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1. OBHIHE NOJIO)KEHUA

1.1. Hacrosmee PykoBoACTBO pacnpocrpansferci HAa NPOEKTHPOBA-
HHE M NPOH3BOACTBO PaGOT MO NpPelNOCTPOEYHOMY YJYHIEHHIO CTPOH-
TeJBHHX CBOACTB BeYHO- H CE30HHOMEP3JHX T'PYHTOB, NpeJHa3sHaYeHHHIX
s UCHOAB30BAHHA B KaueCcTBe OCHOBAaHHA 3JaHHA H COODYXKEHHA I10
I npunuuny CHuIl 1I-18-76 «OcHoBanHs M (YHAAMEHTH Ha Be4HO-
Mep3Jibix rpyntax. HopMu npoekTnpoBaHms», a Takxke AJA INPOH3BOA-
ctBa pafoT 1o OTPHBKe KOTJIOBAHOB, IO NpPEJOTBPAMIEHHI0O MOPO3HOro
Ny4YeHHA TPYHTOB H BHNYYHBaHHA (YHAAMEHTOB B YCJOBHAX 3HMHEro
npoMep3aHus.

1.2. B PykoBoJcTBe H3J1araioTcsi MeTOAW H TEeXHOJOIHH NpeAno-
CTPOEUHOIO YJYYUICHHS CTPOHTEJBHHX CBOACTB FPYHTOB, BKJIOYAIOHIHE
OTTaHBaHHE NPH NOJOXHTEJAbHHX H OTPHIATeNbHHX TeMHepaTypax ce-
30HHONPOMEp32IOMUX H BEYHOMEDP3JAHX TPYHTOB NPH IIOMOINM SJEKTpO-
SHEPrHH M XMMHYECKHX pearefiTOB, a TakXe HX YIJIOTHeHHE H NPOTHBO-
NYYHEAYYP CTAGHJIH3ANHIO,

1.3. YHCJY BEYHOMEP3JIEIX TIPYHTOB, HYXJAAIOIHXCH B MPERNO-
CTPOEYHOM YJYHINeHHH CTPOHTEJBHBIX CBONCTB, OTHOCATCH BeYHOMep3-
Jble, o6najaioline Takofi CXKHMaeMOCTbI0 TIPH OTTAHBAHHH, KOTAa CyM-
MapHasi ocajxa B npefejax Hail OTTAHBAHHSA 33 SKCHJYaTaUHOHHHN re-
PHOJZ MOXKET NIPeBHICHTD NpefeabHule ocankd, fonycrumuie CHall I1-15-74
«HopMu npoexrupoBanns., OcHOBaHHS 3JaHHfi M COOpYXeHH#», IJf
JaHHBIX THNOB 3JaHu#, BO3BOAHMHX no Il npuanumy.

1.4. BuGopy MerojoB H TEeXHOJOTHH NPEANOCTPOEYHOTO YJy4LIeHHS
TPYHTOB OCHOBAHH{I M COODYIKeHHH, NPOEKTHPYEMHX B COOTBETCTBHH CO
Il npunuunom CHulIT 11-18-76, mosXHO mpeAuecTBOBaTh ONpeAesieHHe
ONTHMaNbHHX IIYOGHH yJYYHmIeHHs BeYHOMEP3JHX I'PYHTOB H BHABAEHHe
My4YHHHCTHIX CBOHCTB ce3oHHONpoMepsaiomux. [lepBue pexomeHzyercs
onpejienaTh N0 JAepopManusM Ha OCHOBaHHH AaHHHX HHXKeHEepPHO-TeoJIo-
FHYECKAX HM3HCKAaHHH, a B OTAEJbHHX CJyYadx MO NMOJEBHM onpejele-
HHSIM CIXKHMaeMOCTH IPYHTOB NOX Harpy3kaMH B COOTBETCTBHH ¢ Tpe6o-
panHamz CHuII 11-18-76, Brophe HONXKHH ONpefensThCs Ha OCHOBE
JaGopaTOPHOTO H3yueHHs COCTaBa OOMEHHHX OCHOBaHHA H e€MKOCTH no-
TJIOINEHHS TPYHTOB.

1.5. Tlon onTuManbHOR TAYGHHON NPEANOCTPOSYHOrO YJYYIICHHS
CTPOHTEJLHHX CBOACTB BeYHOMEp3JOro TPyHTa IOHHMaerc HaHMEHbIIAs
riyOnHa mocjie yJaydlleHEs CBOACTB TPYHTOB, B NMpejiesax KOTOPOH Ocaj-
KH NPH OTTaHBaHHH He NPEeBHICAT NONYCTHMOH BeJHYHHH 32 SKCITyaTa-
NHOHHH TEPHOJ COODYXEHHs, a IyueHHe NPH NpOMep3aHHu rpyura Gy-
JleT H3MEHSITbCH B 3alaHHHIX Tpefiesiax.

1.6. Tlonx nmyuenmem npm npoMep3aHHM NOHHMaeTcsi TaKoe NpPHpa-
wenne oGbeMa npoMep3aoIEro IpyHTa, CBA3AaHHOE C KpHCTasH3aunHef
BOJH, KaK 3aMepsaiollei Ha MeCTe, TaK H NnepeMemaiomefics U3 HHXHHX
CJ10eB, KOTOPOe BHI3HLIBAET CYIIeCTBEHHOe HapyuleHHe 3a/eFaHHS H CTpoe-
HHS CJICEB 3TOr'O TPYHTa.

INpumMewanne  XuMHUGCKYIO, NPOTHBONYYHHHYI0 0GpaGoTKY
IPYHTOB CE30HHONPOMEp3aIOlero H CEe30HHOMPOTAHBAIOWIEro CIOS PEKo-
MEHIYeTCsl MPOH3BOJIHTL B CAYYastX MCHOJb30BAHHA BEYHOMEDSJHX IPyH-
TOB B KauecTBe ocHoBawuil no 1l npranmny CHaIl 11-18-76. ’
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1.7. IyunnucreMu rpyHtamu (CHull 11-18-76) cuntaioress cesoH-
HONpOMep3aiomue I'PYHTH FJHHHCTOTO H NBUIEBATO-HJHCTOrO COCTaBa, a
TakXe KpymHOOOG/JOMOYHHIE, COZepXkallue 4YacTHUH pasmepom 0,1 MM
B KosamuecTBe He Mehee 309 mo Mmacce.

1.8. Ilyunnucreie cBOHCTBA FPYHTOB CBfA3aHH C OGMeHHO-aJAcopGuH-
OHHOA CHOCOGHOCTBIO HX MEJKHX 4acTHI, KOTOpHe B COBOKYNHOCTH 06-
pa3yloT ROrJACHIAIOMIKI KOMIIEKC 3THX TPYHTOB, XapaKTepH3yloulufics
€MKOCTbI0 OGMEHHOTO NOTJIOINEHHS KATHOHOB, BHIDAXaeMOH B Mr-3KB
Ha 100 r rpyara. CoOTBeTCTBEHHO BCe TPYHTH, objajaomue 00MeHHON
€MKOCTbIO NOTVIOLIEHHS, CIIOCOGHBI MYYHThCS NPH npoMep3asnd. [lyunam-
CTHE CBOACTBA TPYHTOB, NPH NPOYHX DPAaBHHIX YCJIOBHAX, NPOSBJAAIOTCS
B TeX CAy4adX, KOTAa HX BJAXHOCTb Hepef TNpoMep3anHeM OGoJbime
BJIQXKHOCTH HA IPaHHIe PACKaTHBaHHA.

2. TEXHOJIOTHA YJIYYIIEHHSA CTPOHTEJIbHBIX CBOVCTB
BEYHOMEP3JIbIX TPYHTOB
OTTAUBAHUEM XUMHYECKHMH PEATEHTAMH

2.1. OrrauBaHuHe Mep3JibiX TPYHTOB NPH OTPHUATEJbHOA TeMnepary-
pe NPOM3BOAHTCA NMyTeM HHDbEHHDOBaHHA B HX O0beMH KOHIEHTPHPO-
BAHHHX BOJAHHIX PAacTBOPOB coJieH, G€3BOAHBIX OXHXEHHHIX H ra3006-
PasHHX XHMHYECKHX DearcHTOB, CNOCOGHHIX aKTHBHO OTTaMBaTh Jej H
NpeZOXPaHATh OTTaAHHHE IPYHTH OT BO3MOXKHOIO IOCJACAYIOHIETO 3aMep-
3aHus (mpuia. 3).

2.2. YIJIOTHeHHe Mep3JbiX IPYHTOB, COBMelleHHOe C OTTaHBaHHeM
NpH OTPUIATE]bHON TeMIlepaType, PEKOMEHAYETCH OCYIIeCTBJAATH MYTEM
pasfe/bHOTO HHBEUHPOBAHHS B MX OGbEeMH CXKHIXKEHHOTO aMMHaKa H
pacTBopa XJIOPHCTOTO KaJbLHS MJHM JPYIHX peareHTOB, CHOCOOHHIX
K B3aHMOZAefICTBHIO C TPYHTOBHIMH PaCTBOPAMH H MHHEPaJbHEIMH JaCTH-
uamy, ¢ o6pasoBaHneM LeMeHTHPYOIEro MatepHaia (npei. 3).

2.3. laBieHue, HeOGXOANMOe AJIA HHBEUHPOBAHHA B MepaJble IPYH-
TH MHIKHX H ra3000pasHbIX XHMHYECKHX peareAToB (cBepX GHTOBOIo)
JOJKHO 3aJ8BaThCsi H3 pacueTa Tpu aTMocdepsl Ha 4eTBepTh Ipajyca
OXJIaxKAeHHS Mep3JOTo IPyHTa HHXKe TeMNepaTypH Hadaza 3aMep3aHus
BoAH B HeM. Ilpm sTom TemmepaTypa Mep3Jjioro rpyHTa He XOJIXKHA Cy-
UIeCTBEHHO NOHHIKATBCA.

2.4. Mubenuposanue pacTBOPOB XHMMHYECKHX DEareHTOB B TPYHTH,
NoAJiexkaliye OTTAaHBAHHIO H YNJIOTHEHHIO MPH OTPHUATE/bHBIX TeMIepa-
Typax, cJeAyeT MPOH3BOAMTb Ha rJyOHHaX, NPHMEPHO paBHHIX ONTH-
MaJbHBEIM IIyOHHAM YJy4YIIeHHA C TaKHM pacyeToM, 4YTOGH mpolecce
NJIaBJIeHUA JbJA Pa3BHBAJICA CHu3Y BBepx (mpHu. 3). OTTasHHBIA TaKHM
06pazoM PPYHT HOJDKeH npHoOperarh Goslee INIOTHOE CJIOXKEHHEe H MEHb-
HIYI0 CYMMAapHYIO BJaXXHOCTb, YeM HCXOJHBIH Mepsiufl, Tak KaK HpH
3TOM MeXKOJOoUHbIEe NPOC/OfKH Jba OYAYT NJIAaBHTBCA H B BHAE PacTBO-
pa OTXKHMaThbCci BBePX, a 3a30PH MeXX]Yy OTAeJbHEHMH OJOKAMH TeK-
CTYpH GYAYT CTPEMHTBCS K CMBIKaHHIO.

2.5. PacTBOpH peareHTOB [Jisi OTTauBaHHSA Mep3JbiX, B OCOGEHHO-
CTH FpaBeJIHCTO-NeCYaHBIX IPYHTOB, MOTYT NOAABAThCS B IPYHT TaKxke
caMOTeKOM, (e3 NpHJIOXKEHHs H3GHITOYHOTO RapjeHHs n3pHe. OgHako
CKOPOCTb HHBEUHPOBAHHS IIPH 3TOM DPE3KO CHH3HTCS.

2.6. Hupenupyemsle B Mep3JHe IPYHTH DPacTBOPH pasfaBasioTca
TAOIIMM JBAOM H Ha ONpeJeleHHHX PAacCTOSHHAX OT HHBEKTOPOB HX
KOHUGHTPALHS JOCTHTAeT TAKHX SHAueHHH, NPH KOTOPHX HauMHaeTcs
saMepsanie. Takue paccTofHAs GYAYT MpeAeJbHHIMH PacCTORHHAMH BO3-

MOXKHOI'0O HHBCHHPOBAHHAA.
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2.7. OueHka nNpejesbHBX DPacCTOAHMA HHBENHPOBAHHS PacTBOPOB,
OTTAUBAIONINX MEP3JHE FPYHTH NPH OTPHIATJBLHHX TeMIlepaTypax, Mo-
KeT NPOH3BOIMTLCH MO (POpMyJsaM:

a) AJs CJIydasi CaMOTEUHOro NPOHHKaHHS PACTBOPA C HOBEPXHOCTH
B xosuvecrse 1 M3 uepes muomaaxky 1 M2 BricoTa OTTagHHOrO mpH
3TOM CJAOS IPYHTA C MJOINAABbI0 OCHOBaHHA B 1 M2 MoXeT GHTb BHpa-
¥eHa B BHJE:

€g—¢C q
: 1
e (W—Wyy @

6) nns cayuas wHAbenupoBaHust 1 M3 pacrsopa uepes TpPYGuaThii
HHbEKTOD, C PAaBHOMEPHHIM HELENHPOBAaHHEM MO BHCOTe, paBHOR 1 M;
pajMyc IMJHHADA OTTAasHHOrO IPYHTa NPH 3TOM BHpa3nTcsa ¢opMysof

. Co—C q .
R“l/c.,c W =W’ @

B) JAJs cayyasd HHBbEUHPOBaHHT 1 M3 pacrsopa uepe3 TOUeUHHIH
HHDBEKTOP; NpeReapHHil pammyc cdepe OTTagHHOrO IPyHTa BHpa3sHTCA

COOTHOMIEHHEM:
°/78 co—c q
o
R J— —— . 3
l/4 ¢ (W—Wg)yn @

rie Coy € — KOHIEHTDANHH PacTBOpPA B Hauaje M KOHHE MyTH HHBEH-
POBaHHA B TOHHAX DaCTBOPEHHOrO BemMecTBa Ha TOHHY
PacTBOPHTENS;
¢ — collepKaHue pPacTBOPEHHOTO BelecTBa B 00beMe DacTBO-
pa, HEBENHPOBAHHOTO B TPYHT, T/M5;
Y — oOBeMHas Macca CKeJeTa rpyHTa, T/M3;
W, Wuy— cyMMapHasi BJIaXXHOCTh MEp3JOro IPYHTAa H KOJHUECTBO
HeszaMepailefi BOJH, COOTBETCTBEHHO, B TOHHAax Ha | T Cy-
XOro TPyHTA.
n = 3,14,

Ilpumep pacyera. PacTBop XJOPHCTOTO KaJbUHSI HHBEHHPYETCA
B Mep3JHfi IPYHT, oXJaxkAeHHHHA Ao MuHyc 3° C. TpeGyercs HafiTH mpe-
fiebHHe DPacCTOAHHS HHbEHUPOBAHHS €ro B TIPYHT NpH CHAEAYIOMHX
YCAOBHAX:

y=1,56 1/M3;, (W—Wg)=0,16 1/T; Cacxopn=0,427 1/1;

co==0,059 1/1; ¢=0,427 T.

IpenespHbie paccToAHHS HHBEHHPOBAHUA JJISI CJY4deB, YKA3aHHHX
B 1. 2.7, HaxoxsaTca no popmyne (1):

P Cg—¢C q . 0,427—0,059 0,427}
T2 ggc (W—Wy)y  0,427.0,059 0,16
no dopmyse (2):

Cog—C q 3_89——9- .
R—.‘/coc (W —Wy)pn 3,14-3’5’%’

no dopmyae (3):

3
_ 3 a—c 9 [ J
R= l/ 4 cc W—Wyyn ¥ 0,75.12,4 =21 w.
1* 3

= 38,9




MecTHoe nmoHHXKeHHe TeMNepaTypsl B IpyHTte, GHCTPO HamoJHAEMOM
PACTBOPOM peareHTOB, MOXKET MOCHYKHTh NIPHUHHOH BPEMEHHOTO yMeHb-
HIeHHS IpEACABHHIX 3HaUeHHH, HalfleHHHX no popmynaam (1)—(3).

2.8. Tasgune JbKa B oObeMax MepsjbX TPYHTOB, HANOJHEHHHX pac-
TBOPOM, NPOHCXOAHT 3a CYeT Tellla, OTHHMaeMoro H3 3THX o00beMos,
a4 TaKke MOIVIOMIAaeMOTO H3 OKPYXKAIOMIHX MAacCHBOB HE3aCOJIEHHOI'o
rpyura. CKOpOCTb TasHHA 3aCO/IeHHHX MEp3JuX FPYHTOB npejonpene-
JsieTcsl TJIaBHHM 00pa3oM CKOPOCTBIO HPHTOKA B HX OObeMH Temjia H3
NPATpAaHHYHBIX MAaCCHBOB He3aCOJIeHHOTO Mep3joro rpynrta. Bpems ras-
HHS GBICTPO 3aCONISIEMOro TPYHTAa MOXKeT OHTb PacCUHTaHO MO MeTOJH-
Ke, NpHBEJEHHOH B NpHJI. 3 K HacrosimieMy PyKoBOACTBY.

2.9. HanenupoBalne pacTBOPOB COJIef, KHCAOT, OCHOBAHHA PEKOMEH-
jJyercss NPOW3BOJHTH 4Yepes CHEHHAaNbHbIE CaMO3ANHpawIlnecs HHBEKTO-
pH (puc. 22).

2.10. ITorpy:keHHe HHDEKTOPOB B IPYHTH PeKOMEHAYeTCs OCYIIeCT-
BJATh B 3apaHee npoGypeHHBe CKBaXXHHBHL ITOJOCTH MeXJy BHEHIHHMH
CTeHKaMH HHBEKTOPOB H CTEHKAMH CKBAaJXKHH CJCAYET 3aJHBaTh ILJAAMOM
H3 MECTHOTO TPYHTa H 3aMOpaXuBaTb. B CJI0sX Ta/lHX IPYHTOB CJeAyeT
HCHO/Ib30BaTh LEeMEHTHO-TPYHTOBHE PaCTBOPH.

2.11. OrranBanne Mep3JbIX TPYHTOB pAacTBOpaMH INPH OTPHLATE/Nb-
HHIX TeMHepaTypax AOMKHO OCYIHECTBJATHCH B COOTBETCTBHH C HPOEK-
TaMmy, pa3paboTaHHBIMH Ha OCHOBAHHH AAaHHHX MEp3JOTHO-TeoJIoTHYeC-
KHX H3BICKaHHH, HCCHeLOBaHHA oO6pasuoB TPYHTOB, CJAralomHx IJo-
majikd B JAa60paTOPHHIX M NOJEBHX YCJAOBHAX, H APYTHX MaTepHaJoB.

B cocraB NpOEKTOB JO/MKHBl BKJIOHAThCS:

NJIaHBl, paspesbl, ONTHMAJbHBE IMIYOHHB ¥ KOH(HrypaUHH 00GbeMOB
FPYHTOB, MOAJIEXAMHUX OTTAHBAHHUIO;

NJAHB PAcHONOMEHHS H IJIYGHHB! NOTPYIKEHHS HHDBEKTODOB;

TEXHOJOTHYECKHE CXEeMH IO OTTAaHBAHHIO C NaHHBIMH O KOJHYeCTBax
M pacxoJax peareHTOB, O NOTPeOHOCTH B APYTHX MaTepHasnax H obopy-
JIOBaHAH, & TaKXe C OMHCAaHHeM PeXHMOB PaGoTHL.

KpoMe Toro, JOMKHH GHTbH NPEJCTaBJIEHH:

a) KaJbKyJsalHsl CTOHMOCTH pafoT;

6) TpeGoBanHdA N0 TeXHHKe Ge30MacHOCTH;

B) TpeGoBaHHA HO KOHTPOJIO KayecTBa OTTAAHHBIX M YNJOTHEHHBIX
IPYHTOB.

IIpn paspaGoTke NpPOEKTOB OTTAMBAHHI CJefyeT PYKOBOACTBOBATHCH
«Hucrpykunell mo cumukatusanuu» (Crpofinspnar, 1973) u marepuaiamu
Hacrosumero PykoBojacTBa.

3. TEXHOJIOTHS YJYYUIEHHUA CTPOHUTEJBHBIX CBOHCTB
BEYHOMEP3JIbIX 'PYHTOB
OTTAUBAHHEM 3JIEKTPHYECKHM TOKOM

3.1. IlpeanocTpoeynoe OTTAHBAHHE BEUHOMEP3JHX TPYHTOB NpH MO-
JIOXKHTEAbHHX TeMImepaTypaXx PeKOMeHAYeTCs NPOH3BOAHTL HepeMeHHBIM
3JIGKTPHUECKHM TOKOM € HCHOJB30BaHHEM 3JEKTPHUECKHX HarpeBareJied,
paGoTalomux 1o/, HanpAXeHHeM Ha 3axHmax ot 5—10 no 20—30 B.
PexoMeHAyeTCS HCHOJNB30BAaTh HAarpeBaTeJNH ABYX BHAOB: 3JEKTPOJHTH-
yeckHe B oMuyeckue (puc. 1).

3.2, OnexTpoNHMTHYECKHH HarpeBaTesb (puc. 1, d) — 310 ycTpOHCTBO,
cocTosiliee W3 BHemHefAi TPYOH CPaBHHTENBHO OOJBINOTO JHAMETpa
(75—100 MM) m BHyTpPeHHEro cepliedHHKa (CTepXeHb HJIH Tpy6a MeHb-
LIero AHaMerpa), H3OJHPOBAHHHX MeX1Y cofoH, B IPOCTPAHCTBE MeX-

4



Iy KOTOPBIMH NMPOHCXOAWT HarpeBaHHe BOJBL, NPHMEHSIOMEHCT B KAyecT-
Be CpeiH, mpeoOpasyioilieli 9J1eKTPOSHEPTHIO B TemJio, H NepefaTdnka
TemJa OKpyXawomeMy rpyHty. OTranBanue TpyHTa HarpeBaTesieM pe-
TYJApYeTCs YPOBHEM BOJABI B HEM HJH IVIYOHHOH NOrpyMeHHS CepieYHH-
Ka (BHYTpeHHeEro JeKTpoaa).

3.3. Ilorpyxenne 9JIeKTPOJMTHYECKAX HarpesaTenefi B TPYHT HpO-
H3BOAHTCH pasfenbHO. BHauase morpyxaiorcs BHemHHe TpyOHl C HAKO-

al

~128

N/

Prc. 1. Harpesartenn

a) 3NeKTPONHTHUeCKHe; 6) OMHYECKHE
1 — crepxenb H3 apMaTypaol cTaiad; 2 — TpyGa; 3 — H3onsTOop AepeBaHHNA; 4 —
INeKTPONHT (BONONPOBOJIHAS BORA); 5 — KoHHeBofl H3onsiTOp; 6 — cBapHof KoHyC
TpyObi; 7 — MOHTaXKHasf TIPOKJaNXa JEpeBAHHAs; 8 — NpOBOAOUHASl CKPYTKa; 9 —
H3OMITOP-3arymIKa; [0 — mrynep; /1 — npopesn B TpyGe

HeYHHKAaMH, a 3aTeM B HHX YCTaHaBJEBAIOTCH BHYTPeHHHE TOKOBOJH,
MOACOEHHAIOTCA NPOBORA, 3a/IHBASTCA BOAA.

3.4. Tlorpyxenne BHemHHX TPy6 HarpeBaTeslel B MepsJble TPYHTH
MOXeT TPOH3BOIAUTLCA B 3apaHee NPOOYpPEeHHHE CKBAXKHHH HJIH Hemo-
cpexcTBeHHON 3a6uskoft (puc. 2).

IpexpapuresnpHoe Oypenue CKBaXKHH [OJ BHeWHHe TPyGH Harpe-
BaTesefi [NPOH3BOJAMTCH CTAHKaMH LIHEKOBOrO GypeHusi, HamnpHMep
YPB u np.

Henocpeacrsensas 3afHBKa BHEMHHX TPY6 HarpesaTenel B Meps-
JIHE CBfISHHE I'PYHTHL MOXKET OCYNICCTBJATLCH CBaeGOMHHMA yCTaHOBKA-
Mu (pHC. 2) WM IPYIHMH YAapHHMH YCTPOHRCTBaMH.

Bo wusbexannme nedopmanu# TpyGbl npH 3aGHBKE BHYTpb Hee
BCTaBJAETCA HHBEHTAPHHE BKJAAABI, CTalkHad Go/BaHKa NMOAXQASUIETO

5



CevueHuss W JJIHHEL, H3BJEeKaeMas JAJA M[OCACAYIOUIEro HCIOJAb3OBaHHA

nocse 3aGHBKH OYepefHON TPYOHI.

3.5, PasMemerne 5JeKTPOJHTHUECKHX HarpeBaTesief B ILlaHe INIO-
WaJXH PeKOMEHJYyeTCs NpPOH3BOAMTL B IHaXMaTHOM HOPAAKE C TaKHM
pacyeToM, uTOGH KaXKAHH H3 BHYTPEHHHX (B IMIaHe MJOMIAJKH) Harpe-
Bateaei Obli OKpYXeH IJECTbI0O paBHOYJaJieHHBHIMH HarpeBaTessaMd

(puc. 3 u 4).

Puc. 3. Onru-

MajbHOe pacno- G
JIOXKeHHe Harpe-

Bareseff B mJa- N

Puc. 2. Cawmoxon-
Hasg YCTaHOBKA AnA
3a0HBKH JH3eJb-
MOJOTOM Tpy6 B
Mep3jble T'PYHTH
a — ycranoska B c6o-
pe; 6 —Tpyla ¢ HH-
BCHT2pPHBIM BKAAADBI-
meM:

I — ronoBKa  IITaHIO-
BOTO  HH3eJb-MOJIOTA
C BECOM yxapHoil wac-
™ 2,5 T, 2—craab-
Hasa Tpy6a; 8 — cranb-
HOR HHBEHTapHHA
CTepKeHb JKEeCTKOCTH;
4 — KOHHYecKH? Hago-
HEYHHK TPYOH; 8 - Ha-
npaBAfIOIMUA KOHOYK-
TOD

HE IVIOMLaAKH,

3alwITpHXOBAHH ) R
cegenuss  obne-
MOB TpYHTa, ca-
MOTIPOH3BOJILHO
OTTAHBAIOIIHX
nocAe OTKJIoue-

/30°

30°

HAA Harpesare-

Jaeft 3a cuer ak-

KyMYJAHPOBaHHO-
ro Tenaa

Paccrosnue Mexny HarpeBaTe/iAMH B DSy HaxoAuTcd no dopMyse

L=1,73v,
a MexAay paiaaMu — no dopMmyse
H=0,87L=0,87-1,73y,
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Me Y — pajHyC OTTAHBAHHA MEP3JIOTO IPYNTa, YCPeAlleNHH{ AAs HaH-
GoJiee 4acTO NMPHMEHSEMHX B NpPaKTHKe 3HaueHHH,

MoIHOCTb 9JIGKTPHIECKOTO TOKA, NOLABAEMOTO Ha KaXKABIH Harpe-
BaTedb, OTPAHHYHBAETCH TEM KOJMUECTBOM o6Gpasyiouierocs Temsaa, KOToO-
poe B COCTOSHHH BOCIDHHSTb IDYHT Yepe3 e[HHHIY NOBEDPXHOCTH KOH-
TaKT4 C HarpeBaTesleM H IepeflaTh K JABHKYIIefics IpaHule OTTAHBaHHA
B eAmHMUY BpeMeHH. IIpH 3ToM TeMmmepaTypa IOBEeDXHOCTH Harpesarens
He MOXKeT CYIIeCTBEHHO NpeBHmarth -+95° C, HHaye HayHeTCSs BHKMIAa-
HHE BOZH.
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MompHocTe paccuuTeiBaeTcs no dopmyde
T 0,24-3600 ¢
rae  P=IU- momHOCTb, KaK RHPOH3BEJeHHEe CHJIH TOKa Ha ero Hanps-
XeHue, npuXoAAuIancs Ha 1 M2, kBt/MZ;
A— ko3 dunHenT TeNJONPOBOXHOCTH OTTAfHHOTO TPYHTA,
kraa/(M-4-K) mm [X1,16 Br/(M-K)];
nmsz— noKasaress napaGovis, anMPOKCHMHEpPYIOWESH pachpefe-
JieHHe TeMNepaTypH B IMJIHHApe TAJIOro FPYHTa;
¥; Roy— pamuych: OTTaWBaHHS W HarpeBaTess, COOTBETCTBEH-
HO, M.
tns Igp— TEMIEPATYDPH: TIOBEPXHOCTH HarpesaTels M TasHAd
JbJa B TPYHTE, COOTBETCTBEHHO, I'Pajl.

Mipumep pacuera. HafiTh MollHocTh HarpeBaTeiss NPH  YCJIOBHSX:
A==1,7 kxaaf(M-4-K); En—bp=90—0=90°C

YI—RO_I’%—O:Oss
2 2

_ ln ln—txp_“ 1,7"2 _g_g
T 0,24-3600 y  0,24.36000,62

Ecia naomafib rpeiomlefi 10BeDXHOCTH HarpeBaTeNsl JIHaMeTpoOM
108 MM BHIpaxaeTcs B BHIE

P=]U

Y= =0,62 »;

P

= 0,59 ~ 0,6 xBr/M3
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S=mdl — 3,14.0,108-1 = 0,34 m?,
TO NpH 3TOM MOUHOCTH | M Harpeparelss JOMKHA COCTaBHThH:
P=PS=0,6-0,3¢4 ~ 0,2 xBr/u™.

3.6, MOWHOCTh HCTOYHHKA SAEKTPOIHEPTHH JJIS HHTAHHA SJEKTPO-
JHTHYCCKHX HarpeBaTeJied DAaCCYMTHBAeTC HCXOAS H3 ofmero wuciaa
HarpesaTesiedf, IMIyOHHH NOTPYXeHHS HX B OTTAHBAEMH IPYHT, MOIIHO-
cTH, norpe6iseMol 1 M Harpesaress.

Tipumep pacuera. Heob6Xomumo OTTaATh MepaJHil IPYHT Ha nJjoLIaj-
Ke, nMeome# pasMep 26<26 M, mpH CpeAHedl TOJIIHHE OTTaHBAEMOro
caosi. 10 M. C y9eToM YaCTHYHOrO HepeKpHTHS 30H OTTASHHOIO IDYHTa
pazHyC OTTaHBAaHHS npuHuMaercs paBHHM 1,2 M. Ilpu Takmx ycioBHax
HAXOASTCH: PACCTOSIHHE MEIKJY HarpeBaTelsAMHA B PSAY

I =1,73-1,20=2,06m;
paccTosHEe MeXAY pANaMH HarpeBaTesei
H=10,87L=0,87-2,06=1,8u;
4HCJIO HATpeBaTesell B pAAY

e i !4.
2,06+ 1 ;
4HCNIO PALOB
26
241 = 16
l,8+ 16;

4HCc/I0 HarpeBateselt 14-16==224;
cyMMapHas AJuHa paGoyeil YaCTH HarpeBaTteJieil

10-224 = 2240 u;

notpe6Has MOIMHOCTh JEKTPHYECKOTO TOKa (IpH AnameTpe TpyG6 108 MM
H ¢ yueToM Ko3(duumeHTa NMOTEPH MONIHOCTH Ha TOKOBoZax 1,2)

P—=1,2.2240.0,2 = 538 kBr;

ugcxo TpaHcdopmaropos mo 180 xBT xaxaui — 3 wT,

Pacxon wmartepuayioB: TpyOm zumamerpom 108 M —2000 m; apma-
TypHad crajb AuamerpoM 26 MM 4711 BHYTPEHHHX TOKOBOZOB — 2000 M;
TOKOBOAH AJA KOMMYTanHH Harpesarejell — 1800 m.

Ipuannnnasspas cxeMa PacioJIOXNEHHT H KOMMYTaIlHH 3JIeKTPOJIH-
THUECKHX HarpeBarejeil mpeiCTaBieHa Ha pHC. 5, 6.

3.7. TlponosKuTENbHOCTD OTTAHBAHHS T MEP3JIOro FpyHTa Paccyd-
THBaercqd no gopMyae

T= Sag_[—;n ) m) re e sla) ] ®

B xavecTBe npuMepa HHXKe NPHBOJAMTCA pacyer JJIHTEJbHOCTH OTTAH-
BaHHA Mep3Jjioro rpynTra no ¢opmyne (7) DpH CHAEAYIOWHAX YCJIOBHAX:
Ry =0,055 M — paxnyc TpyOH HarpeBaTeld;
¥=1,3 M— pazHyc OTTaHBaHHJ Mep3JOro rpyHTa BOKPYr Harpe-
Barens;
A=17-1,16=197 Br/(M-K) — kKosad¢unnesT TenaonpoBOAHOCTH
TaJoro TpyHTa;




¢==0,21-4,2=0,88 kIxk/(kr-K) — Kood}puuHeHT TeIIOEMKOCTH Ta-
JIOTO TPYHTa;
A=2100 xr/m3 — o6beMHan Macca TpYHTa;
v=1840 xr/m3 — ofbeMHag Macca CKejera IPYHTa;
A 1,7

o — e — — 2 )
= 0,21.2100 0,0038 M?/u — KospduuHeHT  TeMmepaTy

PONpPOBOAHOCTH IpyHTa (MHOXHTe b 3,6 BBedeH C IeNbI0 BHI-
pa’KeHHs BpPeMeHH B 4acaX BMeECTO CeKYHA);
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Puc. 5. Cxemnl pacnosoxeHHs B TPYHTe M MNOJKJIOYEHHS HarpeBareJfefi

a — cragu o6paGoOTKH TpyHTa; [ — OTraHBaHHe; 2 — HCCYileHHe, 3 — CHeKaHHe;

a — Tanablii; — HCCYINEHHHH; 8 — cnekmufics rpyHT; 6 — SAEGKTPOAMTHIECKHE

HarpeBaTesnH; 8 -— OMHYECKHEe 3SJieKTpomarpesarenu: [ --Harpesatend; 2 — KOMMY-
TaOHOHHME IIHHH; 3 — NMOHMMXKaOWHA TpaHchopMaTop

W =0,14 — cyMMapHasi BJaXHOCTb [PYHT2 B JOJAX €IHHHIH
MaccCHhl;

Wy =0,02 — KouuecTBO HezaMep3umeli BOAH B AOJSX MAaccCH;
i=W—-Wy=0,14—0,02= 0,12 — cosepxxanue Jbpja B Mep3JOM

TPYHTE B JOJSX €AHHHUB MacCH;
P — CKpHTad TenJoTa ILIaBJeHHdS JbJAa, paBHas 80 Kkaja/Kr

(336 xIx/kr),

Brpaxkan GykseHHHme CHMBOJH ¢GopMyJaH (7.4) YHCACHHHIMH 3Hade-
HHAMH # NOACTABJAAA HX B QOpPMYJy, Nojyyaem:

_ Ac(ty—1t;)  2100-0,21-90
T ypi 1840-0,12-80

2—230 g

N 2,3,



rie ta, lr — TeMnepaTypa NOBepXHOCTH HarpepaTe/s M TPyHTa Ha rpa-
HHIE TAasSHHSA, COOTBETCTBEHHO;

R? 2
R§=0,00302;(-—£-) —1,12; (Y) ( L 3) — (23,83) = 560;

R, 0,055
& 3132
2 — (23,83)3 = 1320;
R ( )
1 /1 1 1 /1 1 15,6
—(— = —(— 4+ —|=—22=0,2;
2n(N +n+l) 2-2(2,3+ 3) 46,9
1 /1 2 1 /1 2 1 4.4
—_ e —— )= — [ — == | = — == =10,035;
Sn(N (n+1)2) 6 (2,3 9) 6 20,7

T == 0,79(0,20-560 - 0,035-1320) = 0,79-462 = 362 u. = 15 cy™.

3.8. VrennHbit pacxof 3JeKTpo3Hepruu (B pacueTe Ha 1 KyGomeTp
OTTaHHOTO TPYHTA) HAaXOZHTCS NO dopMmyse
Py
=7 8)
rie P — cymMMmapHas MOIIHOCTb 3JEKTPOIHEPrHH, riojaBaeMofi Ha OTTaH-
BaHHE IPyHTa BCel mIOajiKH;
T —BPEMS’I oTTauBaHAs, paccuntHBaerca mo dopmyae (7):
V — cymmapuuii 06BeM rpyHTa, OTTasHHOrO Ha INIOMIAjEe.

Mpumep pacuera: HaliTH 3aTPaTH 3JEKTPOSHEPIHH Ha OTTaMBaHHe
1 M3 rpyHTa NpH 3aJlaHHHX BHILE YCJIOBHAX.

Pasmep nyiomanxu — 26)26; rny6uHa orranBanusi — 10 ; ofbem
OTTanBaeMoro rpyuta — V=26-26-10=6760 m3.

IMorpe6uas MOMMHOCTS SJIEKTPHYECKOTO TOKa COIVIACHO TIpHMepY
pacuera cocraBasger P=>550 xBr.

Bpems orrauBaHHs corylacHO HpeiHAyIIeMy NPHMEpPY pacuera co-
cranaseT T=362 u.

ITopcrasaaa wHCIeHHHe 3HaYeHHs mepeMeHHHX B dopmyay (8),
noaydaeMm

Pt 550362
p=-1 2% 50 kBrou/m.

3.9. OmuyeckyMH HarpeBaTeJsIMH Ha3HBAIOTCHA 3JeKTPHYeCKHe Ha-
TpeBaTesH, B KOTOPHX paGounM TesoM, npeofpasylomiuM 3JEKTPHUECKYIO
SHEPTHIO B TeNJO, SIBJACTCS CTepXKeHb H3 apMaTrypHOH CTajH, AHaMer-
pom 18—25 MM, H30oTHYTH B BHAe cKoOu (puc. 1,6, 8, 2).

Owmuueckue 9/eXTPOHATPEBATE/H, TAK e KaK H 3JEKTPOJIHTHYCCKHE,
SIBJIIOTCST HH3KOBOJBTHHIMH. JIN HX NHMTAHHA HeOoOXOJHM TepeMeHHBIH
3/IeKTPHYEeCKHH TOK HampsixKeHHeM or 5—10 no 30—35 B (puc. 1).

OrnnunTenpHOl 0COGEHHOCTBIO OMHYECKHX Harpepartesiefl sBJjsieTcs
BHCOKas SKCIIyaTallHOHHAst HAaXeXHOCTb M NPOCTOTa KOHCTPYKIHH, MHO-
rokparHas o6opauyHBaeMOCTh OPH HCIIOJMb30BAHHH.

3.10. Ilpu oTTaMBaHHE Mep3JHX TPYHTOB OMHYECKHMH HarpeBaTess-
MH (e3 JONMOJEHTEJbHBIX (H3HKO-XHMHYECKHX H HWHHIX BO3JeHCTBHH pe-
KOMEHIYIOTCS JBa PeXuMa paGoTh:

a) PeXHM KOHIYKTHBHOM NepeJaun Temia OT HarpesaTefefl B IPYHT;

0) pexkuM napoKOHJAEHCANUOHHON Temaomeperauy.
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3.11. Pacuer napamerpoB mpoilecca, a Takxke 3JeMei{T0B, y3ioB,
CHCTEMH B HEJIOM AJ5 OTTAHBAHHs BETHOMEP3JIHX TPYHTOB OMHYECKHMH
HarpesaTeJMH, PaGoTalOIEMH B PeKHMe KOHAYKTHBHOH TenJonepexa-
4H, HHYEM CYIIeCTBEHHHIM He OTJHYaeTci OT pacyera SJeKTPOJHTHUe-
CKHX HarpesaTelefl, npHBeXeHHOro B mm. 3,5—3,9. DTo Xe CIpaBeAAHBO
H B OTHOLIEHHH TeXHOJOIHH YCTPOACTBa CHCTeM JAJf OTTaHBAHHS H Be-
JEHHS OTTAHBAHUA.

3.12. B psaje ciyyaeB pacueT BpeMeHH OTTaUBaHMA MeP3JIOTO TPYHTA
OMHYCCKHMH HarpeBaTe/AMH, paloTaiOmMBEMH B DPeXHMe KOHIYKTHBHOH
TelVIonepefadn, CJAeAyeT BeCTH IO PAacXORy S5JeKTPOSHEPTHH, a He IO
TeMuepaType NOBEPXHOCTH HarpeBaTesefi, K&K 3TO mpeaycMoTpero ¢op-
myaoi (7). Ias sToro pekomenayercs ¢opmy.a:

R=2K (av)'”?, ©)
e f ~— pajHyC OTTaHBAHHS;

a= " — K03 GHUHEHT TeMIepaTyponpOBOAHOCTH TaJOro IPYHTa;
c

T— BpeMs OTTauBaHHs;
K— xopeHb XapaKTepHCTHUECKOTO yPaBHEHHS, HMEIOIIEro BHJ:

L g (K0 =Keag, (10)

rae Q@ — MOHIHOCTB 3/1eKTPHYECKOro TOKa Ha | M Harpesatess;
A, @— TenJIoNpOBOAHOCTb H TEMIEpaTypONpPOBOLHOCTL TAJOrO TPYHTa;
g — TenJo3aTpaThl Ha OTTaHBaHHe Jbja B KyboMerpe IpyHTa npu
TeMIepaType ero IJaBJeHHs.

Mpumep pacuera. 3anaHo: Koa(dHUUEHT TeMiIepaTypolnpOBOAHOCTH
Tanoro rpynra, a==0,0032 m2/u; yneisHas MOUHOCTs HarpeBaTeas (Ha
1 m ero mmHE) — 1 kBr/M, B Q=864 xxan/(M-u); TenaosaTpaTh
Ha OTTaHBaHUE JbAa B KyOOMeTpe Mep3joro rpyHTa NpH TeMmmeparype
ero naasaenns g==p(W.—Wgz)y==80(0,30—0,05)1500=230 000 xxamn/m3,
3nmece: p; We; Wa, ¥ — CKpHTas TelUIOTa OJaBJeHHS Jbja; CyMMAapHas
BJIAXXHOCTb H KOJHYECTBO He3amep3liefi BOAH B Mep3JoM IPyHTe; 06D-
eMHasg Macca CKeJeTa TPYHTa, COOTBETCTBEHHO.

TpeGyercss paccunTaTh BpeMs OTTaHBAaHHS HMAHHADA IPYHTA pald-
ycoM R=2,5 M. .

Tonaras 8 dopmyne (10) K?==y u rpynnupys B npasofi wacTi na-
paMeTpH, NOCACAHION MOXHO NPEACTAaBHTh B BHIE:

4na
exp (—1y) = -agx-

Beasi o603nayeHus

4
Y, =my =——£—qx H Y, = exp (— ), HeTpyAHO BHAErb, YTo B HTOTE [O-

Jy4aTcs GOpMYJIHl NPAMON M SKCIOHEHTHL.
Touka nepeceueHHs MX, Kak MOXKHO BHAeTb Ha pHC. 6, OTBeuaer

xoopanHare ¥ =0,455=K? npH yKa3aHHHX UHCJEHHHX 3HaUEHHSIX Hapa-
MeTpoB:

4nag _ 4-3-14.0,0032-30000
Q 864 o

2* 11

m == 1.4,



Ilpu apyrux sHauendsx napaMerpos tadreHc yiaa HaKJoHA mpi-
Moll m X ocH jy GyAer NpyTHM; ADYIHM COOTBETCTBEHHO GyHeT H pelue-
HHe XapaKTepHCTHYecKoro ypasHeHHsa (10).

BpeMst oTrauBaHHs rpyHTa B o6BeMe IMJHHApa pafHycoM R=2,5u
MoxeT OHTh paccuHTaHo no ¢opmyne (9), npeoGpasoBaHHON K BHAY:

G
_Rr 6,2 =825 50 < 1080 4,
4K%*a  {4-0,455-0,0032 5,8

nan 1080/24 =~ 45 cyTox.

T

3.13. ITapoxoHJAeHCAUMOHHMI  pe-
¥ JKHM paGoTHl OMHYECKHX 3JeKTpPoHarpe-
paTesell XapakTepeH TeM, aTo Ha 1 M
HarpeBaTeNs MoAaeTcs MOIIHOCTb 3Hep-
rHH, BO MHOTO pas MNpeBHIIAOMWAR MO-
IIHOCTb NPH KOHAYKTHBHOH TermJjonepe-
fade H JIoCTHT@molias BemunH 2,0—
2,6 kB. Ilpu stoM TemmepaTypa nosep-
XHOCTH Harpesateast pocrturact 700—
800°C u BOjAa BOKpYr Hero B IpynTe
TIepeXOIHT B mapoobpasHoe COCTOSHHE.
TIpoucXOAuT KayecTBEHHOE H3MEHeHHe
MeXaHH3Ma TelJlonepeHoca OT Harpesa-
TENs K FpaHdle OTTAHBaHMA, IVIABHYIO
posib B KOTOPOM HayHHaeT HIPaTb Mac-
COTepeHOCHast COCTaBJAOMAas Temiono-
TOKOB.

3.14. Pe3xoe NOBHIIIEHHE SHEProeM-
KOCTH HarpeBaTtejeli B IapOKOHMeHca-
ILHOHHOM pexuMe paboTH NO3BOJSET B
3—4 pasa paspsIHTL HX CCTKH B nJja-
HaX CTPOHTEJBbHHIX MJIOIMAAOK H JOBe-
cTH A0 pa3Mepa 5X6 u Gosee MmerTpos,
, 4yTOo OOYC/IOBJAMBAET COKpalNeHHEe Pacxo-
a4557 03 10 (5 x Hda MeTtajya H notpeGHocTb B OypenHH
CKBaXHH NMoJ HarpesaTtesJu B 3—4 pasa,
npuyeM 6e3 yBelHUeHHS BPEMEHH OTTaH-
BanHA,

3.15. BpeMs oTTaHBaHHS TpYyHTa
BOKPYr OJIMHOYHOTrO HarpeBaTteis, pabo-
TAOHIer0 B NapOKOHIEHCAUHOHHOM pe-
m:}m%)oueﬂnaaercs (dopMynoft, uMeroumell aHaJOTHYHHA BHA ¢ dopMmy-
7o :

R R R o

rae Ry —paauyc «naposofi pyGalUKH» BOKpYr  HarpeBaTels B
rpysre, paBaniii 0,1 M NO ONBITHHLIM JAHHBIM, NPH YCJOBHH,
4T0 pafinyc OTTAaHBaHHS CYHNIECTBEHHO He NpeBHImaeT 3 M.
Ha BHeniHefi noBepXHOCTH «napoBoil pyGalIKH» TeMnepaTypa
npHHHMaeTcs pasHoit 100° C;

497

a5

424

Puc. 6. Cxema HOMOrpamMMmu
JJIl pelleHHs] XapaKTepHCTH-
4eCKOT0 ypaBHEeHHs

== e ree——— ,038 2y — i
a, A 0.21.2100 0 M2%/u — spexTHBEE  KoapHuACHT

TEMIIEPAaTyPONPOBOAHOCTH TaMOro IPYHTA NPH MOIIHOCTH
Harpesareds 2 KBr/m;
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b g .
Ay = Axf =1, 0= 17 kxan/(m-4-K)—asddexrnpunii kosdduuserr
K *

TEIJIONPOBOAHOCTH;

P, u P; — ynenpHast MOIHOCTb Harpesartedss [1apOKOHAEHCAIHOHHOM
YCTaHOBKH KOHAYKTHBHOH Tenvionepefaud [dpopmynn (10)
n (6)].

Ilpn yKasaHHBIX 3HaYeHHSX TenNo(H3HYeCKHX Kos3(dHIUeHTOB Bpe-
Ms OTTaHBaHMs, pacCuHTaHHoe B npuMepe 10, coxpamaercs c¢ 15
1o 1,5 cyr.

nim ke \

0150115
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Puc. 7. HoMmorpamma A9 BLIUMCACHHA NapaMeTpoB OTTAHBAHHA MEpP3Jio-
ro TpyHTa OMHYECKHMH 3JEKTpPOHarpeBaTesaMH

} — pacxXox Meransia NpH SAEKTPOAHOM METOAEe OTTaHBaHHA (STAJNOH AANA cpapHe-

HHuA); 2 — PacXoji MeTajjla NPH MCNONb3OBaHHH OMHYECKHX HarpesaTesedl; 3 — mo-

tpeGHocTb B MOroHa)ke OypeHHA Ha | M3 OTTasdHHOTO rpyHTa; 4 — PacXox MeTal-

Ja NpH HCNOAB3CBAHHH S7CKTPOJNHTHYECKHX HarpesaTenefl; 5 — npeMsi OTTaHBaHHSA
npH yIeldbHoll MoIHOCTH HarpeBateas 1 xBr/m; 6 — To xe, npH 2 KBT/M

Tlo ¢opmyne (11) Ha puc. 7 NOCTPOEHH KpHBHE 5 H 6 3aBHCHMOCTH
TIPOACJIKHTENEHOCTH OTTAHBAHHA Mep3JIOro TPYHTa OT DAcCTOAHHA MeX-
Ay uarpesaresaMu (L) npu yHesnpHON MomHOCTH TochesH#x 1 u 2 kBT
STi KpHBble YNOOHO HCNOJB30BATL B KauecTBe HOMOTPAMM INpH OLEHOU-
HBIX pacueTax NPHMEHHTeIbHO K HaHGoJee THNHYHBIM BEYHOMEP3JHM
rpynram paiiona BopryTsl

Ha puc. 7 npeactaB/iensl TaKKe KPHBHIE, OTpaxaiolllie NOTPeGHOCTD
LAf OTTaHBAHHA OAHOro KyGoMerpa rpyHnta B GypeHHH CKBAaX{HH H B Me-
Tajje HAJjsi HarpesaTesied, B SABHCHMOCTH OT PacCTOAHHA MeXJAY IOoC-
JIeJHHUMH.

3.16. Tlpumepni pacueTa mapaMeTpoB CXeM OTTaHBAHHS BEYHOMeEP3-
JHIX TPYHTOB ¢ HCTOJb30BaHHEM OMHUECKHX 3JeKTpoHarpepatetell s
KOHKDeTHHIX 00DBeKTOB NMPHBOAATCHA B NpHA. 2 macrosmero Pyxosoncrsa.
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3.17. CunnHOJBAHCTHIE TEKCTYPHPOBaHHBlE TPYHTH TOc/je OTTaHBa-
HHSA 3ayacTyio GYAYT HYXJAAThCH B MOBHIIEHHH NPOYHOCTH, YMEHbIIEHHH
CKHMaeMOCTH NOJ Harpy3KaMH, APYIHX BHAAX YJYyullIeHHd.

B kauecTBe MeTOLOB YJYUlUeHHS CBONHCTB OTTAaHBAIOUHX TPYHTOB
PEKOMEHAYIOTCA: JeKTpooOpaboTKa MNOCTOSHHBLIM 3JIEKTPHUYECKHM TO-
KOM, 3JIEKTPOXHMHUecKasi 06paboTka B CHIHKAaTH3alHA.

CHMHMKATH3aLHIO OTTaHBaeMbiX 3J/EKTPOSHeprHefl IPYHTOB PEKOMEH-
Iyercd NPOHSBOJUTL MO JABYXPACTBODHOMY METOAY B COOTBETCTBHH ¢
«MucTpykuselt no cuimKartHsauum rpyHros» (M. Crpoiimspar, 1960),
CIelHa/MbHO NPHCNOCOGJEHHOMY K YCJIOBHAM OTTAHBAHHS MEpP3JIBHIX TPYH-
T0B (npHi. 3).

3.18. B xauectse paGodero opraHa AJs CHJIHKATH3aUWH OTTaHBaIo-
IIHX H OTTASiHHBIX Mep3JbiX IPYHTOB DeKOMEeHAYeTcs HarpeBaTesb-HHb-
€KTOp, COBMeMaIUKi (YHKUMA OMHYECKOro HarpeBaTelsl H HHBEKTOpE
I/ PAcTBOPOB JKHAKOTO CTEKJA H XJOPHCTOTO KajabUua (npua. 3,
puc. 22).

3.19. OcHoBHBle TeXHOJIOTHYECKHE Onepalui OTTaHBAaHUA  Mep3JbX
TPYHTOB, COBMEUIEHHOTO ¢ O6GpaGOTKOfi peareHTaMH, OCTAIOTCH TaKHMH
3Ke, KaK NPH OOBIYHOM OTTAHBaHHH.

[MpuruunnanpHas COBMeLIEHHAast CXeMa N0 OTTAHBaHHIO H obpaboT-
Ke peareHTaMH Mep3JblX TIPYHTOB IIPH NOJOXKHTE/bHHIX TOMIEpaTypax
nipeAcraBieda (npua. 3, puc. 25).

3.20. Pa6orbl 10 COBMELIEHHBIM OTTAHBAHHIO M CHJHKATH3aLHH
TPYHTOB DEKOMEHAyeTcsl BECTH B CJeAYIOUleM NopsjKe:

1) oTTamBaHHe Mep3JIOTO IPYHTA IPHMEDHO Ha TPeTh obiiero 06beMa;

2) OTK/IOYEHHE CHCTEMBl OTTAHBAHHS M BKJIOYEHHE CHCTEMBI HHB-
CUHPOBAHHS KHUAKOTO CTEKJa;

3) OTK/IOUeHHE CHCTEMBI HHBELHPOBAHHA H BKJIOUEHHE CHCTEMBI OT-
TaHBaRHA H ee paboTa A0 AOCTHXKEHHS GoJjiee ABYX TpeTeil OTTaHBaHHs
ofulero o6beMa Mep3Joro rpyHTa;

4) nepekJioueHHe CHCTEMHl OTTaHBaHHA Ha CHCTEMY HHBEIUPOBAHHSA
H pabora nocjaefHell Ha HanoJHeHHe JXHAKHM CTEKJOM BCero OTTafHHO-
ro o6beMa rpyHTa;

5) nepek/ioueHHe CHCTEMBI C HHBCHHPDOBAHHA XHJKOrO CTeK/aa Ha
HHbEHHPOBAHHE PeareHTa, KOAryJHPYIOIEro XHAKOe CTeKAo (XAOPHCTHI
KaJbllHi MJH aMMHaK, YIJIeKHCAu ras, Apyrue);

6) BKAIOUEHHEe CHCTEMBl OTTAMBAHHA It POrpeBa 3aCHJMKATH3HDPO-
BaHHOTO Oo6beMa FPYHTa C IEJbl0 MOBHIIEHHS ero MPOYHOCTH.

3.21. Pacxogu KHAKOTO CTeKJa M XJOPHCTOTO KaJbIHA 3afaioTcd
Ha OCHOBAHHMHM NPOGHOro 3aKpenjeHHs FPYHTa B JaGoPaTOPHHIX YCJIOBH-
AX, a eCJH 3TO HeoO0XOJHMO, TakiKe B TNOJEBHX YCJAOBHAX.

3.22. B xoze paGoT MO 3aKpemJEeHHIO OTTaHBAIOIHUX H OTTasgHHBIX
FPYHTOB HeOOXOAMMO OCYILECTBJAATbH HOCTOAHHHEIA KOHTPOJbL 33 COOT-
BETCTBHEM KauecTBa 3aKPENJsIIOUINX DacTBOPOB NPOEKTHHIM TpPeCOBaHH-
AM, 32 HX PacxofioM, ADYTHMH NapaMerpamH npouecca (TeMmepaTypofi,
BSI3KOCTBIO) .

IMocsie oxoHuaHHsi 3aKpenJeHHs HeOGXOZHMO TNPOBEPHTH KayecTBo,
o6beM H KOHOHIYpAaUHIO 3aKpemJeHHOTO MacCHBa B COOTBETCTBHH C
«HHeTpykuuelt no cuankatHsauum rpyHros» M., Crpofimszmar, 1960.

3.23. Pa6Gotsl mo ycTpoficTBY, MCHHTaHHIO NO 3JeMeHTaM, yajlaM H
B IleJOM CHCTEMH OTTaHBAHUA H YKPenJeHHs BeUHOMEpP3JhIX IrpPYHTOB
JOJKHEL BeCTHCh ¢ cOOJIOJeHHeM NpaBHJ HX NPOH3BOACTBA H TEXHHKH
6e301MacHOCTH.

BrinonHaeMue paGoTel RoJKHE oopmastsea aktamu. Ilo oxon-
uaHuy PaGOT aKTH Ha HMX BHIOJHEHHEe COBMECTHO C HHCTPYKUMeH H ApY-
FOAl TeXHHYeCKoR NOKyMeHTaiuefi, ofecrieunBaomell BBOA B 3KCHJIyaTa-
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LHIO CHCTEMBl OTTAHBAHHA BEUHOMED3JHX IPYHTOB, HOJXKHb OHITH mepe-
JlaHBl PYKOBOJACTBY CTPOHTEJbCTBA.

3.24. Beoa B jelicTBHE CHCTEMH OTTaHBaHHA caeldyeT ohopMIATh
COOTBETCTBYIOIHMH aKTaMH.

Bee paGoTHHKYW, 3aHATHE Ha OOGCAYKHBAHHH CHCTEeMBI, IOJKHH
O6nTe OOyueHH NpaBHJIaM TeXHHUYECKOH SKCIIyaTamHH H TeXHHKR 06e30-
NacHOCTH €O chavell 5k3aMeHOB H o(OpMJEHHEM HX Pe3YJbTaToOB B CO-
OTBETCTRYIOIIAX XypHaJax.

3.25. B Teuenne mepHOLa OTTAHBAHHA M YKpeIIEHHS BEYHOMEpP3JbIX
IPYHTOR 3a paboroll cucTeMHl JOJKHO BeCTHCh HenpephisHOe Habmone-
HHE H KOHTPOJb CO CTOPOHH CrHelxatbHo OOYYEHHOTO B NPHKPENJeHHOTO
clecapsi-3JeKTpHKa, a TaKkkKe JabopaHTa.

B npouecce OTTamBaHHA WM YKpemJIeHHs JO/IKHH CHCTEMAaTHUECKH
BECTHCh H3MepeHHs: TeMIeparypH B KOHTDOJBHBIX CKBAXHHAX, OCAJKH
TIOBEPXHOCTH IPYHTa TO CMelHalbHO YCTAHOBJEHHHIM MapKaM, pacxoia
U TapaMeTpoB 3JEKTPOSHEPTHH (PHC. 4).

3.26. OxoHuaHHe npoliecca OTTAaHBaHHSl YCTaHABJHBAETCA MO NPH3-
HaKaM JOCTHXEHHS MOJOMXHTEJbHHX 3HAUeHHil TeMIepaTypH N0 BCeM
ckBaxKHAaM. Jlag YTOYHEHHOro OKOHTYPHBAHHS MAacCHBa OTTasHHOTO
TPYHTa M onpefiejieHHs] (PH3HKO-MEXaHHUECKHX XaPaKTePHCTHK OTTasiH-
HOTO I'PYHTA, B TOM YHCJe NMOCTKPHOTEHHOR TEKCTYpPHl, CjefyeT NpPOHSBO-
IOHTH KOHTPOJbHOe GypeHHe CKBaKHH ¢ 0TGopoM o6pasiop nas naGopa-
TOPHEIX aHAJH30B H ONpefeJieBn.

3.27. Tlocne 0606mieHHsT BCEX MaTepHatoB 1O OTTAHBAHHIO COOTBET-
CTBYIOIHM HHXEHepHO-TEXHHYECKHM PaGOTHHKOM COCTaBJAeTCH 3aKMTIo-
YeHHe O JOCTHXXEHHH NMPOEKTHHX NMapaMeTPOB OTTAHBAHHS H (H3HKO-Me-
XaHHYeCKHX XapaKTePHCTHK OTTASIHHOTO TPYHTa H Jaercsl paspellleHHe
Ha HayaJo paGoT no yCcTpoicTBY PyHAaMEHTOB.

3.28. OrranBaHHe BeYHOMEP3JILIX TPYHTOB MOMKET OCYILECTBJSTHCS
TaKXKe HarpeBaTeJsIMH, IMHTAEMBIMH TENJIOM CIKHIaeMoro rasooGpasHoro,
JKHIKOro, TBEPAOro TONJHBA, 2 TaK¥XKe IyTeM HOAayH Tenja rasooGpasHh-
MH H XHIKHMH TENJIOHOCHTEJISMH eCTeCTBeHHHIX TEMJIOHCTOYHHKOB (Tep-
MaJbHEE BOJH).

3.29. IIpr HeoGXOAMMOCTH Ge30CafOUHOTO OTTAHBAHHS  MEpP3JhIX
IPYHTOB OCHOBaHHA 3maHMfi H COOpYXeHHH, JedhOpPMHDPOBABIIMXCS
BCJIEACTBHE MOPO3HOrO BHINYYHBAHHS MX (YHAAMEHTOB, CJIEAYeT PYKO-
BOJICTBOBATbCA MaTepHAJaMH HacTOSIIIEro pasfiesia, NPUMEHAS TEeXHOJO-
THIO COBMELEHHOTO OTTAHBAHHS M 3aKPEIVIEHHSI B COOTBETCTBHH C MPHJL. 3.

4. TEXHOJIOTHS YJYYIIEHHA CTPOMTEJIbHbLIX CBOACTB
IPYHTOB CJIOSl CE3BOHHOI'O NTPOMEP3AHUA
3JEKTPOXHMHUYECKHM OTTAHBAHHEM

4.1. DneKTpoXHMHYECKOEe OTTauBaHHe TPYHTOB  JeATeJbHOTO CJAOs
NPOHSBOAHTCA C LEAbIO:

yerpofictBa ocHoBaHMH M (YHAAMEHTOB B 3MMHHX YC/JIOBHSX;

YMEHbIICHH BJaXKHOCTH OTTAaHBAeMOro rpyHTa HarpesaHueM H JJs

VIJIOTHEHHS] B UEJAX CYIECTBEHHOTO CHHXKEHHS IIYYHHHCTHIX CBOHCTE,

€C/IH B NOCJERYIOIEM 3TOT IPYHT OyjleT OpHMeHeH npH obparHoit

3aCHINKe Nasyx;

ofecregeHHs YCTOHYHBOCTH (DYHI2MEHTOB NPOTHB BHIIYYHBAHHA X0

HX IOJIHOIO Harpy’KeHHs [pH BO3MOXHOM 1OCJe[ylomeM NpoMep3a-

HHH IPYHTOB OCHOBaHHS,

4.2. B cootsercTBHH ¢ N. 4.1 OTTaHBaHHe MEeP3JOTO rPyHTa € LEJDIO
YCKOpPEeHHSI MNpolecca CAeAyeT NPOHU3BOAHTL CIOCOGOM COBMECTHOTO BO3-
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JeHCTBHS HA Hero XHMHYeCKHMH peareHTaMH, 3JeKTPHYECKHM TOKOM H
MeXAHHUECKHM HapyuleHHeM ero LEJIOCTHOCTH 3a cyeT o6pa3’oBaHus 6o-
POSAOK Ha MOBEPXHOCTH M TDEIHH Ha rayGuue. Cnoco6 3akjmouaercs B
3JEKTPONPOrpeBe rPyHTa MepeMeHHbM JeKTPHIeCKHM TOKOM C MOMOIILIO
TOPH3OHTANBHEIX .HJIH BEPTHKANBbHBIX 5JEKTPOAOB IoC/e HaHeCeHHs Ha
MOBEPXHOCTh CHeKHOrO TIOKPOBa MeXAY 3JeKTpoiaMi GOpO3A0K u3 cy-
XHX COJefi M/l Ha/MHBaHHSA pacTBopa CoAH B OOPO3/Kil, NpOpe3aHHHe Ha
NOBEPXHOCTH IPYHTA, He NOKPHITON CHEToM.

4.3. C uenbio yBeJHYeHHS 3JEKTPHUYECKOII NPOBOAHMOCTH MEpP3JOTro
FPYHTA M TOCAEAYIOLIETO YCKOPEHHS ero pa3orpeBa CJefyeT NPHMEHATD
pearenTs: xaopHcrthlfi kaanit (KCl) nan Ranuiinyio conb npH Temnepa-
Type oKpyskawueil cpeinl ao Muryc 10°C, xaopuerwit satpuit (NaCl)
o Munyc 20° C u xnopHeTsil xansuuit no Muryc 50° C.

NpuMeuanue [lpHMeHeHHe XJTOPHCTOTO KaJHA H KaJmIfHOA co-
JIH TMPejNoYTHTENbHO KaK B HeAX noBbleHHs 3¢ (eKTHBHOCTH OTTauBa-
HHS, TaK H AJAd AajbHefIero HCNOJb30BaHHA TPyHTa npH 61aroycTpoil-
CTBE TeppHTOPHH (mocafke pacrenil u Ap.). [pynT, o6paboTaHHLIl XJ10-
PHCTHIM HATpHeM, Hesb3sl YKJAaNHBATh B OCHOBaHHe COODYXeHHS, a IpH
HCMOJb30BAHHH XJOPHCTOrO KaJsbliHsl Hesb3sl 3achilaTh NasyXH, eclH K
MOMeHTY npoMep3anHs (QyHJaMeHThl He GYAYT NOJHOCTHIO 3arpykKeHsl.

4.4, PeareHTs, nepeyHcaeHHbie B 1. 4.3, caedyeT BHOCHTb B Oo-
po3akH H3 pacyera 5 kr cyxoit comn Ha 1 KyGomeTp oTTa@BaeMoi cy-
necH H 7 kr Ha 1 xyGomerp oTTauBaeMoro cyrauixa. [ljs BHeceHus pe-
areHToB B BHAE PACTBOpa YKa3aHHOE KOJHYECTBO COJH CJeAyeT PacTBo-
puTh B ropsadeit Bofe H3 pacuera 250—300 r cosm ma 1 a1 Boxw. [as
OTTaHBaHHSI OLHOrO KyGoMmerpa rpyHTa HEOGXOZMMO NPHrOTOBHTH 20—
25 NHTPOB PacTBOpa OJHOTO H3 YKa3aHHBIX PearcHTOB.

ITpumewanne Ecanm oTranBaeMBle IDYHTH GYAYT HCIOJb30BA-
Hbl AJIA 3ACHINKH 1a3yX, a TakXe AJas O6JaroycTpoAcTBA TeppHTODHH,
TO HeoGXOAHMO HPHMEHATb XJOPHCTHA KamMii HJIH KaJHAHYIO COJb, NpH-
ueM 7PH HH3KHX TeMIepaTypax B BHAE KOHIEHTDHPOBAHHOI'O PacTBoOpa
B nojorpetoM no 60—80° C cocrosinun. Pacuer HeoGxoouMoro KoJm-
yecTBa CcOJIell B 3THX c/yyasix c/eayer NPOH3BOAMUTH corjiacHo m. 6.2.

4.5. BoiGop HCTOYHHKOB 3JEKTPHYECKOTQ TOKA, BEJHYHHB SJEKTPH-
YeCKOTO HaMNpsiKeHHS MEXJAY SJeKTPOXAaMH H CXeM DasMeIUeHHsS 3JeK-
TPONOB PEKOMeHAYyeTCsl NPOH3BOAHTh H3 pacuetTa MaKCHMaJbHOR moTpe-
6asemoit momuocTA Ha 1 M3 mporanBaeMoro o6paGoTaHHorO CONSIMH TPYH-
Ta—2 KBT M rpannenTa sNeKTPHYECKOro HANPSANKEHHS MeXKAY 3JIeKTPOL aMH
2 B/cu, obecneunBamoinx ONTHMansHOE COOTHOUIEHHE MEXY IPOHHIae-
MOCTBIO BEPXHHX CJIOEB IPYHTa IVl PacTBOpOB coJefl, 3/JeKTpHUECKOR
IPOBOJHMOCTBIO, HHTEHCHBHOCTBIO NPOTPEBa M TEMJIONOTEPIMH.

4.6. OTranpanye rpyHTOB MOMET TPOH3BOAKTHCA TOPH3OHTAJIbHBIMH
H BePTHKaJbHLIMH 3JeKTPORaMH. I'opH3OHTaJbHBIE 3JEKTPOAB CJAELYeT
NPHMEHATH AV OTTAHBaHHA TPYHTa RO ryGHHH He Gosee 50 cm.

4.7. TopH3oHTa/bHbE 3JIEKTPOAB! CJAeAYyeT pasMemiaTs Monepexk Npo-
TauBaeMON TJIOUIAZKH NapajiebHO ApYr Apyry. PaccrogHus Mexay
Pa3HOMOJIOCHEIMH 3JIEKTPOJaMH ONPeAeISIOTCS B COOTBETCTBHH ¢ I, 4.5.
C Y4eTOM rpajiueHTa HanpsKeHus, pasHoro 2 B/em.

DreKTPOAbl Pa3MEIAIOTCA Ha BHIPOBHEHHONl NMOBEPXHOCTH IPYHTA B
60po3fKax H NPHUCHNAIOTCH CBEPXY DPa3pLIXJEHHBIM rpyHToM. Pasnoro-
JIOCHHE BJEKTPOAH COGNHMHSAIOTCH GOpPO3AKAaMM M3 CYXHX conefl HJH 3a-
NOMHEHHBIX pacTBOpaMi. BOPOSAKH C COJSIMN HJH PacTBOPOM pacrofa-
raloTcsl MepueHIHKYJAAPHO 3JeKTpoaaM. Paccrosanus MexXIy HHMH Ha
OCHOBAHHH ONBITHBIX M AHHBIX MOTYT OHITh pexoMeHzosaHbl B 15—20 cm.

4.8. BeprHkajpHble 3JeKTPOAb 3afHBaloTcd B LIAaXMaTHOM MNOPsSA-
Ke H COeJHHSIOTCS GOpO3ZKAaMH ¢ COJMSAMH HJH pacTBopaMmy. Paccrosnne
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MEKAY PAAAMH 3MEKTPOLOB H 3/eKTPOJaMH B psilaX yCTaHABIHBAeTCs B
COOTBETCTBHH ¢ M. 4.5 ¢ y4eTOM YpOBHS Temjoo6MeHa MeXLY FPYHTOM H
okpyxatomelt cpenoil. Ha ocHOBe ONHITHHX JNaHHBIX IS Pa3JIHYHBIX TIPH-
MeHSeMBIX HANPSKEHHIl 3JeKTPHYeCKOTo TOKa MOryT ObTh PEKOMEHHOBa-
Hbl CXeMbl DasMelIeHHs 3JeKTPOJOB, NpeiCTaBjenHHe Ha puc., 8.

4.9. TopH30OHTaMbHBIE IJEKTPOJABI H3TOTABJAHBAIOTCS H3 MOJOCOBOTO
HJH YrOJIKOBOTO Kese3a ToJuweHOf 3—5 m mmpuroft 20—30 mwm. Ilpn
60/1b1I0}T IHHPHHE ILTOMIAAKH [AJHHHBIE 2JEKTPOAN MOryT OHTH CMOHTHpO-
BaHBI 113 OTAEJbHBIX OTPE3KOB No 2—2,5 M.

3 4

Puc. 8

@) — cXeMa CeTH 3JIeKTPOAOB ANA onAHOda3Horo Toka Hampsxenmem 36—220 B:

0) — cxeMa CeTH SJEKTPOAOB AJA TpexdasHoro ToKa Hampsxenmem 220 u 380 B;

8) — PACCTOSIHHE MEXAY PAAAMH H 3JeKTPOAAMH B PAAAX NPH Pa3HYHHLIX Hanps-

weHHax: O — SAeKTPONB; — — cOeAHHHTEJbHbie MpOBOja; ::iiiliin ~—Goposaka
¢ COABLI0 HJAH PAcTBOPOM

Paccmaanue mexiPaccmormue
Hanparenue 8 gy proaru,a. e dg'.:mmpa-
(¥ el
40 ]

BepTuKaJjbHbe 3JeKTPOAN MOTyT GulTh H3TOTOBJEHH H3 CTEPXKHEBO-
rO HJH YrOJIKOBOTO JKeJje3a M BOAONPOBOAHHIX TPYy6. [namerp 37exTpo-
aos — 20—30 MM, TOJIMHA YroJKOBOIO JKejie3a — He MeHee 5 MM.
JlnuHa 1eKTPOAOB AO/KHA OHITh Ha 156—20 cM Goabme riayGHHE OTTaH-
BaeMoro rpyHra. Jdns yaoGcTRa 3akpendeHHs NMOKBOASILHX dJEKTpHueC-
KHX TPOBOJOB H MOHTAJKa 3JIEKTPHYECKHX CXeM Ha 3JeKTPodaX peKo-
MeHAyeTcA CAeNaTh npucnocobjieHHe THNAa XOMYTOB HJH ApYyrHe.

4.10. TexnHonorus 35JeKTPOXHMHUYECKOTO OTTaUBAHHA BKJIOYAaeT MOA-
FOTOBKY IJIOMIa/IKH, 3JEKTPONporpeB H AeMOHTaXX o6GOpyNOBaHHS.

4.11. TloaroroBKa NJAOCHIAAKH BKJIOYaeT CJeAyOliHe OnepalHy:
yAaneHHe TNOCTODOHHHX NpPeAMETOB, BLIPABHHBaHHe NOBePXHOCTH, pas-
GHBKY CeTH 3JIeKTPOJIOB, Hape3Ky GOpO3A0K, 3aGHBKY HJH YKJAAAKY 3JeK-
TPOAIOB, BA3KY 3JEKTPOAHON ceTH, NPOBEPKY ee Ha OTCYTCTBHE KOPOTKO-
ro 3amulKanus, o6paGoTKy NJOMANKH peareHTaMH, YKDHTHe IJIONIAAKH
cnoeM CYXHX OMHJOK HJAH APYrofi TeNJOH30JAfRHH, OropaxHBaHHe MJIO-
mazxml,“ycraﬂosxy npeAynpeaHTeNbHEIX 3HAKOB H MNOAKMOUEHHE 3JIeK-
TPOAHOH CETH K HCTOYHHKY TOKa.

4.12. Hapeaka G0po3fAoK MoMeT NPOH3BOANTLCH GapoBbHIMH Mall-
HaMH HUJH PBIXJHTEJNSAMH, MHEBMATHYECKHMH MOJOTKAMH HJH APYTHMH
cnocoGaMy. OnTumasibHasi MMPHHA H TIyGHHA GOpO3KOK 5—7 CM.

3—230 17



4.13 3a6uBKa 3JeKTPOJAOB MOXKET NPOH3BOAMTLCS Ha BCIO IVIyOHHY
HPOTaHBAEMQOro TPYHTa CPa3y MJHM NOCTENeHHO — [0 Mepe YBeJHYeHHS
rayGHHE npoMep3aHusi, 3a6HBKA Ha BCIO FYOHHY MoxeT OHTb MeXaHH-
3UpoBaHa, HanmpHMep, ¢ NoMoblo MamHHH YI'M-150-2, usroromasemoil
HopocubupckuM TtpectoM <«CrtpoiiMexanu3aumus» Ne 1. [osaGuBka B
npouecce NpoTaHMBaHHf NOJ/IKHA NPOH3BOAHMTLCH NPH OTK/IOYEHHOM OT
HCTOYHHKA TOKA CETH SJEKTPOLOB.

4.14. TonmuHa CJOSI TENJIOH3OJASLMH JOMKHA COCTABJIATh NPH HC-
NOJMb30BAHHH CYXHX ONHJIOK He MeHee 20 cM aHGO GHITH 3KBHBAJIEHTHOH
STOMY CJIOI0 MPH HCMOJb30BaHHH APYIHX TENJIOH3OJHDPYIONHX MaTe-
PHAJIOB.

4.15. DnexTponporpes CJAeLYeT NPOH3BOLMTH JO AOCTHIKEHHS TIJy-
6HHOH MpoTauBaHHa %/3 OT 3amiaHHpoBaHHON rayGuun. JlajbHefimee
npoTaHBaHHe rpyHTa NOJMKHO MPOHCXOAHTH 3a CYET aKKyMYJHPOBAHHOTO
Temwjaa NPH OTKJIOYEHHOH OT HCTOYHHKA IJIEKTPHUECKOrO TOKA CETH 3JeK-
TpoAoB. [ny6HHy oTTaHBaHHsA CJeAYyeT ONpefesTh NYTeM NpOKaJblBaHHA
TPYHTa Ha CepelMHe PACCTOSHHS MEXAY pPSAAAMH 3JEKTPOAOB MeTasJH-
YEeCKHM LIYNOM AHaMeTPoM 5—8 MM npH OTK/IOHYeHHOH OT HCTOYHHKA TO-
Ka CeTH SJEKTPOLOB.

4.16. KouTpoib 3a X0A0oM @pouecca NPOTAHBAHHA W BeJHUHHAMH
3JEKTPHYECKHX NapaMeTpoB ROJIKEH OCYIIEeCTBJATbCA MO MOKA3aHHAM
3/IEKTPOH3MEPHTEbHEX NPHGOPOB H (QHKCHPOBATBCH B  CHEHHUAJBHOM
KypHaJe (npuu. 6) uepes Kaxanle 3 u,

4.17. lemontax o6GOpyROBaHHA cJjaeAyeT NHPOBOAHTH Mocjae JOCTH-
JKeHHS 3aNJIaHHPOBAaHHOM TIAyGHHH npoTauWsauust, Omepaudu no AeMOH-
TaXy BKJIOYAIOT: OTKJIOYEHHe CeTH 3JJEKTPOXOB OT HCTOYHHKA TOKa,
YAaJeHHEe 3JCKTPONOB H3 TPYHTA, CHATHe OrpaxJeHHs H OpelynpenH-
TeJLHHIX 3HAKOB.

4.18. Bee saekTpoTexHuyeckue paBOTH MO IOATOTOBKE MJOLLAAKH,
3JEKTPONPOrpeBy H AEMOHTaXy OGOPYJOBAaHHA JAOJUKHBL BHIUIOJIHSTBCH C
NpHMeHEHHEM MaTepHatoB, 0OOPYAOBAHHA H UPHGOPOB, COOTBETCTBYIO-
IHX AefCTBYIOIUMM Ha HHEX HODMaM, JHIAMH, aTTeCTOBaHHHIMH A/ NPO-
Be[leHHS COOTBETCTBYIOIUHX pabor, ¢ cobJIofeHHeM Bcex HOpPM H Tpe6o-
BaHHM Ha BHIOJHEHHE CaMHX PaGOT H NPaBHJ TEXHAKH G€30MaCHOCTH.

5. TEXHOJIOTHA 3JAEKTPOXUMHYECKOIO YKPENJIEHHA
CE30HHOIIPOMEP3AIOIKHX T'PYHTOB

5.1. DAeXTPOXHMHAYECKHH crocol NOJIKeH NDHMEHATBCH A yKpen-
JIeHHA BOAOHACHILEHHHX CBA3HBIX (CYLJHHHCTHX H IVIHHHCTHIX) TPYyHTOB,
HMeloWHX Kop¢Puiment uapTpauun Mexee 0,00 m/cyT ® HaxoAsiuxcs
B MATKONJIACTHYHOM H TEKYuYeM COCTOAHHH.

5.2. DJIeKTPOXHMHYECKOe YKpenJeHHe CBA3HHX BOJOHACHILUEHHBIX
rPYHTOB HOCTHraercs 6Jarojaps HX 3JeKTpoobpaboTKe NOCTOSTHHBIM
3JeKTPHUECKHM TOKOM H HaCHlllleHHIO, noj AeficTBHEM TOKA, XHMHUYECKH-
MH peareHTaMp (3JeKTPOJHTAMH), BBOJHMEIMH depe3 LHJHHADHYECKHe
3JIEKTPOAB], NMOTPYKeHHBIE B ONpelle/ieHHOM nopsiilke B rpyHT. OpHoBpe-
MEHHO H3 KaTOMAOB YAaJseTc 3JCKTPOOCMOTHYECKH BHUE/AIOWIAACH
TPYHTOBafA BOJA.

5.3. Ilpu BuimoaHeHuH paGoT [0 IJAEKTPOXHMHYECKQMY YKpPENJEHHIO
rPYHTOB HEOOXORHMO ONpPEAeaAThb:

cXeMy pasMellleHHS 3JEKTPOAOB, PAacCTOAHHS MeXKAY HHMH, a Tak-
Xe IVIYCHHY YKpEIJIeHHS H Pa3MepH 3aXBaTKH;

napaMeTpH MOCTOSHHOIO 3JAEKTPHUECKOTO TOKA H DEKHME! 3JEKTpO-
00paGoTKH, BKAKOYAA NPOAOMKHTENBHOCTD;
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COCTaB H KOJHYECTBO PACTBOPOB 3JEKTPOJIHTOB;

PEXHMBI BBEJEHHS 3NEKTPOJIHTOB;

3JIEMEHTH 3JIEKTPHYECKON CceTH.

5.4. Cxema pasMelieHHs] 37eKTDOAOB Ha yyacTKe [OJJKHA BHIGH-
paThCd WCXOIS H3 ero reoOMEeTPUYeCKMX Das3MepoB 1 UeTH NPHMEHeHHS
3JeKTPOXHMHYECKOTO crnocofa. [IpH ykpenseHHH TPYHTOB 10 NEPHMETPY
BHPalOTOK HJAH COOPYKEHHH NO/UKHB TPHHHMATHCHA ABYX- HJH Tpex-
psHBe CXeMH NpfAMHE MJHM maxmathble. [Ipu yKpenseHnd TPYHTOB 110
NJIOMAaAAM HOJIKHB NPHMEHATHCS TJIaBHBIM 06pa3zoM COTCBble MAH MHO-
ropsiiHble cXeMHl (npsiMast U WaxMaTHas). PanuoHaJkHbie COOTHOHIEHHS
paccTOAHUA MeXNIY 3MeKTPOLAaMH, a TaKXKe Da3Mepul 30H rJjockonapas-
JIEIBHOTO TOJIST AJIST YKa3aHHBIX CXeM pa3MellleBnsl 371eKTPOJOB MPHHH-
malotca no taéx, 1.

5.5. PaccrofiHHe MeXAY DA3HOMOJNAPHEIMH 3JEKTPOAaMH Ha3Haya-
eTCSl HCXOASN W3 BeJHYWHH HOMHHAJNBHOTO HampsKewns, c03/1aBaeMoro
HCTOYHHKOM MOCTOSTHHOrO TOKa:

U
a= -E , (12)
roe U — HomMHHaJbHOE HampsuKeHHe HCTOUHHKA Toka, B;
E— onTuMaJnpHasg HanpSIKEHHOCT  3MEKTPHUECKOTO  TOJA,
npHHEMaeMas pasHol 2 B/em.

5.6. Hlupuua yuwacTka MeX3JeKTPOAHOTO TNPOCTPAHCTBA, B Npene-
Jax KOTOPOro MOCTHraeTcsi HaAeXKHOe YKDenJeHHe TDYHTa, TpHHHMaer-
CSl B COOTBETCTBHH ¢ Tabm. 1 rp. 6.

Fny6rHa ykpennieHHs Ce30HHOMPOMEP3aMINX IPYHTOB ONpeleseTcs
KOHCTPYKTHBHBIMH OCOGEHHOCTSIMH COOpPYXeRHs, TpeSyeMoll MPOYHOCTHIO
TPYHTOBOTO OCHOBAaHHA ¥ raybunoli npoMep3annsa. B cayuae ecnm Tpe-
6vemas raiyOHHA YKpenJeHus npesbiiaer 2—2.5 M, TO paboThl AOJKHEI
APOH3BOAHTHECH ﬂOCﬂOﬁHO, 3aXOOKaMH, myﬁmxa KOTOpDHX EHeE JAOJNXKHA
npepwmate 2—2,5 wm.

5.7. Ilomua wom niowmank OAHOBPEMEHHO 06pafaTHBaeMOTo y4acTKa
onpenenfeTcs HCXOAS H3 HOMHHANBHON MOUIHOCTH NPEANONaraeMoro Hc-
TOYHWKA TOCTOSHHOTO TOKa,

OntuManbHag CANA TOKA B 3JekTpHueckoft cetn [l paBHa:

N
Iy = — ( ]3)
1,20’
THe N — HoMHHaNBHAS MOUHOCTL HCTOUHHKA TOKa, BT
U-—- MaKCHMAaJNbHOE Hanpmxem{e TOKa mnpeanonaraeMoro He-

TOYHHKA, B;
1,2 — ko3 dunnent, YUHTHBAWUHAA NepPeXcAHOe CONPOTHRJIEHHE
Ha TPAHANE 3JeKTPOS~—TPYHT.

MagerManbHO JONYCKAeMOe 3JeKTPHYecKoe conpoTHBienne R, Om,
yKpennseMoro o6beMa rpyHTa onpenesisercs 3 BHpPaXKeHns

U
I
TMo Benuunne R B COOTRETCTBHH C NPHHATOM CXeMOf pasMeuleHHS
sNeKTpoioB ®3 dopMyn, nmpHBeneHHHX B Tabn. 1, ompegenserca tpelye-
MO€ UHCNO 3MeKTPOAoB (WAH Map SAEKTPOROB), & 3aTeM [NHHE 34XBAT-

kit L. TIpu 9TOM BeHuMHA VAEJMBHOTO SJEKTPHYECKOTO CONPOTHBIAEHHSA O
MPHHEHMAGTCE COMMACHO HATYPHNM H3MEDEHHAM HAH o radn 2,

3+ 19
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07

Ta6nuua 1

Ycnosubie 0603HaYeHHs:

0 — yaenbHoe 3JIEKTpHYECKOE COINpPOTHBJEHHEe

IpyHTA;

hs — MOL{HOCTb 3AKPEIVISIEMOro F'OPH30HTA;
N — uncsi0 nap 3/EKTPOJAOB Pa3NHYHOH NOMAP-

HOCTH;

n — obuee 4HCIO JJIGKTPOJOB Ha 3aXBaTKe;

d — nuaMeTp 3/EKTPOAOB;

g — YHCJIO aHOLOB;

fg, T — PAAHYC aHOJOB H KaTOJOB;
k — 49HCI0 COT (AYeeK) Ha 3aXBaTKe;

@ — anoawm;

QO — xaTonml;

3oHa
n:j:. ‘Haspanue cxemm Cxen;;egggxglgaelmﬁ P?)%‘ggfe?:;zoe r;):;%lxeonn:- Pacuernan ¢opMyna CONPOTHBIICHHT
PasMepoB | yoro noss
1 2 | 3 4 5 6 7
L 2 1, 2-4d
L . gl Ly _:*‘__]
l IMpaman - — =0,75 0,7 b 4nd
8 a R=
I_.I d hyn
/ & (v gy 2 2+d
JiByx- 551 b 29[—'—(1/5‘*' J+—1n
2 pam}l,bx.e [HaxmatHag ; :EI - =1 0,6 R— 26 b 4nd
I _i hyn
b
L — =04 a2 | _ 2b+d
3 Kowm6uxuposah- ] a 0, 08 29{ b + n In —: ol
Has see b ’ R = LS
Dﬁ - —0,6 hgn
a
J4
Tpex- u o o b 0 _a_+ 11 L]ab
4 | muoro- | Ilpamas e o e ol —=0,75| 0,85 b n  nd
palHble m C a R= h; BL
3
! Vs 2 &
&5 5% b a Ly —
5 HaxmatHas o .o.agl . =] 0,8 R p [ 2% + 7 In nd ab
Tpex- u 17 °° - hs BL
MHOTO-
——| pARHbIE N .
— =0.7 a-2d 1 b-+2d
6 Co CABOGHHBIMH E .. %d ' g =~ 0.90 P[""‘”"b +—n—
ipsavk o o0 e” c ’ R= = -
o - =0,65 th
a
, R p 0 an+l
CoTosas | Corosas — 0,90 = Srn, o

@ — pACCTOAHHE MEXKAY pa3sHOHMEHHBIMH 3JeK-

TPOAAMH;

b — paccrosinne MeXAYy OJLHOHMEHHBIMH 3JIeK-

TPOAAMH;

L — pauna saxpartku;
B — paccrosinue MexIy OLHOMMEHHBIMH PSAAMH

B MHOTOPSILHBIX CXeMaXx;
¢ — pacCTOSHHEe MEX]Y pANaMH OXHOHMEeHHBIX

3JIeKTPOAOB.



TaGauwna 2

CpezHee 3sHaueHHe
v -
Baa rpynra Baaxnocts, % mj;%le;}:g: g,:-,gt. °°”§'§*;§r§,,§§g’g’?“ -
[ ocMoca, cMi/ka (K 3)
Cynecn 10—20 3000—4000 0,06
CyrimHgu 18—28 2000—3000 0,08
Iauna 40—70 1000—2000 0,09
Hau 60—80 500—1000 0,1
Ta6banna 3
Ne
. Cxema pasMellleHHST 2JeKTPOJOB PaccrTosuue S
1 | Oaxopsanuue —---ﬂzb
b
2 | [syxpaanue (npaMmbie), MHOropsjaHuie (max- a-t—
MATHHE) 2
1,7 a
3 | Coropasn 1,4 ¢

TNlpaumeuanne 3HaueHHs @, ¢ H b NMPHHHAMAIOTCH B COOTBETCTBHH
¢ . 5.5 mo raba. 1.

Ta6auna 4

PaunonalLEbie NJOTHOCTH {KOHUEHTDALEH)
Mepross KaTOMHOI'O 3JeKTPOJHTa, I'/C
oGo3HaueHHe | JKHAKOE c'rex.nol MOYeBHHa
B nauaJje nukaa T 1,35 1,08
B KoHUe LHKAA V2 1,1 1,03
Ho pazGaBnenus Vs 1,4—1,6 1,14

5.8. [Tpoxo/KHTENLHOCTL NPONYCKaHHS 3/IeKTPHYECKOrO TOKA Onpe-
peasercsa no Gopmyae
S'a
= B Y 15
rie §' = paccTosnne, onpejensemos no Tabn 3 B 3aBHCHMOCTH OT NpH-
HATON CXeMbI pasMelleHHA SJeKTPOAOB;
Vo~ CKOpOCTb MpOABHKEHHS HOHOB B IPyHTe, 3HaueHHe KoTopoft
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fipuHHuMaercs B cpefHeM paBHo# 0,3 cm?/(4-B) HezaBHcHMO OT
BUAA HOHOB;

a-— paccToAllHe MeXXAY PasHONOJIADHEIMH 3JeKTPOAAMH NpHHHMaA-
ercst no nm. 5—6 u raba. 1.

5.9. Ecin no pacueTHHIM JaHHHM TpeGyeMas NPOYHOCTH YKpenJeH-
HOro rpyHTa He npepnintaet 4—>5 kre/cM?, To B xayecTBe aHOLHOTO JIEK-
Tpoanta nppMmeHsierci 10—15%-Hufi pacTBOp XJODHCTOrO KajbUHf H
cmech 5% -HHX pactBopoB amomokadHeBHX KBacuoB KAI(SO,)s-12H0
H CepHOKHCJIOro OKucia ene3a Feq(SO4)s. [pn atom pacrsop xJopHc-
TOro KaJblisl BBOAMTCH B NEPBYIO TPeTh BPeMeHH YKpemJeHHS C NepHo-
nuueckn (uepes 4—6 u) yjaBaHBaeMOH KOHUeHTpaiuHel, HayHHasd oOT
0,5% Mo npegeapHofi. Cmech |:1 pacTBOpPOB KBacuoB H JKeJie3a BBO-
JAHTCA BO BTOPYIO TpeTb, 4 B 3aKJIOYHTEJbHYIO TPeTb BpeMeHH YKpenJe-
HHSI PacTBOpH B aHOABI He BBOAATCA. B 3TO BpeMs NPOHCXOAHT MOACY-
IIABAHHE FPYHTA.

B kadecrBe KaTOAHOTO 3JIEKTDOJHTA IPHMEHSETCS PacTBOP MKHAKO-
ro creknaa njoTHocTsio 1,35 r/emd. Ilpn sroM KaTOAHMH{ pacTBOP BBOXHT-
cfl B TeYeHHe BCEro NepHoja yKpenJeHHs,

5.10. Ilpu neoGxomuMocTn noayueHHs GoJiee BHICOKHX TNOKasartedefi
(H3UKO-MEXAHHYECKHX CBOMCTE CBA3HBIX IPYHTOB (NPOYHOCTH #o 12—
16 krc/cM?, BOJOHENPOHHLAEMOCTH, MOJHOH JHKBHAALUHH NYYHHHCTOCTH,
BHICOKOH MOpO3OCTOHKOCTH) B KauyecTBe 3JIeKTPOJHTOB ieJecoofpasHo
MPHMEHATs, PACTBOPH MOHOMEPOB MOUEBHHOQODMANLACTHAHOR  CMOJIH.

Ilpu 3TOM B nepBYIO TPETh HEPHONA 3J1eKTPOOOPAaBGOTKH uepe3 aHOMALI
B TPYHT BBOAMTCS KOMHO3HUHS, coctosinias H3 20 gacreli (mo oGnemy)
15%-Horo pacTBOpa MOUYeBHHH (THOMOYEBHHH) H OAHOX yacTH 3% -Horo
pactBopa mesoud NaOH. Bo BTopyo TpeTh nepHoZa BBOAHTCSA CMECh
20:1 dopmanmpperusa miotHocThIO 1,05—1,09 rjem® u menoun NaOH
naoTHOCTBIO 1,03 r/cm3.

B 3akmounTebHYIO TPeTb NMEePHOAA 3JEKTPOOOGpaGOTKH B aHOAH
BBOAHTCH pacTBop (opmaJbjersia mioTHocteio 1,05—1,09 rfem

B Katonn B TeyeHHe BCEro nepHoAa 3JeKTPOOGPaGOTKH MeToAoM
UHPKYJSIIHH BBOAHTCS KOMNO3HIHHA, COCTOSHIAs H3 OfHON 9acTH pac-
TBOpa MOUEeBHHBl H OXHOH 9acTH DacTBOpa KHAKOIO CTEKJAa HCXORHHIX
KOHIEHTPaUHH, YKa3aHHHX B TabJ. 4.

5.11. Jlna yrnasenHs 3JeKTPOOCMOTHYECKH Bhejsiomefics Ha KaTo-
Aax BOAH H ofecmeyeHUs MOCTOSHHOA KOHNEHTPAUHH KATOAHHX 3JEKTPO-
JIMTOB PEKOMEHJYeTcsl NPHMEHATH KaTOAH CHEeUMHANbHOR KOHCTPYKHHH
(puc. 9), B KoTOpBX pacTsop paGouefi KOHHEHTPALMH H3 eMKOCTH 4epe3
paclpeleJHTeJbHYIO CeTb ¥ BHYTPeHHIO TPYyOy HOCTYHaeT B HHXKHIOIO
yacTh mecyanofi 3achnkd. IIMpKyJupYs wepe3 necuaHyio 3acHIKy C pac-
YeTHOH CKOPOCTBIO, KAaTOAHBIH 3JIGKTPOJHT OTAaeT aHHOHH B FPYHT H
yBJIeKaeT Ha NOBEPXHOCTb Bhijejsmwulylocs Boiy. OrpaGoTaHHmii pac-
TBOP Yepe3 KOJUIEKTOpP nomnajfaer B cOOPOTHYIO €MKOCTh, TAe NPOH3BOAUT-
Cfi €ro CMelIHBaHHE C BBICOKOKOHIEHTPHPOBAHHBIM 3JIEKTPOJHTOM AO pa-
Gouell KOHUEHTPAIHH, a 3aTeM NepeKauyHBaeTCH HAcOCOM B PAaCXOZHYIO
€MKOCTB AJIst IOCJEeAYIOMEro HCIOJB30BaHHA.

Cropocts HHPKYJAsAuHH pacTtBopa (Vy) omnpejensercd H3 YCJIOBHS
ero npexeabHOro pasfaBJeHHs] MJH H3 YCJOBHS Nepexoja BCceX aHHOHOB
B FDPYHT.

Hcxona us nepsoro ycaosus:

— 1
2,44 EBL=1 Tor
ye— 1 nx

m (Y1 — ¥a)

Vo= 1074, (16)
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rAe fyg — YHCAO KaTOROB,
de — AHAMETD CKBaXHHBI, CM;
E — HanpsXeHHOCTh 3JIeKTpHYecKoro nodasi, B/cm, paBras
U
5 :wsl ; (]7)
Y1,¥2— NJOTHOCTb KaTOAHOrO pacTBopa B HayaJje H B KOHIE HHKJA
HHPKYJASUHH, r/cm3;
S’ — paccrosiHie, onpejeasemoe no taba. 3;
Ko.5— O6BbeMHBI KOS(OHIHEHT SJeKTpoocMoca, cM3/K/, NpHHHMaeT-

cs o Taéa. 2;
j — NHHelHas MIOTHOCTh TOKAa Ha 3JIeKTpoAe

4 . ) -
_/ 3 ) Puc. 9. Cne
VA A e tHaJbHBIC KaTto-
7 A Ay p- e
i ! Abt
4‘ f.J / l/ I3 2 3 6
(f g I — anon; 2, 3, 6 —
L+ =2 08) PacXOAHME EMKO-
ke | B — CTH INEKTPOMH-
Y N NS SN S S SHS i — on: 4, 7 pe.
. S | e | nenuTenn; 5— nec-
: ~ Ko o Mes RS uyaHaf  3aChilKa:
ot @ .., § — KaToAHaA TPY-
~ ] ISR 1 IR 6a; 9 — repMeTH-
~ o e O 3HPYIOWHA KOH-~
< I R ~ PR 1| [ nykrop; [0 — kon-
~ ,‘/'- — 5 nexrop; 11— cMe-
» ~ ' ST - CHTeNBHBIN Gak
S E: ~. ~l N ABJIeHHE
L e R Te Hanp:

IR N o ~,.,-- . o @~  nBHKeHHA Ka-
A ” T TRRERTI | RNy THOHOB!:
SN | AR SR sl LR ~-() HampamfeHHe
NN ‘E'" N N N ST SINS ST ST nepeMenteHus

aHHOHOB
I3/ m
=717 "|s (18)
ha \ oM
/ — cuaa ToKa, NPOXOASIIEro Yepes oJHH KaTol, A;
hy — rayGHHa 3aKpenseHHs, CM;
™m-— reOMEeTpHYeCKas XapaKTepHCTHKA 3JIEKTpoAa, CM,
Sa
me=— (19)
g
Sg“‘ nJjomale [IOACPedYHOro CeHeHHd HECHHHOﬂ 34ChLINKH 3JIeKTPO-
na, cM2,
HCXO}IR H3 BTOPOro yCcaoBua:
0,3 Eh,
. —--T-—— cM/fe, (20)

3

rie [3— ToJLIHHA necdaHOfi 3aCHIKH, paBHas pa3sHOCTH PaJHyCOB CKBa-
JKHHB M KaToAHOH TpyGH. Ilpn nmamerpe ckBaxwHo 90—
100 MM =4 cM.

HauGoabuiee U3 ABYX 3HaueHHii Vn npuHAHMaeTcsd 3a PacyeTHYIO Be-
JIHYHHY CKOPOCTH LHPKYJISIIHH KaTOAHOIO pacraopa.

24



5.12. KoauyecTBo KaTOAHOTO PacTBOpa, Ji, NMpOILEALIero uepes mnecya-
HYIO 33CHIKY BCeX KaronoB, GyaeT paBHO:

Q. =3.6VM* S h Tn,, @1

rae T — npoAOJIKHTEABHOCTE HpOLiecca YKpemJieHHus, 4, onpejeaseMast
no 1. 5.8;
Ny — YACJIO KaTOAOB HA 3aXBaTKe.

5.13. Hcxoas H3 o6beMa CMECHTENLHOrO HJH pacxojHOro G6Gakos,
Ha3HayaeTca uyHcao uukaoB (L) UHPKYAAUMH KaTOAHOro pacTBoOpa:

Qx
=, 22
/ Ve (22)
rae Vs — o6bem pacxomsoro Gaxa, oGHYHO NpHHHMaercst paBHuM 0,5—

1,0 M3
5.14. Koanuectso Boanl (s, 7, KoTOpoe BbijedsieTcss H3 IPYHTa B
npoiuecce €ro 3akpenJeHHs B cOOTBeTCTBHH ¢ nn. 57, 5.8 u Taba 5.2,
COCTaBHT:
U
QB = 3,6 Ko.s 'E‘ T. (23)
5.15. KoanyecTBO HCXOAHOrO KaTojaHoro pactBopa Qix, J, nepej Ha-
Y4J0M KaXXAOro HOBOTO LHKJIA PAaBHO:
Qs

Ya “ﬁ‘

le = ’
T1—Y2
TAe Y, Yz — HauOoJiee palMOHAJbLHBE NJOTHOCTH KAaTOLHHIX PacTBOPOB,
3HaueHHd KOTOPHX NnpHBeAeHH B TabJ. 4.

5.16. Ilocne oxkoOHYaHHMA ONHOrO IHKJAA HEOGXOAHMO YMeHBHIATH KO-
JIHUECTBO PacTBOpPa HA BeJHUYHHY, DABHYIO

24)

Qs (70— 1)
= 25
S Ty —— (%)

H CMellaThb ¢ TAaKHM Xe KOJHYeCTBOM BLICOKOKOHLEHTPHPOBAHHOrO pac-
TBOPA NMJAOTHOCTHIO Yp Mo TabJa. 4.

5.17. Heo6XoAHMOe KOJHUYECTBO KOMIOHEHTOB AHOAHHX 3JIEKTPOJH-
toB G B nepecuere Ha HX Ge3BOAHBIL OCTAaTOK ONpefeiseTcs BHpakKe-
HHAMH:

NpH PANOBHX CXeMaxX pa3MelieHHsl 3MeKTPOLOB

Ko.s U

G=A nLhymT; (26)

npH COTOBOH cXeme

G:——-BM

nahy TK, (27)
rae N — NMOPHCTOCTb I'PYHTA B AOJIAX €HHHILHI;
L — nnuna 3axBaTKH, CM;
m -— 49HCJIO Pa3HOMOJAPHLIX NPOMEXNKYTKOB B PSAOBBLIX CXeMax pas-
MeLIeHHS JeKTPOJOB;
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Ta6bauna 5

3navenns
M HanMeROBaRHE XHMHYECKOrO PusHUeCKOe xos@j%x;uueu-
In.m, BelllecTsa COCTOSIHHE
A B
1 | Xnopuctuift Kanpuuii Kpucrannuue- 0,1 0,5
CKHA MOpoIoK
2 | CepHokucaoe Xeneszo To xe 0,05 { 0,25
3 | AmomHHNEEBHE KBAaCI{hl » 0,05 | 0,25
4 | MoueByHa (THOMOYeBHHA) » 0,15 10,75
& | @opmanspersn Bonumf pac- I,65 18
tBop 37%-Huift

K — uucao cot Ha 3axBaTke;
A,B— uncnoBue Ko3hdHIHEHTH, NPHAEMaeMble o Taba. 5.

KonuuecTBO cyxoff HaBeCKH CEDHOKHCJIOTO OKHCHOTO Xene3a H Ges-
BOJHOM COMH aMOMOKaAHEeBHIX KBACIOB TMPHHHMAaeTC paBHOM NONOBHHe
HaBeCKH XJOPHCTOrO Ka/ bIHS.

MMpumeuanue. Tlpn HCNOABL30BAHHH peareHTOB JAPYrofi KOHIEH-
TpauKu 3HaueHHs KosbdunuedtoB A u B ciepyer HaMeHsITh NMPONOPIHO-
HaJbHO.

5.18. KomnuecTBo consiHofi KHCHOTH Gk HCXOAHON KOHIEHTpALHHA
(39%) onpepmenseTca HMCXOAS H3 HYXKHOrO KOJHYECTBa pacTBOpa Moue-
BHHH paGouefl KOHUEHTp allUA:

GioP 0,02

Mo%
_——— .
G et (28)

rae  Gioh—Macca MOueBHHH B NepecdeTe Ha Ge3BONHHIA OCTAaTOK, Kr;

o NOKa3aTeJib BeJHYHHH pa3faBJjieHHs KOMIIOHEHTOB O pac-
4eTHOA KOHUEHTp allHH

100

Cpa6

o 6,7; (29)

Cpag— Pabouast KOHUEHTPALHS PacTBOPAa MOYEBHHB Cpac==15%;
0,02 — o6bemHoe cooTHomenHe 2% -Horo pacTBopa COJIfHOA KHC-
JIOTH M PacTBOpPa MOYEBUHH paGodeli KOHUEHTPAUHH;

19 — crenenp pasGaBieHHd COJSHON KHCAOTH OT HCXOAHOH KOH-
uentpaunu (39%) no paSoueit (Cpas=2%).

5.19. KoJiHueCTBO CEpHOKHCJIOTO OKHCHOrO XeJjie3a fpH HCNoJb30Ba-
HHH €ro B KadecTBe OKHCAHTENsi MOHOMEpOB onpeiesseTcs aHaJOrHYHO
n. 5.18. TIpu stom creneHn pa3baBlieHHst (3HaMeHaTenab JAPOGH) NPHHH-
MaeTcst paBHHM 25,

5.20. [pr Temneparype sakpemasiemoro rpyHrta HHxe +18°C anek-
TpOJNHTHUecKas 06paboTKa AOJXKHA NPOH3BOAHMTHECA C NPHMEHEHHEM MoO-
IyJHPOBAHHOrO 3JeKTpHuecKoro monas (puc. 10), obGecneunBaroniero Ha-
npaBJieHHOe pa3BHTHE BCeX (PH3HKO-XHMHUECKHX NpoIeccoB B TPYHTE H
OJIHOBPEMEHHEI ero NoAorpes A0 ONTHMajbiofi Temnepatypul. Tlpu atom
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napaMeTpn MOCTOSIHHOTO 3JIeKTPHUECKOTO TOKa Onpefe/sioTeA COrJIacHo
n. 5.7.

IMapameTpn nepeMeHHOro 3JEKTPHUECKOrO TOKa, IMaBHBIM 00pasoM
BeJIHYHHA HANPSANKEHHS, ONpefe/sioTcs AJs ABYX DelXHMOB paboTH: pe-
JHMa pasorpeBa YKpenJiseMoro rpyHETa OT HCXOAHOH TeMmnepaTypH B
cpesHem a0 + 18°C (HecTaumoHapHHIl peXXHM) H PeXXHMa MOAAEPKAHHSA
TeMNepaTyphl YKpemsisseMoro rpyara B mpegenax 18—21°C (crannouap-
HBIfl pexHuM).

o A5 57
S SRV RO
RN IRED
S 272 8 s
i N

Puc. 10. [lpusuunnanpHas cxema sJjek-
TPOXHMHUYECKOH 00palOTKH COBMELIEH-
HBIMH TTOJAMH

5.21. Heo6xoxumoe ppemsi (Tp) aast pasorpeBa rpyHTOB AO TeMie-
patypu -+ 18° C onpenensiercst H3 BHpaXeHHs

A aRS
Tp=—— —
oS 0,24U;

INpi 3agannom BpemeHH pasorpea Tpefyemad BeJHYHHA HanpsKe-
Hus nepemennoro toka Up Gyner pasna:

aRS (18°—ty)

—aTpS ’
0,24(1—[ me )

Tpebyemoe HanpsikeHHe nepeMeHHOH COCTaBJAlONIel 3JEKTPHYECKO-
ro noas B crayuosapHoM pexuMme (Ucnm):

Uem =2,08V @RS (18° — 1) , (32)

raie V-— obbem ykpenaseMoro rpysra, m3

Y — OObeMHH BeC IPyHTa, Kre/m?;

C — TemJIOEMKOCTh YKPENJfAeMOro TIPYHTa, OPHEHTHPOBOUHO (=
==0,2 kkan/(kr-rpana);

o — x03()HUIHEHT TemnJonepefauH rpyHTa kkaa/(m2-u-rpag);

S— GokoBasl IIOBePXHOCThL MAaCCHBAa YKpemjseMoro rpyHra, M2

{y — HayaapHast TeMNepaTypa YKpenJsemMoro TrpyHTa Ha BepXHefl

rpaHHne ropU3oHTa.

inl—In ~[1— (18°—tg)]} ) (30)

5.22. Pacyer ceueHHs MaricTpaJjbHbiX Kabedaeidl H NOABOASIUHX NPO-
BOAOB NPOH3BOJHTCA H3 YCJOBHA HX BpPEMEHHOH 3Kcmayarauud. B atom
ciydae AONMYCTHMAs TOKOBas Harpyska cocraBiser 8—I10 A/mm2, Bes
3NeKTPHYECKasi CeTh AEJHTCH Ha 3 yuacTka: ofmlyl0 MarHcTpanib, pas-
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BoAsue NHHHH H TOXBOAsMIIHE MPOBOAA, KOTOPHIE AOIKHBI paccunrbi‘
BATBCE CaMoOCTOSTeJbHO. Tak, ceueHHe MarucTpaljpHoro kKabeas S, M2,
paBHo:

I
0= "7 . (33)
7
CeucHHe Kabens OTAeJbHON JHEHH, S;, Mm2, MHTaomedl Pl 31eKTPOJIOB:
I
Si=—>. (34
i

CeueHHe NMHTAOLUHX TPoBOA0B Sg, MM2 (MpOBOAA OT DA3BOAAIMX JIHHHI
K 2JeKTporaMm)
Iy

Sg =—7—, (35)
£ g

riae lo — obuiast cuia TOKa, onpejeeHias no m. 5.8;
j— monycTHMasi TOKOBasi HArpy3Ka NpH BpPeMeHHO KCIYyaTallu
ceth (j=8,0—10,0 A/mm?);
i — YHCJO Pa3BETBJACHHA MATHCTPAJH;
g — UMCJO Nap 3JIEKTPOJOB, HCIOJMb3YEMHX MPH 3aKpellJieHHH.

5.23. Cocras paboT MO 3JEKTPOXHMHUYCCKOMY 3aKpeIlVICHHIO Ce30H-
HONpOMEP3aIOLHX CBASHLIX IPYHTOB BKJIOYaeT B cels:

onpejeseHHe 3JEKTPHYECKHX H 3JEKTPOOCMOTHYECKHX XapaKTepHc-
THK YKpenJisieMoro rpyHra;

YCTPOHICTBO CKBAXKHH MOJ 3JEKTPOLH;

MOTPY3KeHHe 3JIeKTPOL0B;

MOHTaX BOJOOTBOJAsfLUeil, 2JEKTPHYECKOH H H3MepDHTeJbHOH ceTed;

NIPHTOTOBJEHHE 9/eKTPOJIHTOB;

3JIeKTPHUECKYIO 00pabOTKY IPYHTa;

KOHTPOJIb KAaYeCcTBa YKpeNJeHHsS TPYHTa,

H3BJIeYeHHe 3/1eKTPOJOB;

3a[eJKY 3JeKTPOAHBIX CKBaXKHH.

5.24. Onpejesenine 37eKTPOOCMOTHYECKHX H 3JeKTPHUECKHX Xapak-
TeDHCTHK TPYHTa MNpPOH3BOAMTCA Ha ofbpaslax TpyHTa HeHapyHIeHHON
CTPYKTYPH IO MeTOJHKe, H3J0XKEeHHOIl B NpHI. 4

5.25. YcTpoHCTBO CKBAXKHH MoJ pabouse 3JeKTPOABl NPOH3BOAUTCA
¢ moMOWbI MasoraGapHTHoli Oyposoli ycranoskn tHna YIIB-25 nan
JApyroro GypoBOro HHCTPYMEHTA.

Juamerp CKBamHH HOjJ TpyOuaThle 3JEKTPOAN A0JKeH GHTh Ha
10—15 MM MeHblle AHameTpa 3AeKTpoioB. JlHnaMerp CKBaXKHH IOA 3J€K-
TPOZHBIE KOJIOHKH A0JKeH cocTaBasTk 70—100 mM. [ay6una snekTpoi-
HbIX CKBa)XMH JO/KHa ObiTh GoJbilie riyOGHHB YKpeNnJieHHS TPyHTa Ha
30—50 cM.

5.26. CkBa:KHHBI TIOJ 5J€KTPOAHbBIE KOJIOHKH IIOCJe HX TNpoGypHBa-
HHf H YCTAHOBKH OCEBHIX TOKOBOJOB 3aCHIIAIOTCH KPYNHOSEPHHCTHM Iec-
KOM, a YCTbSl FepMETH3HDYIOTCS CHeHAJbHEIMH KOHAYKTOPAMH HJH MS-
TOfl raMHoli ¢ nakaeil. B KauecTBe TOKOBOAA @aHOAOB HCHOJB3YeTCSl apMa-
TypHast cTajb, a AJA KaTOAHHIX KOJOHOK — CTadbHbie TPYOH Yo—3fs C
nepdopHPOBaHHON NMOBEPXHOCTBHIO Ha Y3 mamuel. Ilpu atom nepdopupo-
BayHasl 4acTp TPyObl AO/KHZ MMeTb (HABTP H3 MeTaAHYeCKOH HAH
XJA0M4aTOOYMaKHOH CeTKH.

5.27. llorpyxeHne TpyGYaTHIX 3JeKTPOJOB NPOH3BOJHTCA € NO-
Molblo BHOpORoOrpysarefed, KONPOBHX YCTPOMCTB JIEFKOTO THMNA, NHEB-
MOMOJIOTKaMH HJIH BPYYHYIO,
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B caa6HX ONAHBAIOMHX TPYHTAX CKBaXHHH He YCTpaHBalOTCH,
a 3JeKTPoAH Ha BCIO TAYOHHY MOFPYXAIOTCA NEPCYHCICHHBIMH CHOCO-
6amu. [locnie morpyKeHHs 3/IeKTPOJOB NMPOM3BOAHTCA HX NPOMHBKA BO-
Lot BOCXOIANIHM NOTOKOM HJIH NPOAYBKA CKAThiM BO3IYXOM.

5.28. MoHnTak BOAOOTBOAAIIENi I PAacTBOPHOR ceTeli MPOU3BOAHTCH
H3 CTaabHBIX TpyO auamerpom '/o—3/, HIH BakyyMHBIX pe3HHOBBIX
LLJTAHTOB,

[Ipu HeGospluux pasmepax 3axBatok (Ao 50 M2) M nIpHMeHeHHH
Tpy64YaTHIX 3JEKTPOAOB PAacTBOPHASl H BOJAOOTBOAALLAS CETH He YCTpaH-
BalOTCA, a 3aJHBKa 3JEKTPOJHTOB B aHOAH H ylaJieHHe BOJH H3 KaTo-
JI0B OCYIHECTBJIIETCA NEePHOAHYECKH C IOMOIIBIO PYYHBIX HACOCOB THNA
CK® u BK®.

5.29. MoHTaxX 3/JeKTPHYECKOH CETH BKJIOYaeT B ceGs NMpPOKJAAKY Ha
NOBEPXHOCTH TIPYHTa HAH IJIOIAAKH MAarHCTPajJbHOr0 ABYXIKHJBHOIO
Kabeas pacyeTHOro CevYeHHS H €ero COefHHEHHe C 3JIeKTPOAAaMH OJHO-
JKHABHBIM npoBojgoM Mapkx ITP-500 wimm [IPT,

CoepuHeHHe TPOBOJAOB NPOH3BOAHTCH Ha KJAEMMax MAH Ha Goarax
¢ THIATEJbHOR H30JAuHeH MecT coeanHeHuit. [lpu npokiagke 3JeKTpH-
uecKofi ceTH oco60e BHHMaHHe ofpamaercs lia OpHHATHe Mep, obecne-
YHBAIOUIHX ee 3aLHTY OT CJy4YafHBX MeXaHHYeCKHX nospexpeHuil. 3a-
1HTa Ha paGOYHX YYacTKax JOCTHraeTcss NyTeM IMPOKN3AKH Xxalessi B
rpyHTe HJH B CTaJpHEIX TPpy0aX, a Ha yuacTKaX, TAe HeT [ABHIKEHH:A
TPaHCmOpPTa H JoAed, KabGeaH 3aKpemsdioTcs Ha KO3Jax HJAH onopax
BeicoToil 10—15 cM Han noBepxHocThio 3eMaH. [locsie OKOHYAHHST MOH-
TaXHBX PpaboT MNPOH3BOAUTCH 3aMep OOHIEr0 CONPOTHBJEHHS 3JIEKTPH-
yecKOff meNH, BKJAIOYas ykpenaseMHH o6beM IPYHTa, C HEJbl0 YTOYHe-
HHsl PacyeTHHIX NapaMeTposB.

5.30. TIpuroToB/IeHHe PacTBOPOB MHHEPANBHBIX COJiell 3afaHHOH KOH-
LUeHTPalHH MPOH3BOAHMTCH B PACXO/IHBIX eMKOCTSX B CJCAYIOUIEM HoO-
psIKe:

OIIpeAeNAeTCS KOJHUECTBO XHMHUYECKOrO BellecTBa HCXOAS H3 3a-
JlaHHO KOHUEHTPANHH PacTBOPA H MMeIOIIeicd B HaJHYHH €MKOCTH;

TIPOH3BOAHTCS B3BeLIHBaHHe PEareHTOB Ha BecaX C TOYHOCTHIO [0
10 r 1 HX pacTsOopeHue B Boje npH {=60—70°C.

ITpn sToM o6bem ropstuell BOAB NMPHHHMAeETCsi paBHEM 5—10-kpat-
HOMY Becy XHMHYecKoro pemectBa. IloayueHHmit KOHUEHTPHPOBAaHHBIHA
pactsop pasbaBiasieTcsi TeXnu4ecKofl HJAN NHTheBOH BOAOR KO TpeGyemoi
KOHUEHTPAUHH HJH IJIOTHOCTH, ONpejesisieMoii JAeHCHMeTpaMH (apeoMer-
pamu).

5.31. IlpuroToBjienne pacTBOpPa MOHOMEPOB 3aJaHHOH KOHHEHTpa-
UHH [OJIXKHO TIIPOH3BOAHTBLCA B TPEX-ueTHpeX pe3epBHHX EeMKOCTSX.
B ozHoil H3 HHX TOTOBHTCS PacTBOP MOUYEBHHBI NMJOTHOCThIO 1,04—1,073,
B ApYroi — pacreop (opmaibjieriaa niaotHoctsio 1,044—1,076, B TpeTh-
€fi — pacTBOp COMIAHOH KHCJAOTH mJaoTHocThio 1,009—1,019 mam pactsop
CEpPHOKHCJIOT0 OKHCHOro xXeJieda nJjorHoctbio 1,016—1,033, B uyerBep-
TO —— pacTBOp THOMOYEBHHH mNJa0THOCTbIO 1,038—1,070. TuoMoueBHHRY Nie-
ob6xopnMo pasbaBaate Temsoit Bogol (50—60°C). Popmanud AoJIKEH
XpaHHTbCS B 3aKPLITOH CTeKJAsIHHOH Tape.

CMeilleHHe KOMIIOHEHTOB B 3aJaHHBIX IIPONOPHHAX NPOH3BOAHTCH
TOJABKO fepef ynoTpebieHHEM B cMecHTeabHOM Oake, 0ObeM KOTOPOro
RoJKeH obecnieunBaTh pabory B TeueHue 4—6 u.

5.32. DaexrposHTHYecKas 00paboOTKa TPYHTOB INPOH3BOAHMTCH C CO-
0Jl0/leHHeM DAacyeTHHX pPEeXHMOB H IapaMeTpPOB 3JIEKTPHYECKOTO TOXa,
olnpejieieHHHX B COOTBETCTBHH C M. 5.7, a TaKke NOC/AeL0BaTeIbHOCTH
BBEJIEHHS SJEKTPOJHTOB corjacHo n. 5.9.
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Ias ofecnetenus HHPKYJAAUHH KaTOLHOTO SJEKTPOJHTA PACXOAHHf
6ak ¢ pacTBOpPOM JOJUKeH PasMellaThCs Ha CnenHaJbHOH MOoACTaBKe BHI-
iile TOJIOBOK KaroZoB He MeHee ueM Ha 1—1,5 M. Peryaupopanue cko-
POCTH IHPKYAALHH NPOH3BOAMTCS C MOMOIUBIO NPOOGKOBOTO KpaHa, ycTa-
HaBJAHBAeMOrO Ha oOpaTHOH MarHcTpajH nepej CMeCHTEJAbLHBIM OakoM.
INocne npoxoxaeHHs 4epes KaTOAbl pacTBOpa B KOJNHYECTBE, DPaBHOM
ofbemy pacxogHoro 6aKa, H3 CMECHTEIbHOTO 0aKa B Pe3epBHYIO eMKOCTb
CAHBaeTCs OTPAaGOTaHHWA pacTBOp, AOBOAHTCA €ro MJOTHOCTb LO pac-
4yeTHOH, OnpejeJ/iseMoil corsiacHo 1. 5.9, H HacocoM IlepeKkayHBaeTcs B
pacxopHbli Gak. IIHKJAW IHDKYJAAUHH KaTOAHOTO 3JEKTPOJIHTAa MOBTO-
PAITCA B TeYeHHe BCEro BPeMeHH 06paGOTKH.

5.33. B npouecce 3/4eKTpooGpalOTKH HeOGXOAHMO MNeEPHOJHYECKH
KOHTPOJIHPOBATh:

HanpsAxeHHe NOCTOAHHOIO H INEPeMEHHOro 3JIEKTPHYECKOro  TOKa
B LENH He pexe TpexX pas B CYTKH; AONYCKaeTCs OTKJOHCHHEe OT pacuer-
HOll BeJIHYHHH He Gosee 10%;

Harpy3Ky II0 NOCTOAHHOMY TOKY Ha KaXJAHi 3JeKTPOA; OTKJIOHEHH:
OT pacyeTHOH BeJHUHHH He AOJUKHH npeBHuwath =15%;

TeMNepaTypy YKpemJseMOro rpyHTa, KoTopas AOJKHa OHTb paBHOf
18—20° C;

Pacxoj 3/IEKTPOSHEPIHH H [POAOJIKHTENbHOCTh 3JeKTPooOpaboTKH.

[poxonxurenpHocTs 3JeKTPoO6GPaGOTKH JO0JKHA COOTBETCTBOBATH
pacyeTHOfl BeauuHHe, onpefAeneHHod no m. 5.8, H OunTb He MeHee 100—
150 4, a pacXoA 27eKTPOIHEPTHH JOJDKEH COCTABJSTL He MeHee 80—
90 xBr-4 Ha opun kyGHyeckui MeTp 06paboTaHHOrO rpyHTa.

PesynbraThl KOHTPOJS 3aHOCHTCA B CHeHaJbHHH XKypHaJd
{cM. mpua. B).

5.34. KauecTBo YKpeIlJeHHS Ce30HHONPOMEP3aIOlHX IPYHTOB MNpO-
BepseTCs HYTeM HCIOLITAHHA KOHTPOJbHBIX 00pasuoB, NMOJYUYEHHHX KOHT-
pPOJABHHIM OypeHHeM CKBaXKHH HJIH BCKDHITHem mypdos.

KoHTpoapHOe OypeHHe NPOH3BOAHTCS KOJOHKOBLHIM CHOCOGOM H He
paHee 4eM yepes TPoe CYTOK IOCJe OKOHYUAHHS 3JeKTPooGpaborkH. [ua-
MEeTP KOHTPOJIbHBIX CKBaXXHH HOJKeH OHTb He MeHee 85 MM, OTGop 06-
pasuoB JAOJXKeH NPOH3BOAHTLCH uepe3 Kaxanie 50—70 cM  rayGHHH
CKBaXXHHH B NpeAe]ax YyKpemjseMoro ropusonta. KoHTpoJbHhe cKBa-
JKMHE! AOJIXKHEl PacllOJaraTbCsi 110 KOHTYPY YKpelJsieMOoro ydacrka, B Ce-
pejHHe MeXJy pPa3HOMNOJSPHBIMH 3JEKTPOAAaMH, a TakKxe Ha yYacTKax
¢ 6OJILIUHMH OTKJOHEHHSIMH NapaMeTPoB TOKa OT pacueTHHX. UHcnao
KOHTPOJBHBIX CKBaXCHH [OJIKHO COCTaBJATL He MeHee 5—109% obmero
ylcJa 3JeKTPOJOB, a yHCA0 mypdoB Ha3HavaeTcss M3 pacueTa OJHH
mypg Ha 40—50 M® yKpeligeMoro rpyHra.

5.35. [lpn noayuyeHHH NOJOXKHTEJbHHIX DPE3YJbTATOB KOHTPOJA Ka-
YyecTBa YKpenJieHHSI NPOH3BOAHTCH AEMOHTAaiK 3/EKTPHUeCKOR H pacTsop-
HOll ceTed, H3BJeueHHe JIEKTPOAOB H TaMNOHaXK CKBAXHH.

HispaeueHHe 3JEKTPOAOB OCYHIECTBJSETCA C MOMOIIBIO JOMKDPATOB,
suGponorpyareiefi JIerKOro THNA HJIM KPAaHOBbIM OCOpYAOBaHHEM.

B ueasix CHHXeHHA YCHJHMH BHAEPrUBAHHA 3JEKTPOJOB HeoGXOAHMO
npeABapHTCAbHO NPOH3BOAHTH HX <«A00oi» Ha 10—15 cM cpeicrsamy,
npHMeHseMbIMH [JiSl NOTPYIKEHHS.

TaMnoHax CKBaXHH, o6pa30BaBINHXCH HOCJe H3BJEYEHHA H3 yKpen-
JeHHOro rpyHTa TPYGHaTHIX 2JIEKTPOAOB, AOJIKEH OPOH3BOAMTLCA TPYH-
TOUEMEHTHOII CMeChblo HJIE TIeCKOGETOHOM ¢ NepHOAHYECKHM IITHKOBa-
HHeM.
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6. TEXHOJIOTHA YJYYUIEHHUA CTPOUTEJNDbHBIX CBOWCTRB
TPYHTOB CJiOf CE3OHHOIO NPOMEP3AHHUA
NPOTUBONYYHHHON CTABHJIH3AIHEA

6.1. MeponpHsiTHA IO NPOTHBONYYHHHOR CTaOUJH32IHH ONHOBpE-
MEHHO SBJSIOTCA MEPOTPHATHAMH IO YIPOYHEHHIO NYYHHHCTHX TPYHTOB
H ofecreuerHi0 GecyYHHHOrO NPOMOPaXHBAHHS NPH NPOXOIKE TOPHHIX
BHIPaGOTOK npH ycrpoficTBe GyHAZMEHTOB.

6.2, Jlna mpenynpexjieHHs NY4YeHHS Ce30HHONPOMCP3allNX OTTaH-
BAOUIHX TPYHTOB, a TakxXe Aaa obecnmeuenHs: GeCnyuHEHOrO NpoOMopa-
WHBAHHA H YHNPOYHEHHs NPH OTTAHBAHHH B UeJAX I[IOBHIUEHHS YCTOM-
YHBOCTH COODYKeHHH, (YHIAMEHTH KOTOPHX pasMellanTcs B TOJile
3THX FPYHTOB HJIM HA HX [OBePXHOCTH, PEKOMEHAYETCH NPHMEHSTh Ka-
KOA-mHG0 H3 mepevHCJeHHHX HHIXKe peareHTOB:

1) xammit xn0pHCTHI;

2) xanmiiane co;

3) xammii xnopHCTH W HaTpuii xmopucTefi B cootHomenun 1:1;

4) KaJHeBoe XKHIKOE CTEKJO;

5) HaTpHeBoe XKHAKOE CTEK.JO.

KanufiHele COJH yacTo npeacraBasiorT cofofi Tak Ha3biBaeMble ChHI-
pHle COJH, COCTOSIINE IMaBHKM obpasoM u3 cunbBHHHTa (mMKCl4-nNaCl)
B MeHbuleft cremenn xawaHta KCI-MgSO,-3H:O ¢ nprmecsio NaCl

KanueBoe M HaATpHeBOE JKHAKOE CTEKJO — Bf3KHE BOAHHE PacTBO-
pu cuankata kadHa (Kp0-nSi0;) uw cmankara narpus (NaO-nSiO,).
B mpoMBILJIEHHOM HSTOTOBJIEHHH OHH XapaKTePH3YIOTCH yaenpHOR mac-

2
R,0 . Das

06paGoTKH TPYHTA DEKOMEHAYETCH NPHMEHATh XKHAKOe CTeKJO C MOAY-
JseMm B npenpenax 2,3—3,5.

6.3. Pacuer xouuuecrBa (K) Kakoro-nn60 u3 nepeYHCNEHHHX B
n. 6.2 pearenToB, HeoGXOAHMOro HJsi 06PabGOTKH TPyHTZ NPH MJOMIAA-
HOR NPOTHBOMYYHHHON CTaOHJH3anHI, NPOH3BOIHTCA no dopMmyrne

K = SHvym, (36)

rae S— naomanp o6pabaTHBaeMoro rpyura, M2
H— tonmuna coa o6paboTky, paBHas 2/;3 ¢J108 Ce30HHOTO NPOMep-
3aHHA-OTTAHBAHREA, M;
¥ — ofGbeMHas Macca ckeqera rpynra, kr/m® (H/mM®);
m — pacXox peareHToB, Kr Ha ! kr rpyHra (H wmaccw pearenra Ha
H maccwr rpynTa).

coft, pasHofi 1,45-—1,50 r/em®. MoayJab MHUAKOro cTeKaa f=

Bemmm{a m onpexeasgercsa H3 Bblpaxeuusa
m=ME.107¢, (37

rae M — MoaeryaspHbifi BeC BHOCHMOR COJH, T;
E — emrocTs morjiomicHHA rpynTa, Mr-sks Ha (100-10) 1 xr
rpyHra.

Tipumep pacuera. [las npoTHBONYYHHHOM CTabHAH3alHH NPHMEHS-
erca KCI.

M-39,. 43550, =745
E =34 mr-3xs na 100 r, a na 1 gr — 340,
Tarna m=74,5-340-10-%=25 r/kr rpynra.
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B caydae npHMeHeHHS KaJjHeBOro H HaTPHeBOrO JKHIKOTO CTexJa
m Geperca no taba. 6.
TaGauua 6

Pacxop pearentoB Ha | Kr

o CYXOro rpyHra
. Peareuts Y i

%!Krl.rx

I | KanueBoe MHAKOE CTEKJ0 — BOAHBI 2 10,02 0,013
pacTBOp mJOTHOCTHIO 1,45 r/cmd®

2 | HatpueBoe KHAKoe CTEKJO ~ BOAHBLIN 8 10,08 0,055
pactBop mJioTHoctsio 1,45 r/cm® ¢ mo-
6asxoit 6,3 r Kanns XJOPHCTOrO TeXHil-
4ecKoro Ha | Kr crekAaa

Mpumewanuda: 1. Ilpapoauble rpyHTHl B 3aBHCHMOCTH OT JAHC-
NepcHoCTH H MHHEPAJOrHYecKOro COCTAaBa XapaKTepH3yIoTCs Das/HuHOll
006MeHHOHl eMKOCTBIO NOTVIOMIEHHS H DAa3JIHYHBIM COCTaBOM OOMEHHBHIX Ka-
THOHOB. [loTOMY B KaXIoM ciayyae nmpHMeHEHHS MPOTHBONYYHHHOR cTa-
OunM3anky Heo6XOQHMO ONpefeNsiTh €MKOCTh NOrJOLIEHHSI TPYHTa H CO-
cTaB oOMeHHEIX OCHOBAHHII,

2. ITpoTHBONYYHHHON CTaGHAM3ALHH MOABEpPraloTC TPYHTH, B MO-
rAOIAIOUIEM KOMIJIEKCe KOTOPHIX COOTHOLIeHHe MeXJAy MHOroBaljeHT-
HHIMH H OZHOBAJEHTHHIMM KaTHOHaMmu npesbliaeT 1:4 (MHorosaseHT-
HBle KaTHOHBL COCTABJAIOT !/4 eMKOCTH NOIVIOUIEHHS H 60Jbine).

3. Has onpeneneHHst eMKOCTH MOTJIOMIEHHS H COCTaBa OOMEHHBIX oOC-
HOBaHH# CJAefYyeT NOJb30BaThCH METOJHKOM, H3JoxKeHHOH B KHHre: ¢«Me-
TOMHYECKHEe MOCOGHA N0 HHXKeHepHO-TeOJOTHYECKOMY H3YYEHHIO MOPOA».
T. 1. Usaareascreo MI'Y, 1968.

6.4. Pacyer kosnyectBa (K) kKakoro-1u6o H3 NepeyHCJEHHHIX pea-
renToB, HeOOXOAHMMOro Ajsf oOpaboTKH TpyHTa BOKPYr cBafl, npoH3so-
AHTCA N0 Qopmyie

K— (:rtD2

= S) B, 6m, (38)
rae D — auaMeTp uuiHHApa, B Hpejesax KOTOPOTO TPYHT MHOAJEKHT
xuMugeckofi o6paGorke, npuHuaMaercss Ha 0,5 M GoJblue AHa-
MeTpa HJAH CTOPOHEBI MONEePeYHOro ceueHHs CBaK;
S — NI anb NONEPeYHOro CeYeHHs CBaH, M?%;
B, —ray6una o6paboTKH FPyHTa BOKDPYT CBad, M;
6 — oGbeMmublii Bec {oGbEeMHast macca) cKeneTa Ipyura, Kr/m®;
m — PAcXoj peareHTa, onpeledsieMblil coraacHo . 6.3.

6.5. PeareHTH, nepeuncsiedHbie B M. 6.2, 33 HCK/JIOUeHHEM KaJHeBO-
rO H HAaTPHEBOTO XHUAKOrO CTEKJa, NPHMEHSIOTCH B BHJE CYXHX CHIIY4YHX
CoJIeH.

6.6. Kasmepoe ¥ HaTpHeBoe XHAKOE CTeK/J0 TPHMCHAGTCA B BHAe
PACTBOPOB, pas0aBieHHBIX BOJOII B COOTBETCTBHH C €CTECTBEHHOH BAaX-
HOCTBIO TPYHTa, NoaJexainero obpaGotke. BeanunHa pas6apieHus u
MI0THOCTH MOJYYeHHEIX PAacTBOPOB onpeesiores no rpaduky (puc. 11).

[pusmep: I. PacueTHOe KOAHYECTRO MKHAKOTO CTEK/A
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y=1,45r/cM® G=100 2.

2. EcrecrseHHas saaxHocts W=20%.

HeoGxoaumMo onpenesHTh KOJHYECTBO BOAB JJsi pa3baBJieHHA H
[JAOTHOCTD MOJIY4EHHOro nocie pa3GaBlieHHs pacTBopa.

IOas sroro mo rpapuky H=f(We) HaxoauM, uTo npH BJAXKHOCTH
209% IKHAKOE CTeKJo HeoO0XoZuMo pa3basasts B 1,5 pasa, 1. e. no 100
JIHTPOB XKHAKOrO cTekJa TpeGyercs fo6aBHTh 150 AHTPOB BOASL

CootserctBenio no rpabury y=[(We) HaxoxuMm, YTO NJOTHOCThH
MOJYYeHHOro pacTBopa mpH pasbasieHun B 1,5 pasa cocraBisieT NpH-
mepro 1,18 r/cm3,

6.7. Tlpurotop/ieHe pPacTBOPOB IPOH3BOAUTCH B AEPeBAHHBIX HJH
MeTaJIHYECKHX eMKocTAX. IIpH NPHrOTOBJEHHH HATPHEBOTO JKHAKOro
CTeKJa TPeNBapHTEbHO PACTBODHTbH XJIOPHCTHII KaJdui B KOJHUYeCTBe
6,3 r Ha KaX KA Kr CTeKJa NPOMBILIJIEHHOrO H3rOTOBJEHHS.

Mpameuanne Jlpy NpHroTOBNEHHH pacTBOpa JKHAKOE CTEKJO
clieiyeT JIHTh B BOAY.

6.8. TexHoaordss 06paGOTKH IPYHTa PEareHTaMH B Cayuae NpHMeHe-
HHA COJiefi Upe3BLIYAAHO NMPOCTa: OHAa COCTOHT H3 OTKOMA JYHKH BOKpYT
CBaH H 3aCHIIKH B 3TY JYHKY COJH, MOCKOJBKY B npouecce JOOHBKH CBaH
10 3ajaHHofi TVIyGHHEL COJIb PABHOMEPHO 3aTArHBaercs BIyOb MO ee me-
pHMeTpy.

IIpn 06paboTKe rpyHTa pacTBOpaMH NOMHMO MNDHIOTOBJEHHS pea-
reHTOB AOJKHO GHTh NpeAycMOTpeHO GypeHHe CKBaXKHH, YCTaHOBKa H
cOOpKa CHCTeMH! JJiIsl HAarHeTaHHs PacTBOPOB.

6.9. I'ny6una o6pabGotkn rpyHTa (Bn.) peareHTOM BOKpPyr cBaH B
paauyce 0,25 m Bcerna mosaHa ObITh paBHOHA: HNPH BJAAKHOCTH Ha rpa-
HHIle PACKATHIBAHHA — 2[3, a MpH BAaXKHOCTH, Goapliell, YeM Ha TpaHHUe
pacKaThBaHHd, — }fo CJOS CE30HHOTO NPOMEP3aHHA-OTTaHBAHUS.

6.10. OGpaGoTka rpyHTa ONHOM H3 peKOMeHAyeMHX B m. 6.2 coueil
NPOH3BOAHTCA CASAYIOIIHM 006pa3oM: Kak TOJLKO BeJHuHHA HOGHBKH 0
NPOEeKTHON OTMETKH MOrpyxKeHHol cBad cTaHeT PaBHOjt rayGHHe ofpa-
GoTKH rpyHTa Ba, npuEsTON B cooTBeTcTBHH C n. 6.9, 3a6uBka mpHocTa-
HaBJAHBAETCH, a BOKPYT CBap OTKaNbIBAeTCA JyHKa raybusofi 10—15 cm,
B KOTOPYIO 3acHaeTcss PaBHOMEPHO MO MNEepPHMETPY PAECCYHTAHHOE Co-
riaacHo . 6.4 KOJMYecTBO COJM, a 3aTeM cBas AoOHBaercs HO IPOEKT-
HOft TiyGHHBL.

IMTpumevarnue. Bmecro syHOXK MOryT OHTH HCHOJBIOBAHBl Padb-
eMHBle XOMYTH COOTBETCTBYIOUIell (HOPMEI; mepHMeTp HHXKHell YacTH Xo-
MyTa xoJkeH GhTh Ha 8—10 cM Goablue nepHMeTpa IONEPEYHOrO Ceue-
HHS CBaH.

6.11. TIpu ycTaHOBKe cBaji B NPeABAPHTENLHO HPOOYpeHHBIE CKBa-
KHHEL 0O6pabOTKY IPYHTa COJSIMH CJIeAYeT NMPOH3BOINHTH MO X0y obpar-
HoM 3achMKM nasyx (3acsafiHoro nmpoctpancrsa). Con caever BHOCHTH
MOpUHSAMH yepe3 xaxane 0,2 M, HauuHas ¢ rayOuus Bn=02 M BBepx
no xoxy o6parioii 3acinkn. Maccy oauoft mopuun (Ka) paccunteiBaTh
no dopmyae

0,2K
B,—0,2 "’

rae K— paccuMTaHHOe KOJMYECTBO COJH A5 o6paBoTKH rpyHTa B CO-
OTBeTCTBHH ¢ mn. 6.4 Ha BCIO TyOHHY B, coraacuo n. 6.9.

HOC."IE)IHF{YI E‘IOPL{HS{ COJIH HnepeMeUIHBaeTCd ¢ TPYHTOM HENoCpeacT-
BCHHO B NMO3aCBaHHOM NPOCTPaHCTBeE.

I1 puUMeuUaHHue. Oépa’maa 3acHIKa A0JXHa NOPOH3BOAHTLCHA H3-
MEJIbUYCHHBIM TPYHTOM.

33



e’ Weey I
130 7
1a0 \\ 40
130 X /@f‘f{f 30
N £ W
120 A \‘f i 20
N
119 Bl SN = 10
10 xfdons €2
4 H Z 3 &

Puc. 11. Tpaduk onpeaenenus
KOJIH4eCTBa BOABI, HEOOGXOAHMOrO
aas pasbaBneHuHs pacTeBopa, H
JIOTHOCTH MOJYYEHHOrO mocJe
pasbaBsienus pacTsopa

Puc. 12. KoucTpykTHBHaa cxema
BHODOHHBEKTOPA NHEBMAaTHYECKOro
JAeHCTBHSA

I — KpaHHK HAJs NONAYH CXKATOTO BO3LY-
xa B puOpaTop; 2 — pPe3HHOBOE PasyinoT-
HHTEJAbHO® KOMbLO; 3 — KPaHHK AJf Via-
JeHHA BO3AYXa H3 CHCTeMBEI, 4 — KOphyc
HHBEKTOPA #H3 Merajandeckoft TpyGwl,
=108 MM; § — maaHr Aasg TOAaYd BO3-
Ayxa; 6 — maaHr AJ8 BHIIYCKa ortpalo-
TaHHOI'G BO3AYXa, 7 — MJAHT AAS NOJAAYH
pactBopa; 8 — BHYTpPeHHHR Kopnyc HHbD-
eKTopa; 9 — HapyXKHBII KOpHyC HHBEK-
topa; I0—roxoska; [l — noasift OGery-
HOK; I2 -~ BRINYCKHRIC OTBepCcTHA; JJ —
KPaHHK JJf nojAasH pacrTeopa B HHBLEK-
TOD
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6.12. O6pa6oTky rpyHTa XHAKHMH peareHTaMmH, MepeytC/eHHHMH B
nn. 6.6 » 6.8, peKoMeHAyeTCH NPOH3BOAHTL ¢ MOMOILBIO HHBEKTOPOB,
CKOHCTPYHPOBAHHHX Ha OCHOBe NHeBMAaTHUecKHX BHOpatopoB C-698,
C-699 (pnc. 12). Hasa storo nepen 3aGHBKoi cBaH npolypHBaeTcd CKBa-
JKHHa Ha rayGuHy B, (B coortBerctBMH ¢ n. 6.9) aHameTpoM, paBHHIM
AHaAMeTPy HH'BEKTOpa. .

B CKBaXXHHY ONyCKaeTcsi BHODOHHBEKTOP C BKJIOYEHHBIM MHEBMO-
asuratesieM. Jlasi mpeaynpexkaeHHs yTeuKH pacTBopa mo 3aTtpyGHOMY
[POCTPAHCTBY B YCTheBOH YAaCTH BBHHUHBAETCA TaMMOHa)KHoe YyCTpoil-
cTBo (puc. 12).

g Bo3dyx
(P =2,5m)

Bo3dyx 15 6 7 Bo3dyx

g
(P; = am) & o 7 (7 ~5am/
4 9
’ i "

e S8 /7
[ s ' | ,2 a 5

3
NN SN N NI NGANIN N | B N/

‘s
) 2

;!
J \'l'l;,
—— >
734 | STERN
/ AlilS \
Puc, 13. Pabouas cxema mo Ha- ‘ 4!‘\ |
rHEeTAHHIO pacTBOPOB peareHToB SIEE /
B TPYHT \\ \\Iéf-“ /
A%
] — BHGDOHHBEKTOP; 2 — Gatuok pgafl N &= //
pacrBopa; J — YCTpOHCTBO AAf H3Me- ~——

pennss oOGvemMa B Gauke; 4 -— KpaHHK

AN NEPeKpHTHA IOoRA%H CXartoro

BO3AYyXa; & — ManoMmetrp; 6 - BOPOH-

Ka AJs 3aauBa pacTBopa B 6avoK; 7 — KpaHHK s NOAa4dH pacTBopa H3 6auka B
wAaHr BHODOHHBEKTOpPA, 8 — KPaHMK AAR NOJauM PacrBopa B HHBEKTOD; 9 — Kpa-
HHK AJS NOJaYH CXKATOrO BO3XYXa Ha BHOPOHHDBEKTOD; [0 —— KPAHHK AAs YHAAEHHUS
BO3AYXa H3 HHBeKTOpa; I/ — BryJiKa ¢ 3axMuMHOA rafikofl H Pe3HHOBBLIM KOABIOM,
NPeJAOTBPAlAIOINIHM yTeUKY pacTBOpa NO CTeHKaM HHbeKTopa; [2 — rpy3 aAs MpH-
JKHMa TaMmoHaXHON nauTs; /3 — rafika ¢ PEe3HHOBHIM KOJBHOOM JIJ8 HpeRoXpake-

HHS BHITEKAHHS DPAacTBOPA H3 HHDBEKTOpa; /& — nNpefpoXpaHHTENBHHN KJjianaH

Psagom co ckBaxKHHOf ycTaHaBJAHBaeTc Ga4yOK M NOAKJIIOYAETCH CH-
cTeMa A/ NPOH3BOJACTBA HHDBEKUHH pactBopa B rpyHt (puc. 13).

6.13. Pacxon peareHtoB AJsi OAHOH HHDBEKIHH H COOTBETCTBYIOLIeE
JdaBlleHHe HarHeTaHust npuxaumaercs no Taba. 7. [IpurorosaeHumit pac-
TBOp 3aJjHBaerTcsi B 0auoK, 3aTeM MOBHIUIAETCA B HeM jaBjieHHe [0
COOTBETCTBYIOLRH BeJHUHHH, YAaNAeTCs BO3AYX H3 HHBLEKTOpAa H HpPOH3-
BOJAHMTCS HHDBEIHPOBaHHE JO MOJHOro H3PacXOAOBAHHS 3aJIHTOrO PacTBO-
pa. CucreMa mofay# pPacTBOPa OTKJIOYAETCH, 4 HHBEKTOD YCTaHABJH-
BaeTcA BHlle NpeAbliYHIEro NMOJOXKEHHS Ha IMYOHHY B COOTBETCTBHH C
Tata. 7. B Gauok 3asHBaeTcss HOBas MOPLHSA pacTBOPa H NPOH3BOAHTCA
HHBbeIlHPOBaHHe B TOH XKe MOCJeJ0BaTebHOCTH.

6.14. Ilpu ycrpoficTBe OCHOBaHHA TOA He3arayOiaseMbe QyHZaMmeH-
Thi MEepBOHAYAJNLHO C MOBEPXHOCTH IJVIOULZAKH, NpeAHA3HAYEHHOR JJis
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Ta6auna 7

fipumepubiit pacxon pacTBOPOB PEATEHTOB NS OJHOH HHBEKUHH
H AaBJCHHE HATHETAHHA Ha Pa3NHYHLIX TAyO6HHAX YCTAHOBKH
paboueft HacTH HHBEKTOpA

TayGuna o6padoT- I‘leﬁm(a YCTaHOB- Pacxojn pacTsopa, JlapJsienne Harke-
,g; rpyn'ral,) M KH palovell uacT % oT ofuero Taresefi B KIc/oM?
HHBEKTODA, M KoJH4YecTBa

1 1—0,6 60 2
0,6—0,2 40 1
2 1,9—1.,5 50 3
1,3—0,9 30 2
0,7—0,8 20 1

CTPOHTEJBCTBA, CHHMAETCA BEPXHHII pacTHTeNbHBI cJ0it Ha TrAyGHHY

100—150 mm.
6.15. OtxansiBaeTc KOTJoBaH rayGuHoii 600—700 MM, ecad BeJiH-

YyHHA CEe30HHOro npoMep3anus He npesnimaer 1500—2000 mM, wiau  Ha
1000—1200 MM, ecan ray6HHAa npomepsanns cBbime 2200 MM H He 6o-
aee 3000 MM, npHYeM BHIHHMaeMbil TPYHT pasfedsieTcsa Ha 6GoJee CyXoH
H 6oJiee BAAXKHBIA.

Npumeuanne DBuHyTHi IPYHT M JHO KOTJOBaHA B JajpHeil-
leM cAelyeT NPeACXPaHATh OT YBJIAXKHEHHS LOXKAEM H CHerom.

6.16. dast mpoTHBONMyYHHHOH cTaGHAH3auHH C BbHIOPAHHBIM peareH-
tom (rn. 6.3) mepememnBaercst HanboJsiee cyxasi wacTb FPYHTa B COOTBET-
cruy ¢ 1. 6.15. HeoGxoanmoe KoJHyecTBO peareHTa npHMeHSeTCs B CO-
OTBETCTBHH C npHJaraeMoit Taba. 8.

[ITpuMeuanue XaOpHCTHIT HaTpHI peKOMeHAYVeTCH NPHHATH B
COOTBETCTBHH ¢ M. 6.24.

[TepeMeiinBanue rpyHTa NPOH3BOJAHTCA B OeTOHOMEINANKe.

6.17. TlepememranHblM TPYHTOM INPOH3BOAHMTCH o6GpaTHas 3achinKa
KOTJIOBaHa C FNOCJOfHBIM YMJIOTHEHHeM, ecsH Tiy0HHa KOTJIOBaHa GoJb-
ie 600—700 mwm.

Ta6auua 8

Konnvectao sHochMofl coaw,
EMKOCTb Kr/M$ CTOHMOCTE 06paboTKH
Hassanne noraotlie- 1o nexHe YHCTOro
FPyHTa HHSA, XJOPHCTOI'O KaJus
Mi-3KB KCl xaél;aifl:an NaCl (HanGoJiee foporas)
Cynecs 10 12 9 5,85 1,8 1,35
» 15 17,6 13,18 8,75 2,64 1,98
CyrasHox 20 22 .4 17,03 11,7 3,36 2,56
» 25 29,5 22,05 14,63 4,42 3,31
» 30 32,4 25,02 17,55 | 5,32 3,75
$ 35 41 30,74 20,48 6,15 4,61
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6.18. YnioTHeHHe rpyHTa npousBoAHTCs TpaMOGOBKOH, yaeanHoe cTa-
THYECKOE [ aBJeHHe KOTOPOH AAA CYIVIHHHCTHX TPYHTOB /IO/MXKHO OHTH
e Menee 0,2 krc/em? Jlns 3THX uenefl pekoMeHAyeTCH HCIIO/b3OBATh
TIOJHONOBOPOTHHE KPAaHH Ha 6a3e 5KCKaBaTOPOB.

6.19. YnJjoTHeHHe npoH3BoauTCs cGpacHiBaHHeM TpPaMBOBKH € Bhi-
coTH 3,5—4 M 5—12 pas, uTo 3aBHCHT OT KOHKpeTHnX ycaosuil. KoHT-
poJieM YIUIOTHEHHs! TPYHTA SBJSETCS OTKa3 — Mpelesbhas BENHYHHA MO-
HHXEHHA TIOBEPXHOCTH YNJIOTHAEMOTO TPYHTA, paBHas LNf CYIVIHHKOB
8—10 MM, a nas neckoB — 5—10 Mm.

6.20. YnJOTHEHHIO MOABEPraeTCst PYHT B MJACTHYHOM COCTOSIHHH,
KOTJa KOHCHCTEeHUMS T/IHHHCTOro rpyHra B wmenbwe 0,4, Oanako saax-
HOCTH I'PYHTA He JAO/MKHA NpPeBHIIATh ONTHMAJbHYIO BEJHUWHY, TOA KO-
TOPOR NOHHMAaETCH BAAXKHOCTH, MeHbwias na [—3% BhaxHoCTH npene-
Jd pacKaTHBaHHA,

Mpumewanne KoucucreHunss ranHiucToro rpynta B onpese-
JITETCA N3 COOTHOLIGHHS

W—w,
=" ) (40)
n
rae W — BAaXKHOCTH TAHHHCTOTO TPYHTa B TPUPOAHOM COCTOSIHHH 110
macce;
Wp — BaaxHOCTb IVIHHHCTOrO TPYHTA Ha Npelelic PACKaTHIBaHHS MO
Mmacce;

Wn — YHCJIO MIaCTHYHOCTH.

6.21, Tlocsie ynVIOTHEHHS TPYHTa MOBEPXHOCTb KOT/IOBAHA BHIPaBHH-
BaeTcq CJ0eM KPYMHO3epHHcTOro mecka Ttoamuuoft 150—100 mM; nocne
3TOr0 OCHOBAHHEe rOTOBO K YCTaHOBKe (GyHIaMeHTOB.

6.22, TIpu ycrpoficTBe OCHOBAHHIl NOA pasiHYHbBIE E€MKOCTH, Npen-
HasHayeHHble A8 XpaHEHHA KHCIOT U meJsoueil, paGoTn BHITOJHAIOTCH
B coorBercTBHH ¢ nin. 6.3; 6.5; 6.14; HO TONBKO TpeTbs 4acTh BBHIHYTOro
rpyHTa (n. 6.15) moaBepraerca nepemewnsaHio (n. 6.16), oGpatHO
3acpinke (1. 6.17) u ynaotrenuio (mm. 6.18; 6.19; 6.20).

6.23. Ilecuanan noaymka B coorsercTBid ¢ n. 6.21 npoaupaercs
OHTYMOM, a 3aTeM B Hee BTpaMOoBbIBaeTcs meGeHb KpynHocThio 10—
60 MM B 100 MM, ¥ TOJBKO nOCJe 3TOr0 YKJIAALBAIOTCA (yHIaMeHTHBbIE
IJHTH TIOJ pe3epByaphl.

6.24. O6parHast 3acHITKA Ma3yX NPOH3BOILHTCS MECTHHM TPYHTOM,
0o6paboTaHHHIM XJODHCTHIM HaTpHeM B COOTBeTCTBHE ¢ Taba 8 n. 6.16 ¢
NMOCAEAYIOIHM YIIJIOTHeHHeM coraacHo nm. 6.18—6.20.

7. TEXHOJIOTHA YJYYIHEHUA U YIIPOUHEHHUSA
CE30HHOMEP3JIbIX TPYHTOB NPH YCTPOHUCTBE
CBAWHDBIX ®YHIAMEHTOB B 3UMHUX YCJIOBUAX

7.1. Ona upeneit yctpolicTBa cBafiHBIX (yHAaMEHTOB B 3HMHHX Yyc-
JIOBHAX HeoOXOAMMO NPHMEHSITL 3JeKTPOXHMHuecKoe oTTauBanse. [lpu
9TOM OTTAHBAIOMIMI CE30HHOMEp3Jblii TPYHT YNPOYHAETCH, YTPauyHBaeT
MYYHHHCTEIE CBOICTBA NPH NOCJAENYIOIIeM MPOMepP3aHHH H YIJIOTHAETCS
TpH NMOTPYKEHHH CBaH.

7.2. DAeXTPOXHMHYECKOe OTTanBallHe NpPOH3BOJAHTCH B COOTBETCTBHH
c nm 4.1—4.2.

7.3. OrTanBaHue TMPOH3BOAHTCHA € MOMOIILIO BePTHKANBHBIX TOJBIX
H30JHPOBAHHBIX 3JeKTPOROB (pHC. 14), HMeIOMHMX TOKONPOBOAAUIHE Ha-
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KOHEUHHKH ¢ lefeBbiMH OTBEDCTHIMI AJS BhiXxoAa CoJleBoro pacTBopa,
MOrpyKaeMuiX B I'PYHT [0 Mepe ero OTTaHBaHusA. JTO NMO3BOASET HCHOJb-
30BaTh 2JEKTPOIMEPrHIO H 3JCGKTPOJHT ¢ HaHMeHBUIHMH HOTEPSIMH, HC-
KJodast H meperpeB OTTaHBasMoOro rpyHra.

7.4. IlopuimieHHe TPOBOAHMMOCTH HHXKeJeXKAUIHX CJOEB  Mep3Joro
I'PYHTa HepBOHAYAJbHO NPOHCXOAHT 34 CUeT NPOHHKHOBEHHA B HHX 4dac-
TH HOHORB, NpHOGPETAIOIIHX BBHICOKYIO NMOABHXKHOCTER NOJA AeHCTBHEM Ten-
Ja B BepXHeM HarpetroMm cJjoe. JTO, B CBOK Ouepefb, YCHAHBAET Ipouecc
npeoOpa3oBaHHsl 3JeKTPHYECKOll 9HeprHH B TEIVIOBYIO M HarpesaHnue HH-
XKeJIeXaUHX MepaJiblX CJIoeB, a TaKXKe COOTBETCTBEHHO YBeJHUHBAET
nocsefylollee NPOHHKHOBeHHe pacTBOpa B TOJILY OTTAHBAeMOro rpyHra
B COOTBETCTBHH C f. 7.4.

Puc. 14. Dcku3 nosoro aaektpoida (4) C TOKONPOBOASIINM HAKOHEYHH-
KoM (6)

! — TEA0 MOJOro 3NEKTPOia; 2 — qeThipeXTPaHHmf THPaMHAaAbHHIA TOKONPOBOAA-

mHA HaKOHEYHHMK; 3 — TOKOH3ONSLHOHHBIR C/0H; 4 — nieseBHe OTBEPCTHH AJA BH-

X0Xa C0JIeBOro pactBopa; 5——u1'ryuep BJsl BBCHEGHHA B IOJNOCTh 3NEKTPOjla H3OJNH-

POBAaHHOTO 9AEKTPONPOBOAA; 6 — M3OJHPOBaHHEI 3JEKTPONPOBOX; 7 — MECTo NOA-
KAIOYEHHS SJCKTPONPOBOZA K TOKONPOBOASLIEMY HAKOHEUHHKY

7.5. Insg 371eXTPOXHMHYECKOTO OTTAHBAHHA HCHOJAB3YIOTCA peareH-
Tl B COOTBETCTBHH ¢ I. 6.2, a £03H HX IPHMEHeHHS] PacCIHTHBAIOTCH CO-
raacHo m. 6.3. B umejsix Hanpap/JeHHOro NPOHHKHOBEHHS H TIPeOTBpallle-
HHS BO3MOMKHOTO DACTEKAHHs PACTBOP peareHTa 3a/JHBAeTCH B JYHKY, KO-
Topas BHAaAGJHBaeTcd Ha rayOMHy 50—60 MM B mniaHe, COOTBETCTBYIO-
HeM NONepevHOMY CeYeHHIO CBaH.

7.6. Texsosornueckoe 06GOpYAOBaHHE H KOHTPOJBLHO-H3MEpPHTEJbHEE
npubOpH Al 3AeKTPOXHMHYECKOTO OTTaHBaHHA onpefensiorcs n. 4.16.

ONeKTPOoAH YCTAHABJHBAIOTCA Nepel HAYaJOM OTTAHBAHHA HJH Ha-
KaHyHe IO cxeMe, MokasaHHOR Ha puc. 15. Ilpu stom snexTpozm 3a6u-
BalOTCA Ha TIYOHHY, AOCTATOUHYIO JJIS YAEDXKaHHS HX B BeDTHKAJILHOM
MOJIOXEHHH.

7.7. BsA3ka 3JeKTPOJOB B 3JIEKTPHYECKYIO cE€Th NPOH3BOAHTCA MO 3a-
paHee HaMeueHnHofl cxeme (aHaJjorH4YHO H306paxeHHOR Ha pHc. 15) mpo-
BonaMu M KaleneM ¢ uaamu (Oosiee 3 MM) H3 AMOMHHHS HJIH M.
MecTa coejHHEeHHS HPOBOLOB H KabeJiefl NOJ/IKHB H30JHPOBAaThCA.

7.8. Bo H30emxaHHe KOPOTKOrO 3aMHKaHHA 4Yepe3 MeTaajiHyecKne
npeAMeTH NPH BKJIOUEHHH CeTH JEKTPOAOB B HHTAICIIYIO ceTh HeobXxo-
AUMO NPOH3BECTH NPOBEPKY BCeX ee YYaCTKOB 3aMepaMH 3JIeKTPHYeCKo-
IO COMPOTHBJICHHA.

7.9. KoHTpO/BHO-H3MepHTe bHbIE NPHGOPEI MOHTHPYIOTCA Ha H30JH-
pPOBaHHOM HOACTaBKe H HOAKJIOYEHHe HX HPOH3BOAHTCH AO BKJIOYEHHS
TpanchopmMaTopa B MUTAIOULYIO CeTh NOACTAHIHH.
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7.10. Tpancdhopmatop, HIHT ¢ PYOHIBLHHKOM H KOHTPOJBHO-H3IMEpH-
TeJbHHMH NPHOOPaMH YCTAHABJHBAIOTCH BOAM3H TJIOMAAKH OTTaHBAHHS
(ue Gamxke 3 M OT KpaHHHAX SJEKTPOAOB) NHOL HaBeCOM TakHM 00pasom,
yToGH NMOAXOL K HHM HAaXOAMJCH CO CTOPOHH], NPOTHBONOJOXHOH CeTH
3MEKTPOJOB.

7.11. Tlo OKOHuYaHHH MOHTaXKa 3JeKTPOOCOPYNOBAHHS B MOJbIE 3JEK-
TPOAB 3aJHBAETCA COJNEBOH PacTBOpP, NMPHTOTOBJEHHHH B COOTBETCTBHH
¢ n. 6.3.

IlpeaBapuTesibHO B ROJIHE JeKTPOAL MOXKeT GuITh 3achlaHa KpH-
crananyeckas coip (10—15% ot oGutelt HopMH) AJMA NOAAEPIKAHHA KOH-
LeHTPaH! IPYHTOBOTO PAacTBOpa 32 CYET MOCTENEHHOr0 ee pacTBOpPeHHA
B mponecce orrauBanus. O6Hias HOpMa BHECEHHS COJM B IPYHT Onpeje-
JAETCH B COOTBETCTBHH ¢ 1. 6.3.

== J80

ey | o
8 iid

Puc. 15. lpunnunuanpHas 3/JeKTpHUECKas CXeMa MOAKJMIOUEHHS 3JSKTPO-
JOB NPH 3JEKTPOXHMHYECKOM OTTAHBAHHH TBEPAOMEP3JIOro rpyHTra

! — 31eKTPOAN; 2 — B3PHIXJIEHHasd NOBEPXHOCTH FPYHTA Ha MJIONLAfIH, COOTBETCTRY-

womefl ceueHHIO ¢pafl; 3 — COeAHHHTENbLHHIE SAGKTPHYECKHE NpoBoja; 4 — BOJABT-

MeTp; § — sazeMJeHue; 6 — aMIIepMeTp; 7 — cBapoYHLIA TpanchopMaTop;
8 — cueTuHK

7.12. [Ina yMeHbIIeHHS TEIJIONOTepb NPH TennoolMeHe ¢ atMoc(e-
poft oTTaHBaeMas MOBEPXHOCTh (HAa NJOWIAAH BSPHIXJIEHHOTO TPYHTA)
NOKpHIBaeTCs cioeM onuJaok 10—15 ¢M HJIH HHBEHTADHBIMH IUMHTKaMH,
H3rOTOBJICHHBIMH H3 TeNJOH30JALHOHHOTO MaTepHasa, COOTBETCTBYIOUIH-
MH (opMe cedeHHs cBafi H NPEeBHIUAIOUINMH ee JHHeHHble pasMeps MO
quaroHamu Ha 8—10 cm.

7.13. Tlepen momkJIOueHHEM CETH 3JeKTpOAOB K TpaHcdhopMartopy
clenyeT AOHOJHHTENbHO NPOBEPHTb ee HCIPABHOCTb, a TaKkKe SJEKTPH-
yeckoft JHHHH, coefuHsionlel TpaHcdopMaToOp ¢ TOACTAHIHEH.

7.14. OrranpaemMpifl y9acTOK OrpaKjaeTcsi HHBEHTAPHHMH IIHTaMH,
a4 Ha NMOAXOHNe K HEeMY Ha BHJIHBIX MeCTax YCTaHaBJHMBAIOTCH NpeAynpe-
AHTe/bHble 3HaKH. B Hounoe BpeMs mJiouiajska JONOJHHTEJLHO OCBella-
CTCH TIPOMKEKTOPaMH.

7.15. Tlogaya 3JeKTPHYECKOTO TOKa B CeTh 3JJEKTPOAOB MNPOM3BO-
JHTCS TOCTe OKOHYATeNbHOH NPOBEPKH HCNPABHOCTH  3JeKTPHYECKOil
CeTH Ha BCEX CTYNEHAX HANpAXeHHH NpH NMOAKMIOUEHHOM pyOHJAbHHKe Ha
noacraguin.

7.16. Bce TexmosioruueckMe ONEpanup H KOHTPOJAb 3a TNPOLECCOM
OTTaHBaHHsA OCYIIECTBJSHIOTCH AEeXKYPHHIM 3JekTpHKoM. IlpH BKIIOueH-
HOMt ceTH 3JCKTPOAOB JIOAAM KATETOPHYECKH 3anpellaercs HaXOAHTHCA
Ha naoulalgKe.
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7.17. Tlpu BO3HHKHOBEHHH NePerpy3ok TpaHchopMaTopa HeoGXoAH-
MO YMEHBbUIHTb YHC/IO paGounXx 3JeKTPOAOB, OTKJIOUUB 4acTb H3 HHX.

7.18. Uepes KamAabie 6—8 u HenpepuBHOro npouecca OTTaHBaHHA
HeOOXOAHMO fIpeKpaliaTh NOAAuy 3JeKTPOIHeprHH B CETh 3JEKTPOAOB,
HOTPYKaTh JEKTPOAH TeM HJH HHHM crnoco6oM A0 ynopa B MepaJnlil
FPYHT, 3aNOJHHTb KaXXJABIfl H3 HHX COJeBBIM pacTBopoM. Ilocae aroro
BO30GHOBHTD NMOAAYy 3JEKTPOHEPTHH H NPOAOIKHTbL NpOLeCC OTTaHBa-
HHS HO TeX Mop, MOKa nocjeaymomeli RO6GHBKOil 3JeKTPOmOB He OyAer
ZOCTHFHYTa 30Ha, TAe Temmepartypa rpyHra Briue —4° C, Ilpu Aoctrxe-
HHH 3TOH 30HHI OTTaHBaHKe MPEKpaaeTcs.

7.19. Tlo oxoHuaHHH INpoHecca OTTAMBAHHSI NPOH3BOAUTCH JEeMOH-
Tax 3JeKTPoObOPYNOBaHHA B NOpAAKe, OGpaTHOM €ro YCTaHOBKeE.

7.20. Ilpu nocaeayiomefi 3a6iBKe cBafl NPOTAAHHBIA TPYHT YHJAOTHA-
ercsd H, 3amMep3as 6e3 BCHy4HBaHHA, 00YCJOBJHBAET YCTORYHBOCTL (QyH-
[LlaMeHTOB Ha BeChb MEePHOJ, CTPOHTRIbCTBA, B TOM HHC/E H NIPH BO3MOXK-
HOCTH HeOJHOKPAaTHOTo 3aMep3aHHs-OTTAHBAHHA 3THX FPYHTOB NO Har-
pPYyKeHHs QYHIaMEHTOB.



NPUIOXEHHUE 1

METOAHKA ONPEAEJEHHMS ONTHMAJIbDHOH TAYBHHBI
NPEANOCTPOEYHOIO YJYYHIEHHS
BEYHOMEP3JIbIX TPYHTOB OCHOBAHHS 3JIAHHH,
OBJAJAIOIWHX NMOBHIMEHHOA JIbAHCTOCTHIO

Onpesenenne onTHMadbHOH rayGHHB Mep3JibIX IDYHTOB, HYXAAK0-
IHXCA B NPEANOCTPOeUHOM YJAyulIeHHH CBOHCTB, PEKOMCHIYeTCH BeCTH
B cjeAylolieM Iopaiake,

1. Brayane npoH3BOASTCS MepP3JNOTHO-reoJlorHyeckie H3bICKAHHS Ha
KOHKDEeTHOfi CTPOHTesbHOH NJomlaike A0 TAyGHHB, Ha [ecATh METpoB
npesBHmaouiell pacyeTHylo TAYyGHHY CaMONpPOH3BOJBHOTO OTTaHBAHHA
Mep3JhX TPYHTOB B OCHOBaHHSIX 3AaHHIl H COOPYXKeHHII Ha KoHell 3KcC-
NIyaTalMoOHHLIX TNepHoJoB. MapickaHHs INPOBOJATCH B COOTBETCTBHH C
PCH 31-69 Toccrposs PCOCP.

2. ITo namubiM H3BICKaHH{l, 0OPaGOTAHHHEIM B cOOTBeTCTBHH ¢ <«Py-
KOBOJACTBOM 1O onpejefenyio (H3HYECKHX, Tenao(H3HUeCKHX H MexXaHH-
YeCKHX XapakTepHCTHK Mepansix rpyHToB». (M. Crpoituanar, 1973),
CTPOSITCS KPHBhIE pacnpefc/eHHs N0 pa3pe3aM pa3BefaHHLIX TOJIY
CYMMApHOH BJaXXHOCTH Mep3JblX TIPYHTOB.

Ilocnepaune KpUBBIE COMOCTABJAIOTCH € KPHBBIMH  «paBHOBECHOM
BJI2XKHOCTH», IOCTPOEHHBIMH no ¢opMyJaam:

AJst TPYHTA, He HATPYXKEHHOTO QYHAaMeHTaMH

V) 2{72,88(0,055 W, +1,70)

— 41
e T (41
7S FPYHTA, HarpyXeHHoro GyHIaMeHTaMi
.25
we) G 2‘/ 2.88 (0055 Wy-t1.70) @)
v, Hy+-P ’

rae  W(P),Wy— BJaxHocTH TPYHTA <«paBHOBecHasi» H MakcHMaJbHas
MOJIeKysipHasi COOTBETCTBEHHO;
H,y —ray6una u oGbemHas Macca rPyHTa COOTBETCTBEHHO;
P— npapiensie 0T (YHAAaMEHTOB, PacCYHTHIBAeTCs B COOT-
sercreun co CHHIT 11-B5.6-66.

3. CrposTcs KpHBHE pacnpele/eHHd rno rayGHHe pa3sBeRaHHHIX TOJIN
OTHOCHTEJIbHOTO CXKaTHS OTTAaHBAIOWIHX cJjoeB rpyHToB. CikaTtne pac-
cunThiBaeTcH 1o opmyne

§={[W,— W (P)]+0,1[W, — Wyl} Vex/7a. (43)

rge 6 — OTHOCHTEJIbHOE CXKaTHe OTTAHBAWIIEroc TpyHTAa;
We— cyMMapsasi BAaXHOCTh TPYHTa 1O paspesy, onpeaensercs
MeTOZOM cpefHel NPOGHL.

Jlna necyaHo-rpaBeJIHCTHX TPYHTOB BJAXKHOCTh HPHHHMaeTCs pae-
noit W(P). Ilpu stom c¢opmuyna (43) B cayuasx oTTaHBaHMs TPYHTa
NOJA HeH3MeHHHM AaBJjIeHHEM NMPHHAMAeT BHI:

=0,1[W (P)— Wy Yer/ Vs, (44)

rae W(P) — «paBHOBecHas BJAXKHOCTb», pacCYHThBaeTcs No (GopMyJiam
(41) nm (42);
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W"H——conepxaﬂue He3aMepslie/i BOJAW B rpyHte, oXJaxaeHHOM Ha
AT rpagycoB suxKe Hyas, °C. PaccuntniBaerca no dopmyae

!4

= 9,95 L. ’ (45)
V AAT
4,17

01055 WM+ 1»70 ’

Wy — MakcuMasbHasi MOJIEKYJSpHAsi BJIaroeMKOCTh;
Yex;¥s — OObeMHas Macca CKeJsieTa rpYHTa H BOABL.

4. TlpexBapHTenbHO onpefensieTcs ONTHMaJjbHas rayGHHa npedRoCT-
POEUHOTrO YJYHIIEHHS BEYHOMEP3JBIX I'DYHTOB IO KPHBOH, MOCTPOEHHOIT
no dopmyse (43) wim no popmyaam (41) u (42). B nocaepnem cayvae
yKasaHHast rayOGHHA 3ajaeTcs B MecTe mepexoja KpHBOM C BHIOJOKeH-
HOro Ha KPYTO MAYHIHE YUacTKH.

5. OnpenensioTcs B TJaHe pa3MEPH IVIOMANKM, TPYHTH KOTOpOf
cleAyeT HOJABEPrHYTh MPeJNOCTPOETHOMY YJYUIUEHHIO, B COOTBETCTBHH CO
CHul1 11-B.6-66.

6. IlponssoasTcss yTOUHEeHHA ONTHMAaJbHON rAyGHHBI NpeANnoCTpoey-
HOTO YJyYHIeHHSI BeYHOMEp3JLIX TPYHTOB, 3aXaHHOH B COOTBETCTBHH C
1. 4 HacTOfIIEero MPHJIOMKeHHSA. YTOUHEHHS BHLINOJHAIOTCS HCXOAA H3 YC-
JIOBHS, BhIpaxaemoro popmyaoii:

Wy

rie A=

Su - S
6 »
rie H; —rny6HHAa npeAnOCTPOEYHOrO Y/AyHHIEHHS BeYHOMEp3JOoro
TpyHTa;
Hy —ray6una wamm oTtauBaHHs (pacyerHasl) noA 34aHHEM
32 9KCIIYATAUHOHHLINA NEPHOL;
AH — rnyGHHAa CaMONpPOH3BOJLHOIO OTTAHBAHHS BEYHOMEP3JIOTo
TPYHTA MNOA 3/aHHEM, BO3BeJEHHHM Ha TIDYHTE, HCKYC-
CTBEHHO OTTARHHOM IO rAyGHHH H;
Su,S — ocajxu: mnpejesbHO JONYCTUMAs AN 3AaHHA HAa KOHEH
cpoka skcmayarauuu (cornacio CHull 11-15-64); Bo3-
HHKAIOILad BCJAEACTBHE YIJIOTHEHHS HCKYCCTBEHHO OTTadH-
HOTO TpyHTa OT cOGCTBEHHOH Macchl M JaBJeHHS, mepena-
BaeMoro ¢pyHaaMeHTaMH;
8 — OTHOCHTeJbHOE CXKATHe TPYHTA, OTTasfBLIErO NOJ SAAHHEM,
B cnoe (AH).

Huxe npuBoAaTCS NPHMepH ONpeleseHHA MO HACTOAMed MeTOAHKe
ONTHMAJIbHEIX TJAYOGHH TaJbIX H BEYHOMED3JbIX TPYHTOB, HYXHAAIOUHXCS
B NPEANOCTPOCYHOM YJIYUINEHHH CTPOHTEJbHHX CBOHCTB.

Mpumep 1. [To AaHHHIM HHXKEHEPHO-TeOJOTHYECKHX H3EICKaHHH, Mpo-
U3BeJEHHHIM CO AHA o3epa LJHHOA 2 KM, mmpuHoi 0,2—0,3 kM, Ha puc. 16
NOCTPOeHH KPHBHIE CYMMAapHOA BJIaXHOCTH H <«PaBHOBECHOH BJAXHOC-
TH», paccunranHue no ¢opmyse (41). Ha tom 2xe puCyHKe npeacraslie-
Ha KOJIOHK2 rpaHy/JOMEeTPHYECKOro COCTaBa IPYHTOB, CJAaralomiHX pasBe-
naHHYI0 Toumy. TemmepaTypa rpyHta no BCeMY pa3spe3y TOAAEpKHBA-
aach Ha yposHe 3—4° C.

Y noBJeTBOpHTE/IPHOE COBMEHICHHe KPHBHIX BJAaXKHOCTEH, pacCuuTaH-
doe mo Gopmyne (41) B nocrpoeHHoe MO JAHHBIM H3BICKAHHA, CIYXKHT
I0Ka3aTeALCTBOM TOTO, YTO pacnpesesieHHe BJaXXHOCTH B TaJHX Mac-
CHBAX TPYHTOB NOJUMHSETCS 3aKOHY, BHpaxaeMoMmy d¢opumynod (41).

AH = H, — Hy < (46)
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BaaxuocTH Ha pHc. 16 BbIpaMeHn B ROJAAX MaxcHMajibHOf MoJe-
kyaspHoft BaaroeMxocTH (Wu). 3HauNTeNbHEIE NPEBBULEHHST €€CTECTBEH-
Hofi» HaJi «PaBHOBECHOI» BJAXHOCTHIO Ha puc. 16. mpHypoyeHsl K IPYH-
TaM, He COJAepIKamHM TIVIHHHCTHX

aKIHH. 08
P Ha pne. 17 noctpoeHH KpHBLIC 4 gzp%%%?—‘"%/ War
CyMMapHOi{ H «PaBHOBECHOA» BAAXK- Ml %el s 5 5 7
HOCTeH BEUHOMEpPSJHIX TPYHTOB, cla- m——
FalolUX TOJ, KOHKPETHHX TJIO-
1113 10K.

Y ZOB/JICTBOPHTENBHOE COBMeIIe-
HHe «pacuyeTHOH» H HAaTYPHOH KpH-
BbIX  pacnpejejeHHsi  BJaXHOCTER
HHKe TayOHHBl HYJEeBHIX TOMOBHX
aMIVIHTYA KoJebaHHsl TeMnepaTypH
BEYHOMEp3JbIX TPYHTOB YKa3biBaer
Ha TO, YTO pPacnpejesieHHe cyMmap-
HOf  BJAXHOCTH  BEYHOMEP3JHX
TOJIL TaK¥Xe NOAUHHAETCS opMyJe
41).

Ha nmnomagke, cnoxxenHo#t Bew-
HOMEpP3ALIMH TNOPOAAMH, XapaKTepH-
3yeMbIMH NaHHBIMH JIEBOTO PHCYHKa
17, 3anpoeKTHPOBaHO 3[aHHe.

dyHaaMenTH NOA  TNPOEKTHPY-
eMoe 3JaHHe NOJOGPaHEl C TaKHM
pacyeToM, YTO 30Ha CXAaTHA FPYHTA
He pacnpocTpaHsercs ray6xke 12 M
OT LHEBHOH MOBEPXHOCTH.

ITo B3anMHOMY XOAY KDHBBIX Ha
puc. 17 MOXHO BHJAeTh, 4TO MOII-
OCTb CNOSA TPYHTa, HYXKIAIOLIErocs
B YJVYIIEHHH CBOWHCTB, NPH HCMOJb-
30BaHHH €r0 B KadecTBe OCHOBaHHSA
no I npumumny CHall 11-18—76
Moxer OHTb orpanHueHa 12 M or
nueBHOR noBepxmocTH. IIpn orTram-
BAHHH HAXKeJeXalluero rpyHTa nol
GHITOBHIM HNaBJEHHEM BBHAY Manoro
passuyHsl MeXAy cyMMapHofl H paB-
HOBECHO! BJIAaXKHOCTBIO HOJIKHH Ha-
6al0faTbCH  BecbMa Majble OCANKH
BCJeACTBHe cxXartusi. B atom cayuae
3afiaga YJNYullleHHs CTPOHTEJBHHX Puc.
CBOACTB IPYHT3 B (JI0& MONIHOCTHIO
12 M J0JMXKHA CBOJMTBCH K .OTTaH--
BaHHIO H YIJIOTHEHHI0, 4TO6H ero
OCalkKH B TMEPHON 3IKCIVIYATaUHH ,_'f%’;g:gg:g; cxnffgﬁ:eig_
3laHHd HE HNpeBHIIAMH :-maqem!ﬁ, neHHad no ofpasnam
onpefenseMblx cggpxy.noﬁ (46).

Mpumep 2. Ha xonkpeTHOM nJomajike NPOEKTHDPYETCS 3KaHHE ¢ HC-
NoJib30BAHHEM BEYHOMED3JIHIX IFPYHTOB ocHoBauus no II npuauuny CHHI]
11-18-—76. B xauectse yHAaMEHTOB BHISHDAIOTCA JNeHTH H3 SaKperneH-
Horo (es BHIEMKH rpPyHTa, 3aKpenfieHHe MPOH3BOJHTCA ONHOBPEMEHHO €
OTTAHBAHHEM MeTONAMYM, HIJOMeNHHIMH B npua, 3 (pHe. 22 u 26).

TpeGyercs onpefesuTh ONTHMATBLHYIO TMYSHHY 3a7M0KeHHR ¢yHia-
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BJAAXKHOCTH TIPYHTa IO
TIIy0HHE TAJNOro MaccHBa,
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Puc. 17. PacnpenesneHHe CyMMapHOil BJIaXHOCTH MO
riyGHHe BEYHOMEP3JBIX MaCCHBOB I'DYHTA, BCKPBITBIX
CKBaXHHaMH



MEHTOB 113 3aKpenJyieHHoro rpyHta. C 3r1oii neabio Ha puc. 18 u 19 6uiau no-
CTPOEHB! COBMEIUEHHBle KDHBble 3aBHCHMOCTI! [aBJIEHHR OT TJYGHHBL B
rpyHTe: OGLITOBOTO H CYMMHPOBAHHOIO C HHM AaBJIeHHS OT (pyHIaMeHTOB.
Tam Xe NOCTPOEHH! KpHBHlE €CTECTBEHHOH H PABHOBECHOH BJaMHOCTH,
paccuuTanHsie no ¢opMyaam (41) u (42), a Takxe KpHBHE OCaJ0K OT-
TaHBawUIero rpyHTa, paccunTaHHble no popMmyne (43) Ges yyeta BTOpOro
cJIaraemMoro.

BeanunHbl ocagok noAQYHAAMEHTHOrO TPYHTA NPH OTTaMBaHIH
00yCIOBJHBAIOTCS OTXHAaTHEM BOAL U3 HaNpSIKeHHHIX €ro 30H H MOTyT
ObITh BHIpAXKEHHl BEeJIHUHHAMHM TIJIOMIAOK MeXJAy KpHBHMH 2 H 3 Ha
puc. 18 b.Br u 19 B.B1, NOKPHTHX ABOAHON LITPHXOBKOM.

Ha puc. 18 MoXHO BHJIETB, YTO NnpH TAyGHHe 3a10XeHHS (YHAaMeH-
TOB M3 3aKpPelJIEHHOro IpyHTa, paBHOH § M, OCaAKa NOJCTHJAIOLIErO €ro
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Puc. 18. Ilpumep BHIYHCAEHHS O0C3JlOK BEYHOMEP3JOTO TPYHTA, OTTaH-
BAIOMEro MOjJ Harpy3koi ot ¢yHaameHTa, 3araybjeHHoOro Ha 6 merpos.

A — pacnpeielleRHe NaBJeHHS 0O raAyGHHE TPYHTOBOTO MACCHBA; / — NPHPOAHOrO;

2 — non ¢yHRameHnTOM; b — pacnpezenense BJaXHOCTH N0 rayGuHe MacCCHBA:

1 — pacuernoil noa OBITOBHIM NaBJieHHeM; 2 — pacueTHoll WO AABJEHHEM OT (byH-

nameHTa; J-— ectecTBeHHOA mon OHITOBRIM japsenues. Iliomianeio ¢ AasoftHofl

HITPHXOBKOM BHIDa)KaeTcs NMOTEDPH BJNArH, MO KOTOpoil paccuHTaHa ocamka; B, — 1o

;e, ¢ YBEAHYEHHHIM TOPH3OHTaJAbHBIM MaclitaGoM; B — ocanka — 3aliTPHXOBalUHas
TIoULa b
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€08 NPH OTTAHBAHHH B MEPHOM 3KCNAyaTauud 3AaHHsl COCTABHT CBBI-
e 20 cM.

[Monyuennas BeNHUHHA OCAAKH npeBocxoaut jonycrimyio CHull
11-15-74. TlosToMy C mesbi0 yMeHBIIEHHS OCAajOK NMPH OTT2HBAHHH Heol-
XORMMO YBeJHYHTL TJAYOUHY 3aJ0XeHHs (YHIaMeHTOB.

CooTsercTByIomHe NaHHEE MJS cAydas AecATHMETPOBOro 3ariay6iJe-
HHS QYHAAMEHTOB, IpeACTaBJeHHbHe HA pHC. 19, HMEIOT TOT Xe CMHICI,
410 W Ha pHc, 18. Ilpn ux paccMOTpeHHH MOXKHO BHIETb, UTO OXKHAaeMble
OCaZKH NPH OTTAHBAaHHH HHIKeJeXXalllHX CJIOEB rpyHTa B obllefl cJ0XKHOC-
TH He MPEBHUIAT § CM, 9TO BIOJHE YKJIAALIBAeTCd B HOPMH, JAOMYCTH-
muie CHall 11-15-74.

B ofmemM cayvae NpH OLEHOYHOM ONpEJeJIEHHH ONTHMAJbHBIX IIyOHH
ApeANOCTPORYHOrO YAy4IIeHHS BedHOMEDP3JIbIX IPYHTOB CJefyeT PYKOBOZA-
CTBOBATHCA MOJIOJKEHHEM, COIJIACHO KOTOPOMY HanGojee JbAHCTHE TPYH-
TH PacmoNaraloTcsl IJIABHEIM 06pa3soM MeXKJIy NOBepXHOCTHBIMH, Orpa-
HHYHBAIOUWEMH TJYGHHB CE30HHOTO OTTAHBaHHA H HYJeBHie roJloBhHe aM-
NJATYAH KOJeGaHHs TeMrnepaTypsl B TOJIILAX BEYHOMEP3JHX TPYHTOB.

Hsnoxennoe Xopowo HamOCTpHpYeTcs Ha pHe. 17, Ha KoTtopoM OT-
YETJHBO NPOCJEXKHBAETCST Pe3Koe BO3pacTaHHe CYMMAapHOH BJaXXHOCTH
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BEYHOMEP3JI0ro IpyHTa B HHTepBaje raybus 2,5—11 M. Hmenno x yka-
3aHHHIM raAy6HHaM DPHYPOUHBAIOTCS TJYOHHBI CE€30HHOIO OTTAHBAHHS H
HYJEBOro 3HAUeHHS AMIJIHTYH TOJOBOTO KOJeGaHHs TeMnepaTypH Beu-
HOMEP3JIofi TOJIIH.

pHABefieHHBie HA pHC. 17—I19 panHsle HHXeHepHO-TeOJIOTHYECKHX
H3BICKAHHA B3SITH H3 KOHKPETHHX YCJIOBHH CTPOHTEJBHBIX NJOLLAaNOK.

NMNPHUJOXEHHE 2

NMPHMEPDHI OO BOPA CXEM OTTAHBAHHS BEYHOMEP3JbIX TPYHTOB
C HMCHOJb30BAHHMEM OMHYECKHX HATPEBATEJIER

Tennodu3aruecke napaMeTps Harpepatesefi noabHpaloTcss B COOT-
BeTCTBHH C H3JIOMEHHBHIM B pasfiejie 3 Hacrosmiero PyKoBOACTBa.

Pacuer snexTpHIeCKHX napaMeTpOB JHHeRHOTO OMHYECKOIo Harpe-
BaTe/id NPOH3BORHTCS CASAYIOIIHM 06pasoM.

PaGouyio Temmepatypy HarpeBaTessi npHHHMaeM paBHo# 873—
973 K (600—700° C). Pacuer u 3KCHepHMeHTaJbHHE /AaHHHE NOKa3H-
BaIOT, 4TO YAEJbHOE CONPOTHBJEHHE apMaTYPHOM CTAJH 3JEKTDPHYECKOMY
TOKY NpH Takoft Temneparype (p:) cocraBaser okono 1,2—2.5-10-6Om-m.

Caenyer, 0ZHaKO, YYHTHIBATh, YTO BeJH4YHHA YJENbHOrO 3JEKTpHYeC-
KOTO COHPOTHBJIEHHSI MOXKeT 3HAuHTeJbHO H3MEHATHCH Y PasHHIX COPTOB
CTaJH H CHABLHO 3aBHCeTh OT YCJOBHA Tenjaoo6MeHa HarpeBaTeliedl B
rpyHTe,

ITosToMy npH KOMIIOHOBKe CHCTEM OTTAHBaHHA PEKOMeHAYeTCd YTOY-
HATb BEJHYHHH (P¢) CTA/H ONHITHWM NYTeM B KOHKPETHHX YCJAOBHAX
CTPOHTENLHOMR nJoHiafKH.

[Mop6op MHHEMAaALHLIX 3HaYeHHH AHMaMeTpa CTalbHHX KPYXKKOB
Aas Harpesarefefi peKoMeHAYeTcs IIDOH3BOAMTL [Js apMaTypHOH cra-
JiH 1io taba. 9.

Ta6bauna 9

Py (KBT/M) d (M), He meHee Py (kBT/M) d (M), He MeHee
0,5 14 2 26
1 18 2.5 28
1,5 22 3 30

Pacuetst cuan t0Ka (fg) H nanpaxesus (Us) Ha eiuHHYHOM JIH-
HEHHOM Harpesare/ie BHIIOJHAOTCA N0 dopMyaam:

21

Ra= pt =5; (47)
H

Us=V PuRy; (49)
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Un
- ’
Ry
rae Ry — CONpoTHBJEHHE OMHYCCKOTO HArPEeBATEJst 3JIEKTPHYECKOMY

TOKY, OMm;
Iy — nauna narpeBaTensi (rylyGMHAa CKBAaXKHHBI), M;

Sy — nJjoniagb NONEPEYHOro CeyeHHs apMaTYPHON CTajH, M3 KO-
TOpO#i H3rOTOBJIEH HarpeBare/b, M%;

2
ndﬂ

Sy=—3;
't

Iy (50)

Py — ofmas momHocTh Harpesareds, kBT,

Uy — najeHne HanpskKeHHst 2JeKTPHYECKOro TOKa Ha Harpepate-
ge, B;

Iy — cnna snekTpHYeCKOTO TOKa, MPOTEKAIOUlero yepe3 Harpesa-
TeJb, A

[Ipu BLIMOMHEHHH pacueTOB CJeAYyeT MOMHHTh, YTO B CHCTEMax OfT-
TAHBAHHA HANpPSKEHHE 3JIEKTPHYECKOTO TOKA Ha 3aXKHMax eAHHHYHOro
HarpeBaTeJst NMPaKTHYeCKH HHKOTAa He [OJXHo npesnimate 30—35,
a B oco60 orosopeHHnx cayyasx 50 B. Drto yciosHe sBasercs o6s3a-
TeJbHBIM HE TOJNBLKO H3 COOOpaXKeHHHl TeXHHKH 6e30MacHOCTH, HO TaKxe
H BCJIEACTBHE TOrO, 4TO TaJblifi H Mep3JHil 'PDYHT NMOJA TaKHM HampsixKe-
HHeM He NponycKaer yepe3 cels 37eKTPHYECKHH TOK 3HAYHTEJBLHOM MOML-
HOCTH.

CxeMa NMOAKJIOYEHHA 3JEeKTpOHArpeBaresefi KOMIOHYeTCS NMPOEKTHPY-
fomelt opraHu3andefl HJAH HHIKEHepPOM-3JIeKTPHKOM, OTBETCTBEHHHIM 3a
NpoBeieHHbBe OTTAHBAHHS IPYHTOB Ha OOBbeKTe.

[lpn sTtoM gomxHbl ObITE BHIAEPIKAHH 3JEKTPHUECKHe NapaMeTphl
narpeearesneft (Pu, Usn, In). TIpH cocTaBieHHH cXeMbl YUHTHIBAIOTCS
uMelouleecss THHoBoe ofopyAoBaHue (MoHHIKaoulHe TpaHchopMaropH)
H 0COGEeHHOCTH MOABORMMOI 3JeKTposneprud (dasHocTb, HanpsiKeHHe,
cuna Toka H T.1.). Ecau nmoasoamMasi MOIIHOCTb HEJOCTaTOYHA, UTOGH
o6ecrneyHTh OJHOBPEMEHHYIO paboTy Bcex HarpeBaresieil B 3ajlaHHOM pe-
JKHMe, TO OTTaHBAHHe cJelyer NPOBOAHTL B HECKOJbKO 3TamoB, MOA-
KJoyas focJefoBaTesibHO IPYNNEl HarpepaTeJeil,

C yueToM H3JIOXKEHHONO HHXKe NPHBOAATCA NPHMepH pacdera napa-
MeTpOB CHCTEM OTTaHBaHHA C HCNOJb30OBAHHEM OMHYECKHX B3JeKTPOHa-
rpesarejell MOCTOSHHOIO H INepeMEHHOro CeyeHHA MO AJHHE.

fipumep 1. [asm obecneyeHHs yCTOHYHBOCTH BO3BOZHMOrO 3RaHHA
crojiooll Ha 150 Mect B moc. 3anonsiproM, kBapraa «Hs r. BopkyTH He-
06xoanMO GHJIO OTTafATh Mep3JjHe TPYHTH, NpeJCTaBjieHHble CYrJIHHKA-
MH H MEJKO3epPHHCTHIMH II€CKAaMH C BJIAaroeMKocThio He Bhime 20%. Ha
njomanke pasMepoMm 3030 M Ha rayGuHy 15 M OT JHa KOTJOBaHa.
Bha mpousBedeH pacyeT CHCTEMH OTTaHBaHHS I'PYHTOB € NpHMEHEHHeM
JIHHeHHHX OMHUYECKHX SJIeKTPOHarpeBaTelieli NMOCTOSHHOTO CeyeHHA MO
ATHHe,

Hnuna narpeeateneil (/) onpegenunach rAyGHHON 4alld OTTaHBA-
HES M GHJa npHHATa paBHOR 14,5 M.

YienwHas MOLIHOCT OAHHOYHOro HarpeBateas (Py;) 3amaHa pae-
Holt 2 xBT/M, a pacueTHnlii pagmyc orraupanus (&) — 3,3 m. Harpesa-
TeJH pelieHo PAacmoJOXHTh mo cetke (LH) B maxMaTtHoM NOpAAKe:

L=173 §£=5,7m;
H=10,87 L=5m,
48



IMo momorpamme puc. 7 n3 pasgena 3 Hacrosuero PykosoacTsa
6uo HafimeHo, uro npu L=5,7 M H Pyu:=2 KBt BpeMsi oTTauBanms
cocraBsisieT oKOJIO 20 CyT mpH HenpepuBHOH paGore HarpesaTeael B 3a-
LAHHOM pexHMe.

Hcxoma H3 H3n0XeHHOro GBLIO HaRjieHO:

YHCJO HarpeBareneft B PALY

30
— 1 1=6;
5,7 +
YHCJIO PALOB
30
—_—t1=1.
z +

O6wee uncno HarpeBatedeit (puc. 20) — 39 wTyk.
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Puc. 20. Pacnosoxenne oMH-  Ppc. 21,  CxemaycrpoficTBa OMHYe-
UECKHX 3JIEKTPOHArpeBaTe/el  ckHX HarpesaTesieli NepeMeHHOro ce-

B IJaHe CTPOHTEJbHOH IIO- YeHHS
aIKH
1an I — cTajpHble CTEPXKHH HKHaMeTpoM 30 MM,
! — HarpeBaTenH; 2 — HEBENHPO- Aaunoft 2 M; 2 — KepeBsHHbIE H3OAATOPH
BOYHEIE MapKH; 3 — TeMmmepatyp- c pasMepami 40X40X25 mM; 3 — CTEPKHH H3
Hbl@ CKBaiKHHLL apMaTyYpHOIl CTaAH AYMaAMETpOM 22 MM, AJHHON

15 M; 4— 70 Ke, anunolt 7 M; § — cevuenune

CKBaXXHHH JHameTpoM 132 MM (cBOGOAHOe

NPOCTPAHCTBO 3aNOJREHO MHeCKOM); 6 — Kpe-
nex crepxHel

Iuamerp apMmaTypHOIi CTanH, H3 KOTOPOHl PEKOMECHAOBAHO H3rOTaB-
auBath HarpepaTesqu (d), NpHHAT paBHbIM 28 MM, YTO YJOBJETBOpSET
3HAQUEHHIO NpEJEeNABHOrO AHaMerpa Jas MompoctH 2 xBr/mor. M

(tagn. 9).
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ITo cnpagoynnKy * mpuasTo P;=1,2:10-% OM-M.
Huxe DPOH3BOJKTCS pacueT IapaMeTpPoB HarpeBarefeii ¢ y4eToM H3JO-
JKEHHOTO:

2l; 1,2-10°0m-m-2.14,5 ™
S 6,16-107% M2
Py = Pyy Iy = 2 xBr/m-14,6 m = 29 xBr;

Un =V Py Ry = 29000 Br-56,5-10~2 Om = 40,5 B;
Un 40,5 B
= =013 —

Ry  56,5-10730m

Tpumep 2. [as ycrpoiicTBa cBaflHOro (QyHAaMeHTa noJ SJaHHeM
aBT06a3H HeoGXO0AWMO GHJIO OTTAaATh MEep3Jbie IPYHTH Ha OAHOA HacTH
nJiomajku Ha rayGHHax ot 2 Jo 5,5 M, a Ha ADYrod ee 4acTH — Ha
ray6une or 2 Ko 7,5 M.

Jlns oTTaMBaHHA NPHMEHEHH OMHYECKHe 3/eKTPOHAarpeBaTesH mepe-
Meangxio ceueHHs, KOHCTPYKUHS KOTODHX CXEMaTHUECKH II0Ka3aHa Ha
pHc. 21,

Pacuernas ynenbhas mownocTs HarpeBarens (Pyx) 3alana paBHOR
1,5 kBr/m. ITonHas MOIHOCTL NMPHHATHX THMNOB HarpeBaTesefi AOKHA
COCTaBHTh:

HarpesareJb IJHHon 5,5 M (puc. 21)

Py =1,5 xBr/uor. M-5,5 M=8,25 kBt (paGouas wactb 55 M);

HarpeBaTe b AauHo# 5,5 M (puc. 21)

Py,=1,5 xBt/M-3,5 m==5,25 kBt (pabouas uacts 35 M).

VaenabHoe CONpOTHBJEHHE B paGouem pexuMe Harpepatenelt (ps)
npunsaro pasiuM 1,2-10~¢ Om-M, a yxeibHOe CONPOTHBIEHHEe BHYTPEH-
HHX TOKOBOXOB (P ) =0,6-10-% Om-m.

ConpoTHBJEHHE 3JEKTPHYECKOMY TOKY B paboueM pexHMe HarpeBa-
teaeli (Rx) u TokoBomoB (Rt) BHuYHCAseTcs no dopMmyse

l
R""pS »

= 56,5-1072 Om;

Ry =p¢

~ 720 A.

rape - DJAHHA NPOBOAHHKA;
S — nonepeunoe ceyeHHe NPOBOAHHKA, MZ;

S = nr?;
P — yaeabHOe 3JIeKTpHUecKoe conpoTHBieHHe, OM- M,
21y 2-2m
Ry=pr — =0,6-107°Om-n =
T sy 2.3,14 (15)2-10~5 2
=0,17-1072 On;
HarpeBaTteas AJuHOH 7.5 M

* B. W. NMepeabman. Kparkuft cnpaBownHK XiMHKa. ['OoCXHMH3ZAT.
1948, c. 101,
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1,210 5 Ouem- 11 w

= =3,5-10~2 Ou; (61)
Hi™ g 14.11)2 107202
HarpesaTeJsl AnuHOM 5,5 M
.107% Om-m-
L2 OnemeTu g o 52 6 (52)

o™ 5 14.121.1076 o2

BeJHYHHH TOKOB, NPOTEKAIOMIHX 9epe3 HarpeBaTeqH, HaxoaArcs no ¢op-
MyJae
P=I®R, (53)

P
Iy= ‘/ i. (54)

Jas narpeBarenefi gausoit 7,5 M

, Py, 1/8,25403& a6 A
1= Ry, 3,5-.10720m '

1A HarpepaTeJs AJHHOH 5,5 M

/PH 1/5,25-10381‘ 6 A

I,= } — = > =486 A.

2 Ry, 2,2.1072 Om

Monocrs, norpebasemast BHYTPEHHAMH TOKOBOLAMH H HArpeBaTesIAMH
(Poom), BouHCAsteTest o dopmyJae

Po6uy = I* Rogus- (55)
JLasa HarpeBatens mauHoR 7,5
Py, = I? Ry, = 2,36-10° 4°-(3,5 4-0,17) 107% = 8,9 xBr;
Ans HarpeBaTteds AJHHOH 5,5 M
Py, = 1% Rogy, = 2,36-10° 4%-(2,2 4 0,17) 1072 Om = 5,6 xBr.
ﬂazxexme HaANpAXKEHHA 3JJCKTDHYECKOI'0 TOKa onpeaenasierca no 3sa-

kony Oma:
U=IR; (56)
AJis HarpeBartensa AJuHOK 7,5 M
Up=1I| Rygy =486 A-3.67-1072Om = 17,88 B;

OTKyZAa

A HarpeBaTens AJHHOH 5,6 M.
Uy = I3 Rogm, = 486 A-2,37-07° Om = 11,5 B.

VYyacTKOBHE TOKOBOXBI ZONYCKA€TCS H3TOTABJHBATHL H3 KYCKOB ap-
MaTypHo#l crasu agnamerpoM 30 MM no 3—4 mT. B nyuke JaH6O H3
aJIOMHHHEBHX IIHH COOTBETCTBYIOLIErO ceueHHs, MarucrpaibHuie TOKO-
BOJAH CJeHYyeT AeNarTh M3 AJIOMHHHEBBIX LIHH NOAXOAAMIErO CeYeHHS.

Harpesartean B miame paclojaraloTcss [0 YrJIaM NpAMOYTOJILHOM
ceTkd 5-6 M (L) uJH B IIaxMaTHOM NOPSZKe.
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flo nomorpamme (pHc. 7) maxoiufcs Bpemsi ortauBauns 1.. Oxo
tocrapianeT okoJo 30 cyT npu HenmpepHIBHOI pafoTe narpemateseil B 3a-
AaHHOM peXHMe,

NPHUJJOXEHHE 3

NOACHEHHUS K NPHMEHEHHIO PYKOBOICTBA MO HHBEUHPOBAHHIO
XHMHYECKHX PEATEHTOB B MEP3JIBE F'PYHTBI

HanoaneHne o6beMOB Mep3JbX FPYHTOB JKHAKOCTAMH, He 3amep-
3a00MMH TIPH OTPHHATEJLHHX TeMIepaTypax H CIOCOGHEIMH NpH 3TOM
PacTBOPATH Jiel, MOXKHO OCYINECTBJATh:

1. 3anonnenseM pacTBOpaMH CBOGOAHBIX NOP H NYCTOT B rpyHTe
noj H3GbiTOUHBIM AaBjeHneM. Ilpy sToM nxaBJenHe Ha MXHIAKHE pacTBo-
PH [OJDKHO OBITE HOCTATOYHBIM JJIst JIOCTHXKEHHA HavaJbHOro rpajHeH-
Ta QHIbTPAUHH HAaHHOTO IPYHTA;

2. O6pa3oBaliHeM «MHKPOTHAPOPa3pHBOB» B o6beMax TIPYHTa, pas-
JKHMaeMBIX B OKDECTHOCTH HHBEHPYEeMOro pacTBoOpa, Hoa AeHCTBHeM
JlaBJIeHAA NOCJENHEro H 3aloJIHeHHS TPEUIHH PacTBOPOM;

3. PactBopenreM Jibjia H 3anoJiHeBHEM XXHMJIKHMH pacTBOpaMH o0b-
eMoB, 00pa30BaBUIMXCH BCJACACTBHe YMEHbIIEHHA yAeabHOro ofneMma
1IpH nepexojie B BOAY.

B obmem BHIle 00beM HHBEIIHPDOBAHHOTO PacTBOpa B eIHHHUY 00b-
eMa Mep3JIoro rpyHTa MoXeT OHTb BuipaxceH dopmyJaoi

Vunteu = Vnop + V'rpeu!. +m (anua - Vsonu) (57)

rae Vnops Vipem— H0aH o6bema rpyHTa, 3aHsiThie CBOGOAHHIMH MO-
paMH H TpenIHHaMH, oGpa30BaBILIHMHCA BCJeX-
CTBMe pa3XKaTHA TPYHTAa B OKPECTHOCTH HHbelH-
pyeMoro pacTBOpa, COOTBETCTBEHHO;
Vasn Veonu — MOJBbHBEE 0GbeMbl JIbXa H BOAMI;
m — upcjo MoJeft Jbjla, Nepemleiliero B pacTBop.
Bxoasuue B dopmyay (57) BeNHUHHEI ONPEISIOTCS ONLITHHIM MYTCM.

OnTHManbHOE paB/ieliHe HA TEPBHIX 3TaNaxX HHBENHPOBAHHST PacTBO-
pOB B Mep3/ble IDYHTH MOeT OhIThb oueHeHO GopmyJoil

Pmn:eu. > P5+ 12¢, (58)

roe  Pg— GriTOBoe aaBseHHe TPyHTa Ha IVy0HHe HHBCLUIPOBAHMIIA;
{ — MOLYJb TeMmIepaTypel Mep3Jjoro rpynta B °C.

C TeuyeHHeM BpEMEHH BeJHYHHA OINTHMA/JBHOIO AABJEHHMS CHHXaer-
¢l Kak 3a cyeT yMeHblueHHS OBITOBOTO IaBJEHHA, TAK H 3a CUET YCH-
JIeHHs! BJHAHHA (DaKTOPOB, OTMeueHHHX B Qopmyre (57).

Texnonorua HHBEHHPOBAHHSI PAacTBOPOB B OObEMH BEUHOMEpP3JHIX
TPYHTOB JO0JDKHA pas3pabaThiBaTbhCsd NyTeM IIPHCNOCOOJeHHs THIOBOI
TEXHOJOTHH K KOHKDETHBIM YCJOBHSIM, B COOTBETCTBHH C TNIPHHUHIHAJbe
Holt cxeMOH, npencras/eHHol Ha pHe. 22,

Pa6ouum oprasoM TeXHOJNOIHH HHBCUHPOBAHHA SBJAACTCA CaMo3a-
nHparomufica HubekTop. Ha pue. 22 npepcraBieHbl MOAHGHKALHH 0Of-
HO- H ABYXTPYOHBIX HHBEKTODOB.

B KkauecTBe 3anyparowiero yCTpPoficTBa B HHBEKTOPAX HCHOAbL3OBA-
Hbl pe3HHOBbie KaMeDphl (Makephbl), NPHKHMaIOIHECS CBOHMH 060J09-
KaMH (BCJEACTBHE pacrmopa H3HYTPH HHBEUHDYEMBIM pacTBOpOM) K
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CTEHKaM CKBaXXHH H MNpPENnATCTBYIOLiHE HPOPHBY pACTBOPOB no 3aTpyb-
HOMY NPOCTPaHCTBY.

Huvenupopanne pacTBOPOB PEKOMEHAYeTCs BECTH CHH3y BBepX,
KaK MOKa3aHo Ha pHc. 22 # 23, ajA cnyuacB OTTAUBAHHSI OMHHMH XM-
MHYCCKHMH peareHTamH.

B cayuae HeOGXORHMOCTH OTTAHBAHHs, a 3aTeM YIJIOTHeHHS OTTa-
SIHHOrO I'pyHTa 06pabOTKY ero cJefyeT BeCTH ABYMs pearedTaMH ude-
pe3 ABYXTpyOHEe HHDBEKTOPW Mo cxeme puc. 22. IIpu 3ToM OTTaHBdHHe
HeoOGX0AHMO NPOH3BOAHTL HHBEIHPOBAHHEM pacTBOpa XJODHCTOIO Kadb-
IHA, a NOCJeRyIoliee 3a HHM YIJIOTHEHHE — HHDBEUHPOBAHHEM B OTTasH-
HBIAl TDYHT CKHXEHHOI0 aMMHaKa.

) 4 2

o Busiux

Puc. 22. CxeMBl OTTaHBaHHSA H YNJAOTHENHS MEp3JjblX IPYHTOB XHMHKa-
TaMH
4~ HHBEKTODKL, 6 — oTTauBanue BOAHLIM DPaCcTBOPOM XJAOPHCTOIO Kadanuufig, 6 —

QTTaHBaAHHEe OXHMEHHHM aMMHBaAKOM; & - OTTAHBAHHC XJODHCTHIM KAaAbIHEM C no-
CACAYKIUHM YOJOTHEHHEM aMMHAKOM

Ko/anuecTBeHHBE COOTHOLICHHS MEXKAY HHDBELHDYEMBIMH XJIODHCTHIM
KaJpuHeM H aMMHAaKoOM CJhelyeT DAacCUHTHBATh IO CTEXHOMETPHUECKHM
dopmynam xaMuu. [Ipn #ppenHpoBanuu GesBOZHOrQ aMMHaka B o0beme
IPYHTa, HACHIUEHHOrO BOAHBIM pPAaCTBOPOM XJOPHCTOTO KaJbliHMs, OAHO-
BPEMEHHO BO3HHKAIOT NPOHECCH JAHCNEprHpPOBaHHA TpyHTa H obpasoBa-
HHSl H3BECTH. DTHM CO3HAIOTCA VCJIOBHA A4 B3aUMOJAEHCTBHS CBEXeol-
pPasoBaHHOH H3BCCTH C JHCHEGPCHHIM TPYHTOM H YIJIOTHEHHS IOCJIeIHEro.

Tasnue sapga B o6beMax Mep3JnX TIpYHTOB, HaMOJHEHHBIX IpH
HH'LEHHPOBAHHH pPacTBOPAMH XHMHYEGCKMX peareHTOB, NPOHCXOAHT 3a
cYeT TEIUIa, TIPHTCKAIONIero B HHX H3 MeHee OXJaXJeHHHIX, He3acoJeH-
HBIX MEpP3JHIX IPYHTOB, IpaHHYaIHX C 3acoJeHHHIMH (pHC. 24, a).

BpeMsa oTTramBanMs MTHOBEHHO 3aCOJIEHHOTO Mep3Joro IpYHTa, HC-
XOAS H3 CKa3aHHOro, MOXHO OLeHHTh ¢opMyJoil

ot B, VT]g Ao tr+ 2V 1 V 1+ ro,

— =2,3plg —
2 V.. V 2
2lvm+r+2 i lugy + rvg,

U,
x9 2
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Puc. 23. TlpumMep oTTauBaHHA BCUHOMEP3JOro TPYHTA BOAHBIM
PacTBOPOM XJOPHCTOTO KajbLHA

a — pa3pe3 MacCHBa OTTasiHHOrC TpyHTa 006bemMoM oxoao 100 Mm% 6 — pac-

npefesieHne 3aCONEHHOCTH OTTASKHOrC I'PYHTa no rayGuue; & — pacnpexe-

JleHHe BJAaXXHOCTH no rayOHHe MacCHsa rpyuTta; [—Ho OTTaHBaHus; 2—HoC-

Jie OTTAaHBaHHHA; 2 — CXEMa Pa3BHTHA Npolecca OTTaHBAHHS BEYHOMEP3JOro

ITPYHTA NPH HHBEXHPOBAHHH PACTBOPA CHH3Y BBepx; 0 — pa3spesnl caMosa-
HHPAIOMIErocsl HHbEKTOpa
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Puc. 24. Pasmopaxupanne rpyura pactsopom CaCl;

a - KOHTYDHl MacCCHBa OTTagHHOTrO IpYHTa: dakTHIeCcKH i
KOHTYD OTTAaHBAHHS — — — PACYETHBIl KOHTYp; 6 — naBieHHe U
pacxon pacTBopa NpH HHBEIHPOBAHHH
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W2 + ro} V 1, +
4 V 1 L 01 o (59)
nvy

ﬂvoi

Mpumep pacuera. MrHOBEHHOMY 3aCOJeHHIO Oblia MOABEPrHYTa IJa-
CTHHA Mep3JIoro TPYHTa, FPaHHualnas Cnpasa H CJleBa C MOAyGecKOoHey-
HBIMH MacCHBAMH Mep3J0ro He3acoJleHHOro rpyHTa. TpeGyeTca paccuuTtarts
BPEMA TasHHA JbAA B 3aCOJIEHHOM TPYHTe 3a CueT HH3KOTeMmeparyp-
HOro Tenia (MPH OTpHIATeJIbHOH TeMmmepaTtype), NpHTeKalolero H3
He3aCoJeHHEIX MAacCHBOB, NPH CAEAYIOIIHX YCJIOBHAX:

Xo— HOJOBHHA TOJMIHMHH NJAaCTHHH, M. McKoMas BesanumHa;

€15 C3— YHEJibHHE TelJIGEMKOCTH TaJOTO M Mep3JIOro TPYHTa, PaBHHE
cootsercTBenno 0,33 u 0,27 xkan/(kr-°C);

Ay; A — TENVIONPOBOAHOCTH TAJOrO H MED3JOro FPYHTa, paBHLIE COOT-
BercTBedno 1,6 u 1,8 kxan/(ua-Mm-°C);

Y15 Ya— OOBEMHBIE MAacCH TaJOro H MEP3JIOro rPYHTa, paBHHEE KaXjaas
2000 xr/m3;

a— K03bdHOMERT TeMIepaTypONPOBOAHOCTH TAaJOro rpyHTa, pas-

nuift 0,0024 m2/q;

L — mspucrocTs MepaJsioro rpyHra, passas 0,15 kr/kr;

Wy — conepxanne nesaMepsieil Bogd, passoe 0,05 Kr/xr.

HaxopaTcs 9HCHeHHble 3HAYEHHS COCTABHBIX BEJHYHH, BXOASIIIHX
B (opmyay 59
1y Ay e Yy 2,1.6,2-8-2000
K=(n+1) 1 A1 61 Yy

=@2+1 = 27,66,
nahs Ca Ve 2+ 137 8.0.27.2000

31ech €==2,8 — TemIOEMKOCTh Mep3JIoTO TPYHTa C Y4eTOM YAEJbHOH
TEeNJOTH TasitHHSA JbJa;
ny=ny==2-— nokasare’p napaGoJybl KPHBOH pacnpejeseHHs TeMine-
paTypHl B rpyHTe;

K® tn (27,66)* 27.66-2
z_—_—4—n_*_I - _2_;_1:.173,15,
p_ K __n o166 2

on  n(nk1) 2.2 2(@+1)
r= K (fo1 — toz) 27,66 (21,7 — 1,0) = 572,5 °C;
01 = (tx — ton) = — 21,7 — (— 16,6) = — 5, 1;
U= (fo—ty) = — 19,9 — (—15,2) = —4,7;

dy=V Aoy, =V 1,8.0,27.2000 = 31,18;

di=V Ay =V 1,6.2,8-2000= 94,66;
dytytdates 94,66 (—21,7)+31,8(—1)

= 5,57;

bon = = = — 16,6;

on dy -+ dy 94,66 - 31,18

 _ Gibetdatey  94,06(—1994+3118(=1_ .,

T4 dy, 125,84 o T
tog = — fg== _250(:;



—B=V B —44D
1, = -

24

_ —0,697= 1/(0,697)* — 4.0,00207-13,177 o1 7°C:
- 2.0,00297 o T
A= Bep = 0,009-0,33 = 0,00297;
B = Bp,, Py -+ cr ¢g— Boy (g + 1) = 0,009:75.0,77 +
+33.0,30 — 0,009.0,33 [— 1 + (— 25)] = 0,697;
D =fcrty, ta-—wﬁpcp L, —CpCyloe = 0,009 —0,33X
X[(— 1) (— 25)] — 0,009-75.0,77 (— 25) — 0,33-0,3 (—1) = 13,177,

Ac
rge p= -K}- = 0,009 — u3MeHeHHBIE KOHUEHTDPAUHH pacrBopa XJOpH-

CTOr0 KaJjgblHA, HHBCUHPYEMOrO B TIpYHT, oOTBeYawUiHe H3IMEHCHHIO HA

1°C Ttemnepatypn ero 3Jamep3anns. Haxogurcs no puarpamMme Ha
pHC. 24, 0;

Py — copepxaHne BOAB B KHJOTPaMMe pacTBOpPa HCXOAHOH KOH-
genTpamuu (co=0,3 xr/kr), passoe 0,77 xr/kr. Temmeparypa Hauaja
3aMep3aHHsA TaKoro pacreopa f;==—25°C.

__ ol L, ___ 03015
T B(PoFL) ' 0,009(0,74+ 0, 15)

toy==lx; lon; lo; Bn; fop— TeMOepaTyps: HauOOJbIIET0 OXJAXKAEHHA
rpyHTa BCJEACTBHe TafiHHA JbAa NpPH 3acOJEHHH pacTBopom (B cpeznefi
YACTH INVIACTHHH 3aCOJIEHHOrO IPYHTa Ha PAacCTOAHHE Xo OT ee NOBepX-
HOCTH); MOBEPXHOCTH MJACTHHH B TOT JKe HAuaJbHHH MOMEHT, OKOHYa-
HHS TasHHA JbAAa B CpeJHeH YacTH NJAACTHHH; NOBEPXHOCTH IAACTHHLI
B MOMEHT OKOHYAHHSl TafHHA JbJa B CpellHed ee 9acTH; Mep3JOro He-
3aCOJICHHOrO IrPYHTa BHE 30HH TENJOBOr0 BJHMAHHSA 3aCOJEHHOTO TPYHTa

to 25 = — 19,9°C.

Aty =ty —ty=—19,9—(—21,7)=1,93°C.
Hnas oxnaxpennsi 1 Kr rpyHTa 10 {x noTpeGyeTcs KONMMYECTBO Jbja:

_(e—t)er  [—1—(—25)1-0,33
- Po - 75

AL

= 0,09 kr/kr.

TensoeMKoOCTh 3aCOJIEHHOTO Mep3Joro rPYHTa € YueroM TEMJOTH
thasosuix npeBpalteHut Abaa GyJAeT paBHa:

(L—AL)p, (0,15—0,09) 75
AL, 08 1,8 -
= 2,8 gxaa/(xr-°C) = (2,8-4,2) gllx/(kr-K).

c=cp-}

IMocae moxcranoBkH B Qopmynay (59) uHcjeHHHX 3HauYeHHA nepe-
MEHHHIX MOAYyYaeTcs:
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at (—4,7) V173,15 | 2-173,15 (=40 +

¥m23557]m 23 T 87,15 (— 5. 1) +

+(—572,5)+2V 173,15V 173,15 (— 4,7) 4 (— 572,5) (— 4,7) n
1(—572,5)+2V 173,15V 173,15 (— 5,1)2 + (— 572,5) (— 5,1)

V 173,15(— 4,72 + (—572,5) (—4,7)
* 2(—4,7)

— 2 — —_
_ V173,15 (—5,1)* + (— 572,5) ( 5.1 _ _ 0.457—15,650,9873 4
2(—5,1)
+8,58—8,45 — — 0,457 — 15,65 (—0,0282) + 0,13 = 0,112,

Ilns BeefeHHHX B paccMoTpenne yciosui ¢dopmyna (59) npmoG-
peTaer BHA:

at
=0,112. (60)
x2
3agaBas B dopmyae (60) maurenbHocTs oTTamBanha B 20 cyr (480 u),
MOXHO HaiTH HOJIOBHHY TOJIUHMHEI IVIACTHHH OTTasHHOrO rpyHTa:

B l/ ax "1/0’0024'480”32’“
=V oo™ 0112 >

IMosnas TomuuHA OTTasAHHOTO TPyHTA NPH 3TOM COCTABHT:
B=2xy=12.3,2=6,4 ™.

PesyapTaTel NOpHBEAEHHOIO pacyeTa YKasHBAalOT Ha 1esecoolGpas-
HOCTb NPHMEHEHHS CHJIHKATOB JJIl OTTAHBAHHA MAaCCHBOB BEUHOMEP3JIO-
ro TPYHTa, eC/H HX IUHPHHA II0 NOBEPXHOCTH IJOMAAKH CYLXECTBCHHO
He npesHmaer 6 m.

PH HeOOXOZHMOCTH OTTAHBaHHA (oJee IUHPOKHX MacCHBOB CJefy-
€T CovYeTaTh OTTaHBaHHe XHMHYeCKHMH pearcHTaMH ¢ OTTaHBaHHeM
BEYHOMEp3JHX I'DYHTOB BHEIUHMMH HCTOYHHKAMH TenJa.

LenecooGpasio nmoaGHpaTh AJA OTTaHBAHHS XHMHYECKHE pPEareHTH,
OT/IHYAIOMHAECH BLHICOKHMH 9K30T€DMHYCCKHMH 3((eKTaMH pacTBOpeHHHA
B BOJe, TaKHe, HanmpHMep, KaK Ge3BOJHHIH CXHKEHHHHA aMMHaK.

Huxe naerca npuMep pacyeta 5(P@eKTHBHOCTH NPHMEHEHHS aM-
MHaKa,

TensoTa pacTBOpeHHs NEpPBOro MOJsS aMMHakKa B BOJe COCTaBJsET
okos0 8 kkaa/moas (17 r), uro skeuBasenTHo 33,6 xxk. Temnota pac-
TBOPEHH Ka)XAOro NOCHEAYIOLIEro MOJAd aMMHaKa B OTpPaHHYEHHOM
of6beMe BOLH NOCTENEHHO YMEHBHIAETCS.

Ilpu B3auMOAEHCTBHH aMMHaKa C MEP3JEIMH IPYHTaMH TPOHCXOIAT
OTTaHBaHHe COAEPXKAMIETOCH B HHX JbJa Kak 32 CUeT TemJa, OTHHMae-
MOFO OT OKPYXAIOmHX MACCHBOB Mep3JHiX IpPYHTOB (XaKk 3TO HMeer
MeCTO IpPH OTTaHBAHHH COJIEBHIMH DacTBOpPaMH), TaK H 3a CYeT 3K30-
TepPMHYECKOro Ternna o0pa3oBaHH® BOJHOTO pactBOopa aMMmoHHA. CyM-
MapHHA TenjoBodl adpdexr rasaua 1 Kr JAbAa MOXHO BHDA3HTb B BHJIe
YAEJIBHOA TeMJNOTH €ro TasHHs, YMEHbIIEHHOA Ha BEeJHIHHY SK30TEpMH-
geckoro TemsoBoro stdexTa pacTBopeHHs aMMHaKa, (opmyJod
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N, = Pep —Q, (61)
rae n1Q=Q;+Qz+...4+Qx,

1» Qg+ +Qp— TENJOTH pPacTBOPEHHS NEPBOIO, BTOPOTO H T. . BIJIOTh
IO N-ro MOJS aMMHaKa B €IHHHIE MacCH BOZHI;
Q — ycpenHeHHas TEMJIOTa PACTBOPEHHS,
n — YHCJO MOJeil PacTBOPEHHOro0 aMMHaKa,

PaccuntaeM OXHZAaeMYI0O TeMIepaTypy NOCJe OTTAHBaHHSA Mep3Jo-
ro rpyHTa, BeCbMa OGBLICTPO HANMOJHEHHOr0O aMMHAaKOM B TaKOM KOJHue-
CTBe, KOTOPOro NOCTATOWHO NJst 06pa30BaHHS IPYHTOBOTO PacTBOpa, He
3aMepsaouiero npH TeMmeparype Muuyc 25°C. Mep3asoTHO-TpYHTOBHE
YCJOBHSt H XapaKTeDHCTHKH TPYHTa NPHHHMAIOTC TaKHMH e, KaK H
B NpHMepe C HCIoAb30BaHHeM ¢Gopmyan (59).

ITo ¢opmyne (61) HaxomuTea:

PNH, = Pep —7Q = 75,8 — 10,5-8 = — 8,2 kxan/kr, uin
('-8’2'4!2 K;E}K/Kr).
3ateM no auarpaMMe pHC. 24 HAXONSATCH COOTBETCTBYIOUIHE 3HauYEHHA

H3MeHeHHs KOHIEHTPAHH H TeMIeparypH 3aMep3aHHsd pacTBopa H Mo
HHM BBIYHCJIAETCS

Haxonmc;{ TaKXe napamerphi:
A= Bcy = 0,008-0,412 = 0,0039;
B = Bpnp, Py+ cp + ¢, — Bey 1, — By £,=10,008(—8,2)0,77+
- 0,412-0,2 — 0,008-0,412 (— 25) = 0, 120;
D = Bc, t, t,— Bpyp, Pot — 1 €, ty=0,008-0,412 (— 1) (— 25) —
— 0,008 (— 8,2) 0,77 (— 25) — 0,412.0,2 (— 1) =
= — 0,607 - 0,0826 }- 0,0824 = — 0, 109;
B% = (0,126)2 = 0,016.

IToacranoBkofi YHCJACHHHIX 3HaWeHHI mapaMeTpoB B GOPMYJIY MOXK-
HO TOJIYYHTb:

,_=B= V B2—44D —0,120+) 0,016—4.0,0033 (—0,109)
* 24 - 2.0,0033 o

_—0,120+V 0,029
0,0066

=-7,4°C.

B npuBenennoM pacyere ynesbHHeE TeMJIOTH DAacTBOPeHHs pPa3iHi-
HHIX AOPUHA aMMHaKa B Bole corsacHo dopmyrne (61) npusnmanucs
paBHBIMH MeXAY co6oil.

ITo pesyavTaram pacuera MOXKHO BHAETb, YTO TPH JOCTATOYHOM
KoanyecTBe GesBONHOrO aMMHaKa, HHBEIHPOBAHHOIC B €AMHHLY o6beMa
MEp3JIOro TPYHTA, MOCJACAHHH He TOJBKO MOXHO OTTasfTh, HO H HATPETh
3a CYeT 3K30TEPMHYECKOrQ TEMJA PacTBOPEHHA A0 NONQNHTENbHOH TeM-
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neparypsl. Jas paccMarpHBaeMHX YcJoBHII na kKy6oMeTp TpyHTa mo-
tpebyerca okoJao 66 Kr aMmMraka.

Jnst cpapHeHHA OTMETHM, YTO JUIS OTTaHBAHHS NPH OTPHIATEJbHOH
TeMnepaType pacxXol aMMuaka He NpPeBHCHT 5—7 Xr Ha KyOoMerp
rpyHTa.

B obmem cnyuae norpeGHOCTE B aMMHaKe IJsi Pa3MOpaXKHBaHHA
Ky6oMeTpa IpyHTa B 3ajaHHOM TeMIepATYPHOM HHTepBaJle MOXKHO oue-
HHBaTh Qopmynoit

n— Ac (to —t3) + Lpcp

, (62)
Q
aj
Cly Mz OnSiOp Ny Hozp Se s
i ‘_I\'CZ. - ‘ !.\Eaflz
HRIERH  Hg B
U g

Puc. 25. TlpuAnunnanpuas cxeMa OTTaHBaHHs M 3aKPENUICHHA MEep3JsX
IPYHTOB DeareHTaMH
@ — CHCTEMa pr6 AA8 HHDBEUHPOBAHHA XHMHYECKHX peareHTOoB B MeEp3Janie TpYyH-

TH NOH HAaBAEHHEM,; 6 — cxempl nporpesa HanoOJMHEHHOIO peareHTOM rpyETa [0 3a-
JaHHOA TemmepaTyphi

rae A, ¢, L —o6bemuan Macca, MaccoBas TEIVIOEMKOCTh H  JbAOCO-
lepraHHe MepaJioro rpyHTa;
Pcp — CpeiHsf ylelbHas TENJIOTa NJABJCHHS JAbla B 3ajai-
HOM TeMNepaTypHOM HHTepBaJje;
g, 3 — TeMmepaTypnl TPyHTa: HCXOAHAA H 3aJaHHas;
Q — TensioTa pacTBOpeHHs aMMHaKa B BOje, NpHHHMaeTcs
paBuoii 8 kkan/modsb, wiH 33,6 xJx/moab.

IIpu maccoBom Besenuu paboT noO OTTAHBAHHIO H YIUIOTHEHHIO Meps-
JHX IPYHTOB C HeJbl0 JRajbHefINero HX HCNOJb3OBaHHA B KauecTBe OC-
HOBaHHA 3KaHHA #® CcOOpYXeHHil, BosBogHMux mo II npuEHEDYy
CHnlIl 11-B.6-66 nanGonee uesecopGpa3no HCHOAL30OBATL KOMOHHHPQ-
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BaHHbie METOLN NPeANOCTPOEYHOro OTTAHBAaHHA, coveralomue Boijeft-
CTBHSI HA Mep3J/ible TPYHTH XMMHUYECKHMH peareHTaMH H TenJoM.

Taxk#e MeTOAH IO3BOJASIOT HE TOJBKO 3KOHOMHYECKH BHIOJHO OT-
TaHBATb MED3Jble TPYHTH, HO ONHOBPEMEHHO C 3THM YIJIOTHATH HX
W 3alMINaTh OT NOCJenylomero 3amepsanns. [locaesnee jpocTHraercs
3a cueT HACHIIECHHA TIPYHTOBHX DacTBOPOB XHMHUYECKHMH peareHTaMmH,
NORHXKAIOMEMHE TeMIepaTypsl HX 3aMep3aHus, TNOJOXHB B OCHOBY
NPHHUMIKANBHYIO CXeMy, TpeACTaBJeHHy Ha puc. 25. CoraacHo 9TOH
cxeme pHc, 25, npH KomGuHHpOBaHHOI 06paGoTKe IPYHTOB PEKOMEHAY-
eTCs MCHOJAb30BATh CHCTEMY H3 Tpy6 (AHaMeTPoM OKoJo XiofiMa) mno
JBYM Ha3HAYCHHSIM: a) JJs1 HHBENHPOBAHHS XHMHYECKHX PeareHToOB B
Mepajibie TPYHTH Noj JXapjieHueM; 0) JAnA 1nporpesa HamoOJHEHHOro
peareHTaMH I'PYATa O 3aaHHON TeMmepaTypH.

Tlopanox mABeHHpOBaHHA M TPOTPEBa B 3aBHCHMOCTH OT IIOCTaB-
JeHHBIX neJefl MOXKeT MEHATBCH B KaXJIOM KOHKPeTHOM cJiywae. Ha-
npHMEp, B caydae HeoGXONHMOCTH HamoOJHHTH OTTaMBAIOMMAHA TIPYHT
ONpeleJISHHEM peareHToM BHavase IMPOHU3BOIMTCA OTTAHBaHHE 4YacTH
TPYHTa TenJoM, o6pasyIouluMCs NPH NPONYCKAHHH JJEKTPHYECKOr0 TOKa
Hepe3 HarpeBaTesH, T. €. CHCTeMa HCHOJb3yeTcsl 10 HasHavueHHo (6).
B yacTHYHO OTTasHHHI rPYHT HWHDBEUHPYETCH XHMHYECKRAH peareHT —
cHCTEMa HCMOJBb3YeTcs 110 Ha3HaYeHHio (a).

B npyrux caygasix mOpSAAOK BKJIOUEHH CHCTEMB MOXKET MEHSTHCH.
Cuctema He pacCYHTaHa Ha OJHOBPEMEHHYIO NOAaYy XHMHUECKHX pea-
FeHTOB H 3NEKTPOIHEPrHH.

CTOHMOCTL 5JIEKTPOSHEPIHH H XHMHYECKHX pEareHToB AJASl OTTaH-
BaHHA KyOoMeTpa rpyHTa CJEAYeT KaJbKYJHPOBATh HCXOAS H3 YKa3aH-
HOro B peKOMeHIanusax Hx pacxona u OTﬂyCKHOﬁ L EHEbI.

Texuuveckas 3JIEKTPO3HEPTHA OKDYIJIEHHO MOXET OIEHHBAThCA B
0,021 py6. 3a 1 kBT-4, a CXXMXKEHHBII TeXHHYCCKH ammuak — 100 py6.
3alm

NPUJNOXEHHE 4

METOAHKA OHNPEAEJEHMUSA 3JEKTPHUYECKHX
H 3JEKTPOOCMOTHYECKHX XAPAKTEPHCTHK I'PYHTOB

K uHCHy 31eKTPHYECKHX H 3JeKTPOOCMOTHYECKHX XapaKTEpPHCTHK
IPYHTOB, HCNOJB3YEMHX B pacueTax [1apaMeTpoB YKpENJeHHsS, OTHOCHT-
cf yZeNbHOe 3JIEKTPHUECKoe CONpOTHBJeHHe H 0o6beMHBII Koshduuuent
3JEKTPOOCMOTHYeCKOH (BHIABTPaLHH,

OGe 9TH xapaKTepHCTHKH OIpeHe/sIOTCH Ha OXHOM npHOOpe, Ha-
3HBAEMOM 3JeKTpoocMoMerpoM (pEC. 26). SnektpoocMomerp mpen-
craBaseT cobofi DHAMBIPHYSCKHH KOPHYC, COCTOSHUHR H3 HBYX mOJY-
UHAHHAPOB, H3FOTOBJEHHHIX H3 RHIJEKTPHKAa (BHHHIIACTOBHX Tpy6) H
COENMHAEMHIX MEXJAY co00f MeTaJJHUeCKHMH XoMyTaMH. Topuml Kopmy-
€a NepeKPHIBAIOTCS AHIACKTPHICCKHMH 3arJyUIKaMH C DE3HHOBHIMH Tep-
METHIHDYIOIHMA KOJBLAMH. 3araywku Mexay cobofi cTaruBarmoTcs
ABYMS NPOXOJBHBIMH GOJITaMH.

B BepxHeM NOJYOHJIHHApE HMeIOTCH TPYOKH AJf BHXOAAZ Trasos,
a B HHXHeM — TPYOGKH AJA OTBOLA BOAH HJH BBEAEHHS B IPYHT 3JeK-
TPOJHTOB.

B KoMOJeKT 3JeKTpoocMOMETpa TaKXe BXORST ABA JHCKOBHIX
nephopHPOBAHHLIX 3JEKTPOAR, ARe CTA/bHHE HPVKHHH B MQEHHA Cco-
£yA eMKocTbIo 10=12 mjL.
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Jas onpenejeHAs 57eKTPHYECKHX H 3JIEKTPOOCMOTHUECKHX XapakTe-
PHCTEK, COOTBETCTBYIOHMHX (JAKTHUECKHM YCJOBHSM 3anA€raHHsl rPyHTOB,
O BO3MOXHOCTH JOJKHH HCIOJB30BATHCA NHIHHADHUECKHe o6pasms
¢ HeHapyWIeHHOH CTPYKTYpoOH, NOJyueHHBIe nNpH GypeHHH CKBaXKHH MHOX
3JIEKTPO/HL.

Linmuapuvecknii oGpasen; TPYHTa NOMemaeTcs B KOPIYC, YCTaHOB-
JeHHHE B BEePTHKaNbHOE INOJIOKEHHe, a KOJbIEBOE NPOCTPAaHCTBO MEXK-
Iy TPYHTOM H KODHYCOM 3a/HBAaeTCH BOCKOM, CTEaDHHOM HJH JKHJAKHM
pacTBOpoM TrHica. 3aTeM Ha TOPHOBHE JacTH 00pasna YKIAAHBaOTCS
3JMEKTPOAH, YCTAHABJHBAIOTCS IPYXHHH H 3arvymikH, cTAr#BaeMue GoJ-
TaMH. IIpoBOZa OT 3JEKTPOZOB MPONMYCKAIOTCH Uepe3 ONHY M3 TPYOOK
H NOAKJIOYAIOTCH K HCTOYHHKY IlepeMeRHOro Toka. IlapajsenbHo siex-
TPOOCMOMETPY HOAK/IIOYACTCS BOJBTMETP, a NOCJAEAOBATENBHO C HAM
MH/uHaMnepmerp ¢ mpexenaMH 0—50 MA u ueHoft fesieHHH He Gonee
2 mMA. C nomompio MasnoraGapHTHOro TpascopMaropa yCTaHaBJIHBaeT-
cst Hanpsxenne 'U Ha 37eKTPORAX SJEKTPOOCMOMETPA, NPH KOTOPOM CO3-
naercst rpaavent 0,5 Bfem, 1. €. ‘

U=051(), (63)
rie [ — paccrosinve MeXAY BHYTPEHHHMH NOBEPXHOCTAMH 3JEKTPOROB.

QHKCHpYeTCS CHJa TOKa B LENH C NOMOINbIO MHJIHaMOepMerpa. 3a-
TeM HanpsiKeHHe YABAHBAeTCH H YTPaHBAETCs MO CPABHEHHIO ¢ Hauasb-
HHM H B KaXXIOM ciyvyae (HKCHpYETCS CHJa TOKa B MA,

ITo pesynpTaTam HaMepeHHil ONpeleNRIOTCS YACTHHE YAEHbHHE CO-
nporusJenus, OM-cy

10000U; S
e e PO 64
pl Ill y ( )
rie U —HanpsixeHHe Ha 3JeKTpPoJax npd i-oM H3Mepenuu, B;
I; — cHNa TOKa B LENH IpPH i-OM H3MepeHHH, MA;
S — MJIomap NONEepeuHoro CeuYeHHs! TPYHTOBOro ofpasua, cM?;
| — paccTofHHEe MeXAY 97EeKTPOLaMH, cM,

_j_‘\v

1
N N
N By 72
N N
N n
‘\ N
N /N
N N
3 § §
\ N

Puc. 26. Cxema sneKTpoocmoMerpa
! — gopnyc; 2 — 3JIEKTPOABI; 3-— OpYKHHA; 4 — 3arayimKa; 5-—Tpy6a; 6 — HUXK-

usis TPYOKa; 7 — 6oar; 8 — xoMyT; 9 — nposox; 10— rpyHTOBHIH ofpasen; {/—
NpoKAaAKa; 12 — rpyHTOBHA DacTBOP
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ITo Tpem wuaMepenHsM ofipefendercss cpefHee sHaueHite YAeNbHOTO
CONPOTHBJICHAA

oldew
Wi o
-y

p= . (65)

ITocne onpenenéHns yAeabHOTO COMPOTHBJEHHA FPYHTa 3JIEKTPOOCMO-
METP MOAKIIOYAETCS K HCTOYHMKY ITOCTOSIHHOro Toka. lIpH sTOM HEHKHAS
ero Tpy6a co CTOPOHH KaTola (9/JeKTpoAa, COefHHEHHOr0 C OTPHIATENb+
HHM HOJIOCOM HCTOYHHKAa TOKa) C IOMOMIBIO Pe3HHOBOA TPYOKH c00G-
IIaeTcsl C TPajyHpUBAHHBIM CTEKJSHHHM cocyZoM. Ha azekTposax cos-
JlaeTcst Hampsikeline, IpH KOTOpoM ero rpamdent pasen 2 B/cm, # duk-
CHPYeTCSl BpeMs BKJIOYECHHS TOKa.

Uepes HHXHIOI TPYOKY CO CTOPOHbl aHOAA K SJEKTPOAY MOALaeTcs
rpYHTOBHIl pacTBOp (BOAHAs BHTAXKKA H3 TrpPyHTa) TakmM opasoM,
4To0H €ro YpOREHbL 3aKpHBaJ IPYHTOBHI oGpasen.

Tlocrosinneif HMeKTPHYECKHA TOK NpONYCKaercsi B TeueHHe 2—4 w,
Tpu BKMOWEHHH TOKa, a TaKXe uyepes Kaxiwe 0,5 u paGoTu aJeKTpoOC-
MOMETPa CHHMAIOTCS NOKa3aHHd MUJJIHammepMerpa H QHKCHpYyercs
BpeMs.

Iocne okowuanusi u3mepennst (yepe3 5—6 H3mepewult) ompenenser-
€ KOJHYECTBO S3JEKTPOOCMOTHUECKH BhileJHBmiefics BOAH B MEPHOM
cocyze (Qs), cM®, # pacxox snekrpuuectsa (A), KA.

Pacxox saexTpHuecTBa onpefeasgerca 1o QopMyde

n
1,+1
A=0,06 E -—t-f*lAti, (66)
=1
rae /i —CHTa TOKa B LemHM 5JEKTPOOCMOMETPa B MOMEHT i-ro H3Mepe-

HHSA, MA;
Af; — NPOLOIKHTENLHOCTE 3NEKTPOOGPaGOTKH IrPYHTA MEXKAY Odepen-
HBIMH H3MEpeHHAMH, MHH.

Ilnsa Gonee rpyGoro onpeneneHHst o0beMHOro KoaddHUHEHATA SJeK-
TPOOCMOCA MOXKHO IPOH3BOLHTH H3MEPEHHS CHJH TOKa B HAyaje H KOH-
e 3AeKTpoo6paboTKH, TOrAa

Thag + Ixon

2
rae lxon, Imay — TEKYIllee BpeMs, 4 H MHH.

B ToM H apyrom ciydae oGbemHbll KoaduuHeHT speKTpooCcMoca
Ko » cM?/Kn onpenensiercsi OrHoleHHeM
s
Ko.s = ‘I » (68)
rie  Qp — KOJHYECTBO 3/EKTPOOCMOTHYECKH BhAEMHBIefics BOAH INpH
npoxoxpennd (A) KyJOHOB asjeKTpHuecTBa uepes 1 cM3

A=0 ,06 (txon — 788';) ’ (67)
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NPUJOXEHHE §

JKYPHAN PABOT 1O 3JEKTPOOCMOTHUYECKOMY YKPENJEHHIO YPYHTOB
O6exT Ne

Oxonyanne pa6or

Coopyxenne Ne
Hauano pa6or

- . Pacxo/i SJeKTPOJHTOB, PacXoj 97¢KTPONHTOB, BBe-
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* B rpadax 8—13 ykasaTb HaHMeHOBaHHe PacTBOPOB cojefi, MOHOMEPOB H HX KOHLEHTpalHio.
NPUJIOXEHHE 6

JKYPHAJI HABJIOAEHHNA 3A XOHOM 3NEKTPONPOTAHBAHHR TPYVHTA
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Mpumeuanuns: 1. Ecan snekTponpoTadBanue BeAeTes ¢ A03arAyOAeHHEM 9JeKTPOAOB B PYHT, SJ€KTPHIECKHEe napaMerps (rp. 6—

8) or;pep.enmo‘rca 210 ¥ nocie K03aGHBKH SJAEKTPOMOS.
. PacXof SMeKTPO3HEPrHH Ha SAexTponporamsanne (rp. 9—10) onpemensercs ToAbKO B Ciydae HEOGXOMMMOCTH YUeTa pacXofia ek
TPHUYECKON SHEPrHH OTAEJAbHO NO NMPOTaHBaeMOR IJCLIANIKE,
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