok 6.25 — JleGenka F’EOJIK-5 ¢ BapuaHTaMu YCTAaHOBKM Ha pa3jIMYHbIC IacCH

Tabnunpa 6.3 — O6o3HaYeHNE MOTLEMHUKA B 3aBUCUMOCTH OT MpUBOJA JiebeIKH

TpancnoptHas 6a3a

Tun npusoga

MeEXaHUYECKHU NEKTPUYECKHUI TUIPaBIUYECKU A
A/M YA3-3909 — I'EOCTAP-12-10 —
A/m TA3-3308 IF'EOCTAP-11-20 'EOCTAP-12-20 I'EOCTAP-13-20

A/m 3uJI-131

FEOCTAP-11-30

I'EOCTAP-12-30

I'EOCTAP-13-30

A/M YPAJI-4320

I'EOCTAP-11-40

TEOCTAP-12-40

T'EOCTAP-13-40

A/m KamA3-43114

I'EOCTAP-11-50

'EOCTAP-12-50

I'EOCTAP-13-50

Texnuueckne xapakTepUCTUKH THAPABIMYECKOTO
noxbeMuuka [MI'M-1, TITHU-2 (pucyHok 6.26) KOHCTPYK-
TUBHO PA3/IN4alOTCs OT YCTAHOBJIEHHBIX HA LLIACCH aBTOMO-
OIS TPUBOAOM U MOHTaXHOM 6a30ii (Tabauua 6.2).

[IpuBon neGenku runpasindeckuii ot Hacoca. Kout-
POJIb HATSIKEHUS TTPOBOJIOKH 3JICKTPOMEXaHUYECKUIA CO CBe-

TOBOH CMTHalM3allUeil, yrpaBlieHHe JeOeNKOH OCyIIecTB-

Jsiercss ¢ myasTta. g yno6cTtBa  TpaHCIOPTHUPOBKHU j
Pucynok 6.26 — I'mapasanyeckuit

BepronieroM Jebeaka I1TU-1, npencraBneHHas Ha pu- noxbeMunk [ITU-1

CyHKe 6.26, CMOHTHPOBaHa Ha CaHsX.

B ¢pununane OO0 «asnmpom BHHUMUTA3» B 1. VxTe
IUisl TIPOBEIICHMS UCC/IEN0BATEIbCKUX pabOT Ha CKBAXUHAX
pa3paboTaHbl ManorabapuTHbeie MOOWIBbHbIE Nebenku JIM |
nJIM 5-4.

Jlebenka JIM 1 (pucyHok 6.27) 060pynoBaHa ABYX-

TaKTHBIM OEH3UHOBBIM [BUTaTeIeM OT GEH30MWIBI «Ipyx6a»,

Pucynok 6.27 — MasorabapurtHas
Jiebenka JIM 1

HOMUHabHas eMKOCTh 6apabana 4000 M mpu nuameTpe rnpo-
BOJIOKM 1,8 MM. YK11anka mpoBosioKH Ha GapabGaH pydHasi,
Macca iebeaKu B cbope ¢ 6apabaHoM — 145 kr.

Paboune xinmatuyeckue yciosus: TemIeparypa

OKpyXarwllei cpeabl — oT MUHYC 25 °C 1o rmoc 40 °C, ot-
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HOCHUTeabHas BAaxHOCTh — a0 90 %. Tonnusom aB-
asieTcst cMech 6eH3nHa A-80 u macia M-8B B cooTHO-
mweHun 20:1.

[TpuBonoM MoGuibHOI ebenkn JIM 5-4 (pucy-
HOK 6.28) gBJI€TCs YETBIPEXTAKTHbINM OEH3MHOBBIN JIBU -
rateb SUBARU Robin EY 20-30. MontHoCTh ABUTaTeNst

cocrasiisieT 5 kBt/6,8 51/c, nmana3oH U3MeHEeHMs CKOPO-

ctv namotku — 0—0,5 M/c. Ykianka mpoBoJIOKM Ha Oa-
Pucynok 6.28 — ManorabapurHas
nebeaka JIM 5-4 B ycnousx Kpaitnero
CeBepa

pabaH Takxke py4Hasi, Macca Jebeaku B cbope ¢ 6apaba-

HOM — 165 KT, Macca IBUraTelisi C peayKTopoM — 25 KI.
ManorabaputHbie jaebeaku JIM 1, JIM 5-4 moryt

9KCIUIyaTUPOBATLCS B TPYAHOROCTYITHBIX paiOHax U

TPaHCIIOPTUPOBATHLCS JIIOOBIM BUIOM TPAHCTIOPTA.

6.6 ITepeaBrKHbBIE CenapaTOpHbie YCTAHOBKH

TexHUueCcKIe XapaKTEPUCTUKH ceNnapaTopHOro 0060pya0BaHUsl, IPUMEHEMOro AJIs UCCITeN0-
BaHUIf ra30BbIX U Fa30KOHICHCATHBIX CKBaXWH, TIPEICTaBNeHbl B Tabauue 6.4.

B pazgesne 10 yactu [ HACTOSILIMX PEKOMEHIALMIA PACCMOTPEHBI JIBE CENTapaTOPHbIE YCTAHOBKH,
MOJYYUBLIKE LIIMPOKOE IPUMEHEHME TIPH [1POBCACHUH Ta30KOHICHCATHBIX HCCIIeA0BAHM IKCIUTYa-
TALIMOHHBIX CKBAXXWH.

000 KD «Mapc» NpOU3BOAUT U PeaTn3yeT
MajiorabapuTHbie Ta30KHUIKOCTHbIE BUXPEBbIE cenapa-
topsl Tvna CIIB-5 (pucyHok 6.29) i OTAEICHUS yI-
JIEBOJOPOIOB, BOJIbI M MEXTIPUMECEH B Ta30XXKUAKOCTHOM
notoke. [1o cpaBHeHHUIO C cenaparopamu, NMpUMeHsie-
MbIMH B HACTOsI1IeE BpEeMs B ra30BOM IPOMBILLIECHHOCTH,
CLUB-5 uMeeT psia npeMMyLIECTB: METALIOEMKOCTb U,
COOTBETCTBEHHO, rabaputHble pazmepnl CLLB-5 Ha rmo-
PAIOK MEHbIIIE IPUMEHSAEMBIX B HACTOsIIlice BpeMsI arl-
naparos. CLLB-5 oanHakoBo 3G (EKTUBHO y/IaB/IMBACT
KaleJIbHYIO XUJIKOCTb U MEXaHUYECKHME TIPUMECH, HA Ka-
yectBo cenapauuu CIIB-5 He BausieT NpoOKOBBIN pe-

KMM MOCTYTUICHUS KHIAKOCTH.

[1pou3BoAMTEILHOCTH CenapaTopa Io rasy io

PucyHok 6.29 — Cemapatop
CIIIB 8,0-1,0-300

1,0 mut M3/cyT, no KoHxeHcary — no 200 M3/cyT; pabo-
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yee naBnenue — 80 krc/cM?2 (8,0 MITa), paGouast Temrie-
paTypa — ot Munyc 40 °C no rumoc 40 °C, macca mycToro
cocyna — 460 Kr, BHyTpeHHUIl IMaMeTp — 253 MM, Ha-
PYXHBI auameTp — 273 MM, BbicoTa — 764 MM, 0ObeM —
0,38 mM°.

dummanom 000 «BHUHUTA3» — OO0 «Cesep-

HWIIUra3» Ha 6asze ClIB usrotosieHa nepeaBuxHasi

cenapaunonHas ycraHoska [ICY 8,0-0,5-253 (pucy-

Pucynok 6.30 — [NepenBuxHas
cernapalOHHAasi yCTaHOBKA HOK 6.30). OCHOBHBIMM 4acTSIMU 3TOI yCTaHOBKM (Ha
TCYy 8,0-0,5-253

6asze npuuerna CA3I1-8357) gsaswooTcs cemaparop
CILB 8,0-1,0-300, xoHOEHCATOCOOPHUK O0O0BEMOM
1,6 M3, utomaaxka obCIyXKMBaHUS, yIbTPa3BYKOBOM CUIHAIM3ATOP YPOBHS Y3C-207-W, 3arnopHo-
peryJupyIoLIMil KJIanaH ¢ 31eKTPONPUBOAOM, IUT ynpasienus KUTTuA, MeTaHOIbHHMLA, 3a1BUXKA
nuckoBas wrylepHas 31114 65-350, aneKTpocTaHLIMS.

[ICY noaxmoyaercs K CKBaXXMUHE MPUBApKOM MOABOASIIEro TPyOOIIpoBoIa K IITYLIEpY Bxoaa
rasa, IPOOYKLMST CKBAXHHBI [IPY HEOGXOAMMOCTH HACHIILAETCS MHTMOMTOPOM IHIpaTtoobpa3oBaHus
11 yepe3 PeryJIsiTop JaBJIecHHUs TIOCTYTIAET B CENaparop, IAe IIPOMCXONUT OTAEIEHIE XHMAKOH da3bl. las
U3 cernaparopa MocTyIaeT Ha y3eJ1 3amepa aebuTa.

[Mocne y3na 3aMepa ra3 HachllllaeTcst MHTUOUTOPOM TMAPAaTo0Opa3oBaHMsi, pacXol KOTOpPOro
3amaeTcsl peryjIsATopoM, a KOHTPOJb OCYLLECTBIISIETCS BU3YalbHO B Kare/JbHULAX YEPE3 CMOTPOBOC
crekino. OTcenapupoBaHHas XHIKOCTh HAKAIUIMBAETCA B KOHAECHCATOCOOPHUKE M MEPUOLMYECKH
yaassieTcsl, IPoLece YAaNeHUs XUIKOCTH 13 KOHAEHCAaTOCOOPHMKA YIIPAB/ISIeTCsl aBTOMATHKOM. Bos-

MOXHO TAKX€ pyYHOC YITpaBJICHHUC.

6.7 baaionpl. ITopmiHeBble M TPOTOYHLIC KOHTEHHEPDI

Jliisi oTOOpa cenapaTopHBIX M YCTheBbIX MPOO ra3a ¥ KOHAEHCaTa MCIOJIb3YI0TCs Ga/lIOHBI 1
KOHTEIHEePBI pa3TNyHBIX KOHCTPYK1HiA. OCHOBHBIE THITBI IPOOGOOTOOPHOTO 0O0PYAOBAHHUS U BHIITYC-
KaiolMe UX KOMITaHMH TIpeICTaBieHbl B Tabmulle 6.5.

BajuioHbl, IpeaHa3HAYEHHBIE [1JIS XpAHEHHsI, TPAHCTIOPTUPOBKM M 0TOGOpA Mpob rasa, U3ro-
TaBIMBAIOTCS U3 MATEPUAJIOB Pa3IMUHbBIX TUNIOB. LLIMpoKo ncmosb3yeTcs HepkaBerowas CTajlb, OMic-
TeHHasi apMUPYIOLIMM MaTepHaloM Ha MOJMMEPHOH OCHOBE, CIUIABbI ATIOMMHMs Mapku AMrS,
AMTr6M ¥ TUTaHa, METALIOKOMITO3UT. BHYTpeHHSIsl YacTh (JIMMHED) U3TOTABJIMBAETCS U3 HEPXKaBelo-
1ei cTanM, KoTopas MOIBEprHyTa ClElMaTbHOM 00paboTKe (XMMHUECKOM moInupoBke). HapyxHas
yrpoyHsiiowas 060J04Ka — CTEKJIOPOBUHI. B KauecTBe CHJIOBOM 000JI0UYKM TaKXKe MUCMONb3yeTcs

KTYT «ApMOC».

268



P I'aznpom 086-2010

0°6€ €951 1144 00 L€l (LOTHS8IXZD) HI9HhoLOdIIOH 0v-tT-Ir9
€01 008 091 0°01 86 dolrery 01-91-I79
(91-08) woHareLd | 6'¢ €68 0zl 0y 86 8¥81 1LDOU b-21-17q
MUK (91-1rd ‘LIT-9) T 89¢ 0zl 0°C 26 WAV UIMHhOLOd] ] -71-119 «leHed > LI
W 1-93) UI9HHALR]( ¢l 08 oL 01 %6 (LOTHS8IXZD) /Wi9HRoLOod oY 1-/-79
doiuery
0°1 09¢ 0L L0 86  |z8p81 1DOI SINVY L0-L-T'9
81XS6 v'e 00S 8F 0 0°'IT 00v-3K
€BLLO [ OTH8IXTI (44 00€ 14 SI'o 0°'IT LOTHSIXZI 9/H WI9HhoLod[ 0SI-X3 | «dreraryodiny» 000
X/H ‘UI9LeRIIOI}] 0C 092 8v 10 0°1¢ 001-X31
9Z°1 1393 08¢ $T°0 091 0ST-AA «dOLHIWAdLD
B . . -HU U BUHRA0TAdOQO
WILBhILOIY L60 6LT 08y ) 091 LOTHS1XZI 9/H nraHhoLOd] | 0S1-AM OIOMOHMTTHTON OGBS
80 Wi 1143 ‘0 091 001-AM HUBOHOWOL] » OV
CLVO Mooy N.N 08¢ LS v,o ol LOTHS81XZ1 9/H HiaHhoLod]] W00r-Odl
[-LVD uaHIAHOY |  Z°C 08¢ LS 0 S
C-LVD YI9HOAHOY 0l 09¢ 8¢ S0°0 01 LOTHRIXZI 9/H WiaHROLOd[ [ INOS-O1I “Lvor BHlTenody
1-1VO HITHOAHOY| 01 09T 8¢ S0°0 S -
0T 0l 0's1 HI1HhO10d] | doryaLHOY «@XUHX3L BeHdO0D
,%N w“ .M_ [ 0°G1 d19Hho10dIIoH I9HoLIrRq -Had0MIMIN» OO0
«qrrod
HI91ERIIOI ] 4 24 ¢0l1 80 0¢ LOIHS8IXTI 9/H Hi9HhoLod[] 0E-X1 - LHOYOI(LID HMO<O
091 9%¢ el 90 0'6v 9-OXA
LOTH8IXTI ‘0oF z'ol 9S 001 g0 0've S-OXA
o) HI9HhOLOd YU »
0g 10 ‘yiarenaronyy | gog 999 I 0 o | LOTHSIXTI®/H y u - ONOL “VYMOJEL” OVO
g'¢ 08% 0S ‘0 0'vg 1-OXOH
BI'ULHOd9 LU o W A Ir ‘Wod CLIN eoAndox d
L ‘BB | ‘BHULTYY |‘dLowen]y 90 ‘QUHIIdR]y Irendaley SUHOHIOUD] -H“MME KunecsuHeldQ

exnLondardedex BEXOOhHMHXI |,

goruoiird xiagoroeru godu vdoglo sIT SUHBIOTAdOQO 0WORNOALINY — G'g BTIUIFQR [

269



P I'asnpom 086-2010

43 €Tl /H 0¢ 0°0T UHMHHWOIINY Houlreq
0°ST 19°0 £80°0 90 0°€01 Hd v/L1 9/H 452
X/H ‘UI91BhIIOI)] S'6 v16°0 001 6L'€ 0Tl 1+0€ 9/H WI9HhOLOd] | Horreq sseydjio
0°SI 980 9L 0l 4! 91¢ uiden 5/H Horireq
0C 80 t8 90 0°c0! Hd /L1 9/H 4SS
‘ R ‘ AOTT4LSVH
X/H ‘UILehAIOT] 0'sC SL6 0L 01=10 00L ‘Helul 9/H nI9HhoLOd[ | 481 sorgojouydal [DNIA
0°9C 0501 0¢¢ 0¢ 0°0C WHHUNOIIY 45D
a0 | o .
Y — _ pa— : 280100 yoHdowulr | WIIHROLOAUSH
0L ro 1 [685—09T) S¥l—¢€L | 0L : L0 o.mm o1l eH wolrendaL v._m -Mwmwm%%aoﬂwwuwﬂm
,Om o, 86 SL : 0 : nhom —ew wumotAduwde 0£-2AD 4
UI11BhIIr0I v,ol_ [ 1109—8SC] SPI—06 | 0L—0T v 6t KRHHOLOKLO ‘9/H UgHholod] | ENg -ondou vogeg» OVO
t ol,o 1 1685—1¥T| S¥1—06 | O nﬂo I w,mm isHROLOd S Ezm
060 09T L L0 ¥ 6C 6¢-L 0-IING
«OWdy»
P6—SL0 ZS1—101 (eX1hOL00 LAIX — BXhOL0Q0 Bed
(91-08) uoH BEMOIBHROAUR |y 15 < iauporody | «] ~eHUUE»> eWdud
-aeLd WK (91-Ird $89—0€C 0'6-0'1 | b6z | wesAden o/ & goos-ma | LIS
‘LIT-91) yiaHHALe[[ | | . qioeh BEHHAALAHE) 1Hn80doIN310 «LeHECD L
69-C1 Ls1—101 IMEOUWONOIIBRISN | eAROIO0Q0 KEb
-0Irnd ‘UIGHhOLOd] |
BI'MLHO4 LY > W W Ir ‘N9 PLUN voAudox d
1 ‘eoorN | ‘eHur|y |‘dLowWeMYy 20 ‘QUHaLEe]] rendale]y OUHJHIOLIO] S_Mo BuTeerHeIdQ
eintondaredex BEXOShUHXI e

C'9 MNNUQDUW INHDHHON()

270



P I'aznpom 086-2010

B kauecTse 3anopHo-nyckoBoro npucrnoco6neHus Ha OaJLToHaX B OCHOBHOM MCIO/IB3YIOTCA
rasosbic BeHTHIM (Mapku KB-111, BJI-16, BC-16). launsle MapKHu OTHOCATCH K TpyIIIie BEHTUJICH
MeMOpaHHOrO TUNA. BEHTUJIb COCTOUT U3 CJICAYIOIIMX OCHOBHBIX J€Ta/lei: KOPIyca BEeHTWIS, KJlanaHa
C 3anpeccoBAHHOM B HEro 360HUTOBOM ITOAYIIKOH, MPYKHHbI, MeMOpaH, KPbIUIKH, IUMTUHAETS C 111a-
PHUKOM, MaxoBHYKa «CyXapst». 3aKPbITHE M OTKPBITHE BEHTIIST OCYLIECTBIACTCS C TMOMOLIIBIO MaXo-
BuYKa. Ipy ero BpalleHHH 1O 4acoBOil CTpesKe MITTHHICTD NEpeEMENIaeTcs MO pe3b0e KPBILIKUA U
4epe3 «Cyxapb» U MEMOpaHbl NPHXMMAET KiIalaH K Cey, MEePEeKphIBasg TEM CaMbIM BBIXOI Ira3a U3
OajutoHa. [Mpu BpalleHUM MaxoBUYKa B MPOTUBONOJIOXKHYIO CTOPOHY IIMUH/IENb, IEPEMEIIASICH B 06-
PaTHOM HaNpaBICHUH, OCBOOOXKIAET KJlanaH, KOTOPBIii MO JeHCTBHEM TPYKUHBI ¥ NaBJIEHUS ra3a
OTXOIMT OT Celjla, OTKPBIBAsI BLIXO ra3a U3 OaJUIOHA.

B Hacrosiee Bpems st or60pa npo6 raza PCKOMEHAYETCS IPUMEHSITDb YCOBEPLLUEHCTBOBAHHDBIE
IPOTOYHBIC TUTAHOBbIE OAJLTOHBI, OTMCAHUE KOTOPHIX MPUBEIEHO B pasaene 10 yactu I HacTosIMX
DPEKOMEHIALNH, WIN aIOMUHUEBbIE TIPOTOUHBIE OAIOHBI ¢upm VINCI Technologies u Oilphase
(pHCYHOK 6.31), MMeIOLIME B CBOEI KOHCTPYKIIMU BHYTPEHHME IIPEIOXPAaHUTENbHBIE KJIATTAHbI.

KoHTteitnepr! w1st 0T60pa 1po6 Ta3a 1 CHIPOro KOHIEHCATA B OOJIBIIMHCTBE Cily4aeB U3rOTaB-
JIMBAIOT U3 HepXKaBetoulei ctanu Mapku 12X18H10T mo T'OCT 5632.

3arnopHble y3/1bl KOHTEWHEPOB BBIMOJIHSIIOTCS B BIIE UIOIBYATOrO BeHTWIsA. Kopnyc BeHTIIS,
KaK NpaBU/IO, U3TOTABIUBAETCA U3 TOTO XK€ MaTepHana, 4To U caM KOHTEIHED, UK UCTIOIb3yeTCs
cranb Mapku 14X17H2 mo I'OCT 5632, npenHasnayedHas wist Aetayieit, paboTaloIUX B arpecCUBHBIX
CPEAax 1 TIp1 MOHMKEHHBIX TEMIEpaTypax. 3allOPHYIO WINTy U3TOTaBINBAIOT U3 Gojiee TBEPIOTO MaTe-
pHaJia, B YaCTHOCTH U3 CcTatu Mapku 95X18 no 'OCT 5632, npenHa3HaueHHO# /UTST H3TOTOBIEHNS ne-
TaJIEH, K KOTOPBIM MPEbSABIISIOTCS TPEGOBAHUS BHICOKOH TBEPAOCTH M UBHOCOCTOMKOCTH, PaOOTAIOILIMX
npu Temneparype a0 mwioc 500 °C wiu noaseprammmxcs JeiicTBUIO YMEPECHHBIX arpeCCUBHBIX CPEJI.
Cranb 06s1a1aeT BBICOKOI CTOMKOCTBIO B MOPCKOH 1 PEYHOM BOIE, B LIENOYHBIX PACTBOPAX C KOH-
ueHTpauueit 1 %—20 % 1 opraHUYeCKUX BELIECTBAX (cbipast HeTb pu Temmeparype 20 °C — 220 °Q).

ITpy u3roroBreHNU MOPILIHEBbIX KOHTEHHEPOB MOXET GbITh UCITOJIb30BaHa cTaib 38XM2IOA ¢
a30TMPOBAHWEM BHYTPEHHEH MOBEPXHOCTH,
NpeAHa3HaYeHHas U1 AeTanei, paboTaio-
KX MPpH TemitepaType mo tutoc 450 °C.
TMopiueHb N3roTaBINBAETCS U3 TOTO KE Ma-
Tepyana, YTo U KOPITyC, C UCIIOJIb30BaHHEM
MaclOCTOMKHUX PE3UHOBBIX YILUIOTHUTE/Ib-

Hbix koJiel mo N'OCT 18829 u ynopHbIx

(TOPOILIaCTOBbIX KOJIEL MapKu D4,

Pucynok 6.31 — Bamnon as ot60pa npo6 raza
¢pupmsr OILPHASE
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7 Ucnojib3oBaHue pe3yjbTaToB ra3orupoaAHHaAMHYECCKHX H ra30KOHACHCATHBIX
UcCJeI0BAHHIMA TIPH 000CHOBAHVH TEXHOJOIMMYECKOro pexxnumMa IKCILTY aTanuu

ra3oBbIX U FA30KOHAEHCATHBIX CKBAKHH

OZHO 13 OCHOBHBIX 33124 HCCIIEN0BaHUS CKBaXMH MPY HEYCTAHOBUBLUMXCS pEXMMax bunbT-
palLu ABISIETCS U3yUEHHE 3aBUCHMOCTU MEXIY 3a60iHBIM (YCTBEBBIM) JaBICHUEM, fenpeccuell Ha
T1aCT, 1eOUTOM ra3a, KOJIMYECTBOM XKHUIKHMX M TBEPIBIX nipuMeceii B 06bIBaEMOM MPOAYKIMH, KOH-
CTPYKLHEH CKBaXHHBI, CBOICTBAMH MOPUCTBIX CPE/L M HACHILIAIOLINX UX SKUAKOCTEN M Fa30B U APYTUMHU
napaMeTpamu il 060CHOBAaHUSA M BHIOOPA TEXHOJOTMYECKOTO PEXUMa 3KCIUTyaTalluy CKBaXHWH.

060CcHOBAHHOCTb BHIGPAHHOTO TEXHONIOTMYECKOTO PEXMMa SKCTUTyaTaluy 3aBUCHT OT I0CTO-
BepHOCTH MH(OPMAIIMH, [TOJTYYaeMO#i B OCHOBHOM ra30rMapoIvHaMUHYECKIMU, ra30KOHIEHCATHBIMU
¥ IPOMBIC/I0BO-Te0(3MYECKMMHU UCCIIEIOBAHUAMU CKBaXHUH.

OT BbIGPAHHOTO TEXHOJIOTMYECKOTO PEXMMa IKCIUTyaTallMi CKBAXHH 3aBUCHT 00BbeEM Kalu-
TATBHBIX BIOXKEHMUI Ha pa3bypvBaHMe MECTOPOXKIEHUS M KCIUTYaTAMOHHbIX 3aTpaT, a TAkke Ha-
NEXHOCTH JOOBIYM ra3za U3 MECTOPOXIECHUS.

[py yCTAHOBEHHWU TEXHOJIOTMUYECKOTO PEXMMA SKCIUTyaTallMi CKBaXUH HCTIOIB3YIOTCA JaH-
Hbie, HAKOIUIEHHbBIE B MPOLIECCE MOUCKA, PA3BEAKU U pa3paboTKy MECTOPOXAEHHS MYTEM U3yueHUs
€0 Te0JIOTMYECKOro CTPOSHMS, MPOBEACH S Ta30ruIPOIMHAMUYECKHUX, Ta30KOHICHCATHDIX, reou-
3MYeCKMX ¥ TaGOPATOPHbIX UCC/IET0BAHUN CBOXCTB MOPUCTOH CPE/Ibl U COACPKALIMXCA B Hel rasos,
KOHJeHcaTa v BOBI.

Ha TeXHONOTHYECKHii peXUM BIMSIeT MHOXECTBO (hakKTOPOB, B YaCTHOCTH:

- reorpaduyecKye ¥ METEOPOIOTNYECKUE YCIIOBHSI pailOHa pacTiONOXeHNS MECTOPOXKICHUA,
HaJIMuue CJI0S MHOTOJIETHE MEP3IOThI; GOpMa, TUII, Pa3MEPBI U PEXUM 3IE€XKHU; MHOTOILIACTOBOCTD
3aeXH, HATHIUE HeTIHOM OTOPOYKHU; EMKOCTHbIE M (PUIBTPALMOHHbBIC TapaMETPBI T11acToB (ipo-
[L1ACTKOB), [yOMHA UX 3aJeraHus, HATNYHEe THIPOIMHAMUYECKON CBA3M MEXKIY MPOILIACTKAMM; 3a-
[Tachl ra3a ¥ KOHIeHCAaTa, HATHYME M aKTUBHOCTD [OIOIIBEHHON Y KPaeBbIX BOIL;

- yCJIOBUS BCKPHITHSI TUIACTa B Ipoliecce OypeHHst, CBOMCTBA MIPOMBIBOYHOM XXMIKOCTH, CTENIEHb
3arpsi3HeHUs NpU3aboiHOI 30HbI TPOMBIBOYHOM XUIKOCTHIO; nedopmMalius ¥ yCTORYUBOCTD TU1aCTa
K paspyLIEHHIO; BIMSHHUE U3MEHEHUS JABICHUS Ha [TapaMeTphl IU1acTa, BOJOHE(TEra30HACHIILEHHOCTh
T1J1aCTOB, COBEPLIEHCTBO CKBaXUH 10 CTENEHU M XapaKTepy BCKPBITHUSL, TOJIHOTA BCKPITUA yaeRbHON
[IOIIAAM, TIPUXOMSILIENCs Ha HOJTI0 TOPU3OHTANIBHON CKBaXMHBI, PA3MELICHNC TOPU3OHTATBHOTO
yyacTKa Mo TOMLIMHE, HANPaBIeHHUe NPO(WIS TOPH3OHTANBHOTO CTBOJIA M PaCCTOAHHUE 10 KOHTYpPOB
30HBL, JPEHNUPYEMON CKBaXXUHOW;

- COCTaB rasa, KOHASHCATa U BOJbI U UX PU3UKO-XMMHYECKUE CBOMCTBA, HATMYHME U KOHIICHT-

paiusi B COCTaBe ra3a KOppO3MOHHO-aKTUBHBIX KOMIIOHEHTOB, H,S, CO,, pTyTH; NpucyTCTBUE Opra-
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HUYECKMX KUCJIOT B IUIACTOBOM BOJE; BJIaroCcOACpXKaHUeE raza U ux U3MeHeHUe T10 IUIOLIaAN U pa3pesy
U B IIpoLiecce pa3paboTKu;

- KOHCTPYKILHS CKBaXXWUH, 000py10BaHUE 33005 U YCThSl CKBAXKWHBI; CXeMa ¢Oopa, OUMCTKU U
OCYILIKU Tra3a Ha MPOMBICJIE, YCJIOBHUS TPAHCIIOPTHPOBKM rasa; TeXHUYecKas U TEXHOJIOTHYECKas Xa-
PAKTEPUCTUKHU NIPUMEHSEMOTO CKBAXXHMHHOTO U IPOMBICJIOBOIO 060PYI0BaHMS;

- YCJIOBHS TTOTPEOIEHUA Ta3a U XUIKOCTH, HEPABHOMEPHOCTh TTOTPeGIEHUSI, TEIUIOTBOPHAs
CNoCcOOHOCTb rasa.

Yuer Bcex (pakTOpoB MPaKTUUYECKH HEBO3MOXEH, TaK KaK MHOTIA OOUH U3 (haKTOPOB [IPOTH-
BOPEYMT APYroMy. [11s1 yCTaHOBJIEHUS] TEXHOJIOTUYECKOrO pexXiMa SKCIUTyaTalluy CKBaXUH JOJKHBI
ObITb O60CHOBaHbI U PEKOMEH0BAHBI COOTBETCTBYIOIIME NPUHIIATIEI U MATEMATHYECKHE KPUTEPUH.

[1pu BBIOOpPE TEXHONOTMUYECKOTO PeXUMa HEOOXOMUMO KCITOJIb30BATh OAMH M3 CIEAYIOLLUX

KpHUTCPUCB, KOTOpHﬁ SABJIACTCA ONPEACAAONINM HA JAHHOM MECTOPOXICHUN:

dP|  ¢Q+yQ?
dR|,_p P

3

=const — PCXUM IMOCTOAHHOIO rpadveHTa JaBJIE€HUA;

AP= P, — P, = const — peXHM NOCTOSTHHOI A€TPECCUH;

P, = const — peXuM NOCTOAHHOTO 3a60[{HOrO JaBIEHHUS; 7.1
Py = const — pexXuM MOCTOSIHHOIO YCTheBOTO JABJICHUS ;

Q = const — peXUM ITOCTOSTHHOTO 1e0HTa;

U = const — peKUM MMOCTOSITHHOM CKOpPOCTHU (bI/I.TIpraL[I/II/I.

®PopManu3oBaHHble BbIpaxeHus (7.1) UCMONB3YIOTCS TIPH NPOEKTHPOBAHUU Pa3pabOTKU U
TUIAaHUPOBAHUH JOOBIYH Ta3a.

Hedopmanust 1 pa3pylieHue IiacTa B Mpu3aboitHOi 30He, BO3MOXHOCTU 0OPa30BaHUS M-
paToB, KOHYCOB MOJOIIBEHHOI BOABI, 00pa30BaHME WY Pa3pylleHUE NMECYaHO-KUIKOCTHBIX POBOK,
JaBJIEHUE Haya/la KOHAEHCALHHU, CTENEHb KOPPO3UM BBIPAXKAIOTCS OMHOM U3 IIPUBEIEHHbIX BBILLE 3a-
BucuMocTeil. [1o Mepe McToLLEHMST MECTOPOXAECHMSI, TPOIBUXEHMS ITOAOIIBEHHOM ¥ KPAaeBbIX BOL,
CHUXEHHUA NeOUTa U NaBJICHUN, U3MEHEHHS COCTaBa AOOBIBAEMON MPOAYKINUK HACTYNAET BpeEMS,
KOra YCTAaHOBJIEHHBII PEXXUM He obecTieurBaeT paboTy CKBaXXMHBI 6€3 oc0xXHeHUi. Torna Heobxo-
IUMO MPOBOAUTH 3aAMEHY PaHee YCTAHOBJIEHHOTO TEXHOJIOTMUECKOTO pexXuMa ApyruM pexrmom. Ipu
000CHOBaHUH TEXHOJIOTUYECKOTO PEXUMA CIEAYET YUECTh re0JJOTMUECKYIO XapaKTEPUCTUKY 3aIEXU,
TEXHUYECKYIO U TEXHOJOTMUECKYIO XapaKTEPUCTUKH MPOMBICIIOBOTO M CKBAXMHHOTO 000PYIOBaHMS.

Ecnu npu BEIGOpE TEXHOIOTHUECKOTO peXuMa HEOOOCHOBAHHO CHUXEHA ITPOU3BOIAUTEIbHOCTD

CKBaXHWH, TO 3TO [IPUBOAUT K YBEJIHUYECHHUIO KAIIUTAJIOBJIOXEHUN U IKCIUTyaTaUMOHHBbIX 3aTparT.
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7.1 BoiGop TeXHOJIOTHYECKOr0 PeKUMa IKCILTYATAIMH CKBAXKHH M KOHTPOJb 32 PEKUMOM

[Mpu BeiGOpE Onpenensouiero GakTopa u COOTBETCTBYIOLLETO KPUTEPUsI HEOOXOAUMO 00OpaTUTh
OCHOBHOE BHMUMAaHHe Ha HATMYHE MOI0HIBEHHON BOJbI; HEOMHOPOIHOCTL U MHOTOILIACTOBOCTD 3aJIEKHU
C HAJIMMMEM WY OTCYTCTBHEM THAPOIUHAMUYECKOM CBSI3U MEXILY TUIACTAMHU; HAUTHYUE KOPPO3UOHHO-
AKTMBHBIX KOMIIOHEHTOB; OJIM30CTh KOHTYPHBIX BOJI; BO3MOXHOCTD U ITPeIeNibl YCTOMYMBOCTH IL1aCTOB
K pa3pylIeHUIO; KOLIEKTOPCKHE CBOMCTBA IUTACTOB; TUIACTOBOE NABJIEHUE U TEMIIEPATYpPy,; TEMITEpaTypy
OKpYXalolllel CTBOJI CKBAaXUHBI CPEAbl; KOJIMYECTBO XUIKMX KOMIIOHEHTOB B ra3e; CBOICTBA rasa u
KUIKHUX KOMIIOHEHTOB; YCJIOBHS IO OCYILIKE, OUUCTKE U TPAHCIIOPTY ra3a Ha IPOMBICIIE.

Boi60p KpUTepUs JUTsE OOOCHOBaHUS peXuma paboThl CKBaXHMHbl 3aBUCUT OT (akTopa,
OrpaHUYMBAIOLIETO JEOUT.

1. PexkuUM MMOCTOSHHOIO TpagreHTa Ha 3a00e CKBaXXMHBI, BEJIUUYMHA KOTOPOIO ONPELE/IIEeTCs
110 pe3yJIbTaTaM UCCIIeIOBaHMIA M SKCIUTyaTallui CKBAXHWH, BbIOMpAeTcs NpY 1e6UTe, HE BBI3BIBAIOILIEM
OCJIOKHEHUI B YCJIOBHAX pa3pyullieHus riacta. [1pu 5ToM BeTMYMHA €ro JOJIKHA UCKITIOUHTD paspy-
[LIEHWE WM 00eCIIeYnTh pa3pylleHre B MpueMyieMsblx npeaenax. [lpu Hanvuuu GUILTPOB COOTBET-
CTBYIOLIMX KOHCTPYKLIMI KPUTEPUIA «TPATUEHT JaBJICHHUS» MOXET HE UCTIOb30BaThC.

[Tpu 060CHOBAHWM BETUYMHBI TPAJIMEHTA TAaBJICHUS Ha 3a00€ CIeAyeT y4eCcThb [JIyOUHY cIiycka 1
IUaMeTp HaCOCHO-KOMITPECCOPHBIX Tpy0. OTCYTCTBME BBIXOAA [1ECKA Ha IIOBEPXHOCTL HE ABSICTCS 10~
CTaTOYHBIM YCIOBHEM, UTOOBI 110 JaHHBIM UCCIEA0BaHHUS U SKCIUTYaTallMy CKBAXKUH YTBEPXIATh Mpa-
BAJILHOCTb BbIOPAHHOM BEIUMUMHBI TpagvMeHTa. MHOTOUMCIEHHBIE [TPOMBICIIOBBIE SKCIIEPUMEHTHI IO~
Ka3bIBaIOT, YTO TMPU IpalyeHTaX, PEeBbIIIAIOIIMX €TO JOMYCTUMYIO BeJIMUKHY, BHaYajle HabaoaaeTcs
WHTEHCHUBHBII BBIHOC TIECKA C TTOCIEAYIOMMM CHIKeHHeM. [17isi olleHKH BeTMUKHbBI TPaIUeHTa Ha KaxX-
JOM MECTOPOXIEHNH CJIEAYeT B KOMIUIEKC MapaMeTpOB, U3y4aeMbIX IO AAHHBIM JIAOOPAaTOPHBIX MCCIIE-
JIOBaHMil KEpHA, BKIIOYMTh M NApaMeTP YCTOMYMBOCTH KaK HEOOXOAUMOE YCIOBUE. 3HAHUE BEJIUUUHbI
JOTYCTUMOTO IpalMeHTa HeOOX0AMMO ISl JOCTOBEPHOTO OOOCHOBAHUS pEXKUMa PabOThl CKBaXKHH.

BesnunHa 10MYCTUMOTO IPaiMeHTa, B OTJIUYHE OT APYTUX KPUTEPUEB, NPAKTUYECKU HE U3ME-
HAEeTCS B IIpouecce pa3paboTku. M3MeHeHHsI BeTMUMHbI JOMYCTUMOTO IPaIUEHTa MOIYT OBITH TOJIBKO
[IpY MPOBEICHUN PEMOHTHO-TTPOMUIAKTHIECKUX PaObOT U OOBONHEHNUU CKBAXWH.

2. PexxuM MOCTOSHHOM JeNpecCUy Ha I11acT yCTaHaBIMBAETCA MPU OJIU30CTH MTOAOLIBEHHON
U KOHTYPHBIX BOJ, Ae(hOpMalliy KOJUTEKTOpa MPU 3HAYUTEIbHBIX AETIPECCHUSIX, BOZMOXHOCTH 00pa-
30BaHMS TUAPATOB B MpU3ab0itHOM 30HE TUIacTAa.

[Mpeneibl, OrpaHUYMBAIOIINME BEJIMIMHY AETIPECCUM, MOTYT OBITh NPUOIMXKEHHO OINPENEICHBI
AHATMTUYECKUM TNIyTeM. B psijie ciyuaeB BeMyMHA JENMPECCHU U3MEHSIETCS B Ipoliecce pa3paboTKy.

3. PexXuM nocTosiHHOro 3a00MHOTO JaBJIeHUs ITPH pa3paboTKe ra30KOHIEHCATHBIX MECTOPOX-

JEHUI BCTPEYAETCs Ha MPAKTHKe MOBOJBHO PENKO UM MCIOB3YeTCs TOrLA, KOTAa JajlbHEeNIIee CHU-
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KCHHUE €ro BEIUYMHbI HEXEJIATeIBHO BCIEACTBUE BBINAAEHUA KOHAEHCATA. PeXUM MTOCTOSIHHOLG 3a-
OONHOrO NaB/IeHNs SBISIETCS HAMXYILUINM BAPUAHTOM MO TEMITY CHUXEHUS NIPOU3BOLAMTENLHOCTH
CKBaXWH B Mpoliecce pa3paboTKU U BpEMEHHBIM.

4. PexxuM MOCTOSTHHOTO 1e6uTa BNseTcs Haubosee BBITOHBIM, €C/IM BEIMYMHA NeOUTA MIPH
9TOM COOTBETCTBYET MaKCMMAILHBIM BO3MOXHOCTAM IUTACTA U CKBAXHHBI. PeXXHM NOCTOSHHOTO s16-
OHTa ycTaHaB/IMBAETCS B CIIy4asiX, KOTa HEMPEPHIBHOE YBEJIMYCHUE ACIIPECCUU HA TUIACT HE TIPUBOIUT
K IIpOPBIBY MOIOUIBEHHON 1 KPaeBbIX BOJI, Pa3pyLUEHHUIO [U1aCTa, IPEBBILIEHNIO JOIIYCTUMOMH CKOPOCTH
MoToKa. PeX1M NOCTOSHHOTO 1e6UTa Ha ONpeneeHHOM CTaTn pa3paboTKu, 0COGEHHO B ee Hayae,
A7t psiiia MECTOPOXIEHUN MOXET ObITh YCTAHOBJIEH MIPU KOPPO3UH 3a60HHOT0 000pynOBaHMS U Ha-
COCHO-KOMIIPECCOPHBIX TPYO; HAIMYMM KUIKOCTHBIX MM MECYAHBIX MPOGOK, BOIMOKHOCTH yBE-
JIMHCHUA IENPECCHU Ha TUIACT B MpoLiecce pa3paboTKu. BennunHa ne6ura npu sToMm pexmme onpene-
JIACTCA MHTEHCHBHOCTBIO KOPPO3HMH, NPONYCKHOU CIIOCOOHOCTLIO 3a60MHOTO obopynoBaHuUsI,
CKOPOCTBIO T10TOKA, 00ECTIEYHBAIOLIEH BRIHOC XKUAKOCTH M TBEPIBIX YACTHUII, MOTEHIUATBHOM oTHavei
TJ1acTa ¥ IpyTUMH paKTopaMu, a TakKe Ha3eMHBIMH YCJIOBUSMH.

5. PeX1M NMOCTOSHHOM CKOPOCTH (pUIIBTpaLMK Ha 3a60¢e MCTIOJIb3YETCST B KAUECTBE YCIOBUS,
00eCTIeYMBAIOLLETO BHIHOC TIECKA. DTO YCIOBHE ObLIO NPUHSATO U Tl 6OIBLIMX CKOPOCTEA, MpeBbl-
LICHNHE KOTOPIX NPUBOIUT K MHTEHCUBHOMY KOPPO3HOHHO-3PO3HOHHOMY MPOLECCY CKBAXHHHOTO
000opynoBaHus.

OIHVM M3 OCHOBHBIX BONIPOCOB, KOTOPBIH TO/KEH OBITH YCTAaHOBJIEH U PEKOMEHIOBAH M0
TCXHOJIOTMYECKOMY PEXUMY, SABJISETCs] ONpe/le/IEHHE MPOIOIKUTETBLHOCTH NTPELTOKEHHOTO pexuma
M NEpeXon Ha HOBBIH pexXuM. Tak, Ha NO3MHeN CTamMy pa3palOTKH ra3oBBIX M ra30KOHICHCATHBIX
MECTOPOXIEHHMI OCHOBHAS 1I€b PEXMMa CBOLMTCA K 0OECIICYECHUIO BHIHOCA KUIKOCTH M3 CTBOMA
CKBaXWH W NIOAEPKAHHIO HEOOXOIUMOIO YCThEBOTO AABJIEHHUS.

IIpu yCTaHOBIEHNM TEXHONOTMYECKOTO PeXMMa AODKHA GbITh paccMOTpeHa BO3MOXHOCTh
TIOBBILICHN A IPOU3BOAUTECILHOCTH CKBAXHH ITYTEM NPOBEACHHS pabOT MO MHTeHCUDUKALINMY,

Ipu npeBbIIeHMN KPUTHYECKOTO IPaMeHTa DaBJieH s, KOra MPOLIECC PA3PYILEHUS BO3MOXEH
U CKOPOCTb QIIIBTPAlMK 00ECeYMBAET BBIHOC YACTHLI, Pa3pylIeHHe MOXKET NPOUCXOAUTH JOCTATOYHO
AUTATEILHOE BPEMSI, TaK KaK B yCIOBHsIX 0Opa30BaHHUsl KABEPHBI IPAJMEHT IaBIICHHS «[IEPEMELIAETCS»
B HAallpaB/ICHUX OT CKBAXHMHBI K KOHTYpY Iiacta. OQHAKO 110 Mepe MepeMeiteHus 30Hbl pa3pylieHus
OT CTCHKM K KOHTYpY IuIolab GUILTPALIMY YBETHYMBAETCS, @ TIPY TIOCTOSIHHOM Je6UTe CKBaXXMHbI
CKOpOCTb hUIbTpauMu ymMeHbluaercst. ClieJoBaTeNbHO, Maxe 415 HeoGOCHOBAHHO BBEIOPAaHHOTO peXMMA

IKCILUTyaTallMM ¢ BBIHOCOM [IECKA HacCcTyliaeT BpeMs, KOTraa BEIHOC CYHIECTBEHHO CHUKAETCH.
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[1py MU3BECTHOM KPUTHUECKOM IPAIMEHTE JaBICHUA O M pannyce R, KPUTHYeCKHii 1e0uT ra-
30BOIi CKBaXKMHbI MOXHO OLUEHUTH 10 popMyie

a R *
o) 4, el (7.2)

*

b a’?

raoe

*_ p'ZPaTTrm . b* — paTZPaTTIUl “ = dpP

) ] —_ . ; (7.3)
nkhT,, 22T, dR|,,

a

ol — KPUTHYECKUi1 TPAIUEHT, 3aBUCAILMIt OT CTENEHH CLEIUICHUs YaCTHL IIOPO/LbL, TOPHOTO
JaBJIeHHUS, CKOPOCTH (uabTpaumu. [TapaMeTp o 10JKeH OBITh OMPEACTIEH IS KaX0ro Fa30HOCHOTO
KOJIIEKTOpA, Pa3pylLIAioIerocs B IPoLiecce IKCILIyaTallui CKBAXHH.

[a30HOCHBIE KOJIEKTOpHI O0JIaNaloT ONpeae/ICHHBIMU POYHOCTHBIMUA 1 YIIPYTUMH CBO-
crBamu. TTokazaTe/ M YCTOHIMBOCTH MTOPOL, 3aBUCAT OT MX CTPYKTYPbI, MMHEPAJTOrN4ECKOro COCTasa,
TyOUHBI 3aJIeTaHuUsl, CTENEHH CUEMEHTHPOBAHHOCTH YaCTHLL, CBOMCTB M KOJIMYECTBA HaChIIAIOIUX
X JKIIKOCTel 1 ra3oB. Haxonach Ha GOBIINX IyOMHAX, KOUIEKTOPB UCTIBITHIBAIOT BAMAHWC aB-
neHus v Temriepatypsl. IIpy MX U3MEHEHUH MEHSAIOTCS PU3HIECKHE, EMKOCTHBIC U GWIbTPALIMOHHBIE
CBOMCTBA TOPHBIX TOPOI. DT M3MEHEHHSI B PSIE CIy4aeB CYIIECTBEHHO BIIMSIOT Ha PEXMM SKCILTya-
TalMM CKBaXHH.

B npolecce pa3paboTKU ra30BbIX MECTOPOXIECHMIA AepOopMaLNs [UTACTa MPOMCXOIUT MOBCe-
MECTHO, a B IpNU3ab0iHO# 30HE — C MOMEHTA I1yCKa CKBAXXMHBI B 3KCTUTyaTallMIo. CreneHb nedopma-
{IMY FA30HOCHBIX KOJLUTEKTOPOB 3aBUCHT OT UX YIIPYTMX CBOWCTB M BEIMYMHBI ACTIPECCHUH.

J191 onpejieieH s OMyCTUMOl IEMPecCHU HEOOXOAUMO MPOBOAUTH CHIELMANBHBIE UCCIIEN0-
BAHUA ¥ AHATM3HPOBAT MATEPMATTbI SKCILTYaTAllMKM CKBAXHHBL. [10 pe3yibTaTaM aHaIn3a CONEpXaHms
necka B J1O6LIBAEMOM MPOLYKLMM Ha PA3TMYHBIX PEXMMaX U MEKPEMOHTHBIX NEPHUOLOB CKBAXNH
YCTaHAB/IMBAETCS BEJIMUKMHA IOMYCTUMOI IENPECCUM, TIpH KOTOpOIi 00eCTIeYrBAETCS TEXHONOTHUSCKII

PEXKM pabOThl CKBAXUHBI.

7.2 Obecneyenne yCTONIHBOI PabOTHI CKBAXKHH B YCJOBUAX pa3pylieHns npu3a00iHOA 30HbI

B yciI0BHAX paspylieHM sl MpU3aboHHOM 30HBI TIaCTa KPUTEPHUEM, HCKITIOHAIOIIMM npoilecc
pa3pyllIeHHMs, SBISIETCS] KPUTHUECKHUIA TPAIMEHT AABJICHNS, MaKCUMATBHOC 3HaYeHHEe KOTOPOIo 10~
CTUTaeTCsl Y CTEHKHM CKBaXHHBI. 10 yCTOWYHBOCTH K paspyLUEHNIO KOJUIEKTOPLI Ki1accubUuLUpyIOTCS
Ha HEyCTOWYUBBIE, CIa00yCTOMINBBIE, CpEIHEYCTOUYMBBIE, YCTOWYUBDBIE U cBepxycroiuussie. s
MepedynCIEHHBIX BBIILE KIacCuUKaLUil KpUTHIECKas BeAMiMHA IpaineHTa U3MEHSETCS B IMAlTa30He

ot 0,005 10 0,15 MITa/cMm.
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ITpu BCKpBITHYM HEYCTONYMBLIX U CIAGOYCTONYMBHIX KOJUIEKTOPOB MPAKTUYECKH TIPH JTIOOBIX
rpagueHTax JaBJIeHUs MPOUCXOIUT pa3pylieHue npu3aboiiHoii 30HbI 1acTa. HampuMep, B mpoayk-
LUHSIX CKBaXWH, BCKPBIBIIMX CEHOMAHCKYIO 3aJleXb, M3-3a €€ HEYCTOMUMBOCTH K pa3pylIeHUIO IIpU
JIIOOOW IETIPECCUM Ha ILIACT, CoaepXaTcs TBepabie mpuMecH. [To 3Toit mpuumnHe rpu 060CHOBAHUU
TEXHOJIOTUYECKOTO PEXUMA SKCIUIYATALIMHA CKBAXKUWH, BCKPBIBLUIMX CEHOMAHCKYIO 3aJ1eXb, BEIMUMHA
JETNPECCUH Ha IJIaCT Ha MECTOPOXACHUsIX MenBexbe, AMOyprckoe, YpeHroiickoe, 3anonsipHoe ObLia
orpanunueHa 0,5 MI1a. Ho 3to He o3Hauaer, 4To npu nenpeccuu Ha riact menee 0,5 MT1a paspyieHus
npu3abofHOM 30HBI HE POUCXOAUT. [103TOMY NpH 0OO0CHOBAHMH TEXHOJIOTMYECKOTO pexXiMa paboThl
CKBaXHWH, BCKPBIBLIUX HEYCTONYMBBLIE U CIA00YCTOMYMBLIE KOJUIEKTOPHI HEOOXOIUMO UCXOIUTh U3
CHILKEHMUS! TPOU3BOAUTEIbHOCTY CKBAXWH NIPU COOMIOACHUH KPUTEPHS, UCKITIOUAIONIETO pa3pylleHHE
Npu3aboiHOM 30HBI I1acTa; MUHTEHCUBHOCTH pa3pyIlieHUs IIPU3a00iMHOM 30HBI IT0 MEPE YBEIUYEH S
rpaiveHTa JaB/lIeHUd; TIEPUOJAUYHOCTH 3aMEHbl CKBAXWHHOTO 00OpYI0BaHMS, BKIIOYAs apMaTypy,
W3-32 9PO3UH NIPU 3HAUUTEILHOM KOJIMYECTBE TBEPABIX IPUMECEN B IPOAYKLUINH CKBAXUHBI, a TAKXE
UCXOs U3 5KOHOMUYECKMX TTOKa3aTesieli BAPMAHTOB TEXHOJOTHYECKUX PEXVMOB: IIPH OTPaHUYEHUH
BEJIMYWHBI IONTYCTHUMOTO IPpalueHTa U YBEJIHYCHMH YUCIa CKBAXXUH JUIsT OOeCITeYeHUA 3a1aHHOTO To-
IOBOTO OTOOpA rasa U3 MeCTOPOXIEHUS JIMOO IKCIUTyaTallMM CKBaXHH C TIPEBBIILIEHUEM BEJIUUYUHBI
rpalyeHTa JaBJeHUs B YCJIOBUSX pa3pylLIeHUs TPU3a00ifHOM 30HBI TJIACTa, HO C YY4ETOM 3aTpaT IpH
3TOM Ha 3aMeHY CKBAXXMHHOI0 000pyIOBaHMUSI.

[MocnencTeue paspylneHus Npu3aboOWHON 30HBI TUIACTA 3aKIIOYAETCS HE TOJBKO B 3PO3MH
CKBAXXUHHOro 000pyAOBaHUA, HO U B 00pa30BaHUM TecYaHON NMpoOKH B Mpeaeax MporyKTHBHOIO
IUTacTa, €CIU KOHCTPYKLUSI CKBaXHUHBI M NEOUT He 00eCcreurBalOT BEIHOC MPOAYKTA pa3pyLIeHUs
npu3aboiiHoii 30HbI. BiusiHue necyaHoit mpoOKM Ha MPOM3BOAUTEILHOCTE CKBAXXUHBI MPAKTUYECKHU
UIACHTUYHO BIMSTHUIO HECOBEPIIIEHCTBA CKBAXXHMHEI 10 CTEIIEHU BCKPBHITUSA TUIACTA.

ITosTOMYy npr 0OOCHOBAaHUM TEXHOJIOTUYECKOrO peXHMa paboThl B YCIOBUAX pa3pylLICHUs
NIpU3abOMHOM 30HBI IJ1aCTa HEOOXOJMMO MCIIONb30BaTh TEXHOJIOTHH, UCKJIIOYAIOIIME pa3pylIeHUE
HEYCTOWUYMBBIX KOJUIEKTOPOB. Takux crioco6oB 1IBa:

- (PU3UKO-XMUMHUUYECKOE BO3AEHCTBIE HA MPU3a00MHYIO 30HY ISl TIOBBIIIEHUS YCTOMYMBOCTU
KOJIJIEKTOPOB K pa3pyHICHHIO;

- TEXHOJIOTUYECKOE BO3/IEICTBUE HA HEYCTOMYMBEIE KOJUIEKTOPHI.

Haubosee mpocThIM M HageXHBIM CITOCOOOM GOpPLOBI ¢ pa3pylIeHHEM MPU3a00HON 30HBI
ABJISIETCA UCIIONIb30BaHUE (DUITBTPOB ISl IEPEKPHITHS MHTEPBaIa BCKPBITHSA T1J1acTa, He IPOIyCKalo-
LIMX YaCTULIBI TOPOAKI K 320010 CKBaXXUHEI.

Bri6op pasmepos nieneit GuibTpa 10omKeH 6a3MpoBaThCsl Ha pe3y/ibTaTax onpeaeieHus rpa-
HYJIOMETPHUYECKOro cocTaBa KoysiekTtopa. [1pu obocHoBaHHOM BHIOOpE pa3MepoB iieieil (puiabTpa

NIPOAYKTHI pa3pylIeHUS He MTOCTYIIST Ha 3a601 CKBaXXUHDI.
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7.3 TexHo/I0rHYECKHii PeKHM IKCILIYATAIIMH CKBAXKHWH B YCJI0BHAX 00PA30BaHUSA NECYAHO-
KHIAKOCTHBIX MPOOOK

B yciaoBusax pa3pylleHusT Mpu3aboMHOM 30HbI I1acTa MPU CKOPOCTSIX MOTOKA rasa, He odec-
MEeYMBAIOLINX BEIHOCA YACTULL [TOPOIBI Ha MOBEPXHOCTh, 00pa3yeTcs iecuaHasi MpoOKa, CyleCTBEHHO
BJIMSIOLIAs HAa YCTAHOBJIEHHBINM TEXHOJOTHYECKUH peXkuM IKCIIyaTaltu ckBaxXuH. [1py BIOOpE TeX-
HOJIOTMYECKOT0 peXnMa 3KCIUTyaTalMi HeOOX0MUMO Y4ecThb Bee akTopbl, CBSI3aHHbIE ¢ 00pa3oBaHUEM
necyaHoi MpobKy Wiy cTo10a xuakoctu. Hajuuue cronda XUIKOCTA UM IECYaHOM NMPOOKY NPUBOAUT
K CHUKEHHUIO NeOUTa Ta30BbIX U Fa30KOHACHCATHBIX CKBaXWH. KonuyecTBeHHOE BJIHWSHUE NECUaHOM
MpoOKH Ha TPON3BOAUTENbHOCTD FA30BbIX CKBAXUH COM3MEPHUMO C BIMSHUEM HECOBEPILEHCTBA CKBa-
JKMH 110 CTEIIEHU BCKPBITUS U 3aBUCHUT B OCHOBHOM OT (DMJTBTPAIIMOHHBIX CBOMCTB M pa3MepOB IIPOOKHU.

7.3.1 Onpenenenue ne01Ta CKBAXUWH MPH MOJTHOM W YaCTUYHOM TNEPEKPHITUH ILIACTA IIECUAHON
MPOOKOIi ¥ CTOJIOOM KUIKOCTH

HeGUT CKBaXHHBI TIPYU MOJTHOM HePeKPLITHHA MHTEpBaia nepdopaliiy NpodbKoi MOXHO olie-

HUTH N0 opMyJie

P> P2 [ps
Q=-"—"2th,|—, 7.4
5 p (7.4)

rae P_ ., P, — COOTBETCTBEHHO ILTACTOBOC U 3a00MHOE HABNCHUS, MIla;

8 — BbIcoTa NMPOOKHU, paBHAsI MOLHOCTH ILIacTa /1, TO €CTh & = /;

a, b — koopdruMeHTH QUIBTPALIMOHHOTO CONTPOTUBIIEHUS, OIIPENEISIEMbIE U3 BbIPAXEHMIA

R
116uZP, T, In=x
RC . b_ 232“’ZPHTTIUI (7.5)

a= ;b=
nk[‘[pTCT 2nknpRc2 TCT

rue krIp — NMPOHMLIAEMOCTh MPOOKU, MKMZ.
OTHOCUTENLHBIN 1eOUT CKBaXHHBI, KOTIA TIPOAYKTUBHBIM UHTEPBAN ITOJHOCTBIO [IEPEKPHIT

[IpoOKoI, MPUOIMKEHHO oTpenessieTcs rno Gopmyie

2
th&

A a
0= SJab

TIpu 4acTUYHOM TIEPEKPHITUM TIaCTa MPOOKOIl OTHOCUTENbHBIH N€OUT CKBAXUHBI OIpeEe-

(7.6)

JsieTcs 1o popMysie

2
] w
0=1-2|1-

_va
T sdas | (7.7)
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He6nT CKBaXMHBI, BCKPBIBLLEH IUIACT TOMLMHON H 1 IEPEKPBITON CTONGOM KUAKOCTH BHICO-

TOi 6 = H, onpenensiercst no ¢popmysie

_P-e™) Bl3

, 7.8
0 aD, . (7.8)
rie
0,683p p
D =22 g (1-g) P |, (1.9)
ZcpTcp X

P> Pr — TUIOTHOCTH COOTBETCTBEHHO XUIKOCTU U ra3a B 3a00MHBIX YCIOBHSIX;
¢ — UCTUHHOE ra30Co[ePXaHNe B MHTepBaJie (DUIILTPA;
P, — 3a60iiHoe qaBieHKe y KPOBIH ILIACTA.
OTHOCHUTENBHBIH JEOUT CKBaXMHBI IIPU MTOJTHOM NEPEKPBITUH CTOJIOOM XHUAKOCTHU IPOIYK-
THBHOI'0 MHTEPBAJIa NPUOIMKEHHO MOXHO OLIEHHTD 110 (POpMyITe
2 Ds 2
P3 (1-e™ ) A 1
7 o o2 p2
Dla(Prm_Pa) Prm—Ps

0= (7.10)

HpI/I HaCTHUYHOM NEPEKPLITUH ITPOAYKTUBHOTO HHTCpBala CTOI00M XKUIKOCTU OTHOCUTEJIbHBIN

NEOUT CKBAXKMHbBI OLIEHUBAETCSA 110 (POPMYJTE

+ P(1-¢P? Pis H-3
010 Kled) , Pud  H-3 (7.11)

Q=
Q  DH(P,-P) HPP-P) H

rae Q, — ne6uT yKcTOI (6e3 cTON6a KUAKOCTH) CKBaXXUHHI;

Q,, O, — COOTBETCTBEHHO AEOUTHI U3 MEPEKPHITOI U He MEPEKPBITOM CTOJIOOM XUAKOCTU UH-
TEPBAJIOB ILJIACTA.

7.3.2 BimsiHME IEeNpeccHu Ha YCI0BHUsI 00pa30BaHUA WU pa3pylleHHs nec4aHol MPoOKU

Crerienb 3arps3HeHNst 326051 CKBAXKMHBI ECYaHO IPOOKOM CBSI3aHa CO CKODPOCTbIO MTIOTOKA U
AeNpeccueid, NPUXOMAUIENHCs Ha SNUHULLY [JUTHHBI IPOOKH.

71 M3BECTHBIX 3HAYEHUI AABIEHUS Y KPOBIH P, v IpOHUILIaEMOCTH TIPOOKH, B KOTOPOU
SHAYUTE/ICH IPAIMCHT IABICHUS, CUla, NeHCTBYIOIIAs Ha TPOOKY BBICOTOI § U cedeHMeM | cM2, ompe-

nejsiercs mo hopMmyiie

p: _p?
Pl -Pl=pP} _p2_ "3 (7.12)
b
ch
ady,

rae P o1 — M@BJEHHUE Y MIOAOILBHI Mi1acTa, MITa.
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VienbHbIi Mepenan Ha eMHULLY LIMHBL IPOOKU NPUOIMKEHHO ONPEAETIAETCA 10 dopmyne

p2 _p?
nox 3 l 1___1—_ . (7.13)

TR
a

BiinsiHue Ienpeccuy Ha Impoilecc 06pa3oBaHusA NPOOKHU OLIEHUBAETCA 110 dopMynam

2
_10°(Pyy —Py) . 10°(Py,-P) | 2a

5
: 2, 2p, b

; (7.14)
®opmyia (7.14) MO3BOJIAET ONMPENETUTD:

1. KpuTHyeCKy10 BbICOTY ITPOOKU MPH YCIIOBUH

10°(P P)2 2
10 :_ﬂ

. 7.1
o ; (7.15)

2. HenpepbIBHBIM POCT MPOOKHU IIpH

10°(P P)2 2
wi_"3 <_a.

7.16)
2P, (

3. PaspyuieHuie U BBIHOC ITPOOKHU TTIPU

s 2
10°CPy, =Py) | [ 24, (7.17)
2p, b
rae p,, — MIOTHOCTD BELLECTBA, 0OPa3yIOLIEro po6Ky, Kr/M>.

OGpa3oBaHKe IecyaHo MPOOKU WK CTOJI0a XXKMAKOCTH HETIOCPEACTBEHHO CBA3AHO € BBIOOpOM
JMaMmerpa U LIyGUHBI crycka IMGTOBBIX TPYO, pacnpeesieHieM 1e61Ta B MHTEpBaie nepdopaiiviv 1
J1€60UTOM CKBaXXHUHBIL.

7.3.3 OnpeneneHue Heo6XOMUMOM TITyGUHBI CITyCKa JIMGTOBBIX TpYyO mepen MpOBEICHUEM Ta-
30TMIPOIMHAMUYECKMX M Ta30KOHIEHCATHBIX UCCIE10BAHMI CKBAXHH

Ha rny6uny crycka JUGTOBBIX TPYO BIMSIOT IUAMETD, NIEeOUT CKBaXUHBI, POPMBI ¥ pa3Mephbl
YaCTUL NOPOJIBI ¥ CTPYKTYpa ra30KMUIKOCTHOTO 10TOKA, TOJIIMHA MPONYKTUBHOTO HHTEPpBAJIA, pac-
TipeeeHre nebuTa B MHTEpBaJie nephopaunu, ycToiiuBOCTE NOPOIL K paspyHICHHIO.

Crniyck Tpy6 10 HMXKHHMX OTBEPCTUH MHTepBaia nephopalMy He BCET1a pallMOHaICH U3-3a
BO3MOXHOTO [TPUXBATa TPYO, & TAKXKE JOTOJTHUTENBHBIX IOTEPb JaBICHUs P IBUXKESHUH a3 I10 3a-

TpyGHOMY IIPOCTPAHCTBY 10 GalMaka TMGPTOBBIX TPYO ¥ B caMuX Tpybax.
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Ha npakTuke 4acTo OTCYTCTBYeT HeoOX0ANMasl YBSA3KA MEXIY TIyOUHOIA CrycKa Tpyo, po-
(buyeM NpuUTOKa Ta3a U BIMSHUEM NMPOOKM Ha MPOU3BOAUTENBHOCTh CKBAXHH. BIUSHUE BbICOTDI
NPOOKH HE3aBUCUMMO OT IJIyOMHBI CITycKa Ju(MTOBBIX TPY6 OCTaeTCsl He3aMETHBIM, eCIM HUXHAS
4acTb MHTEPBAJIA NepPHOpalui HU3KOMPOIYKTHUBHAS U €CJIM B U30TPOITHOM ILIACTE BHICOTA MECYAHOM
npobku He npesbimaer 10 % — 20 % o61wueit nephoprpoBaHHOM TOMILUHBI TIPOAYKTUBHOTO TUIACTA.
Hapyurenue 3akoHOMEpHOCTH BIMSHUS TPOOKH Ha IPOU3BOANTENBHOCTb MOXET BOSHUKHYTh JIMLIb
B TOM Cj1y4ae, KOrIa CKBaXHWHa BCKPIBAET HECKOJILKO MPOIUIACTKOB C Pa3IMYHBIMU (GUIIBTPALIUOH-
HBIMH CBOWCTBaMU.

biaronpusitHele yc10BMs ISt BRIHOCA [1€CKa U CITYCKa TPYO 10 CepeAUHBI 1 BblLE MHTEPBAJIA
BCKPBITHA CKJIAbIBAIOTCS IIPY YBEJIMYEHUH IIPOHUIIAEMOCTH OT KPOBJIH K MojioiBe. BecrpeuaeMoe Ha
NPAKTUKE MHOr0OOpa3ue 3ajieraHysi NPOILIACTKOB C Pa3IMYHOM MPOHULIAEMOCTHIO M YCTOMYUBOCTBIO
TpeOyeT B KaXIOM KOHKPETHOM CJIydae aHaIH3a Ie0J0r0-NPOMBICIOBBIX JAHHBIX U YCTAHOBJIECHHMS
MCXOJIsl U3 3TUX TAHHBIX AMAaMeTPa U ITyOUHbBI CIycKa JTU(PTOBLIX TPYO.

Beinoc yacTui ¢ 3a604 onpenesnsieTcsi CKOpOCTbIO MoToKa. CunTaeTcs LenecoobpasHbiM, YTOObI
CKOPOCTb I'a30BOTO [TOTOKA ObLi1a IPUMEPHO BIBOE OOJIbILE, YeM CKOPOCTb OCAXIEHMS CAMBIX KPYTTHBIX
YacCTHUL, BHIHOCUMBIX ra30M M3 ILiacTa.

OCHOBHBIM YCIOBMEM BBIHOCA YaCTHLI € 326051 ¢ LEJIbIO MPEAOTBPAILEHUsI 06pa30BaHUs Mec-
YaHBIX IPOOOK SIBJISIETCA OOECTIEYEHNE CKOPOCTH MOTOKA ra3a, MPeBBIIAIOIIENR CKOPOCTh OCAXKICHMS
Kareab XUAKOCTH U YaCTUIl KOJUIEKTOpA.

PaccmotpeHHbie Bbile (haKTOpHI, BIUSIOLIME HA IYOUHY CITyCKa JTHU(TOBBIX TPYD, MOKA3bI-
BalOT, YTO:

- TIPY paBHOMEPHOM TPUTOKE Ta3a U3 MHTepBasa rnepdopauuy U HATMYUU YCIOBUI ISl Ha-
KOIUIEHHS YacTHUIL Ha 3a00¢ 11e1eco06pa3eH Cyck JTUGTOBBIX TPYO 10 HUXHEN rpaHULIBI HHTEpBaia
nepgopaluy;

- CHIXXEHUH NeOUTa CKBAXHWHBI OT KPOBJIM K MOJOLIBE M1ACTA TAKXKE 1IE/IeCO0Bpa3eH CIyCcK
JMGTOBLIX TPYO 10 HYXKHUX OTBEPCTUI HHTEpBAa nepdopaLui;

- CKOPOCTH, 00eCIeYMBaroOLIE NNOALEM YAaCTHLL C HUXXHETO MHTEpBaja 6€3 MU TOBHIX TPYO, U
OTCYTCTBMM YCJIOBUSI Pa3pylICHHUs KOJUIEKTOPAa U HAKOILIEHUS YaCTUL Ha 3a00e, TU(PTOBLIE TPYObI
MOTYT OBITB CIIYILEHBI 1O KPOBJIM MPOAYKTHBHOTO IJIACTa;

- MHTCHCUBHOM pa3pylleHUH KOJUIEKTOPa NPU HEOOMBLINX AETPECCHAX Ha IUIacT BOMPOC O
IyGuHe Crycka TMGTOBBIX TPYO NOKEH OBITh PELeH C yYeTOM KOHCTPYKLIMHU DHIIbTPA;

- OMpPE/eJICHUH TIIYOUHBI CIlycKa JUDTOBLIX TPYO NMOTEPH daBjieHUs B TUMTOBBLIX TPyOax He

HOJIXXHBI ABJIATBCA CAMHCTBCHHBIM U OIIpEACISI0IINM d)aKTOpOM.
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7.3.4 BausiHve BBICOTHI M IPOHULAEMOCTH NeCUaHOM MPOOKYU Ha 1eOUT CKBAaXXUHBI

M3yyeHue BAUSIHUS BHICOTBI IPOOKU Ha MTPOM3BOAUTEILHOCTh Ta30BbIX CKBAXMH ITOKA3bIBAET,
YTO NMpPH Pa3HoOii BbiCOTE MPOOKM, (PUKCHPOBAHHOM JABJIEHUU Hall U TOM MPOOKO# 1eOUTHI CKBaXUH
CYLLIECTBEHHO CHMXaloTcst. [l OMMHAKOBOM MPOHWIIAEMOCTH ILIacTa U Mpobku (K = knp) U U3-
BECTHOM Tiepenaje AaBIeHUi B CKBaXxuHe AP, ¥ 1715 pa3/IMuHOM BEICOTHI TPOOKHU XapaKTep N3MEHEHUA
OTHOCHTEJIBHOTO Ae6uta Q = an/Q OT OTHOCHUTEJIbHOTO BCKPBITHUS IUIACTA h=h- hnp)/h MoKa3aH
Ha pucyHKe 7.1, M3 KOTOpOTo BUJHO, YTO XapakTep U3MEHEHMsI Q OT h aHAJTOTMYeH 3aBUCUMOCTH 0

OT A 1715 HE COBCpH.ICHHOfI IO CTCIICHU BCKPBITHS ILJ1aCTa.

1,0 0
%
0,8 ]
/o
2 9 e
1

o — 5
0’4 n/;
0,2

< Pucynok 7.1 — 3aBUCUMOCTH 0 OT OTHOCUTEJIbHOM

BBLICOTBI TTPOOKH /1 ;
0 0,2 0,4 0,6 0,8 1,0

=i

=k =k 2—k, = Ko/ 50

7.4 TemMnepaTypHblii TEXHOJIOTHYECKH PeXKHM PaboThl BEPTHKAJIbHBIX CKBAKUH

IMpu HU3KOM TeMIEpaType I1acTa U OKPYXaroLen CTBOJI CKBAXUHBI CPEllbl, HAIMYUU BJIaTA B
rase CO31al0TCs yCAOBHUS IS 06pa3oBaHUsi THIPATOB B IPU3a00HOI 30HE U B CTBOJIE, YTO OCTIOXKHACT
paboTy ckBaXUHbI. UCKITIOUNTH BO3MOXHOCTb THAPATOO6pa30BaHMSI MOXKHO ITyTE€M I1PaBUNLHOTO BbI-
60opa TEXHOJIOTMYECKOTO PEXMMa pabOThI WJIM 3aKAYKOH aHTUTMAPATHBIX MHTHOMTOPOB B CKBaXHMHY.
PaBHOBeCHBIE TaBJIEHUE Pp W TemIiepaTypa ruiparoo0pa3oBaHus Tp 3aBUCST OT COCTaBa rasa, Bjaro-
colepXaHus, TeroGU3MIecKUX CBOHCTB U N1apaMETPOB OKPYXKAIOLIEH CTBOJI CKBAXKUHBI CPE/IbI.

J1i1s1 6e3riaApaTHOrO pexXxuMa paboThl CKBaXHMHBI, YTOOBI TMAPAThl HE 0OPa30BbIBATMCH B IIPH-
3a60iHOI 30He TUTacTa, He06XoIUMO obecneyunTs T, > Tp. [1pu sToMm BenmumHa T, U pacripene/ieHue
TeMIIepaTypPhi IO CTBOJIY CKBAXXHHBI OTIPEENISIOTCS 10 GOpMyJIaM, IPUBEAEHHBIM B paszelie 7 yacth |

HaCTOAUIUX peKOMCHﬂaHHﬁ.
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YrtoGbl ruspaThl He 06GPAa30BBIBATUCH B CTBOJIE CKBAXHMHBI HEOBXOLMMO BBITIOJTHEHHUE YCJII0-
BUS Ty >T b

Ornpelenenne BO3MOXHOCTH 06pa3oBaHMUsI TUIPATOB B Npu3abo0iHON 30HE U B CTBOJIE CKBa-
XKHMHBI HEOOXOIMMO 1S BBIOOpA Crocoba U MecTa Mogaqyu UHTUOUTOpa. 3HaYeHHe Tp IUISL KaXKAO0To
MECTOPOXACHMSI OTIPEAEIAETCS OTAENbHO JIJAGOPATOPHBIMU MM AHATUTUYECKUMHU METOLAMH.

B cKBaxMHax, pacrioNoXeHHBIX B 30HAX MHOTOJIETHE I MEpP3JI0ThI, TUIPATH MOTYT 00pa30BaThCs
Ha 11000 rnybuHe. [ToaTomy ycnoBue Tp <T y» MCKIIIOUaolee 06pa3oBaHue TMAPATOB IO CTBOJY,
CTIpaBEAJINBO Y IPH HAJIMYMY MHOTOJICTHEH MEP3/IOTHI.

Eciin pacyeTsl ¢ pa3sTMuHBIMKM PEXHMAMU MOKA3BIBAIOT, YTO YIOBJETBOPHUTE T, b < Ty B TaHHOH

CKBaXWHE HEBO3MOXHO, TO HEOOXOAMMO 00ECIIeYUTh nomgavy I/IHFI/I6I/ITOpa B CKBAaXKUHY.

7.5 TeXHOIOTHYECKHI PeKUM IKCILTYaTALMH BEPTHKAIbHBIX FA30BbIX CKBAJKMH, BCKPbIBUIMX
IJIACTHI ¢ NOJOMBEHHOI BOIOH

7.5.1 OnpeneneHue 6e3BOMHOrO PeXXUMA PaBOTHI BEPTUKAIBHBIX CKBAXUH

TexHonoruyeckuii pexxuM 3KCIUTYaTallMy ra30BbIX CKBAXKHH IPU HaMYUK NOJOLIBEHHOMN
BOJIBbI (PMCYHOK 7.2) OTIpeneasieTcsi MpUOIMKEHHO.

ITpu 3ananHOM B pr3a6oitHOM 30He THMEPGONIMIECKOM XapaKTepe U3MEHEHHUS TOJLIUHBI Ta-

30HOCHOrO N.1acTa MpeAebHbIN 6e3BOAHbIN NEOUT ra30BOit CKBAXMHBI OMPEIEISIETCS MO dopmyie

N mkhT, ko mRT,,

_ 2
AP 2%111&%@_%’ (7.18)
kR
rIie R—:RK/RC-

[Ipy paHee NpUHATBLIX 0603HAYEHUSIX napaMeTpoB B popmyie (7.19) ¥ BBoasi HOBbIE

_46°AP? . pZPTy, p* _ PerPerZly,

ko =2 AT -
R nkhT,, WmAURT,,

(7.19)

Pucynok 7.2 — Cxema BCKPBITHSI BepTHKAIBHOM
- . . — — — CKBaXXMHOM IJIACTa C NMOJOUIBEHHOU BOIOIM
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nosaydeHa (opmysia 6e3pa3MepHOro 6e3BONXHOrO 1eO1Ta B BUIE

(7.20)

Torzaa dopMya 1151 OrpeIeieHIs MIPEAENbHOTO Ge3BOIHOTO Je6UTa CKBAXWHbI TP TUIepoo-
JMYECKOM XapaKTepe U3MEHEHHs TOILIWHBI FA30HOCHOTO IL1aCcTa B npu3aboiHOM 30HE IPUMET BUIL
* %k
0, =22 (7.21)
np — * .
2b

[Tpu pacuete 6e3BOAHOTO feOUTA an B hopmyiy (7.21) cnenyer NOACTABAATb BEJIUIMHY APﬁon,

OMnpeac/isieMylo 110 (bopMyne
AP2 = P2 —P2 == h—hB Pg— 2P —= h—hB P —P
ot [ 1 3]non n( c)( B Pr)[ w1 n( c)( B r)]’ (7.22)

rae P, P, — COOTBETCTBEHHO MIOTHOCTh BOMbI M ra3a B [UTACTOBBIX YCJIOBUSX;
£ — YCKOpPEHHE CUJIb! TSIKECTH;
1 — BBICOTA CTOJ10a XMAKOCTH, 0becriedrBalollas 1aBIeHne 0,1 MIla.

C 10CTaTOYHOM T4 MPAKTUKU TOYHOCTHIO BEJIUYUHY AP?

2 on MOXHO OTIPEETUTH MO dopmyne

Jor1t oon

AP2_ =P —P!= 2Pm,gh&L(§ﬂr—) win AP2,, = Dx, (7.23)

rae

D=2P_ ghPrPr. x_1_h.
n

C yueToM 3TuX n3MeHeHuit hopmyJs (7.19) 1 (7.20) npuMyT BUL

(7.24)

To dopmyne (7.24) pacCYUTHIBATHCH NPENEIbHbIE OE3BOMHBIE NeOUTBI CKBAXKWH C UCXOAHBIMHU
nanubiMu: P = 30 Mlla; h = 50 M; R, =500 M; R, = 0,1 m; b= 0,58:107%; a, = 0,0056; 0,056 u
0,56 — 1S pa3IMUHBIX OTHOCUTEJIBHBIX BCKPBITHUIA; h=0,1 + 1,0. TTonyyeHHad 3aBUCKMOCTb IpPe-
NeJIbHOTO 6e3BOIHOTO AebUTa an oT 4 moKa3biBaeT (PUCYHOK 7.3), YTO CYIUIECTBYET HEKOTOPOE BCKPbI-
THe, MPY KOTOPOM MpeeIbHbIN 6e3BOAHbIN JEOUT CTAHOBUTCA MAKCUMAaIbHbIM. VYCTaHOBJIEHO, UTO €

yBeJIMyeH1MeM KoapuumeHTaa, ., an yMeHblIiaetcst. J1714 monydeHus MaKCUMaJIbHOTo nebUTa CTENEHD
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400

3

Q. THIC. M /CyT

N
/
/

N\
200

100

2 KpuBbie COOTBETCTBYIOT BeJIMUMHAM
1—ky= 161;2—k0= 1,61 u3—k,=0,0161
\
-\\ 3 PucyHok 7.3 — 3aBUCHMMOCTb NpeeibHOTO
3BOJIHOT )71 THOCUT or
h 0 04 0.6 ) " 0e3BOOHOrO NebUTa an OT OTHOCHUTENIBHOTO

0 <1
" BCKpBITHSA I1acta A npu P = 30 MIla

BCKPBITHSI TUIACTOB C HU3KOH MPOLYKTHBHOCTBIO IOJIXHA GBITh GOJIbILIE, YEM TAKOBAs C BHICOKOH TTPO-
IYKTUBHOCTBIO.

7.5.2 BnusaHMe napameTpa aHU30TPOIIUY T11aCTa Ha GE3BOAHBIIN JEOUT CKBAXKHUHDI

B 6O/IBLIMHCTBE Fa30HOCHBIX IIACTOB BEPTHKATbHBIE U TOPU3OHTAIBHBIC TIPOHULIAEMOCTH
Pa3IMHAIOTCs], MIPUYEM, KaK MPaBUIIO, BEPTUKAIbHAS IIPOHULIAEMOCTD K, 3HAYHTEIBHO MEHBLIE To-
PU3OHTaNIbHOM k . HU3Kas BepTHKaTbHAS MPOHUIIAEMOCTD CHIKAET ONIACHOCTD OOBOIHEHUSt TA30BbIX
CKBaXWH, BCKPHIBUIMX aHU3OTPOIHBIE TUIACTHI C IIOAOLIBEHHOI BOIOI B TPOLIECCE MX IKCIUTyaTall|H.
OnHako Nnpyu HU3KOI BEPTHKATIBHOM MPOHULIAEMOCTH 3aTPYIHSETCS U MIOATOK rasa CHHU3Y B 00JIaCTh
BIIUSIHUST HECOBEPILEHCTBA CKBAXKUHBI MO CTETEHU BCKPBITHSL.

s y4eTa BIUAHMS aHU3OTPOIUU Ha MPOU3BOAUTEIBHOCTh CKBAXMHBI UCTUHHAS 061aCTh
¢uibTpaLMK raza 3aMeHsIeTCs TaKoi GMKTUBHOM 061aCThIO, B KOTOPOI CyMMAapHOe COMPOTUBJICHUE
T1acta 6yneT S5KBUBAJIEHTHO UCTHHHOMY MHTETPATLHOMY.

[IpubsnmxkeHHO LIS onpeeeHus 6e3BONHOTO NeOUTa CKBAXUHBI Q. , BCKPBIBLLEH aHU30T-

np’
POTIHBIH ILIACT CIEAYET UCIIOIBb30BaTh (HOPMYITY

a'R.hQ; InR
Op=""73—7, 7.25
np % (7.25)
rae
Q; =—1+ |l+— _kox_ ; kg = 4b*zD‘*’; (7.26)
hAInR(InR —x) a
h

-

x = B — [napaMeTp aHU3O0TPOIIUH IL1acTa.

k.
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dopmyna (7.26) copnanaet ¢ popMyJioi, noaydeHHoi mpu h = 1 n k= 0.
7.5.3 VyeT U3MeHeHHs MOJOXEHUS KOHTAKTa ra3-Bojia B Ipollecce pa3padOTKH ra3oBbIX Me-
CTOPOXIEHMIA ITPH OIpee/ieHUH 6e3BONHOrOo 1ednTa

Bessoaubie 1e6uThi 0., onpeaeieHHbie o dhopmyiaaM (7.21, 7.24 u 7.25), okaxyTcs 3HaYU-

np’
TeJIbHO BBIILE UX MCTHHHBIX 3HAYEHUI B MpoLecce pa3paboTKU U3-3a HENMPEPHIBHOTO YMEHBLICHUS
ra30HACHILIEHHOM TOIIIMHbL. MHTeHCHBHOCTB TIOIbEMA KOHTAKTa 3aBHCUT OT 3allacoB M 0TOOpa rasa,
AKTUBHOCTY BOLOHAMOPHOM CUCTEMBI, KOJUIEKTOPCKUX CBOICTB BOJOTA30HOCHBIX TJIACTOB.
Texyluast TONLUIKHA FA30HOCHOTO IUIACTa IPUOIMXEHHO MOXET ObITh OLeHeHa 110 popmyrie
Qs (1)

2
TR mo,

h(t)=hg — , (7.27)

rae R, — panryc KOHTypa ra30HOCHOCTH 3a/IeXH MIPUHSATOM KpyroBoit (OpMBI;

Q,(f) — 0ObeM BOIbI, BTOPTiLEHCst B Ta30HOCHYIO YaCTh 3aN1€KH 3a BpEMsl t, oTIpenesieTCst CO-
rnacHo PykosoacTsy [42];

m — TIOPUCTOCTD;

0., — Fa30HACBIILIEHHOCTB;

hy, h(f) — HayaIbHas U TEKYLIast TOJILMHbI ra3oHachlLLIEHHOHN YAaCTH IJ1acTa.

Boruncaus coracHo Pykosonctsy [42] O, (f) Ha Kax[blil MOMEHT BDEMEHH, HEOOXOIUMO OIIpe-
nenuthb P (1) v h(7), a 10 U3BECTHBIM P_ (1) 1 h(r) — BeUYUHY an(t).

3HauyeHKe TEKYLIEro MIACTOBOTO IaB/IeHHs! OIIpeNesieTcs Mo gopmyie

ZIP, (), Tl VP

THJI
@V, -0,(t) | Z[Ppy(®), Tyl T, |

T

cT

(7.28)

Prm (t) = PaTQJIOG (t)

e P, P

AP T, ), 2P, (),T,]— HavYaNbHBIN 1 TEKYLIUI KO3hOHULIMEHTLI CBEPXCKUMAEMOCTH rasa,;

.y — COOTBETCTBEHHO TEKYILEE M HaualbHOE NaBJICHUS I1aCTa;
V,, — HayaibHbINA 00BbEM ra30HOCHOM 4acTH IJ1acTa;

. — CPEAHHH MO 3a1eXH KOIPGDULHMEHT ra30HaCHILICHHOCTH T1acTa;

Q,06(1) — OTOOp rasa u3 3anexu 3a Bpems 1. Bripaxenue B bopmyse (7.28) a V, — Q@ (1) = V(1)
COOTBETCTBYET TEKYIIEMY ra30HACBILIEHHOMY 00beMY 3a1eXU.

C yyeToM U3N0XKEHHOTO MPe/IeTbHbIH Ge3BONHbIH 1eOUT CKBaXXIHBI P NOABIXHOM KOHTaKTe
ra3-Bojia ¥ TUIEPHOTMIECKOM XapakTepe M3MEHEHHs! TOIILMHBI M30TPOIHOTO I1acTa B Mpu3aboiHOH
30He OyIEeT ONpenessiThes 1o GopMmyiie

* *
_d'RO'()
3

_ 4 e 7.2
Cro 26" (1) (7.29)
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rie
Q*:E(t)ln_i 1+ 1+k"’(¢(_t)2 ; (7.30)

h(t)| In =

h(t)

con_Mae o 4B (DD(Y)
M) =—>"; ko(t) =——5——; 7.31
(1) n) o(?) R 20 (7.31)
D(t) — 2Pnn(t)gh(t) [pB _pr(t)] (732)
n

a' (=2 lmn, ) PurParlTog (7.33)

" nkh(DT,, IR (0T,

B dopmynax (7.32) u (7.33) 3HaueHus P M, Z, k ¥ | I3MEHSTIOTCS BO BpEMEHH, 3aBUCST OT Be-
JIMYUHBI TUTACTOBOTO IABJICHUSI M MOTYT OBITh YYTEHB! MO U3BECTHBIM 3aKOHOMEPHOCTSIM MX U3MEHEHMUS
OT JaBJCHUS.

I1py U3BECTHBIX 1O pe3yJibTaTaM MCCIENOBaHMI KO3(bdULMENHTAX (PUIBTPALHOHHBIX COMPO-
THUBIICHUIA 4, W b, . 3HAYEHUS a’(t) v b*(f) 1OMXKHbI olpeneAThCA 1o popMyramMm

2
' (O)=a, IR b (1)=b, R, 0. (7.34)
h(z) KA (1)

g 3a0aHHOI BETMYMHBI BCKPBITHS T1acta h,. U3MEHEHME Ia30HACHIILICHHOW TOMILMHBI B
pesysibTaTe NoXbEMa KOHTAKTa ra3-Boia MPUBOAUT K ODBOIHEHUIO Ta30BOM CKBaXUHBI. XapakTep
HU3MEHEHMUS an, COOTBETCTBYIOILLIETO MAKCUMYMY KPHBBIX an OT P_, TIpU HENIOABHXHOM (KpuBas 1)
¥ TIONBUKHOM (KpHBast 2) KOHTaKTaXx, I0Ka3aH Ha pUCYHKe 7.4. V3 KpHBOIi 2 BUIHO, UTO NPH 3aaHHOM
h,, IO Mepe CHIKEHUS TUIACTOBOIO MaBJEHMs U MOIbeMa KOHTAKTA ra3-Boaa an PE3KO CHUXKAETCS,
U TI0 JOCTUXEHUY YCIIOBUSL A(f) = h, . CKBaXHHA OOBOIHSETCSI.

[IpenenbHpii 6€3B0AHBII JEOUT CKBAXMHBI, BCKPBIBLIEH aHU30TPOMHBII MJTACT C MOAOIIBEH-

HOW BOAOH TIpHU MOABUXKHOM KOHTAKTE Ira3-BoAa, MOXET OLIEHUBAThLCS 110 cbopMyﬂe

00, (1) - a (t)RJ; [()i)(?) (t)lnR’ (7.35)
rae
oty RO (7.36)
h(yin R| MR ~x(0)
h()
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Py
<
(=]

3

Q,,» THIC. M /CYT

tad
(=
(=]

200 v 7
100
Pucynok 7.4 — 3aBUCMMOCTb an,
COOTBETCTBYIOLIETO A, OT P
0 0 30 3 MpY HeNOABMXHOM (1) ¥ TOABUXHOM (2)
P, MIla KOHTaKTe ra3-Boja
4b° (£) D, (t -
k()'(t):—T(z)—*(—); x()=1-h(1). (7.37)
a “(H)R,

o dopmyie (7.35) pacCUUTBIBAIUCH Q"p(t) CKBAXUHBI C HCXONHBIMU faHHbIMU P = 30 MIla;
hy=50m; R, =500m; R, =0,1M;0a, = 0,0056; b, = 0,58:10"%; V,= 5,81-100 m3; a,=0,74,m=0,2;
p, = 1,0 mI1a-c Npy OTHOCHUTENBHBIX K 3aracaM orbopax raza Q, «(#) = 0,195;0,39; 0,585 1 0,78 1 mapa-
metpax anusotponuu & = 1,0; 0,51 0,1. [locaenosaTelbHOCT pacyeTa an aHaJIOrMYHa MOpsiAKaM, UC-
TOJIb3YEMBIM IIPU OTPERETIEHUH an OT A IUIst MU30TPOITHOTO IUIACTA U MOABIKHOTO KOHTAaKTa Fa3-BoJa.
W3 pe3y/ibTaToB PacyeToB CIEAYET, UTO HE3aBUCMMO OT BEJIMYMHBI NapaMeTpa aHU30TPONIMHU & MPU
CHIXEHUM P_ ¥ yMeHbLIEHUH A(7) an cHukaercs. C yMeHbIIEHUEM BEPTUKAJIBLHOM IPOHULIAEMOCTH
k,, mnu napameTpa aHM30TPOIHH & an yMEHbILIAeTCS.

DTO 03HAYAET, YTO YMEHbIIEHHE N0/ IeO1Ta 3a CYET NMOATOKA U3 HEBCKPBITOM 4acTy IacTa
IPOMCXOIUT B pe3yNbTaTe yXYILIEHWs! BEPTUKATbHOM MPOHNLIAEMOCTH TUTacTa. B KoHeuHOM cuete
[IPY CYLLECTBEHHOM CHIDKEHWUH BEPTHKATbHON IPOHNIIAEMOCTH G€3BOMHBIN ASOUT MO BETMYHHE CTPe-
MUTCS K Je6UTY CKBaXWHbI, BCKPBIBLIEH IUTACT TOJILUMHOM /1., T/1€ MIMEETCs TOJIbKO IUIOCKOpaaHaibHas

(bmmpaum{ ra3a K CKBaXMHC€.

7.6 TeXHOAOrMYECKHil PEXKHM IKCILTYATALMH ra30BbIX CKBAXKHH PH HAJIMYMH B COCTABE ra3a
KOPPO3HOHHO-AKTHBHBIX KOMIIOHEHTOB

OauuM U3 $aKTOpPOB, BIUSIONIMX HA TEXHOJOTMYECKUI PEXHUM IKCIUTyaTallM Ta30BbIX CKBa-
KUH, SIBASIETCS] HATNYME B MPOAYKIIMK KOPPO3HOHHO-aKTUBHBIX KOMIOHEHTOB. K KOppO3MOHHO-aK-
TUBHBIM KOMITOHEHTAM OTHOCSITCS YIJIEKHCIIBIiA a3, CEPOBOAOPOL, PTYTh. [Ipy HaiMynu B1aru B Npo-

nykuuu ckpaxuusl CO, 1 H,S BcTynalor ¢ MeTallaMi B XUMUYECKYIO PEAKLIMIO U BbI3BIBAIOT
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KOPpPO3HIO CKBaXMHHOTrO 000pyn0BaHus. Hannuue opraHu4ecKix KMCAOT (MYpaBbUHOI, YKCYCHOI,
TNIPOITMHOBOI) B TUIaCTOBON BOIE TAKXE BBI3bIBAET KOPPO3UIO MeTamia. MHTEHCHMBHOCTE KOppO3UHU
3aBUCHT OT NaBJICHUs U TCMIIEPATYPbl CPE/Ibl, KOHLEHTPALIMM arPECCHBHBIX KOMIIOHEHTOB B Ta3e, KO-
JINMECTBA BJIark B MPOIYKIIWY CKBaOXXUHBI, XapaKTEPUCTUKH METAJUTIOB CKBAXUHHOTO U IIPOMBIC/IOBOIO
000pYI0BaHHUsI, KOHCTPYKIIMHM CKBAXMHBI, CTEHEHH M XapaKTepa MUHEPAIN3aLUU BOIbI, COCTABA KOH-
ACHCATa, pEXNMa ABUKEHUS Ia30XKUIKOCTHOIO II0TOKA. B Lesiom mpoliecc Koppo3uu Ha ra3ono6bl-
BAIOIUMX OOBEKTaX CBSA3aH C OOJIBLUIMM YUCIOM OTAETbHBIX M B3aMMOCBSI3aHHbIX thakTOpOB.

K 0CHOBHBIM (haKTOpaM OTHOCSITCS KOHLEHTPALIHS KOPPO3UOHHO-aKTUBHOTO KOMIIOHEHTA B
Ta3e; IaB/ICHUE U TEMIIEPaTypa CPelbl; MUHEPATM3alUsl BOAbL; PEXUM TEYCHHSI U CKOPOCTb [TOTOKA,
TEXHUYECKas! XapakTePUCTHKA TPUMEHsIEeMOro obopynoBaHUs. KoHileHTpa1ysa KOppo3UOHHO-aKTHB-
HOTO KOMITOHEHTA B Ia3e M MUHEPATH3aLis BOIbI HE ITOJIAOTCS BO3NEHCTBUAM. [T03TOMY TIpH BBIGODE
TEXHOJIOTMYECKOro peXnMa IKCILTyaTallMi CKBaXHUH HEOOXOIMMO MCXOOUTh U3 BO3MOXKHOCTH IIPHU-
MEHEHHs1 KOPPO3UOHHO-CTOMKOIO 060PYIOBaHUS U YCTAHOBJICHUS COOTBETCTBYIOLIMX BEIMYMH 1aB-
JICHUA, TEMIIEPATYPBI K CKOPOCTH NOTOKA MO MYTH IBMXEHUS MPOTYKLMH CKBAXUHBL. [1py Hatnumnn
KOPpO3MOHHO-aKTHBHbBIX KOMIIOHEHTOB M3 MPUBEACHHBIX BbIILIE KPUTEPHEB TEXHOIOTMYECKOTO PEXUMA
SKCIUTyaTalliM Ta30BbIX CKBAXHH IPUEMIIEMbIM SIBISIETCS PEXHM MOCTOSIHHOM CKOPOCTH noToKa. Jlis
OLHOCTYITIEHYATOH (POHTAHHON KOJOHHBI MAKCHMAIbHAsi CKOPOCTh TIOTOKA XapakTepHa y YCThbsI CKBa-
XUHBL. PeXuM OrpaHHYeHUs] CKOPOCTH YCTAHABIMBAETCS TYTEM CPAaBHEHHS pa3TMYHbBIX BAPUAHTOB,
YIUTBIBAIOIIUX HAIMIHE KOPPO3UOHHO-AKTUBHBIX KOMIIOHEHTOB B COCTABE [A3a, BO3ZMOXHOCTD 3aKAYKH
MHIMOUTOpA B CKBAXHHY, UCIIOJIb30BAHUS 00OPYNOBAHHSI B KOPPO3MOHHO-CTOMKOM MCTIOTHEHHH,
BbIOOP KOHCTPYKIIMY CKBaXXHHBI [TPU NIPOEKTUPOBAHUH U €€ U3MEHEHMUS B npolecce pa3paGoTKu.

Bausnue yanexucnoeo 2aza na npoyecc kopposuu

HMHTEHCHBHOCTH KOPPO3UM, BBI3BAHHON HATMYHEM CO,, ycTaHaBIMBACTCA MAapLUAIBHBIM
AaBJIEHUEM YIJICKUCIOThI M KMCJIOTHOCTBIO BOOHOTO KOHLeHTpaTa. KpoMe napuuanbHoro aapieHust
CO, MHTEHCHBHOCTb KOPPO3UH 3aBUCUT OT TEMIIEPATYDPHI ra3a U KUCIOTHOCTH BO/IbI pH.

[Tpyn HU3KMX MapLUMAIBHBIX 1ABIECHHUSX CO, BMsAHME TeMIlepaTypbl Ha CKOPOCTb KOPPO3HH
HE3HAYUTE/ILHO, a MPY GOJIBIIMX MapUHATBHBIX IaBIEHUAX BEChbMa CYHIECTBEHHO. MaKCcUMabHAas
MHTCHCUBHOCTL KOPPO3UH HOCTUTAETCS Npy Temmepatype 333—353 K. I1py u3MeHeHMH TeMIIepaTyphl
or 283 o 353 K ¥ napuuajibHOro gjaBieHus CO, ot 1,0 10 5,0 MITa HHTEHCHBHOCTL KOPPO3HH YBE-
JMuuBaeTcy 0onee yem B 10 pas.

B nmpouecce pa3spaGoTKu rasoBbIX M ra30KOHAEHCATHBIX MECTOPOXICHMUIT N3-3a CHUXEHUS
napuuanpHoro nasneHust CO, u yBeMueHUs1 00beMa BOIHOTO KOHIEHCATA MHTEHCUBHOCTD KOPPO3UU
CHUXaeTcs. [1pu 3alaHHO# KOHLIEHTPAIMK YIJIEKUCIOTH YBETHYEHUE AaBAeHUST Cpelbl MPUBOIUT K

POCTY HHTECHCUBHOCTHU KOPPO3UH.
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Bausnue naacmoeoil 600bi Ha KOPPO3UHO

KonMuecTBO MOCTYMaKoLIEl B CKBAXWHY BOIBI [P 33IaHHO! KOHLUEHTPAIIWK YIJIEKUCIIOTHL B
rase rpeIofnpeNeiseT KUCIOTHOCTD cpe/bl. [1py 3a1aHHOM KOHLIEHTPALMK CO, ¢ ypenMyeHHeM 00beMa
BOJIbI B TIPOAYKLMHU CKBaXHMHbI KUCIOTHOCTH cpefibl pH yBEMUMBACTCH, 4TO MPUBOANT K 3AMETHOMY
CHIDKEHMIO WHTEHCUBHOCTH Kopposuu. I1py HalmuMy KOHAEHcaTa B ra3e ¢ BHICOKUM NapuraibHbIM
nasneneM CO, NPUCYTCTBUE IIACTOBON BO/bI MOXET yCHIUTh MHTEHCUBHOCTE KOPPO3WU.

MHTEHCUBHOCTD YIJIEKUCIIOTHOW KOPPO3UHU 3aBUCHUT U OT COJICBOTO COCTaBa [1JIACTOBOM BOJbI.
Hasiuume B Bole OONBILIONO KOJIMYECTBA THAPOKAPOOHATOB 3aMETHO NOALLETaYNBACT Cpelly, CHUXaA
3TUM KOJIMUYECTBO YIJIEKMCIIOTHI, a CJIeA0BATEIbHO, U MYHTEHCUBHOCTH KOPPO3HH. Ipu u3BECTHOM KOH-
uentpaunu CO, B rase MOCTYIUIEHHE TUIACTOBOM BOJIbI LIENOYHOTO XapakTepa CHAXACT WHTEHCHUBHOCTh
YIJIEKMCIOTHOM KOppo3uu. B ycI0BUSIX BBICOKMX TEMIIEPATYP U JIABJICHUI [IPUCYTCTBUE B TJIACTOBOWM
BOJIE OPraHMYECKMX KUCJIOT IIPU HAIWYMH B Ta3e YIJICKUC/IOThI ABJSETCS OJHO¥ 13 OCHOBHBIX TPUYUH,
YCIWINBAIOIMX MHTEHCHBHOCTb KOPPO3UHM CKBaXXMHHOTO U TIPOMBIC/IOBOTO obopyoBaHus.

Bausinue ceposodopoda na npouecc Koppo3uu

Haubotee arpecCMBHbLIM KOMIIOHEHTOM B COCTaBe NPUPO/IHOTO 1433, BhI3bIBAIOILIMM MHTCHCUBHYIO
KOPPO3UIO CKBAXHUHHOTO Y TIPOMBICIIOBOTO 000PYIOBaHHUA, SIBJIACTCS CEPOBOLOPOIL. 3HauMTENBHOE KO-
JIMYECTBO CEPOBOIOPOIA CONEPXKUTCst B rase OpeHOYPICKoro 1 0CoGeHHO ACTPaXaHCKOTO MECTOPOXIEHU.
XapakTepHas 4epTa CepOBOAOPOMHOM KOPPO3UH — PacTpeCKMBaHWE METAILIA. [Mpu HaNUYMK BOIHOTO
pacTBopa cepoBoIOpoa GOJBLIMHCTBO CTaleld TIPU HANMPAXKEHHOM COCTOSIHUN OBICTPO pPa3pyIlaAIOTCS.
Bo3zeiicTBHE CepOBOIOPOA HA METAUT B IIPUCYTCTBUH BOIBI TIPUBOIUT K 00Pa30BaHUIO cynbhuna xenesa
1 aTOMapHOTO BOJAOPOJ@, YacTh KOTOPOTO MPOHUKAET B METAJU1 U JIENAET €r0 XPYIKUM 1 HETIPOTHBIM.
ConepkaHye BO BIaXHOM Tase cepooaopoa 6onee 0,005 T/M3 Cr10COGCTBYET 3aMETHO# KOpPO3HU 060-
pynoBaHusi. OCHOBHBIM (PaKTOPOM, OTpPEAE/SIOLINM UHTEHCUBHOCTD CEPOBOJIOPOIHON KOPPO3WH, SIB-
JIsieTCsl apLIMATBHOE JaBeHue cepoBoaopoa Brase. C yBeTMUeHUEM TEMIIEPATYPbL CPEAIbl IPU 3adaHHOM
koHueHrpaunu H,S MHTEHCMBHOCTb KOPPO3UH YBEIUYUBACTCSL. C pocTOM MPOYHOCTH METAJLIA Ha Pa3pbiB
¥ TEKYUECTb, OMACHOCTD CYJIbMUIHOTO PACTPECKUBAHHS META/LIA YBETIMIUBACTCA.

3HAYNTENBHO CJIOXKHEE BiUSHUE CTEIIEHN U XapakTepa KOppO3uM MpU HAJIMYUHU B ra3e OIHO-
BPEMEHHO CEPOBOIOPOa U YIieKucoro raza. [pu ornpeneneHHOM NapuuanbHOM AaB/ICHHN CO,ero
pa3pylLaolas COCOGHOCTH MOXET OBITh CPaBHMMA € KOPPO3UEid, BbI3BaHHOM cepoBoaoponoM. [1pu
pasHoM conepxannu CO, n H,S BivsiHue YIJIEKNCIOTO ra3a Ha MHTEHCUBHOCTb KOPPOSHH 1O cpaBHE-
HUIO C KOPPO3UENA, BBI3BAHHOH CEPOBOLIOPOIOM, HEBETUKO.

Bausnue ckopocmu nOMoKa Ha UHMEHCUBHOCNb KOPPO3UU

DKCTIePUMEHTAIBHbIE MCCIIENOBAHUS M TIPOMBIC/IOBBIC HAOTIONEHNA TTOKA3bIBAIOT, UTO MPH

U3BEeCTHOM KOHIIEHTpALIMU KOPPO3UOHHO-aKTUBHOTO KOMIIOHEHTA — YIJIEKUCIOThI, CEPOBOLOPOAA —
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OIHMM U3 OCHOBHBIX (paKTOPOB, BIMAIOIIMX HA MHTEHCUBHOCTH KOPPO3UH, SIBJISIETCS] CKOPOCTD MOTOKA
raza. B ommume or Takmx (akTopoB, KaK KOHLEHTPALMS KOPPO3MOHHO-aKTUBHOTO KOMIIOHEHTA,
KOJIMYECTBO BJIarM B MIPOAYKIIMU CKBAXUHBI, CONEPXKaHUE OPraHUUECKUX KUCIIOT B BOJIE, NaBicHUeE,
TEMIIEPATYPA, CKOPOCTH MOTOKA SABJIAETCA peryaupyemMsiM dakTopoM. TIpU 3a1aHHbIX cOCTaBaXx IUIa-
CTOBOTO ra3a 1 BObl, ¥ TepPMODApUYECKMX NIApaMeTpaXx IJIacTa HETPYIHO BbIOPATh TAKYIO KOHCTPYKLIMIO
9KCITyaTALLMOHHBIX CKBAaXMH, KOTOPAst 00€CIIEYUT HEODXOXUMYIO CKOPOCTh ITOTOKA ra3a, OrpaHHYH-
BalOLIYI0 MHTEHCUBHOCTb KOPPO3UH.

YCTaHOBJIEHO, YTO C yBEJTUYEHUEM CKOPOCTH MTOTOKA MHTEHCHBHOCTH KOPPO3UH PACTET.

[Tpu Hanuunu B raze CO, BeTMYNHA KPUTHYECKON CKOPOCTH TTOTOKA B CKBAXMHAX ObLTa npu-
HATa paBHOW V' = 11,0 mM/c. DTa BeIMYMHA He MCKIIIOYAET KOPPO3HUIO B LIEJIOM, HO NPH CKOPOCTH
noroka V< 11 M/c, MeHbIIEH MM PaBHOI STON BEIMYUHE, MHTEHCUBHOCTh KOPPO3HU 3HAYUTETHHO
HHUXE, YEM IIPH CKOPOCTSIX, MpeBbIIAIONIMX €. U3MeHeHHe CKOPOCTU MTOTOKA B CTBOJIE CKBAXHHbI
3aBUCHT OT €€ KOHCTPYKLIWH, NaBJICHUS U TEMIIEPATYPhl. B kauecTBe KpuTEpUS HEOOXOJUMO UCTIONb-
30BaTh CKOPOCTB MTOTOKA Y YCThsl, BEIMYNHA KOTOPO#i He JOJDKHA MPEBBIIIATh KPUTUYECKYIO.

I1py 3ananHOM CKOPOCTH MOTOKA MHTEHCHBHOCTD KOPPO3UH 3aBUCHT OT PeXXHMA TeUeH s ra-
30XMIKOCTHOTO MOTOKA U YCJIOBHIA, BbI3BIBAIOLIMX KOHIEHCALMIO [TAPOB BOIB M KOHAeHcaTa. Ecin
71GTOBBIE TPYOBI IJIAIKWE M CTPYKTYPA NMOTOKA He MEHSIETCS B MECTAX CTHIKOBKH TPY6, TO HHTEHCHB-
HOCTb KOPPO3HH YBEIMYUBAETCS 110 MEPE YBETMUECHUS CKOPOCTH ITOTOKA. Ha MHTEHCUBHOCTL KOPPO3UH
CYLIECTBEHHO BJIUsCT abpa3sMBHBIN NPOLIECC, BHI3bIBAEMbII TBEPABIMHU YACTULIAMH, BBIHOCUMBIMH 10~
TOKOM ra3a U HallpsKEHHOTO COCTOSTHUS TPYO.

JLst CHUXKEHUA HHTEHCUBHOCTH KOPPO3UH UCMOJIB3YIOTCS AHTUKOPPO3MOHHBIE WHTHUOUTOPHI,
COOTBETCTBYIOLIME MAPKU METa/UTa C KOPPO3ZUOHHO-CTOMKOM XapaKTePUCTUKOM, a TAKKE CHUXAETCS
CKOPOCTb MOTOKA B [IPOMBICJIOBOM U CKBaXKHMHHOM 00OPYLOBAHUH.

[Ipy ycTaHOBIEHHOM 10 Pe3yJbTaTaM OIBITOB BEIMYMHE KPUTUYECKOH CKOPOCTH VKp neouT
CKBAXHHBI ONIpeaessieTcs: Mo popMmyJie
Vipd P,

YT

(7.38)

rae VKp — KpUTHYECKas CKOPOCTb MOTOKA, MPEBLILIEHNE KOTOPOIA TPUBOIMT K PE3KOMY YBEJIUYE-

HHIO UHTEHCUBHOCTH KOPPO3HH, M/C;
d — BHYTPEHHUIi AUAMETP TPYO, 1O KOTOPLIM ABUXKETCA ra3, 1072 m;
Py — YCTheBOe napjieHue, MI1a;
Ty — ycTheBas teMneparypa, K;

Zy — KO3 GUUMEHT CKMMAEMOCTH Ta3a IIpU Py " Ty.
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WHTEHCHBHOE pa3belaHUE MOBEPXHOCTH JIMGTOBBIX TPYO Y YCThsI MPH BOJIBIUINX CKOPOCTAX U
BecbMa cJ1a6ast KOppO3Us B MECTAX, TIE CKOPOCTh OTOKA MeHbllle 10 M/c, MOKa3bIBalOT, 4TO OCHOBHOM
PUYMHOI MHTEHCUBHOCTH KOPPO3HH SIBJISIETCS] CKOPOCTD MOTOKA. XapaKTep U3MEHEHHUSI NHTEHCHB-
HOCTU KOPPO3MHK OT CKOPOCTH TOKa3aH Ha PUCYHKE 7.5, U3 KOTOPOrO BHUAHO, YTO OYEHb CHITbHAs
(6onee 2 Mm/ron) U cuibHas (1—2 MM/To1) KOPPO3UHU HAOMIONAIOTCS B CKBaXHMHAX, 1€ CKOPOCTH MO~
ToKa Koje6motces B ipenenax 17—21 m/c. Ipu ckopocty notoka V= 6,2 M/C MUHTEHCUBHOCTb KOPPO3UH
cHuxXaetcs 10 8 = 0,3 mMm/roa.

W3 npuBeNeHHBIX PE3YJILTATOB CIEAYET, YTO CKOPOCTh TI0TOKA B TPYOax sIBJISI€TCS] ONHMM U3
OCHOBHBIX (DaKTOPOB, [0 KOTOPOMY HEOOXOMMO YCTaHABJIMBATh TEXHONOTUYECKHUH PEXHUM IKCILTYa-
TalIM¥ CKBaXXWH.

JIns 3a1aHHBIX KPUTHYECKOM BETMMUHBI CKOPOCTH VKp Y KOHCTPYKLIMM CKBAXKHHBI HEOOXOINMO
OIpeJeuTh U3MEHEHHE ee 1e0uTa ra3a BO BPEMEHHU C y4eTOM U3MEHECHUS Py, T p Y Zy B MpolLecce
paspa6otku. JI1s moepxaHus TEXHOIOTMYECKOTO PEXUMA IKCILTyaTallii CKBaXHH MPU MOCTOSHHOH
CKOPOCTH HEOOXOIMMO OIpeAeIUTb XapaKTep U3MEHEHUS Py BO BPEMEHH.

[IpUTOK ra3a K CKBaXUHE MPU KPUTUYECKOM Ie6HUTE UMEET BUL
2 2 2
P, (0) = P;(t) = aQp, + 5Oy, (7.39)

rae a v b — Ko3bPULUUeHTb GUIBTPALLMOHHOIO CONIPOTHUBIIEHHS.
JIid 3a0aHHOM KOHCTPYKLIMM CKBaXXUHbI U N€OUTA, BBIYUCIISIEMOrO MO U3BECTHBIM VKp Hu Py,

3a0oiiHOE AaBJIEHME oNpeensercs no GopMmyie

P, =[Ple* +007 1, (7.40)

(]

5107, M/ron

/ PucyHok 7.5 — 3aBUCHMOCTh HHTEHCUBHOCTH

. KOpPPO3UH THMGTOBBIX TPYO & OT CKOPOCTH MOTOKA
/ rasa V, moctpoeHHas 110 JaHHBIM 3KCIUTyaTalluu
0 5 10 15 20 V,M/c CKBaXXVH
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rae

_0,0683pL |

Z,T,, ’

28

A — K03(hGULMENT r'UAPaBIMYECKOTO CONIPOTUBIEHNS TPYO;

2

ZCp — KO3(GOULUMEHT CBEPXCKUMAEMOCTH MTPU PCp u Tcp;

TCp — CpelHsIs TEMIIEpATypa ra3a B CTBOJIE CKBAXKUHBI;
p — OTHOCUTEJIbHAs TJIOTHOCTD a3a;
L — nnvHa nudTOBBIX TPYO.

Ecnu o6o3HauuTh yepes

42
a=—————, (7.41)
0,0527,Z,
TO UCNONb3ys Hopmyiibl (7.39)—(7.42) MOXKHO OTIPENETUTD YCTHEBOE IABJICHUE Py(t):
—aoV,, +J(aaV, )’ +4[e*S +(b+0)+a’V, P (¢
P,(f)= kp ‘/( ) (6+9) ro Fia ). (7.42)

2”5 +(b+0)+a?V, ]

W3 Gpopmyibi (7.42) BUIHO, YTO IPH 3a1AHHBIX TOCTOSHHBIX 3HAYEHUSIX a, b, 0, VKp U3MEHEHHE
Py CBSI3aHO B OCHOBHOM CO CHIKEHHMEM IUIACTOBOIO JABIEHUS B mpoliecce paspabotku. HaiizeHHoe
TakuM 06pa3oM 3HaueHHe Py(t) BO BPEMEHH UCIOJIL3YETCS ISl OTIpeAesIeHUS QKp(t) no popmyie (7.38).

WUccrenoBanus no u3y4eHNI0 MHTEHCUBHOCTH KOPPO3UU 000PYI0BAHUS CKBAXHMHBI B CTAaTH-
YECKHMX M IMHAMUYECKHMX YCIOBUSIX TIOKA3aJH, YTO IIPH CTATUYECKHX YCJIOBHSIX, TO CTh KOTAa 00pasell
MeTaJlsla HAXOAUTCS B HEMOABUXHON KOPPOZUOHHO-aKTUBHOI Ta30BOM cpelie, MHTEHCUBHOCTb KOP-
PO3MM OYEHb HU3Kasl. ITOT Pe3yJIbTaT BaXEH MPH SKCIUTYaTaALMKM CKBAXHH, 3aTPYGHbIE IPOCTPAHCTBA
KOTOPBIX 110 Pa3IMYHbIM IPUYMHAM HE YIAIOCh 3a1aKePOBATh.

MeponpusaTus no 60pbbe ¢ KOppo3Heit MyTeM NEPUOANYECKOI 3aMEHBI TUDTOBBIX TpyO WiIu

CHIKEHUSA 1e0MTa CKBAXUH MOJIHOCTHIO HE UCKJI0YAIOT MPpOoLECC KOPPO3UU.

7.7 O6ocHoBaHHe H BLIGOP TEXHOJIOrHYECKOTO PeKMMa PAGOTHI FOPH3OHTANBLHBIX FA30BBIX
CKBAXKHH

DaKTOpBI, BAMAOLIME HA TPOU3BOANTEIBHOCTb TOPU3OHTATBHBIX CKBAXUH, MOLYT GBITh Pas-
I€JICHBI Ha TPY TPYIIIBL: T€OJIOTUYECKHUE, TEXHUYECKUE U TEXHOJIOTUYECKHE.

K eeonoeunecrkum orHocsTest HakTOPBI, CBSI3aHHBIE C TEONOTUYECKO XAPAKTEPUCTHKOM 3ATEXKMU:
HEOMHOPOIHOCTBIO, TUIIOM 3aJIeKU, IaPAMETPOM AaHU3O0TPONTHH, HATTMIUEM TEKTOHUUECKUX HApPYLLe-
HUH, EMKOCTHBIMU M (QDUIBTPALIMOHHBIMU MapaMeTPaMy IIACTOB, YCTOHYMBOCTBIO KOJUIEKTOPOB K
Pa3pyIIEHHUIO, Pa3MEPOM NEPEXOIHBIX 30H, AKTUBHOCTBIO MOJOIIBEHHON W KOHTYPHBIX BOII, HATHYHEM

HEDTSIHOMN OTOPOUKH.
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K mexnonozueckum GhaKkTopaM OTHOCATCS JIOTYCTUMBIE BETUUMHBI 3aDOHOTO U YCTHEBOTO
AaBJIEHMUIA, BCKPHITHE TU1ACTa ([IPOTLIACTKOB), MPO(MMIb FOPU3OHTATBHOTO CTBO/IA, PaftnyC KPUBU3HBDI,
obecIeynBaoILMil IEPEXO] CTBOJIA OT BEPTUKAJIBHOIO K FOPU30HTAJIbHOMY IOJIOXKCHUIO, cnocod
BCKPBLITHSI IJ1acTa.

K mexuuyeckum hakropaM OTHOCSATCS] AIMHBI U JUAMETPHI O0CANHBIX KOJOHH U JUPTOBBIX
Tpy6, cxeMa IOOK/IIOUCHHUSI CKBAXKMHbI K YCTAHOBKE O MOArOTOBKE ra3a, KayeCcTBO MCIOIb3YEMbIX
Tpy6, apMaTypbl ¥ CKBaXHHHOTO 000PYAOBaHUSI.

HekoTopble U3 nepeyrcieHHbIX (HakTopoB ¢ IOCTATOYHOM Uit MPAKTUKKA TOYHOCTHIO MOTYT
ObITb YUTEHBI TPUOJIMKEHHBIMU MCTOIAMM.

[1py 060CHOBAHUHM TEXHOJOTHYECKOTO PeXNMa paboThl HEOOXOIMMO UCXONNTD U3 daxTuye-
CKOFO PacIiojIOXeHHNsS] TOPU3OHTATIBHOIO CTBOJIA MO TONMIMHE U OTHOCUTEIbHO KOHTYPOB MUTAHUSA.
Tpy acMMMETPUYHOM MO TOJLIMHE OJHOPOAHOTO IUIACTa PACTOI0XKEHUU TOPU3OHTATBHOIO CTBOJIA
NPOU3BOAMTENBHOCTE CKBaXHMHbI CHUXaeTcs 10 30 %. 3HauuTeIbHOE CHUXKEHHE IebuTa NpOUCXOIUT
¥ [IPY ACUMMETPUYHOM PACTOIOXEHUU FOPU30OHTAIbHOTO CTBOJIA OTHOCUTEIbHO KOHTYPOB MUTAHUA.
HauxyamuM BapuaHToM SIBJISIETCS] BAPMAHT PAco/IOXeHUs TOPU3OHTAIbHOTO CTBOJIa ACUMMETPUIHO
OHOBPEMEHHO I10 TOJILUMHE U OTHOCHTEIbHO KOHTYPOB IUTaHUs. Takoe pacrioyloXKeHUE MOXET IpH-
BECTH K CHUXEHHIO 1e6MTa TOPU3OHTAIBHOM CKBaXUHBI 10 50 % OT NOTEeHLHATbHOH BO3MOXHOCTH
TaKMX CKBaXHUH.

CyILECTBYIOT TEXHOJOTHUYECKME BO3MOXHOCTH CHUXKEHUS MOTEPh AABJIEHUS U Ha TOPU30H-
TaJbHOM YYacTKe CTBOJIA, CBSI3aHHbIE € OUEPENHOCTbIO BCKPHITHSI BBICOKO- ¥ HU3KOMPOHHULIACMBIX
TIPOILTACTKOB, JUIMHOM 1 AUaMETPOM JIMPTOBbIX TpYD. CrenyeT OTMETUTD, YTO MAKCUMATbHbIC TOTCPU
JaBJAEHUS! HA TOPU30HTAILHOM y4acTKe ObIBAIOT IPU BCKPHITUU BbICOKOTIPOHULAEMBbIX ITPOTLIACTKOB
B TIOCJICHIONO ouepenb. BaysaHMe HEMOTHOTBI BCKPBITUS ObLIO U3Y4E€HO YUCIEHHBIM METOIOM ITyTEM
CO3JaHUsI Fe0IOTO-MaTeMaTUYECKHX MOJIEIei (hparMeHTOB MECTOPOXIEHUI C pa3TMiHbIMU €EMKOCT-
HBIMU U (WIBTPALIMOHHBIMU CBOWCTBaMU. Pe3ybTaThl 9TUX UCCENAOBAHHMI NIPUBEIEHDI B be3pas-
MEPHbIX EIMHULAX B BUIE YHUBEPCATbHBIX KPMBBIX, IPUTOOHbIX TSI UCTIONIb30BaHUS ITPU ONIPENIC/ICHUI
MIPON3BOAMTEILHOCTH TOPU3OHTATBHBIX CKBAXMH, BCKPBIBLIMX IJIACTB! € PA3TMYHBIMH T€OTOTHC-
CKMMHU xapakrepucTukamu (cM. PykosoncTso [42]).

Bce npubanxKeHHbIE METONBI ONIPEAENEHNS IPOU3BOAUTEIEHOCTU TOPU3OHTAIbHBIX CKBAXWH
pa3paboTaHbl B MIPEANOIOXKEHIH TOCTOAHCTBA 3a00MHOTO NaBJIEHHUS BIOJb TOPU3OHTATBHOTO CTBOJIA.
Takas OCTaHOBKA PEeIOTIPEEISeT OAMHAKOBYIO MHTEHCUBHOCTD IIPUTOKA ra3a K CKBaXUHE 10 BCEH
JUTAHE CTBOJIA.

OrnpeieieHre TIPOU3BOINTETbHOCTH TOPU3OHTAIbHBIX Fa30BBIX CKBAXKMH BO3MOXKHO U € yUeTOM

K3MeHeHust 3a00MHOro aaBjieHusA Mo JUIMHE TOPU30HTAIBHOTO CTBOJIA MPH HAIUYUN U OTCYTCTBHUHA
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JU(PTOBBIX TPYO HA FOPU3OHTAILHOM YYaCTKe CKBAXMHBL. YUYeT M3MEHEeHHs 3a0G0HOTO JaBIeHus
NpefonpeieNisieT BO3MOXHOCTb CYIIECTBOBAHMST ONITUMATbHOM ITMHBI TOPU30HTAIBLHOTO CTBOJIA.

7.7.1 OnpenencHune ne0UTa rOpU30HTATBHOMN ra30BOi CKBaXXUHBI, BCKPBIBLLIEI HEYCTOYUBBII
M0JA0CO00pa3Hbli (pparMeHT 3aIeXH

Cosnanue ycioBuii JU1st BBIHOCA YaCTUL TOPOJIbI TIPH JOIMYCTUMBbIX BETMYMHAX FPAMEHTA 1aB-
JIeHUS TIyTeM NPUMEHEHNA IM(DTOBBIX TPYO MaJIOTO IMaMETpPa He BCETa LIeIecoo0pa3Ho U3-3a 3HAYM -
TEJIbHBIX TIOTEPb JAABJIECHM MPU IBUXEHUH raza 1o 3TUM TpyOaM. TeXHUYeCKoe U TeXHOJIOTHYECKOe
peLICHUE 3TOT0 BOIIPOCA BO3MOXKHO IyTEM YKPEIUIEHUS MPHU3a00MHOI 30HbBI, B YaCTHOCTH UCTIO/b30-
BaHU4 3a00HHBIX (PHIBTPOB.

L7151 OU€HKHM MPOM3BOAUTETLHOCTH FTOPU30OHTAIHOM Ta30BOM CKBAXMHBI, TIOTHOCTBIO BCKPbIB-
1€ M01I0CO00pa3HbIiA IUIacT (PUCYHOK 7.6), CBA3b MEXIY IPAAUEHTOM IaBJieHUS 1 A1eOHUTOM 3ally-

CbIBAC€TCA B BUIE

* *

2
g=2-2 b O (7.43)
4RP, I I6RP,

rae P3£l — OOIyCTUMasi BSJIMUMHA JaBJIE€HUSI HA CTCHKE TOPU30HTAJIbHOIO CTBOJIA Y noBoOpoOTa OT
BEPTHKAJIBHOT'O MOJOXEHHA K TOPU30OHTAIBHOMY, MTPH KOTOpOﬁ JOCTHUTAETCsl JONYCTUMBIN IPpagUEHT

napnieHus. [Ipu 3TOM KpUTHYECKMi 1€6UT TOPU3OHTAIBHON CKBAXWHBI, BCKPBIBLICH H30TPOIHBIN

hy

g R

-«

—

PucyHok 7.6 — Cxema nputoka rasa K ropU3OHTalIbHO# CKBaXHHE, BCKPBIBLICH T1010C006Pa3HbIH
IJIaCT Ha TIPOM3BOJIbHOM PACCTOSIHMU OT €TI0 KPOBJIM U MOAOLIBHI
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HOIIOCOO6pa3HbII71 jacTt, COOTBCTCTBy}OH_II/Iﬁ HOHYCTHMOﬁ BeJIMYMHE IrpalycHTa 1aBJICHUA Ha CTCHKE

FTOPU30OHTAJIBHOTO CTBOJIA:

Owp (7.44)

_(a +\a? +b)-8R2P, L
b’ ’

a . b'gr
T T
RC 30 4Rci,3ﬂ

Tae al =

HOHYCTI/IMaﬂ BEJIMYMHA JaBjieHUA Ha CTCHKE TOPHU30HTAJIBHOTO CTBOJIA P3II MMpHU KpUTHYECKOM

neoute MOXeT OBITh ofipeesieHa no gopMmyne
Kp

2
2y o | Caral+h)BRIPL| | (-a+yai +b)-8RIP,L
PPy —a - ~b - =0. (7.45)

7.7.2 OnpenesieHHe TEXHOOTUYECKOTO PeXMMa PabOThl FOPU30HTAIBHBIX ra30BbIX CKBAXHH,
BCKPBIBLIMX OJHOPOIHBIE IUTACTHI C MOAOLUIBEHHOM BOIOM

PaGoThl MO OMpeaeieHUIo MPOU3BOIUTEbHOCTY TOPU3OHTAIBHOM CKBAXUHBI MOKa3aJIx, YTO
BeJTMYMHA 1€0KTa TOPU3OHTAILHOM ra30BOM CKBAKMHBI, BCKPBIBILEH MM0J10CO00pa3HyIo 3aJ1eXb, PU
3aaHHOM MOCTOSTHHOM JENPECCUH U3MEHSIETCS OT IEPEMELLIEHIA TOPH30HTAJIBHOTO CTBOJIA CKBaXUHbI
OT CepeMHBI OJHOPOIHOTO IL1aCTa K €ro KPOBJIe WIH MOAOLUIBE. ¥ CTaHOBIECHO, YTO HAWTy4lINM pac-
MOJIOXEHWEM CTBOJIA TIPU OTCYTCTBMH MOAOIUIBEHHON BOIbI SIBJISETCSI €T0 CUMMETPHYHOE PACIIOIO-
KEeHHUE 110 TOMIIMHE POAYKTUBHOTO IUTacTa. CMeILeHUe CTBOJIA K KPOBJIE MIIM TIOAOIIBE B OMTMHAKOBOM
CTeNeHu CHIXKaeT 1e6UT TOpU30HTAIbHOM CKBAXHHBI. MaKCUMaJIbHOE CHUXXEHHUE Ie01Ta CKBAXHMHBI
3aBUCHUT OT TOJNILMHEI IUIACTa, U OTKJIOHEHHE Ne0NTa BO3PACTAET C YBEIHUEHHUEM TOMIIMHBEI ILJ1acTa.
Tpy HaIMYUH MONOIIBEHHON BOIbI IPOU3BOAUTEIBHOCTh CKBAXHHBI B OCHOBHOM OYI€T 3aBUCETh OT
PaCTIONOXEHHS FOPU3OHTANBHOTO CTBOMA OTHOCUTeNbHO I'BK M BEMYMHBI 1OTTYCTUMOU AENPECCHN
Ha [1acT, 06yCI0BAMBAEMOl PacCTOSTHHEM OT FOPU3OHTaNIbHOTO cTBOa 10 'BK.

OIHMM U3 IPEUMYIICCTB FOPU3OHTAIBHBIX TA30BbIX CKBAXHH ABJIAETCS Cllabasi B3aMMOCBA3b
MEIY CTENEHBIO BCKPBITHS MO TOJLIMHE Y BEIMYUHOM IOIyCTUMOM IENTPECCHU Ha I1acT. Hns ropu-
30HTAIbHOW CKBAXWHBI €€ COBEPLIEHCTBO IO CTENIEHN BCKPHITHS M0J10CO00Pa3HOro M1acTa onpese-
JisieTcsi OJIHOBPEMEHHO TOJILMHOM TUIACTa M [UIMHOMN IPEHUPYEMOM 30HbI TOPM3OHTAIBHOM YaCTbIO
cTBOJA. [1py HATMYUY TTONOIIBEHHO!N BOIBI JAHHOE MIPEMMYIIECTBO NIO3BOJIAET CBECTH K MUHUMYMY
BO3MOXHOCTbh OOBOIHEHVS CKBAXXUHBI NTOIOIIIBEHHOU BONOIN NYTEM YBEIHYEHHs] CTCTICHU BCKPBITHASA
IU1acTa (UIMHBI TOPU3OHTAIBHOTO YYacTKa CTBOMA) U [IepEMELIIEHMS CTBOJIA OJ1MXKe K KPOBJIE C y4ETOM
pery;JMpyeMoii 1enpeccuu Ha IUTacT, BeJIMYMHa KOTOPO# BO M30eXaHUe NPEXACBPEMEHHOTO OBICTPOTO

0OBOJHEHUS CKBAaXWHDI JO/KHA ObITh OFpaHUYECHA.
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OcHoBHas 1elb 060CHOBaHMST PeXMMA IKCILTyaTalllM TOPHU3OHTAIBHBIX TA30BbIX CKBAXUH
NpY HATMYUH MTOAOIIBEHHON BOJIBI 3aKJIIOYAETCS B yCTAHOBICHU M BeJIMYUHBI JOITyCTUMOI IETIPECCHU
Ha TUTaCT HCXOZA U3 TOJNLUMHB TA30HOCHOTO IL1aCTa U PaCNOJIOKEeHHS I'OPU3OHTAIBHOM YacTH CTBOJIA
10 TOJIIHHE,

J71s MCKITIOYEHUSE BO3MOXHOCTH OOBOIHEHHSI CKBAXMHBI IPEIATAIOTCS CIICAYIOLIHE BapHAHTHI;

- IPUMEHEHUE TOPU3OHTAIBHBIX CKBAXHH C COOTBETCTBYIOIIUM PACTIONOXEHUEM TOPU3OH-
TaJIbHOTO CTBOJIA B 3aBUCMMOCTH OT GusocTu K IBK ¢ yuetom BennmumHbl co3napaeMoit Jenpeccuu
Ha T1J1acT;

- NOAGOP COOTBETCTBYIONIEH KOHCTPYKLIMU CKBaXHHBI, IUTMHBI ¥ AMAMETpPa JTU(TOBBIX TpyO B
TOPU30HTAJIbHOM YaCTH CTBOJIA, 06ECTIEYMBAIOLIMX BETUUNHY AEMIPECCHHU, HEOBXOAMMYIO TS 3aMejl-
JIECHHs] TEMITOB MMPOABIKEHUS MOJAOIIBEHHOMN BOADI;

- COYETaHUE ONHOBPEMEHHOTO U3MEHEHUSA KOHCTPYKLIMU CO CMEUIEHHEM TOPU3OHTAIBHOTO
cTBoJia oTHocuTensHo 'BK;

- CTENEHb BCKPbITHUS HECKOJBKHMX IPOIJIACTKOB BOCXOASILIUM/HUCXOISIIUM HAKIIOHHBIM
CTBOJIOM,

Eciy ckBaxuHa He 0b6opynoBaHa HOHTAHHBIMU TPYOAMHU, TO MAKCUMAIBHO JonycTumas ne-
NIPECCHs OJIXKHA OTNPEACTISITHCS [UTs CEYEHUS, TAE CKBAXMHA TIEPEXOANT OT N'OPU3OHTAIBHOTO OO~
XKCHHUS K BEPTUKAJIPHOMY, TaK KaK Ha 3TOM CEYEHHMH BO3HMKAIOT MAaKCUMAJIbHBIE IOTEPU AABICHHUS
no inHe Gunsrpa. Eciv ckBaxuHa o60pynoBaHa GOHTaHHBIMU TPYGaMH, TO JOTYCTMAs! AETIPECCUS
Oynet y 6aiiMaka Tu(TOBBIX TPYO.

[TIpy BCKPHITMM ra30HOCHOTO ILIAcTa ¢ MOAOIIBEHHOI BOLOI MPOM3BOAUTENLHOCTD BEpPTH-
KaJIbHOU CKBaXXMHBI 3aBUCHT OT CTETNIEHU BCKPBITUS TIJIACTA U PACCTOSIHUS OT 3300851 CKBAKHMHBI 10 [a-
30BOJISIHOTO KOHTaKTa. [109TOMY 1151 BEPTUKATIBHBIX CKBaXHH GBLIO YCTAHOBIEHO HEKOTOPOE OMTH-
ManbHOE BCKPBITHUE, IIPU KOTOPOM JIeOUT ra3a JOCTUraeT MAKCUMABHOTO 3HAUYCHHS.

B ropusoHTanbHO#M CKBaXMHE HECOBEPIIEHCTBO MO CTEMEHM BCKPHITUS I10J0CO06PA3HOTO
IU1acTa ONpENesIsAeTCsl KaK OTHOLIEHUE BCKPBITOM TOPU3OHTAILHBIM CTBOJIOM me YaCTH LUHPHHbI
WIY JUTMHBI TI0T0CO00Pa3HOro IUIacTa Ko BCeil LIMpUHE WK JJTHHE pparMeHTa L(bp’ TO €CTh me /Lq)p.
[loaToMy 115 TOPU3OHTATTBHBIX CKBaXHH KJIACCHMYECKOE TIOHMMAHUE HECOBEPLICHCTBA HENpUeMJIEMO,
a HECOBEPIICHCTBO BCKPBITHUS IJIACTA N0 IUIOLIAAN HE BIUAET Ha BEIMYUHY TOMYCTUMOI NEMpeccuu
Ha IL1acT NPY HAJIMYM U MMOTOUIBEHHOM BOABI. BeMunHa TonycTUMOI Aenpeccuy Ha IIacT ¢ OO~
BEHHO! BOJO# NPH €TO BCKPHITUM FOPU3OHTATBHOM CKBAXXMHOI ONpeNeseTcs PaclooXeHUEM To-
PHU3OHTAJILHOIO CTBOJIA 110 OTHOLUCHHIO K KOHTAKTY ra3-BoAa. OTCYyTCTBHE B3aUMOCBSI3U MEXJY CTe-
TIEHBIO BCKPBITUSI U BEJIUYMHOMN JOIYCTUMOM AENPECCHH ITPU BCKPHITUM TJIACTa C MOAOIIBEHHOI

BOIOM TOPHU30HTAILHON CKBAXWHOM SIBISIETCS OJHUM W3 OCHOBHBIX TIPpEUMYLICCTB TAKUX CKBAXWH.
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D10 06CTOATENBLCTBO MO3BOJISIET CBECTH K MUHUMYMY BO3MOXHOCTb OOBOAHEHMS CKBAXXUHBI MMOAOMI-
BEHHOM BOOI ITyTEM YBEJIMYEHHUS MOTHOTBI BCKPHITUA IJIACTa TOPU3OHTATBHBIM CTBOJIOM, CMCILICH S
CTBOJIA K KPOBJIE, PETY/INPOBaH sl BEMUMHBI IETTPECCUH M TAKUM O0PA30M MOBBICUTD KoappuumreHT
ra300T/Aa4yy IJ1acTa U HaAEXKHOCTb 3KCIUIyaTalli¥ CKBaXXUHBI.

Jlist ompenesneHusl MpPENejbHOro GE3BOMHOrO AeOUTa TOPU3OHTANBLHON CKBAXWHBI MPU
P3(Lrop) = const, MOJTHOCTbIO BCKPBIBLIEH MOJI0CO0OPa3HBIil IUIACT C MOAOIIBEHHOH BONOH (cM. pucy-

HOK 7.6) Ha IPOM3BObHOM PACCTOSIHMM OT KPOBJTH, HEOOXOIMMO MCTIONB30BATh CIIEAYIOLIYIO GOpMYITY:

—g; ++Ja? +4BAP(2P,, - AP)
2b. ’

1

Ons ZZ

(7.46)

riae a;, b, — k03bdHLKMEeHTH OWILTPALMOHHOTO COTIPOTUBIIEHUS, OTIpeieIIEMbIE O PopmysiaMm
*
a 2 R, —v
ag=—-/|—/|vh+R In R +-=X h ;
Loy | Vi R, +vh ) R.+vhy

. (7.47)
b [ 2(, Retvh__vh ), R.-vh

:2_L§; vhy R. R +vh (Rc+vh])2;

AP=P  — P, =(p,—pp)8hy;

Py prp — IUIOTHOCTHY BOJIBI U ra3a B IIACTOBBIX YCTTOBUSX;

1

h, — pacctosinue ot ' BK 10 cTeHKM TOPU30HTAILHOTO CTBOJA.
Pe3ysbTaThl onpeeieHus 6e3BOAHOTO Ae61UTa MOKA3BIBAIOT (PUCYHOK 7.7), YTO €r0 MaKCU-
MaJIbHas BeJMUYMHA JOCTUTaeTCsl He Ipu HambosbiieM ynaaenuu ot I'BK, a npu HekoTopoM npome-

xytouHoM paccrostHuM oT 'BK. Takoii xapakTep CBsi3aH ¢ yBeJIMUCHHEM K03(pduLKMeHTOB PUIbTPa-

£

0
"z /—‘

=

£3000 <

= Quthy) npu h=T75M
>

/
2000 /

/ Ol npuA=30Mm
1000 / —

% Oy} Tpm h =10 Pucynok 7.7 — 3aBUCUMOCTbD [IpeAeJbHO

0e3BOJHOrO 1e0UTa OT yAAICHUS
0 20 40 60 80 A a ya
PaccrosHue oT cTeHxy ckBaxumbi 10 TBK A, M TOPU3OHTAILHOTO CTBOJIA OT NoBepxHocTH 'BK
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LIMOHHOTO CONPOTUBICHUS @ U b TIpH NMPUOIMXEHUM OCU TOPU3OHTAIBHOIO CTBOJNA K KPOBJIE TIPO-
JTYKTUBHOTO ITJIACTa.

7.7.3 OnpeaeneHue TeMIEPaTypHOTo peXuMa paGoTh TOPU30HTATBHBIX CKBAXKUH

A1t pa3pabOTKH METONOB OIIPeE/IEHHsS TEMITEPATYPHOTO PeXHMMa 3KCIUTyaTalluM TOPU30H-
TJTBHBIX TA30BbIX CKBAXMH HEOOXONUMO YYECTh MX KOHCTPYKTMBHBIE OCOOEHHOCTH M M3MEHEHHe
TEMIIEPATYPHOTO TOJIST O CTBOJTY CKBAXXHH C PasiMYHbIMM paiuycaMu KpUBM3HBIL. st yroGcTBa
ONPEACTCHUsT TEMIIEPATYPHOTO PEXMMA C IPUEMIIEMOI TOYHOCTBIO TOPU3OHTAIbHbIE CKBAXMHbBI TIO
BEJIMYMHE paiuyca KPUBU3HbI Pa3le/IeHbI Ha IBE IPYIIEI Ha CKBAXHHbI:

- C BOJIBIINM U CPETHHM PaJlyCOM KPUBU3HBI (MCKPUBJIEHHBIE YYaCTKM CTBOJA CYLIECTBEHHO
BIMAIOT Ha U3MEHCHHUE TEMIIEPATYPhI O CTBOJIY CKBAXUHBI);

- MaJIbIM PaIHyCOM KPMBU3HBI (H3MEHEHHE TEMIIEPATYPBI [0 CTBOJIY MOXET GbITH OMpeNeieHO
6e3 yueTa MCKPUBJICHHOIO yYacTKa). ITO 03HAYAET, YTO B CKBAXKUHAX C MAJIbIM paanycoM KPpUBU3HBI
CTBOJT MOXKET ObITh YCIIOBHO pa3fie/ieH Ha JBAa Y4acTKa: BEPTUKAIbHbBIH U rOpU3OHTaNbHBIA. [Tpu
pacyeTe paclpelesicHus TEMIIEPATYPHl ra3a MO0 BEPTUKANBHOMY yYaCTKy IJIMHY UCKPUBIEHHOIO
ydacTka, KoTopasi COCTaBJIAET BCEIO HECKOIBKO METPOB, CJelyeT 100aBUTh K IJIMHE BEPTHKAJIbHOIO
ydacTka. B peasibHbIX yCIOBMSX Ha TEMIEPATYPHBIN PEXUM PaGOTHI TOPU30HTAIBHBIX CKBaXUH CY-
INECTBEHHO BJIMSIET HATMYME MHOTOJIETHEMEP3JTbIX MOPOA B pa3pe3de crBoa. Io riy6GuHe 3aieraHus
HWXHEH IDaHULBI MEP3/IOTHI, HAJIMYHE KOTOPOM TIpeRoNpenesieT pacipeaeieHue TeMIIEpPaTypHlI,
MOXHO BbIIC/IUTD 1BA CTy4as: MHOTOJIETHSISI MEP3J10Ta YaCTUYHO (MJIM LIETMKOM) OXBATBIBAET TONBKO
BEPTUKAIBHBIN YYaCTOK CTBOJIa CKBaXWHbBI; OXBAaThIBA€T BEPTUKAIbHBIN U YaCTUYHO UCKPHUBJICHHBI
Y4acTku cTBojIa. Bo BTOPOM ciiyqae HEOOXOANMO OTpeNeNMTh FeOTepMUYECKHU A IPagIUEHT OTIEABHO
ana sepTvkaibHoro (I, ) u uckpusnenHoro (I M‘“CKD) y4yactkoB. [IpakTudyecky NOCTOSSHHAS TeMIle-
paTtypa rasa 3a (hOHTaHHBIMH TPyGaMu ObIBAET B ABYX CAYYAsX: KOTIA JINGTOBBIC TPYOBI TETUIOU30/IHU -
POBaHBI M KOT/1a 3HAYMTENILHBIN YIaCTOK CTBOJIA CKBAXHHBI OXBaYeH C/I0eM ILenbhoBbIiX Bod. TakuM
00pa3oM, JUIs OTpelIeieHHsl TEMIEPATYPHOTO TEXHOMOTUUECKOTO peXMMa paboThl TOPU3OHTAIbHBIX
Ta30BBIX CKBAXKMH HEOOXOIMMO YUYECTb KOHCTPYKIIMIO TOPU3OHTATLHOMN CKBAXUHBI, [TyOUHY 3aJIeraHus
MHOTOJIETHEMEP3JIBIX TOPOL, a TAKXKE XapaKTep U3MEHEHNUS TEMITEPATYPbl OKPYXKAIOIMX CTBOJ CKBa-
KWHBI TOPO/I.

MeTtonbl pacyeTa pacnpenesieHUss TEMIEPATYPhI rasa 1o CTBOJIy TOPU3OHTANbHBIX Ta30BbIX
CKBaXHH pa3TMHbIX KOHCTPYKUUI B Pa3INYHBIX FCOJJOTMYECKUX YCIOBUAX U3M0OXKEHBI B pasiese 3
yactu I pekomeHnanmii.

B ropu3oHTanbHBIX CKBAKMHAX H3MEHEHHE TEMITEPATYPbI ra3a TIPOUCXOIUT Ha BEPTHKAIBHOM,

VICKpUBJICHHOM ¥ TOPU30HTAJIbBHOM Y4acTKaX CTBOJIA (PUCYHOK 7.8).
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Dok

PucyHoK 7.8 — CxeMa rOpU30HTaIbHOM CKBaXHMHbBI TPH OTCYTCTBUM 30HbBI MHOTOJICTHEMEP3TIBIX
MIOPOJI B pa3pe3e CTBOJIA CKBAXWHBI

[py onpeeneHNH TEMIIEPATYPHOTO TEXHOJIOTMYECKOr0 PeXHMa rOPM30HTAIBHBIX ra30BbIX
CKBaXMH ¢ GOJTbIIMM U CPEIHUM PaIMyCOM KPUBU3HBI CJIENYET pacCMaTPUBATh U3MECHEHUE TEMIIEPA-
TYpBI Ha TOPU3OHTAILHOM, MICKPUBJIEHHOM U BEPTUKAJIBHOM y4acTKax CTBOJIA.

TemmepaTypa y CeYeHHs, T/ie TPOUCXONUT MOBOPOT CTBOJIA OT FTOPU3OHTATIbHOTO HANPAB/ICHNA
K MCKPUBJICHHOMY, TEMIIEpaTypa B 3aTpy6HOM mpoctpaHcTse (7;) cBA3aHa ¢ U3MEHEHUEM TEMIIEpa-
Typbl Tasa ot T, K T, M3-3a cO31aHMst ACMPECCUM HA TLIACT, @ TAKXKE ¢ UIMEHEHNEM TeMITepaTyphl
rasa fpy JBWXEHHH OT TOPLIA K TOBOPOTY B PE3y/IbTaTe MOTEPhb NaBICHHA HA TPDEHNU Ha 3TOM YHaCTKe.

[eoTepMUYECKHI TPAIMEHT B MpENeiaX MCKPUBICHHOIO y4acTKa ONPEAL/ACTCS UCXOAA U3
JUTMHbI 3TOrO Y4acTKa.

JiMHa MCKPUBJIEHHOTO y4acTKa ONpeaessieTcst 1o JBYM M0Ka3aTeIsaM:

- BO3MOKHOCTBIO 110 UMEIOLLIMMCS TEXHOJIOrMIM GYpeHusi TOPU3OHTATbHBIX CKBAXXHH M€pEeBOIa
CTBOJIA OT BEPTUKAILHOTO HANPaBJAEHNA K TOPU3OHTAIBHOMY;

- HEOBXOIMMOCTbIO Pa3MELIIEHHS FOPU30HTATBHOTO YUAaCTKa 10 TUIOLIANHM HEPTEra30HOCHOCTH,
obecreynBalomieii pABHOMEPHOE BOBIEYEHUE B pa3paboOTKy pecypcoB HedTH U ra3a ITo BCei Moty
MyTeM YBETMUEHHUs pajyca KpUBU3HbL. DTOT MOKA3aTe/lb OCOOEHHO BAXEH, KOTAa pa3bypuBaHue 3a-

JIEX¥ TIPOMCXOOUT C MOPCKUX TUIATHOPM.
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Ipy poxoxaeHMK ra3a 1o CTBOY ¢ 60MbILMM PATUYCOM KPHBH3HBI H3MEHEHME TEMIEPATYPhI
OyneT 3HaYUTENBHO GONbLLE, YeM MPH IBUXKEHMH HAa BEPTUKALHOM YYaCTKe CTBOJA B npenenax HBepT.
JTO CBA3AHO C TeM, YTO Ta3, ABUIASCh MO UCKPUBICHHOMY YYacTKy, KaK [IPaBUJIO, MPEONOEBAET

3HAYUTENBHO OOJIbLLEE pAaCCTOSIHHE, paBHOE L rme L, > H, .

UCK’

Pacnpedenenue memnepamyper 2aza npu e2o dguxceruu no BEPMUKANBHOMY YHACHKY CME0AA CKBA-
HCUHbL CJIENYET OTIpeNeNsTh Mo popMynaM pasznena 3 yactu Il pekomeHaanmii.

[lo pesynbraTam pacyera pacrpenesieHusl TEMIIEPATyPBI ra3a Ha OTACTbHbIX y4acTKax CTBOJIA
BEIMYMHA TEMIIepaTyphl ra3a Ha yCThe Ty JOJIXKHA OKa3aThCsi GOJbILE PAaBHOBECHOM TeMITEpaTyphl
ruapatoodbpazoBaHuUst Tp, TO €CTh Ty > Tp. Binanue Hanuuus B cTBOjIE TUGTOBBIX TPYO, 06CamHOI
KOJIOHHBI, MPOMEXYTOUHBIX KOJTOHH W LEMEHTHOIO KaMHS [IPH JUTUTENbHOM paboTe CKBaXXHHbI Ha
38JaHHOM PEXMME HECYLICCTBCHHO M POU3BECTH YUYET BIUAHUSA 3TUX (HAKTOPOB MOXHO METONAMH,
M3JIOXCHHBIMU B PykoBozacTe [43].

I1py ManoM pannyce KpUBU3HBI JUIMHA MCKPUBJIEHHOTO YI4CTKA COCTABNISET HECKOIBKO METPOB
1 Ha 5TOM y4acTKe U3MEHEHHE TEMIIEPaTypbl MPEHeOPEXUMO Masio. [T03TOMyY IpH onpeneieHIM TeM-
TIEpaTypHOro TEXHOJIOTMYECKOrO PeXMUMa paboThl FOPU3OHTATBHBIX CKBAXUH C MAIbIM PaguycoM
KPHBU3HbI KOHCTPYKIIMIO CTBOJIA MOXHO Pa3/ie/IMTh Ha Ba YYacTKa: BEPTUKAIbHBbII, BKIIOYAIOLLMI
M MCKPUBJIEHHBIH YYaCTOK, X FOPU3OHTANBLHBIH. [y TaKOM IOMyILEHUH CIIeIyeT yBeNIUTh peabHYI0
JUTMHY BEPTHKAIBHOTO y4aCTKa Ha BETMIUHY [JIMHbI HCKPUBJIEHHOTO yYacTKa, 4TO B PEATbHbIX YCJI0-
BHSIX COCTaBJIsIeET OKou10 10 M.

s Takoit KOHCTPYKLMK rOPU3OHTATBHON CKBAXMHBI B CJIy4ae OTCYTCTBHUS B pa3pese 30HbI
MHOTOJIETHEH MEP3JIOTHI €€ TEMIIEPATYPHBIH TEXHOTOTMUECKUI PEXHM CIIEAYET OTpeneIUThb KaK U3-
MEHCHUE TEMIICPATyphl Ia3a 1o UTMHE TOPU30HTAIbHOTO U BEPTUKAILHOTO YYaCTKOB CTBOJIA.

Pacnpedenenue memnepamypei 2aza na 2opusonmansiom ysacmie cmeona. UsMeHeHue TeMIiepa-
TYPhI [a3a Ha TOPU3OHTATBHOM yYaCTKE CTBOJIA TOPU3OHTAIbHOM CKBAXXMHbI C MATBIM PAAMYCOM KPH-
BU3HBI CBSI3aHO C U3MEHEHUEM JaBJIEHUS OT YCJIOBHOTO KOHTYPA [TUTAHMS [0 €TI0 CTEHKU U C U3MCHE-
HHEM NaBICHUS BAOJIb HErO M3-3a NIOTEPb NABJICHHUS, BBI3BAHHBIX ABMKEHHEM Ia3a Ha 3TOM Y4acTKe.

Pacnpedeaenue memnepamype: eaza na eepmuranshom yuacmee CJIelyeT ONPEeNEsITh Mo popmyiie
1T BEPTUKAJIBHO! CKBAaXUHBI, DY 3TOM K JUIMHE BEPTUKAILHOTO YYacTKa HEOOXOMMMO NOBABIISITE
JUTMHY UCKPUBICHHOTO yyacTKa. [lobapisieMas BelM4MHA TOIXHA PABHATLCS JUTMHE HCKPUBJIEHHOTO
y4acTKa OT HMXHEM IpaHHIbl BEPTUKAIBHOTO yYacTKa 10 HAYaia FTOPU3OHTATBHOTO YYaCTKa. IIpu
9TOM CpEAHUC 3HAYCHMS NaBICHUA W TEMIIepaTyphl, UCTOJIb3yeMble IS pacyeTa Ko3dhdHULUEeHTOB
Jxoynist — TOMICOHA U TETIOEMKOCTH a3a, AOKHBI OMPENETITHCA UCXOMIS M3 BETMYUHbI JNaBJICHYS
M TEMIICPATYphl HA CEYCHUM NEPEXO]a TOPU3OHTAIBLHOIO YYaCTKA K UCKPUBJIEHHOMY U PACYETHOIO

CE€YEHUSA C IIMHOU Xg-
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[1p1 060CHOBAHUM TEMIEPATYPHOTO PeXUMa paboThl FOPM3OHTANIBHON CKBaXMHbI C MAIBIM
PaINycoM KPMBH3HBI TaKXe HEOOXOAUMMO 0OECTeYnTh YCIOBUS, KOTa TEMIIepaTypa rasa Ha yCTbe
CKBaxuHbI T, v GoJ1blilc PABHOBECHOM TEMIIEPATypbl TMAPATOOOPa30BaHMS Tp, TO €CTh Ty > Tp.

[paKkTHUeCKN Ha BCEX Ta30BBIX U TAa30KOHIEHCATHBIX MECTOPOXICHHUAX, PACTIONOKEHHBIX 32
TOJISIPHBIM KPYrOM, MMEETCS 30Ha MHOTOJIETHEN MEP3/IOThL. TOIIMHA 3TO! 30HBI 3aKOHOMEPHO YBE-
JIMYMBAETCS B CEBEPHOM M CEBEPO-BOCTOYHOM HampapieHMsix. HuXHsIs rpaHKLa 30H MHOTOJIETHEH
MED3JTOTHI B CEBEPO-BOCTOUHBIX paitoHax Poccuiickoit dexepaliny 10XOMUT 10 1300 M. Hanmpumep,
Ha Mapxunckoi wiomwany (Skytust) myouHa Mepanoi 30HbI 1OXOAUT [0 1200 M. Takas ToJLLIHHA
MHOTOJIETHEMEP3/IbIX 30H MOKA3bIBAET, YTO IIPH OCBOEHUU MECTOPOXICHMH umrenbda bapeHuesa u
Kapckoro Mopeii, mosyoctpoBa SMan u ceBepHO# SIKyTHM BO3MOXHBI KOHCTPYKLLMY TOPH3OHTAILHBIX
CKBaXMH, KOTJa Mep3/ias 30Ha OyleT pacrosaraThCs He TOJIbKO Ha BEPTUKATbHOM y4acTKe CTBO/IA
CKBaXXMHbl, HO ¥ YaCTUYHO OXBAThIBATh MCKPUBJICHHBIN y4aCTOK CTBOJIA CKBAXKUHBbI. ITosToMy ormpe-
JleJIeHUE TeMITepPATyPHOTO TEXHOJIOTHYECKOTO PeX1Ma paboThl FOPM30OHTATBHOM CKBaXXMHBI HAlO pac-
CMAaTpUBATh JUIA CJIyJacB HATMYMSL 30HbI MHOTOJIETHEH MEP3/IOThI TOJILKO HA BEPTHKATILHOM Y4aCTKE
M TIPY HAJIMYMM 3TO# 30HBI Ha BEPTUKATBHOM M YaCTUYHO HAa UCKPUBACHHOM y4acTKax.

[1pu HATUYKMHK 30HBI MHOTOJIETHEH MEP3JIOTH TOILKO Ha BEPTUKAILHOM Y4aCTKe CTBOJIA TEM-
TIepaTypHBIil TEXHOJIOTHYECKHI peXUM pabOThl TOPHU3OHTATBHBIX CKBXWH OMNPELTSCTCA B CIICAYIO-
11Ieii TOC/eI0BaTENBHOCTH (PUCYHOK 7.9):

- OMpeessieTcsT pacrpeeeH e TeMIepaTyphl B IUIacTe B 30He OT R, 10 R

- ee U3MEHEeHHME Ha TOPU30HTAIBHOM YUacTKe CTBOJIA Ha NEPEXOAe 3TOro y4acTKa B UCKPUB-
JIEHHYIO 30HY, [Ji¢ OTCYTCTBYET 30Ha MHOTOJIETHE MEP3JIOTHI;

- Iajiee ONpeneNsieTcs TeMIepaTypa ra3a Ha BepXHey rpaHu1le MCKPUBJICHHOTO y4acTKa;

- 110 U3BECTHOMY 3HAYEHUIO TeMITepaTyphl ra3a Ha BEpXHe# rpaHNLIE NICKPUBJICHHOTO y4acTKa,
IJle HaUMHAETCH 30HA MEP3/I0ThI, PACCUMTHIBAETCS TEMIEpaTypa rasa Ha HIXKHEH FpaHHMIIE 30HbI MEp3-
JIOTBHI Ha BEPTUKATbHOM YUYaCTKeE;

- I10 U3BECTHOM TEMIIEpaType ra3a Ha HUXKHEH rpaHulie 30Hbl MEP3/IOThI ONPCACIISIOT TEMIIC-
paTypy ra3sa 0 [IyOGMHbI HEUTPAILHOTO CJI0S1 B TIPE/ENaX MEP3JIoi 30HBI.

Panee 6bUTI0 TOTUEPKHYTO, YTO M3-32 HEOOJBIIMX Pa3MePOB UCKPUBJIEHHOIO y4acTKa ropu-
JOHTATBHON CKBAXMHBI ¢ MAJIbIM PaiMyCOM KPUBH3HBI €€ TEMICPATYPHBIH PEXUM pabOThl MOXET
ObITh OMpPEIE/CH C Y4ETOM M3MEHEHUS TeMIEPaTypPhl TOJBKO Ha TOPU30HTAIEHOM U BEPTHKAILHOM
yyactkax. [ToaTOMy Np¥t HaIMYMM MEP3JIOTH HA BEPTHKAILHOM y4acTKe TEMIIEPATYPHBIHA PEXUM pa-
GOTHI TOPU3OHTATLHOM CKBAXKMHBI C MAJIbIM PAIMyCOM KPUBU3HbI OTIPENETISCTCS B caeayloLIen rnocue-
JIOBATEIbHOCTH:

- onpeesseTcs pacnpeneseHne TeMIIEpaTyphbl ra3a B IUIAaCTe B 30HE OT R, 1o R, iaMeHeHue,

KOTOPO€ BbI3BAHO CO3AHWEM AENPECCHUH Ha IJ1acT,
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PrcyHok 7.9 — Cxema ropu3oHTaIbHOI CKBAXUHB! TIPU HATMYMH 30HbI MHOIOJIETHEMEP3JIbIX OPOL
B pa3pes3e CTBOJIa CKBAXUHBL

- OTIPENC/IACTCs TEMIIEPATypa ras3a o JUTMHE TOPU30HTAIBHOTO YYacTKA Ha CE4EHUM, TAE CTBOJ
TIEPEXOANT B UCKPUBJIEHHBIN YYACTOK;

- PacCYUTBIBAETCS TEMIIEPATYpa ra3a Ha HUXKHEN rPpaHuLie MEP3/IOii 30HBI;

- OTIPENCIIAETCS paclipe/ie/iecHUe TEMITEPATYPhI Ta3a B 30HE MEP3/IOTHI.

YcTbeBas Temneparypa Ty, NOJly4EHHas ¢ YyYETOM €€ NOTePh B IL1acTe, MO JAJTUHE FOPU30H-
TaJIbHOrO U MICKPUBJICHHOT'O Y4aCTKOB, a TAKXKE B 30HE MEP3/IOTHI IOIKHA OBLITh BbILIE PABHOBECHOI
TeMITepaTyphl TUAPATO0Opa3oBaHud 7. p» TO €CTb IO/DKHA 00€CTIEYUTh YCIIOBUE Ty > Tp.

B psine cnyuaes, korna ToHa Mep3oi 30HbI GOJNbLIAS (CEBEPO-BOCTOUHBIE peruoHsl Poc-
CHM), OHA YaCTUYHO OXBATHIBAET MCKPUBJIEHHBII Y4aCTOK CTBOMA CKBAXUHbL. B 5TOM ciIyvae Temie-
PaTypHBIH TEXHOJIOTUECKHUIA PEXNM PaGOThI TOPU3OHTATBHON CKBAXHIHbI OTIPEAEIISIETCS B cenyloneit
MOCJIEAOBATENBHOCTH

- TEMIIEpaTypa Ha 3a00e (XkeJlaTeIbHO y OBOPOTA), 3HaYeHHe KOTOPOM 3aBUCHUT OT BeTUYMHBI
IENPEeCCHU Ha MJIACT U 1eOUTa;

- TeMIeparypa rasa juist x, = LmlD [IpY yCJIOBUU, YTO OTCYET TEMIIEPaTyphl IPOU3BOIAUTCS OT

TOPLIa TOPU3OHTATIBHOM CKBaXMHBL, Iie X, = 0;
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- 110 M3BECTHOIT TEMIIEpaType ra3a Ha HUXXHEH rpaHuLEe UCKPUBJIEHHOIO y4acTKa, TO eCTh Ha
mepexone rOPU3OHTAIBHOTO CTBOJA B MCKPUBJICHHBIN, ONMPEAENAIOT TEMIICPATYPY rasa Ha HUXHEH
rpaHulie MEP3NIOH 30HbI, YACTUYHO OXBATbIBAOLIEN MCKPHUBICHHBLH yHaCTOK;

- TEMIiepaTypa raza Ha HIDKHE rpaHuLie BEPTUKa/bHOTO y4acCTKa,

- 110 U3BECTHO# TEMIIEPATYpe Ha HUXHEH rPpaHHIle BEPTUKAIBHOIO Y4acTKa pacCUUTBIBACTCA
pacrpeae/icHUe TeMIepaTypbl ra3a B Mep3/10i 30HC BEPTUKAIBHOTO y4acTKa OT HIDKHEH TpaHWULIBL
MEP3JIOM 30HbI 10 HEUTPAIILHOTO CJIOS.

[TpuBeIeHHbIE BbILIE YCIOBHS ONPEeNIEeH s TEMIEPaTyPHOTO TEXHOJIOTUYECKOTO PeX1Ma pa-
GOTBHI TOPH30HTATLHBIX FA30BbIX M FA30KOHAEHCATHBIX CKBAXXMH OXBATbIBAIOT MPAKTUUECKH BCC BO3-
MOXHbIE CJTy4al HAJIMYMST WIK OTCYTCTBUSI MEP3JIOM 30HBI B pa3pe3e CTBOJA U KOHCTPYKTUBHBIE OCO-
6eHHOCTH TOPU30HTATBHBIX CKBaXUH. [1py PaKTUYECKMX pacyeTax MU HEOOBLIMX IETPECCUSIX HA
[1ACT, HE3HAYUTEIbHBIX ITHHAX TOPU3OHTANTBHbIX Y4aCTKOB, BBICOKMX IIACTOBBIX TEMIIEPATYPAX Td3a
pacyeTsl M0 0OGOCHOBAHHIO TEMIEPATYPHOTO TEXHONIOIMYECKOTO peXuMa paboThl TOPU3OHTAIBLHBIX
ra30BbIX CKBAXHH, 0COOEHHO C MAJIBIM PAalnyCOM KPUBM3HbBI, MOTYT CYLIECTBEHHO YIIPOCTUTHCA. 310
03HauaeT, UTo MPU BHICOKMX TEMIIEpaTypax I1aCTOBOTO ra3a UCKJII0YAETC BOSMOXHOCTD 00pa3oBaHUsA
TMIPATOB B TOPM30HTAIBHOM, a B Psie C1y4aeB B HCKPUBICHHOM U BEPTUKAILHOM yHaCTKaxX CTBONA
ckBaxuHbl. [IpM HEGONBIIMX ASTIPECCHSX Ha ILIACT (3TO OIHO U3 MPEUMYLIECTB FOPU3OHTAIBHAIX
CKBaX1H) 1 HeGOIBIIOI ITHHE TOPU3OHTANBLHOTO Y4aCcTKa CTBOJIA M3MEHEHME TEMIEpaTyphl fa3a Ha
HeM OyneT BecbMa HE3HAUMTEbHBIM U P ITPAKTUYCCKUX PacyeTax 3TUM U3MEHCHUEM MOXHO MNpe-
HeOpeub U npuHumate T, = T .

IMpu 060CHOBAHUY TEMIIEPATYPHOTO TEXHOJOTMUYECKOTO pEXMMa paGoThl TOPU3OHTAIILHBIX
CKBaXWH, BXOISLIMX B pacyeTHble (POPMYJIbl, TUIIOBbIE CBOWCTBA ra3a U FOPHBIX MOPOL, a TAKXKE
3HAYeHUs] TEOTEPMUYECKUX MPAUEHTOB ONPENECIIAIOTCS METONAMU, H3TTOKEHHBIMU B paboTax 1o ro-

PU3OHTaIbHBIM CKBaXWHaM [44, 45].

7.8 Ucnoab3oBanue pe3yibTATOB HCC/IEA0BAHHSA HA YCTAHOBUBIIMXCSA peXUMax uabTpaLMH
/151 0G0CHOBAHMSA TEXHOIOTHYECKOTO PeXKHMa Pa0OThl FOPU30OHTAIBHBIX CKBAKHH

OIHOI U3 OCHOBHbIX 331a4 ra30rMAPOANHAMUYECKUX UCCIIEJOBAHUN CKBAXXUH ABJIACTCS yCTa-
HOBJIEHME CBSI3M MEX/Y IEMPECCHeil Ha IIACT M 1eGUTOM CKBAXMHBI, @ TAKXKE KOINYECTBOM XKHAKHX
W TBEPIBIX MIpUMeceil. MHOTOUMCICHHbIE POMBIC/IOBBIC MCCIIEN0BAHUSA Ta30BbIX CKBAXHUH ITOKA3bI-
BAIOT B GOJIBLIMHCTBE CJIYYaeB, YTO KOI(DGHHUILMEHTH IPONOPLUUOHATPHOCTH MEXIY PA3HOCTbIO KBall-
PATOB ILIACTOBOTO 1 3a60MHBIX AABJICHUI U 1EOUTOM ra3a a u b CTAHOBATCS MEPEMCHHBIMU OT PEXHMA
K pexxnMy. DTO CBA3aHO, MPEXAE BCETo, C MU3MEHEHUEM CBOMCTB MOPUCTOM CPEdbl M HACBHILIAIOLINX €€

(dMOUI0B OT U3MEHEHMs 3a00MHOTO TaBIeHHUS.
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Ilo naHHBIM MccenoBaHMsI CKBAXHWH Ha YCTAHOBUBLIMXCS PEXHMAX (bunbTpauMmu gomkeH
6bITE O0OCHOBAH PEXUM SKCILTYaTaLMK C YYETOM BO3MOXHOCTH NehOpMaLn 1 paspylieHus pu3a-
0oiTHOI1 30HbI, 0Opa3oBaHUs MECYaHO-XKXUIKOCTHBIX MPOOOK, TUAPATOB H KOHYCOB MOIOILBEHHO
BoJIbl. OCO06Y10 ONTaCHOCTb ISl TOPU3OHTATBHbIX CKBAXKUH IPEICTABISAET BO3MOXHOCTD 00pa3oBaHus
TMAPO3aTBOPOB, CBA3aHHbIX C KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU TaKMX CKBaXXMH. 11 UCKITIOUEHUS
BO3MOXHOCTH 06pa30BaHMsi THAPO3aTBOPOB HEOGXOMMMO 0GOCHOBATH U BHIGPATh TPO(UIb BCKPBITUST
T1aCTa, TPU KOTOPOM MCKITI0YAETCs TaKast BO3MOXHOCTE. B psiie ciiyyaeB 3Ta KOHCTPYKLIMS YXYALIUT
YCJIOBHE BKCIUIyaTalluu CKBaXXHH 6e3 OOBOIHEHMUSI,

XapakTepHbie BUIbl 33aBCMMOCTH MEXIY KOIMYECTBOM MpPHUMeceil B Tase W nenpeccueii Ha
TUIaCT [UIst KOJUIEKTOPOB CO CPeTHEN YCTOMYMBOCTBIO 1TOKa3aHkl Ha pucyHke 7.10. [pu nocrpoeHunu
TaKO# 3aBUCUMOCTH CIIENYET YUECTb HE TOJIBKO MPOLIECCH CTaBUIN3ALMK 3a00MHbBIX AaBIEHU U 1e-
GUTOB, HO U CTAOUIM3ALIMIO TIPOLIECCOB PA3PYLIEHMS U BBIHOCA TBEPIBIX PUMecei. OMBIT HCCIeNo-
BaHUS TIO BBISIBIEHUIO pa3pyllieHUs TUIACTa B NPU3a00HHOMN 30HE MOKAa3bIBAET, YTO CTAOMIU3AIMS
pa3pyLIeHHUs U BBIHOCA TBEPABIX YACTULl IPOUCXOAUT B TEUEHHE HECKOMBKUX AHei. [ToaToMy criewm-
JIbHBIC UCCIIEA0BAHMS CKBaXXUHbI Ha BLIHOC MECKA CIeAYeT IIPOBOAUTH TOJbKO B HECKOJIbKHX CKBa-
KMHAX, PaCroNIOXKCHHbIX HA Pa3IMYHBIX yYacTKax 3aexu. Ha HHTeHCHMBHOCTD paspyleHus Mmpu3a-
GOIiHO# 30HBI CYILECTBEHHO BIIUSIET OGBOHEHUE CKBAXHHBIL. [103TOMY aHATOrMYHbIe HCCIIETOBAH S
BbIOOPOYHO CJIEAyeT MPOBOAUTH U MOC/AE OOBONHEHUA CKBaXUH. JIsi TAKMX CKBAXWH HEOOXOIMMO
TIPEYCMOTPETh COOTBETCTBYIONIYIO KOHCTPYKLIMIO, IMAMETP U [IIYOUHY CITycKa TU(PTOBBIX TPYO, 06ec-
NEeYMBAOIIMX BBIHOC MPOLYKTOB pa3pylleHHUs Ha MOBEPXHOCTh. JIaGopaTopHble UCCAENOBAHMS 1O
Pa3pyLICHHs U BBIHOCY YacTHIl C1ab0yCTORYMBBIX KOJIJIEKTOPOB MOKA3aJIM, YTO JUIS BBIHOCA HA 110-
BEPXHOCTb YaCTHIL HE3aBUCUMO OT (DOPMBI C pa3sMepaMH 110 afyC < 0,5 MM HeobXoaMMa CKOPOCTb JBU-
XeHust notoka V> 5 M/c. Ipr HecOGMONEHUU 3TOTO YCIOBUS BO3MOXHO 06pa30BaHUeE IMeCYaHOI
POOKH.

Crienyer Takxke MOXYEPKHYTh, YTO rPAHYTOMETPUUECKHIL COCTAB BHIHOCHMBIX YaCTULL H3ME-
HSIETCsI BO BPEMEHU MTPH 331aHHOM TPAJIMEHTE JAABJIECHUS] U 3TOT MPOLECC XapaKTePEH IS KaXIOro
pexuMa (nenpeccuu) paboTbl ckBaxuHbl. Ha pucyHke 7.11 mokaszan Xapakrep U3MEHCHUS BhIXOOA
TBEPAbIX IIPUMECEN BO BPEMEHHM B NPOLIECCE CNELUATBHOTO UCCIETIOBAHMS.

I1pu uccnenoBaHMM CKBaXXUH Ha YCTAHOBUBLIMXCS PEXUMaX paGOTH HEOGXOAUMO BEJIMUMHY
JOTyCTUMOM AENPECCUU OIPAaHUYMTh BO3ZMOXHOCTBIO OOBOAHEHUS CKBaXWH. ECJIM CKBaXUHA OG-
BOJIHCHA HAa KAKOM-TO PEXHME B MTPOLIECCE ONIPOOOBaHMUS, TO MOCIEAYIOLLEE CODTIONCHUE BETMYUHbI
AOMyCTUMOM NETIPECCHU Ha ILTACT He FapaHTUpyeT 6e3BOIHYIO IKCILIYATalUIO CKBAXUHBI. [103TOMY
Npexae, YeM HaYMHATh UCCIIEN0BAHMUS, CIIelyeT PACYETHLIM ITyTEM YCTAaHOBUTH AOTTYCTUMYIO BEJIMUUHY

ACHPECCUM Ha TUIACT U MCCJICAOBAaHUE NPOBECTU Ha ACTpeCcCuAx, HE MPEBBIIUAIOIINX 3TY BEJIUUHUHY.

305



P Tasnpom 086-2010

800 600

1
[ 2
600:::::-_‘:3:- ——-—--rr---7 _—"_""-—/_}
500 / /
400 ——— ~o-t-——-fko-— A 400 \
/ / !
300 ~

700

Qreer TP/

y
D A Rz ____
200 / \'\
e s / k p
100 .
= <—/
200
0 3 6 9 12 15 18 AP 0 5 10 15 20
t,u
| — cpeaHeyCTOMUUBDIA; Pucynok 7.11 — M3MeHeHMe BbIHOCA IIECKA
2 — ¢1a00yCTOHYUBBIN; BO BpEMEHU MPU pexkuMe pabOoThbl CKBaXHHBI
3 — HEYCTOHYHUBBIN TLIACTHI ¢ ne6utom Q= 800 ThIC. M3/cyT

Pucynok 7.10 — 3aBUCUMOCTDb KOJIMYECTBA
BBIHOCUMOM [PUMECH OT BEJIMYUHBI AEHPECCUU
Ha IUIACT Pa3IMYHOM YyCTONYUBOCTH

CJieyeT yuecThb, 4TO HaubobIIIas ASTIPecCHs Ha IUTacT BO3HUKAET y faliMaka JIMPTOBBIX TPYO. ITO
03HAYAET, YTO B TOPU3OHTATBHBIX CKBAXHMHAX MAKCUMAa/IbHAs AENPECCHUsl Ha T1acT OyIeT y nepexona
CTBOJIA OT TOPM30HTATBHOTO HANPABJIEH sl K HCKPUBICHHOMY, EC/IM FOPM30HTA/IbHBIN yYaCTOK CTBONA
He 060pyn0oBaH (POHTAHHBIMU TPyOaMH.

OrpaHUUeHMEe Ha BEIMYUHY JIETIPECCHU Ha TIACT CIeyeT COOMIOAATD TOJIKO MOCIIE IETATbHOTO
aHaIM3a JAHHbIX TeoU3NKH M MaTepUaloB OTOOpa KepHa BOJIM3YM ra30BOASHOTO KOHTAKTa. Ecnu
MEXIY CTBOJOM CKBaXWHbI 1 KOHTAKTOM Ta3-BOJa WMEIOTCS HU3KOINPOHULIAEMbIE NPOIUIACTKH, TO
orpaHMYeHHUE HA BeJMYUHY NOITyCTUMOM NENPECCUM Ha TUIACT, CBA3aHHOE ¢ BOZMOXHOCTBIO o0BoOn-

HEHUA, CHUMACTCA.

7.9 V3MeHeHne TeXHOJIOMMYECKOro PexnMa SKCILTyaTaluH CKBAKHH B poliecce pa3padoTku

TeXHOIOTHUECKUI PEXUM IKCILTyaTAllMH ra30BbIX U TA30KOHICHCATHBIX CKBAXUH, YCTAHOB-
JIeHHbIi1 Ha paHHEeii CTAnMy pa3paboTKH, U3MEHSETCS B IIPOLIECCE OCBOEHHSI MECTOPOXAeHHUS. 3Me-
HEHUS TEXHOAOTHUECKOTO PeKrMa 00YCIOBIMBAIOTCS MO0 H3MEHEHUEM ONpPEIENsIoNIero (akropa,
110 KOTOPOMY YCTaHABTMBAJICS JAHHBIN PEXUM, JTHG0 BOSHUKHOBEHUEM U BIMSHUEM HOBBIX (PAKTOPOB.

Heo0xonMoCTh U3BMEHEHHUA YCTAHOBJIEHHOTO TEXHOJIOTMYECKOTO pEXUMa O6YCJ'IOBJH/IB3.€TCH HU3Me-
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HEHHUEM XapaKTEPUCTHK M1aCTa U CKBAXUH B IIPOLIECCE pa3pabOTKU, TPOBEIEHHEM PEMOHTHO-TPO-
GbWIaKTHYECKUX U MHTEHCU(BUKALMOHHBIX PaboT.

HeobxoanMocTh nsmMeHeHMst pexXrMa paboThl CKBAXXHH BO3HUKAET, KOIJIA:

1) onpenensitomum hakTopom ABIsIETCS MOMOIIBEHHAS BOAA U JOIyCTUMas TIpenesibHast ne-
TIpECCHs Ha I1acT ObuTa BribpaHa JUTsl 3alaHHO# HaualbHOM BEJIMIMHBI BCKPHITHS TUIACTA U TIONOXKEHHSI
ra3oBOISTHOro KOHTakTa. C U3MEHEHHEM IIACTOBOTO AABIECHMS U TOIIIMHEI TA30HOCHOTO IL1aCTa Be-
JUYUHA TOIyCTUMOM AEMPECCUU JTUHEMHO YMEHbILAETCSI;

2) onpenensolnuM HaKTOPOM SIBJISETCS BIU30CTh KOHTYPHBIX BOJ U KPUTEpUEM BBIOOPa pexKuMa
MOTYT CIIyXXWTb HECKOJIBKO IapaMETPOB, CPelM KOTOPbIX HanboJlee CYLIECTBEHEH CyMMAapHBblii 0T60p
ra3a U3 MECTOPOXIECHHS, 0COOCHHO ¢ Ma/IbIMM 3aMlacaMM ra3a A0 MPOPbIBA BOIbl B CKBAXKHHY.

B ckBaxMHax, pacroNoxXeHHbIX 6IM3KO K KOHTYPHOI BOJIe, OrpaAHMYEHUE JEMPECCUH C LIENbIO
[IPCAOTBPAILCHUS MPEXIEBPEMEHHOTO POPHIBA BO/IBI SIBISETCS HEOOXOAMMBIM YCI0BHEM. Bemunna
AENpeCcCHN B MPUKOHTYPHBIX CKBAXXMHAX Ha K&aXIIOM KOHKPETHOM MECTOPOXIEHUM U B KOHKPETHOM
CKBaXXMHE BbIOMPAETCS PaCUETHBIM ITYTEM, HCXOMSI U3 PACCTOSIHUSI OT 326051 CKBAXKMHBI 10 KOHTAKTA
ra3-Boja, KOJUIEKTOPCKMX CBOMCTB IL1acTa U UX UBMEHEHHUS B 30HE OT cKBaXXUHBI 10 I'BK 13-3a u3-
MEHCHUS TUTACTOBOIO NABJIEHHS] M IPYTHMX T€0I0T0-MPOMBICIOBBIX MapaMeTpoB. [Ipy Hanuuuu He-
CKOJIbKHX MPOTUIACTKOB € Pa3TUYHbIMU (BHITbTPALIMOHHBIMH CBOCTBAMM 3T PAacUEThl TPOU3BOIATCS
1o HanuboJiee ONIACHOMY € TOYKH 3pEHHsI GBICTPOTO NPOPBIBA KOHTYPHOM BOMBI TIACTY;

3) YCTOMYMBOCTB TIOPO/IbI K Pa3pyLIEHUIO SIBISIETCS OCHOBHBIM dakropomM. Kputepuit texHo-
JIOTHYECKOrO peXUMa SKCIyaTalluv CKBaXWH YCTaHABJIMBAETCS B BHJIE MOCTOSHHOIO TPAIMEHTA
€ro U3MEHEHHE B TCUEHHME BCETO Teproaa pa3paboTku He AomycKaeTcs. Ecian ckBaXuHa BCKpbIBAeT
KOJUIEKTOP C BECbMa HU3KOH YCTOHYMBOCTBIO MOPOI K Pa3pyLIEHHIO, TO B IIpOLIecce pa3paboTKH Tpe-
OyeTcsl MoIepXUBaTh €T0 MOCTOSTHHBIM [0 TEX MOP, MOKA He GYIyT MPOBeAeHbI OIpeNeSICHHbIE Me-
PONPUSITHSE [10 MTPEAOTBPAILIEHUIO Pa3pyLLUEHUS [LIACTA.

B GosbLIMHCTBE CiTyyaeB B PBIXJIbIX KOJUIEKTOPAX MPAKTUYECKH TIPH JII060M BeTMYHHE rpa-
AMEHTa NPOMCXOAUT pa3pylleHHe IiacTa. ONHAKO IPU CPaBHUTEJIbHO NPOIXOKUTETBHON paGoTe
CKBaXMHBI Ha JaHHOM IDPaUEHTE NTOCJIe BBIHOCA MOPOIbl U3 30HBI OMPE/IEIEHHOrO paiuyca pac-
NIPOCTpaHeHMsl TPaMEHTa Pa3pyLIeHHE 1acTa JOJKHO CYLIECTBEHHO 3aMEIUIATHCS B pe3y/ibTaTe
NepeMEILeHHUs] BBIOPAHHOTO TPaAMEHTA OT CTEHKH CKBAXMHbI B [Ny6b TU1aCTa U OTCOPTHUPOBKH BbI-
HOCHMBIX YaCTHL TIOPOIEI.

M3sMeHeHHe TEXHONIOrHYECKOro pekuMa SKCIUTyaTalluy CKBAXHH, YCTAHOBIEHHOTO MCXOMIs
3 yCJIOBMSA pa3pyLICHUA N1aCTa TPY TIPEBBILICHUM TOTyCTUMOI BEIMYMHBI IPAJUEHTA, MOXKET MPO-
MCXOIUTD NP MPUMEHEHNH MEXaHUYECKHX UM TPABUIHBIX QHITbTPOB, IPOBEAEHUH PEMOHTHO-PO-

GbunakTHYeCKUX paboT CKBaXUHHOIO MU YCTHEBOTO 0060pynOBaHH;

307



P I'asnpom 086-2010

4) OCHOBHBIM (haKTOPOM SIBJISIETCS YCIOBUE BCKPBITHS TL1aCTa U HECOBEPUICHCTBO CKBAXMHBI
110 cTeneHu U xapakrtepy. CleayeT HCXOMUTh U3 ABYX OCHOBHBIX YCIOBHMH, KOTOPBIE CBA3aHBI C HE-
0OXOIMMOCTBIO BCKPBITHSI CKBAXHHbI 3aJaHHOM [TPOMBIBOYHOM XHAKOCTBIO M AOCTpesa nepc¢opu-
pOBaHHO 4acTh GhWIbTpPa, U YIJIOTHEHUA Nepdopalni 10 ee ONTUMAJIbHON BETUYUHBI,

5) OCHOBHbBIM (haKTOPOM SIBJISIETCS HAIMYME B COCTaBE a3a KOPPO3HOHHO-AKTHBHBIX KOMIIO-
HeHTOB. HeoOXOIMMOCTb N3MEHEHUA TEXHOJOTMYECKOIO peXyMa BO3HUKACT, HAYWHAasA ¢ MOMCHTA,
KOIJa JasibHeliliee yBeMueHe AuaMeTpa HaCOCHO-KOMIIPECCOPHBIX TPYO HEBO3MOXHO. Iipu aToM
CKOPOCTb ITOTOKA ra3a He HOJDKHA MPEBIIATh ONPEACIEHHYIO BEIMYUHY B JII0GOM CEYCHHUU CTBOJIA
CKBaXWHbI. [1peBbIlIeHNE TOMYCTUMO BEIMYMHBI CKOPOCTH MTOTOKA B 3TOM CJiy4ae OLEHMBACTCA
KaK CHATHE OorpaHHYMBaolLero gakropa npouecca KOppo3nuu CKBaXXUHHOTIO obopynosauus. Eciu B
fIpoLecce IKCIUTyaTallMi CKBaXHWHbI TIPOU3BOIUTCS 3aKayKa aHTUKOPPO3MOHHOIO MHTUOUTOpA, TO
M3MEHEHUE TEXHOJOTHYECKOTO PeXUMa SKCIUTyaTauMy TAKXKE CTAHOBUTCH HEOOXOANMOCTBIO. Tex-
HOJIOTMYECKUH PEXXUM 3KCILIyaTallii CKBAXXMHBI IPH MOCTOSAHHOM CKOPOCTH ABUXCHHUSA MOTOKA, Cy-
LIeCTBEHHO BIUAIONIE HAa UHTEHCHBHOCTH KOPPO3UH, MTOLIEXUT H3MEHCHHUIO U B TEX CTy4asX, KOrd
Heo6XOXMMO MOAAEPXKATh ONpPEAETIEHHOE YCThEBOE JaBICHUE M KOTA YBEJINYCHHUE KOTUIECTBA BJIaTU
B ra3e TIPUBOMIUT K 60Jiee UHTEHCUBHON KOPPO3UH 060PYNOBAaHUSL. Kak npaBuiio, B mpoliecce paspa-
GOTKH 110 MEpe CHUXEHUSI MapLUUaTIbHOTO 1aBIeHHs KOPPOZHOHHO-AKTUBHOTO KOMITOHEHTAa HHTEH -
CUBHOCTb KOPPO3UM CHUXKAETCH,

6) u3MeHeHKHE TEXHOJIOTUUECKOTO PeXUMa SKCITyaTallii CKBaXHWH 00YCJ/IOBJICHO U3MEHEHHUEM
[1apaMeTpoB IL1acTa B pU3a00iiHON 30HE B pe3y/IbTaTe OUUILECHUS WM 3arPA3HEHMS €ro B MPOLECCe
pa3pabotku. [poucxonsiuee U3MEHEHHE aPAMETPOB NPU3aO0WHON 30HBI ONPENCISAETCS TICPUOIH-
YeCKUMH MCCIeN0BAHMSIMM, MPOBOIAMMBIMU Ha CKBaXyHax. YacTo Ha MpakTUKe U3MECHEHME yCTa-
HOBJIEHHOTO TEXHOJIOTUYECKOTO PEXMMa TTPOUCXOIUT B CKBAXWHAX, BBIHOCAILINX 3HATUTEJIBHOE KO-
JTMYECTBO XUIKNX KOMITOHEHTOB M TBEPABIX MPUMECEH MPY 3alaHHON KOHCTPYKLIMU CKBAXWHBI,

7) U3MEHEHHE TEXHOJIOTUUECKOTO PEXUMa IKCIUTyaTalluy CKBaXMHbI CBA3aHO ¢ MHOrOILIA-
CTOBOCTBIO. DTH U3MEHEHHS 00YCIIOBIMBAIOTCS CTENEHBIO UCTOLICHUS OTAEBHBIX IUIACTOB B IMPOLIECCE
pa3paboTKu, MpUMEHEHUEM CHCTEMbl OJHOBPEMEHHO-PA3/eIbHOM IKCILTyaTallii CKBAXUH, U3ME-
HEHMEM CXeMbl cO0pa, OYMCTKH M OCYIIIKM ra3a Ha TPOMBICIIE, HEOOXOAMMOCTBIO MPOBEACHUS U30J151-
IMOHHBIX pabOT Ha ONHOM M3 IUIACTOB,

8) TEXHOJIOTHYECKUI PEXXUM YCTAHABIUBAETCS UCXO/s1 U3 BOSMOXHOCTH o0paszoBaHUsl TUIpa-
T0B. B 3TOM cJlyuae BLIOpaHHBII TEXHOIOTHYECKU I pexXuM, 00ecrieunBaIOIINN Oe3ruApaTHbIA PeXUM
3KCIUTyaTalMK CKBaXXMHBI, JOJDKEH ObITh M3MEHEH, €CJIM IIPOU3BOIUTCS MHIUOHpOBaHKE NPOAYKIIUH

CKBAaXHHBLI B Hpﬂ3360ﬁH0ﬁ 30H¢€ 1J1acta U B CTBOJIC;
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9) U3MeHEHME TEXHONIOTHYECKOTO PexkuMa paboThl CKBAXKUHbBI 06YCIOBIEHO HAKOIUIEHUEM U
BBIHOCOM CTOJIOA XXUAKOCTU WM T1€CYaHOM NMPOOKK Ha 3a60€ CKBAXKHH.

B ciyyae xorna nanbHeitiie H3MEHEHUs1 B KOHCTPYKLMHU JTUGBTOBBIX TPYS HEBO3MOXHBI WK
HelesiecooOpa3sHbl M MOCTYNAIOIIAs M3 IIacTa KOHAEHCALMOHHAS, TJIACTOBAsA BOAA WJIU TIXEJble
KOMIIOHEHTBI YTJIEBONOPOIOB, NIEPEXOAAILMUE B XKUIKOE COCTOSIHHE B IPU3a00HHOIl 30HE U B CTBOJIE
CKBaXWH, IOJIHOCTbIO HE BLIHOCATCH, IPOLIECC HAKOTUIEHHS TTECYAHO-XMUIKOCTHOTO M KUIKOCTHOIO
CTOJI0a MPUBOAMUT K U3MEHEHHUIO TEXHONOTUYECKOTO PeXXIUMA. YIaNeHHe CTO6a XKIUIKOCTH MPOU3BOIAT
TyTEM 3aKayKu B CTBOJ CKBaxuHbI [1AB; noBbIlIeHNs enpeccuu U, COOTBETCTBEHHO, Ne6MTa CKBa-
XH1H; U3MEHEHWs [TyOMHBI CIyCKa 1 IMaMETPpa HACOCHO-KOMITPECCOPHBIX TPYO; YCTaHOBJIEHHMST HOBOTO
TEXHOJIOTUYECKOTO peEXUMa;

10) ¥3MeHeHME TEXHOJIOTMYECKOTO PEXXHMMa 3KCILTYaTaliu OOYCIOBIEHO HEOGXOAUMOCTDIO
NOIAEPXKAHMS OIpeIe/IEHHON BETMUUHbBI YCThEBOTO AABJICHUS WM €T0 U3MEHEH U,

B 3TOM Cilyyae BeM4MHA YCTHEBOTO NABICHHS, & B HEKOTOPBIX CIIyuasix IaBICHHS B IIPOMBIC-
JIOBOM Ia30COOPHOM KOJIIEKTOPE, TPeOYeT U3MEHEHUsI TEXHOJIOTMYECKOTO PeXMUMA TI0 HEKOTOPHIM
CKBaXHHAaM.

BpeMs nmepexozna oT 0IHOTO TEXHOIOTMYECKOTO PEXUMA K IPYTOMY B OCHOBHOM 3aBUCUT OT
dakTopa 1M coueTanus HakTopoB, MO KOTOPBIM YCTAHABNMBANICS NAHHbIH TEXHONOTHIECKHIT PEXUM,
OT CTaJMM Pa3pabOTKH 3aJI€XH U YCIOBUS cO6Opa U TPaHCIIOPTA rasa.

Bpemsi, koTopoe HeOGXONMMO LISl USMEHEHHST PEXMMA B 3aBUCUMOCTH OT CTaluH pa3paboTKH,
AMKTYETCS TEMIIOM OCBOEHHSI PACCMATPUBAEMOT'O MECTOPOXIIEHHSI, TOTOBBIMU OTOOPaMH, TPOJOIIKH-

TeJIbHOCTBIO HapacTalolliei, HOCTOSIHHOM U MaJaromeil Z[OGI)I‘II/I, YCJIIOBUAMH cGopa H INIOATOTOBKH ra3sa.
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Ipunoxenue A

(cripaBO4YHOE)

[ioccapuii (KpaTKHii TEPMUHOJOTHYECKHI CIIPABOYHHK)

Abcoaromuas énraxcrocms 2aza (IIPY 3aJaHHBIX TaBJICHUU U TEMITEPATYPE) — OTHOUIEHME MACChl
BOASIHBIX T1APOB, COIEPXKAIIMXCS B rase, K 00beMy, IPUBENCHHOMY K CTaHAAPTHBIM YCIIOBUAM 3TOTO
rasa, U3 KOTOPOTO yIadeHbl apsl BoAbl. Pa3mepHOCTb — K/ 1000m3.

Auenmpuueckuii pakmop — TTApaMETP, YUUTHIBAIOLLMIA OTKJIOHEHMSI CBOMCTB Ia30B CO CJIOKHOM
(hOpMOil MOJIEKYJT OT IPOCTBIX Ta30B CO chepuIecKoid PopMOit MOJIEKYJI.

bapomempuueckas gopmyaa — BHIPAXEHHE, KOTOPOE IPHMEHSETCS U1 ONpeie/IeHus 3a00/HOTo
NaBJE€HHUS 10 YCTHEBOMY ITPY HETIOABUXHOM CTOJIOE [a3a B BEPTUKATBHOM CTBOJIE CKBAXHUHBI.

Baazoemrkocms 2a3a — COACpXKaHUE TIApOB BOJIBI B €AMHHULIE 00beMa rasa.

Boccmaroenenue dagaenus — IPOLECC U3MEHEHUSI IaBJICHMsI BO BpEMEHM Ha 3a00€ CKBaXWHbI
NpU NpeKpallieHuU U3 Hee 0TOOpa rasa.

Tudpodunamuuecku coeepuieHHas CK8AXCUHA — CKBaXWHa, 1t KOTOPOH (HUILTPALIHOHHBIE
CBOICTBA NPU3ab0MHOM 30HBI HE OTIINYAIOTCS OT PUIIBTPALIMOHHBIX CBOUCTB I11aCTa M KOTOpas UMEET
MOJIHOCTBIO OTKPBITHIM 32007 110 BCE TOJIILMHE IPOXYKTUBHOTO JUIacTa.

Jleyunennas popmyaa npumoxa — MaTeMaTH4ecKasi MOIENb, OToOpaxalomiasi MPUTOK rasa K
CKBaXHWHE U BKJIIOYAONIAA B CBOIO CTPYKTYPY JUHEHHYIO U KBaAPaTUYHYIO YaCTH COTIPOTUBJIEHUA.

Jle6um 2a3za — 0ObEMHBIM (T MacCOBBIf) pPacxoll ra3a U3 CKBaXXHHBI.

3axon Mdapcu — 3KCTIEPUMEHTATBHO NOJIyYEHHAs JIMHEMHAsE 3aBUCUMOCTb MEXIY CKOPOCTBIO
dunbTpaunu ¢onsa ¥ rpaiMeHTOM JaBICHUSI.

Kaxcywuiics o6semubiii koaghguyuenm xondencama — SKBUBATIEHT €AIMHUIIBI MACChl KOHIIEHCATa
B ra3000pa3HOM COCTOSIHUU.

Ksadpamuunsiii Ko3guyuenm @uibmpayuoHHoe0 conpomusaens — YUCIoBoi KoahULMEHT B
ABYUJICHHO# (GOPMYJIE TIPUTOKA, OTIPEAENAIOLLMIT OO HETMHEHHOTO CONPOTUBIICHHUS! IPY QUITBTPALIMU.

Konmyp numanus — BHEILIHSIA TPaHULIA B MOJIEJIU TUIACTa, HA KOTOPOH NaBieHHe IPUHUMAETCA
MOCTOSHHBIM,

Koagpdpuyuenm npooyxmuenocmu ckeéaxcurbt — JOUT CKBaXWHBI Ha eIUHULLY NETIPECCUH.

Koagpgpuyuenm ceepxcacumaemocmu 2aza (7) — OTHOILEHNE 0ObeMa rasa py 3aJaHHBIX 3HaYe-
HUsx gaBaeHus (P) u temnepatypbl (7)) K 00beMy rasa, Onpeie/ieHHOMY ITPU UAEHTHYHBIX Pu Tno
3aKOHAaM MIEaJIbHOTO rasa.

Kpusas eoccmanosaenus dasnenus — rpadudecKoe u300paxeHe IpoLecca BOCCTAHOBICHHS

JaBJICHUS.
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Kpusas cmabuauzayuu dasnenus (0ebuma) — rpadpuyeckoe NpeacTaBjieHHue CTa0UIN3aLIMY JaB-
JieHusd (aeduTa).

Kpumuueckoe cocmosnue eewjecmea — cocTosiHUe, IPU KOTOPOM MCUE3aET rpaHulIa MeXy ra-
30BOH ¥ XMAKOM (hazamu, TO €CTh CBOUCTBA (ha3 CTAHOBATCS paBHOZHAYHBIMH.

Kpumuueckue napamempor npupooroeo 2aza — nasjieHue PKp U TEMIIepaTypa TKp, COOTBETCTBYIO-
L[1€ eTO KPUTUYECKOMY COCTOSTHHUIO.

KC-Iu KC-II — kybudeckue CTpyKTYphl TMAPATOB. [MapaTh ctpykrypel KC-1 o6pasyiorcs us
razos CH,; CO,; H,S; C,H,; C,H,, runparsi ctpykrypet KC-11 — 13 rasos 0,, Ny; C3Hg; i-C,H ..

Juneiinbiii Ko3gduyuenm durbmpayuonozo conpomuenenHus — IUCIOBOI KO3(pDULIMEHT B IBY-
YIEHHO¥ (opMyste MpUTOKa, ONpeesiolUi 0O TUHEHHOTO CONPOTHBICHHS NPH $unbTpanum.

Heoepanuuennoui naacm — pH MOZIETMPOBAHNM HEYCTAHOBUBIIIUXCS TPOLIECCOB TJ1acT, BHell-
HUE rpaHUIIbI KOTOPOTO HE BNIUSIIOT HA UBMEHEHUS TEXHOJIIOTMYECKUX TTapaMETPOB PabOThI CKBAXKUHBI.

Heycmanosuswuiicsa pexxcum — npoliecc, IapaMeTpbl KOTOPOTO H3MEHSIIOTCS BO BDEMEHH.

Ocpanuyennbiii naacm — IIACT, BHELIHNE IPAHUIIbI KOTOPOTO BIMSIOT Ha XapaKTep N3MeHeH ST
TEXHOJIOTUYECKUX TTAPaMETPOB PaGOThl CKBAXUHBIL.

Omnocumensras eraxcHocms 2a3a — OTHOLIEHHE (AKTHYECKOTO CONEPXKAHMS [APOB BOABI B
€IMHHIE 00beMa rasa Py 321aHHBIX IaBIEHUU U TEMIIEPATYPE K €T0 BJIarOEMKOCTH, H3MEPAEMOE B
JOJISIX €AMHUILIBI WIIH B IIPOLIEHTAX.

Tlpusedennvuii paduyc necosepuientoii ckéaxcunv — yCIOBHAs BETMUUHA, YUCIEHHO PABHAS pa-
ZMyCy COBEPIIEHHON CKBAXHHbI, Y KOTOPOM MOTEPH NaBIECHHS PABHbI TIOTEPAM NaBJIEHUS] HECOBEP-
HIEHHOM CKBaXHHbI IIPY IMHEHHOM peXuMe QUIBTPALIMU IUIS OLHOTO U TOTO Xe HeOuTa.

IIceedokpumuueckue napamempur npupodnoeo eaza — napjieHue P TeMmneparypa 7T, Hnst

n.kp’ 1.Kp*

[IPUPONHOTO I'a3a, sSBJISIOIIETOCS CMECHIO YIJTIEBOIOPOAHBIX KOMIIOHEHTOB, KPUTUYECKHE [TAPAMETPBI —
AaBJI€HUE, TEMIIEPATYpa, MIOTHOCTh, OOBEM U T.JI. — OTIPEACSAIOTCS KaK NCEBIOKPUTUUECKUE TIO CO-
CTaBy rasa.

Creaxcuna, eudpoounamuyecku HecoeepuienHas no cmeneHu B8CKpbIMUA naacma, — CKBaXKMHa,
KOTOpast UMEET CBA3b C MJIACTOM HE I10 BCEH €ro TOMIHWHE.

Cksaxcuna, 2u0podunamuecku Hecosepuiennas no Xapakmepy 6cKpblmus, — CKBAXXHHA, Y KOTOPOH
(UIBTPalLIMOHHBIC CBOMCTBA MPU3a00MHON 30HBI YXYAUIEHBI 110 CPABHEHUIO ¢ QWIBTPALIMOHHEIMU
CBOMCTBaMH ILIacTa.

Crun-sgpghexm — xoahduLIMEHT, XapaKTePU3YIOLLIHIA BCJIMUMHY ITOTEPD JaBJIEHUS, BBI3BAHHYIO
TMIPOIMHAMUYECKUM HECOBEPLUCHCTBOM CKBAKMHHEI.

Cmabuauzayus dagrenus — poLecc U3MEHEHUS JaBIEHHs BO BPEMEHU HA 3a060€ CKBaXKUHbI

NpY U3MEHeHUH ee JebuTa Ha GUKCUPOBAHHYIO BEIMUYMHY.
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Cmabuausayus pacxoda — Mpouecc HAMEHCHUSA 1eOGuTa CKBaXXMHBI MPU U3MEHEHUU 3aboitHOroO

JaBJICHHA Ha Q)HKCI/IpOBaHHYIO BCJIMYHMHY.

Cmenennas 3a6UcumMocms RPpUMoOKA ea3a K CcKeaxcune — OlHa U3 MareMaTUYeCKuX MOIemeH,

oTobpaxarollas HapyleHue 3aKoHa Jlapcy npu GrIbTpaluy.

Texnonoeuueckuil pexcum pabomol cK8ANCUHb! — COBOKYITHOCTH M1apaMeTpoB, ONPEEIIONINX

pa60Ty CKBaXX¥HbI IPU peaIn30BaHHBIX OTPaHUYCHUAX.

Yemanosuswiuiica pescum — TIpoLECC, MapaMeTpbl KOTOPOTo HE N3MEHAIOTCS BO BpDECMCHU.
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IIpunoxenne b

(cripaBOYHOE)

Ilepeyens nporpamm /114 onpenesieHus MJIACTOBOrO ¥ 3260iHHOro 1aBJeHHiA,
NeOMTOB CKBAXKHH I10 a3y M JKHAKOCTH, IAPAMETPOB IL1aCTa, HHTePIpeTaALUH
KpHBO# BoccTaHOBJIeHus NaBieHus (KB/I), KpuBoii cTaOHIM3anuu 1aBieHus

(aeouta) (KCI) ¥ MHAMKATOPHBIX JIMHHMIA, pacnpee/ieHAs AABJICHUA
H TEMIIEPATYPbI 10 CTBOJIY CKBAXKUHBI, TEXHOJIOTHYECKOTO PEXKHMA IKCILTYaTALUH
CKBaXKHH, (a30BOro COCTOAHHUSA MPHPOIAHBIX TA30KOHACHCATHBIX CHCTEM

Hcnonb3oBaHHe KOMITBIOTEPHOTO MPOTPAMMHOTO 0GECTIEYEHHS MTO3BOJISIET CYLLIECTBEHHO CO-
KpaTuTb MPOAOIKUTENIbHOCTD PACYETOB, MOBBICUTh TOYHOCTh OIPEAEIAEMBIX ApaMETPOB, a TAKXe
BBIUMCIIUTD HapaMeTphbl, VISl pacyeTa KOTOPBIX ITOKa He pa3paboTaHbl IIPOCTHIE U JOCTATOYHO TOUYHbIE
pacyeTHbIe Popmybl. Bee 3T0 M03BOISIET MPaBUILHO HHTEPIIPETHPOBATH PE3y/IbTAThI UCCIIENOBAHUS.

CoBpeMeHHbIe KOMITbIOTEPHBIE MPpOorpaMMbl 06paboTku gaHHbIX [ C IBAsIOTCS IOCTATOYHO
cneuuduIecKUMHU W CHOKHBIMM HayYHO-TEXHWYECKUMU KOMMEDPUYECKHMMHU MPOOYKTaMu MHGPOpMa-
LIMOHHBIX TEXHOJIOTH U MPENCTaBIAOT UHTEJUIEKTYaIbHBIM KAaITMTAT OTAENbHBIX PUPM U BIae/b-
LIeB-Pa3paboOTYNKOB.

Bce Bemyime npon3BoAUTENH MPOrpaMMHOTO 0GECTIEYEHU YYUTHIBAIOT MOCIETHIE TEHACHITUH
pa3BUTHs O0OPYIOBaHUS, B YACTHOCTU, TUCTAHLIMOHHBIX MAHOMETPOB, ITOCTOSIHHO HaXOASILIMXCS Ha
3a60€, ¥ PeryIsapHO 10pabaThIBaIOT CBOM MPOAYKTHI, YTOOBI OGJIETYUTH TPYAOEMKOCTb OMEpaLHil ¢
COTHSIMM TOYEK U3MEPEHUSI, & TAKXKE COBEPLIEHCTBYIOT METO/IbI, KOTOPBIE MOTYT yYMTHIBATh MHGOP-
MaIIrIo 3a Bce 0oJiee MPONO/KUTENbHBIN NIEPHOM IKCILTYaTallUU CKBAXKUHBI.

[TporpaMMel, KOTOpPBIE NEPEYUCIEHBI HUXE, MOXKHO IPUOBPECTH, OOPATUBILKCH B COOTBET-
CTBYIOUINE OPraHM3alliM, Ha3BaHUA U aipeca KOTOPBIX yKa3aHbl U KaxXIoi nporpaMMel. BoaMmoxHa
TaKXke nepeaaya MMEIOIMXCS HCXOAHBIX JAHHBIX aBTOPaM 3TUX TPOTPaMM LIS MPOBEAEHNS pACUETOB
IO OTpeEICHUIO MHTEPECYIOLINX 3aKa3uyMKa I1apaMeTPOB.

Huxe npuBoauTcs rnepeyeHb HEKOTOPBIX MCTIONb3YEMBIX ITPOTPaMM.

ITpumeuanue — JlaHHBIN epeyeHb HAXOMUTCS Ha COINIACOBaHMM. B oKoHuaTenbHyI0 BepcHio P ['a3-
MIPOM BOHJIET B CKOPPEKTUPOBAHHOM BUIIE.

1. IakeTt npuknanueix nporpaMM «MHuTepnperatop-M». [penHasHayeH 11 aBTOMaTU3UPO-
BaHHOTO BbIOOPa a/IeKBaTHON MUIBTPALIMOHHOM MOJEJIY CUCTEMEI M OITpeeeHNs (GUIbTPALMOHHBIX
Y TEOMETPUYECKHMX XapaKTePUCTHK [UIACTa 110 pe3y/ibTaTaM TMAPOAWHAMUYECKUX UCCIEI0BAHUIA Ta-

30BbIX M TAa30KOHACHCATHBIX CKBAXXHWH.
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[IporpaMMHoe cpenctso «MHTepnpeTalins pe3y/1bTaToB TAPOIMHAMUYECKUX HCCIICIOBAHU M
CKBaXXWH» 3aperucTpupoBaHo B [ocynapcTBeHHOM (GOHIE aIrOPUTMOB U TIPOrpaMM (MHBEHTapHBIN
HoMmep 50 880 001 371).

[IpyMeHEHHE YKa3aHHOTO NMPOrpaMMHOTO KOMIUIEKCA CYLIECTBEHHO YBEJIMYMBAET 0ObEM MO-
7e3HOM MHbOpMaLIK 63 BO3PACTaHUS CTOMMOCTH TIPOMBICIIOBBIX UCCIIEI0BATEIECKUX paboT. OUueHH-
BAIOTCS 0OCOOEHHOCTH 30HbI IPEHUPOBAHUS CKBAXXUHBI, B YACTHOCTH, KA4€CTBO BCKPBITHS M OCBOCHHUSI.

B pesynbrate o6padoTku KB/l aBToMaTHUECKU ONPEAENSAIOTCS CICIYIONNe TapaMeTpbl:

- (DUNIBTPALIMOHHEIE TApaMeTPhI MIAcTa (KOAMGHUIMEHTH! THAPO- ¥ MEE30NPOBOAHOCTH);

- 7151 30HATBHO-HEOIHOPOIHOTO IIaCTa — PalyC 30HbI YXYALIEHHON IPOHULAEMOCTH, U~
POIMPOBOAHOCTD YAAJIEHHOM 30HBI U COOTHOLIEHUE THAPOIIPOBOTHOCTH 30H;

- TPELIMHOBATO-MTOPUCTOTO MJIacTa — (PUABTPALIMOHHBIE TAPAMETPBL M XapaKTEpHOE [UIS IaH-
HBIX [J1IACTOB BPEM: 3aMa3[bIBAHUS TIEPEXOIHBIX MTPOLIECCOB;

- IUIacTa ¢ HEMPOHUMLIAEMBIMM IPaHULIAMH (M TPaHULIEH THIA ra3-XKUAKOCTb) — (PUIbTPALIUOH-
Hble TapaMeTphbl [U1ACTa; YKA3bIBAETCSl BBIOPaHHAsT MOEJIb OCJIOXHEHUS: M0JTyOeCKOHEYHBII TU1acT
(oaHa rpaHKLA), KJIMH (IBe MepeceKarourecs TpaHuLbl), 0eCKOHeYHas U MOTyDeCKOHEYHast MOJI0Ch
(MapaJutebHblE M TPM MEPECEKAIOUIMECS] FPAHUUbI — JIMH30BUIHBIE U PYKaBOOOPA3HBIE MJIACTHI), a
TaKKE COOTBETCTBYIOIIME 3HAUEHUSI TEOMETPUUECKUX XapaKTEPUCTUK: YIoJl pacTBOpa KJIMHA U pac-
CTOSIHUS 10 OAHOM, IBYX WX TPEX HEMMPOHUILIAEMbBIX IPAHMULL.

B kauecTBe 00s13aTeNbHBIX MCXOAHBIX TAPAMETPOB MCIOIb3YIOTCS JaHHbIE O 1eOUTE, BpEMEHH
paGoThl, U3MEHEHMHU 3a00/HOTO NaBJIEHKS B 3aBUCHMOCTU OT BPEMEHU OCTAHOBKH CKBaXMHBI. [lo-
MOJHUTEIbHBIE CBEJCHUS, €CJIM OHU UMEIOTCS, MOTYT ObITh 3aaHbl B BUAEC MUHUMAaAbHBIX M MAKCH-
MaJIbHBIX 3HAYEHMIl, XapaKTePHbIX U JaHHOW 3ajIeXXU: T1aCTOBOTO JABJIECHMS, YIIPYTUX CBOMCTB
macta v Guonaa, BA3KOCTH dJioMIa B MIACTOBBIX YCIOBHSIX, 3(@EKTUBHON MOUIHOCTH TUIACTA,
MPOHULIAEMOCTH.

Astopbl: Kynsnun JLT., Baxuwes B.1O., bouapos I'.B., OO0 »BHHIINMopHepTeras»,
r. Mocksa, Kanandyesckad, 11, crpoeHue 2.

2. Onpenenexye 1e6MTOB HE(THU U ra3a NpU UX ONHOBPEMEHHOM pa3eibHOM IPUTOKE K CO-
BEpIIEHHOI CKBaXuHe U3 razoHedTsiHoro riacra. [1porpamma «IIputok». OmnpeneneHre TeXHOI0-
TUYECKOTO PexXMMa paboThI CKBAXMHbBI TIPH 3THUX YCIOBUSIX CBSI3AHO C pELIEHUEM 3a1ady 00 yCTaHO-
BUBLLEMCS TPUTOKE HE(TH U ra3a K COBEpILICHHOM cKBaxuHe. PelieHune 3Toi 3anauy st BRIYMCICHUS
J1e6UTOB rasa U HedTH [TOJNYYEHO YUCIEHHO ¢ TpUMeHeHeM DBM.

ABtopsl niporpammsr: [lonomapes A.W., Kanunosckuii F0.B., Kapumos M.Y., Ybumckui

HedTAHON UHCTUTYT, I. Ya, yi1. KocMoHaBTOB, 1.
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3. Onpenenenue ne6uta aByxdasHoi cMecH npu aBapuHOM (POHTAaHUPOBAHUM CKBAaXKHH.

Astoper: Actpaxad U.M., Pozen6epr I'.J1., PTY Hed T 1 rasa uM. .M. I'yGkuna, r. Mocksa,
Jlenunckuit mpocnekr, 65, kadeapa Hedbrerasopoit 1 noaseMHo TUAPOMEXAHUKH.

4. MeToauka pacyeTa ABIXKEHUs IBYX(Pa3HOH MHOTOKOMITOHEHTHOM CMeCH MO CTBOJTY CKBa-
KUHBI € y4eTOM (Da30BBIX MEPEXOIOB.

Asroper: Posen6epr I'.J1., Tumep I1.P., Ucaes B.W., Paiickuit FO.[0., PTY HedTH 1 rasza
uM. U.M. I'y6kuHa, r. Mocksa, JleHUHCKHMIA npocnekT, 65, kadbenpa Hedrerazosoit u moazeMHoi
MMIPOMEXaHUKU.

5. Onpenenenue pacnipeneieHUs! JABIEHUS 110 CTBOJY CKBAXHHBI IPU ABUXEHUU OTHOMAZHOTO
¢dmouna. IMporpamma Gas.

Asropsr: 3akupos C.H., Bpycunosckuii A.U., lilenknna H.E., UTTHT PAH, r. Mockaa, Jle-
HUHCKUWI MPOCHEKT, 63.

6. Omnpenenenue pacnpeneeHUs! TaBIeHUS 110 CTBOJIy CKBaXXHHBI IIPU ABUXEHUU ABYX(PA3HOTO
¢buonna 6e3 Bha3oBbix Mepexonos (ra3-posa). IIporpamma Gas-Water.

Asropsl: 3akupos C.H., bpycwiosckuit A.W., Lllenkuna H.E., UTIHT PAH, r. Mockaa, Jle-
HMHCKHWH NPOCIEKT, 63.

7. Onpenenenue pacTipeliesieHUs JaBIEHHS 110 CTBOJTY CKBAXKUHBI NpU ABYX(ha3HOM IBUKEHUHU
Ta30XKMIKOCTHOM cMecH ¢ (ha3OBBIMH NEPEX0qaMH (ra3-KOHICHCAT, HedTb-ra3). I[Nporpamma MIX.

Astopsl: 3akupos C.H., Bpycunosckuit A.U., [llenkuna H.E., UTTHT PAH, r. Mockaa, Jle-
HUHCKMH NMpOCHeKT, 63.

8. MIHTepnpeTaust pe3y.1bTaToB UCCIEA0BAHYS C YIETOM (a30BBIX MEPEXOI0B B PU3a00iHOI
3OH€ IUIacTa NpU HaYaIbHOM I1JIaCTOBOM JaBJIEHUH, PABHOM WJIM HYXKE AABICHUS HACHIILICHUS. Ilpo-
rpammMa «[1oTok».

Asropsl: 3akupos C.H., Bpycunosckuit A.U., O¢un IT.A., UTTHT PAH, r. Mockga, Jle-
HUHCKUHW MIPOCIIEKT, 63.

9. OnpelnenieHne pacrperesieHus JaBleHNs B IUIACTe, 1eGUTOB rasa u >KHIIKOCTH, a TaKKe (pOpPMBL
TPaHHULbI pas/iena ra3a u XUIKOCTU MPY HeJTMHEHHO panuanbHOM MX QUIBTPAlIMM K CKBAXKHHE.

Astop: 3akupos U.C. BHTIO «ColosrazaBToMaTiKa», . Mocksa, CoBeTckas HabepexHas, 25.

10. Murepnperaunst KB, CHATBIX B CKBaXHHax, BCKPBIBIIHX [UIACTHI C TEKTOHMYECKUMHU MITH
JIUTOJIOTMYECKUMH HEOTHOPONHOCTSIMH. [Iporpamma HanucaHa Ha s3bike PAL-1, BKIIoYeHa B akeT
«HUHrepnperatop» B ODAIT PAO «[a3npoms.

Asroper: Kynenua JI.T., Bacosny U.B., Kannanos b.C., 000 «BHUIMUMopHedTeTa3>,

r. Mocksa, Kananuesckas, 11, ctpoenue 2.
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11. OnpeneneHue 1eOUTOB ra3a NpU HETMHEHHOM 3aKOHE (dunbTpaMy U HeTH U3 HEPTAHOH
OTOPOYKHU K CKBaXHMHE MPY BCKPBITUH TOJbKO FA30KOHIEHCATHOIO MHTEpBAa razoHeTIHOM 3aJ1EXHU,
a TAKKe OCTPOCHNE MHIMKATOPHBIX JTMHUIT 10 HedTH 1 rasy [UIsl 3alaHHOU HedTe-, ra30HACHILIEH-
HOCTH OT JeTIPECCHUU Ha IUIACT.

Astop: Aines 3.C., PT'Y nedru u raza um. U.M. I'yOkuHa, r. Mocksa, JIeHUHCKUI TPOCIIEKT,
65, xadeapa PudI'ul'’KM.

12. TlakeT NporpamMm [Jis OnpeeIcHUs 3a60HHOTO JaBIeHUS B Fa30BbIX M Fa30KOHACHCATHBIX
CKBAXHMHAX Pa3TMUYHBIX KOHCTPYKLIMIA C YIETOM HATMYHUS XKUAKOCTH B [IOTOKE NPH U3O0TEPMUIECKOM
1 HEU30TEPMUYECKOM JBMXEHHH ra3a 1o CTBOIY.

Astop: Anues 3.C., PT'Y vedtu n rasa um. U.M. I'yOkuHa, . Mocksa, JIeHHHCKU# MPOCIIEKT,
65, xadpenapa PudI'ul'’KM.

13. [TporpaMMbl ISl ONPENENICHUST paclpee/ieHNs TEMAEPaTyphl 110 CTBOJTY ra30BbIX CKBAXNH
¢ yueToM u 6e3 yueta HaTM4Usl MHOTOJIETHE! MEP3/IOThI B OKpYXaIoIei CTBOJI CKBaXHUHBI CPEIE.

Astop: Aiues 3.C., PTY vedtu u rasa nm. U.M. I'yGkuHa, . MockBa, JIeHHHCKUIA ITPOCIIEKT,
65, kadenpa PudTul'’KM.

14. Mporpamma «Tepm». [IpeaHa3HayeHa JUIS ONPENENCHUsA PaCpeAeICHUS TEMIIECPATyphl B
CTBOJIE CKBAXXMHBI M OKPYXAIOILEH cpee NMpH IBIKEHHHU ra3a (KUIKOCTH) M MOCNE OCTAHOBKH C
y4ETOM HEOIHOPONXHOCTH CPelbl ¥ M3MEHEHHs AeONTa BO BDEMEHH. Pe3ynbTaThl pacyeToB IO 3TOMH
TIporpamMMe I03BOJSIIOT U3Yy4aTh JIUTOJNIOTUIO NOPO/, OLIEHUTD NeONTHI CKBAXWHB U HATUYHE 3aK0-
JIOHHBIX NTEPETOKOB.

Astopsl: Kpemeneuxuit M.U., Kynpuusbit U.A,, PI'Y nedty u raza uMm. U.M. I'ybkuHa,
r. MockBa, JIeHHMHCKWI poctekT, 65, kadenpa ITMC.

15. IMporpamma Perem 1151 onipeneieH st TEMIIEPATyphbl B CKBAXHUHE 1 OKpyXKaloleH cpene 1o
OKOHUAHMU IBIKEHHS ra3a o BHYTPUKOJIOHHOMY ITPOCTPAHCTBY NMPH 3aKOJIOHHOM MEPETOKE € HEbIO
OLIEHKHM TEMITEPATYPhl B 3aBUCUMOCTH OT JUIMTEIBHOCTH M MHTEHCUBHOCTH T1EPETOKA.

Astopsl: Kpemeneukuit M.U., Kynpuusbiit U.A., PIY Hedru u raza um. M.M. I'yOkuHa,
r. Mocksa, JIeHUHCKHIt TpOCIieKT, 65, kadenpa T'UC.

16. Taket mporpamM «['a3-HedTb». [IpenHa3HaueH A1 ONpeNeIeHUA nedouToB HeTH U rasa
W [OCTPOCHUS MHAMKATOPHBIX KPUBBIX MO HE(DTH U ra3y NpH ONHOBPEMEHHOM U MOJIHOM BCKPHITHH
BCero razoHepTeHACHIIEHHOTO MHTEPBaJa, BCKPBITHHU TOJIBKO Ta30HACHIIIEHHOTO WK TOJIBKO Hed-
TeHACBIIEHHOTO HHTEPBATOB B Mpee/iax Npr3aboifHO 30HbI, TOrapupMUIECKOTO 1 rumnepboauye-
CKOTO XapaKTepOB M3MEHEHHS TONIMHBI Ta30HEe(HTEHACHIIEHHBIX [LIACTOB.

Astopbt Anves 3.C., Konapauyk B.B., PI'Y ety 1 rasa um. U.M. I'y6kuHa, r. Mocksa, Jle-

HMHCKUiT TpocTieKT, 65, kadenpa PudI'ul'’KM.
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17. Mporpamma «Cocras rasa». [penHa3Hauena wis OMNpeneeHNs COCTaBa IJIacTOBOro raza
Ta30KOHACHCATHbIX MECTOPOXICHUH MO PE3yJIbTaTaM MacIlITaOHbIX FA30KOHAEHCATHBIX UCC/IENOBAHU
yepe3 YKIIT.

Astopsi: Carutosa /1.3. u ap., BoaroYpanHUIIWras, r. Openo6ypr, ya. [ymkuua, 20, nao-
paTopHsl ra30KOHAEHCATHBIX UCCAEIOBAHUIA,

[Iporpammel 06pabOTKH JaHHBIX Ta30TMIPOIMHAMUYECKHUX UCCIETOBAHMI CKBAKUH peaiu-

30BaHbI TAKXKE B CJIEAYIOIINX HPOrpaMMHBIX KOMILIEKCAX:

Ha3Banue nmporpaMMbl, KOMMaHUsI Pa3paboTunk (aBTOpHI)
1 Testar (3A0 <MHKOHKO», BHHUHHedTs) Bospnun C.T.
2 Welltest 100, 200 (Eclipse) Schlumberger XacaH AKpam
3 WISE System (Geoservices (Ppanius), 000 «Bouro-
rpanH U TTMMopHedTH») Jlepyenko B.C.
4 Tlporpamma «IuTOm» bysunos C.H. (OOO «T'asnpom BHUNT'A3»)
5 Automate for Windows (Crendopackuii yHusepcurer, Roland Horne, l'onuapos A.M. (MHcTUTYT
CIA) HeTerasoBoro 6u3Heca)
6 TAN-3dpdext (OAO «LII'D»,000 «'MC-TIU-3¢ddext») |Boranmnk B.H., [Tectpukosa H.A.
7 PIE (WTS, BenukoSputass) I'onyapos A.M. (MHcTUTYT HedTerasoBoro

6u3sHeca), Wilson (Bennko6puraHus)

George Stewart (Edinburgh Petroleum Services,
Heriot-Watt University), Koctpy6os C.B.

8 PanSystem (EPS, LloTnaHaus) (EPS), Kpemeneukuii M.HU. (OAO «Cu6-
HedTb», PT'Y HedTH U rasa um. U.M. I'y6-
KuHa), Kynaruna T.E. (TTY, Heriot-Watt)

9 IIporpamma OAO <UMC» IMasnenko I'.A., [{nenposckas H.U.
10 Iporpamma «Kameptons (PTY HedTH 1 Taza N

um. M.M. Ty6Kuna) Kpemeneuxuit M. H.

11 Saphir (Kappa Engineering, ®panuus) Olivier Allain, Olivier Houze

12 INTERPRET 2001 (Baker Hughes, CILIA) Lukasz Ostrowski

13 INTERPRET 2003 (Baker Atlas, Beiuxo6putanust) Tim Whittle

14 T'unpotect (OAO «Cubnedts>, PTY HedTH 1 raza KpeMeHewLkuii M.H.

M. U.M. I'ybkuHa)
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[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]
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