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Pedepar

Boeinycknast kBanudukamnronnas pabora 78 c., 13 pwuc., 12 Tabn., 24
HWCTOYHHUKOB, O MpHIL.

KiroueBple  cimoBa:  TMAPaBIMYECKUMM  pas3pblB  IIACTa,  METOMBI
MHTCHCU(DHUKAIIMN TPUTOKA, MPOIIMAHT, AeOUT, 3(h(EKTUBHOCTH MPUMEHEHUS,
6e3pa3mepHasi IPOBOJAUMOCTH TPEIIUHBI.

OOBEKTOM HCCIIEIOBaHUS SIBISIETCS IUIACTHI MECTOPOXKIAEHUS X, KOTOphIE
HNOJAXOIAT IO/ KPUTEPUI ITPOBEACHUS THIPABIMYECKOr0 pa3phIBa.

[lenp paboThl — aHamu3 3¢Q(HEKTUBHOCTU HPOBEACHUS THAPABIUYECKOIO
pa3pbiBa Ha MO3/IHEM JTare pa3paboTKHU MECTOPOKAECHUS X.

['PII akTUBHO NpUMEHSIETCS B HEPTEra30BOM OTpaciu, Kak OJUH U3 METOJI0B
YBEIMYEHHS HEPTEOTJaYl U CTUMYJISILMU TPUTOKA B TUIACTE.

['PII akTUBHO IPUMEHSETCS BO MHOKECTBE 3apyOEkKHBIX U OT€YECTBEHHBIX
KOMIIAHUAX Ha MPOTSKEHNUH JUIUTEIBHOIO BPEMEHH.

B mnpomecce wuccinegoBanus ObUT MPOBEAEH HSKOHOMHUYECKUH pacyer
3¢ (EeKTUBHOCTH TUAPABINYECKOrO pa3pbiBa IIacTa HA MECTOPOXKIEHUU X.

B pe3ynbrare uccnenoBaHus ObUIN BBISIBICHBI, YTO THIPaBIMYECKUN pa3pbiB
iacta okasasucs 3p(QEeKTUBHBIM METOZOM, KOTOPBIN MO3BOIMII YBEIUYUTH JEOUT U
yIYYIIATh KOJUIEKTOPCKHE CBOMCTBAa MpPU3a00MHONW 30HBI COOTBETCTBYIOIIHUX
CKB&)XHMH, HAa KOTOPBIX OH OBLJI IPOBE/IEH.

OxuaeMbIii 5)KOHOMUYECKHM A PEKT OT TUAPABIMUECKOTO pa3phiBa IIacTa
IO B3SITHIM JUISI pacueTa CKBAXMHAM IOJYYHIICS MOJIOKUTEIBHBIM, YTO TOBOPUT O
PEHTA0ENTBbHOCTH MPOEKTA.

B Oynyiem mianupyercst HCHOIb30BaTh NOJIYUYEHHbIE PE3YIbTaThl PA0OTHI
I yAy4lIeHUs pa3paboTKU APYTUX MECTOPOXKACHUN, HAXOAAIIMXCSI Ha MO3AHEN

CTaJIUH.



OrnaBJiieHuE

BBEIIECHIIE ... e et e e 9
1 O6mme cBemeHUS O TPIT .....ooiiiiiiiiiii e 11
1.1 Teopernueckue ocHoBbl npoBeaeHust [PIT.................., 13
1.2 Onrumanbehbie Au3aiH TPTL ..., 15
1.3 O6opynoBanue st mpoBeaeHUS ['PIL........cccoooiviiiiiiiiee, 24
1.4 Matepuansl, npumensiemblie ipu ['PIT ..., 29
BRI N 0570} 153 533 1 (S 1 i 1 R 33
L6 TJIVC mOCTIE IT'PIL ... e 37
2 Ananu3 npoBenieHus [ PIT Ha MECTOPOKIEHUU X ...ooovvvuniiiiiiiiieeeeeeeeiiiieeeeeeneen 41
3 O60cHOBaHUE IKOHOMUYECKON IPDEKTUBHOCTH ......evvvrrrrrereeeeenrennnnrrrereeeaeennnns 43

3.1 AHanu3 BIUSHUA MEPONPUSATHUS Ha TEXHUKO-3KOHOMUYECKUE MTOKA3aTelH .. 43

3.2 Pacuer nokazateneit 5KoHOMH4YeCKoi 3(H(PEKTUBHOCTH MEPOTIPUSATHUSA......... 47

4 COUMATBHAS OTBETCTBEHHOCTD .....veteeeeeeeeiiuunnretteeeeeesaaaaanteetaeeeeeeesaannnnseeseeeeeeens 54
4.1 [IpaBoBbIE U OpraHU3AIMOHHBIC BOMIPOCHI 0OECIIeueHUsT O€30MacHOCTH ...... 54
4.2 TIpon3BOACTBEHHASI OC30TIACHOCTD ....vvevevvvvrrereeeeeeensnnnnnrrreeeeeessesssnnnnsseeeeeeens 56
4.2.1 AHanmu3 BPEIHBIX (DAKTOPOB ...cceeeeeieiiiirieeeeeeeeeeiiiiirrreeeeeeeesesanensseeeeaeeens 57
4.2.2 AHaNU3 OMACHBIX (DAKTOPOB ..eeeeeeeueiirriirrereeeeeeasanennrereeeeeessesnsnnnssereeeeeens 61

4.3 DKOIOTUYUECKAS OC3OTTACHOCTD ...vveeeeuerrreeeeaerrreeeeannnrreeessnnsreeesessnnaeeesesnnnnns 64
4.3.1 BAUSHUE HA JTATOCHICPY oeeevvrrreeeeeirrreeeeanrrreeeeanerreeeeesssnseeesessssseeeessnsnnns 64
4.3.2 BIUSTHUE HA THAPOCPEPY . .eerrieiieeeiiiiiiiiieeeeeeeeeeiiiireeeeee e e e e e eiiranneeeeeeeeas 65
4.3.3 BIUSTHUE HA ATMOCHEPY .vvvvreeeeeeeeeiiiiiiiieeeeeeeeenseinrrereeeeeeeesnnnnnssnereeeesens 65

4.4 be30naCHOCTh B UPE3BBIUYAMHBIX CUTYAITHAX .eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaeaaaeanns 66
SAKITEOUEHIEC ...ceeeiiteeeeeeeeeeeeeiiitet ettt eeeeeeaaattb et ettt eeeeeeaaaaaatbbaeteeeeeeeeasaannnsreeeeeeeas 69
103107 (o0 901 120 (<) 121 1) o) 5 (RS R R 71



BBEJIEHHUE

TexXHONMOrus THIPABINYECKOTO pa3phbiBa IJIaCTa — O3TO OJWH W3 METOOB
CTUMYJISINHA CKBOKUHBI (HHTCHCU(UKAIIMK TIPUTOKA), 3aKITFOYAIOIINICS B 3aKaYKe
TI0JT BBICOKUM JIaBJICHUEM OKHJIKOCTH THIPOPa3pPhIBa», B OCHOBHOM COCTOSIIIYIO U3
BOJIBI, TIECKA WJTH IPYTUX MPOMIIAHTOB, 3aTYCTUTENIEH B CTBOJI CKBaKUHBI, CO3/IAaHUN
MPOBOJIMMBIX TPEIIMH, Yepe3 KOTOpble MOXET mpoaBurarthecs ¢urons. Jlannas
TEXHOJIOTHUSI SIBJISIETCS HauOoyee MOIXONAIIEeH IJisi CKBAKUWH C MAaJCHbKOW U
YMEPEHHON MPOHUIIAEMOCTBIO, KOTOPBIE SIBIISIIOTCS YKOHOMHUYECKH HEBBITOJIHBIMU,
HO TaK)X€ OHAa MOXXET HCIIOJIb30BaThCA ISl IJIACTOB C OOJIBIIMMH MOKAa3aTEIsIMU
NIPOHUIIAEMOCTH, €CJTH ATO SBJSETCS SKOHOMHUYECKH OOOCHOBAHHBIM PEIICHUEM.
[Tomumo yBenmuueHust aebuta (Qironaa qaHHAs TEXHOJIOTHS MO3BOJISECT YBEIUYUTh
He(dTeoTIauy, TaK Kak oOpa3yeMble TPEIIUHbI CIIOCOOHBI YHUTHU TITyOOKO B IUIACT U
3aTPOHYTH IEITMKOBBIE 30HBI, HE OXBAUCHHBIC JPYTHMMH METOJaMHU pa3pabOTKH.
VYka3aHHBIN METO/ MHTEHCU(DHUKAIIMY TIPUTOKA TTO3BOJISIET OBICTpEE BbIpaOaThHIBATh
3amachl ¥ TaKXKe Moxy4yaTh Oosblie (aronuaa Ha MOCISIHUX dTanax pa3paboTKu, YTo
MOKET OBITh OYEHb BaXKHO, OCOOCHHO KOT'/1a JTAaHHBIC TAITbl 3aTATUBAIOTCA. [ 1]

['PI1 — noporocTosiiast oneparusi 1 MOKET JOCTUTaTh B CTOUMOCTH 10 HECKOJIbKHUX
MUJUTMOHOB, HO JIAHHBIC 3aTPATHI SBJISIOTCS 00OCHOBAaHHBIMHM, €CIIM YYUTHIBAThH BCE
TUTFOCHI JTAHHOTO MeTo/1a. Takke MPaKTUYECKH BCET/Ia OH SBISICTCS PEHTA0CTBbHBIM.

B mannO# paboTe paccMOTpPEHBI TaKWE OCHOBHBIE COCTABIISAIONINE METOA
THAPABIMYECKOTO pa3phlBa IIacTa, Kak CYIIHOCTh CaMOro METOJa, COCTaB
(OKUJKOCTH THIPOPaA3phIBay, MPOIIAHTa, O0OPYIOBaHUS I €ro MPOBEIACHUS,
npuniun nposenenus ['PI1, ocnoBHOM criocob pacuera addextuBnoctu ['PII.

OOBEKTOM HCCIENOBaHUS SBJISIOTCS TMPOMYKTUBHBIC IUTACTHI HEPTSHBIX
MECTOPOXKJICHHI, B KOTOPHIX HA OCHOBE TEXHOJOTO-T€0JOTHYECKUX OCOOCHHOCTEN
Y DKOHOMHYECKHUX MapaMeTpoB UMeJI0 MecTo ObITh NpuMenenue ['PII.

AKTyaJqbHOCTh pabOThl — THAPABINYECKUM pa3pbiB IUIACTa SBISCTCS
HanOoJIee MOMYJISIPHBIM, TIPU3HAHHBIM U HCITOJIB3YEMBIM B HAIlle BPEMsI METOJIOM

I/IHTCHCI/I(l)I/IKaL[I/II/I IIPUTOKA KaK Ha MHOXCCTBC MCCTOpO)KI[CHI/II)'I POCCI/II/I, TaKk U

9



Bcero mupa. Ha cerogusimiauil n1eHs, koraa pazpadboTka MecTopoxaeHuid B Poccun
CTajla O4YEHb  JOPOrOCTOAIIEHM  W3-3a  KIMMATUYECKHUX, TIEOJOTMYECKUX,
TEXHOJOTMYECKUX CIIO)KHOCTEH, TO BOMNPOC ONTUMHU3AIMA W IPABUWIBHOIO
NPUMEHEHUSI TaKoro peHTabenbHOro u BbIcOKOdGh(dexTuBHOrO Merona kak ['PIT
CTOUT OYEHB OCTPO.

3ajaun MCCIIEIOBAHUS:

— BBIJIEJICHUE OCHOBHBIX OCOOCHHOCTEH, clioskHOCTel nmpumenenus ['PII;

—0030p TEXHOJOTMU M OCOOEHHOCTEW TEXHOJOTMYECKOro IMpoliecca
nposenenus ['PII;

—n3yuenus onsita [ PII;

—pacuet s3koHOMHUYecKOH 3ppextuBHOCTH TpuMeHenus [PI1;

—YHUCIICHHBIN pacdeT 3G(HEeKTUBHOCTH OT puMeHeHus: TexHonoruu ['PI1 Ha
MECTOPOXKICHUU X;

— BBIJIETICHUE OCHOBHBIX (DAKTOPOB, KOTOPHIE MAaryOHO BIUSIOT HA OPTaHU3M
yesnoBeka B rporecce peanuzanuu meporpusitus ['PII. Takxke yka3aTb OCHOBHbIE

CrocoObl 3aIIUThI OKPYXKAIOIIEeH cpenbl OT BiausiHus nocienctus [PII.
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1 OBIIME CBEAEHUWA O I'PI1

['unpaBaudeckuii paspbplB IUIacTa HMMEET OOraTyl0 HMCTOPHIO, KOTOpas
HacuuTbhiBaeT 6osee 130 ser, HO mpoxoauia Bce Oosbliiee U 00Jblliee KOJIUYECTBO
YCOBEPIICHCTBOBAHUN M TOJBKO B Omrpkaiimue 50 JeT CMOIJIo CTaTh OJHHUM U3
caMbIX 3((HEKTUBHBIX METOAOB MHTEHCU(PUKAIIUU TTPUTOKA, JTAHHBIA METOJ UMEEeT
MECTO Kak JJisl TEPPUTE€HHBIX, TaK U JUIsi KapOOHATHBIX KOJUIEKTOPOB, TOJILKO B
OJIHUX MBI JIEIAEM KJIIACCHUUYECKOE YAEP>KAHUE TPEIIVH ITPU TOMOIIH MPOIIAHTA, a B
OPYTHX HCIOJB3YyEM KHUCJIOTY, KOTOpas BCTYNAET BO B3aUMOACHUCTBUE C
KapOOHAaTOM, HE€ TIO3BOJISIA CMBIKAaThCA TpenmHam. Ha ocHOBe MHOXecCTBa
UCIIBITAHUKA OBLIO HCCIIeOBaHO, 4TO AaHHBIH MVYH mnpoxomut Ha OOJbIINX
rIyOMHAX, YTO CBHJIETEIBLCTBYET O TMOJHOW O€30MaCHOCTU OKPYXAIOIIEeH Cpebl,
OTCYTCTBUU BIIMSIHUSI HA CTOYHBIE U T'PYHTOBBIE BOJbI, IIOYBY, CICAOBATEIBHO, HE
BIIUSIIOT Ha 3JI0POBBE JIKOJICH, TPOKUBatOIUX psiaoM. Ho TeM He MeHee, HE CMOTpS
Ha BCE MIPEUMYIIIECTBA JAHHOTO METO/A, TAHHBIN METO/I HE TPUMEHSETCSI HACTOIBKO
4acTO, HACKOJBKO 3TOr0 XOTEJIOCh Obl, TaK KaK SIBJISETCS OUYE€Hb JOPOTOCTOAIINUM,
TSOKEIBIM B TEXHHYECKOM IIIaHe, TpeOyromuid OONbIIOro  KOJIMYECTBA
MOATrOTOBJIEHHOI'O MEPCOHAJIA U OYEHB CJIOKHBIM B pacyeTax OIepaluei, TaK Kak
TSDKEJO MPEenyrajaarh, KyAa NOUAET TPEUIMHA, B KAKOM MOMEHT MOXET IMTPOU30UTH
MEPETOK B JPYTYIO 30HY, 00pa30BaHHE HECOBMECTHUMBIX YCIOBUU JKCIUTyaTalluH,
pU KOTOPBIX (irrou] OyaeT nepeTeKarb U3 OJTHOM 30HbI B APYTYIO, U OyJIET CTOSTh
3aiaya 00 yCTaHOBKE MHOYECTBA MAKEpOB, KOTOPbIE HE BCErJa MOTYT YCTPaHUTh
npobiemy.[2]

Yamie Bcero Takoil MeTo] MHTEHCU(PUKAIIMU MPUTOKA KaK THAPABIMYCCKUM
pa3phIB IJIACTA HMCHOJIB3YETCSI UMEHHO Ha MECTOPOXKJICHMUSX, HAa KOTOPBIX HIET
MO3JHUN d3Tam pa3pabdOTKH, TaK KaKk MMEHHO Ha JTOM JTame Ko3(pQuimeHt
MPOAYKTUBHOCTA  CTAHOBUTCS  HAWMEHBIIMM, ©  HEOOXOAMMO  BHOCHUTH
KapJAWHAJbHBIE MEPHI 10 YBEIIMUCHUIO IPUTOKA K CTeHKaM CKkBakuHbl. Meron ['PII
HE SIBJIIETCS YHUBEPCAIbHBIM, U HEOOXOJUMO CTPOTO COOJOJIaTh KPUTEPUU €O

IMPUMCHHUMOCTH, K KOTOPBIM OTHOCATCA IIOKA3aTCJIb IIPOHUIACMOCTH CKBAKHUHEI I10
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OTHOULIEHUIO K COCEQHUM, NoKa3zaTreab OOBOAHEHHOCTH. Ecium uaer peuyb mnpo
HU3KONPOHULAEMBIE KOJIJIEKTOPHI, TO KPUTEPUH CTAHOBSITCS €Il 00JIee CTPOrUMHU U
K BBIIIECKA3aHHBIM KPUTEPUSIM MNPHUOABISAIOTCS TaKUE YTOUHEHUS, YTO JOJIKHA
coOmoaThcsd  HeoOXxoaumass MUHUManbHas d(QEeKTUBHAS TOJIMIMHA TUIACTA,
KOTOpasi yCTaHABIIUBAETCS] MHAUBUIYAIbHO, B 3aBUCUMOCTU OT pa3pabaThIBaEMOro
MECTOPOXKJIEHUS M YCJIOBUHM B YACTHOCTH, OTCYTCTBHS B MOJTYy4EeHHOM (IIIOUIE Ta3a
U ra3oBOM IIANKW, TAaKKE€ HEJONYCTUMO NPUMEHEHHE 3aBOJHEHHUS BO BCEX €T0
NPOSIBIICHUSX, TAK KaK 00pa30BaHUE TPEIIUH MOXKET IPUBECTH K PE3KOMY NMPUTOKY
BOJIbI, BCJIEJICTBUE Yero OOJibIllasi 4acTh J00bIBaeMoro ¢uirouja OyaeT Boja, 4To
ABJISIETCSI HEAOMYCTUMBIM. Takke HMeeTcs MHOXECTBO JPYIMX KPUTEPHEB,
KOTOpBIE CBSI3aHBl C JIMTOJIOTMYECKHUMH OCOOEHHOCTSIMU pa3pabOTKU M JOJIKHBI
paccMaTpuUBaThCS WHIWBUAYAIBHO B KAXKIOM ciy4yae. J[aHHBIA METOJ SIBISETCS
oueHb OS(PPEKTUBHBIM, O HYEM TOBOPUT CTATUCTUKA U aHAIU3 TMPOBEIACHHBIX
MHOKECTBOM KPYITHBIX KOMITAHUH, TUAUPYIONIUX B CEKTOpE HEPTErazoBoil OTpaciu
Poccun, B TaHHBIX KOTOPBIX HArJISAHO MPOCIEKUBAETCS BO3MOKHOE YBEIUUYEHUE
nputoka ¢umouaa B 1,7 pasza, 4Tro SBJISETCS BBIAAIOUIMMCS IOKa3aTelleM, I10
CPaBHEHMIO C IPYTMMH BO3MOXHBIMUA METOJAMH. [ 3]

Texuonorus I'PII He Hanuia Takoe MHUPOKOE IPUMEHEHHUE BO BCEX CTpaHax
mupa kak B CIIA u Poccum, Tak Kak HECMOTpPsl HA NPOBEIECHHBIE OIBITHI I10
0€30MacHOCTH 3TOr0 METOJa MOBBIIICHUS HE(PTEOTAauu, B HEKOTOPBIX CTpaHax
EBporbl 1aHHBIA METOM 3alpElIEH H3-3a BO3MOXHBIX ITOCIEICTBUN, CBSI3aHHBIX C
okpyxaromieii cpenoii. Tem He meree I'PII sBasercs oueHb A(h(PEKTUBHBIM B CMOT,
10 HEKOTOPBHIM TOJICYETaM, CIIOCOOCTBOBATH YBEIUYEHHUIO NOOBITON HedpTH B
CeepHoit Amepuke axk Ha 8 miipA. Gapperneil, 4To Hellb3sl He OTMETUTh. M3 Bcero
BBIIIIECKA3aHHOTO MOXHO CJ€JaTh BBIBOJA, 4YTO HYKHO BCErJa COOTHOCUTH
AKOHOMHYECKYIO COCTABIISIOILYIO, PUCKH U PE3YJIbTAT, HOTYUYEHHBIX C TPOBEICHHON
olepalydyd, W TOJBKO TMOTOM MPUHUMATh OKOHYATEIbHOE pEIICHHE O
HENOCPEJCTBEHHOM HCMOJb30BAHUM JAHHOTO METOJa Ha TOM WM HHOM
MECTOPOXKJIEHUH, YUYUTHIBAas HEMOCPEACTBEHHO YCJIOBHS, B KOTOPBIX JOOBIBAETCS

He(Th M €€ CTOMMOCTH Ha PBHIHKE.[ 3]
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1.1 Teopetnueckue ocHOBBI TpoBeacHUs [ PII

B ocHoBe pemienue pacuera nposeaeHus 1 PII iexxut rpasuino, 4to pa3pbis
B OOJIBLIEH CTENEHU PACIIOIOKEH NEPIEHIUKYJIIPHO HANPABICHUIO HAMMEHBLIETO
HanpsHKeHus (B OOJNBIIMHCTBE CIy4aeB, IPU KOTOPBIX BEJETCS pa3padoTKa I1acToB,
KOTOpPBIE pacojaraloTcsl Ha 3HAUUTENIbHOU I1yOWHE), TO €CTh TPEIIUHA SBJISIETCS
BEPTUKAJIBHOM, TaK KaK MUHUMAJIbHOE HANPSIKEHHWE 4Yalle Bcero olOpaszyercs B
OJTHOM M3 FOPHU30HTAIbHBIX HanpasieHui.[4] HarnsaHoe npencraBieHne JaHHOTO

MpaBuJia MOKa3aHo Ha pucyHke 1.1.

HanmeHblee rmaBHoOe HanpAaxeHune HanmeHblee rnaBHoe HanpaxeHne

Fopu3oHTanbHasA TpewuHa BepTukanbHasa TpewmuHa

PucyHnok 1.1 — HanmpaBneHnne HanpsiKeHUsl B TPEIIUHAX [ 5]

OCHOBHBIMM ITapaMEeTpaMHM pacyeTa TPEIIMHbl U B LEJIOM €€ XapaKTEpPUCTHKH
ABJISIIOTCS. €€ TEOMETPUUYECKUE pa3Mepa, K KOTOPBIM OTHOCSTCS BbICOTA TPELIUHBI,
ee LIMpHUHA, a TAKXKE IONyJIMHA TpelwuHbl. [[ng npumepa BO3bMEM ciydau, B
KOTOpOM HMEETCS BEPTUKAJIbHAs CKBAXHWHA C NPOHUKAIOIIEW BEPTUKAIBHOU

TpemnHoil. Ha pucynke 1.2 npeacrasnena reomerpus tpeniunsl ['PI1.

13



=2><x/.><w><h

fracture

/
s
I
=

Anmmmm oo N A
\
L)
.
.
.
L)
.
.
L]
.
1
\
\
2
S
-
L)
Pl
Ty

A4

Pucynok 1.2 — T'eomerpus tpemmnsl ['PIT [4]

B ocHoBe npoektupoBanus [ PII nexut He TOIBKO ONpeneseHnue reoMeTprun
TPEIIMHBI, HO TAaK)XE€ U COCTaBlieHHWE TpaduKa 3aKayKd >KUIKOCTEH B IUIACT H
pactpenenenusi nasieHus B 3arpyoe u HKT, xoTopslili mo3BOJSET peain30BaTh

nocTaBjeHHbIC 3aa4n. [[pumepoM Takoro rpaduka npecTaBiIeH HIDKE HA PUCYHKE

1.3.
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Pucynok 1.3 — ITapamerpsi Ha ycThe nipu ['PIT [5]
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Jnst Toro, 4roOBl ONpEACNUTh NPUMEPHOE HANPSHKEHUE, KOTOpPhIE
HEOOXOMMMO IOCTUYh ISl CO3JAaHUS MHUKPOTPEIIMHBI HCIIOIB3YETCS HCIIBITAHNE
nox HazBaHue «MUKpo-IPII». Yame Bcero AaHHBIM TECT IPOBOIMUTCS IyTEM
3aKaYMBaHUs )KUJIKOCTH B IUIACT MO/ JABJIEHUEM B 3apaHee BHIOpaHHBIN HEOOBIION
MHTEpBa (B pailoHe 3 METPOB) NpH HEOONIBILOM Pacxoe KUAKOCTH (10 1 M/ Mun).
Pacrnionoxxenre TOYKM MHUHUMAJIBHOTO JABJIEHUS MOXHO ONPEAEIUTh IO CHanxy
JABJICHUS TMPU 3aKPBITUM CKBAXKMHBI HAa TOBEPXHOCTH B PANOHE YCThSI WIM IO
3HAUYUTEILHOMY HapacTaHUIO JaBJIeHUs] B Hadalie HarHetaHus. [Ipu munudpaxe
MPOUCXOAUT 3aKayKa 3HAUYUTEIBHOIO KOJMYECTBA BEIIECTBA B HECKOJIBKO THICSY
rajuioHoB. OCHOBHasi 1ieflb MUHU(paKa MPUHECTH MAKCUMAaJIbHOE KOJIHWYECTBO
uHpopmaruu 1 ObITh HanOOJIee MPENCTABUTEIBHBIM JUIsi KoHKpeTHoro ['PII, mon
KOTOpPbIM MBI WM J€JaeM 3TO uccienoBaHue. [lomydeHHass TpemiuHa [107KHA
0TOOpakaTh TEOMETPHUIO0 OCHOBHOM TpelTuHBL. B uzeane niis TouHOro oToOpaxeHus
pE3yNbTAaTOB UCCIIENOBAHUS JOJKEH JIOCTUTaThCsl TaKOW K€ 00BEM M CKOPOCTh
3aKkaykd Kak mais peanbHoro ['PII, HO OOBIMHO B MpakTHUKE 3TO SBISETCA
HEOCYIIECTBUMBIM, B CBSI3U C DKOHOMHYECKOW, TEXHUYECKOM U T'€OJOTHYECKOU
TOYKH 3peHus. Yaile Bcero HaXxoaT OajsaHC MEXKIYy MHOTUMHU MPOTUBOPEUUSIMU U

BEIlIaMU, KOTOPbIE HEBO3MOXKHO OCYIIECTBUTD.[4]

1.2 Oornmanbabie qu3aiH [ 'PI1

Takxe Xouercs B JaHHOM paszleie 3aTPOHYTh TEMY MPOBOJUMOCTHU
tpemunbl ['PI1, Tak Kak 3TO OYEHb Ba)KHO MPH OIIEHKE PEHTA0EIBHOCTH U B 1IEJIOM
NPUHITUS PEIICHUST O TMPOBEJACHUHM JIAHHOTO MEPOIPUSATUS WHTEHCU(DUKAIIUN
IIPUTOKA.

OcHoBHas 3ajaya CO3JaHUsl JAHHOTO JW3ailHAa CTOUT B MaKCUMM3AIUU
WHJIEKCA TMPOAYKTUBHOCTHM C YYETOM TOTO KOJIMYECTBA MPOMNMAHTA HAa OCHOBE

BBOAUMBIX JIMMHUTOB.
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KiroueBbIM mapaMeTpoM JUIsL  ONPEAENEHUS IPOBOAUMOCTH TPEIIMHBI
MPUHATO CUYUTATh O€3pa3MEpPHYI0 NPOBOAUMOCTb TPEUIMHBI U COOTBETCTBEHHO

MOJTYIJIAHY.
C. = kyxw _ Tpemma
kxx, TacT (1.1)
r7iI€ W — IIUPUHA TPEIUHBI

Xf — MOy AJIMHA TPEUIUHbI

kf — mpoHUITa€MOCTb B TpEIIUHE (OCTATOYHAsI IPOHUIIAEMOCTh MPOIIIAHTA)

k — IpOHUIIAEMOCTH IJIacTa

Kak BUIHO, B JAaHHOM BBIPAXKEHUU (PUIYPUPYIOT TE€OMETPUUECKUE
napaMerpbl TPEIIMHBI, a Takke KO3(PPHUINEHTI NPOHUIIAEMOCTH, TO €CTh
KJIFOUEBBIE TTApaMETPhbl NPHU pacueTe MPOAYKTHUBHOCTH TPEIIUHBI — 3TO Pa3MeEpPbI
TPEIIUHbI U QUIbTPALIMOHHBIE MAPAMETPHI IJIACTA U TPEIIUHBI.[4]

B uucnutene mnpoBereHa OlIEHKa CIHOCOOHOCTH MponmnaHTa (KOTOpPHIM
HAaNoOJIHAET TpEUIMHY) MNpoBoaAUTh ¢utoua. B  3Hamenartene ¢urypupyer
HENOCPEJACTBEHHO (PUIbTPALIMOHHBIE CIIOCOOHOCTH IIACTa U MOJTYAJIMHA TPEIIHUHBI,
KOTOpasi 10 CBOETO BPEMEHH CUUTAJIACh OCHOBHBIM KPUTEPUEM €€ MPOBOAUMOCTH.

OT nonyuIMHBI MOYKHO MEpPEUTH K TAKOMY MapaMeTpy, KaK CTEleHb
BCKPBITHSI TPEUIMHBI, KOTOPHIM B JaJbHEHIIEM U ONEpUpPOBaTH (MMEHHO JAHHBIN

napaMmeTp U 0TOOpakaeT BIUSHUE MONYJIMHBI TPEIIUHBI)[4]

2x .

y

e

(1.2)

/1€ Xf — MONyIJIMHA TPEUUHbI

X. — JUIMHA CTOPOHBI KBaAPATHOU 30HBI JPEHUPOBAHUSA

JlanHbie 2 mapaMmeTpa, yKa3aHHBIC BBIIIEC OMPEACSISIIOT 00BEM TPEIIUHBI,
KOTOPBIH OyJIeT 3aM0JIHEH MPOMNTIAaHTOM B IPOAYKTUBHOM 30HE 1u1acta. M3 ¢popmyibl
HATJIATHO BUJHO, YTO M3MEHEHUE OOOMX MapaMeTpoOB BJCUET MPAMOE U3MEHEHUE

IToKasaTeiiss oobeMa IMPOIIIIaHTa.
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~ :2kf Vp

Nprop: x —FD k V
reservoir ( 1 .3)

ropped

L R

rae Vpropped — 00beM TPEUIrHBI, 3aII0JIHEHHBIN MPOIAHTOM

Vreservoir — ipeHupyeMblii 00beM pe3epByapa

Xouercsi OTMETUTH, YTO CYIUTh O KOHeYHOM pasmepe ['PII moxHO nuiub
Mocjie  ONTUMHU3AIMM, OCHOBAHHOM Ha BBINICYNIOMSHYTOM KO3 UIMEHTE
(6e3pa3zmepHas mpoBoAMMOCTh). KiltoueBbIM mapameTpoM Uisl pacyera pa3MepoB
sBisieTcss o0beM mpornmanTa. Ho Tak kak mpu 3aKaykul OMpeIeIEeHHOro ero oobeMa
JAJIEKO HE TaApaHTUPYETCS, YTO BECh 3TOT 00BEM TOMAET B MPOTYKTUBHYIO YacTh,
B KOTOpOW HaM HE0OXoauMo oOpa3zoBaHue TpeniuHbl. OTCIOAa OYEBUTHO BBOAUTCS
noHsiTue oO0beMHass S(PPEKTUBHOCTH MPOMMAHTa, TO €CTh OTHOIICHHE YacCTH
IPOIIIAHTA, TIOMABIIEH B MPOAYKTUBHYIO YacTh KO BCEMY 00beMY MponmnaHTa.[4]

OOblYHO O00BEM 3aKauMBAEMOIr0 IPOIIAHTAa TMPUHATO PACCUUTHIBATH,
OCHOBBIBAsICh Ha PEHTA0ENBbHOCTH JaHHOTrO Mepomnpuatud. [lpu yBenuueHun
BJIO)KEHUH MPOUCXOAUT 3aKOHOMEPHOE YBEIMYEHHE J0XOJa OT Ollepaluu, HO B
KaKOW-TO MOMEHT JaHHBIM JOXOJ CTAHOBHUTCS HE COIMNOCTABUM C pPaCXOJaMH,
CJIE0BATENBbHO, UMEETCS onTUMainbHbIM pasMep 1'PlI, koTopeiit u onpenenser 3To
MOJIOKEHHUE, TIPU KOTOPOM OTHOIIIEHHE JOXO0/Ja K PacXomy OyIeT MaKCUMaTbHBIM.
NMeHHO ucxons W3 KITFOUEBOW 3aiaud (MOTydeHUsS TPHOBUTH) MBI UCIIONB3yeM B
KauecTBE OCHOBHOM mniepeMeHHOW 1mpu omneHku [PII umeHHO 00beMHYIO
s HeKTUBHOCTH TpornanTa.[4]

Cam Oe3pa3MepHbIil KOI(DPUIIMEHT NPOAYKTUBHOCTH (KOTOPBIN CIY>KHUT
KOJIMYECTBEHHO XapakTepuctukoil sddexrtuBHoctu ['PII) nns pampmanbHOro
NICEB/IOYCTAHOBUILIETOCSI PEXKMMA 3aBUCUT OT T€OMETPUHU JIPEHUPYEMOTro IIJIacTa,

BPEMCHH, a TAKIKC HCIIOCPEACTBCHHO MApaMECTPOB, KOTOPLIC CTUMYJIUPYIOT IIJIACT.

J: =

D
In| 22 =075+ In| 22 |=0.75
I -

w r'n‘ (1 .4)
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TJI€ Te — PAANYC 30HBI IPEHUPOBAHUS

Iy — PaANYC CKBaKUHBI

S — ckuH-(akTOp

JlaHHBIM TITapameTp BBIBEAECH W3 3aKoHa Jlapcu s JaHHOrO pexuma
TedeHus (TMPUBEIECHA POCCUICKAs MPOMBICIOBAs CUCTEMA E€IWHHI[), TaK Kak B
JAHHOM CIJIy4a€ Mbl MOXEM MPEJICTaBUTh 3TO KaK MPOU3BEIECHUE KOHCTAHTHI T,

K03 ULMeHTa MPOAYKTUBHOCTH (KOTOPBIA MBI U paCCMaTPUBAEM) U JICTIPECCHUH.

_ kh P-P,
T8 41uB, 3
r, 4 (1.5)

i€ |\ — BI3KOCTh KHUJIKOCTH

B — o6bemublii kodpdurment daronaa
k —mipoHuIIaemMocTs 1u1acTa

h — MOIITHOCTH TUTacTa

A P— nenpeccus

q=1xJ,xAP (1.6)

[Ipn neranbHOM pPACCMOTPEHUM AAHHOW 3aBUCHMOCTH MOXHO CHENaTh
BBIBOJI, KOTOPBIl COCTOUT B TOM, YTO MbI MOKEM YBEJIMUYUTH JOOBIUY JIUIIb U3MEHSS
Oe3pazMepHblii  KOA(DPUIIMEHT MNPOIYKTUBHOCTA M JIEMIpeccuio Ha 3aboe.
VYBenuueHnue nepBoro 00ECreYMBAETCs B OCHOBHOM METOJaMU MO CTUMYJISALIUU
IlacTa, K KOTOPbIM OTHOCHUTCA KucJoTHas oOpabotka, I'PII, mepdopamus, a
YBEJIMUYEHHE JIETPECCUU MPOUCXOUT B OCHOBHOM 3a cueT 000pyaoBaHus (Hacoca).

WNmerorcst  pasnuubble Tpaduku JUisl  ompeAelieHus O0e3pa3MepHOro
kodpdunmrenta npoayktuBHoctu. Ha pucynke 1.4 mnpencraBieH rpaduk
3aBHCHUMOCTH 0€3pa3MepHOro MHJAEKCa MPOAYKTHUBHOCTH OT Oe3pa3MepHOi
IIPOBOJUMOCTH TPEUIMHBI, B KOTOPOW CTENEHb BCKPBITHUA ILJIACTa SIBISAETCS

M3MEHSIOMIUMCS TTapaMETPOM, a KOJIMUECTBO MIPOITIAHTA SBJISETCS KOHCTAHTOM. [4]
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Dimensionless Fracture Conductivity, Cp
BeapazmepHas NpoEOAMMOCTL TPREWMHLIL, Cqgp

Pucynok 1.4 — 3aBrucuMocTh 6€3pa3MepHOro MHAEKca MPOYKTUBHOCTU OT

0e3pa3MepHOro NPOBOAUMOCTH TPEUIUHBI C PA3IUYHON CTENEHBIO

MIPOHUKHOBEHUA[ 4]

Ho BbImIe nipeicTaBieHHbli rpad@uk He BCeraa sBIseTcs: YA0OHbIHN, Tak Kak
HE UMEETCSl BOBMOKHOCTH U3MEHSTh KOJIMYECTBO MPOIIAHTA, CIEA0BATEIbHO, ObLI
MPEMJIOKEH APYroi rpaguk, B KOTOPOM, B KAUECTBE M3MEHSIOLIErOCs MapameTpa
JISKHUT YK€ CaMO KOJIMYECTBO MPOIIAHTA B TE€X K€ KOOPJIMHATAX, YTO HA rpaduke,
MPEACTABICHHOM paHHee. Jlns HariagHoro rpaduueckoro mpeacTaBIeHUs
3aBUCUMOCTH MapaMeTpPOB MPOJYKTUBHOCTU TPEIIMHBI OT KOJIMYECTBA MPOIIAHTa

MMeeTCsl pPUCYHOK 1.5.
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Pucynok 1.5 — 3aBucumocTs 6€3pa3MepHOro WHEKCa MPOTYKTUBHOCTU OT
0e3pa3MepHOii MPOBOIUMOCTH TPEIIMHBI C TOCTOSIHHBIM KOJIMYE€CTBOM

nponmnanrtal4]

[Ipn yBenuyeHWM MpPOMMAHTA, 3aKAYMBAEMOI'0 B TPEIIMHY U Toa0opa
ONTUMAJILHOTO BapHaHTa HEOOXOIMMO Hajmuuue OoJblieil  Oe3pa3zMepHOi
MPOBOJAMMOCTH TPEIIMHBI, TaK Kak KOA(POUIIMEHT BCKPBITHS IIJIaCTa HE MOXKET
MPEBBIIATh €IUHUIIBI (B KAKOM-TO MOMEHT MBI JIOHJEM JI0 TPaHUIIbI [JIaCTa U OH
MpUMeT MakcUMalibHOe 3HaueHue). M3 rpaduka cnenayer, uro 3nauenue 1,909, ectb
MHJIEKC MPOAYKTUBHOCTHU, COOTBETCTBYIOIIUM HJI€aTbHOMY JIMHEHHOMY TIOTOKY B
KBaJ[paTHOM ILIaCTe.

Xoyercs TakkKe OTMETUTh, YTO HE BCErja BO3MOXHO pEau30BaTh
ontuMaibHbie mapamerpsl TpemuHbl ['PII. B OCHOBHOM 3TO BO3HHMKaer 1o 2
OCHOBHBIM ITPUYMHAM:

['eoMeTpuueckoe OrpaHUYEHUE TPEIIUHBI (IIMPUHA MOTYYEHHON TPEIIUHBI

CJIMIIIKOM Majia);
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Crnumkom OOJTBIIIOE JTaBIICHUE HAa YCThE, KOTOPOE MPEBBINIAET MAKCUMAIBLHO
BO3MOXKHOE 3HA4YeHUs JUisi O0OpydoBaHUS. 3HAUYCHHWE MIWPUHBI TPEIIUHBI
OTPAaHUYCHO IIOTOJIKOMY» Pabouyero JaBiIeHUsI.

[Tpu mogGope onTUMalIbHOTO JU3aifHa HEOOXOAMMO CIIEA0BATh ATOPUTMY:

Br10path KOHIIEHTpAIMIO MPOMNIAHTa Ha METP BBICOTHI B MPOAYKTHUBHOMN
30HE Cprop(T/M);

3anaB 00bEMHYI0 3G (PEKTUBHOCTH MPOIIIAHTA, ONPEACTUTh Oe3pa3zMepHoe
YHUCIIO mponraHTa Nprop;

[To TUTIOBBIM KPUBBIM OMPEICIUTH ONTHUMAIbHBIC HHIEKC TMPOAYKTUBHOCTH
Jdopt u 6e3pazmMepHyI0 TPOBOAUMOCTD TpemHHBI CD pt ;

OnpenenuTs ONTUMAIIBHYIO JIMHY TPEIIHHBI Xfopt(M) TI0 popmyiie (1.7)

0.5

Vek,
X, =|———
fopt C hie

fDapi

(1.7)
Onpenutb ONTUMATBHYIO IIUPUHY TPEITUHBI Wfopt(MM) TIO popmyuie (1.8):
ConVik) ¥
_ fDopt "~ f S
o\ hk, xh

/ (1.8)

Jns HarmsgHOro ImpuMepa IPOBEIEM pacueT Uil TUIIOBOW CKBAKUHBI
MECTOPOXKIACHUA X.

[IpoBeném pacuer Ha OCHOBE MOCIIEIOBATENbHOCTH MTOI00pa ONTUMAIBHOTO
Jn3aiiHa TPELMHbI, KOTOPBIA NPEICTABICH BbINIE U OYyIEM pPYKOBOACTBOBATHCA
(opMyamu, KOTOpbIE IPEACTABIEHBI B IAHHOM IJIaBe.

B nmanHOM pacuere yumrtbhiBaercs, 4to yxe nposenu I'PII u HeoOxomumo
ONpEAENINTh ONTHUMAJIbHbIE MapaMeTpsl (ONTHMajbHas JJIMHA TPEUIMHBI U

ONTUMAaJbHas IUPUHA TPEUIUHBI).
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Tabnuma 1.1 — [TapameTpsl AJ OLIEHKU ONTUMAIBLHOIO JIU3aiiHa TPEUTUHBI [4]

HcxoaHble JaHHbIE

[IpoHnaemMocTs miIacta 13 M/
k

Panuyc koHTypa nutanus 300 M
re

[HonynirHa TpemHbI 66 M
xf

Bricora Tpemnnbl 19,6 M
h

[[IupuHa TpenmHbI 0,0125 M
w

[TpoHUIIaEMOCTh TPEUTUHBI 212727 M/l
kf

B namewm pacyere KoJIUYECTBO MPOIIAHTA OYJIET CUUTATHCSA MapaMeTPOM,
CJIe10BaTeIbHO, HEOOXOIUMO MPOBECTH €r0 pacueT TakK, 4YTOObl B JaTbHEHITUM

OIEPUPOBATH UM IIPU OIPEAEICHUN ONTHUMAIbHBIX napaMmerpoB TpewuHsl ['PII.

2xf*kf*w _ 2x63.8x205752%0,0113

Nyop= L2*Cru=
prop X Mfd T T o frk 63.8+250+15

=1,24

3Hast KOJIMYECTBO MPOMNMAHTa, HCHOJIb3Ysl COOTBETCTBYIOLIYIO 3aBUCUMOCTD
MEXIy Oe3pa3MepHbIM HHACKCOM MPOJYKTUBHOCTH, KOJMYECTBOM MPOIIAHTA U
0e3pa3zMepHO MPOBOJUMOCTBIO TPEIIUHBI, HAWTH COOTBETCTBYIOIIYIO TOUYKY Ha
rpaduke, KoTopasi OyJeT COOTBETCTBOBATh HAUOOIbIIEH MPOAYKTUBHOCTH U CHATh
C Hee HEOOXOAWMBIE TMapaMeTphl IS JATbHEUIIEro pacyera ONTHMAaIbHBIX

pa3mepoB Tpemunsl [ PII.
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Pucynok 1.6 — Haxoxaenue cooTBeTcTBytoIIel Touku M Ha rpaduxe [4]

W3 npuBenEeHHON BBILIE 3aBUCUMOCTH M PACCYMTAHHOI'O YHUCIIA MPOIMMIAaHTa
MOKHO BMJIE€Th, YTO JUIsl JOCTHXKEHHUs HauOoblIero Oe3pa3MepHOro HHIEKca
npoayktuBHocTH (0,93) 6e3pazMepHasi MPOBOIUMOCTH OYJIET B paiione 2,65.

1=0,93

C=2,65

Jlns pacuera oNTUMAaNbHBIX MAapaMETPOB MCMOIb3yeM (POPMYIIbI, KOTOpPbIE
MIPE/ICTABIICHBI pAHHEE.

Jns  HaxoxzaeHuss onTuMaibHbiX —napamerpoB  ['PII  HeobOxommmo
HCIOJIb30BaTh 00BEM OAHOT'O KpPbLJIa TPEUIUHBI.

Vf:hxwxxf (19)

V,=19,6%0,0125*%66 = 16,7 m°

16,17x212727

X, =
forrr (2,65*19,6*13

)20,5= 71,37 M

16,17%2,65%13

Wopt = =
P ( 212727%19,6

)70,5=0,00116 m

N3 pe3ynbTaTOB MPOBEIEHHOTO pacyeTa MOXKHO YBUJIETb, HACKOJIBKO

OIITUMAJIBHBIC IIapaMCTPbl TPCIIMHBI OTIMYAIOTCA OT IIOIIYYCHHBIX B IIPOLICCCEC
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nposenenust Meponpuatus ['PI1 u ouenuts nericreurensayto s¢dextuBnocts ['PII,
II0 CPAaBHEHUIO C ONTHMMHU3MPOBAHHBIM JW3alHOM. JlaHHBIE WHCCIEenOBaHUsA
MIOMOTAIOT B JIaJbHEHIIIEM BHECTU KOPPEKTHUBHI U caenath nposenenue [PI1 Gonee

3¢ PEeKTUBHBIM U pEHTAOETBHBIM. [4]

1.3 O6opynoBanue mist mpoeaeuus ['PI1

J{st mpoBeIeHUsI TAKOT'O CJIOAKHOTO MPOIEeCcca KaK THAPABINYECKUN pa3phiB
IJIaCTa UCTIONB3YIOT 1ENIbIA KOMIUIEKC 000PYA0BaHUs, KOTOPBIM BKIIIOUAET B ceOs 2
OCHOBHBIX COCTABJISIFOIIUX (MOA3€MHasi W HazemHas 4actu). Jlyis oOecredeHus
ycrexa TpOBEIEHUS JTOM Olepalud HEeoO0XOoAuMo coOpaTh  HaJEKHYIO,
3G ()EKTUBHYIO CHUCTEMY, COCTOSIIYI0 M3 HACOCOB, CMECHUTENEH, aBTOMOOWIIEH,
YIPaBIAIONIETO U JApyroro obopyaoBanus. boiee moapobHO pacnuiiemM OJI0KU
HazeMHOTro obopyaoBanus s cuctembl ['PIL.[6]

Cucmema nooauu u XpaumeHus 600bl BKIIOUAET B Ce€OS MUTAIOIIMIMA
MaHUQOJIb]I, TIepEeKaYMBAIOIINN BOAsSIHON Hacoc U éMkocTh ['PII.

Humarowuii manugonbo odbecnieunBaet 3a00p BOIBI U3 pe3epByapa ¢ BOJ0M
(B cimydae eciii oH ucnonbdyercs). [Ipencrasiser co00i BcachIBAIOIINA KOJUIEKTOP,
KOTOPBIM UCMOJIB3YETCS B CIy4ae MOCTYIUIEHUSI BOAbl HA CMECUTEIh HAIPSIMYIO U3
BOJISIHOT'O PE3€pBYyapa WM B CIIy4ae HUCIOIb30BaHUS MEPEKAYUBAIOIIETO BOASIHOTO
Hacoca, it noaaepxkanus EMkoct ['PII B HanosIHEHHOM COCTOSIHUMN.

llepexauusarowuii 600aHOU Hacoc TPEACTABISET COOOW HACOC HU3KOIO
JIaBJICHUSI, KOTOPBIE SIBJISIETCSI OCHOBHOM JIBHDKYIIEH CHUJION MU MEepEeKayKe BOJIbI U3
pesepByapa B émkocth ['PII unu k cmecurento. Heo60XxoauMocTh B HUX HAIPSMYIO
3aBUCUT OT PpACCTOSHHUS MEXAy OOOpyJAOBaHMEM U HYXKIbl B CO3JaHUE
JOTIOJTHUTEJIBHOTO aBJICHUS JIJIsl IEPEKAUKHU BOJIBI.

Emkocmw I'PII npeqna3HayeHa HENOCPEACTBEHHO U1 XPAHEHUS )KUJIKOCTH
paspbeiBa Ha MecTe paboT. OOBIYHO MPEACTABIISIIOT COO0M aBTOHOMHBIE €MKOCTH C
06BeMoM B paiione 80 M>. CrIOCOOGHBI K IEPEABMKEHUIO 3a CUET HAJTMYHUS KOIIEC, UTO

3HAYUTEIHLHO J00aBiILeT B UX MOOWILHOCTH. KonndyecTBO IMOAOOHBIX €MKOCTEH

24



HaIpsIMyl0 3aBUCUT OT Maciutada 30Hbl 00padoTku. Eciu B coctaBe ¢uorta ['PII
MMEeTCsl BOJASIHOM pe3epByap M €MKOCTH OJHOBPEMEHHO, TO HUX Tpedyemoe
KOJIMYECTBO 3HAYUTEIIHFHO CHUXKaeTcs (00bIUHO TpeOyeTcs B paiioHe 4).

Cucmema nooauu nponnawma COCTOMT W3 CHUCTEMBI IOJa4YM TeCKa
(cranoHapHasi WK MOOWJIbHAS) ¥ TPAHCTIOpTEpa IS MecKa.

Cucmema nooayu necka(cmayuoHapHas) UCNONb3yeTCs JJIs Mo/1auu TMecKa
B OJieHzep moJ JEeHCTBUEM CHJIbI TSKECTH CaMOro IMecKa, YIpaBisiouias cucTreMa
npeAcTaBiieHa B BUJE 3aJ[BIDKEK T'HJIpaBIMuecKkoro tTuna. MiHoraa asis mpoBeaeHus
MacITaOHbIX ornepaiuii Tpedyercs Oonbine 1 OyHkepa.

Cucmema nooauu necka(mobunvHas) ucnoib3yercs s nposenenus ['PIT
MEHBIIIEr0 MacmTaba ueM mnOpeabiaymias (cranoHaphas) cucrtema. Ee
O0COOEHHOCTBIO SBJISIETCSI CIIOCOOHOCTH TIEPE/IBUTAThCS Ha TPY30BOM aBTOMOOMIIE.
OyHKIHOHAT MOOMJIBHOM CHCTEMBl AaHAJIOTMYEH CTAllMOHAPHOM, TOJBKO B
YMEHBIIIEHHBIX 00beMax. MHora MoOMIbHAS CHCTEMBI MOTYT MCTIOIB30BAThCS /IS
MOJIMUATKY OOJBIINX CTAMOHAPHBIX CUCTEMA.

Tpancnopmép 0151 necka TakxKe SBIISIETCSI COCTABJISIIONIECH CUCTEMBI MOauu
MPOIIIaHTAa.

Cucmema npu2omoeneHusi CyCneHsuu U cmeuleHuss COCTOUT U3 YCTAaHOBKHU
TUApaTaluy U CMEIICHUs] XUMPEareHToB U OJIeH iepa.

Yemanoeka euopamayuu u cmewenusi xumpeazenmog NpeACTaBISIIOT CO00
CIIELUAJIbHBIE CUCTEMBI, B KOTOPBIX MTPOUCXOJUT CMEIICHUE XUMHUUYECKUX JOOABOK,
3aryCTUTENE W cmuBarese ¢ Bojaou. [IpegHasHadeHa sl TUapaTanuu
noarotoBky xuakoctu ['PII. [Tpoucxoaut KOHTPOIIb HAJ reaeM, KOTOPbIM JT0JKEH
HaXOJUThCA B HAOYXIIEM COCTOSHUM JIOCTATOYHOE KOJMYECTBO BPEMEHHU Mepe
nojayeit B 6yieHaep.

bnenoep mpegHazHaueH JIs COCIMHEHUS BOJBI, TeJsd, TMecKa U APyrue
100aBKH B OJTHOPOJIHYIO cMech. [Ipon3BoauTeNbHOCTE OJIeHIepa ONIPEACIISIETCS €ro
BO3MOXKHOCTh IPOKAYMBATh IMPOMMAHT, TO €CTh MaKCUMaJIbHOM BO3MOXXHBIM
pacxonoM Marepuana. Eciu umeercs HEOOXOAUMOCTh B MPOBEACHUU Ooliee

macimrabnoro I'PI1, To HeoOxonumMo ucnosb30BaTh 2 OeHaepa.[4]
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Cucmema 3aKkauxu COCTOUT U3 MaHU(OIbA BBICOKOI'O U HU3KOI'O JIaBJICHUS,
HucocHoro arperata ['PI1, TpyOonpoBoia BEICOKOTO JaBJICHUS U THOKUX IIAHTOB.

Manugnvosr 6vicokoco u Huzkozco oOasnerus. CucTeMa KOJJIEKTOPOB,
KOTOpasi UCIONb3yeTCs JJIA COeNUHEeHUus OyeHaepa ¢ Hacocamu. OT cMecuTens K
MaHU(DOIBAY MPOXOIUT IIeflas CUCTEMa NUIAHTOB. Takxke MaHU(OIb] COCTUHSET
o0pabaTbiBaeMyt0 CKBaKMHY C HACOCHBIMU arperataMu. B nx cTpoeHue BKIIOUEHbI
KOHTPOJIBHBIE U 3allOPHBIE KJIAIlaHbl, KOTOPBIE PACCUNTAHBI HA BBHICOKOE JABJICHUE
IUI1 KOHTpOJIMpOoBaHus nponecca nposeneHus ['PII.

Hacocnvie acpecamer I'PII. VIMEHHO 3a CUET 3TOW CUCTEMbI IPOUCXOIUT
3aKay4Ka )KUJIKOCTEW B TUIACT MOJ JABJICHUEM. OTH HACOCHI O] HU3KUM JIaBJIEHUEM
3a0UparoT pabovyl0 KUJIKOCTh, B JAIbHEHIIIUM pa3BUBasi Ha BBIXOJE JABJIICHHUE B
coTHH aTMocdep, Mo ASHCTBUEM KOTOPOTO KHUAKOCTh U YXOIUT B MacT. OOBIYHO
HACOCHBIC arperatbl MOHTHUPYIOTCS Ha TPY30BOM aBTOMOOWIJIE WIM Ha TpHUIIENE.
Taxxe wmMmeroTcss kalenw, MO KOTOPHIM IMPOUCXOAHUT BO3MOXKHOE OTKIIOUEHHUE
CHUCTEMBI Ha BBICOKOM JIABJIEHUU JUCTAHIIMOHHO.

Tpyb6onposoovt 6vicoko2o OaeneHus u eubkue uinaneu. HyXHBI 1S
COCIIMHEHUS COCTABJISAOIINX 3J1eMeHTOB cucteMbl ['PII. B wactHOoCTH, COequHSIOT
CKBAXXMHY, HA KOTOPOM MPOXOJUT omepariusi, MaHU(OJIb U HACOCHBIE arperatel. B
COBOKYIHOCTH C KJIallaHAMU W NATPyOKaMH COCTaBIISIIOT «TPYOHYIO OOBSI3KY».
[Imanryt  WCHONB3YIOT [JIi  COSAMHEHUS WMCTOYHUKOB BOJOCHAOKEHHS CO
CMECHUTENIEM, a TAK)Ke CMECUTENS ¢ MaHU(OIBI0M, TIoJadl pabodeil KUIKOCTH K
HacocaM.[4]

Monumopune, kKoHmponb u obecneueHue Kauiecmea OCYIIECTBISETCS B
OCHOBHOM 32 CUET CIIEIUAIbHBIX CTAaHIMI YIPABICHUS U PAa3JIMYHBIMH CUCTEMAMHM.

OcHoBO#l MoHUTOpHHra npouecca npoenaeHuss ['PII saBnsiercss cTaHums
ynpaBiieHusA. OCHOBHBIMH [TApaMETPAMHU, 32 KOTOPBIM BEIETCS KOHTPOJIb, SIBJISIOTCS
pacxon OKMAKOCTH (TpuTOKa (Irouaa, 3aKayuBaeMoW KUAKOCTH pa3phiBa,
MPOMIMAaHTa U T.J.), JaBJICHUS B Pa3IMYHBIX TYHKTAX CUCTEMbI, BpEMsI, KOTOPOE yKe
MPOIUIO C HAYaJIa ONEpalvy, KOHUCHTPAMHA NPONIaHTa. Takke ¢ 3TOM CTaHUIHUU

BCACTCA KOHTPOJIb 3a BCEM O60py,Z[0BaHI/IeM B IICJIOM, €10 COCTOAHHECM. OnepaTop
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I'PIl cnemur 3a OaHHBIMH MOKAa3aTESIMM 3a IYJIBTOM W KOHTPOJUPYET MX
W3MEHEHUs, B CJly4yae 4Yero, cooduiass O HEUCHPAaBHOCTH BBILIECTOSIIEMY
HadanbCTBY. B cocraBe crannuu ['PII nexur cinoxnas cucrtemMa U3 JaTYMKOB,
JIUCIUIEEB U CUCTEMbI 00paOOTKHM NaHHBIX. B Haimie Bpemsi mojoOHbIE CHCTEMbI
MOHUTOPHUHIA  CTaJdd  OCHAIAThCA  JUCTAHUMOHHBIM  YIPABICHUEM W
JUCTAHIIMOHHBIM MOHHUTOPUHIOM, KOTOPBIE IMO3BOJISIFOT YMEHBIIUTH KOJIWYECTBO
oneparopoB ['PII u cIKOHOMMB CHJIBI HA JPYryU€ BEIIW, BECTH JIyYIIUNA KOHTPOJIb
HaJl IPOBEICHUEM onepalui.[4]

Takxe XO4deTrcs YIOMSIHYTh O CTaHIMA KOHTPOJISI KAadecTBa, KOTOpas
SIBJISIETCSL 00S13aTEIbHOM YacThI0 CUCTEMbl MOHUTOPHMHIA, U KOTOpask MO3BOJISET
MyTEM MOJYyYCHUS] U aHaJIM3a MOJYYEHHBIX 00pa3lloB Kak /0 Hayaiaa MPOBEACHUS
onepaunu ['PII, Tak U BO BpeMs HENOCPEACTBEHHOIO NPOBEACHUS OIEPALlUH.
[Ipoucxomutr 3amep temmeparypbl, Ph mokazarens, aHaiM3 TOJYYEHHOTO
MIPOIIIIAHTOM TIPH MIOMOIIIN CUTA, PUIBTPHI, pa3TUYHbIC TPUHAIECKHOCTH H T.I.

Jns  Oonee HariasAHOrO MpEACTaBICHUS  00OpYJOBaHUS, KOTOpPOE
npumMensiercst g [PII, ero pacnosio)keHue y CKBaXXWHbI, HPEACTABUM ITO
rpaduyecku. [IpencraBieHa cxema ¢ HENPEPHIBHBIM CMEIIMBAHUEM W HaJUYUEM

CHCTCMBI MaHI/I(i)OJ'IBI[a HU3KOI'O U BBICOKOI'O JaBJICHUA.
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Pucynok 1.7 — Pacnionoxenne odbopynoanus ['PII [4]

CxeMa pacnoyioxkeHuss 000pyI0BaHUs U €€ OCOOEHHOCTH 3aBUCST OT TaKUX
(bakTOpOB, Kak pa3Mep MPOBOAUMOIO MEPOINPHUATHS, UCTOYHUK BOJOCHAOXKECHUS,
OCOOCHHOCTH OKPY)KEHHUS W T.J. JIJIsl HarasgHOTO MPEACTABICHUS PACIOI0KEHUS
obopynoBanus ['PI1 uzobpaxxkeno Ha pucynke 1.7.

[TogGop mpaBUWILHOTO OOOPYJOBAHUS, €r0 KOJIWYECTBO M PACIIOJIOKEHUE
BOJIM3M CKBAXXUHBI SIBJISIIOTCSA BaXXHOUM cocTtapistoniei nposenenus ['PII, Bens saTot
MPOIIECC aBTOMATU3UPOBAH JIUIIb OTHOCUTEIBHO, W HEOOXOJUMO Y4acTue
OOJBIIOr0 KOJWYECTBA JIFOJCH, HAYMHAS OT MPOCKTHPOBIIMKA W 3aKaHYMBAsS
OIIepaTopoOM, KOTOPBIA IPOBEpseT padOTy YCTAaHOBKHM M IIOKa3aTeleld B pPeKUME
peanpHOrO BpeMeHu. HeobxoaumMo cobimroaaTh Bee TpeOOBaHUS 110 OE30IMaCHOCTH H
pPacCTOSHUSI MEXIYy OO0OpYJAOBaHHEM, YTOOBI HE IMPOM3OILIO HEMPEIBUICHHOTO
MPOUCIIECTBUSA M HE TOCTpaJalii JIFOJAW, BEIb TaK WM HHade Oe30MacHOCTh
MIPEBBIIIE BCETO.

28



1.4 Marepuansl, npumensiemble ripu ['PI1

Jlnst mpoBeneHHsI THUAPABIWYECKOTO pPa3pbiBa HEOOXOMMMO TPHUMEHEHHUE
COOTBETCTBYIOIIMX MAaTEpUaloB, K KOTOPbIM OTHOCSITCS KHUJIKOCTh pa3pbiBa,
KoTopass U OyJeT OKa3blBaTh HEOOXOAMMOE AAaBJICHHE JJISl CO3/IaHUS TPEIIUH B
lacTe, paszliuyHble JI00ABKU K IKUAKOCTSIM, KOTOpPBIE TIO3BOJIST Y4YE€CTh
0COOEHHOCTH MPOBE/ICHUS KOHKPETHOTO pa3pbhiBa HA KOHKPETHOM IUTACTE, a TAKKe
nponmaHT. XXuUIKocTh pa3pbiBa TakKe HOCUT M TPAHCHOPTUPYIOUIUMA XapakTep,
KOTOPBIN MO3BOJISIET IOHECTHU MPOIIIAHT J0 TpeuiuHbl. [IponmanTt obecreuynBaer To
caMO€ CMBbIKaHHME TPEIIUHBI, KOTOPOE IMO3BOJIAET YAEPKAThCA YCTAaHOBJIECHHBIM
paspbiBoM TmonioxkeHue TpemuH. [lociae Toro, kak TpenHa 3auKcHUpoBaaCh,
N00aBKH K KUJIKOCTH (XMMpPEAreHThl) U JKUIKOCTh pa3pbiBa pa3araroTcsi Ha MECTe
WIM TPOUCXOJUT HMX BBIMBIBAHHE, BCIEACTBHE YEro OYMIIAETCA KaHal s
najabHenIero TeueHus gaonaa.[4]

Kuokocms  paspviea, KOTOPYIO TakXKe 4YacTO Ha3bIBAlOT pabodeit
KHUJIKOCTBIO, 00ECIIEUMBAET Pa3pPhIB MOPObI, MOCIE YEro JOCTABIISIET MPOMIAHT B
Tpenuuy. BpIIenstoT KuAKOoCTH Ha BOAHOW M HedTsHON ocHoBax. Yaiie Bcero
MPUHATO HCTOJB30BATh UX CMECh B Pa3IMYHBIX COOTHOIICHHUSX, YTO TMO3BOJISET
o0ecrneunTh He0OXOUMbIE CBOMCTBA, @ B YaCTHOCTH IJIOTHOCTH U BS3KOCTh. Takxke
UCIIOIB3YIOTCS TICHHBIE CHUCTEMbl Ha TOM K€ OCHOBE, IJle B KauecTBE Trasza
UCIIOIb3YETCS YIVIEKUCTBIN ra3 v a3oT. CamMbIM TJIaBHBIM IMOKa3aTeneM pabodyero
areHTa SBISETCS BA3KOCTb, KOTOPYIO IMO3BOJISIFOT OOECIEUUTHh TAaK Ha3bIBa€MbIE
3arycturenu. CaMbIM pacpOCTPaHEHHBIM 3ar'yCTUTENEM SIBJISIETCA TyapoBas CMOJIA.
Jlist oOpa3oBaHUsl KOHEUHOT'O MPOJYKTa HEOOXOAMMO TPOU3BECTH «CIIUBAHUEY
LEMOYEK MOJIMMEPA B €AUHYI0 MOJIEKYNY, YTO IMO3BOJISIET YBEJIMYUTh BSI3KOCTH B
necsaTku pa3. B kadecTBe crimBaTeneil OOBIYHO BBICTYIMAIOT TaKHE XUMHYECKHE
COCIMHEHHUs, KaK COEAWHEHUs] UUPKOHMs, TUTaHa, CypbMbl. CambiM
pacrpoCTpaHEHHBIM CIIMBATEIEM MPUHATO cuuTath 00p. [IpuMeHeHune neH Haluio
0OJIbIIIOE TPUMEHEHHE B KOJUIEKTOpaX, B KOTOPBIX MPOCIEKUBAETCS YCTONYMBOCTD

K BOJIC WJIM B KOJUIEKTOPAX C HU3KUM IJIACTOBBIM JaBJICHUEM. [4]
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Hobasxku « orcuokocmsam TPENCTABIAIOT COO0H Marepuanibl, KOTOpbIE
N00aBISAIOT K Macce, 3aKauMBaeMoOW B IUIACT, JUIsl MPUAAHUS 3TOM KUIKOCTH
crenuduyeckoro 3pdexra, KOTOphIe ABISIOTCS HE CBI3aHHBIM C TUIIAMU UCXOTHOM
macchl. PaccMOTpyM OCHOBHBIE U3 HUX:

1) bakrepuniuasl (6uoUasl) — J00aBKAa K KUAKOCTH, KOTOpas MO3BOJISIET
00poThCs ¢ OakTepHuanbHBIM 3arpsisHeHHneM. OOBIYHO 3TH OaKTEepUM MOMAAI0T U3
Pa3IMYHBIX HCTOYHUKOB BOJIOCHA0KEHHSI, KOTOPHIE MOABEPIIINCH 3aTPS3HEHUIO WIIH
U3 EMKOCTEW, B KOTOPBIX MCXOAHO XpaHWIach JKHAKOCTh. Ho Takxke
370YNOTpeOIeHNE TaHHBIMH BEUIECTBAMHU MOXET MPHUBECTH K MaJCHUIO BI3KOCTH,
YTO MOXKET MaryOHO CKa3aThCs Ha UCXOJHBIC TIOKA3aTeNN U TIOBIUATH HA PACUETHI.
J171s 60pbOBI € 3TUM MAJICHUEM BS3KOCTH HEOOXOIUMO 100aBIIATH XJIOPHbBIE U3BECTH,
1100 MPUMEHITH OUOIHIBI IIUPOKO CHEKTPA.

2) TammoHupyromye MaTepUaIbl UCIONB3YIOTCA KaK WHIMKATOP YTEYEK,
KOTOpbIE CpabaThIBAIOT MPAKTUYECKA MIHOBEHHO U SIBIISIFOTCS YaCThIO MOHUTOPHOM
cuctembl. [IpencraBisioT coOOi YaCTHIIBI KBapIIEBOTO MECKa Mayoro pasmepa (B
paiione 10 mukpon). JlaHHBI ipuMep sBIsIETCS Hauboee MPUBIEKATEIbHBIM, TaK
Kak SIBJISIETCS JCHIEBBIM. Takke B KadyeCcTBE TaMIIOHHPYIOIIMX BEI[ECTB MOXKHO
UCTIOIBh30BaTh KPaxMalbl, MbUIa U cMOJIbl. He0OX0IMMO OTMETHUTD, UTO T'yapOBBIN
HOJTUMEP TAKXKE MOXKET KOHTPOJIUPOBATH YTEUKY IO HATMYNH CTIEHUATHHON KOPKH.

3) HectpykTopsl (0T aHriuiickoro destruction — paspyllieHue), KOTOpbIe
CO3/1aHbl JUIsl TIOHMYKEHUS TOKa3aTessl BSI3KOCTH MCXOAHOW macchl. [loHmkeHue
BA3KOCTHU B OCHOBHOM TPOMCXOJMT 3a CYET YMEHBILIEHHUS pa3Mepa YacTHUIl
IyapoBOro mnonuMepa (KOTOpbIA SIBJISIETCS OCHOBHBIM 3aryCTUTENEM B Macce
pa3peiBa). brnarogaps 3TomMy 100aBIEHWIO JKHIKOCTH pa3pbiBa 00JiagacTt
MIOTEHITMAJIOM 3HAYWTENBHOTO YITYUIICHUS OYHCTKH W JeOWTa CKBaXHHBI IOCIIC
npoBeneHuss [ PII, yTo sgBIgeTCS OYEHBb BAXKHOM COCTABIISIIOIICH 3TOr0 METOA
UHTEHCH(DUKAIH TPUTOKA.

4) TloBepxHocTHOo-akTuBHbIe BemiecTBa (IIAB) — BemiectBa, KOTOpBIC

MMO3BOJIAIOT CHHU3UTH IMOBCPXHOCTHOC HATAKCHHUC M CACIIATh IMOBCPXHOCTDH Oonee
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ruApo@IbHOM, YTO CIOCOOCTBYET Jyuliel cMaunBaemMocTu. Mcnonb3oBanue [TAB
MO3BOJISIET 00ECTICUNTH JIydlllee U3BIeUeHnEe QIIouaa.

5) TlenooOpa3oBaTenb, KOTOPBIH CIYXKHUT IJis CTaOWIM3AIMU SHEPTHU
MOBEPXHOCTHOM aKTUBHOCTH, KOTOPBIN MO3BOJISIET 00ECTIEUNTh HAXOXKICHHUE Ta3a B
neHe. [a3 MOCTOAHHO ocTaeTcs B TOHKomucrepcHoil Qopme. Taxxke dTH
neHooOpa3oBaTeny BeIcTynatoT B kauectse [IAB u smynbraropos.

6) Jlo6aBku ju1si cTaOWUIM3AIMU TJIMH TO3BOJISIOT 00€CTIEYUTh BPEMEHHYIO
CIIOCOOHOCTh TJIMH COBMENIATBCSA C  BOJIOM, oOOecrneunBas CTaOMIBHOE
B3aumojierictere. OObIYHO MpUMeEHsATCS pacTtBop coieil. Hanpumep 2% pactBop
KCl. Konuenrpauust nogoupaercs B 3aBUCUMOCTH OT COJIM M LIETIEH.

Kakne KOHKpEeTHO BelllecTBa U B KaKMX KOHIEHTPAILMSIX UCIOIb30BaTh AJIs
CO3/IaHUSI KOHEUHOM >KHJIKOCTH pa3pbiBa 3aBUCHUT HAIPSAMYIO OT TE€PMOOApUUECKON
XapaKTEPUCTUKU TIIacTa, OCOOCHHOCTEW TMOpPOJ, KOTOphIE ClIaraloT JaHHBINA
KOJUIEKTOpP, CBOMCTB IiacToBoro Quronna u T.1. OOBIYHO BCE ITH MapaMETPUTHI
pacCUMTBIBAET XUMHUK, MO 3aJaHHBIM €MY H3HAYaJbHO BBILIECTIEPEUYUCICHHBIM
YCJIOBUSIM U MPEACTOSIIIEN 3a1aueid.[4]

Ilponnanm npexactaBisieT coOOW MaJeHbKUE YACTHIBI U3 TBEPAOIO
MaTtepuasa, KOTOpble NPe/ICTaBICHBI B OOJIBIIICH YacTH IECKOM WU KEpaMUUECKUM
MarepuagoM, OOKCHUTOBBIM TMPOINIAHT, W3TOTOBJICHHBIM uenoBekoMm. KiroueBoe
OTJINYUE MEXK]Y HUMHU SBIsieTCA r1yOuHa npuMmeHeHus. Ilecok mpUMEHSAOT Ha
MajbIX TIyOWHax (MEHbIIE 2,5 KM, KelaTeTbHO 3HAYUTEIBHO MEHBINE), a s
O0ONBIIMX TJIYOWH YK€ TPUMEHSIOT WCKYCCTBEHHBIM mponmaHT. KiroueBbiM
CBOMCTBOM, KOTOpPHIM JOJKEH 0O0JajaTh TMPOIIAHT SIBJISETCS MPOYHOCTh
MaTepuasa, Tak KaK KJIHYeBas 3a7aya MpOoNnaHTa COCTOUT B yIIEPKAHUH TPEIIUHbI
B OTKPBITOM COCTOSIHMM, TO €CTh IPOTHUBOCTOSIHUE OTPOMHOMY HAIPSIKEHUIO B
3emiie, KOTOpoe o0pa3yeTcsl MOcie CHATUSA JABJICHUS THAPABINYECKOrO pa3pbiBa.
Ecnu mpornmaHT He CMOXET BBIAEpKaTh, M TPEIIMHA HAYHET YMEHBIIATHCS B
pasmepax, TO He MOJYYUTCSE OOECICUUTh 3aIlJIJaHUPOBAHHBINA pa3Mep TPEUIUHBI, a
CJIeI0BaTENbHO, U MPUTOK (aronaa. Takke MOXKET MOCTpaaaTh MPOHULIAEMOCTh

IPOIIIAHTa, YTO SABJSETCS HEMaJIOBaXHBIM (hakTopom mpu mpoektupoBannu ['PII.
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KiroueBbiMU pakTOpamMu py BEIOOPE MPOMIIAHTA SBISIOTCS pa3Mep U (hopma 3epeH,
COCTaB U MIOTHOCTH. [Ipu HEoOXoaMMOCTH, 1711 00pa30BaHUs TPELUIUHBI BHICOKON
MIPOBOAMMOCTH Ha JIF00O0# TTyOUHE UCIIONIb3YETCsl BHICOKOTIPOYHBIN MPOMITAHT, TaK
KakK MOTepU MOTYT OBITh CIUIIKOM OOJBIIMMU, U 3TO SBJISETCS HEPALMOHAIBHBIM
peuieHueM.[4]

Jlis yBeIMUEHUsl POBOJUMOCTH TPEIIMHBI IPUMEHSIOTCS B OCHOBHOM TPH
OCHOBHBIX HAlpaBJICHUS:

1) YBenuueHne KOHUEHTpALMK MPOMNIAHTa, KOTOpas MO3BOJISIET CO3/4aTh
TpEeLIMHY OOJBIIEro pa3mMepa (B YaCTHOCTH LIMPHUHBI);

2)IlpumeHnenue mnpormnmaHTa OOJBIIEr0 pa3Mepa, 4YTO CHOCOOCTBYET
CO3JIaHUIO cpeJibl OOJbLICH MPOHUIIAEMOCTH;

3) [IpumeHUTH, BBICOKOIIPOYHBIA MPOMNMAHT, KOTOPBIA CHOCOOCTBYET
XOpOUIEH MPOBOJUMOCTH , IyTEM YMEHBIIEHUS €r0 JpOoOIeHUsI.

s oToOpakeHHs ATHX 3aBUCUMOCTEN MMEIOTCS CHELUalIbHbIE IpaduKy.
3aBUCUMOCTH TPOBOJUMOCTH OT HAMPSKEHUS CMBbIKAHUS TPEIIMHBI KMEET BHaYase
KpYTO€ U3MEHEHUE BHU3, a B JJAJIbHEHUILIEM TTOYTH HE IPOUCXOJIUT U3MEHEHHE, KOT1a
B KAueCTBE MEPEMEHHOW BBICTYNAaeT IUIOIIAJHAs KOHIIEHTpAlUs MpOIIMaHTa W
pa3Mep NpoIIaHTa.

Jlnst BbIOOpa KOHKPEHTHOrO MpOMNIAaHTa CYIIECTBYET COOTBETCTBYIOLIAsS
rpaduyeckas 3aBUCUMOCTh. Ha NaHHOW 3aBUCMMOCTH OTYETJIMBO MOKAa3aHO, Kak
M3MEHSIETCSl MaTepHall JJIs MITPOIIIAHTA, B 3aBUCUMOCTH OT HAIIPSKEHUS CMBIKAHUS

TPELIMHBI. 3aBUCUMOCTb IpPE/CTaBlIeHa Ha pUcyHKe 1.8. [4]
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Mecok Sand

Mecokco  Resin-Coated
CMONSHBIM Sand
NOKPbITUEM

Intermediate-Strength
CpepaHenpoyHas kepamuka Ceramic

Intermediate-Strength
CpeaHenpouHbiid 6okeutr  Bauxite

High-Strength
BblcokonpouHbid Gokeur  Bauxite

0 5 10 15 20 25
(34.5) (68.9) (103.4) (137.9) (172.4)

HanpsikeHue cMblKaHWA TpewwmHbl, TeiC. psi (MMa) Closure Stress, 1,000 psi

Pucynox 1.8 — IIpunnun BeiOopa TUIa MpornmanTa [4]

M3 Bcero BbIIIECKa3aHHOT'O MOXKHO CHI€TIaTh BBIBOJI, UTO BBHIOOP MpoOIMMaHTa
ABJISIETCS. OYEHb BAXKHBIM M HANPSIMYI0 BJIMSET Ha Ka4eCTBO MPOBOJUMOIO
TUAPABIMYECKOr0 pa3pbiBa IUlacTa, BEAb M3-3a HEMNPAaBWIBHOIO Moa0opa
XUMUYECKON J00aBKM K KUAKOCTSAM MOXKET MPUBECTH K HEMOAXOJSIIUM JIJIs
JAHHBIX (PU3UKO-TEOJOTMUYECKUX YCJIOBUHN BA3KOCTH U IUIOTHOCTH, HEMPABUIbHbBIN
BBIOOp MPOIMIMAaHTa K 00pPa30BaHUIO TJI0OXO MPOHUIIAEMOM Cpeibl ¢ HEAOCTATOUHBIM
pa3MepoM TPEIINHBI, @ OMTMOOYHBIN TTOI00P KUAKOCTH Pa3phiBa MOXKET MPUBECTH K
CMENICHUI0 HECOBMECTUMBIX (DIIIOWIOB, CJIENOBATEIbHO, MOXET TPOU30UIN
OombInas nmoteps HedTH, UTO sABIAETCS HenmpuemsieMbiM nipu npoBeaeHuu ['PI1. To

CCThb Ka}K,Z[BIﬁ N3 3JICMCHTOB ABJISACTCA BaXXHBIM M HC3aMCHHMBIM.

1.5 IIpoenenue I'PII

[lepen mnpoBeneHHMEM THUAPABIMYECKOTO pa3pbiBa IUIACTa HEOOXOIUMO

TIIATCIIBHO HMCCIICOAOBATL W IIOATOTOBHUTH CKBAXKHHY. M3HauanbHO H€O6XOIII/IMO
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OIPEAENINUTh 30HbI, B KOTOPBHIX MMPOUCXOAUT IMOTJIOMIEHUE KUAKOCTH (HCCIEI0BaTh
MOTJIOTUTENBHYIO CIIOCOOHOCTD) U 3a()MKCUPOBATh AaBJIeHUE MorouieHus. iMenHo
3TH TApaMeTPbl IO3BOJISIIOT OINPEAEIUTh TO KOJWYECTBO JKHUIKOCTH Pa3pbiBa,
KOTOpOe HEOOXOAMMO 3aKauaTh JJIsi pa3pbiBa TOPHOM MOPObI, KAKOE JIaBJICHUE
OKa3aThb Ha Hee, OLUEHUTh KA4eCTBO IMPOBEAEHHOIO MEPONPUATUS U W3MEHEHUE
IPOHUIIAEMOCTH 30HBI, B KOTOPOU MPOBOAMIICS PAa3PhIB, UTO TOKE ABISAETCS YaCThIO
oneHkn dPdextuBHocTH. Tarkke g syumed 3¢h(QEKTUBHOCTH  pa3pbiBa
HEO0OXOJIMMO MPOBECTH OYUCTKY 30HBI, B KOTOPOH OyZeT NPOBEIEHO MEPOIIPUSITHE.
JIaHHYX0 30HY NIPOMBIBAIOT OT OTJOXKEHUH, KOTOpPBIE €€ 3arps3HsIOT, TaKXKe
MIPOBOASTCS MEPOIPHUATHS TTO OTYUCTKH OT TJIMHUCTHIX U MECUaHbIX MPOOOK. Yaiie
BCEro Jake MPOBOJAT OYMUCTKY IMPH MOMOILIU COJITHO-KHUCIOTHOW 0OpabOTKH WU
JIOTIOTHUTENbHYI0 TIepdopaliio B MEHEe 3arpsa3HEHHOM O0JacTH U yBEIUYEHUS
MPOCTPAHCTBA IS JajbHeWiero mnpuToka ¢uronaa B CKBaXuHy. Bce st
MEPOIIPUATUS B COBOKYITHOCTH TIO3BOJISIIOT 3HAYUTEIBHO CHU3UTH JIABJICHUE
pa3phiBa, YTO OJIATOMPHUATHO BIMSIET KaK HA M3HOC 00OPYIOBaHMSI, TaK U B IIEJIOM Ha
npoBefeHue meponpusaTus. OObuHO B couetanun ¢ [PII  mpoBogst
TUAPONECKOCTPYHHYIO mepdopaiuio B 30HE pa3pbiBa, KOTOpas 3HAYUTEIHHO
yiydaet 3¢ (eKT OT 1aHHOTro MeponpusaTHs. [ skoHOMuUM cpeAcTB nepdopanuio
MPOBOASAT TeM ke 00opynoBanueM, uto u ['PIL.[7]

[Tocne moarotoBku ckBakuHbl HaunHatOT ciryck HKT (00braHO BBIOHMpaioT
auameTpsl B pailone 89-114 mM), KOTOpble M CIy>)KaT NPOBOJHUKOM JKHUIKOCTH
paspbiBa K NMpH3ab0KWHON 30HE. YKa3aHHBIM paHHEE ITHAMETP SBISICTCS HamOolee
ONTUMAJIbHBIM, TaK KaK BBIOOp MEHBIIETO JUamMeTpa BJEYeT OOJbIINe MajcHUs
JABJICHUs, YTO MOXET CHJIBHO cKa3aTbcs Ha 3ddextuBHoctn ['PII. Taxke
onHoBpemeHHO ¢ HKT BHM3 ciyckarT makep, KOTOPBIM SBISETCS HEOThEMIIEMOU
yacThio nipoBeaeHus [ PII, koTophiit ymMeHbIIaeT BO3IEHCTBUS OOJIBIIIOTO JTaBICHUS
Ha 00ca/iHbIe KOJOHHBI, KOTOPOE CO3JaeTcsi BO BpeMs oOpa3oBaHus pa3pbiBa. OH
pa3beIMHAET 30HY pa3pblBa M BBIIIENIEKAIINE YacTU. B 3TOM ciydae JaBiieHHE
pacrpocTpaHsercs MNPEUMYIIECTBEHHO HAa MNPOAYKTHBHYIO 30HY IUlacTa M Ha

HMJ)KHIOIO 49aCThb ITaKepa. I[J'IH TOroO, 9TOOBI IMIaKCp HC HadaJd ABMIKCHHC BBCPX IIOA
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JeCTBUI 00pa30BaBILEHCS CUJIbl YCTAHABIMBAIOT TUAPABINYECKUN AKOpb. SKOpb
YIHPAETCS B CTEHKU 00CAJHOM KOJOHHBI CHEIHMATbHBIMHU MOPIICHbKAMU, KOTOPBIE
IIpU HarHETaHWU KUAKOCTU B IUIACT MOJ ACWCTBHEM 0Opa30BaBLIETOCS JaBJICHHUS
BBIIBUratoTCs U3 rHe3a. Cuiia ¢ KOTOpOH NPUKUMAIOTCS MOPIIEHBKU K 00caaHON
KOJIOHHE PacTyT MPOIOPIIMOHAIBHO JIaBiIeHUI0, KoTopoe odpazyercs B HKT. HKT
Oyzaer Takxke (PUKCHPOBATHCS 3TUMHU NOpIIEHbKaMH. M3 BCEro BBINIECKA3aHHOIO
MOKHO cJielaTh BBIBOJ, YTO SIKOPb SBJIETCS OCHOBHOM CTaOMIM3HpPYIOLIEH
cocTaBlisloNIel cucteMbl. [ Oosee MOHATHOrO MPEACTABIEHUS O IMOA3EMHOM

obopynosanue st I'PII nmpeacrasnen pucyHok 1.9 nuke.[7]

Pucynok 1.9 — Ilomzemuoe o6opynosanue st I'PII [7]
1— obcagHast KOJIOHHA; 2 — HACOCHO-KOMITPECCOPHBIE TPYOBI, 3 —
TUJPABIMYECKUM IKOPb; 4 — makep: S5 — NpOJYKTUBHBIN MIacT; 6 — XBOCTOBUK.

JImd 3aKadky KUIKOCTEW B IUIACT HA YCThE YCTAHABJIMBAIOT CHEUAAIBHYIO
TOJIOBKY, B KOTOPOU UMEIOTCSI OTBEPCTHSI JJIsl TPUCOCIMHEHUSI arperaToB, KOTOPhIE
U 00EeCreyMBalOT HArHETaHUE >KUJIKOCTEH ISl COBEPUICHUS THJIPABIMYECKOTO
pasphiBa.

[Tocne mpoBeneHHWS TOATOTOBKM CKBAKHWHBI K pPaboTe W YCTAaHOBKH
000py/IOBaHUSI HAYMHAIOT OIEPaIlMI0 MO 3aKadyKe >KUJAKOCTH pa3phiBa. JKUIKOCTH
pa3pbiBa BHIOMpPAETCS B 3aBUCMMOCTH OT BHJIa CKBOXXHUHBI (HA BOJY WM HE(Th) H
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IpYrux reojornyeckux ocodeHHocren. Coznaercs HeoOxonumoe aasieHue. Ha
OCHOBE MOKAa3aHUM O HAJIMYUU IEPETOKOB MOKHO CYJUTh O TE€PMETUYHOCTH MaKepa.
[ToaxmmroyaroT Bce HEOOXOAMMBIEC arperaThl U MPOU3BOAST MaKCUMAIBHBIN Pacxo.l
KUIKOCTH JJIs1 TPOU3BENICHUS pa3pbiBa. O TOM, UTO MPOU3OIIEN Pa3pbIB CYAST MO
PE3KOMY MAaJICHUIO TABJICHUS U YBEJIMUYECHUIO IPUEMUCTOCTU (MMEETCA B BUJY, UTO
oOpa3zoBaiack Tpemuna). OTCyTCTBHE 3TOTO NMaJAeHUsI CBUJETEIbCTBYET O HATUYUU
30HBI ¢ OOJIBIIION MPOHMUIIAEMOCTHIO (MMPOUCXOIUT Xoporas GpuiabTpaius Gaouaa)
WIM Ha Haau4yue OOJBIIOrO0 KOJWYECTBO XOPOIIO TMPOBOJSAIIMX TPEUIUH
€CTECTBEHHOT'O MPOUCXOKICHUSL.[ 8]

B MoMeHT, korga mpou30MLIeN pa3pblB MOPOALI M HAYAJIOCh OCHOBHOE
pa3BUTHE TPEUIMHBI, B 3aKAUMBAEMYIO >KMJIKOCTh HAUYMHAIOT JOOABISATH MPOMIAHT
(w1 Apyrod areHT, KOTOpPbIH HEOOXOIWM B JAaHHOW KOHKPETHOW CHUTYaIlWH).
JlaHHas 3aKayka SBIIIETCS HEOOXOJMMOM, TaK KaK MMEHHO JaHHBIM MaTepuall
MTO3BOJIIET OCTABATHCS TPEIIMHE OTKPBITOW. Benp eciiv He MpOBOJIUTH 3TY 3aKAUKYy,
TO TPELIMHA 3aMKHETCS M MPOU30MAET NOTEPS NPOHUIIAEMOCTH, KOTOPYIO MbI Tak
NBITATUCH JTOOUTHCS. B camMoM KOHIIE B TPOIIAHT J100ABISIOT pPaJMOAKTHUBHBIC
BEILIECTBA, JJISl ONPEICIICHUS 30H MOTJIOMIEHUS MPONNaHTa.[§]

[Tocne 3akaykyd pPacKJIMHUBAIOIIETO MaTepuania HEOO0XOJMMO MPOBECTH
OMepalHi IO €ro mnpojaaBke. s 3TOro mnoJ MakCHUMaJIbHBIM JABICHUEM
(oOpazyercs 3a cueT pabOThI BCEX arperaTroB) co3AaeTcs HeoOXogumasi CKOPOCTh
3aKa4Kd. OTUM O0BEMOM HEOOXOJWMO 3aKadaTh OMNPENETEHHOE KOJIMYECTBO
MPOJAaBOYHOTO MaTepualia, paccuuTaHHoro uepe3 o0bem koinonH HKT.
HenocraTouHoe KOIMYECTBO NPOJABOYHOM KUIKOCTH MOKET IPUBECTU K TOMY, UTO
IOPOIMMAHT HE CMOXKET JOCTATOYHO IPOABUHYTHCSA B TPELIMHBI M 3allOJHUTH
IPOCTPAHCTBO, CIEAOBATEIBHO, POU30UIET YACTUYHOE CXJIONBIBAHUE TPEUIUHBI U
notepst yactTu Heptu. CiaumkoM OOJBIIOE KOJIUYECTBO MPOAABOYHOM KUIAKOCTH
MOXET MPUBECTU K MEPEMENICHUI0 PAKIIMHUBAIOIIEr0 MaTeprasia BriyOb Iiacta u
MPOU30MJIET CMBIKAHHE HEMOCPEJACTBEHHO B OKOJIOCKBAXKMHHON 30HE (Tak Kak

KOJIMYCCTBO PACKIMHHUBAIOIICTO MaTCpHajlda pacCHUTaHA Ha IIOJHOC 3aIllOJIHCHHC
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oOpa3oBaBIlIeiicsl 00JIaCTH U SIBJISIETCS MOCTOSIHHOM), YTO TPUBEIET K MOJHOU
MOTEPHU PE3YNIbTaTa OT MPOBEICHUS dTOTO METO/1a MHTEHCU(DHUKAITNY TTPUTOKA. [§]

[Tocnequum, HO O4YE€Hb BaXKHBIM ATanoM no TmposeaeHuto ['PII mepen
HEMOCPEICTBEHHON J00bIuel HePTH SBISETCS ylajeHue >KUIAKOCTH pa3pbiBa U
OCTaTKOB NPONIIAHTa B OKOJIOCKBAaXKUHHOM 30HE, KOTOPBIA MOXET 3HAYUTEIBHO
yMEHbIIIaTh (DUIBTPAIIMOHHBIE CBOWCTBA M ymeHbIaTh 3¢ dext ot I'PII. Ilocne
yJlaJieHusl BCETo, YTO MEIIAET NalbHEUIIEMY TEUeHHIO (JIFON/1a B CTBOJIE CKBAKUHBI,
CKBa)KMHA CJIAE€TCS B DKCILTyaTaIuIo. [6]

DTan NpoOBEACHUS THUAPABINYECKOrO pa3pbiBa IUIACTA SIBIISIETCA OYEHb
BOXKHOW YaCThIO OCYILIECTBJIECHUS TAKOW CIIOXKHOW Omnepaluu Mo MHTeHCU(pUKAIUU
MPUTOKA, BEAb HE BCErja TO, YTO OBUIO MPAaBWIBHO pPAaCCUUTAHO Ha Oymare
OCYIIECTBIISIETCA TAKXK€ YCIEIIHO HA IMPAaKTHUKE, BEIb HMEKTCI MHOYKECTBA
(bakTOpOB, KOTOPHIE HE BCETIa MBI MOYKEM yUYECTh U COTIOCTaBUTh. FIMEHHO 1TO3TOMY
HE Kaxzaas KommaHusa pemaerca Ha ImposeneHue [PII camocrostensHO, a
NEPEKIIABIBAIOT ITO HA IJIEYH ayTCOPCUHTOBBIX KOMIIAHUM, KOTOPBIE CAEIIANN YHKE
THICS'YU TIOJO0HBIX OIEpaluii, TO €CTh UMEIOT OONBIION MPAKTUYECKUN OMBIT, a

TaKXKC O6J'IaJIaIOT COOTBCTCTBYIOIIIUM O60pYIIOBaHI/ICM U KOMIICTCHIIUAMU.

1.6 I' I1C nocne I'PII

['maponrHaMUYeCKUE HCCIASAOBAaHUS CKBAKWH 3aKIIOYAOTCS B 3aMepe
OTIPECIICHHBIX MApaMETPOB TPHU IIOMOIIMA CHEIMUATBHBIX TPHOOPOB IS
onpeaeneHusl (QWIBTPAIMOHHBIX M TPOAYKTUBHBIX XapaKTEPUCTHUK IIIacTa M
CKB&)KHHBI, & TAK)KE TIO3BOJITIOT OIICHUTh COCTOSTHIE OKOJIOCKBAKMHHOW 30HBI, YTO
SBJISICTCSI HEOTHEMJIEMON YacThiOo ompeaeneHus 3(PEGEKTUBHOCTH TPOBEICHHOTO
I'PII. K TtakuM mapamerpamM OTHOCAT TIUIACTOBOE JaBieHHE, KO3 UIIUEHT
POAYKTUBHOCTH, JICTIPECCHUI0, IPOHUIIAEMOCTb, TUAPOIIPOBOIHOCTh, CKUH (HaKTOP,

HECOBEPILIEHCTBO BCKPBITHUS T1acTa.[5]
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B wactHoctn, mnpu mnpoBenenun [PII 3amaua ['JIMC cBomutca k
OMPENIEICHUIO TapaMETPOB TPEUIMHBI W B 1EJIOM MPOBEACHUU OLECHKHU
3¢ (HEKTUBHOCTU JAHHOTO METO/[a MHTCHCU(DUKAIINH MMPUTOKA. [4]

[Ipu nposeaenun ['PII BO3MOXHBI pasiauyHble CTPYKTYpPbl IIOTOKA, K
KOTOPBIM OTHOCST:

1)OunuHeHOe TeueHHue

2) TuHENHOEe TeUEHUE B TPEIINHE

3)nceBaopainaibHOE TEUCHUE

Jlns  Oonee HArJAIHOIO MPEACTABIEHUS HCIONb3yeM rpaduyeckoe
MPEACTABICHUE BO3MOXHBIX TEUCHUH, B CpPAaBHECHUU C OOBIYHBIM JIMHEWHBIM

TEYEHUEM B I1acTe Ha pucyHke 1.10.

::O::i‘_ HHHH UHHH

— == == ——=—=0 —
JIMHEMHOE TeYeHue B TPELWWWHE P T T T T T T T T T rrt

BUNNHENHOE TEYEHME

\
\\\ ///
~ -

L 3 .

I @ ] B «

M == =

v A ™~
NVHENHOE TEYEHME B MNJiacTe

e N
SERERS

nceesaopagnanbHOE TEYEHNE

Pucynok 1.10 — CtpykTypsl notokoB 1 miacte npu ['PIT [5]
AHanu3 3QPEeKTUBHOCTH U OIEHKY MPOJYKTUBHOCTU MPOBOJAT Ha OCHOBE
KpUBOM BOCCTAHOBJICGHHS JaBJCHHUS, B KOTOPOM 4Yallle BCEro MPUBOIST
3HAUUTEIbHBIC JIOMYIIEHUS, OHUM U3 TaKUX YCIOBHM MOXET OBITh OrpaHUYEHUE

macTa.[4]
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B  ciywae  TpemmMHBI  KOHEYHOM  NPOBOJMMOCTH  MCHOJIB3YIOT
COOTBETCTBYIOIIUN AUArHOCTUYECKUHN Tpaduk, KOTOpbIi Obul mpennoxkeH CHHKO-

Jleem. OHu npencraBieHsl Ha pucyHke 1.11

R Chaam o Yuacrok pntatoh
P A OUNMUHEWHOro JIMHEWHOTO
TpeLWWHbI QQ TedeHUWA TEe4YeHMWA

10
Region of
Linear Flow

| Dimensionless
- Fracture
Conductivity

Region of
Bilinear Flow
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BespasmepHoe faaenenue, p,
Dimensionless Pressure, p,

Dimensionless Time, fp,r
BezpazmepHoe Bpemsa, £,

Pucynok 1.11 — bunorapudmudeckuii fuarHocTuueckuii rpaduk ass
BEpTUKAJIbHOMN CKBaKUHBI ¢ ['PIT [4]

HNmetorcss Tpu 007aCTH, B KOTOPBIX HMMEIOTCS DPAa3IMYHbIE CTPYKTYpPHI
TEUYEHUS, CJIEIOBATEIbHO, OHU PACCUUTHIBAIOTCA MO-PA3HOMY.

bununerinbiyi pexxuM TeUEeHUS XapaKTepU3YyeTCs HAIUYUEM TMPSMOU C
HakJIO0HOM V4. [Ipon3Bo/iHAst OT AaBJICHUS NapasjiebHa CaMOW BEJIMYMHE JIABJICHUS.
3HaueHue JaBiieHus Oolbllie, YeM 3HA4Y€HHE MPOM3BOJIHOM AaBieHus B 4 pasza. B
ATOM 00JIACTHU XapaKTEPHO BIUSHUE U IJIACTa U TPEUIUHBI.

Jluneunviti pPEeXUM TEUYEHUS XaPAKTEPU3YETCS HAIWYMEM MNPSIMOM C
ko3 uimeHToM HakioHa Y.. [lpom3BogHas oT naBieHHs MapajiiebHa camon

BCIMYMUHC OaBJICHHA. 3HayeHuE JaBJICHUA 60J'H>IH€, 4Y€CM 3HA4YCHUC HpOH3BOI[HOI>i
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JaBjeHUs B 2 pa3a. 3a4acTyro OBbIBA€T CIMIIKOM KOPOTKMM M OrpaHUYE€H [0
MPOAOJKUTEIBHOCTH.

llces0opaduanvublii  peXUM  TEUYEHUS, KOTOPHIA  BO3HUKAET  Ha
3HAYUTEIIBHOM YAAJIEHUH OT CKBaXUHBI. [[pon3BoiHAs 1aBIEHUs yCTaHABIMBAETCSA
MapajyieJIbHO OCH BpeMeHM. lcnonb3yercs i OnpelnesneHus IMPOHULIAEMOCTH
iacta. K coxaneHuro, JaHHBIN peKUM TEUEHUSI MOKET OTCYTCTBOBATH, B CBSI3H CO
3HAYUTEIBHBIM BIMSHUEM KpaeBbIX 3(p@eKxToB (TpaHula Iuiacta, OTKJIOHEHHE OT
tTeueHus Jlapcu, 1BoMHAs MOPUCTOCTH U T.1.)[4]

Kommiekc I'’JIUC siBaseTcss 04eHb Ba)XKHOM COCTABIISIONIEH 1O OI[CHUBAHUIO
s dextuBHOCTH TpoBeneHus: ['PII, Tak kak MO3BOJISIIOT OMPENEIUTh COCTOSHUE
OKOJIOCKBaKMHHOM 30HBI IOCJIE €r0 MPOBEICHUS U JaTh KOJIMYECTBEHHYIO OLIEHKY,
YTO WMHOTJA SIBJSETCS OYEHb BAXKHO, TAK KAK HA OCHOBE YEro MOXHO CYAUTH O
JTanbHEWIIeM BIMSHUU JAaHHOTO METO/Ia Ha pa3palOTKy MECTOPOXKIACHHS, U, B

OCJIOM, OLCHUTD TCKYIICC COCTOAHHC p33pa6aTBIBa€M0ﬁ 3aJICKH.
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2 AHAJIN3 ITPOBEAEHNWA I'PIT HA MECTOPOXJIEHNU X

CBeneHust U3BATHL, B CBSI3H € KOH()HUIEHIIUATBbHOCTHIO HH(pOpMALUU.
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3AJAHUE JIJISI PA3JIEJIA
«PUHAHCOBBIII MEHE/KMEHT, PECYPCOY®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE)
CryneHry:
I'pynna DOUO
27T ITuckynos Cepreil AnexkcanapoBUdy
I xoaa UHIp Otaenenue mkoabl (HOLI) Otnenenne HedTerazoBoro
aeJia
YpoBenb o0pa3oBaHus EaKaJ'IaBpI/IaT Hanpagsaenne/cnenuansnocts | 21.03.01
«Hedrerazooe nemno»

Hcxoanblie 1aHHbIe K pa3aeny «@MHAHCOBbIH MEHEIKMEHT, pecypcod(p(PpeKTUBHOCTH U
pecypcocOepexeHHe»:

HAJ102086, Om‘iuCJZeHMIZ, ()uCKOHmupO@aHuﬂ u eraumoeaimﬂ

1. Cmoumocms pecypcos Hayurnozo ucciedoganus (HH): Cmoumocmsb obopyoosanus ona I PII, cmoumocms
MAMePUAIbHO-MEXHUYECKUX, IHEPLEMUYECKUX, PUHAHCOBBLX, |  MAMEPUAIos, 3apniama paboyum, 0OCLYICUBAHUE
UHDOPMAYUOHHBIX U HET0BEUECKUX 000pydosanus u onepayuli no 0obwvluU Hedmu.

2. Hopmul u Hopmamugsl pacxo008aHusi pecypcos Hopmul pacxooa mamepuanos, mapuguvie cmasku
3apabomHol nAamsl pabodux, HOpMa pacxo008 Ha
3aKynKy  000pyO008aHusi,  HOPMbl  pPACX0008
UHCIMPYMEHMO8 U Op.

3. Hcnonv3yemas cucmema HA02000104CeHUs, CIMABKU Cmaska nanoza na npubsias 20 %

Cmpaxoguvie g3nocwl 30%
Hanoz na oobasnennyio cmoumocmo 20%

IlepeyeHsb BONMPOCOB, MOIJIEKAMMX UCCIET0BAHNIO, TPOCKTHPOBAHUIO M Pa3padoTke:

1. OueHKa KomMmep4deckoeo nomeryuaila, nepcnekmueHocmu u

anvmepnamus nposedenus HU c nozuyuu
pecypcosdpexmusnocmu u pecypcocbepexncerus

Texuuxo-sKkoHOMUYeCKoe o0bocHosaHue
yenecoobpasnocmu npoeederust mexnonrozuu I'PIT
Ha MeCmopOo*COeHUU

@unancosotl, 6100XHceMHOU, COYUATbHOU U IKOHOMUYECKOU
aghghexmusrocmu uccredosanus

2. Ilnanuposanue u ghopmuposanue 6100x#cema HayuHblx biroooicem dopmupyemcs ucxoos u3
ucc1e008aHull axcnmyamayuounvlx 3ampam Ha I'PIT
3. Onpeoenenue pecypcrotl (pecypcocbepezarouyell), Pacuem skonomuuecxou sgppexmugnocmu I'PIT

Hepeqeﬂb rpaq)nquRoro MAaTEPHUAJIA (c mounvim yrasanuem obs3amenvrblx uepmeniceli)s

| JlaTa BbLIAYH 3a1aHUs 1S PA3/eia 110 JHHEHHOMY rpaduKy |

3azla}me BbIJ1AJ1 KOHCYJIbTAHT:

JlokHOCTH (0125 (0] Yuenas cTeneHs, Hoanuce Jara
3BaHHUE
nouent OCI'H HIBUIT Hyxapt Cepreit K.H.H., JOIICHT
TITY AnexcaHapoBUY
3ajaHue NPUHSJ K MCIIOJTHEHUIO CTYAEHT:
I'pynna (025 (0) Hoanuce Jara
2B7T ITuckynos Cepreit AnekcaHapoBUY
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3 OFOCHOBAHME SKOHOMUWYECKON Y®PEKTUBHOCTU

3.1 AHayM3 BIVAHUS MEPONPHUITHUS HA TEXHUKO-DKOHOMUYECKUE

ITOKa3aTCJIn

I/ICXOI[HI)IG JAaHHBIC [JIA aHaJIn3a BIIHUAHWA MCPOIIPHUATHUA Ha TCXHHKO-

OKOHMHUYCCKUC I10KA3aTCJIN ITPUBCICHLI B Ta6JII/IHC 3.1.

Tab6aunma 3.1 — Mcxoanble JaHHbIE

Ne E nquanis! BapuanTst
ITokazarenu
/1 HU3MEpEeHUs 10

[IpomomxuTensHOCTD

1 JIeT 3
TexHoJoruyeckoro 3¢gdexra

2 CroumocTts onnoro I'PIL. THIC.pY0 1157,7
CpemHecyTOYHBI ~ TpHUpPOCT  Aebura
OomHOU CKBaYKMHBI B HaJaje

3 T/CYyT 9,7
SKCIUTyaTallud I10CJIe€ WHHOBAIIOHHOTO
MEpPOTIPHUSATHUS
Kon-Bo  ckBaxkwH, Ha  KOTOPBIX

4 el 25
npoBogutcs ['PI1
CpennerooBoii Ko3(hUIMEHT MaeHHS

5 en 0,61
JOOBIYH
Cpenanii KO3(QQUIMEHT 3KCILTyaTaIiu

6 en 0,95
CKBaYKHMH

7 CebecTonmMocTh 10OBIYH HEDTH pyo/T 2038,3
Jlonst ycIOBHO TepeMEHHBIX 3aTpar B

9 % 54
cebecTonMOCTH HEPTH

10 CTtaBKa JUCKOHTA % 12

11 Llena ogHO¥ TOHHBI HEPTH pyo 34172,14

12 Cpenuecniucounast unucieHnocts [T el 4154
CpenneroyioBasi CTOMMOCTh OCHOBHBIX

13 MJIH. py0 5591,6
MIPOU3BOJICTBEHHBIX ()OHJIOB

14 l'onoBas noOwr4a HEDTH TBIC. T 8474,5

Jlnst  omeHKW dKOHOMHYECKOW dddexTuBHOCTH npuMmeHeHust [PII,

HEOOXOIMMO CJIEAYIONIHE MapaMeTphl €ro peHTadeIbHOCTH, K KOTOPBIM B JTaHHOU

paboTe OTHECEM clieIyIoliee:
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1. IIpupoct nedbura

2.JINCKOHTUPOBAHHBIN MTOTOK I€HEKHOW HATUYHOCTH

3. Uucras tekymas croumocts (NPV)

[IpoBeneHre NHHOBALIMOHHOTO MEPOIIPUATHS NPUBEIET K YBETUUECHUIO
100b1YM HE(PTH, KOTOPOE MOXKHO OMIPENIETUTH IO PopMyIIe:

AQ(q) = Aq * T * Ka -« N, (3.1)

rae Aq — NpupoOCT CPETHECYTOUYHOr O Ae0UTa, T/CYT.;

T =365 — BpeMst pabOThI CKBaKMHBI B TE€UEHHE I0J1a, CYT.;

N — KOIMYECTBO CKBaXMH HA KOTOPBIX NPOBOJAUTCS HHHOBAIIMOHHOE
MEPOIPUATHE, €]1.;

K, — koadpunmenHT skcruryaTauu CKBakuH, €/1.

AQq =9,7 T/cyT - 365 cyt - 0,95- 25 =84086,9 TOHH.

VYBenuuenne n00brYM HeDTH NPUBEAET K POCTY MPOU3BOAUTEIHLHOCTH
TpyJa, KOTopasi onpeeisiercs mo cieayouiei gopmyie:
AQ * 11,

AlIT =
Ynmn

(3.2)

rae AIIT — noBblieHne Npon3BOAUTEILHOCTH TPYAA, PYyO./uedr;

AQ — npupoct 700bIYH, T;

L1, — ueHa ogHOM TOHHBI HEPTH, PYO.

5.04.2021 — nmara, Ha KOTOpYIO paccuWTaHa IieHa Ha HedTh. CKpUHIIOT
UCTOYHUKA MPEACTABIEH HA pUCYHKE 1.

UYnnn — cpennecnucounas ynciaeHHocTs [T, gerr.
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O630p — $blo4epc Ha HepTb Brent i
e~ 1 5 15 30 1H 5H 1D 1W 1M = MoToKOBLI rpaduE »

dbiovepc Ha HedbT Brent * 67,30 +0,36 (+0,54%)
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Pucynok 3.1 — Ilena nedtu Brent (B nonnapax 3a 6appens)[9]
s manpHeiero pacuera nepeseaem 1eny (61,33 momrapos 3a 6appens) B
pyOab 3a ToHHY. [[ns 3TOr0 HEOOXOIMMO 3HATh Kypc pyOJs MO OTHOLIEHUIO K
nonnapy. Ha pucynke 2 nmpeacraBieH Kypc gojuapa k pyosto [10] va 5.04.2021,

KOTOpBIH coctasisier 76,01 pyo.

© vusp 76,26272 76,0120 P

O =uwr 90,3484°2 90,2643 P

Pucynok 3.2 — Kypc nonnapa k pyosto [10]
1 6appens nHehtu CIIA = 0,1364 ToHH.
61,33 nommapos/6appens = 61,33 /0,1364 * 76,01=34172,14 py0O/TOHH.
AIIT = (84086,9 Tonn * 34172,14 py6/Tonn.) /4154 = 691725,9 py6/uen.
YBenuuenue 700bIYU He(TH TaKKe MPUBEAET K YBETHUCHUIO (POHTOOTAAUN:

AQ * I,

, (3.3)
cDOH(l)

AD,,, =
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rae AD,,, — npupoct GoHa00TAAYH;

®yngp — CpEIHEr0A0Basi CTOUMOCTh OCHOBHBIX ITPOU3BOJCTBEHHBIX (DOHIOB,
pyo.

AD;, = (84086,9 Tonn * 34172,14 py6/Tonn) / 5591,6% 10° py6 = 0,5139

CHmkeHre ceOeCTOMMOCTH J0OBIYY He(DTH MTPOUCXOINT 32 CUET U3MCHCHHSI

YCIIOBHO-IIOCTOAHHBIX 3aTpaT Ha CAHMHHLIY IIPOAYKIHMH MW OIPCACIUTLBCA II0

dbopmyie:

AC =3, (% -3 :AQ), (3.4)

rae AC — cHuxeHne ce0eCTOMMOCTH T100bIYM HeTH;

310c— YCIOBHO MOCTOSTHHBIE 3aTPaThl Ha 100BIYY HEPTH, PYO.;

100—-/1 vy
Brocr = @ * C * TM ) (3.5)
rae C — cebecTouMocTh 100bIYM HEDTH, pyO./TOHHY;
Hy/nep — YIETBHBIN BEC YCIOBHO-TIEPEMEHHBIX 3aTpart, %;
Q — 1oObrya HEPTH 10 MEPOIIPUATHUSA, THIC. T.
3,0cr = 8474,5 x 103ToHH * 2038,3 py6/TOHH * 2 >4% — 7 946+ (°

100%
pyo
AC = 7,946 = 10°py6

1 1
* (8474,5 «103 TOHH 8474,5 * 103 TouH + 84086,9 TOHH) B
= 9,212 py6/TOHH
VYBenuuenne o0béMa 100bMM HEDTH BEAET K YBEIUYEHUIO aOCOITIOTHOM

BEJTUYMHBI TPUOBUTH OT pean3alliu:
Allpn = AQp - (IIn - (C- AQ)), (3.6)
rae All,, — nononHuTenbHas NpUObLIbL OT peanusanuu Hedtu, pyo.;

AQp — IONOHUTEIBHO pealn30BaHHasl HEPTh, T;
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C — cebectouMoCTb 100bIYM HEPTHU O MPOBEACHUS MEPOIIPUATHS, PYO./T;

AC — cHmxeHnue cebectoumMocTu HeTH, pyo./T.

All,, = 84086,9 TomH - (34172,14 py6/Tons — 2308,3 2> + 9,212 :ﬁ)) _

TOHH OHH

2703186 ThIC. pyo.

Tak kak yBenWYMBaeTCs MNPUOBUIL OT peau3aluyd MNPOAYKIUHU, TO
COOTBETCTBEHHO YBEIMUYMBACTCS U YUCTAs MPUOBLIb MPEANPUSATHUSA:

Ally = Allpn - Hmp, (3.7)
rine Hy, — BenmnunHa Hanora Ha npu0sLIb, pyo.

B nopmatuBHOM nokymente Ha 2018 roa Hamor Ha mpUObUTH OpraHU3AIIH
KoMmIaHuu coctapiisier 20 mporeHToB. [IpudeM 3TOT MPOIEHT pacmpeaesnsics 1Mo
OroKETaM:

Takue cTaBKH 110 HAJIOTY Ha MPUOBLTHL MO Or0KeTaM MpUMeHsitoTcst 10 2021
roga (m. 1 ct. 284 HK) [11].

Hyp=2703186 TBIC. py0 * 0,2 = 540637 THIC. PYO;

Ally = 2703186 TbIC. pyo — 540637 THIC. pyd = 2162549 MApa. pyoO.

Takum 00pa3oM, TOMOJHUTENbHAS YUCTask MPUObUIL MPEANPUITHS 32 CUET
CHIDKCHMS TTOCTOSTHHBIX 3aTpar Oe3 ydéra 3aTpar Ha MepomnpusThe Ha | TOHHY

HedTHu coctaBuna 2162549 Teic. pyOeil 3a roa.
3.2 Pacuer nokazateneit 5KoHOMU4ecKor 3(h(HEeKTUBHOCTH MEPOTIPUATHUS

JlaHHOE MeponpusITHE CBS3aHO C JIOMOJIHUTENBHOMN J00bIYei HedTH (AQ)).

O06BEM monomHUTeNbHO 100bITON HepTH — 84086,87 TOHH/TOA.

KanuranpHble 3aTpaTbl Ha MPOBEICHHE WHHOBAIMOHHOTO MEPONPUSITHS
OTCYTCTBYIOT.

[Tockonbky TPUPOCT AOOBIYM HEDTH B CIEAYIOIIUE TOCIE MPOBEACHUS
WHHOBAIIMOHHOTO MEPOTPUSATHSI TOJIBI TTAJAET, TO JOIOHUTENbHAS J00ObIYa HETH
COCTAaBMT:

AQ(@) = Aq-T- K, - N, (3.8)
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rae Aq — OpUPOCT CpelHecyTouHoro naedbura, T/cyt. Pacuer mpupocta
CPEIHECYTOYHOT0 J1e0uTa BO BTOPOM M TPETHIl T'OJl OCYIIECTBISETCS C Y4ETOM
CPEIHEr0I0BOro K03 UIeHTa rnajaeHus 1006191 HeQTH.
Aq, = Aq; - (Aqq - Kp), (3.9)
Aqs = Aq; - (Aq; - Kp), (3.10)
AQ,=84086,87 *(1-0,61)=32793,88 TOHH/TOL;
AQ;=32793,88 *(1-0,61)=12789,61 Tonn/ro.
[IpupocT BeIpy4KH OT peanu3aluu 3a t-i roJ onpenensercs no Gpopmyie:
ABy = AQ; - Uy, (3.11)
rae AQ — 00BEM TOMTOTHUTENBHON J00BUM He()TH B t-M IOy, TOHH;
[; — uena 1 TouHsl HEPTH, PYO.
AB; = 84086,875%34176,64=2873806611 py6.;
AB, =32793,88 *34176,64=1120784578 py0.;
AB; =12789,61 *34176,64 = 437105985,6 py0.;
Texyiue 3aTpaThl (Ha JOMOJHUTENBHYIO JOOBIUY 3a t-i TO/) ONPEAETSIOTCA
KaK CyMMa 3aTpaT Ha MEPONPHUSITHE U YCIOBHO-TIEPEMEHHBIX 3aTpaT Mo Gopmyiie:
A3; = A3uon¢ + ueps (3.12)
rae A3yon — YCIOBHO-TIEpEMEHHBIE 3aTpaThl HA JOMOJTHUTEIBHYIO J0OBIYY
HedTH B t-M roay, pyo.;

3uep — 3aTPATHI HA IIPOBEIEHUE MEPOIIPUATHS, PYO.

A3yont = A4Q; - C- Alyggp, (3.13)
rae C — cebecTouMocTh 100bIYM HE(DTH, pyO./TOHHY;
Hy/mep — YACIIBHBINA BEC YCIIOBHO-IIEPEMEHHBIX 3aTpar, %o.
A3,0n1 =84086,87 *2038,3 *54/100= 92552909,75 py0.;
A3 on2 = 32793,88 *2038,3 *54/100 = 36095634,8 py0.;
A3on3 = 12789,61 *2038,3 *54/100 = 14077297,57 py6.
3arpathl Ha MPOBEJACHUE MEPOTIPUATHS ONPEETNM 10 popmyIie:

3mep = Cum * Nckp) (3.14)
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rjae Cyv— CTOMMOCTH OJTHOTO HHHOBAIIMOHHOT'O MEPONPUSITHS, PYO.;
Nes — KOJIMYECTBO CKBAXKHMH, HAa KOTOPBIX MPOBOAUTCS MHHOBAIL[MOHHOE
MEPOIPUATHE, €.
Buep = 1157,7 * 25=28942500 py6.
Torga o61iue 3aTpathl, CBSI3aHHBIE C TOMOJHUTEIBHOM 100bIYel HedTH 3a t-
1 TOJl, COCTaBAT:
A31 = A30n1 + 3uep = 28942500 + 92552909,75 = 121495410 py6.;
A3, = A3,0n2 = 36095634,8 pyo.;
A33 = A3,0n3 = 14077297,57 py6.
Jlnsa pacuéra Hajora Ha NpPUOBLIb, PACCUUTAEM HAJOr000JaraeMyro
PUOBLIB 3a t-if TOJI 1o hopMmyIIe:
Ay o6n¢ = 4By — 43y, (3.15)
rae AB; — mpupocCT BBIpYYKH OT peanu3aluu B t-M roay, pyo.;
A3 — Texy1ue 3aTparsl B t-M roay, pyo.
Allyosn1= 2873806611 — 121495410 = 2752311202 py6.;
Allyosn2= 1120784578 — 36095634 = 1084688944 py0.;
Allyo6:3=437105985,6 — 14077297,6 =423028688 pyo.

OmnpenensieM BeTUUMHY Hajaora Ha NpuObUIb 3a t-i ToA:

N
AHy, = ATl o6, -W“‘(”), (3.16)

rae Ny, — cTaBka Hajiora Ha npuObuIb, % (B3sTh cTaBKy 3a 2018 ron).
AHpp 1 ==2752311202 * 0,2 = 550462240 py6.;
AH;p 2 = 1084688944*0,2 = 216937788, 7py0.;
AHyp 3= 423028688*0,2 = 84605737,61py0.
[Ipupoct rOMOBBIX JAeHexkHbIX TOTOKOB (AJlIl;) paccuuThiBaeTcs 10
dbopmyie:
AN, = AB; — A3, — AH, = All,; o6, — H¢, (3.17)
AL = 2752311202 — 550462240 = 2201848962 py6.;
AT, = 1084688944 — 216937788 = 867751156 pyo.;
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AJITT; = 423028688 — 84605737= 338422951 py6.

IToTok I[CHG)KHOﬁ HAaJIMYHOCTHU OIIPCACIACTCA KaK pPa3sHUIda MCKAY

IMPUPOCTOM I'OAOBBIX NJCHCKHBIX ITOTOKOB U KAIIUTAJIBHBIMU BJIOKCHUSAMU

MAH, = AII, - KB,, (3.18)
TIJIH, = AJIIT, = 2201848962 py6.;
TIJIH, = AT = 867751156 py6.;
T1JTH; = AJITT; = 338422951 py6.

HakorieHHbI MOTOK AEHEKHONW HATUYHOCTH ONpeaeianuM 1o Gopmyiie:
HIIJH, = Z [AH,, (3.19)

HITJTH, = AJIIT, = 2201848962 py6.;
HITJTH > = AZIIT; + AJII, = 2201848962+867751156=3069600116 py6.;
HITJTH 5 = AJUT, + AJIL + AJTT; = 3069600116+ 338422951=3408023067

JIMCKOHTUPOBAHHBIN MOTOK ACHEKHON HATUYHOCTH — 1O (hopMyIiE:

AlAH, = %, (3.20)
rJe 1 — cTaBKa JUCKOHTA, JOJIU €IUHUIIBI.
JITIIH, = 2201848962/(1+0,15)M = 1965936573 py6.;
JIIH, = 867751156/(1+0,15)"2 = 691765908 py6.;
JITIJTH; = 338422951/(140,15)*3 = 240882771,5 pyb.
Yucras TeKymas CTOMMOCTh — 0 popmyiie:
yTC, = Z JUIJH, (3.21)

YTC, = ATIH, = 1965936573 py6.;
YTC, = JIJIH, + ATIH, = 691765908 +1965936573=2657702481 py6.;
UTC; = AMJIH, + JIJH, + JIIIH; = 2657702481+ 240882771,5

=2898585252,5 py6.
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Pe3ynpTaThl pacu€ToB TOKa3zaTeneld SKOHOMUYECKOH 3((HEKTUBHOCTH

BHeApeHus1 nHHoBarmonHoro meponpusatus ['PII mpencrasnens! B Buae TabIUIbI

3.2

Tabnuna 3.2 — [Tokazarenu 3pGHEeKTUBHOCTH MEPOIPUSITHUS

IToxazarenu 1-iroxg 2-uron 3-ii rox
[TpupocT 100BIMM HEPTH, THIC. 84,09 32.79 12,79
TOHH

IIpupoCT BEIPYHKH OT peanusaliin, | gs3¢n661 1120784578 437105985.6
TBIC. PYO.

Texy1me 3aTpatsel, THIC. PYO. 121495410 36095634,8 14077297,57
[TpupocT npuObLIH, THIC. pYO. 2752311202 1084688944 423028688
TlpupocT  CyMMBI  HATOTOBBIX | 550465540 2169377887 84605737,61
BBITUIAT, THIC. PYO.

JIeHeXXHBII NOTOK, ThIC. PYO. 2201848962 867751156 338422951
TIOTOK ~ ICHCAHOM  HATMMHOCTH, | 11040067 867751156 338422951
THIC. pYyO.

HakonneHHid  OTOK ~ ICHEKHOM | ) ¢ 40967 3069600116 3408023067
HAJUYHOCTH, THIC. PYO.

JIUCKOHTHPOBAHHbIH MOTOK | 1965936573 691765908 2408827715
JCHC)KHOH HAJIMYHOCTH, THIC. py'6

E;dgm" TeKyIlad CTOMMOCTD, THIC. | 1965936573 2657702481 2898585252.5

B xoxe mponenaHHod paboThl ObUIM pacCUMTaHbl MPUPOCTHI JACOUTOB,
JACKOHTUPOBAHHOIO MTOTOKA JICHE)KHON HATMYHOCTH U YUCTOU TEKYIIEH CTOUMOCTH
(NPV). Harnsagno BuAHO, YTO J€OUT 3HAYUTEIBHO BO3PACTAET, TaKkKe
MIPOCJIEKUBAETCA XOpPOIIAash JAWHAMHKA POCTa HSKOHOMHUYECKHX TIOKAa3aTele,
BCJICJICTBHEC YEr0 OUCBUIHO, UYTO JAHHOEC MEPOIPHUATHE ABIICTCS 3P (hEKTUBHBIM KaK
B TEXHOJIOTMYECKOM, TaK M B JKOHOMHYECKOM IUIaHE. Tak Kak HEO0OXOJIUMO
MOHUMATh, YTO CYIIECTBYET MHOXKECTBO METOJIOB IO WHTCHCH(HUKAIIMUA TPHUTOKA,
KOTOpBI€ MOTYT JaTh 3HAYUTEIBHBIA MPUPOCT JeOUTAa, HO OHU SIBISIOTCA OYEHBb

AOPOroCToiAlMMHU 1 HC BCCT 1A pCHTa6€HBHBIMI/I.
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3AJJAHME JIJISI PA3JIEJIA
«COIMAJIbHASI OTBETCTBEHHOCTDb»

Crynenry:
'pynna DPUO
2b7T [TuckynoBy Ceprero AnekcaHIpoBUYY
Ixoga Hu:xenepHas mkosaa OTtaenenue (HOLL) OTtnenenue
MPHPOIHBIX PECYPCOB He()TErazoBoro jaena
Yposens o0pazoBanust BaKaJlaBpI/IaT Hanpagsaenue/cnenuannstocts | 21.03.01.
«Hedrerazosoe
JACIO0»

Tema BKP:

MecTopo:xIeHusix 3anagnoii Cudbupu.

Anamm3 3q)(l)eKTI/IBHOCTI/I NMPUMEHCHUA TEXHOJOIMH T'KI/IPABJIUIECCKOI0 pa3dpbiBa 1Jjacra Ha

Hcxonnbie nannble K pazaeny «CouuaibHasi OTBETCTBEHHOCTb):

1. XapakTepuctruka 00beKTa HCCIeIOBAHHS
(BemecTBO, MaTepual, Npruoop, arOPUTM,
METOJTNKa, pabovasi 30Ha) 1 00J1aCTH €ro
MPUMEHEHUS

Pabouee MecTo — Ha OTKPHITOM BO3JyXe BOIU3U
obopymoBanmst  juis  npoBeneHuss  [PII  wm
HEMOCPENCTBEHHO Y YCThS CKBXHHBI, PSIOM C
000pyI0BaHUEM [ PEMOHTA.

OOBEKT  HCCICNOBAHHA: TPOJYKTHBHBIC  TUIACTHI
HETAHBIX MECTOPOKACHHI Ha KOTOPBIX OBLI MPOBEIEH
TUIPABIMICCKUN Pa3phIB IIACTA.

Ob6nacte mpuMeHeHHs: (HOHI CKBAXKHH, B KOTOPBIX
TpeOyeTcs yBIeueHue POTyKTUBHOCTH.

Marepuanbl W BEHICCTBO — MPOAABOYHAS KHIKOCTh,
KHUIKOCTH pazpeiBa. [CM.

O06opyioBaHHE - HACOCHBIC arperarsl, TPyOOIPOBOIHI,
cucreMa 0sioka MaHu(OJIbIA , ABTOIIMCTEPHBI MALITHHBI

HepequL BOIIPOCOB, MOAJIC)KAIUX UCCICIOBAHUIO, IPOCKTUPOBAHUIO U pa3pa60TI<e:

1. IIpaBoBbIe H OPraHU3aNMOHHBIE BOMPOCHI
odecrneueHHus1 0€30IMACHOCTH:

—  coeuualibHbIe (xapakTepHbIe
IpU  DIKCIUTyaTali  OO0BeKTa
UCCIICOBAHUS, TPOSKTHPYEMOU
paboueii  30HBI)  TPaBOBEIC
HOPMBEI TPYZOBOTO
3aKOHOJIaTeJIbCTBA;

—  OpraHU3alHOHHBIC

MEpOTIPHUATHUS TIPH KOMITOHOBKE
pabodeii 30HBI.

B nponiecc HanucaHus JTaHHOW YacTU B OCHOBE JIEKUT
paccMOTpeHHEe HOPM TPYAOBOIO 3aKOHOIATEbCTRA,
Kacaroluecss HCHOpMaTHBHOTO paboyero JHS U paboT
B HOuHOE BpeMms. TpyaoBom kojekce PO ot
30.12.2001 N 197-®3 (pen. ot 09.03.2021).
PaccMoTpeHsl opraHn3aliMOHHbIE MEPOTIPUATHS 110
PacIoNIoKEeHUIO 00BEKTOB Ha paboueil 30He COrJIacHO
npaBuiiaM 0e30MacHOCTH HeTSHOW 1 ra30BoM
npoMeinuieHHoctu. 'OCT 12.2.033-78 CCBT.

I'OCT 22269-76 Cucrema «YenoBek-mamuHay. O3
«O mpOMBIIIEHHOH 6€30M1aCHOCTH OMIACHBIX
MIPOU3BOJCTBEHHBIX 00BEKTOBY (1997)

2. IIpon3BoacTBeHHAs] 0€30IACHOCTD:

2.1. AHanu3 BBISBJICHHBIX BPEIHBIX U OMACHBIX
(hakTopoB

2.2. O0ocHOBaHME MEPONPUATHH 11O
CHIDKEHUIO BO3JEHCTBUSA

Bpennsie daxropsr:

-TIPOM3BOJICTBEHHBIN IITyM U BHOpaIus;
-3ara30BaHHOCTh BO3AYIIHOM CpeJibl razaMu
BBIXJIOITHBIX MAIIIUH, KOTOPBIE UCTIOIB3yeTCs KaK
texHuka s ['PIT;

-HeOIaronpusITHIE METEOPOIOTUIECKHE YCIOBHS —
TEIUIOBOE BO3JIECUCTBUE, OXJIAXKICHUE, BIAXKHOCTh
BO3/yXa, CKOPOCTh BETpa;

-yTeuKa BPEIHBIX BEIICCTB B aTMOC(EpY.

OrmacHbie PaKTOPHI:
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-IIBIXKYIIHECS MAIIMHBI 1 MEXaHU3MBI; T10/IBHIKHBIC
gacTtu o0opymnoBanus st ['PIT;

-HaNPSKEHUE DJIEKTPUIECKOTO TOKa

-BO3MOXKHAsI YT€YKA TOKCUIHBIX BEIICCTB

B ciy4ae aBapru BO3MOKHO BO3JICHCTBHE CIIETYFOINX
(hakTopoB:

-BO3JICHCTBUE TEIUIOBOTO M3ITyUeHHs ITOKapa
-BO3/IECTBUE BO3AYLIHOMN y/IapHON BOJIHBI
-TOKCUYHOE JIEHCTBHE XUMHYECKUX PEarcHTOB
-BO3MOKHBIA KOHTAKT C OCKOJIKAMH.

3. DkoJornyeckas 0e30MacHOCTDb:

ATMocdepa: BEIOPOCH! BBIXJIOMHBIX Ia30B MALINH
u obopynoBanus ['PIL, BpeaHbIX BelIECTB B
OKPYXaIoIIyI0 Cpeny, napbl HeTH U rasa.
Jlurocdepa: pa3iauB KHUIKOCTH MPU 3aKaYKe B
IJ1acT

I'unpocdepa: 3arpsi3HEHNE TOBEPXHOCTHBIX U
10JI3€MHBIX BOJI

4. be30NacHOCTh B Ype3BbIYAHHBIX
CUTYyalUsIX:

[Tpu nmposenennn I'PII Bo3moxuo paznuansie YC
KOTOPBIM MOKHO OTHECTH:

-UC npupoaHOro xapakrepa

-HEYIIPaBJIsIeMOe OTKPHITOE (POHTAHUPOBAHUE
CKBa)KMHBI

-pa3pbIBBL

-BO3rOpaHUe

-HENPEIBUCHHBIEC PA3JIUBbI

HaubGonee Tunuunas YC:

HeynpagiisieMble IOTOKH XKUAKOCTH pa3pbiBa IpH
pasrepMeTH3aly BEICOKOHAIOPHON
JTMHAA(MaHU(POIIBT)

| laTa BbIIauM 3a7aHus 405 Pa3aea 10 JTHHEHHOMY rpaduKy |

3aganue BbIAAT KOHCYJBbTAHT:

JloskHOCTH (015 (0] YueHnas cTeneHb, Hoanucek Jara
3BaHHe
Crapuunit Dex
MIPENoaBaTeNb Anuna nsaapoBHa
3az1amz1e NPUHAJT K UCIIOJTHCHHUIO CTYACHT:
I'pynna DPUO Moanucek Jlara
27T ITuckynos Cepreit AnekcaHapoBUY
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4 COUMAJIBHAA OTBETCTBEHHOCTD

B nannoii rmaBe BKP Oyzaer uaru peub 0 Takux paszenax COLUAIbHON
OTBETCTBEHHOCTH KakK IPOU3BOJCTBEHHas  0OE30MaCHOCTb, HKOJOTHYecKas
0e30MacHOCTh, 0€30MaCHOCTh B YPE3BbIUANHBIX CUTYALUAX, & TAK)KE PACCMOTPEHBI
IIPABOBBIE U OPTraHU3AI[MOHHBIE BOIIPOCHI 00ecreueHrs 0e30MacHOCTH Ha 00BEKTax
HedTe00bIYM TIPU TMPOBEACHUM ONEPAlMKM THAPABIMYECKOTO pa3pbiBa IUIACTA.
OcHoBHasi mpobisiemMa, kotopasi MoxeT Bbi3BaTh UC sBisieTcss UMEHHO OOJbIloe
JaBJ€HUE, MOJ KOTOPbIM HaXOAUTCS NpakTUYecku Bce obopynoBanue ['PII,
BCIICJICTBHE YEro PUCK MX BO3HMKHOBEHHUS YBEJIMYMBAETCSA B pa3bl JaXe IpHU
IIPAaBWJIBHOM PACy€Te U BBIIIOJIHEHHUE ONEPALIAH.

[Tonp3oBarensimMu pa3pabaTbIBaEMOro peLIeHUs ABJISTFOTCS
HEMOCPEICTBEHHO HE(PTAHBIE U Ta30Bble KOMIIAHWH, KOTOPbIE MOT'YT KaK BBICTYIATh
B POJIM NOJAPSIYMKOB, BBIIIONHSISA JTaHHYIO ONEpPALMI0, TAK U B POJU 3aKA3YUKOB,
KOTOpbIE€ KOHTPOJIUPYIOT pouecc nposenenus ['PII.

B xayecTBe MecTa BBINMOIHEHUS pabOT paccMaTpUBAETCA HEMOCPEACTBEHHO
MecTopoxaeHus 3anagno Cudupu, B 0071aCTH BOJIM3U CKBAXKUH, IJI€ MPOBOIUTCS
I'PI1 u ycTaHOBJIEHO OCHOBHOE 000pYI0BaHUE ISl €r0 MIPOBECHUS.

JlanHas pabora sBiIseTCS akKTyaJbHOM, Tak Kak O€30MacHOCTh MpHU
IIPOBEJCHNH TaKoro ciuokHoro mnponecca kak ['PII crout Ha 1 mecre, Tak kak
Bo3MOkHbI YC, mpHu KOTOPBIX BO3MOXKHBI HE TOJIBKO OONBIINE 3KOHOMHYECKHE

IIOTCPH, HO TAKKC 1 HAHCCCHHC BPpCaa 310POBbIO pa6OTHI/IKOB IIpu €ro IPOBCACHUM.

4.1 IIpaBoBbIE U OpraHU3AIMOHHBIE BOIIPOCHI 0OecriedeHus1 0e30MacHOCTH

[Ipy BO3HMKHOBEHMM TIPAaBOBBIX W  OPTraHMU3AIMOHHBIX  BOIMPOCOB
perynupyetrcs TpynoBeiM kojekcoM Poccuiickoit @eneparuu ot 30.12.2001 Ne
197-®03 (penakmuss ot 09.03.2021), B KOTOPOM U PACHUCHIBAIOTCS OCHOBHBIC
MOJIOKEHHUSI. XO0UETCsl OTMETUTh OCHOBHBIC U3 HUX:

— pexkuMa paboyero BpeMeHH, OIiaThl 1 HOPMUPOBAHUE TPY/IA;
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— o0ecrieyeHue BaXKHOCTU U HEOOXOJIMMOCTH BCEX YCIOBHH SISl COXpaHEHUS
3MI0pPOBbSI W JKH3HU COTPYAHHKOB TMPEANPUATHS (YTO SIBISIETCS HamOomee
MIPUOPUTETHBIM MPU BHINIOJIHEHUE TaKOW onacHou onepanuu kak ['PII);

— ycnoBue (PMHAaHCUPOBAHUE TPY/A;

— OCHOBHBIE€ HOPMBI TI0 OXpaHe TPY/a;

— KOOpJMHAIMSL ACSTEIBbHOCTU B 00JIaCTU OXpaHbl TPYJa, OKPYKarOUUH
Cpellbl ¥ IpyTye BUbl 3KOHOMUYECKHUIN U COLUANbHOU IEATEIbHOCTH;

— IIPOBEJICHUE IUIAHOBBIX M BHEOUCPEHAHBIX MEIUIIMHCKUX OCMOTPOB,
OCHOBBIBAsICh Ha MEJUIIMHCKUX PEKOMEHJAIUs C COXpAaHEHHEM pabouero Mecra u
cpemHero 3apaboTKa BO BpeMs MTPOXOXKICHUS TAHHBIX MEPOTIPUSTHA.

OO0s3aTenpHbIC TAPAHTHH U 00ECIIeUueHne HEOOXOIUMBIX KOMIICHCAINH, B
cootBercTBUM ¢ Hacrosmum Komekcom, coriiacHo 3aKiIF0OU€HHOMY KOJIJIEKTUBHOMY
JIOTOBOPY MEXIy pPAOOTHUKOM U TMPEANPUITHEM, TPYIOBBIM JOTOBOPOM
pPa3NTUYHBIMU JIOKAJbHBIMU aKTaMH, €Cli PaO0OTHUK Y4YacCTBYET B OMNEpaIMsIX C
OMAaCHBIMU U BPEIHBIMU YCIOBUSAMHU TpyJa.[12]

OOecricueHHE CHCHUAIBHBIX W HWHIWBHIYAJIBHBIX CPEJICTB  3alUTHI
PabOTHUKOB MPHU BHINIOJIHEHUH HETIOCPEICTBEHHO OMNEpAIMK 3a CUET paboToaaresns

Taxxxe HeoOXxonuMo OTMeTUTh Takol AokyMeHT kak ['OCT 12.2.033-78
CCBT. Pabodee mecTo mpu BBITOTHEHHH pabOT cTos. OOIMe >ProHOMUYECKHE
TpeOOBaHUsI, KOTOPHIN HEMOCPEACTBEHHO U OMTMCHIBAET OCHOBHBIE SPTOHOMUYECKUE
TpeOOBaHUs K pabouyuM MecTaM mpu (PU3NYECKON paboTe pazIuYHBIX CTEreHen
TsokecTH. KOHCTpYKIMs, B3aUMHOE pPACMOJO0KEHHUE 3JIEMEHTOB pabodyero mMecra
(opransl ympaBieHHUs, CpPEICTBAa OTOOpakeHUss HHGOpPMAIMU U T.J.) JOJDKHBI
COOTBETCTBOBATh AHTPOIIOMETPUYCCKUM, (PU3HOTOTUICCKUM M TICHXOJIOTHUYECKUM
TpeOOBaHUAM, a TaKXke Xapakrepy paborel. Pabouee MecTo JOKHO OBITH
OPraHW30BaHO B COOTBETCTBUU C TPEOOBAaHUSAMH CTAHIAPTOB, TEXHUYECKUX
yCIOBUM W (WJIM) METOAMYECKUX YKa3aHWid Mo O€30MacHOCTH TPyla, KOTOpPbHIE

IPEACTaBIEHbBI B COOTBETCTBYIOIIUX HOPMATUBHBIX TOKYMEHTax. [13]
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4.2 TIpousBoACTBEHHAs! O€30MAaCHOCTh

J171st onipeienieHusi M OLEHKH OTEHIIMAIbHBIE BPEHBIE U OMacHbIE (PaKTOPbI,
KOTOpbIE MOTYT BO3HHUKHYTbH MPHU pa3padOTKe, MOJATOTOBKM M HEMOCPEICTBEHHOTO
nposeneHusa onepauuu [PII ucnomszyem I'OCT 12.0.003-2015 «OmnacHble u
BpeaHble Mpou3BojAcTBEeHHbIe (akTophl[14]. Knaccudukauus» u mnpencraBum
KpaTKHil pe3yabTaT B Tadiuue 1.

Tabnuna 4.1 — Bo3aMo)kHBIE OTTACHBIE U BPEIHBIE (PaKTOPHI

Oransl paboTh
DakTopbl g 0 g
(I'OCT 12.0.003-2015) S § L 2 HopmaTtuBHbIE TOKYMEHTbI
S ° £ =
S 2 S
& ~ Q)
[loBplIeHHBI ypOBEHb Iiyma U | + + + | T'OCT 12.1.003-2014 CCBT
BUOpaLuu I'OCT 12.1.012-2004
[loBbIlICHHAsT 3alBUIEHHOCTh W | — + + | T'OCT 12.1.005-88 CCBT
3ara3oBaHHOCTb paboyYeil 30HbI
YTeuka TOKCHUYHBIX U BpPEIHBIX | — + + |TOCT P 56167-2014
BEIIECTB B aTMochepy I'OCT 12.1.007-76
OTkII0HEHUE MOKa3aHuM | — + + | I'OCT 12.1.005-88 CCBT
MUKpPOKJIUMaTa Ha  OTKPBITOM
BO3/yXe
JBrxymuecs MAaIITHHBI u| — + + T'OCT 12.3.002-2014
MEXaHU3MBI I'OCT 12.2.061-81 CCBT
DIIeKTPOoOE30MaCHOCTh + + + | T'OCT 12.1.038-82 CCBT
[o>xapHast 6€30MaCHOCTb + + + | CCBTI'OCT 12.1.004 - 91
®enepanbHblii 3akoH OT 22.07.2013
r. Ne123 — @3
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4.2.1 Ananus BpeaHbIX (aKTOPOB

Tlogviwennwlli ypogenv wiyma u ubpayuu SIBASIETCS OJHUM U3 OCHOBHBIX
BPEIHBIX TPOU3BOJCTBEHHBIX (akTopoB. IllyMm — pa3sHOBUAHOCTH 3BYKOBBIX
KojeOaHuii, HaXOJAIIasicsi B JUAMA30HE CIBIIIMMBIX YacTOT, HWMEIoIas
BO3MOXHOCTh OKa3aTh BPEAHOE BO3JEHCTBUE Ha OE30MaCHOCTh U 370POBBE
pabotHuKOB.[ 15] Bubparus — pa3HOBUIHOCTh MEXaHHYECKUX KOJIeOaHWH MAIIIUH U
MEXaHU3MOB, KOTOPBIE MOIYT OKa3blBaTh BPENHOE BO3JCHCTBUE HA 3/10POBbE
pabotHuka.[16] MakcuManbHO JOMYCTHMBIC TOKa3aTelnu IymMa M BHOpaluu
JOJKHBI COOTBETCTBOBATH HOPMaM, KOTOpble pernameHtupoBanbl CanlluH 1.2.
3685-21 [17] uI'OCT, ykazanasimu B Tabnuile 1. JlaHHbie peAcTaBIeHbI B TA0IUIE
4.2.

Tabnuma 4.2 — IIpeaensHO JOMYyCTUMbIEC YIKBUBAJIEHTHI YPOBHS 3BYyKa[ 1 7]

TIpenensHO JOMycTIIMBIE 3KBIIBATIEHTHEIE YPOBHII 3BYKa, IBA

KaTteropii HaOpAAeHHOCTII TPY KaTeropiiil TKeCTII TPVIOBOIO Ipolecca
JOBOTO MpoLecca 3 3
JIeTKad I CPellHAd | TSR TPy | ¢ | TaKensl Tpya 2 ¢
(prr3rgeckad Harp TEMEHII TeNeHII
V3Ka
Hanps:KeHHOCTB JIeTKOIl 11 cpell - -
- 80 75 75
Hell CTelneHIl
HanpsxeHHEIT TpyI 1 cTeneHII 70 63 65
HanpsxeHHEIT TpyI 2 cTeNeHII 60 - -
HanpsxeHHEIT TpyI 3 cTeNeHII 50 - -

<*= JTpuMedanile. KondecTBeHHYIO OLIEHKY TSAKECTII 11 HANPAAKEHHOCTII TPYIOBOTO P01
ecca Mo YCIOBIAM IPyaa cIeIyeT IPOBOIITE B COOTBETCTBIIN ¢ AeliCTBYIOMINM JOKYMEHTO
M IO THTII@HIIMecKoil olleHKe (DaKTOpoB padodell cpedsl 11 TPYIOBOIO MIpolecca.

[IpeBrilieHNs] YCTAHOBIEHHBIX HOPM MOXET MPUBECTU K MOTEPE BHUMAHUS,
MOBBIIICHUIO KOJIMYECTBY OMIHUOOK MPH BHIMIOJHEHUHN OTEPAIIUiA, BIUSET HAMPSIMYIO

Ha [EHTPAIbHYIO HEPBHYIO CHCTEMY, BBbI3bIBA€T 3a00J€BaHUS CEpICUHO-
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COCYAUCTOM CHUCTEMBI U JAPYIMX opraHoB. Bo3mokHa morteps ciyxa, KOHTY3Us U
naxe cMepTh U Jp.[16]

Jlis yMeHbIIeHUs BIUSHUSA JaHHOTO BPEIHOro (akTopa MpH NpOBEICHUH
I'PII HedTerazoBrIMM KOMIAHUSIMU TTPUMEHSETCS 1SN KOMIUIEKC MEpOIPHUATUN
IO 3a1UTe pAOOTHUKOB, K KOTOPOMY OTHOCSITCS:

— YaCTUYHAas aBTOMAaTu3a1us npoieccoB nposeaenus ['PII;

— UCIOJIb30BAaHUE CUCTEMBI JIJIsl CHIDKEHUSI ITyMa U BUOpALUiA B ICTOYHUKAX
€ro BO3HMKHOBEHUS U Ha MYTAX €ro pacupoCTpaHEHUS;

— pauMoOHaIbHOE IUIAHUPOBAHUE CUCTEMBI MIPOBEJICHMUSI
I'PI1(o6opynoBanue);

— BBEJICHUE PAILIMOHAJIBHBIX PEXUMOB TPyAa U OTAbIXA;

— BBEJICHME WHIMBUYaJbHBIX CPEJICTB 3alIUTHI pabOoTHHUKA. [15]

ObecrieueHre CpeCcTBaMU HWHANBUAYATbHOM 3alllUThl PETIaMEHTUPYETCS
OTpaciieBbIMU MpaBUIaMH TEXHHKH O€30MaCHOCTH, a B YAaCTHOCTH «THIOBBIMHU
OTpacieBBIMU HOpMaMH OECIUIATHOM BbIAAYM CHELOJCKbI, CIIEOOYBH U APYTUX
CPEJICTB 3aIIUThl pAaOOTHUKAM HEPTSHON U ra30BOM MPOMBIIIIEHHOCTU»[ 17].

llogvluennas 3anviieHHOCMb U 3A2A308AHHOCMb paboyell 30Hbl SBIAETCS
CJIEIYIOLIIMM HEMaJIOBaXHBIM onacHbIM ¢aktopoM. B mpornecce nposenenus ['PI1
BO3MOXHA YT€YKa Ta3a, YTO MOXET SBISATHCS NMPUYMHOW OTpPABIEHUS PabOYMX.
3ara3oBaHHOCTh OOBIYHO HW3MEHSIOTCS, HCHoNb3ys TrazoaHaimszatop CIT-20,
KOTOPBIN UCTIOJB3YIOT B OCHOBHOM Ha BCEX HE(PTSAHBIX MECTOPOXKIACHHSIX. Y TEUKU
ra3a HaXoMsT, UCTHOJb3ys 1000 pactBop IIAB (00BMHO HCTIONB3YIOT PacTBOP
mbla). OOHapyXuB YTEUKy ra3a HEOOXOAUMO clenaTb BCE BO3MOXKHbBIE
MEPOIIPUSTHS 1O €€ YCTpaHEHUIO0, CO0JII0/1ast BCe MpaBuiia 0€30MaCHOCTH U OXpaHe
OKpyxarolei cpenbl. Eciin He MMeeTcsi BO3MOKHOCTh YCTPAaHUTh MPOOJIeMy, TO
BbI3BaTh OpUTajly Mo JUKBUAAIIMU aBapUM, KOTOPHIE UMEIOT CIELMATU3UPOBAHHOE
obopynoBanue u kBamudukaruo. B ciaydae Oonbliodt  3ara3oBaHHOCTH
oOecreuynBaTh BEHTWISLNIO (KaK MpaBuiio mpoBoauTcs B paiione 20 munyt). [lpu
BBINIOJIHEHUU PabOT KCIIOJIb30BaTh CPEACTBA MHAMBUAYAJIbHOM 3allUTHl KaK MpHU

IMIPOBCPKC HAJIMIHC I'a3da U YTCUCK, TaK W JIMKBUJAIIUHN YIKC CJ'Iy‘-IHBIHHfICﬂ aBapuu.
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KoHnTponupoBath coaepikanre KOHIICHTPAIMIO BPEIHBIX BEMISCTB B HE()TH U Ta3e B
COOTBETCTBHE C CAHUTAPHBIMU HOpMaMu coryiacHo Tabsuiie 4.3.[18]

Tabnuna 4.3 — [IpenenbHO TOMyCTUMBIE KOHIIEHTPAITUU BPEIHBIX BemecTB[ 18]

HaumenoBaHue BelecTBa Benuuuna ITIK, mr/m? Knacc onacnoctu

bensun (pacTBOpUTEINb TOMJIUBHBIN) 100 vV
benson 5 II
Kepocun (B nepecuere na C) 300 v
JIurpousn (B nepecuete Ha C) 300 v
Macna muHepanbHbIe He(DTIHBIC 5 III
Hedpac C 150/200 (8 mepecuere Ha C) 100 v
Heds 10 11
CepoBoaopon 10 II
Cl1-GC5 3 I
TetpasTuiicBuHen 0,005 I

Tonyon 50 III
VYaiir-ciupurt (B nepecuete Ha C) 300 IV
Xnop 1 II

Ymeuka moxcuunvix u 8pedHvix sewjecms 6 ammocgepe BOZMOXKHAS MIPU
npoBenenun ['PII. K BpegHbIM M TOKCHYHBIM BELIECTBAM OTHOCSTCSI TE€ TPYIIIIBI
BEUIECTB, KOTOpPBIE NPH KOHTAKTE€ C OPraHU3MOM YEJIOBEKAa MOIYT BBI3BaTh
paznuyHble  MPOM3BOJACTBEHHBIE  TpPaBMbl, pa3BUTHE  NPO(ECCHOHATBLHBIX
3a00sieBaHUH, OTKJIOHEHHE B COCTOSIHUE 3/I0POBbSI, €CJIM HE OYAYT BBIMOJIHATHCS BCE
TpeboBaHusa Oe3omacHocTU. Yaie Bcero Ha HE(TEra30BbIX MECTOPOKICHUSX ITO
MIPOUCXOMIUT Yepe3 JbIXaTelabHble MyTH U KOXKY. [Ipn B3auMozeiicTBue BpeIHbIX U
TOKCUYHBIX BELIECTB C KPOBBIO MOT'YT BO3HUKATh OOJIE3HU O OCJIOXKHEHUS.

[Tpu npoBeaennu ['PII paboTHHKaM NPUXOAUTCS CTAIIKUBATHCS U BXOAUTDH B
HEIOCPEJCTBEHHBI KOHTAaKT C pa3JMYHbIMH XHUMHUYECKUMHU BELIECTBAMU
(HarpuMep, 3aKauMBaIOT CIELUAIBHBIC BEIIECTBA IOCIE €ro MPOBEIEHHUS YTOObI
OIPEAEIINTH 30HbI IPUTOKOB U OTTOKOB, M OHH SIBJIIFOTCS ONTACHBIMU JIJIS1 YETIOBEKA).

B ocHOBHOM Bce 3TH BelIeCTBa HaxoIATCsa B He(i)TI/I N rasc, CJICI0BaTCIbHO,
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HEOOXOIMMO CTpPOro CleIOoBaTh MpaBWjaM O€30MacHOCTH U COOJI0JaTh
ocTOpOXHOCTh. CaMasi onacHasi 30Ha SIBJISIETCS HEIOCPEACTBEHHO PSIZIOM C YCThEM
CKBQXXUHBI, T/Ie BCE HAXOAUTCSA MOJ OONBIIMM JIaBJICHUEM U BO3MOXHBI YTEUKHU
pa3IMYHBIX BelecTB.[19]

OCHOBHBIM ~ KPUTEPHUEM, CIYKAIIHA SKOJIOTMYECKUM HOPMHUPOBAHUE
coJiep>KaHMsI BPEIHBIX BEIECTB SBJSETCS MPEACIIbHO JOMYCTUMAasi KOHIEHTPAIUS
(ITAK). OHu HOpMUPYIOTCS CIIEUUATBHBIM JOKYMEeHTaMH. HekoTopble U3 HUX BbI
MOXeTe BUAETh B Tabmmie 4.3.[18]

Jns mpenoTBpaiieHusi MOCAEACTBUM YT€UEK U CHIDKEHHUIO BJIMSIHUS Ha
opranu3m uyenoBeka npumeHstor CU3 m cpencrBa KOUIEKTUBHOW 3amuThl. U3
CPEICTB  WHAWBHUIYAJIBHOW 3aIUTHl  OOBIYHO TPHUMEHSIOT  CTaHIapTHOE
00OpyIOBaHUE: OYKH, CTICIIMATIbHAS OfEXK 1a, TPOTUBOTA3kI.

Omxknonenue nokazameneti MUKPOKIUMAMA HA OMKPLIMOM  B8030yXe
HeoOxonumo yuuthiBath mpu [PII. B cBs3u ¢ reorpadueit pacnonoxeHus
paccMaTpUBaEMbIX MECTOPOXKIeHUH 3anaqHoit CuOupu nMeeTcs HaTMYue CI0KHBIX
KJIMMAaTUYECKUX YCI0BUM. K OCHOBHBIM IMOKa3aTesiM, KOTOPbIE XapaKTEpU3YIOT
MUKPOKJIMMAT SIBJISIFOTCSL TEMIIepaTypa, CKOPOCTh BETpa, JIaBJICHUE U BIAXKHOCTb.

KnumaTtudeckue yciaoBus pe3Ko MEHSIOTCS KaK TEUEHHUE BCEro CE30Ha, Tak
U B TeueHue qus u Houu (pazoer no 30 °C). Jlyist obecnieuenrs 6€30MacHbIX YCIOBUM
paboThl HEOOXOUMO MOAAEPKUBATH TeMIiepatypy B paiione 36 °C. Ilpu cnumkom
OOJBIION TeMIlepaType BO3MOXKEH TEPErpeB, a MPU HHU3KOW- TMEPEOXJIaKICHUE.
BnocnenctBum BO3MOXXHO pPa3BUTUE TUIEPTEPMUU, TEIUIOBOW yJap U MOTeps
CO3HaHMSI. A ecnm K CIOXHBIM TEMIIEPAaTypHBIM peXUMaMm J00aBUTH
U3MEHSIIONIYIOCS BJIQXKHOCTb W BETEpP, TO YCJIOBHUS CTAHOBSATCS elie Ooiee
CJIOKHBIMH.

Kaxxnoe npennpusiTue ycTaHaBIUBaEeT COOTBETCTBYIOIIME HOPMBI IO paboTe
MpU HUBKUX TemrepaTypax. s 3amuTbl OT MEPeoXJaXKICHUS] MPU HUBKHUX
temrneparypax (B paiione munyc 30°C) paboraror 20 munHyt u 10 MuHyT
oTHbIXaloT(Hanpumep). Bce 3aBUCUT OT KOHKPETHOTO PACIONIOKEHUS U YCIOBUH.

I/ICHOJ'IBC%yeTC?I OJJOK MECTHOM aBTOMAaTHKH WU CIICHUAJIBbHBIC O60FpeBO‘-IHBIC
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MYHKTHI, B KOTOPBIX yCTaHaBIMBaeTCsa KoMPopTHas TemiiepaTtypa (B paiione 18 °C)
B KOTOpPOHl M MPOM3BOAUTCSA OTABIX M 000rpeB MexAy 3axonamu. [Ipumensercs

crieruanbHas oJIeXkKaa I 00€CTIeUeHUs TEPMOPETYIIAINH opranu3ma. [ 18]

4.2.2 AHanu3 onacHbIX (HPaKTOPOB

Jeudicywuecss mawiunbl U Mexanu3Muvl SBISIOTCS KIKOYEBBIM OIACHBIM
dakTopom mipu nposenenuu ['PII. [{ns 6e3onacuoro nposeaeHus onepauuu ['PII u
MOATOTOBKM K HEH HEOoOXOIMMO MPUIEPKHBATHCA  OCHOBHBIX  IPaBHII
0€30MacHOCTH, KacaloUIMXcs Kak caMOW Omepanud, Tak W 00OpydOBaHHS MAJis
n30eraHrs HEMOCPEJCTBEHHOI0 KOHTAaKTa C JABIDKYIIMMHUCS MEXaHU3MaMu U
HAaHECEHUS Bpela 30POBbIO COTPYAHUKOB, U 3aKIIOYAIOIIMECS B CIECAYIOIIEM:

—I'PIl momkeH MpOBOAMTHCS CHEIUAIBHOW OpHUraoil 1moj; pyKOBOJCTBOM
UHKEHEPHOM-TEXHUYECKOT0 MacTepa, YTBEPKIACHHOI'O TIJIaBHBIM HHIKEHEPOM C
COOJTIOJIEHMEM BCEX HOPM U TpaBuil O€30MaCHOCTH;

—MEX 1y arperataMu JoJIKHO ObITh paccTosiHUE He Ooiiee 1 M U paccTosiHue
OT HACOCHBIX arperaTroB JI0 CaMOro YCThsl KyZa BeJeTcs 3akauka He MeHee 10 M;

—MeCTa YCTAaHOBKM OOOpYJOBaHUSI JOJKHBI OBITh IOATOTOBIEHO H
OYHILIEHO;

—HE00XOAMMO OCTaHOBUTH CTAHOK KayasKy (€ciiy CKBaKMHA 00O0pyI0BaHa
HICHY), pacnonoxuTh 6aaHcup B MOJI0KEHHUE, KOTOPOE HE MEIIAET MPOBEICHHUIO
OIlepaLIUHU WU IEMOHTUPOBATH €r0;

—arperaT JIOJDKEH COEAMHAThCS C TpyOamMu BBICOKOT'O JaBIICHUS,
o0opyaoBaH OOpaTHBIMU  KJIallaHAMH, CHEUUAIbHBIMM  MAHOMETpAaMH U
IPEAOXPAHUTEIBHBIMHA YCTPONUCTBAMM;

—pU  OTCYTCTBUM Yy MAIIUH HEUTPAIU3aTOPOB BBIXJOMHBIX TPYO
HEOOXOJIUMO BBIBECTH TPYObl Ha BBICOTY HE MEHEE 2 METPOB OT IIaT(OpPMBbI
arperara;

—Tepen OTCOSAMHEHUEM OOOPYIOBAaHMS CHU3WTH JaBJIEHHUS, 4YTOOBI HE

CIIYYWJICS pa3phIB U TIPEKIEBPEMEHHBIN BHIOPOC;
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—HaJM4Yue UCIIPABHOTO 000PY10BAHUS;

—3HAaHHWE I[IEPCOHAJIOM CTPOCHUSAM W TMPUHIMUIIOB JCUCTBUS KaXJI0ro
arperara, ¢ KOTOpPbIM BeJieTcsl paboTa;

—TMPOBOJUTh  ONPECCOBKY TpPyO JaBIEHHEM, KOTOPOE IMPEBBIIIAET
MaKcuUMaJbHO pacueTHoro npu nposenaenuu ['PII B 1,5 paza;

—IyCKaTh arperatbl B XOJ TOJBKO IMOCJE yHaleHus Jrofel Ha Oe3omacHoe
PAacCTOSIHHUE;

—BCErJa CIEN0BATh MHCTPYKUMAM PYKOBOAsAILIEro npoBeacHuem ['PII;

—B 3UMHEE BpEMs NPOBOJUTH MPOOHYI MPOKAUKY KUJIKOCTH IOCIE
MPOBEICHUS, JIJIs1 YOSXKICHUS, YTO MPOOKU OTCYTCTBYIOT. [20]

Dnekmpobe3onacHocms Takke HECeT B cebe OAUH M3 CaMbIX OINACHBIX
dakropoB Ha mpousBojctBe. [Ipu mpoemenmu omeparuu [PII Ha KycToBOi
IUTOMIA/IKE COTPYIHHUKH TOCTOSHHO CTAJKHBAIOTCA C JJIEKTPOOOOPYIOBAHUEM,
BCJICJICTBUE YEro MMEETCs] IIAaHC OBITh MOPAXKEHHBIM JJIEKTPHUUECKUM TOKOM.
JIeficTBHE 3JIEKTPUYECKOIO TOKA SIBISETCA OMACHBIM IS OpraHW3Ma YeJlOBEKa U
MOXET BbI3bIBAaTh MHOXKECTBO TAaKHUX OCJIOXKHEHUM, KaKk TEPMUUYECKHUE,
OMOJIOrMYECKHE, DJICKTPOJIUTHUECKHE, BhI3bIBAHNE MeXaHU4Yeckux aedctuit. [Ipu
HapylIeHUU TpeOOBaHUN O€30MaCHOCTH BO3MOXKHA J1a’KE€ CMEPTh.

HopmMa 10 MakCMMaJIbHO BO3MOXHOMY TOKY H  HampsHKEHHIO,
MIPOTEKAIOIIEMY Yepe3 OPraHu3M 4YElIOBE€Ka HE JOJDKHBI NPEBBIIATH 3HAYCHH,
IpeICTaBIIeHHBIX B Tabmutie 4.5[21]

Ta6mmma 4.4 — IpenenbHO TOMyCTUMBIC 3HAYCHUS TOKA M HanpshkeHus[21 ]

U,B I, MA
Pon Toka He Gonee
[Tepemennniit, 50 I'a 2,0 0,3
[lepemennsrit, 400 'y 3,0 0.4
IlocTostHHBIH 8,0 1,0
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Jlns obecrieyenust 0€30MacHOCTH PaOOTHUKOB MPH ONEpalUy MPOBEACHUS
I'PIT HEoOXOOMMO BBINOJIHUTH ONPEAEIEHHBIX MEPOIPUATUH, K KOTOPBIM
OTHOCSTCS:

—3a3eMiieHre 00opynoBanus ais nposeaenus ['PII;

—00eCcTOYMBaHUE BCEro OOOpPYIOBaHMs, KOTOPOE HEMOCPEACTBEHHO HE
Y4acTBYET B MIPOBEICHUU;

—ucnoab3oBanue CU3;

—BbIBEIIEHBI TAOJIMYKHU C OrpaHuYeHUsMHU 1ipu niposenenun ['PIT;

—HCIOJIb30BAHUE CIIELUAIBHBIN AJIEKTPOTEXHUYECKUA UHCTPYMEHT;

—C00JII0IeHrEe MPaBUI 0€30MaCHOCTH;

—OTCYTCTBHUE MepCOHAa psifoM ¢ obopymoBanueM Bo Bpems ['PI1.[20]

Toocapuas 6e3onacnocms , Kak ¥ B HaIlIEH TOBCEAHEBHON KHU3HU, TaK U Ha
MIPOM3BOJICTBE HeceT OOJBIIYI0 ormacHocTh. Tak kak mporecc I'PII Bkirowaercs B
cebst B3auMoieiicTBre pabodero arenta (KUAKOCTh Ha HEPTAHOM OCHOBE) C HE(PTHIO
¥ Ta30M, TO UMEETCSl OOJBIION 1IaHC BO3TOPAHMS, UYTO MOKET MTPUBECTHU K MOJTOMKE
000pyZ0BaHUSI 1 HAHECEHUIO Bpe/ia 3/I0pOBbI0 paOOTHUKOB. OMacHOCTh HECET He
TOJIKO BO3HHUKAIOLIEE BO3TOPAaHHE, HO M BO3rOPAHUE NAPOBO3AYIIHOM CMECH
yriieBonoponoB. OnaceH He CTOJNb WCTOYHUK BO3TOpPaHUsl CMECH, KaK TEIUIOBOU
VMITYJIbC, KOTOPBIM OH CO3/IA€T.

[TpoaykTbl TOpeHUs TakkKe SBISIIOTCS OMACHBIM  (PAKTOPOM TpU
BO3HUMKHOBEHUH NI0’KAPA, TAK KAK OKa3bIBalOT TOKCUYHOE BO3ECHCTBUE HA OPTaHU3M
YyenoBeKa. Takyke BO3MOXKHbI BO3HHUKHOBEHHE BTOPUYHBIX (DAaKTOPOB, KOTOpbHIE
MOT'YT HAaHECTH eule OONbLINI Bpel], TAKUE KaK:

— DIEKTPUYECKUH TOK;

— B3PBIBBI;

— BO3HUKHOBEHHE OOJIBIIOT0 KOJTUYECTBA OCKOJIKOB;

— MaJICHUE U HeTpeIcKa3zyeMoe JIBUxKeHne ooopyaoBanus.[20]

B CCBT I'OCT 12.1.004 — 91 nonyckaercs ypOBEHb MOXKapHON OMACHOCTH

g nrofel, He mpesbimaromuii 10° or BosmelicTBHA omacHbIX (DAKTOPOB IIPU
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noxkape, MPEeBBIIIAIONINX JIOMYCTUMbIC 3HAUYCHUS, B T'OJl Ha pacyeTe Ha KaxKJ0ro
yenoBeka.[22]

Jlst o6ecnieuenus: 6€30MacHOCTH IPY BO3SHUKHOBEHHH TT0KAPOB U B3PHIBOB,
HE00XO0AUMO:

—IIPY TIPOBEICHUH OTIEPAIIMU U PEMOHTaX PabOT 00s13aTeIbHO UCIIOIH30BATh
UCKPOOE30MacHbIe MHCTPYMEHTHI;

—CJIe/1IoBaTh MpaBUjIaM MOKapHOM 0€30MacHOCTH;

—MMETh CHEIHUAIBHOE BBHITSHKHBIC CHUCTEMBI B TYHKTaX YIPABICHHS W
arperarax;

—TepCoHa, MPU MPOBEACHUU OMPECCOBKU C CTPABIMBAHUS JIaBJICHUS,
JOJI’KEH HaXOAUTCA C MOJBETPEHHOU CTOPOHBI;

—OCHAIIIEHUE TMPOTUBOMOXKAPHBIMHU CPEICTBAMU: JIOMATa, TMECOK, BEApa,
Tonopsl u oruerymurenu OXII-10.

[Ipy BO3HMKHOBEHMH TOXKapa CJeliaThb BCE BO3MOKHOE ISl YCTPaHECHHS
npoOsieMbl W CIIeIOBaTh IpaBWjaM  IOXapHOW O€30MacHOCTH, BBI3BATh

cHenuanbHbIe TPYIIIbI 1711 YCTPAHEeHUs MPOOJIEMBI.

4.3 Dxojornueckas 0e301acHOCTh

[Ipouecc mnposeaenuss ['PII moTeHHManbHO MOXET TPUHECTH BpEI
OKpYXalolel cpene, ClIelnoBaTeIbHO, HEOOXOAMMO YYHTHIBATH OTO MpHU

INIAHUPOBAHUH JAHHOT'O MCPOIIPUATHUS.

4.3.1 Brnustnue na nutocdepy

OTpuiarenbHOE BIMSHAE HAa IUTOC(EPY HAUMHAETCS €€ C MOMEHTa Havasa
CTPOUTENBCTBA IIAHUPYEMBIX OOBEKTOB, KOTOPOE CKa3bIBAETCS HA MOYBEHHOM
IIOKPOBE ITyTEM PA3PYLICHUS U 3aMEHBI €CTECTBEHHBIX MIOYBEHHBIX TOPU30HTOB HA
MUHEPAIU30BaHHbIE TPYHTHI IIPHU OTCHINKE TUIOLIAJKH.

OCHOBHbIE HCTOUHUKHU 3arpsI3HEHUS JTUTOC(EPHI SIBISIETCS

—IpOHUKHOBEHHUE )uAKoCcTU [ PI1 B mouBy;
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—TOpPIOYE CMa30YHbIE MATEPUAIIBL;

—TBEPABIE OTXOJIbI U MPOAYKTHI IOCIIE MPOBEACHUS;

—3arps3HEHUS] XUMUYECKUMHU pearceHTaMH MOYBBI.

JIns ycTpaHeHHS BBINIECKA3aHHBIX MPOOJIeM MJIN XOTSA-Obl YMEHBIIICHUS UX
BJIIMSIHUS ICIIOJIB3YIOT JKUJIKOCTH Ha OCHOBE HE(PTH, KOTOPhIE UMEIOT €CTECTBEHHO
MIPUPOTHOE TIPOUCX 0K AEHHE, 00padaThIBAIOT CICIIUATIBLHBIMI COCTaBaMH, UTOOBI HE
ObUIO CHJIBHBIX TMOCJEACTBUM MpH TOMaJaHUU B TMO4YBYy, Kuakoctu ['PII
W3TOTABJIMBAIOT U3 CIIECIUATIBbHBIX TEXHOJIOT U, KOTOPBIE HE TO3BOJISIFOT MPOHUKHYTh
UM B TIOYBY, MEPOIPHUITHUS MPOBOAAT MPHU MOTHON repMeTH3aiuu 000pya0BaHus,

YTO HE BbI3BATh MEPETOKOB U KOHTAKT C MPUPOJTHON COCTABIISIONIEH. [23]

4.3.2 Brniusiaue Ha ruapocdepy

B03MO0XXHO OTpPULIATENIBHOE BIMSAHUE HAa IOJ3EMHBIC U IIOBEPXHOCTHBIC
BOJIbI, JIMBHEBYIO BOJly BCJEACTBHE IIEPETOKOB HEPTH U CaMOH KUAKOCTH
TUAPABINYECKOIO Pa3pbiBa, KOTOpPAs U 3arpA3HAET UX. XOYETCS OTMETUTH, YTO
JAHHOE BIMSHUE MOKHO TNPAKTUYECKU CBECTH K (), €Ciii BBINOJHATH YCIIOBHE,
KOTOpbIE 3aKJIIOYAIOTCS B COOJIIOJIGHHE OMNPEACNEHHOIO PACCTOSHUS MEXIY
BOZJOHOCHBIM F'OPU30HTOM M TOYKOW TMAPABIMYECKOTO Pa3pbiBa, YTO TAPAHTUPYET
OTCYTCTBHE MX B3aWMOJCHCTBUSA M 3aKOHOMEpPHOro 3arpsAsHeHus. JlanHoe
pPacCTOSHUE BBIYMCIAETCS MH)KEHEPaAaMU M TEO0JIOTaMM Ha OCHOBE MHOXKECTBA
JAHHBIX, TIOJYYEHHBIX IPU M3YYEHUHU CTPOCHHUS MECTOPOXKIEHMs. Takke
HEOO0XOAMMOCTh MPaBUIIbHO BbINIONHEHUs oniepauuu ['PI1 u cobmronenune Bcex HopMm

0€30MacHOCTH.

4.3.3 Bausiaue Ha atMocdepy

Taxoxe nMmeercst oTpuniaTenbHOe BiIusHUe Ha atMocdepy. [Ipu npoBeaennn
onepariuu ['PT1 Bo3MOXHBI BEIOPOCHI ONACHBIX(TOKCUYHBIX ) BEIIECTB B aTMOc(hepy.

Jlns  yMeHbIIEHHUS BIUSHUS JaHHOW TpOOJEMBbI TIIATEIBHO TPOBEPATH BCE
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obopynoBanue. Becb nepconan 101KEeH CTPOro codJI01aTh NpaBuiia Tpyia Ha Mpu
paboTe Ha IPEeaNPHUITHH.

OCHOBHBIM UCTOYHUKOM T'a30B SIBJISIOTCSI IPOYKTHI CTOPaHUsI TOILIMBA MPU
noctosiHHO padoraromuii JIBC, ncnapeHue mapoB yriieBoJOpPOJOB U >KUIKOCTEH,
KOTOpbIE ydYacTByeT B mporecce. JIumHuii a3 HEOOXOAUMO HE CXKHUTaTh, a
YTWIN3UPOBATh WM OTHOPABISTH Ha 3aBOJ, TIA€ OylIeT MPOU3BOAUTCS €ro

nepepabdotka.[23]

4.4 be3onacHOCTh B YPE3BbIYANHBIX CUTYaIIMIX

YpesBplyaiiHasg cuTyanuss — 0OOCTaHOBKA, KOTOpasi BO3ZHHUKAET BCJIEACTBUE
aBapuy Ha 0OBEKTE WU ONpPeNeNIEHHON TEPPUTOPHUH, & TAKXKE BCIEICTBUE JPYTrOro
OpUPOJHOro WK TexHoreHHoro 0enctus. [1o npuunne YC Bo3MOXKHO HaHECEHUE
OOJIBILIOrO Bpela OKpY)KAlolleW cpefe M XO3SUCTBY B 1LIEJIOM, BO3MOXKHBI JaXKe
YeJI0BEUECKHE KEPTBBI, a TaKkKe OOJbIINe MaTepuaibHble oTepu. OTHOILIEHUE K
kakoil-mnoo kareropur YUC 3aBUCUT OT OOILIEro KOJIMYECTBA MOCTpaZaBUIMX, B
LEeJIOoM- pazMepa yiepOa B MaTepruaibHOM SKBUBAJIIEHTE, OT IJIOMIAN BO3AEUCTBUS
BPEIOHOCHBIX (haKTOpOB.[24]

B Hammx cnoxHbpIX ycioBusX 3anagHod CuOMpH MOXKET BO3HHKHYTH
MHOkecTBO UC, K KOTOpPBIM OTHOCSATCS:

[IpupoaHoro xapakrepa:

— pa3JIM4YHbIC HABOJHEHUS;

— II0KapBl;

— yparassl;

— MOPO3BI;

— METEJIN.

TeXHOreHHOro xapaxkrepa:

— HEYIPABIIIEMOE OTKPHITOE (POHTAHUPOBAHNE CKBAXKUHBI

— Pa3pbIBBL;

— BO3IropaHuc;
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— HETIPE/IBUJICHHBIE PA3JIUBHI;

— HEYIPABJISIEMbIE MTOTOKH KUJIKOCTH pu pasrepmeTn3anuu
BBICOKOHAITOPHOM JIMHUH.

Jlnst mpenoTBpalieHusi U ObICTPOI JTUKBUAAIMU aBapHii, KOTOPhIE MOTYT
BO3HUKHYTh Ha OOBEKTax HeTemoObYM TPU YPE3BBIUYAWHBIX CHUTYaIUAX
COCTABJISIIOTCS TUIAHBI 1O JIMKBUAAIMKM BO3MOXKHBIX aBapuii (IIJIBA). ITJIBA
COCTaBIJISIFOTCSl B COOTBETCTBUU C MPaBUIIaMU 0€30MaCHOCTH B HE(DTSIHOW U ra30BOM
MPOMBIIIIEHHOCTH U JOJDKHBI COJIEPKATh CIIETYIOIIEE:

— MepevYeHb BO3MOXKHBIX aBapuil Ha OOBHEKTE;

— crocoObl  OMOBEIIeHUsT 00 aBapuu (CHpPEHA, CBETOBas CUTHAIU3AIMS,
TPOMKOTOBOPSIIAs CBS3h, TeNe(OH U JIp.), yTH BBIXO0/1A JTFOJCH U3 OMMACHBIX MECT U
Y4aCTKOB B 3aBUCHMOCTH OT XapaKTepa aBapuu;

— JICUCTBUS JINL TEXHUYECKOr0 NIEPCOHAJIA, OTBETCTBEHHBIX 34 DBAKYALIUIO
JIIOEN U MIPOBEJICHUE MPENYCMOTPEHHBIX MEPOIIPUSITUN;

— CIIMCOK U MOPSAIOK OMOBEIIECHHS JOKHOCTHBIX JIULL IPU BO3HUKHOBEHHUH
aBapuu;

— crocoObl TUKBUIAIIMU aBapuil B HauaabHOU cTtanuu. [lepBoouepenbie
JEUCTBHUSI TEXHUYECKOTO TMepcoHaja Mo JIMKBUAAIMU aBapuil (mokapa),
MPEIYIPEKICHUIO YBETUUCHHS UX PA3MEPOB U OCIIOKHECHUN;

— OCYIIECTBJIIEHUE MEPONPUATHM IO MIPEAYIPEAKICHUIO TIHKEIBIX
IOCIEeACTBAN aBapui. [1opsaoK B3aMMOIENCTBHS € Ta30CNIAaCaTEIbHBIMU U APYTUMU
CHEUUATIM3UPOBAHHBIMU CITYKOaMHU;

— CIIMCOK ¥ MECTOHAXOXKJICHUE aBaPUHNHOU CIIELOAEHKbI, CPEACTB
WHIVBHIYaJIbHOM 3aIlIUThl U HHCTPYMEHTA;

— CIIUCOK TIO’KapHOT0 MHBEHTAPs, HAXO/SIIErocs: Ha 00BEKTE;

— akThl ucnblTanusa CU3, cBs3u, 3a3eMIICHUS;

— rpaduK U cXeMmy 1o oTOopy Mpod ra30BO3AYIIHON CPEIbI;

— TEXHOJIOTMYECKAas cXeMa 00BbEKTa;

— TOJIOBOM TpaduK MPOBENECHUS y4E€OHBIX 3aHATHI IJIS MPEaOTBPaAICHUS

BO3MOKHBIX aBapuid. [24]
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B naHHOW T5aBe OBUIM pPAacCMOTPEHBI TakKWe pa3/ielibl COLUATbHOU
OTBETCTBEHHOCTH KaK NPOU3BOJACTBEHHass  O€30MMAaCHOCTh,  HKOJIOIMYECKas
0e30MmacHOCTh, 0€30MaCHOCTh B YPE3BbIUAWHBIX CUTYAIIHAX, & TAK)KE PACCMOTPEHBI
IIPABOBBIE U OPTraHU3AIIMOHHBIEC BOIIPOCHI o0ecrieueHrs 0e30MacHOCTH Ha 00bEeKTax
HeTen00bIYM NTPU NPOBEACHUH ONEPALMU TMIPaBIMYECKOro pa3pbiBa miacta. Bee
paHHEee MEePEeYUCIICHHBIE pa3feNbl SIBISIOTCS OYEHb BAaXXHBIMHU TPU TPOBEICHUU
I'PII, Tak kak 3TO onacHasi ornepaiuu, KOTopas MOXKET CKa3aTbCsl KaK Ha 37J0pPOBbE
COTPYIHHMKOB, TaK M Ha D3KOJIOTHIO, CJEAOBATEIbHO, € HEOOXOIUMO YAENSITh
Oonbpioe BHUMaHue U (uHaHcupoBaHue. HedrerazoBble KOMIAaHUM HECYT
OOJBIIYI0 COLMAIBHYIO OTBETCTBEHHOCTh, YTOOBl MHHHUMHU3HUPOBaTh PHUCKU U
3aTpaTbl Ha YCTPAHEHHWE MOCIEACTBUN NPOUCHIECTBUNA, MMEHHO MO3TOMY OHHU
MOCTOSTHHO BHENPSIOT HOBBIE pa3pabOTKH, HOPMBI, MIpaBWJia U CTAaHJAPTHI B CBOE
NPOU3BOJCTBO. Bece OHM mpecienyioT equHyio 1eiab — n30eXaTh MPOUCIIECTBUS U
MUHUMU3UPOBATH MOTEPH. /[ 3TOro co31arTcs CuelualIbHbIe OTAENbI, KOTOPbIE
KOHTPOJIUPYIOT TaKyl BaXHYI0 YacTh MPOM3BOJCTBEHHOIO IIpoliecca, Kak

CONMNAJIbHYIKO OTBECTCTBCHHOCTD.
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3AKJIIOYEHUE

B nannoit pabotre Obl1 paccMmoTpeH nmnporecc mnposenenuss ['PII,
o0opyaoBaHUE JIJISl €70 MPOBEACHMS, €0 CYIIHOCTh W aHAIN3 ero d(HPEeKTUBHOCTH
Ha MeCTOpOXKIeHusX 3anaaaon Cubupmu.

I'PII sBnsieTcst OAHUM M3 OCHOBHBIX METOJOB MHTCHCHU(DHMKAIIMHM IPUTOKA,
KOTOPBII Hallle] MPUMEHEHHSI KaK Ha MEeCTOpOoxkaeHusIX Poccuu, Tak u 3a pyoexxoM.

OcCHOBHBIE MTApAMETPHI, KOTOPBIE XapaKTepU3yIo 3PHEKTUBHOCTH TPEUTUHBI
I'PII sBisttoTcst Oe3pa3mepHblil KO3PHUIMEHT NPOBOAUMOCTU TPEUIUHBI U CTENEHb
BCKPBITHSI TPEUIMHBI, KOTOPbIE B OCHOBHOM XapaKTEPHU3YIOTCSI T€OMETPUYECKUMU
pa3mMepamu TpelrHbl. PacyeT onTUMabHBIX MTAPaMETPOB BEJIETCSI, OCHOBLIBASCH HA
KOJIMYECTBE MPOIaHTa, 3aKa4MBa€MOT0 B TUIACT U BBIJEIECHUIO COOTBETCTBYIOIINX
eMy mapameTpoB, XxapakTepusyromux 3pdekTuBHOCTh. B nanHoi paboTe npuBeaeH
IIPUMEP pacyera ONTHUMalbHbIX IapaMmerpoB TpemuHbl ['PII ¢ mucnons3oBanuem
COOTBETCTBYIOIINX TPa(PHUKOB.

Ha ocnoBe ananu3za s¢pexruBnoctr npumeHeHus [ PI1 Ha nByx ckBaknHax
MECTOpOXKACHHUST X MOXKHO OBLIO CHENaTh BBIBOJ, YTO MPOU3OIIET 3HAYUTEIbHBIN
NPUPOCT 1e0UTa B OCHOBHOM He(TH U B MEHbIIIEH CTENEHU BOJbI, YTO TOBOPUT O
NPaBUILHOCTH BBIOOpa MeCTa MPOBEJICHHS, PAcyeTOB M YCIEIIHOCTH CaMOu
oTepaluu 1Mo UHTEHCU(UKAUK TPUTOKA. Takxke MPOn3011I0 3HAUUTEIBHO MaJICHUE
CKHH - ¢hakTopa (10 -5), 4TO TOBOPUT O YIYUIIEHUH COCTOSTHUM MTPU3a00MHOM 30HHI,
YTO SIBJSIETCS OJHOM U3 KJItoueBbIx oco0enHocteit ['PI1.

B pabote Takxke OblTH clienaHbl 5)KOHOMUUECKHE pacueTsl mposeaeHus ['PI1
U cOPMYIHPOBAHBI COOTBETCTBYIONIUE BBIBOJBI O TOM, UYTO MPOCIEKUBACTCS
Xopomiasi JUHAMHKA POCTa SKOHOMUYECKMX IIOKa3aTelei, BCIEICTBUE YEro
OYEBMJIHO, YTO JAaHHOE MEpoIpusitue sBiseTcs 3(PGEKTHUBHBIM HE TOJIBKO B
TEXHOJIOTUYECKOM, HO U B SKOHOMUYECKOM ILJIaHE.

Ko BceMy BbIlIENEpEYNCICHHOMY OBUIM PAacCMOTPEHBbI TaKHUE pa3febl
COIIMAJILHOM  OTBETCTBEHHOCTH  KaK  IPOU3BOJCTBEHHas  0O€30MacHOCTb,

AKOJIOTHYECKask 0€30MacHOCTh, 0€30MaCHOCTh B UYPE3BbIYANHBIX CUTYaAIIHSIX, & TAKKE
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pacCMOTpPEHbl ~ MPaBOBbIE W  OpPraHU3alMOHHBIE  BOMNPOCHI  O0OecreyeHus
O0e3omacHOCTM Ha O00beKTax He(pTeAOoOBIYM TPU MPOBEACHUU  ONEpaluu
THJIPaBIMYECKOTO pa3pbiBa IUIACTA, W3 KOTOPHIX CIEAYeT, 4YTO HE0OXOJUMO
coOoaTh BCE MpaBWiIa W HOPMBI IMPU TPOBEIEHUU TAKOr0 MOTEHIHUAIBHO
onacHoro Mepornpustus, kak [ PII.

B nenom xouercs OTMETHTH, YTO oOIEpalysi THAPABINYECKOrO0 pa3pbiBa
IUIaCTa MOYKET MPUMEHATHCS B OOJBIIMHCTBE CIIY4aeB, €CIIM MMEET MECTO OBITh
peHTa0eNbHOCTh TAHHOT'O MEPOINPUATHS, BEb BCEr/1a BaXKHO COOTHOCUTD 3aTPaThI

U TIOJTYYEHHYIO MPUOBLIb.
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