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OBIIMUE 3AMEYAHUA

KypcoBoil mpoekT BhIMOMHSETCS Mociie u3ydeHus pazaena 3 «Crenuanb-
HBIE CIIOCOOBI CTPOUTENBCTBA» AUCHMILINHBI «lllaxTHOe M MoA3eMHOE CTpOU-
TEJIBCTBO»

B KypcoBOM IpoekTe, UCXOAd W3 aHaJIM3a 3aJaHHBIX TOpPHO-
re0JOrMYECKUX, THIPOreOJOrMYeCKUX U JPYTHX YCIOBUH, OOOCHOBBIBACTCS
Croco0 M cXema 3aMOpakKMBAaHMSI, MPUMEHUTEIHFHO K KOTOPHIM BBIMOJIHSIOTCS
pacueTsl OCHOBHBIX IMMapaMETPOB U OOOCHOBBIBACTCS TEXHOJIOTMYECKAas CXeMma
IIPOXOJKH CTBOJIA.

KypcoBol IpOeKT NMpEeACTaBIAETCS K 3AIIUTE B BUIEC MOSCHUTEIBHOU 3a-
nucku oowbemMoMm 20-25 crpanui. Kpome TEKCTOBON YacTh 3amucKa J0JDKHA
BKJIFOYATh ICKU3HBIE YEPTEKU U CXeMbl. [1osiCHUTENbHAS 3a1IMCKA BBIIOJIHIETCS
Ha nuctax (opmara A4. TekCT 3amMCKU OJKEH ObITh HAllMCaH aKKypaTHBIM
YETKUM pa300puMBBIM MOYEPKOM, JTMOO HAOpaH ¢ MOMOILBIO KOMIIBIOTEPA C CO-
OJIF0OIEHHEM YCTaHOBJIEHHBIX ToJiei: jeBoe 30, mpaBoe 10, BepxHee 15 u HUXk-
Hee 20 mm.

KypcoBoli mpOeKT NOMKEH COAEpkKaThb TUTYJBbHBIA JIMCT YCTAHOBJICHHOU
(dopMbI, 33aHHEe HAa KYpPCOBYIO paboOTy, OIJIaBJIEHUE, BBEJEHHE M TEKCTOBYIO
4acTh C COOTBETCTBYIOLIMMU pacdeTaMu, pUCyHKaMu, rpadgukamu. B koHue 3a-
IIMCKM MPUJIATaeTCsl CIUMCOK HMCIOJIb30BaHHOW JuTepaTyphl. KypcoBoil mpoekt
JOJDKEH UMETh HyMEPALMIO CTPAHHII.

PacueTHbie popMyIibl JOHKHBI UMETh CCHUIKY Ha UCTOYHHUK MCIOJIb30BaH-
HOI uTepaTypsl. s kaxnoi GopMysbl MPUBOASTCS YCIOBHBIE 0003HAUCHMS,
MX KOJMYECTBEHHAs BEJIMUMHA U pa3MepPHOCTh B cucteme CU.

['padmueckue Marepuabl 10JKHBI UMETh TOJPUCYHOUHBIE HAJITUCH.

[10JIHOCTBIO BBINOJHEHHBIM MPOEKT MOANUCHIBAETCS CTYJIEHTOM U CHAETCH
Ha Kadenpy st npoBepku. Ecnu paboTa BbINOJIHEHA HEYIOBIETBOPUTEIBHO, TO
OHa BO3Bpaliaercs Ha nepepadorky. Eciu pabota ynoBiaeTBOpsieT yCTaHOBIICH-
HBbIM TPEOOBAHMSIM U BCE PELICHUS BBIMOJHEHBI PABUIBHO, OHA JAOMYCKAETCS K
3amure. [lo pe3ynbraraM MHIMBHIYalbHOW 3alIMTHl U KadyeCTBY PabOThI BbI-
ctaBiseTcs AudPepeHImpoBaHHasl OLICHKA.



YACTDb 1. CTPOUTEJIbCTBO MOJA3EMHBIX COOPYKEHUM C
HNPUMEHEHUMEM CIIOCOBA HCKYCCTBEHHOT O
3AMOPAKUBAHUA I'OPHBIX ITOPO/1

Crynenty 5-ro kypca odyuenus cneu. CIICulll
3ajaHue HA KypcOBO#W NpoeKT no aucuuniaune «Illaxmnoe u noozemmnoe cmpou-
menvcmeo», yactsh |11 «CneunanbHbie cmoco0bl CTPOUTEILCTBAY

Yactn 1
[TpruMeHHUTETHHO K 33JJaHHBIM YCIIOBHUSAM BBIOpPATh cHOCOO U cxemy 3aMOPaKUBaHUS TIPU
MIPOXOJIKE CTBOJIA B BOJIOHOCHBIX TIOPOJIAX.

OrnpenenuTb OCHOBHBIE TEXHOJOTMUYECKHE IMapaMeTphbl MPOIecca 3aMOpPaXKUBAHMUS:
(TONIIMHY JIETOTPYHTOBOTO OTPAXKACHUS, IPOU3BOIUTEIBHOCTh 3aMOPAKUBAIOLICH CTaHIIUH,
BpEMs aKTUBHOT'O M MTACCUBHOTO 3aMOPaKHBAHHS ).

[IpuMeHHUTENHbHO K MOJyYEHHBIM JIaHHBIM MOJ00paTh OCHOBHOE OOOpYyIOBaHHUE IS
3aMOPaXUBAIONICH CTaHIMU (KOMIIPECCOPBI, HCHApHUTENId, KOHJIEHCATOPhl, MarucTpaibHbIC
TPYOOIPOBOIbI, HACOCHI [Tl MOAAYN XJIQJOHOCHUTEIIS).

Paccunrtarh moTpedbHOE KOJTUYECTBO MATEPHAIIOB JIJIsi 3aMOPAKMBAHKS TPYHTOB (XJ1aja-
TeHTa, XJIAJIOHOCUTEIIS, BOJIBI U AJIEKTPOIHEPTHUH, TPYO).

Yacrn2

OO6oCHOBaTh OCHOBHBIC TTapaMETPhI IPOEKTa MPOXOJIKH CTBOJIA B 3aMOPOYKEHHBIX TTOPO-
nax. [TomobpaTts o6opymoBaHue IS MPOXOJIKH (KONEP, TPOXOIECKHE JICOETKH, TOTPYy304-
HYIO MallluHy , 6a7p10 U T. 1.).. Onpenenuts BpemMs NpoXoAKU. BeIOpaTh KOHCTPYKLUIO U
000CHOBATH TEXHOJIOTHIO BO3BEICHUSI IIOCTOSIHHOM KPEIu.

Yacrte 3

JlaTh MPOEKTHBIC PEIICHHS 110 THPOU3OJISIIIMA TOCTOSHHOW KPEIH, INKBHIAIUH JISI0-

TPYHTOBOTO OTPAXKICHHUS, a TAKXKE IO TMOTAIICHUIO 3aMOPAKUBAIOIINX CKBAXKHUH.



Hcxonnsple n1annpie:  Bapuant Ne

JrameTp cTBOJIA B IPOXOJIKE, M.

['mybuna ctBOJIA, M.

['myOuna 3aneraHusi BOJIOHOCHBIX OPO/I.,. M

Tun BoJOHOCHON MOPO/bI (MIECKH: MEIKO3EPHUCTBIE, CPETHEZEPHUCTHIE, KPYITHO3EPHU-
CTBI€; CYIECU; CYTJIMHKN)

HauanpHas TemnepaTypa HOpOJIbL, Tpa

CKopocCTh IBUKEHHSI TOA3EMHBIX BOJI, M/CYT

[Topuctocts nopobl, %o

KoadduumeHT BIaxxHOCTH, TOTN €UHULIBI

KoadduumeHT TeronpoBogHOCTH 3aMOPOKEHHBIX TOPOJ, KKaJI/M-4ac-Tpax_

TemmnepaTypa 3amep3aHus BOJIbl B TOPHOM 1OpoAE, Ipaj.

I[OHOJ'IHI/ITGJ'ILHHe JaHHBIC

Bce mpuHATBIE TEXHOJIOIMYECKHE PEIICHUS OJDKHBI ObITh 00OCHOBAHBI COOTBETCTBY-
IOIIMMH pac4€TaMu, MPOWLIIOCTPUPOBAHBI B BHUJIE TEXHOJOTHMUECKUX CXEM, 3CKHU30B C CO-

OJIF0JJICHHEM COOTBETCTBYIOLINX CTaHIAPTOB.

Cpox coauu 3a0anusi Ha Kageopy 3aaHnue BBIJAHO.



1.1. Bei6op cnocofa u cxeMbl 3aMOPaKUBAHNSI TOPHBIX MOPO/I.

Hcxons w3 3allaHHBIX  THAPOTEOJOTHYECKUX  YCIOBHM,  (DU3UKO-
MEXaHUYECKUX U TEIUIO(U3NUYECKUX CBOWCTB MOPOJ OOOCHOBBIBAIOTCA U MPHU-
HUMAIOTCS:

e crioco0 3aMOpakuBaHUs (PACCONbHBIHN, JKUIKUM a30TOM, TBEPABIM KPHO-
areHTOM M T.1.),

® B 3aBUCHMOCTH OT TJTyOUHBI U HaYaJIbHOUM TeMIepaTyphl MOPOJ1 MPUHUMA-
eTCsl cXeMa 3aMOpaKUBaHUS (IJIs1 BEPTUKAIBHBIX CTBOJIOB — 3aMOpPaKUBAHUE
MOpOJI Ha BCIO TIyOMHY, OJJTHOCTYIEHUYATasi, MHOTOCTYIIEHYATas, 30HaJIbHAsl, J10-
KaJIbHas).

® PEXUM 3aMOpaKMBaHMs (OOBIYHBIN — TeMIlepaTypa XJIaJJOHOCHUTENs, IO-
naBaemMoro B KooHKY (-20-30°)C wmm HuzkotemmnepatypHsiid (-30-40°)C u Hu-
xe.

OTOT pazfen WUIIOCTPUPYETCs BBIOPAHHOM CXEMOM 3aMOpakMBaHUS U

KOHCTPYKIIMEH 3aMOPa’KUBAIOIICH KOJOHKHU.

1.2. OnpenesieHre OCHOBHBIX PACYETHBIX IAPAMETPOB.
K OCHOBHBIM pacueTHbIM apaMeTpaM OTHOCATCS:
® TOJILIMHA JIEAOTPYHTOBOI'O OTPaXACHUS;
® 'TE€OMETPUYECKHUE MTAPAMETPhI 3aMOPAKUBAIOIINX KOJOHOK U UX Pacloio-
YKEHUE B IJIAHE;

® BpCMs aKTHUBHOI'O M IIACCHUBHOI'O 3aMOpaKHMBaHUA.

OmnpenesieHne HATPY3KH HA JI€IONMOPOTHOE OTPAKIECHHE.
Hcxons 3 3aJaHHBIX TOPHO-TEOJIOTHUSCKUAX U THAPOTEOIOTHYSCKUX YCIIO0-

BPIf/i, ONnpecaACIACTCA MaKCUMaAJIbHAsA BCIIMYWMHA BHCIIHCTO AABJICHUS HaA JICOOIIO0-



pOIHOE OrpakJIeHUEe, KOTOpasi paBHAa CyYMME TOPHOTO M THUJPOCTATUYECKOTO
JaBJICHUU.
['opHOE naBiieHHE PAaCCUMTHIBACTCS IO WM3BECTHBHIM (popMyjiaM M3 Kypca

Tr€OMEXaHUKH WU 1O PopMyIIaMm:

P, =3 nhig?fleo” -, )r2] (L1)
i1
Peop = 7/n0pHA (1.2)

TIC ¥ pop - 00BeMHBII Bec opoJ1 B cteoiie, KH/M®, kr/m®

H - riiybuHa cTBOJIa, M
A - k03¢ HUIMEHT TOPU30HTAIEHOTO PacIiopa AaBJICHUS MOPOIbI
h - MoIIHOCTH MmIacTa Mopoa, M

@ - YTOJl BHYTPEHHETO TPEHUS MOPO/I IJIaCTa, TPaayc.

['uapocTaTuyecKoe AaBICHUE BOJBI P ONPEAEIAIOT Mo GpopmyJie

PCT = Ve HCT) (13)
TJ€ Y, — YAETBHBIN Bec BOABL ¥, = 1000 kH/M3, kr/m®
H- rmyOuna ctBONa, M

3HaueHuss Kod(puImeHTa TOPU3OHTAIBHOTO pacropa TPHUBEACHBI B

TaoiI. 1.
Tabmua 1
[Topoast 7, /M 4 A

Ot - 1o cpenHee
[1npIByure eCKH, TUTBIBYHBI 1.5-1,8 0-18 1,0-0.53 0.76
Prixiieie TTOPOJIBI, raie- | 1,7 189-26° 0.53-0,39 | 0.45
Ka,[IECOK
HaHochl, ciexasmuecss TpyH- | 1.5-1,7 260°- 50° 0,39-0,13 | 0,217
ThI, CBIPOH MECOK, CYTJIMHOK
Msrkue TIMHUCTBIE ciaHisl, | 1.8-2,3 500-70° 0,13-0.031 | 0.072
TJIMHA, MEPTelTh
W3BecTHAKH, rnecua”Huku | 2,5-2,8 70°-80° 0,031- 0,017
CpelHel IUIOTHOCTH, TJIHHH- 0,075
CTBIE CIIAHIIBI




[TonHyr0 Harpy3Ky Ha J€IOMOPOJHOE OrpakJieHne P MpuHUMAIOT Kak cyM-

MY I'OPHOTO XU THAPOCTATHYCCKOT'O JaBJICHUA, T.C.

P=P, +P.. (1.4)

Pacyer TOJIMHBI JIEAONMOPOJIHOTO OTPAKICHHUSA.

[IpOYHOCTH JAEAOTPYHTOBOTO OTPAXKACHUS 3aBUCUT OT: TEMIIEPATYPhl 3aMO-
paXUBaHUs MOPOJ; MUHEPAJIOIMYECKOTO U IPaHyJOMETPUUECKOIO COCTaBa I0-
pOJI; cofiepKaHus BOJbI B MOpax; HAIMYUSA PACTBOPOB COJEM B MOJ3EMHBIX BO-
Jax.

C moHmXeHueM TeMIiepaTypbl IPOYHOCTh 3aMOPOKEHHBIX MOPOJT YBETUYH-
BaeTCs, IPU 3TOM JUJISl OJHUX MOPOJ (BOJOHOCHBIE NECKU) KPUBAs MPOYHOCTH
BO3pAacTaeT OYEHb CUIIBHO, a Ul ApYTuX ( [JIMHBL, CYIJIMHKY U JIEX) 3Ta KpUBas
0onee nosora. [Ipu ogHOI U TOH Xe TeMmnepaTrype 3aMOpaKUBaHUSI IPOYHOCTh
3aMOpPOKEHHON NOPO/IbI OOJIbIIE Y BOJOHOCHBIX MIECKOB U MEHBIIE Y TNIMHUCTBIX
nopo. HanMeHbIIMM BpEMEHHBIM CONPOTHUBIICHHEM oOnanaeT aea. [Ipounocts
3aMOpPOKEHHON MOPOJIbI BBILIE JJIsi MaTepuajia KPYMHO3EPHUCTOTO U MAaJaeT C
YMEHBUIEHUEM BEJIUYMHBI 3€PEH, COCTABIAIOIIMX Marepuan. C yBeandeHUEM
coJiep>KaHusl BOJIBI B MOPOJI€ TPOYHOCTh 3aMOPOKEHHOU MOPObl YBEIMUUBACT-
Csl, HO TOJBKO J0 TOJIHOTO HACBIEHUS MOpPOAbl BOAOW. 3a 3TUM MPEAEIOM
IIPOYHOCTH MOPOJIbl YMEHBIIHUTCS.

[Tpu rmy6une 3amopaxkuBanus 10 50-70 M pacyeT TOJIIUHBI  OTPAXKICHUS

MO>KHO OCYIIECTBIIATH 10 dhopmyre Jiama-I"agonuna

_ Oowon __q|, (1.5.)

E=R -
O-c.wa)on - 2P

raie E- HeoOxoaumas TOJIIMHA JIEIOMOPOIHOTO OTPaKIACHUS, M

P— naBneHue BOIOHOCHBIX MOPOJ HA JIEIONOPOAHOE orpaxaeHue, Mlla.
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R, - pannyc BHYTPEHHEN OKPYKHOCTHU JICTOTIOPOHOTO OTPAXKICHHUS,
IIPYHUMAEMBIN PaBHBIM JUAMETPY CTBOJIA B IPOXOAKE, M;
O~ JOIIyCKaeMOe HaNPsHKEHUE 3aMOPOKEHHBIE ITOPOIBI HA CKATUHU OT

YCJIIOBHO MI'HOBEHHOM Harpy3ku Mlla, nppuauMaemoe paBHbIM

1 1
- |Z_= 1.6
Gc.m' ( 2 3j Gcafc.maﬁn ( )

O-cofc.maﬁﬂ.

mpecaci 1nMpo4YHoOCTH SaMOPO}KeHHOﬁ IMopoJabl Ha OAHOOCHOC

CXXaTuc ot YCHOBHO-MFHOBGHHOﬁ Harpy3KHu,

(1 xrc/em?= 0.1MI1a)

KOTOpLIﬁ MOJXHO IIpUHHUMATL U3

Taby.1, yduThIBas 4TO

Ta0Omumna 2

IIpenebl NPOYHOCTH NPH CKATHH (5 3aMOPOKEHHOI0 TPYHTA U

.maon

JbJaa OT MI'HOBEHHOI Harpy3ku B 3aBUCHMOCTH OT TEMIIEPATYPbI

['pyHTHI, IIpezensl MPOYHOCTH TIPH CXKaTuM ( B KI/cM?) TIpH TeMIepaTy-
HacklllleHHble  BoO- | pe, C°
bi () Or- Or-5 Or- Or- Or-
110-5 n10-10 10m0-15 15m10-20 20m0-25
YucTeil neq 18
ITecok 25-85 85-127 127-144 144-152 152-180
Cymnech 20-65 65-88 88-105 105-122 122-140
I muHuCTEIH 15-45 45-60 60-75 75-95 95-100
[TeuteBaThIi 10-15 15-35 35-45 45-65 65-70

IIpenen NpOYHOCTH Ha CKATUE (g~ 3AMOPOXKEHHOM TOPOJBI MOXKHO
ONPENEIUTh U3 3aBUCUMOCTH

JIns cpelHEe3epHUCTBIX ECKOB

o =0ala-+bf) (1.7)
I[J'ISI [IBIJICBATHIX IIECKOB U I'JIMH
... = 01a-+blt) (1.8)



I'ne a u b xoabduLMEHTH], TPUHUMAEMBbIE B 3aBUCUMOCTH OT TIOPUCTO-

CTH U BIQXXHOCTH T'OPHBIX TIOPOJI COTJIACHO TadI. 2
t— abcomoTHOE 3HAUYEHHE TeMIlepaTyphbl 3aMOPOKEHHON MOpoibl ( B
pacyeTax 3a 3Ty TeMIlepaTypy NPUHUMAIOT CPEJIHIOI TeMIEepaTypy JeI0NOpO/I-

HOT'O OTPaXKJICHHUS).

Taomuna 3
[Topona [Topuocts,% Becosas Koadbdunuentsi, MIla
BJIAKHOCTB, % a b
ITecox cpen- 10,0 11,2 17,1
HEll KpymHO- 38 16,7 21,9 21,50
CTH 22.5 37,6 21.6
ITecok 8,1 51 2,26
MBLIEBATHIN 42 15,0 8,6 3.67
23.0 115 5,20
rJIMHA 8,0 5,9 1,96
40 14,7 10,2 3.12
24,0 15,7 3,50

Bonee nonHo xapakrep padOTHI J€10NOPOHOTO OTPAKIACHUS YUUTHIBACTCS
B pacueTHoU dopmyrne JloMKe, B KOTOPOM JIETOTOPOTHOE OTPaXKICHUE paccMaT-
pPUBACTCSA KaK yIPYro-IUIaCTUYECKUH TOJICTOCTEHHBIM LWIMHAP IPaBUIBHON
dbopMbl 1 OECKOHEYHO OOJIBIION BBICOTHI, CXKATHI PABHOMEPHO pacHpe/ieicH-
HOM BHEIIHEHW HArpy3KOM M BEPTUKAJIBHBIM JABJICHHEM OT Beca LWJIMHIpA.
dopmysa pEKOMEHAYETCS I ONPEAETIEHUS TOIIIUHBI JIETOMOPOIHOIO OrpaX-

JIEHUS TIPU 3aMOPAKUBAHUH TIopo1 Ha TryounHy 10 100-150 m

2
E=R, 0,29i + 2,3[1] (1.9)
GC‘QIC Gcm{'




riae P- JaBieHue BOJOHOCHBIX MOPOJ Ha JICJAOMOPOJHOE OTPaXKJICHHUE,
MIla
R - paauyc cTBOJIa B IPOXOJKE, M.

O oy - AOTYCTUMOC HAMPSHKEHUE 3aMOPOKCHHBIX TIOPOJT Ha Cxxkarue, Mlla.

3HauyeHUE MPEAECTIOB MPOYHOCTH HA CKATHE 3aMOPOKEHHBIX MOPOJ B 3aBU-
CUMOCTH OT TEMIIEPATyPhI IPUBEICHBI B Ta0. 1.
[To Tabn.1. BeIOMpaeM HEOOXOIWMYIO MPOYHOCTH CO3/IaBAEMOTO JISOIIO-

POJIHOTO OTPaXKIEHUs (HATIPUMED IJI CyNeCH HEoOXoaumas MPOYHOCTh ¢y ., . =
2 0

120 kr/cM® nocturaeres npu temmeparype t,,or 15 o 20 °). Mcnons3ys 3aBu-

CHMOCTb t_ =0,4f , MOdy4aeM HEOOXOAMMYIO TEMIICPATypy 3aMOPaKHBAOLIETO

paccoua.

rze t, — CPeAHssl TeMIepaTypa 3aMOPOXKEHHBIX MOPOZ,
t,— TeMrepaTypa 3aMOPaXHBAIOIIETO PAaccona; sk OOBIYHOTO 3aMO-

paxusanus (-25°C); mns muskoremmneparypaoro (-40°C).

st 6onpmnx rryOuH 3amopakuBanusi ( 6oxee 200 M) npu onpeneacHUn
TOJIIIMHBI JIETOTIOPOHOTO OTPAXACHUS HEOOXOIMMO YYHUTHIBATH PEOJIOTHYE-
CKHME CBOMCTBA MEP3JBIX NOPOA. Pacder TONIHHBI JIETOMTOPOIHOTO OTPAKIACHUS
B 3TOM Cllyyae BEAETCSA MO JABYM NPEIEIbHBIM COCTOSHUAM: MO MpPEIeIbHOMY
HANPSHKEHHOMY COCTOSIHUIO, TI0 TIPEIETbHOMY 1e(OPMHUPOBAHHOMY COCTOSTHUIO.
[TpenBapuTeNbHO HYX HO MPHUHATH BEJIUYUHY 3aXOAKH (OOJIBIIYIO UM MAylo),
KOTOpasi ONpeAeseTCs MPUHATON CXEeMOW MPOXOIKU CTBOJIA ( OOJNBIINE 3aX0AKU
U TIOCITIE0BATEIHLHON U MapaJUIEIbHON CXeMaX, MaJble 3aXOAKU MPU COBMeE-
IIEHHOM cXeMe

[Tpu mpoxoake cTBOJA OOJBIIUMHU 3aXOJAKaMH TOJIIMHA JIEAOMOPOIHOTO

OrpaxacHus 10 MPCACIbHOMY HAIPSKCHHOMY COCTOAHWUIO BBIYUCIISICTCS 110

dbopmyre
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)—A
~

[t 0
2 tg(45° +9 )

\ J

(1.10)

PexomeHryemast TOIIMHA JIEA0MOPOJHOTO OTPaXKACHUS M0 AehopMaIiusm

_ . X
E.= R 1—m—Pm -1, (1.11)
3 [
Af’( RJ |
rae E—  TonmuHa JeA0nopoaHOro OTPaXIaeHUs, M.
Rs; — BHYTpeHHUH pajnyc CTBOJIA, M.
C - KO3(DPUIMEHT CLUEIUICHUSI 3aMOPOKEHHBIX MOPOJ 3a PacueTHOE
Bpemsi, MITA.
@-  YroJ BHyTPEHHEIro TPEeHUs MOpOoJ, Tpasl.

AT U M — PCOJOTHYCCKUEC XapAKTCPUCTUKH 3aMOPOKCHHBIX IOPOJ 3a

pacyeTHOe BpeMsi. 3HaUEHUsI PEOJIOTUYECKUX XapPaKTEPUCTUK MPEICTaBIIe-

HBl B TaOauIE 3.

A- JOITyCKaeMoO€ paJuajbHOE CMEIIEHUE BHYTPEHHEW CTEHKH OTrpakie-

HUS, M.
Tabmuma 4
IIponomxuTensHOCTD 3HayeHNe mapamMeTpa KT (xkrc/cm?) TipH tep, C°
NEUCBTHSI HArpy3KH, = 10 20 = 10 20
Y-MHH.
Cymnecs kemnoseiickas, m=0,27 I'muna 6at-6aiioca, m=0,4
30 muH 23.6 40.5 72.2 38. 69. 12
5
lu 21.8 38.0 67.2 34. 62. 11
3
24 16.0 27.5 49.0 19. 34. 64
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10 cyTok 114 19.6 34.8 10. 18. 34

OKOHYATENbHO TOJIIMHA OTPAXKICHUSI TPUHUMAETCS IO OOJBIIEMY U3 MO-
JyYEHHBIX 3HAUCHHH.

[Ipu mpoxojke CTBOJIa MAJBIMH 3aXOJKaMHU paccMaTpUBAIOTCS JBa CITy-
yasi B 3aBUCUMOCTH OT CTENIEHU IPOMOPOKEHHOCTH MOPOJI [0 CEUEHUIO CTBOJIA.

PacueT TONIIUHBI JIETONOPOJAHOTO OTPAXKICHUS MO MPEASTbHOMY HaIps-
YKEHHOMY COCTOSTHUIO PEKOMEH/TYETCS BBIIOJIHATD 1O CIAETYIOMUM POpMYyJIaM:

a) MPU MOJIHOM 3aIEMJIEHUU TOJIBKO MO BEPXHEMY TOPIY JIETONOPOJAHOIO

OoIrpaxxICHUA

E,=30, (1.12)
GC")’U

py 3TOM KO3 (PHUIIMEHT 3anaca K3 HaXOAUTCS B Mpejienax

2
1< k3<1+hln 1+ﬂ : (1.13)
\/§P GC.’)IC RBH

0) Mpu MOJTHOM 3alEMJICHUH TI0 ABYM TopliaM (IIPOXOAKa OCYIIECTBIIAECTCS

0 MOPOJIaM, TPOMOPOKEHHBIM BHYTPH KOHTYpa CTBOJIA)

E.=R.- ngp—h, (1.14)
1< k3<+2\%';’“|n(1+ 20\/_5:%6], (1,15)

Jlnst pacueTa no npeaesbHOMY 1€(OPMUPOBAHHOMY COCTOSIHHIO

s 3

1
1-m

I+m
E,=R,{|1+K (1L-m)P (h] 1\ (1.16)
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rae P- BHemHss Harpyska Ha jeponopoaHoe orpaxiaeHue, Mlla; K — ko-

3G UIUEHT , 3aBUCAIINMA OT YCIOBHM 3aIIeMJICHUS TOPIOB JIEAOMOPOAHOTO IH-

JIMHApPA, IIPpHU IMOJHOM 3allICMJICHHUU 110 ABYM TOPLAM K= IIpH IIOJIHOM 3a-

1+m

IIEMJICHUU TOJIBKO BEpXHETO KOHIa K=1; m - mokasarens ynpouHenus; A - Mo-

TyJb ieopMaIiuy JeA0IOPOIHOTO IIUITUHIpPA.
Jis OpMEHTUPOBOYHBIX PACUETOB IAPAMETPOB A MOXKHO ONPEAEIATH 110

K1
dbopmyse: A = w(l+T)?, rae o, kl,/I - HOMIUpUYECKUEe KO3PPUIIUEHTHI, TOCTO-

SIHHBIC JIJIS JTAHHOTO THIIA TTOPOJIbI (HArpuMep IS CyIlecH @ =9, kl =0,89,41=01,
UL TTIMHBL @ =128k, =0,97;4=0,2)

N3 nByX MOJyYEHHBIX 3HAYCHUN TOJIIIMH JIEAOTIOPOJHBIX OrpaxaeHuii E1 u
E; x manpHeMmmMM pacueraM NPUHUMAKOT TOJIIHUHY JIEIOMOPOJHOIO Orpa)ie-
Hus E, paBHY10 OOJBIIIEMY U3 HUX.

TomuHy J1eJ0MOPOTHOT0 OTPAKICHUI NMPHU CTPOUTEILCTBE KOTJI0BA-

HOB OIPEEAIOT 1Mo (hopMyie:

E= 0,67\/E, (1.17)
y

[Tocne ompeneneHrs TONIIMHBI JIEAOMOPOAHOTO OTPAXKIEHUS YTOUHSIETCS
BEJIMYMHA CPeAHell TeMIepaTypbl 3aMOPOKEHHBIX IOPOJ 10 BCEMY CEUCHHUIO

JICIOTIOPOTHOTO OTPAKICHHUS
T =t {0,32+0,8%—0,21'—}, (1.18)
L | E

rae (| — NPUHATHIA BHEIIHUHE JUaMeTp TPYO 3aMOPaKMBAKOLICH KOJIOHKH,

(d = 0,146m ms Tpy6 T3K );
| - IPUHATOE PACCTOSIHUE MEXKY 3aMOPAKUBAOLIIMMU KOJOHKAMU, M;
E - pacueTHas WM IPUHATAS TOJIIUHA JEIONOPOIHOTO OTPAXKICHHS, M.

t, - Temneparypa xmanonocurens,’C.
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Ecau BennumHa Tcp OTIIMYACTCA OT MIPCABAPUTCIIBHO HpHHHTOfI 60J'II>HIC,

yeM Ha 3+4°C, To pacdeT HEOOXOaUMO MOBTOPUTH. [Ipy MOBTOPHBIX pacueTax

MOJKHO BapbHpoBaTh BemuuuHamu E,| T .

Pacnosoxenne 3aMOpakMBaOIINX CKBAKUH

PacrionoxeHne 3aMOpaKMBAIOIIMX CKBAXXUH B IUIAHE YCTAaHABIMBAIOT C
Y4E€TOM OYEpPTaHUsS U Pa3MEpPOB MPOEKTHUPYEMOTO COOPYKEHHSI, pa3MEPOB CTPO-
UTEIBHON IJIOIIAJKA U PACHOJIOKEHHS CYIIECTBYIOIIMX HA3€MHBIX U MOJ3EM-
HBIX COOPYKEHHMH. 3aMOpa)kKUBAIOIINE CKBAKUHBI IOJKHBI OBITh JOCTaTOYHO 3a-
[IyOJIEHBI B BOJIOYTIOPHBIN IJIACT, YTOOBI 00ECTIEYUTh MOJHYIO BOJOHEPOHULIA-
emocth JIIIO. IIpu rmybunax 3amopakuBaHusi 10 50 M 3ariyOiieHHe 3aMopa-
JKUBAIOIIMX CKBAXKUH B BOJOYIIOPHBIN CJIOM MPUHUMAIOT OT 2 10 3 M; IpH IIy-
ounax 3amopaxuBanus oT 50 1o 100 M 3ariy0OsieHHe 0OBIYHO cOcTaBiiAeT 3-4
M; TpH OoJiblIel IIyOMHE 3aMOpPa)KMBAHUS BEIMUYMHY 3ariayOJIeHUs CKBaXKUH
IIPUHAMAIOT HE MEHEE 4M.

Onpenenserca AMaMeTP OKPY/KHOCTH PACIOJIOKEHUSI 3aMOPAKHBAIO-
IIMX CKBAKUH, C YIYETOM UX OTKJIOHEHHUS OT BEPTUKAJIBHOT'O MOJOKEHHUS:

D=D,, +12E +001, (1.19)

rae L —imMHa CKBaKMHBI, M.
E — TonmuHa negonopoaHOTro OrpaXxiacHus, M.
JI711 HaKJTOHHBIX CKBaYKUH

D =D, +12E+0,02L (1.20)

Omnpeaensiercst YMCJI0 3aMOpaKUBAOIIMX cKBaxkuH N(1T.), pacnosnara-

€MbIX 110 KOHTYPY OKPYKHOCTH, 110 (hopMyIie:

N =@,m., (1.22)

rae |- paCCTOAHNEC MCKAY 3aMOPAKHNBAIOIIMMH CKBA>)XMHAMM, M.

Paccrosinue MCKIY CKBAXKUHAMHU HC JIOJIZKHO OBITH MEHEE:
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JIJIs CTBOJIOB B KPEMKUX BOJAOHOCHBIX mopoaax 1,0- 1,2 m, B ciaObIx BOJI0-
HOCHBIX nopoaax 0,8-0,9 m.

JIUIS1 CKAJIATOPHBIX TOHHENEH - MeHee 1,1 m

JIJIs1 KOTJIOBAHOB, JIJIsl BHYTPEHHETO psija — 1.25, mu1s BHeHero psijaa 1.5M.

[Ipu pacronoXeHUN CKBAXUH MO HPAMOAUHEUHOMY KOHMYpY WX YHUCIO

omnpenensiercs no gopmyie:
==, (1.22)

rae A — nepuMeTp KOHTypa, M.
a - PacCTOSIHUE MEX]y 3aMOPKUBAIOITUMHU CKBAKHMHAMHU, M.
st 00pa3oBaHUsl 20pU30HMANLHO20 1€002PYHMOB020 YUAUHOPA HE00XO-

AUMO 3aJIOKHUTH CIICAYIOMICC YN CII0 3aMOpPaKUBAIOIINX CKBAYKHWH !

N, = z(D I+ 2C) _ ;z(DI+ E) | (1.23)

rae |- pacctosHue MeXAy TOPU30HTAIBHBIMU 3aMOPAKMBAIOIIMMHU CKBa-
JKUHAMH, M;
D - nmuaMeTp coopykaemMoil BHIPAOOTKHM B MPOXOJIKE WJIM BBICOTA BBIpa-
OOTKH TIPU TPANEIUEBUIHOM CEUCHUH €€, M;
C — nosioBMHA TOJIIIUHBI JIEAOTPYHTOBOTO OTPaKICHUS BBIPAOOTKH, M
Ha ocHOBaHMM ONBITHBIX JAHHBIX PACCTOSHUS MEXKY 3aMOPAKHBAIOIIUMU

CKBa)KMHAMU IIPpUHUMAIOT B CICAYIOMIUX IMPCACIAX:

Tabnuna 5
Jlng cTBONOB m1axT 1-1.25m
J1J1st HAaKJIOHHBIX ACKAJATOPHBIX TOHHEJEH 0,9-1,2m
JUJ1st TOpM30HTATBHBIX BBRIPAOOTOK
110 KOHTYpY 1,2-1,5m
BHYTPH KOHTYpa B pSAY 1,2-2,0m
MEXy paaaMu 2-3m
JlJ1s KOTJIOBAaHOB C PACIOIOKEHUEM CKBAaXHH
B JIBa psJia
10 KOHTYPY BHYTPEHHEIO psia 1-1,25m
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110 KOHTYPY BHEILHETO pAJa 1,25-1,5m

MEXY psAIaMu 2,5-3m

B npakTuke NMpoxXoAKy CTBOJOB CIIOCOOOM 3aMOpa)XMBaHUsA, (pakTuyeckoe
pacCTOsTHUE MEXy CKBa)KMHAMHU Ha KOHEYHOW TITyOMHE 4acTO MPEBBINIAET pac-
yeTHOe. YeM MEHbIIEe pacCTOSTHUE MEXAYy KOJOHKAaMU Ha KOHEYHOW IIyOuHE,
TEM HaJleKHEe OCYIIECTBIsIeTCA 3aMopakuBaHue mnopoa. IlosTomy kpome oc-
HOBHBIX 3aMOPaKUBAIOIIUX CKBOKHUH CIEAYET MPEAYyCMOTPETh U JOTOIHUTEb-
HbIE, C TIOMOLIBI0 KOTOPBIX BO3MOYKHO COKPATHUTh PACCTOSIHUE MEXKTY CKBaXKH-
HaMH J10 BEJIMYUHBI, IPUHATON MpoeKToM. {151 HaOIroAeHHs 3a MPOLIECCOM 3a-
MOpPQKMBAHUS MPEAYCMATPUBAETCS KOHTPOJIbHBIE TUAPOHAOIIOAATENbHEIE,
TEMIEpAaTypHblE W JPYrue CKBaXWHbI. [HapoHaOMIONaTeNbHbIE CKBAKUHbI
IIPELYCMAaTPUBAIOTCS HAa KKl M30JUMPOBAHHBIA BOJOHOCHBIM TOPU30HT. A
TEMIIepaTypHBIE PACIIOIAaraloT Ha BHEIIHEH rpaHulE JIeI0NOPOJHOTO OrpaxK/ie-
HUS, MEX]y 3aMOPaKUBAIOLIUMU CKBaKMHAMU. CKBa)XMHBI 000PYAYIOTCS 3aMO-
paXMBAIOIIMMU KOJIOHKaMU. B cocTaB 3aMoOpakuBaroliell KOJOHKU BXOJUT: 3a-
MoOpakuBaromiass TpyOa, OaliMak, roJioBKa, MUTAIONIUME U OTBOJSIIUE TPYOHI,
onopHbIA (hoHaph. BepxHsa 4acTh KOJOHKHA OOBIYHO 000pYAYyeTCsl CheMHOM Tro-
JIOBKOH, cocTosied u3 (pyaHua u IByX WITYLEPOB AJIA ONPSIMOTrO U 0OpaTHOTO
IIOTOKOB XJIAJOHOCUTENA. K HMKHEHW 4YacTu 3aMOpPAKUBAIOLIECW KOJIOHKH Ha
pe3b0e MPUCOSANHSIETCS CTAbHOM Oarmmak KoHuYeckou ¢opmbl. s 3amopa-
KUBAIOIIMX KOJOHOK npuMeHstorcs TpyOosl T3K (TpyObl 3aMopakuBaroIux Ko-
JoHOK). HapyxHsiit auametp Tpyo 146 mm. BuyTtpennunii quametp 128-130 mm.
TpyOa M3roToBIsAE€TCS M3 CTAIM, COXPAHSAIOMIEH XOPOLIYIO IUIACTUYHOCTH MPH
temmnepatype -50°C. CoenuHsioT TpyObl BBHHUMBAHMEM OJHON TPYOBI B Jpy-
ryio. B xadecTBe MUTAIONMX U OTBOAAIIUX TPYO MPUMEHSIOT MOJIUITUICHOBbIE
TpyOBI ¢ ManbiM Kod(pdumuentom TemtonposoaHoctr (0,25-0,3 xxan/(mu’C),
Onmarogaps yeMy XJaJOHOCHUTENb, MOJAaBacMbli Ha THO KOJIOHKH, B MEHBIICH

CTCIICHM IMOBLIIIACT CBOIO TEMIICPATYPY, UEM IIPpU HCIIOJIB30BAaHHWH CTAJIbHBIX
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Tpy0. MOHTa)X 3aMOpa)XMBAIOUIMX TPYyO OCYIIECTBIISIOT IyTEM CIycKa MX B
CKB)XHMHY C MOCJIEIYIOIIMM HapallMBAHUEM, CTBIKH OITPECCOBBIBAIOT.
Jlanbl pa3znen KypcoBOrO IpPOEKTa 3aKaHYMBAETCS CBOJHOM Tabiuuein
pacxos0B MaTepuaioB U 000pyI0BaHUS.
1.3. Onpenenenue MOLHOCTH 3aMOPAKMUBAIOLIECH CTAHIIUM M BPeMEHH
padoThI 3aMOPaKNBAIOLIeil CTAHLIMH.
MoIHOCTh 3aMOpPaXUBAIOLIEH CTaHIMM ONpPEAEIAETCS M0 OalaHco-
BOMY METOJY, COIVIACHO KOTOPOMY TEILIONOINIOIIAONIAs CIIOCOOHOCTh KOJIOHOK

Q, JokKHA OBITh paBHA WJIM OOJBIIE KOJWYECTBA X010Ja Q,, HEOOXOIAUMOIO

ML 3aMOpaKUBAHUA IIOPOA, U KOJIUMYCCTBA XOJIOAA Q HAYIICro Ha ITIOHHIKC-

ox 2

HUE TEMIIEPATYpPBhI ITOPOJI, OKPYXKAIOIIUX JIEAOTIOPOJIHOE OTPaXKICHHUE, TO €CTh
Q. >Q; +Qy (2.1)
Pacuer xonnyecTBa X010/7a, HEOOXOAUMOTO JIJISl 3aMOPAKUBAHMS TPYHTOB,

BBIIIOJIHSIOT B CJIEIYIOILEM ITOPSIJIKE:

* ONpPENENSAI0T 00bEMbl TPYHTA U TPYHTOBOW BObI, MOJJIEXKAIIUX 3aMO-
paXHBaHUIO;
* ONpENENSIIOT HEOOXO0AUMOE NJIsi 3aMOPaKUBAHUSI TPYHTOB KOJIUYECTBO

X0JI0/1;

* OIIPEACISIOT XOJIOAONPOU3BOAUTEIBHOCTD 3aMOPAKUBAIOIIEHN CTAHIINY;
* ONPEIENSIOT BpeMsl aKTUBHOI'O 3aMOPaKMUBAHUS;
* ONPEACIIAIOT BPEMs IACCUBHOTO 3aMOPaKMBaHUSI.

KonuyectBo xoisoma, Heooxoaumoe 1jis 3aMopakuBanus (kKx),

Q-qv. @2

rae V- 00beM ropHO TTOPO/IbI, IO UIEKANIEH 3aMOPAKUBAHHIO,M®.

( - KOJMYECTBO TCIUIA, KOTOPOE HEOOXOAMMO OTHSTE OT 1 M® IOpOIBI

JUISL €€ 3aMOpaKUBaHUs 10 ONPEEIEHHON OTpULIaTeNIbHOW TEMIIEpaTyphl (Cpei-

Hell TemIeparypsl JIEJOIOPOIHOIO OrPasKIEHU 10 CEYEHHMI0), KJx/M3,

V=n( R -R)H == (R, +E)*-RH, (2.3)
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rae R, - BHYTPEHHHUH paguyc cTBOJIA (PajnyC CTBOJIA B TIPOXOJIKE), M.

RB:R RH:RB+E,

mp !
E — Tonmmua neaonopoaHOro orpaxxaeHus, M.

H- rmyOuna 3amopakuBanusi, M

q3=q1+q2+q3+q4’ (2-4)

(,- KOJIMYECTBO XONOJa, HEOoOXOIMMOe U OXJIaXKAeHHUs Boabl B 1M° 3a-

MOPaKMBAaECMOW MOPOJIBI OT €CTCCTBEHHOW TEMIICPATYPhI MOPOJBI § 0 TeMIIe-

paTypsI 3aMep3aHus t,, KJDr/m®

01 = V571 C1 (ta —to) , (2.5)
rae Vi — 00beM BOJBI, COAEpIKaIeHcs B IPyHTE, M°;
V,=n-k,

N —K03(p(HULMEHT MOPUCTOCTU MOPOABI, IO 33JAHUIO

kw - K03(1)(1)I/IIII/I€HT BJIQAJKHOCTH IIOPO A, A0JIKU CAUHHUILI, I10 3aJaHUIO

v1 — moTHOCTH BoAkI (1000 kr/m3);

C; - ynenbHas TEII0€MKOCTb BOJibl, 1 kkay/kr-rpan °C, 4,2 kJIx/(xr-K ).

J2- - KOJIMYECTBO XO0JIOJA, UAYIIee Ha OTOOP CKPBITON TEIJIOTHI Jienoo0pa-
30BaHUA (CKpBITast TemoTa) , kJx/m3

02 =Vs 15 0, (2.6)

r7ie O—CKpbITas TerioTa miaBjaeHus jibaa, 80 kkan/kr wim 336 kJx/(kr-K).

rae C, — yIenbHas TEIUIOEMKOCTh Jiba MPHU cpeaHer temmneparype 1,8
kJx/(kr-K)

0,43 xkan/kr-rpan).

J, - KOJIMYECTBO XOJI0/a, UAYIIee Ha OXJIKIACHHUE JIbJa OT TeMIIEpPaTyphl
JIb1000pa30BaHus 10 3aJaHHON TeMrepaTypsl i, , K[ x/M

q3 = Vn Yn CS (tO - tcp); (27)
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KonuuectBo xomnoma s (Kkai), mOTpeOHOE ISl OXJIAXACHHS TPYHTOB
(TBepABIX YACTHUI]) OT HaYAJIbHON TeMIepatypsl t 1 10 3aJaHHON TeMIEepaTyphl
t, onpeensercs no hopmyne

s = W y2 Cy(tnp — top), (2.8)

riae W- 00beMHBIH Bec TBEpABIX yacTuIl rpyHTa, m°, W = 1 — n, n — nopu-
CTOCTb;

Y2 — INIOTHOCTb TPYHTA, KI/M>;

Cy - TETIOEMKOCTh TBEPBIX YaCTHI] TPYHTOB, Kka/kr°C, 0,2-0,25.

Jlanee onpesensieTcss BHEIIHUNA MPUTOK TEIIa K JIEAOMOPOJHOMY Orpask[ie-
HUIO 110 (hopMmyJIe:

Qox = 27 (Ry + Rew)H Qox, KK, (2.9)

rae Ry u Ry — Hapy»KHBIM ¥ BHYTPEHHUN PaIAyC JIEAONOPOJHOTO Orpaxie-
HUS;

H — rimyOuHa 3amopaxuBaHus, M;

CJox — TETUIONPUTOK K 1M? OBEPXHOCTHU JIEAONOPOIHOTO OIPAKIACHUS, TIPH-
HUMaeMbIi 10 JaHHbIM npakTukd  (5-7 Br/mM? wm 16-24 x/Ix/M? yac 1mpu
HavanbHOM Temreparype mopon 8-12°C. u 10-15 Br/m? umm 40-42 xJIx/m® uac
npu Temmneparype 20-25°C), (ox = 2-5 kxan/m?uac npu t = 10°; 6-10 mpu t = 20°;
11-20 mmpm t = 30°.

Tennonornomaromniasi crnocOOHOCTh 3aMOPAXUBAIOIIUX KOJIOHOK OMNpese-
JsIeTCsl KaK MPOU3BEICHUE MOBEPXHOCTH 3aMOPAKUBAIOIIUX KOJIOHOK Ha YAEIb-
HBII TEIIOBOM MOTOK qf, mpUTeKaromuii kK 1 M? IIOBEPXHOCTU KOJIOHOK, T.€.

Qc=Fgr=mdNH g (2.10)

BenuunHy yneiapHOTO TETIOBOTO MOTOKA MOKHO BBIYHUCIUTH IO HUKETIPH-
BEJICHHON (popmyJsie Al OAMHOYHOM KOJIOHKH WJIM NMPUHSATH OPUEHTUPOBOUHO

n3 TaoII. 6.

G = . (211)
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[Tpu paboTe rpymIibl KOJOHOK YCIbHBIA TEIIOBON MOTOK PACCUUTHIBACTCS
o gpopmyiie

__ At (2.12)

qf ’
(dln I+EJ
d 2l

rae d u dq — BHYTPCHHHI W HApYXKHBIA JHMAMETPhI 3aMOpaXKMBAIOIICH KO-
noHkH, M ( 114mm);
a - KOOOPUITUEHT TETUIO0TAaYH, 3aBUCSIIINN OT CKOPOCTH M PEKHUMa JIBU-

KCHUA pacCojia B KOJIOHKAX.

0.2
a:5,9lj—"[%oo%d’j | (2.13)
@ C 7.d
Pe :Lyha, (2.14)
j'P
d,=d-d,, (2.15)

Ap - KOOPOULIUEHT TEMIONPOBOAHOCTH XJIagoHocuTens, Bt/m°C;
Pe- kpurepmnii [lekne

@ - CKOPOCTb JBM)KEHHUS XJIAJOHOCHUTENSA B MEXKTPYOHOM IPOCTPAHCTBE,

M/4
C,- yaenbHas TEMIOEMKOCTh Xnagonocutens, KJx/(kr’°C);
¥ ,- TNIOTHOCTb XJIaTOHOCHTEIS, KI/M°,
dy- IMameTp nuTarolei Tpyosl, M
A, - K03 (GULIUEHT TEMIONPOBOAHOCTH 3aMOPOKEHHOM 1oposl, B1/(M°C)
Tabmura 6
Temneparypa xia- | Paccrosinue TonmmuHa aeA0NOpOA- | YAECNbHBIA  TEIIOBOU
AOHOCUTCIIA, TIpa- | MCKAY KOJIOHKA- | HOI'O OIrpaXICHHUA, M IIOTOK. Qf KI[)K/MZLIH.C.
nyc. MU, M
-20 1,2 2 360-500
3 300-400
4 260-350
5 240-330
-30 1,2 2 460-600
3 420-550
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360-480
320-420

950-975
725-750
550-575
475-500

OB~ w N o b

3Has TeIJIoNOIIONIAIONTYI0 CIIOCOOHOCTh KOJIOHOK Qy, MOKHO ONPENEIUTh
XJ1aJ0TPOU3BOAUTENBHOCTh 3aMOPAKUBAIOIIECH CTAHI[MU, YUCICHHOE 3HAYCHHE
koTopoi npuHumaetcs Ha 10-20 % Gounbie Q.

QCT = (111 _112)QK-; (216)

[1poa0MKUTETEHOCTD paOOThHI 3aMOPAKUBAIOIIECH CTAHIIMKM B aKTUBHBIN I1e-

puoz
Qs
= ;CYT. (2.17)
) (QCT - Qox )24
HpOI[OJI}I(I/ITCHBHOCTB IMaCCUBHOT'O 3aMOPaAKNBAHUA
H-H
Tn = (V—r) ,CYT. (218)

np
rae H - monnas riryOrHa 3aMOpaKuBaHUSIM;
H; - rmyGuHa TOTOBOTO ydacTKa CTBOJA K KOHITY MEepPHOJa aKTUBHOTO 3aMO-
paKUBaHUS, M;
Vyp - CpenHss CKOPOCTh MPOXOJKHU Ha yYacTKE 3aMOpa’kKMBAaHUS BOJOHOC-
HBIX MTOPOJ, M/CyT, (00bI4HO OK0JI0 0,5-2M/CyT).
X0JI0A0TIPOU3BOUTENBHOCTh CTAHIIMM MOYKHO pPAacCUUTaTh M APYTUM
crocodoMm:
[Totepu X002 Ha OXJIAXKACHUE TPYHTOB M TPYHTOBOW BOJIBI ONIPEIEIISIIOT
o popmyiie:
Q, =FQ,, (2.19)
rae F - cymmapHas miomaib O0KOBOM MOBEPXHOCTH W JHHINA JEIOTPYH-

TOBOI'O OI'pAKACHHA.
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Q,,, - NPUTOK TEIIa B T€UYeHHE | 4 OT OKPYKAIOUIMX I'PYHTOB K 1Mm?

TUTOMIA/TA TTIOBEPXHOCTH JISOTPYHTOBOTO OTPaKICHUS, IMCIOIICH TeMIIepaTypy
0°C, u npuHUMAaeMBbIii paBHBIM B cpeHeM 25,2 kJx/9-M?) win 6 kkan/( 4-m?)

CpenHee KOJIMYECTBO TEILIA, MPUTEKAIOMIETO K 1M? IJIOmamy oBEpXHO-
CTH JICJIOTPYHTOBOTO OTPaXXICHUS B TeUeHHUH | 4

o - 113t;,/c.,A.p, (2.20)
noe \/A_z' ’ .

rae t,- CpemHssi Temmeparypa TPYHTa, OKPY’KaOIIEro JIEAONMOPOIHOE

orpaxnenue, 0°C;

C,, - YAeNbHas TEMI0EMKOCTh IpyHTa, KJ[K/(Kr K)

A - KOB(b(bI/II_[I/ICHT TCIUIOIMIPOBOJHOCTH OXJIAXKICHHOI'O I'PYHTA,

2l

kB1/(M-K); kxan/(a-m-Tpan).

p. - IIIOTHOCTH TPYHTa, KI/M>;
At - TOPOMEXYTOK BPEMEHHM MEXKIy HAayajioM M OKOHYAHHUEM 3aMopa-
YKUBAHUS, Y.

KonudectBo x0i51071a, MepeaBaeMoe TpyHTaM 3aMOPAKUBAIOIIUMH KOJIOH-
KaMH, Ha KOTOPOE€ PaCCUMTHIBAIOT XOJOJOTMPOU3BOAUTEIHHOCTh HETTO 3aMOpa-
YKUBAIOILEH CTaHINU, onpenelisiioT B BT/(kkan/4) mo dpopmyie:

Q, =Fa,, (2.21)

rae F - cymmapHas Tiomaib BHEIIHUX MOBEPXHOCTEH 3aMOPaKMBAIOIINAX

KOJIOHOK,M?.

o - KO3(pPUIMEHT Teruionepenadyd OT HapyKHOM MOBEPXHOCTH 3aMO-

paxuBaromeil KoJaoHky K rpyHTam, Br/(v3-K); kkan/( u-m? rpan).

KoaddummenT temnoornaun 3aBUCUT OT TEMIIEPATypPhl OXJIXKICHUS pac-
CoJIa, BHYTPEHHErO auaMeTpa 3aMOpPa)KMBAIOIIUX KOJOHOK, KO3(h(UIIMEHTOB
TEIUIONEPEX0/ia U TEIUIONPOBOJAHOCTH 3aMOPOXKEHHOIO TPYHTA, a TaKXe Jua-

METpa JIeIOIOPOTHOTO OIPaXKICHUS.
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B npakTHuecKMX pacuerax 3HaueHue Kod(QUIMeHTa TemI00TIa4d IPHHY-
MaeTcs:
pu Temneparype paccona t, (-20-25°C) 230-240 xkBt/(m?-K)
t, (-30-35°C) 400-460 KB/(M2K)
X0J1010IPOU3BOIUTENLHOCT OPYTTO 3aMOPAKMBAOIIEH CTAHIIMM BBIUKC-

asieTcst o popmyie:
Qs =Qu +Q; +Q,...s (2.22)
rae Q,. IOTEpH XoJsofa B paccoiabHOM cetH,1-1,5% ot Q,

1.4. Boi0op 000pya0oBaHuA 3aMOPAKUBAIONICH CTAHIMA U

onpejesieHue BpeMeHHU ee padoThl B AKTUBHOM PeKUMe

[Tpu BBIOOpE OCHOBHOT'O 00OPYOBAHUS 3aMOPAKUBAIONIEH CTaHIIMK (KOM-
IIPECCOPOB, KOHJIEHCATOPOB M MCHApHUTENEl) HEOOXOIUMO MOMHHUTH,YTO XOJIO-
JIOTIPOU3BOIUTENIHPHOCTS KOMIIPECCOpa — BEIMYMHA TEpEMEHHasi M 3aBUCUT OT
TEMIIEPATYPhI HCIIAPEHUS ¥ KOHJICHCAIINH XJIaJJareHTa, a TAK)KE OT TeMITepaTyphl
ero mepeoxyaxacHus ( TeMIepaTypbl Mepe] peryiupyrmuM BeHTuieM). Pas-
JUYAIOT XOJOIOMPOU3BOIUTENLHOCTh TP HOPMAIBHBIX, CTAHIAPTHBIX U pabo-
YUX YCJIOBHUSX pabOThI KOMIIpeccopa. B TexHHueckoil utepaType yaiie BCEero
MPUBOJUTCS  XOJOAONPOU3BOIUTENBHOCT, TPHU CTAHJAPTHBIX YCIOBUAX, a
UMEHHO:

Temneparypa kouaeHcarmu t, = 30°C, Temneparypa ucmapenus to = -15°C.

X01010MPOU3BOIUTETLHOCTH KOMITPECCOPA, Pa3BUBacMast MPH MPUHSTHIX B
MPOEKTE (JCUCTBUTENBHBIX) TEMIEPATYPHBIX YCIOBHIX, HAa3bIBACTCS paboueil.
OHa UM pacCYUTHIBACTCS, WM OMPEAEISETCS 0 HOMOTpaMMaM, MPUBOAUMBIX
B 3aBOJICKMX MAacHoOpTax KOMIIPECCOPOB WM B CIIPABOYHOW JUTEPATYypE MO XO-
JIOMUIBHON TEXHUKE.

Ecnu pacueTHast X1a10mpoON3BOAUTEILHOCTh CTAHIIMH MO3BOJISET, CICAYET
MPUMEHSTh NepeABUKHbIe xoyoauiabHble ctaHuuu [IXC-100 u I[THC-100, oc-

HOBHBIC ITPONU3BOACTBCHHELIC XaPAKTCPUCTUKN KOTOPBLIX IMPHUBCIACHLI B Tab:1. 4.
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MockoBckum 3aBoaoM «Kommpeccop» co3maHa nepeaBuKHas XOJOAWIIb-
Has cranuus [1XC-100. B kauectBe XyagoreHTa JUisl 3TOW CTAHLMHM HMPUMEHEH
bpeon-22, no3BoySIONIMI TIpy paboTe B OJIHY CTYNEHb JOCTUYb TEMIIEpaTyp
paccona 10 — 229C XonmomunpHas cranmus [1XC-100 cocTouT w3 JIByX TIepe-
JIBUKHBIX XOJIOAUIIBbHBIX yCTaHOBOK [IXY-50, koTOphIE YyNpaBIAOTCS C OTHOTO
nynbra.Cranmus [IXC-100 pabotaeT B MmoiyaBTOMaTHYECKOM PEXHUME, KOTO-
pBI IpeIyCMaTPpUBAET aBTOMATHYECKYIO 3alUTY XOJOAWIHHOW MaIluHBI TPU
OTKJIOHEHUU TMapaMeTPOB JIaBJICHUSI U TEMIIEPATYpPhl HarHETAHUS KOMITIPECCopa,
JIABJICHHS BCACBIBAHUS U JIaBJIICHUS B CUCTEME CMA3KH, a TAK)XKE PEryJIMPOBAHHE
nogauu (peoHa B UCMAPUTEIb U KOHTPOJIb IIEPErpeBa napoB (PpeoHa Ha BBIXOJIC

N3 UCIIAPpUTCIIA.

Tabmura 7
[Toka3zarenu I1XC-100
X1ag0npon3BOAUTENBHOCTD,KKaJl/9ac
IIpu temneparype kunenuss muHyc 20°C, KOHJEHCalUU
witoc 35°C 350000
IIpu temneparype kunenuss munyc 40°C, KOHIEHCalUH
moc 35 °C 100000
XosonoareHt ®peon-22
Mapka kommpeccopa I1-220
OO011ast MOIIIHOCTH AJIEKTPOIBUTaTENs, KBT 210
MOoOIIHOCTB 37eKTpOABUraTeNsl KoMIIpeccopa, kBT 75
Hanpspxkenne nutanusi CUIIOBBIX 1ienieid,B 380
UYacroTa BpalieHust komrnpeccopa, 00/MUH 1450
Macca ctaniuu B 00beMe OCTaBKHU,T 2,8
Pacxon oxumaxkmaroniedi BOABI MPHU TEMIEpaType BOJbI 70
wiroc 30°C, m>/uac
Bun ky3oBa CranmapTHbII
KVYHI'-I110
Mapka maccu npurena MA3-5224B
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[Tpr HEBO3MOXXHOCTH MPUMEHEHHUS MEPEABIKHBIX XOJOIUIBHBIX CTAHIIUN
CJIeTyeT BHIOpATh KOJIMYECTBO U THUI KOMITPECCOPOB C TAKUM PACUYE€TOM, YTOOBI
o0ecnieunTh TPeOyeMyr XJIaJOMPOU3BOIUTEIBHOCTh CTAHIIMHM TIPU 3aJaHHOU
IPOEKTOM TEeMIIepaType HCHapeHus W KOHACHCAIUW XJIaJOTeHTa, KOTOPHIC
OTIPEIEIISIIOTCS TI0 TIPUHATON TEMIIEPATYPE XOIO0JOHOCHTEIIS.

BreibuparoT aMMuadHble KOMITPECCOPBI C y4eTOM HeoOXoAmMoi paboueii
XJIaIONPOU3BOIUTEIILHOCTH U OCHOBHBIX TapaMeTpOB PalbOTHl 3aMOPaKHUBAIO-
el cTaHmuu (TeMIiepaTypa W JaBJICHUE MCIAPEHUS, TEeMIIepaTypa 1 JaBJICHUEC
KOHJICHCAIINH; TeMIIepaTypa mepe peryaIupyoiM BEHTHIEM; CTCTICHb CKATHSI
aMMMaKa B [IWJIMHAPAX KOMIIPECCOPOB).

Temnepatypy ucnapenusi npuHuMaroT Ha 5°C HUXKE TeMIepaTyphl XJaa0-
HOCHTEJIS, TTOAAaBAEMOTO B 3aMOPAXUBAIONIYIO KOJOHKY TPH OJHOCTYIICHUYATOM
pexuMe padoThI cTaHIH, U Ha 7-8°C — MpH ABYXCTYNIEHYATOM PEKHUME.

TemmnepaTypa ammuaka mnepej peryjupyrolmuM BEHTHIIEM JUIsI OJHOCTY-
MIEHYaTOr0 KOMIIPeccopa OMPeAeIIeTCS U3 COOTHOIICHUS

ths = thc + (2+3); (3.1)

JUTSL IBYXCTYTIEHYATOTO KOMITpeccopa

ths = tc + (2+3), (3.2)

rae ty, . — TeMeparypa aMmMHuaKa B MpOMEXYTOYHOM COCYJIE, OIpeaessieMast
10 TOM ke TabiuIle MPU U3BECTHOM JABJICHUM aMMHaKa B MPOMEKYTOYHOM CO-
cyne (oHO ompenensercs no gopmyse, TpuBoIuMOoN Huxke), °C;

tx — TeMriepaTypa KoHJeHcaluu ammuaka, °C.

CTereHpl0 CKaTUsI aMMHaKa Ha3bIBAIOT OTHOIICHHE AABJICHUS €ro KOHICH-
caluy K JaBJICHUIO UCITApEHUS:

g, = P./Py, (3.3)

rne Px u Py — naBneHne cooTBETCTBEHHO KOHICHCAIIMH M UCTIAPCHHSI aMMHU-
aKa, Krc/cM2.

B 3aBHCHMOCTH OT CTETICHW C)KaTUS aMMHaKa BbIOMpaeM PEKHUM padOTHI

3aMopakuBarole ctaniuu. [Ipu €, < 8 s 3amopakuBaromiell CTaHIUU BbIOU-
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parOT LUKJ OJHOCTYIEHYATOIO CHKATUS; IIPH €p > 8 — ABYXCTYNEHYATOTO CHKATHS
aMMHaKa.

Pabouast X71a10mpON3BOANTEIHLHOCTE KOMIIPECCOpa TPH ITUKIE OTHOCTY-
MEHYATOTO CYKATHUS aMMHAKa

Qp=VapAp, (3.4)

rae V — 00beM, OMHICHIBAEMBIN MOPIIHSAMU KOMITpeccopa (MPUHUMAETCS TI0
3aBOJICKUM JaHHBIM), M°/u;

0, — 00bEeMHas XJIaJ0NPOU3BOIUTEILHOCTh aMMHAKa IIPU TEMIIEpaType HUc-
MapeHuss U TeMIlepaType mepes] peryIupyIoNIuM BEHTHWIeM (IPUHUMAETCS 10
TaOIULAM), KKaJI/M,

Ap — KO3 (PULIMEHT MOoAaUN KOMIIPECCOpa, 3aBUCSIIUNA OT OTHOLLIECHUS /1aB-
JICHUS KOHACHCAIIMM aMMHaKa K JaBJICHUIO UCTIApPCHHS aMMHaKa (IPUHUMACTCS
0 3aBOJICKUM I'paukam).

KonruecTBo KOMIIPECCOPOB BBIOMPAEM U3 COOTHOIICHUS

Ne = Qcr/ Qp, (3.5)

rae Qe — moTpebHast XJIag0NPON3BOIUTEIBHOCTD 3aMOPAKUBAIOIIEH CTaH-
MUY, KKaJI/4.

[Ipu pabGoTe cTaHIMK MO UHUKIY JABYXCTYNEHYATOrO CXATHUS aMMHAaKa

JOJDKHBI COOTIOAATHCS CIEYIONTNE YCIOBHUS:

Pn.c = VPOPI( ; (36)
Ev — V2/V1 = 0,2+0,4, (37)
rae Vo — 4acoBOoi 00BbEM, OMUCHIBAEMBIN MOPIIHIMH IUJIWHIPOB MEPBOM
3/g-
CTyNEHH, M°/4;
V1 — TO e, BTOPOI CTyneHH, M>/4;
P..c — naBiieHnE nepeoxiiakICHHbIX NapOB AMMHAKa B MPOMEKYTOYHOM CO-
2
cyJie, Krc/cMm?,
PaGouast x7magonpou3BOAUTEIFHOCTh KOMIIPECCOPOB TPU JIBYXCTYIICHUYA-

TOM CXXAaTHHU aMMHaKa
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Q qup p’ (38)

rae q, - oObeMHas XJIaJONPOM3BOAMTENPHOCTh aMMHaka MHpU paboueit

TEMIIEpAType HCHApPEHUsT U TEMIIEpAType IMepell PEryJUpYIOIIUM BEHTHIEM
(mpuHUMaeTcst o TabauIaM 0OBEMHOW XJIaIONMPOU3BOAUTEILHOCTH aMMHUAKa,

kKkan/m);

Kp - KO3 PUIIMEHT MoAauYu UIMHAPOB MEPBOM CTYINEHU, 3aBUCSIIUNA OT

OTHOILICHUS JIaBJICHUS B MPOMEKYTOYHOM COCYJE K JaBJICHUIO HCIAPEHUS aM-
MHaka (IPUHUMAETCS 10 3aBOJICKUM I'padukam).

Tun xkommpeccopa BBIOMPAIOT MO CHPABOYHBIM JAaHHBIM WU 3aBOJICKUM
HOpMAJIIM Ha OCHOBAaHHUM pabouel XJ1aJI0NPOU3BOJAUTEIILHOCTH, TOJICYUTAHHOM
M0 TPUBEJACHHBIM BbIlIe opmynaMm. KoaudecTBo ABYXCTYNEHYAThIX KOMITpeC-
COPOB ONPEEISIIOT TaK K€, KaK U OJTHOCTYIECHYATHIX.

PaboToil ofHOCTyNEHUaThIX KOMIIPECCOPOB MOHMXAIOT TEMIIEpaTypy HC-
napenus ammuaka 10 —30°C, a pabotoit aAByxctynendarsix — ot —30° o —50°C.

B aMMuayHoM kommpeccope BO3MOKHO MOIYYUTh TEMIIEPATypy XJaJ0HO-
cutest 110 - 15 °C, ¢hpeoHoBbIe KOMIIpEccopa MO3BOJISIOT JOOUThCS 0oJjiee HU3-

KHUX TeMepaTyp, nopsiaka 22-25°C.

A0600 A01200

KKaq/(;e'sac 105
12 ; 24
10 ; 20 /
8 : 16

t.=30'C

6 12
! é/\tmo"c

4 0
2520 15 -10 5 0 t,°C
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Puc. 1 3asucumocme xnadonpouszsooumenvrocmu komnpeccopose AO-600
u AO-1200 om memnepamypwvl ucnapenus u KOHOeHCAyuu AMMUAKA.
t. — memnepamypa konoencayuu ammuaxa, to — memnepamypa ucnapenus

ammuaxka

Y4uThiBas, 4TO XJIAAOMPOU3BOIUTEIHFHOCTh KOMIIPECCOpa — BEIMUMHA T1e-
peMeHHas, 3aBUCSIIas OT TEMIIEPaTyp W JaBICHUN MCIApEHUS] W KOHICHCAIINH,
B XOJIOAUJIBHOW TEXHHUKE Pa3inyaroT XJaJ0MpPOU3BOAUTEIHLHOCTh KOMIIpECcopa
P HOPMAJIBHBIX U CTaHJAPTHBIX YCIOBUSAX pabOThI Komrpeccopa. B mepBom
ciIydae XJIaJoTpOU3BOIUTEILHOCTh KOMIIPECCOPA BRIPAYKAIOT B HOPMAIBHBIX BT
U OTIPEICISIIOT TPH CACAYIOMNUX TEMIIEPATYPHBIX YCIOBHUAX: TeMIEpaTypa KOH-
nencanuu te = +25°C; TemmepaTypa mnepei peryJIupyroluM BEHTWIeM t, =
+15°C; temmeparypa ucmapenus t, = -10°C. Xiamompou3BOAUTEIHLHOCTH B
ctanaapTHeIX BT onpenenstoT npu ycnoBusx: t, = +30°C t, = +25°C; t, = -15°C.

X1aa0npon3BOUTEIHHOCTh KOMIIPECCOPA, Pa3BUBAEMYIO MPHU JACHCTBU-
TEJIBHBIX TEMIIEPATYPHBIX YCIOBUSAX, T.€. OTIMYHBIX OT HOPMAJIbHBIX WIJIM CTaH-
JApTHBIX, HA3BIBAIOT padoueil. J{is mepecyeTa XJ1aqonponu3BOIUTEILHOCTH KOM-

npeccopa OT HOpMaJabHOU K paboueil mpuMeHsItoT popMyty

A
Q, = Quop v %o (3.9)

Viop “70HOp
rae Q, — XJIa10nponu3BOAUTEIHLHOCTh KOMIIpEccopa Mpu paboyux yCIOBH-
ax, BT;
Quop — XJAOIPOU3BOAUTEIBLHOCTh KOMIPECCOPA MPU HOPMAJIBHBIX YCIIO-
BUsX, BT;
(v — 0ObeMHas XJIaJOIpPOM3BOAUTENHLHOCT, 1 M® XOJNOAMIBHOTO areHra,

npy paboumX yCIOBUAX IPUHUMAETCS MO CIPABOYHBIM Ta0nuuaMm, KJIx/m>;
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qv - 00beMHas XJIaa0Impon3BOANTCIIbHOCTD 1 M3 XOJO0OAUJIBHOT'O arcHra
HOP

TP HOPMAJIBHBIX YCIOBHAX, HATIPUMED, JUI aMMHaKa pasHa 2851 kJx/m>;
Aol Ao wop — OTHOIIIEHUE KOX(PPUIIMEHTOB MOJaYN KOMIIpEccopa MpH padodnx
¥ HOPMAJIbHBIX YCIOBUSIX, OMPEACIIEMbIX MO 3aBOJICKUM IpaduKam.
Pabouas xmagonpou3BoauTeNbHOCTh KoMipeccopa Q, (Bt) nmpu uukie ox-

HOCTYIIEHYATOTO CXKaTHs XJIaJareHTa MOXKeT OBbITh onpezenieHa no Gopmye

Qp = ho Qv Vu; (3.10)
IIpHU ABYXCTYIICHYATOM CXKATHU XJIaAaI'CHTA
Q,=V,qyh,, (3.11)

rae (y - 00beMHas XJIaJONpPOU3BOAUTENBHOCTh XJIAAATEHTa IPU padodyen

TEMIIEPATYpE MCHAPEHUS M TEMIIEpAType IMEpel PEryJUpYyIOIAM BEHTHIEM
(mpuHUMaeTcst o TabauaM oO0bEMHOM XJIaJ0MPOU3BOJUTENILHOCTH XJIaJareH-

Ta, KJx/M);
Ay - KOAQQUIMEHT MOJaul HUIHHAPOB MEPBOM CTYNECHH, 3aBHCAIIHNA OT

OTHOIICHUS JABJICHHS B TIPOMEXYTOYHOM COCY/€ K JaBJICHHUIO MCTIAPCHHS XJja-
nare’Ta (MpUHUMAETCS 10 3aBOJCKUM Ipadukam);

V,, — 4acoBoif 00bEM, OIIMCHIBAEMBII TIOPIIHEM KOMIIPECCOpPa, M>/4;

V), — TO e, BTOPOI CTyneHu, Mo/u.

JIJ1s1 OpUEHTUPOBOYHBIX PACUETOB MOXKHO TMOJIB30BATHCS CIAEAYIOIIUM Ipa-
BUJIOM: Ha KaXIbI Tpaayc MOHWKEHUs Temrneparypbl Hmke —10°C xmamompo-
W3BOJAUTEIBLHOCTh KOMIIpeccopa yMeHbInaercs Ha 3,5-4%. HaoGopot, Ha kax-
JBIA Tpaayc TOBBINICHUS Temmeparypsl ucnapenust cBepx —10°C mpousBoau-
TEJIbHOCTh KOMIIpeccopa yBeauuuBaeTrcsi Ha 3,5-4%. V3MeHeHue Npou3BOIU-
TEJIbHOCTH Ha 4% OTHOCUTCS K TOPU30OHTAJILHBIM MallliHaM, a Ha 3,5% - K Bep-
TUKQJIBHBIM. XJIAJOTIPOU3BOIUTEIHLHOCTh KOMIIPECCOPOB MPU TEMIIEPAType UC-
naperus —25°C npumepHo B 2,5 pa3a MEHbIIIE XJIaA0MPON3BOAUTCIIBHOCTH KOM-
peccopoB npu Temrepatype ucnapenus —10°C.
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Temnepatypy ucnapeHusi npuHUMaroT Ha 5°C HUKe TeMIepaTypsl XJaao-
HOCHTEJIS, MOJABAEMOr0 B KOJIOHKH IPU OJHOCTYIIEHYAaTOM PEKHUME PadOThI
cTaHIuu, U Ha 7-8°C mpu ABYXCTYyNEHYATOM pEXHUME, HO He Hmke Ha 5-7°C
TEMIIEpaTypbl 3aMep3aHus XJaJoHOCUTENs. J[aBlIeHHe UCHapeHMs XJlaJarcHTa
NPUHUMAETCS MO CIPABOYHBIM Ta0JIMIAM B 3aBUCHMOCTH OT TpeOyeMon TemIe-
paTypbl ucnapeHus. TemrepaTypy KOHICHCALMM XJaJarcHTa NPUHUMAKT Ha
10° BhIIIE TEMMEpaTypHI, T0/1aBAEMOI1 B KOHJIEHCATOP.

[lo Temmeparype ucnapeHus W KOHACHCALMH XJIaJOTE€HTAa ONPEACISIOT
JaBJI€HUE KOHJAEHcauuu mnapoB xjianoreHta (Py) u naBneHue wucnapeHus
(Po).OnpenensioT creneHp ckaTus XJIaJA0reHTa €.

Ep = PK/ Po.

Ecnmu ¢ > 8, HEOOXOAMMO NPUHUMATh JBYXCTYIEHUYATHIA PEKUM PabOTHI
KOMIIpeccopa.

JI71s1 BBIMOJTHEHUST KypcoBOW paboThl 3HaueHus: Pk u Po mipu cooTBeTCTBY-

IOIIIEH TemMIepaType aMMuaka MOKHO MPUHUMATh U3 TaoI. 6.

Tabmuma 8
Temmnepa-
Typoa aMMHua- 50 40 30 o5 20 0 0 0 5 0
ka,°C
Jasie- ‘ ‘ ‘ |
mieMUa g0 107 |12 |15 |19 |29 |43 |61 |86 |00 |17

Omnpenensiercs Mo TabnuiaM padodasi X0JI0I0IPOU3BOIUTEIBHOCTD TIPUH -
TOrO TUIA KoMIipeccopa. OnpenenseTcs KOJIMYECTBO KOMIIPECCOPOB.

s kaxaoro koMmipeccopa NpeaycMaTpUBaETCS YCTAHOBKA OTIEIBHOTO
HCITApUTEIII U KOHACHCATOpa ¢ pabodeii MOBEPXHOCTHIO, PABHOM JJIs1 HCTIApHUTE-
a1 Fy = 1,2 Qcp/Qu,

Jli1st konaeHcaropa

F«=1,2 QCp/qK-, (312)

Qp — paboyas X1a10npON3BOAUTEILHOCTD KOMIIpeccopa, BT;
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Ox — yOeNbHas TEIIoBas Harpy3ka Ha 1 M? IOBEPXHOCTH KOHJEHCATOpa
(3500-4500 kkan/m® 4) s KOKyXOOOPa3HBIX TOPH3OHTAIBHBIX M BEPTUKAIb-
HbIX, (3500-5000 kkan/mM? 4) U1l OPOCUTEIBHBIX.

OmnpenensroT MPoI0JKUTEIIEHOCTh PaOOTHI CTAHITUH B TACCHBHOM PEXHME.

OnpenesnsroT THIT U YUCIIO KOHIAEHCATOPOB

OmnpenensiroT TUIT U YUCII0 UCTIAPUTETICH.

OnpenensitoT MoTpeOHOE KOJUYECTBO BOABI JJISI KOHJIEHCATOPOB MW IS
OXJIaxIeHUs KoMmIpeccopos (5-8 M3 uac).

OmnpenensroTcs mapameTpbl pacCOTBLHON CETH.

Jlis aMMUa4qHBIX TPYOOIPOBOIOB MPUMEHSIOT CTalbHBIE OECIIOBHBIE TO-
psiuekarannbie TpyOsl 1o ['OCT 8732-70 u xnagunotsnyteie o I'OCT 8734-58.

TonumHy CTEHKH BBIOPAHHOTO TPYyOOINPOBOJAA IMPOBEPSIOT PAcUyETOM Ha
BHyTpeHHeEe naBienue 40 krc/cm?,

JuameTp TpyOOIPOBOIOB XJIAIOHOCUTENIS ONIPEACIISIOT 1Mo (hopMyie

d, = RIE , (3.13)
2800, yc(t, —t,)

rne Qpc — pabouas XJ1aJOMPOU3BOJUTENBHOCTh 3aMOPAKUBAIOLICH CTaH-
MU, KKaJ/4;

Y - MJIOTHOCTHh XJAaJOHOCUTENS TMPUHSATOW KOHIEHTPALWHW; Ui BOJHOTO
pacTBOpa XJOPUCTOrO KalblUs (paccosia) 3Ta BeJIMYMHA MPUHUMAETCS MO Tad-
JIMYHBIM JaHHBIM, KI/M°;

C — TEIJIOEMKOCTh XJaagoHocuTens [Kkai/(kr °C)] mpu ero cpenHen Temme-
paType B KOHII€ aKTUBHOT'O 3aMOpPaXXMBaHUS IOPOT

te, = (b1 + 1)/2; (3.14)

t; — Temneparypa XJIaJ0HOCHTEIS, TOaBAEMOT0 B KOJIOHKY, °C;

f, — TO JKe, BBIXOISIIETO U3 KOJOHKH, °C;

(t2 — t1) — pa3HOCTBH PTHX TemmepaTyp, NMpuHUMaeMas paBHou 2°C mpu

00br4HOM U 3-4°C mpu HU3KOTEMIIEPATypPHOM 3aMOpaKMBaHUU;
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®x — CKOPOCTh JIBIDKCHHSI XJIQJIOHOCUTEINS B TPYOOTIPOBOIE, MPUHUMAaEeMast
paBHOM 1,5-2 M/c 111 MarucTpajibHBIX TPYO.

st MarucTpanbHBIX TPYyOOIPOBOJIOB XJIAJOHOCUTENS, a TaKKe KOJIbIle-
BBIX, PAcCIIOJaracMbIX B rajepee BOKPYT YCTbSl MPOEKTUPYEMOIO CTBOJA, MC-
MOJIB3YIOT TPYOBI aramMeTpoM 150 MM M BBIIIE€ C TOJIIUHONW CTEHKH 5-7 MM IO
['OCT 8732-70.

Hacocel ns xnagonocurensd. 1IpeaHa3Hadensl i1 NPOKA4YKW XJIaJOHOCH-
TEJsl Yepe3 UCHapUTellb, 3aMOPAKHUBAIOIIUE KOJOHKH U CUCTEMY TPYOONpPOBO-
JIOB Ha MOBEpXHOCTH. Hacoc BHIOMPAIOT MO KaTaJory MpU pPacueTHBIX MPOU3BO-
JUTENBHOCTH ¥ MOJIHOM Harope. [Ipon3BoaureasHOCTh Hacoca (B M%/4) ormpee-
JSIIOT 10 popmyJie

_ Qe
" ycAt

™ (3.15)

rae At — pa3HOCTb TEMIEpaTyp MEXIY XJIAJOHOCUTEIEM, TOCTYIAIOIINM B
KOJIOHKY M BBIXOJSAIIUM U3 Hee, °C.

[TonHpIi Hanop Hacoca (B M) B CETH XJIaJI0HOCUTES

Hy = Zh, + Zh,, (3.16)

rae X, — cyMMapHbIe MOTEpPH HAropa B TPyOOIPOBOJAX XJIAAOHOCUTEIIS,
onpenensieMble 1Mo ¢Gopmyie, ykazaHHOW B pasnene «[lapamerpsl nBUMKEHUS
XJIAJOHOCUTEIIS B KOJIOHKEY;

>h,, — cyMMapHBIe TOTepH Hacoca OT MECTHBIX COIPOTHBIICHUH (paciimpe-
HUE WIH CYXEHUE TPyOOIpOBOAa, TOBOPOT TPYObI, 3aJIBUKKA U T.1.)

[ToTepu Hamopa OT MECTHOTO COMPOTHUBIICHHUS (B M)
h, =1 o, (3.17)
2g

rjae & - KodPUIUEHT MECTHOTO COMPOTHURJICHUS JIBHKECHUIO XJIAJI0AHOCH-
TeJIs, MPUHUMAEMBIN 10 TaOJUYHBIM JTAHHBIM.
OcranbHble BEIMUMHBI yKa3aHbl B (opMynax paszzaena «llapamerpsl aBU-

KCHUA XJITaAOHOCHUTECIISI B KOJIOHKE)).
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MontHOCTh AJIeKTpoABUTaTENs Hacoca (B KBT)
ool (3.18)
3600-102n

rae k... Hacoca i) = 0,7+0,8.

Hacocher miis oxnmaxnaromniedt Boasl. [Ipu pabore 3amopakuBaroiiei craH-
MU PacXOAyeTcsl B OCHOBHOM BOJa B KOHAEHCATOpaX Ha OXJIaXJICHUE aMMHUaKa,
a TaKke MWIMHAPOB KoMIlpeccopoB. Uepes cucteMy BOJSIHBIX TPyOOIPOBOJIOB
BO/JIa TPOKAYMBAETCS C MOMOIIBIO CIEIUAIIbHBIX HACOCOB, YCTAHOBJICHHBIX B 3a-
MOPaKHBAOIIEH cTaHIMU. THIl Hacoca BEIOMPAIOT TIO KAaTAJIOTy MPH PACYECTHOM
3HAYEHUM €T0 MPOU3BOAUTEILHOCTH. KonnyecTBO oXJiakaaroiiei Bojbl, oja-
BAEMOM Ha KOHIEHCATOPHI (M>/4), oIpefensioT no Gopmye

1.2Q,,

= <pe (3.19)
1000At .

riae Qp. — paboyas XJIa10npON3BOAUTEILHOCTD CTAHIMH, KKaJl/u;

Aty =1’ — t’ — pa3HOCTB TEMIIEPATYP BOJBIL, BEIXOSIIEN U MOCTYIIAKOMIEH HA
KoHaeHcaTopbl, °C. i1 OpOCHUTENBHBIX KOHAEHCATOPOB 3Ta Pa3HOCTh paBHA
3°C, my1s KOKyxoTpyOoHbIX 5°C.

Pacxon BOABI Ha OXJaXIEHHE LUIMHAPOB KOMIIPECCOPOB IPUMEHSIOT I10
NacrnopTHeIM AaHHbIM. [ komnpeccopoB tuna AO, JAO, JAOH pacxon Bo-
161 6-10 M3/4 Ha oxHy MammHy. [ KOHAEHCATOpa, pabOTAONIEro ¢ KOMIIpEC-
copom tuna AO-1200, opueHTHpOBOUHAs TOTPEOHOCTE B Boze 200 M%/4, ¢ KoM-
npeccopom JJAOH-350 — 150 m%/u.

Janusbiii naparpad wumoctpupyercs oOeid KOMIOHOBOYHOM CXeMol 3a-
MOpaXXMBAIOUIEH CTaHIIMU M PACCOJBHOM CETH, TaKKe YKa3bIBaeTCsl BbIOpaHHas
cxema MPOXOJKU CTBOJA U BIOPAHHBINA TUI KPEIJIEHUS CTBOJIA.

Tabnuma 9

DU3UKO-TEXHUUECKUE CBOMCTBA HEKOTOPBIX TTOPOJI.
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Taoauna 9

Ennuuna Jx Krc*M Kajl KKaJl kKBT*u
Jlxoyinb 1 0,102 0,239 2,39x10* 2,78x1077
KHIIOrpamMM *cuiia | 9 8067 1 2,343 2,343x10° | 2.72x10°®
*MeTp

raiopi 4,1868 0,42686 |1 10° 1,16x10
KHJIOKATIOPHSL 4,1868x10°% | 4.2686x10? | 103 1 1,16x10°3
KWJIOBaTT*4ac 3.6x10° 3,67x10° 8.6x10° 8,6x102 1

Kpemnnenue cTBONMa AOMKHO oOOecmeunBaTh BOJIPOHETIPOHUIIAEMOCTD,
MIPOYHOCTH M JIOJITOBEYHOCTh CTBOJIA. KpoMe TOro, KOHCTPYKIIHS KPEMNu J0JKHA
obecrieunBaTh MpEeaOTBpAICHUE MOCTYIUICHUS BOJ MO 3aKPEIHOMY IIPOCTpaH-
cTBy. Yaiiie Bcero , B 0OBOJIHEHHBIX MOPOAAX KPEMb COOPYKAIOT U3 UyT'yHHBIX
TIOOMHTOB CO CBHHIIOBBIMHU IPOKJIAIKAMHU MEXIYy HUMH B OCTOHOM, 3arOJHSIO-
IIUM 3aTIOOMHTOBOE MTPOCTPAHCTRO.

[IpuHuMaeM gucio TEOOMHTOB B KoJiblle N=13 mryk

COopka TIOOMHTOBBIX KOJIEIl U KOJOHH IMPOM3BOIUTCS TIPH IMTOMOIIU 0OJITO-
BBIX coenuHeHHH. B cocTtaB 00ATOBOro COSIMHEHHS BXOIAT : OOJIT, ramka,
CTaJbHbIC HAKJIAIHbIC WM CBUHIIOBBIC IAHOBI. BOJITHI YepHbBIE C MIECTHUTPAHHOU
rosoBkoii o 'OCT 7798-70, raiiku yepusie mecturpannabie o [[OCT 5915-79.
CrasibHbIe HaKJIAHbIE MIANHOBI MPUMEHSIOT JJisi 00KaTHsl CBUHIIOBBIX IIA0 ¢
IIEJBbI0 YIUIOTHEHHS CBHHIIA B 00ITOBBIX OTBepcTHsxX. I11aiiObl cTambHBIC IIOC-

KHC IMIPUMCHSAIOT OJIA YKIAAKH 110 TammoHa)XHbIC HpO6KI/I.
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KombuHUpoBaHHaA
KOHCTPYKUMA
-¥Kene3obeToH
(KOHCTpYKUMA C
NO/IHOM CBA3bIO)
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OTranBaHue 3aMOPOKEHHBIX IOPO/

[Tocne mpoxoAKu CTBOJIA HA yY4aCTKE 3aMOPOKEHHBIX 1TOpOJ , padoTa 3a-
MOpPaXKMBAIOLIEH CTAaHIIUU MPEKPAIIAECTCS U HAUMHAETCS] OTTauBaHUE 3aMOpO-
YEHHBIX opoJ. OTTanBaHue NOPOJ ObIBAET ECTECTBEHHBIM U HCKYCCTBEHHBIM.
OTtTrauBaHue opoj, MPOUCXOJALIEE TOIBKO IO BIUSHUEM TEILIA, IIPUTEKAIO-
IIET0 CO CTOPOHBI HE3AMOPOKEHHBIX TOPOA ( 36MHOU TEIJIONPUTOK), HA3bIBAET-
Csl €CTECTBEHHBIM. [IpOA0IKUTENIBHOCTD €CTECTBEHHOI'O OTTauBaHUS MTOPO/I 3a-
BUCHUT OT KOJIMYECTBA X0JI0/1a, IEPEJAaHHOIO IOPOJIaM BO BPEMs UX 3aMOpaKu-
BaHMUsI, OT TEMIEPATYPBIL, TPU KOTOPOU OCYILECTBIIOCH 3aMOpaKHUBaHUE. A
TaK)Ke OT TEIIOPU3NYECKUX CBOMCTB 3aMOPOKEHHBIX MTOPOJ ( TETIONPOBOI-
HOCTb, TEINTIOEMKOCTH U Jip). CKOPOCTh MOBBILIEHUSI TEMIIEPATYPBI MOPOJ TIO]T
BIMSHAEM 3€MHOTO TEILIONPUTOKa B cpeareM coctasiuset 0,1°C. B cyrku. Co-
OTBETCTBEHHO, CKOPOCTh €CTECTBEHHOT'O OTTaWBAaHMS IIOPOJI COCTABIISET B CPEA-
HeM 0.1 cM/cyT. JIoCTOMHCTBOM €CTECTBEHHOTO OTTauBaHUA MOPO/I ABIISETCS
OTCYTCTBHE 3aTpaT Ha €ro ocyuiecTBieHue. OCHOBHBIM HEJOCTATKOM €CTe-
CTBEHHOT'O OTTaWBaHUS NOPOJ SBJISIETCSI HEBO3MOXHOCTD YIIPABIISITh POLEC-
COM, YTO MOXET MPUBECTH K HAPYLUIEHUIO FTE€PMETUYHOCTH KPEIHU.

HckyccTBeHHOE OTTauBaHUE OPO/I SBJISIETCS MMPOLIECCOM, OOpaTHBIM 3a-
MOPKUBaHUIO. 11 THTEHCMBHOCTB €ro 3aBUCHUT OT TEIIO(PU3NYECKUX CBOMCTB
TOpPHBIX TOpoA. ['uApOreosornyeckux ycaoBui MECTOPOXKICHHUS, CIIoco0a 1
TE€XHOJIOTHH UCKYCCTBEHHOT'O OTTauBaHMS MOPOoA. [TpooIKuTenbHOCTh OTTaN-
BaHMSI 3aBUCUT €I OT KOJMYECTBA X0JI0/1a, IEPEJaHHOTO OPOAAM BO BpPEMsI X
3aMOpaXUBaHUA U OT TEMIIEPATYPbl, IPU KOTOPOH OCYLIECTBISIOCH 3aMOPaXH1-
BaHHE. VICKyCCTBEHHOE OTTaMBaHUE MOPOJ MOYKET OCYLIECTBIATHCS CIEAYIO-
MMM CIIOCO0aMM: LIUPKYJIALMEN TOJIOTPETOrO XJIAJOHOCUTENS B KOJIOHKAX; 3a-
IIOJIHEHHEM CTBOJIA BOJIOM C MOCIEAYIOIIMM OJOTPEBOM €r0 NapoOM; IOAO0Tpe-

BOM BO3ayXa, IogaBacemMoro B CTBOJ U T. .
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IToramenne 3aMOPaAKUBAOIIIHUX CKBAYKHUH

[Tocnne okoHUYaHUs pa6OTHO HCKYCCTBCHHOMY OTTAUBAHHIO 3dMOPOKCHHBIX

opoJ

1.6. BLIBOP U OBOCHOBAHHUWE TEXHOJIOT'MHX ITPOXOJAKHU
CTBOJIA

¢ BEIOMPAIOT cXeMbl MPOXOJIKH CTBOJIA ( MapasuiesibHYIO, MOCJEI0BaTEIhb-
HYIO JIU COBMEIIEHHY10). OOOCHOBBIBAIOT BBHIOOpP MPUHATON CXEMBI ( U3 BO3-
MOXHOW JIJII JAHHBIX TEOJOTHYCCKUX YCIOBHH BEIMYMHBI 3aXOJKH, HATHIUS
MIPOMOPOKEHHOTO S7[pa, MPHUHSATOTO Croco0a v BUIA KPETUICHUS , U T.1.).

¢ BpIOnparoT mpoxoaueckoe 000pyJ0BaHHUE.

[Ipoxoaka CTBOJIOB B 30HE 3aMOPOKEHHBIX IOPOJ MOXKET ObITh HayaTa
TOJIBKO TIOCJIE€ TOTO, KaK YCTAHOBJIEHO, YTO JIEIONOPOAHOE OrpaXKaeHue, o0pazo-
BaBIIIEECs BOKPYT CTBOJIA , OTBEYAET MPOCKTHBIM TPEOOBAHUSM.

Crioco6 pa3zpyliiieHrs 3aMOPOKEHHON TOPOJBI 3aBUCUT OT €€ MPOYHOCTH.
[Topoabl ¢ koapdunmenTom kpenoctu 1o mkaie npod. M.M IlpoToabsikoHoBa
f=1,5-2 pa3pymaror 0OTOOHHBIMA MOJIOTKAMH M ITHEBMOJIOMAaMH.

[TocnenoBarenbHOCTh PA0OT MO BBIEMKE MOPOJABI 3aBUCUT OT CTEIIEHHU €€
3aMOPOKEHHOCTH B sJipe cTBOJIA. [Ipu Hamuuuu siipa U3 HEMPOMOPOKEHBIX TTO-

POl BBIEMKY HauWHAIOT ¢ sapa. [locne Beiemku mopoj siapa Ha rmyouny 60-70
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CM IPOU3BOJAT OTOOWKY 3aMOPOKEHHBIX IOPOJ MO BCEMY CEUYEHHIO CTBOJIA C
MOMOILbIO OTOOMHBIX MOJIOTKOB M THEBMOJIOMOB.

Ecnu nopoapl mpoMOpoKeHbI IO BCEMY CEUYEHHUIO, TO MPOXOAKY HAUWHAIOT
C BBIEMKH IIEHTpalbHOro BpyOa Ha riyOuny 50 cm. 3aTtem OTOOWKY BEIyT B
HanpaBiieHuu nepudepun crBoia. KomamuecTBo mpoxoauyukoB B 3a00e CTBOJA
ONIPENENAIOT U3 pacdyera 2,5-3,5 M? IUIOMAAM CEYEHHs CTBOJIA B MPOXOJKE Ha
OJITHOTO YeJIOBEKa. B ocTalbHBIX Cclydasx NPUMEHSIOT OypOB3pPBIBHBIE pa0OTHI.

JlnameTp OKpYKHOCTH PACIOJIOKEHUS MEepUPEPUNHBIX HIMTYPOB MPUHUMA-
IOT B 3aBUCUMOCTHU OT KPEMOCTH MOPOJI U PACCTOSHUSA JI0 3aMOPaXKUBAIOIINX KO-
noHoK Ha 0,4-0,6 M MeHbIIIE THaMeETpa CTBOJA B TpoXoake. Paccrosanne Mexy
COCEHUMHM ILIImypaMu Ha 3Toi okpyxHoctu 0,8-1 M. Ilepudepuiinbie mimypsl
pacnoJiiararoT Ha paccrossHuud He meHee 1,1 —1,2 M OT 3amopakuBaronX KOJIO-
HOK. [Ipy MeHbIIEM pacCTOSHUM KOJIOHKH MOTYT OBITh MOBPEKIEHBI B3PHIBOM.
[ToaTOMy B mOCIEIHEM cilydae ILIITypbl 3apsDKar0T YMEHBIIEHHBIM 3apsaoM BB
WIM pa3pylaroT Mopoy OTOOMHBIMM MOJIOTKaMH. PaccTosiHMe MeXay OcTajb-
HBIMHM OKPY>KHOCTSIMHM PacIOjOKeHus mypoB coctasisieT oT 0,6 1o ,2 m. 4
CTBOJIOB JJUAMETPOM 8,5 M B IIPOXOJIKE MPUHUMAIOT IISITh OKPYKHOCTEW pacmno-

JIO’KEHUS IITyPOB MpU 00111eM ux Koiaudectse 80-85 mT

[Ipu nmpoxojike CTBOJIOB JUaMeTpoM 5,5-9 M B mopoaax ¢ kordduiuen-
toM KpenoctH T 6osee 2 mo mkane mpod. M.M.IIporoabsikoHOBa MpeaycMaT-
puBaetcs npuMeHeHne ycranoBkd bYKC-1m, npeaHa3zHaueHHON 11 MEXaHHU3a-
UU TpoleccoB Oypenust mmypoB. OHa COCTOUT U3 YEThIpeX OYpPHIIbHBIX Ma-
IIMH, OCHAILIEHHBIX OypHIIbHBIMH ToloBKamMu BI'A-1 ¢ aBTomogaTunkom, yKkper-
JIEHHBIMH HA Pa3ABUKHBIX CTOMKAX.

Ha nepuon OypeHHs ycTaHOBKa OIyCKaeTCsl B CTBOJI U HAaBEIIMBAETCA Ha
tenbgdep norpy3ounoit MmamuHbel KC-2y/40. [lepemenienne ycTaHOBKH 1O 320010

OCYHICCTBIIICTCA CHUCTEMOM MEXaHHUYECKOI'O BOXKACHUA HOpr3OLIHOI71 MalllnHBbI,
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yIpaBisieMoi U3 KaOMHBI WK 3a00s1. J1J1st IPOXOJIKK CTBOJIOB HAa MaJible I1yOu-
HBI ( 10 50 M) peKOMEHyeTCsl UCTIOIb30BaTh KOMILIEKCh 00opyaoBanus KITI,
HI'TY-2 u np.

B cocraB xommiekca obopymoanus KIILL, koTopeiit mpegHazHadeH s
MIPOXOJIKH YCTHEB M CTBOJIOB TiIyomHOM 10 50 M BxoasaT aBTokpaH 1 K-161 nmmn
MKTI-25, nueBmonorpy3uuk 6 KC-3M, noaBecHas onaiyoka 5, MpoXoauecKue
nebenku 7, MpeaHa3HAYEHHBIC IS MOABECKH OmMaixyOKku, skckaBatop 3 DIII-
1514, 6anps 4, yHuBepcaidbHas pama 2 C JIEPEBSHHBIMU WM METAUTMYECKUM
HACTUJIOM, JIOTOK 9 uist 0ETOHHOM CMECH U TIEperpy30uHbIi OYHKEp 8 CO cTaBOM

TpyO 1715t mogauun O€TOHA B 3a0ManTy00UYHOE TPOCTPAHCTRO.

lll-l-l-l-l-l
SC LI T

T T T

7

Komnnekc KC-14
1 - nOrpy3oyHas MallMHa; 2 - NO4BEeCHON NpefoXpaHUTeNbHbIN NONOK;
3 - o6opyaoBaHue ANA 3aJaBNUBaHUA Kpenwu; 4 - KpaH; 5 - Konép; 6 -
CaMOONPOKUAHAA CKUNOKNETb UK ONPOKNAHAA KNeTb; 7 - MOHOpeJbC.
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Komnnekc o6opynosanua KLl

1 - aBTOKpaH; 2 - yHUBepcanbHaA paMa ¢ gepeBAHHbIM UIu
MeTaNInyecKuM HacTUNoM; 3 - aKkckaeartop; 4 - 6aabAa; 5 - nogBecHas
onany6ka; 6 - NTHeBMONOrpy3uuK; 7 - npoxoayeckue ne6éaku; 8 -
neperpy3ouHbiit 6yHKep; 9 - NOTOK ANnA 6eTOHHON CMecH.

Jlist mpoxoAKu TIIyOOKHX CTBOJIOB CIIOCOOOM 3aMOpaKMBaHUSI ,B OCHOB-
HOM ,MCIIOJIb3YETCSl TOPHONPOXOAYecKoe OO0OpyIOBaHUE, MPUMEHSEMOE IPH
MIPOXOJIKE CTBOJIOB OOBIYHBIM CITOCOOOM, a MMEHHO: IMPOXOJAYECKHE KOIIPHI,
MOTbEMHBIE MAIIIUHBI, TPOXOaUecKue JeOeIKH, ToIBeCHbIe MOJKu. [Ipoxomue-
ckue 0aIbH, HANPABISIIONTNE PAMKH, HATSKHBIC PaMbl, TIPUIICITHBIC YCTPOMCTRA,
BEHTUWJISATOPHI, Kajgopudepsl, TpyOONpoBOAbl, KaOeau, HACOCHI, CIlacaTelbHbIC
JISCTHUIIBI M JIp. BCE 00OPYIOBAHKE B CTBOJIC M KOIIPE JOHKHO OBITH BO B3PHIBO-
0€30MacHOM HCIMOJHEHUU. THIT U KOJIUYECTBO 000PYI0BaHUSI TPUHUMAIOT B 3a-
BUCHUMOCTH OT TabapuTOB CTBOJA, €T0 TIYOHUHBI, TEXHOJIOTHH U TEMIIOB MPOXO/I-
KM, c11oco0a MoABECKH TpyOONPOBOJOB B CTBOJIE, KOHCTPYKIIMU KPEIU CTBOJA U
T.11. OOBIYHO PUHUMAIOT COOPHO-PA30OPHBIC MIATPOBBIE KOMPHI, st IpoXo -
YECKUX TMOJBEMOB MPEAYCMATPUBAIOT MOABEMHBIC MaruHbl THOB bM-2000,
bM-3000, II-3,5x2, 2I1-3,5x1,7; nns maTepualbHBIX NOABEMOB HCIOJb3YIOT

BM-2000, BM-2500, BM-3000. ;11 HaTsO>KEHUsI HAIPaBISIONIMX KaHATOB MC-
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nonb3ytot sedenku 2JII1-5/500, 2JITIM-10/600 u ap. Beimaua mopoabl ocy-
IIECTBIISIETCS. B CAMOOIIPOKHUABIBAIONTUXCSI TIpoxoauecknx Oanpsiax BIIC emko-
cteio oT 0,75 mo 3 M3, JIns criycka U BbIIAYM MaTE€PUAlOB IIPUMEHSIOT Oalby
BIl, otnuuaromuecst ot 6aneid BIIC orcyrcTBueM oOopyoBaHUS JJis OMPOKH-
IpIBaHUs Oazeil npu pasrpyske. [lpuienHsie ycTpoicTBa s 6a1eid IPUMEHSIOT
nByx TUNOB : oObruHbIe ( MITY) u obnerdyennsie (ITYB). B xonctpykuuu I1YD B
omimure ot MITY mmeeTcss KIMHOBAs BTYJIKA C KJIMHOBBIM BKJIJIBIILIEM JJIS Ca-
MO3aKJMHUBaHUA KaHaTta. JlJisi mpenoxpaHeHus packauuBaHusi Oalbu MpHU €€
JBH>KCHUU TI0 CTBOJTY ITpUMEHs0T Hanpasisironue paMmku PHK u PH-BIIC. Tun
Y rabapyuThl paMKU TPUHUMAIOTCS B 3aBUCUMOCTU OT €MKOCTH OaibH.

JIns mogbeMOB NMIPUMEHAIOT CTajibHbIE KaHaThl AuaMeTpoMm 20, 25 u 30 mmM,
JUJISL TIPOBOJTHUKOB — CTAJIbHBIE KAHATHI 3aKPBITOM KOHCTPYKIMU AuaMmeTpom 20-
28 MM. BepxHue KOHIIbI HAPABIISIIOUIMX KaHATOB KPEMAT K 6apabaHam e0e1oK,
HIDKHHUE — K HATSHKHOW pame. KOHCTpyKUIHMHM paMbl aHAJIOTWYHBI KOHCTPYKIIHH
HIDKHETO 3TaXka IMOJBECHOTO MOJiKa. MHOrjga B KauyecTBE HATSKHOW pambl HC-
IOJIB3YIOT IIOABECHBIE MOJIKA. Hanpumep, B cilydyae MpUMEHEHUS TOPOIOIIOTPY-
30uHOM MammHbl Tuna KC-2y, ee MoaBemIMBaKOT K MOJIKY-KapeTKe, KOTOPBIil
OJIHOBPEMEHHO SIBJISIETCS] M HATSXKHOM paMoi. OOBIYHO MPUMEHSIOT MOJABECHBIE
JIBYX3TAXKHBIE MIPOXOIYECKHUE TOJKHU C LIEHTPAIBHOU NOABECKOM. JlJIsi moaBeCKU
noJKoB mnpumensitorest nedenku JIII-18/1000, JIIT-25/600, JIII-35/800, JIII-
45/1000 u ap. paccTOsSIHUE MEXIY dTa)KaMU IMOJIKa IPUHUMAIOT 6,5 M U3 yCIo-
BUSI BO3BEICHUsI TIOOMHTOBOM Kpenu. HOorMa npu BefieHUU paboT U apMHUPOBKE
CTBOJIa MPUMEHSIOT TPEXITAKHBIE MTOJIBECHBIEC MOJIKH.

[Torpy3ka B30pBaHHOW MOPOJBI TPOU3BOJIUTCS MTHEBMATUYECKUMU TPYy3UH-

kamu tura KC-3 wm KC-2y/40.

Bce tpy6orpoBoibl 1 kabenu B CTBOJIAX MOJIBEIIMBAIOTCS HA CTATbHBIX Ka-
HaTax, 4YTO TMO3BOJISIET CBOOOAHO MepeMeliaTh MOJABECHOM IMOJOK MPU BEICHUU

I'uApOU30JIIIUOHHBIX pa60T.
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B ciydae npoxoaku cTBojia ¢ MPUMEHEHUEM IEepPeAOBONM OETOHHOW Kpemu
UCIIOJIB3YIOT NPHU3a00iHYI0 METAUIMYECKYI0 ONainyOKy , MOJBEIICHHYI0 Ha
CTaJIbHBIX KaHATaX.

Jlnst mogaun GETOHHOM CMECH B CTBOJ K MECTY YKJIAJIKH ( 32 TIOOMHTOBYIO
Kpelb WM 3a ONalyOKy) MpeayCMaTpUBAIOT JBa TPyOOMpOBOJA UAMETPOM
168x7 unu 219x7 mMM. TpyOOIpPOBOJBI MOABEHIMBAIOT HA CTAJbHBIX KaHAaTax
nuaMeTpom 29-49 Mm.

[IpoBeTpuBaHue CTBOJIA MPU MPOXOAKE OCYIIECTBIISIETCS TOJBKO MO HAarHe-
TaTeabHOM cxeMe. Bo3yX B CTBOJ HArHETAETCS BEHTWISATOPOM IO CTabHBIM
Wiy rTuOkuM ( U3 pa3IMuHbIX TKaHel) TpyOam, nuamerpom 0,4-1,2 M. OOBIYHO Y
CTBOJIa HAa PACCTOSIHUU HE MEHEee 15 M ycTaHaBIMBAIOT 1BA OJHOTUIIHBIX BEHTH-
asitopa. Jjist CTBOJIOB TUaMeTpOM B CBETY 5-8,5 M u rinyounoit go 300 M npeny-
cMaTpuBaroT BeHTHIATOPHI Tuiia CBM unu BM ¢ tpybornpoBogoM quamMeTpoM
600-7000 mm; myisg cTBOJIOB nuaMeTpoMm 5-8 M u riryounoi 300-800 m mpume-
HA0T BeHTWIsATOphl Tuna BIIII/I-8 ¢ TpyOompoBogom muamerpom 700,8000 u
900 mwm; mna cTBojoB nuametrpoM 7-8, 5 M u riryounoit 700-1500 M u Bbiie —
BeHTwisiTophl THNa BIIII-16 ¢ TpybompoBomom nuamerpoB 900, 1000 u 1200
MM. OOBIYHO OJIMH BEHTUJISITOP padOTAaEeT B TEUEHUM BCETO BPEMEHHU MPOXOJIKH,
a mocye B3pbiBanusg BB B paboTy BpemenHo ( Ha mepuoj MpoBeTpUBaHUS 32005
MOCJI€ B3PbIBA) BKIIKOYAIOT BTOPOU BEHTUJISATOP. BEHTWISIIIMOHHBIE TPYOBI MO/I-
BEIIMBAIOT HA CTAJbHBIX KaHaTax guameTpom 29-49 mm. B cTtBON noJKeH moaa-
BaThCs BO3MyX ¢ Temmeparypoi He Hke +2°C. I[lomorpes Bo3myxa OCyLIECTB-
asieTcs kanopudepaMu, yCTAaHOBJICHHBIMU HAa BCACHIBAEMOM CTpye BEHTUIISATOPA.
CTBOJIOBBIE MEXAHW3MBI 00ECIIEUMBAIOTCS CXKATHIM BO3JYXOM, TMOCTYHAIOIINM
OT KOMIIPECCOPHOM CTaHIMU 1Mo TpyOompoBogam auamerpom 108x4 — 219x7
MM. TpyOOIPOBOJBI YAEPKUBAIOTCA CTAIbHBIMU KaHaTaMu quametrpom 20-33,5

MM.
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Bo u3bexxanue np1000pa3oBaHusi B IIJIAHTaX U MEXaHU3MAaX IMPU KOHJIEH-
calMy BOJBI, CKaTbld BO3JyX Iepes MOoJadeil B CTBOJI OCYIIAIOT ( IepeoxJa-

KIAIOT).

[Ipu paspabomke epynma u3 komi06ano8 B MEPUOJ MOJIOKUTEILHBIX TEM-
neparyp BO3Ayxa JIEAOTPYHTOBOE OTpaXkJIeHHE HEOOXOAMMO 3allMIATh OT Jei-
CTBHUSI aTMOC(EPHBIX OCAJIKOB U COJHEUHBIX Jy4ei. Pexum paboTsl 3aMopaxku-
BAIOUIEH CTAaHIUU CJIENYET KOPPEKTUPOBATH C LEIbIO COXPAHEHUS Pa3MEPOB Jie-

JAOI'PYHTOBOI'O OTPAKACHHA U €I'0 TCMIICPATYPHI.

1.7. COOPYKEHHUE HAKJVIOHHBIX  BBIPABOTOK C
HPUMEHEHHUEM CIIOCOBA 3AMOPAKUBAHUA

HakiioHHbIE BBIPAaOOTKH COOPYKAIOT JUIsl MOABEMA IOJE3HOTO HCKOMAeMOro
KOHBEHEPHBIM CIIOCOOOM C YIJIOM HAKJIOHA o =16-18°, IpU COOPYKEHHUHU dCKAIATOP-
HBIX TOHHEJIEH METPOIIOJIUTEHA C yIIIaMH HaKJIOHa « =30°, MpH COOpPYKEHUU CU]O-
HOB KaHAJIM3aLMOHHBIX KOJUIEKTOPOB TMOJ pycllaMH peK ¢ yIJlaMH HaKJIOHa
a=30-40°.

B BOIOHOCHBIX HEYCTOMUYMBBIX MOPOAAX HAKIOHHBIE BBHIPAOOTKU CIIOCOOOM 3a-
MOPAKUBAHUS COOPYKAIOT CIAEAYIOIHUMH CIIOCOOAMH

A) Bokpyr Oyayied BbIpaOOTKHM OOpa3ylOT HAKJIOHHBIA JIEMOTPYHTOBBIA IU-
JUHAP, MPU 3TOM SIAPO BBIPAOOTKH CTPEMSITCS HE IPOMOPAXKUBATH; MPU 3TOM CIOCO-
0e HaKJIOHHBIE 3aMOPaKUBAIOIME CKBA)XUHBI pacrojararT MapaieIbHO MpPOa0ib-
HOUM OCH TOHHEJS Ha paccTosHuu 1,5-2 M OT KOHTypa BeIpab0TKH B mipoxoake u 0,9-
1,0 M oftHa OT Ipyroil. 3aMOpakKMBAIOIUE CKBAXKUHBI 3aryOJIsIIOT B BOJOYIIOpP HA 4-6
M IO HaKJIOHY WM Ha 2-3 M 10 BepTUKaIA. OTKIIOHEHUE a HAKIOHHOW 3aMOpa)u-
BAIOIIEH CKBAKMHBI OT 3aJaHHOTO HAaNpaBJICHHWs HE AOJKHO mpeBbimath 1% ot

JUTMHBI CKBAXUHBI L .( DTOT MeTo/ ObUI MPUMEHEH MPH CTPOUTEIHCTBE ICKATIATOP-
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HBIX TOHHeJeW B r.MockBe , Mpu ATOM I CTPOUTENbCTBA HAKIOHHOTO CTBOJIA
D =7,5m CKBaXWHHBI PACHOJArajiiCh MO OKPYXHOCTH JUaMETpoM 12 M, TOJIIMHA
CTEHKH HAKJIOHHOTO LIMJIMHJIPUYECKOTO OTPa)KIeHHs MpUHUMAsachk 3,5 M, HAKJIOHHAS

JUTMHA JICAOTPYHTOBOTO IMIMHIpa Obl1a 150 Mm).

Cxema 3amopaxumBaHna HakNnOHHbIMW CKBaXXUHaMI

b) Bokpyr Oymymieii BIpaOOTKH 00pa3yeTcs CIUIOIIHON MacCHB 3aMOPOKEHHBIX
TPYHTOB BEPTHKAIHHBIMU KOJIOHKAMH, TITyOMHA BEPTUKAIBHBIX CKBAXHH MPH STOM
SBJISIETCS IepeMeHHOM. JlaHHbIN crloco0 Yallle BCero NpUMEHSETCs B IIaXTHOM CTpO-
utenscTBe. HemoctarkoM crocoba sBhsieTcss HEOOXOAUMOCTh pa3pabOTKH MOJIHO-
CThIO0 IPOMOPOKEHHBIX TOPO/I.

B) npu 3TOM cnioco0Oe Ha/i HaKJIOHHOW BBIPaOOTKOM 00pa3yercs J1e10rpyHTOBBIN
MaccuB, ¢ OOKOB BBIPAOOTKY OTpakK1at0T BEPTUKAIbHBIMU JIEAOTPYHTOBBIMU CTEHKA-

MU, a CHU3Y — HAKJIOHHBIM OIIPOKHUHYTBIM CBOJIOM.
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- YBEIMYEHUE CKOPOCTU 3aMOPAXKUBAHUS, YTO OCOOCHHO Ba)KHO MPU HATUYUU
buabTpalli TPYHTOB WJIM TPHU MOCTYIJICHUU B BBIPAOOTKY MHMHEPATU30BAHHBIX
WM TEPMaJIbHBIX BOJI;

- BO3MOKHOCTh COKPATUTh KOJIMYECTBO 3aMOPAKUBAIOIIUX CKBAKHUH ITY-
TEM YBEJIMYEHHUS PACCTOSHUS MEKy HUMH;

- YMEHBIIIEHUE ITy4YEHUS ITOBEPXHOCTH IIPU IPOMEP3aHUH IPYHTOB

yYMEHbIIIEHHE BPEMEHH Ha 3aMopakuBaHue rpyHToB Ha 80-90%.

Cnucok peKOMeHIyeMOM JTIMTepaTyphl:

46



47



YACTD 2

BOJONOHWKEHUE ITPU CTPOUTEJIBCTBE IOJI3EMHBIX
COOPY XEHUI

Oo0mue cBeaeHus

Bopononwxkenne NpUMEHSIOT JUIi BPEMEHHOIO (Ha MEpUOJ CTPOUTEINb-
CTBA) CHW)KEHUS THMIPOCTATUUYECKUX HAMOPOB (YPOBHEHN) MOJ3EMHBIX BOJ C Iie-
JbI0 CO3/1aHuA OoJiee OJaronpUATHBIX U O€30MaCHBIX YCIOBHUM BEIE€HUS TOPHO-
CTPOUTENBHBIX PalOT.

Bonononunxkenrne npuMeHseTcs:

* IIPU NPOXOJKE TOHHEIEH METPONOJIUTEHOB U TOPHBIX TOHHEIIEH;

* [IpU NPOXOJKE CTBOJIOB ILIAXT;

* IIPU CTPOUTENBCTBE TPAHCIIOPTHBIX U MEIIEXOHBIX TOHHEEH;

* Ipy NoJIBOAKE (YHIAMEHTOB O] 3[aHMsI, PACHOJIOKEHHbIE BOJIM3U TOH-
HEJIeH;

* IpH NIPOKJIAJAKE WM NEPEKIIaJKe FOPOJACKUX MOJI3EMHBIX KOMMYHUKALIMMA
B BOJIOHACBILIEHHBIX TPYHTaX B MPOIIECCE CTPOUTEIHCTBA TOHHENEH.

CymHocTh crnoco0a BOAOTOHMKEHUS 3aKI0YAeTCsl B TOM, YTO HAa HEKOTO-
POM PacCTOSTHUM OT KOHTypa (puc. 2.1) Bokpyr OyayIiero moa3eMHOTO COOpY-
xeHust 1 OypsAT cUCTeMy BOJOMOHM3UTENBHBIX CKBOXHUH 2, U3 KOTOPBIX MOCTO-
SHHO OTKauMBalOT BOAY. B pesynbraTre ypoBEeHb MOJI3EMHBIX BOJ 3 B MECTE
CTPOUTEIBCTBA COOPYKEHUS MOHWKAETCS, TPYHTHI OCYILIAKOTCS, U3MEHSASI CBOU

¢bu3nUecKue CBOICTBRA.
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™ MogsemHan TpyGa

cosqHHEHHA
| nogbMHBEIX TRYS

KonnexTop ¢ MpoBka
oTBSPCTHAMM ONA peanBoBan
nogcosnWHeHAA '
wnaxra transflex

Sarmywxa MychTa "Trasflex"

BCTAEHAA

Puc. 2.2. Ilpunyunu-

Bodg Baiq
2 7

. Y y, gl anvbHaAs  cxemMa 8000No-

b

|
— | % | Vs HUDICEHUSL.
: ' ! 3agaya  BOJOMOHHU-
" E 5] J)KCHMS 3aKJI4YaceTcs B
-L< COOTBETCTBYIOIIEM co-

L | ]

MOJI3EMHOT0 COOPY>KEHHSI TpeOYEeMOM 30HbI OCYIIEHHBIX TPYHTOB, YTO MO3BOJIS-

3AaHNN W IIOAACPKAaHHNH

Ha ICpruoa CTpOUTCIILCTBA

€T BCCTH TI'OPHOIIPOXOMAYCCKHUC pa6OTBI B OTHOCHTCJIbHO 6J'IaFOHpH$ITHBIX ycliio-
BUAX.
HpOCKTI/IpOBaHI/Ie BOAOIIOHMKCHUA CICAYCT IPOU3BOANTL HA OCHOBC MATC-

pHuajI0B HHIXKCHCPHO-TCOJIOTHICCKUX U3BbICKAHUH:
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- T€0JIOTUYECKOE U JIMTOJOTOCTPATUTPAPUUECKOE CTPOCHHUE YyYaCTKOB pa-
0oT;

- OCHOBHBIE JJIEMEHTHI TEKTOHUYECKOTO CTPOCHUS pailoHa;

- TUJIPOTEOJIOTMYECKUE OCOOEHHOCTH OCBAaMBAEMOMN TEppUTOpUM (HATUYHE
BOJIOHOCHBIX TOPU30HTOB, UX XapaKTep, YCIOBUS MHUTAHHUS W Pa3TPy3KH, B3au-
MOCBS3b BOJIOHOCHBIX TOPU30HTOB, HAMPABIICHUS JIBUXKEHHUS MMOA3EMHBIX BOJI, UX
TEMITepaTypy ¥ XUMHUECKHUI COCTaB);

- (UIBTPAIMOHHBIE CBOWCTBA BOJOBMEIIAIOIINX TPYHTOB (BOJOTPOBOIM-
MOCTb, KO3(pbUIMEeHTHI PUIbTpaIud, bE30- U YPOBHEMPOBOAHOCTh, KO3hdu-
IIUEHT BOJIOOTAAYN);

- TPaHyJIOMETPUUECKHUIN COCTAaB PHIXJIBIX HECBI3HBIX TPYHTOB.

Bp100op cn1oco00B BOIONIOHUKEHUSA

B 3aBMCHMOCTH OT T'€0JOTMYECKUX U TUAPOr€OJOTNYECKHUX YCIOBUM CTpO-
UTENBCTBA PA3IMYAIOT TPU CIOCO0A BOAOIIOHUKEHUS:

1.nosepxnocmmulii;

2.U3 NOO3EMHbIX 8bIPAOOMOK,

3.KOMOUHUPOBAHHDLIL.

Br160p criocob6a BOJOTIOHMKEHUS 3aBUCUT OT: CBOICTB U yCIIOBHI 3aJera-
HUS TPYHTa, YCIOBUU MUTAHUS MOJ3EMHBIX BOJ, BOJONPOHUIAEMOCTH (KO3(-
¢unreHTa GuIbTpanuu) OCyIIaeMbIX T'PYHTOB, Pa3MEPOB OCYIIAEMOW 30HbBI B
IPYHTax, MOIIHOCTH BOJIOHOCHOTO TOPWU30HTA, XapPaKTEPUCTHUKU TEXHUUYECKHUX
CPEIICTB BOJOTIOHM>KEHHS.

HauGomnbiee pacrpocTpaHeHre MOTYyYrsl MOBEPXHOCTHBIN CrOco0 BOMO-
noHmxeHus. [Ipu 3ToM B 3aBUCHUMOCTH OT THIIA U PACTIOJIOAKEHUS BOJIONIOHU3HU-
TEJIbHBIX YCTPOUCTB MPUMEHSIOT JIUHEUHYI0 CXEMY BOJOIOHUKEHUS — BOJOMO-
HU3UTEIBHBIE YCTPOUCTBA PACHIOIATAIOTCS B PSI 110 NPSAMOU JIMHUU; KOHIMYDPHYIO
— IIPU UX PACIOJIOKEHUHU M0 KOHTYPY, OTHOAIOIIEMY COOPYKEHUE; KOIbYEB)IO,

KOTrJla KOHTYDP PpPacCIOJIOKCHUS BOJOIIOHU3UTCIBHBIX YCTPOﬁCTB SaMKHYTBIﬁ;
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}ZpyCHbllj — IIPH PpaCOJOXKCHHUHU BOAOIIOHU3HUTCIIbHBIX YCTpOﬁCTB Ha HECKOJIBKHX

ycTynax 1o riyOuHe KOTJIOBaHa.

B 3aBucmmoctm oT crocoba BOJOIIOHMI)KCHUA IPUMCHAIOT CICAYIOIINC

TCXHHUYCCKUC CPCACTBA. I[J'IH MCJIKOI'O ITOBCPXHOCTHOT'O MU IMOA3CMHOI'0 BOJOIIO-

HIDKCHUS IPUMEHSIIOT JleeKue uenoguibmposvle ycmanosku (JIUY), soicekmop-

Hule uenogurvmpol (OH), yemanoexku eaxyymuoeo (YBB) u 3a6otinozo éodono-

Huxcenuss (Y3BM). g riryOOKOTO MOBEPXHOCTHOTO BOJOMOHIKEHUS TpUMeE-

HAKOT BOAOIIOHU3UTCIIBbHBIC K BOAOIIOITIOIIAOIIME CKBAXXHWHBI, 1 MOIIIHBIC HACO-

CBbI. I[JBI OPUCHTHUPOBOYHOI'O BI>I60pa CpCACTB BOAOIIOHMKCHUSA PCKOMCHAYCTCA

Tabn. 6.
Tabnuua 6.
Pexomenayembie cpeacTBa BOAONOHUKEHHSI.
Koadpdu- BenuunrHa noHMXEHUs YPOBHS IPYHTOBBIX BOJI,
LUEHT (PUITb- M
['pyHTHI
tpauuu Ky,
hi (I 10 20 oonee 20
M/CyT
CKBaXHHBI
Cymecs, SpycHble | € MOrPYyXHBIMU
YcraHoBku
MEeCKU TbLICBa- YCTaHOBKH, HacoCaMH U J10-
0,2-0,7 OBBY, VBB,
ThIC JINY, DU, MMOJHUTEIbHBIM
Jny, o1
OBBY BaKyyMHPOBa-
HUEM
Jlerkue urnoGuIbTPOBHIE YCTAHOBKU
ITecku:
Onno- MHuoro-
Menkue 1-10
SAPYCHBIE SIPYCHEIE, To xe
Cpennue 10-25
KEKTOPHBIE
Kpynusie 25-50
UTIIOQUITBTPHI
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Ilecku bonee 50 OTkauka OTkauka
KpyTHbBIC, Tpa- BOJBI U3 CKBa- BOJBI U3 CKBa- To ke
BEJIUCTHIE JKUHBI IICHTPO- | KUHBI OTPYK-

['paBuii- OE’XHBIMHU HAacO- | HBIMM HacoCaMH
HBII TPYHT caMu

MHoro-
CJIOMHAs TOJIIA 0,005-200 Onpenensercs B 3aBUCUMOCTH OT KOHKPETHBIX
MOPO/JT pa3yiny- TCOJIOTUYECKHUX U THIPOTEOJIOTHICCKUX YCIOBHUI
HOW BOJOIPO-
HUI[AE-MOCTH

IIpoexTrpoBaHue U pacyeT MapaMeTPOB BOAONOHUKEHHUS

HpI/I IMPOCKTUPOBAHUH BOAOIIOHMIKCHUA TOJIKHBI OBITH OIpCACICHDI:

Benuuuna Tp€6y€MOFO IMOHMKCHUS YPOBHA I'PYHTOBBIX BO/;

pa3Mepbl TEPPUTOPUH, B TPEesiax KOTOPOU JTOJDKHO OBITh BBIMOJHEHO HeE-

00X0IMMO€ TOHM>KEHHE YPOBHSI TPYHTOBBIX BOJ, pa3Mepbl JENPECCUOHHON BO-

POHKH;

CIoco0 BOJOMIOHMKCHHUS;

PaCIoJIOKCHUE CUCTEMbBI BOOAOIIOHMKCHUS B IIJIAHC,

THUIIbI HGO6XO,Z[I/IMOFO 060py,Z[OBaHI/I$I, IMPOU3BOAUTCIIBHOCTL BOJOIIOHHU3H-

TEIbHBIX YCTPONCTB U HEOOXOIUMOE UX KOJIUYECTBO;

IMPOJOJIZKUTCIIBHOCTD I[eﬁCTBHH CHUCTCMBbI BOAOIIOHMNKCHU A

Heobxoanmoe noHmxeHue ypoBHS TPYHTOBBIX BOJ CIIEAYET ONMPENEIATh OT

CTaTUYECKOr0 YPOBHS I'PYHTOBBIX BOA 10 oTMeTkH Ha 0,5 — 1,0 M Hi>ke Hanbo-

Jiee TIOHIKEHHOW YacTH KOTJIOBAaHA WJTH TOHHEJIS.
PabGouee u ycTaHOBJIEHHOE pe3epBHOE 000pyaOBaHUE AOJKHO OOeCIeuu-
BaTh B TEUEHUE BCETO MEpHoia paboT MoAepKaHie CHUKEHHOTO YPOBHS TPYyH-

TOBBIX BOJ Ha SaﬂaHHOﬁ OTMCTKC. PGBGpB BOJOIIOHM3HUTCIBbHBIX CKBa>XXHH, 000-
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PYAOBaHHBIX HACOCaMH, JOJIKEH COCTaBIAATH 10 20% pacueTHOro KOJIMYeCcTBa
CKBQ)KHH BOJIOITIOHU3UTEIILHON CUCTEMBI.

[Ipn pacuere napameTpoB BOJOIMOHMKEHHS ONPEACISIIOT: NOHUKEHUE
YPOBHSI TOJ3EMHBIX BOJI B PACUETHBIX TOUYKAaX, B TOM YHCIIE€ U B BOJOIOHH3U-
TEJBHBIX YCTPONCTBAX B PA3IMYHBIE CPOKH CTPOUTEIHCTBA; OOIIMIA MPUTOK BO-
JIbl KO BCEW BOJOMOHU3HUTENBHON CUCTEME U OTAEIIbHBIM CKBA)KMHAM B Pa3iiny-
HBIC MEPUOJBI BPEMEHH; KOJMYECTBO M PA3MEIIEHUE BOJONMOHMKAIOIINX CKBa-
YKWH;, OCTaTOYHBIA MPUTOK BOJABI K CTPOUTENBHON Ionaaku. B He0OX0IuMbIX
CllydasiX pacueTaMu OINpeAeIsieTCs] BpeMs TIOCTUKEHUSI TPeOyeMOro MOHMKEHUS
YPOBHS TPYHTOBBIX BOJI.

[Ipr OTKPBHITOM BOJOOT/IMBE ONPEACISIOT IPUTOK BOIBI, B 3aBUCUMOCTHU
OT Yero MpUHUMAIOT 00OpyAOBaHHE (HAMOp M MPOU3BOAUTEIHHOCTH HACOCA).
[TpuToK BOJbI Ha | MOTOHHBIN METp TpaHUIEH (JPEHbI) OMPEACISAIOT MO GopMy-
je:

Qnpy=(2H-S) Sk /R, M*/cyr, (2)

rae H — MOIIIHOCTh BOJIOHOCHOTO CJIOS, M;

S — Tpebyemoe CHIKEHUE, M;

K — koaddunieHT pubTpanuu, M/CyT;

R — paauyc BIMsHUS BOJONMOHU3UTEIBHBIX YCTAaHOBOK, KOTOPBIN ompene-
JSIIOT 10 hopMmyie:

R=2SVHk. (2)

Booononusicenue nezkumu uenopuivmpogvimu ycmanoexkamu (JILY)

Jlerkue urnopunsTpoBbie ycTaHOBKU (JIMY) NpuMEHSIOT A MOHUKCHUS
YPOBHSI TIOJI3EMHBIX BOJ 10 5 M B PBIXJIBIX HECIOUCTHIX TPyHTaX ¢ K03 duiiu-
eHToM ¢unsTpaniu He MeHee 1 m/cyTr. UrmoduibTpoBble YCTAHOBKH MOTYT
MPUMEHSITHCS JIJIsl IOHWKEHUSI YPOBHS TPYHTOBBIX BOJ] U Ha riyOuHy Oonee 4 —

5 m. B Takom ciIydac€ BOJAOIMOHM)KXCHHC BCIACTCA CTYINCHAMH C IIPUMCHCHHEM
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APYCHBIX BOJOIMOHHU3UTCIBbHBIX CHCTEM IIpU PACIIOJOXCHHU I/II“JIO(l)I/IJ'IBTpOB Ha

ABYX WJIN HCCKOJIBKUX I'OPHU30HTAX I10 BBICOTC.

OTtedecTBEeHHAs! MPOMBIIIIIEHHOCTh CEPUMHO BBINyCKaeT ycTaHOBKU JIY -

2, JINY-5 un JINY-6, TeXHHMYECKHNE XapPAKTEPUCTUKH KOTOPHIX IMPUBEICHBI B

TaoII. 2.

Tabnuya 2. TexHuueckue Xxapaxkmepucmuxu JAeeKUx ueioQuibmpossix

YCMAHOBOK.
Kommnext JINY -
c Kommnekr JINY-6
JINY- Haco Hacoc
IToka3zatenu
2 ¢ Nel Haco Nel Haco
(JI1 c Ne2 (JINY- c Ne2
VY-3) 4)
[Monaua, M%/a 30 60 140 65 140
Hamnop, m 25 24 35 28 35
BricoTa camoBca-
Ho 6 6 7 7 7
CBIBaHHSA, M
Yucno urnopuib-
24 — 100 100 100
TPOB B KOMIIJIEKTE, LT
OO0miast ;InHa KOoJi-
20 — 94,5 105 105
JIEKTOpa B KOMILIEKTE, M
JlnameTp KOJIIeK-
108 — 150 150 150
TOpa, MM
MOIIHOCTE DIIEK-
55 10 20 10 22
TpoaBurarens, KBt
Macca HacOCHOTO
arperata (0e3 KOJIJIEKTO- 313 362 670 587 670
pa), KT

54




VYcranoka JIMY-2 BelllyckaeTcs BO B3pBIBOOE30MACHOM HCIIOJHEHUHM U
IpeHa3HaYeHa ISl BEJACHHS BOJONOHHU3UTENBHBIX padOT B MOA3EMHBIX YCIIO-
BUsX, ycraHoBku JINY-5 u JIMY-6 npenHasHadyeHsl 151 pabOT HA TOBEPXHOCTH.
B KOMIUIEKT 3THX yCTaHOBOK BXOAAT ycTaHoBku JIMY-3 u JIMY-4, npencras-
asronye coO00M BUXPEBBIE HACOCHI, CKOMIUIEKTOBAHHBIE C AJIEKTPOJBUTATEIEM
Ha ojHOM pame. YcraHoBka JINY-6 ornuuaercs ot JIMY-5 Tem, uro B Heit 00a
HACOCHBIX arperara yKOMIUIEKTOBAaHbI BaKyyM-HACOCAMMU.

Pacuer uriiopujabTpoBBIX YCTAHOBOK CBOJUTCS K ONpeAeNeHUI0 TpeOy-
€MOT0 YMCIia HACOCHBIX arperatoB, pacCTOSIHUS MEXIY UIIIO(PUIbTpaMU U TIIy-
OMHBI UX TOTPY>KEHUA IS JOCTHKEHHUS 33JaHHOTO CHMXKEHHSI YPOBHSI TPYHTO-
BbIX BOJA. IIpM BOIOIOHMKEHMM BOKPYI KOTJIOBAaHA MPUMEHSIOT 3aMKHYTYIO
CXEMY pacroioX)eHuss UraoPpuibTpoB. IIpyu cTpouTeNnbCTBE TOHHENS CXEMY pac-
MOJIOKEHUS UTVIO(QUIBTPOB BEIOMPAIOT B 3aBUCUMOCTH OT KO3 dULMeHTa (Huiib-
Tpauuu. Ilpn xoapdunuenre gpunbrpanuu xp> 1 M/CyT IPUMEHSIIOT OZHOCTO-
POHHIOIO CXEMY pacmojiokeHust urnopuiabTpoB. IIpu xp< 1 M/CyT npumeHstoT
JIBYXCTOPOHHIOIO CXEMY PacCIOJIOKEHUSI UTI0PuIbTpoB. PaccTossHne mexny ur-
nodunbTpaMu (2G6) 00BIYHO NMPUHUMAIOT paBHBIM 0,75+1,5 M.

3anar0T HEOOXOAUMOE MOHMKEHUE YPOBHS IPYHTOBBIX BOJ B LIGHTpE ycTa-
HOBKH S ¢ y4eTOM ocymieHusi rpyHToB Ha 0,5 + 1 M HI)Ke OCHOBaHHSI BBIPaOOT-
KkH. ONpenesstoT pagnyc 1eHCTBUS YCTaHOBKU

JJ1s1 O€3HAMOPHOTO MOTOKA

R=\3Hkt/u; (6)
JUTSI HATIOPHOTO TIOTOKA
R=15Vat, (7)
rne H — Hamop TpyHTOBBIX BOJ, M; t — BpeMs OTKa4KHu, KOTOPOE TIPH pacue-
T€ IPUHUMAETCS PABHBIM 5 CYT; 4 - KOODPUITUEHT BOAOOTAAYN; a — KOIPDUTIU-
EHT ILE30IPOBOJHOCTH, M?/CyT. 3HaueHue KOd(PPUIMEHTOB IE30IPOBOTHOCTH
¥ BOJIOOTJIAYM ONPEACIISAIOT HAa OCHOBAHWHU OIBITHBIX IMOJIEBBIX padot. Ilpm ux

OTCYTCTBHM OPUEHTUPOBOYHOE 3HAUEHHE MOKHO ONPEEIUTD M0 Tabiuiie 4.
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Tabnuya 4.

Koaddumment Koaddumment
Buer rpyHTOB MBE30MPOBOAHOCTH d, BOJIOOT/IAYH,
m%/cyT U
['MuHUCTBIC TPYHTHI (CYTIIMHKH )
[Tecku mbLIeBaTHIE, CYTIECH 20 - 800 0,05-0,10
[Tecku menkue 100 — 1000 0,1-0,15
[ecku cpeaneii KPYymHOCTH U (0,25 - 1,25)10* 0,15-0,2
IPABEINCTHIE (0,15 -1)10° 0,2-0,3
["aymeyHO-TrpaBeIMCTHIC OTIIOXKE- (0,5-1)10° 0,3-0,35
HUS (1- 8)10’ -
CKanpHBIE TPYHTHI

3HaueHue neOuTa OAHOU CKBaXUHBI Q¢ U MOHMKEHUE YPOBHS TPYHTOBBIX
BOJI Ha JIMHUH PACIIOJIOKEHUS CKBOKUH N, ()KEKTOPHBIX UIIIOPHILTPOB) pelia-
10T ITyT€M COBMECTHOT'O PEIICHUSI CUCTEMbI YPaBHEHUI:
IIpu 0e3HANIOPHOM IBHKEHUH MOA3€MHBIX BO/I
Q.=4 20, (8)
h,2=h? +0,73 Qcx 192/ 7dc) I ky; 9)
rae q= k, (H? — h,?)/R; he — nmpoekTHOE MOHMKEHHE YPOBHS BOJIBI B CKBa-
x)uHe, M; dc — AMaMeTp BOJIONOHMKAIOIICH CKBaKHHBI ((PHIBTPA), M.

[Ipy OHOPSIAHOM PACIOJIOKEHUU CKBAXXHH BEIMYMHY Hy ompenenstor mo

bopmyie:

H, =J(x/RYH —h )+h . (10)

[Tpu pacmonokeHuu KEKTOPHBIX UTITO(DUILTPOB C ABYX CTOPOH TOHHENS

CHIDKCHHBI YPOBEHB B IICHTPE €0 OMPEACIUTCS o popmyie:

h,=H*~(q/k,)R . (11)

le/l HAIIOPHOM ABHKCHHUH MOA3CMHBIX BOJ

Q.=9q 20, (12)
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h, =he +0,37Qc l9(20/ 7 dc) / ky m; (13)
rne q'= 2 kg m (H—h,)/R.
Benmuunny Hy onpesenstor mo Gpopmyiie:
H =x/RH —h)+h,. (14)
CHWKEHHBIH YPOBEHb B IIEHTPE TOHHEJS ONMPEACTUTCS 0 hopMyIIe:
h, =H—(q/k,mR. (15)
[yOuHa MOTpyKeHHUsT KEKTOPHOrO MIIIOPHIBTPA OMPEACNISIETCS U3 BbI-

PaAKCHUA:

L, = Hi — he+1. (16)

Booononusicenue INHCEKMOPHbBIMU uanoz[)uﬂbmpoebmu ycmanoekamu

(3H)

DXKEeKTOpHbIe UTIOPUIBTPOBBIE YycTaHOBKHM (D) ucnonb3yercs A Baky-
YMHUPOBAaHUS TPYHTOB M NOHMKEHHS YPOBHS IOA3EMHBIX BOJ 10 20 M IIpHU KO-
a¢ppunmente punabTpaunu 0,01 — 10 M/cyT U npu OIM3KOM 3aJIeTaHUU BOJOYIIO-
pa oT noaouBbl BbpaOOTKU. [loabeM OTKaumBaeMoOM BOJbI B 3’KEKTOPHBIX WTI-
J0GUIbTpax MPOU3BOJUTCS C IMTOMOIIBI0 BOJOCTPYHHBIX HACOCOB (KEKTOPOB).
B ocHOBY paboOThl 3TUX HACOCOB MOJIOKEH MPUHIIMII HEMOCPEACTBEHHOMN Tepe-
Ja4¥ SHEPTUU OJHUM IOTOKOM JIPYyTroMy, peajin3ausi KOTOPOro OCYLIECTBISAET-
Csl HETIOCPEJICTBEHHO B UTJIOQUIIBTPE.

B nHacrosiee BpeMs UCHOJb3YIOT TPU TUIA 3KEKTOPHBIX UTIIO(UIBTPOBBIX
yctaHoBok: OU-2,5; DU-4 u DU-6, paznuyammmxcs AUAMETPOM HUTIODUITb-
TpoB. Haubonpiiee pacnpocTpanenue noiayuyuna ycranoBka OU-2,5, umeromias
HAaMMEHBIIYI0 MAcCy, YTO 00JIEr4aeT U YCKOPSET €€ MOHTAX.

Texnuueckas xapakxmepucmuka ycmanosku IH1U-2.,5.

Huametp urinoduiibrpa, MM 63,5
JlnHa GUIbTPOBOTO 3BEHA, M 1
Yucno urnopuiabTpoB 25
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JluaMeTp CIMBHOIO KOJUIEKTOpPa, MM
OO01ast 1IMHa CIMBHOTO KOJIJIEKTOPA, M
JluaMeTp HamoOpHOTO KOJUIEKTOpa, MM
JlrHa HaMmOPHOTO KOJIJIEKTOPa, M
Pa3smeps! HUPKYIAMOHHOTO OaKa, M
O0BbeM LUPKYIALMUOHHOTO 0aKa, M°

HacocHusii arperat
Tun

Ywucino arperaTroB

[Mogaua, m%/c

Hamnop, m
MontHocTs anekTpoasurarens, KBt

DKEKTOp

[uamertp, MM:
Hacanka

["opsioBUHBL

Pacxox paboueii Bozsl (M3/c) IpH TIOJHOM HAIOPE, M:

60
80
100

2173
125
168
125
1,5x1,8x1,5
4

6MC-6

0,0416

Hac Hac

oc Nel oc Ne2
90 135
55 100

14

0,0014
0,0016
0,0018

ITokazarenu mo oTKauMBaeMOM BOAC B 3aBUCHMMOCTH OT HaIlOpa M BBICOTHI

10 TbeMa MPUBEICHBI HIKE:
Hamop paGoueit Boabl, M 60
Bricora mognema, M 13-19,5

22-32,5
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ITonaua, n/c 1,13 1,1 - 15
1,3-1,8
st monaum paboyeil BOABI K KEKTOPHBIM HUINIO(QUIBTPAM HUCIOJIb3YIOT
nenTpodexusie Hacochl TUNOB K, MC u HJIB. [Tapamerpsl HacocHOTO arperara
ONPENEISIIOT UCXOAS U3 AUaMeTpa HACaIKU, OXKUAAEMOrO MPUTOKA TPYHTOBBIX
BOJI, TIOJIHOW BBICOTHI IOIbEMA OTKAYMBAEMOM BOABI U K.I1.JI. YCTAHOBKHU.
Pacuer JIMHEHHBIX :KEKTOPHBIX HIJIOPWIBTPOBBIX YCTAHOBOK U CH-
CTEM BOJONOHHU3UTENBHBIX CKBaXXUH BKJIIOYACT OMNpENETCHUs 1e0uTa OTHOU
CKBXHUHBI QQ;, CHUKEHHBIN ypOBEHb Ha PACCTOSIHUM X OT JIMHUU 3KEKTOPHBIX
urio(uiabTpoB H, MpuU OAHOPSAIHOM PACIOJOKEHUHU CKBAXKUH (puc. 4.1) wnm
CHIDKCHHBIN YPOBCHB B IICHTPE COOpPY)KEHUs hy mpu AByXpsaHO# cxeMe pacio-
JIOKEHUST MKEKTOPHBIX UTI0PUILTPOB (puc. 4.2). ucxonasi U3 BbIIIICHA3BAHHBIX
napaMeTpoB MOJOUPAOT 000PYAOBAHUE JIJIsl BOJOTOHUAKEHUS.
PacueT ocyecTBISIIOT B CIEAYIOIIEH [TOCIEI0BATEIbHOCTH.
3a1ar0T HE0OXOAMMOE TOHM)KEHHE YPOBHSA TPYHTOBBIX BOJI B LIEHTPE yCTa-
HOBKH S ¢ y4eTOM OcylieHusi rpyHToB Ha 0,5 + 1 M HIDKe OCHOBaHHSI BBIPaOOT-
ku. OnpeaenstoT pagnyc 1eUCcTBUS YCTaHOBKU
JU1s1 O€3HATIOPHOTO MOTOKA
R=\3Hkt/u ; (6)
JUUISl HAIIOPHOT'O MTOTOKA
R=15Vat, (7)
rae H — Hanop rpyHTOBBIX BOJ, M; t — BpeMsl OTKauKu, KOTOpOE MPH pacue-
T€ MPUHUMAETCS PaBHBIM 5 CyT; 4 - KO3(DPUIMEHT BOAOOTAAUN; a — KO3PhULHU-
EHT IIE30IPOBOJHOCTH, M?/CyT. 3HaueHHE KO>()PHUIMEHTOB MbE30IPOBOIHOCTH
U BOJIOOTJIAYM ONPENEISAIOT Ha OCHOBAaHUU OINBITHBIX MOJEBBIX padot. Ilpu ux
OTCYTCTBUU OPUEHTHUPOBOYHOE 3HAUYEHUE MOXKHO ONPEEIUTH MO TadauIe 4.
3HadeHne neduTa OMHOW CKBaXKWHBI Q¢ U MOHMKEHUE YPOBHS TPYHTOBBIX
BOJI Ha JIMHUM PaCIOJIOKEHHUS CKBaXHH N, (3)KEKTOPHBIX MIIIO(UILTPOB) pellia-

0T ITYTEM COBMCECTHOI'O pCIICHUA CUCTCMbI ypaBHeHHﬁ:
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IIpu 6e3HANIOPHOM JIBHKEHUH MOA3EMHBIX BO/I
Q.=q20, (8)
h,2=h? +0,73 Qcx 192/ 7 dc) I ky; 9)
rae = ky (H? — h,2)/R; he — IpoeKTHOE TOHMKEHNE YPOBHS BOIBI B CKBa-
KHHE, M; 0 — AMaMeTp BOIOMOHMKAIOICH CKBKUHBI ((DUIBTPa), M.

HpI/I OJHOPAOHOM PACIIOJOKCHHUN CKBAXKHUH BCIMYNHY Hx OIIPCACIIAIOT IIO

bopmyie:

H, =J(x/RYH—h )+h . (10)

HpI/I PAaCIIOJIOKCHHUHN KCKTOPHBIX I/IFJIO(i)I/IJ'IBTpOB C IBYX CTOPOH TOHHCIIA

CHUKCHHBIN YPOBEHB B LICHTPE €0 OMPEACIUTCS 0 PopMyJie:

h = H*~(q/k,)R . (11)
IIpu HAMOPHOM JBHKEHUH MOI3€MHBIX BOJI
Q.=0’ 20, (12)
h, = h. +0,37Qc: l1g(2c/ #dc) I ky m; (13)
rne q’= 2 kym (H—-h,)/R.
Benmuuuny Hy onpenenstot no ¢popmyire:
H =(x/R)YH —h)+h,. (14)
CHIKEHHBIN YPOBEHB B IIEHTPE TOHHES ONPEIEIUTCS 10 (hopMmyTIe:
he = H—(q/k,mR. (15)
['myOuHa TOTPYXEHUS PKEKTOPHOTO HUTIOPUIBTPA OMPEACIICTCS U3 BbI-
paKCHHUS:
L, = Hy — he+1. (16)
PacueT 3KeKTOPHBIX BOAOIIOABEMHUKOB CBOJIUTCS K OMPEACICHUIO TI0/1aY1
paboueii Bojbl (, (J/C), ee Hanopa Ha BXojie B MKekTop h, (M), a Takxke moaaqu

pabouero Hacoca Q, (J71/c) u pazBuBaeMoro um Hamopa H, (Mm).

VYka3zaHHble BEJIMUMHBI

| H -H
=0,65d," | —"———  1/c; 17
T *\1-0,02H ,d,* a7
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h, =3(H, + Hy)+0,2 q,H,, m; (18)

Qp=0p Ny, Wc; (19)

H,=h,+ AN, (20)
rae do — nuamerp coruia avkekropa, 0,5+0,7 cMm; H, — paccTosiHHE IO Bep-
THUKaJIU OT COIUIA MKEKTOpa JO TOYKM CIIMBA, M; /1, — BEIMYNHA BaKyyMa, IIpHU-
HUMaeMasi i TPYHTOB C K< IM/cyT 9 —8 M u 8 — 7 M Ju1sl TPYHTOB € Kg=>1 — 2
M/cyT; A h — oOmime motepu Hamopa B HAIIOPHBIX TPYOOIIPOBOJAX BOJIOTIOHU3H-

TEJILHOW YCTAaHOBKH, M; N, — YUCIIO UTTIOUIBTPOB.

3.1. Booononuosicenue cKeax;cunamu

Booononuoicarowue cxeadsrcunvit, 000pyJoBaHHbIE TTyOMHHBIMUA HACOCAMH,
OPUMEHSIOT JUIsi OTKAYKKA BOJBI M3 BOJIOHOCHBIX TMOPOJ C KOI(PPHUIIUEHTOM
dbunerpanuun 0osee 4 M/cyT, TpeOYIOIUX 3HAYUTEIHHOTO MOHUXKEHUSI YPOBHSA
TPYHTOBBIX BOJI, a TaKXX€ MPU HEOOJBIIUX TIYOMHAX BOJIOMOHUKEHUSI, KOT/Aa
UCIIOJIb30BAaHUE WTIOPMIBTPOB 3aTPYJHUTEIBHO U3-3a OOJIBIIUX TMPUTOKOB,
HEOOXOJAMMOCTH OCYIIEHUS! 3HAYUTENIbHBIX IUIOIIAJIEd U CTECHEHHOCTU TEeppH-
TOPUHU.

JlnameTp BOJIOTIOHMIKAIOIINX CKBKMH U3MEHSETCS B IIUPOKUX TIpeeax u
3aBUCHUT OT ITTyOUHBI CKBaXXKUHBI, TUIIA MPUMEHSIEMOr0 Hacoca U OT TUIPOreosio-
TMYECKUX CBOMCTB TepecekaeMbix nopoa. [Ipu HeOGosbmmx neduTax BOJAOHOC-
HBIX TOPOJ ¥ MaJIOM IIyOMHE CKBaXHH MX JUaMeTpsl mpuHumaiotr ot 100 mo
200 mwm. IIpu Gonpimx neduTax BOAOHOCHBIX MOPOJ U MIPU MPUMEHEHUH apTe-
3MaHCKUX HACOCOB HAYaJbHbIA JHAMETP CKBAXKHUHBI NPUHUMAIOT 710 750 Mwm.
KoneuHblll AuaMeTp CKBOXKMHBI 3aBUCUT OT MapKH apTe3MaHCKOro0 Hacoca U TH-
na GUIbTpa, yCTPAUBAEMOTO B CKBOKHHE.

Boiononu3uTenpHble CKBAXUHBI IS TTOAbEMa BOJbI 000PYAYIOTCS UHIU-
BUIyaJbHBIMU IIEHTPOOES)KHBIMU HACOCHBIMM yCTaHOBKaMu. Hanbosee yacto Ha
CTPOUTEIBHBIX 00BbEKTaX MPUMEHSIOTCS Hacockl Tuna DB, nMeromnue npuHITu-

MMHUAJBHYIO OAWMHAKOBYIO CXEMY W OTJIIMYAIOIINUECS HO,Z[aLIGI\/'I M HAIIOpOM. TexHu-
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YECKUC XAPAKTCPHUCTUKHU O3THX HACOCOB IMPHUBCIACHLI B tabn. 3. B o0o3HaueHue

TUTIOPA3MEPOB MOTPYXKHBIX HacocoB DB Bxonar nmudposbie 1 OyKBEeHHbIE WH-

JCKCHI. BYKBaMI/I 0003HaYarOTCI: D — C IMPUBOAOM OT JJICKTPOABUIATCIIA, ]_[ -

HeHTpoOSXKHBIN; B — 1yt moasema Boabl. [{udpoBoii nepen OykBeHHBIMU 000-

3HAYEHUSAMHU IPOCTABIISETCA NOPAIKOBBIM HOMEP MoAepHU3auuu. IlepBoe uncio

IIOCJIC 6YKB€HHI>IX 0003HaUCHUH YKa3bIBACT HAa MHUHHUMAJIBHO I[OHYCTI/IMHﬁ JIIA

JAHHOTO THUMOpa3Mepa BHYTpEHHUU nuameTp (MM) oOcagHOW KOJOHHBI (CKBa-

YKUHBI), YMEHBILICHHBIN B 25 pa3 U OKPYIJIEHHBIH, BTOPOE — HA IPOU3BOJAUTEIb-

HOCTB B M°/4, a TPEThE — HA HAIIOP, M.

na Ma
Jlm- Mou-
METp cca
IT Ha HacocC- HOCTb
Mapka Ha | Hacoc- Hacoc- K
ojada, HOT'O ar- AIIEKTPO-
Hacoca 1op, M | HOTO ar- Horo ar- | IIJI, %
M/q perarta, | IBUrarens,
perara, perara,
MM kBT
MM KT
Dl1B4-2,5- 1, 70 95 1350 1,0 33 47
6,5 0-3,5 -53
1211B4-4- 2, 53 95 1060 1,0 29 47
45 5-5 -37
1211B4-4- 2, 75 95 1180 1,6 33 51
70 5-5 -45
DIlIB5-4- 2, 15 116 1810 2,8 75 51
125 5-5 0-90
OI11B5-6,3- 5- 98 116 1600 2,8 75 57
80 8 -60
1211B6-4- 2, 14 145 1750 2,8 97 Y
130 5-5 0-100
1211B6-4- 2, 21 145 2155 4,5 112 57
190 5-5 0-150
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3011B6- oS- 93 145 1590 2,8 /8 63
6,3-85 8 -68
4311B6- 5- 94 145 1484 2,8 72 62
6,3-85 8 -66
3011B6- 5- 13 145 1564 4,5 76 63
6,3-125 8 5-93
43211B6- 5- 13 145 1710 4,5 85 62
6,3-125 8 5-105
1211B6- 8- 58 145 1261 2,8 73 65
10-50 12,8 -40
3011B6- 8- 90 145 1415 4,5 72 65
10-80 12 -67
1211B6- 8- 11 145 1713 5,9 98 65
10-110 12,8 9-95
1211B6- 8- 16 145 1891 8,0 120 66
10-140 12,8 0-125
1211B6- 8- 21 145 2222 8,0 132 66
10-185 12,8 0-166
1211B6- 8- 26 145 2799 11,0 156 66
10-235 12,8 5-200
3011B6- 10 60 145 1502 4,5 77 66
16-50 -20 -39
3011B6- 10 90 145 1708 5,9 86 68
16-75 -20 -58
OLIB6-16- 10 86 145 1640 9,5 185 68
75T -20 -60
OLIB6-16- 10 13 145 1860 8,0 85 65
1101 -20 5-89
SLB6-25- 16 15 145 3291 16,0 190 63
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140XT 33 | 1-106
DLIB6-25- 16 15 145 3291 16,0 200 58
140TpI -33 | 1-106
3D1IBS- 10 15 186 1795 11,0 316 68
16-140 20 | 6-116
1311BS- 16 10 186 1832 11,0 145 70
25-100 34 | 7-75
2DLIBS- 16 11 186 1822 11,0 150 70
25-100 34 | 0-75
2D1IBS- 16 16 186 2128 16,0 180 70
25-150 -34 | 0-110
1DLIBS- 16 32 186 4190 32,0 385 68
25-150 34 | 5-250
SLB8-40- 32 70 186 1666 11,0 374 68
60 -60 -35
231IB10- 40 72 235 1720 22,0 203 71
63-65 -80 .52
201IB10- 40 12 235 2125 32,0 265 71
63-110 80 | 0-90
12LB10- 40 16 235 2504 45,0 340 76
63-150 80 | 3-115
12LB10- 40 32 235 3234 65,0 470 71
63-270 -80 | 0-200
SIB10- 85 70 235 2150 32,0 458 71
120-60 150 | -40
3D1IB10- 85 70 235 1803 32,0 270 76
120-60 150 | -40
SLB10- 12 42 235 1867 22,0 974 70
160-35B 0-180 | -30
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1911B12- 12 69 281 1966 45,0 385 72
160-65 0-180 -65

1911B12- 12 10 281 2157 65,0 420 72
161-100 0-180 7-75

1911B12- 15 37 281 1747 22,0 235 74
210-25 0-275 -20

200B12- 15 68 281 2330 45,0 335 74
210-55 0-275 -30

Pacqu BOJOIIOHU3UTCIBbHBIX yCTaHOBOK IIpu CTPOUTCIBCTBC CTBOJIOB
[IaXT CBOAUTCS K CIEAYIOLIEMY.
Omnpenensiercsa paanyc BIUSHUS KOHTYPHOU yCTaHOBKH Ro:
Ro=R+r, (21)
rje I — paauyc yCTaHOBKH, M; R — paanyc BIUsSHUS CKBaXXUHBI ONPEEsi-

CTCd 110 (bOpMy.]'IaM JJIsL HAIIOPHOI'O T'OPHU30HTA:

R=2S_ . |/Hxk, ; (22)
c @

JJIA 6e3HanopH0r0 TOPHU30HTA:

R:2\/H><kqb><t/,u; (23)
WITH
R=10S, |k, (24)

3nas geout R u Ry ompenenstor AeOUT OTIAEIBHBIX BOJOMOHUKAIOIINX
CKBaXUH Q¢ M1 CyMMapHBIi 1eOUT BCel BOJAOIIOHU3UTENBHON yCTaHOBKH Q.
[Ipu HammOpHBIX BOAAX, HAXOMAIIUXCS B OJHOPOIHOM ILIacTe, ACOUT OIHU-

HOYHOHM BOJOIOHUKAIONIEH CKBAXKUHBI OTIPEEISIOT 10 (POpMYIIE:
C
0. =213———, (25)

rje I — paanyc BOJOMOHMKAIOIIEH CKBAKUHBI, M.
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BennuuHa noHM>XeHus YPOBHA BOAbI B CKBAKHHAX Sc IIpH IIOJIHOM II€PECC-

YEHUU UMHU BOJOHOCHOTO TOPU30HTA NPUHUMAETCSI PABHOM BBICOTE CTOJI0A BOJIBI

B BOOJOHOCHOM I'OPpHU30HTC HaJl HUKHHUM BOIJOYIIOPOM.

B ClIydac CCJIN CKBAKUHBI HC ITOJHOCTBIO IICPCCCKAIOT BOI[OHOCHLIﬁ ropum-

30HT, IOHWXXCHHUC YPOBHA BOAbI B HUX MOXKCET OBITH IIPUHATO paBHBIM ITIOJIOBUHC

BCKpLITOﬁ MOIIDHOCTH IlJIaCTa IIJIFOC FI/II[pOCTaTI/ILICCKI/If/'I HaIiop.

B 6e3HanopHbIX BOAax, MPUYPOUYEHHBIX K OJHOPOAHOMY IUIACTy, AEOUT

CKBa>XHWHBbI COCTaBHT.

1,36k, xS, x(2H = S,)

C

Tabnuya 5.

1gRO _lgrc

['pynma

Bo1oHOCHBIM TOPU30HT

HaIOpHBIN

Oe3HaNOpPHbIN

N3 Tpex cCKkBaxxuH

2w xky xS, xm)

‘(R /4x o xr,)

_ﬂxk(i)xScx(ZH—Sc)

In(R,’ /4x % xr)

N3 dyeThIpex CKBaXuH

27 xky xS, xm)

wxkyxS.x(2H-S,)

" IR, IN2x o xr)

In(R," /8Vo* x2xr,)

B tom ciywae eciu paboTaeT psij BOJOTOHIKAIOIIMX CKBAXHUH, TEOUT

KOKI0M M3 B3aMMOJCHCTBYIONIMX CKBaxuH Q’ ompenensercs mo dopmysam,

IIPUBEICHHBIM B Ta0I. 5.

CyMMapHBIii 1eOUT BCEX BOJIOMTOHMKAIOIINX CKBAXKUH

Q= NxQ’,

rae N — 4ncio B3anMOJEHCTBYIOIIMX CKBAaXKUH.

OcTaTouHblil (HEMOHM)KEHHBIN) YPOBEHb IPYHTOBBIX BOJ B LIEHTpE 3allu-

I1aeMOro KOHTypa N, onpeaenstor mo Gopmysam:
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B HAITIOPHOM BOJAOHOCHOM I'OPHU30HTC

hozH—NxQ’ln(&)/bzxkqum; (27)
To

B 663HaHOpHOM BOOJOHOCHOM I'OPHU30OHTC

h, =\/H2 —NxQ'ln(&)/ﬁxkd, . (28)
14

0

B mporecce paboThl BOIOMOHU3UTEIBHBIX YCTAHOBOK OCHOBHAS YaCTh MO /-
3€MHBIX BOJI MOMAIAaeT B BOJIOMIOHMKAIOIINE CKBAXKHUHBI, HO YacCTh MPOCKAKUBAET
U TIOTaJaeT B 3200 CTBOJIA MPU €T0 MPOXOJKE. BETM4nHy «IPOCKOKa» BOJIBI
Qocr OTIPEACISIOT MO PA3HOCTH MEXKIY AOMTOM «OO0dbIIOro Kojomana» - Qgx,
T.€. YCIIOBHOTO KOJIOJIIA PAIAYCOM o, © CYMMapHBIM I€OUTOM CKBaXKHH Q

rom :Q6.K. - Q (29)

Bemnmuuny Qs . onpeaessitor nmo ¢popmyinam (25)unu (26), B KaKIy0 U3 KO-
TOPBIX BMECTO 3HAYEHUS I OJICTABIISAIOT 3HAUCHUE [,

[To 3Ha"YeHMSIM 1eOMTa BOJOTIOHIDKAIOIINX CKBAKUH MOJOUPAIOT HACOCHOE
obopynoBanue. s ycrnenHoi paboThl BOJOTMOHU3UTEIHPHON YCTAaHOBKH HE00-
XOAUMO, YTOOBI BOJI03aXBaTHAs CIIOCOOHOCTh Ka)KJIOM CKBaXKUHBI (T.€. KOJHUYE-
CTBO BOJIBI, KOTOPOE MOKET OBITh OTKAYaHO Yepe3 ATy CKBAKHUHY) COOTBETCTBO-
BaJia 1eOUTY CKBaXKUHBI MJTM HECKOJILKO €T0 IIPEBHIIIaa.

Bomo3axBaTHast cnocoOHOCTH

f= mdes | Ugp, (30)

riae | — nuHa BogonpueMHoi yactu GuibTpa, M; Uoe - AHaMeTp GUiIbTpo-
BOM OOCBHINKKM WM auamMeTp QUIbTPa, M; Uy — JOMyCTUMAs BXOAHAs CKOPOCTb
dbunpTpanmu, M/CyT, KoTopasi onpenensercs nmo smnupudeckoit popmyne C.K.

AbGpamoBa

v, = 65\/5
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PeKOMeHI[aHl/IH Mo MPOU3BOACTBY BOAOMMOHU3UTEC/IBbHBIX paﬁoT

KoHcTpykuusi 1 o0ycTpoiCTBO CHCTEM BOAOINOHMKeHHMsA. B 3aBrcumo-
CTH OT TUJPOT€OJIOTHUECKUX YCIOBHM MPHU YCTPOUCTBE (DUIBTPOB MPUMEHSIOTCS
HOKPBITHS U3 MPOBOJIOYHONM OOMOTKH, CETKH TJIyHHOT'O IUIETEHUS, CETKU KBaJI-
pPaTHOrO IJIETEHUS, IITAMIIOBAHHBIE MPOCEYHbIE JIUCTHI. 3ariyosieHne (UIbTpo-
BOI 4acTH clieyeT IPUHUMATh C PaCYETOM, UTOOBI BEPX CETKH HaXOUJICS HUXKE
pPacyeTHOrO MOHWKEHUSI YPOBHS IPYHTOBBIX BOJ OOCBHINKY (PHIBTPOBOM KOJIOH-
HBI [1IECYaHO-TPABUMHBIM MaTEPUAJIOM CIEAYET IPOU3BOINUTH NOCIE €€ YCTaHOB-
KU B CKBO)KHHE IO Mepe yAaJleHus1 00caaHON TpyOBbI.

BHyTpeHHuil 1uametp puiIbTPOBOM KOJIOHHBI JOJKEH MPEBBIIATH HAPYK-
HBIW JMaMEeTp HKCIUTyaTallMOHHOTO Hacoca He 0ojee ueM Ha 50 M.

[Tpon3BOACTBO BOJOMOHU3UTEIBHBIX PabOT JIErKHMH HUIJIO(GUIbTPAMHU
BKJIIOYAET CIEAYIOLIME TEXHOJOTMYECKUE MPOLIECChl: MOHTAX, IYCK, dKCILTya-
TalMI0 U JEMOHTaX YCTAaHOBKUM. OCHOBHBIM NPOLECCOM IPU MOHTAXE HIJIO-
(GUIBTPOBON YCTAHOBKM SIBJISIETCA MOTPYKEHHE UIIIO(DUIBTPOB B TPYHT HA Tpe-
Oyemylo TIIyOuHy.

WUrnopunbTpsl MOrpy’arT B BOAOHOCHBIA T'PYHT JMOO T'HIPaBIMYECKUM
criocoboM, MO0 myTeM OypeHus CIeHHAIbHBIX CKBaKUH. [ mapaBiandeckoe mo-
rpy’keHue UrioQuiIbTPOB MPUMEHSIOT B JIFOOBIX MECKaX: OT MEJKO- 10 KPYIHO-
3epHUCTBIX U IpaBenucThiX. [lepen morpyxeHuem B TpeOyeMoM MecTe (Puiib-
TPOBOE 3BEHO U HaAPUILTPOBBIE TPYObI COOMPAIOT M yCTaHABIMBAIOT BEPTHU-
kanbpHO. [lpu anmuHe urnopuiabTpa 10 S M yCTaHOBKY OCYLIECTBIISIIOT BPYUHYIO,

Ipu 0OJIBIINX AJIMHaX KpaHOM.
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Pacxo/1 BOJIbI BO BPEMsI MOTPYKEHHS MIIOQHIBTPa cocTaBiseT 25-30 m/u
B MEJIKO3EPHHMCTBIX M PAa3HO3EPHUCTHIX IIEcKax, 35-40 M3/4 — B KpyIHO3EpHH-
cTbiX. [Ipu morpykeHuu UrioQUIbTPOB B I'PABEIUCTBIE TPYHTHI, CUJIBHO IIO-
IJIOIAoIIUE BOAY, K TpyOe, 110 KOTOPOM MOJaeTCsl BOAA, IPUCOETUHSIOT HUIAHT
JMaMeTpOM HE MeHee 25 MM i mojadyu OT Kommpeccopa Bozayxa mo 4.5
M3/MHH.

[Tpu ycraHoBke UTrIO(QUIBTPOB B METKO3EPHHUCTHIX MECKAX, COACPKAIINX
IBLIEBATHIC U TJIMHUCTBIC YaCTHUIIbI, BOKPYT HUX YCTPauBaIOT OOCHINKY, COCTOS-
LIYIO0 U3 KPYITHOT'O ITECKa WJIM K€ U3 CMECH IECKA U IPaBUs C YaCTULIAMH pa3Me-
poM ot 0.5 10 5 Mm.

JUis TUpaBIMYECKOTO MOTPYKEHUS HUITIOPHIBTPOB MPUMEHSIOT HACOCHI
tuna JIMY-3, 3K-6, KCM-50x30 u np.

['uppaBnuyeckuid cnoco0 MNOrpyX’eHus UrioQpuiIbTPOB HE NPUMEHUM B
JBYX CIIy4asx:

1. IIPY HAIMYKMM B BEPXHEW YaCTH pa3pe3a MIMHUCTBIX MW NECYAHBIX
I'PYHTOB 3HAUUTEIBHON MOIIHOCTU C BKJIIOYEHHEM KPYMHOOOJIOMOYHOI'O Mare-
puasia (HampuMep, B HACBIIHBIX TPYHTAX, COJEPKALUX CTPOUTEIbHBIA MYyCOp,
WIM MOPEHHBIX CYIJIMHKAX M CYIEecdX, COJepXkaluX OOJbIIOE KOJIUYECTBO
KpYIHOM rajbKy, BaJyHOB U T.1.);

2. HEIMOCPEJICTBEHHO OKOJIO Onu3iexamux (QyHJIaMEHTOB OTBET-
CTBEHHBIX 3/IAHUM U COOPYKEHUMU.

B sTux ciydasx urioQuibTpbl yCTaHaBIMBAIOT B 3apaHee MPOOypeHHbIE
CKBAYKUHBI.

VYcraHoBka paboTaeT B MEPHOJ BCETO BPEMEHHU A0 MOJHOTO 3aBEPLICHHUS
paboT, MPOU3BOIAIIMXCS O] 3aIIUTOIN BOJOMOHIKEHU. B mporiecce skcrutya-
TalliM BOJOTOHU3UTEIBHOW YCTAHOBKHM OCYIIECTBIISIETCS HEMPEPHIBHBIM KOH-
TPOJIb 32 YPOBHEM I'PYHTOBBIX BOJ B HAOIOAATEIbHBIX CKBAXMHAX; 32 MOKa3a-
HUSIMM MaHOMETPOB M BaKyyMMETPOB; PacXoJI0OM OTKauMBAa€MOW BOJBI; 3a BO3-

MOJKHBIM BBIHOCOM I'PYHTA Ha ITIOBCPXHOCTD.
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ITocne BO3BCACHUA IIOA3EMHOI'O COOPYIKCHHUA IO BaHIHTOﬁ BOOOIIOHU3 M-
TEJIbHOM YCTAaHOBKH €€ JCMOHTHPYIOT M IMOATOTABJIMBAIOT A IMOCICAYIOIIHUX

pabor.

[Ipn BOAONOHU3HUTENBHBIX MNPOU3BOJCTBE pPadOT IKEKTOPHBIMU HIJIO-
(pMIBTPAMM BBINOJIHACTCS TE KE TEXHOJOTMYECKHUE MPOLIECCHI, YTO U IPH IPU-
MeHeHuu JINY. B cBsA3M ¢ 3TUM cienyeT JIMIb OTMETUTh OCOOEHHOCTH MTPOU3-
BOJICTBA pabOT 10 MOHTaXy 9KEKTOPHBIX UTIO(DUIBTPOB.

B 3aBHCHMOCTH OT MHXEHEPHO-TE€0JIOTUYECKUX YCIOBUM M Halnuuus pado-
Yell BOJbl KEKTOPHBIE UIIOPUIBTPHI MOTPYKAIOT B T'PYHT THUAPABIMYECKUM
CHOoCOOOM HWJIM YCTAHABIMBAIOT B IPEIBAPUTEIIBHO MPOOYpPEHHBIE CKBAXKHHBI.
VYcnoBUs PUMEHEHHsI TOTO WM MHOTO CIoco0a MOrpyKEHUs T€ ke, UTO U IS
JINY. YcTaHOBKY 3KEKTOPHBIX UTIO(PUIBTPOB B MPEIBAPUTENBHO MPOOYpPEH-
HbIE€ CKBAJKMHBI BBIIIOJIHAIOT B MEJIKO3EPHUCTBIX IIECKaX, B IPyHTaX, COACpKa-
IIMX 3HAYUTEIHbHOE KOJUYECTBO KPYNMHOOOJIOMOYHOTO MaTepuasa, a TaKKe IpH
BEJICHUH paOOT MO BOAOIMOHIKEHUIO B YCIOBHSIX IJIOTHOM FOPOACKON 3aCTpOM-
KM HENOCPEACTBEHHO Y JKWJIBIX 3[JaHUN U IIPOMBILUIEHHBIX COOPYKEHUM.

bypeHne CKBaXMH B MATKHX M CBITY4YMX TPYHTax OCYIIECTBIISIETCS IIHEKO-
BbIMH YCTaHOBKaMH, OObIYHO nosioTamMu PX 0e3 mpuHYyAUTEIHLHOTO OCEBOTO
JaBIEHHS ¢ MAKCUMAJbHOM YacToTol Bpamenus 5 ¢ . Ilpu OypeHnn TBepabIX
I'PYHTOB IIPUMEHSIOT CTYIIEHYATBIE TPEXIIEPBIE 10JI0TA, APMUPOBAHHBIE PE3LAMU
M3 TBEPJBIX CIUIABOB, IIPH 3TOM YaCTOTY BpaIlleHHs MIHEKa CHIKaT 10 10 ¢ u
JIOTIOJTHUTENIBHOE NABJIECHHUE HA JT0J0TO MOBOIAT 10 8 KH. CkBaXuHBI B TIpo1ieC-
ce OypeHus 3aKperUIsIiOT 00CaAHBIMU TPYOaMHU.

[lepen ycTaHOBKOM 3KEKTOPHOTO UTIIOPMIBTPA CKBAXXUHY IMPOMBIBAIOT J10
MIOJIHOTO OCBETJIEHUs BOAbL. llocine NpOMBIBKM CKBaKMHBI YCTaHABIMBAIOT
MKEKTOpHBIA UrnoduinbTp. B mepecnamBaromuxcst TpyHTax U B OJHOPOTHBIX
IpyHTaxX C OJHOPOJHBIM KOA(DPUIIMEHTOM PUIBTPALIUA MEHEE 5 M/CYT C LETbIO

3allIUThI OT KOJIbMAaTazKa 1 oOecreyeHus FHHpaBHH‘IeCKOI;'I CBA3U MCIKAY OTICIIb-
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HBIMH BOJIOHACBIILIEHHBIMU MPOCJIOSAMH YCTPAUBAIOT MECUYAHO-TPABUNHYIO 00-
CBITIKY UTTIO(PHIIBTPA U BEIYT 10 OTMETKH CTaTUUYECKOTO YPOBHS TPYHTOBBIX BOJ
C OJIHOBPEMEHHBIM H3BJIEYEHUEM O00cCaaHbIX TpyO. 3aTpyOHOE MPOCTPAHCTBO
BBIIIIE OTMETKU CTAaTUYECKOTO YPOBHS TPYHTOBBIX BOJ[ 3aChIMAlOT TMUIOTHBIM
TPYHTOM.

[Tocne omyckaHusi BCEX 3KEKTOPHBIX UIIOPUIBTPOB HAa MPOEKTHYIO TIy-
OMHY M MOHTa)a MOBEPXHOCTHOIO OOOPYJOBAHMS OCYIIECTBIISIIOT ITyCK yCTa-
HOBKH B padoTy.

Jlns OypeHHsT BOJONMOHM3MTENbHBIX CKBAKHH, 000PYJIOBAHHBIX I10-
rPY:KHBIMH HACOCAMH, TPUMEHSIOTCA BpalIaTeNbHBIA W yAapHO-KaHATHBIN
cioco0bl Oypenus. [Ipu OypeHHr BOAONOHM3UTENBHBIX CKBAKUH OTKJIOHEHHE
OT OCH CKB&XHHBI jomyckaercss He Oosiee 30°. B mecuaHbIX W TeCYaHO-
TJIMHUCTBIX TPYHTAX ¢ HEOOJIBILIMM BKJIOUEHUEM TaJIbKU MPEANIOYTEHUE CIETYET
OTJaBaTh BpalllaTeIbHOMY OYpEHHIO CKBa)XMH C OOpaTHOW MPOMBIBKOM YHMCTOM
BOJOW (yCTOMUYMBBIE MOPOJIbI) UM TJIMHUCTBIM PAacCTBOPOM (HEYyCTOWYUBBIE MO-
ponbl). BpamarensHoe OypeHne CKBaXXUH ¢ 0OpaTHOM NMPOMBIBKON O€3 Kperie-
HUS OOCagHBIMU TPyOaMH HEJOIMYCTUMO B HEMOCPEJCTBEHHON OJM30CTH OT
dbyHIaMEHTOB 3aHUN U TIOJJ3€MHBIX KOMMYHHKAITHHA.

[Tpu mpoxojke CKBaXKMH B CKaJbHBIX U IMOJyCKAIbHBIX IPYHTaX PEKOMEH-
NyeTcsl yAapHO-KaHATHOE OypeHue OKPYTIISIOIUMU JOJIOTaMHU.

Hacochkl B CKBa)KMHE MOKHO MOHTUPOBATh aBTOKPAHOM, OYPOBBIM CTAHKOM

WK APYTUMHA IIOABCMHBIMHA CPCACTBAMHA HAa BOJOIIOABbCMHBIX pr6ax.

5. UcxoaHble JaHHBIE /1JIs51 BHITIOJIHEHNUS 3a]aHUsA
B nomarmraem 3amanum TpeOyeTCs B 3aBUCHMOCTH OT THAPOTCOIOTHICCKUX
YCJIOBUI BBIOpATh COCOO BOJOIIOHUKEHUS, CXEMY, PaCCUUTATh OCHOBHBIC TTa-
paMeTphl crocoba U BBIOpaTh 000pPYAOBaHUE JJIS CICAYIOIIMX MCXOJHBIX JIaH-

HBIX:
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'y

['myOuna
Hn OunHa 3a-
BOJIOHOCHOT'O
aMeTp ['pyn Ky, | noxenus
TOPU30HTA OT
TOHHE- TBI M/CyT JIOTKA
MTOBEPXHOCTH,
TSI, M TOHHEJIS,
M
M
Ccy-
0,25 7 4
TJIMHKU
Ilec-
KU IbLIE- 0,4 9 4
BaTbIe
Ilec-
KU MEJ- 2 12 5
KHE
Ilec-
KH CP. 8 14 5
KpYII.
I'pa-
100 18 8
BEJIUCTBIE
I'a-
JIEYHHUKO- 23 8
BBIU
Ccy-
0,01 10 5
TJINHKA
Ilec-
KU IIBLIE- 0,8 15 5
BaTbIe
Ilec-
4 20 5
KU MeJl-

12




KHeE

Ilec-
10 KH CP. 15 25 5
KPYIL.
I'pa-
11 BeJIHC- 80 30 3)
ThIC
I'a-
12 JICYHUKO- 120 40 5
BBIU
I I'ny ['my6una
ameTp ['pyn Ky, OuHa BOJIOHOCHOTO
CTBOJIA, THI M/CyT CTBOJIa, | TOPU30HTA OT
M M MIOBEPXHOCTH, M
13 6 > 0,02 15 *
TJIUHKA
Ilec- 4
14 7,5 | xu npLIE- 0,5 20
BaThIC
Ilec- 5
15 9 | xu wmen- 3 20
KHE
Ilec- 3)
16 6 KH CpP. 5 50
KPYIL.
I'pa- 8
17 7,5 BEJIUC- 75 100
TBIC
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18

Cy-

TJIMHKHU

0,04

20

19

Cy-

TI'IMHKHN

0,3

25

20

7,5

Ilec-
KH TIBLJIE- 2

BaThbIC

15

21

Ilec-
KU MEJI- 5

KHC

30

22

Ilec-

KH Cp. 5

KpYII.

15

23

7,5

I'pa-
BEJINC- 110

TBIC

50

24

Cy-

TJIMHKHU

0,1

22

25

Ilec-
K1 MEJI- 1

KHC

18
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