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TCPMCTHUYIHOCTD ITPU IMPOKJIAAKC B MHOT'OJICTHEMCP3JIBIX I'PYHTAaX
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OO6yyarommuiics
I'pynna [037(0] Hoanuch Harta
2bM12 [Tandunosa Bukropus JImurpueBHa
PykoBogurtens BKP
JomKHOCTD (1% (0] Yuenasi cTeneHb, Moanuch Jara
3BaHHuE
pouent OH/L bpycnuk O.B. K.IL.H.

KOHCYJIbTAHTDI 1O PA3JIEJIAM:
[To pazneny «OUHAHCOBBI MEHEKMEHT, pecypcodPPEeKTUBHOCTh U PECYPCOCOEPEIKEHUE)

JlokHOCTH (1% (0] ‘Y4enasi cTeneHs, Toanuch JlaTa
3BaHHe
npodeccop OHJ [Mapp U.B. J1.3.H.
ITo pasacity «COIII/IHJ'II:HaH OTBE€TCTBECHHOCTB»
JloKHOCTH (1% (0] ‘Y4enasi cTeneHs, Toanuch JlaTa
3BaHNe
nouent OO/ Ceunn A.A. K.T.H.

KOHCYJ'IBTaHT - JIJUHI'BUCT

Yuenas crenenb,

J0/KHOCTH (1% (0] - TMoanmuch JlaTa
noreat O HIBUIT Atikuna T.1O. K.} H.
JOITYCTUTD K 3AIIINTE:

Pykosoauteas OOII/OIIOII, (0115 (0] ‘Y4eHasi cTeneHs, TMoanmuch JlaTa
JOJIZKHOCTh 3BaHNe
npodeccop OHJI Hlanpuna A.B. J.T.H.

Tomck — 2023 1.



INJIAHUPYEMBIE PE3YJIBTATBI OBYYEHUSA

21.04.01 «Hegrerazosoe aejio»

Koo
pesyrbmama

Pesynomam o6yuenus
(8b1NYCKHUK 00J1ICeH ObIMb 20MO08)

Tpebosanus @I'OC,
Kpumepues u/uiu
3AUHMEPeCOBAHHBIX CIOPOH

B coomeemcmeuu c ynusepcanvnuvimu, 00uienpodeccuonanpbubimu U npogheccuoHanbHbIMu

Komnemenyuamu

Oo6mrue mo nanpasaeHuio noarorosku 21.04.01 «Hedrerasopoe aesio»

Crioco6eH oCymecTBIATh KPUTHUESCKIH aHATN3

Tpebosanus @I'OC BO, CYOC

YK(V)-1 MPOOJIEMHBIX CUTyalllii HA OCHOBE CHICTEMHOT0 Iy
MOJIX0/1a, BEIPa0aThIBATh CTPATETHIO NEHCTBHI
Crioco0eH yIpaBisaTh IPOSKTOM Ha BCEX ATAIaX ero Tpebosanus ®I'OC BO, CYOC
YK(VY)-2
JKU3HEHHOT'O IUKJIa 7y
CriocobeH OpraHm30BEIBATE U PyKOBOIUTH paboToit TpeGosanus ®TOC BO, CYOC
YK(VY)-3 KOMaH/JIBI, BRIpa0aThIBasi KOMaHIHYO CTPATETHIO IS Iy
JOCTH)KEHHSI IOCTABJICHHOM LIeNn
Cnocoben MIPUMCHSTH COBPEMCHHBIE
VK(Y)-4 KOMMYHHKAaTUBHbIE TEXHOJIOTHM, B TOM YHCJIE Ha Tpebosanus @I'OC BO, CYOC
MHOCTpaHHOM(BIX) sI3bIKe(aX), IS aKaJeMHYECKOT0 U my
npodecCHOHAIILHOTO B3aUMOCHCTBHUS
Criocobex aHAJIN3UPOBATh u YUUTHIBATh Tpebosanus PIOC BO, CYOC
YK(Y)-5 pazHooOpas3ue KyJIbTyp B MPOIECCe MEKKYIbTYPHOTO Iy
B3aUMOJICHCTBYS
CriocobeH onpenenaTs U peaau30BbIBATh IPUOPUTETHI
YK(Y)-6 COOCTBEHHOW  JCATENILHOCTH H  CIOCOOBI  ee Tpebosarus ®roC BO, CYOC TNy
COBEpPIUICHCTBOBAHHSI HA OCHOBE CAMOOLICHKH
CrmocobeH pemarh TPOU3BOACTBCHHBIE H  (WIIN) Tpe6osanus PTOC BO, CYOC

OIIK(Y)-1 HACCIIEN0BATEIBCKUE 3a1a9u Ha OCHOBE Iy
(hyHIaMEeHTAILHBIX 3HAHUH B HeTera3oBoii obiactu

OTK(Y)-2 Crioco0eH OCYIIECTBIATh IPOCKTHPOBAHUE OOBEKTOB Tpebosanus @I'OC BO, CYOC
He(TEera3oBoro MpOMU3BOJICTBA Ty
CnocobeH pa3pabaTbiBaTh  HayYHO-TEXHHYECKYIO,

OTK(Y)-3 NPOCKTHYI0O M CIYXeOHYI0  IOKYMEHTAIHUIO, Tpebosanus @I'OC BO, CYOC
0pOpMIIATh HAYYHO-TEXHHUECKHE OTYETHI, 0030pHI, Ty
myOIuKaIuy, peleH3nu
Criocoben HaXOJUTh U nepepabaTbIBaTh

OTIK(Y)-4 nHpOpMaIrio, TpeOyeMyo JJIsl IPUHATHUS PEIICHUI B Tpebosanus @I'OC BO, CYOC
Hay4yHBIX HCCIENOBAaHUSIX M B  IPAKTUYECKOU Ty
TEXHUYECKOH e TeIBHOCTH
CrocobeH  oueHHBAaTh  pe3yiabTaThl  HAYIHO-

TEXHHUYECKUX Pa3paboTOK, HAY'HBIX HCCIIC/IOBANH U Tpebosanus PIOC BO, CYOC

OIIK(Y)-5 000CHOBBIBAThH COOCTBEHHBIH BEIOOD, Iy
cucTeMaTH3upyss W 0000mas JOCTH)KEHHS B
HeTerazoBoi OTPACcIM M CMEXKHBIX 00J1aCTAX
Crnoco0eH y4acTBOBaTh B pealn3allid OCHOBHBIX U Tpebosanus PIOC BO, CYOC

OTTK(Y)-6 JIOTIOJTHUTENBHBIX podecCHOHANBHBIX my
00pa3oBaTeIbHBIX porpamm, UCTIONB3YS

CIICIHUAJIbHBIC HAYYHBIC U HpO(i)CCCI/IOHaHBHBIe 3HAHUA

Ilpogpcmanoapm: 01.004

Cneuﬂanmauuﬂ «HanexHoctb u 0€30MaCHOCTh 00bEKTOB TPaHCIIOPTA U XpPAHEHUSA YIJI€BOAOPOA0B»

CrocoOHOCTh pa3pabaThiBaTh yu4eOHO-METOIUIECKOE

Tpebosanus @I'OC BO,CYOC

MK(Y)-1 obecrieueHue porpaMmm npodeccnoHamTsHOTO TITY lpodpemandapm: 01.004
00y4YeHHs, a TAaKXKe PEaTN30BBIBATh UX
CrocoOHOCTh aHAIM3UPOBATh U 0000IIATh JAaHHBIE O
pabote TEXHOJIOTUIECKOTO obopymoBaHus, Tpebosanus @I'OC BO, CYOC
MK (Y)-2 OCYILECTBIIATh KOHTPOJIb, texauueckoe | TV Ilpogpcmanoapmer: 19.010,

COIIPOBOXK/JIEHWE U YIIPABJIEHUE TEXHOJIOTMYECKUMHU
npolieccaMu B He)Tera3oBoil OTpaciu

19.026, 19.055




Pezynomam obyuenus

Tpebosanus @I'OC,

Koo
S (8bINYCKHUK 00/19iCeH DblMb 20M08) Kpumepues u/uiu
peyr 3auHmepeco6anHblx CnNopoH
CriocoOHOCTE OLIEHNUBATh 3K0H0MHLIeny}O TpeGosanus ®TOC BO, CYOC
MK(Y)-3 Z%?;I;TBHOCTLT gHHOBaHHOHHHX PCWICHIR B |y Ipogpcmanoapmer: 19.010,
PyOONPOBOTHOTO TpaHCIopTa 19.026, 19.055
YIJIEBOJJOPOJIOB
e o 7 | Tetunams ar0C 50, cyoc
TIK(Y)-4 TEXHOJIOTMYECKOr0  000py/0BaHus  He(Tera3oBok Ty Hpogemanoapmei: 19.010,
19.026, 19.055
oTpaciu
CriocoOHOCTh y4acTBOBaTh B yIpaBIeHUN Tpebosanus @I'OC BO, CYOC
I[K(Y)-5 TEXHOJIOTHYECKUMH  KOMIUICKCaMu,  npuHuMmate | TI1V I[Ipopcmanoapmer: 19.010,
pemIeHns B yCIOBUSAX HEOIPEISIIEHHOCTH 19.026, 19.055
CriocoOHOCTh TIPHMEHATH IMOJNYYCHHBIC 3HAHUS LIS
pa3paboTKu W peanu3aluu TPOCKTOB,  PasIMIHBIX Tpebosanus IOC BO, CYOC
TIK(Y)-6 MPOLECCOB  NMPOU3BOACTBEHHON  JCATENBHOCTH  HA | 7y Tpogpemandapmon- 19.010,
OCHOBE METOJIMKH MPOCKTUPOBAHHS B HE(TEra3oBoi 19,026, 19.055
OTpaciid, a TaKkKe HWHCTPYKTHBHO-HOPMATHBHBIX
JIOKYMEHTOB
CriocobHOCTh MIPUMEHSTh COBpPEMEHHBIE
IPOTPaMMHEI€ KOMIUIEKCH LA  [POSKTHPOBAHHS TpeGosanun ®TOC BO, CYOC
HK(Y)—? TCXHUYCCKUX YCTPOHMCTB, armnaparoB U MEXaHU3MOB, Iy Hpod)cmaﬁdapmbl: ]9 0] 0,

TCXHOJIOTUYCCKUX TPOLUECCOB B COOTBCTCTBUU C
BBIOpaHHOU cepoit npodeccroHabHOI
JIeATEIbHOCTH

19.026, 19.055




TOMSK TOMCKUWN
POLYTECHNIC NONMUTEXHUYECKUMN
UNIVERSITY YHUBEPCUTET

MUHUCTEPCTBO HayKu U Bbiclero obpasosaHua Poccurckon Gegepaumm
denepanbHoOe rocyaapcTBeHHOE aBTOHOMHOE
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[Ipoduns «HanexxHOCTh ¥ 6€300aCHOCTh OOBEKTOB TPAHCIIOPTA U XPAaHEHUS YITIEBOJIOPOIOBY
Otnenenue HedrerazoBoro aena

YTBEPXAIO:
PykoBogutens OOIT OHJ] UILITTP

Tagpuna A.B.
(IToxmuce) (Mata) (®.1.0.)

3AZJAHHUE
HA BBINOJHEHHE BBIMYCKHOH KBAJIN(PUKANMOHHOI PadoThI
B dopwme:

MarucTepCKON AUCCEPTALUN

Crygnenry:

I'pynna DPUO

2bM12 [Tan¢unosoit Bukropun JIMUTpUEBHBI

Tema paboThI:

OpFaHI/I3aHI/I$[ M KOHTPOJIb MPOBCACHHNA UCIBITAHHUA MaruCTpaJbHOTO ra3onpoBoJa Ha MIPOYHOCTbL U
TCpMECTUYHOCTD ITPH HNPOKJIAAKE B MHOT'OJICTHCMEP3JIBIX TPYHTAX

YTBepkaeHa NpUKa30M JUPEKTOpa (J1aTa, HOMEp) \ Ne37-60/c ot 06.02.2023

‘ Cpok c/1auM CTY/IEHTOM BBIIIOJIHEHHOM pabOThI: ‘

TEXHUYECKOE 3AJIAHUE:

OOBEKT HUCCeNOBaHMS — JHMHEHHBIA YYaCTOK MAaruCTPalibHOTO
razonpoBoja «Cuna Cubupu» 30 — 56 km

Hcxoanbie 1aHHbIE K padoTe JuameTp Tpybomposoaa: 1420 MM

Pabouee naBnenue: 9,8 Mlla

Knacc npounoctu Tpy6omnposoga: K60

Kareropus tpy6onposona: |

JlutepaTypHbiii  0030p HMCTOYHHKOB TIO MPOCKTUPOBAHHMIO,
JKCIUTyaTaluu u 00CITy>)KUBaHHUIO JIMHEWHOU 4acTh
MAarucTpaibHOro ra3onpoBo/a;

N3y4yenne oObeKTa M aHaiIM3 CIIOCOOOB MPOBEJCHUS MCIIBITAHUS
MAarucTpanbHOro ra3onpoBo/a Ha IPOYHOCTh U T€PMETUUHOCTE;
Br160op onTuMansHOTO METOAA;

Pacyer ynymeHHON BBITOABI BCIEICTBHE HECBOEBPEMEHHOIO
BOIIPpOCOB BBOJIa 000PYIOBAHUS B SKCILIyaTaIHIO;

Pacuer TexHoOJIOrMYECKUX MapaMETPOB OCYLIKH Ta30lpoBOAa C
MIPUMCHCHHUEM OCYILIHUTEIISA,

AHanu3 MMoJTy4eHHBIX pe3yIbTaToB, pa3paboTka peKOMEHAANINH 10
MOBBIIICHUIO 3¢ eKTUBHOCTH MIPOBEICHUS UCTIBITAHUS
MarucTpajJbHOIO I'a301IpOBOJa Ha IPOYHOCTh U F€PMETHUYHOCTb.

Ilepedyens moaseKaMMUX UCCIACAOBAHUIO,
NPOEKTHPOBAHMIO " pa3padorke

Hepeqeﬂb rpa(]mqecxoro MaTepualia PucyHku, cxembl, TaOIUIIBI




KoHcyabTaHTBI 10 pa3jenamM BbINYCKHON KBAJTU(DPUKANMOHHONH padoThl

Pazgen KoncyabTant
«DUHaHCOBBINI MEHEKMCHT,
pecypcorhPeKTHBHOCTD u [Tap¢p U.B, npodeccop OHJI
pecypcocOepeskeHne»
«CouuanbHasi OTBETCTBEHHOCTb)» Ceunn A.A., rouent OO/]]
KoncynbTanT-JIMHTBUCT OT/IeNICHUS Afixuia T.IO... noert OV LIBUIT
MHOCTpaHHBIX A3bIkoB IITT1b ’

Ha3zBanusi pa3aejioB, KOTOpbIe J0JKHBI ObITH HAMMCAHBI HA PYCCKOM M HHOCTPAHHOM SI3bIKAX:
BBINOJIHEH JIUTEPATypHBIA 0030p Ha 0a3e aHIIOA3BIYHBIX MCTOYHHKOB Ha Temy - Pipeline drying
methods

JlaTa BbI1a4M 32JaHUA HA BbINOJHEHUE BBINYCKHOM
KBAJTH(UKAIMOHHOM padoThI 10 JMHEHHOMY rpaduky

3aganue BbIAA PYKOBOAUTEC/Ib:

J0/2KHOCTH [ %(0] Y4enasi cTeneHs, Ioanuch JlaTa
3BaHHe

norieHT OHJI bpycuuk O.B. K.II.H., TOUEHT

33}13HI/I€ IMPHHAJ K UICITIOJTHEHUIO CTYACHT:

I'pynna [037(0] Hoanuch Harta

2bM12 ITan¢unosa Buxktopus JMutpreBHa
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ITepuon BbITIOTHEHMS (OceHHu / BeceHHMH cemecTp 2022/2023 yyueGHOTO rojia)

dopma npeacTaBiIeHUs: pabOTHI:

MarmcTepcKasl TUccepTarus

KAJIEHJIAPHBIN PEUTUHI -TIIVIAH
BbINOJIHEHH S BBINYCKHOI KBATH(UKAIMOHHONH padoThl

| CpoK cllauu CTYJICHTOM BBITOJHEHHON pabOThI:

Jara Ha3spanue pa3zgena (moay.as) / MakcumaabHbIi
KOHTPOJIS BHJA padoThl (McciaeJ0BaHNs) 0aJia1 pazaena (MoayJisi)
01.02.2023 | Bseoenue 5
09.02.2023 | Ob30p rumepamypul 10
21.02.2023 | Obwue ceederus 0 mecme npouz800cmed pabom 10
Buibop mexnuueckoeo pewienus npu  npogeOeHUU  UCHLIMAHUL
20.03.2023 20
MASUCPATLHO20 24301P0800A HA NPOUYHOCHb U 2ePMEMUYHOCHb
27.04.2023 | Pacuemuwl u anarumuxa 20
15.05.2023 DUHAHCOBLILL MEHEONCMEHIT, PECYPCOGDDPEKMUBHOCITIL U PECYPCOCOEDENCEHIUE 10
22.05.2023 | Coyuanvuas omeemcmeeHHOCMb 5
28.05.2023 Raxnouenue 5
04.06.2023 | IIpezenmayus 15
HUmozo 100
CocraBul IpenoiaBaTelib:
JloJzKHOCTH (1% (0] Yu4enas crenenb, 3BaHue Moanuch Jara
pouent OH/JL Bbpycnuk O.B. K.II.H.
COI'JIACOBAHO:
PykosBoauteas QOII
Jo/KHOCTH (0115 (0] ‘Y4enasi cTeneHb, 3BaHNe Moanucey JlaTa
npodeccop OH/I [Magpuna A.B. I.T.H.




Pedepar

BroimyckHas kBanugukanumoHHas paboTa MarucTpanta cojepxkut 121
ctpanuny, 20 pucyHkoB, 13 Tabnuupl, 37 TUTEpaTypHBIX UCTOYHHUKOB.

KuiroueBrble ¢ji0Ba: MarucTpaibHbIi Ta30MPOBO, UCIIBITAHUS HA IPOYHOCTD,
IIPOBEpPKa Ha T€PMETUYHOCTD, THEBMATHYECKUE UCTIBITAHUS, OCYILKA.,

O0beKTOM HCCIeI0BAHMSA SBISICTCA JUHEHHBIM y4acTOK MAarucCTpaJbHOIO
ra3onpoBoJa.

Leab padoThl: BHIOOP TEXHUYECKOTO PELICHUS NPU NPOBEACHUN UCIIBITAHUS
MarucTpajibHOTO Ta30MpOBOAA HA TPOYHOCTh U T€PMETUYHOCTh, HAIIPABJICHHOIO Ha
co0JIt0ICHUE CPOKOB MTPOU3BOJICTBA PAOOT.

B npomnecce nccnenoBanus OblUT MPOBEJIEH aHAIM3 CHOCOOOB NMPOBEACHUS
UCIIBITAaHUSI MAarHCTPAJIbHOTO Ta30MPOBO/IA HA MPOYHOCTh U T€PMETUYHOCTb.

B pesynbrare wuccinenoBaHus OblIM  pa3paboTaHbl PEKOMEHAALMU  TIO
NOBBILIEHUIO  3(Q(PEKTUBHOCTH  IPOBEIEHUS  UCHBITAHUS  MaruCTPaibHOTO
ra3onpoBoJia Ha MPOYHOCTh U FEPMETUYHOCTh MYyTEM BHEAPEHHS OCYLIUTENS Ha
3aKJIFOYUTEIIBHOM 3Tale IPOBEICHUS UCIIBITAHUM.

Oobs1acTh NpUMMEHEHHS . JIMHENWHAsT 4aCTh MArMCTPAJIBHOTO ra3onpoBOJa U
TPaHCIOPT rasa.

IIpakTnyeckas 3Ha4MMOCTH PadOTHI: ObUT MPEAJIOKEH METO/I MOBBIIICHUS
3G ()EKTUBHOCTH TPOBENCHUSI HCMBITAHUS MArucCTPaJbHOIO Ta3olpoBOJia Ha
IIPOYHOCTh U TE€PMETHUYHOCTH ITyTEM BHEAPEHMS OCYIUIHUTENS, KOTOPBIA MO3BOJIUT

COKPATUTb BpEMA OCHOBHOT'O 3Talla OCYIIIKH.

OpraHmauI/m 1 KOHTPOJIb MPOBCACHUA MaruCTpajJibHOI'O

ra3onpoBoa Ha MMPOYHOCTb U TCPMETUYHOCTD IIPU ITPOKIIAIKE B

sm. | Jlucm Ne dokym. lNodnuck | Jama MHOTOJICTHEMEP3JIBIX I'PYHTAX
Pa3pab. laHgunosa B./. Jlum. Jlucm Jlucmos
Pyk0600. bpycHuk O.B. | | 7 121
Pyk-no 00N |LLadpuHa A.B. Pe(bepaT
Ortnenenue He(hTEra3oBoro jejia
['pynna 2bM12




Coxpamenus
MI" — MmarucTpanbHbIN ra30MpoBOL]
JIY MI' — nuHerHas 4acTh MarucTpajabHOTO ra30MpoBOa
KC — komnpeccopHas CTaHIMs
MMI — MHOTOJIETHEMEP3JIBIN TPYHT
[1ITP — mpoeKT npou3BOACTBA pabOT
TV — TexHU4eCKHE yCI0BUsA
TTP — Temmiepatypa TOYKH POCHI
TepmuHbI U onipenesieHUs

MarucrpajbHblil ra3onpoBox: TexHoornyecku HEJICTTUMBIH,
LEHTPAJIN30BaHHO YIIPABISAEMbII UMYIIECTBEHHBIN IPONU3BOJICTBEHHBIA KOMILIEKC,
COCTOSILIMN K3 B3aUMOCBSI3aHHBIX OOBEKTOB M COOPY)KEHHH, SBISIOIIUXCSA €ro
HEOTBEMJIEMOU TEXHOJIOTUYECKOU 4acThIO, IpEIHA3HAYECHHBIX JUISL
TPAHCIIOPTUPOBKM  TMOATOTOBJIEHHOW B  COOTBETCTBUM €  TpeOOBAHUAMHU
HAIIMOHAJIBHBIX CTAHJAPTOB MPOAYKIMU (IPUPOJHOTO Ta3a) OT OOBEKTOB JOOBIYU
W/WIA TYHKTOB TIpUeMa JO0 IIyHKTOB CJaud MOTPeOUTENsIM M Tepefadyd B
pacnpeenuTeNbHbIe Ta30IPOBOIbI UM MHOW BUJ TPAHCIIOPTA W/WJIU XPAHEHHUS.

I'pyHT MHOrO0JIeTHEMEP3Jblii: [ pyHT, HAXOASAIUKCS B MEP3JIOM COCTOSIHUU
MIOCTOSTHHO B T€UEHUE TPEX U OoJiee JIeT.

[laBjienne wucnpIiTaTeqbHoOe: MakcuManbHas  BEIWYMHA  JAaBJICHUS,
Ha3Ha4aeMasl IPY UCIIBITAHUU ra30IIPOBOIOB HA IPOYHOCTb.

O4uctka nmosoctu: Y naneHue 3arps3HeHuil (TpyHT, BoJa, rpaT v pa3iuvHbIe
MpeaMEThI) U3 MOJIOCTH TPYOONPOBO/IA.
HcnpiTaHue Ha NMpoYHOCTH: VcnbiTaHue ra3onpoBojoB (TpyO, apMaryphl,

(GUTUHTOB, y37I0B M OOOpYAOBaHMS) CTAaTUYECKUM BHYTPEHHUM JaBJICHHUEM,

IIPCBLIMIAOIINM pa60qee AaBJICHUC, YCTAaHABJIMBACMOC ITPOCKTOM, C LICJIbIO

OpraHmauI/m W KOHTPOJIb IMPOBCACHUA MaruCTpaJibHOI'O

ra3onpoBoa Ha MMPOYHOCTb U TCPMETUYHOCTD IIPU IMPOKIIAIKE B

sm. | /lucm Ne dokym. lNodnuck | Aama MHOT'OJICTHEMEP3JIbIX I'PYHTAX
Paszpab. laHgunosa B./. Jlum. Jlucm Jlucmos
Pykosod. | BbpycHuk O.B. C [ ] 8 121
OKpalicHus, TCPMHUHBI 1
Pyk-no 000 |LLadpuHa A.B. pai » TEP
OIIpCACIICHNA Ortnenenne HedTerazoBoro jena

['pynna 2bM12




MOATBEP)KJACHUS BO3MOXKHOCTH JKCIUTyaTallil OOBEKTa mpu padouem
JTaBJICHUH.

UcnbiTanus ruapasanydeckue. Mcneitanus TpyOonpoBoja Ha MPOYHOCTh U
TEPMETUYHOCTD JIABJIEHUEM KHUJKOCTH B TEUEHUE ONPEACIEHHOTO BPEMEHMU.

HUcnbiTanus nHeBMaTu4eckue: VcnpiTanus TpyOomnpoBoaa c
MCII0JIb30BAaHUEM B KaueCTBE HAMIOPHOU cpejibl Bo3ayxa (rasa).

HcnbiTanus KOMOMHUPOBaHHbIE. VcnibiTaHuA TpyOOIIPOBOIOB Cc
MIPUMEHEHUEM JIBYX HAIMOPHBIX CpEl - MPUPOJHOIrO ra3a U BOAbI WM BO3JyXa U
BO/IBL.

Ocyuika 1moJiocTv razonposojaa: TeXHOIOrnYeCKui Mpouece, HAIPABICHHbBIN
Ha CHWKECHHE BIIArOCOAEPKAHUS B IIOJIOCTU ra30IPOBOJA.

Yaanenune Boabl: OcBOOOXI€HNE TOJOCTH ra30MPOBOIa OT BOJBI MOCIE €ro
VCHBITAHUSA, B TOM YHUCIIE IIyTEM IMPOITyCKa MOPIIHEN IOJ JIaBICHUEM CXKATOIO
BO3/yXa.

IIpoBepka Ha repMeTHMYHOCTBL: Bhijepkka Ta30mpoBoja MoJ padboyuM
JIaBJICHUEM B TEYEHHE HOPMUPOBAHHOIO IIPOMEKYTKAa BPEMEHHU C MPOBEPKOU
OCMOTPOM, 00X0JI0M U TPUOOPHBIM KOHTPOJIEM OTCYTCTBHUS YTEUEK M3 HETO BO3/1yXa
(BOJIBI).

Temneparypa ToukH pochl: TeMnepaTypa nIpu KOHKPETHOM JAaBJICHHUH, IIPU
KOTOpPOW HAYMHAETCSI KOHAEHCALUS MapOB BOJBI.

OxpaHHasi 30Ha, yCTaHABJIMBacMas Ha IEPHUOJ] MPOBEIACHUS HCIBbITAHMI:
Tepputopusi ¢ 0COOBIM PEXKHUMOM, yCTaHABJIMBAEMbIM Ha MEPHUOJ]l MPOBEIACHUS

HUCIIBITAHUN ¥ OUUCTKH ra3ormpoBoza.
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Beenenue

["a3oBas unayctpus B Poccuiickoit @enepariun sBIseTCS OAHUM U3 HanOosee
JUHAMUAYHO Pa3BUBAIOIIMXCS CEKTOPOB IKOHOMMKH. B mociiefHue roisl OHa 3aHsia
JUIUPYIONTYIO TTO3UIMIO B IPOU3BOCTBE TOILNIMBHO-3HEPTETUYECKUX PECYPCOB.

MarucTtpasibHble ra30IpOBO/IbI IPEACTABIAIOT COOOM YHUKAIbHbIE OOBEKTHI
CTPOUTENBCTBA, KOTOpPBIE HMMEIOT OOJbIIOE HAPOJHOXO3SICTBEHHOE 3HAYEHUE.
Yrobbl oOecneunTh HAASKHYIO  OKCIUTyaTalldio, Ta30MpOBOJALI  JIOJKHBI
COOTBETCTBOBATh CIIELIMATIbHBIM TPEOOBAHUSM MPOYHOCTH, T'€PMETHUYHOCTH MU
YUCTOTHl BHYTPEHHErO MpocTpaHcTBa. [IpodyHOCTH ra3omnpoBoja HEOOXOAMMa Ha
BCEM €ro NMPOTSHKEHHOCTH, NOCKOJIBKY JaXE pa3pylICHHE B OJHOM MECTE MOXKET
IIPUBECTU K NPEKPAILIECHUIO TPAHCIIOPTUPOBKH IIPOIYKTA, @ B HEKOTOPBIX CIIyYasx -
K OoJyiee cepbe3HbIM MOCIHEACTBUSAM. HapymieHue repMeTUYHOCTH BBI3BIBAET
3HAQUYUTEJIbHBIE IIOTEPU TPAHCHOPTUPYEMBIX IIPOAYKTOB M IIPOCTOM  JUIA
norpedureneil. Ycrpanenue 1e(eKToB MpHU KCIUTyaTallMi CONPSKEHO C BBICOKUMU
3aTpaTaMM M3-32 OCTAHOBOK B IIEpEKAayke M OOJBIIOrO 00bEMa CTPOMUTEIBHO-
MOHTa)KHBIX padoT.

B  (QunanbHOW CcTaguuM  CTPOUTENBCTBA  Ta30MpPOBOAA  MPOBOJAATCS
TEXHOJIOTUYECKHE OINEPALUH, BKIIOYAIOIIAE OYUCTKY IIOJIOCTH, MCIBITAHUSA Ha
OPOYHOCTh M OCylIKy. OlLleHKa KauecTBa BBIMOJIHEHHBIX CTPOUTENIbHBIX PadOT U
ONPENEIICHNE BAXHBIX XAPAKTEPUCTHK, TAKUX KAK MPOYHOCTb, TE€PMETUYHOCTD,
YUCTOTA IIOJIOCTM U YPOBEHb BIIAXXHOCTH, OCYILECTBISAIOTCA HA JITUX ITamnax,
KOTOPBIE PACIIOJIOKEHBI MEXIY 3aBEpPUICHUEM CTPOUTEIBCTBA U BBOJIOM
ra3onpoBoga B JKcIulyaTanuiro. Kpome TOro, mpoBeneHHE HaHHBIX ONEpanui
CHOCOOCTBYET OLIEHKE pealbHON KOHCTPYKTHUBHOM HaJEKHOCTH Ta30MpoBOjAa B
LIEJIOM ¥ Ha €ro OTAEIbHBIX YYacTKax.

B ceBepHOI CTPOUTEIBHO-KIIMMATUYECKON 30HE, KOTOPast XapaKTEPU3yeTCs

OpraHmauI/m W KOHTPOJIb IMPOBCACHUA MaruCTpaJibHOI'O

ra3onpoBoa Ha MMPOYHOCTb U TCPMETUYHOCTD IIPU IMPOKIIAIKE B
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CIIO)KHBIMU MPUPOAHBIMU  YCIIOBUSIMH, HU3KMMHU TEMIIEpaTypamMH TpyHTa W
OKpPYXAaIOLEro BO3AyXa, B HACTOSALIEE BpPEMs BEAETCS CTPOUTEIBCTBO HOBBIX
MarucTpajibHbIX Ia30IPOBOJIOB.

Knumar paifona mpoBeneHusi pabOT pe3KO-KOHTHHEHTaNbHBIN. CpenHss
roI0Bast BIaKHOCTh paiioHa cocTaBisieT 70%. Takum oGpa3om, rocie npoBeeHus
THEBMATHUYECKOIO UCIIBITAHUS TPYOOIIPOBOJa BO BHYTPEHHEN MOJIOCTH 00pa3yeTcs
00JBIIOE KOJIMYECTBO KOHJEHCATa, YTO 3HAYMTENIHO 3aTPYIHSAET MOCIETYIONINI
IPOLECC OCYIIKH. B HEKOTOPBIX CiIydasix Mepes OCYIIKOH MOKET MOTpeOOBaAThCS
BBITECHEHUE KalleJIbHOM JKHUJIKOCTU C MOBEPXHOCTH TPyOONpPOBOAA C IMOMOIIBIO
MOPIIHEH, KOTOpPhIE MHOTOKPATHO MIPOIYCKAIOT 4Yepe3 TpyOOompoBOA 3a CUET
Pa3HOCTH JaBJIEHM, 00eCIIeUNBAEMOM CHKAaThIM BO31yXOM.

B cBsi3u ¢ 3TUM CylIeCTBYET HEOOXOAUMOCTh pa3pabOTKU MEPONPUATUN O
IPOBEJCHUIO HCIBITAHUA HAa MNPOYHOCTh U TEPMETHUUYHOCTh MAarucTpalibHOTO
ra3onpoBo/ia, NO3BOJIIOIIUX COKPATUTh BpEMSs NIPOBEICHUS MOCIEIYIOIIEro 3Tarna
paboT M BBOJA €0 B AKCILTYATALMIO.

Heabro padoThl sBISETCS BHIOOP TEXHUUECKOTO PEIICHUs NPU NPOBEACHUN
UCTIBITAHUS MarvuCTPaJIbHOTO Ta30MpoOBOJa HA MPOYHOCTh U TEPMETUYHOCTH,
HAIpPaBJIEHHOTO Ha COOJIIOCHUE CPOKOB ITPOU3BOJICTBA padoT.

3agaum, NoCTaBJICHHbBIE B XO/I€ MTPOBEIEHUS PAOOTHI:

1. HM3ydeHwe HOpPMAaTHBHBIX TpeOOBaHMUA 1O  MPOEKTUPOBAHMIO,
HKCIUTyaTallMi U 00CTY>KMBAHUIO JIMHEMHON YaCTH MarucTpajbHOrO ra30npoBoia

2. Ananu3 cioco00B IPOBEEHHS UCTIHITAHUS MaruCTpaJbHOTO Ta30MPOBOIA
Ha MPOYHOCTHh U TEPMETUIHOCTH

3. Pa3paboTka pekoMeH1a1uii 1Mo MOBBIMIECHUIO 3((HEKTUBHOCTH MPOBEICHUS
UCTIBITAHUST MaruCTPAILHOTO Ta30MPOBO/Ia HA TIPOYHOCTH U TEPMETUIHOCTh

4. Pacuer ymylIEHHON BBITOJBI BCIEIACTBHE HECBOEBPEMEHHOIO BBOJA
000pyI0BaHUS B DKCILTyaTAIHIO

5. PacueT TeXHOJIOrM4eCcKrX NapaMeTpoB OCYIIKH ra30mpoBo/ia

O0bekT uccaenoBanms: yaactok 30 - 56 kM MarucTpaiabHOTO Ta30MPOBOAA

«Cuna Cubupmny
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1. O0mmue cBeIeHUA

1.1 OcHOBHBIE CBe/IeHHsI 0 MATUCTPAJBLHOM razonposoae «Cuiaa Cudbupmn»

Maructpanbubiii razonpoBoa "Cuna Cubupu" - OOUMH W3 KPYMHEHIINX
ra3onpoBOJIOB B CTPAaHE U UMEET CTPATETUUECKOE 3HAUCHHUE JIJISl TPAHCIIOPTUPOBKHU
IPUPOIAHOTO rasa.

OcHOBHBIE CBEICHUS O MarucTpajibHOM razonposoje "Cuia Cubupu':

1. Pacnionoxenue: ['a30mpoBo npoJieraeT yepe3 TEPPUTOPHUI0 PeCTyOIuKu
Caxa (Sxytus) B Poccuu. OH HaunHaeTcst Ha Ta30BOM MECTOPOXKACHUU YasiHbI U
MPOTATUBAETCS 10 KUTAWCKOW IPAHUIIBI.

2. Ha3mauenme: I'azompoBom "Cmma Cubupu" mnpemHasHadeH It
TPAHCIIOPTUPOBKH IPHUPOJHOTO ra3a u3 BOCTOUHOU yacth Poccuu B Kutail. Otot
ra3onpoBOJ SBJISETCA YacThI0 3HEPreTUYECKOTO IMPOEKTa, HANpPaBJICHHOIO Ha
pacumpeHre COTpyJHUYECTBa B dHepreTuyeckoit cpepe mexty Poccueit u Kutaem.

3. IporsxenHocTs: OOMIas NPOTHKEHHOCTH razornposoja "Cuia Cubupu"
coctasisieT 0koJo 3 000 KunomeTpos.

4. TIpousBoactBo: ["a30mpoBoj ObLT MOCTPOEH M BBEACH B HKCILTyaTalUIO B
2019 romy. 3a mpoekT oTBedasia KommaHusa 'l'azmpom", KOTOpas SBISETCA
KPYIHEUIIINM MPOU3BOAUTEIEM U MTOCTABIIUKOM MIPUPOIHOTO raza B Poccun.

5. [IponyckHas ciocoOHOCTh: ["azonpoBoa "Cuna Cubupu" numeeTt 60IbITYIO
IPOIMYCKHYIO CITIOCOOHOCTD, MO3BOJISIOUIYIO IEPEBO3UTH 3HAUUTEIBHOE KOJIMYECTBO
MPUPOJIHOTO raza. ITO MO3BOJISIET 00ECTEUUTh MOCTaBKU raza u3 Poccun B Kurait
JUTSl YJIOBJIETBOPEHHUS MOTPEOHOCTEN KUTAWCKOTO PhIHKA B IPUPOTHOM Trase.

6. Baxnocts: "Cuna Cubupu" nMeer cTpaTernyeckoe 3HaUYeHUe sl 000uX
ctpan - Poccum m Kwutas. OH cnocoOCTBYET YKpEIUICHUIO 3KOHOMHYECKOTO
COTPYIHUYECTBA U SHEPTETUUYECKON O€30MacCHOCTH MEXKY IByMs TOCYapCTBaAMHU.

7. Texunueckue xapakrepuctuku: ['azonposon "Cuna Cubupu" ocHamieH

OpraHmauI/m W KOHTPOJIb IMPOBCACHUA MaruCTpaJibHOI'O

ra3onpoBoa Ha MMPOYHOCTb U TCPMETUYHOCTD IIPU IMPOKIIAIKE B
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NepeaAOBbIMAU TCXHOJIOTUAMU W CHCTCMaMH IJIsA obecneuenus 0€30MacHOCTH U

3¢ (HEeKTUBHOCTH €ro dKCIUTyaTanuu. Juametp TpyoorpoBoa coctasisietr 1420 mMm,

a pabouee nasnenue pocturaetr 9,8 MIla, crans Tpydonposoa K60.

lFazomposop «Cuia Cubupm» 55
~ 3000 km
s

38 mnpg m3
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iesssnn1  MNEPCNEKTUBHbLIE ra30NpoBOAb!

Pucynok 1 — Cxema pacnosiosxxenusi razonpoBoja «Cuiia Cubupm»
Maructpanbhbiii razonpoBoa «Cuina Cubupu» HUrpaeT BaKHYIO pOJib B
Pa3sBUTHUM DSHEPreTHUECKOr0 coTpyaHuyectBa Mexay Poccuerr u  Kuraew,
CIIOCOOCTBYSl  00€CNEUEHHUIO CTAaOWIBHBIX TIOCTABOK MNPUPOAHOTO Ta3a U

YKPEIUICHHIO0 SKOHOMHUYECKUX CBs3en [1].

1.2 IlpupoaHO-KJINMATHYECKHE YCIOBHA TPACCHI ra30npoBoaa
Tpacca ra3zompoBoja  NOPOXOAUT B IKCTPEMAIbHBIX  MPUPOIHO-
KJIIMMaTUYECKUX YCIOBUAX. AOCOIIOTHBIE MUHUMAaJIbHBIE TEMIIEPATYyPhl BO3AyXa Ha
TEPPUTOPHUH TIPOXOXKIeHUs razonpoBoya «Cuia Cubupm» COCTaBISIOT 10 MUHYC
62°C B PecniyOonuke Caxa (Sxytus).
B okpecTHOCTSX pabOT CyIIECTBYET 3HAYUTEIHHO KOHTPACTHBIN KIUMAT,
COIIPOBOXKIAOIIMNCS CYpOBOM 3UMOM W KApPKMM, HO KpaTKuM JietoM. Hrob,

IIPEBPAAIOIIMICI B CaMbIil  TEIUIBIM  MECALl, paayeT Hac MAaKCUMaJIbHOU

Jlucm
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TeMmnepaTypoi, nocrurawpomieil mioc 36 °C, B TO Bpemsi Kak sHBapb, CaMbli
XOJIOJHBI W3 HUX, OMyCKaeT TemmepaTypy 10 MuHyc 62 °C. CpenHeromgoBoe
KOJIMYECTBO 0CaJIKOB cocTanisieT okojio 400 mm. KimMart oueHb cyxoil, 0COOEHHO
3UMOM, KOT/Ia BO3yX OYE€Hb XOJOAHBIN. B Takux yCIOBHSAX MOKET MPOUCXOIAUTH
oOpa3oBaHH€ JbIMKM M METEIbHOW TBUIM, KOTOPBIE YCIOXKHSAIOT MPOIIECC
CTPOUTENIbCTBA, [BW)KECHUE HA JOpPOraxX M NPUBOAAT K OIPAaHUYECHUSIM B
aBUaCOOOLIEHUY.
1.3 TpeGoBaHue K CTPOUTEIbCTBY MATHCTPAJBLHOIO razonponojaa «Cuia
Cudupm»

[Ipoknanka rasompoBojaa OCylIeCTBIAeTCS Moa3eMHo. g obecrnieueHus
HOPMAJIBHBIX YCJIOBUM 3KCIUTyaTallUd ¥ UCKJIFOYEHUS BO3MOKHOCTHU IOBPEXKACHUS
MarucCTpaJbHbIX TPYOONPOBOJOB M UX OOBEKTOB BOKPYI HHMX YCTaHABIMBAIOTCS
OXpaHHbIE 30HBI, pa3Mepbl KOTOPbIX M TOPAJOK IPOM3BOJACTBA B HUX
CEJIbCKOXO3SIICTBEHHBIX U JIPYTUX paboT periaMeHTupyrotcs [lpaBunamu oxpaHbl
MarucTpajbHbIX TPYyOOIIPOBOIOB.

TpyOonpoBoabl M HX COOpPYKEHHUS CIEIyeT MPOEKTHPOBaThb C Y4YETOM
MaKCUMaJIbHOW WHAYCTPUAIM3ALUN CTPOUTEIbHO-MOHTAXHBIX paboOT 3a cuer
MPUMEHEHUS, KaK MPaBUiIo, TPYO C 3aBOJICKON U30JISAIUMEN U COOPHBIX KOHCTPYKITUI
B OJIOUHO-KOMITJIEKTHOM HCIHOJHEHUM W3 CTaHAApPTHBIX W THUIIOBBIX JIEMEHTOB U
JeTaneil, H3rOTOBJIEHHBIX Ha 3aBOJAAX WM B CTAMOHAPHBIX YCIOBHSX,
o0ecreunBaIIUX KayeCTBEHHOE HX u3rotopieHue. [Ipm 3ToM mnpuHATHIE B
MPOEKTHOM JOKYMEHTAllMM pPEIICHUs AODKHBI oOecrednBaTh OecrepeOOrHYIo U
0e30MacHyI0 3KCIUTyaTaluio TpyOOIpOBOIOB.

[Ipu cTpouTenbCTBE Tra3oNpoBOAa YUYHUTHIBAETCS pelibed MECTHOCTH, U
MPOKJIAJIKa OCYIIECTBISIETCA B COOTBETCTBUM C HHMM. BakHbIM TpeboBaHUEM
SIBIISIETCS TIIyOMHA 3ajeranusi TpyObl, KOTOpasi AOJbKHA ObITh HE MeHee 1 MeTpa oT
Bepxa 3emun. [llupuHa TpaHIien BHU3Y OINPEACNSICTCS Pa3IuvYHbIMU (haKTOpaMmH,
TaKUMH KaK Ha3HAY€HHE ra3olpoBOJa, €ro JUaMeTp, XapaKTepUCTUKHU TPYHTA,
HaJIM4Me OaJlJTaCTUPOBKU U JIPyTrHU€ YCIOBUS TPOKIAIKUA, YYUTHIBAEMbIE B

COOTBETCTBHM C YKa3aHUSIMHU [2].
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Oco0EHHOCTBhIO Tpacchl Tra30mpoBOjA SIBISETCS HAJIUYUE [MOYBEHHBIX
OTJIO)KCHHM Ha JHE TPAHIIEH, KOTOPBIC SIBISIIOTCS PE3YJIhTaTOM BBHIBETPHUBAHMUS
TOPHBIX TOPOJA M MOJYTOPU3OHTAJIBLHOTO TpyHTa. B ciydae Oojiee AIUTENHHOM
OCTaHOBKHU CTPOHUTEIHCTBA HEOOXOJAMMO YYHUTHIBATH ATOT (PAKTOP U OOCCIICUNUTH B
TpaHIllee 3alUTHBIN cllol rpyHTa TonmrHoi He Menee 300 mm. Eciu TpaHines Oblia
BBIPHITA JI0 YKAa3aHHON OTMETKH, TO 3alIUTHBIA CJIOW JOJKEH OBITh BBHIMIOJHEH B
BUJIC 3EMIITHOTO SKpaHa pa3pylIeHHOW KOHCTPYKIMH, KOTOPBIH HEOOXOIUMO
yTpamOoBaTh (BOWTH) Ha TuyOmHy He MeHee 500 MM C y4eTOM OTCYTCTBHS
JpEHAXXHOM 30HHI [3].

Jist  oOecrieyeHuss 0€30MACHOCTM M CTAOMIIBHOCTH  TPYOONpPOBOAOB
HEOOXOJMMO OCYIIECTBJIATh YIUIOTHEHHE TpyHTa mojJ HUMHU. BaxHo uzberaTh
MPOBHUCAHUS TPYOOIPOBOJOB, TaK KaK ATO MOYKET MPHUBECTH K HEKEIATCIHHBIM
MOCJIEACTBUSIM.

[Ipu npoxaake TpyOOIpoBoO/ia B yIilax MOBOPOTOB HEOOXOIUMO IMOCTENEHHO
pacuIupsiTh TPAHILEI, YTOOBI 00ECTICUUTh JOCTATOYHYIO IUPUHY B BEPIIMHE yTJIA.
[Mupuna B »TOM o0O0NAacCTU JOJKHA OBITH JABYKPAaTHOW IO CPABHEHHUIO C
PSIMOJIMHEHHBIMI y4acTKaMu. [Ipu 3achIlke TpaHIIEH HEOOXOIWMO TIATEIIHEHO
YIUIOTHSTH TPYHT 110 BCEH JTMHE TTOBOPOTOB.

[Ipu co3manuu W3rMOOB B BEPTUKAIBHOW M TOPU3OHTAIBHOM IIOCKOCTSIX
TpyOONPOBO/A UCIIOJIB3YIOTCS ClIEUaNIbHbIE THOKUE TPpYOBbl, BKIIOYAs XOJOAHbBIE U
WHIYKIIMOHHO HarpeBaeMble OTBOJbBI, KOTOPBHIE TMPOU3BOAATCS Ha 3aBOjAAX.
MuHUMaNBHBIN paguyc U3ruda MpPU BEPTHUKAILHOM M TOPH30HTAIBHOM H3THOE
cocTaBiisieT He MeHee 1500 MeTpoB 1 oOecreueHusl MPOYHOCTH U CTAOMIBLHOCTH
NOJIOXKEeHHs TpyOompoBoa [2].

[Ipu pa3MmelnieHnd KPUBBIX IMOBOPOTOB, KOTOPBIE COCTOSIT M3 OTBOJAOB, Ha
MECTHOCTH HEOOXOIUMO CTPOTO COOJI0IaTh MPOESKTHBIE TapaMETPhI. 3anperniacTcs
CO3/7[aHNE KPYTOBBIX KPUBBIX U MCIOJb30BAaHUE YCPEIHECHHBIX 3HAUCHUN PaJInyCOB
JUISL  pa3MeIleHHs] TOBOPOTOB TpyOorpoBona/lns mNpokIagkd TpaHIIen TMoj
TpyOOIIPOBOJ] UCMOIb3YETCS OJHOKOBIIOBOM 3KCKaBatop. Ecnu rpyHT cocTout u3

MHOI'OJICTHEMCP3JIbIX MJIM CKaJIbHBIX IIOpOd, TO IHCPCH IOTHUM IIPOU3BOAUTCII
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PBIXJICHHE C TOMOIIBI0 OypOB3PHIBHOTO WJIM MEXaHU3UPOBAHHOTO METO/AA, C
UCITOJIb30BAHUEM TPAKTOPA-PHIXJIUTENS] B 3aBHCUMOCTH OT Tuna rpyHTta. [lpm
MPOKIJIAJIKE Ta30MpoBOJa B CKaJbHBIX, TPaBUHHO-TAJICYHUKOBBIX, MIEOEHUCTHIX
IPYHTaX WM HA y4aCTKaX MHOTOJIETHEMEP3JIBIX ITOPO/I, & TAKKE ITPU CTPOUTEIIHCTBE
B 3UMHEE BpeMs, ra30IIPOBO/I 3AIIUIIACTCS MOAYIIKON U OOCHIIIKOW U3 MPUBO3HOTO
MHUHEPAJIBHOTO TPYHTA.
1.4. Ilpoknaaka ra3onpoBoAa HA Y4aCTKaX ¢ MHOT0JIeTHEMeP3JIbIMH
rPYHTAMH

[Ipoknanka ra3onpoBojia Ha y4acTKaX ¢ MHOTOJIETHEMEP3JIBIMU T'PYHTAMH,
coueraromasgs Il w III n$puHOMOBI KMCHONB30BaHHWS BEYHOM  MEP3JIOTHI,
npeycMaTpUBaeT psasl 0COOEHHOCTEH. BOT HEKOTOpbIE U3 HUX:

l. Temmomsonmsaumsa: Ha Takux ydacTkax NPUMEHSETCS TETUIOU3O0JISIIUA,
KOTOpasi IOMOTaeT COXPaHATh MHOI'OJIETHUE IPYHTHI B 3aMOPOKEHHOM COCTOSHUU.
OT0 0COOEHHO BaXXKHO Ha y4acTKax, IJI€ U3MEHSETCS MOJIOKUTEIbHAs TEMIIepaTypa
ra3a B T€YEHUE IKCIUTYyaTallHOHHOTO EPUOJIA.

2. TemmorexHnueckue pacuersl: Ilpu NpPOEKTHpPOBAaHMM IPOKIAIKU
ra3onpoBojia MPOBOAATCS TEIMIOTEXHUYECKUE pPacCyeThl, KOTOpPbIE MO3BOJISIIOT
ONPENENNTh OPEOJI IPOMEP3aHMs MOYBBI M TEMIEPATYPY I'PyHTa. ITO MOMOIaeT
OTpEAETUTh HEOOXOIMMbIE MEPBI IO TEIMION3O0JIALIMU U MOAO0PY MAaTEpHANIOB AJIs
MPOKJIAJIKH.

3. IlpumeHeHue TEIUIOM3OJSLMOHHBIX MarepuanoB: Ha ywactkax c
MHOTOJIETHEMEP3IIBIMU rpyHTaMu UCIIOJIb3YIOTCS crenuaibHbIe
TEIJIOM30JIALIMOHHBIE MaTepuajbl, KOTOpPblE OOECIEYMBAIOT MHUHUMAJIBHYIO
TEIJIONPOBOJAHOCTD U MPEIOTBPAILAIOT OTTAMBAHUE MEP3IIOTHI BOKPYT I'a30MPOBOAA.

4. 3amuTa oT nmpomep3anud: s 3amuThl OT MpoMep3aHus rpyHTa BOJIU3H
ra3onpoBofia, MOIYT IPUMEHATHCS JIONOJHUTEIbHBIE METOAbl, TaKHE Kak
WCIIOJIb30BAHUE JIDEHAXHBIX CHUCTEM, IIOJOTPEB TOYBBI WJIH YCTPOMCTBO
CHeUaIbHBIX 3aMEP3IINX 30H.

5. Ctporoe cobmtoieHne TeXHOJOTrH4YecKkux TpeboBanwmii: [Ipu mpoxiamke

ra3onpoBoja Ha yd4aCTKax ¢ MHOI'OJCTHCMCP3JIbIMH I'PYHTAMU oco00e BHHMaHHE

n3m.

Jlucm

Ne dokym.

lodnuck

[lama

OO0uue cBeneHus

Jlucm

19




yAETIAETCS COONIOCHUIO TEXHOJOTHYECKNX TPEOOBAaHMM, TaKMX KakK MpaBUIIbHAS
IyOMHA 3aJI0KCHUS, UCIIOJIb30BAaHUE CITCIIUATBLHBIX METOJOB YKIAJAKHA M 3alUTHI
TPYHTa OT pa3MOPA)KMBAHUA.

[Ipoknagka razonpoBoJa Ha y4acTKax C MHOTOJIETHEMEP3JIbIMU T'PYHTAMHU,
coueraromiasa II u Il mpUHUMIBI UCNIONB30BaHUS BEYHOW MEP3JIOTHI, ITO3BOJISIET
o0ecneunTh HaIG)KHOCTh U JOJITOBEYHOCTh T'a30IIPOBOJIa B YCIOBUSAX IMEPEMEHHOMN
TEMIIEpaTypbl TPYHTA W MPEAOTBPATUTh HETATHUBHBIC MOCIEACTBUS OTTAaWBAHUSA

MEp3JIOTHI Ha y4acTKax MpoKiIaaku [4].
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2. Cnioco0bI mpoBeAeHNS HCIBITAHMA MATHCTPAJIBHBIX IA30MPOBOA0B HA
NPOYHOCTH M TePMETHYHOCTh

[lepen ucnbiTaHreM 000pyAOBaHUS U TPYOOIIPOBOJOB PYKOBOAMUTENL padbOT
JOJDKEH O3HAKOMUTH IE€PCOHAN, YYaCTBYIOIIMA B HCHOBITAHUAX, C MOPSIKOM
IPOBEJCHUS paOOT U C MEPONIPHUATUSIMHE TI0 0€30IMaCHOMY MX BBIOJIHEHHIO [5].

JIOJoKHBI - OBITH  ONIpENEIeHbl JIMIA, OTBETCTBEHHBIE 32 BBIIIOJIHEHUE
MEPOMPHUATHIA 10 00ecreYeHni0 0e30MacHOCTH, MPEIYCMOTPEHHBIX MPOTrpaMMon
ucnblTaHuil. Ilepconan, paboTaroniii Ha CMEXHBIX YYacTKaX, IOJDKEH OBbITh
NMCBMEHHO NIPEAYIPEXIEH O BPEMEHH MPOBEACHUS UCIIBITAHUIA.

JloykHa OBITH BBINIOJIHEHA BU3YaJIbHO WM C MOMOIIBIO MPUOOPOB MPOBEPKA
KpEIUIEHHUs 00OpYIOBAaHMs, COCTOSHUS M3OJSLUHU, 3a3€MJICHHUS 3IIEKTPUUYECKOU
YaCTH, HaJIM4us U ucrpaBHOCTH apmaTypsbl, KMIIMA n 3armymexk.

30Ha IIPOBEICHHUS UCIIBITAHUM JOJDKHA OBITBH 0003HaYeHa
COOTBETCTBYIOIIMMHU 3HakaMmu. [Ipu HeoOXxoauMocTH AOKHA OBITH YCTAHOBIJIEHA
aBapuiiHasi CUTHAJIA3ALIHS.

JIOKHO OBITh 00ECIIEYeHO aBapUMHOE OTKIIIOYEHHE HCIIBITYEMOTO y4acTKa
ra3onpoBoza.

BpeMmennsbie 3ariayuiku, JIOKM W (IaHIEBblE COEIMHEHUS JOJDKHBI OBITh
0003HaYEHbI PEAYNPEIUTEIHHBIMU 3HAKAMHU.

Buytpu u cHapyxu o00OpynoBaHHMA U TpPyOONMPOBOJOB HE JOJIKHBI
HaXOJUTHCS MOCTOPOHHUE MPEIMETHI.

Ha rpanuiax 30HbBI MPOBEACHHS HMCMBITAHUN JOJHKHBI OBITH BBICTABJICHBI
OXpaHHbIE MOCTbI, CHAOXEHHBIE CPEACTBAMHU MPEAYNPEXKICHUS 00 OMaCHOCTH
(cBETOBBIMM, 3BYKOBBIMM CHTHajJaMH OIIOBELIEHUS) M CPEACTBAMU CBSA3U C
pykoBoauTENEM padoT.

JIOoJIKHBI OBITH OIIPEACIICHBI MECTA M YCIIOBUS O€30MaCHOTO MTPEOBIBAHMSI JIHII,

OpraHmauI/m W KOHTPOJIb IMPOBCACHUA MaruCTpaJibHOI'O

ra3onpoBoa Ha MMPOYHOCTb U TCPMETUYHOCTD IIPU IMPOKIIAIKE B
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3aHATHIX HCHBITAHUEM, 00ecledeHa OCBEIIEHHOCTh PadOUYUX MECT, MPUBEICHBI B
TOTOBHOCTb  CPEACTBA  IOXAPOTYIIEHHs M OOCIYKHBAIOIIMKA  I[EPCOHAI,
Ha3HA4YEeHHbIN K paboTe M0 JMKBUJIALUY OXKapa.

YcTpaHeHue HeA0CTaTKOB, OOHAPYKEHHBIX B IIPOLIECCE UCTIBITAHUS, JOJKHO

IMPONU3BOAUTHCA ITOCJIC OTKIIIOUYCHUA U MOJIHOM OCTaHOBKHU HCIIBITYCMOTI'O 00BEKTA.

2.1 O4ucTka noJocTu TpydonpoBoaa

[lepen npoBeaeHNEM UCTIBITAHUHN Y4acTKa Ira30MpoBOa MPOBOJIUTCA OUMCTKA
ero mosoctd. OYUCTKY TTOJIOCTH TPYOOTIPOBOIa HEOOXOAMMO MMPOBOIUTH JIJISl TOTO,
4TOOBI 00ECIICUNTh HAACKHYIO paboTy TpyOOnpoBoaa 6€3 U3MEHEHHUS €r0 CBOMCTB
1 (PU3NKO-XUMUYIECKOTO cocTaBa. Ee 1iens — yaaneHue u3 TpyoomnpoBoIa OKaIMHbI,
rpara, CJIy4ailHO TOMAaBII€H Tpsi3u, BOJbI, CHEra, KyCKOB JibJla, MOCTOPOHHHX
MPEIMETOB.

O4nCTKa TTOJIOCTH Ta30MPOBO/IA BBITOIHICTCS TPOMBIBKOW, TIPOIYBKON HIIH
MPOTATUBAHUEM OYMCTHOTO YCTPOMCTBA C MOCIEAYIONIEH YCTAHOBKOM 3ariIyIieK Ha
KOHIIaX OYMINECHHOTO YYacTKa i MPETOTBPAIICHUS MOBTOPHOTO 3arps3HEHUS
ra3onponojia [6].

[IpOMBIBKY € MPOIYCKOM OYMCTHBIX MOPLIHEW WIM MOPIIHENH-pa3ACIUuTEICH
MO/IBEPTalOT MAaruCTpalibHbIE TPYOOIPOBOJIBI, HWCIBITAHUE KOTOPBIX HAMEYCHO
MPOBOJIUTh THUIAPABIMYECKUM crocoooM. [lpu mpombIBKE TMepes; OYHCTHBIM
MOPITHEM WJIM TOpIIHEM-pazaenureneM 3anuBaioT Boay (10—15% oObema
ounmiaeMoro ydvactka). CKOpOCTh TEpEeMEIICHUS OYHCTHBIX TIOPITHEH HWITH
MOpIITHEN-pa3AeuTeNeH IPU MPOMBIBKE TPYOOTIPOBOJOB — HE MeHee 1 km/d.

[IpomyBKYy ¢ TIPOITyCKOM OYHCTHBIX TIOPIIHEH OCYIIECTBISIIOT HA
TpyOONIpOBOJaX, YKIAIbIBAEMbIX HAJA3€MHO, HA3eMHO HM C YaCTHYHBIM
3arnyOneHuemM. [lpu STOM OYHCTHBIE TOPIIHU TMPOIMYCKAIOT TO YydYacTKaM
TpyOONIpOBO/a, JIMHA KOTOPBIX HE TMPEBBIIIACT PACCTOSHHUS MEKIY IBYMS
COCETHUMH OTKJIIOYAIONMMU yCTPOMCTBAMU — KpaHaMU WM 3aJIBHYKKAMHU.
[TopireHb ABMXKETCS TOJ MAaBJICHHEM CXKAaTOTO BO3JyXa M3 PECHBEpa WM rasa,

noaaBacMoro C ra3oBoro 1ImpomaIcClia.
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OkoHYaTENBHO 3arps3HEHUS yIAISIOT MPOAYBKON 0€3 MpOITycKa OYHMCTHBIX
YCTPOWCTB MyTEM CO3JaHUs B TPyOONPOBOJIE CKOPOCTHBIX: TIOTOKOB BO3/IyXa WIIA
raza. be3 mpormycka OUMCTHBIX MOPIITHEH MPOAYBAIOT TAKXKE TPYOOIPOBOIBI MAJIOTO
nuameTpa 10 219 mm. [IpoTsskeHHOCTh yyacTka TpyOOonpoBo/ia, MpoayBaeMoro 0e3
MPOITyCcKa OYMCTHOTO TIOPIITHS, HE JIOJDKHA TPEBBIIIATh 5 KM.

[IponyBka cuuTaeTcss 3aBEpIICHHOH, KOTJa W3 MPOIYyBOYHOrO MaTpyoOKa
OYHCTHOTO YCTPOWCTBA BBIXOJUT CTPYS UYHCTOTO BO3AyXa WJIM Ta3a TMOCTe
TIPOXOXKICHUS o y4acTKy TpyOOIIpOBOA. Ecmu PE3YIIbTaThI
HEYIOBJIETBOPUTEIBHBI, TO MPOAYBKA MOBTOPsieTCs. Eciv mocie BbuIeTa OYUCTHOTO
YCTPOHCTBA W3 TPOIYBOYHOTO TMaTpyOKa TMOSBISIETCS BOAA, TO HEOOXOIUMO
MPOMYCTUTh TMOPIICHb-PA3JICTUTEIh 0 OYHINAEMOMY YYaCTKy MarucTpPaibHOTO
TpyOomnpoBoga. OuncTka TpyOONpPOBOAOB HEOOXOAMMA MJIA MOIACPKAHUS HX
paborocniocobHocT U 3 dekTuBHOCTH. [IpomyBka TpyOOIPOBOIOB - 3TO OAUH U3
METOJIOB OYUCTKH, KOTOPBIH HCIOJB3YET CTPYIO BO3/yXa WM Tra3a JUid yAaJIeHUs
3arpsi3HeHUA U3 TPyO. Eciu mpoayBka HE MaeT MOJIOKUTEIBHBIX PE3YJIBTaTOB, TO
HEO0XO0 MO TIPUMEHUTH IPYTHE METOJIbI OUMCTKHU, TAKHE KaK XMMHUECKast OUNCTKA
VI MEXaHWYeCKash OYMCTKA.

2.2 UcnbITaHUS HA MPOYHOCTH U MPOBEPKA HA TePMETHYHOCTD

HcnpiTanuss ydacTka Ta30MpoBOJla Ha MPOYHOCTHP W TPOBEpKa Ha
TepPMETHYHOCTD, MPOU3BOMATCS TOCIE TOJHOW TOTOBHOCTH y4YacTKa HIIM BCETO
razomnpooja [9]:

— TIOJTHOH 3aCBINKH, 0OBAJIOBAHUS HJIM KPETUICHHUS Ha OTOpax;

— MOHT@)Xa apMmarypbl W MNPUOOPOB, TPHUBAPKH KATOIAHBIX BBIBOIOB.
Jlunelinass apmaTypa MOXKET OBITh HCIOJIb30BaHA B KAYECTBE OTPAaHUYHMTEILHOTO
AJIEMECHTA TIPU HWCIBITAHUW B Cydae, €CIM Tepernaj AaBJICHUN HE TPEBBIIIACT
MaKCHMaJIbHOW BEJTUYHHBI, TOIYCTUMOM JJIsI JAHHOTO THIIA apMaTyphI;

— yJaJeHHS TIepCcoHaja M BbIBO3a TEXHUKH M3 OTTACHOW 30HBI;

— o0ecrnieyeHust NOCTOSSHHOM WJIM BPEMEHHOM CBSA3H.
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J1o BBITIOJTHEHUS YKa3aHHBIX PA0OT B KOMUCCHIO IO UCITBITAHUIO Ta30MPOBO/IA
JIOJKHBI OBITH MPEJCTABIICHA UCTIOJHUTENIbHASL JOKYMEHTAIIMS HAa UCTIBITHIBAEMbI
OOBEKT.

UcnbiTanus TpyOONpoBOAOB (Y4acTKOB) Ha MPOYHOCTh M MPOBEpPKA Ha
repPMETUYHOCTh JIOJKHBI TPOBOJIUTHCS THAPABINYECKUM, MHEBMATHUYECKUM WU
KOMOMHUPOBaHHBIM METOIOM.

BriOop MeTona UCHOBITAHUM JOJDKEH  ONPEACNSThCA — CIACAYIOUIUMHU
dhaxkTopamu:

— Ha3Ha4YeHueM TpyOoIpoBOAa;

— TPUPOIHO-KIMMATUYECKUMH YCIOBUAMM (BKJIIOUYAs TEMIIEpATypy I'pyHTa
Ha YpOBHE 3allOKEHUA TpyoOompoBoja) u penbedoM (pe3konepeceueHHas
MECTHOCTb, MIEpENaabl BHICOT) TPACCHI;

— TPOTSHDKEHHOCTHIO U KOHCTPYKTHUBHBIMM OCOOCHHOCTSIMU HCIBITYEMBIX
Y4aCTKOB TPyOONpOBOJIA;

— HaJIUYMEM UCTOYHUKOB UCIBITATEIBHON CPEIBI.

HcnpiTanust y4acTKOB CHCTEMBI Ta30IPOBOJIOB PEKOMEHIYETCSl MPOBOIUTH
cleayromumMu criocodamu [9]:

— YYacCTKH ra3omnpoBo/ia, IPOKJIAIbIBAEMbIE B MHOTOJIETHEMEP3JIBIX TPYHTAX
— ITHEBMATUYECKUM CITOCOOOM (BO3yXOM, IIPUPOTHBIM Ta3);

— Y4YacTKH Ta30IpOoBOJA, MPOKJIAIbIBAEMbIE B HOPMAJIbHBIX TPYHTOBBIX U
MOTOAHBIX YCJIOBUSX — THAPABIUYECKUM CIIOCOOOM (BOJIOM) MPH MOJOKUTEITBHBIX
temneparypax. Jlomyckaercsi NpoOBEIEHUE TUAPABIMYECKOTO HWCIBITAHUS TpU
OTPULIATENILHBIX TEMIIEpaTypax HApPYKHOTO BO3JyXa M TPYHTa Ha YpOBHE
3QJI0KEHUSI Ta30MPOBO/JIa C MPUHATHEM MEpP, UCKIIIOYAIOIINX 3aMEP3aHHUE BOJIbL;

— Y4YacTKM Ta3oNpoBOjia, IMPOKJIAIbIBAEMbIE B TOPHBIX YCIOBUSIX —
KOMOMHHUPOBAHHBIM CIIOCOOOM (BO3yXOM WJIM MPUPOIHBIM I'a30M U BOJOM).

I'mapaBianyeckue UCTILITAHUS
HcnbiTanne MarucTpaibHbIX ra30MpOBOJOB HA MPOYHOCTh TUJIPABINYECKUM

CIIOCOOOM SIBJISIETCSl HanboJee onpoOOBAHHBIM U PACHPOCTPAHEHHBIM BUIOM
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CrniocoObI poBeieHUsI UCTIBITAHUN MarucTpagbHbIX
ra3ornpoBO/IOB Ha IPOYHOCTh U TEPMETHYHOCTh
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VCIIBITAHUM HA IPOYHOCTb.

['uppaBnuyeckoe HCObITAaHUE TPYOONPOBOJOB JIOJKHO MPOU3BOJIUTHCS
NPEUMYIIIECTBEHHO B TEIUIOE BpeMsl Tofa NP TOJOXKUTEILHON TeMmIepaTrype
OKpYy’KaroIero Bo3ayxa [7].

JJist TUApaBIMYECKUX UCTIBITAHUHN JOJKHA IPUMEHSTHCS, KaK IPaBUIIO, BOAA
¢ Temriepatypoit He Hike + 5 °C u He Boiie + 40 °C unu cnenyanbHble cMecH (1715
TpyOOIIPOBOJIOB BHICOKOTO JTABJICHHUS).

OpnHako npu NPOBEICHUU THIIPABIUYECKUX HUCTIBITAHUMN CIIEyeT YUYUTHIBATh

psia pakTOpOB, BBI3BIBAIOIINX OCIOKHEHUS.

P, Mlla

.

He menee 12 Bpems, 4

- »

Pucynox 2 — I'padvixk n3MeHEHMS TaBICHHS B Ta30MPOBOJIC MPU THAPABINICCKUAX
UCTIBITAHUAX [7]

['mapaBaryeckue UCIBITAaHUS HA TPOYHOCTh MArMCTPAIBHBIX ra30MPOBOJIOB
IPU OTPULIATENIBHBIX TEMIIEpATypax KaK HApYy»XKHOTO BO31yXa, TaK U TPyHTa Ha
rIIyOWHE 3aJI0’KEHUS Ta30MPOBOJIA COMPSIKEHBI CO 3HAYUTEILHBIMU TPYIHOCTSIMH,
O0OYCJIOBJIEHHBIMHA BO3MOXKHOCTBIO 3aMep3aHUsl MCHBITATEILHOW cpeabl. IJTa
npobJjieMa YaCTUYHO peIaeTcs 3a CYET MPUMEHEHHUS B KaueCTBE HCIBITATCIbHOM
Cpellbl METAHOJIbHBIX, TJIMKOJEBBIX WJIM COJIEBBIX PACTBOPOB Ha BOJHOW OCHOBE,
MOJIOTPEBA UCIIBITATEIILHOM CPEAbI C €€ MOCIECAYIOIEN MMPOKAYKOW, ONITUMU3AIMA

MMpOAOJIZKUTCIIbHOCTHU UCIIbITAHNA. OI[HaKO MNCPCUYUCIICHHBIC MCPBI HCITIPUMCHUMBI
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Ha MPOTHKEHHBIX yUaCTKaX ra30MpoOBOAOB, THOO SBISIOTCS YPE3MEPHO 3aTPATHBIMU
WIM DKOJOTMYECKHM omnacHbiMu. Kpome Toro, naxe B ciayyae YCHEUIHOIO
BBITIOJIHEHUS UCTIBITAHUHN ydacTKa ra30npoBOjia THIPABIMYECKUM CITIOCOOOM BOAOU
B YCIIOBHSIX OTPHIIATEIBHBIX TEMIIEpATyp ra3olnpoBOja, MOCIE yAAUICHUS U3 HETO
BOJIbl HAa CTEHKAX TPYO HEM30ekKHO 00pa3yeTcs TpyaHOyaaseMas Jie[siHas KopKa.

Bennuuna HpO6HOFO HaBJICHUS Ha ITPOYHOCTD JOJIDKHA COCTABJISITH HC MCHCC!

[0]20
[o]:

I'ne P — pacuetHOe nnu pa3pelieHHoe JapieHue Tpyoonposoja, Mlla;

1,25-P-

[0],0 — momyckaemoe HarpsbKeHHe 11 Matepuaia Tpyoomnpososa mpu 20 °C;

[o]; — nomyckaemoe HampspDKeHHE JJIsl Marepuana TpPyOOIpoBOAa MpH
MAaKCHUMaJIbHOM MOJIOKUTEIBHON PACU€THOM TEMIIEPATYPE.

Bo Bcex ciywasx BelMuuMHA NPOOHOrO JABJEHUS JODKHA HPUHUMATHCA
TaKOH, 4YTOOBI SKBUBAJICHTHOE HANpPSHKEHUE B CTEHKE TPyOONpoBoia MpU NPOOHOM
naBjieHnH He npesbimano 90 % mpenena TekydecTu Marepuana npu TEMIEpaType
ucnbiTaHusl. BpeMs BblIepKKH TpyOonpoBoja IMOj MPOOHBIM JABJICHUEM IpU
I'UIPABINYECKOM HCNBITAHUU — HE MeHee 15 MuH. BennunHy npoOHOro naBieHus
Ha IPOYHOCTH ISl BAKYYMHBIX TPyOOIPOBOIOB U TPYOOIIPOBOJOB 06€3 U30BITOUHOTO
JABJICHUS JUIl TOKCHUYHBIX M B3PBIBOIIOKAPOOMACHBIX CpEJ CIEAYyeT MPUHUMATh
pasHou 0,2 MI]a.

Ilocne OKOHYAaHMS THAPABIMYECKOTO HCIIBITAHUS BCE BO3AYIIHUKHA Ha
TpyOONPOBOE JOJIKHBI OBITh OTKPBITHI U TPYOOIIPOBOJI TOJKEH OBITH MOJTHOCTHIO
OCBOOO/IEH OT BOJIbI U€PE3 COOTBETCTBYIOIIUE APEHANKHU.

TpyOonpoBoa cuuTaeTcsi BBIAECPXKABILIMM HCIIBITAHWE Ha MPOYHOCTh MU
MPOBEPKY Ha TE€PMETHYHOCTh, €CIM 3a BpeMs MCHBITaHHUS TpPyOONpoBoAa Ha
IIPOYHOCTH JIABJICHHE OCTAETCS HEM3MEHHBIM, a IIPU MPOBEPKE HA FEPMETHYHOCTh
He OyayT OOHapy>KEeHbI YTEUKH.

ITHeBMaTHYECKHE HCTIBITAHUS
B Hacrosiiee Bpemsi MCHBITaHUS MTHEBMATHUYECKUM CIIOCOOOM TNPUMEHSIOT

AJI1 YIIOKCHHBIX M 3aChIIIaHHBIX ITOA3CMHbBIX 1 HA3EMHBIX Ia30IIPOBOJI0B.
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3amMeHa rupaBiIM4eCKOro UCIbITAHHS Ha THEBMATHYECKOE JOIMYCKAETCs IpU
YCIIOBUM KOHTPOJISI MCHBITAHUS METOAOM aKyCTUYECKOW SMHUCCHUU B CIEAYIOIIMX
CIIyJasix:

a) €CJIM HECYyIlasi CTPOUTENbHAS KOHCTPYKIIMS WA ONOPBI HE pacCYUTaHbl HA
3aroJHEeHue TPyoOonpoBoIa BOJIOM;

0) nmpu TemrepaType Okpyxaromiero Bo3ayxa Hiwke 0 °C u omacHocTd
poMep3aHusl OTACIBHBIX YYaCTKOB TPyOOIIPOBOAA;

B) €CJIM PUMEHEHHUE KUIKOCTH (BOJIbI) HEIOIYCTUMO

PMIa A

3= {
L P | /__\ 4
Prat ‘;;'

Pocm =2

|4 P

Ll Bpema, 1

. —

Y

He orpasiteHo 12 He menee 12
Pucynox 3 — I'paduixk usmeHeHus naBieHus B TpyOONPOBOIE MIPU
ITHEBMATHUYECKHUX UCTBITAaHUSIX [7]

[THeBMaTHYECKHE MCTBITAHUS HA TIPOYHOCTHh HAJ3EMHBIX M HE3aCHITaHHBIX
Y4aCTKOB Ta30MpPOBOJOB HE JOMYCKAIOTCS. IJTO OOBSCHACTCS 3HAYUTEIBHBIM
KOJIMYECTBOM TMOTEHIIMAIBLHON JHEPTUM CXKATOr0 BO3JyXa, HAXOJAIIETOCs B
ra3orpoBOJI€ MIPU €ro UCIBITAHUSX, UTO B CIIy4ae pa3pbiBa ra3ornpoBoaa MPUBOIUT
K Topa3io OOJbIIMM  pa3pylIeHUSIM IO CPaBHEHHUIO C  HCIBITAHUSIMU
TUAPABIMYECKUM Ccoco00M. [IpoTsHKEHHOCTH Ta30MPOBOJIOB, HCIBITHIBAEMBIX
MMHEBMATHYECKUM CIIOCOOOM, TPAaKTHUYECKHM HE OrpaHWYe€Ha W 3aBUCUT OT

TOTOBHOCTHU ITOCTPOCHHOI'O YUaCTKa K ITPOBCACHUTIO WCHBITAHUM.
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[THeBMaTHUeCKOE UCIHBITAHUE JIOJDKHO TMPOBOJUTHCS MO HHCTPYKIIUU,
YTBEPXKJAECHHOM TJaBHBIM WHXXEHEPOM MPEANPUITUS, MPETyCMaTPUBAIOIICH
HE00XO0IMMbIE MEPhI O€30MACHOCTH.

Ha Bpems mpoBefeHUs NHEBMAaTUYECKUX HCIHBITAHUNA Ha MPOYHOCTh KaK
BHYTPM TMOMENIEHUN, TaK M CHAPYXHU JOJDKHA YCTAHABIMBATHCA OXpaHsIemas
(oxpaHHas) 30Ha. MUHUMAaNbHOE PACCTOSHUE 30HBI JOJDKHO COCTAaBISITh HE MEHEE
25 M npu HaJI3eMHOM NpPOKJIaaKe TpyOonpoBoa u He MeHee 10 M npu MoA3eMHOM.
['panHuiibl OXpaHHOW 30HBI JOJDKHBI OTMeuaTbesl uiakkamu. Bo Bpems moabema
JIaBJICHUSI B TPYyOOIIPOBOAE M MPU JOCTHKEHUU B HEM HMCHBITATEIILHOTO JaBICHUS
Ha MPOYHOCTH NMPEOBIBAHUE JIIOJICH B OXPAaHHOM 30HE 3amperaercs [7].

OkoHYaTeNbHBIA OCMOTP TPYOOIIPOBO/IA pa3periaeTcs JUIb MOCIe TOTO, KakK
UCIIBITaTEeNIbHOE JaBieHUEe OyJeT CHWXKEHOo 10 pabdodero. OcMOTp JOJIKEH
MPOU3BOJIUTHCS  CHEUUAIBHO  BBIACICHHBIMA  JUIi  3TOM  LEId U
MPOUHCTPYKTUPOBAHHBIMU JUIAaMU. HaxoauThcs B OXpaHHOM 30HE KOMY-IHOO,
KpoOMe 3TUX Jul, 3amnpemiaerca. Komnpeccop 1 MaHOMETpBI, UCMOIb3YEMBIE MIPU
MPOBEICHUM  IHEBMATUYECKOTO  HUCIMBITAaHUS  TPYOONpPOBOJOB,  JIOJDKHBI
pacrnoJyiaraTbCsi BHE OXPAaHHOW 30HBI. MecTa yTEUKM ONpEAENsoTCs MO 3BYKY
MPOCAYMBAIOIIETOCS BO3/lyXa, @ TAKXKE MO My3bIPSIM IPU NOKPBITUH CBAPHBIX IIIBOB
U (JIaHIEBbIX COSAMHEHUIN MBUTLHON dMYJILCUEH U APYTUMH METOIAMHU.

Jlns HaOmroneHus 3a OXpaHHOW 30HOM YCTAHABIMBAIOTCS CIEIUAJIbHBIC
nocTbl. Yuciio mocToB AJis HAPYKHBIX TPYOOIPOBOJOB OINpPEAEISeTCs U3 pacuera
onuH noct Ha 200 M AyMHBI TpyOOIpoBoia. B ocTanbHBIX Cayyasx YMCIO MOCTOB
ONpENENSIETCS UCXO0Md M3 MECTHBIX YCJIOBHM, C TEM 4YTOOBI OXpaHa 30HBI ObLia
HAJIe)KHO oOecreyeHa.

KoMOuHUpOBaHHBbIE HCTIBITAHUSA

[Ipy KOMOMHMpPOBAHHOM UCIILITAHWU JABJICHHE BHYTPU TPyOONpPOBOja
CO3JIAI0T ABYMS CpeJaMu - MPUPOIHBIM ra3oM (BO3IYXOM) U KUIKOCTbIO (BOIOMU
unu antudpuzamu). VcnbIThIBaeMbI y4acTOK 3aIOIHSIOT MPUPOAHBIM Ta30M OT
CKBaXXUHBI  (ICMCTBYIOIIETO Tra3ompoBOJia) WM  CXKAaThiM  BO3JIYXOM  OT

KOMIPECCOPHBIX YCTAHOBOK JIO CO3JAaHMs B HEM JIABJICHUSI, paBHOI'O JIABJICHHIO B
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I[CI\/’ICTBYIOH_IeM ra3omnpoBoJc WJINW MAKCUMAJIbHOMY JaBJICHUIO HArHCTaHUs

KOMIIpECCOopa.
P, Mlla
5
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Pucynok 4 — I'paduix u3aMeHeHus 1aBieHHs B TPyOOIPOBOIE MPU
KOMOWHHMPOBAHHBIX HCIBITAHUSX [7]
ITocne 3anoJiHEHHs y4acTKa ra30M WIH BO31yXOM IOABEM JIaBJIEHUS B HEM
JI0 UCHBITATEIbHOTO MPOU3BOJAT OINPECCOBOYHBIMU arperaraMu, 3aKkauuBas B
TpyOOINpPOBOJ XKUAKOCTh. JlaBieHne npu KOMOWHUPOBAHHOM HCIBITAHUU Ha
IPOYHOCTh JOJKHO OBITh PaBHO B BepxHeu Touke 1.1 MakcumanbHOro padodero
JaBJ€HUs TpPyOOIpoBOAa, a B HW)KHEM TOYKE - HE MPEBBIIIATh 3aBOJCKOIO
UCIBITATEBHOTO AaBiieHus TpyO. IIpoaoKuTeNnbHOCTh BBIIEPKKH ydacTKa MOJ
TUM JaBiiecHHeM - 12 yacoB. B OCHOBHOM, KOMOWHHUPOBAaHHOMY HCHBITAHHUIO
MOJIBEPTalOT Ta30IMpOBOAbI, MPOKIAIbIBAEMbIE B TOPHBIX YCJIOBUAX BOJIU3U
JIEUCTBYIOIIUX Ta30IPOBOIOB.
2.3 Ocyuika noJjiocTu Tpyoonponoaa
B Hacrosimiee Bpemsi Ha J0JII0 MPUPOJHOTO rasa B CTPYKTYpe MHUPOBOIO
sHeprodananca mpuxoautcs Oosee 27%. ObecrnieueHne HAIEKHOCTH M KadecTBa
COOPY>KaeMbIX U BOCCTAHABIIMBAEMBIX IOCIIE PEMOHTa OOBEKTOB ra30CHAOKEHUS —

AKTyaJIbHasi 3aJada TOINIMBHO-OHCPICTUICCKOI'O KOMIIJICKCA. MCTOI[I/IKI/I

Cr1oco6HI IPOBEICHNS HCITBITAHNH MATHCTPAlBHBIX |24

Tra30mpoOBOAOB HA NPOYHOCTb U TCPMETHYIHOCTD 29
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NIPOBEJICHUS HWCIBITAHUN W IOATOTOBKA OOBEKTOB K O3KCIUTyaTallMHd HAMPSIMYIO
BJIMSIET Ha KAYECTBO TPAHCIIOPTUPYEMOTO Ta3a U 0€30MaCHOCTh CHCTEMBI B IIEJIOM.

OmHrM ¥3 KIIOYEBBIX OTaloOB UCHBITAHUN TIEpell BBOJOM yYacTKa
ra3onpoBoJia B OKCIUTyaTalldI0  SBISAIOTCS THIPABIMYCCKHAC  HCIIBITAHHUS,
MO3BOJIAIONINE MPOBECTH MPOBEPKY MPOYHOCTH M TEPMETUYHOCTH HCIBITYEMBIX
y3710B. [lociie Takux UCTIBITAHUN HEOOXOMMO TTPOBECTH KAaYECTBECHHYIO OUHCTKY 1
OCYIIIKY CHCTEMBI, TaK KaK OCHOBHBIM M3 KIIFOYEBBIX IIOKa3aTeliell KadecTBa
TPAHCIIOPTUPYEMOTO Ta3a SBISIETCS €ro Biarocojaepkanue. HeoOxomumo
o0ecrieunBaTh TaKO€ 3HAUEHUE BIATrOCOJEP)KaHUs, MPH KOTOPOM HCKIIIOYAETCS
oOpa3oBaHKe BOAHOM (ha3bl, Yalle BCEro B BHJIC T'a30BBIX TUApPaToB [8].

Pesynprarel  ynmaneHwsi BOABI W3 TPyOONMpOBOJA CJEIYyeT CUYUTATh
yJIOBJICTBOPUTEIILHBIMK, €CJIM BIIEPEAH KOHTPOJBHOTO THOPIIHS-PA3ICITUTEIS HET
BOJIBI, U OH BBINICN W3 TPyOONMpoOBONa Hepa3pylIeHHBIM. B MPOTHBHOM ciydae
MIPOIYCKH KOHTPOJILHBIX MOPITHEH-pa3AeuTeNel Mo TpyOopoBOIy HEOOXOAMMO
TIOBTOPHTb.

Ocymika TOJOCTH yYacTKa Tra3olpoBOJa JIOJDKHA TPOW3BOJUTHCS CYyXUM
BO3/IyXOM, TIOJaBa€MbIM B Ta30MPOBO/] FTEHEPATOPAMHU CyXOTO CXKATOTO BO3/1yXa HITH
MIPOITYCKOM ITPOOOK C BJIArOIMOTIIOMAIONTIMHE BEIIECTBAMHU.

Ocy1mika cuuTaeTcsi 3aKOHYCHHOH, KOT/1a COJISp’KaHNe BIIaTH B BEIXOJISIIEM U3
razonpoBoja Bo3Ayxe (rase), Oyner He BbIIIE COACPKAHUS BJIard B

TPAHCIIOPTUPYEMOM IIPUPOTHOM Ta3ze.
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3AZJAHME K PA3JIEJY
«COOUAJIBHASA OTBETCTBEHHOCTDb»

OO0yuaronemycs:
I'pynna DPUO
2bM12 [Tandwunosa Bukropus mutpreBna
Ikoaa 000000 Otaenenne (HOII) Otnenenne He()TETa30BOTO Aea
YpoBenn Hanpasienne/ 21.04.01 «HedrerazoBoe nemno» mpoduis
o6pazoBanus Marwuctparypa CHeunalIbHOCTDh «HagexxHocTh M 0e30MacHOCTh OOBEKTOB
TPaHCIIOPTAa M XPAHEHHS YTIIEBOAOPOJOBY

Tema: ((OpraHI/ISaHI/IH U KOHTPOJIb IMPOBECACHHA HUCIBITAHHUA MAaruCTpalbHOI'O ra3orpoBoOJa Ha
MMPOYHOCTH U TCPMCTUYHOCTD ITPU MPOKJIIAJAKC B MHOTOJICTHEMCP3JIBIX I'PYHTAX >

Hcexoanblie JaHHbIE K pasaeay «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTb».

Beenenne

— XapakTepucTuka OOBEKTa HCCIEIOBAHMS
(BemecTBO, MaTepuall, MPUOOP, AITOPUTM,
METOJMKa) 1 00JaCTH er0 MPUMEHEHHS.

— Ormmcanue pabodeii 3001 (pabodero Mecra)
npY pa3paboTKe MPOSKTHOTO PELICHUS/TIPH
IKCILTyaTallH

O0BbeKT HccJIeI0BaHUsI . MATHCTPAITBHBIA Ta30TPOBO
«Cuna Cubupm» Ha ydactke 30 - 55 km

O0sacTh NpUMeHEHMA . TPAHCIIOPTHPOBKA Ta3a U
ra3oBOro KOH/AeHcaTa

Pabouas 30Ha: OTKPHITHIN BO3AYX, OJEBBIE YCIOBUS

IlepeueHs BOIPOCOB, MOICKALINX UCCICAOBAHNIO, IPOSKTUPOBAHUIO U pa3paboTke:

1. HpaBOBbIe H OPraHu3allMOHHBbIC BOINIPOCHI

obecneyeHust 0e301acHOCTH npu

IKCIIYATAIMU:

— CHeluaJbHbIe (xapakTepHbIe pu
JKCITyaTalluu OO0bEKTa HCCIIEO0BAHUS,

MpOoeKTHpyeMol pabodeii 30HBI) TPAaBOBBIC

HOPMBI TPYZOBOT'O 3aKOHOJIATEIBCTBA;
— OpraHrn3alluOHHBIC MEPOIIPpUATHA

KOMITOHOBKE paboyeii 30HBI.

pu

1. Tpynosoii kogexc PO ot 30.12.2011 Ne197-D3
(pen. ot 09.03.2021);

2. CHull 2.05.06-85
TPYOOIIPOBOIEI;

3. TIPUKA3 ot 15 nexabps 2020 roga N 528 O6
YTBEPKACHUH (ellepaibHbIX HOPM U IPaBUII B 007aCTH
NPOMBIIUICHHON Oe3omacHOCTH "IIpaBuna
0e30macHOro BEAEHUS] Ta300MACHBIX, OTHEBBIX U
PEMOHTHBIX padoT;

4, P®or28.12.2013 Ne 426-D3 «O crnenuaibHOR
OLIGHKE YCIIOBHH TpyJa»

MarucrpanbsHble

2. IlpousBoacTBeHHasi 0€30IACHOCTb IpPH

IKCILIYATALINH .

— AHaau3 BBIABICHHBIX BPEAHBIX U OIIACHBIX
MIPOM3BOACTBEHHBIX (PaKTOPOB

— Pacyer ypoBHsS OIIACHOTO WJIM BPEIHOTO
MPOU3BOJICTBEHHOTO (pakTopa

IIpounsBoacTBeHHbBIE PAKTOPHI:

— IlpeBpIIeHNe ypOBHSA IIyMa;

— IlpeBbiieHne ypoBHs BUOpauuy;

— IloBbllleHHas 3ambBIIEHHOCTh W 3ara30BaHHOCTH
BO31yXa pabouelt cpelibl;

— YKyCBI )KHBOTHBIX H HACEKOMBIX;

— HenocratouHas ocBeLIeHHOCTb paboyeli 30HbI;

— TspxecTs 1 HAPSDKEHHOCTD (PU3UYECKOTO TPY/Ia;

—  IBwxymmecs — MallMHBl W MEXaHHU3MBI
MIPOM3BOJCTBEHHOTI'O 000PYIOBAHUS;

— DJlekTpuueckas Iyra U METAUIMUECKUE UCKPHI IpU
CBapKe;

— DIEKTPUUYECKUH TOK;

— B3pbIBo- 1 T0’XKapoONIacCHOCTb.

Hcnonp3yeMble  cpelcTBa  MHAWBHAYVAILHOW W
KOJUIEKTUBHOM 3aIIIUTHI:

— cmemMajbHas oOJeXJa M3  AaHTHUCTAaTHYECKUX
MaTepuaios;

— cIienajbHas 00yBb, HCKJTFOYaIoIas
HCKPOOOpPa30BaHuE;

— Kacka ¢ TIoJJ00POI0YHBIM PEMHEM;
— nep4aTku x/0, pyKaBHIIbI,




— OYKH 3alUTHBIC;
— HAYIIHUKY MPOTHBOIIYMHBIE;

— YCTpOWCTBA KOHTPOJISI U CUTHATTH3AIIHH.

Pacuer: B pabore mpom3BenaeH pacdeT BBIOPOCOB
MPUPOJHOTO Ta3a MpU HAPYIIEHUH I[EIOCTHOCTH
TpyOOITPOBO/Ia ¥ IPH MPOBEICHUN PEMOHTHBIX padoT.

3. Dkojornuyeckas
IKCILTYATAIUH

0€30MacHOCTEL

npu

Bo3aeiictBue Ha cequTe0HYI0 30HY: OOBEKT
HCCIIEIOBaHUs YAAJICH OT CETUTEOHOM 30HBI
Bo3zaeiicTBue Ha TuTOChepy: MOTEPH PaCTUTEIBHOTO
ClIOA  TpH  TPOKIANKE  BPEMEHHBIX  JOPOT,
MOBPEXKACHNE TIOYBEHHO — PAaCTUTEIBLHOTO IMOKPOBA
HU3BATUEM 3EMEIh

BosneiicrBue Ha ruapocdepy: 3arps3HEHUE CTOYHBIX
BOJ

Bo3aeiictBue Ha aTtMocdepy: BEIOPOC TPUPOTHOTO
rasa

4. Bbe3onacHocTh

B 4Ype3BbIYaiiHbIX
CUTYAIMAX NPH IKCILTYATAIUH

Bo3mo:xknbie YC: BBIOpOC TPHUPOTHOTO Ta3a B
aTMocdepy, B3pbIB NPHUPOAHOTO ra3a, HABOIHEHHS,
JIECHBIE MT0KAPBI, OTIOJI3HU
HaubOosee tunuynas YC: recHble MNOOXaphl,
BbIOPOCHI MPUPOJTHOTO raza

JlaTa BbIIa4u 3a1aHMsA 1JI9 pa3jielia mo JUHEeHHOMY rpauKy |

3agaHue BbI/1aJl KOHCYJIbTAHT:

J0KHOCTH [5(0] quﬂ::alcl:leenenb, Moanucey Jara
CeunH Auapen
nouent OO/ P K.T.H.
AJIeKCaHIpOBUY
3anaHue NPUHSAJ K MCTIOJHEHHIO CTY/IEHT:
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6 CouuajibHasi OTBETCTBEHHOCTD
BBenenue

3aBepuiaroIMe 3Talbl TEXHOJOTMYECKOTO Mpolecca IO CTPOUTEIbCTBY
ra3onpoBoJia - 3TO NPOBEICHHE HMCHBITAHWA HA MPOYHOCTh U TE€PMETHYHOCTb.
JlaHHBI KOMIUIEKC padOT SBISETCS BaXKHBIM JTallOM B JKU3HEHHOM IIMKIIE
MarucTpajbHbIX Ia30IPOBOJIOB.

B nmaHHOM paszmene paccMaTpUBAIOTCS ONACHBIE M BpPEIHbIE (DAKTOPHI
pabOTHUKOB, KOTOpPhIE MOT'YT BO3HMKHYThH IPU IMPOU3BOJACTBE PabOT MO OYMCTKE,
IPOBEICHUIO HCTIBITAHUN HAa MPOYHOCTh M MPOBEPKE HA TEPMETUYHOCTb U OCYIIKE
MOJIOCTU MarucTpajibHOro rasomnpoBojaa «Cuna Cubupu» Ha yuactke 30 - 55 kM, a
TaK)K€ MEPOIPUATHS M0 YCTpaHEHUIO 3TUX (pakTopoB. Pailion mpousBoacTBa padot
pacrosio)keH B roro-3amnagHod uvactu PecnyOnuku Caxa (Skyrtus). ['nmuHuCTBIE
IPYHTHI U 00JI0Ta-TOP(PSIHUKHU, KIUMAT PE3KO KOHTUHEHTAJIBHBINA, OTINYAIOIINUNACS
TEMIIEpaTypPHBIMU NIEPENATaAMH.

B xo/€ npoBeieHus HCTIBITAHUI MarucTpajgbHbIX ra30MPOBOIOB HEOOXOIUMO
PYKOBOJICTBOBATbCS COOTBETCTBYIOLIMMH HOPMAaTHUBHBIMH JOKYMEHTaMmu. Ilpu
IpolIecCe€ OYUCTKA M CYHWIKH TPyOOINpPOBOJOB HEOOXOIUMO YIENsATh 0coboe
BHHMAaHME BOIIpOCAM, CBSI3aHHBIM C OXPaHOM TpyAa M  3KOJOTMYECKON

0€30I1aCHOCTHIO.

6.1 IlpaBoBbIe U OPraHU3alMOHHBIE BONPOCHI 00ecniedyeHusi 6€30MaCHOCTH
PaboTaTh Ha MPOM3BOACTBE MOTYT TOJIBKO T€, KTO JOCTUT 18 - JeTHero
BO3pacTa, rpoiuesn o0ydeHre U IpoBEepKy 3HAHUM, a TaKKe UMeeT KBaIU(pUKaIHIO,
COOTBETCTBYIOILYIO YCTaHOBJIEHHBIM HOpMaM OXpaHbl Tpyaa. Kpome Toro, takue
pabOTHUKU JOJKHBI OBITH OOy4YeHBl MpoUeAypaM JHUKBHIALMU aBapuil U
IPUMEHEHUIO CPEACTB HHIUMBHIyAJIbHOW 3amMThl. OHU  JOJDKHBI HUMETh

HE0OXOAMMbIE HABBIKH U PYIIITY MO JIEKTPOOE30MaCHOCTH, a TAKKE MEIUIIMHCKOE

OpraHmauI/m W KOHTPOJIb IMPOBCACHUA MaruCTpaJibHOI'O

ra3onpoBoa Ha MMPOYHOCTb U TCPMETUYHOCTD IIPU IMPOKIIAIKE B
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pa3peleHue Ha BBITIOJTHEHHUE 3a/1a4, CBI3aHHBIX C JIaHHOU padoToii [18].

JlanHast paboTta opraHu3yeTcs MO BaxTOBOMY MeETOIy. BaxToBoil meron
MPEACTaBIAECT CO0OM crnenualibHyl0 (GopMy OpraHuzalud TpyJa 3a MpelaeaaMu
MeCTa MOCTOSIHHOTO MPOXKMBaHUSI PaOOTHUKOB, KOTJa HEBO3MOXKHO OOECHEYUThH
€KEIHEBHOE HMX BO3BpAIlCHHE HA MECTO JKUTEIbCTBA. BaxToBoW MeTOX
UCIIOJIB3YETCSl B CIydasiX, KOrJla MeCTO paboThl 3HAYUTEIHHO yAAJEHO OT MecTa
MOCTOSTHHOTO MPOKUBAHMS paOOTHHUKOB HJIM MECTa HaX0XACHUS paboToAaTes], AT
COKpAILIEHUSI CPOKOB CTPOMUTENHLCTBA, PEMOHTA WJIM PEKOHCTPYKIIMU OOBEKTOB
IIPOU3BOJICTBEHHOI'0, COLUMAIBHOIO WJIM WHOTO HA3HAYEHHS] B OTHAJICHHBIX WIIU
HEOOKUTHIX palloHaX C OCOOBIMH MPUPOJHBIMH YCIOBHSIMHU, a TaKXe [JIs
BBIIIOJIHEHHSI JIPYTUX MPOU3BOJCTBEHHBIX 3a7ad. [IpofoKUTENBHOCTD BaxThl HE
JIOJKHA MPEBBIIIATh OJJHOTO Mecsla. B HCKIIIOUMTENBbHBIX CIy4Yasx Ha OTAEIbHBIX
00BEKTaX MPOAOKUTEIBHOCTh BAXThl MOXKET OBITh YBEIMUYEHA pabOTOIaTENIEM /10
Tpex Mecsies [19].

Kommencanus 3a BpegHble yCIOBHS TPyAa U €€ pa3Mep yCTaHABIMBAIOTCS HA
OCHOBaHMM cTareil TpyaoBOro KoAEKcCa, KOJUIEKTHMBHOTO JOTOBOpA HIIM HMHBIX
BHYTPEHHUX JOKYMEHTOB MPEINPUATHS.

3aKOHO/ATENBHO MPEAYCMOTPEHO, YTO JIIOAM, pabOTaIoLIMe B OMACHBIX
YCJOBUSIX, MOTYT MOJIY4YaTh TAKWE FapaHTUU U KOMIICHCALINH:

— yYMEHBUIEHUE KOJIMYECTBA pabouux 4acoB (36 4acoB B HEJEIIO U MEHBLIE),

—  OIUTAYMBAaEMBbIN OTITYCK, ABJISIFOLIUICS JOTIOJTHUTENbHBIM U
MPEIOCTABIISIEMbIM KaXK/IbIH 1011 (HE MEHBIIIE 7 KaJICHIAPHBIX JTHEH ),

— TMPOUCXOAUT POCT OIUIaThl TpyAa (He MeHble 4% OT okiazaa),

— JBrOTHl JJIsI TEHCMOHHOIO o0ecnedyeHusi, — OecCIIaTHOE JIeYEHUE u
037I0POBJICHHUE,

— BbIJIaya pacXOJHBIX MaTEpUaJOB — CIELOACKAbl, 00€33apakUBAIOIINX
CPEICTB.

Bce xomneHcanuu BBIIIAYMBAIOTCS U3 CTPAXOBBIX B3HOCOB paboTopaTenen

1o Tapudam, yCTAaHOBICHHBIMU CTPAXOBBIMU OpraHU3aNMsIMU. B psiie pernoHos
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YCTaHOBJIIEH CIICIIUABHBIN Tapu( 3a HeOmaronpusiTHe mpupoanbie ycous [20].

[lepconaity pa3pemieHo padoTaTh TOJIBKO B CHIEUUATBHON 3aUUTHON OJIEXKIE
U 0053aTeNbHO IIOCIE NPOXOXKIACHUS HHCTPYKTaXa IO O€30MaCHOCTH Iepesn
HavanoM paboTel. Pabounii mporecc qomkeH ObITh OpPraHNU30BaH TaKUM 00pa3oM,
4YTOOBI UCKJIIOUUTH BBIJCIICHUE Ta30B U IPYTUX BPEIHBIX BEIIECTB B paboueii 30He.

Bce paboTHUKN JOKHBI YMETH M10JIb30BATHCS CPEACTBAMU MOKAPOTYILIEHUS
U YMETh OKa3bIBaTh MEPBYIO MOMOIIb NMPU HecYacTHOM ciydae. He momyckaercs
3arpOMOXKJEHUE paboYMX MECT, IPOXOJO0B, JOCTyHa K HPOTHUBOIOXKAPHOMY

000pyI0BaHUIO.

6.2 IlpousBoacTBeHHAs1 0€30MIACHOCTH

JUs IeTOCTHOTO MpeicTaBiIeHUs] 00 MCTOUHHUKAaX BPEJHOCTEH U ONacHOCTEH
Y BCEX OCHOBHBIX BBISIBIICHHBIX BPEAHBIX U OMACHBIX (haKTOpax Ha paboyem MecTe,
HIKE TmpeacTaBieHa Tabmuua 4 «OCHOBHBIE 3IIEMEHTHI MPOU3BOJCTBEHHOTO
npouecca, (OpMHUPYIOIIME ONacHble W BpeaHble (AKTOpbl NIpPU IPOBEIECHUU
VCIIBITAHUN HA IPOYHOCTh U TEPMETUYHOCTh HA MAaruCTPAJIbHOM Ta30MPOBOIEY.

Tabmuma 4 — OcCHOBHBIE 3JIEMEHTHI MPOU3BOJACTBEHHOrO IMpoIecca,
dbopMupyrolMe OMacHble U BpeAHbIE (aKTOpPhl NMPU MPOBEACHUM HCIBITAHUN Ha

IMPOYHOCTb U ICPMCTHUIHOCTD Ha MaruCTpajJJbHOM I'a30IIPOBOJC
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B3peiBo — 1 + +
M0KapOOIACHOCTb.
Bpeonvie paxmopui

[IpeBbiieHre ypoBHS 1Iyma I'OCT 12.1.029-80 CCBT

+ + | T'OCT 12.1.003-2014 CCBT

CIT 51.13330.2011

[IpeBbilieHnE YPOBHS + + I'OCT 12.1.012-90 CBT
BHOpaIuu
[ToBbIlIEHHAS 3aIBUIEHHOCTD U I'OCT 12.1.007- 76 CCBT
3ara3oBaHHOCTD BO3yXa + |[TOCTIEC 60079-29-2- 2013
paboueil 30HBI
HenocraTtouynas + + I'OCT 12.1.046-85
OCBEIICHHOCTh paboyeil 30HbI
TspkecTh M HAPSYKEHHOCTD + + + P 2.2.2006-05
dbuznyeckoro Tpyaa
[loBpexaeHnss B pe3ynbTaTe I'OCT 12.1.008-78 CCBT
KOHTaKTa C  JKMBOTHBIMHU, + + I'OCT 12.0.003-2015 CCBT
HaCEKOMBIMH,
IPECMBIKAIONTUMUCS

K pabote nmomyckarorcs Jiviia, UMEIOIIME COOTBETCTBYIOIIEE CIEIUATBHOE
oOpa3oBaHUe, IPOIIEANINC MEAUITUHCKAA OCMOTpP, HHCTPYKTaX 1O OXpaHe TPya, a
TaKXe MPOBEPKY 3HaHMi [21].

CrienuanucThl, SBISIONIMECS HEMOCPEACTBEHHBIME PYKOBOAHUTEISAMHU PaboOT
WM WCTIOJHUTEISIMU palbOT, OJDKHBI TPOBOAWTH TMPOBEPKY 3HAHWMA IPABUI
6e3onacHoctu. llepen Hawamom paboOT pe3yiabTaThl MPOBEPKU JIOJKHBI OBITh

3aHeceHbl B «)KypHan HHCTpyKTaxka Ha pado4yeM MECTe».

6.2.1 AHaJIU3 OMACHBIX MPOU3BO/JACTBEHHBIX (AKTOPOB U 00OCHOBAHUE
MEpPONPUSATHIA M0 UX YCTPAHEHHU IO

PaccmoTpum omacHbie MPOM3BOJCTBEHHBIE (DaKTOPBI, KOTOPBIE JEUCTBYIOT
WM MOTYT BO3JIEHCTBOBATh Ha OPTaHW3M YEJIOBEKa NP MPOBEICHUN HCITBITAHUN
MarucTpajbHOTO Ta30MPOBO/A, a TAKKE PACCMOTPUM HOPMATHUBHBIC 3HAYCHUS ITHX
(GaKTOPOB M MEPOTPHUATHS, HAMpPaBICHHbIC HAa CHUKCHUEC WM YCTPAaHEHUE ITHUX
(hakTopOB.
U MexaHumbl

1. /leuafcyu(uec;l MaAUIUHblL npou3eodcmeennozo

ooopyooeanua (¢ m.u. 2py3zonoovemuwvle). Bce ABIXKyIIHMECS MAalIWHBI H

MCXAaHHU3Mbl Ha IIPOU3BOACTBC He(bTeFaSOBOﬁ IMPOMBIINIJICHHOCTH, MOTI'YyT CTaTb
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NPUYUHOMN PA3IMYHOTO poJa TEIECHBIX NOBPEKAECHUN paOOTHUKA OTpaciau. Tak Kak
MAaIIMHbI, O0OPYIOBaHUS TMPEACTABISAIOT COOOW JOCTAaTOYHO HeOe30macHbIe
YCTPOMCTBA, B KOTOPBIX YYAaCTBYIOT PA3JIUYHBIE IMOJABUKHBIE JIEMEHTBI, MOXHO
IPEANOJIOKUTh, YTO MOBPEXKIECHUSA, KOTOpPBIE BIEKYT 3a COOOH, MOTYT OBITh
JIOCTATOYHO CEPhE3HBIMU JIJIs YenoBeka. [[pn aBToMaTu3npoBaHHOM ITPOU3BO/ICTBE,
T.e. 0€3 ydJacTHsi 4YeJOBEKa, BO3HHMKAET PHUCK HEOKUJAHHBIX JIBHXKCHUN
oOopynoBaHus 6€3 BejoMa pabOTHHKA.

Curyanuu, CBsI3aHHbIE C TAKUMH HECUACTHBIMH CITy4asiMH, BJIEKYT 3a cOOOMU
JIETaJbHbIE HMCXOJbI(CMEPTh), CEPbE3HBIC TEJIECHBIE MOBPEKICHUS (IIEPETOMBI,
yIIMOBI), a TakXKe€ MaTepuUalibHble YOBITKH (TIOJIOMKA YCTPONCTBA, MEXAHU3MOB,
pUOOPOB).

Mepbl 110 IpeaynpeKIEHUIO0 TAKMX CUTYallui BBITOJIHSIOTCS B BUJE:

— YCTaHOBOK 3arpaXKICHUM Ha mepuMeTpe padOoTaIoIIKUX YCTaHOBOK,
000py1I0BaHUA;

— UCIOJIb30BaHUE paOOTHUKAMHU CPEACTB UHAUBUAYATbHOM 3aIUTHI;

— HCIOJIb30BaHUE OOOPYIOBaHMM, HAaXOIAUIMXCA B CIHUCKE peecTpa
UCIIOJIb3YEMBIX YCTPOMCTB OpraHU3aluu.

JIaHHBII BHJT ONACHBIX (DAKTOPOB PErIaMEHTHPYETCs U KOHTposmpyetces [22].

2. Inekmpuueckaa oOyza u Memaniudeckue UCKPbl NPU CAPKe.
JlomyckatoTcss K CBapo4yHbIM paboTaM Ha Ta3olpoBOJE€ M Ta300MaCHOM
00OpyIOBaHUHU CBAPIIMKH, MPOLIEIUINE KypcOBOe OOydeHHe, MPOBEPKY 3HAHHM
(arrecraumio) B cooTBeTcTBUM ¢ «lIpaBunamu aTTecTaluu CBapIIMKOB» U
MOJIYYMBIIME YJOCTOBEPEHHE Ha IPaBO MPOM3BOJCTBA CBApOYHBIX pPadOT i
crioco0a U MOJI0XKEHHsI CBApPKH, a TAKXKE THUIAa CBAPUBAEMOI0 METaslla, aHAJTOTMYHBIX
NPECTOSIINM YCIOBUSM cBapku [23].

Jlis monBoAa TOKa K DJEKTPO-AEPKATENI0 JTOJKHBI MPUMEHATh THOKHE
W30JMPOBAHHBIE MPOBOJA, 3alMIICHHBIE OT NOBPEXKICHUH. 3amnperaercs
NPUMEHSATh TPOBOJA C HApyWIEHHOW wu3oisuueil. CBapouHbld anmapar u

BCIIOMOTATENIbHBIE YCTPONCTBA JIOJDKHBI pacmojiarath He Ommke 20 M oT Mecra
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orHeBoil pabotel. Ilocie okoHwanuss pabOTBI WM TEpepbiBa B  HEH
AJIEKTPOCBAPOYHBIN anmapaT T0JDKEH OBITh BHIKITFOUCH.

3. DyIeKTpUYecKuid TOK. VICTOYHMKOM TMOpaKEHHUS DICKTPUUCCKUM
TOKOM MOTYT SIBJISITHCS TIJI0OXO H30JIMPOBAHHBIC TOKOITPOBOIAIINE YACTH, TPOBOIA.

OrmacHoe BO3/ICUCTBHE HA JIFOJEH JIEKTPUUECKOTO TOKA MPOSIBIISCTCS B BUJIE
AIEKTPOTPaBM (0KOTH, META/UIM3aAIldsS KOXKH, MEXaHUYeCKUEe ITOBPEKICHUS ),
AIEKTPUYECKOTO yaapa u MpodeCcCHOHAIBHBIX 3a00JICBaHHM.

HanpspkeHust IpuKOCHOBEHUSI M TOKH, ITPOTEKAIOIIUE Yepe3 TEJIO YEIOBEKa,
HE JOJHKHBI TIPEBBINIATH CIASAYIOIINX 3HAYCHUN:

- nepemenHbIl (50 ['m) — U He Gonee 2,0 B, I ve 6oniee 0,3 MA;

- nepemenHsbIi (400 I'n) — U we 6oinee 3,0 B, I e 6omee 0,4 MA;

- nmoctossaHBIA — U He Oonee 8,0 B, I me 6omee 1,0 MA.

UtoOBl TIpeaynpeIuTh BO3MOXKHOCTHh CIYYaHOTO MPOHUKHOBEHHS U TeM
0oJiee MPUKOCHOBEHHUS K TOKOBEIYIIIUM YaCTSAM, HAXOSAIIMMCS 1101 HAMPSHKCHUEM,
WCITOJIB3YFOTCSl 3al[UTHBIC CETYaThle W CMEIIaHHBIC OTpakaeHHs (IEPECHOCHBIE
BPEMEHHBIC OTPaKJICHUS U TUTaKaThl). Orpa)KIeHUIO MOJJIekKaT HEU30JUPOBAHHbBIC
TOKOBEIYIIINE YACTH BBIKIIOYATEIICH, TTOAAIOIINX HAMPSHKEHNUE HA YCTAHOBKH.

3HauYCHUE HAMNPSHKCHUS B DJIEKTPUUYCCKOM IICIH JTO0JDKHO YIOBIETBOPSTH [24]
1 OBITh He Ooitee 50 MA

JUist  3ammThl  OT TMOPAXEHWS JJICKTPUYECKHMM TOKOM  HEOOXOIMMO
HCIIOJIB30BaTh CIASAYIONINE CPEICTBA MHANBUIYATbHOMN 3aIIUTHI: TUJICKTPHICCKUC
TIEPYATKH ¥ TajIomy (IeKypHBIE), PE3UHOBBIC KOBPUKH, H30JIUPYIOITUE TIOICTABKH.

4, Hoswcapo— u e3pvieoonachocms. VicTouHMKamMu BO3HUKHOBEHUS
Mo’kapa MOTYT OBITh YCTPOWCTBA JICKTPOIMUTAHUSA, TJE B Pe3yJbTaTe Pa3InUHBIX
HapymieHu o0pa3yroTcs MeperpeThie dJIEMEHTHI, dJCKTPUICCKUE UCKPBI U JTYTH,
CIIOCOOHBIC BBI3BATh 3aropaHUs TOPIOYMX MaTEepPHUAJIOB, KOPOTKHE 3aMBIKaHUS,
neperpy3ku. VCTOYHMKM B3pbIBa — Ta30Bble OAIOHBI, TPYOONPOBOA TIOJ

JaBJICHUCM.
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Pe3ynbraTaM HEraTMBHOIO BO3JEHCTBHUSI TMOkKapa M B3pblBa Ha OpPraHU3M
YyeJIoBeKa SIBISIIOTCS. OXKOTH  PA3JIUYHOM CTENEHU TSXKECTHU, MOBPEKICHUS U
BO3MOYKEH JIETAJIbHBIN UCXO]I.

[IpenenpHO — momycTrMasi KOHIIEHTpAIUsl TapoB HEPTH U Ta30B B pabodeit
30HE HE JI0JDKHA MPEBBINIATh 10 caHUTapHbIM HopMam 300 Mr/mM3, ipu pOBECHUU
ra3oonacHbIX padoT, MPU YCIOBUU 3alUTHl OPraHOB [IbIXaHUS, HE JOJIKHO
MPEBBIIATh TPEACIBHO — JOMYCTUMYIO B3PbIBOOE30MACHYIO KOHIICHTPAIUIO
(ITABK), nna mapoB et 2100 mr/ m 3. K cpeactBaMm TyleHuUs IoOXKapa,
MpEeTHA3HAYCHHBIX JIsI JTOKATA3AITUU HEOOIBIITUX 3arOPaHmid, OTHOCSTCS IOKaPHBIE
CTBOJIbI, OTHETYIIUTEHN, CYXOH MEeCOK, acOeCTOBBIC Ojiessia, Boja W T. m. Jlms
MPEIOTBPAIICHUST B3pbIBa HEOOXOAMMO OCYIIECTBIISITH IMOCTOSIHHBIA KOHTPOJb
JIaBJICHHS TI0 MAaHOMETPaM B TPyOOIIPOBO/IE.

6.2.2 AHaIu3 BpPeJAHbIX NPOU3BOJICTBEHHBIX ()AKTOPOB M 000CHOBAHHE
MEPONPHUATHH M0 UX YCTPAHEHUIO

1.  Ipesvimenue ypoeusa uiyma. 1llym — 3170 6€ciopsI0UHOE COYETAHUE
3BYKOB Pa3IMYHON 4acTOThl. McTOUHMKAMU ITyMa MPU MPOBEACHUH PEMOHTHBIX
paboT Ha MarucTtpajibHOM He(dTenpoBOJe MOTYT CTaTh YCTAHOBKH IS
npobecTpyiHON 00paboTKM MOMyMy(dT, a TaKkKe MAaIluHbl IS TPOBEICHUS
3€MJISIHBIX.

JlnuTenpbHOE  BO3JEHUCTBHE IIIYMOB OTPHUIIATENIBHO  CKa3bIBAIOTCA  HA
AMOIMOHAJILHOM COCTOSIHUM TIE€PCOHANA, a TaK)KE€ MOXKET MPUBECTU K CHUKECHUIO
ciyxa.

CormacHo [25] 5SKBHBAJICHTHBIM YPOBEHb IIymMa (3ByKa) HE JIOJKEH
npeBbimath 80 7bA. 3amperniaeTcs naxxe KpaTKOBPEMEHHOE MPEObIBAHNE B 30HE C
YPOBHSIMHU 3BYKOBOT'O IaBJICHMS, TIpeBbIlIatomumu 135 nbA.

K KOMJIEKTUBHBIM CpeJICTBaM U METOJaM 3alIUThl OT ITyMa OTHOCSITCSI:

— COBEPIICHCTBOBAHKE TEXHOJOTUHA PEMOHTA M CBOEBPEMEHHOE O0CITYKUBaHUE
000opy10BaHUS;
— HCMOJIb30BAHUE CPEJICTB 3BYKOM3OJSIUHU (3BYKOM3OJUPYIOIMINE KOXKYXH,

KAOMHEI): CPEJICTR 3BVKOIIOTIOIICHHS,
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B kxauectBe CU3 npeaycMOTpeHbl 3aryIyllKy - BKIAABIIIN (MHOTOKPATHOTO
WU OJHOKPATHOTO MOJb30BaHMs, BKiaawiid "bepymu" u aAp.), 3armymiaronias
CIIOCOOHOCTh KOTOPBIX cocTaBisier 6-8 nbA. B ciywasx Oosiee BBICOKOTO
IIPEBBILICHNS YPOBHEN IIymMa CJIEAYyET UCIOJIb30BATh HAYIIHWKH, HAJEBAaEMbIE Ha
VIIHYIO0 pakoBUHY. HaylmHUKH MOTYT ObITh HE3aBUCUMBIMH JTMOO BCTPOCHHBIMU B
TOJIOBHOM yOOp WJIM B IPYro€ 3alIUTHOE YCTPOUCTBO.

2.  Ilpesviuenue yposneii subpayuu. [ CaHUTAPHOTO HOPMUPOBAHHUS
U KOHTPOJISI UCTIONB3YIOTCSA CPEHUE KBAJAPATUYECKUE 3HAUCHUS] BUOPOYCKOPEHUS
I BUOPOCKOPOCTH, a TakXke HMX JorapupMuyeckue ypoBHH B Aerubernax. J{ms
NepBOMl KaTeropuu oO1Iel BUOpalu, o CAaHUTaApHbIM HOPMaM KOPPEKTUPOBAHHOE
10 YaCTOTE 3HaUEHUE BUOPOYCKOpeHUst cocTaBisieT 62 nb, a 11t BUOpockopocTu —
116ab. Hanbonee onacHo# 111 4elloBEKa SIBJISIETCSL BUOpalus ¢ 4acToTon 6-9 I'm.

Bubpo6e3omacHsie ycinoBus TpyAa AOKHBI ObITh 00ECIICUCHBI:

- IpUMEHEHHEM BHOpPOOE30macHOro O0OpY/IOBaHUS U HHCTPYMEHTA;
PUMEHEHUEM CPEACTB BUOPO3AIINUTHI, CHUKAIOLIUX BO3ACHCTBUE HA PaOOTAIOIINX
BUOpAIMH Ha MYTSAX €€ PACIPOCTPAHECHUS OT UCTOUYHUKA BO30YKICHUS;

- OpPraHU3alMOHHO-TEXHUYECKUMH MEPOIPUATUAMU (TIOJAepKaHuEe B
YCIIOBUSIX JKCIUTyaTallMM TEXHUYECKOTO COCTOSIHMSA MAIlMH M MEXaHU3MOB Ha
YPOBHE; BBEICHHE pEKHUMOB TpPYyAd, PETYIUPYIOIMMX HPOAOJKUTEIBHOCTD
BO3JICHCTBUSI BUOpaIlMd Ha pabOoTarONIMX; BHIBOJA PAOOTHUKOB M3 MECT C
npesbilieHueM JY no Bubpanumn).

3. Iloevluuennasn 3anvllieHHOCMb U 3A2A308AHHOCHLL 6030yXa pabdouell
30Hbl. B mipoliecce cBOel TpyAOBOM AEATEIBHOCTH 3JIEKTPOCBAPILMK ITOJBEPracTCs
BO3/ICHCTBUIO CBAPOYHOTO a’p030Js [26].

CBapouHblii  a3p030JiIb —  COBOKYIHOCTb  MEJbYAHIIMX  YacCTHII,
00pa30BaBIIMUXCSA B PE3yJIbTaT€ KOHJIEHCALUU TMAapOB pACIIaBJICHHOTO METala,
IIJIaKa ¥ TIOKPBITHUS DJIEKTPOIOB.

PabGoThl 1o mepekauke raza OTHOCSTCS K rasoomnacHeiM pabortam. K

ra3zoonacHbIM OTHOCATCS pa6OT]':>I, KOTOPLIC BBITTOJHAIOTCA B MECTAaX C 3ara3o0BaHHOM
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aTMoc(epoil WM TpU BHINIOJHEHHH 3TUX PAa0OT BO3MOXHO BBIACICHHE Ta3a U
o0Opa3oBaHME CpeJibl, CTIOCOOHON BbI3BAaTh OTPABJICHUE W MIPUBECTH K B3PHIBY.
KomudecTBo raza, BBIOpackiBaeMOro B arMoc(epy MpH BBIBOJE ra30MpoBOa

B PEMOHT Vpey, M°, OTIPENENAETCS 1O POPMYIIE:

Voem = 0,00714 -V}, -lza;g—:__l:, (50)
rae V, — 00beM I0JI0CTH ra30npoOBOJIOB, M°;
P,.» — aTMocdepHoe nasnenue, Ila;
P, — naBneHue raza B ra3onpoBo/ie npu npoayBke (u30biTouHoe), [1a;
t. — Temneparypa rasa, °C.
Vyew = 0,00714 - 59279 - 101325;;000000 = 1564221 m® (51)
O6veM BbIOpOCa MpU MPOBEACHUM IUJIAHOBBIX PAOOT ObUT HaAWIEH IO
bopmyie:
Vipnos = 9,24 - d?-t- w E, (52)
r Po

rae d — BHyTpeHHU# auaMeTp TpyOOnpoBo/Ia, Yepe3 KOTOPBIH MPOU3BOINUTCS
MIPOTyBKA, M;

t — Bpems peryJupoBKU U HACTPOUKH, U;

Py — PakTHUECKas MIOTHOCTH ra3a, KI/M3

P. — naBnenwue raza, lla

(101325 + 1000000) |1000000

Vipnos = 9,24+ 0,150 - 0,33 - 598 e - 278309,9 M3
r7ie Py (PaKTUIECKYIO TIOTHOCTH Ta3a HAXOAUM 110 (hopMyIIe:
Tl ' Pa
Pp =P 7 (53)
¢ Tt Pam 2

rae p —abCOMIOTHAS IUIOTHOCTH Ta3a, Kr/M3 , IPUHUMAETCS MO JAaHHBIM M3
MaCcIOpTa Ka4eCcTBa rasa;

P, — atMmocdepHoe naBieHue, [la;
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T; — remnieparypa npuseneHus, Mlla;
P, — abconmoTHOE naBieHue raza, Mlla;
T, — Temnieparypa rasa, K;

Z — K03 DUITUEHT CKUMAEMOCTH.

oyags. 273:14010D)
Po =" 208-0101-0,9822 " w3’

OO6muit 00beM BBIOPOCOB MPUPOTHOTO Taza MPHU MPOBEACHUM PEMOHTHBIX
pabor:
Voemoom = Vpempys + Vipnos = 1564221 + 278309,9 = 1842531 M3, (54)

B xome paboThl BBIMOJIHEH pacyeT oO0bema IOTepPh MPUPOJIHOTO Trasa,
BCJICJICTBUE MPOBEACHUS OOCITY>KUBAHUS U PEMOHTHBIX pa0OT HA TUHEWHOU YacTH
y4acTKa MarucTpaabHOro ra3onpoBoa, KOTopklii cocrapun 1842531 m3,

4, Heoocmamounas oceeuiennocms padoueii 30Hbl. /{111 CTPOUTEIBHBIX
IJIONIA/IOK M YY4aCTKOB pabOT HEOOXOAMMO IIpeaycMaTpUBaTh 00Iee paBHOMEPHOE
ocpemnieHue. [Ipyu ’ToOM OCBEIIEHHOCTH JI0JKHA ObITh HE MEHEe 2 JIK HE3aBUCUMO OT
MPUMEHSIEMbIX HCTOYHHUKOB CBETA, 32 MCKJIIOYEHHWEM aBTOJOPOT, OCBEHIEHHOCTH
KOTOPBIX JIOJKHA OBITh HE MEeHee ykazaHHoU B Tabmuie 1 [27]. [lpu nogpeme nim
MepeMEICHUH TPY30B JIOJKHA ObITh OCBEIIEHHOCTh MECTa padOT HE MEHee S JIK Mpu
paboTe BpyuHyto 1 He MeHee 10 Jik nmpu paboTe ¢ MOMOIILI0 MAIIMH U MEXaHU3MOB.

5. Tasxcecmv u nanpaxcennocms puzuueckozo mpyoa. B cBsizu ¢
OOJIBIION TPOTSHKEHHOCTHIO M YJAJEHHOCTBbIO Ta30MpoOBOjJa OT HACEJIICHHBIX
MyHKTOB, pPaOOTHUKAM JJUTEIHHOE BpeMs MPUXOAUTCS  MPOBOJUTH B
KOMaHJIUPOBKAX, YTO COIMPOBOXKIACTCS THKEIBIM U HAIPSKEHHBIM (DU3HUYECKUM
TPYIOM.

Tsoxenplii 1 HaNPSHKEHHBIN (PU3WYECKUA TPYJ MOKET TOBIMITH HA 0OIIee
CaMOYYyBCTBHE paO0Yero U MPUBECTH K PA3BUTHIO Pa3IUYHBIX 3a00JI€BaHUM.

VY nroel, 3aHATHIX TSDKEJIBIM U HAPSHKEHHBIM (PU3UYECKUM TPYAOM, JOJIKEH
OBITh BOCBMHUYACOBOM pabounii AeHb ¢ 00eneHHbIM mepepbiBoM (13:00 — 14:00) u
MEePUOANYECKUMHU KPaTKOBPEMEHHBIMHU TE€PEepPhIBAMHM, a TaKXKe JOJKHA ObITh

YBCJINYCHA 3apa60THa>1 IjiaTta v IMpoAO0JDKUTCIILHOCTL OTIIYCKA.
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6. Ykycol srcueommnvix u nacekomwix. Paiion paboT npuypoveH K JECHBIM
U OONOTHBIM JNaHAmaTaMm, B CBSA3H C YEM, CYIIECTBYET OIACHOCTh YKYCOB
KPOBOCOCYUIMMH HAace€KOMbIMM M Kiemamu. OO0s3aTenbHbIM TpeOOBAHUEM IS
JIOTyCKa K paboTe SBIIAEeTCS BaKIMHAIKS MPOTHUB KIIEHIEBOTO 3HIeannuTa. YKYCh
KPOBOCOCYIIMX HACEKOMBIX MOTYT BbI3BaTh 3y M IMOKPAaCHEHMsI KOXXKH B MECTE
yKyca, a TaKK€ BbI3BATH PEAKIUI0 CEHCHOMIM3AIMU U OOUIYI0 HMHTOKCHUKALUIO
OpraHuM3Ma BCJIEJCTBHE XHWMHUYECKOTO BO3JCUCTBUS Ha OpraHU3M B BHJE
TOKCHUYHOTIO BerecTna [28].

J1J1s1 3aIIUTHI OT YKYCOB KPOBOCOCYIIIUX HACEKOMBIX U KJICIIEH UCIIONb3YyeTCs:

— CPEACTBO JIst 00pabOTKH OACK b (3AIUTHBIA a3P030JIb);

— CPEICTBO JUIsl HAHECEHUS Ha KOXKY (crpei);

— KOCTIOM JJIs 3aIlIUThl OT BPEIHBIX OMOJIOTMUECKUX (PAKTOPOB C CETKOM
UMMYHOTJI00yJIMHA.

6.3 Dkosornyeckasi 6e30NaCHOCTH

[Ipy BBINOJHEHUMH BCEX CTPOUTEIBHO-MOHTAXKHBIX pabOT HEOOXOAMMO
CTporo cooOnoAaTh TpeOOBaHUS 3alUThl OKpPYXKAlOLWEH MPUPOJHON Cpesbl,
COXPAHEHUS €€ YCTOWYMBOr0 HKOJIOTUYECKOT0 PABHOBECHS, U HE HAPYILIATh YCIOBUS

3CMIJICITIOJIb30BaHNA, YCTAHOBJICHHBIC 3dKOHOAATCIIbCTBOM 00 OXpaHC MMpUPOILI.

Tabmuua 5 — HWCTOYHMKM HEraTMBHOTO BO3JAEHCTBUS U MPUPOJOOXPAHHbBIE
MEPOIIPUATHA
Paccemarpy- 3arpsasHsomee
Baemas BeIIeCTBO Metoab! 1 c1IOCOOBI 3aIUTHI Hopmsbr IIIK
TeppuTOpHUs
Atmocdepa | — paborta — nupumenenne repmernunsix | [IIK  nuokcuna
CTPOMTEITHLHBIX W 3aKpelBafoIMxcs emkocrtedt | asora — 0,04
MEXaHH3MOB u | 1t xpaneHus: ['CM; mr/m3
aBTOTPAHCIIOPTA; —  HCIOIB30BaTh TOJIBKO
- CBapOYHLIE HCIIPaBHYIO texuuky, | IIAK mbum — 0,15
paboThI; MPOIICAIIYIO KOHTPOJIb Mr/m3
- OMOPOKHEHHE TOKCHYHOCTH  OTpaOOTaHHBIX
Tpy6ompoBOfa  mepes | Fa30B; IIJIK Gensuna —
BpE3KOI IIyTeM | — OCMOTP U  PETYJIUPOBKA 1,5 mr/m3
CTpaBIIMBaHUSl Ta3a B | TOTUIMBHOU anmaparypsl
cBedy; nmsenpHol  Texmukm  gua | LWAK  amokcnpa
- BBIEMOYHO- CHIDKEHHUS pacxojia Au3TorumBa; | C6pbl - — 0,04
NOrpy304YHbIC pabOThI; | — 3ampemieHHe  PEMOHTHBIX Mr/m3
pa0or, CBSI3aHHBIX c
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—  3eMIIsHbIE
paboTel W pabota
CBITYYUMH
marepuaiamu [29]

MOBBIIICHHBIM BBIJICJICHUEM
BPE/IHBIX BEIIECTB B aTMOChepy;
— mpoBeacHHE — paboT c
BO3MOXKHBIM MHHHAMAJIbHBIM
UCIIOIb30BAHUEM TEXHUYECCKUX
cpeacts [30]

ITJIK OKCHIa
yriaepoga — 3
Mr/m3

ITJIK amMnaka —
0,04 mr/m3 [30]

B nepuoa HOpManbHOTO peKUMa dKCIUTyaTallid MaruCTPaJIbHbIE Ta30IIPOBO/IbI HE OKA3BIBAIOT

OTPHUIATENILHOTO BO3/ICUCTBUS HAa aTMOC(hEpHBINA BO3IYX.

Tunpocdepa | —

3eMJISIHBIE  PaOOTHI
BOJIM3M U Ha y4acTKax ¢
BBICOKHM CTOSIHUEM
TPYHTOBBIX BOJ;

— paboThl B pyciie U Ha
MoMMe  pEeKH npu
JIEMOHTa)Xe U MOHTAXE
TpyOOIpoBOa;

— CIMB  BOABI  Ha
BOJOCOOPHYIO TUIOMIA/Ib
MOCJIe  MCIOJIb30BAHUS
JUTS TIPOM3BOACTBEHHBIX
meJei;

— 3abop  BOJBI
MIPOBEICHUS
TUJPOUCTIBITAHU;
pa3MelnieHue
CTPOUTEILHBIX u
OBITOBBIX 0TX00B [31]

JJIA

— HCIOJIb30BAHUE EMKOCTEMN IS
coopa orpaboranHbix ['CM,
X030BITOBBIX u

IIPOU3BOJICTBEHHBIX OTXOOB;
— 000pyaoBaHuE MEePEABIKHBIX
€MKOCTEH MPHUCIIOCOOTICHUSIMH,
uckiIoyaromumu  pasius I'CM
OpyU HUX TPAHCHOPTHUPOBKE H
3arpaBKe TEXHUKH;

— CTporoe coOII0AeHHE MPaBUII
paboTHI B BOJOOXPAHHOU 30HE;
— O03€JICHEHHE BOJOOXPAHHBIX
30H; JIMKBUJAIMS ~ OTXOJOB
MPOU3BOJICTBA U XO30BITOBBIX
OTXOJIOB Ha MecTax paboThI
CTpouTeNnbHOM Opuraasl [33]

INAK d¢enona —
0,001 mr/a (mpu
XJIOPUPOBAHUH)

IIIK xeneza —
0,3 mr/n

IIJIK amroMuHUS
— 0,5 mr/n

ITJIK Mprmbska —
0,05 mr/n

IIIK suTpur —
3,3 mr/i [32]

B Nepruoa 3KCIuryaTaluu CUCTEMa TPY6OHpOBOI[HOFO TPAHCIIOPTA ra3a repMeTruviHa U HE
OKa3bIBA€T HCIraTUBHOC BOSI[GfICTBI/IG Ha MOBCPXHOCTHBIC U TIOJA3CMHBIC BOJIBI.

Jlutocepa | — pacudcTKa MOJOCH | — IEPBOOYEPENHOE INAK ynobpenus
0TBOZA OT |CTPOUTENBCTBO KOHTPOJIUPYETCS
JIECOPACTUTEIBHOCTH;  |BHYTPUILIOIIAOYHBIX MPOE30B; | MO COACPNKAHHIO
— IEpEIBUKEHUE — Mpoe3x CTpPOUTENBHON | HUTPATOB B
CTPOMTEILHOM TCXHUKH TOJBKO B IIpeaenax | HHOYBC, KOTOPOE
TCXHUKH, 30HBI IPOU3BOJICTBA PadOT; HC AOJAKHO
— 3eMIIsiHble  PabOTHI | — CBOEBPEMEHHAs yGopxa | HpeBbimate 76,8
pu pa3paboTke [Mycopa ¥ OTXOAOB  JUIA MI/KT aOCOJIIOTHO
TpaHIIEH; HCKIIIOUEHUA 3arpsA3HECHUS Cyxoi IIO4YBBI
— YCTPOMCTBO TEPPUTOPUU orxomamu | [34]
BPEMEHHEBIX OTBaJIOB |IIPOM3BOJCTBA,

TPYHTa; — 3alpelleHue HCIIOJIb30BAHUS
— YCTpPOWCTBO HEUCIPABHBIX, M0KAPOOMACHBIX
MIPOE3/10B; TPAHCIIOPTHBIX WU CTPOUTENIBHO-
— YCTpOﬁCTBO aM6apa MOHTaQXXHBIX CPECACTB,
JUIA CJIMBA BOJBL IOCIE | — JUISL  HCKIIIOUEHUS pasiiuBa,
ruapouctsitanmii [31]  ([T'CM 3ampaBKa TEXHUKH
OCYLIECTBJISIETCS Ha BPEMEHHOU
IJIOLIA/IKE c TBEPABIM
MTOKPBITHEM U O0OBAJIOBKOM;
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— PEeKyJIbTHUBALUS HAPYIICHHBIX
3emensb [31]

[ToTepu pacTUTENBHOrO CII0S IPU IPOKJIAAKE BPEMEHHBIX JOPOT J10JIKHBI OBITh
MHHUMAJIbHBIMH, HE PEKOMEH/IYETCS BRIPYOATh HU3KHE KYCTAPHUKH BJIOJIb TOJIOCH OTBOJIA.
Onu COXPAHAIOT YCTOﬁqHBOCTb IMOYBBI U CIIYXKAT B KaUCCTBC 0CAJOYHOT'O d)HHBTpa BIOJIb

BOJIOEMOB.

6.4 be3onacHOCTb B Ype3BbIYANHBIX CUTYaIUSIX

['maBHasg 3amava mpu YpE3BBIYAWHBIX CHUTYallMSX — 3allldTa HACEJIEHUS OT
BO3MOHBIX CPEICTB MMOPAKEHUS.

MaructpanbHblii  Ta30MpPOBOJ  SIBISICTCS  OIMACHBIM  MPOU3BOACTBEHHBIM
00BEKTOM, T.K. TIO HEMY TPAHCIIOPTHUPYETCS OMTACHOE BEIIECTBO — a3 MPUPOIHBIN B
KOJIM4eCTBE OO0JIbIIIE, YEM TTOPOTOBBIE.

N3yuus [32] u [33], MOXKHO caenaTh BBIBOA O TOM, UYTO YPE3BBIYANHBIC
CUTyalldd Ha Ta30lNpOBOJHOM TPAHCIOPTE MOTYT BO3HHKHYTH IO Pa3IuYHBIM
MpUYMHAM, HallpUMeEp,

— JIECHBIE MOXKaphl;

— B3pBIB Ha paboueM MecCTe;

— 110 IPUYMHAM TEXHOTEHHOT'O XapakTepa (aBapuu);

— YC npupoHOTro XapakTepa B BUIAE BOSHUKHOBEHUS OMOJI3HS.

Haunbonee pacnpoCTpaHEHHBIMU HUCTOYHUKAMU BO3HUKHOBEHUS
YpE3BbIUAMHBIX CUTYAIlU TEXHOT€HHOTO XapaKTepa SIBISIOTCS MOXKaphl U B3PHIBHI.

Jlo Hauana paboT OJKHBI OBITH pa3pabOTaHbl MEPOIPUSATHS M0 TOKAPHOM
0€30MacHOCTH, KOTOpPbIE BHOCSTCS B IJIaH MPOU3BoAcTBA padoT [20]. Mepornpusitus
0 IPEAOTBPAIICHHIO TTOXkKapa:

— PaboThl MOMKHBI MPOU3BOJIUTHCA C COOIIOJCHUEM TMPABHI TOKAPHOM
0e30I1acCHOCTH;

— Ilepconan HOJKEH NPOWTH BHEOYEPEAHOW HMHCTPYKTAX IO ITOXKAPHOU
0e301acHOCTH;

— IIpoBeneHune nmepuoIUIecKOro KOHTPOJIsL COCTOSIHUSL BO3AYIIIHOM CpPEIbl B
paboueii 30He;

— Pa0oTHUKM JOJDKHBI OBITH OJETHI B CHEHOACKTY, HE HAKaIlJIUBAIOIILYIO

CTATHYCCKOC DJICKTPUYUICCTBO U UMCThL CPCIACTBA WHJIMBUYAJIbHOU 3aIUThI;
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— DnexkTpooOOpyAOBaHUE TOJDKHO HAXOAUTHCS B MCIPABHOM COCTOSTHUU U
OBITH 3a3€MJICHO;

— Pabouee MecTo [OMKHO OBITH OCHAILEHO NEPBUYHBIMU CpPEICTBAMU
MOKapOTYLIEHNUS,

— YCTaHOBKH MOKAPOTYIUIEHUS SKCIUTYaTUPYIOT B PEKMME aBTOMATHYECKOTO
MyCKa.

C wmenpr0 TpEedOTBpAICHUST YPE3BBIYAWHBIX CUTyallMld, CBSI3aHHBIX C
BO3HMKHOBEHHUEM B3pPHIBOB WM IOXApOB HEOOXOAMMO MPUMEHUTH CIIEIYIOLIUE
Mepbl Oe3omacHocTh [34]:

— Tepea  HayajioM pabOT B PEMOHTHOM KOTJIOBaHE IEPEHOCHBIM
ra30aHajan3aTopoM MPOBEPSIETCS YPOBEHb 3ara30BaHHOCTH BO3AYLIHOM Cpelibl, MpU
TOM COJIep)KaHUE Ta30B HE JOJDKHO MPEBbIIATh MPEAEIbHO — JIOMYCTUMOU
KOHIICHTPAI[MU TI0 CAHUTAPHBIM HOpMaM;

— paboTa paspemaercsi TOJIBKO IOCJIE YCTPAHEHHUs ONACHBIX YCIIOBHM, B
npouecce paboThl CleqyeT MEPUOJNYECKH KOHTPOJIUPOBATh 3ara30BaHHOCTh, a B
cily4ae HEOOXOJIMMOCTH 00€CIIEYUTh NPUHYAUTENbHYIO BEHTUIISILIUIO;

— 1 o0ecreueHus] ToXKapo- U B3PHIBOOE30MACHOCTU PAOOTHUKHU JOJIKEH
OBITH OCHAIIEH CPEACTBAMHU WHIAMBUIYATbHOMN 3alllUThI, KOTOPHIE TIPEIYCMOTPEHBI
TUTOBBIMU U OTPACIIEBBIMU HOPMAMH.

BbiBoaBI 110 pa3zaeny

B Xxone BbIMOIHEHWS MAaHHOTO pasjielia MHOIO Obljla MpOBEAcHAa OIEHKA
MPaBOBBIX W OPraHU3ALMOHHBIX BOIPOCOB OOecredeHHs] O0€30MACHOCTH, a TaKXKe
MIPOU3BOJICTBEHHOM U SKOJOTUYECKON 0€30MaCHOCTH MPHU MPOBEICHUU UCTIBITAHUIN
MarucTpajbHOTO ra30MpoBOJa HA MPOYHOCTh U T€PMETUYHOCTh. BbUIN BBIEIEHBI
BpE/IHbIE U OTTACHBIC TPOU3BO/ICTBEHHBIE (PAKTOPLI U 0OOCHOBAHBI MEPOIIPUATHI 110
WX YCTPAHEHUIO.

[Ipoananu3upoBaB BIAUSAHUS OOBEKTa MCCIEIOBAaHUS, A, TO €CTh JUHEUHOU
YaCTHU MAarucTpajJbHOIO ra30MpoBOja HA OKPYKAIOUIYIO CPEAY, MOXKHO CKa3aTh, YTO

OCHOBHOW TEppUTOpHEHN, KOTOpas OoJibllie BCEro IOJIBEp)KEHA 3arpsA3HEHHIO,
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sBisieTcst atmocdepa. B cBoro odepesib, MHOIO OBLITH PAaCCMOTPEHBI MEPOTIPUSATHUS TI0

3aIIUTE OKPYKAIOIIECH CPEIBI.

I/ISY‘{HB HOPMATUBHYIO JOKYMCHTAIIUIO, BbIABHUIIA, YTO IJJaBHOM M3

Bo3MOXKHbIX UC sBistoTcss mokapbl. s oOecnedeHus moxapo0e30macHOCTH

pPabOTHUKH JIOJHKEH OBITh OCHAILICH CIIEIIOICKI0M, OOYBBIO M IPYTHUMHU CPEACTBAMHU

WHIUBUAYaJIbHON 3aIUThI.

U3m.
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3akioueHue

B mpouecce HammcaHusi BBIMYCKHOM KBaMM(PHUKAIIMOHHON pabOThl ObUIH
BBITIOJTHEHBI CIIEAYIOIINE ACHUCTBUS:

- bbiia n3yyeHa HOpMaTUBHO-TEXHUYECKAs! TOKYMEHTaIUsI, IEHCTBYIOMIAsl B
00JaCTH TMPOEKTUPOBAHUSA, HKCIUTyaTallMM M OOCIYXKUBAaHUS MAaruCTPalbHBIX
ra3ornpoBOOB.

- IlpoBeneH aHanM3 pa3aUYHBIX METOAOB HCHBITAHUS MaruCTPabHBIX
ra3onpoBOJIOB Ha TMPOYHOCTh M TEePMETUYHOCTh. bbl1 BbIOpaH Haumbosee
MOAXOSAIINNA METO]T - MHEBMATUYECKOE UCTIBITAHKE, C YUETOM pailOHa MPOBEACHUS
pabor.

- bblja npoBeeHa OIEHKa SKOHOMHYECKOM MOTEpU M3-3a 3aJEP>KKU BBOJA
o0opyioBaHUs B AKCIUTyaTanuio. ExeqHeBHas TPOU3BOIUTEIBHOCTh ra30MpOBO/Ia
coctaBmia 62,13 miH. M3/CyT.

- boumm mpeioxkeHbl pPEeKOMEHJAIMU MO TMOBBIMICHUIO 3(PPEKTUBHOCTU
MPOBEJCHUSI HWCIBITAHUS MAruCTPAJIbHOIO Ta3oNpoBOJa Ha MPOYHOCTh U
FEPMETUYHOCTh M COKPALICHUIO BPEMEHH 3aKIIOUUTENBHOTO 3Tana MUCIBITAaHUM,
BKJIIOYas  KCMOJIb30BAaHWE  aJCOPOIMOHHBIX  OCyIIUTENed B Mmpolecce
ITHEBMOHMCIIBITAHUH.

- bBbu1 mOpousBeneH pacyeT TEXHOJOTMYECKMX MapaMeTpPoOB OCYIIKH
ra3onpoBoja C MNPUMEHEHUEM OCYIIUTENIs BO BpeMsl HCHbITaHUU. Pe3ynbrarsl
MOKa3aJiv, 4YTO KOJIMYECTBO Bjaru coctasigeT 14 408 kr, a Bpemsi, 3aTpauyeHHOE Ha
MPOBEJICHUE MEPOIPHUATHSI, COCTaBUIO 9 CyTOK, 4TO B 2 pa3za MEHblIe, 4eM 0e3
MPUMEHEHUSI OCYIIUTENS, YTO CBUACTEILCTBYET O 3(P(HEKTUBHOCTH BHEIPEHUS

JTAHHOTO 00OpPYOBaHMUS.
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Mpunoxennue I

(cripaBoUHOE)

Pipeline drying methods
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1. Pipeline drying using dehumidified air with low dew point temperature

The article [1] examines the application of hydrostatic testing in verifying the
structural soundness of pipeline systems, particularly within the oil and gas sector.
Following the hydrostatic test, the majority of the remaining water can be eliminated
through a sequential process involving the passage of cylindrical or spherical inserts,
commonly referred to as “pigs”, which is known as pigging.

The authors highlight the observation that even with the application of
established pipeline drying methods, a minute layer of water persists on the inner
surface of the pipeline, typically measuring 100 mm or less. While this layer may
appear negligible, the cumulative volume of water throughout the entire pipeline
amounts to thousands of kilograms when computed.

The authors emphasize the importance of thoroughly drying the inner surface
of the pipeline to prevent the formation of hydrocarbon hydrates, which can cause
blockages in pipes, measuring instruments, valves, and other components, ultimately
resulting in failures. The article introduces a mathematical model that approximates
the time needed for complete moisture removal from the pipeline, based on
simplified assumptions. The findings of this model are subsequently examined and
analyzed in the paper.

The article commences by providing an overview of previous studies
conducted by other researchers on the subject [1]. Among these works, particular
attention is given to Daib’s research (S. Y. Daib, Determination of volume and
concentration for dehumidification of gas pipelines), which employed a suspension
technique to remove moisture from gas pipelines using a mixture of methanol or
glycol. This approach serves the dual purpose of preventing freezing and inhibiting
hydration. The method involves propelling a concentrated solution of methanol or

glycol through the pipeline, utilizing a confined space between two heads or spheres.
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Furthermore, the article delves into the factors influencing optimization and
batch size, and presents mathematical equations that aid in determining the optimal
volume and concentration of the methanol plug for effective pipeline drainage.
Notably, the analysis concludes that the minimum sludge concentration within the
pipeline should have a freezing point below the ambient temperature, while the final
concentration must be sufficiently high to effectively inhibit hydration.

Subsequently, the authors review the study conducted by Batard and
Sekondari [3], who employed the dry air method for pipeline drainage. The
procedure involves passing a specific quantity of pre-dehydrated air through the
pipeline until the concentration of water vapor in the discharged air reaches the
designated minimum threshold. To simulate the drying process, mathematical
techniques are employed, utilizing partial differential equations and numerical
solutions incorporating appropriate boundary conditions to achieve a balance of
energy and mass. Furthermore, a computer program called Essiac has been
developed to optimize key parameters. The results obtained through the utilization
of the Essiac program have demonstrated competitiveness when compared to
methanol washing and vacuum drying processes. Notably, this approach offers
several advantages, including the absence of costly equipment and the need for
highly skilled labor, while still delivering a remarkably high level of effectiveness
in the drying process.

Hence, the authors arrive at the conclusion that numerous approaches have
been explored to eliminate any remaining moisture within pipelines. These methods
encompass the utilization of nitrogen, methanol, natural gas, and vacuum
techniques. However, many of these methods have proven to be suboptimal in terms
of economic viability, technical feasibility, and safety considerations. In contrast,
the dry air method is deemed both cost-effective and environmentally friendly. By
drying atmospheric air to a significantly low dew point, a reduced vapor pressure of
dry air is ensured upon its introduction to the pipeline. This low vapor pressure air

serves as the impetus for effectively drying the pipeline.
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Physchrometric of dehumidification

The authors explore the first approach to dehumidification, which involves
utilizing the dry-air drying principle for pipework. This method entails introducing
air with a low dew point into the pipework. The dry air flow has a reduced vapour
pressure, allowing it to absorb the moisture present within the pipeline. The driving
force for the drying process stems from the disparity in vapour pressure between the
moisture content inside the pipework and the moisture content of the dry air. The
larger the difference in vapour pressure, the faster the pipework will dry. Figure 1
illustrates the requirement for both mechanical cooling and desiccant drying to
generate air with a low dew point. The dehumidification process is depicted in figure

2, outlining its psychrometric characteristics.

Condenser Dehumidifier

Coolant cut
Strong liquid desiccant spray
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— RS with low dewpaoint
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Figure 1 — Schematic of pipeline drying process [1]
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Pipeline drving with dehumidified air
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Figure 2 — Psychometric of drying process [1]

Based on the data presented in Figure 1 [1], the dehumidification process
involves the passage of air through a liquid dehumidifier sprayer positioned at the
top of the dehumidifier. This arrangement efficiently eliminates moisture, enabling
the air to reach a final dew point ranging from -20°C to -40°C. Moreover, the
inclusion of a dehumidifier ensures that the system can operate at any temperature
without encountering freezing issues. This transformation is represented as a
transition from state 3 to state 4 on the psychrometric graph.

Mathematical modelling

According to the authors [1], one crucial element in drying technology,
particularly for industrial applications, is the utilization of mathematical models to
understand drying processes. The primary objective of modeling is to assist
engineers in choosing the most appropriate drying method for a specific product and
determining suitable operating conditions.

The concept of modeling relies on establishing a set of mathematical
equations that fully describe the system being modeled. By solving these equations,

it becomes feasible to forecast the process parameters over time at any given point,
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considering the specified initial and boundary conditions. Figure 3 illustrates a

schematic representation of a drying process employing dehumidified air.

Y. A. Syed er al.
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Figure 3 — Schematic of a pipeline [1]

Thus, the study presented in the article estimated the drying time needed for a

pipeline of varying length under different operating conditions. The comparison

between the outcomes of analytical and numerical investigations for a shorter

pipeline length (20 m) is illustrated in Figure 4.

Pipeline drying with dehumidified air
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Figure 4 — Concentration variation of a pipeline at 55th second [1]

The dynamics of the drying process are depicted in Figure 4, which displays

the fluctuations in water vapor concentration within the dry air as it progresses

through the pipeline. Notably, a swift change in concentration is observed near the

pipeline entrance. This phenomenon can be attributed to the rapid evaporation of
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moisture from the pipe wall, driven by the significant disparity between the water
vapor concentration adjacent to the pipe wall and the flowing air. This process
continues until the air stream becomes saturated, as illustrated by the horizontal line
in the graph.

I agree with the authors’ viewpoint that employing dehumidified air with a
low dew point temperature is a prevalent approach for eliminating residual water
post-hydrostatic tests. Through the application of analytical and numerical methods,
the author has effectively resolved the pipeline drying challenge. Furthermore, the
authors have verified that the drying duration is influenced by factors such as the
thickness of the water film, the volume flow rate of dry air, the dew point
temperature of the dry air, and the length of the pipeline.

2 Development and validation of model for the simulation of the air
drying phenomena in pipelines

This paper [2] begins by describing the problem of moisture in the pipeline
cavity and the importance of the dewatering process. The scope of this work is the
elaboration of a simulation software based on a numerical method to solve the
differential equations governing a drying process. The main aim of a paper is the
description of the model implemented in the pipeline air drying (PAD) software.

Furthermore, model validation is presented with reference to available air
drying operation data collected during the pre-commissioning of two existing long
offshore gas pipelines:

o blue stream pipeline, a 400 km long, 24" twin offshore pipeline system,
crossing the Black Sea on a laid at a maximum depth of 2.200 m, exporting gas from
Russia to Turkey;

o pipeline M, a 500 km long, 24” pipeline, laid at a maximum depth of
650 m.

The authors gave examples of two main mathematical models in the literature
for modelling the drying process: the basic model (Vemmelund, 2008; Wan and Sun,
2007) and the heat and mass balance model (Battarra et al., 1984) [2].

U3m.

Jlucm

Ne dokym.

lModnuckh

[lama

[Tpunoxenue Il

Jlucm

110




The foundational model continues to be referenced in contemporary literature.
It encompasses a set of polynomial equations that estimate the time required to
completely eliminate the water content in the pipeline, assuming specific conditions.
The calculation of the drying time relies on determining the moisture removal
capacity, which hinges on the disparity between the water vapor concentration in the
air-vapor mixture at saturation levels and the ambient conditions. However, a key
drawback of the model is its inability to forecast the trajectory of essential
parameters like water vapor concentration in the air-vapor mixture or the quantity of
water within the pipeline, both spatially and temporally.

Figure 5 shows the comparison of calculated and measured water-vapour mass
concentration time trend at pipeline outlet, for air drying operation in pipeline M
(WFT indicates the residual water film thickness); the discrepancy between model

predictions and field data is quite evident.
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Figure 5 — Outlet air vapour concentration time trend: experimental vs.
numerical results for pipeline M [2]
The authors further analysed the distribution of water. The following
boundary conditions were defined:
e at the pipe wall (zone 1): the ‘no-slip boundary condition’, to specify

that the velocity at the wall is zero.
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e at the water-air interface (zone 2): the ‘normal-stress condition’, to
represent the air pressure at the water-air interface.

The research under consideration has revealed that the water velocity within
the system is non-uniform, exhibiting variations from a minimal value of zero near
the wall to a maximum value close to the water-air interface [2]. Figure 6 shows the
plots for three different values of film thickness according to a wall roughness of
12.5 pm.

The authors drew the following conclusions from the calculated water velocity
fields in the pipe:

e |t was found that all the water staying initially above the wall roughness
peaks tends to drop and to accumulate at pipe bottom, due to gravity effects. Thus,
it seems more suitable, for this kind of calculations, to consider all the water
potentially located above wall roughness peaks under the assumption of initial
uniform distribution, as accumulated at pipe bottom as a pool.

e It was found that all the water staying initially inside wall roughness
dips, is characterised by a flowing velocity in the range from 0 to 3.5 -1072 m/s.
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Figure 6 — Maximum water velocity for 12.5 um wall roughness and 12.5, 30 and
100 um WFT [2]

Taking the aforementioned information into account, it can be deduced that
assuming a uniform water film thickness as the initial distribution before
commencing air drying is not a realistic representation. Instead, a more accurate
depiction of the actual behavior involves a non-uniform film thickness distribution,

characterized by a slow and uneven movement.
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Welding influence

A long pipeline consists of several pipes welded together. The authors also
emphasise the butt welding carried out at each coil joint, as this can have a significant
impact on the problem under investigation.

Within each weld, there is an uncovered section of approximately 30 mm on
the internal pipe wall. This area exhibits characteristics similar to those resulting
from a sandblasting process, with a roughness of around 40 um. Despite the welding
bend length being only 30 mm, it occurs frequently (approximately every 12 meters)
along the pipeline. As a result, the elevated roughness in the welding bend
significantly affects water distribution and, consequently, the drying process. To
address this phenomenon, the software enables the inclusion of a specific volume of
water displaced at regular intervals along the circumference.

Model validation

In order to validate the new air drying model and incorporated in a software
called PAD, a comparison with air drying field data of pipeline M and blue stream
pipeline has been carried out. The reference parameter used for comparison is the
water vapour mass concentration in air monitored at pipeline outlet during the whole
operation.

Table 1 shows the main characteristics of pipeline M as well as main process
parameters of the relevant air drying operation.

Table 1 — Pipeline M design data and air drying operation parameters [2]

Pipeline length 503.1 km
Internal diameter 0.5758 m
Design wall roughness 12.5 um
External temperature 10°C
Inlet air temperature 50°C

Air flow-rate 154 Nm’/min
Inlet pressure 0.33 MPa
Qutlet pressure 0.1 MPa
Inlet WDP -70°C

The results of the simulation and the comparison with the field data of pipeline

M are reported in Figure 7.
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Figure 7 — Outlet air vapour concentration time trend: experimental vs.

numerical results of new air drying model applied to initial water film of 7 pm
thickness in Pipeline M [2]

The trend of other significant parameters such as residual water in the pipeline,

pressure profile, and air vapour concentration at different times, calculated by the

developed software is reported in Figure 8.
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Figure 8 — Pipeline M air drying simulation: parameters calculated for 70% bottom
— 30% film initial water nitial water distribution on pipe circumference, (a) outlet
air vapour concentration trend [kgv/kga] (b) pressure profile [Pa] (c) residual water
in the pipeline [kg/m] at different times (d) air vapour concentration profile

[kgv/kga] at different times [2]
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The authors have developed a new model for simulating PAD operation,
implemented in a finite-volume numerical scheme (PAD software).

The analysis of the phenomena that influence the water distribution in the
internal pipeline wall led to the conclusion that the ‘uniform film distribution’ is not
realistic.

Because the actual water distribution has a strong influence on the calculated
air drying time, the authors have implemented the possibility of introducing a non-
uniform initial water distribution in the software.

3. Evaluation of pipeline drying techniques introduction

The article [3] begins by describing the importance of applying pipeline
dehydration. The authors took as an example a pipeline that has been put into service
dirty and wet, corroded, crusted, the shut-off valves have not been sealed, and it is
likely to cost 5-10% more to operate over the years due to deteriorating flow
characteristics. Many gas pipelines need to be dried to prevent the formation of
hydrates.

Hydrate is a white crystalline substance formed at a combination of pressure
and temperature which causes the gas to react with water. It will typically appear as
snow in a pipeline and can easily occur in sufficient quantities to block a line and,
in particular, to cause valves, regulators, and instrument pipework to freeze. Fig. 9
shows a typical hydrate-formation curve for several gases and their pressure and
temperature dependency. Hydrates will easily decompose when the temperature

increases or the pressure decreases.
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Figure 9 — Hydrate formation curve for methane and average North Sea natural gas

The authors divide existing pipeline drying methods into two categories: (a)
those that simply aim to prevent hydrate formation by reducing the hydrate
formation temperature well below the ambient temperature, and (b) those that
physically remove all water from the pipeline.

In this paper each of the drying techniques is discussed, with the pros and cons
of each system highlighted.

Methanol and glycol swabbing

Methanol and monoethylene glycol are usually used for pipeline drying
operations, but the other alcohols and glycols such as ethanol, propanol, and
trietylene glycol can be used just as effectively.

The chemical swabbing process consists of running a series of batches of
hydrate inhibiting fluid down the pipeline to absorb the water in the system and leave
a film of residual liquid with sufficient inhibitor concentration so that hydrates will
not form. All the hydrating fluids are hygroscopic and fully miscible with water.

Here, a five-pig train is typically used (Figure 10). This consists of two slugs
of inhibitor which are separated by slugs of nitrogen when the inhibitor is methanol
because of its flammability. The fifth pig simply sweeps up residual liquid.

The pig train is usually propelled with gas so that the line is commissioned

and ready to go straight into operation on completion of the swabbing activity.
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Figure 10 — Typical methanol-swabbing train for previously dewatered pipes [3]

So whilst the swabbing process does not in itself produce a negative dewpoint
condition or a clean pipeline, it is usually feasible to achieve a negative dewpoint in
a very short period of time.

The article highlights the following main advantages of methanol swabbing:

o It is undoubtedly the quickest commissioning method at all but the very
smallest pipelines.

o The duration is governed only by the pigging velocity and hence gas
flow.

o The length of pipeline that can be dried by this technique is limited only
by the capabilities of the pigs. (The longest pipeline in the world was dried using
this technique.)

o It can be used onshore and offshore, though in larger offshore lines
equipment space

o Requirements may become prohibitive.

o It is the only method which commissions the line at the same time as
“drying” it.
o It is still effective at low ambient temperatures.

The authors also identified the main disadvantages of methanol tamping:

e A negative dew point cannot be achieved by this method alone, and
therefore it is not the preferred method for sour gas lines, high purity petrochemicals,
etc.

e  Because of the flammability of methanol and gas, this operation makes

the pipeline ‘live’ while other dewatering methods are effectively carried out as early
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as the construction phase. This can affect other activities, especially if the
construction site still requires hot work, etc.

e  The flammability of methanol makes this operation more dangerous than
other drying methods.

Air drying

The paper examines a particular technology that was developed and patented
by Pipeline Dehydrators Inc (now part of the Nowsco group) in the USA.

The basis of the method is to run a series of lightweight (2lb per foot)
polyurethane foam swabs through the line with a super-dry air dew point of -90°F.
Special fast, low-pressure starters are used for this, which allow the swabs to be
loaded and started in less than a minute and with little or no disturbance to the dry
air flow. The pigs initially absorb large quantities of water and provide a constant
water distribution in the pipeline as a thin film, which facilitates evaporation into the
dry air stream. The lower the pressure, the more water vapour can be absorbed by
the air and the faster the pipeline will dry out. In addition to measuring the output
dew point, the appearance of the dust gives a clear visual indication that the line is
beginning to dry out.

The researchers identified the following main advantages of the air drying
method:

o All free water is removed from the pipeline.

e A very low dewpoints can be achieved down to as low as -90°F.

e The line can be cleaned at the same time to a higher specification than any
of the other drying processes.

e The process is very efficient at high ambient temperatures.

The main disadvantages of this drying method were also identified:

. the length of the area to be dried is limited. It depends on the diameter,
but for a 30-in pipeline, 100 miles would be a typical maximum.

o a large area is required for equipment on large-diameter lines. the

technique consumes large amounts of fuel to run compressors.
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o the process generates a large amount of debris both in terms of used
swabs and dust from the pipeline; however, these can be disposed of in an
environmentally-friendly manner.

o The process is not well suited for offshore pipelines.

Vacuum drying

In air drying it is blown out and in vacuum drying it is evacuated out. The
vacuum-drying process relies on the fact that the boiling point of water varies with
pressure. So, by reducing the pressure in the pipeline down to the saturated vapour
pressure (svp) for the ambient temperature, we can cause the water to ‘boil’ and
remove it from the pipeline as a gas with a vacuum pumep.

The vacuum-drying process can be split into three main phases (see Figure
11).
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Figure 11 — Typical vacuum-drying operation [3]
The researchers identified the following main advantages of the vacuum
drying method:
o All free water is removed from the pipeline.
e Very low dewpoints can be achieved, down to -90°F (when used with
nitrogen purging).
e The equipment space requirements are generally very few.

e The process produces no appreciable waste (some vacuum pumps
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e It can be undertaken from one end of the line only, making it

particularly suitable for some offshore pipelines.

The main disadvantages of this method were also highlighted:

e No cleaning is carried out in the process.

e Durations can be very long.

e Itis unsuited for long, small-diameter lines.
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