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Otnenenre mkoasl HOLL oTneneHre HedTera3oBoro aeia

MATUCTEPCKASA INCCEPTALIUA

Tema padoTsbl

AHanu3 3pGeKTUBHOCTH METOZ0B MHTEHCU(BUKau 100bau HedTr Ha [lepBomaiickom
HedTssHOM MecTopoxaenun (Tomckas 00J1acTh)

V]K: 622.276.6-027.236 (571.16)

CrygneHr:
I'pynna PHUO Hoanuce Hara
2BMe6I’ Mypnapucos Pycnan ®@apuroBuy
PykoBoaurens:
JomxHoCTh ®UO Yuenast crenens, Mognucek Jara
3BaHHE
Jouent Xowmsikos U1.C. K.X.H.
KOHCYJIbTAHTBI:

ITo pazneny «OUHAHCOBBIA MEHEIKMEHT, PECYPCO3(

bhekTHBHOCTB 1 pecypcocOepekeHIEe

YueHasi cTeneHb,

HedrerazoBoro nena

JomkHOCTH ®UO IMoanucek Jara
3BaHMe
JlotieHT Hlap¢p U.B. K.3.H.
ITo pazpeny «ConpaibHasi OTBETCTBEHHOCThY
y 1
JomkHOCTH OUO HeHat crenent IMoanucey Hdara
3BaHMe
AccucteHt A6pamenko H.C.
JIOIYCTUTD K 3AIUTE:
y 1
PykoBoautenas OOII DdUO FeHa CTENCHE Ioanucey Jara
3BaHHeE
Otnenenue
3arukos I1.H. JI.T.H.

Tomck — 2018




PE3YJbTATBI OBYYEHMUS 110 ITPOT'PAMME

®DopMyJIMPOBKA Pe3y1bTATOB

P1

IIpuMeHATh  €CTECTBEHHOHAyYHBIE,  MaTeMaTHYECKHE, TyMaHHTapHbIE, OIKOHOMHYECKHE,
WH)KCHEPHBIE, TEXHWYECKHE U TIyOOKHe Npo(deccCHOHANbHBIE 3HAHUS B O0JACTH COBPEMEHHBIX
HedTera3oBbIX TEXHOJOTHHI JJIs pEILeHUs TPUKJIAJHBIX MEKIUCIUIUTMHAPHBIX 33/1a4 X MH)KEHEPHBIX
1po0JIeM, COOTBETCTBYIOIIMX HPOMHUIIIO TTOITOTOBKH

P2

[lnmaHupoBaTh ¥ TPOBOJUTH AHAJIUTHUYCCKUE U  OKCICPUMCHTANBHBIC HCCIICJOBAHUS C
UCTOJIb30BaHUEM HOBCHIINX JOCTIXKCHUN HAYKM W TEXHHKH, YMETh KPUTHYCCKH OIICHUBATh
pe3ynbTaThl M JIeNaTh BBIBOJBI, IOJNYYCHHBIE B CIIOXKHBIX W HEONPENCIEHHBIX YCIOBHSX;
HCIOIb30BaTh TPHHIMUIIBI H300pETAaTENbCTBA, MPABOBBIC OCHOBBI B OOJIACTH WHTEIUIEKTYATbHON
COOCTBEHHOCTH

P3

HpOHBJ’IHTL HpO(l)eCCI/IOHaJ'ILHyIO OCBCOMJICHHOCTD O MEPCAOBLIX 3HAHUAX U OTKPLITUAX B obnactu
He(l)Tel"a?)OBI)IX TEXHOJIOTUM ¢ y4€ToM NEPEAOBOro OTCHYECTBEHHOI'O U 3apy6e>i<H0ro OIIbITA,
HCIIOJIb30BaTh MHHOBALIMOHHBIN MOAXO], npu pa3pa60TKe HOBBIX MCH U METOJIOB IMMPOCKTUPOBAHUSA
00BEKTOB Heq)Tel"aBOBOFO KOMIUICKCAa IJid PCHICHUA WHKCHCPHBIX 3aJad pa3BUTHSA Heq)Tel"a?,OBI)IX
TeXHOJ’IOFHﬁ, MOJACPHU3AaIMU U YCOBCPIICHCTBOBAHMA He(bTel“aSOBOFO IIPOMU3BOACTBA

P4

BeiOnpars onTHManpHBIE PEIICHHS B MHOTO(AKTOPHBIX CHTYaIlWsAX, BIaJETh METONaMH U
CPEACTBAMU TEXHHYECKOTO MOJCIUPOBAHNUS MPOU3BOJICTBEHHBIX IIPOIECCOB M  OOBEKTOB
HedTera3oBoi 0Tpaciy; ynpaBIsATh TEXHOIOTHIECKIMH MIPOIIECCaMy, 00CITyKUBaTh 000pyI0BaHNE,
UCIIONIb30BaTh JIIOOOW MMEIONIMICS apCeHal TEXHHYECKUX CPEJCTB, OOECHEeUMBATh BBICOKYIO
3¢ GEKTHBHOCTD ITpH pa3paboTKe HehTera3oBbIX 00BEKTOB

P5

CaMOCTOATENBHO YUYUTHCA U HCHIPEPLIBHO IMOBLIIIATH KBaJ'II/I(l)I/IKaIlI/IIO B TCYCHHUEC BCCIo nepuoaa
HpO(beCCI/IOHaHLHOﬁ ACATCIBHOCTH; AKTHUBHO BJIAACTb HWHOCTPAHHBIM SA3BIKOM Ha YPOBHC,
IIO3BOJIAOIIEM pa6OTaTB B HHTepHaHHOHaHBHOﬁ cpence, paSpa6aTLIBaTB JAOKYMCHTAIHMIO U 3a1IUIIATh
PE3YJIbTAThI I/IH)KGHG"pHOﬁ JACATCIBbHOCTHU

P6

PabotaTb 3()(peKTHBHO B KaueCTBe YJIeHa U PyKOBOJHUTEIISI KOMaH/Ibl, yMeHHEe (POPMHUPOBATH 3aJaHUsI
U ONEpaTHBHBIC IJIAHBI BCEX BUJIOB AEATECIHHOCTH, PACIPEEIATh 00SI3aHHOCTH YJICHOB KOMAaHIIbI,
HECTH OTBETCTBEHHOCTH 32 Pe3YJIbTaThl Pa00THI; KOOPANHUPOBATh PaOOTy IPYI 110 U3BJICYCHUIO U
COBEPILCHCTBOBAHUIO NOOBIYM HE(TH, ra3a U ra3zoBOr0 KOHJCHCATa, IepefaBaTh 3HAHUS 4epes
HACTaBHUYECTBO M KOHCYJIbTUPOBaHHE

P7

BHenpsTh, SKCIDTyaTHPOBATh U 00CITY>KUBATh COBPEMEHHBIC MAITMHBI M MEXaHU3MBI IJIS peaIn3ain
TEXHOJIOTHIECKUX MPOIECCOB HE(PTEra30Boi 001IacTH, 00eCIICUNBATh UX BBHICOKYIO A(P(PEKTHBHOCTD,
coOFOIaTh MpaBIiIa OXpaHBI 37J0POBbs U 0€30IIACHOCTH TPY/IA, BRITIOIHATE TPEOOBAHUS 110 3aIIUTE
OKpY>Karouiel cpebl

P8

IposBiaTh MPoheCcCHOHAIBHYIO OCBEAOMIICHHOCTh O IIEPEJOBOM OTEUSCTBEHHOM U 3apy0e:mHOM
OTIBITE B MOJICTUPOBAHUHN THHAMHYECKH BA3KUX CPEJ U HU3KONPOHHUIIAEMBIX KOJJIEKTOPOB

P9

[Mpexnarats mpoueayps! OHEHKH 3(G(QEKTUBHOCTH MPOMBICIOBBIX pabOT M ONTUMH3ALUU PAOOTHI
obopynoBanust mnpu  1o0brge  HedTH, Tra3a W ra3oBOro  KOHJAEHcaTa, obOecredeHue
9HEeprod3PeKTUBHOCTH TEXHOJIOTHUECKHX MTPOIIECCOB

P10

ObecrieynBaTh BHEAPEHHE HOBBIX METOJOB, MAaTepPHAIOB M He()Tera3oBoro 00OpYHIOBaHHS B
OCJIO)KHEHHBIX YCJIOBUAX OKCILTyaTalluu He(bTHHBIX 1 Tra30BbIX CKBa’XWH, IPOrHO3UPOBATH PCIKUMBI
Oe3omacHoif  pabOTHl He(dTerazoBoro O0OOPYNOBaHHMS IO JMHAMHUYECKUM, JIOKAJbHBIM U
OCPEIHEHHBIM IIApaMETPaM

P11

KOHTpOJ’II/IpOBaTL BBITIOJTHCHHEC T‘pC6OBaHHI>'I PEriiaMeHTOB AJisd obecrieueHust I[OGBI‘II/I He(bTH, rasa u
I'a30BOI'0 KOHJACHCATAa U INOBBINICHUC I/IHTCHCI/I(I)I/IKaLII/II/I IIPUTOKA CKBOKMHHOU MNpOoAYKIIUHN

P12

CoBepIIeHCTBOBATH, pa3padaThIBATh MEPOIIPUSTHS U/HIIH [T0[TOTABIMBATH OM3HEC-TTPEIOKEHUSI 110
TEXHOJIOTUYECKOMY MHPOLECCY U TCXHOJOTMYECKUM MCEPONPHUATUAM IIPU I[O6I)I‘Ie HG(I)TI/I, raza u
ra3oBOro KOHJCHCAaTa Ha OCHOBE IPOM3BOJCTBEHHOI'0 MEHEKMEHTA W IUTAHUPOBAHHS paboT B
cthepe HedrerazonoObIIN

P13

KoppekrupoBath nporpaMmsl paboT 1o J00bue HeTH, ra3a U ra30BOro KOHIEHcaTa, BHIOUPATh U
NIPUHUMATh PEIICHHs] B HECTAH/IAPTHBIX CUTYalMsIX, ONHMPAsACh HA TOCYJapCTBEHHBIE CTAaHIApPThHI B
obnactu HedTera3ono0sn




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
®denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE
YUPEKIECHUE BBICIIETO 00pa30BaHUS
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

WrxenepHas 1IK0JIa MPUPOJIHBIX PECYPCOB
Hanpasnenue noarorosku 21.04.01 nedrerasosoe neno
Otnenenre mkoasl HOLL oTneneHre HedTera3oBoro aeia

YTBEPXAIO:
PyxoBonutens OOII
3satukos [1.H.
(IMommuce) (Mata) (®.11.0.)
3AJJAHUE
HA BBINOJIHEHHE BBINYCKHOM KBaIN(pUKAINOHHON padoThl
B dopwme:
Maructepckoii auccepranuu
CryneHnry:
I'pynna (017 (0
2BMe6I’ MypnapucoBy Pycinany @aputoBudy

Tema auccepranum:

Ananu3z 3¢peKTUBHOCTH METOA0B UHTEHCUUKAIMK 100bIYM HeTH Ha [lepBomaiickom
HedTssHOM MecTtopoxkaenuu (Tomckas o6macTp)

YTBepkaeHa NpuKa3oM AUPEKTopa (1ara, HoMep) ‘ 28.04.2018 Ne 3073/c
Cpok cliauul CTyIGHTOM BBITIOJIHEHHOUM paOOTHI: ‘ 06.06.2018
TEXHUYECKOE 3AJIAHUE:

Hcxonnbie naHHbIE K padoTe
(naumenosanue 00veKma UCCIEO0BAHUA UMY NPOCKMUPOSAHUA,; | TlakeT —TreONOTMYECKOH M reopH3MYecKoi
NpOU3GOOUMEIbHOCMb UMW HAZPY3KA;  pedxcum  pabomel | yypopmaryn o TlepBomMaiickoMy
(HenpepblHbLIl, NEPUOOUHECKUI, YUKNUYECKUU 1 M. O.); 6UO CBIPbA | MeCTOPOKACHHIO, TEKCTHl M rpaduuecKue
WU MAMEPUAN U30eUs; mpedosanus K npoOyKmy, u30eiuio uil | yarepuaisl OTYETOB  TEONOTO-TEXHHYECKOIo
npoyeccy; ocobvie mpeboeanus K ocobennocmAM | orerna, QOHIOBA W IEpUOAMYECKAs
@ynkyuonuposanus (3xcnayamayuu) obvekma unu uzoenus 8 nmTeparypa.

naane 6e30NACHOCIU IKCHIYAMAYUY, BIUSHUSL HA OKPYICAIOULYIO
cpeoy, aHep2o3ampamam,; IKOHOMUECKULL AHAIU3 U m. 0.).

Ilepeuensb moaJieskaluX MCCIAeJ0BAHUIO, IPOEKTHPOBAHUIO U Baenenue
pa3paboTke BONIpocoB

. 1. O6mume cBeneHUE O U3yIaeMOM
(ananumuyueckutl 0630p NO JUMEPAMYPHBIM UCOYHUKAM C YEbio
. . MECTOPOXKACHUN
BbIACHEHUsL  OOCMUJICEHUNl  MUPOBOU  HAYKU  MEXHUKU 8
. 2.CocrosiHue pa3paboTKu
paccmampusaemoil 0b1acmu, ROCMAHO8KA 3a0a4U UCCIe008aHUS, .
9 5 3. AHanu3 MPOBEJCHHBIX MEPOIPUSITHI
NPOEKMUPOBAHUSL, KOHCIPYUPOBAHUS, COOEpICaHUe Npoyeoypol
P P PYUp P poyecyp 4. Ananus I'PI1 kak OCHOBHOI'O METO/a
uccne0o8anusl, NPOEKMUPOBAHUS, KOHCMPYUPOBAHUSL,
. WHTEHCUPUKAITAN
obcyacoenue pe3ynbmamos 6bINOJIHEHHOU pabombi; .
5. DUHAHCOBBINA MEHEIKMEHT

6. ConmanbHast OTBETCTBEHHOCTD
3akiroueHue

HAUMEHOBAHUE  OONOMHUMENbHLIX — PA30ei08,  NOOLEHCAUUX
paspabomke; 3aKkOueHue no pabome)




Ilepeyens rpaguyeckoro Mmarepuana 1. Aomunucmpamuenoe nonosicenue paiiona;
(C MOYHBIM YKA3AHUEM 0053amenvHbIX uepmewcell) 2.CocmosiHue pagpa@omk‘u nggo]nazjc;(ogo

4.1.

4.2.

4.3.

44.

4.5.

4.6.

4.7.
4.8.

MeCMOPOACOEHUSL;
3. Juacpamma  s¢pgpexmusnocmu  nposederus
Meponpusamuil;

Cxema uccnedosanust nopoosl HA coxcamue
€ OOHOOCHOU HA2PY3KOU;

Cxema  @muAHUA ~ NPOCMPAHCMBEHHbIX
HanpsajceHull Ha OPUEHMAayUuI0o Mmpeujurbl,
Teopemuueckoe u 603MOdCHOE cCeueHus
BEPMUKAILHOU MPewunsl 8 niacme;
Texuonocuueckas 3¢gexmusHocms  om
npogedenus  IT'PII  Ha  ckeaswcunax
Tlepsomaiickoeo mecmoporcoenus;
Apmamypa 24Y-700;

Cxema pacnonosicenusi 060py008anus npu
I'PII;

Hacocnuuii aepecam ons I'PIT 4AH-700;
Ilecxocmecumenvuwiti acpecam 311A;

5. I'paghux npoguneri HIIJTH u YTC;

KoHncygbTaHThI 10 pa3aesaM MarucTepcKoii AMccepTamum
(c yrazanuem pazoenos)

Pa3znen KouncyiabTant
DOuHAHCOBLIM MCHEKMEHT,
pecypcorhHeKTHBHOCTD U Homenr, [lapd 1.B.
pecypcocOepexeHnue
ConuanbHasi OTBETCTBEHHOCTD Accucrent, A6pamenko H.C.

Paznes, BEIMOJTHEHHBI Ha

AHTJIUUCKOM S3BIKE

Jlouent, boncynosckas JI.M.

JlaTa BbI1auM 3a/1aHKs HAa BBIIOJIHEHUE BBITYCKHOMN 10.02.2018
KBATH(HUKAIIMOHHON Pa0bOThI 10 IHHEHHOMY TpaduKy o
3anaHue BbI1aJ1 PYKOBOAUTE/Ib:
Y4enas crenenb
JomkHOCTH DOUO ’ Moanuck Hdara
3BaHHE
JloeHt Xowmsikos U.C. K.X.H.
3ajaHue NPUHSJ K MCIIOJHEHUIO CTY/IEHT:
I'pynna DOUO Hoanuce Hdara
2BMeéI’ Mynapucos Pycnan ®@apuroBuy




MunucTepcTBo 00pa3oBanus M Hayku Poccuiickoit @enepaunu

®denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30oBaTeIbHOE
YUYPEXKACHHUE BBICIICTO 06paSOBaHI/I}I
«HAITMOHAJIBHBIA UCCJEJOBATEJIBCKUM
TOMCKHWHA NOJIMTEXHUYECKUHA YHUBEPCUTET»

NnxenepHas IKoJ1a MPUPOJIHBIX PECYPCOB
Hampasnenue noarotoku 21.04.01 vedrerazonoe Jjieno
Otnenenue mkoibl HOLL otniencHue HedrerazoBoro aena

®dopma npezcTaBieHus: paboThI:

MarI/ICTepCKaﬂ Juccepranusa

KAJIEHJIAPHBIN PEUTUHI-ILIAH
BBINIOJIHEHH S BBINYCKHOM KBAJIU(UKANMOHHOH PadoThI

CpoK cl1au¥l CTYIGHTOM BBIITOJIHEHHOW PabOTHI: 22.05.2018
Tara MakcuMalibHbIA
Ha3Banue pa3nena (MoayJisi) /Buja padoThl (MccjieJOBAHNS) 0aJu1 pazagena
KOHTPOJISt
(MoayJis)
01.02.2018 | Obwue ceedenus o Ilepsomatickom mecmopoxcoeHuu 10
L'eonozo-gusuueckas xapakmepucmuxa Ilpuodbcxkoco
24.02.2018 | 1 ¢01020°¢ parmep P 20
MECMOPOANCOeHUs.
29 .02.2018 Paccmompenue sonpoca o neobxooumocmu memooos 15
uHmeHcuguxkayuu
05.03.2018 | Onucanue memoodos unmencughuxkayuu 20
19.03.2018 | Ananusz pesyrbmamos ucciedosamnus 10
02.04.2018 DuHaHcosblll MeHedHCMeHM, pecypcodhhekmusHocms u 10
pecypcocbepedicerue
17.04.2018 | Coyuanvras omeemcmeeHHoOCHb 10
01.05.2018 | Ogpopmnenue pabomoi S)
CocraBul IpenoiaBaTelib:
JoaKHOCTE ®UO Yuenast crenens, Moanuce Jara
3BaHHUE
JlonieHT Xowmsxkos U.C. K.X.H.
CornacoBaHo:
PykoBoaurtenr OOII OUO Yuenas creretis, Hoanucwh Hara

3BaHHE

Otnenedue

He(bTCFaBOBOl"O Aciia

3stukos I1.H.

A.T.H.




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crynenry:
I'pynna DPUO
2BM6I MynapucoBy Pycnany @apurosuuy
IMxona WIIITP Otpenenne mkoJbl (HOILI) OtnencHue HETEra3o0BoOro Aena
Yposensb
oBpasoBanms Maructpatypa HanpagieHue cnienyuajbHOCTH 21.04.01 HedTerazooe neino

Hcxonnble nanHble K pazaeny «@HHAHCOBBII MeHEKMEHT, pecypco3d(peKTHBHOCTE H pecypcocdepeKeHne» !

1. Cmoumocmv pecypcos mnayunoeo uccnedoganus (HH):| Cmoumocmv — mamepuaibHO-mexHu4eckux, u

«Pacuem cmoumocmu @neOpeHus 8 cucmemy paspaboOmKi| Uei08eYeCcKUX pecypcos nposedenus
Mecmopodicoerust 3akauku pacmeopa-nonumepa “UIIHI-| eudpomexanuueckou — wenesou  nepgopayuu
TIJIACT 27 COBMECMHO C 2UOPABTUYECKUM PA3PLIBOM NAACHA
na Ilepsomatickom mecmoposicoenuu
2. Hopmbl u Hopmamuebl pacxo008aHusi pecypcos PJ] 153-39-007-96.

3. Hcnonvsyemas  cucmema  Hanozcoobnoxcenus, cmaexu| 1.  Hanoeoswiii kooexc P®
HAN0208, OMYUCLeHU, OUCKOHMUPOBaHUs u kpeoumosanusa | 2. @D3-213 om 24.07.2009 6 peoakyuu om
09.03.20162. Ne 55-D3

IlepeyeHs BONPOCOB, MOJJIEKALINX HCCIEA0BAHNIO, MPOEKTHPOBAHMIO U pa3padoTke:

1. Oyenxa xommepueckozo nomenyuana, nepcnekmusnocmu u| Oyenka nepcnekmueHoCmu npumeHeHus
anemepHamus nposedenus HI c nosuyuu | 2u0pomexanuyeckol  wenesou  nepgopayuu
pecypcosdppexmusnocmu u pecypcocoepedicenus COBMECMHO € 2UOPABTULECKUM PA3PLIBOM NAACIA

C YeJjlblo noevbluleHusl He(])meomdalm niacma

2. IInanuposanue u @opmupoganue Orwdxcema Hayunvix| Cocmaegienue niaHa NPOeKMdad  NPUMEHEHUs

uccredosanuil 2uopomexanuyeckol  wenesou  nepgopayuu
COBMECMHO € 2UOPABIULECKUM PA3PIBOM NIACTHA
C yuemom HeoOXOOUMBIX IKCHIYAMAYUOHHBIX

3ampam
3. Onpeoenenue pecypchoii (pecypcocbepecaroweti),| dxonomuueckoe obocHosanue yerecooopasHocmu
unancogotl, 6100x#Cemuol, COYUATLHOU U IKOHOMUUECKOU | NpoBedeHUs 2uopomexanuyeckou wenesou
aghgpexmusHocmu uccredo8anus nepgopayuu  COBMECMHO ¢ UOPABAUUECKUM
Paspuleom nracma Ha Azancrkom

MECmOpPOAHCOeHUU

IlepeueHb rpaduyeckoro Marepuajia

1. @opmynwr:
— IIpupocm ewipyuxu 3a cuém 0OnoIHUMeENbHO20 00BEMA peanusayuy Hepmu u easa;
- Texywue 3ampamut Ha OONOIHUMENLHYIO 000bIYY,
- Texywue 3ampamul 8 t-oM 200y HA NPosedeHue pabom no pearu3ayuu Meponpusmus,
- Hononnumenvhvle mexywjue 3ampamol N0 NPOEKMHOMY PeUeHUIo;
— IIpupocm npubsiiu om peanuzayuu nPoOYyKyuY 8 pe3yivmame npogeodeHus NPoeKmHbIX Meponpuamuil 8 t-mu 200y,
- Pacuém nanoza na npudulis,;
— [lomok oenescnou HanuuHocmu;
- Koaggdhuyuenm ouckonmuposarnus;
- Yucmas mexywas cmoumocmo.
2. Taonuuwr:
- Cneyuanvnas mexuuxa oas nposedenusi I PIT;
- Bpems Ha 8binoineHue no020mosumenbHo20 Meponpusmus
- Pacyem amopmu3sayuonunvix omuucaenui na obopyoosanue I PII pacuem 3apabommuoil niamol;
- Pacyem 3apabomnou niamot;
- Cmpaxoevie mapughvl na ooszamenvroe cmpaxoganue 8 I[IOP, @CC u DOMC;
- Cmoumocms yciye Konmpazenma
- Cmoumocms 060py0osanusi KOHmpazeHma




MeCmopoHCOeHUU.
3. Pucynxu:

—I'pagux npopunent HII/[H u YTC

- Cmoumocms mamepuanog KOHMpazeHma
- 3ampamul na npogedenue opeaHU3AYUOHHO-MEXHULECKO20 MEPONPUAMUSL
- Ucxoonvie Oannvie 014 pacuema noxazamerneii 3¢pgheKmueHocmu KOMIIEKCHO20 8030elicmMeuUs Ha NiACH,

- Pesynomamsl  pacuema s¢gexmuenocmu npumenenus I'MIII coemecmno ¢ I'PII na Ilepsomaiickom

| JlaTa BpIIa4YM 3a1aHMs JAJIA pa3/iesia no JuHeiiHomy rpaguky | 10.02.2018
3anaHne BbIIAJ KOHCYJIBTAHT:
VYuenas crenennb
JIOJIKHOCTH (115 (0) ’ Hoanmuck Hara
3BaHHe

Jorent Map¢p W.B. K.9.H.
3asaHne MPUHSI K NCIOJHEHUIO CTY/AEHT:

I'pynna DPUO Hoanuch Hara

2bMe6I’ MynapucoB Pycnan ®@aputoBud




3AJAHUE JIJISI PA3JIEJIA
«COIAAJBLHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna ouo
2BMe6I’ MynapucoBy Pycinany @aputoBuay
IIkoaa NIIITP Otaenenne mkoasl (HOILL) Otnenenue HeTEra3oBOro Jiena
Yposens
o6pazoBanus Maructparypa | HampasiieHne/cnienMaJIbHOCTH 21.04.01 Hedrerazosoe neno

Hcxonnblie 1aHHbIe K pa3aey «CouuajbHasi 0TBETCTBEHHOCTb) .

30Ha)

XapakTepucTuka 0OBEKTa HCCIENOBaHUS (BEILECTBO,
Marepual, NpuOop, aaropuT™M, METOAWKa, pabouas

B xo00e nposedenus pabom no sozoeticmeuro Ha HemsAHOU
nAACm NOOPA3YMeBAemcsl HAXOHcOeHUue paboue2o Ha
yauye, ¢ Yenvio HeobX00UMO20 KOHMPOJIs 34
060pyd0saHIUEeM U HENOCPEICTNEEHHO 3A CAMUM NPOYECCOM

IlepeueHb BOpOCOB, NOJIEKAIINX UCCIETOBAHHIO, IPOEKTUPOBAHUIO U pa3paboTKe:

1.2.

1. IlpousBoacTBeHHAs 0€30MACHOCTH

1.1. AHanu3 BBIIBICHHBIX BPEAHBIX (PaKTOPOB IIPH
pa3paboTKe M 3KCILTyaTalluy IPOEKTUPYEMOTO
peIIeHHs B CIEYIONIeH MoCIeI0BaTeIbHOCTH:

(U3UKO-XMMHUYECKas NPUPOa BPEIHOCTH, €&
CBSI3b C Pa3padaThIBAEMOI TEMO;

JeficTBue (paKkTopa Ha OpPraHU3M UYeIIOBEKa;
MPUBCACHUE TOIMYCTUMBIX HOPM C
HEO0OX0AMMOH Pa3MEpHOCTHIO (CO CCBUIKOM Ha
COOTBETCTBYIOIUI HOPMATHBHO-
TEXHUYECKUH TOKYMEHT);

IpeJularaéMble CpeICTBA 3alllUThI;

(cHauasa KOJUIEKTUBHOM 3aIIIUTHI, 3aTEM —
WHJUBUAYaTbHBIE 3aIIUTHBIE CPEICTBRA).

AHasu3 BbISBJICHHBIX ONACHBIX ()aKTOPOB NPHU
pa3paboTKe U 3KCIUTyaTalluu IPOEKTUPYEMOTO
peleHns B CIENYIONIEH II0CIe10BATENBHOCTH:

MEeXaHHYeCKHE OMAaCHOCTH (MCTOYHHKH,
CpEeCTBa 3aIUTBHI;

TEPMHUUYECKHE OIIACHOCTH (MCTOYHHKH,
CpeZCTBa 3aIlUThI);

JIEKTPOOE30IaCHOCTS (B T. 4. CTAaTHYECKOE
INEKTPUUYECTBO, MOJHUE3AIUTA — UICTOYHUKH,
CpEeICTBA 3aIINTHI);

Ananu3z 6peonvIX NPoOU3800CMEEHHBIX PAKMOPOB:
—  Omxnonenue noxazamenei KiumMama Ha
OMKPLIMOM 6030YXe.
—  Hedocmamounas oceewjeHHocmbp.

—  Tlosviuennuiii yposeHs wiyma Ha pabouem mecme.

AHanuz onacHvlx nPOuU3600CMEEHHBIX YaKmopos:
- Onexmpobeszonacnocms
—  Mexanuueckue onacnocmu

- Annapamvi noo oasnenuem

2. DxoJiorn4yeckas 0e30MacHOCTD:

3aIlUTa CETUTEOHOM 30HbI

aHaJu3 BO3JeHCcTBHs 00BbEeKTa Ha aTMochepy
(BBIOpOCHI);

aHau3 BO3JEHCTBHS 00BEKTa Ha THAPOChEpy
(copocsr);

aHaJu3 BO3JIEHCTBHS 00BEKTa Ha TUTOChEpy
(oTx0mpI);

pa3zpaboTaTh perieHus Mo 00ecIeyeHUIo
9KOJIOTHYECKOH OE30MaCHOCTH CO CCHUIKAMHU
Ha HT]] mo oxpaHe okpy»aroien cpebl.

- ananu3z 6030elicmeus 00veKma Ha ammocgepy:
Cmpoumenvcmeso u 00beKmos

HegpmedoObIUU  Cc6a3aHbI € BbIOCACHUEM 3ACPAZHAIOUWUX

IKcntyamayus

sewecms 8 ammocpephblii 6030yX;

- ananus eo3zoelicmeusn 00vekma na 2uopocgepy:

Ocoboe ompuyamenvroe Go30elicmeue Ha XUMUHECKUU
npu
He(hmedoObIuU  OKA3LIBAIOM PA3IUGbl He(hmu U 600 C

cocmas  6000emM08 oKCHIyamayuyu - 00beKmos
ebicokou MmuHnepanuzayueu. Ilpu nonadanuu negpmu 6
6000eMbl HA NOBEPXHOCMU 600bl 06pPA3Vemcs NeHKd,
nPEnsiImcmeyiowast 030YUHOMY 0OMEHY.

- ananu3 eo3zoelicmeusn 00vekma na aumocgepy:




JUKBUOAYUSL BCeX 3AMA3VHEHHBIX YUACMKO8, npexicoe
6ce20, 8 B000OXPAHHBIX 30HAX PEK U 03ep, 8blPYOKaA 1ecos;
86100 CReYUanbHbIX MeC 05 3AXOPOHEHUsI OMX0008
(nanpumep, ompabomannvle kapvepsi)

3. be3onacHoCTh B Upe3BbIYAHBIX CHTYaMAX:

nepedeHb Bo3MOXHBIX YC 1pu pazpaboTke 1
9KCIUTyaTal[iK IPOEKTUPYEMOTO PELICHNUS;
BbIOOp Hanbosee TunuuHoi UC;

pa3paboTKa MPEeBEHTUBHBIX Mep 110
npenynpexaexuto UC;

pa3paboTka eiicTBHIA B pe3yibTaTe
BozuuKIIei YC u Mep 1o MuKBHAAHN €€
MHOCJIEACTBUH.

- nepeuens 6o3modxucuvix YC na oovexme:

Omxkpvimoe  ¢onmanuposanue Hedhmu U3  CKBANCUH,
nopulgvl Hepmecboprnotl cemu u cemu I/, Tunuunou 4C
HApyWeHust  NONCAPHOU
HABOOHEHUsL 60 6peMsi NABOOKA, MAK KAK MeCHHOCHb
b6onomucmas. Iloocomoska k ce30Hy nagooka, nposepka u

Aejsemci be3onacnocmu  u

YVKpenjieHue 6HeulHux coopyafcenuﬁ, He3ameonumesnbHoe

coobwenue o YC wuauanbHuky — yuacmkd, — 6bl308

cneyuanuzuposanHo bpueadel o yempanerust 4C.

4. IlpaBoBble U OPraHU3aLMOHHbIE BONPOCHI
o0ecreyeHHns 0€30IACHOCTH:

CIIeIMaNbHbIE (XapaKTepHbIE TPH
9KCILTyaTali 00bEKTa UCCIIEIOBAHNS,
MIPOSKTHPYEMOii paboUeii 30HbI) MPABOBBIC
HOPMBI TPYIOBOI'O 3aKOHOJATEIbCTBA;
OpraHU3alMOHHbIE MEPONPUATHUS TIPU
KOMIIOHOBKE paboueii 30HHI.

- XapaxkmepHsle 0131 NPOEKMuUpyemoi padoueii 30Hbl:

Baxmosviii memoo - ocobas ¢opma ocywecmenenus
mpyoogoco  mpoyecca  6He
nPOXHCUBAHUA  PAOOMHUKOS,
obecneyeno excednegHoe UX B8038paueHue K Mecmy

mecma NOCMOAHHO20

Koc0a He Mmodxcem Obimb

HOCMOAHHO20 NPONCUBAHUS.
- Op2aHU3AUUOHHbIE MEPONPUAMUA NPU KOMHOHOGKE
paboueii 30nb1:

Cooepocanue paboueco Mmecma 6 nopsoKe, NpPOBEPKA
3a3eMNeHull, NpoeepKka COCMOAHUA 0DOPYOOBAHUs U
cgoeepemenHoe  ycmpauenue O0eeKkmos; npuMeHeHue
UCNPABHO20 INEKMPOOOOPYOOBAHUS U IKCHIYAMAYUsL €20 8
coomeemcmeuy ¢ mpebOGAHUAMU

nacnopmos, nPasui yCmpoucmea 31eKmpoycmaHo8oK.

mexHu4ecKux

JlaTa BbIIa4M 3a0aHMSA 1JIsl pa3fesia 1o JUHeHHOMY rpadpuky ’ 10.02.2018
3agaHue BbI1aJ KOHCYJIbTAHT:
JI0JZKHOCTD DdUO Yuenas crenens, Hoanuce Jara
3BaHHE
AcCCHUCTEHT AoGpamenko H.C.
3agaHue NPUHAJ K MCNIOJHEHUIO CTYIeHT:
I'pynna DPUO IHoanuce Jara
2BMeéI’ Mynapucos Pycnan @apuroBuy




3AJAHUE JJIAA PA3JIEJIA BKP,
BBITIOJIHEHHOI'O HA HHOCTPAHHOM SA3bIKE

Ipuaoxenue A
Pa3nen:
O630D JINTCPATYPhI HA HHOCTPAHHOM A3BIKC I10 TCMC:
«Enhanced Oil Recovery»

CryneHry:
I'pynna DPUO Hoanuch Jara
2bMe6I’ MynapucoBy Pycnany @apuroBuuy
IIkosa WIHIITP Orpenenne mkoJbl (HOII) OtneneHne HeTEra3oBoOro aena
Yposensb
obpazoBanus Marwuctparypa Hanpapienue/cnenquaabHOCTh 21.04.01 HedrerazoBoe neio
3AJIAHUE:

1.  Enhanced Oil Recovery

Hepe‘leﬂb nmoaJeKalux McCcjaea10BaHuI0, 2. EOR Processes

NMPOEKTUPOBAHUIO U Pa3padoTKe BONPOCOB
3. Surfactants
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Pedepar

Marucrepckasi TuccepTaIis CoIepKUT 75 cTpaHuIl, 15 puCyHKOB, 6 TabmwmIl,
20 UCTOYHHMKOB.

KitoueBrbie coBa: OypeHue, COMTHO-KUCIOTHAS 00pab0TKa, TEXHOJIOTUIECKAS
orepanys, CKBaXWHA, OOKOBOW CTBOJI, MHTCHCH(PUKAIMS, METOIbl YBEIWYCHUS
HedTeoTmaun, 00padboTka Mpu3adoHOMN 30HBI.

OO0bekTOM uccnenoBaHus sBisieTcss [lepBoMaiickoe MECTOPOXKIACHHE, B
4acTHOCTU (POHJI CKBAXKUH HA KOTOPBIX MPOBOJUIMCH ONEPAMH MO MPUMEHEHUIO
METO/I0B UHTEHCU(PHUKALIUU JTOOBIYH.

B nporiecce paboThl HaJg MarucTEpPCKOM JuccepTaluei Obll BBIIOJHEH aHaAIN3
METO/IOB MHTEHCU(PUKAIIMKA U BBISBJICHBI (DAKTOPHI, KOTOPHIE UMEIOT OOJBIIYIO POJIb
pu BBEIOOpE MeToAa Uil M3ydaeMoro MectopoxiaeHus. [locie BbIABICHUS, OBLT
BBIOpaH PsiJi CKBaXHWH, B KOTOPBIX ObUIM MPOBEACHBI JAHHBIE TEXHOJOTMUECKHE
oTepallvy U U3y4eHO KaKoe BIUSHUE OKA3bIBACT JAHHBIN METO/I.

Ilens pa®oOTBl — TMPOAHATIM3UPOBATH M PACCUUTATh TEXHOJIOTHYCCKYIO
s dexrrnBHOCT, OT mpoBencHuss ['PII ans omHoit m3 ckBakun IlepBomaiickoro
MECTOPOXKICHHS, C MMOMOIIBIO MOJYYHBIIUXCS PACUCTOB OINEHUTH YKOHOMHUYECKYIO
3¢ (HEKTUBHOCTH OT TPOBEICHHOTO MEPOIPHUATHSI, C TOYKH 3PEHUS OKYINaeMOCTH
MPOEKTA.

[TpakTrueckass 3HAYMMOCTh PaOOTHI COCTOUT B TIPUBEACHUM CPABHUTEIIHHOTO
aHaKM3a BIUSHUS PAa3IMUHbIX (AaKTOPOB Ha 3P(HEKTUBHOCTH TOTO UM MHOTO METOJA.
Bce 310 MOXkeT OBITh MOJE3HO TpU pa3pabOTKe MEPONPUSTHS IO TOBBIMICHUIO
TexHoJiornuecko  addextuBHOCTH  A00buM  Heptn Ha  IlepBomaiickom
MECTOPOKICHUH.

JI714 BBINIOJTHEHUsST MAarucTEpPCKOM HUCCEPTALIMM HCIOJIB30BAJICA TEKCTOBBIN
penaktop Microsoft Word, Tabmuiiel u rpaduku BeimonHsuch B Microsoft Excel.

[Ipe3enTtanus moAaroTosieHa ¢ nmomoiibio Microsoft Power Point.
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IlepedyeHb yCI0BHBIX 0003HAYEHUH

VB — yrineBoaopo;

['MC — reodusunueckue uccie10BaHus CKBaXKUH;
OEC — ¢punabTpaliuOHHO-€MKOCTHBIE CBOMCTBA;
I'KO — rmuHOKHCTIOTHASE 00pabOTKa;

CKO — consiHO-KHMCIIOTHAsE 00paboTKa;

ITAB — n0BEpXHOCTHO-AKTHUBHBIE BELIECTBA;
HKT — nacocHo-KOMITpeCCOpHbIE TPYOBI;

I13I1 — mpuzaboiinas 30Ha IJ1acTa;

[TJIK — mpenenbHO-10MMyCcTUMAst KOHLIEHTPaLHUs;
Th — TexHnKa 6€30I1aCHOCTH;

[IIT/] — noxpnep:xaHue MIaCTOBOTO NABJICHHUS
I'TM — reonoro-TeXHU4eCKue MEPOTIPUATHS
HHC — Hak/IOHHO-HaIpaBJIEHHbIE CKBAXKUHBI
I'C — ropu3oHTaIbHBIE CKBAXKUHbI

KWH — koadduruent nzpneyenus: Hedptu

HU3 — HauanbHbIE U3BJIEKAEMbIE 3a1aChl

OIH — snekTpruecKkuil HEHTPOOESKHBINA HACOC
OI13 — 06paboTka MpU3a0OMHON 30HBI

I'CKO — rnmMHO-CconsTHO-KUCIIOTHAs 00paboTKa
KOII3 — xommnekcHast 06padoTka

ACTIO - acdanprerocMmonucTonapad@uHOBBIE OTI0KECHHUS
['PII — runpaBnryeckui pa3pelB Ij1acTa

BHK — BogoneTs1HO# KOHTAKT;

3bC — 3ape3ka 60KOBOTO CTBOJIA;

OII3 — oOpaboTka npru3abOMHON 30HbI;

CKO - consHo-KHCcIOTHAs 00paboTKa,

MYVYH — MeTobl yBenmn4eHus: HePTeOTaauH.
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Beenenue

Ha cerogusmauii neHp 3¢G@GEKTUBHOCTh JOOBIYM HE(TH U3 ILJIACTOB
COBPEMCHHBIMH, MPOMBINUICHHBIMA METOJAMHU CUYHTACTCS HEYIOBJICTBOPUTEIHLHOM.
Koneunass HedTeoTnaya miaacToB, B CpEJHEM, [0 Pa3IUYHBIM HCTOYHUKAM
BapbHpyercs ot 25 1o 45 %.

Ecnu roBoputh mpo OTHOIIEHUE HEU3BJIEKAEMBIX WM OCTATOYHBIX 3aMacoB
He(TU K NEepPBOHAYAIBHBIM T'€OJOTUYECKUM 3aracaM, TO 3TO OTHOIIEHUE B CPEIHEM
coctasisieT ot 50 mo 70 %.

BcenencrBue aToro nepen BceMu HEPTIHBIMU KOMITAHUSIMHA OJTHOW M3 TJIABHBIX
1esjeil SBIAETCS BHEAPEHHE HOBBIX TEXHOJIOTHM HedTeqo0bYH, MO3BOISIONINX
MOBBICUTh HE(PTEOTAAuy IIJIACTOB, KOTOPHIE YK€ HAXOIATCS B pa3padOTKe W Ha
KOTOPBIX MPUMEHEHHUE TPATUIIMOHHBIX METOJIOB O U3BJICUEHUIO OCTATOYHBIX 3aI1acOB
He(TU yKe MPAKTUUYECKH HEBO3MOKHO.

Takke CTOMT OTMETHTh, YTO TPUMEHEHHWE COBPEMEHHBIX METOJIOB
uHTEeHCHU(UKAIMU J0O0BIYM HEPTH B pa3pabOTKE MECTOPOXKICHUM, TO OIEHKAM
CIEHHUAINCTOB, NPUBOAUT K cymectBeHHOMY yBenumueHntro KHH. Tem cambim
MO3BOJISIET YBEJIUYUTH JOTOTHUTENIBbHYIO T0OBIYY HEPTH.

OOBeKTOM uccienoBaHusl aBTOp paboThl BbiOpan [lepBomaiickoe HedTsiHOE
MecTopokieHue. JlaHHOoe MeCTOpOXKACHUE HAXOJUTCS Ha TO3JHEH CTaauu
pa3pabOTKH, OCHOBHBIE 3aIachl yIiIeBOJAOPOIHOTO CHIPhs YK€ 0TOOpaHbl. B cBsizu ¢
TEM, YTO MPOUCXOJIUT CHIDKCHUE 1e0uTa HEPTH U pacTeT 0OBOJHEHHOCTh MPOAYKIIUH,
CTAHOBUTCSI 00Jiee aKTyaJlbHBIM IMPUMEHEHHUE METOJ0B MHTCHCU(DUKAIMKU JTOOBIYH
He(TH.

D¢ DHeKTUBHOCTH METOAOB MHTEHCU(PUKAIIUHN B OCHOBHOM 3aKJIIOYAETCS B TOM,
YTO MIPH WX UCTIOIH30BAHUHU TTOBBINIACTCS YPOBEHD U3BJICUEHUS TIOTHOTHI 3aJIETarOIICH
He(TH, yIydIIaeTCs CBSI3aHHOCTh KOJUIEKTOPOB M TEM CaMbIM YBEJIMYHBAETCS OXBAT

iacTra.
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Ilenpto maHHOW pabOTHI SBIAETCS TOAPOOHOE U3YYCHHUE U aHAIU3
3G (HEKTUBHOCTH METONOB HWHTECHCHU(HKAIMKA J0O0bIYM HEPTH TPOBEICHHBIX Ha

[TepBOMaliCKOM MECTOPOKICHUU.
3amuniaemMoe MoJI0KeHUe:

— pe3yibTaThbl CpaBHEHMsI MOKaszaTeied pabdoThl CKBaXXHUH  IOCHE
MIPOBENICHUSI TEOJIOTO-TEXHUYCCKUX MEPOTPUITHI M0 MHTCHCU(UKAIIMN TOOBIYM Ha
ITepBOMaliCKOM MECTOPOKICHUU;

—  pe3yibTaThl pacyeTa TEXHOJOTMYECKUMX TapaMeTpoB U  10a00p
obopynoBanus g ['PII;

— KOMIUIeKCHas oneHka 3ddextuBHocTu nipoBeaeHus ['PII Ha ckBaxkune

ITepBOMaKCKOTrO MECTOPOKICHUS.
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1. OO0mue cBegeHNs 0 U3Y4aeMOM MECTOPOKICHUHN

B apmunuctpatiuBHoM oTHoeHuH [lepBomaiickoe HeTSIHOE MECTOPOKICHHE
OoJIbIlIel YacThlO pacnojokeHo B Tomckoil obOnactu, a umeHHO, B Kapracokckom
pailioHe, a JApyras €ro 4acTb HaXOAUTCS Ha TeppUTOpUM TrOMEHCKON 00sacTu
Cypryrckoro paitona XMAO B 600 km ot roposa ToMmcka.

Tak Kak MECTOpPOKIECHHE HAXOOUTCA Ha CEBEpe, TO 3UMa 3]eCh
MPOJOJDKUTEIbHAS M OYEHb XOJIOJHAs, A0COJIIOTHBIA MUHUMYM II0 TEMIEpaType
MOXeT pocturate 10 MuHyc 50°C, a 4ro Kacaercs JieTa, TO OHO TYT KOPOTKOE.
Cpennemecsiunas temrneparypa siHuBaps MuHyc 23°C, urons mmoc 18°C. Ilocenoxk
[TuoHepHbIlt - camblii OMKAWIIUN HACENEHHBIM IYyHKT, TJ€ pacloiaraloTcs
OOILIEKUTHS, B KOTOPBIX U MPOKUBAIOT pa0OTHUKKA KOMMaHuM. PacnonoxeHn oH B 22
KM BocTo4Hee oT IlepBomaiickoro mectopoxiaeHus. Uepes mocenok I[InonepHbin
IIPOXOJIUT HACKIMTHAS TPYHTOBAS JOPOTa C OETOHHBIM MOKPBITHEM, KOTOPAsi COCIUHSIET
ero ¢ ropogoM CrtpexeBor u Uronbcko-TanmoBBIM MECTOPOXKIACHHEM, a 3UMOU
JIEMCTBYET 3UMHHUK, COCAUHSIONINN €ro ¢ TOMCKOM.

B [InoHepHOM MMeeTcs CBOM a’poInopT, IPUHUMArOIIMK camoiieTsl Thna AH-
24, AH-26, xortopbie mocTaBisOT padoTHukoB ¢ Tomcka. JlocTtaBka Trpy30B
BBINOJIHSIETCSI B OCHOBHOM B BECCHHE-JIETHUM II€PUOJ C IOMOIIBIO PEYHOTO
TpaHcnopta no pekam OOb u Bacroran. K IlepBomaiickoMy MeCTOpPOXKICHHUIO
MOAXOAUT JIMHUA dJieKTponepenad. B nmocenke [InoHepHbIN pacIiioxkeHbl PEMOHTHO-

mexanudeckue macrepckue HIIY u 6a3a oOcmyxxuBanus Oypenust. [1]

THOMEHCKAR 0B
oy SAKTE- MANCHACKNR ABT.OKPYT =N\, g4

3 Treexesoi~—" T~ S

Pucynox 1 — AOmunucmpamusroe nonodxicenue patioHa
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2. Cocrosinne pa3padoTkun

[lepBomaiickoe He(TIHOE MECTOPOXKICHHUE, SBIACTCA OJHUM U3 HauOojee
KPYIHBIM Ha TeppuTopuu ToMcKoi o6iactu, ObLI0 OTKpBITO B 1969 romy Gnaromaps

MOMCKOBOM CKkBaxkuue 260.

PazBenounbie paboThl ObBLIM TIpOBEAEHBI B Tepuod ¢ 1969 mo 1976 rr.
npoBeJeHbl TOMCKUM TEPPUTOPUATIEHBIM T'€0JIOTHYECKUM yripaBieHueM. OCHOBHBIM
MPOMBITIUICHHO HE()TEHOCHBIM Ha MECTOPOXIACHUHM SIBJISETCS TIECYAHBIA IUIACT
HaJyTOJbHBIA TOJIIHA BacCIOTaHCKOM cBUTBL. B 1976 romy Ha MeCTOPOKICHHUH
MPOU3BECH MOJICUET 3alacOB HEPTU U PACTBOPEHHOTO rasa, 3amachl YyTBEP>KICHBI B
['K3. MectopoxaeHue Mpu3HaHO NOATOTOBJIEHHBIM K MPOMBIIUIEHHOMY OCBOCHHIO U
aKTUBHas cTaaus pa3padoTku Obuta 3amymieHa B 1981 rogy. K 1991 roay 6osee 90 %
IJI0IIaAM HE(PTEHOCHOCTH OBLIO OXBAYEHO JKCIUTyaTallMOHHBIM OypenueMm. M3 793
HKCIUTYyaTallMOHHBIX CKBAKUH Ha TOT MOMEHT ObUIO MPpoOypeHo 652. DTO MOCTYKUIIO
OCHOBaHUEM JJisi nepecuera Ha [lepBomaiickoM MECTOpPOXKACHUU 3amacoB HEPTH U
raza. B 1995 romy yTBepxiaeHa HOBas TEXHOJOTHUYECKas cXeMa pa3padOTKH

MECTOPOXKICHHS.

Ceiiuac pa3paboTka MecTOpokKaeHHs cBa3aHa ¢ muactamu 01, I03 u BckpriTa
Ha r1yOuHE OT 10 MeTpoB. BoloHETAHON KOHTAaKT Ha MECTOPOKICHUH
yo 2340 nmo 2460 B

pacnoJiokeH Ha riyoune 2420 MeTpoB.

[TnacT npencrapisieT u3 ceOs MECYaHUKU C MPOCIOSIMU aJIE€BPOJIUTOB U TIIHH.
3anexr Hedtn Ha IlepBoMaiickoM MECTOPOXKJACHUU CBOJIOBas, IUIACTOBas,
JUTOJIOTMYECKHU dKpaHUpOBaHHas. BricoTa 3aexu Bappupyercs oT 75 10 78 METpoB.

HG(I)TB Ha JaHHOM MCCTOPOXACHHUN MaJIOCCPHUCTAA, MCTAaHOBAsA U MMCCT IINIOTHOCTDH

0,83 r/em® [2]

Ha 01.01.2015 r. Ha MecTOpOKIeHUHN dKCILUTyaTupyercs 689 CKBaKWH, U3 HUX
489 nooObiBatomue, 181 HarHetatenbHble U 19 BOM03a0OpHBIX. YTBEPKIECHHBIN
pOeKTHBIN (hoHT cocTaBisieT 747 ckBakuH, JoObIBaOMUX 523, HarHEeTaTENbHBIX 205

1 BOJ103a00pHBIX 19. Peanu3zanus npoekTHOTo poHIa CKBaXXUH cocTaBisieT 92 %.
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C camoro Havana skcruryaTanuu [leppomaiickoro HeTIHOTO MECTOPOXKICHUS
3aech ObUT0 A00BITO oOkoJo 37,24 MuWuMoHOB TOHH HedTH. Celyac wuper
07aroycTpoiicTBO JBYX JOOYpPEHHBIX KYyCTOB, a B TEUEHHE HECKOJIBKHAX JIET

3aIUTAHUPOBAHO JOOYPUBAaHUE JAHHOTO MECTOPOXKICHHUS.

Crenenp BbIpaboTaHHOCTH 3amacoB [lepBoMaiickoro  MecTOPOKIEHUS
coctaBisieT okosno 67 %. OO6BomHEHHOCTh HEPTH Ha MecTOpoXxaeHuu - 58 %. B
HacTosiliee BpeMs TeMil oTOopa He(dTH MO OTHOIICHHWIO K HaYaJbHBIM 3aracam
coctaBisieT 2 %, a mo OoTHOmEHUIO K TekymmM — 5 %. Ilo macmrabam moObrdm
[TepBoMaiickoe MECTOPOXKICHUE 3aHUMAET JUIUPYIONIYIO MTO3UIINI0 B Bactoranckom
HTZIP. PacueTs! mokaspiBarot, uto j0 2030 roma ocHoBHas goObrya Hedtu B HI'JIP

OyJieT OCyIIEeCTBIAThCS 3a cueT [lepBoMaiickoro MeCTOpOXKIEHHUS.

[Ipoananu3upoBaB (akTUUecKue IOKa3aTean Jae0uTa HePTH U KUIKOCTU
JNEUCTBYIONIUX CKBaXWH, MOXHO CKa3aTh YTO KOMIIAHUU YyAAe€TCs YACPKUBATH
3 PEeKTUBHOCT, pPa3pabOTKH 3aJieKed 3a CYeT IPOBEICHUS MEPONPHUATHH 10
WHTCHCU(UKAIMA  TNPUTOKA K  JIOOBIBAIOIIMM  CKBaXMHAM, YMEHBIICHUIO

00BOJTHEHHOCTH MPOAYKIIMU U YBEJIMYEHUIO BHIPAOOTKH 3a11aCOB.
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B 1eOUT BOJIBI B 1eOuT HeTH 0OBOJHEHHOCTH

Pucynok 2. — Cocmosanue paspabomku Ilepgomaiickoeo mecmopodrcoeHusl.
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Hcxoas u3 pucyHka 2. MOXKHO IpOHAOII01aTh Kak Ae0UT He(PTH yMEHbIIAeTCsI
c 600 1/cyT. 10 300 T/CyT. a 7EOUT KUAKOCTH HAOOOPOT UAET HA YBEIMUYEHUE U TPU
ATOM OOBOAHEHHOCTH MPOAYKIIUU pacTeT, U K 2015 rony cocraBnset okosno 50-60 %,

H Ha CGFOI[H?[H_IHI/Iﬁ ACHBb IMPOJ0JIKACT PAaCTH AAJIbIIC.

B nacrosimee Bpems IlepBomaiickoe MECTOPOXAEHHE HAaXOOUTCS B CTaIUU
CHWKAIOWIEHCsl TOOBbIYM, YTO M MOJATBEPKAAIOT MOKA3aTeIu COCTOSIHUS pa3padOTKH,
TEM CaMbIM 3TO W SBJIETCS MOBOJAOM JUIsl Pa3BUTUS U NPUMEHEHHUS] COBPEMEHHBIX
METO/JIOB  yBEJIMYCHHs  HePTEOTmayW, KOTOpbIE  CHOCOOHBI  00ECTICUUTH
MOJIOKUTENbHBIA 3(PPEKT B OCBOCHHMM HOBBIX M pa3padaThIBAEMbIX HEPTIHBIX

MecTOpoXKaeHHH. [3]
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AHAIM3 NPOBEACHHBIX MEPONIPUATHH

Ha IlepBomaiickoM MeCTOPOXICHUHU B MPOLIECCE BCETO Mepuoja pa3padoTKu

NPUMEHSIIN Pa3JInYHbIe BUBI MEPOIIPHUATHI 10 MHTEHCU(PUKAIIMK T0ObIYU HeDTH U

YBCIMYCHUIO He(bTCOTIIa‘II/I miacToB. B OCJIOM HMX MOKHO pasAaCiInTb Ha HCCKOJIBKO

rpyIiia, a UMCHHO:

3ape3ka 00koBbIX cTBOJIOB (36C);
ruapopaspeiB mwiacta (I'PII);
nepdopanuonnsie padotsl (I1BP);
busuko-xumuueckue OII3 ckBaxkuH;

BbIPAaBHUBAHUE MPOQPIIISI TIPUEMHUCTOCTH.

3ape3ka OOKOBBIX CTBOJIOB

B MMOCJICAHUC T'OAbI B CBA3H C IIPOIrpeCCOM B 6ypeHI/II/I CKBa’XWH CTaJIKM IINUPOKO

MPUMEHSTHCS METO/IbI MOBBITIIEHUS 9(PPEKTUBHOCTH PAaOOTHI CTAPOTO (HDOHIA CKBAXKHUH.

PaboThl BetyTCs B ClIEIYIOLIMX HANPABICHUSX:

yriyoJieHue 3a00€B CKBAKHH C IICJIBIO BCKPBITHUS HIDKEISKAITUX
HEe(PTSIHBIX IIACTOB B MAJIOJACOMTHBIX MM OTPAOOTAaHHBIX IO OCHOBHOMY
00BEKTY CKBOXHHAX;

3a0yprMBaHUE BTOPBIX CTBOJIOB B MAaJIOACOMTHBIX WJIM aBapUHMHBIX
CKBa)KMHAX;

OypeHue TOPU3OHTAIBHBIX CTBOJIOB W3 paHee MPOOYPEHHBIX

MaJIOJICOUTHBIX WA OOBOMHEHHBIX CKBAKUH.

JlanHbIe METOABI TO3BOJISIOT CymecTBEHHO (B 2-10 pa3) MOBBICUTH J1EOUTHI

CKBAXXUH ITPHU CPABHUTCIIbHO MCHBIINX 3aTpaTax, 4€M Ha 6ypeHHe HOBBIX CKBaXHH.

OTO HampaBIeHHE IS CTapbiX He(TemoObIBarOIIMX pailoHOB, HamOoIiee

NEePCHEeKTUBHO. [l ero pa3BUTUS UMEIOTCS BCE HEOOXOAMMBIEC YCIOBUS: OOJBLION

¢doHI POOYPEHHBIX CKBAXKHH, OTPAOOTAHHOCTh OCHOBHBIX IJIACTOB B MPOOYPEHHOM
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dboHIE CKBaXWH, HATW4YUE OOJBIIOTO YHCIA HEBBHIPAOOTAHHBIX IIACTOB KakK B

OCHOBHOM 3KCILTYaTallTHOHHOM O6T>€KT€, Tak 0COOCHHO B BBIIICJICKAINX OTIIOKCHUAX.

DTO TO3BOJSAET 3a0ypHUBaTh TOPU3OHTAIBHBIC CTBOJBI B PA3JIMYHBIX YACTIX
paspesa. 31ech MOTYT OypUThCA HE TOJIbKO FOPU3OHTAIBHBIE, HO U TOPHU30HTAIBHO-

Pa3BCTBJICHHBIC CTBOJIBI.

Takum oOpa3om, B cTapeiXx HeTenoObIBatONMX paioHax 3amannoi Cubupu
Bce OoJsiee IIMPOKOE pa3BUTUE NPUOOPETAIOT TEXHOJOTUU OypeHus OOKOBBIX
TOPU30HTAIBHBIX CTBOJIOB U3 cTapbiX ckBakuH (BI'C). OHM UMEIOT psiJi 0COOCHHOCTEH,
CBSI3aHHBIX MPEXKJE BCETO C BOCCTAHOBJICHUEM U MPOJICHUEM CPOKa MCIOJIb30BAHUS
npoOypeHHOTo (OHIA CKBaKWH, PEIICHWEM 3ajad 1Mo pa3paboTKe HIKE W BBIIIC

3aJICTalOIMX HG(i)T?IHBIX T'OPHU30HTOB, ITIOBLIIICHHUIO KNH 4cpe3 YIINIOTHCHUC CCTKU U

T.1. [4].

Texnonoruss peanumaruu ckBaxuH OypeHuem bI'C Becbma addexTuBHa,
OKYyIaeMoCTh BbICOKas. JleOMThI BOCCTAHOBJIEHHBIX CKBOXMH B 3aBUCUMOCTH OT
O0OBEKTOB M MCMOJHUTENEH Kosebnercss or 4 g0 20 1/cyT, NIpOTUB MEPBOHAYATBHBIX
0,8-2 1/cyT. CToumocTs paboT cocraBisgeT B cpeaHeM 30-40 % oT CTOMMOCTH HOBBIX

CKBa>XHUH.

Ha IlepBomaiickoM MECTOPOXKICHHUH 32 BECh MEPHO]] pa3pabOTKU MPOBEACHO
10 omepammii mo 3ape3ke O0KOBbIX cTBOJOB. CymmapHas noo6erda HepTH oT 3BC
coctaBisier 3755 Thic. T. DQPGEKTUBHOCTh NPOBENCHUS JAHHOTO BHIA padoT

npejcTaBiieHa B Tabnuiie 3.1.
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Tabauya 3.1 — Ilapamempol pabomvi CK8aAMCUH 00 U NOCE NPOBEOEHUsL 3APE30K OOKOBbIX

Cme0J106 HA CKBAMNCUHAX HBPGOMCZIJCKOZO Mecmopo.?fcdeyuﬂ

[MapaMeTphl paGoOThI CKBAKHHBI IMapaMeTpbl paboOThI CKBAKUHBI
o Jlata no I'T™™ Jlata nocie I'TM
c1<1-3 Bup cTBona OCTaHOBKU | JleOut Jebur O06BoIHE '™ Jebur Jebur OO6BoTHE
: CKB@XHHBl | He()TH | KUIAKOCTH | HHOCTB HedTH | KUIAKOCTH HHOCTb
T/CyT. T/CyT. % T/CyT T/cyT %
- HaKJI-HaIlpasJl. stHB.05 32,0 58,2 45,0 nroH.06 29 69,3 95,8
- HaKJI-HATIPaBJL. Mait.06 1,0 2,1 52,4 Maii.06 49,7 55,9 111
- HaKJI-HaIpaBJL. nek.02 0,4 4,6 91,3 uion.07 - - -
- HaKJI-HaIpaBJlL. bes.98 0,6 15 60,0 aBr.06 - - -
- TOPU30HT. auB.01 0,5 446 98,9 bes.07 - - -
- TOPHM3OHTAJILHBIH ¢es.08 2,8 102,3 97,3 okt.08 6,2 258,2 88,7
- FOPU30HTANBHEII nek.08 59 65,5 91,0 cen.08 22,6 263,6 86,6
- TOPH30HTAJIBHEIH apr.09 15,8 134,6 88,3 aBr.09 34,9 296,9 89,9
- TOPH30HTANBHBIH. cen.09 6,7 77,4 91,3 aBr.09 17,6 208,8 87,2
- TOPHM30HTAIBHBIN okT.09 9,3 94,3 90,1 HO:1.09 25,5 261,5 85,2
CpenHee 3HaYCHUE 7,5 20,1 80.6 24,9 47,3 47,5

3.2.  IlepdopamrionHbie METOIbI

[Ipotecc co3manusi OTBEpCTU B 00CAHBIX KOJIOHHAX, TUIACTE U B IIEMEHTHOM
KaMHE C TIOMOIIBIO CHEITHATM3UPOBAHHBIX CKBAKWHHBIX amlapaToB — Ha3bIBACTCS
nepdopanueit. [lepdopanus sBiasieTcss OCHOBHBIM METOJOM, TJIaBHAs I€Jb KOTOPOH
MpeayCMaTPUBAET BCKPHITHUE TTPOYKTUBHBIX IJIACTOB.

[Tepdopammst menuTcss Ha ABE OOJBIIME TPYMIBI — TIEPBUYHAS, KOT/A
nepdopanus MPOU3BOAUTCS HEMOCPEACTBEHHO IOCIE OCBOCHUS CKBAXHH, TaK W
BTOpHUYHAs, Korna mnepdopaius MpOU3BOJIUTCA BO BpeMs IKCIUIyaTalllH, C LEJbI0
YCWJICHHS IPUTOKA (PIironaa.

OddexTuBHOCTH MTEpdHOpaIK ONPEALISICTCS CICIYIONUMU TapaMeTPaAMH:

—  yroJ (pa3upoBKHU;

—  JIMaMEeTp OTBEPCTHS, 00pPa30BaBIIETOCs B pe3yjbTare nepdopaiuu;

—  rayOuHa npoOUBaeMoro KaHaia,

—  TUIOTHOCTH 3apsija.

OTU mapaMeTpbl OKa3bIBAIOT OOJIBIIOE BIUSHUE HAa CKUH-d(PHEKT, KOTOPHIN

0XapaKTCPU30BbIBACT HAIMYHUEC AOIMOJIHUTCIIBHBIX @HHBTpaHI/IOHHHX COHpOTI/IBJIeHI/IfI
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B II3I1 m ¢akTuyeckn moOKa3pIBaeT, KaK KAYECTBEHHO IPOW3BEICHO BCKPBHITHE
MPOAYKTUBHOTO Ijiacta. Takum oOpa3oM, 1eNb 3aKJII0YaeTCsd B CHUXKECHUE BIIUSIHUS
ckuH-3((exTa, creaoBaTeNbHO, YTOOBI ATOTO JOCTHYb HYKHO MPAaBUJIBHO BHIOpATH

cuctemy nepdopamnu

B ocHoBHOM BimstHre Ha [13I1 okaspIBatoT TIOTHOCTH Tiepdopanuu 1 ATuHA
KaHaJoB. B cBOIO odepenr pa3Mep KaHAIOB 3aBUCUT OT MPOOMBHON CITIOCOOHOCTHIO
nepdopaTopoB U OT METPOPU3MUECKHUX OCOOCHHOCTEH KoJutekTopa. Hawmmydrmimii
NpUTOK (IIroMga MOXXKHO JOOMTBhCS OT MPABUIBLHOM BBIOpAHHOM (ha3HPOBKHU.

CymiectByeT (pa3upoBKa IO MIAXMATHOM CETKE, ¥ MO CIIUPAJIH.

[TyneBas nepgopainus IpUHLIKUI AEUCTBUS OCHOBBIBAETCS HA OTHECTPEIBHOM
OpY’KUHU — IYJH, KOTOpbIE HaXoAsATCs B mep@opaTope, BbUIETAIOT 3a CUET SHEPTUu
opoxoBbIX ra3oB. [lepdopaTopel— yamie Bcero UMEIOT CTAIBHOW KOPITYC, B KOTOPOM
Y pa3sMELIAoT 3apsiAHbIE CTBOJIBI, KaMEpPbl, B KOTOPBIE W 3apsDKalOT IyJHd, a TaKKe
BOCIUIAMEHUTENIbHBIE ~ YCTpOMCTBa. BocmiameHeHne mnpoucxoauT — Osarogaps
AIEKTPOBOCIUIAMEHUTEISIM, 3JIEKTpO3anajaM U nupornarpoHaM. MHuImanus B3phiBa
3apsioB, IIPOMCXOAUT C IIOMOIIBIO DJIEKTPOAETOHATOPOB, KallCyJ-IE€TOHATOPOB,
B3pbIBaTENEH, JETOHUPYIOIIMX IIHYPOB M B3pBIB-MATPOHOB. B CKBaXUHY IyJeBbIe

nepdopaTopsl IonagarT Ojaroaaps KapoTaKHOMY Kabero.

O06beM paboT MO BTOPUYHOMY BCKPBITHIO IIACTa C IMOMOILIBIO ITyJIEBOM
neppopalui HE3HAYUTENbHbI, TaK KaK JaHHbIA BUJ Neppopaluyd UMEET HEKOTOphIE
HEJOCTaTKU: HEJJOCTaTOYHAs MPOOMBHAsS CIIOCOOHOCTD B YCIOBUSX BCKPBITHUS IJIACTOB,
CJIOEHHBIX U3 IUIOTHBIX MOpo. [IpucyTcTByeT cnoskHOCTh Npu COOPKE U 3apsJIKH.
CymiecTByeT OmacHOCTh Mpu oOpanieHuu U nepeBo3ke. Taxke oOmagaroT Majou
IIPOU3BOAMTENILHOCTBIO (32 OJIHY CITyCKa-MOABEMHYIO OIlepalysi OHU MOTYT BCKPBITh

TOJILKO 710 3 M IIPOAYKTHBHOIO IJIaCTa ¢ TUIOTHOCTBIO JI0 5 OTBEPCTHi Ha 1 M).

[TyneByto mnepdoparuio panvoHaIbHEE BCETO MPUMEHSTH JJII BCKPBITHUS

IUIACTOB, KOTOPBLIC COCTABJICHBI W3 HCIIPOYHBIX, CJ'Ia6OCI_IeMeHTI/IpOBaHHBIX IIOPOA.
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[Ipenmoutenue myneBoil mepdopanuu CleayeT OTAAaBaTh MPU BCKPHITHH CHITYIHX

nopoJ. [5]

JleiicTBre KyMyJSTUBHOM miepopalii OCHOBBIBAaeTCS Ha MPOOUBHOMN
CIIOCOOHOCTH BBICOKOCKOPOCTHBIX CTpPYH, KOTOpBIE COCTOSIT U3 TMOIYXHAKOTO

MeTasuia, 00pa30BaHHbBIX OJaroaps B3phIBY KyMYJISITUBHOTO 3apsijia.

KymynstuBHble mepdopaTopsl M0 MPUHIUAIYY YCTPOMCTBA MOAPA3ACISIIOT HA
NBe OOJBIINE TPYIIBI, KOTOPhIE WMEIOT Pa3HbIE CIIOCOOBI TepMETHU3AIUU: TIepBas
rpynmna KopIycHble, a BTOpas OeckopiycHble. B kopmycHbIX mnepdopaTopax Bce
3apsiibl U CPEACTBA MHUITMMPOBAHUSI TIOMEIIEHBI B OJMH OO T€pMETUYHBIN KOPITYC,
KOTOPBIM M3BJIEKAETCA M3 CKBAaXWHBI TIOCJIE€ BbICTpesia. B 0OeCKOpIyCHBIX
nepdoparopax KaKIbl 3apsj 3aKIIOYeH B WHAUBUAYAJIbHYIO T'€PMETHUYHYIO
paspymaroimyrocsi  00onouky. Kopnyc u uHIUBHAyalibHasi 000JI0YKAa JOJKHBI

BBIACPKHUBATL THAPOCTATUICCKOC HABJICHUC U TCMIICPATYPY BHCILIHEH CpCIHhI.

Topnennsiit nepdoparop TpUMEHSIOT i niepdopaiuu 00CaaHbIX KOJOHH U
OJTHOBPEMEHHOTO pa3pyllieHUs] Mpu3abOWHONW YacTH TulacTa C ILEJbI0 YIYUIIEHUS

YCJ'IOBI/II\(JI IIPUTOKA JKUAKOCTHU K CKBAKHHC.

[lenecooOpa3Ho HCMOIB30BATh TOPIEAHbIE MepdOpaTopbl MPU BCKPBITHH
IUIACTOB, MPEACTABICHHBIX IUIOTHBIMM MOPOJAMHM C IUIOXHMH KOJIJIEKTOPCKUMU

CBOMCTBaMH.

Topnennyro mnepdoparuss MTPOU3BOAAT IMOCPEJACTBOM B3pbIBa B HHX

CIEIUAIIBHBIX 3apAJIOB (TOpHEN).

TopnenrpoBaHue CKBaXXKUH MPUMEHSIETCA C LEJIbIO:

—  BCKPBITHS IPOAYKTUBHOI'O TOPU30HTA;

— o0Ope3aHusi WIM OTBUHYMBAHUS OypUJIBHBIX TpyO mNpuU MNpUXBaTe
WHCTPYMEHTA;

—  pa3pyleHusi 3a00s CKBaXUHBI JJs YJIYYIIEHUS YCIOBUN TpPUTOKA

KHUAKOCTH,
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— paspymicHusA YIIYIICHHBIX UM OCTABJICHHBIX B CKBAJKMHC MCTAJINIMYCCKUX

MPEIMETOB C LIETIbI0 O0JIETYCHUSI JaTbHEUIICH MPOXOIKH CKBAKHHBI.

Topnennyto mnepdopanvs CKBaXXMH OOBIYHO NPHUMEHSIOT B IUIACTax,
CIIO)KEHHBIX IUIOTHBIMM IIOPOJaMM W  HMMEIOIMX MAJIYyI0 [POHULAEMOCTb
(U3BECTHSIKaMH, JOJIOMUTaMH, KPENKUMM IECYaHMKaMH) U JIOCTATOYHO BBICOKOE

IIJTaCTOBOC JaBJICHHUC.

[Tpu poBecHNH TUAPONIECKOCTPYHHOH Tiepdopaliy TpoOHBaHNE KaHAIOB B
CTEHKaX CKB)XMHBI OCYIIECTBISIETCA CTPYyeH kunkoctu, coaepxariieit or 50 mo 100
KT/M® XOpOILIO OTCOPTHPOBAHHOTO KBapIIEBOTO IIECKA MIIM APYroro aOpa3sHMBHOTO
Marepuana. CTpyd HCTEKalOT W3 Hacajgok (comen) mnepdopaTopa Mpu mepenaje

napiieHns B Hacajke ot 10 go 50 MIla co ckopocthio ot 150 10 250 m/c.

B nporiecce ucteuenus abpa3uBHON CTPYU U3 HACAJIOK THAPONIECKOCTPYHHOTO
nepdoparopa oOpa3yroTcs KaHalbl — IIEJH C BBICOKON MPOHUIIAEMOCTHIO, BOKPYT
KOTOPBIX HE BO3HUKAET YIUIOTHEHHE IMOPOJbI M HE MPOUCXOIUT JaedopMaliuu

OEMCHTHOT'O KaMHA HNJIN KOJIOHHBI.

O6nactb MNpPUMEHEHHS] TUIPONECKOCTPYHHOW mnepdopanuu MOCTOSHHO
yBEIMYUBAIOTC. Ecy B HayanbHBIN NEPUOJ OH MCHOJIB30BAJICSA TOJIBKO KaK BBICOKO
3¢ (eKTUBHOE CPEICTBO BCKPHITHUS IUIACTOB, TO TENEPh CTAJl IPUMEHSITHCS B KAUeCTBE
CIIELIMAJIBHOTO MEPONPHUATHS, IPEALIECTBYIOIIEr0 OCYIIECTBICHUIO TMAPOpPa3pbIBa
WM JPYTUM OIEpalysM IO YCTAHOBJICHUIO TMIPOJMHAMUYECKOW CBS3M IIACTa CO

CKBOKMHOW, 0OCOOECHHO B YCJIIOBHSX PA3BUTHS KOJUIEKTOPOB TPEIIMHHOTO TUTIA.

OntumanbHble  pe3yibTaThl MNPU  MPOBEJACHUU  TUIPONECKOCTPYHHOMN
nepdopand MOXHO HaOJI0JaTh B MOJATOTOBUTENBHBIX paboTax ckBaxuH K ['PII,
OCOOEHHO B CKBa)XMHAX, CIyXKalllue NJisi HarHETaHWS BOJbI B IUIACT. B HEKOTOpBIX
CIy4asx THAPOINECKOCTpyiWHasi mepdopaius obecrieunBaeT 0ojiee pe3yIbTaTUBHOE

BCKPBITHE IJIACTOB, B OTJIMYUHU OT KyMYJISITUBHOM U IMyJieBOM nepdopaiuu.
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Kak u mobas apyras mepdopauus, I'TIII umeer crnemyromme HETOCTATKH:
OonbIllMe BJIOXKEHUS, KOTOpble TpeOyloTcss  Ans AOOBIYM W TPAHCHOPTHPOBKHU
KBapIeBOro mecka; Tak e g npoeaenus [TIII wHeoOxoammo: mpuMeHEHHE
CHeIHMaNbHOM paboyeil JKUIKOCTH, YCTAaHOBKAa HECKOJBKMX MOIIHBIX HACOCHBIX
arperaToB, KOTOpbIE OBICTPO MOBEPralOTCsI U3HOCY OT ACUCTBUS aOpa3uBa; TaK K€ 13-
3a MOIITHOCTH HAaCOCHBIX arperatoB u HemoctaToyHoi mpouHoctd HKT cymectByer
OrpaHUYEHHE 1O TITyOuHE CKBaKUH (10 4 KM); MPOUCXOIUT Pa3MbIBAHUE LIEMEHTHOTO

3aTPY6HOFO KaMHs; 1 HCBO3MOKHOCTL CO31aTh ACIPCCCHUIO BO BPEMA IIPOBCACHUA

nepdopanuu.

3a Bce Bpems pa3paboTku [lepBomaiickoro MecToposkeHus npoBeaeHo 352
nepdopallMOHHBIX omneparuy Ha oObekTax. [losoBuHA Bcex pabOT MPOBOJUIUCH B
KOMIUIEKCE ¢ pa3inuHbiMU BuAamu Bo3aeictBus Ha [I3I1 (kucinotrHsie 00paboOTKH,
o0pabotku pactBopamu [IAB u T1.1m.). OT mpoBENEHHBIX PabOT MOMOJHUTEIHHO
nostydeHo 2386,6 ThIC.T HEPTH MpU CpeAHel TeXHOIorn4eckoi agdekruBHocTH 6,7

TBIC.T JAOTOJHUTEIBHO JOOBITON HE(PTH HA OJIHY CKBAKUHY.

3.3.  O6pabotka I13I1 ckBaXuH KUCITOTHBIMA KOMITO3HITHSIMHU

CrankuBasich ¢ mpo0aeMoil HU3KOH MPOAYKTUBHOCTH KOJIIEKTOPA C BBICOKOM
IPOHUIIAEMOCThIO, KaK OJWH W3 BapUaHTOB DELIEHUS ATOM MPOOJIIEMBI — MOXKHO
NPEIOKUTh MPOBECTH O00paOOTKY CKeleTa MOpOAbl WIM MaTPHIbl KUCIOTHBIMU
KOMIIO3ULHSIMU C LEJIBI0 PACTBOPEHUS 3arpsI3HEHUN M CO3[IaHMS] HOBBIX HMPHUTOYHBIX
KaHasoB. JJis mpoBeNeHUs TaHHOW Omepanuu HeOOXOAMMO 3aKauyMBaHUE pPacTBOpa
KHUCJIOTHI B CKBKUHY JJISl YIYUILICHUS KOJUIEKTOPCKUX CBOMCTB B OKOJIO CKBaKUHHOM

MPOCTPAHCTBE IIacTa.

Bce aT0 mocturaercs myreM 3akauMBaHUS XMMHYECKOTO peareHra, padodeit
JKUJKOCTH TIPU CPAaBHUTEIBHO HU3KOM JIaBJICHUH, YTOOBI HE JOMYCTHUCTh pa3phbiBa

miacta. Ecan CpaBHHUBATb 3TOT MCTOA C pa3pblBOM II0A BBICOKHMM [I4aBJICHHUCM, TO
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kucinotHass oOpabotka II3I1 — 53710 HemacmiTabHast omepanus € HEBBICOKHUMH

MaTepHabHBIMU 3aTpaTamu [6].

OOpaboTKy wamie BCEro NPOBOIAT pacTBOpPaMH, TOJIydaeMble TIpHU
IIepPEeMEITUBAHUY TIABUKOBOK M COJISTHOM KUCJIOTBI, @ TAK)KE MPH T00ABICHUH ITPOYNX
pearenToB. ColisiHas KHCIIOTa W TJIMHOKUCIIOTA, KaXKJas MO-pa3HOMY BCTYMaeT B
peaxkuuto ¢ 3arpsisaenusmu 11311 u mopooii koymekropa. ColnsiHast KUCI0Ta criocoOHa
HOBBIIATh MPOAyKTUBHOCTH [I3I1, myTem co3maHus OOXOMHBIX KaHAJOB BOKPYT

34IrpA3HCHHOI'O y4aCTKa.

I'muHokucnoTHass 00paboTka mpeaycMaTpuBaeT 3a COOOM I1eJib CKopee
pa30JOKUPOBKH  CYIICCTBYIOIUX KAHAJIOB IIyTEM PACTBOPCHUS 3arps3HEHUH,

3AIIOJIHATOMUX ITPOMCIKYTKH ITOPOBBIX IIPOCTPAHCTB.

JUis  npenoTBpallleHHs 3aKylOPUBAHMS MEJIbYAMIIMMU 4YacCTULAMH, HeE
PaCTBOPAIOLIMMHUCS B PacCTBOPE KHUCJIOTHI, NPUMEHSIOT XUMHUYECKYIO CUCTEMY, HE
COJIEpIKaIyI0 COOCTBEHHO IJIABUKOBYIO KHCIJIOTY, a CO3/Ial0IIYyI0 €€ B pe3yJIbTaTe psijia
peakiLnii, IPOUCXOIAUIMX BHYTPHU IUIACTA. DTO MOMOTAaeT 00ECHEUYUTh 3HAYNTENBHYIO
r71yOMHY MPOHUKHOBEHUS U IOJTYIO MTPOJOJIKUTENBHOCTD PEAKIIUH JJIsl HAMOOJIBIIETO

pacTBOPCHUA MCIIKUX YaCTHII.

Ha ckBaxxunax ITepBomaiickoro mectopoxaenus ['KO npoBoaunuce ¢ 1998 r.
Jlnst mpoBeneHuss TIMHOKHUCIOTHBIX 00padotok [I3I1 wucmonb3oBamuch pasHbie
coctaBbl. Camblil pacipocTpaHeHHBIN pacTBOp - cmech cotissHou (HCI) u miaBukoBoit
kucinotel (HF) ¢ oudropumom ammonmst (BDA), Taxke HCIOIB30BAIMCH TaKHE
pactBopsl, kak: (HCIH+HF), (HCl +b®A), (ECK+b®A), (ECK+b®A+HF), (HCI, HF,
ITAB, Boma), BCK benzoncynbdpokuciora (CsHs = SOsH), oudropun ¢ropun
ammonust (NHsF x HF + NH4F).

3a mepuon ¢ 1995 r. mo 2015 r. mpoBeneHo 76 CONSTHOKUCIOTHBIX, 32
TJIMHOKUCIIOTHBIX M 15 TnmHOKHUCIOTHBIE 00paboTku ¢ nobamienuem [1AB. Ilocrie

nposenenusi ['KO mnonoxxkurensubiii dddext momyduen Ha 108 ckBaxkuHax, B 13
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CKBakMHAX d(dekra He TMOJYy4eHO, a TO JABYM OTCYTCTBYeT HHQOpManus O

IIPOBEJCHHBIX ONEPALUH.

Bcero 3a nepuon pa3paboTku mMecTOpoxkaeHusi Obuio mpoeneHo 128 OI13,
TOTIONTHUTENbHAsT A00kua Hetn coctaBuna 236,8 Teic.T HedgTH, win 1,85 ThIC.T

JIOTIOJTHUTEJIHHO JIOOBITOM HEPTH HA OJHY CKBOKUHY.

3.4.  BrIpaBHMBaHUE NPOGUIS MPUEMHUCTOCTH

OnmHa w3 mNepBOHAYAIBHBIX 3a4ad, KOTOPYK) PEMIAIOT OIEpalud 0
BBIDABHUBAHUIO NpOQUIss MNPUEMUCTOCTH - HU3MEHEHUE  KHHEMaTH4EeCKOU
COCTaBJISIIOLICH IMOTOKOB HarHeraeMoro paOodero areHra IyTeM JOKaJlh3aluu
CUCTEMBbl TEXHOT€HHBIX TpPEIIMH C IEeJNbl0 pa3pabOTKM TEX 3alacoB, KOTOPHIE

COCPCAOTOYUYCHHEBI B 30HAaX M B IIPOINIACTKAX, HC OXBAYCHHBIX BBIpa6OTKOﬁ.

JIOCTUTHYTH 3TOr0 MPHU CYIIECTBOBAHUU MOJABUKHBIX TPEIIMH B MPHU3a00MHON
30HE MOXHO IIYT€M LEJCHANPABICHHOTO WX TaMIIOHUPOBAHUS CIEHHAIBHBIMU
COCTaBaMM C IMOCHEAYIOUIUM [OJAEpPKAHUEM JaBJICHUsS HArHeTaHus Ha YpPOBHE,
UCKJIIOYAKOIIeM O0pa30BaHME HOBBIX TpEIIMH. B OOJBIIMHCTBE ClIy4yaeB yHaeTcs
nepepacipeseNiuTh TEMI 3aKauKH, T.€. CHUKEHHE (PUIBTPALMOHHBIX XapaKTEPUCTUK
BBICOKOIIPOHULIAEMBIX HHTEPBAJIOB, @ MHOI' A UX IOJIHAS U30JIALMS U, KaK CIEACTBUE,

MOJKJIIOYEHHE B pa3paOOTKy HEBbIPAOOTAHHBIX MHTEPBAJIOB ILJIACTOB.

s nmposenenus BIIIT ncnonp3oBannuch TEXHOJIOTHHN C MPUMEHEHUEM:

— BOJIOKHUCTO-ucnepcHbix cuctem (BC);

— MOJIUMEP-TUCTIEPCHBIX CHCTEM Ha OCHOBE: MOJIMAKPHIIAMHIJIA M ATFOMOXJIOPH 1A
U IIEJIOYHOT0 CTOKa Mpou3BoicTBa kamposaktama (I1[CIIK), nonuakpunamuga
u LIICIIK u cepnokucioro amomunus (II1C);

— 0CaaKo00pa3yoIIUX KOMIO3UIMM Ha OCHOBE: CHWJIMKAaTa HATpHs, XJOpUAA
Hatpus u xyopuaa kameius (OC), cepHokucnoro amomunus (JOC),

cepHokuciioro ammonus (JJOC-2), xnopuna ammonust (OXA), CEpHOKUCIIOTO
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HaTpus U xyopuaa kaneuusa (KC-2), xnopuaa Kaiblys U KaJbUUHUPOBAHHOM
conbl (KC-3);

- resieo0pa3yromuxX CUIMKATHBIX KOMIIO3ULMN Ha OCHOBE CUJIMKAaTa HaTpUs U
cosistHOM kucioTel (I'eOK);

— ouononumepa bI1-92;

— BA3KOYNPYTHUX I'esiei Ha OCHOBE nojuakpuiamuaa u cimarens (BYTD).

3a mepuon 1998-2015 rr. Ha oObekrax IlepBoMaiickoro MeCcTOPOXKIACHUS
npoBesieHO 365 omepaluid, JONMOIHUTEILHO MojaydeHo 378,2 Teic. T HedTH TIpU
cpenHelr TexHojorndeckor 3¢ dekTuBHOCTH 1,03 THIC.T MOMOJHUTEIHHO TOOBITOM

Hedt Ha | ckBakuHy. [7]

3.5. T'mapaBmuyeckuii pa3phiB IIacTa

OCHOBHBIE TIEPCHEKTUBBI MOBBIMIECHHUS 3(P(HEKTUBHOCTH BBIPAOOTKU 3aMacoB
Heptu [lepBomaiickoM MECTOPOXKICHMSI CBS3aHBl C  MEPONPHUITHSIMH IO
WHTEHCU(UKAMU TPUTOKA K JOOBIBAIOIIMM CKBAKMHAM, YBEJIUYEHHUIO JOJIU
BbIPa0OTKM 3alacoB, YJIYYILEHUIO YCIOBUHA MPUTOKA (IIIOMIOB K CKBa)XHHE,
OTPAaHUYEHHUIO TPUTOKA TMOJOIIBEHHBIX M 3aKauMBaE€MbIX BOJ B JOOBIBAarOIINE

CKBaXUHBI [7].

OnHrM W3 caMbIX TEPCHEKTUBHBIX METOJOB MOBBIIMIEHUS NPOIYKTUBHOCTH
CKB)XMHBI U YBEJIIMYEHHUS TeMIa 0TOOpa KUAKOCTH, HA CETOAHSIIHUNA JI€Hb SBIISETCS
ruapaBauyeckuid  paspeiB  miacta. ['PII moxer ObITh ompeneneH Kak METoA
MEXaHWYECKOTO BO3JECUCTBHs HA IPOAYKTHUBHBIM IUIACT, NPHU KOTOPOM IIOPOJA,
Onmarogapsi BO3JCHCTBUIO Ha IIJIACT JABJICHMS, CO34ABAEMOI0 3aKauykoW B IUIACT

daronga. paspeIBaeTCs MO TNIOCKOCTH, UMEIOIAs HANMEHBIITYIO TPOYHOCTb.

®dnrousl, ¢ TOMOIIBI0 KOTOPOTO € TOBEPXHOCTH Ha 3a00M CKBa)KHUHBI
HaIpaBJISIETCSl PHEPTUsI, HEOOXoAUMas JJId pa3pbiBa, HOCUT HA3BaHUE — <OKUIKOCTH

pas3pbiBay. HOI[ BJIMAHUCM HOABJICHUA JKUJIKOCTHU TPCIIMHA HAYMHACT YBCIMYNBATHCA,
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BO3HMKAET €€ TECHAas CBSI3b C CUCTEMOM €CTECTBEHHbBIX TPCUINH, KOTOPBIC HC BCKPBITHI

CKBQXMHOM, U C 30HAMH MOBBIIIEHHOW MPOHUIIAEMOCTH.

Takum o6pazom, I'PII cmocoOcTByeT pacmupeHuio oOJacTH IUlacTa, a B
TPEIIMHBI, OOpa30BaHHBIE C TIOMOIILIO pa3pbiBa TPAHCTIOPTUPYETCS 3CPHUCTHIN
MaTepura, Ha3pIBaeMbI KaK MPONTAHT, KOTOPBIN 3aKPETUIIeT TPEUTUHBI B PACKPHITOM

COCTOSIHUM T10CJIE TOTO, KAK CHU3UTCSI U30BITOUYHOTO JIABJICHMUSL.
B nocnennee Bpems nposenenue ['PII npecnenyer nse rinaBHble nenu:

—  YBEJIMYUTH NMPOAYKTHBHOCTH IUIACTA IyTEM yBEIUYEHHS 3(P(HEKTUBHOTO
paguyca IpeHUPOBAHUS CKBAKUHBIL,
— o0pa3oBaTh KaHajd MPUTOKAa B TPUCTBOJBHOM 30HE HApPYIIEHHOM

IMPOHNUIIACMOCTH.

PesynpraTrom I'PII siBisieTcs ynmydineHne NIpOHUIIAEMOCTH U KaK CIIEJICTBUE, 32
CUEeT 3TOr0 M MOBBIMIAETCS JEOUT MOOBIBAIOIIMX CKBOXXUH WJIM IPUEMUCTOCTb
HarHeTaTeJIbHbIX CKBAXKUH 3a CUET CHM)KCHMS THMAPABIMYECKHX COIPOTHUBJICHUMN B
[I3IT u yBenuyeHUsT MOBEPXHOCTU (UIBTPALMU CKBaXKUHBI.  Takum o0pazom,
yBEIMYMBACTCSl KOHEUHasl HepTeoTaua, O1arogaps BKIIOUEHUIO B pa3padOTKy ciiado

JPEHUPYEMBIX 30H U MPOILIACTKOB.

JIaHHBI METOJ, MMEET MHOTO PA3JIUYHBIX TEXHOJOTMYECKUX pPELICHUN,
KOTOpbIE BO MHOTOM 3aBUCAT OT OCOOEHHOCTEH KOHKPETHOTO0 OOBEKTa M OT LieJieH,
KOTOPYIO XO4eT A0cThYb KomnaHudA. TexHnonoruu ['PII MoxHO pa3nuuars, mpexie
BCET0, 110 KOJIMYECTBY 00beMa 3aKauKU TEXHOJIOTUYECKOM KHUIKOCTH U IPONIAHTOB U,

COOTBCTCTBCHHO, 110 pasMCpaM CO31aBaCMbIX TPCIIWH.

B MNOCJICAHUC TIOAbl HMHTCHCHUBHO PA3BUBAIOTCA TCXHOJIOTMHM CO3daHUA
BBICOKOITPOBOAAINNX TPCIIWH OTHOCUTCIIBHO HeOOJIbIION MMPOTAKCHHOCTHU B CPCIHC- U
BBICOKOITPOHHUIIACMBIX racrax, qTo IIO3BOJIAICT CHU3UTH COIIPOTHUBJICHUC

pU3a00MHON 30HBI 1 YBETUIUTH dP(HEKTUBHBIN PaNyC CKBAXKUHBI.
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[IpoBenenne rtHApopa3pbiBa C 00pa30BaHMEM NPOTHKEHHBIX —TPEUUH
MIPUBOJINT K YBEITUUCHUIO HE TOJIHKO MPOHUIIAEMOCTH MPU3a00IHOM 30HBI, HO 1 0XBaTa
riacTa BO3JIEUCTBUEM, BOBICUEHHUIO B Pa3pabOTKy JOMOJIHUTEIBHBIX 3a11acoB HeTU
Y TIOBBINICHUIO HEPTEH3BICUEHUS B 11eJI0M. [Ipr 7TOM BO3MOXKHO CHUKEHHUE TEKYIIICH
OOBOJTHEHHOCTH J00bIBaeMOM mMpoAyKiuu. OnTtuMalibHas [UIMHA 3aKperyIieHHOU
TpelmuHbl npH npoHunaemocty miacta 0,01-0,05 Mxkm? 06619HO coctapiseT 40-60 M,
a 00bEM 3aKauKH - OT JECATKOB JI0 COTEH KyOMYECKHX METPOB KHUIKOCTH U OT €TNHUIT

JI0 JICCSTKOB TOHH TpormnanTa. [8]

Ha IlepBomaliCkOM MECTOPOXACHUM  ONEPALMU  BBINOJHSIIOTCS IO
pa3paboTaHHbIM TeXHONOrusIM KoMnanui-noApanuukos OO0 «KATKOnedTHY,

KOTOPLIC aAAIITUPOBAHHBI CIICHUAJINCTAMH K MCCTHBIM YCJIOBHAM.

Ecnu paccmarpuBats ['PI1, kak 0CHOBHOM MeTOJ MHTEHCU(PUKAIIMN TO MOKHO
BBIJICIINTDH, KaK ITOJIOKUTENIbHBIC, TAK U OTPULIATEIBHBIE CTOPOHBI JAHHOIO METOA.
[TonoxxurenbHbIN — yBeIMUEHUE HEPTEOTAauU, pPACIIUPEHNE 00JaCTH JPEHUPOBAHMUS,
OTpuLaTeNbHbIA — JAHHBI METOJ MOXET MPUBECTU K OBICTPOMY OOBOJHEHUIO
MPOIYKIIMU WJIM HA00OPOT YMEHBIIIEHUIO Je0uTa HeTH, HapUMep, KaKk Ha YEThIpeX
CKBa)XMHAX NpH npoBegeHuu meporpustuii no ['PI1 nonoxurtenbHbiid 3¢ PexT He ObLT

MTOJIyYEH.

B gpyrom cinywae nedoutr HedTH B CcKBaxkuHe mnocie mnposeaeHus ['TM
yMeHbIWiIcs B 3,2 pa3a u cocTaBiisil 3,6 T/CyT, B TO BpeMsi Kak JEOUT >KUAKOCTH

OCTaJICA ITPAKTHYCCKHU 0e3 HU3MCHCHUS, YTO ITIOBJIMATIO HA YBCINYCHHUC O6BOI[H€HHOCTI/I.

Tak>ke Ha erie 0JHOM CKBaXKMHE AOUT HEPTU B CKBAKUHE MOCIE MPOBEICHUS
['TM ymeHnbmmics B 2 pa3a W cocTaBuil 8,6 T/CyT, MpuU 3TOM JAEOUT KUAKOCTH
yBenumumwiicsa B 1,3 paza u coctaBun 25,9 1/cyr. Takxke mpu mpoBEeNCHUM aHAINM3a
BCTPEUAJIUCh CKBAXKHUHBI, B KOTOPBIX AEOUT HEDTH B CKBaKMHE TOCJEC MPOBEIACHUS
['TM yMmenbmwics ax B 8,2 W CKBaXHUHbI, B KOTOPBIX I[IOKAa3aTeld OCTAJIHNCh

MPaKTUYECKU 0€3 N3MEHEHUH.
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Hau6onee nnrencuBno nporpamma I'PIT mpoBoaunace B 2000-2005 r. 3a 3TOT
nepuosi OblIo TpoBeaeHO 95 omepamww. [Ipu CTOIP WHTEHCHBHOM NPOBEICHUU
nporpammbl ['TM 1 kak cieacTBUe MHTEHCH(UKAIMKU 0TOOpa MIIACTOBOM >KMJIKOCTU
cymectBytomas cuctema [II1J[ He cmorma obecrmeunTs MOIAEPKaHUE TLIACTOBOTO
JaBJICHUsT Ha HEOOXOJIMMOM ypoBHe. He BBbINOJIHEHHE MPOEKTHBIX PEIICHUN IO
dbopmupoBanuto cuctemsl 11/l mpuBeno B pe3ynbTaTe MOHUKEHUS IUIACTOBOTO

JTABJICHUS K MAJICHUIO J1eOUTOB )uakocty ckBaxud ¢ [ PI1 3a 2-3 r. ot 30 1o 60 %.

B mnocnegnee Bpems ouenp yacto I'PII mpoBomutcss Ha CKBaXKMHax,
MOJIy4YeHHbIE cpa3y 1mociie ocBoeHus. He wumes wuctopum [100bud  HEPTH,
3 ()EKTUBHOCTD MEPOIPUATUS MO HUM OOBEKTUBHO OLIEHUTH, HE MPEICTABISAETCA

BO3MOXXHBIM.

B uenom no IlepBomarickomy mectopoxaeHuto konuuectBo ['PII mocturiio
209 omepamuu. [lonomuurtenbHas a00bua HedTH B pe3ynbrare nposeaeHus [PII

cocraBuia 7985,3 TeIC. T.

Hcxons w3 BBIIECKa3aHHOTO, MOHO CJelaTh TaKOW BBIBOJA, YTO Ha
MecTopoxaeHun 0110 ipoBeneHo 1084 meponpusTuii Mo MHTEHCU(BUKAITUN JOOBIYH
HeTH U yBenuueHuo He()TeoTauu TacToB. B uX yncino BXOIUT 3ape3ka OOKOBBIX
cTBOJIOB B KoymmuecTBe 10 omeparuii, mpoBeaenue [IBP — 352 onepanuu, o6padboTka
[13I1 — 128 omepamwmii, 385 omepaluu, CBSI3aHHBIE C BBHIPABHUBAHUEM PO

npuemucroctd, U 209 oneparuii o MPOBEAECHUIO THAPABINYECKOTO pa3phiBa IJIacTa.

Bcero 3a Bechb mepuon pa3pabOTKU MECTOPOXKACHUSA IO COCTOSHHUIO Ha
01.01.2015 r. 3a cueT ykazaHHbIX MeponpusaTuii Obu10 100bITO 11443,1 ThIC.T HEPTH.
KonudectBo MeponpusiTMii M pacueT JOMNOJHUTENbHOW J00bIYM HE(PTH OT uX

MIPOBEJICHUS MPEICTABICHBI B TabmIe 3.2.
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Tabauya 3.2. Konuuwecmeo meponpusmuti no unmencuguxayuu 000v1uu Heghmu u no8bIUEeHUS

Heghmeomoauu niacmos u OONOIHUMENbHASL 000bIYaA Hehmu om ux nposedenus

Bix I'TM Kor-Bo Jomn. mo6prya DddekT. npoBeacHU,
HeTH, THIC.T T He()TH/CKB.OTIEP.
3apeska OOKOBBIX CTBOJIOB 10 375,5 37,55
[epdopanmonnsie MeToabI 352 2386,6 6,7
O6pabortka 1311 128 236,8 1,8
BripaBHuBaHMEe IpoduIs 385 458,8 1,2
I'unpaBnuueckuii pa3pbIB mIacTa 209 7985,3 38,2
Hroro 1084 114431
40
35
30
E2s
£ 20
jan)
g 15
=
10
5 }
. a =
1 2 3 4 5
MeToabl

Pucynox 3. — Jquacpamma s¢pgpexmusnocmu npogedenus meponpusmuii (mouwH Hegpmu / Ha 0OHY
CKBANCUHY)
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4. Anauau3 I'PII kak 0CHOBHOI0 MeTO0AAa UHTEeHCUPUKAUU

4.1. OcuoBbl Mexauuku [ PI1

PaccmoTpum KOpOTKO MEXaHHMKY T'MApPOpa3pblBa IUIacTa. TeOopHsl TMHEHHON
ynpyrocta 3Q¢GeKTUBHA JJIsl ONMMCAaHUs HAIPsHKEHUS U AeopMaly B IIacTe U Ha

BCPIINMHC TPCHINHEI.

Pucynoxk 4.1. — Cxema uccrnedosanus nopoovl Ha cocamue ¢ 00HOOCHOU HA2PY3KOU

[lnacTt cuuraercs JUHEHHO-yNpyruMm, a JedopMalil ¥ HANpsKEHUs,
O0COOCHHO Ha BEPIIMHE TPEIIMHBI, MOKHO OIMHUCHIBATh TEOpPUEH ynmpyroctu. Moaynb
Oura u xoaddunment IlyaccoHa SBISIIOTCS OCHOBHBIMU MEXaHUYECKUMU
napameTpamM, XapakTepU3yIoIUMU JehopMalio MOPOJbl, KOTOPbIE OMPENEIIIIOT

IKCTICPUMEHTAIBHO (PUCYHOK 4.2.).

Moayns IOura E wu xodpduuuent Ilyaccona © paccuuThIBaroTCs
(pucyHOK 4.2.) 1O 3HAYEHUIO 33JAHHOTO BEPTUKAIBHOIO HAIPSKEHUS Gz H
BEPTUKAIBbHON  JedopMaluud &,  OpeaonpeAensoomux  AepopMmanud B

TOPU3OHTAIIBHOM INIOCKOCTH Exx=Eyy.

Kpome  TOro, mNpuUMEHSIOTCS  KOCBEHHBIE  METOIBl  ONpPEAEICHUS
IIEPEUYNCIEHHBIX  [MAapaMETPOB MO  pe3ydbTaTaM  MHTEPHpPETallMd  JTaHHBIX
aKyCTHYECKOTO KapoTaka. DTO MO3BOJIAET MOCTPOUTH MPOPUIM U3MEHEHHS] MX IO

pa3pe3y CKBAKMHBI M TOYHEE IMPOTHO3UPOBATH PA3BUTHUE TPELIUHBI.
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HYImi

Pucynok 4.2. — Cxema enuanus npocmpanHcmeeHHbIX HANP#CeHUll Ha OPUEHMAYUIO MpeujuHbl

I[JI?I OIIMCAaHMA HAIIPSAKCHHOI'O COCTOAHHUS INIAaCTa HMCIIOJIB3YIOT YallC BCCTO

CBSI3U MEXK]ly TapaMeTpaMu MOPO/Ibl, XapakTepusyrolue aedopmMaiinio, a UMEHHO:

—  BepTUKalIbHas edopmausi:
&= Alll, (4.1)
rie | — BeicoTa ucciemyeMoro oopasiia;

Al — nuneitHas nedopmariins 3Toro oopasiia.

—  TOpHU3OHTaJbHas AedOopMaIIus:

&x = &yy = AD/D; 4.2)
—  Mopayns FOHra xak cBa3b MEXy HalpsHpKEHUEM U AedopMariuei:
E= 0./ €x; (4.3)
—  Konaddunenr [lyaccona:
0= &xx/ €, (4.4)
—  Mopyns casura:
V= 2(1E+u); (45)

—  Monayns aedopmaiiuu B TOPU30HTAIBHON MJIOCKOCTH:

., E (4.6)
E T 1—02
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B nuneitHol TeopuM ympyrocTu KOHLENIUS AepopMmaivu B TIJIOCKOCTH C
monyneM E' ucnonb3yercsi, 4ToObl yMEHBIIUTH TPOOJIEMY MPOCTPAHCTBEHHOCTH.
JleopManuu B INIOCKOCTH - PallMOHAIbHOE MPUOIMKEHUE B YIIPOLIEHHOM OIMCAHUU

['PI1. Baxueliniee - Kak BBIOPATh INIABHYIO MIOCKOCTb.

BinsiHue npocTpaHCTBEHHBIX HAIPSIKEHHWM B IUIACTE HA Pa3BUTHE TPEILIHUHBI
nokazasio Ha pucynke 4.3. 37ech BeIMYMHA CTPENOK MPONOPIHOHATbHA
HanpspkeHusM. U3 pucyHka 4.3, a BUJTHO, YTO BEPTUKAJIbHAS TPELIMHA PA3BUBAETCS B
IJIaCTE€ TMEPIEHANKYJISIPHO K HAWMEHBIIEMY TOPU3OHTAIIBHOMY HANpPsHKEHUIO

(OOKOBOTO TOPHOTO JIABJICHUS ).

Kax cBuerenbcTByeT onbIT, Ha TiTyorHax cBsiie 300-600 M. TpeluuHbI UMEIOT
BEPTUKAJIbHYIO OpueHTaluio. Ha manbix rioyOuHax OoJiee BEpOSITHO paciipesiesieHue
HaIpsDKEHUH, T8 KOTOPOrOo B IUIACT€ Pa30OBBETCS TOPU3OHTaIbHAs TpemuHa. B
cilydae, KOorjja BepTHKaIbHbIC HAIPSKEHUSI B OKPY>KAIOIIMX TUTacTax OOJbIIIe, YeM B
IacTe ¢ TPEIIMHOM, OHM OTPAaHUYMBAIOT €€ POCT B BBHICOTY, KaK HM300pa)keHO Ha

pucyske 4.3, 0.

[TonepedHoe cedYeHWE BEPTUKAIBHOW TPEIIMHBI I OOJBITHHCTBA
TEOPETUUECKUX PEIICHUH MPUHUMAETCS TaKuM, Kak M300pakeHo Ha pucyHke 4.3, a,
OJIHAKO PEaJbHO OHO MMEET 3HAYMTEIBHO Oojiee CIIOXKHYIO (PopMy, Takyr Kak Ha
pucynke 4.3, 6. IameHeHnst KOH(PUTYpalUK TPEIIUHBI 3/1€Ch, OYEBUIHO, 00YCIIOBICHbI

HCPAaBHOMCPHBIMHU OOKOBBIMH HaIps’KCHUSAMU B ILJIACTAX.

JUiss  mpoeKTUpOBaHUS  TUIpOpa3pbiBa  HEOOXOAMMO 3HAaTh  BBICOTY
BEPTUKAJILHOM TPELIMHBI, TaK KaK €€ JIJIMHA 00paTHO MpOINOpIMOHalibHA BbicoTe. U3
pucyHka 4.3 BHUJIHO, YTO MOINEPEYHOE CEUCHHE MUMEET Yepeaylolluecs Cy>KEHUe U
pacmupenue. Takue uU3MEHEHHsT OOYCIOBJIEHBI, OYEBUIHO, HEOAHOPOIHOCTHIO
CBOMCTB MOPO/IbI B IJIaCTax U OOKOBOro ropHOro AasieHus. [lepen npoekrupoBanueM
THJIpOpa3pbiBa HY’KHO U3YYHUTh CBOMCTBA MOPOJ M OOKOBBIE HAIPSHKEHUS B IUIACTaX,
CYLECTBEHHO BIMSIOIIME HA IIUPUHY TPEUIMHBI W JABJIEHHE BO BpEMS €ro

IIPOBCACHUS.
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Pucynox 4.3. — Teopemuuecxoe (a) u 603modncroe (6) ceuenus 6epmuKaiIbHOU Mpewunsl 8 niacme

B3auMocCBA3p MeXAy HaNpsOHKEHUSMU W JABJIECHUEM THAPOPA3PHIBA,
omnpezensemMasl Kak pa3HOCTh MEXIY JaBJIEHUEM B TPEIIMHE M OOKOBBIM TOPHBIM
JABJICHUEM, YETKO IPOCIEKUBACTCS MOCIE X CPABHEHUS Ha KPUBOW. YBEIUYCHUE
OOKOBBIX HANpSYKEHU OOYCIOBIMBAET POCT [JABIEHUSA, IIOCIE €ro pocra J0
MaKCHMaJbHOIO 3HaueHUsl HaOIroaeTcst ObICTPOE CHUXKEHUE JABJICHUS, BBI3BAHHOE,
Kak OyJeT oOBsICHEHO Jiajiee, pOCTOM BBICOTHI TpellnHbl. OnpeaeneHre HarpsHKeHU
B IUIACTAaX MPU COBPEMEHHOM Pa3BUTUU TEXHOJIOTMH THAPOPA3PHIBA JIyUILE BCETO

BBIITIOJIHATH ITYTCM HpO6HOFO HaruCTaHusi.

Wtak, BaxxHeHIIUMH (PAKTOpaMH OPUEHTALIMKM U POCTAa BEPTUKAIBHBIX TPELIUH
ABJISIIOTCS.  MECTHBIE II0JI1 HANPSDKEHUM M PAa3sHOCTb  HANPSDKEHUHM  MEXIY
CONPENENIbHBIMM ~ 30HaMM IulacToB. Ha  HampaBineHue pa3sBUTHS — TPELIUHBI
TUAPOPA3pbiBA BIIMAKOT PETHOHAIBHBIE TEKTOHMYECKHWE HAIPSDIKEHMS, TaK Kak
TPELIMHBl PA3BUBAIOTCA IEPIECHIUKYJIIPHO K HAIIPABJICHUIO IVIABHBIX HAMMEHBIINX
HampspkeHUil. B aHTUKJIMHAIBHBIX CKJIaAKaX, Ae(QOpMUPOBAaHHBIX B HAalpaBlICHUU
KOPOTKOM OCH C TEKTOHHYECKMMH HApyLICHHSMU B 3TOM HAaIIPAaBJICHUH, TPEIIVMHBI

Pa3BHUBAIOTCA B OTOM JKC HAIIPABJICHHH, T.C. I1apPaJIJICIIBHO I[J'IHHHOﬁ OCH.

MexaHn3M pacKpbITUs TPEUIUH (0 TEOPUU YIPYTOCTH) OMUCHIBACTCS HUXKE.
PaccMoTpeB npumeHsieMble MOJENN Pa3BUTHS TPEIIUMHBI THAPOPA3pbIBA, HALIEAIINE

CBOC IIPAKTHYCCKOC ITIOATBCPIKACHHUC II0 HX IIPHUCMIICMOCTH OJIA OIIMCAHUA I3TOI'O
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nmponecca, MOKHO YBUACTD, UYTO BO BCEX TCOPUAX TPUHHUMACTCA SJITUIITHICCKAA (bopMa

Pa3BUTUS TPEIIUHBI B TOPU30HTAIIBHOM MIJIOCKOCTH.

Bo BpeMsa HarHetaHus JKUAKOCTH W YBEIMYECHUA JaBJICHUS TPEIIMHA
pa3BUBAETCS B MUPHUHY B (JOPME ILIUIICA B TOPU3OHTATIHLHON TIIOCKOCTH, B KOTOPOM

BO3HUKAIOT I[e(bOpMaHI/II/I:
W(X) — 4?P'a % (CZ — XZ)O,S ’ (47)

rac X — UBMCHATOMICCCA paCCTOAHHUC OT CKBAKHMHBI 1O BEPIIMHBI TPCIITUHBI,

C — IIOJIYJIMHA TPCIIUHEI;

Pa — YHUCTOC JAaBJICHUC, OIPCACIICMOC KaK Pa3sHOCTb MCKIAY JA4BJICHUCM B
TPCINMHC W MHHHMAJIbHBIM OCHOBHBIM BHCIIHMM HAIIPSAKCHHUCM, COI[GﬁCTBYIOHIHM

CMBIKaHUIO TPEIIUHBIL.
MaxkcuMajbHas IIHPHHA TPELIIUHBI IIPH €€ BXOJE B IIACT a1 X=0
W, =4cpn/ E' (4.8)

MexaHuka  TpeHIMHOOOpa3OBaHUs OCHOBaHa Ha HaOJIOICHUSIX,
CBUACTEIbCTBYIOIIUX O TOM, YTO HEOJHOPOJHOCTb CTPYKTYPBhl YMEHBIIAET
CIIOCOOHOCTBH ~ CONPOTHBIATHCA pa3peiBy. Emie B Hayane pa3BUTUS TEOPHUH
ruapopaspbiBa A.C. Xpuctuanosuu, FO.II. KcnroB u I'.A. bapcubnar (1955)
3aMETHJI, YTO B BEpIIMHE TPEIIMHBI MAaKCUMAaJIbHOE HAMPSIKEHUE CTaHOBUTCSA
HeOrpaHW4eHHBIM. JlroOass TpenmHa (Jaxke MalieHbKas) MOXET OOYCIIOBUTH

ITOABJICHHUEC JIOKAJIBHBIX HaHpH)I(eHI/Iﬁ, CpaBHUMBIX C CYHICCTBYIOIIUMMU.

Bricokue HanpspkeHus, AaXke €ClIM OHM OrPaHWYEeHbl MAJIOW 30HOM, MOTYT
BBI3BATh Pa3phIB IJIACTa. B IpUMEHSIEMBIX MOAENSAX PA3BUTHS TPEUIUHBI TOITyCKAETCH,
YTO IUIACT SBIIAECTCS JMHEWHO-yIpyruMm. Kpureprem paspbiBa TPELIUMHBI 110 METOLY
['pudurca (1948) sBiusercs NPOYHOCTH MOPOABI Ha pas3pbiB. BBeneHo mnoHsTHE
(dakTOopa MHTEHCUBHOCTH HAIPSKEHUH, ONMPEIENSIEeMOro KakK 3aBHCUMOCTb MEXIY

MOJIY/UTMHOW TPEIIMHBI C ¥ MIOCTOSHHBIM JaBjieHuem Po. [8]
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4.2. Texnonorus npoenenus [ PII

Heobxonumasi TexHuka Uit THAPABIMYECKOrO pa3pbiBa IUIacTa, MHEpen
Hadasiom pabotr 1o mnposeneHuto [PII ycThe CKBaXXWHBI ODKHO OBITH
000pyIOBaHO crienuaibHoi apMatypoit Tuna 1AY-700 wiu 2AY-700 (pucyHok
4.5.) K KOTOpPOH TMOJKIIOYAIOTCS arperatbl JJisi HarHeTaHWsl >KUAKOCTEH s

pasphbIBa.

Pucynok 4.5. Apmamypa 2AY-700: 1 - mpybnas conoexa (kpecmosuna), 2 - nampyook; 3 -

ycmbesas col06KaA ¢ CAIbHUKOM, 4 - npO6K06bll:i KpaH

Pucynox 4.6. Cxema pacnonoscenus ooopyoosanus npu I'PII: 1 - hacochvie acpecamovl 4AH-700
unu SAH-700; 2 - neckocmecumenvhvie acpecamovl muna 311A unu 4114; 3 - asmoyucmeprwl 015
nepesosku sxcuokocmeti L[P-20; 4 - neckogo3svl,; 5 acpecamvl 01151 nepedo3Ku 0J10Ka MaHUpoIbLOa

1BM-700; 6 -apmamypa ycmos 1AY-700 unu 2AY-700; 7 - cmanyus KOHMpOos u ynpaeieHus

npoyeccom
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Pucynox 4.7. Hacocnwiii acpecam ons I'PII 4AH-700: 1 - asmomobuns KpA3-257; 2 -
Kabuna ynpaenenus; 3 - cunogou azpezam, 4 - kopooka ckopocmeii, 5 - my¢pma cyennenus; 6 -

HACOCHDBLU azpe2am; 7 - GbIKUOHOU MAUHDOILO,; 8 - coeOunumenvhvie mpyosl 8bICOK020 0ABIeHUs.

Hacocusie arperatst 4AH-700 (pucynok 4.7.) u SAH-700 uzroraBnusarot
M3 U3HOCOCTOMKOTO MaTepuajia, MOHTHPYETCS Ha IIACCH TPEXOCHBIX T'PY30BBIX
asTomooOmiieit KPA3-257, makcumanbHOe naBieHue 3tux arperatoB 70 Mma, ripu
nogaue 6 j/c B kauecTBe npuBoJa CUJIIOBOMY arperaTy MCIOJb3yeTCsl AU3EIbHbIN
npuratenb 588 kBT. JIBurarens ycTaHOBJIEH Ha miaTdhopMe aBTOMOOWIISI U yepe3

KOPOOKY CKOPOCTEH CBSI3aH C MPUBOJIHBIM BaJIOM CHUJIOBOTO HAacoca.

Pucynox 4.8. Ileckocmecumenvhuiii acpecam 3I1A: 1 - yenmpoobesicnwiti nacoc 4I1C; 2 - cunosoii
onok ogueamens I'A3-51; 3 - cmecumenvroe ycmpoticmeo, 4 - HaKIoHHbI WHeK, 5 - OYHKep 05

necka, 6 - npuemHblli mpyoonpogoo, 7 - pazoamoutuiii mpyoonpoeoo, 8 - aemomoouns KpA3-257
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JUist cMemuBaHUs KUIKOCTU-NIECKOCMECUTENST € IECKOM MPUMEHSIOTCS
cnenuanbHble neckocMecutenbHble arperatsl Tuna 3IIA (pucynok 4.8.) unu 411A,
CMOHTHPOBaHHbIE HA aBTOMOOWJISIX € BBICOKOM POXOAMMOCThI0. CMEIIMBaHuE TIECKa

C JKMIAKOCTBIO U IoJa49a CMCCH Ha IIPUCM HACOCHBIX arp€raroB MCXaHHU3UPOBAH.

ITepeBo3ka xuakocTei, kotopeie moTpedyroTcs npu ['PII, ocymiecTBisitores B
aprouucrepHax. [Ipm I'PII wame wucnons3yrorcs asrouuctepHsl L[P-20, xoTopeie
MOHTHUPYIOTCS Ha aBTouuctepHax 4M3AII-522 u TpaHCHOPTUPYIOTCA CACIBHBIMU
tarauamu KPA3-258. Kpome aBTomucTepHbl Ha IIacCH MpUIlENa MOHTHUPYETCS

nsurarenb 'A3-51, nentpoodexnsiii Hacoc 8K-18 u TpexmiyHkepHbiit Hacoc 1B.

Hacocsl npuBoastcs B AeiicTBUE yepe3 KOPOOKY CKOPOCTEH U PEyKTOPHI OT
nsurarens I'A3-51. IlucrepHa uMeeT eMKOCTh 17 M>, OIIaBKOBBIHA yKa3aTellb yPOBHS
U 3MEEBUK Ul IOJOTPEBa KUIKOCTH € MOMOILIBIO MapOIEepeIBUKHON YCTAaHOBKHU B
3uMHee BpeMs. TpexIuryHxkepHblil Hacoc 1B cHabeH BO3yIIHBIM KOMIIPECCOPOM U
uMeet noaavy 13 ii/c, makcumanbHoe AasieHue 1,5 Mna npu 140 xogax B MUHYTY.
[enTpobexusniii Hacoc 8K-18 nmeer momauy 10-60 i/c (o Boxe), Hamop 10 20 M u
NpeaHa3HaueH Uil NOAA4YM KUIAKOCTH B IIECKOCMECHTENIbHBIA arperar. biiok
MaHudoasaa 1bM-700 BbICOKOTO J1aBlieHUs C MOABEMHOM CTPENON IJisi MOTPY3KHU U
pasrpy3ku jaeraneil MaHugosibga IMpeiHa3HaueH ISl OOBSI3KM BBIKUAHBIX JIMHUN
HECKOJIBKAX HACOCHBIX arperatoB BBICOKOIO [ABJIEHUS W NPUCOEAVMHEHUA HUX K

apMarype yCTbsl CKBaKUHBI.

ManudonabaHblid 0J0K TPAaHCHOPTUPYETCS HA CHELHATIBHO W3rOTaBIMBAEMOMN
miaTpopMe BE3JIEXOJHOTO aBTOMOOWIS. JJI1 JMCTAaHIIMOHHOTO KOHTPOJIA 3a
nporieccom ['PII mpumensiercs cranumst Kull. DTo craHimuss KOMIUIEKTyeTCs
KOHTPOJIbHO-U3MEPUTEIIBHON U PErUCTPUPYEMOM AUCTAHIMOHHOW amnmaparypou, a
TaK)K€ TPOMKOTOBOPUTENSIMA U YCHIIUTEISIMH JIJIsl 3BYKOBOUM M Tene(OHHON CBS3H C
OTHCNBbHBIMU  arperaTaMM W HUCHOJHUTENsAMHU. [  coOmogeHusT TEeXHUKHU
0€30MacHOCTH BCE arperatrbl OCHAIAIOTCS HCKPOTACUTENSIMM M PaCIOJIararoTcs
paauaTopaMu OT CKBa)KWHBI, YTOOBI MOXKHO OBLIO OECHPETSITCTBEHHO OThEXaTh MpPHU

BO3MOXXHOM aBapuHHOMN MM TTOKapHOU 0€30MmacHOCTH. [§]
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5. CounuajbHasl OTBETCTBEHHOCTDH

COHI/IaJII)Ha}I OTBCTCTBCHHOCTL IIOAPA3YMCBACT II0OM coboit I[O6pOBOJ'II)HOG
CTPCMJICHNC KOMIIAHMHW K KAYCCTBCHHOMY YIIYUIICHHUIO XWM3HHU CBOHUX pa6OTHI/IKOB,
3dKAa34YHMKOB, U 3aMHTCPCCOBAHHLBIC C(i)epbl 06HIGCTBa. 14021809071 CJIOBaMH, CoIMaJIbHasi
OTBETCTBEHHOCTh ITOKA3hIBACT OCO3HAHME KOMIIAHMEM CBOErO0 MECTa B O6IIICCTB€ )41

YPOBEHb B3aUMOOTHOIIEHUH MEXKITY JIUIIOM U OOIIIECTBOM.

[lenpr0 nmaHHOW TNABBl SBIAECTCS pa3pabOTKa MpaBWi JUIA 0O€30MacHOTO

obecniedyeHns padoT, UCCIIETYEMBIX B MATUCTEPCKON TUCCEPTALHH.

[IpoananusupoBaB  (axkTopel  paboyeil  30HBI  NOpU  POBEACHHUU
TE€XHOJIOTMYECKUX HCCIEA0BAHUN MOYXHO BBIIEIUTH CIEAYIONINE BpEAHbIE (PaKTOPHI:
IIyM OT paboTbl 00OpYAOBaHMS, HEKOM(POPTHHIE METEOPOJOTHMYECKHE YCIIOBHS,
HOBBILICHHBIN YPOBEHb JIEKTPOMArHuTHOrO u3iaydeHus. OnacHbIMU (haKTOpaMu Npu

paboTe ABJSAIOTCS 00pa30BaHKE B3PBIBHBIX CMECEH, AIeKTpo0e30macHOCTh. [12]

5.1.  AHanu3 BpeIHBIX MPOU3BOACTBEHHBIX (DaKTOPOB

OxpaHna Tpya U TeXHHKa 0€30MacHOCTH B HE(DTAHON MPOMBIIIIICHHOCTH UMEET
psan crenuPUUecKuX OCOOCHHOCTEH. DTO TO0KAPOOIMACHOCTh IMPOU3BOJICTBEHHBIX
O00BEKTOB, CBSI3aHHAS C HATMYMEM YTIIEBOJIOPOAOB, KOTOPBIE JIETKO BOCTUIAMEHSIOTCS,
MIPOHUKAIOT Yepe3 HETUIOTHOCTH U 3a30Pbl, YTO BBI3BIBAET HEOOXOUMOCTH Pa3pabOTKH
CHEIUaIbHBIX MEp IO Oe30MacHOCTH B TECHOM CBSI3M C MPOTHUBOIIOKAPHOH
npodriakTukoi. bonbinoe 3HadYeHWe I OE30MAaCHOCTH PaOOTHUKOB HMEET
repMeTHu3aIus 000pya0BaHMsI, UCKITIOUAIOIIas 3arpsi3HEHHOCTh paboueit atMochepsl,

BO3MOKHOCTB B3PbIBOB, II0KapOB U OTpaBHCHHﬁ.

st HEe(PTEITPOMBICIIOBBIX MpeaNPUITUN XapakTepHa CJIOKHAs
MIPOU3BOJICTBEHHAs Cpejia, BO3JEHCTBYIOIAs HAa MallWHBI W TepcoHal. BrusHue

HpOHSBOHCTBCHHOﬁ Cp€abl Ha MallMHbl HCECOMHCHHO: BI/I6paHI/II/I MMpUBOIAAT K
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Pa3pyLICHUIO Y3JI0B M JETAJIE MAaIllMH, ITOBBIIMICHHAS BIIAXKHOCTb, Iepenabl
TEMIIEPATypbl, HAJIWYWE€ B BO3AYXE Pa3JIMYHBIX NPUMECEH YMEHBIIAIOT HX
JIOJTOBEYHOCTH U T.J. [Ipon3BoACTBEHHAs cpefa MOKET U KOCBEHHO, YEPE3 UEIIOBEKA,
BJIMATh HAa MAILIUHBIL: HEAOCTATOYHASL OCBEILICHHOCTD, ITOBBILIEHHBIN YPOBEHD 3BYKa U
npouue (akTopbl MOTYT MPUBECTH K HEMPABUIBHBIM, MPUBOISAIIMM K aBapHsiM,
JIEUCTBUSIM YEJIOBEKA B CBSI3U C €ro (DM3MYECKUM WJIM TICUXUYECKHM YTOMIICHHEM.
Maiunsl, B CBOIO O4Yepellb, MOTYT BIUATh HA COCTOSIHUE IPOU3BOJICTBEHHON CPEbI,
HACBIIAs €€ IIyMOM, BHOpaliel, TOKCHYHBIMH BBIOPOCAMH, BBIICICHUEM TEIla,

BJIaru, SJICKTpUYICCTBA U T.[.

BonbIIMHCTBO MPOU3BOICTBEHHBIX MPOLIECCOB B HEPTSIHON MPOMBILLIEHHOCTH
UAYT Ha OTKPBITOM BO3JyX€, YacTO MPU HEOJAroNnpHUATHBIX METEOPOJIOIHYECKUX
ycioBusix. HedrenpombicaoBoe 3KCIyaTalluOHHOE OOOPYIOBAHHME IOJBEPIKEHO
BHEIIIHUM BO3JICUCTBUAM, KOPPO3HH, HU3KUM TEMIIEpATypaM M T.J., YTO IPUBOJUT K

HAapyLIEHUIO IPOYHOCTHBIX XapaKTEPUCTHK U UX NPEKIAEBPEMEHHOMY Pa3pyLICHUIO.

5.1.1. OrtkJIOHEHHE MOKa3aTeNIel KJIuMaTa OTKPBITOM BO3/1yXe

bospire Bcero ocagkoB BBINIAAaeT BECHOW M OCEHBIO. JIeTo 31eCh TOBOJIBHO
3aCyLJIMBOE, TPYHT 3JI€Chb IIECOYHBIM, IO3TOMY MpPH CHIBHOM BETPE IIECOK
pacrpocTpansiercs Be3ne. llepmoandeckd CIaydarOTCS JIMBHEBBIE MOXKIW. 3UMa
JIOBOJIbHO XOJIOJIHAsA, MPOJOIDKAETCA € OKTAOpsS A0 KoHua amnpens. CpenHss
TeMIiepaTypa ssuBaps coctasisieT munyc 20 °C, a camas Hu3Kas Oblia 3auKCUpoBaHa
MuHyc 55 °C. CHEXHbBIM MOKPOB JACPKUTCS C HOSOpsi 10 Mas. Pexku 3amep3aroT u
MOKPBIBAIOTCS CJIOEM JIbJIa YK€ K KOHILY HOsiOps. JIeTHHI neprol He OYeHb TEeILIbIMH,

CpeaHsisi TeMIepaTypa uroJisl cocTaBisieT Beero mitoc 18°C.

Brimeykazanabie METEOPOJIOTHICCKUE YCIIOBHSI OKa3bIBAIOT Ha
paboTOCIIOCOOHOCT, pabouero mepcoHana. [ CHIWKEHHS BPETHOTO BIHMSHUS
IIPUPOJIHBIX (DAKTOPOB pabOTAOIIHE 00CCIICUNBAIOTCS CIICIIOIEKI0NM B COOTBETCTBHH

¢ 'OCT 12.1.005-76 Bo3nyx padoueii 30Hb1. [13]
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5.1.2. HenocrarouHas OCBEMIEHHOCTD

Cser — ycnoBue mius paOoTsl I1a3a. Yepes HEHTPAIBHYIO HEPBHYIO CHCTEMY
CBET OKAa3bIBAET BIMSHUE Ha OOIIEC HEPBHO-IICUXUYECKOE COCTOSHUE, MPUBOJIUT K
WU3MEHEHUIO YacTOThl IyJIbCA M MHTEHCUBHOCTH HEKOTOPBIX IPOIECCOB OOMEHa

BCIICCTB.

Henocratok cBeta cHu»)aeT pabOTOCIOCOOHOCTh YENOBEKA, YXYIIAET €ro
OPUEHTHPOBKY B MPOCTPAHCTBE, CHIDKAET Pa3IMUYMMOCTh MPEAMETOB, CIOCOOCTBYS
aBapUUHOCTH W TpaBMaTtu3My. D(PQeKTUBHBIE MEpbl MJis TOBBIIIEHUS KOHTpACTa
O0OBEKTOB pa3IUueHus ¢ (POHOM: MOAAepKAHUE 000PYI0BAHUS B YUCTOTE, IPABUIHHOE
[[BETOBOE pEILIEHUE D3JIEMEHTOB 000pynoBaHUs. biexiocTs Bedger K ObICTpoMy
yToMJieHH10. CHU3HUTH OJEKIIOCTh MOKHO NPABUIIBHBIM BBIOOPOM BBICOTHI IOJIBECA
BBICOTHl  CBETHJIBHUKOB, HCIIOJb30BAHUEM  3alllUTHOTO  yIJla  CBETUJIbHUKA,

IMPUMCHCHHUECM PACCCUBAIOIINX CBCT CTCKOJI.

JUist ynydiieHus sSipKoCTH B TI0JI€ 3pEHUs], padOTaOUX B MPOU3BOACTBEHHBIX
NOMEIIEHUAX HEMaJIOBa)XHOE 3HAUEHUE, MMEET OTpaxkarollas CIOCOOHOCTh IOJa,
CTEH, IOTOJKOB M O0OpYIOBaHMs, KOTOPOE JOCTUraeTCsl UX COOTBETCTBYIOLIEH
okpackoil. Ilpm HeoOXxoaumocTH pa3pabaTHIBAIOTCSI WHKEHEPHBIE MEPOIPHUSTHS

CHCTCMBbI OCBCIIICHU .

5.1.3. TloBbIlIeHHBIN YPOBEHD IITyMa Ha pabodyeM MecTe

Bonbiioe 3HaueHue wuMeeT mpoOJieMa MPOU3BOACTBEHHOro Imyma. Ha
bu3MYecKoe  COCTOSIHME  YeJlOBEKa IIIyM BIHUSET  CICAYIOMUM  00pa3oM:
MPOBOLIUPYIOTCSL CEPACYHO-COCYIUCThIE 3a00JIeBaHUsl U S3Ba KENYIKa, HAPYIIAECTCS

OOMEH BeIlleCTB, OCIA0AETCS BHUMAHUE U YEIOBEK OBICTPO YTOMIISETCS.

[Ipu TexyieM u KanuTaabHOM PEMOHTE, a TaKXKe MpU 00CTy>KUBAaHUN HACOCOB
pabourie TOABEPKEHbI WHTEHCHUBHOMY BO3AEHCTBHIO IIyMOB. OOCIyKUBarONTUN

nepcoHan, paboTamuil B HACOCHOM, CHA0KaeTCsl MHAWBUIYATbHBIMH CPEICTBAMU
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3alUThl (HaymHUKK). Taxke I yJaydlleHus YCIOBUW TpyJla PEKOMEHIYETCs

COOpY>KaTh 3ByKOU30JMPOBAHHBIC KAOWHBI, YCTAHABINBATH dKPaH.

[To BO3EHCTBHIO IITyMa Ha OpraHbl CIyXa pa3IndaloT TpU POPMbI: yTOMIICHHUE,

IIYMOBasi TpaBMa U MpoQPeCcCUOHAIbHASI TYTOYXOCTb.

TpeboBanust 6€30MaCHOCTH MPENYCMATPUBAIOT HECKOJIBKO MEPONPUITUN AJIs
CHIDKEHHUS IlIyMa: TEXHUYECKHE cpelcTBa OOpbObl ¢ IIyMOM (YMEHBUIEHHE IIyMa
MallMH B HMCTOYHUKE, MPUMEHEHUE TEXHOJOTMYECKUX MPOLECCOB, MPU KOTOPBIX
YPOBEHb 3BYKOBOTO JAaBJICHUS HA pa0OYMX MECTaxX HE MPEBBIIIAET TOMyCTUMBIE, U JIP.);
CTPOUTEIBHO-aKyCTUYECKHUE; TUCTAaHIUOHHOE YIPAaBJICHHE IIyMHBIMM MAalllMHAMU;
UCIIOJIb30BaHUE CPEJICTB HMHJMBUIYaJbHOW 3allMThl; OpraHU3alMOHHbIE (BBIOOP
PalMOHAIIBHOTO pEeXUMa TPYyJa U OTAbIXA, COKPAIEHUE BPEMEHU HAXOXKJCHHUS B
IIYMHBIX YCJIOBHSX, Je4eOHO-podHIakTHUEeCKuEe W apyrue meporpusatus). Ilpu
HEO0XO0MMOCTH pa3padaThIBalOTCS KOJUIEKTUBHbBIE WM MHAUBHIyaJIbHBIE MEPHI 10 UX

CHIDKeHHIo (Tabmuma 5.1.)

Tabauya 5.1. — Ipedenvro donycmumvie ypoeHu 36yk06020 oasienus [14].

Buz tpynoBoi qesTenbHOCTH, YpoBHM 3BYKOBOTO J1aBlieHUs, 1b, B YPpOBHU 3BYyKa U
pabouee MecTo OKTaBHBIX I10JIOCAX CO SKBHUBAJIEHTHBIE
CpPEAHEreOMETPUYECKMMHU YacTOTaMH, [ 11 YPOBHU

31,5| 63 {125|250{500{1000{2000(4000|8000| 3Byka (B 1BA)

Brinonnenue Bcex BUJI0B paboT
Ha MOCTOSIHHBIX pabodmx

MecTax B nmpousBojicTBeHHblx |107(95 (87 (82|78 | 75 | 73 | 71 | 69 80

MOMEIIECHUSAX U Ha TEPPUTOPUHU

NPEANPUATUI
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5.1.4. BpenHnsle BeniecTna

B HedTaHON MNPOMBINIIEHHOCTH NPUMEHSIOT BEIIECTBA, KOTOPBIE IIpU
BO3JICHCTBHM Ha PaOOTAIONIUX MOTYT BBI3BATh KPATKOBPEMEHHOE WM JJTUTEIHHOE

HapylieHus: QyHKIHUI opranu3Ma, ociaduTh 3alUTHIE CUITbI OPraHu3Ma.

BpiengoT TEXHOJIOTMYECKHE, TEXHUYECKHE U O00BEMHO—IIIIaHUPOBOUHBIC
CpeICcTBa HOpPMaJM3allid BO3ayxa pabodeil 30HBI U HWHIAWBUAYAJTbHBIC CPEICTBA

3alIUTHI OT BPCAHBIX HpHMGCCﬁ.

TexHomoruyeckue MCTOJbl HOpMAJIM3AllMU BO31yXa pa6oqeﬁ 30HBbI OJOJDKHBI
HCKIIIOYAaTb HJIKM PC3KO OI'paHUYMBATL IIPOLCCCHI M OIICpallvH, COIIPOBOKIAIOIIHUCCAH

BBIOPOCOM B pab04yr0 30HY BPEAHBIX I'a30B, IAPOB, a3PO30JIEH.

Tabnuya 5.2. — Hopmul npedenvho 0onycmumvlx KoHyenmpayuii peonsix seugecms. [15]

Bpenanoe BemmecTBo [JK, max.pa3oBas, mr/m* HIK, epempecyroTmas,

mr/m°

Jlnoxcun cepbl 0,5 0,05

Jlnokcu a3oTa 0,085 0,085
Okcup yriepoaa 3,0 1,1

CepoBomopon 0,08 0,008
Bensun 5,0 1,5
Bbenson 1,5 0,8
Tomyon 0,6 0,6
Kcunon 0,2 0,2
Caxa 0,15 0,05

B Ta6HI/IHe npeacraBjicHa OCHOBHBIC BPCAHBIC U OIIACHBIC IIPOU3BOJACTBCHHEIC

(bakTophl, UMEIOIINE MECTO ObITh B HEPTSIHOW OTpaciu.
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Tabnuya 5.3. — OcHosHble 21eMmeHmbl BPOU3B00CMEEHHO20 Npoyecca, opmupyrouue onacHole u

8peonbie hakmopwi:

®akrtopsl (I'OCT 12.0.003-74 CCBT ¢

peareHTa noj
JIaBJICHUEM

HanMeHOBgnne 3men. 1999 1) HopmaTuBHbIe
BH/I0B padoT OKYMEHTDI
0B p Bpennbie OnacHele AOKY
3akavka pearcHra YTeukn TOKCUYHBIX U T'OCT 12.1.005-88,
CraTtuueckoe
MTOCPEICTBOM BPE/IHBIX BEIECTB B S CKTPHICCTEO I'OCT 12.1.038-82,
MEPX, CY/IP armocdepy P I1B HI'TI
Ombeccorka I'OCT 12.1.007-76;
HarHepTaTeJILHoﬁ Crannapr AQ
. «TomckaedTr» BHK
ymann MBPX, IloBbIIICHHBIN
IloBrImenHoe ITopsinok u
3aKavKa yYpOBEHb IlIlyMa Ha
JaBJIEHHE OpraHH3aIHsI
XUMHUYECKOTO paboueM MecTe

IIpOBeJIeHUs paboT
OBBILLIEHHOU
omacHoctH 11.3.1.5

O6paboTka CKBaXUH
U 00Cy>KUBaHUE
CY /P B Temioe

BpeMs rojia

[ToBbIIEHHAS
3aMbUICHHOCTH U
3ara30BaHHOCTb
paboueii 30HBI;

I'OCT 12.1.007-76

O6paboTka CKBaXUH
1 00Cy)KUBaHUE
CVY]IP B x0omnomHOE
BpeMs rojia

OTKIOHEHUS
mokasareleit
MHUKpPOKJIUMATa Ha
OTKPBITOM BO3/1yX€

CaulluH 2.2.4.548-96

PaboTel B MecTax
BO3MOKHOI'O
0o0UTaHUS MEIBEIEH,
KJIeIei

[ToBpexnenus B
pe3ynbTaTe KOHTaKTa
C ’KUBOTHBIMH,
HaCEKOMBIMHU,
MIPECMBIKAIOTIUMHUCS

I'OCT 12.1.008-76

5.2. AHalM3 omacHBIX MPOU3BOJACTBEHHBIX (haKTOPOB

5.2.1. DnexkTpoOe30nacHOCTb.

DnekTpo0e30macHOCTh -

CUCTEMaAa OpPraHU3allMOHHBIX W TCXHHUYCCKHUX

MEPOTIPUSATUN U CPEJICTB, 00CCTICUNBAIOIINX 3ATUTY JIFOJAEH OT BPEHOTO U OMACHOTO
BO3JICHCTBUSI AJIEKTPUUECKOTO TOKA, SJIEKTPUUECKON TyTH, JIEKTPOMATHUTHOTO TOJIS

N CTaTHYCCKOI'O ITOJIA.

JlecTBue  DNEKTPUUECKOTO0 TOKAa HA  OPraHU3M  4YeEJIOBEKAa  HOCHUT

pa3HOCTOpOHHUM Xapakrep. Ilpy mnoOpaXkeHUW >SIEKTPUYECKHUM TOKOM MOTYT
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BO3HUKHYTL: JOJICKTPHYCCKHUC TpPaBMbI, IIOPAXKCHUC OTACIBHOI'O y4daCTKa TCjIa HJIN
opraHa 49CJIOBCKa (0)KOFI/I, MCTAJNIN3alus KOXKH, SJICKTPHUICCKHC MCTKH, MCXaHUYCCKUC

MOBPEXJICHUS ) M JJIEKTPUYECKHE y1aphl (ILIOKH), NEUCTBYIOIINE HA OPTaHU3M B LIEJIOM.

[Ipoxons 4depe3 OpraHu3M 3JJIEKTPUUECKUM TOK IIPOU3BOAUT TEPMHUYECKOE,
AIEKTPOJIUTHYECKOE W OUOJOrMYecKoe Bo3JeucTBHe. TepMuueckoe BO3JEHCTBUE
MPOSIBJISIETCSI B HAarpeBe€ TKAHEW BIUIOTH [0 OKOTOB OTHAEJIBHBIX YYaCTKOB TEIIa,
IeperpeBa KpPOBEHOCHBIX COCYAOB U KPOBHM, UYTO BBI3BIBAET B HHUX CEPbE3HBIC
(GYHKIIMOHATBHBIE  PACCTPOMCTBA.  DJEKTPOJIMTHYECKOE  JICWCTBHE  BBI3BIBACT
Pa3JIOKEHNE KPOBH U TUIa3Mbl. bHOJIOTHYECKOE NEUCTBUE BBIPAKACTCS PA3I0KEHUEM
U BO30YXKJICHHEM >KMBBIX TKaHEW OpraHuM3ma, 4YTO MOXKET COMPOBOXKIATHCS
CYJOPOKHBIM COKPAILICHUEM MBIIIIL, B TOM YKCJIE MBIIIL cepAna u Jierkux. [Ipu stom
MOT'YT BO3HUKHYTb Pa3JIMYHBIE HAPYILLICHUS B OpPraHU3MeE, BKIIIOUAsI HAPYLLICHUS U JaXe
MOJTHOE TPEKpPAIICHUE JESITEIbHOCTH CEPALlA M JIETKUX, a TaKkKE MEXaHUYECKHUE

noBpexaeHus. JIroboe U3 3TUX MOKET MPUBECTHU K IIEKTPUUECKON TpaBME.

3aluTHBIE MEPHI

TexHuUeCKUMU METOJaMHU H  CPEICTBAMHM  3alllUTHl I  OOCCIICUCHMSI
anekTpobezonacHoctd B cooTBerctBUM ¢ [OCT “CCBT Dnektpo6e30macHOCTb.
OO6mue TpeGoBaHUs SIBISIIOTCS 3alIUTHOE 3a3€MJICHHE M 3aHYJICHUE, BHIPABHUBAHUE
MOTEHIIMAJIOB, Majoe HaIpsDKeHHE, AJIEKTPUYECKOE pa3JesieHue Iernel, U30JISIHs
TOKOBEIYIIUX  YacTed,  OrpaxkJarollfe  yCTPOMCTBA,  MpeAyNpeauTesIbHAs

CUTHAJIM3AIs, CPEACTBA 3aIUThI U IPEIOXPAHUTEIbHBIC yeTpolicTBa. [16]

5.2.2. MexaHu4decKue OMmacHOCTH

JIt060i1 00BEKT, KOTOPHIA MOKET MPUYUHUTD YETOBEKY TPABMY B pe3yJbTaTe
KOHTaKTa camMoro oObekTa (WM €ro uvacreil) ¢ 4YeJOBeKOM, HeceT B cebe
MEXaHUYECKYI0 OIMACHOCTh, HANMpPUMEpP, CTAHKU-KAYaJKU IITAHTOBBIX TI'JTyOWHHBIX

HACOCOB, OYpOBBIC YCTAHOBKHU, MAIIIMHBI M 000PYI0BAHUS JISI KAITUTAIIBHOTO PEMOHTA
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ckBaxuH (KPC). Onacnas 30Ha - 3T0 IPOCTPAHCTBO, B KOTOPOM BO3MOXKHO JEHCTBUE

Ha pabOoTaloIIEro OMacHOro UM BPEIHOTO MPOU3BOJICTBEHHOTO (PaKTopa.

MexaHu4ecKue OIACHOCTH Ha MPEINpHUATUAX MPEACTABIIOT  CcOOOMU
JNBWKYIIMECS MEXaHW3Mbl WM MAIlVHBI, HE3AIIUIIECHHBIC IOJBUKHBIE DJIIEMEHTHI
IPOU3BOJCTBEHHOIO O0OPYJIOBaHMs; 3aroTOBKHM, MaTE€pUallbl, pa3pyllaroliuecs
KOHCTPYKIIMM, OCTpbIE KPOMKH, CTPYXKKd, 3ayCEHIbl M IIEPOXOBATOCTH Ha
IOBEPXHOCTU 3aroTOBOK, HHCTPYMEHTOB U OOOpYyNOBaHUS, a TakXe IaJcHHE

IIPEIMETOB C BBICOTHI [17].

5.2.3. AmnmapaTsl 1MoJ] TaBJICHHEM

IIpeBblllIeHrE MAKCUMAJIBHOIO JOIYCTUMOIO IaBJICHUSA, OTKAa3bl WIM BbIXOJA
U3 CTPOs PEryJUPYIOIIUX W IPEAOXPAHUTENBHBIX KIIAMAHOB. BBICOKHI YPOBEHb
JABJIEHUS B TEXHOJIOTMYECKOM U 000PYI0BaHUH, U TPYOOIPOBOAAX MOTYT IPUBECTHU K
paspyleHno 000pyAOBaHUS U KaK CJIEICTBUE HAHECTH TPaBMbl paOOTHHKAM B TOM

YHCJIC HE COBMECTUMBIC C )KH3HBIO. [17]

Jns  npenoTBpalieHuss BO3HMKHOBEHUS WHIUICHTOB Ha IPOU3BOJCTBE
puMeHsIIOT cpeacTBa uzMeperuss KUIInA u nperoxpanuTenbHyo apMaTypy, a TAKKe
COOJIIO/IEHNE TEXHUKN O€30MacCHOCTH IPHU paboTe ¢ 0ObEKTaMH, HAXOASIIMMHUCS MO

OOJBIIIMM JTaBJICHUEM, HaIpUMeEp, 0J10T BojopacnpenenutenbHoi rpedenku (bBI).

5.3.  OxpaHa OKpyKaroIIei cpesl

[IpoGiiema oxpaHbl OKpyKarolled cpelbl U oOecredeHue SKOJOTHYECKOM
0€30macHOCTH OXBATHIBACT BCe C(hephl )KU3HEACATEIHPHOCTH YeJIOBeKa. B Harie Bpems
CJIOKUJIACh TPEBOXKHASI DKOJIOTMYECKasi 00CTaHOBKA. PacTyT 00beMbl MPOMBIIIIIEHHBIX
OTXO0JI0B; 0OJbIe 2/3 WCTOYHUKOB 3arps3HEHBI, TPOUCXOIUT OMACHOE 3arps3HEHUE
MOJ3EMHBIX BOJ. HacTh MPOAYKTOB MUTAHUS OMACHO MCIOJb30BaTh B mully. Pacter

3a00J1€Ba€MOCTh AJTICPIrUICCKUMH, OHKOJIOTHYCCKMMHA U APYT'UMHA 3a00JI€BaHUSIMU.
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Heq)TﬂHaﬂ U Ta3oBas IPOMBLIINUICHHOCTb ABJICTCA OAHHUM U3 HauoOoee

ONACHBIX OTPACJIEH IO 3arPSI3HEHUIO OKPYKAIOIIEH CPEbI.

[Ipu pa3paboTke HEPTAHBIX U Ta30BBIX MECTOPOXKICHUU MPOBOJISAT

CJIEIYIOLIME TPUPOAOOXPAHUTEIBHBIE MEPOTIPHUSITHSL:

- TIpenoTBpalleHre O00OpYIOBAaHUSI OTKPBHITHIX (POHTAHOB, a TaKXKeE IMOTEPD
HepTH W Taza B mpouecce M00bIYM (YCTAaHOBKA Ha YCThAX CKBa)KUH,
ob6opynoBanHbix [III'H canbHIKOB BEICOKOTO AaBJICHHS;

- TepMeTh3alusi HacoCHOro o0opynoBaHusA, (OHTAHHOW apMaTyphl,
TpyOONPOBOOB, PE3EPBYAPOB U APYTUX HEPTEIPOMBICTOBBIX COOPYKEHUI;

- KOMIUIEKCHOE PAallMOHAIBHOE HCIIOJb30BAHUE MPUPOJHOTO W MOMYTHOTO
rasa u He(pTU; MOBbIIIEHNE HEPTEOTIaYu TUIACTA 3a CUET BHEAPEHUS HOBBIX

METOJI0B UHTCHCU(UKAIIUU JTOOBIYH.
XapakTep ¥ BO3MOKHBIE HCTOUHUKH 3arpsi3HCHUS

[Tpu Oypennn, no0OkIue, coope u TpaHcopTe HeDTH UMEET MECTO 3arpsI3HEHUS
MIOYB ¥ TPYHTOB. Ero MOYKHO yCIIOBHO pa3fieinTh Ha TP TUTIA: HEPTIHOE 3arpsi3HEHHE,

3arpsi3HeHne HedTenpoMbicioBbiMA cTOYHbIMH Boaamu (HCB) u cmemannoe

(redtpio u HCB).

3arpsi3HEHHE TMOYB  IMPOUCXOAUT TMPU  HAPYIIEHUH TE€PMETUUYHOCTU
He(TEnPOBOIOB, BOJOBOJOB CO CTOYHOM BOJOM, IpH yTeukax >kuakocta ¢ JIHC,

I'3HY, KHC, npu npoBeneHN# peMOHTOB CKBaXHH U T.1. [18]

5.4. 3amuTa B YpEe3BbIUANHBIX CUTYALUSIX

5.4.1. Tloxapnas 6€30MacHOCTb

OO0BbeKThI 0 J0ObIYE HEPYTU OTHOCSTCS K B3PbIBOOTIACHBIM U MTOKAPOOTACHBIM.
BemecTtBa, mpuMeHsieMble MPU TYIIEHUU MOXAapOB, TOJKHBI 00ECIeUrnBaTh BHICOKUN
ab(dexT TymieHus, HE OKa3bIBaThb BPEIHOTO BO3JCUCTBUS HA OpPraHu3M, OBITh

AOCTYIIHBIMH U JCIICBbIMU.
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Bona B HacTosimee BpeMsi TOKa OCTaeTCsi HanboJiee pacrpoCTPaHEHHBIM U
HanOoJiee JOCTYIHBIM CpPEICTBOM TMOXKapoTymieHus. [l TymeHus moxapa
IIPEIYCMOTPEHA CUCTEMA MTOXKAPHOTO BOAOCHA0XKEHUS, YKa3aHUsS TI0 KOTOPOMY JaHbI
CHulI 11-58-75 (Onexrpoctaniuu teriosie) U B CHull 11-34-74 (BomocHabxeHwue.

Hapy>kHble ceTH 1 COOpYKEHHUS).

B mepax noskapHoii 6€30macHOCTH OrepaTophl o A0ObYe HEPTH B Mpoliecce
paboOTHI NOJKHBI MOACPKUBATH HOPSIOK U YUCTOTY HA TUJIOIIAJIKE BOKPYT CKBaKUH.
Bokpyr ckBaxuH Henb3s pa30dpachlBaTh BETOLIb, JOMYyCKaTh pa3iauBa HedTu. B

ClIydasx pasjiiBa HAAO0 OYHUCTUTD INNIOMIAAKY OT He(l)TI/I, a 3aTEM 3acChIIIaTh IICCKOM.

JIns TymieHus Tmo)kapa B KayeCTBE OTHETACUTEIBHBIX CPEACTB HUCHOJIBb3YIOT
BOJYy B BHJI€ Tapa WM B pachbUIeHHOM Buje, nHepTHbIe Ta3bl (CO2, N»), meHsl,
NOPOIIKH. {715 TyIIEeHUS HAaXOASIIUXCS IO HAMPSKEHUEM JIEKTPOCETEH UCTIONB3YIOT
VTJIEKUCTIOTY. B HAaCOCHBIX CTAHIMSAX MPUMEHSIOT aBTOMAaTUYECKHE CUTHAIM3ATOPHI
FOPIOYMX Ta30B U BIEKTPUYECKYIO MOKAPHYIO CUTHAIU3ALMUI0O C TEIJIOBBIMH,

TCPMOIJICKTPUICCKUMU JaTHHNKaAMU.

JUIs1 KOHTPOJISA 32 COCTOSIHUEM IOKAPHBIX CPENCTB U CUTHAIM3ALNM, & TAKKE
Uist o0ecrieyeHusi UX HOPMaJIbHOM pabOThl PYKOBOAUTENb OOBEKTa Ha3HAYaeT

OTBCTCTBCHHOC JIMIIO M3 YHCJIa HHXKCHCPHO-TCXHUYICCKOI'O IICPCOHAJIa 00BEeKTA.

Mepomnpusatuss 10 MNPOTUBOMOXKAPHON Oe3zomacHocTH TmpoBoasitcs B AO

«TomckuedTr» BHK B cooTBeTcTBUM C yka3aHusiMu, npuBeaeHHbIMU B CHull 11-A.5-

70.

Ha nedrenpomsiciie umeeTcss KOMILIEKT MPOTUBOINOXKAPHOTO UHBEHTAPS:

- noxapssle ueHtpoOexubie Hacockl [TH-30K;

- 6arpsr oxkapusie [1IBT ¢ metannmuueckum ctepkaem u [IBH ¢ Hacagkoi
U OOJIBIINM KPIOKOM;

- rtonopsl noxapusie: [111- moxxapHslii NOSICHOU;

- kproku noxapusie [IKJI, ITKT- Tskensie;

- ctBOJbI moxkapHeie KP-b, CA, T1C-50-70;
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- PYKaBa IOKapHBIE;
- cTBOJIBI oXxapHbie pyunsie CI1P-2;
- donapu noxapusie ®II1-U — unauBuAyanbHbIE,

- JICCTHUIBI ITOKAaPHBIC.

Koutpons 3a coOitojeHueM TpaBWil TOXKAPHOM O€30MacCHOCTH BEAYT
COTPYIHHUKH TOCYAApPCTBEHHOIO TMOXAapHOro Haja3opa. Tul, KOJIMYECTBO U

pasMCIICHUC CPCACTB TYHICHUSA IMOKAPOB OIIPECACIIAIOT I10 HOpMaM, IPUBCACHHBIM B

CII 5.13130.2009 [19]

5.4.2. OrtkpeiToe (HOHTAHUPOBAHKE

Hanbonee  TunuuyHas  ype3BblYaiiHas  CUTyallMsi  pa3repMeTH3anus

obopynoBanusi. Pe3ynbrar — paziuB HeTEPOayKTA.

OCHOBHBIMH MCPOIIPUATHUAMUA, O6€CH€‘-II/IBaIOIHI/IMI/I 6630H3CHY1’0

DKCIUTyaTalMio TepMOXMMUYECKOW YCTAaHOBKH U PE3EPBYAPHOTO NAPKa, SABIISIOTCS:

- BEJEHME TEXHOJOIMYECKOIO PEeXMMa CTPOro B IIpefenax, 3aJaHHbIX
TEXHOJIOTUYECKOW KapTOU mapameTpoOB;

- coOmrofieHHe TpaBWJ TEXHUYECKOW OJKCIUTyaTalluM YCTAHOBOK U
000pyZOBaHUs B CTPOrOM COOTBETCTBUU C ACHCTBYIOIIMMU UHCTPYKIUSAMHU, HOPMaMU
Y TIPAaBUIIAMU;

- BBIIOJIHEHHWE MpaBui 0€30MaCHOCTH BEACHMSI OTHEBBIX M Ia300IAaCHBIX
pabor;

Haubonee onacHble MecTa Ha TEPPUTOPHUH 1LI€Xa:

- pesepyapusbie mapku: PBC-1-8, PBC-9-11, PBC-16-19.

- ceIpbeBag HacocHass TXVY-1, celppeBas HacocHas TXVY-2, ToBapHas
HAcoCHasi, HeTsiHAs

- HAcOoCHasg OYHCTHBIX COOPYKECHHMH, KaHAJIM3AaUMOHHAS HACOCHas,
HAaCOCHAas MOJATOBAPHOM BOJIbI, ~-HACOCHAs! PEAreHTHOT'O XO351CTBa.

- momaaku neued Harpesa [1Th-10, Bkimtouast I'PY.
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- IUIOMIAJIKH Y3JIOB y4eTa He(PTH.

- CKJIaJ XpaHEHHUS JEIMYIbraTOPOB.

- apounuk TITY-1600.

- 3armyOnennsIit pezepyap JKbP-400.

- IUIaMOHAKOTIMTEIb.

- BOCIUTAMEHEHHE BEIIECTB U 000PYIOBaHUS;

- CTHXUWHBIE OCICTBHS H T.II.

OCHOBHBIE ~ MEPONPHSTHsI, OOecleunBarome Oe30MacHOe  BEICHHE
TEXHOJIOTHYECKOT0 TpoIiecca:

- KOHTPOJb 32 IMPOIIECCOM IMPOU3BOJICTBA OCYIIECTBIISIETCS B ONIEPATOPHBIX,
rae pacrnosnoxenbl npudopbl KUIIuA, curnammzanuu. Heobxoaumbie mapaMerpsl
BEJICHUS TMpOIleCCa KOHTPOJUPYIOTCS W PETYIHPYIOTCS C 3alAChi0  OTACIBHBIX
napameTpoB B PexxuMHbBIE JTHUCTHI;

- Ha anmaparax, TJe 5TO He0O0XOIMMO, MPEeIyCMOTpEHA YCTaHOBKa
cooTBeTcTBYOIKX prudopoB KNUITuA;

- neun HarpeBa [1Th-10 cHaGxeHbI OJIOKMPOBKOH, OTKITIOYAIOIIEH 101auy
ra3a Ipu MPEeBHIIICHUH TTapaMeTPOB PaOOTHI MY H;

- HACOCHBIE arperatbl CHaOXXEHbI OJOKHUPOBKOW, OTKIIIOYAIOIIECH arperat
IpY HAPYIICHUH MapaMeTpoB pabOThI HACOCA;

- g ocBOOOXIEeHUS 00OpyIOBaHUS B CiIydae aBapuu MPEIyCMOTPEHA

aBapuitnas emkocth EIT-10.

I"azocurnanuzaropel CTM-10 obecrieunBaroT npeaynpexIarollyo CBETOBYIO
Y 3BYKOBYIO CHTHAJIM3ALUI0 NMPU KOHUEHTpauuu roprounx razoB 20% u 40% ot
HUKHEro KOHIeHTpauroHHoro npegena BocruiameHenuss (HKBII). Curnamns

MOAAI0TCS B ONIEPATOPHYIO.

5.5.  Opranu3zanioOHHbIE MEPOIPUSTHS MO MPOMBIIUIEHHONW O€30aCHOCTH

Jliist o6ecnieyeHus: 6€30MacHOCTH HEOOXOAMMO YUECTh CIEAYIONINe (PaKTOPHI:

- YCuWJIeHHBIN KOHTPOJIb 3a AaTYUKaMu, IpUuOOpaMu U 000pyI0BaHHUEM,
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- PaccranoBka TEXHMKE COIVIACHO TEXHOJOTUYECKOU CXEME,

- TexHOJIOrM4YeCcKue nepepoIBLL,

- IIpoBenenue MHCTpYKTakel O OE30MACHBIX METOJAX MPOBEAEHUS padoT
HEIMOCPEICTBEHHO NEpel HayaloM MIPOU3BOACTBA paldoT;

- KoHuTpons 3a TexHojormedl mojaadel MHIUOMTOpa B  CKBAXHUHY
PYKOBOJUTENIEM I'pyMIIbl IPpon3BoAcTBEHHOT0 KOHTpois (PI'TIK)

- IIpoBeneHue NOBTOPHBIX MHCTPYKTAXKEHN MO TEXHUKE OE€30MaCHOCTH

Jig  obecrieueHUs] JOJDKHOM 0€30IacHOCTH  HeoOXoauMma OpraHM3ariys
IPOBEICHUS] MHCTPYKTAXXEW mepen MmpueMoM Ha palboTy, a TakKe IMepel] HadyalioM

pabor.

HenocpencrBeHHoe 00yyeHUE COTPYIHHMKAX Ha pabOuyMx IUIOHIAJKaX JacT

IMOJIOKUTCIIBHBIC PC3YJIbTAThI.
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3ak/IroueHue

B XO0A€ BBIIIOJHCHUA MaFHCTCpCKOﬁ AucCccpranmnu OBLIH IMOJIYYCHBI

CJIEIYIOLIUE PE3YJIbTAThI:

1. JomonHutenpHas m00bMa HEPTH OT aHATUZUPYEMBIX MEPOIPHUSTUHI
coctaBisier 11443,1 Teic. T. UTO B CBOIO oO4Yepelb CBHUACTEILCTBYET O Ooiee
BO3paCTalOMIeld pOJIM MEPOINPHUATHH 110 WHTEHCH(DHKAIMKU J00bIYM HedTH s

MOBBINICHUS HEPTIHOW OTAa4M IJIACTOB U TaJIbHEUIIEH pa3paboTKi MECTOPOKICHUS.

2. BBICOKYI0O TEXHOJOTHYECKYI0 3(PPEKTHBHOCTh IOKA3aJI0 MPUMEHEHHE
OOKOBBIX CTBOJIOB Ha Pa3IUYHBIX 00BEKTax pa3paboTku. [lomMuMo mopaepKaHus
PEryJsipHOM CeTKU CKBaKUH, OypeHre OOKOBBIX CTBOJIOB U OOKOBBIX TOPU3OHTAIBHBIX
CTBOJIOB CIIOCOOCTBOBAJIO OTOOpPY HE(THU M3 30H, CIA0OIPEHUPYEMBIX OCHOBHBIMU
CTBOJIAMH CKBaKMH. JlomomHUTENbHAS 100BYa HEPTH TOJIBKO OT OypeHusi OOKOBBIX
CTBOJIOB U OOKOBBIX TOPHU3OHTAJIBHBIX CTBOJIOB cocTaBuia 375,95 Thic. T. B
MEPCTIEKTUBE OypeHHE OOKOBBIX TOPHU3OHTAIBHBIX CTBOJIOB ITO3BOJIUT IMPOJIOJIKHUTH
DKCIUTyaTalnilo OOBEKTOB Pa3pabOTKU B YCIOBUAX JOOBIYM BBICOKOOOBOJIHEHHOU

MPOIYKIUH.

3. IlpoBeneHue TUIPABIMYECKOTO pa3phiBa IJIACTa MO-TIPEKHEMY OCTAeTCs
caMbIM OCHOBHBIM METOJOM HHTCHCH(UKanuu no0bau HedTH. Ero mpumenenwme
OyZeT onpaBAaHo Kak Ha CKBAXXMHAX U3 OCBOCHUS, TaK U HA CKBAKMHAX, HAXOASIINXCS
B Mpoiiecce 3kcruryatanuu. Beero ot mposenenus 209 ruapaBinyecKux pa3pbhIBOB

JIacTa JOMOJHUTENBHO MoaydeHo 7985,3 Teic. T HedTH.

4. Ilpomomkenue pabOT MO JOCTpENy M TIepecTpeny IUacToB, (U3UKO-
XUMUYECKUX 00pabOTOK Mpru3aO0MHOM 30HBI IJIacTa MO3BOJIUT YAEPKATh OT MaJICHUs
ne6outsl HeGTH ckBakuH. OT TpoBeneHus nepoparmoHHBIX PpadoT JTOMOJHUTEIHLHO
noyueHo 2386,6 Teic. T HeTH. A oT nipoBeaeHus 128 06paboTok mpu3aboiHON 30HbI

TJ1acTa, JOMOJHUTENIbHAS Jo0bYa He)TH cocTtaBmna 236,2 TeIC. T HEDTH.
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5. Hecmotps Ha cHmwkenue >(dekTHBHOCTH PadOT MO BHIPABHUBAHUIO
npouiIs TPUEMHUCTOCTH, EIeCO00Pa3HOCTh JAIbHEUIIET0 MPOBEACHUS 3TUX padoT
HE BBI3bIBA€T COMHEHUI. CHUCTEMHOE MPOBEACHUE MEPOIPUITUI MO BBIPABHUBAHUIO
npoduis MPUEMUCTOCTH Aa)Ke MPHU YCIOBUU HE BBICOKOM JOMOJHUTENBHON T00bIYM
He(TU MO3BOJIAET YAEPKUBATH 0OBOIHEHHOCTH MPOIYKIIMHA U CHU3UTH O0bEM MOITYTHO
no0bIBaeMol BojBl. Beero oT mpoBenenust 385 paboT 10 BhIPaBHUBAHUIO MPOGUIIS
MPUEMHUCTOCTH JOTIOTHUTEIHHO MOTydeHO 458,2 ThIC. T. HEPTH.

Onupasice Ha wuccieAyeMble AaHHbIe, ObUI CIENaH BBIBOJ, YTO CaMbIM
3¢ ()EKTUBHBIM METOI0OM, KOTOPBIN NMpUMeEHsIIcA Ha [lepBomaiickoM MeCTOpOXKACHHUH,
asisiercst ['PI1.

[locre mpoBenEHHOTO aHajan3a M PAcyeTOB B CHELMAIBHOM YacTU pabOThI
MOXHO cnenarh ciuenyromue BbiBOAbl: ['PII Ha IlepBoMaiickoM MeCTOpOXAEHUE
SBJISIETCS caMbIM 3((EKTUBHBIM Ha CETOAHSILIHUN I€Hb METOJOM MHTECHCU(PHUKAILUH,
TaK Kak MO3BOJIAET 3HAYUTENBHO YBEJIWYUTh JAEOMT M CHU3UTH OOBOJHEHHOCTH
NPOAYKUWH, YBEIUYUTh He(TEOTAady IUJJaCTOB W PEAHMMHUPOBATh CKBAXKUHBI,
Haxojsmmecss B OesnericTByromeM (oume. J[aHHBIA METOJ TMO3BOJIIET HE TOJIBKO
CTAOMJIM3UPOBATH YPOBEHb 10OBIYM HEPTH, HO U YBEIUYUTH €TO.

Kpurepuem noxbopa ansa pacuéra ['PI1 Obina BeIOpaHa CKBaKMHA Ha KOTOPOU
IUIAHUPYIOTCS POBOJMUTCS TaHHAsA TEXHOJIOTHUYECKAs Olepausl.

PacuetaMmn o0OocHOBaHa TexXHOJOTrMYecKas 3(PPEKTUBHOCTb, KOTOpas
3aKJIIoYaeTcss B yBelnyeHwe nebura Hedtu B 2,2 pasa mocie MPOBEIECHHOIO

MEpPOIPUATHS, YTO BJICUET 32 COOOM MOJIOKUTENIbHBIA IKOHOMUYECKUH 3P (DEKT.
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IMPUJIOKEHHUE A
1. Enhanced Oil Recovery

Crude oil is a limited resource. Nevertheless, it has to meet the worldwide
demands. From time to time, oil production has been intentionally reduced, which
results in serious oil crises accompanied by increase in oil price. High price induces oil
industry to recover oil from more complicated fields. Extraction from tight oil reserves
requires advanced recovery techniques that should be constantly improved. It
contributes to the development of techniques for enhanced oil recovery, (EOR), which
while used today, also constantly undergo further advancement and development. Up
to two thirds of the crude oil remains trapped in the reservoirs after primary and
secondary recovery in an average oil reservoir, [Rosen et al., 2005]. EOR is then
required to optimize the depletion, as the remaining oil is trapped in the pore structure
inside the reservoir. EOR covers several different advanced recovery techniques, which

will be introduced in this chapter.

The focus in this thesis has been on the phase behavior properties inside the
reservoir in connection with surfactant flooding and oil/ brine systems. The phase
behavior in the surfactant system is overall the most important factor determining the
success of a chemical flood [Skauge and Fotland, 1990]. Currently, there are no
adequate models (such as equations of state) to describe phase behavior in such
systems. Consequently phase behavior must be measured experimentally, which is both

challenging and time-consuming.

1.1  Enhanced Oil Recovery
Several mechanisms contribute to the primary production of oil. Primary

production is in general understood as rather inefficient, as it produces less than 20 %
of the original oil in place, [Morrow, 1991, p.5]. With the goal of improving oil
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recovery, EOR is introduced, employing more efficient recovery methods. Oil recovery

methods usually fall into one of the following three categories:

—  Primary recovery: Recovery by depletion;

— Secondary recovery: Recovery by water or gas flooding;

— Tertiary recovery: Recovery of the residual oil (also known as Enhanced Oil
Recovery, (EOR)).

It is not unusual that the so-called tertiary oil recovery takes place either as the
primary or the secondary step chronologically, because this entails a more feasible
process for certain reservoirs, [Green & Willhite, 1998, pp.1-10]. Another commonly
used designation is improved oil recovery (IOR), which covers a broader range of
activities. IOR can also include EOR, where IOR and EOR in general are defined as
follows:

—  Improved Oil Recovery (IOR): Injection of fluids, which are already present in
the reservoir, e.g. water.
—  Enhanced Oil Recovery (EOR): Injection of fluids, which are not normally

present in the reservoir, e.g. surfactants.

The concepts of IOR and EOR in practice are often mixed. Nowadays, oil
recovery processes are typically classified as primary, secondary and EOR processes.
From a fundamental point of view EOR should be understood as methods or techniques
whereby extrinsic energy and materials are added to a reservoir to control:

—  Wettability

— Interfacial tensions (IFT)

—  Fluid properties

—  Establish pressure gradients necessary to overcome retaining forces

—  Move the remaining crude oil in a controlled manner towards a production well.

One aspect of EOR operations, which in all processes has a considerable

influence on the result, is the ability to control the flow of the displacement fluid, so-
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called mobility control. Since flow pattern prediction is very uncertain, predicting oil

recovery becomes difficult. These uncertainties challenge EOR processes.
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2. EOR Processes

Much work has been performed in the area of fluid injection with the objective
of improving oil recovery by the natural drive mechanism. The most widely used
technique is waterflooding, which has been applied for more than 60 years. The oil left
in the swept zone after waterflooding then becomes the main target for tertiary oil

recovery, [Morrow, 1991, p.6-10].

The primary goals in EOR operations are to displace or alter the mobility of the
remaining oil in the reservoir. Using conventional waterflooding techniques is
preferable as long as it is economically feasible. Remaining oil left after primary and
secondary recovery operations over long time periods is usually distributed in pores in
the reservoir, where the oil is trapped, mainly due to capillary forces and viscous forces.
EOR techniques will contribute to a longer lifetime of already existing reservoirs.
Unfortunately the application of EOR does not only bring advantages. Using EOR is
correlated with higher risks and increases the requirement for additional facilities and
investments. The common classifications of different EOR processes are [Green and
Willhite, 1998, p.1-10]:

— Mobility-control

— Thermal Processes

— Chemical processes

— Other (e.g. microbial EOR)
— Miscible processes

In general the EOR processes involve injection of gas or fluids into the oil
reservoir, displacing crude oil from the reservoir towards a production well. The
injection processes supplement the natural energy present in the reservoir. The injected
fluid also interacts with rock and oil trapped in the reservoir creating advantageous
conditions for oil recovery.

Mobility-control is a process based on maintaining favorable mobility ratios

between crude oil and water, by increasing water viscosity and decreasing water
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relative permeability. Can improve sweep efficiency over waterflooding during

surfactant processes.

Chemical processes are injection of a specific liquid chemical that effectively
creates desirable phase behavior properties, to improve oil displacement. The

principles are illustrated in figure 1.1.

Injection well A Production
Pump tor A\ well

Figure 1.1. Chemical flooding, which is the injection of water and chemicals. Besides the economic
point of view, the complexity rises as several additional tasks such as preflush of the reservoir and
injection of additional fluids must be applied to accomplish an efficient process.

Surfactant flooding is an example of chemical flooding. This is a complex
process, where the displacement is immiscible, as water or brine does not mix with oil.
However, this condition is changed by the addition of surfactants. The technique
creates low interfacial tension (IFT), where especially an ultra-low IFT (0.001mN/m)
between the displacing fluid and the oil is a requirement in order to mobilize the
residual oil. The liquid surfactant injected into the reservoir is often a complex
chemical system, which creates a so-called micelle solution. During surfactant
flooding it is essential that the complex system forms microemulsions with the residual
oil as this supports the decrease of the IFT and increases the mobility. However, the
formation of microemulsions may also be a significant disadvantage, as
microemulsions may plug the pores. It is also important to be aware of the high loss of

surfactant, occurring as a result of adsorption and phase partitioning inside the
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reservoir. It is known that surfactant systems are sensitive to high temperatures and
high salinity, leading to requirements for developing surfactant systems that can
withstand such conditions. Other chemical processes have also been developed, such
as alkaline flooding and various processes where alcohols are introduced. In alkaline
flooding, alkaline chemicals are injected into the reservoir, where they react with
certain components in the oil to generate surfactants in situ. Alcohol processes have so

far only been tested in laboratories and have not yet been applied in the field.

Miscible processes are based on the injection of a gas or fluid, which is miscible
with the crude oil at reservoir conditions, in order to mobilize the crude oil in the
reservoir. The process is illustrated in figure 1.2. This process relies on the modification
of the components either in the injected phase or in the reservoir oil phase. Modification
of either injected fluid or gas or the reservoir oil is achieved through multiple contacts
between the injected phase and the oil phase with mass transfer of components between
the phases, [Green & Willhite, 1998, p.7]. E.g. injection of CO; as a liquid will entail
extraction of the heavier hydrocarbons from the reservoir oil, which will allow the

displacement front to become miscible, [Holm, 1986].

Thermal processes are typically applied to heavy oils. Thermal recovery
processes rely on the use of thermal energy. A hot phase of e.g. steam, hot water or a
combustible gas is injected into the reservoir in order to increase the temperature of the
trapped oil and gas and thereby reduce oil viscosity, [Green and Willhite, 1998, p.301].
The process is depicted in figure 1.3. The injected hot stream facilitates the flow to the

production wells by increasing the pressure and reducing the resistance to flow.
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Water and CO,
or natural gas Oil bank

Figure 1.2. Miscible process control, where | Figure 1.3. Thermal process control. Thermal
the injected fluid does mix with oil. In this energy is injected into the reservoir. The
process the oil is supposed to be mobilized injected energy mobilizes the trapped oil and
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3. Surfactant Flooding

Surfactant flooding is injection of one or more liquid chemicals and surfactants.
The injection effectively controls the phase behavior properties in the oil reservoir, thus
mobilizing the trapped crude oil by lowering IFT between the injected liquid and the

oil. The principle of surfactant flooding is illustrated in figure 1.4.

2 RESIDUAL OIL
O WATER
£4 ROCK

Figure 1.4. Principle of flooding, where residual oil is trapped in the reservoir, [O'Brien,
1982]. For the movement of oil through the narrow capillary pores, very low oil/water
interfacial tension (IFT) is required; preferably ultra low IFT at 0.001 mN/m is desirable.

There is a great potential for chemical processes with surfactant flooding, since
there is the possibility of designing a process where the overall displacement efficiency
can be increased. Nowadays many mature reservoirs under waterflood have decreasing
production rates despite having 50-75 % of the original oil left inside the reservoir
[Flaaten et al., 2008]. In such cases it is likely that surfactant flooding can increase the

economic productivity.

Surfactants are added to decrease the IFT between oil and water. Co-surfactants
are blended into the liquid surfactant solution in order to improve the properties of the
surfactant solution. The co-surfactant either serves as a promoter or as an active agent
in the blended surfactant solution to provide optimal conditions with respect to
temperature, pressure and salinity. Due to certain physical characteristics of the

reservoir, such as adsorption to the rock and trapping of the fluid in the pore structure,
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considerable losses of the surfactant may occur. The stability of the surfactant system
at reservoir conditions is also of great relevance. It is well known that surfactant
systems are sensitive to high temperature and high salinity and therefore surfactants
that can resist these conditions should be used [Green and Willhite, 1998, p.7].
Surfactant flooding creates microemulsion solutions, which may contain different
combinations of surfactants, co-surfactants, hydrocarbons, water and electrolytes
[Green and Willhite, 1998, p.239-300]. Polymers are also often added to the injected
surfactant solution, to increase viscosity, thus maintaining mobility control. In general

there are three types of surfactant flooding for EOR [Rosen et al., 2005].

Surfactant systems usually consist of both surfactants and co-surfactants.
However the combination of multiple components in the surfactant solution system
does not work well in practice as chromatographic separation occurs in the reservoir.
The solution concentration quickly changes from its optimal value as the separation
takes place. The optimization criterion in surfactant flooding is to maximize the amount
of oil recovered, while minimizing the chemical cost. While it is necessary to reach
low IFT for the surfactant system, minimizing only the IFT may not always coincide
with optimal oil recovery, as low IFT is not the only essential condition to meet in order
to get a successful and efficient oil recovery, [Fathi and Ramirez, 1984]. E.g. attention

to the optimal salinity is crucial to include as well.

3.1.  Surfactants

In surfactant flooding, the chemical system contains surface active agents,
surfactants, which are polymeric molecules that lower the IFT between the liquid
surfactant solution and the residual oil. Surfactants adsorb on a surface or fluid/fluid
interface when present at low concentrations. The most common structural form for
surfactants is where they contain a nonpolar part, a hydrocarbon 'tail’, and a polar or

ionic part. The structure is shown in figure 1.5.
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2

Hydrophilic head group Lipophilic hydrocarbon tail Water
(polar part) (nonpolar part)

Figure 1.5. Surfactant molecule and surfactant orientation in water. Surfactants are also
referred to as amphiphile molecules because they contain a nonpolar 'tail' and a polar
'head’-aroup within the same molecule. [Green and Willhite. 1998. n.2411.

It is the balance between the hydrophilic and hydrophobic parts of the
surfactant that generates the characteristics of the surface active agent. In EOR with
surfactant flooding the hydrophilic head interacts with water molecules and the
hydrophobic tail interacts with the residual oil. Thus, surfactants can form water-in-oil
or oil-in-water emulsions. Surfactant molecules are amphiphilic, as they have both
hydrophilic and hydrophobic moieties. Amphiphiles adsorb effectively to interfaces
and typically contribute to significant reductions of the interfacial energy, [Pashley and
Karaman, 2004, p. 62].

The primary surfactant is directly involved in the microemulsion formation
with regards to the EOR surfactant flooding process. The co-surfactant, if any,
promotes or improves the activities of the primary surfactant, by e.g. changing the
surface energy or the viscosity of the liquids. Due to chromatographic separation of
surfactant, co-surfactant and any other components, throughout the reservoir, it can be
problematic to create a multicomponent surfactant system capable of maintaining
optimal properties throughout the flooding process. The predominant disadvantage of
separation is that the control of the system deteriorates in the reservoir and therefore it
should be avoided if possible. As the co-surfactants prevent gel formation and reduce
the equilibration time, they are hard to eliminate from the surfactant systems used for
flooding. Oil reservoirs have different characteristics and therefore the structure of
added surfactant must be tailored to meet the reservoir conditions to achieve a low IFT.
For example the temperature, pressure and rock vary significantly from one reservoir

to another.

68



3.2.  Classification of Surfactants

Surfactants are frequently classified on the basis of the ionic nature of the head
group, as anionic, cationic, nonionic or zwitterionic. Each type possesses certain
characteristics depending on how the surfactant molecules ionize in agueous solutions.

In table 1.1 a few commonly used surfactants are shown.

Table 1.1. List of common surfactant molecules with different types of charge: anionic, cationic and
non-ionic. [Pashley & Karaman, 2004, p.63]

Anionic

Sodium dodecyl sulfate (SDS) CH,(CH.)n SO:Na

Sodium dodecy! benzene sulfonate CHs (CH .)..Cs Ha SO5 Na)
Cationic

Cetyltrimethylammonium bromide (CTAB) CHs(CH2)i5 N (CHa)) Br -
Dodecylamine hydrochloride CH.(CH.).NH ;0

Non-ionic

Polyethylene oxides CHj;(CH 2),(0.CH 2:CH ), OH

Commonly used surfactants for EOR, are sulfonated hydrocarbons such as
alcohol propoxylate sulfate or alcohol propoxylate sulfonate. To achieve an optimal
surfactant flood for any given oil reservoir surfactants and polymers are often both
included in the flooding. Surfactants are responsible for the reduction of the IFT and
the polymer is added to improve the sweep efficiency, [Flaaten et al., 2008]. The
demands on surfactants are numerous and it is a great challenge to distinguish which
mechanisms are most dominant. Process conditions, such as high temperature and high

pressure are often the reality in reservoir environments.

3.2.1. Use of Anionic Surfactants

Anionic surfactants are negatively charged. They are commonly used for
various industrial applications, such as detergents (alkyl benzene sulfonates), soaps
(fatty acids), foaming agents (lauryl sulfate), and wetting agents (di-alkyl
sulfosuccinate). Anionic surfactants are also the most commonly used in EOR. They
display good surfactant properties, such as lowering the IFT, their ability to create self-

assembled structures, are relatively stable, exhibit relatively low adsorption on
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reservoir rock and can be manufactured economically [Green & Willhite, 1998, p. 241].
Anionic surfactants dissociate in water to form an amphiphilic anion (negatively
charged) and a cation (positively charged), which would typically be an alkaline metal

such as sodium (Na*) or potassium (K+).

Wu et al. (2005) have investigated a series of branched alcohol propoxylate
sulfate surfactants for the application in EOR. Their investigations show that the
number of propoxylate groups has a significant influence on the IFT, the optimal
salinity and the adsorption. Optimal salinity and adsorption are shown to decrease as
the number of propoxy groups is increased. In their work the experiments are

conducted at diluted surfactant concentrations, both with and without co-surfactants.

Barnes et al. (2008) investigate families of anionic surfactants, internal olefin
sulfonates, (10S), for use in surfactant flooding at high temperatures, (up to 150 °C),
and with varying optimal salinities from 1 % to 13 % depending on the carbon number
range. The 10S surfactants show little sensitivity to temperature, which could be an
advantage for reservoirs with temperature gradients. Overall the 10S surfactants
exhibit promising over a range of reservoir conditions covering moderate to high
temperatures and from low to high salinity conditions. Both alcohol propoxylate
sulfates and 10S have been studied [Levitt et al., 2006 and Flaaten et al., 2008], where
they are identified as promising surfactant candidates for EOR processes. These
surfactant candidates are available at low cost and have been tested in different
reservoir cores resulting in enhanced oil recovery and low surfactant retention, [Levitt
et al., 2006]. It was found in Levitt et al. (2006)'s work that mixing the 10S and the
alcohol propoxylate sulfate give the best result. Furthermore Bryan and Kantzas (2007)
have conducted an investigation of alkali surfactants for surfactant flooding of heavy
oils. Their work showed that alkali surfactant flooding has a great potential for non-
thermal heavy oil recovery, as the addition of alkali surfactants reduced the IFT
between oil and water by such a magnitude that formation of emulsions was possible.
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3.2.2. Use of Nonionic surfactants

Nonionic surfactants have no charged head group. They are also identified for
use in EOR, [Gupta and Mohanty, 2007], mainly as co-surfactants to promote the
surfactant process. Their hydrophilic group is of a non-dissociating type, not ionizing
in aqueous solutions. Examples of nonionic surfactants include alcohols, phenols,

ethers, esters or amides.

Curbelo et al. (2007) studied nonionic surfactants with different degree of
ethoxylation to investigate the correlation with the adsorption of surfactant in porous
media (sandstone). From the experiments the variations in the surface tension with

surfactant concentration are shown in figure 1.6.
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Figure 1.6. Determination of Critical Micelle Concentration (CMC) for two surfactants

investigated. (A) is a surfactant with an ethoxylation degree of 9.5 and (B) is a surfactant

with an ethoxylation degree of 15.0. The x-axis is the natural logarithm of the surfactant

concentration. The break in both of the curves is where CMC is reached. [Curbelo et al.,
2007]

Critical Micelle Concentration (CMC) is reached at a higher surfactant
concentration for (B), with ethoxylation degree of 15.0, compared to (A), with
ethoxylation degree at 9.5, seen in figure 1.7. With higher ethoxylation degree follows
that the surfactant has a larger polar chain and consequently higher solubility towards
the aqueous phase. Thus higher concentration of surfactant is required to assure
formation of micelles. Curbelo et al. (2007) concluded that the adsorption to the
sandstone core is higher in the case of the lower degree of ethoxylation, situation (A),

which should be avoided in EOR surfactant flooding.
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3.2.3. Use of Cationic Surfactants

Cationic surfactants have a positively charged head group. Cationic surfactants
dissociate in water, forming an amphiphilic cation and anion, typically a halide (Br-,
Cl- etc.). During the synthesis to produce cationic surfactants, they undergo a high
pressure hydrogenation reaction, which is in general more expensive compared to
anionic surfactants. As a direct consequence cationic surfactants are not as widely used

as anionic and nonionic surfactants.

It is, however, reported that cationic surfactants can be used to improve the
spontaneous imbibition rate of water into preferentially oil-wet carbonate. Water
containing surfactants of the type alkyltrimethylammonium bromide or chloride was
injected [Standnes & Austad, 2002]. The cationic surfactants are most likely dissolved
in the oil phase as aggregates between the surfactant and the carboxylates, under
creation of ion pairs. In this way the surface becomes more water-wet, thus the aqueous

phase can better imbibe by capillary forces.

3.2.4. Single Component Surfactant Flooding

To obtain the optimal conditions for creating and maintaining the desired
microemulsion phase during a surfactant flood, co-surfactants, such as low molecular
alcohols as propanol and hexanol, are usually added to the surfactant solution, [Austad
et al., 1996]. Chromatographic separation of the injected surfactant solution makes the
operation challenging to control, as the original chemical composition in the surfactant
solution will change in the reservoir and in consequence poor oil recovery may be
experienced. A way to eliminate this problem is to reduce the amount of, co-
surfactants, or even to omit them altogether. A few single component surfactants have

been proposed in literature.
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Austad et al. (1996) propose branched ethoxylated sulfonates, sulfate mixtures
containing both ethoxy and propoxy groups in the same molecule, mixtures of
ethoxylated and secondary alkane sulfonates and alkyl-o-xylene sulfonate. However,
the ideal surfactant solution or combination will differ from one residual crude oil and
reservoir to another. Austad et al. (1996) have examined the multiphase behavior of a
single component alkyl-o-xylene sulfonate/brine/oil system at temperatures from 40
°C to 180 °C and pressures from 200 bar to 1000 bar with different crude oil, fractions
of crude oil and model oil. The phase behavior observed with the increase in pressure
was the same in all cases to Il to Il-). Regarding the increase in temperature, in the
case of the crude oil the phase behavior showed II- to 111 to while the opposite phase
behavior to 111 to Il-) was observed in the case of the model oil and the fraction of
crude oil. It is suggested that the effect of temperature on the phase behavior is related
to the interaction between the surfactant and the resin type material in the crude oil

present at high temperatures.

Zhao et al. (2006) study IFT behavior of crude oil/single component
surfactant/brine systems. Heavy alkyl benzene sulfonates have been found to be good
surfactants for enhanced oil recovery in Chinese oil fields. On the basis of previous
experiences Zhao et al. (2006) suggest alkyl methylnaphthalene sulfonates (AMNS) as
surfactants for EOR. Different synthesized AMNS surfactants have been investigated;
hexyl methylnaphthalene sulfonate, octyl methylnaphthalene sulfonate, decyl
methylnaphthalene sulfonate and tetradecyl methylnaphthalene sulfonate. Zhao et al.
(2006) reported that some synthesized single component surfactants of AMNS possess
higher capacity and efficiency for lowering the surface tension than similar long-chain
alkyl benzene sulfonates (LAS), when surfactants of the same chain length are

compared. The structure of both AMNS and LAS is shown in figure 1.7.

73



The different AMNS were studied with respect to the IFT and the optimum
salinity. It was concluded that the AMNS tetradecyl methylnaphthalene sulfonate was
the most efficient in reducing the IFT. The surface tension of the crude oil/water IFT
was reduced to 0.001 mN/m (ultra low) at low surfactant concentrations, 0.002 mass
%, without addition of alkali or other additives. Surfactants with the longest chain
length reduced IFT the most. This is in agreement with the expected behavior, as it is
in general understood that IFT reduction increases with the increase in the chain length
of the surfactant molecules. Zhao et al. (2006) conclude that both the chromatographic
separation and the breakage of stratum are avoided effectively.
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Figure 1.7. The structural formula of the alkyl methylnaphthalene sulfonates
(AMNS). left. and alkvl benzene sulfonates (LAS). riaht.

As mentioned earlier Wu et al. (2005) carried out a study with branched alcohol
propoxylate sulfate surfactants and the influence of single component surfactants. They
concluded that using only branched alcohol propoxylate surfactant in the formulation
at low concentrations can create low IFT between brine and either n-octane or crude
oil. The optimal salinity depended on the number of propoxy groups and decreases
with an increase in propoxy groups. Adsorption experiments were carried out in this
study as well. Adsorption of these surfactants on kaolinite clay decreases with an

increase in the number of propoxy groups.
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