I'maBa 7

IODEMEHTUPOBAHUE OBCAIOHBIX
KOJIOHH

Bech kommIekc paboT, CBSI3aHHBIX C 3aMeIlleHrueM OypOBOTO pac-
TBOpPA IIeMEHTHBIM (TaMIIOHAMKHBIM), Ha3bIBAETCA I[eMEeHTHUPOBAHU-
eM CKBaKMHBI UJIM 00CaTHOI KOJOHHBI; CI0[a K€ BXOIAT OXKUIaHUe
3aTBepAeHusa 1meMeHTHOro pactBopa (O3I1l) u mepuox gopMupoBa-
HUA IIeMeHTHOTo KaMHaA. CyIecTByeT HECKOJbKO METOJ0B ITeMeH-
TupoBaHusA. VI3 HUX Hambojiee pPacIpoCTPaHeH MeTOJ IPSAMOTO Iie-
MEHTUPOBAHUS, IPUMEHAEMBIN ¢ HEKOTOPLIMY BapHAIlUAMMU U H3-
MeHeHUAMY C HauaJjia Halllero Bexa.

Ba:xHOCTh KaueCcTBEHHOI'0 IIeMEHTHPOBAHUSA O0YCJIOBJIEHA TeM,
YTO 9TO 3aKJIOUUTENLHBIN STAll CTPOUTEIbCTBA CKBAKUH, IIO3TOMY
HeyIa4uu IIPH ero BLIMOJHEHNN MOT'YT CBECTA K MUHUMYMY OKHUIae-
MbIH 3PEKT, CTATh IPUUNHOMN HeIIPABUILHONA OIeHKU II€PCIeKTHB-
HOCTH Pas3BeAbIBAEMBIX ILJIONAZell, IOABJIEHUS  HOBBIX 3aJieskel
He(TH 1 0COOEHHO ra3a B KOJLJIEKTOPaX, IIePEeTOKOB ()IIOUI0B, I'PHU-
¢doHOOOPa3OBaHUA, Ta30IPOSABIAeHNI U T.A. CTOMMOCTH CKBAYKUH,
0COOEHHO TJIYOOKMX, BBICOKA, a YIIepO0 OT HEeKAaYeCTBEHHOTO UX
KpeIIeHusa, MOKeT ObITh elrle 6oabIuM. IIpoiiecce meMeHTHUPOBa-
HUS CKBAYKHUH — Ollepaliusi HeoOpaTuMasi, PEMOHT U BOCCTAHOBJICHIE
UX CBAB3AHBI CO 3HAUNUTENbLHBIMHU 3aTPATAMY CPEICTB U BPEMEHMU.

ITeMeHTHBIN PacTBOpP IOCTYIIAeT B 3aKOJIOHHOE IIPOCTPAHCTBO,
3aMelas HaxXoAIuiica TaM OypPOBOil pacTBOP, W 3aTBEPAEBAET B
KaMeHb.

Hasumauenve um QyHKIMU, BBIMOJHSEMbIE I[EMEHTHBIM KaMHEM,
MHOT000pa3HBbI.

1. Pazo011ieHue I11acTOB, UX U30JAIUI, T.€. 00pa3oBaHUEe B CTBO-
Jie 6e3ycafilouHOr0 TaMIIOHA, BHYTPEHHIOI YacTh KOTOPOT'O COCTaB-
JsieT KOJOHHA o0camubIx Tpy6. BaskHoe yciioBue — paBHOMEpHAaS
TOJIIIIHA IIEMEHTHOTO KaMHSA C JIF000M CTOPOHBI cBeTa. Pasmepsl
KOJIBIIEBOTO 3a30pa (T.e. TOJIUHA IIeMEHTHOTO KOJIbIIa) He OIIpee-
JIAIOT KauecTBa Pas3o0IeHns ILIACTOB, OJHAKO OKA3LIBAIOT BJIUSHUE
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Ha (popMHpOBaHUE IMEMEHTHOI'0 KaMHS WM IIPeJOIpenessaioT ero
OTCYTCTBUE.

2. Yaep:xanue ob6caJHO KOJOHHBI OT BCEBO3MOMKHBIX IIepeMe-
IIeHUHA: Ipocemanus Mol AelicTBHeM COOCTBEHHOIO Beca, TeMIilepa-
TYPHBIX gedopmariuii, medopMalruii BCJIEICTBUE BO3SHUKHOBEHUS
IepenajgoB JaBJIeHUsa B KOJOHHE, YIapPHBIX HArPY30K, BpallleHu# u
T.JI.

3. 3amuTa 06cagHOM KOJOHHBI OT JefiCTBUSI KOPPO3SUOHHOI cpe-
IBI.

4. IToBbIIIeHNE PA0OTOCIIOCOOHOCTH 00CASHON KOJIOHHBI C YBEJIH-
YeHHEeM COIPOTHUBJISIEMOCTH IOBBIIIEHHLIM (IPOTUB IIACIIOPTHBIX
JaHHBIX) BHEIITHEMY U BHYTPEHHEMY JaBJeHusM. EcTecTBeHHO, Iie-
MEHTHOE KOJIbIIO JOJIKHO OBITh CIIJIOIITHBEIM I UMETH IIPH 3TOM OIIpe-
IeJIeHHYIO (PU3NKO-MeXaHNUeCKYIO XapaKTePUCTUKY.

5. CmromtHoe ITeMeHTHOe KOJIBII0, mpuodpeTasa B mpoiiecce Gop-
MUPOBAHUSA KaMHS CIIOCOOHOCTh K aAresmu (IeMEHTHBINT KaMeHb
CIIEIJIIETCA C MeTaJJIoM TpyO, ob0pasyd HWHTepMeTaJJInUecKIin
CJIOi), cO3JaeT MPEeANOCHLIKHU K ele OOJIbIIeMYy IOBBIIIEHUI0 CO-
MIPOTUBJIAEMOCTH BHICOKMM BHEIITHUM ¥ BHYTPEHHUM JaBJICHUIM.

KpaTKocpouHOCTh omepanuu MeMeHTHPOBAHNA CKBAXKUH He Je-
JlaeT ee MeHee 3HAUMMOM, XOTA MOYKET OBITh MPUYNHON HEeIOCTaTOU-
HOr'O BHMMAHUS K €€ BBIIIOJIHEHUIO.

IAKcILTyaTanusa CKBasKMH TpeOdyeT yCTOMUYMBON pabOTHI Kpeiu,
uyTo obecreynBaeTcsa (opMUpPOBAHMEM IIEMEHTHOTO KaMHs BIOJb
CTBOJIA 1 3aII0JTHEHNEM MM BCEro 3aKOJIOHHOTO IIPOCTPAHCTBA, COOT-
BETCTBMEM CBOMCTB KaMHs (1 Bcell Kpemnu) TpeboBaHUAM, 00YCIOB-
JIEHHBIM BHEITHUMM BO3AeHcTBUAMEU (HATPpy3KaMu, KOPPO3UU U
T.1.). KomuuecTBeHHO OIIEHUTH Bee (haKTOPHI CIIOKHO, UTO O0BACHS -
eTCs CJIOXKHOCTBIO MOIeIMPOBAHUS IIPOIIECCOB U IIOJYUEHUsSI JOCTO-
BEPHBIX pesyabTaToB. OCHOBHBIE TPYAHOCTH IIPK 3TOM 3aKJIIOUYAIOT-
cs B HeJocTaTKe MH(OPMAIUU 00 YCIOBUAX, B KOTOPBIX IIPEACTOUT
¢dopMuUpoBaHUe IIEMEHTHOTO KaMHSA, W O CBOMCTBAX MaTepuaja, KO-
TOPBIH 06pasyeTcs B CKBasKUHE B pe3yabTaTe 3aMelleHnsa uM 0ypo-
BOT'O pacTBOpA.

IIpodunp 1 asuMyT CTBOJIA, PACIOJIOXKEHMNe, TJIyOnHa, hopMa u
mepeMe;KaeMOCTh TOPHBIX IIOPOJ, COCTOSHMNE OypOBOrO PAcTBODA,
CTEIeHb ero ' 3allleMJIEHHOCTH , pasMepbl 30H ' 3allleMJIEHHOCTH ,
BOBHUKHOBEHNE ' I[EHTPOB [IBUKEHMUA OypPOBOT'O PACTBOPA, TOJIIIIH-
Ha QUILTPAIIMOHHON KOPKM, pasMephbl 30H CMeIleHus OypOBOTO U
TaMIIOHAYKHOT'O PACTBOPOB, KOHIIEHTPAILMS PACTBOPOB II0 CEUCHUAM,
a TakiKe COOBLITUS HA I'PAHUIIAX — ¥ CTEHOK CKBAKMHBI 1 00CATHOI
KOJIOHHBI — ABJIeHUA ciayudaiinbie. CayuaeH u caM GaKT KauecTBEeH-
HOTO MJIN HeKaueCTBeHHOT'O Pa300IIeHus I1JIacTOB.

ITlemeHTUpPOBaHME CKBAYKUH IOJKHO OBITH CKOpee HeKauecTBeH-
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HBIM, TaK KaK 3a OJWH IIUKJ 3aKaYKM IIEMEHTHOTO pacTBOpa IIpHU
MPUHATON TEXHOJOTUHM MOJHOTO BBITECHEHUsS OypOBOTO pacTBOpa
0e3 crenaJIbHBIX MEPOIIPUATUHA JOOUTHCI HEBO3MOKHO. I[ToaToMy K
Ka4ecTBY LIEMEHTHUPOBAHUSA HAAO IIOAXONUTHh KAK K SIBJICHUIO CJY-
yaifHOMY U JleJIaTh BCe BO3MOKHOe JIJIsI eT0 MOBhIIIeHuA. PaboTocmo-
COOHOCTB IIEMEHTHOTO KaMHsI TaK:Ke OIpeAesseTcsa PAJOM caydaii-
HBIX COOBITHUIA.

Heo6xomumo ¢ Hauaja 6ypeHus yIIpaBJasaTh IpoieccaMu (popMu-
poBaHMS CTBOJIA CKBa’KWHBI, OPUOJMIKATH €ro KOH(MUTYpPaIHnio K
"upeanbHOMY  IIMJIMHIPY, CO34aBaTh OyAYyINUe YCJIOBAS PabOThI
IIeMEeHTHOI'0 KaMHS C YYeTOM MaKCHMAaJIbHOTO CpoKa 0e3aBapUiTHOM
SKCILTyaTalluu CKBasKMH U 00eclieyeHU A OXPaHbI Heap. dacTo cTBOI
TMOJIy4aeTcsi TAKUM, UTO 3aBEJOMO MOJKET rapaHTHUPOBATH TOJBKO
HeKayeCTBEHHOe IIeMEHTHPOBAHUE BCJEACTBUE CO3MAaHUA TaKOM
KoH(GUTypaIliuy ¥ TAKOT0 PO CTBOJIA, M3 KOTOPOTO IIOJHOE BbI-
TecHeHre 6yPOBOro PpacTBOPA HEBO3MOXKHO.

HeratuBHbIM (DaKTOPOM ABJISETCA OTCYTCTBHE (MHOTAA ITOJTHOE)
uH(GOPMAIIMKA O COCTOAHWU I[€MEHTHOrO KaMHsS B CKBa'KuHe. Hc-
MoJb3yeMble IPUOOPEI (GUKCUPYIOT He KaUeCcTBO IIeMeHTHPOBaHUI,
TIOJTHOTY BBIT€CHEHUA GYPOBOT0 PACTBOpA IIEeMEHTHBIM, OTCYTCTBUE
VI HaJu4Yne KaHaJIOB B IIEMEHTHOM pacTBOpe-KaMHe, a HeKOTOPYIO
PasHOCTL ILJIOTHOCTEH PACTBOPOB M KaMHS HA HX TI'PAHUIAX,
HaJIMUMe WU OTCYTCTBUE KOHTAKTa KOJOHHEI (M TOJIBKO!) C IleMeHT-
HBIM KaMHEM — 1 IIPX 3TOM HEIOBTOPSIEeMO, HEIIOCTOSTHHO 1 HEeOIHO-
3HAYHO.

BrIcoKoOe KauecTBO IeMEHTUPOBAHUA JTIOOBIX CKBAXKWH BKJIIOYA-
eT IBa MOHATHUSA: TePMETUYHOCTh 00CamHON KOJOHHBI U TepPMeTHY-
HOCTb I[€MEHTHOI'0 KOJIbIIA 38 KOJIOHHOI.

KauecTBO IIeMEHTHPOBAHUSA CKBA)KUH B HACTOSAINEe BpeMsd
oIpezesigeTcss HEOAHO3HAUHO, a COOTBETCTBYIOIIE METOABI OIeHKU
TIOPO# [Al0T IPOTUBOPEUMBLIE 1 B3aMMOMCKJIIOUAOIINE Pe3yabTa-
THI.

BrIcokoe KauecTBO IeMEeHTUPOBAHUA CKBaKUH (pe3yabTaT pabo-
TBI) CJI€AYeT OTJINYATH OT YCIEIIIHOTO IIPOBEIEHUs IIPOIlecca eMeH-
TUPOBAHUA. ITOT IIPOIECC MOKET ObITH BBIMIOJHEH YCIeIIHO, a Kaue-
CTBO I[EMEHTUPOBAHUS OCTAeTCSI HUBKUM. M3BeCTHHI clyuyau, Korjga
oIepaIus 3aBepIiagach IPU Ype3MePHO OOJIBINNX JAaBICHUAX UJIU B
XOJie ee OTMEeUAJINCh IOTJIOIEeHU JIN60 APyTrue OCJI0KHeHU, OHA-
KO KauecTBO IIeMEeHTHUPOBAHNA ObLIO BLICOKIIM.

Hasi cosmaHuMsA repMEeTHUYHOCTH IIPU HAJWUYWY TAMIIOHAMKHBIX
PacTBOPOB BBICOKOT'0 KauecTBa He00X0ANMO 00eCIIeUnTh KOHTAKT 0e-
3yCaJOYHOTO IIeMEHTHOTO KaMHsI, 00caaHoi TPpyObl 1 CTEHKU CKBa-
JKUHBI. B mIpolecce IeMeHTHPOBAHUA He JOJIKHO OBITh T'HMIPOpPAas-
PBIBA ILJIACTOB.
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B obecrieueHNY TepMETUYHOCTH CKBAKUH OJJHO U3 IIEHTPAJIBHBIX
MeCT 3aHUMAET TeXHOJIOTUA I[eMEHTUPOBAHUS.

ITox TexHOMOTMIEH ITEMEHTUPOBAHNA HE(PTAHBIX U Ia30BBIX CKBa-
JKUH cJIelyeT TOHUMATh COOJIIoIeHre BRIPAOOTaHHBIX HODPM M IIpa-
BIJI paboOTHI C IeJIbI0 HamboJiee MOJHOTO 3aIlOJTHEHUSA 3aKOJIOHHOTO
IIPOCTPAHCTBA CKBAYKUHBI TAMIIOHAKHBIM PACTBOPOM OIIPeIeJIeHHO-
ro KauecTBa (B3aMeH OypoBOT0) Ha 3alaHHOM ydacTKe 1 obeclieue-
HUA KOHTAKTa IIeMEeHTHOTO PacTBOPA-KaMHsA C IOBEPXHOCTHIO 00ca-
HOM KOJIOHHBI ¥ CTEHKOM CKBa’KMHEI IIPY COXPAHEHUU ITeJIOCTHOCTU
ILJIACTOB.

TexHOJIOTUUECKUI ITPOIECC IeMEeHTUPOBAHUA OIPeAeasieTca re-
OJIOTMUYECKUMM, TEXHOJIOTUUECKUMU ¥ CYOBEKTUBHBIMU (haKTOpa-
mu. IIpu ananuse BAUAHUA Pa3IUUHBIX (DAKTOPOB HAa KAYeCTBO Iie-
MEHTHPOBAHUSA CKBAXKUH CYOBeKTUBHBIN (DaKTOP MOXKET He paccMa-
TPUBATHCH, TAK KaK IPEIIO0JIATAeTCA, YTO OIEPATOPHI UMEIOT Heo0-
XOAMMYIO KBATU(DUKAIIUIO U HAPYIIIEHU B TPOBEAEHUY TEXHOJOTH-
YeCKOro ImpoIliecca HerT.

TexHosoruyeckrue (hakTopbl HEOOXOAWMO COBEPIIIEHCTBOBATD,
OMHAKO He BCe M3 HUX MOTYT OBITH M3MEHEeHBI. ['eostoruueckue dak-
TOPBI CJIEAYET TIATEJHLHO U3yYaTh UM YUUTHIBATL MPU Ha3HAUEHUU
oIlpeleJIeHHBIX IIapaMeTPOB TeXHOJIOTMUECKOro Iporecca. Hampu-
Mep, CKJIOHHOCTB ITOPOJ K TUAPOPa3pPhIBY HEOOXOAMMO OpaTh 3a OC-
HOBY IIpU HA3HAUYEHWM BBICOTHI IIO’beMa TaMIIOHAKHOTO PacTBOpA,
U3MEHEHUU ero IJIOTHOCTH W O00eCIeUeHUM CKOPOCTU ABUKEHUSA
PacTBOPOB B 3aKOJIOHHOM ITPOCTPAHCTBE.

BosbIIMHCTBO TEXHUKO-TEXHOJIOTUYECKUX (PAaKTOPOB yIIpaBide-
mble. Bo Bcex ciyuadx ciegyeT CTPEMUTHCS K TOMY, YTOOBI Bce pe-
JKUMHBIE TTapaMeTPhl OKa3bIBAJIV BO3AEHCTBUE Ha IIPOIECC IIeMEeHTH-
poBaHUA AJiA o0ecreueHn s ITOJTHOTO 3aMelleHns 0yPOBOTO pacTBoOpa
TaMIIOHAKHBIM. Ba'KHOe 3HaUeHUe IIPU 9TOM HMEIOT COCTOSAHUE
CTBOJIA CKBAYKUHBI, €I'0 YUCTOTA, KOHCTPYKIIA CKBAa*KUHEI, TeOMeT-
P 3aKOJIOHHOT'O IPOCTPAHCTBA U €T0 TUAPOJUHaAMIUecKasa Xxapak-
Tepuctuka. Ha npakTuke KaueCcTBeHHOe IIeMeHTHPOBaHIEe CKBAKUH
JoCTUTaeTcA ¢ OOJILIITUM TPYAOM, €CJAW eMy He yAeJIeHO IOJIXKHOe
BHUMAaHIE eIlle B Iporecce OypeHus, T.e. Ipu GOPpMUPOBAHUU CTBO-
Ja. YCKOpeHHas IPOBOAKA CKBaXKMH 0e3 OJHOBPEMEHHOTO ydueTa
TpebOBaHUIl IJIA MOCJEAVIOIIEro KaueCTBEeHHOTO IEMEHTHUPOBAHUA
IIPUBOAUT K 3aBEJOMO HEKAUECTBEHHOMY PAa300IIeHUIO IIJIaCTOB.

K orsmumrenbHBIM OCOOEHHOCTSAM IIEMEHTUPOBAHUA CKBAXKUH
OTHOCSTCS:

WCMOJb30BaHNE TEeXHUKM, KOTOpas II03BOJIAET I€MEHTHPOBATH
CKBa’XMHBI HA JJOCTATOYHO BEICOKOM YPOBHE;

pasHooOpasme IIPUMEHSIEMBIX CIIOCOOOB  IIEMEHTHPOBAHUS
(cmLoIIHOE, ABYXCTYIIEHUATOE, CEKITUAMM, 00PATHOE U IP.);
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IIUPOKUIT ACCOPTUMEHT CIIEINMATIbHBIX TAMIIOHAKHBIX IIEMEHTOB,
TIO3BOJIAIONINI OXBATUTh IPAKTUYECKU BCE Te0JOTO-(QU3UUECKIUE
YCJIOBUA CKBaKWH.

Kak 1mokasbiBaeT OIBIT KPeIlJIEeHNs CKBAXKMH y HAC B CTPaHe U 34
py6eKkoM, MOBBICUTL KAUECTBO Pas300INeHUs IJIACTOB MOYKHO IIPHU-
MeHeHHeM KOMILIeKCa MEePOIPUATHUIN TeXHWUYECKOro XapakTepa u
YCOBEPIIIEHCTBOBAHUEM TEXHOJOTUU IIEMEHTHUPOBAHUA, a HE UBBIC-
KUBaHUEM YHUBEPCAJIbHBIX CIIOCOGOB IEMEHTHPOBAHNUSA.

B HacrodAliee BpeMA M3y4eHO 3HAUUTEJBHOE UMCJIO (ParKTOpOB,
OIIPeIeISIONINX KAYeCTBO [EMEHTUPOBAHUS CKBAKUH. K OCHOBHBIM
U3 HUX OTHOCATCH Te, KOTOphIe 00ecreurBalOT KOHTAKTUPOBAHUE
TaMIIOHA}KHOTO PACTBOpA C MOPOJaMM ¥ OOCAmHOI KOJIOHHOH IIpu
HauboJIee IIOJTHOM BhITECHEHIY 6YPOBOT0 PACTBOPA TAMIIOHAKHBIM C
3aJaHHBIMY CBONCTBAMM ¥ HAUMEHBIIINX B3aTpaTax CPeICcTB U
BpPEMEHM:

1) cpoKM cXBaThIBAaHUSA W BPEMs 3aryCTEBaHUSA TAMIIOHAXKHOI'O
pacTBOpa, ero peoJOTMUYecKas XapaKTepPUCTHUKA, CeIUMeHTAI[MOH-
HasA YCTONUMBOCTh, BOLOOTIaua U APYyTHe CBOMCTBA;

2) COBMECTHMMOCTb W B3aMMOCBS3b CBOMCTB OYPOBBIX W TaMIIO-
Ha'KHBIX PACTBOPOB;

3) pesxuM IBMIKEHUA OYPOBBIX ¥ TAMIIOHAYKHBIX PACTBOPOB B 3a-
KOJIOHHOM IIPOCTPAHCTBE;

4) o0beM 3aKAUMBAEMOT'0 TAMIIOHAYKHOTO PACTBOpPa, BpeMsA €ro
KOHTaKTa CO CTEHKOM CKBAaKUHBI;

5) KauecTBO U KOJIMUECTBO Oy(hepPHOH KUIKOCTH;

6) pekuM pacxasKMBaHUA KOJOHHBI B IIPOIlECCE I[eMEHTHPOBA-
HUA;

7) npuMeHeHVEe CKPeOKOB;

8) meHTpPUpPOBaHNE KOJOHHBI;

9) ucnoJib30BaHUe 3JIEMEHTOB aBTOMATU3AIINY, IIPHUCIIOCO0IeHUI
¥ YCTPOMCTB AJIs MOBBINIEHNA KauecTBa IIeMEeHTUPOBAaHUA.

IIpu npoBeseHUY IIEMEHTUPOBOUYHBIX Pa00T HEOOXOAUMO YIMTHI-
BaTh, YTO IPUMEHEHNE OTHOTO MEPOIIPUATUS TPeOyeT OCyIecTRBIIe-
HUS WK U3MeHeHus apyroro. Tak, ouMIlieHre CTEHOK CKBAaKMHBI
OT IVIMHUCTOI KOPKY CKpeOKaMU IIPKU pacXakKUBaHUU 00CAaTHBIX KO-
JIOHH B OOJIBIIIMHCTBE CJIyYaeB He MOKET ObITh BHITIOJIHEHO 6e3 oOpa-
O0TKU MCIOJIb3yEMBIX TAMIIOHAKHBIX PACTBOPOB [IJIA CHUMKEHUS I10-
KasaTesd GUIbTparuy 1 T.1.

Takum 06pa3oM, TeXHOJOTHUECKHNEe (PaKTOPHI, CIIOCOOCTBYIOIITE
IIOBBIIIEHNIO KAYeCTBAa [[EMEHTUPOBOYHBIX PA0OT, BBANMOCBA3AHbBI 1
B3aMMO3aBUCUMBI.

TexHOJIOTUUECKNE CBOMCTBA OYPOBBIX M TaMIIOHAYKHBIX PACTBO-
POB — 3TO KOMILJIEKC CBOMCTB YKa3aHHBIX KUAKOCTEH, BIMAIOIIAX
Ha HauboJiee IOJTHOE 3aMellleHre OTHOM JKUJKOCTH APYroi 6e3 Ha-
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pyIIeHus mpollecca IeMeHTHPOoBaHuA. K HUM OTHOCATCSA PEOJIOTH-
YyecKUe ITapaMeTphl, HOKa3aTeJ b (PUIbLTPAIuN, a0pa3uBHbBIE CBOUCT-
Ba, CEIUMEHTAIlNOHHAA YCTONUNBOCTD, CIIOCOOHOCTE He 3aryCTeBaTh
[IPY B3aMMHOM II€PEeMEIINBAHNN, COXPAHATD IIOJBUXKHOCTL B Teue-
HUe IIPoliecca IeMeHTUPOBaHusA U T./. [Ipr OCHOBHOM IleMeHTHPOBa-
HUU TaKue CBOMCTBA, KaK MexXaHWYecKas IIPOYHOCTH U IIPOHUIlAEe-
MOCTH TAMIIOHA’KHOT'O KaMHsfA, HE MOT'YT CUHUTAThCSA TEXHOJIOTHUEC-
KUMU, TOTJa KaK, HaIIPpUMepP, IPU YCTAHOBKE IIEMEHTHBIX MOCTOB
1A 3a0ypPUBAHUSA CTBOJIOB CKBAXKUH IIPOYHOCTb KAMHSA — 9TO TEXHO-
JIOTHUECKUI IapamMeTp Ipoliecca.

Ha xauecTBO IIeMEHTHUPOBOUYHBIX PAOOT OKA3bIBAIOT BIUSAHIE CTA-
THUYEeCKOe U AUHAMHUUEeCKOe HanpssKeHue cABUra 0ypPOBOTO PACTBO-
pa, ero BABKOCTH U IIOKa3aTesJb QUIbTPAIIUU, a TaKsKe TOJIINHA,
MeXaHUYeCKUe CBOMCTBA U MPOHUIIAEMOCTD IIMHUCTOM KOPKU.

Haske mpy yoOBJIETBOPUTEIBHBIX XapPaKTEPUCTUKAX OypPOBOTO
pacTBopa OH He MOJKeT OBLITh BLITECHEH B IIOJTHOM O0heMe M3-3a Ha-
JUYNSA 3aCTOMHBIX 30H M KaBepH. [JIMHMCTas KOpPKa OCTaeTcs Ha
CTEHKaX CKBa'KWHEI.

IIpu 3aKauKe ¥ IPOJABKe IIEMEHTHBIN PACTBOP CMEIINBAETCS C
O0ypoBBIM pacTBopoM. IIpu sTOM MHOTZA HaOJMIOAAETCA CUJIBLHOE 3a-
TyCcTeBaHUEe CMeCH, UTO IPUBOJUT K PE3KOMY IIOBBIIIIEHUIO JaBJIE-
HudA. ITogbopoM ONTHMAaJIBLHBIX COCTABOB TAMIIOHAKHBIX 1 OYPOBBIX
PacTBOPOB BO MHOTHX CIyYasdX MOKHO YMEHBIIIUTD 3aryIlleHre cMe-
cell MM UCKJIIOUUTH ero.

Ycmex paGoThI IO IEMEHTUPOBAHUIO CKBAKUH YAaCTO OIpeess-
eTcsa ToKasaTejeM (UILTPAIMM TAMIIOHAXKHBIX PacTBOPoB. B pe-
3yJIbTaTe OT()MILTPOBHIBAHUSA BOJBI PACTBOP CTAHOBUTCSA BASKUM,
TPYAHOIIPOKAYNBAEMBIM, CPOKM CXBATHLIBAHUSA €ro YCKOPAIOTCH.
Ecau mporecc IeMEeHTUPOBAHUSA OCYIIECTBJIAETCI C OUHUINEHUEM
CTEHOK CKBasKHHBI OT I'JIMHUCTOM KOPKH, HEOOXOAMMO IPUHUMATH
a(hdeKTUBHBIE MePHI AJIs PE3KOT0 CHUKEHUA ToKas3aTeas (GpuiabTpa-
1Y IIeMEeHTHOTO PacTBOpA.

Peosoruueckrne xapakTePUCTUKM TaMIIOHAYKHBIX U OYPOBBIX
PAcTBOPOB OMIpPEIeAITCA IPUPOAoIi 6a3MCHBIX MaTepHaaoB 1 Ha-
MIOJIHUTEJIEH, 3aBUCAT OT X COOTHOIIIEHUS, KOJTUUYECTBA U IPUPOIBI
BBEIEHHBIX pPeareHTOB, TeMIIepaTypbl, JaBJIE€HUS, KOHCTPYKTHB-
HBIX 0COOEHHOCTEM anmapaTyphl, METOAUKHY OIIPEeJIeHIA apaMeT-
POB U IpeasIcTOpUY AehopMaIuy JKUTKOCTH.

TamnouasxkHbIe (KaK 1 OypOBbIE) PACTBOPHI 00JaAAaI0T CBOMICTBOM
THUKCOTPOIIUU.

Brnepsrie peosiorunuecKkue CBOMCTBA IIEMEHTHBIX PACTBOPOB OBIIN
nsyuenbs! P./. IlIumiesko.

Peosiornueckue CBOMCTBA TAMIIOHAKHBIX PACTBOPOB CYII[ECTBEH-
HO 3aBUCAT OT HasmuudA B Hux rajguta (NaCl), cuasBuna (KCl), 6u-
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mopura (MgCl-6H,0) u kapramsiura (KCl-MgCl,-6H,0). Haauune
XJIOpPHia HATPUSA B PACTBOPE 3HAUNTEIHHO CHUKAET NTUHAMUYECKOE
HaIpsAKeHUe CABUTA T, HA MPOTAKEHUU BCEro HaOJIIOAeHUA U He-
CKOJIBKO YBEJINYNBAET IJIACTUUECKYIO BA3SKOCTD 1] B HAUAJIBLHBIN MO-
meHT. TeMIl UBMeHeHUA MJIACTUYECKON BA3SKOCTY BO BpeMeHHU OTCTa-
€T OT MHTeHCUBHOCTHU POCTA BI3KOCTU IIeMEHTHOTO pacTBopa 0e3 ra-
JuTa.

IIpu moTHOM HACHIIEHNN TaAMIIOHAKHOT'O PACTBOPA TaJIUMTOM JIO-
cTuUraeTrca HaubOoJIbIllee CHUKEHNUE PEOJIOTUUYECKUX KOHCTAHT.

Bsoxg 5 % cuibBuHA YCKOpPsSieT CTPYKTypooOpasopamme. Ilpu
JajbHeHIeM IIOBBIIIEHNN COAEPyKAaHUS CHJIBBHHA [0 IIOJHOTO
HaCBIIIEHUA UM PACTBOPA CHUKAEeTCA AUHAMHUYECKOe HalpsKeHue
CIIBUTA, HO BO3PACTAET ILIaCTUYECKAA BASKOCTb.

IIpu comep:kaHnu B IleMeHTHOM pacTBope 15 % Oumodura yxe
yepes 30 MUH IOCJIe 3aTBOPEHUA PEOJIOTUUECKe KOHCTAHTHI JOCTH-
raioT IIpefejbHbIX 3HaueHuii. IIpy mOJHOM HACBHIIEHUUN OUIITOQMH-
TOM pacTBOpa IIOCJIeOHUU ObICTpO B3arycreBaer. IlmacTuueckas
MIPOYHOCTD, U3MEPEeHHAsA cPasy sKe II0cJe 3aTBOPEHUs, IPEBhIIaeT
30 mIla.

Kak mokasays XMMWUYECKUWI aHaiu3 (QUibTparTa TaMIIOHAYKHOTO
pacTtBopa, npu cogep:kanuu B Hem MgCl, nmpoucxoauT moaHbIi 006-
MeH Me)ky KatmoHamu Mg?t, comepskammuMuca B KUAKOI (ase, 1
katuonamu Ca?', HaxogdmuMucs B TBepAoil dase.

TexHUUECKUI KapHAJLIUT HEOJHOPOJEeH 10 XUMUYEeCKOMY COCTAa-
By, 1 noHEI K 1 Mg?" comep:xarca B HeM B PasJMUHBLIX COOTHOIIIe-
HuAX. XJIOPUABI KAJIbIUA U MarHusA, HaXOqAIMecAa B KapHAJINUTE,
OKa3bIBAIOT Ha CTPYKTYPOOOpa3oBaHNe PACTBOPA IIPOTHUBOIIOJIOMKHOE
nerictBue. IIpu BBeeHUM KapHAJINTA, NMEIOIIEr0 B COCTaBe 00JIb-
111e XJIOPUI0B KaJIusA, UueM MariHus, CUCTEeMa PassKuKaeTcd U yBe-
JIMYMBAETCA IIePUOo]] ee IPOKAYNBAE€MOCTH, a MIPUCYTCTBUE KapHa-
JuTa ¢ IpeobJafaHMeM XJOPHUAOB MAarHus BBISHIBAeT YCKOPEHUE
CTPYKTYpPOOOpa30BaHUA.

OpxHa M3 XapaKTepPHBIX OCOOEHHOCTEN IIEMEHTHBIX PACTBOPOB —
Pes3Koe CHIUKeHVe TUHAMUYECKOr0 HAIPAMKEeHUs CABUTA B IIPUCYT-
CTBUU 9JI€KTPOJUTOB C OAHOBAJEHTHBIMU KaTuoHamu (ot 50 % mo
HACBIIIIEeHNs). 3aTe€M BCJIEACTBUE THApATAIN 9TOT II0Ka3aTeJIb yBe-
JIMYMBAETCA U YMeHbIIIaeTCA HalpAKeHne caBura. Takasa 'Ke 3aKo0-
HOMEPHOCTH HaOJ/I0laeTca MPU COAEP)KaHWU B PacTBOPe OT 5 OO
12 % oOwumodura wian ot 5 10 21 % KapHaLIATA.

BeiTecHeHne O0ypoBOTO pacTBOpa TAMIIOHAMKHBIM XapaKTepPU3y-
eTcst KoahGUIMEeHTOM BbITecHeHUs k.. [lox KoahduiimeHTOM BBITEC-
HeHUs1 OypPOBOTO PACTBOPa TaMIIOHAKHBIM IIOHMMAIOT OTHOIIIEHUE
o0beMa BBITECHEHHOTO OypoBoro pactBopa AV (uiau 3aKadaHHOTO
IIEMEHTHOT'0 IIPX OTCYTCTBUU HOTJIOIIEHU A NIV IPOABJIEHU) K II0JI-

452



HOMY 00BbeMy V CKBa)XKMHBI (C yueToM oOBbeMa TPyO) MO0 BBICOTHI
moabeMa TaMIIOHAKHOT'O PacTBOpAa.

3aKOHOMEPHOCTY BBHITECHEHUA OHOM KUAKOCTHU APYTOMi B HACTO-
sIlee BpeMsA N3yUYeHbI JaJEeKO He IIOJHOCTRIO JAaxKe JJId TAKUX KU -
KocTeli, KaK BojJa, KepocuH, 0eH3uH, HeTh u T.n. M3yueHne Impo-
1[€CCOB CMEIIMBAHNS 1 BEITECHEHUA B CKBAYKIHE BA3KOIIJIACTUYHBIX
JKUAKOCTEH, KaKUMU SBJISIOTCA OYPOBOI M TaMIIOHAMKHBIN PacTBO-
P&, elre 6oee caokHO. Tak, YTOOBI 06ECTIEUUTD MTPAKTUYECKH II0JI-
HOe BBITECHEHME 9TUX PACTBOPOB HA OTAEJBHBIX YUAaCTKAaX CKBAKU-
HbI, HEO0OXOIMMO 0COOLIM 00Pa30M IIOATOTOBUTH CTBOJI CKBAYKMHBI,
000pyA0BaTH 00CATHYIO KOJIOHHY, COCTABUTD PEIEeITYPYy OYPOBBIX U
TaMIIOHAYKHBIX PACTBOPOB M II0 OIIPEAeJeHHON TI'UApaBINYECKON
mporpaMMe 3akKadaTh X IIPOJAABUTHL TAMIOHAYKHBIM PACTBOD OO0 3a-
JTaHHOM BBICOTHI HOABEMA.

Amnanus 1a60paTOPHBLIX U IPOMBICJIOBBIX HAHHBIX IMOKAa3bIBAeT,
YTO MOJEJINPOBATH MPOIECCHI CMEIIIMBAHNS ¥ BHITECHEHUA OYPOBBIX
¥ TAMIIOHAYKHBIX PACTBOPOB CJI0XKHO. CieayeT yuecTb, UTO B YCJIO-
BUAX CKBAKMHBI 00bEM OCTABIIIETOCS OYPOBOI'O0 pacTBOpa He orpa-
HUYeH 00'beMOM IPHCTEHHOI'O CJIOSA; OH OCTAeTCd B KaBepHax, JKe-
JOOHBIX BRIPAOOTKAX, 3aCTONHBIX 30HAaX, B BUE TJIMHUCTON KOPKU 1
7.1. CyIiecTBeHHO 3aTPYAHAET U3yUeHNEe dTUX MPOIeCCOB HATUUUE
JKeJI000B, KaBepH, IIpujeranne o6caJHoON KOJIOHHBI K CTEHKAaM CKBa-
skuHbl. TeopeTnuecKkre M SKCIePUMEHTAJIbHBIE MCCAEeTOBAHUS YC-
JIOXKHSAIOTCA B ClIydyae TYpPOYJIeHTHOTO TeUeHUsI BA3SKOILIACTUYHBIX
JKHUAKOCTell, B IePBYIO oUepeIb TAMIIOHAKHBIX PACTBOPOB.

7.1. YCJIOBUS ®OPMUPOBAHNA IIOTOKA PACTBOPA
N TEMEHTHOI'O KAMHS B CKBAYKVHE

KauecTBo 11eMeHTHPOBAHNA CKBAKUHBI B 3SHAUNTEJIBLHON CTETIEHN
ompefesigeTcAa reoMeTpueil M GUBUKO-XUMUUYECKUMU YCJIOBUAMU B
CKBa’KUHe, IIOJTHOTOU BBITECHEHUA OypPOBOTO pacTBOpPa TaMIIOHAMK-
HBIM, a TaK:Ke CBOMCTBAMU (PUJIBTPAIITMOHHOA KOPKHU.

7.1.1. KOH®UTYPAIINSA CTBOJIA CKBAKMHBIL

OmHa 13 OTJIMYUTENIBHBIX 0coOeHHOCTell (G OPMUPOBAHUSA II€MEHT-
HOT'O KaMHs B CKBaKMHE — XapaKTePUCTUKA BMEIIAloIIerocs cocy-
Jla, T.e. KOJbIIEBOTO IIPOCTPAHCTBA CKBAaKUHBI, MMEIOIIEr0 OTPOM-
HYIO IIPOTAMKEHHOCTH (HECKOJIBKO KUJIOMETPOB) U HE3HAUNTEJIHHBIH
pazuyc (HECKOJIBKO CAHTUMETPOB).

CkBasKMHA — 9TO IUJINHIPUUYECKAs TOpPHAas BLIPAOOTKA, BEPTHU-
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KaJibHasA MJIN HAKJOHHAA K BEPTUKAIU, ¢ UBMEHAIOIINMCA a3uMy-
TOM HaIIpaBJIeHHOCTH. PopMUpPOBaHNe KOH(GUTYPAIIUK CTBOJIA CKBa-
JKUHBI IIPOMCXOAUT IIOJ BAMAHUEM MHOTUX (akTopoB. Ilpummenu-
TeJILHO K IIPOIleccy 3aMellieHnsAa OYpPoBOro PacTBOpa B CKBaYKUHE ITe-
MEeHTHBIM (JOPMY €e CTBOJIa HEJIb3A OTHECTH K IWJIMHIPUYECKO,
Tak Kak JuaMeTp MeHAETCA C TJTyOMHOM, YTO CO3JaeT IIPEJIOChLIKY
aKKyMyJUPOBAHUS B HEPOBHOCTAX CTEHKU OYPOBOTO PacTBopa.

WpeanusmupoBanHaa opMa CTBOJA BEPTUKAIHLHOM CKBAKWHBI —
MPSAMOM KPYTJIBIN ITUIWHAP C IIOCTOSIHHBIM AMaMeTpPOM; IJiA Ha-
KJIOHHO HAITPaBJIEHHBIX CKBAKUH OH JOJIKeH OBITH ILJIaBHO U3Tmba-
IOIIIMCA.

KaBepHbI, BHICTYIIBI U APYIUe HEPOBHOCTU CTEHKU CKBAaYKUHBI
cJIelyeT paccMaTpPUBATh Kak (DOpMOM3MEeHEHUA, aKTUBHO YUaCTBY-
forre B GOPMUPOBAHUY TTOTOKA TAMIIOHAYKHOT'O PAcTBOpPAa, IeMEHT-
HOTO KaMHs, a II03Ke — paboTe MocIeqHErO.

C yBesqmmueHMEM BA3KOCTH U IIJIOTHOCTU PACTBOPA BO3pPaCTaeT T'i-
IPOCTaTUYEeCKOEe U TMAPOANHAMUYECKOe JaBJeHNe Ha IJIaCThI, YTO
MIPUBOAUT K T'MAPOpPa3phbIiBaM, MMOTJIOIEeHUAM OGYPOBOr0 pacTBOpa u
CcO3JaeT YCJIOBHUA, IPU KOTOPHIX IIPOIECC IIEMEHTHUPOBAHUA CKBa-
JKITH He MOKeT IPOXOAUTb HOPMAaJIbLHO.

dopmMupoBaHUE CTBOJIA CKBAKUHBI B 3HAUUTEIbHOM CTEIIeHH! OII-
peneseTcs CKOPOCThIO ABUKEHNUA B Hell 0ypoBoro pactsopa. Ilpen-
TMMOYTHUTEJbHBIN PEKUM TeUeHUA OYypOBOTO pacTBOpa B KOJIBIIEBOM
IIPOCTPAHCTBE — JAMUHAPHBIN.

JJ1s1 mOBBIIIIEHUA TeXHUKO-dKOHOMHYECKUX IIOKasareseil 6ype-
HUA He BCerza Iiejiecoo0pasHo IpeIyIpeskJaTh OCBIIN, TaK KaK OHU
O0OBIYHO PA3BMBAIOTCA MEAJIEHHO U He IIPENATCTBYIOT Iporeccy 0y-
PeHus, OJHAKO CTBOJI IIPU 9TOM OKAa3BbIBAETCA CAMOI MPUUYIJIUBOMN
KoH(purypamuu.

CoBMmecTHasA paboTa J0JI0Ta U HAALOJIOTHOTO KaaubpaTopa IpuBo-
JIUT K TOMY, UTO IIOIIEPEUYHOE CEUEHNE CTBOJIA CKBA’KUHBI MOYKET OT-
KJIOHUTBCS OT ()OPMBI Kpyra u mpuobpectu ¢GopMy MHOTOYTOJIbLHU-
Ka, a(peKTUBHBIN JuaMeTpP KOTOPOTO IIPEBLICUT AUaMeTp A0J0Ta.

ITIporHosupoBanue u yupasjeHre reoMmerpueii u (popMoii cTBOIA
CKBasKMHEI IJIA oOecirieueHus1 6oJiee IIOJHOTO 3aMeIlleHns 6ypPoBOTO
pacTBopa IeMEeHTHBLIM — IVIABHEHIIe IPUHIIUIILI, KOTOPBIMU JOJI-
JKeH DPYKOBOJCTBOBATHCA TEXHOJOT. UeM OJimiKe KOHMUTYypanusa
CTBOJIA CKBAYKWHBI K IPAMOMY IMUJIUHAPY C POBHBIMM CTEHKaMWU,
TeM IIOJIHEe 3aMeIaeTcss 0ypoBOI PACTBOD IIEMEHTHBIM, 11 HA000POT.

Bpak B ¢opMe cTBOJIa CKBasKMHBI MOXKET OBITh UACTHUUYHO MK
TIOJIHOCTBIO YCTPaHeH IIyTeM KaJauOpoBaHuA, Opak B IIPOCTPAHCT-
BEHHOM IIpo(uJie — TOJBKO OypeHreM HOBOTO CTBOJIA.

Bo Bcex cayuasax mpu Opake CTBOJIa CKBayKMH IIOJTHOTA 3aMelIle-
HuA OYPOBOTr0 PacTBOpA IEMEHTHBIM 3aTPyLHEHA.
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CTBOJI CKBa'KMHBI MOYKET WPENCTABJIATH CO00M OJHO3aXOTHYIO
CTJIAKEeHHYI0 BUHTOBYIO ITOBEPXHOCTD.

PesyabraThl ndyuenus GoOpMBI CTBOJIA TIO OOJILIITOMY YUCIY (o-
Torpaduii MO3BOJIMIN CHEJIATh CIAeayIomue BeIBoAbI. Popma morre-
PeYHOro ceueHMs HEKaBePHO3HOTO CTBOJIA He Bcerga Kpyriasd. B
MecTax, I'ie B KOMIIOHOBKE He MMPUMEeHAIN KaJaudpaTopsl, UCKasKe-
HUA JOCTUTAIOT 5 % AmameTrpa. B mpomoJbHOM ceueHUHU JIOKAJIbHbIE
WCKPUBJIEHUS OCU CTBOJIA COCTABIAIOT 6 % , YTO IPUBOJUT K CHIKE-
HUIO IIPOXOTHOTO CeUeHUs B cBeTy Ha 12 % OT HOMHUHAJBHOTO IH-
ameTpa.

OTeuecTBEeHHLIMHU U 3aPy0EKHBIMU MCCJIEN0BATEIAMU 3a()UKCH-
POBaHBI cxXeMbl (DOPMUPOBAHUSA TPEYTOJBHOI'O CTBOJIA CKBaYKUHBI
mpu paboTe JomacTHOTO AoJiota Tuna PX u gaske KpagparHoro. Ecau
paspes, IPOXOAUMBINA CKBa’KMHOMN, CJIOKEH N3 HEYCTOMUYUBBIX II0-
POJl, TO MOIIePEYHOE CeUeHUEe CTBOJIA, MBMEHAACH C TUIyOMHOI, MO-
JKeT OBITH BeChMa IIPUYY AJIUBBIM.

VM HTEeHCUBHOCTh JIOKAJIbHBIX WCKPUBJIEHHH OCH CTBOJIa Ha He-
CKOJIBKO MOPAAKOB 00JIbIlIe MHTEHCUBHOCTY MCKPUBJIEHUS TPAEKTO-
PHUM CKBAYKUHBI, PACCUNTAHHOM II0 JaHHBIM NHKJINHOMETPHH.

Biauanve naMeHA0IIeNHCA (JOPMBI CTBOJIA IIPOABJIAETCA B IBYX
HaIpaBJIeHUAX. Bo-IIepBLIX, UeM HempaBUJIbHEN (opMa 3aKO0JI0H-
HOT'O IIPOCTPAHCTBA, TEM TPYJHee BbITECHUTDL U3 Hero 0ypoBOil pac-
TBOP, T.€. CKBAYKHMHA COIPOTUBJIAETCA IIPOBEICHUIO KAUeCTBEHHO-
ro IeMEeHTHUPOBaHUs. BO-BTOPHIX, UeM 0OJbIlle BHICTYIIOB U CYyJKe-
HUI ¥ 4eM OHU pe3de, TeM 4Yallle IIPY MCIIOJIb30BAHUU IIOPTIAH/IE-
MEHTHOT'O MJIY IIIJIAKOBOTO PACTBOpa 6e3 CIennaabHONl XMMUUYECKOH
00paboTKM 00pas3yloTca BOASHBIE KAPMaHbI BJOJIb CTBOJIA CKBAKM-
HBI, 0] BLICTYIIAMY WJIY B BEPXHUX YaCTSIX KaBepH. B aTom ciayuae
IIPU TBEPAEHNU TaMIIOHAKHOI'0 pacTBOpa obJierdaercsi o0OpasoBaHue
KaHaJIOB B CAMOM TaMIIOHA}KHOM pacTBope. HaumeHbIllee BIUSHUE
OKa3bIBaeT KOHQMUTypalusa 3aKOJOHHOTO IIPOCTPaHCTBa IIPHA UC-
TIOJIb30BAHUU OTBEPIKIaeMbIX OYPOBBIX PACTBOPOB.

Broirecuuts Ha 100 % OypoBOil pacTBOP HPAKTUYECKH HEBO3-
MOKHO IIPY Pa30BOH HEIIPOJOIMKUTEIbHOM OIIepaliy JasKe U3 CTeK-
JSHHOTO ITMJINHIAPUUECKOTO cocyaa. M3 cocyma ¢ KoHPUrypaluei
3aKO0JIOHHOTO IIPOCTPAHCTBA CKBAa’KMHBI BBHITECHUTH OYPOBOI pac-
TBOP IOJTHOCTBIO TeM 60Jiee HEBOZMOIKHO.

H7s1 ocyiiecTBIeHNA IIEMEHTUPOBAHNSA C HAMOOJBIIINM 3aMeIIe-
H1eM OypPOBOTO PACTBOPA TAMIIOHAKHBIM CJIETyeT IPOBECTU CIIEIH-
aJbHBIE MEPOIPUATUA, KOTOPHIE TAKKe MOTEHIINAJbHO He obecire-
YMBAIOT IIOJIHOE 3aMellleHre OYPOBOro pacTBOpa TAMIIOHAKHBIM, O -
HaKO CYIIIECTBEHHO ero yBeJWUYMBAIOT. IIprMeHeHVe KOMILIeKca
TEeXHOJIOTHUYECKUX MEPOIPUATHI ¢ pacXaKMBaHUEeM O00CATHBIX KO-
JIOHH TIPU UCTIO0JIb30BAHNY CKPEOKOB U APYTUX IIPUCIIOCOOIeHUHN 13-
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MEHseT yCJIOBUA (POPMUPOBAHKA LEMEHTHOI'O KaMHsA. 31eCh CyIle-
CTBYIOT OBa acleKTa IpobjeMbl. Bo-IIepBBIX, TAMIIOHAXKHBIN pac-
TBOP ¥ KaMeHb OyAyT (hOPMUPOBATHLCA HE B CTAIMOHAPHBIX YCJIOBU-
SIX U IPOIEHT 3aMeIleHuss OypPOBOI'0 PACTBOPA IIEMEHTHBIM yBeJIN-
YHUTCSA; BO-BTOPHBIX, B IPOIECCE PACXAKUBAHUA OyIeT IPOUCXOIUTH
HeperyJupyeMoe CMeIlleHre TAMIIOHAXXHOTO PacTBopa ¢ OYpPOBBIM
PacTBOPOM M €r'0 KOPKOM, XOTd TI'paHuIla’ TaMIIOHAXKHOI'O PAaCTBO-
pa, KOpKU 1 OyPOBOI'0 PACTBOPA MOYKET = MCUe3HYTh . O0heMEbl 1 1UH-
TEHCHBHOCTb CMEIIIEHIA PACTBOPOB B CKBAXKHHE B IIPOIlECCe pacxa-
JKMBaHUA 00CaJHONM KOJIOHHBI IIOKA HEe MOTYT OBITh OIleHEeHBI KOJIH-
yecTBeHHO. ClenoBaTesbHO, (GhU3UKO-MeXaHNUeCKHre CBOMCTBA pac-
TBOPA ¥ KaMHS TOYHO OIIPEJEUTh HEBO3MOYKHO.

MomoiHUTeIbHBIE 3aTPATHI HA KAYECTBEHHOE BHINOJHEHUE IIep-
BUUYHOI'O I[€MEHTUPOBAHUS HAMHOI'O HIKE PACXOJ0B, CBA3AHHEIX C
MIOCIEAVIOIINM KalUTAJIbHBIM PEMOHTOM CKBAYKUHEL.

7.1.2. PACIIOJIOKEHUE TPYB, CBUHYEHHBIX B KOJIOHHY
B CKBAYKHUHE, I TEXHOJIOTUYECKAS OCHACTKA

KonnuecTBeHHAs OIeHKA (PaKTUUECKOTO PACIIONIOKEHUA TPyO B
3alleMeHTHPOBAHHOM CKBAaKIHE Ha YUaCTKe IIPOTIYKEHHOCTbIO CBbI-
mre 450 m 6bL1a IpousBeneHa Ha ckB. 3 Cysgannckaa (KpacHomap-
CKUI Kpaii).

IIpu npoBeneHNN 9KCIEPUMEHTA IO Iepefiaue YCTHEBOTO JaBJie-
HUSA CTOJIOOM TBEPHEIOIIEero IIeMEHTHOTO PacTBOpa Ha IJIyOUHY
639,13 M crnycTHIN KOJIOHHY 06caagHbIX TPpyb auamerpom 168,3 MM
¥ TOJIIIIUHOM CTeHKU 8 MM, 3arJIyIlIeHHYIO Ha KOHIIE.

Kosonua o6cagHbIX TPYyO HOABeIlIeHA Ha 9JI€BaTOpPe U B Hee CIY-
meHa Ha ryomHy 629,41 M KOJOHHA HACOCHO-KOMIIPECCOPHBIX
Tpy6 AmaMeTpoM 73 MM U TOJIIMHOM cTeHOK 5,5 mMm. Ha HKT ycra-
HOBJIEHBI ITIECTH IIEHTPATOPOB IPUMEPHO Uuepes 55 M IPyT OT ApPYyTa,
HauMHAasd OT Hu3a KoJoHHEI. KoJsbiieBoe mpocTpaHcTBo Mexkay HKT
¥ 00CaJHBIMU TPyOaMHU 3alleMEeHTHPOBAJN IPAMBIM CIIOCOO0OM TaM-
MIOHAYKHBIM PACTBOPOM.

ITocsie 3aBepIlIeHUA SKCIIEPUMEHTA KOJIOHHY 00CagHbIX TPYO M3-
BJIEKJIW M3 CKBAKUHBI M pas3pe3ajd aBTOTeHOM Ha dacTu. Paspes
TTPOMBBOININ Y HU3a KaXKA0N 00camHO TPYOBI, HO BBIIIE MOCJIEIY-
rorreit my@Tel HAa 5—10 cm. ITpu sTom 66110 BugHO, uro HKT, 3a1e-
MEHTUPOBaHHBIE B 00CAAHBIX TPY0aX, PACIOJI0KEeHBI HECOOCHO C HHU-
MH.

MunumanbHBIA paguadbubii 3a3op mexkay HKT u BHyTpeHHeit
TIOBEPXHOCTBIO 00caHOM TPyOHI cocTaBaaa 12,2 mm.

Cy1iiecTBeHHOe 3HAUEHNE MMeeT U3MEeHeHNe 3aK0J0OHHOTO KaHa-
Jia IpU OBUKEHWU KUAKOCTEH, KOr[a HCIIOJb3YIOTCA BJJIEMEHTHI
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TEXHOJIOTUYECKOM OCHACTKY /JIsI IIOBLIIIIEHNA KAUeCTBa I[eMEHTHPO-
BaHUA CKBaKMH. VIX mpuMeneHne o0as3aTenbHo. CaenoBaTebHO, U
yueT WX HaJIuuua o0d3aTeieH, OCOOEHHO eCJH MCIIOJb3YIOTCA
CKPeOKU U TypOyIr3aTOPHI.

7.1.3. TEMIIEPATYPHBI ®AKTOP

AbcourroTHaA BeTUUMHA TEMIIEPATYPhl OKPYIKAIOIIell cpeabl OIl-
penessieT B OCHOBHOM BHIOOD BUIa TAMIIOHAKHOTO IIeMEHTa, a Iepe-
aj TeMIIEPATyp — BIOOP PEelenTypPhl TAMIIOHAKHOT'O PAcTBOpA.

IIpu sKcILTyaTanny CKBasKMHBI B TAMIIOHAYKHOM KaMHe BO3HUKA-
IOT HAIIPAYKEHUs, TIOPOIl OUeHb 3HAUNTEJIbHEIE, B PE3YJIbTATEe TEM-
Ie-paTypHBIX BO3JelcTBUil U Aedopmanuu obcagHol KoaoHHBI. Ha
pa3bypuBaeMbIX ILIOMAAAX Poccuu 3a60iiHbIEe TEMIIEPATYPHI U3ME-
HAIOTCA B OUeHb INUPOKUX IIpenesax. Hanpumep, reorepmuuecKuii
rpaguent mnius Cesepumoro Kaskasa xouebsierca or 2,5 mo 8 °C/
100 m. ITosromy Ha raybure 4000 M TemmepaTypa [OOCTHUTaeT
160 °C.

Pasnnuyaior TeMIiepaTypy Ipu MUPKYJISAIUKA pacTBopa (ZUuHaAMU-
YeCKyI0), UMEIOIYI0 OCHOBHOE 3HAUEeHME IIPU TPAHCIOPTUPOBAHUU
IIEMEHTHOTO PACTBOPA, ¥ TEMIEPATYPY YCTAHOBUBIIIETOCS TEILJIOBO-
ro peskuMa (CTaTUUecKyI0), KOr/ja OHa IMIPaKTUYEeCKU BbIPDABHUBAET-
cs 0 eCTEeCTBEHHOI TeMIIepaTyphl OKpy:sKarolux mopon. Ilocien-
HASA ABJIAETCA ONPeNeJIAIINell Ipu yCTaHOBJIeHUU (DUBUKO-MeXa-
HUUYEeCKUX CBOMCTB IIEMEHTHOI'0 KaMHH.

Ha pacmpeneneHune TemMmepaTyp B CKBa)KUHE CYII[ECTBEHHO
BIUAIOT NUPKYJIAINA PACTBOPA (CKOPOCTH IIOTOKA, YNCJIO IIUKJIOB U
T.I.), KOHCTPYKIIUA CKBaYKWHBI, TEIJIOEMKOCTb U (hu3UUecKue
CBOMCTBA IIPOMBIBOUHOM KUIKOCTH, I'eOTEePMHUYECKUHN T'DajgueHT,
rIyouHa CKBaKUHBI U T.1. BXoadAiias *KUAKOCTh UMeeT MEHBIITYIO
TEeMIIePaTypy, YeM BBIXOAAINas W3 CKBaKMHBI. C yBeJIMYeHUEM
TUIyOMHBI CKBaXKWHBI 3Ta Pa3HUIA JOCTUTAET HECKOJIBKUX JEeCATKOB
rpagycoB. Ilpu panbHeHIIeM yBeJIWUYEeHUM TJIYOWHBI CKBAaKUH
PasHUIlA TEMIIEPATYDP BXOMSINEr0 U BBIXOISINEro PaCTBOPOB CHOBA
YMEeHBIIIaeTcs.

IIpy ycraHOoBKe MOCTOB B TIUNIYOOKMX CKBasKMHAX, KOTAA
omepanua MOKET 3aHATHh IPOJOJIKUTEIHLHOEe BpeMs, HEOO0XOAMMO
OPHMEHTUPOBATHCA HA OO0 U IPUMEHEHNEe PACTBOPOB, PEIeNTypa
KOTOpBIX ampoOupoBaHa IIPM TeMIlepaType, OJMBKOM K cCTa-
TUYECKOH.

IIpu 3akaumBaHWM U MPOAABIMBAHUM IIEMEHTHOTO DacTBOpa B
HauboJiee CJIOKHBIX TEMIIEPATYPHBIX YCJIOBUAX HAXOAUTCS €ro
mepBas IOPIUA: OHA HArpeBaeTcA IIPU [OBUKEHUM B 00CaTHOM
KOJIOHHE U B HUKHeH TpeTu (1o riy6uHe) 3aKOJOHHOTO YYacTKa
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IIyTH, a 3aTEM ee TeMIlepaTypa HeCKOJIbKO cHmKaercdA. [locaequasa
TIOPIIUA PACTBOPA UCIBITHIBAET TOJIHKO HATPEB.

B nepuox O3L] mpomcxoAuT 3aMeTHOE BBIDABHUBAHWE TeMIlepa-
TYPHOIr'O II0JIs, B HUKHEN YacTH 3aKOJOHHOIO IIPOCTPAHCTBA Ile-
MEHTHBIA pacTBOpP-KaMeHb HarpeBaeTcs, a B BepxHeii — ocTeiBaeT. C
OTHOCHUTEJIbHO 00JIbIIIeH MHTeHCUBHOCTBIO 3TOT IIPOIeCC IPOTEKAaeT B
Hauasie nepuoga O31], a 3aTeM cyIleCTBEHHO 3aMeAJIsIEeTCA.

Ha remmeparypy B ckBaxkuHe npu O3I] MoiKeT IIOBIMATH
TEIJIOBBIIeJIeHYIe IIPY TBEPIEHUHY IIEMEHTHOTO KaMH4.

CylilecTBeHHBIN Harpes IIEMEHTHBLIN KaMeHb MCIBITHIBAET IIPU
doHTaHHOH N0ObIUe He()TH MU I'asa.

B ciyuae HarHeTaHuA B ILJIACT (IIONIA C TeMIIepPaTypoi, COOT-
BETCTBYIOIIEH yCJIOBUAM Ha THEBHOM IIOBEPXHOCTH, HabIIOmaeTcsa
3aMeTHOe OXJIaKJeH1e IeMEeHTHOTO KaMH4.

B peasibHBIX YCIOBUAX TeMIEpPATypPHOE IIOJIe B INTyOOKUX CKBa-
JKMHAX TAKOBO, YTO IIPU [[EMEHTHUPOBAHUYU IIPAMBIM CIIOCOOOM HaM-
0oJiee BePOSITHO IIPUMEPHO OJHOBPEMEHHOE CXBAThIBAHUE I[€MEHT-
HOTO0 pacTBOpA II0 IJIyOuHe, a IIPU IIeMEeHTHPOBaHUMU O0PATHBIM CIIO-
coboM — 6oJiee paHHee 3arycTeBaHIe pacTBopa B Mpu3aboiiHoi 30He,
B TO BPpeMA KaK B IPUYCTHEBOI 30HE OH MOXKET IJIUTEJIHLHOE BPEeMSA
OCTaBATHCS KUTKUM.

ITocnenmee ybesxmaeT B HEOOXOZMMOCTH OCYIECTBJATH IIPU
o0paTHOM cIocobe IeMeHTUPOBaHusS Au(PEepPeHIINPOBAHHBIN BBOI B
IIOTOK II€MEHTHOTO pacTBOpa 3aMeAJuTesJ el U YCKOpPHUTeJei
CXBaTLIBAHUSI.

7.1.4. TABJIEHUE

B mpormecce 1meMeHTUPOBaHUA CKBAYKWH W OPU TBEPAECHUU Iie-
MEHTHOT'O KaMHs BayKHOe 3HAUEeHUE UMeeT JaBjieHne. B 3eMHOI KO-
pe meficTBYIOT TOPHOE JaBJIeHIe, XapaKTepusyollee eCTeCTBeHHOe
HATIPAKEeHHOe COCTOSHUE IIOPO, W AaBjieHue (PJIOum0B, HaXOId-
ITUXCA B TOPHBIX mopogax. OHO HA3BIBAETCS IJIACTOBLIM (BHYTPEH-
HUM ILIACTOBBIM) JaBJeHHEM. OTU MaBJEHUA OIPENEIAIT BBIOOD
HeoOXOAMMBbIX TapaMeTpPOB OYPOBOT0 PACTBOPA U YCUJIUA, JEHCTBY-
I0IIIeTo Ha 00caJHbIe KOJIOHHBI, 3a00iiHOEe U yCTheBoe 000pyI0BaHIe
CKBAYKUHBI.

WwmeltoTca 3anmexu, Tae maBieHUe (PIIOUI0B IPEBBIMIAeT OOBIU-
Hoe B 1,3-1,6 pasa u maske moCTHUraeT BEJIUYUHBLI TOPHOTO AAaBJIE-
Husa. Taxkoe maBiieHre HA3BIBAIOT AHOMAJIBHO BBICOKUM IIJIACTOBBHIM
nasienueM (ABIII). B cayuae ABII]I )KuaKoCTh MJIM ra3 B IOPOBOM
IIPOCTPAHCTBE IIOPOJ ILJIACTA HAXOAUTCA YACTHUUYHO IIOJ AEHCTBUEM
TOPHOT'O JaBJIeHUA.

Ha Benmmuuny ABIII] okasbiBaeT BJIUSHNE TaKyKe ITOBBIIIIEHIE
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TeMIIepaTypbl OKPY:KAIOIINX MOPoJ. B aToM ciiyuae OHO MOKeT
OBITH OUE€Hb BLICOKMM, BEPOATHO BHIIIIE TOPHOTO.

KonnuecTBo He()TAHBIX U Ta30BLIX 3ajekeit ¢ ABIIJ ma rayou-
Hax 10 3500-4000 M cpaBHUTEIHLHO HEBEJIUKO 1 He mpeBbiiaeT 10-
15 % . Ilpu majnbHeHIeM YBeJIUUeHUH TJIYOUH IPOIeHT ()IIOUIHBIX
ckomtennii ¢ ABIII BospacTaer. AbcoatoTHoe sHauenne ABIII Tem
BBIIIIE, YeM 6OJIbIIIe ITyOMHA, HA KOTOPOM OHO 3a()MKCUPOBAHO.

JaBieHre nIpu IIeMeHTUPOBAHUN CKBAYKMH 3aBUCUT OT PA3HOCTU
ILJIOTHOCTEeI OYPOBOT0O M TaMIIOHAYKHOTO PACTBOPOB U M'UpaBINYEC-
KHUX COIPOTHUBJICHUN, BOSHUKAIOIINX IIPU JBUKEHUUN 9TUX PACTBO-
poB.

Pasninuaior maBiaeHMe CTaTHUECKOe, KOTOPOE, CTPOro roBOpH,
usMensercs Bo Bpema O31], ocBoeHUs 1 SKCILIyaTalluy CKBaKMUHBI,
U TMHaAMU4ecKoe, 0ojiee BhICOKOe. IIpu muHaMMUuecKOM NaBJIEHUU B
CKBaJKUHY 3aKaUMBAIOT IIEMEHTHHIN PACTBOP, IPU CTATUYECKOM OH
TBEP/eerT.

CienyeT y4uTBIBATH, UTO PEIENTYPY TAMIIOHAKHOI'O PacTBOpa
HeoO0XOAMMO HOAOMPATH IIPU AABJIEHUM, COOTBETCTBYIOIEM IWHA-
mMuueckomy. [laBjaeHre B CKBaKMHE BO BPEMsI €€ IIPOMBIBKY, ITUPKY-
AN, 3aKaUKU IIEMEeHTHOT0 pacTBopa, mpu O31] u paboTe memeHT-
HOT'0 KaMH#A IIOCTOAHHO U3MEHAETCA.

Bo Bpema O3] Takke umer mepepacupeseseHre TaBJIeHUA HaT
IIeMEeHTHBIM CTOJIOO0M.

7.1.5. IIEPEITAl JABJIEHUS

3HauuTeIbHOE BIUAHNE HA padoTy, a B OTAEJILHBIX CAyUYaAX U Ha
dopMUpOBaHME CTPYKTYPHI IIEMEHTHOI'0O KAMHS OKA3LIBAIOT M3Me-
HeHUA OaBJeHusd B 00cagHOII KOJIOHHE (a MHOTAa W B 3aKOJIOHHOM
MIPOCTPAHCTBE) TIOM JeHCTBHUEM Pa3JIMYHBIX TEeXHOJOTUYECKUX
IIPOIECCOB: WM3MEHEeHUsd HaBJIeHWs B KojioHHe B mporecce O3]
BCJIEZICTBIIE HEOOXOAMMOCTH €T0 CHUKEHNA; N3MEeHeHUsA TaBJIeHUA
B 3aKOJIOHHOM IIPOCTPAHCTBE IIPU 3aryCTeBAaHUM U TBEPAECHUU TaM-
IMOHAYKXHOI'0 PAcTBOpPA W KaMH$, BO3HMKAIOIME BCJENCTBUE IIepe-
pacipeeaeHns JaBJeHNA B CAMOM PACTBOPE, a TaKiKe B Pe3yJibTa-
Te AefCTBUA TeMIIEPATyP 34 CUeT BbIJeJeHUA Tellia IPU TBepAeHnun
I[EMEeHTHOr'0 PACcTBOPA U T.JA. OTU IIPOIECCHI IPUBOIAT K TOMY, UTO
obcamHass KOJTOHHA HAXOAUTCS B MIOCTOSTHHOM IBUKEHUM, a TAMIIO-
HaXHBITT KaMeHb MCIBITHIBAET IePernaabl JaBJIeHNA, N3MEeHAIOIIe-
C4 [0 BeJIMYMHE, 4 MHOTA 1 110 3HAKY.

Boarwiioe s3Hauenue nmeT nepdopanuoHHbie paboTel. Hecmor-
PA Ha TO UTO UX IIPOBOJAT B CKBAYKMHE IIOCJIe TOI'0, KAK B OCHOBHOM
3aKOHYUJINCH IIPOIleCChl (DOPMUPOBAHUA CTPYKTYPHI TAMIIOHAYKHO-
T0 KaMHsA, OHI MOT'YT OKa3bIBATh 0OJIBITIOE BIWSAHHNE Ha ITOBeIeHUe
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KaMHsA, BIUIOTH 10 HAPYIIIEHUs ero mneygocTHocTU. Eire 6oJbiine us-
MeHeHUs 0TMeYalTcd, Korja nep(oprupoBaHUIO TOABEPTAIOTCA Ma-
TepraJibl Ha 6a3e opraHoOMHUHEPAJIbHBIX coexmHeHUH. [Ipu pacTpec-
KVBAaHUU KaMeHb B OOJIBITIEH CTEIIeHU Pa3pyIIaeTcsl arpeCCUBHBIMU
ILJIACTOBBIMU BOJAMU.

BasxHBI yrapHBIe HArpy3KU Ha o0cagHbIe KOJIOHHBI U, CJIeLOBa-
TeJILHO, Ha IIeMeHTHBIN KaMeHb, a TaKyKe JaBJIeHUs, BOSHUKAIoIIUe
BCJIEACTBUE TUAPOPA3PHIBA ILJIACTOB, IIPU OIleHKE PabOTHI I[EMEHT-
HOT'O KaMHA B 3aKOJIOHHOM IIPDOCTPAHCTBE U €TI0 CTPYKTYPHO-MeXa-
HUYECKUX CBOMCTB.

7.1.6. IIJTACTOBELIE BOOBI Y OTJIOMKEHUS COJIEN

3HaunuTe bHAsA YACTh HE(PTAHBIX M Ta30BBIX MECTOPOKIEHU
IIPUypPOUYEeHa K IIO/ICOJIEBBIM U MEYKCOJIEBBIM OTJIOKeHusaAM. IIpoBoa-
Ka, KPeIlJIeHNe U IIeMEeHTHPOBaHYEe CKBAYKUH B YKA3aHHBIX YCJIOBHU-
X sarpynHeHbl. K HamboJsiee 4acTo BCTpedalolIuMcs MHUHepaaMm
OTHOCSATCS MaJIUT, CUJIBBUH, OUIITIOMUT, KAPHAJJIUT U UX CMECH.

CoJieBblIe OTJIOKEHUS TTOABEPIKEHBI IPY OYPeHUY WHTEHCUBHOMY
KaBepHOoOpazoBauuioo. Cou momamaloT B OBIKYIIUIicA OypoBOi
WJIW TAMIIOHAYKHBIM pacTBOpP. B Pa3JIMUHBIX KOHIIEHTPAIIMAX OHU
[I0-PA3HOMY BIMSIOT HA M3MEHEeHNe CBOMCTB TAMIIOHAYKHBIX PACTBO-
poB.

CumuraeTcst yCTaHOBJEHHBIM, UTO OJHA M3 OCHOBHBIX IPUYMH He-
KaueCTBEHHOTO IIEMEHTHUPOBAHUA CKBAYKUH B COJIEHOCHBIX OTJIOMKE-
HUAX — PACTBOPEHNE COJIM TAaMIIOHAYKHBIM PAaCTBOPOM, B Pe3yJIbTaTe
yero o0pasyeTcs 3a30p MEKAY TBEPAEIOIINM TaMIOHAXKHBIM pac-
TBOPOM U CTE€HKOM CKBAaKMHBI, IPEJCTABJICHHOMN OTJIOKEHUAMU CO-
Ju. 3a30p MOJKET 3allOJHATHCA PACTBOPOM coJi. B 30He KOHTaKTa
TaMIIOHAKHBIM PacTBOD B 9TOM cJyuae He 3aTBepPAEBaeT, eCJIU ero
OCHOBOM ABJIAETCA MOPTIAHICKUI NI IIIAKOBBIH IIEMEHT.

Mwunepanan3oBaHHble BOABI, HaXOAAIIMECSd B ILJIACTaX, MOTYT
IIPUBECTHU K KOATYJIANNY OYPOBBIX PACTBOPOB M YCKOPEHWIO CPOKOB
CXBaTbIBAHUSA IBUIKYIIETrOCS B 3aK0JOHHOM IIPOCTPAHCTBE CKBAMKU-
HBI TAMIIOHAKHOT0 pacTBopa. CoBMecTHOe [IeiicTBHe TeMIlepaTyphl,
IaBJIEeHUs U IJIACTOBBIX BOJ OKa3bIBaeT 0oJiee CHJIbHOE BIUAHUE Ha
PacTBOPLI U pa3pyllaeT KaMeHb TAMIOHAYKHBIX PACTBOPOB MHOTUX
THUTIOB.

CB0e0oOpas3HO IPOUCXOIUT TBEPEeHNE TAMIIOHAXKHBIX PACTBOPOB
B BaKOJIOHHOM IIpocTpaHcTBe. OUeBUIHO, IIPU TBEPAEHUM TaMIIO-
Ha)KHBIM KaMeHb ITpeObIBaeT BO BJIAYKHOM WJIM BOIHOI cpele C IIO-
CTOSTHHBIM HAIIOPOM ILJIACTOBBIX BoZ. KoInuecTBO UX B KayKI0M KOH-
KPETHOM cjIydae He MOYKeT OBITh YUTEHO, TaK KaK 3aBUCUT HE TOJb-
KO OT IIPUTOKA BOABI K TOBEPXHOCTU IIEMEHTHOTO KaMHsA, HO U OT TO-
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T0, OIBMIKYTCSA JIM BOABI IO KAHAJAM B TeJie CaMOI'0 TAaMIIOHAYKHOTO
kKamusa. OIHAKO COCTOSHME TAMIIOHAKHOTO KaMHSA B HACTOAIIEe Bpe-
M He TIoJTaeTcsa KOHTPOJII0. [109TOMYy BOIIPOC Pa3pyIlleHuA UIn I0-
pakeHNs IeMEeHTHOT'O KaMHs, a TaKiKe yueTa MX HHTeHCHUBHOCTU
TIOKAa He PeIlleH.

OueBUIHO, B 3aKOJIOHHOM ITPOCTPAHCTBE CKBAaKUH CYIECTBYIOT
CUTyaIlul, KOTJA OTAEeJbHBIe YUACTKY TAMIIOHAYKHOI'0 KaMHS TBep-
IeloT 6e3 IMPUTOKA ILIACTOBBHIX BoA. IlosToMy m3MeHeHUEe CBOMCTB
TaMIOHAYKHOTO KaMHs OyJeT MHBIM, UeM IIPU TBEPAEHUM B BOTHBIX
cpemax.

7.1.7. ECTECTBEHHBIE 3JIEKTPOXUMNYECKHUE ITPOITECCHI
B CKBAKVHE

CxkBasKMHA CO CIIYIIIeHHBIMU B Hee OYPUILHBIMU WJIN 00CATHBIMU
TpybaMu 1 3amoJIHeHHasA OYPOBBIM WJIM TAMIIOHAYKHBIM PACTBOPOM
MOJKET pacCMaTpHUBAThCA KaK sJIeKTpoxuMuueckas cucrema. OHa
BKJIIOUaeT B cebsa 9JeKTpoauT (OypoBOl MM TaMIIOHAKHBIM pac-
TBOP) U [ABa 3JIEKTPOAA, 3aMKHYTBHIE OTHOCUTEJNLHO APYT APYTa;
OJINH — I'OPHELIE IIOPOIbI, APYT0il — OypuabHASI I 0O0cagHass KOJIOH-
Ha. CompuKocHOBeHME TPYO Ha OTAEJbHBIX YUaCTKaX C IIOPOJOH CO-
31aeT JOKaJbHbIe raJbBaHNUYECKUE BJIEMEHTHI. JJIEKTPOXUMUUEC-
KIe IIPOIlecChl, IPOTEKAIOIe Ha IIOBEePXHOCTH 3JIeKTPOAOB, ABJIA-
IOTCS MCTOUYHUKOM 3JIEKTPUUYECKOTO TOKa. IIp1 KOHTaKTe TBepHoro
TeJia ¢ JKUIKOCTHIO MEXKIY HUMM, KaK IIPaBUJIO, HAOJIIOAAIOTCSI He-
SKBUBAJIEHTHLIII O0OMEH 3apsamaMi, UX afcopOIiuns, IIOBEPXHOCTHASA
OPHMEHTAIINS; dTO MPUBOAUT K IIOTEPe 3JIeKTPOHENTPaJIbLHOCTU, U
TBepAbIe Teja 3apAKaIOTCs onpeeeHHbIM obpasoM. [Ipu Gypenun
CKBAKMH TaKle KOHTAKTHI BO3MOKHBI Ha TPaHUIIaX TOPHBIX IIOPOJ,
Pas3INYHBLIX OUCHEPCHBIX YACTUIL ¥ MeTajljia TPYyO € JKUIAKOCTSIMMU.
3apsaas OypUIbLHBIX ¥ 00CaTHBIX KOJOHH B CKBAXKMHAX TI0 OTHOIIIE-
HHUIO K BOJOPOJHOMY 3JI€KTPOLY, IPUHSATOMY 3a HYJIEBOH, MOIL'YT
mocturats —900 mB u 60J1ee.

EcrecTBeHHBIE 3apsabl TOPHBIX IOPOJA M METAJJINYECKUX TPYO
MOT'YT Pas3jnvaThCA KaK II0 BeJIUUNHEe, TaK U 0 3HAKY, II09TOMY B
CKBasKUHe peaibHO CYIIeCTBYIOT dJieKTpoaBuKyInue cuasl (SC).

C 9]IC B 3aKOJIOHHOM IPOCTPAHCTBE CKBAYKUH CBSI3aHBI Pa3JIUu-
HbIE€ JJIEKTPOKMHETHYECKNE ¥ DJIEKTPOMEXaHUYECKHe IIPOIIECChI
(srexTpodopes, kaTadopes, dIEKTPOOCMOC, OKUCIUTEIbHO-BOCCTA-
HOBUTEJbLHBIE PEAKIIUN).

AJIeKTPOKUHETUUECKNe SABJIEHUA BIUSIOT HA CTPYKTYPHO-MeXxa-
HUYECKUe, peoJioTuUecKue, (PUIbTPAIlMOHHBIE, KOPKO0OOpas3yio-
e, KOPPO3MOHHBIE CBOMICTBA OYPOBBIX UM TaAMIIOHAYKHBIX PACTBO-
POB; OHM MOTYT OBITH IIPUYUHON ITOBLIIIEHUS NABJCHUA HA BLIKUIE
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OypPOBBIX HACOCOB, CATBHIK0O00PA30BaH’A, IPUXBATOB, II0JIOMOK 0Y-
PUIBHOTO MHCTPYMEHTA, Ta3UPOBAHNIA PACTBOPOB, 00pa30oBaHUA Ka-
HAJIOB U CHIKEHUS CIIEILIEHNS IIeMeHTHOI'0 KaMHA ¢ 00CaJHOHi KO-
JIOHHO1A.

7.2. BAMEIIIEHUE BYPOBEIX PACTBOPOB
TAMIIOHAMHBIMU

BasxkHeiimniee ycioBue obeciieueHNSI Te€PMETUUHOCTH 3aKOJIOHHO-
r'0 IPOCTPAHCTBA CKBaKUH — IIOJIHOE 3aMellleHre 6yPOBOro pacTBopa
TaMIIOHAKHBIM U3 MHTEPBaJIa IIeMeHTUPOBAHUS.

OueBUAHO, YTO (pu3UUeCKas CYIIHOCTDH IIPOIIECCOB 3aMeIeHUs
OYPOBBIX PACTBOPOB II€MEHTHLIMU HEe MOJKET OBIThH BBISBJIEHA 6e3
YETKUX IPEICTABJIEHUN O PEOJIOTUYECKNX XaPAKTEPUCTUKAX U 0CO-
OEHHOCTAX TeUeHHNS KHIKOCTEel KaK B KaHaJlaX IPOCTOH I'eOMeT-
puH, TaK ¥ ¢ yYETOM CIIeIn(pUIECKUX YCJIOBUM OypAIIUXCS CKBa-
SKUH IIPU IPOBEJIeHNY IIeMEeHTHUPOBOYHBIX PaboT.

OcHOBHOE HAaIlpaBJe€HUE NBUKEHUIO IIOTOKA IPULAIOT TBEPIbIE
CTeHKU KaHayia JBmsKeHuA. Ciaofl KMAKOCTHU, KOTOPBHIM Kacaer-
Cs CTEHOK, IPUWJINIIaeT K HUM, 00pasyeT CTEeHHON (IIPUJIUIIIIINM)
ciaoini. Ilpu Hammuwmu mopucTOil (IPOHUITAEMOM) CTEeHKH (HopMH-
pyercsa QuIbTpalmoHHAs KOPKa OYypOBOr0 MJIM TaMIIOHAMKHOTO
pacTBOpa, OTJIMYAIOMIAACT MO (PU3UKO-MEXaHUUYECKUM CBOMCTBAM
OT OCHOBHOHM MacChl JKHIKOCTHA. B maHHOM cJy4yae BBIIEJIUTH
"yueTo” MPWJINNIIUN CJIOH 3aTPYAHUTEIbHO. IIpU COMPOTUBICHUN
YaCTHUI KUAKOCTU C IPWJINIINNM CJIOEM, a IPU OTCYTCTBUU — C
MOBEPXHOCTBIO KaHajJa o0pasyeTcs TOHKHII CJION 3aTOPMOJKEH-
HOWM "KHUAKOCTH, B IIpeeaX KOTOPOro CKOPOCTh U3MEHAETCs OT HY-
JI IO CKOPOCTU HEBOSMYIIEHHOT'O IIOTOKa BAAJIU OT CTEHOK. ITOT
CJIOH TOJIyYMJ HasBaHWE TUIAPOAUHAMUUYECKOTO IIOIPDAHUUYHOIO;
TOJIIIIMHA €T0 YCJIOBHA, MMOCKOJIbKY PE3KOM TI'DAaHUIBI B M3MEHEHUU
CKOPOCTEN IpU Iepexofie OT HOTPAHUYHOTO CJIOSA K TEUEHUI0 BHE
ciosa Her. TeueHMe JKUIKOCTH B IOIPAHMYHOM CJIO€ MOIKET OBITh
KaK JIaMAHApPHBIM, Tak U TYpOyJeHTHbIM. B mociemHeMm cJuydae
BOJIM3M IIOBEPXHOCTH BCE JKe BBIJEJISIOT TaK Ha3bIBa€MBIM BASKUIH
TIOJICJION, B KOTOPOM HabJIt0iaeTcs caoucToe TeueHue. TomuHa mo-
TPAHWUYHOTO CJIOA 3aBUCHUT OT IIIEPOXOBATOCTH, PEKUMA IBUKEHUA,
(GUBMUECKUX CBONCTB JKUIKOCTH M PACCTOAHUA OT BXOJAa B KaHAJ
IBUKEHUS.

IIpu samosHeHUU TPYOBI WM KejJ00a HBIOTOHOBCKOI KHUIKOC-
THIO B HaYaJie ABUKEHU XapaKTep ee IBUKeHUA CTPYHHBIH, JaMu-
Hapubiii. CTpyu (cjou) He IepeMelInBaloTca MeXay coboii. Ilpu
CIBUTE CTPYKTYPUPOBAHHON HEHBIOTOHOBCKON JKUIKOCTH BCA €€
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Macca HAaUMHAET CKOJb3UTh 10 IPUJINIIIIIEMY CJI0I0 II0L00HO TBEPIO-
my Teay. Ilpu sTOM IeHTpajbHAs YacTh IIOTOKA — AAPO 3aHMMAEeT
TIOYTH BCe KUBOe ceueHmre TPyOnl miau xenoba. ITo mepe yBesuue-
HUS CKOPOCTH IHAMETD sSIpa IOTOKA YMEHbIIIAeTCs, 1 B HEKOTOPBIX
clIydyasx rpaJueHTHBIE CJIOM MOT'YT 3aIl0JHUThL BCe CeUEeHU A IIOTOKA.
ITOT peKUM IBUKEHUS HAIIOMUHAET JaMUHAPHBIA ¥ MHOTAA HUMe-
HyeTCA KBasWJIaMUHAPHBIM.

HaybHelllllee yBeINUYeHNE CKOPOCTH HEHBIOTOHOBCKOM JKUIKOC-
TH IPUBOAUT K BOSHMKHOBEHUIO IOII€PEUHBIX IIYJILCAIIUA — MOTOK
IpeBpaIaeTcsa B TypOyJIeHTHBIN, OQHAKO OUaru TypOyamsaiiuu Io-
SIBJIAIOTCS PAHbIIIE — eIIle B IIePUO/] PAsPYIIeHNN AApa MOTOKA.

Brepsbie Ha 0COOEHHOCTH pacCIIpelesieHusA CKOPOCTell HEeHbIOTO-
HOBCKMX JKUIKOCTEH II0 CeUeHHIO IIOTOKa oOpaTmy BHuUMaHue P.J.
ITumienxo B 1932 r. [IpousBeeHHBIE UM IIOCJIEOBATEIbHBIE CHEM-
Ku (depes KaxKable 3 ¢) IBMIKYINErocs B »Ke100e 6ypoBOTo pacTBOpa
C HaHECEeHHBIMU HA IIOBEPXHOCTH MEJIOBBIMU ITOJIOCKAMHU IIOKAa3aJu,
YTO SIAPO ABUIKETCS B BUE CILJIOIIHOTO TeJa, TOrJa KaK Y CTEHOK
sKes100a HaOII0Jal0TCs OTHOCUTEIbHBIE CABUTH.

dopmMupoBaHue IPOPUIA CKOPOCTENH IPOUCXOAUT TOJBKO Ha He-
KOTOPOM PaCCTOSIHUY OT MECTa BXOJa »KUIKOCTH B TpyOy. Ilpu mias-
HOM (CTabUIM3UPOBAHHOM) BXO/le B TPYOY CKOPOCTH BCEX KOHIIEHT-
PHUUECKHUX CJIOEB JKUIKOCTH B HAayaje y4acTKa OyAyT OAMHAKOBEHIL.
BceioencTBrue BIMAHUA CTEHOK KaHaja M BA3KOCTHBIX CBOMCTB CJIOU
SKUIKOCTU HAUHYT 3aTOPMAaKUBAThCA, U HA HEKOTOPOM PaCCTOSHUN
OT BX0/]a B TPYOy (POPMUPOBAHNE IPOPUIIA CKOPOCTEN 3aKOHUUTCH;
IIOTOK CUMTAETCS YCTAHOBUBIIHMCS. VI3MeHeHUe pacipeneleHus
CKOPOCTEH CJIOEB IIOTOKA B IIOIEPEUHOM CEUEHUM — HUCTOUYHUK TH[-
paBanyecKux morepb. [JinHA KaHala, Ha KOTOPOM IOTOK HE MOJKET
CUNTATHCS YCTAHOBUBIIINMCS, 3aBUCUT OT CBOMCTB M PEKUMa Teue-
HUSA JKUJKOCTU, TeOMEeTPUN KaHala 1 Ha3bIBaeTCA HaYaJbHBIM yua-
CTKOM.

IIpu gBuskeHnn OypPOBBIX (IVIMHUCTHIX) X IEMEHTHLIX PACTBOPOB
B 9KCIIEHTPUYHBIX KaHAJIAX [IPU [EMEHTUPOBAHUY CKBAMKUH CJIey-
eT OXKUIATH NU3MEeHEHUA 9KBUBAJIEHTHOTO AUaMeTpa KaHajla JBUKe-
HUsA, OOYCJOBJIEHHOTO CO3NAHWEM B3aCTOMHBIX 30H BCJIEICTBUE
CTPYKTYpOoOOpa3oBaHus 1 (GUJIBTPAIIIOHHBIX IIPOIlECCOB (KOPKOOO-
pasoBaHmus). ITO CYINECTBEHHO BJIHKSAET HA IIPOIECC 3aMeIleHUsd
JKUIKOCTEH, a CJIeoBaTeILHO, Ha (OPMUPOBAHNE IIEMEHTHOI'O KaM-
HsA B CKBaJsKHHE.



7.2.1. UCCJIENOBOHUE ITPOITECCOB TEYEHUA
BYPOBBIX PACTBOPOB B KAHAJIAX
KPYTJIOTO ¥ KOJIBITEBOT'O ITIOIIEPEYHOI'O CEYEHNN

WccnenoBaHue mMpoIeccoB 3aMeNIeHUA KUIKOCTENH IIPU IIeMeH-
THPOBAHUY HEBO3MOXKHO 0e3 yueTa UX (PUIMKO-MEeXaHUUYECKUX
CBOWMCTB.

OrneHKa peaJbHBIX (PUBUKO-MEeXaHUUYECKUX CBOMCTB OYPOBBIX U
TaMIOHAKHBIX PACTBOPOB 3aTPyAHEHA M3-3a OTCYTCTBUA ITPUOOPOB,
MOAEJUPYIONINX TEePpMOANHAMUYECKNE VCJIOBUA CKBAKUHBI, U
CJIOJKHOI'O PEOJIOTUUECKOTO COCTOAHUA OYPOBBIX U IIEMEHTHBIX pac-
TBOPOB, IIPOABJIAIOIIETOCA JarKe IPU HOPMAJIbHBIX TEMIIEpaTypax u
IaBiaeHUAX. [IpUdyeM CJIOJKHOCTH PEOJIOTMUECKOTO COCTOAHUA 3a-
KJII0YAEeTCA He TOJHKO B OTKJIOHEHUY PEOJIOTMUECKUX XapaKTepuc-
TUK OT OMHTaMOBCKHMX KOHCTAHT, HO WM B IPUHAJIEKHOCTH O0O0JIb-
IITHCTBA OYPOBBIX PACTBOPOB K MHOMY BUY KUAKOCTEN — HECTAIU-
OHAPHBIM 110 PEOJIOTUUECKOMY COCTOSAHUIO.

s onmmcaHusa OJHOMEPHOTO CTa0MIM3UPOBAHHOTO CABUTOBOTO
TeUeHUA HECKMMAEMOM CJIOJKHON pPEeOCTAaIMOHAPHONU KUIKOCTU
3.I1. IllympmamoM IIpeAJsiosKeHa OOOOITeHHAsA peoJiormyecKas
MOJIEJIb:

T = () (7.1)

VpaBuenue (7.1) o6oOmiaer wHambosee YIOTPeOUTEIbHBIE
mopgesn: Herotona (ty = 0, m = n, wp = v); Bunrama — IlIBegoBa
(m =n=1; uwp = n); OcrBanpza — He Buna (t, = 0, uw™ = K);
Keccoma (m=n=2, 1;/* =K,, u"’*p=K,); Keccona — Illyemana
(m=n= 2+5, u"p=mn,,); Barkau — Fepmens (n = 1, u/™p = A)
UT.I.

3zecs T — KacaTeJIbHOE HAIPSKeHNe CABUATA; T, — JUNHAMUUYEeCKOoe
(cTaTryecKoe) HaNpsSIyKeHWEe CABUIra; Y — CKOPOCTb CIABUTA; W —

abcoioTHAsE HBIOTOHOBCKas BABKOCTB; 1), — ILJacTHUYecKasd
BABKOCTB; vV, wp, K, K;, A — BABKOCTHBIEe XapakTepuctuku; K, —
XapaKkTepUuCTUKA ILIACTUYHBIX CBOWCTB; M, N — IIPOU3BOJILHBIE

IelCTBUTEILHLIE UKMCIA.

OmHaKO OMpeNeNuTh PEOJIOTUYECKUEe XapaKTEePUCTUKU ITOJTHOTO
ypaBuenuda (7.1) mo ZaHHBIM PEOMETPUU 3aTPYAHUTEIHLHO M3-3a
CJOKHOCTH WHTEPIPEeTAIluY Pe3yJabTUPYIOIero ypaBHEHUS B
KOHCHCTEHTHBIX IIepeMeHHBIX. KpoMe Toro, aHaJIUTUUYECKOE
peitenue ypaBHeHus (7.1) masa caydas TeueHUS KUIKOCTU B
KOJIBbIIEBOM KaHaJjie MOJYUYUTh He yIaeTcs.

BmecTe ¢ Tem, ucmosb3ysd OAMIKANIIUI aHAJIOT YpPaBHEHUSI
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(7.1) — mopmens Keccona — Illynbmana, F0.B. Byxmau, B.W. Jluma-
ToB, A.W. JIutBuuos, B.1. MuTtenbMaH U Ip. TOJYUYUJIN TOUHBIE U
TpUOIMIKEeHHbIe 3aBUCUMOCTHY, TO3BOJIAIONINEe aHAJIUTUUECKH C O-
CTATOYHON TOYHOCTBHIO OINPENEJUTh PACXOM KHUIKOCTA U IIOTEPH
IaBJeHUA B KOJBIEBOM MPOCTPAHCTBE OypAIIEHCS CKBAKUHBI C
YYeTOM HeJNHEHHO-BA3KOILJIACTUYHOTO PEOJOTUUYECKOTO COCTOSHU A
HMCIOJIb3yeMbIX OYPOBBIX 1 IEMEHTHBLIX PACTBOPOB.

OmHaKo AJA OIpemeieHUs PEOJOTHUECKUX XapaKTePUCTUK U
anexBatHOCcTU Mojgenu Keccona — Ilysnemana (t,, M., ¥ n) TpebdyeT-
CsA CTATUCTUYECKUI aHaIN3 KOHCHUCTEHTHBIX KPUBBIX II0 TaHHBIM
MMaCCUBHOI'O dKCIIEPMMEHTA, UTO BECbMa TPYI0EeMKO U TpedyeT uc-
nosab3oBanud OBM. [Ina paspaboTKu 6oJiee IPOCTOro crocoba aua-
THOCTUKH PEOJOTUUYECKOT'0 COCTOSIHUA U OIIPeieIeHnA XapaKTepuc-
TUKU TeUeHUA CJ0KHBIX cpen I'.I'. Taby30BLIM IIpemIoskeHa 00006-
IIeHHasA peocTalmoHapHaa HeJIMHEeHHO-BA3KOILJIaCTUYHAA MOIeIhb

(t-t,)A+at)=Ky; 1= 1, (7.2)

rae K — abcoarorHas (IracTuyecKas) BABKOCTH; @ — IIOKa3aTesb
HeJINHEeNHOCTH.

Vpasuenue (7.2) MOKeT CIYKUTH [OJA OIMCAHUA PEOJIOTHU-
YECKOT0 COCTOSHUS Pa3HOOOPa3HBIX PEOCTAITMOHAPHBIX KU -
KocTeli: HpIoTOHOBCKUX (T =0, a = 0), nceBgonnacTuysbix (t, = 0,

a > 0), BaskomnacTuuHblx (@ = 0), OWMHraMOBCKUX IICEBIO-
maactukoB (a > 0), OMHraMoOBCKHX OUJIATAHTHBIX KHUIKOCTEHN
(a <0).

B pesysbTaTe MHTETPUPOBAHUA BhIpaKeHUA (7.2) moydyaroT 3a-
BUCUMOCTH, KOHCTPYKTHUBHOE CTPOEHNE KOTOPBLIX IT03BOJISIET IIPU-
MEHUTD IJIs JUATHOCTUKY PEOJIOIMYECKOr0 COCTOSTHUSA U OIpejeJie-
HUSA 3HAUEHU PEOJIOrMUYECKUX XapaKTePUCTUK CTaTUYECKUe MeTo-
bl IIJIAHUPOBAHUA SKCIIEPUMEHTOB.

Ananutudyeckoe pelenue ypasHenusd (7.2) AJsA ciydaeB Teue-
HUSA KUJKOCTH B KOHI[EHTPUYHOM KOJBIIEBOM ITPOCTPAHCTBE HeE
BCTpEUYAeT IPUHIUINAIBHBIX 3aTpyAHeHn. OMHAKO pacueT IoTeph
IaBJIEHUS B KOJIBIIEBOM IIPOCTPAHCTBE II0 PE3YJIbTUPYIOIIEMY YPaB-
HeHUIo TpebyeTr mpumMmeHeHuss IBM.

Taxum 00pa3oM, pPeoIoTHUEeCKoe YpaBHeHUe HeJIWHeNHO-BI3KO-
ILJIacTUYHOM cpensbl (7.2), HanboJee IpueMIeMoe IJId OIpeaeeHu s
PEOJIOTMUECKNX XapaKTePUCTUK Ha KAaNMJUIAPHBIX W POTAI[MOHHBIX
BUCKO3WMeTpaxX, He UMeeT CYIeCTBeHHbIX IPENMYIIeCTB 10 CPaB-
HeHwuio ¢ mogenbio Keccona — IllynbMana IIpu IOIBITKAX pacyeTa
MOTePh JABJEHUS B KOJBIIEBOM IIPOCTPAHCTBE.

Bo3MOKHOCTM aZeKBaTHOTO OIIMCAHWS IIPOIIECCOB TeUYeHUS
OypOBBIX U I[€MEHTHBIX PACTBOPOB AHAJUTHUYECKUMHU 3aBHUCHMO-
CTAMHU OTPAHWYEHBI W APYTUMHU IPUUYMHAMN, HanpuMep s(deKToM
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CKOJNILYKEHUS U HEeCTAIIMOHAPHBIM PEOJIOTUUYECKHM COCTOSHUEM
OYpPOBBIX (IIeMEHTHBIX) PACTBOPOB.

CronbiKkeHMe 6YPOBBIX PACTBOPOB OTHOCUTEJIHHO CTEHKU TPYOBI
CUMTAEeTCA MAOKA3aHHBIM. OPMPEKT CKOJbXKEHUS IMIPOABJISIETCA B
YBeJIWUEHUN pacxoja JKUAKOCTU U IIPOTPECCUBHO ocjiabeBaeT c
pocToM AmaMeTpa TPYOBI U cpeJHel CKOPOCTH IIOTOKA.

CyiiecTBeHHBIE 3aTPYAHEHUSA BO3HUKAIOT MDY IIOMBLITKE ydeTra
HEeCTaIllOHAPHOTO PEOJIOTUUYECKOTO COCTOAHMA OYPOBBIX PACTBOPOB.
Perucrpanus, HampuMep, U3MeHEHUA CTaTUYECKOTO HANPAKEHUA
CIIBUTA BO BpeMEHU He XapaKTepuayeT YIPOUHEHUEe U JeCTPYKIIUIO
cpenbl B IIPOIlecce TeUEeHUs M BCJIEACTBHUE 9TOTO He OTOOpasKaeT ee
HEeCTaIlMOHAPHOE PEOJIOTUUECKOE COCTOSHIIE.

TaxuMm 00pa3oM, BO3MOKHOCTH afeKBaTHOTO AaHAJUTHYECKOTO
OIMCAHUA PEOJIOTUUYECKOTO COCTOSAHUA OYPOBBIX U I€MEHTHBIX
PacTBOPOB CYIECTBEHHO OTPAHUYEHBI.

W3yuenuio ycgioBuU, IIPU KOTOPBIX OCYIIIECTBIAETCS IePEXOJ OT
JAMWUHAPHOTO TeYeHUA K TYypOYJIEHTHOMY IIPW [ABWIKEHUU He-
HBIOTOHOBCKUX JKUIKOCTEI, TTOCBAIIEHBI pa00Thl MHOTUX MCCJEH0-
BaTeJIe.

PaccmaTpuBaeMble HUMKE 3aBUCUMOCTU CIIPABEIJIUBLI IJ CJIY-
yasd CTAIIMOHAPHOT0 N30TEPMUUECKOTO TeUeHUA JKUAKOCTeH Ha TU -
POAMHAMHUYECKN CTAOMJIM3WPOBAHHOM VyUYacTKe TJaIKUX TPYO
KPYTJIOTO M KOHIIEHTPUYHOT'O KOJIBIIEBBIX CEUEeHUIl, YTO B 0O0JIb-
IIMHCTBE CJIy4YaeB HE COOTBETCTBYET IIPAKTHUUYECKUM VCJIOBUAM
O6ypeuusa. Kpome Toro, 3aBUCMMOCTH CIPaBEIJIUBEI IIPU alIPHOPHOM
MPEAIIONOMKEeHNN O IPUHAMJIEKHOCTH WX K BSISKOILIACTUUYHBIM
SKMOKOCTSM — CTAIITMOHAPHBIM II0 PEOJIOTUUYECKOMY cocToAHMI0. Kak
TOKAa3aHO BBIIIE, 3TO IIPEAIIONOKeHNe AJA OypPOBBIX U IIEMEHTHBIX
PacTBOPOB JOCTATOYHO YCJIOBHO.

B pa6ore B.0. Xencrpema mokKasaHO, YTO KPUTHUUYECKOE UMCJIO
Peiinonbaca Re,, AnA mepedyMclIeHHBIX YCJIOBUHM OJHO3HAYHO
ompenenseTca KputepueM He, yUYUTBIBAIOIIUM COOTHOIIEHUE
MeXKIYy MJIACTUYHBIMM UM BASKWMU CBOMCTBAMHU KUIKOCTHM U HeE
3aBUCAITUM OT MHEPIITUOHHBIX CUJI:

Re,, = Re,,(He),
(7.3)

w...d a2
Re,, =—2 "’p; He= 1023
n gl

’

rge He - xpurepuii Xencrpema; w,, CpenHAd KpUTHUUYecKas
CKOPOCTh T€UEHUs, M/C; d, — PKBUBAJEHTHHI AUaMeTp KaHala, M;
0 — ILIOTHOCTb KUAKOCTHM, KI'/M°; 1| — IJacTHUecKasd BS3KOCTD,
ITa-c; T, — IMHaAMHUYECKOe HAIDSAXKEHYe cABUra, Ila.

466



Amnanus pesyabTaToB ucciaenosanuii P. Bunbreabma, B. Jlomdu
u JI. JlapceHa mo mepeKauke I€MEHTHBLIX PACTBOPOB TIO3BOJIMI
YCTAaHOBUTD, UTO HePeXol K TypOYJIeHTHOMY PEKUMY TeUeHUSd Yy
cpel C BHIPAYKEHHBIMM ILIACTUYHLIMY CBOMCTBAMM HE 3aBHCHUT OT
JuaMeTpa TPYOOIIPOBOJAa U BEJWUYMHBI CTPYKTYPHOI (IIJIacTu-
yecKoit) BadkocTu. Ha ocHoBe aToro nmososkenus J.K. JIaTbimoBeiM 1
B.C. ®uraToBBIM IPEII0KEeHO KPUTUUECKYIO CKOPOCTh BHIUNCIATH
(M/c) mo popmyJie, MOTYUEHHOI M3 BLIPAKEHUS IJIsI 0000IIEHHOTO
kputepusa PeliHosbaca W yTOUYHEHHON HA OCHOBe NMEIOIUXCSA
OIIBITHBIX JAHHBIX:

—

w,, =25, TP (7.4)

B coorBeTcTBUM ¢ (popmysoii (7.3) saBucuMocTb (7.4) yaobOHee
IIpeACTaBUTH B 0e3pa3sMepHOM BUE:

Re,, = \625He. (7.5)

3HAUUTEJHLHO IO3JHEE Ha OCHOBE SKCIIEPUMEHTAJIbHBIX JaHHBIX
B.A. Jlunatobim, B.MA. Mwureasmanom wu JLII. IIlymuiaoBbiM
yCTaHOBJIeHA CIPaBeJIuBOCThL (hopMy.nl (7.5) B Auamazone 2-10* <
<He<1,6-10°.

B patore E.M. ComnoBbeBa IIpeiyio:KeHa SMINPHUUECKad
3aBUCUMOCTD, AlllIPOKCUMUPYIONIAasi U3BECTHBIE OIBITHBIE JaHHBIE
IIPU TeUeHUU GYPOBBIX U IIEMEHTHBIX PACTBOPOB B TPyOax KPYIJIOTO
U KOJBIEBOTO CEUEeHWA PpAa3JUUYHBIX [AUaMETPOB. YKasaHHasa
3aBHCUMOCTDH OXBAThIBaeT HanboJiee MUPOKUIi IUATTa30H U3MEeHEHU A
Kputepus He u umeer Bup

Re,, = 2100 + 7,3He**®; 0 < He < 1,2:10". (7.6)

BwMmecTe ¢ TeMm cieqyeT OTMETUTDH, UTO HEKOTOPBLIE aBTOPHI BBIJE-
JSI0OT HECKOJBKO PEeXKMMOB TeueHUs OypoBBIX pacTBopoB. Tax,
A.X. Mupsamxansaje IIpuBes JaHHbIe, TOKAa3bIBAIOIINe, YTO B IH1-
amasoue 1000 < Re' < 2200 mabiiomaercs CyIleCTBEHHEIN pasdopoc
3HAUEHUN KOos(PUIlMeHTa T'MIPaBJINYECKUX COIPOTUBICHUIA. ITO
TI03BOJIUJIO CIeJIaTh 3aKJIIOUEHNEe O CYIIIeCTBOBAHMU 30HEI ITIepexoa
OT CTPYKTYPHOTO K TYypOYJIEHTHOMY PEKUMY TE€UEHUS U BHIAEIUTH
pesKuMEBI TeueHUs1: cTPyKTypHBIA Re’ < 1000, nepexogubiii 1000 <
< Re' <2200 u typoysentubiii Re' = 2200.

W3BecTHB PEeKOMEHAAIMU ¥ II0 0Oojiee APOOHOMY MAEJIEHUIO
pe:xxumoB TeueHus. Tak, T.E. Epemenko, [.}O. MouepHIOKOM u
H.T. TemetueM BbIZeJeHBI TPAHUIIBI PEKUMOB IO O0OGIIEHHBIM
yucaam Re: crpykrypubiii (Re' = 0+64); mnepexoanbiit oT
cTpyKTypHOro K JjamumuapHomy (Re' = 64+700); namMuHapHBIR
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(Re' = 700+1200); mepexoaHBI# OT JIAMUHAPHOTO K TypOy-
aeataomy (Re' = 1200+2300); typoynaeuTHsrii (Re’ > 3000). IIpu
Re’ = 2300+3000 moTOK cTabuimsupyeTcsa. OTH Pe3yJIbTaThl XOPO-
II0 COBIIAJAIOT C SKCIEePUMEHTAJIbHbIMM maHHbIMu I'. T'oBapma u
Hx. Knapka. H.II. Jlemuem u [.}O. MouepHIOKOM yKasbkIBaeTcsd,
YTO WHTEPBAJ IE€PEXOJHOTO PeKMMa OT JIAMUHAPHOTO K TypoOy-
JIeHTHOMY HaxoauTcA B mpegesax Re' = 2390 - 2820.

Ha pesXuM TeueHUA KUAKOCTU CYII[ECTBEHHO BJIUAET DKCI[EHT-
PUYHOCTH BHYTPeHHe! TpyOsl. TeopeTHuecKU IIOKa3aHO, UTO MEXK-
Iy O0OOIIeHHBIMI KPUTepUuaMu PeliHojbaca AJA KOHIEHTPHUYHOTO
¥ TIOJTHOCTBIO SKCIIEHTPUYHOTO KOJBIIEBOr0 IPOCTPAHCTBA CYIIlECT-

ByeT cooTHomenne Re, ~ 2,5 Re,,. [lamee, cuuras KpUTHUECKLE
BHAUEHHUS JJIA KOHIIEHTPHYHOTO KOJBIIEBOTO IpocTpaHcTBa Re,, =
= 1160, pekomerayerca npuHATs Re! = 4000. M.IIL. I'yausage u

Kp.3
Ip. YKa3bBIBAIOT, 4TO 3HaueHue Re,, , = 3250.

IlpuBeneHHbIe 3HAUEHUS KPUTHUUYECKUX OOOOIIIEHHBLIX 3HaUe-
Huit Kpurepusa Peitronbaca (3250-4000), BepoATHO, 3aBHIIIIEHBI.
Hcnosb3oBaHWEe METOAUYECKOI'0 IOAXOJA IJs ONpeJesieHUA KPHU-
TUYECKUX B3HaUeHUi 0000IIeHHOTO KpuTepus PeliHoabnca ¢ yue-
TOM 9KCIIEHTPHCUTETAa TPYO ITOKA3bIBAET, UTO HepexXxol K Typoy-
JIEHTHOMY PEXUMY B 9KCIEHTPUYHOM KOJBIEBOM IIPOCTPAHCTBE
Ui HETUKCOTPOITHBIX OYPOBBIX PACTBOPOB IIPOUCXOIUT IIPU OoJiee

HU3KWUX 3HAUYEHWAX Re, , 4eM IpPU KOHIEHTPUYHOM DACIOJIOKe-

HUU TPYyO.

IKcIepuMeHTaJbHBIE PAOOTHI IO OUpeleeHU0 KoahdUuImeHTa
TUAPABINYECKOTO COIPOTUBJIEHUSA M YCJIOBUM CMEHBI DPEKMMOB
TeUEeHUS IIPU ABUMKEHNN BOIBI M OYPOBBIX PACTBOPOB B KOJIBIIEBBIX
KaHaJaX MPU KOHIEHTPUUYHOM U SKCIEHTPUYHOM PACIIOJIOKEHUN
Tpy6 mpoBenensl B 6. BHUUKPHedTH.

Ha puc. 7.1 npexacraBieHbl pe3yJabTaThl UCCJIEIOBaHUI, IOJY-
YeHHbIE TIPU SKCIEPUMEHTaX C TEeXHUUYECKOW Bozoi. ONBITHBIE
TaHHbIe HaHECEeHHI Ha rpaduk B KoopamHatax ARe/96 - Re. Ilpu
KOHIIEHTPUYHOM IIOJIOKEHUU BHYTPEHHEN TPYObI M COOTHOIIEHUN
BHYTPEHHEr0 M BHEIIHEro AMaMEeTPOB KOJbIIEBOIO IIPOCTPAHCTBA,
npeBbimatormiemM 0,5, B ciayuyae JJaMUHAPHOTO pPeKHMMa TeUeHUS
IOJIXKHA BBIMOJHATHCS 3aBucuMOCT: ARe/96 = 1. IIpu usmeHeHuun
6e3pasMepHOro SKCIIEHTPUCUTETA € KOJBIIEBOI0 IIPOCTPAHCTBA OHA
CYIIIeCTBEHHO MEHAETCA.

Pasbpoc maHHBIX He MO3BOJIAET YCTAHOBUTH TOUHBIE 3HAUEHUS
kputepud PeliHosbaca, Ipu KOTOPBIX IIPOUCXONUT M3MeHeHUe KO-
a(hdpummenTa ruIPaBINIECKOr0 COIPOTUBIECHNA. MOKHO JINIIb KOH-
CTAaTUPOBATh, UTO KPUTUUYECKNE 3HAUeHUS Kpurepus PeliHoibica
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Puc. 7.1. 3aBucumocts nokasareas A Re/96 or kpurepusa Re nisa Boasr:

1,2,4,5 — o pauasim M.I. Munurasumosa; 3, 6 — no ganasiMm BHUVKPuedTn; 1 —
e=0,1/m =0,637(D, =50,23 mm, d,, = 31,95 mm); 2 - e = 0,657, 1/m = 0,637;
3-e=01/m=0,7;4— e =1;1/m=0,637; 5— ¢ =0,329, 1/m =0,700; 6 — e =
=1,1/m =0,7

IPU TEUYEHUM BOABI YMEHBIIAIOTCA C POCTOM 3SKCIEHTPUCUTETA
KOJIBIIEBOT'O IIPOCTPAHCTBA.

Kpusnie A = AM(Re'), mpeacTaBieHHbIe Ha puc. 7.2, MOJyUYeHbI B
pesyJibraTe 00pabOTKY ONBITHLIX JAHHBIX METOJaMH MaTeMaTHhYec-
Koii cratucTuku. Kosdduiuent Koppeasnuu Mex 1y Jjorapudmamu
IIepeMeHHBIX BEJIMUNH IPU mocTpoeHun KpmBoil I cocrasma 0,85,
kpusoii 2 - 0,76, xpusoit 3 — 0,45, Kpusoii 4 — 0,42, xpuBoii 7 —
0,78, xpusoit 8 - 0,72.

CoBnajieHVe 3aBUCHUMOCTEN HaAOIIOAaeTcsi TPU CTPYKTYPHOM
reueruu (Re' < 1800-2000) pasamuHBIX GYPOBBIX (TJIMHUCTHIX)
PacTBOPOB JIUINL B KOHIIEHTPUYHBIX KOJIBIEBBIX KaHajax. llpm
OBUKEHUUM DPACTBOPOB IIPU ISKCIEHTPUUHOM IIOJIOXKEHUU TPYO
n3MeHeHne A\ He corjiacyercs ¢ 3aBucuMocTbio A = 96/Re’. Takoe
OTKJIOHEHME MOYKHO O0'bACHUTH BOSHUKHOBEHUEM B 9KCI€HTPUYHOM
KOJIBIIEBOM IIDOCTPAHCTBE 3aCTONHBIX 30H, pAa3Mephbl KOTODHIX
3aBHUCAT OT CBOMCTB OYPOBBIX PACTBOPOB, CKOPOCTH TEUEHU,
KoH(bUrypanuu KaHaja OBUKeHus u T.1. [Ipu sHauenum Re' =
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Puc. 7.2. 3aBucumocts Ko3dduIHEeHTAa IUAPABIAYECKOI0 CONPOTUBIEHHUT OT
0600menHoro kpurepusa Re nia 6ypoBbIX pacTBOpPOB:

1 — 1715 BceX MCHBITAHHBIX PACTBOPOB; 2—5 — OypOBOil pacTBOp cooTBeTCTBYeT Ne 1—
4; 6 — zaBucumocts A = 96/Re; 7, 8 — [niud Bcex UCIBLITAHHBIX PACTBOPOB B
TypOyJI€HTHOI 06JIaCTH; CILIOIIHBIE IUHUU — KOHIIEHTPUUYHOE DPACIIOJ OKeHue TPyO;
IYHKTUD — OKCIIEHTPUYHOE PACIIOJIOYKEHUE TPYO

~1800-2000 pe:xuM cTaHOBUTCA TYyPOYJIEHTHBIM B OOJIBINIEI YacTH
SKCIIEHTPUYHOIO 3a30pa, a KpusBkle A = A(Re'), momyueHHBIE oI5
KOHIIEHTPUYHBIX (KpuBasg &) ¥ OKCIEHTPUUYHBIX (KpuBas 7)
KOJIBIIEBBIX KAHAJIOB, MTPAKTUYECKU COBIIAAAIOT.

IloBrbINIeHME BKCIIEHTPUCUTETA B OZHUX cayuaax (cMm. puc. 7.2,
KpuBble 3, 4) NPUBOAUT K CHIKEHHIO KPUTUUYECKUX SHAUEHUI
Re,,, Torna kax mpu aTOM ke SKCIeHTPUCUTETE /s GypPOBOTrO pac-

TBOPA C IOBBIMIEHHBIMU 3HAUEHUAMM CTATUUYECKOTO HANPAKEHUS
caBura (kpuBag 2) HabuiogaroTcsa 0oJjiee BBICOKWE KPUTHUYECKVE
3HaUeHUs 0000IIeHHOT0 KpuTepusa PeliHOIbACA, YTO CBUIETEIbCT-
BYET O JOCTATOYHO CJIOKHBIX IIPOIleccax TeueHus mpu GopmMuposa-
HUU 3aCTOMHBIX 30H.

Il BBIABIEHUS KPUTUYECKUX 3HaueHud Re omnbiTHBIE faH-
HbIe HaHeCeHE! Ha rpauk B KoopauHaTtax ARe'/96 — Re' (puc. 7.3),
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Puc. 7.3. 3aBucuMocTh ARe’/96
ARe’/96 or Re' mus 6ypoBBIX 1,4

PacTBOPOB NPH IKCUEHTPHY- |
HOM II0JIOKEeHHH TPYO: | (J
1, 2 - Gyposoii pacreop Ne 1 1,2 I
1 2 COOTBETCTBEHHO; 3 — Ne 4; |
4-Ne 3; 56— Ne 2.
1,0 | A
1,\2 |
0,8
0 \ [-]
ot
0,6 y !
3 ?./( /V
1
0,4 > T
5 ~— I
0,2 y i
0 |

10* 2 3 45678103 2 Re’

aHaIu3 KOTOPOTO MO3BOJISIET 3aKJIUYNTH CJIEAVIOIee: IJd BCeX HC-
CJIeIOBAHHBIX OYPOBBLIX PACTBOPOB HE3ABUCHUMO OT BEJIUYUHBI dKC-
IleHTpuCcUTeTa HaOJII0JaeTcA Iepexo] K TYpOyJIeHTHOMY PexRUMY

teuenus npu Re, ~ 1800+2000. Wanom kpussix npu Re’ < Re,,
CBU/IETEJLCTBYET O Ilepexofie K TypPOYJIeHTHOMY DPeKUMY TeUeHUs
IIPY HEKOTOPBIX MUHNMAJILHEIX 3HaueHusX (Re

;cp)min *

YacTuisbl TBepAOi (hasbl MIPU OIPeAeIeHHBIX YCIOBUAX B BA3KOI
SKUIKOCTH IIPEACTABJIAIOT CO00H oUar 3aposKAeHUuA TYPOYyIeHTHBIX
mynbcanuii. ITogo6HOe ABIeHNE HAOGIIOZATIOCH U B IIOTOKE OyPOBOTO
pacTBOpAa IIPY BBEIEHUY B HETO YACTUUEK IIeCKa. ¥ CTAHOBJIEHO, YTO
B3BeIlleHHbIe YACTUIILI ABOSKO BJIHUSIOT Ha TedueHme. [Harke mpu
He3HaUNTeJIbLHOM OTPUIlaTeJIbHOI pa3HuIle IMJIOTHOCTeH MHCIepCHO
¢asbl 1 AUCIEPCUOHHOI cpelbl YMEHBIIAeTCsI KPUTUUYECKOe UKCJIO
Peiinosibca, IpU TOJOKUTEIBHONH JKe pasHuie HabIoozaeTcsa
o0paTHBIN 9 GeKT.

MoskHO mOKa3aTh, UTO HA PEIKUM TeUeHUs OYPOBBIX PACTBOPOB
BJMSIOT ¥ MHOTHE Apyrue (haxTophl, HAIIPUMED BPAIleHNe U II1epo-
X0BaTOCTh TPYO, HEM30TEPMUUECKHE YCJIOBUS TEUEeHUs, MECTHBIE
COIIPOTHURJIEHUS, YCIOBUSA BX0Ja B KaHAJ IBUKEHUA U T. [

IIpuMeHUTENBHO K IPOIlecCaM BBITECHEHUA OYPOBBIX PAaCTBOPOB
IIEMEeHTHBIMY MOYKHO CUMTATh, UTO IEPEeXOol K TYpOYyJIEeHTHOMY pe-
JKMMY TeUeHUs OYPOBBIX U IIEMEHTHBIX PACTBOPOB T'apaHTUPYETCA
npu Re = 2300.



7.2.2. ICCJIEJOBAHUE ITPOIIECCOB 3AMEIEHUS 1 CMEIIEHUA
BYPOBBIX PACTBOPOB AHAJINTMYECKMMH
1 SKCIIEPEMEHTAJIBHBIMB METOJAMM

BrorHe oueBHIHO, UTO ycCHeX BBIMIOJHEHUS TEXHOJOTUUYECKUX
oIreparuii o 3aMeIreHno 6YPOBBIX PACTBOPOB HEePas3pPBIBHO CBSI3aH
C KaueCTBOM ITPOBOJIKY CKBAYKUH IO IPOU3BOACTBA II€MEHTHUPOBOU-
HBIX pabor. Hampumep, Mag0BepOSTHO BEICOKOE KAaUeCTBO IeMEHTH-
poBaHUs TpU OOJIBIIION KAaBEPHO3HOCTH W HCKPUBJIECHUIX CTBOJIA
CKBasKHUHBI, KeJI06000pa3oBaHUAX, 3aILJIaMJEHHOCTH CTBOJIAa, 00-
Pa3oBaHUA HA CTEHKAX CKBAKUHBI PBIXJIBIX TJIMHUCTHIX KOPOK, Ha-
JUYUY TOTeHIUATIbHBIX MOTJIOIIAIONINX W (DIIOUAOIPOABIIAIOIIX
TOPU30HTOB U1 T.]I.

TpeboBaHMSA K 3TUM OIlepalluAM IIOKA HEIOCTATOUHO OIpejeJie-
HBI ¥ HYKJAIOTCS B TaJIbHEHNIIeM YTOUHeHNY U KOHKPEeTU3AaI[H.

ITosHoTa 3aMmelnieHnsaA OypOBOrO pacTBOpa IIEMEHTHBIM WX JIIO-
6011 APyroil IPOMBIBOUYHOMH KUIKOCTHIO XapaKTepusyerca Koaddu-
IIMEHTOM 3aMellleHus k,, paBHBIM OTHOIIIEHUIO 00'beMa BBITEeCHEHHO-
0 OypOBOT0 pacTBOpa K MCXoAHOMY 00beMy V, saHMMaeMoMy 6ypo-
BBIM PACTBOPOM JI0 ITPOIiecca 3amMeIieHuA. [Ipy moHOM 3aMeITeHnn
k,=1.

OueBUAHO, UTO TEPMETUYHOCTh CKBAKUH 3aBHUCUT HE TOJBKO OT
TIOJTHOTHI 3aMelIleHusa 0ypPOBOT0 pacTBOPA IIEMEHTHBIM, HO ¥ OT MHO-
TUX IPYyrux (PaKTOpPOB, TAKMX KaK IIPOYHOCTh IIEMEHTHOI'0 KaMHJI,
00cagHOI KOJIOHHBI, €€ OCHACTKY U T.[.

ObecmeueHue TYpOyJIEHTHOTO pPeKMMa TeUeHUA IPU 3aMelre-
HUI - @(QaxKTop, OJarompUATCTBYIOIMUHN CKopeilleMy u 06oJiee
IOJIHOMY yIaJIeHH0 OyPOBOr0O pacTBOpa U PasdMbIBY KOpKu. OgHAKO
JIOCTUKEHYEe TypOyIN3aIuy IeMeHTHOTO PACTBOPA JIUIH B PE3YJIb-
TaTe TOBBIIIIEHUS CKOPOCTEN TeueHUs He BCerjga BO3MOKHO M3-3a
BBICOKUX THIPaBJIUYECKUX COITPOTUBJIEHUI. B MoToKe HEOOXOAMMO
CO3IaBaTh YCJIOBUA JJIA 00pa3oBaHMA Buxpeil. BriosHe ecTecTBEHHO
BO3HUKAIOT HEOOXOAMMOCTh M3yUeHNsS BO3MOYKHOCTEH TeHepupo-
BaHUA BUXPEW B IIOTOKe, Korga Kpurtepuii PeliHoibaca MeHbIIIe
KPUTHUYECKOIr0, a TaK:Ke YCTAHOBJIEHUS 3aKOHOMEPHOCTEH IIepeMe-
LIIeHUA BUXPeU B IOTOKeE.

Buxpeobpas3oBaHUIO CIIOCOOCTBYIOT MeXaHUYECKNE BO3JEMCTBUSA
B pe3yJbTaTe IepeMeleHnsa o0CagHON KOJOHHBI, MCIIOJIbL30BAHUSA
CIeIUANBHBIX TypOyamsaTopoB u T.A. OmnpemeseHHBIN TOJOMKHU-
TeJbHBIN 3PPEKT ZAa0T MY(Thl M HEPOBHOCTH CTEHOK CKBAaYKUHBI,
OZHAKO OHU MOTYT OKas3aTh M OTPUIlATEJIbHOE BO3JeliCTBUE HA II0JI-
HOTY 3aMellleHns OYPOBOTO PACTBOPA IIeMEHTHEIM.

TaxkuMm 00pasoM, MCXOAS W3 CYIIECTBYIOIIUX NPEACTaBICHUH,
IIpoItecc 3aMeIlleHusa 0ypPoBOr0 PACTBOPA IEMEHTHBIM JOJIXKEH OBITh

472



yIpaBJIAeMbIM Ha OCHOBE HAIPABJIECHHOTO BIUAHUA PETyJIUPYyeMbIX
TEeXHOJIOTHUYECKUX (haKTOPOB, a TaKiKe TeXHUYECKUX CPEACTB WH-
TeHCU(PUKATINU IIPOILECCOB.

B mpaxTuke 1eMeHTHPOBAHUA CKBaYKMH, 0COOEHHO TJIYOOKUX U
BBICOKOTEMIIEPATYDPHBIX, OUYE€Hb YACTHI CJyUYaU MOBBIIIIEHUA AaBJIe-
HUA IIPU 3aKaUMBAHUU M IIPOJABJIMBAHUM IIEMEHTHOI'O PAcTBOpa B
3aK0JI0OHHOE mpocTpancTBo. OnHa M3 IPUYNH IIOBBIINIEHUSA AABJIE-
HUA — pPe3Koe 3arycTeBaHWe OYPOBOTO PacTBOpa MPU CMEIIeHUU C
IEeMEeHTHBIM.

TeopeTuuecKkoe peleHne 3aJavyy II0 ONpeneJeHUI0 KodhhuIu-
eHTa 3aMeIleHUsI U Pa3MepPOB 30H CMEIIIeHUA PACTBOPOB CBA3aHO C
HeoOXOJMMOCTBIO yueTa peaibHOTO PEeOJIOTUYEeCKOT'0 COCTOSHUS
JKUAKOCTH, KOH(GUTYypaIlliy KaHAJIa IBUKEHUs, YCJIOBUM BUXPeoO-
pasoBaHUA U T.1., UTO IBJISIETCA CJAOMKHOI ITPOOJIEeMOIi.

BrepBble 3ajaun 0 BBITECHEHUU BA3SKUX W BA3SKOIJIACTUUHBIX
SKUIKOCTEH B 00CaJHOM KOJIOHHE 1 3aKOJIOHHOM IIPOCTPAHCTBE CKBA-
sKUHBI pelteHbl B 50-x rogax A.X. Mupsam:xansane, A.A. A6baco-
BbIM, f1.A. IIIBapuiem, M.H. MaxMymoBbIM 1 Ip.

Tak, npeHeOperas BAXAHIEM HAYAJIHLHOTO YUAaCTKA U IPUHUMAs,
YTO 3III0pa pacupeneeHus CKOpocTeli IpPU BBITECHEHUMW OIHOM
BABKOM JKUAKOCTU [APYTOM OCTaeTcd TaKOM JKe, Kak W IIpU
OBUKEHUU OSHOPOAHOM JKUIAKOCTH, CKOPOCTHL I'PAHMYHON TOUYKHU U
Ha PACCTOAHUU ' OT OCU TPYOBI IIPU JIAMUHAPHOM PEKUME TeUeHUA
JKUAKOCTEeI B BEPTUKAJIBHON Tpybe (IBUKEHME CHU3Y BBEPX)
MOJKHO OIIPEIESIUTD U3 CJAeAYIONIe CUCTeMbl YPaBHEHMIA:

—dz_P1op-mgpe_ .2

’

dt 4u42 7.7
U=£= P - P _ng(L_Z)(RZ _ ’,.2),
At duy(L-2)

rge p — naBJIeHVE B TOYKe pasiesia; p;, P, — JaBJieHHe B Hadajle U
KOHIIE TPYOBI COOTBETCTBEHHO; W;, U; — aOCOJIOTHAs BA3SKOCTH
BBITECHAIOIEH M BBITECHSIEMOI KUAKOCTEH COOTBETCTBEHHO; p,
p; — ILJIOTHOCTH *KUJKOCTEH; 2 — BEPTUKAJIbHAA KOOpJUHATA TOUKU
Ha rpaHUIle pasfesia JKUIKocTell; R — pagmuyc TpyoOsI.

IIpeobpasoBanue cucteMbl (7.7) TPUBOAUT K CJIEAYIOIIEMY
OOBIKHOBEHHOMY Au(ddepeHInaAILHOMY ypPaBHEHHIO B Oe3pasmep-
HBIX MIEPEeMEeHHBIX

e _izer@-D2q oy 7 2 5 T
dt w+(l-u)z L R
(7.8)
_ _ R2
(P=p_2’l‘~=_2’L_p1 P2 4 _B M8,
P1 Uy p18L 4p L
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Vpasuenue (7.8) HHTErPUPYIOT B IPEAIOJOKEHUN, UTO IEePBO-
HavaJbHaA I'paHuIla pasgena z = L,. B pesysbraTe ompepesseTcsa
0e3pa3MepHOe BpeMd t; OT Hayuaja IpoIlecca O MOMEHTA IPOPHIBA
BBITECHAIOMIEH KuAKocT pu r = 0 u z = 1, a Takske OTHOIIIEHUE
ocragirerocsa oobema AW BbITeCHAEMOII *KUIKOCTH B MOMEHT IIPO-
PBIBA K IIePBOHAYAJIBEHOMY ee 06beMmy V.

OxoHuaTeJbHOE YpaBHEeHUE ocJie yupoienuii (L,/L=0, o =1,
i = const) 1 pacKpeITHA HeonpeaeJeHHOCTel TPUHUMAaeT BUI

AW _ 1+2) (7.9)
Vo 3d+uw’ )

rae AW — o0beM BBITECHSEMOM »KUIKOCTH, OCTaBIlelicsa B Tpybe B
MOMEHT IIOCTYILIEHUS BHITECHAIOIIEH KUIKOCTH K BBIXOAY TPYOBI.

ITockonbKky, o onpenenenuto, AV = V - AW, Ha ocHOBaHUU
dopmyast (7.9) KoapuueHT 3aMeITeHna

k3=1—31(1+—2E). (7.10)
+U

Bripaskenue (7.10) ykaswiBaeT Ha HOBBIIIEHUE Ko3ahduiimeHTa
3aMeIleHNs ¢ YMEeHbIIIeHNeM IIapaMeTpa [, 3aBUCAIIEr0 OT OTHO-

mieHns abCOJIIOTHBIX BSASKOCTEH BBLITECHAEMOI U BBITECHSIOIEI
skugkocteii. [Ipu paBeHCcTBe aGCOMIOTHBIX BA3KOCTEHM K0(DMUIIUEHT
3aMeIleHus B MOMeHT mpopkiBa k, = 0,5 (mpu t = ¢, u w = 1). Oue-
BUIHO, UTO II0J00HBIE BBIBOBI CIIPABEAJINBEI C YUETOM JOIYIIeHWIH,
MIPUHATHIX IPU PEIlleHnn 3aJauu.

3amaua AJs caydyas BBITECHEHUS BA3KOILIACTHBIX JKUIKOCTEH
IpU CTPYKTYPHOM DPeKHMe TeUeHUS KUIKOCTeH cBepxXy BHHU3 IIO
BEePTUKAJIBLHON TPyOe (oOcammoil KoJoHHe) 6e3 yueTa pasjuuuil B
GUBUKO-MeXaHMUYEeCKUX CBOWCTBAaxX KUIKOCTeW O6asupyeTcss Ha
cJaenyIolel cucTeMe ypaBHEeHMHA:

& _PLoPrpEi(gr_y2)_To(R-p),
@ dnz " (7.11)

42 _P-P2*p82(p2_ 12y Yo (R_p)
dt  4An(L-2) n ’

ro<rs<R,

rae 1, — AUHAMHUUYECKOe HaIpsAKeHHe CABUTA; 1 — IJacTHUUYecKasd
BA3KOCTE JKUAKOCTEMH; 7'y — PAAUYC AIpa IOTOKA.

IIpeobpasoBanue cuctembl (7.11) TpUBOAUT K ypaBHEHHIO B
Oe3pasMepHBIX IIePeMeHHbBIX
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d§=1+i ooy BA#D) 4 . s _
Praia 1-r?) . (1-7r); z=2/L,
(7.12)

_ _ - 2
r=r/R,B=ryR, i=L1"P2 Py g Bpgy
pgL nL

WnaTerpupoBanue BhIpaxkeHua (7.12) c¢ ydueToM ypaBHEHUS
IIepBOHAYAJIBbHOM I'DaHUIEI paszesna 2 = L, mocie mpeobpasoBaHUN
TIPUBOAUT K CIEAYIOIeMY OKOHUYATEJIBbHOMY pe3yabrary (Ipu r =
=pB,L,/L=0mz=1):

By =2 C=PER, (7.13)

Ananus BoipaskeHusa (7.13) mokaswsIBaeT, UYTO IPU U3MEHEHUN [3
ot 1 10 0,5 KoadduienT 3amerrienua cHmKaerca or 1 go 0,7, T.e.
Ha 30 0/0 .

TakuMm 00pa3oM BBIABJISAETCS IPEUMYIECTBO BLITECHEHUS BAS3-
KOILJIACTUYHBIX KUIKOCTEH ¢ PA3BUTHIM AJJPOM TE€UEHU .

AnanuTnyeckoe pellieHre 3aJaun O 3aMeIeHUN IPU OCJIeI0Ba-
TeJILHOM IBUKEHUU MIBYX BASKOIIJIACTUYHBIX :KUIKOCTEH ¢ OTJINYa-
IOIIMUCS CBOMCTBAMHU B KOJIBIIEBOM IPOCTPAHCTBE CKBAYKUHBI IIPO-
BOAUTCS TI0 aHAJOTUYHOM cxeMe, OMHAKO B3ameH cucteMbl (7.11)
JLJIsI OITMICAHMSA PacIipeieIeHUsI CKOPOCTEH BHE spa MOTOKA MCIIOJIb-
syworca 3aBucumoctu M.II. Bomaposuua m A.M. I'yrkuna. B oriu-
Yure OT IPUBEIEHHBIX IPUMEPOB pPeIlleHns I KPYTrJoil TpyOhl 9TO
pelieHure JOCTaTOYHO CJI0MKHO U 3/IeCh He IpuBOAUTCA. MeKay TeM
BBIBOABI O TOBBIMIEHNN KO3(MGUIIMEHTa 3aMeIlleHuA OypOBBIX pac-
TBOPOB C YBeJIMUEHNEM 3HAUCHUHA PEOJIOTUUECKUX XapPaKTEePUCTUK U
IIJIOTHOCTY IIEMEHTHBIX PACTBOPOB, a TaKyKe O HepallMOHAJIHLHOCTH
YBeJINUeHUA CKOPOCTU BOCXOAAIIETO MIOTOKA IPU CTPYKTYPHOM pe-
JKHIMe TeUeHU *KUIKOCTEHN COTJIacyIOTCSA C BEIBOJAMMU, IIOJYUEHHBI-
MI TOpH TEOPeTUYEeCKOM PACCMOTPEHUU IIPOIIECCOB 3aMeIlleHUsd
JKUAKOCTEH B KPYTIJIOH Tpybe, U IPeICTaBIAIOT CYIIeCTBeHHBIN WH-
Tepec.

CrenyeT yuecTh, UTO SKCIEPHMEHTAJILHOE IIOHATHE KO03(Ddu-
IIUEeHTa 3aMeIlleHuA He COBIIalaeT C TeopeTmuecKuM. Bo Bcex
TEeOpPeTUYEeCKNX paboTax, MOCBAIIEHHBIX N3YUEHUIO 3aKOHOMEPHO-
cTel IocaeI0BaTeILHOTO TeUeHUA HeCMEeITNBAOIINXCA KUIKOCTeN
B COBEPINIEHHOM T'HMIPaBJINYECKOM KaHaJjie, PACCMOTPEHHBIX BHIIIIE,
Koa((pUIleHT 3aMeIlleHusd OIpenejsdeTcsa OTHOIIeHueM O00bheMa
3aMelreHHoM KugKoctu W, = Wy(t;) B MOMEHT BpeMeHU t; BBIXOJa
rpaHUIbI pasesia B KOHEUHOE CeueHUe 3aJaHHOTO MHTepBasia L K
00Bemy aroro untepsana W, r.e. K, = k;(t;) =W, /W. 3a Bpemsa t; =
= L/v 3aMeIlleHHEIII o0beM OypoBoro pactsBopa W,, u
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IOCTYIMBIINI B KOJIOHHY 00'beM TaMIIOHA»KHOTO pacTBopa W,  mpu
TIOCTOSTHHOM pacxofie @ paBHbBI W = @f;, = QL/U,.c> TO€ U
MaKCHMaJIbHOEe 3HAUYEHUEe CKOPOCTU TOUKU TPAHUIHI paspena. Tak
kak W, <W = QL/v,,, TeopeTnuecKnii KO3(OUINEHT 3aMeIeHn
OTHOCHUTCS K MOMEHTY BPeMEHM, KOrJa u3 3aJaHHOI'0 HHTepBaja
3aMeIlleH TOJBbKO UYWCTBIE OYypoOBOMl pacTBOP U, KOHEUHO, He
IIPOM30IILTI0 HEOOXOJUMOT0 3aMEIIeHUs OLHOTO 00'heMa APYTUM.

C DpaKTUYeCKOH TOYKM BPEHUA IPEACTaBIAET MHTEPEC
3HaUeHMe k,, 10 KpaliHeli Mepe B MOMEHT BpeMeHHU £, = L/v,,.

Takum o0pasoM, KO3(PPUIIMEHT 3aMeIleHusaA Heab3s pac-
cMaTpHUBATh KaK HEKOTODPBIA IIapaMeTp, HEOOXOAMMO CUUTATHL €ro
HENpepBIBHOM, Bo3pacTarolleil GyHKnuein BpemeHu £k (t) wuan
¢dynrnueit oobema W, () 3aKauuBaeMOro B CKBAXKMHY TaMIIO-
HayKHOTO PAcTBOpA.

Torga mnpamad 3agada [TOJYKHA COCTOATH B OIpPeeIeHUN!
HeoOXOAMMOI'0 BPEeMEHM 3aMeIlleHusA WJINM, TOUHee, o0beMa TaM-
IMOHAXHOTO PACTBOPA, UCXOAA U3 yCIOBUA K (1) = k (a) = k., TOe
o = W, @)/W; k,, - »ZomycTumMoe 3HadeHHe Kod(h(puiueHTa
3aMeIleHus.

ITO Ke YCIOBUME MOYKHO B IIPUHIIUIIE WCIOJB30BATH U IIPU
pelleHuu OOPaTHOM 3ajaumM — OIPeAeJeHUN NIapaMeTpPoB TaMIIO-
HA’KHOT'0 PACTBOPA U PEXXKMUMA IIPOLABKU.

Ecou mepuwop BpeMeHu ¢ < ¢, IPUHATO HA3BIBATh (ha30ii 3aMelrle-
HHUdA, TO Iepuof ¢, <t =t — (as3oli BHIMbIBAHUA.

OueBUAHO, UTO IPAKTUYECKU IIpelebHOe 3HaUeHue Koadduiiu-
€HTa 3aMeIlleHNs BCerja MeHbIe eIUHUIBI 13-32 HECOBEPIIIEHCTBA
3aKO0JIOHHOTO IIPOCTPAHCTBA CKBAKUHBI, 00YCJIOBJIEHHOTO HAJIUYU-
eM KaBepH, 3aCTOMHBIX 30H 1 KOPKOOOPa30BaHMIEM.

Bce usBecTHBIE TeOpeTUUYECKHE PeIlleHWs 3aJad IIPOJOJIHLHOTO
TeUeHUsS ABYX HECMEIINBAIOIINXCS WM HEOAHOPOIHBIX KUAKOCTEH
SABJAIOTCA MNPUOJMIKEHHBIMU, OCHOBAHHBIMU Ha (HOPMaJIbLHOM
WUCIIOJIb30BAHUY  CTAIlMOHAPHBIX YPABHEHUU TUAPOAWHAMUKN
npu Ap = const. ITo momyleHNWE He BIOJHE COOTBETCTBYET peab-
HOMY IIPOIIECCY, IIOCKOJIbKY IIOAIePKUBATH IIOCTOSHCTBO TH[I-
PaBIMYECKUX IIOTePh IPU I[eMEHTUPOBAHUU CKBAKUHBI HEBO3-
MOJKHO.

Bosiee ompaBmaHa cxeMmMa pelIeHUA 3aJauy 3aMeIlleHUusd, IPU
KOTOPO¥ MCXOZAT m3 ycjoBuAa @ = const. B stom ciyuae pua
YHOPOIEHUA PELIeHUA AONYCTUMO OTPAHWYUTHCSA PACCMOTPEHHEM
[IOCJIEIOBATEJILHOIO TEUYEHUS OBYX PABHOLEHHBIX KUIKOCTEMH.
ITomcTaHOBKA B OJyYEHHOE peIlleHre ITapaMeTpPOB 3aMelaloliei u
3aTeM 3aMellaeMoi KUAKOCTH JaeT BOSMOYKHOCTh OIeHUTh MCTHUH-
HOe pelleHune, KOTopoe OyeT MPUHUMATh IIPOMEKYTOUHOe 3HaUe-
Hue. JTa uAes BIepBBLIe ObLIa MCIOJb30BaHa B pabore A.X. Mwup-

476



3a7KaH3a/le Ui OIleHKU KoadduiueHTra B, B Tpybe NpU CTPYK-
TYPHOM peKuMe 3aMeIlleHn .

PaccmoTpuMm mocaemoBaTeNbHOE TeUeHUWe OBYX OTHOPOTHBIX
DPaBHOILIEHHBIX XKUAKOCTEN IIPY IIOCTOSHHOU mmojzaue @, = const B
COBEpIIIEHHOM T'HIPAaBJINYECKOM KaHaJye (Tpy0a, KOHIIEHTPUUYHOE
KOJIBIIEBOE ITPOCTPAHCTBO).

B sToMm cayuae rpaHUIIa pasgeiia KHUIKOCTeH B JIIOOON MOMEHT
BpeMeHU ompeeasercs mo ¢gopmye

z=v(r)t, (7.14)

rae v(r) — TpoduJIb CKOPOCTHU B ceueHNM KaHasa; 2 = 0 — HavasibHOE
ceueHue.

ITockonbKY rpaHUIla pa3zesia JOCTUTAeT KOHEUHOTO CeUeHU s 2 =
= L 3aganHOTO0 UHTEpBaJsia L B MOMEHT BpeMeHU t; = L/v,,, K 9TOMY
MOMEHTY U3 MHTepBaJia OyJeT 3aMellleH 00heM JKUIKOCTU, PABHBIH

W, =@t =

oIpefiesisieTcs OTHOIIIEHWEM CpPefHell CKOPOCTH K MaKCHUMAaJbHOM,
T.€. Ky = U, /Uy mmu K| =1, /15.

IIpu t > ¢, uyepes ceuenme z = L OyZeT mOCTyIaTh 3aMellaeMas
JKUAKOCTD € pacxoioM @, (¢) u 3amelriaroriasa — ¢ pacxomom @,(¢). Ho
Tak Kak @; + @, = Q,, u3aMeHeHUe 00beMa 3aMeIlaeMoil JKUAKOCTHU BO
BpeMeHH’ MOKHO PacCUMUTaTh II0 (popMyJie

ch
Vmax

W. Ilostomy nipu ¢ = t; KO3(PPUIUEHT 3aMeleHUA

W, () = Qt —sz(t)dt. (7.15)

Pacxon @,(f) HaXOoAT MHTErPUPOBAHUEM YCEUEHHOT'O IPO(hUIa
CKOPOCTH.

IIpu CcTPYKTYPHOM PeKUMe TeUeHUs BASKOILIACTUUHBIX JKUTKO-
cTeifl ¢ OZWMHAKOBBIMU CBONCTBAMM B 3aKOJOHHOM IIDOCTPAHCTBE
CKBa’KWHBI JIJIs JIFO60TO MOMEHTa BpeMeHU ¢ KoadPuiieHT 3aMelrie-
HUSA U J0JIEBOE COJeprKaHVe 3aMelljaeMoll KUJAKOCTY B CMeCH pac-
CUUTHIBAIOT 110 CJIeLYIOITUM (hOpMyIaM:

K, -Tpx— 2(1 —p)x?/3

k()= " ;

1-

_1_ 11 _a1ox) Lzl
C.H=1 X, ro+(1 rO)Ll 3Jx ;

x=1-K,/t; t =t/ty;t=t;; K, =t,/ts; (7.16)

477



K _2-3n+7 . = 4L
1~ 0~
31-7)? Ap(D, -dy)’
Sen = fo(Pe =dx) _d‘*); Sen= 1?r0 =
20y 2-3rg+ry

rae Sen — kpurepuit Ceu-Benana; D,, d, — AuameTp CKBa’KWHBI U
HapYKHBII IruamMeTp 00cagHOM KOJOHHBI COOTBETCTBEHHO.

Ha puc. 7.4 nokasans! rpaduku 3aBucumoctu C, u k, or AW, /W,
13 KOTOPBIX MOKHO CIEeJIaTh CJAEAYIOIe BhIBOIKI:

TIOJTHOTA 3aMellleHuss OyPOBOTO PacTBOpAa YBEJINMUMBAETCSI C POC-
TOM KCIIOJIb30BAHHOI'0 00'beMa TAMIIOHAMKHOTO PACTBOPA U KPUTEPU
Ceun-Benana;

ISl OIpelesieHHMsA Heo0XoaAuMoro ob6beMa TaMIOHAKHOTO
pacTBOpa AOCTATOYHO 3aJaTh NOIMYCTUMYIO KoHIleHTpanuio C, Ha
BBIXOJI€E.

Hampuwmep, mpu gomyctumoii Koumentpanuu C, = 10 % u Sen =
= 10 corsacHo KpuBbIM 2 (cM. puc. 7.4) o0beM TaMIIOHAYKHOTO
pacTBopa JOJMKEH COCTaBIATH 1,2 @), Tak Kak AW, /W = 0,2; npu
atroM k, = 0,9.

IIpu TypOyJeHTHOM peKMMe 3aMeIleHus OypoBOTO pacTBopa,
WCIOJIb3Ys COOTBETCTBYIOIMEe (GOPMYJIbI AJA MPOPUIA CKOPOCTH,
TMMOJIYUYUJIN CJAeAyIoIee IPUOINKeHHOe pellleHne:

[ 1 \r [ x
t)=1- texp ————;
ROl ) o)
Co ks
0,25 0,95
0,20 - 0,90
0,15+ 0,85
Puc. 7.4. 3aBucumoctu Ko3dh-
0,10 - 0,80 |- N ~ ¢dunuenra samemenus k, u
N ~ ~L DOJIEBOT0 CONEPIKAHUS 3aMe-
0,05 - 0,75 | S~ — | maromeit xugxoctn C, B BbHI-
Cy ~L > — ] XOJHOM CeYeHHH 3aKO0JOHHOTO
——— npocrpaHcTBa or AW ,/W:
0%-0,70 1 1 ! L 1,2,3 — xputepuii Sen paseH 0;
0 02 04 0,6 AW, /W 10; 40 cooTBETCTBEHHO



~

(1 11) o x )
CB(t)_kl'F’EJeXpL 1_5}’ (7.17)

— - =
rae K, = (1+0,835VA\) " x=1— K, /t; t =1+AW,/W.

B marHOM Cciyuae pe3yJIbTaT PEIIeHUs 3aBUCUT OT 3HaUeHU t u
Koo PuIlieHTa TUIPaBINUYECKOT0 COIIPOTUBICHU A.

3aBucumocTh mapaMerpoB samernenus K;, ks u C, or T u A
npuBeneHa B Tabi. 7.1.

Ecim Bocmosb3oBaThesA Teopueil TypOyJIeHTHOTO IlepeMeIIunBa-
HUS B AJUHHBIX TpyOax u dopmysoii Teitnopa oA KoadduiimeHTa
Iuddysuu, To pacuetTHad GopmyJia Aaa KoahHUIeHTa B 3aKOJI0H-
HOM IIDOCTPAHCTBE CKBAKUHEI B, IPUMET BUJ,

( d \1/2 (D _d \1/2
k,=12,5|\/4 - A/4 Ze =% 7.18
v A e (7.18)

rae A, 1 A, — KO3(pPUIMEHT TUAPABIUUYECKOTO COIPOTUBJIEHUSA B
TpyOe 1 3aK0JIOHHOM IIPOCTPAHCTBE COOTBETCTBEHHO; d, — BHYTPEH-
HUH guamMeTp 00caJHOM KOJIOHHBI.

PesyabraTs! pacueToB o ¢popmysam (7.16) u (7.18) Ov11m como-
CTaBJIEHBI ¢ (D)AKTUUYECKUMHU OIBITHBIMU JaHHBIMU. B pesyibTare
BBIABJIEHO, YTO IIPU CTPYKTYPHOM DeKMMe 3aMeIlleHUusA pacueTHHIEe
dopMyJIBI, TOJTYUEeHHBIE B COOTBETCTBUM C TEOPUEl 3aMeIeHusa He-
CMEIIUBAIIINXCS JKUJKOCTEH, XOPOIIIO COTJIACYIOTCS C ONBITHBIMU
JaHHBIMH, a [IPYU CMEIIAHHOM U/ TYPOYJIEHTHOM PeXKHMe 3aMellie-
HUS UCIIOJIb30BAHUE 9TOM TEOPUU IPUBOIUT K HEYIOBJIETBOPUTEIb-
HBIM pea3yJibTaTaM.

TaxuMm 00pa3oM, MPU CTPYKTYPHOM pPeEKUMEe 3aMelleHUA JIs
ompefieieHNA U30BITOUHBIX OOBEMOB 3aMEIIAIONIel KUIKOCTU
cJIeNyeT MCHOIb30BaTh (opmysabl (7.16) mnmm rpaduxm puc. 7.4.
IIpu cmemmanmHoM wWaIM TYpPOYJEHTHOM peXUMe 3aMeIeHUs
PEKOMEHIyeTCs MIPUMEHATH 3aBUCUMOCTD (7.18), moayueHHYIO Ha

Ta6auga 7.1

3aBHCHMOCTS IAPAMETPOB 3aMeIleHns oT T mA

t A=0,04 A=0,02
K, ) C, (@) K, k® C, (@)
1,0 0,941 0,285 0,958 0,295
1,05 0,951 0,217 0,969 0,205
1,10 0,856 0,961 0,150 0,894 0,978 0,124
1,20 0,972 0,090 0,987 0,064
1,40 0,984 0,036 0,994 0,019
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OCHOBE TeopuHu TypPOYJIEHTHOI'O IMepeMeINUBAHUSA U (PAaKTUUECKUX
IaHHBIX.

W3BecTHBI TaK:Ke MOJMYySMIUPUUECKUE U SKCIEPUMEHTAJIbHBIE
MeTOAbI OIpeaeeHuss K0od((DUIMEHTOB 3aMeIleHUs U CMeIleHUS
OypPOBBLIX PACTBOPOB.

T.E. Epemenko, [.}O. Mouepuiok u U.I'. 'enernii, paccmarpu-
Basd BIUAHNE PEIKUMOB TeUCHUS U MOKa3aTejeil CBOIMCTB BLITECHSIE-
MOT'0 PacTBOpPA, IPUIILIA K BLIBOAY, UTO BO BCEX CJOyUadX I obec-
meueHuA 0oJiee TOJTHOTO 3aMeIleHusa GYpOBOTO PACTBOpA II€MEHT-
HBIM HEOOXO MO BBIIIOJIHEHNE YCIOBUS

Re, > Re,, (7.19)

rge Re,' u Re,' — o6o6merHbIll KpuTepuii PeiiHonbiaca cooTBeTCT-
BEHHO JJIs 6YpoBOro (IJIMHUCTOTO0) U IIeMEeHTHOT'0 PACTBOPA.

B cBA3U ¢ OTCYTCTBUEM SKCHEPUMEHTANbLHBIX MaHHBIX COOTHO-
menue (7.19) He yTouHEHO.

BmecTe ¢ Tem HepaBeHCTBO (7.19) BKJIOUaeT KOMOMHAIIMIO U3
WHEPIUOHHBIX COCTABJIAIOIINX ITOTOKA, MJIOTHOCTEN U PEOJIOTHYEC-
KIX XapaKTEePUCTUK IIOCJIEJOBATEIbHO NBUKYIIUXCA SKUIKOCTEH.
B cBsA3U ¢ 9TMM TPYAHO MpPEACTAaBUThH, UTO OAMHAKOBaA 3(h(EeKTUB-
HadA BASKOCTH, KOTOPAsA OTMeUYaeTCsA IPU PA3JUUYHBIX COOTHOIIIEHM-
X TUHAMHWYECKOTO HATPSIKEeHUS CABUTA, IJIACTUYECKON BIBKOCTH
U CKOPOCTHU TeUYeHWs, OKa3bIBaeT PaBHOBHAUHOE BJIUSHUE HA IIPO-
1ecc BbITECHEHU.

JlocTaToOuHO CIOKHBIM IIPEICTABJIAETCA PellleHre IPo0JIeMbl 3a-
MeIIeHUA dKUJKOCTeN B 9KCIIeHTPUYHBIX KOJBIIeBBIX KaHamax. Ha-
mpuMmep, ucciaenoBaHuaMu Mak-JIuHa ycTaHOBIEHO, UTO TyPOYyJIU-
3aIiiA ITOTOKA, PeaJin30BaHHAA IIPU PA3JIUYHBIX KOMOMHAIIMAX CKO-
POCTH ¥ PEOJIOTUYECKUX XapaKTEePUCTUK, HEOJHO3BHAUHO BJIMUSAET HA
IIPOIeCC BHITECHEHUA KUIKOCTEN M3 SKCIEHTPUUYHBIX KOJBIIEBBIX
KaHaJoB, TaK KaK IIOBBIIIIEHNE CKOPOCTU IIPENNOUYTUTEILHEee pas-
JKIKeHUS IeMeHTHOTO pacTBopa.

TeopeTuuecKux paboT, MOCBAIIEHHBIX IIpoIleccaM 3aMeIeHnsI
OypOBBIX pPacCTBOPOB B BSKCIEHTPUYHBIX KOJBIEBBIX KaHAJIaX,
MMPaKTUYEeCKH HET.

B 1941 r. P.N. [IluinieHKO HA OCHOBE aHAJIN3a YPaBHEHUS PaBHO-
BeCHUA CTPATUBAIOIINX U YAEPIKUBAIOIIUX CUJI, BO3AEUCTBYIOIINX
Ha HEMOABMKHYIO YacTh OYPOBOI'O PAacTBOPa B CYKEHHOM YacTHu
KOJIBIIEBOT'O CeUeHU ITUPUHOM O, TPEAJIOKUI AJIA OIeHKN KaUuecT-
Ba IEMEHTUPOBAHUS CJAEAYIOITUA KPUTEPUIA:

J=dtlrg, (7.20)
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rae /] — 6e3pa3MepHbIl KOMILJIEKC, 3aBUCAIIUI OT CpeJHEH CKOpPO-
CTHU TeUeHUs, TeOMeTPUY KaHaJa IBUKEHUA U CBOMCTB JKUTKOCTEH;
0 — cTaTuecKOe HAIPSAKEHIE CIBUTA JKUIKOCTH.

Kpurepuii /] KOCBEHHO YUYWTHIBAET TUAPOAMHAMHUYECKYIO CO-
CTaBJIAIONIYIO CTParvuBalOINUX CUJ U AJs oOeclieueHUs yoaJleHus
OypoOBOT'0 pacTBOPA U3 CYKE€HHOM YacTU KOJIBIIEBOT'O CeUeHUs HOJI-
JKeH ObITh, 110 P.U. IlTurenko, pasen 30 uiu 6oJiee.

B manbueiiniem A.X. Mupsamxamsage IoKasaJ, 4To mo Gpusuye-
cKoMy cMbIcay ypaBHeHUe (7.20) XapaKTepusyeT yCJIOBUSA T'DABU-
TAIlMOHHOI'0 OCEJAaHMUsS I'PAHUIILI pasiesia OypoBOro M IEMEHTHOI'O
pacTBoOpa IT0cjie OKOHYAHUS IIPOJABKY U /IS IIPEJOTBPAIlleHUA 0ce-
IaHUA KPUTEPU TOJIKeH HaXOAUThCS B fuanasone 6 < /1 <12.

Paccmorpum  obmuit  cayuaii, Korga Tpyba  cMeIeHa
OTHOCUTEJHLHO OCH CKBaKMHBI Ha Beauumny OO = 1 (puc. 7.5).
YciaoBue CyIlecTBOBaHMSA ~ 3aCTOMHON 30HBI (Ha  PUCYHKE
3aIlITPUXO0BAHA) B IIEPHMOJ OT HAYaJa TEUEHHUS [0 CTAOMIN3aIlnuu
TUAPABINYECKOr0 paguyca SKCIEHTPUUHOrO KaHajlla MOYKHO
3amncaTh B BUIe

Ap'S,’ +6,8, <6,S,, (7.21)

rae Ap' — mepenaj naBiieHUS HA 9KCIEHTPUYHOM y4yacTre: S,', S, u
S, — TeKyllee 3HAUEHME ILJIOIIALM COOTBETCTBEHHO IIOIIEPEYHOTO
CeueHUs 3aCTONHOM 30HBI, COIPUKOCHOBEHHUS MOTOKAa C 3aCTOMHOI
30HOM ¥ KOHTaKTa 3aCTOMHOM B30HBLI C TBEPABLIMU CTeHKamwu; 0,
CTATUYECKOe HaIlpsiKeHue cIBUra 0ypoBOTO pacTBOpa B 3aCTOMHOM
30He uepes BpeMd t.

Puc. 7.5. Cxema pacmoio-
JKEeHUS 3aCTOMHON 30HBI B . .
KOJIBIIEBOM  IIPOCTPaHCTBE Ry o0’ /0
CKBa’KUHBIL:

2¢, — yros 3acTOHHON 30HBI;

ry, — pajguyc IIOTOKa Ha

rpaHuIle ¢ OYpOBBIM pacT-

BOopoM; R, — HapyXHBIA

pazuyc o6canHO KOJIOHHBI;

R,—paguyc ckBaxuubl; 00° —

CMellleHre IeHTPaJbHON 00- r
camHON KOJIOHHBI OTHOCH- 0
TEeJIBHO OCY CKBAYKUHBI




IIpu mocrossHHOM momave KUAKOCTU U PABHOBECHOM COCTOSHUU
CUCTEMBI TP KOHEUHBIX 3HaueHUAX 0, S, S,, S, BBIpaKeHUE
(7.21) mo:keT OBITH IPEACTABICHO B CAEAYIOITEM BUIE:

S.Ap/0+S,—S; =0. (7.22)

UcnonbzoBas ypaBHenue (7.22) u ompemenuB ILIOMIAAU IITPK
TIOMOIITY TeOMEeTPUYECKUX ITIOCTPOCHUH, TOTYyUUM

Cii] s —w—r_}f(n—a)—é(l -1/m)(1 -r)sing, |-
G}
-2 g, +l(cp3 +a)|+2r(@-a)=0; (7.23)
m
\
o =2arctg sing, 7= e(m-1sing, _ 1
m+1 >0 msino m’

e(m-1)-cosq,

rae | — JIuHa 9KCIIEHTPUYHOrO YIACTKA.
Pemrenune ypaBuenus (7.23) BeimoaHeno Ha OBM. B pesyibra-
Te oOIpeAesieHbl 3HAYEHUA (, U ILIOIIAAM SaCTOMHONH B0HBI

S,=S,/ [J'C(Rz2 -R} )] B ¢yHKIIUM OT Oe3pasMepHOIl BeIWYMHBI A =

= (ApR,)/(6l) mnpum pasIUYHBIX (QUKCUPOBAHHBIX M U e.
PesynbraThl pacueToB OTOOpasKeHBI rpaduuecku Ha puc. 7.6. Uz
aHaIM3a KPUBBIX MOYKHO CZEJIaTh CJIeLYIOIHe BEIBOHI.

1. C yBenuuenuem Ap/l, R, u cHIXeHUeM 0 BeJIMUUHBI @, U S,
YMEHBIIAIOTCS, NpUYeM HauboJiee 3HAUNTEJIHLHOE CHUKEHUE WX
IIPOMCXOAUT IIPHU yBesauueHuu A B uaTepraJe ot 10 go 120-150.

2. IIlpu 3HaueHMAX e = 1, T.e. KOIZa KOJOHHA KacaeTCsA CTEHOK
CKBaKWHBI, Pa3PYIIUTh 3aCTOMHYIO 30HY 3a CUeT I'HAPOAMHAMUYE-
CKUX IIePeNaioB JaBJIeHNA IPAKTUYEeCKU HEBO3MOXKHO. B aTom ciay-
yae Haubosee d3(PHEKTUBHBIM CPEJICTBOM MOXKeT ObITh ABUKEHUE U
BpaleHue KoJIOHHBI. IIpu e < 1 B ompejieIeHHBIX YCJIOBUSAX 3a-
CTOMHASA 30HA ITOJIHOCTHIO Pa3pyuiaeTcsa, U TeM Jerde, 4yeM MeHbIIe
e.

3. IloBwimenue m, a ciaexoBaTeJbHO (IPU (QUKCHPOBAHHOM
pazuyce CKBasKWHBI) yYBeJWUYEHUE pPasMepoB KOJIBIIEBOTO 3a30pa
IIPUBOAUT K YMEHBINEHUIO yIJa (,, OCOOEHHO IIpU MAaJbIX
3HaUeHUAX ITapaMerpa A, a B pdAle cilIydaeB Jarke K IIOJHOMY
HMCYE3HOBEHUIO 3aCTOMHOM 30HBI.

IIpuBenenHble Ha puc. 7.6 KpuBBIE IIO3BOJIAIOT YCTAHOBUTH
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Puc. 7.6. 3aBucnmoctu:
a—q¢, = ¢,(A);6 — S;=S,(A); cruiouHble TUHUY — € = 1; IYHKTUPHbIE JUHUU —
e =0,9; 1,2, 3 — snauenne 1/ m paBHo coorercTBeHHO 0,5;0,7;0,9

BEJIMYUHY 3aCTOMHBIX 30H 1 HAMETUTbL KOHKPETHBIE MepPhl AJA UX
yCTpaHeHUd.

Has sToro mpu 3afaHHBIX BeamumHax R, /R, u e mo dopmyie
(7.23) nnu puc. 7.6 ciaexyer ompenesnnTh 3HaUYeHUe mapamerpa A,
IIPU KOTOPOM HCKJIIOUAIOTCA 3aCTOMHBIE 30HBI, a 3aTeM NIPUHATH
KOHKDETHBIE MePhI II0 COOTBETCTBYIOUIIEMY PETryJNPOBAHUIO
BeauuuH Ap um 0. Ilpu BrIOOpE HSKCIEHTPUCUTETA € [OOJIKHA
YUUTBHIBATHCA IEHTPUPYIONIAs CIOCOOHOCTH COOTBETCTBYIOIITUX
TIPUCIIOCOOJIeHUIA.

B cBA3U ¢ ruapopaspriBaMu IJIACTOB IIPU MOBBIIIIEHUN CKOPOCTU
BOCXOZSIIETO ITIOTOKA OYPOBOTO PACTBOPA B 3apy0e:KHOM IIpaKTUKe
CUMTAIOT I1eJ1eCO00Pa3HBIM IIPOBOAUTH II€MEHTUPOBAHMNE CKBAYKUH
IpU OYeHb MaJbIX cKopocTax (0,2—0,4 m/c).

Taxk, B pabote II. ITapkepa mpu SKCIIePUMEHTAIBHOM HCCJIET0BA-
HUU IPOIECCOB 3aMEIleHUA PACTBOPOB IPU HUSKUX CKOPOCTAX Te-
YeHUS YCTAHOBJEHBI CJENYIOIINe 3SMINPUYECKUe 3aBUCUMOCTH,
oToOpasKaloIye YCIOBUA IMOJHOIO 3aMellleHusi 0ypoBOTO pacTBoOpa
IeMEeHTHBIM:

TIPY KOHIIEHTPUYHOM IIOJIOKEHUN TPYO

6,=65+ 7,3—-10,5Ap; (7.24)
[IPU 9KCIEHTPUYHOM IOJIOKEHUH TPYO
0, =05+ 7,3 —10,5A0) (B oy — Pgin) » (7.25)
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rze 0,, 0, — craTudeckoe HaIpAKeHNe CABUTA IleMeHTHOTro 1 6ypo-
BOTO pacTBOpa COOTBeTCTBeHHO, Ila; h,.., A, — MakKCcUMaJIbHOE U
MUHUMAaJbHOE PACCTOAHUE MEKIY 00CaAHOM KOJOHHON U CTEeHKaMU
CKBa’KWHBI, CM; Ap — Pa3HOCTH IIJIOTHOCTEH 3aMeIraronieil u 3ame-
IaeMoii JKUAKOCTe, I/ecM>.

IIpuBenenusie (GopMyabl YKa3bIBAIOT HA TECHYI0 B3aWMOCBS3b
PasHOCTHU MJIOTHOCTEH PACTBOPOB C TUKCOTPOIIHLIMU XapaKTePUCTH-
KaMu JKUIKOCTEeH, COBMECTHO BIUAMIOIIMMEN Ha IIOJHOTY 3aMelre-
HUA.

3aBucumoctu (7.24) u (7.25) ameKBaTHBI SKCIEePUMEHTATIbHBIM
JaHHBIM IIPU CPETHUX CKOPOCTAX TeueHUsa meHee 0,45 m/c.

T'. ToBapzmom u [Iox. KnapkoM sKcnepuMeHTaIbHBIM IIyTEM yCTa-
HOBJIEHBI 3aKOHOMEPHOCTH M3MeHeHUsa Koa(dduiimenTa 3aMeieHns
OypPOBBIX PACTBOPOB B 3aBUCUMOCTHU OT PEKUMOB TEUEHUSA I€MEHT-
HBIX PACTBOPOB. BhITecHeHME TPOU3BOIMIIOCEH U3 KOJIBIIEBOTO IIPOCT-
PaHCTBA SKCIIEPUMEHTAIBHOM YCTAHOBKHM, COCTABJIEHHON M3 KOJIOH-
HBI TPy0 nuamerpoM 140 MM, B KOTOPOH HaXOAUJINUCH H1-MM TPYOHBI.

Peosornueckne XxapakTEePUCTUKY ONPEIeISINCh Ha KaluIsap-
HOM BHUCKO3uMeTpe. PaccTossHue MeKay TOUKaMU 3aMepa Iiepenaja
IaBJEHUA COCTaBJANIO 6,1 M; BHYTpeHHUN AMaMeTp KanWJJIAPHON
TPYyOBI paBeH 8,45 MM.

Ha puc. 7.7 npuBenena 3aBUCHUMOCTE K03 GUIIeHTa 3aMeIe s
OT CKOPOCTHU MOTOKA. OIBITHI HPOBOAUINCE C IIEMEHTHBIM PACTBOPOM
IJIoTHOCTRIO 1,84 F/CM3, njaactTudeckoil Ba3kocTeio 0,0213 Ilac u
IWHAMHUYeCKUM Hanpsuxkenuem casura 9,1 ITa. B kauecTBe 3amerria-
eMOIi KMIKOCTH WCHOJb30BaI OYypOBOM pPacTBOP ILIOTHOCTHIO
1,20 r/cm®

Kak caexgyer us puc. 7.7, Ipu CTPYKTYPHOM PEyKUME TeUeHUS
HaOJIomaeTca 3HAUMUTEJbHBINA pasOpoc MAHHBIX, a IPU JaMuHap-
HOM — Koa(uIiimeHT 3amerieHus cocrtasiaser 6Gomaee 0,9 (90 %).
O6s1acTh IEPEXOAHOT0 pesKmMa He ObLaa HCCJeJOBaHa, IIOITOMY
BO3MOJKHAA CTEIeHb 3aMeIeHUA IIPU 3TOM PeKUMe OIpefeseHa
TyTeM UHTEePIoJAnnu. B 001acTy TypOyJIeHTHOTO PeKuMa TeUeHU A
Koa(ppuimenT samernenus npesbiiraer 95—98 % . Ilpusenenubie Ha
puc. 7.7 taHHBIE OTPAYKAIOT JIUIIh YCJIOBUSA SKCIEPUMEHTA U HOCAT
WJLIIOCTPATUBHBIN XapaKkTep.

Eciu peosiorndyeckue IIapaMeTphl OYpoOBOTO M I[eMEHTHOTO
PacTBOpPOB, reoMeTpUUYecKasd KOHQMUTYpallud W APYTrue YCJIOBUSI
WCUBITAHUSA AHAJOTWYHBI, TO 3(P(PEeKTHBHOCTH 3aMeIeHUus IIPAMO
IPOHOPIINOHAIbLHA YBEJINUCHNIO0 00BEeMHO CKOPOCTH 3aMeIlleHM .

IIpu paBHBIX Ilepenajgax HaBJEHUs B 3aKOJIOHHOM IIPOCTPAHCTBE
B cilyuae TypOyJIEHTHOTO pe:kKuMa HabJoaroTcs 0ojiee BBICOKUE
3HaueHUudA Koa(pduinueHTa 3aMellleHUsA, YeM [OpU JaMHUHapHOM
pesKuMe TeueHU .
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Puc. 7.7. 3aBucumocTs K03 GUIMEeHTa 3aMelleHUA OT CKOPOCTH MOTOKA:

a — 001acTb CTPYKTYPHOTO DeKmMa; 0 — IpHMepHas TPAHUIA CTPYKTYPHOTO
pexmma; 6 — 06JIaCTh JIAMUHAPHOTO TEUEHW; ¢ — HUKHAA FPAHUIA KPUTHUYECKOHR
CKOpoCTH; 0 — TepexofHas 30HA OT JIAMHUHAPHOTO Te€YeHUs K TypPOYJEeHTHOMY; € —
BEpPXHA IPAHUIA KPUTUUECKON CKOPOCTH; H# — 00JIaCTh TYPOYJIEHTHOTO TEUEHU

C yBennmueHMEM TIEpeNaia JABIEHUA B 3aKOJIOHHOM IIPOCTPAHCT-
Be 5)(PeKTUBHOCTEL 3aMeIl[eHIsA PACTBOPa MPHU TyPOYJIEeHTHOM PErKIi-
Me BO3pacTaeT MO CPAaBHEHUIO C JaMUHAPHBIM. VICIILITAHUSA YKA3bI-
BAIOT HA yBeJIMYeHUe Koa(hduimenTa 3aMellieHA IIPU MOBBIIIIEHHON
(31 %) KOHIIEHTPUYHOCTYU BHYTPEHHEI TPYOHI.

IIpu uccrenoBaHUY BIUAHUA PA3HOCTHU IJIOTHOCTEH IIEMEHTHOTO
u OYpOBOTO PacTBOPOB Ha KO03(h(PUIMEHT 3aMeIleHNA yCTAHOBJIEHO
06JarOIIPUSATHOE YCJIOBUE 3aMeIleHnA, KOrla IIJIOTHOCTD IIeMEeHTHO-
ro pactBopa 6oJibIlle MJIOTHOCTM OypPOBOTO pacTBOpa; HO 3Ta pPas-
HOCTb He JOJIXKHA OBITh MaKCHMAaJIbHO BO3MOJKHOI. BoJjbias sd-
(eKTUBHOCTh 3aMeIleHUs NOCTUTAETCSA IIPU yMEPEHHOH pasHUIle
IIJIOTHOCTE!N IIEMEHTHOTO ¥ GYPOBOTO PACTBOPOB M IOBBIMIEHHBIX
CKOPOCTAX IIOTOKA.

Ha ocHoBanuu amanms3a pe3yJabTaTOB MCHBITAHWH yCTAaHOBJIEHO,
4T0 93)(PEeKTUBHOCTH 3aMEIlleHNA YMEHbBIIIAeTCA C YBEJINUEeHUEM U -
amMmeTpa cKkBaKuHBI. [lepeMenienne TpyObI IPUBOAUT K IOBBIIIIEHUIO
a(hheKTUBHOCTY 3aMeIeHUs 10 CPAaBHEHMIO C HEIOABUIKHOU TPY-
001, OTHAKO 3TOT POCT He IpeBbIIIaeT 5—6 % .

HaubGosee BbIcOKas 3(G(GEeKTUBHOCTL 3aMeIeHus obecIieuunBa-
eTcA MpU IIepeMeleHuUu TPYObl M TPUMEHEHUU CKPeOKOB i
yOoajleHus TJUHUCTOM KOPKH. YCTAHOBJIEHO, YTO I[€MEHTHBIHA
PacTBOP IPOHUKAET B Y3KUE MECTa KOJIbIIEBOTO IIPOCTPAHCTBA, a 3a-
MellleHre OYPOBOTO PACTBOPA B €T0 PACIIUPEHHBIX MECTax yJIyullia-
eTcs ajKke B TOM CJIydae, eciau CKPeOOK He KacaeTcA CTEHOK CKBa-
skmHBI. [lOBEBIINIEHUWE CTemeHU B3aMelleHuA OYpOBOTO pacTBOpa
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00'bsICHAETCA pa3pylleHreM CTPYKTYPhl PacTBOpa W HapyIleHWeM
CTaOMIN3UPOBAHHOIO TEUEHUsA MOTOKA ITOJ BO3AEMCTBMEM KOHCT-
PYKIINU CKpebKa.

Amnanus Pe3yJabTaTOB MHOI'OYMCJIEHHBIX O9KCIIEPHMMEHTOB IIOKa-
34UI:

¢ yBesquueHneM Re’' 6ypoBOro m ImeMeHTHOTO PacTBOPOB 3HaUe-
HUe Ko3hdunuenTa 3aMellleHUs JKUAKOCTel k, Bo3pacTaer;

5(p(PeKTUBHOCTE 3aMeIleHUsI PACTBOPOB B KOJIBIIEBOM IIPOCTPAH-
CTBE€ CKBAKMHBI 3aBHCHUT OT COOTHOIIIEHUA KPHUTEPHEB PeﬁHO.TIB,I[C&
3aMellaeMoil ¥ 3aMeIlalonie JKUIKOCTeH;

I obecreuyeHN s MaKCUMAaJLHOTO 3aMelleHns 6YPOBBIX PacTBO-
POB B KOHIIEHTPUYHOM KOJIBIIEBOM IIPOCTPAHCTBE IIEMEHTHBIM HeOﬁ-
XOAMO BBITIOJTHEHME YCJIOBUA

Re' = 2; (7.26)

mpyu HeGOJBIINX CKOPOCTAX TEUEHHs BA3SKOIJIACTUYHBLIX K-
KocTeil 1mpeo0OJamarolliee BJINAHNE OKAa3bIBAIOT IIJIACTUYECKUE
COCTABJIAIONINE PEOJOTUYECKUX XaPaKTEePUCTUK, IIPU OOJBIITNUX
CKOPOCTAX ONPEAeIIONIyi0 POJIb UTPAIOT BA3KOCTHBIE COCTABIIAIO-
e,

IIpomecc 3ameltieHus B 60JIbINIEH Mepe OIpeesaeTCs OTHOIIIEHM -
eM 3(p(PeKTUBHBIX BA3KOCTEH, a He OTHOIIIEHEM HAIIPAKEHU CIBU-
ra Ha CTeHKaX KaHaJla, BOSHUKAIOIIUX IIPU ABUMKEHUU JKUAKOCTE.
OxHAKO 3aBUCUMOCTDL KaK ysKe OTMeUaJioch, TaKKe MMeeT HeJoCTa-
TOK, ITIOCKOJIBKY IIpPeyCMaTPUBaeT OTUHAKOBYIO CTEIIeHb BIUAHUA
ILTOTHOCTEH 1 3(P(PEKTUBHBIX BA3KOCTEHN IIPOKAUMBAEMBIX MKUIKOC-
Tel Ha Koa(puiiueHT 3ameIneHnsa. PAasHOCTH ILJIOTHOCTEH PacTBOPOB
MPaKTUYECK! He BJIUAET HA M3MeHeHUe Kod((PUIIMEeHTOB 3aMelle-
HUA KUIKOCTEH 13 KOJbIIEBOTO IIpocTpaHcTBa. IIpu paBeHCTBe 3(-
(heKTUBHBIX BA3KOCTEl 3aMeNIaoIlell M 3aMeIaeMoOi JKUIKOCTEeHR
OTCYTCTBUE KOPPEJAINY 00YCIOBJIEHO Pa3/IeIbHLIM BIUIHUEM ILIa-
CTHYECKOM 1 BA3KOCTHOM COCTABJIAIOIINX PEOJOTNYECKUX XapaKTe-
PHCTHK, a TaK)Ke IJIOTHOCTBIO ¥ CKOPOCTBIO TE€UEHU IBUMKYIIUXCS
JKUIKOCTEMH.

IToBrinreHne KoadduIimenTa 3aMeeHnsa IPOCIeKNBACTCA IPU
CHUKEHUU COOTHOIIEHNH MJIACTUYECKON M BA3KOCTHON COCTABJISIO-
mux OYPOBBIX W IIEMEHTHBIX PACTBOPOB, YBEJIWYEHUUM CKOPOCTEH
IIOTOKA, a TaK)Ke BBIPABHHUBAHWN 3HAUCHUN ILJIOTHOCTHU 3aMEI[afo-
mieii u 3aMeraeMoi ;kuakocreii. Ilomo6HbIe BBIBOABI, €CTECTBEHHO,
CIIpaBeAJIUBEI B IIpeeiaX KOHKPETHLIX YCIOBUMA.



7.3. OBIIIVE ITOJIOKEHIUS TEXHOJIOI'I
IOEMEHTNPOBAHNUS OBCAJHBI KOJIOHH
B CKBAKUHAX

OTeuecTBEHHBIMH HCCJIEIOBATEJISIMU BBLIIIOJHEH 0OJBIIION 00heM
TEOPETUUYECKUX, IKCIEPUMEHTAIBHBIX U IIPOMBIIIJIEHHBIX HCCJIE-
JOBAHUI IIPOI[ECCOB CMEIITNUBAHUS U BITECHEHUA OYPOBBIX M TAMIIO-
HaKHBIX PACTBOPOB, O0y(epHOi :KUAKOCTH B CKBAXKUHE.

OcHOBHBIE Pe3YJIbTATHI TEOPETUUECKUX PAOOT, 1a00PATOPHBIX U
TTPOMBITIIJIEHHBIX SKCIIePUMEHTOB 3aKJIIOUYAIOTCS B CJIEAVIOIIEM.

1. Yem BbIIlIe KaKyIasicsa BA3KOCTH BBITECHAOIINEH KUIKOCTU
II0 CPAaBHEHUIO C BBITECHAEMOM, a CJIeJ0OBaTeJIbHO, UYeM OOJIbIIe
IUHaAMHUYeCKOoe HaIIPAKeHUe CIBUTA T, U CTPYKTYPHAs BASKOCTH 1
TePBOI KUIKOCTH, TeM OOJIbIlle KO3(PUIIMEeHT BBITECHEHUSA IIPU
yCJIOBUHU, UTO 00e JKUAKOCTH IBUIKYTCSI B CTPYKTYPHOM DpeKUMe
TeueHrsi. COOTHOIIIEHNE IIJIOTHOCTEHN JKUIAKOCTEH IpPU yKasaHHBIX
YCJIOBUAX TE€UEHUA HA KOIDMUIIMEHT BHITECHEHUS HE BIUAET.

Boapiiee BausHMe Ha MIPOIECC BHITECHEHUS OKA3BIBAET 1)y/M;,
YEeM Tyy/To1, & IPU MAJBIX CKOPOCTAX — HA00OPOT.

2. Eciu BBITECHAIOMIAA KUAKOCTh TeUeT B CTPYKTYPHOM PEKU-
Me, a BbITeCHseMas — B TypOYJIEHTHOM, TO CTEIeHb BBITECHEHUS
MOYKHO TOBBICUTD, YBEJIUYUB BASKOCTH BBITECHSIONIEH KUIKOCTH,
CHUBUB IJIOTHOCTD BHITECHSEMOI, a TAKyKe YMEHBIIIUB CKOPOCTh Te-
yeHUA. VI3MeHeHVe BA3ZKOCTH BBITECHIEMOM KUIKOCTY HE OKa3bIBa-
eT CYIIeCTBEHHOTO BIUSHUA HA IPOIEeCC BBITECHEHU .

3. Ecau pesxuM TeueHUs BBHITECHAOIIEH KUTKOCTU TYyPOYJIEeHT-
HBI!I, a BBITECHAEMOI — CTPYKTYDHBIM, TO CTelleHb BBLITECHEHUSA
MOYKHO IIOBBICUTH B OCHOBHOM 34 CUET YBEJWUYEHUS TJIOTHOCTU BBI-
TECHSIONIeN *KUIKOCTH W YMEHBIIIeHUSA BA3KOCTU BBLITECHSIEMOM.
IToBbIllIeHNE CKOPOCTY TEUEHUSA TaKyKe CIOCOOCTBYeT YJIYUIIIeHUIO
BBIT€CHEHUA.

4. Ecnu pesKuM TeueHUsa 00eux KUIKOCTel TypOyJIeHTHBIH, TO
OCHOBHOE JIeHicTBUe Ha POCT KOd(GUIINeHTa BLITECHEH!UA OKa3bIBaeT
yBeJIWUeHUEe COOTHOIIIEHUSA IIJIOTHOCTEH BBITECHSIONIEHl M BBITEC-
HAEeMOH KUIKOCTEN.

5. PasHoCTb IJIOTHOCTEH JKUAKOCTEN He ABJAETCA OIPeaesAro-
M (paKTOPOM IPU IIEMEHTHUPOBAHNY CKBAXKUH, TaK KaK He OKa3bI-
BaeT 3aMeTHOTO BIUSHUS HAa M3MeHEHUe IMOJHOTHI BBITECHEHUS U3
KOJIBIIEBOTO IpocTpaHcTBa. Tak, yBenuwuenue Ap or 0,3 gmo
0,6 r/cm®mpuBoguT K pocTy KoadduUIIEeHTa BEITECHEHUA BCETO Ha
0,01.

TypOyJIeHTHBIN DPEKUM TeUeHUs BBITECHSIOIIUX KUIKOCTei —
OIUH 13 I'JIaBHBIX (haKTOPOB, OIIPEeIeIIIONINX Hanbojee IIOJIHOe BbI-
TecHeHUe 6YPOBOTO PACTBOPA IIeMEHTHEIM.
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Has obecneveHuss TypOyJIM3alliy PEKOMEHAYETCS B PacTBOP
BBOJIUTD ILIACTU(PUKATOPEI.

Hoctu:xkenne TypOyIm3anuy 3a CUeT YBEJIUUEHUS CKOPOCTU IIO-
TOKA B YCJIOBUSAX MAaJIBIX KOJIBIIEBBIX 3a30P0B M BHLICOKHX PEOJIOTH-
YecKUX IIOKasaTesiell IIeMeHTHBIX PACTBOPOB — 3ajadva BecbMa
CJIOJKHAsA U YacTo HepaspeluMasi. B mogo6HoI cuTyamuu Typoyin-
3aIus IIOTOKA MOYKET OBITH obeceueHa IIyTeM MeXaHUYECKOTO BO3-
IeHCcTBUA HA MOTOK TYPOYIUBUPYIOIINME dJIeMeHTaMU — TYypOyau-
sdaropamu. TypOyamsamuio MOTOKA BHI3LIBAET M OCHACTKA. UeM BbI-
IlIe CKOPOCTh IIOTOKA, TeM OOJIbIIle AJIMHA 30HBI TYPOYJIEHTHOCTH.
Ecau Typbynusupymolue 3JIeMeHThl Pa3MeCTUTh TaKUM 00pasoM,
YTOOBI OHM HAaXOJUJINCH APYT OT APYTra HAa PACCTOSHUU 30HBI UX TYP-
OyJIEHTHOCTHU, TO 3TO OOECIIEUHUT IIOBLIIIIEHNE 3aMellleHnusa 6YPoBOro
pacTBopa IieMeHTHBIM. B Hale# crpaHe AJaA TypOyIusaIniuu IIOTOKa
TTPUMEHUTENHHO K IIeMEeHTUPOBAHMIO CKBAYKUH BLINYCKAIOTCS JIUIITH
BuHTOBBIE (Tuma BT) TypOyausaTopsi.

IIpu npoMbBIBKE U IIeMEHTHPOBAHUY 00CAAHON KOJOHHBI JIOIIACTHU
TypOyJIn3aTopa U3MEHAIOT HaIPaBJeHUe ABUKEHUS BOCXOIAIIET0
IIOTOKA OypPOBOTO M TAMIIOHAKHOTO PACTBOPOB UM CIIOCOOCTBYIOT CO-
3TaHUIO0 TYPOYJIEHTHOTO pekuMa TeueHus. Biaarogapsa 9ToMy ITOBBI-
IIaeTcsI BBITECHAIOIIAA CIOCOOHOCTH TAMIIOHAYKHOT'O pPacTBOpa M
obecmeunBaeTcs 6oJiee IIOJTHOE 3aIl0JHEHNe MM 3aTPyOHOro IIPOCT-
paucTBa. Ha s(pekTuBHOCTE PabOThI TYypOyIm3aTopa BIUSIOT 9KC-
IIEHTPUCUTET 00CaJHOM KOJIOHHBI, KaBePHO3HOCTh U PACIIUPEHUEe
CTBOJIA CKBasKUHBI.

IIpoMBICIOBBII SKCIIEPUMEHT ITO3BOJINJI TaTh CJAeAYIOIe IpaK-
THUYEeCKNEe PEKOMEHJAINU 110 PaspaboTKe M pPacCTaHOBKe TypOyJiu-
3aTOPOB.

1. TypbynusaTopsl caenyeT paspabaThiBaTh IPUMEHUTEIBHO K
KOHKPETHBIM JUaMeTpaM 00CaJHbIX KOJIOHH U CKBaKMH. M CIoIb30-
BaHue TypOyIu3aTOPOB MHBIX TUIIOPA3MepPOB B CKBAXKMHAX, IPO0Y-
PEHHBIX DOJOTaMM OOJIBIIIOT0 AUAMETpPa, HepallMoOHAJIbHO. Y HU(U-
Kanus TypOyJIn3aToOpOB 1A OIPeleIeHHOTO TUIIA KOJIOHH U Pa3HOo-
ro IuaMeTpa CKBaKHUH He PEKOMEHIYeTCs.

2. YroJ HaKJIOHA JIOIIacTell TypOyJamsaTopa K ero OcHu CJeayeTr
IIPUHAMATH paBHBIM 35—40°.

3. YucJio jionacTeii JOJIKHO OBITH IATH—BOCEMb, IIPU 9TOM AJNHA
BBIOMpaeTcsA TakuM oO6pa3oM, UTOOBI 00eCIeuMBaJIOCh ITOJIHOE
IIePeKPHITHE KOJIbIIeBOT0 KaHaJIa JIOMACTAMY TypOyIm3aTopa.

4. TypOyniusaTophsl clefyeT PACCTABJIATH HA OTBETCTBEHHBIX
yJacTKax CTBOJIA C YUETOM 30HBI UX AEMCTBUS B KOJBIIEBOM IIPOCT-
PaHCTBe CKBAKMUHBI. [[JIMHA 30HBI TypOy/JIU3alluy 3aBUCUT OT KOJIb-
IIEBOTO 3a30pa, peKuMa TeUeHUs IIEMEHTHOTI'O0 PAacTBOpa U KaBep-
HO3HOCTH CTBOJIA CKBAYKUHBI.
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5. [l pa3o0IeHns CUIbHOKABEPHOSHBIX YYACTKOB 1 BBIMBIBA-
HUSA U3 KaBEPH TypOyaIM3aTOPHI CIeAyeT YCTaHABINBATH BO3MOYKHO
O0IMKe K HUKHEeMY KPaio KaBepPH Ha CTBOJIE HOMUHAJIBLHOTO IMaMeT-
pa. MakcuManbHBIN 3(h(eKT B 9TOM caydae JOCTUTaeTCs IIPU pacxXa-
SKUBAHUU KOJIOHHEI.

B ciyuae HempephIBHOTO pacxXakKMBaHUSA 00CATHOM KOJIOHHBI
IUINHY 30HBI TYpOYIN3alii PEKOMEHIYeTCA YBEJIUUYUTDH HA BBICOTY
pacxasKuBaHUA.

7.3.1. BY®EPHBIE JKUIKOCTU

ITox 6ydepHOH KUAKOCTHIO IMOHUMAIOT IPOMEKYTOUHYIO KU [I-
KOCTh MeJKAy OypOBBIM UM TaMIIOHA’KHBIM pacTBOpaMu, KoTopas
CIIOCOOCTBYET TIOBBIIIIEHUIO KaUueCTBa IIEMEHTNPOBAHUA CKBAKUH U
obJieryaeT mpoOBefeHMEe IIpoliecca IeMeHTUpoBanudA. IIpu orcyrer-
Bun Oy(epHBIX KUAKOCTEHl B Pe3yJabTaTe KoaryJaluu OypoBOTO
pacTBopa B 30HE ero CMEeIIeHUs ¢ TAMIIOHAKHBIM HAa0JII0IaeTcsa POCT
maBienud B 1,4—1,8 pasa, mpu 9ToM K03(PUIINEHT BbITeCHEHUA 0V -
poBoro pactBopa He npessiiaeT 0,4-0,6.

B HacTOAIIlEE BpeMA B MUPOBOI IMPAKTUKE UCIIOJb3YIOTCSI OKOJIO
100 perenTyp 0y(hepHBIX KUIKOCTEHN, UTO CBA3AHO C TPUMEHEeHNEeM
MX [IJIs pellleHusi OOJIBIIOr0 Kpyra 3ajgad, BOSHUKAIOIIUX IIPU IIe-
menTupoBanuu. C Iebi0 BEIOOpa A KasKIo KOHKPETHOI oliepa-
1Y ONITUMAJIBLHBIX PEIEeNnTyp paspaboTaHbl pasaudyHbIe KJaccudu-
KaIluu.

Kiaaccupuramus 0ydpepHBbIX KUIKOCTEH IO UX CBOMCTBAM M CO-
cTaBy moJjokeHa B ocHOBY gAeticTByroiero OCTa. ITo ¢pusuueckum
cBoiicTBaM OydepHbIe JKUAKOCTH MOAPa3AeJad0TCsa Ha BA3KOYIIPY-
rue u BA3KUe, KOTOPHIE, B CBOIO OUepelb, AEeNATCA Ha BHICOKOBS3-
KIe 1 HU3KOBA3KUe. BOJIbIITNHCTBO OYGePHBIX KUIKOCTEH — HUBKO-
BA3KUE.

B KommieKce MEpPONPUATHUIL, 00eCIIEUMBAIOIIUX BBICOKYIO CTe-
IIeHb BBITECHEHUA OyPOBOI0 PaCcTBOPA M3 KOJOHHOTO IIPOCTPAHCTBA
¥ yIaJieHre TJIMHUCTHIX KOPOK CO CTEHOK CKBAaYKHUHBI, OTHUM U3 OC-
HOBHBIX SIBJISAETCS MUCIOJb30BaHMe 0y(hepHBIX JKUIKOCTEH.

ITo cocraBy mpuMeHseMble Oy(depHBIe JKUIKOCTH MOYKHO pasie-
JIUTH Ha ogHO(Mas3HbIe, TByX(asHbIe, Tpex(hasHEbIe.

K omHO(MAa3HBIM OTHOCATCA BOJAA, BOJA C PACTBOPEHHLIMU MaTe-
puanamu (XJOPUCTHIN HATPUM, XJIOPUCTHIN KaJbIuil, nupodochar
HaTpu#d), He(pTh, ra3, KUCJIOTHI (rpaA3eBasd, COMTHAA).

IByxdasubie OydepHbIe JKUAKOCTH COCTOSAT U3 KUAKOCTH U
TBEPAbIX HEPACTBOPUMBLIX (OOBIYHO a0pasMBHLIX) H00ABOK (BOAa C
IIyII[OJIaHOM, BOJA C KBapIEBHIM IIECKOM WU IIEMEHTOM, HedThb ¢
TIECKOM UJIU OapUTOM).
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Tpexdasubie 0ydepHbIe KUIKOCTH COCTOAT U3 KHUIAKOI (Boza,
He(dTs), razoobpasHoil (a30T, BO3AyX) (pa3 W TBEPABIX BEIECTB
(KBapIIeBLIN TTECOK, MYIIOJaH, [eMeHT). B HUX BBOOAT TaKiKe XO-
POLIIO PACTBOPHUMbIE PeareuThl (JuCIepraTopsl, SMyJIbraTopPbl, CTa-
OMJIN3aTOPLI, TYPOYJIM3aTOPEI U AP.).

W3BecTHBI OydhepHbIe JKUIKOCTH, KaMKIbIl KOMIIOHEHT KOTOPBIX
BBIIOJIHAET OIIpeeIeHHbIe (DYHKIN.

YuusepcanbHble Oy(pepHBIe KUIKOCTH, IPUTOJHEBIE IJIS INPO-
KOr'0 HCIIOJIb30BAHUSA IIPU BCEX YCJIOBUAX OYpPEeHUs, OTCYTCTBYIOT,
II09TOMY B OT€UECTBEHHOM IPAKTUKE IPUMEHAIOT CJIEIYIOIINe BUIbI
Oy(epHBIX JKUAKOCTeI: yTAKeJeHHbIe (Ha COJIeBOM MU IIOJHUMEp-
HOI 0CHOBe), KOMOMHUPOBAHHLIE, a9PUPOBAHHEIE, 9DO3UOHHbBIE, He-
3aMepa3arIre, KUTKOCTH C HU3KMM IIOKasaTejieM (PUJILTPAIINH,
BASKOYIIPYTUM pasmenTelNb, He)Th 1 He()TEIPOLYKThI, PACTBOPBI
KHCJIOT U BOAY.

7.3.2. OCHOBHBIT PEKOMEHAIIIN I10 BEIBOPY
BY®EPHBIX KUIKOCTEN

Br16op Buga 6ydepHOii :KUAKOCTH OasdupyeTcs Ha J1abopaTOpPHOMI
IIPOBepPKe COBMECTUMOCTH €€ C KOHKPETHBIM OYPOBBIM U TAMIIOHAMK-
HBIM pacTBopamu. IIpu cMmerrernn 6ydepHol KUIKOCTH ¢ OYPOBLIM
PacTBOPOM HEe MOJI’KHBI TOBBIIMIATHCA PEOJIOTMUECKINE IapaMeTpPhI
30HBI CMEIIEeHNA, & CMECh ee C TAMIIOHAKHBIM PACTBOPOM He JOJIK-
HA XapaKTepU30BaThCS CHUYKEHNEM PACTEKAeMOCTH U YMEHbIIIeHMU-
eM BpeMeHH 3aryCTeBaHUsA PacTBopa.

s cHUKeHUs MHTEeHCUBHOCTHU YACTUYHOTO cMelleHus O0ydep-
HOM KUJKOCTU ¢ KOHTAKTUPYIOIINMU PacTBOPaMU B IIPoOIlecce ABU-
SKeHUS UX B 3aTPYOHOM ITPOCTPAHCTBE HEOOXOAMMO BHITIOJTHEHUE yC-
JIOBUA, IPX KOTOPOM €€ BA3SKOCTH U IJIOTHOCTH IIPEBHIMIATIN ObI aHAa-
JIOTUYHBIE IIOKA3aTe/JIN BBITECHAEMON KUIKOCTA WM HPUOIMIKA-
JIUCH K UX CPEJHUM 3HAUCHUAM [JIS PA300I[aeMbIX sKUIKOCTe.

ITosbienue 3¢h(GeKTUBHOCTH OYUCTKYU 3aTPYOHOTO IIPOCTPAHCT-
Ba OT OCTaTKOB OYPOBOTO PACTBOPA JOCTUTAETCA MPUMEHEHEM KOM-
TLJIEKCHBIX O0y(epHBIX KuaKocTeli. [lepBad nx JacTh IpeacTaBieHa
SKMIKOCTBIO, OTBEUAIOIell TpeOOBAHUAM BBICOKOU CTEIIEHM BHITEC-
HeHHs, BTopasd — KUIKOCThIO, 00JIafarolieil BbICOKON (PU3UKO-XU-
MUYECKOM aKTUBHOCTBIO. [[J151 TOJTOBHOM YacTu cocTaBHO# OydepHOM
SKUIKOCTH JIYUIINMU ABJISIOTCA BASKOYIPYTHUe Pa3aeInuTen.

s mpemoTBpallleHUs YXYAIIEHUS TEeXHOJOTUUECKUX CBOUCTB
HEKOTOpOTo o0’beMa 6y(hepHO KUAKOCTH U TaMIIOHAKHOTO PACTBO-
pa BCJIEACTBYE NX YACTHUUYHOTO CMEIIeHUA IIPU TeUeHUW B 00CaTHOM
KOJIOHHE, a TaKsKe [IJIsd YJIYUYIIeHWsS KadyecTBa IeMEeHTHUPOBAHUS

490



Ipu3ab0iHOIT 30HBI TOCJE 3aKauKu OydepHOI KUIKOCTU CJIeoyeT
BBOJUTDH HMIKHIOO IIEMEHTHPOBOYHYIO IIPOOKY.

IIpu nieMeHTUPOBaHMY 00CAAHBIX KOJOHH B CKBasKMHAX, IPOOY-
PEeHHBIX C UCIIOJIb30BaHIEM OYPOBBLIX PACTBOPOB HA BOMHOI OCHOBE,
He PeKOMEeHYeTCs HCIIOJIb30BaTh B KauecTBe 0y(epHOil KUIKOCTH
HeTh WiIu He@TEIPOAYKTHI, TAK KaK 00pa3yoIlasacsa Ha OrpaHuYU-
BAIOIIUX IIOBEPXHOCTAX IJIEHKA He(PTH MOBBIIIAET IIPOHUIAEMOCTH
KOHTAKTHBIX 30H [[eMEHTHOTO KaMHs B 3aTPYOHOM ITPOCTPAHCTBE.

ITockonbKy a(deKT or mpumMeHeHUS OY(PEPHBIX KUIAKOCTEH
BO3PACTAeT C yBeJIMYEHUEM BPEMEHU WHX BO3IeiCTBUSA HA CTEHKU
CKBa’KMHBI, TO C YBeJNUEHNEeM 00beMa 3aKaunBaeMbIX JKUIKOCTEH
KauecTBO I[eMEeHTUPOBAHUA YIyUIIIaeTCs.

7.3.3. BUIbI BY®EPHBIX KUIKOCTEN
1 TEXHOJIOTUSA NMX ITPUMEHEHUA

BydepHsbie :KUAKOCTU KJIACCUDUIIUPYIOT IO UX OCHOBE: HA BOJ-
HOIT, He(DTAHOM, IOJINMEPHON NI Ha OCHOBE APYTUX OPTaHUUYECKUX
COoeqUHEHUN.

ITo Bo3meicTBUIO Ha CTEHKU CKBAYKMHBI BHIJEIAIOT a0pasuBHEIE
¥ HeaOpasuBHbIE Oy(hepHBIe JKUIKOCTH; IIPX 9TOM B COCTaBe IEPBBIX
coiepsKaTcsA KBapIIeBLIII IIECOK, OIOKa WM JApyrue aOpasuBHI,
CIIOCOOHBIE PA3PYIIATh TVIMHUCTYIO KOPKY Ha CTEHKaX CKBaKUHBI.
Kpowme Toro, 6ydepHbIe JKUIKOCTH MOTYT Pa3INYaATHCA IO CTeIIeHN
GUBUKO-XUMUUECKOTO BO3AEHUCTBUA Ha TJHHUCTYIO KODKY H
3aCTOMHBIE 30HBI TJIMHUCTOTO pacTBOpa (B pe3yabTaTe I00ABOK
KHUCJIOT, I1leJioueii, pacTBOpoB ITAB); mIoTHOCTY M YCTOHYUBOCTU K
TeMIepaTypHOMY BO3eiICTBHUIO.

Hu:xe mnpuBemeHbI KpaTKUe CBeIeHUs O HEKOTOPBIX BHUIAX
Oy (hepHBIX KUIKOCTEH.

Boma. B xauecTBe 0ydepHO *KUIKOCTH IPU I€MEHTHUPOBAHUU
00cagHBIX KOJIOHH B CKBa'KMHAX, MPOOYPEHHBIX B YCTOWUYUBBIX
IOpoJax, IMINPOKO MCHOJL3YIOT Boay. OHa objagaeT cpaBHUTEIbHO
XOPOIITMMY BBIMBIBAIOIIUMY CBOMCTBAMMU II0 OTHOIIIEHUIO K I[€MEHT-
HBIM ¥ OyPOBBIM PACTBOPAM.

Ilepen 3aKaukoil B CKBAXKMHY B PsAJE CIyUaeB B BOAE PACTBOPHA-
1ot ITAB (cynbhonoi, suconsBan, HUK u T.71.), KOTOpHIE yayuIia-
IOT CMBIBaHME OCTaTKOB OYPOBBIX PACTBOPOB CO CTEHOK CKBAYKMHEI.

IIpu nCcmoIb30BAHNY YTAMKEJIEHHBIX O0YPOBBIX PACTBOPOB B Kaue-
cTBe Oy(epHOil KUIKOCTH BOAY IIPUMEHSTh HeIejlecoo0pasHo BO
us3berkaHue BBIIANEHUSA YTAKEJIUTENd W3 OYPOBHIX DPACTBOPOB B
0CaJIOK B 30HE UX KOHTAKTa C BOJOIA.

BricoTy cTonba 3akaumBaeMoit Oy(epHO BOALI BBLIOMPAIOT
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MaKCHMaJIbHO BO3MOYKHOM AJIsT KOHKPETHBIX I'€0JIOTO-TEXHUYECKUX
YCJIOBUIA.

Yraxenenable 0ydepHBIe JKUJKOCTU HA OCHOBE BOAHBIX PACTBO-
POB HEKOTOPHIX COJIEell MM Ha TIOJINMEPHOI OCHOBE IPUMEHSIOT B yC-
JIOBUSIX, KOT[A B I'e€0JIOTMYECKOM pa3pes3e CKBAYKUH BCTPEUAIOTCS
COJISTHBIE KYIIOJIa M1 X€MOTeHHBIE OTJIO}KEeHUA, OCTIOKHEHHbBIE HHTED-
BaJIBI B BUJIE OCHITIEH 1 00BAJIOB IIOPOJ, 30HBI C aHOMAJBHO BBHICOKHU-
My 1iacToBbIMu gaBieHuaMu (ABIII]) m mpumeHeHUHe OGOJIBIIINX
00 5EMOB JIETKUX KUJKOCTEN CBA3AHO C OIIACHOCTHI0 BOSHNKHOBEHM A
OCJIOYKHEHU.

BydepHbie :KUAKOCTHU Ha OCHOBe BOAHBIX pacTBopoB NaCl, CaCl,
U OPYTUX COJIeHl XapaKTepU3YIOTCSA OTHOCUTEIbHO BBICOKVMMU
ILJIOTHOCTAMY (II0 CPABHEHUWIO C BOMAOIT), KOTOPble M3MEHAIOTCA B
ITPOKOM pAuamasoHe. Hurke mpuBeZeHa NJIOTHOCTH OyhepHBIX
MuAKocTed (B I/cM®, He 60JIee) Ha OCHOBE BOJHBIX PACTBOPOB.

1,61

st mpegoTBpaIeHns OTPUIIATEIbHOI0 BO3IEHCTBUSA PACTBOPOB
coJiell Ha CBOMCTBA KOHTAKTHPYIOIIUX C HAMU OYpPOBBIX U TAMIIO-
Ha'KHBIX PACTBOPOB IIepe] HUMHU U IIOCJIe HUX 3aKauuBalOT HeGOJIb-
1IIe IMOPIUN IIPEeCHOM BOJAbI 00'HE€MOM, COCTABJISAIONINM IIPUMEPHO
JIecATYIO HOJII0 00beMa 0y(DepHO JKUTKOCTH.

Hnsa paspesnenus OypoBOrO M TaMIIOHAYKHOTO PACTBOPOB IIOBBI-
IIIEHHOY IIJIOTHOCTH IIPU IIEMEHTUPOBAHUY MCIIOJL3YIOT YTAMKEIEeH-
HbIe OydepHbIe JKUIKOCTH Ha IMOJUMEPHOII OCHOBe, KOTOPbIE PEKO-
MEHAYIOTCA OJIA TeMIepaTypPHEIX YCIOBUM B cKBaskuue g0 200 °C.
Ecau 6ypoBoii pacTBOP COAEPIKUT KaJIbIIEeBbIE COJM B KOHIIEHTpA-
mum 6osee 0,3 % , To MpuMeHeHMEe TaKoH Oy(pepHON KUIKOCTA UC-
KJII0YaeTcd.

Yraxenenunad OydepHas :JKUIKOCTb COCTOUT M3 THMIIaHa, OapuTa
u Boabl. [Jyia monmydeHus OydepHOUN KUAKOCTH ILJIOTHOCTBIO 1,7—
2,4 r/cM® KOMIIOHEHTHI HCIIOJIB3YIOT B CIEAVIOIIEM COOTHOIIEHHIH
(maccoBasa gouisa): 4—8 uacteit 10% -Horo rumana, 1-4 yacTu BOIBI
Ha 10—20 uyacreit O6aputa. CTaOMIBHOCTL CHUCTEM KaK IIPU HOP-
MaJbHBIX, TaK W IIPU BBICOKMX TeMIlepaTypax obecleunBaeTcsa
OIIpeleJIEeHHBIM COOTHOIIIEHMEM TI'uIaHa u Boabl. Hampumep, mpias
moJyueHns OydepHOil KHAKOCTH ILIoTHocThio 1,9-2,15 r/cm®
cooruorrenre 10% -HOTO pacTBOpa THUIPOJH30BAHHOI'O IIOJUAKPU-
JIOHUTPUJIA U BOABI JOJYKHO OBITH 6:1, a KormuecTBO GapuTa GymeT
3aBUCETH OT €r0 IJIOTHOCTY U BJIAKHOCTU. [ mpeaynpeskgeHus
YPe3MEPHOTO IOBBIMNIEHUA BSISKOCTU Oy(epHO! KHUIKOCTH IIPpHU
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YBeJIMUEHUH €€ IJIOTHOCTH OTHOIIIeHNE TOJTHaKPUJIOHUTPUIIA K BOJE
W3MEHAIT B CTOPOHY VMEHBIIEHWSA, a IIPU YMEHBIITEeHUH —
Hao0bOpOT.

PacTBOpbI KHCJIOT. 3TV PACTBOPHI IpeAHASHAUEHBI IJIA yIaje-
HUs QUILTPAIIOHHOM KOPKU, OCTATKOB OYPOBOI0 pacTBOpa CO CTe-
HOK CKBa’KMHBI U PEKOMEHIVIOTCA K IPUMEHEeHUIO IIPU I[eMeHTUPO-
BaHUM CKBaYKWH, K U30JIAINNA KOTOPBIX IPEAbABIAIOTCA IIOBBIIIEH-
Hble TpeGoBanusda. OHU TpeaCcTaBIAOT c000it 8—15% -HBII pacTBOp
COJIAHOM KMCJIOTHI MJIN BOAHBIA PAacTBOP CYJIb(PaMUHOBOU KMCJIOTHI
20% -HOI1 KOHIIEHTPAI[UH.

O6peM OyhepHOH JKUAKOCTHU AJIA paspylneHnsd QUIbTParlnoOHHON
KODKH! [JOJI’KeH OBITb paBeH 00BbeMy KOJIBIIEBOI'O IITPOCTPAHCTBA
CKBa’sKMHBI B MHTEPBaJIie IPOJYKTUBHOTO ILJIacTa.

IIpu ucmosib30BaHUY PACTBOPOB KHCJIOT B KauecTBe Oy(epHBIX
JKUAKOCTe cobIiofaeTcA CIeqYIONIUHA MOPAI0OK PadboT:

1) 3akaumBaIOT BA3KOYIPYTHUHN pasaesnTe]b, 00beM KOTOPOTO
coorBeTcTByeT 6—10 M BBICOTHI 3aTPYOHOT'O IIPOCTPAHCTBA;

2) 3aKauMBalOT ¥ NPOAABINBAIOT PACTBOP KHCJIOTHI B MHTEPBAJI
MIPOAYKTUBHOTO ILJIACTa;

3) B Treuenue 15-30 MUH pacTBOP KUCJOTHI OCTABJAIOT B IIOKOE
LA obecneueHUs peaknuu ¢ KapOoHaTaMu (HMIbTPaMOHHOMN
KOPKH;

4) 3akauyMBAIOT U IMPOJABINBAIOT IIEMEHTHBIN PACTBOD IO OOBIU-
HO TeXHOJIOTUU.

B KauecTBe TaMIIOHA’KHOT'O MaTeprajia B 9TOM CJIyuae PeKOMEH-
IyeTcs MPUMEHATDH IMIacTU(PUITUPOBAHHBIE IIeMeHTHbIEe MU TeJbIle-
MEeHTHBIE PACTBOPHI C TIOHMKEHHBIM MOKa3aTeaeM (puabTpaInm.

JdposuonHad OycdepHana KUOKOCTh. Bomomecuanbie 9pO3MOHHBIE
OydepHbIe KUIKOCTU IeJIecO00Pa3HO IPUMEHATDL IPU IeMeHTHPO-
BaHUU CKBa’jKWH, CTBOJBI KOTOPBHIX MMEIOT OOJbININE KaBepPHBI, a
CTEeHKH CJIOKEHbI TTIMHUCTHLIMY IIOPOJaMU.

IIpu no6asienun B Boxy 1o 400 KT kBapmeBoro necka Ha 1 m® mo-
TOK TypOyJIM3yeTcA IPU HU3KUX CKOPOCTAX 3aKAaUYKU IPOAABOYHON
SKUIKOCTU M CTAHOBUTCS A0PA3UBHBIM JJISA TJIMHUCTON KOPKU.

Crabunuzanus O0y(epHON KHUIKOCTH TOCTUTaeTcs O00aBKOII B
nee KMII u nemenTta. [Jo3WMpOBKY MX IOAOUpAIOT JabopaTOPHBIM
aHaJIM30M II0 CKOPOCTH OCEJaHUA YaCTHUI] B HCCJIEeAyeMOIl CyCIIeH-
3UMN.

Ipos3uoHHBIe Oy(depHble KUIKOCTU TOTOBAT C TIOMOIIBIO Iie-
MEHTHO-CMECHUTEJIbHLIX MAIIINH, BOPOHKH-CMECHUTEJS WIA Helo-
CpeACTBeHHO B IpreMHOM uaHe. IIpu mmepBoM cmocobe IIpuroToBJe-
HUS BOJOIIECUAHOHM CMeCH IeCOK 3arpy:KaloT MeXaHWudYecKHu, a
Ipu IBYX MOCJEeOHUX — BpyuHyIo. TBepayio (asy Jo3uUpYyIOT IOK-
00pOM pEXUMOB pPAOOTHI I€MEHTHO-CMECUTEJHFHOM MAIIWHBL U
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IeMEeHTUPOBOYHOTO arperaTa ujix CIelluaJbHbIM JO3UPYIOIIIAM YCT-
POIICTBOM.

Heszamepszalomasa OydepHas KHUIKOCTb. [Ipu 1eMeHTHPOBAHUU
CKBA’KMHBI B YCJIOBUAX PACIPOCTPAHEHNA MHOI'0JIETHEMEP3JIbIX II0-
POJI MCIIOJIb30BAaHME BOALI B KauecTBe 0y(PepHO KUAKOCTH HEeIOIy-
CTHMO, ITIOCKOJIbKY B 3aTPYOHOM IIPOCTPAHCTBE MOKET 00pa3oBaThCA
JIeJl, YTO IIPUBEJeT K CMATHUIO 00CATHBIX KOJOHH.

B sTux ycnoBuAX HEOOXOAUMO IMIPUMEHATL HesaMmepaatolnue 0y-
(depuBIe KUAKOCTH, KOTOPBIe cocToAT u3 30% -HOro pacTBOpa qua-
TUJICHTJINKOJIA B BOJle ¥ KBapIEBOIO IIecKa ¢ pasmepom 3epen 0,1—
0,15 mm u xoHnenTpanueir 40 r/n1. Temneparypa 3amep3aHus Ta-
Kol cycnensuu npumepHo —30°, 4TO 3HAUNTEIBHO HUMKE TeMIlepa-
TYPbI OKPYIKAIOIIUX TOPHBIX IIOPO/I.

Heszamepsatoniyio 6ydepHYI0 KUAKOCTh ITPUTOTOBJSIOT HEIO-
CpeICcTBEeHHO Ha OYpOBOII ITepe ] IeMeHTUPOBaHNeM CKBaKUHBI. [JId
9TOr0 B MEPHYI0 €MKOCTh IIEMEHTHUPOBOYHOI'O arperara II0JaioT He-
00X0IMMO€e KOJITUYEeCTBO TeXHUUECKOM BOALI. 3aTeM B IIPUEMHOM 4Ya-
He 100% -HbIH U TUICHTJINKOJb CMEIIINBAIOT C BOJAOH B IIPOIIOPIINH
3:7 u MOJyUYeHHBIN pacTBOP OTKAuMBAIOT B arperar. Ilocie Tima-
TeJLHOTO TIepeMeIlTNBAaHNA Ha IPUTOTOBJIEHHOM BOJHOM PACTBOPE
IUSTUJIEHTINKOJSI C TOMOIIBIO IIEMEeHTOCMECUTENA UIX BOPOHKU-
CMECHUTEJIS 3aTBOPSAIOT IIeCUaHYI0 CYCIIEH3WI0, KOTOPYIO 3aTeM 3a-
KauynBalOT B CKBAKUHY.

BydepHad :xMIKOCTh ¢ HU3KUM NOKazartejeM puabrpamuu. Ta-
KYI0 *KUIKOCTD I1eJ1eCO00pPasHo MCII0Ib30BATh IIPU IIEMEHTUPOBAHUN
00CagHBIX KOJIOHH Ha MECTOPOKAEHUSIX C HUSBKUMU ILJIACTOBBIMU
JaBJIeHUSIMU IIPU HAJIWYUU B paspese IOTJIONIAIOIINX ILJIACTOB WJIN
IIPOILIACTKOB, CKJIOHHBIX K OCBHIIISAM M 00BajIaM IIPU BO3IEMCTBUY HA
HUX Boabl. OcoOeHHO He:KelaTeIbHO IIoafalnne BOAbl U3 0ydepHOit
SKUIKOCTU B IPOAYKTUBHBIE MOPU3OHTHI, ITOCKOJBKY 9TO CHUMKAeT
X KOJIJIEKTOPCKIE CBOMCTBA.

IIpu ucneiTaEMAX OydepHOH KUAKOCTHU, ITOKasaTedb (GhUIbTpa-
UM KOTOPOH cOom3MepHUM C IIoKaszarejaeM (UIbTpamuu OYpPOBOTO
pacTBOpa, ImoATBep:KIeHA ee d(pPeKTUBHOCTH, obecmeueHa 0OoJiee
MOJIHASA OYMCTKA 3aKOJIOHHOTO IIPOCTPAHCTBA, VJydUllleHa aare3us
IIeMeHTHOIr0 KaMHs ¢ 00ca HOi KOJOHHOIM.

BydepHasa JKUIAKOCTh C HU3KUM MIOKa3aTeJeM (PUIbTPaIi’ CO-
CTOUT M3 TEXHUUECKOI BOAbI, oOpadoranuoit 1,5—2 % xapbodena u
3—-5 % KaJbIUHUPOBAHHOM COABI, M UMeeT 110 npubopy BM-6 moka-
saTessb uasTpamuu 6—30 cm® /30 MuH.

IIpenBapuTebHO pacTBOPeHHAs coma objerdyaer pacTBOPeHUe
Kapbodena. [[J1s coneHOCHBIX Pa3pesoB IOCJe PACTBOPEeHusa Kapbo-
¢deHA BOAY 3aCOJIOHAIOT OO0 TOBBIIIIEHUS ee ILIOTHocTH g0 1,1—
1,2 r/cm?.
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B kauecTBe cTabmiImsaTopa IPUMEHSIOT BBHICOKOMOJIEKYJIAPHEIE
coenuuenua (KMII, ruman, merac, mOJMaKpUJIaAMUL, KpaxMasa
IpyTue peareHThl), MCIOJb3yeMble JJIA PeryJIupoBaHUA IToKasaTe-
JA QuiabTpanuyu OYPOBBIX PaCTBOPOB. KalbIMHMPOBAHHYIO COLY
BBOJSAT C IIEJIbI0 PEeTyJIMPOBAHUSA CPOKOB CXBATHLIBAHUSA [I€MEHTHOTO
pacTBOpa U IpeAOTBPAIleHUs 3aryIllaiollero AeHcTBUS peareHTa-
crabuamsaTopa.

Baskoymnpyrue 0ydepHble JKUTKOCTH. BA3KOyOpyruii pasmesu-
TeJib TPEACTABIAET CO0OM TPEeXKOMIIOHEHTHYIO TeJeo0pasHyio
cMech IIoTHOCTEI0 1 r/cM®. OH COCTOUT 13 CIeAYIONAX KOMIIOHEH-
TOB: BOZHOI'0 pacTBopa noauaxkpuaamuga 0,5% -Hoit KOHIIEHTpAIIUKT
10 CYXOMY IIPOAYKTY, BOLHOTO PACTBOPA IeKCape3opIlmHOBOI CMO-
JabI 2 % -HOUM KOHIEHTPAIIUHU TI0 TBepAOMY MPoayKTy (cyxoit 100 % )
¥ TeXHu4ecKoro popmannna 37-40% -Ho#l KoHIeHTPaIuu o (op-
MaJbAETUuRy.

O0BeM BSABKOYIIPYI'OrO pasfeuTes]sd OIpenedAloT W3 pacueTa
obecrieueHns CTOJI0A B KOJBIIEBOM IIPOCTPaHCTBe BbicoToit 20—25 M.

Baskoympyruii pasmeauTesib IIPUTOTOBIAIOT  CJAEAYIOIIAM
o0pa3oM.

1. Yz TtBepmoro mosauakpuiaaMuzna roroBaT 0,5% -HbIM BOIHBIN
pactBop. [as saToro B Memanaky sanuBaior 890—-895 n Boawr (misa
JYUYIIer0 PaCTBOPEHUA IMIOJHAKPUIAMUAA momorpetroir mo 50—
60 °C), B KoTopyIo BBOAATH59—60 KI' TOBApPHOrO IIOIMAKPUIAMUIA,
¥ IePeMeIInBaIoT IO IOJTHOT'0 PACTBOPEHM .

2. ToroBaT 2% -HBIH pPaCTBOP IeKCape3oPIIMHOBOM cMOJbI. [lJis
atoro 1,9—2 Kr cyxoii cMmoJisl pacTBopsioT B 85—90 i1 BoAbl, a 3aTeM
PacTBOP IIEPEKAUMBAIOT B CIEIUATIBHYI0 €MKOCTh AJIS IIOCIEeIVIO-
IIIer0 NCIIOIb30BAHUA.

3. B cmenmnanbHy0 eMKOCThb C KPAHOM 3aJuBaioT 18 o1 TexHuuec-
koro dopmanmaa 37—40% -Ho#l KOHIIEHTPAIIUH.

4. Tlocme TOATOTOBKYW MCXOOHBIX KOMIIOHEHTOB B II€peMeIlli-
BaeMbIMi HACOCOM pAacTBOP TeKCape3OopPIMHOBOM CMOJILI BBOIAT
pacTBOp MOJMAKPUIAMULA, a 3aTeM TeXHUYeCKUH (OopMaIuH.
ITonyueHHBIN cOCTaB IePEMEIINBAIOT B TeueHue 1 u.

5. ITonyueHHyI0 cMech IIEPEKAUNBAIOT B OTAEJbHYI0 €MKOCTb 1
OCTAaBJISIIOT B Hell B TeUeHMEe CYTOK AJis obeceueHus YCJIOBUil O6oiiee
rJIyOOKOr0 MPOTEKAHUA PEaKIUU MEKIY KOMIIOHEHTAMU C IIEJILIO
TIOJTyYeHUA HeOOXOAMMOUM KOHIAWINU BA3KOYIIPYTOro Tejd-pasfe-
JIATEJIA.

Baskoymnpyruii pasgennTesb MOMKET ObIThH 3aTOTOBJIEH 3a0JIaro-
BPE€MEHHO, MOCKOJIbKY IIPH AJUTEJHLHOM XPaHEHHU B 3aKPBITHIX
MeTa/LINUeCKUX eMKOCTAX OH He TePsAeT CBOUX CBOMCTB.

TexHOJIOrUS IEMEHTUPOBAHUS CKBa’KUHBI C MKCIIOJb30BaHUEM
BA3SKOYIIPYTUX JKUIKOCTEH 3aKJII0YAETCA B CIEAYIOIIEM.
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1. TpebyeMbIit 06beM BASKOYIIPYTOTO Pa3AeuTe/ s 3aKaunuBaioT
B 00caJHYI0 KOJIOHHY C IIOMOIIILI0 OypOBOTO Hacoca Wiau OypoBOTO
arperata Ilepe]] mojaueil IIEMEHTHOTO PAacCTBOPAa; MAaJbHENITHiA
mpollecc IEeMEeHTHMPOBAHUA CKBAKWHBI BejeTca 0e3 W3MeHEeHUSA
CYIIIECTBYIOITEH TeXHOJOTUH.

2. Onsa obecrieueHUs1 BBITECHEHUA OYPOBOTO pacTBOpa M3 CYyiKe-
HUU U pacIiupeHnil CTBOJIA CKBAKUHBI U 3aIOJHEHUA UX I€MEHT-
HBIM PACTBOPOM CKOPOCTDH BOCXOMSIIIETO TIOTOKA B KOJIBIIEBOM IIPOCT-
paHcTBe He moykHA npeBwimaTh 0,5—0,7 M/c; Tpu HaIWUUYUU B pas-
pese 30H MOTJIOIIEeHU S CKOPOCTD ITPOKAUYKY MOYKeT ObITh CHUYKEHA.

KombuaupoBanuasa 6ydepHas KUIKOCThH HA OCHOBE pacTBOpa C
rammouupyomumu codicteamu (PTC) comep:xutr 6-10% -HbIi
BOJIHBIN pacTBOp cepHOKMcaoro amomuuus Al,(SO,);, a mpu oTcyT-
CTBUU TOCJIeIHETO — TexHuuecKyio Boxy u PTC.

Huxe mpuBemeHBI pPeKOMeHIyeMble 00BEMBI pacTBopa CepHO-
KHCJIOTO aJTIOMUHUSA — KOPKOYIAJIAIONIEero areHra. KoimuecTBo Tex-
HUYECKOH BOABI IpU oTcyTcTBUU pacTtBopa Al,(SO,); mpuauMaercs
He MeHee 5 M°.

HomunanbpHBIN AuaMeTp, MM:
00caHO KOJIOHHBL 146 168 146

CKBAMKIHBL. ¢ eevvvnnnneerenens 190 214 214
06Bem pacrBopa Al,(SO,),, M......... 10-12 10-12 15-16

PTC xapakTepusyeTcda CHOCOOHOCTBHIO K (OPMHPOBAHUIO Ha
MIPOHUITAEMBIX CTeHKAX CKBA’KUHBI TOHKHWX, 3aTBEpAEBAIOIUX U
MTPOYHBIX KOPOK C BLICOKUMU aATE€3NOHHBIMY CBOHICTBAMMU.

CocTraBbl 1 OCHOBHEIE ITaPaMeTPhI PACTBOPA C TAMIIOHUPYIOIITUMU
CBOMCTBAMU MOT'YT OBITH CJIeIYIOITNMU.

HOMED COCTABA....ovvviirrrunireieeereneennnnnnnns I I
KommnonenTsr, Kr:

400 400
100 200
1000 1000
10,0 7,5
KaJbIIUHUPOBAHHAA COMAuerureerereeennnnnnnns 20 20
ITapameTpsI:
ILJIOTHOCTD, T/CM®.ueusinineininiinenenennenennes 1,28 1,30
BA3KocTh mo CIIB-5, ¢ 22 27
nokasarenb uabrpanuu mo BM-6,
CM3/30 MIH «vvviriniininineininiinenineenenennes 14 12
Huxe npusenensr 00bemur PTC.
BricoTa mogbeMa TaMIIOHAXKHOTO PACTBOPA
oT OalIMaKa KOJOHHBI, M < 500 500-1000 > 1000
06sem PTC, m°, mpu miuHe KOJOHH, M:
S 11 T PP 4 5 5
1300-2000.....cccciiiieeeiiieeenanneeeaanneenns 7 6 9-12

Boxuble pacTBOPHI CEPHOKMCJIOTO AJTIOMUHUA U PEareHTOB OJIs
PTC roToBAT ¢ IIOMOIIBIO II€MEHTHPOBOUYHLIX arperaToB B IMEePUOL
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IIOATOTOBUTEJIbHBIX paboT K IIEMEHTHPOBAHUIO KOJOHHBI U
3aKaYMBaIOT IOCJIEOBATEIbHO.

s npuroroBierus PTC B yciaoBuAx 6YpOBO MCIIOJB3YIOT ABA
IIeMEeHTUPOBOYHBIX arperara. MepHbIe eMKOCTH TEPBOr0O arperara
3anmoHAIT pacTBopamMu KMI] 1 KaabIIMHUPOBAHHON COZ0, BTOPO-
ro — 6ypoBEIM PacTBOPOM ILTOTHOCTHIO 1,2 r/cm®. B mpomecce mpu-
roroBaeHuA PTC ¢ momMoIIb0 IEPBOTO arperaTa BOAHBIMU PacTBOpa-
v KMII u KaablIMHUPOBAHHON COMBLI 3aTBOPAIOT TAMIIOHAKHBIMN
TIOPTJIAHIIEMEHT U 3aKAUNBAIOT B CKBAKUHY IIOJyIaeMyI0 CyCIIeH-
3HI0 IIOTHOCTEIO 1,4—1,42 1/cM?, a ¢ IOMOIIBIO BTOPOI'O arperaTa —
OypOBOI PaCTBOP IIPU COOJIIOAEHUN PaBEHCTBa PAaCXOJ0B 3TOTO pac-
TBOpA U KUAKOCTHU JJIS 3aTBOPEHUS IleMeHTa.

Hedts n HedrenmponykTbl. B KauecTBe OydepHOH KUAKOCTHU
He(Th U HePTEHOPOAYKTHI PEKOMEHAYETCS HCHOJIb30BaTh JIUIIH B
TeX CJIy4adaX, Korjga OypAT C IPOMBIBKOM He(hTedMYIbCUOHHBIMU
OypPOBBIMH PACTBOPAMY UJIV CTBOJI CKBAKUHBI IIEMEHTUPYIOT C TIPU-
MeHeHueM He(TesMYJIbCUOHHBIX TaMMOOHAXKHBIX pacTBOpoB. HWc-
noJb30oBaHMe Oy(epHBIX KUAKOCTell Ha He(TAHOU ocHOBe (He(dTh,
JIN3eJIbHOE TOIIMBO) CIIOCOGCTBYET YIYVUIIIEHUIO YCIOBUMA TypOyIu-
3a1uu B 00JIaCTH CMEIIIeHUA UX ¢ OYPOBBIM PACTBOPOM.

KousmuecTBO TpebyeMbIx HEPTEIIPOAYKTOB OIIPEAEIAIOT U3 YCJIIO-
BUS BO3SMOJYKHOTO UX CMEIIIeH!A ¢ KOHTAKTUPYIOIUMY KUTKOCTIMU
110 TPeIBaPUTEIbHO BLITIOJTHEHHON PEIeNType.

7.3.4. OIIPEJEJIEHME HEOBXOOMMOI'O IJId IEMEHTUPOBAHUA
OBBEMA BY®EPHOM KUIOKOCTU

B cayuae mpuMeHeHNS MAJIOBA3KOM 0y(epHOil KUAKOCTHU (BOIBI
uau 6TM3KOHM K Hel o BASKOCTU JKUAKOCTH) ee 00beM W, Heo0Xo-
IUMBIN IJid pasiesieHus OypoBOTO M TaMIIOHAYKHOTO PACTBOPOB,
KOTZla HIMKHSAA IIeMEeHTUPOBOYHAA ITPOOKAa He MCII0JIb3yeTCsd, PEeKOo-
MEHIYEeTCS OIPeneATh N3 COOTHOIIICHU A

W, =18\h/LW,,

rge h — cpegHEeB3BEIlleHHBIN 10 AJIMHE YCJIOBHBIMA AUaMeTp KaHaja
(Tpy6a, KOJBIEBOH 3a30p), ©HO KOTOPOMY [JBUYKETCSA IIOTOK
O0ydepHOI JKUAKOCTH, M,
(a D, -d_ . )
h=)op + == "% /L
2 4

L — cymmapHas JJauHa KOJOHHBI TPYO [, uepe3 KOTophbie IPOKAUN-
BatoT Oy(epHyI0 JKUAKOCTH, M WHTEPBaJa I[eMEeHTUPOBAaHUSA [, M;
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W, — cymMMapHBIil 00beM 3aKaUMBaeMbIX B CKBAKUHY TaMIIOHAYKHO-
ro W, u npogasounoro 6yposoro W, pacTBOpOB, M?; d, — cpenHe-
B3BEIIIeHHBIN BHYTPEeHHUN quamMeTp Tpy0, M; d, — HapyXHBIHN aua-
MeTp TPyO, M; D, — haKkTHUUeCcKU faMeTp CKBa’KMHEBI B MHTEePBAaJe
IeMEeHTUPOBAHUSA, M.

Ecim npu 1nmeMeHTUPOBAHUM WCIIOJL3YIOT HUMKHIOK II€MEHTU-
POBOUHYIO IPOOKY, TO B pacueTax cjieayeT IpuHATs W, = W,  u
L=I[ nrornah=(D,—d,)/4.

B cayuae mpumeHeHHs BBLICOKOBA3KOIN Oy(epHOH KUIKOCTH,
CIIOCOOHOM yAep:KUBaTh YTAKeJIuTelb, W, mpu TypOyJIeHTHOM
TEUEHUN KUIKOCTU PEKOMEHAYETCSA OIPEeNeIATh M3 COOTHOIIEHUA
Ws=0,15W_.

JomoHUTEeIbHBIN 00BEM HU3KOBA3KON Oy(depHOH KUIKOCTU
Ws..» HEOOXOMUMBIN [JIA yOaJIEHUSA OCTAaTKOB BOZHOTO PAacCTBOpa C
IIOBEPXHOCTM OMBIBA€MBIX CTEHOK, NPUOJIMIKEHHO MOXKeT OBITh
oIlpejieJieH U3 CJIEMYIONINX 3aBUCUMOCTEI

OpH1 OTCYTCTBUU HUKHEI pasaeInuTebHON MPOOKHT

W6.c = (O’ZWCK - Wﬁ)/0’65’
W.=W,+ W,

rue Wu’ — 00beM TaMIIOHA’KHOM CMeCH B MHTepBaJie AJUHON L, OT

fallIMaKa IeMEeHTHPYEeMOM KOJOHHBI J0 KPOBJIM BLICOKOHAIIOPHBIX
WJIN TPOAYKTUBHBIX TOPU30HTOB 1LTI0C 150 M;
P UCIOJIb30BAHUY HUKHENH IPOOKH

VVG.c = (0,2VVC/ - 14/6/)/0’65 ’

rae W, — o0bem OydepHOIl KUAKOCTA, HEOOXOAUMBINH [IJIs
paszesieHUus JKUAKOCTel Ha yUYacTKe, COOTBETCTBYIOIEM L.

OO0t HeOOXOAUMBIN IJIsi IIeMEeHTUPOBaHUA 00beM Oy(hepHOi
JKUIKOCTH OIIpeieatoT 1o opmyae W =W, + W .

O61ruit 06beM W He TOJIMKEH IPEBHIIATh KPUTUUYECKUI 00 beM

{ a’prm\ 2 2
0,785) gpp Ly - 211 (DC —dH)
W o—_ L cosa) i

*® P~ Ps

rie p, — IUIOTHOCTH OypoBOTO pacTBopa, Kr/m®; L, — ruiyGuHa
3ajleTaHUsl BBICOKOHAIIOPHOTO ILIacTa, M; a' — daKTuuecKoe
MIPEBBIIIIEHEe THUAPOCTATAUYECKOT0 [JaBJIeHUs CToJi0a OypoBOro
pacTBopa Haja ILIACTOBBIM [aBjieHMeM Ha riaybune L., a' =
=p,&H, /Py,), 00b1uHO mpuHEMaloT @’ = 1,03+1,05; p,, — miacToBoe
JaByieHue 1o TryouHe L. ; p; — ILUIOTHOCTH OydepHOU KUIKOCTH,

Kr/m®.
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Ecnn no pacyeram mosxyuurcd, yro W > W, , To cieayer mpu-
HATE W = W, Wi OpUMeHHTh YTSKeJeHHYI0 Oy(hepHYyIo KHA-
KocTb. B aTOM cayuae mpu HalifleHHOM 3HaueHUU W ILIOTHOCTH OYy-
(depHON KUIKOCTHA HAXOAAT 110 hopMyJIe

,
4 Pun
coso.

0,785(DZ - d2)
o .

Ps 2pp - pang -

ITpumep. Onpe/:[enm'b HeOoOXOAVMBIH V1A IeMEHTUPOBAHUA 00CaTHON KOJOHHBI
00beM MaJIOBA3KOI 6y(hepHO :KUAKOCTH IPH cleAylomux yciaoBuax: D, = 230 v,
d, =168 MM,d =148 mm, 1, =2400 m, [, = 1000 m, L, = 2000 m, p,, = 21 MIla, p, =
= 1 1r/cm®.

ITpu ycnoBum, 4YTO HMIKHIO NPOOKY He NMPUMEHsAIH, onpemeanm W, = W, +
+ W,. Ilpu pacuernsix W, =23,5 »® u W, = 41,3 ™ nomyuum W, = 64,8 »°. Haxo-
UM

h= ( 0,148 2400 | 0,23 '40’168 1000) /(2400 +1000) = 0,057 M;

2

L =2400 +1000 = 3400 wm.

Paccunraem HeOOXOQUMBIH AJIs Pa3eieHns TaMIOHAXKHOIO U GYPOBOTO PACTBO-
PoB 00beM OydhepHO KUAKOCTH

W, =4,8 v,

HomonHUTENBHBINE 00beM O0y(epHOI JKUAKOCTH, HEOOXOAUMBIN IJIsI BHIMBIBAHUS
OCTATKOB OYpPOBOTO pacTBOpa M3 KOJIbIEBOro 3a3opa B mHTepBase 2400-1850 wm,
HaieM U3 COOTHOIIIEHUS

W,, =[0,2-41,3 +0,785(0,232 — 0,1682)(2400 — 2000 + 150) —
—481/0,65 =9,3 v

Torma obmuit 00bem OydhepHON JKUAKOCTU, HEOOXOAUMBIN IS IeMEeHTHPOBa-
HUA, coctaBuT W =4,8+9,3=14,1 »®

OnpenesM KpUTHUYEeCKUU 00beM Oy(depHOi KuarocTu. [ad 3TOro HaxomuM
3HaueHUA KO3()PUINEHTOB a na':

L2000 o5 g 2O5oL Ly s,
10-210 2
Torma

0,785-1,1-2000 10-1,025-210

- 0,232 -0,168%) /(1,1 -1)=9 ™.
W ( )/(L1-1)

U3 aTOro ciaemyer, 4TO 3aKaYUBATh Oy(IEPHYIO KUAKOCTh (Boxy) oobemom 14 m®
HeJIb3S1 U3-3a OMTACHOCTY BOSHUKHOBEHUS BBIOpOCA.

OrmpepenuM IIOTHOCTD 0yGhepHO KUJKOCTH, KOTOPOUM MOXKHO 3aIOJHUTH BECh
pacyeTHBIA 00 BEM:

ps =1,1=(1,1-2000 —10-1,025-210)-0,785(0,23% — 0,168%)/14 =1,04 r/cm®.

ITosryueHHOMY 3HAUYEHUIO P YAOBJIETBOPAET OydepHad KUAKOCTb C HUBKUM IIO-
KasaTeyieM (OUIbTPALUU.
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7.3.5. HEMEHTUPOBAHUE OBCATHBIX KOJIOHH B CKBAYKUHE

I co3maHus YCJAOBUM MaKCHUMAJIbHOTO BBITECHEHUS GYPOBOTO
pacTBOpa TaMIIOHAMKHBIM 00CAAHbIe KOJOHHLI IIEHTPUPYIOT. B ciy-
yae MPUMeHeHUS IPYKUHHBIX IIEHTPATOPOB C HE3HAUUTEILHO Ie-
GopMUPYEMOCTHIO ITUPKYIANUA U TeUeHNe BA3KOILIACTUUHBIX OY-
POBBIX PACTBOPOB BOCCTAHABJIMBAIOTCA 0e3 06pasoBaHUA 3aCTOMHBIX
30H Ja’ke B 00JIaCTU CTPYKTYPHOTO PeKUMa TeUeHUA B CKBAKUHAX.
IIpu GosbItiol AedopMaliuy MPYKUHHBIX IIEHTPATOPOB (40 AUMaMeT-
pa moJsiora) ux 3(pPEeKTUBHOCTL HE3HAUMWTE/JIbHA. BhITEeCHEeHHUEe cie-
IyeT BeCTU IPU TypPOYJIeHTHOM ABUMKEHUU PACTBOPOB.

IlenTpaTopsl Tak:ke 00JierdyaroT IIpoIlecc CIIycKa o0CagHOM Ko-
JIOHHBI BCJIeICTBYE CHUYKEHUS CUJI TPEHUA MEeXKIy TpybaMu 1 CTeH-
KaMM CKBasKUHbBI, YBEJIWUYMBAIOT CTEIEHb BBLITECHEHUS OGYPOBOTO
pacTBopa TaMIIOHAKHBLIM IIPY IEMEHTHUPOBAHUM 00CATHON KOJOHHBI
B pe3yJjbTaTe 00pa3sOBaHUA JIOKAJIBHBIX 3aBUXPEHUM BOCXOISAIIErO
MIOTOKA KUIKOCTeH Ha YYaCTKaX PasMeIleHus IeHTPaTopoB, 00er-
yaloT paboTy IO MoJBeCKe XBOCTOBHUKOB UM CTHIKOBKE CEKITMH o0ca-
HBIX KOJIOHH 0J1arofaps MeHTPUPOBAHUIO NX BePXHUX KOHIIOB.

Kak mpaBujio, IeHTpaTOPHl YCTAHABIMBAIOT HA KOJIOHHE B CPEJI-
Hell YacTu KasKaoi obcagHoi TpyObI, T.e. TaM, T'lle MPOUCXOAUT €e
Hanbosbuii n3rud. He peKomMeHayeTCs pasMeliaTh IIeHTPAaTOPhI B
30HE PaCIIOJI0KeHUSI My(PT 00CaTHOI KOJOHHBI.

Cy1recTByeT HECKOJBKO BapHaHTOB Pa3MeIeHUs I€HTPATOPOB
Ha obcamgHoM KoJsioHHE (puc. 7.8), Ka)KABIN 13 KOTOPBHIX MMeeT IIpe-
UMYyIIlecTBa U HemocTaTKu (Tabu. 7.2).

ITenTpupoBanHue KOJOHH CHOCOOCTBYEeT PABHOMEPHOMY pacIipe-
JIeJIEHUIO IEMEHTHOr0 PAacTBOPA BOKPYI 00CaqHOM KOJIOHHBI, IIOBBI-
I1aeT KadyecTBO PAa300IleHUsl ILJIACTOB, YJIYYIIAeT IPOXOINMOCTh
00cagHOl KOJIOHHBI TI0 CTBOJIy CKBa’KMHBI. VIMEHHO 5TOT a(deKT
IEeHTPUPOBAHUSA 00CATHBIX KOJIOHH IMOCTOSHHO IIPUBJICKAET BHUMA-
HUe CIIeINaJInCcTOB. B pesyabTaTe B IocjiegHMe ToAbI 6110 pa3pabo-
TaHO M OIIYOJIMKOBAHO HECKOJIBKO METOAWK M MHCTPYKIIUU IO I[eHT-
PUPOBaHUIO 00CAAHBIX KOJIOHH B CKBAXKMHAX.

Bce ony0nKoBaHHBIE METOAUKH IO IMEHTPUPOBAHUIO 00CATHBIX
KOJIOHH 0asupyIloTcsl Ha IOJIOMKeHHUH, YTO apXuMeJoBa CHJIA D,
IPUJIOKEeHA K MHY 00camgHON KOJIOHHBI (IPpU HAJIUYUU OOPATHOTO
KJIalaHa) WX ee IIOIEePEeYHOMY CEeUeHUIO, €CJU OOpaTHBHIN KJalaH
OTCYTCTBYET. ITO CHJa, CoKMMAas HUKHIOIO YacTh KOJOHHBI, 00yC-
JIOBJIUBAET ee MPOAOJbHBIN m3rub (puc. 7.9). B ckBaskmHaxX ¢ 60JIb-
10 KaBEPHO3HOCTHIO STOT M3TM0 MOMKET JOCTHUUYL KPUTUUYECKUX
3HAUeHUI U BHI3BATh PaspyllieHne KOJoHHEI. [Ipu yKasaHHOH cxeme
IedopMalu eHTPUPOBaHNE KOJOHHBI HEOOXOAMMO HE TOJBKO AJIA
TIOBBIIIIEHNA KAaUYeCTBa IeMEHTUPOBAHUA, HO U I IPENyIpeKie-
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Puc. 7.8. CxembI pasmMenieHNd IEHTPATOPOB Ha TPy6ax 00CaTHON KOJOHHBI:

a — IEeHTPaToOp B CpeQHEe YacTu TPYObI CO CTOIOPHBIM KOJIBIIOM BHYTPHU II€HTPATO-
pa; 6 — eHTpaTop B CpefHEel YacTy TPYObI C JByMsI CTOIOPHBIMU KOJIBIIAMU C 06emX
CTOPOH IIEHTPATOpAa; 6 — IIEHTPATOP B MECTe COeJUHEHHU: ABYX 00CaIHBIX TPYO 6e3
CTOIIOPHOTO KOJIbIla, GYHKIINY KOTOPOTO BHIIOJHAET MydTa; ¢ — IEHTPATOPHI pas-
MeITIeHbI Ha KasKI0H II0JIOBHHE TPYOBI CO CTOIIOPHBIM KOJIBIIOM, YCTAHOBJIEHHBIM B ee
cpenHeii yactu: 1 —mydra obcanHoit TpyoOsl; 2 — obcamgHasa Tpyba; 3 — IPYKUHHBIN
IEHTPATOp; 4 — CTOIOPHOE KOJIBIIO

HUA TPOJOJbHOTO m3ruba. I[Ipyu sTOM ITeHTPaTOPHI MOJMKHBLI yCTa-
HABJIWBATHCA B KAXKJON TOUYKe mepermuba M JOCTATOUYHO TOYHO, TaK
Kak OIMMOKA B MeCTe MX YCTAHOBKM M3rmba KOJOHHBLI He IIpeay-
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Ta6auma 7.2

XapakTepHbIE 0COGEHHOCTH PAa3JINYHBIX BAPMAHTOB YCTAHOBKU
Pa3beMHO-COOPHBIX I[EHTPATOPOB

BapuaHT ycTaHOBKU II€H T-
IIpeumyiiecTBa u HeJOCTaTKU paTopos (cM. puc. 7.8)

0‘6‘6’2

IIpeumyiecTBa

+
|

OddeKTUBHOE IEHTPUPOBAHIE

JBoitHOM 9 eKT EeHTPUPOBAHUA

ITerTpaTop pacTAHYT

Bo3MOXKHOCTE IPEIBAPUTEIHHOIO MOHTA KA HA
Tpy6ax

B03MOXHOCTD IPUMEHEHUS IIPU CYKEHUAX CTBO- -
Ja
PaBHOMepHOe coxaTHe IPYKUHHBIX IJIAHOK -
MuHuManbHasA oceBasi Harpy3Ka IIPU CIIyCcKe 00- -
CaJHOM KOJIOHHBI
He TpebyioTcsa cTonopHbIE KOJIbIa - - + -

++ 1+
|

| |

4+ o+

4+ o+
|

HepocraTku

MuHuManbHEIH 9h¢eKT HeHTPUPOBAHNA -
ITerTpaTop cixaT -
OTCyTCTBYeT BOBMOIKHOCTD IIPEABAPUTEIHHOTO - -
MOHTa’ka Ha Tpy0ax
Vxyauienve IpoXoJUMOCTH B CY’KEHHBIX yIacT- + -
Kax CTBOJIA
TpebyioTcs CTOIOPHBIE KOJIbIIA +
VYBesnueHue 0CeBOI HATPY3KU IIPU CIIYCKe KOJIOH-
HBI

Heob6xoaumocTs IpUMeHeHUA 6OIBIIIOT0 YHCIa - - - +
IeHTPATOPOB Ha KaXKA0# TpyoOe
OnacHOCTH TONafaHUA TIOCTOPOHHUX IIPEIMETOB B - - + -
CKBa)KHUHY IIPU YCTAHOBKE IIEHTPATOPOB
3arpoMoKaeHue IJIOIagKu OypPOBOIl YCTAHOBKU - - + -
IeHTpaTOpaMu

+
+

o+
|

|

I+
+ 1
I+

npesxaaeT. CoryiacuTbCA ¢ TAKUM IOJOXKEHUEM HeJIB3s 110 CJIeYIo-
UM IPUYNHAM.

PaccmoTpum, HanmpuMep, COYCK KOJOHHBI OOCAmZHBIX TPyO 0es
o6paTHOTO KJjallaHAa NTpW OypeHuHu B YCJIOBUAX MopA. HuUKHIO
YacTh KOJIOHHBI, IIOABEPTaloOIyIOCs CKaTHI0, IIpu 00pasoBaHUU
TIEPBOM TOJYBOJIHBI M3rnba MOYKHO IPEACTABUTL B BUME IPIMOTO
crepkua (puc. 7.10), HMIKHUI KOHeIT KOTOPOTO CBOOOEeH, a BepX-
HUH (BBIIIIE HEUTPAJIHHOTO CEUEHUSI) UMEeT OTPAaHUUYEHUA OT IOIIe-
PEYHBIX IepeMeIeHnH.

Ina naHHOTO cIydyas KPUTHYECKAs CUJA, IOJ JeHCTBUEM KOTO-
poii mpoucxoaut usrub, P, = ql,, npu u = 1,12. Kpome Toro,

P.,=0,F;0,=nE/AMA=uwl/L; I=F?.
IIpupaBuas sHauenHnsa P, IoJyIuM
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11k
117 7'y
Kononna l q
pacmanyma
va
Heiimpanabhoe J q ~
ceueHue J q
ya
Kononna
cocama J 1
Y4 v
L

Tpapx TPapx

Puc. 7.9. Cxema cocrogHusi KoJoHHbI Tpyo Puc. 7.10. Ilono:xkeHue Ko-

B CKBaKMHE JIOHHBI TPy0 NpPH CIycKe B
Mope
{nET EI
le=33“T=1,99 /_, (7.27)
\ uq q

rae EI — »XeCTKOCTB CTEP:KHA; U — Koaddumuent Ilyaccona; g — Bec
eIMHUIBI IJNHBI CTePXKHA B BO3AyXeE.
JlamHOe BhIpaskeHue cooTBeTcTByeT opmytie A. JIydumckoro ob
YCTOHYMBOCTHU TPYO, OIMMPAIOIIUXCA Ha 32001 CKBaYKUHEI.
Apxumenosa cuia

Papx=0’785(D2 _dz)Hpmg’ (7.28)

rae D, d — Hapy:KHBII 1 BHYTPEHHUH AUAMETP KOJIOHHBI COOTBETCT-
BeHHO; H — riiy6buHa ciycKa KOJIOHHBI; P, — IJIOTHOCTD KUIKOCTH.

I'my6una cmycka KoJOHHBI H,,, Ha KOTOpOil apxmumejgoBa cuja
JOCTUraeT KPUTHUUYECKOTO 3HAUEHUWS U HIKHUN KOHEeI KOJOHHBI
JIOJI3KeH ObLIT ObI M30THYThCA, OIIPEeZeasaeTcs 0 popMyJie

Pep (7.29)

078502 - d?)p,g

CoorsercTBylolue pacdeTsl BeauduH L., P, u H,, naa craib-
HBIX KoJoHH auametrpoMm 10, 20 u 30 cM c ToJIuHOM cTeHKU 1 cM,
CIIyCKaeMBbIX B BOJY, IPeACTaBJIeHEI B TabJI. 7.3.

W3 taHHBIX TaOIUIILI BUAHO, UTO IIOJYBOJHA M3TM0a HA HUKHEM
KOHITe KOJIOHHBI TpyO auamerpoMm 10 cMm moskHa ObLaa ObI 06paso-
BaThea aauHOM 20,9 M Ipu rayouHe coycka B Bony 164 M, KOJTOHHBI
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Ta6auma 7.3
Kpurnueckas riiyouHa CIycKa KOJIOHHBI TPYO B BOXY

D, cm d,cm l,cm q,H/m LM P,,H H,,m
10 8 392 246 20,9 51,50 164
20 18 3 140 493 33,2 16 380 260
30 28 10 598 739 43,6 32 190 342

Tpy6 muamerpom 20 cm — 33,2 M mpu riaybuHe cmycka 260 m u
KoJIOHHBI TpyO muamerpom 30 cm — 43,6 M mpu raydomHe cIycKa
342 m.

IIpu orcyTcTBUU OrpaHMUeHUS nN3TMba (CTEHKY CKBa'KWHBI) AaH-
HOe 00CTOATEJBbCTBO AOJIXKHO OBLIO OBl IIPMBECTH K Pas3pyIIeHUIO0
KOJIOHH IIPU UX JaJbHeHIeM cuycke B Boay. OfHaKo Ha MpaKTHUKeE
IIPH CIIyCKe KOJIOHH Ha 00JIbIlINe TNIyOMHBI MOPSA WX U3TU0 U paspy-
IIeHre He MPOUCXOAAT. JTO O3HAUAeT, UTO apXMMe[oBa CuJa IIPHU-
KJaJbIBaeTcsa He K MHY (TOPIY) KOJIOHHBI, KaK CUMTAIOT aBTOPBI
OITyOJIMKOBAHHBIX METOAUK M WHCTPYKIIWI O IIeHTPUPOBAHUIO 00-
CaJHBIX KOJIOHH, a KO BCceMy 00beMy — K KaKJOU dJIeMeHTapHOU ua-
cTuile o0’beMa KOJIOHHBI TPYO, IOTpy:KaeMoil B :KUIKOCTh. Eciiu aTo
TakK, TO IIPOJOJbHBIN N3Tru0 KOJOHHBI TPYO IO AelCTBUEM apXuMe-
JTOBOM CHJIBI MOYKET 00Pa30BaThCA TOJBKO IIPU YCJIOBUU, UTO BCA KO-
JIOHHA WJIU €€ HUKHAA YaCTh 00J1a/1aeT IIaByUYeCThIO.

IIpu sTOM MaKcUMAaJbHBIE HANPAMKEHUA CIKATUSA B KOJIOHHE, a
CJIeIOBATEJIbHO, M BEPOSATHOCTb MOABJIEHUSA IIPOIOJBHOIO u3rubda
HabJII0JAIOTCS B CEUEHUM, TIJe IPOUCXOAUT IIepPexoj] OT YCJIOBUS
Gron < Qapx (MHTEPBAJ HIKE 30HBI IIeMEHTUPOBAHNA) K YCIOBHUIO §,,, =
= ¢,,, (MHTepBaJ BBIIIe 30HBI IleMeHTHUPOBaHUsA). IloaTOoMy, UTOGEI
n30exaTh U3rmba 00camHOM KOJIOHHBI, IIeMEeHTUPOBaHNEe HEe00XO0IM-
MO OCYIIECTBJIATDH UCXO/I U3 CIAENYIOIIET0 TPebOBaHUA: B MHTEPBA-
Jie IOo//beMa I[EMEHTHOI0 PACTBOPA HOJIMKHO COOJIIOAATHCS YCJIOBUE
Gxon = apx- COOIIONATE TAKOE YCIOBUE BIIOJHE BO3MOMKHO, IPUMEHAA
B KauecTBe IPOLABOYHOM KUIAKOCTU OYPOBOIH PacTBOP COOTBETCTBY-
IOIIIe IIJIOTHOCTH.

Hosrle pecTaBieHnA O CUIaX, HeHCTBYIOIINX Ha KOJIOHHY 00-
CamgHBIX TPYO, IOTPeOOBATIY CO3JaHMA COBPEMEHHON METOAUKY IIeH-
TPUPOBAHUS KOJIOHH B CKBaKnHaX. [Ipu paspaboTKe METOAMKYU pac-
CTaHOBKMU I[EHTPATOPOB HA 00CAAHBIX KOJOHHAX ObLIa MCIIOJh30BaHA
cxeMa JIeMCTBUSA CUJI, IpeAcTaBIeHHas Ha puc. 7.11. CoraacHo aToit
cxeMe KOJIOHHA TPY0 HaXOAUTCA B CKBaKUHE TOJBKO IIOJ PaCTKe-
HUEM U IPaKTUYECKHU IIOJTHOCTHIO IIOBTOPAET €€ KOH(MUTYPAIIHUIO, T.€.
KOJIOHHAa MOJKET pacCMaTpUBAThCA KaK MHOTOIPOJIEeTHAadA OaJika,
OIMpPAIOIasicAd HA [[EHTPATOPhI, HA KOTOPbIE AEHCTBYIOT IIOIIeped-
HbI€ CUJIbI BECA YUYACTKOB KOJOHHBI U IPOAOJILHASA PACTATUBAIOIIAS
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Puc. 7.11. Cxema pgeiicTBUA CHI *
HA KOJIOHHY TPy0 B CKBasKMHE
TPH oy = Gapx

v
v

Qwon1a
1.9
+ Pacmsoicenue

v
v
v

cHuJIa Beca HHUKeJIesKallleil ee uacTu. B ropu3oHTAJIbHOM YaCcTU CTBO-
Jla pacTATMBaloIllas CUja PaBHA HYJIO, a IOIEepPeYHbIe JOCTUTAIOT
makcumyMa. [lomyctumas nedopManius IeHTPATOPOB IPHUHATA PaB-
HOIt ofHOI TpeTu NOoJIHOM fedopManuy npy:kuH. Harpyska Ha ofuH
IEeHTPaTOp IPHU eTo JOIIyCTUMOH mAedopmarimu paBHa Becy 10 M 06-
CcaJHO¥ TPYOBI B BO3AYyX€E, UTO COOTBETCTBYET YCJIOBUSIM, IPUMEHS -
€MbBIM TP KOHCTPYUPOBAHUY IIPYKUHHBIX IIEHTPATOPOB.

PacueTHoe paccTosHME MeXKAY IEHTPATOPAMU OIIPEIeJIAIOCh U3
YCJIOBUA,YTO CTPeJia Iporuba Tpyod He IPEBHIIIAET OJAHOM TPETH MaK-
CUMAaJbHOM AedopManuu Opy:KuH. TakuMm o6pa3oM, MUHUMAJIbLHBIN
330D MEKAY KOJOHHON U CTEHKaMM CKBAKUHBI B KAXKIOM CJIydae
OyZleT COCTaBJATHL HE MeHee OJHON TPeTW HOMHHAJIBLHOTO KOJbIIEe-
BOT'0O 3a30pa MeKAy obcaaHol KOJOHHON U JaMEeTPOM JOJIOTA.

ComocTaBuTeIbHBIE PACUETHI TOKA3AJM, UTO YKUCJIO HEeoO0XOIu-
MBIX IIEHTPATOPOB IIPU UCIIOJIb30BAHUYM HOBOM METOIUKM COKpaIlla-
eTcs KpaTHOo 0e3 yimepba A KauecTBa IEeHTPUPOBAHUA 00CaTHOM
KOJIOHHHI.

7.3.6. PACXAKNBAHUE OBCAIOHBIX KOJIOHH
TP TEMEHTHUPOBAHNN CKBAXUH

PacxasxkmBanme 06CagHBIX KOJOHH B IIPOIleCCEe IeMEHTUPOBAHUSA
¥ pacxXaKuBaHUe 00CATHBIX KOJIOHH C MCIIOJIb30BAHUEM TAMIIOHAMK-
HBIX PACTBOPOB C MOHMKEHHBIM OKasaTejieM (hUJIbTPAIK CYIIeCT-
BEHHO IIOBBINIAIOT KaueCcTBO Pa300IeHUs ILJIaCTOB, CIOCOOCTBYS
YBEJIMUEHUIO IIOJTHOTHI BEITECHEHUA OyPOBOT0O PACTBOPA.

OpHa M3 IPUYUH MOJIOKUTEIBHOTO BIUAHUA PacXaKUBaHUA 00-
CaTHBIX KOJIOHH HA IIOJIHOTY BBITECHEHUA GYPOBOTO pacTBOpa — pas-
pyIlIeHWe ero CTPYKTYPhl U M3MEHEHUE IIOJIOKEeHUS KOJIOHHBI B
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IIpoIiecce IBUKEHUA OTHOCUTETbHO CTEHOK CKBaKUHBI, UTO OTKPBI-
BaeT JOCTYI HOTOKY OyhepHO JKUAKOCTH U TAMIOHAMKHOTO PACTBO-
Pa B 3aCTOMHBIE 30HBI U KeJI00HBIe BhIpaboTku. IIpu sTom mpoucxo-
IUT TYypOYIM3aIlus IIOTOKA.

PacxasKuBaTh KOJIOHHBI JJIA MOBBIIITEHUS KauyecTBa UX I[eMEeHTH-
POBaHUS CJIeAYeT BO BpeMsA ABUKeHUs 0y(hepHOH KUIKOCTH U TaM-
IIOHAKHOT0 pacTBopa. IlesmecoobpasHa aTa omepamus U IO BHIXOIA
pacTBOpa B 3aKOJOHHOE IIpocTpaHcTBO. CBoiicTBa 6yPOBOTO PAaCTBO-
pa, 3aIeMJIEHHOTO B CY’KE€HHBIX MECTaX, 3HAUNTEJIbHO N3MEHAIOT-
Csi: CTPYKTypa paspylllaeTcs, CTaTHYECKOe HANPSAKEeHHe CIBUra
CHUKAaeTcsd.

CrpyKTypa 6YpoBOTO pacTBOpa B 3allleMJIEHHBIX 3aCTONHBIX 30-
HaxX paspylIaeTcs U B TOM CJIyuyae, KOTJa KOJOHHE 00CaAHBIX TPYO
coo0IlaeTcs BpalfaTeJbHOE ABUMKEeHMEe. ['mapogrHaMUUecKoe IaB-
JIEHVe Ha ILJIACTHI IIPU 9TOM MeHbIle. [loaToMy Ipu HaJIUYUM B pas-
pese ciabbIX ILIACTOB IieJiecoo0pasHee IPUMEHATDH BpallleHre, 4eM
pacxasKuBaHUe.

K dakTopam, Haauyne KOTOPHIX BBISHIBAeT HEOOXOAMMOCTDH pac-
XayKUBaHUSA KOJIOHH IIPU IIEMEHTUPOBAHUU CKBA)XKWH, OTHOCATCS
(kpoMe yBeJWUYEHUA IIOJHOTHI BBITECHEHUA OYpPOBOTO pPACTBOPA):
1) BOBMOKHOCTb IIPXBaTa KOJOHH; 2) BOBHUKHOBEHUE B HUX 00JIb-
mux (Ipu 3aIieMJeHUN KOJOHH) PAaCTATHBAIOIINX YCUJIWN B pe-
3yJbTaTe 3HAUMUTEJIbHON PA3HOCTH TeMIIEpPaTypP HaXOAAIIUXCSI B
CKBasKUHE U 3aKaUuNBaeMbIX B Hee JKUIKOCTeId.

CBs3BIBATh BOBMOYKHOCTU PacCXasKMBAaHUA 00CATHON KOJIOHHBI C
OIIpeZieJIEHHOM TJIyOMHOI CKBasKMHBI HET OCHOBAHUI, MOCKOJLKY B
OTEUEeCTBEHHOI IPaKTUKe KOJOHHBLI B IIPOIleCCE IIEMEHTHPOBAHUSA
pacxaXuBaJINCh B OTKPBITOM CTBOJI€ HA yJYacTKaX IJIMHOII 0OoJjee
4000 m. OgHAKO BO BCEeX CHyUYasxX HeoOXOAMMO YUHUTBHIBATH IIPOYHO-
CTHYIO XapaKTePUCTUKY TPYO, reoJOrnYecKue YCJIOBUS U COCTOSA-
HU€ CTBOJIa CKBa’KUHBI, B IIEPBYIO0 OUepenb AJSA IPEenyIpe:KIeHUA
TUAPOPA3PHIBA IJIACTOB.

B npormecce pacxakuBaHUA KOJOHHBI HamboJiee CYIIIeCTBEHHEL C
TOYKHY 3PEHUA BOSHUKHOBEHNS JOIMOJHUTEIbHBIX HAIPY30K JBa MO-
MeHTa, KOTOPhIEe XapaKTePU3yITCA HAUaIbHOM CKOPOCTHIO €€ MOI'b-
eMa U CKOPOCTBhI0O B MOMEHT OCTAHOBKM IIPU ABUKEHUU KOJOHHBI
BHUS.

B cayuasax, Korga TpyObl IOZHMMAIOT B HEOCJTOKHEHHBIX YCJIO-
BUAX co cKopocThbio 0,2—0,3 M/c, a cmycKaioT IJIaBHO, 0e3 PHIBKOB U
mepe], OCTAHOBKOII KOJIOHHBEI CKOPOCTh ABUKEHHUSA TPYO He IpeBbI-
maet 0,4—0,5 m/c, pa3pbIB 00CAAHBIX KOJIOHH IPU PacXaKMBaHUU
BOOOIIle HEBO3MOKEH, ecau Koa(@UIMeHT 3amaca IPOYHOCTH Ha
cTparuBaHue pe3b00BOT0 MyGTOBOTO COEANHEHUA IPUHAT C YIETOM
yBenuuenud “Beca” Tpy6 Ha 10—15 % . IIpu sToM KoebaHUs AaBJie-
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HUA B TUAPABINYECKON CcUCTEeMe OT yIAPHBIX BOJHOBBIX IIPOIIECCOB
OTMEeUAIOTCs JIUIITh KOCBEHHO ¥ He3HAUYUTEJIbHO BIUSIOT HA U3MeHe-
HIE 0CeBBIX HATPY30K Ha KOJIOHHY.

O6o0cHOBaHUE 1IeJIECO00PA3HOCTH PACXaKUBAHUA 00CATHBIX KO-
nouH. PacxakuBaHue U BpallleHWe KOJIOHH AJIsI IIOBBIIIIEHUS Kaue-
CTBAa WX IIEMEHTHPOBAHUS I[€JIeCO00Pa3sHO IIPOBOJUTH BO BpeMs
IBUIKEHUSA IEMEeHTHOTO pacTBopa. ['mapoauHaMuUYecKoe AaBJeHUe
Ha IIJIACThLI IIPU BPAIlleHUM KOJOHHBLI MEHBIIEe, IT03TOMY IIPU HAJU-
YuHW B paspese ILJIaCTOB, CKJIOHHBIX K ITOTJIOIIEHUIO, CAeNyeT IIpH-
MEHATH BpallleHne, a He PacXaKuBaHue.

IIpaxkTura pa6or B CIIIA mokasbIBaeT, YTO HIPU PacXaKUBaHUU
CYIIIECTBEHHO IIOBBIIIIAETCS KAUeCTBO IEMEHTUPOBAHUS CKBaKUH.
Hau6oabiuii 5¢¢dexT JoCTUTAaeTCA MIPU OJHOBPEMEHHOM IIpUMeHe-
HUM CKPEeOKOB U ITeHTPATOPOB. PacxakuBamume W BpallleHue obdcaj-
HOI KOJIOHHBI 00€CIIeUMBAIOT YCIEIIHOe IeMeHTupoBauue B 92 %
CJIy4aesB.

B zapy0e:xkHOI ITpaKTHKe OTMEUEeHO HEMAJIO CJAyYaeB pacXasKu-
BaHUA 0OCATHBIX KOJOHH B rIy6oKmx (mo 5000 M) M HAKJIOHHBIX
(upu yriiax uckpusienus g0 60°) ckBaKuHaX.

Korma obcamHas KOJOHHA OKA3LIBAETCS HPUXBAUEHHOM ITOCJe

mepeavmy ee Beca Ha POTOP, B IpoIlecce 3aKaUKM IIEMEHTHOTO pac-
TBOpPAa (0COOEHHO B 3UMHee BpeMs IIPU TeMIIepaType 3aKauuBaeMOro
pacTBOpa 3HAYUTEJIHLHO HUKE BBIXO/SIIEr0) MIPOUCXOIUT OXJIaKAe-
Hue. IIpu 9TOM yMeHbIITaeTCA JINHA KOJOHHBI:
U'=1,(1 — aAt), (7.30)
rae ' — AauHAa KOJIOHHBI IIOCJIE OXJaKIeHUA, M; [, — IJIrHa KOJOHHBI
o6casHbIX TPy mocie mporpesa, M; a — (10,6+12,2)/10* — koad-
GUITMEHT JUHEHHOTO PaCITUPEeHU YIJIePOAUCTOH CTaau, AJA pac-
yeToB IpUHUMAIOT @ = 1,15-107%; At — cpeflHAA BeIWIMHA OXJIAK-
JIeHns KOJIOHHEI, C.

ITocie oxJrasKkaeHUs AJUHA KOJOHHBI yMeHbIIUTCI Ha Al = [, — ['.
Torma MOYKHO 3aIICATD:

Al=1,15-10"51,At. (7.31)

Eciu HU3 KOJIOHBI IIpUXBadeH, TO IIPU OXJIAXIAEHNHN yCUJINBAET-
Cd ee pacCTAMXeHNre, KOTOpoe I10 3aKOHY Fy}ca

P= EFZA—Z (7.32)
0
rae P — ycunune pactsakenus; E — moayas yupyroctu; F — mioiagb

ceueHusA TPyO.I.
W3 popmya (7.31) u (7.32) cnenyer:

P =0EFAt =1,510 °EFAt. (7.33)
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IToncraBue sHauenne E = 2,1-10%, mosryuum
P = 24,2FAt.

W3 ¢popmyusl (7.33) BUAHO, UTO MOMOJHUTEJIbLHOE YCUJINE, BO3-
HUKaIlee B pe3yjbTaTe OXJAKAEHUsS MPUXBAUEHHON 00cCagHOI
KOJIOHHBI, 3aBUCHUT IIPAKTUYECKH TOJIBKO OT CTEIIEHU OXJIAMKIEHUS
TPYO 1 cpeAHero 3HaAUEeHUs ILJIOIaAu UX ceueHusA. Ecau B mpoiiecce
IeMeHTHUPOBaHUA 00CagHLIX TPyO nuameTpoM 146 MM ¢ TOJIIIMHON
creaxu 10 MM mpousolLIo cHIMKeHne Temneparypsl Ha 30 'C, T.e.
At = 30 °C, To ycuine pacTAXKeHnsa

P =24,2-42-30 = 305 000 H =305 xH.

g Tpy6 nuamerpom 273 MM ¢ TosmuHOM creHKku 10,5 MM mpu
KoadduimeHTe 3anaca Ha CTparuBaHue pe3b0OBBIX COeIMHEHUN k =
=1,4

P =24,2-86-30 = 625 000 H = 625 xH.

dakTueckoe 3HaueHne Koaddunuenrta k = 0,96.

B gamHOM ciiyuyae He MPUHUMAIYA BO BHUMAaHMIeE ITIOTEPIO Beca TPyO
B OypoBoM pactBope. OTCclofa sICHO, ITOYEeMY MaKCHMAaJIbHOE UMCJIO
aBapuii MPOUCXOAUT C KOJIOHHAMU OOJIBIIIOTO AuMaMeTpa, CIycKae-
MBIMU B KaUeCTBe TPOMEKYTOUHBIX.

OceBble HaNpPsSKEeHNUA B BEPXHHUX TPyOax 00CATHON KOJIOHHBI
IpH ee pacxakKuBaHUU. AOCOJIOTHBIM IIPUPOCT HATPY30K HA pac-
XasKMBaeMble KOJIOHHBI B Pe3yJIbTaTe BO3MOKHBIX 3aTAMKeK He IIpe-
poimaer 10—15 % ux TeopeTruyecKoro Beca, a IPUPOCT HArpys30K Ha
mpuxBaueHHbIe KOJIOHHBI cocTaBiaser mao 30 % . CiaemosaTenabHO,
IpU IIeMEeHTHUPOBAHUY 00CATHBIX KOJIOHH C pacXaKMBaHWEM B 3Ha-
YUTEJbHOM CTEeIeHN CHUMKAETCA BEPOSATHOCTHL WX Pa3pPYIIeHUA OT
JIOIOJIHUTEIbHBIX HAIIPAMKEHNN, CBIBAHHBIX C U3MEHEHUEM TeMIIe-
PATYPHBIX YCUJINIA.

7.3.7. HEMEHTUPOBAHUE CEKIIYIOHHBIX KOJIOHH
1 XBOCTOBHUKOB

YBesmueHMe TTyOMHBI CKBa)KWH, POCT 3a00MHBIX TeMIEpaTyp u
JIaBJEHUI, HAJIUYME B pa3dpes3e TOPU3OHTOB C AaHOMAJIBHO BHICOKUMU
¥ HUBKVMU JJaBJI€HUSIMU, YePeJOBaHNe YCTOMUYUBBIX U CKJIOHHBIX K
TUAPOPA3PHIBY IOPOJ BHI3BIBAIOT HEOOXOAUMOCTH U3MEHATH TEXHO-
JIOTHIO CIIyCKa 00CagHBIX KOJIOHH, CIIOCOOBI KPEIlJIeHUA U IleMeHTH-
POBaHUSA CKBAKVH. B CBA3M ¢ 9TUM HOJYYUIO PA3BUTHE KpeIlJieHue
CKBa’XUMH XBOCTOBUKAMHU U CIIEIUATBHBIMY 00CAAHBIMU KOJOHHAMU,
IIPUMEHEHUE IBYXCTYIEHIATOTO CIIoco0a IeMeHTUPOBAHNA, IIeMEeH-
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THPOBAHUSA CIIOCOOOM OOPATHOUN IUPKYJIAIUU U T.O. ITH CIIOCOOBI,
uMeroIire cuenuduiecKkre 0COOEHHOCTU IeMEHTUPOBAHMA, He T103-
BOJIAIOT 00eCIIeUUTh TePMETHUUYHOCTh 3aTpyOHOro mpoctpamcTBa. C
MX IIOMOII[BIO IIPEO/I0JIEBAIOTCA TPYAHOCTH, CBA3AHHEIE CO CIIYCKOM
TAMKEJIbIX KOJIOHH B OCJIOJKHEHHBIH CTBOJI, ITOHEMOM TAMIIOHAKHO-
r'0 pacTBOPA Ha 3aJaHHYIO BHICOTY U T.J.

Kpenyienue CKBaKMH O00CAAHBIMI KOJOHHAMU-XBOCTOBUKAMU
BIIEPBBIE B IPAKTUKe OYPOBBIX PAbOT B HaIIIell cTpaHe pa3zpaboTaHo 1
npumeHeHo Ha KyOauHm. [0 3TOTO XBOCTOBUKMW WCIIOJIB30BAJINICH
TOJIPKO IIPY 3aKAHYMBAHNY CKBAYKWH B KAUeCTBe IIOCJIeIHEel KOJIOH-
HBl. KpeneHne CKBa)KWH XBOCTOBUKAMH (U CEKIIUAMM) IIpPeayCcMa-
TPUBaET MPUMeHeHUe PasbeIUHUTENS OT IOJBECHOTO YCTPOIicTBa.
J1s1 KOHKPETHBIX YCJIOBUM BBIOMPAIOT OIPEAEeJEeHHBIH TUI pasbe-
IUHUTEJIA WU IOABECHOTO YCTPOICTBA.

XBOCTOBUKY U CEKITNYU 00CaJHBIX KOJOHH PasTpysKaioT Ha 3a00ii,
[IOJBEIIIMBAOT IPY IIOMOIIY PA3JIUYHBIX YCTPONCTB, KOTOPhIE OTJIH-
YarTcda APYr OT APyra CIroco6oM ITOJBECKU, MPUHITUIIOM AefiCTBUSA
MexXaHu3Ma 1 KOHCTPYKTUBHBIMU 0COOEHHOCTAMMU. Pasanyaior moja-
BECHBIE YCTPOICTBA “Ha IleMeHTe”, KJIMHOBHIe U yIopHbIe. TexHO-
JIOTMUECKUH IPOIleCC B 3HAUNUTEIHLHON Mepe OIpeessieTca KadecT-
BOM U BBIOOPOM pa3bequHUTENsI, 00eCTIeunBaoIero 0e3aBapuiHbIN
CIIYCK C HOCJeAVIOIINM pas3belrHeHneM OypUJIbHBEIX TPYO 1 00can-
HBIX. PagbeaquHuTeau moapasaeaioTcsa Ha pe3b0oBble U 6e3pe3b0o-
BbIe (KyJIaUYKOBBIE, 3aMKOBBIe, InuieBbie). CeKnum ob6cagHbIX KO-
JIOHH COeAUHSAIOT C IIOMOIIBIO CTHIKYIOIIUXCA YCTPOMCTB, KOTOPBIE
pasInyalTCa N[O ABYM HIPU3HAKAM: BO3MOYKHOCTH OOecreueHUA
TTPOMBIBKY ¥ OCOOEHHOCTAM KOHCTPYKIIUN YILIOTHUTEJIBHBIX 3Je-
MEHTOB.

ITocie ciycka mepBoii cekiinu o6cagHy0 TPyOy CO CIerraabHbI-
MH My(pTaMu ¥ JEBLIM II€PEBOAHUKOM HABUHUYHMBAIOT IIOZ OYPUJIb-
HBIT MHCTPYMEHT U IPOJOJIKAIOT CIIYCK KOJIOHHBI HA 3TOM MHCTPY-
MeHTe C JOJMBOM KOJIOHHBI. B BepxHell 4yacTH IepBOM CEKIMH Ha
paccrogHuu 6—8 M OT cnenmaabHON My(MTHI U APYT OT Apyra ycTa-
HABJIMBAIOT [Ba [EHTPUPYIOIINX NPYKUHHLIX (oHaps. iauuy Oy-
PUIBLHOM KOJOHHBI IOAOMPAIOT TaKUM 00pas3oM, YTOOBI Beaylas
Tpyba 3axoAuja B CKBasKMHY B IIpoIlecce IIeMEeHTUPOBAHNUA He MeHee
uyeM Ha 2/3 ee AJIUHBI.

Hu:xHIOI0 ceKIMio 00caJHOM KOJOHHEI IIEMEHTUPYIOT uepe3 Oy-
PUIbHBIA WHCTPYMEHT, BEAYIIYI0 TPYOy W BEPTJIIOT C ABYXTOPJIO-
BBIM OTBOJIOM U IBYMS IIIJIAHTaMHU, K KOTOPBIM IIOJKJIIOYAIOT I[€MEH-
THPOBOYHBIE arperaTsl. B MecTe OAKII0UeHNA OYPOBBIX IILJIAHTOB K
IBYXTOPJIOBOMY OTBOAY BEPTJIIOTa yCTAHABIMBAIOT 3aABUKKU BBI-
COKOT'0 JJaBJICHUS.

s obecreueHUsT BHICOKOTO KauecTBa IIEMEHTHUPOBAHUA M JIO-
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CTUIKEHHUA HeoOXOAMMOIi BEICOTHI MMOAbeMa PacTBOpPa B 3aKOJIOHHOM
IIPOCTPAHCTBE 0c000e BHMMAHME 00paIaioT Ha IoAcUeT KOJUUYecTBa
TIPOJABOYHOM KUAKOCTA M TOUHOCTEH 3aMepa ee B IIpoliecce MpoIaB-
Ku. BBUIYy TOro 4TO HMIKHIOIO CEKIIWIO IIEMEeHTUPYIOT 0e3 IMeMeHTH-
POBOUYHOIT MPOOKHM, BO N30eKaHIe IIepeKauYKy IIPOJABOUYHON KUIKO-
CTU ¥ OrOJIEHUsA OalMara KOJIOHHBI B KOJIOHHE OCTAaBJIAIOT II€MEHT-
HBIH cCTaKaH BLICOTOM He MeHee 25 M.

ITociie oKOHUaHMSA TPOJABKY IIEMEHTHOT'O PACTBOPA B 3aK0JIOHHOE
IIPOCTPAHCTBO TPOBEPAIOT TE€PMETHUUYHOCTH B3aKPBITHA OOpPaTHBIX
KJIaTIaHOB METOJOM CHUKEHUS JaBJICHUS U 3aMepa KOJUYEeCTBA BbI-
TeKaeMol *KUAKOCTU. [Ipy HerepMeTUYHOCTH UX 3aKPBHITUSA 2—3 pa-
3a IIPOJABJIWBAIOT BBITEKIINUI M3 KOJOHHBI PACTBOP, CHUKAS €ro
YPOBEHbD 0 obecIlieueHNsI TePMEeTUYHOCTH. 3aTeM 00CaTHYI0 KOJIOH-
HY ITOCTEIIeHHO PasTpyKaioT Ha 3a00i1, OTBUHUMNBAIOT 1 ITOTHUMAIOT
OyPUJIbHBIA WHCTPYMEHT.

A obecrmeueHnss HOPMAJIBHOTO COEIUHEHUA 00eUX CEeKIUN He-
00X0AMO 3HATH TOUYHOE MECTOHAXOMKJIEHVE TOJIOBHOW YaCTU HUMK-
Hell CeKI[UM, YTO OIPEIeISIOT C ITIOMOIIBI0 KapoTasKHbIX pabort. I1e-
pea CIyCKOM BTOPOM CEeKIIMH 00CATHOM KOJIOHHBI He3aKPeIlJIeHHYIO
YacTh B CJIyuyae HeOOXOAMMOCTH IIA0JOHUPYIOT TPEXIIAapPOIIeUHBIM
IOJIOTOM, MeCTa ITOCaJoK HMHCTPyMeHTa mpopabarbiBatoT. Hus BTO-
poii ceKiuu ob6cagHOM KOJOHHBLI OOOPYAYIOT UYTYHHOU HaIpaBJIsi-
foIreli MpoOKOil M CoOeIMHUTENbHBIM HaTpybokoMm. Ha coemmHUTEb-
HBIH TaTPyOOK HAZEeBAIOT YILJIOTHUTEJIbLHOE KOJIBIO 1 00BAPUBAIOT C
my@Tol 06cagHOM TPYObI U MaTpyOoKOoM. B CTHIKEe IEepBOIi U BTOPOMH
Tpy6 IOMENIAOT CTOI-KOJbIlo. Ha mepBoil 1 BTOPOIi Tpybax ycTa-
HaABJIMBAIOT IBA MEHTPUPYIONINX (QoHApA, KOTOPHIE MOJKHBI obec-
MEeYUTh COeIUHEeHNe JBYX YacTeil KOJOHHBI.

ITocsne gomycKa KOJIOHHBI CKBAYKMHY ITPOMBIBAIOT U JOBOJAT Iia-
paMeTpsl OYPOBOTO pacTBOpa A0 YKasaHHBIX B IIaHe pabor. Ilpu
MIPABUJIHLHOM COEIWHEHUU ABYX CEKIIMI BCJIEJCTBME YMEHBIITeHU
3a30pa MEKIY COeIMHUTEJIbHBIM MATPYOKOM U KOPITyCOM CIIEI[H-
aJbHOTO MaTpyOKa pe3Ko IOBBIINIaeTcA maBieHue. Ilocie mocamkm
KOJIOHHY TIOJHUMAIOT Ha BBICOTY, 00ECIIeUMBAIOIIYI0 OTKPBITHE IIe-
MEHTHUPOBOUYHBIX OTBEPCTHUH, HO HE AOMYCKAIOIIYIO IIOJTHOTO Pa3be-
OUHEHUs CeKIUil Me:Kay coboii. Ilocie magenusa maBieHUA IeMeH-
TUPYIOT BEPXHIOI CEKINIO0 OOBIYHBIM CIIOCOO0M Uepe3 3aJIUBOUYHYIO
TOJIOBKY C TIOMOINbIO BepXHEW pasbefuHUTENbHON mIpodoku. Ilo
OKOHUAHWU IIEMEHTHUPOBAHUSA BEPXHIOI0 CEKIIMIO OITyCKAIOT OO0 3a-
KPBITUA IIeMEHTUPOBOUYHLIX OTBEPCTHUI B IIaTPYOKeE C pas3rpy3Koii HA
0,08-0,12 MH or coGcTBeHHOTO Beca BepxXHel cexiuu. Ilpu sTom
YILIOTHUTEJIbHOE KOJIBIIO CAAUTCA HA KOHYC Ha CIIeIuaJIbHON My(drTe,
yTOo 0obeclieuyrBaeT MOMOJHUTEIbHYIO TepMeTH3al[ui0 MeCTa COeu-
HeHUd CeKITIHA.
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IITupokoe pacupocTpaHeHNe IOJTYyYNIa TEXHOJIOTUSA IeMEHTUPO-
BaHUA XBOCTOBUKOB U CEKITMII 00CaJHBIX KOJOHH C I[eMEHTUPOBOY-
HBIMU IPOOKaMU.

7.3.8. CTYIIEHYATEINM CIIOCOB ITEMEHTUPOBAHUS
OBCAIHBIX KOJIOHH

JByxcTymeHuaToe eMeHTUPOBAHME OCYIIECTBIIAIOT C IIOMOIIIBIO
IIeMEeHTHUPOBOUHBIX My(dT. Mydra mpencraisger cobOi MOJBIH IU-
JUHAPUYECKUI KOPIIYC C IPHUCOEINHUTEIbHBIMU KOHYCHBIMU Pe3b-
0aMu Ha KOHIIe M 00OMOI, CMOHTHUPOBAHHOM HA €ro BHEITHEH II0-
BEPXHOCTH UM 00pasyiolleil Ha YacTu AJWHBI KOJIBIEBOH 3asop. B
KopIlyce ¥ 000¥iMe BBIIIOJIHEHBI O0OKOBEIE II€MEHTHPOBOYHEIE OTBEP-
cTHUA.

IlemeHTUpPOBaHME TIEPBOM CTYIEHU IIPOBOAAT OOBIYHBIM CIIOCO-
6om. TaMIOHAKHBIN PACTBOP OTAEJIAIOT OT IPOJABOYHOMN JKUIKOCTH
pasgeuTeNbHON MPOOKO, KOTOpasa CBOOGOLHO MUHYET BHYTPEHHUE
BTYJKHU MY(QTHI U ABUKETCSA BHU3 [0 MOCATKU HA CTOH-KOJBIO. I1o-
cJie TIOJYUYeHUsA CUTHAaJa O IMocaaKe IMPOOKM Ha CTOI-KOJIBIIO OCTa-
HABJIMBAIOT HACOCHI ¥ OTYCKAIOT B KOJIOHHY OTKPBIBAIOIIYIO MTPOOKY,
KOTOpasdA IOorpy’KaeTcsA B IPOJABOUYHYIO JKUIKOCTh CPeIHEN IIJIOTHO-
CTH CO CKOPOCTBIO 0K0J10 1 M/cC.

ITo mocTmskeHuM TPOOKOI cefjla HUMKHEN BTYJIKU BO30OHOBJIA-
IOT HarHeTaHUe JKUAKOCTel B CKBasKUHY. Ilom meiicTBueM maBJIeHUSA
HarHeTaHUs BTYJKA CABUTAETCSA BHU3 U OTKPBLIBAeT OOKOBBIE OTBEP-
ctud. Jlasee CKBa)KMHY TPOMBIBAIOT yepe3 OOKOBBIE OTBEPCTHUS,
a 3aTeM 3aKaUYMBAIOT B KOJOHHY IIeMEHTHBIN PACTBOD AJIA IeMEeHTH-
poBaHusA BTOPOI cTymeHu. IIpu 9TOM IIeMEHTHBIM PaCTBOP OTHAEIAIOT
OT TPOJABOUYHOM KUIKOCTH 3aKpbIBaiomieii mpoOKoi. J[loiimsa
Io My(dTHI, 3aKphIBAIOIIaA NPOOKA CAAWTCSA HA BEPXHIOIO BTYJIKY
U CIBUTAET ee BHU3, OTKPHIBAsA OTBEPCTUA B KOpPITyce HaJ 3aCJIOH-
koii. CozgaBas usbbiTouHoe gaBiaenue 7,0—8,0 MIla, zacioHKY me-
peMeIlaoT BHU3 U I'ePMEeTUYHO NepPeKPhIBAl0T OOKOBBIE OTBEPCTUS
B KopIryce u oboiime mydThI. IIpoliece meMeHTHPOBAHUA 3aKaHUNBA-
eTcs IpU 3aKPBITUY GOKOBBIX OTBepCcTHUil B MydTe. Ilocae 3aTBepae-
BaHUA [eMEHTHOTO PACTBOPA BHYTPEHHME BTYJKU MY(QThI pas3oypu-
BAIoOT.

OTcyTcTBHE 00PATHOTO ABUMIKEHUS *KUIKOCTH MPOBEPAIOT uepes
OTKDBITHIM KPaH HA IIeMEHTHMPOBOYHOI I'OJIOBKE WMJIN arperare, 4To
TaKKe IMOATBePIKIaeT YCIelTHOe 3aKPhITHE OTBEPCTUHN MYy(ThI.

Huxe u BbIllle My@THI HA PacCTOIHUU 2—3 M yCTaHABJIUBAIOT
IO OJHOMY MIPYKUHHOMY (HoHApIO A IeHTPUPOBAHUSI MYQTHI.
Yro06bI HE JOTYCTUTH ITePEKAYKY IIEMEHTHOTO PACTBOPA U OTOJIEHUSA

511



OammMaxka KOJIOHHBI, BBICOTY II€MEHTHOI'O CTaKaHa HECKOJIbKO
yBeauuuBaioT (1o 40—50 M) B pacueTe Ha IocJenyiomiee pasdypu-
BaHUeE.

OmBIT IPOBEAEHNA IBYXCTYIEHUYATOIO I[eMEHTUPOBAHUSA BhISBII
HEKOTOpbIe HEAOCTATKU cIIoco0a: OrojieHue OaliMaKka, Haauuue He-
3HAUNTEJbHOTO HEe3alleMEeHTHPOBAHHOIO Y4YaCTKa B 3aKOJOHHOM
MIPOCTPaAHCTBE, HEMIOJagKu ¢ My(TOIi.

7.3.9. MAHYKETHBIN CIIOCOB IITMEHTHUPOBAHUST CKBAYKIH

ITOT cmocod IpHUMEHseTCs, KOrJa IOoIlaJaHue TaMIOHAMKHOIO
pacTBopa HUKe MHTepBaJIa IeMEeHTHPO-
BaHUA HeXKeJlaTeJIbHO.

§ N B sToMm cayuae o6camHyI0 KOJOHHY
;S §-; 000pPyaYyIOT MaHzReToqu (puc. 7.12),
N §2 IIPEeCTABIAIONIEH CcODOM BOPOHKY, M3-
% TOTOBJIEHHYIO M3 3JIACTUYHOTO MATEPHU-
LLLLRY ; ajla, KOTOPBIH apMHpPOBaH MeTasnde-
,%iw ” CKUMH IojocamMu. BepxHmuii amamerp
,; MaHKeThbl HECKOJIbKO OOJIbIIIE TuaMerT-

L/

pa CKBa’KUHBI, BCJEACTBHUE YEro TaM-
TMOHAYKHBIN PACTBOP U3 IepopUpoOBaH-
HOro yuacTKa TpyObI Anuuoi 5—30 M He
MPOHUKAET IIPU HArHETAHUU B 3aTPYO-
HOe IIPOCTPAHCTBO CKBAKUHBI, HAaXO-
IdAlleeca HUMKe MaHMKeTbl. B Tpybax
HUKe MaHKeThl yCTaHaBJIWBAIOT OUa-
(parmy, OPONYCKAIOIIYI0 XKUIKOCTh
TOJIbKO B HAIIPABJIEHUY CHU3Y BBEPX.

7.3.10. OBPATHOE IITEMEHTPOBAHUE
KOJIOHH

ITox oOpaTHBIM IIeMEHTHPOBAHUEM
MOHMMAIOT IIPOIlecC 3aJUBKU (3aKauu-
BaHUA) TaMIIOHA’KHOTO pPacTBOpa B 3a-
KOJIOHHOE IPOCTPAHCTBO CBEPXY M IIe-
peMeleHusa ero Ha Jo0yio riayouny. B
HACTOsIlee BpeMs CIIOCO0 00paTHOTro
IIeMEeHTUPOBAHUA 3HAUYUTEJIbHO YCO-

L LAV L L

s

ozl

77T 777 7777777 7777777 7777777777 7777774 W77 77,

Puc. 7.12. O6opynoBaHue KOJOHHBI IIPM MaH-
JKEeTHOM IIeMEeHTHUPOBAHUHN
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BEPIIIEHCTBOBAaH. B HEKOTOPBIX CJIydYasgX OH MMEET CYIIeCTBEHHBIE
IIPEUMYIIIECTBA IO CPABHEHUIO C OOBIYHBIM CIIOCOOOM.

TexHOJIOTMYECKIE 0COOEHHOCT 00PATHOTO ITeMEHTUPOBAHUS 3a-
KJIFOUAIOTCS B ciaenyoiieM. [[Jid IPOBEPKY IrepMETUYHOCTH IIPeIbl-
IyIreil KOJIOHHBI ¥ YCTheBOU YaCcTH CKBAKUHBI HEOOXOAMMO IIPOBEC-
™1 0OpaTHYIO IIPOMBIBKY HacocaMu mnpu gasieHuu 8—9 MIla, T.e.
IIPU JABJIEHUU, KOTOPOE OKUIAETCA B IIPOIlecce IIeMEHTUPOBAHUS.
3aKOJIOHHOE TPOCTPAHCTBO MOYKHO T€PMETH3UPOBATH C IIOMOIILIO
IIPEBEHTOPA MY CIIEINATBHBIX METAJIMYECKUX KOJIEI], OTHO U3 KO-
TOPBIX YCTAHABJIHMBAIOT 3apaHee B KOJIOHHOM (hjIamIle HpenblayIeit
KoJOHHBI. I[eMeHTHBIN pacTBOP 3aKauMBaIOT uepeld aABa 51-T76-Mmm
OTBOJIa, IPUBAaPEHHbBIE K IIPEIbIAYIell KOJOHHE, NJIN Yepe3 KPecTo-
BUHY IIpeBeHTOpA. BeIxoaamuii u3 TpyOHOTO IIPOCTPAHCTBA Oy POBOIH
PacTBOP HAIIPABJAIOT Yepes3 CHeNUaJbHBIN OTBOJ, MMEIOITUHA IBa
IIPOOKOBHIX KpaHa, B jKejoba. KosruecTBO 3akaunBaeMOTo pacTBopa
KOHTPOJIMPYIOT WK IO PacuyeTy, MM IPUOOPOM raMMma-KapoTarka
(TK), coyiieHHBIM B KOJIOHHY Uepes CIeNUaIbHBIN JyOpuKaTop. B
9TOM cJIy4yae BCJIe] 3a IEepPBOi MOpPIiue IeMeHTHOT0 pacTBOpa BBO-
IAT aMITyJIy ¢ PaJUOaKTUBHBIMU U30TOIAMU.

IIpu 3akauKe IIEMEHTHOTO PACTBOPA II0 PACUETY CJIENYET YIUTHI-
BaTh KaBEPHOBHOCTH, BOBMOYKHOCTh YACTUYHOT'O IIOTJIOIIEHUS pac-
TBOPA B POIECCE IIEMEHTUPOBAHNS, CKUMAEMOCTh PACTBOPA U AP.
OOGBIYHO KO9(h(PUIIMEHT, YINTHIBAIOIIIUHA BCe 9T (DaKTOPhI, yCTaHAaB-
JINBAIOT OIBITHBIM IIYTEM.

Bb100p 1 o00cHOBaHME croco0a neMenTupoBanusa. Ha mpakTuke
U3BECTHHI CIOCOOBI IPAMOT0, 06PATHOTO U CTYIIEHUATOTO IIeMEHTH-
poBaHUA CKBasKuH. HaubosbIllee pacpocTpaHeHNe MOJYYMI Iep-
BbIH 3 HUX. CTyIeHYaThIi CII0CO0 IIeMEeHTUPOBAHUSA IIPUMEHAETC,
KaK IIPaBUJIO, B CAYUYAAX BBHICOKOIIPOHUIIAEMBIX TOPU3OHTOB C HU3-
KH!M ILJIACTOBBLIM JaBJIeHUEM WU IPU HeOOXOAMMOCTHU MOHeMa TaM-
TIOHAYKHOT'0 PACTBOPA Ha 0OJIBIITYIO BHICOTY.

T'uapoxsmHaAMUUECKUEe PaCcUeThl ITO3BOJIAIOT 3apaHee OIPEeAeNTh
11eJIeCO00Pa3HOCTD MCIOJIb30BAHUA CIIOCO0A IIPAMOTO MJIN 00PATHOTO
IeMEeHTHUPOBAHUS.

T'uapogmHaMuUecKuii pacueT CBOAUTCA K aHATIN3Y KOHCTPYKITUMA
CKBasKUH C IIEJIbI0 PEIIeHUsS TeXHOJIOTMUYECKUX BOIIPOCOB M yCTa-
HOBJIEHUS ONTHMAJBHOM 00JIaCTH IPUMEHEHUSA Pas3JIUUYHBIX CIOCO-
OOB IIeMEHTHUPOBAHUA. Y CTAHOBUTE 3Ty 00JIACTH MOKHO IIyTEM CPaB-
HEHUA TUAPOAVHAMUYECKUX IaBJIEHUN, BOSHUKAIOIINX B 30HE IIPO-
IYKTUBHBIX ILJIACTOB IIPH KAaMKIOM M3 CIIOCOOOB II€MEHTHPOBAHMSI.
st mpsiMOTo 1eMEeHTUPOBAHUSA 9TO MaBJEHUE OMpeaessieTcs THUL-
PaBINYECKOH XapaKTePUCTUKOM 3aTPyOHOTO IMPOCTPAHCTBA, a AJISA
00paTHOTO — F’UAPABINUECKOM XapaKTePUCTUKOI 06CaTHBIX TPYO.

CpaBHeHUE MOXKHO IIPEJICTABUTL B BHUJE OTHOIINEHUS MaBJIEHUI,
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BOSHHUKAIOIMUX Y 32005, IPU PasINUYHBIX CIIOCO0AX IeMEeHTHUPOBa-
HudA. Eciu 3T0 OTHOIIIeHWe MEeHbIIle eIUHUIIBI, TO CII0CO0 06paTHOTO
IeMeHTUPOoBaHuA 6oJiee IpeAnouTuTeaeH. [Ipn oTHOIEHUM 0OJIbIIe
eIUHUIIBI 1[eJIECO00PAa3HO MPUMEHATh CIOCO0 IPAMOro IIeMEeHTHPO-
BaHUS.

B KauecTBe mpuMepa IpoBeieM PacyueThl IJIA YCIOBHOM CKBaKU-
HBI r1youHOI 3500 M ¢ mpoMeKyTOUHOM KosioHHOM anuHOM 2000 M
¥ TOA'BEMOM I€MEHTHOT'0 pacTBopa B mHTepBase 3500—2000 m.IIo-
KasaTeJau PeOoJIOTUYEeCKUX CBOWCTB PACTBOPOB [MJISI BCEX CJYyUYaeB
MIPUHAMAJIY OAUHAKOBLIMU: IJIs TJIMHKUCTOI'O PACTBOPA ILJIOTHOCTh
p=1,30 r/cm®, Baskocts = 0,174 Ila-c, AUHAMHWYECKOe HAIPS-
sJKeHUe cuaBura t, = 8,2 Ila; pua memMeHTHOro pacTBopa p =
=1,86 r/cm% 1, = 12,6 IIa. JmameTp IPOMEKYTOUHOH KOJOHHBI
U3MeHsAJNCA B mpeaenax 219—-273 MM, a fuamMeTp 9KCILIyaTAIlHOH-
HOM KOJIOHHBI — 114-168 mm. Bece pacueTsl nmpoBogmIv IIpu IPom3-
BOJUTEJIBHOCTHA IIEMEHTHUPOBOYHBLIX arperatoB @ = 10+60 xa/c mo
M3BECTHBLIM (DOPMYyJIaM I'IAPABINKY C IIOMOIIIbIo OBM.

PesynbTaThl pacueToB IIpeAcTaBIeHBI Ha puc. (.13, 13 KOTOpPOro
BUIHO, UTO MeHbIIIee JaBJeHre Ha IPu3aboiHy0 30HY IPU UCIOJb-
30BaHnM 114-MM KOJIOHHBI CO37]a€TCA B CIydYae IMIPSAMOTO IeMEHTHU-
poBaHUud, a mpu ucnoabzoBanuy 146- u 168-m Ko10HH — 06pATHOTO.

Croco6 ompenesneHnsa o6aacTu 3(pPpeKTUBHOTO IPUMEHEHUS TOTO
WJIX MHOTO cmocoba Ajsd KoJoHH nuamerpoMm 114, 146 u 168 MM B
273-MM TPOME:KYTOUHOII KOJIOHHE IIPOMJLIIOCTPHUPOBAH HA pUC.
7.14.

Amnanus pacupemesieHUsa TUIPOCTATUYECKOTO U THUAPOSUHAMIU-
YeCKOTr0 JaBJE€HUS IIPU OOPaTHOM IIeMEHTHUPOBAHWU ITOKAa3bIBAeT,
YTO B HAUAJBbHON CTAIUU IIPOIleCCa PACTBOPHI ABHUIKYTCSA 3a CUET
9HEPruu HaCOCOB, a 3aTeM — IOJ [IeMcTBHMeM COOCTBEHHOT'O Beca
cTosiba IeMEeHTHOrO PacTBopa B KOJIBIIEBOM IIPOCTpaHCTBe. B oT-
JeJbHbIe MOMEHTHI IPU paspbiBe IOTOKA JaBJIeHIe Ha BhIINIEJIerKa-
IITMe IIJIAaCThl MOXKeT OKa3aThCA HUMKEe TMIPOCTAaTHUEeCcKoro. B cBaA3u
C 3TUM BOIIPOC PEryJIMPOBAaHUS BCETO XOMa IIpoliecca IIpu 00paTHOM
[IEMEeHTHPOBAHUY UMeeT 0OJIblllee 3SHAUeHNe, YeM IIpu Ipsamom. Pe-
ryJMpOBaHUE IIPOIleCCa 3aKauKM APOCCEINPOBAHMEM B KOHEUHOM
cueTe IPUBOAUT K COOTBETCTBYIOIIEMY VBEJWUEHHUIO 3a00MHOTr0
IaBiieHUsA. VI3MeHsasA peoJioTHUYecKre CBOMCTBA IIEMEHTHOI'0 PACTBO-
pa, MOKHO MPaKTHUUYECKU CO3JATh AaBjeHUe Ha 3a060ii, paBHOE THU]I-
PaBIMYECKUM IIOTEPAM B KOJIOHHE.

HetanpHOe paccMoTpeHMne crnocoba oOpATHOTO ITeMEHTUPOBAHUA
MMOKAa3bIBAET, UTO OH UMEeT P/l IPEeUMYIIeCTB:

1) uckarouaeTcss HeOOXOAMMOCTh MOAOOPA PEIeNTyP TaMIIOHAMK-
HOTO pacTBOpa B 3aBHCHMMOCTH OT 3a00MHBIX YCJIOBUII; MOMKHO I0-
OUTHCS OJHOBPEMEHHOT'O CXBATHIBAHUSA BCETO PaCTBOpPA, MOJYUUB
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p, MIla
10,0

Puc. 7.13. CpaBHHTEeIbHBIE PE3yabTa-
ThI THAPOANHAMUYECKNX PacCYeToB:

a, 0,8 — KOJIOHHBL JUaMeTPOM COOTBE T-
crBenuo 114, 146 u 168 mm; I — i a-
paBJIMYECKUE IIOTEPU B KOJIOHHE; 2, 3,
4 — ruppaBiIWUYecKHWe IIOTEPUM B 3a-
TPYOHOM IPOCTPAHCTBE C IIPOMEIKY-
TOYHOM KOJIOHHOM [JUaMeTPOM COOT-
BeTcTBeHHO 219, 245 1 273 MM

Puc. 7.14. Tpaduk M3MeHEHUA OTHO-
IWIEHNs JABJIEHUH, BO3HHKAIOMIUX Y
3a00d NMpM NPSIMOM M OOpPaTHOM Iie-
MEHTHPOBAHHU:

1,2,3 — @ coorBerctBenuo 10, 30 u 50
J1/C; Py — AABJICHYE BHYTPH KOJOHHBI;
D, — [AaBJleHHe B 3aTpyGHOM mpoOCT-
paHCcTBe

p, MIla
10,0

5,0

2,5

40 Q, a/c

0
10 20 30 40 Q,alc

pBTp /psz




MOHOJINTHBIN IEMEHTHBIA KaMeHb C OQWHAKOBOW ITPOYHOCTHIO IIO
BCEMY CTBOJIY;

2) coxpaIaTcs 3aTpaThl BpeMeH! Ha ONepaIlny o IMeMeHTHPO-
BAHUIO;

3) orpaHMYMBAIOTCS OAHOUM 30HON CMEIIEHUA TJIMHUCTOTO U Iie-
MEHTHOTO PACTBOPOB;

4) rugpoguHaMUUECKUI pacueT GoJjiee TOUEH IJs MPHU3abOMHOIM
30HBI, TaK KaK TUApPaBINUYECKNe MOTePU B KOJIOHHE 00CATHBIX TPYO
IIpoIIfe MOAAAIOTCA PacueTy;

5) BoO3MOKHA 3aKauKa TAMIIOHAYKHOT'O PpacTBOpa B TYpPOyJIeHTHOM
IMOTOKe 0e3 oImaceHusl pasphbiBa IIJIACTA M BOSHUKHOBEHUS IIOTJIO-
IIeHUH, YTO BayKHO IPU BLITECHEHUU IIPOMBIBOUHOM JKUIKOCTH U3
3aTPyOHOT'O IIPOCTPAHCTBA;

6) TpeOyIOTCA MEHBIIIME MOIITHOCTH OOOPYIOBAHUS AJSA IeMeH-
TUPOBaHUA.

Hecmorpsa Ha 9T0, c110c06 00PaTHOTO IIEeMEHTHUPOBAHISA MMEET OT-
paHUYeHHOEe IIPUMEeHEeHNe M3-3a OTCYTCTBUS CPEACTB KOHTPOJS 3a
IIPOIeCCOM IIEMEHTHUPOBAHUA.

C 1meabi0 TpemoTBpAIlleHUs MOTJIOIEeHUH IPU IeMeHTHPOBAHUN
SKCILIyaTAIlMOHHBIX KOJIOHH IIPUMEHAIOT CI0C00 CTYyIeHYaTOTo Iie-
MEHTHPOBAHUS CKBAXKUH C MOAHEMOM TaMIIOHAYKHOTO pacTBopa 3a
00cagHOIT KOJIOHHOM B B CTYIIEHU 1 0oJIee.

7.4. CXEMbBI PASMEIIIEHUSA
1 OBBA3KN OBOPYIOBAHUS
TP TEMEHTUPOBAHUSA

B macTosIiee BpeMs B pa3JIMYHBIX He(pTerasoBbIX palioHaX MPU-
MEHAIOT HECKOJIBKO OTJIMYAIINNXCA APYT OT APYyTra TeXHOJOTUYec-
KHUX CXeM IIPUTOTOBJICHUA M HATHETAHUSA TAMIIOHAYKHBIX PAaCTBOPOB.
ITo oTaMUYME O0YCJIOBJIEHO CIIEIIM(UKON TeoJIorO-TeXHUUYECKUX, a
WHOTAA U KJINMAaTUYEeCKUX YCJIOBUM NaHHOTO paiioHa, YTO OIpeje-
JIseT BBIOOP KOHCTPYKIIMY CKBasKUHBI, CIIOCO0a IIEMEHTHUPOBAHUA U
TaMIIOHAKHOTO MaTepuaja JId KaKJI0Tr0o KOHKPETHOTO paiioHa.

OTryimume 3TUX CXEM 3aKJIIOYAETCSA B MCIOJB30BAHUY PABIUYIHOTO
Yycsia I[eMEeHTHPOBOUHBIX ArperaTroB U I[eMEeHTHO-CMEeCHTEJIbHBIX
MAaIlIWH, a TaKyKe B IPUMEHEHUN CIIeINaJIbHbIX YCTPOMCTE MJIU Me-
XaHU3MOB, OBBIIIAIOINX KAaUYeCTBO PACTBOPA MU IIeMEeHTUPOBAHU A
B II€JIOM U YJIYUIIAIOIINX YCJIOBUSA TPYyAa 00CIYy:KMUBAIOIIETO IIepPCo-
Hasa. CxemMa 06BSI3KHM 000pyAOBaHUA IpU ucmoab3oBauum 20—40 T
CYXOTO TaMIIOHAQKHOTO MaTepuaja [IJid IPUTOTOBJIEHUWS PacTBOpa
npuBeAeHa Ha puc. 7.15.
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Puc. 7.15. Cxema 00BA3KM arperaTos IIPM IIeMEHTHPOBAHHUYU CKBAMKUH C MCIIOJIB30-
BanueM 20—40 T cyXoro TaMIIOHAKHOTO0 MaTepuaja:

1 — nemenTHo-cMmecuTesbHad Mamumaa 2CMH-20; 2, 3 — 11eMeHTHPOBOYHBIN arperaTt
coorBercTBeHHO 1TA-320M; 3ITA-400A; 4 — 610K Manudoabpga 1BM-700; 5 — cras-
nusg KOHTPOJSA IeMEHTHPOBaHWA; 6 — IeMeHTUPOBOUYHAA TOJIOBKA; IIYHKTUDHAS
JINHWS — JBUKEHNE IIPOJABOYHOM KUIKOCTH; CIUIOIIHASA JIMHUS — [BUKEHUE TaM-
IOHAKHOTO PACTBOPa

IIpu ncmonb3oBanuu 40—60 T cyxoro Marepuasa Ijs IPUTOTOB-
JIEHUSI ¥ HAaTHETAHUS TAMIIOHAYKHOI'O PACTBOPA IMIPUMEHSIOT 0O0JIb-
111ee YUCJI0 arperaTos, MO3BOJISIONINX aKKYMYJIUPOBATh BECh CYyXO0MH
MaTepuaJ B TPeX TOUKax 3aTBopeHusd. Ecau mMacca cyxoro marepua-
Ja mpesbimaer 60 T, u3MeHseTCA cXeMa OOBA3KU IeMEHTHPOBOU-
HBIX arperaToB U IeMeHTHO-CMEeCUTEeILHBIX MaIiuH (puc. 7.16).

Bo Bcex aTux cxemax, KaK IIPaBUJIO, IpeAyCcMaTPUBAETCA TaKoe
COOTHOIIIEHHE MEeXIy YHNCJIEHHOCTBIO I[€MEHTHO-CMECUTEIbHBIX
MAIIIMH 1 IIeMeHTUPOBOYHBIX arperaToB, Mpu KOTOpoOM obecieunBa-
eTcsa OecrepeboiiHOe MPUTOTORJIEHNE U HarHeTaHNe TaMIIOHAaKHOTO
pacTBopa B CKBAKMHY C 3aJaHHBIM TeMmnoM. OGBIYHO C OIHOM Iie-
MeHTHO-cMecuTeJabHOU Marmuuoir 2CMH-20 paboratoT nBa IIeMeH-
TUPOBOUYHBIX arperaTta, OAUH M3 KOTOPBIX (MMEIOIINII BOAOIIOMAT0-
U Hacoc) IoJaeT KUIKOCTh HA 3aTBOPEHMEe B T'MAPOBAKYyMHOE
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Puc. 7.16. Cxema 00OBA3KHM arperaTos IIPM IIeMEHTHPOBAHUYU CKBAKUH C MCIIOJIB30-
BaHueM 6osee 60 T cyxoro maTepuaJa.
O603HaueHUA cM. Ha puc. 7.15

CMECHUTEJIbHOE YCTPOMCTBO I€MEHTHO-CMECUTEJIbHOM MAIIWHBI, a
BTOPOI (He MMeIIuii BOAOIIOJAIOINEer0 Hacoca) BMECTe C TEePBBHIM
HarHeTaeT T'OTOBBIM PAacTBOP B CKBaKuHY. IIpm sToM cyMMapHas
mogava KUAKOCTH (IO MACIOPTHLIM AAHHBIM) ABYMSI arperaTaMu
HECKOJILKO 0O0JIbIIIe IIPOU3BOIUTEIbHOCTH IIeMEeHTHO-CMECUTEIbHOH
MamnuHel. Kak mpaBuiio, AJs IPOAABIMBAHUA BepXHell pasieJin-
TeJIbHOM MPoOKY 1ncmoab3yioT arperaT 3I11A-400A, KOTOpbIi 06Bs-
3BIBAIOT C IIeMEeHTHUPOBOYHOI I'OJIOBKOM.

B pasiuuHbIX paiOHAX CTPAHBI B CBSI3U CO CIEIN(PUIECKUMHU YC-
JIOBUSIMU CX€MbI OOBSI3KM 000PYIOBAHMS HECKOJbKO BUIOU3MEHSI-
I0TCA.

B 6. I'posred T 1 KpacHogapuedTerase uCIoIb30BaI OCPEIHU-
TeJbHBbIE EMKOCTH, CMOHTUPOBAHHLIE HA ABTOMAIIMHE M MMEIOIIre
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ImepeMelInBalIe ycrpoiictea. IIpeskge ueM IogaTh pPacTBOp B
CKBayKMHY, eT0 HEKOTOPOE BPeMsA IIEPEMEIIINBAIOT B 9TOH €MKOCTHU;
O0saromapsA 9TOMY YJIYUIIIaeTCs eT0 OZHOPOAHOCTh, UTO CYII[eCTBEH-
HO MOBBIIIAET KAYecTBO IleMeHTHpoBauusA. IIpencraBisercs eJe-
CcOo00pAa3HBIM OPraHM30BaTh CEepPUIlHOE M3TrOTOBJIEHUE TaKUX e€MKOC-
teii. Ha puc. 7.17 moxasama cxeMa pPacCTaHOBKHU U OOBS3KU 000OPY-
JOBAHUS IIPU IIEMEHTUPOBAHUY CKBAXKUH 00JIeTYeHHBIM TaMIIOHAMK-
HBIM PacTBOPOM C IIPUMEHEHWEeM OCPEeIHUTEJIbHON eMKOCTH W WC-
IIOJIBL30BAHIEM pe3epByapa BMecTHMOCTBIO 40 M® 4JIf 3arOTOBKH
BOJIbI 3aTBOPEHUS.

WHorga 11 akKyMyJIUPOBaHUSA KUIKOCTH 3aTBOPEHUS MUCIIOJIb-
3YIOT MepeaBUIKHBIEe EMKOCTH Pa3JNuHOI BMecTuMocTH (puc. 7.18).
IIyHKTUPHLIMY JIMHUSAMU TOKA3aHO ABUKEHUE JKUJKOCTH 3aTBOpE-
HUA, CILIOMIHBIMU — TaMIIOHAKHOTO PAacTBOPa; KOTZa HET BO3MOXK-
HOCTU NPUMEHATH AJSA aKKYMYJINPOBAHUA JKUIKOCTU 3aTBOPEHUA
CTaIMOHAPHBIE WUJIU [IePEIBUKHbIE EMKOCTH, C 9TOH I[eJIbI0 MCIIOJIb-
3yIOT MepPHBbIe eMKOCTH IIeMEeHTUPOBOUHBLIX arperatoB (puc. 7.19).
IIyHKTUPHBIMY JUHUSAMY IOKA3aHO HaIllpaBJieHUe IBUKEHUS BOIBI,
CILIOIIHBEIMMA — TaMIIOHAXKHOTO PacTBOpA, INITPUXIYHKTUPHBIMU —
IIPOaBOYHOM Kuakoctu. [Ipu pabore 1Mo 3TOM cxeme TOCae IIPUTO-
TOBJIEHVA U HaTHETAHUA TaMIIOHAYKHOTO PACTBOPA, IIPU €r0 IPOJaB-
JINBAaHUM CMECHUTEJbHbIe MAIINHBI M OOBSA3aHHbBIE C HUMU I[€MEHTH-
POBOUYHBIE arperatbhl MOTYT ObITH OTCOEAUHEHBI M OTIPABJEHBI Ha
6asy.

B 6. BHUUKPHedTn paspaboraHa W BHeApeHa CIeluaJibHAas
TeXHOJIOTUUYECKAas CXeMa IPUTOTOBJIEHUS 1 HarHeTaHUA TaMIIOHAK-
Horo pactBopa (puc. 7.20), uckiaoouarmmas ero nmorepu (0CoOeHHO
IIPY KCIIOJIb30BAHUY BCIEHUBAIOIINX PEAreHTOB) U II03BOJISIOIAS
YBEJIMUYUTDH MOJAUy HACOCOB II€MEHTHPOBOUHBIX arperaToB 3a CUeT
co3IaHusA IOAIIOPAa Ha IIpueMe.

B 3anCub66ypHedTH A1 IPUTOTOBIECHUSA PACTBOPOB U3 JIEHKATIBIX
IIEMEHTOB WHOTZA WCIOJb3YIOT (DPE3epHO-CTPYHHYI0 MeJbHUIY,
COeIMHEeHHYIO ¢ 000PyIOBaHUEM IO cxXeMe, YKasaHHOU Ha puc. 7.21
(paspaborana B 6. BHUNKPHedTH); TakKe HAXOAUT MPUMEHEHUE
cxeMa I[eMEeHTUPOBAHUS CKBAMKUH C IPUMeHeHreM TUIPaBINUYeCKO-
r'0 CIIoco0a aKTUBAIIUY IIEMEHTa, IIPU KOTOPOM IIOTOK TaMIIOHAKHOTO
pacTBOpa mOJ OOJIBIINMM [JaBJIeHUEM IIOJAaeTCA B YCTPOMCTBO, TIe
coymapsaeTcs CO CTEHKOM MM BCTPEUHBIM IOTOKOM; B Pe3yJIbTaTe
STOTO Pa3PYIIAIOTCSA KOMKOOODAa3HBIE BKJIIOUEHUS U IIOBBHIIIAETCSA
CTeIleHb TUAPaTAIlUN.

C 1esbl0 YBEJINUEHUs CTElIeHW BbITeCHEHUS OYPOBOTO pacTBOpa
13 3aTPYyOHOTO MPOCTPAHCTBA CKBasKUHBI IIPU IIEMEHTHUPOBAHUU, a
cJIe0BaTeJIbHO, AJIA MOBBIIIEHU €r0 KauecTBa ObLIM paspaboTaHbI
¥ BHEAPEHHI CIIOCO0 IPUMEHEHNA U KOMILJIIEKC YCTPONCTB, IMO3BOJIA-
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Puc. 7.17. Cxema 00OBSIBKHM arperaTos IpH LE€MEHTHPOBAHUU OOJEr4eHHBIM pac-
TBOPOM C MCIIOJIb30BAHNEM OCPETHUTEJIHHOH €MKOCTH M pe3epByapa IJIfA 3aroro B-
KM JKHIKOCTH 3aTBOPEHUT:

1 — nemeHTHO-cMecuTe ibHaA Mamnnaa 2CMH-20; 2, 3 — meMeHTHPOBOUHBII arperar
coorBercTBeHHO ITA-320M u 3ITA-400A; 4 — 6iaox manudoapga 1BM-700; 5 —
craHIusA KOHTpoJisa nemeHTupoBanus CKI[-2M; 6 — ieMeHTHPOBOYHAS 'OJIOBKA; 7 —

OCpeqHUTeIbHAsA eMKOCTh; 8 — pe3epByap; IYHKTHUDPHON JuHUE 0003HAueHO [IBU-
JKeHUe JKUJKOCTH 3aTBOPEHUA

I0Il[1Ie B IpOoIlecce IeMEeHTUPOBAHUSA IIPOBOAUTE OCEBOE IepeMelrie-
HHUe 00CaIHOM KOJOHHEIL.

Ha puc. 7.22 mpencraBieHa cxeMa PacIOJIOKeHUs 000pyIoBa-
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Puc. 7.18. Cxema 00BA3KH arperaToB ¢ UCHOJb30BAHMEM ABYX €MKOCTeH IJIf aK-
KyMYyJMPOBAHMA 'KUIKOCTH 3aTBOPEeHHA BMECTHMOC ThIO 1o 25 M3:

1 — nemenTHo-cMmecuTesbHad Mmamumaa 2CMH-20; 2, 3 — ieMeHTHPOBOYHBIN arperaTt
coorBercTBeHHO ITA-320M u 3IT1A-400A; 4 — 6iaoxk manudoapga 1BM-700; 5 —
craHnusa KOHTpoJid nemeHTupoBanusi CKI[-2M; 6 — 1ieMeHTHPOBOYHAS M'OJIOBKA; 7 —
€MKOCTb

HUSA U OTHEJbHBIX YCTPOMCTB, O0ECIeUMBAIOIINX pacXaKHUBaHUe
KOJIOHHBI B IIpoIlecce HarHeTAaHUA JKUIKOCTU IIPU IeMEeHTUPOBa-
HUU.

IIpenacraBaseT MHTEPEC COIIOCTABUTH PA3IMUHBIE CXeMbI paccTa-
HOBKM 1 OOBSI3KM IIEMEHTUPOBOUHOT'O OOOPYAOBAHMUA, BLIIBUTH UX
MIPEeNMYIIIeCTBA U HeIOCTATKU.

Amanns JaHHBIX 110 PAAY 00beuHeH!I ¢ 60IbIIIM 06beMoM 0y -
peHus, a TaKKe CO CIOKHBIMY KOHCTPYKIIMAMU CKBAa'KUH ITOKa3aJ,
uTo 10 80 % CKBayKMH IIeMeHTUPYIOT ¢ npuMenenueMm ot 20 mo 80 T
CYXOTO TaMIIOHa;KHOTO Marepmaja. [Ipm sToM momada pacTBopa u
TTPOJABOYHOM *KUIKOCTH B CKBAXKUHY He IIpeBbIIaeT 25 j/c, a gaB-
aenune 30,0 MIla.
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Puc. 7.19. Cxema 00BS3KH 000PyJOBAHMSA IPH I[eMEHTHPOBAHUHU C HCIIOJb30BaHU-
eM I aKKYMYJIMPOBAaHMSA KUIKOCTH 3aTBOPEHUS MEPHBIX eMKOCTedl IeMeHTHPO-
BOYHBIX arperaTos.

O603HaueHua cM. Ha puc. 7.15

A ymobcTBa cpaBHEHUI 3TUX CXEM IIPUMEM OJUHAKOBBIE IJISA
BCEX CJIyYaeB yCJIOBUA I[eMEHTUPOBAHUS, KOTOPbIe IPUBEIeHbl HU-
JKe.

KoaunuecTBo cyxoro marepuasia, IPUMEHSEMOTrO [JIs IPUTOTOBJIEHUSA PACTBO-
0 TR N .
3ajaHHas IJIOTHOCTE pacTBopa npu B/IT =0,5,r/cm? ..
Heob6xoammMoe KOJIMYECTBO YKUAKOCTH 3aTBOPEHUS, T ..
O6BEM TAMIOHAMKHOTO PACTBODA, M2 evvurrrnrrrnrernersnersnnesneernnesssssnssssssnsennns
CyMMapHaa IIPOU3BOAUTEJIbPHOCTD IIPUT'OTOBJIEHUA U OTKAYKU TaAMIIOHAXHOTI'O
PACTBOPA, JI/C teuvrenteneesseansansonsosssssssnsonsossossssnsonsossossssnssnsosssssssnsansonsosssns
CymmapHasa TpebyeMas mofada KUIKOCTHA B CMECHUTENH, JI/C
CymmMmapHasa TpebyeMas Imofada Cyxoro BsSJKYILETO B CMecuTeJie, KIr/c
MaxkcumasipbHOE IIPEAIIoIaraeMoe AaBJIeHNe NIPU HarHETaHWM TaMIIOHAKHOI'O

pacTBOpa ¥ ero mpojaBJuBaHuy npu nogaue 25 i/c, MIla, He Goee .............. 10,0
MakcuMaibHOe IPeAIoIaraeMoe JaBIeHne IIPU IPOAABJIUBAHUAN C COOTBETCT-
BYIOIIAM YMEHBIIEHUEM, MIIa, HE BOEE ...cvevreirrrneneenieeeneneeneneneeneeeenenennens 40,0
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Puc. 7.20. TexHomoruueckass cxeMa IPHUTOTOBJIEHUS Y HArHETAHUSA BCIIEHEHHBIX
pacTBOpoOB:

1 — GyHKep IIeMEeHTHO-CMECHUTEJHHOM MAaIluHBI; 2 — 00paTHBIN KJalaH THAPOBaK y-
YMHOTO CMECHUTEJIBLHOTO YCTPOiicTBa; 3 — IpueMHasd BOPOHKA OyHKepa IIeMEHTHO-
CMeCUTEeJbHON MamuHbl; 4 — TUAPOBAKYYMHOE CMECUTEeIbHOe YCTPOMCTBO; 5 — Ha-
nopHas TPy6a; 6 — BcachIBAIOI[Uil KOJJIEKTOP Hacoca; 7 — TPyGOIpoBOA; 8 — Kia-
naH; 9 — npuemMHas yacTb; 10 — rodpupoBaHHBIN HUIAHT, 1] — OTKUAHAS KDBIIIKA;
12 — ypoBHemep; 13 — HacoC IeMEeHTUPOBOYHOrO arperara; 14 — cJIuBHON maTpy6oK

MaxkcumaabHO BO3MOXKHAasA mojgada Bogomnogaromiero Hacoca ITHC memernTrpo-
BouHoro arperata I[A-320A mpu p=1,5Mlla uyepes wmTyIEpP gUAMETPOM
14 VIV, JT/C eueneneneneneneneneenenenenenenenensnsnsnsnsnsnsnsnsnsssnensnsnsnsasnsnsnsnsnsnsnsnsnsnnns 6,4
MakcuMaIbHO BO3M OJKHAsSI IIPOM3BOJUTEIHHOCTD I[EMEHTHO-CMECUTEIHbHOMN
marmmasl 2CMH-20 mpu mpurorosieruu pactsopa p=1,83 r/cm?® u pabote ¢
HACOCOM ITHC, JI/C cvuvnrnrnininininineeeneneneeneneneneeeneeseeesessssasasosssnsnsnsnsnsnsnsnns 10,53

1 pacyeToB IPUHATHI PEATHHO JOCTUKUMbIE PEXKUMBI PabOTHI
[EMEHTUPOBOYHBIX arperaTos.

THIT ATPETATA «v.eveeverereereereeneenereenens ITA-320 AS3IIA-400A

QuameTp HODPIIHA, MM .. 100 110
BrutouenHas mmepegava .. . IV v
HaBnerne, MIIa....cccoeeveeniniiennenennnnnn 91 3,5

3
[ x4 !
oo’/_’l:' + Joo _’4({
v R

—

Puc. 7.21. Texnonormueckasa cxeMa IPUIOTOBJEHUSA M 3aKAYKM TaMIIOHAMKHBIX
PacTBOPOB ¢ MpUMeHeHueM (hpe3epHO-CTPYHHON MeJIbHHUIBI:

1 — mnemenTtHo-cMmecutenbHass MammHa 2CMH-20; 2 — 1eMeHTUPOBOYHBIN arperar
ITA-320M; 3 — (ppesepHO-CTPyiiHAsA MeJbHULA; 4 — IEMEeHTUPOBOYHASA I'OJIOBKA
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Puc. 7.22. Cxema pas3menieHHsA ¥ O0BA3KH 00GOPYJOBaHHS IPH I[eMEHTUPOBAHUU
CKBa’KMHBI C PACXAKUBAHNEM KOJOHHBL

1 — uemeHnTHO-cMecuTenbHasg Mamuaa 2CMH-20; 2, 3 — meMeHTUPOBOYHBIN arperar
coorBercTBeHHO ITA-320M u 3I1A-400A; 4 — 6sok mauudosaspza 1BM-700; 5 —
CTaHIUSA KOHTPOJISA IEMEHTUPOBAaHUA; 6 — I@MEHTHPOBOYHAS TOJIOBKA; 7 — Iap-
HUPHBIE 3BeHbs TMOKOT0 METAJLINYECKOTO IILJIaHra; 8 — CTOAK

TIPOUBBOAUTENBHOCTD, JI/C weveerernenrnsnsnsnsenenenenss 10,5 19,5
MakcrMAaJIbHO HOIYCTUMOE IABJIEHUE C IPUHATHI-
My TOPITHAME, MITa .ovvviiiiiiiiiiiiiiiiiniiieneneenns 32 40

Haubosee pacmpocTpaHeHHas TexHoOJIoTHYecKas cxema (pwuc.
7.23, a, BapuauT 1) mpegycMaTpuBaeT ydacTHe B IIpollecce IeMeH-
THUPOBAHUS CEPUIHOTO IIEMEHTHPOBOUHOTO 060pyAoBaHusA. Kammasa
meMeHTHO-cMecuTeabHaA Mamunaa 2CMH-20 pa6oTaeT ¢ AByM4 Iie-
MEHTHUPOBOUHBIMHU arperaTaMu, OJUH 13 KOTOPHIX MOYKET He MMEThb
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Bogpomogatorero Hacoca (3I[A-400A). Kak mpaBuio, 1eMeHTHPO-
BouHbIi arperat ITA-320 mpu pabore Ha IV ckopocTu He obecmeun-
BaeT OTKAYKY U3 IIEMEHTHOI'0 0auKa BCEr0 KOJIWYECTBA MPUTOTABIIN-
BAeMOr'0o PacTBOPAa, II09TOMY K OTKAUKe IIOAKJII0UYaeTCsI BTOPOU arpe-
raT. 9To TaKJKe IPAKTUKYeTCsA AJISI MOBBIIITEHUS HAJeKHOCTHU IIPO-
mecca.

Taxum o0pa3oM, cyMMapHas Iofadya o0OMX arperaToB HaMHOTO
IIPEBOCXOAUT IIPOU3BOIUTEIBHOCTL IIEMEHTHO-CMECUTEJIBLHON Ma-
IITUHBI ¥ TPUBOAUT K HEJOUCIIOJb30BAHNIO MOIITHOCTH II€MEHTUPO-
BOUHBIX arperaroB. B cBA3u ¢ TUM HEOIPABIAHHO yBEJINUYNBAETCS
X YHWCJIO IPU IIEMEeHTHUPOBAHUM, UTO YCIOKHAET IIPOBeIeHne IIPo-
1mecca U yXyAIIIaeT ero TeXHUKO0-9KOHOMUYecKue mokasarenaun. Kpo-
Me TOTO, eCJIM IPUMEHAETCA CIelUalbHad KUAKOCTh 3aTBOPEHUA,
TO VI €€ MIPUTOTOBJIEHUA U aKKYMYJIHNPOBAHUSA UCIOJL3YIOTCA IO-
TMOJTHUTEJIbHBIE IEMEHTUPOBOUHBIE arperaThbl, IIOMUMO YKa3aHHBIX
Ha cxeme. ITosoKeHMe ¢ aKKyMYyJHPOBAHUEM JKUIKOCTHA 3aTBOPE-
HUS yCYT'y0JsieTcs MPU MPUTOTOBJIEHUU O0JEerYeHHBIX TaMIIOHAMK-
HBIX pacTBopoB. OMHAKO MPaKTUYEeCKU HUTAE IJIA 9TOI IeJau He ucC-
MOJIB3YIOTCA aBTOIIUCTEPHBI.

Bropasda TexHONIOTMUECKaA cxeMa (BapuaHT 2) IpelyCcMaTPUBAET
IIPpUMeHEeHEe TaK Ha3bIBAEMOU OCPEeIHUTEJIHLHON YCTAHOBKU — €MKO-
ctu (cMm. puc. 7.23, 6). YcTaHOBKA MMeeT IIepeMelInBaioIiee yCT-
poiicTBo, obecireunBaroIiee BhIpaBHUBaHNE ITapAMETPOB TAMIIOHAMK -
HOTO PACTBOPA, IIOCTYIIAOIIEro OT PAa3JUYHBIX I[eMEeHTHO-
CMECUTEJbHBIX MAIIINH, KOTOPhIE YYACTBYIOT B Iporecce. Kak Buz-
HO U3 COIIOCTABJIEHUS BapUaHTOB 1 U 2, UMCJIO eTWHUIL UCHOJbL3ye-
MOT0 000PyZOBaHUA B HUX IOUTY ONUHAKOBO. Ha mpakTuKe HAXOZUT
IIPUMEHEeHVe Pa3HOBUAHOCTH BapHaHTa 2, IIPU KOTOPOM KHUIKOCTh
3aTBOpeHUA nof 6oabiuM aAaBaeHueM (o 7 MIla) memeHTHUPOBOY-
HBIM HACOCOM IIOJaeTCs B CMECHUTEJbHOE YCTPOMCTBO IIeMEHTHO-
cmecutenbHOM Mamuabl 2CMH-20, a roToBBIN pacTBOp 3a CUET KHU-
HETUUYECKOM 9HEPTUY CTPYHU TO IILJIAHTY IOCTYIIaeT B OCPEIHUTEb-
HYIO yCTAaHOBKY. B aTOM ciiydae Umciio equHUI, 000PYyIOBaHUA OCTA-
eTcs TaKUM JKe, Kak 1 AJd BapuanTta 2. OQHAKO IpU 5TOM HapyIia-
ercsa TpeboBanmue TY Ha cMecuTesb, Ile YKasaHo pabouee JaBJIeHUe
3aTBOpPSAIONIEH Kuakoctu — 2 Mia.

TpeThbsa TexHOJIOTHYECKAs cxeMa (BapuaHT 3) mpeayCcMaTPUBAET
IIPpUMeHeHVe KPOMe OCPETHUTENHLHOM YCTAHOBKU TaKyKe YCTAaHOBKU
I IIPUTOTOBJIEHUS W Pa3fady KUAKOCTH 3aTBOPeHUs (CM. pUC.
7.23, 8), cepuiiHo He BuIITycKaeMmoii. [IpyMeHeHe TaKOl YCTAHOBKU
MMO3BOJISIET 3apaHee M'OTOBUTh U aKKYMYJIUPOBATH YACTh JKUIKOCTU
3aTBOPEHUs, UCKJIIOYUB U3 9TOTO IIpoIlecca MOIOJHUTEJbHbIE IIe-
MEeHTUPOBOYHBIE arperarhl. OfHAKO Ipu paboTe IO 3TOM cXeMe Tpe-
OyeTcs 3aMeHATL OTpaboTaBIINe ITeMEeHTHO-CMEeCUTeJIbHbIe MAaIllu-
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Puc. 7.23. CxeMbI NPUroOTOBJIEHNS TAMIIOHAKHOTO PACTBOpA:

a — TunoBasa (BapmaHT 1); 6 — C NIPUMEHEHWEM OCPEIHUTEJIBbHON YCTAHOBKU
(BapuaHT 2); 6 — C IpUMEHEHNEM OCPeAHUTEJbHOM YCTAHOBKU U YCTAHOBKU MIJI
IPUTOTOBJIEHUSA ¥ Pa3fadyyl KUAKOCTU 3aTBOPEHU (BapuaHT 3); 2 — ¢ IPUMEHEHNEM
THUIPOAaKTHUBATOPOB (BapuaHT 4); 0 — ¢ MCIOJIb30BAHUEM CTAIlIOHADHBIX OJIOKOB
IPUTOTOBJIEHUs OYPOBBIX PACTBOPOB U CMECUTEJIbHOro ycrpoiicrBa 6. BHUUKP-
HedTH (BapuaHT 5); ¢ — ¢ IPUMEHEHNEM CMECUTEJIHLHON YCTAHOBKYU II€PUOJUYECKOTO
neiictBusa (BapuaHT 6); i — ¢ IpUMEHEHWEM CMECUTEJBbHBIX yCTaHOBOK ¥YC5-30
(BapuanT 7); 3 — c IpUMeHEeHNEeM HacoCHBIX ycraHoBoK YHB2-630 (Bapuaut 8); u — ¢
IpUMeHEHUEM CMEeCHUTeJIbHBIX ycTaHOBOK ¥ C5-30, HacocHBIX ycTaHOBOK YHB2-630 u
aBTOIEMEHTOBO3OB (BapuaHT 9); K — C IPUMEHEHUEM II€PCIIEKTUBHOIO aBTOMAaTHU-
3UpOBAaHHOTO KoMIiuiekca (BapuanT 10); 1 — ¢ IpUMeHeHVWEeM IIePCIeKTHBHOTO 0JIoY-
HOT'O I[eMEHTVPOBOYHOr0 o6opynoBaHus (BapuaHT 11); I — 11leMEHTHO-CMeCUTEIbHAA
mammia 2CMH-20; 2, 3 — neMeHTUPOBOYHEIN arperat coorBercTBeHHO 1[A-320A u
3ITA-400A; 4 — O6moxk wmanudosabza 1BM-700; 5 — camoxomHas JabopaTopus
CKII2M-69; 6 — ckBasKkmMHa; 7 — OCPeJHUTEJIbHAs YCTAHOBKA; 8 — YCTAHOBKA A
IPUTOTOBJIEHUSA U Pas3fadMl >KUAKOCTU 3aTBOpeHuA; 9 — ruapoakTuBaropbr; 10 —
cTanoHapHbIe 0JIOKYM IPUTOTOBJIEHMA 6YpPoBBIX pacT Bopos 2BIIP; 11 — cmecuTesnb-
Hasg YCTAaHOBKA IEPUOAMUYECKOro AeicTBus; 12 — 1meMeHTOBO3; I3 — cmecuTeabHass
ycranoBka YC5-30; 14 — HacocHass ycranoBka YHB2-630; 15 — aBromMaTu3MpOBaH-
HBIM KoMIuteKc; 16 — HacocHBIM 0J10K; 17 — mpuUBOAHOM OJOK; 18 — cuiocel mepe-
IBUKHBIE; 19 — cMecenpuroToBUTEIbHBIHN 6JI0K; 20 — 3arpy3uuk; 21 — cKJaf

HBI Ha Ipyrue, 3arpy:KeHabie 20 T TaMIIOHAXKHOTO MaTepHuasa, B TO
BpeMs KaK 3aBOJ-M3rOTOBUTENL aBToMoOmiaIa KpA3 samperaer
IBUJKEHNEe C Ieperpyskoil. 3amMeHa OTpabOTABIINX II€MEHTHO-
CMEeCHUTeJbHBIX MAIIIMH CBA3aHa C OCTAHOBKOM IIpoliecca IIPUTOTOB-
JIEHUS PACTBOPA, XOTs €e MOYKHO POU3BOAUTD IIOOUEPETHO, UTO HE
O0yZeT OKashIBaTh 0COOOTO BIWAHUSA HA PEXKUM HAaTHETAHUSA TaMIIO-
HaYKHOT'0 pacTBOpPA 0JIarofaps HAJINUNIO OCPESHUTEIBHOM yCTAaHOB-
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ku. Ha puc. 7.23, 2 npuBeseHa cxema IIPUTOTOBJIEHUS TaMIIOHAKHO-
ro pacteopa B I10 “Oranckuedreras” ¢ UCIOJIb30BAHUEM THIPOAK-
TUBATOPOB [JIA YAYUIIIeHUsI JUCIEePTUPOBAHUA pacTBopa (BapuaHT
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4). Braromapsa TomMy, UTO TeKyIllee JaBJieHUe IIPU IIPOAABINBAHUU
cocraBiseTr 3—4 MIla u npegycMOTpPEeHO YMEHBIIIEHIE TEMIIA ITPUTO-
TOBJIEHUS PacTBOpa (YCJIOBUS, OTJIMYAIOIIAECS OT HPUHATBHIX IJIS

531



CpaBHEHUS), COKpAaIlaeTCsA UMCJIO 3aAeHCTBOBAHHBIX €IUHUI] TEeX-
HUKH.

Ha puc. 7.23,0 mnpuBemena cxema (BapuauT 5), IpeaycMar-
puBaloIasa NpUMeHeHre 0JOKOB IPUIOTOBJIEHUS OYPOBBIX PACTBO-
poB 2BPII u ycrpoiictBa KoHcTpyKIuu 6. BHUUKPHedTH. ITa
cxeMa ObLIa WCIIOJB30BAHA IPU IEMEHTUPOBAHUYU SKCILIyaTallu-
OHHOM KOJIOHHBI Ha CKB. 3241 7l-ro Kycra ¥YcTh-BaJabIKCKOro
mecTopoxkaerusa I10 “Oranckuedreras”. Biaromaps mcmosb3oBa-
HUIO cTanmuoHapHbIX 0sioKkoB BIIP, B KoTophle IieMeHTOBO3aMU
sarpysuau 60 T reJablleMeHTHOH CMeCH, M CIEIMaJIbHOTO CMECH-
TEJIBbHOI'0 YCTPOMCTBA NMPUTOTOBJICHNE U 3aKAUKa TeJIbI[eMEeHTHOIr'O
TaMIIOHA}KHOTO DPACTBOPA BBIMOJHSJNCH 0e3 yJyacTHs I[eMeHTHO-
cMmecutenbHBIX Mamua 2CMH-20. IIpogyKTUBHYIO YacTh eMEHTH-
poBasu “dmcThIM” IEMEHTOM II0 OOBIUHOM cXeMe C MCIIOJb30BaHueM
2CMH-20.

Ha puc. 7.23, e mpeacrasiena cxema (BapuaHT 6) mpuroronJie-
HUS TaMIIoHa)KHOro pactBopa ¢ npumenenuem CesKasHUIIWmzed-
TBHIO TIOPITMOHHOM CMECHUTENIbHOH YCTAHOBKU BMECTHMOCTBIO 25 M°.
OrauunTeabHasA OCOOGEHHOCTH 3TOM YCTAHOBKM — OPUIMHAJIbHAS
TeXHOJIOTHSI IPUTOTOBJIEHNA TaMIIOHA*KHOTO pacTBopa. B eMKOCTb
3aJIMBAIOT BOAY, BBOAAT HEOOXOAMMbBIE peareHThl U TIATeJIbHO Pas-
MeIIINBAIOT MEIIAJKOH A0 00pa3oBaHUA JKUAKOCTH 3aTBOPEHUs. 3a-
TeM B eMKOCTb IOJAI0T CyXoe BsKyIlee (IleMeHTOBO3aMU WU CMe-
cutenbHbiMu MarmmHamMu 2CMH-20) mo mocTu:keHUs 3amaHHOMN
ILJIOTHOCTHU PacTBOPa, KOTOPLIN 3aTeM OTKAUMBAIOT B CKBAXKUHY IIe-
MEeHTHPOBOUHBIMH arperaramMu. HemocTaToOK 9TOro crocoba — mepu-
OOUYHOCTDL JeHCTBUA YCTAHOBKM, UTO OCOOEHHO ITPOSBJISETCA IIPU
00JBIINX 00'beMaxX TAMIIOHAKHOI'O PacTBOpa.

Ha puc. 7.23, s nmoxkaszana cxema (BapuaHT () IIPUTOTOBJIEHUSA
TaMIIOHA}KHOTO PACTBOpPa C IPUMEHEeHUEeM CMeCUTEeJbHBIX yCTaHO-
BOoK YC5-30. YcraHoBKa mMMeeT [Ba BEPTUKAJIBHBIX OYHKepa IH-
JuHApUYecKoi ¢opmbl, BMematomniue 11 T mementa. B mpomecce
IIPUTOTOBJIEHNA PACTBOPA BO3MOXKHA 3arpyska IIeMEeHTOM BTOPOTO
OyHKepa 13 IIEPBOro. JTa cxeMa ellle He aipoOrupoBaHa.

Ha pwuc. 7.23, 3 mpexacraBiieHa ampoOMpOBaHHAS TEXHOJOTHUS
(BapuaHT 8) MPUTOTOBJIEHUA M HarHETAHUS TaMIIOHAKHOTO PACTBO-
pa ¢ IpuMeHeHIeM OCBOEHHBIX IIPOM3BOJCTBOM HACOCHBIX YCTAHO-
BoK YHB2-630, KoTOpBIE MOTYT paboTaTh OJHOBPEMEHHO C JBYMSA
IeMEeHTHO-CMeCUTEJIbHBIMY MAIlIMHAMU 0JIaTojapsa OCHAIIEHUIO BbI-
COKOIIPOU3BOAUTEIbHBIMU BOIOIMIOJAIOIIAM ¥ [€MEHTHPOBOUHBLIM
Hacocamu. B aToM cyuae UmcJIo eUHUI TEXHUKY, YIACTBYIOIEl B
IIeMeHTUPOBAHUU, COKPAIIIaeTCs.

Ha puc. 7.23, u npuBenena cxema (Bapuaut 9), rie IPUTroToOBJIE-
HIe TaMIIOHAsKHOT'O PACTBOpa IIPOM3BOAAT C yUacTHEM arperaToB
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YHB2-630 u cmecuTeabHBIX yeTaHOBOK ¥ (C5-30. Takas cxema elre
He ampoObupoBaHa, HO IPEMMYINeCTBa ee oueBUAHBLI. KosmuecTBO
000pymoBaHUA 37leCh CBeleHO K MUHUMyMYy. OfHAKO yJacTue B Iie-
MEHTHPOBAHUM OOJILIIIOTO YKMCJA IIEMEHTOBO30B IIOTpedyeT moocHa-
IIeHUST UMY TaMIIOHAMKHBIX OPTaHU3aINH.

Ha puc. 7.23, k mokasana nepcrnekTuBHad cxema (BapuaHT 10),
TI0 KOTOPOM TaMIIOHAKHBIN PAcTBOP IIPUT'OTOBJISAETCS aBTOMATU3U-
POBaHHBIM KOMILIEKCOM, ycaoBHO HazBaHHBIM KCIITP. IIpexmoa-
raemMas MaKcUMaJibHasd MTPOM3BOAUTENHLHOCTh KoMIuiexca 50 /c
pPacTBOpA C JOIYCTHMBIME Kosebaumuamu miotHocta = 0,03 r/cm®.
Wcxonuble TpeOOBaHUS IpeayCcMaTPUBAIOT KOMIIOHOBKY 000pymO-
BaHUA KOMILIEKca Ha IIIacCU aBTOMOOMJIsI. OTOT KOMILIEKC OyaeTr co-
Iep:KaTh YCTPOICTBA, CPEeICTBA PEryJUPOBAHUA U KOHTPOJBHO-
M3MEepPUTEJILHYIO allapaTypy, KOTOpPble aBTOMATUYECKU TOJIMKHBI
obecreuynBaTh IIPUTOTOBJICHNE KAaUeCTBEHHOTO pacTBopa C 3amaH-
HBIM TEeMIIOM. B cocTaB KOMILIEKCA MOJKHBI BXOAUTH YCTAHOBKU
IS TIPUTOTOBJIEHUS W BHIJAUM KUAKOCTU 3aTBOPEHUSA, CHAOKEH-
HBbI€ YCTPOMCTBAMU, 00ECIIEUNBAIOIIINMU TPEOYEeMYIO CTeIleHb aBTO-
MaTHU3aInu IJId Pab0oThI BCero 000pya0BaHUA.

Ha puc. 7.23, & mpeacrasiaeHa cxema (Bapuaut 11) ¢ mpumewne-
HIEeM MepPCIeKTHUBHOTO OJIOUHOTO O0OpYyAOBaHUSA, KOTOpasd MOKET
OBITh MCIIOJIB30BaHA IPY Pas30ypUBAHUY ABTOHOMHBIX KYCTOB U OT-
IeJIbHBIX Pas3BeJOUHBIX CKBaKMH. Macca 6JI0KOB He IpeBbIIIaeT 5 T,
YTO MIO3BOJISIET IIE€PEBO3UTh UX JIN0O aBTOTPAHCIIOPTOM, JINOO BEPTO-
agerom MM-6. HacocHbIli 1 IPUBOAHOMN OJIOKM TPaHCIOPTHUPYIOTCS
OTIEJNLHO U COEeIMHSIOTCS Ha MecTe. IIpelycMOTPeHBI OTAEJIbHBIN
0JIOK IPUTOTOBJIEHUS PACTBOPA 1 BEPTUKAJIbHBIE OYHKEPHI IJIsI TaM-
MOHAKHOT'0 MaTepHaja ¢ 3arpy3sunKoM. VcIbITaHNE ONBITHOTO 00-
pasiia TaKkoro KOMILIeKca 000PYyAOBAHUSA MO3BOJIUT OIPEAEIUTh €ro
paboTocmocobHOCTh U 3h(HEeKTUBHOCTh MPUMEHEHUA B TPYAHOZOC-
TYIHBIX palioHax.

ComocTaBieHue 1 aHAJINU3 IPUBEIEHHBIX CXeM HMPUTOTOBJICHUSI U
HarHeTaHUA TAMIIOHAKHBIX PACTBOPOB, MaHHBIE O KOJMUECTBE U TH-
max IpuMeHsaeMoro obopyaoBaHuA (Tabu. 7.4) IOKa3bIBAIOT, UYTO BO
BCEX CXeMaXxX II0 Pa3JIMUYHBIM NPUYMHAM CcepuiiHoe 000pyIoBaHUE
HCIIOJIB3YeTCs HeLoCTaTOUHO ahdekTnBHO. PagpaboTunkam IieMeH-
THPOBOYHOTO 00OPYHOBaHUA CJEAYET YAEJUTH OOJbIlle BHUMAHUSI
TIOBBIIIIEHUIO €Tr0 HaAeKHOCTU, YJIAYUIIEHWI0 TeXHUYEeCKUX Xa-
pakrepucTuk. OgHO ¢3 Ba)XHBIX HAIpaBJIeHUN — co3TaHUe
KOMILI€KCHBIX CHCTEM YCTAHOBKA CMECHTE/JIbHAS — YyCTAHOBKA HA-
cocHasl.

IIpuMeHneHVe ocBaMBaeMOro M IIPeAIIOIaraeMoro K paspaboTke
HOBOTO0 060PYI0BaHUA (BBICOKOIIPOM3BOAUTEIbHBIX HACOCHBIX YCTa-
HOBOK Tumna YHDB, cMecuTesbHBIX YCTAaHOBOK IOBBIIIIEHHOHM I'PY30-
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Ta6bnuma 7.4

KoumnuecTBo ¥ THII 000PyIOBaHUSA, IPUMEHIEMOTO
IIPA IEeMEeHTUPOBAHUM CKBAXKHUH

O6opy- BapuaHT cxembl

IOBaHUeE 1 2 3 4 5 6 7 8 9

ITemenTHO- 4 4 4 4 1 3 - 4 -
CMEeCUTEJIb-
Has Mallu-
ua 2CMH-20
(¥C6-30)
ITemenTupo- 4 4 2-3 6 6 6 4 1 1
BOYHBIII ar-
perar
ITA-320A
(YHB2-160)
ITemenTupo- 5 34 3-4 - - - - - -
BOYHBI ar-
perar
3ITA-400A
(YHB2-400)
Biox mauu- 1 1 1 1 1 1 1 1 1
dosbga
1BM-700
Crannusa 1 1 1 1 1 1 1 1 1
KOHTPOJISA
CKI2M-69
(30)
ITemenTupo-
BOYHAS I'0- B 06111eM KOTMYecTBe HEe YUYUTHIBAETCA
JIOBKa
Ocpenuu- - 1 1 - - - - - -
TeJILHASA yC-
TaHOBKA
VYcranoBKa - - 1 - - - - - -
IUJLST TIPUTO-
TOBJIEHUS U
paszadu
SKUAKOCTH
3aTBOPEHUA
I'mapoakTu-
BATOPEI B 06111eM KOJIMYECTBE HE YIUTHIBAIOTCA
Bioku BITP - - - - 2 - - - -
ITopiuoH- — - — - - 3 — - —
Has ycra-
HOBKA
ITemenTOBO3 4 4 4 4 7 6 6 4 6
(TII-6, 10 1)
VYcranoBKa - - - - - - 2 - 2
CMEeCUTeJb-
Hasa YC5-30
YcranoBka - - - - - - - 3 2
HaCOCHAas
YHB2-630
ITemenTOBO3 - - - - - - - - -
C-652 (22 1)
KCIITP - - - - - - - - -
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IIpogonxkenue Tabn. 7.4

O6opy- BapuasT cxeMbl
JOoBaHUe 1 2 3 4 | 5 6 7 8 9 | 10 1

Biok cmece- - - - - - - - - - - 1
IIPUTOTOBU-
TeJIbHBIA

Cutocsl 11e- - - - - - - - - - - 4-8
PeIBUKHEIE
3arpysumk - - - - - - - - - - 1

Ckuap 1e- B 061

€M KOJINYeCTBe He YUYUThIBAEeTCA
MeHTa

Nroro 19 |18-19|17-19| 16 | 18 | 20 | 14 | 14| 13| 12 |11-15

OOABEMHOCTH C HEITPEPBIBHOI 3arpys3Koii, OCPEeIHUTEJbHBIX yCTa-
HOBOK, KOMILJIEKCA aBTOMATHU3WPOBAHHOTO M OJIOYHOrO 000pyHOBa-
HU) TIO3BOJIUT B SHAUMUTEJIBHOUN CTEIIEHUW YMEHBIITUTL KOJWUYECTBO
MIPUMEHsIeMO TeXHUKHU, YIIPOCTUTD IIPOBEIeHNEe MPOIlecca M MOBBI-
CUTBb KaQUueCTBO [IeMEeHTUPOBAHUA CKBAYKUH.

7.5. KOMIIJIEKCHASI OHEHKA KAYECTBA KPEIIN
HE®TAHBIX 1 TAS0BBIX CKBAXKIH

B pasaumuHBIX OTpaciAaX HApPOAHOTO Xo3dlcTBa B pamkax KC
VKII mupoko npuMeHAETCA KOMILIEKCHAs OIleHKa KadecTBa IIPO-
OIYKIIUM Ha CTAAMAX ee Pa3pabOTKM, M3TOTOBJIEHUA M SKCILIyaTa-
muu. OgHaKo B HEPTAHON IMTPOMBINIJIEHHOCTH KAYeCTBO CTPOUTENb-
CTBA CKBAYKHUH [0 HACTOSIIEr0 BPEMEHM OI€HMBAETCSH TOJIBKO II0
TPeM eINHUYHBIM [IOKA3aTeJsIM HasHAUeHUs: CTeIeHU TepMeTHU-
HOCTHU 00CaAHBIX KOJIOHH, BBICOTE IIO'heéMa TaMIIOHAaKHOTO PacTBOpa
3a HUMU ¥ COUETAHUIO KOHTAKTa IIEMEHTHOIO KaMHA B 3aKOJOHHOM
TTPOCTPAHCTBE C OTPAHUYNBAIOINMU CBA3IMMU.

OueBUIHO, UTO STU IMOKAB3ATENM HE OTPAKAIOT BeCh KOMILIEKC
CBOMCTB KAaueCTBEHHOH Kpemu CKBasKMH, T.e. oO0ecIeumBaloIiei
repMeTUYHOCTL 00CaJHOM KOJOHHBI I OTCYTCTBHE COOOIIEHUA M-
Iy ILJacTaMu, ILJIacTaMU U THEBHOI ITOBEPXHOCTHIO MJIM 30HOM mep-
dopaniuu KOJOHHBI. JTO 3aTPYAHSAET OIEHKY UM aHAIU3 BINIHUA
TeXHUUYECKUX CPEACTB, TEXHOJOTUUYECKUX IMPUEMOB M PA3INUHBIX
MaTepraJIoB Ha mporiecc GOPMUPOBAHUA KaueCcTBa KPeIy CKBaKUH.

Kpenb CKBasKMHBI — OCHOBHAS €€ HeCyIlas 4acTh — IPeCTaBIsA-
eT co0o¥ 00cagHy0 KOJOHHY 1 chOPMUPOBAHHLIN BOKPYT Hee TaM-
TIOHAYKHBIN KaMeHb.

B 3aBuCUMOCTH OT IIyOMHBI CKBasKMHBI 1 BPpeMEHU 3KCILIyaTa-
mum (15—25 jeT) Kpenb ImoaBepraeTcsa HAarpy3KaM pasJudYHON WH-
TeHCUBHOCTU. Kpemnb OTHOCUTCA K IPOAYKIINHM, PACXOAYIOIEH CBOM-
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pecypc B IIpoliecce 9KCIIyaTalluy; OHA IPeICTaBJIseT cO00H peMOH-
THpYyeMoe uszeiue.

IIpm paspaboTke KOMIIJIEKCHOTO IIOKa3aTess KadeCcTBa KpeInu
CKBa)KMHBI Ha IIEPBOM dTalle BCTAET 3ajZlaua BbIOOPA HOMEHKJIATYPHI
nokasatesieii. CyTh ee 3aKJII0UAETCA B IOCTPOSHUU MEPAPXUIECKOTO
JlepeBa CBOMCTB, OTPAKAaIONIEr0 COBOKYIHOCTh BasKHENMUX (usu-
YeCKUX U 'e0JIOTO-TEXHUUYECKUX CBOMCTB KpENU Ha Tallax ee IIpo-
€KTUPOBAHM A, COOPYKEHUA U SKCILITyaTaIliu.

Kax Bugno 13 cxemsl (puc. 7.24), B UMCJI0 I'PYNIOBBLIX HOKAa3a-
Tejieli [JIs OIEHKU KauecTBa KPemu BKJIOUEeHBI IT0OKa3aTesn Ha3Ha-
YeHUsd, HaJeKHOCTU, TEXHOJOTUYHOCTH U dKoJiorndyeckue. Ocraiib-
HBIe PEKOMeHJyeMble IIOKa3aTesJu (3PTrOHOMUYECKVE, SCTEeTHUecC-
KUe, MaTeHTHO-IIPABOBLIE, TPAHCIOPTA0EeIbHOCTH, YHUMUKAIIUU U
0e30IIaCHOCTH) IPUMEHUTEJIBHO K CIeIU(MUIECKNIM YCJIOBUAM Kpe-
IV HeIPUEeMJIEMbBI WU MAaJONH(GOPMATHUBHEIL.

| HHTerpanbublii NoKazare b Ka4ecTBA KPENH CKBAKHH |

@ =
25

2 g - .
e g 1. IToka3zaren 2. [Toka3arenn 3. Iloka3zarenn 4. DKojI0rHYecKuii
g § HA3HAYCHHS HANEKHOCTH TeXHOJIOTHIHOCTH HoKa3aTe]b
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==
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Puc. 7.24. Nepapxuueckas CTPYKTypa IOKa3aTelieil KauecTBA KPeIy CKBAa’KHH
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Tpynma mokasaTeseil HasHaueHUA [TOJKHA XapaKTepu3oBaTh
BasKHEHIIIe CBOMCTBA Kpelu, obecmeunBaoInue ee GyHKIIMOHUPO-
BaHMeE II0 Ha3HAUYEHUIO U OIpeesdaioniue obJIaCTh M YCIOBUSA BKC-
mwiyaramuu. I103TOMY COCTaBJISAIOINE OTy IPYIIY IIOATPYIIIIOBBIE
MoKasaTeu — KJaaccupuKalmoHHble, PYHKIIMOHAIbHbIE U TeXHUUe-
CKO# 9¢)(heKTUBHOCTH, KOHCTPYKTUBHEIE, COCTaBa M CTPYKTYPHI —
UT'PaOT OCHOBHYIO POJIb B OIleHKE KauecTBa KPenu U MCIIOJb3YIOTC
KaK KPUTEPUU ONTHUMUIAIUU IPU IPOSKTUPOBAHUU U COOPYKEeHUU
CKBasKMH. EMMHMYHBIE TTOKA3aTeJ ! MePeUNCIeHHBIX TOATPYIII Xa-
PaKTepusyIOT TaKVe OCHOBHBIE CBOMCTBA KPEIlt, KAK COIPOTHUBIIAE-
MOCTb JeMCTBYIOIINM 3HAKOIEePEeMEeHHLIM HAarpy3KaM 1 ee TeXHUuUe-
CKO€ COBEPIIEHCTBO I KOHKPETHBIX I'€0JIOr0-TeXHUUECKUX YCJIO-
BUIA.

HckaounTeIbHO BayKHBI 1151 KOMILIEKCHOM OIeHKW KadecTBa W
TeXHUUYECKOTO YPOBHA C(OPMHUPOBAHHON Kpemu IIOKasaTeau Ha-
IEXKHOCTH.

UccnemoBanus B 06J1aCTH HAEKHOCTH KPENU CKBAYKUH HaUYaThI
CPaBHUTEJLHO HEIaBHO, OOHAKO K HACTOSIIEMY BpeMeHU HaKOILIeH
oIlpeleJIeHHBIIH OIIBIT 1 CO3aHbl METOAMYECKE OCHOBSI JJIA OIeHKU
aToro BaskHOro cBoiictBa (Pl 39-2-839-82, P 39-1-1112-84).
IToarpynmoBbie, a 3aTeM U eIUHUYHBIE TOKAa3aTeJau HaIeKHOCTH
Kpenu BeIOpaubl B coorBercTBUM ¢ PI 39-1-1112-84. Mcxona us
TOr0, YTO KpEeIlb — BOCCTAHABJIMBaEeMOe M3Jejre C HelpPepPbIBHBIM
PeKUMOM 9KCIIyaTanuu (IOCJAeACTBUS OTKa3a IPUBOJAT K 3HAUM-
TeJIbHOMY YIIepOy, SKCILIyaTallud IpeKpallaeTca B CBASU C BBI-
TMOJHEHEeM KPeIbio CBOEro Has3HAUeHWS WJIN JOCTUKEHUEM IIpe-
JIeJIbHOTO COCTOAHUA), €€ HaJIe’KHOCTh JOJIKHA XapaKTepU30BaThCA
IIOKAa3aTeJIsAMN 0e30TKa3HOCTU, JOJTOBEUHOCTU, PEMOHTOIIPUIOJ-
HOCTH U COXPAHSIEMOCTH.

Ocoboe 3HaueHUEe MMeeT TOT (haKT, UTO, MCIIOJb3YysS TEOPHUI0 Ha-
IEeXKHOCTU, MOXKHO BBIJIEJUTH OTKAas3bl CKBasKMH, BLI3BaHHBIE Opa-
KOM, IOIYIeHHLIM WMCIOJHUTeJeM. PacueTHoe BpeMs, B TeUeHUE
KOTOPOTO HPOWCXOAAT TaKWe OTKAa3bl, OIPEeAeAeTCA IIePHOLOM
OpupaboTKU U JOJKHO OLITH IPUHATO 34 KOHTPOJBLHBIN CPOK 9KC-
IJIyaTaluy CKBasKUHBI, B TeUeHNEe KOTOPOr'0 OTKAa3bl YCTPAHSIIOTCS
MOAPATUUKOM. OTO TO3BOJUT M30€KaTh CYOBHEeKTHBHOI'O IIOAXOJa
IpY HasHAUEHNU YKAa3aHHOTO CPOKA U MOJIYUUTh eIlle OAUH BaKHBIN
TIOKa3aTeJb A1 00beKTUBHOM OIeHKY KaUeCTBa KPEIu.

OmeHKka KayecTBa KPenu JOJIKHA OTPAYKaTh HE TOJHKO COOTBET-
CTBHE OTHEJbLHBIX MOKAasaTejiell 3aJaHHLIM 3HAUEHWSM, HO M CTe-
MeHb ONTHMAJILHOCTHU pacipelesieHnus 3aTpaT MaTepuajaoB, TPyaa,
BpeMeHU U CPEACTB IPU peajmsalluy Ipollecca KpeIieHus CKBa-
JKUH, T.€. TeXHOJOTUUYHOCTD.

V:xecToueHre TPeOOBAHUWM K OXpaHe IPUPOALI TaKiKe MTOJKHO
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HaAfTH OTpasKeHue MPU OIleHKe KauecTBa COOPYKeHUSA Kperu. Y ueT
SKOJIOTUUECKUX TTOKasaTejeil KauecTBa Kpemu AOJI’KeH IpeaoTBpa-
TUTH OECKOHTPOJILHBIN BBIOPOC B OKPYIKAIOIIYIO CPeAy TEeXHOJOTH-
YeCKUX JKUAKOCTEH IIPU CTPOUTELCTBE CKBAYKUH, MIOBBICUTDL TPEOO-
BaHUA K KAUeCTBY PasoOIleH!s IJIaCTOB.

Bri6panHas HOMEHKJIATypa CBOMCTB B AOCTATOUHOI Mepe XapakK-
Tepu3yeT KauecTBO KPelH CKBA’KUHEI, HO B CJIy4ae HeOOXOIMMOCTH
MOXKET U3MEHAThCS.

B mpakTuKe KBaIUMETPUUYECKUX AHATM30B UMCJICHHBIE 3Haue-
HUA KOMILIEKCHBIX TTOKAa3aTeseil ompeesaloT B OCHOBHOM METOIOM
BECOBBIX (DYHKIUH, Tae Koo GUIINEeHTHI BECOMOCTH B IIOIaBJISIONIEM
OOJIBIIIMHCTBE OIPEAEAI0TCA SKCIEePTHBIM MeTogoM. V3 aHaIuTH-
YeCKMX METOIOB HCIIOJIBL3YIOT METOALI CTATHUCTUUYECKOI 00paboTKM!
IIPOEKTOB, KO3(h(UIIMEHTOB CUCTEMbl JUHENHBIX ypaBHeHU, K0a(h-
(GUIMEHTOB KOPPEIAINHN, IPeaeJbHbIX 3HAUeHUH U T.11.

ITepeuncieHHbIE METOABI MOKHO TPUMEHATH AJIA CKBAYKUH C O]~
HOPOAHBIMM T€0JIOTO-TeXHUYECKUMU YCJIOBUSIMM, COCTOSIINX U3
pAfa OZHOTUIIHBIX KOHCTPYKIUM C OAUHAKOBBIMHU II0 HA3HAUEHUIO
TeXHUUECKUMMHU CPeICTBAMI U MaTepuajaMU, HO Pa3JIUYHBIX TIO OC-
HOBHBIM ITapaMeTpaM, T.e. UMeIOINX KOJHNUYeCTBeHHbIe, a He Kaue-
CTBeHHBIe oTJInunA. [loaToMy mia BeIOopa cmocoba CBEPTKY OTAENb-
HBIX TIOKasaTejeil M MeToJa OIeHKH KOMILJIEKCHOTO IIOKasaTeJs,
KOJMUYECTBEHHO OTPAKAIOIIer0 KayeCTBO Kpenu CKBAKUHBI, OBLI
WCIOJIb30BaH IMOAX0Md, uajgo:keHHBbIN X.C. Xappuunrronom. B aroit
paboTe OCHOBHOM upaeeii, IO3BOJIAIOINEH IIOCTPOUTH OOGOOIITEeHHBIH
TmoKasaTeJb KauecTBa, ABJIAETCA IIpeodpasoBaHME WN3MEPEHHBIX
3HAUYEHUII CBOMCTB B 0e3pasMepHYIO IIKaJy JKelaTeabHocTu. Ilo-
caenuAs ObLIa WCHOJIB30BaHA [MIJsI YCTAHOBJIEHUSA COOTBETCTBUA
MeXK]y TapaMeTpPaMU CBOMCTB UM MCUXOJOTUUYECKUMHU HapaMeTpaMu
— IPeAIIOYTUTETbHOCTD TOT'0 MJIM MHOT'O CBOMCTBA.

IIpormenypa mpeodbpasoBaHuA ITOKasaTeaeil CBOMCTB Kpernu CKBa-
JKUH, OTBEUAIOINX TPeOOBaHUAM [eHCTBYIOIIEe HOPMATUBHO-
TeXHUYECKON MJOKYMEHTAIIM, BBITIOJIHAIACH B COOTBETCTBUU C Me-
ToAuKOM, nanoxkennoit 10.I'. Annepom u ap. Eciu nagexkcamu i, j, k
0003HAYUTH YPOBHU COOTBETCTBEHHO I'PYIIIOBBIX, HOATPYIIIIOBBIX U
eIMHUYHBIX TIOKa3aTesell, To IpeodpasoBaHue U3MEPEHHOr0 3HAUE-
HUSA eIMHIIHOTO ITOKA3aTe g KavecTsa ¢, ; , B 0e3pasMepHyIo IIKa-
JIy KeJlaTeJbHOCTeH q; ; , B CAydae NBYCTODOHHETO OTrPaHUYEHHUS

Di ik <Di,j,kmay AMEET BUL

a

J, (7.34)

2(] ~4max ~ 9min

9max ~ 9min

(
d =expL—
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rfe MoKasaTeJb CTeIeHU 7 BHIYMUCJISIOT (3aJaBasi HEKOTOPOMY 3Ha-
YeHUIO MOKasaTe s ¢ 3HaueHue d) mo hopmy.ie

1

Inln—

n= d . (7.35)
2q ~9max ~9min

9max ~ 9min

In

B ciryuae ogHOCTOPOHHETO OTPAHUYEHHA ¢ ; j UK (; ;) IIpPe-

oOpasoBaHme UMeeT BUT
d = exp[— exp(a + bq)], (7.36)

rae Koa(puineHTsl @ 1 b BEIYKUCAAIOT (3a7jaBasd AJIA ABYX 3HAUEHUN
TIOKasaTess ¢, U ¢, 3BHAUEHU JKejJaTeJbHOCTel d; u dy) mo hopmy-
JaMm

1

a= (q lnln——qzlnln )/(q2 q,); (7.37)
|

lnln——lnln )/(q2 q,). (7.38)

1

7151 OlleHK Y TTapaMeTpoB 11, a u b mogeseii (7.34) u (7.36) Heob-
XOOMMO, UTOOBI IIOKAas3aTeNu, pPerjaMeHTHPyeMble HOPMATHBHO-
TEXHUYECKOM JOKYMEHTAaIlueil, COOTBETCTBOBAJIM HOPMATHBAM
YPOBHS KauecTBa B Oe3pasmepHoi mikaiuge: 0,2 — mmoxo; 0,37
ynoBiyierBoputeabHo; 0,63 — xoporiro; 0,8 — oTyiMvHO.

s moxkasareseil, He perJiaMeHTUPYEMBIX B HACTOSAIEe BPeMA
HOPMATHBHO-TeXHUYECKNMH NOKYMEHTAMU, YPOBHU KadecTBa ycC-
TaHABJIUBAJIUCH IPYIION CIIEIIUATUCTOB B 00JIaCTH KpeIJieHuA Hed-
TAHBIX M Ia30BBIX CKBAXKKUH II0 Pe3yJIbTaTaM aHaaus3a (QyHKIIUI
pacupegpenenusa F(q; ; ;). OMIUpUYecKyo (QYHKIUIO pacrpenpee-
Huda F(q; ; ,) IOKa3aTena KauecTsa ¢, ; , allIPOKCUMUPOBAJIN Teope-
THYECKOl KpuBoi F(g; ; ;)-

C oroif mesbIo 3ajaBaIu OO CKBAXKWH d; ; ,, KPelb KOTODHIX,
II0 MHEHHUIO CICHUAJINCTOB, OTHOCHUTCA K OJHOMY K3 IPUHSTHIX
VPOBHel KauecTBa, BEIUYKCIAIN COOTBETCTBYIOIee 3HAUEHHE ¢, ; , U
CTaBUJIM €My B COOTBETCTBHE OTMETKY II0 IIIKaJie KeJaTelbHOCTU
(puc. 7.25). IlonyuenHble TakuM obpasoM saBucumocTu (7.34) u
(7.36) TO3BOJIAIOT JaTh KOJHUUECTBEHHYIO OIIEHKY YPOBHSA IIpPeJ-
CTaBJIEHHBIX Ha CXeMe IIOKasaTesell KauecTBa B HOBOU Oe3pasmep-
HOM IIKaJjie, XapaKTEePUIYIOIIel IIPeANIOYTUTESbHOCTh 3HAUYEHUSA
mapamerpa.

YucaeHHbIE 3HAUCHUSA eIUHUYHBLIX II OKasaTeseil KauecTBa Kpe-
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F(qi . k) = Puc. 7.25. T'paduku smnu-

o) PUYECKOro M TeopeTuye c-
KOT0 pacIpeneeHHs IIOKa-
3aTend q; ;

|
|
|
|
|
/7 ? V4
‘Ii,j,kl qi’j’kl 9 j, k

S 5

’ ”n
dijok  dijk dijk

IV CKBa’KMH B 6e3pasMepHOil IITKajle MOTYT KCIOJIb30BATHCA s
IIOCTPOEHUA IIOATPYIIIIOBBIX, I'PYIIIIOBBIX M MHTEIPAJIBHOI'O IIOKa3a-
reselt. Iloarpynmossie moxkasareau D, ; 3aal0TCA KaK CpelHUE Ir'eo-
MeTpHYEeCKHe eJNHNYHbBIX IIOKa3aTeJIen:

D, =%/d, ; dyy...d (7.39)

i,j,m?

TZe m — YUCJIO0 eJUHUYHBIX IIOKa3aTeJIell.
I'pynnossie mokasatenu D; 3afaloTcsa KaKk CpeJHUE reoMeTpUUe-

CKUe MIOATPYIIIOBBIX IIOKa3aTeeit:

D, =%d, ,d ,..d, ,, (7.40)

Tlle p — YUCJO0 HOATPYIIOBLIX IIOKa3aTeei.
HNurerpanpubiii nokasarens D 3amaeTcd Kak CpefHEE TeOMeTpPHU-
YyecKoe IPYIIOBLIX ITOKAa3aTese:

D=/D,,D,..D, (7.41)

rae | — 4KcJIo IPyINoBBIX IIOKAa3aTe e,

IIpuMeHeHMe U3I0KEHHOI0 BRIIIIE IIOAX04Aa OBLIO IPOBEPEHO IIPHU
OIleHKEe KauyeCTBa KPEmU JBYX CKBAKMH, CTPOUTEJIBCTBO KOTOPBIX
OCYIIIECTBJISAJIOCH B OAUHAKOBBIX I'€0JIOTUUYECKUX YCIOBUSAX, HO IIPU
9TOM OTMEUAJIVCH PA3JIUYUA B IapaMeTpax TeXHOJOIMYeCKOTo IIpo-
1ecca KpeIieH!s U UCII0Jb3YEeMbIX TeXHUUECKUX CPE/ICTB.

s ynopAagoueHNA PacyeToOB IPUMEHAIACh CIIEIUAaJIbHO paspa-
6oramnasa ¢opma (Taba. 7.5). [[ng eqMHUYHBIX TTOKa3aTeJsieil, Ipu-
BeleHHBIX B rpade 1, Ha OCHOBaHMM TpPeOOBaHUII HOPMATUBHO-
TEeXHUUYECKOH MOKYMEHTAIIMM 1 aHaau3a (QYHKIUA pacrupeneleHus
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Ta6auma 7.5

dopma a1 pacueTa KOMILIEKCHOM OI[EHKY KaYeCcTBa Kpenyu He(TAHBIX M ra30BhIX
CKBaKMH

OueHKa ypOBHSI KauecTBa Pesynbra- |  Kema-
THI HA0JIIO- | TEJIBHOCTD
ITorasa- VHOBIET- | yong | OUEHB JeHUs 32 noxkasa-
TeJb Ka- | IJI0X0 BODH- Io XOpO- moKasare- | TeJsl CKBa-
gecra | (0,20) | renpHO (0,63) 1110 Imin | 9max | jem crBa- JKIH
(0,37) ’ (0,8) SKUH
A[B|A[B
1 2 3 4 5 6 | 7] 8 \ 9 [ 10 \ 1

9TUX TIOKAasaTesel ObLIN YCTAHOBJIEHBI YPOBHU KauecTBa U OTPaHU-
yeHus (rpadul 2—7). HnuciieHHbIe 3HAUEHUA €IUHUYHBIX MOKasaTe-
Jeit Bcex moarpynn u rpymnm ot 1.1.1 mo 4.4 B HaTypaJbHBIX pas-
MepHOCTAX AJis cKB. A u B nmpuBenens! B rpagax 8—9, a B rpadax
10-11 - vuuncieHHble 3HAUYEHUA EAUHUYHBLIX, IOATPYIIIOBBIX,
TPYHIIOBHIX ¥ MHTETPAJILHOTO ITOKa3aTesel B 6e3pa3MepHO ITKaJe,
TMOJIYYeHHBIE B Pe3yJIbTATe PACCMOTPEHHBIX BBIIIIE PACUETOB.

ITonyuenHble YMCIEHHBIE 3HAYEHUS IPYIIOBLIX IIOKasaresein
TIO3BOJINJIN OLIEHUTh YPOBEHDb TAKMX CBOMCTB KpeNmu CKBAXKUH, KaK
HaJIeKHOCTb, TEXHOJOTMYHOCTD U ADP., a4 TaKyKe KaueCTBO Kpenu B
1IeJIOM.

3HaueHNe MHTETPAJILHOTO IOKa3aTesd KauecTBa KPEImW CKB. A
(D = 0,69), ¢ moMOIIILEI0 KOTOPOTO MOKHO OII€HUTH ee KaueCcTBO Ha
ypoBHe “X0poIo”, 3HaUYUTEeJbHO BBIIIE, ueM ¥ ckB. b (D = 0,36),
KauyecTBO KOTOPOM OIleHMBaeTCA HUKe YPOBHA “yIOBIETBOPHU-
TenbHO”. Takoil BBIBOJ 3aKOHOMEDEH, TaK KaK JKeJIaTeJbHOCTh
GOJIBIIIMHCTBA €IMHUYHEIX IIOKAa3aTe e, B TOM YHcje TPASUINOHHO
TIPUMEHSIEeMBIX IJIS OIIeHKM KauecTBa Kpelu, V CKB. b 3HaUNTeIbHO
HUKe, UeM Y CKB. A. Ba:XHO, UTO cTelleHb Pa3JUuYus BbIpaskeHa KO-
JINYECTBEHHO, YTO 00JIeryaeT COImoCTaBIeHe.

JaHHBII TOAXOMA MO3BOJSAET IO COBOKYITHOCTM HAOJIOAEHU B
mpoIlecce CTPOUTEJbCTBA CKBAKUH MPOBOAUTH KOJUYECTBEHHBIMH
aHaJIN3 BIUSHUS Me0JIOTUYECKUX U TeXHOJOTUUYECKUX YCJIOBUIl Oy-
peHu’A Ha KaueCTBO KPeru W BhIPabaThIBATh YIIPAaBJIAIOIINE BO3Aeii-
CTBUA AJIA IOBBIIIEHUs ero ypoBHA. Kpome Toro, mpexnnaraemas
METOAUKA CO3aeT PeajbHYI0 OCHOBY IJIA ATTECTAIIUN BBIXOIAIINX
13 OypeHUsl CKBAYKUH IO KaTerOpUsM KauecTBa, UTO AOJIKHO IIO-
CJIYKUTH MOIIHBIM CTUMYJIOM [JIS JaJbHEHIIIero coBepiieHCcCTBOBa-
Hus OypoBBIX pPabOT HA BCeX dTamax, CIOCOOCTBOBATH BHEIPEHUIO
TIPOTPECCUBHBIX TeXHUUYECKUX PEIeHUN M YIYUIIeHUI0 TEeXHUKO-
SKOHOMMUECKUX IOKAa3aTeJiell IIpoiecca COOPYKEeHUA KPenu CKBa-
SKUIH.
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