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1. HABHAYEHUE U1 OBJIACTb ITPUMEHEHU A

Hacrosmue MY  ycTaHaBnuBalOT e€IuWHBIE TPEOOBaHUA TIO KOMILJICKCHPOBAHUIO
IIPOMBICIIOBBIX TEXHOJOTMYECKHUX, reo(pU3NUecKuX, THAPOJIUHAMUYECKUX U (PUIUKO-XUMUYECKHX
UCCJIEIOBaHMM, KaK CpeJCTBa JWAarHOCTUYECKOTO0 KOHTPOJS M YIpPAaBICHUSA TpPH pa3padoTKe
HEPTSIHBIX ¥ Ta30HEYTAHBIX MECTOPOKICHHH, B T.4. ABISIOTCS OCHOBOM:

e 1pu (HOpMHUPOBAHMM MPOTPAMM HCCIEAOBATEIBCKUX PAa0OT B TEXHUYECKHUX MPOEKTax
pa3pabOTKNU MECTOPOKACHUN YIIEBOJOPOIHOTO CHIPbS, JTOOBIUM TMOA3EMHBIX BOJ IS
vy [II1J] n pasmenienys nonyTHeIX BOJ (IEPEYEHb B COOTBETCTBUHM € a03. 2 u 3 1. 10a,
a63. 3 n. 106 mocranosieHus [IpaBurenscTtBa PD ot 30.11.2021 r. Ne 2127 );

® [IpU COIVIACOBAaHUM YKa3aHHBIX IPOEKTOB ¢ KOMUCCHUIIMHU, co3aBacMbIMu DeiepalibHbIM
areHTCTBOM 10 HEAPOIOJIb30BAHUIO, €ro0 TEPPUTOPUAIBHBIMM OpraHaMyd WU
YIOJIHOMOYEHHBIMUA OpPraHaMH.

Hacrosmue MY ycraHaBiuBarOT €AMHbIE MpaBWiIa MPU OCYLIECTBICHUH HA TEPPUTOPHU
Poccuiickoit denepanum AeSTENbHOCTH HEAPOIOIb30BATENEN C LENBI0 F€OJIOTHYECKOr0 U3YUYEHHUS,
pasBenku M J00bMM  yraeBogopoaHoro ceiphsi (YBC), He3aBuCMMO OT BEIOMCTBEHHOM
MPUHAJICKHOCTH OpraHU3alui U PEANPUITHI.

C yTBepkI€HHUEM U BBOJIOM B JICHCTBUE HACTOALIMX METOANUECKHUX yKa3aHUN peKpaliaercs
npumenenne PJ] 153-39.0-109-01 «MeToauueckue yka3aHHus 10 KOMIUIEKCHPOBAHHUIO M ATAITHOCTH
BBIMIOJTHEHUS T€0(DU3UUECKUX, THIPOJUHAMUYECKUX U T€OXUMUYECKUX UCCIEIOBAHUN HEPTIHBIX U

HedTera3zoBbIX MECTOPOXKICHUI [2].



2. HOPMATHBHBLIE CCBIJIIKA

B HACTOAIICM NOKYMCHTC HMCITIOJIb30BAaHbI CCBUUIKHA Ha CICAYIOIMEC HOPMATHBHBIC JOKYMCHTBI:

[1]

@enepanbubiii 3akoH oT 28.06.2022 r Ne 218-®3. «O
BHeCEHUM u3MeHeHuil B 3akoH Poccuiickoit @enepanun «O

Hempax»». Berymm B cuimy 28.06 2022 r.

[2]

PJI 153-39.0-109-01

MGTOI[I/I‘-IGCKI/Ie YKazaHugd 10 KOMIUICKCUPOBAHUIO U

OTaIIHOCTH BBIIIOJTHCHU A I‘GO(i)I/ISI/I‘-IeCKI/IX,

TUAPOAUHAMHUYCCKUX MW TI'€COXHUMHUYCCKUX I/ICCJ'ICIIOBaHI/Iﬁ

He(TAHBIX U HEPTETa30BbIX MECTOPOKICHHI

[3]

PJ1 153-39.0-047-00

PeriaMeHT 110 CO34aHUIO IOCTOSHHO AECHCTBYIOIIHUX I€0JIOT0-
TEXHOJIOTUYECKUX MOJeTe He(PTIHBIX U Ta30HEPTIHBIX

MectopoxaeHuid, 2000 r.

[4] | MUHUCTEPCTBO O6 yrBepxkaeHun [IpaBui TOATOTOBKM TEXHHYECKHX
[MPUPOJHBIX PECYPCOB | mpoekToB pa3paOOTKH MECTOPOXKACHUH YriIeBOAOPOJIHOTO
N 5KOJIOT'HN CBIPbs
POCCHUICKOH
OEJIEPALINN
I[TPUKA3 ot 20 cenTsbps
2019 roma N 639

[5] | MUHUCTEPCTBO O BHecenuun wusMmenenud B IlpaBunma  pazpabGoTku
[MPUPOJHBIX PECYPCOB | MecTopoXAeHUN YTIIEBOJAOPOIHOTO CHIPbS, YTBEP)KICHHBIC
N 5KOJIOT npukazoM Munnpupozst Poccun ot 14 utonst 2016 r. N 356
POCCHIICKOU
OEJIEPALINN
[TPUKA3

ot 20 cents6ps 2019 roga N
638

[6]

PJ1 153-39-100-91

Mertoauueckoe PYKOBOACTBO IO THAPOAWHAMHYCCKUM,

MPOMBICTIOBO-TEOU3HUYECKUM U (PU3UKO-XUMUYECKUM

MeTOoAaM KOHTPOJIS pa3paboTKH HEPTIHBIX MECTOPOKICHUN

[7]

Pl 153-39-072-01

Texuugeckas HHCTPYKIUA 11O INPOBCACHUIO FCO(I)I/IL’»I/I‘-ICCKI/IX
HCCIIeAOBaHUN U pa60T Ha kaOelle B HC(I)TSIHBIX " Ta30BbIX

CKBaXHHax




[8] | TOCT 8.009-84 locynapcTBenHass — cucteMa  OoOECICUCHHMS — CIUHCTBA
mamepernnii  ('CH). Hopmupyembie METpPOIOTHYECKHUE

XapaKTePUCTHKU CPEICTB U3MEPEHUN

[9] | TOCT 32358-2013 CkBaxuHBI HeQTsAHbIE © Tra3oBble. [ eodu3uyeckue

WCCIIeIOBAaHMSI U pa0OThI B CKBakHHaX. O01e TpedoBaHus

[10] | [Ipuka3z Munsuepro Poccuu | O0 yrBepxkacHun [IpaBuin reopu3nveckux UCCICA0BaHUN U
oT 28.12.1999 No 445 paboT B HEPTAHBIX U FA30BbIX CKBAKWHAX

[Tpuxaz MuHIpUpPOIBI
Poccuu ot 28.12.1999 Ne 323

3. TEPMUHBI U COKPAIIIEHMA

B nHactrosimmx MeToanuecKux yKa3aHUsIX UCIOJIL3YIOTCS CJeIYI0lUe TEPMUHBI:

I'eopusuyeckue uccjieqoBaHus U padoTbl B CKBAaKMHAX — HCCIEIOBAHUA U PadOTHI,
OCHOBaHHBIC Ha W3MEPEHHUSIX ©CTECTBECHHBIX M HCKYCCTBEHHBIX (U3WYECKUX IIOJCH BO
BHYTPUCKBOKUHHOM, OKOJIOCKBXUHHOM W MEXKCKBRXHMHHOM IPOCTPAHCTBAX (BKJIFOYAET TPYIIITHI
meTonoB: «I U C-oypenue» v «I'HC» B mpolecce CTPOUTENbCTBA CKBAKUH (KaKk MPaBHIIO, B
OTKpbITOM cTBOJE) U «I M C-konmpons vunu IIT'H» B mipo1iecce SKCILTyaTalliy CKBaKUH, B TOM YHCIIE
KOHTPOJIb OTIEPaIliii, CBI3aHHBIX CO BTOPUYHBIM BCKPBITHEM MTPOYKTHBHBIX IIACTOB repdoparueit
(IIBP) u untencudukanuerr mputokoB (MII) ¢ moMOIBI0 pa3IuHBIX T'€OJIOT0-TEXHOIOTHYECKIX
meponpustuii (I'TM): ruapopaspseia minacta (I'PII), consno-kucnorHo oopadotku (CKO) u np.

I'eoxumuueckune wucciaenoBanuss (I'XHM) — MeTonapl HcCleOBaHUsS, BBHINIOJIHSEMbIE B
npolecce OypeHus: CKBaKWH /ISl BBIJICTICHUS B pa3pe3e M OIEHKHU IUIacTOB, COAepKaluX HepTh U
ra3. MccnenoBanuss MOTYT BBIOJHATHCS KaK HEMOCPEJICTBEHHO Ha OypOBOM, Tak M B YCIIOBHSIX
cTanoHapHou naboparopuu. OOBEKTaMU HCCIECIOBAHUN SIBISIOTCS (GIIOUBI (Ta3bl JIera3aluu
OypoBOro pactBopa, mpoOsl HEPTH U Ta3a, MPOOkI BOABI), 00pa3iibl MOpoA (KepH, OTMBITHIN IIaM), a
Takke dKCTpakThl u3 mopoa. K I'XM oTHOCATCS METOIBI Ta30BOTO KapoTaka U JIFOMUHECIEHTHO-
OUTYMUHOJIOTHYECKOTO aHau3a po0 1uiaMa u 6yposoro pactBopa. Taxxe B komruiekce ' XU moryt
OBITH UCIIOJTb30BaHBI MMUPOJIUTUYECKHE, (hOTOKOJIOPUMETPUUECKHE, W30TOIHBIE,
XpomaTorpaduueckue, XpoMaToMacc-CleKTPOMETPHUECKHUEe, THIPOXUMHUUYECKUE U JPYTrue METOIbI
UCCIIEI0BAHUMN.

I'mapoamnamuyeckune  ucciaenopanuss  ckBaxkun (AUC) —  COBOKYNHOCTH
TEXHOJIOTHYECKHUX OTEepaIldid Mo BO30YXACHUIO IJIacTa IMMyTeM OTOOpa M3 HEro IIacToBOTO (ironaa
WM TyTeM 3aKauykKd B HEro JKUJKOCTH W TIPOBEJIECHHWE COOTBETCTBYIOIIMX 3aMEpPOB JCOUTOB U

JaBIICHUH B HCCICAYCMBIX CKBA’KMHAX.



I'uaponpoBOAHOCTh — KOMIUIEKCHBIM (PUIBTPAIIMOHHBIN MapaMeTp, ONpeneIsieMblii Kak
npousBeneHrne dPGHEeKTUBHON MPOHUIIAEMOCTH IIacTa Ha 3(G()EKTUBHYIO PabOTAIONIYIO TOJIIUHY,
JIeNIeHHOE Ha AMHAMUYECKYIO BSI3KOCTb IIACTOBOTO (prronaa.

JdaBjienue 3a00iinoe — naBieHre Ha 3a00e paboTaromeld CKBaKMHBI.

JlaBieHue 3a00iiHoe, MpUBeAeHHOE — JaBJICHNE, N3MEPEHHOE B CKBKHUHE U IIEPECUUTAHHOE
Ha YCJIIOBHO MPUHATYIO OTMETKY IITyOMHBI (BOIOHE(PTIHOTO KOHTAKTa, KPOBIHU niepdoparimn)

JlaBjieHue HACBIINIEHUs — JIABJICHUE, TIPU JOCTUKEHUU KOTOPOTO B IMPOIECCE CHUKECHUS
JaBJICHUs] HAYMHAETCS BblAeNIeHUuE U3 HeTH pacCTBOPEHHOTO B HEl rasa.

JlaBjieHHe MJIACTOBOE, HAYAJIBLHOE — JJABJICHHE, 110 KOTOPBIM HAXOASTCS HEPTh, BOJIA U T'a3,
HACBILIAIOIINE TOPOBOE MPOCTPAHCTBO U (WUJIM) TPEHIMHBI KOJUIEKTOPOB JI0 Havaja SKCILTyaTaluu
riacra.

JlaBiieHHe NJIACTOBOE, TeKylllee — JaBlICHUE, NMPU KOTOPOM Haxonaarcs HedTh Hu Tas,
HACBIIIAIOIINE TMOPOBOE IMPOCTPAHCTBO W (WJIM) TPEUIMHBI KOJJIEKTOPOB Ha KOHTYpPE MUTAHUSA
CKBAKMH B IIPOLIECCE IKCILTyaTallUH 3aJIEKU.

Jenpeccusi Ha MJIACT — MPEBBILIEHUE TJIACTOBOTO JIaBJICHUS HAJl 3a00MHBIM B JOOBIBaIOIIEH
CKBa)XHHE, 00YCIIaBIMBAIOIIEE MMPUTOK TUIACTOBBIX (DIIFOUIOB B CTBOJ.

Nupuxaropuas nuarpamma (M) — rpaduk 3aBucuMocTy MKy 3a00MHBIM JaBICHUEM U
neOUTOM CKBaXMHBI IPU KBa3WyCTaHOBUBIINXCA PeKUMax €€ padoThl.

Kontpoab paspadorku (KP) MecToposkieHusi — KOMIUICKCHAsE CUCTEMa MCCJCIOBAHUN U
HAOJIOICHUH 33 COCTOSTHUEM Pa3pa0OTKH MECTOPOXKICHUS (3aJI€KH, TUTacTa-00hEKTa pa3pabOTKH) ¢
[ENbI0 BRIPAOOTKHU MEPOIIPUATHI 10 ee peryInpoBaHuIo U coBepiieHcTBoBaHuio. KP npeamonaraer
oTpefieNieHue TeKYIIEro COCTOSHUS Pa3pabOTKH MECTOPOXKACHUS Ha OCHOBE 0000IIEeHUsT TeKyIIen
npombicioBoit uHGopmanuu (TTIN), ruagpoagunamuueckux (I'’IUC), reodpusndecknx uccier0BaHuii
ckBakuH B mporecce crpoutenberBa ([TMIC) B OTKPBITOM CTBOJIE, TTPOMBICIOBO-TEO(PU3HUECKUX
uccinenoannii ckBaxxuH (I1I'M) B mpornecce sxcruyatanuu (B 06cakeHHOM mephopUpOBaHHOM U
HenepopupoBanHoM cTBoOe), ¢usznuko-xumuueckux (DXU), reoxumuyeckux (I'XM) u wuHBIX
crienManbHbIX uccienoBannii. Uudopmanus, nomyuaemas npu KP, HanmpaBieHa Ha BCeCTOPOHHIOIO
JIMAarHOCTUKY COCTOSIHUSI 00BbEKTOB pa3pabOTKH, MOBBIMICHHE Y(PPEKTUBHOCTH pa3padOTKHU IJIACTOB.

Koypdunment HacpimeHHOCTH (IIOHAOM (BOJOHACHIIIEHHOCTh, HE(PTEHACHIIIEHHOCTD,
ra30HACHIIIEHHOCTh) — OTHOIIEHHE 00beMa MOPOBOTO MPOCTPAHCTBA, 3AMOJHEHHOTO (IIFOMIOM
(Bomoi, HE(DTHIO, Ta30M), K 00IIEMY 00bEMY MYCTOT.

KodpdunmeHt mnopucrocTd KOJMJIEKTOPAa — OTHOILIEHHEe o0mero obOsemMa MyCTOT

KOJJIEKTOpPA K ero 001iemMy o0bemy.



Ko3punmeHT NmOpPHCTOCTH KOJJIEKTOPAa, OTKPBITOH — OTHOLICHHE OOBEMa IIyCTOT
KOJUJIEKTOPA, COETUHSIONINXCS MEX1Yy COOOM B HEMPEPHIBHbIC KaHAbI.

KoxdppuumeHT nopucrocT KoLIeKTOPa, 3PPEeKTHBHOIN — OTHOIIICHHE 00heMa OTKPBITHIX
MOp KOJUIEKTOPA 32 BEIYETOM 00beMa CBS3aHHOM BOJIBI B OPAX K €ro o0memMy o0bemy.

Ko>xppuumeHT nNOPUCTOCTH KOJLIEKTOPAa, JMHAMUYECKOW — OTHOIICHHE oObema
OTKPBITHIX IOpP KOJUIEKTOpa, 4epe3 KOTOpbIE MOXKET (DPUIBTPOBATHCS IIACTOBBIN (IIOMA, K €ro
obmeMy o0bemy. JlMHaMuveckass MOPUCTOCTh MEHblIe 3()(EeKTHBHOW Ha BEIMYUHY OCTATOYHOMH
HeTH.

Ko3¢puuueHT NpoayKTHBHOCTH CKBAa:KMHbI — OTHOIIGHHE JeOMTa B CTaHIAPTHBIX
TEPMOOApUUYECKUX YCIIOBUAX K JCTIPECCUH Ha IUIACT.

KoapdunmeHT npueMucTocTd  CKBaKMHbI —  aHaJOrMYHasg  XapaKTEepHUCTHUKA
HarHeTaTelbHOM CKBAaXKUHBI, OIpejesseMasi, Kak OTHOIIEHHE pPAacXo/la 3aKauyku B CTaHAAPTHBIX
TepMOOAPUUYECKHIX YCIOBUAX K PETPECCU Ha ILIACT.

Monutopunr n00bdu (M) — KOMIUIEKC MEpONpPUSTHH, HANpaBIECHHBIX Ha TEKYLIUH
KOHTPOJIb PabOTHI «I101beMHUKaY ((hOHTaHHBIN, HACOCHBIH U Apyrue cnocoObl 1o0kun). B kauecTBe
00BEKTa UCCIIEIOBAHUS BBICTYIIAET CKBAXKHHA.

Texymas npomsiciaoBas uHpopmauus (TIIN) — usmepenus, OCylIECTBIIEMbIE HA YCThE
CKBQ)KWH, WJIM Ha TPYNIOBBIX 3aMEPHBIX YCTAHOBKAX, OMEPATUBHBIC U3MEPEHHS TEXHOJIOTUYECKUX
MapaMeTpoB CKBAKHUHBI HA YCThE U Ha (PUKCUPOBAHHOM OTMETKE B CTBOJIE CKBAKHHBI: TEMIIEPATYPHI,
OydepHOro M 3aTpyOHOTO YCTHEBBIX NaBJICHUH, 3a00WHBIX JaBICHHUU, NeOMTOB HepTH W Tasa,
koHieHcata u Boabl B HKT u 3aTpyGHOM mpocTpaHCTBE, ypoBHEH paszfena (a3 B CTBOJE.

Penpeccusi Ha mnJacT — TmpeBbllIeHWE 3a00WHOTO JIABJICHHS HaJ IUJIaCTOBBIM B
HarHeTaTelbHON CKBaXXHHE, 00yClIaBIMBAIOIIEe MOCTYIJICHHE 3aKauuBaeMOro pabo4yero areHra B
I1acT.

Toamuna miiacra 3¢ppekTUBHAS — CyMMapHasi TOJIIMHA KOJJIEKTOPOB B MpeAeliax IjacTa
(ropu3oHTa).

Toammua niacra 3¢¢exTuBHas padorawmas — >pdexTruBHAsS TONIMHA IJacTa, B
npejenax KOTopoi Habo1aeTcs IBUKEHUE (uIrona.

O0béMHBIH  KOI(pGUIMEHT ANA KMIAKOCTHM — OTHOUIEHHE o0beMa >KHJIKOCTH C
PacTBOPEHHBIM B HEH T'a30M B IIJIACTOBBIX YCIOBUSAX K 00BEMY 3TOH e KUIKOCTH MOCIEe JIera3aiu
(B cTaHIAPTHBIX YCIOBUSX).

IlogBM:KHOCTD — KOMIUJIEKCHBIM (WIBTPAlIMOHHBIN mapaMeTp, OIpeneisieMblii Kak

OTHOIICHHUC 3(I)(I)CKTI/IBHOI>'I MNPpOHUIACMOCTH I1JIaCTa K JUHAMHUYECKON BA3KOCTH IJIAaCTOBOTO (I)J'IIOI/I)Ia.



IIpoBoauMocT, — KOMIUICKCHBIH (DMIBTPALIMOHHBIM TapameTp, OIpeneNsieMblii Kak
npousBeneHne A(G(PEKTUBHONW MPOHMIIAEMOCTH IIacTa Ha ero 3¢ ¢GeKTHBHYIO pPabOTaIONIyIO
TOJILLIHHY.

IIponnuaemMocTb a6COMIOTHASI — MPOHUIIAEMOCTh KOJUICKTOPA It OJHOM (ha3bl, HHEPTHOU
K IIOPUCTOU CpeJie U MOJHOCTHIO HACBIIIAIOIIEH IIOPOBOE IPOCTPAHCTBO;

IIponnnaemocts 3¢dexTuBHast (¢pa3zoBasi) — MPOHHUIIAEMOCTh JUISI KOHKPETHOW (hasbl
(ne¢Ts, ra3, Boga) B ciryyae MHOTO(a3HBIX CHCTEM.

IIbe30npoBOAHOCTE  —  KOMILIEKCHBIN (GUIBTPAIMOHHO-EMKOCTHOW ~ TIapamerp,
ompenenseMblii Kak OTHOIIEHHE J(PQPEKTUBHONH MPOHUIIAEMOCTH IUIACTa K IPOM3BEACHHUIO
yIPYroeMKOCTH IUIACTa Ha IMHAMHUYECKYIO BSA3KOCTh IUIACTOBOrO (hirouaa.

CkuH-paKTOp — KOJMYECTBEHHAs XapaKTEPUCTHUKA COCTOSHHS NpPU3a0OWHONW 30HBI
CKBaXXMHBI, OTpa)karolllas W3MEHEHHsI (HIbTPALMOHHBIX CBOWCTB 3TOM 30HBI, F€OMETPHUYECKUE
0COOEHHOCTH MPUTOKA U IIp.

TexHuveckuii NPOEeKT pa3spadOTKH — OCHOBHOM JTOKYMEHT, I10 KOTOPOMY OCYLIECTBIIAETCS
KOMIIJIEKC TEXHOJIOTMYECKUX ¥ TEXHUYECKUX MEPOIIPUATUI 110 U3BJICUEHUIO YTIIEBOAOPOIOB U3 HEAP
Y KOHTPOJIIO pa3pabOTKH.

- IIpoext npooHoii 3xkcmiayatamuu (III19) U uM3MeHeHHs1 (JIONMOJIHEHHsI) K HeMYy —
TEXHUYECKUH IPOEKT pa3paboTku MmectopoxiaeHus YBC, ¢opmupyemslii Ha cTaauu
Pa3BElKU C LIEJIbI0 NOJyUYeHUs: HHPOPMALUH JUIsl YTOUHEHUS T'€0JI0rMUYECKOr0 CTPOSHMS,
JNOOBIBHBIX BO3MOYKHOCTEH, B T.4. C HCIOJB30BAaHHEM pA3IMYHBIX TEXHOJIOTUI
UHTCHCU(UKAIIMM  JOOBIYM, BBIMOJHEHUS TOAcuYéTa 3amacoB M MOATOTOBKH
MECTOPOKICHUS K TPOMBIIIJICHHOH pa3paboTKe.

- Texnonornueckass cxema (TCP) u Texnosormueckuii npoext paspadorku (TIIP)
MeCTOPOK/IeHHsI YTJIeBOI0POIHOTO0 ChIPbsi, H3MeHeHus (HonoHenus) kK uum (JJTCP,
ATIIP) — Buabl TEXHUYECKUX IMPOEKTOB, (popMUpyeMble Ha CTaJUHM IMPOMBIIUICHHON
pa3paboTku. OCHOBHBIMHU 33/1a4aMH SIBJISIOTCS BBIJENICHHE YKCILTyaTallMOHHBIX 00BEKTOB,
000CHOBaHHE CHUCTEM DPa3pabOTKH M TEXHOJIOTUU BO3JEHCTBUS, MJIAHUPOBAHUE METOJIOB
uHTeHcUpUKauu 1006 YBC, mporHo3 TEXHOJIOTMYECKUX IMOKas3aTened pa3paboTKH,
o0ocHoBaHue K03(punnentoB uzBieuenns ¥YBC u3 miacTos.

-  TCP, ATCP — TeXHUYECKUE NPOEKTHBIE JOKYMEHTBI, KOTOPBIE ONPEAEIIAIOT MPUHIIHIIBI
BO3JCHCTBUS HA MPOAYKTHBHBbIE IIJIACTBl U OCHOBHBIE IIOJIOKEHHS] CHCTEMBI
MIPOMBINIIEHHON pa3paboTKU MECTOPOKICHHS Ha IOJTHOE Pa3BUTHE J10 TIOJTHON BBIPAOOTKH

u3BlekaeMbix 3anmacoB YBC (mons reonormueckux 3amacoB Kareropuit A+Bi mo



OCHOBHOMY T0JIE3HOMY HCKOomlaeMoMy cocTaBiseT He MmeHee 30 %, kateropuu A He Oosee
75 %).
- THP (ATIP) — OCHOBHBIE TEXHUYECKUE NPOEKTHBIE JOKYMEHTBI, 110 KOTOPBIM
OCYIIIECTBIISICTCS KOMITJIEKC TEXHOJIOTUYECKUX M TEXHUYECKUX MEPOIPUATHIA TI0 Harboiee
MOJIHOMY M3BJICUECHUIO HE(TH U Ta3a U3 HEAP M KOHTPOJIIO Ipolecca pa3zpaboTKu.
CocTaBisioTcsl MO pe3yibTaTaM 3aBepUICHUsT (DOPMUPOBAHMS YTBEPKIECHHOW CHUCTEMBI
pa3pabOTKH, a TaKkKe KOMIUIEKCAa CHEIHAIbHBIX HCCIECJOBAHUN (0JsI Me€0JOrHnYecKUX
3amacoB KaTeropuii A o OCHOBHOMY IOJI€3HOMY MCKOIIAEMOMY COCTaBJISIET HE MeHee 75
%).
duszuko-xumuieckne ucciaenopanuss (O®XU) npod kuakocreil W razoB — 3TO
71a0opaTOpHbIE UCCIICAOBAHUS YCTHEBBIX, TITyOMHHBIX P00 C IENbI0 U3yYSHHS CBOMCTB MPUPOIHBIX
GIIOU0B U MPOIECCOB UX IMHAMUYHOTO U3MEHEHUS IIpU pa3padoTKe.
YpoBeHb IMHAMMYECKHI — YPOBEHb XUAKOCTHU B 3aTPyOHOM IPOCTpPaHCTBE IIpHU padoTe
CKBa)XMHBI.
YpoBeHb cTaTHYECKHI — MAaKCUMaJIbHBIN (YCTAHOBHUBIIUINCS) YPOBEHB )KHUIKOCTH B CTBOJIC

IIOCJIC OCTAHOBKH CKBa’KHHBI, COOTBCTCTBYIOH_[I/Iﬁ TCKYLIEMY I1JIaCTOBOMY JAaBJICHHUIO B 3aJICIKH.
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B nHacTrosimmx MeToanueckux yKa3aHUSIX UCIOJIb3YIOTCS CileYIOlUe COKPAalleHus:

BI'C

bK3
BUKWU3

BHK
BC
I'BK
TUC
TIK
KK
TUC

T'K
THK
THKT
THO

T'PII

Ic

'™
X!

JIDK

3KII

1201

UK
WHI'K-C
WHK
KBJI
KU1
KIIJT

KP

KPC (TIPC)
KCJI

— OOKOBOM TOPU3OHTAIBHBINA CTBO,;

— OOKOBOE KapOTaXHOE 30HIUPOBAHHUE;

— BBICOKOYAaCTOTHOE MHAYKIIMOHHOE KApOTaKHOE U30I1apaMeTPUIECKOE
30HIUPOBAHUE;

— BOJOHE(TSIHON KOHTAKT;

— BEPTUKAJIbHAS CKBAXKUHA;

— ra30BOISIHOM KOHTAKT;

— THIPOJMHAMMYECKHE UCCIIEOBAHNSI CKBAXKHH;

— TUAPOAUHAMUYECKUN KapOTax;

— T'a30KUAKOCTHBIM KOHTAKT;

— reousnueckue uccnenopanus ckBaxuH («I'MMC-koHTpoIb» — B
obcaxeHHOM cTBoJIe, «[ IC-0ypeHne» — B OTKpBITOM CTBOJIE);
— raMMa-KapoTax (MHTerpaibHbIN);

— ra3oHe(TSIHOM KOHTAKT;

— rubKasi HaCOCHO-KOMIIpeccopHas Tpy0a,

— IIIyOMHHOE HACOCHOE 000PYAOBaHUE;

— TMAPOPA3PHIB ILIACTA;

— TOpPU30HTaJIbHAS CKBAXKHMHA;

— T'€0JIOr0-TEXHOJIOTHYECKOE MEPOIIPUATHE;

— F€OXMMHYECKHUE UCCIIEIOBAHMS;

— IMBEPTEeHTHBIN JIEKTPUUECKUN KapOTaXK B KOJIOHHE;

— 3aKOJIOHHAs MUPKYIsIus (daonsa);

— UHAMKATOpHAs uarpamma;

— UHAYKLIMOHHBIN KapoTax;

— UMITYJIbCHBIM HEUTPOHHBIM raMMa- KapOTaXK CIIEKTPOMETPUYECKHUIA;
— UMITYJIbCHBIA HEUTPOHHBIA KapOTaX;

— KpHUBasi BOCCTaHOBJIEHU 3a00{HOTO TaBJICHMUS;

— KOMIUIEKT UCIIBITATENbHBIX HHCTPYMEHTOB;

— KpHUBas Na/ICHNs JaBJICHHUS,

— KOHTPOJIb Pa3pabOTKy;

— KaluTalbHbIN (110A3€MHBIN) PEMOHT CKBa)KUH;

— KpuBasi CTaOWIIM3aIK 1aBJICHHUS;
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MB
MIPIT

MI'C

M1

MPT

MCC

HTK

HKT (BHKT)
HHC

HOB

OBC

OITK

OITP

OPD

1"
I[II'K
11
I1C
I1CIT
PP
PHO
POB
PYO
PT
Cuunc
CIIo
™
T™C
TIIN
TPU3
TC

— MEUYEHOE BEIIECTBO (XJIOPO- U OOPOCOJIEBBIE TIPOIYKTHI);
— MHOT'OCTaJJUMHBII THIPOPa3phIB IJ1ACTa;

— MHOTOCTBOJIbHASI TOPU30HTAIbHAS CKBAXKUHA;

— MOHHUTOPUHT JTOOBIYH;

— MYJIbTUCKBKUHHBIA PETPOCTIEKTUBHBIN TECT;

— MHOT'OCTBOJIbHASI CKBRXKHHA;

— HEUTPOHHBIN raMMa-KapoTax;

— HacocHo-kommpeccopHsie TpyObl (BHKT — 6ammmax HKT);
— HaKJIOHHO-HAIPaBJICHHAs! CKBA)KHUHA,;

— HEpaCTBOPUMOE OPraHUYECKOE BEILIECTBO;

— ONTOBOJIOKOHHBIE PACIIPE/ICICHHBIC CUCTEMBI,

— onpoOoBaHUE IJIACTOB Ha Kadele;

— OMBITHO-TIPOMBIIIJICHHBIE PAOOTHI;

— OJTHOBPEMEHHO-pa3/ienbHas dkcruryaranus (OPI/OP3 —
J00bIYa/3aKavKa);

— IPOMBICTIOBO-T€0(U3NUECKUE UCCIIECIOBAHNUS,

— MPOMBICTIOBO-T€O()U3HMUECKUIT KOHTPOJIIB;

— popuIH MPHUEMHUCTOCTH;

— METOJ] MOTEHIAJIOB camMoIipon3BoibHOM nongpuzanuu (CII);
— pouiIb U COCTaB MPUTOKA

— PEMOHTHO-U30JISIIHOHHBIE paOOTHI;

— pacTBOp Ha HEDTAHOUN OCHOBE;

— paccesiHHOE OpraHNYeCKOe BEIECTBO;

— pacTBOp Ha YIJIEBOJIOPOIHONW OCHOBE;

— pacxoOMeTpusi TEPMOKOHTYKTUBHAS;

— CTalMOHAPHBIE HHPOPMAIIMOHHO-U3MEPUTEIIBHBIC CHCTEMBI,
— CIIyCKOIOABEMHBIE OTIepPaIUY;

— TEPMOMETPHS;

— TEJIEMETPUUECKUE CUCTEMBI 110 cuoBoMy kabemto DI[H;
— TeKyIasi IPOMBICTIOBas HHPOPMAITUI

— TPYJHOM3BIICKAEMBIE 3aITaCHhI;

— TeXHUYECKUH KOHTPOJIb COCTOAHHNA CKBA’)KUHBI;
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YKK

VKII
Ne'e
®EC
OXU
ILITH
[1IC
DJIC
SIH
SIMK
DAS

DTS

ICD
MDT (CHDT)

PLT

PVT

Y-tool

— yraepoano-kuciaopoansiit (C/O) kaporax (Ha ocHoBe 'MMHP — metoma
HEYIPYroro paccenBanus ObIcTpbIX HeiiTpoHoB u ' MIP3 — merona
paauanmonHoro 3axBarta) — coorsetcTByeT MHI'K-C;

— YCTpoiicTBO KOHTpoJIs puToka (Trma «inflow control device (ICD)y);
— yIeJIbHOE 2JIEKTPUUECKOE COIIPOTUBIICHUE;

— (UIBTPAIIMOHHO-EMKOCTHBIE CBOHCTBA;

— pusuko-xuMuyeckue uccienoBanus darounos (PVT);

— IITaHT'OBBIN HACOC;

— IIIyMOMETPHS CIIeKTpajIbHas;

— BJICKTPOJIBHXKYIIIAs CUIIA,

— 3JIEKTPOLIEHTPOOEKHBIN HACOC;

— SJICPHBIA MAarHUTHBIN KapOTax;

— distributed acoustic sensor / pacripeaencHHbINH CEHCMOaKyCTHIECKUI
JATYMK Ha OCHOBE ONTOBOJIOKHA;

— distributed temperature sensor / pacmpeaeieHHbIN 1aTYNK
TEeMIIEPaTyphbl HA OCHOBE ONTOBOJIOKHA;

— inflow control devise / ycTpoiicTBO KOHTPOJIS IPUTOKA;

— modular dynamic tester / moayneHbII HcnibITaTenb mwactos (case hole
dynamic tester / nist 00cakeHHBIX CKBAYKHH);

— production logging tool / mpu6op a1t TPOMBICIOBO-T€O(MU3NIECKHX
HCCIICJIOBaHUM;

— pressure-volume-temperature analysis: anamu3 GuU3MYECKHX CBOWCTB
Hetn, raza w BOAbl ((Pa3oBoe TMOBEJAEHUE, IJIOTHOCTh, BSI3KOCTD,
00BeMHBIM KO3 (UIIMEHT, U30TePMUYECKas CKUMAEMOCTb U Jp.) MpH
W3MEHEHUU JaBIICHUS U TEMIIEPaTyphl;

— OaiinacHoe 000pyJ0BaHKE CO CIBUHYTHIM MaJIoradapUTHBIM

AIIEKTPOLIEHTPOOCIKHBIM HACOCOM.
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4. OCHOBHBIE 3AJIAUM Y HASHAUYEHUE METOJUYECKUX YKA3AHUN

4.1. Meroanueckue yKa3aHHs HalpaBlIeHbl Ha OOECIEYeHHE KOMILJICKCHOTO H3Y4eHUS
reo(pu3NYECKUMHU, TUAPOJIMHAMUYECKUMHA U (PU3UKO-XMMHUYECKUMHU HCCIEIOBAHUAMU CKBAXKUH H
IUIACTOB C LIEJIBI0 PALIMOHAIIBHOTIO UCIIOIb30BAaHUSA U OXPaHbl HEAP U OKPY>KAIOIIEH CPEB.

4.2.  Meroauueckue yka3aHusi OpUCHTHPOBAHbI HA CO3JaHKe HH(OPMALIMOHHOMN 0a3bl A7
NPOCKTHUPOBAHUS M HAYYHOTO COINPOBOXKACHHUA pa3pabOTKH HEPTSIHBIX M Ta30HEPTIHBIX
MECTOPOXKACHUM, JUIsl pealu3aluyd OCHOBHBIX I0JIOkKeHHUH 3akoHa Poccuiickoii ®enepanuu ot
21.02.92 Ne 2395-1 «O nempax» (¢ u3MeHEHHIMHU U goronHeHusMu ot 14.07.2022, Ne 320-D3) B
00J1aCTH W3YyYEHHUS U PAIMOHAIBHOIO MCIIOJIB30BaHMsI, M OXPaHbl HEIp, Pa3BeIKU U J10OBIUU
YIJIIE€BOIOPOOB.

4.3. Meroauueckue yKazaHUS TPEAHA3HAYEHBI JUI HCIOJIB30BAHUS CIIEIHATHCTAMHU
CITy’K0, OCYIIECTBISIIOINX pa3paboTKy HEPTIHBIX U ra30HE(TIHBIX MECTOPOKACHUH, OpraHU3aun
HEJIPOII0JIb30BaTesel, HayYHO-UCCIIEI0BATEIbCKUX U IPOSKTHBIX OpraHu3aliii, pa3pabaThIBatOLINX
IIPOEKTHO-TEXHOJOTNYECKYIO JOKYMEHTALUIO )11 KOMIUIEKCHOT'O U3YYEHUS U UCIIOJIb30BaHMsI HEAP,
CHEeUaIM3UPOBAHHBIX CEPBUCHBIX KOMIIAHUI, 3aHUMAIOLUXCSI BOIPOCAMH KOMIUIEKCHBIX METOJI0B
reoJoro-reou3n4eckoro U3y4yeHus: 1 HH(GpOPMallMOHHOTO CONPOBOXKACHUS IPOLIECCOB Pa3padOTKU
HE(PTSIHBIX U ra30He(TAHBIX 3aJIeXKEN U MJIACTOB.

4.4. Metoauueckue yKa3aHus IPUMEHSIOTCS NP pa3paboTKe U BHECEHUHU JONOJHEHUN 1
M3MEHEHHUI B PYKOBOJSAIINE U HOPMATUBHBIC JJOKYMEHTHI B 00JIACTH KOMIUIEKCHBIX T€0(pU3HIECKUX,
THIPOAMHAMUYECKUX W (U3UKO-XMMHYECKHX HCCIEJOBAHUN CKBOXWH M IUIACTOB, OypeHHs H
HKCIUTyaTallMi CKBa)XKWH, Pa3BEIKU U pa3paboTKu MecTopokaeHnid YBC, moAroTroBke HHCTPYKINH,
TpeOOBaHUH, NPaBWJ, OMHCHIBAIOIIUX TEOPETUUYECKHE U METOJMYECKHE AacleKTbl, TEXHUKY U
TEXHOJIOTHIO MTPOBEIEHUS, METOJIbl 00pabOTKH, HHTEPIIPETALINIO, aHAJIN3, XPaHEHHE U IPUMEHEHNE
Pe3yJIbTaTOB MCCIEA0BAHNN CKBAKUH U IJIACTOB.

45, HcnomHUTens MM W TOTPEOMTEISIMM KOMIUIEKCHBIX paboT MO MCCIIeJOBaHUSIM
CKBAKUH M IUIACTOB MOTYT SIBJIATHCS HEJIPOIIOJIB30BATENM U NMPEANPUATHS, BBITOIHSAIOINE JaHHBIE
paboThl HA OCHOBAHUM PA3PELICHU, BBIJAaHHBIX B YCTAHOBJIEHHOM MOPSAKE OpraHaMM YIpaBJIeHUS
rocyaapcTBeHHbIM (oHI0M HeAp B mpenenax Poccuiickoii deneparuu M ee KOHTHHEHTAIBHOTO

nienbda.
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[IpousBoauTeNsIMH KOMITJIEKCHBIX Pa0OT MO HUCCIEJOBAHUIO CKBAXUH M IUIACTOB MOTYT
SBIATHCA TeOPU3NYECKUE TPennpusaTs (TOoapa3ielieHus]) TPU BBINOJHEHUH Teo(PpU3NIeCKIX
UCCIICIOBAaHUA U pabOT B CKBaXKWHAX, HEPTETa30[00BIBAIOIINE MPEANPUATHS (B TOM HYHCIE UX
HCCJIEIOBATENLCKUE TOPA3ACICHHs U LEHTPHI U T.II.), HAYYHO-UCCIIEJOBATEILCKUE U MPOEKTHBIC
OpraHu3aIH U JIp., UMEIOIINE JIUIIEH3UH, BbIIaHHbIE B YCTAHOBJIEHHOM MOPSIKE Ha OCYIIECTBICHUE
COOTBETCTBYIOIIUX BHJIOB JIEATEIBHOCTH, CBS3aHHBIX C KOMIUICKCHBIM T€0JIOTO-(DU3HUYECKUM
M3yYEHUEM U UCIOJIb30BAHUEM HEJIP.

4.6. PesynbTaThl KOMIUIEKCHOTO M3y4deHUs ckBakuH u mactoB (I'UC, I'IUC, TITN, ®XU
u ['X1) u >ppeKkTuBHOCT MX MNPAKTUYECKOTO MPUMEHEHHUS B KauecTBE HH(OPMALMOHHOIO
o0ecrieyeHns U COMPOBOXKICHUS MPOLIECCOB Pa3pabOTKH PEeKOMEHIyeTCsl MOABeprarh (PMHAHCOBO-
YKOHOMHUYECKOMY aHaU3y (pacueTbl CTOMMOCTH PabOT M OTHEIBHBIX CTPYKTYPHBIX 3JIEMCHTOB
I'’TUC B 3aBUCHUMOCTH OT KauecTBa HWTOTOBOM HHGPOpMAIUM, HX BIUSHUE HA TEXHUKO-

SKOHOMHYECKHE TToKa3aTenu U 3¢ (eKTUBHOCTh MpoBeaeHus, Hanpumep, [ TM u ap.).

5. HABHAYEHUE W OBBEKTBI KOHTPOJIA PA3PABOTKM HE®TAHBIX U
I'ABOHE®TSHBIX MECTOPOXIEHUIA

5.1. [Tox koHTpOJIEM pa3pabOTKN HEPTIHBIX U HEPTETA30BBIX MECTOPOKACHUI TOHUMAIOT
coop, 00paboTKy 1 0000IICHIE TIEPBUYHON HH(DOPMAIIHH O 3aJICKH C IEIBIO TIOTYyYSHUS CBEICHUH O
TEKYyILEM COCTOSIHMM U IMHAMMKe [T0Ka3aTeseil pa3padoTKu.

5.2. Ha3naueHue CUCTEMHOro KOHTPOJS pa3pabOTKH MECTOPOXKIEHUH COCTOMT B
MOJyYCHUU JTAaHHBIX O COCTOSHUHM M W3MEHEHHSX, MPOHMCXOJAIINX B MPOAYKTUBHBIX IUIACTaX B
nporecce WX IKCIUTyaTally C IeNbI0 HHQOPMAIIMOHHOTO 00ecreueH s yIpaBlIeHHs pOIeccaMu
pa3paboTKH, BKJIOYask o0ecrieyeHne He00X0AUMBIMU JAHHBIMU MTOCTOSIHHO JIEHCTBYIOIIMX T'€0JI0TO-
TEXHOJIOTUYECKUX MOJIEIEeH 3aIexei.

5.3. MHoroo6pasye TEXHOJOTHMH MPOMBICIOBOIO U  Te0(U3UYECKOr0  KOHTPOJIA
pa3paboTKu 00YCIIOBIEHO Pa3HOOOpa3ueM 0OBEKTOB MCCIEIOBAHUN U UX T€0JIOTO-TIPOMBICIIOBEIMU
xapakrepucTukaMu. OOBEKTBI KOHTPOJIS pa3paboTKU AeisITcs Ha ypoBHU. OOBEKT 11000r0 ypoBHS
MOYET OBbITh MPEJCTABIECH B BHUJIE T€OJIOr0-TEXHOJIOTMYECKON MOJIENH, KOTOpasi ClIocOOHA OIHUCATh
OCHOBHBIE MPOIIECCHI, MPOTEKAIOIINE TIPU €T0 IKCILTyaTaIUH.

5.4. PaznuuatoT Teosoro-ruApoAMHAMMYECKHE MOJIEIM MECTOPOXKIEHHUs (3aJexn),
IUIacTa, CKBAXXHMHBI, CHCTEMBl «IIJACT—CKB)XHWHA». MOJEIM MHOTOILIACTOBBIX MECTOPOXKICHUN
JIOJKHBI YUUTBHIBATh BO3MOXKHBIE B3AaUMOBIIHSHHS OT/IEIBbHBIX 00BEKTOB (MEKIUIACTOBBIE ITEPETOKH,
NEPEBOJIBI CKBAXHH C OJTHOTO TUIACTA HA JIPYTOi, MPHOOIICHUS TUTACTOB U T. JI.).

5.5. Crneunduka cucTeMbl KOHTPOJS pPa3pabOTKM HEPTSIHBIX U Tra30HEPTIHBIX

MCCTOpO)KIlCHI/Iﬁ 3aBHCHUT OT 0COOCHHOCTEH pa3pa6aTLIBaeML1x IJI1aCTOB U MECTOPOKACHUS B LICIIOM,
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cenuduku HoHIAa CKBOXMH (BKJIIOYAs WX Ha3HA4YCHHE, TUI JOOBIBA@MOW MPOIYKIIUU, CIIOCOO
OKCIUTyaTaIlH, TUT TPACKTOPHUH, CIICIIU(PUKY KOHCTPYKIIMH, CITOCO0a 3aKaHIMBAHUS U TIP. ).

5.6. PazpabaTbiBaeMble 3aJ€KH OTJIMYAIOTCS KOJIMYECTBOM OOBEKTOB JKCILTyaTaluH,
FEOMETPUUECKUMU U JIUTOJIOTO-CTpaTUrpaduyecKuM MapaMeTpaMu, crocoOOM MOJAepKaHUs
SHEPruu MJIACTOB, CTaANEH pa3paboTKu.

5.1. CKBaXMHBI 1O HAa3HAYCHUIO OBIBAIOT: ONOpPHBIC, ITOMCKOBBIC, CTPYKTYpPHBIE,
OLICHOYHBIC,  MApaMETPUYECKHe,  pa3BelOYHbIC,  OKCIUTyaTallMOHHBIE  (JOOBIBalOUIME U
HarHeTaTeNbHbIE),  KOHTPOJIbHBIE  CKB@)XHUHBI,  pa3felifioluecs Ha  HaOoaaTelbHbIe
(menepdopupoBaHHbIC) U TTbe3oMeTpUUeckue (rmephoprpoBaHHbIE), CIICHATBbHBIC (BOI03a00pHBIC,
HOIJIOUIAIOIIME, METPOJOrMYECKHe, pe3epBHble U 1p.). OTHENbHBII MHTEpeC i1 KOHTPOJISA
pa3pabOTKU MPEACTABISIOT CKBAXHHBI YIUIOTHSIOLIETO OypeHus (Ha MOMEHT UX CTPOUTEILCTBA).

5.8. JloOpIBaroIue CKBaXUHBI MO CMOCOOY JKCIUTyaTalluu Jenarcs Ha (oHTaHHBIE,
ra3augTHBIE ¥ JKCIUTyaTHpyeMble MeXaHU3HpoBaHHBIM crocoboMm (¢ DIH, HII'H, crpyitHpiMu
HAcOCaMH U Jip.).

5.9. [To Tumy xoHCTpYKIHMH (CcrocoOy 3akaHYMBaHUS 3a00s) Pa3IUYarOT CKBAKUHBL C
OTKPBITBIM 3a00€M, C IIEMEHTUPYEMBbIM U HE HEMEHTHPYEMbIM (GUIBTPOM, MEepPOPUPOBAHHEIE; C
3akaHunBanueM I'PII unu muorocranuitaeimM I'PIT u ap.

5.10. [lo BapmaHTamM BHYTPHUCKBa)XMHHOI'O 00OpyaoBaHMs paziauyaroT ckBakuHbl ¢ HKT
BbIIIE TPOAYKTUBHOM ToH, ¢ HKT, mOJTHOCTHIO MM YaCTUYHO NEPEKPHIBAIOIIMMHU MPOIYKTUBHYIO
TOJIILY; C TaKepoM U 0e3 B 3aTpyOHOM MPOCTPAHCTBE, C KOMIIOHOBKaMH OJHOBPEMEHHO-Pa3AebHOM
skcruryataru - miactoB (OPJl wim  OP3), ¢ KOMIOHOBKaMH-yCTPOWCTBAMH  KOHTPOJIS
(BbIpaBHUBaHUS) npuToka (Tuna «ICDy).

5.11. [lo Tumy TpaexkTopuu CTBOJIAa CKBaKMHBI MOTYT OBITh OTHECEHBI K BEPTHUKAJIbHBIM
(BC), naknonno-unanpasienabiM (HHC), ropusonransiasiM (I'C), muoroctBonbHbM (MCC)
MHOTOCTBOJIbHBIM ropu3oHTabHbIM (MI'C), ropusonTansHbiM 60k0oBbIM cTBOIaM (BI'C).

5.12. [To Tuy mogbeMHUKA pa3InyaoT CKBaKUHBI, 000PY/JOBaHHbIE TYCKOBBIMU My TamH,
HUPKYJSIITUOHHBIME KJIallaHAMHU M HACOCAMH.

5.13. CKBaXMHBI Ppa3IMYaAlOTCS TAKXKE IO KOJMYECTBY COBMECTHO JKCILTyaTHPYEMBIX
IUTACTOB U O CBOEMY COCTOSHUIO (HaXOJSIIMECs B OTYETHBIN Mepuoja B JAEUCTBYIOIIEM (OHIE, B
Oe3neiicTByrorieM (GoH e, B OKHIAHUNA OCBOCHHS U TIP.).

5.14. C TouKM 3peHus IUIAHUPOBAHUS U PEATN3ALUU CUCTEMBI UCCIIEA0BAHUM 110 KOHTPOJTO
pa3paboTKku Haubosee MPUOPUTETHBIM SBIISIETCS pa3zelieHue JOOBIBAIOIINX CKBAKUH Ha CTAOMIBHO
pabotaromme  (dhoHTaHHBIE, Ta3aU(PTHBIE, OOOPYIOBAHHBIE AJIEKTPOIECHTPOOSIKHBIMU WM
mrraHroBeiMu Hacocamu DITH/ILTH, 6atinacamu Y-tool ¢ mamoradaputasivu D1[H), paboTarorue B

pexuMe ~ HarHeTaHusi  (BOJOHArHeTarelbHbIE, Tra30HAarHeTaTellbHbIE), He  paloTarolue
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(6e3meticTByrOIIHE, THE30METPUYECKHIE U HAOIIOJaTEIbHbIC), THAPOreOIoOrnIecKre (BOg03a00pHbIE,

IIorJIomaronuime, Ha6JHOI[aTC.HBHLIC Ha BOIIOHOCHBII\/'I FOpI/I3OHT).

6. CTAVM PASPABOTKH MECTOPOXJIEHUIA

6.1. B 3aBucuMocTH OT ypOBHS M3YYEHHOCTH M TPEHJIOB JOOBIYM HEPTH Pa3ICISIIOT
HECKOJIBKO CTaJui COCTOSIHHMSI Pa3pabOTKU MECTOPOXKIEHUN / HKCIUTyaTal[MOHHBIX OOBEKTOB.
Kaxxgas cragus xapaktepu3yercsi OTIUYUTEIbHBIMA OCOOCHHOCTSMU IIPU MPOBEICHUN KOMILIEKCA
IPOMBICIIOBOTO, T€0(PU3MUECKOTO U PUIUKO-XUMHUIECKOTO KOHTPOJIS.

6.2. Ha mnauanvnou cmaouu mpoOHOW OKCIUTyaTallMMl MECTOPOXKICHUS  (3aJICHKH)
OLICHUBAIOTCS 3arachl U MPOAYKTUBHBIE (IOOBIYHBIEC) BO3MOKHOCTH MO OTAEIbHBIM CKBaXXHMHAM U
IiactaM, Hachblaercs uHpopMaluell reojioruyeckas MOJENb IJIACTOB, HCCIEAYIOTCS CBOMCTBa
TUTACTOBBIX ()IFOMIOB, 000CHOBBIBAETCS CUCTEMA 3aKaHYMBAHUS CKBAKHH.

6.3. Ha cmaouu pazbypueanus mecTopoxaeHus ¢ MOCICAYIOMUM HEPUOOOM NUKOBOU U
CMAabUIU3UPOBAHHOL 000ObIYU NETATU3UPYIOTCS TEOIOTUYECKUE MOJIETH IIJIACTOB, IEPECUUTHIBAIOTCS
3arachl, MPU OCBOCHUM HOBBIX CKBXHH paciiupsercs oobeM uHpopmanuu o (UIbTPAIIOHHO-
€MKOCTHBIX CBOWCTBAaX IUIACTOB, Pa0OTAarOMIMX TOJIIMHAX, CKUH-(aKTOpax M Tp., OMpoOyroTCs
NEPCIEKTHUBHBIE TEXHOJOTMH pa3padOTKHU IJIACTOB M JKCIUTyaTallid CKBaKUH, OLECHHBAETCS
COOTBETCTBUE (PAKTUUECKON JOOBIUU U MOTEHIIMAIBLHON MPOTYKTUBHOCTH TJIACTOB M CKBAKHH.

6.4. [Ipy nOCTHMXEHUHN nuUKo6ol 000bluy WU3YYAIOTCS U AHAIU3UPYIOTCS H3MEpPEHHBIE
napamerpsl OEC m1acToB W TPOAYKTHBHBIC XapPAKTCPUCTUKHA CKBAXKUH, HCIOJIB3YEMBIC IS
MOCTPOEHUs (HACTPOWKH) TEOJOTO-TEXHOJOTUYECKONH MHUGPOBOM MOJEIN MECTOPOXKICHHS,
000CHOBBIBaeTCs (Ha OCHOBE MOJENN) cucTeMa onTumuzanuu no0euu (mpu 3toM [II'M u TAMC
MPEUMYIIECTBEHHO pEalu3yIoTCs B (DOHTAHHBIX CKBAKMHAX, B HACOCHBIX CKBAKMHAX B MEPHUOJ
npoBeneHus KPC, a Takke B HArHETaTeIbHBIX CKBAXKHHAX ).

6.5. B nepuon cmabunuzuposannou 0o6viuu (IOCTHHKEHUU TaK HA3bIBAEMOU «ITOJIKU)
onpezensercs 3h(HEKTUBHOCT, MPUHATOW CHUCTEMBI pa3pabOTKH, OIEHHBAETCS OXBAaT 3aracoB
mpoleccaM BBIPAOOTKH, BBISBISIOTCS OCHOBHBIE HAMpaBICHHS (PHIBTPAIIMOHHBIX MOTOKOB, IO
pe3ynabTataM 0a30BBIX HCCIIEIOBAHUI JKCIEPTHPYIOTCS THUAPOJAWHAMHUYECKHE MOJETH 3aleikxei,
KOHTPOJIUPYIOTCS TEXHOJIOTHICCKUE TIapaMeTPhl pa0OTHI CKBaXKUH, 00OCHOBBIBAIOTCS M IIPOBOISATCS
(c ouenkoit apdextuBHocTr) ['TM u KPC, HeoOxonumble A MOAAEp)KaHUS YPOBHS JOOBIYM I10
MECTOPOKICHHUIO, 000CHOBBIBAETCS HEOOXOAUMOCTh JONOIHUTEIBHOTO OypeHHUs.

6.6. Ha cragum naoaroweii 006wiuu orieHUBaeTCs pactpeiesieHne 0CTaTOYHBIX 3a11acoB 10
TUTOIIAZN U Pa3pe3y, YCTAaHABIMBAIOTCS MPUYNHBI MAacCOBOTO OOBOJIHEHUS CKBa)KWH, OI[CHHBACTCS
s dexkruBHocTs PUP, KOHTpONHpyeTcs TuHAMUKAa W3MEHEHUS SHEPreTUYEeCKHX CBOMCTB ILIACTa,
000CHOBBIBAIOTCS JAONONHUTETbHBIE [ TM.
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6.7. Tlo30uas (3aeepwarowas) cmaous XapakTepU3yeTcss HU3KUMHU TEMITaMU pa3paOOTKH.
Habmiogaercss BhicoKast 0OBOAHEHHOCTh MPOIYKIMM U TMageHHE A00bIYM HE(PTH U TOBBILICHHUE
ce0ecTOMMOCTH TOOBIYHM MPAKTUYECKHU J0 YPOBHS peHTabenbHOCTH, ocHOBHAsA posib [ TM cocTouT B
HOJ/IEP)KaHUM TPUEMIIEMOIO TEXHUYECKOTO COCTOSHUS CTBOJIOB SKCIUIYaTallMOHHBIX CKBAaXXUH U

IoA3€MHOI'O 060py,HOBaHI/I${.

7. OCHOBHbIE 3AIAYN KOHTPOJIA PA3PABOTKU HE®TAHBIX nu
I'A3OHE®TSHBIX MECTOPOXJIEHUI
7.1. KonTtpomns pa3paboTku MeCTOPOKACHUH MTpecIeyeT JOCTHKEHUE CIEAYIOMNX et

- JleTann3alus re0JIOTUYECKOr0 CTPOEHUS (BKITIOYAst OLICHKHU
TUAPOJMHAMUYECKOW CBSI3M MEXAYy IUlacTaMd U CKBa)XMHAMH), OIIGHKAa 3aIlacoB
YTJIEBOJOPOOB;

- IPOrHO3 JOOBIYHBIX BO3MOKHOCTEH HPOAYKTUBHBIX IUIACTOB C YYETOM
IUTAHUPYEMOU TMHAMUKHA U3MEHEHUS (PU3UKO-XUMUYECKUX CBOMCTB MJIACTOBBIX (DIIIOUIOB;

- MOHHUTOPHHT J00BIYH MPOIYKIIMH HA YCThHE;

- OIICHKA XapakTepa BbIPA0OTKH HepTH (Traza) MpU 3aBOJHCHHUH IUIACTOB,
BBISIBIICHHE HAPABJICHUS (PMIIBTPALIMOHHBIX TIOTOKOB, MTOMCK LIETUKOB;

- OIICHKA TEKYIICH M OCTaTOYHON HedTe(ra3o)HACHIIEHHOCTH B OTICIBHBIX
YacTsX 3aJI€KU U B IJIACTaX;

- koHTpoJib nepemenieHuss BHK u ['HK (I'BK) B nmporiecce pa3paboTku;

- KOHTPOJIb SHEPIreTHYECKOrO COCTOSIHUS IIJIaCTOB, onpeneneHue
(GUIbTPAIIMOHHO-EMKOCTHBIX [TAPAMETPOB PE3EpByapa;

- KOHTPOJIb TE€XHOJIOTMYECKUX IMapaMeTPOB HKCIUTyaTAllMOHHBIX CKBAXKUH U
MOHUTOPUHT UX TEXHUYECKOTO COCTOSHHSI.

- KOHTPOJIb 3 (eKTUBHOCTH TpoBoAUMBIX Ha ckBaxkune I ' TM, PUP (KPC/TIPC)

JlocTuKkeHne MNepeuncieHHbIX Lenei ooecreunBaeT:

- BBIOOD ONTUMATBHOTO  pEeXUMa  pabOThl  CKBaXKUHBI, noxoop
TEXHOJIOTHYeCKoro odopynoBanus, oneHka agpdexruBHoctd [ ' TM u KPC (Texnonorndeckuit
KOHTPOJIb);

- olpeziesieHNe dKCIUTyaTalluOHHBIX XapaKTEPUCTUK BCKPBITOTO nepdoparueit
macTa (3KCIUTyaTallMOHHBIN KOHTPOJIb);

- UCCIIeIOBaHME Tpoliecca BBITECHEHUsT He(TH W rasa B Ijacte (reoyoro-
MIPOMBICIIOBBIA KOHTPOJIb);

- M3YYEHUE COCTOSTHUS CKBAXUH (TEXHUYECKUN KOHTPOJIb).
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7.2. JloCcTHKeHHE MEePEUnCIIEHHBIX LeJel MpeanoaracT UCIolIb30BaHUE PE3yJIbTaTOB
UCCJIEOBAHUM CKBa)KMH IS CIIEAYIOIIMX TapaMETPUUECKHX U LIEJIEBbIX 3aa4:

- YTOYHEHHE TEXHUYECKOTO COCTOSIHUS, KOHCTPYKLUU U TPAEKTOPUU CTBOJA
CKBaXKHHBI,

- JMarHOCTHKA U OLIEHKa €eMKOCTHBIX CBOMCTB, OLIEHKA HaYaJIbHOTO (()OHOBOIO)
pacrpezesieHus: HaCbIIIEHHOCTH KOJIJIEKTOPOB,;

- ONpPECIICHUE TIOJOKEHUS MPOAYKTUBHBIX TOJIIMH M TIE0JOTHYECKUX
HEOJHOPOIHOCTEM;

- OIpe/ieIeHNe OLCHOYHBIX THAPOJUHAMUYECKMX I1apaMeTpoB, KOHTPOJIb
HHEPreTUUECKOI0 COCTOSIHUS MPOJAYKTUBHOTO IJIACTa J10 Havasa SKCITyaTaluu;

- OLIGHKA TEKYIIEeH WM OCTATOYHON He(TEHACHIILIEHHOCTH W OIpeesicHHEe
YPOBHEN KOHTAKTOB B IIPOJAYKTUBHBIX IJIaCTax;

- MOHUTOPHHI TE€XHOJIOTUYECKUX MapaMEeTPOB KCILTyaTallMd B JOOBIBAIOIIUX
CKBa)KMHAaX;

- MOHMTOPHUHI TEXHOJOTMYECKMX IIapaMETpPOB 3aKaukd B HarHETaTeNbHBIX
CKBa)XXKMHaX;

- KOHTPOJIb IMHAMUKHM U PAaBHOMEPHOCTU BBIPAOOTKHU NMPOJYKTUBHBIX IJIACTOB
Ha OCHOBE oOIpejeieHuss (PUIbTPallMOHHO-EMKOCTHBIX MapaMeTpOB, 3IHEPreTUYECKOro
COCTOSIHUS IUIacTa U npoduiiell (a30BbIX IPUTOKOB;

- KOHTPOJb JWHAMHMKH 3aBOJHEHUS MPOAYKTHBHBIX IIJJACTOB Ha OCHOBE
ornpeneneHuss (QUWIBTPALMOHHO-EMKOCTHBIX IapaMeTpoOB, 3HEPreTHYECKOro COCTOSHUS
iacta u npoguiei NIpueMHCTOCTH;

- KOHTPOJIb JUHAMHUKU HHEPreTHUECKOr0 COCTOSIHMS IUlacTa MO IUIOIIAIu
3aJIeXKHU;

- MOHUTOPHUHT TEXHOJIOTHYECKHUX TapaMeTPOB MOTJIOLIAIOIINX U BOJ03a00pHBIX

CKBa)XHH, 3aJieiicTBOBaHHBIX B cucteme T1TT/1.

8. CUCTEMA KOHTPOJIA PABPABOTKU

8.1. CucTeMHBI KOHTPOJIb pa3pabOTKH MPEAINoNaraeT peryasipHOCTb OMyUeHUs TEKYIIeH
npomeicioBoid uHpopmaruu (TIIM), npoenenust runpoanHamuueckux uccnepoBanuii (IAUC),
METO/IOB TIPOMBICIIOBO-Teodpusndeckoro KoHTpost (I'MC-kouTpons), dusuko-xumuueckux (OXI)
METOJIOB UCCIIENOBAHUN CKBAKHUH.

8.2. TIIM BxIIOYAIOT peEryispHble U3MEPEHHs Ha CKBaXKMHAX JeOHuTa >KHUIKOCTH,

00BOTHEHHOCTH MPOIYKIIMH, Ta30BOro (PakTopa, yCTheBbIX JaBieHuil: OydepHoro m 3arpyOHOro,
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3a00HHOTO ¥ TUTACTOBOTO JABJIEHWUM, 3aMepbl CTaTHYECKUX M JUHAMHUYECKHX YPOBHEH.
YcTaHaBIMBaeTCS KOHTPOJIb 32 BBIHOCOM TI€CKa, COJIe00pa30BaHUEM H T. II.

OT NOJHOTHI U JTOCTOBEPHOCTH HCXOAHOM TEOJIOTO-IIPOMBICIOBONM HH(OPMAIIUN 3aBUCUT
TOYHOCTh MPOTHO3HBIX PACUYETOB IOKa3aTeseil pa3paboTku mectopoxaeHus. Heodxonumo, yToOs
BCE BBOJMMbBIC B OSKCILTyaTallMi0 CKBAXMHBI OBLIM OCHAIIEHBI COOTBETCTBYIOIIEH KOHTPOJIBHO-
U3MEPUTEIIHOM almapaTypou WIK MOJKIIOYEHBI K 3aMEPHON CUCTEME.

8.3. ®XMU BKIIOYAIOT MOIyYEHHE U aHATIN3 TNTYOMHHBIX ¥ TOBEPXHOCTHBIX P00 (BKITIOYAS
U T€, YTO NEPUOJUYECKHU MOTYHAIOT ITPU IPOBEIECHUH MEKCKBAXXKMHHOIO TPACCUPOBAHHUS C 3aKaYKOU
B IUIACT PA3IMYHBIX MEUEHBIX BEUIECTB Uepe3 HarHeTaTebHbIE CKBAKUHBI).

®XU BxoaaTr B cocraB reoxumudecknx (I'XU) mucciaenoBaHumii, KOTOpbIe TaKxke
MPEIoIararoT Jab0opaTOpHBIN aHanu3 He(TEHACBHIIICHHBIX MOpPOJa (KEpH, IUIaM) U MOTYT OBITh
MIPUMEHEHBI IPU HeOOXOJUMOCTH B Ka4eCTBE OCHOBHOTO MJIM BCIIOMOTaTe€IbHOTO HHCTPYMEHTA ISt

peleHus 3a1a4 KOHTPOJIS pa3paboTKHU.

[emamu mpoBeCHUS UCCIAEAOBAHMM SBIISIOTCS:
-  YCTaHOBJICHHE 3aKOHOMEPHOCTEW M3MEHEHHsl B COCTaBEe M CBOICTBaxX (hIIOUIOB B
paspese U 10 IUIOMIAIU OTACIBHOTO IIACTa/3aIeKu;
- BBISBJICHHE WHTEPBAIOB HEPTETa30HACKIIICHIS;
- yTOYHEHHWE (IIIOMIATHHBIX KOHTAKTOB, MIPOTHO3 HATHMYUS HEPTSIHBIX OTOPOUYCK HA
OCHOBE M3yueHus cocTaBa (Iroua;
-  YCTaHOBJICHHE OTJIUYMI B COCTaBE M CBOMCTBaxX (DIIOMIOB B OTIEIBHBIX 3alleikax
MECTOPOKICHUS.
B cnyuae BbisiBaeHus otnuuuii ¢uonnoB uHpopmanus I'XW moxer ObITH
WCIIOb30BaHA JIS:
- JeTanu3alldd  TeO0JOTHYeCKOro  CTpPOeHHUs Iiacta  (JIUTOJOTHYECKHA U
TEKTOHMYECKUN (PaKTOpbl) W BBISBICHUS THUIPOJAHAMUYECKH HECBSI3aHHBIX
OJIOKOB;
—  BBIABJICHHS MEXIUIACTOBBIX MEPETOKOB;
- pazaeneHus CyMMapHOW JOOBIYH IO TUIaCTaM.
Ha »rtane paspabGotku u skcrmyatanmuu Metoasl OXUM mo3BOJSIOT M3ydaTh MPOLIECCHI
00BOJTHEHMSI, COIE00pa30BaHUS U THAPATOOOPA30OBAHMS, KOPPO3UHU, 00PA30BAHMS IMYIILCUHN U T.JI.
Kommnekc T'XM MoxeT BKIOUYaTh MapaMeTpbl  BELIECTBEHHOIO, TPYIIOBOTO,
KOMIIOHEHTHOTO, MOJIEKYJISPHOT0, OMOMapKEPHOT0, MUKPOIJIEMEHTHOTO, H30TOITHOTO COCTaBa H JIp.
CrexTp IpOBOIUMBIX UCCIEAOBAHUI 3aBUCUT OT KOHKPETHBIX 33729 U TEXHUYECKUX BO3MOKHOCTEH

1ab0paTopyH, BHIMOIHSIIONIEH HCCIIeIOBaHUSL.
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JIOTIOTHUTENbHO ~ MOTYT  OBITh  pelIeHbl  3aJauyd 10  BBIABICHUIO  HHTEPBAJIOB
He(Tera3o0MaTepUHCKUX MOPOJI, a TAKXKE UX TUITH3ALUU IO KOMIUIEKCY TEOXHMHUYECKUX MTapaMETPOB
KaK JJIs SKCTPAKTOB U3 MOPOJ, TaK U JIJIsl HepacTBopuMoro opranuyeckoro emecrsa (HOB) nopoa.

PernonanpHoe 0000111eHIE T€OXUMUYECKUX JaHHBIX, U KOppeduus HedTeill ¢ OuTyMmonaaMu
(9kcTpakTaMu) H3 He(TeMaTepUHCKUX TOPOJ TIO3BOJISAET JIOKAIM30BATh OYark TIeHepaluu
YIIEBOIOPOOB, BBISBUTH OCHOBHBIC MYTH MHUTPAIMH YTICBOIOPOAHBIX (DIFOUIOB U BOCCTAHOBUTH
nporecc GOPMUPOBAHUS MECTOPOXKICHUH. [ €OXUMUYECKUI KOMILUIEKC HMCCIICIOBAHUIN TO3BOJISET
000CHOBATh OTJIMYMUS U 3aKOHOMEPHOCTH U3MEHEHUS B COCTaBE U CBOMCTBaxX (IIOMAOB B Mpenenax
MECTOPOXKACHUN U OTJEIbHBIX 3aJICKEH.

[IpuMeHEHHE TEOXUMHYECKHX METOJIOB MOXET OBITh OrpaHWYCHO WJIM HEBO3MOXHO B
cinydasix Oypenusi ckBakuH Ha PYO (pactBop Ha yrieBomopoanoi ocHoBe) / PHO (pactBop Ha
He(TsIHOM OCHOBE).

dopmupoBaHUE KOJJICKIUU AJsl U3yueHUs (KOJIMYECTBO OOpa3IOB U YacToTa UX 0TOOpa) U
KOMILJIEKC T€OXUMHUYECKUX UCCIAEAOBAHUM (BUbI MCCIIEIOBAHUN) OMPEACISIOTCS «T€0JIOTHYSCKUM
MacropToM O00BEKTa» - HAOOpPOM mapamMeTpoB (HedTera3oHOCHas MPOBHHIINS, BO3PACT OTJIOKCHHIA,
UX JINTOJIOTUYECKU I COCTaB, HachIleHHOCTh POB (paccesHHOTO OpraHuecKoro BEIeCTBa), CTENEeHb
KaTtareHeTuyeckoil npeodpasoBanHocT POB), a Takke KOHKPETHOW IENbI0O U MOCTaBICHHBIMU
3a/la4yaMH.

B cnydae «mporymieHHBIX» 3TaroB M3YYEHHOCTH MECTOPOXKIICHUSI BO M30€KaHUE yTPAThI
reHeTuyeckoil mHbopManuu no kepHy u Quronnam, [' XM pekomeHayeTcss MPOBOAUTH Ha 3Tare
pa3paboTKH MECTOPOKIACHHUSL.

8.4. T'IMC — COBOKYMHOCTh TEXHOJIIOTUYECKUX OMEPALUN MO BO3OYKIEHUIO IJIacTa MyTeM
oTOOpa M3 HEro MmiIacToBoro GiouAa WIA MyTeM 3aKadyKd B HEro JKUIKOCTH U TPOBEICHHUE
COOTBETCTBYIOIINX 3aMEPOB JIEOMTOB U JABJICHHUI B UCCIIETYEMBIX CKBAKUHAX.

Paznuuarot crnenyromnue Texnosnoruu I'ITUC:

—  perucTpaius IaBleHUsS U JeOUTa WIM pacxoja Ha KBAa3UYCTAHOBUBIIUXCS DPEKUMAX
bunpTparuu B J0OBIBAIONIEH WM~ HArHeTaTelbHOW  CKBaXWMHE  (METOf
«YCTQHOBUBIIIMXCS» OTOOPOB WM «yCTAHOBHBIIMXCS» 3aKau€K) C TMOCTPOECHHUEM
uHAuKaTopHOU auarpammsl (M/1);

— perucTpanus U3MEHEHUs JaBJIeHus Ha 3a00€ 100bIBatoIel CKBaKUHBI (TIPH MOABEME
YpOBHS)

—  perucTtpanus HW3MEHEHHWs MJaBJeHUs Ha 3a0o0e JOoOBIBalOmIel WM HarHETaTeIbHOU
CKBRXMHBI B IHKJIE OCTAHOBKM CKBaXWHBI, Ne€OMTAa WJIM pacxoja JO OCTAHOBKH
ckBakunbl (KB/l — kpuBasi BoccTaHOBICHHS IaBJIeHUS B JoObIBatotei ckBakuue, KIT/1
— KpHBas IaJICHUS JTaBJICHUS B HATHETATEIILHOW CKBaXXKHHE);
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—  perucTpaunus U3MEHEHHUs JIaBJIeHHs Ha 3a00€ T0OBIBAIOIICH CKBAKUHBI, 1EOUTA B IIUKIIE
NycKa CKBaXXHHBI B paboty nocine octanoBku (KC);

- HWCCIenoBaHMs JO0OBIBAIONIMX (HArHETATEJbHBIX) CKBAKWH, BKJIFOUYAIOIIUEC HECKOJIBKO
MIOCJICIOBATEIbHO CMEHSIOILIHMX CE0S IIMKIIOB 3aMyCKa C Pa3IHyHbIM Je0MTOM (PAacX010M)
(MO-KCH, UI-KIIJT), B ToM urcie BKItodaromue nukisl ocranoBku (MJ[-KB/I);

—  TUAPOIPOCITYIIMBAHHE — PETUCTPALIUS U3MEHEHHS 3a00HOTO JJaBIICHUS B pearupyromei
CKBaKMHE (KaK HIpPaBWIO - J0OBIBAIOIIEH) B pe3yslbTaTe HAMEPEHHOIO W3MEHEHMs
pekuma paboThI (BKIIFOYAsI ITYCK K OCTAHOBKY) BO3MYIIIAIOIIEH CKBaXKUHBI (JIOOBIBAIOIIEH
WIM HarHeTaTesJIbHOM, OJIHOM WM HECKOJIbKHMX), a TaKKe PETUCTpalus H3MEHEHUs
3a00WHOTO JaBJICHHS MPU JOJTOBPEMEHHOM MOHUTOPHHIE NaBJICHUS W JeOUTa WU
pacxoia HECKOJIBKUX COCEIHUX CKBAaXXUH JUJIS1 BBIBJICHUS HMX B3aUMOBIUSHUSA U
onpezaeneHus: GUIbTPAHOHHO-EMKOCTHBIX CBOMCTB IJIACTa B MEKCKBAKUHHOM 30HE.

[To pesynpratam ['JIUC MoxkeT OBbITH oOmpenenéH THUI KOJJIEKTOpPA, BBISBICHBI 30HBI
HEOJIHOPOJAHOCTH I1JIaCTa U TPaHMIIbI B IJIACTE (IOCTOSHHOTO JIaBJIEHMSI, HEIPOHUIIAEMbIE, YaCTUYHO
IIPOHULIAEMbIE), YCTAHOBJIEHO B3aUMOBIIUsIHUE (MHTEPPEPEHLINS) CKBAYKUH.

[To pesynbraram ['JIUC oLeHMBAIOT HayalbHOE M TEKYILEE SHEPIETUUECKOE COCTOSTHUE
iacta (MJIacTOBOE JaBleHHE), KOIPPUIMEHT MPOIYKTUBHOCTH CKBAXKHUHBI, (HUIBTPAIIIOHHO-
€MKOCTHBIE XapaKTepUCTHKU Iulacta (IPOHUIAEMOCTh, TI'MJIPOIPOBOAHOCTH, IOJBUKHOCTb,
IIPOBOAMMOCTD, IbE30IPOBOJAHOCTh), XAPAKTEPUCTUKH COBEPILICHCTBA BCKPBITHUS IUlacTa (CKHUH-
dbaxTop).

B cnyudae, HETOBOCCTaHOBJICHHOTO IJIACTOBOTO AaBieHUs (MIPH HCCIEAOBAHUU METOJIaMU
KB/, KII/I) BO3MOXHO HCHOJb30BAaHHE WHCTPYMEHTOB YHUCJIEHHOIO  MOJIEIMPOBAHUS
(c ucnonb3zoBanueM Proxy-moneneit takux, kak CRM, CAM, MLR, OCM u ap.) uinu 1eKOHBOIIONUN
(KB, MJIKB) ¢ nensto nonydeHus nHpopmanuu o0 3HEPreTHUECKOM COCTOSIHUM O0OBEKTa U €ro
(bUIBTPAIIMOHHBIX CBOMCTBAX.

IIpecTaBIeHHbIE METOIbI ABIAIOTCA KOCBEHHBIMU B onpeaenenuu Py, u ®EC, Tpebyromumu
JIOTIOJTHUTEIbHOM  OLIEHKM JOCTOBEPHOCTH TOJIydaeMbIX pe3yinbraTtoB. Heobxomumo ux
conocTaBiaeHne ¢ gaHHbBIMH TpsambiX ['JIUC (mo w3ydaeMoil CKBaKMHE WM COCEJHHM C Hei
CKBO)XHMHAM, 3KCIUTYyaTUPYIOIIMM TOT e OOBEKT pa3paboTku). B ciydae OTCYTCTBUS MPSMBIX
meronoB ['JIUC Ha oOBekTe pa3pabOTKH, TMPUMEHEHHWE KOCBEHHBIX METOJOB OIpEaeieHUs
[IapaMeTpOB HEJOMYCTHMO.

8.5. TI'MC-koHTpPOJIb OOBEIUHSIET KOMIUIEKC NPOMBICIOBO-TEO()U3MUECKIX METOO0B,
KOTOpBIE MO YCIOBUSM MPOBEACHUS H3MEPEHUN B CKBaXXHHE, 3a]]a4aM U HHPOPMATUBHOCTHU AEIATCS

Ha.
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-  T'MC Ha sTame CTpOWTENbCTBA CKBAXHH NPH pa3OypHBaHUKW MECTOPOXKIACHUS WIIH
YIUIOTHEHUU CETKHU (B OTKPBITOM CTBOJIE);

- I'MC Ha sTane skciutyaTanuu, yaiie Bcero B oocaxxeHHoM ctaouie: [1T'M.

OcHoBHbIMU HampaBieHusiMu npoBeneHus [MC sBisitoTcs: u3ydeHHe MNeTpopU3nIecKux
CBOMCTB U JIUTOJIOTMM M3YyYaEMBIX TEOJIOTUYECKUX Pa3pe30B, MOHUTOPUHT pa3pabOTKU
MECTOPOXKACHUM YII€BOJOPOAOB, H3YUYEHUE TEXHUYECKOIO COCTOSHUS CKBaXXUH, IPOBEJICHUE
IPOCTPENIOYHO-B3PBIBHBIX U Jpyrux pabor B ckBaxuHax. Meronsl [MIC uHboOpMaTuBHBI TpU
pELICHUH 3a7a4, CBSI3aHHBIX C OLICHKON HACBIIIEHHOCTH KOJIJIEKTOPOB, B TOM YMCJIE€ IIPU KOHTPOJIE
pa3paboTku, OypeHUH OOKOBBIX CTBOJIOB M YIJIOTHEHUU CETKU. YacTh METOJOB 3TOH TIPYIIIIbI
UCTIOJB3YIOT ISl OLICHKH TeKYIIeH HACBIIIEHHOCTH KOJJIEKTOPOB, MEPEKPHITHIX 00CaHOM KOJTOHHOM.

8.6. Mertonsl III'N nensTcs o LEIsIM UCCIE0BAHMS Ha:

- METOJIbl ONPEJEICHHS TEKYIIEH U OCTaATOYHON HACBIIIEHHOCTH I1JIaCTOB;
- METOJIbl ONPEJEIICHUs IPUTOKA-COCTABA U IPUEMHUCTOCTH,
- METO/Ibl OIPENEICHUS TEXHUYECKOIO COCTOSIHUS CKBAYKUH.

8.7. HndopmarusHocts MertomoB [II'M, TMC u I'IUC mnpu xoHTpone pa3paboTKu
npuBeaeHa B Tabmn.1, kpaTkoe omucanue U MHPOpMATUBHOCTH OCHOBHBIX MeTtonoB 'MC u I1I'1
MIPUBE/ICHBI B Ta0. 2.

OcoOennoctpio III'M sBnsierca Oosiee IIMPOKUM CHEKTP TEXHOJOTUH, OTIMYAIOIIUXCS

MOBEJICHHEM T'e0(PH3NUECKUX MTapaMEeTPOB IO IyOHuHE U BO BpeMeHH (Tadt. 3).
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Tabamnna 1. UHpopMaTHBHOCTH METO10B KOHTPOJISI pa3padoTKu

£ | CIIOCOEBI SKCILI OLIEHUBAEMBIE TAPAMETPBI, HUCIOJIb30BAHUE
= ' METObI UHCCIIENJOBAHUSA JOIIOJIHUTEJIbHBIE TPEBOBAHMNSI, PE3VYJbTATOB IIPU
- OI'PAHMYEHHUS KOHTPO!JIE PABPABOTKHA
KOMILVIEKCHAS 3ANAYA, ycrosus, epanuybl RpUMEHUMOCU
1 YTOYHEHUE TEXHUYECKOI'O COCTOSIHUSA, KOHCTPYKIIMU U TPAEKTOPUU CTBOJIA CKBAKUHbBI
Ha scex cmaousix paspabomxu, npednonazaowux Kax 0ypenue Hogblx CK8ANCUH, 8 MedeHUe 8Ce20 8PEeMeHU IKCNIYaAMAayul CKEAXCUHbL 00 CPOKA ee JTUKEUIAYU.
11 THUC: Ilupoxas nuHeiKa CIENHAIBHBIX TeO(QH3NIECKHX METOIOB, TlapameTpsl TpaekTOpuH, a3UMYyTHl W YIIBl B TOYKaX IonreepxneHue
paboTaOINX KakK B 3aryIyNIEHHBIX, TaK M B JEHCTBYIONIMX CKBa)XKWHAX: | TPaeKTOPHH CTBOJIA. (yrouHeHwue) COOTBETCTBUS
THPOCKOIIMYECKas WHKINHOMETPHS, NPOQHIEMETpHs, aKyCTHUECKHUe, ®dakTHyecKoe PacHoJIOKEHHE SJIEMEHTOB KOHCTPYKIHUH | TPaeKTOPHHU " CHCTEMBI
paguoaKTHBHBIE,  MEXaHH4YeCKHe,  DJJEKTPOMAarHUTHBIE  METOJABI | CKBKHHBI  (aOCONIOTHBIE  OTMETKH, IPOTSHKEHHOCTH | 3aKaHUMBAHHS CKBa)XHHBI
komiuiekco TC TITH. HWHTEPBAJIOB, MPOCTPAHCTBEHHOE pacmonoxenue). | (CTBOJA) HCXOTHOMY IHU3AMHY
J1J1 KOMIUIEKCOB METOJIOB XapaKTepHa MHOTOBAPUAHTHOCTh, TO3TOMY | COOTBETCTBHE  JJIEMEHTOB  KOHCTPYKIMH  jAu3aiiHaMm | Oypenums (ocobenno it ['C,

Bce THIIBI CKBaXKHH 11O Ha3HA4YCHUIO, 0COOEHHOCTSIM KOHCTPYKIUHWHW U 3aKaHYMBaHWUA.

OHH JOJDKHBI YTOUHATHCS WHIWBHUAYalnbHO C Y4€TOM KOHKPETHBIX
YCIOBHH HCCIEIyeMOH CKBRXMHBI M HMEIOINErocs ammapaTypHO-
METOJIMIECKOT0 00eCIedeHMsI.

T'IUC: apaMeTpbl COBEpLICHCTBA BCKPBITHS I1acra,
XapaKTepH3yIollue HapyIIeHHe TEXHHYECKOTO COCTOSHHMS (3arpsisHEHHE
npu3aboHHOM 30HbI, TIepdopalyy, GuiIbTpa u mp.)

TII'": npuToku (TOTJIOIIEHNS), CBSI3aHHBIE C HETEPMETHYHOCTSIMH
00caTHBIX KOJIOHH U ITOA3EMHOT0 000pyIOBaHHS.

II'"n, TAUC: unrepBamsl 1 uHTEHCUBHOCTh 3KIL[ M 3aKONMOHHBIX
MEXIITACTOBBIX ITEPETOKOB.

3aKaHYMBaHUSA (XBOCTOBUKH, TAKEPHI, MAHIPEIH, HHTEPBAJIBI
nephoparnuu Tpeamas! I'PII, mp.).

I'eoMeTpuyeCcKIe ¥ MPOYHOCTHBIC TAPAMETPBI SJICMECHTOB
KOHCTpyKumHu ckBaxkuH u ['HO, BiiIrodas: HayalbHbIE U
TEKYIIHE MapaMeTphl TONIIMH TPYO Y IKCILTYyaTaAllMOHHBIX U
TUPTOBBIX KOJIOHH, HaJINYHE Y4aCTKOB c
HETCPMETHYHOCTSAMH, CMATHEM H KOPpPO3HWEH KOJIOHH,
XapaKTePUCTHKH KauecTBa IIEMCHTUPOBAHUS, HAJTHYHE B
cTBoJe JHM(Ta CYXKEHHIl CeYeHHS TMOTOKAa BCJIEIACTBUE
napaUHOBBIX, COJEBBIX WM THIPATHBIX OTIOXKEHHIM.
CocrostHHe BHYTpH JU(PTa W XBOCTOBHKA 3aKaHUYMBAHUS,
HHTEepBaJIBI epdoparyu u GuisTpa.

WurtepBabt MEKIITACTOBBIX MEPETOKOB "
HETePMETHYHOCTEH 00CamHBIX KOJOHH H  TOJ3EMHOTO
000pyI0BaHHS.

BI'C, I'C ¢ MHOrocraguitHBIM
I'PIT, MCC).
IonTBepkaeHue (yTOYHCHHUE)

COOTBETCTBHUS CKBa)KHHBI
U3aliHy 3aKaHYMBAHUS
(TpemuHbI I'PII, MI'PII,
HHTEPBaJIbl QUIBTPA).
YTouHeHHe (omenka)
TIOJIOKEHUS u
TEOMETPUIECKHX  Pa3MepoB
3JIEMEHTOB KOHCTPYKIHH
CKB@XHHBI,  KOJOHH, €€

MOJI3¢MHOTO 000pynoBaHusl (B
TOM YHCJIE TTOCIIE aBapHH).

OO06oCcHOBaHHE  PEMOHTHO-
M30JIUOHHEIX ~ paboT 1O
JTUKBUIAINAN TTepeTokoB, 3KI]
Y HET€pPMETUYHOCTEH.
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JUATHOCTHUKA U ONPEJEJIEHUE EMKOCTHBIX CBOMCTB OLIEHKA HAYAJIBHOI'O (POHOBOI'O) PACIIPEJEJIEHUSI HACBIIIEHHOCTH KOJIJIEKTOPOB
Bo scex munax cxeadicun Ha HAUAILHBLIX CMAOUAX PaA3PAbOMKU

2.1 Kommieke 'MC-Oypennst B Oypsimmxcsi CKBa)KMHaX (CTBOJIAX JIntonoro-anuanbHEIe  XapaKTEPUCTHKH, EMKOCTHBIC OmnpejeneHne CTENICHA |
g g MCC), yIIOTHSIOMX CTBOJAX WM B IWJIOTaXx, a TAKXKe | CBOWCTBA,  KO3(Q(UIMEHTHl  HayanbHOIl  HedTe- M | XapakTepa HayaJlbHOH HedTe-,
o 3 cnennansHpie Metonsl [II'M (I'MC-xoHTpons), mpUMEHseMble B | Ta30HACHIIIEHHOCTH NPOIYKTUBHBIX TOJIIHH. ra3o- 41 BOJOHACBHILIEHHOCTH B
E E» obcakeHHBIX ckBakuHax (Bkirouyas meronsl: HK, MHK, MHI'K-C HauanpHble OTMETKH ypOBHEH KOHTAKTOB B IPOAYKTUBHBIX | TOJNIIMHAX IUIAcTa, 3€pKaia
g = (YKK), I9K unu UK, BUKN3, [IK (mpu o6canke Habmogarenpabix | wiacrax (BHKuau, THKuau, [BKHau). MEK(ITIOUIATbHBIX KOHTAKTOB.
& g* CKBa)XHH CTECKJIOILUIACTHKOBBIMH TPYOaMmi)). DkcneprHas OLICHKA
g o JlomonHUTENEHAST OIEHOYHAasT HH(OpMAIHsl MOXKET OBITh MOJTydeHa HavyaJIbHBIX 3aI1acoB
§ E B mponecce [JIK, mpemycMmaTpuBaromero IMOTOYCYHBIA O0TOOD YIJIEBOJOPOAOB.
o miactoBbIX po0 (OI1K).
2.2 JmutensHO JlonoaHNTENBHO K. 1.2.1 OIIeHKa TeMIepaTypsl IiacTa, OJH3KOH K eCTECTBEHHOM
MPOCTANBAIOLIIE (reoTepMIYECKOi).
2.3 I'MC-TIIT'U: meroast 'MC 0TKpHITOro CTBOJIA COBMECTHO C JAHHBIMU JIntonoro-anManbHEle  XapaKTEPUCTHKH,  EMKOCTHBIC Onpezenenye CTENEHU U
= HK, UHK, MHI'K-C (YKK), 9K wmn UK, BUKW3, K (mpu | cBoiicTBa KOJUIEKTOPOB, HavyaJbHbBIC HedTe- M | XapakTepa HavyalbHOU HedTe- U
= oOcagke MPOAYKTHBHOTO HHTEpBala  CTEKJIOIUIACTUKOBBIMH | TA30HACHIIIEHHBIC TOIINHEL. ra30-u BOJO- HACHIIIEHHOCTH B
§ Tpybamm). HauanbHble OTMETKH ypOBHEH KOHTaKTOB B TONIIMHAX IUIacTa, 3epKana
I npoxyktuBHBIX actax (BHKuay, [HKuau, [ BKuay). MEeX(IFOUIATBHBIX KOHTAKTOB.
ot OkcnepTHas OlIEHKa
/M HaYaJIbHBIX 3amacoB
YTJIEBOAOPOIOB.
I'INC: perucrpanust KpuBOil I3MEHEHNUS IaBICHUS BO BpeMeHN Ha | HawankHoe  miiacToBoe — nmaBieHME H KO3((GHUIUESHT OneHka JOOBIBHBIX
3aboe (KBJl) mocime moHIKeHHS YypoBHSA ©Oe3 BBIXOJa Ha | MPOTYKTUBHOCTH. BO3MOXHOCTEH macra
paTuanbHBIA PEXAM TEICHHS. (COBMECTHO BCKPBITHIX IIITACTOB)
I'IK nnn KOMITIEKCH Ha OCHOBE HCTIBITATElNeH TIacTOB Ha Kabee OUIBTPALMOHHO-EMKOCTHBIE CBOMCTBA, XapaKT€PUCTUKU

VIIOTHSIOMKE CKBOXKUHEI HA 3TAIle OCBOCHHS

BckpeoiBatomuye 0IMHOYHBIN

m1acTt

(OIIK) u Tpydax (OIIT): RFT, MDT-CHDT, KU u np.

COBEpIIEHCTBA  BCKPHITUS ~ KOJUISKTOpa W HadajbHOE
IUIaCTOBOE JAaBJICHHE, COCTaB IPHTOKA IO YCThEBOil mpobe
(OIIT), npodusap U3MEHEHUS TIPOHUIAEMOCTH MPH3a00HHON
30HBI ¥ IUIACTOBOTO JAABJICHWS MO TOJIIMHE IIJIacTa, COCTaB
nputoka 1o TiyomHHBEIM mpodam (OIIK), d¢monnansHbIe
koHTakTH (7KK, BHK).

BcekpeiBaromue
COBMECTHO HECKOJIBKUX

I1J1aCTOB

I'INC: peructpanust KpHBOil M3MEHEHHUS TaBICHUS BO BPEMEHH Ha
3aboe (KB/I) mocie MOHKEHHsT YPOBHSI.

OCpCHHeHHHe Ha4yaJIbHOC I1J1aCTOBOC JaBJICHHUC n

KOS(b(bI/ILII/IeHT MPOAYKTUBHOCTHU CKBAXXWHBEI.

Ucneiranue miactos (OI1T) 6e3 pa3oOLieHNs OTACNBHBIX [UIACTOB
(IpOIIaCTKOB).

Y cnoBHO ocpemHEHHbBIE (PUITBTPAIMOHHO-EMKOCTHBIC
CBOMCTBA, XapaKTEPUCTHKH COBEPIICHCTBA BCKPBITUS U
HayvaJIbHbIE IABJICHUS COBMECTHO BCKPBITHIX KOJUIEKTOPOB.

HUcnsrranue mractos (OI1T) ¢ mosTanHeIM 0npoO0BaHHEM ITyTeM
YCTaHOBKHM MaKepOB JUIsl pa300LICHHUS OTIEIbHbIX IJIACTOB
(IPOTLIACTKOB).

I/IHIII/IBI/I,I[ya.IH)HI)Ie @HHBTpaHHOHHO'CMKOCTHHC CBOﬁCTBa,
XapaKTCPUCTUKKU COBEPHICHCTBA BCKPLITUA KOJUJICKTOPOB H
Ha4YaJIbHBIC IIJIaCTOBBIC JOaBJICHUA OJId KaXaoro Iiacra,
COCTaB IMPUTOKA IO YCTHEBLIM Hp06aM.
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2.4 HaGmonatensHble I'IC-III'U: HK, MHK, UHI'K-C (YKK), A2K. JIntonoro-anuanbHbIe XapaKTePHUCTHKN, EMKOCTHEIE
(TiTyXme), JUTUTENEHO CBOICTBA U HayaJbHasI HACHIIIEHHOCTH KOJJIEKTOPOB.
MpOCTaNBaIOIINE @®oHOBEIE 3HAUYEHHUST TEMIIEPaTypEIL.
3 OMPEJEJIEHUE IMOJOXEHUSA NPOAYKTUBHBIX TOJIIUH U TEQJIOI MYECKUX HEOJJHOPOJIHOCTEN
Bce munvi cksaswcun (cmeonos) na amanax O6ypeHus U Ha HA4ATbHBIX CMAOUAX paA3pabOmKiL.
31 I'C, III'M: Kommiekc T'MC B Oypsmuxcs CKBaXkuHaX, | Pe3ymbraTsl mpodriibHOM Mt 00beMHOM KOPPETSIIIT I'PaHuIl VYTouneHue TIOJIOKEHUS
g VIDIOTHSIIOIIUX CTBOJIAX FJIM B CTBOJIAX-IIHMJIOTaX, CHEHUANbHBIE | NPOAYKTUBHBIX TOJNIIMH C HCIIOJIB30BAHHEM pPE3yJIbTaToOB | MPOIYKTUBHBIX TOJIINH
E metonsl [1I'U, npumensemsre nocie obcanku ckpaxknn: HK, MHK, | T'JIUC (TexHONOrNM ANarHOCTHKH B3aMMOBJIUSHAS CKBRXHH) | IUIACTOB M T'€OJIOTMYECKHX
&) HUHTK-C (VKK), 3K wm WK, BUKU3, JK (nmpu obcaiake | u ®XU (3akayka WHIMKATOPHBIX BEIIECTB, MH(OpPMAIMsS H | HEOTHOPOIHOCTEH
s HaOII0JaTeNbHBIX CKBAYKHH CTEKJIOIIIACTUKOBEIMU TpyOamu), ['JIK. | anamu3 npo0). (BBICOKOTIPOBOSAIINX
E Mertopl, OLICHUBAIOIINE XapaKTepHbIe HU3MEHEHUS MPOCIIOEB, TPEIIMHOBATHIX 30H
> THAPOANHAMHYIECKOH MPOBOJUMOCTH B YJAaJCHHBIX 30HAX IUIACTa IUIacTa, a TaKKe
TAUC (PTA) wnm pe3ynbTaThl T'HAPOAWHAMHYECKOTO MM TUAPOJIUHAMUYECKHX JKPAHOB B
3.2 = o MIOTOKOMETPHUYECKOTO B3auMoBIHsHMs ckBaxxuH 1o ['JIUC (RTA) MEKCKBRKHMHHOM
5 2 2 wIn ucxons u3 nuHamudeckoro anamusa IIIIC u III1 B cocemumnx MPOCTPAHCTBE) - HA OCHOBE
g % g § CKB@XHMHAX). aHaImM3a pe3ynbTaToB
25 B g T'IUC u I'XU: (mpu ruapoInHAMHUYECKOH CBS3H C IUTACTOM B HCCTIEOBAHUM KaK B OT/IETBHBIX
3 £ § = JUTITENTFHO MPOCTANBAIOIINX SKCILTYaTAlMOHHBIX CKBAXKHHAX). CKBaXWHAaX, Tak H 1O
E* g g E‘ KOMILIEKCHOMY aHATH3Y
S g pe3yabTaToB HCCIIEI0BAHHS
o [PYIIIIBI 01M3K0
3.3 JeiicTByromue I'INUC: muxmmaeckue uccnenosanns MJI+KB/l (Heobxoqumble | ['eonormyeckue rpaHUIlb], HATMIKE B pa3pese PACTIONIOCHHBIX PO Oypenbix
JUIUTEIBHOCTU LUKJIOB JIOJKHBI OBITh 000CHOBAHBI | BBICOKOIIPOBOJISIIUX TPEIIUH, XapaKTep BO3MOXKHOIO . yxe JICHCTBYIOITHX
MOJICIUPOBAHUEM). B3aUMOBJIMSTHHS COCETHUX CKBAXKHH. CRBAAHH
34 I'AUC: wuccnenoBaHWs 1O — CHENMANIbHON — mporpamme | XapakTep W WHTEHCHBHOCTb B3aWMOBIMSHHS —CKBa)XKHH,
THAPONPOCITYIINBAHIS Ha OCHOBE I[EJICHANPABICHHOTO H3MEHEHUS | yKa3bIBAIOIIME HA CTEIIEHb THIPOJUHAMIIECKON CBSI3H MEXKTY
f) g pexuma paboTHl IEUCTBYIOIIUX (BO3MYIIAIONIMX) CKBAXWH, C | HUMH, (UITBTPAIIMOHHO-EMKOCTHEIC CBOMCTBa
E g MTOCTOSTHHBIM MOHHTOPHHIOM Pacxo/ia B BO3MYIIAIOIINX U JABICHHUS | MEXCKBRKHHHOTO IIPOCTPAHCTBA.
e g Ha 3a00€ B pearupyIomix CKBaKHHAX.
E E I'’IUC:  nonroBpeMeHHbIH  HENPEpHIBHBIM ~ MOHUTOPUHT
28 JaBIcHUS Ha 3a00€ B OKCIUIYATHPYIOIIUXCSA U TPOCTAMBAIOIINX
X E CKBa)XKHHAX, IIpeMoIararIui o HE00XOJMMOCTH
KpPaTKOBPEMEHHbIE OCTAHOBKM M M3MEHEHMS] pPEXnMa paboThI
JEHCTBYIOIINX CKBayKHH.
4 OMNPEJEJEHUE ONEHOYHBIX TMAPOAUHAMUNYECKHUX NAPAMETPOB, KOHTPOJIb SQHEPTETUYECKOI'O COCTOSIHUSA MPOAYKTHUBHOTI'O IIJIACTA 1O
HAYAJIA SKCINIYATALIUHN
IIpeonoumumenvhvl cmpo2o GepMUKANbHbIE CKEANICUHDL, NPEUMYWECMEEHHO 8 VCIO0BUAX OMKPbIM020 cmeona (0o ob6cadku). Hccnedosanuss nposodsimes 00 nayana paspabomxu (00
U3MEHeHUs KOMNOHEHMHOU U (Pa3060U HACBIWEHHOCMU NAACIA).
4.1 JlmuTenbHO TIIN: nuckpeTHBIC U3MEPCHHUS TaBJICHHs Ha 3a00¢. HauanbHoe  r1utactoBoe — famieHue  (IpU  HAJIMYUU OnpeneneHue  HAYaJIbHOTO
IpocTanBaroLIe THAPOIMHAMHYECKOI! CBA3HU C IUIACTOM). SHEPreTHYECKOTO  COCTOSHHS

mIacra (CCTI) OrpaHu4eHus 1o
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4.2 N TI'’TUC: peructpanus KpuBOi U3MEHEHUS 1aBJICHUS BO BPEMCHU OLeHOUHbIC HAuaJIbHOE IIIACTOBOE JABICHUE U OLICHKE Prn B
E . Ha 3a60e (KB/1) mocite moHIKEHNUS yPOBHSI. K03(GHUIMEHT IPOTYKTUBHOCTH. HU3KOIPOHHIIAEMBIX 00BEKTax
° 2 § TPU3).
T w g E Onpenenenue
4.3 g % 2 = I'mppommuammaeckuit kapotax (I'IK) mm komIurekcsl Ha OunbTPaOHHO-€MKOCTHBIE ~ CBOMCTBA,  CKMH-(AKTOD, | IOTEHUMANBHBIX  JOOBIBHBIX
5 K g = OCHOBe uctbITaTenelt mracroB Ha kabene (OIIK) u Tpydax (OIIT): HayallbHOE IUIACTOBOE JABJIEHUE, COCTaB IIPUTOKA II0 | BO3MOXKHOCTEH IIacTa.
g3 % E RFT, MDT-CHDT, KUU u nip. YCTbEBOU npode (OI1T), pohHITH HU3MEHEHUS PacrnpenienieHie  cocraBa B
[é = 5 MPOHMIIAEMOCTH MPU3a00HHON 30HBI M IIACTOBOTO JAaBJEHUs | mpobax W TOUEUHBIH NPOPHIEL
§ 110 TOJIIIMHE IUIACTA, COCTAB NPUTOKA 110 ITyOMHHBIM Ipo0aM | 3amepoB P - JaloT
(OIIK). BO3MOXKHOCTE OILICHUTH
4.4 T'IUC: peructpanusi KpUBOi M3MEHEHUS aBJICHHUS BO BPEMCHU OcpenHeHHble HadalbHOE IUIacTOBOe  jAaBneHue u | Mecromonoxkenns [2KK n BHK.
£ %o [°0j Ha 3a60e (KB/I) mocie moHIKEHHUS YPOBHSI. K03(GHUIUEHT IPOTYKTUBHOCTH B HHTEPBAJIC UCITBITAHHH. O06ocHOBaHNE pEKOMEH AN
LEE o3 [0 MHTEHCU(UKALUH IPUTOKA.
4.5 g8 E g B T'IUC: ucnerranue miactoB (OI1T) Ge3 pa3oOmeHns OTACTBHBIX YcrnoBHO  OcpeAHEHHBIE  (QUIBTPAIIMOHHO-EMKOCTHEIC
g 538 e IUIAaCTOB (IPOILIACTKOB). CBOWCTBA, CKHH-(DAKTOpP W HAYalbHBIC JABJICHUS COBMECTHO
E o 2 E 8 BCKPBITBIX KOJUIEKTOPOB.
4.6 E E § © g T'IUC: ucnerranue mwiactoB (OIIT) ¢ mosTanHbIM WupuBunyanpHble QHIBTPALMOHHO-EMKOCTHBIE CBOMCTBA,
> 0 z onpoOOBaHNEM ITyTEM YCTaHOBKH MAKEPOB I Pa300IICHUS CKMH-(QAKTOp ¥ HayajJbHbIC IUIACTOBBIC MABJICHUS UL
OTJENBHBIX IUIACTOB (TIPOILIACTKOB). Ka)KJOTO IJIACTa, COCTAB IPUTOKA ITO0 YCTHEBBIM IIPOOaM.
4.7 [pu crabuapHOM HMuxmmueckue TJJUC (srumouast decline analysis), o640 B Koaddurment MPOJYKTUBHOCTH, (bUITBTpaIOHHO-
MIPUTOKE komiuiekce: ¢ PVT* (amanm3 mmactoBsix mpo0) u mHOrHa ¢ [II'N E€MKOCTHBIE CBOWCTBa B OMIKHEW W JaibHEl 30HE IUIacTa,
(mpo¢uIe 1 cocTaB MPUTOKA). ckuH-(hakTop, HadanmpHOe P (BKiOWas ero mpouibHOE
pacmpeneneHue).
5. OLEHKA TEKYIIEX UJIM OCTATOYHON HE®TEHACBIIIEHHOCTH U OIPEJEJEHUE YPOBHENA KOHTAKTOB B IPOAYKTUBHBIX ILTACTAX
Ha 6cex cmaouax paspabomku Ons 6cex munog CKGAdCUH, HO CO 3HAYUMETbHLIMU OSPAHUYEHUAMY O NPUMEHUMOCU Y OMOENbHbIX Menmo008. [Ipednoumumenvio Ons pewteHus OaHHON
3a0auu UCNONIB308AMb ONOPHYIO CENlb U3 CNEYUAbHBIX KOHMPOIbHBIX (HAOMI00amenbHblX) HeneppopUpOBaAHHLIX CKEAMCUH
5.1 KontposbHbIE [II'": HK, MHK, MHI'K-C (YKK), 12K umu UK, JIK, BUKI3 JIntonoro-aruanbHble XapaKTePUCTHKH, €MKOCTHBIS Onpezenenye CTENEHH U
Ha0JIIo1aTeNbHbIe (mpn obcagke MPOAYKTHBHOTO HHTEPBala CTEKJIOIUIACTHKOBBIMU | CBOWCTBA KOJUIEKTOPOB, TEKYIIME W  OCTaTOYHBIE XapakTepa TeKyIIeH u
(rayxue) TpyOamu). 3HaueHHUs K03 (UIreHToB HehTe U Ta30HACHILICHHOCTH OCTaTOYHOU HedTe- u
u ux cootHomenus: Ka-tek, Kr-rex, Kua-oct, Kr-ocr, ra30HaCBHIINIEHHOCTH B
Ku/Kr-rek, Ka/Kr-ocr. TOJIIIMHAX T10 pa3pe3y IiacTa.
52 Rk B CKBaXMHAaxX C BEPTHKAIbHBIM M HAKIOHHO-HAIPABICHHBIM Texyune ypoBHH KOHTAaKTOB B INPOJYKTHBHBIX ILIACTaXx, Junamuka HN3MEHEeHUs
0 2 ctBosiom TUC-TITH: HK, MHK, MHI'K-C (YKK), JI9K. (BHK, I'HK, I'BK)-rex. 3epKana rmronnanbHbIX
2360 B TOpH30HTANbHEIX CKBaXMHaX — MeToxbl ITMC OTKpBITOro Ectb orpannuenus no orneHkam Ku, Kr B kapOOHaTHBIX | KOHTaKTOB, JIMarHOCTHKA
a E ~ ctBoja (Brmovas SIMK) kak B TOpM30HTaNILHOM, Tak ¥ B MAIOTHOM | Paspesax U B O0BEKTax ¢ HHU3KUMH KOI(Q(UUMEHTaMH | JIOKaJIbHBIX MPOPBIBOB
EeU YaCTSIX CTBOJIA. nopucroctd. He Bce MeToIpI XOpoIIo padoTaioT B YCIOBHAX | MHUHEPATN30BAaHHBIX U IPECHBIX
e g % NMPeCHBIX BOJ WM TP  KOIBMAaTHPOBAaHHOW 30HE | BOX M rasa.
'>:, L§ TIPOHUKHOBEHHSI. DKCIepTHas! OI[eHKa TeKYIINX
=4 1 OCTaTOYHBIX 3aI1acoB
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5.3

DKCIUTyaTallMOHHbIE
no6sBaromue (BC, HHC,
o

B ckBaxXMHAaX C BEPTUKAIBHBIM W HAKJIOHHO-HANPABICHHBIM
ctBosioM [1I'U: narnsie MetomoB HK, UHK, MHI'K-C (YKK), 19K.

B ropuzonransubeix ckBaxkuHax: III'U: nannsie meronos HK,
HHK, MHT'K-C (VYKK).

Yacte metonoB (Hanpumep, HK) B ycmoBmsx mpecHbBIX
BOJ| pemaeT 3agady TOJbKO Ha KauyeCTBEHHOM YpPOBHE
(BBISBJICHNEC HEBHIPAOOTAaHHBIX WJIM CJIa00 BHIPAOOTaHHBIX
TOJIIMH) - TPH HCIOJb30BAHUU «AKTUBHON» TEXHOJOTHHU C
HCKYCCTBEHHOM 3aKa4KOM B IJIACT U TOCIEAYIOLIEH OUNCTKON
«MEYEHOT'0 BeLeCTBay (COCIMHEHHH XJI0pa).

KownTpons JIMHAMMKHA
00BOIHEHHUS 3AJIEKU
BCJIEICTBUE paboThs

HarHeTaTeIbHBIX CKBAXUH H
3K1I.

6 MOHUTOPHUHI' TEXHOJIOI'MYECKHUX TAPAMETPOB 3KCIIJIYATAIIMU B JOBBIBAIOIINX CKBAKHMHAX
Ha ecex cmaousax axmusnotl paspabomku 60 6cex Munax sKCHAYAMayuoHHbIX cKeaxcut. Pacuemor mexnonozuueckux napamempog 006uleaiowyeti CKalCUHsl MO2yn Oblmb HEKOPPEeKMmHbL,
eciu CK8ANCUHA IKCNIYAmUpyemcs 8 ycaosuax 3akonounou yupkyrayuu (3KL) ¢ eudpoounamuyeckum c8sa3aHHbIM COCEOHUM NIACMOM (Hanpumep, 6000HOCHbIM).
6.1 Onpeodenenue napamempogs pexcuma padomol 8 cCKeax;cuHe (mepmoodapuyeckue yciosuii 6 cmeose, cocnas npooyKyuu, oedbum u np.)
6.1.1 Bce noGriBaromue TIIN: nepuoauuecKre H3MEpeHHsi KOMIIOHEHTHBIX pacX00B Ha M3MeHeHne 1o BpeMEHH MapaMeTpoOB pekuMa padoThl OmnepatuBHOE MOJTy4eHHe
ycTbe. CKBOKHMHBI  (TeMIeparypa, JaBIeHHE, CYMMapHBIH ¥ | aKkTyaJbHOH HWHQoOpMau O
KOMIIOHEHTHBIE ~PAcXOAbl), OIpeNeNeHHbIe [0 JaHHBIM | TEXHOJOTWYECKHX IIapameTrpax
yKa3aHHBIX HCCIIEeIOBaHUH TEXHOJIOTHYECKHE | peKMMa pabOThl CKBaKHHBI Ha
XapaKTePHCTUKHU PeXHUMa pabOThI CKBAKUHEL. 3a0oe 1 Ha yCThe.
6.1.2 , = TIIN: wu3MepeHHe YCTHEBBIX MU 3aTPyOHOrO HaBICHUH B 3aboifHOe HaBlICHUE B ISHCTBYIONIEH CKBa)KUHE Ha ITyONHE OnruMu3anust pexuma
> g JCWCTBYIOIICH, OCTAHOBICHHOH M IJIUTENBbHO MpocTamBarouield | kpoiu nepdopanun i BHK (IKK) orbopa Ha OCHOBE JETAIBHOTO
E E CKBa)XHHE C TIEPEeCcYeTOM Ha TIyOnHBI KpoBiu nepdoparym 1 BHK. 3aboifHOoe 1aBleHHME 4depe3 3aMaHHOE BpeMsl Iocie | MOHHTOPHHIA
= 0 OCTAaHOBKU CKB&XHHBI HA TTyOWHE KPOBIHU Mepopalui Wik | TEXHOJOTHYECKHX ITaPaMETPOB
o E BHK (IKK)
g I bruskoe K IMIacTOBOMY MAaBiCHHE Ha TIyOWHE KPOBIH
COE- nepdoparmu win BHK (IKK).
E‘ 5 TIIU+IT'U: MOHUTOPUHT (a30BBIX PACXOAOB, NABICHHUS U M3MeHeHne 1O BpeMEHH MapaMeTpoB pexnMa padoThl
% 5 TEMIIEpaTypbl Ha YCTbe, a TaKKe pacmpeeneHue npoduns W | CKBaXWHBI (TeMIleparypa, JaBIE€HHE, CyYMMapHBIH U
E =3 COCTaBa MPHUTOKA 10 JUTHHE CTBOJA (B MPOIYKTUBHOM 30HE). KOMIIOHEHTHBIE ~PAcXOAbl), OMNpEACNCHHBIE 110 JAHHBIM
= ‘IE YKa3aHHbIX HCCIENOBAHUN XapaKTePUCTHKHA THdTa.
g g 8 TIIU: wu3mepeHue MAaBIEHUsI W €ro OSIIOPHl B CTBOJE 3abo0iiHOe MaBlieHWE W TJIOTHOCTH 3alOJIHUTENS CTBOJIA B
g 3 JCWCTBYIOIICH, OCTAHOBJICHHON M JJTUTENBHO MPOCTAMBAIONICH | JICUCTBYIOIIEH CKBaXKMHE Ha TIyOHMHE KPOBIH mepdoparuu
E» g CKBaXHMHE BOJM3M 3a00s c mepecyeroM Ha riyouHsl kposinu | win BHK (IKK).
g = nepdopaumu 1 BHK. 3a0oifHOe IaBleHHWE ¥ IUIOTHOCTH 3arOJHUTENS CTBOJA
E (.Ji yepe3 3aJaHHOE BpEeMsl IIOCIE€ OCTAaHOBKHM CKB&KHHBI Ha
Z A riryoune kpoBiu nepdoparmu wirn BHK (IKK).
< I [TnacToBoe raBneHUe U INIOTHOCTH 3aMOJHUTENS CTBOJIA HA
QSE), E riryoune kpoBiu nepdoparmn i BHK (IKK).
% % TIIN: ompenenenue naBaeHus U 1e0UTa Ha TEXHOJIOTMYECKOH eTIPecCHH.
A =] .
=3 E 'TUC: wu3mepeHus naBieHHss W JAeOUTa TPU LUKIAYECKOM Omnpenenenne  kodpduireHTta  MPOAYKTHMBHOCTH |
bS] 5 u3MeHeHuu aenpeccuu (texnonorus UJI). IJIaCTOBOTO JJABJICHMUSI.
N /[ MI'U-TICIT: neproaudeckne U3MEPEHHsT METOJaMH OTIPEIEIICHNS IMpodumm w3MeHeHHMS MO JUIMHE CTBOJA OOBEMHBIX H
6.1.3 | He nepenuaromye npu | MPHTOKa-COCTaBa. MAacCCOBBIX COJCpIKaHUH BOJIbI, HEPTH U raza.

OCBOCHHU
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Z[I/IHaMI/IKa U3MCHCHHUA COCTaBa 3aIllOJIHHUTECIISL CTBOJIA BO
BpPEMCHU B CTaOUIBHO pa60Ta}ome171 CKBaKMHE BO BPEMCHHU.

Z[I/IHaMI/IKa U3MCHCHHUA COCTaBa 3allOJIHUTCIIA CTBOJIA
HETIOCPECACTBEHHO IIOCJIC 3aIlyCKa, U3MEHCHHUA ACIPECCUN U
OCTAaHOBKHM CKBA)XHUHBI.

6.1.4 Jo6s1Baromiye [Ipu permennu 3aaauu 1o 1. 6.1.2, U3MepeHHs TPOBOAATCS B BEPTHKAIBHOM YacTH CTBOJA.
¢dountanupyroume I'C, B 3amada mo 1. 6.1.3, 6.1.4 pemaeTcs MOMYTHO € OLIEHKOH PO st Ha30BOro MPUTOKA.
ToM uucie ¢ MI'PIT
6.1.5 TOUY (BLH, IUTH): usmepenue 3aTpyOHOrO AaBIEHHS B 3aboiiHOe HaBJIeHHUE B ACHCTBYIONIECH CKBaXKUHE Ha ITyOHHE

JIEUCTBYIOILIEH, OCTAHOBJIEHHOW, JJIUTEIbHO MPOCTAUBAIOLIEH
CKB@XHMHE C IEPECcUYeTOM Ha 3aJaHHYI0 TIyOMHY (B OTCYTCTBHH
makepa B 3aTpyOsne).

Amnanoruyssle U3MepeHus faTuukoM Ha npueme DIH.

kposiu nepdopaunu wim BHK (I'KK)

3a0oifHOE [aBleHWE 4Yepe3 3aJaHHOE BpeMs IOcCie
OCTaHOBKU CKB)XHHBI Ha TNIyOUHE KPOBJIU nephopanuy Hin
BHK (I'XK).

bian3koe k mulacToBOMY IaBieHHE Ha TIIyOMHE KpPOBIH
nepdopanmu i BHK (IKK).
TIIU: onpesienenue AaBeHus Ha 3a60€ 2 1 1e6UTa Ha TEXHOIOTMUECKOM IEMPECCHH.

Onpenenenue ko3 duIMeHTa
IIACTOBOTO JIABJICHHUS.

OnpezeneHne IUIACTOBOTO [JaBiieHHA M Koddduimenta
MPOAYKTUBHOCTH, NpuOmmkeHHas oueHka ®EC wu ckuH-
(dakTopa TpHM JOCTATOYHOW JUINTEIBHOCTH OCTaHOBKH
CKBaKHHBL

MM (OUH): nmomroBpemenHbiid  online  MOHHUTOpPHHT HenpepbIBHBI MOHMTOPHHT Teo(H3NYECKUX MapaMeTpoB
rapaMeTpoB OIpeIeNICHs] IIPUTOKA-COCTaBa Ha IIyOuHe ruiacta (B | ONpe/ieNieHusl IPHUTOKa-cocTaBa (JaBjieHHE, TeMIIepaTypa,
TOM 9HCJIe TIPH COBMECTHOH SKCIITyaTalllik HECKOIBKUX IIACTOB) C | PacxXoJi, BOZOCOIEPIKaHNE) B KPOBIE KaXJ[OTO U3 COBMECTHO
MMOMOIIBIO  CTAlMOHAPHOW WM3MEPUTENBHOM CHCTEMBI (THIIAa | AKCILTyaTHpyeMbIX miactoB (mpu OP/I).
«Crpyt») 3

I'JIVUC: usmepeHus naBieHus Ha 3a6oe 2 u nebuta npu
LUKINYECKOM U3MEHEHNH aenpeccuu (texHonorus N/1).

I'IVC: MOHWTOPMHI H3MEHCHHs NaBJICHHUS BO BpPEMEHH B
MpoIiecce BOCCTAHOBIICHUS YPOBHS

NMPOAYKTUBHOCTH nu

JHoo6sBarontue ¢ (BC) u (HHC) cTBomnoMm,
IKCIUTyaTHPYEMbIE MEXaHU3UPOBAHHBIM CIIOCOOOM
(O1IH, LITH)

D TIpu oTCyTCTBHY MaKepa B MEKTPYObe

2 B ckpaxwuHe, 060pynoanHoii IIIT'H aHanoruuHble JUCTAHIMOHHBIE M3MEPEHHUS NaBJIECHHS M TEMIIEPATYPhI Ha 3a00€ MOTYT OBITH MPOBEIEHB! MyTEM CITyCcKa ITyOHHHOTO MpUOopa Ha Kabene B
MEXTPYOHOE TIPOCTPAHCTBO HIKE YPOBHSI XKUIKOCTH (TIPH YIiie HAKJIOHA cTBOMA 10 10°).

%) B ckpaxwunax ¢ IIII'H aHanornyHble M3MEpEHHUs TEMIEPATYPhl U TABIEHHS MOTYT ObITh BHITIONHEHBI C TOMOIIBIO CTAIIMOHAPHOM cucTeMbl THA « UK»

7 MOHUTOPUHI TEXHOJIOTHYECKHUX ITAPAMETPOB 3AKAYKH B HATHETATEJIBHBIX CKBAJKHHAX

Ha 6cex cmaousix akmuerou paspabomxu npu 8cex cnoco6ax 3aKanYU8ans CK8AXCUH. Pacuemvl ONMUMAnibHO20 pexcuma pabomul HAZHEMAMENbHOU CKEANCUHBL MOZYIM OblIb HEKOPPEKNIHbI,
ecnu CK8AdXCUHA IKCHIAyamupyemca 6 ycioeusx 3axononuou yupxyaayuu (3KL) c¢ coceonum naacmom (nnacmamu). OnmumanvHulii pexcum pabomvl HASHEMAMENbHOU CKBAMCUHbI
npedycmampueaem «ynpagieruey ONuHoU u gicomotl mpewursl aemol PII, m.k. 3mo 00Ha u3 Hauboiee 6eposmHbIX NPUYUH MAKUX HE2ATMUBHBIX S6JIEHUl, KAK: HENPOU3BOOUMENbHAS 3AKAYKA U
onepedcaiowee 06800HeHUE COCCOHUX 00ObIBAIOUUX CKEANCUH.
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7.1

Bce nHarneraTenpHbIC
CKBa’>XHMHbBI

TIIU: n3mepenue qaBieHUsI HAa YCThE U B CTBOJIE ICHCTBYIOILEH,
OCTAHOBJIGHHOW, JUIMTENbHO IPOCTAWBAIOIIEH CKBaXHHBI C
MEPECUETOM Ha 33JaHHYIO TIIyOuHYy KpoBin nepdopanun wim BHK

3aboifHOe naBiICHUE B IEUCTBYIONIEH CKBa)KMHE Ha ITyOHHE
kpoBi nepdopanuu win BHK (IKK).
3a0oifHOe IaBIeHHME 4epe3 3agaHHOE BpeMs Mocie

Texymue 3HAYECHHUS
pacxojioB, 3a00HHOTO JTaBICHUS
Y IPUEMHUCTOCTH.

(IKK). OCTAaHOBKU CKB2XMHBI Ha TTyOWHE KPOBJIH Mep(OpaIiu il JlonoaHuTENHHO
BHK (IXK). AQHATIM3UPYIOTCSI BO3MOXKHOCTD U
bauskoe Kk MIacToBOMY MOaBlIE€HHME Ha TIIyOMHE KpPOBIH | CTENEHb o0pa3oBaHuUs B
nepdoparmu nin BHK (IKK). HMHTEpBAJC 3aKaYK{ TPELIHHBI
7.2 TIIN+IIT'N: MOHUTOPUHT pacxoja, AaBICHUSI U TEMIIEpaTyphl Ha W3MmeHeHre MO BpeMeHH MapaMeTpoB pexuma pabotsl | «aBTol PII», dYepes koropyro
yCThE ¥ 1O JUITMHE B IPOIYKTHBHOM 9acTH CTBOJIA CKBWKWHBI  (TeMIepaTrypa, JaBIE€HHE, CYMMapHBIH U | MOXET HE TOJIEKO
KOMIIOHEHTHBIE ~PAcXOfbl), OMNpEACICHHBIE 110 JAHHBIM | YBEJIHYHBATHLCS TEKyIIast
HCCIIENOBAaHUN XapaKTepUCTHKU (P PEKTHBHOCTH 3aKaUKH. MPUEMHCTOCTS, HO u
7.3 TIIU: u3smepeHue AaBieHUs Ha yCTbE U B CTBOJIE JEUCTBYIOILEH Omnpenesnenne K03QHULHEHTa TPHEMHUCTOCTH 00pa3oBBIBATLCSA
CKBaXMHBI COBMECTHO C OIpeeTIeHHEM PacXoa Ha YCThe THAPOANHAMHYECKAas CBS3b C
7.4 |Harneratensuoie I'C B HarneratenbHble ¢ TOPU30HTAIBHBIM CTBOJIOM, B TOM YHCIE C Ananormyno m. 7.1-7.3, HO ecnm TexHOOTHS Tpedyer | APYTMMH KOJJICKTOPaMH.
roM yucne ¢ MI'PIT MHoroctaguiHasiM ['PIT perucTpanuy JaBiIeHHsT Ha 3a00e, U3MEPeHUs IPOBOATCS B
BEPTHKAIBHOM 4acTH cTBOJIA
8 KOHTPOJIb JUHAMUKHU 1 PABHOMEPHOCTHU BBIPABOTKU NPOAYKTHUBHBIX IIJIACTOB HA OCHOBE OIIPEJAEJEHUS ®PUJIBTPAIIMOHHO EMKOCTHBIX
CBOMCTB, SJHEPTETUYECKOI'O COCTOSIHUS Y IPO®UIEN ®A30BbIX IIPUTOKOB
Ha eécex cmaousax axmuenou paspabomku 60 cex munax 0elicmeyouux 000b18arouux ckeaxcut, exnoyasn sakanyusanus ¢ OPJ u I'C, Pesyrtomamusi ucnoiv3yromes npu 060CHOBAHUY U
pacuémax s¢pgpexmos om yenesvix I'TM (IJUC, decline analysis). 3adauu naubonee akmyanvhol 6 ycrosusix, ko2oa npu paspabomxe ¢ cucmemott [T/ cmumyaupyiomes onepexcaiowue
npopelebl No naacmy 600bl (KAK 3aKA4U8AEMOU, MAK U NIACMOBON) UIU 2A3d, a MAaKdHce 00pa3yIoMCs NPOPLIGLl HEXHCENAMEeNbHbIX A2eHMO08, CEA3ANHbIe C NOCHYNIEHUeM dIMUX KOMHIOHEHM U3
cocednux 2opuzonmos (nepemoxku no mpewurnam I'PI1, nymem 3K1], konycoobpazosanus)
8.1 [I': meToxmbl OmpeneneHus IPHUTOKA-COCTaBa COBMECTHO M Tepmobapuueckue riyOuHe

Joo6sBaroniue ¢pouTanuble ckBaxuHbl ¢ BC mimm HHC.
KBa)XHHBI MeXaHu3upoBanHoro ¢ponaa (D1[H), uccnenyemsie H

Y-tool»B ToM umCII

FEXHOJIOTUYECKOU AECTIPECCUU C IOMOUIBIO «

mipu ['PIT

JNaHHBIMH METOJOB MO OIEHKe TeKymled ¥  OCTaTOYHOH
HACBIIIEHHOCTH B TOPH30HTAJBHBIX CTBOJAX C BKJIIOUYEHHEM B
KOMIUIEKC METO/a CIIEKTPAIbHOI IIyMOMETPHH.

JIOTIOTHUTENEHO BMECTE CO CTAaHJAPTHBIMH TeO(MH3HIESCKIMHI
KOMIUIEKCAaMH OTIPEAENeHHsI IPUTOKA-COCTaBa B MHOTOILIACTOBBIX
BC (HHC) ¢ OPJl u B skcmuryararmonHsix ['C (B ToM umcie ¢
McI'PII) MOryT npuMeHsATbCA:

- HNEepHOIMYECKHEe W3MEPeHHs] MEeTOJaMU  OIpeJeIeHHs
HPUTOKA-COCTaBa, JOJTOBPEMEHHBIII MOHUTOPHHT re0(pH3MIECKHX
napamMeTpoB  Ha  (MKCHPOBAHHBIX  TIIyOMHaX  (CKBa)KHHBI
MEXaHH3UPOBAaHHOTO  (OHAA) C  HCHONB30BAaHUEM  CHCTEM
CTallMOHAPHOTO TIyOWHHOTO MOHHWTOPHHTA B BHAE THPIAHI (KOC)

yCIOBHS Ha CITycKa
MOJ36MHOT0 O00OpPYIOBAaHUs, PAacXonasl pabodell >KUIKOCTH,
HETepPMETHYHOCTH DJIEMEHTOB MOA3EMHOr0 000pYHOBaHMS,
3aKOJIOHHAS OUPKYISIAS (3KLI) CBsI3aHHAs c
HETePMETHYHOCTHIO, CBSI3aHHBIE C Pa0OTOH 00OPYIOBaHUS
0COOEHHOCTH AUHAMHUKH 3aII0JTHEHHUS CTBOJA.

ITpoduie U cocTaB MPUTOKA ITO KOMITIOHEHTaM: HCTHHHBIE
1 pacxoJiHbIE COJIep)KaHNsI KOMIIOHEHTOB (BOJbI, He(TH, rasa,
B MOTOKE), eOMTHI IIACTOB M PabOTaIOIIMe TONIIMHBL, UX

00beMHBIE W  BECOBBIE J0JIM  IIJIaCTOB B IPUTOKE,
KOS(b(bI/ILII/IeHTLI MPOAYKTUBHOCTH 1o jacram,
HMHTCHCHUBHOCTH MECKITIIaCTOBBIX BHYTPUKOJIOHHBIX

MIEPETOKOB, MPUTOKOB Yepe3 HErepMETUIHOCTH, 3aKOJIOHHON

Junamuxka SKCILTyaTalu
CKB2)KHHBI U BBIPAOOTKH TIIACTa,
HapyIeHus: B paboTe CKBaXKMHBI

AnanTtupoBaHHBIE mno
pe3ymbTaTaM  HCCIEAOBAHHUH
CKBaXWH TUAPOJMHAMUYECKHE
Monenu, (KyOBI H  KapThl
MPOHULIAEMOCTH u
MIPOBOJMMOCTH) C  LEJBIO
ONTHMH3ALMKH  OypeHHus U
cuctems! [IT1/1;

O0bocHOBaHHE (pacuer
a¢dexra) '™ o

TOYEYHO-PACTIPEETICHHBIX JATYHKOB (Momyneii) wm | mupkystoud (3KL). WHTCHCHU(DHUKAMHA OOBIYH IO
pacnpenenernsix OBC kabenb-cencopos (DTS-DAS) KOHKpPETHBIM CKBa)KHHAM,
- TOUYEYHO-pacCIpeIe/ICHHbIE CUCTEMBbI MapKepHOTo MOIYTHO: onpeJeneHne
’ JIOJITOBPEMEHHOT'O MOHUTOPHHTA PAa3HBIX TUIIOB TEXHUYECKOTO COCTOSIHUS
- XBOCTOBHMKH «YMHOI'O 3aKaHUMBAHUS» C TUCTAHLIUOHHBIM CKBaKUH (H3K, 3KI1I,
yIpaBleHHeM OTKpPBITHS HHTepBaioB ¢uibTpa (noptos) |ICD/YKII HErepMETUYHOCTH
- aJIbTepPHATUBHBIE aKTUBHBIE MeTo IbI U TexHomorun [1T'1 ¢ HCKYCCTBEHHOTO  3a00s W
HCKYCCTBEHHOH 3akaukoil MB u ero ¢ukcanueii mo 3amepam 'K, 9JIEMEHTOB [10/13€MHOTO
MHK, TM o0opymoBaHUs
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8.2

T'INC: 3anuch kprBoOil cTaOMITM3AIMHA IaBJICHHS Ha 3200¢ IPH
samycke ckBaxunbl (KCII, MPT)

OcoOeHHOCTH  JWMHAMUKH  pacxoja |
CBsI3aHHBIE C pPaboTOH 060PYHOBAHHSI.

Texymme mmacroBoe masnenue (mo KCJ[ mpm mycke
CKBaXHMHBl Prmn  He  ompenensercs),  KoddduumeHt
MPOAYKTUBHOCTH, CKMH-(AaKTOp IUIacTa, (QUIBTPALMOHHO-

JaBJICHUA,

€MKOCTHBIE  CBOMICTBa  KOJUIEKTOpa  TpU  TEKyILEeH
8.3 [IMC: m3MepeHus NABICHHS B CTBOJE BONM3M 3a60s mpu | HACBILEHHOCTH  (TMAPONPOBOIAHOCTb, IbE3OIPOBOIHOCTD,
OCTAHOBKE CKBAKWHBI (KBI[) NPOHUIIAEMOCTb, TOABHUKHOCTD, IIPOBOANMOCTDL U Hp.).

IIpu OPD — unauBHMOyalbHAas OLEHKA IIapaMETPOB C
y4eTOM BO3MOJKHOTO B3aHMOBJIMSHHS IUIACTOB B ITpOIIECcCe
9KCIUTyaTallid CKBaXKUHEL.

8a TIIC l'eomeTpuueckne XapakTepHUCTHKM TIlacTta (Haaudue
: AUC:  npn Hccneﬂoﬁm“ﬁ E’I?}I;TaHprwmm% CKBanIH BBICOKOIIPOBOASIINX IIPOCTIOEB, SKPAHOB U IIP.).
HHKJ;Hq;ICCKHe ucenenosanns UL, U1 A B cTBoe BOMM3M 32001 Ectp orpanmuenuss mo omnenke Pmn B obwekrax TPU3
JIAC: npu uncclefoBaHMM CKBXHH MEXaHU3HPOBAaHHOTO (KOJTEKTOPHI HH3KOI MPOHHIAEMOCTH).
(oHIa IONTOBpEMEHHBIE M3MEPEHUs NIaBJE€HHs B CTBOJE BOJIM3U
3a0ost mpu 3amycke ckBakuHbl (KCJ) ¢ mnepuoandeckumu
ocTaHoBKamu ckBakuHbl (KB/T).
8.5 [NI'U-TICIT:  moaubuIUpOBaHHBIE METOIBI  OIpPEICTCHUS WuTepBansl mpuTOKa, padoTalomue TONIIMHBL IIPH
s MIPUTOKA-cOCTaBa (MHOToAaTIuKoBbIe Moaynn), LIIC; crenuanbHble | IPUTOKE, MAOTA IUIACTOB B MPUTOKE, COCTaB IIPHUTOKA,
) E TEeXHOJIOTMHM  TEPMHUYECKMX  HcclemoBaHuiH  (mpuopureTrHoe | mHTepBaibl 3K 1 MeXIIacTOBEIX HEPETOKOB.
2 9
= g ok HCTIONB30BAHIE B MANOJCONTHBIX CKBaXKMHAX C KOHTPACTHBIM
K % g = pacrpeeneHueM IPUTOKOB 110 CTBOY).
=
N
o 8 o =
- (=}
8.6 8 = o 5 I'INC: wu3mepeHust AaBieHWs B CTBOJE BOIM3M 32005 IpU OmnpeneneHne MPOIYKTHBHOCTH, IUIACTOBOTO JaBJICHUS,
== 5
Q %E 5 3anycke ckBaxuHbl (KCI). ckuH-pakropa u OEC, nns onpenenenus paboTaromux
= Q
£E5 3 z TOJNIIMH W  OLEGHKHM  HMHAWBHIYAJbHBIX  IapamMeTpOB
s 7 &g BMECTHOM BCKPBITBIX T uH ucnonssytores [MI'N. I1
8.7 EgZER® I'INC: w3mepeHust AaBieHWs B CTBOJE BOIM3M 32005 IpU §<OCJIeC OM BCKP 01 CIIOIB3YIOTE -
2 ITACTOBOE JIaBJIEHHUE HE ONpeeIseTcs.
£3:°% ocTaHoBke ckBaxuubl (KBJT). A ped
o S8 2
E o &
g5 ¢ %
2= N
8.8 gz E 2 I'AUC: npm wmccnenoBaHuM (OHTAHMPYIONMX —CKBaXKUH
22 cx
E2E g nukianueckue uccnenosanus U1, UI+KB/I B cTBoste BOIM3M 32005
,‘_3[ %5 g 'IUC: nmpu wuccrnenoBaHUM CKBaXHH MEXaHHU3UPOBAHHOTO
EE 2 (doHma TONTOBpEMEHHBIE M3MEPEHUs JIaBIE€HHS B CTBOJE BOIM3U
S \§ 3abost mpu 3amycke ckBaxuHbl (KCJ[, MPT) ¢ mepuoanuecknmu
o
= ocraHoBkamu ckBaxuHbI (KB/I).
. o = . - :  MeTOABl  ONpENeNIeHHs  NPUTOKAa-COCTaBa HTEpBAIBl  IPHTOKA aboTrafomye TONIIMHBI IIPH
8.9 o z = 2 MNIru-T1cIa u , o
o ) o o
g o 3 = E E 8 5| COBMECTHO C JaHHBIMHM METOJIOB I1O OLICHKE TeKYIICH W OCTATOYHOH | NPHUTOKE, JOJIA IUIACTOB B IIPHTOKE, COCTaB MPHTOKA,
3 =
3 E B = ; g g 2 | HaceleHHOCTH (TIPH yTiie HaKiIoHa cTBoua 10 10°). unTepBanbl 3KL 1 MeXNIacTOBBIX MEPETOKOB.
S =] Q
N 85785z
T A = 3
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8.10 I'INC: u3mepeHnst maBieHUS B CTBOJE BOIMM3M 32005 IIpH OmnpeneneHne NpOIyKTHBHOCTH, ckuH-¢pakrtopa u PEC,
3amycke ckBaxuHsl (KCI). JUIL  omlpeneleHHs pa0oTalomMX TONIIMH M OLCHKU
HHIVBHAAYaJTbHBIX IApaMEeTPOB  COBMECTHOM  BCKPBITHIX
TOJLIMH ucnoas3yores [I'N.
8.11 I'’IUC: u3mepeHuss OaBieHUs B CTBoJe BOMM3M 32005 mpu
octaHoBKke ckBaxuHbI (KB/I).
8.12 I'TUC: mukmnueckue ucciaemoanus U], UI+KBJI B crBose
BOMIM3H 3a00s1.
9 KOHTPOJIb IMTHAMUWKHA 3ABOJHEHHUS MTPOAYKTHUBHBIX IIJIACTOB HA OCHOBE OINPEJEJEHUS ®UJIbTPAIIMOHHO-EMKOCTHBIX CBOMCTB,
SHEPTETUYECKOI'O COCTOSIHUA IJIACTA (I IUC) U MPOPUIEN IPUEMUCTOCTH (ITT'N)
JIrobvie Oeticmgyrowue ckéaxicunvl HacnemamenvHozo ¢onoa I1I1]] (exnouas 3axanuusanus ¢ OP3 unu I'C). 3aoaua naubonee akmyanvha 6 yciosusx, kozoa npu paspabomre (I111/)
CMUMYTUPYIOMCA Onepedicaioujie npopulebl N0 NAACHY 800bl (KAK 3aKa4U8aeMoll, max u niacmosoul) unu 2azd, a maxice npopelebl, CEA3ANHbIE C NOCMYNJIEHUEM IMUX KOMNOHEHIM U3 COCCOHUX
copuzoumos (3K u op.
9.1 . [II'A-IIIT: pacxomomeTpusi, TEPMOMETPHUSI, B TOPU3OHTAIBHBIX IIpodmis OpUEMHCTOCTH, JHATHOCTHKA M OLCHKA Junamuka JKCILTyaTaluu
o ([;) ckBaxxuHax (I'C) B Tom umcne I'C ¢ muorocraamitHeiM ['PIT — | MeXIUIacTOBBIX BHYTPHKOJIOHHBIX II€PETOKOB, 3aKOJIOHHBIX (CKBa)KHHBI u pexumMa
E &< JOTIOJIHUTEIbHO aKTHBHBIE TEXHOJIOTHH ¢ 3akaukoi MB, IIIC. NIEPETOKOB, MEPETOKOB Uepe3 TpemuHsl aBTo-I PIT; momyTHO: [HarHeTaHwWs,  HapylIeHHUs B
= E JIOTIOTHUTENEHO BMECTE CO CTAHAAPTHBIMU Teo(HM3WYECKHMH | OIpeselieHne TeXHHIecKoro coctosius ckBaxkud (HOK, 3K1, [pabore ckBakuHBI.
% g KOMIUICKCAaMH OIIPEAENIeHHs] IPUTOKA-COCTaBa B MHOTOIUIACTOBBIX | HETEPMETHYHOCTH HCKYCCTBEHHOTO 3a00s M DJICMEHTOB AnanTUpOBaHHBIE o
e ; g BC (HHC) ¢ OPJl u B skcmuryararmoHHbIx ['C (B TOM umcie ¢ | MOA3EMHOTO 0OOPYAOBAHUS). pe3ynbTaTaM  HCCIECIOBaHHH
5 e ‘; MI'PIT) MOTYT IpUMEHSTBCSA: CKBKUH THJIPOJUHAMUYECKUE
i o — CHCTEMBI CTAHOHAPHOTO INI[yOMHHOTO MOHHUTOPHHTA B BHJIE Mozmenu, (KyOBI W  KapThl
2 § g . TUPIISHA (KOC) TOYEYHO-PAaCIpeAeIeHHBIX JATINKOB (MOTyIIeH) FITH MIPOHHUIIAEMOCTH u
° g e&a pacnpenenennbix OBC kabenb-cencopos (DTS-DAS). MPOBOJMMOCTH)  C  LENBIO
=5 EE - XBOCTOBUKHM «yMHOTO 33aKaHYMBAHHUS» C AWCTAaHIMOHHBIM ONTHMH3ALMKH  OypeHHus U
; % 2o yIpaBleHHeM OTKPBITHS HHTepBaioB ¢puibTpa (mopros) ICD/YKIL cucrems! [T/
g = E & - IbTEpPHATHUBHBIC aKTUBHBIE MeTObI M TexHonoruu [1I'M O6ocHoBaHue (pacuer
o8 A C HMCKYCCTBEHHOW 3aKaukoil MeueHHoro BemectBa (MB) u ero apdexra) ['TM o
E g 2 ¢dukcanueii no 3amepam 'K, UHK, TM. WHTEeHCH(DUKAINH 3aKa9KH 110
9.2 g5 5 I'IVC: m3mepeHus: HaBiCHUS B CTBOJE BONM3M 3a00s TpU Texymee  mnactoBoe — AaBleHHE,  KO3(DGUIMEHT | KOHKPETHHIM CKBaXUHAM,
E z ‘é‘ sammycke (KCI) u ocranoBke ckBaxuHbl (KII/I) B koMmIuiekce ¢ | MPUEMHCTOCTH, CKHUH-(AKTOpP, (PHUIBTPAIIOHHO-eMKOCTHBIE | IOILyTHO: ONpPENEeIeHne
g £ = reodusnueckumu uccnenoBanusiMu B nporecce oypenust (I'MC) u | cBoiicTBa KOJJIEKTOpa IPH OCTAaTOYHOH HACHIINIEHHOCTH, | TEXHHYECKOTO COCTOSHUS
E E é sKcIuryaTanuu ckpaxud (ITIH). (THAPOTIPOBOAHOCTD, THE30MPOBOAHOCTh, MPOHUIAEMOCTh, | ckBaxkuH (HOK, 3KII,
9.3 as g ’é I'IUC: muxmmaeckue uccnenosanus WJI, UI+KII/ B cTBoNe | MOABMKHOCTB, NMpoBoAuMocTh M 1p.). Tlo KCJ{ miacToBoe | HErepMETHYHOCTH
Q
m

BOJIM3H 320051 B KOMIUIEKCE € TeO()U3MIECKUMH HCCIIEIOBAHHAMHU B
nponecce Oyperust (I'MC) n sxcmryaranuu ckBaxud (ITT'H).

JaBJICHUC HE ONIPCACIIACTCA.

HCKYCCTBEHHOTO 320051 1
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9.4

[IpombicnioBeie (TpaccupoBaHue (HUIBTPAIIMOHHBIX OTOKOB),
MM wu TAUC, Bkmo4as  METOAbl  MEXKCKBaKHHHOI'O
TUIPOTIPOCITYILIBAHUS.

IIpu OP3 - unnuBHMAyalpHas OLIGHKA MapaMETpPOB C
y4eTOM BO3MOJKHOTO B3aHMOBJIMSHHS IUIACTOB B ITpOIIECcCe
9KCIUTyaTallil CKBaXKUHEL.

I'eomeTpuueckne XapakTepHCTHKM IlacTta (Haaudue
BBICOKOIIPOBOASIIUX NTPOCTIOEB, SKPAHOB U IIP.).

Ectp orpannuenus mo ouenke Prur B oOwvextax TPU3
(KOJIEKTOPBI HU3KOH MPOHUIIAEMOCTH).

9JIEMEHTOB MOI3EMHOT'0
000pyIOBaHHS.

10 KOHTPOJIb JUHAMUKHU SHEPTETUYECKOI'O COCTOSIHUSI IIJIACTA IO IIJIOIIA U 3AJIEXKHU

Bce munvi ckeasicun, ekniouas. O1umensHo npocmausaroujue Ha 6cex Cmaousx.

B npoexmnom ooxkymenme no paspabomxe mecmopodicoeHus 00ACHbL Oblmb 8b10PaAHBI CKEANCUHBL (8 MOM HUCIE CHEYUANbHbIE CKEAXCUHBL-Nbe30Mempbl) C Yelblo MOHUMOPUH2A MeKye20
NAACMOB020 0aleHUs OJid Kadlc0020 00vekma paspabomku; ecmb ozpanuvenus no oyenxe Pnn 6 nuskonponuyaemwvix TPH3. Ilpu nocmpoenuu xapm u3odap OONnOIHUMENbHO K
UHCMPYMEHMATIBHBIM 3aMepam MO2YIM UCNOIb308AMbC KOCECHHbLE MAMEMAmMuiecke nooxoovl O NPUOIUNCEHHbIX OYCHOK ¢ yeavlo demanusayuu kapm, xax: Decline analysis, (RTA),
odexonsonroyus (MPT) u op.

10.1 = I'’IUC u TIIM xak OCHOBa COBMECTHOI'O aHalu3a PE3yJIbTATOB Texymue 11acToBble AaBICHUS 110 OTJEIbHBIM CKBaXHHAM, Kontpons aunamuku P no

e HCCIIEIOBaHUN 10 OIIGHKE IUIACTOBOTO MaBJCHHS (C YYeTOM | MX CpeIHHE 3HAueHWs IO 30HaM IUIacTa, TPSHIbl M3MEHEHHs | OTHEIBHBIM  CKBOXHHAM U
g § MIPEACTaBUTEIIBHOCTH  PE3ylIbTaTOB B  KAXAOH KOHKPETHOH | Pl B cKBaKMHAX M JOKaJIbHBIX 30HAX ILIACTA BO BPEMEHH. XapakTepHBIM 30HAM IUIACTa
£ 5 CKBa)XKMHE) M aHAIN3a JHHAMHKH IJIACTOBOTO JaBJICHHUS BO BPEMCHH OO0s13aTenbHa CeTh CKBaXXKHH (B TOM YHCIE CIIeHHaibHBIE | (0TOOpa, 3aKauKH,
E 5 (c yueroM ampHOpPHBIX JAHHBIX 10  MEXCKBOXHHHOMY | CKBR)KHHBI-TIbE30METPHI) JODKHA OBITh OINpeAeneHa Uil | YIUIOTHSIOLIEro OypeHus).
= 5 B3aHMOBIIHSHHIO). Ka)XJI0TO IPOAYKTUBHOTO IIJIACTA B IPOEKTHOM JOKYMEHTE 110 IlocTpoeHne permamMeHTHBIX
=) ,; pa3paboTKe MECTOPOXKICHHS, €CTh OTPAaHMYCHHUS MO OLEHKE | KapT m300ap IO OMOPHOH CeTke
E % P B Hu3Kkonporunaemsix TPU3. 3aMepoB P
; e IIpu mnocTtpoeHun kapT u300ap JONOJHUTEIBHO K
g g HMHCTPYMEHTAJIBHBIM 3aMepaM C LEeNbI0 JAeTalu3allid KapT
S g MOTYT HCIIOJIB30BaThCsl KOCBEHHBIE NMPHOIIVKEHHBIE OLEHKH
g % P (Decline analysis, nexonsomtomust (MPT) u 11p.

=

E

11 MOHMTOPHHI TEXHOJIOI' MYECKHAX MAPAMETPOB MOTJIOIIAIOIINX U BOJO3ABOPHBIX CKBAYKHH, 3AJJEMCTBOBAHHBIX B CHCTEME T
111 Bce Bomo3abopHbie TITW: MOHUTOPHUHT pacxoja, MOJIOKEHUs] YPOBHS U JAaBICHUS B H3MeHeHne 1O BpEeMEHH NapaMeTpoB pekuma padoThl | /ImHAMHKa MHTEHCHBHOCTH
3aTpyOHOM MPOCTPAHCTRBE. CKBKUHBI: CYMMapHbIil pacxo, aaBinenue Haja D1[B. npuToKa (3aKauku) B
11.2 Bce nornomaromue TIIN: moHMTOPUHT pacxoxa, OydepHoe u 3aTpyOHOE NaBiIeHHE. Vi3MeHeHHE 10 BPEMEHH MapaMeTpoB pEeXHUMa paboThl | 3aBUCHMOCTH OT 3a00HHOIO0
CKBOKHHBI: YCTBEBOE IaBJICHHME 3aKa4yKH, MPUEMHCTOCTb, | AABJIEHHS, KOHTPOIb
KOHTPOJIb TEPMETHYHOCTH MTaKepa. TEXHUYECKOT'O COCTOSIHUSA
11.3 MI': TIpodune HPHEMHCTOCTH, ILUIACTOBOE JABICHHE U Konrtpons cocrossHns OK, HcKmOYeHHe 3aKOJIOHHBIX | CKBXKUH, BKIIIOYAs

TEPMOMETPHSL.

TIEPETOKOB.

JAUArHOCTUKY
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11.4 |Bce naGmonaTensHbIe HY TIIN: 3amep TeKyIeTo ypOBHS ITOJ3EMHBIX BOZ (JIaBJICHUS) C branskoe k IIacToBOMY HaBieHHME Ha TIIyOMHE KPOBIM | HET€pPMETHYHOCTEH
00BeKT 00BN IepecyeToM Ha TITyOHHBI KPOBIH TepdOopariy. nepQopanum. LIEMCHTHOTO KaMHsI U 00CaIHBIX
TIOI3eMHBIX BOJ / KOJIOH.
3aKauKH MOMYTHBIX BOJ

11.5 | Kycrsl Bomo3abopHBIX OXU: orbop ycTheBBIX NMPOO MOOBIBAEMBIX BOJ C Ka)XKIOTO KoHTpois coBMecTHMOCTH HOOBIBAEMBIX ITO3€MHBIX BOJ C
CKBaXXHMH KycTa BOZ03a00pHBIX CKBXKUH. IUIACTOBBIMH BOJAMH 00BEKTOB Pa3paboTKH.
11.6 V37161 pa3MerneHust DXU: or60p Npob pa3MeraeMbIX BOJ ¢ KaKIOTO y3JIa 3aKauK| KoHTponb coBMECTUMOCTH pa3MeIaeMbIX MOMYTHBIX BOJ C
MOIYTHBIX BOJ (KHC). IUTACTOBBIMH BOJIaMH BMEIIAIOIIETO KOJJIEKTOpa.
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Taﬁmma 2. I/IH(l)OpMaTI/IBHOCTL FCOq)I/I3I/I‘leCKI/IX H l'IpOMbIC.TIOBO-FeO(l)H3I/I‘{GCKI/IX METOA0B UCCJICAOBAHHUA CKBAKUH

Ne KpaTkoe onncanne 1 0cO0eHHOCTH pean3anuu IIpuopuTeTHbIE 32724, ONIpeessieMble TAPaMeTPhl, TPAHMUIBI
NPUMEHUMOCTH
1 MeToabl OTKPBITOIO CTBOJIA
11 Dnexmpuyeckue memoowvl
111 W3yyeHne CTalIOHAPHOTO ECTECTBEHHOI'O 3JIEKTPUYECKOro MoJs, (HOpMHPYeMOTro Meron He npuMeHHM Npu OypeHun ckBaxuH Ha PYO/PHO.

MeTo/ MOTEHIINAI0B
CcOOCTBEHHOM
nosstpuzamyn (I1C)

TG PY3MOHHBIM OOMEHOM COJIeH MEKAY TNIMHUCTHIM PACTBOPOM H IIACTOM, aaCcOpOIHei
MOHOB COJICH HA IIOBEPXHOCTH YaCTHII KOJUICKTOPA; (PHIbTPALMOHHBIM OOMEHOM BOJ MEXKITY
CKBa)XKMHOU U TOpHBIMU TTOPOJaAMHU; OKHCIUTCIbHO-BOCCTAHOBUTCIBHBIMH PCAKIUSAMU B
KOJUICKTOPE M B 30HE €ro CONPHUKOCHOBEHUs ¢ OypoBbIM pactBopoM (IIC).

JluTonornueckoe pacuieHEHUE pa3pesa, BBLICICHHE KOJUIEKTOPOB,
ONpeNieNieHHe  TJIMHHCTOCTH, IOPUCTOCTH TOPHBIX  IOPOJ,
COIIPOTUBJICHUA IJIACTOBOI BOJHI.

112 M3ydeHne UCKYCCTBEHHBIX IEKTPHUCCKUX TOJICH, (POPMHUPYEMBIX HCTOYHUKAMHU TOKA MeTonp! He IpUMEHUMEI TIpH Oypernn ckBaxkuH Ha PYO/PHO.
pasznuuHbIX KOHCTpYKui u pasmepoB (bK3, BK, MBK, MK3). Jlutonoruueckoe pacuyieHeHHE pa3pesa, BbIACIEHUE KOJIJIEKTOPOB,
MeTozEI OCTOAHHOrO OMpeNeICHHe  XapakTepa  HACHIMIEHHOCTH,  Ko3(dduIireHrta
SHCKTPOMATHHTHOTO He]Tera3oHachIIEHHOCTH, oIpeieNIeHIe MOJIOKEHHUS
oA MEKQITIOUTATBHBIX KOHTAKTOB.
12 DnexmpomazHumusle Memoowvl
121 N3ydenne nCKycCTBEHHOTO BBICOKOYACTOTHOTO 3JIEKTPOMATHUTHOTO MOJIS 30HAOB, Jlutomoruueckoe  pacul€HEHHE  pa3pesa, BBIJICJICHUE
COCTOSIINX U3 TeHEPUPYIONINX, IPHEMHBIX U (POKYCHUPYIOIIUX KaTyIIeK, paboTaloNMX Ha | KOJJIEKTOPOB, oTpenieeHne k03¢ dunneHTa
Mertozp! nepementoro pasnuunbix yactoTax (MK ot gecsitkos 1o coted kI, DMK Ha wacrorax 400 k[ 1 He(Tera30HaCHIIIIEHHOCTH, onpeneseHue MOJ0KEHHUS
SJIEKTPOMArHUTHOTO 2MTI'u, BUKH3 20-50 kI'u, MB/JIK Ha wactoTax mopsiaka SOMI ). MeX(ITFOUIaTPHBIX KOHTAKTOB.
0TSt
1.2.2 MHOTOBOHOBOH MeTtoa OCHOBaH Ha U3MEPEHUH AUAIEKTPHUECKON MPOHUIIAEMOCTH TOPHBIX MOPOJ] PH Jlutomoruueckoe  pacwIeHEHHE  pa3pe3a,  OIpeneleHue
JIUIEKTPUYECKUI MOMOIIIM 3JIEKTPOMATHUTHOTO TIOJIA ¢ 9acToToil mopsaka 50 MIm. Jlmanextpuueckas | ko3¢ ¢uimeHTa He(Tera3zoHaChIEHHOCTH, IOJIOYKEHUS
kapotax (MBJK) MPOHUIIAEMOCTb BOJIBI W HedTH pasnmmuaercs npuMmepHo B 80 pa3, 9TO MO3BOISET | MEX(IIOMIATbHBIX KOHTAKTOB, BIATOEMOCTH TIOPOI.

a¢dexTHBHO UcToap30BaTh MeToa MBJIK mpu onpeneneHry HaCHIIEHHOCTH MOPO/.

Meron MBJIK sBnsercss 3Q@dexkTHBHBIM TpH  HCCIIETOBAHUIX
XapaKTepU3yIoNXxcs ciadbiM KoHTpacToM 1o YOC o HedTH U Boje.

OTJIOXKEHU,
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13

Memoodul paduomempuu ¢ pecucmpayueti UHMeZPaiIbHbiX XapaKmepucmux paouoakmueHo20 usmy4eHusl

13.1

Tl'amma-xaporax (I'K)

Meron I'K ocHOBaH Ha U3MEPEHUH €CTECTBEHHOTO raMMa-U31y4eH s TOPHBIX-TIOPOI.

JluTonmornueckoe  pacwieHeHWEe  pas3pes3a,  BbIICICHHE
KOJUICKTOPOB, OMNpeNeNeHHe TIHHUCTOCTH, MOPHCTOCTH TOPHBIX
HOPOJI.

1.3.2

['amMma-ramma KapoTax
(TTK-T/ITK-JIIT)

ITnotrocTrO# (I'TK-II) u auro-mnotaoctHoM (I'TK-JIIT): n3yuenue paccessHus ramma-
KBAaHTOB IIPH OOJIYYEHUH MOPO]] HCKYCCTBEHHBIM HCTOYHIKOM TaMMa-m3imydeHus (3¢ dexr
Komnrona u ¢porospdexr) sneprun 6omee 0.5 MaB (Cs137: 0.66 MaB) npu aimise 30012 2
50 cm.

[Tokazanus metona I'TK-I1 sSBAsIFOTCS IIIOTHOCTHON XapaKTePUCTUKON (00beMHAs
TUTOTHOCTB) TOpHBIX Topo. [Tokazanus metoma ['TK-JIIT sBisitoTCS XapaKTepUCTHKON
3¢ GEKTUBHOTO MOPSIKOBOTO HOMEPa XMMUUECKHUX JIEMEHTOB, TO €CTh BELIECTBEHHOTO
COCTaBa.

Jlutonmoryueckoe  pacujieHEHHE  pa3pesa, BbIJIEJICHUE
KOJUIEKTOPOB, OIpeJeJICHUE TIOPUCTOCTH. I'TK-JIIT
JIOTIOTHUTENBHO: YTOYHEHHE MUHEPAIIBHOTO COCTaBa MOPOI.

133

HeiliTpoHnHble MeTOIBI

Heiirpor-neiitponnstii kaporax (HHK): obmyuenne nopon ObIcTpbIME HEeHTpOHAMH (C
sHeprueit En>0.1 M»aB), ¢ peructpanueii Haaremnossix (En<0.1M»B, meron HHKHT) u
tetoBbIx (En=0.0253B, meton HHKT) HEHTpOHOB, 3aMeIEHHBIX BCIEACTBUE YIPYToro

JluTomorndeckoe pacwieHeHHE pa3pesa, ONpeIeIeHUe MIOPUCTOCTH,
ompeneneHue moyiokeHus GaronnanbHeix koutakToB: ' BK, T'HK.

(cTaroHapHEbIE) . IIpu BEICOKOM CTETIEHH MMHEPAIU3alMHU INIAaCTOBBIX BOJ] IIO3BOJIET
B3aUMO/JICHCTBHUSA C SJpaMU aTOMOB CPEJIBI. .
oueHnBaTh QurronnaneHelii koHTakT BHK m Hackimenue mopon B
HI'K: o6nyuenne nopos GbICTPHIMU HEHTPOHAMH, C PETMCTPAIMEH BTOPUYHOrO raMMa- | COOTHOIIEHHH HE(TH/BOMA.
W3JTy4eHNs], BOSHUKAIOIIETO NP 3aXBaTe 3aMeIJICHHBIX TEIUIOBBIX HEHTPOHOB.
CymmapHOe BOJIOPOAOCO/EPKAHUE, OMpEACIIEMOe CTallMOHAPHBIMH HEHTPOHHBIMU
METOJIaMH, 3aBHCHUT KaK OT IIOPUCTOCTH KOJIJIEKTOPA 1 €T0 HAChIIEHHOCTEIO (He(Th, BOJA,
ra3), Tak 1 OT MMHEPAJIbHOTO COCTaBa.
14 Memoodwl paduomempuu ¢ pecucmpayueli CNeKmpaibHbIX XapaKmepucmux paouoakmueHo20 Uiydenus
141 Peructpanus crnektpa raMMma-u3jaydeHHsl C 1I€JIbIO0 JMArHOCTUKU HAJIW4YMA U OUEHKH | JluToloruueckoe pacwieHeHHe pa3pe3a, KOHTPOJb TIeoJIoro-
r KOHIIEHTpPAIMi OTACNBHBIX 3JIeMEHTOB (B mepByo ouepens: K, U, Th). TEXHOJIOTMYECKUX MEpOIPUATUI (ruapopa3zpsiB 1acra,
amMMa-kapoTax . 3aBOJIHEHHE M T1p.) MpPH UCHOJIb30BaHUM  PaJUOAKTUBHBIX
CHeKTp(()#IiTléI;quKHH MHJIMKaTOpOB. BrlsBieHne paanoreoxumuiecknx anHomannii (PT'A)

B OKCIUTyaTalMOHHBIX CKBa)XMHAaX, OIPCACICHUE MHUHEPAJIBHOIO
COCTaBa INMMHUCTBIX MUHEPAJIOB.
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1.4.2

Momndpukammms HWMHK, ocHOBaHHas Ha W3YyYCHHH BTOPHYHOTO TraMMa-H3IyICHHUS
Heynpyroro paccessuust ('MHP) n pagnanmonnoro 3axsata (I'MP3) ObIcTpbIX HEHTPOHOB.

OmnpenencHue COACpKaHMUA XHMUYECKHX JJIEMEHTOB B TOPHOM
HOpOZE, JIUTOJIOTMYECKOE pacdyICHEHHE pa3pesa, OIperccHUe

VHMHYHLSHHH c . 5 . . 5 MUHEPAJIOTHYECKOTO0  COCTaBa  TOPHBIX  IIOPOJ,  TEKYyIUEH
HEHTPOHHBIN ramMmma- IiBa)KI/IHHI)II/I npu vop COJICPHKUT I/IMHyJ'ILCHI:II/I BLICOKO‘{aCTOT;I“-LII/I TCHEPATOP OBICTPLIX | 1o e (1a30)HACKIIIEHHOCTH KOJITEKTOPOB, B TOM THCIE B YCIOBHAX
KapoTax ) HEUTPOHOB, KOTOPBIi H3i1yqaeT UMITYJIbChl HEUTPOHOB 3Heprun 14 M»aB. l:IpI/I COYNAPEHHH. | oo 1oncarmis B KOMIEKTOPE «IPECHBIX» BOL.
CIHEKTPOMETPUYECKHI | C sAApaMH OKPYXKAIOIIEH Cpelsl B peXHMME HEYNPYroro paccesHus, HEWTPOH IepenaeT
(MHT'K-C) OonpmIyl0 YacTh SHEprudm saApy. BosBpar smpa w3 BO30YXIEHHOTO COCTOSHHS
conpoBoxaaercs usnydueHuem ['MTHP, ITMMP3 - ¢ xapakTepHBIM Ui KaXAOro 3JIeMEHTa
SHEPreTUYECKUM CIIEKTPOM.
Hcnons3oBaHue IBYX BUIOB peaknuii mpu oOpabOTKe MOBBINIAET TOYHOCTH ONPEACICHHS
3JIEMEHTOB, PETHCTPUPYEMBbIX B 00oMX crekTpax. Takum oOpa3zoM, mpuOOp MO3BOISET
OTIpeNieNATh HaJi4uue 10 16 OCHOBHBIX XUMHYECKHUX 3JIEMEHTOB FOPHBIX TIOPOJ.
JloneBoe conepkaHue XUMHYECKHX 3JIEMEHTOB LIMPOKO HUCIOIb3YETCS IIPU PELICHUH
CHUCTEM YypaBHEHHH (IMMOCTPOCHHM OOBEMHOU (IIOUI0-MUHEPATBHON MOJCIH) IS
OINpENENeHUs] PACHIMPEHHOT0 KOMIIOHEHTHOTO COCTaBa CIIOKHOMIOCTPOEHHBIX TOPHBIX
MOPOJI ¥ HACKHIIIAIOMINX IYCTOTHOE IIPOCTPAHCTBO (DIFOMIOB.
15 Axycmuyeckue memoowvi
151 AKyCcTHYECKHH KapOoTax ABISETCS MpocTeield Moan(uKanueld akycTHIECKUX MeToI0B. | JIuTomornueckoe pacuieHeHue paspesa, BBLJIEIICHHE

AKYyCTUYECKHUI KapoTax
CKOPOCTH/ 3aTyXaHus

Merto/1 OCHOBaH Ha U3y4YEHUH CKOPOCTH PACIPOCTPAHEHHS PSIMO MITH TOJIOBHOHN yIIPYTUX
BOJIH B TOPHBIX MOPO/AX, BCKPHIBAEMBIX CKBRKWHAMH, ITyTeM H3MEPEHUS HHTEPBAILHOTO
BPEMEHH / XapaKTEPUCTUK 3aTyXaHUs YIPYTHX BOJH B TIOPOJIax.

ra30HACHIIIEHHBIX HHTEPBAJIOB, OIPEAEIEHIE MOPUCTOCTH, YIPYTHX
CBOMCTB ropHbIX mmopo. [Iporuo3 ABII/I.

(AK)
152 Metox AKIII ocHOBaH Ha perucTpaIiy HOJTHOTO BOJIHOBOT'O ITaKeTa B IMIMPOKOM CIHeKTpe | JInToIornyeckue pacwieHeHHe pa3pe3a, ONpeaeICHUE MOJI0KEHHS
. 9acTOT MPH MMOMOIIN HECKOJBKUX IPUEMHHUKOB U MCTOYHHUKOB. PesynpraToM mposenerus | [OKK, onpenenenue mopucTocTy, ypyrux CBOMCTB TOPHBIX MTOPOI.
AKyCTHIECKRH uccnenoBannii MerogoM AKII sBisieTcss WHTEpBaNIbHOE BpeMs MpoOera MpOIOIBHON U
KapoTax . MOTIEPEYHBIX BOJIH, a TaKkke BOIHBI JIamba-CToyHIH.
HIAPOKOTIOTOCHBIN
(AKII)
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153

Bonnosoi
aKyCTUYECKHUH KapoTax
KpOCC-AUNOJIbHBIN

Meton BAK-K]I mpenna3zHaueH A ompefelicHHs WHTEPBAIBHBIX BpEeMEH mpobera
L[EJIEBBIX BOJH B OCEBOM M PaJiMaJIbHOM HAIpPaBICHUU IPU PETUCTPALIUU BOJHOBBIX MOJEH
MOHOTIOJIBHBIX U CKPELEHHBIX AUMOJIbHBIX U3TydaTenei.

Pe3yJ'H)TaTOM MMpOBEACHUA HUCCIIEIOBAaHUM METOA0M BAK'KH SABJIACTCS MHTCPBAJIBLHOC

Jlutonorndeckoe pacwICHEHHE pa3pe3a, ONpPEIEICHUE TTOJIOKEHUS
I'XK, onpenenenne MopUCTOCTH, YIPYTHX CBOHCTB TOPHBIX HOPOI.
AHanu3 aKkycTHYECKOI aHHU30TPOITHH.

(BAK-K[) BpeMs npobera mpoIoIEHON U MOTIEPEYHBIX BOIH (OBICTPOI M MEAJICHHO), BOTHEI JIaMOa-
Croynmm.
Ananm3 GBICTPOIl ¥ MEIUICHHOM MONEPEYHBIX BOJIH MO3BOJISICT BBIAEISTH TPEIMHOBATHIC
MHTEPBAIIBI 110 Pa3pe3y CKBAXKUHBI, ONPEACIIATH HANPABICHUE aKyCTUYECKOW aHU30TPOITUH.
1.6 Creadicunmnvie ckanepvl
16.1 BemmonHsAeTCS perncTpanus yAelIbHOTO IEKTPHIECKOTO CONPOTHUBICHHS TUIAcTa 10 OJEeKTPUYECKHE CKBAXHWHHBIC CKAaHEphl HE IPHUMEHHUMBI MpPHU
3 601BIIOMY YHCITY paAHaIbHBIX HANPaBJICHUH C BBICOKMM BEPTUKAIBHBIM Pa3peIIeHUEM. Oypennn ckBaxud Ha PYO/PHO. Onpenenenue npoduist cTBoja
JICKTpHHICCKHIC - . . . CKB@KHUHBI, BBIICICHHE CTPYKTYPHBIX 3JIEMEHTOB, aHAIH3
167 pH 3 TOM BLIHS)HH516€TEH CIIIMBKa MMOKa3aHUI B eIMHBIH MaCCHB — «UMHUIDK» (image), AHH3OTPOIIHH, JIMATHOCTHKA PA3TOMOB H HECOTACH, OpHEHTAIHH
DIEeKTPOMATHHTHBIE TIpEACTABJIAIOIII COOOU pasBCPTKY CTCHKH CKBKHMHBL. W PacKpHITOCTH TPEIUH, ONpENeNICHNEe HANpsDKCHUH U OLIeHKa
CTaOMJIBHOCTH CTBOJIA.
1.6.3 BerImonHsieTcs perucTparys BpeMEHH TPOXO>KACHHS U aMITIUTYIbI aKyCTHIECKUX CUTHAJIOB
OT UCTOYHHUKA yJIbTPa3BYKOBBIX KOJIEOaHUH, OTPAKEHHBIX OT CTEHKH CKBA)KUHBL.
YIbTpa3sByKOBbIC
1.7 AoepHvie memoodvl
1.7.1 B ocnoBe merona SIMK nexuT n3ydeHne peakiy HPOTOHOB siiep TOPHOI mopozsl Ha | JIuTonorndeckoe pacwieHEHHE pa3pesa, BBIICICHHE KOJJIEKTOPOB
b

SnepHO-MarHUTHBII
kapoTax (IMK)

BHEIITHEEe BO3AEHCTBHE MAarHUTHBIM 1ToJieM. Bpemst penakcaiyy (BO3BpalleHUs IIPOTOHOB B
HCXOJIHOW COCTOSIHME) PACTeT C yBEIHMUYCHHEM pa3Mmepa Iop, YTO MO3BOJSIET CYyIUTh O
pacmpezieneHuy op B TOPHOH mopoje 1mo pazmepam. Ilociie MMITYyIbCHOTO BO3JICHCTBHSA
MarHUTHBIM TOJIEM M3Y4aeTcsl IMHAMHKa PETaKCallii CHIHANA TIPELEeCCHH Sep BOAOPOa.
PeanmzoBans! pagnanbHele MOAUDUKAIINH, TIO3BOJIAIONINE HCCIEI0BATH TOPHYIO MTOPOLy Ha
pa3YHbIX rTyOUHAX.

B ciyuae crammonapHBIX 3aMepoB, momMuMo DPEC TropHBIX TOpOA, BBITOIHIETCS
ornpezeneHue napamerpoB T2 u nuddysun, SBISIOMMXCS XapaKTEPUCTHKOM Xapakrepa
HACHIIEHHOCTH MOPO-KOJIEKTOPOB.

ompezenenue oOmed u 3(PQPEKTUBHON IOPUCTOCTH, OCTATOYHOMN
BOJIOHACKHIIIEHHOCTH, OILIEHKAa paclpelesieHus] op 10 pa3Mepam,
oTpezieTIeHHe XapaKkTepa HaChIEHHOCTH.
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2

Memoowt onpedeﬂeuuﬂ HauanbHOU U mexymez? HACbIUWEHHOCMU NJ1ACMO06 6 00CA’CEHHBIX CKBANCUHAX

21 DnexmpomazHumusle Memoosvl
211 HccnenoBanus B CKBaXWHAX CO CIYINICHHBIMA XBOCTOBHKAMH U3 3JICKTPOU30JIATOPA, B MEPCIECKTUBE — C BKIFOUCHHEM B HEIPOBOISIIYIO IJICKTPUICCTBO
KOJIOHHY CKBO3HBIX MPOBOJISAIINX JIEMEHTOB, 00ECIIEYHBAIOIINX JCKTPHICSCKYIO CBS3b MKy CKBAKUHOMN M OKPYKAIOUIUMHE MOPOAaMH, (PU3UIECKUE OCHOBBI U
BricokouacToTHBIE
3a1a4yd aHaJOrMYHbBI 11.1.2.
JIIEKTPOMArHUTHBIC
metozael (MK, BUKI3,
JK)
2.1.2 B ocHOBe METOJIOB MOJIOKEHO OMPEACICHHUE YICIBLHOIO 3IEKTPUUISCKOTO COMPOTUBIICHUS TOPHBIX MOPOJ 33 CTCHKOW METAJUIMYECKON KOJOHHBI HA OCHOBE

Mertoab! 31EKTPUIECKOTO
KapoTaka uepe3
00caIHyI0 KOJOHHY

(A5K)

perucTpanv MajblX TOKOB YTCUKH B MACCUB IMOPOJ IPH MOAAYC Ha KOJIOHHY 4Y€PE3 3JICKTPOAbI 30HJAa TOKA IMATAHUA. Bee HpI/I60pI>I, pCan3yromue JaHHY UACH0
CXO0XHU NPUHIHUIIOM H3MepeHHI7L

Juana3zoH U3MepeHust yISIFHOTO COMPOTHBICHHUS pacCMaTpuBaeMbIM crtocoboM coctaiseT 0-200 Om M. M3aMepeHuss BO3MOXKHBI B CKBaYKHHAX, 3aII0JTHCHHBIX
MPOBOIAINEH KHUIKOCTHIO Ha BOJTHON OCHOBE U B CMECH C He(IThIO, a TakXke B ""CyXxuX'" CKBaKMHAX. YPOBECHb peructpupyembix B miacte 3/1C HaHOBOJIBTHI, painyc
uccienoBanus 10 2-10m.

Ha nokazaHusi MeToa BIUSIET LIEMEHTHOE KOJIBLIO, MECTa PACIOJIOKEHHS ITOBEPXHOCTHOTO 3JIEKTPOJA, KAUeCTBO KOHTAKTa MEXKIY CEKLUSIMHU 00CaaHOiM
KOJIOHHBI ¥ 3JIEKTPOoZoB. K OTpaHMUYCHNSIM TEXHOJOTHH CIEAYET TAKXKE€ OTHECTH OONBIION AMaMeTp CKBRXXWHHBIX MPUOOPOB (UITO HCKIIOYaeT paboTy uepes
1 TOBBIE TPYOBI), MANIBIH ANANa30H U3MEPEHUS yIEIBHOTO CONMPOTUBIICHHS, TOUSUYHOE MPOU3BOACTBO U3MEPEHUH (OT TPEX MUHYT) [UIsl 0OECIIEUCHHS XOPOIIIETO
KOHTAKTa 3JIEKTPONOB C 00CaJHOH KOJOHHOH, YBEIMYEHHYIO JUIUTEILHOCTh HCCIECJOBAaHUS B (DMKCHPOBAHHOM JAHAIla30HE INIyOUH, a TakKe HEOOXOAUMOCTbH
OYMCTKH CTCHOK KOJIOHHBI IT€pe/ UCCIIE0BAaHNEM.

2.2

Memooul paduomempuu ¢ pecucmpayueli UHMeZParbHbIX XapaKMepUcmux paouoaKmueHo20 U3nyieHus

2.2.1

Heittponubie meToabl
(cTaroHapHBIE)

®Du3nUeCKre OCHOBBI UCITOIB30BaHUS K OCOOEHHOCTH peajim3anun aHAJIOTUYHBI YCJIIOBUAM OTKPBITOT'O CTBOJIA. B 00caxeHHBIX CKBa)KMHAX HCIOJIB3YIOTCA I
OLICHKH TeKyH.[eﬁ HACBIIICHHOCTHU NOPOA U YTOYHCHUSA KOHTAKTOB. OI‘paHI/I‘IeHI/IH B HCIOJIF30BAHUHU CBS3aHBI C HHU3KOM FJ'Iy6I/IHHOCTBIO (Z[O 30-50 CM). I[J'ISI
3KCHpCCCHOI>‘I OLCHKHN JUHAMUKU HACBIIMICHHOCTU COMMOCTABJIAOTCS PE3YJIbTAThI PA3HOBPEMCHHBIX I/ISMCpeHI/Iﬁ B OIIOPHBIX U UCCICAYCMBbIX IIACTAX.
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2.2.2

HeliTpoHHbIE MeTOBI

UmnynbcHe HelTpoH-HelTpoHHBIH Kapotaxk (MHHK): mepmommueckoe obmydueHme
MOPOJI NaYKaMu OBICTPBIX HEWTPOHOB, C pErUCTpPAIMEil TeMITa Criaia IMIOTHOCTH TEIUIOBBIX
HEWTPOHOB, NPEHMYLIECTBEHHO CBS3aHHBIX C WX HecTauuoHapHOH muddysuerr u

Jlutonorndeckoe pacdICHEHHE pa3pesa, ONpEAeICHHE Xapakrepa
HACBILIEHHOCTH MOPO/I-KOJUIEKTOPOB, K03 (hUIMeHTa HOPUCTOCTH U
HedTera3oHachIIEeHHOCTH (Ha4albHOH, TEKYIEH, OCTaATOYHOM).

(nry L CHEIE) nornomerHneM. OCHOBHBIM KPHTEPHEM pa3AEieHHUs KOJUIEKTOPOB IO BOJO-, He(Te- H .
Ta30HACBHIIICHUIO CITYXKUT BpeMsl AKU3HU TEIJIOBBIX HEUTPOHOB. Ompenenene  mONOXEHWH — BOXOHEQTAHOrO  KOHTAaKTa  Ha
MECTOPOXICHUAX HepTH ¢ MuHepamuzoBaHHBEIMH (Oomee 50 r/m)
WmnynscHbI HeWTpoHHBIH-raMMa kapoTax (MHI'K): meproandeckoe o0aydeHne Mopol | INIACTOBBIMUA BOIAMH, OTPEACICHHE Ta30KUIKOCTHBIX KOHTAKTOB.
naykamMy OBICTPBIX HEHTPOHOB C perucTpanyeil MHTEHCHBHOCTH TaMMa-u3inydeHHs Bo | KOHTpOIb 3a MpoleccoM MCIBITaHHS M OCBOCHUS CKBAXKUH.
BPEMCHHU.
UHI'K mo cpaBmenmio ¢ MHHK otpaxkaer mpomecc OoJee MOIHOTO TOTIIOMICHUS
TEIUTOBBIX HEUTPOHOB 1 oOnamaeT Ha 10-15% OompmmMm pamunycom mcciemoanus (1o 40-
50 cm).
I[J'IS[ O6OI/IX BHUOB KapoTaxa U3MEPACMbIMU BEJIIMUNHAMU ABJISAIOTCSA CKOPOCTU CUETA BO
BPEMCHHBIX OKHAaX, OCHOBHBIMU PACYECTHBIMU — MAKPOCCUCHUEC 3aXBaTa TCIIJIOBbIX
HEWTPOHOB M BOJOHACHIIICHHAS TOPHCTOCTD IOPOJ
2.3 Memoowl paduomempuu ¢ pecucmpayueti CReKmpaibHulX Xapakmepucmux paouoaKxmueHo20 U3ny4eHus
231 dusznyeckue OCHOBBI HMCIOIL30BAaHUS H 0CO6eHHOCTI/I pcajim3al aHaJOTUYHBI YCJIOBUAM OTKPBITOI'O CTBOJIA. B OKCIITYaTalMOHHBIX CKBaXXWHAX METO[

T'amma-kapoTax

MNPUMCHACTCA C LCJIBIO KOHTPOJIA T'€OJIOr0O-TCXHOJOIMYCCKUX MepOHpI/IﬂTI/Iﬁ (FPII[pOpaSpLIB miacTa, 3aBOAHCHUE W Hp) IIpyu UCIIOJIb30BAHUU PAAUOAKTUBHBIX

WHINKATOPOB U [UTS BEISIBIICHUS paguoreoXxuMudecknx anomammid (PTA).

CHEKTPOMETPHICCKIH
(T'K-C)
2.3.2 VYraeponso-kucinoponusii (VKK wmwmun C/O) mertom/kaporaxk — onmHa w3 HambOonee | OmeHKa  TeKymled W OCTaTOYHOW  HE(PTEHACHIIIEHHOCTH,
. pactnpoctpaHeHHelx  Moaubukarmit MHI'K-C. Metoq ocHOBaH Ha H3MEPEHHUH | OMNpeJesIeHHe HMHTEPBAIIOB 00BOTHEHHA IIPOAYKTUBHBIX
UHMHym’fHHH SHEPreTHYECKOTO0 M BPEMEHHOTO PaCMpeIe/ICHHs IUIOTHOCTH MOTOKAa raMMa-u3jy4eHHUs, | KOJUIEKTOPOB HE3aBHCHUMO OT MHUHEPATH3AIMH [TACTOBBIX BO U JIsI
HCHTPOHHBIN TAMMA™ | g 3pyxarommero B pe3ylIbTaTe HEHTPOHHBIX PEAKIHH, C [IEBIO ONPE/IEICHNS HIEMEHTHOTO | CONPOBOMKACHNS — MPONECCa  MHTEHCH(HKAIMH  HedTeoTiaun
KapoTax _ | cocTaBa ropHBIX MOPOJ ¥ MPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHK PETUCTPHPYEMOTO | KOJIIEKTOPOB.
CHEKTPOMETPHIECKHH | o royeppry
(MHI'K-C) - U3-3a manoit rmyourHOCTH (7-12 €M) H, KaK CIIeICTBUE, OOIBIIOTO
Momuduramus YKK. OCHOBHBIMH PACYETHBIMH IApaMETPaMH CIIY)KaT MaKpOCEUCHHE 3axBara TEIUIOBBIX | MCKAKAOIIETO BJMSHUS 3alOJHHUTENIS CTBOJIA W KOHCTPYKIHH

HEWTPOHOB M KOA(PQHUIEHT HEPTEHACHIIIEHHOH MOPHCTOCTH, a TAKXKE OTHOIICHHS CueTa
C/O u Ca/Si B OKHax, XapaKTepH3YIOUIMX 3JIEMEHTHI, ONpEAENSIOIINE, TPEXIe BCEro,
JIUTOJIOTHYECKYIO IPHHAJIC)KHOCTD M HACBHIIIIEHHOCTH TTOPO/I.

CKBWKHUHBI JUISI TIOJIy4EHHS KauyeCTBEHHBIX M JIOCTOBEPHBIX
pe3yiabTaTOB  HCCIEAOBAaHWS  JOJKHBL  TPOM3BOAMUTICA B
Henep(OpHUpPOBaHHOM IUIACTE€ MOCJIE Pac(hOPMHUPOBAHHS 30HBI
TIPOHUKHOBEHHS.

40




3 Memoowvl onpedenenus mexHu4ecKo20 COCMOAHUA 00CANCEHHBIX CKEANCUH
3.1 Onpedenenue ceomempuu cmeond ¢ ROMOWbIO dNeKMPOMEXAHUYECKUX YCMPOUCME
3.1.1 MaKITuHOMETPHS V3MepeHnst 3eHUTHOTO YTJIa U a3UMyTa CKBaXXHHBI 110 TITyOMHE C MMOMOIIBI0 MAaTHUTHBIX | [IpH KOHTpOJE TEXHHYECKOTO COCTOSIHHS HWCHOJB3yeTCs Kak
CKBa)XKUH U TUPOCKOITUIECKHUX YCTPOHCTB C IOCIEAYIOIIMM PAacdeTOM KOOPIMHAT OCH CKBAaXKHHBI, | BCIIOMOTATEIBHBIN METOJ JJIS: OIpeAeICHUs aOCOIOTHBIX OTMETOK
a0COJIFOTHBIX OTMETOK TIIyOWHBI MO JJIMHE CTBOJA, YJJIMHCHUS CTBOJIA, BEJIUYMHBI M | M TIYOUH PACIOJIOKCHHS SJIEMCHTOB KOHCTPYKIIMHM CKBaXKHHBI, a
HAINPaBJICHUS CMEIICHUS 320051 CKBaKHHBI OTHOCHTEIBHO YCThS. TaKXKE TCOJIOTHYCCKUX OOBEKTOB, YTOYHCHHS MECTOIOJIOKCHHUS
npubopa M TPHUBA3KH Pe3yIbTATOB K JIOKAIGHBIM 30HAM CTBOJIA
CKBaKUHEL.
3.1.2 Wzmepernne (HopMBI B pa3MepoB IMOIIEPEYHOTO CEYCHHUS CKBAKMHBI M WX M3MEHEHHUs ¢ | OmpenelicHHEe TEOMETPHH CTBOJNA C BBIABICHHEM aHOMAJBbHBIX
B NIyOWHOW TPU HEMPEePBIBHOM MMEPEMEICHUH TIyOMHHOTO Mprbopa Mo CTBONY. 3aMephl | M3MCHEHHUI MapaMeTpOB €ro cedeHHs (CaJbHHUKOB, CKOIUICHHIMA
epTUKaNbHAS

poGUIEMETPHsI CKBAXKUH

MPOBOIAT B OBYX B3aWMHO TMEPICHAUKYISIPHBIX HANpPaBICHISX, WHTCPIPETAIHS
Pe3yIBTaTOB MPOBOJUTCS B MPEIIIOI0KEHUH, YTO CCUCHIE CKBAKUH MPEICTABISCT HIUIHIIC,
a OTPEETSIIOTCS pa3MePhI ero OOJBIION U MaJIoi oceil.

IUIaMa | 1p.), SKCIPECCHOE IONYYCHHE NAHHBIX, HEOOXOIUMBIX
JUIS: OLGHKM oObeMa cTBoJa (B TOM 4YHCIE MpU IOJACYETE
KOJIMYECTBA LIEMEHTa UL M30JLILUH 3aKOJIOHHOTO IPOCTPaHCTBA);
NpPEeAYNPEXICHHUsT OCIOKHEHUH TpH CIycKe 00CaIHBIX KOJIOHH;
BBIOOpa MHTEPBAJIOB IIAKEPOBKH NPU PAbOTE MIIACTOUCIIBITATEISIMU
Ha OypWIBHEIX Tpy0ax; 000CHOBaHUS PadOT MO TUKBUAALNH aBapuit
Y MOJ3€MHOMY PEMOHTY CKBa)KMH

3.13

l'opusoHTanpHas
poGUIEMETPHsI CKBAXKHH

JleranbHoe HM3yueHHE NMPOQMIS IMONEPeYyHOro ceueHusi Ha (DUKCHpPOBaHHOU TiIyOHHE C
MOMOIIBI0 TIIyOMHHOTO TpuOOpa, 000pPYJOBAaHHOTO HECKOJIBKMMH (BoceMb M Ooiee)
HE3aBUCHMBIMH HM3MEPUTEIbHBIMH pBIYaraMH, pPAacKPHIBAIOIIMMUCS TIPH OCTAHOBKE
npubopa Ha OMpeAeNeHHOW TOYKE pa3pe3a CKBaXHWH. J[Js NeTanbHBIX HCCIe0BaHUI
MOBEPXHOCTH CTBOJIA HMJIM KOJOHHBI TPYO MPUMEHSIOTCS MHOTophrdaxubie (multi-finger)
npoduieMepsl ¢ YNCIOM pBIYAroB-AJIBIEB A0 copoka u Oonee. I[lpm m3mepenun
TIOCJIC/IOBATENILHO ONPENEISIETCS PAINyC PACKPBITHA KaXKIOTO M3MEPHUTEIILHOTO phlyara u
MMPOU3BOAUTCA OpHCHTAIUA PpacCIoJI0XKEHUA N3MEPUTECIIBHBIX pbrr4aroB HpI/I60pa
OTHOCHTEJIFHO HAIPaBJICHNS! HA MATHUTHBIN CEBep.

Bonee TouHOE ompeneneHHe KOHQHUTypamuu IIOIEPEHHOTO
CCUCHHS CKBAXXHHBI. IIeTaJ'II)HOCTI) TaKuX I/ICCHG}Z[OB&HI/II‘/’I MO3BOJIAACT
MOJYYUTh Pa3BEPTKY CTEHKH CKBAXXHMHBI, BBIICIUTH TPEIIUHEL, a B
uHTepBae nepdopanny oTaeabHbIE ep(opalMOHHbIE OTBEPCTHS.

314

KasepHomeTpUs CKBaKUH

YacTHbI ciTydail BEpTUKAIBHOM MPOoQUIeMETpHH, KOTa U3MEPSIIOT U3MEHEHUS 110 CTBOITY
CKB&)XUHBI CPEAHETO (HaKTHYECKOro AUAMETpa, M0J| KOTOPBIM I10/Ipa3yMeBaeTCsl TUaAMETP
Kpyra, 3KBHBAJIEHTHOIO MO IJIOMIAAN MONEPEYHOMY CEUEHUIO CKBAYKUHBI HENPaBUIIBHOM

(hopMBEL.

CaMpblil pactpOCTpPaHEHHBI METOJ] KCIPECCHOTO OMNpeeIeHUs
cpemHero u (paKTHYECKOTO JUaMEeTpa CKBAXKUHBI, HEOOXOIUMOTO
npu uHTeprnperanuu pesynbratoB ['MC, moAroroBke K CIIyCKY
O6Ca}IHOﬁ KOJIOHHBI 1 IEMEHTUPOBAHUUN CKBAKWHBI.
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3.15

TpyOusre Mmoguduxanuu
npodunemerpun (s
00Ca)KEHHBIX CKBa)KUH)

OmnpenencHne reoMETPUIECKUX MTapaMeTPOB 00CaTHBIX KOJIOHH, TUarHOCTHKA MHTEPBAIOB CMSTHS, H3HOCA KOJOHHBI, pa3phIBOB OOCAIHBIX TPYO, CaTbHUKOB B
TpybOax (oOpa3syromuecs BCIESACTBHE HAJIMIAHHUs IIEMEHTHOM KOpPKH, (DOPMUPOBAaHUS PA3IMYHOTO THUIA OTIOKEHWH Ha CTEHKaX CKBaXKHHBI). lloBbllIeHHE
JIOCTOBEPHOCTH KOJIMYECTBEHHON MHTEPIPETAMU PE3YJIbTaTOB I'MAPOIMHAMUKO-T€OPH3HYECKUX METOIOB (B YACTHOCTH, MEXaHUYECKON M TEPMOKOHTYKTHBHOM

pacxoaoMeTpuH) IpH MX KOMIUIEKCHPOBAHUH B €IMHON COOPKE CKBaKMHHBIX IPHOOPOB.

3.2

Onpebeﬂenue Kadecmea yemenmupoeaHnust, ceomempuu cmeojia u 00CaoHOll KOJIOHHbL C HNOMOWbIO AKYyCMU4YeCKUx Memooos

3.2.1

AxycTHYecKHit
nemenToMep (AKILL)

W3mepsitoTcsi XapaKTePUCTHKH BOJHOBBIX IIaKETOB, CO3/1aBaCMBIX HCTOYHHKOM C
yacToToi m3mydenus 20-30 k['1, pacnpocTpaHsIOMMXCs B KOJIOHHE, IEMEHTHOM KaMHe U
TOpPHBIX TTopoaax. B kxadecTBe HHPOPMATUBHBIX XapaKTEPUCTUK MCIOJIB3YIOT: aMIUIUTYIbI
Ax i ko3 dureHT 3PEeKTUBHOTO 3aTyXaHHs BOJIHBI 10 KOJIOHHE B (DUKCHPOBAHHOM
BPEMEHHOM OKHE; HHTEpPBaJbHOE BpeMs M aMIUIMTYAbl (WM 3aTyXaHWe) IepBbIX
BCTYIUICHU BOJIH, PACIPOCTPAHSAIOIIUXCS B TOPHBIX OPOJIAX.

YcTaHOoBIIEHUE BBICOTHI IOIbeMa IEMEHTA, ONPEIEICHUS CTETIEHU
3aII0JTHCHHUS 3aTpyOHOrO MPOCTPAHCTBA LIEMEHTOM,
KOJIMYECTBEHHON OIEHKA CIEIUIEHHS IIEMEHTa ¢ 00camHoi
KOHOHHOﬁ, KaHeCTBCHHOﬁ OLCHKHU CUCIIJICHUA LICMCHTA C FOpHLIMI/I
MOPOJAMH.

VYcraHoBneHue xapaktepa Ie(eKTOB (KaHajbl, Pa3pbIBbl WU
MHKpO3a30pbl) B OOJBIIMHCTBE CiIydacB 3aTpynHeHo. JIoOble
Je(eKTHI MM UX COUETAHHS BBIPAYKAIOTCS Yepe3 YCIOBHbII TEPMHUH
«CIIJIOIIHOCTh KOHTaKTa.

CHI/I)KCHI/IC TOYHOCTH IpPHU HCCICAOBAHUU BbBICOKOCKOPOCTHBLIX
paspes3oB.

3.2.2

To e Ha ocuoBe BAK

Pabora mo mpuWHIMIY BOJHOBOTO aKyCTHYECKOTO KapoTaka C PEerucTpamnueil BCero
CIIEKTpPa BOJIH M MX BU3yaln3aluuel B BUE (ha30-KOPPEISILIMOHHBIX AUATPaAMM.

[To3BossitoT ~ paboTaTh  BBICOKOCKOPOCTHOM  paspese,  HO
MPOUTPHIBAIOT 10 HHPOPMATHBHOCTH aKyCTHIECKOMY CKaHEpy.
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3.2.3

W3zyuaercst oTpakaromas CIIOCOOHOCTh ITOBEPXHOCTH CTEHKHM CKBa)XHHBI TpPH e

[IpumeHAIOT A7 AETaNbHBIX HCCIEAOBAHMI CTPYKTYPHBIX

. o0JIydeHUH YJIbTPa3ByKOBBIMH HMITyJIbcaMH. [ 'eHepupyemble TIIIyOMHHBIM 30HJOM | HEOJHOPOJHOCTEH  IMOBEPXHOCTM  CTEHKM  CKB&XKWHBI  WIH
AKYCTHYECKUH CKanep- UMITYJIbCHI OTPaXKAIOTCS OT CTEHKH, JIBUTAIOTCSl B 00paTHOM HaIlpaBJiICHUH M MPUHUMAIOTCSl | BHYTPEHHEW CTEHKH 00CaJHOM KOJIOHHEI.
TCeBU30p 3JIEKTPOAKYCTUIECKUM  (TIbE303JIEKTPUIECKAM) TIpeoOpazoBaTeneM, padOTaromuM B
PeKHME «HM3ITydaTeTb-PUEMHUK». TaM OHM IpeoOpa3yloTcst B JJIEKTPHUUYECKHE «IXO- AKycmqe(jKHe H300paKCHMA MOBEPXHOCTH  CMIEHKU  He
CHTHAJIBI», IepeAaBacMble MOCJIE YCHICHUS M JETEKTHPOBAaHUS 10 TIeo(U3NYECKOMY 06caKcenHot  CKeadcutsl TIOSBOIAIOT OMPEAENATE: TEOMETPHIO
KaBeIio B HA3EMHBIH PETHCTPATOP. MOBEPXHOCTH CTEHKH (B TOM YHCIIE IUArHOCTHPOBATh HAIMYHEC
JKEJI000B); JIUTOJIOTHIO W TOJIIUHBI IEPECEKAeMbIX CKBa)KMHOMN
30HA TepeMeInaeTcs 10 CTBOJIY € NMOCTOSHHOW CKOPOCTBIO, OJJHOBPEMEHHO BPAIasCh | IPOCIOEB, XapakTep WX BBIKIMHUBAHUA, ONHOPOIHOCTH IO
BOKpPYT ocH. CKOPOCTH NepeMeIleHNs U BPAILeHNs MOA0MPAIOTCS TaK, YTOOBI peai30BaTh | TOJNIIMHE; HATMYKE BKIIOUCHUI 1 30H TPEIINHOBATOCTH; pa3Mephl U
HENpephIBHOE CKAHWPOBAHUE OBEPXHOCTH CTEHKH. OPHEHTALUIO TPEILUH.

Takum oOpa3oM, QopMupyeTcss HENpephIBHOE «yIbTPa3ByKOBOE» H300paxkeHHE B saxkpwimom (obcascennom) cmeone MOKHO TUarHOCTUPOBAThH
CTEHKH CKB)XHHBI — JXOTpaMMa C OYeHb BBICOKOH CTENEHbIO pa3peuieHust (TepBble | Ae(eKThl,  HapylIalole  IEJIOCTHOCTh  AKCILTyaTal[HOHHOW
MHJUTIMETPHI). KOJIOHHBI,  ONpPEIENATh MECTOHAXOXKACHHE M KOJIMYECTBO
nepopalioHHBIX ~ OTBEPCTHI, ONPENENsTh MECTOIOJOXKCHUE

MY(QTOBBIX COEANHEHUIA.
3.24 OCHOBHBIM JIEMEHTOM 30HJa (aHAIOTMYHO 1.3.2.3) SIBISIETCS 3JEKTPOaKyCTHUECKUI MpeoOpa3oBarelb, pabOTaIOINA B PEXKUME «H3IIY4aTelb-IIPUEMHHKY.

To ke ¢ coBMenIeHUEM
(GyHKIMH TOJNIMHOMEpa-

30H1 CHHXPOHHO BBIMOJIHACT ()YHKIIUU HE TOJILKO CKaHepa (MMUKepa) HO U IIeMEHTOMepa. 3a OJH 000pOT 30H/1a BOJTHOBAsI KApTHHA CKaHepa MpHUHUMaeTcs 128
pas, a uementomepa — 30 pa3. [IpuHipn paboThl UMHKEpPA U PEIIAeMbIC UM 3a/[a4d aHAJIOTMYHBI OMTUCAHHOMY B 1. 3.2.3.

eMEHTOMepa HH(popMaTHBHOCT BOJHOBBIX KapTHH LieMEHTOMepa obecrieunBaeTcsi 3 (ekToM peBepOepanny, aMIUTUTYHO-9ACTOTHAS XapaKTEPHUCTUKA CBS3aHHBIX C 3THM
3¢ deKkToM aKyCTHIECKUX KOJIeOaHUH OTPaXKatOT TOJIINHY TPYObl, CTEIIEHb 3aII0JTHEHHUS 3aK0JIOHHOTO MPOCTPAHCTBA IIEMEHTOM U HaJIM4Ke KOHTAKTA C [IEMEHTHBIM
KOJIBIIOM. V3MepeHHsl y3KOHAIpaBJIEHHbIM aKyCTHUECKMM BO3JIEHCTBHEM IO3BOJISIET M3Yy4aTh PAcIpe/elieHUs] NePeunCIIeHHBIX NapaMeTpoB Mo oOpasyouien
TPYOBI.

3.3 Ymounenue ceomempuu u OuacHocmuxa mexHu4ecK020 coOCMOAHUA 00CAOHBIX KOIOHH ¢ NOMOWLIO DIEKMPOMASHUMHBIX MEMOO08
331 30H]1 BKIIFOYAET MMOCTOSHHBIE MarHUTBI M IIPUEMHYIO KaTyliky. [Ipu nepemeniennu 30112 YTOuHEeHHE  MECTOIOJIOKEHHSI  DJIEMEHTOB  KOHCTPYKLHUH
M . N0/l BO3JCHCTBHEM METAUIMYCCKHX (DParMEHTOB KOHCTPYKIMH CKBa)XWUHBI (BCICACTBHE | CKBOXHMHBI, MNpUBs3Ka pesyiapraroB III'M  k  sneMeHTam

ATHATHBIM JIOKATOP | psyenerus CIUIONIHOCTH METallIa) MOJIe, CO31aBaeMOe MATHHTAMHE, Ie(OPMUPYETCS W B | KOHCTPYKIIHHL

Myt

KaTyIIKe TeHEPUPYETCs IJICKTPUIECKUi TOK. VI3MeHeHne CHITBI TOKa 0 TIIyOnHE OTpakaeT
KOHCTPYKTHUBHBIE OCOOCHHOCTH CKBa)KHHBI.
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3.3.2

JedexTockombt
(MHTPOCKOITBI) HA OCHOBE
MOCTOSIHHOTO
9JIEKTPOMArHUTHOTO TTOJIS

OneMeHTaMH 30HAA SIBISETCS HAaMarHUYMBAIOIIee YCTPOHCTBO (IJICKTPOMATHUT),
co3jafoliee Ha CTEHKax KOJIOHHBI MAarHUTHOE MOJIE M HECKOJIBKO JAaTYUKOB YTEUKU
MarHMTHOTO 1oToka. [Ipu mepemenieHny 30H1a BJIOJIb KOJIOHHBI JaTUYUKH pearupyloT Ha
W3MEHEHHe penbeda IMois, CBA3aHHOe ¢ AedeKTaMu U JpyTuMH ocoOeHHOCTAME. [Ipnbop
KoMIutekTyercst 6iokamu 'K u TonmmuHOMeTpHu.

YTouHeHHe W BH3yalM3alUsd OCOOCHHOCTEH  KOHCTPYKIIHH
CKBOXUHBI U COCTOSIHUS 0OCaJHOH KOJIOHHBI, B TOM YHCIE:
Jne(eKkToB U 0COOEHHOCTEH KOJOHHBI (TPEIMHBI, KABEPHBI, S3BBI,
MOTEpH  MeTalya,  Makep-My(Thl, TWIB3BL,  IEHTPATOPHI,
nepgopanys 1 0p.); THna 1 Gopmsl Ae(PEKTOB; MECTOIIOIOKEHUS
nep(OpaIOHHBIX OTBEPCTHH, ITOJI0KEHHS DJIEMEHTOB 3aKOJIOHHOH
KOHCTPYKIIMH; BEIMYMHBI 3330pa B My()TOBBIX COEANHECHUSIX.

[To3BossieT n3ydyaTh MOBEPXHOCTh M JE(PEKTHI TOIBKO IEPBOI
KOJIOHHBI C ONPEAEICHHEM JHMIIb €€ CpPEeIHEH TOMIIMHBI 10
ceueHunto. [IpuMEeHUM TOJIBKO B KOJIOHHAX OOJIBIIOTO AUAMETpa.

3.3.3 JledpekTOCKOTIBI
(medexromepsr) Ha
OCHOBE TIEPEMEHHOTO
TapMOHHYIECKOTO
DJICKTPOMArHUTHOI'O ITOJIA

OneMeHTaMH 30HJa  SBJSIIOTCA  TI'EHEpaTOpHble M U3MEpUTENbHBIC  KaTYIIKH,
peructpupyomme OJIC BuxpeBbix TokoB Dyko, oTpakaromue ae(eKTbl KOJOHHBI U
TOJNMIINHY CTEHKH. MI3MepeHre TOMIUHBI KOJIOHHBI OCHOBAHO Ha aHAJIN3e pa3HOCTH (ha3 ToKa

B FeHepaTOpHOﬁ n I/I3MCpPITCJ'ILHOI>i KaTylkKax OTHOCUTCIbHO HOMUHAJIbHOTO 3HAYCHUA .

BrisiBiieHHE IPOIOJIBHBIX U MTONEPEYHBIX Ae(DEKTOB IO TEIy TPYO;

KOHTPOJIb 3a30pOB MCXKAY HUX TOopHaMHu W MPaBUIBHOCTH
CBMHYHMBaHUA 06C8.,I[HBIX KOJIOHH; 06Hapy)KGHI/Ie MOPBIBOB U
TpCIIMH B pr6aX O6C21Z[HLIX KOJIOHH, OIpPCACIICHUEC UX

NPOTSHKEHHOCTH U PACCTOSHUSL 10 My(DTOBBIX COCIMHEHHUH.

Ilo3BosisIeT UCCAEI0BaTh COCTOSIHUE TOJIHKO HepBOI7I KOJIOHHBI.

3.3.4 JledpeKTOCKOTIBI
(mehexTOMEephI)Ha OCHOBE
UMITYJIbCHOTO
MePEMEHHOTO
DJICKTPOMAIrHUTHOI'O IOJIA

Wsyyaercs 3aTyxaHue BO BpPEMEHH BHUXPEBBIX TOKOB, CO3JAHHBIX HWMITYJIbCHBIM
AIEKTPOMArHUTHBIM BO3JCHCTBUEM, CO3/1aBAEMBIM T'€HEPATOPHBIMU KATYIIKAaMHU 30HA.
HecTtannoHapHBII XapakTep BO3ICHCTBUS II03BOJSIET B YCIOBUSAX MHOTOKOJOHHOM
KOHCTPYKIMHU CKBAKHHBI OMPEACIATh TONIIMHBI M IUATHOCTUPOBATh Te(EKTH KOJIOHH, Ha
Pa3IUYHOM YAAJIEHUU OT OCH CKBa)XKHHBI. O0CIIeI0BaTh COCTOSIHUE KOHKPETHOW KOJOHHBI
MO3BOJISIET BEIOOP COOTBETCTBYIOIIETO MHTEPBAalia HAa KPUBEIX penakcanuu moist DJ(C.

JloTOMHUTENBHO K BO3MOKHOCTSM, MEPEUMCICHHBIM B 1. 3.3.3
JMAHHOM TaOJHIBI TMO3BOJSICT HWHAMWBUAYAJIBHO HCCIICI0BAThH
COCTOSIHHE Ka)KIOH KOJOHHBI B CKBOXHHAX C MHOTOKOJIOHHOW
KOHCTPYKIIHEH, JUArHOCTHPOBATH TOPBIBEI H
TPELINHBI, HHTEPBAJIBI H3HOCA, HHTEHCUBHOM KOPPO3uH (006CaIHBIX
kosioHH U HKT); olleHUTh TONIIMHY CTEHOK KaX IO KOJIOHHEI.

B TOM 4YHCJIC:

3.4

Onpedenenue dedexmos 00CAOHOU KOIOHHbL U YEMEHMHO20 KAMHSL MeMOOaMU paouomempuu

34.1

TI'amma- kapotax

MeTtoa ucciienoBaHusl T€0JOTUIECKOTO pa3pe3a CKBAXXWH, OCHOBaHHBIM Ha perucTpanumn
HSHy‘ICHHﬁ, HCIIYCKACMBbIX €CTCCTBCHHO PA/IMOAKTHBHBIMHU 3JICMCHTAMU I'OPHBIX TOPO.

VBa3ka pe3ynbraroB I1II'M u ux npussaska K pa3pe3y CKBa)KUHBI,
BBE/ICHHME IIONPAaBKH 32 E€CTECTBEHHBIH ramMMa-(oH B IOKa3aHUs
ramMmma-ramMmma 1e()eKTOMepOB M [IEMEHTOMEPOB.
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3.4.2

l'amma-ramma
nedexromerpus

3.4.3

I'amma-ramma
LIEMEHTOMETPHS

PCFI/ICTpaHI/Iﬂ WHTCHCUBHOCTH PACCECAHHOIO TaMMa-U3JIy4€HUSI OT HCKYCCTBEHHOI'O
HNCTOYHHKA <GKCCTKOT'0» raMMa U3JTYyUCHUA (HHOTHOCTHOﬁ ramMma-raMmma MeTOZ{).

CoBpeMeHHasi KOMIUICKCHAsl —ammapatrypa OIHOBPEMEHHO BBIMOJHACT (DYHKIUIO
nedekTomMepa U reMeHTomepa. [ TTyOMHHBIA MPHOOP MPEencTaBiseT COO0W KOMOWHAIIMIO
kopoTkoro (10-20 cm) m mmaHOTO (30-50 CM) 30HIOB C OJHUM HCTOYHHKOM. J[THHBI
30H/IOB U YIJIbl HAKIIOHA KOJUTMMAIIMOHHBIX OTBEPCTHH MOAOOPaHBI TaK, YTOOBI MOKA3aAHUS
30H/a 3aBHCEIM OT TOJIIUHBI OOCAJHOW KOJOHHBI (KOPOTKHU 30HJ) WIH IIOTHOCTH
[IEMCHTHOTO KaMHsS 3a KOJIOHHOM (AMMHHBIA 30HA). Hamboslee 4acTo HCIONB3YIOTCA
MHOTOKaHAJIbHBIH 30HJ C HECKOIbKHUMHU (HE MEHee TPeX) B3aMMHO SKPaHHPOBAHHBIMHU
HeTeKTOpaMI/I, paCHOJ’IO)KeHHI)IMI/I CI/IMMeTpI/I‘-IHO OTHOCHUTCJIBHO OCH.

OmpeneneHne SKCHEHTPHCUTETa, CpPENHEH 10 MEPUMETPY
TOJIIMHBI ~ 00CagHOM  KOJIOHHBI,  MECTOINOJIOXKEHUs  Mydr,
LHEHTpUpYyoUMX (oHaped, NakepoB M JAPYruX D3JIEMEHTOB

KOHCTPYKIIMH CKBa)KHHBI, OLICHKA CTEMEHH MEXaHHYECKOro |
KOPPO3HOHHOTO U3HOCA TPYO U mp.

OmnpeneneHre BBICOTHI IMMOABEMa IIEMEHTA B  3aTpyOHOM
MPOCTPAHCTBE; OMPENCIICHUE TUIOTHOCTH BEIIECTBA B 3aTPpyOHOM
MPOCTPAHCTBE: UHTETPAIBHOMN, CENCKTHBHOM, MaKCHUMAIBHOW H
MUHUMAJIbHOM, OICHKAa OJHOPOAHOCTH 3allONHECHUS 3aTPyObs
TaMIOHAXKHO! CMEChIO0

3.4.4 CkBa)xMHHOE

O6CJ’ICZ[OBEIHI/IG CTBOJIa CKBaAXXHWHBI C IIOMOIIBIO MHHHaTIOpHOﬁ BUACOKAMCPHI.

HUccrenoBanne HKT u 06cagapIx TpyO Ha MpeaMeT pacCTHIKOBOK

BUJIEO U MEXaHMYECKHX IOBPEkKJEHHH, 00CIeoBaHNE 3acTpSBIIMX B
CKBaOXHHE IMPEIMETOB, MCCIECJOBaHHE TPUTOKA IIIACTOBBIX
¢uronioB, nepdopannu 1 00pa30BABIIUXCS TBEPABIX OCAAKOB, a

TaKke 00ce0BaHue 32005 CKBaKHUHBI.

4 Memoodwvl onpedenenus npogueri npumoxa-cocmaea u RPUEMUCMOCU
41 Pacxooomempusa ckeasxcun

411 YyBCTBUTEIBHBIM JIEMEHTOM MEXaHUYECKUX PACX00MEPOB SIBIISIECTCS MHOTOJIOIIACTHAS [TpumeHeHne MeTo1a OTPaHUUYECHO TPH HU3KUX JIeONTaxX CKBayKHH.
P TypOuHKa (BepTylika), 000pOTHI BpaleHHs: KOTOPOI 3aBUCST OT CKOPOCTH oOTekaromiero | Ha pesynbratel M3MepeHHMI HEraTHMBHO BIHMSIOT HeCTaOWIIBHBII
acxonomerpui JATYUK IIOTOKA MXHJIKOCTH WM Ta3a. [lo HM3MEHEeHHI0 CKOPOCTH MO JUIMHE CTBOJa | (MyJbCHPYIOUMH) peXUM paboThl CKBAaXHMHBI, HalIM4Yhe B
mexanmrieckad (PM) ONIPEEIAIOTCS CYMMAapHBIH OOBEMHBI M MaccoBOTO pacxXoibl AOOBIBAIOIIEH W | MPOAYKIMM  MEXaHHYECKHX  IpuMeced,  HEepaBHOMEpPHOCTb

HACHETATEIbHONW CKBaXXHMHBI, BBIJICISIOTCS WMHTEPBAJIBl MPUTOKA W MPHUEMHUCTOCTH,
BBIIIOJIHACTCA KOJIMYCCTBCHHAs OIICHKA HpO(bI/IJ'ISI IMpUTOKa (HpI/IeMI/ICTOCTI/I), B TOM YHUCJIC
OTIpeJieieHue JIOJM B TMPHUTOKE (3aKadyKe) COBMECTHO pabOTalolUX HHTEPBAJIOB,
MPOBOJIMTCS TUATHOCTUKA U OLIEHKA MEXILJIACTOBBIX IEPETOKOB IO BHYTPUKOJIOHHOMY
NPOCTPAHCTBY, a TAaKKe BBIJCIICHHE IPUTOKOB (IIOTJIONMICHMSA) CBS3aHHBIE C

HETCPMETUYHOCTBIO 3yan)a 1 3JIEMCHTOB KOHCTPYKIIMH CKBAKWHBI.

JIBIDKEHUS TIPHOOPA, HEMOCTOSHCTBO (PM3UKO-XUMHUYECKUX CBOMCTB
IOTOKA, TPAaeKTOpHUs cTBOJA (OOibIIME YIIBl HAKJIOHA CTBOJIA
NPUBOAST K paccioeHuto (a3 M K HEPAaBHOMEPHOCTH OSIIOPEI
CKOpPOCTH), MHOTO(a3HbIi TPUTOK W  MHOTOKOMIIOHEHTHOE
3anoyHeHHe CTBoJA. CyIIECTBYIOT Takke OTpaHMYEHHSA IO
MHHMMaJbHOMY ompesensemMomy pacxony (5 wmS/cyr) u 1o
MPOXOAMMOCTH NIPHOOpa B CKBOKMHE M3-332 HAIWYMWS MaKepa WU
JIPYTUX CYKEHUH.
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412

Pacxonomerpus
TepMokoHaykTUBHas (PT)
WM TEPMOAHEMOMETPUS

UyBCTBUTENBHBIM 3JIEMEHTOM TEPMOAHEMOMETPOB SBIISICTCA JAATIYUK — PE3HCTOP,
HarpeBaeMblif 3JEKTPHUUECKUM TOKOM JO TeMIepaTyphl, MPEBBIIIAIONIEH TeMIepaTypy
cpenbl. HaGeraromuit moTox dQuronna BeneacTBue 3(GQeKTa TEMIOOTAAYH OXJIaXIacT
JaT4uK. BennunmHa TEIUIOOTHAYM 3aBHCHT OT CKOPOCTH IIOTOKa (IIIOMIa B CTBOJIE
CKBaXHUHBI. TakuM 00pa3oM, M3MEHEHHE TeMIlepaTypbl JaTiMKa IO JJIMHE CTBOJA IPU
PaBHOMEPHOM IepeMEeNICHUH NpUOopa oTpaxaeT NpoQuiIb IPUTOKA UIIU IIPHEMHUCTOCTH.

MerTo MPUMEHSIOT AJIs1 BBIABICHUS HHTEPBAJIOB NPUTOKOB HIIH
NPUEMUCTOCTH  (IIIOMIOB,  AWArHOCTUKH  MEXIIACTOBBIX
BHYTPUKOJIOHHBIX  IIEPETOKOB, HETEPMETHYHOCTH  OOCaIHBIX
KOJIOHH, OLEHKH pa3fenoB ¢a3 B  CTBOJIE  CKBaXHHBI.
KonudecTBeHHas OIjeHKa CKOPOCTH ITOTOKA HE HaJIEKHA BCIIEJICTBHE
CWJIBHOW 3aBHCHMOCTU IIOKa3aHUMl OT cocTaBa U CTPYKTYpBI
JBIDKYIIETOCS 10 CTBONY (UIIOMAA, HANpPaBICHHUA JBIKCHUS
duronia, TemmepaTypel cpeipl M MOIIHOCTH HarpeBartens. llpm
OJTHOPOJTHOM IIOTOKE JIOIYCKAIOTCS HNPUOIMKEHHBIE OLCHKH
OTHOCHTENIBHBIX ~ PacxXofoB  JUIi  COBMECTHO  pabOTaroLIuX
uHTepBanos ot 0.5 M¥/cyT.

4.2 Memoovwl onpedenenus cocmasa

Mertoap! penHa3HAYEHBI U ONPEICICHUs cocTaBa (DIIOWAOB B CTBOJE CKBaKUHBL. Pe3ynbTaThl MCIONB3YIOTCS Ul AMArHOCTHKHA OOBOAHEHHBIX MHTEPBAJIOB, U3YyUCHUH JHHAMHKU
BBIpa0OTKN (OOBOJHEHMS) IUIAacTa, MHTECPBAJIOB BHYTPUKOJOHHBIX MEXKIUIACTOBBIX IIEPETOKOB, YCTAHOBJIEHHHM MECT HETEPMETHYHOCTH KOJIOHHBI. IIpH clI0XHOM MHOTO(A3HOM
(MHOTOKOMITOHEHTHOM) 3aIllOJTHEHHHU CTBOJIA METOABI IO3BOJIIOT ONpPENeNIATh XapakTep (I07H) paclpeneneHuss KOMIOHEHT o o0beMy. COOTHOIIEHHE CKOPOCTEH KOMIIOHEHT MOXKHO
YBEPEHHO OLIEHUTH TOJILKO TIPH JUCIIEPCHOM CTpYyKType motoka. [Ipu Oosnee clI0XHBIX CTPYKTypax (IIPOOKOBOM, KOJBLIEBOW U Mp.) OLIEHKE IPEIATCTBYET 3HAYMTEILHOE Pa3InYue MEXKIY
coboif ckopoctell komroHeHT. CyIIecTBYIOIINE KOPPEISIINOHHBIE CBA3M, OMMCHIBAIOIINE IAHHBIE PAa3JIMUUs NMEIOT OTPAaHMYCHHOE NPUMEHEHHE M HHU3KYIO TOYHOCTDH 33 HCKJIIOYCHHEM
MoaupuKanuii mpodopoB «PLT» ¢ MHOrOAaTYMKOBBIMU CEHCOPAMH, PACIIOI0KEHHBIMH 10 CEYSHHUIO TOTOKA U MTO3BOJIIOIINMH OLEHUBATh XapaKTEPUCTUKH CTPYKTYP MOTOKA.

421
JusibkoMerpuueckas
BIIaroMeTpus

Meto/i OCHOBaH Ha HW3yYEHHH OTHOCHTEIBHOW HAJIEKTPUUECKON MPOHHUIAEMOCTH
(bIoU0B B CTBOJIE CKBAaXKMHBI, CYIIECTBEHHO OTiHUaromeics mans Boasl (ot 50 mo 80
OTH.en) u yriieBoaoponos (1.5-2.5 otH.ex.)

[Ipu 0O0BeMHOM coOnepKaHUU BOABI B IpoayKIuu cBeimie 40-60 %
METOJ] TPAKTHYECKH HE pearupyeT Ha MalbHEHIINEC H3MCHEHUS
Biarocojepxanusi. Hanbosee OnarompusiTHBIMU YCIOBUSIMH JIJIst
BBIJICTICHUS] WHTEPBAJIOB OOBOJHEHUS SIBIISICTCS €r0 HavaIbHAs
craaus (MepBbIe MPOICHTHI BOJBI B IPOAYKIIHH).

B HakJIOHHBIX CKBa)XXMHAX MPU OTCYTCTBUU IIEHTPATOPOB U MaKepa
JATYUK MprOOpa pearupyeT Ha BIarocoIepKaHue TOJIbKO y HIKHEH
CTCHKH KOJIOHHEI

4.2.2

I"'amma-ramma
IJIOTHOCTEMETPHS

(TIOTHOCTEMETPHS)

WudpopmatuBHOCTE 3TOTO MeTOAa Oa3WpyeTcs Ha 3aBUCHUMOCTH TIOTJIONICHHUS U
paccesiHusI raMMa-KBaHTOB BO (uIron[ie (MEKY HCTOYHUKOM «MSATKOTO)» FaMMa-U3TyICHUS
1 IETEKTOPOM TaMMa-KBaHTOB) OT IJIOTHOCTH urtoria. YeM 00oITbIle TNIOTHOCTh CPEJIbl, TEM
0ombIlle WHTEHCHUBHOCTH IOTJIONMIEHUSI M TEM MEHBIIEee KOJUYEeCTBO TaMMa-KBaHTOB
pEerucTpupyeTcs JeTEKTOPOM.

HeGonpbimass ~ 4yBCTBUTENBHOCTH TPH  HU3KOH  IUIOTHOCTH
3aIOTHUTENS CTBOJNA (TIPH CYIICCTBEHHOHN NOJH Ta3a B MPOIYKIIUH
CKBKHHBI).

HeoOxomumocTs  cTpororo  coOmrofeHUs TpaBHI — TEXHUKH
paauanuoOHHON 0€30MacCHOCTH
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423 PesuctuBuMerp mpencraBisier co0OW  AIIEKTPHYECKHH 30HA MAalBIX  pa3MepoB, [o3Bomsier pa3mensaty ruapodwibHEIe (HEPTH B BOAE) H
M3MEPSIONIMIA OTpakasi JJIEKTPUYECKHE CBOMCTBA OMBIBAafOLIEro AaTyuk (irowga. OTo | runpodoOHble (Boga B HeTH) BOJOHE(TIHBIE IMYJIBCHUH, a TAKKe
PeancTaEAMETpHS TMIO3BOJISIET 110 BEJTMYMHE YIEIEHOTO DIIEKTPHYECKOTO CONPOTHBIICHUS (MM TPOBOAMMOCTH) | KamelbHYI0 W YETOYHYIO CTPYKTYphl TEUEHUs THIpO(QHIbHON
(Toxoas nm pas3nuyaTth B CTBOJIE CKBaXHHBI HE(Th, BOLY, Fa3 M MX CMECH. CMECH.
MHIYKIIMOHHAS)
Paznn4aroT MHAYKIMOHHYIO M TOKOBYIO MOAM(HKAIIMN METOA. I'mppodobHass cMech WMEET YIEIBHOE CONPOTHBIICHHUE
(mpoBoguMocTh), Omm3koe K HePTH. DTO MaeT BO3MOXKHOCTH
JIMarHOCTHPOBaTh ciabble MPUTOKM HepTH T1pu  OOoJBLIIOM
COJICP’)KaHUU BOJABI B KOJOHHE ¥ BBICOKAs YyBCTBUTEIBHOCTh K
N3MEHEHHIO MUHEPATU3aluH BOJIBI.
I'mapodmibHas cMech NMEET yIeNBHOE CONMPOTUBIIEHHE OIHM3KOE
K BOJE, 4YTO MO3BOJSIET KOJMYECTBEHHO OLICHHBATh COJIEHOCTH
(MHHEpaIU3alHIo) BOJBI
4.3 bapomempus ckeascun
431 W3mepeHue naBiieHus B CTBOJIE CKBaKUHbI W3ydyenue mnpoduield M3MEHEHHWs JaBlieHHs 10 TIyOuHE, BO
B3aUMOCBSI3H C COCTOSIHMEM (PE&KMMOM pPabOThI) CKBa)KUHBI.
bapomerpus Or1ieHKa INIOTHOCTH U COCTaBa HEMOJABIKHOM M JIBIDKYILIEHCS CMECH,
TUAPAaBIMYCCKUX TIMOTECPb ABWKXYUICTOCA IIOTOKA, YTOYHCHUA
MECTOIIOJIOKEHHST JIEMEHTOB KOHCTPYKIIMU CKB)KHHBI C OLIEHKOM
0e3BO3BPATHBIX MOTEPh JABICHHS B CY>KSHUSX CTBOJIA.
4.3.2 W3mepenne pa3HOCTH JaBICHUH ABYMsI pa3HECEHHBIMH Ha PacCTOSHUE NaTYHKAMU KonmuecTBeHHOE ompesiesieHne MIOTHOCTH B CTBOJE CKBAXKUHBI C
pacdeToM KOMIOHEHTHOTO COCTaBa 3arloJIHUTENEeH CTBOIA
HMuddepennmnanbuas
GapomMeTpus

4.4

Tepmomempus ckeadicum

I/I3y‘I€HI/I€ €CTCCTBCHHBIX (B HEC pa6OTaIOH.lI/IX CKBa)KI/IHaX) 1 UCKYCCTBCHHBIX (CBﬂSaHHbIX C SKCHHyaTaHHCﬁ) TCILIIOBBIX

MoJiei B CKBa)yKHUHE.

[upoko uCHONB3YETCSI B KOMIUIEKCE METOAOB ONPEICIICHUS
MPUTOKA-COCTaBa IMpPU JAHATHOCTUKE MHTEPBAJIOB MPUTOKA H
MPUEMHUCTOCTH, Pa0OTAIOMIMX TOJIIMH KOJUIEKTOpa, HWHTEPBAIOB
MexmactoBeix nepetokoB u 3KII. KocBeHHas koqndecTBeHHAS
OIICHKA JIONM IUTACTOB B MPHUTOKE (3aKadke) IO pe3yibTaTam
TEPMUYECKUX HCCJEIOBAaHUI CKBAXXUH JOMOJHSET pPe3ylbTaThbl
pacxo/JIOMETpUH, a NpPU HU3KOW MPOU3BOJUTEIHLHOCTH CKBaXKHUH
SIBJISIETCS QIbTEPHATUBON JAHHOMY METOAY
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4.5 IHaccusnas akycmuka (wymomempust)
45.1 W3MepeHnst MHTETPaNbHBIX NMACCHBHBIX aKyCTHYECKHX CHTHAJOB, CBS3aHHBIX ¢ pa®otoii | /lmarHocTHMKa 30H aHOMANbHBIX  IIPUTOKOB, KOHTPACTHBIX
CKB&)XUH U IJIACTOB (LIYMOB) B IIMPOKOM JIMana3oHe 4yacToT. Pa3iuyaloT akyCTHYECKyI0 U | MHTEPBaJIOB MHTCHCUBHOM 3aKauK1, MEKIUIACTOBBIX IIEPETOKOB
WuterpaneHas 9JIEKTPOMArHUTHYIO IIyMOMETPHIO
IryMOMeTpus (TTaCCHBHAs
aKyCTHKA)
(Im)
45.2 W3mepeHnsi MHTErpalbHBIX ULIYMOB C OTPaHMYCHHBIM (HU3KHM) JUHAMHYECKHM
c JIMana3oHoOM II0 4YacToTeé M 3BYKOBOMY JaBiieHuto. CraHapTHele Monudukaruu
TICKTpatbHas TIPEIIONIaraloT yYCIOBHOE JelieHrne crekTpa Ha obxactes Hm3KuX (HY) m Bricokmx (BY)
CTaHnaprHas YaCcTOT MACCUBHBIX aKYCTHUSCKUX KOJICOaHUH.
mrymometpus (IIM_BY,
I _HY)
453 HccrenoBanrne aMIUIMTYOHO-YAaCTOTHOH XapaktepucTukd (AYX) mymoB B cTBojde | JmarHocTuka M pa3fenbHOE H3yYCHHE IIYMOB Pa3HOH (PH3MIECKOH
CKBa)KUHBI U BMEIIAIOIIUX IIJIACTaX B HIMPOKOM JIMAINla30He 3BYKOBBIX JaBJICHUI M 4aCTOT | MPHPOABI, MO3BOJIAIOIIEE OTIMYaTh APYr OT Jpyra CHIHAJIBI,
CnexTpaibHasi CBSI3aHHBIE C JBIKEHHEM (UioMga BO  BHYTPUKOJIOHHOM
LIMPOKOMOJIOCHAS

urymometpus (IIM-C)

NPOCTPAHCTBE M NPHUTOKAMH (3aKAa4yKOH), a TaKkKe LIyMBl,
HETIOCPEICTBCHHO BBI3BAHHBIC (MIIBTPALMell JKHIKOCTH M rasa B
mopax  Koiulekropa (B OmmbxHeH  30HE).  XapakTepHOI
OTJIMYUTENLHON 0COOCHHOCTBIO MOCIIETHUX, KAK PABUIIO, SBIISCTCS
AQHOMAJILHO BBICOKAsl 4acTOTA.

OmHUM W3 OCHOBHBIX  WH()OPMATHUBHBIX  MPEUMYIIECTB
COBPEMCHHOM CIEKTPAILHON IIYMOMETPHUH SIBJISIETCS BO3MOKHOCTh
0oOHapyXeHHs Ha (OHE IIYMOB, CBA3aHHBIX C PaOOTON CKBAXKHHBHI,
aHoOMaJuu, OOYCJIOBIICHHbIE (HUIBTPAIMEN >XKUIKOCTH W rasa Io
MopaM KOJUIEKTOpa. DTO MO3BOJISIET HCIOJBb30BaTh IIYMOMETPHIO
JUIS AUArHOCTHKHA pPa0OTArOIIUX TOJIIUH IU1acTa, 3aKOJOHHBIX
MEPETOKOB, BBISBICHUS PA3IMYHOTO THUIMA HETePMETUYHOCTEH,
JpeHupyeMbIX nHTepBanoB B ['C u np.

OCHOBHOW HEJOCTaTOK METOJa — CIO0XHOCTb KOJIMYECTBEHHOM
YBSI3KH TApaMETPOB PETUCTPHPYEMOTO aKyCTUYECKOTO CHTHAIa C
WHTEHCUBHOCTBIO JBIKECHHSA (IIOMIOB B CKBOXHWHE M IIIACTE,
BCJIC/ICTBHE YETr0 METO]I SIBJISIETCS] WHIAMKATOPHBIM
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4.6

Cneyuanvhsle Memoosl onpeoenierus NPoduia nPpumoxa

Jns ompeneneHusl MPUTOKa-COCTaBa B yCIOBHAX MHOTO(]A3HBIX PacCIOCHHBIX HMOTOKOB (OCOOEHHO B YCIIOBUSIX HAKJIOHHBIX M TOPHU3OHTAIBHBIX CKBa)KHH)
MPUMEHSIOTCS PACHOJIOKEHHBIE 0 BCEMY CEUEHHUIO II0 TOKAa KOMIIAKTHBIC NAaTUYMKU OLEHKU COCTaBa, IMO3BOJIAIOLIME OLIEHHBATh XapaKTepHbIE M3MEHEHHS B
CTPYKTYpE TIOTOKa CMECH MPOAYKIMH. TeXHHYECKOH OCHOBHOM MOJOOHOTO pelIeHus SBISETCs co3aanue 3pPEeKTUBHO pabOTaONIMX JaTYNKOB MaJbIX pa3MepoB,

MpE€AHaA3HAYCHHBIX NJI U3MEPEHNA B OTPAHUYCHHOM o0BeMe TIPOCTPAHCTBA CKBAYKUHBI

4.6.1 Dnexkrpudeckue

[IpencraBnsaioT co0oi MHHHATIOPHBIE HM3MEPHUTEIH JIIEKTPHUECKOH IMPOBOAUMOCTH

JaTINKN ((paxTHuECKH — TOKOBBIE PE3UCTHBUMETPHI) C Pa3MEPOM UyBCTBUTEIBHOTO 3JIEMEHTA 0
IMM), 9TO MO3BONSET OTIENUTH MPUCYTCTBYIOUIYIO B IOTOKE BOLY OT YIJIEBOJOPOJOB
(uedTH U raza)
4.6.2 Nwmerot paszmep: 0.1m. Kaxkaplif 1aTuuk BKIIIOYaeT Ba ONTOBOJOKOHHBIX KaHaJa!
OIIMH - JUIA MOJA4YM CBETA B CPERy M3MEPEHHMS, BTOPOH - JUI CUNTHIBAHUS OTPa’KCHHOTO
Onrtuyeckue AaTIUKU
curHana. J[aT4uky, perucTpUpyrOT MOKa3aTeNlb NMPEeIOMIICHUS CBeTa — V, YTO NO3BOJSAET
(cBeToonTHYECKNE
JIMarHOCTHPOBATh HAJTMYHE MPEK/IE BCETO Ta3a Ha (JoOHE MPHUCYTCTBUS BOJBI M HE(DTH, a TIPH
aHAITN3aTOPEI)

OnaronpusATHBIX ycaoBusx quddepeHunpoBats HeTh U BOAY

4.6.3 TaxoMeTpHUYECKUE
pacxomoMepsl

MI/IHI/IEITIOpHLIe PacXxoa0MEpPhl, PA3HECCHHBIC 11O CCUCHUIO CTBOJIA, IMO3BOJIAIOIINC
B FOpI/I30HTaHI)H0ﬁ CKBAXXWHEC pa3ACIbHO UBMEPATHL CKOPOCTH IMOTOKA IO BBICOTE

OO0wennHeHNE MEPEYNCICHHBIMA  JaTYMKOB B OJTHOM
U3MEPUTEIFHOM IPUOOpE peraeT 3a1auy WHANBAIYATbHOW OLIEHKH
BCEX TpeX KOMIOHEHT cmecd (HedTu, ras3a, BOJIBI) B CTBOJC
JICHCTBYIOIIEH CKBAKHUHBI. J[aTYMKH OOBEMHOTO COJCPKAHUS, KaK
MPaBUJIO, OOBEAMHSIOT C PACXOAOMEPOM BEPTYIICUYHOTO THIIA U
MHUKPOIPOPHICMEPOM, 4TO T03BOJISET B YCIIOBUSIX
ropuzoHTansHoro crBojia (I'C) oleHuTh pacxojHbIEe CONEp KaHUs
KOMIIOHCHT

JanHbIi1 cocod o6namaeT MakCUManbHONH HH(GOPMATHBHOCTHIO
MO0 OIeHKE TNPOo(QMIA MPUTOKA B CKBAKHHAX CO CIOKHBIM
3aKaHYMBAaHUEM TIPM  MHOTOKOMIIOHEHTHBIM  MHOT0(a3HOM
3aII0OJIHEHUU CTBOJA.

4.6.4

JlaT4uKy ynpoieHHon
KOHCTPYKIIUU, IS
JUArHOCTHKHU
BOJOCOJIEPKaHUS B
cteoiie I'C

HaGop wu3meputenei, pacnpefelieHHbIX [0 CEYEeHHI0 CTBOJAa OTPaHUYeH U
MPEJCTaBICH METONAMH IS KOHTPOJS pacIpeleNicHHs IO CEYCHHIO CTBOJA TOJBKO
TSDKETIOW KOMITOHEHTHI (TIIACTOBOM FUTH TEXHUYIECKOH BOIBI)

[Ipoduim n3meHneHnss 00bEMHOTO COJIEpIKaHUsI BOJBI HE TOJIBKO I10
JUIMHE, HO W CEYEHHWIO CTBOJA IIO3BOJIIIOT OoJyiee YBEPEHHO
JUAarHOCTUPOBATh IIPUTOKH, B TOM YMCJIE BBIACIATH KOHTPACTHBIE
MIPUTOKH B CTBOJI APYTOif KOMIIOHEHTHI (IIPOPBIBOB BOJBI, ra3a). Ho
KOJIMYECTBEHHAs OLEHKA pPACXOIHBIX COAEPKAHMH KOMIIOHEHT
MOTOKOB, ¥ OIIpeAeieHne Npodwis NMPHUTOKa 0 KOMIIOHEHTaM
HCKJIIOYCHBL.
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Tadauna 3. TexHo0ruu NnpoMbIca0Bo-reopusndecknx ucciaegopanuii (IITMN)

Ne

Yci0Bus NpoBeeHUs MCCIeT0BAHUI

ba3oBble TeXHOJIOTHHA MMpoBeICHUA ncc.neuonalmii

IloBenenne moJei reopusnyeckKux
napamMeTpoB

Pemaemble 3aga4u

1 He nept[)opupoeauubte HabnrwoamenvHble UIU KOHmMpOJ/ibHble CKBAJICUNDL, Hepa6omamwue WU ONUMENbHO npocmauearouiue CKéaj)yCuHnovl, unmepeasbl 6 3ymn¢epa6omalomux CK6aj)iICuH

1.1 BnusHue skcmiyaTanMy Ha MOBEJICHHE EnuHoBpeMeHHOE U3MepeHHEe «B TOuke» (Ha Cenapanust KOMIIOHEHT (DJIIOMI0B ®oHOBBIE 3HAYECHUSI FEOPU3UMYECKUX
reoU3U4ecKuX MapaMeTpoB B Ooublieil | GUKCHPOBAHHOW TITyOHHE) 10 CJOSAM B COOTBETCTBHM C HX | MapaMeTpoB  UId  HOCIEIYIOLIEro
4acTH CTBOJIA OTCYTCTBYET WITH IUTOTHOCTBIO MOHHUTOPHHTA UX TUHAMHUKH
NpeHeOPEKUMO Maro. Bo3zmoxHO 5 .

JM3KHUH K T€OTEPMHUYECKOMY
1.2 M3MCHEHHE IeO(H3MIECKIX NapaMeTpoB B EnuHOBpeMEHHBIE  JUCKPETHBIE  U3MEPEHUS B .
JOKAJIBHBIX HMHTEpBaJaX, CBA3aHHOE C TeMIICpaTypHBIH PeAHIM "
> HECKOJIBKMX TOYKaxX (Ha pa3iMyHbIX (PUKCHPOBAHHBIX IHAPOCTATHYECKOE  PACTIPEIETCHIE
BBIPAOOTKOH iacTa COCCTHMMH. | 1nv6ryax) 6 .
O — " MEIKTIIACTOBBIMIL JaBJICHUS B OOJIBIICH YacTH CTBOJIA.
1.3 HepETOKaMHU HempepsiBHbIE  3amep 1o miiyOmHE — TIpH
(MKCHPOBAaHHOM BpEMEHH
1.4 BnusHue sKcIuTyaTanny Ha IOBEACHHE HenpepoiBublii  3amep 1o riybmHe — mpu | JIokanbHBIE aHOMAalIMH Ha METOJax JluHamuKa BEIpaOOTKH 1 0OBOTHEHUS

reo()U3NIECKUX MapaMeTPOB aHOMAJIbHO B
JIOKaJbHBIX MHTEPBAJIaxX

(MKCHPOBAaHHOM BpEMEHH

OIIPCACIICHUA HaCBINICHHOCTH,
CBsA3aHHBIC C BBIpa6OTKOI7[ u
O6BOZ[H€HI/IGM IJ1aCTOB

JlokanbHbIE aHOMAJINHM TEMIIEPaTyphl
B MHTEpBaJiax pabOoTalOLIHX [IaCTOB

pa60Tamme TOJIOHUH KOJUICKTOPOB,

IepEeMEILEHU BOJIOHE(TAHOTO,
ra3oHe(TsIHOTO u ra3oBOJSHOIO
KOHTAaKTOB

WHTepBasl MEXKIUIACTOBBIX
[IEPETOKOB, IUIACTOB, JAPEHUPYEMBIX

COCCIHUMMU CKBa)XMHAMHU U IIP.

Vcnopus I/ICCJ'IG,I[OBaHI/Iﬁ 6HaFOHpI/IHTHH JUJIA peHICHUS OTPAHUYCHHOTO CIICKTpaA 3a/1a4, CBA3AaHHBIX B IICPBYHO O4YCPEAb C OIICHKOI (I)OHOBBIX 3HAYC HUH FGO(I)I/ISI/I‘ICCKI/IX napaMeTpoOB U KOHTPOJIEM
JAWHAMHUKH HACBIIIICHHOCTH KOJIJICKTOPOB

2 Cmaobunwvno padomaiowiue 000bl6ar0uiue CKEANCUHBL CO CMAOUTLHBIM deOumom: ponmanupyiowue, ovopyoosannsie II[H u ocnawennvie Y-100l, o6opydosannvie IIITH u uccnedyemole
uepes mexcmpyone, ucciedyemvle 6 npoyecce CMmadUIbHOI 2a31UPmMHOL IKCnayamayuy

2.1

2.1

Biusinue JKCIUTyaTaluu
pacrpoCTpaHEeHO Ha BCIO MIPOJIYKTUBHYIO U
BBILIEJIEKAILYIO  Toyly. B mepuoms
otbopa reo(uznvecKue napameTpsl
CTaOMIBHBI BO BPEMEHH, CYIIECTBEHHAS

Usmeperus mo m. 1.1-1.4

Cepuss 3aMepoB 10 TDIyOWHE TMPH HECKOJIBKUX
YCTAaHOBHBIIHMXCS PEXKUMAX O0TOOpa, OTIMYAFOLIMXCS
Jlerpeccueit Ha riacT

U3menenue reo(hU3NIECKUX
nmapamMeTpoB 10 TJIyOMHE | BO
BpPEMCHM Ha PAa3IMYHBIX pEKUMax

[MapaMeTpsl  TEKyIIEro  pexuma
PabOThI CKBOXKHHBI

JuHamuka cocTaBa  3arlOJIHUTEIIS
CTBOJIA
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2.2

2.3

24

2.5

HeCcTaOMIIBHOCTh XapaxkTepHa TSt
HEPHOI0B HENOCPECTBEHHO nocne
3anycka UM OCTAHOBKH CKBaXKHHBI

Cepuss pa3sHOBPEMEHHBIX 3aMEpOB 1O TiIyOuWHe,
HEMOCPECTBEHHO OCNIE OCTAHOBKU CKBaXKHHBI

CepI/IH Pa3HOBPEMECHHBIX  3aMCPOB 1O
HEMOCPCACTBCHHO MOCJIC 3alTyCKa CKBAXKUHBI

riryoune,

W3mepennss  temmepaTypel ~ BO  BpEeMEHH ~ Ha
(UKCHPOBaHHOW TJIyOWHE HEMOCPEICTBEHHO I0Cie
3aIycKa HIM H3MEHEHUs pexXuMa oToopa

W3mepennss ~ temmepaTypsl  BO  BpPEMEHH  Ha
(UKCHPOBaHHON TIyOWHE HENMOCPEICTBEHHO II0CHIE
OCTAHOBKH CKBaXKHHBI

orbopa, ©W B  OCTaHOBJECHHOU

CKBaXWHC

[MapameTpsr  mpoduiIs  TIPUTOKA,
paboTaromiye TONIMHBI IJaCTOB

I/IHTepBaJ'IBI n WHTCHCUBHOCTH
MCKIJIACTOBBIX NEPETOKOB IO CTBOJTY.

WurepBansl ¥ MHTEHCUBHOCTH
3aKOJIOHHOH IUPKYJISIINH U TIEPETOKOB

Wurepsas HErepMETUYHOCTH
o0canapx konoHH, HKT u riryburaHOTO
000pyI0BaHUsS

YcnoBust uccie0BaHni MaKCHMAaIbHO OJIarONpPHUSTHBI ISl PELISHHsI IIEpEeYHCICHHbIX 3a/a4, pe3yabrarhl [1T'1 uMeroT MakcUManbHbIH IPUOPUTET TP 0OOCHOBAHKH U TUIAHUPOBAHUU T'€0JI0T0-
TEXHOJIOTHYECKUX MEPOIPHUATHH, COIPOBOXKIAIOIINX Pa3padOTKy U PEIIeHUH 110 MOA3eMHOMY PEMOHTY CKBa)kKHH

3 Cmabunvno pabomaroujue naznemamenabHovle CKANCUHDBL CO CMIAOUNbHBIM PACXO00M

3.1

3.2

3.3

3.4

3.5

3.6

BiusiHue JKCIUTyaTaluu
PacIpoCTPaHEHO Ha BCIO IIPOLYKTUBHYIO U
BBILIENEKANIYI0 Tommy. B  mepuoasl
3aKauykd ~ Teo(HU3UUecKue  IapameTphl
CTaOWIBHBI BO BPEMEHH, CYIIECTBEHHAS
HecTaOMIIBHOCTh XapakTepHa IS
HNEPUOJIOB HETNOCPEICTBEHHO nocie
3aIlyCKa,  OCTAaHOBKM  CKB&XHMHbI U
U3MEHEHNUS AEIpPEeCCHH

W3mepenus mo . 1.1-1.4

Cepust 3aMepoB 1O TIOyOWHE TIPH HECKOJIBKHX
YCTaHOBUBIIHNXCA PEKUMax 3aKadyKv, OTIMYAIOIIUXCHA
penpeccuel Ha 1acT

Cepusi pa3HOBPEMEHHBIX 3aMEpOB TO0 TIyOuWHE,
HETMOCPEACTBEHHO NOCJIE OCTAHOBKH CKBaYKHHBI

Cepust pa3HOBPEMEHHBIX 3aMEpPOB IO
HEMOCPEICTBEHHO IMOCIIE 3aITyCKa CKBAKHHBI

riryOuHe,

W3mepennss ~ temmepaTypel  BO  BpEeMEHH ~ Ha
(UKCHpOBaHHOW TJyOWHE HENOCPEICTBEHHO I10Cie
3aIrycKa WM U3MEHEHHUS peXKNMa 3aKauKH

W3mepenus TEMIIEPATYPEI BO BPEMEHU Ha
(UKCUPOBAHHOW TIIyOWHE HEMOCPEACTBEHHO IIOCHe
OCTAHOBKH CKBaKHHBI

W3menenue reopu3nIecKux
nmapaMeTpoB 1Mo TIyOMHE U BO
BPEMCHH Ha Ppa3IHYHBIX pPEKIMax
0TOOpa ¥ B OCTAHOBJIEHHOM CKBaYKUHE

ITapameTppl  TeKylero
PpabOThI CKBaXKUHBI

pexxuma

[MapameTpsl poduIIst IPUEMHUCTOCTH

I/IHTepBaHBI u UHTCHCUBHOCTH
OLICHKAa MCXKIUIACTOBBIX NEPETOKOB IIO

CTBOITY

WnTepBasbt u WHTEHCUBHOCTh
3aKOJIOHHOW HUPKYJISLUUU U TEPETOKOB.

WuTepBans HETePMETHYHOCTH
o6canneix konoHH, HKT u rmy6unnoro

00opyIoBaHUs
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YcnoBus uccae0BaHNH MaKCHMAaIbHO OJArONPUSTHBI VISl PELICHUS IEPEUHNCIICHHbIX 3a1ad, pe3ynbTarsl [1I'M nMeroT MakcHMalbHBII TPHOPUTET IPH 000CHOBAaHMH U IUNTAHUPOBAHUH T€0JI0T0-
TEXHOJIOTUYECKHX MEPONPUSTHH, COIPOBOKAAIOIIUX Pa3pabOTKy U pelIeHNH M0 [M0J3eMHOMY PEMOHTY CKBayKHH. [IpoBoinMbIe McciienoBanus HanboJiee MpeICTaBUTENIbHbI, €CIIH 3aKauKka pabouei
HJIKOCTH B IUIACT BBINOJIHSAETCSA Ha TEXHOJIOTHYECKOM PeXHMe OT BofoBoJa. [Ipy 3akadke oT arperara BCieACTBHE KPAaTKOBPEMEHHOCTH U HECTAOMIBHOCTH IEPEUUCIICHHBIE 3aJaul pelarTcs

MEHee YBEpEHHO

4. Cxeaxcunwl, ucciedyemole ¢ npoyecce 0C60eHUA (KOMNPECCUPOGANUEM, C6ADUPOBARUEM, CIMDYIHBIM AZPE2AMOM-IIHCEKMOPOM)

41 Bnusaue skcrutyaranuu pacnpocTpaHeHo | Cepust pa3HOBpEMEHHBIX 3aMepoB, oOXBaThiBaromue | M3meneHue reopu3nIecKux
Ha BCIO IPOAYKTHBHYIO M BBIIICIEXKAIIYIO | CMEHSIOIIUE APYT Ipyra MEePHObl CTATHKH, PETIPECCUH | MTApaMeTpOB IO T[IIyOMHE H  BO
TOJIILY Ha IJIacT, Hadyasa, pa3sBUTHA U 3aTyXaHUs IPUTOKA BPEMEHM CBsi3aHHBIE C paboroi

macra

Amnanornuso m.m. 2.1-2.4

Ilo cpaBHeHHIO C 1.2 aHaJIOTUYHBIE
3a/laud PemarTcs MeHee YBEPEHHO H3-
32 HU3KOTO W HECTAOMJIBHOTO MPUTOKA
HEJIOCTIDKEHUS B mporecce
HCCIICJOBAaHMMI TEXHOJIOTHISCKOM
JIETIPECCHUU Ha TUTACT

VYcnenHocTs OIPCACIICHUA HpO(I)I/IJ'IFI 1 COCTaBa NPHUTOKA JUATHOCTUKHU 3aKOJIOHHOM HUPKYJIAOWN 3aBUCUT OT CTCICHU TOATOTOBKU CKBAKHUHBI K IIru (3yMH(1) HC MCHEC ZOM)
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9. TPEBOBAHINA K MHWHHUMAJIBHOMY  KOMIUIEKCY IIO OXBATY U
HNEPUOANYHOCTHN T'EOOPU3INYECKUX, TMAPOJUHAMUYECKUX U  OU3MKO-
XUMHNYECKHUX UCCJIEJOBAHUI HA PA3HBIX OTAIIAX PA3PABOTKU
MECTOPOXIEHUI U SKCIUTY ATALIMM CKBAYXWH

9.1. MuHuMaNbHBIA KOMIUIEKC HCCIEIOBAaHUI CKBaXXHWH 10 KOHTPOJIIO pa3padOTKU
HEPTSIHBIX ¥ ra30HE(TAHBIX MECTOPOXKICHUH MTPECTaBIeH B Ta0. 4.

9.2. PexoMeHayeMmble KOMILIEKChI MCCIIEJOBAaHUH B TaHHOM Ta0JMIle yKa3aHsbl s HauboJee
3HAYUMBIX C TOYKHU 3PECHUS OPraHHU3ALMM CUCTEMbI KOHTPOJIS KaTETOPUN U BUJOB CKBAJKUH, a TAKXKE
TUIIOB KOMIUIEKCHBIX UCCIIEJOBaHUM.

9.3. JlaHHble MO OXBAaTy W TEPUOJUYHOCTH HCCIEIOBaHUI CKBaXMH B Tabm. 4
T QepeHMpoBaHbl B MPUBSA3KE K JAEHCTBYIOLIEMY IIPOEKTHOMY JOKYMEHTY, TpeOOBaHHUS K
COJIEP/KaHUIO KOTOPOro YycraHaBiauBaroTcs «lIpaBuiamMu DOATOTOBKM TEXHHYECKUX IPOECKTOB
pa3paboOTKU MECTOPOKJIEHUHN YIJIEBOAOPOJHOIO ChIpbsi». CTpyKTypa JaHHBIX B Ta0n. 4 oTpaxkaer
TaKXKe MMOCIIE0BATEIbHYIO0 CMEHY CTaiil pa3pabOTKH MECTOPOXKICHHSI, IEPEUUCICHHBIX B pa3zene 6
HACTOSIILEro JOKyMeHTa. VccienoBaHHs JOJKHBI MPOBOJUTBHCS B CKBAXKHHAX 0€3 TEXHUYECKUX
ocio)kHeHui. KonnyecTBo IIaHMpPYEMBIX [UIsl MCCIEAOBAaHUSA CKBa)KMH, ITOJIyYEHHOE PacdeTHBIM
IyTeM 4Yepe3 A0 OT AeHCTBYIOmEro GoHIaa, He MOXKET ObITh MeHbIIE 1 eI

9.4. Pa3paboTaHHBI KOMIUIEKC SIBJISIETCS MUHUMAJIbHBIM M JOJDKEH BKJIKOYAaThCsl BO BCE
OporpaMMbl  JIOpa3BEAKM U HUCCIENOBATEIbCKUX paboT  MecropoxkiaeHuit YBC — Bcemwu
Henponoab3oBarensiMu Poccuiickoit @enepaunu. Bunsl 1 00bEM H3MepeHUH M HMcCiIeOBaHUN Ha
Ka)KJIOM KOHKPETHOM MECTOPOKIAEHUH HE MOTYT OBITh MEHBIIIE, YeM B Pa3pabOTaHHOM KOMILIEKCE, 3a
UCKJIIOYEHHEM MECTOPOXKAeHUM, conepkaux TPU3, npuypoueHHBIX K BHYyTPEHHUM MOPCKUM BOJAM
U KOHTHHEHTadbHOMY menb(dy Poccuiickoit ®enepaunu, a Takke HaXOJAMIMXCS B CE30HHOM
JKCIUTyaTalluy (€CIM TaKOM pPEXHUM YCTaHOBJIEH B JIEHCTBYIOIIEH NPOEKTHO-TEXHOJIOTHYECKOH
JOKYMEHTalluu Ha pa3paboTky mectopoxkiaeHus YBC u mpomien coriacoBaHue B yCTaHOBJIEHHOM
nopsiake ¢ LUKP Pocuenp mo YBC), HO MOryT OBbITh yBENMYEHBI C LENbI0 PELIEHUS KaKUX-1100
BOIIPOCOB Pa3pabOTKU JaHHOTO MECTOPOXKJIeHM. Pelenne no yBeanueHuto oxpara (hoH1a CKBaXKHH
U TEPUOJUYHOCTH HCCICJOBAHMM IPUHUMAETCS HEAPOIOJB30BAaTEIEM C LENbI OINEPAaTUBHOIO
pelieHus 3a/1a4 J0U3y4eHust 00bEKTOB U MOBBINIEHUS Y)PEKTUBHOCTU Pa3pabOTKH MECTOPOKIACHHIA.

95. Jlns MecTopokaeHM, Xapakrepusyromuxcs HamuuueM TPU3 (coorBeTcTBYyrONINX
TEKYIIUM KPHUTEPUSM, YCTAHOBICHHBIM TOCYJIapCTBEHHBIMHU OpraHaMH), OXBaThl U MEPHOANIHOCTH
I'’IUC (ctpoxku 2, 6, 10) onpenensiroTcss KOMIIaHUEH-HEIPOIIOIb30BaTeNeM (OIepaTOpOM) UCXOIs U3
TEXHOJIOTUYECKOM BO3MOKHOCTH M HeoOXoauMocTu oOecriedyeHus SPGEKTUBHOIO KOHTPOISL
pazpabotku 1o cornacoBaHuio ¢ LIKP Pocuenp mo YBC mnpu mnpeacraBieHuu NpOEKTHO-

TEXHOJIOTHYECKOM IOKYMEHTAllu! Ha pa3paboTky MectopoxaeHus Y BC.
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9.6. g MecTOpOXIEHUW, MPUYPOUYECHHBIX K BHYTPEHHUM MOPCKMM BOJaM H
KOHTHHEHTanbHOMY mmienb(y Poccuiickoit denepanuu, oxBaT OOBEKTOB HCCIEAOBAHUSIMH U WX
NEPUOIUIHOCTh MOTYT OBITh OOOCHOBAaHHO CKOPPEKTHPOBAHBI (C YYETOM pEaM30BAHHON CXEMBI
00yCTpoiiCTBa, TEXHUYECKHX U JIOTUCTUYECKUX OTPAaHMUYEHUN MOPCKOTO IIPOMBICIIA) 110 COTJIACOBAHUIO
¢ HKP Pocueap no YBC mnpu mnpeactaBieHMH NPOEKTHO-TEXHOJOTMYECKON JOKYMEHTAIlMUW Ha
paspabotky mectopoxaeuaus YBC.

9.7. llpu TPOMOIDKUTEIBHOCTH TiepuoAa TPOOHON HdKcIUTyaTanuu Ooiee 3 JeT,
pEKOMEHyeTCsl yBeauueHue oxBara u nepuoandyHoctu nposeaeHus ['JIMC u I1II'K + 'UC, koTopoe
yctaHaBiuBaercss no coryiacopanuto ¢ IHKP Pocuenp mo YBC npu mnpencraBieHUM HPOEKTHO-
TEXHOJIOTUYECKON JOKYMEHTAIlMH Ha pa3paboTrky mectopoxnaenuss YBC. O0wvem uccnenoBaHuii 3a
nepuoJI MPOOHOH KCIUTyaTallii YCTAaHABIMBACTCS IS ISHCTBYIOIIEH CKBaKMHBI SKCIUTYaTallHOHHOTO
¢doH/1a HE3aBUCHMO OT CMEHBI CIIoco0a ee IKCILTyaTalliH.

9.8. Bo Bcex ckBaxuHax npu mposeneHun PHP (u3onsiuuu HMCKycCTBEHHOTO 3a0o0s,
maxBupanuu 3KL, ycrpanenun nerepmernynocteid) u I'TM (c Bo3aeiicTBueM Ha npu3aboiiHyo 30HY,
Opy MNPUOOIIEHUWU TOJIIMH, ONTUMH3alUMU padoThl Hacoca, 3aMEHbl INIYOMHHO-HAaCOCHOTO
ob0opynoBanusi) mpu Heodbxoaumoctu mpososatcs pasosbie [JIUC u I[II'M 1o u nmocne npoBeaeHUs
MEPEYUCIICHHBIX PaloT.

9.9.  KounyecTBO NbE30METPUUYECKUX CKBAXXMH HAa MECTOPOXKIAEHUM (00BEKTE pa3padOTKH)
nomyckaercs 10 30 % naeictByromero Gouaa (00s13aTEIBHBIM yCIOBHEM JIJISl TIEPEBOJIa CKBAKUH B
bE30METPUYECKUN (OHJ ABISAETCS HHAMWBHUIYabHOE BCKpPBHITHE OO0BEKTa pa3pabOTKU; CETh ITHX
CKBa)XMH 3akperuisiercs no coraacoBanuto ¢ LIKP Pocuenp no YBC npu npencraBneHnn npoeKTHO-
TEXHOJIOTUYECKOW JIOKYMEHTAIMK Ha pa3paboTKy Mectopoxaeaus YBC).

9.10. KonmuecTBo HabIOJaTENBHBIX CIIEHUATBHO 000PYAOBAHHBIX CKBaXUH (0e3 nepdopanuu
WK 000pYIOBaHHBIX CTEKJIOMIACTUKOBBIMU KOJJOHHAMH) HA MECTOPOXKIAEHUH (00BbeKTe pa3paboTKN)
nomyckaercss B mpenenax ot 0.5 no 5% geiictByromero ¢onga (HE0OXOAMMOCTb OypeHHs
KOHTPOJIBHBIX HaOJIOMAaTeNbHBIX CKBAKUH OIPEACNACTCS WHANBUIYATbHO HCXOMS M3 HACYIIHBIX
re0JIOro-IMPOMBICIIOBBIX 3a]a4, a TakKe OOyCIaBIMBAETCSI OCOOCHHOCTSIMH YCIOBUW HM3MEpEHU U
¢ ¢pextuBHOCTRI0O MeTOAO0B [MIC-KOHTpOJIA, NEpUOTUYHOCTh 3aMEpPOB TaKXKe OIpeaelseTcs
WHAWBUAYAIbHO H MOXKET BappUpOBaTh OT 1 110 4 pa3 B roxn).

9.11. Otr6op ycThEBBIX NPOO MO BOA03a0OPHBIM CKBa)XKMHAM OCYUIECTBIIETCA C JIIOOOH
JIEUCTBYIOIEH CKBAXKMHBI HA KaKJI0M KYCTOBOM TUIOIIAIKE, O MOTJIONIAIOIINM CKBAKMHAM - C KaXKI0M
KHC.

9.12. KoHTpoJib 3a KayeCTBOM IMOJrOTOBJIEHHON BOJbl OCYIIECTBISETCA Ha BBIXOAE U3

BojioouncTHOM yctaHoBkM Ha KHC 1 Ha ycThe Hanbosee yaai€HHOM HarHeTaTeIbHOW CKBaYKUHBI ITPH
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HaJIMYMK Ha HEW o0opyAoBaHHs OO0ECHEeYMBAIONIEr0 O€30IacHbIi 0TOOP MpoO B COOTBETCTBHH C
npaBUJIaMy 0€30MAaCHOCTH B HE()TSHOM U ra30BOW MPOMBIIIIICHHOCTH.

9.13.  ns noObIBalOIIMX M HArHETATEJIbHBIX CKBAXUH C TOPU30HTAIBHBIM 3aKaHUMBAaHUEM
(I'C, MCC, T'C ¢ MI'PII) mpu nposenennu mianoBbix [1I'K (ctpoxkum 3.1, 3.2, 7.1, 7.2, 11.1, 11.) B
OXBaTe JIeUcTByeT moHmwxkaronwmi kodddumuent 0.2.

9.14. Ilpu QopMuUpoOBaHUUM HAa MECTOPOXKACHUU (0OBEKTE Pa3pabOTKU)  CHUCTEMBI
CHEUUATU3UPOBAHHBIX CKBAXUH NIl IEJIEBOTO  JIOJITOBPEMEHHOTO  (MEPUOJAMYECKOTO  WIU
HENPEPHIBHOIO) MOHHUTOPHUHTA COCTOSIHHSI Pa3pabOTKM M BbIPaOOTKM 3amacoB, O0OPYIOBaHHBIX
cTanmoHapHbsIMH HHpopMannoHHO-u3MepuTenbHbiME cucteMamu (CUUC), oxsatel mo I'JIUC u I1I'N
MOTYT OBITH CKOppekTHpoBaHbI 10 cornacoBanuio ¢ [IKP Pocuenp mo YBC npu mpencraBieHun
MPOEKTHO-TEXHOJOTUYECKON JOKYMEHTAIMK Ha pa3paboTky mectopoxacaus YBC. [Ipu sTom camu
OOBEKTHI JIOJITOBPEMEHHOTO HAONIONICHUS TaKXKe 3aKPEIUIAIOTCS B IMPOEKTHO-TEXHOJIOTHYECKOM

AOKYMCHTAIlMU Ha paspa60TKy.
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Tabauua 4. Tpe6oBaHNA K MUHUMAJBHOMY KOMILJIEKCY MCCI€I0BAHUI CKBAKMH MPH KOHTPOJIe pa3padoTKu
He(PTAHBIX U ra30HePTAHBIX MECTOPOKIEHU I

OxBar
Ne ., eiiCTBYIO1IIET0
Buasbl ucciaenoBanuii [epuoanyHOCTH A yrom KaTeropuu ckBaxuH
n/n donaa
ckBa:kuH (%)
1 2 3 4 5

Crangus 1. MecTopo:kaenus (3a1exu), pa3padaTbiBaeMble B COOTBETCTBUM € JeCTBYIOIIUMHU NMPOEKTHHIMY TEXHHYECKHMMH TOKYMEHTAMHU
«IIpoekT nmpoo6Hoii 3kcmryarauuu (ITI19)» uiu usMeHeHusiMu (IonoJiHeHusAMHU) K Hemy (JIIITID), npuypoYeHHBIMH K CTATUH NPOOHO#

IKCILTYaTALMH
1 Texymas npombicinoBas udgopmanus (TIIN)
donTannkle, ra3nudTHHIE®, MEXaHM3UPOBaHHEIES,
1.1 | JleOur xuaxocTn / IPUEMUCTOCTH! Ipa3 / mec. 100 BOJIOHATHETATENbHbIE, FA30HATHETATENbHBIE®, BO03a00OpHBIE,
MOTJIONIAOIIUE
1.2 | OGBOIHEHHOCTD MPOAYKIUHK® Ipas / mec. 100 donTannkle, ra3audTHBIE®, MeXaHM3UpOBaHHbIE®
Prur>PHac) -1pas / rox 100 douTanuble, ra3nmmbTHbIES, MexaHH3UPOBaHHBIE?
2 b
1.3 | I'azossrii daxrop®
Prui<PHac) -1pa3 / mec. 100 ®oHnTaHHbIe, Ta3Iu(THBIE®, MexaHu3upoBaHHbIE®
2 b
®onTanHbIe, Ta3TU(THBIE®, MexaHu3UpOBaHHbIE®,
5 PG 6 P 1 pa3 / mec. 100 B0J103a00pHBIE, MOTJIOMIAIINE, HAOII0aTeIbHbIC Ha
1.4 yeproe (Poyd.) u satpy Hcl)e (Psarp) BOJIOHOCHBIN TOPU30HT
YCThEBBIC JIaBICHHS / YPOBHH
2 pa3 / mec. 100 BononarnerarenbHble®, ra30HarHETaTENbHbIE
| pas / mec 100 donrannble, ra3nudTHBIE®, MEXaHM3UPOBAHHBIES,
. , p ' BOJIOHATHETATENbHbIE®, Ta30HaTHETATELHbIE
1.5 | 3aooiinoe gaBnenue (P3a0d)
1 pa3 / xB. 100 BojoHarserarelbHbie®, ra3oHarueTaTeIbHbIe
b
1.6 | Ilmactosoe napienue (Prun)* 1 pa3 / ks. 100 I[Tse30meTpuueckue’
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1 2 | 3 4 5
2 I'mapoqunamuyeckue ucciaenopanus I'IUC !
3 paza 3a mepuoa 100 ®onTanHble, TazudTHBIES, BomoHarHeTaTebHbIE®,
" poOHOM IKCIUTyaTalluu ra3oHarHeTaTeNnbHpIe’
- CCJIEIOBaHUS Ha YCTAaHOBUBILUXCS U 3 pasa 3a epHON 20 N
. HEYCTaHOBHBIIHMECS PEKUMAX NPOGHOH YKCITyATAIHH p
¢unpTpanun
o HeOGXOMMOCTH Bono3zabopuslie, mornomaromue, Habaro1aTeIbHbIe Ha
BOJIOHOCHBII TOPHU30HT
3 IIpombicioBo-reodpusnueckue Meroabl (komiiexkceor) ITK+TUC
IIpoduns + coctas mpuroka (IICIT 1 pa3 3a epuo
3.1 pod P ( ) o pas PHOA 50 ®onTanHble, TazIudTHEIE®, Mexanu3upoBaHHbIE®
texcoctosiaue (TC) metomamu T1CIT MPOOHOH IKCILTyaTalluu
1 pa3 3a mepuog
32 Tpoduis MpHEMHCTOCTH T B a— 100 BononaruerareabHble
(TIIT) + TC metonamu ITIT°
1 pa3/ 3 rona 100 [Mornomaromue
TC-cnennanbHble KOMILIEKCHI doHTaHHbIE, Ta3IU(THBIE, MEXaHU3UPOBAHHBIE®,
3.3 | (medexTomeTpusi, IEMEHTOMETPHUS [To HeoOxommuMocTH BOJIOHATHETATEIbHBIE,
KostoHH u 1p.) (IIT'N) KOHTPOJILHBIE (MTb€30METPUYECKHUE, HAOIIOATENBHEIE)’
Kittex. BHK ITo HeoOxomumocTu @doHTaHHbIE, ra3Iu(THHIE, MEXaHU3UPOBAaHHbIE
3.4 Co
Kr-rex, KK (THUCHIIT'N) .
2 pasza/ron 100 KontposbHbie (HaOmoaaTenbHbIE)
4 Pusuko-xumnveckne Meroasl XU
ITo HeoObxoaumocTu 6
Ju1 neneii 0BycTpoiicrsa ®doHTaHHbBIE, ra3 MNP THBIE, MEXaHU3UPOBAHHBIC
4.1 | OT60p npob Ha yCThe
/ 1 mpoba Ha KycT
1 paz/ron / ysen saxauin © BomozabopHsie, moromaromume
He menee 1 ckB. Ha 3aeXb 6
4.2 | OT6op riryOUHHBIX TIPOO (e Menee 3 pob) ®doHTaHHbIE, Ta3TU(THBIC, MEXaHU3UPOBAHHBIC
4.3 | AHanu3 3aKa4MBaeMON BOJBI 1 pa3 / mec. 10 BononarnerarenbHbie?
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1

2 \ 3 \ 4 \ 5

Cranus 2. MecToposkaeHus (3aj1e:xu), pazpadaTbiBaeMble B COOTBETCTBHH € AefCTBYIOIMMH MPOEKTHLIMM TeXHHYECKHMMHU J0OKYMEHTAMH

«TexHosoruyeckas cxema paspadorku mecropo:aernusi (TCP)" uwiu usmenenust (nonosnenus) K Heii (ITCP), cooTBeTcTBYIOLIHE CTATUAM
pa30ypuBaHus MAKCUMAJIbLHOMN (IOCTOSIHHOI) 100bIYH, 2 TAKKE CHUKEHUS J00bIYH

5 Tekymas npomsbiciaoBas uHgpopmauus (TIIN)
’
donrannkle, ra3muTHEIE®, MexaHn3UpoBaHHBIE
1pa3 / mec. 100
1 B0/103a00pHbIE, TOTIOMIAOIIUE
5.1 | deOut KuakocTu / MpUeMHCTOCTh
1 pa3 / mec. 100 BojoHarueraresbHble, Fra30HarHeTaTenbHbIe’
5.2 | OGBOAHEHHOCTH MPOMYKIHK’ 1pa3 / mec. 100 donTannkle, ra3audTHBIE®, MeXaHU3UpOBaHHbIE®
Prur>PHac) -1 pa3 / rox 100 donTanuble, ra3nubTHbIES, MeXxaHH3UPOBaHHBIE?
2 b
5.3 | I'azoBblii hakTop®
Pri<Prac) -1 pa3 / mec 100 donrannsble, raznudTHBIE®, MexaHu3npoBaHHbIE®
2
2 paza / mec. 100 donTannkle, ra3audTHBIE®, MEXaHU3UpOBaHHbIE®
bydepnoe (POyd.) u 3atpydHOe (P3a
54 ybep (Poyd.) Py 1 (Psatp) BojoHaruerarenbHble, Ta30HATHETATEIbHbIEY,
YCThEBBIC JIaBJICHHS / YPOBHH
1 pa3 / mec. 100 B0J103a00pHBIE, MOTJIOMIAOIINE, HA0II0IaTeIbHbIC Ha
BOJIOHOCHBI TOPU30HT
2 paza / mec. 100 ®oHnTaHHbIe, Ta3Iu(THBIE®, MexaHu3upoBaHHbIE®
5.5 | 3aboiinoe nasnenue (P3a0)>
1 pa3 / mec. 100 BoonarserarenbHble, Ta30HarHeTaTenpHbie?
5.6 | [lnacroBoe naenenune® 1 pa3 / monrona 100 I[Tse30meTpuueckue’
6 Tuapoaunamuyueckue uccaenosanus [JIUC 7
donTanHbIe, Ta3TU(THBIES
1 pa3 / rox 20 ’ ¢ 6
BOJIOHArHeTaTeNIbHbIE, Ta30HATHETATE/IbHbIC
HVccnenoBanus Ha yCTAHOBHBIIMXCS
6.1 | HEYCTaHOBHMBIIUXCS PEXKUMaX 1 pa3/rox 10 MexaHu3MpOBaHHbIE

¢dunpTparyn
BomozabopHsie, moriomamue, Ha0IroaaTeIbHbIC Ha

ITo HeoOXogUMOCTH .
BOJIOHOCHBIH TOPU30HT
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1 2 3 4 5
7 IIpombiciioBo-reopusnveckue
MeToabl (kommiiekcebl) [ITU+T'UC
IIpoduis + coctas mputoka (IICIT
7.1 pod P ( )’5 1 pa3/rox 20 ®onTanHble, Ta3udTHEIE®, Mexanu3upoBaHHbIE®
texcocrosiaue (TC) metomamu [1CIT
1 pa3/ron 20 BononarserarenbHble, Ta3oHarHeTarenpHbie’
79 [Mpoduns npuemucrocTH
' (TIIT) + TC meTonamu ITIT°
1 pa3/ 3 rona 100 [Mornomarorime
TC-cnenuanbHble KOMITICKCHI donrannsle, ra3nudTHbE®, MexaHU3UpoBaHHEIES,
2
7.3 | (medexromeTpusi, IEMEHTOMETPHUS [To HeoOxommuMocTH BOJIOHATHETATEIbHBIEY, ra3oHarHeTaTe bHbIEY,
kosionH u 1p.) (ITT'N) IEE30METPUYECKHE’, HAOIIOIaTENbHBIE
K BHK Io HeoOxoUMOCTH donTannkle, ra3audTHHIE®, MeXaHU3UpOBaHHbIE®
H.-TEK
7.4 ’
Kr-tek, KK (TUCHIIT'N) .
2 paza/rox 100 Kontpobubie (HaOmoaaTenbHbIE)
8 Du3uko-xumuieckue Meroabl XU
ITo HeoOxoaMMOCTH 6 6
9 . doHTaHHbIE, ra3TU(THBIE®, MEXaHU3UPOBAHHBIC
8.1 | O160p npob Ha yese JUTS TieTielt 00yCcTpoiicTBa
' | / 1 mpoba Ha KycT B 5
pa3/rox / y3en saxauxn ® 0/103a00pHbIE, TOTJIONIAOIIHE
[o HeoOxoaumMocTH
. TOOP TIIYOUMHHBIX PO OHTaHHbBIC, Ta3IUTHBIE®, MEXaHU3UPOBAHHBIC
8.2 | Ot yo 6 TS yTqueiI/m PVT @ ’ " i
8.3 | AHanu3 3axaunBaeMoOil BOIbI 1 pa3 / mec. 10 Bononaraerarenbubie’
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2 |

3 |

4

5

Cranus 3. MecTopo:kaeHus (3aj1e:Ku) ¢ T1eiiCTBYIOIIUMHU MPOEKTHBIMU TeXHUYECKUMU ToKyMeHTaMu "' TexHonoruyecKuii mpoekT pa3padoTku
mectopo:xaenusi (TTIP) uiau usmenenust (nonoanenusi) K Hemy (J/ITIIP)", cooTBeTcTBYIOIIME CTATUM NAJAIOLIEl TOOBIYM

9 Texymas npombiciaoBas uHpopmanus (TIIN)
1pas / mec 100 ®onTanHble, Ta3Iu(THEIE®, Mexanu3upoBaHHbIe®,
' B HEIE, TTOTJI u
9.1 | JdebuT sxuakocty / IpUeMHCTOCTE onosabopHbe, Mornomarome
1 pa3 / mec. 100 BononaruerarenbHble®, rasonarnerarenbHbie’
9.2 | OGBOAHEHHOCTD MPOAYKIUK® 1pa3 / mec. 100 donTannkle, ra3audTHBIE®, MeXaHU3UpOBaHHbIE®
Pmr>Prac 1 p. rox 100 donTanuble, ra3nmubTHbIES, MexaHH3UPOBaHHBIE?
2 b
9.3 | I'azoBwlii hakTOp®
Pri<Phac 1 p. mec. 100 donrannsle, raznudrabe®, Mexanu3upoBaHHbIE®
2 b
2 paza/ mec. 100 ®onrannkle, razaudTHbIE®
Bydepnoe (P6yd.) u 3arpyonoe (P3a
9.4 ybepuoe (POy(.) / TPy 1 (Psatp) Mexann3upoBaHHbIe®, BOOHATHETaTEIbHbIEY,
CTBEBBIC JaBlicHHS / YPOBHH
y A yp 1 pa3 / mec. 100 razoHarserarenbHbie’, Bos03ab0pHbIe, HOITIOMIAOIIHE,
HAOJI0IaTeNbHBIE HA BOJJOHOCHBIN TOPU30HT
2 paza/ mec. 100 ®onTannkle, razaudTHbIE®
9.5 | 3aboiinoe nasnenue (P3a0)> 6 6
| pas / Mec 100 MexaHu31poBaHHbIe®, BOJOHATHETATEIBHbIC,
p : razoHarHeTareibHbe’
9.6 | [LnacroBoe naBnenne? 1 pa3 / monrozna 100 I[Tse30meTpuueckue’
10 | F'mapoaunamuyeckue uccaegopanus (FAUC) ’
®oHTaHHbIE, Ta3TU(THEIES
1 pa3/ron 20 ’ ¢ 6
BOJIOHArHETaTEIIbHbIC
HccnenoBanus Ha yCTAaHOBUBILUXCS U 1 pa3/ron 5 MexanunsupoBannble®
10.1 | HEyCTAaHOBUBIINXCS PEKUMAX
(duapTpan 1 pas/ron 10 IazonarnerarTenbHbIe’

[To HEOOXOAMMOCTH

BonozabopHsie, nornomaroriye, HadbIoaaTeIbHbIe Ha
BOJIOHOCHBIN TOPU30HT
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1 2 | 3 | 4 5
11 | IIpombiciaoBo-reodpuznueckue MeToabl (kommiekcbl) IITM+T'UC
6
Mpodus + coctas mpuroka (TICIT), 1 pa3/rox 10 ®doHTaHHbBIE, Ta3MU(THEIE
111 texcocrosiaue (TC) meTomamu TICTT° 6
1 pa3/ron 5 MexaHn31pOBaHHEIE
6 6
19 TIpohuis IPHEMECTOCT] 1 pa3/rox 20 BonoHaraerarenbHble®, ra30HarHeTaTeIbHbIC
. + 5
(III) + TC meTomamm I 1 pa3 /3 rona 100 [Mornomarorue
6 6
RO L T p— 1 pas / ron 1 doHTaHHEIE, Fa3JII/I(1)TéII)IC : MCX&HI/I3I/IpOBaHHGLIe :
113 | (zedexroMerpns, neMeHTOMETpHA BOJIOHArHETATEbHBIE®, Ta30HATHETATEILHEIC
xonouH u np.) (ITI'K) I1o He0OX0TUMOCTH ITbe30MeTpudecKre, HabmoaTeNIbHbIe’
P
6 6
4 Kn.-tex, BHK 1 pa3/rox 1 doHTaHHbBIE, TA3MU(PTHBIC®, MEXaHHU3HUPOBAHHBIE
' - +
Kr-rex, IKK (THCHITH) 2 pa3za/ron 100 KonrponbHsle (HabmogaTenbHbie)’
12 duznko-xuMmuueckne metoasl XN
ITo HeoOxomuMOCTH 6 6
9 . doHTaHHbBIE, FA3MUPTHBIC’, MEXaHU3UPOBAHHBIC
JUTSI 1IeJIed 00ycTpoiicTBa
12.1 | Or6op npoO Ha yCThe
1 pa3 /o, I npoda na xyct Bono3zabopHbie, IOMIIOMIAOITHE
P ! / y3en 3aKauku® A PHBIC, HHIATot
[To HEOOXOTUMOCTH
12.2 | Or6op riyOHUHHBIX MPOO A ®oHTaHHbIE, Ta3IU(THBIE®, MexaHu3upoBaHHbIE
Jutst yrounenus PVT
12.3 | Ananu3 3akaunBaeMoit Boael (KBY) 1 pa3 / mec. 10 BononaraerarenbHbie’
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Ilpumeyanus Kk Tadauie 4

1. Tlo ruUOpOreoJIOrHYecCKUM CKBaXMHAM IPOU3BOJUTCA €XKECYTOUHBIH y4€T 00BEMOB J0OBIBaEMOI/pa3MeIIaeMoil BOJBI ITOCPEICTBOM
TeJIeMEeXaHUKH, MO0 0 IaHHBIM ITprOopa yuéTra, YCTAHOBJICHHBIM Ha YCThE.

2. MuHMManbHas EPUOJANYHOCTD Ha cTaguu 2,3 — 1 pa3 B HEJIEeNI0, B OTCYTCTBHE JTATYMKOB Ha 3a00€ JaBlieHHE OI[CHUBACTCS 110 JUHAMHYECKOMY
ypoBHIO. B ckBaxknHax MexanmsupoBanHoro honma (S1[H) nanenue peructpupyercs cucremoit renemerpuun (TMC) HenmpepbIBHO ¢ MaKCUMaTbHOU
JETAIbHOCTBIO (HE pexe | pa3 B CyTKH).

3. OxBar ¥ NepUOJUYHOCTH B YACTH 3aMEPOB Ta30BOr0 (PaKTOpa MOTYT OBITH CKOppeKTUpoBaHbI 1Mo coriacoBanuio ¢ LIKP Pocuenp mo YBC npu
IPEJCTAaBICHUN MPOSKTHO-TEXHOJIOIMYECKON JOKYMEHTAllMU Ha pa3paboTky mectopoxxaeHus YBC B 3aBUCUMOCTH OT KOHKPETHBIX TEXHMYECKHX
YCIIOBH paccMaTrpuBaeMoro Mmectopoxaenus YBC.

4, BaMepH P Bximrouarot 3aMEpPbI IO CTATUYCCKUM YPOBHAM UJIU 3a00HHBIMU JaTYMKaMHU.

5. Ilpu koHTposie oxBaTa U NMEPUOAMYHOCTH IO JAHHOMY KPUTEPHUIO YUUTBIBAIOTCS TOJNBKO CKBaXHHBI, Ize mo pesyiapraram I1I'M momydens
KOJIMUECTBEHHBIC PO(MIN IPUTOKA U TIPUEMHUCTOCTH (3a71a4a oneHku TC perraercs momyTHO).

6. B yka3aHHBIX CKBOXMHAX NPHU OAHOBPEMEHHO-pa3nenbHoi skciuryaranuu (OPD) mmactoB nposenenue ['JIMC 00s3aTebHO COMPOBOXKIACTCS
omnpeenaeHueM npouiis MpUTOKA WK TprueMucTocTu 1o komruiekcam [1I'M (ripu Hammyum TEXHUYECKUX BO3MOXKHOCTEH) MJIM HA OCHOBAHUH JTAHHBIX
CUCTEM cTalnoHapHoro norsactroBoro Mouuropunra (CUNUC) nubo pa3nenbHbIM HCCIEI0BAHUEM IJIACTOB C BO3MOYXKHOCTBIO MOILIACTOBOTO 3aMepa
nebuTa / MpUeMHCTOCTH (C OTKIIFOUEHHEM BCEX IIACTOB, KPOME IEJIEBOT0) MIPU YCIOBUU T€PMETHYHOTO Pa3/IeNICHNs NCCIEAYEMbIX TIaCTOB.

7. TIpu mposenenun I'/ITC He menee 50 % uccienoBaHUi JOKHO OBITH MPOBEIEHO C OMpPEENCHHEM IMOJHOTO KOMIUIeKca napamerpos (P,
Knpon, kmp, ckun-gpaktop). s meneil KOHTpoOJs IUIACTOBOTO JaBJIEHUS PEKOMEHIYETCSl MCIIOJIb30BaHHE CKBAXKMH BCEX KaTeropui
JKCIUTyaTallMOHHOro (oHAa. B ciiyuae eciim B CKBa)XKMHE HEBO3MOXHO JOOUTHCS MMHUMYM TPEX Pa3MUHBIX PEKUMOB pabOTHI - UCCIIEAOBAHMS
METO/IOM YCTAHOBMBIIMXCS OTOOpPOB (MCCIEIOBaHMS HAa YCTAHOBHMBIIMXCS / KBAa3MYCTAaHOBHMBIIMXCS peXHMax (UIBTPALUU) C HOCTPOCHHEM
uHaukaTopHoi quarpammsl (MJ1) e npoBozasTces. [lpu sToM obiiee konuuecTBO cKkBaxuH, uccaeayemMsix Mmetogamu I'JIMC ¢ TpeGyeMbIiM 0XBaToM,
JTOJI’KHO OBITH COXPaHEHO.

8. Tlo B0/103a00PHBIM CKBaXKHMHAM: C JIIO0OM JIHCTBYIOIICH CKBAKUHBI HA KAXKI0H KyCTOBOM TUTOIIa Ke. [10 MOoTIomaronmM CKBaKHHAM - C KK IO
KHC
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10. KOMIUIEKCUPOBAHME WCCJIEJOBAHUM TIIPM PEIIEHUU THIIOBBIX
I'EOJIOI O-ITPOMBICJIOBBIX 3AJIAY KOHTPOJIS PABPABOTKH MECTOPOXJIEHUI

10.1 KoHTponb M peryimpoBaHHE pa3padOTKH MECTOPOXKICHHH TpeOyeT HE TOJIBKO
COBMECTHOTO HCIOJb30BaHUS HMH(OpPMAIMK O IJacTe M CKBAKHUHAX, MOJTYYEHHOW MO JaHHBIM
pasHOro BHUAA HCCIENOBAHMNA CKBRXWH M IUIACTOB: TEKYIIEH NPOMBICIOBON HH(pOpMAaIHH,
reo(OU3NIeCKuX, THIPOJUHAMUYECKUX U (PU3UKO-XUMUIECKIX MeTO10B. OHO IPEIIoiaraet, TakKe
KOMIUICKCHBIA TOAXOJ Ha BCEX CTaAMSIX pelIeHus MnpoljeM KOHTPOJIS C MOMEHTa UX
BO3HUKHOBEHHS, B TOM YHCIIE:

® [UIAaHMPOBAHHUE MHCCIEIOBAHUMN, COCTaBJICHUS MPOTrpaMM KOMILIEKCHBIX padoOT Ha
CKBR)KMHE ¥ HA MECTOPOXKICHHH, UX dTATUPOBAHUS;

® COBMECTHOE IIPOBEJCHHUE Pa3HbIX BUJIOB HCCIEA0BAHUN KaK €IUHOrO Mpoliecca, T.e. UX
KOMILUIEKCHPOBAHHUSI, KOTJa 3TO HEOOXOIMMO U BO3MOXKHO;

e KOMIUJICKCHAs WHTEpIIPETAlMsl, aHalu3 pPe3yabTaTOB HCCIEAOBAHUNA U OIICHKA UX
JOCTOBEPHOCTH, 00OOIICHHE BCEX MOJIYYCHHBIX IAHHBIX W PEKOMEHAALWU MO0 HX
XpaHeHHI0O B 0a3e MJaHHBIX (B TOM 4YHCIE C HCIOJIb30BAaHHEM KOMIIBIOTEPHBIX
TEXHOJIOTHH).

10.2 Tlon xOMILIEKCUPOBAHUEM HCCIIEAOBATEIBCKUX PabOT MOHMMAETCS UCTIOIb30BAaHUE

Kakoro - Ju0O0 KOMIUIEKCA MCCIICIOBAaHUI: reopu3nueckux u (MiaM) TUAPOAMHAMUYCCKHUX,
COOpaHHOTO M3 pa3HBIX BUOB U3MEPEHUH Ui pElICHUs] KOHKPETHOM IMOCTAaBICHHON 3a1aud I
rpynnsl 3aga4. B cBowo odepenpr reopuanyeckue M TUAPOAMHAMUYECKUE UCCIEIOBAHUS TaKKe
COCTOSIT U3 COBOKYITHOCTEH KOMIIIEKCOB PA3IMYHBIX BUAOB UCCIIEIOBAHUIA.

10.3 Tlom ATammHOCTHIO BHITIOJHEHHS MCCIEAOBATEIBCKUX PA0OT MO M3YyYEHUIO T'€0JI0r0-
reopU3NIECKUX XapaKTePUCTHK Tra30HEPTIHBIX 3AJIeKEH, IIACTOB TOHUMAETCSI CHHXPOHU3ALIUS 110
BPEMEHU - OJIHOBPEMEHHOE WJIM [OCIe0BaTeIbHOE TIPOBEJICHUE PpA3IUYHBIX METOJIOB
UCCIIEIOBAaHUIM B T€UEHHE KaKoro-aubo Mmeproja BPEMEHH WM CTaJud OT Pa3BEIKU JI0 IMOJHOMN
BBIPAOOTKH MECTOPOKICHUSI.

10.4 KauecTBO M 00BEM KOMILUIEKCHBIX MCCIIEHOBAHUN CKBAXXKUH IOJDKHBI OOECIIEUHTH
MakCUMajbHOE TMOJy4eHHe UWHPOpMAlMd O TeoNoro-reou3nueckux  XapaKTepUCTHUKAX
MPOAYKTUBHBIX HEPTIHBIX M Ta30He(TAHBIX 3alexell U TIIacTOB, HEOOXOIUMOM s
MIPOEKTHUPOBAHMUS, KOHTPOJIS U PETYIIMPOBAHHUS ITPOILIECCOB pa3pabOTKH U JOOBIYN YTIIEBOIOPOJIOB.

10.5 Cpokwu, 00beMbI, BUABI MTPOBEICHUS KOMIUICKCHBIX WCCIICIOBAHHA CKBAaXXHUH U UX
ATAHOCTh, YaCTOTA MPOBEACHUS B COOTBETCTBHH C HACTOSIIMMH «METOINYECKUMHU YKA3aHUSIMU )
YCTaHABIMBAIOTCSA B TE€OJIOTO-TEXHUYECKUX MPOEKTaX U JUIEH3MOHHBIX COTJANICHUSX Ha MPaBO

ITOJIB30BAaHHA HEAPAMHU.
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10.6 CootBercTBHE CpPOKOB, OOBEMOB M KadecTBa BBITIOJHEHHS KOMIUIEKCHBIX
HCCIEAOBAaHUN CKBaXMH MPOEKTaM M JIMIIEH3USIM Ha MCIOJIb30BAHHE HEAP KOHTPOJIUPYETCS
OopraHaMu rocyJIapCTBEHHOI'O T'€0JIOTHYECKOTO KOHTPOJIS,, OpraHaMu TOCYIapCTBEHHOIO TOPHOTO
Haa3opa, LlenTpanbHOl KoMmHccuel Mo pa3paboTKe MECTOPOXKACHUM YriIeBOJOPOJHOIO ChIPbS
(IIKP Pocuenpa mo YBC) MuHnwuctepcTBa HPHUPOIHBIX PECypcoB M IKojoruu Poccuiickoi
®denepanun, ASUCTBYIONIMMU B MpEAEIaxX UX KOMIETEHIUA B COOTBETCTBUM C YTBEPIKICHHBIMHU
MOJIOKEHUSIMH 00 UX JICATSIILHOCTH.

10.7 Perucrtpanus 1 XpaHeHHE JAHHBIX KOMIUIEKCHBIX MCCIEAOBAHUNA U OTAEIBHBIX UX
COCTaBJISIOUINX PEKOMEHJIYEeTCS OCYIIECTBIATh B LHU(PPOBOM BHAE IMOJA KOMIIBIOTEPHBIM
yIpaBICHHEM W KOHTpoyieM, B ¢opMaTtax U CTaHIApTax pErucTpanuy, MPUHATHIX
COOTBETCTBYIOIIMMH  «TEXHUYECKUMHU HWHCTPYKIUSAMUY», OOECHEUUBAIOIIMMUA BO3MOXHOCTh
nepenavyy nepBUYHON MHGOpPMAIIUU MO KaHAllaM CBSI3U U €€ apXMBAllMM B AJIEKTPOHHBIX 0azax u
O0aHkax JaHHbIX. KOMMBIOTEpPHBIE MPOTpaMMbl  PETHCTPAllMU  JIOJDKHBI  00ecredyuBaTh
METPOJIOTHUECKUH KOHTPOJIb KaueCTBA B XO/I€ PErUCTPALIIH.

10.8 Bce  CKBaKMHHBIE  HMHCTPYMEHTAJBHBIE  JHATHOCTHYECKHUE  HW3MEPEHHUS,
HaIpaBlIEHHbIE Ha PEIlIEHUE T'e0I0r0-ITPOMBICIOBBIX 3a/1a4 1o rpymnnaM KP (koHTposb pa3paboTku)
u MJ[ (MoHUTOpUHT 10OBIUM), TPEOYIOT HE TOJBKO MPOrPaMMHO-METOAMYECKOTO, HO U
COOTBETCTBYIOIIETO anmnapaTypHOTo, METPOJOTUUECKOTO0 U TEXHOJIOTHYECKOTO 00€CIICUeHUs, YTO
COCTABJISIET OCHOBY METO/I0JIOTUU KOMILIEKCUPOBAHHSI.

10.9 B Ttabn. 2, 3 npencraBieHbl o0UMe MTPUHIIUITBI KOMIUICKCUPOBAHUS M TEXHOJIOTHU
npoBefaeHus: ans tunoBeix MetofoB [II'M u TIMC, a Takxke UX MPUMEHUMOCTH A OOBEKTOB
pa3paboTKu HEPTIHBIX ¥ Ta30HEPTIHBIX MECTOPOKICHUH.

- Komrmuiekcol ncciaeoBanmii CKBaKWH MOTYT OBITh pa3JieJIeHbl Ha HECKOJIbKO YPOBHEH,
OTIUYAIOIIMECS 1O YCIOBUSAM TIPUMEHEHHUS ¢ HWH(GOPMATUBHOCTH: BCIIOMOTATENbHBIH,
CTaHJAPTHBIN, PACIIUPEHHBIN U CIICLIUAJIbHBIN.

- OcHoBHas 3ajaya BCIIOMOTATEIBLHOTO KOMILJIEKCa — TMPUBSI3KAa PE3yabTaTOB IIO
riyOWHE U B3auMHasl yBsi3Ka re0pU3NYECKUX JUarpamm.

- CraHapTHBIN KOMIUIEKC BKJIIOYAE€T KOMIUIEKC METOJIOB, UCIIOJIb30BaHUE KOTOPHIX B
OOJBIIMHCTBE CIy4aeB JOCTATOYHO JJIsi pEIIeHUs TOCTaBJICHHON CTaHIApPTHOW 3aJlayd.
Meroandeckue JOKYMEHTHI TIO HWCCICIOBAaHUSAM CKBAKUH HE JIONMYCKAIOT COKPAIICHUS
CTaHJAPTHOTO KOMIUIEKCA 3a CYET UCKITIOYEHHUS KaKOTO-TH00 U3 METOIOB.

- PacuivpeHHblii  KOMIUIEKC JOMOJHEH METOJAMH, CYIIECTBEHHO MOBBIIIAIOIIUMHU
PEe3yIAbTaTUBHOCTh U OAHO3HAYHOCTh pemieHus 3anayu. Kak mpaBuio, paciivpeHue KOMILIeKca

CBJA3aHO CO 3HAYUTCJIBHBIM YBCIWMYCHHEM 3aTpaT Ha IMMOATOTOBKY CKBaXXWMHBI H IIPOBCACHUC
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n3MepeHuil. I1oaToMy OH HCNONB3YyeTCs OrPAaHUYEHHO M BBIOOPOYHO - AJIs HanOoJiee 3HAYUMBIX
00BEKTOB, THOO0 10 TpeboBaHUIO 3aKa3uHKa.

10.10MomudunupoBanHelii  (CrieMUaNbHBIA)  KOMIUIEKC  BKIJIIOYAE€T  IICJICBBIC
UCCIICIOBAaHMsI, BBIIOJIHAEMBIE B paMKaX HMHIUMBUAYAIbHBIX IpOrpamMm  (CIELUAIBHO
pa3paboTaHHbIX A KOHKPETHOW CKBaXMHBI). B pamkax creuuanbHbIX HMCCIEJOBAaHUN MOMKET
TaKXe BBIOJIHATHCS ONMPOOOBaHUE (OMBITHO-IPOMBIIIJICHHOE HCIBITAHUE) HOBBIX TEXHUYECKHX
CPEICTB WJIM TEXHOJIOTUM IIPOBEACHUS U3MEPECHU.

10.111lepeuricieHHble THIBI KOMIUIEKCOB MCCIIEAOBAHUS CKBaXHH MOT'YT IPUMEHSATHCS
KAaK pPas3felbHO, TaK M BMECTE, a TaKKe IIOCIENOBATEIbHO Ipyr 3a Apyrom. Jlomyckaercs
KOMOMHAIMsI TIEPEYMCIICHHBIX TPYNIl METOJOB B paMKaxX €IUHONW CHUCTEMbI IPOMBICIOBO-
reo(pU3nIeCcKOro KOHTPOJIS.

10.12 HccnenoBaHus B paMKaxX MEpEUYMCICHHBIX KOMILJIEKCOB MOTYT BKIIIOYaTh
JI0JTOBPEMEHHBIN CTallMOHAPHBIA MOHUTOPUHI TEXHOJOTHUECKUX U reo(pU3HUecKuX mapameTpoB
pexuMa paboThl CKBAKUHBI (TEMIIEpATypbl, AABJIECHUS, Pacxoja, COCTaBa MPOAYKLHMH U Ap.) C
IIOMOUIBIO0 YCTAHABIMBAEMBIX B JKCILJIyaTallMOHHbIE CKBAXUHBI HA JJIUTEIbHBIA CPOK TOUEUHBIX,
TOUEYHO-PACIIPE/ICIEHHBIX WM PACHPEJENICHHbIX CHCTEM CTalMOHApHBIX HH(OPMAIMOHHO-
u3MepurenbHbix cucteM (CUUC), B ToM uuciie NpHu LeJeHANpaBIeHHOM H3MEHEHUHU peXuMa
paboThI nccnenyemMon u coceqHux ckBaxkuH (IIpumoxxenue A).

10.13 Haubounee BaxxabIMEu 00bekTaMu MoHuTOpHHTa cpeactBamu CUUC cienyer cunraTh
BBICOKOTEXHOJIOTHYHBIE CKBaXHHBI: ropu3oHTabHbIe (['C), rOpu30HTaIbHBIC ¢ MHOTOCTAHIHBIM
IPIT (I'C ¢ MIPI), wuoroctBonbHbie (MCC), MHOTOCTBOJIbHBIE TOPH3OHTAIBHBIC,
000pyI0BaHHBIC JIJISI OAHOBPEMEHHO-pa3ae/ibHoM dKkcrutyaranuu (OPD), mpeaHasHaueHHbBIE IS
pa3paboTKK TPYJHOM3BIICKAEMBIX 3aMacoB yrieBoaopoaHoro ceipbst (TPU3 YBC).

10.14 smepeHust MOTYT IPOBOAUTHCS KaK 110 BCEMY CTBOJTY CKBaKMHBI, TAK U B UHTEpBae
JieTalbHBIX HCCIEI0BaHUM (BKIOYas OTHeNIbHbIe (PMKCHPOBAaHHBIE TOYKM). BbIOOp MHTEepBana
3aBUCUT OT peIIaeMoil 3ajJauM, HAa3HAUYEHHS CKBAXHUHBI, OCOOCHHOCTEH €€ KOHCTPYKLUHUU H
0/13eMHOI0 000py/oBaHus. B yacTHOCTH, AeTaabHbIE UCCIEOBAHMS MOTYT OBbITh BBIITOJIHEHBI B
UHTEpBAJIE MPOAYKTHUBHOW TOJIIM, B IPEAINOJAraéMbIX HMHTEpBajax IE€PETOKOB, HapyLICHUH
TEXHUYECKOIO COCTOSIHUS CKBAXXUHBI U TIP.

10.15 TexHOMOTHYECKNE TPUHIMITBI ~ KOMIUIEKCHBIX  HMCCIIEJIOBAaHUH  IPOMBICIIOBO-
reousmnueckoro koHtposs (II'N u I'’/IUC) B skcrmtyaraninoHHOM (OHIE CKBAaXXUH MPUBEJICHBI B
Tabm. 3.

10.16 Komruiekc MeTOJOB  MCCIEJOBAHUS CKBAXHH, IPHUMEHSEMbIE TEXHOJOTHH

H3MepeHHﬁ, a TaKXKC PE3YyJbTAaTUBHOCTH KOMILICKCA OIPCACIAIOTCA YCIOBUAMH I/IBMepeHI/Iﬁ B
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KOHKPETHOW CKBa)XKMHE, U B MEPBYIO OYEPEIb CBA3aHBI C HA3HAYEHUEM M CIIOCOOOM KCIUTyaTalluu

CKBa’KHHBI.

11. KOMIUIEKCUPOBAHME MCCJIEJOBAHHM B CKBAXHWHAX CO CJIOXHBIM
3AKAHYNBAHUEM

11.1  CTouku 3penus cneuuduxu cuctembl [ IC-KOHTpOIIS clieayeT BbIICTUTh CKBAKUHBI
¢ ropusoHTanbHbIM okoHUaHueM (I'C), B Tom uucie BI'C u I'C ¢ muorocraguiineim I'PIT (MI'PII),
u MHOroctBosibHbIC ['C, B ToM uncie koHcTpykiuu fish bone.

11.2 TpeboBanusi 10 MUHUMAaJIbLHOMY OXBaTy U NEPUOAUYHOCTHU MTPOBEICHUS U3MEPEHUIA
BBICOKOTEXHOJIOTHYHBIX CKBRKHH B MIEPBYIO OU€pe/b CBS3aHbl C TUIAHUPOBAHUEM U OpraHu3aluei
u3MepeHuil (B YCIIOBHSX pa3lClICHHBIX MHOTOKOMIIOHEHTHBIX ITOTOKOB), C JIOCTaBKOH CHCTEM
M3MEpEeHus Ha 32001 TOPU3OHTAIBHBIX CTBOJIOB, CO CTOMMOCTBIO IPUMEHSEMBIX TEXHOJIOTUIECKUX
orepalyii ¥ JONOJTHUTEILHBIMH YCIOKHEHUSMH, a TAaKXKe TPEOOBAHUSIMU K CPEACTBAM U3MEpPEHUH.

11.3 TIlpu nianupoBaHHH pabOT U BHIOOpPE M3MEPUTEIHHON ammapaTypbl HEOOXOIUMO
YUUTBIBAThH JIOTIOJIHUTENLHBIC PUCKHA CHIDKEHHS PE3yJIbTAaTUBHOCTH M3MEPEHHUH B JTOOBIBAIOIINX
CKBa)XMHAX C TOPH3OHTAIBHBIM CTBOJIOM, CBSI3aHHOH CO CIIAOBIMH HEOAHOPOJHBIMU IO COCTaBY
INPUTOKAMH ¥ MHOTOKOMIIOHEHTHBIM MHOTO(a3HBIM 3alOJHEHHWEM CTBoia. lIpum 3TOM
MperoaraeTcs MPeuMyIIeCTBEHHOE HMCCIeI0OBAaHUE JIaHHOTO TUIA CKBAXXUH PACHIMPEHHBIMU U
MOAU(PUIIMPOBAHHBIMU CHEIIHATEHBIMA KOMITJIEKCAMHU.

11.4 JInsg cHMXEHUS PUCKOB HEOJHO3HAuHON uHTepnperauuu pesyiapratoB ['JIMC B
CKBR)XMHAX CO CIJIO)KHBIM 3aKaHUYMBAHHEM MO TPHUYMHE MPHOOHICHHs K paboTe 3HAUYMTENHHBIX
TOJIIIMH KOJUIEKTOpA THAPOJMHAMUYECKHE HMCCIEIOBAHUS PEKOMEHIYETCsl KOMIUIEKCUPOBAaTh C

HpOMBICJIOBO'FCO(1)I/I3I/I‘-ICCKI/IMI/I, MaKCHUMaAJIbHO HpI/I6J'II/I3I/IB APYT K APYyTry AAaThl UX ITPOBCACHU.
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[TPUJIOXEHUE A
XapakTepucTHKA U 00J1aCTh NPUMEHEHHU CTAHOHAPHBIX HH(POPMALMOHHO-
H3MEpPHUTEJbHbIX CHCTEM VINTEJIbHOI0 NEPMAHEHTHOI0 MOHMTOPHUHIA re0(pM3UYeCKUX U
TUAPOANHAMMYECKHX NApaMeTPOB

CoBpeMeHHOE pa3BUTHE CHUCTEM MOHHMTOPWHIA T€OPU3NUYECKUX M THIPOJAMHAMHYECKUX
MapamMeTpoB B HE(PTSIHBIX M Ta30BbIX CKBAXUHAX MPHUBEIM K BHEIPEHHIO HA IPOMBICIIAX
CTalMOHAPHBIX HH(OpMaMOHHO-U3MepuTeNbHbIX cucteM (CHUUC) — kak albTepHATHBBI
TPAJUIIMOHHBIM TOJX0JaM K HMH(OPMAIMOHHOMY oOecriedeHnto KoHTpousisi paspabotku (KP) u
MouuTopunra 100erau (M/]), Tabm. Al.

CHUHNC moryT MCHOJIb30BAThCSI B KAYECTBE CPEJCTBA MOJYUYCHUSI TEKYIIEH MPOMBICIOBOM
unpopmanuu (TIIN), a Takxke mnposemenus ruapoxuHamuuyeckux (['IMC) u mpoMbICIOBO-
reopusuyeckux uccienopanuii ([II'M) ckBaxkuH. Y BceX THIOB MOJOOHBIX CHUCTEM €CTh P
MIPEUMYIIECTB 10 CPAaBHEHUIO ¢ Kiaccuueckumu komiuiekcamu I'/IVC-T11I'U, B ToMm uucie:

—  BO3MOXKHOCTH CTAaI[MOHAPHOW YCTAHOBKH HIKIKE MOJIBECKHM HACOCHOTO 00OpYAOBaHUS Ha
JUITUTEIHHBINA CPOK (HampuMep, Ha BECh MEKPEMOHTHBIHN MEpUOJI U 1axe Oolee);

- MpPOBEICHHE HM3MEPEHHH B peKUME «ON-line» mpakTuyecku «MrHOBEHHO» JUIS BCETO
npouIIs CTBOJA;

- o0ecrieyeHHe HENPEpBIBHBIX HW3MEPEHM, TMPH KOTOPOM HEKOTOpOE CHIKEHUE
YYBCTBUTEIBHOCTH IO U3MEPAEMbIM MapaMeTpaM, HalpuMep, TEMIIEpaType, KOMIIEHCUPYETCs
OOJIBIIIMH MaCCHBAMHU JJAHHBIX X BO3MOKHOCTBIO X IOJIYYSHHSI B TIEPBBIE MUHYTHI ITOCIIE ITyCKa
CKBa)KUHBI B paloTy;

-  3HAYUTEJIbHBIE 2)KOHOMUYECKHE BBITOJIbI, T.K. KOJIMYECTBO 3aMEPOB U UX MEPUOJUYHOCTD HE
OrpaHUYEHBI, a YIeTIbHAs CTOMMOCTb HH(OPMAIIUH 32 POIOJKUTENIbHBIN MepHO MOHUTOPHHTA
MUHUMalbHasE (OCOOEHHO MpU 3HAUUTEIBHOM OXBAaTe€ H3MEpPEHUSIMH (GOHJA JEHCTBYIOLIUX
CKBaYKUH, TPU OOJIBIIOM KOJMYECTBE OJTHOBPEMEHHO HCCIIEAYyEMbIX OOBEKTOB);

— BO3MOXXHOCTb IIPH pa3MELIEHUH B TOPU3OHTAIBHBIX CKBaXMHAX MEXaHU3UPOBAHHOIO
¢doHIa U3BJIEKATh HACOCHOE 00OpYAOBaHUE 0€3 U3BATHUSA U3 CTBOJA MU3MEPHUTEIBHBIX MOJYJICH
(mpu npumenennn B CUNC MHAYKIIMOHHBIX U TPOYHUX Pa3beIUHUTENICH CUCTEMbI TEJICMETPHH,
B ciydasx ucrnonb3oBanus JI[H manoro radapurta, cmyckaemoro B HKT Ha cunoBoMm kabere,
P pealu3allud Ha JTale CTPOUTENIHBCTBA CKBAKMHBI JOJITOBPEMEHHOIO MOHMTOpPHHIA
TeMITEPaTypPhl U CEHCMOAKYCTUYECKUX CHTHAJIOB HA OCHOBE ONTOBOJIOKHA);

—  BO3MOKHOCTb COBMEILATh U3MEPUTENIbHYIO CUCTEMY C CUCTEMOU YIIpaBJIEHUS dJIEMEHTaMH1
MOJI3€MHOT0 000pyIOBaHus (KOHIICIMS yMHBIX ckBakuH «Smart Well» npu ucnonszoBanuu

AKTUBHOI'O0 OUCTAHIHWOHHO YIIPABIIKICMOI'O € IMOBCPXHOCTHU yCTpOﬁCTBa KOHTPOJIA MMPUTOKA —

VKII/ICD).
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Tabmmna A.1. Knaccnduranus rayouansix CUUC

/YKII/ICD

Toueunnie Touye4yHO-pacnpeneeHHbIC Pacnpene/ieHHbIE OIITOBOJIOKOHHBIE
CHCTEMBI
ynpagjsieMbie KoMnoHopku| TEPMUIECKAE | ¢ojicno-akycTHUEcKHE
aBTOHOMHBIE AUCTAHIMOHHbIE THPJISIHIBI (KOCBI) MapKepHbIe

DTS DAS

MIPOBOJIOKE (B KApPMaHBI)

(TenemeTpus Mo
cunoBoMy kabemto J1[H)

XBOCTOBHKAax
3aKaH4YHMBaHUA

HWHAUKaTOpaMu

TUAPABINYCCKHUM KaHaJIOM

MOHTHUPYEMBIC B C TIPOBOJTHOM MOJIBCIIIMBACMbBIC | Ha OCHOBE MEUCHOI'O| YIIPABICHUE MaHIAPEIIIMU CTaIlMOHAPHO MOHTHpYeMbIe B U-

manapensx HKT TeleMeTpHueH og TMC npomnmadTa (Tels) MEXaHUIECKUM POOOTOM 00pa3HbIX TPyOKax, CITyIIEHHBIX B
3aTpyObe 10 IIEMEHTaXKa CKBAKIHBI

CIyCKaeMble Ha natuvkn TMC C KperuicHUeM B B BUJIC KACCET C yIpaBlIeHUE MaHPEIISIMH CITyCKaeMbIe Ha BpeMsI B

reo(pu3NIECcCKoM Kabdee (aHAIOTUIHO
3amepam IIT'H, BkIroUas CIycku Ha
IBIDKUTENSAX tractor)

pa3MelniaeMbie Ha SIKOpe
(cyckonoabEMHBIE
omnepaiyy - Ha
aBTOOTIICTIC)

HCIIOJIB3YIOIINE
crieruaabHble Kademu,
BKJIFO4asl CUCTEMBEI C
HHIYKITHOHHBIMH
pa3beIUHUTEISIMA

C BO3MOYKHOCTBIO
MepeMeIeHs
npudopa

yhpaBiieHHE MaHIPEISIMU
3NEKTPUYECKUM KaHaJIOM

Ka0enb-CeHCOPHI CIIYCKAIOTCS Ha
JUTTENbHBIN cpok Ha ToHKUX HKT
('HKT), kperuieHne Ha MOBEPXHOCTH
WJIM BHYTPU HUTKH TPYO

JIncTaHIIMOHHBIE OECTIPOBOIHBIE C UCTIOIB30BAHHEM:
- aKyCTHUYECKOT0 KaHaJla (C peTpaHCcIsiTOpamH);
- QIIEKTPOMArHUTHOTO KaHaJa.
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Hugpopmamuenocms u 3¢hghexm om npumenenusn cucmem MOHUMOPUH2A 3A00IIHO20 0ABIEHUA 8
CMeEoe CK6ANCUHBL HA 3A0AHHOU 2TIyOUHe
HenpepbIBHBIN ~ JUCTAaHIIMOHHBIA ~MOHMTOPUHI  IapaMeTpOB 3a00WHOTO  JaBICHHUA H

temmneparypbl ToueuHbiMu CUMC (Bkirowas AaTYMKU TeleMeTpuueckux mojayieid HacocoB TMC)
IIO3BOJISIOT BBIMOIHATh KaK JUAarHOCTUKY T'€0JIOr0-IIPOMBICIIOBBIX 1apaMeTPOB (OLIEHUBATh JUHAMUKY
n3MeHeHus Pm, ko3dduumenta npoagykTuBHOCTH, CKUH-(PAKTOpa MO0 METOAMKAaM aHAJIN3a JOOBIYH
Decline analysis B oTmenbHBIX CKBaXHMHAaX), TaK M BECTH AMHAMHYECCKUN ONCPATHBHBIA aHAIIN3
MEXCKBAKUHHOI'O B3aUMOJEHCTBUS C LIENIBIO:

- a/IpeCHOI KOPPEKTUPOBKU CHCTEMBI IO iepKkanus miaactoBoro aasinenus (I1T11);

- BBIPAaBHUBAHUA MNPOQWICH NPUEMHCTOCTH C YIPEXKIECHHEM MPOPHIBOB BOJABI I10

HecTaOWIIbHBIM TPEUIMHAM THpopa3pkiBa miacta (ato ['PII);
- ONTUMU3ALMU PAOOTHI HACOCOB;

- ONTUMH3AIMH 1T0I00pa CKBaXKMH-KaHIUAaTOB Jij1s moBTopHOTO ['PIT 1 11p.

Hugpopmamuenocmo u 3ghghexm om npumenenusn cucmem MoHuUmMopun2a npoduneit npUmMoKa u
npuemucmocmu 6 6epmuKanbHuix ckeaxcunax (BC) ¢ cucmemamu oonospemenno-pazoenvhoi
akcnayamayuu (OP3) u ¢ zopuzonmanvuovix cmeonax (I'C)

B paccmarpuBaembix ciydasx npumeHenne CHUMC mno3Bossier peanus3oBarh ClENyHOIIHME
IIPEUMYIIECTBA:

- yrouHeHue (akTyanu3auus) UUGPOBBIX THAPOJUHAMUYECKMX MOJETCH C  yd4yeToM
HEpPaBHOMEPHOMN BBHIPAOOTKH IJIACTOB MPH 3aKaHUMBAHWUW BepTUKaIbHBIMU ckBakuHamu (BC)
¢ OPD, npu OypeHnr rOpU30HTATBHBIX 1 MHOTOCTBOJIBHBIX CKBAKHH;

- YTOYHEHHE IUIaCTOBBIX JaBJICHUH M WHAMBUIYAJIbHBIX CKUH-(AKTOPOB 10 COBMECTHO
IKCITyaTUPYeMbIM 00bekTaM, BCKpbITBIM BC ¢ OPD uro HeoOXoaumo Al OmepaTUBHOTO
peryJIupoOBaHusi KOMIIOHOBOK OJTHOBPEMEHHO pasaenbHoil 100bruu (OP) u 3akauku (OP3);

- oOHapyxeHHME OIIMOOK OypeHus M 3aKaHUMBAHMS. NPU HEYAAYHOM TPaeKTOPUHU CTBOJA,
CHIDKAIOIEH TPOJYKTUBHOCTb, MPU PACXOXKIEHUU 10 MPUTOKY (COCTaBy NPUTOKA) C
MpPOrHO3aMH Ha OCHOBE J(P(EKTUBHBIX TOIIIMH, MPH HECOOTBETCTBUU au3aiiHoB [PII
pealibHOM KapTUHE PadOTHI TPEIIMH U TOJIINH B OTACIbHBIX CTAUSX;

— OIIEHKa XapakTepa U CTEeNEeHH yXYIUIEHHs MPOIYKTUBHOCTU CKBaXXMH M3-32 HEKOPPEKTHBIX
MIPOTHO30B KOJbMaTaluu (CKUH-(PakTopoB), 3akonoHHON wupkyasaiuu (3KII), BiausHus
MPUTOKOB Ta3a, HaJW4YUs B CTBOJIE THJPABIMYECKUX TOMEX: MPOOOK (BHIBAIOB) Mecka H
MpoINaHTa, 00pa3oBaHus BOAHBIX «cH(POHOBY» B mporudax tpaekropuu ['C u nip.;

- olpejesieHue UHTEPBAJIIOB U UHTEHCUBHOCTH y3KOHANPABICHHBIX («KUHKAJIBbHBIX)») IPOPHIBOB

BOJBI (HAapUMep, M3-3a HAJIWYUS BBICOKOMPOBOJSAIINX TPEIIMHOBATHIX MPOCIOEB B paszpese
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J1acTa), KOTOPhIe HEOOXOMMO OTIEPATUBHO U30JIMPOBATH (3aKPHIB IIOPT UJTU MIOCTABUB B TPYOE
«IUTACTBIPHY WIIH JK€ OTPETYJIMPOBAB 3aKaUKy B HATHETATEIIbHBIX CKBAKUHAX);

- OmlpeAelieHUE HWHTEPBAJIOB W WHTEHCHUBHOCTH MPOPHIBOB Ta3a (W3 Ta30BOM INANKH WA
COCEJTHEr0 rOPU30HTA), a TAaK)Ke IUAarHOCTUKA aKTUBHOTO pasra3upoBaHus HE(DTH, IPOPHIBOB
MPOJYKIIMH C JPYTroro TOPU30HTa U TIp.;

- o00OCHOBaHME pEKOMEHJAIMA TI0 ONTUMAIbHBIM pEKHMaM OJKCIUTyaTaluu (B cliydae
MIPOBEJICHUS 3aMEPOB MIPH PA0OTE CKBAXKHMH Ha PA3HBIX PEKUMAX, T.C. TIPU PA3HBIX 1eOUTAX UITH
pacxoiax 3aKayku) C LENbI0 JOCTHXKEHUS «PaBHOMEPHOCTH» MPOQMISL U COCTaBa MPUTOKA
(TICTI) u mpoduist npuemucroctu (ITI1) aus obecneueHrss ONTUMAIBHON BEIPAOOTKH 3aI1acoB
B IJIACTE TIO IUIOMIAAH IPCHUPOBAHMS;

- nuar”Hoctuueckue uccienoBanus B BC ¢ OPD u B I'C nns onpeneneHus, Kakue WHTEPBAJIBI
¢bunbTpa (ctaauu, noptel I PIT) He paboTaroT U Kak OHM MEHSIIOT CBOM BKJIaJ B OOBIUY IO Mepe
JKCIUTyaTalul O00bEeKTa BO BpeMeHU (OJHOBPEMEHHO OOHApYXHBAIOTCS HErepPMETHYHOCTU

Pa3JeISIONIMX CTBOJ HAa CTANH ITAKEPOB).

Texnonozuueckue no0xo0vt npu cO30aHUU OUCMAHYUOHHBIX MOHUMOPUH208bIX cucmem 04 I'C:
[Ipu co3nanuy TUCTAaHIIMOHHBIX MOHUTOPUHTOBBIX cucTeM JUisi I'C MCHONIB3YIOTCS CleIyIoIIHe

aneMeHThl (TexHonorun) CUNC:

OIITOBOJIOKOHHBIC pacrpe/ielieHHbIe TepMudeckue u cericmoakyctuueckue (DTS-DAS);

— TOYEYHO-PACIIPEJCIIEHHbIE Ha OCHOBE 3JICKTPOHHBIX HJIM ONTHYEeCKHX (pewmerku bparra)
BBICOKOTOYHBIX JIATYUKOB — «THUPISHBD (KOCHI);

— MapKepHbI€ TOUEYHO-PACIPEICIIEHHbIE (C TOMEIEHUEM XUMHUUECKUX UHIUKATOPOB B CPEIy
IPOIIaHTa UM B BUJIE KACCET C MapKepaMH B 3JIEMEHThl KOMIIOHOBOK 3akaHuuBanus ['C);

— JIUCTaHIIMOHHO yIpaBiIsieMble KOMIIOHOBKH 3aKaH4YMBAHHUS (amexTpuueckue,

THJIpaBIMYECKUE, MEXaHMYecKHe), oOecleuynBaolue YIOpaBiseMoe  OTKIYeHue/

MOJIKJIIOUEHUE OTAeNbHBIX cTanuil ['C

Bo3MokHBI Takke KOMOMHUPOBaHHBIE BApUAHTHI IaHHBIX 3JIEMEHTOB (Talm. A2).
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Taoauna A.2. Ilpumenenne CUUC nJ1s1 penieHust reoioro-mpoMbICJI0BBIX 3a1a4. JloCTOMHCTBA, HEIOCTATKH, 00J1aCTH NpuMeHeHNsi. B3anMo3aMeHsieMOCTh
komiiexkcoB III'N-I'IUC

Tun Onucanue, NPUHIKAN Haszunauennue, JocTonHCTBa, HEIOCTATKH, OTPAHUYEHUSA B3aunmo3zame-
CUucC (yHKIIMOHMPOBAHUSA usMepseMble HSIEMOCTh
napaMeTpsbl nru | ramc
OnuHOYHEIC CTallMOHAPHBIC P3a0, T3a6, pacxon, | ILTFOCEL: BO3MOKHOCTH TOJITOBPEMEHHOTO TUCTAHITMOHHOTO M3MepeHus | JIA JA
% JNUCTAaHIIMOHHBIE NaTYNKA MOHUTOPUHTA | BJIArocoAep)KaHHe | MIMPOKOro Habopa reopu3nuecKux napamMeTpoB, OIepaTuBHAs
= reo(pU3NUECKUX U THAPOANHAMUYECKUAX | TMPOIYKIUU nHpopMaLus Mo 0OBOAHEHHIO U Pa3ra3upPOBAaHUIO IUTACTOB (B
2 rnapaMeTpoB, pa3MellaeMble Ha ckBakuHax ¢ OPJ).
it (uKCHUPOBaHHBIX ITyOHHAX MHuHYCBI: CIIO)KHOCTb PEMOHTa (YCTAaHOBKA Ha BECh MEKPEMOHTHBIN
MEPUOJ IKCIUTYaTAlH CKBKHHBI)
OnuHOYHBIE CTAIIMOHAPHBIC JATYUKH P3a6, T3a0 na ITnr0ChIl: BO3MOXHOCTD J0JITOBPEMEHHBIX ON-line usmepenwii ¢ HET | JA
& U | TeMIepaTypsl U JIaBJICHHUS Ha TIpUEMe npueme OIH Han0OoJIee MOTHBIM OXBAaTOM CKBaXUH, 000pymoBaHHBIX DLIH.
£ S | macoca B cocrase TEJIEMETPUIECKUX MuHycCBI: OrpaHHYeHHBIN HA00P N3MEPsEMbIX TapaMeTPOB (IaBJCHHUE,
== | cucrem 3JIEKTPOLICHTPOOCKHBIX HACOCOB TeMIiepaTypa)
(OLH)
. KoMmoHoBKa HECKOJIBKHUX [Ipoduns u coctaB | Ilmtocer: onsIT npumeHenns B PO (Bxumtouas ckBaxkusbl ¢ O1H u OA HA
= _ | MaTYMKOB B IMHEHHYIO CHCTEMY | NMPHUTOKA, MPO(HIL | FOPU3OHTAIBHBIC CKBaXHHEL, I'C), TCHICHIMH YICIICBICHNS, TOYHOCTH
g_ & | U1l MOHMTOPHHIA NPO(UIs MIPUEMUCTOCTH U BhilIe, ueM y OBC, GoJibllie KOHTPOJIUPYEMBIX TApaMETPOB.
E WU3MEHEHUS re0(hU3NICECKUX JIpyrue napameTpsl | MUHYCBI: IpOOIEMBI C METPOJIOTHEH aTYNKOB, CIIOKHOCTH YCTAaHOBKU
© napaMeTpoB 10 rIyOuHe I'’IMC u III'N nox OLH B I'C (Hy>xeH pa3beMHBIH KOHTAKT)
E o Cucrema pacnpenenéHHbIX 110 [Mpoduns u coctas | [IIrOCH: MpH AUCTAaHIIMOHHOM OTKJIFOUEHHH TI0 odeped pUibTpoB JA | A
E E A JJINHE CTBOJIAa I[aT'-II/IKO]E B IIPpUTOKa HaMpAMyro OLICHUBACTCA COCTaB U ):[C6I/IT IIPUTOKA U3 KaXK0ro
3 £ O | COBOKYIHOCTH C yCTPOHCTBAMHU WHTEpBaJia, Pe3yJIbTaThl MO’KHO HCIIOJIB30BATh JJISl U30JISLIUH IPOPHIBOB
3 £ < | A peryaupoBaHus HEXKeJIaTeJIbHOI'0 areHTa ¥ BelpaBHUBaHUs mpoduieii mpuroka B I'C.
g E E WHTEHCUBHOCTH IIPUTOKA B MuHYCHI: TOPOTOBU3HA MTOJI3EMHOT0 000pYI0OBaHHUS
S 5 2 | mpezenax J0KaabHbIX
s g( uHTepBaioB (craguit MI'PII)
z
] JlokanbHble OJIOKH MapKepoB, IIpodune u coctaB | IIIrOCH: TEXHONOTMYHBI B MOHTaXe, HE TPEOYIOT JONOIHUTENBHBIX _ HET
it © pacnpeneyeHHbIE B MIPUTOKA CIIyCKOIOJIbEMHBIX ONEpalii, BCE 3aMEPbI BBIIIOIHIIOTCS Ha yCThE. e
3 (UKCHPOBAaHHBIX TOYKAX IO MuHyCBI: HU3Kas MOATBEPKIAEMOCTh U JJOCTOBEpHOCTH oreHoK T1CIT - =
% JUIMHE CTBOJIA (Yalie BCero TOJIBKO «CHUTHAbHAS QYHKLUS O MPOPHIBaxX BOBI U I'a3a WM OLEHKH E
= JIOKaJIN30BaHHBIE B IpeeIax OJTHOKOMITOHEHTHBIX NIpoduiiel IpuToKa @)
§ gopTOB MHoroctaguitaoro ['PI) §
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Tun Onucanue, NpUHIUAT Haznauenue, JocTouHCTBA, HEAOCTATKH, OTPAHUYEHUS B3aumo3zame-
CUucC (yHKIIMOHMPOBAHUSHA usMepseMble HAAEMOCTh
napaMeTpsl Inru | ramc
% 9 JIst u3MepeHus TeMITepaTyphbl [Tpoduns u [Inrochl: BO3MOKHOCTH HEMPEPHIBHOTO JTOJITOBPEMEHHOTO HA | HET
0
s § OBC- DTS COCTaB IIPUTOKA, | MOHUTOPUHIA PACIIPEACICHU TEMIIEPATYPHI 10 NIMHE CTBOJIA
§ =N npoduib CKBAXXHHBI, BO3MOKHOCTb IIPUMEHEHUS HECTALIMOHAPHBIX
£ o
m [IPUEMHUCTOCTHU TEXHOJIOTHI TEPMOMETPHH IS U3YUEHUS OBICTPO MPOTEKAFOIINX
a“ 2 MEePEXOIHBIX MPOIECCOB.
-]
22 S = MuHychl — 60Jiee HU3Kas 10 CPaBHEHHUIO ¢ TOYCUYHBIMHU JaTYUKAMHU
55 2, S TOYHOCTb U3MEPEHUS TEMIEPATYPHI (0TYACTU KOMIICHCUPYETCS
) E N N N
= = o 2 TTOBBIIIICHHOM CTaTUCTUKOW JIAHHBIX U3MEPEHUH ), 00JIee CI0KHAs
= —
: ® % % METOJMKA JUIsl OLIEHKU COCTaBa MPUTOKA (TPeOyIroTCs
22 5 5 HECTallMOHAPHBIC ITUKJIHI)
) v o
q:) 5 a = Hns uamepenus CeilcMOaKyCTHKa, IImocel: moTeHIuMal a1 UCIOJIL30BaHU B JaJIbHENUIIIEM IS HET
g2 2 3 CeHCMOaKyCTHUECKUX ITYMOB HU3KOYaCTOTHBIC JIMarHOCTHUKHU MPOIIECCOB B CKBAKMHE U TLIACTE, COMMPOBOXKAAEMBIX
™ - o
2 g = = OBC-DAS LTyMBI, CBASAHHBIC | ceHCMOAKYCTHUECKMMHU HIyMaMH B HU3KOM U CPEJIHEM JMANa30He | ~
§ S e 5 ¢ TypOyausammel | yacror. =
& =5 z A MMOTOKOB B } E
= MUuUHYCHI: HET YCIEUIHBIX OMBITHO-ITPOMBIIUICHHBIX PabOT 110
2o CY)KEHHSAX . =
g5 npuMeHeHnto DAS B kadyecTBe aHayiora pacrpeeIeHHOM 2
52 N o
2] = cnektpanbHoil mymometpun 11IC, kpaiine noporas Mmonudukanus | =
=]
5
E 8
O o

Y CucreMbl JONTOBPEMEHHOI0 MapKEPHOI0 MOHMTOPUHTA IpU KOHTPONbHBIX OITP Ha CKBa)KMHAX U B YCJIOBHAX CTEHIOBOTO «CIIENOr0 TECTUPOBAHHSA» HA

My.HBTI/I(l)aSHBIX TUAPABIINYCCKUX CTCHAAX, KaK IMMPaBUJIO, HE MMOKA3bIBAIOT JJOCTOBEPHOCTH, HGO6XO):[PIMOI7[ JJI1 KOJMIMYECTBECHHBIX OIICHOK MHOI'OKOMITOHCHTHBIX

npoduiieil MpuToKa U MPUEMHUCTOCTH (T.€. OJIM3KOH K HocToBepHOCTH TpaauoHHbIX cucteM 1T umn OBC-DTS na yposne 10-15% cpeaneit oTHOCHTEIBHON

norpemHocty). Cornacio CTO MHTU S.100.18 o603HaueHo ob11ee TpeOoBaHHE MPOXOKIECHHUS KaX 10l KOMMEPUYECKOH CHCTEMOM MapKEPHOTO MOHUTOPHHIA

0013aTENBHEIX mpoucayp 1no ux CJICIoMy TCCTUPOBAHUIO HAa THAPABIIMYCCKUX My.]'II)TI/I(ba?;HLIX CTCHOaXx.

TpeboBaHMs IO JOCTOBEPHOCTH.

a) YCICIIHOC MPOXOKACHUEC: BO BCCX 06pa3uax KOJBI MapKEPOB OMPEACIICHBI BEPHO, COOTHOIICHUS KOAOB MAaPKEPOB ONPCACIICHBI CO CpCI[HefI OTHOCHUTEILHOM

MOTPENIHOCTRIO He Ooee +10-15%);

0) yIOBJIETBOPHUTEIILHOE MPOXOKICHHE: BO BCEX 00pa3iiax KoJbl MAPKEPOB ONPE/ICICHbI BEPHO; COOTHOIICHHS KOJIOB MapKEPOB OMPE/ICICHBI CO CPEIHEH

OTHOCHUTEJILHOH MOTPEHIHOCTEI0 He Ooutee +25 %.

[Ipu BBIOTHEHUH KpUTEPHEB 11.(a) MapKepHask CHCTEMa IPUT0IHA JUIs KOJTMUYECTBEHHOI'0 MOHUTOPHUHTa (ha30BBIX NPOQHIei NPUTOKa, MpH 1.(0) MOKET HIPUMEHATHCS
TOJILKO JIJIsl «CUTHAJILHOT'O MOHHTOPUHTA» O TIPOPBIBAX Yepe3 OT/IeNIbHbIE HHTEPBAJIBI HElleJIeBOro Quronia
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ITPMJIOKEHUE b
AHaJIN3 JTUTETbHBIX KPUBBIX 1e0UTa 1 3200HHOT0 1aBJ1eHUS B PA00TAININX CKBAKMHAX

AHaIu3 JUTMTENbHBIX KPUBBIX 1e0UTa U 3a00HHOTO JaBIICHHS B PA0OTAIOMIMX CKBAKHMHAX HHAYE
HA3bIBAIOT: «aHAIN3 JOOBIYNY, «ITPOMBICIOBBINA aHATIN3Y, «aHAJIU3 KPUBBIX HaneHus», «ananu3 KCI»,
«Decline analysis» wmu «Rate transient analysis (RTA)». Llear Takoro aHamusa - OINpeaCIICHHE
(GUIBTPAMOHHO-EMKOCTHBIX MapaMeTpOB IJIACTa U YTOYHEHHUE €ro Te0JIOTMYECKOro CTPOCHHUS, a
TaKXXe CPEeJHECPOYHOE MPOTHO3UPOBAHUE TOOBIYN HEDTH.

Iupokoe npumenenue ananuza KCJI cramo Bo3mokHO Onarojapsi ncnonb3oBanuio DIH ¢
natynkamu 3a0oitHoro namieHust B coctaBe Omoka TMC. PexomeHyercs HCIIONBb30BaTh JAaTYUKH
nasieHus B coctaBe 0sioka TMC uyBcTBUTENIBHOCTHIO HE Xyke 0.01 aTm.

I'maBubiM HemoctatkoM aHamm3a KCJI mpu mycke CKBaXHHBI B PadOTy SIBISIETCS
HEBO3MOXKHOCTb ONPEENICHUs MJIACTOBOIO JaBjieHMs. ETro MOXKHO oNpeaenuTh Mpyu NOMOIIU METoAA
BoccTaHoBieHus AasneHus (KBJl) win npuOimXeHHO OIEHUTh C MOMOIIBIO CIEIYIOIIUX METOJOB:
WCCJIEIOBaHMS HA YCTaHOBUBIIEMCS (KBa3MyCTAaHOBUBIIEMCS) pexuMe (UIbTPALUHU, UCCIICIOBAHUS
METOJIOM [IBYX pexuMoB (two-rate test), uccienoBaHUsi METOAOM ITycKa CKBaXXHHBI IIOCTIE
KpaTKoBpeMeHHo# octanoBku (drawdown test after a short shut-in).

['maBubiM mpeumymiectBoM aHanuza KCJI sBnsercs nHamHoro Oombmas, yem s KBJ,
JUIUTEIBHOCTh aHATM3UPYEMOTO Mepuoia. ITO MO3BOJIIET U3YUYUTh CBOMCTBA IIacTa Ha OOJIBIIOM
pPaccTOSHUM OT CKBa)KHMHBI, ONPEJEIUTh PACCTOSHUSA 1O IPAHHUIl IUIACTa WM 30HBI JIPEHUPOBAHUS
CKB)XHMHBI, OIICHUTh HHTEPPEPEHINI0 CKBAXHH. [Ipy 3TOM HET HEOOXOIUMOCTH OCTAHABJIMBATH
CKBAYKMHBI JUIsl UCCIIEI0OBAaHUI KPOME KaK JUIsl OLEHKHU IUIaCTOBOTO JaBJICHMS.

Jlna coBpeMeHHbIX MeTof0B aHanu3a KC/I ucnonp3yercs TOT ke MaTeEMaTUYECKUH anmnapar,
yro u Jjisa aHanuza KBJ[, HO A OUMarHoCTHKM pPEXUMOB TEYEHMs] NPUMEHSIOTCS Jpyrue
XapakTepucTuueckue kpusble. JluarHoctuueckuid rpapuxk bypne B Ounorapupmuyeckux
KOOpJAMHATAaxX, IPUMEHAEMBIN Ul JUAaTHOCTUKYU peXUMOB TedeHus npu aHanuse KB/I, B ciryqae KC/I
cy1ab0 MPUMEHHM, TaK KaK €ro CHJIbHO 3allyMIISIOT KoJlebaHus AeOuTa.

['maBHOE oOrpaHWYeHHEe TMPUMEHEHUs aHalIUTUYecCKuX wmojened st anamuza KCJ -
HEU3MEHHOCTbh UHTEPIIPETAlMOHHON MOJENU BO BpeMeHHU. B TOM uucie 310 03Havaer, 4yTo BO BpeMs
aHajM3a HE MOXET H3MEHAThCS OOBOJHEHHOCTb, TaK KaK 3TO O3HadyaeT H3MEHeHue (ha3oBoi
IIPOHULIAEMOCTU. DTH OTPAHUYEHUS MOXKHO [TPEOIOJIETH, UCIIOJB3YS Ul aHAJIN3a YUCIECHHBIE MOJEIH,
OJIHAKO 3TO YBEJIMYMBAET HEONPEAEIEHHOCTb PE3yIbTaTOB.

Huxe ommcanbl MeToNbl aHanM3a JUIMTEIbHBIX KPUBBIX Je0uTa M 3a00HHOrO JaBlIeHUS B

pa6OTaIOH_II/IX CKBa’XHMHax.
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AHanmu3 100bYM Havamu NpUMEHSATh B 1920-e IT. B BHJIE SMIHPUYECKUX 3aBUCUMOCTEH C
LEJIbI0 TIPOTHO3MPOBAHUS pabOThl CKBaKUHBI JUIS PELICHUs (PMHAHCOBBIX BOMpPOCOB. llenbio ObLIO
MIPOTHO3UPOBAHME NaieHHs 1ebuTa HeTH CO BpEeMEHEM U OIICHKA MPHOBLIH.

B 1940-x romax ApricoMm ObUTH BIIEpBBIE OIYOJIMKOBAaHBI KPUBBIC MMaJICHUs 1eOuTa HEPTH BO
BPEMEHHU JUIsl CITy4aeB HKCIOHEHIMAIbHOI0, FApPMOHNYECKOT0 U TuIepOoarueckoro najaeHus. OHu 110
CHX IOp HCHOJB3YIOTCSA [UI SKCIPECC-OLEHKU TOOBIBHBIX BO3MOYKHOCTEH CKBaXMHBI (BpPEMEHHU
OKCIUTyaTallil CKBOKWHBI M KOHEYHOM HAKOIUIGHHOW J00buM HedTH). OrpaHuueHus —
IPEIIOI0KEHNE O IOCTOSHCTBE BO BPEMEHU 3a00MHOr0 aBJIeHUs, CKUH-(DaKTOpa U Pa3MepOB 30HbI
JIPEHUPOBaHUS CKBaKUHBI. Dirona cuyuraercd MajnockumaeMmbiM. [Ipu 3ToM 1eOUT CKBaKMHBI
OIMCHIBACTCS SKCIIOHEHIINATLHON, TApMOHMYECKON MIIM TUIIEpOOIMUecKor (PyHKIIMEH BpeMEHH.

B 1960-x rogax mossBUIIUCH NepBble HAOOPHI MANIETOYHBIX KPUBBIX. OHM OBLIH MOIyYEHBI IPU
TeX K€ OrpaHMYEHUsX, 4To U KpuBble Aprca. [lanerku derkoBuua o0BEIUHSIIN JBAa CEMEHCTBa
KPUBBIX: Ul HEYCTAaHOBMBILETOCs pexuMa GUIbTpaluu (JieBas yacTb Tpaduka) U i TEYSHUs O]
BJIMSIHUEM TPaHMI] Ha ITO3HEM dTane (1paBas yacThb rpaduka). J[aHHbIE KpUBbIE TIOIPA3yMEBAIIH, YTO
IIPUTOK K CKBAKMHE MOYXKHO ONMCATh B paMKaX MOJENU BEPTHKAIbHOM CKBAXXHHBI B OJHOPOJIHOM
IlacTe ¢ KpYroBod HenpoHunaemMon rpaHuneil. OLieHHBAaeMble BEIWYUHBI — pa3Mep 30HbI
JPEeHUPOBAaHUS, THAPOIIPOBOJAHOCTb, CKUH-(DAKTOP, CPOK IKCILTyaTallui, HAKOIJICHHAs J00bIYa.

[To3xe ObUTM TOTYYEHBI MAJIETKH Ui 00JIee CIIOKHBIX MOJENEH, B TOM YHCIe Ui MOJeNen
CIIOMCTOrO IUIacTa W TpeuuHoBaro-nopucroro miacra. Ha manerkax derkoBuua oTOOpaxkaercs
3aBUCUMOCTh Oe3pa3MepHOro nebura u 0Oe3pa3MepHOl HAKOIICHHOH NOOBIYM OT Oe3pa3MepHOro
BPEMEHH.

[Tozxe [lamaum, basiicunreiim u Apyrue BBeNM NaleTOYHbIE KPUBBIE IEPEMEHHOIO 1e0UTa B
JIBOMHOM JlorapupmMudeckoM Macirade. OrpaHUueHHUEM 3TOTO METO/A SIBJISETCS TUIIOTE3a O Majloi
ckumaeMocTH. Ilpu sToM Ha 3a00ifHOE /MaBieHHs OrpAaHMYEHHs HE HalaraioTcs, YTO MO3BOJISIET
IPUMEHATh METOJ JUId aHaiu3a JIIOOBIX KPUBBIX HM3MEHEHHs ae0uTa W 3a00WHOro JaBJIEHUS B
paboTatonieit ckBaxxkune. OnpeenseMble mapaMeTphl T€ ke, YTO U AJis naneTok PeTkoBuya.

Ha nanerkax [Tananu-brsiicunareiiMa oTrodpa)kaeTcst 3aBUCUMOCTD TPUBEIEHHOTO J1e0nTa (UITH
UHTErpajga TMpHUBEIEHHOro MAe0MTa) W TNPOM3BOJHOM MHTErpana MpHUBEJEHHOTO Jaedura oT
HKBHBAJIEHTHOIO BPEMEHHU MaTepUaIbHOTO OanaHca.

K xonity 1980-X IT. mOSBUIIOCH OOJBIITIOE KOJIMYECTBO PA3TUYHBIX MATEMATHUYECKIUX MOJIETICH.
OTH MOJAENU ONMCHIBAIM pa3IMYHbIE YCIOBUS Ha CKBa)XHMHE (BEpTHKAlbHAs CKBaXXUHA,
TOpPU30HTANIbHAsT CKBA)XKMHA, CKBO)XHWHA C TPEIIMHOW T'HJIpOpa3phiBa IjlacTa M Tp.), YCIOBHUS Ha
BHEIIHEH TpaHule miacta (dpopma rpaHUIIbl; HEMPOHMIAEMas TIpaHUIa / I'paHHUIA MOCTOSHHOTO
JIaBJICHUS); KPOME TOTO, MOSIBUINCH Pa3IMyuHbIe MOAENTU KOJUIEKTOpa (ABOWMHAs MOPUCTOCTD, TBOMHAS

MPOHUIIAEMOCTh U Tp.). C pa3BUTHEM KOMITBIOTEPHON TEXHUKH MOSBUIACH BO3MOKHOCTh COUETATh B
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OJTHOM aHaJIu3€ HECKOJbKO MOJEJEH JUIsl ydeTa CI0KHOTO XapakTepa NMPUTOKAa HEPTH K pealbHbIM
CKBR)XMHAM, YUYUTHIBaTh OJHOBPEMEHHO OCOOCHHOCTH CTPOEHHUS KOJUIEKTOpa, KOHCTPYKIUIO
CKB)XHMHBI U ()OPMY TPAHHII.

JUis TMarHocTUpOBaHMs MOJIEIM TEUEHHs Hadalld UCIIOJIb30BaTh TaK Ha3bIBAEMBIN «Tpa(uK B
nBoiiHoM Jstorapudmuyeckom Macmrade (log-log rpaduk)». Ha srom rpaduke oroOpaskaeTcs
3aBUCUMOCTh MHTETpajia MPUBEICHHOTO AABICHHUS M €r0 MPOU3BOIHON OT SKBUBAJICHTHOTO BPEMEHH
MaTepHaIbHOro OajaHca.

VHHMKaNbHOCTh Ipaduka B JABOMHOM Jiorapu(MUYecKOM MaciuTabe COCTOMT B TOM, UTO
pasnuyHble MOJENM NPUTOKAa (QuitoMJa K CKBaXHMHE Ha 3TOM TIpaduke OyAayT HMETb CTpPOro
OIpeJIeIeHHbIN, M3BECTHBIM BHJI. IlpudeM 3TOT BuA OyAeT aHAJIOTMYEH BUIY TOW e MOJEIH Ha
rpaduke bypne mis cinydas KB/l Ilostomy rpaduk B JBOWHOM JOrapupMHUECKOM Maciutade
MI03BOJISIET JUATHOCTUPOBATH MOJIENb TEUCHHUS.

Jlis 0co00 CIIOXKHBIX CIIydaeB M CHJIBHO 3alllyMJICHHBIX JaHHbBIX (KOTJa Ha CHEIMAaJIbHbBIX
TMAarHOCTHYECKUX rpauKax, OMUCAHHBIX BHIINIE, HE WACHTUDUIMPYIOTCS crenn(UIecKre yJacTKH,
MO3BOJISIOIINE OIPEISIUTh MOAETh (HIBTPAIMK) TJIABHBIM HHCTPYMEHTOM JUISI OIICHKH KadecTBa
MHTEpHpEeTallMd CTAHOBUTCS IpauK 3aBUCUMOCTH 3a00HHOIO J1aBJieHUs, JOUTOB M HAKOIJICHHOM
n00bIYM OT BpeMeHu (rpaduk ucrtopuu a00buum). Takoil moaxol He MO3BOJSET OAHO3HAYHO
JIMAarHOCTHPOBATh MOJENb (UIBTpAlMK, a SBISETCS JHUIIb WHCTPYMEHTOM ISl KOHTPOJIS
MHTEPIPETAINN KPUBBIX JeOUTOB M 3a00HHOT0 JTaBICHUSI METOJJOM HAaWIIy4IIero COBMEIIeHus . B aTux
YCIOBHUSAX MOXKHO TOBOPUTH OO0 OIIEHKE TAaKMX MapaMeTpoB, KaK KOA(PQPHUIMEHT MPOAYKTHUBHOCTH,
THJIPOIPOBOJHOCTh, MPOHULAEMOCTb, IUIONIAJb 30HBI JAPEHUPOBAHHUS, B3aUMOBIIUSHUE MEXITY
CKBa)XHHaMU. [Ipu OTCYTCTBUM anmpuOpPHON MHPOPMAIIMU O CTPOSHHH IIIACTa CIIEAYeT UCTIONb30BaTh
MPOCTHIE MHTEPIIPETAIMOHHBIE MOJeNu. Vcronb30BaHne 0oiee CIIOKHBIX MOJEINEH TOIMyCTUMO TPH
HIMYUM JIOTIOJHUTENbHOW HMHPOpPMAlMU M3 JApPYruX HCTOUYHUKOB. KonmdecTBo mnapamerpos,
MOJUIeXkKAIUX ONPENIEIEHUIO0, B 3TOM CJIy4ae JIOJDKHO ObITh CBEIEHO K MUHHUMYMY.

[ToapoGHee BOMPOCH aHATN3a JJIUTETBHBIX KPUBBIX J1e0UTa 1 3a00HHOTO JTaBJICHUS OCBEIIIEHbI

B paboTax, MpuBeACHHBIX B Oubanorpadun [12, 35].
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IMTPUJIOKEHUE B
JeKoHBOMIOLIMS KAK METO MHTEePIPETALMU Pe3yJIbTATOB THAPOINHAMHYECKHX
HCCJIeI0OBAaHNH CKBAXKHUH

KOHBOJIIOI_[I/IH HJIN CBCPTKA — MATCMATHYCCKasA OIlcpanud, ABIAOIIAACA BHIOM
HHTErpajibHOI'O HpeO6paSOBaHI/I$I H IIO3BOJIArOmias CliCuajibHBIM 06pa30M U3 ABYX HCXOIHbBIX

Gbyukiwmii f 1 g HAWTH 0 CHIENUATLHOMY MPABUITY TPEThIO (QYHKITUIO W:

+00

()= () )= [ £ y)alyiy = [ 1(v)alx- y)ay o1

Wnu, nepexonst OT uHTErpaga K Cymme:
w(x)=2 f(x=y)a(y)=2 f(y)glx-y). (52)
y=0 y=0
Cwmbica cBepTkH pyHKIMH f ¢ pyHKIIHEH § COCTOUT B CyMMHUPOBAHUH CMEIIEHHBIX KOMTUI
¢byukiyu f, B3BelIeHHBIX HAa 3HAYEHHS QYHKIIUH (.
B THUC cBepTka MOXeT OBITh NpUMEHEHa Ui 3alUCU  PEIICHUS YpaBHEHUS

MEE30IPOBOHOCTH C YUETOM CIIOKHOW HCTOPUU PAOOTHI CKBaXHUHBI. B 00miem ciyyae:

t t

P.(t)=P, —qt)* g(t)=P, ~ [a()g(t—7)dz =P, - [alt-7)g(r)dz, (B3)

0 0
Irac

Pw — 3aboiinoe maBieHue,
Po — mnacroBoe naBieHune Ha MOMeHT BpemeHH 1=0,  — 1eOUT CKBaXHUHBI,
0 — QyHKIIMS CaMOBJIMSHUS (OTBEYAET 32 MHTEPIIPETALIMOHHYIO MOJEIB).
B xoHkpeTHOM ciydae, HanpuMep, sl MOJIEN OJHOPOJHOTO OeCKOHEeYHOro TuiacTa [14,

17]:

B | 01k
P,(t)=P, —2;[5k—’;f > [(a, -0, gl -t,,) +q{lg(¢m r2J—3,0923 +0,8686 s}

j=1 tw

(b4)

e naBnerns Py u Po m3mepsiorcs B MIa, a 1e6uT ¢ B M°/cyT;
B — oObeMHbI KO DUITHEHT KUIKOCTH, Mo/MS;

[ — AMHAMUYECKas BSI3KOCTb KUJKocTH, Mlla-c;

K — mpoHuIIaeMocTh 11acTa, 1073 MxMm?;
h — s dexTrBHAS TOMIIKHA, M;

] — HOMeEp pexuMa pabOThl CKBAYKHHBI,

N — KOIUYeCTBO PECIKUMOB pa60TBI CKBA>KMHBI K MOMCHTY BPEMCHH t;

[ BpEMA C MOMCHTA 3allyCKa CKBAXXUHEI B pa60Ty, qgac,;
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¢ — IOPUCTOCTD, [I. €1.;

Ct — CyMMapHasi CKMMaeMOCTb IIacTa u xuakoctu, 1/MIla;

I'w — painyC CKBaXHUHBI, M,

S — CKMH-(aKTOP CKBaKUHBI (XapaKTEPU3YEeT COCTOSIHUE MPU3a00HHOI 30HBI), O€3pa3M.
®aktuyecku B Teopuu wuHTeprnperauun [JIUC ¢ mnomoiibio CBEPTKH peaau3yercs

NPUHIUI CYNEPIIO3UINH, TTO3BOJISIONINI yUUTHIBATh BIMSHUE HMCTOPUH PAOOTHI CKBAXHHBI HA

MCCJICTyeMbIi YJacTOK KPUBOK M3MEHEHUS 3a00HHOTO JIaBIICHHUS.

[Tpumenurensno k ['ZIMC omnpenenenne (GpyHKIMU CAaMOBIMSHHS § IO HMMEIOITUMCS
3aMepaM 3a00iHOTO naBiieHus Py u 1ebuTta ( Ha3bpIBaeTCs ICKOHBOIIOIMEH (0OpaTHON CBEPTKOM ).
OTO0 AaeT BO3MOXHOCTb [P HEU3BECTHOM MOJIENIN TEYEHMSI IOCTPOUTH SKBUBAJIEHTHYIO KPUBYIO
JaBJICHUs, KoTopas OyaeT SBIATHCS OTKIMKOM (peakiuel) miuacta Ha paboTy CKBaKMHBI C
MOCTOSTHHBIM J€OUTOM IpPU TOW K€ HAKOIUJICHHOW J00BIYEe U TOM K€ BPEMEHU HCCIEeIOBaHUS.
TakuM 006pazoM, MOXKHO MEeperTH OT PakTHUECKOH KpUBOH 3a00iTHOTO 1aBIEHUS MIPH JJIUTEIbHON
paboTe CKBa)XXKUHBI C IEPEMEHHBIM 1IE0UTOM M HECKOJIbKUMH KPUBBIMHU BOCCTAHOBJICHUSI JaBJICHUS
K OJIHOM SKBUBAJICHTHON KPUBOM CHMKEHUS JABJICHUS OOJIBIION ATUTEIBHOCTH. Takyro KpUBYIO
MO>KHO Au¢depeHInpoBaTh U IOCTPOUTH NuarHoctuueckuii rpaduk bypae [9, 28, 37] ¢ 6onbuium
paanycoM uccienoBanus. EcTecTBEHHO, y TaKOTO MOIX0/1a €CTh CBOM OIPaHUYCHHUS.

JIeKOHBOJIIOLIMS MOKET OBITh UCIOJIb30BaHAa JIJIsl JOCTUKEHUS CIIETYIOIUX LIeJei:

1. VYwmenbpmenus 3¢ dexra BIUSHUSA CTBOJIA CKBAKUHBI, YTO MTO3BOJISIET PAHBIIE TOTYIUTh
PEKHUM pPATUANBHOTO TMPUTOKA JHOO YBUACTh KaKUe-IMOO OCOOCHHOCTH, paHee
CKpBITBIE 3TUM 3(hPeKToM.

2. TlpeoOpa3oBaHusi UIMTENFHOW 3alTyMJICHHOW KPHUBOH 3a00WHOTO JaBJICHUS B
paboTarolieil CKBa)KMHE ¢ TIEpeMEHHBIM AeO0UTOM B OoJiee TiIaJKyl0 KpUBYIO ITyCKa
CKBaXXMHBI C IOCTOSHHBIM J€OUTOM TOH K€ JUIMTEIbHOCTH, KOTOPYIO HAMHOTO IPOILe
WHTEPIPETUPOBATH.

3. BbIsSIBICHUS TpaHUI] IUIACTa, KOTOPHIX HE BUJIHO HAa OOBIYHBIX KOPOTKHUX KPHBBIX
BocctaHoBieHust aasieHus (KBJl) B Buay Mmanoro paauyca uccieloBaHUS, B TOM
qucie 111 000CHOBAaHUS 3a11acoB HEPTH.

OHO#1 U3 TIEPBBIX OTEYECTBEHHBIX PA0OT MO JICKOHBOIIOLMH MOXXHO CYHTaTh paboty [6],

XOTS TEPMHUH JIEKOHBOJIIOLIMS B HEH U HE UCIIOJIB30BAJICS.

CylecTByeT 3HaYUTEIBHOE KOJIMIECTBO paboT 1o gaekonBooiuu [3, 30-35], B ToMm ymcie
U3BECTHBIX yueHbIX B oOmactu I'JUC.

Jlonroe Bpems mpeiaraeéMble CHEIHATUCTAMHU  aJTOPUTMBl JEKOHBOJIOLUUHN OBLIH
HeycToMuuBbl. [[1s mpeomoneHus 5Tol mnpoOieMbl NPUHUMAIUCH JOMYLIEHUS, KOTOpPbIE

HETaTUBHO BJIMSUTH HAa KA4E€CTBO MOJTy4aeMoTo pelieHus. Briepsrie 9Ta mpobiaema Oblia peiieHa B
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paborax [31, 34]. OnHako u 37€Ch €CTh CBOM 3aMeuaHus. [IpeasioxkeHHbIi B 3THX paboTax METO
Jydie Bcero paboraer i BblneneHus rpanul. [Ipu 3TOM HEOOXOOUMO HMETh HECKOJIBKO
nocnenosarenbHbix KB/, mepemexaromuxcsi Ipou3BOJIbHBIMY NIEPUOAAMHU 100b1YM. ECTh U psl
JPYTUX OTPaHUYEHUM.

YPaBHeHI/Ie CBCPTKHU 3aIlIMChIBACTCSA B BUJC:

t
AP, ()= [a()aR (1 e, ARl (D)= 59)
0
rie AP, (t) - najeHue AaBlIeHus IPH TIOCTOSAHHOM Je6uTe.
B pab6orax [31, 34] npennaraercst KCIOJIb30BaTh 3aMEHY IIEPEMEHHBIX
dP,(At) dP,(o)
=In(At), z(o)=In| 21— |=In| ==~ |. b6
o=h(at). %) din(At) do (Bo)
Torpaa ypaBHeHue (5) npuBOAUTCS K BUILY:
In(t)
P,(t)=P— [alt-e"k*"do. (57)

Teriepp BMECTO IIOMCKA PEAaKIMU JABJICHHS HA CAMHMYHOE M3MeHeHwe aeOura AP, (t)
UIIETCS U3MEHEeHHUE JIorapr(Ma Mporu3BOAHON JaBiIeHUs Kak (yHKIUU jJorapudma Bpemenn. Ha
HEPBbIM B3IJIAA 3TO KakeTcss Oosiee IpOMO3JKOM 3ajadeil, HO Ha caMOM JieJie Takas 3aMeHa
ynpoluaer pemieHue. JIpyruMu cioBaMu, IPUHLUI IOAX0A K JIE€KOHBOIIOLMH, IPEITI0KEHHBIN B
[31, 34], cocTroutr B TOM, 4TOOBI HMCKATh JIOTAPH(PMUUIECKYIO TMPOU3BOMHYIO TaBICHHUS Z(O'),
KOTOpasi TIOC/ie TMOACTAaHOBKM B MoauduiupoBaHHoe ypaBHenue cBeptku (b7) Oyxer
YIOBJIETBOPATH PeajbHBIM 3aMEPEHHBIM JaHHBIM. Kpupas Z(a) ONpeAeNsAeTcsl KaK MOJWINHUSA
M crutaiiH. [loa nomuinHuel noHumaercs rpaduyecKuil IPUMHUTHUB B BUJI€ OTPE3KOB JIMHUI U
nyr. OHa o/ KHA UMETh 3a/1aHHYI0 Ha4allbHYI0 TOUKY, T.K. TOUKa ¢ koopauHaramu (0,0) He umeer
CMbICa B OMjorapu(MUUecKuX KOOpJAuHaTax. JTa KpuBas Z(O') OIpEEAETCS HA BPEMEHHOM
IIPOMEXKYTKE OT Hayalla ICTOPUU J100bIYM U J0 KOHIIA alllIPOKCUMHUPYEMOT0 IepUoa.

KpuBas Z(G) SIBJISIETCS] OCHOBHOM HEM3BECTHOM B 3a/1a4e IEKOHBOOIMHU. Kpome Hee ecTh
ellle JBe HEU3BECTHBIX — HaYaJIbHOE IIACTOBOE JIaBJIeHUE (KOTOPOE B OOIIEM ClTydyae Mbl MOKEM
HE 3HaTh) U MOTPEIIHOCTh 3aMepa AeOUTOB, B PaMKax KOTOPOM MX MOXHO MOAU(PHUIMPOBATH IS
o0OecrieyeHHs CXOJUMOCTH pelleHuss oOpaTHOM 3adauu (3a7aud ONTHUMHU3ALMK). OTH TPHU
BEJIMUMHBI U3MEHSAIOTCS TIPU pealu3alii HeIMHEWHON perpeccuu s MUHHMHU3ALMU 11eJIeBOi
¢ynkuunu. LeneBas GyHKIMS TaKkKe COCTOUT U3 TPEX KOMIIOHEHTOB:

1. CranpapTHOoe OTKJIIOHEHHE pACUETHOTO JaBJCHUS OT 3aMEPEeHHOro 10 Bcei

UMEIOLIeicsl KPUBOM WM MO HECKOJbKMM HauOoliee JOCTOBEPHBIM Yy4yacTKaM,
HaIpuMep, 1o y4acTKaM BOCCTAHOBJICHUS JAaBJICHUS.
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2. CymMmapHas KpUBU3HA OTKJIMKA MPOU3BOAHOM. [Ipy HATMYMK HECKOIBKUX Pa3IMYHbIX
OTKJIMKOB ~ TPOU3BOAHOM, 0OECHeYMBAIOMIMX  OJAWHAKOBYIO  aANIPOKCHMAIIHIO,
BbIOMpaeTCsl BapUaHT C HAaUMEHbIIEH CyMMapHOM KpuBHM3HOW. T.e. cpeau paBHBIX
BbIOMpaeTcst HanboJee riaaikuil BapuaHT.

3. CymmaphHas Moau]UKaIUs UCTOPUUYECKUX EOUTOB, HEOOXoauMas Uil CXOAUMOCTH
3a7a4d ONTHMHU3ALMU. Takke IpPU HAIWYUM HECKOJIBKMX Pa3IMYHbIX OTKJIUKOB
NPOM3BOIHON, O00OECIEeYNBAOIINX OJMHAKOBYIO aIlPOKCUMAIIMIO, BbIOMpaeTcs
BapHaHT C HAWMEHBUIMM H3MEHEHHEM HCTOpPHYECKUX NeOuToB. OOBIUHO 3aaeTcs
OKHO, B PAMKaxX KOTOPOTO pa3pelIeHO TaKOe U3MEHEHUE.

VYcnoBus IPUMEHEHHUs U3JI0KEHHOTO ITOAX0/1a K JICKOHBOJIIOLUU:

1. Kornma umeercs tonbko oana KB/, miactoBoe naBieHue IOKHO OBITh HM3BECTHO
3apaHee C XOpoled TOUHOCThIO. [Ipu JeKOHBOIIOMPOBAHUN KPUBOW NaBIEHUS OyaeT
MOJIyYeHO 3HAYEHHE IUIACTOBOTO JaBIEHHS, OJM3KOe K 3aJaHHOMY HadalbHOMY
npubikenuo. Eciu 310 HavanbHOE mpUOIMKEHHE HE BEpPHO — OyleT mojydeHa
HeBepHas (popMa MPOU3BOIHON: TPU 3aBBIICHHOM JAaBJICHUH JUII €r0 KOMIICHCAUU
OyIyT MOJy4YeHbl HECYIIECTBYIOIIME HEMPOHUIAEMbIE T'PAaHUIIbI, TPU 3aHMKEHHOM
JMABJICHUM JUIsI €r0 KOMIIGHCAIlMM OyIyT MOJY4YeHbl HECYIIECTBYIOIIUME TPaHUIIbI
IIOCTOSITHHOT'O JIABJICHMUS.

2. Ilpu nammunm Heckonpkux KB/ HEBepHOE 3a/1aHIe TUIACTOBOTO JaBIICHUS IPUBEIET K
PACXOKIEHUIO B MOBEACHUU JEKOHBOJIOMPOBAHHOM MPOM3BOJHOM M MPOU3BOIHBIX
¢daxtnueckux KBJ[ Ha mo3anux BpemeHax. Takum oOpa3oM, Haluyhe HECKOJIbKUX
KB/l mo3BomsieT caenarh HECKOJIBKO aHAIM30B C PA3IMYHBIMA HaO0OpamMHu JAaHHBIX O
3a001HOM J1aBJIEHUM U CpaBHUBAs UX PE3YJbTaThl MPUNUTH K IPABUIBHOMY BBIBOAY O
CTPOEHHUH U CBOMCTBAX ILIacTa.

3. Ilpu BkIIIOYEHHH B aHAIM3UPYEeMbIil 0Tpe3ok IBYX U Oosnee KBJl oHM 10OKHBI OBITH
B3aMMHO HENPOTUBOPEUYMBBL, T.€. MX JUATHOCTMYECKHE TpaUKU JOIKHBI OBITh
OJIM3KU. DTO 03HAYAET, YTO CKUH-(PAKTOP, MOJIEb TEUEHHUS U 30HA IPEHUPOBAHUS HE
JIOJDKHBI MEHSTBCS CO BpeMeHeM. 3HAUUT He JOJKHO ObITh HHTEP(EPEHIIMH CKBAXKHH.

4. JlomxeH ObITh MPUMEHUM MPUHLIUI CYNEPIIO3ULIUH, CIIE0BATENbHO, T€UeHUE (IIrona
JOJUKHO ~ ONMCHIBAaTHCS  JIMHEHHBIM  ypaBHEHHWEM  Ibe30mpoBojgHOCTU. [lpu
HecoOII0IeHnH 3aKoHa Jlapeu, mafieHnu JaBieHNs HUKE 1aBJICHUS! HACBILIECHUS U TIp.
JIeKOHBoOTIOLIUS HE paboTaeT. CTporo roBopsi, CY4MTAETCS, YTO MOTOK HE JOJKEH OBITh
MHoro¢aszHeiM. Ha camom fierne B cityyae AByxda3zHoi GUIbTpalui HepTH U BOJIBI 3TO

O3Ha4acT, 4TO HEC JOIXKHA MCHATHCA Sq)q)eKTHBHaSI OpOHHUIACMOCTh, T.€. CKBa)KMHA HE
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JOJKHA OOBOJHATHCA, B IpOILIECCE HCCIENOBAaHUS HE JODKHA MEHAThCA
HACBIIIEHHOCTb.

5. PanHwMii M0 BpeMeHHU y4acTOK JE€KOHBOJIIOUPOBAHHON KPUBOM ONMPAETCS HA JaHHbIE
KB/l, a mo3mHuii ydacTOK OTBe4YaeT 3a Hu3MeHeHue pAaBieHus wmexnay KB
PaccmaTtpuBaeMas MeTo/IMKa JEKOHBOJIOLUMHU MpEAroaraeT BbIOOp MPOU3BOIHOMN C
HAaUMEHbBIIICH KPUBU3HOW. DTO MOXKET MPHUBECTH K TOMY, 4TO OyAyT MPOITYIICHBI
KaKue-TO MPOMEXKYTOYHBIE 3JIEMEHThl HEOJHOPOJHOCTH B IUIACTE, HAXOJSAILIUECS
Mexy 30HOH, ocBemieHHoM KB/, u rpanuiiamMmu miacra, 3aTpOHYTBIMH B MPOIECCE
100619, OHUM M3 CIOCOOOB OOpPBOBI ¢ JTaHHBIM d(PHEKTOM SBIACTCS MOCTPOSHUE
OKHA YyBCTBUTEIBHOCTH JJISI KAXKJAOW TOYKH MTPOM3BOAHON. Ecnu OKHO Malio, 3HaUuT
YyBCTBUTEIBHOCTh ANMPOKCHUMAIIUU K 3TOM TOYKE BBICOKA, U OHA UMEET BBICOKYIO
JIOCTOBEPHOCTh. ECIM OKHO BEIMKO, 3HAUUT 3TA TOYKA MPOU3BOJIHON Majlo BIUSET Ha
anmpoKCUMAIIMIO, CIIEAOBaTeIbHO, (opMa IMPOU3BOIHON B Mpeaesnax 3TOro OKHa
MOJKET OBITH JIFOOOH, 3HAYHT, €CITM B 3TOH 30HE €CTh HEOJHOPOIAHOCTH — MBI €€ He
YBUIUM.

W3 mnepeuyncriieHHbIX OrpaHUYECHUN HauOoJiee 3HAUUTENBHBIM SIBISETCS OTCYTCTBHUE
uHTep(EepeHIINN CKBaKUH, TaK KaK BBIMOJIHEHUE STOTO OTPAHUYECHHS Ha MO3JHUX BPEMEHAX IMPH
aHAJIM3Ee CKBAXKUH Ha YK€ pa30ypeHHBIX MECTOPOKIACHHIX MAaJOBEpOSTHO. IJis pereHus 3Toi
npo6embl ObLT pa3paboTaH METOI MYJIbTHUCKBAKUHHOMN JIEKOHBOIIOIHH.

Jlnis cirydast OqHOBpEMEHHOM pabOThl HECKOJIBKUX B3aMMOBIHUSIOIINX CKBAKUH YPaBHEHUE

nputoka (b3) ¢ ucnons3oBanneM KOHBOIOIUH (CBEPTKH) UMeeT Buj [27]:

t M t
PW|(t)= P _Iqi(T)gi (t _T)df - ZI% (T)gu (t _T)df NESP (b8)
0 1=1 o
IJIe WHAEKC | COOTBETCTBYET HCCICIYyEeMOH CKBaXKHMHE, a HWHIEKC | — OKpyxarmomum ee u

uHTEepEPUPYIOIIUM C HEM CKBaKMHAM, M — KOJIMUECTBO CKBAXKUH, Ji — QYHKIIUSI CAMOBIUSIHUS 1-
Ol CKBKUHBI, 1, — GYHKIUSI BIMSHUS CKBXHUHBI | Ha CKBOKHHY .

OnpenenuB ¢ MOMOIIBIO MYJbTUCKBROXUHHOW JEKOHBOJIIOUMU (YHKUUU BIUSHUS U
CaMOBJIUSTHHS, MOXKHO Pa3/ICIUTh CAMOBIIUSIHUE i-0if CKBOKHHBI M BIIUSIHUE HA Hee |-bIX CKBaXuH,
a IOTOM HHTEPIpPETHUPOBaTh IOJYyYEHHBbIE KpUBbIE [aBJICHHUS CTAaHJAPTHBIMH METOJaMHU
untepnperamun ['JIUC u omnpenenuTs QUIBTPAIMOHHO-EMKOCTHBIE IapaMeTphbl IUlacTa B
OKOJIOCKBXMHHOM U MEXCKBa)KMHHOM IPOCTPAHCTBAX, a TAK)XKE PACCTOSIHUSA 10 I'PAaHULL.

B pabore [4] mpemiokeH anbTepHATUBHBINA MOAXOJ K JEKOHBOJIIOIHMHU, UCIOIb3YIOLIHHA
noaxoa capacitance resistance model (CRM). On mo3Bomsier ydecTh H3MeHeHHE (a30BOM
MIPOHUIIAEMOCTH IUIaCTa CO BPEMEHEM U aHAIM3UPOBATh MCCIEAOBAHUS CKBAXKHUH C pacTyLIeil

00BOJHEHHOCTBIO.
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IMPUJIOXEHUE I

Hcnoab3oBaHue YMCIEHHOTO MOJCJIUPOBAHMUSA INPH IIVIAHUPOBAHUU U UHTEPNPETALIHA

TMAPOAUHAMHUYECCKUX HCCIeJOBAHUM CKBAXKMH

YucneHHOoe MoOJEIMpOBaHUE TMpu IUlaHupoBaHuun U uHTepnperanuu ['JIUC nomkHo

HCIIOJIB30BAThCA TOJBKO B ClIy4a€ OTCYTCTBHUA HOI[XO,Z[HI_Heﬁ AHAJTUTHUYECKOM MOACIIH.

OO6piuHO TpH  MIaHupoBaHuKW W uHTepnperanmuu [ JIMC uucineHHoe MoneaupoBaHUe

HCIIOJIB3YCTCA B CIICAYIOIIUX CIOXKHBIX ClIydasaX, KOrjga OTCYTCTBYIOT aHAJIUTHUYCCKUC PCIHICHUA:

1.

2
3
4
S.
6
7
8
9

MHOTOCJIOMHBIE IJIACTHI C IEPETOKOM U O€3 Hero,

BIIUSIHUE TPAHUIL CJIOKHOU (POpMBI;

CJIOYKHBIN KOMITO3UTHBIN (MHOTO30HHBIN ) IJIACT;

y4eT HEOJHOPOIHOCTH IIIacTa Mo (PpriIbTPaliMOHHO-EMKOCTHBIM CBOMCTBAM,
BIIMSIHHE MHOKECTBA OKPYKAIOIINX CKBAXHUH;

MHOT0(a3HbII MOTOK C U3MEHSIOIIUMCS COCTaBOM as3;

BIIUSTHUE Ta30BOH IIANKU U TIOJIOIIBEHHOM BOJIBI;

CJ1a00CIIEMEHTHPOBAHHEIC IIJIACTHI,

OTKJIOHEHHME OT 3aKoHa [lapcy;

10. unTepdepeHIrs rOpu30HTAIBHBIX CKBaKUH U CKBaXHH ¢ TpeuHamu ['PIT u mp.

HenocratkamMu  4HMCJIEHHOTO MOACIUPOBAHUA  IMPHUMCHUTCIBHO K IINIAHUPOBAHUIO

untepnpetanuu I'/JIUC:
1. BaustHHE pa3MepoB OJI0OKa CETKU Ha PELICHHUE;
2. HEBO3MOXXHOCTH YECTHOTO TIOCTPOCHUS MOJIEITH OECKOHEYHOTO IIJIacTa,;
3. HeoOX0IUMOCTh OOJIBIIOr0 KOJMYECTBA UCXOAHBIX IaHHBIX Ul PACUETOB,;
4. Oonbluye 3aTpaThl BpEMEHU Ha CO3/1aHUE MOJIENH;
5. BO MHOT'MX IPOrPaMMHBIX IPOAYKTaX JJIsl YUCICHHOTO MOJIETUPOBAHUS OTCYTCTBYET YUET
IIPOLIECCOB B CTBOJIE CKBAXKUHBI,
6. mpoOieMbl ¢ HOCTPOSCHUEM CETKH JUIsl TOUHOW alMpOKCUMAIIUU aHATUTUYECKOTO pEeIIeHUs
YHCJICHHBIM;
7. 4YacTo OTCYTCTBYIOT HAaJIeKHbl€ HMHCTPYMEHTBI I aBTOMAaTU3MPOBAHHOTO Moja00pa
K03((HULMEHTOB MHOTOIIaPAMETPUUECKUX YMCIEHHBIX MOJIEIIEH;
8. OoublIOE BpeMs cyeTa 0JTHOTO BapHaHTAa.
IIpeumyiiecTBa HUCIONB30BaHUS YHMCIEHHOIO MOJEIUPOBAHUA IIpU IUIAHUPOBAHUU U
natepnperanuu I'/INUC:
1. Bo3moxHOCTh moOCTpoeHUsi (GWIBTPAMOHHBIX  MoOJeled  pailoHa  NpOBEICHUS

HUCCJIEIOBAHUM C LIEIBIO OICPATUBHOI'O YTOYHCHUS CTPOCHUA I1JIaCTa.
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2. B03MOXHOCTh MOJIEIMPOBAHUS CIOXKHBIX CIIy4aceB JUIsl YMEHBIIEHUS HEONPEIEIEHHOCTH
pe3yabTaTOB HMHTEPIPETALUMU C TIOMOIIBIO aHATU3a CTENEHU BIMSIHUS Pa3IMYHBIX
(akTOpOB Ha pelIeHue.

3. Bo3MOXHOCTH OmepaTHBHOIN NMPOBEPKU TMIIOTE3 O M€OJOIMYECKOM CTPOCHHMHM IIacTa Ha
OCHOBE CO3/I1aHUS CEKTOPHBIX (PMIIBTPALMOHHBIX MOJIENEHN IO Pe3yJIbTaTaM UCCIIeA0BaHUM
CKBa)XMH (aHaJU3 JOOBIYH, re0(hU3NIECKHE UCCIIECIOBAHUS CKBAXXHH B OTKPBHITOM CTBOJIE,
I'T1UC, npoMbIcI0BO-Te0(hU3UYECKHIE NCCIICAOBAHUS CKBAKUH).

B Takom ciydyae MOXHO pPEKOMEHIOBAaTh CIEAYIOIIYI0 METOJUKY KOMIIJIEKCUPOBAHUS

UCCIIEIOBAaHMI CKBaXUH U YHCIIEHHOTO MOJICIUpOBaHusi [5]:
1. Co6op u nepBUUHBIN aHATN3 HHPOPMAITUH.
2. BpigeneHue reoyioro-TeXHOJIOTHYECKHX 0COOCHHOCTEH, KOTOPhIe HEOOX0IMMO y4ecTh IpU
MOCTPOCHUH UMUTALMOHHOM MOJIEIH.

2.1. Pa3mepsl MogenupyemMoii oomactu.
2.2. KomudectBo das.
2.3. CKBaXUHBI.
2.4. Pa3noMsl U TpEeIMHBI THAPOPA3PhIBA IJ1ACTA, TOPU3OHTAIBHBIE CTBOJIBL.
2.5. IlomHOTa BCKPBITHS IUIACTa U BEPTUKAIbHAS aHU30TPOMHMSI IPOHUIIAEMOCTH.
2.6. BonmonedrsaHoii n ra30He(TAHON KOHTAKTEHI.
2.7. T'opu3oHTaIbHAsE aHU30TPOIHUS IIPOHUIIAEMOCTH.
2.8. HeogHOpoaHOCTH 0 (hUIBTPALIMOHHO-EMKOCTHBIM CBOMCTBAM ILIACTA.

3. TlocTpoeHne UMUTAITMOHHONW MOJIEIH.
3.1. l'eomerpus macra.
3.2. CBoiicTBa QIIFOUIOB.
3.3. HauanbHble ycloBHSL.
3.4. 'paHnuHBIE YCIOBUS.
3.5. Pacnonoxenne CKBa)KMH W HWHTEPBAIOB repdopanud. 3ajaHue PeXUMOB pabOTHI

CKBa)KHH.
3.6. O60cHOBaHNE HAYATILHOTO MPUOIMKEHUS (GHIIBTPALMOHHO-EMKOCTHBIX CBOMCTB.
3.7. O6ocHOBaHUE pa3MepoB OJOKOB pPAaCUYETHOW CETKH ITyTeM OLEHKH BIUSHUS HX
pa3MepoB Ha pelIeHuE.

4. BsIOOp mapaMeTpOB MOJEIH, 3HAUEHHS KOTOPHIX HEOOXOIMMO YTOYHHTH B XOJI€ a/IalI TAIIHH
MOJIEJIH.

5. AHanu3 4yBCTBUTEJIBHOCTU MOJIENTH K U3MEHEHHUIO BHIOPAHHBIX B MyHKTE 4 TapaMeTPOB.

6. CoBMenicHHE PAacUETHBIX M (HAKTHYSCKUX KPUBBIX JCOUTOB W/MIU 3a00MHBIX JaBICHHMA

MyTeM W3MEHEHUs BHIOpPAHHBIX MapaMeTPOB MOJIENH (aAanTanus).
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7. AHaIW3 yCTOMYMBOCTH MOJYYCHHOTO PEIICHUSI.

Jlnis MonenupoBaHMs pa3IUYHBIX BHUJIOB HCCIIEIOBAaHUM CIEAyeT HCIOJIb30BaTh CETKH,
MO3BOJISIONIME TMOJIPOOHO YUYHMTHIBATH CIOXKHYIO T'€OMETPHIO 3aJeKM U OCOOCHHOCTH TEUYCHHS B
OKOJIOCKBaXXMHHON o00Onactu. CambIM MPOCTHIM CHOCOOOM SIBISICTCSl MCIOJIB30BAaHUE JCKApTOBOM
CeTKM WJIM CETKHM B I'€OMETPHUM YTJIIOBOM TOYKH C JIOKaJbHBIM H3MeJbueHueM. ONHaKo, JTydliue
Pe3yabTaThl MOKHO IOJYYUTH NPHU HCIIOJIB30BAaHUU 0O0JI€€ CI0KHBIX CETOK — TPEYrOJIbHOM CETKU U
cetkn Boponoro. Haubosnbee pacripocTpaneHre noiay4yuia UMEHHO ceTka Boponoro.

[TogpoOGHEee BOMPOCHI MAaTEMAaTHYECKOTO MOJEIMpoBaHus W ero mnpumeHnenus k [ JJUC

ocBeleHsl B padoTax [1, 11-13, 35].
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