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PE3YJIBTATBI OBYUEHUS
o OCHOBHOM 00pa3oBaTelIbHON MPOrpaMMe MOJTOTOBKH MarucTpoB
no HanpasieHuto 21.04.01 «Hedrerazosoe aesio»
[Tpodune noarotroBku: Haodesxcnocms 2azoneghmenposooos u xpanuiuuy.

Koo
pesyibmama

Pesynemam o6yuenus
(8b1NYCKHUK 00121CeH OblMb 20MO08)

Tpebosanuss @I'OC,
Kpumepues u/uiu
3AUHMEPeCcOB8AHHBIX CMOPOH

B coomeemcmeuu C YHU6epcaibHolmu, oﬁmenpod)eccuouaﬂbnbmm u npm])eccuouaﬂbnbmu

KomnemeHnuuiamu

O6mume no HanpasjaeHuro noaAroroBku 21.04.01 «Hedrerazosoe neno»

[IprMeHATh ~ eCTEeCTBEHHOHAYYHbIE, MaTEeMaTU4eCKuUe,
TYMaHHUTapHbIE, HKOHOMHUYECKHE, WHXEHEPHBIE,
TEXHUYECKHE U TITyOOKHe TpodecCHOHATbHbIC 3HAHUS B

OK-1; OK-2; OK-3, OIIK-1,
OIIK-2; OIIK-4; OIIK-5;
OIIK-6; OIIK-7, OIIK-8, TIK-

P1 00JIacTi COBpEeMEHHBIX HedTera3zoBbix TexHonorui it | 1; TIK-2; T1IK-3; [1K-4; T1K-6;
pelIeHUst npuKIaoHvix mexcoucyunaunapuvix 3aoauy u | 11IK-7; TIK-9; T1IK-10; T1K-11;
umHdceHepuvlx  npobnem, cootBercTBytoumx mnpodumo | [IK-14; TIK-16; TIK-17; TIK-
TIOJITOTOBKH (B HEPTETa30BOM CEKTOPE SKOHOMHUKH ) 19; T1IK-20; T1K-21; TIK-23
[IranupoBate u  mpoBoauTh  aHanmuthueckwe U | OK-1; OK-2; OIIK-2; OIIK-4;
IKCIIEPUMEHTAIBHBIE uccedosanus ¢ ucnoib3oBanueM | OINK-6; T1K-1; TIK-2; T1K-3;
HOBEHMIIIMX JOCTM)KEHMH Hayku U TexHukd, ymeTsh | [IK-4; TIK-5; TIK-6; IIK-7;

P2 KPUTUYECKU OLICHUBATh Pe3ysibTaThl U jenath BeiBoabL | [IK-8; T1K-9; TIK-10; TIK-11,
MIOJIYYCHHBIE B CI0JICHbIX U Heonpeldenénnvix ycnosusx, | 1IK-14; TIK-15; TIK-17; TIK-
UCIIONB30BATh MpUHYUNbl uzoopemamenvcmesa, npasosvie | 18; IIK-19; TIK-20; TIK-22;
OCHO8b1-8 0O1acmu unmeniekmyanvHou coocmeennocmu | 11IK-23

8 obacmu npou3B00CMBEeHHO-MEXHON0SUYECKOU 0esamelbHOCIU
[posiBnsiTe  mpodeccuoHanbHyt0  ocsedomnennocms o | OK-1; OK-2; OIIK-1; OIIK-2;
nepedoevlx  3Hamusx u omxkpuimusx B obmactm | OINK-3;  OIIK-6; OIIK-7,
He(pTerasoBbIX TEXHONOTWH ¢ yuderoM nepedosoeo | OIIK-8, TIK-1; TIK-2; IIK-3;
omeuecmeeHHo20 U 3apyoedcrHozo ombita; ucnonb3oBars | [IK-4; TIK-5; [IK-6; TIK-7;

P3 UHHOBAYUOHHDBIL N00X00 TIpH pazpadotke HOBIX uaei u | I1K-8; I1K-9; TIK-11; IIK-13;
METONIOB  npoexmuposanuss 00bekToB Hedterazoporo | [IK-14; TIK-15; TTK-18; TIK-
KOMILIEKCa JUISl peuteHus undicenephvix 3aoau paseumus | 20;1TK-21; TIK-22; TTK-23
He(Tera3oBbIX TEXHOJIOTHH, MoOoepHusayuu u
ycogepuieHcmeo6arusi HeTerasoBoro Mmpor3BOJICTBA.

Breopsime,  sxcnryamuposams  u - oocayacueams | OK-2; OIIK-1; OIIK-2; OIIK-
cospemeHHble mMawiunbl U mexanuzmvl s peanmmzanuu | 7, OIIK-8, I1K-1; TIK-3; I1K-6;
TEXHOJIOTMYECKUX TIporieccoB HedrerazoBor obmacty, | [1K-9; TIK-10; TIK-11; T1K-14;

P4 o0ecneunBaTh UX 8bICOKVIO d¢hpexmusrocmp, coomonats | [IK-16; TIK-17; TIK-18; TIK-
NPaBHJIA OXPaHbl 300posbs u  bezonachocmu mpyoa, | 19; TIK-21; [TK-22
BBINIOJHATh TpeOOBaHUS TI0 3awume OKpyicaroujell
cpeoul.

8 0b1aCMU IKCNEPUMEHMATbHO-UCCNe008AMeNbCKOLL 0esmelbHOCHU
Beictpo opuentupoBatbcss U BbIOMpaTh onmumanvhvle | OK-2; OK-3; OIIK-1; OIIK-2;
pewtenust 6 MHozcoghakmoprHulx cumyayusx, Buaaets | [IK-4; TIK-5; TIK-6; TIK-7,

P5 METOIaMHU u CpencTBamu mamemamuyeckozo | IIK-8; TIK-9; TIK-10; ITK-11;
Mooenuposanusi  TexHoynormdeckux — mporieccoB  w | [IK-17; TIK-20
00BEKTOB

8 0baacmu npoeKmHoU 0esimelbHOCIU
P6 \ DddexTHBHO MCIIOIB30BATH JIFO00H UMEIOIIMIACS apceHal \ OK-2; OIIK-1; OIIK-2; OIIK-




Tpebosanus @IOC,

Koo Pezynomam obyuenus

pe3yibmama (8b1NYCKHUK 00J1JICeH OblMb 20MOo8) Kpumepues u/utu
3QUHMeEPeCcOB8AHHBIX COPOH
TEXHUYIECKHUX CPEICTB Il MakcumalbHoro npudmmkenus | 4, OIK-7, OIIK-8, TIK-1; TIK-
K TIOCTaBJICHHbIM TPOW3BOACTBEHHBbIM memsiM  1ipu | 3; T[1K-4; TIK-5; I1K-6; TIK-§;
pazpabomke u  peamsayuu npoexkmos, npoomuts | [1K-9; ITIK-10; T1K-11; TTK-13;
oKOHOMU4eckuul — ananuz  3ampam, mapkemuneosvie | 11K-14; TIK-15; TIK-16; I1K-
Uccie008anusl, paccuumuléams axonomuyeckyio | 17; TIK-18; TIK-19; TIK-20;
aghpexmusrnocms [K-21;  IIK-22; TIK-23;

(ABET-3c), (EAC-4.2-¢)

6 obracmu 0peaHU3AYUOHHO-YNPABIEHYECKOU 0essmelbHOCMU

DddexTuBHO paboTaTh MHANBHUYATHHO, B KAUECTBE OK-1; OK-2; OK-3; OIIK-1,
YJI€HA U PYKOBOJUTEIIS KOMaH/Ibl, yMEHHUE OIIK-2; OIIK-4; OIIK-5;

P7 (dbopMUPOBATH 3aJIaHUS ¥ ONIEPATUBHBIE TUIAHBI BCEX OIIK-6; ITK-6; TIK-11; TTK-12;
BHJIOB JICSATEIBHOCTH, PACIIPEICIATh 00sI3aHHOCTH TIK-13; IIK-14; IIK-15; TIK-
YJICHOB KOMaH/Ibl, TOTOBHOCTh HecTH oTBeTcTBeHHOCTh | 23; (ABET-3C), (EAC-4.2-€)
3a pe3yabTaThl Pa0OTHI
CaMOCTOATENBHO YUUTHCS U HETIPEPHIBHO MOBBIIIATH OK-1; OK-2; OK-3; OIIK-1;
KBATH(UKAIMIO B TCYCHUE BCETO MEPUOIa OIIK-2; OIIK-4; OIIK-5;
po(hecCHOHANTLHOM e TeNIbHOCTH; akTHBHO BiajgeTs | OIIK-6; [TK-6; I1K-11; T1K-12;

P8 MHOCTPAHHBIM A3bIKOM Ha YPOBHE, O3BOJISIFOLIEM TIK-13; IIK-14; IIK-15; TIK-
paboTaTh B MHTEpPHAITMOHAIBHOM Cpefe, 23; (ABET-3c), (EAC-4.2-e)
pa3pabaThIBaTh JOKYMEHTAIMIO U 3alUIIATh
pe3yIbTaThl MHKEHEPHOU IeSITEIbHOCTH

Ipoduas «HaxexHocTh ra3oHepTenpoBoOA0B U XPAHUIHIID)
Opranu3anus TeXHOJIOTHYECKOTO Tpebosanus @I'OC BO,
P9 CONPOBOXKACHUS INIAHUPOBAHUS U CYOC Ty (OIIK-6, OIIK-
ONTHUMM3AIIUH IIOTOKOB 7, I[IK-4, IIK-7, I[IK-13),
YTJIEBOJOPOIHOTO CHIPBS U mpebosaHus
PEKUMOB PabOTHI npogheccuonanvrHozo
TEXHOJIOTHYECKUX 00BEKTOB cmanoapma 19.008
Cneyuanucm no
oucnemuepcko-
MeXHON0SUYECKOMY
ynpasienuo Heghmeeazosolu
ompaciu

Opranmzanus TOuP, /10 nedre- u Tpebosanuss @I'OC BO,

P10 ra30TpPaHCHOPTHOTIO 000PYIOBaHHUS CYOC TI1V (OIIK-5, OIIK-
6, ITK-9, I[1K-11),
mpebosanus
npogheccuoHaIbHO20
cmanoapma 19.013 ™
Cneyuanucm no
9KCnaAyamayuu
2A30MpPAHCHOPMHO20
obopyoosanus"

[ToBbIlIEHNE HAIEKHOCTH, Tpebosanus @I'OC BO,

P11 JOJITOBEYHOCTH, 3PPEKTUBHOCTH CYOC TNV (OlIK-4, OIIK-

Ta30TPAHCIIOPTHOTO 060p}/)10BaHI/I}I

5, I[IK-9,11K-14),
mpebosanus
npogeccuoHanbHoO2o

cmanoapma 19.013 "




TOMSK TOMCKWNNA
POLYTECHNIC NONUTEXHUYECKUIA
UNIVERSITY INIME yHUBEPCUTET

MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepanun
denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEXKICHUE
BBICIIIETO 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWHN NOJUTEXHUYECKUI YHUBEPCUTET»

WrxeHnepHas 1kosa npupoaHbix pecypcon (MILITIP)

Hanpasaenue noarotosku (coermanbHocTh) 21.04.01 «HedTerazoBoe eno»
IIpodunas «HaaeKHOCTb U TOJTOBEYHOCTE ra30HEDTENPOBOAOB M XPAHUIUIID)
Otnenenrie He(TEra30BOIO Jiea

YTBEPXJAIO:
PykoBogutens OOII

15.01.2018 r. Bypkos I1.B.
(ITonmuce) (Hara) (®.1N.0.)

3AJJAHHUE
HA BBINOJHEHHE BBIMYCKHOH KBAJIN(PUKANMOHHO PadoThI
B dopwme:

Marucrepckoit 1uccepTanuu

CrygneHry:

I'pynna DPUO

2BM6A Kunsepckomy FOpuro FOpseBuuy

Tema paGoThI:

«Oco0EHHOCTH IKCIUTyaTallui KOMIIPECCOPHOH CTAHIIMU B YCIOBUSAX PACIIPOCTPAHEHUS
MHOTOJIETHEMEP3JIBIX TPYHTOBM»

VTBepKaeHa MPUKA30M JTUPEKTOpa (1aTa, HOMEP) 1625/c ot 12.03.2018 r
CpoK ciauul CTyIEHTOM BBIIIOJTHEHHOM paOoThI: 20.05.2018 r.
TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1anHbIe K padoTe

(Haumenosane 00beKMa UCC1e008aHUS UTU NPOEKMUPOBAHUL;
NnpoU3E00UMenbHOCHIb UL HAZPY3KA, PEHCUM PAbOMb TeIIOBBIIEISIONIHE 0OOBEKTH KOMIIPECCOPHON CTaHIIHH,
(Henpepvlgnblil, NepUOOUYeCcKUll, YUKIUYeCKUl u m. 0.); 6uo PaCIIONOKEHHOM Ha yaacTke pacIpoCTpaHeH s
MHOT'OJIETHEMEP3JIbIX TPYHTOB.

XapakTepucTHKa paiioHa  pacloyIOKeHHs OOBEeKTa
HCCIIEIOBAHUS.

CbIPbs UNU MAMEPUAT U30€NUsA; MPebO8anus K npoOYKny,
u30enUIo U npoyeccy, 0cobvle mpebosanus K 0COOeHHOCHAM
Gyuryuonuposanus (Skcnayamayuu) 06vekma unu u30enus 6
niaHe 6e30nacHOCMuU IKCIYAMayuu, BIUAHUS Ha
OKPYACAIOULYIO CPEY, IHEP2O3AMPAMAM, IKOHOMUUECKUL
aHanuz u m. 0.).




IMepeyeHb MOAJIEKAIMX HCCIIEIOBAHUIO,
NPOEKTHPOBAHUIO U pa3padoTKe
BOIPOCOB

(aHarumuyeckuii 0030p NO IUMEPAMYPHBIM UCMOYHUKAM C
Yelbio BbIACHEHUs. OO CIMUICEHUL MUPOBOLL HAYKU MEXHUKU 6
paccmampugaemotl 0b1acmu, NOCMAaHOBKA 3a0ayu
UCCIe008AHUS, NPOESKMUPOBAHUSL, KOHCIPYUPOBAHUS,
codepaicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS,
KOHCIMPYUpo8anusi; 06Cysicoenue pe3yibmamos 6binOIHEHHOU
pabomvl; HAUMEHOBAHUE OONOIHUMETLHBIX PA30EN08,
noonesicawux paspabomxe, 3aKuioyeHue no pabome).

AHaMTHYECKHI 0030p JIUTEPATyPHBIX WUCTOYHHKOB C TICNHIO
BELICHEHUS JOCTIKCHHH MHUPOBOW HAYKH TEXHUKH B 00JacTu
SKCIUTyaTalliil  TEIUIOBBIACIIIONINX OOBEKTOB HA  ydacTKax
pacrpocTpaHeHNsT MHOTOJIETHEMEP3JIBIX TPYHTOB.

[IpoBenenue HUMHUTAIMOHHOTO MOJICTTUPOBAHUS
U3MEHEHHS TEeIJIOBOTO pEeXHMa MHOTOJETHEMEP3IbIX TPYHTOB
OCHOBaHUHM JI1 TEIUIOBBIACISIONMX OOBEKTOB KOMIIPECCOPHOM
CTaHIIMHU.

OrmpenienieHrie  TEXHMYECKMX —peIIeHMd il Oe30macHoM
9KCIUTyaTalli{ TeIUIOBBIIEISIONMX OOBEKTOB KOMITPECCOPHOM CTaHIH
B YCIIOBHSIX PaCTIpOCTPAHEHHS] MHOTOJICTHEMEP3IIBIX TPYHTOB.

Ilepedyensb rpaguueckoro Marepuasia

(c moyYHbIM YKA3aHUeM 00513amenbHbIX Yepmediceli)

Kommekt ueprexeit

KoncyabTanThl 10 pa3iesnaM BbIIYCKHON KBATH(UKAIMOHHOH padoThI

(c ykazanuem pazoenos)

Pazgen

KoncyasTanr

«DUHAHCOBBIM MEHEKMEHT,
pecypcodhheKTHBHOCTD U
pecypcocOepekeHre

Makamesa F0.B., Accucrent kadenpsr DI1P

((COI_[I/IaJ'ILHaH OTBCTCTBCHHOCTB»

HemmoBa O.A., accucteHT kadeapns IbXK

Ha3Banus pa3jienoB, KOTOpPbIe J0JKHbI ObITH HAMIMCAHBI HA PYCCKOM U HHOCTPAHHOM

sI3bIKaX: pedepar, 0030p JIUTEpaTyphl

I[aTa BbIJAa4U 3a1aHUA HA BBINNOJIHCHHC BBIHyCKHOﬁ 15.01.2018
o o Ul. T.

KBaJ’[I/I(l)I/IKaIII/IOHHOI/I paﬁoTI)I Mo IUHCUHOMY rpa(bmcy
33}13HI/I€ BbIJIAJI PYKOBOAMUTE/Ib:

JokHocTH [5(0] Yuenas crenens, Moanuch Jara

3BaHUe

JOTICHT Uyxapera H. B. K.X.H.JIOIICHT 15.01.2018 1.

33}13HI/I€ NPUHAJJT K HCIOJHCHUI0 CTYAECHT:
I'pynna (07 (0] Moanucey Jara
2BM6A Kunzepckuii 10.10. 15.01.2018 r.




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

PECYPCOCBEPEXEHUME»
Crygnenry:
'pynna DPUO
2BM6A Kunzepckomy IOputo FOpbeBuuy

I/IH?KeHepHaﬂ HIKO0J1a

IIpupoaHbIX pecypcoB

OTtaelieHne

Hedrerazosoro geJia

YpoBeHs 00pa3oBanus

Marucrp

Hal’lpaBJ’leHﬂe/Cl'le].[ﬂaJ'leOCTL

21.04.01 «HedrerazoBoe neno»

npoduIL «HanexHocTh
razonedTenpoBoioB "
XDAHMINIIDY

Hcxoanbie 1anHbIe K pasaeny «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpeKTHBHOCTD U
pecypcocOepeKeHHe»

MOHMAINCHBLE pa6ombl

3. Eounuunvle PACYEHKU HA INEKMPOIHEPCUIO U MONJIUBO

. Ompenensercss 1O pe3ylbTaTaM pacdeToB B
1. Obwvem pabom u KonUUECMEO MAMEPUANLOB OISl UHHCEHEPHOU . .
N pasmene 3 BBINYCKHOM  KBaIM(UKAIIMOHHOMN
3auUmbl KOMAPECCOPHOU CIAHYUY

paboThI

CormnacHo TEPPUTOPHAILHBIM CMETHBIM
2. Eounuunvie pacyenku Ha Mamepuansl U CmpoumenbHo-

HOpMaTHBaM U obnactu

ABTOHOMHOI'O OKpyTa

CorjacHo MaHHBIM (bl/IHaHCOBBIX OTYCTOB

IlepeyeHb BONMPOCOB, MOJIEKANMX UCCTEI0BAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. Pacuem xanumanvHblx sampam Ha peaiusayuro npoekma

Pacuer xammTaabHBIX 3aTrpaT HOPOBOAMIICA Ha
OCHOBC aKTyaﬂbHOﬁ CTOUMOCTH.

ycmpoucmea

Pacuer MIPOU3BOUIICS Ha CpOK roga
2. Pacuem 3KcniyamayuonHblx 3ampam
9KCILTyaTaIlH
3. TexHuKo-IKOHOMUYECKOE 000CHOBAHUE
Pacuer MIPOBOAMJIICSA OaJTbHO-UHEKCHBIM
uenecoobpasnocmu papadomku METONOM

HEPEHEHB rpa(l)I/I‘IECKOFO MaTEPHUAJIA (c mounvim yrazanuem 06a3amenvHbIX Yepmedicel) .

Mampuya SWOT

1. Kanenoapwouii nian HU

2.
3. Cmenens npopabomanHocmu npoexma
4. Cpasnenue 3KCHAYAMAYUOHHO-MEXHULECKO20 YPOBHA NPOOVKIMA C AHAN020M

‘ JlaTa BbIIa4M 3a1aHUA JJIs1 pa3/iesia 1o JHHEeHHOMY rpaguky ‘ 15.02.2018r
3ananue BbIAJ KOHCYJbTAHT:
Jo/KHOCTH [%(0] Yuenas crenens, TMoanuch JaTa
3BaHHUE

Accucrenr Makamesa 1O. C. - 15.02.2018r
3anaHue NPUHSAJ K MCIIOJHEHUIO CTY/IEHT:

I'pynna DPUO Hoanuch Hara
2BM6A Kunzepckuii 10.10. 15.02.2018r




3AJJAHUE JIJISI PA3JIEJIA
«COLMAJIBHASI OTBETCTBEHHOCTb»

CTynieHTy:
I'pynna DPUO
2BM6A Kunzepckomy FOpuit FOpseBuuy
MnxenepHas 1mKosa IIpupoanbIx pecypcos Otaenenne Hedrerazosoro gena
YpoBeHb 06pa3oBanns | MarucTparypa HanpasJ/ienune/cnenquaabHOCTh 21.04.01 «Hedrerazoroe meno»

pod L «HanexHoctsb
ra3oHeTEnPOBOJIOB M XPAHUIIUIID

Hcxoanble faHHbIE K pa3geiny «COIII/Ia.TIbHaﬂ OTBETCTBEHHOCTb)» .

1. XapaKTCpI/ICTI/IKa 00BEKTa HCCICOAOBAHUA U 00J1aCTH ero
MNPpUMCHCHUA

OOBEKTOM UCCIIeIOBAHMUS SIBIIAETCS
KOMITPECCOPHAsI CTAHIINS MaruCTPaaIbHOTO
ra3onpoBo/ia, COOpyKaeMasi B yCIOBHUSX
pacrpocTpaHeHusi MHOTOJIETHEMEP3JIBIX
TPYHTOB.

IlepeueHnb BONPOCOB, MOJIEKANMX HCCTET0BAHNIO, TPOEKTHPOBAHNIO U Pa3padoTKe:

1. IlpousBoacTBeHHas 0€30I1ACHOCTD
1. AHanu3 BpeIHbIX IPOU3BOJICTBEHHBIX (PaKTOPOB;

2. AHaIM3 OMacHBIX MMPOU3BOACTBCHHBIX q)aKTOpOB

1. AHanu3 BpeIHBIX MPOU3BOICTBEHHBIX
(hakTOpOB;

1.1 HenocraTouHasi 0CBELIEHHOCTH
padoueii 30HbI;

1.2 TlpeBbImieHNe YpOBHS IIyMa;

1.3 [peBblieHHE YPOBHS BUOPAIHH;

1.4 OrtkinoHeHMEe TMOKa3aTened KiIuMara Ha
OTKPBITOM BO3JyXE;

1.5 TloBpexxaeHust B pe3yibTaTe KOHTaKTa C
KUBOTHBIMH, HACEKOMBIMH,

IIPUCMBIKAIOIITNMHU,

2. AHanu3 onacHbIX MPOU3BOICTBEHHBIX
(dakTopoB

2.1 Dnexrpuueckuii TOK;

2.2 DnexkTpuyeckas Ayra U MeETAUIMYECKUE
WCKpBI IIPU CBApKE;

2.3  OcTpple  KpOMKHM, 3ayCEHIBl U
LIEPOXOBAaTOCTh HA MOBEPXHOCTAX 3aroTOBOK,
HHCTPYMEHTOB, 000PYAOBaHHUS;

2.4 OTKIOHEHHE TNapaMEeTpoB KiIuMaTa Ha
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ne(hOPMUPOBAHHOTO COCTOSIHUSI CTPOUTENIbHBIX KOHCTPYKIMI W (MJIM) OCHOBaHUS
3JIaHUSI UM COOPYKEHHS.

l'eomexnuueckass  cucmema.  COBOKYNHOCTb  HNPUPOJHO-TEXHUYECKUX
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OCHOBAHMSI.

Hnoicenepnoviii 06vekm. CucteMa CBSI3aHHBIX OJHUM TEXHOJOTHYECKUM
IIPOLIECCOM MHKEHEPHBIX COOPYKEHUM.

Komnpeccopnass cmanyua. Kommnekc coopykeHudl 1 o00OpyaoOBaHuUs
JUTSl TIOBBILIEHUSL JABJICHUSl CXaTUsl Ta3a Mpu ero Jo0blYe, TPaHCIOPTHUPOBKE

Y XPaHCHUMU.
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PE®EPAT

Maeucmepcras ouccepmayus exmouaem 150 c¢. TekcToBoro marepuana, 10
puc., 18 ta6:., 49 ucrounukos, 1 mpum.

Knrouesvie cnosa. KommpeccopHasi CTaHIUSI, MHOTOJIETHEMEP3JIbIE TPYHTHI,
OITACHBIC TEOKPHOJIOTUYECKHE SIBJICHUS, TEPMOCTAOWIM3AIMs TPYHTOB, TEIJIOBOU
PEXUM TPYHTOB.

Obvexm uccnedosanus. KomrpeccopHas cTaHIMs, pacHoJIOKEHHas Ha
TEPPUTOPHUH PACTIPOCTPAHECHUS MHOTOJIETHEMEP3IIBIX TPYHTOB.

Llenv pabomwr. OmpeneneHue TEXHUYECKUX peUIEHUN g Oe30macHoM
HKCILTYyaTallMK TEIJIOBBIACISIONUX 00bEKTOB KOMIIPECCOPHON CTAHIIUU B YCJIOBHSIX
pacnpocTpaHEHHUs MHOTOJICTHEMEP3JIBIX TPYHTOB.

Pesynomamvt  uccnedosanusi.  YCTaHOBIEH  TOAXOJ K  MPUHATHIO
ONTUMAJIBHBIX TPOCKTHO-TEXHUYECKUX PEIMICHUH MO OOCCIEUYCHHIO YCTOMYMBOCTH
OCHOBAHMM JJIsi TOBBIMICHHUS JKCIUTyaTallMOHHOW HAJEKHOCTH KOMIIPECCOPHOU
CTaHI[UU C MPUMEHEHUEM TEXHOJIOTUM U TEXHHUYECKUX CPEACTB TEPMOCTAOMIN3AIIUU
TPYHTOB OCHOBAHUM.

Memoowl npogeodenuss uccredosanus. Jns NpoBeAeHUS pacyeToB OBLIU
WCIIOJIb30BAaHbl  AHAIMTHYCCKHE METOMBI, TPEACTaBICHHBIC B JACHCTBYIOIIUX
HOPMATHBHBIX JOKYMEHTAaX, a Tak)Ke YHCICHHBIE METOMbI, pPCaM30BaHHBIC B
nporpammHoM komruiekce Frost 3D Universal.

OcHogHvle KOHCMPYKmMUgHble, mexHoI02udecKue u MexHuKo-
aKCnayamayuounsvle  xapakmepucmuxu.  IlapamMeTpsl ~ WHXKEHEPHOW  3aIlUTHI
TETJIOBBIJICTIAIONNX OOBEKTOB KOMIIPECCOPHOM CTAHIIMM PACIIOJIOKEHHOW Ha
TEPPUTOPHUH PACTIPOCTPAHECHUS MHOTOJIETHEMEP3IIBIX TPYHTOB.

Obnacmob npumeneHus. DKCIUTyaTalusi KOMIIPECCOPHOM CTaHIIUU.

OxoHomuueckas  3pgekmueHocmuv/3nayumocms  pabomsel.  TEXHUKO-
HYKOHOMHYECKHE PACUeThl PAacCMATPUBAIOTCA C MO3UIUU PecypcodPHEKTUBHOCTH U
pecypcocOepexeHuss U COCTOAT B OIEHKE KOMMEPYECKOTO TMOTEeHIMala W
MEPCTICKTUBHOCTA TEPMOCTAOMIIU3AIMK MHOTOJICTHEMEP3JIBIX TPYHTOB, KOTOpas
npelHa3HayeHa I TOJJEp)KaHWsl HECylledl CHoCOOHOCTH, a Takke s
MPEIOTBpAIICHUST TaKMX HETAaTHBHBIX  IOCIEICTBHM, KaK TEPMOKApCT W
BBHITTyYMBaHHE.

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHLIMU B YCJIOBUAX

PacIpOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB
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Abstract

Master's thesis includes 126 pages of text material, 10 pictures, 18 tables, 49
sources and 1 app.

Keywords. Compressor station, permafrost, dangerous geocryological
phenomena, thermal stabilization of soils, thermal regime of soils.

Object of study. Compressor station, located in the territory of permafrost.

Objective. Determination of technical solutions for the safe use of fuel
elements at a compressor station in conditions of permafrost.

Results of the study. An approach to the adoption of optimal design and

technical solutions to ensure stability for improving the operational reliability of
compressor stations with the use of technologies and technical means of thermal
stabilization of base soils is established.

Methods of conducting the study. For the calculations, analytical methods, the
level in the current regulatory documents, as well as numerical methods implemented
in the Frost 3D Universal software package were used.

The main design, technological and technical and operational characteristics.
Parameters of engineering protection of fuel-producing objects of the compressor
station in the territory of permafrost distribution.

Application area. Operation of the compressor station.

Economic efficiency / significance of the work. Technical and economic
calculations are considered from the standpoint of resource efficiency and resource
saving and the state in assessing the commercial potential and prospects for the
thermostabilization of permafrost soils that are designed to maintain load capacity,

and also to prevent negative consequences such as thermokarst and bulging.
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BBenenue

Axmyanonocms  pabomol.

IIpy OCBOEHMM HOBBIX MECTOPOKICHUN

MIPpUPOAHOTO Ta3a MW YBCIHMYCHUHU CIIPOCa HOTpe6I/ITCJ'Ieﬁ Ha ,HaHHBIﬁ BU/J

MNPpOAYKIHNHN ITOABJISICTCA HGO6XOIII/IMOCTI> B pacClIupCHUU FaSOTpaHCHOPTHOfI

cetu Poccuiickoit @eneparmn. COBpeMEHHbBIC TEHACHIINK CBUICTEILCTBYIOT 00

OCBOCHHNHU

HOBBIX

TEPPUTOPUH,

XapaKTEPU3YIOIIUXCS

OITaCHbBIMH

TCOKPHUOJIOTHICCKNMH YCIIOBHUAMMH, KOTOPLBIC HCO6XOI[I/IMO YUUTBIBATH HC TOJIBKO

Ha CTaJluu MPOCKTUPOBAHUA W CTPOUTCILCTBA, HO M HA CTA/IMU ISKCILTyaTallun

HHXCHCPHBIX

KOMIIPECCOPHBIC CTAHINH MAaruCTpajJbHOI'0 Ira3oImpoBO/a.

Y4aCTKE PacpOCTPAHEHUS] MHOTOJIETHEMEP3IIBIX TPYHTOB.

COOPYKEHHH,

OOJHHUMHN U3

KOTOPBIX ABJIICTCA JINHEHHEBIC

Obvexm uccnedosanusi. KoMipeccopHas CTaHIIUS, PacloOJOKEHHAs Ha

Illpeomem uccnedosanusi.

Bmusuue TCIIJIOBBIACIIAOINX 00BEKTOB

KOMHpCCCOpHOﬁ CTaHIIMK Ha TEILIOBOM PCKHUM MHOTI'OJICTHCMCPIJIBIX I'PYHTOB

OCHOBAHMUI.

Lenv pabomul. OnpeneneHue TEXHUYECKUX PEHICHUHN JJisi O€30macHOM

OKCILTyaTalli TCILIOBBIACIIAIOIINX 00BEKTOB KOMHpeCCOpHOﬁ CTaHIIMM B

YCJIOBUSIX PaCIpOCTPAHEHUsI MHOTOJICTHEMEP3JIBIX TPYHTOB.

B BointyckHOM KBann(uKanmoHHOW paboTe MCCIEeT0BaHbl 0COOCHHOCTH

AKCIUTyaTallMM  KOMIIPECCOPHOM CTaHIMM B YCIOBHSIX paclpOCTpaHEHUs

MHOT'OJICTHEMCP3JIBIX TPYHTOB. BrIsBII€HBI BO3MOKHBIC ICOKPHOJOTMYCCKHUEC

pHUCKHU u

pa3paboTaHbl

MEPOIIPUSITHUS

MHOTOJICTHEMCPIJIBIX TPYHTOB OCHOBaHUI.

TEPMOCTAOUITN3 AT

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHIIMHU B YCJIOBUAX

PacIpoOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB
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JIns  IOCTHDKCHUS IIOCTaBJICHHBIX II€JIE HEOOXOAMMO BBIIOJHHUTH

clIeayromme 3aaaqu:

aHATUTUYECKUI 0030p BO3ZMOKHBIX T'€OKPUOJIOTHUYECKUX PHCKOB;
XapaKTepUCTHKa 00bEKTa UCCIIEIOBAHNS, a TAK)KE TEPPUTOPUHN HA
KOTOPOI OH PacIoyIOKeH;

UMHTAIMOHHOE MOJCTUPOBAaHUE H3MEHEHHUS TEIUIOBOTO DPEXHMa
IPYHTOB OCHOBaHUI TETUIOBBIIEISIOITIX O00BEKTOB
KOMITPECCOPHOI CTaHIINH;

oTpe/ieNiCHUE TEXHUYECKUX peIleHuH, UCKITIOYAIOIINX
HETaTUBHBIE BO3JEHCTBUS MPH KCIUTyaTallul TEIUIOBbBIIEIISIOUINX
COOPYXKCHUMU,

000CHOBaHUE BBIOOpAa TEXHUYECKHX PEUIEHUH C TOYKU 3PEHUS

SKOHOMHYECKOM s hexTUBHOCTH.
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1 Literature review
A review of the literature on the issues of ensuring the stability and

operational reliability of the COP in the cryolithozone today there is a certain
regulatory framework regulating the design, construction and operation of buildings
and structures, incl. COP on permafrost soils (MMG), for example:

— SNIP 2.02.04-88 "Bases and foundations on permafrost soils";

— SNIP [11-G10.2-62 "Compressors. Rules for the production and
acceptance of installation works.

—  STO Gazprom 2-3.1-071-2006 "Regulations for organization of works
on geotechnical monitoring of gas complex facilities in the cryolithic zone™;

— STO Gazprom 2-3.1-072-2006 "Regulations and carrying out
geotechnical monitoring of gas complex facilities in the permafrost zone™;

— STO Gazprom 2-2.1-390-2009 "Guidance on the design and application
of seasonal-cooling devices for the thermal stabilization of soil foundations
foundations";

— STO Gazprom 2-2.1-435-2010 "Designing the grounds, foundations,
engineering protection and monitoring of OAO Gazprom's facilities in the Far
North", etc.

In the first half of the 70s of the last century, research was initiated at the
VNIIGAZ Institute on the thermal impact of gas transmission system (GTS) facilities
on base soils in permafrost areas. Accordingly, with the development of research
methods and means of engineering protection against the negative and dangerous
engineering-geological, hydrological and geocryological phenomena and processes,
manifested and objects in the construction and operation of facilities in the
cryolithozone.

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHLIMU B YCJIOBUAX

PacIpoOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB
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In the works of V.V. Kharionovskogo notes that usually calculations of
structures interacting with the soil are carried out in a deterministic setting, but the
properties of the ground base depend on a number of factors that can’t be directly
taken into account and are of an accidental nature, therefore, the problem of
evaluating the strength of the pipeline under the influence of frost heave forces in
stochastic formulation.

Thus, for the reasons mentioned above, and also in connection with the
intensive development of deposits in the northern regions, it becomes necessary to
study in detail the issues of the stability of the foundations and the operational

reliability of the CS on permafrost soils.

In the coming years, the construction of new directions is inevitably,
and as a result, a significant change in flow patterns, as well as the need to
develop remote areas of the country, which assume the presence of characteristic
geoecological features that must be taken into account when developing the
concept of gas industry development. Moreover, the impact on the object
environment of gas industry objects is manifested, both at the construction stage
and at the stage of their operation.

One of the most important factors determining the engineering-
geological conditions in the northern and eastern regions of Russia is the wide
distribution of permafrost soils in them.

Long-term permafrost occupies an area of approx. 10 million km?, or
more than 60% of the territory of Russia. The southern boundary of permafrost
propagation runs from the north-west to the southeast from the Kola Peninsula
to the mouth of the Mezen river and further along the Arctic Circle to the Urals.
In Western Siberia, the boundary has a sublatitudinal stretch: along the
latitudinal section of the Ob river, to the sources of the Taz river and further to
the Yenisei river to the mouth of the Podkamennaya Tunguska river, where it

turns sharply to the south.
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Long-term permafrost (or perennial frozen rocks) refers to rocks that
have been frozen to a considerable depth and do not thaw for a long time - from
several tens of years to many millennia. Permafrost is formed on land (in the
mountains and on the plains), on the shelf of the Arctic seas (Barents, Kara, and
others) and under glaciers. The possibility of freezing of rocks under the glaciers
Is determined by the temperature of the air and the thickness of the glacier (in
the thickness of the ice, the temperature rises 2-2.5 © C deep for every 100 m).

The upper layer of the earth's crust, which is the area of distribution of
permafrost, is called cryolithozone. The lower boundary of the cryolithozone is
the 0 ° C isotherm. The temperature of the upper horizons at the beginning and
end of the warm season passes through 0 © C. During the cyclic processes of
freezing and thawing, a seasonally thawed layer forms in its roof. If the rocks
are thawed deeper than this layer and do not freeze in winter, then the roof of the
permafrost is lowered and taliks of different size and depth appear.

The main characteristics of permafrost are distribution, thickness, ice and
temperature, cryogenic formations (relief forms). Their distribution in area is
subject to the basic geographic laws: latitudinal zoning, altitude zonation and
sectorality. By the nature of the distribution of permafrost, two latitudinal
permafrost zones are distinguished:

Two permafrost sectors are represented on the territory of Russia: the
European-Western-Siberian (Atlantic), whose climate and nature develop under
the predominant influence of the Atlantic (and Arctic) air masses, and the Asian
one, located in the zone of the Siberian anticyclone and characterized by a
sharply continental climate. Sectoral differences are most clearly manifested in
the thickness of the frozen sequences and in the latitudinal position of the zones
and subzones (see Table 1 on page 103). Long-term permafrost, most likely,
arose on Earth after the general cooling of the climate at the end of the Pliocene
- the beginning of the Pleistocene, after which it repeatedly retreated and came
again. The current state of perennial frozen rocks was mainly influenced by their

evolution in the second half of the Pleistocene and in the Holocene: climatic
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conditions changed, the glacial epochs alternated with interglacials, the sea level
increased to +100 m and more, it fell significantly below the current, the shelf
The arctic seas became land (see Table 2 on page 104-105). Permafrost contains
in itself many traces (relicts) of ancient epochs.

In the European-West Siberian sector, relict frozen stratums are
common, preserved during periods of maximum thawing. In the north, they lie
under the modern frozen species, and in the southern part - disconnected (two-
layer permafrost). To the south of the frozen zone they are preserved at a depth
of 50-100 m and are covered by thawed sediments.

The structure of perennial frozen rocks depends mainly on the
distribution of ice inclusions in them. In crystalline and metamorphic rocks, ice
occurs as veins filling the fissures, in sands - in the form of lenses or small
crystals, in clays, loams, sandy loam and peat - in the form of interlayers
(schlierens) or a grid. There are also large deposits of underground ice,
genetically divided into vein (wedges), reservoir, buried and cave.

A special place is occupied by giant ice veins, the formation of which
began in the Sartan glacial epoch and lasted hundreds and thousands of years.
As a result, ice wedges grew to 20-50 m in height and 3-5 m in width and
merged into an almost continuous ice massif. Such ice sheets are widely
distributed within the North-Siberian, Yano-Indigir and Central Yakut plains
and on the coasts of the northern seas. Their total volume on the territory of
Russia is about one thousand km?.

In the north of Western Siberia and the East European Plain, the
reservoir deposits of underground ice in the marine Pleistocene sediments are a
peculiar natural phenomenon (thickness 30-50 m, the size in plan is 1-2 km). In
Eastern Siberia, they are much less common.

For the distribution of permafrost, specific processes and phenomena,
called cryogenic ones, are characteristic. This cryogenic weathering and frost
cracking, frost punching, icing, thermokarst, thermal abrasion, various slope

processes.
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Features of distribution, intensity of development and manifestations of
exogenous processes are determined by landscape and geological factors. With
these processes, the formation of certain permafrost forms of relief is associated.

Frost-induced cracking occurs as a result of sharp fluctuations on the
surface of the earth, leading to rupture of frozen forests and the formation of a
polygonal crack system. Frosty cracks in the warm season fill with water, which
will freeze and turn into ice wedges. There is a polygonal grid of re-veined ice.
Dimensions of polygons from the temperature gradient and physical and
mechanical properties vary from 0.5 to 50 meters. Repeated veins of ice occur
on accumulative peaks in the bottoms of river valleys and interfluves, being
formed mainly in sands or peat at a forest temperature below -3 ° C. The
intensity of the process increases from south to north.

Frosty energy whipping is caused by an increase in the volume of

freezing moisture and the accumulation of ice during freezing. This process is
very widely distributed mainly in loam, clay and peat. As a result of the freezing
of peat bogs in marshy lowlands from hillocks sites with a relative height of
several meters. Similar formations are widely developed in the north of Western
Siberia.
Thermokarst is the formation of subsidence and failure forms of relief for
thawing underground ice. The reason for its occurrence is a change in heat
exchange on the soil surface, in which the depth of seasonal thawing of the
upper depth of the underground ice and the long-term thawing of the frozen
frozen sequence begins. The forms of thermokarst manifestation are diverse.

The study of permafrost is of great practical importance in various
branches of the national economy of the country. The human engineering
activity primarily leads to the destruction of soil and vegetation cover, which in
the polar regions entails a sharp increase in the depth of seasonal thawing
(sometimes 2-4 times), activation of thermokarst, thermoerosion and other
cryogenic processes. With the development of deposits, construction, laying of

railroads and highways, etc., it is necessary to take into account the possibility of
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punching and subsidence of soils, the sliding of thawing soils on the slopes
(solifluction, landslides), the formation of ice on roads, near bridges, and so on.
Saline frozen rocks significantly reduce the load-bearing capacity of soils. When
thawing large deposits of underground ice, the slope processes become
catastrophic, that also complicates the construction. When developing the
northern regions, it is necessary to take into account that their nature is very
vulnerable and technogenic activation of cryogenic processes will for a long
time make it difficult or make it impossible to restore natural natural
geosystems.

Agreed GOST 25100-95 to permafrost soils include soils that, under
natural conditions, are in a frozen state for three years or more. The zone of
development of permafrost soils is called the cryolithozone or zone of
permafrost.

The zone of permafrost occupies 64% of the total area of Russia and
25% of the land area of the globe. In addition to Russia, permafrost soils are
common in Alaska, Greenland, the north of the Caucasus, in the highlands of
Central Asia and elsewnhere.

Permafrost soils in our country are subject to a distinct latitudinal
zoning: 1) continuous distribution in the Far North; 2) incomplete (rapid)
distribution in areas south of this zone, including the island one - in areas further
south, up to the borders with Mongolia and China. The temperature of
permafrost soils in these zones ranges from 0 to -10 ° C.

The origin of permafrost is associated with the glaciation of the Earth in
the Quaternary period. According to many scientists, the very existence of
permafrost is not eternal, because with global warming it can disappear
completely.

The specificity of permafrost soils is that they contain ice constantly.
With an increase in the temperature (above 0 ° C), the frozen ground thaws, and
its strength sharply decreases, and other properties qualitatively change,

especially in silty clay soils.
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It is necessary to distinguish between permafrost and seasonally frozen
soils. Seasonally frozen soil is in a frozen state only periodically during the cold
period of the year. In the frozen state, it has a negative temperature, contains ice
and is characterized by cryogenic structural bonds. In warm weather, the ground
thaws. This phenomenon is called seasonal freezing.

The depth of seasonal freezing of soils (df) depends on the climatic
features of the area, the composition of the rocks, the thickness of the snow
cover and other factors. The value of df varies from a fraction of a meter to 3-4
m.

Permafrost soils, like none of the other specific soils, are highly sensitive
to changes in the temperature regime. In these conditions, the hydrogeological
features of the territory are radically changed, dangerous cryogenic (permafrost)

processes occur-thermokarst, frost heave, ice, etc.
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1.1 Features of the structure, composition and properties of

permafrost soils.

Three layers are distinguished in the vertical section of permafrost
layers:

1) The active layer.

2) The perennial permafrost

3) The wunder- permafrost layer (thawed soils with a positive
temperature).

The active layer is the uppermost part of the permafrost layer, subject to
seasonal thawing (in summer) and freezing (in winter). The power of the active
layer depends on the geographic location of the terrain, the composition of
rocks, the exposure of the slope, and varies from 0.2-0.5 m (tundra zones and
zones of arctic deserts) to 3-4 m. The greatest power is noted in sandy and
coarse-clastic soils, the smallest - in organomineral. In the active layer, even in
winter, taliks may exist, that is, thawed (thawed) areas of rocks.

Determination of the power of the active layer, its composition and state,
as well as the location of thawed soil in it is of great practical importance. In this
connection, two types of permafrost are distinguished in the geologic section:
type | - permafrost, in which the active layer directly passes into permafrost
upon freezing, and type Il - non-permafrost, when a layer of thawed soil remains
between them.

Long-term permafrost - the thickness of soils with a constant negative
temperature is from several meters to several hundred meters. The maximum
power is registered behind the Arctic Circle in the upper reaches of the Marhi
river in Siberia - 1450 m. Under the valleys of large Siberian rivers, the
permafrost may be completely absent, which is associated with the release of a
huge amount of heat. In the zone of discontinuous (intermittent) distribution, the
power of permafrost soils usually does not exceed 30-60 m, and in the zone of

island propagation it decreases to 10-15 m.
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According to the physical state and composition among the permafrost
soils, three species are distinguished (GOST (state standard) 25100-95):

1. solid-frozen - in which the dispersed soil is firmly cemented with ice,
Is characterized by brittle fracture and low compressibility under external load.
In a hard-frozen state, sandy-clay soils pass at a temperature below -0.3 ° C;

2. plastic-frozen - in them, in addition to ice-cement, there is unfrozen
water, due to which they have a viscosity and an increased compressibility under
external load;

3. free-flowing frozen - small humidity sandy and coarse-clastic soils
with a negative temperature, but not cemented with ice, and therefore they retain
friability.

The presence of ice in soils significantly changes not only their structure,
but also almost all physical and mechanical properties.

Ice can be in permafrost soils not only in the form of ice-cement filling
the pores, but also in the form of various inclusions, lenses, veins, interlayers,
sometimes in the form of thick layers - up to 20 m. The ratio of the volume of
ice of all species contained in the frozen soil to its volume is called the total ice
content.

During thawing, permafrost soils drastically reduce their strength and are
capable of producing significant thermal deposits (subsidence), often reaching
10-15% of the thickness of the thawing layer. Such significant precipitation will
inevitably lead to serious deformations and even destruction of various
structures erected without taking into account the specific characteristics of
permafrost soils.

Construction on permafrost soils is regulated by special norms and rules
(SN (Building regulations) 2.02.04-88). When designing different buildings and
structures, not only their design and technological features are taken into
account, but also the character of thermal and mechanical interaction with the
frozen earth's thickness. It is very important to forecast possible changes in

permafrost conditions both during construction and during the operation of
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buildings and structures. All these data are obtained on the basis of special

engineering and geocryological works, which include engineering geological,

permafrost and hydrogeological investigations.

The results of laboratory and field tests determine the basic physical and

deformation-strength characteristics of soils, as well as their thermophysical

properties, the type of cryogenic texture, total ice content and the temperature

regime of frozen and thawing soils, the relative sedimentation of the soil during

thawing.
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1.2 Possible risks

The obtained data are necessary for the selection of the following
construction principles on permafrost soils:

Principle I - with the preservation of soil base in the frozen state during
the entire period of construction and operation of buildings and structures.

Principle 1l - with the removal of the frozen state in the form of: a)
preliminary artificial thawing and compaction of foundation soils prior to start
construction; b) with the approval of their thawing during the operation of
buildings and structures and c) replacement of ice-saturated frozen soils with
thawed. Principle I is used in cases where unheated rooms are being built or
when it is possible to take effective measures to prevent thawing in the base of
the heated premises. In areas with hard-frozen soils, as well as with increased
seismicity of the area, the use of permafrost soils should be adopted according to
principle I.

One of the best ways to preserve the rocks in the frozen state is the
installation of pillar pile foundations and foundation pillars with air circulation
under the buildings, as well as a device in the buildings of cold (ventilated)
underground or cold first floors of buildings. In frozen soils, the piles are
immersed in pre-drilled leader wells, the diameter of which is smaller than the
diameter of the piles.

In the case when it is impossible to keep the ground in the frozen state
(high total ice content, etc.) or economically impractical, apply principle Il -
gradual pre-setting thawing and compaction of the soil of the base. This is
achieved by means of steam, hot water, electric currents and other sources of
heat and subsequent fixing or replacing thawing soil.

Principle 11 should be applied in the presence of rocky or other low-
compressible soils in the base, the deformation of which during thawing does
not exceed the maximum permissible values for the proposed structure, with the
non-continuous propagation of permafrost soils, and also in cases when the

technical and structural features of the structure and engineering-geocryological
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conditions of the site, while maintaining the frozen state of the foundation soils,
the required level of construction reliability is not ensured.

The main features that complicate the development of areas with
permafrost soils include:

—spread of icy and hardy-frozen frozen rocks, in case of thawing,
thermal precipitation is possible;

—ypresence in frozen rocks of underground ice in the zone of influence
of engineering structures;

—high dynamism of the natural environment;

—active manifestation of dangerous cryogenic processes that cause
deformation of engineering structures, as well as irreversible changes in the
natural environment.

The construction and operation of fuel-producing oil and gas facilities in
the permafrost zone may lead to the thaw and subsequent negative
consequences, including possible emergency situations, negative effects on the
environment, etc. When designing and building in such conditions, it is
necessary to take into account many different factors. Buildings built on
permafrost soils without taking into account interaction with the ground base
can, in a short period of their operation, come into emergency condition.

In particular, to the seasonal thawing of soil due to the positive air
temperature, the thermal effect of the building itself is added, often very
significant. When the frozen ground is thawed, uneven precipitation under the
structure may occur, which is often more dangerous than uniform. In the cold
season, the seasonal freezing layer will again be cooled by the action of negative
temperatures and the soil whipping processes are not excluded. [8]

The principle of the use of permafrost soils as the base of structures, as
well as the methods and means necessary to ensure the design position of the
structure, should be selected based on comparative technical and economic
calculations based on the results of thermal engineering calculations, taking into

account the depth. continuity. temperature regime of soils and other factors.
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The specific features of permafrost propagation in a particular area
determine the specifics and limitations in the design of structures. When
designing structures that are built on permafrost soils of various forms of
occurrence, with an individual temperature regime, most design solutions are
unified. Separately, there is the problem of "sluggish” (high-temperature)
permafrost, when the choice of protective measures is possible only on the basis
of a feasibility study.

In the areas of permafrost, the most favorable for construction sites are
rocky or loose-grained (sand, gravel, etc.) soils with a deep bedding of
groundwater. In all other cases, the construction of permafrost soil causes
considerable difficulties.

In the production of engineering-geological and construction work,
special attention must be paid to the extreme "sensitivity" of permafrost soils to
man-made impacts and, therefore, to strictly comply with all requirements for
the protection of the natural environment (to preserve the vegetation cover, to
withdraw surface waters from construction sites, to maintain established the
design temperature regime at the base of the structures, etc.). In particular, it
should be borne in mind that the movement of self-propelled drilling rigs,
tractors, machinery and other types of transport (especially caterpillar) before
the advent of of a stable snow cover destroys plant communities from mosses,
lichens and other plants that form the soil and vegetation layer. As a result,
thermoerosion, thermokarstic and other dangerous permafrost-geological

processes develop.
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1.3 Technical solutions to eliminate the negative impacts of

permafrost soils

When permafrost soils are used as bases of structures in accordance with
Principle | for the preservation of the frozen state of the foundation soils and for
ensuring their design thermal regime in the foundations, it is necessary to
envisage: the arrangement of ventilated sub-floors or cold first floors of
buildings, laying in the base of the construction of ventilated pipes, channels or
application ventilated foundations, installation of seasonal-acting cooling
devices of liquid or vapor-liquid types - SCD, and also carried out (heat shields,
etc.) to eliminate or reduce the thermal effect of the structure on the frozen
grounds of the foundation.

The choice of one or a combination of several measures should be made
on the basis of calculations: the forecasted (for the whole period of operation) of
thermal engineering, stability and bearing capacity, taking into account the
structural and technological features of the structure, the experience of local
construction and economic feasibility.

Ventilated underground with natural or incentive ventilation should be
used to preserve the frozen condition of soils in the foundations of residential
and industrial buildings and structures, including structures with increased heat
release.

Underground conditions in accordance with the heat engineering
calculation and the conditions of snow cover can be arranged open, with
ventilated or closed airy in the basement of the building; if necessary, the
exhausts or supply pipes should be arranged in the air, having air intake
openings above the highest level of the snow cover. Closed underground, as well
as cold first floors of buildings are recommended to be arranged with the width
of buildings up to 15 m and average annual ground temperatures below minus 2
°C.

The height of the underground must be taken according to the conditions

for ensuring its ventilation, but not less than 1.2 m from the surface of the
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ground in the underground to the bottom of the protruding overlap structures;
when placing in the underground communications - according to the conditions
of free access to them, but not less than 1.4 m. Under individual sections of the
structure with a width of up to 6 m, in the absence of communications and
foundations, the height of the underground can be reduced to 0.6 m.

The surface of the ground in the underground should be planned with
slopes towards the outer areas or catchments, ensuring unimpeded drainage of
water from the structure, and have, as a rule, a hard coating.

Engineering fuel lines located in the ventilated underground must be
thermally insulated.

Ventilated pipes or channels, as well as ventilated foundations, can be
arranged with natural or incentive ventilation, and they should be used primarily
to preserve the frozen condition of the ground in the foundation of structures
with floors on the ground, when installing shallow or superficial foundations on
mound, as well as mobile buildings and buildings in complete-block execution.

Ventilated pipes, ducts and ventilated foundations should be laid above
the groundwater level, usually within the limits of a subsoil of non-heaped soil
with slopes towards the collectors. To reduce the heat input into the ground and
the height of the underfill under the floors of the structure, it is necessary to
provide for the laying of heat- and waterproofing.

Thermal insulation of fuel elements of buildings and structures (Figure
1) allows to reduce their thermal impact on soils and to preserve the permafrost.
The essence of the method consists in the use of materials with a relatively low
coefficient of thermal conductivity, placed directly on the fuel elements of
structures in contact with soils of the base. Various methods of thermal
insulation of structures are used: full, partial, differentiated (for example,
variable thickness, along the length of the pipeline).

The most demanded at present heat insulation materials are made of
expanded polystyrene. This type of thermal insulation has high thermal

insulation properties, good strength and low water absorption. The drawbacks
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include a rather narrow operating temperature range up to 75 ° C, which does
not allow the use of material for thermal insulation of high-temperature
pipelines, capacitive equipment and flare bases. In the case of high temperature
loads, the use of alternative materials is possible.

For underground tanks, one option is to use thermal insulation materials
based on foamed rubber, which have a wider temperature range.

To preserve ground substrates in the frozen state (when choosing the |
principle of construction), heat shields can be used.

The essence of the method lies in the deepening of the screen in the
embankment under the structure or the building at some distance from the base,
which prevents the transfer of heat from structures to the ground. Thermal
insulation screens can be used both separately and together with other protective
measures.

Also, materials based on expanded polystyrene foam are widely used due
to high physicomechanical indexes, allowing to perceive significant mechanical
loads without deteriorating the thermal insulation properties.

Materials are used in embankments, road grounds, etc. When the thermal
effect on the embankment and its basement from the structure is significant, it
will be justified to use a heat-insulating material made of froth glass because of
the impossibility of using expanded polystyrene. Foamed glass can be used at

temperatures up to 500 ° C.
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1.4 Seasonally-acting cooling devices (SCD)

Seasonally-acting cooling devices are designed to support ground in a
frozen state, which ensures the stability of buildings, structures on piles, and
also keeps frozen soil around the supports of power lines and pipelines, along
railroad tracks and motorways. Seasonal cooling devices should be used to
maintain the frozen state of the base soils, to increase the load-carrying capacity
of the supports of linear structures in the plastically-frozen soils, and also to
create ice curtains, to restore the thermal regime of soils disturbed during
operation, at its base and for other purposes. The technology of seasonally
operating cooling devices is based on a heat transfer device (thermosyphon),
which in winter extracts heat from the soil and transfers it to the environment.
An important feature of this technology is that it is naturally-acting, i.e. does not
need external sources of energy.

The principle of operation of all types of seasonally operating cooling
devices is the same. Each of them consists of a sealed tube, in which there is a
coolant: carbon dioxide, ammonia, etc. The pipe consists of two sections. One
section is placed in the ground and is called an evaporator. The second, radiator
section of the pipe, is located on the surface. When the ambient temperature
drops below the ground temperature where the evaporator is located, the
refrigerant vapor begins to condense in the radiator section. As a result, the
pressure decreases and the refrigerant in the evaporating part begins to boil and
evaporate. This process is accompanied by the transfer of heat from the

evaporative part to the radiator part.
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Figure 1.1 —Heat transfer using thermosiphon

Currently, there are several types of designs for seasonally operating
cooling devices:

1) Thermostabilizer. It is a vertical tube of thermosiphon, around which
the soil is frozen.

2) Thermo-pile. It is a vertical pile with integrated thermosyphon. The
thermo-pile can carry some load, for example the oil pipeline support.

3) Deep seasonally active cooling device. It is a long (up to 100 meters)
thermosiphon tube with an enlarged diameter. Such cooling devices are used for
temperature stabilization of soils at great depth, for example, for the thermal
stabilization of dams.

4) Inclined seasonally operating cooling device. This type of cooling
device differs from the thermal stabilizer in that the installation of the evaporator
tube is performed at a slope of about 5%. In this case, it is possible to install an
inclined evaporator tube directly below the buildings erected on concrete slabs.

5) Horizontal cooling device. A feature of the horizontal seasonally

operating cooling device is that it is set completely horizontally at the level of
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the prepared bulk foundation. In this case, the building is erected directly on a
non-shrinkage ground, located on the insulation layer and evaporative tubes. The
advantage of horizontal cooling devices is the possibility of using them in two
configurations: on slab and pile foundations.

6) System of vertical cooling devices. This type of seasonally operating
cooling devices is similar to a horizontal cooling device, but unlike horizontal
evaporative tubes, it can contain up to several dozen vertical evaporative tubes.
The advantage of this system is the more effective maintenance of the soil in the
frozen state. The disadvantage of vertical systems of cooling devices is the

difficulty of their repair and maintenance.
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Figure 1.2 — types of designs for seasonally operating cooling devices

To work in the Far North, ultramodern technologies are needed, thanks
to which it will be possible to take even the most severe nature into our allies.

Until recently, one of the most common engineering solutions for
excluding the thermal impact of structures on permafrost soils was the
construction of ventilated underground on piles. However, this principle of
construction is requires a lot of material (it takes hundreds of tons of metal, a
huge amount of special equipment) and leads to a significant rise in the cost of
foundations. As a result, the share of the foundation accounts for about 60% of
the total estimated cost of the facility. In addition to economic inefficiency,
ventilated underground facilities do not meet the criteria for maintainability and
manageability in the event of unforeseen thermal impacts on permafrost. This

led to the fact that during the operation more than a third of buildings and
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structures in Norilsk, Vorkuta, Yakutsk, Dudinka and others began to experience
deformations.

To replace the classical schemes for the construction of buildings,
structures, industrial facilities on permafrost, new, cost-effective, reliable and
safe technologies are required.

Recently, four main types of seasonally operating cooling devices have
been developed: individual heat stabilizers, horizontal and vertical natural
tubular systems ("HNT" and "VNT" systems), deep cooling devices.

1.5 Thermostabilizing system HNT

Purpose: maintenance of a given temperature regime of permafrost soils
and elimination of unforeseen heat releases under the foundations of various
structures (reservoirs with a volume of up to 50,000 m3, landfills, chemical
reagents, etc.); buildings (gas compressor and oil pumping stations, industrial
buildings, residential complexes, public buildings); roads and railways.

Advantage: it is possible to perform temperature stabilization of soils in
the most inaccessible places or places where placement of above-ground
elements is undesirable or impossible, since all cooling elements are located
below the surface of the ground, and the condenser block can be removed for
removal from the structure to 70 m.

The system consists of two main elements:

1. Horizontal cooling pipes located in the ground of the base. It served
for the circulation of refrigerant and subsequent freezing of the soil.

2. Condenser block located on the surface of the ground. In the
condenser unit, due to natural convection and gravity, condensation of
refrigerant vapors and further pumping it through the system occurs.

Principle of operation: in the cooling pipes, heat transfer of the soil to the
coolant occurs. The coolant passes from the liquid phase to the vapor phase. The
steam moves toward the condenser unit, where it condenses into the liquid

phase, giving off heat through the fins to the atmosphere. The cooled and
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condensed refrigerant again flows into the evaporation system and repeats the
cycle of motion.

Specifications:

—area of cooling - 200 - 500 m2

—the surface of the condenser unit is 110 m2

—width of the building - up to 108m

—economic efficiency - reducing costs by 20-50%

—do not require power consumption

—operating mode - October - April

—the system is compatible with commercially available refrigeration

machines.

1.6 Thermostabilizing system VNT

Purpose: freezing and maintaining the specified temperature regime of
permafrost soils and eliminating unforeseen heat emissions under the
foundations of various structures (reservoirs with a volume of up to 50,000 m3,
gas and oil wells, SDW landfills, chemical parks, etc.); buildings (gas
compressor and oil pumping stations, industrial buildings, residential
complexes, public buildings); roads.

Advantage: the possibility of deep freezing of soils in the most
inaccessible places or places where the placement of above-ground elements is
undesirable or impossible, since all cooling elements are located below the
surface of the ground, and the condenser unit can be removed for removal from
the structure to 70 m.

The system consists of next main elements:

1. Vertical cooling pipes serve to circulate the refrigerant and freeze the
ground.

2. Connecting pipes combine cooling tubes and condenser unit.
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3. Condenser block located on the surface of the ground. In the
condenser unit, due to natural convection and gravity, condensation of
refrigerant vapors and further pumping it through the system occurs.

Principle of operation: in the cooling pipes, heat transfer of the soil to the
coolant occurs. The coolant passes from the liquid phase to the vapor phase. The
steam moves toward the condenser unit, where it condenses into the liquid
phase, giving off heat through the fins to the atmosphere. The cooled and
condensed refrigerant again flows into the evaporation system and repeats the
cycle of motion.

Specifications:

—area of cooling - 200 - 500 m2

—number of vertical pipes - 20-30

—depth of vertical pipes - 10-14 m

—the surface of the condenser unit is 110 m2

—width of the building - up to 108m

—economic efficiency - reducing costs by 20-50%

—do not require power consumption

—Operating mode - October - April

—The system is compatible with commercially available refrigeration
machines.

4.3 Deep cooling devices

The purpose is to freeze and temperature stabilize the soils of dams,
wellheads and other structures with a depth of up to 100 m to ensure their
operational reliability.

Construction - the seasonally operating cooling device is a sealed, one-
piece welded construction, refilled with a refrigerant. The depth of the
underground part is more than 13 m.

Features of the design - the following products are developed and used,

namely:
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1. Group cooling devices. They consist of several individual heat
stabilizers, each of which freezes its horizons. Two types of group cooling
devices were tested: full factory readiness with a polyethylene insert and a total
depth of freezing up to 50 m (a dam on the river Irelyakh, the district of Mirny);
all-metal with field installation and total freezing depth up to 16 m, coolant -
ammonia (tailing pond, Nyurba settlement).

2. Single cooling devices. Such single cooling devices have a diameter
of the underground part of 57 and 89 mm, a special internal device filled with a
vapor-liquid coolant-carbon dioxide at the entire depth of freezing, are mounted
and refueled at the facility. The products are tested on the Irelakh dam with a
depth of immersion of 40, 50 and 80 m, and at a frozen ground with a depth of
up to 100 m.

3. Collector cooling devices. This collector cooling devices data are
connected to the air-cooling unit with the help of a collector, in which the finned
tubes are blown by fans.

Forced air blowing of finned tubes allows the most frostless windless
periods to significantly increase heat exchange and get the temperature of the
freezing pipes almost equal to the temperature of the outside air. Such a system
is designed for intensive initial freezing and further economical maintenance of
the frozen soil zone obtained.

A collector cooling device with an air-cooling unit, there are
applications, for example, in Yakutia, with calm in this region.

The ideal coolant for deep cooling devices is carbon dioxide, it fills the
whole of the frozen height of cooling devices, and intensive circulation of the
coolant is provided by the use of special internal devices.

4.4 Individual heat stabilizers.

Purpose - individual heat stabilizers are designed to freeze thawed and
cooled plastically frozen soils under buildings with ventilated underground and

without it, overpasses of pipelines, roads and railways, bridge supports, lines
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and other structures in order to increase their bearing capacity and prevent
buckling of piles.

Design - is a sealed, one-piece welded construction, refilled with a
refrigerant: carbon dioxide or ammonia. The total length of the thermal stabilizer
Is from 7 to 24 m. The depth of the underground part is up to 21 m. The height
of the ground condenser part with aluminum fins up to 3 m.

Thermostabilizers are installed in the ground vertically, inclined or
slightly inclined. To prevent buckling, the piles are installed at an angle of 10 ...
15 deg. to the vertical in the immediate vicinity of the lower end of the pile and
have a thermal insulation in the zone of the active layer of the soil.

Design features - two methods of manufacturing are used:

- thermostabilizers of the factory readiness, the overall length of the
product according to the conditions of transportation by rail transport does not
exceed 13 m, motor transport - 16 m. For transportation of heat stabilizers of a
longer length, it is possible to have a U-shaped fold in half with subsequent
bending at the facility.

- collective heat stabilizers mounted on site from individual factory blanks,
which allows them to freeze ground bases with depth of more than 12 m in the most
inaccessible places of operated buildings and structures, for example, under the

already constructed ventilated underground.
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2 XapakTepHCTHKa 00beKTa UCCIe0BAHUA

OObeKTOM  HCCIIeIOBAaHUSI  SIBIISIETCA ~ KOMIIPECCOpHAs  CTaHIuA,
pacmoJIOKEHHAasT Ha TEPPUTOPHHM PACHPOCTPAHEHUS MHOTOJIETHEMEP3JIbIX
rpyHTOB. OOIIME XapaKTEPUCTUKKA KOMIIPECCOPHOW CTaHIMU TMPEJCTaBJICHBI B
nyHkTe 3.1

2.1 Pu3nko-reorpapuuecKue U TeXHOreHHbIE YCJIOBHS

Y4acTok pacnosioKeHus KOMIPECCOPHOW CTAaHIMM HAaxXOAUTCS Ha
TEPPUTOPUHU _ obnactu P®. Tepputopus HEOCBOEHHass C
OTrpaHUYECHHBIM MPUCYTCTBUEM IPOMBIIUICHHBIX, TPAXAAHCKUX COOPYKEHUH U
KOMMYHHKALUH.

Pemsed | o612cti noBomsHO cnoxen, mpoxommmocts
TEPPUTOPUU OYEHb IIOXas, YTO OOYCJOBJIEHO LIMPOKUM PacHpOCTPAHEHUEM
IyCTOro TOJyIecKa, BaJeKHUKAa M OypeloMOB B TOpHOM yacTd U OOJIOT Ha
y4acTKaxX XOJMHUCTO-YBAJIMCTOTO pefibeda. YHUacTOK XapaKTEpHU3yeTCsl BBICOKUM
Ja"AmWAapTHBIM pa3HOOOpa3ueM, pa3HooOpa3ueM BHJOB PACTUTEIBHOCTH U
MOYB.

OOHa)KEHHOCTh TEPPUTOPUHU B LeJOM IUIoxas. PailoH nenuTcs Ha ABe
YacTHU: TOPHYIO M XOJIMHCTO-YBAJIHCTYIO.

Jlns nanHOTO THMA penbeda XapaKTepHbl TOCHOACTBO TIIyOMHHOM
3PO3UHU U HEBBIPAOOTAHHOCThH NPOAOIBHBIX MPOQHIIEH BOJTOTOKOB.

N3 coBpemMeHHBIX penbedooOpaszyonmx MpoieccoB Haubdoaee MMpoKoe
pacnpoCTpaHEHUE MOJYYWJIM KPUOTE€HHBIE W IMOCTKPUOTECHHBIE HK30TE€HHBIE
IIPOLIECCHI: TEPMO3PO3US B KOMIUIEKCE C MOPO3HBIM ITy4EHHUEM.

TeppuTopusi M3BICKAHWA OTHOCUTCA K TEPPUTOPUSM C TPUPOAHBIM,

MMPAKTHYCCKN HCHAPYIICHHBIM J'IaHI[H_Ia(I)TOM .

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHIIUU B YCJIOBUSAX

PacIpoOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB
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2.2 Kiaumarnueckue ycjaoBus

KommpeccopHast craHmms pacnojaraercs B Ipeneiax YMEpPEHHOTO
KJINIMAaTUYECKOTO TO0SICA, BJIAXKHOIO JAJIBHEBOCTOYHOIO MYCCOHHOI'O KJIMMATa
CMENIaHHBIX JIECOB.

OCHOBHBIMU (paKTOpaMH, OIPENECAIOIUMHI XapaKTep KIUMaTHUYECKUX
YCIIOBUM, ABJIAIOTCA: ONMM30CTh THXOro okeaHa, KOTOpas BIIMAET Ha UCKa)KCHUE
IUPKYJSUOHHBIX MpoIleccoB B atMmocepe. B 3uMHMI mepuosl BETpbl HECYT
XO0JOAHBIH BO3AyX CHOMPCKOro aHTHUIMKIOHA, a JIETOM BIAXHBIM BO3IYyX
Tuxoro okeana. XapakTepHON 0COOEHHOCTBIO KJIMMaTa SIBJISIETCS CYIIECTBEHHOE
VU3MEHEHHUE KOJIMYECTBA OCAIKOB.

['mybuna mpomMep3aHusi MOYBOTPYHTOB B pallOHE AOCTHraeT 2 M H
YBEJIMYMBAETCS B 3a11aITHOM HaIIPaBJICHUH.

TemnepaTtypa Bo3myxa. XapakTep LUPKYJISLIUU aTMOC(EpPbl U peibed
MECTHOCTH OOYCIIOBIMBAIOT TeMIIEpaTypHbIi pexuMm. Temmeparypa Bo3ayxa

MUMEET PE3KO BhIPpaKCHHBIN T010BOM X0 (Tabnuma 1)

XapaKkTEepUCTUKHU TEMIIEPATypPHOTO peXrMa BO3/1yXa IMPUBEIeHbI B TabuIe 1.
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Tabnuna 1 — Temneparypa Bozayxa, °C

XapakTepucTuka

3HayeHue

TeMIIepaTyphl,

A

Cpennuii MUHUMYM TEMIIEPATyphl BO3/yXa B sSIHBape,

°C

AOCONIOTHBIA MUHUMYM TEMITEpATypbl BO3ayxa, °C

Cpennuii MakCUMyM TEMIIEpaTypbl Bo3Ayxa B utoie, °C

AOGCOIIIOTHBIA MaKCUMYM TeMIIepaTypbl Bo3ayxa, °C

Cpennsist TeMiiepaTypa BO3lyXa caMOro X0J0JHOIO

mecsa, °C

CpGIIH}IH TCMIICpaTypa BO31yXa CaMOI'O TCILJIOTO

mecsa, °C

Cpeanuii u3 aOCOMOTHBIX MUHUMYMOB TEMIIEPATYPbI

BO3/yxa B sHBape, °C

Cpennuii u3 abCOJIIOTHBIX MAKCUMYMOB TEMIIEPATYPBI

BO31yxa B uroie, °C

Pacuernas TemriepaTypa Bo3ayxa Hau0oJee X0JI0HON

IISITUAHEBKH oOecrieueHHocThio 0,98, °C

Pacuernas TemmepaTypa Bo3yxa Hau0oJee X0JI0AHOU

IATHAHEBKH 00ecneueHHOCThIo 0,92, °C

Cpennsist TeMiiepaTypa Bo3/lyXa Hau0oJiee X0JI0AHbIX

CyTOK, °C

Cpennsist TeMiiepaTypa BO3yXa CaMbIX KapKUX CYTOK,

°C

Temnepatypa nouBsl. BeTMYnMHbBI XapakTEPU3YIOLIUE TEMIIEPATYPHBIN PEKUM

MOBEPXHOCTH M ITyOHHBI TOYBHI IPUBEACHBI B TAOIHIIE 2.
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Tabnuna 2 — CpenHemecsyHas U rofoBasi TeMreparypa Bo3ayxa, °C

HapaxTep HCTHEA I I T IV W Wl VIIO| VII X X ¥ I Tog
L ELELELELELEL L L EL
{1961-2010)

el BLELELELELELELELELELE
WAk HMANE HaA

el L ELELELELELE ELE L
MAKC HMYMOE

(1977-2013)

el B BLELELELELELELELELEL
MHHHMANEHAA

per=r=El L ELELELELELELELELEL
MHHE MY MOE

(1977-2013)

IIpumederne — AGCONOTHEE SHAYEHHA TEMIEPATYPH TCBEPXKHGCTH NOYEH IPpHEEIEHE 38 BECE NepHok HabmoneEuH

ATtMmocdepHbie ocanku. B rogoBom pacmpeneneHud mpeobiiagaroliee

3HAa4YCHHUC UMCIOT XUAKHUC OCAaJKH, BBIIIAJAaIOIINC B TEMI0E BpCM:A 1oaa - Oosee

90 % romoBoro komuyecTBa. AHalM3 PACHPEACIICHUS OCAJKOB IO MecCsSam

IIOKAa3bIBACT, YTO OCHOBHASA MaACCa OCAJKOB BBIIIAAACT B IICPHOI HIOJIb-aBI'yCT

(6onee 44 % TOAOBOTO KOJMYECTBA).

CHexHpl TTOKpOB. CHEXHBIM TOKPOB Ha pPacCMaTpPUBAEMOW TEPPUTOPUU

MOSIBJISIETCS, B CPETHEM, BO BTOPOM JIEKaJe OKTSIOpS, YCTOWYMBBIN CHEXKHBIN MTOKPOB

oOpazyercsi cmycts 1-3 Henmenu.

CpGI[HHSI Jara Ccxoaa CHCXHOI'0 IIOKpOBa

NPUXOAUTCS Ha BTOPYIO Jekaay ampens. CpeaHss NpoJoJKUTEIbHOCTh EpUoa Co

CHEXXHBIM TOKpoBOM Okojo 170 nueir. Co BpemeHu oOpa3oBaHUS YCTOMYHMBOIO

CHCXXHOI'O IIOKpOBa BBICOTA €TI0 IIOCTCIICHHO YBCINMYMUBACTCA.

BEJIMYMHBI CHe)KHBIN ITOKPOB JIOCTUTAET B (peBpase-mapTe.

Hawubomnbiteit
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Tabmuua 3 — CpenHsaa 1eKkaaHas BbICOTa CHEXKHOTO IMOKPOBA IO

IIOCTOSTHHOM PEUKe, CM

Mecan

X I HII I II 111 I
Hexama

T2 3 (12 (3 |1 (2 [3 |1 |2 (3 |1 |2 {3 (1 |2 |3 |1 |2 |3
Brcora

NN EI SR RN B BN BN BN AN BN B B BE BN B

[Nprmesamie - # — CHeRHER D0KPOE HAGMOMAncA MeHes 9eM B 50%0 =0

2.3 I'maporpadguyeckue ¥ ruApPOIOruHYecKue 0COOCHHOCTH

JUisi pek u3ydyaemMoro paloHa XapakTepHbl 4eTbIpe (a3bl BOJIHOTO
pexuMa: BECEHHEEe I0JOBOJbe (Maii-hIOHB), JIETHE-OCEHHUUW IaBOJOYHBIN
nepuo (UI0Ib-0KTAOPh) U 3UMHSSI MEXEHb (HOSIOph-anpeb).

I'maBHo# (pa3zoif BOAHOrO peXuMa pPeK SBIISIIOTCS JOKJIEBbIE MABOJKH,
HaOJIIoaroNIMecs: B Teruioe BpeMs roja. Ha maBogouHbIN Mepuo1 MpUXoauTCs
50 - 70% romoBoro CTOKA.

Xapaxrepubiv spiernem 11 p. [l v ero npuroxos sesorcs
JIeI0BbIE 3aTOPBI, (POPMHUPYIOUIUECS B MECTaX, IJ€ 3aJEPKUBACTCA BCKPBITHE
M3-32 TOBBIIEHHON TOJUIMHBI U MPOYHOCTU JIEJOBOTO MOKPOBA. 3aTOPBI, Kak
npaBuiao, OOpa3yroTcsi TpHU HEBBICOKMX YPOBHSX Ha TEepeKaTtax, KPYThIX
MOBOPOTAaX PycCell, B MECTaX pa3/ielieHUs pyciia Ha pyKaBa, B yCThsIX IPUTOKOB U
MOBBIMIAIOT YpOBEHb BOJbI Ha 1.5 - 3 M. HeBwicokue OBITOBBIE YPOBHH, IPH
KOTOPBIX 00pa3yloTcsi 3aTOPhI, MPEAOINPENESIOT UX YacTyl0 MOBTOPSIEMOCTb.

HCCMOTpSI Ha 3TO, 3aTOPbI MHOI'Jda BBISBIBAIOT OYCHDb OoJIBIIINE HAaBOJHCHMUS.
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2.4 CBoiicTBa IpyHTOB

['pyHTBI Ha TEPPUTOPUM PACHOJIOKEHHUS KOMIIPECCOPHOM CTaHIIUU,
cornacHo T. b. 27 'OCT 25100-2011 otHoCcsTCS K:

e Cnabonyuunuctsie: UI'D 221010;

e Cpennenyunnucteie: UI'D 141110;

e CuibHonyuncteie: UT'D 141111,

e UpesmepHonyunnucteie: UT'D 141101.

JlaHHBIE TPYHTHI HCMOJB30BAaHBl B PACUYETHOM YacCTH B KauecTBE
OCHOBaHHUS KOMIIPECCOPHOM CTAaHLIMM, XapaKTEPUCTUKAa JIaHHBIX TPYHTOB
Ipe/ICTaBIICHA B TAOIMUIE 5.

Ha uccnenoBanHoM ydactke K creuupuyeckuM rpyHTtam corsacHo CII
11-105-97, yacts III oTHECEHEI:

e OpraHo-MUHEpaJIbHbIE U OPraHUYECKUE TPYHTHI;

e TeXHOTeHHBIE IPYHTHI;

Opranudeckre U OpraHo-MHHEpaJIbHbBIE TPYHTHI Ha yyacTKe Tpaccel MIT
MIPEJICTAaBICHBl MHOTOJIETHEMEP3JbIMU M CE30HHOMEP3JIbIMH TpyHTaMH. Topd
oOpa3yeT TOKpPOBBI Ha pa3UYHBIX JJIEeMEHTax peiabeda — OonoTtax
3a00JIOUEHHBIX Yy4YacTKaX, Ha TIOJOTUX CKJIOHAaX, MHOrna oOpa3yroTcs

norpe0eHHbIe 00JI0Ta MO BHICKIITKAMHU KPYITHOOOJIOMOYHOTO MaTepuaa.

Opranuueckue ¥ OpraHO-MHHEpalbHbIE  TPYHTHI  00JIaaroT

CeU(PUISCKIMU OCOOCHHOCTSIMH: BBICOKOW IMOPUCTOCTHIO W BJIAKHOCTBIO,
MaJIOl TPOYHOCTHIO. DTH OCOOEHHOCTHU MO3BOJISIIOT CUUTATh pacCMaTPUBAEMbIC
TPYHTBI MAJIONIPUTOTHBIMU TSI CTPOUTENIBCTBA HA HUX JTFOOBIX COOPYKCHHM.
TexHOreHHbIE TPYHTBl - TMPEACTABICHBI HACHIIHBIMM TPYHTAaMHU,
CJIararoIMMH ITOJIOTHO JKEJIC3HOW M aBTOMOOMIIBHOM JIOPOT.
ITo pe3ynbTaTam aHaarM30B BOJHBIX BBITSKEK IPYHTBI HE3ACOJICHHBIE.
Koppo3uonHasi arpecCMBHOCTh TPYHTOB K CBUHIIOBOM 000JI0UKE KaOest

M3MEHSETCSI HE3aKOHOMEPHO OT HHU3KOM J0 BbICOKOW. Koppo3nonHas

JIuct
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arpeccuBHOCTh 1o pH - cpenHss, MO OpraHMYecKOMYy BEIIECTBY (rymyc) -
BBICOKAs1, 10 HUTPAT-UOHY — BbICOKasi. KOppO3HOHHAs arpecCUBHOCTD TPYHTOB
K QJIIOMUHHUEBOM 000J104YKe Kabessl 10 COACpKAHUIO0 MOHA XKejle3a - HU3Kasl, 10
COJIEP)KaHMIO XJIOp-MOHA - BbICOKas, nmo pH — cpemnsaa. KopposnonHas
arpecCUBHOCTh I'PyHTA [0 OTHOUIEHUIO K YTIEPOJUCTON U HU3KOJIETUPOBAHHOM
CTaJI1 — BbICOKasA. CTENEeHb arpeCCUBHOIO BO3JEHCTBHS TPYHTOB BBILIE YPOBHS
NOJ3EMHBIX BOJ Ha METaUIMYECKHE KOHCTPYKLIHMH — CpeJHEearpeccuBHasl.
CreneHb arpecCUBHOrO BO3EHCTBUSI TPYHTOB Ha OETOHHBIE U KEJIE300E€TOHHBIE
KOHCTPYKIIMHU i OeToHa Mapku mo BogoHenponunaemoctn W4 W6 W8 —
HearpeccHuBHasl.

2.5 I'eoxkpuosoruveckue ycJIoBust

XapakTepHOM OCOOCHHOCTHIO HCCIEYEMOM TEPPUTOPUU  SBIISACTCS
pacIpocTpaHEeHUE «OCTPOBHOW» MHOTOJIETHEN MEP3IIOTHI.

OcCHOBHBIMH (dakTopamu, 00yCIIOBHBIIMMH pa3BuTHE
MHOroJieTHeMep3JibiX mopoa (MMII), sBiIAOTCAS CypoBble KIMMaTHYECKHUE
ycloBUSl (HU3Kas CpEOHErofoBas TeMIlepaTypa BO3AyXa), PacuJCHEHHOCTh
penbeda, BbI3BIBAIONIAS PA3IMUMA B PacHpe/leICHUU JIyYHCTOW 3SHEPTrUud Ha
CKJIOHAX pa3IMYHOM OPHEHTHPOBKHM, a TaKXe COCTaB, BJIAXHOCTb,
Tero(pu3nIecKue CBOMCTBa MOPOA U 3a00JI0UEHHOCTh TEPPUTOPHUH.

Ha yuwacTke pacnojio)KeHHsi KOMIPECCOPHOW CTaHUMU BCTpeyYaeTcs
OCTPOBHAsI MEP3JI0TA CIMBAIOIIETOCS U HE CIMBAIOIIETOCS TUIIOB.

[Ipu oTTanBaHuUK MEP3JIbIX TPYHTOB INIMHUCTHIE CIA00IbIUCTHIE TPYHTHI
npUOOpETalOT, B OOJBUIMHCTBE CIIy4aeB, MSITKOIUIACTUYHYIO KOHCHCTEHIIMIO.
CyriMHKM JbAUCTBIE TPU OTTAWBAaHUM CTAHOBATCS TEKydyuMHU. Mepaibie
CYIJIMHKHA HEJNBJAMCTBIE M C BKJIIOYEHHSIMU JIPECBbI, MIEOHS - MPUOOpETaroT
TBEPAYIO M MOJYTBEPLYIO KOHCHUCTEHIIHIO.

KpuorenHoe cTpoeHune TpPYHTOB BO MHOTOM OMNpEIEseTcs UX
JUTOJIOTUYECKUM COCTAaBOM U BIIAXKHOCTHIO.

Jlen mpencraBisieT coOONW HEOTHEMJIEMYIO COCTaBHYIO YacTh TOJII

MEp3JIbIX TPYHTOB. OH MPUCYTCTBYET B MEP3JBIX IPYHTaX B BHUAE LIEMEHTA,
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OTJEIbHBIX BKJIIOYEHUH (MPOKHUIIOK, IPOCIOEK M THE3] KPUCTAILIOB), KPYITHBIX
MIPOCIIOEB U JIMH3. TeKkcTypooOpasyromuii jieq GopMUPYeTCs MPEUMYIIIECTBEHHO
3a CYeT TmepepacrpeiesieHus] BJIardk B IPOMEP3arOMMX (BIAKHBIX WM
BOJIOHOCHBIX ) TPYHTaX.

KpuorenHoe cTpoeHHE TJIHMHUCTBIX TPYHTOB OTJIMYAETCS OOJIBIIUM
pa3HooOpa3ueM: [UIMPHI  JbJa paclojlaraloTcs TOPU30HTAIBHO, KOCO,
BEPTUKAJIBHO, B BUIE CETKU. HacTOCIOUCThIE TOHKOUUIMPOBBIE KPUOTEKCTYPHI
npeo01aaloT B BepXHEH yacTu paspesa (TodmuHa muiupoB jbaa 0,5 cm), c
rIyOMHOM TOJIIA NUIMPOB JibJa pacTeT (10 5 cM Ha riiyouHax Hibke 6,0 M) u
paccTositHuE MeXAy HUMH yBEIMYMBaeTcsa. B HIKHeHW yacTtu paspesa
npeobsiajaeT TOPU30HTANBHASL CIIOMCTOCTh, T.€. HAOJIONAETCs KIAaCCHUYECKOE
KPUOTEHHOE CTPOEHHUE, XapaKTEPHOE JJI SITUTE€HETUYECKN TPOMEP3IINX TOJIII.

B HEKOTOpBhIX MeCTax ONMCHIBAEMOI0 Y4YacTKa B MHOTOJIETHEMEP3JIbIX
nopoAax OTMEUYEHbI MPOCIOM W JIMH3bl MOJ3EMHOTO JbJa MOIIHOCTBIO OT
HECKOJIbKHX CAaHTUMETPOB 110 | - 2 M. [IprypoueHbl npocion 1 JIMH3bI OOBIYHO K
BEPXHUM I'OPU30HTAaM MEP3JIBIX TIOPOJ, Yalle BCETO K CJIOSM IJIMH U CYIJIMHKOB,
OCOOEHHO MbLIEBATHIX.

MomHOCTh  30HBI  MHOTOJIETHEMEp3JbIX  MOpPOJ  Kojeljercss B
3HAUUTEBHBIX MPEAENax: OT HECKOJBKMX METPOB Ha IUIOIAAd OCTPOBHOIO
3aJieraHus MPOMOPOXKEHHBIX mopoa 10 100 — 200 m, a mectamu 1 10 400 m.
MoIIHOCTh TONIIM MHOTOJETHEMEP3JbIX IOPOJl YBEIMUMBAETCA OT OoJjee
I0’)KHO-PACTIONO0KEHHBIX YYaCTKOB K CEBEPHBIM.

Pacnpenenenrie TemmnepaTypbl TOPHBIX MOpPOJ B 3aBUCUMOCTH OT
penbeda MECTHOCTM BO MHOTHX CIy4yasX MOMKET HapylIaThCsl BIUSHUEM
MOJ3EMHBIX BOJ, CHEr03aHOCHUMOCTHIO, TI'€OJIOTMYECKUMHU YCIOBUSMH U JIp.
Oco0eHHo 00JblIOe 3HaYEHUE B TEMIIEPATYPHOM PEKUME MHOTOJIETHEMEP3IIBIX
OpOJ UMEIOT Teosioro-reorpaduueckre GakTopbl U CHEKHBINA TOKPOB.

K uncny (U3MKO-TEONOTMYECKUX SIBIIEHUM, CBSI3aHHBIX C HAJIMYUEM
MHOTOJIETHEMEP3JBIX MOPOJ, OTHOCATCA LIMPOKO PAa3BUTHIE B 3TOM pailoHE

Oyrpel Ty4YeHHs, TPYHTOBbIE M pEUHbIE HaJIeIU, TEPMOKApPCT, MPOLECCHI
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COJU(DITIOKITUN U MOPO3000MHBIE TPETINHEI.

ITo pe3ynbTaTam Pa30BBIX HaOJI0ICHUI TeMmmeparypa
MHOT'OJIETHEMEP3IIBIX TPYHTOB Ha riryouHe 10 metpoB u3mensercs ot -0,1 g0 -
2,0°C, Temneparypa TaJIbIX TPYHTOB Ha 3TOM riryouHe cocrasisier +0,1-+1,5°C.

Maubie aOCONMIOTHBIE 3HAYEHHS OTPULIATENIFHBIX TEMIIEpaTyp TOBOPSAT O
TOM, 4YTO JI000O€ HE3HAYUTEIbHOE H3MEHEHHE TEeMIIEPATypHOTO pEeXHMa
(Hampumep, B pe3yibTaTe BO3BEICHUS COOPYKEHUU) MOXKET CIIOCOOCTBOBATH
Jerpajaliii MeEp3JIOTbl U BIIOCIEACTBUU MOXXET CIOCOOCTBOBATH PA3BUTHUIO
TEPMOKAPCTOBBIX MPOIIECCOB.

Ce30HHOe TmIpoMep3aHHe W OTTaMBaHMe TIPYHTOB. (Ce30HHOE
IPOTAauBaHUE T'PYHTOB HAXOJUTCS B 3aBUCUMOCTU OT LIMPOTHOM 30HAJIBHOCTH,
BBICOTHASI TOSICHOCTH, CHEXHOTO U PAacCTUTEIBHOTO TOKPOBOB, peibeda,

JIUTOJIOTHYCCKOI'O COCTaBa I'PYHTOB U UX YBJIA)KHCHHA.
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Tabnuna 4 — Pacuer HOpMaTUBHOM TITyOMHBI CE30HHOTO OTTAUBAHUS

W ‘EMHESHELLO BHHQALI FeHanIendo ]

aunR Ty

~ 82y vindd1 guneedomes vrekeH vdiredanma T,

2

ST

y3
50T D, M/ Y ™0 elHAI 010D ILICHHIOIIAL FEHH TG

a_0T Do mzau&q%u elHAdI wedaW 2100AMIONIAL FRHNAIGO

Do ¥/ Lg Py viHAd oJomel dra0HTogodIoNTa T,

My Ly elHAdT redam 9rooufegodnona T,
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& 11 damioH

141101
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Ha rnyOuny npoTtanBaHusi ONpeIeIiCHHOE BIMSHUE OKA3bIBAET CHEXKHBIN

TTOKPOB.
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Tabnuna 5 — 3HaueHuss HOpPMATUBHOM TTyOMHBI MPOMEP3aHUS TPYHTOB

XapakTepucTrka

3HaucHUE, M

['myOuHa ce30HHOTO MpOMEp3aHus

CYTJIMHKOB U I''TMH

['myOuHa ce30HHOT0 NMpoMep3aHus

CYHCCCI)'I, IICCKOB MCJIKHMX M BBIJIICBATBIX

['myOuHa ce30HHOTO MpOMep3aHus
NIECKOB IPABEJIMCTHIX, KPYIHBIX U

CpeHEe KPyIHOCTH

I'myOuHa CE30HHOTO IPOMEP3aHMUsI

KPYIHOOOJIOMOYHBIX TPYHTOB

PaccmarpuBaemast TeppUTOpHsT MOXET OBITh OTHECEHA K 30HE C

npeobnamaromeii Mousocthio cesonnonporansaomero cios | - | . Taxxe

3ACCh BO3MOJKHBI OTKIOHCHHA KaK B CTOPOHY 60Hblﬂeﬁ, TaK U B CTOPOHY

MEHbIIEH TITyOHHBI TPOTaUBaHUS.

B cnoe ce30HHOro mpomeps3aHuss M NPOTAUBAHUS U HA IMOBEPXHOCTHU

3€MJIM OOBIYHBI SIBJICHUS, CBA3AHHBIC C IIPOMEP3aHUCM U OTTAUBAHUEM I'PYHTOB,

KaK Hampumep, MOpo3000HHbIE TPEIIMHBI, TPYHTOBBIE HAJIEU, OyTrphl MyYEHHUS,

OyTpbI-MOTUIILHUKH, COTH(IIIOKIINS, TPOBATBHBIE 03€pa U HEKOTOPHIE IpyTHE.
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2.6 I'uaporeoJiornyeckue ycaoBust

MHuoronetHsis ~ Mep3noTa  OKa3blBaeT  OOJNBIIOE  BIUSHUE  HA
dopmupoBanue nanamadroB. Hamuume Mep3lOTHI  OMpeAeNseT  TaKkke
OCOOCHHOCTH pEeXUMa TMOBEPXHOCTHBIX W TPYHTOBBIX BOA. IIpensTcTBys
NPOHUKHOBEHUIO BOJBI B TPYHT, OHA SBISETCS BOJOYIOPOM M NPUYMHON 3a-
OO0JIOUEHHOCTH paBHUHHBIX NPOCTPaHCTB. BecHOW Tanmple BOIBI  OBICTPO
CKaTBIBAIOTCS MO MEP3JIOMY TPYHTY B JIOJHHBI U BBI3BIBAIOT BBICOKHH MOIBEM
YPOBHSI peK; JIETOM BOJa, 0Opa3yromascsi 3a CY4eT MEIJICHHOTO OTTauBaHUS
JeISTHBIX YacTUIl BEPXHUX TOPU30HTOB MEP3JIOH MOYBHI, CIYKUT HUCTOYHUKOM
OUTaHusE BOJOTOKOB. C MEp3/lOTOH CBSI3aHO TAaKXKe OOpa30BaHME PEUHBIX U

IPYHTOBBIX HaJleIeH, IBICHUNA CONUQIIOKINUA U T. 1.

2.7 I'eoTexHuyeckasi OLEHKA OCHOBAHUSL KOMIIPECCOPHOI
CTAHUMH

Tepputoprs KOMIPECCOPHOW CTAaHIIMM B HACTOSIIEE BpPEMsI OXBaucHa
rJI00JIbHBIM KIMMATHYECKUM MOTeIJieHueM. B 30He pa3BUTHS MPEPHIBUCTOTO,
MAaCCHUBHO-OCTPOBHOI'O M PEIKOOCTPOBHOrO pacnpoctpanenuss MMII B nepuon
MOTEIJIEHUS MOYKET MMETh ILIMPOKOE PaCHpOCTPAHEHUE MEepexoAa CE30HHOTO
OTTauBaHUSl TPYHTOB B CE30HHOE MpPOMEp3aHHEe, Pa300IIEHUE STOTO CIOS C
MHOTOJIETHEMEP3JIBIMU  TOJIIIAMH, COKpAlleHHUE IuUIomanen, 3aHaTteix MMIL.
3HauuTeNbHbIE  YBENWYEHUS TIOyOMH  CE30HHOTO  OTTauBaHUs  OyayT
CIIOCOOCTBOBATh aKTUBU3ALIMH, B TIEPBYIO OUEPE/Ib, TEPMOKAPCTOBBIX MPOLIECCOB
(TEpMO3pPO3UOHHBIX, TepMOaOpa3MoHHBIX). Jlerpamanust Mep3710Thl OOJIOTHBIX
MAacCHUBOB OYJET CIOCOOCTBOBATH BO3PACTAHUIO BTOPUYHOTO 3203EPHUBAHUS H
3a00J1a4MBaHUS TEPPUTOPUH. AKTUBU3UPYETCS MPOIECC MyUYEHUS U YBEITUYCHUS
MMOPAXCHHOCTU UM TEpPPUTOpUMU. B IOKHOM YacTM y4yacTKa W3bICKAHUM,
YBEJIMYEHUE CPETHET0J0BOM TeMrepaTyphbl MPUBEIAET K MOJTHOMY OTTAMBAHUIO
Mep3JIbIX TOPHSIHUKOB M YMEHBIICHUIO MHXKEHEPHO-TCOJOTMYECKON OMacHOCTH

I'COKPHUOJOIMYCCKHUX IIPOLCCCOB.
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TexHOTeHHbIE WM3MEHEHMS IIPUPOJIHBIX YCIOBHMM BO BCEX paloOHaXx
NpUBEAYT K AaKTUBHM3aLUMK MPOLIECCOB M IOBBIIIEHUIO HX OIACHOCTH IS
COOPY’KEHMH MpH pa3IUYHbIX BHJAX OCBOCHHUS (TPAaHCHOPTOM, >KUIIUIIHOM,
NpOMBINUIEHHOM). CTEeneHb aKTUBU3alHUH IPOLIECCOB B KAXKIOM KOHKPETHOM
palioHE 3aBUCUT OT TEIUIOBOM MHEPUHMHM MEP3JbIX TOJII, HX COCTaBa M
KPUOTEHHOTO CTPOEHHUs, OCOOEHHOCTEW MPUPOAHON OOCTAHOBKHM M XapaKTepa
TEXHOT'CHHBIX BO3JCHCTBHI M MOKET ObITh OLICHEHA MPHU YCIOBUU OpraHU3aluu
CTAllMOHAPHBIX YYAaCTKOB HAOJIOCHU 3a pa3BUTHEM KPUOTEHHBIX MPOIIECCOB.

YMenbp1ieHne MomHocTr cHera Ha 30% npu COXpaHeHHH HAIlOYBEHHOTO
IIOKPOBAa OKAa3bIBAa€T OXJAXJIAIOIIEE BIMSHHE Ha TPyHTHL. TemiepaTypsl Ha
rnyOuHe 10 M mpakTH4YecKM He HM3MEHSIoTCsA, HO 3a 10 IpOrHO3HBIX JIEeT
BO3MOXHO (pOpMUPOBAHHE HOBOOOPA30BaHUU MEP3JBIX TPYHTOB JI0 TIyOUHBI
noutu 10 m.

[Imomanka pacnoyioxkeHa B 30HE OCTPOBHOTO pacmpoctpanenus MMI,
MHOTOJIETHEMEP3JIbIE TPYHTHI CIMBAIOIIETOCS U HECIMBAIOLIETOCS THUIIA.

MHoroneTHeMEpP3ibIe TPYHThI IPEICTABIEHbI CYIVIMHKAMU U CYNIECSMU C
pa3NUYHBIMM  BKJIIOYEHUSIMH  OOJIOMOYHOTO  MaTepualia, I1e0ECHUCTHIMU,
JPECBSHBIMU TPYHTAMHU M KOPEHHBIMHU MOPOJAMH - NTECYAHUKAMH AJIEBPOJINTOM
MOPO3HBIM.

I'pyHTBI €710 CE30HHOTO NPOMEP3AHMUS-TIPOTAUBAHUS TMPECTABICHBI
pacTUTEIbHBIM CJIOEM, TOp(OM, CYIJIMHKaMU M CYNECSIMH C Pa3InYHbIM
KOJIMYECTBOM OOJIOMOYHOT'O Marepualia, IIEOCHUCTHIM, TJLIOOBBIM TPYHTOM,
NeCYaHUKaMHU.

['pyHTBI MpPEeUMYIIECTBEHHO CIA00JIbAUCThIE C MAaCCUBHOM, CIOHUCTON
KpUOTEKCTYpou. Ilecuanuku, aneBposuTel MOpO3HbIE. TeMiieparypa IpyHTOB Ha
riay6une HyneBbix aMmuTys u3mensercs ot munyc | o munyc JJ°C.

PacueTrHas riryOuHa C€30HHOTO IPOMEP3aHUSI TTTMHUCTBIX TPYHTOB - l M,
cymeceii - | M, kpymHoo6momounsix rpymros - | Pacuernas rmyGuua
cesornoro orrausanus B Topde - JJH M, B cynecax u cyrmunxax - [Hl v, B

KPYIMHOOOJIOMOYHBIX TPYHTAX - l—l M.
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Ha TeppuTopuu MpOUCXOOUT TOBCEMECTHOE 3alonaunBaHue. Ilpu
CTPOUTEIILHOM OCBOCHHMU TEPPUTOPUU PEKOMEHIyeTCsl BbIeMKa TOp(oB u
3aTOP(OBAHHBIX TPYHTOB.

[Ipuy ocBoeHMHM TEPPUTOPUM M  MPOU3BOACTBE PAabOT  MOTYT
AKTUBH3UPOBATHCS 3PO3HOHHBIE MPOIECCH] B CBSI3U C HAPYIICHHWEM IMOYBEHHO-
pPacTUTEIHHOTO TIOKPOBA, HW3MEHEHHUEM JPEHHUPOBAHOCTH TEPPUTOPUH U
BJIMSIHUEM COOpYKeHUH. 3 MHKEHEPHO-T€OJIOTHYECKUX MPOIIECCOB BO3MOXKHO
MOpPO3HOE Iy4eHHUe, CONUPITIOKIIHSL.

Hccnenyemast TeppuTopusi BeCbMa UYBCTBUTENIbHA K TEXHOT€HHOMY
ocBOeHUI0. VI3MeHeHne MOBEPXHOCTHBIX YCIOBUI MPU CTPOUTEILCTBE B IaHHOM
MECTHOCTH MOJKET TPUBECTH KaK K TOHWKEHHUIO TeMIepaTyp TPYHTOB U
BEPOSATHO BbI3BaTh HOBOOOPA30BaHUE MEP3JIbIX TPYHTOB HA TaJbIX Yy4aCTKAaX, TaK

H K ACrpagainvy MHOTI'OJICTHCMEP3JIbIX I'PYHTOB.

2.8 OmnacHble NIPUPOAHBbIE MPOLECCHI U ABJICHUSA

s TeppUTOpUM Ppa3MEIIeHUs IUIOMAAKH KOMIIPECCOPHOW CTaHIIUU
XapaKTepHbl TE€OJIOTUYECKUE U HMHXKEHEPHO-TE€OJIOIMUECKHUEe IPOLIECChl, TaKue
KaK: KPHOT€HHbIE IPOIECChl, CKJIOHOBBIE M BOJHO-3PO3UMOHHBIE MPOIECCHI
(3a0osaunBaHue), My4Ye€HUE TPYHTOB.

Kpuorennsie mporecchl MMEIOT OrpaHUYEHHOE pacHpoOCTpPaHEHUE U
IPUYPOYCHBI K JOTUHAX BOJAOTOKOB.

[loutn mMOBCEMECTHBIM TPOIIECCOM, CBSA3aHHBIM C  CE30HHBIM
npoMep3aHUEeM-OTTauBaHUEM  OTJIOKEHHMM, SBISETCS CE30HHOE Iy4YeHUe
BJIQKHBIX TJIWHUCTBIX U KPYIMHOOOJIOMOYHBIX TPYHTOB. BenwmunHa CE30HHOTO
MyYEHUsS! 3aBUCUT OT MECTHBIX YCIIOBHH - COCTaBa M BIAXXHOCTH T'PYHTOB Jiesi-
TETHHOTO  CJIOS, MOIIHOCTH HAMOYBEHHBIX TMOKPOBOB  (CHEXXHOTO |

PaCTUTEIIBHOTO).
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2.8.1 DJK30reHHbIE MPOLECCHI

B npenenax koMIpeccopHO# CTaHIIMM CE30HHOE MyYE€HHE MpU OJIU3KOM
K MOBEPXHOCTHU 3aJIETAaHUU CKAJbHBIX U MOJIYCKAJIbHBIX TPYHTOB MNPHUBOJMUT K
BBIITYYMBAHUIO KAMEHHOIO MaTepHayia, COAEPX AIIErocs B CIOE DSIIIOBUS -
nentoBusi. OOpa3yroTCs MOJUTOHAIbHBIE (DOPMBI, CBA3aHHBIE C KPUOTEHHBIMU
TPEIIMHAMH, IO CTEHKaM KOTOPBIX MPOUCXOJHUT CMELIEHUE KAaMEHHOI'O Ma-
Tepuana. KpuoreHHble TPEeIIMHBI U CBA3aHHBIE ¢ HUMHU (HOPMBI MUKpOpeibeda
OTMEYAIOTCSI KakK Ha ydacTkax, cliokeHHblx MMII, Tak u Ha yd4acTkax
IyOOKOTO CE30HHOTO TMPOMEP3aHUsS TJIMHUCTBIX W KPYHMHOOOJIOMOYHBIX
rpyHTOB. HepaBHOMEpHOCTD mpoliecca CE30HHOTO MyYeHusl Ha 3a00JI0YEHHBIX U
3aTOp(OBAHHBIX YYACTKAX MPOSBISAECTCA B 00pa30BaHUM KOYKOBATOTO MUKpPOpE-
aseda.

Mopo3Hoe Iy4YnHOOOpPa30BaHME HWHTEHCHUBHO MPOSBISETCS  MpU
NEPECEUCHUH HIDKHMX 4YacTeld CKJIOHOB W JIHUII JOJIMH, CJIOKE€HHBIX
JUCHIEPCHBIMA TpyHTaMH. OCHOBHOM NPUYMHONW HMX AKTUBU3ALUU SIBISETCS
HEJOCTAaTOYHBIN JPEHAK CE30HHO-TAJIOrO CJIO0SI U NEPEyBIAKHEHUE TPYHTOB.

Mopo3Hoe my4YeHHe MbUIEBATO-TJIMHUCTBIX TPYHTOB TaKXKe CIEayeT
paccMaTpHuBaTh KaK OnacHeI mpouecc. HanpsokeHus, BOSHUKAIOIIME B IPyHTaX
npu My4YEHNH, CIIOCOOHBI BBI3BATh nedhopmanuu COOPYKECHUH.
HemnocpencTBeHHO Ha MHKEHEPHBIE COOPYKEHUS MPOLIECC MOPO3HOTO MyYEHHUS
BO3JICCTBYET 4YE€pe3 KacaTeJbHble W  HOPMaJbHbIE CHJIBI  ITyYEHHS.
[IpoTUBONyYHMHHBIE MEPONPHUATUS TPU  CTPOUTEIBCTBE  JIOJKHBI  OBITH
HanpaBJIeHbl Ha CHW)KEHHME KacaTeJNbHBIX CHJI My4YeHHs U pa3paboTKy
KOHCTPYKTHUBHBIX OCOOEHHOCTEH COOpPYKEHHUI MO3BOJSIOIIUX YAECPKUBATh HUX
OT BBIITY4YHBAHUS.

Ha yuacTtkax moiM JOJMMH MajblX PEK U pPydbeB, IHUL] OalloK,
pacnpocTpaHeHUs: OCTPOBHOM MEpP3JI0ThI, JIOKAJIbHBIX TMOHWKEHUN B Mpejaesiax
CKJIOHOBO-BOZIOPA3/I€IbHOTO MPOCTPAHCTB  PA3BUT IPOLIECC €CTECTBEHHOIO

MOATOIJICHUS], OCHOBHBIM (DaKTOPOM KOTOPOTO SIBJISIETCS OJM3KOE 3aJieTaHue K
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MOBEPXHOCTH YPOBHSI MOJA3EMHBIX BO/I.
Ha oTmenbHBIX ydacTKax: B TOJIMHAX PEK, PYUbEB U HUKHUX YACTAX HX

CKJIOHOB, MPOTHO3UPYIOTCS CIEAYIOIIME HAPYIIECHUS WX TUIPOJUHAMUYECKOTO

pexxuma: 6appaknblil 3 PexT 1, Kak ClIeCTBUE, MOATOIUICHUE TEPPUTOPHH.

Haubonee BeposiTHoe mposBieHue OappaxkHoro »3ddekra craeayeT
OKUJIaTh Ha y4acTKax MEepexo0/IoB BOAHBIX OOBEKTOB, IJi€ MOJ3EMHBIE BOIbI B
npejenax MmoMM MeNKUX U CPeIHUX PeK M UX Teppac 3aierarT Ha riayoune 0,4 -
0,5 m. IIpu coBnasennu HanpaBieHUs TUHEHHOTO 00BEKTA U TIOTOKA TPYHTOBBIX
BoA OappaxHbiii 3(pdekt otrcyrcrByeT. lleprneHauKynsipHOE HampaBIeHUE
IOTOKa FPYHTOBBIX BOJI MOXKET MOBJIEUb 3a COOOM MOANOP U pa3BUTHE IpoLEcca
HOJTOIUIEHUsT TeppuTopuu. Mcmonb3oBaHue caabONpPOHUIIAEMOIO TpyHTa
ycuIuBaeT OappaXMpOBaHUE MOTOKA; MPH HCIOJb30BAHUU TECUYAHBIX TPYHTOB
CTENEHb BO3JICUCTBUE TpAHIIEW HA TIOTOK TPYHTOBBIX BOJ OXKHJIAeTCA
HE3HAYUTEIIHHOM.

B Mecrax, rae mpoeKkTHpyeMmble ITUHEHHBIE OOBEKTHI M COOPYKEHUS
OPOXOJSAT B HENOCPEACTBEHHONW OJIM30CTM OT BOJOTOKOB, BO3MOXKHO
MOJITOTICHUE B TMIEPUO/T TIOJIOBOMH U TABOJKOB.

Ha yudactke ecThb Bce HEOOXOAMMBIE YCIOBUS Pa3BUTHs MPHUCKIOHOBOM
cypdozuu. OnauM u3 HEOOXOAUMBIX ycloBUl cyddo3un sBIseTCS HAIUYUE B
1opoJie Kak KPYMHBIX YacTHIl, OOpa3ymoIIUX HEMOABIKHBIM Kapkac, Tak |
BBIMBIBAIOIIMXCSI METTKUX. BBIHOC HAUMHAETCSI JIUIIb C ONPEIeTICHHBIX 3HAUCHHIA
Hamopa BOJbI, HI)KE KOTOPBIX MPOMCXOAUT Tobko ¢uibTparus. K dakropawm,
UHUIMUPYIOIMINM TpOosiBICHHE CYy(PQPO3UH MOKHO OTHECTH TMPOSIBICHUE MOTOKA
MO/I3EMHBIX BOJI B HEBOJOHACHIIICHHBIX CY(P(HO3MOHHO-HEYCTONYMBBIX TOPHAX
MOpOJIaX, YBEIMUEHHUE CKOPOCTH MOTOKA MOA3EMHBIX BOJ. DTH (PAKTOPHI MOTYT
ObITh OOYCJIOBIICHBI 3aTSKHBIMHU JIOXKISIMHU, CHJIBHBIMU JIMBHSIMU, TasHUEM
CHera.

YHUYTOKEHHE JIECOB W CHSITHE TOYBEHHO-PACTHTEIHLHOTO TIOKPOBa
MOJKET MPUBECTH K PA3BUTHUIO 3PO3UOHHBIX MPOIIECCOB, OCOOEHHO B IMpeaenax

YYaCTKOB, CJOKE€HHBIX CJa00yCTOMYMBBIMU K pa3MblBy TMOpPOJaMU U

XapakTepucTuka 00beKTa UCCIIEOBAHUS
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3HAYUTEIbHBIMU YKIIOHAMHA MECTHOCTH.

B mepuon crpouTenbcTBa B pE3yNbTAaTe MOAPE3KHM CKIOHOB B MeECTax
NEPECEUEHUs] TMPOECKTHUPYEMbIX JIMHEWHBIX OOBEKTOB CKIOHOB JOJHH pEK,
PYYbEB BO3MOXKHO Pa3BUTHE IPOMOMH U OBPAaroB.

Benymmmu 711 paBHUHHBIX Y4aCTKOB TEPPUTOPUM SIBJIIFOTCS IIPOLIECCHI
3aTOIUIEHUS IOWM PEK MaBOJKOBBIMHU BOJAaMH U 3a00J1a4MBaHUSI.

3aTOIJIEHUE - AMU30UYECKU MPOSBISAIOMMUNACA NPOLECC, TPUYPOUECHHBIN
K [EpUOJIaM PEUYHBIX MAaBOAKOB. 3aTaIlUIMBAETCA OOBIYHO MoiiMa. MyCCOHHBIN
KJIMMAaT, JMBHEBBIE JIOKAM MNPUBOJAT YAaCTO K KPYIHBIM HAaBOJHEHUSM Ha
OCHOBHBIX PEKax peruoHa — _, _ U HX KPYIHBIX
nputokax. CUIbHBIE HaBOJHEHUsS IOBTOPSIIOTCA OAWH pa3 B TPU IOJa, OYEHb
CWIbHbIE - OMH pa3 B 10 ner. HaBogHEHMS] PUHOCIT OrPOMHBIE OEICTBUS U
pa3pylIeHHs], 3aTOIUIIFOTCS HE TOJIBKO JIyTa, IOCEBBI, HO U HACEJICHHBIE ITyHKTHI,
pa3MbIBalOTCSl Oepera, MOCTbI, MNPOUCXOAUT HMHTEHCHU(PUKALHMS IPOLECCOB
OOKOBOM 3pO3UH.

B mnoHmxeHusax c¢ HeOOJbUIMMH YKJIOHAMH IMOBEPXHOCTU (B JOJMHAX
PYYbEB, JOKOMHAX CTOKA) Pa3BUTHI MPOLIECCHI MOATOIUIEHUS U 3a00JaUBaHUS.

bonora 3aHMMarOT HE 3HaYUTENBHBIE TEPPUTOPUU U PACIIPOCTPAHEHBI 110
nojuHaMm pek. X pa3BUTHIO CIIOCOOCTBYET HAJIMYKME TIIMHUCTBIX U KPUOTEHHBIX
BOJOYNOPOB M cinabasg  pacwIEHEHHOCTb  IIOBEPXHOCTH.  bosora
MPEUMYIIECTBEHHO HETIyOoKue (10 l—lM), BCTPEYAIOTCS Y4acTKU OO0JO0T ¢
ri1yOuHOM l-l M. bosoTa 9acTo mepechIXarT B JKAPKUE JIETHUE CE30HBI WU B
pe3yJIpTaTe MoXkKapoB.

2.8.2 JHJI0TreHHbIE MPOoIecChl
PaccmarpuBaemass TeppuTOpUS OTHOCUTCA K YHUCIY CEUCMHYECKHX

paiionoB corigacHo CHull [II-7-81* u mo cxeme oO0miero ceicMUuecKoro
paiionnpoBanus Ttepputopusi Poccuiickoit ¢deneparuu OCP-97 mo xaptam
A(10%) otHOCHTCs K 7-OampHOM 30HE, B(5%) — Kk 7-0anpHOl 30HE, IO KapTe

C(1%) - 8-06anpHOIl.
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HEBBIBETpEJIble CKaJbHBIC M TMOITYyCKaJbHbIE MOPOJABI, HA KOTOPBHIX OAIBHOCTh
IIpU 3EMIICTPSACEHMIX CHIDKAETCS Ha eAuHULly. BmecTe ¢ TeM aHanu3 mokasad,
YTO B MEXTOPHBIX M MPEATrOPHBIX BHAJMHAX, BBIIOJHEHHBIX MOIIHBIMH (Oosee
l—lM) IIOPUCTBIMHU TOJIIAMHA ME30-KalHO30MCKUX OCaJKOB, MHTCHCUBHOCTH
3eMJIETPSICEHUN pe3Ko mazgaer. I1o3ToMy BO BHYTPEHHHUX 4YacTsX BIAIUH, IIPU
OTCYTCTBHM B MX (yHIaMEHTE aKTHBHBIX CEHCMOTEHHBIX CTPYKTYp, UCXOIHAS
MHTCHCUBHOCTh 3E€MJIETPSCEHUN MOXET ObIThb IOHM)KEHAa Ha OJUH Oal.

Cy1uiecTBeHHOE 3HaY€HUE Ha celicMruueckuil 3(h(PeKT MOryT UMETh OCOOEHHOCTH

Haubonee OnaronpuaTHBIMH B CEHCMHUYECKOM OTHOIIEHUH SIBISIOTCS

penbeda (oOpbIBUCTBIC Oepera, KpyThie CKIIOHBI, OBparu).

OIpE/ICIICHHOM

B  o0Omnactu

CTEYEHHH HHKEHEPHO-T€OJIOTHYECKUX (PaKTOpOB,

PaCIpOCTpaHCHUA MHOTI'OJICTHCMCP3JIbIX IIopoId,

npu

0aJUTbHOCTH

BGMJIGTpHCGHI/Iﬁ IIOBBIMIACTCA MW HAXKC 6-0abHBIC 3CMIICTPACCHUA MOI'YT BbI3BATbh

nedopmanuu, coorBercTByromue 7 U 8 Oamnam. [Ipu MOIIHOM AESTEIHLHOM CIIOE,

HaIn4YuM B OCHOBaHHH (I)YHI[aMeHTOB IBUJICBATO-TJIMHUCTBIX IICPCYBJIA)KHCHHBIX

I'PYHTOB,

IIpyu OTTAMBAHUKW MHOI'OJICTHCMCP3JIBIX IIOPOA 1104 COOPYKCHHUAMHU

MPOUCXOJUT OMACHOE TNEpPEHANpPsHKEHUEe KOHCTPYKUMA M Jaxke TMpu  ciaabom

CEHCMUYECKOM BO3JICUCTBUM MOTYT TMPOUCXOJIUTh HeoOpaTuMmble nepopManvud u

JIaXKe pa3pylIeHUE COOPYHKEHHUM.
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3 Bbi0Op NPUHIUNA HCTOJIb30BAHNS TPYHTOB B KaYecTBe OCHOBAHMIA
31aHMI M MHKEHEPHBIX COOPY KeHHUIt

3.1 XapakTepucTHKAa KOMIIPECCOPHOI CTAHIIUA
Y4acToKk pacrojioKeHUsT KOMIIPECCOPHOM CTaHIMM HaXOJUTCS Ha

TEPPUTOPUHU _ obnactu PO.

B cocraB koMnpeccopHOM CTaHIIMA BXOJINT:

1) V3en noakmouenus KC;

2) Kamepa 3amycka u npuema BTV

3) YcraHOBKa OYHCTKH ras3a;

4) I'azonepekaynBaroIIne arperaThl;

5) 3anopHas apMaTypa TeXHOJOTHIECCKUX TPYOOIIPOBOIOB;

6) TexHonoruueckue TpyoonpoBo bl 00Bs3ku KC;

7) YcraHOBKa MOATOTOBKH ITyCKOBOT'O M TOILUTUBHOTO T'a3a;

8) YcTaHOBKa MOATOTOBKH MMITYJIBCHOTO Ta3a,

9) PaznnuHoe BcriomorareabHOe 000PYA0BaHuS;

[IpoexkTrpyeMble OOBEKTHI OTHOCSTCA K KaTETOpPUM  «OMACHBIX
MPOU3BOJICTBEHHBIX 0OBEKTOBY, & TAKIKE XapaKTePU3YIOTCS HATUYUEM CIIOKHBIX
NPUPOJIHBIX YCIOBUM cTpouTenbeTBa (Hammune MMII, HuzkuMu Temnepa-
TypaMH  OKPYXKAlOIIETO  BO3AyXa, MOTEHUHAIbHAA  MOJBEPKEHHOCTh
BO3J/ICMICTBUIO OMNACHBIX MPHUPOJHBIX MPOLECCOB W sABIEHUM). Psaa 3manHuil u
WHXXEHEPHBIX COOPYKEHUU B COCTABE MPOCKTUPYEMBIX IJIOMIAI0K OTHOCSTCS K
YHUKQJIBHBIM U T€XHUYECKU-CIIOKHBIM 00BEKTAM KalUTAIBHOTO CTPOUTEIHCTBA
AKCIUTyaTallsi M CTPOUTEIIBCTBO KOTOPBIX COMPOBOXKIACTCS Pa3IMYHBIMU
HETaTUBHBIMU BO3JCHCTBUSIMU M SIBJICHUSIMU, TaKUMH KaK TETUIOBBIJICIICHUSI,

JTUHAMUYECKHUE HArPy3KH (BaBIUBAOIINE U BBIJCPTUBAOIINE), BUOpAIUH.

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHLIMU B YCJIOBUAX

PacIpoOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB

W3wm. | Jluct Ne mokym. Tlogmuce | Jlata
Pazpab. K;mepcmn.l(;;; Bui6 Op pHHIMIIA Jlurt. Jluct JluctoB
PyKkoson. yxapesa 7. UCIIOJIb30BaHUS TPYHTOB B | | 66 150
KOHCYIIBT. Ka4ecTBE OCHOBAHMI Otzienenne Tpancnopta u
Pyx.OOI1 |Bypkos IL.B. \ XpaHeHHsa HepTH 1 rasa
- HNHXXCHCPHBIX COO CHUU
p Py I'pynma 2BM6A




K OCHOBHBIM MOTEHIIMATHLHO OMACHBIM HH)KCHEPHO-TEOJOTUICCKUM H
IPUPOJIHEIM TIpOIlECCaM M SIBJICHHSIM, XapaKTEPHBIM I paccMaTpHUBaeMOTO
paiioHa, MOXXHO OTHECTH CJIEIYIOIINE MTPOLIECCHI:

+  MEP3JIOTHO:MPOBAIBHBIC (TEPMOKAPCTOBKIC);

- 3a0o/layMBaHWE TEPPUTOPUU © TMOATOIUICHWE (B TOM YHCIE
TEXHOT'€HHOE);

+ MHOTOJIETHEE MOPO3HOE IyUYCHHE;

+ BBIBETPUBAHHE (B TOM YHCIIE U KPUOTESHHOE).

OHu XapaKTepu3yITCs KaK PeryJsipHbIM (TEPMOKAPCTOBBIE SIBJICHUSIMU,
TEpMO3p0o3us, 3a00JIauMBaHNE), TAK U BPEMEHHBIM XapaKTEpPOM BO3JECHCTBUS

(MOpO3HOE My4YeHUe, MOATOIIICHUE, 3eMJICTPSICEHHUS, yparaHsbl U T.I1.).

3.2 IIpoekTHBbIE pelieHus M0 TeMIIePaTyPHO cTa0MIU3alMU TPYHTOB
OCHOBAHMH
TexHUYeCKHe pemieHusT 10 YCTPOMCTBY OCHOBAHWM, OMNOPHBIX W

(GyHIAMEHTHBIX KOHCTPYKLMI JOJIKHBI 00ecreunBaTh TpeOyeMyo MPOYHOCT,
HKCIUTYaTal[MOHHYIO MPUTOJAHOCTh M MEXaHUYECKYI0 O€30MacCHOCTh B IPOLECCEe
CTPOUTENICTBA M JKCIUIYyaTallUM MPOEKTUPYEMBIX 3JaHUA W HHKEHEPHBIX
COOPY)KEHUW, a TaKKe MaKCUMaJIbHOE HCIOIb30BaHUE Je(POopMalOHHO-
IIPOYHOCTHBIX CBOMCTB MaTEPUAIOB U TPYHTOB OCHOBAHMS.

BbiOop TEXHMUECKMX PEIICHH OCYIIECTBIAETCS Ha OCHOBAHHUH
KOMIUIEKCHOI'O aHAJIM3a CIEAYIOIIUX JaHHBIX:

® IPUPOAHO-KIMMATHYECKUX 17} MHKEHEPHO-TEOKPHUOJIOTHYECKUX
YCIIOBUH paliOHA CTPOUTENBCTBA, PEACTABICHHBIX B MaTepuanax UI'U;

e [puHLMNA Ucnob30BaHusg MMI™ ocHoBanus,

® BO3MOXKHOCTM  HM3MEHEHHMs  Je(OpPMAIMOHHO-TIPOYHOCTHBIX U
TeMI0(PU3NUECKIX CBOMCTB IPYHTOB OCHOBAHHIA,

® BapMAHTHON TNPOPAOOTKM C YYETOM TEXHHKO-DKOHOMHUYECKUX

IIOKa3aTeser, MO3BOJIIIOIEN CBECTH K MUHUMYMY KOJIMYECTBO IOTPYKAEMBIX

Br160p npuHIMna Ucmnoib30BaHus TPYHTOB B KaUeCTBE
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CBal;

e criocoba W TEXHOJOTMYECKUX  OCOOCHHOCTEW  IMPOU3BOJCTBA
CTPOUTEIHHO-MOHTAXHBIX PadOT;

® [IPOECKTOM MPOU3BOJICTBA PAOOT.

Mexanudeckass ©Oe3omacHocTh ['TC  «WMH)XEHEpPHOE COOpYXEHUE -
IPYHTOBOE OCHOBAHUE - OKpY>Karolias cpeia» 00ecreuynBaeTcs MoCcpeiCTBOM:

® CO3JIaHUS HA TAre CTPOUTEIHCTBA U MOJACP)KaHUEM B TEUCHUE BCETO
nepuoia AKCIUTyaTallid TPOCKTHOTO TEeMIEPaTypPHO-MPOYHOCTHOTO PEKUMA
I'PYHTOB OCHOBaHMI;

e nojgdoopa  TpeOyeMmbIX  TEOMETPUUECKUX  H MPOYHOCTHBIX
XapaKTEPUCTHK (YHAAMEHTHBIX KOHCTPYKITHIA;

® MUHHUMH3AIMEH WIW TOJTHBIM HCKIIOYECHUEM TMPOSBICHUN W BIIHASHUS
OITACHBIX MPUPOIHBIX MPOIECCOB U SIBJICHUS, @ TAK)KE HEraTUBHBIX OTETUISIFOITUX
TEXHOTEHHBIX TPUPOIHBIX OOBEKTOB HA CTPOUTEIBHBIC SJIEMEHTHI 3[IaHUS H
WHXCHEPHBIX COOPYKCHUH M WX OTACIBHBIX YacTeil (B TOM YHCIIE TPYHTOBBIC
OCHOBAaHMsI, ONTOPHbIE U (yHTAMEHTHBIE KOHCTPYKITUH).

3.3 IlpuHIMN HCIOJIL30BAHUS TPYHTOB OCHOBAHMIi

B uensx obecnedeHuss TpeOyeMOro YpOBHSI HAJEKHOCTU TPYHTOBBIX
OCHOBaHUWI, OMOPHBIX M (YHIAMEHTHBIX KOHCTPYKIMA ¢ WHXKEHEPHBIX
COOPY)KEHM B COCTaBe OOBEKTa KOMIIPECCOpHAas CTaHLUUS COIJIACHO
TpedoBanusim 1m.6.1.2 u 11.6.1.3 CII 25.13330.2012 Obuta npoBeieHa TUMTH3AIUS
IPOEKTUPYEMBIX OOBEKTOB MO MPUHLMUITY HCIIOJIb30BAHUS T'PYHTOB B KaueCTBE
ocHOBaHM. Ha OCHOBaHMM THUNHM3alUMK ONPENENECHO: TPYHThl OCHOBAHUS
MPOCKTUPYEMON  IJIOIIAJKK  LEJIeCO00pa3HO HCIOJIb30BaTh B  KAauecTBE
OCHOBaHUI Kak Mo | mpuHUUIY - TPYHTBI HaXOJATCS B MEP3JIOM COCTOSIHUU B

TECUCHUC BCCTO IICPHUOAa SKCILIyaTalluH.
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JIaHHBIM TPUHLUIT MCIOJIB30BAHUS TPYHTOB B KAayeCTBE OCHOBAaHHUU
IPUHAT HA OCHOBAHUU CIEAYIOIUX (PAKTOPOB:

® ECTECTBEHHOIO TEMIIEPATYPHO-IIPOYHOCTHOIO COCTOSIHUS TPYHTOB
OCHOBaHUI Ha IJIOHIAJIKaX PAacCMaTPUBAEMBIX OOBEKTOB, XapaKTEPU3YIOLIUXCS
pPacCIpOCTPAHEHUEM IUIIACTUYHOMEP3IBIX, TBepaomepsnbix MMII u  tanbix
I'PYHTOB;

® JAHHBIX O TEIJIOBOM peXHUME pabOThl U XapaKTepe HEraTUBHBIX
OTEIUISIONIMX BO3JICUCTBUAX, OKa3biBaeMbIXx Ha MMII ocHOBaHMi 31aHUSIMHU U
UH)XCHEPHBIMU COOpPY)KEHHUSMH (B TOM 4YHCIIe JIMHEHHOW 4YacTu), Ha
paccMaTpUBAEMBIX 3TaNax X )KU3HEHHBIX [IUKIIOB;

® MPUHATBIX  TEXHUYECKMX  PENIEHMA B  4YacTU  YCTPOMCTBA
(GyHIaMEHTHBIX KOHCTPYKLIMH W TPYHTOB OCHOBaHHMI Ha paccMaTpUBAEMBbIX
00BEKTaX MPOECKTUPOBAHHUS;

® BO3MOXXHOCTH PE3KOro YXyIIIeHHe aehopMallOHHO-IPOYHOCTHBIX
ceorictB MMII nipu oTTanBaHuu U 3aMa4yvBaHUY;

® BO3MOXXKHOCTb  KAUeCTBEHHOIO  M3MEHEHus  Je(OopMalruOHHO-
IIPOYHOCTHBIX CBOWCTB T'PYHTOB B PE3YJIbTAaTE NMPUMEHEHUS MEPONPUITUH I10
TCI', 94TO0 0COOEHHO Ba)XHO B BUAY HAJIMYHUS HAa MPOCKTHUPYEMbBIX ILIOMIAIKAX
OMOreHHBIX, 3aCOJEHHBIX U CHJIbHOJBAUCTBIX T'PYHTOB, XapaKTEPU3YIOIIMXCS
OOJBIION CKMUMAEMOCTBIO M TMOSBJIEHUEM IUIACTHYECKUX JAepopMaluii B
LIMPOKOM JIMANa30HE TeMIlepaTyp, HU3KMMH IIPOYHOCTHBIMM CBOWCTBAMM
(CONpOTHBIEHHE MEP3JIbIX TPYHTOB U TPYHTOBBIX pPAaCTBOPOB CHABUTY IO
IIOBEPXHOCTU CMEp3aHMUs) U CHIIBHO BBIPAXXEHHBIMM BSI3KMMH CBOWCTBaMH,
CHOCOOHBIX Pa3BUBATh 3HAYUTENbHbIE Ne(OpMalliu MOI3y4ECTH;

® HAJIUYHUS 3HAYUTEIHLHOM MPOJOJKUTEILHOCTU Neproaa Bpemenu (7-8
MECALIEB) C OTPUUATENBHBIMA TEMIIEpATypaMu BO3[yXa, HE MPEBBIMIAOIINMHU

temneparypbl MMI' Ha riryOuHe HyNIEBbIX aMIUIUTYA (l-l M);

Hswm.

Juct

Ne nokym.

TToamuce

JlaTa

Be100p npuHIMIa NCIIONIB30BaHUS TPYHTOB B KaUueCTBE
OCHOBAHUU UHKEHEPHBIX COOPYKEHUU

JIuct




® [IOTEHLHAIbHON BO3MO>XHOCTH BO3HUKHOBEHHUSI U Pa3BUTHS OMACHBIX
TFEOKPHOJOTMYECKHX MPOIECCOB W SBJICHHN (CE30HHOE MOPO3HOE Iy4YECHHE,
OOBOJIHEHUE, TEPMOKAPCT, HSpO3Usd Tejla HACBIIKM M T.1I.), SBISIOMIUXCS
CJIEJICTBUEM SK30TE€HHOTO/TE€XHOTEHHOTO BO3JCHCTBHS (B YaCTHOCTH U3MEHEHUE
penbeda MECTHOCTH);

® OTCYTCTBHE HWHXEHEPHBIX COOPYKEHUH CO 3HAYUTEIBHBIM IPSMBIM
TEIJIOBBIM Bo3jelcTBUeM Ha MMII;

® pe3yJbTaThl TEIUIOTEXHUYECKOTO MOJIEIMPOBaHUs, B TOM uucie TYP
o TCT;

® pe3yJbTaThl nehopMaIMOHHO-TTPOYHOCTHBIX pacyeToB
(yHIAMEHTHBIX KOHCTPYKLIMI U TPYHTOBBIX OCHOBaHUM.

[Tpumenenue TYP no TCI' mHanpaBiaeHHO Ha:

® CO3[]aHUE B IPYHTAaX OCHOBaHHUA TPeOyeMOro pacyeTHOrO TEIJIOBOIO
pexuMa myreM oxynaxiaeHus MMIT  cormacHO DOPUHATBIM B MPOEKTE
HOPMAJIbHBIM ~ YCJOBHMSIM  3KCIUTyaTauMu (B~ YacTHOCTHM  IEPEBOA
IUIACTUYHOMEP3JIBIX TPYHTOB B TBEPAOMEP3JIOE COCTOSHHME) C IOCIETYHOLIUM
MOAJACPKAHUEM €TI0 B TEUEHUE BCETO NEPUOA IKCIUTyaTalluu;

® CHIDKCHME OTeIIsfmomero Bo3uaeiictBus Ha MMIT  ocHoBaHus,
BBI3BAHHOTO TEXHOJOTMYECKUMH OCOOEHHOCTSMHU MPOU3BOACTBA CTPOUTEIIBHO-
MOHT@)XHBIX pabOT (HampuMep, 3aloJIHEHWE BHYTPEHHEH MOJOCTH CBau
OCTOHOM WJIM  LIEMEHTHO-NIECYaHbIM pacTBOPOM, OypeHHEe CKBa)XKHMHBI,
HK30TEPMHUUYECKHUE PpEaKIMM TMpU TBEpPAECHUH OeToHa U T.1.), TEIUIOBBIM
BO3/ICMICTBUEM OTAILUIMBAEMBIX MHKEHEPHBIX COOPYKEHUH C YCTPOKWCTBOM ITOJIOB
B YPOBHE IIAHUPOBOYHOM OTMETKHM B MPOLIECCE IKCIUTYaTallUH, MOBBIIIEHHBIM
TEXHOT€HHBIM CHETOHAKOIUICHHUEM B MPENENIaX HWHKEHEPHBIX COOPYXKEHHM, a

TaKoKC BO3MOXHBIM U3MCHCHHUCM KJIMMAarTa (FJ'IO62UIBHO€ HOTCHHCHI/IC);

Hswm.

Juct

Ne nokym.

TToamuce

Jlata

Be100p npuHIMIa NCIIONIB30BaHUS TPYHTOB B KaUueCTBE
OCHOBAHUU UHKEHEPHBIX COOPYKEHUU

JIuct




® COKpalleHHEe CPOKOB MPOM3BOJICTBA CTPOUTEIHLHO-MOHTAXKHBIX PadbOT
(cokpaieHue mepruoaa MEXIy yCTPONCTBOM (DyHIaMEHTHBIX KOHCTPYKIIHMH W
nepeaayei Ha HEro pacueTHOM Harpy3KH);

® UCKIIIOYEHHE BO3HUKHOBEHMSI OIMACHBIX I'€0JIOTMYECKUX MPOIIECCOB (B

TOM YHCJIE CE30HHOTO MOPO3HOTO ITy4eHUSI).

JIuct
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4 PacyeT NPOrHO3HOT0 UMUTAIMOHHOIO0 MOIEJTUPOBAHNS U3MEHEHUSI
TEMJIOBOI0 Pe;KUMA I'PYHTOB OCHOBAHMII HH/KEHEPHBIX COOPYKEHUH

OOBEKT HUCCIIEeNOBaHUS: KOMIIPECCOpPHAsT CTaHIUSA, PACIOJIOKEHHAs Ha
y4acTKe pacnpoCTpaHEHUsi MHOTOJIETHEMEP3IbIX TPYHTOB. Pacuer mpoBoauiics
C TIOMOIIBIO MporpaMMHOTo KoMmiuiekca 3D Frost.

YepenoBaHrue CE30HOB MPOMEP3aHUS W OTTAMBAHUS NIEATCIBLHOTO CJIOS
COMPOBOXK/IAECTCS CYIIECTBEHHbIM HW3MEHEHHUEM B CTPYKTYpEe U CBOMCTBax
rpyHTa. Jlns ydera 9TMX wW3MEHEHUH TpeOyeTcss pacCMOTPEHHE IIEJI0TO
MHOKECTBA TPOIECCOB, TAKUX KaK:

® TEPMOKACT;

® MOPO3HOE Iy4YCHHUE,;

® MOpPO03000iHBIC TPEIIHHBI;

® Hajeau,;

® MHUTpAIs BJIard | Jp.

OTU Tpollecchl UMEIOT B CBOEH OCHOBE KaK YHCTO TEIUIOBBIC, TaK U
rugpoTexHuyeckue 3G HeKTol.

Takum 006pa3oM, U3BMEHEHHE TeMITepaTyphbl MPUBOAUT C OJTHON CTOPOHBI
K Tepepaclpeie]iCHHI0 BJIaru B TOpax, a C JAPYrod CTOPOHBI MPHUBOAUT K
W3MCHEHHUIO CBOMCTB CaMUX MPHUPOIHBIX YACTHII, COCTABJISIOMINX ITH MOpPHL. B
CBOIO OY€pe/b, HAIMYKE BJIAr B MIOpax MPUBOIUT K HEOOXOAMMOCTH YUYUTHIBATD
KOHBEKTHUBHYIO TEIUIONEpeaady, a TakKe OKa3aHHOE IaBJICHHUE Ha TBEPIbIC
YacTHUIIbl TPyHTa. A TaKke, U3MEHEHHWE COCTOSHMHA TBEPJbIX YaCTHI] TPYHTa
MPUBOJINUT KaK K M3MEHEHMIO TEIJIOCOJEP>KaHUs, TaK U K TepepacnpeiesICHUI0

BJIard BHYTPH I'PYHTA.

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHLIMU B YCJIOBUAX

PacIpOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB

W3wm. | Jluct Ne mokym. Tlogmuce | Jlata

Pa3pad. Kunsepexnit. F0.10 Pacuer NpOrHO3HOro Jlur. Jluct Jluctos

PyxoBog. Uyxapesa H.B MMHATALUOHHOTO MOJEIIMPOBAHHUS | I 72 150

KoHCyibT. U3MEHEHUS TEIUIOBOTO PEKUMA OtxeseHue TpancmopTa u

Pyk. OOIT | bypxos IL.B. ITPYHTOB OCHOBaHUI MHXEHEPHBIX XpaHCHHS HE(TH M rasa
COOpPYKEHUI I'pynna 2BM6A




pacCMaTpuBaTb CUCTCMY H3:

HUcxonst wu3 »3TOTO,

J1 IIOJIHOTO  pCHICHUA  3aaad HCO6XOI[I/IMO

® YpaBHCHUS TCIJIOIPOBOAHOCTH,

e ypasHeHus Jlapcu;

® ypaBHEHMS yIPYrOCTH;

¢ YPAaBHCHHUC TCPMOAMHAMHUYICCKOI'O ITOTCHIMAJIA.

OI[HaKO, TOT q)aKT, 4qTO TEMIICpaTypa ABJICTCA HanOosee aKTUBHO

N3MCHAIOIIUMCS ITapaMCTPOM BO BpPEMS CC30HOB IMPOMCEP3aHUA U OTTAaWMBAHMA,

4TO BBIACILICT €€ CpCAHU BCCX JPYIHX IIapaMCTPOB, KOTOPBIC HU3MCHAIOTCSA

MCAJICHHCC U HAMHOI'O MCHBIITUM JHAaIla30HOM.

A, CJICOOBATCIbHO, HAMH PACCMATPUBACTCA, IIPCKAC BCCTO, YPABHCHUA

TCILIOIIPOBOJHOCTHU U KOHBEKTHUBHOM TCILIOIICPpCaa4H.

Cpemn cnenuguyeckux OCOOEHHOCTEH Terulonepenayn B TPYHTE,

H€O6XOIIHMO BBIACIIUTD, IIPCIKIC BCCTO:

1. 'eTeporeHHOCTh U TUCTIEPCHAS CTPYKTYpa TPYHTAa;

2. CkpbITas TerioTa (pa3oBOro nepexonaa;

3. Hanuuwme Biaru B mopax;

4. BO3HUKHOBEHHE Kpasi IPOMEP3aHHs;

5. [lepuoanueckne W3MEHEHUS TEMIIEPATypbl W TEIJIOBBIX TOTOKOB

ITIOBEPXHOCTH I'PYHTA.

Hswm.

Juct

Ne nokym.

TToamuce

Jlata

JIuct
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4.1 MaTemaTu4ecKkasi IOCTAHOBKA 3a1a4M U METO/IbI pelIeHusl

4.1.1 YpaBHeHMe TEIIONPOBOJAHOCTH C TPAHUYHBIMHU YCJIOBUSIMH

oT 1
Ce (T)E—V(A(T)VT)+CWUVT =Q, @
N(A(T)VT)=h(T, —T)+eo (T, -T*)+q, (2)

I'ne:
T - remneparypa,;
t — BpeMmd,
A(T) - 3aBHCUMOCTD TEIJIONPOBOJHOCTH OT TEMITEPATYPBI;
C,, — 00beMHas TEIJI0EMKOCTh BOJIbL;
U - CKOPOCTh (PUIIbTPALINH;
Q - ICTOYHUKH U CTOKH TEILIA;
h - ko3¢ dunmeHT TerI000MeHa,
T - TEMIIEpPATYpa BHEIIHEH CPEIIBL;
T mp - TEMIIEPATYpa UCTOYHUKA TEIJIOBOTO U3ITYYCHUS;
£ - CTEINEeHb YEPHOTHI NOBEPXHOCTH IPYHTA;
o - nocrosinHas Credana — bonbpiiMana,
q - TETUIOBOM MOTOK, HAPUMEP, C UCHAPUTENS OXJIAXKIAOIIIETO
YCTPOMCTBA.

Pemass paHHOe ypaBHEHHME B TPEXMEPHOM TIOJIHOM IMOCTAaHOBKE
YUCJIEHHBIMA METOIAMHM IMOJIY4YaeM paclpeiesieHre TeMiepaTtyp. Pemaercs oHo
B TpPEeXMEpPHOW pacyeTHOW o00jacTH, M KOTOpPOM ObUIM  3aJaHBI
Ter1o(hU3nYeCKue CBOWMCTBA, KOTOPHIE BO MHOTOM OIPEACIISIOTCS IMPOILIECCHI
pacnpocTpaHeHus Tersa B 3TOH 00J1acTu.

HaunbGonee BaxxHbIe TEMIoPpU3NUECKHE CBOMCTBA, KOTOPHIE OMPEICISIOT
MIPOIIECC PACIPOCTPAHEHUS TEILIA!

1) TerioeMKOCTh TPYHTa — KOJMYECTBO TEIJia, HEOOXOAUMOE IS

NOBBILIEHUS €r0 TEMIIEpaTyphl Ha 1°.

JIuct
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JIns XapakTEpUCTUKU MEP3JIbIX TPYHTOB YaCTO MOJIB3YKOTCS MHOHSATHEM HX

>hPexTUBHON TEMIOEMKOCTH Cppr , YYMTHIBAIOMIEH TEIIOBBIAEHEHHS (Ha30BBIX

npespaiieHui Bojbl. Bennunna Copp 3aBUCHT OT TEMIEpaTypbl — BOIM3U 0° OHA BO

MHOTO pa3 OoJbllle MCTUHHOM M C TOHIKEHUEM TEeMIIepaTyphl YMEHbBIIAETCS IO

BEJIMUYMHBI HCTUHHON TEMJIOEMKOCTH MCP3JIOTO TpPYHTA. HpI/I BCCX H3MCHCHMHIAX

TeMIlepaTypbl OOLIMI TETUIOBOM mpolecc omnpenensercs d3QPEeKTUBHBIM 3HAUEHUEM

TCIIJTIOCEMKOCTH.

TennoemkocTs, MK/ { M3 K)

400

300 +

200 +

100

J

268

T
270

' 1 1
272 274 276 278
TemnepaTypa, K

Pucynox 4.1

3aBUCHUMOCTB TEMJIOEMKOCTH OT TEMIIEPATYPbI

1) TernonpoBOJHOCTh TPYHTA - CIIOCOOHOCTH TIOYB MPOBOIUTH TEILIO

oT

HarpCThIX CJIOCB K Oosee XO0JOAHBIM, 3daBHUCHUT OT TCILIOIIPOBOJHOCTHU HX

COCTaBHBIX YaCTEM.

Kosddumment TtemnmonpoBOgHOCTH, YHCICHHO pPAaBHBIM BEJIWYHHE

YAEIBHOTO TEIUIOBOT'O MOTOKA B TPYHTE MPU €AVMHUYHOM IPAAUEHTE TEMIIEPATYP

OIpenesnsieT TEMIONPOBOIHOCTb IPYHTA. B rpyHTe Teruionepeaaya nporekaer 3a

CUCT IICPCHOCA BJIaru U, r’jlaBHbIM 06pa30M, KOHﬂYKTHBHOﬁ TCILIOIIPOBOJAHOCTH.

[TosToMy mOpW pacCMOTPEHHHM TEIUIOBBIX IPOLECCOB B TPYHTE NOA

KOA(DPUIIMEHTOM TEIJIONPOBOAHOCTH TOHUMAETCS HeKkoTopas 3¢ deKTuBHaS

Hswm.

Juct Ne nokym.

TToamuce

Jlata

Pacyet nporHo3HOro KMUTAIMOHHOTO MOJIETUPOBAHUS
W3MEHEHHUS TEIUIOBOTO peXruMa IPYHTOB OCHOBAHHM

JIuct




BCIMYHHA, YUUThIBarOmas JYYHUCTYIO u KOHBCKTHBHYIO

COCTaBJIAIOIINEC TCIJIOIIPOBOJIHOCTH.
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Temnepartypa, K

Pucynox 4.2
3aBUCUMOCTH TETUIONIPOBOTHOCTH OT TEMIIEPATYPHI
Haunbonee mmpokoe pacrnpocTpaHeHue Jisi BRIYUCICHUS 3((HEKTUBHOM
TEIMJIOEMKOCTH ¥ TETIOMPOBOAHOCTHU MOJYYWIH YPaBHEHUS BUJIA:
Cer (T)=C, +(C, —CTth)W(T)—HSpiceLw’ ©
(T)
MT) = Aen + (A5 — A )W(T), (4)
I'ne:
Ath ¥ A - TETUIONIPOBOAHOCTD TAJIOIO M MEP3JIOTO TPYHTA
COOTBETCTBEHHO;

0, - 06BeMHOE BIArOCOACP/KAHNE TPYHTA;

w(T) - 3aBUCUMOCTD JIBAUCTOCTH OT TEMIIEPATYPhI, KOTOpas

OIINCBIBACTCA CJ'ICI[YIOIJ_[Cﬁ 3aBUCUMOCTBIO:

JIuct
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1 (5)

I'ne:

Ty, - TeMIepaTypa (ha3oBOro nepexoja Boaa-yex,

A - sMnupudeckuil KoahPUIIMEHT, KOTOPBINA onpeieseT
KPYTHU3HY U3MEHEHUS JIbIUCTOCTH OT TEMIIEPATyPHI B
OKPECTHOCTH (Pa3oBOro mnepexosa.

VYpaBHeHHE TEIIONPOBOIHOCTH C TPAHUYHBIMU YCIOBUSIMH PEIIACTCS
JUTsL TPEXMEpPHOUM 007acTH, KOTOpash aHAJIM3UPYETCs MpHU MPOEKTUPOBAHUU
oobekTa. JlamHas oOmacTh, Kak MpaBUJIO, BKJIIOYAeT B ceOs TI€oJIoro-
JIUTOJIOTUYECKUE CJIOW TPYHTA, MPOEKTHUPYEMble OCHOBAaHHUS U (PYyHIAMEHTHI,
TEIUIOM30JIAILIMOHHBIE CJIOW, YCTPOMCTBA ISl OXJIAXIEHUSI TPYHTA U JAPyTrUe
AJIEMEHTHI.
4.1.2 I'paHu4HbIE YCIOBUS

CNOU B reonorv4eckom necyaHasl Hacbinb
paspese

oxnaxaaloLime ycTponcTea,
YCTaHOBIIEHHbIE MOoA YrNoM

oxnaxgattuue
ycTpoicTea

Pucynox 4.3

OO0iacThb MOJCIINPOBAHUA YyHaCTKaA JJII HCKYCCTBCHHOI'O 3aMOPAKUBAHUA

rpyHTa

JIuct
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I'V 3apmaroTcs Ha Kaxjaoil rpaHuile OOJIACTU MCCIICIOBaHUM, a TaKXKe
MOTYT OBITh TPUCBOCHBI BHYTPEHHUM OJIOKaM Ha BCE BpeMs pacyeTa
TEMIIEPATYPHOTO PEKUMA.

KonunuecTBo, M1aHHBIE M MONOKEHUE KOHKPETHBIX ['Y omnpenenstorcs B
3aBUCHUMOCTH OT TOCTaHOBKHM 3aJlad C YYETOM €CTECTBEHHBIX YCIOBUM
TEIUI000MEHA Ha MOBEPXHOCTU 3€MJIM, OTKOPPEKTUPOBAHHBIX MO pe3yJbTaTam
uX aJanTaiuy, a TakkKe TeII000MEHa Ha Y4acTKax pa3MEIleHUs] MHKEHEPHbIX
COOPYKEHUN U NMPUIETAIOIIUX TEPPUTOPUSIX, OMPEAEIEHHOTO HA OCHOBAHUH UX
KOHCTPYKTUBHBIX U TEXHOJOTUYECKUX OCOOCHHOCTEI.

Pazmuuaror cinenyromme ['Y:

- I pona - ompenenstoTcss BEIMYMHOW TEMIIEpaTyphl Ha MOBEPXHOCTHU
TPaHUIlbl C TPYHTOBBIM MaCCUBOM:

n(A(T)VT) = Text (t); (6)

- Il poma - xapakTepu3yrTCS BEJIMYMHOW TEIUIOBOIO IMOTOKA YEpe3

MTOBEPXHOCTh I'PAHUIBI:

n(A(THVT) = q = 0; (7)

I pona - TermooOMeH Yepe3 TpaHully 00JIaCTH UCCIIEIOBAHUS OTPEEISETCS

TEMIIEpaTypoll OKpYKaromie cpenbl U KodPGUIIUEHTOM O0IIero TerniIooOMeHa, T.e.

IIPOUCXOINUT IO 3aKOHY HbIoTOHA:

I'ne:

Q = U(Un - tB)!

Q —KOJIMYECTBO MPUXOIAIIETO K HOBEPXHOCTH I'PYHTA WIIM YXOISILETO C

HeEro Temia, KJK;

o — K03((QUIMEHT TEIIOOTAaYH C TIOBEPXHOCTH TPYHTA, Bt/ (M* * °C);

U, — TeMIlepaTypa MOBEPXHOCTHU TpyHTa, °C

(8)

Hswm.

Juct

Ne nokym.

TToamuce

Jlata

Pacyet nporHo3HOro KMUTAIMOHHOTO MOJIETUPOBAHUS
W3MEHEHHUS TEIUIOBOTO peXruMa IPYHTOB OCHOBAHHM
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tp — TEMIIEpATypa OKpYyKarolen cpepl, °C

I'Y wusmensioTcss ¢ mepuogoM TOBTOpeHust, Tpe, , Ha3HaAYaeMbIM B
MCXOHBIX JaHHBIX pacuyera. s paccmarpuBaeMbix Mouened Tp., HpuHAT
paBHbIM 10 ronam. Ilepuon cuera pazout Ha unTepBansl. Ecinu nepuos pasen 10
roJiaM, TO YMCJIO UHTEPBAJIOB NpuHUMaeM paBHbIM 120 (120 mecsues).

3a BEpXHIOI TIpaHully o0O0JacT MOJENMPOBAHMs, KakK IpaBHIIO,
NPUHUMAIOT TOBEPXHOCTh 3€MJIM, a HWXKHIOK TpaHUIly pacHojiararoT Ha
JIOCTaTOYHO OOJIBLION TIIyOMHE, YTOOBl MHUHUMHU3HUPOBATh €€ BIUSHUE Ha
TEIUIOBBIE MPOLIECCH] B UHTEPECYIOLIEH MPOEKTUPOBIIMKA 00JIaCTH.

Ha BepxHeil rpanuile o0JacTd MOJICIUPOBAHUS 3aJal0TCS YCIOBUS
TEII000MEHa ¢ OKPYXalolleil cpesioi, KOTOphIE ONPEAEISIOTCS TEMIEpaTypoi
BO3yxXxa U KOdpPuIMeHToM TemoooMeHna. Ilpu Hamuuuu HCTOYHHMKOB
TEIJIOBOTO H3JIy4YeHHs, Hampumep, Qakena CKATaHUs TOMYTHOTIO Tasa,
JOTIOJIHUTENBHO 3a7acTCsl TeMIIepaTypa HCTOYHMKA H3JIy4eHUS U CTEIICHb
YEpPHOThl TMOBEPXHOCTH TPYHTa. YUYeT BIHAHHS CHErOBOIO IIOKpOBa Ha
TEII000MEH MOBEPXHOCTH IPYHTA OCYLIECTBIISIETCS MIyTEM 3aJlaHUsl U3MEHEHUS

BO BPpCMCHH TOJINIMHBI CHCKHOI'O ITIOKpPOBA U €Iro TCILIOIIPOBOJHOCTH.

Ha nmxHel rpanuiie 001acTu MOJEIMPOBaHUS 3aa€TCs TeMIlepaTypa rpyHTa

COTJIACHO TEPMOMETPUYECKUM JaHHBIM. Ha OOKOBOH TOBEPXHOCTH 00JaCTH

MOJEIUPOBAHUs, KakK NPaBUJIO, 3a1aeTCs HYJIEBOM TeEIIoBOM MNOTOK. [Ipu sTOoM

OOKOBBIE T'paHULBI

o0JlacTh  MOJEIUPOBAHUS  JOJIKHBI

OBITh  PACIIOJIOKEHBI

AOCTATOYHO AAJICKO OT MHTCPCCYIOIICTO ITPOCKTHPOBIINMKA YdaCTKa, YTOOBI OHHU HE

OKa3bIBaJIM BJIMAHUEC HA PACUCT TCIJIOBLIX IIPOLECCOB.

Hswm.

Juct

Ne nokym.

TToamuce

JlaTa

Pacyet nporHo3HOro KMUTAIMOHHOTO MOJIETUPOBAHUS
W3MEHEHHUS TEIUIOBOTO peXruMa IPYHTOB OCHOBAHHM
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CrpouresbHblii 00beKT

I'Y 3 pona:
T=276 K
o = 10 Br/(M*M*K)

— I'Y 2 pona:

q=0

I'V 2 pona:
q=0 A
I'Y 1 pona:
T=260K
Pucynok 4.4

3ajaHue rpaHUYHbIX YCIOBHUM Ha 00J1aCTH MOJICIMPOBAHUS MTPU MPOTHO3UPOBAHUU
TEIJIOBOTO PEKUMa TPYHTOB
413 Tenjaodusuveckue cBoiicTBa
Ha ocnHoBanuu 2 pasznena, oOBEKTY HCCIENOBaHUS OBLIM 3aJaHbl

Ter1o(hU3nYecKrue CBOMCTBA TAaKUE KaK:

e KoapduimeHnt TemmonpoBOJHOCTH TpyHTA B TalOM M MEp3JIOM

cocTosiHusX (Tabnuua 4);

e OObeMHas TEIIOEMKOCTh I'PYHTa B TaJlOM U MEP3JIOM COCTOSIHUSAX
(Tabnuma 4);
e CpeaHemecsuHas TemIiepaTypa Bo3ayxa (Tadauna 2);
e Cpemnsisi 1eKaHas BbICOTA CHEXHOTO MOKpoBa (Tadnuia 3);
Kosdpdumment rtemmooOMeHa Mexay aTtMochepHbIM BO3AYXOM U
MOBEPXHOCTBIO OMPEIEIISIICS MO CIETYIOMNUM (popMynam:
npuV <4 m/c
a=24xV 4+ 2,33;
npuV >4 m/c
a=37xV+1,16

JIuct
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Cnenyer OTMETHTH, 4YTO O0O0JIACTb MOJEIUPOBAHUS COCTOUT W3
HEOJTHOPOJIHBIX CJIOE€B TPYHTA, C Pa3IMYHBIMU TETUIO(DU3UNIECKUMU CBOHCTBAMH
— TEIIOEMKOCTBIO, TEMJIONPOBOIHOCTHIO, IFIOTHOCTBIO U BJIArocoAepkaHueM. B
CBSI3M C OTAM JUIsi KOMIIBIOTEPHOTO MOJICJIUPOBAHUS HUCKYCCTBEHHOIO
3aMOpaXMBaHUs TPYHTOB HEOOXOAMMO TOCTPOCHHE TpPEXMEPHOU ob0yactTu
MOJEIUPOBAHUsA, B KOTOPON YUYTEHO PEaJbHOE PACHpPENECICHUE CIIOEB TPYHTA C
Pa3TUYHBIMA TETIIOPU3UIESCKUMH CBOMCTBAMU.

ITocKoJIBKY JUIsl pELIEHHs] YPAaBHEHUS TEIUIONPOBOAHOCTH B TPEXMEPHOU
MIOCTAHOBKE HEOOXOJMMO HCIOJL30BaTh YHWCICHHBIE METOMABI, 00JacTh
MOJICIIMPOBAHUs JTUCKPETU3UPYETCSA PACUCTHOM CeTKOM. I MoxenupoBaHUs
TEIJIOBBIX MPOIECCOB B TPYHTaX JIsl OOJIBIIMX MPOCTPAHCTBEHHBIX MACIITA0O0B
ONTUMAJIBHO MCITOJIb30BATh T'EKCAAPUUYECKYIO PACUETHYIO CETKY. B pesymnbrare
JUCKPETU3AINY 33JJaHHBIC TOJB30BaTENIEM TEIII0O(PU3UYECKUE CBOMCTBA TPYHTOB
Y TPAHWUYHBIE YCIIOBUSI MEPEHOCATCA HA COOTBETCTBYIOIIUE JIEMEHTHI U TPAHU
AJIEMEHTOB PACUETHOMN CETKHU.

B pesynbrare YMCIEHHOTO PEUIEHUS YPAaBHEHHUS TEIUIONPOBOIHOCTU
MOJIYy4YaeTCsl TPEXMEPHOE paCIpelesIeHne TeMIepaTyp B MOAEIUPYEMOU
o0NacTu Il pa3IMYHBIX MOMEHTOB BpeMeHHU. [lomydeHHoe TerioBoe IoJie
WCIOJIB3YETCSl JUISI aHalii3a TEIUIOBBIX PEXHUMOB T'PYHTOB M U3MEHEHUs HX
MEXAHUYECKUX CBOMCTB. Ha OCHOBaHMM aHalN3a MPUHUMAETCA PEIIEHUE IO

o0ecIeueHu 0 HEeCYIIe ClTOCOOHOCTH TPYHTOB.

4.2 Pe3yabTrarbl HMMTALIMOHHOTO MOJCJIHUPOBAHHUSA W3MEHEHMS
TEIJIOBOI'0 PEKUMA 'PYHTOB OCHOBAHUI MH/KEHEPHOI'0 COOPYKEHUSA

Pesynprarel  TEIIIOTEXHUYECKOTO  MMMUTALMOHHOTO  IPOTHO3HOIO
MOJIEIIUPOBAHUS NPUHIUITHAIBHBIX TEXHUYECKUX peleHni 110
tepmoctabunuzanu MMI™ ocHOBaHU# ONMOPHBIX (PYHIAMEHTHBIX KOHCTPYKIIMMA

31aHUN U UHKEHEPHBIX COOPYKEHUM, & UMEHHO:
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Juct

Ne nokym.
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Jlata

Pacyet nporHo3HOro KMUTAIMOHHOTO MOJIETUPOBAHUS
W3MEHEHHUS TEIUIOBOTO peXruMa IPYHTOB OCHOBAHHM

JIuct




- Kommpeccopnspiii 11ex ¢ 4 paboTaromyMy arperaTaMu;

B cocraBe TtemnorexHnueckux pacueroB  MMIT  ocHOBaHuii 110
BBIIICYKa3aHHBIM 3/IaHUSIM U WHXKEHEPHBIM COOPYXKEHUSIM JJIi 00OCHOBAHHOIO
BbIOOpa TYP npoBeziena cieayronas BapruaHTHas npopadoTKa:

MOJENUPOBAHUE  B3aUMOJCHCTBHUS ~ HMHXKECHEPHOTO  COOPYXKEHHS  C
OKpYyXarolel cpefoi 0e3 ydera MpuMEHEHUs Kakux-iauodo mepomnpusatuid mo TCI.
CoOTBETCTBYIOUIME PE3YJIbTAaThl MPOrHO3HOTO MMHUTAIMOHHOIO TEIJIOTEXHUYECKOIO

MOJICITMPOBaHUs MPUBEJICHBI Ha prucyHKke 4.5 u 4.6;

240003
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Pucynok 4.5
TemnepaTypHbI€ M0JIsI TPYHTOB OCHOBAaHUM JJISl UHKEHEPHOTO

COOpYKeHHUS 0e3 MPUMEHEHUS TePMOCTAOUTU3AINH

JIuct
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Pucynox 4.6
TemmnepaTypHBbI€ MMOJIS TPYHTOB OCHOBAHUH JJISI HH)KEHEPHOTO

COOpYKEHUS 0€3 MPUMEHECHHS TEPMOCTAOMIIN3AIIUH

MoaenvupoBaHue Ha BADUAHTHOM OCHOBE IPUMEHECHUS JOMOJHUTEIbHBIX TY P

no TCI', HanpaBieHHBIX HA 00eCIeueHUEe MPOECKTHOTO TEMIIEPATYPHO-TIPOYHOCTHOTO

pexxuma MMI' ocHOBaHMS 31aHUM M WHXKEHEPHBIX COOPYKEHUW C YCTPOWCTBOM

BEHTUJIMPYEMOI'O  MOAMNOJIbs, npumMeHeHueM ['ET-cucrembl U ycTpOWCTBOM

TEIUIO3alUTHOTO 3KpaHa MOIIHOCTHIO 200 MM.

COOTBETCTBYIOIINE PE3YIBTATHI

IIPOrHO3HOIr0 MMHUTAIWMOHHOI'O TCINIOTCXHHYCCKOI'0O MOACIHMPOBAHMUA IIPCACTABIICHBI

Ha pucyHke 4.7 u 4.8.
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JIuct
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TemnepaTtypHble 1O TPYHTOB OCHOBAHUN JIJISI UHKEHEPHOTO COOPYKEHUS C

Y4€TOM MPUMEHEHUS TEPMOCTAOMIIU3ALIUN

Hswm.

JInuct

Ne nokym.

TToamuce

Jlata

Pacyet nporHo3HOro KMUTAIMOHHOTO MOJIETUPOBAHUS
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5 COHI/IaJIl)Haﬂ OTBETCTBCHHOCTL IIpH TepMOCTaﬁl/IJII/IZiaIII/II/I I'PYHTOB

KOMIIPECCOPHOI CTAHIMHM B KPHOJHUTO30HE

CleﬂxlaJleaﬂ omeemcmeerHHoCcmsb WKW KOPIIOpAaTUBHAsA COLMUAJIbHAA

OTBCTCTBCHHOCTDB (KaK MOpaJII)HO-BTI/IIIGCKI/IfI HpHHHHH) - OTBCTCTBCHHOCTDB

nepea JroabMu U JaHHBIMU UM 06CH13.HI/I$IMI/I, Korga opraHu3anuAa Y4YUTbIBACT

HHTCPCChbl KOJUICKTUBA H 06H_IGCTBa, BO3JIarasg Ha ceO0s OTBETCTBEHHOCTH 3a

BIIMAHHUC HX JCATCIBHOCTH Ha 3aKa34YHUKOB,

aKIuoHepos [15].

IIOCTAaBIIHMKOB,

PabOTHUKOB,

PabounMm wmecTOM sBISETCA IUIOMIAJKA KOMIIPECCOPHOW CTaHIIMH,

PaCIIOJIOKCHHAA Ha TCPPUTOPUHU PACIIPOCTPAHCHUA MHOI'OJICTHCMCP3JIBIX ITOPOI.

Pabouee MecTO M B3amMHOE PAacCIIOJIOKCHUE BCCX €TI0 JJICMCHTOB JOJIZKHO

COOTBCTCTBOBATb AHTPOIIOMCTPHUUYCCKHM, (bHSH‘IGCKI/IM H IICUXOJOINYCCKHNM

TpeOoBaHusIM. boilpllioe 3HaUYeHHE HMEET TakKKe Xapakrep paOoThI.
YaCTHOCTH,

COOpy}KCHHﬁ KOMHpGCCOpHOﬁ CTaHIIMKM B KPHOJUTO30HC JOJIZKHBI

CO6J'HOI[€HBI BCC OCHOBHBIC YCJIOBH:I.

B

Opy TEPMOCTAaOMJIM3ALMK TPYHTOB 3JaHUA W HWHKEHEPHBIX

OBITH

HGHBIO pa3aciia «COI_[I/IaJ'II)Haﬂ OTBCTCTBCHHOCTB)» ABJIKICTCA aHAJIU3

BPEAHBIX W OMNACHBIX (PAKTOpPOB Tpyda paOOTHUKOB TPU CTPOUTEITHCTBE

KOMIIPECCOPHOU

CTaHIIUH

C IMPUMCHCHUEM TCXHUKHU

TCXHOJIOTHH

TepMOCTAOUITU3AIMK TPYHTOB M pazpaboTka Mmep 3amuThl. B pasnmene taxxe

paccMaTpHUBAIOTCSI BOIIPOCH TEXHUKH 0€30MaCHOCTH, MOKAPHON MPOPUIAKTHKI

Y OXPaHbl OKPYKalOIEH Cpeibl.

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHLIMU B YCJIOBUAX

PacIpoOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB

W3wm. | Jluct Ne mokym. Tlogmuce | Jlata

Pazpab. Kunsepckuii. FO.JO JInr. JIuct JInctoB
PYKOBOJI. Yyxapesa H.B CouunanbHas OTBETCTBEHHOCTb MPU | I 87 150
KoHCYIIBT. TepMOCTaﬁI/IHI/IBa}[I/IH IPYHTOB Orererie Tpascriopra 1
Pyx. OO | Bypros I1B. KOMIIPECCOPHOU CTaHLIUU B XpaHeHHs HedTH 1 rasa

KpHUOJIUTO30HE

I'pynma 2BM6A




5.1 IlpousBoacTBeHHas1 0€30MACHOCTH

Hioxke

IpeJIcTaBlIeHa TadJImMIa

«OCHOBHBIC OJICMCHTEI

MIPOU3BOICTBEHHOTO TIporiecca, (HOPMHUPYIOIMINE OIMACHBIC M BPEAHBIE (HaKTOPHI

IIpY BBIIIOJIHCHUHA TCpMOCTa6I/IJII/I3aHI/II/I I'PYHTOB KOMHpGCCOpHOﬁ CTaHIIUK B

KPUOJIHUTO30HC).

OHa HeoOXomuMa IS IIEJOCTHOTO TMPEJCTABICHUS 00

HCTOYHHKAX BpGI[HOCTGﬁ U OINACHOCTEM M BCEX OCHOBHBIX BBISBJICHHBIX

BpPEIHBIX U OMACHBIX (PaKkToOpax Ha pabdovyeM MecTe.

HI[GHTH(I)HK&HI/IH IMOTCHIUAJIBHBIX OITACHBIX W BPCAHBLIX ITPOU3BOJCTBCHHBIX

daktopoB (OBII®) nmpoBoautcs ¢ ucnoib3oBanueM «Kiaccudukanum BpeaHBIX U

OMAaCHBIX MPOU3BOJACTBEHHBIX (akTopoB mo ['OCT 12.0.003-2015». Ha3zBanue

BPEAHBIX M OMNACHBIX MPOU3BOJCTBEHHBIX (PAKTOPOB B pabdOTE€ COOTBETCTBYIOT

HpHBGI[CHHOﬁ KHaCCI/I(bI/IKa]_II/II/I. OHpe,ZIGJIGHBI Ha3BaHUA XapaKTCPHLIX BHIOB pa60T )51

BpPEIHBIX IPOU3BOACTBEHHBIX (hakTOopoB (OBDII).

Hswm.

Juct
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dbopmupyronme

Tabmuma 6 -

OITaCHBIC u

OcCHOBHBIE

QJICMCHTbBI

BpPE/IHBIC

(bakTopsI

pu

MMPOU3BOACTBCHHOI'0  IIPOLCCCA,

BBIITOJIHCHUH

TepMOCTa6HHI/ISaHI/II/I I'PYHTOB KOMHpCCCOpHOﬁ CTaHIOUH B KPUOJINTO30HC

HaumenoBanue Buzmos | @axrops (TOCT 12.0.003-2015 HopmatusHbie
pabor Bpenusie OnacHsie JIOKYMEHTHI
Bypenue ckBaxun mox | 1. Hemocrartounas | 1. Onekrpuueckuii IoCT 12.0.003-
cBau u OCBELICHHOCTh TOK 2015[12]
TEPMOCTAOMIH3aTOPHI paboueii 30HbI 2. DnekTpuveckas IoCT 12.1.003-
2. IlpesbiieHue nIyra u | 83[14]
YcraHoBka cBam U YPOBHA LIyMa METAJUTMYECKUE rocr 12.1.012-
TepMoCTabMIN3aTOpa 3. [IlpesblicHue HCKpHI ipu cBapke | 90[16]
Ha npoOypEeHHOM YPOBHS 3. Octpeie  kpomku, | TOCT 27409-97[26]
CKBa)KHHE BHUOpanuu 3ayCEHLbI u|T'OCT P 12.1.019-
4. OTKIOHEHHE mrepoxoBatocts Ha | 2009[30]
ITorpy3ouHo- MoKasaTenen MOBEPXHOCTSIX rocr P 22.0.06-
pasrpy304Hbie paboThI KJIMMaTta Ha 3ar0TOBOK, 95[33]
OTKPBITOM WHCTPYMEHTOB, CII 1.13130-
Vknaaka BO3IyXe 000pyT0BaHHsI 2009[47]
TETIOU30JIUPYIOIIETO 5. lloBpexnenus B | 4. IloxapoomacHocts | CII 2.13130-
Marepuasa Ha pesyibTare 2012[49]
OCHOBaHUU KOHTAKTa c CII 51.13330-
COOpYKEHHU JKUBOTHBIMH, 2011[53]
HaCEKOMBIMH, CTO I"azmpom
CBapOYHO-MOHTaKHBIC HPUCMBIKAIOIIN 18000.1-00 2014[55]
paboTsI YCTaHOBKHU MU

Kapkaca Ha (yHIaMeHT

5.2 AHaJan3 BpeIHbIX NPOU3BOJACTBEHHBIX (JAKTOPOB U 00OCHOBAHNE

MEpPONPHUATHH M0 UX YCTPAHECHUIO

5.2.1 HemocraToyHasi 0CBEIIEHHOCTH padoyeii 30HbI
Henoctarounoe ocemienrne pabodero Mecta 3aTPyAHSET BBITIOJIHCHUE

paboThI,

TpaBMaTu3ma.

BBI3BIBACT YTOMIJICHHUC,

JlmnrensHoe

npeObIBaHUE B

YCHOBUSX

YBCIIMYMUBACT PUCK IMPOU3BOACTBCHHOI'O

HEOOCTAaTOYHOI'O

OCBCHICHHUA COIIPOBOKIACTCA CHHIKCHHUCM HHTCHCHBHOCTH obOMeHa BCIICCTB B

Hswm.

Juct

Ne nokym. TToamuce

Jlata

CornmanpHasi OTBETCTBEHHOCTH MPH TEPMOCTAOUITH3AINH
TPYHTOB KOMIIPECCOPHOM CTaHLIMU B KPHOJIUTO30HE
WHXECHEPHBIX COOPYKEHUMN

JIuct




OpraHu3Me, OCJIa0JICHHEeM €ro pPEaKTUBHOCTH, CIOCOOCTBYET Pa3BUTHIO
OJIM30PYKOCTH.

K Takum ke MOCIEACTBUSAM MPHBOIUT paboTa TpU OTPaHUICHHOM
CIEKTPAIHbHOM COCTAaBE CBETa U MOHOTOHHOM peXHUMe ocBerneHus. Ha pabodem
MECTE YCTaHABJIUBAIOTCS MPOKEKTOPA.

KonmdgecTBa mpoKeKTOPOB PACCUUTHIBAIOT 1O (hopMyIIe:

E*S*z*k ©)
F*n

N =

I'ne:

n - Kod(pdulMeHTa UCHOIB30BaHUS H3Iy4aeMoro MpuOOpOM CBeTa,
3aBUCUT OT OTPaXKaIOIIEH CIIOCOOHOCTH OKPYXAIOIIMX HCTOYHUK CBETa
MPEIMETOB;

E - Tpebyemast MUHUMaIbHAS! OCBEIIEHHOCTD, 33J1a€TCA B JIIOKCaX (JIK);

S - mIoIwAak OCBEIAEMOTO IPOCTPAHCTBA, M2,

E - YUUTBIBACT HCPAaBHOMCPHOCTDb BbIAaBacMOI'O

ANEKTponpubopoM ocBemeHus. JIjist jamn  HakaiauBaHus KOd(PPUIIMEHT
cocTaBideT - 1,15, 1t IFOMUHECIIEHTHBIX M CBETOAUOIHBIX Jiami - 1,1;

F - cBeTOBOM MOTOK, U3JTy4aeMbIii OJTHOM JIaMITIOH, JIM (JTFOMEH);

K - xoad¢uimeHT 3amaca, HWCIOIB3yeMBIH IS ydeTa BO3MOXKHOTO
3albUICHUS JIAMIIBl U CHUKEHHSI KOJIMYECTBA W3JIYYEHHOTO €l CBeTa IpH
JUTUTEILHOM HCIOJBb30BaHUU. J[JI1 JIFOMUHECIIEHTHBIX JIaMI JaHHBIN
ko3phunreHT Moxer gocturath 1,5. Jlis jamn  HakaJduBaHUS U

CBETOIMOIHEIX Jiamrl - 1,2-1,3.

CornmanpHasi OTBETCTBEHHOCTH MPH TEPMOCTAOUITH3AINH Jluer

TPYHTOB KOMHpCCCOpHOfI CTaHIIUU B KPUOJMUTO30HC

W3m. | Jluct Ne noxym. IHonnucs | Mara WHXECHEPHBIX COOPYKEHUU




PexomeHyeTcs ciienyrommi NopsiA0K OCYIIECTBICHUS MEPOIIPUATHH 110
YCTPOMCTBY UCKYCCTBEHHOT'O OCBeIleHUS [44]:

e OIpeaeseHne IUIOMAAH, MOMIEKAIEH OCBEIICHNIO, 4 TAKXKE IIJIOMIAN
HauOOoIbIIEH KOHIICHTpAIH paboT;

® YCTaHOBJICHHUE HOPMBI OCBEIICHHOCTH IOJISI 3pEHUS B 3aBUCUMOCTH OT
paspsia 3puTeNbHbBIX paldoT;

® BBIOOp CUCTEMBI OCBELEHUS;

e BbHIOOP HCTOUYHUKOB CBETA U pacueTa UX HEOOXOAUMOIO KOJIMYECTBA;

® BBINOJHEHHUE IPOEKTa PACHPEACIICHUS OCBETUTEIIBHBIX CPEACTB C
y4€TOM TapaMeTpOB HMX YCTAHOBKM U HEOOXOJUMOCTH obOecreyeHus
PaBHOMEPHOI'O PACIPEAEIIEHU CBETOBOIO MOTOKA.

5.2.2 IlpeBblllleHHE YPOBHS LIyMa

TexHomornyeckue MPOIECCH  SIBISIOTCS  MCTOYHUKOM  CHIIBHOTO
IIYMOBOTO BO3JIEHCTBUS Ha 370POBbE JIOAEH, HEMOCPEACTBEHHO YUaCTBYIOLIUX
B TEXHOJIOTMYECKUX mpoueccax. MICTOUHMKOM CHJIBHOTO BHEIIHEro IIymMa Ha
TUTONIA/IKE YCTAHOBKU TEPMOCTAOMIN3aTOPOB SIBISIFOTCS IBUKYIITUECS MAIIHHBI.
B pesynbrare uccienoBaHuil yCTaHOBIIEHO, YTO IIYM YXY/IIA€T YCIOBUS TPyJa,
OKa3bIBaeT BpEAHOE BO3/CHCTBHIE Ha OPTaHU3M YeJIOBEKa.

JleiicTBUE IyMa pa3iuyvHO: 3aTPyAHSET pa300pPUUBOCTb PEUYH BbI3HIBACT
HeoOpaTUMble HW3MEHEHUS B OpraHax ciyxa 4YeJIOBEKa, IIOBBIIIAET
yromisiemMocth.  [IpeaensHo  gomycTuMble 3HaueHHs A0 75  menuben,
xapakrepusywoume 1my™m, Hopmupyercs coriiacHo o ['OCT 27409-97 wu
pernameHTupyroTcs cornacao CH 2.2.4/2.1.8.562-96 [16, 26].

JlommycTrMBIe YPOBHHU 3BYKOBOTO JIaBIICHUS U DKBUBAJCHTHOTO YPOBHS

3BYyKa MPUBEACHBI B TaOIuIle 7.
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TaOnmuna

7

Jonyctumele

SKBHBAJICHTHOTO YPOBHs 3ByKa [14]

YPOBHHU

3BYKOBOI'O  J4aBJICHHUA U

npoueccam
HabaaeHuA n
AVCTaHUMOHHOIo
ynpasaeHus
NPOU3BOACTBEHHDI

MW LIMKNAMW.

YpoBHMU
Paboune mecTa YpOBHM 3BYKOBOro AaBneHuaA, 4b B OKTaBHbIX N0aA0Cax Co 3BYKa U
cpefHereoMeTpuyeckMmm yactotamu, 'y, 9KBMBane
PaborTa, HTHblE
TpebytoLlan 31,5 |63 | 125 | 250 |500 | 1000 | 2000 | 4000 | 8000 | ypoBHM
cocpeaoToYeHHOCT 3BYKa,
n; pabota c ABA
MOBbILLUEHHbIMMU
TpeboBaHMAMM K 103 | 91 83 77 73 70 68 66 64 75

OcHoBHBIEC METO/IBI OOPKOBI ¢ IrymoMm [14]:

¢ CHHKCHHUC ITyMa B HCTOYHHKC,

* cpenctBa HHAUBUAYyaIbHOM 3amuThl (CU3): HaymHUKY;

5.2.3 IlpeBblllieHHe YPOBHSI BUOpaMK

Hcrounukom BI/I6paHI/II/I Ha IIIOmMAaAKC MOHTa»Ka ABIAIOTCA MAallWHBI,

00OpyZIOBaHUU W TEXHOJIOTMYECKHE Tpoiiecchl. BozxaeiicTBue BuOpamuu Ha

YeJioBeKa KjIacCu(uuupyercs:

« TI0 CTIOCO0Y Tepeaaur BUOpaIuy Ha YeJI0BEKa,

« TI0 HAIPaBJICHUIO JEHCTBUS BUOpaIINH;

* TI0 BPEMEHHOW XapaKTEepUCTUKE BUOpaIUU.
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3amurta OT BUOpAIIUHU:

* IPUMEHSIOT PYKaBUIbI WM TEpPYATKA CIEAYIOMIMX BHAOB: CO
CHEIUaIbHBIMA BUOPO3AIIUTHBIMU  YIIPYTroAeMI(UPYIOMUMH  BKIJIAIbIIIIAMH,
MOJTHOCTBIO U3TOTOBJICHHBIEC U3 BUOPO3alIMTHOrO MaTepuana [16].

* BUOpO3AIIUTHBIC TMPOKIAJAKA WM IJACTUHBI, KOTOpPbhIE CHAOKEHbI
KperuieHussMu K pyke [20].

* WCIIOJIb30BaTh 00YBb HA TOJICTOW PE3MHOBOW WJIM BOMJIOUHOM MOJIOIITBE
[16].

[Ipu 3ammurTe oT BUOpanuii BaXHYIO pOJb HUIPAeT pallMOHAIBHOE
IUIJAHUPOBAHUE peXHMa Tpyaa W otabixa. CymMmapHOE€ BpeMsl BO3IECUCTBUA
BUOpAIMU HE JOJKHO MPEBHIIATh 2/3 MPOAOHKUTEIBHOCTH paboyeil CMEHBI.
HeoOxonumo ycTpauBath NEPEpbIBbl ISl aKTUBHOTO OT/AbIXA, MPOBOJUTH
busnonpopuIaKTUYECKUE MPOIEAYPhI, POU3BOJCTBEHHYI0 TMMHACTUKY U T.II.
[20].

5.2.4 OTkJIOHeHHE NMoKa3aTeJell KJIMMaTa Ha OTKPLBITOM BO31yX€

PaGoTbl, BBITIONHSEMBIE HAa  yCTAaHOBKY  TEPMOCTAOMIIM3aTOPOB
MPOUCXOJAT Ha OTKPHITHIX miomaakax. Knumar Ha tepputopun PecrmyOnuku
Caxa (SAxyTus) pe3KOKOHTUHEHTAJIbHBIN, B 3MMHEE BpeMs TeMIepaTypa Bo3ayxa
nocturaet MuHyc 55° - mmHyc 60°C, nerom 35° - 40°C. Xoyoa MOXKeET
MIPUBECTH K MEPEOXJIAKICHUIO, BEICOKUE TEMIIEpaTyphl K TEINIOBOMY yaapy.

HopmupoBanne  mapaMeTpoB  Ha  OTKPBITBIX  IUIOMIQJKAaX  HE
MPOU3BOJIUTCS, HO OMPENEISIOTCS KOHKPETHBIC MEPOINPHUATHUS IO CHIKCHUIO
HeOJIaronpusiTHOTO BO3JCUCTBUS MX Ha opraHu3Mm pabouero. Pabortaroniue Ha
OTKPBITOM TEPPUTOPUUA B 3WMHHUM W JIETHUM TIEPUOABI TOJa B KAKIOM U3
KJIUMATHYECKUX PETHOHOB J0JKHBI OBITh 00€CIIeueHbI crienoaexaou [12] :

- KOCTIOMBI JUIsl 3allUThl (OT TOKCHUYHBIX BEIIECTB, OT IIbLIH,
OTMEXaHMYECKUX BO3JICHCTBUMN, OT HACEKOMBIX, T.1I.)

- OOTUHKM KO>KaHHBIC C JKCCTKHM ITOJHOCKOM HJIM CAallOTH KOXXaHHBIE C

KCCTKHUM IIOJHOCKOM,
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- Calloru pCe3nHOBBLIC C KCCTKUM IIOJHOCKOM HJIM CallOr'n OOJIOTHBIE C
KCCTKHUM IIOJHOCKOM,

- HAPYKABHUKHU U3 IIOJIUMCPHBIX MAaTCPHUAJIOB,

- IIEpYaATKH C ITOJIUMCEPHBIM IIOKPBITUCM,

- IICPUYATKH PC3NMHOBLIC WJIN U3 ITOJIMMCPHBIX MAaTCPHUAJIOB,

- KaCKa 3allluTHaA,

- INOANUIJICMHUK I10d KaCKYy,

- OYKH 3allIUTHEBIC,

- MacCKa WJIH IIoJIymMacKa CO CMCHHBIMHU CI)I/IJ'IBTpaMI/I;

- IIPOYHC BUABI 3allIUTHBIX CIICOACIKII.

5.2.5 IloBpexneHus B pe3y/jbTaTe KOHTAKTA € dKUBOTHHIMHU, HACEKOMBIMM,
NPeCMbIKAIOIIMMHA
B nerHuii mepuoa 4enoBEK IMOJBEPKEH BO3JECHCTBUIO HACEKOMBIX.

Hacexomble M maykooOpa3HbIE HAHOCAT BpPEX 3J0POBBI0 YEJIOBEKA, a TaKXKe
SBIIIIOTCA TEPEHOCUMKAMU pa3InyHbIX 3a0oseBaHuil. K Takum HacekoMbIM
OTHOCSTCS: KJICIIH, THYC, KOMAaphl, CJICIIHU, MOIIIKA U T.1.

CpencrBamu 3aIUTBI OT BO3JAEHUCTBUS SABIIOTCA: CELUAaIbHAs OACKAA,
MHCEKTUIMIHbBIE CPEICTBA, penesyIeHThl A1 oTnyruBaHus HacekoMbiX. (TOCT
P 12.4.296-2013) [31].

5.3 AHa/Iu3 onacHBIX MPOU3BOICTBEHHBIX (PAKTOPOB 1 000CHOBAHME
MEPONPUATHH 0 UX YCTPAHEHUIO
5.3.1 DaexTpuyeckuii TOK

Hau6omb11yto onacHOCTh AJIsl AKU3HU U 37J0POBBSI YEJIOBEKA OKAa3bIBAIOT
IIOBBILIICHHBIE 3HAYECHUS HANPSOKEHUSA B DJIEKTPUYECKOW LIENH, 3aMbIKaHUE
KOTOPBIX MOXET NPOM30WTH Yepe3 TeJNO YeJOBeKa MNpU NpUOIMKEHUH Ha
pPacCTOSIHUE MEHEE OIYCTUMOIO K HE N30JIMPOBAHHBIM TOKOBEAYIIUM YACTAM U
arieMeHTaM O0OpYJOBaHUs, HAXOMAAIIMMCS TOJl HAMPSHKEHUEM, a TaKkKe MpH
nepeMenieHn U padoTe B 30HAaX paCTEKaHWs TOKA 3aMbIKaHUS Ha 3E€MIIIO,
BIIMSIHUSA DJIIEKTPUYECKOTO TOJIsI U HABEICHHOTO HAIIPSIKEHUS.

JleficTBUE 3JIEKTPUYECKOrO0 TOKAa Ha YeJOBEKa HOCHUT MHOTO0Opa3HbIN
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xapakrep. IIpoxons yepe3 opraHu3M 4eslOBeKa, IEKTPHUUECKUI TOK BBI3BIBAET
TEPMUYECKOE, 3IEKTPOJUTUUECKOE, OMOIOTMUYECKOE U MEXAHUYECKOE JEHCTBUE.
D10 MHOrooOpasue AEUCTBUI SJIEKTPUUYECKOTO TOKAa MOXKET MPHUBECTH K JABYM
BUJIaM MTOPAKEHUS: SJEKTPUUECKUM TPaBMaM U AJIEKTPHUUECKUM yJapam.

TpebGoBanus AIEKTPOOE30MaCHOCTH AIEKTPOYCTAaHOBOK
MPOU3BOJICTBEHHOTO M OBITOBOTO HA3HAYEHHUSA HA CTaUSAX MPOCKTUPOBAHMS,
U3FOTOBJICHHS,  MOHTaXa,  HaJAJKH, HUCHOBITAHUA W JKCIUTyaTalHH
pernamentupytorcss [OCT P 12.1.019-2009 «3nextpobezonacHocTb. OOmmMe
TpeOOBaHMSI W HOMEHKJIATypbl BUAOB 3amutb» [30]. ns mpemoTBpamieHus
OMMACHBIX CHUTYalUMWd JUIsI JKA3HU YEJOBEKA IPOBOMATCS MEPONPHUATHS IO
3JIEKTPOOE30M1aCHOCTH, KOTOPBIE BKIIIOYAIOT B CEOSL:

- BCE TOKOBEIYIIHE YACTH IEKTPHUUECKUX YCTPONUCTB U30JUPOBAHBI

- 10 cnocoQy 3aIIUThl YEJIOBEKa OT MOPAXKEHUS JIEKTPUUYECKUM TOKOM
U3JIETUSl CPEJCTB aBTOMATHUYECKOTO YIIPaBICHUSI COOTBETCTBYIOT KjaccaMm 1 u 2
u kinaccy 3 mo 'OCT 12.2.007-03 [19];

- BCE MOTPEOUTENH AIEKTPOIHEPTUN UMEIOT 3a3€MIICHUE WJIM 3aHYyJICHUE
coriacHo I'OCT 12.1.030-96 [17];

- BCE€ YAaCTH YCTPOMCTB, HaXOASIIKECA MO HANPSKEHUEM Pa3MELIEHBI B
KopIrycax, 00ecreunBarolInX 3alUTy 00CIy>KMBAIOIIETO IePCOHaa;

- YCTpOMCTBA CHA0XEHbl CBETOBBIMU HMHAMKATOPAMHU  BKJIIOYEHUS
IIATAOUIEH CETH.

5.3.2 DaexkTpuyeckasi Iyra U MeTaJUIMYeCKHe UCKPBI PH CBapKe
OCHOBHBIMH UCTOYHUKAMH OIACHOCTH TPH CBApKE, OCYIIECTBIIEMON

DIEKTPUYECKON TyrOM, SIBJISIOTCS: IJIaMsl TyT'M, UCKPbl PACKAJICHHOTO MeTajia,
HEJIOUCIOIb30BAHHBIE AJIEKTPOJIbI; IEKTPHUUECKUE JYI'M U HCKPBI, KOPOTKHE
3aMbIKaHUS U IPYTHUE HEUCTIPABHOCTHU B AJIEKTPOOOOPYI0BAHUHU.

DnexkTpudeckas Iyra, HCKphI, OpBI3TM MeTayia, 0oO0pa3yromiuecs B
IPOLIECCE CBapKH, MPEICTABISIIOT COOOM CEpbEe3HYI0 OMAaCHOCTh OTKPBITHIM
y4acTKaM KOXH, TJ1a3aM.

I'OCT 12.1.038-82 [18] ycraHaBiauBaeT NPEAECIbHO JOMYCTHUMBIE

Hswm.

Juct

Ne nokym.

TToamuce

JlaTa

CornmanpHasi OTBETCTBEHHOCTH MPH TEPMOCTAOUITH3AINH
TPYHTOB KOMIIPECCOPHOM CTaHLIMU B KPHOJIUTO30HE
WHXECHEPHBIX COOPYKEHUU

JIuct




HaIMpsHKeHUST U TOKH, MPOTEKAIOIIUME Yepe3 TEJIO 4YeJIOBeKa MPU HOPMaJIbHOM
(HeaBapuiiHOM) peXuMe pabOThl  AJIEKTPOYCTAHOBOK  IMOCTOSIHHOTO U
nepemeHHoro Toka yactoron 50 m 400 I'm. Jnsa nmepemenHoro toka 50 Iy
JOMyCTUMOE 3HAUYCHHE HAMNpsHKEHUs MPUKOCHOBEHUS COCTaBiisieT 2 B, a cuibl
Toka - 0,3 MA, misa Toka gactoroit 400 I'11 - coorBeTcTBeHHO 2 B M 0,4 MA; 11
noctossHHOro Toka - 8B uw 1,0 MA (3T 1daHHBIE NPHUBEIACHBI IS
MPOIOJIKUTEILHOCTH BO3/ieicTBUsI HE Oosiee 10 MUH B CyTKH).

JI1st 3aIUThI CIEAyeT MCIOIb30BaTh CBAPOUYHBIC MACKH, TEPMOCTONKHE
PYKaBUIIbI W Kparu CBapliuka. A TakKe PEKOMEHIYETCS NPUMEHATh
orpakaarolye 3amuTHbie sKpadsb [30].

5.3.3 OcTpble KPOMKH, 3ayCEHIIbI M IIEPOXOBATOCTh HA MOBEPXHOCTSX
3aroTOBOK, HHCTPYMEHTOB, 000PY/10BAHMSI

VYiep6 310poBbI0 pabOTHHKA OT TaKOTO (DU3UUYECKH BpeaHOTO (hakTopa
KaK «OCTPbIE KPOMKH, 3ayCEHIIbI M IIIEPOXOBATOCTh Ha MMOBEPXHOCTAX 3arOTOBOK
WHCTPYMEHTOB U OOOpYJOBaHUS» SABJSIETCA HE PEIKUM ClIydyaeM Ha
MIPOM3BOJICTBE.

B cBsi3u ¢ Tem, 4TO OCTpble KPOMKH, 3ayCEHIIbI M IIEPOXOBATOCTh Ha
MMOBEPXHOCTSX 3arOTOBOK SBIISIIOTCSI HEOTHEMJIEMOM, K COXKaJICHUIO, YaCThIO
MIPOU3BOJICTBA, TO pPaOOTHUK JOJDKEH OBITh MaKCHUMaJIbHO BHHMATEICH K
BBITIOTHSIEMBIM pab0OTaM M, B CJIy4ae SKCTPEHHBIX CUTYalluid YMETh HEMEIJICHHO
OKa3aTh MEPBYI0 MEAUITMHCKYO ITOMOIIH TTOCTPaAaBIIEMYy, MU Ke ceoe.

Hanueiii  Bua omacHoctet  koHTponupyercs ['OCT  12.0.003-74

«OracHble U BpeIHbIC MPOM3BOICTBeHHBIC (pakTophl. Knaccudukanumsa»[12].
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5.3.4 Ilo:xapoB3pbIBOONACHOCTH

[lenTpoOexxHblE Hacochl Hauboyiee 4YacTo  MCHOJIB3YHOTCS IS
TPAHCTIOPTUPOBKHU TOPIOYUX KHUJIKOCTEH, TaK Kak 00€CleynBalOT paBHOMEPHYIO
ee rnojaudy, UMeIoT HaboJbIIKe radapuThl IpU OOJIBIION NPOU3BOAUTEIBLHOCTH, A
TaK)K€ HEIMOCPEJCTBEHHO COEAMHAIOTCS C JBurareneM. OHU CpPaBHUTEIBHO
OpOCTHl B OKCIUTyaTallkd M MEHEe OMacHbl B MOKapOB3PHIBOOIIACHOM
OTHOILIEHUH, MO0 MpHU YBEJIWYEHUHU CONPOTUBIICHUS B JMHMUIX MOTYT paboTaTh
Ha ceOl.

I'epmernzanus  Basa paboyero Kojeca IEHTPOOEKHOro Hacoca
OCYILIECTBIISIETCS Yallle BCEro C MOMOUIbIO CAIbHUKOBBIX YIJIOTHEHUH, KOTOpBIE
MPEACTABIAIOT cO00i acOecToBbIE (MJI1 XOJOAHBIX JKUJIKOCTEH NpPH J1aBIICHUU
2,5 Mlla), acb6ocBunmoBble (mpu pgaBiaeHun Ooxee 2,5 Mlla) wm
acOOaTIOMUHHEBBIE (ISl TOPSIYMX HACOCOB) HAOMBKH.

MeponpusTis 1m0 TOXKapHOW OE30MaCHOCTH Pa3NEsIOTCs Ha YeThIpe

OCHOBHBIE TpynIbl [33]:

1) NpEeAyNpPEeXKICHUE  TOXapoB, T.€. HCKIYEHHWE TNPUYUH  HX
BO3HHKHOBEHUS;

2) orpaHuyeHue ceprl pacIpOCTPAHEHHS OTHS;

3) o0OecrieyeHre YCIEIIHOM 3BaKyallud JIIOJed W  MaTepHUalIbHBIX

IIEHHOCTEN U3 o4ara moxapa;
4) co3gaHue yciaoBui s 3(p(PEeKTUBHOTO TYIICHHS MOXKapa.
Jlonyck paOOTHUKOB K MPOBEACHUIO PAOOT JOKEH OCYIIECTBISATHCS
MOCJIE MPOXOKIAEHUS UMY MPOTUBOIIOKAPHOTO HHCTPYKTaxa. Eciau nmpoucxoaut
n3MeHeHne crnenuduku paboT, TO HEOOXOIUMO TMPOBECTH BHEOUYEPEIHOU

UHCTPYKTaX.
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Best mepenBukHas TeXHMKa B 30HE MPOBEAEHUS pabOT MOMKHA OBITh
o0ecrniedueHa UCKPOTaCUTENSIMU 3aBOACKOTO U3TOTOBIICHUSI.

B mpouecce crpouTenbCTBa YCTAaHOBKM TEpMOCTa0MIM3aTopa Ha
IUIOIIAJKEe KOMIIPECCOPHOM CTaHIMM (IPUMEHEHUE Mailku, CBapKu, paboTa ¢
JJIEKTPOMHCTPYMEHTOM) U OOCIy’)KHBAHMHU  CYIIECTBYET  BO3MOKHOCTb
BO3HHMKHOBEHUS 10Kapa.

B 3aBucuMoOcCTH OT pa3Mepa U pacrloioKEHHs oyara, B KaueCTBE CPEJCTB
NI0’KAPOTYIIEHUS IPUMEHSIOTCS CIIEIYIOLINE CPELICTBA:

e [IEPBUYHBIC CPEJICTBA [T0KAPOTYILICHHUS,;

® OrHETYWIINUTEIW  IIEPEHOCHBIE, IEPENBH)KHBIC,  CTAallMOHAPHBIE
YTJIEKUCIIOTHBIE;

® [IOKapHbIE PyKaBa;

®  [I0KapHbI NHBEHTAPB;

®  YCTaHOBKa MOKapOTYLICHUS.

5.4 Jkoaornyeckas 60e30MaCHOCTH

JUist opraHu3alid OXpaHbl OKPYXKAOIIEW cpeapl OT HEraTUBHOTO
BO3JICUCTBHSI TP CTPOUTEIHCTBE KOMIIPECCOPHOM CTAaHUUU C MPUMEHEHHEM
TEXHOJIOTMHM TEePMOCTAOMIM3AIMK TPYHTOB MEPBOOUYEPEAHON 3a/1ayeil SBIseTCs
ONpEJENICHNE KOHKPETHBIX HCTOYHHKOB HETaTUBHOTO BO3JCWUCTBHUS  Ha
OCHOBHBIE DJIEMEHTHI OKPYKAIOWIEH IMPUPOAHOU Cpeabl paccMaTpUBAEMON
TEPPUTOPHUH - HA 3eMEJIbHBIE PECYPCHI, PACTUTEIBHOCTh, aTMOC(HEPHBIN BO3AYX.

B Tabmuue 8 mpencraBiieHbl UCTOYHUKKA HETaTUBHOTO BO3JECUCTBUS U

MIPUPOJOOXPAHHBIE MEPOITPUATHSL.
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Tabnmuma 8 — Bpeansie BO3ACHCTBHS Ha OKPYXAIOIIYIO Cpely H

IPUPOJAOOXPAHHBIE

MEPOTPUATHUS

npu

BBIITOJIHCHUH pa60T I10

TEPMOCTA0UITU3aIMY TPYHTA KOMIIPECCOPHOUM CTaHIIUU

IIpuponusie
pecypcesl U

koMnoHeHTEI OC

Bpennbie Bo3aercTBuA

IIpuporooxpaHHbie MEPOIIPUATHUS

3emiis u Paspymenue rpyHToB PanyonansHOE TUIaHMPOBAaHUE MECT U
3€MEJIbHBIC CPOKOB ITPOBEICHUS paboT.
pecypcsl CobnroneHne HOpMaTUBOB OTBOAA
3emenb. PexynbTuBanus 3emMelb.
3arpsi3HeHuE OYBBI [Ipenycmorpers cO0p OTX0/10B,
HepTenpoayKTaMH, MECTA U YCJIOBUS UX BPEMEHHOIO
XUMpEareHTaMy U Ap XPaHEHUs, BbIBO3 [UIsl YTHIIM3ALMH,
YHUUYTOXKEHUS, 3aXOPOHEHUS
OCTaTKOB HE(TENPOIYKTOB,
XUMPEareHToB, Mycopa,
3arpsI3HEHHON CpENbl.
3acopeHue MouBbI BbIBO3 1 3aX0pOHEHHE
IIPOU3BOJICTBEHHBIMU IIPOU3BOJICTBEHHBIX OTXOJ0B
0oTX0JaMu
Bo3aymnsriit Bri6pocsr: MeponpusTHs coriacHo NocoOuto K
Sacceii e TIBUIb TP OTCHITIKE CHMII 11-01-95 ot 01.01.1970 [10].
IPYHTOBBIX [InaHupoOBOYHBIE MEPOIIPUATHS:
OCHOBAaHMM; - YCTPOMCTBO CAaHUTAPHO-3AILUTHON
¢ BBIXJIOIIHBIC I'a3bl 30HBI;
JIBUTATENE TexHonornueckue MEpoOnpUATHS:
TPaHCIIOPTA; - YBEIIMYEHUE €AMHUYHONU MOIIHOCTH
e BBIOPOCHI arperaToB IpH OJUHAKOBOM CyMMapHOU
3arpsA3HSAIOLINX MIPOU3BOJUTENIBHOCTH;

BELIECTB MPHU MyCKax
YCTaHOBKH, IIPH
MIPOTyBKE anmnapaToB

- IPUMEHEHHE B MPOU3BOJICTBE Ooee
“gurcToro” BUAa TOIIMBA;
CrenuaibHbIe MEPOTIPUSITHUS:

TEXHOJIOTUYECKOTIO - COKpAIlleHUE HEOPTraHU30BaHHbBIX
o0opyoBaHus; BBIOPOCOB;
- OYHCTKA U 00€3BPEIKUBAHUE BPETHBIX
BENIECTB UX OTXOJAMINX I'a30B;
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[Tponomkenue Tabnuibl 8 — Bpeaapie BO3IEHCTBHS HA OKPYXKAIOIIYIO CPEy U

MMPpUPOAOOXPAHHBIC MCPOIIPUATHA IIPHU BBIIIOJIHCHHUHN pa60T I10 TCpMOCTa6I/IJII/ISaHI/II/I

TPYHTA KOMIIPECCOPHOM CTaHIIUU

pec

Jlec wm 1ecHble

YpCHI

YHHUYTOXKEHUE,
MOBPEKICHUE
3arpsi3HEHUE [MOYBEHHOTO

MOKpOBa

MepornipudatTuss 1O  OXpaHE IOYB

u | TOCT 17.4.3.04-85[24]

JlecHple moxapsl

VY6opka u YHUUYTOKEHHE
HOPYOOYHBIX OCTaTKOB M JApYyrHe
MEpBI yX0Ja 3a JIECOCEKOW COIVIACHO
nocra”HosieHuto lIpaBurenscrBa PO
or 30.06.2007 Ne 417 (pen. ot
14.04.2014)

5.5 be30nacHOCTh B Ype3BbIYAIHBIX CHTYANMAX

B paﬁOHe ACATCIbHOCTH BO3MOKHO BOZHUKHOBCHHUC CJICAYIOIIHUX BHUIOB

YPE3BbIYANHBIX CUTYALIAN:

1. TexHOreHHOTO Xapakrepa:

2. IIpupomnoro xapakrepa;

3. MeTeoposornyeckue U arpoMeTEOpPOJIOTMUYECKUE OMNAacHbIEC SIBICHUS

(CUTBHBIN MOPO3, CHIIBHAS METEIIb, OypH).

HUctounukamMu mokapa Ha OOBEKTE CTPOUTEILCTBA KOMIIPECCOPHOM

CTaHIUHU ABJIAIOTCA JICTKO BOCINIAMCHACMBIC I'OPIOYUC MATCPHUAJIbBI K BCIICCTBA.

[ToxxapHast 06€30MacHOCTb MPEACTaBISET COOOM EIUHBIM KOMIUIEKC

OpraHU3allMOHHBIX, TEXHUYECKHUX, PEKUMHBIX W  IKCIUTyaTallMOHHBIX
MEPOTIPUATUN TI0 TPEAYIPEXKICHUIO MoKapoB. OOIue TpeOoBaHUS MOKAPHOM
Oe3onacHocTH u3NokeHbl B DenepanbHoM 3akoHe oT 22.07.2008 Nel23 —

®3(pexn. ot 13.07.2015)[33].
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5.5.1 IlpupoaHbie siBJIeHHUS B YCJIOBHAX PACIPOCTPAHEHUSA
MHOT'0JIETHEMEP3JIbIX MOPOJI, TAKHE KAK COJN(IIOKIUA 1
TEePMOKAPCT
Conu¢rokiust - CTEKaHWE TPYHTA, IEPEHACHIINIEHHOTO BOJIOW, IO
MEpP3JI0M MOBEPXHOCTH CLIEMEHTUPOBAHHOI'O JIbJOM OCHOBAaHHUS CKJIOHOB. A
TEPMOKAPCT, 3TO  IPOLUECC HEPABHOMEPHOIO  IPOCEAAHHS IOYB U
HOJICTUJIAIOIINX TOPHBIX TIOPOJT BCJIEICTBUE BBITAUBAHUS MTO/I36MHOTI'O JIb/IA.

MOHUTOPUHT OMAacHBIX MPUPOIHBIX MPOLECCOB U siBieHUU: Cucrema
PEryJsipHBIX HAONIONEHUNW M KOHTPOJIS 3a PA3BUTHUEM OMNACHBIX HPUPOTHBIX
IPOLECCOB M SBJICHUM B OKpyXarollel npupogHoi cpeae, Qaxropamuy,
oOyClIaBIMBAOIMMUA  HUX (OPMUPOBAHME U PA3BUTHE, NPOBOAUMBIX IO
ONPENEICHHOW IPOrpaMMeE, BBIIIOJHIEMBIX C [EJIbI0  CBOEBPEMEHHOM
pa3pabOTKH U MPOBENCHHS MEPONPUITHI MO MPEeIyNPEKICHUIO YPE3BbIYAHBIX
CUTYallMii, CBSI3aHHBIX C OMACHBIMU NMPUPOJHBIMHU IMPOLIECCAMH U SIBICHUSMH,
VTN CHU)KEHHEO HAHOCHMOTO X BO3/IeHCTBUEM yiepoOa [32].

5.5.2 Tlo:xkapsbl 1 B3pbIBbI

Haubonee  pacnpoCTpaHEHHBIMM  MCTOYHMKAaMH  BO3HUKHOBEHUS
YpE3BbIYAMHBIX CUTYallMil TEXHOTEHHOI'O XapakTepa SBIIIFOTCA IOXapbl H
B3PbIBbI, KOTOPBIE IPOUCXOMAT:

- Ha IPOMBILIUIEHHBIX 00BEKTax;

- Ha 00BeKTax I00bIYH, XpaHEeHUs 151 nepepadoTKu
JIETKOBOCIIAMEHSIFOIINXCSI, TOPIOYUX M B3PHIBYATHIX BEIIECTB;

- Ha TPaHCIOPTE;

- B IIaXTaX, TOPHBIX BBIPAOOTKAX, METPOIOJIUTEHAX;

- B 3JaHUSAX U COOPYKEHHUSX JKUJIOrO, COLMAIbHO-OBITOBOTO U

KYJBTYPHOTO Ha3HAYECHUSI.
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IToxxap — »3TO BBIIEAINMM M3-TIOJ KOHTPOJISA IPOLECC TOPEHMS,
YHUYTOXKAIOINUKA MAaTepUAIbHBIE LIEHHOCTH W CO3JAIOIIMK YIrpo3y KU3HU H
310POBBIO JIFOJIEH.

5.6 Iliian JMKBUIAIMHA aBAPUii

[Tox aBapuiiHOM cUTyalMell TOHUMAETCSI COOBITHE, CBSI3aHHOE:

® C pa3pylICHUEM COOPYKEHUH U (WIM) TEXHUYECKUX YCTPOMCTB,
PUMEHSEMBIX Ha OIACHOM IPOU3BOJICTBEHHOM OOBEKTE, HEKOHTPOIUPYEMBIM
B3PBIBOM U (MJIM) BBIOPOCOM OITACHBIX BEIIECTB;

® C HEKOHTPOJMPYEMOM yTEYKOM TPAHCIIOPTUPYEMOIO OMACHOIO
IPONYKTa, BO3HHMKIIEH B pE3yJbTATE pA3PYLICHUS WM ITOBPEKIACHUSA
TpyOOIIpOBO/a, 3alIOPHON U PErYIUPYIOLIEH apMaTypbl, 000py10BaHUS;

® C HapyLIEHUEM HOPMAJIbHBIX MPOU3BOJCTBEHHBIX YCIOBUMA paOOTHI;

® C HapylIEHUWEM TEXHOJIOTMYECKOTO MpoIecca WM pexuma padOThI
arperaTroB, yCTAaHOBOK, KOMMYHUKaLUI;

® C IIpeKpalieHreM padoThl BEHTUJISIIMU BO B3PBIBOOIIACHBIX 30HAX;

® C HapylIEHUEM HOPMaJbHON pabOThl SHEPrETUUYECKOTO XO3SIICTBA,
MIPUBEIINAM K ITOJTHOW OCTAHOBKE Tra30BOT0O ITPOMBICIIA, KOMIIPECCOPHOTO 1IEXA,
OypoBOIl YCTaHOBKM HE3aBUCHMO OT MPOJOHKUTEILHOCTH OCTAHOBKH, K
OCTAHOBKE OTJICJbHBIX Ta30MEPEKAYMBAIOIINX arperaToB (TPYIIIbI arperaToB) Ha
KOMIIPECCOPHOM CTaHLWH, PUBEAIINM K CHHKEHHUIO ITPOU3BOJICTBA NMPOAYKIIUN
Ha CpOK OoJiee 0IHOTO Yaca WIH K TSKEJIOMY HECHACTHOMY CIIydarlo;

® C pa3pylI€HWEM METAJUIOKOHCTPYKIMHM, 3[1aHHM, COOPYKECHUH U HX
HECYLIUX JIEMEHTOB;

® C YTEUKOM WM NPOCHIIAHUEM OIACHOTO BEIIECTBA, MOBPEXKICHUEM
Tapbl C OMTACHBIM BEIIECTBOM;

® CO CTUXUUHBIMU OCJICTBUSIMU;

® C JAPYTHMU IPOUCIIECTBUSMH, KOTOPBIE MOTYT IPUBECTH K B3PBIBY,
NnoXkKapy, OTPaBJICHHUIO, OXKOTaMm, 3a00JeBaHUI0 JIOJeH W  JKUBOTHBIX,

3arpsA3HEHUIO OKPYKAIOIIEN CPEIBI.
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[TocnencTBusiMu aBapuu Ha OKCIUTyaTUPYEMBIX Ta30BBIX O0OBEKTax
MOKET OBITh OJTHO M3 CJICTYIONTUX COOBITHIA:

e CMEpTEeNbHBIA Cciayyad MW (WJau) TpaBMHpPOBAaHWE C THOTepei
TPYAOCTIOCOOHOCTH;

e ocTpoe npodeccuoHanbHOE 3a00I€BaHNEe (OTpPaBJICHHUE);

® TOBPEXKJICHHUE WIH pa3pylIeHUe 000pyJ0BaHUS U OOBEKTOB;

® OTpaHWYCHUE WIH MPEKPAICHUE TTOCTABOK T'a3a MOTPEOUTEIISIM;

® MPOCTOU MPOU3BOJCTBEHHOTO o0opy10BaHMS, HEJIOBBITYCK
MPOAYKIUU;

® MPUYMHEHHE BPE/a KU3HU, 3JOPOBbIO WM UMYILECTBY APYTUX JIUI] U
OKPY’KarOIIEH IPUPOJHON CpELE.

3agayaMu IepcoHana NPU BO3HUKHOBEHUM ABAPUMHBIX CHUTyalldd
SABJISIFOTCSL:

e JIOKAJIM3aLMsA  aBapuil  OTKJIIOYEHHEM  aBApUMHOIO  y4acTKa
razonposoza, KC, I'PC, IIXI" u cTpaBiuBaHue rasa;

® OTOBEIICHHE, COOp W BHIE3]T aBapUIHOM OpUTaIbI;

® MPUHITHE HEOOXOAUMBIX Mep MO0 Oe30MacHOCTH HaceIeHus,
ONM3NIeKAIUX TPAHCIOPTHBIX KOMMYHUKAIUH M MECT HMX TMEPECEUYCHH ¢
ra3ornpoBOJaMH, a TAKXKe TPaxAaHCKUX U MPOMBIIUICHHBIX 00bEKTOB;

e MpeaynpexacHue MOTPEOUTENel 0 MpeKpalleHuy MOCTaBOK ra3a Wiu
0 COKpAIIICHUH UX 00BEMOB;

® TPUHATHE HEOOXOIUMBIX MEp MO MaKCUMAaJbHOMY HCIIOJIb30BAHUIO
OCTaBIIUXCS B pabOTe ra30TPaHCIOPTHOTO OOOPY/IOBaHUS, JIMHEHHON YacTh U
[1XT;

® OrpaHUYCHUE WIn MIpEKpaIleHNE MOCTaBOK raza
HEKBAIM(PUITUPOBAHHBIM ~ TOTPEOUTENSIM WM MOTPEOUTENSIM, HUMEIOIIUM
pE3epBHOE TOILIUBO;

¢ YBCAOMIICHUC MCCTHBIX OPI'aHOB BJIACTU 00 dBapHu,
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e opraHuzanus pabOTbl 1O TMPHUBICYEHUID UM  HCIOJIb30BAHUIO
TEXHUYECKUX, MATEPUATbHBIX W JIOJACKAX PECYPCOB OJM3IICKAIINX MECTHBIX
OpraHU3aIUK;

® BbIJja4a aBApUMHBIX 3aBOK HA UCIOJIb30BAaHUE aBUAIIMOHHON TEXHUKH
OJIM3JIeKAIUX aBUANIPEAPUSATHIA;

e opraHuzanus conpoBoxaeHus coTtpyanukamu JIIC aBapuiiHoi
TEXHUKHU, HAMTPABJISIEMOU K MECTY JTUKBUAAIIMHN aBapHH;

® JIMKBHALIMS aBapUil B BO3MOXHO KOPOTKUE CPOKH.

5.7 3akoHoaaTe/IbHOE PeryJIMpOBaHUE MPOEKTHBIX PelleHni

D¢ hHeKTUBHOCTL JTHO0OTO IMPOM3BOJCTBEHHOIO Mpoliecca OyaeT Tem
BBIIIE, UYEM pallMOHaJIbHEE OYyAYT pacCUyuTaHbl HEOOXOIUMBIE 3aTPaThl BPEMEHU
Ha TPOMU3BOJCTBO E€IUHUIIBI MPOAYKIMHU (BBIMOJHEHUU padboT), IudO
TPYJOEMKOCTH BBIMOJHSAEMBbIX paboTr. [IpakThyecku B HSTOM UM COCTOUT
CYIIHOCTh HOpPMHUpOBaHUsl Tpynaa. st paOOTHMKOB HOPMHUPOBAHUE TpyJa
3aKJIF0OYAETCS] B YCTAHOBIICHHMH KOHKPETHON MEPBI TPY/la WM HOPMBI TpyJa MpH
ONPENICICHHBIX  OPraHU3allMOHHO-TEXHUYECKUX  YCIOBHM  TIPOM3BOICTBA.
OrnpeneneHue palMoHANIBHBIX HOPM TpyJAa SIBISETCS Ba)XHBIM HampaBiICHUEM
TJTAHUPOBAHUS TPYJIOBOM NESITEIIbHOCTH paOOTHUKOB OpraHU3alNK 3apa00THOU
miatel. Ha  poCCHUICKHMX  MPOMBINUICHHBIX —MPEANPUSITUSX  yIIPABICHHE
HOPMHUPOBAaHHWEM TpyJla dYalle BCEr0 HMMEET JBE YKPYIMHEHHbIE (DOPMBI —
roCyJapCTBEHHYIO U JOTOBOPHYIO.

VYuuteiBas, TpeboBanus crarei TK PO, periaMmeHTHpYIOIINX
HOPMUPOBAHUE TpPyJa, pacCMOTPUM pEIIeHUE MOaHHbIX BompocoB B OO0
«l'asmpom Tpancraz Tomck». OOO «l'azmpom Ttpancraz Tomck» 100-
nporeHTHOE AouepHee npeanpusartue [TAO «["a3mpomy», paboraer B 14 pernonax
Cubupu u JlampHero Boctoka. B 30HaX mpom3BOJICTBEHHOW AEATEIHHOCTU
OO6miecTBa  SKCIUTyatupyercs  Oonee 9 ThIC. KM MarucTpaibHBIX
razoHedrenpoBogoB  (MI').  Exerogusiii 00beM  TpaHCHIOPTUPYEMOTO

NpeanpusTueM rasa - oonee 19 mipza kyo. M.
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[Ipennpusitue SBIAETCA OOHUM M3 BEAYLIMX B OTpaciu. B ycrioBusix
BO3PACTAIONICH KOHKYPEHIMM HA SHEPreTHYECKUX PBIHKAX OCYLIECTBICHUE
MEpPONPUATANA IO CHUKEHUIO 3aTpaT Ha MPOU3BOACTBO SBISIETCS OJHOM M3
MIaBHBIX 3amad, crosmer mepen OAO «lasmpom» (manee - OOmecTBoOM).
OgHrM W3 BaXHbBIX HANPABICHUM 1O peai3alydyd d3TOM 3aJayd  CTajlo
palMoOHANIbHOE HCHOJIb30BAHUE TPYIAOBBIX PECYpCOB, KOTOPOE MOKET OBbITh
o0ecrieueHo, B MEPBYIO OYepe/Ib, 3a CUET IMOBHIIICHUS YPOBHS OpraHU3aId U
KaueCcTBa HOPMHPOBAHUS TPyHa, a 3TO BO3MOYKHO TOJIBKO IPU CO3JaHUU H
BHEeIpeHUM EAMHON cucTeMsl yIpaBlieHHsT HopmupoBaHueM tpyza B OAO
«I"azmpom»[35]. Llens EnnnHoi cuCTEMBI yNipaBieHUss HOPMUPOBAHUEM TpPyJa B
OAO  «l'azmpom» -  oOecrieueHwe  MOBBIMIEHUS  A(PPEKTUBHOCTU

XO3SIMCTBEHHOW  JEATEIIbHOCTHU OO1ecTBa Ha OCHOBE
COBEpUICHCTBOBAHUSI OpraHU3allid HOPMHUPOBAaHHS TpyJla U PalMOHAIBLHOIO
UCIIOJIb30BaHusl paboyeil cuibl B opraHu3auusx cucteMbl OAO «I'azmpomy.
OcnoBabiMHu 3agadamu ECYHT sBistroTcs:

®  YCWICHHUE POJIM HOPMHUPOBAHMS TPYIa B CHUKECHUU TPYHOEMKOCTH
MIPOU3BOJICTBA U ONTUMHU3AIMN YUCIIEHHOCTH PAOOTHUKOB;

®  TOBBIIIEHUE KaUeCTBA HOPMUPOBAHUS TpyJa U 00eclieYeHUuEe PaBHOM
HAIPSHKEHHOCTH HOPM 3aTpat TPyJa Ha padOThI BBHIMOJIHSAEMBIE B AaHAIIOTHYHBIX
OPraHU3allMOHHO-TEXHUYECKUX YCJIOBUSIX HAa OCHOBE CO3JaHHUS U BHEAPECHUS
Enunolt HOpMaTMBHO-METONMYECKOW 0a3bl Il HOPMHUPOBAHUS TpyJa B
OO1ecTBe;

®  COBEPUICHCTBOBAHUE CTPYKTYpPBl YIPaBICHUS HOPMHPOBAHUEM
Tpyna B O61iecTBe;

e ycTaHOBJeHUE eauHOTrOo g Bcex Opranmzanuii  OOmiecTsa,
HE3aBUCUMO OT MX OPTaHU3AI[MOHHO-TIPABOBLIX (opM U (GOopM COOCTBEHHOCTH,
MOpsJIKa yIPaBICHUS HOPMUPOBAHUEM TPYAOM;

®  YCTaHOBJICHUE €IMHBIX METOJ0B HOpMHUPOBaHUA Tpyaa B OOIIeCTBE;

e pa3paboOTKa HOPM M HOPMAaTHBOB JJII HOPMHUPOBaHUS TpyJa Ha

Hswm.

Juct

Ne nokym.

TToamuce

Jlata

CornmanpHasi OTBETCTBEHHOCTH MPH TEPMOCTAOUITH3AINH
TPYHTOB KOMIIPECCOPHOM CTaHLIMU B KPHOJIUTO30HE
WHXECHEPHBIX COOPYKEHUU

JIuct

105




HOBBIE U HE OXBAaUE€HHbIE HOPMUPOBAHHUEM 000PYAOBAHUE, TEXHOJIOTHH, PAOOTHI
U YCIyrd; OOECHEYEeHHE TIOCTOSTHHOM IPOrPECCUBHOCTH  JIEHCTBYIOLIUX
HOPMATHBHBIX MAaTEpHANOB Ui HOPMHMPOBaHHsA TpyHAd, IPUBEICHHE HX B
COOTBETCTBHE C OCYLIECTBIIEMBIMHU W3MEHEHUSMHM B TEXHUKE, TEXHOJIOTHUU,
OpraHu3alliyd IPOM3BOJACTBA U Tpyna u aAp. HopmupoBanue Tpyaa, sBISACH
BOKHEHIIUM 3JIEMEHTOM B OpraHW3allid IIPOU3BOJACTBA, AT BO3MOXKHOCTH
OTNPENECTUTh HOPMATHUBHBIE U (PAKTUYECKHE 3aTpaThl TPyJa U MaTEpPHAIBHO-
(uHAHCOBBIE 3aTpaThl HAa €AMHULY NMPOMYKLUH, a, CIECIOBATEIbHO, BIUSET Ha
NOBBIIIEHHE 3()(PEKTUBHOCTU IPOU3BOICTBA].

B ITAO «T"aznpom» paeiictByer EamHas cuctema yrpaBlICHHs OXpaHOU
Tpyda W NPOMBIIUIEHHON O€30MacCHOCTbIO, KOTOpas YCTaHABIMBAET €IMHBIHI
NOPSJIOK OpraHu3allud M MPOBEACHUS pabdoThl IO OXpaHe Tpyda U
IPOMBIIIJIEHHON 0€3011aCHOCTH.

CoBepuieHCTBOBaHNE ENMHONM CHCTEMBI YNIPABJIEHUS OXPAaHOW TPyHda H
IIPOMBIIUIEHHON Oe30macHocThio, (yHKkuuoHupyoomeit B ITAO «l'azmpomy,
MO3BOJIIET 0OECIIeUnBaTh BHICOKUI ypOBEHb 0€30MacHOCTH TpyAa paOOTHHUKOB
[36].

Enunas cucrema ynpasnenust oxpanoi tpyna OAO "TI"aznpom" (ECYOT
I1b) ycranaBnuBaet euHble TPeOOBAaHUS K OpraHU3aluu 0€30MacHOCTH TPyAa B
OO11ecTBE U PErIaMEHTUPYET:

-enuHbIi g Bcex opranmzanuit OAO "T"azmpom", HezaBucumo ot popm
COOCTBEHHOCTH, MOPSJAOK YINPABICHUS OXPaHOW TpyAa M MPOMBIIUICHHON
0e30MacHOCThI0O B COOTBETCTBMM C JIEWCTBYIOIIMM 3aKOHOJATEIbCTBOM,
JOCTHKEHUSIMU HaYKU U TEXHUKU U OTPaCIEBbIMU OCOOEHHOCTSAMU;

co3JaHue 370pOBbIX U 0O€30MacHBIX YCJIOBUU TpyAa, CHUYKEHUE
IPOM3BOJCTBEHHOIO TpaBMaTU3Ma U MpodeccroHaIbHbIX 3a00JIeBaHUH;

-COBEPILIEHCTBOBAHUE CTPYKTYpBI YIpaBlIeHHUs oxpaHou Tpyaa B OAO
"T"azmpoM" B COOTBETCTBUU C JIEUCTBYIOIIMM 3aKOHOJATENLCTBOM Poccuiickoin
@denepauny MO OXpaHE TpPyJa M HOPMATUBHBIMU AKTaMU T'OCYIapCTBEHHBIX

OpPraHOB Ha/A30pa U KOHTPOJIS;
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['enepanbHON  KOHUEMNIMEH OTKPHITOrO aKIMOHEPHOTO  00IecTBa
"Tazmpom" m ero opraHu3auuiéi MpU BCEX BHJAX JAEATEIBHOCTH SBISETCS
OPUOPUTET OXpaHbl TpyZJa M MPOMBINUIEHHONM Oe3zonmacHocTu. Hukakue
COOOpaKeHHUsI IKOHOMUYECKOT0, TEXHHYECKOTO HIJIM HMHOTO IUIaHa HE MOTYT
OBITh IPUHATHI BO BHUMaHKE, €CJIM OHU IIPOTUBOPEUYAT UHTEpecaM 00ecreueHUs
0e30MacHOCTH paboTaIOUIMX Ha IPOU3BOJCTBE, HACEJNEHUS U OKpYyXKarolleu

Cpenpbl.
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6 ®duHAHCOBBIl MEHEIKMEHT, pecypco3dPeKTUBHOCTH U
pecypcocoepexenne

TexXHUKO-3KOHOMMYECKHE PACYEThl pPAaCCMATPUBAIOTCS C  MO3ULMH
pecypcodp(PEeKTUBHOCTH U PECYPCOCOEpPEkKEHUS] M COCTOSIT B  OLIEHKE
KOMMEpPUYECKOT0 IOTEHIMala W MEPCHEKTUBHOCTH  TEPMOCTAOMIM3ALUU
MHOT'OJIETHEMEP3JIBIX T'PYHTOB, KOTOpas IpEJHAa3HAYEHHA Ui TOJAJEPKAHUS
HECylIell CIOCOOHOCTH, a TaKkKe A NPEAOTBpAIICHUS TaKUX HEraTHBHBIX
IIOCJIEACTBUN, KaK TEPMOKAPCT U BBIITyYHBAHUE.
6.1 I'oTOBHOCTH MPOEKTA K KOMMePUHAJIU3ALMI

YToObl LIEHUTh HAY4YHYIO pa3pabOTKy IO CTENEHH €€ TOTOBHOCTH K
KOMMEpLHUAIU3ali1, a TaKKe ONPEACIIUTh YPOBEHb COOCTBEHHBIX 3HAHUW MpPHU
IPOBEJCHUH CaMOro MPOEKTa, ObUIa 3al0JHEeHa Ta0IuIa, OTPaKaIoLIasi CTEIECHb

POpPa0OTaHHOCTHU MPOEKTA C PACCMATPUBAEMBIX MMO3UIIUH.

OcobeHHocTu OKCITyaTallun KOMHpeCCOpHOﬁ CTaHLIMU B YCJIOBUAX

PacIpoOCTpaHEHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB
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Tabnuma 9 —Crenens npopabOTAHHOCTH HAYYHOTO MPOEKTA

YpoBeHb
Crenenn
UMEIOLIUXCS
Ne n/mt HaunmenoBanue pOpabOTaHHOCTH
3HaHUH y
HAyYHOT'O MPOEKTa
paspaboTunka
Onpenenenre UMEIOIIETOCs] HAYy4YHO-
1 5 5
TEXHUYECKOT0 3a/1e1a
Omnpenenenne NepereKTUBHBIX
2 4 3
HaMpaBJIEHUH KOMMepIUaIU3aIiH
Omnpenenenue oTpaciel U TEXHOJIOTUN
3 (TOBapoOB M yCIyT) IUIS CO3/IaHuUs CIIpoca 4 3
Ha pBIHKE
Omnpenenenue ToBapHOU PopMbI HAYYHO-
4 TEXHUYECKOTO MTPOCKTA IS 4 4
MPECTABICHHUS K Peai3aiu
Omnpenernenne aBTOPOB M OCYIIECTBICHUE
5 4 4
OXpaHbl UX MpaB
[IpoBeneHmne OlEHKNU CTOMMOCTH
6 3 5)
WHTEIJUIEKTYaJIbHOH COOCTBEHHOCTH
IIpoBeneHne MapKETHHIOBBIX
7 3 3
HCCIIEIOBaHUI PBIHKOB COBITA
Pa3paboTtka OuzHec-11aHa
8 4 3
KOMMEPIHATU3aIH HAyYHOH pa3paboTKu
OnpeneneHue MyTH MPOJBIKEHUS
9 3 4
Hay4YHOH pa3pabOTKH Ha PBIHOK
Pa3pabotka crpareruu (hopmbi)
10 3 4
peanu3ay Hay4YHoH pa3paboTKu
[TpopaboTaHHOCTH BOIIPOCOB
11 MEXYHapOAHOIO COTPYIHUYECTBA U 3 3
BBIX0/1a Ha 3apYOEKHBIN PHIHOK
. Jluct
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[Tponomxenue Tabauibl 9 — Ctenenb NpopadOTAHHOCTH HAYYHOT'O MPOEKTa

12 [IpopaboTaHHOCTH BOMPOCOB UCIOJIB30BAHUS YCIYT 3 3
UHGPACTPYKTYPHI NOICPIKKU, TOTY4EHUS JIbIOT

[TpopaboTaHHOCTH BOMPOCOB (PMHAHCUPOBAHUS

KOMMEpIHATU3aluy HayqYHOU pa3paboTKu

14 Hanare xomaHabl 1711 KOMMEPIIUATH3aIlui HAy9HO! pa3padoTk | 3 4
15 [IpopaboTaHHOCTH MEXaHU3Ma pealln3allii HAyYHOTro npoekTa | 4 4
NTOI'O BAJIJIOB 50 56

JUta onpeneneHns CTelneHu IpopabOTAHHOCTH HAYYHOIO MPOEKTa ObuIa

HCIIOJIB30BaHa q)opMlea:

B =2 5, ©

I'ne:
bi — 6asut 1o I-My Mmokasarelno;
Beyw — CyMMa 0aJIjIoB 110 KaK10MY HAIIPABIICHUIO;

B pesynprate, MBI 1OJy4YaeM BO3MOYKHOCTb OLIEHHTH CTEIECHb
TOTOBHOCTH HAYYHOU pa3pabOTKU U ee pa3paboTuuka K KoMMepuuanu3anuu. B
HallleM CJIy4ae 3HAueHUsl CTENEeHU NPOpaOOTAHHOCTH U YPOBHS HMMEIOIIMXCS
3HaHUM paszpaborumka coctaBuiau S50 u 56  COOTBETCTBEHHO, YTO
CBUJETEIBCTBYET O CpEAHEH NEepPCHEeKTUBHOCTM HAYYHOIO TMPOEKTa U
JIOCTATOYHBIX 3HAHUH pa3pabOoTUYHKa AJIsl IOCTIEAYIOUIEH ero pealn3alni.

6.2 KaneHaapHblii IVIaH IPOEKTA
B pamkax niaHupoBaHUU MPOEKTa ObUT MOCTPOEH KaJleHAAPHBINA rpapuk

MPOEKTA.

JIuct
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Tabmuua 10 - KanengapHslil 11aH NpoeKTa

Kon [Iponon [ara [ara CocraB y4acTHHKOB
pabor | HammenoBanue paboOT | KUTEIbH Hayayia OKOHYaHU (®H1O
bl (13 OCTb, pabor s paboT OTBETCTBEHHBIX
HCP) JTHU HCTIOTHUTEIICH )
1 BBenenue 5 07.12.2017 12.12.17 Kunzepckuii 10.10.
Yyxapesa H.B.
2 ITocraHoBka 3amaun u 14.12.2017 18.12.17 Kunzepcknii 10.10.
LeJIel UCCIIeJOBaHMs, 4 Uyxapesa H.B.
aKTyaJIbHOCTb, HAY4HAs
HOBH3HA
3 JlutepaTypHblit 0030p 39 21.12.2017 | 29.01.18 Kunzepckuii 10.10.
ucciaeayeMoi o0aacTu
4 Pacuernas yacTth 55 01.02.2018 | 25.03.18 Kunzepckuii 10.10.
Uyxapesa H.B.
5 PesynbTatsl, BBIBOABI U 39 28.03.2018 | 29.04.18 Kunzepckuii 10.10.
00CyXIeHUs UYyxapesa H.B.
6 Odopmnenue
MOSICHUTEIIbHOU 24 02.05.2018 | 19.05.18 Kunszepckuii 10.10.
3aIUCKU
Hroro: 166
SWOT-ananu3
Jist  BbisiBIeHHs  (AKTOPOB BHEIIHEW W BHYTPEHHEH  Cpefbl,

OKa3bIBAOIHUX BJIIMAHNC HAa pCalIn3allvio ITPOCKTA, OBLI IIPOBCACH KOMILJICKCHBIN

SWOT-ananu3. Pe3ynbTarsl aHaiv3a npeacTaBieHbl B Taomuie 11.

Hswm.

JInuct

Ne nokym.

TToamuce

JlaTa
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Tabmuma 11 — Matpuma SWOT

CuiibHbBIE CTOPOHBI HAYYHO-
HCCJIET0BATEILCKOT0 MPOEKTA:
Cl1. Obecneuenue
IKCILTyaTalMOHHON HAJICKHOCTH
paccMaTpuBaeMoro o0beKTa
C2. KOMIIIEKCHBIN IOAXO0 I IO
HCKJIFOYEHHIO HEraTHBHBIX
BIUSTHUM
C3. DxonoMmuueckas
3¢ (HEeKTHBHOCTD U
pecypcodhHEKTUBHOCTD
MPOeKTa

Cia0ble CTOPOHBI HAYYHO-
HCCJIET0BATENLCKOTO
NpoeKTa:

Cnl. Bonbiue
NepBOHaYaJIbHbIE
KaIHUTaJIOBIIOKEHUS
Cn2. IIpumenenue
CHELUATBHOTO 000PYIOBaHHS
Cn3. YcnoBusi, B KOTOPBIX
JIOJKCH HAXOJUTCS OOBEKT
UCCJIEJIOBAHHUSI, UMEIOT
OTpaHHYCHUS

9KOJIOTHUYECKOM OMacHOCTHU

pailoHOB C XapaKTEPHBIMU

B3. [loBeIienue cripoca Ha
MPOIYKT

Bo3mo:xHoCcTH:
B1. YMmenbpiienus

B2. Ilpumenumo s

r€03KOJIOTUYECKUMHA
0COOEHHOCTSIMU

B4. Poct croumoctu
MaTepHuaioB U padoT

1. Ilouck penienuii ass
CHHIKCHHS CEOCCTONMMOCTH
2. Ummnopro3amernieHue
3. MOHUTOPUHT aKTyalbHOU
CTOMMOCTH MaTepUajioB U paboT
JUTS TIOJIIEPIKAHUS
11EJIECO00PA3HOCTH MPOEKTA

1. Pa3paboTtka Hay4uHOTO
HCCIEI0BAHUS
2. [IpuoGperenue
HEO00X0IUMOT0 000PYIOBAHUS
3. Pa3paboTka nporpaMMHOro
KOMIUIEKca JUIsl yA0O0CTBa
HCIIO0JI30BaHUS IPOEKTA
4. ITock HOBBIX
pecypcodhHeKTHBHBIX
TEXHOJIOTUH

V2. Otka3 HedTera3oBbix

Yrpo3ssr:

V1. [locnenyromas
SKOHOMUYECKas
HEBBITOAHOCTD ITPOCKTA

KOMITQaHUH OT OCBOEHHS
PaliOHOB KPUOJIUTO30HBI
V3. PazpaboTka HOBBIX
TEXHOJOTui

1) I[locTosiHHOE OTCNIEKUBaHHE
U3MEHEHUHN B POCCUICKOM
3aKOHOAATEIILCTBE.

2) IlpumeHeHne npoeKTa
JPYTUMU OTPACIISIMU
3) IlocTOsSHHBIF MOHUTOPUHT
HOBBIX HAY4YHBIX pa3pabOTOK MO
CXO0XHUM TEMaM HCCIIEJOBaHU

1. [TepexBanudukarus
KaJIpOBOT'0 COCTaBa
2. IlpuoOperenue
HE00X0UMOTro 000PYAOBaHUS
3. Pa3BuTHE HOBBIX
TEXHUYECKUX PEIICHUN Ha
OCHOBE JIaHHOT'O TIPOEKTA

6.3

Kommepueckmnii

noreHmmuaJja

u MNEPCNEKTHUBHOCTD

NPOBEACHHUS HAYYHbIX UCCJIETOBAHMH € MO3MIUH pecypco3(P(PeKTUBHOCTH U

pecypcocoepeskeHust

MHoroyieTHEMEP3Jible TPYHTHI (POPMUPYIOT OOIIUPHYIO KPHUOIUTO30HY

1o Bceil Teppuropur Poccuu, oxBaThiBas 0k0j10 11 MIIH. KM?, 9TO MPUMEPHO

65% Bcel TLIOIMAaaN.

K rnaBHbIM XapakTepHbIM (paKTOpam MPOEKTHPOBAHUS, COOPYKECHHS H

DKCIUTyaTallMM WH)KEHEPHBIX COOPYKEHUM, PACHOJIOKEHHBIX Ha TEPPUTOPUHU

Hswm.

Juct

Ne nokym.

TToamuce
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MHOTOJIETHEMEDP3JIBIX ~ TPYHTOB  SBJISIETCS  HEOOXOJUMOCTh  y4deTa W
PETYIMPOBAaHUS TEIUIOOOMEHA TPYHTOB, KaK C 3JaHUSMH, TaK W C BHEIIHEH
cpenoii. Ilpu ocBOGHUU TEPPUTOPUU MOKET BOSHHUKHYTh U3MEHEHHE HE TOJIHKO
TEMIIEPATypPHOTO PEXHMa HCCICAYEMOTO TPYHTA, HO M BJIQKHOCTHOTO, a TIPH
mepexo/ie  TeMIlepaTypbl 4epe3 HyJIEBYI0 OTMETKY, MOXET BBI3BATh
CYIIICCTBCHHBIC M3MEHEHHSI KaK COCTaBa, CTPOCHHS, TaK M CBOHCTB T'PYHTOB,
MIPOYHOCTH, HECYMIeH CHOCOOHOCTH, TEPMOAPO3UH U JPYTUX HETATUBHBIX
BiusHUHN. Kak mpaBuiio, 3To MPUBOIUT K 3HAUYUTEIBHBIM MTOCIIEICTBUSAM, TAKIM
KaK paspymieHue u aeGpopManus dKCILTyaTUPYEMBIX COOPYKCHHH, HETaTUBHBIC
BIIUSIHUS Ha OKPY>KaIOIIIYIO CpEy.

['maBHBIMU TpUYMHAMY ePOpMaIIUi SIBISIOTCS

® 0CaJIKa MHOTOJIETHEMEP3JIBIX MOPO]I TPU OTTAUBAHUU

® [Iy4YeHHE MHOTOJIETHEMEP3IBIX MOPOJ MPU TPOMEP3AHHH.

B nanHOW Hay4HO-HCCNEOBATENbCKOM paboTe paccMaTrpuBaeTCs
TEPMOCTAOUITU3AIMSI MHOTOJIECTHEMEP3JIBIX TPYHTOB KOMIIPECCOPHOW CTaHIIWH,
npeaHa3HaYeHHasT ISl TOJAJEP)KaHUs HECYIed CImoCOOHOCTH, a TaKXe s
MPEIOTBPAIICHUS TAKUX HETaTUBHBIX MOCIEACTBUHN, KaK 0CajKa U IyYeHUe.

6.4 3aTpaThl Ha peaju3alUI0 HAYYHOI'0 NPOEKTAa

[Ipu pacuere dKoHOMHMYECKOW A(P(PEKTUBHOCTH K  OCHOBHBIM
MOKa3aTeNIIM OTHOCSTCS KalWTaJbHBIE 3aTPaThl, KOTOPbIE COCTOAT U3 JBYX
COCTaBIISIOIHX:

1) kanuTaJ bHBIC 3aTPATHI IO MPOCSKTUPOBAHHUIO MPOCKTA

2) KanuTaJlbHBIC 3aTPATHI [T0 pPeaTM3al[iK MPOCKTa.

KanutanbHble 3aTpaThl M0 TPOSKTUPOBAHUIO MPOEKTA COCTABIISIOT:

3up=3 000 000 py6.

K kanmuTanpHBIM 3aTpaTaMm 110 peaii3aiiy MPOeKTa OTHOCSTCS:

1) npuobpeTeHre 000pyI0BAHHUS 110 TEPMOCTAOMIM3AINH, TabauIa 12;

DUHAHCOBBIN MEHEIKMEHT, pecypcodhHEKTUBHOCTD U

Hswm.

ecypcocOepexeHne
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Tabmuma 12 — CtouMocTh 000pYAOBaHUS TIO TEPMOCTAOUITU3AITHH

rpyHTa
HawnmenoBanune obopynoBanns | KoawmdgectBo | CTOMMOCTh €TUHHIEI, PYO Cymma Bcero, pyo
COVY50.M2/32.0 Ce3onHO- 8t 156 354 1250 832
OXJIXKJIAIOIIEe YCTPOHCTBO
BKB 00.000 brok Lt 632 845 632 845
KOHJICHCATOPHBIN
Porn.2.00.000 Pama omopHast L 216 557 216 557
TC33.7-01.001 TpyOs1 100m 371 37 100
OXJIKJAIOIIIHE
HUroro (3,5) 1 137334

2) 3aTpaThl Ha JIOCTaBKy OOOpPYIOBaHHS OIPEHCIAIOTCS Kak 5 % OT IICHBI

JaHHOT'O O60py,I[0BaHI/IHI

3,,,= 0,05 2 137 334 = 106 867 py6.;

3) 3apaboTHBIC TUTATBI PAOOTHUKAM OPTaHU3AIUM 32 MOHTAX OOOPYIOBaHUS

npuBeIcHBI B Tabuie 13.

Tabnuma 13 — 3apaboTHbIE TUIATHI 32 MOHTaK 000PYAOBaHUS

No | JlomxHOCTH paboTHHKA JmuTenbHOCTh 3apaboTHasl mara 3apaboTHas 1miaTa 3a Bech
paboThl, nHEH C y4eToM niepuoj padboTel, pyo
palloHHOTO
kod¢duimenTa n
CEBEPHBIX
Ha10aBKOB ,py0
1 Crnecapp 10 3500 35000
2 Caapiuk 10 3800 38 000
3 KpanoBuiuk 10 3400 34 000
4 Macrep 10 3900 39 000
Htoro (3,4,) 146000

4) cyMMa 3aTpaT CTPaxOBBIX B3HOCOB BO BHEOIOKETHBIC (DOHIBI MPUBEICHA B

tabmnurie 14.

Hswm.

Juct Ne nokym. TToamuce

Jlata
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Tabnuma 14 — 3aTpaThl Ha CTPaxoOBbIE B3HOCHI BO BHEOIOKETHBIE

dboHaBI
doua Pa3mMep B3HOCA OT 3apruiaThl, % CymmMa 3aTpart, pyo
DOoHI MEIULIMHCKOTO 51 6273
CTpPaxOBaHHUs
CtpaxoBaHHE OT HECYACTHBIX 0,2 246
CITy4acB U TMPOU3BOACTBEHHBIX
3abosneBanuii ( knacc 1)
DoH/1 COHATIBEHOTO 2,9 3567
CTpPaxOBaHHUs
[encuonnsiit GoHxa 22 27 060
Hroro (3,,) 37 46
5) cymma 3aTpaT Ha MaTepHalIbl IPEJACTaBICHBI B TadmuIe 15.
Tabnuna 15 — 3aTparsl Ha MaTepUaIbl
Ne HaumeHoBaHue KonuuecTtBo Ilena, pyo Cymma, pyo
1 DNeKTpoAbl CBApOYHBIE, IIT 5500 5 27 500
2 ITenomnekc M3 4 1300 5 200
3 [okperiTHE 5 350 1750
AHTHKOPPO3HOHHOE, KT
4 Beton M3 6 5500 33000
5 Tommmso, 1 800 37 29 600
Htoro (3,,4m) 97 50

6) cymma 3aTpaT Ha 3JIEKTPOIHEPTHIO MPHUBEACHBI B Tabiuie 16. Opranu3ars

ABJIACTCA IIPONU3BOAUTCIICM QJICKTPOSHCPIrun u mpoaacT c€c 10
cebecroumoctu 7,3 py6/kBr*u 6e3 HJIC.
Tabnurma 16 — 3aTpartbl Ha ATEKTPOIHEPTHIO
Ne| HaumenoBanue | Ilorpebnenue | [IpomomkurensHo Tapud, Cymma, py6
kBT/4 CTh, U py6/kBr*u

1 Amnmapar 8 50 7,3 2920

CBApOYHBIN

Hroro 2920
(3:0)
Jluct
DUHAHCOBBIN MEHEIKMEHT, pecypcodhHEKTUBHOCTD U 115
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OO01as cymMMa BceX KaUTalIbHBIX 3aTpaT OMpeaesIeTCs:

3=3_+3;+3,+3.,+3, +3uwm*3, (9)

1

3,6, =3000000+ 2137334 +106867 +146000+37146 + 97050+ 2920 = 5527317 pyo6.

Wrak, kanuTanbHbIe 3aTpaThl cocTaBuiau 5 527 317 pyo.

6.59KkcmiryaTalMOHHbIE H3/1EPKKH

[Ton »KcrulyaTallMOHHBIMHU HU3JEPKKAMHU TOHUMAIOT TakKue W3AEpPKKU
IPOMU3BOJICTBA, KOTOpbIE CBS3BIBAIOT C MOJAEpKaHUEM pPabOTOCIOCOOHOIO
COCTOSIHHSI IPOU3BOJICTBEHHOTO 000PY/T0BaHUS 1 MEXaHU3MOB.

3KCHHyaTa]_II/IOHHI>Ie HN3ACPIKKH PACCUUTBIBAIOTCA 110 (bOpMYJICZ

S) =A+3,+3,,+3,,+3,

aKC.00U

(10)

AMOpPTH3AIMOHHBIE OTYUCICHUS, pacyeT KOTOPHIX OBLT MPOU3BEIICH
corinacHo moctaHoBiienuto IlpaBurensctBa P® ot 01.01.2002 N 1(pexn. ot
06.07.2015)

«O Krnaccudukanum OCHOBHBIX CpEICTB, BKIIOUYAEMbIX B

aMOpPTU3AIIMOHHbIE  TPYIIb». [ O00OpYAOBAaHMS  TEPMOCTAOMIIM3ALUU

npuBeicH B Tadmmie 17.
Tabnuua 17 — AMOpTU3alIMOHHbBIE OTUMCIEHUS A1l 000PYyI0BaHUS

YCTaHOBKH TEPMOCTAOMIIN3ALIUNA TPYHTOB

No HaumenoBanue AMopTH3aInOHHAS Hopma CymMma
rpyImmna aMOPTH3AIUH amopTH3auu 3al

roJi, pyo
1 Pon.2.00.000 Pama onopHas 8 rpymma 10% 225249
2 COY50.M2/32.0 Ce3onHo- 10 rpymna 10% 87 723,6

OXJIAKJIAIOIIEE YCTPONUCTBO
3 TC33.7-01.001 TpyOs1 6 rpyrmra 7,1% 25489
OXJIQXKIAIOIIHE
4 BKB 00.000 brox 8 rpymnmna 7,1% 44 597,37
KOHJICHCATOPHBIN
HUrtoro (A) 157350
Jluct
DUHAHCOBBIN MEHEIKMEHT, pecypcodhHEKTUBHOCTD U 116
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3

1) 3arpatbl Ha peMOHT O0OPYIOBaHUS ONMPEACIAIOTCS Kak 2 % OT CTOMMOCTH

KalluTaJIbHBIX SanaT:
2, =5527317*0,02 =110546 py6 (11)

2) 3aTpaThl Ha OOCIY)XHBaHHE W COACpKaHUE O00OpPYIOBAHHS OMPEICIISIOTCS

Kak 3 % OT CTOMMOCTH KaluTaJILHBIX 3aTpar:
3, =5527317*0,03=165820 py6 (12)

3) ycraHOBKa cTaOMIIM3aIlMK KOHJIEHCATa MMEET YCTAHOBJICHHYIO MOIIIHOCTh HE
oonee 0,05 kBt/uac, Tapud Ha 5>IEKTPOIHEPTHUIO OCTAETCA TOT K€ U
NPUHUMAETCS, 4TO TO 00opyAoBaHue padoraetr 24 yaca B cytku u 100 gHei

B roay (B JICTHEEC BpGMﬁI) TO 3aTpaThbl HA 3JICKTPOSHCPIUIO COCTABIIAIOT!
2. =24*100%0,05*6,2 = 744 py6 (13)

4) mpoune 3aTpaThl Ha OOCIYy)XKMBaHHE M COJEpXKaHHE OOOPYIOBAHHUS

ONpeneA0TCA Kak 5 % OT CTOMMOCTH KallMTaJIbHBIX 3aTpar:
3,, =5527317*0,05 = 276366 py6 (14)

Nrak skcrutyataiinoHHbie u3aepxku u3 hopmyisl 10:

=157349,7+110546 +165820 + 744+ 267366= 710825, 5 py6

aKC.00u

OOmrast cymMma DKCIUTyaTallMOHHBIX H3Iepkek coctaBiaser 710 825,5

pyo.

Hswm.
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6.6 TexHUKO-3KOHOMHIYeCKOe 000CHOBAaHME 11eJ1ec000Pa3HOCTH Pa3padoTKH

yCTpOMCTBA

KonudecTBeHHast OIleHKa HAYYHOTO-TEXHHUYECKOro 3¢ (dekTa, Kak MpaBUIO

IMPOU3BOAUTCA C ITIOMOIIBIO OaJIJIBHO - HNHACKCHOI'O MCTO/J4a.

n
]3Ty i=1 Bi * Xir

roe:

]3Ty — KOMILIEKCHBIM MMOKa3aTellb KauecTBa pa3pa6aTLIBaeMoro Hay4YHO-

TCXHUYCCKOI'O ITPOAYKTA I10 I'PVYIIIIC HOKaBaTeHeﬁ;

N — 9KCII0 paccMaTpUBAEMBIX NTOKa3aTelleH;

X; - K03 HUIUEHT BECOMOCTH I-I0 MOKa3aTelis B JOJISX CAMHHUIIBI,

YCTaHaBHHBaCMBIfI 9KCIICPTHBIM IIYTCM (CYMMa BCCOB BCCX paCCMATPHUBACMBIX

MoKa3aTeseil JOMKHA COCTABIIATh SUHUILY);

B; - k03P pHUIueHT BECOMOCTH I-I'0 TIOKa3aTes B J0JISIX SIUHUIIBI,

YCTaHaBJII/IBaeMHﬁ 9KCIICPTHBIM IIYTCM (CYMMa BCCOB BCCX paCCMATPHUBACMBIX

MoKa3aTeseil JOMKHA COCTaBJISATh SIUHUILY);

(15)

B tabmuue 18 mpuBoauTCS CpaBHEHHE MPOAYKTa-aHAjora, B KaueCTBE

KOTOpOro ObUT BBIOpaH KHUAKOCTHBIA TEPMOCTAOMIM3ATOp CTaJIbHOM C

ucciaenyemoit Hamu Tepmoctabunmsupytomeir ['ET-BET cucremoit s

HHXXCHCPHOI'O COOPYKCHHUS I'a30IICPCKAYMBAIOIICTO arperara.

Hswm.
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Tabnuma 18 — DkcmmyaTallmOHHO-TEXHUYECKHI YPOBEHD KHUAKOCTHOTO

TepMOCTAOUIIU3ATOPa U MAPOKUIKOCTHOTO TepMocTaduan3aropa tuna ['ET-

BET cucremsl

Kpurepun Koadduruent JKunkocTHbI#H TTaposxuACKOCTHBIH

BECOMOCTH, B | TepMocTabumuszarop tepmocrabmwmsarop [ ET-BET
CHUCTEMBI
X; X; +B; X; X; +B;

[Ipoctora B 0OpameHnn 0,1 8 0,8 9 0,9

OHEeprodKOHOMUYHOCTD 0,1 6 0,6 8 0,8

YHUBEpPCaTHLHOCTh 0,3 7 2,1 9 2,7

Bpewmst 6e30TkazHON 0,2 7 1,4 8 1,6

paboThl
Hanexuoctb 0,1 7 0,7 9 0,9
Macca, rabapuTtHbie 0,1 6 0,6 7 0,7
napaMeTphbl

OProHOMUYHOCTh 0,1 8 0,8 8 0,8

I[To d¢opmyne (15) Obu1 paccuuTaH MHACKC SKCIUTyaTallHOHHO-

TEXHUYCCKOI'0 YPOBH: JJIA IPOAYKTA-aHAJIOra.

J,.,=01*8+0,1*6+0,3*7+0,2*7+0,1*7+0,1*6+0,1*8 =7

aHan

AHanoruyHeiM 00pa3oM OBLI pacCUMTaH WHACKC OSKCIUTyaTalluOHHO-

TEXHUYCCKOI'0 YPOBHSA JJIA YCTAHABJIMBACMOI'O IIPOAYKTA.

Jup =0,1%9+0,1*8+0,3*9+0,2*8+0,1*9+0,1*7+0,1*8=9,1

pasp

aHan

2113
7

(15.1)

Hswm.
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W3 BemonHeHHBIX pacueToB (15.1) ObLIM cAemaHbl OmpenesieHHBIC
BBIBO/IBI. VYcranoBka UCCIIENYyEMOTO 000pyIOBaHUS npu
TEpMOCTAOUIU3AIMK  TPYHTOB C TOYKA 3pPEHUS  DKOHOMUYECKOM
3¢ (HEKTUBHOCTH SIBISETCS IIenecooOpa3HpiM. Takxke 00OCHOBaH U BHIOOP
yCTaHaBJIMBAEMOI'0 000PYIOBAHUS, HCXO/S U3 CPABHEHHUSI €r0 C MPOJTYKTOM-

aHaJIOT'OM.

JIuct
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3akJIr0YeHue

B  BhimyckHOW  KBalM(UKAIMOHHONW  paboTe Ha  OCHOBAaHUU
MMUTAMOHHOTO MOJICJIMPOBAHUSI M3MEHEHUS TEIUIOBOTO PEXMMa TPYHTOB
OCHOBAHMM TETUIOBBIACIAIONINX OOBEKTOB KOMIIPECCOPHOM CTaHIMHU, ObLI
YCTAHOBJIEH TMOJIXOJ K TMPUHATHIO ONTUMAJIbHBIX IPOEKTHO-TEXHUYECKUX
permeHnii 1Mo 00eCIeUeHNI0 YCTOWYMBOCTA OCHOBAHWHN JJIi  TTOBBIIICHHUS
AKCIUTYaTallMOHHOW HAJEKHOCTH KOMIIPECCOPHOW CTaHUHUHU C IMPUMEHEHUEM

TEXHUYCCKUX CPCIACTB TepMOCTa6I/IHI/I3aI_[I/II/I I'PYHTOB OCHOBaHUI.

[Ipumenenune paccmMaTpruBaeMbIX TEXHUYECKUX pereHni 10

TepMOCTa6HHI/I33HI/II/I MHOT'OJICTHCMCP3JIbIX I'PYHTOB OCHOBaHUM

TCIIJIOBBIACIIAIOIMINX 00BEKTOB KOMHpCCCOpHOfI CTaHLIMK ITO3BOJIACT YBCIMYMUBATDH

HECYIIyI0 CIOCOOHOCTh OCHOBaHWUM B 1,5-2 pasza W, TeM cambIM, 0OecrieUMBacT

YCTOI‘/JILII/IBOCTI) CHCTCMBI n OKCILTyaTallHOHHYIO HaJCKHOCTD 00BEKTOB

T€OTEXHUYECKOU CUCTEMBI.

B ciyuae orcyrcTBus nononHutensHbix TYP o TCI' B mponecce skcrutya-

Taluu HaOJI0IaeTCs 3HAYMTENBHOE MOBBIIIIEHUE TEMITEPATYPhl «KOPEHHbIX» MMI

ocHoBanwmit 10 «wttocy 0,0...«moe» 0,5°C B mpeaenax riyOuHbI 3aokeHus QyH-

AJaMCHTOB, a4 TAaKKC YBCIMYCHHC MOIIHOCTH CC30HHO-ACATCIIBHOI'O CJI0A, YTO HC

Ja€T BO3MOJKHOCTh O0€CHeYuTh TpeOyeMyl0 MpPOYHOCTb, YCTOMYUBOCTH U

HEU3MEHSIEMOCTh (DYHIAMEHTHBIX KOHCTPYKIIMHA HAa TMPOTSIKEHUU BCETO MEepHoja

SKCILTyaTaluu.
OCOOCHHOCTH IKCILTyaTallMd KOMIIPECCOPHON CTAHIMH B YCIOBUSIX
PacIpOCTPaHCHUST MHOTOJICTHEMEP3JIbIX TPYHTOB
W3wm. | Jluct Ne mokym. Tlogmuce | Jlata
Pa3pab. Kunzepckuii.10.10 Jlurt. Jluct JluctoB
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[Ipn ycnoBuM NPUMEHEHHS BEHTWIMPYEMOIO MOAINOIbS, NPUMEHEHUEM
cucremMbl ['ET m yCcTpOHMCTBOM TEILIO3AIIMTHOIO 3KpaHa MOIIHOCTBIO 200 MM -
MPOTHO3UPYEMOE TMOHWKEHHE TEMIIepaTypbl «KOpeHHbIx» MMI B mnpeaemnax
TTyOWHBI 3JI0KEHUST OCHOBAHMS COCTaBIIsIeT «MuUHYyC» 1,2.... «munycy 1,5°C mocne 1
roja J3kcrryatauud u «MuHyc» 3.5..«vuHyc» 4,0°C  mnocne 10 ner. CormacHo
CKaTbIM CpPOKaM CTPOUTENHCTBA BBHIOMPAEM BapHAHT C IUIOMIAJHBIMU CHUCTEMaMU
TEPMOCTAOUITU3AIU Y.

Hanmnune 3aconeHHOCTM TPYHTOB NPUBOAUT K CHOBHIKKE TEMIIEPATYPHI
(a30BbIX MEPEXOAOB B CTOPOHY OTPHUILIATENBHBIX TEMIIEPATYP, YTO MO pe3yjbTaTam
pacyeToB MPUBOAUT K YBEJIIMUECHUIO OpE0ja OTTauBaHUs Ha BEIUYUHY nopsaka 0,5m
u 6oxee. [Ipu IpoBOAMMBIX UMUTAIIMOHHBIX pacueTax He0OX0AUMO HauboIee MOJIHO
YUHUTBIBATh HAJIMYME 3ACOJICHHOCTU U COJIEp KaHUe He3aMepIlIei BOJIbI, COAEPKaHNE
B I'PYHTE KOTOPOH, YBEJIMYMBAETCA MIPU HATMYHUHU 3aCOJICHUS.

BbIOOp TEXHMYECKMX PEHIEHU TepMOCTaOMIIM3allMi TPYHTOB OCHOBAHUU
Obl1  O0OCHOBAaH C  TOYKM  3peHHMS  ()MHAHCOBOTO  MEHEIKMEHTa |

pecypcoddHEeKTUBHOCTH.
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1. Literature review

In the coming years the construction of new directions is inevitably, and as a
result, a significant change in flow patterns, as well as the need to develop remote
areas of the country, which assume the presence of characteristic geoecological
features that must be taken into account when developing the concept of gas industry
development. Moreover, the impact on the object environment of gas industry objects
Is manifested, both at the construction stage and at the stage of their operation.

One of the most important factors determining the engineering-geological
conditions in the northern and eastern regions of Russia is the wide distribution of
permafrost soils in them.

Long-term permafrost occupies an area of approx. 10 million km?, or more
than 60% of the territory of Russia. The southern boundary of permafrost propagation
runs from the north-west to the southeast from the Kola Peninsula to the mouth of the
Mezen river and further along the Arctic Circle to the Urals. In Western Siberia, the
boundary has a sublatitudinal stretch: along the latitudinal section of the Ob river, to
the sources of the Taz river and further to the Yenisei river to the mouth of the
Podkamennaya Tunguska river, where it turns sharply to the south.

Long-term permafrost (or perennial frozen rocks) refers to rocks that have
been frozen to a considerable depth and do not thaw for a long time - from several
tens of years to many millennia. Permafrost is formed on land (in the mountains and
on the plains), on the shelf of the Arctic seas (Barents, Kara, and others) and under
glaciers. The possibility of freezing of rocks under the glaciers is determined by the
temperature of the air and the thickness of the glacier (in the thickness of the ice, the
temperature rises 2-2.5 ° C deep for every 100 m).

The upper layer of the earth's crust, which is the area of distribution of
permafrost, is called cryolithozone. The lower boundary of the cryolithozone is the 0
° C isotherm. The temperature of the upper horizons at the beginning and end of the
warm season passes through 0 ° C. During the cyclic processes of freezing and

thawing, a seasonally thawed layer forms in its roof. If the rocks are thawed deeper

JIuct

IMpunoxenue 129

Hswm.

Juct Ne nokym. TTonmucs | Jlata




than this layer and do not freeze in winter, then the roof of the permafrost is lowered
and taliks of different size and depth appear.

The main characteristics of permafrost are distribution, thickness, ice and
temperature, cryogenic formations (relief forms). Their distribution in area is subject
to the basic geographic laws: latitudinal zoning, altitude zonation and sectorality. By
the nature of the distribution of permafrost, two latitudinal permafrost zones are
distinguished:

Two permafrost sectors are represented on the territory of Russia: the
European-Western-Siberian (Atlantic), whose climate and nature develop under the
predominant influence of the Atlantic (and Arctic) air masses, and the Asian one,
located in the zone of the Siberian anticyclone and characterized by a sharply
continental climate. Sectoral differences are most clearly manifested in the thickness
of the frozen sequences and in the latitudinal position of the zones and subzones (see
Table 1 on page 103). Long-term permafrost, most likely, arose on Earth after the
general cooling of the climate at the end of the Pliocene - the beginning of the
Pleistocene, after which it repeatedly retreated and came again. The current state of
perennial frozen rocks was mainly influenced by their evolution in the second half of
the Pleistocene and in the Holocene: climatic conditions changed, the glacial epochs
alternated with interglacials, the sea level increased to +100 m and more, it fell
significantly below the current, the shelf The arctic seas became land (see Table 2 on
page 104-105). Permafrost contains in itself many traces (relicts) of ancient epochs.

In the European-West Siberian sector, relict frozen stratums are common,
preserved during periods of maximum thawing. In the north, they lie under the
modern frozen species, and in the southern part - disconnected (two-layer
permafrost). To the south of the frozen zone they are preserved at a depth of 50-100
m and are covered by thawed sediments.

The structure of perennial frozen rocks depends mainly on the distribution of
ice inclusions in them. In crystalline and metamorphic rocks, ice occurs as veins
filling the fissures, in sands - in the form of lenses or small crystals, in clays, loams,

sandy loam and peat - in the form of interlayers (schlierens) or a grid. There are also
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large deposits of underground ice, genetically divided into vein (wedges), reservoir,
buried and cave.

A special place is occupied by giant ice veins, the formation of which began
in the Sartan glacial epoch and lasted hundreds and thousands of years. As a result,
ice wedges grew to 20-50 m in height and 3-5 m in width and merged into an almost
continuous ice massif. Such ice sheets are widely distributed within the North-
Siberian, Yano-Indigir and Central Yakut plains and on the coasts of the northern
seas. Their total volume on the territory of Russia is about one thousand km?®.

In the north of Western Siberia and the East European Plain, the reservoir
deposits of underground ice in the marine Pleistocene sediments are a peculiar natural
phenomenon (thickness 30-50 m, the size in plan is 1-2 km). In Eastern Siberia, they
are much less common.

For the distribution of permafrost, specific processes and phenomena, called
cryogenic ones, are characteristic. This cryogenic weathering and frost cracking, frost
punching, icing, thermokarst, thermal abrasion, various slope processes.

Features of distribution, intensity of development and manifestations of
exogenous processes are determined by landscape and geological factors. With these
processes, the formation of certain permafrost forms of relief is associated.

Frost-induced cracking occurs as a result of sharp fluctuations on the surface
of the earth, leading to rupture of frozen forests and the formation of a polygonal
crack system. Frosty cracks in the warm season fill with water, which will freeze and
turn into ice wedges. There is a polygonal grid of re-veined ice. Dimensions of
polygons from the temperature gradient and physical and mechanical properties vary
from 0.5 to 50 meters. Repeated veins of ice occur on accumulative peaks in the
bottoms of river valleys and interfluves, being formed mainly in sands or peat at a
forest temperature below -3 ° C. The intensity of the process increases from south to
north.

Frosty energy whipping is caused by an increase in the volume of freezing
moisture and the accumulation of ice during freezing. This process is very widely

distributed mainly in loam, clay and peat. As a result of the freezing of peat bogs in
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marshy lowlands from hillocks sites with a relative height of several meters. Similar
formations are widely developed in the north of Western Siberia.
Thermokarst is the formation of subsidence and failure forms of relief for thawing
underground ice. The reason for its occurrence is a change in heat exchange on the
soil surface, in which the depth of seasonal thawing of the upper depth of the
underground ice and the long-term thawing of the frozen frozen sequence begins. The
forms of thermokarst manifestation are diverse.

The study of permafrost is of great practical importance in various branches
of the national economy of the country. The human engineering activity primarily
leads to the destruction of soil and vegetation cover, which in the polar regions entails
a sharp increase in the depth of seasonal thawing (sometimes 2-4 times), activation of
thermokarst, thermoerosion and other cryogenic processes. With the development of
deposits, construction, laying of railroads and highways, etc., it is necessary to take
into account the possibility of punching and subsidence of soils, the sliding of
thawing soils on the slopes (solifluction, landslides), the formation of ice on roads,
near bridges, and so on. Saline frozen rocks significantly reduce the load-bearing
capacity of soils. When thawing large deposits of underground ice, the slope
processes become catastrophic, that also complicates the construction. When
developing the northern regions, it is necessary to take into account that their nature
is very vulnerable and technogenic activation of cryogenic processes will for a long
time make it difficult or make it impossible to restore natural natural geosystems.

Agreed GOST 25100-95 to permafrost soils include soils that, under natural
conditions, are in a frozen state for three years or more. The zone of development of
permafrost soils is called the cryolithozone or zone of permafrost.

The zone of permafrost occupies 64% of the total area of Russia and 25% of
the land area of the globe. In addition to Russia, permafrost soils are common in
Alaska, Greenland, the north of the Caucasus, in the highlands of Central Asia and
elsewhere.

Permafrost soils in our country are subject to a distinct latitudinal zoning: 1)

continuous distribution in the Far North; 2) incomplete (rapid) distribution in areas
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south of this zone, including the island one - in areas further south, up to the borders
with Mongolia and China. The temperature of permafrost soils in these zones ranges
from0to-10 ° C.

The origin of permafrost is associated with the glaciation of the Earth in the
Quaternary period. According to many scientists, the very existence of permafrost is
not eternal, because with global warming it can disappear completely.

The specificity of permafrost soils is that they contain ice constantly. With an
increase in the temperature (above 0 ° C), the frozen ground thaws, and its strength
sharply decreases, and other properties qualitatively change, especially in silty clay
soils.

It is necessary to distinguish between permafrost and seasonally frozen soils.
Seasonally frozen soil is in a frozen state only periodically during the cold period of
the year. In the frozen state, it has a negative temperature, contains ice and is
characterized by cryogenic structural bonds. In warm weather, the ground thaws. This
phenomenon is called seasonal freezing.

The depth of seasonal freezing of soils (df) depends on the climatic features
of the area, the composition of the rocks, the thickness of the snow cover and other
factors. The value of df varies from a fraction of a meter to 3-4 m.

Permafrost soils, like none of the other specific soils, are highly sensitive to
changes in the temperature regime. In these conditions, the hydrogeological features
of the territory are radically changed, dangerous cryogenic (permafrost) processes

occur-thermokarst, frost heave, ice, etc.
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1. FEATURES OF THE STRUCTURE, COMPOSITION AND
PROPERTIES OF PERMAFROST SOILS.

Three layers are distinguished in the vertical section of permafrost layers:

1) The active layer.

2) The perennial permafrost

3) The under- permafrost layer (thawed soils with a positive temperature).

The active layer is the uppermost part of the permafrost layer, subject to
seasonal thawing (in summer) and freezing (in winter). The power of the active layer
depends on the geographic location of the terrain, the composition of rocks, the
exposure of the slope, and varies from 0.2-0.5 m (tundra zones and zones of arctic
deserts) to 3-4 m. The greatest power is noted in sandy and coarse-clastic soils, the
smallest - in organomineral. In the active layer, even in winter, taliks may exist, that
IS, thawed (thawed) areas of rocks.

Determination of the power of the active layer, its composition and state, as
well as the location of thawed soil in it is of great practical importance. In this
connection, two types of permafrost are distinguished in the geologic section: type | -
permafrost, in which the active layer directly passes into permafrost upon freezing,
and type Il - non-permafrost, when a layer of thawed soil remains between them.

Long-term permafrost - the thickness of soils with a constant negative
temperature is from several meters to several hundred meters. The maximum power
is registered behind the Arctic Circle in the upper reaches of the Marhi river in
Siberia - 1450 m. Under the valleys of large Siberian rivers, the permafrost may be
completely absent, which is associated with the release of a huge amount of heat. In
the zone of discontinuous (intermittent) distribution, the power of permafrost soils
usually does not exceed 30-60 m, and in the zone of island propagation it decreases to
10-15 m.

According to the physical state and composition among the permafrost soils,
three species are distinguished (GOST (state standard) 25100-95):
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1. solid-frozen - in which the dispersed soil is firmly cemented with ice, is
characterized by brittle fracture and low compressibility under external load. In a
hard-frozen state, sandy-clay soils pass at a temperature below -0.3 ° C;

2. plastic-frozen - in them, in addition to ice-cement, there is unfrozen water,
due to which they have a viscosity and an increased compressibility under external
load,;

3. free-flowing frozen - small humidity sandy and coarse-clastic soils with a
negative temperature, but not cemented with ice, and therefore they retain friability.

The presence of ice in soils significantly changes not only their structure, but
also almost all physical and mechanical properties.

Ice can be in permafrost soils not only in the form of ice-cement filling the
pores, but also in the form of various inclusions, lenses, veins, interlayers, sometimes
in the form of thick layers - up to 20 m. The ratio of the volume of ice of all species
contained in the frozen soil to its volume is called the total ice content.

During thawing, permafrost soils drastically reduce their strength and are
capable of producing significant thermal deposits (subsidence), often reaching 10-
15% of the thickness of the thawing layer. Such significant precipitation will
inevitably lead to serious deformations and even destruction of various structures
erected without taking into account the specific characteristics of permafrost soils.

Construction on permafrost soils is regulated by special norms and rules (SN
(Building regulations) 2.02.04-88). When designing different buildings and
structures, not only their design and technological features are taken into account, but
also the character of thermal and mechanical interaction with the frozen earth's
thickness. It is very important to forecast possible changes in permafrost conditions
both during construction and during the operation of buildings and structures. All
these data are obtained on the basis of special engineering and geocryological works,
which include engineering geological, permafrost and hydrogeological investigations.

The results of laboratory and field tests determine the basic physical and

deformation-strength characteristics of soils, as well as their thermophysical
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properties, the type of cryogenic texture, total ice content and the temperature regime

of frozen and thawing soils, the relative sedimentation of the soil during thawing.
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2.POSSIBLE RISKS

The obtained data are necessary for the selection of the following construction
principles on permafrost soils:

Principle | - with the preservation of soil base in the frozen state during the
entire period of construction and operation of buildings and structures.

Principle Il - with the removal of the frozen state in the form of: a)
preliminary artificial thawing and compaction of foundation soils prior to start
construction; b) with the approval of their thawing during the operation of buildings
and structures and c) replacement of ice-saturated frozen soils with thawed. Principle
| is used in cases where unheated rooms are being built or when it is possible to take
effective measures to prevent thawing in the base of the heated premises. In areas
with hard-frozen soils, as well as with increased seismicity of the area, the use of
permafrost soils should be adopted according to principle 1.

One of the best ways to preserve the rocks in the frozen state is the
installation of pillar pile foundations and foundation pillars with air circulation under
the buildings, as well as a device in the buildings of cold (ventilated) underground or
cold first floors of buildings. In frozen soils, the piles are immersed in pre-drilled
leader wells, the diameter of which is smaller than the diameter of the piles.

In the case when it is impossible to keep the ground in the frozen state (high
total ice content, etc.) or economically impractical, apply principle Il - gradual pre-
setting thawing and compaction of the soil of the base. This is achieved by means of
steam, hot water, electric currents and other sources of heat and subsequent fixing or
replacing thawing soil.

Principle 11 should be applied in the presence of rocky or other low-
compressible soils in the base, the deformation of which during thawing does not
exceed the maximum permissible values for the proposed structure, with the non-
continuous propagation of permafrost soils, and also in cases when the technical and

structural features of the structure and engineering-geocryological conditions of the
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site, while maintaining the frozen state of the foundation soils, the required level of
construction reliability is not ensured.

The main features that complicate the development of areas with permafrost
soils include:

— spread of icy and hardy-frozen frozen rocks, in case of thawing, thermal
precipitation is possible;

— presence in frozen rocks of underground ice in the zone of influence of
engineering structures;

— high dynamism of the natural environment;

— active manifestation of dangerous cryogenic processes that cause
deformation of engineering structures, as well as irreversible changes in the natural
environment.

The construction and operation of fuel-producing oil and gas facilities in the
permafrost zone may lead to the thaw and subsequent negative consequences,
including possible emergency situations, negative effects on the environment, etc.
When designing and building in such conditions, it is necessary to take into account
many different factors. Buildings built on permafrost soils without taking into
account interaction with the ground base can, in a short period of their operation,
come into emergency condition.

In particular, to the seasonal thawing of soil due to the positive air
temperature, the thermal effect of the building itself is added, often very significant.
When the frozen ground is thawed, uneven precipitation under the structure may
occur, which is often more dangerous than uniform. In the cold season, the seasonal
freezing layer will again be cooled by the action of negative temperatures and the soil
whipping processes are not excluded. [8]

The principle of the use of permafrost soils as the base of structures, as well
as the methods and means necessary to ensure the design position of the structure,
should be selected based on comparative technical and economic calculations based
on the results of thermal engineering calculations, taking into account the depth,

continuity. temperature regime of soils and other factors.
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The specific features of permafrost propagation in a particular area determine
the specifics and limitations in the design of structures. When designing structures
that are built on permafrost soils of various forms of occurrence, with an individual
temperature regime, most design solutions are unified. Separately, there is the
problem of “sluggish™ (high-temperature) permafrost, when the choice of protective
measures is possible only on the basis of a feasibility study.

In the areas of permafrost, the most favorable for construction sites are rocky
or loose-grained (sand, gravel, etc.) soils with a deep bedding of groundwater. In all
other cases, the construction of permafrost soil causes considerable difficulties.

In the production of engineering-geological and construction work, special
attention must be paid to the extreme "sensitivity" of permafrost soils to man-made
impacts and, therefore, to strictly comply with all requirements for the protection of
the natural environment (to preserve the vegetation cover, to withdraw surface waters
from construction sites, to maintain established the design temperature regime at the
base of the structures, etc.). In particular, it should be borne in mind that the
movement of self-propelled drilling rigs, tractors, machinery and other types of
transport (especially caterpillar) before the advent of of a stable snow cover destroys
plant communities from mosses, lichens and other plants that form the soil and
vegetation layer. As a result, thermoerosion, thermokarstic and other dangerous

permafrost-geological processes develop.
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3.TECHNICAL SOLUTIONS TO ELIMINATE THE
NEGATIVE IMPACTS OF PERMAFROST SOILS

When permafrost soils are used as bases of structures in accordance with
Principle | for the preservation of the frozen state of the foundation soils and for
ensuring their design thermal regime in the foundations, it is necessary to envisage:
the arrangement of ventilated sub-floors or cold first floors of buildings, laying in the
base of the construction of ventilated pipes, channels or application ventilated
foundations, installation of seasonal-acting cooling devices of liquid or vapor-liquid
types - SCD, and also carried out (heat shields, etc.) to eliminate or reduce the
thermal effect of the structure on the frozen grounds of the foundation.

The choice of one or a combination of several measures should be made on
the basis of calculations: the forecasted (for the whole period of operation) of thermal
engineering, stability and bearing capacity, taking into account the structural and
technological features of the structure, the experience of local construction and
economic feasibility.

Ventilated underground with natural or incentive ventilation should be used to
preserve the frozen condition of soils in the foundations of residential and industrial
buildings and structures, including structures with increased heat release.

Underground conditions in accordance with the heat engineering calculation
and the conditions of snow cover can be arranged open, with ventilated or closed airy
in the basement of the building; if necessary, the exhausts or supply pipes should be
arranged in the air, having air intake openings above the highest level of the snow
cover. Closed underground, as well as cold first floors of buildings are recommended
to be arranged with the width of buildings up to 15 m and average annual ground
temperatures below minus 2 ° C.

The height of the underground must be taken according to the conditions for
ensuring its ventilation, but not less than 1.2 m from the surface of the ground in the
underground to the bottom of the protruding overlap structures; when placing in the

underground communications - according to the conditions of free access to them, but
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not less than 1.4 m. Under individual sections of the structure with a width of up to 6
m, in the absence of communications and foundations, the height of the underground
can be reduced to 0.6 m.

The surface of the ground in the underground should be planned with slopes
towards the outer areas or catchments, ensuring unimpeded drainage of water from
the structure, and have, as a rule, a hard coating.

Engineering fuel lines located in the ventilated underground must be
thermally insulated.

Ventilated pipes or channels, as well as ventilated foundations, can be
arranged with natural or incentive ventilation, and they should be used primarily to
preserve the frozen condition of the ground in the foundation of structures with floors
on the ground, when installing shallow or superficial foundations on mound, as well
as mobile buildings and buildings in complete-block execution.

Ventilated pipes, ducts and ventilated foundations should be laid above the
groundwater level, usually within the limits of a subsoil of non-heaped soil with
slopes towards the collectors. To reduce the heat input into the ground and the height
of the underfill under the floors of the structure, it is necessary to provide for the
laying of heat- and waterproofing.

Thermal insulation of fuel elements of buildings and structures (Figure 1)
allows to reduce their thermal impact on soils and to preserve the permafrost. The
essence of the method consists in the use of materials with a relatively low coefficient
of thermal conductivity, placed directly on the fuel elements of structures in contact
with soils of the base. Various methods of thermal insulation of structures are used:
full, partial, differentiated (for example, variable thickness, along the length of the
pipeline).

The most demanded at present heat insulation materials are made of expanded
polystyrene. This type of thermal insulation has high thermal insulation properties,
good strength and low water absorption. The drawbacks include a rather narrow
operating temperature range up to 75 © C, which does not allow the use of material

for thermal insulation of high-temperature pipelines, capacitive equipment and flare
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bases. In the case of high temperature loads, the use of alternative materials is
possible.

For underground tanks, one option is to use thermal insulation materials based
on foamed rubber, which have a wider temperature range.

To preserve ground substrates in the frozen state (when choosing the |
principle of construction), heat shields can be used.

The essence of the method lies in the deepening of the screen in the
embankment under the structure or the building at some distance from the base,
which prevents the transfer of heat from structures to the ground. Thermal insulation
screens can be used both separately and together with other protective measures.

Also, materials based on expanded polystyrene foam are widely used due to
high physicomechanical indexes, allowing to perceive significant mechanical loads
without deteriorating the thermal insulation properties.

Materials are used in embankments, road grounds, etc. When the thermal
effect on the embankment and its basement from the structure is significant, it will be
justified to use a heat-insulating material made of froth glass because of the
impossibility of using expanded polystyrene. Foamed glass can be used at

temperatures up to 500 ° C.
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4.SEASONALLY-ACTING COOLING DEVICES (SCD)

Seasonally-acting cooling devices are designed to support ground in a frozen
state, which ensures the stability of buildings, structures on piles, and also keeps
frozen soil around the supports of power lines and pipelines, along railroad tracks and
motorways. Seasonal cooling devices should be used to maintain the frozen state of
the base soils, to increase the load-carrying capacity of the supports of linear
structures in the plastically-frozen soils, and also to create ice curtains, to restore the
thermal regime of soils disturbed during operation, at its base and for other purposes.
The technology of seasonally operating cooling devices is based on a heat transfer
device (thermosyphon), which in winter extracts heat from the soil and transfers it to
the environment. An important feature of this technology is that it is naturally-acting,
I.e. does not need external sources of energy.

The principle of operation of all types of seasonally operating cooling devices
is the same. Each of them consists of a sealed tube, in which there is a coolant:
carbon dioxide, ammonia, etc. The pipe consists of two sections. One section is
placed in the ground and is called an evaporator. The second, radiator section of the
pipe, is located on the surface. When the ambient temperature drops below the
ground temperature where the evaporator is located, the refrigerant vapor begins to
condense in the radiator section. As a result, the pressure decreases and the
refrigerant in the evaporating part begins to boil and evaporate. This process is

accompanied by the transfer of heat from the evaporative part to the radiator part.
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Figure 1 —Heat transfer using thermosiphon

Currently, there are several types of designs for seasonally operating cooling
devices:

1) Thermostabilizer. It is a vertical tube of thermosiphon, around which the
soil is frozen.

2) Thermo-pile. It is a vertical pile with integrated thermosyphon. The
thermo-pile can carry some load, for example the oil pipeline support.

3) Deep seasonally active cooling device. It is a long (up to 100 meters)
thermosiphon tube with an enlarged diameter. Such cooling devices are used for
temperature stabilization of soils at great depth, for example, for the thermal
stabilization of dams.

4) Inclined seasonally operating cooling device. This type of cooling device
differs from the thermal stabilizer in that the installation of the evaporator tube is
performed at a slope of about 5%. In this case, it is possible to install an inclined
evaporator tube directly below the buildings erected on concrete slabs.

5) Horizontal cooling device. A feature of the horizontal seasonally operating
cooling device is that it is set completely horizontally at the level of the prepared bulk

foundation. In this case, the building is erected directly on a non-shrinkage ground,
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located on the insulation layer and evaporative tubes. The advantage of horizontal
cooling devices is the possibility of using them in two configurations: on slab and
pile foundations.

6) System of vertical cooling devices. This type of seasonally operating
cooling devices is similar to a horizontal cooling device, but unlike horizontal
evaporative tubes, it can contain up to several dozen vertical evaporative tubes. The
advantage of this system is the more effective maintenance of the soil in the frozen
state. The disadvantage of vertical systems of cooling devices is the difficulty of their

repair and maintenance.

7| building |f DRIy

Deep seasonally active

Thermostabilizer Thermo-pile cooling device

building

Inclined seasonally
operating cooling device

System of vertical cooling

Horizontal cooling device :
devices

Figure 2 — types of designs for seasonally operating cooling devices

To work in the Far North, ultramodern technologies are needed, thanks to
which it will be possible to take even the most severe nature into our allies.
Until recently, one of the most common engineering solutions for excluding

the thermal impact of structures on permafrost soils was the construction of ventilated

JIuct

IMpunoxenue 145

Hswm.

JInuct Ne nokym. TTonmucs | Jlata




underground on piles. However, this principle of construction is requires a lot of
material (it takes hundreds of tons of metal, a huge amount of special equipment) and
leads to a significant rise in the cost of foundations. As a result, the share of the
foundation accounts for about 60% of the total estimated cost of the facility. In
addition to economic inefficiency, ventilated underground facilities do not meet the
criteria for maintainability and manageability in the event of unforeseen thermal
impacts on permafrost. This led to the fact that during the operation more than a third
of buildings and structures in Norilsk, Vorkuta, Yakutsk, Dudinka and others began
to experience deformations.

To replace the classical schemes for the construction of buildings, structures,
industrial facilities on permafrost, new, cost-effective, reliable and safe technologies
are required.

Recently, four main types of seasonally operating cooling devices have been
developed: individual heat stabilizers, horizontal and vertical natural tubular systems

("HNT" and "VNT" systems), deep cooling devices.

4.1 Thermostabilizing system HNT

Purpose: maintenance of a given temperature regime of permafrost soils and
elimination of unforeseen heat releases under the foundations of various structures
(reservoirs with a volume of up to 50,000 m3, landfills, chemical reagents, etc.);
buildings (gas compressor and oil pumping stations, industrial buildings, residential
complexes, public buildings); roads and railways.

Advantage: it is possible to perform temperature stabilization of soils in the
most inaccessible places or places where placement of above-ground elements is
undesirable or impossible, since all cooling elements are located below the surface of
the ground, and the condenser block can be removed for removal from the structure
to 70 m.

The system consists of two main elements:

1. Horizontal cooling pipes located in the ground of the base. It served for the
circulation of refrigerant and subsequent freezing of the soil.
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2. Condenser block located on the surface of the ground. In the condenser
unit, due to natural convection and gravity, condensation of refrigerant vapors and
further pumping it through the system occurs.

Principle of operation: in the cooling pipes, heat transfer of the soil to the
coolant occurs. The coolant passes from the liquid phase to the vapor phase. The
steam moves toward the condenser unit, where it condenses into the liquid phase,
giving off heat through the fins to the atmosphere. The cooled and condensed
refrigerant again flows into the evaporation system and repeats the cycle of motion.

Specifications:

— area of cooling - 200 - 500 m2

— the surface of the condenser unit is 110 m2

— width of the building - up to 108m

— economic efficiency - reducing costs by 20-50%

— do not require power consumption

— operating mode - October - April

— the system is compatible with commercially available refrigeration
machines.

4.2 Thermostabilizing system VNT

Purpose: freezing and maintaining the specified temperature regime of
permafrost soils and eliminating unforeseen heat emissions under the foundations of
various structures (reservoirs with a volume of up to 50,000 m3, gas and oil wells,
SDW landfills, chemical parks, etc.); buildings (gas compressor and oil pumping
stations, industrial buildings, residential complexes, public buildings); roads.

Advantage: the possibility of deep freezing of soils in the most inaccessible
places or places where the placement of above-ground elements is undesirable or
impossible, since all cooling elements are located below the surface of the ground,
and the condenser unit can be removed for removal from the structure to 70 m.

The system consists of next main elements:

1. Vertical cooling pipes serve to circulate the refrigerant and freeze the

ground.
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2. Connecting pipes combine cooling tubes and condenser unit.

3. Condenser block located on the surface of the ground. In the condenser
unit, due to natural convection and gravity, condensation of refrigerant vapors and
further pumping it through the system occurs.

Principle of operation: in the cooling pipes, heat transfer of the soil to the
coolant occurs. The coolant passes from the liquid phase to the vapor phase. The
steam moves toward the condenser unit, where it condenses into the liquid phase,
giving off heat through the fins to the atmosphere. The cooled and condensed
refrigerant again flows into the evaporation system and repeats the cycle of motion.

Specifications:

— area of cooling - 200 - 500 m2

— number of vertical pipes - 20-30

— depth of vertical pipes - 10-14 m

— the surface of the condenser unit is 110 m2

— width of the building - up to 108m

— economic efficiency - reducing costs by 20-50%

— do not require power consumption

— Operating mode - October - April

— The system is compatible with commercially available refrigeration
machines.

4.3 Deep cooling devices

The purpose is to freeze and temperature stabilize the soils of dams,
wellheads and other structures with a depth of up to 100 m to ensure their operational
reliability.

Construction - the seasonally operating cooling device is a sealed, one-piece
welded construction, refilled with a refrigerant. The depth of the underground part is
more than 13 m.

Features of the design - the following products are developed and used,
namely:

4. Group cooling devices. They consist of several individual heat

stabilizers, each of which freezes its horizons. Two types of group cooling devices
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were tested: full factory readiness with a polyethylene insert and a total depth of
freezing up to 50 m (a dam on the river Irelyakh, the district of Mirny); all-metal with
field installation and total freezing depth up to 16 m, coolant - ammonia (tailing
pond, Nyurba settlement).

5. Single cooling devices. Such single cooling devices have a diameter of
the underground part of 57 and 89 mm, a special internal device filled with a vapor-
liquid coolant-carbon dioxide at the entire depth of freezing, are mounted and
refueled at the facility. The products are tested on the Irelakh dam with a depth of
immersion of 40, 50 and 80 m, and at a frozen ground with a depth of up to 100 m.

6. Collector cooling devices. This collector cooling devices data are
connected to the air-cooling unit with the help of a collector, in which the finned
tubes are blown by fans.

Forced air blowing of finned tubes allows the most frostless windless periods
to significantly increase heat exchange and get the temperature of the freezing pipes
almost equal to the temperature of the outside air. Such a system is designed for
intensive initial freezing and further economical maintenance of the frozen soil zone
obtained.

A collector cooling device with an air-cooling unit, there are applications, for
example, in Yakutia, with calm in this region.

The ideal coolant for deep cooling devices is carbon dioxide, it fills the whole
of the frozen height of cooling devices, and intensive circulation of the coolant is

provided by the use of special internal devices.

4.4 Individual heat stabilizers.

Purpose - individual heat stabilizers are designed to freeze thawed and cooled
plastically frozen soils under buildings with ventilated underground and without it,
overpasses of pipelines, roads and railways, bridge supports, lines and other
structures in order to increase their bearing capacity and prevent buckling of piles.

Design - is a sealed, one-piece welded construction, refilled with a refrigerant:

carbon dioxide or ammonia. The total length of the thermal stabilizer is from 7 to 24
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m. The depth of the underground part is up to 21 m. The height of the ground
condenser part with aluminum fins up to 3 m.

Thermostabilizers are installed in the ground vertically, inclined or slightly
inclined. To prevent buckling, the piles are installed at an angle of 10 ... 15 deg. to the
vertical in the immediate vicinity of the lower end of the pile and have a thermal
insulation in the zone of the active layer of the soil.

Design features - two methods of manufacturing are used:

- thermostabilizers of the factory readiness, the overall length of the product
according to the conditions of transportation by rail transport does not exceed 13 m,
motor transport - 16 m. For transportation of heat stabilizers of a longer length, it is
possible to have a U-shaped fold in half with subsequent bending at the facility.

- collective heat stabilizers mounted on site from individual factory blanks,
which allows them to freeze ground bases with depth of more than 12 m in the most
inaccessible places of operated buildings and structures, for example, under the

already constructed ventilated underground.
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