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IInanupyemsie pe3yabraThl 00yuyeHus no OOIL

Koo
pesyiom
ama

Pe3zynomam o6yuenus
(8bINYCKHUK 00JIICeH ObIMb 20MO8)

Tpebosanus @I'OC, kpumepues
U/Unu 3aUHMePeco8aHHbIX
CMOpOH

B coomeemcmeuu C YHUBEpCailbHbIMU, oﬂmenpoqbeccuonaﬂbnbmu u npoqbeccuonwlbnbmu

Komnemenuuamu

O61mme mo HanpasJeHuio noaAroToBku 21.04.01 «Hedrerazosoe nes10»

[TpumeHsITH €CTECTBCHHOHAYYHBIE,
MaTeMaTHYECKHE, rYMaHHUTapHEIC,
YKOHOMUYECKUE, WHKCHEPHBIC, TEXHUYCCKUE H
r1yookue mpodeccuoHalIbHBIC 3HAHMS B 00J1aCTH

OK-1; OK-2; OK-3, OIIK-1;
OIIK-2; OIIK-4; OIIK-5; OIIK-
6; OIIK-7, OIIK-8, I1K-1; TTIK-2;
[1K-3; 11K-4; IIK-6; IIK-7; IIK-

Pl coBpeMeHHBbIX HedrerazoBbix TexHomoruu s | 9; T1K-10; TIK-11; T1K-14; TIK-
peHICHUsT  npuxiaousvix medxcoucyuniunapruuix | 16; I1IK-17; IIK-19; T1K-20; ITK-
3a0ay u UHIHCEHEPHBIX npoonem, | 21; IIK-23
COOTBETCTBYIOIIUX MPO(UII0 TMOATOTOBKH (B
He(TEera3oBOM CEKTOpE SIKOHOMUKH)

[TnanupoBateh ¥ mpoBoauTh aHanmuTHueckue W | OK-1; OK-2; OIIK-2; OIIK-4;
AKCTIEPUMEHTAIIbHBIE Uuccne008anus c | OIIK-6; IIK-1; IIK-2; IIK-3;
UCIIOJIb30BaHUEM HoBelmux aoctuxkenuid Hayku | [1K-4; I1K-5; T1K-6; TIK-7; TIK-
U TEXHHWKH, YMeTh Kputuuecku ouenuBars | §; [IK-9; IIK-10; TIK-11; IIK-

P2 pe3ynbTaThl W JAeNaTh BbIBOABI, moiydeHHble B | 14; I1IK-15; I1IK-17; TIK-18; I1K-
COJCHbIX U Heonpedenénuvix  ycaosusx, | 19; T1IK-20; TIK-22; T1K-23
UCIIONIB30BaTh MNPUHYUNBL U30Opemamenbcmed,
npasoguvle OCHOBbL 8 obnacmu
UHMENIEeKMYaNbHOU COOCMEEHHOCMU

8 0bacmu npou3800CMBEEHHO-MEXHONOSUYECKOL 0esimelbHOCMU
[TposiBnsATH npodeccuonansuyto | OK-1; OK-2; OIIK-1; OIIK-2;
ocgedomnenHocms o nepedosvix suanusix u | OIIK-3; OIIK-6; OIIK-7, OIIK-
OMKpbIMUsAX B obmactu  Hedrerazoswix | 8, IIK-1; IIK-2; TIK-3; TIK-4;
TEXHOJIOTHit c Y4ETOM nepeoosoco | I1IK-5; I1K-6; I1K-7; TIK-8; I1K-
omeyecmgenHo2o U  3apybexcnozo  ombita; | 9; IIK-11; TIK-13; TIK-14; I1K-
UCIIONIB30BaTh  UHHOBAYUOHHBLU nooxod t1ipu | 15; TIK-18; ITK-20;I1K-21; TIK-

P3 N
pazpaboTke  HOBBIX uaeil u  MmertonoB | 22; [1K-23
npoekmuposanus  00bEKTOB  He(]TerazoBoro
KOMIUIEKCA [UISl peulenus UHHCEeHEePHbIX 3a0ay
pazeumus He(dTera3oBbIX TEXHOJIOTHH,

MoOepHu3ayuu u YCOBEPUIEHCMBOBAHUSL

He(dTerazoBoro MpoM3BOJICTRA.

Bueopsme, skcniyamuposame u obcnyocusams | OK-2; OIIK-1; OIIK-2; OIIK-7,
coepemennvie mawunvl u  mexanuzmol i | OTIK-8, TIK-1; TIK-3; TIK-6;
peanusanuu TEXHOJIOTHYECKHUX mpoueccos | [1K-9; TIK-10; TIK-11; I1K-14;

P4 HedTerazoBoii  oOyactu, obecreumBarh ux | [1IK-16; T1IK-17; T1K-18; T1K-19;
8b1COKYI0 Ahpexmusrnocmy, cobmonats npasuna | [1K-21; T1IK-22
0XpaHvl 300p06bsi U OezonacHocmu mpyod,

BBITIOJIHSATh TpeOoBaHUS o 3awume
OKpYdHcaroujeli cpeovl.
8 001acmu SKCNEePUMEHMANbHO-UCCe008AMeNbCKOU 0esmelbHOCMU
Beictpo  opumentupoBathcsi  u  BbIOupath | OK-2; OK-3; OIIK-1; OIIK-2;
onmumanvhvle peuwtenuss 6 muozogaxmopnuuix | [1IK-4; IIK-5; TIK-6; TIK-7; TIK-
P5 cumyayusx, BIaneTb merogamu u cpencrtsamu | §; IIK-9; IIK-10; TIK-11; IIK-

mamemamudecKkozco MO()@ﬂupO@(lHu}l
TEXHOJIOTHYCCKHUX IMMPOIECCCOB 1 00BEKTOB

17; IIK-20




Koo
pesyiom
ama

Pesynemam o6yuenus
(8bINYCKHUK 00JI)CeH ObIMb 20MO08)

Tpebosanuss @I'OC, kpumepues
U/Unu 3aUHMepPeco8aHHbIX
CMOpOH

8 0baacmu npoOeKmHol 0esimelbHOCIU

O} PexTUBHO UCTIOTH30BATH JIFOO0H UMEIOIITHIICS
apceHan TEXHUYECKHIX CpeicTB TUIst
MaKCHUMaJIbHOTO MPUOIMKEHHS K MOCTABICHHBIM
NPOM3BOJICTBEHHBIM HEIISIM TIPH pazpabomke u

OK-2; OTIK-1; OIIK-2; OIIK-4;
OIIK-7, OTIK-8, MK-1; IK-3;
TIK-4; TIK-5; TTK-6; TIK-8; ITK-
9; TIK-10; TIK-11; MK-13; IIK-

P6 peanuzayuu NnpoeKmos, npoBoauts | 14; T1IK-15; TIK-16; [1K-17; T1K-
IKOHOMUYCCKULL aHanus sampam, | 18; I1IK-19; I1K-20; I1IK-21; T1K-
MapkemuHeosvie ucciedosanus, paccuumsoieams | 22; I1K-23; (ABET-3c), (EAC-
9KOHOMUYECKYIO d¢hchekmusrHocmb 4.2-e)

6 obracmu op2aHU3ayUOHHO-YNPABIEHYECKOU 0eamelbHOCMU
OddextuBHo paboratb wuHAMBUAYyanbHO, B | OK-1; OK-2; OK-3; OIIK-1;
KauecTBe uieHa u pykoBogutTenas komaunbl, | OIIK-2; OIIK-4; OIIK-5; OIIK-

P7 ymenue (opmupoBaTh 3ananus u omneparuBnbie | 6; I1K-6; ITK-11; TIK-12; IIK-
TUTAaHBI BCEX BUOB JICATEIBHOCTH, pactipenensts | 13;  TIK-14; TIK-15; TIK-23;
0053aHHOCTH WICHOB KOMaHbl, rotoBHOCTh | (ABET-3c), (EAC-4.2-¢)

HECTH OTBETCTBEHHOCTH 32 PE3yJIbTaThl pabOTHI

CamoctosaTenbHo  yuutbes u  HempepbiBHO | OK-1; OK-2; OK-3; OIIK-1;
noBeImaTh kBampukanmuio B Tedenue Bcero | OIIK-2; OITK-4; OIIK-5; OIIK-
nepuona mnpodeccuoHabHOW — aestenbHocTH; | 6; [IK-6; IIK-11; TIK-12; IIK-

P8 AaKTUBHO BJAJIETh HWHOCTpPaHHBIM si3bikoM Ha | 13;  TIK-14; IIK-15; TIK-23;
YpOBHE, I03BOJISIOIIEM paborath B | (ABET-3c), (EAC-4.2-¢)
WHTEPHAIMOHAILHOW ~ cpee, pa3pabaThiBaTh
JOKYMEHTAIlMI0O ¥  3alUIIaTh  Pe3yibTaThbl
WHXCHEPHOU NI TSIIbHOCTH

IIpoduib «Hage:kHOCTH ra30He(PTENPOBOA0B U XPAHUITHIID
Opranuzanus TexHoJoruueckoro | Ipebosanus @I'OC BO, CYOC

P9 COTIPOBOXKACHHUS MIaHUpoBaHus u ontumusauuu | 711V (OIIK-6, OIIK-7, IIK-4,
MOTOKOB YTJIEBOJOPOAHOIO Chipbs W pexumos | [IK-7, [IK-13), mpebosanus
paboThI TEXHOJIOTUYECKUX OOBEKTOB npogeccuoHanbHo2o

cmanoapma 19.008
Cneyuanucm no oucnemuepcro-
MEXHOJIO2UYECKOM)Y YNPABIEHUIO
Heghmez2az0601 ompaciu
Opranmzanus ~ TOuP, O  wedre- wu | Tpebosanus ®I'OC BO, CYOC
ra3oTpaHCIOPTHOTO 000PYAOBAHUS TI1Y (OIIK-5, OIIK-6, IIK-9,
P10 IIK-11), mpebosanus
npogeccuonanbHo2o
cmanoapma 19.013 "
Cneyuanucm no sKcniyamayuu
2A30MpPAHCHOPMHO20
obopyoosanus"
[ToBbIIeHWE  HANEKHOCTH,  JOJTOBEUHOCTH, | Ipebosanus PI'OC BO, CYOC
3¢ (HEeKTUBHOCTH ra30TPaHCIOPTHOTO TI1Y (OIIK-4, OIIK-5, IIK-
P11 00opyIoBaHUs 9,11K-14), mpebosanus

npogheccuonanvorHozo

cmanoapma 19.013 "
Cneyuanucm no sxeniyamayuu

2a30MpPAHCHOPMHO20

obopydosanus"
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Otnenenue HedTerazoBOro Jiena

YTBEPXIAIO:
PykoBogurtens OOIT OH /I UILTIP
bypkos I1.B.
(ITonnuce) (data) (®.1.0.)
3AJJAHHUE
HA BBINOJIHEHHE BbINYCKHOH KBAJIN(PHKANMOHHON padoThl
B dopwme:
‘ MATUCTEPCKOM JUCCEPTALIMU
CryneHry:
I'pynna ouo
2bM6b MaxkcumoBy AHIpusiHY IHHOKEHThEBUUY
Tema paboThI:

«AHanIn3 NpUMEHEHUs Kpuores JUIsl 3aKperuieHus rpyHTta B ycnosusax Kpaiinero Cesepa»

YTBepxkaeHa MPUKA30M JTUPEKTOpa (1aTa, HOMEP)

CpOK Cca4yu CTyJCHTOM BBIIIOJIHEHHOM pa6OTLII

TEXHUYECKOE 3AJIAHHUE:
Hcxonnbie naHHbIe K padoTe OOBEKTOM HCCIEeIOBaHUS SBISIETCS pa3IM4YHbIE

CHOCOOBI 3aKpErIeHHs TPYHTA.

PaccmoTpen cmoco0 3akpensieHus TPyHTOBOTO
OCHOBaHHUS IMOJ TPYOOIPOBOJOM C MOMOIIbIO
KPUOTPOITHOTO MOJIMMEPHOTO PacTBOpa Ha OCHOBE
MOJMBHUIMBOTO CIIMPTA (KpHOTEIs)




Hepeqem, nmoaJiekKamux MCCjaea0BaHuI0,

NMPOCKTUPOBAHUIO U pa3pa60TKe

BOIIPOCOB

1. AHaTUTHYECKHI 0030p MO JTUTEPATYPHBIM
HCTOYHUKAM C I[CJIbIO BBIICHCHUS JOCTIDKCHUM
HayK{ U TEXHUKH B pacCMaTpuBaeMoin

obacTu;

2. [TpoBeneHue AKCTIIEPUMEHTAIBHOTO
UCCJICIOBAHUS  NMPUMEHEHMS]  KpUorenis  JJid
3aKpEIUICHHS TPYHTA 10 pa3pab0TaHHON cXemMe

3. ®UHAHCOBBIIA MCHEKMCHT;

4. CoumanpHas OTBETCTBEHHOCTD;

5. IlepeBoa OJTHOW M3 OCHOBHBIX YacTEH
JUTEPATypHOTO 0030pa Ha aHTJIMHACKUH SA3BIK;

6. BoiBos16I 110 paborTe.

Ilepeyennb rpaguyeckoro marepuajia

(c MOUHBIM YKa3aHUeM 0053aMeNbHbIX Yepmedicell)

KoHcyJbTaHTBI O pa3eaM BbIIYCKHOM KBAJM(PUKAIHOHHON padoThl

(c ykasanuem pazoenos)

Pa3nen

KoncyabTant

«®OUHAHCOBBIM MEHEIKMCHT,
pecypcodhHEeKTHBHOCTh u
pecypcocOepekeHne»

Makarmesa HO.C. Accucrenr OCI'H LILIBUIT

«ConuanpHasa
OTBETCTBEHHOCTD)

Hemmora O.A. Accucrent OO/] IIIBUII

PaSI[CJ'IBI, BBIIIOJIHCHHBIC Ha
HHOCTPAHHOM S3bIKC

Koporuenko T.B. Joriear O LLIBUIT

HaszBanusa paszpena, Kotopeie

Review of the basic methods for growing ground growing

IOJDKHBI OBITH HaMMCaHbI Ha strengths
PYCCKOM U MHOCTPAHHOM
SI3BIKAX:
Jlata BbITauM 3a7aHKS HA BBITIOJTHEHUE BBITYCKHOM 05.09.2016
KBaJIN(DUKAIIMOHHOM paboThl O TUHEHHOMY Ipaduky
3aaHue BbI1aJ1 PYKOBOAMTEJb:

J0KHOCTH [(%(0] Yuenas crenens, TMoanuch JlaTta

3BaHHE
OHJI ULLIIP Bypkos ITetp J.T.H., 05.09.2017
BrnagumupoBud npodeccop
3aaHue NPUHSJI K MCTIOJIHEHHUIO CTY/IEHT:
I'pynna ®UO Moamucs Jara

2bM6b MaxkcumoB AHapusii THHOKeHTbeBUY 05.09.2017




3ATAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE)»
Crygnenry:
I'pynna (0] (0]

2bM6b MakcumoBy Auapusiny MHHOKEHThEBUYY

Hu:xenepHas mkosa IIpupoaHbIx pecypcoB Otpenenne Hedrerasosoro gena

YpoBenb o0pa3oBanusi | Marucrparypa Hanpasienune/cnequanbuocts | 21.04.01 «Hedrerasosoe neno»
npo¢uis «Hanexunocts
Fa30Hed)TerOBOHOB 1 XpaHUJIHNID)

Hcxoanblie n1aHHbIe K pa3aeny «PUHAHCOBbIH MEHEIKMEHT, pecypcod(pPeKTUBHOCTb U

pecypcocoepekeHne»:

1. Cmoumocms pecypcos nayunozo ucciedosanus (HH): Cmoumocmo 6binoaHseMblx pabom, no
MAMepPUATLHO-MEXHUYECKUX, IHEPLEMUYECKUX, NPUMEHAEMOU MEeXHUKU U MEXHOL02UU
DUHAHCOBBIX, UHDOPMAYUOHHBIX U YETI08EHECKUX

2. Hopmbl u Hopmamuewl pacxoo0o8anus pecypcos Tapugnvie cmasxu 3apabomnoii niamel pabouux,

CMOUMOCb IKCHLYAMAYUY MAWUH U MEXAHUIMOS,
HOPMA HAKAAOHBIX PACX0008, HOPMA NPUOLLIU
CMemHo, U op.

IMepeyens BONMpoCOB, MOIJIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO N pa3padoTKe:

1. Oyenxa xommepueckozo nomenyuana, Cpasnumenvhulii ananus cMemHou CmoumMocmu
nepCcneKmueHOCuU U arbmepHamug npogedenus HU ¢ | gvinonnenus pabom: no 3aKkpenienuto epyHma ¢
nosuyuu pecypcoapgexmugrnocmu u HOMOWBIO KPUOSEISL U 3AMEHE 2DYHMO8020
pecypcocbepedicerust OCHOBAHUSA NECHAHO-SPABUIHOU CMECHIO

2. Onpeoenenue pecypcHoti (pecypcocbepezarousett), Texnuxo-sKkoHOMUYecKoe 000CHOBaAHUE
Gunarncosotl, 6100x1CeMHON, COYUATLHOU U yenecooOpazHOCmMu NPUMeHerUsl Kpuozes 05
IKOHOMUHECKOU 3P heKmMUBHOCHU UCCTe)08AHUSL 3aKpenieHUs 2PYHM0B020 OCHOBAHUSL

Hepeqeﬂb rpa(]mquKoro MaTEePHUAJIA (c mounvim yrasanuem obszamenvhblx uepmedicetl) .

| JlaTa BBLIAYH 3a1aHUS IS Pa3/iena Mo TMHEHHOMY TpaduKy ‘ 16.03.2018
3agaHue Bb11aJ KOHCYJIbTAHT:
JlokHOCTH (1% (0] ‘Y4enasi cTeneHs, Moanucey JlaTa
3BaHHUE
Accuctentr OCI'H | Maxkamesa 1O.C. 16.03.2018r
HIBUIT

Sauaﬂne NPUHAJT K UCITIOJJHCHUIO CTYACHT:

I'pynna [037(0] Hoanuch Hara

2bM6b MaxkcumoB AnpusiH IHHOKEHThEBUY 16.03.2018r




3ATAHUE JIJISI PA3JIEJIA
«COIUAJIBHAS OTBETCTBEHHOCTb»

CryneHry:
I'pynna DPUO

2bM6b MakcumoBy Auapusiny MHHOKEHThEBUYY

HNnxeHepHas KoJa IIpupoaubix pecypcoB | OtTaenenue Hedrerasosoro aena

YpoBens 00pa3oBaHus | Marucrparypa Hanpagaenune/cnenuansnocts | 21.04.01 «Hedrerasosoe
IS0 po¢ s
«HanexHocTth
ra3oHe()TEIIPOBOAOB U
XPaHHJIHIID)

Hcxoansblie nannblie K pa3neay «ConuaibHasg OTBETCTBEHHOCTbY !

1. XapakTepucTuka 00beKTa UCCIICTOBAHHS
(BemecTBO, MaTepual, Mpuoop, aaroOPUTM,
METOJIMKa, pabodas 30Ha) M 00JIacTH ero
MPUMEHEHUS

PabounM MecToM SABISETCS  YKPCIUIGHWE TpPYHTa IPU
CTPOUTENLCTBE TPYOONpoBoI0B B ycinoBusix Kpaitnero Cesepa.
Paborta ocymiecTBiseTcsI METOIOM HAaHECEHHE KpUOTENs Ha
OCHOBAaHHE TpAHIICH, M MOCICIYIOIUM IepeMeIInBaHUEM
MOTOKYJIBTHBATOPOM.

Bpewms paboT mo yKpeIUIeHHIO TPYHTa — OCEHHHH W OCCHHE-
3UMHHH IEPUOJ,

l'[epequb BOIIPOCOB, MNOMJICKAIUX UCCIICAOBAHUI0, IPOCKTUPOBAHUIO U paspaﬁonce:

1. IlpousBoacTBeHHAs 0€30MACHOCTH

1.1. AHanu3 BBIIBICHHBIX BPEIHBIX (PAKTOPOB
pH pa3paboTKe U dKCILTyaTaluu
IIPOEKTHPYEMOTO PELICHHUS B CIIEAYIOIeH
MIOCTIEIOBATEIBHOCTH:

PaboTa mo 3akpersieHHIo TpyHTa HENOCPEACTBEHHO CBs3aHa
psAmoM  BpegHbIX  (aKTOpOB, UTO  MOXKET  CHHU3HTH
NPOU3BOJUTENBLHOCTh Tpyda. K TakuMm ¢axkropaMm MOXKHO
OTHECTH:

1. OTkII0OHEeHHE MTOKa3aTelel KiuMaTa Ha OTKPHITOM BO3JIyX€;
2. TsbxecTb U HANPSHKEHHOCTh (PU3UYECKOT0 TPYAA;

3. IIpeBbllIeHNE yPOBHEH IIyMa;

4. IpeBbllIeHNe YPOBHEH BUOpauuu

1.2. AHanu3 BBISBICHHBIX OMACHBIX (PaKTOPOB
IpH pa3paboTKe U dKCIUTyaTaluu
MIPOEKTHPYEMOTO PELICHHUS B CIIeAyIOmei
MIOCTIEIOBATENBHOCTH!

Ha o0wekTe 3akpemsieHHe TPYHTOBOTO OCHOBAHHS TpaHIIEH
TpyOOIIPOBOIOB METOJIOM HAHECEHHE KpHOTeNs, MOTYT
BO3HHMKATh OIACHBIE CHUTYyallMH Ui pabodero IepcoHana, K
HUM OTHOCSTCSI:

1. JIBwxymmecss MaIllMHbl U MEXaHHU3MBI IIPOM3BOJCTBEHHOTO
00opynoBaHus (B T.4. IPy30I10IbEMHBIC)

2. DIEKTPUYECKHUH TOK;

3. [ToxxapoonacHOCTh

2. DKojorudeckast 6€301macHOCTb:

Ilpu 3akperuieHud rpyHTa OyJeT OKa3bIBAThCS HETATUBHOE
BO3/IeiiCTBHE, B OCHOBHOM, Ha COCTOSTHHE 3€MEJIbHBIX PECYpPCOB
U aTMOC(EPHOTO BO3yXa.

1. Oxpana 3eMeNbHBIX PECYPCOB U PACTHUTEILHOTO MUPA;

2. OxpaHa aTMOC(EpPHOTO BO3IyXa.

3. be3zomacHOCTh B Upe3BBIYAHBIX CUTYAIHAX:

B paiione pesrenpHOCTH pabOT TO 3aKperUIEHHUIO TPyHTa
KpHUOTECJIIEM, BO3MOXHO BO3HUKHOBCHHUE CIICAYIOIIUX BUIOB
Ype3BBIYANHBIX CHUTYAIlMil pazaumyHOrOo xapakrtepa. Oowum u3
OCHOBHBIX MAKUX ABNAemcs — nodxcap *.

*Ipumeyanue: Paccmompen 6 napazpage 5.1.2.

4. TIpaBoBBIEC U OPTaHU3AMMOHHBIE BOTIPOCHI CrienpaibpHbIe IIPABOBEIE HOPMBI TPYZOBOT'O
obecrnieueHns 6€30MaCHOCTH: 3aKOHOJAaTEeIbCTBA.
Jlarta BelIauM 3ajaHusl UIsl pas3ziena o JMHEHHOMY rpaduKy | 16.03.2018
3agaHue BbIIAJ KOHCYJIbTAHT:
HomxHocTh 0)4[0) VYuenas IToanuch Jara
CTENEHb, 3BaHUE
Accucrenr OOJ1 IINIBUIT Hemmosa O.A 16.03.2018
3aganne NPUHAJI K HCTIOJTHEHHIO CTYJEHT:
I'pymma 10)4(0) [Toammch Jlata

2bM6b MaxkcuMoB AHapussH IHHOKEHThEBHY 16.03.2018
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PEOEPAT
BrimyckHas kBanudukanuonnas padborta cogepxut 87 crpanui, 15 puc., 7
TabJ1., 24 NCTOYHUKOB,
KiroueBple  cioBa: KpHUOTEb; TPYHT; 3aKPEMIICHHUE; BEYHAs
Mep3710Ta; HanpsKeHHO-1e(hOPMUPOBAHHOE COCTOSTHHUE
O6bekToM uccrenoBanus apisercs (r0Tcs)CrnocoObl 3aKpeIUIeHUs TPYHTA B
CeBepHBIX YCIOBHUSIX.

Lenps pa®oTel — SBIIAE€TCS aHAIN3 IPUMEHEHUSI KPHOTEIS 111 3aKPETICHUS
IpyHTA.

JUIst TOCTH>KEHUS 3TOM eI HEOOXOJUMMO PELIUTh CIEeYIOIUE 3a/1auu:

1. PaccMOTpeTh MPOYHOCTHBIE CBOMCTBA KPUOTENEH.

2. [IpoaHanu3upoBaTh TEXHOJIOTHIO IPUMEHEHUS KPUOTeNs )il YKPETICHUS
IpyHTA.

3. Iloctpouts npensaputensuyo Moaens HAC (mporpaMMHOM KOMIUIEKCE
Ansys) TpyOompoBoja IpU MPOCAAKEe TIpyHTa CIEACTBUM  HU30BITOYHOU
O0OBOJJHEHHOCTH U CJeJIaTh BBIBOJ O LEJIECOOOPA3HOCTH MPUMEHEHUs KpUOTeNs
JUTSl 3aKPEIJICHUS TPYHTA.

4. O1eHUTh Y5KOHOMHYECKYIO 3(P(PEKTUBHOCTH/3HAYUMOCTh PA0OTHI.

[losicHuTEnbHAs 3alKMCKa MAarucTEPCKOM JIHCCEepTaluy  BBINOJHEHA B

TeKCTOBOM peaakTope Microsoft Word 2016.



Onpenesenus

I'pyHT —MHOrOKOMIIOHEHTHasi CUCTEMa, paccMaTpuBacMas KaK BEpXHSA
4acCTh I'€OJOTMYECKON CPeAbl U U3y4aeMasl B CBSI3U C MHKEHEPHO-XO35MCTBEHHON
NEATEIBHOCTBIOT YEIOBEKA.

Kpuorponnbie mojuMepHble MaTepHaJbl (KpPUOTreaM) — 3TO HPOIYKT
HUA3KOTEMIIEPATYPHOTO  BO3JEUCTBHS  3aMOPAKMBAHMS W OTTAaUMBAHMA,
BBICOKOMOJIEKYJISIDHBIX COCIMHEHUE TMOJUMEPOB WU MOHOMEPOB KOJUIOMIHOU
JUCIIEPCUH C TMOCIENYIONe CyOJIMMAlMOHHON OCYIIKOW, KOTOpPbIE CHAyaso
oOpasyloT renp npu nepememuBanun Temrepatype 0-20°C, a B pe3ynbrare
BO3JICHCTBUSI IIMKIIOB 3aMOpPaKMBAHHMS W OTTauBaHHUS O0OpazyloT CTPYKTYPHO
IIPOYHBIA U YIIPYTUA KPUOTEIIb.

Mep3ible TPYHTBI — B TEXHUYECKOW JIUTEpPAType YacTO HMEHYIOT
«KpPUOTEHHBIMM» (KpUOC, TIp. — XoJioA, Jjex). Jlius rpyHTOB 3TOro kiacca
XapaKTEePHbI CTPYKTYPhI C KPUOTEHHBIMU CBSI3IMH, T. €. CTPYKTYPbI, CKPEILICHHBIC
JENSHBIM LEMEHTOM. Mep3imoe COCTOSSHHE TPYHTOB, T. €. B YCIOBHSX
OTpHULIATEIBHBIX TEMIIEPATYp, ObIBA€T BPEMEHHBIM U MIOCTOSIHHBIM (BEYHBIM).

YkpenjieHue rpyHTOB — 3TO COBOKYIIHOCTb CTPOMUTENIBHBIX OIEpALUN I10
YBEJIMYEHUIO MPOYHOCTHBIX XapaKTEPUCTUK TPYHTOB, MYTEM HMCKYCCTBEHHOIO
N00aBJIEHUA BSOKYIIMX W JIPYTMX BEIIECTB, OOECIEUMBAIOIIMX CYIIECTBEHHOE
W3MEHECHUE CBOMCTB I'PYHTOB.

Beunasi mep3Jsora — 3TO CJIOM 3€MJIA IIPU JACHUCTBUU OTPULATEIIBHBIX
TEMIIEPATYP HAXOAUTCS B MEP3JIOM COCTOSHHMM YK€ MPOJOJDKUTEIBHOE BpEM,

MOITHOCTBb KOTOPBIX MOKCT JOCTUI'daTh HCCKOJIBKHUX COTCH MCTPOB.
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BBE/JIEHUE

CeBepHasi CTpOUTENIBHO-KIIMMATUYECKash 30Ha BKJIIOYaeT paiioHsl KpaliHero
Cesepa, 3anagHoit u Bocrounoit Cubupu, [danbHero Bocroka. OtnuuuTenbHON
OCOOEHHOCTBIO PErHOHa SBIISIETCS: IIMPOKUNA Mpenen KoyieOaHus TeMIleparyp,
BJIQXKHOCTh BO3/1yXa, BETPOBOE BO3/ICHCTBUE U OCIIOKHEHHBIN JTaHAIIa]T.

BeuHoMep3nple  IpyHTBl ~ HMMEIOT  OTPUUATEIBHYI0 WIH  HYJEBYIO
TEMIIEPATYPY, COAEPIKAT B CBOEM COCTABE JIEJT U HAXOAATCA B MEP3JIOM COCTOSIHUU
B TEUYEHHWE MHOTUX JIieT. VHKEHEpHO-XO3SMCTBEHHAsl ACATEIbHOCTh 4YEJIOBEKa
MPUBOAUT K OCIAOJEHUIO BEYHOM MEp3JIOThI, YTO MNPUBOJUT K HEOOpPATHUMBIM
ABJICHUSIM ~ OCJIOKHSIOIIMX  JKCIUIyaTallMl0O M HAJEXKHOCTb 00BEKTOB
CTPOUTEIBCTBA.

AKTyajabHOCTB: IIpoGnema skcmmyaranuu HedTe- M Tra30TPaHCHOPTHBIX
OOBEKTOB Ha HECTaOWJIBHO MEpP3JbIX TPYHTOBBIX OCHOBAHUSX SIBISETCA
HapylIeHWE UX YCTOMYMBOTO IOJIOKEHUS BCIIEACTBHE OTTAUBAHUSI, OOBOAHEHUS U
pa3ynpoOYHEHUsI MEP3JIbIX TPYHTOB.

CylIecTBYIOT pa3iIuy4HbIE CIOCOOBI 3aAIIUTHI a30TPAHCHIOPTHBIX OOBEKTOB
OT MOTEPU YCTOMUMBOCTHU BCJIEJCTBHE PAa3pyILIEHUSI TPYHTOB OCHOBAaHUMN TaJbIMU U
NOJ3EMHBIMM BOJAMH, TAKWE KaK, IEMEHTHPOBAHUE, CHJIMKATU3ALMS, XOJOJAHAsS
Outymuzauus, 3aMOpakMBaHHe, LEMEHTalus M  [JIMHU3aLUUsA, KOTOpbIe
peanu3yroTcs B BUJE HUHBEKUHUA B 3€MENBbHOE MOJIOTHO WJIM MOBEPXHOCTHOIO
HaHeCeHUs. B yCIOBUSAX CE30HHOIO OTTauBaHUA-NPOMEP3aHUs TpPyHTa OTHU
croco0bl  Manmod3((EKTUBHBI, TMOCKOJBbKY TPAAUIMOHHBIE MaTepHaNIbl B XOJE
3aMep3aHusl — OTTAauBAHMS PA3pPYLIAIOTCS.

[loaTomMy mnpu  TOPOEKTUPOBAHMM U CTPOUTEILCTBE  HepTe- U
ra3oTpPaHCIOPTHBIX ~ OOBEKTOB  yKa3aHHbIE  CIOCOObI  MPAKTHYECKH  HE
npuMeHsitoTcsi. Takum 00pa3oMm, akTyalbHOM HayYyHO-TEXHHUYECKOM 3ajadeit
ABIIIETCS HEOOXOAMMOCTh aHaJIM3a MPUMEHEHHsS KpUOTess, KOTOpble 00JafgaroT
BBICOKOM YIIPYT'OCTBIO U XOPOLIEH aare3uey K rpyHTy Ui IPUMEHEHUs B paliOHaX
BEUHOU Mep30Thl. [IpuMenenus: kpuoress mo3BOJIUT o0ecnednTh d3PHEKTUBHYIO U

6630HaCHYIO OKCILTyaTalluiO U CHU3UTh CTOUMOCTDb COACPIKAaHUA HC(bTC —H



ra3oTpaHCIIOPTHBIX 06’I>CKTOB, COOpY)KCHI’IfI n a0por B YCIOBHAX CCE30HHO-

MCP3JIbIX U BECHHOMCP3JIBIX TPYHTOB.

O0beKkT uccjaegoBaHMA — CIOCOObl yKpersieHus: rpyHTa B CeBepHBIX
YCIIOBUSIX.

IIpenmer wuccjeqoBaHUs — KPUOTPONHBIE TOJUMEPHBIE MAaTEpUaIbl
(kpuorenm).

Henabro padoThl SABISETCA aHAIW3 NPUMEHEHHS] KPUOTENs JUIsl YKPEIUICHHUS
IPYHTa B CEBEPHBIX PETHOHAX, B YCIOBHUSIX BEUHONU MEP3JIOTHI.

JIis oCTHKEHUS 3TOM 1IeTTM HEOOXO0AUMO PELIUTh CIEAYIOUINE 3a/1a4u:

1. V3yunTh MEXaHUKY MEp3JbIX T'PYHTOB W MPUHILMIIBI CTPOUTENIHCTBA
TpyOonpoBoaoB B ycnoBusix Kpaitnero Cesepa.

2. Paccmotpers (U3MKO-XMMHYECKHE, M TEIUIO(U3UUECKHE CBOICTBA
KpHOTEJIEN.

3. [Ipoananu3npoBaTh TEXHOJOTUIO MPUMEHEHHS KPUOTEIIS ISl YKPETIIICHHSI
IPYHTa B CEBEPHBIX PETHOHAX.

Hayynass HOBHM3Ha HCCJEJIOBAaHUSI OCHOBBIBAETCSI HA TOM, YTO
HAaHOCTPYKTYPUPOBAHHBIE KPHUOTPOMHBIE MOJMMEpPHBbIE MaTepHalibl O00Jalal0T
yIy4LUIEHHBIMU TEIIO(QU3UUECKUMU U MEXaHUYECKHMMH CBOMCTBAMM, OHU MOTYT
HalTH TIPUMEHEHUE Uil CTPOUTENBCTBA B pPallOHAX paCIpOCTPAHEHUsS BEYHOU
Mep3NoThl. JlJisi cTpouTenbCcTBAa TPYOONPOBOAOB B TaKMX paloOHaX BO3HUKAET
npo6JieMa 1o MOAJAEPKAHUIO MOBBILICHUIO HECYIIEH CITIOCOOHOCTH TPYHTA, .

[IpumeHeHnue Kpuorens Mg YKpEIUIEHUS TpPYyHTa B CTPOMTEIILCTBE
TpyOOIIPOBOZIOB, MMEET psiJ KOHKYPEHTHBIX MPEUMYIIECTB Mepe]] OCTaIbHBIMU
METO/IaMHU:

o [lpennaraempie Kpuorenu O0O0JaJAIOT BBICOKMMH THUAPOU3OJIALIMOHHBIMH,
NPOTUBOPUIBTPAIMOHHBIMU W MPOTUBOMUTPALIMOHHBIMU CBOWCTBAMHU B
IIOPUCTOM CPEAE;

e (Ce30oHHBIC KOJ€OaHUSI TeMmIepaTyp, YacTo HaOJfogaeMble BO MHOTHX
obnactsx Poccun, clocOOCTBYIOT YBEIMUYEHHUIO UX TPOYHOCTH, YIIPYTOCTH U

YCHUJIMBAIOT UX CHCIIJICHUS C HOpOI[Oﬁ;



e lIX npuMeHeHrEe BO3MOKHO Ha TEPPUTOPUH C BEUHOU MEP3JIO0TOM;
o Onu Oe3BpeHBI AJIs JTHOAECH U HKOJIOTUYECKU OE30I1aCHBI ISl OKPYKaIOLIeH

CpEIbl.

Hcxons, W3 BBIIIEYKAa3aHHBIX NPEUMYLIECTB JAaHHBIA METOJ MOXET
CYLECTBEHHO CHHM3UTh PUCKH MPHU IKCILTyaTallMM TPyOONPOBOAOB, CBA3aHHBIC
CO CJIO’KHBIMU IIPUPOAHBIMH YCIIOBUSIMHU.

IIpakTHyeckass 3HA4YUMOCTH padoTbl. Ha oOCHOBaHMM IPOBEAEHHOIO

aHanu3a pa3paboTaTh PEKOMEHIAHUH MO0 MPUMEHEHUIO KPHOTENs Ul YKPEIJICHUS

rpyHTa B CEBEPHBIX yCIOBUSIX.



1. IUTEPATYPHBIN OB30P

CymiecTByIOT pa3iMyYHble CHOCOOBI 3alMThl HedTe- Ta30TPaHCIOPTHBIX
00BEKTOB OT MOTEPU YCTOMYMUBOCTHU BCIIEICTBHE Pa3pyIICHUs] TPYHTOB OCHOBAaHUM
TaJbIMU M TOJ3EMHBIMH BOJAMHM, TAKUE KaK, HEMEHTUPOBAHUE, CUJIMKATU3ALIMS,
XOJI0/IHAsE OUTyMU3alMs, 3aMOpPaKUBAHUE, IIEMEHTAIlUs U TJIMHU3ALUs, KOTOphIE
peanu3yroTcs B BHJIE MHBEKIHMM B 3€MENBHOE IMOJOTHO WM MOBEPXHOCTHOIO
HAaHECEHUS. B yCIOBHUSAX CE30HHOTO OTTAWBAaHUA-TIPOMEpP3aHUA TPYHTA OTH
croco0bl  Manod(pGEeKTUBHBI, TMOCKOJIbKY TPAAUIIMOHHBIE MaTepHallbl B XOJIE
3aMep3aHusi — OTTaMBaHUs paspymatorca. [lo3ToMy mnpu NpOEKTUPOBAHUU H
CTPOUTENBCTBE HEePTe- Ta30TPAHCHOPTHBIX OOBEKTOB yKa3aHHBIE CIIOCOOBI
MPaKTUYECKHU HE MPUMEHSIIOTCS

TeopeTnueckoil M METOJOJOTMYECKOW 0a30il MCCIEIOBaHMS MOCITYXHIN
TPYAbl OTEUYECTBEHHBIX U 3apYyOEKHBIX 3KOHOMHUCTOB, JTIOKYMEHTHl HOPMAaTHBHO-
METOJUYECKOrO XapaKTepa, MaTepuaibl NEPUOANUECKOM NleyaT U nH(pOopManus us3
MHTEPHET-UCTOYHUKOB.

B ocHOBY uccienoBanusi MojoXKeHbl HayyHble MyOJMKAlMU M pa3pabOTKu
TOMCKUX YyueHbIX W3 HMHctutyra xumuu Hedptn CO PAH wu npaktuyeckue
MPUMEPHI YCHEIIHOTO PUMEHEHUs Kpruorenell B CeBEpHBIX YCIOBUSIX.

KpuotpornHeie mnoguMepHble Marepuanbl (KpUOTE€IH) — 3TO MPOIYKT
00pa30BaHHBIN W3 PACTBOPOB IMOJIMMEPOB MOJMBHUHUIOBOrO criupTa (nanee [IBC)
or 5 mo 10 macc. % c Bomou 90 - 95 macc. % (HONMOTHUTENBHO  MOTYT
N00aBIATBCS pa3auuHble Opucaaku), npu temneparype 0-20°C mnpencraBieHb
Bune eceneu (cMm. puc.l, a), a mocie HUZKOTEMIIEPATYPHOTO BO3ACUCTBUS
(3aMOpakxMBaHUU U OTTaWBaHUHN) 00PA3yIOTCS TaK Ha3bIBAEMbIC Kpuoceau (CM. PUC.
1, 6), ¢ BBICOKOI yImpyrocTbio U aare3uer K mopoje. 3aMeueHo 4To, 4eM OOoJbllie
LUKJIOB 3aMOPAKMBAaHUsI — OTTAUBAHMS, 4 TAKXKE MPHU U3MEHEHUU KOHIICHTpaun S-
10 macc. % I[IBC, ero mexaHnueckue CBOMCTBA: (MPOYHOCTh, aAre3usi C TPYHTOM U
yOpyroctb) yBenumumBaeTcss (cMm. puc.2). OO0oOmieHHass cXema METOJOB
(GbopMHpOBaHUSA TOJMMEPHBIX Trejied, ONMUCaHHAs JTOKTOPOM XHMHYECKUX HaykK,

B.W. Jlo3uHCKUM, NpecTaBiieHa HA pUC.3.
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Pucynok 2 — 3aBUCUMOCTb MOJYJIS YIIPYTOCTH OT KOJIMYECTBA IIUKIIOB

3amopaxuBanud u orrauBanus (1-5%IIBC; 2- 10%I1IBC)
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Pucynok 3 — O6001ieHHas cxema MeTo10B ((OPMHUPOBAHUSI TOJTUMEPHBIX
renemn

CrtpykTypa KpHOrens XapakTepHO (OpMUpYeTCs MpH 3aMOpaKMBaHUH,
Korjia oOpa30BaHUE IOCTATOUYHO KPYIHBIX KPUCTAIJIOB PACTBOPUTEIIS, TPUBOIUT K
BBITECHEHUIO  TBEPJBIX  YACTUI[ B  MPOCTPAHCTBO  MEXKIYy HUMH U
KOHIIEHTPHUPOBAHUIO NP 3aMOPAKUBAHHUH, TPUBOUT K €T0 00Pa30BaAHUIO.

VY nanenue 3aMOpPOKEHHOTO PACTBOPHUTENS MyTeM CyOJIUMAalldy MPUBOJIUT K
00pa30BaHMUI0 KapKACHBIX CTPYKTYp C KPYMHBIMH (OT €AMHHUI[ O COTEH MKM)
MopaMHd Ha MECT€ YNaJeHHBIX KPHUCTAUIOB JbJld, YTO TOBOPUT O BBICOKOU
rusipopoOdHOCTH. CTPYKTYpHBIE 3JIEMEHTHl KapKacHOW CTPYKTYpbl COCTOSIT W3
TBEPABIX YACTHI[ CYCIICH3WH, KaK TPaBHJIO, HAHOPA3MEpPHBIX C YACIbHOM
noBepxHocThIo 0T 300-400 M2/ 1o 700-800 mM%/r [1].

JlanHbie kprorenu O0e3BpEIHbI I JIOJEH U IKOJIOTHYECKH O€30TacHbI IS
OKpY>KaloIlIel Cpe/ibl TaK ke OH 00J1aaeT HU3KOM TETJIONPOBOJHOCTHIO B OTINYHE
OT OCTaJIbHBIX MPUMEHSIEMBIX MaTEPHAIIOB MTPH HU3KUX TEMIIEPATypax, 4To JeIaeT
€ro NMPUMEHEHUE MEPCIIEKTUBHBIM B CEBEPHBIX pailoHax [4].

Takum 00pa3oM, MOXHO CHeNaTh BBIBOJ O MPEUMYIIECTBEHHBIX
O0COOEHHOCTSIX KPUOTEIIS:

— BO3MOXXHOCTh TOTOBHUTH HEMOCPEJICTBEHHO Ha MPOMBIIUICHHOM

00BEKTE U IMPUMCHATH C UCIIOJIb30BAHUCM CTaHﬂapTHOﬁ TCXHUKU.



— Oe3BpeHbI JIs JIFO/IeH U SKOJOTUYECKU 0€30IaCHbI 1JIs OKPY KaroIIen
Cpeasbl - MOT'YT UCIIOJIb30BATHCS B 30HE BEYHOU MEP3IIOTHI

- yeM OoJiplIe IMKJIOB «3aMOPAKMBAHUE-OTTAWBAHKUE» HCIIBITHIBAET
KpUOT€eNb, TEM JIYYIIE CTAHOBATCS €r0 MEXaHMYECKHUE CBOWMCTBA: YBEIWYMBAECTCS
€ro MPOYHOCTb, YIIPYTOCTh, YCUIIMBAETCS CUEILICHHE C TTOPOI0I

- YCTOMYMBBI K Pa3JIM4YHBIM BO3JACHUCTBUAM OKPYXKAIOLIEW Cpenbl: BOJE,
MUKpPOOpPraHu3MaMm, yJbTpaUONeTy M BBICOKMM IepenajgaM TeMIIepaTyp
BUOpALIUAM Pa3IMYHOTO MPOUCXOXKICHUSI.

- BpeMs U TEMIIepaTypy rejaco0pa3oBaHUsi MOXKHO PEryJIUpPOBaTh

- 001a/1at0T HEBBICOKON CTOMMOCTBIO 3a CUET UCIOJIb30BaHUS B COCTaBE
KPUOTeis, IPOIYKTOB KPYITHOTOHHAKHOT'O ITPOMBILIJIEHHOTO IPOXU3BOICTBA.

Tak >xe Kpuorenb CHOCOOCTBYET HE TOJBKO 3aKpeIUIeHUs TPyHTa HO
IPOPACTaHUIO CEMSH MHOTOJIETHUX TpaB W O0Opa30BaHUIO 3€JEHOI0 IMOKpPOBa, HE
JaeT TNPOMEpP3HYTh B 3HMHEE BpEMS KOPHEBOM CHCTEMBI pacTeHuil. KopHu
pacTeHul TakKe COCOOCTBYIOT 3aKPEIUICHHUIO TIOUBBI, a 3€JIeHasi Macca, OTMHpas B
3UMHUU [IEPUOJ, MIOBBILIAET €€ IIOJOPOAME.

UccnegoBannem ocobeHHOcTEeW mpuMeHeHusi kpuorenss B (CeBepHBIX
ycnoBusx 3anumanuch @Dydaea M.C., Antynmna JILK., Mamxkaii B.H.,
OscsannukoBa B.C., ®unatos JI.A.

CriocoObl yKperuieHus Ccla0blX TPYHTOB OCHOBAHUS 3€MJISTHOTO TOJIOTHA U
cocTaBa sl ero ocyuiectBieHus uccienopanu AntynuHa JI.K., Xomenko A.IL.,
Curaues H.I1., biaropasymos 1.B., Konsies C. C. u ap.

IIpumepoM yCnEemHOrO NPUMEHEHMS KpHUOTENIeW SABUJIOCH CO3JaHUE
MPOTUBO(PMIBTPAIIMOHHON 3aBechl Ha MIoTHHE MHWpensxckoro ruapoysia AK
«AJIPOCA» (r.Mupsblii, SIKyTHs), pacriosio’)KeHHON B paiilOHEe BEYHOM MEP3JIOTHI.

B 2003-2005 rr. Ha mmotune Upensixckoro runpoysna AK «AJIPOCA» (r.
MupHblii) KpHUOTEb U CIIOJIb30BaNIH TUIS (bopmupoBanus
MPOTUBO(PIIBTPAIIMOHHOTO JKpaHa myTeM 3akauku 1500 M pacTBopa Kpuoremns B

63 CKBa’>XUHBI. PC3YJ'IBT3,T HOJ'IO)KHTCJ'IBHBIﬁ, COCTOSAHHUC IIJIOTHHBI



CTaOUIN3UPOBAIIOCH, IMKBUANPOBAH BOJONPUTOK B 30HAX 3aKAYKU pacTBOpa
KpUOT€eJIA.

B 2004 r. mpoBeneHbI OMBITHO-MPOMBINIICHHbIE PAaOOThl C MPUMEHEHHEM
KpUoOTeNsl ISl TUKBUJAIMU MPUYCTbeBOM BOPOHKM Ha ckBakuHe 338/2 Cpexane-
XyJIBIMCKOTO MECTOPOXaeHus, I'. Haxpim.

CoBMecTHO ¢ 3a0alikaabCKUM MHCTUTYTOM KEJIE3HOJOPOKHOTO TPAHCIIOPTA
(Upkytrck) B 2011r. wu3roroBieHa W oONpoOOBaHA OINBITHO-IPOMBIILIEHHAS
YCTAHOBKA  II0  HMHBEKTUPOBAHHWIO  pacTBopa  Kpuoreiass B TPYHT
npousBoauTeNbHOCTRI0O 200-400 5/dac, TiyOMHONW WHBEKTHUPOBAHUS JI0 5 M.
[logoOpanbsl  ONTHUMAaJIbHBIE  COCTaBbl  pacTBOPOB €  3((PEKTUBHBIMU
HAIlOJIHATEIISIMHU.

[IpoBeneHbI ONBITHO-NIPOMBINUICHHBIE PA0OThl Ha ydacTke IMHOW 60 M
Bocrouno-CubOupckoir  xene3Hoil poporu. Pa3zpaboraH MeToj MOJyYEHHS
NOJIMMEPHOM MaTpHIBl KPUOTENs C BBICOKOM aAre3sueil K IEcKy, IVIMHE U T..I.
TBepable U MENKOAMCHIEPCHBIE MHIPEAUEHTHl IPYHTA CBA3aHbl M HAIOJIHEHBI B

KPUOCTPYKTYPBI, KOTOPBIE CJIa00 MOBEPKEHHBIE BETPOBOI 3PO3UH.
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2. TEOPETUYECKASA YACTDH

2.1. PactipocTpaHeHre BEUHOMEP3JIbIX TPYHTOB Ha Tepputopun Poccuu

K paitonam pacnpocTpaHeHUs BEYHOMEP3JIbIX TPYHTOB OTHOCSTCS SKyTus,
Marananckas, Yntunckas u Upkyrckue obnactu, KpacHosipckoro u XabapoBckux
KpaeB, yacTuyHO TromeHckod u CBepIjIoBCKOWM 00jacTu, a Tak ke PecmyOnuka
Bypsitus [80].

Yem Oosnbllie cpeHEroj0Basi OTpHUIATENIbHAs TeMIlepaTypa BO3ayxa, , U
TeMIlepaTypa IrpyHTa, CJIeIOBATEIbHO TeM OO0JIbIIIE TOJIIA BEYHOMEP3IBIX TPYHTOB.
B otrnmenbHBIX palioHaX BEYHOMEP3JbIE TPYHTHI BCTpewarwores g0 350 wm.
BbIIensior 10KHY0, YMEPEHHO XOJOAHYI0, CYOAPKTUYECKYI0, APKTUYECKYIO 30HBI
pacrnpocTpaHeHHe TpyHTOB (cM. Tabiuiy 1), Takke B FOKHOM 30HE BBIIEISAIOT
MO/A30HBl TPEPBIBUCTOTO, PEAKOOCTPOBHOTO M OCTPOBHOIO PAaCIpPOCTPAHEHHUS

BEYHOMEP3JbIX rpyHTOB [10].

Tabmuna 1.
3oHbI CpenHsist TONIIMHA Temmepatypa ['myOuHa ce30HHOTO
pacmipocTpaHeHus Clos, M (na rmyoune 10 m) OTTauBaHHS, M
ApKTHueckas 600 ot 9 1o 10°C 0,7
CybapkTuueckas 350 ot 3 o 5°C 1
YMepeHHO-X010/1Has 250 ot 1 mo 3°C 15
HOxnas 10 ot 0 1o -1°C 3 u Gosee

30Ha CO CIUIOIIHBIM  PacnopoOCTPaHEHUEM BEUHOMEP3JIbIX TPYHTOB
cocTaBiisieT nopsaka 63% OoT TeppUTOpUH BEYHOMEP3IOTO T'PYHTA, B TOM YHUCIIE
apKTU4ecKyto 30Ha 9%, cybapkTuyeckyto 27% , yMepeHHO-XOJIOAHYIO 30HY27%, a
TAaKKE€ FOKHYIO 30HY COCTaBIIET KoTopas cocrtaBisieT 37% TeppuTOopuun
BEUHOMeEp3J0ro rpyHra. I'pyHTBl ¢ TemmnepaTypou oT -1 go -9°C Bcrpevarorcs
KpaitHe yacto u 3aHuMaroT 60,3% OT TeppuTOpUN BEYHOMEP3JIBIX TPYHTOB [§].

Cornacao CHulI 23-01-99 nnst cTpouTensCTBa, TEPPUTOPUM pa3/iesieHbl Ha
YEeThIpE OCHOBHBIX CTpOUTENbHO-KIMMaTHueckux 30H: I-III 30HBI — 3TO
TEPPUTOPHS TAE pacIpoCTpaHEHA paBHHHHAs CTPyKTypa; IV 30Ha — rae ropHele

yCIJIOBUS MPe00aaroT.
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K I 30He OTHOCAT TacKHBIE TEPPUTOPUHU, TYHAPOBBIE U aAPKTHUYECKUE,
XapaKkTepHOH 0COOEHHOCThIO TAKUX 30H SBIIETCS MpeoliaaHueM B HEH IPYHTOB,
MMEIOIUX N30BITOYHOE BOJIOHACHIIICHUE, T.€.B COCTOSTHUY MTEPEYBIAXKHEHHUS.

3ona Il mpencraBineHa TpyHTaMH, HUMEIOUIUME W30BITOYHOE, B OTHEIbHBIC
roJIbl BOJIOHACHIIICHNE, UM HEyCTOWYMBOE BOJAOHACHIICHUE T.€ B 3aBUCUMOCTH OT
MPUPOJHO-KIMMaTHYeCKuX ycnoBui. 3oHa III, camas roHas 1Mo pacrnosoKeHHUIO,
UMeEET TPYHTBI C HEJOCTAaTOYHBIM BOJIOHACHIILIEHUEM.

Ha Azwnarckyro yacte npuxoautcst 77% tepputopun Poccun. B 3Toil yactu
npeobsagaeT CTpOUTENbHO-KIMMaTuyeckas 30Ha I, npuuem 79% ee teppuropun
3aHUMAIOT BEYHOMEp3JIbIE TPYHTHL. B eBpomnelickon yactu Poccun BeyHOMED3IbIE
3aHUMaOT 8,2 % TEeppUTOpUM, UYTO OOYCIOBWIIO TMEPBOCTECIICHHOE HW3Y4YEHUE
npouecca pa3pabOTKH TaJbIX M CE30HHO-MEpP3JbIX TPYHTOB. CHcTeMaTHdecKoe
M3yYEHUE BEYHOMEP3JBbIX TPYHTOB KaK MaTepuania, MOJJIeXallero pa3zpaboTke,
Hayato B 70-e ToJgpl M CBSI3aHO C BO3pacTaHHMEM OOBEMOB KalHUTaJIbHOIO
CTPOUTENbCTBA B A3uaTckoi yactu Poccun [8].

OnpenensitomM ~ pakTopoM  pa3pabOTKH UM HCIOJB30BaHUS TPYHTOB
CUMUTAIOT MEP3JIOTHO-TPYHTOBbIE ycloBHUs. OCOOEHHOCTh BEYHOMEP3JbIX I'PYHTOB
3aKJIFOYAETCS B HEMPEPHIBHOM M3MEHEHUN UX TEMIIEPATYPBI, U COCTaBA U CBOWCTB.
CBoiicTBa BEUHOMEP3JIBIX TPYHTOB 3aBUCAT OT KJIIMMATUYECKHUX yCJIOBH. B o0mem
psANy CONPOTUBISIEMOCTH MATEPUAJIOB pPa3pyLICHUIO BEYHOMEP3JIbIE I'PYHTHI
3aHUMAIOT TPOMEKYTOUHOE MOJIOKEHUE MEKIY TAKUMHU MaTepHallaMH, Kak OeTOH
U CBIIyuyue IMECKH, HCHOJIb3yeMble NPHU CTPOUTEIHCTBE TPYyOONPOBOAOB Jis

OaJITACTUPOBKY U JJIs1 YKPEIUICHUS TPYHTA.

2.2. O01mue moNoXKeHUsI 1 0COOEHHOCTH BEYHOMEP3IIBIX TPYHTOB
[Toutn mo Bcel HaMIEM TEPPUTOPUU CTPAHbI TEMIIEpATypa BO3AyXa 3UMOU
onyckaercs Huxe 0°C. B pesynbrate AEHCTBUS OTPHULATENBHBIX TEMIIEpPATyp
TPYHT C MOBEPXHOCTH MPOMEP3AET, MPEBpALAsCh B MEP3JIbIA U BEYHOMEP3JIBIi
KOTOPBII B TAKOM COCTOSIHMM OCTA€TCSl B TECUEHUH MHOTHX JIET.
OOBIYHO CJIOM TpyHTa Ha TOBEPXHOCTH  €XKEroJHO  MPOMEpP3aeT U
OTTAMBAET, TAKOU CIION OOBIYHO HA3bIBAET OesimenlbHblM U TOCKOJIbKY B HEM
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IPOUCXOAT MHTEHCUBHBIE TIPOLIECCHI, CJOEM CE30HHO20 NPOMEP3AHUs U
ommaueaHusl, a  TaKkkKe  MPOCKTHUPYIOTCS OOBEKTHl  YEJOBEUYECKOM
KU3HEICATCTLHOCTH.

Paznuuaror JgesTenbHblEe CIOM Takue Kak neperemku (puc. 4, a),
oOpasyrolecs B BHUIE CJIOS MEp3JIOr0 TPyHTa C HEOONBIION TOJIIUHOM,
MOSBIISIIONIAECS TPU  W3MEHEHUW TEeMITepaTyphl HIDKE CPEIHErOJOBOM WA
W3MEHEHUU MECTHBIX YCIOBUM mTpomep3anus [9].

Crusarowuticsi nesITeNbHBIN cioil (puc. 4, 6), Koraa TPyHT IpOMep3aeT 10
BEPXHEH rpaHUIlbl BEYHOMEP3JIOTO TPYHTOBOTO CIIOS, U Hecausarowutics (puc 4, B),

KOTJja TPYHT 0 YKa3aHHOM IpaHuLbl He Tpomep3aet [9].

3)
g2ty B
G s

cFT IV

Y il Sttt dady?

2 s

Pucynok 4. Cxema pacnoJioxeHus CII0EB ITPyHTa
1- nesTenbHbBIN CHOW; 2 — MEPENETOK; 3 - TANIbII TPYHT; 4 - BEUHOMEP3JIbII TPYHT;
5 - cI10if Tajoro rpyHTa, HE MPOMEP3AIOIIETO 3UMOM.

@opMBI 3aJIETaHNsI U XapaKTep PaclHpOCTPAHEHUS BEYHOMEP3IIbIX I'PYHTOB,
ONPENEIIAIOTCS MECTHBIMH YCJIOBUSIMUA B 3HAUUTENIBHOW CTEIIEHH IO MPOMEP3aHUIO
U CPEIHETOJIOBOM TeMIIepaTrype BO31ayxa. B OJHOM M TOM K€ palloHE B CBSI3U C
3TUM B pa3paboTKe 3eMJISIHBIX paboT, 3TOT CJIOW MOXXET BCTpEYaTbcs M He
BCTPEYATHCS, YTO BBI3BIBAECT pAN CHEHUPUUYECKUX OCIOKHEHUU (KOTOpHIC
paccMOTpUM, B CleIylolleM naparpade) 3HaYMTENbHO BIUSIOIIUE CPOKHU
AKCIUTyaTallui OOBbEKTa Ha MPHUHATUS NPOEKTHBIX pemeHuid. [Ipu paccMoTpenuu

paﬁOHOB, C I0ra B HalIpaBJICHUHU HAa CCBCP YBCINYHUBACTCA MOIIHOCTDH CJIOSA
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BEYHOMEP3JIOIO TPYHTA, KOTOpas MOXET JOCTUraTh B CEBEPHBIX pailloHax 0
HECKOJIBKO COTEH METpoB (cM. Tal. 1), a B IOKHBIX pallOHAaX pacIpOCTPaHEHHS
BEYHOMEP3JIBIX OBIBAIOT OCTPOBHBIMU € TOMUHOM 20...50 M.

BeuHoMep3ible 1 MEP3JIbIE TPYHTHI UMEIOT CIUTHYIO, CIOUCTYIO U STYEUCTO -
MOPO3HYIO (KPHOTE€HHYIO) TEKCTYpPY (CM. pucC. 5).

['pyHTBI CO CIUTHONW MOPO3HOUN CTPYKTypo# (puc. 5,a) comepkaT B cebe
MIPEUMYILECTBEHHO JIeJ] — LIEMEHT 0€3 OOJIbIINX BKIIOYEHUH, HO PEIKO UMEITCA
He OoblMe BKJIIOYEHHUS Jibjla B THE3q000pazHOM Buie. B Takoil cTpykType
XapakTephbl TPYHTHI C KPYMHOOOJIOMOYHBIX, IPaBEIUCTHIX U BCEX BHJIOB MECKOB,
KpoMme TbuieBaThix. [Ipy Mamnoil BJIaXXHOCTH MbLIEBATO-TIUHUCTBIE TPYHTHI MOTYT
00J1a/1aTh CIIMTHON TEKCTYPOH.

Crnouctoit MOpo3HOM CTpyKTypoil (puc. 5, 0) MoryT oOJjagaTh MbLUIEBATO-
[JIMHBICTBIE TPYHTHl W TMBUIEBATHIE IECKM HAXOMSIIMECS B BEUYHOMEP3JIOM
COCTOSAHMH. Takue CTPYKTypbl BCTpPEYAeTCs B YAaCTHOCTH B BEPXHHUX CJOSX
BEUHOMEP3JIBIX TPYHTOB /10 TIyOUHBI 15...25 M 1 He peke Ha OOJbIINX TITyOuHaX.
Takas TexcTypa oOpasyercs B XOJie MPOMEP3aHUU BOJ MUTPUPYIOMINX C HUKHUX
BOJOHOCHBIX TOPU30HTOB, a TaKXe CHJIbHO YBIQXHEHHBIX T'PYHTOB.
CrneoBatenbHO, Takasi CIOMCTast TEKCTypa UMEET HU3KUE MTOKA3aTEeIU HAJIeKHOCTH
IIPU CTPOUTEIIbCTBE.

Sdencro - Mopo3Hast TeKcTypa (puc. 5, B) BCTpeUyaeTcsi €ciu MpoMep3aHus
MBLIEBATO-TJIMHUCTHIX TPYHTOB 00pa3yeTcs MpU CHIIHHO YBIIAXXHEHHOM COCTOSTHUU
a Takke B CBOOOJHOM MOATOKE MOJATOKA BOJBI, 3TO XapaKTEpHAa MPU CHUILHOM

00BOJTHEHNHY BEPXHEH 00pa3yroIeil AesITEILHOTO CIIOSL.

Pucynok 5. Mopo3HbI€ CTPYKTYpBI TPYHTA
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Crnenyer OTMETHTb, YTO JIBAWHUCTOE COCTABISAIOLIAs TPYHTAa OKa3bIBAaeT
3HAYUTENIbHOE BIMSHHUE Ha €r0 CTPOUTEIbHBIC MOKA3aTeNN, TaK KaK M3-3a JIMH3 U
MPOCJIOEK JIbJja TEKCTypa MEp3J0ro IrpyHTa HEOJHOPOJHA, U €ro MeXaHHuYecKas
IPOYHOCTh yMeHbIIaeTca. Pemenus mnpoOieMbl B cyOauMManuu U30BITOYHOTO
COJIEp>KaHUU BJIard B TPYHTE.

2.3. IIpotiecchl, MPOUCXOAIINE B CJI0€ CE30HHOTO TPOMEP3aHUs U
OTTauBaHUs

3HaYuTeNbHbIE BapbUPOBAHUS TEMIIEpPATyp; MPOMEpP3aHHWE U OTTAaWBaHUE
IPYHTOB; MOPO3HBIE IIyYEHHUS! TPYHTOB; (POPMHPOBAHUS MOPO300OOMHBIX TPEIINH;
MUTpalusi BOJAB K TpaHHUIE NPOMEp3aHHs; MUTPAlUs BOABI MO JCHCTBHEM
TUAPABINYECKOTO JABJICHUS; COMUQIIOKIMSA (CION3aHUE TPYHTA IO CKJIOHAM);
OTIOJI3HU B IIOBEPXHOCTH.

PasznocTs Temmepatyp mo riayouHe cios 1 u cJos BEYHOMEP3JIoro TpyHTa 2
(puc. 6) nerxko (uUKcUpOBaTh, MU3MEpPssl TEMIEPATYpy B CKBAXKMHE HA pPa3HbIX
riiyOMHax B TeYeHHUe roja. BepxHue ciion UMEOT caMyl0 HauOOJBIIYI0 Pa3HOCTh
temneparyp. C yriayOneHneM yMeHbINAeTCs, a TeMIlepaTypa HIDKE TpPaHHIbl 3
HEU3MEHHA. Omy 2panuyy HA3bl8arom 2paHuyoli HY1eeblX aMHIUMYO CEe30HHbIX
konebanuii memnepamyp [9].

I'pyHT nOpeuMyLIECTBEHHO NPOMEP3aeT CBEpPXy, a TIpaduk KojebdaHui
TEMIEPATyp MOKa3bIBAET €ro X0 MPOMEP3aHus U OTTAUBAHUS, 3AJICTAIOIINX BhIIIE
rpaHuIbl OTTauBaHusl 4 TpyHTOB. OTTanBaHKe MPOUCXOTUT TOJIBKO CBEPXY, HO MPH
CJIMBAIOIIEMCS JI€ATEIBbHOM CJIO€ OT BEpXHEH I'paHUIbl BEUHOMEP3JIOro I'PyHTa,
UMEET MECTO HeOOJIBIIIOe IPOMEp3aHHe TPYHTA CHUY.

B xome mpomep3aHus HEKOTOPHIX MEPEyBIAKHEHHBIX TPYHTOB MOXKET,
MPOUCXOAUT MPOLECCHl B BHJIE MOPO3HOTO MyYEeHHs, KOTOPOE COIMPOBOXKAAETCS
yBEIMYCHHUEM 00beMa BOJBI, MPU TEPEXOJie €€ B JieJA W NEepeMEelIeHUH BOJIbI W3
HIKHUX CJI0€B K ()POHTY MpOMEp3aHus, Yalle BCEro TOJIMHA HE TpeBbImaeT 3 %
OT €ro TOJILKHBL, a B CIy4ae CIMBAIOIIEMCS IEATEILHOM CJI0€ He MpeBbIaeT 3 %

OT €TI0 TOJIIIIHUHBI.
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Pucynox 6. I'padguk TemriepaTypHOTO pacupeaeacHus B IpeaesiaXx TOMIIMHBI
JESATEIBHOrO CJIOS CIMBAIOLIErOCs TUIIA

B cnyuae ecnm ecTp JIBMKEHUE TPYHTOBOM HAIMEP3JIOTHOM BOIbBI WU
BEpXHUM JEATENbHBIA CJIOW TPyHTa HE MNpPOMEp3aeT 10 BEpXHEH oOpasyroieit
BEYHOMEP3JIOTO CJIOSA, TO MOPO3HOE MTyYEHUE MOKET UMETh 3HAUUTEIBHOE BIUSHHE
Ha KOHCTPYKIIMH, PACMOJIOKEHHBIE B MIPEAEIaX €ro MHTEHCUBHOTO BO3JICUCTBUA U
JIOCTUTaTh JCCSATKOB TMPOILIEHTOB OT TOJIIMHBI 3TOro camoro ciosi. B xoxe
POMEP3aHUS] 3T KOHCTPYKIUH MMOJHUMAIOTCS BBEPX CUJIAMHU My4YE€HUs, & BECHOU
K€ OHM HE MOTYT OITYCTUTHCSI BHU3 BMECTE C MPOCEIAOIIUM TPYHTOM, KOTOPBIH
OTTauBAET CBEPXY, U YAECPKUBACTCS HE OTTASBUIEH YACTHIO NESITENIBHOTO CIIOS, U
CJI0EM BEYHOMEP3JIOTO IPYHTA.

CrnencTtBueM 93TOTO  SIBJISIETCS  BBIITyYMBAHUE 3ariyOJ€HHBIX B TPYHT
KOHCTPYKIIHH, (cTosI00B, dbyngameHnToB  u  Ap.).  HaamepsnoTHbIM,
MEXKMEP3JIOTHBIM M TOJAMEP3JOTHBIM  TPYHTOBBIM  BOJAM  CBOWMCTBEHHO
nepeMeleHre BIIaru o IeHCTBHEM THPaBIMYECKOro rpaauenTa [9].

Hanmep3noTHble TPYHTOBBIE BOJIbI, MEPEMEIIAIOTCS OOBIYHO TOJBKO MPH
HaKJIOHHOW MECTHOCTH, U IPUYPOUYEHBI K CIIOSAM IECKa, CYNECU U JIPYTUX XOPOIIO
GUIBTPYIOMIUX TPYHTOB, a MPHU JACSITEIBHOM CJIO€ HECIMBAIOIIECTOCS THUIA, MOTYT
HaxXOJMUThCS B CJOE€ TaJloro TpyHTa. Takue BOABI CYIIECTBEHHO BJIMSIOT Ha
MUTpAIMI0 Bjiard K (POHTY MpPOMEp3aHUs W OKa3bIBAIOT COJCHCTBUE Ha
dbopMupoBaHHE MOPO3HOTO MyYEHUSI TPYHTOB B JICITEIILHOM CJIOE.

MexxMep310THbIE M MOJ3EMHBIE BOJBl HAaXOASCh MEXIY JBYX CJOEB

BEYHOMEP3JIOTO IPyHTa, 0OBIYHO CIOCOOCTBYIOT Jisi JOPMUPOBAHUU TTyTeEH
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BBIXO/Ia TIOJIMEP3JIOTHBIX BOJI HAa TIOBEPXHOCTH 3€MJIM WJIM B CJIOH CE30HHBIX
IIPOTAauBAHUMN U IPOMEP3AHUM.

[Tpu ycTpolicTBe PpyHIaMEHTa HaIMEP3JI0THBIC BOJIBI OKA3bIBAIOT BIUSHUE B
ClIydae €ClM BBIXOJa Yepe3 TaJUuKHU PACIOJIOKECHHBIE O] CIOEM BEYHOMEP3JIOTO
IPYHTa, KOTOPBIC M MUTAIOT HAIMEP3JIOTHBIC BOIBI.

Hamuuwe moa3eMHBIX BOJ  CO3MAaOT  YCJIOBHS IS OOpa3oBaHUs
MOBEPXHOCTHBIX Haje/el, a IPH HAKIOHHOW MECTHOCTH IEPEMEINAlOTCS BHU3 10
ckiony (puc. 7). Hampumep, eciii rpyHT, MO AOPOroit mpomep3aeTr panbline 1 10
BEPXHEH 00pa3yroIIeii BEUHOMEP3IIOTro TPyHTA 4, UeM Ha OCTAJIbHOW TEPPUTOPHH,
TO B cjioe 2 OyIAyT CKaITUBaThCs BOAA, a B 3 CJIO€ C MOBHIIICHUEM naBiieHus. 1o
JCHCTBHUEM 3TOTO JIaBJICHHUS IIPOMEP3IINI CIIOH MOXKET OBITH CIIOMaH U IPUITOTHAT
B c71a00M MecTe.

[Tocne 3TOro BOja HAYHET BBIXOAWTH 4Yepe3 OOPa30BABIIYIOCS TPEIIMHY,
dbopMHpys TPYHTOBYIO HajieAb 5. B HEKOTOPBIX ClydasX HE HMPOUCXOJUT Pa3phbiB
MIPOMEP3IIETO CJI0sl, HO OH MOJHUMAETCS BBEPX 00pasys XojaMa M3 CIOCB JIMH3a

npaa [9].

Pucynox 7. Cxema rpyHTOBOTO 00pa30BaHMs HAJICIU HA HAKJIIOHHOW MECTHOCTH
1 — cioii mpomep311Iero rpyHTa; 2 - HENPOMEP3UIHI BOJOHOCHBIN CIION TPYHTA;
3- IpYHTOBBIE BOJIbI IEPEMEIIAIOIINECS 110 CKIIOHY; 4-CJIOM BEUHOMEP3JIOro
IPYHTA;
5 — oOpa3oBaHue TPYHTOBOM HAJIETU
B BepxHel yactTM mnOpoMeEp3LIEro Ciosi TEMIlEpaTypa TIpPyHTa CHIIBHO
MOHMXKAETCS, M K HEOOJIBIIIOMY OIYCKAaHUIO TOBEPXHOCTH I'PYHTA CBEPXY BHU3 UTO

IMPUBOAUT K BOBHMKHOBCHHIO B HCM HaprDKeHI/If/'I PACTAKCHUA 110 TOPU3OHTAJIN.
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ITon BoO3meiicTBUEM HampsiKEHUW (HOPMHUPYIOTCS MOPO3000MHBIE TPEIIUHBI B
rpyHte. CrnocoOCTByeT B UX 00pa3oBaHHMM, M3TUO MPOMEP3IIETro CJI0s, TaK KaK B
BEpXHEHl YacTH OH CXKHMaeTcsi B pe3yJbTare JACHCTBUS OTPHUILATEIbHBIX
TEMIIEpaTyp, HUKE YEM y TPaHULbl IPOMEP3aHUSL.

B pesynbrare yka3zaHHBIX MpUYMH OOpa3oBaHHUS B MPOMEP3IIEM CIIOE
TPELIMHBl UMEIOT HEOOJBIIYI0 IIMPUHY PACKPBITHS, a IO Mepe IMOHMKEHHUS
TEMIIEPATypHOIO  pPEKMMa OHHM  IMOJYYAalOT  pa3BUTHE, YTO  OCOOEHHO
HEOJaronpusTHO BO3ACHCTBYIOT Ha JIMHEHHBIE COOpPYXEHUs (TpyOOnpOBOJIBI,
HOJI3€MHbIE KaOeNu U JIp.) — YTO B KOHEYHOM CUYETE NMPUBOJUT K UX Pa3pyLICHUIO

3

&
4
Pucynok 8. Ilepemenienne yactuil

IpyHTa, Ha IOBEPXHOCTU
OTKOCa

Conndarokius MPOUCXOAUT B YCIOBHUSX IYYMHUCTBIX TPYHTOB B XOJ€
MEIJIEHHOTO CIOJI3aHUs TpyHTa O CKJIOHY. [IpuumHO#l mpouecca oOpa3oBaHus
ABJISIETCSl TOJHSATUE TPYHTA, PACHOJOXKEHHBIX B TIOBEPXHOCTH 3E€MIIM TIPH
poMep3aHuu (Harpumep, U3 TOUYku 4 B TOUKY B — puc. 8) u ommyckaHue B XOJe
OTTauMBaHUs MOJ JEHCTBUEM CHUJI TPAaBUTAIMK 110 HAKJIOHHOM BEpTUKANU BHU3 (U3
ToukH B B Touky C). B pe3ynbrare NogHATUS U OMYCKaHUS YaCTHUIL TPYHTA 3a OJMH
roJl 4acTHIbl ¢ TOukH A mnepememarorca B TouKy C. AOCOMIOTHO HACHTUYHAS
KapTuHa OyJeT HaOII0AAaThCs TaK e MO BCEMY CKJIOHY MOBEPXHOCTHU IpyHTa. Ecnu
YacTHUI[bl TPYHTA PACIOJIOKEHBI B HEKOTOPYIO IIYOMHY, TO M TOK€ HabJto1aercs
NEpEMENIEHUE, HO C MEHbIIEH HWHTEHCUBHOCTBIO. OJTO BENET BPEMEHHOMY
YMEHBIICHUIO NIEPEMENICHHUI IPYHTa MO CKIOHY MO Mepe yriyosenus. JInHeitHbie
COOPY)KEHHsI  IPOKJIAJAbIBAEMBIE HA  CKJIOHAX  HUCIBITHIBAIOT  HETaTHBHOE

Bo3zeiicTBre conurokiuu [9].
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Kpome comudumroknuu, Ha otkocax kKpyTtuszHou 1:1,5 um 1:2, BecHoit
Ha0mr0/1aeTcsi 00pa30BaHUE MOBEPXHOCTHBIX OMOJI3HEN, 3TO MOKET BBI3BIBATHCA MO
pagoM cuenytomux npuduH [8]. [lpu npomep3aHuu TPYHTOB MPOUCXOAUT
NepeMelIeHHe BJaru B €ro BEPXHHE CJIOU B PE3YJbTaTe 4YEro BEpXHSS 4acTh
nepeyBnaxHsaercs. llepeyBla)kHeHHbIE TPYHTBI B MPOLECCE OTTAaUBAHMS
JIETKOCTBIO CIOJI3AIOT MO CJIOI0 €IIe MEP3JIOro IpyHTa. DTOMY CBUICTEIbCTBYETCS
HaJIMYKUEM MPOCIIOEB JIMH3 JIbJa, 10 HAMPABICHUIO COBMAAIONINE C HAMPABICHUEM
otkoca. HccnenoBanus, BbeimonHeHHble H. K. 3axapoBeiM, mokazanud,  4TO
CYTJIMHKM B TMPOLECCE OTTAMBAHMS TEPSAIOT COMPOTUBIECHUE CABUTY KOTOPBIM
MOXET YMEHbIIAaThbcs npuMepHo Ha 50 %.

B pailoHax pacnpocTpaHEHHsT BEYHOMEP3IbIX T[PYHTOB B Mpeaenax
NEATEIIBHOTO CJIOSl MPOTEKAET OJHOBPEMEHHO HECKOJIBKO IPOLIECCOB, TAaKUM
00pa3oM, UX HEOOXOJUMMO YYUTBHIBATH JJII MPUHSATHS MPOEKTHBIX PEIICHUN MpU

CTPOUTCIIBLCTBC.

2.4. Tlpouecchl, MPOUCXOSIINE B MHOTOJIETHEMEP3JIOM IPYHTE

B mpenenax sToro ciosi mpoTeKaeT CIEMyIONIUe MPOIECChl: 00pa3oBaHUE
MOPO3000MHBIX TPEIIMH U KJIUHBEB JIbJIa; KOJIEOAHUSI OTPHUIIATEIILHBIX TEMIIEPATYP
B BEpXHEW YacTU CJIOS /10 TPaHHIIbl HYJIEBBIX AMIUIUTYJ CE30HHBIX KOJICOaHUM;
OTTaWBaHUE CJIOS TpPyHTAa TPHU HW3MEHEHUH TEMIIEPAaTypHOTO peXuMa Ha
MOBEPXHOCTH 3€MJIH; pa3BUTHE TEPMOKAPCTOBBIX MPOCAIOK. [9].

B BepxHeil yacTu cJi0s BEYHOMEP3JIOrO TPyHTa COrJacHO puc. 4 mpu
CJIMBAIOIIEMCS THIE ACSITEIFHOTO CJOS €KErOJHO TeMmIepaTypa HU3MEHSETCS OT
COOTBETCTBYIOIICH HAdally 3aMep3aHusi JO OTPHUIATEIBHOTO  3HAYCHUS,
CYIIECTBEHHO MECHBIIIETO HYJEBBIX KOJICOAHHMHA TEMIEpaTyphl, YTO W TPHBOJUT
TaKUM SIBJICHUSIM.

OnBIT CTPOUTENTHCTBA MOKA3bIBAET, YTO 3aCTPOWKH TEPPUTOPUN 3a4aCTYIO
NPUBOJNUT K YBEIMYEHUIO TIIyOWHBI OTTaWBaHHWS TPYHTOB M, TaKUM 00pazoM, K
MpocaJike MOBEPXHOCTHOTO TpyHTa. Eme Oonpliee oTTamBaHue MPOUCXOIUT TOJ

OTAIlNIMBACMbIMHU 3JIdHUAMHU, BBIICIIAOIUMUA TCIJIO B TPYHT. B pe3yibTaTrc
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BO3HMKAET  3HAUYUTENbHAas  mpocaika  (yHIAMEHTOB, KOTOpas  MHOIJa
COITPOBOKIACTCS TIOJTHBIM pa3pylieHuemM 3aanuii [9].

Takum 00pa3oM, CTPOUTH Ha CHIIBHOJBIUHHUCTBIX TPYHTaxX 0€3 MpUHATHUS

Mep M0 COXPaHEHUIO X BEUHOMEP3JIOTO COCTOSHUS HEAOMYCTUMO.
2.5. OcHOBHBIE CTTOCOOBI COOPYKEHHUS TPYOOIIPOBOIOB

TexHosorus coopyxeHus TpyOONpOBOJAOB B MHOTOJIETHEMEP3JIbIX I'PYHTaX
U Ha 3a00JI0YEHHBIX TeppUTOpHUsAX BechMma crnenuduuna. [Ipexnae Bcero,
BO3MOXHBIN CTPOUTEIBHBIN MEPUOJ B 3TUX MECTax HACTYMNaeT He JIETHee Bpems, a
C IpOMEp3aHUEM JAEATEIbHOrO CJOs, T.€. C KOHIA OCEHU, U MPOJOJDKAECTCA B
3UMHMU MIEPUO]T U 10 HAYAJIa BECHBI.

PaboTel Ha Tpacce TpyOOmpoBOAAa HAYMHAIOTCS, KOT/AA JEATEIbHBIM CIIOM
nmpoMep3aeT, Ha riyomHe He MeHee (0,6 METpOB jaenmaeTcsi, 9TO BO H30eKaHUE
MOBPEKACHHUSI MOXOPACTUTEIHLHOTO MTOKPOBA.

OCHOBHBIM CTPOUTEIHHBIM HEIOCTATKOM BEUHOMEP3IBIX TPYHTOB SIBJISACTCS
W3MEHYMBOCTh TIPOYHOCTHBIX XapaKTepUCTHK. [Ipr oTpHUIIaTeIBHBIX TEMIIEpaTypax
06e3 3amMeTHBIX Jedopmanuii MOTyT BOCHPUHHMMATH OOJBIINE HArpy3Kd, a Mpu
OTPHUIATENFHBIX TEMIEpaTypax M TeM OoJiee MOJIOKHUTEIBHBIX TeMIepaTypax,
Pa3KMIKUBAIOTCS M TEPAIOT HECYITYIO CTIOCOOHOCTH | [7].

PacnionokeHHbIE B TakOM TPYHTE TPYOOIPOBOJHBIE KOHCTPYKIIMH MOTYT
UCIIBITHIBATh HE JOMYCTUMBIC JAchopManuu, W3 3a SBJICHUW BCIyYHBaHMSI,
pacTpEeCKHUBaHMSI, KOTOPHIE MPOSBISIOTCS MIPU MMOBTOPHOM 3aMep3aHuu rpyHTa. Ha
MIPUHATHE 3aIUTHBIX Mep, TPEOYETCS MMPOBEACHHE CTICIIHAIBHBIX KOHCTPYKTUBHBIX
WJIM TEXHOJIOTMYECKUX CITOCOOBI PEIICHUs MPOOIEMBI.

B 3umHee Bpemsi BeUHOMEP3JbIE TPYHTHI IMPEACTABISIOT COOOW TUIOTHYIO
CTPYKTYpy MOHOJHTHOTO THIIA, YTO B HUTOre obecredymBaeT paboTy Ha HEM
CTPOUTEIBHBIX ¥ MOHTQXXHBIX MAIIIUH, T.€. TEXHOJOTHUS CTPOUTEIIHCTBA TaKas e
KaK MPU HOPMAJIBHBIX YCIOBHX. B eTHee Bpems rosia paboThl MO CTPOUTEILCTBY
B BEUHOMEP3JIBIX TPYHTAX JHOO MOJHOCTHIO MPEKpaIaeTcs, MO0 MPOU3BOIATCS C

IIOMOIIBIO CHCHI/IaJ'ILHOﬁ TEXHUKU U TEXHOJOTUHI MMPpUMCHACMBIX Ha 0oJI0Tax.
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Cyl1iecTByeT ABE KOHCTPYKTUBHBIE PELICHUS MPOKIAIKU TPYOONpPOBOJIOB B
TaKUX palOHaX ATO MOJ3EMHAs U Ha/I3eMHasl IPOKJIA KA.

[Tonzemuast mpoxiaaka TpyOOmpoBo/Ia MPeIyCMaTPUBAET 3aKPEIUICHUE €r0 B
IPOEKTHOE IOJIOKEHNUE C NMPUMEHEHHUE YTSDKEIUTENEH WM aHKEPHBIX YCTPOWCTB
KOTOpBIE JTOJDKHBI O0ECTIEUMBATh KOMIICHCALIUIO HE TOJBKO CHJIBI BBHITAJIKHBAHUS,
HO ¥ YCWJIMS B3BEIIMBAHMS, O0YCIOBICHHOTO MPOJIOJIBHOMN CHUJION, IEHCTBYIOIIETO
B TpyOompoBozme. OnHako Haa&KHOCTh TpyOONpoBOJA,  YTSHKEIEHHOTO
IpUTpy3aMH, HEBBICOKA; TPY3bl YACTO CBAJMBAIOTCS M BCIUIBIBAIOT , a TaKXKe
TpeOyIOT OONBIINX KaIUTAIOBIOKEHHM, TaK KaK pacxo/ ’Keae300€TOHHbBIX MPOUYUX
YTSDKEIUTENEH OUEHb BEJIUK.

Bo3moxxHa u HasemHas yKjiaaka TpyOONpPOBOIOB HAa  HACHIIHYIO
HOBEPXHOCTh 3E€MJISTHOTO IMOJIOTHA B  3aKPEIUICHUEM  YTSKEIUTEISIMH  C
MOCIEAYIOUM ero oOBasioBaHWEM. /[l TOBBIMICHUS HAAEKHOCTH MPH
AKCIUTyaTallil TPyOONpPOBOJIOB, MPUMEHSETCS KpEIUICHHE TPyO JHUCKOBBIMH
aHKepaMH, BMOPOXEHHbIE B IpyHT. OCHOBHBIMU HEIOCTATKOM JaHHOTO croco0a
ABIIICTCS 3arPOMOKICHHE TEPPUTOPUM M YCTPOHCTBO TMEpEe3ZOB, a TaKxKe
CO3/1aI0TCsl YCJIOBUS AJis1 OOJIbIIEH CHEr03aHOCUMOCTH TEPPUTOPUH.

Hanzemusiii TpyOGompoBoJ B BEYHOMEP3JOM TpPYHTE YCTAaHABIMBAIOT H
COOPYKAIOT C TOMOIIBIO OMOp, PACCTOSIHUE MEXAY KOTOPBIMH OMPEICIIeTCs
OyTeM pacyera, a IpH KOMIEHCAlMU NPOAOJIbHBIX YIJIMHEHMH TpyOompoBoaa
gyepes3 ompeneéHHOe PacCTOSHUE YCTaHABIMBAIOT KOMIIEHCATOPHI, KOTOPBIE MOTYT
OBITb BEPTUKAIBHBIMU WJIM TOPU3OHTAIBHBIMU. DTOT CIoco0 Oojee 3aTpaTHBIN
YeM Ha3eMHBI, U UMEET 3HAUUTENbHbIC TEIUIONOTEPH B OTCYTCTBHH CHETOBOTO
MOKpOBa W TIPOAYBAaHWIO CHJIBHBIMH BETpPaMH, YTO TpeOyeT HOIMOHUTEIHHBIX
TEIUIOU30JISILIMOHHBIX PadoT.

[Tpn MuUHYCOBOI TemrepaType BEYHOMEP3Jble TPYHTHI 00Jadat0T OONBIIOMN
HEeCylleld CIMOCOOHOCTBIO, MOXXHO C€O3[aTh HauOoJiee OJIaronpusTHBIE YCIOBUS
peXUMa SKCIUTyaTalluu TpyOOmpoBoJa, MPU KOTOPOM TEMIEPATYpPHBIM peXUM
paboThl CTEHOK TPyOONpOBOAa M MPOAYKTa OYJAET B OTPHUIATEIHHBIX 3HAYCHUSX.

JUtst ra301poBo/ia 3Ta 3a7a4a peraeTcsi NpoCcTo, Ha KOMIIPECCOPHBIX CTAHLUIX
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YCTaHABJIMBAIOTCS YCTAHOBKH IO OXJAXKJEHUIO raza 0 temneparypsl -2 — 3 °C
CJIEIOBATEIbHO NPU TPAHCIOPTUPOBKE MO TPYOONPOBOJAOM TAKOTO Tra3a ymaércs
COXPAaHUTh B JIETHUM MepuoJ TPYHT B MEP370M cocTtossHuu. OOpa3zoBaBIIHICS
BOKPYT TpyOONpOBOAa MOCTOSHHO MEP3IbIA TPYHT CIOCOOCTBYET, MOBBILICHUIO
MPOAOJIBHOM YCTOMYHUBOCTH.

Jl1ia HepTenpoBOIOB TaKHe MUHYCOBbIE TEMIIEPATypPhl MPOAYKTa MEPEKAUKH
HEJOMYCTUMBI, CIICJICTBUU YBEIMYCHHS €T0 BA3KOCTHU NEpeKayka 1o TpyoonpoBOIy
CTAaHOBUTCS HEBO3MOXKHA, TOATOMY JJs M30eKaHUs 3acThiBaHUS HePTH
HEO0OXOAMMO MPOU3BOAUTH TEIUIOM3OJSALIUI0 TPYyOOIPOBOJAa WM C MOMOUIBIO
OPOKJIAJAKH TpyObl B TpyOe, C 3alOJHEHHEM MEXTPYyOHOTO MpPOCTPaHCTBA
TEIJIOU30JIALMOHHBIMU ~ Matepuaiamu. Ho, oaHako, 3TOT MeTon TpelOyeT
IPUBJICYECHUS] JONOJHUTENBHBIX CTPOUTENBHBIX MOLIHOCTEW M CHELUAINCTOB, HO
MEHEE 3aTpaTHBIN nepes APYTUMH METOJAMHU.

[Ipu HangzemHol mpokiagke TpyoompoBoaa auamerpom 1000 — 1200Mm
BO3HUKAIOT CJIOKHBIE MPOOJEMBl C OOECHEUEHUEM YCTOHYMBOIO TOJOKEHUS
TpyOOIIpOBOJa Ha OMOPaxX, YTO IKOHOMUYECKHU NMPUEMIIEMbIE METO/IbI UX PELICHUS
TpyaHO HalTU. OTpOMHAs TSHKECTh 3aMOJIHEHHOTO HE(ThIO TPyOOMpOBOJA, a Tak
K€ HeoOXOIUMOCTh KOMIICHCAlUM TEeMMEpaTypHBbIX YJIMHEHUH, MO03TOMY
TpeOyeTcsi cBailHble WJIM WHBbIE OMNOpHBIE ycTpoilcTB. Ho HanéxHOCTh pabOThI

OMOPHBIX CHCTEM Ha BEYHOMEP3IBIX TIpPyHTaX BecbMa MpoOjeMaTHYHA.
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4 «DUHAHCOBBI MEHE/)XMEHT, PECYPCOR®®EKTUBHOCTH 1
PECYPCOCBEPEXEHUE»

PaccmarpuBaercs npeamonaraeMblil IpoOIEMHBIA MPSIMOIUHENHBIA y4aCTOK
HeTenpoBosa ¢ anuHoM 50 MeTpoB ¢ MHOrosieTHeMep3ibiMu rpyHTamu (MMII).
Obmas quHa Mo 06bekTy ¢ HammuueM MMI' ¢ AbAUCTRIMU TPYHTAMU COCTABIISET
2427mM. 1pu  OTTaMBaHMM KOTOPBIX TPyOONPOBOJA MOMKET HUCHBITHIBATh
3HAYUTENIbHbIE HEPAaBHOMEPHBIE OCAJIKU (IIPOCAAKH), YTO HEOOXOAUMO YUUTHIBATH
IIPU IIPOEKTUPOBAHUH.

Merton 1. bbu10 PUHATO, IO PEKOMEHIALKAM, BBIIIOJIHEHHBIM HHCTUTYTaMU
OOO HIIO «®ynaameHTCTpOMApPKOC», TPUMEHEH CIOCOO 3aMEHbI TPYHTa O]
HIWKHEH oOpa3yromieil TpyObl Ha TinyouHy 1 M 20 cM KpymHOOOJIOMOYHBIM
HEMNPOCaJ0YHbIM TPYHTOM U MSATKUM IPYHTOM (IIECKOM), KOTOPbII OYAET SIBISITHCS
OCHOBaHMEM i1 TpyOOmpoBOJa; B KAauyeCTBE HENPOCAZAOYHOTO TIpyHTa
HCIIOJIBb3YETCS IECYAHHO-TPABUIHASA CMECH.

Merox 2. DOKCHEpUMEHTAIBHBIA METOJ IPEANOJaracT 3aKpeIieHUs
IPYHTOBOTO OCHOBaHHUSI TPyOONpPOBOJA C MOMOULIBIO KPUOTENS HAHECEHHEM €ro K
JHY TpaHIIEM C IIOMOLIBIO HACOCOM M TMOCIEAYIOIIMM II€peMELINBAaHUEM

MOTOKYJIBTUBATOpPOM. He TpeOyeT 1onoaHUTENbHOM pa3paboTKy 3eMIIH.

4.1. CMETHAA CTOMMOCTD BBIIIOJIHEHUA PABOT

4.1.1. Pacuét cTouMOCTU pabOThl, METOJIOM 3aMeHbI TPyHTOBOTO ocHOBaHus [1T°C

O0beM 3eMIISTHBIX padOT MPHU 3aMEHE OCHOBAHUSI TPYOOIPOBOJIA, KOTOPHIMA
cocrapisger 108 m® Ha 50 MeTpoB TpaHmieu, paboOThl BEAYTCA C OJHOKOBIIOBHIM
skckaBatopom D0 — 4125 mommocts 95,6 kBT emkocteio koma 0,8 M3,
oynpao3epom b10M2 mommuocThio 132 kBT oTBan mmpunoit 4,28 metpa, Karok
CaMOXOJIHBIN MHeBMOKoOJIecHBIH J[Y-100

Hopma nakmamsbix pacxomoB cocrtaBiseT 95% (3aBucuT oT Buaa padoT,
onpenensercs no MJIC 81-33.2004), nopma nipubbsuin cMeTHOM coctaBisieT 50%

(3aBucuT oT BuAa padot, onpenensercs mo MJIC 81-25.2001).

Jlanee cTOMMOCTh CUHTAETCS HO PECYPCHOMY METOITY:
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[TorpebHocTs pecypcoB (I'DCH-81-02-01-2001 3emusiHbie paboOThI) IO

HopmaM Ha 1000 M3 cnenyromas:
1. 3arpars! Tpyna pabouux-crpoutenei - 8,3 uen.-u.
1.1. Cpennuii paspsn - 2.
2. Mammnbsl 1 MexaHu3Mbl: 18,05 marr.-d.
DKCKaBaTOPbl OJJTHOKOBIIOBbIE DO —Mallr.-u;
bynpnozepsr b10M2 — mamr.-y.
3. Marepuaisr:

48 M3 TITC

CmeTHas CTOMMOCTh B TEKyIIeM ypoBHE 1ieH: CTOMMOCTD 1 4el.-4 (3aBUCUT
OT cpeliHero pazpsaa padotsl 2) —154,94 py6 . croumocTs 1 Maril.-4 sKCKaBaTopa
—6334,67 py0., B T. 4. 3/m1 s3kckaBaropiuka 494,98 py6. Croumocts 1 mar.-u
oynbao3epa — 826,1 py06., B T. 4. 3/m Oyapao3epucrta 217,31 pyo.

ctoumMocThb 1 M3 medHs — 290 pyo.

3.VI= 0,108-8,3-154,94 = 138,9 py6.

MM aropa = 0,108-18,05-6334,67 = 12348,8 py6.
IMPY . =0,108-18,05:826,1 = 1610,39 pyS.

IMIVI = 12348,8 +1610,39 = 13959,19 pyo.

MalllMH

3mI¥I=0,108-18,05-494,98 = 964,91 py6.

3KCKaB.

3mIYl =0,108-18,05-217,31 = 423,62 py6.

OyJIbJI03€eD.
M Ty =50-290 = 14500 pyO.
I3ty = 138,9 + 12348,8 + 1610,39 + 14500 = 28598,09 pyO.

95%-0,85 = 80,75 = 81%
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HP™I = 81%- (138,9 +964,91 +423,62) / 100% = 1237,22 py6.
50%-0,8 = 40%

ITIYL = 40%-(138,9 +964,91 +423,62)/100% = 610,97 py6.
Cemp =28598,09 +1237,22 + 610,97 = 30446,32 py6.

Pacuer PECYPCHBIM MCTOAOM ITIOKa3aJl, IJI 3aMCHBI I'PYHTOBOI'O OCHOBAaHUA

III'C B 066eMe 50 M notpebyerca 30446,32 py6nei.

4.1.2. Pacuy€t cTomMOCTH paboT, METOAOM 3aKpPEIJICHHs TPYHTOBOT'O OCHOBAHHSI
Kpuorenem
JUis 3aKkperyieHus TPYHTOBOIO OCHOBAaHHUS I ydacTKa He(TenpoBoaa ¢
mHOU 50 MeTpoB, 1 00pa30BaHMs KPUOTEIN TOJIIUMHON 2 MM noTpedyercs 80

JUTPOB Kpuoress. 3a 1 TUTp KpUOTeJIeBOro pacTBOpa COCTaBIsIeT 69 pyoOIieil.

JUis JaHHOTO SKCIEPUMEHTAIBHOTO METOAA 3aKpeluieHUus HoTpedyeTcs
Opurana u3 4 yenoBek Kak OCHOBHbIE paboune, 1| Hacoc BUHTOBOWM O0ukoBbIii BT
020 SO1 ¢ MPOU3BOAMTENBHOCTBIO 3 M%/4, MOTOKYJIBTHBATOD I IEPEMENINBAHHUS

rpynra Hesa MB-2. ITnomans padot cocrasisget 40 M2,
[Tpo10BKUTETEHOCT Pa0OTHI TIO 3aKPEIJICHUIO COCTABIISIET
[To Hanecenuto kpuoresns Ha ocHoBaHUE B oObeMe kpuorens 80 1 Ha 50

METPOB COCTaBJISIET Rsfl: 0,13 4;

[To mepemenmmBaHuiO KPUOTEISI MOTOKYJIBTUBATOPOM ILIONIA IbI0 paboT 40

M? ¢ IIPOM3BOAMTEILHOCTBIO MOTOKYJIBTHBATOpa 349 M%/B yac4L = (0 12 y:
349

O6miee Bpemsi padoTsl coctasmiseT 0,13+0,12=0,25 gac - 15-20 munyTt. be3s
ydera TeX WJIM UHBIX (aKTOpOB, KOTOpPbIE MEMIAIOT MPOU3BOJCTBY pabot. Tak kak,
KpUOTeNb OBICTPO 3aCTHIBAET, BO B3aWMOJEHCTBUU C OTKPBITOM CpenoH, padoThl

JOJDKHBI, TIPOBOIUTCST OBICTPO.
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3aTparhl Ha OTUIATY TPY/Aa OCHOBHBIX pa0OYMX CTOUMOCTH | 4e.-4 (3aBUCHT
OT cpemHero paspsaa pabotsl 2) —154,94 py6 . croumocts 1 mam.-4 Hacoca — 150

py0., croumocTh 1 manr.-4 MmoTokyiasTHBaTopa — 290 pyo.
Ha ocHOBHBIX paboumXx:
0,33-154,94 =51,13p - 4 = 204,52 pybsei

Ha ncnonp3oBanne Hacoca:

0,33-150 = 49,5 pybsen
Ha ucnonb3oBaHusi MOTOKYJIBTUBATOPA!

0,33-290 = 95,7 pybsien
3aTpaTsl HA MaTEPHUAJIBL:
Kpuorens:

80 - 69 = 5520 pybsiei

Ha 3akperuieHue rpyHTOB HOpMa HaKJIaAHBIX PacxoloB cocTaBisieT 87%
(3aBucut oT Buaa pador, onpexaensercsa nmo MJIC 81-33.2004), Hopma npuObLIN

cMeTHO# coctaBisier 60% (3aBucuT OT BuAa pabor, ompeaensercs no MJIC 81-

25.2001).
M3 = 204,52 + 49,5 + 95,7 + 5520 = 5869,72 py6.

87% - 0.85 = 73,95 = 74%
HP = 749 - 225 15134 06
RESEAET Y I

60% - 0,8 = 48%

Hem = 48% - 25 % _ 98 16 py6
cM = 48% - — - = 98,16 pyG.

CeMp = 5869,72 + 151,34 + 98,16 = 6119,23 py6uieii.
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BBIBO,Z[: Takum O6p&30M, Ha OCHOBE aHajiu3a CMETHOM CTOMMOCTHU
IMPOBCACHHBIX pa60T MOXHO CA€JIaTb BBIBOI O LICJ'IGCOO6p213HOCTI/I IIPUMCHCHUA

Kpuorejst i 3aKpCIICHUA T'PYHTA 9KOHOMMA COCTAaBHIIO:

30446,32 - 6119,23= 24327,09 pyé.

27



5. COHUAJIbHAA OTBETCTBEHHOCTD ITP1 YKPEIUIEHUUN

I'PYHTA OTKOCOB U JTHUII[ TPAHILEN TPYBOITPOBOJIA B

YCJIOBUAX KPAMHET'O CEBEPA

ConmasnibHass ~ OTBETCTBEHHOCTb ~ WJIM  KOpPIOpPAaTHUBHAs  COLMAlIbHAs
OTBETCTBEHHOCTh (KaK MOpaJbHO-3TUUECKUN MPHUHIINII) - OTBETCTBEHHOCTD IEPEN
JIOABMHU U JJAHHBIMU UM OOCLIaHUSIMM, KOT'/Ia OpraHU3alisl YUYUTHIBA€T UHTEPECHI
KOJJIEKTUBAa M OOIlECTBa, BO3jaras Ha ce0s OTBETCTBEHHOCTb 3a BIIMSHHE HX
JEeATEIbHOCTH Ha 3aKa34MKOB, MOCTABIIMKOB, paOOTHUKOB, akuuoHepos (I'OCT P
NCO 26000-2012).

PaGouum MecToM sdABIS€TCS 3KpEIUIEHWE TPYHTa NPU CTPOUTEIHCTBE
TpyOonpoBogoB B ycinoBusix Kpaitnero Cepepa. Pabora ocymecTBisiercs
HAHECEHUEM KpHOTells Ha OCHOBAaHHUE a 3aT€M IEPEMEIINBAECTCS MOTOKYJIBTUBATOP.
PabGouee MecTo M B3aMMHOE pAaCHOJOKEHUE BCEX €ro 3JIEMEHTOB JIOJKHO
COOTBETCTBOBATh AHTPOIIOMETPUYECKUM, (PU3NYECKHUM U IICHUXOJOTHYECKUM
TpeOoBaHMUsSIM. boisbllloe 3HaYeHWE UMEET TaKXKE XapakTep paboTbl OHO
HKCIIEPUMEHTAJIbHOE M B YAaCTHOCTH, NPU OpraHU3alMu pabodyero Mecra Moj
3aKpeIyIeHue TpyHTa JOJDKHBI OBITh COOJIIOIEHBI BCE OCHOBHBIE YCJIOBHUS U
TpeOOBaHMUS.

Lenpro paznena «ConuanbHasi OTBETCTBEHHOCTBY ABJISIETCS] aHAJIN3 BPEIHBIX
U OmMacHbIX (PaKTOpOB TpyJa paOOTHUKOB HAa OOBEKTE 3aKPEIUICHUS TPYHTOBOTO
OCHOBaHMs TpaHIIeu. B paszgene Takke paccMaTpUBAKOTCS BOIPOCHI TEXHUKU
0€30MacHOCTH, MOXKAPHOU MPOPUIAKTUKH U OXPaHbl OKPYKarOUIEH cpeibl, Jat0TCs

PEKOMEHIAIMHU 110 CO3JaHUI0 ONITUMAJIbHBIX YCIOBUM TPYy/Ia.

5. 1 TlpodeccronanpHast U connaibHas 0€30MaCHOCTh
JI1s IeJTIOCTHOTO IpeACTaBACHNUS 00 MCTOYHUKAX BPEIHOCTEH M OIMaCHOCTEH
Y BCEX OCHOBHBIX BBISIBIICHHBIX BPEIHBIX M OMACHBIX (paKTOpax Ha paboueM MecTe,
HIDOKe TpeacTaBieHa Taomuma 2 «OCHOBHBIE D3JIEMEHTBHI IMPOU3BOJICTBEHHOIO
npoiiecca, GOpMHUPYIONTUE OMACHBIE U BPEIHbIE (PAKTOPHI MPHU BBHIMOTHEHUH PabOT

[0 YKPEIJIEHUIO FPpyHTa TpyOonpoBoaa B CeBEPHBIX YCIOBUSIIX).
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Nnentuduxaus mOTEHIIMAIBHBIX OMACHBIX M BPEIHBIX MPOU3BOICTBEHHBIX
dakropos (OBII®D) mpoBoautes ¢ ucnonab3oBanneM «Kiaccudukanum BpeaHbIX U
omacHbIX Tpou3BoACTBeHHBIX (pakTopoB mo ['OCT 12.0.003-74 (¢ m3men. Ne 1,
okTssO0pp 1978 1., mepemsmanme 1999 r.). Ha3Banue BpeaHBIX W OMACHBIX
POU3BOJICTBEHHBIX  (PAaKTOpoB B  paboTe COOTBETCTBYIOT  MPUBEACHHOMU
kinaccuukanuu. OnpezeneHbl Ha3BaHUE XapaKTEPHBIX BUAOB pabOT M BPEAHBIX
POU3BOJACTBEHHBIX (pakTopoB (OBIID).

Tabnuna 2. - OcHOBHBIE AJIEMEHTHI ITPOU3BOJICTBEHHOTO ITpoIIecca,
(dbopmHpyIOLIME OMACHBIE U BpeAHbIE (DaKTOPHI PHU BBIIOJHEHUN PabOT 110

YKPEIUICHUIO TPYHTA MPU CTPOUTEIILCTBE U PEKOHCTPYKITUU TPYOOTIPOBOIOB

HauMeHOBaHKE BHIOB DaKkTOpbI HopmaruBHbie
Bpennbie OnacHble
1 2 3 4
[loneBbie pabOTHI: CHulI 12-03-2001
1)Hanecenue 1)IloHmkxeHHbIe 1) Iewxymuecs mamuaer  T'OCT 12.0.003-
KpHOTens OTpHUIIaTeNIbHAS 1 MEXau3MBbI 74. (c u3m. 1999 1.)
TeMIeparypa IIPOU3BOJICTBEHHOTO I'OCT 12.2.003-91
BO3/IyX€E; obopynoBaHus (B T.4.
2)TAXKECTh U Ipy30MIbEMHBIE);
HaIpPsHKEHHOCTD

¢buznyeckoro Tpyna;

CHull 12-04-2002

2) DNeKTpUYECKHUM TOK;
3)Bpamiaromuecs yacTu
PEXKYIIEro HHCTPYMEHTA

2)Paborta cc
MOTOKYJIbTUBATOP

3) [IpeBbIienne
YPOBHEH IIyma;
4)I1oBbIlLIEHHBIE

I'OCT 12.2.003-91

YPOBHH BUOpAIIU

000pyI0BaHNUS;
4) TOTYKOBBIC yIaphI
000pyoBaHUsI.
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5.1.1 AHanu3 BpeaHbIX MPOU3BOJACTBEHHBIX (haKTOPOB U 0OOCHOBaHUE

MEPOIPUATHHN 10 UX YCTPAHEHUIO

[lepconan, 3akperuiAOmMNA TPYHT OCHOBAaHWE TpaHIIEH TPyOOIPOBOIOB
METOJIOM HAaHECEHHUs KPHUOTeNsl B TPYHT IMOABEPKEHBI BO3JAEHCTBUIO CIIETYIOLIUX
BpeIHbIX (pakTopoB (Tadu. 1.1).

1. IlpeBsllIeHHE YPOBHEN LIyMa

Hlym - 5T0 OecnopsAOYHOE COYETaHHE 3BYKOB PAa3JIMYHOW YaCTOTHI.
HcTounnkaMu 1ryma Ha 0ObEKTax yKpEIUIEHUs TPYyHTa MOTYT CTaThb MalIUHbI AJis
MpPOBEACHHUS  3eMJISHBIX  paboT  (OypoBbIE  YCTAHOBKHM,  3KCKaBaTOPHI,
TpyOOYKIATUUKH).

JliutenpHOe  BO3/ACHCTBHE IIYMOB OTPHUIIATENIBHO  CKa3bIBAIOTCS  HA
AMOIIMOHAJIBHOM COCTOSIHUM MEpCOHala, a TAKXKE MOXET MPUBECTH K CHUKEHUIO
ciyxa.

JleiicTBue IIymMa pa3ivyHO: 3aTpyJIHSAET pa300pUYMBOCTh PEUYM BbHI3bIBACT
HeoOpaTHMble U3MEHEHUsI B OpraHax Ciyxa 4eJOBEeKa, NOBBIIIAET YTOMIISIEMOCTb.
[IpenenbHo pomyctumbie 3HadeHust (1m0 80 merumbOen), XapakTepu3yIolue IIyM,
pernamentupytorcss  cormacHo ['OCT  12.1.003-83. JlomycTuMble  ypOBHH
3BYKOBOTO JIaBJICHUS ¥ SKBUBAJICHTHOTO YPOBHS 3ByKa MPUBEICHBI B Ta0uIe 3.

Tabnuna 3 - JlonmycTiMble ypOBHHU 3BYKOBOT'O JABJICHHS U 3KBUBAJICHTHOTO

YPOBHS 3BYyKa

Paboune mecta
YpoBHU 3BYKOBOI'O AaBJ€HHU, 1b, B OKTaBHBIX MTOJIOCAX CO

CPCAHCTCOMETPUICCKUMHU YaCTOTAMHU, I'o

YpoBHU 3BYyKa U
SKBUBAJICHTHBIE YPOBHHU
3ByKa, 1bA

1,5 |63 |125|250 500 {1000 [2000 (4000 8000

[locTosiHHBIE paboune

MecTa U pabodne 30HEI B
IIPOU3BOJCTBEHHBIX 07 95 (87 |82 |78 |75 |73 71 69 80
IMOMEIICHUAX U HAa TEPPUTOPUN

MpEeaNpUATAN
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OcHOBHBIE METO/IbI OOPHOBI C IITYMOM Ha O0OBEKTE:

- CHIKCHHE nryma OypoBoro UHCTPYMEHTA (npumeHeHue
3BYKOM30JIUPYIOIINX CPECTB);

- cpencTBa MHAUBUAYaIbHOU 3ammTel (CHU3):

- HayUIHUKH;

- coOmroJieHre pexxuma Tpyia U OTIbIXa;

2. OTKJIOHEHHE MOKa3aTeNel KiruMaTa Ha OTKPBITOM BO3IYXE.

Knumar mnpencraBisier KoMiuieKe (U3MYECKUX IMapaMeTpoB BO3IyXa,
BIIMSIOIIMX HAa TEIUJIOBOE COCTOSIHME opranu3sMa. K HUM OTHOCAT TeMmmeparypy,
BJIAKHOCTb, CKOPOCTh JBWXEHUS BO3]lyXa, WHTEHCHUBHOCTb PaAUAI[MOHHOIO
U3IY4YEHUs] COJHIA, BEJIMYMHY aTMoc(epHOro naBieHus. MakcumalsbHas
temneparypa B MupHuHckom paiione PecryOnuku Caxa (SIkyTus) cocTaBiseT B
cpennem +25C, a MUHUMAaNbHAS TeMIlepaTypa focTuraer a0 — 56°C paborarts npu
TaKo# Temriepatype paboTa 3anpelieHa.

Tak Kak  pacCMOTPEHHOE  BBIIE  CTPOUTENBCTBO  TPyOOIpPOBOJA
3aIJIaHUPOBAHHOTO B OCEHHE-3UMHUM Nepro/1, BO3MOXHbBI OOMOPOKEHUE KOTOPHIE
MpeAcTaBIsieT coOOM MOBpeXAeHUEe Kakou-nubo yacTtu Tena (BIUIOTH [0
OMEpTBEHUS) MO/ BO3JEHCTBUEM HU3KUX Temmeparyp. Haie Bcero oOMOpoKeHus
BO3HHUKAIOT B XOJIOJHOE 3MMHEE BpeMs IPH TEMIIEpaType OKPYKAIOLIEH cpeasbl
Huxe —10°C - -20°C. Ilpu nqnutenbHOM NpeObIBAHUM BHE NMOMEUIEHUSI, 0COOEHHO
OpU BBICOKOM BIIQXKHOCTU U CUJIBHOM BETpE, OOMOPOKEHHE MOXKHO MOJYyYUTh
OCEHbIO U BECHOU NPU TEMIIEpAType BO3/1yXa HUXKE HYJIA.

K oOMoporkeHno Ha MOpo3€e MPUBOASAT TECHAs U BIaXHas OJeXk/1a U 00yBb,
(puznyeckoe nepeyToMIeHHue, oo/, BEIHYKICHHOE JIUTEIbHOE HEMOIBUKHOE U
HEyJIOOHOE TOJIOKEHUE, NPEIIIeCTBYIONAs XOJOoI0Basi TpaBMma, ocjabjaeHue
opraHu3Ma B pe3yJibTaTe TepEeHEeCEHHBIX 3a00JIeBaHUM, TMOTIUBOCTh HOT,
XpOHHYECKHE 3a00JIeBaHMsI COCYIOB HWKHHMX KOHEYHOCTEH U  CepIedHo-
COCYAUCTOU CHUCTEMBI, TSKEIBIE MEXAHUUYECKUE IMOBPEXKACHUS C KPOBOIIOTEPEN U
mp..

HOpMI/IpOBaHI/Ie mapaMCTpOB Ha OTKPLIThIX INIOMIAAKAX IIPOU3BOJUTCH,
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OMPENENSAIOTCA KOHKPETHBbIE MEpPONPUSITHS MO CHWXXKEHHUIO HeOJIarompusiTHOro
BO3JICHCTBHS MX Ha OpraHu3M padbodero. PaGoTraromiye Ha OTKPBITOW TEPPUTOPHH B
3UMHUU U JIETHUWA NEPUOABI TOJIA B KAXKJIOM M3 KIMMATUYECKUX PETMOHOB JOJIKHBI
OBITH 00ECIIEUEHBI CIIEIIOAEK IO

- KOCTIOM OT 3aIlMUThI OT BOABI U3 CHHTETUYECKOW TKAHU C TIJICHOYHBIM
MMOKPBITUEM;

- KOMOMHE30H JUIsl 3alllUThl OT TOKCHUYHBIX BEHIECTB W TMbUIA U3
HETKaHbIX MATEPHUAJIOB;

- KOCTIOM MPOTUBOAHIICHATUTHBIN;

- byTOoKa;

- OOTUHKU KOKaHHBIE C )KECTKUM MOJTHOCKOM HJIM CarloTU KOKAHHBIE C
YKECTKUM ITOJHOCKOM;

- Carnory Pe3WHOBBIE C KECTKUM TOJTHOCKOM WJIH Carord O0JIOTHBIE C
KECTKAM MOJHOCKOM;

- HAPYKaBHUKH U3 MOJIMMEPHBIX MAaTEPHUAJIOB;

- MEePYATKHU C MOJUMEPHBIM MOKPHITHEM;

- MEepYaTKN PE3UHOBBIC WIIM U3 MOJMMEPHBIX MATEPHUATIOB;

- KacKa 3aluTHas;

- MOJUIJIEMHUK MOJT KaCKYy;

- OYKH 3alUTHBIC;

- MacKa WU MOJIyMacKa cO CMEHHBIMU (DUIIbTPAMU.

Huszkas temmeparypa OKpyXarolledl Cpeapl NPUBOIWT K YBEIMYECHUIO
MEXAaHWYECKUX HArpy30K Ha CHCTEMbl W arperarbl MallMH M MEXaHU3MOB. B
XOJIOMHBIA TIEpHOJ] BpEeMEHHM H, ocoOeHHO B paiioHax Kpaitnero Ceepa
UCIIOJIb3YETCS CIEITeXHNKA KOHCTPYKIIMS, KOTOPOM MaKCUMaIbHO MPUCTIOCOOIeHa
K paboTe B TaHHOW KIIMMAaTU4YECKOW 30He. BapruaHThI HCTIOMHEHUS IPETYCMOTPEHBI
nercTByrommMu HopMatuBamMu U B yactHOCTH ['OCT 15150-69, koTopblii Takxke
OTIpeNIeNISICT U YCIOBHUS DKCIUTyaTallid BCEX BUIOB O0OPYIOBAHMS M TEXHUYECKUX

CPEJICTB Y U3IEITHI.
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3. TsxecTb U HAIPSHKEHHOCTh (PU3UUECKOIO TPyAa.

B cBs3u ¢ 0osbLION MPOTSKEHHOCTHIO M YJIAJI€HHOCTBIO Ta30lpoBO/a OT
HACEJICHHBIX IIYHKTOB, pa0OTHUKAM JUIUTEIBHOE BPEMs MPUXOIAUTCS IPOBOJUTH B
KOMaHJMPOBKAX, YTO COIMPOBOXAACTCSA THKEIBIM U HAMPSDKEHHBIM (U3UYECKUM
TPYZOM.

Tsokenslii M1 HanpsDKEHHBIN (U3HUECKHd TPyA MOKET MOBIUATH Ha oOIiee
CaMOYYyBCTBHE pab0Yero v MPUBECTH K PA3BUTHIO Pa3IMYHbIX 3a00JIEBaHUN.

vy J'II-OI[Cﬁ, 3aHATBIX TSKCIBIM MW HAIIPAKCHHBIM (1)I/I3I/I‘-ICCKI/IM TpyaoMm,

JOJKEH OBITh BOCBMUYACOBOW pabouMii JeHb ¢ 00eAeHHBIM nepepbiBoM (13
14—) u nmepuoAMYECKUMHU KPATKOBPEMEHHBIMHU TEpPEephIBAMHU, a TaKkKe JOJKHA
OBITH yBEIMYEHA 3apad0THAs TUIaTa U MPOJIOJKUTEILHOCTD OTITYyCKA.

4. TloBblllieHUs1 yPOBHS BUOpaliuu

Bubparuss — 3T0 MexaHWMYeckue KoJjieOaHUsi MalldH U MEXaHHU3MOB,
KOTOPBIE XapaKTepU3yIOTCS TAKMMH IapaMeTpamMH, KaK YacToTa, aMIUIUTY/a,
KoJiebaTenbHasi CKOPOCTh, KojebaTenbHOEe yckopeHue. BubOpamuio mnopoxaaror
HEYpPaBHOBEIIICHHbBIE CUJIOBBIE BO3/IEHCTBHSI, BOSHUKAOIINE MPU pabOTE MAIIIHH.

Bo3zneiicTBust BUOpainu Ha OpraHu3M YeIoBeKa

BayTpenHue opranbl MOKHO pacCMaTpUBATh Kak KOjeOaTeIbHbIE CUCTEMBI C
yOpyruMu cBsi3siMU. VX cOOCTBEHHBIE YacTOTHI JiekaT B jauama3zoHe 3—6 I
[TpeBbilieHNs 3TUX YpOBHEW BUOpAIMK MOXET BbI3BATh TPABMBI, Pa3phIB apTepUH,
a TaKXke JEeTaNbHBIX UCcXoiA. [Ipu BO3meWcTBUM MPOM3BOJCTBEHHBIX BUOpAIMil Ha
YEJIOBEKE BBI3BIBACT PAJl (DU3UOJOTUUECKMX W IMOIMOHAJIBHBIM HM3MEHEHHUEM
COCTOSIHHSI 4YeJIOBEKa TaKHEe KakK: TIOBBIIMICHUH YTOMJISEMOCTH, YBEJIUYCHUU
BPEMEHU JBUTATEIHHOW M 3PUTEILHON pPEaKIMW, HAPYIIEHUW BECTUOYISIPHBIX
peakuuii U KOOpAMHAUMM  JABWXKEHMH. Bemer 3T0 K  IOHMXKEHUIO
POU3BOIUTEIILHOCTU TPYIa.

Bpennocts BuOpanuu ycyryOmisieTCss OJHOBPEMEHHBIM BO3JCHCTBHEM Ha
paboTaromuX MOHWKEHHONW TeMIepaTypbl Bo3yXxa pabodeil 30HbI, MOBBIIIIEHHOTO
YpOBHSI IIIyMa, OXJAXIECHHUsI pyK paboyero mnpu padoTe C pyYHBIMH MAaIlIMHAMH,

3allbIJICHHOCTH BO3YyXa, HCy,Z[D6H0ﬁ IMO3bI U P.
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Crioco0slI 3a11UTHl OT BUOpAIIMKU U TPOQPUIAKTUKA BUOPAIIMOHHON 00JI€3HU

K crioco6am 00opb0bI ¢ BUOpareit OTHOCSTCS] CHUYKEHUE BUOpAIUH B
UCTOYHUKE (YIy4IIeHHEe KOHCTPYKLIHMM MAIIMH, CTaTHYecKas U JUHAMHYecKas
OalaHCUpPOBKA BpAIAIOIIMXCS YacTe MaIlnH), BUOporamicHue (yBETUYCHHE
3¢(deKTUBHON MacChl MyTeM MPUCOCAUHEHHMsS MAalIMHbBl K (QYHIAMEHTY),
BUOpOM3OISIMS (PUMEHEHHE BUOPOU3O0IATOPOB MPYKUHHBIX, THAPABIMYECKUX,
MHEBMATUYECKUX, PE3MHOBBIX U Jp.) BUOpoaemmndupoBaHue (MIPUMCHCHHE
MaTepHaIOB ¢ OOJBITUM BHYTPCHHUM TPCHHEM), TPUMEHEHUE WHANBUIYATbHBIX
CPEICTB 3allUThl (BUOpO3alUTHBIE O0YBB, MEPUATKU CO CHELMAIbHBIMU YIIPYIO-

I[GMI'I(prYIOHII/IMI/I QJICMCHTaMU, IIOTJIOIarOIIIMMH BH6pElIlPII-O).

5.1.2 AHanm3 OMacHBIX MPOU3BOJICTBEHHBIX (PAKTOPOB M 0OOCHOBAHHE
MEPOIPUATUIN 110 UX YCTPAHEHUIO

OnacHbIMH  TPOM3BOJCTBEHHBIMU  (paKTOpaMH Ha3bIBAlOTCA  (aKTOPHI,
CIIOCOOHBIE TIPU OIPEICIICHHBIX YCIOBUSX BBI3bIBATH OCTPOE HAPYIIICHUE 37I0POBBS
U THOETTN YeNToBeKa.

1. DnexkTpuueckuil TOK.

OnacHOCT  MOBpeXACHUS  paOOTHUKA  DJIEKTPUYECKHMM  TOKOM B
He(dTerazoBoil OTpacid, B YACTHOCTH CTPOUTENBCTBE M PEKOHCTPYKLHUHU
TpyOOIIPOBOa CYIIECTBYET MPU CBAPOUYHBIX pabOTax.

be3onacHoe HamnpskeHue npu Takux padorax cocrasiser 12 B.

[ToBpexaeHne DdIEKTPUYECKUM TOKOM, JJIEKTPUYECKOW JYyrod MOXKET
MIPOU30UTH MO HECKOJIBKUM CITy4asiM:

- Ilpy  TPUKOCHOBEHWH  YEJIIOBEKOM  HEU3OJIMPOBAHHBIX  YaCTEU
TOKOBEIYIIMX 4YacTed, KopIyca pa3Iu4HbIX JJEKTPUUYECKUX  YCTPOMCTB,
OKa3aBIIMECS MOJ HAPSHKEHUEM B CIIEICTBUM 3aMbIKaHUS;

- Ilpu onmHodazHOM, T.€. OJTHOTIOIIOCHOM KOHTAaKTE 4eJoBEKa C 3eMjied U
TOKOBEAYIIEH 4acThi0 (IIPU CO3JaHUU YEJIOBEKOM HMCKYCCTBEHHOTO KOHTAKTa
«TOKOBEYIIAs 4aCTb - 3€MJIS»).

DJIEKTPUYECKUI TOK KpaillHE HETaTUBHO BIIMSET HA OPraHU3M YEJIOBEK, a

HMCHHO:
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- TMOpaXkaeT KOXKHbIE, CIIU3UCThIEC MOKPOBBI YETOBEUYECKOTO TEJIA;

- TOpaXkaeT LIEHTPAIbHYI0 HEPBHYIO CUCTEMY;

- TOpakaeT BHYTPEHHHUE OpraH, OCTABIIIET HEOOPATUMBIE TIOCIEACTBUS B
paboTe TaKuX OPraHOB KaK Cep/IIie, MOYKH, TIEUCHb.

3amura OT DJKIEKTHYECKOr0 TOKa B OpraHu3anusx HedTerazoBoii
IPOMBIIIICHHOCTH JICJIUTCS Ha J[BA TUIIA:

[lepBbIii THIT - KOJUIEKTUBHAS 3aIIUTA:

- NMPUMEHEHHME pPa3IUYHBIX I[UJIaKaTOB, 3HAKOB 0€30MacHOCTH  JUIs
BU3yaJIbHOTO  TIPEAYNPESKIACHUS PAOOTHUKOB 00  OIMACHOCTH  TOPaXKCHUS
AIEKTPUIECKUM TOKOM;

- M30JIALMS OTKPBITHIX YYACTKOB TOKOBEIYIIIMX YaCTEH AJIEKTPOYCTPONCTB;

- ycraHoBka 3azemienus cormacHo 'OCT 12.1.030-81;

- YCTaHOBKAa OTpaXJEHUS K YCTaHOBKaM pabOTalOMUX NpPHU T[TOMOIIU
AIEKTPUYECTBA.

BTopo# a1l - nHAMBHyaJIbHAS 3aINATA:

- TpuUMEHEeHHWe pabOTHUKOM CpPEICTB WHIWBHIYAIBHOW  3aIUTHI
(nudneKTpuYecKux O0TOB, IEPUATOK);

- WCIIONB30BAaHUE PA3TMYHBIX JTUAJICKTPHUYECKUX KOBPOB B paboTax,
CBSI3aHHBIX C YCTAHOBKOM, PEMOHTOM, 00CITy>KMBAaHUEM DJIEKTPOYCTAHOBOK;

MeponpusaTus 1Mo Co3AaHuI0 OIaronpHUsITHOTO YCIOBHS MpH padoTax Ha
ANEKTPOYCTAaHOBKAX:

- TPOBEJEHUE UHCTPYKTAXKEH paboueMy mepcoHaty;

- TPOBEJEHUE aTTECTAIIUH 10 3HAHUSM O€30MacCHOCTH Mpu paboTax Ha
AIEKTPOYCTAaHOBKAX IO KATETOPHUSIM;

- Cobmronenusi pabOTHUKAMU TIpaBuil O€30MACHOCTH.

2. JIpwkymuecs ~ MamIMHBI W MEXAHW3Mbl  TPOU3BOJCTBEHHOTO
o0opynoBaHus (B T.4. TPY30IIOABEMHBIC).

Bce mBuxkyiuecs MammHbl 1 MEXaHU3MBI Ha TIPOU3BOJICTBE HEPTEra3oBOM
MPOMBIIIUICHHOCTHA, MOTYT CTaTh NPUYHHOW Pa3IMYHOTO POJAa TEJIECHBIX

MOBPEXICHNUI paOOTHUKA OTpacin. Tak KaKk MalTuHbI, 000y 10BaHUS
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OPEICTaBISIIOT COOOM JOCTAaTOYHO HEOE30MacHblEe YCTPOMCTBA, B KOTOPBIX
YYACTBYIOT pPa3JIMYHbIE NOJBM)KHBIE 3JIEMEHTBHI, MOXXHO MPEINOJIOKUTh, YTO
MOBPEXKACHUS, KOTOpPhIE OHM BJIEKYT 3a CO00M MOTYT OBITH JOCTATOYHO
CEpbE3HBIMU IS 4esloBeKa. lIpu aBTOMaTM3MpPOBaHHOM IPOM3BOJCTBE, T.€. 0€3
y4acTusl 4elOoBeKa, BO3HUKAET PUCK HEOXKUJAHHBIX JIBIKEHUN 00opynoBaHus 0e3
BeZIOMa paOOTHHKA.

Cutyauuu, cBsi3aHHBIE C TAKUMHU HECYACTHBIMU CITy4YasiMH, BIEKYT 3a cOOOMU
JEeTabHbIE HMCXOJbl (CMEPTh), CEPhE3HBbIE TEJECHBIE MOBPEKIACHUS (IIEPEIOMBI,
yIuObl), a TaKKe MaTepHallbHbIe YOBITKH (IIOJIOMKAa YCTPOMCTB, MEXaHU3MOB,
pubOpoOB).

Mepbl 110 NpeaynpeKICHUI0 TAKUX CUTYallMi BBIMOJIHSAIOTCS B BUE:

- YCTAHOBOK 3arpaxJIeHUW Ha TMepuMeTpe padoTalolUX YCTaHOBOK,
000pynOBaHuUM;

- HCHOJIb30BaHUE paOOTHUKAMU CPEICTB MHIUBHUAYAIbHOM 3aIUTHL;

- HCHOJb30BaHHE OOOPYJOBaHUM, HAXONAIIMXCA B CIIMCKE peecTpa
UCIIOJIB3YEMBIX YCTPOMCTB OpraHU3aly.

JlaHHBIN BUJ ONACHBIX (PAKTOPOB pEriiaMEHTHPYETCS U KOHTPOJIUPYETCS
I'OCT 12.0.003-74*.

3. Bpamaromuecs yacTu pexxyIiero HHCTpyMeHTa 000py/10BaHuS.

4. TonmukoBbI€ yaapbl 000PYIOBAHUS.

5.2 Dxonornueckas 6€30MacHOCTh

JlaHHBIN KpHUOTEIh HE TOKCUYEH, SKOJIOTMUECKH YUCThIN OE3BpENICH JJIs
JIIOJIeH, HE TMOJIBEpraeTcs K paszjiaraHuio U1 OMOKOPPO3HH.

Jlnsgs  opraHm3anuMy  OXpaHbl OKPYXKAIOIIEH Cpeabl OT HEraTUBHOIO
BO3JICHCTBUS TMPOCKTUPYEMBIX padOT TMEpPBOOYEPEIHON 3ajadeil  sBISICTCS
ONPEAECICHNE KOHKPETHBIX MCTOYHHKOB HETATUBHOTO BO3JCHUCTBUS HAa OCHOBHBIC
3JIEMEHTBI OKPYXKAIOLIEH IPUPOJHOM CpPEelbl pacCMATPUBAEMON TEPPUTOPUMU - HA
3eMeJIbHbIE PECYPChI, PACTUTEIBLHOCTh, aTMOC(EPHBINA BO3AYX.

B tabnuie 4 npeacTaBieHbl MICTOYHUKU HETAaTUBHOTO BO3JACUCTBUS U

IIPUPOIOOXPAHHBIE MEPOIIPUATHS
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Tabnuna 4. - BpenHsie BO3ACHCTBUS HAa OKPYKAIOIIYIO CPEy U

MPUPOIOOXPAHHBIE MEPOTIPUSATHUS TPU BHITIOJHEHUH PabOT MO YKPEIJICHUIO TPYHTA

[lpupoanbie  pecypcbl
KoMITOHEHTHI OC Bpenusie
[TpupoaooxpaHHbIE MEPOTIPUSTHS
BO3JICUCTBHUSL
3eMJIst U 3eMelbHBIe pecypebl | PaspymieHue rpyHTOB PanrioHansHOE MIaHUPOBaHUE MECT U
CpOKOB MpoBeneHue padoT. ColnroneHus
HOPMaTHBOB OTBOJIA 3€METIb.
PexynbTuBaiys 3emMenb
3arpsi3HeHHE OYBBI [IpexycmoTpeTs cOOp OTXOAOB, MECTa U
XHMpeareHTaMu | JIp YCJIOBHS MX BPEMEHHOTO XPaHEHUS, BBIBO3
JUISL YTHIN3AIAY, YHUYTOXKEHHS,
3aXOPOHEHHUS OCTATKOB XMMPEareHTOB,
Mycopa, 3arps3HeHHOM 3emin cornacHo O3
ot 24.06.1998 (pen. ot 29.12.2015)
3acopeHune MOUBkI BEIBO3 1 3aX0pOHEHHUE MPON3BOICTBEHHBIX
MIPON3BOJICTBEHHBIMH orxoz0B cornacHo @3 ot 24.06.1998 (pex.
OTXOHaMHU or 29.12.2015)
Meponpuartus no oxpaHe noys ['OCT
YHuuTOXEHUE
’ 17.4.3.04-85
Jlec u necHbIE pecypchl TIOBPEXKJICHUE
MMOYBEHHOTO MTOKPOBA

5. 3 be3onacHOCTh B upe3BbIUaiHBIX CUTYaLUSIX

UpesBbluaiiHble CUTyallud Ha OOBEKTaX CTPOUTEIbCTBA MOJBOJHOTO
nepexoaa TpyOONpoOBOJAOB MOTYT BO3HUKHYTH 10 Pa3HbIM MPUYMHAM, HEKOTOPHIE
U3 HUX:

-  YC TeXHOTEHHOT0 Xapakrepa.

ABapud MOTYT TIPUBECTH K HEOOPATUMBIM TOCIEACTBUSAM. ABapHUH
BO3HUKAIOT B CIICICTBUU:

- HENpaBWIbHBIX JEHCTBUM NEPCOHANIA IIPU CTPOUTEIBLCTBE;

- OTKa3 YCTPOMCTB MNpEeAyNpeKIEHUs OMACHBIX CHUTyaluil (mpuOopsl
KOHTPOJISl, CUTHAJIU3all1N );

- paspylieHre 000pyI0BaHMsI BCIEACTBHE CTAPEHUS METAIIA;
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- KOppo3usi 000py10BaHuUS;

- yparasbl, yJapbl MOJHHEH U T.II.

5.4. 3akoHOAAaTENBHOE PETYIUPOBAHUE TPOCKTHBIX PEIICHUI

B coorBerctBUM ¢  3aKOHOJATENBHBIMH  C  3aKOHOJATEIIbHBIM
perynupoBanueM P®, Ha pabounx yyacTKax ¢ BPEIHbIMH U ONACHBIMU YCIOBUSMU
Tpyda, paboromareab B CBOIO ouepeap 00s3aH  oOecnedynTh pabOTHUKA
CpPEICTBaMH, CIELUUAIM3UPOBAHHBIMU IIOJ JAHHBIM BHJ pabOThl, COTJIACHO
TUIIOBBIM oTpacieBbiM HopMaM (CU3, penemienTs! 1 T.1.) «IIpaBuna obecrnieuenus
paOOTHUKOB CHEIUAJIBHONW OJEKIOM, CHEeUHATbHOM OOYyBbIO M JIPYTUMHU
CpPEICTBAaMU  WHIUBUAYaJIbHOW  3ammTbl».  PaboTHukM  0e3  CpencTB
WHANBUAYAIbHON 3aIIUTHI, KACOK 3aIMTHBIX M JIPYTMX HEOOXOAMMBIX CPENICTB
3alUThI K paboTam HE JTOMYCKaIOTCS.

Taxxxke paboTomaTenb 00s13aH 00ECHEYUTh KOJJIEKTUB PAOOTHUKOB IPHU
CTPOUTENBCTBE OO0BEKTa  TPAHCIOpPTAa  YIIEBOJOPOAHOTO  CBHIPhSI  BCEMHU
HEOOXOAMMBIMU CAaHUTAPHO-OBITOBBIMH MOMEIICHUSAMHU (CKJIaAbl JJIi MaTepUasIoB,
rapAepoObl, AyIIeBble, CYIIUIKA 7S OACKIbI, MOMEIIEHUS ISl OTJbIXa, MpHeMa
MUIIA ¥ TPOY.) COIVIACHO CTPOUTEIHHBIM HOPMaMm M MpaBWJIaM, KOJJIEKTUBHOMY
J0TOBOPY, Tapu(PHOMY COTJIAIIECHUIO.

B nokymMeHTax O pelleHusX MO OpraHu3aluu MpPONHUCHIBAIOTCA: (Qopma
opranm3zanuu Tpyaa (OpuragHbiid, BaXTOBBIN, SKCIEIUIIMOHHO-BAXTOBBIM U T.1.);
PEXUM TPyZa; PeXKUM OTAbIXA; COCTaB OpHUraj.

[Ipu onucaHuu peXKUMOB TpyJa: YKa3blBae€TCs MPOAOIKUTEIBHOCTh CMEHBI,
BaxThl, KOJIMYECTBO CMEH B MECSIl, TPYAOBOH pacMoOpsIOK [HS, Yachl Hadaia
paboyero IHs, 4achl OKOHYaHMsI paboOyero AHsA, CMEHHbIE MEPEephIBbl HA OTIBIX,
NepephIBBI HAa MPUEM TTHIITH.

[Ipu cTpouTenbCTBE MEPEXOJOB B IKCTPEMAJbHBIX TMOTOAHBIX YCIOBHUSAX
(TOBBIIIEHHBIE WM  TOHWXXEHHBbIE TeMIepaTypsl) paldoTojaTenb JODKEH
obecrieunTh PabOTHUKOB JOMOJHUTEIBHBIMH CPEACTBAMH  WHIUBHIYaTbHOM
3alUTBl  OT XOJOAa WM JKapbl, JOMOJHUTEIbHBIMUA CAHUTAPHO-OBITOBBIMU

MMOMCIICHUAMU JIA 060rpeBa, JAOIOJHHUTCIIbHBIM BPECMCHEM IIpUCMaA IMHUIIA TJI
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BOCCTAHOBJICHMSI.
[TonroroBka CaHUTAPHO-OBITOBBIX MOMELIEHUN M YCTPOUCTB JOJIKHBI OBITH
3aKOHYEHBl JI0 Hayajlla CTPOMUTENBHBIX pabOT, WU OTBEYaTh BCEM CTaHIApPTaM
coobmiecTBa. [Ipu peKOHCTPYKIIMU CTaphIX CYIIECTBYIOIIMX CAaHUTAPHO-OBITOBBIX
IOMEIIEHUI HeOOX0IMMO YYUTHIBaTh HOBBIE IIPAaBHJIA O0YCTPONCTBA OMEUICHUH,
0COOEHHOCTH MECTHOCTH TPOBENICHUS PabOT, KOJIMYECTBO paOOTHUKOB B Opurae,
OCHACTUTh BCEMHU HEOOXOJUMBIMU CPEACTBAMU JUIsI KOM(POPTHOTO OTAbIXA.
[Ipon3BOACTBEHHBIE YYAaCTKM TEPPUTOPUM, paboyuMe MecTa JIOJDKHBI OBITh
OCHAaIlleHbl HEOOXOAWMBIMH  CPEICTBAaMU  HMHJWBUIYaJbHOW, KOJUICKTUBHOU
3alIUThl, CPEACTBAMHU IMOXAPOTYUICHUs, JUHUSAMHU CBS3M, CUTHAIM3ALUSAMU U
IPYTUMU  HEOOXOJMMBIMU  CpPEICTBAMHM  OOECHeuMBaIoOIMX Oe30MacHble U
HAJCKHBIE YCIOBHH TpyAa CTPOUTEILHOMY TIE€PCOHATY B COOTBETCTBUU C
HOPMATHUBHBIMU  JIOKYMEHTAMHU. Bce  00bekThl  CaHHUTapHO-OBITOBBIX,
MPOM3BOJCTBEHHBIX TOMEIICHHW, MeCTa OTAbIXa, MPOXOJbl, paboune MecTa
JOJDKHBI OBITh PACIOJIOKEHbI Ha OE30MACHBIX PACCTOSHUSX 3a  Ipeleiamu
omacHbIX 30H. Ha nelcTBYIONIMX OMAacHBIX 30HAaX MpPH IMPOU3BOJICTBE  JIOJKHBI
OBbITh YCTAaHOBJICHBI 3AIIUTHBIE OTPAXKACHMS, HE MO3BOJISIIOUIME PAOOTHUKY O€3
HaJI0OHOCTU TPOHUKHYTH B 3Ty 30HY. B NOTEHIMaJIbHO ONACHBIX 30HAX
YCTaHABIIMBAIOTCS CUTHAJIBHBIE OTPaXICHHUs, 3HaKH 0€30MacHOCTH.

[Ipoe3npl, mepexopl Ha TEPPUTOPUH NPOU3BOACTBA HE JOJKHBI OBITH
3arpoOMOKJIEHBI, 3aMyCOpeHbl. Paboune y4acTku JODKHBI BCETAa CONEPXKAThCs B
YUCTOTE U MOPSAAKE, IEPUOANYECKH OUUIIATHCS OT Mycopa, Xjama, HeHYKHbIX JJIs
IPOU3BOJICTBA OOBEKTOB.

Haxomsice Ha  TeppuTOpuH  TPOM3BOACTBA  (CAaHUTAPHO-OBITOBBIX
MOMEIIEHUAX, MPOU3BOJACTBEHHBIX TIOMEIICHUAX YydacTkax paboT u T.1.),
paboOTHHK, a Tak)Ke MPEICTABUTENH IPYTUX OpPTaHU3alui 00s13aHbI BHITIOJIHATH BCE
TpeOOBaHUsI BHYTPEHHETO TPYAOBOrO pacmopsiaka opranuzanuu. I[lo Bcelt
TEPPUTOPHH, pabOUne MECTa AOJHKHBI OBITh 00ECIIEUEHBI CPEICTBAMU CBSI3H.

Bce momemieHusix opraHuzaluy JOJKHBI ObITh OOOPYJOBaHBI COTJIACHO

ITPUHATBIM HOPMATHUBHBIM JOKYMCHTAM, CaHI/ITapHO-6BITOBBIC INOMCIICHHUA UMCTDh B
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HaJW4YUU anTeyKH, HOCWUJIKHM, LIMHBI M JIPYTHE CpPEICTBA IMEPBOM M OCHOBHOU
MEIUIMHCKOW  TIOMOLIM  IOCTpaJaBIIeMy Ha  OOBEKT€  CTPOUTEIHCTBA
TpyOOIpoBOA.

B cootBercTBHM ¢ 3aKoHOMaTenscTBOM PD paboTomaTens 00s3aH TOKHBIM
o0pa3oM MpPOBECTH paccieoBaHUE B OTHOUICHUH MPOU3OLIEAININX HECYACTHBIX
CllydyaeéB Ha INPOU3BOJACTBE B TOPSAJAKE, YCTAaHOBIECHHbIM [lonoxeHuem,
YTBEPKIAEHHBIM MTOcTaHOBIIeHHEM Poccuiickoit @eaeparuu ot 11 mapta 1999 r. Ne
279. Tlo ycTaHOBIEHHBIM MPUYMHAM, JOJDKHBI OBITH MPOBEACHBI U pa3pabOTaHBI
MEPOIIPUATHSA 10 NPEIYNPEKACHUIO TaKUX CHTyalud MPOU3BOACTBEHHOIO

TpaBMaTu3Ma, npod3adoaeBaHNH.
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3AKIIIOYEHUE

[Io pe3ynpraTaM TmpoJETaHHONH pPAOOTBI MOXKHO CHelaTh CIEAYIONUe
BBIBOJIBI: B 30HAaX pacmpoCTpaHEeHHs BEYHOMEP3JIBIX TPYHTOB COCPEIOTOYCHBI
6omnee 80 % 3amacoB HedgTH, u 70 % rasa.

CTpOUTENBCTBO B CIOKHBIX MPUPOTHO-KIUMATHIECKUAX YCIOBUSAX HapyIIacT

€CTECTBEHHBIIN TeMIIepaTypHBIH PEKUM TPYHTA, UTO BIOCIICICTBUN TPUBOTUT
MpoIIeccaM OCIOKHSIOMMX HAASKHYIO SKCIUTYaTaIlAIO MPOMBINIJICHHBIX 00bEKTOB.

CyuiecTByronue croco0Obl 3aKperyieHusi TpPyOONpOBOIOB, TPYJIOEMKHUE U TPEOyeT
3HAUYUTENILHBIX KAITUTAIOBIOXKEHHUM a TaK)Ke MPHU IUKIIAX MPOMEp3aHUHU-
OTTaMBaHUU MATEPHUAIIBI PA3PYIIAIOTCS U MIPAKTUICCKU HE TPUMEHSIETCSI.

PaccMoTpeHHBII KpHOTENbh, HA OCHOBE MOJWBHHIJIOTO CHOUPTAa 00JIagaeT
XOpoIlel aAre3ueil ¢ rpyHTOM M HU3KUM KOA(hOUIIMEHTOM TETUIONPOBOIHOCTH,
YTO SBJSETCS 3HAYMTEIBHBIM MPEUMYIIECTBOM TIEPEl OCTAIbHBIMU MaTepHaTaMH
HCITOJIh3yEeMbIC B HU3KHUX TeMIIepaTypax.

[IpeaBapuTebHOE MMOCTPOSHNUE MOJEIH B MPOTPAMMHOM KOMITIEKCEe Ansys
MTOKa3bIBaCT VITY4IICHUS HaMNPsHKEHHO-e(hOPMUPOBAHHOTO COCTOSIHUS
TpyOONpoBOAa, YTO TOBOPUT, O TIEPCIECKTUBE MPUMEHEHUS KPUOTENs s
3aKpEIUICHHUsI CIA0BIX TPYHTOBBIX OCHOBAaHWUH KOTOpPhIE MOTYT 00J01aTh
yIIYYIICHHBIMA MEXaHWYeCKUMU cBoWcTBaMH. CTOWT 3aMETUTh YTO JaHHas
MOJICNIb HE JaeT TOJHOW KapTUHBI B3aWMOJCHCTBHS KPHOTEIS C TPYHTOM U
TpebyeT OoJjiee NETATIbHOTO MCCIIENOBaHUSI CXEMBbI 3aKpeIUIeHUs TpyOOompoBoaa ¢
y4eToM BceX (hM3UKO-MEXaHUUYECKUX CBOWCTB IPYHTA.

AHanu3 CMETHOM CTOMMOCTH TPOBEACHHUS pabOT IO JBYM MeETOJam
3aKpEIUICHHs] TPYHTa IOKa3ajga, SKOHOMHIO ¢ MPUMEHEHUEM KPHOTENs, KOTOpas
coctaBmio: 30446,32 - 6119,23= 24327,09 pyo.

Takum oOpa3oM, MOXKHO cJejaTh BBIBOJ O II€JI€COO0pPa3HOCTH U
PAKTUYCCKON 3HAYUMOCTH TPUMEHECHHSI KPHOTENS JJIs 3aKpEIUICHHUsS TPYHTa B

CeBepHBIX YCIOBUSX.
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Review of the basic methods for growing ground growing strengths

To increase the bearing capacity and reduce deformations in soil bases there
are many ways to artificially fix the soil. Conditionally divide their physical -
strengthening of the soil massif with the help of physical lay, mechanical - placing
in the thickness of the soil reinforcing elements that have the tensile strength, the
chemical - the improvement of soil properties with the help of injection into their
thickness of special solutions.

The method of fastening is chosen proceeding from the soil conditions of the
construction area, as well as production capabilities for its implementation. The
choice of method is worthwhile. Responsibly and take into account all the
advantages and disadvantages.

The first group under consideration is the physical methods of fixing soils.
In the table. 1 main methods of this group are presented: thermal fixing, freezing,
thawing, electro osmosis and lowering the water table. Also shown is a variety of
methods, recommended ground conditions, the advantages and disadvantages are
indicated.

Thermal fixation of soil - transformation t of structural bonds in the ground
under the influence of high temperatures. It is carried out either by injecting into
the ground under the pressure of air heated to a temperature of 600-800 ° C, or as a
result of burning fuel (solar oil, fuel oil, natural gas, etc.) in hermetically sealed
wells, drilled for this purpose. After fixing, the strength and water resistance
increase soils, as well as their subsidence properties are eliminated.

In accordance with the technology it is necessary to maintain a pressure in
the well from 15 to 50 kPa, which is achieved by the supply of incandescent air to
enhance the filtration of hot gases in the ground and maintain the required
temperature. The diameter of the wells is assumed to be 10-20 cm, while the depth
varies from 6 to 15 m and more.

Depending on the loads and their distribution on the construction site, the
distance between the ages of the wells is determined. The burning of the soil lasts

from 5 to 10 days. Around the well, an array of thermally fixed soil with a
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diameter of 1.5-3 m is formed by burning 80-180 kg of liquid fuel per 1 m of the

depth of the well.

Table 5 Physical methods of soil reinforcement

n':lei?: q Species ggﬁ?}%ﬂ?ﬁgﬁﬁ) dns Advantage/limitations
Thermal Hot air, Loess-like, Relatively fast set of strength /
fastening burnt fuel unsaturatgd High price
clayey soils
Freezing Brine, with nitrogen | Aquiferous soils | It is possible to use any aquifer,
(from clay to rocky | at any depth. Presence of a
fractured and well-developed scientific and
cavernous) technical base \ Short duration
of conservation
effect (only with the action of
the freezing plant), natural
thawing
For a long time, the soil
moisture content rises (as water
migrates from warm to cooled
soil layers)
Thawing man-made Soils in frozen soil | The possibility of producing
condition works in cramped conditions,
near communications, in
emergency conditions. Can
occur in any direction /
Significant labor, energy
expenses
native The economics of the method /
Limitation of percolation, only
from top to bottom, control
impossible
The water- The most suitable method for
saturated water
Electroosmosis cohesive soils ground cover /
(sandy loam, The need for periodic polarity
loams) reversal
Dewatering depth of 4.5 to 12
m. Speed of action. Low labor
Light, ejector, input /
wellpoints Sandy soils Impossibility of work with

Lowering

close lying of waterproof soils
and close location of structures

groundwater
level

Vacuum method

Fine-grained soils

Reduction of depth to 22 m.
Possible applications in
complex hydrogeological
conditions /

The need for continuous use of
energy and drainage of pumped
water
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To avoid penetration of groundwater or water-saturated unstable soils, the
artificial freezing of soils is applied to the construction to be constructed, which
creates a strong fence that has a planar or rectangular shape from the frozen
ground. For the freezing of soils, a refrigerant or refrigerant is usually used (most
often a chilled aqueous solution of calcium chloride - brine). The main function of
the brine is the ability to remain liquid at negative temperatures. Brine pre-cooled
in a freezing stations, are fed through the pipe system to the freezing columns,
which are lowered into the drilled wells. Wells are drilled through the contour of
future production through the entire thickness of the aquifers. Their end should be
buried 2-5 m into the waterproof soil. The radius of the ice-soil cylinder that is
frozen around the well is 1.25-1.5 m, according to the project, based on this data,
the distance between the wells is calculated. The cold brine is pumped by pumps
into the distributor, from where it disperses uniformly feeding pipes of freezing
columns. After the brine has lowered to the bottom of the column, it rises up the
annular space between the feed pipe and the freezing column, washing its internal
walls. There is a heat exchange, which leads to freezing of the soil (the brine takes
away heat from the soil) surrounding the column. Then, from the column through
the header, the brine enters the collector, and from it to the freezing station, where
it is cooled again. In recent years, a new refrigerant, liquid nitrogen, has been used
to artificially freeze soils. It has a very low evaporation temperature. Unlike other
industrial refrigerants, liquid nitrogen is used once (the evaporating gas is released
into the environment).

Thawing is a method of strengthening soils, in which the phase state of the
soil (from frozen to thawed) changes. Natural thawing does not require any
technical measures, as opposed to artificial, for which steam, electrodes etc.

Steam heating or water heating is applicable at a depth of freezing up to 1.5
m with needles immersed in the ground and in the presence of a heat source (boiler
houses, heating networks). Needles are installed in pre-drilled holes in the ground
a distance of 1-1.5 m from each other in a row in the development of a trench and

in several parallel rows in a checkerboard pattern for the development of trenches.
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Steam needles are immersed to a depth of 0.7-0.75 of the depth of the frozen layer
and 20-30 needles are connected to the main pipeline. The essence of the method
of steam heating is to give off steam when cooling the latent heat of vaporization.
Electro heating of soil with vertical rod electrodes can be done from top to bottom,
from bottom to top, and also in a combined way (simultaneously). The electrodes
are clogged over the entire thickness of the frozen soil so that 5-10 cm of
electrodes enters the unfrozen soil. Full penetration of electrodes is carried out to a
depth of 1.3-1.5 m, so vertical electrodes are used with a freezing depth of more
than 0.7 m. The distance between the electrodes depends on the voltage: at 220 V
take 40-50 cm, at 380 V - 70- 80 cm. Electric current, passing through the thawed
ground under a frozen layer (the frozen ground poorly passes current), releases
heat, which accumulates and thaws the overlying layers of frozen soil, the process
goes from bottom to top.

Electro-osmosis is based on the fact that as a result of the passage through
the soil of a constant electric current, as well as the introduction of electrolyte, a
number of physicochemical processes leading to drainage and hardening of the
soil. In the ground, water moves to the negative electrode (electro-osmosis) and at
the same time moves the colloidal suspended in the water particles of the soil to the
positive electrode (electrophoresis) under the influence of a direct current.

To dewater the soil in it is immersed electrodes at a distance of 0.6-1.5 m
from each other. As positive electrodes, steel rods 150 mm in diameter are used,
and as a negative electrode, 100 mm diameter pipes with holes of 3 mm in
diameter are used. To enhance the effect of electrochemical fixation in the ground
(during processing) a chemical solution (sodium silicate, potassium chloride, etc.)
Is introduced, which contributes to a faster and better transformation of it. For the
work, the injector (perforated pipe) and the transformer are most often used.

The essence of the method of dewatering is based on the fact that the surface
of water in the ground becomes funnel-shaped with a slope to the groundwater
pumping station, which enter the well. The funnel-shaped (lowered) surface of

groundwater is called the depression surface, and the depression funnel is called
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the space between this surface and the undamaged surface of the ground flow.
Ground, which is below the groundwater table, undergoes the weighing action of
water; hence the specific gravity of the soil decreases. In this case, an artificial
water loss is used, as a result of which the soil is higher than the groundwater level,
the specific gravity of the soil increases, and the base is compacted.

The depression funnel increases as the water is pumped out. There is no
development of a depression funnel; stabilization occurs if the pumping intensity
remains constant. With the termination of pumping out the level groundwater is
restored. The main goal of depreciation is to maintain depressive funnels in a
drained state during the entire period of erection of the structure. In some cases,
dewatering is used to remove excess head in underlying aquifers, separated from
the bottom of the excavation by a layer of waterproof soil.

Dewatering uses several methods: using light and ejector needlepoint’s and a
vacuum method. The method of water lowering with the help of light well points is
based on the creation and maintenance of vacuum by self-priming pumps in a
widely branched network of well points that are immersed in the ground and
connected by rubber hoses with a collector. Ground water is sucked through the
filters into the suction manifold and pumped out of the drainage area by the pumps.
The light well point looks like a column of pipes with a diameter of 46-50 mm and
a length of up to 8.5 m. At the bottom of the column is a filter link. The filter link
consists of two pipes - external and internal. The outer tube has uniformly
distributed holes all over the surface and is wound with a spiral, over which a filter
net is stretched, and the inner end has an open lower end. The end of the link
protrudes the tip with the ball valve. Each needle filter is immersed in the ground
by means of a hydrofuge, using the pressure of a water jet. Ejector wellpoints have
a special device for lifting water - an ejector (water jet pump). The principle of
operation of ejector needle filters is based on the action of a water jet pump: a jet
of water raises some of the water that it has captured from the lower level to a

higher level.
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The essence of the vacuum method is the creation of a stable vacuum on the
external surfaces of water intake devices. The use of this method makes it possible
to intensify the effect of water loss in the production of work under difficult
conditions (the order of waterproof and aquifer layers, in soils with low
permeability, in soils of nonuniform addition, etc.).

The second group under consideration is the mechanical methods for fixing
the base soils. Methods are considered to be the most popular, since they do not
imply a change in the properties of soils under the action of solutions or physical
fields, which is quite difficult to control. Mechanical methods presuppose
reinforcement of the soil with ready-made elements of various materials that have
high tensile strength.

In Table. 2 shows the main methods of this group: compaction of soils,
strengthening of geosynthetic and randomly distributed fibers, reinforcement with
piles. Also a variety of methods, recommended ground conditions, advantages and
disadvantages are indicated.

Soil compaction by the method of loading causes the acceleration of the
draft due to load on the ground. The essence of the temporary loading method is
the application load, as a result of which the estimated precipitation with a given
degree of consolidation is completed in a time much less than the time with
conventional consolidation (without precipitation acceleration). The effectiveness
of temporary loading directly depends on the time of precipitation acceleration,
namely, on the compressibility of the substrate, the magnitude of the load and the

degree of consolidation required.
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Table 6. Mechanical methods of soil reinforcement

rocky, coarse,
waterlogged,
structurally unstable)

nl]\lezi[]noe q Species Recorré?r?giilﬁ)dnground Advantage/limitations
Sealing Ballasting Sedimentary, Absence of the need for special
swelling, technogenic, | mechanization, the possibility of
strongly compressed accelerating secondary precipitation /
organic, loose sandy The need for additional materials,
increasing costs. High labor intensity
Vibrating Sandy, sandy-graveled | Low noise in operation, simplicity
soils in operation, maneuverability / The
ground must have the optimum
humidity. The density of soil in depth
IS uneven
Tamping Simplicity of the method, possibility
of application
In winter conditions / Rapid wear of
winch and rope mechanism
Explosions Subsidence grounds, Ease of production. Opportunity
sandy loam, loam, rapid compaction. Low cost / There is
loess soils a need to provide soil moisture.
Uneven compaction over the thickness
of the layer. Limited use
near buildings and structures
Family Geotextile, Clay, subsidence, Ease of production. Application
geosynthetics | geonet, man-made, on in cramped conditions. Ecological,
geogrid, territories with low
geomatrix complex hydro- material consumption and cost-
geological climatic effectiveness of the method /
conditions Complexity in the gentle handling of
certain materials
Accidentally | Natural, All soils (except Isotropic increase in the strength of a
distributed | artificial, wetlands) soil composite without a plane of least
fibers mineral resistance. No need for anchoring.
Absence of influence of weather
conditions. Wide range of materials
used / Lack of standards. The
complexity of controlling the
homogeneity of the mixture
Piles Bored In all soils (excluding | Saving materials (made of any

length). Ability to produce works near
buildings and structures, lack of
significant dynamic impacts /
Throughout the height of the pile it is
impossible to control the
monolithicity and density of concrete,
it is possible to erode the groundwater
of unconqguerable concrete
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end of table. 6

Name
method

Recommended ground

Species conditions

Advantage/limitations

Vibro-tamped | Dry cohesive soils Manufacturing piles with different
bearing capacity / Noise, prohibition
of production near existing buildings

Drill-fastening | In any geological and | Fast and all-season installation. Use
hydrogeological on complex terrain and in any ground.
conditions Pile production at the plant (reduced
cost) / Corrosion, sophisticated quality
control welded seams

Sandy Water-saturated sands | Getting the geomass from the pile and
containing organic surrounding soil. Economical. A
impurities and loess compacted base with an average
subsidence grounds modulus of deformation is created /
The necessity of careful compaction
of sand

The vibrocompression method is based on creating a vibration that is
transmitted from one particle to the other, thereby driving them. Vibrating action
machines frequent vibration movements are reported to the ground, which is why
the bonds between particles. Due to different forces of inertia and impulses there is
a condensation and mutual movement. The process of vibration also significantly
reduces the conditional coefficients forced friction of the soil, which reduces the
resistance of the particles to friction. Increase frequency of oscillations increases
the efficiency of compaction.

The following method of compaction of soil by mechanical means - tamping
or layer seal. Tampers are used for compaction, which are mechanized bath and
hand. Mechanized seal with special construction equipment significantly increases
the estimated cost of construction, but for large amounts of work the use of only
manual mechanisms is impractical. Soil compaction with tramping is carried out
until the surface of the soil at each subsequent fall will not fall on the same
amount, called "failure." The size of the failure of the approximately equal for
dusty-clayey soils is 1-1.5 cm, for sandy soils - 0.5-1 cm. Failure is achieved after
8-12 strokes on one track. The sealing mode of the it is experimental and depends

on ground conditions on the construction site.
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When applying the method of consolidating subsidence ground underwater
and deep-seated explosions, it is necessary to pre-soak in order to bring the soil
closer to a state close to the total water saturation. Further (in a groundwater or
water environment, respectively) an explosion of explosive charges is made, which
contributes to the destruction of the existing soil structure and leads to artificial
compaction.

A layer of water below the charge distributes an explosive wave acting on
the ground, while a column of water above the charge extinguishes the energy of
the explosion, which is directed upwards.

The use of fibrous materials, namely geosynthetics, has now become popular
to strengthen soil bases. This is facilitated by their great diversity, simplicity and
efficiency of technology. There are several types of geosynthetic materials used to
reinforce soil bases: geotextile, geonet, geogrid, geomatrix. Depending on the
method of manufacture and, as a result, the final technical characteristics,
geotextiles are woven and non-woven. Non-woven geotextile is a flat structure,
which consists of synthetic fibers fastened together by a mechanical method. Such
material does not decay, roots of plants do not germinate through it, and the
structure provides good strength and filtering properties. Nonwovens were
historically the first type of geosynthetics that were produced by the textile
industry. Until now, these materials continue to be used throughout the world for
various geotechnical operations. Separation, reinforcement, filtration, drainage,
and also their combination are the main functions of geotextiles. Woven geotextile
Is a flat and system structure woven from several rows of synthetic tapes that allow
us to obtain systemic small-sized weaves. Such material is durable in all directions,
frost-resistant. When laying a woven geotextile in an earthen construction it forms
a complex structure in which it acts as an armature. The geonet is a mesh flat
structure formed by two overlapping rows of fibers 3 to 15 mm thick crosswise at
an angle of 60 ° and 90 °, followed by welding at contact points when the polymer
is still in semi-liquid state. Geogrids are produced by extrusion from thermoplastic
polymers, they are also often used in combination with geotextiles and
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geomembranes. The main functions are filtration and drainage. Geogrid is a
honeycomb structure made of polyethylene tapes, which are joined together by
welded seams, characterized by high strength, and have a staggered layout. They
are used primarily for reinforcing soil bases in order to strengthen, taking into
account their special structure, when clamped between geogrid cells, the soil
cannot move from the existing loads and all tensile stresses are transferred to the
geogrid. Geomatritsy - a novelty in the domestic market, has not yet received wide
popularity in other countries. Structurally, the geomatrixes are a box without a top
cover, to the walls of which geotextiles are attached. Crossed, they form
rectangular cells inside the box.
Fibroarmorized primer is a mixture of soil with short fibers of different
origin (tree roots, polymer fibers, production waste, etc.). Separate short fibers are
evenly mixed with the soil to ensure an isotropic increase in the strength of the soil
composite without the plane of least resistance. Mixing of fibers with soil can be
carried out with the help of familiar equipment (for example, using a rotary mixer).
Strengthening of the ground mass can also be carried out using piles. For
this purpose, different types of piles are used. Structures of piles used to strengthen
the soil, and technology of their device are constantly being improved. Pile
reinforcement is one of the simplest methods from the technological point of view
and allows to provide significant material savings in comparison with the complete
excavation of weak soils and replacement of them with stronger ones. In general,
the technology of strengthening the soil mass of piles consists in the arrangement
of wells formed as a result of forced displacement of the soil and filling them with
a concrete mixture, coarse clay soil or sand. Depending on the method of
construction and design, piles can play a role bearing elements that absorb loads
from the structure, or used to compact and improve the building properties of weak

water-saturated soils.

Preliminary drilling of wells to a given depth is a characteristic feature of the
device of bored piles. A pipe with a diameter of 0.25-0.40 m is lowered into the

borehole drilled to the design mark and the concrete mixture is loaded. After the
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well is filled to a depth of 1 m, the concrete mix is compacted and the casing
slowly lifted up until the mixture height in the pipe decreases to 0.3-0.4 m. Then
the concrete mix is again loaded and the process is repeated. Since the diameter of
the well is larger than the diameter of the casing, the surface of the drilled soil is
uneven, rough. Filling the casing with a concrete mixture, it is raised and
compacted; the concrete fills the entire free volume, including the gap between the
walls of the well and a casing. The strength of concrete is increased due to the fact
that part of the concrete and cement milk penetrates into the ground. To connect
the pile to the grillage, reinforce the piles to a depth of 2 m.

Vibro-tamped piles are arranged in dry cohesive soils. The ground is
immersed a casing with a shoe, then immerse a portion of the concrete mixture,
which is crammed with an ramming bar suspended from the vibrator; when
tamping, a broadened heel of the pile is formed, then the subsequent layers are laid
and tampered and the casing is removed while the vibrator is operating. In order to
connect the pile with the grillage, install the reinforcing cage.

The next method under consideration is the use of screw-drilling piles. The
essence of the method lies in the fact that the metal pipe is not clogged into the
ground, but is screwed. The tube is factory-screwed by a narrow auger made of
reinforcement with a diameter of 10-16 mm with a pitch of 200-500 mm. The pipe
can be equipped with a cap with rippers, deaf or loose, allowing, if necessary, to
prevent water from entering the pipe body, all these equipments depend on ground
conditions. Surrounding ground when screwing the pipe is partially compacted,
even some of it is squeezed out. If the pipe in the lower part is deaf, then after
screwing up to the design mark, an reinforcement frame is inserted into it and it is
filled with a concrete mixture. During the pipe is unscrewed, the shoe remains on

the ground, on which the reinforced concrete bored pile rests.

The sand pile perceives the load together with the surrounding compacted
soil, since the device compressibility of the pile slightly differs from the
compressibility of the compacted surrounding soil. Such piles work as drains,

diverting pore water from water saturated soils to the surface, this is their feature.
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The technology of sand piling consists in the following: an inventory metal pipe
with a diameter d = 0.325 ... 1.5 m, which is equipped with a drop-off tip, is
immersed in a weak ground with the help of vibrating hammers or vibration

loaders.

During the immersion of the pipe, the soil around the cavity formed is
compacted, further, sand of coarse fraction is poured into the pipe in portions and
the pipe is gradually removed (with the opening of the tip) from the ground to the
full filling of the pile shaft.

In terms of the sand piles are placed in a staggered manner, it is important
condition: the density of the soil in interswith space should reach the design value
in the entire compacted massif. Thickness from half a meter to a meter over sandy
piles is arranged a compacted sand cushion. Its main purpose is to distribute the
pressure uniformly from the erected structure to the compacted massif, as well as
to accelerate the filtration and extraction of the ground water discharged from the
massif beyond the limits construction sites.

The third group under consideration is the chemical methods of fixing soils,
which are quite popular in our time. All chemical processes occur due to the
chemical interaction of reagents introduced into the soil, among themselves, as
well as with mineral particles. The economic feasibility of methods is ambiguous
and requires careful analysis in each case: on the one hand, rather cheap solutions,
on the other - expensive equipment.

In Table. 7 show the main methods of this group: silicification, resinization,
the use of enzymes, jet cementation and bitumenization. Also a variety of methods,
recommended ground conditions, advantages and disadvantages are indicated.

The technology of chemical fastening consists of two main stages. On the
first an aqueous solution of the adhesive is injected (in most cases, sodium silicate)
or resin. The injection takes place under pressure through specialized devices
(injectors) or wells. The second stage involves the solidification of the solution.

The primer and the adhesive form an array with improved characteristics (solid,
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homogeneous). As gluing, various substances are used, on which the name of the

method depends: the resinization or silicization.

Table 7. Chemical methods of soil reinforcement

n':lei?: q Species ggiﬁ%ﬂ?ﬁgﬁﬁ) dns Advantage/limitations
Silicization One-solution | Sands, silty sands Reliability,durability, economy.
(quicksands), loess, | Absence of corrosive media /
subsidence grounds | Limitation in soil moisture
Two-solution Time-saving, high strength, more
homogeneous array (compared to a
single-solution) / Limitation in soil
moisture
gas Strengthening in a short time /
Increased economic costs
Smolization Single- Sandy (medium, High strength, fast strength. Stability of
solution, two- | small, the soil to the action of corrosive media
solution silty), loess soils / Emission of toxic formaldehyde with
urea resins
The use of _ Clay soils Cost savings during the construction
enzymes and operation phases / Lack of
standards, little study of the method
Jet-grouting One- Gravelly, coarse High speed, the ability to work in
component, | and medium- crowded conditions, flexibility,
two- grained sands, maneuverability / Costly equipment
component, clays
three-
component
Bituminization | Hot Rock fractured Possibility to use soils with any
rocks aggressive waters, for high water flow
rates / Complex technical equipment,
increased safety measures
Cold Rock fractured Fuel economy, labor, bitumen / Strong
rocks, sands fluidity of bitumen (the possibility of
breaking through the bitumen curtain
under high groundwater pressure)

The technology of chemical fastening consists of two main stages. On the
first an aqueous solution of the adhesive is injected (in most cases, sodium silicate)
or resin. The injection takes place under pressure through specialized devices
(injectors) or wells. The second stage involves the solidification of the solution.
The primer and the adhesive form an array with improved characteristics (solid,
homogeneous). As gluing, various substances are used, on which the name of the

method depends: the resinization or silicization. Bonding of soils can be carried out
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by different methods: successively, the glue (resin or water glass) is pumped in,
then the hardener, and at the same time - the glue and the hardener mixed into the
ground before the process starts.

Strengthening of soils by silicization is quite common in Russia. The
essence of the silicization method is the injection of a solution of liquid glass into
the ground, resulting in a chemical reaction and a gel of silicic acid, which, in turn,
binds soil particles like cement. The strongest fastening is achieved with a
sequential feed of the components. In the ground there is a natural hardener; when
a liquid glass is supplied, which has a large penetrating power, a setting process
takes place between them. When the components are fed in succession,
considerable time savings are achieved nor, as well as the simplification of the
solution supply technology, since the supply pressure is much lower. When the
main component of the glue and the hardener are simultaneously fed, it is
necessary to increase the speed of the solution supply to the injector, and also to
increase the pressure so that the composite reaches a given depth of injection,
because when the components are joined, the process of setting the components of
the adhesive begins, hence the viscosity of the solution increases and its fluidity
decreases. The field of application of silicification and resinization is quite
extensive: for example, in the preparation of soil bases for complex buildings and
structures, as well as for strengthening soils under existing buildings and
structures.

Gas silicization is used for heavily humid soils. As hardener uses carbon
dioxide CO2. There are several varieties of this method - without preliminary and
preliminary treatment of the soil with carbon dioxide. Gas solicitation makes it
possible to fix soils, the degree of humidity of which is different (kf=0,1...0,2m/
day).

The method of strengthening soils with the help of enzymes is used to
strengthen soils under linear construction objects (roads, railways, pipelines, etc.).

Enzymes can be attributed to high-molecular proteins. In the polymer structure of
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enzymes, there are cavities that include hydrophobic and hydrophilic radicals and
moieties.

The surface tension of water decreases if the enzyme is dissolved in it, since
the enzymes have the properties of surfactants and act as hydrophobisers. As a
result, the molecular and electrostatic interaction between the soil particles is
enhanced. A denser soil is created, as the water structure changes, which
contributes to its intensive removal. Due to the special structure of the enzymes,
when they settle on particles of the soil, strong hydrogen bonds are formed. An
aqueous solution with enzymes is made from the calculation of 2 ml per 1 liter of
water.

Currently, there is more information about the application of the Jet-grouting
method. The essence of technology is the simultaneous destruction of soil and its
mixing with cement mortar entering the ground under high pressure. As a result,
after the cement slurry solidifies, a new material is formed - ground-concrete,
which has qualitative characteristics (strength and deformation properties). The
device of soil-cement piles is made in two stages - during the direct and reverse
stroke of the drill string. During the direct stroke, the leader well drilled to the
design mark. In the process of return the cement high pressure solution into the
nozzle of the monitor located at the lower end of the drill string and lift the column
while rotating it. There are three types of technology:

1. One-component technology. The ground is destroyed by a stream of
cement spreading under pressure of 400-500 atm. This technology requires a
minimum set of equipment and is considered to be an order of magnitude simpler,
but the diameter of the resulting piles is also the smallest (600 mm for clays and
700-800 for sandy soils) compared to other technology options.

2. Two-component technology. In order to increase the length of the water in
this embodiment, the energy of the compressed air is used. In order to avoid
mixing of compressed air and cement mixture, special double hollow rods are used

(cement mortar is fed through the outer cavity, and compressed air is supplied
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through the internal cavity). The diameter of the piles in clays is about 1200 mm,
and in the sands - 1500 mm.

3. Three-component technology consists of two stages. At the first stage, the
ground is washed out with a water jet to form cavities. The second stage involves
filling the cavities with a cement-sand mortar. The main advantage of this option is
the production of columns of pure cement mortar. The drawbacks include the
complexity of the scheme, the need for triple rods, as well as additional
technological equipment. As a result, piles with a diameter of 2500 mm are
possible.

The technological equipment required for this method consists of micro a
sulfur station, a cementing pump for high pressure, a silo for cement storage and a
drilling rig. For technology 2, an additional compressor is required, and for

technology 3 - a compressor and a second pump for the injection of cement.

The method of bituminization differs from cementation in that liquid
bitumen (hot or cold) is pumped into the ground. To inject hot bitumen into the
ground, drill holes 80-100 mm in diameter along the contour of the excavation at a
distance of 0.7-1.0 m from one another. Each well must be dug to waterproofing or
to a depth exceeding the foundation of the excavation by 60-100 cm, and then
clean and rinse it. An injection pipe (d = 40 mm) with perforated holes (d = 15
mm), through which the bitumen penetrates into the well, is lowered into the
borehole. In the well below the zone to be bituminized, a plug (tampon) made of
cement or wood is arranged. Fill the rock cracks with hot bitumen (at a temperature
of 200-220 ° C) under pressure up to 8 atm. To ensure that the bitumen
temperature does not decrease in the boreholes (the required temperature is 180-
220 ° C) and it does not change its aggregate state, a metal rod connected to a
network of direct electric current is fixed in the injector on special porcelain

insulators.
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In most cases, hot bituminization is combined with cold bitumen, since hot
bitumen can not penetrate into small cracks (less than 1 mm). Cold bitumenization

Is considered the more successful the smaller bitumen particles in the emulsion.

The essence of the method of cold bitumenization is that fine bitumen
emulsions are injected into the soil through the wells. This method is used to
compact both rocky rocks and sandy soils. The concentration of the emulsion
depends on the sand fraction. The composition of the bitumen emulsion includes
electrolytes, which cause the coagulation process, and give the soil water

resistance, filling the pores and cracks.

The authors proposed a classification of the main methods of strengthening
the soil base, which divides them into three large groups: physical, mechanical and
chemical. Also, for each group, tables are given (see Tables 1-3), which reflect

popular varieties of methods, recommended soil conditions, and

Advantages and disadvantages using the classification and tables (see Tables
1-3), it is possible to simplify the choice of a suitable method for fixing the base

soils in each specific case.

Strengthening the foundation soils is a broad topic. It is impossible to cover
every aspect of it, since it is a rapidly developing direction, which is constantly
being improved. On the one hand, this is problematic, but on the other hand it

provides opportunities for innovation.

In each case, the choice of a method is individual. It is necessary to analyze
it from different angles - whether it is a field of application, economic components
or advantages and disadvantages. In addition, different methods can be combined
to cope with a wide range of situations.
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