BBEAEHUE

OpHOM ™3 Ba’XHEUIIUX CIIeITMAAbHBIX AWCIIAIIAUH,
OIIPEAEASIONIUX IIPOMUAL TOPHOTO MH)XeHepa II0 ClIeluarbHOCTH "Oy-
peHre He(TSIHBIX W Ta30BBIX CKBa)kKUH', sBAsgeTcss auciunanaa “Oc-
AOKHEHMSI U aBapuu NIpu OypeHUU HeMTSHBIX U ra30BBIX CKBa’KMH'.
l'eonroruueckue ycrOBUS COBPEMEHHOro OypeHHs Ha Hed®Tb U ras,
CPaBHUTEABHO OOAbIIasg TAyOMHA CKBaKUH, HaAWuMe B paspese IIpo-
HUII@EMBIX IIAACTOB C AaHOMAaAbLHO BBICOKMMM YW aHOMAABHO HU3KUMU
NAAGCTOBBIMH AQBAEHUSIMU AUKTYIOT HEOOXOAMMOCTB IIOCTOSIHHOTO CO-
BEPIIEHCTBOBAHUSI TEXHOAOTUM U TEXHWKU OypeHUs CKBa>KHH.

K coskaneHuio, pake IpU UCIHOAB30BAHUU COBPEMEHHBIX AOCTUXKE-
HUM B OOAACTH KOHCTPYMPOBAHUS U TEXHOAOTMHM COOPY’KEHHSI CKBa-
JKUH, 3a49aCTyl0 He ypaeTcsl U30e’XaTb OCAOKHEHHH, IPeNSaTCTBYIOIINUX
CKOPOCTHOMY U 3(PEKTUBHOMY OypPEHUIO.

Haunboaee 4acTO BO3HUKAIOT TaKUe OCAOKHEHUS, KaK IIOTAOIIeHUS
OypOBOTrO IPOMEBEIBOYHOTO M TaMIIOHa’*KHOTO PAaCTBOPOB, HedTe-, BOAO- U
ra3oIpOsIBAEHUS, OCHIIM U OOBAABI CTEHOK CKBA)XKUHBI, 3aTSKKWU U IIO-
capK# 6YpPOBOIO MHCTPYMEHTA IIPHU CIYCKOIOABEMHBIX OIlepalysiX.

MHupOBOY OHNBIT IOCAEAHUX AeT IIOKa3bIBaeT, UTO IMPaKTUUYEeCKU BcCe
CKBa)XMHBI B TOM MAU UHOU CTENeHU OCAOKHEHBI TEeXHOAOTHMYECKOM
HeCOBMECTHUMOCTBIO OTAEABHBIX HMHTepBaAOB OypeHus. VMIMeHHO MO3TO-
My B OOABIIMHCTBE CAyYaeB HCIOAB3YIOT MHOTOKOAOHHBIE KOHCTPYK-
IIMM CKBaXUH M pa3HOOOpa3HbIe IO TeXHOAOTHMYECKHUM CBOMCTBaAM Oy-
PpOBEIE PACTBOPHL.

CoBpeMeHHEBIN TOPHBIM HMHJKEHep AOAKeH yMeThb YCIeIlIHO OYpHUTb
CKBa’)KMHY B OCAOKHEHHBIX TOPHO-TEXHOAOTHUECKHX YCAOBHUSIX, OTAA-
Bag cebe OTYeT B TOM, YTO IIPU COOAIOAEHUM TeXHOAOTHUUYeCKUX Tpebo-
BAHUU U YCAOBHU TEXHHYECKOTO IIPOEKTA BCE OCAOKHEHUS IIPEOAOAU-
MBI U3BECTHBIMU IIpUEeMaMU U METOAAMU.

Kak BHAMM, K OCAOKHEHUSM NpH OYpeHWHM CKBakKMH OTHOCST Ha-
pylleHuss HeIPepPHBIBHOCTH TeXHOAOTHYeCKOro IIpollecca COOPY’KeHHus
CKBa’KMHEBI IIPU COOAIOAEHUU TeXHUYECKOTro NIPOeKTa W IIpaBUA Ge3aBa-
pUUHOro BepeHHsI OypOBBIX pabOT, BhI3BAHHBIE T'OPHO-T€OAOTHUYECKUMU
YCAOBUSMHU IIPOXOAHUMEIX ITOPOA.

OpHaKoO, HeCMOTPS Ha TO YTO OCAOJKHEHMs CUMTAIOTCAd B CYIIHOCTHU
O’KUAQEMOM CUTyalluer M AAA UX IIPEOAOAEHUS NIPEAYCMOTPEHBI TEXHO-
AOTHYECKHe IIPpUeMBl, MHOTAQ OHU IIePEeXOASAT B KaTeTOPUIO aBapuil.

ABapuell CUUTAIOT HAapyLIEHHE HEIPEPBIBHOCTU TEXHOAOTHYECKOTO
Impolecca COOPy’KeHHUs CKBa’KMHBI, TpeOyiolllee AAS €TO AWKBUAALUU
TIPOBEAEHUS CIeIMaAbHBIX PaboT, He IPEeAyCMOTPEHHBIX TeXHUYECKUM
IIPOEKTOM.

3aTsSKKM M IIOCAAKU OypOBOrO MHCTPYMEHTA MOTYT IIPUBECTU K €ro
HeoCBOOOKA@EeMOMY IIPUXBATY; IIAACTOBBIE (PAIOMAONPOSIBAEHUS U IIO-
TrAOLEeHUs OypoOBOrO PAacTBOpPAa MOIYT IepepacTd B OTKPHITHIM aBapUU-
HBIYM (DOHTAH U T.A.

OOBIYHO TaKMe CUTYallMd BO3HUKAKOT U3-3a XaAATHOTO OTHOIIEHUSA
K OCAO’KHEHHUSIM IIPOU3BOAUTEAeM OypOBBIX PaOOT UAU M3-3a UX HU3KOU
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KBaruduKanuu. B psae caydaeB, ocoOeHHO IpU OypeHHUM IepBBHIX pas-
BEAOYHBIX CKBAa’KWH, aBapUUHLIE CHUTYyaIlM¥ BO3HMKAIOT M3-3a HEAOCTa-
TOYHOM M3y4eHHOCTH BCKPHIBAEMOI'O CKBa’>kKMHOM paspe3a TOPHBIX IIO-
POA.

Apyras rpynmna aBapui cBs3aHa C OpaKoM M IAOXMM KaueCTBOM W3-
TOTOBAEHUSI OYpOBOTO MHCTPYMEHTa: HEIPEABUAEHHAs IIOAOMKa B
CKBa’KMHEe AOAOTa MAM OYPUABHOM TPyOBI, IOAOMKAa 3a00MHOTO ABHUTA-
TeAs, CMATHe HUAU OOPBIB OOCAAHOMN KOAOHHBI, OOPEIB reO(pH3MUEeCKOIo
cHapsipa uau Kabead. Ho u B 3ToM rpynne aBapHil 4acTO IOBHHHBI He-
TIOCPEACTBEHHEBIE IIPOM3BOAUTEAN OYpPOBBIX PaboT, KOTOpHle HEeBHUMaA-
TeABHBEI K CITyCKAaeMOMY B CKBa’KMHY OypOBOMY HMHCTPYMEHTy, HeCBoOe-
BPEMEHHO IIPOBOASAT KOHTPOABHO-IPO(PUAAKTUUECKUE MEPOIPUSATUS C
OYPUABHBIMM TpPyOaMH U AOINYCKalOT WX UYpe3MepHBIM M3HOC, IIpPEeBHI-
IQIOT TEXHOAOTHMYECKHE M PEe’KMMHBLIE OIDAaHUUYEHUS (OCEeBhIe HAarpy3KHU
Ha OYPUABHBIM MHCTPYMEHT, A@BA€HHe BHYTPU KOAOHHEI U AD.).

B TpeTnel rpymme aBapuil: MAACHUM PAa3AWYHBIX IIPEAMETOB B OT-
KPBITYIO CKB&)XUHY, OCTaBA€HMHU IIApOIIeK AOAOTa M3-3a INepPeAepKKHU
ero Ha 3aboe, MAAEGHUM WHCTPYMEHTa B CKBa’kKMHY M3-3a 3aXBaTa dAe-
BaTopa OAHUM IITPOIIOM UAU HEAOKPeNAeHHUS pe3b0 — IOAHOCTBIO IIO-
BUHHEI HETIOCPEACTBEHHEIE IIPOU3BOAUTEAN OYPOBLIX paboT.

B mponecce usyueHuss AUCHUNAUHBL “"OCAOKHEHUSI U aBapuUu IIpU
OypeHUM He(MTSIHBIX M Ta30BBIX CKBA)XKUH" CTYAEHTHEI AOAJKHEBI IIOAYYIUTH
3HaHUA 110 THAPOa’pOMeXaHHKe NPUMEHUTEABHO K yCAOBUAM OypeHud,
HeOOXOAMMEIE AAS pacyeTa U BEIOOpAa PE’KMMHBIX IIapaMeTpoB IIpU IIPO-
MBIBKE U BO3HMKAIOUIUX IIPU 3TOM AABA€HUN B CKBaKHHe, OT KOTOPBIX
BO MHOTOM 3aBHCHUT CTeIleHb OCAOKHEHHOCTH IIpolecca OypeHHs u
3 PeKTUBHOCTL IPUEMOB AAS IIPEOAOAEHHUS OCAOKHEHHUH.

OHU AONKHEI HaYUYUTHCSI PACIIO3HABATL NMPU3HAKM 3aPOJKAQIOIINXCS
TIOTAOIIEHUM U (DAIOUMAOIPOSBAECHUM, OCHIIEM U OOBAaAOB, BO3HUKHOBe-
HUSI JKeAOOHBIX BBIPAOOTOK. OHM AOAKHBEI MMETHb KOHKPETHEBIE IIPEA-
CTaBA€HHUS O (PU3UUEeCKOM CYUIHOCTH PAa3AMYHBIX OCAOKHEHHU U aBa-
puit npu OypeHUM CKBa’KMH, O METOAAX M YCTPOUCTBAX AAS WX AUKBU-
AAIUU.

WNsyuenune kypca "OCAOKHEHHT U aBapuu Npu OypeHUU He(TAHBIX
U ra30BBIX CKBa)XXUH" 6a3upyeTcsl Ha 3HAHUSAX, INOAYUEHHEBIX IIO eCTecCT-
BEHHOHAYYHLIM ¥ OOINEeMHIKeHEePHBIM AWCHUIAWHAM ((PHU3MKa, MareMa-
TUKQ, XUMUS, TeOpeTUuecKas MeXaHMKa), a Takke IO CIellMaAbHBIM
AMCIUIIAUHAM (OypeHUe He(MTIHBIX U Ta30BBIX CKBa’XWH, OypOBEHIE
NIPOMBIBOUHBIE U TaMIIOHa’KHBIE PACTBOPEI, F'eOAOTHS U reodU3UUeCcKUe
HCCAEAOBAHMUI CKBa’KUH).

[MpuoOpeTeHHbBIe IO AQHHOU AUCHUIAWHE 3HAHUS HCIOAB3YIOTCS B
DAABHEWIIeM TIPW MU3YYEeHUU APYTUX CIEIUAABHBIX AVCIUIAWH U IIpU
AUTIAOMHOM NIPOEKTUPOBAHUU.

Hacrogamuii yueOHUK COCTaBA€H B COOTBeTcTBUU C ['ocypapcTBeH-
HBIM 00pa30BaTEABHBIM CTAHAAPTOM U IIPUMEePHOM IIPpOrpaMMOM AHC-
OUNAUHEL "OCAOKHEHUA U aBapuy Ipu OypeHuU He(TAHBIX U ra30BBIX
CKBaXMH'", pa3paboTaHHON Y4eOHO-MeTOAUYEeCKUM OOBbeAUHeHUeM BY-
30B Poccmiickont Depepanum 1o BhICIIeMYy HedTera3oBoMy 006pa3oBa-
HUIO.

Mo pucnunauHe "OCAOKHEHUS M aBapuu Npu OypeHUU He(TAHBIX
U ra30BBIX CKBa’XUH' yUeOHMKU U yuyeOHBle IIOCOOHS OTCYTCTBYIOT, TaK
YTO TAKOTO pOoAAd YueOHWK HANMCaH BIEPBEHIE.
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I'naBa TMAPOASPOAVNHAMMNYECKUNE
1 ITPOLIECCHI B BYPALINXCA
CKBAJKMHAX

CoBpeMeHHad TeXHOAOTHSI OypeHUd CKBa)KUH
IIPEANIOAATAEeT CUCTEMATUYECKOEe UCIIOAB30BaHNE UPKYAUPYIOIINX
IIPOMBIBOYHBLIX areHTOB AAS TPAHCIOPTHPOBAHUS PpPa3pyLIeHHOMN
TOPHOM IIOPOABI Ha AHEBHYIO IIOBEPXHOCTh, obOecleueHUs HeoO-
XOAUMOI'O TIPOTUBOAABAEHUS Ha NPOXOAWMBIE CKBa)XKUHOW TOp-
HBble TIOPOABI, MOAQYM SHEPTUM K AOAOTY U 3a00MHOMY ABUTATe-
AIO, AUKBUAQIIMU TIAGCTOBBIX (DAIOUAOINPOSIBAECHUM, @ TaKKe AAS
3aA@BAUBAHUSA OTKPBITO (DOHTAHUPYIOIINX CKBa’KUH U T.A.

YUTOOBI IIPABUABHO BBEIOPATh TEXHOAOTHMYECKHE XAapPaKTEPUCTHU-
KU TMAPABAMYECKOTO OOOPYAOBAHHUS U OIPEAEAUTH AAS Ka’*kKAOI'O
KOHKPETHOTO CAy4asi HeoOOXOAUMEBIE ITapaMeTphl ITUPKYASIIMOHHO-
ro IOTOKA B CKBAKMHE AAS Oe3aBapUMHOM ee IMPOBOAKU WAU
AUKBUAAIIMM aBapuy, HeOOXOAMMO PacCMOTPETh OCHOBHL TEOPUU
U pacueTHBIE 3aBUCHUMOCTH IPUMEHUTEABHO K THAPOAMHAMHYeC-
KUM IIpoIjeccaM B OypSIIUXCs CKBaKMHAaX.

AoCTI>KeHUsT B 3TONM 00OAACTM 3HAHUM 0a3UpPYIOTCS Ha PEOAO-
rmyeckux ypaBHeHusx . Heiorona, @.O.IlIBepoBa u E. bun-
rama, B. OcTBarppa, Ha (opMyaax AASL OLEHKU pacIpeAereHUs
MABAEHMIN B IOTOKax (AIOMAOB, IoAydeHHBIX JK. [Tyazelire,
I'. Crokcom, E.ByccuneckoMm, M.II. BoaapoBuuem m  A.M. I'yt-
KUHBEIM, A. OpeppukcornoMm u P. Beppom. CyliecTBeHHBIE Pe3yAb-
TAQTHI IOAYYEHBl B Pe3yAbTaTe MCIIOAB30BaHUS TEOPUU IIOIpPaHUY-
HOTO CAOd, paspabotaHHou A. [IpaHATAEM, a TaK)Ke paclIupeHus
NOHATUYN (PU3NYECKOMN CYIIHOCTU IOTOKOB IIOCPEACTBOM pasTrpa-
HUYEeHUd PeXUMOB TedeHUd dYepe3 IIOHATHE KPUTHYECKOTO Oe3-
pPa3MepHOTO KOMIIAEKCA, XapaKTepU3YIOUIero OTHOIIeHHe CHA
WHEPOUM K CHUAAM BSA3KOCTHOIO TpeHud, NnpeprokeHHoe O. Peii-
HOABACOM, @ B AaabHelIleM pasButoe b. XepacTpeMoM (KpUTH-
yeckue umcaa PetitHoabaca u CeH-BeHaHa).

SHAUUTEABHO OOOralleHbl OTAEABHBIE DPA3AE€Abl THAPOAWHAMMU-
KM OypOBBIX MPOIIECCOB UCCAEAOBAHUSAMU TUAPOAVMHAMHUYECKUX
conpoTuBAeHUN B TypOoOypax (IT.IT. IIlymunaoB), KoadduimeHTOB
TMAPABAUYECKUX COIPOTUBAEHHU B TpyOax (A.A. AABTIIYAB), Me-
CTHBIX CONIPOTUBAeHMU NOTOKY (X. ['eppuk).



Ba)KHBIMU OKa3aAUCh PpelIeHUus BOIPOCOB B3aUMOAEUCTBUS
IIOTOKA C B3BelIeHHBIMU B HeM TBepabiMu dactuiiamu (I'. CTokc,
P.M. lIumenko u B.A. bakraHOB).

l'iapoauHaMMBKa OYpPOBBIX IPOIECCOB KaK BeTBb HAayKU Mexa-
HUKM CIIAOIIHBIX Cpep Havara (POPMUPOBATLCS B BUAe 0000Iia-
omux padotr P.U. llumenko, A.X. Mupizapxkanzape, H. Mako-
Bed. AOCTHIKEHHS] B 3TOM OOAAQCTHM IIPUMEHUTEABHO K TEOpHU U
IIPaKTUKe TUAPOAMHAMHUYECKUX ITPOLEeCCOB B OypeHUU OBIAU CHC-
TEeMaTU3UPOBAHEl B BUAE y4eOHUKA AAS CTYAEHTOB BY30B, oOyda-
IOIIUXCS IO CIeIUaAbHOCTH "OypeHHe He(MTIHBIX U Ta30BBIX
ckBaxxun", E.J.AeonoBeiMm u B.M.HcaeBrim (E.I'. AeoHOB,
B.U. VcaeB. T'mppoaspomexaHuka B Oypenunm. — M.: Heapa,
1987).

Co3HaBasd, 4YTO aBTOpPAaMM YIOMSIHYTOrO y4eOHMKa TAYyOOKO
npopaboTaH MaTepuas AMCHUIIAWHEL, & U3AOKEHHEe ero OpUEeHTH-
pPOBAHO B OCHOBHOM Ha CTYA€HTOB, COCTaBUTEAU HACTOSIIEro
yuyeOHUKA CTPEMHUAUCH H3AOKUTH MaTepuar 3TOM TAABBI Kak
MOJKHO OAMDKe K M3AOKEeHUIO AaHAAOTUYHBIX pa3jAeAOB yueb-
HUKaA.

1.1. PABHOBECUE U ABUXEHUE
TBEPABIX YACTHI]

B JKAKOCTH, TA3E

U T'A30KMAKOCTHON CMECU

OCKOAKM pa3pylIeHHBIX TOPHBIX IIOPOA, (IIAaM),
IocTymnalomue ¢ 3a6051 ¥ CTEHOK CKBA’KMHBI, YHOCATCSI IIOTOKOM
IIPOMBIBOYHON JKUAKOCTH, Tra3a MAM Ta30KMAKOCTHOM CMecCH.
Hurke paccMOTpeHBI 3aKOHOMEPHOCTU B3aMMOAEMCTBUSA MOTOKA C
YacTUIIAMM IIOPOABI Ha 3aboe W B 3aKOAOHHOM IIPOCTPAHCTBE
CKBA’>XHHBEI, HeO6XOAI/IMI:>Ie ANT PACUYeTOB IIOAQYH HACOCOB IIpHU
IIPOMBIBKE, KOMIIPECCOPOB IIPU IPOAYBKE HAU TeX U APYTUX IIpHU
OypeHUHU C UCIOAB30BaHHEM a’pPUPOBAHHON JKUAKOCTH.

Buranue TBEPABIX YAaCTHUIl B ITIOTOKAX
JKMAKOCTH, ra3a U ra30XKMAKOCTHOHN cMecHu

PaccMoTpuM  ABMIKEeHUME TBEPAOM YaCTUIBI CO
CpeApHEM CKOPOCTBIO V, B BOCXOASIEM BEPTHUKAABHOM IIOTOKE
KUAKOCTH, TEKYIIEU CO CKOPOCThIO V,. B oOmem caydyae CKOpo-
CTH IIOTOKA MW 4YaCTHUIbl OTHOCHUTEABHO HEIIOABM>XHBIX CTEHOK
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CKBA’>XMHBI pa3HLBIE. OOBIYHO TAOTHOCTDH YaCTuUll TOPHBIX IIOPOA
OOABIIIE IIAOTHOCTH J>KHAKOCTH, IIO3TOMY OTHOCHUTEABHAsI CKO-
pocts (puc. 1.1, a)

(1.1
[MTpuHSITO, YTO YaCTHUIlQ, BUTas B IIOTOKE, WMeEeT CKOPOCTHb

v, = 0. Torpa ckopocTts notroka B (1.1) npu v, = 0 HaselBaeTca
CKOPOCTBIO BUTAHUS V!

vV

orm — Vo T V.

o q*

(1.2)

UToOBl BBIOPATH CPEAHIOIO CKOPOCTH IIOTOKA, OOeCleuYnBaro-
IIYI0 TPAHCIOPT YacTUI] B KOABI[EBOM KaHaAe Ha AHEBHYIO IIO-
BEPXHOCTh, HY’KHO YMETb OIPEAEASITh CKOPOCTH V, U V..

PaBHOBecue 4acTUIIBI B BOCXOASIIEM ITOTOKe oOOecleunBaeTCst
PaBEeHCTBOM AEMCTBYIOLIMX Ha Hee CHA, CXeMaTUYHO ITOKa3aHHBIX
Ha puc. 1.1, 6.

Ha wacTumy AeNCTByeT PaBHOAEMCTBYIOLIAS BBITAAKHWBAIOLIEU
CUABI U CUABI TSIJKECTH:

R = Vip, — p)g: (1.3)

rae V. — o0BeM 4acTuOBl, P, Py — HDAOTHOCTB COOTBETCTBEHHO
YaCTUIBI U JKUAKOCTH; § — YCKOpPeHHe CBOOOAHOTO IIapAeHWUs.
Cunra R ypaBHOBeNIMBaeTCS CHUAOM colpoTuBaeHus W, KoTo-
pas 3aBUCUT OT PEOAOTHUECKUX CBOMCTB KMAKOCTH, pe’kKuMa o00-
TeKaHUs, KOHIleHTpauu U (GOpMHBI YacTHll. B pAarbHelIeM OypeM
paccMaTpUBaTh EAMHUYHYIO C(hepUYeCKyIO YaCTUIly C 3KBHUBAAEHT-

vV, =V,

o B*

a
vOTH
7]
Vu Vy Wn
Puc. 1.1. BeKTOpbl CKOpOCTEH
(a) mu cuna (6) Arg BuUTalOLWIEN
B JKUAKOCTH TBEDAO¥ YaCTHUIBI R




1/3
_(6V) .
HBEIM AuUaMeTpoMm d, _L_} B HEOTpaHUUYEHHOU cpepe. DKcIie-
T

PUMEHTAaABHO YCTAHOBAEHO, YTO B 3TOM CAydYae YacTHIla Ipu 00-
TEeKaHUM HMMeeT HauMeHblllee conpoTuBAeHne. DopMynra AAS OII-
PeAereHUsT CUABI COTPOTUBAEHUS YaCTUIIBI TPU OOTEKaHUU ee
BA3KOM >XMAKOCTBIO, COTAACHO (popMyae CTOKCE, UMEET BUA

W, = 3nud,v,. (1.4)

Ota QopMyAa CcIpaBepAMBa AAI unucen PeliHoabpaca Re =
= v dpx/n < 1.

[MTpu AOOBIX 3HAUEHUSX Re CHAY CONPOTHMBAEHUS MO’KHO BHI-
pasurs B o0en gopme

VZ
Wy =GPy -/ S, (1.5)

rae Cy, — KOO(P(PUIUEHT CONPOTUBAEHUS; S — MAOLIAAL Hau-
OOABIIIETO CeUueHUsT YaCTULBI, IIEPIEeHAUKYAIAPHOTI'O K IIOTOKY.
®opmyaa (1.5) nmepexoput B (1.4) mpu

C, = 24/Re. (1.6)

IMpupasnuBas (1.3) u (1.5) u mnoactaBasas V =nd’ /6 wu
S = nd? / 4, HOAy4aeM CKOPOCTb BUTAHHUS AT C(hepHUeCcKOi dac-
THIIBI

v, = 4 (Py —Px)dyg . (1.7)

B o6aactu 1 < Re < 10° caepyeT UCTIOAB30BATH (DOPMYAY
Cy = 22 (1+0,17Re5),
Re

a aast obaactu 10 = Re = 2:10° HeloToH nmpuHUMan KO3Q@QUITAEHT
C, = 0,44.

®opmyay (1.7) MO>KHO 3alMCaTh B BUAE

v, = K d[Pr 1), (1.8)
Vol )

rae K = 49 /(3C,,) — mnocrosHHasa Purrunrepa. CoraacHOo MHO-

TOYMCAEHHBIM AQHHBIM, IIPU 00TeKaHuU chephl IOTOKOM ¢ Re > 60
npumem Cy,, = 0,4, Torha K = 5,72.
YUToOBl BBIOPATH AAM pacyeTa CKOPOCTH BUTAHUS COOTBETCT-



BYIOLIYIO (DOPMYAY, HEOOXOAMMO 3HaTh Re, B KOTOpoe TakKKe
BXOAUT CKOPOCTE V,. ITosaromy dopmyanl (1.7) u (1.8) npumenn-
MBI AASI BBIYMCACHUS V, METOAOM IIOCAEAOBATEABHBIX IIPUOAMIKE-
HuY. PacyeThl IPOU3BOAATCS CAepyloIIMM oOpasoM. Haiiag mo
OAHOM U3 (POPMYA CKOPOCTH V, U 3aTeM Re, caepyeT MpPOBEpPUTSH,
AeKUT AU Re B oOaacTu npuMeHeHUs 3ToN (OpMyAHL. Ilpu Heco-
BIIQA€HUHN pe3yAbTaTa HeOOXOAMMO HCIOAB30BaTh APYTyiOo (op-
MYAY.

B oTAnune OoT BA3KOUM B BA3KONAACTHUECKOM kupkocTtu (BIDK)
pasAnuHble cpepbl MOTYT HAaXOAUTHCS B PAaBHOBECHH U IIPU CKO-
poctu v, = 0. CocTosgHue 11apa, IPeAlIeCTBYIOIlee ABUKEHUIO,
XapaKTepu3yeTcs IPeAeAbHBIM paBHOBecHeM. B 3ToM caydae cuaa
TS>KeCTH YPAaBHOBEIIUBAETCSA CUAOM W, OT AeUCTBUS HAIpPIKeHUMN
o BceM moBepxHOCTH oOBeMa V. IIpeApllonOKHUM, UYTO 3aBUCH-
MOCTE AAST W, MeeT BUA:

W, = nd’v,.

i

INpupaBuuBags W, u R, HalipeM, uTo Opu ckKopoctu v, = 0
MaKCHUMaABHBIM pa3Mep YacTHIILI, KOTOpas MOJKeT HaXOAUTHCS B
paBHOBecum B BIDK, onpeperdgeTrcs popMyAaon

6t
d,=—32 . (1.9
(pq - p)}()g
IMpu auxxenuu (v, = 0) 1mapa B BI3KOIAACTUUECKON KUAKOCTU
IIOAAraroT, YTO CYMMUPYIOTCS COIPOTHMBAEHUS, OOYCAOBAEHHEIE
BA3KOCTHBIMM U IIAQCTUYECKMMU CBOMCTBaMU. [TosToMy dopMyay
MAST CUABL COIIPOTHUBAEHUS IIPU ABH)KEHUU >KUAKOCTU MOJKHO 3a-
IH1caTh TakK:
2,
W, = nd_ T, + 3mnd,v,. (1.10)

13

IMpupasuusag (1.10) u (1.3), moAydaeM CKOPOCTbH BUTAHUS dac-
THUIIBI

= d_q (pq - p)x)gdq _ 1.11
Ve 37] 6 rO . ( . )
IMpu t, = O BeIpaxenue (1.11) yopomaercsa A0 ciydag oOTe-

KaHUs YacTHUI[ BS3KOU >KUAKOCTBIO. CHAY COIPOTHBAECHUS IIpHU
pPasAuMuYHBIX pekuMax obTekanus BITXK MOKXHO mHpeacTaBUTH
Takke B BuAe (1.5), rae KoadppuiiueHT conpoTuBAeHus: Cy, pas3iu-
YeH AAST Ka’KAOTO pesKHUMa.
Ans dopmyas (1.10)
2 J'Ed2

W, = nd’t, + 3md, v, = WpX%T“, (1.12)



OTKYAA

2
Cy = ndyTo + 3mdyv, _ 8t +%

vy ndy pxvs Re
* 4
129V
24(,, He) _24(, S\
Cc, =—i1 =" 1+=, 1.13
" Re +3Re) ek +3J ( )
TAC

He = p,t,d; /% S = t,d, /(v,).

IToaarator, uto npu Re > Re,, KO3(DOUIUEHT CONPOTUBACHUS
C,, octaeTcs nocTossHHLIM U paBHBIM 0,4. TloactaBastsa C, = 0,4
B (hopmyay (1.13), HaxopuMm 3HaueHmss Re,, B 3aBUCUMOCTH OT
unchaa He:

Re,, = 30(1 ++1+He /45). (1.14)

And pacdeTa ckopocTu BUTaHMA npu Re = Re,, pekomenayert-
csa ¢opmyaa (1.11); mpu Re > Re,, — dopmyaa (1.8). Iput, = 0
o chopmyae (1.14) pArg BA3KOU KUAKOCTHU IOAyYAEM
Re,, = 60. (1.15)

@opmyasr (1.8) m (1.11) yAOOHEI AAST pacyeToB, KOTAA 3apaHee
U3BECTHO YCAOBHe OOTeKaHud, T.e. U3BeCcTHO Re. OpHako npu
BBIUMCAEHUY CKOPOCTH BUTAHHUS HEAb3sl CPa3y OINPEAEAUTH YHCAO
PeliHoabaCa, TaKk Kak B HEro Tak’yKe BXOAUT HeM3BeCTHas CKO-
pocTh BUTaHUA. [Ipeobpasysa opmyay (1.7), KOTopas CIpaBepAn-
Ba AAS BBIUHMCAEHMS CKOPOCTM BHTAHUI B AIOOOM >KHMAKOCTHU, U
IIOACTaBASId B Hee

v, = Rew (1.16)
dyp

IIOAy4YaeM

C\ Re? =§Ar, (1.17)

rae Ar —0Oe3pa3MepHBI KOMIAEKC — YHUCAO ApPXMMeA],

Ar =

d3
70, (Pa = P)- (1.18)
u

IMoacTtaBassa (1.6) B (1.17), HAXOAUM AAS BSI3KOM KUAKOCTHU
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Re = Ar/18, (1.19)

a AT BA3KOIIAQCTUUYECKOU >KUAKOCTHU

Re = Ar/18 — He/3. (1.20)
BBeaeM kputmueckoe uncAao Apxumepa. Ecam B (1.19) u (1.20)
MOACTaBUTHL 3Hauenus Re,, = 60 u Re,, mo cpopmyare (1.14), To

IIOAYYMM KPUTHUYECKHEe 3HAUeHUs YUCAa APXUMeAa:
AAS BSI3KOM JKUAKOCTH

Ar,, = 1080; (1.21)
AAST BSI3KOMNAACTUYECKOM JKUAKOCTH
Ar,, = 18(Re,, + He/3). (1.22)

B mpakTudyeckKMX OpuMepax CKOPOCTb BUTAHHUS CAEAYeT BHI-
YUCAATBL CACAYIOIIMM O0OpasoM: ompepeAuTs He, Re,, Ar,, m Ar u
CPaBHUTL Ar,, U Ar.

Ecam Ar < Ar,,, TO CKOPOCTH BUTAHHsI MOKHO BBIYMCAUTH IO
(hopmyae (1.16) ¢ ucnoansosanuem (1.20); ecan xe Ar > Ar,,
BMecTO (1.20) Hapo ucnoabzoBate Gopmyay (1.17), npunas C,, =
= 0/4.

[MTpu poropHOM 6ypeHUU BBHIHOC IIOPOABI OCYIIECTBASIETCS IIPU
Bpalljaroleiicas KOAOHHe TpPyO, MO3TOMYy YacTHUYKa IIIAaMa HMeeT
He TOABKO BEpPTHUKAABHYIO COCTaBASIIONIYIO CKOPOCTH OOTeKaHUd,
HO W TOPW30HTAaAbHYIO. [Ipm 3TOM 5KCIIEpUMEHTAABHO yCTaHOB-
A€HO, UTO YCAOBHS BBIHOCA IITAAMa YAYUYIIAIOTCS.

Ilpu BeIOOpPE pacxopa IPOMBIBOYHOTO areHTa, HeOOXOAUMOTO
MAST BBIHOCA IIIA@Ma M3 KOABIIEBOTO IIPOCTPAHCTBAa, TpebyeTcs 3a-
AATh CKOPOCTb IOTOKA@, IIPEBBINIAIONIYIO CKOPOCTh BUTAHUSA, T.€.
YTOOBI CKOPOCTBH YaCTUIIBI V, ObIA@ OOAblle HyAd. Ha ocHoBanum
MIPAKTHYECKUX AQHHBIX 3Ty CKOPOCTH IIPMHMMAIOT paBHOM 20—
30 % CKOpPOCTU BUTAHUS:

v, = (0,2+0,3)v,.

Kp!

IMpu OypeHUM MIaPOUIEYHLIMU AOAOTAMH IIOPOA, CIIOCOOHBIX K
XPYIKOMY pa3pylIeHNi0o, B OCHOBHOM OOpa3yIOTCS YaCTUIBL C
9KBUBAAEHTHHIM AnameTrpoMm MeHee 10mMm. [lostromy B 3TuX
dopmyaax puameTp BeIHOCHUMOM vacTunsel d, = 0,01 m. HacTuuku
C MEeHBIIUM AMaMeTpOM OYAYT A€TKO BBIHOCUTBLCS, @ C OGOABIINM
AMAaMeTpOM (MX BCEro HECKOABKO IIPOLeHTOB) — IIOBTOPHO WU3-
MeABYaThCSI AOAOTOM. OUYeHb YaCTO PaCCUYUTHIBAIOT CKOPOCTH Vy,
ncnoab3ya popMyay (1.8) u 3apanee mpeanoaaras, uto Re > 60.

HNcxopsa u3 cnenm@uKU ONbITa OypeHUS B KaXKAOM paroHe,
CKOPOCTB V, BEIOMpatOT B mpeperax 0,4—1,4 m/c. bamke K HUXK-
Hel rpaHulle 3HAQUEHMS IIOAYYAIOTCS NIPU MCIOAB30BAHUU YTsKe-
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AE€HHBIX TAMHHUCTBIX PACTBOPOB C IIOBHIIIEHHBIMU PEOAOTHYECKU-
MU CBOMCTBaMHU. [Ipy NpUMeHEeHUM TeXHUYECKOW BOABI U APYTHX
JKUAKOCTEU C IMIOHU’KEHHBIMU PEOAOTMYECKUMM CBOMCTBAMH, OCO-
OeHHO TNpH pPa3bypUBaHWM TAWHHCTHIX IIOPOA AAS yCTpaHEHUs
CaABHUKOOOPAa30BaHUs, CKOPOCTU V, IIOBHIIIAIOT.

Pacxop >XHMAKOCTH B KOABIIEBOM IIPOCTPAHCTBE, TpeOyeMBId
AASL BEIHOCA IIIAAM@a, PACCUUTHIBAETCS IO (DOPMYAE

Q = v, F.

rae FK — IINAOIIAADb ITOIIEePEeYHOI'o CedYeHUA KOABLIEeBOTO IITPOCTpPAH-
CTBa.

1.2. VCTAHOBUBIIEECSI TEMEHUE
JKUAKOCTEIN B DAEMEHTAX
IIUPKYASLIMOHHON CUCTEMEI
CKBAYKUHEI

PaccMoTpuM pacueT AGBAGHUM HPU AaMUHApPHOM
TEeUEeHNN BSI3KONM HEC)KUMAeMOM >XMAKOCTU B KPYTOBBIX IIEASX,
Tpy0GaxX M KOHITEHTPUYHBIX KOABIIEBBIX KaHAaAaX.

TeueHnue B KpPyroBou weAu

3apada COCTOUT B IIOAYYEHUH (POPMYABI, CBSI3BI-
Balollel mepenap pAaBaeHUU Ap = (p. — p,) € pacxopoM Q = =
vF, TA€ p. P« — MAaBAeHHe COOTBETCTBEHHO B OTBEPCTUU U Ha
KOHType ILIeAU; V — CPeAHdsS CKOPOCTh KUAKOCTH udepe3 AIOYIO
OIUAWUHAPUYECKYIO MIOBEPXHOCTH (puc. 1.2).

Puc. 1.2. Dnioppl CKOPOCTEN M HANPSIKEHUH B AaMUHApPHOM PajAUaAbHOM IOTOKE
BSI3KOM KHMAKOCTH B KPYTOBOM IeAU
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Ans 3TOrO TpeOyeTCcsa COBMECTHO PElIUTh CUCTEMY YpPaBHEHUI:
ABVIKEHUS, CIIAOIIHOCTH U COCTOSHUSL.
[MpumeM caepylolyie TpaHUYHBIE YCAOBUS:

w = 0nupu z = + H/2;
p = p.Upur = Iy
p = p,OpUT = I,.

Peonornueckoe YpaBHeHUEe AN BSI3KOM JKUAKOCTH MMeeT BUA
ow
t=pn, (1.23)
0z

AAs TakolM (pu3ndecKod MOAEAU M3BeCTHa opMyira Aapcu —
Bericbaxa

2
Ap=klp2LH(r—rC). (1.24)

Ecamr =r

K!

TO
A =§f(a); Re = |v|Hp/w; (8) = Ind/(1 — d); d = r./r,.
e

[MTpu BBIBOAE 3aBUCHMOCTH (1.24) He yUMTHIBAACS B YpaBHEHHUU
ABIDKEHUS WHEPIMOHHBINM uYAeH w(dw/0dr), T.e. paccMaTPUBAAUCH
IIOTepPU AABAEHUS, BO3HUKAIOUINE IIOA AEMCTBUEM CHA BSA3KOCTU.
[MTpu ABMIKEHWHN JKUAKOCTU MEKAY KPYTOBBIMM TIAQCTHHAMU 3Ha-
4yeHUs Ap, BRIYUCAEHHBIE TOABKO 1O (hopmyae (1.24), B pe3yabTa-
Te HeydeTa WHePIIUK MOTYT OBLITh CHUABHO 3aHM>KEHHBLIMU HAM 3a-
BBIIIEHHBIMU OTHOCUTEABHO OOIIero mepernajpa AaBAEHUS.

[Nepemnap paBAeHUM 3a cUeT MHEPLUU He 3aBUCUT OT BUAA Peo-
AOTUYECKOTO 3aKOHA >KMAKOCTU U IIPUMEHUM AAS AFOOOM HeCKU-
MaeMoH KUAKOCTH. DOPMYAY AAST €TO ONIpeAEeAeHUsT MOJKHO 3allu-
caTe B BUAe (popMyasl Aapcu — Bericbaxa

2
Apy =k, D (r- 1),

TAE

I T

Ay = £(1+i).

C C

PesyabTupytomuii mepenap AQBACHUS

2
Ap = )\E(r — 1) = |Ap, = Ap,|, (1.25)

rae A = |k1:7»2|.
13



3aMeTuM, YTO 3HAYEeHVE A CYIIeCTBEHHO 3aBHCHUT OT HAIlpaB-
AeHUs TeueHHUs, T.e. OT 3Haka Q. [Ipu moraomeHMHn >KUAKOCTH
cAepyeT OpaThb 3HAK MHMHYC, @ IIPU IIPOSIBA€HUM (IIPUTOKE) —
TIAIOC.

Bo MHOTHX CAy4YasiX CHUABI TPEHMS M WHepPIUU IIPUMEPHO OAU-
HAKOBO BAMSIOT Ha Ilepena) AaBAeHHA. ECAM BI3KOCTb IIOBBICUTH
20 1Tla:c, ToO BAWSHHWE CHA TPEHUsS 3HAQUUTEABHO YBEAWUYUTCH, a
BAMSHME CUA MHEPIIMU He U3MeHUTCd. IIpu yBeamdyeHMU paccTos-
HUS MEXAY HNAACTHHAMM OCHOBHYIO POAB OYAYT HUIpaTh HWHEpPIU-
OHHEBIE CHUABI, a IIPU YBEAUWYEHUU AMaMeTpa CKBA)KWHBI — CHABI
TpeHus.

Teuenue B mpy0ax u KOHUEHMPUYECKUX
KOAbUEBbIX KAHAAAX

3apaua aHAAOTHYHA IIPEABIAVIIEN: OIPEAEAUTh
CBSI3b MEXKAY II€PelaAOM AaBAeHUst Ap = |p, — p;| u pacxopom
Q = vF, TAe V — CpepHSII CKOPOCTBb >KMAKOCTU depes3 IIolepeu-
HOe cedyeHMe KaHana, F = mR?> = nd?/4 — DAOIIAAL CeYeHHs
moToka B TpyOe; F =mn(d?-d?)/4 — mAOIIAAb MOIEPEYHOTO Cce-
YeHHs IIOTOKa B KOABIIeBOM IpocTpaHcTBe (puc. 1.3).
AAST HaXOKAEHUST NUCKOMOM (popMyABl Ap = Ap(Q) Tpebyetcs
pelInuTh CUCTEMY YpPaBHEHUU ABMI)KEHUS, CIAOUIHOCTH U COCTOL-
HUS IIPU CAEAYIOUINX T'PAHUYHBIX YCAOBUSX:

w=0npur =R, = d,/2
w=0mnpur = R, = d./2;
p = p, upuz = 0;
p = p,upu z = L.

Puc. 1.3. DOopsl CKOpPOCTEeNl M HaNPSUKEHWH B AdaMUHApPHOM IIOTOKE BSI3KOM
JKUAKOCTHU B TpyGe
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Peonrormueckoe YpaBHeEHNHE B 3TOM CAydade

r=u";_vrv. (1.26)

INpu d, — 0 moayumM pacxop B Tpybax (dpopmyara ['arema —
Iya3zeting)
- _TA g4,
128u €
MO>XHO aHAAUTHYECKU IIOAYYUTH PelleHHe B BUAE (DOPMYABI
Aapcu — Belicbaxa:

2
Ap =|p - pi| =27 L, (1.27)

rae d, = d, — d, — THUApPaBAMYECKHU AUaMETP; }\=%f(6)
e

KO3 (PUITMEHT TUAPAaBAMYECKUX COTMPOTUBAeHUH (0 = d,/d,);
2
f(o) = —1=0°
5 1-82
1+0° +
Ind
Re = |v|d,p/w.
I'paduk dyukiuum f(0) mpepcTaBAeH Ha puc. 1.4,
IMpu d, — 0 moayuum d, — d, f(0) — 1, T.e. dpopmyront (1.27)
MOJKHO IIOAB30BaThCS AAS BBIUUCAECHHUS IIepellapd AaBACHUS B TPY-

1)

1,5 —
vl
1,4 /

i/

1,2

1,1

1
Puc. 1.4. T'paduk dpynxkguu f(d) 0 0,2 0,4 0,6 0,8 5
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Oax, moaarad B Hel d, = d.. Ard yAOOCTBa pacuyeToB MOJKHO 3a-
nrcaTtb popmyAy (1.27), packpeiBas 3HaueHUsI A U Re, B Bupe:
AAS KOABIIEBOTO KaHana
32M|V|

Ap=—11fO)L= L“Mf

; N (O)L; (1.28)
r T r C + H

AAsT TPYO
_ 12800 L

4
nd,

Ap (1.29)

@opmyasr (1.28) u (1.29) cipaBeAAMBEI KaK IIPU T€YEHUM BAOAD
ocu z(Q > 0), Tak u poTuB HanpaBAaeHusa ocu z(Q < 0).

Pacuer AaBAeHMI IIPU AAMHHApPHOM TE€YEHUU
BSI3KOIIAQCTUYECKUX JKMAKOCTEN B KPYTOBBIX
IMeAsIX, TpPy0ax M KOHI€HTPUYHBIX
KOABIIEBbIX KaHaAax

Kpyrosas weab

3apadya COCTOUT B HAXOXKAEHUU CBI3U MEXKAY Ile-
penapoM AaBaeHust Ap = |p. —p,| u pacxopom Q = VF, 1pe v —
CpepHss CKOPOCThb TeUeHHUS dyepe3 IUAMHAPUYECKYIO IIOBEPXHOCTh
F = 2nrH (puc. 1.5) npu ramuHapHOM TedeHnu BITDK (Ha3eBaroT
TaK>Xe CTPYKTYPHBIM M3-3a CBOEOOPA3HOrO PACIPEAEAEHUS CKO-
pocTeli, 06YCAOBA€HHOTO HAAWYMEM sSApa TeueHUs, ABHKYILErocs
C IIOCTOSTHHOU CKOPOCTBIO W;). AAd HAaXOXKAeHUA (POPMYABI Tpe-
OyeTcsl pelIuTb CUCTEMY YPaBHEHUM CIAOIIHOCTU M COCTOSHUS B

'c\ w(z)=\w0 w(z)

\ /

Puc. 1.5. Omopsl CKOPOCTel U HaNpsKeHWIl B AAMHHAPHOM PaAMaAbHOM MOTOKe
BIT)K B Kpyrosoii mjeaAun
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p
0,8

0,6 -
0,4 -

0,2
0 =—T"1

100" 2 4 6 810" 2 4 6 810" 2 4 6 8S

Puc. 1.6. Tpaduk 3aBucumocru 5 = 3(S) AAST KPYroBoil IeAn B IMOAyAOrapugmu-
YeCKUX KOOpAMHaTax

00AaCTH MeXKAYy CTEeHKaMU IIeAW U SAPOM TeUeHUs AWaMeTPOM
H,, T.e. Ipu CAEAYIOUINX I'PAHUYHBIX YCAOBUSX:
w = 0napu z = = H/2;

W _o npu z = + Hy/2;
dz

w = w, npu —H,/2 <z =< H,/2.
Peonrormnueckoe ypaBHeHue pna BITOK uMeet Bup
T =1, +m . (1.30)
[iv4
AAsT Takol (DOPMYAMPOBKHU 3aAa4M IOAyUeHa (POPMYyAQ, IT03BO-

AGIOIIAS OIIPEAEAUTH Nepenap AABAEHUS, IPEABAPUTEABHO BBIUNC-
anB ynucnro CeH-Bewana S npu r = 1, 1 Havipag § u3 puc. 1.6:

Ap =|p. - p,| = 2:;1’[; In . (1.31)
Uucaro Cen-Benana
g - JU’HZ‘I:O
19

Mo>KHO y4ecTh Iepelaa A@BAEHUY 3a CUeT WHEPIIMOHHBIX CHA
B oO0OllleM Iiepenapre AABAEHUM, €CAM OPUHSITH, YTO ITOCAEAHUM
NPUOAMIKEHHO PaBEH CyMMe IepenajpoB

Ap = Ap, = Ap,,

rae Ap, — moTepu Ha TpeHUe, BBIUMCAdeMEBle IO dopmyae (1.31);
Ap, — WHepIUOHHEIE IIOTEPH, OIlpepersdgeMEle I0 Gopmyae. [Ipu
Ap, 3HaK IAIOC OepeTrcd IpU IPOSIBAEHWM U MUHYC IIPU IIOTAO-
II[eHUN.
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Teuenue B mpybax

B sTtoM caydae (puc. 1.7), Tak >XKe Kak U B IIpe-
ABIAYIIIEM, TeueHUe UMeeT SIAPO papuyca R, ABUIKyIleecs CO CKO-
POCTBIO W, AAS HaXOKAEHUS ITleperapad AABACHUS NpeHebperaroT
YAeHaMM, VIUTHIBAIOMIMMU CUABI MHEPIUH U TSIKECTH, U pellaroT
CUCTEMY ypaBHEHHUU B OOAACTU MeXKAY CTEHKOW TPyOBl U SIAPOM
IIPU CAEAYIOIIUX I'PAHUYHBLIX YCAOBUSX!

w=0mnpur =R = d.J/2;
w = w, = const pu 0 <r =< R,

W _0 npu r = R,.
ar

Peonornueckoe ypaBHeHme apa BIDK B TpyOax mnpu ‘;—W<O
r

UMeeT BUA
=—1:0+naa—w npu r = R,,. (1.32)
r

B pe3yabTaTe aHAaAUTUUECKOTIO PeLIeHUs 3aAaUM IIOAYYAIOT U3-
BeCTHYIO (popMyAy ByKmHraMa AAS Pacxopa KHUAKOCTH, U3 KOTO-
POl BEIBOAAT (DOPMYAY AAS IIepellapd A@BAEHUS B TpyOe:

Ap = 2t,L/(RB),
UAU, BBOAI 3HaueHUe puaMmerpa d, = 2R,

4toL
dcp

(1.33)

I[To dopmyae (1.33) ompepersitoT Iepenap AaBAeHUS Ap
(motepu Ha TpeHue) npu ABwkeHuu BITOK B Tpybax. Aas s3TOrO

w(r) W, T

0 ) 7 /"’

0 0

Puc. 1.7. niopsl CKOPOCTeN U HaNPsI)KeHUu# B AaMuHapHoM 1notoke BITJK B TpyGe
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B 1

0,8 4/———

0,6 ]

0,4

AVAY

0,2
0

"

[

1 2 4 6 810" 2 4 6 8100 2 4 6 8S

Puc. 1.8. I'papukn 3asucumoctu § = (S) Ars kpyroBeix (1) u KoabueBbix (2)
KaHaAOB

CAEAYyeT BBIUYMCAUTH YUCAO S, @ [0 ero 3Ha4eHUIO OIPEAEAUTH I10
KpuBo#u ! (puc. 1.8) Beanmuuny f u 3arem o ¢gopmyae (1.33) Haii-
THU UCKOMBIU Tlepernap AaBAeHUS Ap:

S = TOch . (134)
naQ

Teuenue B KOAbUEBOM KOHUEHMPUYHOM KaHaae

Ilpu Teuenusax BITJK B KOHIIEHTPUUYHOM KOAbBIIe-
BOM IIPOCTPAHCTBE, Tak >XKe KaK M B Tpybax, obpasyeTcs SApO,
KOTOpOe nMeeT (pOpMy HMOAOTO LIMAWHAPA C MAOIIAABIO IIOIEeped-
Horo ceuenus n(b’ — a?), GOKOBOM MOBEpPXHOCTHIO 27m(a + b)L m
ABIDKETCS CO CKOPOCTBIO W, (puc. 1.9). D10 gApO pasperdeT Bce
TeueHUe Ha ABa I'PAAMEHTHBIX CAOs: I, Tae mpou3BopHast Iw/dr <

Puc. 1.9. Doopsl CKOpPOCTell W HaNpPsSDKEHU B AaMHHapHOM noroke BIIJK B
KOABIIEBOM KaHaAe
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< 0, u II, rae mpousBopHass ow/dr > 0. B cBSI3m C 3TUM pemarT
CHUCTeMY yPaBHEHUN IIPU HAXOKACHUM NPOPUAT CKOPOCTEN W AT
Ka’>XAOTO CAOSI OTAEABHO, TaK KaK PEeOAOTHMYeCKoe YypaBHeHHe
nMeeT CBOU BUA AAS Ka’KAOTO CAOS:

A I chos

r=—r0+n2—‘;’; (1.39)
Aas 1T chos

‘c='co+n‘2—‘f. (1.36)

YcaoBue PaBHOBeECHUA CHA, AeflCTBYIOU.IHX Ha SdAPO, 3allMCEIBA-
eTCs1 CACAYIOITUM o6pa30M:

n(b* — a®)Ap = 2nt4(a + b)L.

rpaHH‘-IHI:Ie YCAOBUA IIPU OTCYTCTBUH CKOABXXEHHS II0 CTEHKAM
KOABIIEBOTO TIIPOCTPAHCTBA UMEIOT BUA!

w = 0nopur = R;;

R,.

w Oopur

Tak Kak $SIAPO ABWJKETCSI C IIOCTOSHHOM CKOPOCTBIO W, TO
3HQUEHUSI PACIPEAEA€HUM CKOPOCTeM B TPAAMEHTHBIX CAOSX Ha
IpaHUIlAX C SIAPOM OYAYT W = W, Ipu a@ < =< b.

Kpome TOro, AOAKHO BBIIIOAHATHCS YCAOBUE
ow
—=0mnpur =aur = b.
or

Pemaa cucremy apuddepeHIUaNBHEIX YPAaBHEHUMN AAd IIPUBe-
AEHHOU MOAEAM, NOAYYAIOT (POPMYAY AAS OIIPEAEAECHUA IIepelapa
MABAEHUS B KOABIIEBOM KaHaAe:

__ful (1.37)
B(dc - dH)
S = Tolde - du)Fy (1.38)
neQ

Kosagpdunuent B (cm. puc. 1.8), IpeABapUTEABHO BBIUUCAUB
YHUCAO S, HAXOAAT 110 U3BECTHOMY PACXOAY, PEOAOTHMYECKUM T;, M
U reoMeTpudeckum d., d, AQHHBIM.

I'padrueckuit MeTop pacueTa BPYYHYIO IOTEPh AABAEHUd IIpU
TeueHnu BIDDK B TpyOax M KOABIIEBEIX KaHarax paspaboTaH
K.X. T'popae.
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ITepenap AaBA€eHUSI B MECTHBIX
CONPOTUBAEHUSIX HUPKYASIIUOHHON CHUCTEMBI

MecTHEIE THUAPABAWYECKHE COIPOTHUBAEHHSA CO-
3MAI0T JAEMEHTBHl LUPKYAAUOHHOU CHUCTEMBI C IIepeMEHHOU
opMOM U pazMepaMu KaHAAOB, B KOTOPBIX H3MEHSIOTCS CKOPO-
CTU IIOTOKa, OOpa3ylTCs KPYHHBIE BUXPU M BO3BPATHEIE Tede-
HUd. TaKUMU 3AeMeHTAaMU SBASIOTCS: BeApylllasd TpyOa, BEPTAIOT,
OypOBOM DPYKaB, CTOSK, 3aMKOBBIE COEAWHEHUs, MY(MTEI, Iepe-
BOAHUMKH, AOAOTQ, II€HTPATOPH], PACHIUPUTEAN U T.A.

Kak MOKa3bIBAIOT OIBITHL, Mepelaj AABACHUSA Ap B 3THUX 3dAe-
MEHTaX MOJKHO OIIPEAEAsITh He3aBUCHUMO OT €eTr0 OTHOCUTEeABHOM
MAVHEBI IO OpPMyAe

Ap = ap@?, (1.39)

rae o — KO3(pPUIHEHT THAPABAMYECKUX CONPOTUBAEHUM, KOTO-
PBI AAS KA>XAOTO 3AeMeHTa B IIepBOM IIPUOAVIKEHHM MOJKHO
IPUHATE NOCTOSTHHBIM. Hanboablllee 3HaueHHe KOIPPUIIUEHT O
uMeeT B 3a00MHBIX THAPABAMYECKUX ABUTATEASX, TUAPOMOHUTOP-
HBIX AOAOTaX U 3aMKOBBIX coepunHeHMax Tuma 3H. Auiib aag
HEeMHOTMX HPOCTEMIINX MOAEeAeM MeCTHBIX CONPOTUBAEHUM, Ha-
IIpuMep BHE3aIllHOT'O PaCIIUpeHud TPYOH!, KO3(PUIIUEeHT O MOXK-
HO OIpeAeAuTh TeopeTwdecku. OOBIYHO €ro HAXOAAT 3SKCIepu-
MEHTAAbHBIM ITyTEM.

Koaddunuent o HaszeMHOM OOBSA3KU LUPKYAAIIMOHHOM CUC-
TEMBI HaXOAUTCS 110 (POPMyAe

a=o. + o, + o, + 0o (1.40)

TA€ O, Oy, O O, — KO3(PUIUEHTH CONPOTUBAEHUN 3AE€MEHTOB
00BsI3KH, ompepeasdeMbie 1o AaHHBIM BHUUWBT (Taba. 1.1).

Ta6 auma 1.1

DAeMeHT VCAOBHEIH Apnaverp OGosznauenne s 4
OGBSA3KH pasMep, MM [IPOXOAHOTO B (hopmMyne o107 M
CcedyeHUs, MM (1.40)

Crosk 114 - o, 34
140 - 1,1
168 04
Byposoit 76 (e 1,2
pyKasB 80 0,93
90 0,52
102 03
BepTtator 75 o, 09
80 0,7
90 0,44
100 03
Beaymiaa 112 74 o, 1,8
TpyO6a 140 85 0,9
(kBaapar) 155 100 0,4
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BBuAy IlepeMeHHOM TeOMeTpUM KAaHAAOB TypOOOypBI MOIKHO
CUUTATH OAHUM K3 MECTHBIX CONPOTHBAEHUM U Iepenajp AaBACHUS
B HUX TaK’)Xe BBIUUCAATH IO (hopmyae (1.39) npu

o = AP ’ (1.41)
PeQfu
rae Ap,, — Tepenap AaBAeHUSA B TypOOOype HNPU HOMHHAABHOM

pexuMe ero paboOThl Ha >KHAKOCTU C M3BECTHOM mopaden Q. U
IIAOTHOCTBIO (IIO IIACIOPTHBEIM AA@HHBIM KOHKPETHOTO TypboOypa)
Pe-

AAST TeoMeTpUYeCKHN MOAOOHBIX CONPOTHUBAEHUM, B YaCTHOCTU
OTBEPCTUU AOAOT, KQHAAOB 3aMKOBBIX COEAWHEHHU U My(T OAU-
HAKOBBIX TUIIOB, IPU pacueTax popmyay (1.39) ypaoOHee mpepcTa-
BUTH B TPAAUILIMOHHOM BUAE:

2
Ap=§%, (1.42)

rae £ = 20F? — kosddunuent conporuBirenus; F, v — Xapak-
TepHas MAOIIaAb CeueHUsI KaHana U CPeAHsSs CKOPOCTh B HEM CO-
OTBETCTBEHHO.

B KaHanax 3aMKOBBIX COEAMHEHHUIN B KaueCTBE XapaKTepHOU
BEAWUYMHBl IIPUHUMAIOT IIAOMIAAb IIOIIEPEYHOr0 CeYeHHd KaHahra

TPyO
F = nd? /4, (1.43)

rae d, — BHYTPeHHHU AUaMeTp OYPUABHBIX TPYO.

OnbITHBIE AQHHBIE IIOKA3BEIBAIOT, UYTO CpepHee 3HaueHUe § AT
KaHaAOB 3aMKOB Tuna 3H MO>XHO HPUHSTL pPaBHBIM 7,66, a AAd
3amMkoB Tuna 31 § = 1,52.

AnamMeTp KaHAAOB 3aMKOB THUNA 3Y M IPUBAPEHHEBEIX 3aMKOB
ManO OTAMYAETCS OT BHYTPEHHero Auamerpa OYPHUABHBIX TPYO,
IIO3TOMY IIOTEPH AABAEHUS B HUX He3HAUUTEABHBI M B pacyeTax
OOBIYHO He YUYUTBIBAIOTCS.

AAS olIpepeneHMd Ilepeliapd A@BACHUS OT MECTHBIX COIPOTUB-
A€HUM (My(T, 3@aMKOB U T.II.) B KOABIIEBOM IIPOCTPAHCTBE TaKXKe
npumensercsa popmyaa (1.39), B KOTOpOl B KauyecTBe XapaKTep-
HOM OepeTcs MAOIIaAb IIONEPEYHOr0 CedYeHUsI KOABIIEBOTO KaHaAad
MeJKAY TPpyOaMU M CTE€HKOM CKBa>KUHEI

F =n(d?-d?) /4, (1.44)

rae d. — AuMAMeTp CKBAKUHBI, d, — HApPY’KHBIM AMAMeETp TPyO.
[Tpu sTOM KO3(pPUITUEHT § BBEIUUCASIOT 110 (POPMYyAe
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(a2-a2 )
E= ZLm—lJ ' (1.45)

rae d, — MaKCHUMaABHBIM Hapy>XHBIM AMaMeTp My(QTHl AU 3aM-
KOBOTO COEAWHEHUSI.

AAsT pacdeTa CyMMapHBIX NOTEePb AABAEHUS OT BCeX 3aMKOB
UAM My(T AAHHOTO THIIOpa3Mepa B KOAOHHE HY’KHO IIeperap
MABAEHUS, BBIPa>XeHHBLINM (dopMmyaor (1.39), YMHOXXUTb Ha YHUCAO
3aMKOB UAW MY(T.

AAST pacueTa mepelajpa AABAEHUM B AOAOTE TaKKe ITOAB3YIOTCS
dopmyaolt (1.39), B KOTOpPOM B KadeCTBe XapaKTEPHOM IIAOLIAAU
OepeTcs CyMMapHasi IAOIIAADL IIOIIEPEYHOr0 CeUYEeHUsT HaCaAOK HUAU
[IPOMBIBOYHBLIX OTBEDPCTHM AOAOTA; & = 1/u? (W — ONBITHBIA KO-
3PPUOUEeHT pacxopa, 3aBUCALIUN OT (POPMBI OTBepCTUS, (DU3U-
YeCKUX CBOWCTB >KMAKOCTHU U A@BAEHUS, IPU KOTOPOM IIPOUCXO-
AUT UCTeUeHue).

Ha ocHOBaHWM MHOTOYMCAEHHBIX JKCIIEPUMEHTOB YCTaHOBAE-
HO, 4TO KO3(unmeHT pacxopa npumMepHo paBeH 0,62 apa oT-
BepCTUsi B TOHKOM cTeHKe; 0,82 AAI OUAMHAPUYECKOUW HACAAKY;
0,945 AA KOHUYECKOM CXOAMAIIeMcs HacapKM (C yTAOM KOHYCHOC-
™ 13°); 0,98 Arst KOHOMAAABHOM Hacapku. Huxke mpuBepAeHBI KO-
3(pPUIMEeHTH PacXopa AAS XapaKTepHBIX (opM HacapoK Oypo-
BBIX AOAOT, IO AaHHBIM B.C. @uaatoBa:

LImAMHAPHYECKHE CBEPAEHUSI C OCTPOYTOABHBIMA KPOMKa-
MEF oottt bbb 0,64—0,66

CBepAeHUsT ¢ KOHUYECKHUM BXOAOM 08—0,9
Y-obpa3Hag IeAb 0,7—0,75
HacapKky ¢ OKpYTABIM BXOAOM M KOHYCHOCTBIO (THAPOMO-

HUTOPHEIE) 0,9—-0,95

C mnoMoIbl0 IIOKasaTeAsl, IIOAOOHOIO Ko3(UIUMEHTy W,
MOJKHO OXapaKTepU30BaThb IIOAHOE T'MAPaBANYECKOE COIIPOTHBAE-
HHUe BCero AOAOTa AIOOOro TUIOpasMepa. AAd 3TOTO IIPH JKCIIe-
PUMEHTaABHOM OIIpepeAeHUU KO3 puiueHTa W CAepyeT U3MepsTh
IIOTePU AABAEHUSI He B OAHUX AMIIbL HAaCaAKaX, @ BO BCEM AOAOTE,
T.e. B KaHaAe, COCTaBA€HHOM U3 HACAAOK U BHYTPEHHEN ITOAOCTU
AOAOTA.

I'mppaBAMYECKUI pacyeT IUPKYASIHNOHHON
CHCTeMbI IpU OYPeHHU! C IIPOMBIBKOM
HEC)KNUMAaeMbIMH JKHUAKOCTSIMH

To4YHOCTE THAPABAWYECKOTO pacueTa Ipolecca
IIPOMBIBKM CKBa’KUHBI 3aBUCHUT B IIEPBYIO OUYEpPEAb OT AOCTOBEp-
HOCTU UCXOAHOW MH(OPMAIIUU.
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HekoTopele mCXOAHBIE AQHHBIE K pacdyeTy MOTYT OBITH OIIpe-
AEAeHBI MPUOAMXKEeHHO. K TakuM AQHHBIM OTHOCSTCS: AUAMETP
HeoOCa’KeHHOI'O CTBOAA CKBA’KWHBI, PEOAOTMYECKHEe CBOUCTBA
IIPOMBEIBOYHOM >XMAKOCTH, II€POXOBATOCTbH CTEHOK TPyO M CKBa-
SKUHEI U T.A. [losTOMy IIpu pacueTe CAeAyeT IIOAB30BAThCS OIleH-
KaM¥, IIO3BOASIOUINMU YAOBAETBOPUTH BCEM TEXHOAOTHUYECKUM U
reOAOTMYEeCKUM YCAOBUSAM OypeHUd. Tak, OLleHKON CHU3Y AASI TU-
APOAMHAMUYECKOTO AABAEHUS B KOABIIEBOM IIPOCTPAHCTBE CKBa-
SKUHBI, MCXOAS U3 YCAOBUM CO3AQHUS IIPOTUBOAABAEHUSI Ha IIPO-
AVKTHUBHBIE IIAACTHI, SBASIETCSI THAPOCTaTUUYEeCKOe AaBAeHHe CToAOa
IIPOMBIBOYHOM J>KUAKOCTH. AAS OIlEHKM CBepXy paclpeAereHUs
MABAEHUM, MCXOAS U3 YCAOBHS HEAONYIIEHUd THApPOpa3phiBa
(TorAOIIeHMs) TIAACTOB, U MPU OIPEAEACHUM AABAEHUSI B Hacoce
1eAecoo0pa3Ho IPUMEHATh pPacyeTHBIE COOTHOIIEHUS U MCXOA-
HBIe AQHHBIE, AQIOIINE HECKOABKO 3aBBIIIEHHBIE 3HAUEHUS Iepe-
Ilapa (MOTephb) A@BAEHUS B PA3AWUYHBLIX dAeMeHTaX IUPKYASIIUOH-
HOU CUCTEMBI.

INpu ompeapereHUM pacxopa TPOMBIBOUHOM >KUAKOCTH, oObec-
[IeYMBAIOIIEeTO OYUCTKY 3a004 M TPAHCIOPT LIAaMa B KOABIIEBOM
IIPOCTPAHCTBE, HEOOXOAMMO 3HATh CPEAHIOI0 CKOPOCThH TeUYeHUs
JKUAKOCTHA B 3aTPyOHOM IIPOCTPAHCTBE V,, O0ECHEeYUBAIOIYIO BhI-
HOC BBIOYpPEHHOM IIOPOABI M3 CKBa)XUHHL [Ipu IpOMBIBKe Iep-
BBIX CKB&)KMH Ha IAONIAAU CKOPOCTH V, BBEIOMPAIOT IIO pacyery.
Mo mepe pa30ypuBaHUSA HAOIIaAM M HAKONAEHHS OIILITA 3Haue-
HHUE V, MOJKeT YTOUHAThECI C y4eTOM APYruX (PakTOpOB (THUI pas-
OypuBaeMBIX IIOPOA, CIOCOO OypeHud, KOHCTPYKIHUA AOAOT H
T.IL.).

Ilo u3BeCcTHOMY V, OIIPEAEASIETCS PACXOA IPOMBIBOUHOM JKUA-
KOCTH, HEOOXOAUMBIN AASI BBIHOCA IIIAAMa:

Q-mdi=di), (1.46)
4
rae d. — AMaMeTp CKBaXWHbl, M; d, — MHUHHUMAABHBIM HapyX-
HBIN AUaMeTp TPyO OYPUABHOM KOAOHHBI, M.
I[MoAryuenHoe 3HaueHHe () YTOUHSAETCS IIPOBEPKOM YCAOBUA,
00eCIIeynBaloIIero OYUCTKy 3ab004 OT IIAaMa:

ndc2
4

Q= a, (1.47)
rae a = 0,35+0,5M/c mpu poropHOM cmnocobe U 3AeKTpolOype-
Huy; a = 0,5+0,7 M/c npu OypeHHU TMAPaBAWMYECKUMM 3a00MHBI-
MU ABUTQTEASIMU.

[MTpu BEIGOpE AMaMeTpa ITUAMHAPOBBIX BTYAOK Hacoca 3Haue-
HUe ) TOAOUPAIOT, OPUEHTHUPYIChH Ha BBIHOC IIAAMa, & AMaMeTphl
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IUAMHAPOBEIX BTYAOK OypOBOrO HacoCa OKOHYATEABHO BEIOHMpA-
IOT U3 CIPABOYHBEIX TaOAuI,. CyMMapHyIO IIOAQYy HACOCOB OIIpe-
AEASIIOT IO POPMYAE

Q = mnQ,,

rae m — KO3((PUIUEHT 3amoAHeHud; (J, — II0opaYa Hacoca Ipu
AQHHOM AMaMeTpe BTYAOK, M°/C; N — YHCAO HAaCOCOB.

Koacddunyuenr m BrIOMpaeTcs B 3aBUCUMOCTH OT YCAOBHM
BCACBHIBAHUS JKUAKOCTeN. [Ipy HaAMuMu MOANIOpa Ha BCACHIBAHME
m = 1. EcAu BcaceIBaHUE OCYIIECTBASIETCS M3 €MKOCTENW B I'PyH-
Te, TO IIPU NPOMBIBKe BOopAOM m = 0,9 ¥ TAMHHCTBEIM PacTBOPOM
m = 0,8.

Ilpu BEIOOpE HMAOTHOCTH IPOMBIBOYHOM >KUAKOCTH, IIPUMEHS-
eMO¥ Ipu pas3bypuBaHUU 3aAAHHOTO HHTepBaAd, HEOOXOAUMO
VUUTBEIBATE CAEAYIOIIHE ABA YCAOBHUS: CO3AAHUE IIPOTUBOAABAEHUS,
NIPENAITCTBYIOIIETO IPUTOKY B CKBA’KMHY IIAQCTOBBEIX (PAIOHAOB,
IIpeAOTBpallleHue TUAPOPAa3pHIBa.

IlepBoe yCcrOBUe UMeeT BUA

k A
P=min{—ppm, P * 0Py pp}, (1.48)
gLy gLy

rAe p — IAOTHOCTH IIPOMBIBOYHOM KHUAKOCTH, KI/M°% p, — IIA@-
CTOBOe AaBaeHUe, Ila; g — YycKopeHHe CBOOOAHOTO IaAeHUS,
M/c% L, — TAyOMHA 3aAeraHus KPOBAM IIAAGCTa C MAKCHUMAaAbHBIM
TPAAMEHTOM IIAACTOBOTO A@BAEHMS, M; K, — KO3(D(UIUEHT pe-
3epBa.

CoraacHO CYIIECTBYIOIIMM IIPABHAAM PEKOMEHAYIOTCS CAEAY-
omue 3HavyeHus k, u Ap;:

k, = 1,1+1,15; Ap, = 1,5 MIla mpmu L, < 1200 m;
1,05+1,1; Ap, = 2,5 MIla npu 1200 M = L, = 2500 »;
k, = 1,04+1,07; Ap, = 3,5 MIla npu L, > 2500 m.

Paccumtannyro no dopmyae (1.48) IAOTHOCTE P HEOOXOAUMO
IIPOBEPUTH Ha COOTBETCTBHE BTOPOMY VCAOBHUIO, M3 KOTOPOTO
CAeAyeT, 4TO AdBAeHHe INPOMBIBOUYHOMNM JKHUAKOCTHU B 3aTPyOHOM
IIPOCTPAHCTBE IIPOTHB Ka’XAOT'O IIAACTA AOAKHO OBITH MeHBIlle
MABAEHMS TMAPOPA3PBIBA AQHHOTO IIAGCTa. BTOpoe ycAOBHe 3amm-
CBIBAETCS CAEAYIOIIMM O00pa3oM:

P: = Z(APyy) = (1= 9) PGl (1.49)
gLy
Q

raAe @ =2— — CoAepXaHue JKUAKOCTU B IMAAMOXXHAKO-
(mvyde /74 +Q

p<
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CTHOM MOTOKe 6e3 ydaeTa OTHOCHUTEABHBIX CKOpOCTeﬁ; pr — A4AB-

ACHHE THAPOPAa3phIBa (IOTAOLIEHMs) mAacTa, Ila; X(Ap,,) — IIo-
TEePU AABAEHUS NIPU ABWJKEHHWHM IIPOMBIBOYHOM J>XMAKOCTH B 3a-
TPYOHOM IIPOCTPAHCTBE Ha ITyTU OT MOAOIIBHI PACCMaTPUBAEMOTO
IIAACTa AO YCThs CKBa’KMHEI, [1a; p,, — IAOTHOCTB IIAAMa, KI/M>;
L, — rayOuHa 3areraHuUs MOAOLIBBI PAacCMATPUBAEMOrO IIAACTQ,
M; V,, — MeXaHHWYecKasi CKOPOCTb OypeHMs, M/C.

TTOCKOABKY 3HaueHUs =(Ap,,) W ¢ 3aBUCAT OT PACXOAA IPO-
MBIBOYHOM J>XMAKOCTH, TO IIPOBEPUTH BTOPOE YCAOBHE MOJKHO
TOABKO IIOCA€ YCTAHOBAEHHS ITOAQUU HAaCOCOB.

IMpu BBIOOpPe TypOOOypa pacxop MPOMBIBOUYHOMN JKUAKOCTH @,
KpoMe OYMCTKU 3a00s1 U BBIHOCA IIIAAMa, AOAKEH O0eCIeduThb
paboTy Typb6oOypa C 3aAaHHBIM AAG Pa3pyLIeHUs IIOPOABL MO-
MeHTOM M. TTo3TOMy HEOGXOAUMO IO CIPABOYHUKY MOAOGPATH
TAKOU TUIl TypOOOypa, KOTOPHIU YAOBAETBOPSET CAEAYIOUIUM YC-
AOBUSM: AaMeTp KOpIlyca MeHbIlle AMaMeTpa AOAOTa Ooaee dyeM
Ha 10 MM; pacxop >KUAKOCTH IIPY HOMUHAABHOM pe’kKuMe pPaboThI
Q.;, OAM30K K IPUHATOU Ilopade HACOCA; KPYTAIIUN MOMeHT M,
He MeHee 4yeM Ha 20 % Ooabllle 3apaHHOTO M, HEOOXOAUMOTO
AAS Pa3pylUIeHus MOPOAHL.

Kpyramuit MoMeHT TypOoOypa Inpu paboTe Ha >KUAKOCTHU
IIAOTHOCTBIO P M Topaue Hacoca () oIpeAeAseTcs U3 COOTHOIIIe-
HUSA

2
M, =M, P9 (1.50)
PQry

rae M., P Qpy — COOTBETCTBEHHO TOPMO3HOU MOMEHT Ha BaAy
TypOoOypa, HNAOTHOCTb M PACXOpA ’KUAKOCTH IPU HOMUHAABHOM
peskume ero pabOTHI.

Pacuer nmoTepb AABAE€HHUS B IAEMEHTAX

LUPKYASIIMOHHON CUCTEMbI

Oo6mue notepu AaBaeHus Ap (B Ila) mpu aABuKe-
HUU IPOMBLIBOYHOM JKUAKOCTH B SAEMEHTaX IUPKYASIIIUOHHOMU
CHUCTEMEL OIIPEAEASIOTCS U3 BEIpa’KeHUST

Ap = Z(Ap) = Z(Ap.) + Z(Apw) + Apy + Ap, + Ap, +
+ Ap, + Ap, + Ap, (1.51)
rae 2(Ap.,), 2(Ap.,) — TOTEpPH AABAEHUS Ha TPEHHE COOTBETCT-
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BEHHO B TpyOaxXx U KOABI€BOM IIPOCTpPaHCTBe; Ap,., Ap,, — 0O-
TEepU AABAEHUS B MECTHBIX COIPOTUBAEHHIX COOTBETCTBEHHO B
TpyOax M KOABLIEBOM IIPOCTPAHCTBe; Ap, — IIOTEPU AABACHUA B
Ha3eMHOU 00BsA3Ke; Ap, — Ilepellap AaBAeHUS B TypOoOype; Ap, —
IIOTEPU A@BAEHUS B AOAOTE; Ap, — Pa3HOCTb MeXAY I'MAPOCTATH-
YeCKUMU AABAEHUAMU CTOAOOB >KHMAKOCTH B KOABIIEBOM IIPOCT-
paHCTBe U TpyOax.

AAS pacdeTa IIOTEPh AABAECHUS HA TPEHUE IIPU  ABMKEHUU
IIPOMBIBOYHOU JKUAKOCTH Oe3 IIAnaMa B TPyOax M KOABIIEBOM Ka-
Hane HEOOXOAHMMO OIIPEAEAUTH PeXUM TeueHUs, B 3aBHCUMOCTHU
OT KOTOPOTO BBIOUPAIOTCA Te WAM HHBIE pacuyeTHble (POPMYABI.
AAST 3TOTO BBIUMCASIETCS 3HAueHHWe KPUTHUUECKOTO YucAa Pell-
HOABACA Re,, TeueHMss IPOMBIBOYHOMW JKMAKOCTH, IPU KOTOPOM
IIPOMCXOAUT IIEPEXOA OT CTPYKTYPHOTO DPEXMMa K TypOyA€HTHO-
My. OTO YMCAO AN BA3KOIAACTUYECKUX JKUAKOCTEU OIPEAEASTETCSI
13 COOTHOIIEHUS

Re,, = 2100 + 7,3He’*, (1.52)

rae He = pd’ty/n* — umcnro XeacTpeMa; | — IAACTUYECKAs (AMHA-
MHUYecKas) BI3KOCTh IIPOMBIBOUHOM >KUAKOCTH, [lac; T, — AMHa-
MHYeCcKoe HalpsKeHHe cABHUTa, [la.

IMpu TeueHUU >KUAKOCTH BHYTPU OYPHUABHOM KOAOHHBI 3Haue-
HUe d, IPUHUMAETCS PaBHBIM BHYTPEHHEMY AlaMeTpy OYPUABHBIX
TpyO d,. B 3aTpyOHOM IpOCTpaHCTBe d, ONPEeAeAseTCs KaK pas-
HOCTb MEXXAY AMaMeTPOM CKBa>XMHBI d. U Hapy’KHBIM AMaMeTpPOM
OypUABHBIX TPYO d,.

Ecau uncao PeliHoabpca Re pABH>KeHMsT JKHMAKOCTU B TpyOax Re,
UAM KOABIIEBOM IIpOCTpaHCTBe Re,, OOABIIle BBIUMCAEHHOTO 3Ha-
yenuss Re,, TO pexum TedeHus TypOyAeHTHHIM. B mpotuBHOM
CAydYae ABWIKEHUE IIPOMCXOAUT IPU CTPYKTYPHOM peKuMe.

3HaueHusa Re, u Re,, onpeperdrorca o hopMyaaM:

Re, = pv,d,/n = 4pQ/ndn; (1.53)
Re = pVKn(dc _dH) — 4Q (154)
. n a(d - dy)n
rae v, = 4Q/(nd?), Vv, - _ CpPeAHsIsT CKOPOCTh JKHAKOC-
n(d¢ - dy)

TH COOTBETCTBEHHO B TPyOax M KOABIIEBOM KaHaAe; O, O
COOTBETCTBEHHO BHYTPEHHWN W HAPY’KHBIM AMAMEeTPHl CEeKIUH
OYPUABHOM KOAOHHBI, COCTOAIIEN U3 TPyO OAHOTO pasMepa, M.
I[Mpu TypOyAeHTHOM peXXUMe TeueHUs IIOTeEPU AABACHUA
II0 AAWHE KaHana OIpepeAdroTcd o hopmyae Aapcu — BelicOaxa:
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BHYTpH TPyO

2
Ap, =), P [y, 8QT, (1.55)
2d, n2d
B KOABIIEBOM IIPOCTPAHCTBE
V2
APy = Ay — T, 1.56
pKn KIT Z(dc _ dH) ( )

rae | — AAMHA ceKIUM OYPHUABHEIX TPYO OAMHAKOBOTO AMaMerpa
d, uam d,, M; A, A, — KOIPPUIUEHTH THAPABAMYECKOTO CO-
IIPOTUBAEHUS TPEHUIO B TPyOaxXx M KOABIIEBOM IIPOCTPaHCTBe. Kx
3HAYEHUSI CAEAYEeT BBIUMCASATE IO (DOPMYyAAM:

0,25
A, = 0’1(1,461( N 100 ; (1.57)
\ Re, )

T

T

0,25
Ay = 0,107(;'461‘ 100 | (1.58)

_dH ReKHJ

[ITepoxoBaToCThb kK AASI CTEHOK TPYOHOTO M OOCA’KeHHBIX yda-
CTKOB 3aTPyOHOTO IPOCTPAHCTBA MPUHUMAIOT paBHOHU 3-107* M, a
M1 HeoOCa>KeHHBIX YYaCTKOB 3aTPyOHOro IpocTpaHcTBa — 3-107
3 M. Qopmyasl (1.57) u (1.58) MOAY4EeHBI AAS TYPOYACHTHBIX Tede-
HUM B TpyOax M KOABIIEBEIX KaHaAaX BA3KOM >XUAKOCTH. Byaem
WX WCIOAB30BaTh U AASL TYPOYAEHTHBIX TeUeHUH HEHBIOTOHOB-
CKUX JKHUAKOCTEM, IIOCKOABKY AASl HUX HET IOAHOCTBIO TIIOA-
TBEPJKAEHHBIX 3KCIepHMEHTaAbHO aHAaAOTHYHBIX (OpMyA. B cay-
yae CTPYKTYPHOTIO pe’kKuMMa TedeHUU (DOPMYABL AAS OIIPeAeAeHUs
IOTePh AABAEHUS 110 AAMHE KaHaAa UMEIOT BHA,

4l
Ap, = —%; 1.59
Pr= gy (1.59)
4t
Ap,, = — % 1.60
P ﬁKH(dC_dH) ( )

TAe P Py — KOIPPUITMEHTHI, 3HAUEHUSI KOTOPBIX MOJKHO OTIpe-
AEAUTH IO rpaduky (cM. puc. 1.8), mpepBapUTEABHO BBIYHUCAUB
uncro CeH-Benana pag TpyO S, MAM KOABLIEBOIO IIPOCTPAHCTBA
Sy IO hopMyAaaM:

3
S, = 2ok _ mody . (1.61)

T =

w, Mo’

S, = Tolde=dy) _ wrolde - dy)’(de +dy) (162)
NV me
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IMTo dopmyaram (1.56), (1.60) ompepeAsiroTca IIOTEPHU AABACHUS B
KOABIIEBOM KaHanAe MeKAy CTeHKaMM CKBa’KUHBI U TypOoOypoM.
ITpu stom 3HaueHusMm d, u I B popMyarax OyayT COOTBETCTBOBATH
Hapy’KHBIM AMaMeTp Koplryca Typ6obypa d, u ero pamuHa I, Me-
CTHBIe NIOTEPU AABAEHHS OT 3aMKOB B KOABIIEBOM IIPOCTPAHCTBE
OIIPEAEASIOTCS U3 BBIPA’KEHUS

2

2 2
! /Mq} pv2,, (1.63)

Ap. =—
e e a
rae I, — cpepHAS AAWHA TPYOBI B AQHHOM CEKIIUU OYPUABHOU KO-
AOHHEL, M; d,, — HApPY’>XHBLIN AMaMeTp 3aMKOBOTI'O COEAVHEHHs, M;
I — pAAMHA ceKIUMM OYPUABHEBEIX TPYO OAMHAKOBOTI'O pa3Mepa, M.
AAd ceKIMu OYPUABHOM KOAOHHBI, COCTOLINeN U3 TpyO, uMe-
IOIUX BHYTPEHHIOIO BBICAAKY, BBIUMCASIIOTCS IIOTEPU AABAEHHS B
MECTHBIX COIPOTHBAEHUSAX BHYTpU TPyO 1O popmyae

2
Ap. —gfV: L 1.64
Pur = § 7 (1.64)

INoTepu AaBAeHUS B Ha3eMHOU OOBSI3Ke HAXOAAT IO (DOPMyAe
Ap, = (o, + oy + o, + o )pQ? (1.65)

TAE€ O, Oy, O, O, — KO3P(PUIMEHTHE THAPABAUYECKHUX COIPO-
TUBAEHUN Pa3AMYHBIX SAEMEHTOB OOBS3KHM (CM. Taba. 1.1).

INepenap paBAeHUSA B TypOOOype BBIUUCASIOT MCXOAS U3 KUHe-
MaTHU4YeCKOT0 IIOoA00HUS 0 POpPMyAe

2
Ap, = Ap,, 22, (1.66)
pC TH

rae Ap,,, Q,, — CIpaBOYHBIE A@HHBIE TypOOOypa IpH HOMUHAAB-
HOM pe’kuMe ero paboThl Ha JKUAKOCTU M3BECTHOM IAOTHOCTH ..
IMepenap Ap, Beruucasiercs o popmyare Ap, = (1 — ¢)(pn— p)gL.
IMpu npoMmbiBKe 0e3 YTAyOAeHUs, KOTAQ IAOTHOCTHM pacTBopa Ha
BXOA€ M BBEIXOAE CKB&)KMHBI CPAaBHUBAIOTCH, Ap, PAaBHO HYAIO.

OnpeaeneHNe NOTEPh AABAEHUS B AOAOTE.
BbI1GOp TMAPOMOHHUTOPHBIX HACAAOK

Peseps apaBreHMsT Ap,, KOTODBIM MOJXKET OBITh
Pearn30BaH B AOAOTE, OIIPEAEASIETCS KaK Pa3HOCTb MeXXKAY AaBAe-
HueM bp,, pa3BUBaeMBIM HaCOCOM (MAM HacocaMu) IIpU BHIOpaH-
HOM AMaMeTpe BTYAOK, ¥ CYMMOM [epeurCA€HHBIX BHIIIE IIOTEPh
AABAGHHUS B SAEMEHTaX IUPKYASIIMOHHOM CHCTeMEI Ap = X(Ap)):
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Ap, = bp, — Z(Ap), (1.67)

rae b — Kosddunuent, pasHb 0,75—0,80 U yumTHIBAIONIWM,
yTO pabouee AaBA€HHe HarHeTaHUs HACOCOB AOAJKHO OBITh, CO-
TAQCHO NIPaBUAAM BeAeHMSA OypPOBEIX pa0OT, MeHBIe MacCIOpPTHO-
ro Ha 20—25%.

Ilo sHauenuro Ap, caeAyeT YCTaHOBUTH BO3MOJKHOCTbL MCIIOAb-
30BaHUA T'UAPOMOHHUTOPHOro 3dderra npu OypeHUU AQHHOI'O
WHTepBaAa CKBa)XUHEBIL. AAS 3TOTO HEOOXOAWMO BBIYUCAUTH CKO-
POCTb ABUJKEHHUS JKUAKOCTH B IIPOMBIBOUHBIX OTBEPCTHSAX AOAOTA
v, o (hopmyae

—_—
v, = W 2Ap, /p, (1.68)
rae W — KoO3(PUIUEHT PacxXopd, 3HaUeHHe KOTOPOTO CAEAyeT

npuHuMaThk paBHBIM 0,95. EcAu mOAyuYeHHOe UCXOAS U3 pe3epBa
AABACHMSA 3HaYeHHe v, = 80 M/c, TO 9TO O3HAyYaeT, YTO pPaccMmar-
pUBaeMbBI MHTEPBAaA MOXXHO OYpPHUTH C MCIIOAB30BaHMEM THADPO-
MOHUTOPHBIX AOAOT.

ChepyeT MMeTh B BHAY, UTO Ilepelap AaBAEHMS, cpabaThiBae-
MBI B HACaAKaX THAPOMOHUTOPHOTO AOAOTa, He AOAKEH IIipe-
BBHIIIATH HEKOTOPOTO IPEACABHOTO 3HAYeHUst Ap,,, OIPEACASTEMO-
ro KakK BO3MOJKHOCTBIO 3aIlycKa TypOoOypa, Tak U IPOYHOCTHIO
KOHCTPYKTHUBHBIX 3A€MEHTOB AOAOTA. B HacToslee BpeMs 3TOT
npeper Ap,, = 12+13 MIla. ITosTtomy mo gopmyae (1.68) HeoO-
XOAMMO IIOAOOpATh TAKHMe 3HA4YeHHUsA V, U Ap,, YTOOBLI BBIIIOAHS-
AWCH YCAOBHS

v, = 80 m/c; Ap, < Ap,,. (1.69)

IMpu BEIMOAHEHUU yCcAOBUU (1.69) paccumThIBaeTCS CyMMapHas
MIAOIITAAb HaCapAOK TMAPOMOHUTOPHOTO A0AOTa D 1o opMyae

D= (Q — Q)/v, (1.70)

A .
rae Qp =n kp; — pacxop, (yreuyku) IPOMBIBOYHOU >KUAKOCTU Ue-

pe3 YIAOTHeHHe Banra TypoobOypa, M/c; k, n — OIBITHBIE KO3(d-
(pUITMEeHTEl, XapaKTepH3VIoIe HerepMeTUYHOCTb VIIAOTHEHHUS
KOHKpeTHOTO TypGoOypa. Haiiaa Q; HEOOXOAMMO IIPOBEpPHUTH
BBIIIOAHEHWE YCAOBHM BEBIHOCA IIAaMa W OUYUCTKU 3a60s. Ecam
pasHoctb Q — Q@ TIpEeBEHIIAeT 3HAYeHWs] PACXOAOB, BLIYMCACH-
Hble 110 (popmyaam (1.46) u (1.47), To Ha3BaHHBIE YCAOBUS OYAYT
COOAIOACHHEL.
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Puc. 1.10. 3aBUCHMOCTH yTeUYeK ) M3/c
JKHAKOCTH 4Yepe3 ISITY-CaAbHHUK Y’
TypOoOypa OT mnepenaja AaBae-
HUS B AOAOTE

0,008
/

0,006 /

0,004 7

/|

0,002 v
v

0 2 4 6 8 Ap,, MIla

3aBUCUMOCTD @y OT Ap, AASI KaXKAOTO KOHKDPETHOTO TypOoGy-
pa AerKO HAWTU JKCIepUMeHTaAbHO. [IpubAM>KeHHOe 3HaueHue
Q, MOXHO omnpepaeAuTs 1mo puc. 1.10 ars Typ6oGypa STCIII-
195TA.

[MTo 3Hauenuto @ MOAOUPAIOT AMAMETPhl HACAAOK T'MAPOMOHMU-
TOPHOTO AOAOTA.

Ecau ana pamsoro ponora v, < 80M/c, TO CAepyeT cAeAaThb
BBIBOA O TOM, YTO OypeHHe AQHHOTO WHTepBaAa C MCIOAB30BaHMU-
eM THUAPOMOHUTOPHOTO 3(@deKTa HeBO3MOXHO. B 3TOM cayuae
HeOOXOAVMO BBIYHMCAUTL IIEepeliap AABAEHHUS B AOAOTE II0 POPMYAE

Ap, = pv./2u’. (1.71)

1.3. YCTAHOBUBIIEECA TEYEHUE
TA3A U TA3OILIIAAMOBOM CMECU

B SAEMEHTAX ITUPKYASILIMOHHON
CHUCTEMbI CKBAJKMHDbI

[Tpu OypeHUM CKBaXKMHBEI C IMPOAYBKOU Tra3oM,

IIpU ra3oBoM (QOHTaHe, IPU PABHOBECHOM OypeHUM OIIpeAeAeHue

MABAEHUT B IUPKYASAIIMOHHOM CHCTeMe CKBaXMHBI U BEIOOD

KOMIIPECCOPOB CTAHOBATCSA HEOOXOAUMMOM MH’KEHEpDHOM 3aja-
Jen.

31



PacnipepeneHue AABAEHHUI B BOCXOASIIEM
IIOTOKE rasa M ra3omaaMoBOI CMecHu
B KOABI[EBOM KaHaAe€ CKBa’XKMHBI

ABU>KeHUe Ta30IIAaMOBOM CMECH B KOABIIEBOM
KaHane CKBa)KUHBI UMeeT MeCTO IIpU OypeHUU C IPOAYBKOM. DTO
AByxX(asHOe TedyeHHe: IlepBag (paza — IIAaM, BTopas — ras. B
3TOM CAy4ae OAHOMEPHOI'O YCTAHOBUBIIEroCd ABYX(as3HOTO Teue-
HU4 CHUCTeMa YPaBHEHUN IIPUMeT BUA;
YpaBHEHUE ABMKEHUS

A 2 2
C 1 — _
” PuVa® +pvi(l - 9)]

T

d
L = geosalp, e+ p(l - )] =
dz

dv dv

= PuVu®— - p(l - @)v—;
T gy dz'
ypaBHeHI/IH CIIAOIITHOCTHU

(1.72)

oFp,Vy = Qupw = m, = const;

(1 — @Fpv = Qp = m = const; (1.73)
TePMOAMHAMUYECKOe yPaBHEHHUE

p = pRTZ, (1.74)

3MAeCh Z — TeKylllad 'AyOMHa CKBa’KUHBEI C HavyaAOM OTCUYeTa Ha
yCThe; p(z) — TeKylllee AaBAeHUe; g — YCKOpeHHe CBOOOAHOTO
MIaAeHUsI; o — YTOA MeKAY OChbIO Z M HaIlpaBA€HHEM CHABI TaXKe-
cty; Qu Q, Pur Pr Viy V. — OOBEMHBIM pacxop, MAOTHOCTB, CKO-
POCTH IIIA@Ma U ra3a COOTBETCTBEHHO; ¢ — OOBeMHad KOHIJeHT-
panus maama; d. d, — Hapy’XHBIM W BHYTPEeHHUMN AHaMeTpHI
KOABIIE€BOT'O IIPOCTPAHCTBE; F — mAOIIaAb IIOIEepeyHOTO CeueHUsd
KOABIIEBOT'O IIPOCTPAHCTBE; R — rasoBas mocrtosgHHasz; T — ab-
COAIOTHASI TeMIepaTypa; A. — KOI(POUIMEHT TMAPaBAMYECKUXCO-
MIPOTUBAEHUY; Z — KO3(QPUIIUEHT CBEPXCKUMAEMOCTH.

IMpu paccmoTrpenun cucrtembl (1.72) — (1.74) cumTaitoT, 4TO
Z = const, T = const. Arsd BeIOOpa nmapaMeTpoB Z U T MOXXHO
PEKOMEHAOBATh METOAUKY, WCIOAB3yeMYIO IIPU MCCAEAOBAHUM
ra30BBIX CKBa’XMH. AAd pacueTa KO3 (UIIMEHTOB THUAPaBAWYEC-
KUX COIPOTUBAEHUU B KOABIIEBOM KaHanAe A, MOAB3YIOTCS POp-
Myaon (1.58), B KoTOpol Re ompepensdioT aad ImOTOKa rasa 0e3s
yueTa IIAaMa.

AAST KOABIIEBOTO IIPOCTPAHCTBA YHUCAO PeliHOABACA

Re = Vpdr = Opdr .
u Fl-qu
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B panbrelmeM, cuntag ¢ << 1, BEIYUCAAIOT Re o hopmyae
Re = Qpd./(Fu).

Ipu F, d,, u, Re MOCTOIHHBIX, CA€AOBATEABHO, U A, = const.

IMpu paccMOTpeHUU ABM)KEHMS Ta30IIAaMOBOM CMECH B KOAb-

1IeBOM IIPOCTPAHCTBe IIpeHeOperaroT MHEPIIMOHHBIMU YA€HaMU U
CUMTAIOT, YTO IIPOCKAAB3BIBAHUE MeXKAY IIIAAMOM M ra3oM OTCYT-

CTBYyeT, T.e. V,, = V U PeXXUM TeueHHsI — TypOyAeHTHHIN. Toraa
o = Q,/(Q + @), T.e. UCTUHHAsA KOHIEHTPAIIUsA ¢ pPaBHa HC-
XOAHOHU f.

YpaBruenusa (1.72), (1.73) u (1.74) B 3ToM cay4ae OpeoOpasyroT
K BUAY:

dp 7\c 2 2 .

- g cos a(pm[:} +p(1 - [3)) + ” (pmvmﬁ +pvi(l- B)), (1.75)
BFpuV, = my (1 — B)Fpv = m; (1.76)
B = Qu/(Qu + Q)i (1.77)
A. = const. (1.78)

W3z (1.76) u (1.77) caepyer, uto v. = v, = (Q, + Q)/F. Tloa-
CTaBAdS BBEIp@XKeHUd A P, v, v, (1.75) u npuBOAd INOAyYEeHHOEe
ypaBHeHUe K O0e3pa3MepHOMY BUAY, C ydeToM (1.74) moaydaroT

dp _ (1+np n]_z_? cosa + —Klz(l * "_)(1 +np) , (1.79)
ds  l+mp p
rae D = p/(Zp,RT) —Oe3pasMepHOe AaBAeHHE; & = ;_ — 0Oes-
V4

pasMepHasi KOOPAMHATE; | = Qup./(Qp) = m,/m — MaccoBBIH
KO3(ppUuiiueHT 3alIAaMAEHHOCTH;
K2 = (0

2(Fpy)’dg

Wnrerpupyst ypaBHeHue (1.79), c¢ yderom ycaroBuss p(0) = p,
IIOAYYalOT

L-Kin® g, DR KGUemp)® | 2on | g (e KSR oK
201+ KmA)? P+ Ki(1+mpy)®  (1+Kim?)? K,
(1+ K3n*)py + nKJ n = =
—arct + - =(1+ cosa, 1.80
g 7 2 P~ Po n
K, 1+ Kim
TAEe

K} = K} /cosa.
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W3 (1.80) mpu 3apaHHOM D AETKO OImpeaeAuTh &. HaxoxaeHwue
P TpU 3aAaHHOM § TpebyeT pellleHUs TPAaHCIIEHAEHTHOTO ypaB-
HEeHUS, YTO CAOJKHO, INO3TOMY ypaBHeHUe (1.79) pemiatror npu-
OAMKeHHO. 3aMeTuM, 9TO NP = QupmP/ (Qpmp) = Qn/Q << 1.

ITpeneOperag B (1.79) Np HO CpPaBHEHUIO C EAWHUIIEN, IIOAY-
YaroT

dp

2
E=cos(oc)(l+ n)ﬁ+%+m. (1.81)

Pemtenuem (1.81) npu p(0) = p, OyAeT

2 2
1

ﬁ=\/[ﬁ02+ Cfsa)exp(2§(1+n)cosa)— ki (1.82)

cosa

IMonosxkus B (1.82) n = 0, moAydYalOT pacHpepeAeHre AaBAEHUH
B IIOTOKE YKCTOTO ras3a

D= \/[;—)g LS )exp(ZEcosa)— KP (1.83)
cosa cosa
B caydaax, Koraa paccMaTpuBaeTcs ABUJKeHUe raza 0e3 IInama
BO BCceM ITUPKYASLMOHHOW CHCTeMe, OOAee eCTeCTBEHHO BBIUNC-
ASITH Oe3pa3MepHble TapaMeTphl K; U P, IOACTaBASIS B HUX BMeC-
TO IIAOTHOCTH IIIA@MA P,, MAOTHOCTh I'a3a B HOPMAaAbHBIX YCAOBU-
aX.

PacnipepenreHne AaBA€HHUH B HUCXOASIEM
IIOTOKe raza B TpyOax

YpaBHeHUE AN HUCXOAAIErO IIOTOKA ra3a AerKo
noayuuts u3 (1.79), moraraga m = 0 u ODpuHMMas BO BHUMAHUE,
YTO YAEH, YUYMTHIBAIOIIUMN CUABL TPEHUS AAS HHUCXOAAILETO IIOTO-
Ka, UMeeT IIPOTUBOIIOAOKHBIN 3HAaK!

B _ 5 ose - K
& p cosa o (1.84)

B sToMm ypaBHeHuu napamerp K, ToT Xe, uTo u B (1.79), ecan
3aMeHuThb d, Ha d, @ A, BBIYUCAITE 110 popmyae (1.57).

Ecam pAAS HUCXOAMIIETO IIOTOKA AABAEHHUE D, 3aAaHO Ha HEKO-
Topo# raybune §;, T.e. P(§,) = P,, TO pemeHHe ypaBHeHUs (1.84)
uMeeT BUA;
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5=J{502_ KL\ oxp(- 2(E - E)cosa) + L. (1.85)

Ccos O(J cosa

W3 aToro YpaBHeHUs IIpU E, = 0, T.e. Ha YCThe CKBa’>XMHBL

2

17:\/[[_)02‘ = )exp(—%ocosom o (1.86)

cosa cosa

CraTtudeckoe AdBAEHIIE cTorDa Tasa IIOAYyYAlOT, IIOAAQrasi B
(1.85) £, = 0, K, = 0.
D = Do, (1.87)

WAU B Pa3MEpHOM BUAE
p= poexp(ﬂ%cos on) . (1.88)

INpu pABm>keHUM yncTtoro rasa ( = 0) B TOPU3OHTAABHOU TpY-
6e (o = m/2) us (1.79) umeem dp /dE = K /D.
Pemrenunem srtoro ypasHenus npu p(0) = p, 6yapet

b = 2K + p_. (1.89)

ITorepu AaBA€HHS B HaCapAKax AOAOT
M 3aMKax BHYTpPHU TPyO

AAST BBIUMCAEHUS AABAEHUS p, Hap AOAOTOM IIO
M3BECTHOMY A@BAEHHIO Ha 3a00e p, paCCMOTPHUM TeueHUe rasza B
Hacapkax AOAOT. Ilycte vy, po, Ty 1 v, p, T, p — mapaMeTpel Ha
BXOA€ B AOAOTO Ilepep HACAAKOM M Ha Cpe3e Hacapku. byaem
CUMTaTh, YTO NPHU ABMWKEHMH ra3a B HacapKaX OCHOBHYIO POAb
WUTPAIOT MHEPIIUOHHBIEe CHUABL. [IpeHeOperasg B ypaBHeHuu (1.72)
CUAAMU TSPKEeCTH U TPeHUd U YUMTHIBadg, 4To ¢ = 0, MOAydYaroT

l?+v%=0. (1.90)
p dz z

[Iponecc ucreueHusa raza U3 HACAAOK IIPUHUMAIOT apuabaTu-
YEeCKUM:

p/Po = (p/pPo)", (1.91)

rae k — mokasaTeab apmabathl (AAg Bo3payxa k = 1,4).
IMoactanoBka (1.91) B (1.90) 1 mocaeayrolllee MHTETPUPOBAHUE
AQIOT
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v2 =2k Poly

) E e 1.92
k-1pg LPO} Tve (1.9

INpu v, < v npubam>xeHHO U3 (1.92) noaydaror:

|
| _2kpy

_ (ﬁ\
v \ K= 1pg 1- Lp} . (193)

N3 (1.73) crepyeT, 9TO MacCOBBEIM pacxop raza m = Qp. Torapa
MacCCOBBIM Pacxop uepe3 OAHY HACaAKy m, = m/n, TAe N — 4uc-
AO HAcajpOK. YMHOXHB ob6e dacTu ypaBHeHus (1.93) ma @Dp, rae
@ — mAOMIAAb IIOIEPEYHOI'O CeUeHUST HaCaAKH, IIOAYIAIOT

k-
_ _ kaop (L\T
m, —V(Dp D (k- 1)pg 1- Lp ) . (194)

Tak >ke, Kak IIpU IIOAYYEHUU (POPMYABI AAS HECKUMaeMOU
JKUAKOCTHU, BBOAAT IIONPABOYHBIM KO3(duiimeHt w (kKosadpdpu-
IMEeHT Pacxopa) ¥ OKOHUYATEABHO IIOAYYalOT

|
k-

m, = ud kaop - (p)F . (1.95)
K-1po | \po)

CKOpPOCTh 3BYKa

a, = +/dp / dp. (1.96)

3BYKOBOe TedeHHe — 3TO TaKoe TedeHUe, CKOPOCTb V KOTO-
poro B A@HHOM CeYeHHM paBHa CKOPOCTH 3BYKAa d, T.e. V = d,.
[MpupaBuuBag BelpakeHus (1.93) u (1.96), moaygatoT

k
e
Py =L ) . (1.97)
p
113 OIBLITOB M3BECTHO, UTO IIPU Pe’KUMe LCTeueHHus p = p,, a

IIp4 3BYKOBOM p > p..
Takum obpasom, corracHo (1.97), 3ByKOBOM pe>XUM OyAeT OIl-
PeAeAITBCSI HepaBeHCTBOM
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k

p3<{ 2 \k_1
P_O_Lk+1) . (1.98)

a AO3BYKOBOI>'I pexum —

Ps { 2 \k_1

IMopcTaBasgsa B (1.95) 3Hauenue p u3 (1.91), p us (1.97) u yum-
TBEIBas, 9TO Py = po/ (RT,Z), mOAydaIoT

pp = — oV ERTog (1.100)

| ket
| (2 k-1
”(D\w‘kkknJ

AASL AO3BYKOBOIO peykuMa ucredueHus B (1.94) mopcTaBAAIOT
3HaueHune p u3 (1.73), BMECTO p HOACTaBASIIOT D, W, YYUTHIBA,

uTo Py = ;’Og, MOAYYAOT
0

K

(14314 4q) 51
p0=p3L1+ 1+4aJ (1.101)

TAE

[ m, V2 ZRTog(k ~ 1)

a=
| p,u 2k

®opmyaa (1.100) cipaBepruBa pu ycaroBum (1.98), a dopmyaa
(1.101) — mpum ycaroBum (1.99). TakuMm oOpaszoMm, mo QopMyAaM
(1.100) u (1.101) MO>XHO BBIYUCAUTH AABAEHUE p, Hajp BXOAOM B
AOAOTO, €CAU M3BECTHO AABAEHUE P,.

AASL pacdeToB IIOTEPh AABAEHHUS B 3aMKax Ap,,, BHyTpu Oy-
PUABHBIX TPYO MOJKHO IIOAB30BaThCS (POPMyAaMU, CIPABEAAHBHI-
MU AAS HECJKUTaeMOU KMAKOCTH:

APy, = £ 20 1 (1.102)
(P
rae d, — BHYTPeHHUMN AMaMeTp OYPHUABHEIX TPyO; n, — YUCAO

3aMKOB; P, Q. — CpepHHe COOTBETCTBEHHO IIAOTHOCTB U PACXOA
ra3a B OypUABHBIX TpyOax MO 'AyOMHE CKBA’KUHHI.
Tak kak p. = Q. = mQ,, TO
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ADo, =E22% 1 . (1.103)

(nd?)?

B nmepBoM npuOAm>xkeHHMU (). MOKHO BBEIUMCAUTBH 11O CPEAHEMY

MABAeHUIO p. = (p, + p.)/2, TAe P, M P, — AABAEHUS B HIJKHEU

U BepXHeU 4acTAaX OYpPUABHOM KOAOHHEIL TakuMm oOpasoM,

Q.=m/p.=mzRTg /p,. = 2mzRTg /(p,, + p,). (1.104)
OKOHYATeABLHO

16m?n, ZRT
E_S—g

A 3aMm =
P (md2? (Pa + Ps)

. (1.105)
[MoTepssMu A@BAEHHS OT 3aMKOB B KOABIIEBOM IIPOCTPAHCTBE
MO>KHO IpeHeOpeyb.

PacueTr mopayu U AaBA€HHS KOMIIPECCOPOB
npu OypeHuu C NpoAYyBKOM

Anst BBIOOpa XapaKTepUCTHK KOMIIpeccopa, He-
00XOAMMO 3HAaTh, KAaKOW PAacXop Ta3a HY)KEH AAS OUMCTKU KOAb-
I[eBOr0 KaHaAa OT IIIAaMa M KaKOe AaBAE€HUe NP 3TOM OyAeT Ha
BBIKHAE KoMIpeccopa. AAd OIeHKM MaCCOBOTO PAcXo0Aa rasa m
HaWAEM OTHOIIIeHVWEe CKOPOCTU BUTAHUS YACTHUIIBI V, K CKOPOCTHU
rasa:

2= |28, /p) - 1] L1 (1.106)

[MTpenebperas B (1.106) eamHUIIEl IO CPaBHEHUIO C P, /P U ¢ IO
CPaBHEHUIO C EAWHUTIEH, ITOAYIAIOT

V=v,/v=cyD, (1.107)
TAE
| 4g Fp — _
= |—Z o = = T
Vgcwdm 5D P/ Py =p/7Zp,gR

Kak BupnuO u3 (1.107), oTHOLIeHHe Vv, /V =V C POCTOM AaBAe-
HUS MOBBIIIAETCS, IIO3TOMY XYAIINMe YCAOBHS BBIHOCA IIAaMa U3
KOABIIEBOT'O KaHaAad C IIOCTOSHHBIM IIOIIEPEeYHBIM CeueHHeM OYAyT
Ha 3abo0e. AAg XOpolled OYMCTKU KOABIIEBOTO KaHaAa OT IIAaMa
AOASKHO BBIIIOAHSATHCSI YCAOBUE V, = 0,2v,.

YcaoBue v — Vv, = V, 9KBUBAA€HTHO YCAOBUIO
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v,/v=c\p <1/1,2=0,83. (1.108)

Ecau Ha 3a60e c4/p = 0,83, ToO B OCTAaAbLHBIX CeUeHUSIX KaHa-

Aa ¢cp < 0,83, u ycroBue (1.108) BBEITOAHEHO.

Ha mpakTuke mAOIIaAb MOMEPEYHOTO CeYEeHMsT KOABIIEBOTO Ka-
Hana F 9acTo m3MeHsieTcsl ¢ TAYOMHOM. DTO CBSI3@HO C IIpUMeHe-
HUEM Pa3AWYHBIX 10 AMAMETPY AOAOT, OYPUABHBIX U VTSIKEAEH-
HBIX OYpUABHBEIX TPyO u T.II. C usMeHeHueM F OyAeT U3MEHSITHCSA
u V, moaToMy HepaBeHCTBO (1.108) HeoOXOAWMO TIPOBEPATL B
HIDKHUX CEUYEHUSIX YIaCTKOB KOABIIEBOTO IPOCTPAHCTBA C IOCTO-
saabIM F. Ecau HepaBeHcTBO (1.108) BBITTOAHSETCS Be3Ae, 3HAUMT,
3aAQHHBIM MAaCCOBBIM PAcXOp rasa AOCTATOUEH AAS BBIHOCA Yac-
TiI; AuaMeTrpoM d,. B TpoTMBHOM cAydae HeOOXOAMMO HaUTHU
ceueHUe, B KOTOPOM V MaKCHUMaAbHO, ¥ YBEAMYHMBATEH PACXOA AO
TeX MOop, NMOKa He BHBINOAHUTCSA ycaoBue (1.108) B sToM ceueHUm.
IMpu BBHIUKMCAEHUMM V HAAO IIOAB30BaThcs Qopmyramu (1.107) u
(1.82).

TakuM 06pa3oM, AAST HAaXOKAEHUST HEOOXOAMMOTO MacCOBOTO
Pacxopa CAEAyeT PelIuTh YpaBHEeHUe

f(m) = v(m) - 0,83 = 0. (1.109)
YpasHenue (1.109) MOKHO pelIaTb METOAOM XOpA. AAS 3TOTO

BBIOMPAIOT PACXOABI M; U M, TAKUMH, UTOOBI BBHITIOAHSIAWCEH Hepa-
BeHcTBa f(m,) < 0, f(m,) > 0, ¥ BEIUUCALIOT M IO (POPMYyAe

m=ml_m, (1.110)
f(my) - f(my)
Ecau nipu atom f(m) = 0 MAM HEeMHOTO MeHbllle, TO M — WC-

KOMBIM pacxop. B mpoTuBHOM caydae pacueT mmo ¢gopmyae (1.110)
CAEAYeT TIOBTOPUTH. B KauecTBe HOBBIX PAaCXOAOB m; W m, HAAO
B34Th PAacXOA M U TOT U3 pacxopoB my(i = 1, 2), ¢ KOTOPBIM
fim)f(m) < 0.

IMoche ompepeneHMs pacxopa m IOCAEAOBATEABHO BBIUMCASIOT
AaBAeHHUs Ha 3a6oe 1o dopmyae (1.82), Hap pAoroToM mo dopMy-
Aam (1.100) u (1.101), Ha ycTthe o dopmyaaMm (1.85) u (1.86), mmo-
Tepu AABAEHUS B 3aMKaX OYpPUABHEIX TpyO mo dopmyae (1.103).
CyMMUpys IIOTEePU A@BAEHUS B 3aMKaX U A@BAEHHE Ha YCTbe, IO
dopmyae (1.89) onmpepeAdroT A@BA€HHE B KOHIE OOBSI3KH, KOTO-
poe paBHO AABAEHMIO Ha BBEIKKMAE KOMIIpeccopa.



1.4. YCTAHOBUBIIEECS TEYHEHUE
T'ABO0KUAKOCTHOU CMECHU
B CKBAKVHE

ITpoMEIBKA CKBA’XKMH YaCTO OCYIIECTBASETCH Oy-
POBEIMH PAacTBOPAaMHU, COAep’KalllMMU Ta3. LleMeHTHMpOBaHUe TakK-
>Ke MOJKeT IIPOBOAUTBECS Ta3WPOBAHHBIMU TAMIIOHAKHBIMHU JKUA-
KOCTSIMU.

l'a30KMAKOCTHBEIE CpeABbl 0OAAAQIOT OOABIION CKUMAEMOCTBIO,
OOYCAOBAEHHOU IIPUCYTCTBUEM B HHX Tra3a, KOTOPHIU MOJKET IO-
CcTynaTb B OYpOBOM pacTBOP eCTeCTBEHHBIM IIyTeM, Halpumep
IIpU pa30ypUBaHUM Ia30HOCHBIX IIAACTOB, MAM BBOAUTBECS B JKUA-
KOCTb UCKYCCTBEHHO (HAIIpUMep, NIPU IIPOMBIBKE CKBA’KUH adpH-
POBAHHOM J>KUAKOCTBIO). 3HaHHE paCIpeAeAeHUs AABAEHUSI II0
TAyOWHE CKBa’KUHBI IIPU IUPKYASAIIUM Ta30’KHUAKOCTHBIX CMecel
IIO3BOASIET IIPABUABHO CYAWUTH O IIepelape  AABAGHUM MeKAY
CKBa’KMHOM U mAaactaMu. CBoeBpeMeHHOe peryAupoBaHUe Iiepe-
I1aAa AdeT BO3MOJKHOCTb BO MHOTHMX CAydYasX M30e’KaTb OCAO’KHe-
HUMN (IOTAOIIEHUWM, Ta30IPOSIBACHUN U T.A.).

CoBMeCTHOe TedeHHe ra3a U >KUAKOCTH MOXKeT IIPOUCXOAUTH
IIPA PA3AUYHOM CTPYKType IIOTOKQa, OIpPEAeAdeMOU B OCHOBHOM
(bOpMOM U B3aUMHBEIM PACIIOAOKEeHUeM (ha3 B IIOTOKE.

[MTpu TeueHUU ra3o’XUAKOCTHBIX CMecel B BEePTHUKAABHEIX TPY-
0ax M KOABIIEBHIX KaHAAaX YCAOBHO PAa3AMYAIOT OCHOBHBEIE YeTHI-
pe CTPYKTyphl IOTOKOB (puc. 1.11): my3BIPBKOBYIO, XapaKTepHu-
3YIOIIYIOCSd IOYTH PABHOMEDPHBIM paclpepeAeHHeM IIy3BIPBKOB
ra3a B JKHMAKOCTH; IIDOOKOBYIO, MAM CHapSAHYIO, XapaKTepU3ylo-
ITYIOCSI YepeAOBaHWEM B IIOTOKE Ta30BBIX U JKUAKOCTHBIX IIPO-
OOK, IpU 3TOM pa3Mepbl Ta30BBIX IPOOOK CTAHOBATCS COU3Me-
PUMBIMU AMAMeTPy KaHaAd; KOABIIEBYIO, HAW IIA€HOYHYIO, IIpU
KOTOPOM IPOMUCXOAUT OAM3KOE K PAa3jpeAeHHOMY TeueHUe Tasa (B
IleHTpe KaHaAa) U OCHOBHOM MacChl JKUAKOCTH B BHAE IA€HKU Ha
CTeHKaX KaHaAd; AUCIEPCHYIO, XapaKTepU3YIOIIYIOCS paBHOMEp-
HBIM pacIpejpereHHeM KalleAeK JKMAKOCTU B rase.

CTpyKTypa ra30’KHAKOCTHOTO IIOTOKA IIpe’kAe BCEero 3aBUCHUT

Iy3sipbrosasn CHapsaonas Koavyesan Jucnepcuan

Puc. 1.11. CTpyKTypbl BEPTUKAAbHBIX Ia30’KUAKOCTHBIX ITOTOKOB
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OT (pu3uYeCcKUX CBOMCTB ra3a M >KMAKOCTH, OOBEMHOIr'0 copepiKa-
HUS ra3za U CKOpocTel TedeHus: obeux pas. [Ipu mopbeme cmecu
B CKBa’KMHe II0 Mepe CHUJKEHMS AQBAEHMS Ha pa3HbBIX HUHTepBa-
AaX TAYOHMHBI MOI'YT CYII[eCTBOBAThb Pa3AMYHBIE CTPYKTYPHI IIOTO-
Ka (cMm. puc. 1.11). B ocHOBHOM B NpakTHKe OypeHHs BCTPEYaroT-
Csl ABe TIepBble CTPYKTYPHI MOTOKA, NPU KOTOPHIX IIOTOK MOJKET
ABUTATbCd NPU AAMUHAPHOM UAM TypOyAeHTHOM pesxume. [lo-
CAeAHUM HanboAee PACIpPOCTPAaHEH, IMMOCKOABKY HAaAW4Me OTHOCHU-
TEeABHOTr'O IepeMelleHusA (IPOCKAAb3bIBaHU) (a3 M3-3a UX pas-
AMYHOU IIAOTHOCTH (HAIIpUMEP, B BO3AYXOBOASAHBIX IIOTOKAax)
CHOCOOCTBYeT IlepeMelllnBaHuIo, T.e. TYPOyAU3aIluM, TeUeHUs.

OTHOCHUTEABHAsI CKOPOCTb MEXXAY Tra30M M >KMAKOCTBIO CHMIKA-
eTCs B CMeCsX, OOAQAAIOIINX HEHBIOTOHOBCKUMU CBOMCTBAMMU.

B BO3AYXOBOASHEIX IIOTOKAX CKOPOCTBH IIPOCKAAb3BIBAHUSA
MOJKHO YMEHBIIUTb AO HYASL, AODOABASASA CTPYKTypOOOpa3OBaTEAU:
TAWHY, TIOBEPXHOCTHO-aKTHBHEIE BelllecTBa U T.II. [lpu sTom Te-
yeHHe BO3AYXOBOASHOM CMeCH YCIIOKauBaeTCs UM MOXKeT YCTaHO-
BUTBHCS AAMUHAPHBIM peXUM, KOTOPBHIY OBICTpee AOCTHUTAeTCH,
€CAU NPUAATH BO3AYXOBOASHOM CMeCH HEHBIOTOHOBCKHE CBOMCT-
Ba. B wacTHOCTH, B MOTOKe INeHHI NlepeMellleHrhe ITy3BIPBKOB rasa
OIPAHUYMBAETCSI CAOSIMU (IIA€HKAMHU) >XKMAKOCTHA IIOBBIIIEHHOU
IIPOYHOCTH.

VpaBHEeHHS TeUYeHUSI Ta30’)KUAKOCTHBIX CMecCer

[Tpu ycTaHOBUBIIEMCS AAMHHApHOM HAU TYpOy-
AEHTHOM TEYeHUU M OTCYTCTBUU (PA30BBIX IIE€PEXOAOB CHCTEMA
YpaBHEHUU [IPU YCAOBHH, UTO IepBasg a3za — ras, a Bropasg —
HeCc>)kKMMaeMas JKUAKOCTb, IIPUMET BUA;
YPaBHeHUS ABIKEHUS

dp A

— =g |op, +(1-9) pz] t—[cppwf +(1-9) pvi| -

dz 2d
dv dv

-|opv,— + (1 = @)p,v, —= (1.111)
dz dz

(3HaK IIAROC 6epeTC5[ ANST BOCXOAMAIIEro I10TOKa M MHHYC — AN

HUCXOAMAIETO, IPU 3TOM OCh Z COBHAAAET C HAIPABAEHWEM CUABI
TSKECTHU);
YPaBHEHUsI CIAOUIHOCTU

Fop,v; = Qp, = m; = const; (1.112)
F(1 — @)pav, = Qp; = m, = const; (1.113)
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TEPMOAWHAMUYECKUX YPaBHEHUM COCTOSHUS

p = ZRTp,; (1.114)
p,= const, (1.115)
e z, T — yCpeAHeHHBIe 3HaueHus KOo3(duilneHTa CBEePXCiKU-

MaeMOCTU U TeMIlepaTyphl 110 I'AY6I/IHe CKBA’>XHWHBEBI,;
YpaBHEHUsA KOHU;eHTan;I/Iﬁ

@ = @(P1 P2 Vi Vo P A) = F/F, (1.116)

rae F, F| — TAOIIaAU TONEPEYHOro CedeHus KaHaAa M ero 4acTH,
3aHATON Ta30M;

YPaBHEHUA A KOIMPUIUEHTA I'MAPABAUYECKUX COIPOTUBAE-
HUM cMecHu

Ae = Ae(Pur P2 Vi) V2 D @) (1.117)

BBopsi Oe3pasMepHBIEe TIepeMeHHBIe D U §, IIpeoOpas3yioT
ypaBHeHHe ABmKeHHd (1.111) K BUAY

A _ oo pyetegednt o 1N _d_pe
dE_l @l p)_ZK(cpﬁ-'_l—cp) ERTKX
(1Y o 1)
di—1 df——
x|’ ch’)J+M, (1.118)

rae K> = Qi /(gdF*; m = Qupo/@p, = apy/p, — MAaCCOBBIH KO-
shdunuent aspanun; Q;, Py — OOBEMHBIM PACXOA U IAOTHOCTH
rasa IIpu HOPMaABHBIX YCAOBUAX (Ty, po)i @ = Q,/Q, — Ppacxop-
HBIA KO3((PUIIMEHT aspalun.

AaMnHapnoe BOCXOAdIIlee TeueHne
ra30’KUAKOCTHBIX CMeceHl B pr6ax
N KOABIIEBBIX KdHdAAX

PaccmoTpuM AaMHHApHOE TedYeHHe Ta30’KHAKO-
CTHOM BSI3KOIIAQCTUYECKON CMEeCH (HaIpuMep, IIeHBI) C pPaBHBIMU
ckopocTaMU a3. UTOOBI NMOAYUUTH (DOPMYABI AAS pacdeTa AaB-
AeHUM B TPyOax M KOABIIEBBIX KaHaAdX, PEeIIaloT CUCTeMY ypaB-
Henui (1.111) — (1.117).
IMpexxpe Bcero onpepeaum yukumuu (1.116) u (1.117). Tak Kak
(hassl ABUXKYTCSI C OAMHAKOBOU CKOPOCTBIO, TO
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B @A __m 1.119
v=P=ia T (1.119)

ITockOABKY CMeCh B IIeAOM BA3KOIIAACTHYeCKasd, KO3 dUinueHT
A. MOKHO IIPUOAMIKEHHO ONUCATh (POPMYAOM

Ao = 64/Re’, (1.120)
TAC
Re* = — V4P . (1.121)
{1+—T0dr\
L buv
Vv = v, = Vv, d, — AuaMeTp TPYyOBl WAM THMAPaBAWYECKUM Aua-
METp KOABIIEBOTO IPOCTPAHCTBE; T, — AWHAMHYECKOe HampsKe-
HUEe CABUTQ; U — TAACTHYECKasl BSI3KOCTh CMECH; p — IIAOTHOCTDH
cMmecH.
I[IroTHOCTE CMecu
p=PBp + (1 — P)pa (1.122)

Kak Bupno u3 (1.121) u (1.122), yucro Re” MoXeT CHUABHO U3-
MEHSTbCSI 110 TAyOMHe CKBa’kKMHBI M3-3a CKMMAeMOCTH Ta30BOMH
da3ssl.

[MpuHUMarOT TeMIepaTypy ¥ KO3M@PUIINEHT CBEPXCKUMaeMOocC-
TH IO TAYyOMHe CKBA)KUHBI L IIOCTOSHHBIMH U PABHBIMH COOTBET-
CTBEHHO CPEAHHUM 3HadeHHAM T, Z; AMHAMHYECKOe HallpsUKeHHe
CABUTA T, U IIAACTUYECKAs BSI3KOCTH 1) TaK)Ke IIOCTOSHHBI IO TAY-
OUHe U PaBHBI UX CPEAHUM 3HAUYeHUSIM.

IMpeo6pa3zyotT (1.121) K BUAY

2
Re = &P (1.123)

T,y

IMoacraBass (1.123) B (1.118), moayuaroT

@:1_M+n(ﬂ+l)+m' (1124)

dg n+p p

rae n = 32uQ, /(d’Fp,g); m = 161,/(3d,p,9).

PaspearB nmepeMeHHBIE U IIPOUMHTEIPUPOBAB ypaBHeHuUe (1.124)
B Ipeperax oT &, = 0 p0 §E u OT D = P, (A@BAeHHe Ha YCTbe) AO
P, IIOAYYAIOT PellIeHue B BUAE

= 2
E=p—p1 +An—Bln2+B —ABT];ZACX

A 242 E AZVA
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__ J/_
x arctg—APZPINA AL, (1.125)
A +(2Ap + B)(2Ap, + B)

raAe
=14+ nm+n+ m B =n(2n + m),;

B

C =nm% D=Ap’+Bp=C; E=Ap/+Bp, +C
= 4AC — B* = 4(1 + n + n + m)ny’ — (2n + m)’n* =
= n’[4n(1 + n) — m’]. (1.126)

Takum 0o0pa3oM, 3HAaK A COBIIaA@eT CO 3HAKOM BBIPAKEHUS B
KBaApPaTHBIX CKOOKax.

Qopmyaa (1.125) cnpaeeprmBa aast 4n(l + n) — m? > 0 wam
AN

2
24T < 9Rey(1+ 1), (1.127)
gu
rae Re, = Q,p,d,/(Fu) — uucao PeliHOABACA JKUAKON (pa3hbl.

Ipu t, = 0 Bcerpa crpaBepAuBO cooTHolieHue (1.127), u, cae-
AOBaTeAbHO, popMyaa (1.125) paeT paclipepereHUe AABACHUU IIpU
AAaMHUHApHOM TeYeHUM BS3KOM Ta30’KUAKOCTHOM CMeCH IIpU ¢ =
= B. CooTtHomenue (1.127) xapakTepHO AAS MPAKTUKHM OypeHwUs,
u popmyaa (1.125) mo3BOASIET PACCUUTHIBATE AABACHUE IIO TAyOH-
He CKBa’KUHBIL. Ee UMCAeHHBIM aHaAM3 IOKasaa, YTO IIpU 3Hade-
Huax 1 < 0,2, m< 0,2, n < 0,003 u §& = 0,01, BcTpevuaromuxcst Ha
IIPaAKTUKe, MOCAEAHUM UYAEHOM IIpaBOM YaCTU U3-3a ero MaAOCTU
MOJKHO IIpeHeOpeyb.

B o0mem caydae cokxuMaeMas ra3o’KUAKOCTHAS BA3KOIAACTHUE-
CKasl cCMeCh MOJKEeT TeuUb IIPU AaMUHAPHOM pPe’KuMe Ha HUJKHEM U
Ipu TYypOyA€HTHOM Ha BepXHEM y4YacTKaX KOABIIeBOT'O KaHaAha.
[ToaTOMy Ba’KHO YCTQHOBMTBH, IIPH OAHOM HAU OOOHUX pPeXMMax
TeueT CMeCh B CKBa’KMHe U Ha KaKOl rAyOHHe IIPOHCXOAUT CMeHa
pexxuma. Tak Kak 3HAYeHUS T, W 3a8AQHBI AT CMeCH B IIEAOM U
ABUJKEHME NMPOUCXOAUT IIPU OAMHAKOBOM CKOpoCcTH (a3 v, = =

V, = V, TO AMAS OIpPEeAEAeHUs pe’XMMa TeUeHUS MOYKHO BOCIIOAB-
30BaTbCA POPMYAON
Re < Re,, — 2100 + 73He"*. (1.128)
Yucao Re BHIUKUCALAIOT IO (DOPMYAE
Re = Ya:P aPo) (14 q)—B_ QaPods (1.129)
k P ) n+p Fu



CKOpOCTB V U IINOTHOCTH p HaﬁAeHBI C IIOMOIIBIO YPABHEHUSsI
CIIAOIITHOCTH TIPY (¢ = (3 ¥ ypaBHEHUU COCTOSTHUSI:
V=/1+a@\&; p=(1+m)——p,.

L p J F n+p

IMoactaBasisa (1.129) B (1.128), HatiaeM 3HaueHUe p*, MpU KOTO-
POM HIPOUCXOAUT CMeHa pe’kuMa. TakKuM o0pa3oM, AAG pacyeTa
MABAEHUM MO>XHO ITIOAB30BaThbCcad opmyaol (1.125) mpu 3HaueHU-
ax p > p*, TAe p° — AaBAeHme, Korpa Re = Re,,. Tlpm p < p°
OyAeT pearr30BaH TYPOYACHTHBIM PEyKUM TeUeHUS.

Pacuer paBAeHHS B TpyOax

M KOABIIEBOM IIPOCTPaHCTBE

AASI TYPOYAEHTHOrO TeYeHUS
BOCXOASIINX BEPTUKAABHBIX ITOTOKOB
ra30XUAKOCTHBIX CMecen

E.B. llle6epcToBeiM u E.I'. AeOHOBBEIM ITOKa3aHO,
YTO IIpU pellleHuU ypaBHeHUud (1.118) Ard BocXopslllero moToka B
Tpybax mAM 3aTpyObe KO3(PUIMEHT A, MOKHO MPUHSTH IOCTO-
aHHBIM U paBHBEIM 0,05, a QYHKIUIO UCTUHHOTO ra30COAEP KaHUg
ANIIPOKCUMUPOBATH AAS TYPOYAEHTHOTO TEUEHUS!

¢ = 0,81p mpu %z 1,93; (1.130)
2,2Kn K

- AN | 1.131

¢ B(l+ 2 2K) + 2,2Kn fpH 1—[3< 93, (1.131)

ae B=Q/(Q +Q,)=mn/(M+P) — pacxopHOe razocopep’RaHue.

Torpa, npeHeOperas HWHEPUUOHHBIM YAEHOM B YpaBHEHUU
(1.118), ncnoassys (1.130), (1.131) u uHTErpUPYS B Ipeperax oT p'
AO D, IIOAYYAIOT

1 7T A By, P
z=— p-p' +po ZT a IA Lln Bl ; (1.132)
P2944 Zolo 1 p’+p0a—1
1
z=—"|p-p+p,Zlaqfe=Brp b (1.133)
P2gA2 zoTy nA,
A

A = 1+O,81n+£K2L0'81;
2 0,81
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B =019+ k2140 ). (1.134)
2 " h+081)

A, =n +n + n’m; B, = 2mn; n=1+L; m=leg2nn+l
2,2K 2 n

®opwmyaa (1.132) cipaBepAmBa AAST 3HAUEHUH % =193 uau

zT
zoTy
1,93 - K

Kap,

ps= =p*, (1.135)
a opmyara (1.133) arsa p > p'.

AASL YCKOpEeHUS BEIUUCAUTEABHOTO IIPOIlecca pellleHue ypaBHe-
Hui (1.132) u (1.133) cBeA€HO K COOTHOLIEHUIO

N =M + IgM, (1.136)

rae M — HeKOTOpasg AMHEeWHasd (PYHKIUS OT MCKOMOTO AABACHUSA
p, @ N MoXeT OBITb BBEIUUCAEHO IO W3BECTHBIM MCXOAHBIM AQH-
HBIM.

IMMpu N = 5, N = —2 — MOJHO BBIIUCATL IPUOAMIKEHHBIE
peliieHusa ypaBHeHud (1.136):

M = N — IgN para N = 5;
M = 10N ppa N = —2. (1.137)

Ecau —2 < N < 5, To penteHue M MOXHO HaWTHU TpapuuecKu
Ha puc. 1.12 w3 KpPHUBBIX, COOTBETCTBYIOIUIUX KOIMPULUEHTY

a 0
-Mr M
i / M
121 4 /;
N a=1,0
0,61 2 3\)’(/ 0.2 o
1,51} --- 1 0.16 — 0,8
0,3 - 1 : ’ / —— 2’30’6
1
| 0,08 )
oL o 1 ’ !/ /\ 0,202
I 0,175
g 34N L 4 01

0 03 06 09 1, —}V 0 04 08 1,2 1,6—N(X:

Puc. 1.12. T'pacduku AAsI onipeAeAeHus: yucea M:

a-prayeroBuit: [ —0<K NS5 2-N<53-a>1;, M, <0 -15< NGO
6 - ans caydaeB: oo = 0; a = 1; My, > 0 (BepxHee CceMeNUCTBO KpWBHIX); a = 1;
My, < 0 (HM)XKHee ceMeNWCTBO KPUBBIX)

46



a = 0. ITocae Toro kak M HaNAEHO, HETPYAHO ONPEAEAUTH AAB-
AeHEe p. CooTBeTCTBYIOIUE (DOPMYABI AAT BBIYUCAeHud N U p:
A bopmyasr (1.132)

, 1 , aB,
P +po—— P +po——
N = P229A, + L +1g A
s S S '
S=23ap, 2L A=B. 5 Ms_p, L, (1.138)
zoTy 1 A
AT popmyast (1.133)
N=w+p_,+]gﬂ'
oy Sy 51’
S, =2,3ap, 2L A2=1B2. = s, 1.139
1 ap, 2Ty nA, p 1 ( )

I[Tpu mepexope K TpyOaM ApPYyTroro AWaMerpa IO TAyOHHeE
CKBa)XUHHI (Hanpumep, YBT) pacueTsl caepyeT IOBTOPUTH, IIPHU-
HUMas INOAYYEHHOE AABACHHME M3 IPEABIAYIIEro pacdeTra 3a MC-
XOAHOE.

TakuM o6pa3oM, MOKHO HAWUTH AaBAeHHe Ha 3aboe p, Ipu
NPSIMOM HIUPKYASIIIUYU UAU IIepep AOAOTOM IIpM OOPaTHOM ITUPKY-
ASIIAN.

Ilepemnap AaBAeHHIT B HaCapAKaxX AOAOT
IIpU T€YEHUU Ta30KUAKOCTHOM CMecHu

YpaBHeHVE ABUJKEHUsS TIPU V; = V, = V AAT pac-
CMaTpUBaEeMoOro CAydYasi OYAeT UMeTh BUA

d d d
L= |pBvi Tt (1= Bpav, = (1.140)

d_z__ dz |'

KOTOpO€ MOJXHO IIepeIllrMcaTh TakK:

d dv?
d_ZP -%%, (1.141)

rae p = pf + po(l — P) — mrorHOCTE cMecH; (Q; + Q,)/D. =
= v — ckopocTb cMmecy; @, — cyMMapHas MAOILIAABL TIOIeped-
HBIX CeYeHUM BCeX HAaCAAOK AOAOTA.

CUuTaOT, YTO Tra30’KMAKOCTHBIM IIOTOK M3 HACAAOK IIOAHO-
CTBIO TOPMO3UTCS, U MHTEerpUpyloT (1.141) B mpeaenrax OT BBIYUC-
AEHHOTO AA@BAEHUS P, AO UCKOMOIO P!
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( \2
k%oo’szJ (P2 +apg)
p, = apolnp, = —

" + p, + apylnp.. (1.142)
20cu

B ypaBHeHnue (1.142) BBepeH IONPABOYHBIM MHOKUTEAb W —
KO3(h(PULIMEHT pacxopa, OIpeAeAdeMEBIN ONBITHBIM IyTeM. [Ipu
pacuetax MO’KHO IIPUHATH U PAaBHBIM €ro 3HAaueHUsIM AASL OAHO-
(a3HBIX KUAKOCTEMN.

Pemenve ypaBHenus (1.142) Takke MOJKHO CBECTH K BUAY
(1.136), Tae

2

(& Qo + Qz) (P2 +apo)
N = D3

P j1g—Ls | (1.143)
202u?2,3ap, 2,3apg 2,3apq

I[TosTOMy AAS TedeHUM B HaCapKax 4YUCAO M HAXOAUTCA IO
TeM JKe IIpaBUAaM, UTO U AASI BOCXOASIIUX IIOTOKOB B KOABIIEBOM
mpocTpaHcTBe. MickoMoe AaBAeHUE TTepea AOAOTOM

p, = 2,3Maps. (1.144)

ITepenap paBAaeHHS B TYpOOOypax

ABM>XKeHHe B TypOOOype 3aMeHSIOT TeueHHeM B
TpyOe M IOAararoT, YTO ABVIKEHHE ITPOUCXOAWUT IIPH PaBEHCTBE
HCTUHHOTO U PACXOAHOTO Ia30COAEPsKaHUs, BAUSHIE Beca CTOAGa
CMeCH U CUA WHEPIUH He3HaUUTEABHO.
Torpa ypaBHeHHE ABVKEHUS IIPUMET BUA

dp _ ke oo 1.145
dz 21 (1.145)
TAe
2
D = 2880 (1.146)
pZQTl

B (1.145) B34T 3HAaK MUHYC, TaK KaK B TypOOOype HUCXOAALIUU
notok. B (1.146) d — UKTUBHEIM AuaMeTp Typoobypa; Ap,Q, —
Iepenap AABAEHUS U PacXop JKUAKOCTH B TypOoOype HpU OITHU-
MaABHOM pe>XKuMe PabOTHl Ha YUCTOU KUAKOCTH HAOTHOCTBIO Py
F — @QukTtuBHag IAOLIAAb CedeHUd B TypbOoOype; | — AAMHA
TypOoOypa.

WurerpupoBanue ypasHeHUs (1.145) paeT popMyay
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p: = p, + Ag(m, + m,)Q, + ap,ln Lr*%o (1.147)
pA +ap0

rae A = Ap./(gp,Q2); m, + my, = Qupy + Qups P, — AdBACHHE
Ha BXOA€ B TypOoOOyp.

3Hasa Ap,, A, Q, 1o dopmyre (1.147) MOKHO BBIUYUCAWUTL He-
M3BECTHOE A@BAEHVE D, M TaKMM OOpa3oM HaWTHU Iieperajp AaBAe-
Hus Ap = p, — p, B TypOoOype. Pemenune (1.147) moXeT OBLITH
CBEAEHO K ypPaBHEHUIO

N =M — IgM, (1.148)
TAE
_Prtap . (1.149)
2,3ap,

N = Ag(my + m,)Q, + P +apg —1 Py tapg
2,3ap, 2,3ap, 2,3ap,

Kak BuaHO 13 (1.149), Bceraa BBITIOAHSIOTCS HepaBeHCTBA M =
= 1/(2,3), N > M. Ilpu N = 5 pellleHHe MOXHO HaMTu rpacuuec-
K4 (cMm. puc. 1.12, a, kpuBas 2). [lpu N > 5 npubAUKeHHO

M = N + IgN. (1.150)

ITocae onpeperenus uncara M aerko Hautu u3 (1.149) nckomoe
AaBAeHUe

p. = 2,3Map, — ap, = apy(2,3M — 1),

KOTOpO€e MPUHUMAETCS Aaree 3a TPAHUYHOE AAS TEYeHUSI B CAe-
AVIOIIEM 3AeMeHTe IIUPKYASIMOHHON CHUCTEMEL.

Pacuer AaBAEHHIT B TPyOax AASI HMCXOASIIETO
BEPTHUKAABHOTO TYPOYAE€HTHOTO MOTOKA
ra30>XHAKOCTHOM CMeCcH

YpaBHeHUE ABUKEHUSI AN HUCXOAANIEIO IOTOKAa
MMeeT TOT >K€ BHUA, UTO M AAS BOCXOAMAIIETO IIOTOKA, 3a HCKAIO-
yeHHeM 3HaKa Ilepep UYAeHOM, XapaKTepH3yIoUIMM I[OTepHd Ha
TpeHue. [IpeHeOperasg WHePIUOHHBIMU YA€HaMM, ypaBHEHHe 3a-
ITUCHIBAIOT B BUAE

B _g-p)-tegrn, 1)
pm 1-9(1-p) ZKKCPI_7+1-CPJ' (1.151)

Ha ocHOBe 3KCIIepUMEHTAABHBIX AQHHEIX II0 HHCXOAAIIEMY
notoky (E.I'. Aeonos, B.U. Vcaes)
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JFr

p=—2J0T_p (1.152)

VFr-0,45
rae Fr = K*/(1 — B)* — uucao Opyaa.
IMoactaBass B (1.152) 3nauenus unucea Fr u §, moaydatoT

'

o=—1, (1.153)
n'+Dp
rae ' = nK/(K — 0,45).

KospduiineHT TUAPABAMYECKOTO COTMPOTUBACHUS A. AAS HUC-
XOASIIEro IIOTOKA HECKOALKO BLIIIE, 4YeM AAS BOCXOASIIErO.
I[MpuHMMalOT ero MOCTOIHHBIM U paBHBIM 0,006.

Hcrionb3yst TOAyYEeHHOE 3HAUEHUE AAS ( ¥ BBOASI 0O03HAUYEHMST

2
n
—+1
A

2=K:N_. K2=lcg? (1.154)
n +1 2

YpaBHeHUEe ABVDKEHHNS 3allVMCBIBAIOT B CAeAYIOI.HeIZ (bopMe:

dp ' P 2M' +p

W _ ()| P20 P

L T }

OtKkypa (1.155)

feme< BB [ U la-ip -], 1

(195 1-i2 2 |1-i? |(1-p-in'| (1+10)?
L+ Dpy + in'f} (1.156)
I+ p+in

ITo dopmyae (1.156) MOKHO HAMTH AABAEHWE D B CTOSIKE, €C-
AM M3BECTHO A@BAEGHHWE D, Ha BXOAE B TypOOOGyp.

B oTAmume OT BOCXOAAIETO IIOTOKQ, KOTAA IIpaBasi dYacTb
YPaBHEHUsA ABUWXEHUsI BCErAa IIOAOKUTEAbHA U, CA€AOBATEABHO,
IIOAOKUTEAEH TPAAMEHT AABACHHA, B HUCXOAMAIIEM IIOTOKe BO3-
MO>KeH CAydYall OTPUIIAaTEABHOI'O I'DaAMeHTa AABAEHUS UAU paBeH-
CTBa ero HyAr. [To3ToMy ¢ pocTOM rAyOMHEBEI CKBa)KUHEI AABA€HUE
B HUCXOAMAIIEM IIOTOKE MOJKeT KaK yOBIBaTh, TaK WM BO3PaCTaTh.
OKCIIEpUMEHTAABHO  3TO  SBA€HHME OTMeYeHO B pabore
A.O. MexnyMoBa.

YToOBl yAOOHee IOAB30BaThCA hopmyaoii (1.156), BBOAAT 060-
3HaueHue

a = 2i/(1 + 1) (1.157)
1 cBOAAT (1.156) K ypaBHEHUIO
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N =M + 050lg|M — 0217a| + 0,5(1 — a)*x

x1g|M + 0,217a (1 — a)], (1.158)
TAE

N = M, + 0,50lg| M, — 0,217a| + 0,5(1 — &)’ x

x1g|M, + 02170 (1 — )| — 20 (1 — o)%.
2,30’

IMpu o = 0 ara popmyaa npeppamaerca B (1.136).

[TochepOBAaTEABHOCTH BBIUMCAEHUS AABAEHUNW C  IIOMOIIBLIO
dopmyasl (1.158) caepyromada. ITo ucxopHBIM A@HHBIM (L, d,, d,,
D, ¥ T.A.) OTIPEAEASTIOTCS uucAa ', My, o u 3HaK My, = M, — —
0,2170, KOTOPHIU COBIIAAAET CO 3HAKOM I'PAAUEHTA AABACHUS.

IMpu a < 1; My, > 0,5, 5 > N > 0 BAugHUMe mapaMeTpa o He-
3HAUYUTEABHO, M BMeCTO ypaBHeHHsa (1.158) MO>XKHO BOCIIOAB30-
BaTbca cooTHolenueM (1.136) mau kKpuBou 1 (cM. puc. 1.12, a).
Ecau N > 5, cupaBepruBa popmyaa paad M B Bupe (1.136). 3Haue-
Hue M Haxoputca Ha puc. 1.12, 6, korpa o < 1; My, > 0; N < 0O
uam My, < 0; N < 0.

IMpu a > 0; My, < 0; —2 < N < 0 3HaueHne M MOKHO HAUTHU
u3 puc. 1.12, a, a pp1 N < —2 BOCIIOAB30BATLCSA TTPUOAUIKEHHOM

dopmyArOH
M = N — 05lg|N — 0,217a] — 0,5(1 — a)*x
x lg|N + 02170 (1 — o) ]. (1.159)

ITocae BeIUMcAeHUsS ynucAaa M HaAXOAAT MCKOMO€E AdBAEHUIE
p=M23n/(1-a), (1.160)

WAU B Pa3MepHOM BHUAE
p = ZRTp,gp. (1.161)

Cayuant M, — 0,217a0 = 0 COOTBETCTByeT 3HAUEHMIO I'DajpVEH-
T4, PAaBHOMY HYAIO, IPU 3TOM TedeHHEe HEYCTOMYMBOEe U ypaBHe-
HUe ABW>ReHus mMmeeT BUA. dp /dE =0 uam p = const. B sTom
CAydae IIpH TeUeHHM HUCXOAMAIIEro IOTOKAa AaBAEHHE IO AAUHE
y4acTKa TPyOBl AQHHOTO AMaMeTpa He MeHSeTC.

AAST pacIoAOKeHHBIX HIDKe TPyO APYTOTO AMaMeTpa pacueTsl
IIOBTOPSIIOT C HAYaABHBIM AABAEHHWEM, COOTBETCTBYIOIIVMM KOHEY-
HOMY AABAEHMIO, TIOAYYEHHOMY M3 pacueTa Ha MPEABIAYIIEM yda-
CTKe KOAOHHHI.
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PacueTr nmopayu U AaBAeHHUS HACOCOB
M KOMIIPeCCOPOB Ipu OypeHuu
C NPOMBIBKOI a’pHPOBaHHON >KHUAKOCTHIO

CBa3p MeXXpy pacxopoM rasa Q, 1pm
HOPMAaABHBIX YCAOBHUSX U IIOAaUel Hacoca (Q, AAST ONIpeAeAeHHBIX
pa3sMepoB KOABIIEBOTO IPOCTPAHCTBE, IIAOTHOCTH Taza
KUAKOCTH [, IInaMa P, B MAaKCHMaAbHOTO AuaMmeTrpa d,
BBIHOCHMBIX YaCTHUI] IIAaMa YCTaHABAUBAeTCd (POPMYAOH

gd.p.p{  0108F2d,p,
PoPo Logpz +0,0785Fd,p,

Q, = F, - 0,008} . (1.162)

ITo ypaBHeHuto (1.162) MO’XKHO PACCUMUTHIBATL PACXOABI a3,
obecreynBalolliie BUTaHUE IlIAaMa B IIOTOKE a’pUPOBAHHOU JKUA-
KOCTH.
Ha puc. 1.13 (kpuBble 2—6) TOCTPOEHO CEMENUCTBO KPUBLIX Q = =
f(Q, p) mo TOYKaM, MNOAYUYEHHBEIM B pe3yAbTaTe MOACTAHOBKHU B
ypasHenue (1.162) (pUKCUPOBAHHBIX 3HAYCHUM AABACHUS D > p,.
3Aechk p, — 3aAAHHOE AABACHHE B CKBAKHMHE IIPOTHB IIOTAOINAIO-
Iero ropu3oHTa. B panbHe#iieM p, OyAeM IPHMHAMAThL PABHBIM
IIAACTOBOMY A@BAEHUIO D, B IIOTAOIIaolleM Tropu3oHTe. [Ipumem
TaKXKe, 4TO KpuBasi 2 (CM. puc. 1.13) moAydeHa Npu AABACHUH P,

Ha puc. 1.14 moka3zaHa cxeMa CHUCTEMBI CKBAa)KWHA — IIOTAO-
IIAOIIMY NAACT. [IpoeKTHBIEe TAYOMHBI CKBaKMHBI U IIOTAOIAIO-
IIero IAACTa Ha cxeMe oOo3HaveHel L m L, L, — rayOuHa, COOT-
BETCTBYIOIas IPOMEeKYTOYHOMY IIOAOKEHHIO 3a004.

OpHaKO MM BBIOOpa

Q9 pacxopoB a3  HepocTa-

TOYHO ypaBHeHHu4 (1.162).
W3 rpacduka (cMm. puc.
/ 1.13) BHMAHO, YTO BBIHOC
YaCTHI IIIAaMa M3 CTBOAA

CKBa’XWHBI TpU pa3bypuBa-
HUU TTOTAOIIAOIIETO IIAAC-
Ta, €CAM A@BAEHHWE B CKBa-
\ 7 JKUHE PAaBHO IIAACTOBOMY,

MOJXHO OCYIIeCTBUTL IIpU

1 - obGecneunBaroIie IMOCTOSH-
HOe A@BAE€HHE MPOTUB IOTAOIIA-
[OIIero IaacTa; 2-6 — obecmneuu-

3 BaloIlyie BBEIHOC IIA@Ma I[IpH
0,10 AQBACHUH D;

/( Puc. 1.13. I'pachukn He0O6XOANMBIX
1 2 3 4 6 PacxoA0B rasza M JXMAKOCTH:
K5
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Puc. 1.14. Cxema cucTeMbl CKBa)KuHa — IIO- 0
TAOUIAIOIIUI TIAACT: 7
1 - ponroro; 2 - Typ6oOYyPp; 3 - YBT; 4 - Oy-

PHUABHAS KOAOHHQ; 5 — MOTAOUIAIONIUM IIAACT

AIOOBIX ~ COOTHOIIEHHUSIX  PacXOAOB
rasa 1 >KMAKOCTH, COOTBETCTBYIOIIUX
Pa3AUYHBLIM TOYKaM Ha KpPUBOU 2. L,
YUToOBl BBIOpATh KOHKpPETHBIE 3Ha-
yeHusa Q, u Q, AAA pa3OypUBaHUA ’ '
IIOTAOIIAIONIero IAacTa, HeoOXOAUMO
TaK)Ke Y4YeCTb AABAEHUeE, CO3)AaBae-
MOe TIOTOKOM a3pUPOBAHHOM >KUA-
KOCTH B 3aTPyOHOM HPOCTPAHCTBE, C
noMompio  ypaBHeHuit (1.132) wm
(1.133).

CoBMecTHOe pellleHUe ypaBHEHUM
(1.162) u (1.132) uam (1.162), (1.132) u
(1.133) paeT epAMHCTBEHHOE coUueTaHUue
pacxopoB a3, obecnednBarONIAX
OAHOBPEMEHHO BHTAaHWE YaCTUIHI B
Ipu3abOMHON 30HE M 33AAHHOE AAB-
AeHHe Ha MOTAOUIAIOIIUM TIAACT. S N R A

CucremMa  ypaBHeHHH (1.162), z
(1.132) u (1.133) pemaeTrcsa mpu Io-

MOIIIY KOMIIBIOTEPA.

\

R “"M ;
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1.5. HEYCTAHOBUBIIVECS TEUEHUS
HECJKMAEMOM JKUAKOCTU

TTPU CITYCKOIIOABEMHBIX
OITEPALIUSX

CnyckonopbeMmHBle onepanuu (CITO) KoAOHH nIpu
Pa3AWUYHBIX TeXHOAOTMYECKHUX IIPOIleccax COOPY’KeHUsI CKBa)KUH
YacTO COIPOBOJKAAIOTCSA OCAOKHEHUSIMU (TMAPOPA3pPHIBOM BCKPHI-
TBIX CKBa&’XMHOMW IIOPOA, IIOTAOIIEHUIMHM ITPOMBIBOYHOM >KHUAKOC-
TH, OOBaAaMU, MAACTOBBIMU (PAIOUAONIPOSIBACHUSMU U T.A.). OTHU
OCMAOJKHEHUSI B PSIAE CAydaeB BO3HUKAIOT U3-3a HEAOIYCTHUMBIX
TUAPOAMHAMIYECKUX AABAEHUY, BBI3BAHHBLIX ABI)KEHHEM KOAOHH
B JKMAKOCTH, 3aIIOAHSIONIEN CKBa)KUHY.
Bo Bpemsa CITO koaoHHa OOBIYHO IlepeMelllaeTcs C IlepeMeH-
HOM CKOPOCTBIO U,. CxeMaTU4YHO IpapuKH CKOPOCTU M yCKOpe-
HUS KOAOHHBI B 3aBUCHMOCTH OT BpPeMeHM ! IIOKa3aHbl Ha PHC.
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1.15, rae yuactok 0 — {; COOTBETCTBYeT Pa3roHy KOAOHHEI, ydac-
TOK f{ —t, — ABWKEHHUIO KOAOHHEI C IIOCTOIHHOWU CKOPOCTBIO,
Y4acToOK f,—{f; — TOPMO’KEHUIO KOAOHHHEIL.

CrnyckonopAbeMHBIe OIlepalluy IIPOBOASIT C OTKPHITHIM U 3a-
KPBITHIM HMJKHUM KOHIIOM KOAOHHHL. [IpM 3TOM YacTO Ipuxo-
MUTCS PACCUUTHIBATh PAaclpepereHUe THAPOAWHAMUYECKOTO AdBAe-
HU4 B TPyOHOM M 3aTPyOHOM IIPOCTPAHCTBAX, KOTAAa IIPOMEIBOY-
HYIO JKUAKOCTBb MOJKHO NIPUHUMATh HEC)KUMaeMoU. Ard HecsKMMa-
€MOM >KUAKOCTU

p = const; (1.163)
v

Y _o. 1.164
P (1.164)

AN aHaAM3a paclpeAeAeHUs AABACHUSI B CKBa)KMHE W BAMSHUS
Ha ero (popMHpOBaHUE TUAPABAMYECKUX XapaKTEePUCTUK I[IOTOKa
SKUAKOCTU MOJKHO 3aIlCaTh YPaBHEHUE B CAEAYIOIIEM BHAE:

_p_ 8w _14m) (1.165)

0z ot r odr

INepBBIll uyAeH TIpaBoM dYacTu ypaBHeHUq (1.165) BeIpakaer
CKOPOCTb U3MEHEHUs KOAUUYECTBA ABUJKEHUS B €AUHUIle 0ObeMa U
paBeH AAS HeC)KUMaeMOM >KHMAKOCTU IIPOU3BEAEHUIO IIAOTHOCTU
Ha yCKOpeHUe (MHepIMOHHAs COCTaBASIONIAs TpajleHTa AaBAe-
HUSA); BTOPOM YAeH NPHU CTAlMOHAPHBIX TeUEeHUSIX OIpeAeAsdeT
pacupepereHre AQBAEHUI U OTpakaeT B3aMMOAEWCTBHE BHEITHUX
CHA U CUA TPEHUS MeXAY CAOIMHU >KUAKOCTH.

I'paHMYHEBIE U HAYaABHBIE YCAOBUS AT CKOPOCTEM B TpyOax u
KOABIIEBOM IIPOCTPAHCTBE CAEAYIOIINE:

t Kymencss B CKBaKMHe OYpPHUABHOM
KOAOHHBI

a
ur
[
[
[
[
I 1
I 1
[
[
0 L 1
0 tl 1 tlz t|3 t
duy Lo l
I 1 I
dt [ I
1 1 |
J 1 1
[} 1 I
: : : Puc. 1.15. KauectBeHHble TrpaduKu
0 b : ckopocta (a) m yckopenus (6) ABu-
I
I



= w(r) npu t = 0;

u(t) mpur = R, t > 0;

=0mpur =R, t=0; (1.166)
= =zxzut)upur = R, t >0,

I+

T T =

rae w(I) XapakTepu3yeT CKOPOCTb YCTAaHOBHBIIETOCS TeueHHs,
BBI3BAHHOT'O IToA@Uel HAcOCOB A0 Haudaaa mpotecca CITIO; u,(t) —
CKOPOCTB ABMIKEHHUS TPYOHI.

Ha pwuc. 1.16 mokazaHbl XapaKTepHbIe TPOQPUAU CKOPOCTEH
AAMUHAPHOTO U TYpPOYAEHTHOTO TIOTOKOB B KOABIIEBOM ITPOCT-

a 7
1 I
[ I ou,
Y r 0 r
u, [
|
I/
/i I
| u;
|
0
0 r
r
|
MT I
17/
|
RI
R, Pt
0
R, r
RZ

Puc. 1.16. Duopsl CKOPOCTEeNl B KOABLIEBOM KaHaAe Ipu crnycke (a) U mopbeme
(6) Tpy®:

I - TypOGyAreHTHOe ABMIKeHHe; [I — AaMUHapHOe ABMKeHHe; [I] - ABUDKeHUe NpU
qx > q
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a Puc. 1.17. Dmopsl CKOpOCTeil BHYTPU
onyCcKaeMo! B JKMAKOCTH TPYOBI:

a — BsI3Kasl JKUAKOCTh;, 6 — BIDK; , -
TypOyA€HTHOE ABHKEHHE JKUAKOCTH

paHCTBe, @ Ha puc. 1.17 — BO3MOJXHBIe TIPO(PUAU CKOPOCTEN
BHYTPH ABVKYIIIENCS TPYOHI.

CoraacHo (1.164), CKOPOCTb MOTOKA KUAKOCTU W = w(r, t) —
(PYHKIIHMS TOABKO papmyca U BpeMeHHU. [1o3TOMy MOJKHO oOIpeae-
AUTB PacxXop

Ry

qg=q(t) = anw(r, t)rdr, (1.167)
Ry
KOTOPEIN AOAJKEH OBITH PAaBEH CyMMe PAacXOAOB
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q = g, *q, (1.168)

A€ q, — Iopava HACOCOB; @, — PACXO0A J>KUAKOCTHU, BBITECHSe-
MO¥ HVJKHUM KOHIIOM KOAOHHEI IIPH CITyCKe WA 3allOAHSIOIIEeN
IIPOCTPAHCTBO IIOA KOAOHHOM IPU €e MOABEeMe,

IT'nApoAMHaAMHYEeCKUEe AaBAEHHUS
IpU CIYCKOMOABEMHBIX OIlepaIusIx
B CKBa’KMHE, 3alIOAHEHHO! BSI3KOW >XKHMAKOCTBIO

PaccMmoTpuM ABMDKeHUE BSI3KOM JKHUAKOCTH B
KOABIIEBOM IIPOCTPAHCTBE IPHU CIyCKe KOAOHHBI C 3aKPBITHIM
HIDKHUM KOHIIOM AAS BpeMeHU t, = t < f, (cM. puc. 1.15). Tloay-
yeHHBIe (DOPMYABL OyAyT CIPABEAAMBEL TAKKE AAS PACUETOB pac-
IIpepeAeHusl TIPpU MMOAbeMe KOAOHHBI. B mepuop t,—;, ABUKeHUe
ycraHoBuBIIIeecsa. CunuTasd, 4TO reOMeTpUYeCKUe pa3Mephl KOAOH-
Hbl M CKB&)KUHBI HeusMeHHB, B (1.165) caepayeT TIOAOKUTH
dw/dt = 0, Torpa

9p _ 19l
0z r ar '

Pemrass 3TO0 ypaBHeHHe C y4eTOM 3aBUCUMOCTHA AASL T BI3KOU
JKUAKOCTHU, HAXOAAT

w=2r4bInr+C, (1.169)
4u

rAe

A= __A2p. (1.170)
0z L

L — paccrosiHue AO pPacCMaTPUBAeMOI'O CeYeHMsI CKBA’KWUHBI, OT-
CUNTEIBaeMOe OT IIOBEPXHOCTU KUAKOCTH y YCThS; OCh Z HaIpaB-
AeHa BBEpX.

AAST 3TOTO ydacTKa TpaHuWuYHBIe ycAoBH4 (1.166) cTaHyT chrepy-
IOIUMU:

w = 0npur = Ry (1.171)
—u, mpu r = R,. (1.172)

w

Omnpeaeaus koaddunuentel b u C B (1.169) u (1.170) ¢ momo-
IIBIO IpaHUYHBIX ycaoBuit (1.171) m (1.172), moay4aroT pacnpeae-
A€HHe CKOPOCTeM TedeHUs BSI3KOM >KMAKOCTU B KOABIIEBOM Ka-
Hane
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A
u, +—<Rl2 - R%)

ApP_py____ W T 1.17
4M(f R3) & e (1.173)

Ry

W =

N3 (1.173) npu u, = 0 BeITeKaeT gopmynra bByccuHecka apag
ABIDKEHUSI BS3KOM JKHUAKOCTM B KOABILIEBOM IIPOCTPAHCTBE IIOA
AelicTBUeM Tiepeniapa AaBaeHust Ap. Ilpu Ap = 0 (te. A = 0)
IIOAyYaeTCs NPOMUAL CKOPOCTeM NOpPH ABMKEHUU OeCKOHEeUYHOU
TPYOHL.

Pacxop KHAKOCTH B KOABIIEBOM IIPOCTPAHCTBE ITOAYYAIOT HH-
TerpupoBaHueM npoduarsa ckopocre (1.173) B mpeapenrax oT R; A0
R

Ry

4 4
q =2n fwrdr= 1A R Ry RYR? -Rg)] -
m 2
R’y
2 2 2
_ Auu, + A(R] - R)) R_l_R_z_Rflnﬁ’_ (1.174)
In(R, / R,) 2 2 Ry

OTOT pacxop COOTBETCTBYET TEUEHHIO C 3aAaHHEIMU I'DapveH-
TOM A@BAEHMS U CKOPOCTBIO citycka. [Ipm q, = 0

q = qy (1.175)
q, = wu,R’. (1.176)

IMoactaBus B hopmyay (1.175) Beipaskenus (1.174) u (1.176),
IIOAYYaIOT

A
wu,R? = n4—u

Ré _R14 +R2(R2 _RZ) - duu, +A(R12_R§) x
2 2 4uIn(R, / Ry)
2 2

x| R _papp R
2 R,

OTO pPaBEeHCTBO pa3pemraloT OTHOCUTEALHO Ap:

Ap=2p - . (1.177)
(R ln&—1+{&
;o\

~——

2 2

Mo>kHO BBECTU CpPpepAHIOIO CKOPOCTb

T _, (R/R)® 8

'« a(RE-RY)  1-(R/Ry)*  1-8%




2
) 1-9 v

R3 82[62 —(1-8Y)Ind -1

L.

cp

[MocaepHIOIO HOPMYAY MOKHO IIpe0Opa30BaTh K BHAY

Ap =P 1.178
p oy ( )
rAe
= 8 1(3); Re = Prene pig) o =0T (1179
Re n 28282~ (1-6%)Ind -1

Voo = Y(O)u,; W(d) = 8/(1 — 8%; 8 = R/R,.

Anst BcTpeuatoruxcst B 6ypenun 3HaveHuw# 0,4 = § = 1, A
MO>KHO BBIYMCASTH IO YIIPOIEHHOMN (hopMyAe
64 0,456 +0,3

A =04 0456+03
Re 1-9

T

EcAm cIlyCKarOT KOAOHHY C OTKPBITBIM KOHIIOM, TO IIPU BHI-
YNCACHUU IIepellapd AABACHUSI TAK)Ke CAEAYET YUeCTb ABIJKEHUe
JKUAKOCTU BHYTpU TPyO. VM3A0O’KeHHBIe BHIIIE pacueThbl AABACHHN
npu CIIO opHOpa3sMepHBEIX KOAOHH MOJKHO PAacIpPOCTPAaHHUTh Ha
caydari CITO cocTaBHBIX KOAOHH. IIpu pasHBIX peXHMax Tede-
HHUS Ha Pa3sAMYHBIX Y4aCTKaX COCTABHOU KOAOHHHI TPyO Ap He-
0OXOAVIMO PACCUMUTHIBATE ITOCAEAOBATEABHO.

Onpegeaum UHEPUUOHHYIO COCIMABAAIOWYIO (ABAEHUSA NpU
cnycke KOAOHHBI, OINMCHIBAEMYIO II€PBBIM YA€HOM IIPAaBOM 4acTHU
ypaBHeHus (1.165). YcpepHeHHOe ypaBHeHHe HeyCTaHOBUBIIIe-
rocst OopAHOMA3HOTO ABWJKEHHSI IO CEUEHHIO KOABIIeBOTO KaHaAd
B oW M2 (1.180)
z a2,

CyuTarT, YTO IPH HEYCTAHOBUBIIEMCsS ABIJKEHUU IIPaBas
YaCcTh He 3aBUCUT OT Z, a A AeBOM 4aCTH MOJKHO 3aIIACATh

9P _ constft). (1.181)
0z

Unurerpupysa (1.180), moay4yairoT (POPMYAYy AAI OIpeAeAeHUsd
DABAGHUS B KOABIIEBOM KaHane 0e3 ydyeTa THAPOCTATHYECKOTO
MABAEHUSA HA 3aAaHHOU 'AyOuHe
p==p, + Ap,, + p, (1.182)
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TAE

Ap

Ap, =p veL;

' ™

r
Py — AdBA€HHE B KOABIIEBOM KaHAaAe HA yCThe.

B dopmyare (1.182) 3nak maroc npu Ap, OGepeTcs IpU pasroHe
KOAOHHBI, @ MUHYC — IIPU TOPMO’KEHUHU.

I'mppoAnHaMmyecKue AaBAEHUS,
BO3HHKAMOIINeE IIPU CIIyCKe KOAOHHBI,
KOrAa CKBakMHa 3allOAHEeHa
BSI3KOMMAQCTUYECKON >KUAKOCTBIO

CxeMa pacCyKAEHUM AAS OIIPEAEACHUST TMAPOAN-
HaMHUUYeCKUX AABA€HUH IOAOOHa M3AO0KeHHOHM BwIme. [Ipu ycTa-
HOBUBIIIEMCSI TEUEHUU HAXOASAT TOTEPU AABACHUS Ha TpeHUe B
KOABITEBOM ITPOCTPAHCTBE. 3aTeM BHIYUCASIOT CPEAHIOI0 CKOPOCTh
V., U UHEPIMOHHYIO COCTaBASIONYIO mepenapa. OOl mepemnaa
HOAyLIaIOT CYMMI/IpOBaHI/IEM ABYX COCTABAAIOIII X Hepena,A,a AdBAE-
HUH.

YToOBl HaAUTH Hepelap AABACHUS B KOABIIEBOM ITPOCTPAHCTBE
PV YCTAHOBUBIIIEMCSI TeUEHUM BO BPEMsI CITyCKa KOAOHHEI, CAe-
AyeT peninTb CI/ICTeMY ypaBHeHI/IfI IIpu CAeAYIOH_(I/IX I'PAaHUYHBIX
YCAOBUSX:

w = —u, npur = R
w = 0nopur = R, (1.183)

CooTBeTCTByIOIINNA 33apade MPO(UABL CKOPOCTEU IIOKa3aH Ha
puc. 1.16. PelteHue 3TOM 3aA@u¥M OTHOCUTEABHO Pacxopa q MOJK-
HO NIPeACTaBUTE B BUAe (A.A. T'oay6es):

JTodeFi (1407 | % (5 g} 41-84d%g 1

8np (1—6)2_mkm_ J 3 (1-9)2 3"
WY SN IS ET | B (1.184)
1-s 1498 T '
£8 1
Eﬁ(l—é)+§[§—B(l—é)]lnm+5[l—26(1—6)—
—(B(1-8)+8)2]+PB(1-9) "i; =0. (1.185)
Tolty
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YpaBuenus (1.184) u (1.185) MO>KHO TpeACTaBUTH B 0Oe3pas-
MEPHBIX TIapaMeTpax

S=8[3/1‘52 2% 2% (& B\_y-am?

e B +
(1-8)32% 1-9 I—BLI—B 3 (1-9)?
RER A S P S (1.186)
s\t-o P Prae TP e
g0 1
1-9)+ -B(1-9)In——+—-|1-2B(1-9) -
5B (1-8)+ Bl -B(1-d)lin— b 7 [1-2(1-0)
—(6(1—6)+6)2]+2ﬁ(1—6)zi, (1.18%)
rae S = t,d,.F./(Mqg); u, = um/(tyd,).
IMpu u, = 0 BeIpakeHus (1.186) u (1.187) npeobpa3syiorca B
dopmyrsr @peapukrcona — beppa, a mpu tp = 0w u, = 0 — B

penienue C.M. Tapra AAS BI3KOM >KUAKOCTH.
ANST BEIYMCAEHMS TTapaMeTpa S CAeAyeT HaXOAUTH 3HaUeHue

q=9,+9q,=q, + R (1.188)
[Mpu coycke ¢ OTKAIOUeHHBIMU Hacocamu (q, = 0) ypaBHeHHe

(1.186) ymporaercs:

q=q,=nuR (1.189)

IMpupasuas (1.184) u (1.189), moAydYaroT BEIpa>KeHUA

3
1462 28 [ & B\_£1—6+626+%f2_3_3\5%=0; (1.190)
+

(1_&2_3(3_ J 3 (1-9)?2 kl—f)

S=62/{26(1—6)2(1—62) g(g_ﬁ)(1_6)ln§—ﬁ£-a) _

—ER(1-08)-—(1-2B(1-9)) - (B(1-d) +9)*

1
2

}, (1.191)
rae

S = 1d,/(MVy)i Vep = u,0°/(1 — 8%); 8 = R/Ry;

B = 4t,L/(d,Ap). (1.192)

B.3. AuraneB npusea K Oe3pasMepHOMY BUpAy (popmyarr (1.184)
u (1.185) npu q, = 0 m B pe3dyAbTaTe YHUCAEHHBIX PACYETOB IIO
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Puc. 1.18. T'padpuk pyakumn =B (S, )

HUM TocTpouA rpaduk f = (8, S), KOTOPHEIM TOKa3aH Ha PUC.
1.18. Ha aToM >Xe pUCYHKe NIpUBeAeHEBl KpuBble | u 2 ¢ puc. 1.8
npu v, = Q/F B KaHaAaX C HEMIOABMKHBIMU CTEHKAMMU.

CxeMma pacueTa IIOTeph AABAEHMS Ha TpeHHe caepyrolnad. Ilo
thopmyram (1.192) ompeperstor §, v, u S. M3 puc. 1.18 HaxoasaT
B. TTepemnap pAaBAeHUS PacCUUTHIBAETCSA IO (POPMyAe

4t L
Ap,, = ﬁdo .

®opmyaroit (1.192) MOKHO MOAB30BATLCS MPU pacueTax IMOTePh
AABAEHUM U IIPU MOABEME KOAOHH.

62



1.6. PACTIO3HABAHIE TA30BOTO
BBIBPOCA U BBIBOP PEXKIIMOB
ET'O AMKBHAALIIU

a3 BBIMBIBAIOT U3 CKBAKUHBI ITUPKYAUPYIOIIEN
IIPOMBIBOYHOM >XMAKOCTBIO, IIOAAED’KHMBAast Ha 3a00e AQBAECHUE,
PaBHOE UAU HECKOABKO OOABIIIE€e IINAGCTOBOTO, YTOOBI MCKAIOYUTH
AAABHEUINNUM NPUTOK rasda M3 IIAAcTa. [Ipy 3TOM MaKCUMaAbHEBIE
AABAEHUS Ha CAAOBIM C TOYKU 3peHus TUAPOpasphlBa IIAACT Ha
rAyomHe H B He3aKpeIIAeHHOU 4YacTU CKBA)KWHBI U Ha OOCAAHYIO
KOAOHHY BO3HHMKAIOT B IIpOIlecCe BBIMBIBAHUSA 3a00MHOM IIAUKU
ra3a U3 KOABIIEBOTO IIPOCTPAHCTBA IIPU BEIXOAE €€ BEPXHEU rpa-
HHUIBI COOTBETCTBEHHO CAAOOMY IAACTY M YCTBIO CKBA’KUHEI (DHUC.
1.19). ITosTOMy IIpM HOCTYIIA€HUU ra3a B CKBAKUHY HEOOXOAUMO
Pacno3HaTh (IIpeABAPUTEABHO PAcCUYWTATh) AABAEHUWE p, Ha CAa-
OBIM IIAGCT U A@BAE€HHE p,, Ha YCTbe CKBA&)XUHBI (Ha IITyIepe).
EcAm OHM He IPEBBINIAIOT HAKAAABIBAEMBIX OIPAHWYEHUU IIO
IIPOYHOCTU CAAOOT0 MAAcTa U OOCAAHOU KOAOHHBI, TO IIPOUCXO-
AUT BBIOPOC, B IIPOTUBHOM CAydae — (DOHTAH.
Bup, aBapull yCTaHAaBAMBAIOT Ha OCHOBE CAEAYIOIIAX COOTHO-
menul (E.I'. AeoHoB u Ap.):

BBEIOpOC
Px = Pri
" " (1.193)
Pu = Dxi
doHTaH
Pi 2 Py
* " (1.194)
pm > pK'
3AeCh p, — A@BAEHUE B KOABIIEBOM IIPOCTPAHCTBE B MOMEHT,
KOTAQ KPOBASI BHIMBIBAEMOM Ta30BOM MAYKU AOCTUTHET T'AyOMHEI
H; p, — paBAeHme ruppopasphbiBa Hauboaee cAaboOToO IIAacTa, He
IIEPEKPLITOTO KOAOHHAMM; p, — AABAEHUWE Ha NITyIlepe B MO-
MEHT, KOTAa KPOBASI Ta30BOM ITQ@UKU AOCTUTAET YCThS;, P, — AaB-

A€HHEe pa3pelBa IOCAEAHEU OOCAAHOU KOAOHHEI OT BHYTPEHHETO
DABAEHUS Y YCThBS.

Ha puc. 1.19 mokazaHo paclpepereHUe AABAEHUM B KOABLIIEBOM
IIPOCTPAHCTBE CKBA’XMHBI B pa3AMYHbBIE MOMEHTHI BBLIMBIBAHUSA
IIaYKY ra3a pacTBOPOM IAOTHOCTBIO P [IpsAMasg ! XxapakTepusyeT
MABAEHUE B CKBaKMHE IIPU BCKPBITUM TOPU30HTA C IIAACTOBBEIM
MAABAEGHUEM p,, = P3gL, OpeBHIIAIOIMUM AaBAeHHEe CTOADA
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Puc. 1.19. 'paduku pacrpepesreHns AaBAeHHsSI () U CXeMbl 3TAroB BBIMBIBAHUSI
MayYKy raza 6ypoBBIM PacTBOPOM IAOTHOCTBIO P, (6-%)

pacTBopa NAOTHOCTBIO P, BBIOPAHHOM COTAACHO OKHAAEMOMY
MABAGHUIO D, YKa3aHHOMY B TI€OAOTO-TeXHUYECKOM HapsAe;
npsaMmele 2, 3, 4, 5 COOTBETCTBYIOT PACIpPEAEACHUIO AABAECHUN B
CKBa’KHHe IIPU IIOAOXKEHHUIX Ta30BOM MAUKU 0, ,, ,, h.

DOpMYyABl AASL OIlepe’KalolIUX pacyeToB p, U p, IOAYYAloOT,
IIPUHAB, 4YTO Ha yCThe CKBA)KUHEBEI pa0OTaeT UACAABHBIU PETYAITOD
(peryaupyeMsblii LITyILep), OOeCeYMBAIOMIUN B KaXABIM MOMEHT
BBIMBIBAHUS Ia30BOM IAUYKU A@BA€HUe Ha 3a0o0e, paBHOe IIAACTO-
BOMY Dy, BEIMBIBaTh IIQUKy ra3a MOJKHO ABYMs cllocoO0aMu — 3a-
KQUKOM pacTBOPA IePBOHAYAABHOW IAOTHOCTBIO Py U YTKEAEH-
HOTO PacTBOPa HNAOTHOCTBIO (.

CornaacHo yunpomeHHOU cxeMme (puc. 1.20) ¢ paspeAbHBIM yde-
TOM CHUABI TSDKECTH M IIOTephb Ha TpeHWe, MOJKHO 3alHCcaThb CAe-
AyIOIe COOTHOIIEHUS:

Ap VIZ{
Ap1=prm_p1< pog]T+#IT+p3g(L_H_IT_1F)+

+M(L-H—JT - 1,);

2d,
Ap v’

ApZ = pn - pm = pogH + jH (1195)

A

64



Puc. 1.20. Cxema mnepe- a 73 P P
Mell[eHHUsI Ta30BOi MauKy ‘ w ; w

B 3aTPyOHOM IIPOCTpaH-
CTB€ CKBA>KHNHBI:
a — HAYaAbLHBIA MOMEHT,
o - CITyCTs1 HeKOTOpoe
BpeM4
P I Po 1 Po
Po Po
L Py Py
04,949 °°°°o
o_o _o ©,°.90
o~ o ° o
04,959 °°°°o lr
1 o0, 1 |°0°,°
Po Po | I,
,10 °:°: °:°: S
(-] -] —t— O -] bl = -
o 0O 0 0o o o —p3—_—_p3_
pn.rl pn.n

Pur = P+ Pog(1- KJL, + pog(L - H - 1)(1+ k) - pog(1+ K21

2

Py = P + pog[l vk, (v/v,)| H, (1.196)
rae k, = Av2/(2d.g).

OueBUAHO, UTO
pohoF = pulFy (1.197)

rae hy = V/F,; F, — TAOIaAb TONEPEeYHOro Ce4eHUsT KOABIIEBOIO
KaHang; V — oObeM NOCTYIMBIIEro Ha 3a00M rasa, pacCYMTHIBA-
€MBbIY II0 IPUPOCTY YPOBHS JKUAKOCTH B IPUEMHBIX €MKOCTSX.

Bo BTOpOM ypaBHeHuu cucreMbl (1.196) B uneHe, y4YWUTHIBAIO-
IIleM NOTepM AABAEHUd Ha TpeHue, nmpumeM v = v,. W3 (1.197),
HaXOAS BBICOTY Haukm I, m moapcTaBasd B (1.196), moay4yaroT KBaa-
paTHoe ypaBHEHWE OTHOCHUTEABHO D, KOPHEM KOTOpPOTO, HMeEeO-
UM (PU3UYECKUN CMBICA, IBASIETCS

) S{pr +4p,g(1+ K2)p,,h, + m}. (1.198)

TA€ Py = Du — Pog(1 + K*) I, — psg(L — H — L)(1 + K%); p,, —
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IIAACTOBOE AABAECHUE, OIPEAEeAseMOe B 3aKPBITOM CKBAKMHE IIO
dopmyae p,, = p. + pPogL; p. — AABAEHUEe B CTOSKE.
ITo u3BecTtHOMY Aa@BAeHUIO p, u3 (1.196) HalipeM paBAeHUE B

mTynepe
p. =p, - pOgH(l + k2). (1.199)

HpI/I BBIMBIBAHWUW I'd3da PAaCTBOPOM HepBOHaquBHOﬁ IIAOTHOCTHU
Po(Po = P3) AaBACHHE

pi = P + pogH(1 + K*) — p, gLK™. (1.200)
ITpu p, = p; AGBAEHUE p; BEIYUCASIETCA 110 (pOpMyAe
V.
P, = [(pg - po)gF—T + pagH} 1+ K2) - pogLic?, (1.201)
rae V., — BHYTpPeHHUUM 00OBeM OypHUABHOM KOAOHHEBI, HEOOXOAU-

MEBIM AASL pacueTa AABACHUS B KOABIIEBOM IIPOCTPAHCTBE, CO3AaBa-
€MOr0 JKMAKOCTBIO, KOTOPas BBITECHSIETCS U3 TPYO.

Bup mIpuUTOKa Tak’Ke MOJKHO YCTAHOBHUTBH IO IIPUPOCTY OOBeMa
IIPOMBIBOYHOM >KHUAKOCTHU B IIpUEMHBIX eMKocTax. [Ipm 0 < V <

= Vo, = FiPs — P/ 9P, AMEET MeCTO mposiBAeHMe; mpu V,, <V =

1 F, .

=V,s = L+p°—T+L—]T—pﬂ P _ gm6poc (p = min[(p, —
p3g p3 p3g pl‘IA

— pogH), pi); ipu V= V, o — ¢douTaH. [INOTHOCTh yTAKEAE€HHO-

rO pacTBOpa IpU 3TOM BHIOpaHa TaK, YTOOBI YPaBHOBECHUTH IIAA-

CTOBOE AAdBAEHHE Ha I‘Ay6PIHe CKBA’>XUHBI:
Ps = Pm/9L. (1.202)

TouHOCTH pacueToB p,, o dopmyae (1.199) npoBepeHa B mpo-
MBIIIIA€HHBIX YCAOBUSIX. OTHOCUTEABHOE PAaCXOKAEHHUE MEKAY
PacyYeTHBIMU U SKCIIEPUMEHTAABHBIMHU KPUBLIMHM He ITPEBHINIaeT
20 %. YcTaHOBUB, 4TO OOHApPY’KEHHOEe MOCTyIAeHHe (DAIOMAA HaA
3ab60e COOTBETCTBYeT BBIOPOCY, MOXKHO HPUCTYIMUTH K pacyeTy
peXXuMa ero AMKBUAAIINU.

Pacyer peXxmMa AMKBHAAQIUU Ta30BOro BeIOpoca

B mponecce AMKBHAAQIIUY BEIOPOCA (DAIOMA CAEAY-
€T BBIMBIBATH HN3 KOABIIEBOI'O HpOCTpaHCTBa HpI/I AABACHHNHM Ha
3a00e

B, = Doy + 0, (1.203)
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HECKOABKO IIPEBBIINIAIONEM IIAACTOBOE p,,. 3AeCh & — 3apaHHOE
IIpEeBLINIEeHNEe 3a00MHOTO AQBAEHUS HaA MAACTOBBIM. EcAu paBae-
HUe Ha IAACT OyAeT MeHbIIle IIAACTOBOTO, TO 3TO IIPUBEAET K AO-
IIOAHUTEABHOMY IIPUTOKY (PAIOMAA M3 IIAACTQ, YTO YAAUHUT IIPO-
1ecc AUKBUAAITUU BLIOPOCA, AW TIOCAEAHUMN TeperpeT B POHTAH.
Ecau ke 3aboliHOe paBAeHUe p, OYAET 3HAUUTEALHO BBIIIE IIAAC-
TOBOTO, TO MOTYT IIPOU3OMUTH U TMAPOPA3PBIB IIAACTQ, W IIOTAO-
IIIeHUe JKUAKOCTH, TPYAHO IOAAQOIINECS AMKBUAAIIVMN.

Ha npakTuke MOXHO CyAUTBH O 3a00MHOM AGBACHUU IIO A@BAE-
HUIO B CTOKE

pc = pa - pcng + [<c(32 pﬂ' (1204)
Po
TAC
V3p3 +p VT - V3
Pep = #; (1.205)

T

Pep — YCPEAHEHHAast IAOTHOCTE PAcTBOpa B OypPHABHONM KOAOHHE;
V, — o0OBeM 3akauyaHHOU B OYPHUABHYIO KOAOHHY YT >KeAeHHOM

SKUAKOCTHA NAOTHOCTBIO P,; V., — BHYTpPeHHHU 00OBeM OypUABHOM
KOAOHHBI;, § — YCKOpeHHe CBOOOAHOIO NajAeHUd;

K. = (puo = Pu)/ Q2 (1.206)

K. — Kos(duiiueHT NPONOPIUOHAABHOCTH, OIIPEAEASIEMBIN A0
IIOCTYTIA€HUS NAAQCTOBOIO (PAIOUAR; Q, Puor P — IOAAYA HACO-
COB, A@BAE€HHE B CTOdKe U IIAOTHOCTBH PAacTBOpa B CKBa’kKMHE B
MOMEHT NOCTYIAEHUSA (DAIOHAA.

Koaddunuent K, NoAydeH NPU NPEAIOAOKEHUU PaBEHCTBA
COOTHOIIIEHUN MeXXAY IOTepsIMU AABAEHUS U PACXOAOM >KUAKOCTH
B IIUPKYASIIIMOHHOW CUCTeMe NpU OypeHUM U AWKBUAQIUU BHI-
Opoca. UTOOBI B 3TUX CAydYasiX OTAMYMEe B 3HaueHUsIX K, OBIAO
MUHUMAABHEIM, Do, Pmi Q CAepyeT m3MepdaTh B Hadane OTpa-
OOTKU Ka’kKAOTO AOAOTA IIPU OTKPHITOM YCThE CKBAa’KWHEI, KOTAQ
Pu = DPo-

YopaBAsTE 3a00MHBIM A@BAEHHEM p, MOJKHO, H3MEHSd IIAO-
IJaAb IIPOXOAHOTO CeYeHHs IITyllepa, NAOTHOCTh M IOAQYy Ha-
rHeTaeMOU B OYPUABHYIO KOAOHHY IIPOMBIBOYHOM >KUAKOCTHU. BEI-
Oop crmocoba AMKBUAAIIMK BBEIOPOCA 3aBUCHUT OT IlapaMeTpoOB U
KOAMYECTBA IIPOMBIBOYHOU JKUAKOCTH, UMeIOIelica Ha OypoBOU B
MOMEHT BHIOPOCE, & TaKKe OT TEeXHUUYECKOM XapaKTEePUCTUKU
HUPKYASIITUOHHON CHUCTEMEL.

IMpu 3apaHHBIX Iopdue (Q U IMAOTHOCTU J>KUAKOCTU p, 3ab0i-
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HOe AABAE€HHE D, MOKHO ITOAAEP’KUBATh PABHEIM D, C IOMOIIBIO
PeryAMpOBaHUs Iepenajpd AABACHHS B INTylepe p, TakK, 4TOOBI
AABACHUE B CTOSIKE YAOBAETBOPSIAO ypaBHeHuio (1.204). B stom
CAy4ae B Hadare BBEIMBIBAHUSA (DAIOMAQ M3 CKBAXUHBI, YTOOBI
obecneunTh Ha 3a00e HYy>KHOe AABA€HHE D,, B CTOsIKe HeOoOXOAU-
MO IIOAAEP’KHBATh AGBACHHE

Pe/v,oo = K.Q% + p, +9, (1.207)

TA€ Do, — AABAEHHE B CTOSIKe 3aKPBITOM CKBA’KUHEBI IIPU OIIpEAE-
A€HUM IIAACTOBOTO AABAEHUS.

Pacuer AdBAE€HHS HA YCTb€ IIPU IAyHI€eHNN
ra3oBoOro CpOHTaHa l'lpSIMOﬁ 3aKauyKoun
3aAaBOYHOU XMUAKOCTU B CKBAXHUHY

B ycAoBHSX BO3HMKHOBEHHS ra30BOro (DOHTAHA,
€CAW YCThe CKB&)XMHBI He pas3pylIeHO M ero IPOYHOCThH AOCTa-
TOYHAs, 3aKauMBAIOT 33AABOYHYIO JKMAKOCTB. HauaB 3akauky
KUAKOCTH, 3aKPBIBAIOT 3aABMJ)KKU Ha BEIKUAE AAS cOpoca rasza u
33A@BAUBAIOT CKBaXMHY. B psine cAyuaeB 3aAaBOUHYIO JKHMAKOCTH
3aKAYMBAIOT Tak>ke depe3 OypUABHBIE TPYOBI (Yallle depe3 OAHY
TpyOy), HeTAyOOKO CIyIleHHBIe B CKBa’KHMHY. B mpoijecce 3akauku
SKMAKOCTH A@BAE€HHE Ha yCThe BO3PAcCTaeT, CTPeMICh K IIAaCTOBO-
MY, 3@ BBIUYETOM AABAEHUS CTOAOOB KHUAKOCTH M ra3a B CKBaXKHU-
He.

[TpuBepeM pacueT M3MeHEHMsI A@BAE€HHS Ha yCThe BO BpeMeHU
B IIpollecce TAYIIeHHs NPHU 33AaBAaeMBbIX PACXOAAX 33aAABOYHOMN
KUAKOCTHU. VI3MeHeHUe AaBAeHUS Ha YCThe B IIPOIlecce TAYIIeHUT
HeOoOXOAUMO 3HATh IIPU BEIOOpPE XapaKTepPUCTHUK U PEeXMMOB pa-
OOTBl HACOCOB M II€eMEHTUPOBOUYHBIX arperaToB AAS TAYIIEHUd, a
TAK)Ke AAS COXPAHEHUS IIeAOCTHOCTH OOCAAHOUW KOAOHHBI U
00OpPYAOBaHMS YCThs, IIPOYHOCTH KOTOPBLIX Ha pPa3phlB MHOTAQ
OBIBaeT HU>Xe M30BLITOYHOI'O A@BAEHUS ra3a B 3aKPBLITOM U IIOAHO-
CTBIO OIIOPOKHEHHOW OT >KMAKOCTH CKBa’KUHeE.

V3MeHeHVEe pAaBA€HUS Ha yCThe BO BPEMEHHM MOJKHO OIIpeAe-
AUTB U3 COBMECTHOT'O PACCMOTPEHMS ABUJKEHUS HUCXOAAIIETO
IIOTOKA 3aAABOYHOM >KMAKOCTH B CKBa)KMHE U INPUTOKA rasza Hu3
naacra. I'lpyw nopmiHeBOM HArHeTaHUM 33aAABOYHOU JKHUAKOCTH C
3aA@HHBIM PacxXopoM B AI0OOOM MOMeHT BpeMeHHU tAp(t) = p, —
— py, — TIepemap AABACHMsI MEXKAY AABACHUEM D, Ha TDaHUIle
paspera rasa U JKUAKOCTU W AABACHMEM p, HA YCThe NPUMEM B
BUAE PA3HOCTHU IIOTEPH AABACHMS Ha TpeHHe Ap, U THApPOCTaTUue-
CKOT'O A@BAeHUA Ap..
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Torpa

Ap(t) = p, — py = Ap. — Ap.. (1.208)
[MoTepu AaBAEHUS Ha TPeHUE KUAKOCTH
2
Ap,(t) = 22V (1), (1.209)
2d,
rae V. = Q,/F — CKOpPOCTb 3aAaBOYHOM >KUMAKOCTH; Q, — pac-
XO0A, 3aAaBOYHOM JKUAKOCTH; E — TMAOIaAb MONEPEYHOro CeYeHUs
CKBA>XUHBHBI, Ll — paccTrosiHue OT yCTLH AO I'PAHHUIIBI pAas3peAnd Ira3a

1 JKUAKOCTH B CKBA’KHMHE.
FI/IApOCTaTI/I‘{eCKOQ AdBAEHHE cTonba 3aAaBOYHOMN >KHUAKOCTH

Pe = pPs9Ly, (1.210)
rae L, — rayOuHa
L, = vt (1.211)
3pechb t — BpeMsd OT HadyaAa TAYIIEHUS.

YuuteiBag (1.209) — (1.211), u3 (1.208) MO>KHO HANTU AABAEHUE
Ha yCTbe

Ap v2

=2 f- t . 1.212

Py == pgvt +p, (1.212)

T

IAymieHme 4acToO OCYIIECTBAAIOT NPSAMOM 3aKadukou (B “Ao00")
33AaBOYHOM KUAKOCTU B (DOHTAHUPYIOIIYIO CKBAKUHY.

Py
pn_r] ___________________________
9,
9,
9;
9,
Puc. 1.21. I'padukn wusmeHe-
HHSI AaBA€HUS Ha yCTbe B MPO-
Ilecce TAYIIEHHsI CKBa’>KMHBI
npd PpasAMYHBIX  pacxopax 0
(Q,<Q,< Q< Q) In#
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lazoBele (QOHTAHBI TAyIIAT NPSIMOM 3aKa4KOU B CKBa)XMHAX C
IIeABIM YCTBeM, OOOPYAOBAHHBEIM 3aKPBITEIMH IIPEBEHTOPAMY,
yepe3 BHEIKMAHBIE AMHUM KOTOPBIX HCTeKaeT ras3. Ilpu rayirenun
ra3 HallpaBASIIOT B OAMH MAM HECKOABKO BBIKUAOB. Uepes Apyrue
BBIKUABI, OOBSI3aHHBEIE C I[€eMEeHTHPOBOYHBEIMU arperatamMu u Oy-
POBEIMU HAcOCaMHU, HarHeTaeTcsd OypOBOM pPacTBOP.

B Ka)kpOM KOHKpPETHOM CAydYae TAylIeHud (POHTaHA, 3aAaBasdcCh
3HAUEHUAMHU pacxopa @), M INAOTHOCTBIO P, 3aA@BOYHOM >KMAKOC-
TH, 00 (popmyae (1.212) MOKHO HOCTPOUTH 3aBUCUMOCTb AABAE-
HUS Ha YCTbe OT BpPeMEeHU 3aAaBKHU. 3aTeM, IOAB3YSCH IIOAYUYEeH-
HOW TrpaduIecKOr 3aBUCHUMOCTBIO p,(f), BHIOpATh MTPAKTUYECKU
NIPUEMAEMBIN PeKUM 3aKaUKU 3aAABOYHON KHUAKOCTU M 0OOPYAO-
BaHUe MM ero ocyujectBaeHusA. Ha puc. 1.21 npuBepeHB Xapak-
TEePHEBIE 3aBUCUMOCTHU D (f), mocTpoeHHbie 1o hopmyae (1.212).

ChepyeT OTMETUTBH, YTO M3AOJKEHHBIU METOA TAYILIEHHS Ta3o-
BBIX (DOHTAHOB IIPSAMOM 3aKauKOM 3aAaBOYHOMN >KMAKOCTU Hambo-
Aee d3((eKTHBeH NpU AUKBUAQIIMM IIPUTOKA Tra3a U3 IIAACTOB,
00eCcleyuBaIOIINX MeAAEeHHOe BOCCTAHOBAEHME AABAEHUS B CKBa-
SKMHaX IIOCA€ UX 3aKpBITUA. B 3TUX cAydadx, paclioraras yBeAU-
YEeHHBIM IIEPUOAOM BPEMEHHU Ha TAYIIEHHEe, B CKBAXKHUHE YAQETCH
CO3AaTh OOABIIIOM CTOADO 3aAABOYHOM >KUAKOCTHM U TeM CaMbIM
CHU3UTH KPUBYIO py(f) — KPHUBYIO IPUPOCTA AABAEHUSI HA YCTheE.



T'raBa IIPEAYIIPEKAEHUE )
2 TIOTAOIIEHUN JKUAKOCTEH
B CKBAJKMHAX

[TornromieHne B CKBa)KMHaX OYPOBBIX PacTBOPOB
U APYTUX >XKMAKOCTEM gBASeTCS OAHHM M3 OCHOBHEIX BHAOB OC-
AOKHEHUH. ExXeropHnie 3aTpaThl BpeMeHU Ha UX AUKBUAAIUIO ITO
NpeAIpUATHIM HedTera3doBod mnpoMsellireHHocTH 0. CCCP co-
craBagaam 500—600 Tteic.u. OpHAKO 3TH 3aTpaThl  CYLIECTBEHHO
YBEAUUMBAIOTCS, €CAU YUeCThb, YTO M3-3a IOTAOIEHUM IJeMeHTHOTO
pacTtBopa He obOecHedyrBaeTCsl IMPOEKTHash BBICOTa MHoABEeMa Ile-
MEHTHOT'O PacTBOpPa, UYTO TPUBOAUT K HEOOXOAMMOCTU ITPOBOAUTH
PeMOHTHBIe PabOTHI; IPY OCBOEHUM CKBA)KUH (IEPBUYHOM U II0-
CA€ KAIUTAaABHOTO PEMOHTA) IMPOMCXOAUT CHUJKEHUEe IIpPOHUIlae-
MOCTU IPOAYKTHUBHBIX IINACTOB U T.A. I103TOMYy OAHUM U3 IIyTeH
COKpAllleHHUsI IIMKAA CTPOUTEAbCTBA CKBa)XMH SBASIETCS COBep-
IIIEeHCTBOBaHNE CIIOCOOOB U CPEACTB OOPBLOBI C TOTAOIIEHUSIMU
OYPOBBIX PacTBOPOB M WMHEIX JKUAKOCTEM B CKBa’kMHaX.
MeToprKa BBIOOpPa MEPONPUATUN IO WPEAYIPERACHUIO U
OopbOe C MOTAOIIEHUSIMU KUAKOCTENM OCHOBaHA HAa KOAUYECTBEH-
HBIX KPUTEPUAX, OTPa’KAIOIUX TeOAOTUUYECKOe CTPOEHWEe U THA-
POAUHAMHUUYECKYIO XapaKTePHUCTHUKY IIAACTOB.

2.1. TIPEAVITPESKAEHUE

1 AUKBUAALIMSA TTOTAOIIEHU
BYPOBOT'O U IIEMEHTHOTO
PACTBOPOB IIPY BYPEHUIU
CKBAYKUH

OnsIT OOPBEOBI C MOTAOLIEHUSMU B HAIled CTpa-
He M 3a pyOe>koM IMOKAa3bIBAET, YTO OAHMM U3 3((eKTHUBHBIX
CIIOCOO0OB AMKBHUAQLUU IIOTAOIIEHUM SIBASETCS 3aKyIOpPKa IIOTAO-
ITAIOIINX KAHAAOB C IIOMOIIbIO HAallOAHUTEAEH.

Mo pauHBIM upMbl “Ilan amepukeH”, 3a mocaepHue 30 AeT
npu OypeHUU HCIOAB3yeTCs OOAee CEeMHCOT BHUAOB 3aKyIOpPUBa-
IOIIUX U APYTHMX MaTepUaisoOB, XOTd CTAOMABHO M IIUPOKO IIpU-
MeHSIeTCSI OrPAHMYEHHOE YUCAO, KaK IIPAaBUAO, HauboAee Aellle-
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BhIe. [ITMpOKO NIPUMEHSAIOT B Ka4eCTBe HAIOAHUTEAEN PEe3UHOBYIO
KPOIIKY, XPOMOBYIO CTPY’XKY, OTXOABI PEaKTONAACTOB, YAIOK
(OTXOABI XAOHIKOBOTO BOAOKHA), BBEIOYPEHHBIM IIAAM, KOPAHOE
BOAOKHO, KOXY — "ropox", mearoaHoBYIO CTPY’KKY, OPEXOBYIO
CKOPAYILY, ApeBeCHBIe OIIUAKHU U AD.

IMocTtossaHEBIe TOUCKU 3D (PEKTUBHBIX CIIOCOOOB U3OASANUU IIO-
TAOIIAIOIIUX IIAACTOB B PA3AMYHBIX T€OAOTO-TEXHUYECKHUX YCAO-
BUSX MPOBOAKU CKBA’KUH IPUBEAU K pa3paboTKe OOABIIOTO YHUC-
Ad TAMIIOH&KHBIX CMeCelt. AAS YCIENIHOTO IPOBEACHUS M30AALU-
OHHEBEIX paboT caepyeT HUCIOAB30BATh TaKUe TaMIIOHa)KHbIE CMe-
CH, KOTOpBIe OOA3AQIOT AOIOAHUTEABHBIMU COIPOTHUBAEHUSMU
IIPU ABWJKEHUM B IOPUCTOM Cpepe M BA3KOCTH KOTOPBIX CHUABHO
YBEAWUYUBAETCA IIPH BBICOKMX CKOPOCTSAX CABHUTAa. OTH CBOMCTBA
NPUCYIIN BA3KOYIPYTHM JKHAKOCTAM. BfA3KOyIpyrue CBOMCTBa
TAMIIOHA’)KHBIM CMeCSIM MOJKHO IIPHUAAQTH OOpabOTKOM HX IIOAM-
MepHBIMM MaTepHaraMM HMAU C IIOMOUILIO B3phIBA. B mocaepHeM
CAydae "BMOpPOJKeHHBIe" IIy3BIPDBKM ra3a IIPOAYKTOB B3pBIBA
o0ecreunBalOT 0OpabOTaHHBEIM CMeCsIM BSI3KOYIIPyTrHe CBOMCTBA.

BecpMa nepcrneKTUBHEI TAMIIOHa’)KHBIE COCTaBBI Ha OCHOBe Oy-
POBBIX PAcCTBOPOB, C IIOMOIIBIO KOTOPHEIX OypdaT CKBa’KUHBL U
KOTOpPBIE OTBEP)KAAIOTCS B IIPOIleCCe IMPOMBIBKHM BBOAOM IOAU-
MepOB MAU BSDKYIIUX BEIeCTB.

I[Mpu wu30A4IIMKM 30H IMOTAOIIEHUS HAUOOABIINE TPYAHOCTU
NIPEACTABASIOT 30HBI C MOBBIINIEHHOW WHTEHCUBHOCTBIO IIOTAOIIe-
HUS, OCOOEHHO B CAy4Yae IOAHOM MOTepU IUPKYAIIINN.

YCcTaHOBUTH KaKHe-AMOO 3aKOHOMEPHOCTU BO3HUKHOBEHUSA
IOTAOLIIEHUY M BBIOPATh 3(MPEKTUBHEIE MEPOIPUATHS U TEXHO-
AOTHIO IIPOBEAEHUs PabOoT IIO IPEAYIPEeKAEHHIO U AWKBUAAIIUHN
IIOTAOIIIEHUM M3-3@a OOABIIOIO YUCAA (PAKTOPOB, OOYCAOBAMBAIO-
IIUX SIBA€HUEe MOTAOIEeHUs, OYeHb CAOKHO. [ToaToMy cTaau uc-
IIOAB30BaTh BEPOATHOCTHO-CTATUCTUUECKUE METOABI AAS IIPOTHO-
3UPOBAHUS 30H IIOTAOIIEHUN U BbIOOpPa Hauboaee 3(p(eKTHUBHBIX
TEXHOAOTMUECKUX MEPOIPUATHU IIO0 IPEAYIIPEKACHUIO U OOopnOe
C TIOTAOIIEHUSIMU.

2.1.1. TEOAOTO-®U3NYECKUE CBOVICTBA
ITAACTOB

[ToraormieHus OypOBBIX PACTBOPOB M UHEBIX J>KUA-
KOCTEM B IIOTAOLIAIOIIYE TIAACTBEI OOECIeuYMBAIOTCA HAAWYHEM
IIOP, KAHAAOB, TPEIIUH, IIYyCTOT B NIPOXOAUMBIX CKBaXMHOU IO-
popax W (MAHM) HEAOCTATOYHOM YCTOMUYMBOCTBIO (COIPOTHUBASIE-
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MOCTBIO) IIOPOA K AABAGHUIO CTOADA JKHMAKOCTH B CKBa’kMHE, B
pe3yAbTaTe Yero BO3HUKAET TMAPOPA3PHIB IIOPOA U B IIEAU IpO-
HUKAaeT JKUAKOCTB.

2.1.1.1. AUTOAOTO-ITETPOPU3NYECKAA
XAPAKTEPUCTHUKA TTIOTAOIMIAIOIINX ITOPOA

IMToraromaroniue mAACTEl B OYPALINXCA CKBaKHU-
HaX MOTYT OBITH IIPEACTABAEHBI IIOPUCTBIMH, TPEIUHOBATHLIMU U
KaBEepPHO3HBIMU NOPOAAMU. [lopucThle IlecyaHO-aAeBPUTOBLIE IIO-
POABI UMEIOT TPeIUHBI M OOA3AQIOT IMOPOBOM TPEIIUHHOM IMIpo-
HHUIIaeMOCTBIO, TPEIIUNHOBATHIE IIOPOABI HUMEIOT ME’K3ePHOBYIO
IIOPUCTOCTb, & KABEPHO3HBIE IMOPOABI Pa30UTHEl MUKPOTpPEIH-
HaM¥M Pa3AMYHOM PACKPBITOCTH.

[MTpoHuIIaeMOCTh NeCYaHO-TAMHUCTEIX IIOPOA 3aBHCHUT OT pas-
MepOB IIOpP, KOTOPBIe MOIYT OBITh CyOKaIUAASIPHBIMH, KAIIUAASD-
HBIMU U CBePXKaANUAAIPHBIMH. CoeAUHSIOIINECS MeKAy COOOH
IIOpPEl 00pPa3yIOT NMOPOBHIe KAaHAABI, SBASIOIIUECS NYyTIMU ABUJKe-
HU4 JKUAKOCTEM U rasa. B cyOKanMAASIPHBIX KaHaAaX >KUAKOCTU
YAEPKUBAIOTCSI CUAAMH IPUTSKEHUS Ha IIOBEPXHOCTH MUHEpaAb-
HBIX 3epeH, U B NIPUPOAHBIX YCAOBUSIX >XKMAKOCTM B HUX Iiepe-
MeIIaloTCsI OUeHb MeAAEHHO. B KaNMAAIPHBIX KaHaAaX ABUKeHUe
SKUAKOCTEM IIPOUCXOAUT TOABKO NPU IPUAOKEHUU CHUABI OOABb-
IIIel, 4eM CHUABI IIPOTHUBOAEMCTBUSA KANMAAIPHBEIX CHA. ITo cBepx-
KallUAAIPHBEIM KaHaAaM JKUAKOCTH (BOAQ, He(PTh U IIp.) ABMIKYTCSA
CcBOOOAHO. K CyOKAamMAAAPHBIM KaHaAaM OTHOCATCS KaHAABI AUa-
MmeTpoM MeHsbllle 0,0002 MM, K KanuaasapaeiM — 0,508 —0,0002 mm
U K CBEPXKANUANIPHBEIM — 6oabiire 0,508 M.

B TpelIMHOBATHIX MEAKO- U CPEAHE3epPHHUCTBIX IIeCYyaHUKax M
AAEeBPOAUTAX WHTEHCHUBHBIE IOTAOIIeHUS OYPOBBIX PACTBOPOB He
IIPOUCXOAAT, TaK KaK oOpasyrolasgacd Ipu (pUABTpaiu pacTBopa
B IIAQCT TAMHHUCTas KOpPKa Ha CTEHKe CKBA’KUHBI MMeeT HU3KYIO
IIPOHUIIAEMOCTh U IIPENSITCTByeT IPOHUKHOBEHHMIO pacTBOpa B
nAacT. B KpPyIHO3epHUCTHIX [IeCUaHMKaX M aAeBPOAMTaX pac-
TBOP (PUABTPYeTCS C OOABIION CKOPOCTHIO. Ellfe OOABIIIEe pacTBOP
IIPOHUKAET B IIAACTHI KOHTAOMEPATOB, UMEIOIIUX KaHAABl AHa-
MeTpoM 1—5 MM u Oonee.

HaubGoaee wacTo OypOoBOM pacTBOp IIOTAOIIAeTCs B KapOOHAT-
HBIX (OOBIYHO M3BECTHSAKU) MOPOAAX. Pa3aMyaroTcsl M3BECTHAKU C
IIEPBUYHOM HMAU BTOPUYHOU MOPUCTOCTBIO U TpeluHoBaThle. K
IIEPBBIM OTHOCSTCS MeA, PAKOBUHHBIE U KOPAAAOBBIE U3BECTHS-
Ku. Ko BTOpPBEIM — BCe U3BECTHSIKU M AOAOMHUTHI, IIOPUCTOCTH
KOTOPBIX SBAGIETCS PE3YABTATOM IIOCAEAVIOUIErO BBIIEAQUUBAHUA.
TpeThio TPYIIY COCTABASIIOT M3BECTHSIKU M AOAOMUTHI, TPEIINHO-
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BaTOCTb KOTOPHIX OOyCAOBA€HA HPOIEeCCaMy AOAOMUTH3ALNH,
BBI3BIBAIOIIVIMH COKpallleHre O00beMa MOPOABI, MAM TEeKTOHWYeC-
KUMU TIPUYMHAMU.

PakoBUHHBIE, KOPAAAOBBIE M3BECTHIKU U MeA HUMEIOT BBICO-
KyI0 IIOPUCTOCTh, HO HX IIYCTOTHl He BCe COOOIIAIOTCS MEKAY
COOOM, YTO CHUJ)KaeT UX IIPOHUIAEeMOCThL. V3BeCTHSKU CO BTO-
PUYHOM HOPUCTOCTBIO SIBASIFOTCSI XOPOIIUMU KOAAEKTOpaMu. Pas-
AWYAIOTCS M3BECTHSIKU MEAKOIOPUCTHIE, KPYITHOIOPHCTHIE W Ka-
BepHO3HEIe. TpellHOBaThHIe U3BECTHIKM TaK)Ke 00AaAQIOT BBICO-
KO IIPOHUIIaEMOCTBIO.

[MpouuniaeMocTh k, TPEIIMHOBATHIX MOPOA 3aBUCUT OT KO3(-
duneHTa UX TPEUIMHHON IIOPUCTOCTH U CTeleHU PAaCKPBITUSI
TpemuH. Hanboaee yacTo 3HaueHMe Kk, paCCUUTHIBAIOT MO oOPp-

MyAe
k., = a- 10°%?% m,, MA, (2.1)

raAe a — O6e3pa3MepHBIE KO3(OUIIUEHT, KOTOPBIM II0 AAHHBIM
Pa3sAMYHLIX aBTOPOB KOAeOAeTcst B mpeperax 8,35—8,50; &6 —
3HaAUEeHWEe PACKPBITUS TPENIWHEBl, CM; m, — Ko3(duimeHr tpe-
IMUHHOW TTIOPUCTOCTH, B AOASTX €AWHUIIH.

Ha WHTEHCHMBHOCTH NOTAOIIEHUU BAWSIOT TaKXe Ilepecekae-
MBle CKBa’KMHAMU TeKTOHHWYeCKHe HapylIeHUs U TUApPaBAUYeCKHe
Pa3pBIBEI TAACTOB. TeKTOHUYECKUe HapylleHus pa3OuBaloOT IIAAC-
THI IIOPOA Ha OAOKH, KOTOpPbIe MOTYT OBITH CMeIleHBl OTHOCH-
TeABHO ApPYT aApyra Ao 1000 M u Ooaee. B 30Hax ApoOAeHUSA IIO-
pPoA B OOAACTHM TEKTOHMYECKHUX HAPYIIeHUM HEPEeAKO BO3HUKAIOT
WHTEHCHUBHBIE IIOTAOLIEHMs 6e3 BBIXOAA IUPKyAdanuu. [lpu rua-
PaBAWUYECKOM pa3phiBe MAACTa UHTEHCUBHOCTD IIOTAOIIEHUS pe3s-
KO BO3pacTaeT 3a CUeT yBeAWUYeHUs NAOIIaAU KOHTaKTa OypOBOTO
pacTBopa € MOPOAOM IIO IOBEPXHOCTSAM TPEIINHHI.

I[To pasmMepaM TOTAONIAIOIINX KaHAAOB BLIOMPAIOT MaTepHan
AAST U3OASIINU TTOTAOIIAIONTUX TOPU3OHTOB.

2.1.1.2. AHOMAABHO HU3KHUE ITAACTOBBIE
AABAEHUA

AHOMAABHO  HHM3KHE  IAACTOBBIE  AABACHUA

(AHITA) mpuypouuBaloTcsl K BepXHeM 4acTH pa3pe30B BO3ABIMa-

IOIIUXCS PEruOHOB, TA€ IIAACTHI NOABEPTHYTHI (PU3UUECKOMY U

XUMUYECKOMY BBIBETPUBAHMIO, PA3MBITEl M NIE€PEOTAOKEHHl B IIO-
HIU>KeHHBIe YYaCTKU 3€MHOMN KOPHI.

IMorpy>xeHne 0CapOYHEBEIX OPOA HA OOABIIHME TAYOWHBI IIPHUBO-

AUT K UX YIAOTHEHHIO U OT’KATHUIO IIOPOBHIX BOA. B cKeaerTe mo-
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POA BO3HUKAIOT YBEAMUYUBAIONIMECS C TAYOMHOM HAINpPsOKEHUS
Ock maxe MEXKAY Oy maxsy TEOCTATUYECKUM § U TIAACTOBBIM D, AABAe-
HHUSIMU B 3TUX YCAOBUSX CIIPABEAAMBO COOTHOIIEHUE:

OCK max = q - anAV (2-2)

rAe n — 6e3pa3MmepHbIY KoadduiiuenT, pasubiti 0,8 —0,9.

B pationax, rae B TeueHUE AAUTEABHOTO T'€OAOTMUYECKOTO Bpe-
MeHHU IIPOUCXOAUT OCAAKOHAKOIAEHUe, KpuUBad rpa)uka 3aBUCH-
MOCTH Oy max f(h) BBEIXOAMT M3 Hadana KooppuHaT. Ecam pas-
A€HUsd B IIAACTaX PAaBHBI 'HMAPOCTATMYECKUM, TO CKeAeTHble Ha-
NPSIKEHUS Oy maxy C TAYOMHOM h yBEAWUMBAIOTCS AMHEMHO (pHC.
2.1, a).

B pa3spesax, rae Hanps>KeHHS B IIOPOAAX OIPEAEASIoTCS (hop-
MYAOM (2.2), OTKPBITBEIX TPEIWH M KaBepPH He BO3HHUKAET, a AAB-
A€HUS B IINACTaX PABHBI MAM IIPEBHINIAIOT THAPOCTAaTUYECKYE.

ObhnacTe mpormbaHUs YacTO BOBAEKAeTCs B BO3ALIMaHUe, U
BepXHsSA 4acTh pa3pe3a NOABEPTaeTcsl pa3MEBIBY. Pasrpyska mopoa,
OT IreOCTaTU4YECKOTO AABAEHUS NIPUBOAUT K PACHIMPEHUIO UX IIyC-
TOTHOT'O IIPOCTPAHCTBA 3a cyeT pedopmanuii ckeaeTa. Ilo yka-
3aHHBIM IIPUYMHAM AQBACHHS B BEpXHEW 4YaCTH pas3pesa MOryT
YCTAHOBUTLCS @HOMAABHO HU3KHUMHU.

BcaeapcTBHe TOTO, UTO HACHIIIAOINWE TOPHL IIOPOA BOABL UMe-
IOT HU3KYIO C)KUMAeMOCThb, VIPyToe yBeAWdeHHe oObeMa CKeAeTa
U IIOp IIOPOABL COIIPOBOYKAQETCS PE3KUM CHIDKEHHEM IIAACTOBOTO
(mopoBOro) AABAEHMS, €CAM IIAACTEl UMEIOT CAAOYIO T'HMAPOAVMHAMU-
YEeCKYIO CBA3b C OOAAQCTBIO PA3rpy3KM WUAM BHIIIe- U HUDKEAEKa-
mumMu nopoapamu. CHUDKeHME TeMIIepaTyphl TaKKe CIIOCOOCTByeT
BOo3HMKHOBeHMI0 AHITA, Tak Kak KO3(pPUIMEeHT TeMIlepaTypHOIo
pacIIupeHus BOABI B AeCATKU U OOAee pa3 NpeBhbIIaeT Koaddu-
IIMeHT TeMIIePaTypPHOTO PacCIIMpeHMus CKeAeTa MOPOABL. Ho mpo-
IleCChl YIIPYTOTO PAa3yHIAOTHEHUS IIOPOA B Pa3AMUYHBIX TeOAOTHUe-
CKUX YCAOBHUAX NMPOTEKAIOT MO-PA3HOMY.

B oOaacTax, rAe OCAAKOHAKOIAEHHE IIPOUCXOAWAO OTHOCH-
TEABHO MEAAEHHO (mAardopma, DAWTA U T.A.), IOPOABL 3@ AAU-
TeAbHBIE TE€OAOTHUYeCKHe OTpPe3KM BpPeMeHM YIAOTHSIOTCI U Ile-
MEHTUPYIOTCA TaK, YTO HIPU CHATUU HArpy3KU YIOPyroro pasyl-
AOTHEHMS IAOTHBIX U KPEeNKOCIeMeHTHPOBAHHBIX IIOPOA IIOYTH
He NPOUCXOAUT. B Takmx palloHaxX OCHOBHAs NPUYMHA BO3HUK-
HoBeHusa AHIIA — cHmWXKeHHe TeMmmeparypbl mopop. K Takum
00AACTSIM OTHOCSATCS, B YaCTHOCTH, PariOHBI YpParo-IToBOAXKBA (A0
600 — 1500 Mm).

Ha puc. 2.1, 6 mokazaH TpauK 3aBUCUMOCTU Oy n.x — [(h)
A paspesa llapasikckol naomiapu (IITapABIKCKHN BEICTYI (PyH-
AaMeHTa BocTouHO-OpeHOYpPrckoro BarOOOPA3HOTO IIOAHATHSA),
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Puc. 2.1. 3aBucumocTs o, ... =f(h) Ars mo-
poA BocrouHo-KyGaHCKON BHAaAMHBI C THA-
POCTaTUYECKNMU IAACTOBBIMU AQBAEHUSIMU
(a), paspesos IlapAbIKCKOM nAomaau (6) u
h,m KyAQHAMHCKOM OMOPHONM CKBa’skKUHBI (4)

U3 KOTOPOI'O BHAHO, UYTO Ha OTOW IAOIIAAU A€HYAWPOBAHEL TOA-
iy mopop, Ao 700 M. 3aMephbl A@BAEHUM MMOKa3BIBAIOT, YTO KO3(d-
durimeHT X aHoMaabHOCTU paBeH 0,9 —0,95. [ToHU>KeHHBIE TAAC-
TOBBIE AABAEHUS W MIUPOKOE Pa3BUTHE OTKPHITHIX TPEIIWH U Ka-
BEPH IIPUBOAAT K IIOTAOIIEHHSM OYpPOBBIX PACTBOPOB U OCAOJK-
HEHUSIM CKBa>KWH.

AHaAOTUYHBIN BUA UMeeT 3aBUCUMOCTD Oy m.x = f(h) AAS pas-
pe3a KyraHpuHCKOM omopHO¥M CcKBa’kKuWHHI (TypaHCKas mauTa, mO-
AyocTpoB KyaaHABI B AparbckoM mope) (puc. 2.1, &). Oranume
aHOMAABHO HM3KUX MAACTOBBIX AABAEHUH OT TMAPOCTAaTUYECKUX B
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TaKUX palioHaX C TAyOMHOM YMEHBIIAeTCs, TaK KaK OTHOCUTEABb-
Hasgd pasrpys3ka IOpopA OT TeOCTAaTUYeCKOTO AABAEHUS W OTHOCHU-
TEeAbHOE CHIJKeHHe MX TeMIlepaTyphl BHU3 IIO pa3pe3dy YMeHb-
IIIQFOTCS.

Ananru3a rpaUKoOB 3aBUCUMOCTEHN Oy, = f(h) AAST pa3AMYHBIX
obAacTel, AUTOAOTO-TIeTPOU3NUECKHe HNCCAEAOBAHMS KEepHOB U
XapaKTep IIOTAOIIEHUM OypOBBIX PAaCTBOPOB IIOKA3BIBAIOT, YTO
OTKPBITHIE TPEUIMHBI M KaBepHBI Tak ke, Kak u AHITA, Bo3HU-
KaloT TOABKO B IIOPOAA@X, COBPeMeHHLble Harpy3ku Ha KOTOphle
3HAUUTEABLHO MeHbllle AeMCTBOBABIIMX Ha HUX paHee. CaepoBa-
TeabHO, AHITA, OTKpBIThIe TpPEeUIUHBLI 1 KaBepHbI TeHeTUUYeCKU
B3alMOCBS3aHHI.

AHITIA MoTyT (DUKCHPOBATHECA TaK)Ke B apTe3UaHCKUX Oaccem-
Hax. Takue cayugau AHITA OOBACHAIOTCA TEM, YTO AABTUTYAQ YC-
Th CKBa’KUHBI HaXOAWUTCS BEIIIE AWHUK HAIoOpa BOA OT 00OAacTH
NIUTaHUS K OOAACTU Pa3rPy3KHU.

2.1.1.3. ®UBNUKO-TEOANOTNYECKASA CYIITHOCTD
TMAPABANYECKOI'O PA3PBIBA ITAACTA

[ToraorieHne 6YpPOBBIX U I[eMEHTHBIX PacTBOPOB
CBSI3aHO TakXe C THApopas3pbiBoM maacToB (['PIT). ®usmueckas
CYIIHOCTb M MeXaHU3M I'MApOpa3phbiBa M3y4eHBl TAGBHBIM OOpa-
30M B CB43U C BBIIBAEHHEM BO3MOJKHOCTEM YBEeAMYEHMS IIPOAYK-
TUBHOCTH CKB&)XUH. AaBA€HHUE Pa3phblBa U HAIlpaBA€HUE Pa3BUTUA
TPEUINH 3aBUCSAT OT BEPTUKAALHOI'O U OOKOBOTO TOPHOTO AaBAe-
HUs, HaAWYMS eCTeCTBEHHOM U MCKYCCTBEHHOW TPeIIWHOBATOCTH,
3HAUEeHUs AABAEHUSI B IOPOBOM IIPOCTPAHCTBE, MOPUCTOCTH, IIPO-
HUIJaeMOCTU TOPHEIX IIOPOA U BSA3KOCTU >KMAKOCTU pas3pheiBa, MO-
AAQu¥M HacocoB. Pa3pheIB IAacTa COIPOBOKAAETCI OAHOBPEMEHHO
TpeMs SIBACHUSAMU: VIPYTOM U NAACTHYECKOM AedopMalmer rop-
HBIX IIOPOA, ABIDKEHHEM BSI3KOM JKUAKOCTH HAW CYCIIEH3UM IIO
TpelyHe, PUABTPAlLlMed KUAKOCTH B I'OPHBIX IOPOAAX.

I'PIT B mecyaHO-TAMHUCTBIX TOAII@X IPOTMOOB U BIAAMH Ha
HeOOABIINX TAYOMHAaX ITPOUCXOAAT IIPU AABAEHUSAX CTOADOa Oypo-
BOTO pacTBOpPa, 3HAUUTEABHO MEHBIINX TIeOCTaTUYEeCKUX AaBAe-
Hui. C rayouHon paBaeHus ['PIT Bo3pacTaroT U Ha OOABIINX TAY-
OuHax NPUOAMIKAIOTCS K Te€OCTaTUYeCKOMY AABACHUIO (puc. 2.2).
IMopoOHOE siBAeHUEe HAOAIOAQETCS U B palioHaX CIIOKOWHOTO 3ane-
TaHUS TOPHBIX IOPOA, TAe IPOsIBA€HHEe TEKTOHWYEeCKUX HaIpsKe-
HUM MaAOBEpOSTHO, M B palioHaX HAIPS>KEHHOM CKAAAYaTOCTH.
Bospacranme paBaenuit I'PIT ¢ rAyOuHOI pa3sAnMYHBIE HCCAEAOBA-
TeAU OOBACHAIOT MO-PAa3HOMY.
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Puc. 2.2. I'papyK n3MeHEeHHsI IAOTHOCTeN O MOTAOIEeHHS] MPOMBIBOYHBIX JKHAKOC-
Tell 3anapHO-TypKMEHCKO¥ BIajAWHBI:
a - Koryp-Temne; 6 - Bapca I'eabMec; , - HeaekeH

ITo MHOTMM A@HHBIM, OOKOBBIE COCTAaBASIOIIVE HANpPs>KeHUMN B
MOPOAAX Oy, O, MEHBIIle BEPTUKAABHOU COCTaBASIIOIEH O, HA 3Ha-
yeHHe Koa(@uiiueHTa 60KOBOTO pacropa:

o, = 0, = ac

y z

BeanunHa a 3aBuUcUT OT Koaddunuenra IlyaccoHa v Arga pac-
CMaTpPUBaeMOM TIOPOABI.

INMpeapnionaraeTcsa, 4To C TAYOMHOM MOA AEUCTBUEM OOABIINX
reoCTaTUYEeCKUX AABACHMU M TeMIIepaTyp IHOPOABI CTAHOBATCHA
0oAee TIAACTUYHBIMM, U Oy Oy U O, IIOCTENeHHO BBIPABHUBAIOTCS,
YTO MOJKeT OOyCAOBUTH yBeanueHme AasaeHuit I'PIT. CoraacHo
3TOHN TOUKe 3peHHUs, OOpa3yroluecs B IAACTaX TPeUIUHBl TMAPO-
pa3peiBa AOAKHEBI OBITH IPEUMYIIeCTBEHHO BePTUKAABHBIMU.

C.A. Xpuctuanosuu, FO.Il. JKeatoB u I''Ml. bapeHbaaTrT cuu-
TatoT, 4yTo I'PI1 mpu AaBA€HMU MeHBbIle TeOCTaTUYeCKOTO ITPOUC-
XOAUT NPU M3MEHEHUUN HANPS>KEeHHOTO COCTOSTHUS TOPHBIX TOPOA
B IIPUCTBOABHOM 30HEe CKBA’KMHEI. BCKpBITHE CKBa’KUHOU TAWMHUC-
TBIX IIAQCTOB IIPUBOAWUT K BBIAA@BAMBAHUIO T'AWH B CKBaKMHY CH-
AaMM yIPYTOTO CRATUI UX CKeAeTa W IIOPOBBIX BOA. B pesyabTa-
Te 3TOTO HANpsSyKeHNd BOAM3M CKBa’XMHBI yMeHbLIAIOTCA. M3-3a
YMEHBIIIEHNS BAAQTOHACHIIIEHHOCTU TAMHEL C TAYOMHOW CTaHOBATCS
MeHee MAACTUYHBIMU U He BHIAA@BAMBAIOTCS B CKBa)KUHY. [ToaTomy
IIepBOHAUYaAbHOE HANpPSDKeHHOe COCTOsSIHWEe TOPHBIX IIOpoA B
IIPUCTBOABHOM 30HEe CKBA)XKMH U3MeHSAeTCsS Maro, U AaBaeHusa ['PIT
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C TAyOMHOI BO3PAcTalOT U IPUOAMIKAIOTCA K TeOCTaTU4eCKOMY
AABAEHUIO. TpemuHEl TMAPOPAa3pheIBa MOIYT OBITbH TOPU30OHTAAB-
HBIMU.

PaccmoTrpennsie npuunsbl ['PIT npu pAaBAeHUSX MeHBIIE Ieo-
CTaTUUEeCKUX ITO3BOASIOT OOBACHUTHL MHOTHe ocobeHHocTu [PIT B
OCAAOUYHBIX TOAINAX. TakK, B MOHOAUTHOM OAHOPOAHOM TOAIIE
TMOPOA, HAMPSKEHUS B NMPUCTBOABHOW 30HE CKBa’KUHBLI MMOYTU HE
MEHSIOTCS, U AN ee THUAPOpa3phiBa HEOOXOAUMO CO3AATH AABAE-
HUe B CKBa)XKMHe, OAM3KOe WAM I[peBHIIIaIollee IeoCTaTudecKoe.
EcAu CTBOA CKBa>XMHBI AAUTEABHOE BpeMs He 3aKpenAeH KOAOH-
HOM, TO AedOpMallUM TAMHMUCTBIX IIAACTOB YBEAWYMBAIOTCS, Ha-
NIPSIPKEeHUS B TIOPOAAX BOAW3M CTBOAA CKBA)KMHBI CHUJKAIOTCS, UTO
IIPUBOAUT K YMEHBIIeHUIO AaBaeHUud ['PIT.

Hamnpsi>keHHOEe COCTOSIHME TOPHBIX IOPOA B PA3AWYHBIX TEK-
TOHHYECKUX 30HaX PAa3AMYHO He TOABKO MO IIAOIIAAM, HO U IIO
paspe3y. OTo BO MHOTOM OIIpeAeAsieT 3HaueHUs AABAEHUN U Me-
xanu3m ['PI1. B 3omax cykatusa apaBaenusa ['PIT mpu mpoumx pas-
HBIX YCAOBUSIX MOTYT OBITH OOABIIIe, YeM B 30HaX paCTsKeHUS
TOPHBIX TTOPOA.

ITpu BU3yanbHBIX HaOAIOAE€HUAX pesyabTaToB I'PIT Ha HedrTe-
maxte Ne 3 fIperckoro mMecTopoXxpeHusa KoMu yCTaHOBAEHO, 4TO
TpeluHa TUAPOpPa3phiBa MOJKET UMeTh PacKPHITOCTL A0 20 MM u
AOCTUTaTh AAMHBI HECKOABKUX AECSITKOB MeTpoB. PaszBuTue Tpe-
IINH IPOUCXOAUT IIO IIAOCKOCTHU €CTeCTBEHHBIX HapyIIeHUU.

Ha 3nauenme paBaeHmss 'PIT GoAbllloe BAMSHMWE OKa3bIBAIOT
peoAorruecKkre CBOMCTBA JKUAKOCTEN: ueM OOAbllle 3HaYeHUs AU-
HAMUUYECKOIO HANpSKEHUs CABUTA M CTPYKTYPHOU BS3KOCTHU
SKUMAKOCTH, TeM IIPU MeHBIINX AaBAeHUsxX Bo3HuKaioT ['PIT. Caga-
3@HO 3TO C TeM, 4TO CAAOO(UABTPYIOIIMecs >XMAKOCTH OKa3bIBa-
I0T OOABIlIee THAPOAMHAMUUYECKOe AaBAeHHe Ha CTeHKHU TpelInH
pa3peiBa, 4YeM MeHee BSA3KHe U AeTKO (PUABTPYIOUIMECS B IIOPOABI
KUAKOCTH.

BypoBele 1 jeMeHTHBIE PACTBOPHL CO3AAQIOT IMOBHIIIEHHOE AAB-
A€HVe Ha IAACT, 4TO uHOoraa npusopuT K I'PIT m moraomeHu:o
SKUAKOCTH.

BypoBele u IjeMeHTHBIE PACTBOPHEI MO CBOUM (DU3UUECKUM,
CTPYKTYPHO-ME€XaHWU4YeCKUM CBOMCTBAM B IIpOIecCe PacUIupeHus
TPEUIUHBl 3HAYUTEABHO OTAWYAIOTCS OT JKMAKOCTEM pa3phiBa,
IIpUMEHsEeMBIX B He(pTepoObde. OHU TaKKe SABAFIIOTCS BSI3KOIIAQA-
CTUYECKHUMU >KUAKOCTSIMU, HO UMEIOT BBICOKYIO BOAOOTAQUY.

BopooTpaua 11eMEeHTHOTO pacTBOpa MOJKET OBITh B AECATKHU
pa3 OOABIIle BOAOOTAQUM OYpPOBOTO pacTBOpa Ha BOAHOI OCHOBE.

LleMeHTHBIe pPAcCTBOPBHI NMPU HAAUUYMU TMOPUCTOM (TpeIruHO-
BATOM) MPOHUIIAEMOM CPeAbl CKAOHHBI HE TOABKO OT(UABTPOBBI-
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BaTh CBOIO, HO U IIPOIIyCKaThb depe3 ce0d MOCTOPOHHIOK BOAY.
LlemeHTHBIE PACTBOPEL OOAQAQIOT CIIOCOOHOCTBIO 3aryCTeBaTh,
CXBATBIBATBCS M IMpPEBpAllaTbCAd B IPOYHBIM KaMeHb. Bce 3Tu
CBOMCTBA HAXOAATCS B TECHOM B3aUMOAENCTBUU MeJKAy COOOH.
BopooTaada IleMeHTHBEIX PAacTBOPOB, OCOOeHHO He oOpaboTaH-
HBIX XHUMHWYEeCKHMU peareHTaM{, OdYeHb BBICOKA U 3aBUCHUT OT
IIPUPOABI CAMOI'0 BSJKYIIIETO BeIeCTBa, ero YAEABHON IIOBEPXHO-
CTH, YCAOBUM, B KOTOPBIX OHU HAXOAATCH, BOAOIIEMEHTHOrO OT-
HOLIEHUd U APyrux (pakropoB. Uepes3 meMeHTHOe TeCTO MOJKEeT
IPO(PUABTPOBEIBATECA TaKoe KOAWYECTBO BOABI, KOTOpOe B He-
CKOABKO pa3 IIpeBHIIIaeT ero o0beM. B To ke Bpems obias Io-
Teps IIeMeHTHBIM PAaCTBOPOM BOABI IIPUBOAUT K OOAee OBICTPOMY
€ro 3aryCTeBaHMIO U CXBATBIBAHUIO, CO3AaBad TaKUM 00Opa3zoM
Oapeep, IPEnATCTBYIOIINN AAABHEUIIEMY IIPOHHMKHOBEHUIO pac-
TBOpPA B TPEIIUHY.

I'PIT BEI3BIBAIOT U ApyIrHe TeXHOAOrMueckue (PakTophel. Taxk,
CIyCK OYpPHABHOTO HWHCTPYMEHTa B CKB&XWUHY C IIOBBIIIEHHOMN
CKOPOCTBIO IIPUBOAUT K BO3HUKHOBEHUIO AOIOAHUTEABHBIX THA-
POAMHAMUYECKUX AABACHUN B CTBOAE CKBa’KHWHEBL, 4YTO HEPEAKO
ABASETCS MPUYMHOU PACKPBITUSA TPELIVH B IIOPOAAX U IIOTAOIIE-
HUs OypOBOrO pacTBoOpa.

Takum obpazoM, Ha AaBaeHuss [PI1 BAMSIOT KaK TeoAormyec-
Kre OCOOeHHOCTH Pa3pe30B, TaK U TeXHOAOTHYeCKHue (PaKTOpPHI.
B Takux ycaoBugax nporHo3 AaBaeHus [PIT B Oypgaiiuxcs cKBa-
>KMHaX CBS3aH CO 3HQUUTEABHBIMU TPYAHOCTSIMU.

Ilpum OypeHuUU pa3BeAOUYHBIX CKBAa*KUH U OTCYTCTBHUHU AOCTa-
TOYHOT'O KOAWYECTBA IIPOMBICAOBBIX AAQHHBIX O THAPABAMYECKHUX
pas3phIBax IIAACTOB MOJKHO ITIOAB30BAaThCSl 3HAUEHHEM MOAYAS T'pa-
AVEHTa AABA€HUS TMAPABANUYECKOIO pa3phbIBa INAACTOB OAU3AErKa-
HIIUX IIAOIIIAACH.

2.1.1.4. THAPOAMHAMMUWYECKAS XAPAKTEPUCTHUKA
TIOTAOIIAIOIIEIO ITAACTA

[ToraromeHne OypoBOTO pacTBOpa B CKBaXMHAX
OOYCAOBAMBAETCS IPOHUILLAEMOCTBIO, MOPUCTOCTBIO, IIPOYHOCTHIO
KOAAEKTOPA, IIAACTOBBIM AdBA€HUEM, 00BEMOM 3aKauMBaeMOTO
OypOBOTro pacTBOpa M €ro KaueCTBOM.

[Tpy mpeBBINIEHUN AABACHHS B CTBOAE CKB&)KMHBI Hap AdBAe-
HHEeM B IIAACTE€, BCKPBITOM IIpU 6ypeHI/II/I, PAaCTBOpP M3 CKBA’>XWHBI,
IIDEOAOAEBAs MeCTHBIe THAPABAWYECKUE COIPOTUBAEHUS, OYAeT
IIPOHUKATh B IOPEIL, KAHAABL U TPEIUHEl NOopoa. CHUJKEeHUe AAB-
A€HHA B CKBaXMHE II0 CPABHEHHWIO C IIAACTOBBIM IIPDUBOAUT K
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ABVDKEHUIO JKUAKOCTH U3 NAACTAa B CKBAXKUHY, T.e. K BOAOHe(Te-
ra3onposiBA€HUAM. [103TOMy OAMH M TOT K€ IIAACT MOJKET OBIThb
IOTAOLIAIOIIUM UAU IPOSBASIOLINM.

Bo3HUKHOBEeHME IOTAOIIEHUS TaKKe 3aBUCUT OT clocoba u
TeXHOAOTUH OypeHUsA. MexaHHUecKOe BO3AeMNCTBUE (YAaphl, BUO-
panuu) OypHUABHOIO HUHCTPYMEHTAa HA CTeHKU CKBA’KHUHBI UAU
OoabpIINe WN30BITOUHBIE AABAEHMS MOTYT BBI3BATh IIOTAOIIEHHE
OypoBOro pacTBOpa B paHee M3OAMPOBAHHBIE WAM HE IIPOSIBUB-
mue ce0s1 BO BpeMsl BCKPBITUSA TOPU3OHTEL.

B 3aBUCHMOCTU OT TOAUIWHBEI U IIPOYHOCTU IAOTHOTO y4acTKa
IIOPOABI MAU IIeMEHTHOTO KaMHs, 3HaueHUs M IUKAWYHOCTH Ha-
IPYy30K, BO3AEMCTBYIOIIUX Ha HEro, paspylleHue MOXKeT IIpo-
U30UTU B pa3An4YHble MOMEHTHI: IIPU CIIyCKe HAU IIOABeMe Oy-
PUABHOTO MHCTPYMEHTA, BOCCTAHOBAECHUU ITUPKYASAIIUU, OypeHUH,
CIIlyCKe HAU II€eMEHTHPOBAHUM OJKCIAYyaTAlMOHHOM KOAOHHBI H
T.II.

APyTUMU TEXHUKO-TE€XHOAOTMYECKUMU NPUUYMHAMHU, CIIOCOOCT-
BYIOIIMMU BO3HUKHOBEHMIO IIOTAOIIEHUS OypoOBOTO PACTBOPA,
SIBASIFOTCA BCE€ (DAKTOPHI, BBHI3BIBAIOIINE YBEAHMYEHUE AABACHUSA B
3aTPyOHOM IIPOCTPAHCTBE NIPU IIPOMBIBKE CKBA’KHHHI.

SIBAeHUEe TIOTAOILIEHUSA CBA3@aHO C BCKPBITHEM IIPOHUIIAEMBIX
HUAU (M) CAQOBIX IIAACTOB IPU OypeHUM CKBa’KMHBI U NIPEACTaBAS-
eT cobolM ABUJKeHHe OypOBOTO pPacTBOpa HWAU IIeMeHTHOTO pac-
TBOpPA U3 CTBOAA CKBA’XMHBI B IIAACT MOA AENUCTBHEM H30BITOYHO-
ro (IO CpPaBHEHUIO C IIAACTOBBIM) THAPOCTATHUYECKOTO (THAPOAHU-
HAaMHUYECKOT0) AABA€HMS, BO3HUKAIOIIErO B CKBA)KMHE B IIpOIecce
ee IIPOBOAKM.

@aKTOpPH], BAUSION[MEe Ha BO3HUKHOBEHUE IOTAOILIEHUM Oypo-
BOTO PAcTBOpa U ONpeAeAsioOllVie HallpaBAeHUe AAABHEHIINX pa-
00T, MOXHO Pa3AeAUTh Ha ABe TPYIIIHL

1. T'eonormueckue (PaAKTOPBEI — THUI IIOTAOLIAIOIIETO IIAACTQ,
€r0 MOIIHOCTb M TAYOMHA 3ajeraHus, HEAOCTATOYHOCTH COIIPO-
TUBAEHUS MOPOA THAPABAUYECKOMY PAa3pBIBY, 3HAUEHUE IIAACTOBO-
IO A@BAEHUS U XapaKTePUCTUKA IIAACTOBOIO (PAIOMAQ.

2. TexHoaorudeckue (PakTOpbl — KOAMYECTBO U KayeCTBO IIO-
AABAeEMOTO B CKB&)XKHUHY OypOBOTO pPacTBOpPa, CHOCOO OypeHusd,
CKOPOCTB IIPOBEAEHUS CITyCKOIOABEMHEBIX OIIEPAIlUN U AD.

IMoraoueHns HAYMHAIOTCA NPU YCAOBUHU, UYTO BCKPBITHIE IIAAC-
Thl OOAQAQIOT AOCTAQTOYHO BBICOKOU THMAPOIPOBOAHOCTBIO U IIe-
pemnap, A@BA€HUS Me’KAY CKBa)KMHOM U IIOTAOIIQIOIIUM IIAACTOM
BBIIIle OIIPEAEAEHHOIO ero 3HaueHMs, Ha3blBaeMOTO KpUTHYeC-
KUM.

B cAayuae HepAOCTATOYHOM IIPOYHOCTU TFOPHBIX IIOPOA, IIPOUCXO-
AUT THAPOPA3PHIB.
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BrepBrie 3apaua O ABUJKEHHU B IMOPUCTOM Cpepe BA3KOIAACTHU-
YeCKOU JKUAKOCTU ObIra paccMmoTpeHa P.U. IlumeHkKo.

Ero dopmyaa Ard onpepereHHs TAyOWMHBI NPOHUKHOBEHUS B
IIAQCT UMEEeT BUA

] = kdAp
B 7o

(2.3)

rae k' — omnbITHBEIM KO3pdurueHT; d — AMaMeTp 3epeH, cAara-
IOIIUX TMOTAOIIAIONIUN IIAACT; Ap — Iepenap AABACHUSI MEXAY
IIAACTOM M CKBa)XUHOMY; [} — Ko3(dunueHT popMEH; T, — Ipe-
AEAbHOe AMHaMH4YecKoe HallpsKeHMe CABUTA.

S.A. llIBapl rAyOMHY NPOHMKHOBEHHS OYpOBOTO pacTBoOpa B
IIAQCT IPEAAOIKHUA OIIPEAEAATE IO (DOPMYyAe
1= k&, (2.4)

Tg Bdaq)y i

rae k — KoappulleHT, 3aBUCAIIUN OT (POPMEI OOTEeKaeMbIX dYac-
Tull; H — TAyOMHA NOTAONIAIONIEro MAACTa; Y — IAOTHOCTH Oy-
POBOTO PACTBOPa; d,, — S5(P@EKTUBHLIN AMAMETP OOTeKaeMBIX
YacTHll, [ — TeOMeTpUYeCKUN YKAOH IIAACTQ, OIpPEAEAdeMBIN yT-
AOM €eTO MaAeHUd.

AX. Mup3zapKaH3ape TNOAy4YeHa (PopMyra AAG  OIPEAEAEHUS
TAyOUHBI IIPOHUKHOBEHUS BSI3KOIAACTUYECKOM >XMAKOCTU B IIO-
PHUCTYIO CPeAy:

]=M

: (2.5)

dtg
rae Ap — mnepemnap AaBAeHUd; kK — TIpOHUIIAEMOCTh; d — TIO-
CTOSTHHBIM KO3 PUITUEHT; T, — NOpeAeAbHOe HalpsyKeHue CABUTa

OypOBOM >KHUAKOCTH.

ABM>KeHNe OypOBOI'O PAcTBOpPa B IMOTAOIIAIOINIEM IIAACTE IIOA-
YUHSAETCS CAOXKHBIM 3aKOHAaM.

CoraacHo dopmyaaM Aapcu u Aromiou, IpU (PUABTpaUU BO-
ABlL B TPAHYASIPHBIX KOAAEKTOPAX 3aBUCHMOCTBH PACXOAA KHAKOC-
TH OT Ileperapad AABACHMS INIPUHUMAETCS AMHEWHOW, U UHAWKA-
TOpHas AWHMS, IIOCTPOEHHAss B KOOPAWHATAX pPacXop JKUA-
KOCTHU — Nepenap AABAEHUS, IpeACTaBAeHa mpsamoii. OAHAKO AAT
OTAEABHBIX O0OpasLoB IIOPOA 3aBUCHUMOCTB CKOPOCTU (PHUABTpPaA-
MU OT W3MEeHEeHUs AABAeHHUs HeAuWHelNHa. [IpyM 3TOM CKOpPOCTH
(PUABTPAIIMU pacTeT OLICTpee AaBAEHUs. Takoe OTKAOHEHHEe OT
AMHEMWHOI'0 3aKOHAa OOBSICHSAIOT BAMSHMEM ''3allleMAeHHOTOo'" BO3-
AyXa, KOTOPHIM II0 Mepe IIOBHIIIEHUS AABAEHUSI WUAM YAAAIETCH,
UAM CKMMAETCS, YBEANYUBasg BOAOIIPOHUIIAEMOCTD IIOPOAHL.
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E.E. Kepcuc pekoMeHAYeT AT PAAUAABHBIX IIOTOKOB MCIIOAB-
30BaTh KOMOMHMPOBAHHBIE 3aBUCUMOCTH, VIUTHIBAIOIE HaAWdINe
AMHEMHOTO 3aKOHAa (PUABTPAIUU AN BHEIIHEM 30HBI OOAACTH Ae-
IIpeccum, TAe ABIJKEeHHEe AaMUHApPHO, M KBAAPATUUHBIM 3aKOH
BHYTPEHHeH 30HHBI, TA€ ABHJKeHHe TYpOYAeHTHO, T.e. 3aBUCUMOCTHU
THIIA

p = aQ + bQ?

rAe P — AABAEHHE Ha CTeHKe CKBaKUHEL, @, b — Koaddunuen-
THI, 3aBUCAIIME OT ITapaMeTPOB IIAACTa U IMOKa3aTeAel 3aKauuBa-
eMOM >XHUAKOCTH.

OTa 3aBUCHUMOCTb OCTaeTCsd CIIPABEAAUBON U AASI TeUeHUs BS3-
KONAACTUYHOM >KUAKOCTH.

OAHAKO U ABy4YA€HHOE ypaBHEHHE He MOJKeT OTOODPas3uTh BCe-
ro pa3HooOpa3us OCOOEHHOCTEU MOTAOLIAIOIIEero IIAacCTa.

TeueHne >XKUAKOCTH B TPELIMHOBATHIX IIAACTaX Ha OCHOBe WC-
TIOAB30BaHUSA IIPEACTABAEHUS O ABOWHOM TOPUCTOM Cpepe pac-
cmoTpennl I'.\M. Bapen6aarrom u FO.I1. JKeatoBbiM. CoraacHo
WX MHEHUIO, ITOTAOIIAONINE TIAACTHI MOTYT OBITH IIPEACTaBAEHEI B
BUAE TPEUIUH U OAOKOB, KOTOPHIE YCAOBHO OOBEAMHAIOTCHA B IO-
PHUCTYIO CPEeAY C BBICOKOM IIPOHHUIIAEMOCTBIO, TA€ POABL ITOPOBBIX
KaHaAOB UTPAIOT TPEIIWHBI, @ POAb 3epeH — OAOKH HOPOABI, U
HU3KOIIPOHUIIAEMYIO IIOPUCTYIO CPeAy, NPEACTaBAeHHYIO COOCT-
BEHHO OAOKaMU.

I[Mpu 3TOM cumMTaeTcs, YTO B AIOOOM TOUKe IIPOCTPAHCTBa
UMEIOTCS ABA AABAEHUS U ABE€ CKOPOCTH (DUABTPAIUM, COOTBETCT-
ByIOIIEe IOPUCTHEIM cpepaM. DUABTpanus >KUAKOCTH IO 06euM
IIOPUCTBIM CPEeAAM IIOAUMHSAETCS 3aKOHY Aapcu, HO KoahPuiu-
€HTHI IIPOHUIIAEMOCTHU A CPeA Pa3AUYHEL.

Takoe MopeAbHOEe IPeACTaBAeHUEe OKA3bIBAETCS IIOAE3HBIM IIPU
ONMCaHUU TOBeAeHUsSI AePOPMHUPYEMBIX YIPYTHUX IIOPOA C BBICO-
KOPa3BUTOU TPEIIMHOBATOCTBIO M IIO3BOAYET OIINCATh HEKOTO-
pBle BUABI MHAVKATOPHBIX KPUBBIX

Q = f(Ap).

Ha ocHOBe MopeAn € HayaAbHBIM TPAAMEHTOM AABAEHUI B
Oaokax B.M. MumeBud BEIABUHYA IPEANOAOKEHUE O HAaAWYUU
TpeX 3aKOHOB (DUABTPALIUM B MOTAOLIAIOIMIUX MAACTAX: MOCKOAB-
Ky IOTAOIAaolIMe IAACTBI IIPEeACTaBA€HBl TPEelIMHOBATHIMU, Ka-
BEPHO3HBIMM U IOPUCTBIMM 30HaMM, TO IPU WX BCKPBLITUM Hau-
OoAee BepOSITHO NPEAINIOAOJKEHUE, UTO (PUABTpPAnUs JKUAKOCTH B
3THUX IIOPOAAX IMPOUCXOAUT OAHOBPEMEHHO IO PAa3AMYHBIM 3aKO-
HaM. B mepBol — TpEIIMHOBATOM M KABEPHO3HOM Cpepe — II0
KBaApaTUYHOMY 3aKoHY IIle3u — KpacHONOABCKOTr'O, BO BTOPOU —
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CPEeAHEINIOPUCTONM — IO 3aKOHY AapcH, B TpeTbell — MEeAKOIIO-
PUCTOM — IO 3aKOHY (DUABTPAIIUM C HAYaABHBIM TI'PAAMEHTOM
AABAEHMS B IIOpax pas3Horo pasmepa. [IpeprosxeHa popMyra apg
ONIMCAHUM IIporecca (PUABTPALIUM B IIOTAOLIAIOIINMI IIAACT:

Q = KJAp + K,Ap + K,(Ap)’, (2.6)
rae Q — WHTEHCUBHOCTH NOTAOIIeHUsd; K; — KO3 @UIMEHT IPO-
AYKTUBHOCTH (IIPUEMHUCTOCTH) AASL IIEPBOU CPEABl Opu TypOy-
AEHTHOM Te4YeHUU KUAKOCTH, XapaKTepHU3YIOIUM IIPOHNUIIaeMOCTh
3TOM CpeABl, MOIIHOCThb IIAACTa, PAAUYC CKBa>KMHBI, MHEPIIUOH-
HBle COIIPOTUBAEHUS, pa3Mephl TPEIIUH U KaBepH; K, — Koaddu-
LIUEHT MPOAYKTHUBHOCTH (IPUEMUCTOCTH) AAd BTOPOU CPEABI;
K; — Ko3dPuIUeHT NPOAYKTUBHOCTH (IPUEMUCTOCTHU) AASI Tpe-
TheM CpeAbl, XapaKTepU3YIOUIMN MOIIHOCTL IIAACTa, OTAEABHBIE
IIOKa3aTeAr >XUAKOCTU U T.A. COTAACHO BTOM MOAeAu (POPMBI
WHAWUKATOPHBIX KPUBBLIX, KOTOPBble B MPSAMOYTOABHBEIX KOOPAWHA-
Tax Ap — Q MOTyT OBITH NPAMBIMY, BBEIITYKABIMU, BOTHYTEIMU K
ocu @ uAm S-00pa3HBIMH, HMEIOINIUMM INPU MAaABIX IIepenapax
MABAEHUS IIPSIMYEO MAUM BBIYKAYIO 49aCTh, 3aT€M C POCTOM AaBAe-
HUS NEepeXOAdIIMMU B BOTHYTHEIE K OCH PAcCXOAOB, 3aBUCAT OT
XapakKTepa IIPOHHUIIAEMOCTH IIAACTa NPU PA3AMYHBIX AABAEHUSX.
[MTpu ManBIX Iepellapax AABA€HUS (PUABTpALUsS KUAKOCTH depes
MEAKOIIOPUCTYIO TOPOAY IIPOUCXOAUT B MaAoOM oOBeMe. Yepes
CPEAHETNIOPUCTYIO TIOPOAY JKUAKOCTH (PUABTPYETCA IO 3aKOHY
Aapcu.

[MTpu yBeAnueHUN Ilepelajad AQBAEHHUS PAcXop KUAKOCTH depes
KaBepHBI U TpeLIVMHBbl YBEAHMUYMBAETCs, uYepe3 CPeAHEIOPUCTYIO
IIOPOAY KUAKOCTE IIPOAOAKAET (PUABTPOBATBCA IIO 3aKOHY Aap-
CH, U K (DUABTPAIIUOHHOMY IIOTOKY ITOAKAIOYAIOTCS MEAKOIIOPHUC-
Thle 3AEMeHTHI IIOPOABI. Pa3AnuHBIE COOTHOIIEHUS MEKAY IIPO-
HUIIAeMOCTBIO YKa3aHHBIX THUIIOB IIOPOA U IepelapOM AABAECHUSA
OIIPEAEASIOT MHOrooOpasue BHAOB WHAUKATOPHBIX KPUBBIX, Ha-
OAIOAQEMEBIX Ha MpPaKTUKE.

O1leHKa THAPOAMHAMMYECKUX XapaKTEPUCTHUK IOTAOIIAIOIINX
IIAQCTOB B COOTBETCTBUU C CYIIECTBYIOIIUMU MOAEABHBIMH IIPEA-
CTaBAEHUAMU TpelOyeT MHAPOPMANUM O KPUBBIX BOCCTAHOBAEHUSA
AaBaeHUd, T.e. Q = f(Ap). OpHaKO B npornecce OypeHUS UMETCI
OOABIIIME TPYAHOCTH HEIPEPHIBHOTO KOHTPOASI W3MEHEHUs WH-
TEHCHBHOCTU IIOTAOIIEHMs, U IIOAyYeHHe KpPUBHIX Q = f(Ap)
TpeOyeT CIelMaAbHBIX UCCAEAOBAHUM.



2.2. METOABI NU3YUEHUA
ITOTAOIIAIOINX TOPU30OHTOB

JAaHHBIE O CTPOEHUHU IOTAOMIAIOIIEro IAACTa, ero
TOAIIIMHE W MECTOIIOAOKEHUM, WHTEHCHUBHOCTHU IIOTAOIIEHUS (BO-
MAOIIPOSIBAEHUSI), BEAUUUHE U HaIIPAaBA€HUM II€PETOKOB MOTYT OLIThH
IIOAYYEHBl THAPOAMHAMHYECKUMH, TIeOo(U3UUYeCKUMU MeTOAAMU
HCCAEAOBAHUNM M C TIOMOIIBIO OTOOpa KepHa WAM IIAaMa
(puc. 2.3).

B 3aBHCHMOCTM OT CTeleHVM W3YYEeHHOCTH pa30ypuBaeMou
TIAOIIIAAY TPUMEHSETCS OAWH M3 ABYX KOMIIAEKCOB MCCAEAOBAHUM:
OIIePATUBHBIU UAU ACTAABHBIU.

OnepaTuBHBIM KOMIIAEKC TAYOMHHBIX HCCAEAOBAHUM BKAIOUYAET:
OoIpeAeAeHMe I'PaHUll IIOTAOMIAIOIINX MAACTOB, UX OTHOCUTEABHOU
IPUEeMUCTOCT U HAAMYMG IIepPeTOKOB JKUAKOCTH II0 CTBOAY
CKBa’KMHBI U3 OAHOTO IIAACTa B APYTOM; ompepereHUe (akTuyec-
KOTO AMaMeTpa CKBa’kKMHBI B MHTEPBAA€e IOTAOIIAIONIEro IMAACTa C
IIOMOIIBI0O KaBepHOMepa M 3aMep IIAACTOBOTO AABAEHUS TAyOUH-
HBEIM MaHOMETPOM.

AeTarbHBIE UCCAEAOBAHUS BKAIOUAIOT ONEPATUBHBIN KOMIIAEKC
U TIPOMEBICAOBO-Teo(hU3NUeCKUe METOABI; TaMMa-KapoTaK, Hel-
TPOHHBIM TaMMa-KapoTa’k U aKyCTHYeCKHN KapoTak. IIpu Haam-
UYMW CKBa’KUHHOTO (poToammapaTa WAM 3a00MHOTO TeAeBU30pa
UX CAEAYeT HCIIOAB30BATh IPU AETAABHBLIX MCCAEAOBAHUSX.

OcHOBHBIE IIEAV TMAPOAMHAMUYECKUX MCCAEAOBAHUN — IIOAY-
YyeHNe WHAUKATOPHOM AMArpaMMBl IIOTAONIAIOIIEr0 IAACTa, KOTO-
pasg TO3BOASET OINPEeAEAUTbh KO3(PHUIMEeHT NIPUEeMUCTOCTH IIO-
TAOIIAIOIIErO TIAACTa, OLEHUTH Pa3dMephl IOTAOMIAIONINX KaHAAOB.

l'mappoAVHaAMHYECKHE WCCAEAOBAHUS IIOTAOIIAIONIUX IIAACTOB
IIPOBOASTCS IIPM YCTAHOBUBIIMXCS W HEYCTAHOBUBIIMXCS PEKU-
Max (puAbTpanuil (TeYeHUU) SKUAKOCTH.

Memog ycmaHOBUBWUXCA 3AKAYeK (CTaTUYeCKHWM YypOBEHb B
ckBakune H_, > 30 M, puc. 2.4, a). JKUAKOCTb C 3apAaHHBIM MU-
HUMAaABHBIM PaCXOAOM 3aKaYMBAETCS B CKBa)KUHY AO YCTaHOBAE-
HUS ompepereHHOro ypoBHsS. DUKCUPYIOTCS 3HaYeHUE Pacxopa U
IIONOJKEHNE YPOBHS, 3aTeM MEHSIeTCS Pacxop, U JKUAKOCTDH 3aKa-
YHUBAETCS AO YCTAHOBAEHUS HOBOI'O IIOAOKEHUS YPOBHS. MeHssa
peXXUM 3aKauKd JKHUAKOCTH, IIOAYYAIOT COOTBETCTBYIOIIUE WM
3HaUeHUd YPOBHEH (IIepellaAOB AABAEHHS), IO KOTOPBIM CTPOUTCSI
WHAMKATOPHAS AMHUS.

Memog ycmaHoBuBwuxca Harnemanut (H., < 30M, puc. 2.4, 0).

YcTbe CKBa’KMHBI repMeTu3npyeTcsi, U B Hee 3aKaduBaeTCd
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naacros (no B.. Kpsirosy)



SKUAKOCTHb C TIOCTOSIHHBIM PAacXOAOM AO YCTAHOBAEHMS OIIpeAe-
AEHHOTO A@BAEHUS. PekuM cumTaeTcss yCTaHOBUBIIHUMCS, €CAU
AABAEHME U PAcXOA OCTAIOTCS MOCTOSTHHBIMM B TeueHue 10— 15
MHMH. 3aTeM U3MEHSIOT PacXxop, W AOOUBAIOTCS IIOCTOSHCTBA HO-
BOTO 3HAUeHUs AaBAeHUs. [IpU MOAOKEHUU CTaTUYeCKOTO YPOBHSA
Ha rayonHe 20 —30 M mepBble TOUKHW MHAVMKATOPHON AWHUU IIOAY-
YaroT IIyTeM PerucTpalyy YCTaHOBUBIINXCS YPOBHEU IIPU TepMe-
TU3UPOBAHHOM YCThE C IOMOIBIO TAYOMHHOTO MaHOMeTpa WAU
IIyTeM 3KCTPAIOASIINN UHAUKATOPHONW AMHUM AO Hadara KOOPAHU-
HaT.

Memog ycmaHOBUBWUXCSL omOOpOB (IIPU NepeAruBe >KUAKOCTH
13 CKBa’KWUHEI, puc. 2.4, ,). YCTbe CKBa>XMHBI T'epMEeTHU3UPYeTCI U
OIIPEAEASIETCST AABAEHUE, TIOA AEUCTBUEM KOTOPOTO JKUAKOCTL IIe-
peAuBaeTcss M3 CKBa’KUHBIL. 3aTeM KUAKOCTH OTOMPAIOT M3 CKBa-
SKUHBL IIPY PA3AUYHBIX YCTAHOBUBIIUXCS AABAeHUAX. [loaydeHHEBIE
3HQUeHUs] YCTAHOBHUBIIUXCS AABA€HUM U COOTBETCTBYIOUIME UM
3HaUEHUsI PACXOAOB JKUAKOCTU MCHOAB3YIOTCS AASI IIOCTPOEHUS
WHAUKATOPHOU AMHUMN.

Bo Bpems TpOBEAEHMS HMCCAEAOBAHUM IPU YCTAHOBUBIIMXCS
pe’kuMax TedeHHUsI >KUAKOCTU HEOOXOAVWMO VUYHUTHIBATL CAEAYIO-
mue OCOOEHHOCTU. AO Hadara MCCAEAOBAHUSA HeOOXOAUMMO YyOe-
MUTBECSI B YCT@HOBUBIIEMCSI COCTOSIHUU CUCTEMEI IIAACT — CKBa’KU-
Ha. [lpu HaAMYNM IIePEeTOKOB MAU IOCTYIIA€HUU B CKBKUHY MU-
HepaAu30BaHHBIX IIAACTOBBIX BOA HMCCAEAOBaHNE DPEKOMEHAYeTCS
IIPOBOAUTD MTOCAE 3alIOAHEHUS CTBOAA CKBA’KHMHBI OAHOPOAHOM IO
TMAOTHOCTHM JKMAKOCTBIO (HAapuMep, IIOCAe OUYepeAHOTo pekca u
oABbEMA UHCTPYMEHTA).

HccaepoBaHue CKBaKMHBI AOAKHO IIPOBOAUTHCS He MeHee 4eM
npu Tpex pexxmMmax. Co3paBaeMble IPU 5TOM IepelaAbl AABAEHUSA
B CKBa)KUHe AOAKHBI OTAWYATBCI OAWH OT Apyroro B 1,5—2 pasa.

AAST KaKAOTO peskmMa JKUAKOCTH 3aKauMBaeTCsI C ITOCTOSTHHOM
TTPOU3BOAUTEABHOCTRIO. 3aKauyka WAM OTOOpP TPOM3BOAUTCS AO
IIOAYYEHHUS ITOCTOSTHHBEIX 3HAUEeHUM Iepeliapa AABACHUS B CKBaykKU-
He. Ilpu B5TOM NAOTHOCTM 3aKauMBAaeMOW U HAXOAMAIIEUCSd B
CKBa)XMHe JKUAKOCTU AOAKHBI OBITH OAMHAKOBBIMU.

ITo noAayueHHOM MHAVUKATOPHOM AMHUM (Ap — () OIPEAEAsIoT
WHTEHCUBHOCTH IIOTAOIIEHUSI U KO3PQPUIIUEHT ITPUEMUCTOCTH
TIOTAOIIIAIOIIEr0 TIAACTA.

HccaegoBanue norrowjaioujux nAQCmMoB € NOMOWbIO nNakepa u
YCTAHOBAEHHOTO II0A HHM MaHOMeTpa IIPOBOAIT B CKBa’KMHAX, B
KOTOPBIX OYAET OCYIIEeCTBASITBECS IIEepexop ¢ OypeHHus C NPOMBIB-
KOM 3a00s BOAOU Ha NPOMEBIBKY OYPOBEIM PacTBOPOM, Iepep Iie-
MEHTUPOBaHUEM OOCAAHBIX KOAOHH C OOABIIIOM BBICOTOM MHOABE-
Ma IIEMEeHTHOTO pacTBOPQ@, & Tak’kKe BO BCEX CAyYasxX Iepep IIpo-
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BeAeHHEeM M30AdIIMOHHBEIX PaboOT ¢ momolsio nakepa. Mccaepo-
BaHUA IIPOBOAATCA IIPU AIOOOM IIOAOJKEHUM CTATUUYECKOI'O YPOBHSA
B CKB@’KMHE HWAU IIPU HAAUYHUU BOAOIIPOSIBA€HUU.

[NTakep B CKBa)KUHY CIIYCKAIOT IIAABHO, C BKAIOUEHHBIM THAPaB-
AMYecKUM TOopMo30M. OOBYHO TIaKep YCTaHAaBAMBAIOT Ha 20—
50 M BBIIIEe KPOBAW IIOTAOLIaOUIero IAacrta. [Ipy Haawumu Ka-
BEPH VAW HU3KOW MeXaHWYeCKOW NPOYHOCTH TOPHBIX IIOPOA B
3TOM HHTEepBaAe NMaKep yCTAaHABAWBAIOT B BEINIEAEKAIIUX YCTOU-
YUBHIX ITOPOAAX.

[TpreMHuCTOCTE IOTAOIIAIOIIEr0 IIAACTa OIPEAEAseTCs HarHe-
TaHUEeM B CKB&KMHY JKHAKOCTM AO YCTAHOBUBIIErOCs pe’KHUMa
nmpu paboTe IIeMeHTUPOBOYHOTO arperata Ha 2, 3 u 4-U CKOpPO-
CTAX. 3aKauyKy JKUAKOCTM HAUUHAIOT C MaKCUMaAbHOM — 4-U
CKOPOCTH, IIpUYEM AABAEHHE Ha YCThe CKBA)XMUHBI He AOAKHO
MIPEeBHIINIATE AABAEHUS THAPABAMUYECKOTO pa3phIBa IAACTa.

[To pe3yAbTaTaM HCCAEAOBAHUS CTPOUTCS HUHAUKATOPHASA AM-
HUS OTAOMIAIONIETO IMAACTa U OIPEAEATIOTCS WHTeHCUBHOCTDH IO-
TAOIIEHNI U KO3(P(PUIIMEeHT IPHeMUCTOCTH.

B ckBakmHax, rAe BO3MOJXKEH HEAONOABEM IIeMEeHTHOTO pac-
TBOpa 3a 0OCAAHOM KOAOHHOW M3-3a IIOTAOIIEHUS €ro B IPOoIiec-
Cce IIeMEeHTUPOBAaHMs, HEOOXOAUMO Iepep CIYCKOM OOCapHOU KO-
AOHHHBI IPOU3BECTU UCCAEAOBaHME BCeX IOTAOIIAIONINX MAACTOB C
IIOMOIILIO TIaKepa Ha AaBAeHMe, KOTOpOoe O’KUAAEeTCS Ha 3TU IIAa-
CTHI IIPU IleMeHTHpOoBaHuu. [1o pe3yabTaTaM HCCAEAOBAHHUS OIIpe-
AeAsieTcs HeOOXOAVMOCTE IIPOBEACHUS M30AAIUOHHBIX paboT Iie-
pea COyCKOM OOCapHOU KOAOHHHI.

IlpocarexxuBanue 3a CHUXEHUEM YPOBHA (gABAEHUS) XUGKOC-
mu B ckBaxuHne (H., > 30 M, puc. 2.4, §). CkBa)kvHa 3aTllOAHSIETCS
SKUAKOCTBIO AO YCTBSI, 3aTeM AOAUB >KMAKOCTU IIpeKpallaeTcs U
3aMepsgeTcs BpeMd ITaAeHMs YPOBH4A depe3 Kakpble 5 mau 10 M.
V3MepeHnsa NPOAOAYKAIOTCS AO HACTYIA€HHS PABHOBECHS B CKBa-
KMHe, T.e. AO TeX IOpP, NOKa yPOBEHb JKUAKOCTH He AOCTUTHET
CTATUYECKOTO IIOAOKEHUS.

CHUJKeHHe YpOBHS B CKBa)KMHe BO BpeMeHH 3aMepsieTcs C
IIOMOIIIBIO YPOBHEMepa UAM MOJKeT OBITh 3a(pUKCUPOBAHO C IIO-
MOIIBIO TAYOMHHOTO MaHOMeTpa B BUAE KPUBOM U3MeHEHHUS AAB-
A€HUS BO BPEMEHHU.

IlpocaexxuBanue 3a nogreMoM YpPOBHS B OYypPUABHBIX mpybax
nocae “mruosennoro” ero cnuxenus (H, = 30 M, puc. 2.4, &).
"MraoBeHHOe" CHUJKEHHE YPOBHSI B CKB&)KUHE AOCTUIAeTCS 3a
CUeT CIOyCcKa B CKBAKMHY OYPHABHBIX TpPyO C 3arAylIKOM-
AvadparMoi U MOCAEAYIOIIero ero pa3pylleHus, IoCAe KOTOPOro
SKMAKOCTB M3 3aTPyOHOI'O IIPOCTPAHCTBA YCTPEMASIETCSI B OYPHUAB-
HBle TPYOBI. B pe3yabTaTe 3TOrO IPOUCXOAUT OBICTPOE BBIPABHU-
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BaHUe KUAKOCTH B TpyDOax M 3aTpyOHOM INIPOCTPAHCTBe, U B Ije-
AOM YPOBEHb XMAKOCTH B CKBa’KMHe IIOHMJ)KAeTCd Ha 3HaueHWue,
COOTBETCTBYIOIlee OOBEMY JKMAKOCTH, BBITECHSIEMOU OYPUABHBI-
MM TpyOaMu C 3aKPHITHIM KOHIIOM (HEYCTAHOBUBIIMUCS PEKUM).

BoccTaHOBAEHHE AABAEHUS 3@ CUET IIPUTOKA KUAKOCTU U3 IIO-
TAOIIQIONIETO TOPU30HTA PETrUCTPUPYETCS IIyTeM IIPOCAEKUBAHUSA
3a MOABEMOM YPOBH4A B OYPHUABHEIX TpyOax C MOMOINBIO YPOBHe-
Mepa WMAW 3alUCU KPUBOM HU3MEHEHHd AABAEHUI C IIOMOIIBIO
IAYOMHHOTO MaHOMeTpa. OTOT MeTOA HCCAEAOBAHUS HMeeT
OOABIIINE TOTPEIIHOCTH.

IlpocaexxuBanue 3a NOgHEMOM YPOBHA B OYPUABHbIX mpyoax
nocae "“Mruosennoro” ero cHUXeHUs npu repMemu3upOoBAHHOM
ycmbe (IpU NIepeAuBe >KMAKOCTU W3 CKBa’KUHEIL, puc. 2.4, e).
OTOT MeTOA OCYIIECTBASIETCS QHAAOTMYHO IIPEABIAYIEMY C TOU
pasHuIiel, 4To AAS IPEAOTBpAllleHUs IIepeArBa JKUAKOCTH YCThe
CKBa’XMHBI TI'epMeTU3UPYeTCs IIPeBEHTOPOM HAW IaKepyIOIIUM
yCTpOUCTBOM. [TOCKOABKY HOBBIIIEHHE YPOBHS JKUAKOCTH B TPY-
0ax MOJKeT OBITb IIPOCAEKEHO TOABKO AO YCTBSl, TO HAYaAbHBIN
Y4aCTOK MHAMKATOPHON AWHUU IIOAYYAIOT IIyTEM 3KCTPAIOASAIUU.
OTOMY METOAY IPUCYIIU HEAOCTATKU IIPEABIAYIIIETO METOAQ.

HauGoaslllee pacnpocTpaHeHHWe IIPU MCCAECAOBAHUU IIOTAOIIA-
IOITUX MAAQCTOB IOAYUYUAW: METOA IIPOCAEKUBAHUS 3@ U3MeHeHHeM
YPOBHS (A@BA€HMSI) B CKBa’KMHeE, METOA YCTAHOBUMBIIUXCS HarHe-
TAaHUN M METOA YCTQHOBUBIINXCS OTOOPOB. MeTop HCCAEAOBAHUSA
IIpH HEYCTAaHOBUBIIEMCS PEKUMe TeUeHUsI KUAKOCTU PEKOMEHAY-
€TCSI UCIIOAB30BaTh, €CAU BpeMs BOCCTAHOBAEHMS AABAEHUd IIpe-
BelmaeT 30 MuH. B 3TOM cAyuae ommOKa IPHU OIPEASAEHUU KO-
3¢ dunreHTa NPUEMUCTOCTH II0 (PopMyAaM YCTAHOBUBLIETOCS
peXXuMa He IIpeBBIIIaeT TOUYHOCTM Iipubopa (7—10 %). Ilpm
MEHBIIIUX 3HAUEeHUSIX BPEMEHM BOCCTAHOBAECHUSI AGBAEHUS CAEAyeT
IPUMEHSTH METOABI MCCAEAOBAHUS CKBA)KUH IIPU yCTaHOBUBIIMX-
CSl peXXUMaxX WAU AOAKHBEI OBITH BBEAEHBI COOTBETCTBYIOIHE IIO-
IIpaBOYHEBIE KO3 DUIIUEHTHI.

Ilpuboprl, npumensiemble gAs UCCAEGOBAHUSL NOTAOUW,AIOUUX
naacmos. [IpuGopel AAd HCCAEAOBAHUS IOTAOIIQIONIUX (BOAO-
NIPOSIBASIIOIINX) IIAQCTOB B OYPAIIMXCS CKBAKMHAX AEAITCS Ha ABe
OCHOBHBIE TPYIIIIHI.

1. TIpuGopsl, NIpepAHa3HAUYEHHBIE AAS IIPOBEAEHUS KpaTKOBpe-
MEHHBIX TMAPOAMHAMUYECKHUX HCCAEAOBAHUM C IIEABIO BBLIIBACHUS
3aBUCUMOCTH OOBEMHON CKOPOCTH (UABTPAIUU >KUAKOCTH IIO
IIAACTy OT Iepelapa AaBaeHUs. [1pyM HMCHOAB30BAHUU 3TUX IPU-
OOpOB OKAa3bIBAETCSI AKTUBHOE BO3AEMUCTBHE HA IIAACT IIyTeM Ha-
THETAHUS UAM OTOOpA >XMAKOCTH M BOCCTAHOBAEHHS ITAQCTOBOI'O
AaBAeHUA. B mporjecce UcCcAepOBaHUSA MPOCAEKUBAETCSI U3MEHEHUE
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YPOBHS JKUAKOCTH B CKBa’KMHE BO BPEMEHU WAU PEruCTPUPYETCS
U3MEeHEeHUEe AABA€HUA Ha IaacT. K 3ToM rpynme npubOpoB OTHO-
carcd: anekrpudeckull yposHemep TaTHUWU, aebepxu BHUMBT u
TatHVWM (MI1-1), manomerprl MI'D-1, T'MMUII-1, MIT-20, a
TaK’)Ke YpOBHeMephl U MAaHOMETPHl PAa3AUYHBIX 3apyOe’KHBIX
pupm.

2. [Tpubopsl, TpepHa3HaUeHHBIE AN ONIPEAEASHUST TOAIIWHBI 1
MECTOIIOAOJKEHUS MOTAOUIAIOIINX IAACTOB, HAIIPABAEHUSA IIePeTo-
KOB J>KMAKOCTU IIO CTBOAY CKBaKUHBI M pacxopa >XHAKocTH. K
3TOM TIpymme NpuOOPOB OTHOCATCA pacxopoMeprl POU-YPHUU
u BHUWUWHITI, npu6op "“PazBepumk P-8", TepMO3AEKTpUUECKUM
AebuToMep, WHAWKATOP TOAIIMHBL M MECTOIIOAOXKEHHS IIAacTa
VIMIT-2 1 aHaroruuHBIE IPUOOPH! 3apyOe’KHBIX (DUPM.

I'eogpusuueckue memogel UCCA@GOBAHUA (AA U3YHEHUS IOIAO-
warowux naacmoB. K IpOMBICAOBO-TeOPU3UYECKUM METOAAM OT-
HOCSITCS 3aMephl 3AeKTPOYPOBHEMEepOM, Pe3UCTUBUMETPOM, Ka-
BepHOMEpOM, a TaK)Ke MUKPOKAPOTa’kK, SAEKTPUUECKUN KapoTaiK,
PaAMOAKTUBHEIM M aKyCTUUYECKUM KapoTa’k, TAyOMHHasA (oTo-
CBhbeMKa U FAyOMHHOe (3a00MHOe) TeAeBUAEHUE.

AnarpaMMBl PaAMOAKTHBHOTO M aKyCTHYECKOTO KapoTayka HC-
IIOAB3YIOT B KaueCTBe BCIIOMOTAQTEABHBIX AASL YTOUHEHMS T'pPaHUI]
IIOTAOLIAIOIINX IIAACTOB. Ilo MaTrepuaraM HIPOMBICAOBO-reou-
3UYECKUX MCCAEAOBAHHUM HU3Yy4YalOT H3MEeHEeHMs XapaKTepPUCTUKU
IIOTAOUMIAIONIUX IIAACTOB IO IAOWIAAU. AMarpaMMbl PaAMOaKTHUB-
HBIX METOAOB KapoTa>ka HCIOAB3YIOT AAS PACUAEHEHUs pas3pesaq,
KOPPEASAIIUU TAACTOB, IIPOCAEKUBAHMA 38 U3MEHEHUEM AUTOAO-
ITMU U IOPHCTOCTH IIOPOA IIOTAONIAIONIEro TOPU30HTa. Auarpam-
MBI @KyCTHYeCKOT'0 KapoTayka ITO3BOASIOT YeTKO AOKaAU3UPOBATh
KaBepHO3Hble M TPENIMHOBATHIE PA3HOCTU IIOPOA IO PEe3KOMY
YMEeHBIIeHUI0 CKOPOCTH U YBEAMUYEHUIO IIOTAOIIEHUS 3HEpPruu yIi-
PYTruxX KOAeOaHUMU.

A H. KyKuH AAG HarAgAHOTO IIPEACTABAEHUS PE3yABTATOB HUC-
CAEAOBAHUS IIPEANOIKUA CTPOUTH CBOAHYIO CXeMY IOTAOINEHUM II0
Ka>kKAOU IIAOIaAU. DTO HAIIAO IpUMeHeHHe IIpu OypeHuH CKBa-
xuH B CapaToBckoM u BoarorpaackoMm 3aBoaxbe. Ha puc. 2.5
IIpUBEAEH IpUMep CBOAHOUW CXeMBl MNorAolneHuy. KakKABIM mo-
TAOIIIAIONTUU TMAACT OoTMeudaroT Ha Aauarpammax 'K u HI'K, 3ape-
TUCTPUPOBAHHBEIX B OTOM ’Ke CKBa’kKMHE. 3aTeM, IIPOBeAs Koppe-
ASITUIO, 3TH >Ke IINACTHI OIPEAEASIOT Ha TUIIOBOM paspese AaHHOM
IIAOIIAAU U CTaBST IIPOTUB HUX B OTAEABHOM KOAOHKE YCAOBHEIE
obo3HaueHusA. OAHOBPEMEHHO YKa3bIBAIOT BHA IIAACTa IIO KAAC-
cu(UKaIUY, CTaTUUYECKUN YpOBEHb >XUAKOCTU B CKBa’KHHE IIO
MAHHEBIM 3aMepa M B IIepecueTe Ha YUCTYIO BOAY, @ Takyke AIOObIe
APyTHE CBEAEHHS, OTpaskaroljue OCOOEHHOCTU IIOTAOIIAOIIEro
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Puc. 2.5. CBopHas cxema noraomenni (mo A.H. Kykuny):

I1, - «mpoBaa» GypMABHOTO MHCTPyMeHTa npu Oypenuw, M; H, - ray6una craru-
yeckKoro ypoBHs, M; I - dactmuHoe mnoraomenue; II - moAHOe mOrAoIleHHe:
AOIII - aHaan3 (bpakKIMOHHOrO cocraBa mnama; LIBC - 11eMeHTOGEeHTOHUTOBLIE
cmecu; CBB - cMech ¢ BBICOKOM BOAOOTAQUET

mAacTa. PAAOM ¢ HOMepOM CKBa’KHWHBI YKA3BIBAIOT AABTUTYAY ee
YCTBS.

[MpeapcTaBAeHWE PE3YABTATOB WCCAEAOBAHUS B BHAE CBOAHBIX
CXeM IIOTAOILIEHUM OTKPBIBAET IIMPOKHE BO3MO>XHOCTH HCIIOAB-
30BaHUsI OYPOBBIX U I'€OAOTO-re0(PU3UIeCKUX MaTepPHUaAOB IO TEM
CKBa’XMHAM, TAe CIellMaAbHBle MCCA€AOBAHUS ITOTAOIIAIONIUX TO-
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PH30HTOB He IIPOBOAWAMCH. Bce M3BeCcTHBEIE A@HHBIE O 30HAX IIO-
TAOIEHUSA B TAKMX CKB&)XMHAX MOTYT OBITh TakK’Xe HAaHECEHHl Ha
CBOAHYIO cxeMy. [Ipym 3TOM B CKB&)KMHAX, A€ PAaAUOAKTUBHBINU
KapoTa>k He IIPOBOAUACS, AAS HaHeCeHUsS AAQHHBIX Ha CXeMy
MOJKHO MCIIOAB30BaTh AMArpaMMBl CTAHAAPTHOTO KapoTaXka, 3a-
perucTpupoBaHHble IPU IPOBEASHUM HCCAepOBaHUM. [losTomy B
AEeBOM YacTu cxeMbl psgpoM ¢ pauarpammamu 'K u HT'K mowmere-
Ha AMarpaMma CTaHAQPTHOTO IIOTeHIIMaAa-30HAA u T1C.

CxeMa IO3BOASIET Cpa3y MOAYUMUTH 4eTKOEe IIPEACTAaBACHHE He
TOABKO O TAyOMHe IIOTAOIIeHUS, HO M O XapaKTepe OTAEAbHBIX
IIOTAOMIAIONIUX IIAACTOB M UX IIAACTOBBIX AABAEHUSAX. Takue
0000I1IleHHBIe AQHHBIE AETKO COIIOCTaBUTH C @HAAOTMUYHBIMM AA@H-
HBEIMHM II0O COCEAHUM IIAOIIAASAM, UTO OOAerdaeT 3apady o00o0Olie-
HUS MaTepUarOB IO OOpbOe C MOTAOIEHUEM.

C 11eABIO0 OAYYHUTH KOAMYECTBEHHYIO XapaKTepHUCTHUKY 30H IIO-
TAOLIEHUSI IO AQHHBIM TeO(PU3UUECKUX MCCAEAOBAHUM CKBa’kKVH,
IpoOypeHHBIX B o0O0bepuHeHuu TaTHedTh, B.M. KpBIAOBHEIM,
I'.C. baunoBbiM u H.W. PLIAOBBIM OBIAM BBEIOpaHBI TaKue CKBa-
SKMHBI, B KOTOPBIX IIPOBOAUAUCH 3aMephl C IIOMOIIBIO PacXOAO-
Mepa, SAEKTPOMETPUHM (CTAaHAAPTHBIM KapoTaX, 3aMephl KaBep-
HOMepoM, pesuctuBuMmerpoMm) u PK. B HEKOTOpPBIX CAydYasgx 3TH
MAHHBIE AOIOAHSIAUCH MaTepuaraMu (oTorpadupoBaHUsS CTEHKHU
CKBa)XMHEI. [TOpUCTOCTEL (BOAOCOAEPIKaHME) IIAACTOB B 30He IIO-
TAOIIEeHUS OIIPEAEASIAACE II0 U3BECTHON METOAVKE ABYX OIOPHBIX
TOPU30HTOB. 3a ONIOPHBEIE TOPU30HTHl NIPUHUMAAUCH KBIHOBCKHE
TAMHBL U IINOTHBIEe (DaMEHCKHEe W3BECTHIKMU.

IToryuenHBIE pe3yabTaThl 10 OoAee yeM 30 CKBa)KMHAM MOKa-
3BIBAIOT, YTO 30HA IIOTAOIIEHUS XapaKTepHU3YeTCs BBICOKUMU
3HAUEHUSIMHU IIOPHUCTOCTH, KOTOpasi NHOopo¥ 1mpeBbimaer 40 %.
[TpoBepeHHBIE COIIOCTABAEHMS IIOKa3aAM, YTO MOIITHOCTH 30HBI
IIOTAOIIIEHUS, OIpPeAeAeHHBIe C IOMOIbI0 pacxopaoMepa u HI'K,
KC u KaBepHOMEpa, pa3AUMYaIOTCA MO 3HadeHWaM. [Ipu 3ToM Ha-
OAIOAQETCA KaK IIOAOJKUTEABHOE, TaK M OTPUIATEABHOE PAaCXOiK-
AeHue. TOUHBIX KPUTEPUEB AAS BHIAGAGHUS 30H IIOTAOIIEHUS II0
pe3yAbTaTaM reo(U3MUeCKUX UCCAEAOBAHUM B HACTOsAIee BpeMs
HeT. BcaepcTBue 3TOro IO reou3myecKUM AQHHBIM, Oe3 HCCAe-
AOBaHHU4 PacxOAOMEpPOM, OAHO3HAYHO OIIPEAEAUTh T'PAHUIBl 30HBI
IIOTAOIIIEHUSI HEeBO3MOJKHO. OAHAKO IO reou3nyecKuM AQHHBIM
MOTYT OBITH BBEIAEACHBI BHEICOKOIIPDOHUIIAEMBIE YYACTKH, B IIpeAe-
AaX KOTOPBIX BO3MOJKHEI 30HBI IIOTAOIIEHHS. B 3ToM caydae
COBIIaA€HUEe IIPU ONpeAeAeHUU MOIIHOCTH 30H yXOAAd IO Teodu-
3WYeCKUM 3aMepaM U C IOMOIIBI0 pacxopoMepa He 00513aTeAbHO.
PacxopoMepsl IO CBOelM YyBCTBUTEABHOCTH 3HAUUTEABHO YCTyIIa-
IOT TeOPU3NYECKUM IIpubopaM U B OCHOBHOM MOTYT (PUKCHUPO-

92



BaTh IIOTOKU OOABIIONM HMHTEHCUBHOCTH. BcAepcTBue 3TOro rpa-
HUIIEL 30HBEI YXOAQ, OIPEAEAEHHBIE C IIOMOIIBIO PACXOAOMEPa,
OyAYT BBEIACASTH HauOOAee NPOHUIAEMYIO YacCThb €€, A KOTOPOU
XapaKTepHO HaAuuue OOABIIMX TPeLIMH U KPYIHBIX COOOIaro-
IIUXCS KaBepH. DTO B IJeAOM COTAACYeTCs C pe3yAbTaTaMHU COIIO-
CTaBAEHMS 3HAUEeHUU 30H IIOTAOINEHUs, ONPEAEA€HHBIX C IIOMO-
IIBIO PACXOAOMepa U reoPU3NUECKUX UCCAEAOBAHUU.

B 6oapmmHCTBEe caydaeB Ha Aumarpammax HI'K m KC wumHTep-
BaAbl IIOTAOILIEHUS BBIAGASIOTCS IOHMIKEHUSIMM HWHTEHCUBHOCTHU
BTOPHUYHOTO raMMa-U3AyYeHUs U KaKYIIUXCS CONPOTUBAEHUH.

I[Mpu »>ToM AOAKHO oOOpaljaTbCsl BHUMaHHWe Ha H3ydeHHe
IIINAAMa, Pe3YAbTATHl aHaAU3a KOTOPOIO SBASIOTCS NOPOM He3aMe-
HUMBIM MaTepUaAOM AAS XapaKTePUCTUKU ITOTAOLIAIOINIUX IIAAC-
TOB.

OnpegeAenue UHMEHCUBHOCMU NOTAOWEHUS. AAS OLPEAEAeHUs
WHTEHCUBHOCTU IIOTAOIIEeHUsI OYpOBOTO pPacTBOpa CYIeCcTByeT
HECKOABKO CIIOCOOOB; OAMH U3 HUX — IIO PA3HOCTH KOAMYECTBA
3aKauUMBAEMOTO U BBEIXOAAIETO M3 CKBAa)XKUHBEI OypOBOT'O PacTBO-
pa. OpHaKO CypAUTH OO MHTEHCHBHOCTH IIOTAOIIEHUS IO CTENleHU’
BBIXOAA OypOBOr'O pacTBOpa Ha MOBEPXHOCTb MOJKHO AUWIIb IIPHU-
OAMIKEHHO, IIOCKOABKY KOAMYECTBO OypOBOTO  PACTBOPA, BBIXO-
MAIETO U3 CKBA’KMHBI, He AdeT IIOAHOTO IIPEACTaBAEHUS O IIO-
raomaronieM maacte. Crnoco® onpepereHHS IIOTepu OypoBOTO
pacTBopa B IIpollecce OypeHHUs OOAee TOUeH, TaK KaK IIPU 3TOM
VUUTHIBAETCS, KpOMe M3MeHeHUs oObeMa >KUAKOCTU B ITUPKYAS-
ITUOHHOU cHucTeMe, H30BITOUYHOE AABAEHHE Ha ITOTAOIIAIONIUHN
IIAACT, 9YTO AQeT KOAMYECTBEHHOe 3HaueHHe WHTEeHCHUBHOCTHU IIO-
TAOIIIeHUs1 OYpPOBOTO PacTBOpa IIPU OIpeAeAeHHOM H30BITOUYHOM
MABAEHUU.

Ha ocHOoBe 0oABIIOTO 0O0BeMa IIPOMBICAOBBIX HCCA€AOBAHUU
OBIAO YCTA@HOBAEHO, YTO 3@BUCHUMOCTH KOAMYECTBA IIOTAOIIAIOIIEN
SKUAKOCTH OT M30BITOUHOTO AABAECHUS MOJKHO OIIPEAEAUTH, IIOAB-
3ygach popmyaon CMpekepa

Q = cAp", (2.9
rAe ¢ — KOO(MPMUIUEHT WHTEHCUBHOCTU IOTAOIIEHUs M/ (4-M);
Ap — mnepenap A@BA€HUS Ha Ioraomarommil naact, Mlla; n —

IIOKa3aTeAb CTelleHU, XapaKTepU3yIOIINU peXuM (QUuAbTpanuu
KVMAKOCTHU U SIBASGIONIUNCS IIepeMEeHHOU BEAWYNHOMU.

M.C. BuHapcKui IpeproKUA CIOCO0 0OpabOTKM pPe3yAbTaTOB
HCCAEAOBAHMSA CKBA)KHUH, KOTOPBIM 3aKAIOUYAEeTCS B HaXOXKAEHUU
3aBUCHUMOCTU Me>XAY BpeMeHeM CHIKeHUs YPOBHs Ha paBHEIE
€AVHUIBL AMAWHBL M M30BITOYHBIM AABAEHMEM Ha IIOTAOIIAIONINU
IIAQCT:
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v= cAp", (2.8)

TA€ V — CKOPOCThH IlepeMellleHUsI AMHaMUYeCKOTI'0 YPOBHS.

KoadduimeHT ¢ 1 mokazaTeAb CTEeHU N SIBASIIOTCS AASL AQH-
HOTO TOPU30HTA MTOCTOSHHBLIMU BEAMYUHAMM.

Anst 0OpabOTKH pPEe3yABTATOB T'MAPOAMHAMUYECKUX HCCAEAOBA-
HUU CYIeCTByeT HEeCKOABKO METOAUK, B KaXAOM M3 KOTOPHIX
MIPUHSAT CBOM OCHOBHOMU KPUTEPUM XapaKTEePUCTUKU TIAACTA.

H.I'. Xaaruavaud u H.K. IlleBuenko, a takxe 3.M. IllamxaeB
u UI.3. ACapAyAAMH CYHTAIOT, YTO 3aBUCHUMOCTHL p — () AOAKHA
OBITH NPSIMOAMHEWHOW, OCOOEHHO AASI MAaABIX IIEPElapAOB AaBAE-
HUS:

k = Q/Ap. (2.9)
N.C. PabuHOBUY PEKOMEHAYET CAEAYIOUIYIO aHAAOTUYHYIO 3a-

BUCHUMOCTD AN ITIOAYUYEHU S YAeABHOI‘;I FI/I,A,pOAI/IHaMI/I‘{eCKOﬁ Xapak-
TEPUCTUKU IMOTAOHMIAIOIIEIO TOPMU30HTA:

c = Qu/Sp, (2.10)
rae Q — pacxop KMAKOCTH, M°/MHH; & — BI3KOCTb JKMAKOCTH,
cll; S = 2mxrh — mAOIIaAb KOHTAKTa IMOPOABI C IIOTAOIIAOIINM
IIAGCTOM, M% I' — pAAWyC CKBAa’KUHEL, M; p — H30BITOYHOE AAB-

AeHMe Ha OoTAomiarommi maact, Mlla.

B.®. Popskepc yCTaHOBHA, UTO IIpU AIOOOM dopMe TeueHUs
SKUAKOCTH B IIAACT€ WHTEHCUBHOCTD IIOTAOIEHHUS SBASETCS (PYHK-
IMel reoMeTpPUYeCKUX pa3MepoB CHUCTEMEl, IPSIMO MIPONOPIHO-
HaABHA Tepellapy AABAE€HUA B HeU M OOpaTHO INIPOIOPIUOHAABHA
BA3KOCTH OypOBOTO PacTBOPa, T.€.

Q = kAp/n, 211)

rae k, — KO3D(PUIUEHT, XapakKTepU3YIOIIUU TreoMeTpUYEeCKue
pa3Mepsl HOTAOLIAIOMINX KAHAAOB IIAACTA, B KOTOPOM IIPOUCXO-
MUT IIOTAOLIlEHUe.

H.W. TutkoBeiM U A.A. [a¥BOPOHCKUM MTpPEANOKEeHa SMITMPU-
yeckKasd (pOpMyAd, KOTOPAsk MO3BOASIET OIPEAEAUTH KO3 UIIUeHT
IIOTAOIIAONMIEeN CIIOCOOHOCTH, OCTAIOLIMUCS IMPAKTUYEeCKU ITOCTO-
SHHBIM AS PA3AWYHBIX CKBA)XWH, HE3aBUCHUMO OT PACIOAOKEHUS
UX II0 OTHOLIEHHUIO K YPOBHIO MOPS$, MHTEHCUBHOCTU IIOTAOIIe-
HUS U Ilepellapa A@BAEHUA. DTOT KO3((PUIIMEHT OIPEAEASIOT IIO

dopMyAre

(1+0,65m)Q,
P iy o)

m
HCp
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npu

Q, =(Q+Q)/2 H, =(H, +H,)/2, (2.12)

rae Q;, Q, — KOAMYECTBO BOABI, IOTAOII@eMOM B IIpollecce UC-
NBEITAHUS, COOTBETCTBEHHO AAT ABYX OAMDKAUIINX 3HAUEeHUM Ile-
penapoB AaBaeHwMi, M°/4; H, m H, — IIepemaapbl, COOTBETCTBYIO-
mue @, 1 Q,, M BOA.CT.; m — IOKa3aTeAb CTeIleHH,

m = (1gQ, — 19Q,)/(lgH, — 1gH,). (2.13)

E.E. Kepkuc peKOMeHAYeT AAS PAAUAABHBIX IIOTOKOB MCIIOAB-
30BaTh KOMOMHUPOBAHHBIE 3aBUCHUMOCTHU

p = aQ + bQ? (2.14)

rAe p — U30BITOYHOE AaBAEHHe Ha HAAcT; Q — Ppacxop >KUAKOC-
T B €AWHHITy BpeMeHU (MHTE€HCHUBHOCTDL IIOTAOILIEHU:); a, b —
KO3 (UIIMEHTH], 3aBUCAIINe OT llapaMeTpOB IIAacTa U IIOKasare-
A€M 3aKauYMBAeMOM JKUAKOCTH, OIPEAEATIOTCS IO (popMyAam:

___uWR
2nhmker, '

(2.15)

art-st?42 (1 1)) p

m?h?T4 R* r?)|&n’r?

b= (2.16)

rAe W — AWHAMHWYeCKasd BA3KOCTBh KHMAKOCTHU; R — ruppaBAnyec-
KUY papUyC IIOPUCTOM CPeAbl; h — MOIIHOCTB IAACTa; M — KO-
3QPPUOUEHT MOPUCTOCTHU; kK — KOIPPUIUEHT IIPOHULLAEMOCTH;
€ — K03((UIMEeHT BHEUIHEI0 TPEHUS KUAKOCTU (AAS BOABL € =
= 107%; r. — paauyc CKBaXWHB, T — KO3((OUIMEHT HU3BUAKUC-
TOCTH KaHAaAOB; I, — BHYTPEHHUM papuyc TPyO (IPU MCCAEAOBa-
HUM C IIOMOIIBIO NaKepa); eCAM UCCAEAOBAHUE IIPOU3BOAUTCA Oe3
makepa, TO I, = I.; p — IIAOTHOCTb KUAKOCTH.

I[To B.M. MuieBnuuy, AASD HOTAOLIAIOIUIUX IIAACTOB, IIPEACTaB-
AEHHBIX TPEUIMHOBATHLIMM, KaBEPHO3HBLIMM M IOPUCTHIMM IIOPO-
AaMM, IPU UX BCKPBITUM HauboOAee BEPOITHO IIPEAIIONOSKeHUe,
YTO (PUABTPAIUSA KUAKOCTU B 3THX MOPOAAX ITPOUCXOAUT OAHO-
BPEMEHHO II0 PAa3AMYHBIM 3aKOHAM; UM IIpeprOKeHa (opMyAaa
AASL OTIMCAHUSA Ipolecca (PUABTPAIIMK B IIOTAOIIAIONIUN IIAACT:

Q = K\/Ap + K,Ap + K,Ap?, 2.17
1 2 3

rae Ki — Ko3(pduimeHT NPOAYKTUBHOCTH (IIPUEMHUCTOCTHU) AAI
IIEPBOM CPEeABl IPU TYPOYAEHTHOM TEeYeHUH >XUAKOCTH, Xapak-
TEPU3YIOIMUN [IPOHUIAEMOCTh 3TOM CPeABl, MOIIHOCTbL IIAACTAQ,
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pPapuyC CKBa>KMHBI, UHEPIIMOHHBIE CONIPOTUBAEHUS, pa3Mephl Tpe-
IWH U KaBepH; K, — KoO3(PUIUEHT IPOAYKTUBHOCTU (IpHe-
MMCTOCTH) AASL BTOPOM cpepdrl; K; — KO3((UIHEHT NPOAYKTHUB-
HOCTU (IIDUEMUCTOCTH) AAS TPEThEeU CPEABl, XapaKTePUIYIOLINU
MOIITHOCTh IIAQCTQ, OTAEABHBIE ITOKA3aTEeAM >KUAKOCTH M T.A. Ilo
pe3yAbTaTaM HCCAEAOBAHUS CTPOUTCS HMHAMKATOPHASA AMArpaMma,
dopMa KOTOPOM B3aBUCHUT OT XapaKTEPUCTUKU (CTPOEHUs) Mo-
TAOLIAQIOIIETO MAACTA.

Onpegearenue napamempoB NOTAOWQNOWEro nAACmMda nNo gaH-
HbIM TUgPOgUHAMUYECKUX UCCAegOBaHuUl. AAS OLIEeHKU CTelleHHu
CAOKHOCTH PAabOT IO AMKBUAAQIMU IIOTAOIIEHUS, a TaKKe AT
Hay4YHO OOOCHOBAHHOrO BBEIOOpPA KOAWYECTBA M COCTaBa TaMIIO-
Ha>KHBIX MaTepPUaAOB U TEeXHOAOTHU INPHUMEeHEeHUS UX B KOHKpeT-
HBIX YCAOBHUSAX HEOOXOAVUMO HMEThH AQHHBIE, XapaKTepU3yoIue
30HY MOTAOINEHUSA (CTPOEHHE IIOTAOIIAIOIEro IIAACTa, IIeperapbl
AABAEHHUM Me>KAY CTBOAOM CKBA)KUHBI U IIAACTOM, TMAPOAWHAMU-
yecKasl XapaKTepHUCTHUKA IIAACTa U T.A.).

PaccMoTrpuMm onpepenreHue KO3(M@UIMEHTOB IIPUEMUCTOCTU
noraomaromero naacra no B.M. MwumeBuuy, 3HaHUME KOTOPBIX
IIO3BOASIET BHIOPATh 3P(PEKTUBHBIE METOABI U30AAIUU 3TOTO IIAA-
cTa.

B TpemuHOBATOM M KABEPHO3HOM Cpepe — II0 KBAAPATHOMY
3akoHy llle3an — KpacHOIIOABCKOTO
Ap = bQ? (2.18)

KOTOpBII;'I MOJXHO 3aIIMCAaThb B BHAE

Q, = K\/Ap, (2.19)

3M€Ch

—
|

K, =1/\b =2n/ |-2— Ap = p, - Do
\| ChR,

Ap — mepenap A@BAEHWS, BBI3LIBAIOLIWMN AABACHHE >KHUAKOCTH B
mracte, MIla; @ — pacxop >XUAKOCTU AAS TIEPBOM CPEAHI,
M*/cyT; K, — KO3(p(PUIMEHT NMPUEMUCTOCTHA AASI TIEPBOM CPEABI,
(M*/cyT)/MIla; p — MAOTHOCTB KUAKOCTH, r/cm’; C — Kospdu-
IIMEHT, XapaKTepU3yoIull NHepPLUOHHLIE CONPOTHUBAeHUd; h —
MOIIIHOCTbL IIAACTa, MPUHATAA OAWHAKOBOM AAd BCeX Tpex
cpea, M; R, — papuyC CKBa’KUHEL, M; Dy, Ps.s — AABAEHHE COOT-
BeTCTBEHHO Ha KOHType IUTaHUs (IIAacToBoe) U 3abotiHoe, MIla.
B cpepHenopucToln cpepe — 1O 3aKOHY Aapcu

Q, = K,Ap, (2.20)
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2nkh
K, = ——,

uln —
Q, — Ppacxop XKHAKOCTH AAS BTOPOM cpeabl, M°/cyT; K, — Ko-
5 PUIUEHT TPUEMHUCTOCTA AASL BTOPOM Ccpeabl, (M°/cyT)/MIla;
k— xosdppunueHT NpoOHUIIAEMOCTH BTOPOM Cpepbl, A; W — AU-

HaMHudecKas (aOCOAIOTHAas) BA3KOCTh, Ila-c; R, — papuyc KOHTypa
NUTaHUS, M.

B MeAkomopHuCTOM cpepe — IO 3aKOHY (PUABTpALIUM C IIpe-
OAOAEHUEM HaYaAbHBIX TPAAMEHTOB AABAEHUSI B IIOpPax pPas3HOro
pa3Mepa, KOTOPHIM B MEePBOM IPUOAMIKEHUU MOJKET OBITh OXa-
PaKTepU30BaH AMHEMHOU 3aBUCUMOCTBIO

ks _ Koz oy dp. (2.21)
uw wooodr
3A€eCh
1
o= ;
dr
0
kiy/uw  — Tekymee 3HaueHme Kod(P(UIIMEHTa TTOABUKHOCTH;
ky;/u — Koa(pPUITMEHT TTOABUKHOCTHU TIPU TPAAUEHTE AABAEHWUS,

pPaBHOM (%) ; k; — Tekylllee 3HaueHHe KO3 (PUIMEHTa IPOHU-
0

1IaeMOCTH TpeThek cpepbl, A, Ky — 3HaueHUe KoOdIPPUIUEHTA
IIPOHUITaEMOCTU TpeThel CpeAbl IIPU TI'papleHTe AaBAEHUS, pPaB-

( dp\ . dp
HOM Ld_J VAN e TeKylllee 3HaUeHUe I'papleHTa AABAEHUS.
r r
0
IMTocae moapcTanoBkH (2.21) B 3akoH Aapcu B paudepeHnuans-
HOU (hOopMe M HEeKOTOPBIX HIpeoOpa3oBaHUU IIOAydYeHa (POpMyAad

MAST OTIPEAEAEHUST PACX0AA B TPEThEU cpepe:

Q = K(Ap)*, (2.22)
3AEeCh
K 7k gzhw

3= ZM(,@_J}TCY;
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Q; — Ppacxop XKHAKOCTH AAS TpeThbel cpeabl, m°/cyT; K; — Ko-
M3 /eyt
MIa
Tak Kak ABWIKEHUE JKMAKOCTH IIPOHUCXOAUT IO BCEM CpPeAAM
OAHOBPEMEHHO, TO OOIUU pacxop (D, PpaBeH CyMMe pPacxoOAOB B
Ka)KAOHN Cpepe B OTAEABHOCTU:

Q.= Q, + Q, + Q. (2.23)
IMoapcTanoBKOM B PopMyAy (2.23) 3HaUeHUN Ka’KAOM COCTaBAL-

omen u3 gopmya (2.19), (2.20) u (2.22) norydyeH 0OOOIeHHBIN
3aKOH (PUABTPAITUU B TPOWHBIX CPEAAX:

3PPUITUEHT TPUEMUCTOCTU AAS TPETHEU CPEAHI,

Q. = K,(8p)" + K,Ap + K,(ap)’. (2.24)

KoaddunuenTel IPpUEeMUCTOCTA MOTAOLIAIOIETO IIAACTa MOTYT
OBITH OIlpeAeAeHBl aHAAUTHYECKUM U TrpadoaHaAUTHIECKUM CIIO-
cobaMu. MeTOAMKa UCCAEAOBAHUS CKBA)KUH M OOPAOOTKU IIOAY-
YeHHOIO MaTepuara C I[eABI0 KOAWYECTBEHHOMN OIIeHKU KOAAEK-
TOPCKHUX CBOMWCTB IIAACTQ, OIIPEAEAEHUS COCTOSHUS €ro IIPUCT-
BOABHOM 30HBI U U3MEHEHUs 3TOr0 COCTOSTHUS B IIpOIlecce YrAyO-
AEHUS CKBa)XUHBI AU B pe3yAbTaTe IIPOBEAEHUS TeXHOAOTHYeC-
KUX MepOIIPUATHUM 3aKAIOUAEeTCsI B KOHTPOAE 3a M3MeHEeHUEeM AaB-
A€HUS B CKBAKMHE BO BpeMs 3aKaUKM B Hee JKUAKOCTU C IIOCTO-
AHHBIM PAcXOAOM U IOCAe MpeKpallleHWs 3akKadyku. MeTopuKa
WHTepIpeTanun (PakKTUYeCKUX AGHHBIX OCHOBaHAa Ha aHaAW3e Ha-
YaAbHBIX YYaCTKOB IIPeoOpa30BaHHLIX TIpadUKOB AaBAEHUE —
BpeMsl.

IMpu paccMOTpeHUM HEYCTAHOBUBIINXCS IIPOIIECCOB B THAPO-

AMHAMHWUYeCKOM cucTeMe ckBaknuHa — mnaact M.C. BuHapckum
YCTQHOBAEHBl 3Ha4eHUd KO3(@UIMEHTOB, XapaKTepHU3YIOLINX
HAYaAbHBIM NPAMOAWHEWHBINM y4acTOK rpacmuka p — lgT, mocrt-

POEHHOTO IO AQHHBIM O IIOBBIIIEHUN AABACHHUS BO BpeMs AOAMBA
CKBa’KMHBI C IIOCTOSHHBEIM pacxopoM. OAHOBpPEMEHHO peKOMeH-
AOBaH IIOPSIAOK IIpeoOpa3oBaHUsl KPUBOU BOCCTAHOBAEHUS AABAe-
HHd, IIPU KOTOPOM OHa IpuoOpeTaeT (pOpMy YIOMSHYTHIX TI'pa-
dukos p — IgT.

B mponecce AOAMBA CKBA’KUHBI C IMOCTOSTHHBIM PACXOAOM W3-
MEHeHHe AABACHUS Ha 3a00e CKBA)XKMHEBI P, C TeUYeHHEM BpeMeHU
(B mpeperax BBIAGAEHHOIO IIPSIMOAMHEMHOIO Yyd4acTKa KpUBOU
KT'AIT) nopumHseTCs ypaBHEHUIO

p. = iClg T, (2.25)

rAe [ — HaKAOH TeOpeTUYECKOU KPUBOM, COOTBETCTBYIOLINU
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YPaBHEHUIO pabOTHI TOYEYHOTO CTOKA (CKBa’KMHA CO 3HAYeHUEM
papuyca crBoaa R, = 0) C,, 1lgT — COOTBETCTBEHHO NOCTOSH-
Hasl, XapaKTepH3yIollas yBeAMdeHHe HaKAOHA aHaAU3HUPyeMOro
IIPSIMOAMHEHMHOTO YYacTKa, M abCIycca TOUKM eT0 IlepecedeHusi C
OCBIO BPEMEeHH.

Bce mocTogHHBIE, BXOALIIINEe B ypaBHeHUe (2.25), OIIPEAEASTIOT-
Csl pazMepaMu M CBOMCTBAMU IIAACTa, CTBOAA CKBa’KMHBI M JKUA-
KOCTH:

=23 0 g B = Remt (2.26)
4nkh 2hp*yr2 2nkh
BeAuunHbl, BXOAMAIME B BhIpaskeHHUe (2.26), OOIeNpUHSTHI B
TTOA3EMHOM THMAPaBAUKE; ¢ = kh/u— THAPOIPOBOAHOCTDL IIAACTA,
A - cm/cIl; k — mpouunaeMocTb, A; h — MOIIHOCTBH IIAACTa, M;
W — BSI3KOCTb JKUAKOCTH, cII; Q — KOAMYECTBO KUAKOCTH, A/C;
R.., — pPapuycC CTBOAA CKBA)XUHEI (B MHTEepBare M3MEHEHUS yPOB-

HA JKUAKOCTH), cM; T — BpeMs, COOTBETCTBYIOIIlee TOUKe IIepece-
YeHHUs OCU abCIIUCC C NPOAOAKEHUEM HA4YaAbHOTO IIPSIMOAWHEMN-
HOro y4dacTKa Kpusol p — IgT, c.

[Tpeobpa3oBaHHass KpuBasg BOCCTAHOBAEHUS AABACHUS IIOCAE
IIPeKpalleHuss AOAMBA COTAACHO METOAVKE IIPUHUMAET BUA KpPHU-
BOI AOAMBQ, & €e NIPSMOAMHEHUHEBIM YY4aCTOK YAOBAETBODPSIET ypaB-
HeHUIO (2.25). DTO AOCTHUTraeTcs He IIPU OTCUYeTe TeKYIero Bpe-
MeHM C MOMeHTa IIpeKpallleHUsI AOAMBA CKBA’KUHBI, @ IIPU OTCUe-
Te TeKyIero U30bLITOYHOTO AABA€HUSI — OT YPOBHS, AOCTUTHYTO-
ro K KOHITy AOAMBA.

CyTb HCIIOAB3YEMOIO IIPUEMA 3aKAIOYAeTC B caepyromeM. ITo-
cAe Hayanra paboThl TOYEUHOrO CTOKA — CKBAKUHBI C IIOCTOSHHBIM
pacxoaoM AaBAeHHe Ha 3aboe HeNpephlBHO IOBBIIIAETCS M K
MOMEHTY IpeKpallleHUus AOAWBA AOCTUTAeT
2,225K T

Al

p, =g (2.27)

c
rae TA — IIPOAONKUTEABHOCTH AOAMBA CKBA>XKWHEIL.

Hpouecc BOCCTAHOBAEHUSA AABACHUA C MOMEHTA IIPEeKpallleHUsAa
3aKAQUYKH JKHUAKOCTHU OIINCBhIBAETCA HM3BECTHBIM ypaBHeHI/IeM XOp-
Hepa

T, +t

p, =1ilg T (2.28)

rpe | — BpeMsl BOCCTAHOBAEHUS AQBAEHUS C MOMEHTa NIpeKpalle-
HUS AOAUBA.

W3 ypaBHeHUus (2.28) BUAHO, 4YTO C POCTOM ¢ aOCOAIOTHOE 3Ha-
yeHHe N30LITOYHOTO AdBACHUA YMEHbIIaeTCd.
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BBIpaSI/IB IIOHM>KeHne AABACHUSI OT MAKCHUMAABHOI'O YPOBHA pA
Jepe3 Ap, onpepeAuM

. 2,25%T, T +t
Ap=p, -p,=1lg o - ig =

C

2,25
- ilg = ilg(l + i). (2.29)
r; ;

INepBbIlt YreH ypaBHeHUd (2.29) upeHTHUEH ypaBHeHUIO (2.27), a
BTOPOM 4YA€H IPU MaABIX 3HaueHHIX I/T, oOpallaeTcsi B HyAb.
[MTpu 3THX YCAOBHUSAX CAEAyeT IMOAaraTh, YTO XapaKTep IpadmKOB

p — 1gT u Ap — 1gT opmnHAKoB. OUEBUAHO, COBHAAECHUE YIIOMS-
HYTBIX I'PaUKOB Te€M TOYHEEe, 4eM OOABIIe IIPOAOAKUTEABHOCTh
aoruBa T,.

[MTpuMeHas MeTOA CYIEPIO3UIINN K ypaBHEHUIO (2.25), moayda-
€M ypaBHEHHE AASI COOTBETCTBYIOIIETO IIepUOAd BOCCTAHOBAEHWUS
MABAEHUS

TA+t

Pew = IClg (2.30)

t
Tlonm>keHne AaBAEHHUS ITOCAE IIpekpanieHusa 3aKa4KKU KHUAKOC-
THU B CKBAXXUHY

. o t
Ap = Dy = Pew + IClgF - lC’lg(l + —). (2.31)

B

IlepBBIll uYAeH ©IpaBOM dYacTHM ypaBHeHUsa (2.31) mo cBoen
CTPYKType HAEHTHYEH COOTBETCTBYIOUIEMY BBIPa)KEHUIO KPUBOM
poamBa (2.25). Torpa B kKooppuHaTax Ap — lgt rpacuxk Kpusoi
BOCCTAQHOBAEHUSI AABAEHHMSI OOpa3yeT IIPIMOAWHEMHBINM YYaCTOK,
QHAAOTUYHBIN COOTBETCTBYIOIIEMY YUaCTKy KPUBOM AOAMBA.

M.C. BuHapCKUM YyCTaHOBAEHA HEOOXOAUMOCTL COOAIOAEHUS
TpeOOBAHUU O MHOCTOSTHCTBE PACXOAd U AOCTATOYHOU IIPOAOAKU-
TEeABHOCTH AOAMBA CKBa’KMHBI AO €e OCTaHOBKU. B aTmx caydasx
B IIPUMBIKAIOIEeN K CKBakKMHe OOAACTH yCTaHaBAMBAETCS KBa3U-
CTallMOHApHOE pacIpejpeAeHUe AQBA€HUS, U IIOCAeAyIolllee ero
BOCCTQHOBAEHHE IIPOTeKaeT INPU MeHbIINX HCKakeHuax. [Ipu
ManAOU NMPOAOAKUTEABHOCTU AOAMBA OOAACTh KBa3WUCTAllMOHAPHO-
IO pacIpepeAeHUs AABAEHUS OYeHb MaAd, U BOCCTAHOBAEHUE IIAA-
CTOBOTO AABAEHUSI COIPOBOYKAAETCS MCKa)KeHUSIMU OT IIepBOHa-
YaABHOTO BO3MyLnawolero adgdekra. B 3TUX cAydasdx NPSIMOAM-
HeWHBIM yd4acTOK rpadukoB Ap — Igf TakKe IepecekKaeT OChb
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abcrmcce B Touke Ilgt’ = 1gT'. OpHAKO WX HAKAOH J, 3HQUUTEABLHO
MEHBbIIIe HAKAOHA COOTBETCTBYIOLIEro rpaduka KpUBOU AOAUBA J,.

Huke IpuBOAATCS AQHHBIE O IPUMEPHOM IIPOAOAKUTEABHOCTU
AOAVWBA CKBa)KMHBLI B 3aBHCHMOCTH OT AWaMeTpa 3allOAHSIeMBIX

TpyO:

AnuamMeTp TPYO, MM.......ccoovrinenee 114 168 219 273 325
ITpOAOAKUTEABHOCTE AOAUBA,
MHH.... 5—10 10—15 15—25 20—35 25—55

B ckBakmHax, oOCa’keHHBIX TpyOaMu AMaMeTpoM 245 MM H
Oonee, TPOAOAKUTEABHOCTH AOAWBAa MOJKHO COKPATUTh NOyTeM
cnycka OYpPUABHBIX TPYO C IAKEpOM AASI TepMeTHU3aluu 3aTpyo-
HOTO IIPOCTPAHCTBA HIIKE CTATHYECKOTO YPOBHS >XHAKOCTH. B
9TOM CAyYae U3MeHeHUe AQBAEHUSI BO BPEMEHU CAepyeT KOHTPO-
AUPOBATH C MOMOIIBIO TAYOMHHOI'O PErucTpUpYyIOlero MaHOMeT-
pa, IoMellleHHOTO HUXKe IIaKepa.

AAs obeclieueHNs KaueCTBEHHBIX 3aMepOB B TeueHUe 3aAaHHO-
ro BpeMeHH HeOOXOAWMO, YTOOBI PACXO0p, JKUAKOCTH IPH 3aKadyKe
OCTaBaACSI TIOCTOSIHHBIM. [IpM OTCYTCTBUM BBIXOAA ITUPKYASIINN
IIojaua Hacoca He AMMUTHPYETCS U MOJKeT OBITh OIIPEAEAEeHaQ,
HCXOASl M3 HaAW4us 3alaca OypoBOro pacTBoOpa U TpeOyeMom
TIPOAOAKUTEABHOCTH AOAWBA.

[Npy yacTMYHOM MOTAOLIEHUM BO H30e’KaHUe IpeRKAeBpeMeH-
HOTO TIOBBIIIEHUSI YPOBHS JKUAKOCTU AO YCThSI KOAWYECTBO 3aKa-
YBaeMOM KUAKOCTU

IgT;

Q=0Q ' (2.32)
19T,

rae Q,, T, — COOTBETCTBEHHO II0A@UYa HACOCOB U BpeMs BOCCTa-

HOBAEHUSI IMPKYASIINN IIepep HadaAOM OAHOTO M3 ITOCAEAYIOIIUX

peticoB; T, — TpeOyeMasg IPOAOAKUTEABHOCTb AOAMBA CKBa’XKM-

HBI, OIIpeAeAsieMasi B COOTBETCTBUHU C AMaMeTpoM TpPyo.

Onpegerenue opMbl U BEAUUUHbl PACKPBIMUS NOTAOWAOWUX
KanaaoB. Bribop Hamboree 3(pPeKTHBHEIX METOAOB, CPEACTB U
TEXHOAOTUY IIePEeKPHITUS IIOTAOIIAIONINX KAHAAOB OIIPEAEASTeTCS
CTPOEeHNEeM IPHUCTBOABHOM YaCTU MOTAOLIAOLIErO MAacTa ((POpMBI
¥ pa3Mepbl PaCKPHITUS KaHAAOB).

C moMOIIBbI0 CKBa)KUHHLIX (DOTOANIIAaPaTOB U IOTPY’KHBIX Te-
AEBU3MOHHBLIX KaMep, a TakKykKe 10 KePHOBOMY MaTepHaAy UAU IO
OOH&)KeHHAM IIOPOA Ha IIOBEPXHOCTU 3€MAU OCYIECTBASIOTCS
IIpSIMBIE METOABI OIIPEAEAEHMS Pa3MepOB U OpPUEHTalluK TPEeIUH,
KaBepH U APYTUX HApPYIIEHWH CTEHOK CKBAa’KWHHI.

@oTtorpaudueckuii BUA HUCCAEAOBAHUS VMEET CYIIeCTBeHHBIN
HEAOCTATOK, 3aKAIOYAIOIUNCS B TPYAOEMKOCTH €ro OCYIeCTBAe-
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HUus. AAs BHIOOpa OOBEKTa, MOAAEesKallero (poTorpa@upoBaHUIO,
TpeOyeTcs NPOBEACHUE ADPYIUX AOINOAHUTEABHBIX BUAOB MCCAEAO-
BaHUM; IIPOILECCYy NOAyYeHus MHpOpMaluu Ipu gororpadupoBa-
HUU IIpeAlllecTByeT Ipoljecc perucrpanuu. O0wekT doTorpadu-
pOBaHUs BBIOMpPAeTCs KOCBEHHBIM IIyTeM, a (POTOIPUOOP HMeeT
HEKOHTPOAUPYeMOe BpallleHre Ha KabOeAae M CHUMAaeT "BCAenylo';
M\ HAAEKHOCTH ITPOBEAEHMS MCCAEAOBAHUN OAMH U TOT >Xe WH-
TepBan gortorpadupyror 3 —4 pasa.

Boabmioe pacnpocTpaHeHue B OOABIIMHCTBE OTPACAe€M IIPO-
MEBIIIIA€HHOCTH B KadyeCTBe CPEeACTBA BU3YAAbBHOTO HaOAIOAEHUS,
KOHTPOASL U T.II. IOAYYUA SA€KTPOHHO-ONTUUYECKUN METOA,

B mamel cTtpaHe U 3@ PyOe’KOM CO3AAH pSAA CKBaKMHHBIX
SAEKTPOHHO-ONTUYECKUX U (POTOTEeA€BU3MOHHBIX YCTAHOBOK,
IIpeAHa3HAYEeHHBIX AAS PelleHusd pa3HOOOpa3HBIX 3aAa4y IO MC-
CAEAOBAHUIO COCTOSTHUSI CTBOAOB CKBA’KUH.

K BH3yanbBHOMY METOAY MCCAEAOBAHUU OTHOCUTCS TAKKe CIIO-
co0 CHATHS OTTHUCKOB CO CTEHOK CKBa)KUHBI. KaHapcKue (pupMbI
"Bask", "Cussaa" u "Bpaticon", a Takke HEKOTOphIe aMepUuKaH-
CKre (pUpPMEBI C 3TOU IIEABIO IIPUMEHSIOT HAAYBHBIE IIaKepHl C
"TIOAYBYAKQHU3UPOBAHHOU" pe3mHOU. [lakep cIyckarOT B CKBa-
JKMHY Ha HACOCHO-KOMIIPECCOPHBIX TPyOax, HaAyBalOT C’KATBIM
BO3AYXOM M IIOCA€ OIIPEAEAEeHHOM BBHIAEPKKU (0T 5 MUH A0 12 u)
M3BAEKAIOT Ha IIOBEPXHOCTb. [locAae ypaneHHS BO3AyXa pe3uHa
coxpaHseT (POpMy CKBa>XMHBEI. AAS OpHeHTaIuN IlaKepa-nedaTu
IIPOBOAAT CIIellMaAbHOe OoOcAepOBaHMe. Pa3zpaboTaHa IedaTb AAL
OIIPEAEAEHUS PACKPBITUA U (POPMBI ITOTAOLIAIOIMIUX KaHaroB. OHa
COCTOUT U3 Kopnyca (mepopUpOBaHHOU TPYOBI), Ha KOTOPOM
“MeeTcCs UHAUKATOpHast 060AOUKa (IpOHUIlaeMasi TKaHb).

[TpepBapUTEABLHO OIPEAEASIOT UHTEPBaA IIOTAOIIEHHS C IO-
MOIIBIO pacxopoMepa. 3aTeM Ha OYPUABHBIX TPyOax CHOyCKaioT
IIleYaTh B MHTEePBaA MOTAOLIeHUsA. B OypuAbHBIe TPyOBl 3aKauuBa-
IOT UHAUKATOPHYIO JKUAKOCTH (KpPaCHUTeAb, XMMUUYECKUM peareHT),
KOTOpas BBITECHIETCSA OYyPOBBIM PACTBOPOM U3 TPYO B CKBA)KUHY
yepe3 OTBEPCTUS B KOpPIyce MHAMKATOPHOM IeudaTH. MHAUKATOP-
Hag obOoaouka “paspyBaercsl’ AO IIAOTHOTO IIPHUAETAHUS ee K
CTeHKaM CKBa’KUHEI, a 3aTeM uepe3 Hee (PUABTPYeTCS JKUAKOCTH
B IIAQCT TOABKO B TeX MeCTaX, A€ OHa IIepeKpHhIBaeT IIOTAOIIA-
Iolue KaHaabl, B MecTax UABTpaIMuU KUAKOCTU B IAACT Ha WH-
AVMKATOPHOU OOOAOYKE OCTAIOTCS OTIIEYATKH IIOTAOIIAIOMIUX Ka-
HaNOB.

B mocaepHee BpeMs Bce OOABIIlee BHUMaHUeE YAEASIeTCS KOC-
BEHHBIM MeTOAAM OIpeAeAeHUs (DOPMEBI M pa3Mepa PacKpBITOCTU
IIOTAOIIAIONINX KaHAAOB Ha OCHOBE PE3YABTATOB IMAPOAWHAMUUE-
CKHUX MCCAEAOBAHUM, II0 BEIHOCHMOMY IIIAAMYy B Ipoliecce Oype-
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HUY CKB&XMHBI HAM II0 pa3MepaM 3epPHUCTBHIX HAIOAHUTEAEH,
3aKaQYMBAaEeMEIX B IIOTAOILIAIONIIUM IIAAQCT C IIEABIO IIEPEKPHITUS IO-
TAOIIAIOIIUX KaHAAOB.

[To pesyabTaTaM THAPOAMHAMMYECKUX HMCCAEAOBAHUM CKBa)KUH
MOJKHO OIpPeAeAuTh Hauboaee OOIIUN TIOKa3aTeAb, XapaKTepu-
3YVIOUIMM MNOTAOWIAIOIMIUM IIAACT, — CyYMMapHBIM KO3((pUuImeHT
IIPUEMHUCTOCTU (IPOAYKTUBHOCTH) K., UAM €r0 T'MAPOIIPOBOAHOCTD,
u Koa(dpunuents npuemnuctoctu (K,, K, K;) Tex cpep, KOTOPHI-
MU TTPEeACTaBA€H IIOTAOIIAOIIMH IIAACT.

Koadbdunuent npuemucroctu K,; yKas3blBaeT Ha HaauUuyue B
TIOTAOIIAIONIEM IIAACTe TPeIUHOBATO-KaBepPHO3HOM 30HBI, pas-
MepHBl KaHaAOB (PUABTPAIUM KOAEOAIOTCS B IIpeAeAax OT AOAed
MUAAUMETPA AO HECKOABKMX CcaHTUMeTpoB. Kosdduiment K,
YKa3bIlBaeT Ha TO, YTO B IIOTAOIIAOIIEM IIAACTE MMEETCS CpepHe-
IIOPUCTas 30HQ, pa3Mepbl KAHAAOB (PUABTPAIUUA KOAEOAIOTCA OT
AECATKOB MUKPOMETPOB AO AOAel MmuaruMerpa. Koaddunuent
K; yKa3blBaeT Ha IIPUCYTCTBHE B IIOTAOIIAIOIIEM IIAACTe MEAKO-
IIOPUCTOYU 30HBEI, pa3Mephl KaHAaAOB HaxXOAATCSI B IIpeAerax OT
AECSATKOB MUKPOMETPOB.

I[lpy HaamyMM B MOTAOLIAIOUIEM IIAACTe TPEIIUHOBATO-
KaBEepPHO3HOM 30HBEI C IIOMOIIBLIO PacxopoMepa yCTaHaBAMBAIOT
Y4YaCTKU C HauboAee WHTEHCUBHBIM IIOTAOIIIEHUEM M 110 Ka’KAOMY
U3 HUX ONPEAEASTIOT 3HaueHHe Ko3((puilieHTa NPHUEMUCTOCTU U
HaMeydaloT Mephl OOPLEOBI C MOTAOIIEHUEM.

Cnoco6 OLleHKHM CpeApHero pa3Mepa pacKpBITUS KaHAAOB B IIO-
TAOIIAIONIEeM IIAACTe IO AQHHBIM KpPAaTKOBPEMEHHBIX TMAPOAWHA-
MHUYECKUX HCCAECAOBAHUU MOXKeT OBITh yTO4HeH. Kosddunment
(PUABTPALIUUA AAS OAMHOYHOU TPEILIWHBl OIPEAEAIOT C y4eTOM
TakKuX (PaAKTOPOB, KaK NIEePOXOBATOCTH CTEHOK IIOTAOUIAIOIIUX
KaHaAOB, UX KAMHOBHUAHOCTBL M M3BUAUCTOCTh, MECTHBIE IIOTEpU
HAIopa, 0 CAeAYIollel (popMyAe:

2
1 m_d
L= _lT—' (2.33)
12w §,E. 8,88,
rAe€ Y — OOBEMHBIM BeC JKMAKOCTH; W — KO3((UuiiueHT BI3KOC-
TH; m, — TPEeNUuHHAsA TOPUCTOCTh, 0 — pasMep PACKPHBITUS

tpemunsl; §,.,8.,&,,E,, &, — KO3MUIIUEHTE], YIUTHIBAIOIINE CO-
OTBETCTBEHHO BAUSHHE IIePOXOBATOCTH, THUIIA IIEPOXOBATOCTH,
KAMHOBHAHOCTH, U3BUAHUCTOCTH, MECTHEIX IIOTephb. [Ipon3BepeHne
KO (PHUIIMEeHTOB § XapaKTepusyeT KOMIAEKCHOe BAUSHHE pPSAQ
(PaAKTOPOB, OMPEAEASIONINX (PUABTPAIIUIO JKUAKOCTU B TPEIIUHO-
BaTOM CpeAe, U MOJXKET OBITh 0003HaueHO

¢ =E,5E8E. (2.34)
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I[Mpunumasi BO BHMMaHWe OOIen3BeCTHOE COOTHOIIEHNE MeXK-
Ay Kos3(unmeHTaMu (PUABTpPAUM U NPOHUIIAEMOCTH, C Y4eTOM
(2.33) u (2.34) morydaeM KO3((PUIIMEHT IIPOHUIIAEMOCTU TPEIu-
HOBATOMN CPEABL:

2 2,8
k = e [cM?] wAm k, = md 10
12¢ 12¢

(Al (2.35)

HaunbonarIiiee BAuSAHNME Ha KOIPPUIIMEHT (QUABTPALUU AAA
TPEIIVHOBATHEIX IMOPOA B €CTEeCTBEHHBIX YCAOBHSAX OKA3BIBAIOT
Takre (PaKTOPBl, KaK M3BUAMCTOCTb M MeCTHHIe IToTepu. Ha oc-
HOBE JKCIEPUMEHTAABHBIX AQHHBIX IIPUM KOMIIAEKCHOM BAWSHUU
BCEX PAcCMOTPEHHBIX (DAKTOPOB Ha KO3(MMUIUEHT (PUABTPALNN
B YKA3aHHBIX YCAOBMSAX IpUHHMaeTca ¢ = 9,38.

M.C. Bunapckuii u I''A. BeroycoB AAS  UHTepIpeTanuu pe-
3YABTATOB KPATKOBPEMEHHBIX TMAPOAMHAMUYECKUX HCCAEAOBAHUHN
HUCIIOAB3YIOT HAYaAbHBIM NOPIMOAMHEMHBIM yYacTOK Trpaduka
Ap — 1gT, IOCTPOEHHOrO O AQHHBLIM O IIOBBIIIEHUU AABACHUH
BO BpeMsS AOAMBA CKBa’KUHBI C IIOCTOSHHBIM PACXOAOM >KUAKOCTH
WAU O BOCCTAHOBAEHMH AABAEHUSI B CKBa)KUHe IIOCAe IIpeKpalie-
HHUS KpPaTKOBPEMEHHOTO AOAVBa. B pesyabrare 0OpaboTKuU Ha-
YAABHOTO NPSIMOAMHEMHOIO y4dacTKa rpaduka Ap — 1gT ompepe-
AsIeTCS 3HAQUeHWe TMAPOIPOBOAHOCTU IIOPOA, IO KOTOPOM IIOAY-
YeHO 3HaueHMe TPELINHHOMN IIPOHUIaeMOCTH

2

= Remt (2.36)
12yTh

rae R.,, — Ppapuyc CTBOAA CKBA)KWHBI (B MHTepBare H3MeHEHU:

YPOBHA CTOADA >KMAKOCTH), CM; W — BS3KOCTb JKUAKOCTH, clI;

¥ — IIAOTHOCTB JKHAKOCTH, r/cM’ T' — BeAWYMHA, COOTBETCT-

BYIOII@d TOYKEe IIepeCeueHUl NePBOHAYAaABHOI'O IIPSIMOAMHENHOIO

yuacTka Kpusou Ap — 1gT ¢ ocelO BpeMeHH, ¢; h — MOIIHOCTB

MIPOHUII@EMOTO TIAACTa, CM.

[MpupaBHuBag npasble yacTu (2.33) u (2.34) U y4IUTBEIBAs, 4TO
AAST OAMHOUYHOM TOPU30HTAABHOM TpemuHbl n = 8; m;, = 1, om-
peAeasieM 3HaueHVe BEPOSITHOTO CPEeAHEeOOBEMHOTO PAaCKpPBITHUS
TPeIVHE:

2
8, = 0,826 - 1073 Ferl [y} (2.37)
\ oot

AAS cAydas UCHOBITAHWSA NPOHUIIAEMEIX ITAACTOB C HUCIOAB30Ba-
HUEM TeXHUYEeCKOU BOABI BEPOATHOE CpeAHeOOBEeMHOE PACKpPHI-
THe TPeLIWHBI AAS OIIPEAEAEHHOUN TPEIIUHOBATOU CPEeABL
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8,0 = 0,826 107'3/R%, /T" [cm] (2.38)

AAS OoIIpepAeAeHUsT 3TOM BeAMYMHEBI pa3paboTaHa HOMOTpaMMma
(puc. 2.6).

IIpy BCKPBITUM CKBAa)XWHOW BEPTUKAABHOW TPEIIWHEI IIO0 MOII]-
HOCTH NAACTa h KOMIAEKCHOe BAMSHUE KO3((MUIUEHTOB U3BUAU-
CTOCTH C U MEeCTHBIX COIPOTHMBAEHHUN pe3KO BO3pacTaeT 3a CueT
AOIIOAHUTEABHOTO BAUSHMS IOBEPXHOCTHM CTEHOK TPEIIWHBL B
TOPHOM NOPOAE Ha (DUABTPAIUIO IIOTOKA. AAS IPOCTPAHCTBEHHOMN
U30TPONHOM TPEIIMHOBATOM CpeAbl, MO 3KCIepPUMEHTAaAbHBIM
AAHHBIM, c=97.

C yueTOM O3TOro 3HAQYEHUS CpepAHee 3HAaueHHe BepOSATHOTO
PacCKpHITUS BEPTUKAABHON TPEIIUHbI

—

[ 2
8, = 241107 —emt [ey (2.39)
P \w‘yT’mTh

AN CAydas IPOBeAEHUS 'MAPOAMHAMUYECKHX UCCAEAOBAHUU C
HCIIOAB30BAHUEM BOABI BEPOSITHOE CPepHeOOBeMHOe pacKphITHE
BEPTUKAABHOMN TPEUIUHEI B OIPEAEACHHOM TPEIIWHOBATOM Cpeae
(m, = 0,1) MOXHO OIIPEAEAUTH IO POPMYAE

Puc. 2.6. HomorpamMma AAsI ompepeae-

HHS CpeApAHero 6r.cp 1 MAKCHMAABHOIO

O, «p 3HAYEHMI PACKPBLITUSI TPEIUH IO
AanubiM KTAIL (D,,,,, — HOMHHaAb-
HBII AuamMeTp Tpy6s1) o M.C. Bunap-
ckomy u I'A. Beaoycosy (R, = 10 cm;
=219 mm; T = 100 c¢; & =

T.Cp

DT .HOM
= 6,83 MM; O, = 4,5 MM)
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2

8,0, = 0,763 15m [cuy) (2.40)
‘ Vrn

3HaueHUs1 PaCKPBLITHUSI KaHAAOB B TIOTAOMIAIONIUX IIAACTaX,
paccuuTaHHBIe IO BEIpaKeHuaM (2.37) u (2.38), cpaBHUBaAM C pe-
3yAbTaTaMM, IIOAYUYEHHBIMU IIPU IPSIMBIX M APYIHX METOAAX NC-
CAepOBaHUM (Taba. 2.1).

YcTaHOBAEHO, UTO TIpSAMble H3MepeHH’s pa3Mepa PacKphITUS
KaHaAOB, MepeceyeHHBIX CTBOAOM CKBa’kKUHBI, OTpa>kalOT MaKCU-
MaAbHOE 3HaueHWe 3TOU BEAWYUHBI, ONPEeAEASTeMON I10 AAHHBIM
TTPOHUKHOBEHUS B TPENIUHBI W KaBePHBI WHEPTHBIX YaCTUIl UAU
BIDXK.

BO3MO>XHOCTb OLIEHKU CpEAHEro U MaKCHUMAaAbHOTO 3HAYEHUU
PacKpBITUS KaHaAOB B ITOTAOIAIOIIEM IIAACTe C IMMOMOIIbLI0 ObIIe-
AOCTYIIHOTO CIIocO0a KpPaTKOBPEMEHHOI'O TUAPOAMHAMHUYECKOTO
UCCAEAOBaHUS CKBakKMH M IIPOCTOM OIlepaTUBHOU 00paboOTKU
ONBITHBIX AAQHHBIX OOAerdaeT 3apady OOOCHOBAHHOIO BHIOOpPA
3aKyIIOPUBAIOIIUX MaTEepPHUaAOB KW TAMIIOHA’KHBIX CMeCel AAS
3PPEKTUBHOU U3OASALUU IOTAOLIAOIINX IIAACTOB.

IMpu craTucTHueckor 00pabOTKe pPe3yAbTaTOB HCCAEAOBAHUU
OBIAO IIOAYUEHO CpeApHee 3HaueHNe BepOSATHOTO PAacKpHITHS KaHa-
AOB, paBHOe 1,48 MM, nipu npepeAbHOM onimoke ero 0,16 mMm. OT-
CIOAQ CpepHee 3HaueHMe PaCKPBITHS KaHAAOB HAaXOAUTCS B IIpeAe-
rax 1,32—1,64 MM, a cpepHee KBappaTUUECKOe OTKAOHEHHE PaB-
"o 0,46 MMm.

Ta6 auma 2.1
3HaueHHs1 PACKPBITOCTA KAaHAAOB (B MM), pacCUMTaHHbIEe PAa3AMYHBIMUA METOAAMM

Kparko-
Howmep ITpsambie Ananu3s 3akauyka phev e
CKBa’KUHBI Tromaar METOABL AaMa BITXK Fﬁﬁ?{géﬁﬁg
HCCAEAOBa-
HUS
OKcnepu- - 8,2—20,0 10—20 10,0 2,66
MeHTaAbHas
BHUUBT
587 BaxmerneBc- 4,0—8,0 7,48 53 1,49
Kas
182 >Kupnosc- 7,0—16,0 - 9,7 1,41
Kas
31 KhaeHoBckas 3,0—8,5 6,21 - 1,28
1 Huxue- 6,0—12,0 9,25 - 2,08
AobGpuHCcKasg
8 Hosumckas 55—8,0 — 6,2 1,55

106



3HaueHWe PAaCKPBITUS IOTAOIIAIONINX KAHAAOB MOJKET OBITh
OIIPeAEAeHO N0 Pa3Mepy YacCTHUl] IIAaMa WAM 3€PHUCTBIX HAIMOA-
HUTEAEeH, 3aKaulBaeMbIX B IOTAOMIAFOIIUM TIAACT.

AabopaTopHble MCCAEAOBAHUS M IIPOMBICAOBBIE UCHBITAHUSA
IIOKAa3aAM, YTO B TPeIIUWHBl YHOCATCS YaCTHIIBl IIAaMa HAU 3ep-
HUCTBIM HAMOAHUTEAB, €CAM UX pa3Mephbl B 2,5—3 pa3a MeHbIle
PACKpPBITUS ITOTAOIIAIONIUX KaHAAOB.

B BamHUITVHedTH, HOAB3YICH ABYYAEHHOM 3aBUCHMOCTBIO
ABVDKEHUS JKUAKOCTH B IIOTAOIIAIOIIEM IIAACTE:

p = aQ + bQ?,
CPEeAHUM 3KBUBAAEHTHBLIM pa3Mep MOTAOIIAIoIero kKaHaaa (d —

AUaMeTp UAM O — PpaCKpBITOCTH TPEIIWH) IIPEAAOKEeHO OIIpepe-
AATB IO (DOpMYyAe

2
d’6=& 12_{. Lb_+C2'
a ypa P2 a?

rae C,, C, — TOCTOSIHHBIE, 3aBUCAINNE OT CBONUCTB >XHAKOCTH,
pa3MepoB CKBa’KUHEL U TPyO. VMU >Ke IIOCTpPOEeHBI HOMOTPaMMBEI
MAST OTIpEAEAEHUST pa3Mepa KaHaaoB d M O (AAS CAydast MCCAEAOBa-
HUS CKBA&)KHUHBI C IIPOMBIBKOM 3a00s1 BOAOM) B 3aBUCHUMOCTHU OT
(OPMYABI THAUKATOPHOM KPUBOU, BEAUUUH A U b.

OnpepenreHne 30H moraomenunst 6yposoro pacrsopa (BP). B
IIPaKTHKe OypeHUs MOTAOIeHHe OYPOBOTO PACTBOpPA OIIPEAEASET-
Cs IO QHOMAABHOMY YMEHBIIEHHIO ero o0beMa B €eMKOCTSIX H
CHIDKEHMIO AABAEHHUS B TMAPABAUUYECKOM CHUCTeMe OypOBOM yCTa-
HOBKM, a I'AyOMHA IIOTAOILIEHHs — II0 AAMHe OypOBOT'O UHCTPY-
MEHTa, HaXOAdIIlerocsi B CKBa’KMHe K MOMEHTY HadaAa 3TUX IIPO-
1eccoB. boaee TouHO MecTo moraomeHuss BP onpeaeasercs ¢ mo-
MOIIBIO KOMIIAEKCHBIX CHUCTEM TEXHOAOTHUYECKOTO KOHTPOAS
npoiecca OypeHUs CKBa’KUH, CHAOXeHHBIX TAYyOMHOMEpPOM H
IIO3BOASIONINX OIPEAEAITh AONOAHUTEABHBIE IIPU3HAKMU Hadara
IIOTAOIIIEHHS: YMEHbIIIeHNe CKOPOCTU BBIXOAAIIEr0 U3 CKBa’KMHEI
OypOBOI'0O pacTBOpa U IAOTHOCTU IIAaMa, yBeAWdeHUe MeXaHude-
CKOM CKOPOCTU OypeHHUs, NAOTHOCTH OypOBOTO pacTBOpa M Beca
Ha KpIOKe.

HepocTaTKOM M3BECTHBIX CIIOCOOOB OIIPEAEAEHUS MeCT IIO-
TAOIIEHUSA SBAGETCd HEBO3MOJKHOCTb YCTQHOBAEHHS T'AYyOWH 30H
IIOTAOLIIeHUsT OypOBOTO pPacTBOpa IO Mepe cIycka OypoBOro WH-
CTPyMeHTa.

[MpakTueckKu TOYHBIEe T'AYOUHBI MeCT IIOTAOIIEHHus OypOBOTO
pacTBOpa ONPEAEATIOTCS C MOMOIIBIO Teo(PU3NIeCKUX HUCCAEAOBa-
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Huti ckBaXuH ('MC), 00BIYHO IpPUMEeHIeMBIX B KOMIIAEKCE C THU-
APOAMHAMUYECKMMU METOAAMM: TEPMOMETPUM, ‘MeUeHBIX' HWAU
"KOHTPACTHBIX" >KUAKOCTEM, PACXOAOMETPUU U AD.

OpHako IIpuMeHeHNe BhIIeNnepedrncaeHHBIX MeTop0B [TUC ans
OIIpeAEA€HUsT UHTEPBAAOB IIOTAOIIEHUM OypoBOro pacTBopa Tpe-
OyeT IIPeABAPUTEABHOTO M3BA€UYEHHMS Ha IOBEPXHOCTbL OypPOBOTO
WHCTPYMEHTQ, T.e. HEIPOU3BOAUTEABHOTO IIPOCTOS CKBAa’KWHBEL U
3aMepAEeHUS [IPollecca OIpPeAeAeHUuA. AAd YCTPAHEHUS 3THUX HeAO-
CTaTKOB pa3paboTaH cHoCo0 ONpeAeA€HUsT MHTEPBAAOB IIOTAOIIe-
HHusg OypoBOro pacrTBopa 6e3 nopbeMa OYpOBOTO MHCTPYMEHTa Ha
IIOBEPXHOCTA.

IMpu obHapy>kxeHuu noraoineHuss bP OypeHme NpPHUOCTAaHABAM-
BAIOT M IIPOBOASAT CAEAYIOIINE OIlepalluu:

B KOAOHHY OYPHABHEIX TPYO B CKBA)KUHY CIIYCKalOT Ha Kapo-
Ta)KHOM KaOeae IMOACOEAMHEHHBIM K €rOo TOKOIPOBOAY H3MEpH-
TEABHBIM 3AEKTPOA U PEeTUCTPUPYIOT M3MeHeHUe SAeKTPHUUEeCKOTro
IoTeHI[MaAa KOAOHHEI (OITK) 1Mo BCeMY CTBOAY CKBA’KUHBI MEKAY
HUM U 3A€KTPOAOM CPaBHEHUS (IPOU3BOAAT (DOHOBEIM 3aMep U3-
MeHeHnu OI1K);

IIOCAe TepMETHU3allUM YCThsd CKBAKUHBI 3aKAUYMBAIOT IIOA AAB-
AeHHeM OypOBOM pacTBOP 4Yepe3 OypOBOM MHCTPYMEHT;

cpa3y ’Ke IIOCAe 3aKayKh OypOBOTO pPacTBOpPa B CKBAKUHY
CHIDKAIOT CO3AaBaeMoe B Hel A@BA€HHe M IOBTOPHO PETUCTPH-
pyIOT B OypOBOM HHCTPyYMeHTe KpuByio wusMeHeHus OIIIK mo
BCEMY CTBOAY CKBa’>KUHBEI;

30HY IIOTAOIIeHHd OYpPOBOrO PAacTBOPA OIPEAEASTIOT IIPOTUB
QHOMAAMK Ha IIOBTOPHO 3apeructpupoBaHHoOM Kpubou OIIIK,,
KOTOpas OTCyTCTBOBaAa Ha (poHOBOM KpuBol OIIK,.

2.3. U3YUYEHUE U3MEHEHUS }
TUAPOATHAMMYECKUX AABAEHUI
B HEOBCAJKEHHbBIX CTBOAAX

I'mppaBAMUecKOe A@BA€HHE B CKBA)KWHE IIPU BBI-
IIOAHEHUU PAa3AWYHBIX TEXHOAOTMYECKUX OIlepaluil B XOApe Oype-
HUSA (CIyCK U IIOAbeM OYpPUABHOM KOAOHHBI, BOCCTAHOBAEHUE
IMPKYASIINY, pacxakuBaHUe TypOoOypa B CKBaKUHe, IIPOMBIBKA
U Ap.) IOCTOSHHO M3MEHSeTCs. 3HaueHHe U3MeHEeHHs 3TOrO AaB-
A€HUSA 3aBUCHUT OT pPSIAd (PAaKTOPOB (CKOPOCTH ABWJKEHUS OYPHUAB-
HOM KOAOHHBI, ee KOMIIOHOBKH, KOHCTPYKIMU CKBa>XWHBI, I1O-
KazaTeared OypoBOro pacTBopa U Ap.). IToaromy opaHOM U3 oc-
HOBHBIX [IPUYUH OCAOKHEHUU (IOTAOLIEHUN) B CKBa’)KUHE SBASET-
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Csl TIpPEeBLILIEHWE THUAPABAWYECKOTO AABAEHHS B CKBa)KUHE Hap
KPUTUYECKUM ero 3HaueHHEeM WAW CHIJKEHHEe II0 CPaBHEHUIO C
HUM. B mepBOM CAy4ae IIPOUCXOAUT THUAPABAMYECKHU PA3pPBIB
TOPHBIX IIOPOA, BO BTOPOM — BO3HHUKAIOT He(TerazoBOAOIIPOSB-
AeHUd.

/3BeCTHO HECKOABKO 3MIUPUYECKUX M aHAAUTUYeCKUX (op-
MYA AASI OTIPEAEAEHUS] TUAPOAMHAMUYECKOTO AABACHUS B CKBa’kKU-
He IIPU ABMJKEHUU KOAOHHBI OYPUABHBEIX UAU OOCAAHBIX TPYO.

E.X. Khrapk mnokazaa, 4TO u3MeHeHHe 3a00MHOTO AABACHUS
3HAQUHUTEABHO 3aBUCHT OT CTelleHM 3allOAHeHHS KOAOHHEL Tak,
npu crycke 178-mMM o6capHOM KOAOHHBI pAmHOM 3050 M B CKBa-
SKUHY AMaMeTpOM 222 MM B CAy4Yae 3allOAHEHUS KOAOHHBI TOABKO
Ha 10 % THUAPOAMHAMHUYECKOE AABAEHHE AOCTUTAeT ITPUMEPHO
36 MITa a npu 3anonHeHuUM KOAOHHHI Ha 100 % — He mpeBHIIIa-
eT 6 MIla.

H.A. T'ykacoB u A.M. [lupBepasdH IPEAAOKUAU HPUOAMIKEH-
HYI0 (DOPMYAY AASL OIIPEAEA€HUSI THAPOAMHAMUYECKOTO AABAECHUSA
Ha CTEeHKU CKBA)KWHBI IIPU ABUJKEHUM KOAOHHBI OYPUABHBIX HAU
00CapHBIX TPYO:

Ap = Ap, + Ap, (2.41)

rae Ap, ompepeadercsa o OPMYyAe A pacyeTa TedeHUS BA3KOU
KHUAKOCTHU B KOABIIEBOM 3Aa30pe€,

Ap, - Aulug , (2.42)

r12[(1 - rf)ln% ~(1- ra)}

a

a Ap, — no dopmyae K.A. IlapeBuya U APyrux aBTOPOB

Ap, - —29__ (2.43)

TAe I, = I /Iy Iy, I — PAAUyC COOTBETCTBEHHO TPyOBI M CKBa-
KUHBI, W — BS3KOCTb XHMAKOCTH; | — AAWHA KOAOHHEI TPYO;
U, — CKOPOCTH ABWJKEHUS KOAOHHBI TPyO; 6 — cTaTuueckoe Ha-
IIpsiKeHne CABHUTa OypOBOTO pacTBOpa.

Cunraror, 4To opmyaa (2.41) paeT yAOBAETBOPUTEABHOE COB-
napeHue ¢ 6oaee TouHOM dopmyaor H.A. I'ykacoBa aag pAuamna-
30HA YCAOBUU
Mo _0.10?% 2 20+5107% r,=04+07
yIy VI

A.K. Kozopoit u B.C. ®epopoB THAPOAMHAMHYECKOE AABACHUE
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Ha CTEHKHM CKBa’XKWHBI IPU CIYCKe OYPUABHOTO WHCTPyMEHTa
IIPEAAATAIOT OIPEAEASITE IO (hOPMyAe

deX]

Ap = —S0Vmaxd (2.44)
(0

TAE Q, — OUBLITHBIN Kod(dunment; f = D/d.

A.A. MOBCYMOB AASl ONIpEAEA€HUSI Ap NPUBOAUT @HAAOTUUYHYIO
3aKOHOMEPHOCTh, TOABKO BMECTO V,,, PeKOMeHAyeTcs OpaTb
CPEAHIOI0 CKOPOCTBH CITyCKa OYpHABHOTO WHCTpyMeHTa. [lpu wmc-
IIOAB30BaHUM TPyO Pa3HOIO AMAMeTpa, B TOM UHCAe YTsKeAeH-
HEBIX, 3HaueHUe | yBeAWYUBaeTCS Ha SKBUBAAEHTHYIO AUHY VTsKe-

AEHHBIX OYPUABHEIX TPYO, OIpepeAsdeMEBIX II0 (popMyAae

(p*-)e- L, (2.45)

rae D — AmamMeTp CKBa)KUHBEL, d — AMAMeTp CIyCKaeMOU KOAOH-
Hbl; d, — AHWAMETp YTS)KEACHHOU GypUABHOU TPyOHI, cM; I, —
MAVHA KOAOHHEI VTS)KEAEHHBIX OYPUABHBIX TPYO, M.

A K. Ko30op0¥ mOKa3aan, 94TO 3aMeHa MaKCHUMAAbHOM CKOPOCTH
CIlyCcKa OYpPUABHOTO MHCTPYMeHTa Ha CPeAHIOI0 B hopMyae (2.44)
CYILIeCTBEHHO CHMJKaeT TOYHOCTh PAcyeTOB.

M.K. Ceup-P3a NIpeproKUA ONPEAEASITh TMAPOAMHAMHUYECKOEe
DABAEHUE HA CTEHKHM CKBA’XKMHBI KaK CyMMY I'MAPABAWYECKUX IIO-
TepPh B 3aTPYOHOM IIPOCTPAHCTBE CKBA’KWHBI U IIOTEPh Hallopa Ha
MeCTHBIe CONpOTUBAeHUs. ['MApaBAMYecKHe MOTepH PacCUYUTHIBA-
10T 110 popMyre Aapcu — Beticb6axa

I

9KB

2
Ap=h—1_P0"" (2.46)

rae A — KO3 (PUITUMEHT TUAPABAMYECKHUX COIPOTHUBAEHUN B KOAb-
1IeBOM IIPOCTPAHCTBE; P — IIAOTHOCTH OYPOBOIO pacTBOpa.

B.M. BoHA@peBEIM IIOAyYeHa 3MIOUpUYecKasd (GopMyAd AASA OII-
peAeAreHmsI THAPOAMHAMUUYECKOTO AABAEHMS B CKB&)KHMHe IIPU CITy-
CKe KOAOHHBI OYPHUABHBIX TPYO

33v_ Iy

Ap = —m&x (2.47)
p*-d*

rae ' — 3dderTrBHaS BA3ZKOCTH OYyPOBOIO pPacTBOpa.

Kak BUAHO, OAHU AaBTOPEI IIPEAAAQTAIOT AI/IHeI\/'IHyIO 3aBHUCHUMOCTBb
MeXAY IT'MAPOAVMHAMUYECKUM AdBA€HHWEM U CKOPOCTBIO CITyCKa KO-
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AOHHEI TPYO, APyrHe — KBAAPaTHUYHYIO, C y4eTOM HAU Oe3 ydeTa
BA3KOIAACTUYHEBEIX CBOMCTB OypoBOTO pacTtBopa. OOAacTe nmpume-
HEHUs 3SMIMPUYECKUX (POPMYyA OrpaHHMYEHA YCAOBUAMHU IIPOBe-
A€HHBIX OIIBITOB.

I'mppoauHaMUYECKOe AABAEHUE XapaKTepu3yeTcs 3HaueHueM
AABAEHUS CTOADa JKHMAKOCTH, HAXOAMIIETOCS B ABMXKEHHH. OTO
AaBAEHUE B COIOCTABAEHHH C THMAPOCTATUYECKUM AABAEHHEM, CO-
3AaBaeMbIM CTOADOOM JKUAKOCTH, AAeT Pa3sHOCTb THAPOAMHaMUYe-
CKOT'O U TUAPOCTATHUYECKOT'O AaBAeHI/Iﬁ U XapaKTepusyeT u3MeHe-
HUA AdBA€HHUSA B CKBa>XKMHe, CBA3aHHBIe C AMHAMHWYECKHMHAU q)aKTO-
pamy, T.e.

Ap = p; — Dew (2.48)

IAe p, — TUAPOAMHAMHUYECKOE AABAEHUE CTOADA JKUAKOCTH, Ha-
XOAAIIETOCS B ABWJKEHUU; D., — THAPOCTAaTHYECKOEe AABACHHE
cToaDa JKUAKOCTH; Ap — Ilepellaj A@BAEHUS, XapaKTepH3YIoUIUH
3HayeHNe U3MeHeHUs THAPOAWMHAMUUYeCKOIO AABAeHHS [0 CpaBHe-
HUIO C THAPOCTQTUYECKUM.

KeHHOH BIlepBEIE IIPOBEA UCCAEAOBAHUS IIPU CIIyCKE U IIOABE-
Me KOAOHHHBI TPYO, OOOPYAOBAQHHBIX B HU’KHEHW YaCTU TAyOWHHBI-
MH MaHoMmeTpaMu. VMM OBIAO YCTAHOBAEHO, YTO HAa CHIDKEHHe
MABAEGHUS B NIPpU3abOMHON 4YaCTH CKBa’KMHBI IIPU INOABEME KO-
AOHHEI TPyO BAMSIOT 3HaUeHMe NPeAeAbHOTO HAIpPS’KeHMUs CABUTA
OypOBOTO pPacTBOPa, AAMHA TPyO M pa3Mep KOABIIEBOTO 3a30pa
Me>KAy OYPUABHBIMU TPyOaMU U CTEHKaMU CKBa KUHHI.

AHaNOTHYHBIE UCCAEAOBaHUA OBIAU cAeAaHBl ['A. KOBTYHOBBEIM
u H.A. CuAOPOBEBIM.

PaboTel ITOKa3aAM, U4TO TeMII POCTa TMAPOAMHAMHUUYECKOI'O AAaB-
AeHUs B CKBaKMHE 3aBHCHUT OT pa3Mepa 3a3opa MeKAY OypHAb-
HBIM HHCTPYMEHTOM U CTBOAOM CKB&KUHBI, CKOPOCTH CITyCKa
WHCTPYMEeHTa U IIOKa3aTeAell CBOMCTB OypoBOro pacTtBopa. [lpu-
POCT THAPOAVMHAMUYECKOTO AABACHUS B CKB)KMHE HA Ka’KAbIE
1000 M rAyOMHBI IPOTHUB THUAPOCTATAYECKOrO NPU CIIyCKe HHCT-
pymeHTa pocturaa 4,5—95,0 Mlla.

B mokogiieMcss OypoBOM pacTBOpe THMAPOCTATUYECKOe AaBAe-
HHe He OCTaeTCs IOCTOSHHBIM. OHO HeNPEepPBIBHO U3MEHSIeTCs
1U3-3a TEeMIIePATypPHBIX KOAeDaHUM, CEAUMEHTAIMOHHOTO, KOH-
TPAKUOHHOTO U (PUABTPAIIMOHHOIO IIPOLECCOB IIPUA OAHOBpeE-
MEHHOM HapacTaHUU CTPYKTYyPHO-MeXaHU4YeCKUX CBOMCTB Oypo-
BOTO pacTBopa.

3abolinoe gaBieHue B rAybokux ckBaxuHax. OpHa U3 (QyHK-
IuH¥ OypoBOTO pacTBOpa — CO3AAHUE TMAPOCTATUYECKOTO AaBAe-
HUS p, HA 3a00U U CTEHKM CKBa>XMHBI B IIeAIX MPEAOTBpAIeHUs
00Bar00OOpa30BaHUM M ra3doHe(dTeBOAONPOABAeHUU. OrpaHUYeHu-
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eM gBASIIOTCS HeAOIyllleHle I'MAPOPa3phIBOB IIAACTOB M IIOTAOIIe-
HUS pacTBOpa.

113 OCHOBHOTO ypaBHEHMSI I'MAPOCTATHUKU AA@BACHHUS P, Ha TAY-
OuHe z olpepeAseTcs IO HOpMyAe

pP. = Po t P9z, (2.49)
rAe P — IIAOTHOCTBb 6ypOBOI'O pPacTBOpqa; g — YCKOpeHue CBO-
OOAHOTO TaAeHUs; p, — AABA€HHE Ha CBOOOAHON MOBEPXHOCTH
JKUAKOCTH.

B rAy0OKHMX CKBa’KMHAX IIPHM BBICOKOW TeMIlepaTrype IAOT-
HOCTh OypOBOI'O pacTBOpa Ha BOAHOUW U YTAEBOAOPOAHOM OCHO-
BaxX 3HAUUTEABHO OTAWYAETCS OT UX IAOTHOCTH, 3aMepeHHOM Ha
noBepxHocTU. [ToaTomMy ypaBHeHUe (2.49) 0cobeHHO AASI TAyOO-
KUX CKBa>XKUH SIBASIETCSI HETOYHBIM, ITIOCKOABKY OYpPOBOM pPacTBOp
B OTHX YCAOBUSX CTAHOBUTCS W CXKMMAaeMBbIM, W PaCHIUPSIONIAM-
cs. Bausinue TeMmnepaTyphbl Ha N3MeHeHHe MAOTHOCTHU BOABI ITOKa-
3aHO Ha puc. 2.7.

Vi3MeHeHNe NAOTHOCTH INIPECHOM BOABI, HACHIIIEHHOTO pac-
TBOopa NaCl 1 AM3eABHOrO TOIAMBA B 3aBUCUMOCTU OT AABACHUSA
U TeMIIepaTyphl IPUBEAEHO Ha puc. 2.8.

[TAOTHOCTL TOBHIIIAETCS IO MEpe YBEAWYEeHHWS AABACHUS U
YMEHBIIIaeTCsI C POCTOM TeMIlepaTyphl. OTU ABa SIBAEHUS CTpe-
MSTCSI CBECTU APYT APyra Ha HeT, U II03TOMY 3TO SBASIETCSI OCHO-
BaHMEeM NpUMeHeHUs IIOCTOSHHBIX IIAOTHOCTEM AAS pacueTa 3a-
OOMHEBIX A@BA€HUMN. AeNCTBUTEABHO, AAS CKBa)KUHBI TIAyOMHOU
2000 M c TemmepaTypoi Ha 3aboe 55 °C m aaBaenmem 20,0 MIla
IIAOTHOCTL BOABI He MpeBBICUT 986 Kr/M® 3TO, BEpOATHO, Cyle-
CTBEHHO He OTPA3UTCS Ha TOYHOCTU pPACYeTOB U He SBASETCSH
IIPUYWHOY BO3MOJKHBIX OCAOXKHeHUM. OAHAKO AAS CKBa’KMHEBI
rayomHo# 6000 M ¢ TemmepaTypol Ha 3a6oe 190 °C u paBAeHHEM
60,0 MIla mroTHOCTE BOABI OyaeT 910 Kr/M°, 3TO HM3MeHeHUe
IIAOTHOCTHM yrKe 3HauuTeAbHOe. [lo Mepe yBeAWdYeHUs] TAyOMHEI
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Puc. 2.8. I'papuk m3MeHeHUs MAOTHOC-
TH B 3aBHCUMOCTH OT TeMIepaTypbl u
AaBAEHUSL:

1 1 1 a — TPecHOU BOABI, 6 — HACBII[EHHOTO
50 100 150 200 pactBopa NaCl; & - AW3EABHOTO TOII-
Hasnenue, MIla AMBa

500

5

BAUSIHHE TeMIlepaTyphl AOMMHUPYeT HapA BAUSHHEM AABAEHNT;
IIAOTHOCTb PacTBOpa C FAYOMHOU yMeHBIIaeTcs (CM. puc. 2.8).

B cBa3u ¢ 3TUM HU3MeHeHHe AABAEHUSI Ap B MHTEPBAAE YBEAU-
yeHUs TAyOUMHBI AH AAT OAHOPOAHOU >KHMAKOCTHU IIAOTHOCTBIO D
MO>KHO IIPEACTaBUTDH B BUAE (POPMYABL

Ap = glAp(p, TIAH. (2.50)

BriOpas 3Hauenusa aag Ap(p, T) (cm. puc. 2.8) MOXKXHO paccuu-
TaThb M3MEeHeHUe AaBAeHMd Ap no uHTepBaraM AH OT ycTha A0
32004 1, IpUOABASSI UX, IOAYYUTE 3a00MHOEe AABAEHHE.

Ans OypoBOTO PacTBOPa, IIPUTOTOBAEHHOTO M3 PAa3AMYHBIX
SKUAKOCTeHM € pas3HbBIMU KO3 (UIIMeHTaMU CXMMaeMOCTH U pac-
IIUPEeHUs], pacueT CAeAyeT BeCTH Ha OCHOBe MaTepUaAbHOro Oa-
AQHCA PA3AUYHBIX KOMIIOHEHTOB.

MO>XHO cudUTaTh, YTO BCA TBepAad (pasa, Haxopdmadacsa B Oy-
POBOM pacTBOpe, He CXKUMAeTCH.
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YpaBHeHUE AAS OINPEAEAEHUMS TUAPOCTATUUYECKOTO AABAEHUS
VMeeT BUA,;

gAH|p. . m+p_n+p k
Ap, = [T ° A], (2.51)

100+ | Po 1) +k(p—A—1\

LpBi J LpAi J
rpe m, n, k — oObeMHasg AOAI COOTBETCTBEHHO TBEpPAOU (PasHl,
COAEHOM BOABI U AM3EABHOI'O TOIAWBA B Ha3eMHBIX YCAOBUSAX, %;
Py Pu P, — MAOTHOCTL TBEPAOM (a3bl, COACHOM BOALI U
AU3EABHOIO TOIIAMBA COOTBETCTBEHHO; Py P,y — IAOTHOCTE COAe-
HOUM BOABI U AU3EABHOT'O TOIIAMBA B [-M HWHTEpPBaAe COOTBETCTBEH-

HO.

Torpa AEUCTBUTEABHOE AABA€HUWE HA TAyOmHe H; ompeaeaseTcsd

13 CAEAYIOIEero BhHIPa’KeHUs:

n+1

P =Do + E Ap; . (2.52)

Ecan mMeTh B BHAY, YTO Ha HEKOTOPOM HHTEpPBAaAe€ IAYOUHEI
CKB&)KUHBI MOJKHO AOIIYyCTUTBH AMHEMHOe H3MeHeHUe P(f, p), TO
IIOAYYUM

b, =D + le—;pi(Hin - Hi)g' (2.53)

TAe p; — THUAPOCTATUYECKOE AABA€HHWe Ha TAyOomHe Hj; P4y P; —
IIAOTHOCTL OYPOBOTO PAcCTBOPA, PACCUUTAHHAs COOTBETCTBEHHO
M TAyOuH H, , u H,

IMpu onpepereHUN M3MeHEHMs INAOTHOCTH OypOBOIO pacTBOpa
II0 CTBOAY CKB&)KWHBI HEOOXOAWMO 3HATh XapakKTep HU3MeHeHU:
TeMIepaTypsl. AAsi GYPOBOTO pacTBOPa, AOATOE BpeMs He ITUPKY-
AUPYIOWIEro B CKBa’kMHE, €ro TeMIlepaTypa CPaBHUBAETCS C TeM-
IIepaTypoy IIAacTa. B 3TOM cAydae AOCTATOYHO 3HATH TreoTep-
MaABHBIM I'PaAWEHT pa3bypuBaeMbIX TOPU30HTOB.

AAS IUPKyAUpYIOLlero 6ypoBOTrO pacTBopa TeMIepaTypa ero B
HUJKHEM 4aCTH CTBOAA OyAeT HHJKe IIAACTOBOM M 3aBUCHUT OT Ta-
KUX (PaKTOpPOB, KaK IIAACTOBAas TEMIIEPATypa, T€OMETPHS CTBOAQ,
rAyOMHE, CKOPOCTh IOTOKA, TeMIlepaTypa Ha yCTbe, KO3(hUIU-
€HTHl C’)KMMAaeMOCTH U PacUINpPeHHUs U Ap.

Ha puc. 2.9, a nokazaHbl TeMIepaTypHble IPO(PUAN AAT TPex
pasanyHBIX rAyouH: 1500, 4600 u 7500 M. TeMnepaTypHBIN I'Papu-
eut (TT) maacTa, mpuHATEINM paBHBIM 4 °C/100 M, MOKa3aH ITYHK-
THUpHOM AuMHUelN. Ha puc. 2.9, 6 npuBepeHBI PE3YABTATHL A TPeX
TeMIIEPATyPHBIX IpapueHTOB Ha rayomHe 7500 mm. Ha puc. 2.9
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Puc. 2.9. I'pamKku n3MeHeHNs TeMIepaTypbl OypoBOro pacTrsopa Ip¥ IPOMBIBKE
C mopaven Hacoca 19 A/C B 3aBUCHMMOCTHU OT TAYOHMHBI (a) ¥ TeMmepaTypHOro rpa-
AueHTa Ha rayoune 7500 m (6):

1-1500 M; 2 — 4600 m; 3 - 7600 m; I' = TT =2 °C/100 m; 2 =TT = 3 °C/ 100 m; 3
-Tr = 4°C/100 m

CTpeAKaMU IIOKa3aHO HalpaBAeHHe LUpKyasanuu. CTpeaku, Ha-
IIpaBA€HHBIE BHM3, I[IOKA3bIBAIOT, YTO OypOBOM pacTBOp B OYy-
PUABHOM KOAOHHE XOAOAHee, 4eM B 3aTpyOHOM IIPOCTPAHCTBE
(cTpeaku HampaBAeHBI BBepX). BypoBoil pacTBOp B CKBa’kmHE
rayomHon 1500 M mouYTH He HarpeBaeTcd, MO3TOMY MOJXXKHO IIpHU-
HATH, YTO BAMSIHME TeMIIepaTyphl Ha IIAOTHOCTL OypOBOTO pac-
TBOpa Ha HeOOABIINX I'AyOWHAaX IIOYTH He CKasbIBaeTcs. TeMile-
paTypa OypoBOro pacTBopa Ha OOABIINX TAyOMHaxX cama 1o cebe
BBICOKAasI U 3HAUUTEABHO MEHSeTCd B 3aBUCHMOCTU OT HaAWYUA
WAY OTCYTCTBUSI IMPKyAsinumu. TemmepaTypa OypoBOTO PacTBOPa,
HanpuMep, Ha rayoure 7500 M npu nupkyaanuu pasHa 221 °C, a
IIPU AAUTEABHOM OTCYTCTBUM LMPKYASIIIMM OHA MOAHMMAETCS AO
naactoBoi, Ao 300 °C.

AMHaAMUUeCKylO0 TeMIIEPAaTypy AAG ydeTa ee BAMSHHSA Ha IIAOT-
HOCTb MOYXHO PaCCYUTaTh C AOCTATOUHOM AASL 3TOTO CAydYas TOU-
HOCTBIO 10 (hOpMyAe

b = To + tg — tyers (2.54)
rae T, — reocraThdeckad TeMIlepaTypa Ha TAyOMHe HNPOMEIBKU;
fy — TeMImepaTypa HEUTPAABHOTO CAOS; ., — YCTAaHOBUBIIASCS

TeMIlepaTypa OypOBOIro pacTBopa Ha BBEIXOAE M3 CKBA’KUHEL

Ha puc. 2.10 npuBepeHBI pe3yAbTaThl PacueTOB H3MeHeHUs
IAOTHOCTH OypOBOT'O pacTBOpPa M 3a00MHOTO AABAEHUS MM CKBa-
>kuHBI TAyouHOoM 7500 M. Ilpu pacueTax NPUHAT XapakTep HU3Me-
HeHUS TeMIepaTyphl, ITIOKa3aHHBIN Ha puc. 2.9 Opu nopade Haco-
ca9u 19 a/c.

Byposol pacTBOp Ha BOAHOM OCHOBE HMMeeT Ha IOBEPXHOCTHU
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Puc. 2.10. I'papuku n3meHeHus: nAoTHOCTH (a) U AaBAeHus (6) ¢ TAyOMHONM CKBa-

JKHHBI AAst OypOBOro pacTBopa Ha BOAHOM ocHoBe (p = 1620 kr/m°) B 3aBuCHMOC-

TH OT TeMIIEPaTypPHOro rpajAueHTa IIpyu MPOMBIBKe C moAaveil Hacoca 19 A/c:
1-6 - cootBeTcTBeHHO 2; 2,4; 2,8; 3,2; 3,6; 4,0 °C/100 m

IIAOTHOCTB, paBHyI0 1620 Kr/m°; copepkaHme TBepaOM ¢asbl B
HeM cocTaBasgeT 23 % (cm. puc. 2.10, a).

OTpunarerbHble 3HaUEHMSI IIAOTHOCTH O3HAQYaloOT, YTO AEMNCT-
BUTeAbHAsI IIAOTHOCTb Ha pacyeTHOUW TAyOWHe MeHbllle, 4eM Ha
noBepxHoctu. Hampumep, Ha rayomHe 7500 M mpu TI' =
= 4°C/100 M pAeMCTBUTEABHASI TAOTHOCTE OYPOBOT'O PacTBOpa pas-
Ha 1510 kr/M?, T.e. Ha 110 Kr/M° MeHLIIe, 4eM Ha IOBEPXHOCTH.

Ha puc. 2.12, 6 noka3aHa pa3HHUIA B pacyeTaX AABACHHUS CTOA-
0a OypoBOro pacrBopa o ypaBHeHusaM (2.49) u (2.52). Orpuna-
TeAbHOe 3HaueHMe Ap O3HauvaeT, YTO AEUCTBUTEABHOE AaBACHUE
cTorba OypoBOTO pacTBOpa MeHbIIe PAaCCUYUTAHHOIO IO ypaBHe-
Huto (2.49).

[MTpu TemneparypaoM rpaauenTe 4 °C/100 m Ha raybune 7500 M
AaBnreHVE Ha 4,64 MIla HMJKe, 4yeM OHO OLEHUBAETCS II0 METOAY
IIOCTOSTHHOW IAOTHOCTH. ECAM CHU3UTHL CKOPOCTH IIUPKYASIMN
WAU ee OCTAHOBHUTB, TO TeMIlepaTypa OYpOBOTO pacTBOpa IIOBHI-
CUTCS, U 5TO AOAKHO IPUBECTU K CHIDKEHUIO IAOTHOCTH M 3a-
OOMHOI'0 AABACHMUS.

W3BecTHEI sMnupuyeckue (POPMYABI AT OIIPEAEAEHUS IIAOTHOC-
TN OYPOBBIX PACTBOPOB B 3aBUCUMOCTH OT TeMIIEPaTypHl U AaBAe-

HUS:
mpu t < 130 °C

o(p.t) - p0(1 4410 = 4-10°¢ -3 - 10'6t2); (2.55)
npu t = 130 °C
o(p.t) - po[l +4:10"°p - 4-10t = 3-10°¢* +

+ 0,4(%)2 . (2.56)
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Ha TounocTh ompepenreHUs 3aO00MHOTO AABAEHMS CYIIECTBEH-
HOe BAMSIHME OKa3blBaeT HaAW4Me IAACTOBOTO rasa M BO3AyXa B
npobe OypoOBOIrO pacTBOPE, IO KOTOPOU ONPEAEASIOT ero IAOT-
HOoCThb. Hanmume 1—3 % rasza B mpobe pacTBOpa CHIKaeT ero
IAOTHOCTE Ha 200—500 kr/m°, dTO CYIIECTBEHHO OTpakaeTcs
IIPU pacyeTax THAPOCTAaTUYECKOro AaBAeHUs. [ToaToMy BO3HMKaeT
npobaeMa M3MepeHUsT IAOTHOCTH OYpPOBOTO pacTBOpa mpu HU30HI-
TOYHOM A@BAEHUH.

I'mppocTaTduecKkoe A@GBAEHHE MOJKHO OIPEAEASTH IO 3MIIUPU-
yecKoi (popMyae, IOAYyUYeHHON Ha OCHOBAHMN OOPabOTKU OIIBIT-
HBIX AQHHBIX Ha CKBa’KUHAaX

p. = po + pgH(1—1,8107%)(t — 50). (2.57)

BansHuMe TeMIepaTypbl HAa H3MeHeHHe 3a00MHOTO AABACHUSA
HeopAHO3HauHO. C OAHOU CTOPOHBI, KaK 3TO OBIAO IIOKA3aHO
BBIIIe, NOBHIIIEHUE TeMIIepaTyphbl CHU’KaeT IAOTHOCTbL OypOBOTO
pacTBopa, a C APYro — IOBHIIIEHUE TeMIIepaTyphl, HaIpUMeED,
Cpa3y ’Ke IIOCAe OCTAHOBKM ITUPKYASIIUM NPOBOAWUT K H3MeHeHU-
aM oO0beMa OypOBOT'O pacTBOpaA.

CaMBIM pacOopoCTpPaHeHHBEIM "BO3MyIIAarIuM" (PakKToOpoOM,
BAUSIIOIIUM Ha THAPOCTAaTHYEeCKOe AABAEHUE, SBASIOTCS CIIYCKO-
nopabeMHBIe onepanuu (O). 3aMepsl, CHATHIE Cpa3y ke IIOCAe OC-
TAQHOBKU WHCTPYMEeHTa C TPYOHBIM HCIBITATEAEM IIAQCTOB, ITOKa-
3aAH, 4TO (PAKTUUECKOe THAPOCTAaTUYeCKOe AABAeHUE IIpPeBBIIIaeT
pacyeTHOe NpU CIyCcKe TPyO W, HAOOOPOT, OKAa3bIBAETCS MEHBIIIe
Ipyu uX IoAbeMe. Bo BpeMsI OCTAaHOBKU IIPOMCXOAUT IIAGBHOE
CHIDKEHME MAU IOBBIIIEHWEe 3a00MHOro AaBAeHUA. Bpemsa penak-
CcallM HaNpPsSO>KeHUM A0 HEKOTOPOTO KOHEUYHOTO 3HaueHUsI COCTaB-
Asgn0 60— 120 muH.

3aboliHOe AaBA€HMe OKa3bIBaeTCs BBIIIE PacueTHOIO IIOCAe
B3pBIBa IIOPOXOBOTO 3apsipd C IMOMOIILIO TOPIIEAHOTO IITHYpa WAU
nepdgoparopa.

BypoBEle pacTBOPHI 0O0OAGAQIOT BA3KOIAACTUYHBIMU CBOUCTBA-
MM U 00Opa3ylT CTPYKTYPYy IIPU OCTaHOBKe ABMW’KeHH:A. [ToaTomy
IIOBLIIIIEHNE TeMIIepaTypbl He MPHUBOAUT K OYEBUAHOMY yBeAWde-
HUIO 00BbeMa OypoBOTO pacTBOpa (3TO OBIAO OBI 3aMeTHO IO Ie-
PEeAMBY Ha YCTbe), @ CHOCOOCTBYET IOBBINIEHUIO AABAEHUS, IIO-
TAOIEHUIO PacTBOPA.

Ha pwuc. 2.11 moka3zaH xapakTep HM3MeHeHHUs 3a00MHOrO AaB-
A€HUs Cpa3dy ’Ke IIOCAe OCTAHOBKM HUPKYASIIUU. MccarepoBaHUS,
IIpOBepAeHHBle Ha CKBakMHe No 12-Ky3HeIloBCKasl C HCIOAB30Ba-
HUeM TAyOMHHOTO MAaHOMETPa, YCTAHOBAEHHOTO Ha TAyOuHe
3930 M mpm mAOTHOCTH GypoBOro pacteopa 1550 kr/m® B 215-MM
00CapHOM KOAOHHE, IIOKA3aAU CAepyIolllee (TUNHMYHAA KapTHUHA).
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Puc. 2.11. I'paduku n3mMeHeHus1 3a00MHOTO AABA€HUSI IIPU HEMOABHJKHOM Oypo-
BOM pacTBope:

1 — dakTuyeckoe 3ab0MHOE AaBAeHME; 2 — pacyeTHOe TUAPOCTATHYECKOE AABAE-
HUe

B TeueHme mepBOro yaca IIOCA€ OCTAHOBKU LUPKYAILIUU HAOAIO-
Aancad "TUAOOOpA3HBIN" POCT AaBA€HUS. 3a00MHOE AABAEHUE IO-
BEICUAOCH OT 62,6 po 64,0 MITa. BryTpeHHUe cyXuMarolipe Ha-
NIpsiKeHUs,, OOYCAOBAEHHBIe H3MeHEeHHeM TeMIIepaTyphl, Iepuo-
AMYECKU CHIDKAAUCh W IIOTOM BHOBB BO3pacTaAu. XapakTep
CHUJKEHMS HAIPS)KeHUM HOCUA BUA “pa3pbiBa’ B JKUAKOCTHU, 00-
AQAQIoIEel BO3pacTalolllell BO BpPeMeHHM NMPOYHOCTHIO. B panbHel-
meM HabAIOAAAOCEH MAABHOE CHMyXeHMe 3a00MHOI'0 AABAEHUS, KOT-
Aa TeMII U3MeHEeHHUs TeMIlepaTyphl 110 CTBOAY 3HAUUTEABHO CHU-
3UACS, NIpeodOAajalolllee BAUSIHME CTaAW OKa3bIBaThb Apyrue Qakx-
TOPHI.

Ha puc. 2.12 nokazaHo uaMeHeHHe 3a00MWHOTO AABAEHMS IIO-
CAe CIyCKa HHCTPyMeHTa A0 TAYOWHEI 3601 M IIpyM IIpOBeAEHUU
Pa3AWYHBIX OIlepalluii Ha TOW >Ke CKBa’kuHe. [Ipm BocCCTaHOBAe-
HUM IUPKYASILIUM U IIPOMBIBKE B TeueHUe | u (yuacTtok BI), Koraa
MAaBAeHVe Ha HACOCHBIX arperatax pocturaro 16,0 MIla, 3aboii-
HOe A@BAeHUe MOBHIIMar0oCh A0 99,5 MIla, a 3aTeM IIOCTeNeHHO
cHHU>KaAA0Ch A0 96,0 MITa.

(dakTruecKasi COCTaBASIIONIAS THUAPOCTATHYECKOTO AABACHUS
IIPU OTCYTCTBUU ABUXXKEHUS KUAKOCTU U TPYO 3HAUUTEABHO OTAU-
YyaeTcs OT pPacyeTHOM U 3aBUCHUT He TOALBKO OT TeMIlepaTypHBIX
KOAeOaHUM, HAAWUMS T'a3a B pacTBOpe (MAM ero mpobe AAS m3Me-
peHusl MAOTHOCTH), HO U OT XapaKTepa IIPOBOAUMOM oIlepaluy,
IIOCAe KOTOPOM IIpeKpaliaeTcsa ABU>XKeHHe KUAKOCTH.

®akTrueckoe 3a00WHOe AABAEHHE OKAa3aAOCh BHIIIE PACYETHO-
ro TUAPOCTATUYECKOTO IMOCAE CIIyCKa TPyO MAM OCTAHOBKM HACO-
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Puc. 2.12. T'paduk usMeHeHus1 3a00MHOTO AaBA€HHSI BO BPEMEHM NPU Pa3AUYHBIX
onepanusax B cKB. Ne 17-Ky3HenjoBckasi:
BB - ocTaHOBKQ; BI' - BOCCTaHOBA€HHME IIUPKYASIIMU U IPOMBIBKa; [, - oTcoepu-
HeHHe MaHoMeTpa; EJK - BoccTaHOBAeHHMe HUPKyAsinuy; K3 - cos3paHHe U30bI-
TOYHOTO AaBAeHUs; 3M - nmopweM TpyO; MK - BoccTaHOBAeHUe IUpKyAaiuu; KM
- co3paHue U30BITOYHOTO AaBAeHUA; MH — cnyck Tpy0O; HO - mopbeM Tpyo

ca W HIWKe INOCAe IpeKpallleHusa IIopAbeMa TpyO. PasHumna arta
00yCAOBAEHA AAUTEABHOCTBIO PEAAKCAIlMOHHBIX — HANPSKeHUH,
BO3HMKAIOIIUX B II€PBOM CAydae IIOA AeUCTBUEM CIKUMAOIIUX
YCUAUY, T.e. C)KUMAeMOCTHU >KUAKOCTH, @ BO BTOPOM — ee pac-
TSOKeHUd. 3aUKCUPOBaAHHOE pacTsyKeHue cToaba OypoBOro pac-
TBOPQ, BBEI3BAHHOE IIOABEMOM HHCTPYMEHTQ, B AAHHOM CAydYae
KoAaebanochk oT 2,5 po 4,0 MITa.

Pasznuna Mexay (hakTUUYeCKUM U PACYeTHBIM 3a00MHBEIM AAB-
AeHUeM IIOCAe CIIyCKa MHCTpyMeHTa cocTaBuAa 2,7 Mlla, u3 Hux
ToABKO 0,7 MTIla MOsKeT OBITH OTHECEHO 3a CYeT HaAWuus rasa B
npobe OypoBoro pactBopa. OctarbHad dacTh (2,0 MIlla) o6ycaoB-
A€Ha AUTEABHOCTBIO peAaKCalluy Halpsa)KeHWY, B AQHHOM CAydYae
HaNPS’KEeHUSA C’KaTU$, BO3HUKAIOIIETro IIPU ABUJKEHUHU TPYO.

OnpeccoBKa, AU CO3AaHUE M30BITOYHOIO A@BACHMS, B TpPyOax
IIOKa3ana, 4YTO B BSI3KOIAACTUUYHBIX JKUAKOCTSX C BBICOKUMU
CTPYKTYPHO-MeXaHUUYEeCKMMU CBOMCTBAMM AABA€HUE C YCTbi He
TTOAHOCTBIO TIepepaeTcs: Ha 3a00u.

OuabTpanus XKUAKOU (a3l OypoBOro pacTBOpa B XOPOIIO
IIPOHUIIaeMbIE€ TIAACTHI TAK)Ke HPUBOAUT K PACTIKEHUIO CTOADA
OypoOBOro pacTBopa.

W3mepenus 3a00MHBIX AABAGHUNM B CKBa’kMHaX, BCKPBIBIINX
XOPOIIO TpPOHUIlaeMble IIAACTHI, IIOKA3bIBAIOT, 4YTO dYepe3 He-
CKOABKO AECSATKOB MUHYT TMAPOCTaTHUYECKOe A@BA€HHE CTaHOBUT-
Csl TIOYTM PABHBIM IIAACTOBOMY IIPU COXPAHEHUW ITOAOKEHUS
YPOBHS OypPOBOT'O PacTBOpPA Ha YCThe CKBAa’KUHEL.
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B mopOOHEIX CAy4asgx, KOTAA HMeeT MeCTO (QPUABTpanusa u3
CKB&)XMHBI B IAAQCT UAU IIPOUCXOAUT CBS3BIBAHME BOABI (KOH-
TPaKIMUg CUCTEMBI) KAaKUMU-AMOO CBHIIYYMMU MaTepuaramu (Oa-
PUT, TAMHQ, IIeMeHT, TeMaTUT U T.A.), CO3AAI0TCSI OAAroIpUsTHHIE
YCAOBUSI MM Ta30He(PTEBOAOIIPOSIBAEHUY, a He IOTAOUIeHUM Oy-
POBOTO pacTBOpa.

U (_1)av

3BE€CTHO, 4YTO pPACTSDKUMOCTb |——|— HPAKTUYEeCKU COB-
\"v)ap
[IapAaeT CO CKUMAeMOCTBIO IIPU HeOOABIINX U30BITOUHBIX AAB-
AeHuAX. [TosToMy CHUMI)KeHUe A@GBA€HUS IIPU KOHTPAKIIMOHHOM U
(UABTPALIMOHHOM 3((eKTe MOKHO OII€HUTH 10 POPMYyAe

AV 1
Per =———» (2'58)
VB
p
rae B, — KOS PUIUEHT OOBLEMHOTO CXKATHSA (PACTSIKEHUS JKUA-
Koctu); V — 00BeM CKBa>XUHBEL, M’ AV — ob6peM OT(PUABTPO-

BaBIIEHCSI KUAKOCTA MAU KOHTPAKIMOHHOE YMEeHBIIeHNEe 00beMa.

OpHAKO p., He MOXeT OBITb OOABIIE p., OOYCAOBAECHHOTO
IIPOYHOCTHBIMH CBOMCTBAMU JKHAKOCTH, KOTOpasli XapaKTepusyeT
YAEPIKUBAIONIYIO CIIOCOOHOCThL OypoBoro pacrtsopa. C HeKOTO-
PBIM AOIYIIEHUEM D, OIPEAEASTIOT IO (POPMYAE

461

—_ =9 2.59
Pe= D q (2.59)
rae 0 — craTuueckoe HaNpsKeHUWe cABUra, [la; I — aamHaA Oy-
PUABHOM KOAOHHBI, M; D — AuMaMeTp CKBakKuHbI, M; d, — Ha-

PY’KHBIN AuaMeTp OyPUABHBEIX TPYO.

Ecau p., = p.,, TO IPOU3OUAET "pas3pelB" B CTOADE >KHUAKOCTHU
U ero ocepaHue, a 3ab0MHOe AaBAeHHE BHOBBL CTaHET PaBHBIM
TUAPOCTAaTUUYECKOMY 3a BBIUETOM CHIDKEHUs YPOBHA OypOBOTO
pacTBOpa B CKBa’KMHeE, 4YTO, BIPOYEM, COCTABAAeT HeOOABIIOe
3HaueHUue.

3a cueT (PUABTPALIMU PACTATMBAIOIINE HArpPy3KH MOTYT IIpHUBe-
CTH K CHIJKEHHIO 3a00MHOIO AABA€HHUS AO IIAACTOBOTO (P, =
< Psas — DPun)r HO 3TO, B CBOIO OYepeAb, MOXKeT IIPOU3OUTH, €CAU
MaBAeHHE, He0OOXOAUMOE A IPDEOAOAEHUSI CTPYKTYPHBIX CBOMCTB
OypOBOT'0O PAcTBOPA, IPEBLICUT YKA3aHHBIN Nepenap (Do = DPags
— Pm)-

Ecau B pa3pese uMeercd ellle OAUH IAACT, B KOTOPBIA (PUABT-
pyeTcs >KUAKOCTb U3 CKBaXMHBI, TO B 30HE HHUJ)Ke ITOTO IIAACTa
MOTYT BO3HMKHYTH YCAOBUS, KOrAa 3a00MHOe AaBAe€HUE CTaHeT
MeHBIIIe NIAACTOBOTO.
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DaKTU4ecKoe THUAPOCTATUYECKOe AaBAEHHE B  CKBajKUHE,
3aIIOAHEHHOU BA3KONAACTUUECKOM HUAU BSA3KOYIPYTOM >XHUAKOC-
TBIO, HE COOTBETCTBYeT pacueTHOMYy. OTKAOHEHUS T'MApPOCTaTUde-
CKOTO AA@BAEHMSI OT PACUETHOTO MOTYT UMeThb KaK IIOAOKUTEAb-
HOe, TaK WU OTpUIlaTeAbHOEe 3HaueHHe, YTO BBEI3BAHO BAMSHHEM
TeMIIePATyphl, AABAEHMS, ITOKa3aTeAsd (PUABTpAIUU, KOHTPAKIIUH,
BO3MyIIAOIINX (AKTOPOB, OOYCAOBAEHHBIX ABWKeHUEM TpyO
BHHM3 UAU BBepX, IlepeToKaMu OypoOBOTO pacTBOpa U3 3aTPyOHOIO
IPOCTPAHCTBA B TPYyOBI, B3pBIBAMU TOpPIEA HU T.A. OTH OT-
KAOHEHUSI MOTYT UMeTb AOCTATOYHO BBICOKOEe 3HauyeHHe, BIIOAHE
MOCTAaTOUYHOE AAS TMAPOPA3phIBA IIAACTa U yxopa OypoOBOTO pac-
TBOpA.

Onpegeaenue rugpoguHamuueckux gasAenul. CIycK WAH
IIOABEM OYPUABHOM M OOCAAHOM KOAOHH OCYIIECTBASIFOT TPyOaMu
u cBeuamu. [Iponecc 3TOT, 6€3yCAOBHO, MHEPLUUOHHBIA U OCYyIIe-
CTBASIETCSI B JKHUAKOCTSX, OOAQAQIONUINX PAa3HOM PEOAOTHUYECKOM
XapaKTepPUCTUKOMN (BA3Kasd, BA3KONAACTHMYECKas M BA3KOIAACTUY-
HOYIIPYTasl JKUAKOCTH U T.A.). CIlyckaeMasi KOAOHHA IIO OTHOIIe-
HHUIO K CTBOAY CKBa’KHWHBI BCErAd HAXOAUTCH B IKCI€eHTPUYHOM
noarokeHuu. [Ipm 3TOM NPAKTHYECKHU BCErAd UMEIOT MeCTO (DUAB-
TPALJMOHHBIE IIPOLIECCHl (3@ MCKAIOYEHHEM ABUKEHHSA TPyO B 00-
Ca’KeHHOM CTBOA€), BIAOTH AO YaCTUYHOI'O HAU Ad’Ke IIOAHOTO
IorAOIleHUs OypoBOro pacTBopa. [Ipm 3TOM HAAO CUHUTATHCS C
TeM, UYTO (DUABTPANUSI BOABI U3 PACTBOPA B NAACT OOYCAOBAUBAET
MOSIBA€HUE IIPUCTEHHOI'O CAOS C MUHUMAABHOMN BA3KOCTBIO.

INpouecc cnycka MAU IIOABEMA IIPEPBIBUCTHIN, U B 3aBUCHUMOC-
TH OT BPEMEHHU THKCOTPOIHBIE OYpPOBBHIE PACTBOPHI CYIIEeCTBEHHO
MEHSIOT CTPYKTYPHO-MeXaHuYecKyue CBOMCTBA.

AAS CKBaKMHEBEI CO CPABHUTEABHO OOABIIMM OOBEMOM U 3Ha-
YUTEABHOU FAYyOMHOM CYIIeCTBEHHOE BAMSHNE Ha TMAPOAMHAMH4e-
CKHe AABACHMSA D, OKA3BLIBAIOT CKMMAEMOCTh OypOBOrO pacTBOpa
U oObeMHass TPOYHOCTh.

B OCHOBY TeopeTHYeCKHUX pPELIeHUU MO ONPEAEACHHUIO T'MAPO-
AMHAMUYECKUX AABAEHUHN IIOAOXKEHO TO, 4YTO ABMDKeHNE KOAOHHBI
C OTKPBITHIM MAM 3aKPBITHIM HIJKHUM KOHIIOM OOyCAOBAMBAET
ABVDKEHNE JKUAKOCTH B KOABIIEBOM IIPOCTPAHCTBe U TPyOax, Ko-
TOPOe BO3HUKAET B pe3yAbTaTe ABYX IIPHUYMH:

BSI3Kasi AW BI3KOIAACTUYECKAsk KUAKOCTB YBAEKAETCs HApPyK-
HOU U BHYTPEHHEU IOBEPXHOCTSAMHU TPYO, ABHIKYIIUXCSA CO CKO-
POCTBIO U,;

KUAKOCTD, BEITeCHsIeMasi TpyOaMu, TedeT 110 KOABIIeBOMY IIPO-
CTPAHCTBY U B TpyOax.

AAST ABVKEHHS KOAOHHBI TPyO C IIOCTOSSHHOM CKOPOCTBIO B
BA3KOM JKUAKOCTM 3aAdua pellarach PSIAOM  UCCAEAOBATEAEN
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(A.C. AeiibensoH, A.M. TTupsepapgas, C.M. Tapr u Ap.), B pe3yAb-
TaTe ObIAA TIOAYYeHA (popMyAaa

4ulu 1
P, = RZT . . (2.60)
2 (1+r%)In—-(1-r2
(rer?)ime=(1-r7)
rae R, R, — COOTBETCTBEHHO PapUyC TPyOBl (BHENIHWI) M CKBa-
SKUHBI, W — AWHaMWYeCKas BSI3KOCTh; | — AAMHA KOAOHHEBI TDPYO;
U, — CKOPOCTb ABWJKEHUS KOAOHHHI TPYO; I' — BHYTPEHHUM pa-

AAYC OYPUABHBIX TPYO.
H.A. T'ykacoB IpeprOKUA YIIPOIIEHHYI0 (DOPMYAY, B KOTOPOM
Pa3AEABHO YUYTEHBI CHUABI BSI3KOCTH U IIAACTUYHOCTH

dnu,l 1 2t 1
D, = YI; n + U (2.61)
R) <1+ rz) In— - (1— Iz) Rz B R1
r
TAe T, — AMHAMHWYECKOe HalpsUKeHWe CABUTA; 1| — CTPYKTypHas
BSI3KOCTb.

CormocraBaeHUe pacyeToB IIO0 NPUOAMIKeHHOM dopMmyae (2.61)
U II0 TOYHOM CHCTeMe YpPaBHEHUM IIOKAa3an0, YTO IOIPEeIIHOCThb
He mpeBbIaeT 12 %.

AASL pacueTa TUAPOAMHAMUYECKOTO AABAEHUI MOXKeT OBITh HC-
IoAb30BaHa Gopmyaa Aapcu — Belicbaxa. CKOPOCTE BOCXOAMA-
II[ero IOTOKAa OIIPEAEASIOT B 3@BUCHUMOCTH OT CTelleHU OTKPBITUS
KOAOHHBI TPY0. AAS 3aKpBITOTO KOHIIA MAM C OAHOBPEMEeHHOM
TIPOMBIBKOU

2

v = Y
2

D-d?

u,. (2.62)

AAST OTKPBITOTO KOHIIa TPyO

4d,§<D2 —dﬁ) - 3d?
e . (2.63)
4(p- dH)2<D2 - df,) +6d}

Ans TPyO, CIIyCKAaeMBIX C AOAOTOM HMAM C KAAIAHOM, UMeEIOo-
UM APOCCEANpYIOIlee YCTPOUCTBO,

d2 -d?
v=—--—1L_Py., (2.64)
D? - d?
raAe v — CpeAHssi CKOPOCTHh IlepeTOKa JXHUAKOCTU B 3dKPLITOM
IIPOCTPAHCTBe, HHUIIUUPYyeMasi ABUJKeHUeM TpyO; U, — CKOPOCThb

IepeMellleHNs KOAOHHBEI TPyO — CO 3HaKOM "IAIOC” NpHU IOABe-
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Me M CO 3HakKoM "MuHYyC" npu cuycke; d,, d, — COOTBETCTBEHHO
Hapy>KHBIM U BHYTPEHHUM AuaMeTp TpyO; D — aAMaMeTp CKBaXu-
HEIL.

3HayeHue p,, IOAyYeHHOE CO 3HAKOM "MMHYC", YKa3bIBaeT Ha
TO, YTO AABAEHNE IIOA AOAOTOM CHUMYXAETCS AO 3HAueHUs HIDKe
TUAPOCTATHYECKOrO, a p, CO 3HAKOM "MIAIOC" yKa3blBaeT Ha ero
TIPEeBBIIIIEHHE,

Tak kKak M CHOyCK, M IIOABEM HMHCTPYMEHTA COBEPUIAIOTCSI C
IIepeMeHHON CKOPOCTBIO, TO IIOMHMMO CHA BA3KOCTHOTO TPEHUI
HeOOXOAMMO YUYUTHIBATH UHEPIIMOHHBIE CUABIL.

AaBreHMe, 00yCAOBAEHHOe M3MeHeHHeM CKOPOCTH IlepeMellle-
HUS TPYO, ONPEAEASIOT IO (bopMyAe

dv
_ 1, 2.65
Pw =P (2.65)
rAe % — U3MeHeHHe CKOPOCTU BO BPeMeHHU (YCKOPEeHHe).

Ilpu pacueTe MHEPIUOHHOU COCTABASAIONUIEU IPU CIIyCKe TPyO
IIPUHUMAaEeTCs BO BHMMaHNe XapaKTep pasroHa B 3aBUCHUMOCTU OT
XapaKTepUCTUKU OypOBOM YCTAHOBKM U Beca KOAOHHBI TpPyO B
SKUAKOCTH C y4eTOM OTHOIIEHMS IIAOIIaAM CedeHUs TPyO U IIAO-
IITaAW KOABIIEBOTO MPOCTPAHCTBA CKBA’KMHHEL.

W3BecTHEl MHepnuoHHLBIe "nonpaBku’ d.M. Pacuzape, H.A. T'y-
KacoOBa; MHEPIMOHHYIO COCTABASIONUIYIO OII€HUBAIOT TaK, KaK 3TO
IIPUHSATO IIPW OIPEAEAEHHWN AABACHHUS THAPABAMYECKOTO VAAPa,
BO3HHKAIOIIEIO BCAEACTBUE PE3KOTO M3MEHEHUS CKOPOCTU ABU-
JKeHHUS TPyO, & CAeAOBATEABHO, U JKUAKOCTH B 3aTPyOHOM IIPOCT-
PaHCTBe CKBa>KUHBI

p=xc,phu, =, (2.66)

IAe C, — CKOPOCTb PaCHpOCTpaHeHUs BO3MYIIEHUs II0 3aTpyod-
HOMY IPOCTPAHCTBY; Au, — u3MeHeHUe CKOPOCTU ABIKEHUS
TPYyO; S, S — IAOIIaAb CeueHHUs COOTBETCTBEHHO KOAbIIa TPYOBI
U 3aTPyOHOTO IMPOCTPAHCTBA.

3HAK "MUHYC" COOTBETCTBYET CAy4Yal0 MOABEMA KOAOHHEI, T.e.
II0A AOAOTOM A@BAEHHWE CHIJKAETCS HUKe THAPOCTATHYEeCKOTO
AAaBAEHUS CTOADOA OypOBOro pacTBOpPa; 3HAK "“IAlOC” — IIpU CIy-
CKe KOAOHHEL.

Vcnoab30BaTh AT pacueToB (POPMYAY (2.66) MOKHO B TOM
CAy4Yae, €CAU YYUTBIBATh, YTO M3MeHEeHHEe CKOPOCTHU ABVWKEHUSA
TPYyO COOTBETCTBYeT BPEMEHU PACIPOCTPAHEHUSI YAAPHOM BOAHBI
IO 3aTPyOHOMY IIPOCTPAHCTBY.

Tak Kak OypoBBIe PACTBOPHI TUKCOTPOIIHBI, TO AAS IIPEOAOAE-
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HUSI CTQTUYECKOTO HAIPSDKEHUs] CABUTa Ha ITOBEPXHOCTSX, OTpa-
HUYMBAIONIUX KOABIIEBOE IIPOCTPAHCTBO CKBa’XWH, HEOOXOAUMO
CO3AATH A@BAEHHE, KOTOPOE OIIPEAEASIETCS IO (DOPMYAe

+p, =M (2.67)

3HaK "IATOC" OTHOCUTCSI K CHOYCKY KOAOHHEBI, & 3HaK 'MU-
Hyc" — K ee IOABEMY.

B MOMeHT Hayana MAM KOHIIA ABVJKEHUs KOAOHHBI, KOIAQ He-
00XOAMMO IIPEOAOAETH CTAaTUUECKOEe HAIPSKEeHUEe CABUra OypOBO-
IO pacTBOpa U MHEPIUOHHYIO CHAY, ITMAPOAMHAMUYECKYIO COCTaB-
ASIOUIYIO TI0A OAallIMaKOM  (AOAOTOM) MOJKHO OIIPEAEAUTh 110

dopMyae
p, = Ap. +p,. (2.68)
Pacuer mpoBopuAcs 1o hopmyae

410 S
p,=——+ pC(V - VO)?T, (2.69)

H

IAe C — CKOPOCTb PacCIpOCTpaHeHUs YAAPHOM BOAHBI IIO 3a-
TPyOHOMY HIPOCTPAHCTBY, M/C (AAST OOCa’KeHHOTO CTBOAQ, 3aIlOA-
HeHHOro BopoM, ¢ = 1350 m/c, a OypOBBEIM pacTBOpPOM, C =
= 1100 mM/c, AAST HEOOCA>KeHHOTO CTBOAQ, 3aIIOAHEHHOTO Oypo-
BBIM pacTtBopoM, ¢ = 800 M/cC); Vv — CKOPOCTBH ABHJKEHHS TPYO,
MOCTUTHYTAsI 3@ BpeMsI PacIpPOCTpaHeHUs YAAPHOM BOAHBI OT 3a-
005 AO YCTbS CKBaXUHEI, M/C; V, — HaudaAbHasl CKOPOCTb IIpHU
PaBHOMEPHOM ABU>KEHUU KOAOHHEI TPyO, M/cC.

B xauecTBe "peororuuyeckoil’ OCHOBHI IIPU BEIBOAE (POPMYAEI
(2.61) mpuHaTa OMHraMOBCKad MOAEAb AAS OYPOBBEIX PacTBOPOB.
OpaHaAKO OOABITION AmMAamal30H cKopocTewr moawema (0,16 —1,2 m/c)
U cIycKa KOAOHHE! TpyO (0—4,5 M/c) IPHUBOAUT K PasAUUYUSIM B
CKOPOCTSIX CABHUTa § M pe’kKHMMaxX TedeHUs pacTBopa B 3aTpyOHOM
npocTpaHcTBe. [Ipyu HeOOABIINX CKOPOCTIX IIOABeMa M CITycKa
Tpy6 (A0 1 M/c) B pamamasoHe & or 5 po 200 ¢! mambGoaee mpep-
MMOYTUTEABHO AASI alIIPOKCUMAIIMU peorpaMMbl pacTBOpa CTeleH-
HOoe ypaBHeHHe. 'IMeHHO TaKas CKOPOCTb ABU)KE€HHUI TPyO Hambo-
Aee XapaKTepHa AAA CKBAKUH, OypsdIIuxXcsd Ha TAyOHMHax Ooaee
2500 M. Mcnoab3oBaHUe OMHIAaMOBCKOM MOAEAM AASL YKa3aHHBIX
YCAOBUM NPHUBOAUT K CYIIeCTBEHHBIM OIINOKaM.

WN.H. T'yaAEUHBIM OBIA@ pellleHa 3ajada C AOIyIIeHHeM, IIpHU
KOTOPOM 3aTPyOHBIM KaHaA pacCMaTPUBAACI KAaK IIAOCKHUM, IIOAY-
YEeHHBIM PacIpsAMAEHHEM KOABIIEBOro ceueHUsd. [ToaydeHa caepy-
1omasi opMyAd AN pacueTa TMAPOAMHAMHUUYECKOTO AABACHUS AAS
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KOAOHHBI TPY0O C 3aKPBITHIM KOHIIOM, ABMIKYIIUXCSI C ITOCTOSIH-
HOM CKOPOCTHIO:

n
R3 ) L 1+2n 89!

Kl (1

1) /(
= +— |1+ = 2.70
Pa=Sim 2nJ( 2R6)uT lvn o (270)
rae 0, k, n — TOKasaTeAn OypOBOTO PACTBOPE, PEOAOTHYECKAsd
MOAEAB KOTOPOT'O MOJKeT OBITh BEIpa’KeHa opmyaon t = 0, +

+ kE", R — cpepHHMI papMyCc ceueHUs 3aTpPyOHOTrO KaHaaa, paB-
HBIM (R, + R,)/2.

AAd pacdeTa p, IPU OTKPBITOM HMJXHEM KOHIIe KOAOHHEI TPYO
IIPUHSATO, YTO YPOBEHb JKUAKOCTH B TpyOax Ipu HMOABEMEe U CITy-
CKe MX HAaXOAWUTCS Ha YCTbe (YTO CIPAaBEAAMBO IIPU COOAIOAEHUH
HOPMAaABHOM TEXHOAOTMHU IIOAbeMa HMHCTPYMEHTa, UCKAIOYalollei
BO3HUKHOBEHHe TaK HasblBaeMoro “cucdona”). Torpa dopmyaa
(2.70) npuHUMaET CAEAYIOIMIUY BUA;

( R —-RE \
1+i\t1+<1_ >JuT 4120 0l 271)
ZHJ

k|
PA—FK

2Rd 1+n 9§

B TabA. 2.2 mpuBepeHBI pe3yAbTATHL pacyeToB IO (POPMyAaM
(2.61) n (2.70), oTHeceHHBIe K TrAyOMHe cKBaXMHBI B 1000 M. Tak
KaK HauOOAblIIee YHUCAO OCAOKHEHUM, OCOOEHHO Ta30He(TeBOAO-
IIPOSIBAEHUHN, MPOHUCXOAUT B CKBa’KMHAX, OypAIIUXCI AOAOTOM
pAuaMeTpoM 216 MM, TO B pacyeT B34Thl BHYTPEHHUM AMaMeTpP
00CapHOM KOAOHHBI, paBHBIM 220 MM, U AuaMeTp OYPHUABHBIX
Tpyo — 127 MM.

3MeCh JKe IIPUBEAEHBl PEOAOTHMYECKHEe IIOKa3aTeArm OypOBBIX
PacTBOPOB M U T, 1O OMHTaMOBCKOM MOAEAU U COOTBETCTBYIOILIUE
3TUM JKe PacTBOpaM IIOKas3aTeAu I, k u 0, 10 CTeIeHHOU MOAEAU.
CoraacHo pacueraM 1o ¢GopMmyae (2.61) MOKHO OTMETHUTh, YTO
BS3KOCTHAS COCTAaBAJIONIAS AAI CKOPOCTeM ABWKEHHSI MeHee
1 M/c B 2— 10 pa3 MeHbllle AHaMU4YecKo#. [ToaToMmy npu opueHn-
TUPOBOYHBLIX pacyeTax I'MAPOANHAMUYECKOTO A@BAEHUS B ITPOIlec-
ce mopAbeMa OYPUABHOM KOAOHHBI, CKOPOCTH KOTOPOM He IIpe-
BBIIIAET YKa3aHHOT'O 3HaUeHUs, MOKHO BOCIIOAB30BaTbCs (HOpMYy-
AOM

4l

A = D_—dH. (2.72)

Pacuetsl o ¢opmyae (2.72) moKa3bIBAIOT, YTO HOPU HU3KUX
CKOPOCTSAX TOoABeMa OYpPUABHOM KOAOHHEI BAUSHHE 0, Ha 3Hade-
HUe Ap CONOCTaBUMO C BAUSHHEM N U k.
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F'mapoavHaMmuyeckue paBneHusi NpU N3MeHeHn napamMeTpoB OypoBOro pacteopa

Tabnunua 2.2

P, MlMa
0103, 1, K, 05, u, = 0,16 m/c u; = 1,0 m/c
Mac | Ma | n |alac) MNa | oopuyna (2.61) dopmyna (2.70) dopmyna (2.61) dopmyna (2.70)
BA3KOCT— | AMHaAMWN— | BA3KOCT— | OAUMHAMWN— | BA3KOCT— | AMHAMWN— | BA3KOCT— | ANMHAMWN—
Haa CO— yeckasa Had CO— yeckad Had CO— yeckad Had CO— yeckada
CTaBNnd—| CcOo— CTaBndiO— CO— cTaBngdi— CO— cTaBndio— CcO—
La4da CTaBNngdO— Lagqa CTaBNAO—| wa4qa CTaBNAK—| wagqa CTaBNd0—
was was was was
8 | 50 |028| 14,8 2,5 | 0,01 0,22 0,18 0,31 0,048 0,26 0,30 0,43
15 | 4,0 | 0,48| 555 | 2,0 | 0,12 0,18 0,12 0,23 0,075 0,25 0,29 0,40
25 | 5,0 |0,55| 54 | 2,0 | 0,02 0,24 0,14 0,25 0,125 0,34 0,38 0,50
20 | 8,0 | 0,38| 16,0| 4,0 | 0,02 0,36 0,26 0,48 0,100 0,44 0,52 0,74
70 | 12,0/ 0,59 | 11,4 6,0 | 0,06 0,57 0,37 0,70 0,350 0,87 1,08 1,41




ABHaAW3Upyd pPe3yAbTaThl pPacyeToOB, MOJKHO KOHCTATHUPOBATH,
49TO 3HAYeHHe p, mOo Qopmyae (2.72) Beille, 4eM IO (opMmyae
(2.61), p@Ke Ipu caMBIX HHU3KHUX CKOPOCTIX ABWJKEHUS OYypPHUAB-
HOW KOAOHHEL be3 ydera 6, 3HaueHme p,, pacCYMTAHHOE IIO
dopmyae (2.61), BEIIe, 4eM 0 hopMyAe (2.72) mpH HU3KUX CKO-
POCTSX ABMIKEHHUS TPyO, a IpHU CKOpocTH 1 M/cC XapakTep COOT-
HOIIIEHUS COIIOCTaBASIEMBIX BEAWYMH MEHSeTCd Ha IIPOTHUBOIIO-
AOXXKHOE, UTO B OO0IeM He IPOTUBOPEYUT (PU3UYECKOMY CMBICAY,
3aA0KEHHOMY B O00e MOAEAU TEeUYeHHUsSI BA3KOIAACTUYECKOU JKUA-
KOCTH.

PacueTsl, caeraHHBIe IO (popMyaaM OMHraMOBCKOW M CTelleH-
HOM MOAEAEN AASI ABWKEHHMSI TPYO C OTKPBITBIM M 3aKPBITHIM
KOHIIOM, IIOKA3aAM, YTO PA3HUIA B 3HAYECHUAX p, HEOOABIIAsS M
OOBACHAETCA NIPEOOAAAAQIOIIUM BAUSHUEM MAACTUYECKUX CBOMNCTB
OypoBoro pacTtBopa. IIpn MakKCHMAABHOM JIKCIEHTPUCHUTETE pac-
IIOAOJKEHUsS OYPUABHBIX TPyO B CKBa)KUHE THAPOAMHAMUUYECKOe
A@BAEHME p,, IIPU CITyCKe MOJKeT OBITh Ha 35 % MeHbIIe AABACHUS
Py IPH KOHIEHTPUYHOM PACIIOAOKEHHM KOAOHHBEI B CKBAKHHE
(A.A. MoBcyMOB).

H.A. T'ykacoB, cONOCTaBA4s IOAYYEeHHBIE UM 3aBUCHUMOCTH, Pac-
CUYUTAA, YTO TMAPOAMHAMUYECKOE AABACHUE D, IIPU ABUJKEHUU KO-
AOHHBI TPyO, KOHIIEHTPUYHO PACIOAOKEHHBIX B CKBa’KHMHE, MO-
JKeT OBITh IIPUMEPHO B 2 pa3a OOAbllle, 4eM p,, IPX MaKCHUMaAb-
HOM 3KCILEeHTPUCUTeTe. DTO ’Ke COOTHOIIEHUE BEPHO U AAI CAY-
4yasg TYpOyA€HTHOTO pe’kMMa TedeHHUS BA3KONAACTUUYECKON >KMAKO-
CTH B KOABIIEBOM KaHaAe; p,./p,, 3aBUCUT OT COOTHOLICHHS BHY-
TPeHHero W Hapy’kKHOro auamerpa Tpyo (d,/d,), sKcieHTpucHUTeTa
e=1-4d,/d,uk = flp, d,, u, g). YBeanudeHne 3HaYEeHUS Ka’K-
AOM M3 YKA3aHHBIX BEAWYMH NPUBOAUT K BO3PACTAHUIO P/ Dy

HexoTopoe pacnpocTpaHeHUe MOAYUYUAU CAEAYIOIINe 3MINPU-
yeckre (QOPMYABL:

Bypxapara

3,6 lag,d;

; (2.73)
ey
CykypeHko — BoHpapeBa
_ umaxhlacp .
Py = 33Dz—_d§, (2.74)
Ko3z3opos
p, = —mad (2.75)

D2<[52 —1>
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ABHaAu3upy4d ONBITHBIE AQHHBIE M COIIOCTABASII UX C 3MIIUPU-
yeckumMu popmyaramMu Kozopodq, CykypeHko — BoHpapeBa, Ceua-
P3el, a Takxke ¢ dopmyrou I'ykacoBa, B.M1. KpelarOB oTMeuaer,
YTO HEOOXOAVMO YUUTHIBATH CYMMY AABA€HUM, 3aTpauMBaeMbIX Ha
IIPEOAOAEHUME CHA, OOYCAOBAEHHBIX IIAQCTUYHBIMM CBONCTBAMU
OypOBOr0O pacTBOpa p, U THMAPABAWYECKHMMU COIPOTHUBAEHUSMU B
KOABIIEBOM IIPOCTPAHCTBE D, T.€.

p =p. +p 7 T S S S (2.76)
A o " D-d, D-d, 2g

AHaAW3 ONBITHBIX AQHHBIX ITO3BOAMA YCTAHOBUTH, UTO TUAPO-
AUHaMUYeCKOoe AA@BA€HHE B OTKPBLITOM CTBOAE CKBA’KUHBI 3aBHCUT
OT CKOPOCTH CIIyCKa OYPUABHOM KOAOHHBEI U H3MeHsIeTCs II0 He-
AWHeNHOMY 3aKOHy. ONBITHBIE AQHHBIE ITOKAa3aAW, 4YTO IIPU CITyC-
Ke TPyO AaBAeHUE He TOABKO IIOBBIIIAETCS, HO W CHU)KAETCS HU-
Ke ruppocratmdeckoro. Takol XapaKTep H3MeHeHUS AABACHUI
MOJKHO OOBACHUTH TOABKO IIPOSBACHUEM WHEPIMOHHBIX CHUA, KO-
TOpele (DOPMYAOU (2.70) He YUYUTBHIBAIOTCS, YTO, KCTATH, He y4U-
TBEIBA€TCS M OOABIIMHCTBOM APYTHX (POPMYA.

IMTo popmyae (2.76) MOKHO pacCUUTaTh TOABKO MaKCHMaAbHOE
3HaueHHe IIOAOKUTEABHOM COCTABASIONIEN THAPOAUMHAMUYECKOIO
MABAEHUS, NIOACTABASd B Hee 3HAUEHMS MaKCHUMAaAbHOM CKOPOCTH
CIyCcKa TpyO. DKclepuMeHTaAbHBIe pAaHHBEIe B.M. Kpeirosa obpa-
OaTBIBAAMCH C TOYKU 3PEHUS OL€HKU OTPHUIIATEABHOM COCTaBAL-
IOLle T'MAPOAMHAMUYECKOIO AABAEHUS, U AT CKOPOCTEHM CITyCKa
1—3 M/c OblAa MOAYYEHA CAEAYIOIIas 3aBUCUMOCTB!

Ap,. = (0,05+0,02) p!, (2.77)

IAe p. — THAPOCTaTHUYeCKOe AABA€HUe Ha TAyOMHe HaXOXKAEHUS
AOAOTa (OalIMaka KOAOHHEI).
[Mpu cnycke Tpy6 cO CKOPOCTBHIO MeHee 1 M/c

Ap,. = 0,01p.. (2.78)

O4eBWAHO, YTO C YMEHBIIEHWEeM CKOPOCTH CITyCKa OTpHUIla-
TeAbHAsT COCTABASION[AS TUAPOAMHAMUUYECKOTO AABACHUS CHUKAET-
Csl IO 3HAUEHMIO U BpeMeHU ee CYIIeCTBOBaHUM. ['mapopmHaMmde-
CKOe AABAEHHE B OTKPBITOM CTBOAE CKBa)XKMHBLI 3aBUCHUT OT CKO-
poCTH cnycKa OYpPUABHOW KOAOHHBI M W3MEHSIETCS 110 HEeAWHeH-
HOMY 3aKOHY.

CoraacHO pe3yAbTaTaM MCCAEAOBAHUM U C YY€TOM HEAHMHEWHO-
CTH M3MEHEHUs AABAEHMSI OT CKOPOCTU CIIyCKa HJMIHPHUYECKHe
MaHHBIE OBIAM 00pabOoTaHBI METOAOM HAaMMEHBIIIUX KBAAPaTOB IIO
ABYUIAEHHOM 3aBUCUMOCTH

p = a+ bv (2.79)
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B 3TO# 3aBHCUMOCTH CBOOOAHBINM YAEH @ YKa3bIBAE€T Ha HaAU-
yie Nepenapad A@BACHMSA IPU HYAEBBIX CKOPOCTIX. AaHHOe SgBAe-
HUe MOJXHO OOBSACHUTHL TeM, 4YTO OypOBOM pacTBOp OOA3paeT
IIAACTUYECKOM BSI3KOCTBHIO, T.e. €ro TeueHUe IOAUMHSETCS 3aKOHY
bunrama — IIIBepoBa, W (POPMyAd, ONUCHIBAIOIAS U3MeHEHUe
TUAPOAMHAMUYECKOTO AABAEHMS, AOAJKHA COAEP’KaTh YAeH, 3aBU-
CAIUU OT AUHAMUUECKOTO HATIPSIPKEHUS CABUTA.

B nepBoM npubOAM>KeHNUN CBOOOAHBIM YAEH MOYKHO OINPEAEAUTH
no opmyae

1

1
a=Ap,_o=4-1001,| ——+ —1 | (2.80)
DC - d6T Dc - dT
IAe @ — CBOOOAHBIM UAEH, YUYUTHIBAIOUIWM BAWSHUE AMHaMUYeC-

KOT0 HaNpsKeHUs CABUIa, @ TaKKe TeOMeTpPHYeCKHX pa3MepoB
OYPHUABHOM KOAOHHBI M CKBA’KMHBEI Ha 3HaueHUe T'MAPOAMHAMHUYe-
CKOTO A@BAEHUS; T, — AWHAMHYECKOe HAIpsyKeHue CABUTE; I,
I, — AAMHA COOTBETCTBEHHO OYPHUABHBIX TpyO M TypOOOypa;
D. — puaMeTp CKBa)XWHHI; dg, d, — HApPY’>KHBEIM AMaMeTp COOT-
BETCTBEHHO OYPUABHBIX TPyO U TypOoOypa.

Tak, AA OAHOM M3 CKBaXMH a = 13,6 Krc/cm?, 4To XOpPOIIO
COTAQCYyeTCs CO CBOOOAHBIM UYAE€HOM B 3MINPHUYECKON (opmyae.
PacueTsl pAAg ADYTHX CKBa’KUH IO 3HaUYeHUAM T, D — d, I;, Takxke
XOPOIIIO COTAACYIOTCSI C IIOAYYEHHBIMU 3HAUEHUSIMU CBOOOAHBIX
YAEHOB COOTBETCTBYIOIIUX (DOPMYA.

AAS OLIEHOYHBIX pacyeToB KO3((UuIEeHT b MOJKHO OIpepe-
AUTB II0 (hOpMYyAe

2

b=10n—1_r|Xx-¢ | (2.81)
D-d 2g | cm? - m?

rae 10 cooTBeTCTByeT BEIOPAHHOM Pa3MEpPHOCTH, €CAU YAEABHBIU
BeC y AaH B r/cM’, a g — cm/c’

B mamem cayuae apst A = 0,035+0,03 b = 3,04+6,13, uTo
O4eHb OAM3KO K IMOAYYEHHBIM 3MIUPUYECKUM 3HAUEHUSIM.

B BrIpakenuu (2.81) BeAmunHa A SIBASIETCSI HEKOTOPBIM 00600-
I[eHHBIM KO3((UIIMEeHTOM, YYUTBHIBAIOIIVM IIOTEPU KaK B KOAB-
IIeBOM 3a30pe, TakK W Ha 3aMKaX, MECTHBIX COIPOTUBAEHUSX U
AD.
O0paboTKa pe3yAbTaTOB HAaOAIOAEHUM IO CKBa’KMHAM IIO3BO-
AWAQ KpUBBle Ap — Vv omnucaTb (opMyAaMH, IPUBEACHHBIMH B
TabA. 2.3.

O6mast ABYYAEHHasT 3aBUCHMMOCTH, OIMCHIBAIONIAs COBOKYII-
HOCTh pacCMaTpUBAEMBIX CKBa’kKMH, MOJKeT OBITH OIlpejpeAeHa B
o0111eM BUAE
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Tab Aauia 2.3
3aBUCUMOCTb Ap — Vv

Homep . Homep «
CKBa’KUHEI Ap Q CKBa’KUHEI Ap Q
2611 7.7 + 6,13v2 0,99 8275 14,4 + 4,11V 0,97
7221 15,5 + 3,04v* 0,96 7243 16,6 + 4,07v* 0,99

*Q — Mepa MA€HTUYHOCTH.

Ap = Ap, +Ap, = 4-10° 7L qon 1 T 2, 2.82
p =Ap, +Ap, poat 15" (2.82)
rAe Ap — THAPOAMHAMHUUYECKOe AABAeHHe, Krc/cM% Ap, — AaBAe-

HHMe, 3aTpauMBaeMoe Ha IIPEOAOAEHHEe IIAACTHYeCKON CTPYKTYPHI
GypOBOTO PacTBOpa, Krc/cM’ Ap, — AABAEHHE, HEOOXOAUMOE AAS
IIPEOAOAEHMS THAPABAMYECKUX CONPOTHUBAEHUNM B KOABIIEBOM
(3aTpy6HOM) MpPOCTPAHCTBE, KIC/CM?% V — CKOPOCTb CITycka Oy-
PUABHOY KOAOHHEI, M/C.

IToryuyeHHas 3aBUCUMOCTB C IIPAKTUYECKOM TOUYKU 3PEHUSA AO-
CTAQTOYHO TOYHO XapaKTepusyeT BAUSHHE CKOPOCTH CIIycKa Oy-
PHUABHOM KOAOHHEI Ha THAPOAMHaAMUUECKOe AaBAEHUeE.

Ha pwuc. 2.13 npuBepeHbI 3aBUCUMOCTH Ap/l OT MaKCUMaABHOMU
CKOPOCTH V CHOyCKa OYPUABHOTO WHCTPYMEHTa IO JKCIepHUMeH-
TAABHBIM A@HHBIM M paCCUMTaHHBIE (CM. TaOA. 2.3).

PesyabTaTel 0OpabOTKM M pacyeToOB 3HAUYEHUM TMAPOAWHAMU-
YeCKOI'O AABA€HMS II0 PAa3AMYHBIM (OPMyAaM IIPUBEAEHHI B
TabA. 2.4.

AP/I, Krelem™ m)
50

40

30

20

Puc. 2.13. TeopeTnyecKue 3aBUCUMO- 10
ctu Ap/1 oT V AASI pa3AHYHBIX CKBa-

JKUH:

1, 2, 3, 4 — COOTBETCTBEHHO CKB.

Ne 26TI1, 7221, 7243, 8275




Tabnunua 2.4

I'Mn,pon,uuamuqecxue AaBJieHnsa No pa3/inyHbIM ¢opmynaM

dopmynbl

3, %

—to-~Tawnmn NN

Kpbinosa

2

P,
Krc/cm

OO OOANOOONOLON
OANN™——0ONNN™™r—

5, %

co

COCwrm~nwo3Y

NO 3O Y600 F e

SJl-ouvtmmo—I®
-

N~ —

l'ykacoBa

2

P,
Krc/cm

82 | 28,60
57 | 26,40

27
09

ANO©—=0wW

8, %

0

0
364,0 | 26
384,0 | 26
398,0 | 25
1220,0| 24

Cenp—-P3a

2

P,
Krc/cm

12,92
4,89
4,38
3,66
1,00

5, %

BoHpapeBa —
CyKypeHko

2

P,
Krc/cm

5, %
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CorocTaBAeHME PEe3yABTAaTOB OTHOCHUTEABHBIX ITOTPEITHOCTEeN
0 TOATBEp’KAAeT NMPAaBUABHOCTH BBRIOOpPa BUAA (PYHKIMOHAABHOM!
3aBucuMoctd Ap = f(v), T.e. moaydeHHaa (opMyra Hauboree
HaAe)KHa IpU pacueTax U Ooaee oOocHoBaHa. CTeleHb apeKBaT-
HOCTU HaMAEHHBIX MOAEAeN MOJKET OBITh OlleHeHa IO IIPUBEAEeH-
HBIM AQHHBIM (CM. TabA. 2.4). AaBAeHme 1op, OalliMakoM oOcaj-
HOM KOAOHHBI, CITyCKaeMOl C OOpaTHBIM KAAIaHOM,

p, = —us,T, (2.83)
VP

rae K — MoApyab 0OBeMHOTO cxXaTusg OypoBoro pactsopa, MIla;

S, — IAOIIaAb MOIEPEeYHOro CeueHMs II0 Hapy’KHOMY AUaMeTpy

KOAOHHEI TPy0, M%; V, — HayaAbHBIU (AO HaYana CITyCKa KaXkKAOU

cBeun) o6BEM pacTBOpa B CKBaxkuHe, M% T — BpeMs 3ala3pblBa-

HUS BBIXOAHOTO OYPOBOTO pacTBOpa U3 CKBAa’KUH.

ChepyeT OTMETUTh, YTO H3MeHEeHHe PEeOAOTMYeCKUX CBOUCTB
OypOBOI'0O pacTBOpa OT CKOPOCTU IIPUAOJKEHUS HArpy3Kd BO Bpe-
M4 HEIIOABUJKHOCTH OypOBOT'O pacTBOpPa, KOTOPOe UMeeT MeCTO
Me>XAYy CIIyCKaMU U MOAbeMaMU OYepPEeAHBIX CBeuel, CyIleCTBEHHO
BAMSIET Ha TOYHOCTb U IPABUABHOCTH OIIPEAEAEHUs CTaTUYeCKOI'o
1 AMHAMMYEeCKOTO Halpsi>KeHUN CABUTA.

ChAepyeT yUUTBHIBATH U peAaKCallMOHHBIE CBOMCTBA OypOBOTO
pacTBOpPa, KOTOphle IIPUBOAAT K 3ala3AbIBAHUIO IIepeAddyr THMADPO-
AMHAMUYECKOTO A@BAEHMS Ha CTEHKY CKBa)KWHBI. MaKCcUMarbHOe
TUAPOAMHAMHMYECKOE AaBA€HUE, OOYCAOBAEHHOE, KaK IPaBUAO,
HEepPaBHOMEPHOCTBIO ABIMJKEHUS TPyD, COXpaHSIeTCsI B CHUAY PeAak-
CAIlMOHHBIX CBOMCTB OYpOBOTO pacTBopa O0Aee AAUTEABHOE Bpe-
Ms, 4eM BpeMs IIOAbeMa BCel cBeuM. lleMeHTHBIe, TAMHHUCTBHIE U
TAWHOLIEMEHTHBIE PACTBOPHl XapaKTePU3YIOTCS OIIYTUMBIM Bpe-
MeHeM peAaKcalluy, a AO0OaBKU IIOAMAaKPHUAAMHUAA YBEAMUYWBAIOT
BpeMs penraKkcanuu. BpeMms perakcalld COCTABASIET OT HECKOAbB-
KUX MUHYT AO HECKOABKUX YaCOB.

OmnpeaeneHUEe AaBAe€HUS TMAPOPa3phiBa NAacra. AaBAeHMNe THA-
popasphIBa IaacTa

u
prp = pn/\ + 1_(prCT - pnA)’ (284)
-u
TAE P,y — TeocTaTmueckoe AaBaeHue, MIla; w — KO3 PUITMEHT
ITyaccoHa apAg TOPHOM ITOPOABI (IPUBEAEH HIUKE).
T'AMHEBI TTeCYaHUCTLIe 0,38—0,45
TAMHBI TIAOTHEIE ........ 0,25—0,36
T'AMHHUCTBIE CAQHIIHI.. 0,10—0,20
I'panur............ 0,26 —0,29
N3BecTHIKN... 0,28—0,33
KaMeHHas COAB.... 0,44
TTECUAHTKI ..c.eevviiiiiiciicit ettt 0,30—0,35
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p Puc. 2.14. 3aBUCHMOCTH

0370 - Koagpunuenra Ilyacco-
Ha L OT 00'BEeMHOH IAOT-
HOCTHU ) TAHH

0,330

0,290 -

0,250

0210 ] ] 1 ]

1700 1900 2100 2300 2500 p, kr/m®

3aBUCUMOCTEL Kod(pduruenta [lyaccoHa oT OOBEMHOM IIAOT-
HOCTH TAVH OIIPEAEAdIoT 1o puc. 2.14.

Ansg ckBakMH TAyomHOU cBhIIIe 4000 M MOXXHO OIIPEAEAUTH
AABAEHUE I'MAPOPA3phIBa II0 YIIPOLIEHHOU (DOPMYyAe

Pry = Pur + 0.85(prey = Py ) (2.85)

2.4. TTIPEAYITPEXKAEHUE

U ITPOPUAAKTUKA TTOTAOUIEHUN
BYPOBbBIX 1 TAMIIOHAKHBIX
PACTBOPOB

PaszHoob6pa3nue reoAOro-TeXHUUYECKUX YCAOBUMN B
Ka’XAOM He(Tera3oHOCHOM palioHe O0A3bIBAeT H3BICKUBATL IIPU-
eMAEMEBIEe CIIOCOOBI MPEAYIIPERKAECHUS MOTAOoIeHni. Bce oHM CBS-
3@HBl C PETryAUpPOBaHUWEM AABAEHUS, AEMCTBYIOIIETO HA CTEeHKU
CKBa’KMHBI IIPU BBHIIIOAHEHUM B HeHM Pa3AMYHBIX Ollepaliui.

Ha puc. 2.15 ykazanbl (pakTOphl, OOYCAOBAMBAIOIINE CHUKe-
HHe TUAPOCTATUYEeCKOTO U TUAPOAMHAMUUYECKOIO AABAEHHUM Ha
CTEHKU CKB&)KUHBI C IIeABIO IIPEAYIIPEAUTH IIOTAOIIeHHs. Mepo-
TIPUATHST CBOAATCS K OOECIIeYeHUI0 MUHUMAABHOTO M30BLITOYHOTO
AABACHUS Ha IIOTAOILIAONIUN TIAACT M NIPEAOTBPAIEHUIO PEe3KUX
KOAeOaHUM A@BACHUS B CTBOAE CKBAXKUHBI. KpoMe TOro, B IjeAdax
CBOEBPEMEHHOI'O IIPEAYIIPEKAEHUS IIOTAOIeHUs OypoBOro pac-
TBOPa HEOOXOAMMO ONPEAEAUTbh WHTEPBAAbl BO3MOJKHOTO IIOTAO-
meHud. [Ipu moaxope 3abosg K MHTEPBAAAM OKUAAEMOTO IIOTAO-
I[EeHUSI BBITOAHSIIOT PsiA TPO(MUAAKTUUYECKUX MEPOIPUSATHUH: AO-
OaBKa HAINIOAHUTeAel B OypOBBIE PACTBOPHI, PEryAUPOBaHUE UX
IIAOTHOCTH U CTPYKTYPHEIX IIapaMeTpOB, CKOPOCTU CIIyCKa UHCT-
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Tpedynpexcoenue noznoenuii

Crudrcere ZUOPOCITILNTINECKOZ0

|

Chitorceniie ZUOPOOUHAMUSECKOZO

dagnenus Oaenenus
Cuuotcennte nnomsocnd Bypenue "na Pezynuposanue Hoobop xamnonosxu
upRyAUpYIONel npo- pasrogecuu” CPYIGIYPHO- oypunsriozo
MBIBOHHOU HCUOKDCHIL MEXTHURECIUX uncHpymMenma
ceoitcrg
Hlpumenerue obnecaennbix
RPOMBIBOUHbIX IUOKOCHE Ozpanuyerue cxo- Iposedenue
pocni CHyCKonoO v~ NPAMENCYIMOUHBIX
EMHBIX Onepayuii HpAaMbIEOK
Ecmecmgentivie 800HbIE Imysaionnvie
ICREHIUN pacmeopsl
= Pacxarcusanue u Inasnoe soccma-
SPALLCHUE KOTORHEL HUe YUPKy-
Pacmsopyt ¢ nangi- Aspuposartbie neped nycram HACOOK AAYUU
HUMEAMY HCUOKOCIIR Y
Pezynu He CKO-
VIUPOBAHUE CKO- eyUposanue
l Tawoobpasnvie azenmbt ] ﬁmy npopabomiu poCHu 60CX00R14E2
nomoxa
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obpazoeanun UHMEPEAros Pomop-
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Puc. 2.15. Cxema ¢akTo—
poB, 00yCNOBNMBAOLMNX
CHMXEHME rugpocraruyec—
KOro v ruapoguHaMmm4yec—
KOro [aBJ/IeHUA Ha CTEeHKU
CKBaXXWHbI



PYMeHTa C IIeABI0 MAaKCUMaAbHO BO3MOJKHOTO CHW)KEHUS TUAPO-
CTaTUUECKOrO A@BAeHHd. K OIpepereHUdIM MeCcTa IIOTAOIIEHUA
CTaTUYECKOIO YPOBHSA M IIOACYETAM MAaKCHUMAAbHO AOIYyCTHMOIO
AABAEHUS Ha IOTAOIIAQIONIUM MAACT MPHUCTYIAIOT 4allle BCero Io-
CAe HeYAQUHBIX IIOIBITOK AWKBHUAQIIUU OCAOKHEHMs HamuOoaee
IIPOCTBIMU METOAAMU.

B.K. I'pun (CILIA) mpearORKUA KOMIIAEKC U TOCAEAOBATEAb-
HOCTb MEPONPUATUN II0 AUKBUAALMU IIOTAOIIEHUM, KOTOPHIE CO-
CTOAT U3 BOCBMH 3TAlOB.

1. TloapeM MHCTPpYMEHTa U OKHUApaHMe. Ilpu HogaBAeHUU Iiep-
BBIX IIPHU3HAKOB IIOTAOIIEHHUS (3a UCKAIOUEHUEM BHEe3allHBIX ITOA-
HBIX IIOTEPh LUPKyAdIllNM) OypeHHe M LIUPKYASIIHIO PacTBOPOB
CAeAyeT NPHUOCTAHOBUTH. AOAOTO IIOAHATH Ha 0Oe30IacHYIO BEICO-
Ty MHCTPYMEHTAa U OCTAaBUTh CKBA’KMHY B IIOKOe Ha 4-8 4. Ilocae
3TOrO BO3BPATUTb AOAOTO Ha 3a00U C COOAIOAEHHEM Mep IIPEAO-
CTOPOKHOCTH, OOeCIeuMBAIOIIUX MHUHUMAaAbHOE THMAPOAMHAMUYe-
CKOe A@BA€HHE Ha IOPOAY.

2. YMeHBIlIeHUEe AABAEHHS M YAy4IlIeHHe KadecTBa OypOBOTO
pacTBopa. Ecau mocae OCTaHOBKM OypeHHS U O’KHUAQHUSA IIOTAO-
IIleHWe He AUKBHAUPOBAHO, CAEAYET YCTAHOBUTH, MOJKHO AM BOC-
CTAHOBUTH IUPKYASALIUIO IIyTeM CHUJKEHUd OOIero AABAEHUS Ha
IIAACT U AO0DOaBA€HUS B PacTBOP 3aKyIIOPHBAIOIINX MaTepHaAOB.
IMTpu 3TOM HEOOXOAMMO CBECTHM K MHUHHMYMY IIOBBHIIIIEHHE AaBAe-
HHS, CO3A@BaeMOe MeXaHMYeCKUM CIOoCcOOOM, a TakyXe 3a CueT
CHIDKEHMS IIAOTHOCTH, BS3KOCTH M CTQTUYECKOTO HANIpPsS KeHUS
CABUTa pacTBopa. PekomeHAyeTcd, KpoMe TOro, AoOaBAeHUE B
OypoBOU pacTBOp A0 15 % OpPEexXOBOM CKOPAYIBI HUAU MEAKOU
CAIOABL. PacTBOp, copepsKalllui yKa3aHHBIE HAIIOAHUTEAHW, MEA-
A€HHO IIPOKAYUBAIOT B CKBA&KUHY B TeueHHEe OAHOTI'O-ABYX IIMKAOB
ero obpaleHusl.

3. Tlepuopmyeckas 3akayka IIOA A@BAEHHEM pacTBOpa 3aAaH-
HOW NAOTHOCTH C 3aKyIIOPUBAIOIIMMH MaTepuaraMu. B Tex cay-
4asgx, KOrA@d pabOTHl, INPEAYCMOTpPeHHBIe 1-M M 2-M 3Tamamu, He
AAIOT 3(eKTa, PeKOMEHAYETCS TIIATEeABHO IIPOAHAAU3UPOBATH
0OCTAaHOBKY, II0 BO3MOJXKHOCTH YCTAHOBUTH TAYOHWHY IIOTAOIIAIO-
I[er0 MHTepBaAa, TUI IOTAOIIAIONIEN IIOPOABI, BBICOTY CTOAOAQ
SKUAKOCTH B CKBa)KUHE U CKOPOCTBH IIOTAOILIEHUA. 3aTeM IIPUCTY-
IIUTh K 3arOTOBKe KallleoOpa3HOM TAMHMCTOM MAacCChI, 3aMellInBa-
€MOM Ha COAEHOU BOAe (IpU OypeHUH C COAEHBIM pPAacTBOPOM)
WAU Ha NpecHOM (Ipu OypeHWM C PacTBOPOM, NIPUTOTOBAEHHBIM
Ha IIPEeCHOM BOAE).

B mpurotoBaeHHyYIO CMeChb HEOOXOAUMOM HAOTHOCTU AOOAaBAL-
IOTCSL 3aKyIIOpHBAIOIIWe MaTepUaABl, O043aTEABHO COAeprKalliye
TSOKeABle, KPYIHBIE, YIAOBAThIe arperaTtbl AAd OOpa3oBaHUSA IIe-
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PEeMBIUKM M XOPOIIO KAaAUOpPOBAHHBIE MEAKHEe YaCTHIBI AT ee
3aledaThiBaHUA. B ¢BA3M ¢ TeM, 4TO TakKas cMeChb OOAAQAAeT BHI-
COKON BOAOOTAQUEN, IMOCAEe (PUABTPAIIUU U3 Hee BOABI B IIAACTE
OCTaeTcCsl Ts’KeAas Macca, 3aKAMHUBAIOIIAS TPEUIMHBI U YKpeIAd-
IOIasl MAACT.

AAS YCHENIHONM HU30ASIUU IIOTAOLIAIOIIET0 IAACTa B KaXKAOM
CAy4ae HEOOXOAMMO OIIPEAEAUTH BEPOATHBIM pas3Mep TpeIlunH,
4TOOBI 0OPA30BaTh NEPEMBIUKY U IEPEUTH K HNPOBEACHUIO CAEAY-
IOLIUX MeponpuaTuil. I1pu HeoOOXOAUMOCTUA IIOBTOPEHUS 3AAUBOK
Ka&KAYIO IIOCAEAVIOIIYIO 3aAUBKY CAEAYET IIPOU3BOAUTH C IIpUMe-
HeHHeM OoOAee KPYIHBIX 3aKYIOPUBAIOIIUX MaTepuaroB. OnrTu-
MAaABHEBEIM HAaOOp HAINOAHUTEAEM AOAKEH BKAIOUATh YaCTHUIIBL pas-
AMYHBIX Pa3MepPOB AAG CO3AAHUS HEIIPOHUIAEMEBIX ITepeMbIYeK.

AOCTaBUB IOPOUIO TAKOI'O PACTBOPA B MOTAOLIAIOIINU WHTEP-
BaA, 3aKPBIBAIOT IIAAIIKU IIPEBEHTOPA M OCTOPOKHO 3aAABAMBAIOT
MaTepHaAs B IIAACT, IIOCAe€ Yero BBIAEP’KMBAIOT CKBa)KMHY 4-8 u
HWAU AO YCTAHOBAEHHS ITOCTOSTHHOTO A@BAEHUS.

4. OnpepenreHUe MeCTa MOTAOIIEHUS U BTOPUYHAs 3apaBKa 3a-
KyIIOPUBAIOIINX MAaTePUAAOB. 3HAUUTEABHOE YHCAO IIOTAOLIEHUU
HaOAIOAQeTCA BBINIE OAlIMaKa KOAOHHEL [Io3TOMy HOCAe NepBoHr
WAU BTOPOM HEYAQUHOM IIONBITKY AMKBUAAQIIUM MIOTAOIIEHHUS IleAe-
COoO0OPa3HO OIPEAEAUTh MECTO YXOAA PacTBOpa.

BeIOOp MeTOA@ 3aBUCHUT OT KOHKPETHBIX YCAOBUN U Pe3yAbTa-
TOB UCCAEAOBAHUSA CKBAKUHEL. [locAe yCTaHOBAEHUS TAyOWHBI 3a-
A€TaHMS MOTAONIAIONIETO HMHTEPBAAd INOBTOPSIOT MEPOIPUSTHS,
IIPEeAYCMOTPEHHEIE 3-M 3TAllOM (3aKadKa II0A AABACHHEM BA3KUX
PacTBOPOB, COAEP KAIIUX 3aKyIIOPUBAOIINE MATEPHUAABI).

5. 3aKkauka B MOTAONIAIONIVM WHTepBaA MaTepUarOB, BKAIOYA-
IOIUX KPYHIHBIE YacTUIIEL. ECAM 3aKauka B 30HY IIOTAOIIEHUSA
cMecel, COAep’KalllMX 3aKyIlOPUBAIOIIWe MaTepHUaAbl, He AadeT
IIOAOKUTEABHBIX PE3YABTATOB, HE CAEAYEeT IIPOAOAKATE IOIBITKU
AMKBHUAMPOBATH IIOTAOIIEHNE 3TUMHU cMecamMu. HeobxopuMo mnpu-
MEHUTb OOAee KPYIIHBIM HAIlOAHUTEAb. KpoMe TOro, peKOMeHAY-
€TCs IIPOBOAUTH MEPOIPUSATHUS, IIPEAYCMOTPeHHbIe 4-M 3TaloM.

6. I[lpuMeHeHHe 3aKyIIOPHBAIOIINX MaTEePUAAOB, BKAIOUAIOIIMX
CcIeIMaAbHO IIOAOOpaHHBEIEe IO (DOpMe M pas3MepaM dacTulnl. Ec-
AW MEPOIPUATHS, IPEAYCMOTPEHHEIE IIPEABIAYIIIMMU 3TallaMy, He
DAAU TIOAOJKUTEABHBIX PE3YABTATOB, CAEAYET IMOIPOOOBATH IIOA-
HATb U3 CKBA)KUHBEI OYPOBOU HMHCTPYMEHT U 3aTeM BHOBBb CIIyC-
TUTb B Hee OypUABHBIE TPYOBI C OTKPBITHIM KOHIIOM. 3aTeM IIpuU-
TOTOBUTH CMeCh, COAEP’KAlllyl0 KPYIHBIE, YTAOBAaTble MaTepHaAbl
U CIelMaAbHO OOpabOTaHHBIE KpeNKUe YaCTUIBI MaKCHUMaAbHBIX
pasMepoB, Kakue MOryT OBITH INpOKauaHel Hacocamu. Chaepyer
VAEAUTh BHUMAaHHE IIOAAEPIKAHUIO OAHOPOAHOCTHU CMECH, YTOOBI
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130e’KaTh 3aKyIOPKU OYPUABHBIX TPyO (B OCOOEHHOCTH MAaAOro
AMaMeTpa).

B patioHax, TAe B pa3pese BCTPeuyaloTcs KaBepHO3HbBIE IIAACTHI,
MASI CO3AQHUS IIePBUYHOM IIepeMBIYKM, KOTOPYIO 3aTeM MOXKHO
OBIAO OBl 3aKyIOPUTH C IIOMOIIBIO OOBIUYHBIX 3aKyIIOPUBAIOIIUX
MaTepHUarOB (OEHTOHUTA WAM IIAAMa), IPUMEeHSIAU KpelKue MeIll-
KU UAM KapTOHHBIE KOPOOKM C HEOOKAaTaHHBIM KaMHEM.

Tak, B ckBakuHe Ha MecTopokpeHuu KsuopauHo (Texac) mo-
Teps NUPKYAILUH NPOU3O0ILIAA Ha rAyOuHe 233 M npu OypeHUU B
KaBEepPHO3HOM H3BeCTHsKe. [lochre TOro KakK AAS AMKBUAQIIUM IIO-
TAOIIEHUsT Ge3yCIeNHo U3pacxopoBan 1940 M® rAMHUCTOTO pac-
TBOpa u 9072 Kr HAIIOAHUTEAS, B CKB)KUHY OpocuAu 23 MelKa
MUuHOM 1,5 M u pmamerpoM 13,3 €M, a 3aTeM 3aAUAU JKUAKYIO
CMeCh, COAEPJKAIIyI0 KyCOYKM KeApa, KaMBIIIOBOE BOAOKHO U
CcMOAyY. B pesyabTaTe IUpPKyAsnus Oblaa BOCCTAHOBA€HA OKOHYa-
TEABHO.

7. Hcnoab3oBaHue ObIcTpocxBaThIBatoletica cmecu (BCC).
EcAm Meponpugarus, NpepAyCMOTpPeHHBIe 1-0-M 3TamaMu, He AAAU
0’KMAQEMOTO PE3yABbTaTa, TO AAS 3aKPBITHUS TOP YU TPEUIUH IIO-
TAOIIAIONIETO TAACTa caepyeT nmpuMeHUTsE BCC, KOTOpBIe 4acTo B
TAKUX CAyYasIX SBASIOTCS 3(PMEKTUBHBIMU KaK B COYETaHUU C
3aKyIIOPUBAIOIIUMU MaTepraraMy, Tak U 0e3 HUX.

YcHneuHo NPUMEHSIIOTCS AAS U3OASIUM IIOTAOUIAIOIINX IIAAC-
TOB caepyromiue BCC: cMech AU3EABHOTO TONAMBA C OEHTOHUTOM,
COOTBETCTBYIOIIUM 00pa3oM 3aAaBAVBAaeMas B 30HY IIOTAOIIEHUS
BOAOU UAM OYpPOBEIM PAacTBOPOM, OBICTPOCXBATHIBAIOLIASA TAWHUC-
Tasi Macca ¥ pacTBOP MOAUMUIIMPOBAHHOTO IIeMeHTa.

8. Cryck IIpoMe>XyTOUYHOM 06CapHOM KOAOHHBI. B HEKOTOPBIX
palioHax C IIOMOIUIBI0 MEepPONPUSATHY, OINUCAHHBLIX BHINIE, AUKBU-
AAPOBAThH IIOTAOIIIEHME OKAa3BIBAeTCS HEBO3MOJKHBIM. B Takmux
CAy4YasiXx OCTAHABAMBAIOT OypeHVe HU)Ke 30HBI IIOTAOIIEHUS U
CIIYCKAIOT NPOMEXXYTOYHYIO KOAOHHY. Tak, Hampumep, B IITaTe
®ropupa 30HA KATACTPO(PUUECKUX IIOTAOIIEHHUY, CAOKEHHas KO-
parramu, OypuTcs: 0e3 BhIXOAQ IIUPKYASILNU C 3a00pOM MOPCKOM
BOABI, AAS 4eTo NpUeMHBIe IIAQHTHM HAaCOCOB OITYCKAaIOT B MOpe.

B 3amapHoM Texace IpM HIPOXOKAEHUM 30HBI IOTAOIIEHUS
HICIIOAB30BaAU OypoBOM pacTBop. [Ipu sToM OypeHUe BeAaoCh Oe3
BBIXOAQ ITUPKYASIIMY, YTO, €CTEeCTBEHHO, CO3AABaA0 OIIaCHOCTH
npuxBata. [loaToMy mocAe BBIXOAA M3 IIOTAOIIAIONIETO IIAAcTa
CIIYCKaAHW IIPOMEXYTOUHYIO KOAOHHY.

B.K. I'puH Tak)Xe pacCMOTpPeA MepOIPUATHS IO IpPeAylpesK-
MEHUIO IIOTAOILIEHUM, NPUYNHON KOTOPBIX SBASIETCS YMEHBIIIEHUe
9KBUBAAEHTHOI'O THAPOCTAaTUYeCKOro paBaeHus (O['A) Ao 3Haue-
HUS TAACTOBOTO A@BAEHUWs. TaM, TAe 3apaHee OKMAQIOTCS IIOTAO-
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LIIeHUs, PeKOMeHAyeTCI AODABAATE OT 8,5 A0 15 KI' MEAKOM CAfo-
ABl ¥ OPEXOBOM CKOPAYIEI Ha 1 M° GypOBOTO pacTBOpa AAsL 3aKy-
IIOPKY MHUKPOTPEIVH U PeAyIIPeXKAeHUsT UX pas3BuTus. [TomMuMo
IIEpEYNCAEHHBIX PEKOMEHAQIINU 10 MPOPUAAKTHUKE IIOTAOLIEHUN
IIPEANATAIOTCS CAEAYIOIINeE.

1. PeryaupoBaHue IAOTHOCTA OypOBOTO pacTBOpa IIyTeM CO-
BePIIEHCTBOBAHUSA OUMCTKU €ro OT IIeCKa M 4YacCTHull BEIOYypeHHOU
IIOPOABI C IIOMOIIBIO XMMPEAreHTOB, TIIATEABHOTO COOAIOAEHUSA
NIpaBUA XMMUUECKOU OOpabOTKU pacTBOpa M ero pa3OaBAEHUS.
AobOaBaeHNe B PacTBOpP HePTH U IIPU HEOOXOAUMOCTH a’parivs
ero. bypeHue ¢ IPOMBIBKOM YUCTOM BOAOU.

2. PeryaupoBaHUe peOAOTMUeCKUX IapaMeTpoB OypoOBOTO pac-
TBOPA (CHM)KeHWe ero BA3KOCTHM M CTAaTUYeCKOTO HAaIpsSKeHUd
capura (CHC)). OpHako HeOOXOAMMO YYHUTHIBATH, YTO BBEICOKO-
BSI3KME M BBICOKOKOAAOHWAHBIE PACTBOPHI CIOCOOCTBYIOT AUKBU-
DAY IIOTAOILIEHUM B MAAOMOIIHBIX IIAQCTaX, CAOXKEHHBIX He-
CIleMeHTUPOBAHHBIM MATEePUAAOM.

3. OrpaHuueHUe CKOPOCTH CIyCKa HHCTPYMEHTQ, IIAAGBHBIA
IIyCK OYpPOBEIX HACOCOB U HEAONYIeHHe pacXa’kKWUBaHUSA MHCTPY-
MEeHTA.

4. YayullleHMe KOHCTPYKIIUM CKBa)KUH AASI U30€KaHUSA BO3AEU-
CTBUSI YTSIKEAEHHBIX PAcTBOPOB, NPHMeHSEeMBIX IIPU IIPOXOAKE
HIJKeAe KallluX IIOPoA, Ha BHIIIEAesKallllie ITOPOAHL.

YKa3aHHBIE MepPONUPUATHS Ha IIPAKTUKe pa3pelluAd MHOTHe
BOIIPOCHI, CBSI3@HHBIE C TPEAYIIPEXKAEHHEM M AUKBHUAALMEN IIO-
TAOIIIEHUM, COKpAaTUB UX 4nucAo Ha 50-90 %. OpHAKO, IO MHEHUIO
B.K. TpuHa, XOTS peKOMEHAyeMBIe MepONpPUATUS, Oe3yCAOBHO,
IIOA€3HBI, IOTAOIeHHe OYpOBOTO pacTBOpa BCe ellle SBASETCS
OAHUM U3 HauboOAee TSIXKEABIX OCAOKHEHUM Ipu OypeHHH CKBa-
SKUH.

K.A. OpuMeH onUCHIBAET KOMIIAEKC MEPOIPUSITHH, pa3pado-
TAHHBIX AAS TIPEAYIIPESKACHUS TTOTEPH IUPKYASIIUN IpU OypeHU:n
CKBQ)KUH B KOHKPETHOM pauoHe - OacceliHe AHAAGPKO (WITaT
OxaaxoMa). B 3TOT KOMIOAEKC MepPONPHUATHUMN BXOAAT: obeclieue-
HHUe HU3KOTO COAEP’KaHMS TBepPAOM (ha3bl U HU3KOM BI3KOCTHU
OypOBOr0O pPACcTBOPA; OCTOPOJKHEBIM, MEAAEHHBIM CIIYCK KOAOHHEI
AN OypOBOrO HHCTPYMEHTa; HaAWuhe AOCTATOYHOrO 3asopa
Me>KAy OYPUABHBEIMU TPyOaMM U CTEHKOM CKBA’KUHHI.

Ha mecropoxaenun [IocTA B pe3yAbTaTe NPOBEAECHUSA 3TUX
MepONpUITUIN BpeMsi OypeHUs KaKAOM CKBa>KUHBI COKPATHUAOCH B
CpepHeM Ha 5 CyT, @ CTOMMOCTb OypOBOro pacTBopa — Ha 79 %.
Takme Xe yAOBAETBOPUTEAbHBIE DPE3YABTATHI OBIAU IIOAYYEHBI M
Ipyu OYpeHUU CKBa’>KMH Ha COCEAHEM MeCTOPO’KAEHUM.

Bpamasa o6capHYI0O KOAOHHY AASL paspyllleHusa o0pa3oBaBIIEro-
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Csl TeAss M TIOCTEIIEHHO YBEAWUYMBAsI IMOAQYy HACOCOB, CHUJKAIOT
AABACHHUS Ha TAQCTHI B MOMEHT BO30OHOBAEHUSI IUPKYASAIUU AO
MuHUMyMa. Korpa IITMPKYASIIIUS BOCCTA@HOBAEHA, MOJKHO IIepexo-
MUTH K I1eMeHTUPOBAHNUIO KOAOHHEL.

OnbBIT IIOKa3aan, 4TO AYUIIMM CPEACTBOM OOPBOBI C IIOTAOIIe-
HUSAMU SBASIETCS BBEAeHUE B CKB&)KUHY BMeCTe C OypOBEIM pac-
TBOPOM TBEPABIX YaCTHUI] (HAIpUMep, AMATOMOBOU 3eMAu). Aua-
TOMOBASI 3€MASI BBOAUTCSI B CKBa&)KUHY B OYpPOBOM pPacTBOp C MakK-
CUMaAbHO BO3MOJKHOM BOAOOTAQUeM, TaK KaK 3(P(PEeKTUBHOCTH
METOA@ 3@BUCUT OT OBICTPOTHI (PUABTPAIIUM BOABI U, CAEAOBa-
TEeABHO, OOpa30BaHUsA TBEPAON NPOOKU. TeXHOAOTUS AMKBUAAIIAU
IIOTAOIIEHUS C IIOMOUIBI0 AMATOMOBOM 3€MAU IIPeAyCMaTpHBaeT
CAEAYIOITYIO IIOCAEAOBATEABHOCTE Ollepalyu:

1) ompepenreHUE MECTOIIOAOKEHUSA 30HBI IIOTAOIIEHUS;

2) npurotoBaenue 1,6 M° 3aKyIOPHBAIONIEr0 PACTBOPA, COCTO-
amero n3 0,01-0,16 m® u3BecTHIKA (AAST MaKCHMaABHOTO yBeAude-
HUST BOAOOTAAuHU), 14,3 Kr AMAaTOMOBOM 3eMAU Ha 1 M pacTBopa,
42,9 Kr aTTallyALIMTOBOM TAMHBI Ha 1 M® pactBopa m 34-43 Kr
3aKyIOPHUBAIOIINX MAaTEPUAAOB (BOAOKHUCTOTO M TPaHYAUPOBAaH-
HOTO) TakXe Ha 1 M® pacTBopa;

3) CIIyCK B CKBa)KMHY OyPUABHBIX TPYO AO YCTQHOBKM HX KOH-
Ila B KPOBA€ 30HEI IIOTAOIIEHN;

4) 3amoAHeHUe OYPUABHBEIX TPyO 3aKyNOPUBAIOUIMM PaCcTBO-
powm;

5) 3aKayka B OypuAbHBIE TPYOH 3,2-4,8 M® GypoBoro pacrsopa
MAST BBITECHEHUS U3 HUX 3aKyIOPUBAIOIETO PacTBOpPa CO CKOPO-
cTthio 5-10 A/C;

0) mpekpallleHHe 3aKauku OypOBOT'O PAacTBOPa M BBHIAEPI)KKA B
Teuenue 20-30 mum;

7) IPOAOAKEHHe IIpollecca BBEITECHEHUS 3aKyOPUBAOIIETO
pacTBopa C TIEPUOAWYECKUMU OCTAHOBKAMHU AASL  3aIlIOAHEHUS
CKBa’kKMHBI;

8) 3aKphITHMEe IIPEBEHTOPAa U IIPOAOAKEHUE 3aKauKu OypOBOTO
pacTBopa c OOABIIEW CKOPOCTBIO, IIPU 3TOM AaBA€HUe B 3aTpyo-
HOM IIPOCTPAHCTBE IIOAAEPIKUBAETCS Ha ypoBHe 7-21 aTM B Tede-
Hue 20-30 MUH, AO IIOAHOM AMKBUAAIIUU IIOTAOIIEHUS;

9) BO30OHOBAEHHE OypPEHUS.

'raBHOE penMylecTBO AUATOMOBOM 3€MAM — OBICTPOTA IIPHU-
roTOBA€HUA paboueit cMecu. M3 KakKABIX 42,6 Kr, AOOABAEHHBIX K
BOAE, MOYKHO ITOAy4YaTh 1,6 M® TOTOBOM K YHOTPeOASHUIO KUAKOU
CMeCH C BBICOKOM BOAOOTAAQUEH.

Ha wmecropoxpeHun ITocTA AAg OOPBEOBI C  MOTAOIIEHUSMU
IIPUMEHSIOT TaK’Ke PacTBOP Ha He(TIHOM OCHOBE.

H. Crelin chopmyrupoBar oOmue TpeOOBaHUS, KOTOPBIM
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AOMJKEH OTBeYaTh A0OOM 3(@EKTUBHBIM MeTOA U3OAAIUN 30H
BOAOTA30MPOSIBACHUM.

OTH TpeDOBAHUA CBOAATCS K CACAYIOLIEMY:

1) Arg yaOOcTBa obOpallieHHss U 06pabOTKU CTPOro OIlpeAeAeH-
HOTO MHTEepPBaAd U3OAUPYIOUIUM areHT AOAKEH NPEeACTaBASTH CO-
00U KUAKOCTD;

2) obOpaboTka OOBEKTa H3OAIIUU AOAKHA CBOAUTHCI K €AU-
HOMY IIPOIIeCCy HarHeTaHWUs, OAaropapsd 4eMy HNpPOIeCcC HU30AILUU
YIIPOIIAETCs], @ BEPOSITHOCTD yCIleXa YBEeAUYHNBAETCS;

3) oOpa3oBaHHe NPOOKM B HHTEpBare H30AMPYEMOIO IIAAcCTa
AOASKHO IIPOHUCXOAUTH He Cpa3dy, YTOOBI He IOSIBUAAChH IIpeskAe-
BPeMeHHO HeIpOHMIlaeMas IlepeMBIYKa, KOTOpas He I03BOAUT
M30AUPYIONIEMY OOBEKTY BHEAPUTHLCS B U3OAMPYEMBINA IIAQCT;

4) m30oAg90ug AOAKHA OBITh YCTOMYUBOM U AOATOBPEMEHHOM;

5) IPOAOAKUTEABHOCTb OCTAHOBKU OypEHUS IOCAE€ HAarHETAHUSA
areHTa B MAACT AOAYKHA OBITH AOCTATOYHO KOPOTKOM, HUHaue CTO-
HUMOCTBb apeHABl OypOBOrO CTaHKA CUABHO BO3PACTET;

6) mpu peaknuM, BAEKYIIelM 3a co0oM oOpa3oBaHUe H30AUPY-
IOI[eN epPEMBIYKYM, HEe AOAKHO OOPa30BBIBATHCS KUCABIX TOOO0Y-
HBIX TIPOAYKTOB, CIIOCOOCTBYIOIIUX PaCTBOPEHUIO KapOOHATHBIX
IIOpOp, (M3BECTHSIKOB HAU AOAOMHTOB), KOTOPOE MOXKET YMeHb-
mUTh 3PPEKTUBHOCTE U3OASIIIUOHHBIX PadoT;

7) XMMHYeCKUe peareHThl, UCIOAb3yeMble IIPU H30ASIUOHHBIX
paboTax, AOAKHBI OBITH 0€30TIaCHBLIMU;

8) BO3MOJKHOCTb NPUXBaTa WHCTPYMEHTa MCIOAB3YEMBIMHU Ma-
TepuaraMy AOAJKHA OBITH MCKAIOUEHQ;

9) CTOMMOCTbL MaTepUarOB U METOAA B IIeAOM He AOAKHA OBITh
CAWIIIKOM BBICOKOM.

OTu TpeOOBaHUSA MOTYT OBITH NPHUMEHEHBl U K MeTOAAM, M K
MaTepuaraM AAS AMKBUAAIIMN TOTAOIIEHUY OYpPOBBIX PacTBOPOB,
AODOABUB CAeAyIOIIee.

B nmyHkTe 1 HEOOXOAMMO IIPEAYCMOTPETH BO3MOJKHOCTB MC-
IIOAB30BAHUA 3aKYNOPUBAIONIUX MaTEPUAAOB (HAIIOAHUTEAEI),
B3BellIeHHBIX B JKUAKOCTH, pa3Mephbl KOTOPBIX He MPEeNsSTCTBYIOT
3aKauKe cMecell OypOBBIMM HAacOCaMU U He BBI3BIBAIOT OINIACHOC-
TH 3aKyIIOPKM OYPUABHBEIX TPYO.

COOTBETCTBEHHO B IIYHKTE 3 CAeAyeT CAEAQTh OTOBOPKY O
TOM, YTO BpeMs OOpPa30BaHUA TAaMIIOHUPYVIOUIEN NPOOKH AOAKHO
OBITH AOCTAQTOYHO KOPOTKHUM, 4YTOOBI MaTepuanr He MOT YUTU B
IIAAQCT Ha 3HAUUTEABHOE PACCTOSTHUEe, YTO MOJKET Pe3KO CHU3UTH
apdeKT 06paboTKU.

[MpuMeHUTEABHO K U3OAJIIMOHHBIM MaTepuaraM U TeXHOAOTU-
am ITaH AMeprkeH A0OOaBHUAA:

10) U30AAIMOHHBINM MaTEpPUaA AOAJKEH HM30AUPOBATH ITOTAOIIA-

140



IOIYe TAACTBl IPW HU3KWX U BBICOKMX IIAACTOBBIX AABAECHUSX,
PV HU3KUX U BHICOKHX TEMIIEPaTypax;

11) HeOOXOAUMO HAAEKHO 3aKyIOPHUBATh JKECTKUE TPEIIWUHEL,
IrpaBUMHBIE OTAOJKEHUS U BBICOKOIIPOHUIlaeMble OOBEKTHI;

12) adppeKT M30AAIIUU IIAACTA He AOAKEH 3aBUCETh OT CTelle-
HU U XapaKTepa MUHEePAAW3alUM IAACTOBBIX BOA.

OTu TpeOOBAHUA CAEAyeT MMeTh B BHUAY IIpU pa3paboTke CoO-
OTBETCTBYIOIINX METOAOB U MaTepPHUaAOB W WX CPaBHUTEABHOMU
oneake. CarepyeT TaKKe OTMETHUTh, YTO 3TU TpeboBaHUS He MIpU-
MEHMMBI B T€X CAydYasiX, KOTAA IIOTAOIIEHMS CBSI3aHBI C KapCTo-
BBIMU IIyCTOTaMU OOABIINX OOBEMOB, Hauboaee 3(pdeKTUBHAA
HU30ASUS KOTOPBIX MOXXKeT OBITh NPOBEAEHA C MOMOIIBIO CITyCKa
IIPOME>XYTOYHOM KOAOHHBI UAM XBOCTOBHKA.

PekoMeHpanIMu IO TIPEAYIPEKACHUIO IIOTAOILIEHUMN, paspado-
TaHHBIE MHOTUMU OTEUECTBEHHBIMU U 3apyOe>KHLIMU HCCAEAOBa-
TEASIMH, CBOAATCSI K CAEAYIOIIEMY:

1. PeryaupoBaHue CBONCTB OypOBBIX pacTBOpoB. Peryamposa-
HHMe IIAOTHOCTH OypOBOIO pacTBOpa 3a CUeT IpPUMeHeHUs COBep-
LIIEHHOM OYMUCTKM ero OT IleCKa W YacTHll BEIOYyPEeHHOMN IIOPOAHI.
Hcnoabr3oBaHMe OypOBBIX PACTBOPOB C HU3KHM COAEP’KaHUEM
TBEpPAOM (ha3bl, C HU3KUM IIPEAEABHBIM CTaTUYEeCKUM HalpsKe-
HHEeM CABUTa U C HU3KON BS3KOCTBIO IIPUBOAUT K CHUJKEHUIO AAB-
A€HUs NIPHU CITyCKe U MopbeMe TPyO.

AaBAreHUE B pacTBOpP He(TU U HAIOAHUTEAEM C IIeAbIO0 CHIKe-
HUS ero MAOTHOCTH U YBeAMYeHMs 3aKyIOpUBAIOIIelr CIOCOOHOC-
TH. Aspanug OypoBOTrO pacTBopa. bypeHme ¢ NPOMEIBKOM 3a004
TEXHUYECKON BOAOM, A€ IO3BOASIOT T€OAOTUUECKUE YCAOBUSI.

2. PeryaupoBaHUe CKOPOCTU CIyCKOIOABEMHBIX Ollepalufl u
APYTUX TeXHOAOTHMYECKHX OIlepaliyii, IPOBOAMMBIX B CKB&)KUHE
(ckopocTh IPOPAOOTKH, IPOMEeXYTOUHBIE NPOMEBIBKM U BOCCTa-
HOBAEHUE ITUPKYASAIIUU U Ap.).

3. OmnpepeneHMe ONTHMAABHOIO 3a30pa MeXKAY OypPHUABHBIMUA
TpyOaMu M CTEHKOM CKBAa’KMHBI. 3a CYeT 3TOr0 YMEHBIIAIOTCS
Iiepenap AABA€HUS B 3aTPyOHOM IIPOCTPAHCTBE U BO3MOJKHOCTH
CYy’>KeHUSI CTBOAA CKBA’KUHBI.

4. VlaMeHeHUe KOHCTPYKIIMN CKBA’KUH C I[eABIO U30e’XaTh BO3-
AEVCTBUSA VTI’)KEAEHHBIX PpPAacTBOPOB Ha HeOOCaKeHHYIO YacThb
TOPHBIX ITOPOA, CKAOHHBIX K TMAPOPA3pPHIBY.

TakuM 00pa3oM, IPO(PUAAKTHUYECKHE MEPHL II0 HNPEAYIIPEKAE-
HUIO IIOTAOLIEHUN CBOASTCS B OCHOBHOM K PEeryAMpOBAHUIO
CBOUCTB OYpPOBBIX PACTBOPOB U COOAIOAEHUIO TEXHOAOTMYEeCKUX
IIPaBUA IIPDOBOAKU CKBA’KWH, HAIIDABAEHHBIX HA CHIDKEHUE AaBAe-
HU4Y Ha CTeHKY CKBa>XHHHI.

3aKOHOMEPHOCTHU AABAEHMSA OypPOBOTO PACTBOPA B IIOTAOIIAO-
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IleM [AACTe IIO3BOASIOT OLEHUTh CYUIHOCTH CIIOCOOOB IIpeAy-
IIPEKAEHUS MOTAOIIeHUsa U O0pbObl ¢ HUMHU. ECAM NpPUHATH, UTO
CKOPOCTh ABMJKEHUS V OypOBOTO PAcTBOPA CO CTPYKTYPHOM BA3-
KOCTBIO 1 B IIAACTe C IIPOHUIIAEMOCTHIO k XapaKTepusyeTcs 3a-
KoHOM Aapcu

v = - gradp, (2.86)

TO BO3MOJKHBIN BBEIOOD AEMCTBUM IIO NPEAYIIPEKACHUIO IIOTAOIIe-
HUU U O0OpbOe C HUMU OIpeAeAsieTCsl aKTUBHBIM H3MeHeHHeM Ile-
PEMEHHEIX, BXOAAIIUX B 3Ty (DOPMYAY.

TpapuIMoOHHBEIE CIIOCOOBI MPEAYIIPEKAEHMS IIOTAOIIEHUM OcC-
HOBAHBI HA YMEHBIIIEHUU IePellaA0OB AABACHUSA Ha IIOTAOIIAIONINU
IIAQCT WAW U3MeHeHHH k/v uAbTpylomelics >XUAKOcTH. Ecam
BMECTO CHIKEHUS Ilepelajpd AABA€HUS Ha IIAACT YBEAUUUTH BA3-
KOCTb IIyTeM AOOaBAEHHUS 3aKYIIOPUBAIOIIUX MaTepuaroB, OeHTO-
HUTAQ UAU APYTHX BeIeCTB, MHTEHCHUBHOCTBL IIOTAOLIEHHA OyAeT
U3MEHATHCS OOPATHO NPOIOPIMOHAABHO YBEAWYEHHUIO BSA3KOCTH,
KaK 3TO CAepyeT U3 POpMyAHI (2.86). [IpakTuuecKH, eCAU peryAH-
poBaTh IapaMeTpHl PacTBOPa, BA3KOCTb MOJKHO HM3MEHITH AMIIb
B CPaBHUTEABHO Y3KUX Ipejperax. [IpepoTBpallleHre IIOTAOIIEHUN
IIyTeM IIepexOAd Ha MMPOMBIBKY PAcTBOPOM C IOBBHIIIEHHOM BA3-
KOCTBIO BO3MOJKHO TOABKO IIDHM YCAOBHH pPa3pabOTKU HAyYHO
OOOCHOBAHHBIX TPeOOBAaHUM K 3THUM >KUAKOCTIM, YYUTHIBAIOIIUX
OCOOEHHOCTU Te4YeHUSA UX B MAACTE.

CoBepIlIeHCTBOBAHUE IIPUEMOB NIPEAYIIPEKACHUS ITOTAOILLEHUY,
OCHOBAHHBIX Ha CHIJKEHHUM IIepelajpOB AABA€HMS Ha IIOTAOIIAIO-
IMe IIAACTBHI, Hepa3pbIBHO CBSI3@HO C TAYOOKMM H3yUYeHUeM U
pa3paboTKOM MeTOAOB IIPOBOAKH CKB&)XKUH IIPU PABHOBECUU B
CHCTEMe CKBA’KMHA — IIAACT.

BypoBo#t pacTBop, NPOHUKAsA B MOTAOIIAIOIIUM MAACT Ha OII-
PEAENEHHYIO TAYOMHY M 3aryCTeBass B KaHaAaX IIOTAOLIEHUS, CO-
3)AA€T AOIIOAHUTEALHOe IPeNsSTCTBHEe Ha NYTH ABII)KeHHUsS OypoBO-
My PacTBOPY U3 CTBOAA CKBA’KMHBEI B IAacT. CBOMCTBO pacTBoOpa
CO3AaBaTh CONPOTUBAEHUE ABIDKEHUIO JKMAKOCTH BHYTPU IIAACTa
HUCIIOAB3YIOT IIPU IPOBEACHUU IPOPUAAKTUYECKUX MEPONPUATUU
C IIeABIO IPEAOTBPAllleHnd NoraolleHnui. Cuaa TAKOTO CONPOTUB-
A€HUS 3aBUCUT OT CTPYKTYPHO-MEXaHUUYECKUX CBOUCTB PacTBOPA,
pasMepoB U (POPMBI KAHAAOB, a TakKKe OT TAyOMHBI IPOHUKHO-
BEHUS PacTBOpa B IIAACT.

V3BeCTHBI aHAAUTHYECKUE U 3MIUPUYECKUE 3aBUCUMOCTH, HUC-
IIOAB3YEMEBIE AASL ONIPEAEAEHUs T'AYOWHBI | TPOHUKHOBEHUS Oypo-
BOTO pacTBOpa B TPAHYASPHBIE KOAAEKTOPHI (THUNA TaA€YHUKOB,
IPABEAUTOB M KPYITHO3EPHUCTHIX II€CUAaHUKOB).
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IMpu mcnoab3oBaHUN OYPOBBEIX PACTBOPOB C BA3KOIAACTHUYHHI-
MM CBOMCTBAMHM MOJXHO YCTAHOBUTH TAYOUHY IIPOHUKHOBEHUSA
pacTBopa B IIAACT IO (DOpMYyAe

ApgVk
1= Po_f, (2.87)
atg
rae Ap, — Tepemnap AABAEHHS Ha TAACT B CAydYae IIPEAEABHOTO
paBHOBecHud; a — Oe3pa3MepHas BeAUYUHA.
BripaskeHue ana mepenapa A@BAEHUS Ap, MOJKHO IIPEACTaBUTH
B BUAE:
2t H
Ap, = 0, 1yh,, + ——, (2.88)
Rc - RT
TAe IEePBBEIY YAEH eCTh PAa3HOCTb MEKAY IHMAPOCTaTUYECKUM AaB-
AeHmeM cToAGa OypoBOrO pacTBOpa p;, COOTBETCTBYIOUIUM TAY-
OHHe 3areraHusl IIOTAOMIAIOIIETO IIAACTa, W IIAACTOBBEIM AABAEHUEM
Dy T.€.

pi-p2 = 0/1vh., (2.89)

rA€ Y — IAOTHOCTH GYpOBOTO pacTBopa, r/cm’; h., — CTaTUYeCKUi
YpPOBeHb OypPOBOTO PacTBOpPa, M.

Bropoii ureH dopmyAanl (2.89) mpeacTaBAsieT Iepenap AaBae-
HUsI, OOYCAOBAEHHBIM THAPABAWYECKUM COIIPOTUBAEHUEM B KOAB-
IIeBOM ITPOCTPAHCTBE CKBa’KMHBI BBIIIE MeCTa IOTAOIIEHUs Ap;:

Ap, = -2 (2.90)

C T

TA€ T, — IPEAeABHOE HAIpSKeHUe CABUTQ; H — rayOMHA 3areraHus
IIOTAOIIAIOIIEeTo ImAacTa; R, R, — papwyChl COOTBETCTBEHHO CKBa-
JKUHBI M OYPUABHON KOAOHHBI. /\€TrKO yOeAUTBhCS, 4TO IIPU He-
OOABIION WHTEHCUBHOCTHU IOTAOIIEHUsS T'AyOMHA IIPOHUKHOBEHUS
pacTBOpa B IIAACT C POCTOM T, IPAaKTUUECKN He U3MeHSeTCH.

BypoBrle pacTBOpPHI, OOAAAQOIINE BBICOKUMHU 3HAUEHUSIMU
BSI3KOCTH, CTATUYECKOTO U AMHAMHYECKOIO HAIPSIUKEHUU CABUIQ,
HAXOAAT IpUMeHeHHe KaK NIPOMUAAGKTHYeCcKas Mepa IIpu Ipo-
BOAKE CKBa)XMH B CKAOHHBIX K IIOTAOILIEHUSM OTAOXKEHUSX, KO-
TOPBIMM IIPEACTaBA€HA BEePXHSS 4YacTh BCKPHIBAEMOTO paspesq,
Ipu OypeHUU TaKUX CKBA)KWH HMeeTCsS OOABIION 3a30D MEKAY
OYPHUABHBEIMU TPyOaMU U CTEHKOU CKBa)XUHBLI. C pPOCTOM >Ke TAY-
OUHBI B3aUMOCBI3b MEXAY T, U Ap, OyAeT yCUAUBATHCH, T.e. yBe-
AWUYEHHE IMPEAEABHOIO HAIPSUKEHUs CABUTA AAS PACTBOPOB, WC-
IIOAB3YEMBIX IIpU OOpBOE C OCAOKHEHUSIMH, SBASETCSI Maroad-
(beKTUBHEBEIM. AYUIINX PEe3yABTATOB MOXXHO AOOUTHCS, IPUMEHSs
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PacTBOpPHL C BBICOKOM BS3KOCTBIO, OOpabOTaHHBIE peareHTaMy,
He yBeAWUMBAMOMUMU T,. OcoO6eHHO 3(h(PeKTUBHBIMU OKAa3aAUCh
OBl pacTBOPH, y KOTOPHIX TIHMAPABAWYECKOE COIPOTUBAEHUE B
3aTPyOHOM IIPOCTPAHCTBE MAAO M3MEHSIAOCH C POCTOM CKOPOCTH
CABUTQ, HO NPU 3TOM CUABHO BO3PacTaAO COINPOTUBAEHUE IIpU
(PUALTPAIIMU B IOPUCTOU CPeAe.

YToO6Bl chOPMYyAMPOBATh TPEOOBAHUA K PEOAOTHUYECKUM CBOMU-
CTBaM OYpOBBIX PACTBOPOB IIPU MNPOXOKACHUU IOTAOILIAOIIAX
IIAQCTOB, PACCMOTPUM KpUBEIe (puc. 2.16), oTpakaroliue 3aBUCH-
MOCTb HAIIPsS’KEHUs CABUIa M CKOPOCTb Aedopmanuu de/dt pps
HEKOTOPBIX MOAEAer HEeHBIOTOHOBCKOM KUAKOCTH. IIpamasa 1 co-
OTBETCTBYET MOAEAU BSA3KOIAACTUYHOMN CPEABI, AASI KOTOPOM Xa-
PakTepHO IIpeAeAbHOe HaIpsKeHHe CABUTA T,. KpuBag 2 xapak-
TEepU3yeT NMOBEAeHUEe IICEBAOINACTUUECKUX >KHAKOCTEMN, Yy KOTO-
PBIX C POCTOM CKOPOCTH CABHUTa 3aMEAASIETCS TEMII PoCTa Ha-
IpsKeHUs], U KpHUBBIe BHINIOAaXkMBaioTcs. [Ipsamas 3 oTpakaeT
peoAoruuecKkre CBOMCTBA BSIBKOU J>XUAKOCTU (HBIOTOHOBCKOM).
KpuBas 4 xapakTepusyeT IIOBeAeHMEe BA3KOYIPYTUX U AMAATAHT-
HBIX J>KMAKOCTEeM, Y KOTOPBIX HaNps’KeHHe CABUTAa PEe3KO YBEeAU-
YUBaeTCA C POCTOM CKopocTu Aedopmanuu. K BA3KOyNpyruM
KUAKOCTSM, B YaCTHOCTH, OTHOCSTCSI CAaOble pacTBOPHI HEKOTO-
PBIX IIOAMMEPOB (OKMChH IIOAUITHUAEHAQ, T'yapoBas CMOAQ, IIOAM-
aKpUAAMUA U Ap.) B BOAe, KOTOpble OOHApy>XKMBAIOT CBOMNCTBO
Pe3Ko CHUKaTh (B 2-3 pasa) TMAPOAMHAMUYECKHEe COMPOTUBACHUS
IpU TEYEeHUM >KUAKOCTENM C OOABIIIUMHU YHUCAaMU PelHOAbACA
(adpderT Tomca). B To ke BpeMsi BA3KOCTb 3TUX >KUAKOCTEMN IIPU
ABIVDKEHHMU UX IIO IOTAOIIAIONINM KaHaAaM OyAeT BBEICOKOM BCAEA-
CTBUE€ BBICOKMX CKOPOCTEM CABUTa B KaHaAax.

Q@uabTpanusa BA3KOYIPYIUX >KUAKOCTEH IIOAPOOHO HCCAEAOBa-
Ha B pgpe paboT 3apyOe>KHBIX aBTOPOB. B uacTHOCTH, B OpAHOU
13 HUX [IOKa3aHO, YTO 3a CYeT yIpyrux 3p@eKTOB B CTAIMOHAp-
HOM IOTOKEe (PUABTPAIIMOHHBIE COIPOTUBAEHMS BO3PACTalOT B

T
1
2
3
4
Puc. 2.16. 3aBUCHMMOCTH HarpsKe-
HUSI CABUTAa T B Pa3AMYHBIX >KHUA- T
KOCTSIX OT CKOpocTH AecdopManuu 0
cpeast de/dt de/dt
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(¢ v2)
1+AL b Jpa3 (3aech T, - BpeMs peAakcanuu; A — IIOCTOSHHAsT;

r

V — CKOPOCTb (DUABTPALINY; I — CPEAHUU PAAUYC IIOD).

B Toi Xe paboTe AaHHOe sIBAeHUe OOBACHSINOCH AENCTBUEM
XapaKTepHBIX HOPMAABHBIX HANPSYKEHUM B CY’KAIOIIUXCS M pac-
HINPSAIOIMIUXCI IOPOBBIX KaHaAaX IIPpU TeYeHHUM BA3KOYIIPYTOU
SKUAKOCTH.

YCTaHOBAEHO, UYTO BA3KOYIPYTUE XUAKOCTHU SBASIOTCA OITHU-
MaABHBIMU OYPOBBIMU PpPACTBOPAMM IIPU IPOXOXKAEHUHM 30H IIO-
raolleHus. [Ipy NpoKayMBaHUM TAaKUX JKUAKOCTEM B 3aTPyOHOM
IIPOCTPAHCTBE BO3HUKAIOT MaAble CONPOTUBAEHUS, IIPUYEM I3THU
SKUAKOCTH OAHOBPEMEHHO OOAAAQIOT BEBEICOKON B43KOCTBIO IIpHU
ABIDKEHHMH B CY’KAIOIIUXCS YaCTIX MOTAOLIAIONIUX KAaHAAOB. baa-
ropapss 3TOMY HWHTEHCHUBHOCTBH IIOTAOLIEHUS CHUJKAETCS Kak
BCAEACTBUE BBICOKOT'O COIPOTHBAEHUS IIPU ABUJKEHUM PacTBOPOB
B IINACTe, TAK U BCAEACTBUE yMeHBIIIeHUS AQBA€HUS Ha IIOTAOIIa-
IOIIUM IIAACT.

PacTBOpHEI IOAMMEPOB IIPU ABM)KEHUM B IIOPUCTOU Cpepe 00-
AQAQIOT CIIOCOOHOCTBIO YMEHBINATh MPUEMUCTOCTh IIOPOABL B pe-
3yAbTaTe aACOPOIMU U MEXAaHWYECKOrO YAABAUBAHUSA IIOAUMeEpPA
IIOPOAOHU.

K uncAy IOAMMeEpOB, OKa3bIBAIOIINX CUABHOE BAWUSHUeE Ha IIO-
ABIDKHOCTb B IIOPUCTON CpeAe, CAeAYeT OTHECTH NOAMAaKPUAAMU-
MBI, TIOAMOKCH3THUAEH, CYAb(AT ITOAMBUHUAOBOTO CIHUPTa M ApY-
rue. Bce ykasaHHBEIE TOAUMEPH NOPH CAAOBIX KOHIIEHTPAIIUAX
NIPUAQIOT JKHUAKOCTUA BSI3KOYIIPYTHE CBOMCTBA, OAAropapss demy
BO3HMKAaeT AOIIOAHUTEABHOE COIIPOTUBAEHUEe NIPU (PUABTpPAIUM ee
B nopucTol cpepe. I[Tpu ABM)KEHMHU BSI3KOYIPYTUX >XUAKOCTEN B
KaHanaX € OOABIINM 3(M@PEKTUBHBIM CedeHUEM CONPOTUBAEHUE
pe3Ko BO3pacTaeT II0 CTEIIeHHOMY 3aKOHY, 4YTO IPHUBOAUT K
YMeHBIIIEHNUIO T'AYOWHBEI TPOHUKHOBEHUS B 3TU KAHAABL U OoAee
PaBHOMEPHOMY 3aIIOAHEHUIO IIOP B IPUCTBOABHOM 30HE CKBAKUHHI.

IloBBIlIEHWE CKOPOCTH 3aKAaYKW BA3KOYIPYTHX JKUAKOCTEU
TaK)Ke AQeT INOAOKUTeAbHBIE Pe3yAbTATHl, TaK KakK TAyOHMHA UX
IIPOHUKHOBEHUSI C POCTOM MHTEHCUBHOCTH 3aKayKU He MOJKeT
CUABHO YBEAWYUBATBHCSI BCAEACTBHE POCTa BA3KOCTU IIO CTelleH-
HOMYy 3akKoHy. IlocrepHee OCOOEHHO Ba’kKHO, IIOCKOABKY IIpU
ABIVDKEHUH CTPYKTYPUPOBAHHBIX BSI3KOIIAACTHUYHLIX CMecel, obaa-
MAIOIINX BBICOKOM THKCOTPONMEM, INpU OOABIINX CKOPOCTIX
NIPOAAGBAUBAHUS pa3pyllaeTcsl MX CTPYKTypa, UYTO IPUBOAUT K
CHU)KEHUIO BS3KOCTH.

E.A. AebepeBBIM YCTAHOBAEHO, YTO YeM MeEHBIIIE IMIOIIEePEeYHBIN
pa3Mep KaHaAOB, KOTOPBIMHM INPEACTaBA€HA 30HA IIOTAOIIEHUdd, U
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yeM BBIIIIe IIOKa3aTeAW CTPYKTYPHO-MeXaHWYeCKUX CBOMCTB Oy-
POBOTO pPAacCTBOpPA, 3AIIOAHAIONIErO 3TU KaHaAbl, TeM OOAbIINe
Iepenaabl A@BAeHUST TPeOyIOTCS AAST BBIA@BAMBaHHS pacTBopa. C
TedeHHeM BpeMeHU NIPOYHOCTbH CTPYKTYpPHl pacTBopa HapacTaer,
U AAST BHIA@BAMBAHUSI pacTBoOpa Ieperiap AABAEHUST HeOOXOAUMO
YBEAUYUBATE.

CAepOBaTEABHO, HAUaBIIMMCS yXOA PACTBOpPAa B MEAKOTpPEIu-
HOBaTble WAUW KPYIHO3EPHUCTHIE TPAHYASIPHBIE IIAACTHI MOJKHO
OCTAHOBUTH, 3aKadyaB OOABIIOE KOAMYECTBO OypOBOTO pacTBOpa
C BBICOKUMU 3HAUEHUSMU HaNPS)KeHUs CABUTA U BEIAEPIKAB €ro B
TIAGCTe B CTAaTUYECKOM COCTOSHUU B TedeHHe HEeCKOABKUX YacCoB.

OcHOBOU AAST crocoOa aKTUBHOTO BO3AEMCTBUS Ha XapaKTep
TEeUeHUS KUAKOCTU B IIPU3abOMHON 30HE MOTAOIIAIOIIEro IAacTa
MOJKET CAYKUTBH ABAeHUEe (Ppa30BOM IIPOHUIIAEMOCTU B IIOPUCTOU
cpeae.

CymiHOCTb IBA€HHUS (Pa30BOY IIPOHUII@EMOCTH COCTOUT B yBe-
AMYEHUU COTPOTUBAEHUS ABUKEHUIO MOABUXXHOMU (pa3bl B MOPUC-
TOU CpeAe, 3allOAHEHHOM MHOTOKOMIIOHEHTHOU cMechio. [Ipu
ABVDKEHUU JKUAKOCTH B IMMIOPUCTON Cpepe Ha 3HaueHHe MpoHUIlae-
MOCTH (AAS ABIDKYIIENUCS >XKUAKOCTH) BAMSET IIPUCYTCTBHUE ADPYTHX
KUAKOCTEN B MOPOBOM IIPOCTPAHCTBE IIAACTa, Aa’Ke €eCAU OHU
OCTAIOTCSl HEINOABMIXHBIMU. EcAm B morAolaromieM IIAACTe IIpHU-
CYTCTByeT HECKOABKO >XMAKHUX HMAM ra3000pas3HBIX (a3, TepMHH
"IPOHUITAEMOCTE" AOAJKEH OBITH CBSI3aH C KaKOM-AMOO OTAEABLHOMU
dazonu.

Ha puc. 2.17 moka3aHO H3MeHeHHe OTHOCHUTEABHOMW, UAM (ha-
30BOY, IPOHUIIAEMOCTH AASI BOABI U He(TH B IECUYAHOM KOAAEK-
TOpe B 3aBUCHUMOCTHU OT (Pa30BOTO COCTaBa BOAOHE(TIHOM CMecHu
B TIOPOAE.

B cayuae TeueHUs KMAKOCTU MAU ra3a B TPOMHOU cUCTeMe TH-
a HepTh — BOAQA — ra3s, 3allOAHAIONUIEeN IMOPUCTYIO Cpepy, KpH-
Bble (Pa30BOM NPOHUIIAEMOCTH He(dTH HUMEIOT XapakTep, OTpa-
SKeHHBIU Ha puc. 2.18.

Ilpu onpepereHHOM HPOIEHTHOM COOTHOIIeHuU a3 B IOpo-
A€ MOJKHO AOOUTHCS TIPAaKTHUUECKU TIOAHOM HEeIPOHUIaeMOCTU
IPU ABUJKEHUU OAHOU M3 JKUAKOCTEM, 3aIllOAHSIONINX IIAACT (CM.
puc. 2.17, 2.18). Tak, AT BOAOHE(TSAHBIX CMecel B TAACTe TIpHU
BOAOHACHIIEeHHOCTH A0 0,3 TOPOBOro MPOCTPAHCTBA KpPHUBHIE ha-
30BOM IIPOHUILIAEMOCTH AASI BOABI CAWBAIOTCS C OCBIO aOCIJHCC.
AAS TPDOMHBEIX CMecCel TUIla BopAa — HedThb — ra3, HacCHIAIouX
TTOTAOIIIAIONIMM TIAACT B Tpu3aboiHoN 30He, mpu 40 % BOAHI,
30 % vHedptu U 30 % raza MPOHUIIAEMOCTbL AAS BOABI COCTaBASIET
npuMepHO 3 % OT UCXOAHOM.

Takum oO6pasoM, MOAEABb, XapaKTEPU3YIOasd ABWKEHHE >KUA-
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100 % zaza
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02k

0 02 04 06 08 10
Booonacvuyennocmeo 100 % 60061 100 % nedpmu

Puc. 2.17. I'paduku n3meHeHnus orHo- Puc. 2.18. Kpussie ¢a30Boii IpoHUIlae-
CUTEeABHON HAM (Pa30BOM IpOHHIae- MOCTHU B TPOMHON cCHCTeMe TuUNa HedTh —
mocTH K, Anst BoabI (1) 1 HedTu (2) B Bopa — ra3

mecyaHoM KOAAEKTOpe B 3aBHCHUMOC-

TA OT (ha30BOTO COCTaBa BOAOHE(TS-

HOM CMeCH B IIOPOAe

KOCTU 4Yepe3 IIOPUCThIE IIOPOABI, 3alOAHEHHbBIe MHOTOKOMIIO-
HEHTHBIMU CMeCSMH, ITIO3BOASIET OI€HUTL CIIOCO0 aKTHBHOTO BO3-
AEUCTBUA HA NPU3a00UHYIO0 30HY MHOTAOINAIONIEro IIAACTa, 3aKAO-
YAIOIIUMCSA B U3MEHEHUM XapakKTrepa (puabTpanum OypoBOro pac-
TBOpa B IOTAOIIAIONIeM HAacTe. [IpakTuuecKkass peaArn3aris TaKo-
ro cmocoba orpaHuyeHa ¥ 3aBUCHUT OT XapPaKTEePUCTUKU ITOTAO-
marmnux nAacToB. Cnoco® M3O0AIIIUN TOTAOIIAIOIIUX IIAACTOB,
COCTOSIIIIUA B CO3AQHUM 30HBI HACHIIIEHUS C MaAOU (a30BOM
ITPOHUITAEMOCTBIO, MOJKET OKa3aThCsl OCOOEHHO IeHHBIM MPU TMO-
TAOLIEHUSX B HPOAYKTUBHBIX TOPM30HTaX. B 3TOoM cayduae mpa-
BUABHBIM TTOADOD CMeCU AAS HACHIIEHWS I[MO3BOAUT COXPaHUTh
(ha30ByIO IIPOHUIIAEMOCTE AAS HepTH U Trasa, T.e. He YXYAUIATb
KOAAEKTOPCKUX CBOMUCTB IIAACTA.

2.5. KOABMATAITUS
ITIPOHUIIAEMBIX ITOPOA

KoabMaTanmusa — 3TO 3allOAHeHUe IOp M KaHaAOB
IIOPOA, MPOXOAUMEIX CKBAa’XMHOM, TAMHUCTHIMM U WHBIMU TBeD-
ABIMU YaCTUIIAMM WAM 3aTBEPAEBAIOIIMMM YaCTUIIAMU >KHUAKOCTH.
OHna MOXXeT OBITh MeXaHW4YeCKOM U XUMHUYeCKON. B mepBOM cay-
yae OHA NPOUCXOAUT MPU 3allOAHEHMU IIOPp U KAHAAOB IIOA AeH-

147



CTBUEM CHA I'DaBUTAIMU, TPEHUS U IJeHTPOOeXHBIX. Bo BTOpOM -
KOTA@ 3allOAHEHMeEe IIOP U KaHAaAOB TBEPABIMH YaCTUIIAMH COINPO-
BOJKAQETCSI XMMMYECKHMHU peakKIUsIMH C IIOPOAAMH, HAU UAET
IIpoljecc 3aKyNOPKM IOpP 00pa30oBaHMEM TBEPAOIO BellleCTBa U3
KUAKOTO. MexaHudecKass KOABMATAIlUusl MOJKeT COIPOBOXKAATBECS
XUMUUYECKOU.

B KaHaABI MOTYT BXOAUTH YACTHUIIEl, Pa3Mep KOTOPHIX MeHbIIle
1/3 ycaoBHOrO AmameTrpa KaHaAQ; OHHM SBASIOTCSI OCHOBHBIMHU
KOABMATaHTAMU IIPU €CTECTBEHHOW KOABMATaluu (II0A AEUCTBUEM
TUAPOCTATUUYECKOTO A@BAEHHS); YaCTUIBEl, pa3Mep KOTOPHIX
MeHbllle 0,1 yCAOBHOTO AMaMeTpa KaHand, CBOOOAHO IIPOXOAAT IO
KaHaAYy.

B mocaepHmE ropBRl CPOPMUPOBAAOCH MHEHHE, YTO IIOA KOAb-
MaTalell CAeAyeT TOHWMAaTh He '3arpsisHeHUe" TAAcCTa, a Ijeae-
HallpaBAEHHOE AEMCTBHE BBOAA TBEPABIX 4acTUl] (MAU (POPMHUPO-
BaHUS UX) B IOPHI M KaHAABI IIAACTA C I[eAbIO IIPOTPaMMUPYyeMOM
3aKyIIOPKU IIOP M KAHAAOB.

M.P. MaBAIOTOB C COTPYAHMKAMU CUMTAIOT KOABMATAIlUIO pe-
3YABTATOM COBMECTHOTO AEUCTBHS IIPOIECCOB MeXaHW4eCKOro,
CTPYUHOTO, BUOPAIJMOHHOTO U ApP. B OOABIIMHCTBE CAydYaeB KOAb-
MaTarus SBASETCS 'eCTeCTBeHHEIM' (6e3 HaIllero HalpaBAEHHOTO
BAWSHUS) IIPOIIECCOM, MHOTA@ He’)KeAaTeAbHBIM, II03TOMY Tpely-
IOITUM TIIATEABHOTO U3y4eHUs YIIPaBA€HUS UM.

Ecau KoABMaTanys NPOAYKTHUBHOIO IIAACTA B IIEPUOA €ro ocC-
BOEHUS HEKEAATEAbHa, TO KOABMATalls IIPOXOAUMEBIX HEIIPOAYK-
TUBHBIX IIOPOA IleArecOoOOpasHa, a B HEKOTOPBIX CAyYasax, Oec-
CIIOPHO, HEOOXOAUMO 3allOAHEeHUe IIOp U KAHAAOB TBEPALIMU da-
CTHIIaMM OypOBOI'O pacTBOpa B IPUCTEHHON 30HEe CKBA’KWUHBI; 3TO
CHU>KaeT UHTEHCUBHOCTb (PUABTPAIIUM JKUAKOCTH B IIAACT U CO-
3MA€T COIPOTUBAEHUE ABIDKEHUIO JKHAKOCTH U3 IIAACTa, T.e.
dopMuUpyeTcd 3KpaH Ha MYTH ABMDKEHUS >KUAKOCTH B IIAGCT WUAU
n3 naacra. C TeueHHMEM BPEMEHM 3KPaH YIPOYHSAETCS U HEeCKOAb-
KO YTOAIIAeTCd (IIOA AEMCTBHEM THAPOCTATUYECKOTO AABACHUSA).
YIpoyHeHMIO (MHOTAQ Pa3pyllIeHHIO) 3KpaHa MOTYT CIOCOOCTBO-
BaTh (PUBUKO-XMMHYECKHe IIPOIleCChl Ha KOHTaKTe IIOPOABI C
YACTULIAMH MAM MeXKAY YaCTUIAMU. DTU HIPOIECCH], IAIOC YIIAOT-
HeHUe YaCTHUI], HaXOAAIIUXCA B IIOpax U KaHaAaX IIAAcTa, 3a CuUeT
IIOCTYIIA€HHUSA HOBBIX B Pe3yAbTaTe IIPUAOKEHUS CUA (KpOME CO-
3A@BaeMbIX THUAPOCTATUUYECKUM AABAEHHEM), CIIOCOOCTBYIOT (hOp-
MMPOBaHUIO HU3KOIPOHUIIAEMOro 3KpaHa. deM KpyIHee YaCTUIIBI
BBOAATCS B IIOPHI IIAAcTa 0e3 UX paspylleHUs (MeXaHU4YecKas
KOABMATAIlWs), TeM IIpOYHee 3KPaH.

OpHUM U3 3PPEeKTUBHBEIX CIIOCOOOB pearusallud MexXaHWdec-
KOM KOABMATallUM MOPUCTHIX IIOPOA ABASIETCSA BTUPAHUE TBEPABIX
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YacTHIl B IOPBI, HAIPUMeEp M[AACTUYHO-TBEPABIX MaTEepPHAAOB
(arroMUHUSA U Ap.) B TBepABle IIPOHUII@EMEBIE IIOPOABI, 3AACTUU-
HBIX MaTepHaAOB 3@ CYEeT YIPYTUX CHA JAACTHUYHBIX OJAEMEHTOB
IIPU BpallleHUW OyYpPHUABHOU KOAOHHBI, TAMHUCTON KOPKU B IIOPHI
1 KAHAABI IAQCTOB KAaAUOPYIOIMIMMHU 5AeMeHTaMH IIpU BpallleHuH
OYPHUABHOM KOAOHHEL. [IpoCcTOTa TeXHUYECKUX pelleHUM MeXaHU-
YeCKOM KOABMAaTalluu — OeCCIOPHOe IIPEUMYIeCTBO METOAQ; OA-
HakKo 3(M@EeKTUBHOCTh €e 3aBUCUT OT KOH(PUTypaluMW CTBOAA
CKBa’KMHBI, KOTOpPasi, K COKAaAEHMIO, He MACAABHO IHMAMHApPUYEC-
Kas.

ITorokUTeABHBINM 3(P(EKT MOAYYEeH B pe3yAbTaTe INpPUMeHeHUs
CTPYHHON O0OpabOTKU CTEeHKM CKBa’KUHBI, HO OHa NOpueMAeMa B
IIPOYHBIX, 3PO3UMOHHO CTOMKHX IIOPOAAX. YCTA@HOBAEHO, UYTO
CTpyHHas oO0paboTKa OOecIedrMBaeT OYMUCTKY CTEHOK OT TAWHUC-
TOM KOPKHM IIPU 3alOAHEHHU IIOP U KAaHAAOB IIOPOA TBEPABIMU
yacTUllaMu OypoBOIO pacTBopa. Pe3yAbTaThl pearnsaliui MeToAd
IIOKa3aAUu BBICOKYIO €TO 3(p(PeKTUBHOCTb.

[MpeaymipeskpeHMEe IIOTAOIIIEHHIM OypOBOTO pacTBOpa MOXKeT
COIIPOBOJKAATBCSI  TUAPOAMHAMUYECKONW 00OpabOTKOW  CTEeHKH
CKBa’kKUH, @ UMEHHO, BUOpPAIMOHHOU OOpaboTKou. BubparuoH-
Hasg oOpabOTKa YCAOBHO AEAUTCS HAa OOPAOOTKY WMIIYABCHBIMU
(IpepBIBUCTHEIMU) CTPYAMU (UMIYABCHYIO OOpabOTKy CTEHKH) U Ha
BUXPEBYIO 0OpabOTKy CTEHKM CKBa)KUHBI. CO3AaHUE IMApPaBAMYe-
CKOTO HMIIYAbCA (Ha CTEHKY CKBa’KHUHBI) oOeclieuuBaeTcCs IIepHo-
AWYECKUM IlepeKphIBaHUeM BBICOKOCKOPOCTHOTO IIOTOKa OypOBO-
ro pacteopa. ITpy UMIYABCHOM BO3AEMCTBUU Ha CTEHKY CKBaXKU-
HBI HQHOCHUTCSI YAQP KOPOTKOM CTPYH, IIPU KOTOPOU CKAYOK AAB-
AeHUSI OPUOAUBUTEABHO Ha IMOPSAOK BRIl AQBAEHUS HENpPEephIB-
HOU cTpyu. YacTunbl TBepAOU (pa3bl IepeMelaloTcsi OTHOCHU-
TEeABHO AUCIEPCHUOHHON CPeABl B TAyOb IIOPOBOTO IIPOCTPAHCTBA
IIOPOABI depe3 ee KaHaAbl U MUKPOTPELIWHE], PAacKpBIBAIOIUECT
IIOA A€MCTBHEM TMAPOyAApPa CTPYH.

H.A. IIlaMOBBIM IIOKA3aHO, 4YTO HMIIyAbBCHOE BO3AEUCTBUE
cTpyu OypOBOI'O PacTBOPa PABHO3HAYHO BO3AEUCTBUIO IIAOCKOU
aKyCTHUYEeCKOM BOAHBI Ha CTEHKY CKBa’KUHBL. VM OblAuM pa3pabo-
TaHBI TeXHUYECKHNE PellleHUs AT CHIDKeHHS IIPOHUIIAeMOCTHU II0-
POA C HUCIOAB30BaHMEM TMAPABAMYECKOTO reHepaTopa HM3KOYac-
TOTHBIX KOAeDAHUU C OAHOBPEMEHHBIM CMBIBOM CTpYyel OypOBO-
IO PacTBOpa CO CTEHKU CKBa)KUHBI I'AMHUCTOM KOPKHM IIpH Bpa-
II[eHUuH OypOBOT'0 MHCTPYMEHTA.
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2.6. BYPEHUE CKBAKVH
C ITPOMBIBKOM ASPUPOBAHHBIMU
BYPOBbBIMU PACTBOPAMMU

KoMmnaekc MeponpugaTuil MO MNPEeAYIPEXACHUIO
IIOTAOIIIEHNM OYpPOBBEIX PACTBOPOB IIPU IIPOBOAKE CKBAa’KHH, IIO
CYILeCTBY, BKAIOUAET B Cce0s1 BCe, UTO AAeT BO3MOJKHOCTbH CHU3UTH
IIPOTHUBOAABAEHHE Ha IIAACTBI C TAKMM pacyeToM, YTOOBI OHO He
NIPEBBINIAAO IIAACTOBBIX AABA€HUMN. ECAM TeOAOTHMYECKHE YCAOBUSA
IIO3BOASIIOT OYPUTH CKBAKWHY IIPU TMAPOCTATHUYECKOM AABAECHUH,
PaBHOM IIAACTOBOMY, TO IIpOOAeMa MOTAOLIEHUNM He BO3HUKAET.

BypeHne ¢ ODpOMBIBKOM a3pUPOBAHHBIMU OypPOBBIMH PACTBO-
paMm SBASIETCSI OAHUM M3 PAAUKAABHBIX MEpONpPHUSATHUN B KOM-
IIAeKCe Mep U CIIOCOOOB, IPepAHAa3HAUeHHBIX A IIPEAYIIPeKAeHUS
U AUKBUAQIIUU IIOTAOIIEHUN IIpU OypeHUHM T'AyOOKHUX CKBa’KUH.

Abpanug OypoBOTO pacTBOpa CHU KAeT TMAPOCTATUYEeCKOe AAB-
A€HUe, CIIOCOOCTBYET TEM CaMBbIM BO3BPAllleHUIO €r0 B AOCTATOY-
HOM KOAWUYECTBE Ha IIOBEPXHOCTb U COOTBETCTBEHHO HOPMAABHOU
OYNCTKE CTBOAA CKBAa’KMHBI, @ TaKKe OTOOPY IIPeACTaBUTEABHBIX
Ipo6 MPOXOAUMBIX IIOPOA M IAACTOBBEIX (DAIOUAOB.

TexHUKO-3KOHOMHYECKHe MOKAa3aTeAW NpU OypeHUU CKBAKUH
C IIPOMBIBKOM 3a004 a’pUpPOBAHHBIM PacTBOPOM BEHIIIE IO CPaB-
HEHUIO C IIOKAa3aTeAsdIMH, KOIAa B KadecTBe OypOBOTO pacTBOpa
HUCIOAB3YETCS BOAQ UAU APYTHE IIPOMBIBOYHBIE JKUAKOCTH. 3HAUU-
TEABHO YAYUIIIaeTCsd TaK)Xe KauyeCTBO BCKPBITHS HIPOAYKTHBHBIX
IIAQCTOB, OCOOEHHO Ha MEeCTOPOJKAEHUSIX, TAe 3TH NAACTBl MMEIOT
QHOMAABHO HU3KHUE AABAEHUS.

IMpu OypeHUM CKBa)XUH C NPHUMeHEHHEM a’3pHUPOBAHHOIO pac-
TBOpPa OOABIIOE 3HAYEeHUE HMEeT OIpPeAeAeHHe ONTUMAAbHOTO
cooTHoLIeHUsA (a3 — CTelleHW ajspaluu (OTHOLIEHHE PAaCXOAOB
BO3AyXa K pPacTBOPY IPU aTMOC(HEPHOM AABAECHUU) ra30’KUAKOCT-
HOTO IIOTOKA, OOeCHeurBalolllero 3aAaHHOe CHIDKEeHUe AABACHUSA
Ha IOTAOIIAOIINE IAACTHI U AOCTATOUHYIO NMOABEMHYIO CHUAY AAS
BBIHOCA TBEPABIX YaCTHUI] BEIOYPEHHOTO IIAaMa U3 CKBA>KMHHI.

I[To metopuke E.I. AeoHOBa C COTPyAHHMKAMH MOJKET OBIThH
OllpeAEA€HA IIOABEMHAS CHAA Ta30KUAKOCTHOIO IIOTOKA AAL
obecIleueHUs1 YAOBAETBOPUTEABHOTO BBIHOCA YacTUl] ITaaMa. [Ipu
ONTMMAaABHOM PacXoAe rasa CKOPOCThb IOABeMa JKHUAKOU a3kl
pAOMKHA ObITh He MeHee 0,3 M/c, 4TO OOBIYHO COOTBETCTBYET
(haKTUUECKHUM AQHHBIM IpU OypeHHUM CKBa)XUH C IIPOMBIBKOM 3a-
0051 adpUPOBAHHBIMU >KUAKOCTSIMMU.

Abspanusg >KUAKOCTH IIO3BOASET CPAaBHUTEABHO OBICTPO M B
IIUPOKUX IIpeAerax PperyaupoBaTb ee MAOTHOCTH (oT 0,1 ao
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1,0 r/cM® 1 Gonee) M TeM CaMBIM CHUJKATh HAK YBEAUUUBATH AAB-
AeHUe Ha 3a00M U CTEeHKU CKBa’KMHBL. OTHUM O0OeclneunBaeTCs
BO3MOJKHOCTb OYpEHMSI B YCAOBUSX I'MAPOAMHAMUYECKOTO PaBHO-
BecHus B CUCTeMe CKBA’KHWHBI — IIOTAOIAIOIIMe IAACTHl U IOAyde-
HIe BBICOKOM 3(@(eKTUBHOCTU OPOXOKAEHHUS 30H IIOTAOIIEHUSA
AIOOOM UHTEHCHUBHOCTU. YBeAUUeHHe BBIHOCHOM CIIOCOOHOCTU
BOCXOAMAIIETO TOTOKA Aa’PUPOBAHHOW J>KUAKOCTH TPU HU3KUX
pacxopax JKUAKOM (pa3el CMeCH M YAy4IIeHHsS OYUCTKU 3a004
AocTturaeTcsa oopaboTkou xuproctu [TAB.

BypeHue ¢ IPOMEIBKOM 3a60s a3pUpPOBaHHBIMU OYypPOBBIMU
pacTBOpaMHU MAV a3pUPOBAHHOM BOAOM HAIIAO IIpUMeHeHUe B TeX
CAyYasax, KOTAQ TeOAOTHYeCKHe YCAOBHS BecbMa OAArONpPUSATHHL
OypeHUe He CBSI3aHO C PUCKOM BBIOPOCOB, OOBAAOB HAU APYTUX
OCAOKHEHUH.

l'mppocTaTuyeckoe paBAeHHEe Ha 3a00€ CKBA’KUHBI, 3aIllOAHEH-
HOM a3pUPOBAHHOMN >KUAKOCTBIO, OIPeAeAsieTCs TAYOMHONM CKBa-
SKUHBI, OTHOIIEHMEM pPAacXOA@ BO3AyXa M pacTBOpa B HOPMaAb-
HBIX YCAOBUSX M IAOTHOCTBIO IIPOMBIBOUHOM KHUAKOCTH.

3a mocAaepHee BpeMs OBIAM MCHBITAHBI MOAMQPUITMPOBAHHBIE
CTaOVABHBIE TIEHBI, KOTOPHIE OTKPBIBAIOT ITUPOKHE BO3MOKHOC-
TH UX NPUMEHEHUS He TOABKO AAS IIPOXO’KAEHUSI 30H IIOTAOIIe-
HUY, HO ¥ IpU pa30ypHBaHUM BEYHOMEP3ABIX IIOPOA, & TaKKe
npu OypeHHU B paliOHaX C IOBBIIIEHHBIM IeOTEepPMHYECKUM Tpa-
AVIEHTOM.

TexHoAOTHSA OypeHUSA C UCIHOAB30BAHMEM MOAUMDUIIMPOBAHHOU
crabunpHOM neHBl (MCII) (mMeTtopmka dQupMel «Mobuna Oiinn)
CAeAyIOIasi: IIPU BCTpede BOAOHOCHOTO TOPM30HTA B IIOAABAEMBIN
B CKB&KMHY BO3AYIIHBIM IIOTOK BBOAWUTCS OEHTOHUTOBHIM pac-
TBOP C BBEICOKUM COAep>KaHUeM INeHooOpasytoiero [TAB. B pe-
3yAbTaTe KOHTaKTa BO3AYIIHOM CTPYM C IIAACTOBOM BOAOM oOpa-
3yeTcs CTabMAbHAS MIeHa, YTO MPUBOAUT K YBEAMYEHUIO BEIHOCHOM
CIIOCOOHOCTH BO3AYIIHOTO IOTOKa. IleHOoOOpasyromiee ITAB B
CBOEM COCTaBe COAEPIKUT TMABCOHMUT.

YcraHoBAeHHI caepyioliyie npeuMyliiectBa MCIT: obecrnieueHue
XOopouIer OYUCTKU 3a0051 CKBa>XMHBI IIPU CKOPOCTU BOCXOASAIIE-
ro IOTOKA BO3AyXa B 3aTPyOHOM IIpOCTpaHCTBe, paBHOMN 0,23-
0,76 m/c mporuB 152-25 M/c, HEOOXOAUMOU AASI BO3AYIIHOTO
noroka Oe3 BBopa IeHooOpasyromiero ITAB; oOpa3oBaHue Ha
CTeHKaX CKBa)KUHBI TOHKOM HEIPOHUIIAEMOM KOPKU; obeclieue-
HHe MTIHOBEHHOM OYMCTKHM pabouell NMOBEPXHOCTH AOAOTA U YAQ-
AeHHe OT Hero BHIOYpPeHHOW NOPOABI;, IPU HCIOAB30BAaHUM MO-
AMPUIVPOBAHHON CTAaOUABHOM IIeHBl KpPaTHO YyMeHbBIaeTcd II0-
TPeOHOCTHL B PacXoAe BO3AYXa AAST MTOAYYEHHS aHAaAOTUYHOTO pe-
3yAbTaTa 1O CPAaBHEHUIO C IIPOAYBKOU 3a0051 UNCTHIM BO3AYXOM.
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Bo BHUUET pa3paboTaH crioco0 pe3KOTro CHU)KeHU IIPOHU-
1IaeMOCTHU IOTAOIIAIONIEro MAACTa, KOTOPBIM 3aKAlOdaeTcsd B Ha-
THETAHUN HENOCPEACTBEHHO B 30HY IIOTAOIIEHHUS adpPUPOBAHHOMN
SKUAKOCTH, KOTOpasl CO3AaeT B IIOTAOMIAOIEM IIAACTE BO3AYIIHO-
SKUAKOCTHYIO OAOKAaAY.

IMTpu 3akauke a3pHUpPOBAHHOMN JKUAKOCTU B IIOTAOIIAIOIIME IIAA-
CTBHI, IPEACTaBAEHHBIE TPEIIMHOBATHIMA W KaBEPHO3HLIMH OTAO-
JKeHUSMH, He BCerAa o0eclleuMBaeTCsl yCTOMYMBOEe paBHOBeCHE B
CKBa’kMHe, II03TOMY PEKOMEHAYeTCSI BCAEA 3a 3aKaukKoM a’pupo-
BaHHOU JKMAKOCTH I[eMEHTUPOBATHL 30HY IIOTAOIIEHUS.

2.7. HATIOAHUTEAU AAS U30ASAIINN
30H IOTAOILEHUS

O HeKTUBHLIM MEpPONPUITUEM IO TTPEeAOTBpa-
I[EHUIO TIOTAOIEeHHWsT OypOBOTO pACTBOpPA SBASIETCSI BBEAEHHE B
OUPKYAUPYIOIINKM OypOBOM pACTBOP HaNOAHUTeAeU. Lleap wux
IIPUMEHEeHUsI COCTOUT B CO3AQHWU TAMIIOHOB B KaHaAaX IIOTAO-
IeHus1. OTHU TaMIIOHBI CAY’KaT OCHOBOM AAS OTAOXKEHUS (PUABT-
PAllMOHHOMN (TAMHUCTOM) KOPKU U M3OASAIIMM ITOTAOIIAIOININX IIAQ-
CTOB.

B.®. Popskepc cuuTaeT, U4TO 3aKyHOPUBAIOIIUM areHTOM MO-
KeT OBITh MPaKTUUYeCKU AI0OOUM MaTepuan, KOTOPBIM COCTOUT U3
YaCTUI AOCTATOYHO MaABIX pPa3MepoOB W IPU BBOAE KOTOPHIX B
OypoOBOM PacTBOpP OH MOJKET NPOKAYMBATLCS OYpPOBBIMM Hacoca-
Mu. B CIIIA AAg 3aKyIIOPMBAHUS IIOTAOUIAIONINX KAaHAAOB IIpUMe-
HAIOT OOAee CTa TUIIOB HAIIOAHUTeAeM U UX KoMOWHanmui. B ka-
YyecTBe 3aKyNOPHUBAIOIIUX areHTOB HWCIIOAB3YIOT  APEBECHYIO
CTPY’KKY MAW MOYAAO, PHIOBIO YENIyIO, CEHO, PE3UHOBEIE OTXOAHI,
AUCTOYKHU TyTTallepdM, XAOIOK, KOPOOOYKM XAONUYaTHUKAE, BO-
AOKHA CaxXapHOI'O TPOCTHUKA, OPEXOBYIO CKOPAYNYy, I'PaHYAHPO-
BaHHBIE TIAACTMACChI, IEPAUT, KepaM3UT, TeKCTUABHBIE BOAOKHA,
OUTYM, CAIOAY, acbecT, u3pe3aHHYIO OyMary, MOX, H3pe3aHHYIO
KOHOIIAIO, XAOIBSI I[€AAIOAO3BI, KOJXKY, IIIEeHWYHBIE OTpyom, 6o-
OBI, TOPOX, PUC, KypWHBLIE Iepbs, KOMKHU TAMHEBIL, TyOKYy, KOKC,
KaMeHb U Ap. OTU MaTepuaAbl MOJKHO HPUMEHSTH OTAEABHO U B
KOMOMHAITUSAX, M3TOTOBAEHHBIX ITPOMBIIIAEHHOCTBIO HMAU COCTaB-
ASeMBIX Iepep MCIOAb30oBaHUeM. OIpepeAnTb B AabopaTopuu
IIPUTOAHOCTh Ka’KAOTO 3aKyIIOpHMBAIOIIero MaTepuara BecbMa
TPYAHO W3-3a HE3HAHUsS pa3Mepa OTBEPCTUM, KOTOPBIE AOAKHBI
OBITH 3aKYIIOPEHHI.

B 3apy0Oe>xHOU IpakTUKe 0CODOe BHUMAaHHE yAeadeTcs obec-
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IIeYeHUIO 'TIAOTHOM" YIIaKOBKM HAINOAHHUTeAel. [IpraepsKuBaroTcs
mHeHUs DepHaca, COTAACHO KOTOPOMY Hauboaee TAOTHAs yIia-
KOBKA YaCTHUI] OTBEYAET YCAOBUIO PACIPEACACHHS UX IO pasMe-
paM IO 3aKOHY TreOMeTpHuYeCcKOM IIpOrpeccuy; IPU AUKBUAAIIAU
IIOTAOIIEHUS HAUOOABIINM 3(P@PeKT MOKeT OBITb HOAy4YeH IIpHU
MaKCHMAABHO YIAOTHEHHOM IIPOOKe, OCOOEHHO B CAy4ae MTHO-
BEHHOI'0 yX0Aa OypoBOTO pacTBOpaA.

HanmoaHuTeAM NO KadyeCTBEHHOM XapaKTEePUCTHUKE IIOAPA3Ae-
ASIIOTCSI Ha BOAOKHUCTEIE, IIAQCTUHYATHIE U 3€PHUCTHIE.

BoAOKHUCTBIE MaTepuaAbl MMEIOT PacTUTEeAbHOEe, >KMUBOTHOE,
MHUHepaAbHOe NMpoucxokpeHue. Cropa OTHOCATCS U CHHTETHYeC-
Kie MaTephanbl. THII U pa3Mep BOAOKHA 3HAUUTEABHO BAMUSIOT Ha
Ka4yecTBO paboT. Ba’kHa yCTOMYMBOCTE BOAOKOH IPHU IUPKYASIIINNU
nx B OypOBOM pacTBope. MaTepuaabl AQIOT XOPOIIWe pe3yAbTa-
THl IPU 3aKyINOPUBAHUU IIeCYaHLIX 1 TPABUUHEBIX IIAACTOB C 3ep-
HaMM AMaMeTpoM A0 25 MM, a TaKyKe IIpM 3aKyIIOpUBaHUU Tpe-
IIUH B KPYIHO3E€PHUCTHIX (A0 3 MM) U MEAKO3epPHUCTHIX (AO
0,5 MM) mopoaax.

IMhacTuHYaTEIE MaTepUaAbl IIPUTOAHBI AAS 3aKYIIOPKH IIAGCTOB
KPYIIHO3EPHUCTOIO TPaBUA M TPELIMH pasMepoM A0 2,5 Mm. K
HUM OTHOCSAT: IIeAAO(AH, CAIOAY, IIEAYXY, XAOIIKOBBIE CeMeHa
U T.A.

3epHUCTBle MaTepHAABl: IIEPAUT, H3MeAbueHHas pe3uHa, Ky-
COUKM IAAQCTMAcCCHI, OpexXoBas CKOPAyHa W Ap. BoAbIIMHCTBO u3
HUX 3(P@EeKTUBHO 3aKyIOPUBAIOT IIAQCTHI TPaBUd C 3epHaMU
AuamMeTpoM A0 25 MM. IlepAuT paeT Xopolne pe3yAbTaThl B Ipa-
BHMHBIX IIAACTaX C AMAaMeTpoM 3epeH A0 9-12 mm. Opexosas
CKOpAyIla pasMepoM 2,5 MM U MeHee 3aKyIOPUBAaeT TPEeIUHEI
pasMepoM A0 3 MM, a OoAee KpyHHasA (A0 5 MM) U HU3MeAbYeHHas
pe3rHa 3aKylOPHUBAIOT TPEIIUHBI Pa3MepoM A0 6 MM, T.e. UMHU
MOJKHO 3aKyIIOPUTH TPEIWH B 2 pa3a OOABIIe, YeM IIPU HCIIOAB-
30BAHUM BOAOKHUCTBIX UAM ITAAQCTUHYATHIX MAaTepPHUaNOB.

[MTpu oTCyTCTBMM AQHHBIX O pPa3Mepax 3epeH U TpeUuH IIo-
TAOIIQIOIIEero TOPU30HTa IPUMEHSIOT CMeCH BOAOKHUCTBIX C IIAA-
CTMHYATHIMM WAM 3€pPHUCTBIMU MaTepHaAaMH, IlearodaHa co
CAIOAOM, BOAOKHHUCTHIX C YellyM4aTHIMU U 3€ePHUCTBIMU MaTepHa-
AaMHM, a TaKXXe NPU CMEeIINBAHUM 3€PHUCTHIX MaTEpPHAAOB: IIep-
AUTA C PE3WHOU UAM OPEXOBOM CKOPAYIIOM.

B CIIA uCIOAB3YIOT CMeCH HAIIOAHUTEAEH IIOA PA3AMYHBIMU
(pupMeHHBIMU Ha3BaHUAMH, Hanpumep Tem-Ilaar, cocrodmmit u3
CMOABI U CKOPAYIIBI 3€eMASTHBEIX OPEeXOB, NpUYeM TBEpPAAs PacTBO-
puMas HeTAHAasA CMOAA COCTaBAsIeT 75 %, a cKopayna — 25 % 1o
Macce. CMOAA COAEP’KUTCSI B BHAE UYaCTHUIl Pa3MepoOM MeHBIle
3 MM, a CKOpAyIla ocTaeTcs Ha cute Ne 8.
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KBUK-CcUA — codeTaHUe HAIIOAHUTEAEN Pa3AWYHBIX Pa3MepoB U
(POpPMEI (rPaHYAUPOBAHHOTO, XAONBEBUAHOIO U BOAOKHUCTOTO) B
cooTBeTcTBUU cO cTaHpapToM AHU; cmecu Ha ocHOBe CaCO; pra
"AyUIIero CIIeNAEHUS IIPU 3aKyIOpPUBAHUU KaHAAOB IIOTAOIEHUS
KUAKOCTH'', & HaAWude OAHOBPEMEeHHO MpaMopa M M3BeCTHSKa
IIO3BOASIAO "3alIpecCOBBIBATL' KaHaAbl U mophl. PopmMupoBaHme
TaKOM IIPOOKMU AOAKHO IPOAOAXKATBCA AO TeX IIOp, IIOKa OHa He
YIAOTHUTCS HACTOABKO, YTO He OyAeT IPOIyCKaTb MEeABYaUIIINX
TBEPABIX 4acTUI], KpoMe (puabTpara. [TocrepHee OAATOIPUATCTBY-
€T CO3AAQHUIO HEIIPOHUIIaeMBIX IIperpap, Tak KaK AaeT BO3MOXK-
HOCTBb MCIIOAB30BaTh CMeCU C BBICOKOM BOAOOTAauel. [Ipu aTom
peKoMeHAyeTcsa HauboAee NAOTHAad YIaKOBKA KPYIHBIX YaCTHI],
HUCIIOAB3YEMBIX AAS IIOCTPOEHHUS KapKaca IIepeMBIYKH.

ITopoOpaHHBIN HeCyIIUM PAcTBOP COCTOUT M3 5%-HOTO BOAHO-
IO PacTBOpPa COAU, ATTAIIyABIMTOBOM TAMHBI, AMAKCHAa-/\, TOHKO-
usMenvueHHoro CaCO; (u3BecTHsIKA) U OapuTa (MAU OAHOTO U3
HUX). KoAnuecTBO KOMIIOHEHTOB B PaCTBOPE OIPeAeAsieTcs 3a-
AAQHHOM IIAOTHOCTBIO KOHEUYHOTO 3aKyIIOPHMBAIOIero pacTBopa.

TunoBo#l cocTaB 3aKyNOPUBAIOWIETO PACTBOPA, MMEIOIIEro
nmaoTHOCTE 1,95 1/cM®, caepyrommii (M3 pacdera Ha 1 M°): Bopa —
585 a; NaCl - 27,7 xr; aTrranyAbrutT — 12,2 Kr; pmakcua-A - 84,9 kr;
Oaput - 942,3 Kr.

3aKyIopHUBalolasg CIIOCOOHOCTh KOHEUHBIX PacTBOPOB IIpOBe-
psArack B AaOOPATOPHBIX YCAOBHSAX Ha HCKYCCTBEHHBIX TpeIu-
Hax. [Ipu sTOM Hecylue pacTBOPHE C OOABIION BOAOOTAQUEN
OKa3aAucChb BecbMa 3PPeKTUBHBEIMU (TAOA. 2.5).

BaskHeUIIUMU CBOMCTBAMU HAIIOAHUTEAEN SIBASIOTCS: HaAW4Me
ONITUMAaABLHOT'O pacIpeAeAeHrs pa3MepoB dacTul], ¢opma, macca
UAM TIAOTHOCTBH YaCTHUI], UX JKEeCTKOCTb U HHEpPTHOCTL. Makcu-
MaABHBIY pa3Mep YacCTHll OIIPEAEASIeTCSI CedeHHeM IIOTAOUIAIoNUX
KaHaAOB. MaTepuaAnbl, COCTO4IINEe U3 OAHOPOAHBIX IO pa3MepaMm
YaCTHI, (IAACTHUHYATHEIE MATEPHaAbl), He 00pa3yloT KOPKH, Iepe-
KPBIBAIOIIEN OTBEPCTUS. BOAOKHUCTBIE MAaTepUaAbl, COAep Kalliue
BOAOKHA Pa3AWYHBIX AAWH U AMaMeTpoB, 0O0pasyloT HellpoHHUIlae-
MyI0 KOPKY, HO YaCTO BOAOKHA He BBIAEP’KMBAIOT Ilepelnajpa
AABAEHUM U pa3phIBAIOTCS, U IOTepsI IUPKYASIIMN BO30OHOBASIET-
ce.

Aydlllell CMeCBbIO A AMKBUAQIIUM TOTAOILIEHUS IIPU HU3KUX
DABAEHUSIX SIBASIETCSI BBICOKOKOAAOUAHBIM TAMHUCTBIM PacTBOpP C
AOOABKaMU BOAOKHUCTBIX MaTepHUarOB U AMCTOYKOB CAIOABI. Bo-
AOKHUCTBIE MaTepHuaAbl, OTKAQABIBAsCh Ha CTeHKe CKBa’KUHHI,
00pa3yroT CeTKy. AMCTOYKU CAIOABI VKPENAJIOT 3Ty CEeTKy M 3a-
KyIIOPUBAIOT OOAee KPYIIHBIE KAaHAABl B IIOPOAE, a IIOBEPX BCETro
3TOro oOpa3yeTcsd TOHKAd W IMAOTHAad FAMHUCTAad KOpKa.
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TabAamia 2.5

SaKyHOPKBaIO].l[aH CIIOCOOHOCTH PAa3ANYHBIX MATEPHUAAOB

IMaoT- ®DunbTpa-
CMmecsn HOCTB, [UOHHBIE [Npumeuanus

r/cm® OTBEpCTHUS
CB c coptm- 1,98 OTKpEBITHL | 3aKyHOpPeHBEl. OKBHBAA€HTHO IIPO-
POBAHHBIM HUKHOBEHHUIO YacTuIl Ha 1 M
MpaMopoM 1,95 " To xe, Ha 1,14 m
CB ¢ coptu- 1,98 " ", mHa 1,06 M
POBaHHBIM 1,82 " " ,mHal1l006mM
M3BECTHIKOM 1,83 " ", mHa 1,06 M
CB mopudu- 1,98 " He sakynopeHsl. p,.. = 14 krc/cm?
[IMPOBaHHas C 1,96 To xe. p,,. = 10,5 krc/cm?
COPTHPOBAaH-
HBEIM MpaMo-
poM
CB ¢ copru- 1,98 3aKpHITHL | 3aKyNoOpeHbl. OKBUBAaAEHTHO IIPO-
POBaHHBIM 1,95 " HUKHOBEHUIO YacTHI] Ha 4,27 M
MpaMopoM 1,95 " To xe, Ha 4,57 M

" ,mHa 10,7 M

AB c copru- 1,36 " " ,mHa 113 M
POBAHHBIM
U3BECTHAKOM
C HU3KOU BO- 1,89 OTkpeiTH | He 3aKynopeHEI
AOOTAQUEH
To xe 1,83 3aKpHITHI
PactBoOp uuc- 1,87 OTKpPHBITEL | 3aKylOpeHBl. OKBUBAAEHTHBI IIPO-
TOro IleMeHTa 1,87 " HUKHOBEHUIO YacTull Ha 1,14 M
C COPTUPO- 1,87 3aKpHITHI To ke, Ha 1,14 m
BaHHBIM Mpa- " mHal25mMm
MOpOM
PacTtBOp umC- 1,87 OTkpoITEl | He 3akymopesst. p,,, = 21 xrc/cm?
TOTO TleMeHTa
0e3 copTupo-
BaHHOTO Mpa-
Mopa

B 3apy0e>kHOI IpaKTUKe NPU U30ASAIUU 30H IIOTAOLIEHUM Oy-
POBEIX pPAcTBOPOB IIOAyYMAQ IIpHMeHeHHe TaK HasblBaeMas
">kxupKas rAvHA". [IpuMeHeHUe ">KUAKOU IAWHBI' He PeKOMEHAYeT-
Csl TIPU TIOTEepe IUPKYASIIIUU B PEe3yAbTaTe IIOTAOIIeHUs GypOBOTO
pPacTBOpa KaBEepPHO3HBIMU IAACTaMU. [IpuMeHeHMe ">XUAKOU TAU-
HBEI" AQeT XOpOIliMe pe3yAbTaThl B TE€X CAy4YasX, KOTAQ pPacTBOP
TIOTAOIIIAEeTCST TPelIunHaMu, OO0PAa30BaBIIMMUCS HAU PACKPHIBIIN-
MUCSI B Ipoljecce OypeHUs, a TakyKe IIPU U3OAIIUU TPeILUH ec-
TEeCTBEHHOT'O IIPOUCXOXKAEHUs. AeHCTBUe ">XUAKOM TAWHEBI' OCHO-
BaHO Ha OBICTPOM OCEAAHWU W3 PACTBOPA TBEPABIX YaCTHIL, CIIO-
COOHBIX 3aKYMOPUBATH TPEIUHHI.

AAS TPUTOTOBAEHUS 3aKYIOPHBAIOIIETO PACTBOPA MUCIOAB3YyeT-
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cst "gucrtadg' BOA@, B KOTOPOM PACTBOPSIOT PeareHTHl, ITPEeAOT-
BpaIarolne TUAPATAIINIO TAWHBI. M3BECThb (KOTOpas BBOAUWTCS B
pacTtBop U3 pacuera 5,7-11,4 r Ha 1 A BOABI) MAM NOBapeHHad
CoAb (42,0-858 r Ha 1 A BOABI). 3aTeM B BOAE PACTBOPSIOT OT
8,6 po 172 r Ha 1 A BOABI BOAHOI'O MAarHHUHMAAIOMOCUAMKATA, KO-
TOPHIA CIIOCOOCTBYeT OOpa30BaHUIO HA ITOBEPXHOCTU TPEIIMHBI
ITPOHUITAEMOM TAMHUCTOM KOPKU. [TocAae 3TOTO B pPacTBOP MOJKET
OBITH AOOaBAeH OapuT. A0OABAJIIOTCI TaK)Ke HAIOAHUTEAUN
(rpaHyAMpOBaHHAs OpPeXOBasi CKOPAYIA, APEBECHBIE OMUAKU U
T.IL.).

[Tpy UCHOAB30BaHUU '">KHUAKOM TAMHEI" TIPUHSTA CAEAYIOMIAS
ITOCAEAOBATEABHOCTb PaboT.

1. 3aTBOopeHVE B MPUEMHOM €MKOCTM 3aKyIIOPWBAIOIIEro pac-
TBOpPa B KOAWYECTBE, PABHOM ABYM O0OBeMaM CKBa>KHHEL.

2. IloapeM OypOBOroO MHCTPYMEHTA C AOAOTOM Ha Oe30IIacHYIO
BBICOTY Hap 30HOU IIOTAOIIEHWUS.

3. 3aKaukKa ">KUAKOM I'AWHBI' depe3 OypHUALHBEIE TPYOBI U IIPO-
DaBKa ee B IMAACT OYpPOBBIM PACTBOPOM.

EcAm 1UPKYyASIIMST BOCCTAHOBUTCS AO 3aKaUYKM BCEro 3aroTOB-
AEHHOTO OoO0BeMa '>KMAKONW TAMHBI', 3aKauKy ITPOAOAJKAIOT, 3a-
KPBIB IIPEBEHTOP, A0 TeX IIOpP, IIOKAa BeCchb 0ObeM ee He OyAeT
BBITECHEH M3 OyPUABHBIX TPYO. 3aKauKy U IIPOAABKY PEKOMEHAY-
eTcsl BeCTH 0e3 OCTAHOBOK, UTOOBI M30e’KaTh 3abWBaHUS OTBEp-
CTUU AOAOTa COAEpPJKAIlMMMCS B 3aKyIOPUBAIOIIEM PacTBOpeE
TBEPABIMU YaCTUIIAMMU.

4, 3apaBAMBaHME "JKUAKON TAMHEI' B IIAACT IOA AABACHHEM C
BEIAEPJKKOM BO BPEMEHU (IIPOAABKA BEAETCS HEOOABIIOE BpeMs C
BeCcbMa MaAOM CKOPOCTBIO, a 3aTeM Ha HeKOTOpoe BpeMs Ipe-
KpallaeTcs).

LIukAMYHOCTE Tpollecca 3aAaBAMBAHMSI CIIOCOOCTBYET ITOBHI-
IITeHUIO AABAECHUS.

AaBreHUe TIPU 3aAABAMBAHUU '>KUAKOM TAMHBI' MOJXET BO3pac-
TH, & 3aTeM YHacTb IIOUYTH AO HYAS BCAEACTBHE OOpa30BaHUS
HOBBIX TPEeIVH UAUW IIPOPHLIBa IPOOKM B CYIIECTBYIOIIEY Tpein-
He. B Takux caydasdx 3aAaBAUBaHIE CAEAyeT IIPOAOAKATL A0 YC-
TAHOBAEHUSI OKOHYATEABHOTO A@BAEHMS (IO MHEHUIO OAHUX CIle-
IIMAAUCTOB, OHO pocturaer 14 Mlla, Mo MHEHHIO APYTHUX -
7 MITa).

5. BBIAEpIKKA CKBA)XUHBI B TeUeHHE HEKOTOPOTO BPEMEHU IIOA
OKOHYATEABHBIM AABAEHUEM, IIOCAE Yero AABAEHUWE CHUJKAETCS U
CKBa’KHMHA IIPOMBIBAETCSI OYPOBEIM PACTBOPOM.

6. Cmyck HWHCTpYMEHTa C AOAOTOM AO 3ab0s BBIMBIBAaHUE
(zepe3 AOAOTO) OCTaTKa ''>KUAKOU TAWHBI AAS OTAEAEHHS C I10-
MOIIIBI0 BUOPOCUTA 3aKYIIOPUBAIOIINX MATEPUANOB.
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B rpaHyAMpOBaHHBIX MaTepmarax Aerde CO3AaBaTh OAArompwu-
ATHOE paclpeAeAeHUe YacTUll II0 pa3MepaM, 4TO IIO3BOASET II0-
Ay4YaTh HEIIPOHUIIaeMyIO KOPKY, He YCTYIAloUIyI0 II0 IIPOYHOCTH
CTeHKe CKBa’KMHBI. TaKUMMU MaTepuaraMM SBASIOTCS CHUAMKATHI,
COCTOSIIIIME U3 CTEKAOBUAHBIX SUYEHCTHIX C(epuyecKUx 3epeH.
Ba>xHOM XapaKTepUCTHUKON MaTepuara, MCIOAB3YEMOIO AAI
OOpPBOBI C IOTEpeN HUPKYASAIIUH, IBASETCI Macca OTAEABHBIX dac-
THII,

AAST HM30AIIMM 30HBL IIOTAOIEHUS, IIPEACTaBAEHHON KaBep-
HO3HBIMU IIOPOAAMHU, IIPeAAaraeTCsl IPUMEeHSATh 3aKyIOPHBAIOMINN
MaTepHain, YaCTUIBI KOTOPOTO IIPEACTaBASIOT cOO0M TreoMeTpuue-
CKHe TeAa Pa3AuuHBEIX opMm. Kakpas M3 3TUX yacTul, obOs3a-
TEABHO BKAIOUAeT KOHYCHBIM SA€MEeHT, B TOM 4YHCAe KOHYCHI Bpa-
I[eHNs], TPU3Mbl, pOMOLI U T.A. MaTepuaraMu AAST IIPUTOTOBAE-
HUS TaKUX YaCTUI] CAY’KAT TeXHUYecKasl pe3nHa U ApyThe CUHTe-
TUYEeCKHNe MaTepUuaAbl.

B 3aBucuMOCTH OT pasMepa TpPeUIUuHBI M KaBepH MOAOMpAaioT
COOTBETCTBYIOIIIMEe pa3Mephbl HamoAHUTeAel. C TOYKM 3peHusd
IPAHYAOMETPUYECKOTO COCTaBa HAIIOAHUTEAS U ero (OpMEBI CUH-
TAeTCs, YTO 3ePHUCTHIM HAIOAHUTEAB, 9aCTHUIBI KOTOPOTO HMEIOT
yraoBaryro opmy, 6onree 3hPEeKTHUBEH, YeM NAACTUHYATHIE HAW
BOAOKHHUCTBIE MaTepUaAbI.

B CIIIA aAAS AUKBUAQIIUM TIOTAOILIEHUS dallle IIPUMEHSIOT
CMeCh HAIIOAHUTEAEM, COCTOdIINX OAHOBPEMEHHO U3 TIPaHyAsdp-
HBIX, [IAQCTUHYATHIX U BOAOKHHCTBIX MaTepPUaAOB. Aydllme
pe3yAbTATHl TOAYYEHBI IIPM KOHIIEHTPAIlMM HAIOAHUTEAeH B
6ypoBoM pacTtBope 28 Kr/m’. CMech COCTOUT W3 OpPEXOBOMU
CKOPAYIBI, YaCTHI] IIAACTHUKQ, XAOIbeB IleArOodaHa, BOAOKOH Ka-
MBIIIA.

BHUUWEBT, TatHUITWuedTs, BamtHUITWHedpTs, BoArorpaa-
HUI'TVredTs, 6. BHMMKPHe(dTE U APYIMMM HHCTUTYTaMH U
IIPON3BOACTBEHHBEIMU OOBEAUHEHUSIMHU IIPOBepAeHa OOAbIIasg pabo-
Ta 1O MCIOAB30BAHUIO HAIIOAHUTEAEM AAS M30ASIIMU 30H IIOTAO-
IleHUM. 3Hasi pa3Mephl HOTAOIIAIONIUX KaHAAOB, MOJKHO OIIpeAe-
AUTB, IPU KAaKOM (PPAKIMOHHOM COCTaBe HAIOAHUTEAeW OyAyT
3aKyNOpeHHl IIOTAONIAoIINe KaHaAabl. [loaTomMy mipu OypeHHU
CKBa>XMH, B KOTOPBIX O’KUAAQETCS IIOTAOIIeHHe OYpPOBOrO PAcTBO-
pa, IpoOBI OTOMPAIOT B ’KeAoDOax Iiepep BCKPBITUEM 30HBI I10-
TAOLIEHMs, B IIpollecce ee pa30ypuUBaHUS U IIOCAe IIPOBEAEHUS
HU30ASIIMOHHBIX paboT. [lpu OypeHUM CKBaXUH C IIOAHBIM IIO-
TAOILIleHHWeM U IIpU OTCYTCTBUM IIAAMOBOM IIPOOKKM Ha 3aboe
pa3Mephl KaHAAOB ITOTAOIIAIONIETO MAACTa OI[€HMBAIOT II0 IIPooe,
OTOOpPaHHOU B >KeAo0ax AO BCKPBITHS UHTEPBAAOB ITOTAOIIEHUS,
U 10 pob6aM, OTOOPAHHBIM ABYMS IIIA@MOYAOBUTEASIMHU, YCTaHOB-
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AEHHBIMU HUJKe W BBIIIIe UHTEPBaAa IIOTAOIIEHWSA. AHaAU3 ITOKa-
3BIBAET, YTO PACKPHITHE KaHaAa KPYTAOTO CEYeHUs OPUEHTHUPO-
BOYHO PABHO TPEM AUAMeTpaM CpepHed (ppakiuy, a AAL ILIEAU C
IIapaAMeAbHBIMU CTEHKaMU — ABYM AMaMeTpaM YacTHll, YHeCeH-
HBIX B IIAQCT.

CBepeHUSI O PACKPBITUY KAHAAOB IMOTAONIAIOINIUX IIAACTOB MO-
I'yT OBITH IIOAYYEHBI Ha OCHOBE aHaAM3a AQHHBIX O IIPOHUKHOBe-
HUM B HUX BSA3KOIIAAQCTUYECKOU KUAKOCTH MAM Ha OCHOBe Mare-
pHanOB IIO0 KPAaTKOBPEMEHHOMYy 3akauuBaHuio BITDDK B maact. B
IIEPBOM CAy4Yae OIIPEAEASdIOT CPEAHUU TUAPABAMYECKUU PAAUAYC
CHCTeMBbl KaHAAOB, 3aIIOAHEHHBIX CMeChbI0 K MOMEHTY HaCTyIlAe-
HHS PABHOBECHUsd B CHUCTEMe CKBa)KMHA — IIAACT, BO BTOPOM CAY-
yae — IIUPUHY PACKPHITHS KAaHAAOB.

Pa3mep uwacTull HalOAHUTEAS BBIOUPAIOT C YUETOM TOTO, YTO B
KaHaA KPYTAOTO CedeHUsI CBOOOAHO IIPOXOASAT YaCTHUIIBl, pa3Mep
KOTOpPBIX MeHee 1/3, a B IleAb — YacTUIBI pa3MepoM MeHee 1/2
€e PAaCKPBITOCTH.

PazpaboTaHa MeTOAWKa OIpeAeAeHUs Pa3MepOB KaHAAOB IIO-
TAOLIEHUSA IIO0 pe3yAbTaTaM THAPOAMHAMHYECKUX UCCAEAOBAHUU
IIOTAOIIAIOMIETO IIAACTA IIPU YCTAHOBUBIINXCA PEe’XMMaX Te4eHUd.
[To aTOM MeTopUKEe PEKOMEHAYETCS IPUMEHSTh HAallOAHUTEAU IIpU
CpeApHeM S5KBHBAA€HTHOM AMaMeTpe KaHaAOB CBBIIle 1 MM 1pu
CpeAHeM 5KBHUBAAEHTHOM PACKPBITOCTU TpelluH cBbillle 0,6 MM.
Paszmepsl wacTun, 4mcAO (PpPakIuM, KOHIIEHTPAIUIO OTAEABHBIX
dpakuui 1 CyMMapHYIO KOHIJeHTPAIUIO BceX (hPaKIUi HAIOAHU-
Terel BBIOMPAIOT B 3aBUCHUMOCTU OT CPEAHUX 3SKBUBAAECHTHBIX
pa3MepoB KAaHAAOB IOTAOLIeHUA IO puc. 2.19, Ha KOTOpPOM IpH-
HSTHL CAeAyIoIie 0003HaueHUs: d, — CPepAHUY pas3Mep HAIlOAHU-
TeAs, MM; d, .« — MAKCUMAABHBIN pa3Mep HAIIOAHUTeAd Hauboaee
KpynHOU dpaknuu, MM; d, i, — MUHUMaABHBIY pa3Mep HAIOAHU-
Tead, MM; d - CpeAHUM SKBUBAAEHTHBIU AMAMeETp KaHAaAOB IIO-
TAOIIIEHUS.

Tak, ecrnm cpepHMU 3KBUBAACHTHBIM AMAaMeTP KAHAAOB IIOTAO-
menusd d = 9 mm (cm. puc. 2.19, Touka ['), To, TPOBEAsT U3 ITOU
TOUKM BePTUKAABHYIO INIPSIMYIO AO IlepecedeHUs: C rpadukoMm d,
B TOUKe 2', a U3 TOUKU 2’ — TOPHU30HTAABHYIO AMHHIO AO Iiepece-
YeHUs C OChbI0 OPAMHAT (d,), HAXOAMM CPEAHUM pa3Mep HallOAHU-
Tend HaubOoAee KPYNHOM (ppakimy, KOTOPBIM  COCTABAGET
4,5 MM.

AHaAAOTUYHO OIPEAEASIOT MaKCUMAAbHBIN pa3Mep HaAllOAHUTEAS
AaHHOM Qpaknuu d, .. (cM. puc. 2.19, Touka I' - e, 3aTeM IO
TOPU30HTAAU AO IlepecedyeHus C OChlo d,) — 6,4 MM M MHUHUMAaAb-
HBIN pa3Mep dy i, — 3,2 MM (cMm. puc. 2.19, 1" - f, 3arem 1o ro-
PU3OHTAAU AO IlepeceueHus C OChIO d,).
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Puc. 2.19. H()MOI‘paMEVla_,_AAH BbIOOpa paszMepos (dy Ay maxr 9y puin) KOHIIeHTpaIui
OTAeABHBIX (pakuuii (€) U cyMMapHO# KOHI€HTPAIUK (ZeiT, yncAa Qpakomi
(O) HamoAHHUTeAel B 3aBHCHMOCTH OT CPEAHEro SKBHBaA€HTHOIO ApaMeTpa KaHa-
AOB moraomammero naacra (d)

OnTUMaAbBHYIO KOHIEHTPAIUIO HAIOAHHUTEAeN AQHHOU (Qpak-
IIUM ONPEAEeAdIoT 1o rpacduky (cm. puc. 2.19, npamaga C), u3 ToU-
KU €T0 IepecedeHus: 5 ¢ BePTUKAABHOU IpsMOU 1’ IPOBOASIT ro-
PHU30HTAABHYIO AMHUIO AO IlepeceueHUs C OCbi0 oppuHAT XC; u
HaxoAdT KoHIleHTpalnuio: C = 3 %.

I[To HOMOrpaMMe MO’KHO Tak’ke OIPEAEAUTH pa3Mephl IIOTAO-
ITAQIONIUX KaHAaAOB, KOTOPHIE ITePEeKPHIBAET HANIOAHUTEADL AQHHOMU
ppakiun (cMm. puc. 2.19, orpe3ok ab, coepuHgOUIUN Tpadukm
dy min C dy may). Pa3mepnl wactun 3,2-6,4 MM OEepeKpBIBAIOT MO-
TAOIaroIue KaHaAbl padMepoM oT 6,3 pAo 12,7 mMm. Ecau mmetoT-
Csl KaHaAbl ¥ MEHBIIIeT0 pa3Mepa, TO AAS UX HepPeKPBLITUS HAMOoA-
HUTEAb AOAKEH BKAIOYAThH (PpakImu MeHbIIero pasmepa. Ilo
rpauKy TakK’Ke MOYKHO OIPEAEANTbH CYMMapHYIO KOHIIEHTPAIUIO
2C; pa3AnYHBIX (PpaKIUM HAIOAHUTEAd U YUCAO (PPAKIUU n.

AobGaBreHHe B OypOBOM pPACTBOP PA3AWYHBEIX HAIOAHUTEAEU
IIpepOTBpalllaeT MPOHUKHOBEHHME €ro B IIOPUCThIe WM MEeAKOTpe-
IMHOBAThle IIOPOABI, TaK KaK B 3TOM CAydYae THAPABAMYECKOe
COIIPOTHUBAEHMNE ABIDKEHHMIO PacTBOpa MO KOABI[EBOMY 3a30py
3HAQYWUTEABHO HUJKE CONPOTHBAEHHMN, BO3HUKAIOUINX IIPU YXOAE
pacTBopa B IIAACT.

HcchrepoBaHUSA M TPOMBICAOBHIM OIBIT ITOKA3BIBAIOT, YTO IIPHU
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poTopHOM criocobe OypeHHsI HaWAyUIINe PEe3yABTATHI ITOAYYEHHI,
ecAu B OYpOBO¥ PacTBOP BBOAUTEL A0 20-30 Kr/M°® HAallOAHHTEAS, a
IpU TYpOMHHOM — AO 5 KI/M°.

OntuManbHBIE KOAMYECTBa BBOAUMBIX B PacTBOP HAIMlOAHUTE-
Ael, IIPU KOTOPBIX He HapyllaeTcsd HOPMaAbHOe OypeHHe CKBa-
SKMHBI, TpuBepeHHl B TabA. 2.6 (B.1. Kpriros, H.M. CyxeHko).

B cayuae, ecau npu OypeHHHU TypOMHHEIM CIIOCOOOM AOOaBKa
HAIIOAHUTEASI B YKa3aHHOM KOAWYECTBe He IIPepAOTBpallaeT IIo-
TAOLIIeHUsT 6YPOBOTO PAacTBOPAa, CAEAYET IO BO3MOJKHOCTHU Ilepei-
TH Ha POTOPHOe OypeHNMe 30HbI IIOTAOUIEHUS U YBEAUYUTH KOAU-
YeCTBO AOOaBASIEMOTO HAIIOAHUTEAS.

OnTUMaAbHEIM MaTepUuaAOM, YAOBAETBOPIIOUIUM AIOOBIM YCAO-
BUSM, MOXKET OBITH TOABKO TeTepOTeHHasi CMeCh, COCTOSINas U3
pasAnMYHBIX 1O (OpMe M CBOMCTBAM KOMIIOHEHTOB. [loaTomy
MHorue ¢pupmbl CIIIA 1 ApyTHX CTpaH BBIITYCKAIOT B OAHOU Tape
CMeCh Pa3AUYHBIX HAIlOAHUTEAEH, YAOBAETBOPSIONINX AMKBUAAIINN
30H IMOTAOLIEHUS IPU OIPEAEA€HHOM pacKpBITOCTH KaHaAOB. B
Poccum 3HaUUTEABHO PaCIIUPUANCH aCCOPTUMEHT U 00BeM IIpu-
MeHeHUs HanoAHuUTeAred. Hamboaee 4acTo MCIIOAB3yeMEBIe: OTUAKA
AP€EBeCHBIE, KODAHOE BOAOKHO, ApPOOAeHasi pe3mHa, XpoMOBas
CTPY’KKa, KOXKa-"Topox", CAIOAQ-uellyHKa, KOIIIMa, OpeXoBas
CKOPAYIIQ, IIAAM, KpyIIHOpa3dMepHasa pesuna (HAP) u Ap. B 3asu-
CUMOCTH OT WHTEHCHUBHOCTU IIOTAOIIEHMS, IapaMeTpOB IIOTAO-
IIIQFOIIero IAacTa, COCTOSIHUS YPOBHSI PacTBOpa B CKBakKMHe, KO-
AWYECTBAa 30H IIOTAOIIEHUS IPUMEHSIOT Pa3AWdYHbIE TEXHOAOTHYE-
CKHe IIpUeMHBI 110 HaMBIBY HAIIOAHUTEAEH.

[Mpu HaAWYNM HECKOABKHX 30H IIOTAOINEHUS HU30ASIIMOHHLIE
paboThl IIPOBOAST C YCTAHOBKOM T'MAPOMEXaHHYEeCKOTO Ilakepa C
IIeABIO pa3o0IfeHrs 30H. HaMBIB HallOAHUTEAelN NTPOU3BOAAT Ue-
pe3 OTKPBITHIM KOHeIll OYPUABHBIX TPyO IIPU OAHOM 30HE IIOTAO-

TabAauia 2.6
OnTuMaabHble KOAMYECTBA HAllIOAHUTEAEN

AobOaBKU HaINOAHUTEAeH, %

Hamoanurean (pasmep 4acTwii) Ipu TypOUHHOM IIPA POTOPHOM

OypeHUN OypeHun
Lleanodan (a0 7-12 mm) 0,1-1,0 1,0-3,0
Koxa-"ropox" (a0 8-10 mm) 0,1-0,5 0,5-7,0
KopaHOe BOAOKHO 0,1-0,2 0,2-5,0
Caropa-uenrytika (a0 7-10 Mm) 0,1-2,0 2,0-7,0
Kepamsur (A0 5 MM) - 0,5-5,0
Pe3uHoBas Kpomika (A0 8 MM) - 0,5-5,0
IMTopconHeuHas Aysra - 0,5-5,0
TTepAuT BCIy4eHHEBIN - 0,5-5,0
ONnUAKU ApeBeCHBbIe - 0,5-5,0

160



meHus. [Ipy HaMBIBe HAIOAHUTEAEH depe3 IIaKep IIOCAEAHUHU ycC-
TaHaBAUBAIOT Ha 20-30 M BBIIlle KPOBAU IOTAOIIAIOIIEr0 IAACTA.
HarnetaTeAbHYI0O AVHHIO I[€eMEHTHPOBOYHBIX arperatoB COEAWHS-
IOT C IaTpyOKoM OypoOBOrO CTOsiKa. HaloAaHUTeAbL paBHOMEpPHO
MOAQIOT B HNPUEeMHBIM YaH I1eMeHTHPOBOYHOTO arperarta M IIOCAe
IlepeMelllnBaHNs 3aKauMBalOT B OypuAbHBIe TpPyObl. HambiBaioT
HAIIOAHUTEAU Ha BOAEe MAU OypoBoM pacTtBope. Ilocae apocTtmxe-
HUS 3aA@HHOTO A@BAEHUS Ha YCTbEe AAST KOHKPETHOHW IIAOIIaAM C
IIeABIO OllpepereHmsT 3(P(PEeKTUBHOCTH HaMbIBa B 30HY IIOTAOIIe-
HUS IIaKep OCBOOO’KAQIOT U OypHUAbHBIE TPYOBI cIycKaioT Ha 10-
15 M HUJKe HOAOUIBHI IIOTAOIIAIONIETO IAacTa. EcAam 3HaueHme
IIPUEMUCTOCTU OCTaeTcs 0e3 U3MeHeHHUd, TO HAIlOAHUTEeAb HaMbl-
BAIOT IMOBTOPHO. [IpwueM MeHSIIOT pa3Mep HAIOAHUTEAeH U WX
KOMIIOHEHTHHIU cocTaB. [Ipu oTcyrcTBUM OOoABIIOrO 3ddeKTa OT
HaMBIBa HAIIOAHHUTEAEN IIPOIecC MPOAOAIKAETCS A0 CHIDKEHUS
WHTEeHCUBHOCTHU TmoraoleHus Ha 30-40 % OT HepBOHAYAABHOTO.
JAarbHeHIMe M30AILIMOHHBIE PAOOTHl IIPOBOAAT TaMIIOHa>XKHOM
CMeChIO.

[Tpu BEIOOpPE TAMIIOHA)KHOM CMECH HCXOAST U3 TOTO, 4YTO B
IIOTAOIIAIOIIEM TIAACTE MOTAM OCTAThCS HEMEPEKPHITHIMU OTAEAB-
HBle KQHAABIl, AMAMETp KOTOPBIX cocTaBasdeT 1-1,5 amamerpa wac-
THUI, HaMBIBaeMOTO MaTepuara HAU MeHbIle. AAS TOBBIIIEHUS
3(p(PEeKTUBHOCTH NEPEKPHITHS IOTAOIIAIONINX KaHAAOB B IIOCAEA-
HIOIO TIOPIIMIO TaMIOHAKHOM cMeCcH A0DaBASIIOT A0 4 % OT oOhe-
Ma cMecu Oonee MEeAKMX HAIllOAHUTEAeH IO CPaBHEHUIO C IpuMe-
HsIeMBIMH (HaIlpuMep, APEBEeCHbBIe ONMAKHU, PE3UHOBYIO KPOIIKY U
T.IL.).

[Mpu AMHaMHUUYEeCKOM YpOBHE JKHAKOCTH B CKBa)KHHe HIKe ee
YCTbsI HAIIOAHUTEAM HAaMBIBAIOT Yepe3 BOPOHKY, YCTAaHOBAEHHYIO
Ha BepxHel MydTe OYPUABHBIX TPYyO, OAHOBPEMEHHO B BOPOHKY
IIOAQETCST JKUAKOCTE C ITOCTOSSHHBIM PAacXOAOM M 3achIllaeTcs Ha-
TIOAHUTEAb HEOOABIIMMU MOPIUAMHU (A0 6 % OT oObeMa >KUAKOC-
TH HaMbIBa), KOTOPHIM YBAEKAETCS IIOTOKOM U YHOCHUTCS B 30HY
TIOTAOIIIEeHUS.

B o6bepuHeHUAX TaTHedTh 1 OpeHOYpPrHedThH YAIOK U KpYI-
HO3epHUCTYIO PEe3WHY B COYETAHUU C APYTUMH HAIOAHUTEASIMU
HaMBIBAIOT Yepe3 YCTHEBYIO BOPOHKY. YAIOK B BOPOHKY ITOAQETCS
xryraMu pamHOU 20-30 ¢M u B AMaMeTpe A0 5 CM C OAHOBpEMEH-
HOU II0AQYeN JKUAKOCTH 4epe3 BeAYIyI0 TPyOy M 3acCBIIKOU APY-
IrUX HaloAHUTeAel. [Ipy HaMBIBe Ha BOAE C I[EABIO HCKAIOUEHUS
oOpa3oBaHUs NMPOOOK B OypUABHBIE TPYOBI IEPUOAMYECKU 3aKa-
YMBAIOT MMOPIUIO TAMHUCTOTO PacTBOpa 00BEeMOM A0 2 M°, a Io-
cae mopaum 150-200 kr yaroka — OypoBOM pacTBOP B OOBEME AO
20 M® C MOBHLIIIEHHBIMU CTPYKTYPHO-MEXaHUUECKUMU CBOMCTBAMHU.
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AAs oBHIIIeHNS 3((PEKTUBHOCTH IIPUMEHEHUS HAIlOAHUTEAEN
IPOU3BOASAT OLIEHOUHEBIN HAMBIB B o0beMe pacTBopa A0 15 M°,
Ilpu 3TOM, ecAm B mpoIjecce HaMbIBa HAOAIOAQETCS YBEAUUEHUE
AABAEHUS, TO MPOAOAJKAIOT HaMBIB HAIIOAHUTEAEHN TeX JKe THUIIOB.
Ecau paBaeHMe ocTaeTcsl 6e3 M3MeHEeHUs, TO IIepeXopdaT K Ooaee
KPYIHOMY pa3Mepy HamoAHuTerel. Ecam npu OypeHuu TypOuH-
HBIM CIIOCOO0M AOOABKHM HAIIOAHUTEAEH B PEKOMEHAYEMOM KOAHU-
yecTBe He NPEeAOTBPAIalOT IIOTAOIIeHMe GypOBOTO PacTBOPa, TO
II0 BO3MOJKHOCTH IIEPEXOAAT HAa POTOPHBIU CIOCOO OypeHUS Hu
YBEAMUUBAIOT KOAMYECTBO AOOABASIEMOTO HAIIOAHUTEAS WHOTIAQ AO
10-13 %. HamnoaHUTeAb CMeIINBAIOT C OYpOBBIM PacTBOPOM B
TAMHOMeIIaAKaxX U AODABASIOT B ITUPKYAUPYIOIIUM PacTBOpP pas-
HOMEpPHO B TeYeHVe BCEero IMKAA MPOMBIBKU. [Ipm 3TOM AOAOTO
AOMKHO OBITH IIOAHSITO BBIIIE 30HBI IOTAOIIeHus. [1pu oTcyTcT-
BUU TAMHOMEIIAaAKM HAIIOAHUTEAU BBOAST B JKeAOO WAU IpUeM-
HYIO eMKOCTb B TeueHHe ABYX-TpeX IIMKAOB IPOMBIBKHU. [Tpu 6y-
peHuu B pacTBOpe COXpaHseTcsl TpeObyeMoe KOAWYEeCTBO HAIlOA-
HUTeAS IIyTeM IIePHOANYECKOTO ero BBOAQA.

B HeKOTOpBIX palioOHaX NPUMEHSIOT HAMBIB HAIIOAHUTEAEH B
30HY HOTAOIEHM 4epe3 OTKPBITHIM KOHeI] OYyPUABHEIX TPYO C
IIOMOIIbI0O OYPOBBIX HACOCOB WAU IIeMEHTHUPOBOYHEIX arperaros.
TexHOAOTUSI HaMBIBa He OTAWYAETCS OT TeXHOAOTHUM, OCYIEeCTBAS-
eMol uepe3 nakep. OOBIYHO OTKPBITHIM KOHel OYPUABHBIX TPYO
ycTaHaBAMBAIOT Ha 10-15 M BEIllle KPOBAM IIOTAOIIAIOIIErO IIAAC-
Ta. Hamoanwteam 3abpachlBalOT B BOPOHKY, YCTAHOBAEHHYIO Ha
YCThe CKBa’KUHEI, C OAHOBPEMEHHOU ITOAA@UYel OypOBOTO pacTBOpa
IIeMEHTHUPOBOYHLIM arperaToM HMAM OypPOBBIM HAacOCOM dYepe3 Be-
Ayiyio TpyOy. HamoAHHTeAn HaMBIBAIOT AO IIOSIBA€HUS IUPKYAS-
umuu. ITocae mosgBAeHMS HUPKYASIIUU HaMBIB IIpeKpalllaeTcs, Oy-
pUABHBEIE TPYyOBI chiyckKaioTcd Ha 10-15 M HHWXKe MDOAOIIBHEL IIO-
TAOIAIONIEro IAACTa M BOCCTAHABAMBAIOT IIUPKYASIIVIO C IIEABIO
OIpeAeAeHUsT Pe3yALTAaTOB HaMBIBa. [IpU BEIXOAE IUPKYASIIUM, He
IIOAHUMAsA OYPUABHBIX TPyO, IPOU3BOAAT PAabOTHI IO 3aKayuBa-
HHUIO B IIOTAOIIAIONINM IIAACT TAaMIIOHa’>KHOM CMeCH.

[Mpu mpoMBIBKE CKBa’XMHBI PaCTBOPOM C HAIlOAHUTEAeM CHU-
MalOT CeTKM BUOPOCUT HAU HAIPaBASIIOT PacTBOP MHMO BUOpPO-
cuT. BypaTr ¢ HamoAHMTEAeM AO IPEKpAIeHUs MOTAOIIEHUS, IIO-
CAe 4erOo OYpOBOM PacTBOP HNPONYCKAIOT Yepe3 BUOPOCUTO, W pa-
0oTa npopoAKaeTcsa 0e3 HAIlOAHUTEAS.

[Mpu BBICOKOM WHTEHCUBHOCTHU TOTAOILIEHUS IMUPOKO IIpUMe-
HSAIOT TAMIIOHBI TUIIa "MSITKUX ITPOOOK". B mpaKTuKe IpUMeHs-
IOTCSI CAEAVIOIIe BUABI TAMIIOHOB:

1. CMmechp OypoBOro pacTBOpa C HAIIOAHUTEAIMH (MAU UX CMe-
CBIO).
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2. BeHTOHUTO-OMTYMHAa4 NacTa.

3. TaMIIOHEI Ha YTA€BOAOPOAHOU OCHOBE:

3.1. CoaspobenronuroBasa cMech (CBC) ¢ pobaBKoM uam 6e3
AoOaBku [TAB.
3.2. Hedprebenronuroraa cmect (HBC).

4. 3amMa3Ku.

5. Narekc.

LlerecooOpa3HO NpHMeHEHHEe B TaMIOHE TPAHYASIPHBIX, BO-
AOKHHUCTBIX ¥ IIAACTHUHYATBIX HAOAHUTEAEUM B codeTaHum 1:2:2.
O6BeM TaMIIOHa OOBIYHO He MeHee 5-10 M. B OTAGABHBIX CAyda-
SIX B 3@aBUCHMOCTH OT MOIITHOCTH IOTAOIIQIOIETO IIAACTa OH AO-
cruraer 50-10 M>. TaMIIOH TOTOBAT CAeAylOIIMM oOpasoM. Lle-
MEHTHPOBOYHBIN arperat OOBSI3LIBAIOT C IIEMEHTHO-CMECUTEABHOU
MAallIMHOY, 3aTapeHHOM TAWHONOPOIIKOM. IIpu 3TOM BEIKMAHYIO
TPyOy CMeCcuTeAs YCTaHaBAMBAIOT TaK, YTOOBI CTPysS TAMHHCTOTO
pacTBopa OuAa B CeTKYy 4YaHa. B mpoiljecce NpUTOTOBAEHUSI CMeCU
OAVH paboumi OoumIlaeT CETKYy 4YaHa, BTOPOM 3arpyskaeT HeoOXo-
AAMOe KOAMYECTBO HAIIOAHUTEAeM B UaH arperara, TPETUMN Iepe-
MelllaeT BBEIKUAHYIO TPYOy CMeCHTeAs BAOAL CETKU, OUMIIaeT ee
TUAPABAWYECKOM CTpyel. TaMIIOHBEI OOBIYHO IIPUTOTABAWBAIOT Ha
TAMHUCTOM PACTBOPE MAOTHOCTBIO 1,1-1,14 1/cM® M BA3KOCTBHIO
25-60 c mo TIB-5.

EcAu IIpU AUKBUAAIIMHU MOTAOIIEHUS TAMIIOHBI U3 OAHOM KOM-
OMHAIIUM HAIIOAHUTEAEM He AQIOT IIOAOKUTEABHOTO Pe3YABTAaTa,
IIPUTOTABAMBAIOT KOMOWHAIIUYM HAINOAHUTEAeN pa3HOTO pasMe-
pa.

[Tpu 4aCTHUYHOM IMOTAOIEHUM NPUMEHSIOT TaMIIOHBI U3 COAS-
pobenTtonutoBolt (CBEC) mau HedrebentonutoBoit (HCB) cmecn.
CocraB CBC: a) 6e3 po6aBok [TAB — 1 M® AM3eABLHOTO TOIAMBA U
1-1,2 T GEHTOHUTOBOM TAMHEL 6) ¢ pAoGaBkoi ITAB - 1 m® am-
3eABHOTO TOHAUBAa, 1,2-1,5 T 6enTonuToBoM rAmHLI U 0,5 % TTIAB
(ot maccel cmecn). TTAB npupaetr nopsuxHOCTE CBC 1 cnoco6-
CTBYeT AyUIIIeMYy OTAEAEHHUIO AM3EALHOI'O TOIIAWMBA OT cMecHu. B
KauecTBe [TAB mcnoassyioT kpesoa, Na,CO; u Ap.

CMecCh NPUTOTAaBAUBAIOT TaK: B UYUCTYIO €MKOCTb O00BEMOM 4-
5 M® 3aAMBAIOT pacueTHOE KOAMYECTBO AM3EABHOTO TOIAMBA, 3a-
TeM [TAB, Bce 3TO XOpOIIO II€pPEMENINBAIOT, IIOCAE Uero 3achllla-
IOT TAUHY. B mpoljecce mpuUTrOTOBAEHHSI W 3aKauyKW CMeCh Iiepe-
MeIIINBAEeTCSl IeMEeHTHPOBOUYHBLIM arperatoM, IIOAKAIOUEHHBIM K
IITYLIePHOMY YCTPONCTBY M €MKOCTH. ['0TOBas cMeCh 3aKauHuBa-
eTcs IIeMeHTHUPOBOUYHBIMHU arperaTaMu (He MeHee Tpex) depe3 Oy-
pPUABHBEIE TPYyOBI, ycTaHOBAeHHBIe Ha 20-30 M BEBINlIe 30HBEI IIO-
raomenud. [lpu npokaumBaHuu uepe3 OypuabHble TpyOsl CBC
AOAJKHA OBITH M30AMPOBAHA OT OypOBOIO pacTBOpa BEPXHEU U
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HIWDKHeN Oy@epHBIMM IPOOKAMHM U3 AWU3EABHOTO TOIIAUBE, IIO
0,5 m® KaxkAad.

C MOMEHTa BBIXOAA CMeCU U AO OKOHUAHUS BLIAABAMBAHUS ee
13 OyPUABHBEIX TPyO B 3aTPyOHOe NPOCTPAHCTBO IIPOKAUYMBAETCH
OypoBO¥ pacTBop B KoAamdecTse oT 0,5 oo 1 oOBeMa cMmecH.

[TpopaBAMBaTE CMeCh HEOOXOAMMO TaKHUM 00Opa3oM, YTOOBI
HapA 30HOM IIOTAOIIEHMSI OCTAACSI CTOAD cMmecu BeicoToM 10-15 M.
JAaBaeHre B 3aTpyOHOM IIPOCTPAHCTBE IIPU MPOAABKE CMecHu He
AOMAKHO npeBwiIaTs 10 MIa. TTocae 3akauku CMeCH MHCTPYMEHT
IIOAHMMAIOT B OAllIMaK, BOCCTA@HABAMBAIOT IIUPKYASIIUIO U IIPOU3-
BOAAT 00pabOTKy pacTBopa AO 3aAQHHBIX IIapaMeTPOB C IIEABRO
MarbHeNIero yrayocenusa ckBaxkunbel. O6beM CBC 1 HBEC 00w1u-
HO He mpeBwlmaer 1,5-3 M°. AOTIIyCTUMEIN OOBEM 3THUX CMeCeUr A0
10 M*, OAHAKO B 3TOM CAyYae HEOOXOAUMO YBEAUYUTH OOBEMBL
Oy(epHBIX KUAKOCTEH.

AAS TIOAydeHUsI MATKHUX IIPOOOK B HMHTepBaAe 30HBI IIOTAOIIe-
HUS IPUMEHSIOT 3aMa3K{, OMTyMOOEHTOHUTOBYIO MACTY, AQTEKC.

3amMa3Kka 00AaAaeT AOCTATOUHOM MAACTUUYHOCTBIO UM TUAPOdOO-
HOCTBIO, He IIOABEPraeTcsi pas3MbIBy B IIOTOKE >KUAKOCTH U XO-
pOIIIO 3aKyIIOPMBAET MMEIOIIUecs B HOpoAe TpemmHbl. CHUKe-
HHUEe MHTEHCHBHOCTU IIOTAOIIEHUS IIPU IIOMOIIYU 3aMa3KH MOJKEeT
OBITH AOCTUTHYTO TOABKO B TPEIIUMHOBATHIX M IOPUCTHIX IIOPO-
AaxX (IpUMeHeHHe 3aMa3KU B KaBEPHO3HBIX INOPOAAX He peKo-
MEHAYeTCS).

OAHOBpPEMEHHO MOJKHO 3arpy’kaTh 3aMa3KoOM AO Tpex Oo6CaA-
HBIX TPyO. AAS AYUIIMX YCAOBHU BBIIPECCOBKHM 3aMa3KW Ha 3a-
0oe B Ipoljecce ee 3arpy3Kd B TPyOy MEPUOAUYECKH 3aAMBAIOT
orpabortanHoe Macao (10 kr Ha 200 xr 3amaskwm). [Ipu HeobxO-
AAMOCTH (OOABIIas MOIIHOCTH 30HBI IIOTAOIIEHMS) 3aMa3Ka BBI-
IIpeCcCcOBBIBAeTCS Ha 3a00U B ABa pelca; B 3TOM CAydae 3aMa3Ky
33AaBAUBAIOT B IIAACT ITOCAE€ AOCTAaBKU BCEU MOPUIMU ee Ha 3a00H.

3aMa3Ky MOJKHO 33A@BAMBATH TOABKO B 30HY IIOTAOIIEHUS Y
3abo04. Ecam nmoraomjaroniasg 30Ha HaXOAUTCA BHIIIE 32005, CAEAy-
eT IpeABapUTEABHO YCTAHOBUTH II€MEHTHBIM MOCT Yy IIOAOIIBEI
IIOTAOINAOIIe 30HBI, IIOCAE Yero MOJKHO 3aAABUTH 3aMasKy. And
33AABKM 3aMa3KU B TPEIIUHY MOTAOIIAIONIEro MAACTa Ha OYPHAL-
HBble TPYOBl HAaBUHYMBAIOT TPEXIIaPOIIeYHOE AOAOTO AMAMETPOM,
PaBHBEIM AMAMeTPy CKBa’KMHBI, M CITYCKAIOT B CKBa’kuHY. [locae
IIopAbeMa OYPHUABHBIX TPYO C AOAOTOM 30HY IIOTAOIIEHUS 3aAMBa-
IOT IIeMeHTHBIM PacTBOPOM uYepe3 OTKPBITHIY KOHel, OYPUABHBIX
Tpy®O.

ButymobeHTOHUTOBAS MacTa COCTOWUT M3 Outyma mMapku BH-5
nAan BH-4, 6eHTOHUTOBOM TAWHBI M AM3eABHOro TomAamBa. CooT-
HoIleHHWe OuTyMa U OeHTOHUTOBOU TAMHHL 1:1. TlracTmueckas
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BA3KOCTh OMTYMOOEHTOHUTOBOM IIACThl PETyAUPYeTCS BBeAEHHEM
Pa3HOTO KOAWYECTBA AM3EABHOIO TOIAMBA B 3aBUCHUMOCTH OT
IIPOHUIIAEMOCTH IOPOA, ITOTAOLIAIOIIETO TOPU3OHTA.

IMacTy MOKHO IPUTOTaBAMBATHL HEIIOCPEACTBEHHO Ha OYypOBOIA.
AASL 3TOTO B METAAAWUECKOM COCYAE IIOAOTPEBAIOT OUTYM, KOTO-
PBIM PACIAABASIETCS AO KMAKOTO COCTOSHHS. 3aTeM B COCyA Ha-
AUBAIOT AV3EABHOE TOIIAMBO, OHO IIEpPEMENIMBAETCS C OUTYyMOM,
OAHOBPEMEHHO AOOABA4IOT OEHTOHUTOBYIO TAWHY. Ilocae moayue-
HUSI OAHOPOAHOM MacCChl IIACTa CUUTAETCS TOTOBOU AAS 3aAMBKU.
AocTaBKa OUTYyMOOEHTOHUTOBOM IIaCTHl K 30HE IIOTAOIIEHUus U
TEXHOAOI'MS BBIIIPECCOBKM QHAAOTMYHEBEI AOCTaBKe U BBIIIPECCOBKE
3aMa3Ku. [Tocae BBEIIPeCCOBKM OMTYyMOOEHTOHUTOBOMW IIACTHl, KAk
U IIPY MCIOAB30BaHUU 3aMa3KHi, HEOOXOAWMO IIPOU3BECTH TPaM-
OOBKy ee OYPUABHBIM MHCTPYMEHTOM C HAaBUHYEHHBIM Ha HUX-
HUN KOHEI] AOAOTOM UAU 3a00UHBIM (ppe3epom.

AAST YCTAHOBKY TaMIIOHOB MOXKeT OBITh HCIIOAB30BaH AATeKC.

AaTeKc B 30He IOTAOIIEHHUS KOAryAupyeT IIOA BAMSHUEM CMe-
IIWBAHUS €TO C COASIMU ABYX- U TPEXBAAEHTHBIX MeTaAroB. [Ipu
3TOM 00pa3yeTcsl 3AACTUYHAS NMAOTHAs KaydyKoBas Macca, 3allOA-
HAIOIIas MOPE], TPEIIWHBl U KaBEePHBI IMOTAOIIAIONIEN 30HEL.

Ilepea 3aAMBKOM 30HBI IOTAOIIEHHS AATEKCOM Ha OypoOBOU
IPUTOTaBAMBAIOT 4-5 M° MUHEpaAM30BAaHHON BOABI M3 pacyeTa 2—
2,5 KI' KPUCTAAAMYECKOTO XAOPUCTOTO KaAbllug U S5—7 KI IIOBa-
penHoi coan Ha 1 M® Bopbl. OKOHYATEAbHAsl PeIenTypa IMOAOH-
paeTca B Aa0OpaToOpuu B 3aBUCHUMOCTH OT IIPOYHOCTU KaydyKa.

IMTopsaaok nipoBepeHUsT pabOT O M30ASIIMU 30HBI HOTAOIIEHUS
AQTEKCOM CBOAUTCS K CAeAyIOIleMy. AATeKC AOCTABAAIOT K 30HE
IIOTAOIIEeHNS B OYPUABHBIX TpyOax, HIKHUNM KOHeIl KOTOPHIX
3arAyIleH AepeBsSIHHOU NPOOKoM uAu Auadparmoi. Hap aaTekcoMm
YCTAQHABAMBAIOT KAayUYyKOBBIM TAMIIOH, & 3aTeM Ha TPyObl HaBUWH-
YUBAIOT OOpAaTHEIM KAallaH. [lpu cnycke TpyO B CKBa)KUHY depes
Kaxxable 200-250 M AOAMBAIOT >KMAKOCTH, IIpUYEM BHAYaAe 3aAM-
BatoT 1 M° MUHEpaAM30BaHHOW BOABL, a 3aTeM OypOBOM
pacTBop.

IMocae cnycka TpyO B 3aTpyOHOe IIPOCTPAHCTBO 3aKAYMBAIOT
3-4 M° MUHEPAAM30BaHHOM BOABI, YaCTh KOTOPOM IPOAABAMBAIOT
B 30HY [OTAOIEHUS C pacdeToM, YTOOBI B CKBa’KWHE OCTAACHT
CcTOADO BOABI B npepenax 60-100 m. M3 OypuABHBIX TPyO AaTeEKC
BBIA@BAMBAETCS OAHOBPEMEHHO C IIPOAABAMBAHMNEM CTOAOA MuHe-
ParM30BaHHOM BOABI M3 3aTPyOHOrO IIPOCTPAHCTBA, YTO CIIOCOO-
CTBYeT Ayulllell Koaryadanuu AaTekca. Uepe3 30-40 MuH mocae
3aKauKU AQTeKCa MPOU3BOAUTCS OOBIYHASA 3aAWBKAa 30HBI IIOTAO-
LIIeHNUSI TaMIIOHa’)KHBIM PAacTBOPOM H3 IleMeHTa.
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TraBa  W3OAAIUA 30H MMOTAOIIEHUSA
3 TBEPAEIOIIIIMU PACTBOPAMMU

3.1. TAMITOHAJKHBIE PACTBOPHI
1 CMECHU AAS VI30OASIIINN
30H TTOTAOILIEHUS

Onelr OOpBOBI C IOTAOLIEHUAMHU OYpPOBBIX U
TAMIIOHA’)KHBIX PACTBOPOB IIOKA3BIBAET, YTO YCIEX M3OAALUOH-
HBIX pabOT B 3HAUUTEALHON Mepe OIpPeAeAsieTcs KaueCTBOM IIpHU-
MeHsIeMBIX TaMIOHHpPYVIOWINX cMecel. OCHOBHBIe TpeOOBaHUSA K
HUM U MeTOAA@M MX HCHOBITAHUSA BBITEKAIOT U3 CIeINPUIEeCKUX
YCAOBUM U TEXHOAOTMM UX IIPUMEHEHU.

Hauboaee pacnpoCTpaHEHHBIM METOAOM H3OASIUU ITOTAOIIA-
IOLIUX IAAQCTOB ABASIETCS 3aKa4Ka B CKBAKUHY LIEMEHTHOM CMeCH,
IIPUTOTABAMBAEMON Ha IMOBEPXHOCTH. TeXHOAOTHUYECKHUEe YCAOBUSA
IIpUMeHeHUsI TaKUX cMece¥ 1 OCHOBHOe UX Ha3HaueHHUe INPeAbsB-
AGIOT TIPOTUBOpPEUYUBBLIEe TPeOOBaHUA K CTPYKTYPHO-MeXaHUuec-
KMM CBOMCTBaM TaMIOHUPYIOUINX pacTBopoB. Heobxoapaumo, 4To-
OBl BO BpeM$ IIPUTOTOBAEHMS U TPAHCIOPTUPOBKU IO TpyOam
CMeCh ObIAA TOABMXHOU. ITpH ITOCTYIIA€HUM CMECH B KaHAABL I10-
TAOIIQIONIETO IAACTa OHAa AOAKHA MMeTh BBEIPA’KEHHYIO CTPYKTY-
Py, IPOYHOCTH KOTOPOM OBICTPO Bo3pacTaeT U dYepe3 8-10 u
BBIAEPJKUBAET OIIPEAEAEHHYIO Harpy3Ky, T.e. CMeCh AOAJKHA ITPOU-
THU PsIp TIpeBpallleHul, U3MeHss1 B OIpepeAeHHble MOMEHTHI CBOe
COCTOSTHHE OT JKUAKOTEKYUYEro AO IAACTUYHO-BA3KOrO M HAKOHeI]
TBEPAOTO C OIPEAEACHHBIMU (PU3NKO-MEXaHUYECKUMU XapaKTe-
puctukamMu. CMech AOAKHA AETKO PeryAupoBaThCs IIPU TeMIlepa-
Typax M AABAEHUIX AAS H3MeHeHUs CTPYKTYPHO-MeXaHHYeCKHX
CBOMCTB U IAOTHOCTH.

MeHee pacnpoCTpaHeHBl CIIOCOObI UM3OASIIUU ITOTAOIIAIOIIETO
TIAACTa, OCHOBAHHBIE Ha MCIIOAB30BAaHUM CMeCcel, ImpuobpeTaro-
IMUX HeoOXOAUMBbIE CBOMCTBA B CKBa’kKMHeE 3a CYET CMeIlleHUus
ABYX KOMIIOHEHTOB B 30He IIOTAOIEHHUs (IapasreAbHas 3akadyka
ABYX PacTBOPOB IO ABYM PsSAaM TPYO, HCIOAB30OBaHHE T'AyOMHHO-
TO CMEeCHUTeAs U T.A.).

[To B.. KpsirnOBy, HEOOXOAMMBIMU TPeOOBAHUAMHY, NPEADBIB-
AdeMBIMU K TaMIIOHA>XHBIM CMeCSM, UCIOAB3YEMBIM AAS MU30AS-
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MU 30H IIOTAOIIEHUS, SBASIIOTCS BSI3KOYIIPYTHE U AMAATAHTHEIE
CBOMCTBA.

Bsizkoympyrre CBOMCTBA TaMIIOHA)KHBIM CMECSIM MOJKHO IIpHU-
AATh IIyTeM BBOAA B HUX B HeOOABIINX KOAMYECTBAX HEKOTOPHIX
MaKpPOMOAEKYASIDHBEIX COeAUHEeHUM, 0OpabOTKOM TaMIIOHAa’KHBIX
cMecel B3PHIBOM (IIO3BOASIET IIOAYUYUTH BBICOKOCTOMKHE 3MYAb-
CuY, B KOTOPHIX 'BMOPOJKEHBI" MY3BIPBKH ra3a MPOAYKTOB B3pHI-
Ba, 4TO OOeCHeuYMBAET BA3KOYIPYTHe CBOMUCTBA OOpabOTaHHBIM
CcMecsM); IPU BBOAE B IIEMEHT aAIOMUHUEBOTO IIOPOITKa U IIPU
3aTBOPEHUM CMECHU BOAOU BBIAGASIETCS Ta3, IIPpU 3TOM OOpasyercs
IIeMeHTHO-Ta30Bas CMeCh C BBICOKHMMU 3aKyIOPUBAIOIIUMU CBOMU-
CTBaMHU.

Ha puc. 3.1 npuBopuTCcs Kraccu@UKalmsgd TaMIIOHa’)KHBIX CMe-
cel, IPUMEHSIEMBIX AASI U3OASIIMU 30H ITOTAOIIEHUS.

3.1.1. TAMITOHAJKHBIE TEMEHTbBI
1 PACTBOPEI

CHnocoOHOCTE TAMIIOHAXHBIX II€MEHTOB IIOCAe
3aTBOPEHUSI BOAOM K CTPYKTypOOOPA30BAaHUIO U TBEPAECHUIO
(mpeBpalleHUI0 B KaMeHb) IpPeAOIpeAeAriAd UX Hauboaee HIUPO-
KOe IIpUMeHeHUe AAS U30AAIUU MOTAOIIAIONINX FOPU30HTOB.

[TpuMeHUTEeABHO K MOPTAGHAIIEMEHTY (TAaMIIOHA)XHBIE II€eMEHTHI
MNST "XONOAHBIX" M "TOpsluMXx" CKBa’kKMH) IIEPBOM CTaAMeN CTPYK-
TypoOOpa30BaHUsA SBAGETCd BO3HUKHOBEHHME KOATyAAIIMOHHOMN
CTPYKTYPBl MCXOAHBIX YaCTHUI] IJeMeHTa M I'MAPATHBEIX HOBOOODa-
30BaHuU. Ha BTOpPOM CTapAuM pas3BUBAETCSA CIIAOIIHAS pPBIXAALd
KPUCTAaAAU3AIIMOHHAA CTPYKTypa TIHMAPOAAIOMUHATa, KOTopas
OOBIYHO pAa3pylIaeTcss NPU IlepeMelINBAaHUM pacTBOpa. 1peThs
CTapAusl — 3TO 0Opa30oBaHHWEe KPUCTAAWU3AIUOHHOM CTPYKTYPBI
TUAPOCUAMKATOB.

Ilpu 3aTBOpeHHHU IleMeHTa BOAOM BHAdare MPOUCXOAUT pac-
TBOpPeHMe HeOOABIIION YacTU ero A0 HACHIIIeHUs, BCTylalollei B
XUMHUUYECKOe B3aUMOAEUCTBUE C BOAOM. 3aTeM HACTYIaeT IIepHOA
KOAANOUAAIINY, XapaKTePU3YIOUIENCs BBICOKOU AUCIEPCHOCTBIO
YyacTuUIl, TIeMeHTa, - IIepuop 'COOCTBEHHO  CXBaTHIBAHUA"
(KOAryAdIIMOHHOTO CTPYKTYypOOOpa30BaHUS), IEPEXOAAIINUA B
"coOOCTBEHHO TBepAeHHe" (Iepuop KPUCTAAAM3AIMN) PacTBOpa
IIPU IIepexXOAe CUCTeMBI U3 MeHee YCTONUYMBOT'O COCTOSIHUS B 6O-
Aee yCTOUUYUBOE.

B HadyaABHEIM MOMEHT 3aTBOPEHUS IleMeHT 3((eKTUBHO B3au-
MOAEUCTBYET C BOAOU. 3aTeM HACTyHaeT IepUop 3aMeAAEHUS
3TUX peakIui, KOTOPBIM 3aBUCUT OT (PU3UKO-XUMHYECKOIO CO-
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CcTaBa IleMeHTa. B 3TO BpeMsa IIeMeHTHHIM pacTBOp OAM30K IIO
CBOMCTBAM K MAACTHUUYECKOM Macce. Ha mOBepXHOCTU 3epeH Iie-
MeHTa OOpa3yIOTCSA COAbBBATHBIE OOOAOYKUA M IIOAOKUTEABLHEIE
SAEKTPUUECKHe 3apsAbl, @ MeXKAYy HUMU BO3HUKAIOT CHABI OTTaA-
KUBaHUA.

CreneHb CTPYKTypPUPOBaHMUSA CMecel BO3pacTaeT BO BpeMeHH:
3TOT MPOIeCC UMeeT BePOSATHOCTHHIU XapakTep. CTPyKTypHpO-
BAHUIO OOBIYHO COAEMCTBYET HAAWYMEe B PACTBOPE IIeMEeHTHBIX
YaCTUI] YAAUHEHHON (POPMBI, TaK KaK B 3TOM CAydYae Ha IIOCTyIIa-
TEeAbHOe OpOYHOBCKOe ABIJKeHHe HaAaraloTcsl BpalllaTeAbHble
ABVKEHMS], YBEAWUYMBAIOIINEe BEPOSITHOCTh CTOAKHOBEHHS 4YacCTHUII.
Ha ocTpeix Kpasx IeMeHTHBIX 3epeH TOAIIMHA COAbBBATHOM 000-
AOUKHM MeHBlIIIe, YeM Ha OCTAaABHBIX VYYacTKaX IIOBEPXHOCTH,
IIAOTHOCTB SAEKTPOCTATUUECKOIO 3apsgpd M CHAA OTTAAKUBAHUA
3)AeCh TaK’Ke MeHBbIIe.

TakuM o00pasoM, B CHCTeMe o00pa3syeTcs KOaryAsIjMOHHas
CTPYKTypa (BeCh pPacTBOP IIPEACTaBAdIeT COOOM KaK OBl epuHOe
TeAO, HMelolllee CeTYaTyio CTPYKTypy). OAHaAKO 3epHa IpakTHye-
CKU He KacaloTCs APYT Apyra. UeM MeHBIIe TOAIIMHA NAEHOYHOU
BOABI, aACOPOMPOBAHHON HA IOBEPXHOCTU II€EMEHTHBIX YaCTHII,
TeM IIpOYHee CTPYKTypa, OOAbllle 3HAueHUs AMHAMUYECKOro Ha-
NPSOKEHMs CABUTA M IAACTUUYECKOU BSI3KOCTHU AMCIIEPCHOM CHUCTe-
MHI.

BrIpeAqIOTCS YeThIpe CTaAUM CTPYKTypooOpa3oBaHMg U THApa-
TalVN.

1. HHTeHcuBHas ruapartamnus. HabOAropaeTcs MaKCHUMaAbHas
CKOPOCTB IIpollecca rupaparanuu. MaeT KoaryadanuoHHoe oOpaso-
BaHMEe KOAAOUAHBIX YacCTHUIl A0 (DOPMUPOBAHUS IIPOCTPAHCTBEH-
HOTO KapKaca KOaryAsdlIMOHHOM CTPYKTYPHIL.

2. Pa3BuTHe NPOCTPAHCTBEHHON KOATYASIIIMOHHOM CTPYKTYPHI.
CreneHb CTPYKTypOOOpa3oOBaHUS IIPOAYKTOB THApATallud He3Ha-
YUTEeABHA, HADAIOAQIOTCS A€CTPYKTUBHEBIE IBACHUSA.

3. OOpasoBaHHe IIPOCTPAHCTBEHHOIO KapKaca KPUCTAAAM3a-
IIMOHHOM CTPYKTypHl. VHTEeHCHBHBIE NIPOIECCH CTPYKTypoobpa-
30BaHUS 3a CYeT Pa3BUTHUSA KOATYASIIMOHHBIX KOHTAKTOB B KpUC-
TaAAM3allMOHHBIe. BHOBE BO3pacTaeT CTelleHb r'MAPATAaIUMN.

4. He3HaYUTEABHBINM POCT YIPYTOCTU M OCHOBHOE IIOBHIIIEHUE
npou”Hoctu. CKOpPOCThH THApaTallid HauMeHblIad. HapacTtaHume
IPOYHOCTA MPOUCXOAUT 3@ CUYET CYOMUKPOKPUCTAAUYECKOU
(reneBHAHONM), MEAAEHHO Pa3BUBAIOIIENCSA CTPYKTYPHI T'MAPOCHAM-
KaTHBIX MaTepUarOB, OOYCAOBAMBAIOIIEN HeyIpyTrhe CBONCTBA
IIeMeHTHOTO KaMH4. [IpoucxopuT obOpacTaHue OCHOBHOI'O KpPUC-
TAAAM3AIIMOHHOIO KapKaca U pa3BUTHEe HOBOOOPA3OBaHUM BHYTPU
€r0 C CO3)aHMeM BHYTPEHHUX HAIpSKeHUU, B pe3yAbTaTe KOTO-
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PBIX HaOAIOAQIOTCSI AECTPYKTHUBHBIE SIBA€HUS B BUAE CIIAAOB YIIPY-
TOCTH U IIPOYHOCTH.

Mopayan OBICTPOM 3AACTHYHOM AepopMalluud B IIE€PBOU U BTO-
pOM CTapAUSAX AAS IOPTAAHALIEMEHTa M3MEeHSIOTCS B IIpeAeAax OT
10° po 10° Tla, HaOAIOAQETCS Pa3BUTHE MEAACHHBIX BBICOKOAAC-
TUYHLIX AepOpMaluii, C IepPUOAOM perakcanuu (1+3)107% c.

B TpeTheli M 4eTBEPTOM CTaAMIX MOAYAU OBICTPO3AACTHUYHOM
Aedopmanuu usMensrorcst ot 10° poo 10° Ta, pe3ko yMeHbIIaeTcs
IIepUOA, PeAaKCalld BLICOKOJAACTUYHBIX AedopMaiui, 4To yKa-
3bIBaeT Ha KOAryAAIIMOHHO-KPHUCTAAAM3AIlMOHHBIE M KPUCTAAAM-
3aIlMOHHBIE CTPYKTYPHL B 3TOT IIEPHUOA,.

IMTpu yBeAmdeHUM A@BA€HUA 3€pHA IleMeHTa UCHIBITHIBAIOT BO3-
pacTalolyio Harpy3Ky. B MUKpOTpeniuHbl 3epeH Boaa (0COGEHHO
obpaboranHass [TAB) mpoHUMKaeT Ha OOABIIYIO TAyOMHY. 3€pHO
IleMeHTa (IOKPBhITOe MUKPOTpELIMHaMM, HaAudue KOTOPBIX O0b-
SICHSIETCSI Pe3KMMM TeMIIepaTypPHBIMU M3MeHEeHUsIMU U YAAPHBIMU
Harpy3KaMHu IIpU IIPOU3BOACTBE IleMeHTa) paspyllaeTcs, OOHa-
JKQIOTCSl HOBBIE IIOBEPXHOCTH, AKTUBHOCTH €ro IIOBBINIAETCH,
TaMIIOHA’KHBIM pPACTBOP WHTEHCUBHEE 3aryCTeBaeT W OBICTpee
3aTBEpPAEBAET.

B mepuop BSI3KONAACTUYHOTO COCTOSHMS (AO Hadana CXBATHI-
BaHUs) CllelIAeHHe BBICOKOAUCIIEPCHBIX IIPOAYKTOB TI'HMAPATAlNN
00yCAOBAMBAETCS BaH-A€P-BAaAbCOBBIMU U BOAOPOAHBIMM CHAAMU
CBS3U, YTO IIPUBOAUT K OOPA30BAHUIO TUKCOTPOIHON KOATyASIIH-
OHHOM CTPYKTYPHI.

CrennaeHue 4aCTHUI APYT C ADYTOM IPOUCXOAUT TaK’Ke 3a CUeT
HEHACHIIeHHBIX BAaA€HTHBIX CBsI3€lM, BO3HHMKAIOIINX B pe3yAbTaTe
MeXaHHWYeCKOTo pa3pylIleHUsT KPUCTAAANUYECKOMN pPeIleTKH.

IMpupopa cuA, 0OYCAOBAUMBAIOUIMX IIPOYHOCTH TAMIIOHA’KHOTO
KaMHs, UMeeT Pa3AUYHbIe TOAKOBAHMSA, OCHOBAHHBIE KaK Ha KpU-
CTAAAM3AIMOHHOM, TaK U Ha KOAAOMAHO-XMMUYECKOUW Teopuu. B
IIePBOM CAydYae OHa OOBSICHSIETCS CpacTaHMeM KPHCTAaAAOB B Mec-
TaX KOHTAKTOB 3a CUeT MOHHO-XMMHYECKUX CBs3€eHM, a BO BTO-
poM - CIlellIA€HHeM 4YacTUI] OAaropapsl BaH-AE€P-BaaAbCOBBEIM IIO-
BEPXHOCTHBEIM CHAAM.

TakuM o6pa3oM, IpoIecC CTPYKTYpPOOOpPa30BaHUS BSKYIIUX
BEIIeCTB IIPOMCXOAUT B ABa dTala. Pe3yAbTaToM IEpBOrO 3Tala
SIBASIETCSI KOATyASIITMOHHAS CTPYKTYpa YacCTUI] ¥ TUAPATHBIX HOBO-
obOpasoBaHult. IIracTMyeckass NMPOYHOCTH CTPYKTYPBI K 3JTOMY
MOMEHTY HHM3Ka, TeMII HapacTaHUs ee MeAAEHHBIV M 3aBUCUT OT
CBS3BIBAHUS BOABI, CTeIleHU AWCIIEPTUPOBAHUS IleMeHTa B BOAE U
HAKallAUBAHUA THAPATHBIX HOBOOOpa3oBaHUM. Takasg CcHCTeMa
TUKCOTPONIHA U CBA3b MEKAY YacCTHUIlaMU B Hel oOecIlieumBaeTcsd
yepes IruApaTHBIE OOOAOYKH, KOTOPHIE OTAEASIOT UX APYT OT APY-
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ra. [Tocre MexaHWYECKOrO paspylleHus CHUCTeMEBl CB43b BOCCTa-
HABAUBAETCH.

Bropoii sTan xapakTepu3yeTcsi BOSHUKHOBEHUEM U PA3BUTHUEM
KPUCTAAU3AIMOHHON CTPYKTYPHI T'MAPATOB IJeMeHTHBIX MHHepa-
A0B. [1oBEpXHOCTH YACTUI], YBEAWUYHUBAETCS, BO3HUKAIOT MOAEKY-
AdpHBIE CBA3U MeKAY HHUMH. OTOT IIPOIeCC XapaKTepU3yeTcs
VHTEHCUBHBIM HapacTaHWeM IIPOYHOCTH CTPYKTyphl. [Ipu sTOoM
(opMHUpYeTCs HEIOCPEACTBEHHAsA CBA3b MEKAY YaCTUIAMU, KOTO-
pas OTAMYAEeTCS BBICOKOM IMPOYHOCTBIO U HeOOpPATHUMBIM Xapak-
TEepOM pa3pylleHUs (HalpuMep, IPH 3all03AaA0M IIPOAABAUBAHUU
pacTBopa).

CymlecTBeHHOe BAWSHUE HA IIPOILIECC TBEPAEHHUS IIEMEHTHOIO
KaMH4 OKa3bIBAIOT TeMIlepaTypa M AaBAeHUe. YCKOpsSeTcsd THMApa-
Talys, U3MEHAETCS PACTBOPUMOCTE TBEPABIX BEIIECTB B JKHUAKOM
dase, 4TO BAUSAET HA CTENEHb M MEXAaHU3M II€PEHACHIIIEeHUS; IIPU
BBICOKMX TeMIlepaTypax u3MeHsieTcsl (pa30BBIM COCTaB IIPOAYKTOB
TUApATalliy [IeMEHTOB, IIAAKOB U APYIHX BSDKYIIUX MAaTepPUAAOB.

Da30BEI COCTaB 3aTBEPAEBIIErO IIeMEHTHOIO KaMHS OdYeHb
croXkeH. 'mapatanyg MOpTAQHAILIEMEHTa COIIPOBOXKAAeTcsd obpa-
30BaHUEM MPOAYKTOB, MAAO OTAWYAIOIIUXCA OT IPOAYKTOB THA-
paTtanuu oCHOBHEIX ero muHepanros C;S, p = C,S, C,A, C,AF.

lupparanua C;S u f = C,S B HOPMAABHBIX YCAOBUSX IIPUBO-
AUT K OOpa30oBaHUIO TMAPOCUAMKATOB KaAbIIUS C U3MEHSIOIIUMU-
Cs B IIUPOKUX IIPEAENdX COCTABOM U CTelleHbIO 3aKPUCTAAAU30-
BaHHOCTH.

Hamnbonee OBICTPO THAPATUPYIOMINMCSI MUHEPAAOM IIOPTAAHATLLE-
MEHTHOI'O KAMHKEPA, OIIPEAEATIONIAM CPOKHU CXBATBIBAHUSA TaMIIO-
Ha’)KHOTO IleMeHTa W HauyaAbHYIO MPOYHOCTH (QOPMHUPYIOLIErocs
KaMHs, SBASIETCS TPeXKaAbllueBBIM antoMuHaT C;A. 3aTBOpeHHe
BOAOM NPUBOAUT K O0OPA30BAHUIO BOKPYT UCXOAHBIX 3€pPeH PHIX-
AOM MMAACTHUHYATOM OOOAOUYKYM KPHUCTAAAOB THMAPOAAIOMHHATA KaAb-
nudg. Yepes cyTku creneHb rupparanum C;A cocraBageT 70-80 %.

B mopaBagionieM OOABIIMHCTBE CKBA’KUH HM30ASIIMOHHBIE pa-
0OTBHI, KaK IIPAaBUAO, IIPOU3BOAITCS UYUCTHIMU HOPTAAHAIIEMEHT-
HBIMU pAcTBOPAMHM, TOTAA KaK (PU3UKO-MeXaHWYeCKHe CBOMCTBA
KaMHs BO3PaCTalOT B CAydae BBEAEHUS B HUX KBapIeBOTO IIeCKa,
OCOOEHHO IIPU BBICOKHMX TeMIlepaTypax U AABAECHUAX.

KoneuHnle pe3yAbTaTel (POPMUPOBAHUSA II€EMEHTHOIO KaMHSI B
CKB)KUHE, SABAJIOIINECS CACACTBHEM (PU3MKO-XMMUYECKHX IIPO-
11eCCOB, NPOTEeKAaINuX Ha (POoHe O0Opa3z0BaHUS KOATYASIIMOHHOMN
U KPUCTAAAU3ALMOHHOU CTPYKTYPHI (3aryCTeBaHUS M TBEPAEHUSA
TaMIIOHQ’KHOTO PACTBOPA), @ TaK’Ke CKOPOCThb IIPOTEKAHUS ITUX
IIPOILIECCOB OINPEAEATIIOTCS BOAOIEMEHTHBIM OTHOILIEHWEM (deM
HIDKE TeMIIepaTypa, TeM CYlLIeCTBEHHee), YCAOBUSIMU TBEPAEHUS, B
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Tabauma 3.1

CpOKK CXBAThIBAHUSA U BpeMd 3daryCreéBaHus IIeMEeHTHBIX PAaCTBOPOB

Cocras AobaBku, % | Koanue- YenoBus OTHO-
CMecH, AOAH CTBO BO- OTIBITa Hauano | Bpems | meHue
ABL, %, OT| cXBa- 3ary- | CxBa-

Lle- |Tuman| CCB |Xpom-| macce | T, °C D, ThIBA- | CTe€Ba- | ThIBa-
MEeHT TIUK |CMeCH AQ MTIla | HHA, HHA, HUA K
pacreka- 94— MWH | 4—MUH | 3ary-

eMOCTH cTeBa-

19-20 cm HUIO

1 - - - 50 60 30 2-00 1-21 1,48

3 1 - - 76 60 30 2-10 - 1,02

1 - 0,6 0,30 38 90 45 7-00 2-40 2,60

3 1 0,7 0,35 71 90 45 2-10 0-41 3,18

IIEPBYIO OYEpeAb TEMIIEpATypoOM (4eM BEHIIIIE TEMIEpPAaTypa, TeM
aKTHBHee), A@BAEHHEM, NIPUPOAOM IIeMeHTa, a TaKKe KOAMYecCT-
BOM U NPUPOAOM XMMHUUECKUX pPeareHTOB (aKTUBATOPOB, 3aMeA-
AUTeAed U CTaOUAM3aTOPOB).

Vimenno B mnpomnecce GOpMHUPOBaHUSA KaMHSA (IeMeHTHOTO
KOABIIa) B CKB&KMHE U COBEPUIAIOTCA IIPOIeCCH], KOTOPBIE IIpU-
BOAAT AMOO K CHAOIIHOMY IIeMEeHTHOMY KaMHIO, AU00 K oOpaso-
BAHUIO B HEM (PAIOMAOIIPOBOASAIINX KaHAAOB.

MexaHUuecKkoe IlepeMellllBaHUe CYIeCTBEHHO M3MeHseT Ile-
pexop, pacTBOpa M3 JKUAKOTO COCTOSIHUSL B TBEPAOE, YAAMHSAS UAU
COKpalllas 3TOT IIpoljecc. B ckBa’kuHe BpeMd ABU)XKEHHS pacTBopa
OIIpeAEAsiET COCTOSTHME pPacTBOpa M B IIOCAEAyIOIeM (PU3UKO-
MeXaHWUYeCKUe IlapaMeTpbl KaMH4.

BpemMms 3arycreBaHus KOpOde CPOKOB CXBATHIBAHUS PaCTBOPOB;
pasAnuusa MeXXAy HUMHM AOCTUTAIOT OLIYTUMBIX 3HAYeHUU M 3TOro
HeAb3s He YUUTHIBATE.

OcCTaHOBKY B IIpoOIjecce 3aKauWBaHUSA IIeMEeHTHOTO pacTBoOpa B
CKBa)KUHY MOTYT AONYCKaTbCS AMIIb HA IIePBOU CTAAUU CTPYKTY-
poobGpa3oBaHusl.

B Taba. 3.1 cONoOCTaBASIIOTCS HAaYaAO CXBATHIBAHUSI U BpeMs 3a-
I'yCTeBaHUS PAacTBOPOB M3 KapajAarckoro IieMeHTa AAS CKBaKMH C
Temieparypou 75 °C.

Ha apucnepranuio TBepaoi pa3bl U YCKOpeHUe 3aryCTeBaHUusI U
CXBATHIBAHMA II€eMEeHTHBIX PAaCTBOPOB BAUSIOT He TOABKO abco-
AIOTHOE 3HaueHUe AABAEHUd, HO U KOAeDaHMa AABA€HUS, BO3HU-
KaloIlye IIpU 3aKayKe PaCTBOPOB B CKBA’KUHY.

OpHOBpeMeHHOe KoAeDaHUe TeMIlepaTypbl M A@BAeHHS (IO
IIporpaMMe H3MeHeHMsl YCAOBUM IIPU 3aKauykKe U ABMI)KEHUU TaM-
IIOHA’KHOTO pacTBOpPa) 3HAUWTEABHO BAMSET Ha BpeMs 3arycreBa-
HHU4 PacTBOPa, KOTOPOE OTAMYAETCS OT BpPEeMeHM 3aryCTeBaHUd,
OIIPeAEeAseMOro IpU 3a00WHBIX TeMIlepaTypax U AABACHUM.
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3.1.4. MATEPUAABI U XUIMUNYECKUE
PEATEHTBI AA TAMITOHAJKHBIX
PACTBOPOB

[MTopaBagrOlee 4YMCAO OIepanui MO U3O0AANUU
IIOTAOMIAIOIINX IIAACTOB OCYIECTBASIETCS PAcTBOPAMH, NaCTaMu U
OvlcTpocxBaTeIBaomumuca cMmecamu (BCC), mpuUroToOBAEHHBIMU
13 TaMIIOHa>XHBIX [I€MEeHTOB.

PacTBOp, mOAy4YaeMBIU IIOCAE 3aTBOPEHUS TAMIIOHAXXHOTO Ile-
MeHTa BOAOHU (MAM HMHOM >XMAKOCTBIO), 06pabOTaHHOMW XHUMUUeC-
KUMU peareHTaMU (UAU Oe3 HUX) AAG IOBBIIIEHUS KadeCcTBa pac-
TBOPA U KaMHS HUAU OOAerdeHHs NIPOBEAEHUS TEXHOAOTMYEeCKOTO
IIpollecca, Ha3bIBAIOT TaMIIOHAKHBIM.

TaMnoHa>KHBIEe PACTBOPEI NPUMEHIIOT A PA300IIeHUd IIAAC-
TOB U UCIPABUTEABHBIX (PDEMOHTHBIX) pabOT B CKBa’KMHAX B Ca-
MBIX PA3AMYHBIX I'€OAOTO-TEXHUUECKMX YCAOBUAX: IIPU TeMIlepa-
Type oT —15 po +250 °C u paBaeHum oT 1,5 po 200 MITa B kaHa-
AAX 3aKOAOHHOTO NPOCTPAHCTBA IIMPHUHON OT HECKOABKUX MHUA-
AuMeTpoB A0 0,5 M U AAMHOM OT HECKOABKHX COT AO HECKOABKHX
TBICSTY METPOB IPM HAAWYMM CaMBIX Pa3HOOOPAa3HBIX IOPOA B
pas3pese CKBa’KMHEL; AASL OOPBOBL C IIOTAOIIEHUEM IIAACTOB, IIPEA-
CTaBA€HHBIX OTHOCUTEABHO MHEPTHBIMM B XHMHUUYECKOM OTHOIIIe-
HUU IIOPOAAMHU U AE€TKOPACTBOPHUMBIMM COASIMH, IIPOYHBIMM WAU
PBIXABIMU, IIOABEP)KEHHBIMU THAPOPA3phIBaM M APYTUM BHAAM
paspylieHni.

B TakuX yCAOBHSIX, UCIOAB3YS IIEMEHTHBINM PAaCcTBOP AMIIL OA-
HOTO THUIIA, HEeABb3s O0eCIeuYuTh TepMETUYHOCTH 3aKOAOHHOTO
IIPOCTPAHCTBA MAM AMKBUAHWPOBATH IIOTAOIIEHUS OypoBOro pac-
TBOPA M APYTUX >KMAKOCTel. Hy>KeH psip pacTBOpPOB, U3TOTOBASe-
MBIX U3 PA3HBIX IIeMeHTOB U 0OpabaThIBaeMBIX XUMUUYECKUMU
peareHTaMd C WCIOAB30BAHUEM PA3AMYHBIX TEXHOAOTUYECKUX
CXeM IIPUTOTOBAEHWUS.

TamMIoHa)KHBIE IIEMEHTHI, M3 KOTOPBLIX M3TOTOBASIOT TaMIIO-
Ha)kHBle pacTBopbl, BCC u macTel, MOTyT OBITH KAACCHU(MUIIUPO-
BAHBI IIO0 CAEAVIOLINM NIPHU3HAKaM: BellleCTBEHHOMY COCTaBy, TeM-
IlepaType NOpPHUMEHEHUs, IIAOTHOCTH TaMIIOHA’)KHOTO PACTBOPAQ,
YCTOMYMBOCTH TaMIIOHA>XHOTO KaMHS K BO3AENCTBUIO arpecCUsB-
HBIX IIAGCTOBBIX BOA, AMHEWHBIM AedopManusaM TaMIIOHa>KHOTO
KaMHS IIPU TBEPAECHUM.

1. Tlo BelecTBEHHOMY COCTaBy B 3aBUCHUMOCTH OT COAepiKa-
HHUA AODABOK TaMIIOHA’XHBIE IIeMEHTHI PA3AEASIOTCS Ha TPYIIBL
1 — 6e3 poOaBoOK, 2 — ¢ pAoOaBKaMHU.

2. Tlo Temmneparype npuMmeHenus (°C) TaMIOHa’)KHBIE ITEMEHTHI
PaspensdioTcs Ha IPynnsl: 1 — AAd HM3KUX TeMIlepaTyp (Hmwke 195),
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2 — AAI HOPMAABHBIX TeMIepaTyp (oT 15 po 50), 3 - arg yMepeH-
HBIX TeMnepaTyp (oT 50 po 100), 4 — AAd HOBBIIIEHHBIX TeMIlepa-
Typ (oT 100 po 150), 5 - aArg BeICOKHX TeMmueparyp (oT 150 ao
250), 6 — AAS CBEPXBBICOKUX TeMIlepaTyp (Beimie 250), 7 — Apd
IMKANYECKU MEHSIOIIUXCS TeMIIepaTyp, 8 — AAS YCAOBHUM MHOTIO-
AE€THEMEP3ABIX IIOPOA.

3. Tlo NMAOTHOCTM TaMIIOHA’KHOTO PacTBOpa (KI/M°) TaMIlo-
HaXHBIe IIeMEeHTBl PAa3AeAdIOTCSd Ha IPynnel: | — Aerkue (Hke
1400), 2 - oOaeruennbsle (1400-1650), 3 - HOpMaabHBEIE (1650-
1950), 4 - yrsoxrenrenHble (1950-2300), 5 — Taxeanle (Beiie 2300).

4. Tlo yCcTOMYMBOCTM TAMIIOHA’)KHOTO KaMH$ K BO3AEUCTBUIO
aQrpecCUBHBIX MAACTOBBEIX BOA TAMIIOHA’KHBIE IIEMEHTHI PAa3AEAd-
IOTCS Ha I'PyHnNbL | — yCTOMYHMBEIE TOABKO K XAOPKaAbIIMeBO-HAT-
PHEBBIM BOAAM; 2 — YCTOMYUBEIE K CYAB(MATHBIM BOAAM, a TAKKe
K XAOPKAABIIUEBO-HATPUEBHIM; 3 — YCTOUUYMUBBIE K KUCABIM (yTAe-
KHCABIM, CEPOBOAOPOAHBIM) BOAAM; 4 — yCTOMYMBEBEIE K MarHe3u-
AABHBIM BOAAM; 5 — YCTOMYMBEIE K IIOAMMHUHEPAABHBIM BOAAM.

5. KpoMme TOrOo, NPUMEHSIOT TaMIOHAXHBIE PAcTBOPEl, B KO-
TOPBIX B KaueCTBe >KMAKOCTU 3aTBOPEHMS IIPUMEHSIOT BOAY C
COASIMU (AO HACHIIIEHUS), TAMIIOHA)KHBIE PACTBOPBHI Ha HePTAHOU
OCHOBeE, a’pHUPOBAHHLIE TaMIIOHA’KHBIE PACTBOPHI, OpPraHOMUHE-
parbHBIE KOMIIO3MIIMU (BIAOTH AO MCKAIOYEHHS MHHEpPaAbHOTO
KOMIIOHEHTa), OBICTPOCXBATHIBAIONIMECS COCTABBl AAS OOPBOBI C
IIOTAOIIIeHUEM NIpU OypeHUU CKBa)KUH U AD.

B cootBercTBuu ¢ 'OCT 1581-98 BEIIyCKAOTCA TaMIIOHAKHBIE
IIEMEHTHI AAS "XOAOAHBIX" M "Topsiumx" ckBakuH. Ha 6asze umeHn-
HO JTUX I[€eMEHTOB COCTABASIOT MHOTOYHCAEHHBLIE CMecCU (HO He
BCe) AASL OOPBOBI C IIOTAOIEHUSIMU IIAACTOB.

3.2. TAMITOHAJKHBIE CMECU }
AASL AUKBUAAIIVU ITOTAOLIEHUI
IIPU BYPEHUU CKBAJKUH

3.2.1. TAMITOHAKHBIE CMECH HA OCHOBE
MWHEPAABHBIX BAXKYIHINUX

AAsT MCccaepOBaHMS IIpoliecca CTPYKTypoobpaso-
BaHUsA IIPU TUAPATALIUN MUHEPAABHBIX BSDKYIINUX BeIeCTB IIpuMe-
HSIOT MeTOA KOHHUYecKoro maactomepa [1.A. PebGuuaepa, ocHo-
BaHHBIM Ha M3MepeHMU IIAACTUYEeCKOM IIPOYHOCTH CUCTEMEBl Ha
CABUT IIPU IIOIPY’KEHMHU B Hee KOHyca. MeTopMKa HCCAEAOBAHHUS
IAQCTUYECKOM NPOYHOCTU MNO3BOASET IMOAYUYUTE OOAee IIOAHOEe
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IIPeACTaBAEHHME O IIPOIjecce CTPYKTypoOoOpa3oBaHUSA CUCTEMEL IIO
CPaBHEHMIO C OIPEeAEA€HHEeM CPOKOB CXBATHIBAHUSA, OAHAKO, TakK
>Ke KaK U CPOKM CXBaTLIBAHUS, IIAACTHYECKasl MPOYHOCThL Xapak-
TepusyeT (popMUpPOBaHUE CTPYKTYPHI, HAXOAAIIENCS B COCTOSTHUU
IIOKOSI OT MOMeEHTa 3aTBOpeHUs. Psa aBTOPOB PEKOMEHAYIOT U3-
MepSTh NAQCTUYECKYI0 NPOYHOCTHL PACTBOPOB IIOCAE IIepeMEeIIn-
BaHUSA UX B TeUEHUE OIIPEAEACHHOTO BPeMeHH, UYTO AQeT BO3MOXK-
HOCTb OIIPEAEAUTH BPEMd, B Te4eHUEe KOTOPOI'O PAaCTBOP MOJKET
HAaXOAUTBCSI B COCTOSHUU ABHJKeHUs Oe3 yuiepOa AAS CBOUCTB
IleMeHTHOr0 KaMHs, a Tak’ke OIlleHNWBAaThb BAUSHUeE IlepeMellnBa-
HHS Ha IpOoIlecc CTPYKTypooOpa3oBaHUS.

CuuraeTcss eAecOOOpPa3HBIM AASL OIEeHKHU OCHOBHBIX TaMIIO-
Ha>XHBIX CMecel, IPUMeHSeMBIX AN U3OAIIIMU 30H IIOTAOIEHU,
HUCIIOAB30BaTh CAEAYIOIINE ITOKA3aTeAN:

pacTrekaeMocTb 10 KOHycy AsHINN (ar KOHTPOAST HMOABUIKHO-
CTH CMeCH B MOMEHT OKOHYaHUS ee IIPOAABAVBAHUS);

BpeMs Hadaaa M KOHIIA CXBaThIBAHUS;

NIPOYHOCTb OOPA3ILOB IIPW UCHBITAHUU Ha C)KaTHe HAM HU3TUO
uyepe3 1-2 cyT;

IIAOTHOCTB CMeCH, IAACTHYEeCKasd MPOYHOCTH (XapakTepusyeT
YCAOBHEBIN IIPEAEA IIPOKAYMBAEMOCTHA CMeCHU IO TpyOam);

3aryCcTeBaeMoOCTh (XapaKTepuayeT IMpoIlecC CTPYKTypooOpaso-
BaHUS TAaMIIOHAa>KHOM CMeCH OT MOMEHTAa IIPUTOTOBAEHHS AO Ha-
CTYIIA€HUSI HeTeKydero COCTOSHUS IIPU ONpPeAeAeHHOU HNHTEHCUB-
HOCTHU IIepeMelINBaHUg U 3aAAHHBIX 3HAUEHUSAX TeMIIepaTyphl U
AABAEHUS).

INpomecc cTpyKTypoOoOpa3oBaHUSI MOXKET OBITb AOCTATOYHO
IIOAHO OXapaKTepU30BaH II0 KPUBBEIM 3aryCTeBaHUS, IIOAyYaeMbIM
IIPU MCCAEAOBAHUU CMECU B YCAOBUAX, NPUOAMIKAIOMUXCSI K yC-
AOBUSAM CKBaKUHBI. OCHOBHBIMU IlapaMeTpaMH, XapaKTepU3YIOo-
IIMMHU YCAOBUSA CKBA’XMHBI IIPU BEIOOpE TAMIIOHA’)KHOW CMECH AAI
U30AAIUUA 30HBEI IIOTAOIIEHUd OypOBOTO pPACTBOPE, SBASIIOTCA
CKOPOCTb ABWXEHUSI (MHTEHCUBHOCTb II€PEMEIINBAHUA) CMECHU
IIPY TPAHCHOPTUPOBKE ee K IIOTAOLIAIoNIeMy IIAACTY, TeMIlepaTy-
pa B CKBa)XUHe U AaBAEHMUeE.

KpuBble 3arycreBaHHs TAMIIOHA’)KHBEIX PACTBOPOB IIpU HOP-
MaABHBIX YCAOBUAX UMEIOT IIOAOTMU BHA, KOTOPHIM MOJKET M3Me-
HATBHCHA, €CAU YMEHBIINTh BOAOIIEMEHTHOE OTHOIIEHHWE UAM BBECTU
YCKOPHUTEAB.

CMecu Ha OCHOBe IIOPTAQHAIIEMEHTOB TOTOBAT 0e3 A00aBOK
U ¢ A0DaBKaMM, PEryAMPYIOIIMMM CPOKHM CXBaThkIBaHUSA. Kpome
TAMIIOHQKHOTO IIOPTAQHAIIEMEHTA AAS IIPUTOTOBAEHHS TaMIIO-
Ha>XHBIX CMeCeld HCIOAB3YIOT OBICTPOCXBATBIBAIOIINECS CMECU
(BCC) Ha OCHOBe MHOPTAAHAIIEMEHTOB BBEAEHUEM B I[€eMEeHTHHIE
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PacTBOPBI YCKOPUTEAEM CXBAThIBAHUA — Xaopupa Kaabnusa CacCl,,
KaABIIMHUPOBAHHOU copbl Na,CO;, yraekmcaoro kaama K,CO;
(moTam), xaopupa artomuHua AlCl;, xaopupa Hatpus NaCl, dTo-
puctoro Hatpusa NaF, kayctuueckoit coau NaOH, >KMAKOTO CTek-
Aa Na,SiO;, cepHOkucAoro ranHozeMa Al,(SO,);, BRICOKOMUHEpa-
AU30BAHHOU BOABI XAOPKAABIIMEBOIO THUINA U AD.

Anannu3 KpuBbIX 3arycreBaHusa BCC mokasan, 94TO B YCAOBHU-
SIX TepeMelnInBaHus ¢ dacTtoramm BparmmeHus 30-200 o6/mwuH,
COOTBETCTBYIOIIUMHU AMAIa30Hy M3MEHEHMsI CKOPOCTeM pacTBopa
B CKBa)XMHaX NpU IeMEeHTUPOBAHUU PA3AUYHBIX 30H IIOTAOIIe-
HUd, (PU3NKO-XMMHYECKHe MPOIeCCH B CMecdX IIPOUCXOAAT Ha-
CTOABKO OBICTPO, UTO 3aMETHOTO Pa3AMYUS B CKOPOCTIX 3arycre-
BaHUSA ITUX CMecel IPU Pa3AWYHOM 4acTOoTe BpallleHUd MeUIaAKU
HeT.

Oto cBoicTBO BCC 1IeHHO IIpU H30ASIUU 30H IIOTAOIIEHU,
TaK KaK HMeeTCsl OolIpeAeAeHHasl rapaHTHUs TOTo, YTO IPU CKOpPO-
CTSIX ABWJKEHMSI CMeCH B CKBa’KHMHe, OTAWYHBIX OT CKOPOCTHU
MBVDKEHMS ee B KOHCHUCTOMETpPE, CYIleCTBEHHBEIX @aHOMAaAUU B CO-
CTOSTHUM CMeCH He HAOAIOAQIOT, €CAM Ha COCTOSHHE CMeCH He
IIOBAMSIIOT TEMIIEPATypPa, AABAEHHE, MOMaAaHMe ITAACTOBBEIX BOA U
Apyrue (hakTOpPHI.

Ha puc. 3.2 mokazaHo BAMSHIE KOAWYECTBA XAOPHUCTOTO KaAb-
1M, BOAOLIEMEHTHOTO OTHOIIEHMs, WHTEHCHUBHOCTH IIepeMelln-
BaHUS U TeMIIepaTypbl Ha MOABHUYKHOCTBH IIEMEHTHOI'O PAcTBOPAQ,
IIPUTOTOBAEHHOTO U3 IIeMEeHTa BOABCKOTO 3aBoaa "Komcomonaerr”.
OAHOBpPEMEHHO IPOYHOCTL CTPYKTYPHl 3aMepsSAr KOHHYECKUM
IIAQCTOMETPOM.

LleMeHTHBIN pacTBOP B NEPUOA KOATryAAIIMOHHOTO CTPYKTYpO-
00pa30oBaHUs IOCAE OIPEAEAEHHOIO BpPEMeHU IIlepeMelllNBaHUsA
OBICTPO 3arycTeBaeT, IpUYeM B 3aBUCHUMOCTH OT COAEP’KaHUSA
CaC(Cl, obpasymouagacs CTPyKTypa pas3pyllaeTcd IIpU Pa3sAUYHBIX
KpyTdalnux MoMeHTax. UeMm Bhillle copepskanue CaCl, TeMm npu
OOABIIMX 3HAYEHUSIX KPYTAIIero MOMEHTa pa3pyllaeTcs CTPYK-
Typa. I'locAae pa3pyllleHus CTPYKTYPHl BI3KOCTh pPacTBOpa CHU’Ka-
eTcsl U AOATOe BpeMs (5-6 u) ocTaeTcs 6e3 M3MeHeHUs.

IMpu npurotoBrernu BCC Ha OCHOBe TaMIOHA’XHOI'O IIOPT-
AQHATIEMEHTa YCKOPHUTEAUW CXBATHIBAHUS BBOAST B BOAY 3aTBOpe-
HUS UAU B 3aTBOPEHHBIM II€eMEHTHBIU pacTBOp. [lopomkooOpas-
HBIM YCKOPUTEAb MOJKHO CMENIIMBATh C CYXHM TaMIIOHa>KHBIM
IleMeHTOM. KOAWYeCcTBO BBOAMMOTIO YCKOPHUTEASI KOAeOAeTCS B
npeperax 2-10 %. BCC OOBLIYHO TIPUMEHSIOT B CKBa*kKUHaxX C
TeMmneparypou 50-70 °C.

TakuM 06pa3oM, B 3aBUCHUMOCTU OT KOAMYECTBA AOOABASIEMOTO
YCKOPUTEASI, TEMIIePaTyphl, BpEMeHHN IIepeMelluBaHus U BOAOIe-
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MEHTHOI'O OTHOIIEHMS paspylleHne (POPMUPYIOLIEUCST CTPYKTYPBI
IIPOMCXOAUT IIPU PA3AUYHBIX KPYTANIUX MOMEHTaX, XapaKTepu-
3YIOIIUX CONPOTUBASIEMOCTh €rO IIePEeABIDKEeHHI0. OTO 06CTos-
TEALCTBO, @ TaK)Ke IOBBINNIeHHAasI MOABUKHOCTL ITEeMEHTHBIX pac-
TBOPOB C AOOABKOM 4-6 % XAOPUCTOTO KaAbIIMS AAIOT OCHOBaHUE
PEKOMEHAOBATL 3TU PACTBOPHI AASl TIEPEKPBITHS 30H IIOTAOIIe-
HUS, TPEACTaBAEHHBIX BBICOKOIPOHUIIAEMBIMU MEAKOIIOPUCTHIMU
IIOPOAAMHU.

LleMeHTHBIE pacTBOpPbl C coAepskaHueM 8-10 % xAaopucroro
KaAbIMS MOTYT OBITH PEKOMEHAOBAHBI AAST U3OASIINU BHICOKOIIO-
PHUCTBIX HWAM MEAKOTPEILIMHOBATHIX IIOPOA, OAHAKO YCIENIHOCTh
U30AAIMOHHBIX PAabOT MOKeT OBITh AOCTUTHYTA B TOM CAyYae,
€CAU B TIEPUOA TPAHCIIOPTUPOBKU PAcTBOpPA B 30HE IIOTAOIIEHUS
He IIPpOU30MAEeT pa30aBAEHUS ero BOAOU.

BCC MoryT OBITH IIOAYYeHBI Ha OCHOBE CIIEeIIMAaAbHBIX IleMeH-
TOB — TAMHO3€MUCTOI'0, TUIICOTAUHO3eMUCTOr0 U IYI[IIOA@HOBOTO.

'AMHO3eMUCTHIN IIeMEeHT HCIOAB3YIOT KaK AODOaBKYy K TaMIIO-
Ha)XHOMY IIeMEeHTy B KOoaMdecTBe He Oonaee 10-20 % oT Maccel
cMmecu. [Ipu aToM Hauvano cxBarbiBaHus npu B/Ll = 0,5 mosker
OBITH cHUXXKeHO A0 20 MuH. [Ipeaper MIPOYHOCTH IIPU TBEPAESHUHU B
IIAACTOBOM BOAe uepe3 2 cyT cocTaBageT 1,4-1,7 MIla. Ilpu BBOAE
B TAMHO3EMHUCTHIA 1eMeHT A0 4 % (QToOpuCTOro HATPUS HaAYar0
CXBaTLIBaHMUSI COCTaBASIET AO 35 MUH, NPU 3TOM pPaCTEeKaeMOCTb,
TIAOTHOCTH CMECHU U IIPOYHOCTH KaMHS M3MEHSIOTCS HEe3HAUUTEADb-
HO. [MIICOTAMHO3EeMUCTBHIM IIeMeHT M3-3a BBICOKONW CTOUMOCTHU
yallle IPUMEHSIOT B CMeCU C APYTHMM IleMeHTaMH. Tak, OBICTpo-
CXBATBIBAIOUIYIOCS PACIIUPSAIONIYIOCS CMeCh MOJKHO IOAYYUTE IIPU
pAobaBreHun 20-30 % THMICOTAMHO3EMHCTOTO IleMeHTa B TaMIIO-
Ha>XHBIM, IPU 3TOM paclIMpeHNUe KaMHSI COCTaBAdeT A0 5 %. And
obAeryeHUs TakKoM cMecu B Hee A00aBASAIOT A0 30 % AMaTOMHTa C
BA@KHOCTBIO He Ooaee 6 %, mpu B/LI = 0,8 naoTHOCTH
1,55 r/cM®, a HavanO CXBaTBIBAHUS HAXOAUTCS B IIpepeAax oT
50 Myua Ao 1 u 25 MuH. Pacmmpsiomuiicss OBICTPOCXBAaThIBaIO-
IIMNUCS IIeMeHT C HauaAOM CXBAaTBIBAHUA A0 20 MUH MOJKHO IIOAY-
YUTH BBEAEHMEM B TAMHO3EMHUCTBHIU IIeMEeHT A0 25 % CTpPOUTEADb-
HOTO TUIICA.

ITynjonaHOBBIU IIEMEHT IIOAYYAIOT AOOAaBAEHMEM K TaMIIOHAa K-

Puc. 3.2. T'pauk BAUSHHS pa3AUYHBIX (DAKTOPOB Ha IOABMJKHOCTh II€MEHTHBIX
PacTBOpOB:

a — COAEp’KaHUSI XAOPUCTOTO Kaavumst, %; 1 - 10; 2-8; 3 - 6; 4 — 12; 6 - Temme-
partypsl, °C: I - 50; 2 - 40; 3 - 30; 4 - 20; 5 - 16; 6 — 12; & — BOAOI|EMEHTHOTO OT-
gowenust: 1 — 0,5, 2 - 0,6; 3 - 0,7 & — 4aCcTOTH Bpall[eHUsI MEIIaAKH KOHCHCTOMe-
Tpa, 06/muH: 1 — 203; 2 - 61; 3 - 106; 4 — 32; & —~U3MeHeHUs NAACTUYECKOU NIpOoY-
Hoctu OoT copepskaamust CaCl, %, uw B/L: 1 - 10 %; 2 -8 %; 3 - 6 %; B/L] = =
0,5 4-4% 5-10% B/LL = 06 % 6 - 10 %; B/Ll = 0,7
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HOMY IIeMeHTY aKTHUBHBIX MHHEPaAbHBIX AOOABOK (OIIOKa, Tpe-
meA, AuaToMut) B KoamdecTBe 30-50 % oT Macchl 1iemMeHTa. AAS
PEeryAMpPOBaHUSI CPOKOB CXBATBIBAHUS UCIOAB3YIOT YCKOPUTEAU
CXBaTHIBaHUA (XAOPHA KaABIMS, KaAbIIMHUPOBAHHAS COAQ U Ap.) B
KOAWYeCTBe 4-6 % OT MacChl CyxOM NeMeHTHOU cMecH. [lyimo-
AQHOBBIE CMECH OTAWYAIOTCS OOAee MHTEHCHUBHBIM 3aryCTeBaHUEM
¥ MeHbIIel TAOTHOCTBIO (1,65-1,7 r/cmM’) mo cpaBHEHHUIO C Iie-
MEHTHBIMU pacTBOpaMu 6e3 aKTHMBHBIX MHUHEPAAbHBIX AOOABOK.
I'miicoBble pacTBOPBI. AN U30ASIIUU IIAACTOB C TeMIIepaTypou
25-30 °C npuMeHSIOT CMeCH Ha OCHOBE BBICOKOIIPOYHOTO CTPOU-
TEeABHOTO MAM BOAOCTOMKOTO THUTICA C AOOaBAEHUEM 3aMeApAUTeAnel
CXBaTBIBaHUs. TakK KaK CBOMCTBA TUIICA 3aMETHO MEHSIOTCS BO
BpeMeHU, HeOOXOAMMO Ilepep IPOBEAEHUEM W30ASIMOHHBIX pa-
OOT cpeAaThb IKCIIPeCcC-aHaAM3 C IeAbI0 KOPPEKTHUPOBKU CPOKOB
CXBaThIBaHMa cMecel. B KauecTBe 3aMepAUTeAel CXBATHIBAHUSA
npuMeHsitoT Tpunoaudocdar Harpus (TTIOH), TpuHaTpuiidoc-
dar, KML], CCBb u ap. B Taba. 3.2 npuBepeHBI TOKa3aTeAUn
CBOMCTB T'MIICOBBLIX PACTBOPOB IIPU @TMOCHEPHBIX YCAOBHUSIX.
OCOOEeHHOCTE THUIICOBHIX PACTBOPOB — BBICOKag CKOPOCTH
CTPYKTypOOOpa3oBaHUsl, IpUUYEeM OHU COXPAHSIOT 3TO CBONCTBO
IpU 3HAUUTEABHOM COAepsKaHUuU BOABI. CHIKeHHe CKOPOCTU
CTPYKTYypOoOOpa30oBaHug M HapylleHue NOTPOYHOCTH CTPYKTYPBI
MIPOUCXOAST TOABKO TIPU COAep)KaHUM BOABI Ooaee 160 % oT
MacChl CyXOro rumca. LleMeHTHBEIE PacTBOPEL OOA€e BOCIPUUMUHU-
BBl K IIOBBIIIEHHOMY COAEP’KAHHIO BOABI, IIO3TOMY pa3baBAeHUE

TabAauima 3.2
IToka3zaTeAHu CBOWCTB TMIICOBBIX PAaCTBOPOB MPU aTMOC(HEPHBIX YCAOBUSIX

CpoKM CXBaTHI- ITpou-

Ao6aB- | ITror- | PacTe- BaHW, 1~ MUH HOCTE

Tun rumca B/T Ka HOCTB, Kae- Ha CXa-

TITI®H, | r/cM® | MocTh, | Havaro | KOHeIl | Tue de-

% cM pe3 4 4,

MTla

BrIicOkO- 0,5 0,01 1,72 19,5 0-15 0-20 42
TIPOYHBIHN 0,5 0,03 1,72 20,5 0-25 0-30 4,5
0,5 0,075 1,72 20,5 0-35 0-45 4,5
0,6 - 1,66 24 0-17 0-20 39
1 - 1,46 25 0-26 0-30 1
Crpoutrenn- 0,7 0,1 1,68 20 0-10 0-20 39
HBIN 0,6 0,5 1,68 18,5 0-40 1-00 3,7
0,6 1 1,67 19 1-50 2-10 1,1
BoaocToun- 0,6 0,1 1,65 22 0-15 0-25 38
KUM 0,6 0,3 1,65 22 0-30 0-35 19
0,6 0,5 1,64 22 0-40 0-50 1,3
0,6 0,7 1,64 21 0-50 1-00 0,6
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WX B IIpollecce TAMIIOHMPOBAHUS OTPUIIATEALHO BAWSET Ha Kaue-
CTBO M3OASAIUOHHBIX paboT. XopomumMu (HUIUKO-MeXaHudec-
KUMU CBOMCTBAMM OOAAAQIOT THIICOBBIE PACTBOPHI C AOOABKaMU
IIOAUMEPOB.

I'mniconemenTHble cMecH. [1OAOKUTEABHBIMH KauyecTBaMH Ife-
MEHTHOTO ¥ THIICOBOTO PACTBOPOB OOAAAAIOT THUIICOIIEMEHTHEIE
CMecH, UMelolllie KOPOTKME CPOKU CXBATBHIBAHUS U TBEPAEHUS U
Aarolliyie BHICOKOIIPOYHBIN KaMeHb uepe3 3—-4 4 IocAe 3aTBOPEHUS
CMecCHu.

Haanure MUHepaAOB IIeMeHTHOTO KAMHKepa CIIOCOOCTByeT Ha-
PalIMBaHUIO IPOYHOCTH THIICOIEMEHTHOTO KaMHSI IIPU TBEPASHUU
B BOAHBIX YCAOBHSIX, YTO BBITOAHO OTAWYAET THUIICOIIEMEHTHEIE
CMeCH OT THIICOBBIX PAcTBOPOB. [IpOHHIIAEMOCTL THUIICOIIEMEHT-
HOTO KaMHs uepe3 4 U IIOCAe 3aTBOPEHMsI He IIpeBHIIIaeT
(5+9)-107° MrM?, a uepes 24 4 - 0,510 MrM~

l'inconeMeHTHBIEe pPACTBOPHI  IIPUTOTABAMBAIOT —CMellleHHeM
TUIICA ¥ TAMIIOHA’KHOTO IIEMEHTa B CYXOM BUAE C IIOCAEAYIOIIUM
3aTBOPEHUEM IIOAYYEHHOU CMECH Ha PacTBOpe 3aMEeAAUTEAST UAU
CMellleHHeM PacTBOpa IHMIICA, 3aTBOPEHHOTO Ha PacTBOpe 3aMeA-
AUTEAs], U pacTBOpa TaMIOHA>XHOTO IleMeHTa. B Taba. 3.3 mpea-
CTaBA€HBI CBOMCTBA T'HUIICOLIEMEHTHBIX CMecel, MOAYYeHHBIX CMe-
IIeHWeM CyXOro TUIICa U IleMeHTa B cooTHomeHuu 1:1, a B TalOA.
3.4 - cMemieHWeM pacTBOpa IleMeHTa U TUIICa B COOTHOIIEHUU
1:1 (memenT Boarckoro 3aBopa, B/L] = 0,5, runc cTpoOUTEABHBIH,
B/T = 0,7).

Ha pwuc. 3.3 mpuBepeHBI U3MEHEHHUS IIAACTUUECKUX CBOMCTB
TUIICOIIEMEeHTHBIX CcMeceld. AAd NPeAOTBpPAllleHUs CXBAThIBAHUSA
THIICOIIEMEHTHOIO PAcTBOpPa B OYPHUABHBIX TPyOax HeOOXOAMMO
BHa4YaAe 3aKavaThb 1 M° BOAHOTO pacTBOpa 3aMeAAUTeAs!, Ha KOTO-

Tab Aauma 3.3

CBoiicTBa TUICOLIEMEHTHBIX CMecCeH, IIOAYYEHHBIX CMelIeHneM CyXOoro rurmca
1 LIeMEeHTa

CpoOKM CXBaThI- R
3aMeApAUTEeAD IMpou
e [ror- | Pacre- BamMs, 1-MHH HOC'P[‘B Ha
B/C HawMe- | copep- | HOCTE, Kae- coKaTue
HOBaHWe | >kamme, | T/CM° | MOCTB, | Hayano | KOHeI[ |depes 4 d,
% cM MTIla
0,6 - - 1,72 24 0-10 0-15 14
0,6 TITOH 0,2 1,72 24 0-20 0-30 11
0,6 TIIOH 0,3 1,72 24 0-25 0-35 1
0,6 TIIOH 0,4 1,72 24 0-40 0-50 0,8
0,6 TIIOH 0,5 1,72 25 0-40 0-50 0,7
0,5 CCB 1 1,76 25 0-40 0-55 11
0,5 'MOH 0,7 1,89 21 0-30 0-40 08
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Tab Aauma 34

CBoiicTBa TUIICOI[EMEHTHBIX CMecCeH, IIOAYYEHHBIX CMeIIeHrneM pacCTBOpa LeMeHTa
M rurca

CpOKM CXBaTHIBa-
3aMepAUTeAD IMpou-
A TMhoT- Pacre- HMdA, 4-MUH HOCTbL Ha
KOAmde- | HOCTB, | KaeMOCTb, cRaTre
HAUMEHO- | (. 1p 0 "o r/cm® M Havaro KOHer, |uepes 4 4,
BaHUe (oT Mac- MTlla
CBHI THIICA)

- - 1,76 20 0-06 0-10 1,6
CCBb 2 1,71 25 0-32 0-42 1,7
TTIOH 02 1,72 24 0-20 0-35 1,6
TIIOH 0.3 1,79 26 0-25 0-30 1
TITOH + 02+1 1,73 24 0-30 0-40 1,4
Na,CO,

TITOH + 02+1 1,73 24 0-55 1-10 1,2
Na,CO,

poM 3aTBOpPsIAM rurnc. CTOMKOCTb THUIICOIIEMEeHTHBLIX PacTBOPOB K
pa3baBAE€HUIO BOAOM 3HAUUTEABHO BHIIIE, YeM Y IIeMEeHTHBHIX pac-
TBOPOB. Pe3toMupysl cKazaHHOe, OTMETUM:

1) KpuBBle 3arycTeBaHUsl TUIICOLIEMEHTHBEIX CMecCel, TaK JKe
KaK ¥ KpHUBBIe IAACTUYECKOM IIPOYHOCTH, IIOKA3bIBAIOT, YTO IIe-
pexXop OT KOAryAsIIIMOHHOTO IIEPHOAA CTPYKTypPOOOpPA30BaHUS K
KPUCTAAAM3ALUOHHOMY IIPOUCXOAUT 38 HEOOABIIOU MEPHUOA;

2) m3MeHeHUe TeMIepaTyphl B npeperax 10-50 °C okaswIBaeT
CyllleCTBEHHOe BAWSHMe Ha IIPOIece;

3) yBeAmUeHNe COAEP’KAaHUSA BOABI OTOABHIAeT HAUaAO 3arycTe-
BaHUA cMecel, IIpudeM (opMUpYIOIIadacsa CTPYKTypa B IIpoliecce
IlepeMelIuBaHus pas3pylaeTcss TOAbKo npu B/L] = 0,8 u Brie;

4) OBICTPOE 3aryCcTeBaHUE CMECHU Aa’Ke IIPU 3HAYUTEABHOM CO-
AepkaHuu Boabl (B/C = 0,8+0,9) cBUAETEABCTBYET O BBICOKHUX
TAMIIOHUPYIOIIUX CBOMCTBAX TI'HMIICOLIEMEHTHBIX CMeCel U BBITOA-
HO OTAWYAeT MX OT I[eMeHTHBIX pPAacTBOPOB, KOTOPBEIE BeChMa
YyBCTBUTEABHBI K Pa30aBAEHUIO BOAOM.

Tak kak TUIICOIlEMEHTHBIE PACTBOPHI OOAAAAIOT KOPOTKHUM
IIEPUOAOM IIePeXOAd OT THUKCOTPONHOM KOAryASIIIMOHHOM CTPYK-
Typbl K IIPOYHON KOHAEHCAIIMOHHO-KPUCTAAAW3AIMOHHOM CTPYK-
Type, OHU MOIYT OBITb PEKOMEHAOBAHEI AAS IIE€PEKPBITHS KpYII-
HOKABEPHO3HBIX U CHUABHOTPEIIWHOBATHIX ITOTAOUIAIONIUX Yy4YacT-
KOB CTBOAA CKBa’>KUHHI.

[MepememuBaHue TUICOIIEMEHTHBIX CMeCeM IIPUBOAUT K UX
3arycTeBaHMIO Ha BpeMs, HECKOABKO MeHblllee Hayara CXBaThIBa-
HHUS B CTQTUYECKUX YCAOBHUSAX. 3arycTeBaHUe CMeCH CBUAETEABCT-
ByeT O PpasBUTUM B CHCTeMe KOHAEHCAIIMOHHO-KPUCTAA-
AU3AIMOHHOM CTPYKTYPHI, AAQABHENIIee IlepeMellNBaHUEe PacTBO-
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Puc. 3.3. I'paduK BAUSIHUSI IlepeMelINBaHUsI Ha U3MEHEeHHEe NAaCTUYEeCKOH IpoyY-
HOCTH TUIICOI[EMEHTHBIX CMeCer:

a — TUIIC CTPOUTeAbHBIN — 50 %, nemenT K = 50 %, B/C = 0,5 + 1,5 % CCB; 6 -
TO Xe, maroc 1,2 % CCB; & - runc crpouteabnsiit 50 %, B/T' = 0,7 + 1,5 % CCE,
nemeHT K = 50 %, B/L] = 0,5; I — 6e3 nnepememinBaHus; 2 — ¢ InepeMellnBaHUEM
10 mum; 3 - 20 muH; 4 - 30 MuH; 5 — 25 MUH

pa IPUBOAWUT K MaA€HUIO IMIPOYHOCTH IMOAYYaeMOTr'O TUIICOIIeMEHT-
HOTO KaMHSI.

I'ruHOLeMEeHTHbIE PACTBOPbI. [AMHOIleMEeHTHLIE PAaCTBOPHI TO-
TOBAT M3 TAMIIOHA’)KHOTO IleMeHTa, O€HTOHUTA U YCKOpPUTeAel
CXBaTHIBaHMA CMeIlleHHeM CYXUX KOMIIOHEHTOB C IIOCAEAYIOIIVM
UX 3aTBOpeHUeM HAM AoOaBAeHUEeM OEeHTOHUTa B IIeMEeHTHBIN
pactBop. Haamune B cMecH TAMHUCTBIX YaCTHI, CIIOCOOCTByeT 60-
Aee OLICTPOMY POCTY CTPYKTYPHI. ['AMHOIleMeHTHBIE PaCcTBOPHI
MeHee YyBCTBUTEABHBI K BO3AEMCTBUIO OypOBOro pacTBopa. ben-
TOHUT CHU)XaeT IIPOHUIIAeMOCTb TaMIIOHA>KHOT'O KaMH$, YIIAOTHS-
eT ero CTpyKTypy. CBoONMCTBa TAWHOIIEMEHTHBIX PpPacTBOPOB C
B/l = 0,5 u copepxanueMm 4 % CaCl, mpuBepeHBI B TabA. 3.5.

AobGaBka K rAmHONeMeHTHON cmecu 0,5-1 % CepHOKHCAOTO
TAMHO3€eMa YCHUAWBAeT HavyaAbHYIO ITOABHYKHOCTH CMeECH, ITOBBIIIa-
IOITYIOCS TaK’Ke C YBeAMdeHUeM COAep>KaHHSI OeHTOHHUTOBOM TAM-
HBEL.
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Tab Aauima 3.5

CBoiicTBa TAMHOLIEMEHTHBIX pacTBopos ¢ B/I] = 0,5 u copeprxanmnem 4 % CaCl,

Copepixa- CpoKu cXBaTLIBaHUS,

HUe TAWHO- A-MHH ITpou-
nmopoika | ITAroTHOCTBE, Pactekae- HOCTH Ha
Ha 100 r/cm® MOCTBb, CM Havyano KOHeI] crKaTue
MaCCOBBIX gepes 24 4,
JacTeu 1ie- MTIla

MeHTa, %
4 1,8 20,5 3-15 4-40 42
6 1,82 19,5 3-05 4-35 4,7
8 1,82 20 3-00 4-25 4,8
10 1,84 19 3-50 5-05 5

F'AuHO3eMHUCTEIE CMEeCH C CEepHOKUCABIM TAWHO3EeMOM COXpa-
HAIOT CTaOWALHBIE BSA3KOCTHBIE CBOMCTBA B TeueHHe BpeMeHH,
AOCTQTOYHOT'O AAS WX AOCTaBKHU B 30HY IIOTAOIIEHHUS. 3aTeM IIpPO-
HCXOAUT WHTEHCUBHBIM POCT BI3KOCTHM U CMeCh IIPU 33AaHHOM
U30BITOYHOM AABACHUM ITPOAABAWBAIOT B IIAACT.

Bpemsa npokauuBaHusa Takux cMmeced cocraBasgeT 80-100 muH,
T.e. CEPHOKUCABIM I'AMHO3€M OKa3blBaeT CTaOMAM3HUpYIOllee Aei-
CTBUE Ha pacTBOpP B IIepHOA ero InpokKauuBaHusg. CBONCTBa TAU-
HOIIEMEHTHBIX PAacTBOPOB IIpu TeMmnepaTrype 75 °C mpuBeAeHBI B
TabA. 3.0.

AAS IPUTOTOBAEHHMS PACTBOPAa IEMEHT U TAMHOIIOPOIIOK 3a-

Tab auma 3.6

CBOWICTBa I'AMHOIIEMEHTHBIX PacTBOPOB IIpM TeMreparype 75 °C

CocTaB, MaccoBasi 4acCThb Bpems
HamoaHuUTeAb HaCTyII-
TThroT- PacTte- AeHUs
Ycko- HOCTb, Kae- TIAQCTH-
Le- Bopa | Ben- | HauMe- | KOAuue- | pUTEAb r/cm® MOCTbB, | YeCKOMn
MEeHT TOHUT | HOBaHWe | CTBO cM MIPOYHO-
CTH, pPaB-|
HOM
10 xITa,
MUH
100 90 20 |Ilepaut 5 - 1,6 16 200
100 135 33 " 5 - 1,37 20,5 120
100 120 33 | Kepawm- 5 - 1,35 16 110
3UT
80 80 20 " 5 - 1,6 15 150
25 170 70 " 5 - 1,33 13 136
25 190 70 |Ilepaut 5 - 1,24 13 144
48 140 47 " 5 - 1,31 14,5 198
70 90 30 " - 0,7 1,51 18 105
60 100 40 " - 0,6 1,46 14,5 120
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CBIIIAIOT B OyHKEep LeMEeHTOCMECUTEABHOM MAIIWHBI, & CEePHOKUC-
ABIM TAMHO3€eM PacTBOPSIOT B BOAE 3aTBOPEHUS.

AN MBOALAIIMM 30H HWHTEHCUBHBIX morAoleHurt Bo BHUWUWBT
pa3paboTaH TAVWHOIIEMeHTHBINM TaMIIOHa>XHBIM PacTBOP C BBICO-
KHUM NoKazaTeareM BopooTpauu (TPBB). Ero roroBdT cmenieHueM B
TPOMHUKE IIEMEHTHOTO PacTBOpa MAOTHOCTBHIO 1,35-1,45 r/cm® u
GEHTOHUTOBOTO PAcTBOPA MAOTHOCTEHIO 1,18-1,2 r/cM® B cOoOTHO-
meHuu 1:2 (ArasT 60Aee CAOXKHBIX 30H IIOTAOIIEHUM B COOTHOIIIe-
"Huu 1:1). TPBB uMeeT BbICOKHE BSI3KOCTh U ITOKa3aTeAb (PUABT-
panuy, B pe3yAbTaTe 4ero (PUAbBTPAT YXOAUT B IIAQCT, @ IPOHUIIA-
eMas IPUCKBa’)KWHHAA 30HA 3aKyIOPUBAETCS IIeMEHTHBIMU U TAU-
HUCTBIMU YaCTUIIAMU W HAMOAHUTEAEM, BBOAUMBIM B PAaCcTBOP.
Caepom 3a TPBB 3akaumBalOT OOBIYHBIM TAWHOIIEMEHTHBIM pac-
TBOP, 3aTBOPEHHBIY HAa BOAHOM PacTBOPE XAOPHAA KaAbIIUA.

ITeMeHTHO-TIOAMMEPHBIE PACTBOPBI IIOAYUYAIOT IPU BBEACHUU B
IleMeHTHbIe PacTBOPHL IIOAMMEPHBIX AO00aBOK, YTO IIO3BOAGET
VAYYIIUTH CBOMCTBA KaK PAaCTBOPOB, TaK M TaMIIOHA>XHOTO KaM-
HA. BBICOKag TepMOCTOMKOCTb, HENPOHUIIAEMOCTh IIOAMMEPOB
YAYYIIAIOT COOTBETCTBYIOUIME CBOMCTBA II€EMEHTHBIX KOMIIO3UIIUH,
WX CTPYKTYPHBIE CBOMCTBA U HM30AHUPYIOUIYIO CIIOCOOHOCTH. Baxk-
HOe KaueCTBO TaKUX PaCTBOPOB TO, UTO UX (PUABTpPAT OOAapaeT
KpensdIuMHu CBONCTBAMU. DTO CIOCOOCTBYET OTBEP’KAEHUIO TAU-
HUCTOU KOPKHU U CIENAEHUIO TaMIIOHAa’KHOTO KaMHS CO CTeHKaMu
CKBa>kKUHBHI.

B 6. BHUVKPredTH pa3dpaboTaHa I€eMEHTHO-CMOASHAas KOM-
mosurnusa LICK-1, cocTosias 1“3 TaMIIOHa’KHOTO KaMHSI C A0OaB-
KOU aAudaThuecKoM 3MOKCUAHOU cMOABI TOI-1 m oTBepAUTeAs
noauasTuAeHnoAnamuta (I[TOTTA). B Ttaba. 3.7 mpuBeAeHBI CBOMCT-
Ba LICK-1 Ha OCHOBe CTEpPAMTaMaKCKOTO IleMeHTa C OTBEepAUTE-
aeMm TISTTA B koamuecTtBe 20 % oT o6bema cmoawl (B/LL = 0,5).

TabAauia 3.7
CgoiictBa LICK-1 Ha 0CHOBe CTEPAMTAMaKCKOro eMeHTa

MobaBKa Bpemst TIpowHOCTE Yepes | rasoppo-
T3I, % (ot | PacTekae- | Temnepa-| 3arycre- 2 cyr, Mlla HUIlae-
Macchl Ile- | MOCTb, cM| Typa, °C BaHU, Ha u3- Ha c)ka- | MOCTB,

MeHTa) Y-MHH u6 THE 1073 mrM?
- 20 50 4-10 49 13,2 1,8
75 1-35 6,4 173 08
1 21 50 2-50 73 20 0,2
75 1-30 7 21 0,15
3 22,5 50 2-20 8 20,5 0,2
75 1-30 7 21 0,15
6 23 50 1-50 6,4 16 0,03
75 1-20 6,8 22 0,007
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Ansa npuroroBaeHus LICK-1 B BOAy 3aTBOpPEHHS IIOCAEAOBA-
TeABHO BBOAAT cMoAy TOI um oTBeppuTenn IIOITA, a 3aTeM Ha
9TOM KUAKOCTU 3aTBOPSIOT I[eMeHT.

PacTBOpEI, NPUTOTOBAEHHBEIE HA YIAEBOAOPOAHOMN >XUAKOCTHU
(gamme Bcero Ha AM3EABHOM TOIIAMBE), IPUOOPETAIOT BBICOKYIO
IIAAQCTUYECKYIO ITPOYHOCTHL IIOCAE 3aMeIleHUs] B HUX AU3EABHOIO
TOTIAMBA BOAOM. VIHEPTHOCTDL BSDKYIIETO BellleCTBa K AU3EABHOMY
TOIIAUBY IIO3BOASIET 06e30IacHO TPAHCIOPTUPOBATH PACTBOPHI IIO
OyPUABHBEIM TpyOaM Ha 3HAuUUTeAbHble TAYOUHBIL. [Ipu KOHTakTe C
BOAOM IIPOMCXOAUT 3aMellleHue AU3EAbHOTO TOMNAWBA M PacTBOP
IIpeBpaIaeTcss B BHICOKOBA3KYIO MacTy. [TpOYHOCTL MOAyYaeMOro
TaMIIOHa>ka 3aBUCUT OT KOHIIEHTPAIIUM BSKYIIIEro BelecTBa. AAS
IIOAYYEHHsI IIOABUJKHOTO, AETKO IIPOKQYMBAEeMOTO pacTBOpa IIpHU
BBICOKOM COAEP’KaHUM TBepAOM (ha3bl PeKOMEHAYeTCS BBOAUTH B
Hero Kpeo3oa, KyOOBBle OCTATKU 3TUAOBOIO 3(hHUpa OPTOKpPeMHe-
BOY KUCAOTHI U Apyrue [TAB, KOoTOpBle CIIOCOOCTBYIOT TakXe OT-
AGAEHHUIO AM3EABHOTO TOIIAMBA IIOCAE 3aKAYMBAHUS CMECH B IIAQCT.

Hauboaee yacTO B NpaKTHUKe IPUMEHSIOTCSA COASIPOIIEMEHT-
HBIE, COASPOOEHTOHUTOBBLIE W COASPOIIeMEHTHO-OeHTOHUTOBLIE
CMEeCH.

CoaspoueMeHnTHble cMecu copepskaT 30-40 % AM3EALHOTO
TonAuBa, 0,5-1 % Kpeoszona U 6 % YCKOpUTeAd (KaABIIMHU-
POBaHHOM COABI) OT MacCChl ITleMeHTa. AAsL OOABIIEN IIPOYHOCTHU
IIeMEeHTHOTO KaMH$S B cOCTaB cMecHu BBOAAT A0 30-50 % KBapiie-
BOTO ITE€CKa.

CoasgpobentonutoBrie cMecu (CBC) roToBIT HNAOTHOCTBIO OT
1,1 po 1,3 r/cm® (Ha 1 M° pmzeanHOro TomamBa 1-1,5 T GEHTOHHU-
Ta). CBC mocAe BLITECHEHUSI AM3EABHOTO TOIIAMBA BOAOUM OBLICTPO
3arycTeBalOT U yepe3 15 MUH IpuoOpeTaroT MAACTUYECKYIO IpPOY-
"HOCTEL 40-60 MITa.

CoagpouemenTHo-6eHToHNTOBBIe cMecu (CLIBC) mMmeroT cae-
pytomui cocras: 1000-1200 Kr OGeHTOHUTOBOTO TAWHOIIOPOIIKA,
300-500 kr memenTa u 0,5-1 % IIAB ot Macchl cMecu Ha 1 M
AV3EABHOTO TONIAMBA. [IpKM cMeIIMBaHUU C BOAOM HMANU OypPOBBEIM
(TAMHMCTBIM) pacTBOpOM 00pa3yeTcs HepacTeKaeMass TaMIIOHAa’K-
Hasl macTa C BBICOKOU IIAACTUYECKOU MPOYHOCTBIO U BI3KOCTBIO.
AAST CHUDKEHUSI OTPUI@TEABHOTO BO3AENCTBUS Ha CMeCh IIAACTO-
BBIX BOA AO Hayara CXBATHIBAHWSA U IOBBIIMIEHUS MPOYHOCTU TaM-
noHakHoro KaMHsa B CLUBC BBoapaTr 3-10 % >XHMAKOTO cTeKAa (OT
MaccChl 11eMeHTa).

PacTBOpHI Ha YTrA€BOAOPOAHOM JKHMAKOCTH IIPUTOTABAMBAIOT B
CAeAyIolleM IopsizAke. B MepHBIE €MKOCTH  I[eMEeHTHPOBOYHBIX
arperaToB 3aAWBAIOT PacCueTHOE KOAMUYECTBO AU3EABLHOTO TOIIAWBA,
B KoTopoM pacTtBopsioT [TAB. Ha 3TO# >KHUAKOCTH 3aTBOPSIOT
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OEHTOHUT, IIeMeHT UAU UX cMech. [Ipum mpokauuBaHuU 4depes Oy-
PUABHBIE TPYOBI CMeCh AOAKHA OBITH M30AMPOBaHa OT OypOBOTO
pacTBopa BepxXHeM U HIDKHEeM MOPHIUIMHU AU3EABHOTO TOIAWBA —
o 0,5 M®, 06beM cMecH He AOAKEeH OpeBHIIIATh O m>. Tloche BHI-
TeCHEeHUSI CMeCHU u3 OYPUABHBIX TPYO B 3aTPyOHOE HPOCTPAHCTBO
npokauusarT 0,5-1 % OypoBOTO pacrBOpa.

OOpa3oBaHue MAOTHOI'O I'eAsl IPU COEAMHEHHU CMECHU C BOAOU
IIPOMCXOAUT OAaropapss TOMy, YTO OHa O4YeHb OBICTPO abcopOu-
pyeT Bopy. OOpasyiomuicsg B TedeHHe HEeCKOABKUX CeKyHA
reAb BHaYaAe HAMoOMUHAeT "3aMa3ky’. Hepe3d HECKOABKO MUHYT
"3aMa3Ka" MpeBpallaeTcs B TYCTYIO, MAaAOIOABMIKHYIO PE3WHOO00-
pasHyl MacCy, YCTOMYMBYIO K AedopMalnusaM U IepeMelleHUsM
IIOA AEMCTBUEM CHUA, BO3HHUKAIOUIVX IIPU Iepenape AABACHUU.

Copeprkaiyecss B OypoBOM pacTBOpe MeXaHWYeCKHue YaCTHIIbI
(0OAOMKH BBIOYPEHHOW IIOPOABI U T.II.) CIIOCOOCTBYIOT HEKOTO-
poMy yIIpOYHeHMIO oOpa3sylolelica Macchl. Uepe3 ABa 4aca, 0CO-
OeHHO TIpU BBLICOKOW MUWHEpPAaAM3alluM HaXOAAIeMcs B 30He MO-
TAOIIEHUST >KUAKOCTH, 3aryCTeBIIMM MaTepuar HalOMHHAEeT II0
CBOMM MEXaHWYECKHM CBOMCTBAM OOBIYHBIM AAQCTHUK U3 UCKYCCT-
BEHHOM pe3UHBl U 00AapaeT YIPYTHMHM CBOMCTBaAMM, OAM3KMMU K
CBOMCTBAM OOBIYHOM KOPKOBOM IPOOKU. AAS MOAYYEeHUS MaKCH-
MaABbHOTO KOAWYECTBa TeAd HeOOXOAMMO, 4YTOOBI COOTHOUIEHUEe
00BEMOB HMCXOAHOM CMECH M BOABI HE BBEIXOAWAO 3@ IIPEAEABI
8:1 - 1:1.

Cmecp Oemram (pupma "Xoaubypron", CIIIA) mMoxkeT OBITH
3(PeKTUBHO HCIIOAB30BaHa B COYETAHUU C OYPOBBEIMU pacTBOpa-
MU, NIPUTOTOBAEHHBIMU C HCIOAB30BaHMEeM KaK IIPecHOM, Tak u
COAEHOM BOABI, 0OPabOTaHHBIMM KayCTUYECKOM COAOM, HM3BECTHIO
U APYTHMHM XUMUYECKMMH peareHTaM{, a TaKKe C BOAO-
He(TAHBIMA 1 UHBEPTHBIMU 3MYALCUOHHBIMM PacTBOPaMU.

O deKTuBHOCTL cMecu OeHraM He 3aBUCHUT OT 3HadeHus pH
OypoBoro pacrBopa. beHram Mo>keT OBITH UCIOAB30BaH B Coue-
TaHUM C PacTBOPaAMU, COAEP KAIIMMU AIOOBIe OOBIUHBIE HAIOAHU-
TeAW MAU 3aKyIIOpPUBAIOIe MaTepUaAbl.

B CAOKHBIX CAydYassx B CMeCh OeHraM MOKHO BBOAUTBH, KpoMe
IIePEYNCACHHBIX BHIIIIE 3aKYIIOPUBAIONIINX MAaTepPHAAOB, APeBECHOe
BOAOKHO, BOAOKHUCTBIM MaTepwar U3 KOXKH, MIETHHY, I[IE€PAUT,
OPEXOBYIO CKOPAYIY MAM YELIYUKU CAIOABL, IIPU 3TOM H30AAIIN-
OHHBIE CBONCTBA CMeCH He yXYAIIaTcCs.

BoAabIioe 3HaueHMe MMeeT HEUyBCTBUTEABHOCTH CMeCH K IIO-
BBIIIIEHUIO TeMIepaTryphl. CMech OeHTraM YCIIENIHO WCIIOAB30Ba-
AaCh B CKBa)XMHaX C IIAACTOBBIMH TeMIIEpaTypaMHu, AOCTHUTABIIN-
mu 177 °C.

[NMpuroroBreHUe cMecu OeHTaM HECAOKHO U IIPOU3BOAUTCSI C
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IIOMOIIBIO OOBIYHOTO OOOPYAOBAHUS AAS I[€eMEHTHMPOBOYHBIX pa-
6or. OOBIYHO CMeChb HIPUTOTaBAMBAIOT mopiuamu 1,6-3,2 M ¢
IIOMOIIIBbIO THAPABAMYECKOU CTPYUHOM Melarku. CMech MOJKeT
3aKauMBaThCd B CKBa’KMHY HEMEAAEHHO HWAM, €CAU 3TO HYXKHO,
3aAMBATHCI B CTAllMOHApPHBIE €MKOCTH HAU IJUCTEPHBI, yCTaHOB-
AeHHBIE Ha aBTOMAIIMHAX AAS XPaHEHWsS UAW TPAHCIOPTUPOBKHU K
MeCTy HCIIOAB30BaHUS.

Croco6 AMKBUAAIIMU IMOTAOIIEHUS C IIOMOIIBI0O OeHraMa CBO-
MUATCSL K CAEAYIOLIEMY.

l'oToByI0 CcMech 3aKauMBalOT B CKBa)XXUHY Yepe3 OypUABHBIE
VAW HACOCHO-KOMIIPECCOPHEIE TPYOHL.

3aKa4Ky CMeCH OOBIYHO HOPOU3BOAAT OAHMM OYpPOBBIM HACO-
coM. BTOpBEIM HAacoCOM 3aKayMBalOT B 3aTPyOHOE IIPOCTPAHCTBO
BOAY UAU OypPOBOM pacTBOP.

Hanbonree adpdpekTrBHOE HCIIOAB30BaHUe cMecHu OeHTraMm IIpe-
AyCMaTpUBaeT COOAIOAEHME CAEAYIOIIUX YCAOBUH.

1. TouHOe ompepereHHE MECTOIIOAOKEHUS —ITOTAOIAIOIIEro
IIAQCTa.

2. EcAau BCA 30Ha IOTAOLIEHMS HAXOAUTCA Ha TAyOMHe 32004
CKBa’KMHBI, CAEAYET IONBITATHCS IIPOUTU ee BCIO.

3. T'lepep 3aKaukoM CMeCH B CKBa&)KUHY ’KEAQTEABHO CITyCTUTh
OypHUABHEIEe TPYOHI, 0e3 AOAOTa C OTKPBITBIM KOHIIOM HAU 000-
pPyAOBaHHBIE IEP(OPUPOBAHHBIM CMECUTEABHBIM HUIIIIEAEM.

4. K MOMEHTY yCTAaHOBKM KOHIIa OYypPHABHOM KOAOHHBI Ha 3a-
AAHHOU I'AyOMHe (OOBIYHO HECKOABKO BHIIIE€ KPOBAU IIOTAOIIAO-
IIIero IAACTa) CMeCh AOAKHA OBITH 3aroTOBAEHQ, YTOOBI HavaTh
3aKauKy €ee B CKB&)KMHY MeKAy ABYMsS IOpPIUSAMH OydepHON
KupKocTu (puc. 3.4). B xauecTBe OydepHOM >XKHMAKOCTU OOBIYHO
HUCIIOAB3YEeTCd AW3EABHOE TOIIAWBO, KaXXAad INOpLUS KOTOPOTO
paBHseTcs 3-8 M°,

5. CKOpOCTh 3aKauKM CMEeCU BBIAEPIKMBAETCS B IIpeperax 1,6-
3,2 M°/MUH.

6. [Tpu AOCTM)KEHMU CMeChbio U TOpIHed AW3EeABHOTO TOIAMBA
HIDKHEro KOHIIA OYPUABLHBIX TPyO HEeOOXOAMMO HayaTh 3aKaudkKy B
KOABIIeBOe IIPOCTPAHCTBO OYpPOBOTO pPacTBOpa CO CKOPOCTHIO,
obecrneunBaOIIEed 3apaHHOE COOTHOIIEHUWEe MeXKAy HUM U OeHra-
MOM.

Ha npakThke B HEKOTOPBIX CAydYasix 3TO COOTHOIIIeHHe He-
NIPEPBLIBHO U3MEHSIAOCH IIUKAAMH, OCTaBasCh B YKAa3aHHBIX BEHIIIE
Ipepenax, B 3aBUCHUMOCTH OT AOCTUTABIIUXCS IIPU 3aAaBKe OeH-
raMa AABACHUMH.

7. B mponecce BEIXOAA CMeCU IIPOU3BOAUTCSA pacxakmuBaHUe Oy-
PHUABHOM KOAOHHEBI, YTO CIIOCOOCTBYET AYUYIIEMY IlepeMeIINBaHUIo
CMeCH C BOAOY MAM PAacTBOPOM U YCKOPsieT rereobpa3oBaHUe.
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Puc. 3.4. CxeMa M30ASIINH 30HBI KaTaCTPO(UYECKOTO IOTAOLIEHNS B KABEPHO3HOM
nAacTe C MOMONILIO CMecH GeHram:

a - OAHOBpeMeHHas 3aKayka cMecH OeHraM II0 KOAOHHe OYpPHABHBEIX TPYyO CO
ckopocTbio 0,16-0,32 M/MuUH u OypoBOro pacTBopa B 3aTpyOHOe NIPOCTPAHCTBO
co ckopocteio 0,04-0,08 m/MuH; 6 — IPOAOAKEHUe 3aKauyKu cMecH beHraM u Oy-
POBOTO pacTBOpa C HU3KHUMU CKOPOCTSIMU AO BO3HMKHOBEHHS A@BAEHMS C pacXa-
>KUBaHUEM OyPHUABHBIX TPYO, IOAAEPKUBAHUE AABACHHS U 3aAaBAMBAHUE CMeCH B
TIAACT; , — BLIAEPJKKAa CKB&KUHELI B TeueHHe 2-4 4 U BO300OHOBAEHHEe OypeHMUT;
1 — 6ypoBO# pacTBOp; 2 — AU3eAbHOe TOIAMBO; 3 — OTKPBITHIN (MAM OOOPYAOBAH-
HBIM CMeCUTEeABHBIM IIaTPyOKOM) KOHell OYPUABHOM KOAOHHEI, 4 — 30Ha IIOI'AO-
IIeHUsS

Kpome Toro, pacxakuBaHue KOAOHHBI yMeEHBIIIaeT OIIaCHOCTH
ee IIpUXBaTa B CAydae OLIMOOK IIPM U3MEPEeHUU AAUHBL OYPHUAB-
HBIX TPyO HAM OIIPEAEAEHUU MeCTOIIOAO’KEHMS IIOTAOIIAOIIEro
IIAQCTA.

8. TlpopaBKa OeHraMa AOAKHA MPOAOAIKATBCSI AO TexX TOop,
IIOKa BCSI TPUTOTOBAEHHAS IOPIMVS He BBITECHUTCS U3 OYPHUAB-
HBIX TPyO, YTOOBI INIPOU3BECTH 3aAABKY TreAsd B IIOTAOLIAIONINN
IIAQCT.

9. MaKcuMaABHOe AaBA€HHe, AOCTUTHYTOe B IIpoljecce IIpo-
DABKHU, CAeAyeT IOAAEP’KUBATH B TeUEHUE 5 MUH AASL ONPEAEAEHUS
3 PEKTUBHOCTY 3aKYIIOPKU IIOTAOLIAIOIIETO ITAACTaA.

10. I'lo ucteuenun 1-2 4 HEOOXOAUMO YBEAWYUTH HUCHBITATEAB-
HOe A@BAEHHEe AO TaKOIo 3HaueHUs, 4YTOOBl OHO IIPEBHIIIAAO
HOPMaAbHOe B IIpoliecce ITUPKYASIIMM, HO He OLIAO OBl OOABIIIe
IIAQCTOBOTO.
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11. Tlepep TeM Kak NHOAHATH OYPUABHEIE TPYOBI AAS HABEPTHI-
BaHUS AOAOTQ, UX MOJKHO IIPUIIOAHSATH AASL TOTO, YTOOBI, BKAIOUUB
HaCOCHI, YOEAUTHCS, UYTO IIUPKYASINSI BOCCTAHOBAEHA.

B OOABIIMHCTBE CAy4YaeB IIPU HauOOAee CHUABHBIX IIOTAOIIAIO-
IIUX, OCOOEHHO KOTAA@ IIOTAOIEHUE IIPOUCXOAUT B KABEPHO3HEIE
IIAQCTH], TIOAYYEHHYIO C IIOMOIIBIO O€HraMa M30ASIHIO 3aTEM YCH-
AWBAIOT, CO3AaBasl LIEMEHTHYIO IIPOOKY, O0eCIeYMBaIoIlyI0 OOAB-
IITYI0 HAAEKHOCTb U AOATOBEUYHOCTb W3OAMIIMK NIPHU AaAbHeUIeM
OypeHMH CKBa’KUHBI C OYpPOBBEIM PACTBOPOM BBICOKOM IIAOTHOC-
TH.

Mo parHBIM upMBL "XOoAUOYPTOH', TpUMeHeHUe cMecu OeH-
ram obecneunno ycnex B 80 % cAaydaeB, KOTAd HUKAKHe OOBIYHEIE
MaTepUaAbl U METOABI HE AABAAU MIOAOKUTEABHBIX PE3YABTATOB.
Ha ocHOBaHMU IPUBEAEHHBIX BBIIle MaTepPHaAOB MOXKHO INPUUTH
K 3aKAIOYEHHUIO, YTO, MO-BUAMMOMY, HeyAQuHBIE IIONBITKU AUKBU-
DAY IIOTAOLIEHUU C IIOMOINBIO OeHraMa CA€AyeT B OCHOBHOM
OTHECTHU 3a CYeT BeCbMa OOABIIOrO 00BbeMa KaBepPH M KapCTOBBIX
IIyCTOT (KOrAQ IIPUMEHEeH’e AOOBIX 3aKyIOPHBAIOIINX MaTepHha-
AOB IO AHAAOTUYHOM TEXHOAOTMH CTAHOBUTCHA HeleAecoo0pas-
HBIM) HWAU HETOYHBIX OIIPEAEAEHHN MeCTOIIOAOJKeHMs IIOTAOoIIa-
IOIIIero IMAAacTa.

3.2.2. TAMITOHAJKHBIE PACTBOPBI
HA OCHOBE ITOAMMEPOB

[ToannMepHBIEe TaMIIOHA’KHBIE PACTBOPHI HMEIOT
CAEAYIOIIe IIPeuMyIecTBa Ilepep pacTBOpPaMM MWHEPAAbLHBIX
BSDKYIIIUX BEIIECTB: MaAyl0 IAOTHOCTB, YAOOCTBO PETryAMPOBAHUA
CPOKOB CXBaTBIBAHHUS, XOPOIIYI0 (PUABTPYEMOCTL B IIOPUCTHIX
cpepax, OTCYTCTBUE IIPOHMIIAEMOCTU TaMIIOHA’)KHOT'O KaMHS, BHI-
COKYIO IIPOYHOCTh U CTOMKOCTBH K arpecCcuu KaMHs. 113 GOABIIOTO
KOAWYECTBAa IIOAUMEPOB, BBIIYCKAEMBIX OT€4eCTBEHHOU IIPOMBIII-
AEHHOCTBIO, HauboAee IIMPOKOe IIPUMEeHeHHe AAI pa3paboTKu
TAMIIOHA’)KHBIX CMeCel IIOAYYMAU BOAOPACTBOPUMEIE CMOABL. OA-
HaKO Hanbonee TIePCIEKTHUBHEL BOAOHEPACTBOPUMEBIE CMOABI,
CIIOCOOHEBIE IIPOTHUBOCTOSITH II€PEeTOKaM J>KUAKOCTH IIO CTBOAY
CKBa’KMHBI B CAMOM IIAACTe M He BCTyIIaThb C Hell BO B3auUMOAeMN-
CTBUE, COXPAHId UCXOAHBIM KOMIIOHEHTHEBIM COCTaB U COOTBETCT-
BYIOI[e eMy CBOMCTBAa pacTBOpA.

Tamnonaknast cmecb CKM-19 pa3paboTaHa Ha OCHOBe MoOYe-
BUHO(OPMAABAETUAHOU (KapOaMUAHOU) CMOABL M-19-62, oTBep>k-
paemor 30%-HBIM BOAHBIM pPAcTBOPOM XAOPHOTO JKeaesa. [lpm
IlepeMellNBaHNuN CMOABI C OTBEPAUTEAEM dYepe3 OIpeAeAeHHOoe
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CsoiictBa cmecu CKM-19

Tab Aauima 3.8

Ao6aBka CpoKu cXBaTLIBaHUS, IMTpouHocTs uepes 6 4,
Temmepa- | XAOPHOTO A-MUH MIla
Typa, °C JXeaesa, %
(oT Macce Havano KOHeI] Ha u3rub | Ha c)XaTue
CMOABI)
24 2 0-90 0-17 157 30
1 0-50 1-10 15 30
0,5 2-00 3-00 15 30
50 0,3 0-30 1-40 14 26
0,2 0-50 1-00 12,7 24,2
0,1 3-30 4-35 24 38
70 0,25 0-25 0-40 5,6 12,7
0,13 1-25 1-35 1,8 2,5
0,08 2-00 2-30 0,3 03
90 0,08 0-50 1-05 1,6 4,2
0,03 2-20 3-20 1,1 0,5
0,01 3-25 4-30 - 04
* Pazpymenne obpasna nHa MWIM-100 u [ICY-10 He OIPOUCXOAUT BBHUAY €ro
BBICOKOM YNIPYTOCTH.

BpeMs IIPOUCXOAUT IOTepPs TeKYyUeCTH, a 3aTeM WHTEHCHUBHOE OT-
Bep)KAEHHE CMOABI U OBLICTpPOe HapacTaHHe IIPOYHOCTH TaMIIo-
Ha>XHOTO KaMH4 (Taba. 3.8).

AAS yAYUIlleHUS H30AMPYIOLIeN CIIOCOOHOCTH B CMeCh PeKo-
MEHAYeTCS BBOAUTH HAIIOAHUTEAW — OIMAKH, KOPAHOE BOAOKHO,
PEe3UHOBYIO KPOWIKY U Ap. Ilpu pa3zbaBaeHUMH CMeCH MUHEPAAU-
30BAHHOM BOAOM B cooTHomeHuU 1:1 m 1:2 CpOKHM CXBATBIBAHUA
YBEAHMUYUBAIOTCSI COOTBETCTBEHHO Ha 10 u 40 %. Ilpu stom mpou-
HOCTb TaMIIOHa>XHOI'O KaMHsSI 3HAUUTEABHO CHU’KAETCs, OAHAKO
OCTaeTCsd YAOBAETBOPUTEABHOU AAS IEPEKPBITHS IOTAOIIAIOINIUX
KaHaAOB.

Tamnonaxayo cMmech TC-MA puroraBAMBaIOT Ha OCHOBE BO-
AOHEPACTBOPUMOTO (PypdPypOoAaieTOHOBOTO MOHOMepa (MOHOMeEP
®A), orBepxpaeMoro 30%-HBLIM BOAHBIM PAcCTBOPOM XAOPHOTO
>kenresa. TepmocTrorikocTs MoHOMepa A mpesrwimaer 200 °C,
naoTHOCTE 1,09-1,17 r/cM®. Tlpu XpaHeHUM AO OAHOTO TOAA OH
IIOYTH He HU3MeHseT CBOU CBOMCTBA U He TepsieT CIIOCOOHOCTU K
oTBepskAeHUIo. [Ipu Temneparype cBoitite 140 °C caepyeT yUUTHI-
BaTh BAUSHHE H30LITOYHOTO AABAEHHMS Ha CPOKHM CXBATHLIBAHUSA
cmecu (Taba. 3.9).

BcaepcTBHe HUM3KOM BSI3KOCTHM TaMIIOHA>KHOI'O COCTaBa Ileae-
COoOOpa3HO BBOAUTHL B Hero A0 10 % HanoAHUTeAel (KOPAHOTO
BOAOKHA). ITpu 3TOM caepyeT KOPPeKTUPOBATh CPOKM CXBAaThIBA-
HUS AO 3aAAHHBIX 3HAQUEHMH, TaK KaK HEKOTOPHIE HAIOAHUTEAU
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Tab Aauma 39
CpoKu CXBaThIBaHUS M MPOYHOCTh TaMIOHa)kHO# cMecu TC-DA

O6beMHast AOAS, _ _ CpOKH CXBaTHI- IMTpouyHOCTBH Ye-
% I;rae;\;,l;; Ag;g? BaHWS, Y—-MUH pe3 24 4y, MITa
MOHO- pact- °C MIla Ha Ha
Mepa BOpa Hadano | KOHEM | catme | wusrub
96,5 3.5 100 0,1 1-35 2-05 - -
96,5 3,5 100 30 1-20 2-30 10,5 IMhac-
TUYHAsT
98 2 140 0,1 3-30 4-30 - -
98 2 140 30 3-00 4-00 18,5 14,8
9 1 180 0,1 2-40 3-00 - -
99 1 180 30 1-20 2-40 33 10

OKa3BIBAIOT 3aMepAdIollee AeMCTBHEe Ha OTBEp)KAeHHe CMecHu
TC-®A u nosToMy IPH BBOAE B CMeCh HAIIOAHUTEAEH KOAMYeCT-
BO OTBEPAUTEAST YBEAUYUBAIOT.

CMecp Ha ocHOBe AatekcoB. Bo BHUMUMEBT paspaboTaHBl TaM-
IIOHA’KHEIE CMECH Ha OCHOBE MAAOKOHIIEHTPUPOBAHHBIX AQTEKCOB
(CKMC-30APK, ABXB-70, ABMII-10X u CIIC-30MKIIX) c co-
AepkaHueM 25-30 % cyxXoro BellecTBa. OTH AAQTEeKCHl KOAryAU-
PYIOT B BOAHOM PaCTBOpe XAOPHAA KaAbIlHA, 00pasys NAOTHYIO
Pe3nHONOAODOHYI0 Maccy. ManOKOHIEHTPUPOBAHHBIE AAQTEKCHI
(MKA) nepea UCIIOAB30BaHMEM CTPYKTYPUPYIOT BBEACHUEM B HHUX
0,5-1 % x macce nopomkoob6passoro KMILI npu KpyroBou nup-
Kyaanuu Aatekca. Ecam KML B Buae pacTBOpa, TO CAEAYeT BBO-
AuTh 10 % oT oObeMa AaTekca 5-7%-Horo pacTBopa KMLI.
CTpyKTypHpOBaHNUE AQTEKCOB CIOCOOCTByeT OOAee PaBHOMEPHO-
MY PacIpeAeAeHUI0 B HUX HAIlOAHUTEAEeU (OIMAKHM, KOPAHOE BO-
AOKHO, PE3MHOBAasl KPOIIKa M Ap.), ONTHMaAbHasi A0OaBKa KOTO-
puix cocraBaser 100-120 kr Ha 1 M® AaTekca.

B IPOMBICAOBEIX YCAOBUSX IPUMEHSIOT ABE TE€XHOAOIMYeCKUe
cxeMbl 3akauuBaHuga MKA B ckBakuHy. [lo mepBol aaTekc Koa-
TYAMPYIOT Ha NMOBEPXHOCTH B CIEIIMAABHOM YCTPOUCTBE, COCTOS-
1leM M3 [eHTPaAbHOU TPYyOBl, OOKOBOTO IaTPyOKa M KaMephl
CMellleHud. N\aTeKC MOAAQeTCS MO IIeHTPAABHOU TpyOe, a XAOPHA
KaAbIIMA C HAIIOAHUTEAeM - 4epe3 O0OKoBOU maTpybok. Ilpm oT-
CYTCTBUU YCTPOMCTBA MCIIOAB3YIOT TPOMHUK TaMIIOHAaXHOU AHU-
HUU. MakcuManrbHasg KOHIIEHTPAIUsS XAOPHAQ KAAbLMS B BOAHOM
pacTBope koaryamoma 3 %. MKA cMmeIlInBaiOT C pacCTBOPOM XAO-
PHAA@ Kaabllus B cooTHouleHuu 1:1 mo oOweMy. DTy cXeMy NpHU-
MEHSIOT IPHU IIOAHOW IOTepe HUPKYASAIIUU, KOTAQ IIOTAOIIAIONINN
IIAACT IIPEACTaBAE€H KPYIHBIMM KapCTaMM U TPelnHaMHU.

[To BTOpOU cXeMe AQTEeKC 3aKauMBalOT IIOPLUSMU (He MeHee
TpexX), Pa3peAeHHBIMU 3%-HBIM BOAHBIM PAcTBOPOM XAOPUAA
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Tab6 auma 3.10

CBoiicTBa cMmecH, l'IpI/II'OTOBAeHHOﬁ C UCIIOAB30BAHHUEM dAABMETBEBCKOI'O
TAMHOIIOPOIIKA

CooTnome- | MaccoBast AOAST KOMIIOHEHTOB,

HUE AaTeK- % INhot- I'ycrora | Aasae-
ca u 40%- HOCTB, no I'OCT HUe,
HOTO TAU- AATeKC TAHUHOIIO- BOAQ r/cm® 310.3-76, MIla
HHUCTOTO poOIIOK MM
pacTBopa

1:1,5 34,7 26,1 39,2 - 10 1,6
1:1 44,4 22,3 33,3 1,12 29 32
1,5:1 54,5 18,2 27,3 - 30 5

KaAbIlgd B oOBbeMe He MeHee Iopimu AaTekca. Mexay MKA u
BOAHBIM PAaCTBOPOM XAOPHAA KaAbIIMg 3aKauuBalOT OydepHYIOo
JKUAKOCTb — IIpecHYIO Boay B oOweMe 300-500 A. O6BeM opHOM
HOPIMU AaTeKca 1-2 m°,

Ans HapesxkHoUn Koaryaanum MKA mepep HUM UM IIOCAe HEro
CAeAyeT 3aKauaTh Mo 2-3 M® BOAHOTO PacTBOPa XAOPHAA KAABIIHSL.
YUToOBI 3aKpelnuTh KOAryAIOM AaTeKCa, B IIOTAOLIAIOUIWM IIAACT
3akauuBaroT BCC.

AAS BpeMEHHOU HU3O0ASIIUU 30H MOTAOIIEHUNW B TPEUIMHOBATHIX
U KaBepHO3HBIX nopopax B [lepmckom duamare BHUMUBT pa3s-
paboTtaHa cMech Ha ocHOBe AaTekca Mapku CKC-50 I'KIT u ram-
HUCTOTO pacTBopa. B Taba. 3.10 mpuBeAeHBI CBOMCTBa CMeCH, IIPU-
TOTOBAEHHOM C MCIIOAB30BaHUEM aAbMETBEBCKOT'O TAMHOIIOPOIIKA.

3.2.3. TAMITOHAJKHBIE ITACTBI

TaMmoHa’)XKHBIE TIACTHI MTPUTOTABAWBAIOT HA TAU-
HHUCTOM OCHOBe HAUW Ha OCHOBE HEOPTaHHUYeCKUX BSIKYIIUX Be-
mecTB. [lacThl Ha TAMHUCTOW OCHOBE IIPEACTaBASIOT COOOM BEHI-
COKOBSI3KHME TaMIIOHBI, KOTOphIe IIPUMEHSIOT AAS IIPOBEACHUS
TaMIOHAKHBIX PabOT MO CHMWKEHWIO WHTEHCUBHOCTH TOTAOIIe-
HUSA C TOCAepyrommM 3akaumBanmeM BCC mAM Kak CcaMOCTOS-
TEABHBIE W30AUPYIOIIVE CMECH IIPW HU3KOM HMHTEHCUBHOCTH IIO-
raouieHuss. ITacTel Ha OCHOBe HEOPraHWUYEeCKUX BSDKYIIMX Be-
IIIEeCTB SIBASIIOTCS TBEPACIOUIVMHU U CO BpeMeHeM IIpeBpalllaloTcs B
TaMIIOHa’>KHBIM KaMeHb AOCTaTOYHOM MpPOoUYHOCTU. Huske omucaHb
IacTHl, Hauboaee IINMPOKO HCIOAB3yeMble IIPU H30AAITUOHHBIX
paboTax.

Bsaskag tammoHa)kHaga mnacra (BTII) oGaapaeT MOBBINIEHHOMN
TIAACTUYECKOUW MPOYHOCTHIO, IMPUTOTABAMBAETCS C IIOMOIIBIO Iie-
MEHTHPOBOYHOTO arperara o pellenTypaM, IPUBEAEHHBIM B TaOA.
3.11.
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Tab6 auma 3.11
PekoMeHAyeMbIe pelenTyphl BI3KOI TaMIIOHAKHOM ITaCThI

Cocras, % ITokasa-| ToAmu-
IaoT- Bsa- TeAb Ha TAU-
GeHTO- A()Q/Ga(})s;{a, HOCTB, | KocThb, ¢ | SHCuw | duab- | HuCTOMH
HUAT BOAQ 0601,eMa r/cm® Ma TPaluy, | KOpKY,
pacTeopa cm’/30 MM
MUH
13* 87 CaCl,-0,5 1,08 40 6/7,5 30 4
60" 40 CaCl,-1,5 1,28 46 7.5/9 39 7
60** 40 Llement-0,5 1,28 125 6,9/6,9 44 10
*VIaA>)KeBaHCKUM OEHTOHUT.
" BUKASHCKasi KOMOBasi 'AMHA UAM aAbMETbeBCKUM TAMHOIIOPOIIOK.

lNacta npumMeHgeTCa AAT U3OAAIUU MEAKUX IIOTAOIIAIOIINX
KaHaAOB, OIIEHKM IOTAOIIAIOIEN CIOCOOHOCTH CKBA’KUHBI U BHI-
Oopa IOCAEAYIOIEero HaIpPaBAEHUSI BEACHUS W3OASIIMOHHEBEIX pa-
00T, a TaK)Ke AAS ONIPEeAEAeHUs BO3MOKHOCTU Iepexopa Ha IIpo-
MBIBKY CKBa’KUH T'AWHUCTHIM PAacCTBOPOM.

I'mmanoramaucras macta (ITII) moaydaercs cMellleHWEM TAU-
HUCTOTO PAacTBOpPa, HPUTOTOBAeHHOro Ha 15-20%-HOM pacTBOpe
XAOPUAA KaAbIlMs, C pacTBopoM runaHa 8-10%-HOM KOHIeHTpa-
nuu. B pacTBOp A0OABAFIOT HAIOAHUTEAB U3 pacueTa 20-30 kr Ha
1 v pactBopa. Ha 6GypoBOM CMeCh NMPHUIOTABAMBAIOT ABYMs Ie-
MEHTUPOBOUHBIMH arperataMu. B eMKOCTM OAHOTO TOTOBSIT MHUHe-
PaAM30BaHHBEIN OypOBOU PAcTBOP C HAIIOAHUTEAEM, @ B €MKOCThb
APYTOTO 3aAMBAIOT TullaH. AByMsI arperaTaMud OAHOBpPEMEHHO 3a-
KauMBAaIOT PaBHBIE 0O0BEMBI KOMIIOHEHTOB CMECH B CKBa’KMHY dYe-
pe3 TpouHUK. CMecCh IIPOAABAMBAIOT B 30HY IIOTAOIIEHUS IIPU
3aKpLITOM IIPEBEHTOpE: IPU 3TOM B CTBOAE OCTaBASIIOT CTOAO
cMecH, NPEeBHIMIAoNINY MOITHOCTE IIAaCTa He MeHee ueM Ha 10 M.
Ha 4-6 m® rumanma pacxoayercss 5-6 M® GypoBOro pacTBOpa u
100-150 xr mamoaHuTeAs. TepMocTouKoCcTh cMecu A0 180 °C.

INoanakpuramupranuauctras nacra (IITTI) oGpasyeTcs cmerie-
HueM 1%-HOTO pacTBOpa MOAWAKPUAAMUAA C MHUHEPAaAM30BaHHLIM
TAMHUCTBIM PacTBOPOM B cooTHolleHum 1:3. BA3KOCTb TAMHUCTO-
ro pacTBopa AOAKHA OBITH He 6oaee 45 ¢ mo I1B-5. KoMIoHeHTHI
CMeCH C NOMOIIbIO0 ABYX LIA MopalOT B TPOMHHUK, & 3aTeM II0 KO-
AOHHe OYPUABHBIX TPYO HArHeTaIOT B 30HY IIOTAOLIEHUS.

CoasgpouementHas macra (IITL) moaywaeTcsi cmelrreHueM B
TPOMHUKE-CMEeCUTEAE IIeMEHTHOTO PacTBOpPa Ha BOAHOM OCHOBE
IAOTHOCTBIO 1,8 r/cM® ¢ COAIPOIIeMEHTHBIM PacTBOPOM IIAOTHOC-
IO 1,2-1,45 /cM’. Tlpu cMeleHnn yKa3aHHBIX PAacTBOPOB B CO-
oTtHouteHuu 0,6:1,3 mOAydYalOT MAcTBl C MAACTUYECKOM IIPOYHOC-
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Ti0 1,8-2 kIla, a B coorHomenuu 0,5:0,9 mracTmyeckas HpoY-
HOCTb pocTuraeT S Klla. Cpoku CXBaTBIBAHUS CMECU PeryAupyioT
AO0aBKaMM XAOpUAA KaabIus. COOTHOLIEHHe OOBEMOB HCXOA-
HBIX PACTBOPOB KOHTPOAMPYIOT 10 UX OAHOBPEMEHHOMY PAaCXOAY.

LementHo-rAmHNCTYI0 macty ([ITLT) mOpuroraBAMBalOT CMe-
IIIeHUEeM B TPOMHUKe-CMeCHUTeAe IIeMeHTHOIO PacTBOpa Ha BOA-
HOM OCHOBE C COASPOTAMHUCTBEIM pacTBopoM. [IrOTHOCTEL Ife-
MeHTHOTO pacTBopa 1,84 r/cM®, a pactekaemocTtb 18-20 cwm;
IIAOTHOCTH COASPOTAMHMCTOrO pacTBopa 1,24-1,26 r/cm®. Cpoku
cxBaTeiBauua [ITLII peryaupyiorcsa aAO0OaBA€HHEM YCKOPUTEAeM
cxXBaTbIBaHUs (TabA. 3.12).

HavanpHass mAacTHYECKasi HTPOYHOCTH TaMIIOHA>*KHOW IaCThI
3aBUCHUT OT COOTHOIIEHHs OOBLEeMOB IIepeMelIMBaeMBIX PacTBO-
POB U IIAOTHOCTH COASIPOTAMHHCTOIO PAacTBOpa. YBeAUueHHe
KaK COAep’KaHUs OypoBOTO pacTBOPA@, TaK U ero IAOTHOCTU IIPU-
BOAUT K IIOBBIIIEHUIO IAACTUYECKOW MPOYHOCTHU. XOpollas Ipo-
KaQuMBaeMOCTb IO OYypUABHEIM TpyOaM U BBICOKasg 3(deKTus-
HOCTH IIPY TaMIIOHUPOBAHWU 30H WHTEHCUBHBIX IIOTAOIEHUN OT-
MEYaloTCsA ¥ IMAacT C HAYaAbHOM INAACTUYECKOM IIPOYHOCTHIO 1,8-
2,5 kI 1a.

I'AnHOIlEMEeHTHass TIacTa C CEePHOKMCABIM TANHO3€MOM IIpeA-
CTaBAgeT cOOOM HepacTeKaeMylo MacCy, KOTopas NpU MepeMelln-
BaHUM IIpHoOpeTaeT mAacTUdecKyro npoyHocTs 0,8-8,3 klla. [To-
CAe TpeKpalleH!s IIepeMeNIMBaHUus ITPOUCXOAUT WHTEHCUBHBIN
POCT HPOYHOCTU CTPYKTYPHI. CMeCch PEeKOMEHAYEeTCS HCIIOAL30-
BaTh NpH Horaomenuu cebimre 20-30 M°/4. [Ipu GOAbIIENH WHTEH-
CHUBHOCTHU IIOTAOIIEHUSI PEKOMeHAyeTCs IepPUOAMYECKU IIpeKpa-
IIaTh 3aKaYWBaHUe NIPOAABOUHOM KUAKOCTU Ha 10-15 MmH mocae
Hayahaa IIOCTYIAEHUSI CMECH B IIAACT.

AO Hayana omepanuy IleMeHT M TAWHOIIOPOIIOK 3aTapUBaloOT
pPaBHOMEPHO B OYyHKep ILEMEeHTHO-CMECUTEeABHOM MaAIIUHEL, a
CEPHOKUCABIN TAMHO3eM pPAacTBOPSIOT B BOAE 3aTBOPEHUs, KOH-

Tab autma 3.12

3aBUCHMMOCTb CPOKOB cxBarbiBaHus ITTIT
ot copepykanus CaCl,

Coaepskanue CpoOKu CXBaTHIBaHUS, Y-MUH
CaCl,, % (ot mac-
Chi meMenTa) HaYan0 KOHeI]
- 5-20 8-30
3 3-40 5-20
5 2-30 3-20
7 2-00 3-10
10 1-30 3-00
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PenenTypsl nacr

Tab6 auma 3.13

AobaBka Ha 100 r memeHTa TIracTuue- CKOpOCTh
cKasi mpoY- | BOCCTaHO- | [IpOYHOCTH
Benro- | CEPHO- | Boaa [TAroT- | HOCTB Yepes BAGHUST Ha CXKaTue
mur, v | KACABIL | /ey HOCTB, 60 MuH | CTPYKTYpHI, | uepes 1 cyT,
TAWHO- r/cM® | mepememm- | kIla/Mun MTIla
3eM, r Bauus, K[la
20 3 75 1,76 3.8 0,35 2
30 3 90 1,67 2,2 0,27 3
40 3 105 1,65 1,4 0,18 23
50 3 120 1,68 1,6 0,22 1,4
20 6 85 1,7 1,8 0,15 2.1
30 6 95 1,67 4,8 0,14 2,5
40 6 110 1,64 6,3 0,7 1,4
50 6 125 1,62 3,6 0,11 1,7

LIEHTPALIMI0 KOTOPOr0 KOHTPOAMPYIOT IO IIAOTHOCTU PacTBOpa.
ITocae 3aTBOpPEeHMA TAMIIOHAXKHYIO MACTy 3aKaUYUBAIOT B 30HY IO-
TAOIIEHUsI HEIIOCPEACTBEHHO II0 CTBOAY CKBa)XUHEL PeKoMeHAy-
eTCs IIPUMEHSTh 3TU HacThl A0 rAyouH 2000 M.

PenenTypsl IIacT U COOTBETCTBYIOIIWE UM CBOWCTBA IIPUBEAe-
HBHI B Taba. 3.13.

T'AuHOIeMEeHTHas racra ¢ moAnakpuramMupom (FLITITIAA) mpea-
CTaBAseT COOOM BEICOKOCTPYKTYPUPOBAHHYIO TAMIIOHAKHYIO CMECh
OAOTHOCTEIO 1,33-1,4 r/CcM® ¥ BEICOKOM IIAACTUYECKOM IPOYHOCTEIO.
CMechb IIOAYYalOT HENOCPEACTBEHHO B CKBa’KMHe IIPU OAHOBpe-
MeHHOH IIoAaue B COOTHOIIeHUM 1:1 IleMeHTHOro pacTBopa HAOT-
HOCTEIO 1,5 I/cM?, 3aTBOPEeHHOro Ha BOAHOM PAacTBOPE MOAHMAKPHA-
amupa KouneHtpanuel 0,25-0,3 %, U TAMHHCTOTO pacTBOpa Bsi3-
KOCTBIO 45 ¢ 1o TIB-5. 1leMeHTHBIN PacTBOP NOAAETCA B OyPUAB-
HBIe TPYOBI, @ TAMHUCTBIA PAaCcTBOP — B 3aTPyOHOE IIPOCTPAHCTBO.

MeraconemenTHyo macty (MIITI) moAy4aioT BBOAOM BOAHO-
IeAouHoro pacrteopa 10-15 % MeTaca B IIeMeHTHYIO CYCIEH3UIO,
IIPUTOTOBAEHHYIO Ha BOAHOM PacTBOpe XAOpHAa Kaablud. CocTas
1 CBOMCTBA METACOIIeMEeHTHBIX IIaCT CAEAYIOIINE.

MaccoBast 4aCTh KOMIIOHEHTa Ha
100 MaccoOBBIX YacTeM IleMeHTa:

METAC .ueeuveeireeriresreenieesreenieesnesnseenes 0,4 0,25 0,5 0,75

XAOPHUA, KAABIUL ..cvevvenennene. 5 5 10 10
BoaolieMeHTHOe OTHOIIEHHE......... 0,5 0,45 0,4 0,4
I'ycrora mo 'OCT 310.3-76, MM.... 33 6 9 12
CpoKu CXBAaTLIBaHUS, Y—MUH:

HAYANAO . c.vvevververirereesiesineienseseessensesses 2-50 3-00 2-50 1-20

KOHETTevvvevenrenistenieneenesnenesesieneeneenes 4-05 6-10 3-50 3-20

Ilpu pacTekaeMOCTH LEMEHTHOrO pacTBopa Ooaee 19 cm 1o
konycy A3HHMU B cMeCch cAaepyeT BBOAUTE 2 9% TAMHOIIOPOIIKA (OT
MAacChbl CyXOro IleMeHTa) WAM HallOAHUTeAd. [IpuroraBAMBaIOT
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MLIIT caepyromum obOpa3oM. B eMmkocTe LA HaAuWBaIOT BOAY H
PacTBOPSIOT B HeM KaABIIMHUPOBAHHYIO COAY, IIOCAe Yero TyAd
3aCHIMAIOT MeTac U PACTBOPSAIOT €ro IOCPEACTBOM KpPYTrOBOM
UUPKYASILIUY, IEPUOANYECKN u3Mepss BI3KOCTh BOAHO-IIEAOU-
HOro pacTtBopa. [To AOCTH)KeHUM HeOOXOAUMOM BSA3KOCTHU IIMPKY-
AMIWIO TIpeKpaliaroT. LleMeHTHBIM pacTBOP NPUTOTAaBAMBAIOT Ha
BOAHOM pacTBOpPE XAOPHUAA KAABIUSA C IMOMOIIBIO BTOPOTO IeMeH-
TUPOBOYHOTO arperaTta M 3aKauMBalOT €ro0 B OypUABHBEIE TPYOBI
OAHOBPEMEHHO C IITeAOYHBIM PacTBOPOM MeTaca.

I'mnconementHas macra (TLIIT) oGpasyeTcss cMmellieHUEeM Iie-
MEHTHOI'O pPacTBOPa, IPUTOTOBAEHHOTO Ha BOAHOM pacTBOpe
XAOPUAAQ KaAbIIMd, C IIEMEHTHBIM PacTBOPOM, COAEP KalllUM pac-
TBOp rumaHa 10%-HOI KOHIIEHTpALUM, IIPU CAEAYIOIMIEM COOTHO-
IIeHUM KOMIIOHEHTOB (MaccoBas 4YacTh): IOpTAaHaleMeHT 100,
rumnad 0,7-1, xAopupa Kaabiiug 3-5, Bopa 50-60. Huske mpuBeaeHBI
coctaB u cBoucTBa ['LITT.

MaccoBas 4acThb KOMIIOHEHTa Ha
100 MacCOBBIX YacTel IeMeHTa:

runaH (10%-HBIM pacTBOP)...... 09 1 1 1

XAOPHUA, KAABIMS. c..cvvvinrnne .. 35 3,5 3,5 5
BopoiieMeHTHOE OTHOIIIEHHE...... 0,5 0,6 0,6 0,6
IThacTuyeckas npouHocTs, KI[la 4,5 2,5 4 2,2
Cpoxku 3arycreBaHUs, Y-MHH...... 0-40 1-20 1-00 0-40

CpOKI/I CXBaTbIBaHUY, Y—-MUWUH:
2-35 3-30 2-50 2-45
3-45 4-45 4-20 3-45

ChAepyeT YUUTBHIBATh, UYTO IPU BBEAECHUH T'HIIaHa B IIEMEHTHHIN
pacTBOp, copepyKaliuil boree 2 % XAOPHUAA KaAbIIMS, MOTYT BO3-
HUKHYTb 3aTPyAHEHUs U3-3a 0Opa30BaHUSA B PACTBOPE OTAEABHBIX
IIOAMMEPHBIX CI'YCTKOB.

INoanakpuramupnemMeHTHyI0 macty ([TAAIIIT) moaywaroT cme-
IIeHWeM I[eMEeHTHON CYyCIIeH3UM, HIPUTOTOBAEHHOM Ha BOAHOM
pacTBOpe MOAMAKPUAAMUAQ, C IIEMEHTHOU CyCIeH3Hell Ha OCHOBEe
BOAHOI'O PAcTBOpPa XAOPHAA KaAbLMS IIPU CAEAYIOIIEM COOTHO-
IIeHUN KOMIIOHEHTOB (MaccoBas YacCThb): ITopTAaHAllemMeHT 100,
ITAA (ocuoBHoe BeliecTBO) 0,14-0,2, XAOpPUA Karbliug 3,5-5, Boaa
55-60. CoctaB u cBotictBa [TAALIIT ¢ copepkanuem TTAA 0,1-
0,15 % oT Macchl I[leMeHTa IPUBEAEHBI HUXKE.

MaccoBasi yacTb KOMIIOHEeHTa Ha
100 MaccOBBIX YacTeH IleMeHTa:
OEHTOHHUT ..ovvenvervrerierieaireieniens - 1

XAOPUA KAABIU ............... 3,5 5
BoaoileMeHTHOEe OTHOIIEHUE ......... 0,55 0,6
T'ycrora mo TOCT 310.3-76, MM.... 8 12
TThacTmyeckas TpoYHOCTH, Klla.... 1,8 29
CpoKH 3aryCcTeBaHUsl, Y-MHH.......... 2-55 1-00
CpoKM CXBaTHIBaHUS, Y-MUH:

. 3-30 5-00
2-30 6-55
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IToanakpunramupieMeHTHyI0 nacty (CLITTAAITIT) mpurotaBAn-
BAlOT CMeIleHWeM LeMeHTHOU CYCIEeH3UH, IPUTOTOBACHHOM Ha
BOAHOM PAaCTBOpEe IIOAMAKPUAAMMAQ, C IIeMEeHTHOU CyCIIeH3Mel Ha
OCHOBE BOAHOTO PACTBOPA XAOPUCTOTO KAABLWA IIPU CAEAYIOLIEM
COOTHOIIIEHUM KOMIIOHEHTOB (MacCOBasi 4acCThb): HMOPTAAHAIIEMEHT
100, TTAA (ocuoBHOe BetiecTBO) 0,05-0,2, copa KaABIIMHUPOBAH-
"aga 0,012-0,05, xropup Kareiua 3,5-5, Bopa 45-50.

Hwke npusepennl coctaB u cBorictBa I'LITTAAIITT ¢ coaepka-
aueM 0,15 % TTAA u 0,04 % COABEL.

Copepxanue CaCl, Ha 100 MaccoBBIX

YACTEU IIEMEHTA, % cvevvververreerearvervenseeeennes 3,5 3.5 4
BoaponieMeHTHOE OTHOIIEHHE....... 0,5 0,45 0,45
I'ycrora mo 'OCT 310.3-98, MMm. 33 36 34
TIracTmyeckasi TpOYHOCTD, KIla.. 3 4 35

CpOKHU 3aryCTeBaHUs, Y—MUH ..........c.... 1-40 1-30 1-30
CPpoKu CXBaTBIBaHUS, Y—MUH:

2-55  2-40 2-10
4-40 4-00 3-30

COAOBBIMT KOMIIOHEHT IIOBHIIIAET aKTUBHOCTBH [TAA m 3aKkymno-
puBaroIIe CBOMCTBA MAaCTHl. [Iprn HEOOXOAMMOCTH B IIaCTHI
TMAALITT u TLITTAALITT MO>XKHO A0GaBASITH A0 1-2 % HAIIOAHUTEAS.

Marse3uanrbHYIO MOAMaKpPUAAMHUAILIEMEHTHYIO nacry
(MITAAIIII) moAy4atOT BIPLICKMBaHUEM pacTBopa [TAA2,5-3%-Ho
KOHIIEHTPAllMd B MarHe3MaAbHO-I[eMEHTHYIO CYCIIEH3UIO, IIPUTo-
TOBAEHHYIO Ha PacTBOPE XAOPHAA KAABIUS, IPU CAEAYIOIIEM CO-
OTHOUIEHUYW KOMIIOHEHTOB (MacCOBasi YacCThb): IIOPTAAHAIIEMEHT
100, xayctuueckutt martesut 5-10, I[TAA 0,15-0,2, xropup Kaab-
nus 3-5-5, Bopa 45-50.

CaotictBa MITAALIIT ¢ copepskanuem TTAA 0,15 %, MarHesuta
10 % u BoAEI 50 % NpHUBEAEHEI HUKE (IAOTHOCTL 1,82 r/cmr’).

Copepxanne CaCl, nHa 100 MaccoBBIX

YACTEM IIEMEHTA, % .eevvveeveeirreireeireeirveanneas 4 5
I'ycrora mo T'OCT 310.3-76, MM........... 37 36
[MhacTudeckad MpPOYHOCTH, Klla............ 59 54

CpoKu cXBaTBIBaHUS, Y—MUH:
1-50  0-45
2-25 2-10

MITAALIIT pekOMeHBAYeTCS TPUMEHATb AT U30AAIUU 30H IO-
TAOIIIEHUM B HAACOAEBBIX TPEITUHOBATHIX KOAAEKTOPAX.

['MmaHOLlEMEeHTHBIE U IIOAMaKpHUAAMUAIIEMEHTHEIE IacTBl yC-
MeITHO MpUMeHsoTcs B "TlepMHedTH" AAST M30ASIIUK 30H ITOTAO-

IeHUY B IelepUCTO-TPELIMHOBATHIX 3aKapCTOBAHHEIX KOAAEK-
TOpax.



3.3. CIIOCOBBI I TEXHUYECKUE
CPEACTBA AASL BOPHBBI
C IIOTAOIIEHUAMMU

3.3.1. N30AALUA ITPOHUITAEMBIX
IIAACTOB BBICTPOCXBATBIBAIOIINMUCH
CMECSAMMU C TPAHCITOPTUPOBKOM

NX KOMITIOHEHTOB B 30HY ITIOI'AOLIEHUA

N3-3a BAUGHUS MHOI'OYHMCAEHHBIX (PAaKTOPOB
AWUKBHAAQUMS TOTAOIIeHUN OYPOBBIX PAcTBOPOB CBA3aHa CO 3Ha-
YUTEABHBIM YUCAOM HEYAQUHBIX 3aAUBOK M COOTBETCTBEHHO C
OOABIINMHU 3aTPaTaMM CPEACTB U BPeMeHHU H3-3a HeOOXOAMMOCTU
TPAaHCIOPTUPOBKMU CMeCel K 30He TOTAOIIEeHMS, TOTAQ KakK CBOM-
CTBa CMeCHU B IIpollecce ABMI)KEHUS II0 TpyOaM HM3MeHSIOTCS.

AAS cOXpaHeHMs TaMIIOHMPYIOUIMX CBOMCTB cMecel pa3pabo-
TaH CIOCOO HM30A4IIMU C BBOAOM B TaMIIOHaXHble CMeCH HaIlOA-
HUTEeAEN, NOAMMEPHBIX MaTepPHAAOB HAU YCKOPUTEAEH CPOKOB
CXBATBIBAHUS HEIIOCPEACTBEHHO Y 30HBI IIOTAOIIEHUS.

CywmHOCTE crmocoba 3aKAI0YaeTCd B TPAHCIOPTUPOBKE HAIOA-
HUTEeAeU, OTBEPAUTEAEU VAU YCKOPUTEAEH CPOKOB CXBATHIBAHUSA B
COCypaX (IMOAMITUAEHOBBIX, PE3WHOBBIX, XAOPBUHUAOBHIX M T.A.)
COBMECTHO C TaMIIOHa>XHOIM CMeChlO uUepe3 CIyIIeHHBle B CKBa-
KMHY OypUABHEBEIEe TPYOHI. [Ipu BhIXOAE M3 OYPUABHEIX TPyO 060-
AOUKa COCYAOB paspyllaeTcd C IMOMOINbIO HOXeM, W B TaMIO-
Ha’KHYIO CMECh BBOAATCSH AONOAHUTEABHBIE KOMIIOHEHTEI, IIpUYeM
COCYABI, pa3pe3aHHble HOXKAMM, CaMU SIBASIOTCS HAIlOAHUTEASIMHU
U YBEAMUYUBAIOT 3(PEKTUBHOCTb U3OAAIINU.

V3BeCTHEI CAEAYIONIe CIIOCOOBI M30AMIIMU C IIPUTOTOBAEHHEM
BCC y 30HBI TOTAOIIEHUA.

1. ITocrepOBaTeABHOE HarHeTaHHE B CKBa’KUHY COCTABASIOININAX
koMmnoHeHTOB BCC 1o KOoAOHHe OypUABHBIX TPyO (puc. 3.5). He-
AOCTAaTKOM cIocoba sBAsIeTCSI HepaBHOMEpHOe IlepeMellnBaHue
IIeMEeHTHOT'0 PacTBOpa C YCKOPUTEAeM CXBaThIBaHHWS, 4acTb OOpa-
3yIOIeNcs cMecH pa30aBAgeTCs BOAOHU.

2. INapaareabHast AOCTaBKa COCTABASIOMUX KOoMIOHeHTOB BCC
II0 ABYM KOAOHHaM OYPUABHBEIX TPyO (puc. 3.6, cxemnl I, III, IV,
V). BBUAY CAOKHOM TEXHUKU M TEXHOAOTUHU IIeMEHTUPOBAHUA 3THU
CHOCOOB! He IOAYYHAU NIPUMeHEeHUs.

3. AocTaBKa B 30HY IIOTAOIIEHUSI YCKOPHUTEAeM CPOKOB CXBa-
TEIBQHUS TAMIIOHA’)KHBIX CMeCel B CIelNHaAbHBIX YCTPONCTBaX
(puc. 3.6, cxemnr VI, VII, VIII, IX). [pOMO3AKOCTE YCTPOWCTB U
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Puc. 3.5. CxemMa pa3pAeABHOW TPAaHCHOPTHPOBKUA KOMIIO-
HeHTOB BCC A0 moraoijamouero mnaacra 1o oAHON KOAOHHe
OyPHUABHBIX TPYO:

1 — BOpOHKa; 2 — OypuUABHBIE TPYOBI; 3 — CTBOA CKBa’kKU-
HBI; 4 — IIOAMSTUAEHOBBIE COCYABI C YCKOpHUTEAeM; 5 —
TaMIIOHa’KHasI CMecCh; 6 — IaKep C HOJKaMU
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Puc. 3.6. CxeMbI C1IOCOOG0B HM30ASIIUM MOrAomamwmux miacros bCC ¢ BBoOAOM ycC-
KOpHUTeAel CPOKOB CXBAThIBAHUS Y 30HBI Moraomenusi. ITocaepoBaTerbHOE HarHe-
TaHUe B CKBa)KUHY COCTaBASIONIUX KoMIoHeHTOB BCC:

I-V - nmapanreabHas AOCTaBKa COCTaBASIOIIMX KoMHIoHeHTOB BCC A0 30HBI IIO-
TAOIEHUS IO ABYM KOAOHHaM Tpy0: I — OypuabHas TpyOa; 2 — CTBOA CKBAa’KUHEL,
3 - IleMeHTHBII pacTBOpP; 4 - BOAQ; 5 — YCKOpDUTeAb; 6 — mepdopHUpoBaHHEIE
TPyOKHY; 7 — PE3WHOBLIM YIAOTHUTEAL;, § — Kopuyc cMmecureas; 9 — cepro; 10 -
wrudT; 11 - MaHXeTa; 12 - KOXyX; 13 — nakep; 14 - BHyTpeHHss TpyOa; VI- IX
- YCTPOWCTBa AASI AOCT@BKU YCKOPHUTEASI CPOKOB CXBaTLIBAHMSI TaMIIOHa>*XKHOI'O
pacTBopa AO 30HBI IOTAOIIEHUS: | — TEepPeBOAHUWK; 2 — BHYTPeHHSS TpyOa;
3 - ropuyc; 4 - peTryAUpPOBOYHOE KOABIIO; 5 — IPOOKQE; 6 — KOHYC; 7 — KyAQUoK; &
- BTYAKQ; 9 — UH)XEKTOPHBIM Ao3aTop; 10 - mmuAbKa; 11 - map; 12 - Opy’>kKuHa;
13 - cetka; 14 - wtudrt; 15 - po3upoBoUHas 1anba; 16 — mawxkera; [7 - 1u-
AMHAD; 18 - KOXyX; X — YCTPOWCTBO AAS OCBOOOJKAEHUSI YCKOPHTeAel CPOKOB
CXBaTbIBaHWA M3 IIOAMI3THUAEHOBBIX COCYAOB, TpchnopTpreMHX COBMECTHO C
TaMIIOHa’)KHOM CMechio: | — Kopmyc; 2 — ymop; 3 — KOXyX; 4 — OTBepCTus; 5 —
MamKeTsl; 6, 9 — mtudT; 7 — map; 8 — cepro; 10 — npysRuHbl; 11 — HOXY; 12 — ma-
3Bl
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OMAaCHOCTL IIPHUXBaTa HEe IMO3BOAMAU IIIUPOKO BHEAPUTH HUX AAI
U30ASIIIUYN 30H IIOTAOIIEHUH.

IMpeumytiectso pa3dpadboranHoro B TaTHUITMHed T crnocoba -
BO3MOJKHOCTh Pa3AeAbHOMN TPAHCIOPTHUPOBKU IIO OAHOU KOAOHHE
OYPHUABHBIX TPYO AO IOTAOLIAIONIETO IIAACTa CPa3y HEeCKOABKUX
koMnoHeHTOB BCC. OTO 0COOEHHO Ba’kKHO IPU HCIOAB30BAaHUU
TaMIIOHa’)KHBLIX CMecel M3 MOAMMEpPHBIX MaTepHaAOB, TaK Kak B
COCYABl MOJKHO IIOOYepPeAHO AOOABAITH CMOAY, IAACTH(MUKATOP,
OTBEPAUTEAb U APyTHe HANOAHUTEAU. TaKoM CIOoCcOO IIO3BOAUT
IIPOBOAUTEH M30AAIIMOHHEIE PAabOTHl 0€e3 IIpUMeHeHUs IeMeHTHPO-
BOYHBIX arperaToB (KUCIOAB3ySl OypOBBEIE HACOCHI), UYTO OUYEHb
Ba’XHO B YCAOBHUAX OypeHHUd.

Ilpm wucmoab3oBaHUM 3TOTO cHmocoba B oObepuHeHMU Tart-
He(Th OOOAOUKHU AN TPAHCHOPTUPOBKU KoMmmoHeHTOB BCC ObI-
AW U3TOTOBAEHBI M3 MOAMATHUAEHOBOM NAEHKU TOAIIUHON 0,2 MM
u pauHol 60 cM. [uprHa 060A0YEK TTPUHUMAAACh TaKOM, YTOOBI
IIOCAE 3allOAHEHUSd YCKOPUTEAEM ee AuaMeTp OBIA Ha 2 CM MeHb-
Ille BHYTPEHHEro AuaMeTpa OYPUABHEBEIX TPYO.

AAST yAYUIlIeHUsI TTepeMellnBaHus TaMIIOHa*KHONW CMeCH C YCKO-
pUTeAeM U IIPeAOTBpAIleHUs MONaAAHUS ee 3a KOAOHHY OYpPHAb-
HBIX TPyO pa3paboTaHO cIeluarbHOe YCTPOUCTBO (puc. 3.6, cxe-
Ma X). [Tpu U30AGIMOHHBIX pab0Tax ero CIIyCKaloT B CKB&XKUHY Ha
OYPHUABHBIX TPyOaxX W YCTAHABAUBAIOT HaA KPOBAEM 30HBI IIOTAO-
meHusA. B OypuabHBIe TPYyOBI OpocaroT map 7, KOTOPBIM CAAUTCSA
Ha cepno 8. HarneTaHueM >KMAKOCTU CO3AQIOT IIepenap AABAEHUS,
IIePEeAQIOIINNCS Yepe3 papharbHBIe OTBepcTUsa 4 B pabouyro Ka-
Mepy nakepa. LITudTel 6 cpe3aroTcs, U KOXyX 3 Iakepa, IMOA-
HUMAasCh BBEPX AO yIiopa 2, OCBOOOJKAAET YIAOTHUTEABHBIE MaH-
>KeTBl 5, KOTOpBle ITePeKPHIBAIOT 3aTPyOHOE MPOCTPAHCTBO.

JAAABHEUIINM TOBHIIIIEHUEM AABACHHA B OYyPHABHBIX TpyOax
cpesaroTcd WTUMTEL 9 1 0CBOOOKAAETCS BHYTPEHHUU KaHAA yCT-
poMCTBa.

CocCyABI C HAallOAHUTEAEM, IPOXOAS depe3 YCTPOMCTBO, paspe-
3aI0TCsl HOXKaMu [, NOABEIIeHHBIMU IIapHUPHO B Iazax 12 u
BBIABUHYTHIMH BHYTPb KOpPHIyCa C IOMOIILIO IAACTUHYATHIX MIPY-
xuH 10. CnuparbpHBle KaHAaBKM BHYTPHU KopIryca [ CO3AQIOT Bpa-
IfaTeAbHOe ABMJKEHHE IIOTOKY M COCYA@M, CIIOCOOCTBYS AydYIIeMY
IlepeMelInBaHNIO0 YCKOPUTEAS C TaMIIOHa)KHOM CMeChIo.

HanGoabnmuil nHTEpeC IPEACTABASIOT IIeMeHTHO-IIOANMEpPHBIN
pactBop (LITTP) ¢ aAoOaBAeHUEM OTBEPAUTEAS, ITeMeHTHBIM pac-
TBOP C AOO@BAEHHEM JKHUAKOTO CTeKAA HWAM AaTekca. LleMeHTHO-
IIOAMMEPHEIM PAaCTBOP AO BBEAEHUS OTBEPAUTEAS IPUTOTABAMBAIOT
U3 CAEAYIOIIUX KOMIIOHEHTOB: HeMeHTa, CMOABl TCA-9, BoOaAHIL
dopMaruHa.
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IlepcrieKTUBHOM TaMIIOHAXHOU CMECBIO AAS IIPUMEHEHUS I10
IIpepraraeMoi TEXHOAOTHM U3OASIUU SIBASETCS IJeMeHTHBINM pac-
TBOp € copepkanueM 10 % CaCl, ¢ pobaBAeHHEM y 30HBI IIO-
TAOIIeHUS AATEKCa.

[Tpu poOGaBAeHUM AaTeKCa B IIEMEHTHBIM MAM TAWHUCTHIA pac-
TBOP OH MIHOBEHHO IIPEBPAIAETCAd B PE3UHOIOAOOHYIO Maccy.
Ycnenrnsle UCOBITAHUSA CIOCOOA C Pa3peAbHOM TPAHCIOPTUPOB-
KoM koMnoHeHTOB BCC ObIAU NPOBEAEHBI Ha MHOTUX CKBa’kKMHaxX
obbepnHeHUsT TaTHeTh.

3.3.2. U30AALNA ITOTAOIIAIOIIINX
T'OPN30OHTOB C ITOAHBIM BBITECHEHMNEM
TAMITOHAJKHOWM CMECHU B ITAACT

B TatHUITWHedTu paspaboTaH cmocob UM30AS-
UM TOTAOWIAIONIUX TOPU3OHTOB C IIOAHBIM BBITECHEHUEM TaM-
IIOHA’)KHOW CMeCH M3 CKBAXUHBI B IAACT. CyIIHOCTbH 3TOTO CIIO-
co0a 3aKAI0YaeTCd B CAepyIolleM. TaMIOHa)KHYIO CMeCh 3aKauu-
BAIOT B CKBAKMHY 4epe3 OypUABHBIE TPYOBI, CHaO’KeHHBIE IIaKe-
poM, a 3aTeM IIOAHOCTBIO IPOAABAMBAIOT B IOTAOIIAIONIUN TOPU-
30HT BBICOKOBSI3KOM >KUAKOCTBIO IIAOTHOCTBIO, OIIPEAeAsIeMOM U3
pacueTa AOCTU KEHUSI PaBHOBeCUSI B CHUCTeMe CKBa’KMHa — IIAACT.
OTO A@BAEHHE MOJKHO OIIPEAEANTH, HAlpUMep, IO pe3yAbTaTaM
HCCAEAOBAHUS MOTAOIIAIONIETO TOPU30HTA CYIIECTBYIOIIUMU CIIO-
cobamu. AAS TPOAABAMBAHUS MOJKHO HCIOAB30BATH HMEIOIINUCS
Ha OypoBOM TAMHUCTBIY PacTBOP, KOTOPBIM HEOOXOAWMO YTsiKe-
AUTB AO TpeOyeMOM NAOTHOCTH M, €CAU HeOOXOAUMO, IOBBICUTH
ero B43KOCTb IIyTEM BBOAA XUMUYECKHX peareHTOB WAU
TAUHEL.

ITocre 3aKaukym TaMIIOHA’KHOU CMeCH B IIAACT OypHABHBIE
TPYOBL U IIaKeP OCTAaBAAIOT B CKBa)KUHe Ha BpeMsa O3L] (ecau HeT
30H OOBaAOB BHIIIle YCTAHOBKM IlakKepa), a 3aTeM IIyTeM oIlpec-
COBKH 3TOTO TOPM30HTA IIPOBEPSIOT KadyeCTBO HW30ASAITUOHHBIX
paboT. EcAm u3oAdAIusa mAacTa He AOCTUTHYTQ, OCYIIECTBASIOT
IIOBTOPHYIO 3aKayKy U IIPOAABAMBAHME TaMIIOHAXHOU CMeCH B
IIAQCT ONMCAHHBIM BHIIIE CIOCOOOM. OTH OIepaluy MOJKHO IO-
BTOPATH AO IIOAHOM U3OAAIUU IAacTa. [Ipu u3oadnuu 30H 0O-
TAOIIEHUS IO TPEANOKEHHONW TEXHOAOTUM KOAMYECTBO IleMeHTa U
YUCAO OoIepaluii OBIAU MeHBITUMU.
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3.3.3. U30AALIMA 30H IIOTAOIIEHU A
C TIOMOIIIBIO ITEPEKPBIBAIOIIUX
YCTPONCTB

B 1965 r. 3TOT MeTOA M3O0ASIIUUN 30H IIOTAOIIEHMUSI
pyu OypeHuUU CKBa’KHH CTaA IIMPOKO IPUMEHSTHCS B paroHax
3anapHoro Texaca m CxkaaucTeix rop. CreluarbHOe yCTPONCTBO
IIPUMEHSIOT AASl IIEPEKPBITUS U IIeMeHTUPOBAHUS KaBepH U Tpe-
IMHOBATHIX ITOPOoA. KOHCTPYKIIUSA ero o4eHb IIPOCTA, U CHYCK B
CKBa)KUHY HeCAOXeH. ITocae 1jeMeHTHMpPOBAHUA AEeTaAW, BBIIIOA-
HeHHBIE U3 AAIOMHUHUS, AETKO Pa3O0ypUBAIOTCSA BMeECTe C IJeMEHT-
HOU HPOOKOM. YCTPOMCTBO COCTOUT M3 AAIOMUHUEBOIO CEPAEY-
HUKa CO CTabMAM3aTOPOM, HEMWAOHOBOT'O MeIllKa, HaAeTOro Ha
CEepPAEYHUK M 3aKpellAeHHOTO Ha HeM, U IIapOBOIO 3alOPHOTO
KAAIlaHa. YCTPOUCTBO CIYCKAIOT B CKBAKMHY U YCTAHABAMBAIOT B
30He 1oraomieHusa. OOBIUYHBIM pacTBOp HOPTAAHALleMeHTa O0e3
AO0ABOK HArHeTAIOT 4Yepe3 IIapPUKOBBIM 3alOPHBIM KAAlaH U 3a-
TEeM 4Yepe3 OTBEPCTHUS aAIOMUHHEBOTO CepACUYHMKa — B HEMAOHO-
BEIM MeIIOK. Bopa mpocaunBaeTcss yepe3 Hero, OCTaBASISI B HeM
00e3BOJKEHHBIM IleMeHT. Iloche 3alonHeHHS MelllKa IeMeHTOM
HACoOC BBIKAIOYAETCS, U IIaPUKOBBIM KAAIIQH 3aKPBIBAETCH.

KonouHY TpPyO, COEpAMHEHHYIO C YCTPOMCTBOM Ha A€BOM pe3b-
0e, OTBMHYMBAIOT W IIOAHMMAIOT M3 CKBa)XuHBL. Ilocae 12-
YaCOBOM BBIAEPJKKHU II€MEHTHYIO IIPOOKY BMECTe C yCTPOUCTBOM
pa30ypuBaloT.

IMepep, cryCKOM AQHHOTO YCTPOMCTBA B CKBO)KUHY HeOOXOAU-
MO MCCAE€AOBATh 30HY IIOTAOIIEHMS KaBepPHOMEPOM, 4TOOBI OIpe-
AEAUTHb ee OCOOEHHOCTH U TIOAYYUTH AQHHBIE, HEOOXOAVMEIE ANAS
OIlpepAeAeHnd NOTPeOHOro o0beMa [EMEHTHOTO PacTBOpa U, CAe-
AOBATEABHO, pa3Mepbl HEMAOHOBOTO MeEIIKa. 3aTreM C MOMOIIBIO
0O0BEMHOTO PAacxXxoAOMepa OIPEAEASIOT MeCTOIIOAOJKeHHe 30HEI
IIOTAOIIIEHUS U ee IPOTSKeHHOCTh, TaK KaK HEMNAOHOBBIE MeIIKHU
HM3TOTOBASIOTCS PA3HBIX pa3MepoB. BelOupas OpuUCIOCOOAeHUE,
HeOOXOAMMO YYUTBEIBATH, YTO 30HA IIOTAOINEHUS AOAKHA OBITH
IIepeKpeITa CBepXy U CHU3Y Ha 1,5 M. AAMHA HEMAOHOBHIX MeII-
KOB AAS M30ASIIUU 30H TOTAOIIEHUM COCTaBASeT OT 3 A0 9 M,
AnameTp — oT 15 po 20”. UToOBl mocAe pa3OypuBaHUS YCTPOUCT-
Ba U IIeMeHTHON NPOOKM He HApPYUIUTh U3OASIMIO 30HBI IIOTAO-
I[eHNUsA, CKBKMHA AOAKHA MMEThb B 3TOM HHTEpBare AUaMeTp He
MeHee 6".

B cayuae HeOOXOAMMOCTH II€pep, CIYCKOM YCTPOMCTBA 30HY
IIOTAOIUIEHUS PACIIUPSIOT.

IMpu MOHTa)kKe M CIIyCKe yCTPOMCTBA HEOOXOAVMMO COOAIOAQTH
HEeKOTOpHble Mephl NPeAOCTOPOKHOCTH: He KYpPUTh, TaK KakK HeM-
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AOHOBBIM MeEIIOK AErKO BOCIIAAMEHSIeTCs; CIyCKaTh IIPHCIOCO00-
AeHUe MeApAEeHHO, IIOCKOABKY aAlOMUHUEBBIE A€TaAll He BBIAEPIKU-
BAIOT Beca OYPUABHBIX TPyO U Pe3KUX YAAPOB NPU CTOAKHOBEHHU-
IX C KaKUM-AMOO mpenArcTBUeM. [Ipu HeOOABIION CKOPOCTU
CIIyCKa 3a0CTPEeHHEBIM KOHel aAIOMUHHEBOIO cTabuAM3aTopa Aerde
IIPOXOAUT Yepe3 CKONMUBIIMMNCSA B 30He IIOTAOIIEHUS IIAAM.

Ilpu moacueTe TpeOyeMOro KOAMYECTBA lleMeHTa OOBIYHO Oe-
PyT usauiiiek — oKoAo 30 %, 4TOOBI KOMIIEHCHUPOBATb €ro yCAAKY
IIPU 3aTBEPAEHUM M OIIMOKM, BO3MOJKHBEIE IIPH 3aMepax KaBep-
HOMEPOM.

IMTpu 1eMeHTUPOBAHUM COOAIOAAIOT OIIPEAEAEHHYIO ITOCAEAOBa-
TEABHOCTb.

1. TIpOMBIBAIOT CKBA’KUHY, YTOOBI YAQAUTH ILIAAM.

2. CiyCcKaT yCTPOUCTBO.

3. Yepe3 OypUABHYIO KOAOHHY U YCTPONCTBO IIPOKAUYMBAIOT
1,5-1,6 M® BoaRI ¢ pacxopoMm 1,8 A/c, 94TOOBI pPacIpaBUThL HEHAO-
HOBBIM MeIIOK.

4. B MeIIOK HOPOAABAMBAIOT II€EMEHTHBIM PacTBOP CO CKOPO-
cTeio 1,8 A/c. B KauecTBe Oy(hepHON >KUAKOCTH B CKB)KUHY CHa-
Yaja 3aKAuMBAIOT YUCTYIO BOAY B oObeme okoao 0,8 Mm% a yxke
3aTeM - pacyeTHBIM 00BeM OypoBOro pacTeBopa. LleMeHTHEBIN
pacTBOpP IIOA BO3AEUCTBUEM BBICOKOM TeMIEepaTypbl U AABACHUSA
MOJKeT 0o0pa30oBaTh IIeMEHTHYIO IIPOOKY B 30He pPaCIOAOKeHUS
IIapoBOro KhaamnaHa. [lepemMbluka MOJKeT OBITH pa3pylleHa B pe-
3yAbTaTe BPEMEHHOI'O YBEAMUEHUsI A@BAeHHUS HarHeTaHus. OAHaKO,
eCAU MeIIIOK 3aIlOAHeH IIeMeHTOM, AaBaeHme Brbime 3,15 MIla
MO>KeT pa3opBaTh €ro.

5. Uepe3 30 MUH IIOCAe 3allOAHEHUS MeIlKa IeMeHTOM Oy-
PUABHBIE TPYOBI OTCOEAMHSIOT OT YCTPOMCTBAa IIyTeM BpallleHUs
BIIPaBO.

6. I'locae 12-4acOBOU BBIAEPIKKU IIPOBEPSIOT IUPKYASIIIAIO HAA
IleMeHTHOM IIPOOKOM U, yOeAWBIINCH B OTCYTCTBUU AOIIOAHU-
TEABHBIX 30H IIOTAOIIEHMY, pa30ypUBAalOT IIeMeHTHYIO IIPOOKY M
YCTPOMCTBO C HaArpy3Kol Ha AOAOTO He Ooaee 9 T.

B oTeuecTBeHHON IpaKTHKe 3Ta UAed OBIA@ BOIIAOIIEHA
B cHmocobe MCIOAB30BAHMS METAAMMUYECKOTO HaKOHEUYHUKa
(TatTHUTTHedTS).
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3.3.4. N30AAL 1A 30H ITOTAOIIEHNA
TAMITOHAKHBIMY CMECSIMU

C NCITOAB30OBAHVEM CITELIMAABHBIX
OBOAOYEK UAN OBCAAHBIX KOAOHH

AAST AMKBUAQIIMM TaK HAa3bIBAEMBIX ' KaTaCTPO-
puueckux" moraoueHu OypOBOTO PacCTBOPa, MPUYPOUYEHHBIX K
OOABIIMM TpelIMHaM M KaBepHaM, pa3paboTaHbl pa3AMYHBIE IIe-
PEeKpBIBAIOIINE YCTPOMUCTBA.

CyIIHOCTE 3TOro CIOCO0a H3O0ASIUU 30HBI IIOTAOIIEHHSA 3a-
KAIOYAeTCs B YCTAaHOBKE B WHTEPBAaAe IIOTAOIIEHUS CIEeIIHaAbHBIX
IIPOHUIIAEMBIX MAM HEIIPOHHUII@aEeMBIX OOOAOYEK.

BpesenToBasg obonrouka (puc. 3.7) uMeeT pAauHY 4-8 M, a Aua-
MeTp ee IMOAOUWPAIOT B 3aBUCUMOCTH OT pa3MepoB KaBepH. O0o-
AOYKYy IIOMEIAIOT B KOPIyC TypOoOypa, 3aKpBITHIM CHU3Y Aepe-
BSIHHOM NTPOOKOMY, U 3aMOAHSIOT IIeMeHTHBIM pacTBopoM. Kopmyc
TypOOoOypa CIyCKAaloT Ha OYPHUABHEIX TpyOax AO HHTepBara IIO-
TAOIIEHMs, TIOCAe Yero M3 Hero ImyTeM HarHeTaHus B TPYyOBI IIpo-
MBIBOYHOI JKUAKOCTH BBIAABAMBAIOT INPOOKYy U Ope3eHTOBYIO
00on0uKy (puc. 3.8, cxema I).

HetironoBas oboaouka (puc. 3.8, cxema II) mpuMeHseTcs 3a
pyoesxxoMm. AuameTp ee 46-61 cm. HelinoHOBasi ob6oAOYKa IHIpH-
KpenaeHa K NepdOpPUPOBAHHOMN TpPyOe M3 IIAACTMAcCChl IIPU MO-
Mol 0OOAOB M3 HeprKaBelolllel cTaau. Ha Ka>kAOM KOHIE Iiep-
(hOPUPOBAHHOU TPYOBI HAXOASATCS LEHTPATOPHI U3 >KECTKOM pe-
3UHBI UAU IleMeHTa. [1o Bcell AAMHE OOOAOUKU UYepe3 KaKAbIe
0,3 M K Hel NPUKPENAEHBl Pe3WHOBBLIE MaHJKeThl, IIPeAOXpaHs-
IoIe ee OT pa3pylleHusd. [IpucnocobreHHe ¢ IOMOIIBIO A€BOH
pe3bObl IIPUCOEAMHSIOT K KOHIY OYPHUABHOM KOAOHHBEI W OIIyC-
KaroT B CKBakMHY. [locre 3aKauku B HETO IIEMEHTHOTO PacTBOpa
BpallleHHueM BIIPaBO OYPUABHYIO KOAOHHY OTCOEAMHSIIOT U U3BAe-
KaloT M3 CKBaKUHHL. [locae nepropa O3] Bce yacTu npucnocoo6-
A€HUs U [IeMeHTHYIO IIPOOKY pa30ypHBaloT.

KanpoHoBas ceTKa U YCTPOWUCTBO AAS TPAHCIOPTHUPOBKU ee A0
30HBl noraomieHua YIIIT-2 (puc. 3.8, cxema III) IpeprOSKEHBI
BHUUEBT. AuameTp ceTKu 2-3 M, pa3Mep STYEeUKU SX5 MM.

KanpoHOBYIO CeTKy YKAQABIBAIOT U YKPEIASIOT Ha AIOPAreBOU
nnepopupoBaHHON TpyOe.

VYIII1-2 Ha OYypPUABHBEIX TpyOaxX OIYCKAalOT AO IIOAOIIBHI IIO-
TAOIIAloNIero mnaacta. B OypuabHBIe TpyOBl OpoOCaioT IIPOOKY,
KOTOPYIO TIPOAABAMBAIOT IIPOMBIBOYHOM JKUAKOCTBHIO. [Ipobka
CAAUTCS Ha CEepA0 B OaliMake M IIepeKpBIBAeT €ro OTBEepCTHE.
[Tpu aAanbHEMINIEM IIPOKAYMBAHUM JKUAKOCTH BCAEACTBUE IIOBHI-
IIIeHUsI AQBAEHUSI CPe3aloTCs IITUMTHI, yAep’KHBalolliye OallMak.
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Puc. 3.7. IlpucnocobaeHme AAs
HM30ASIUU 30H IOTAOILEHUS:

1 - ycTaHOBOUYHAsI BTYAKQ; 2 — Ae-
Basg pe3bba; 3 — BepxXHUU cTabu-
AM3aTOp (AAIOMHUHUEBHIN); 4 — Ia-
PUKOBBIY 3allOPHBIN KAAllaH; S —
MeAHas IPY>XUHE; 6 — arlOMUHUe-
Basl MPOKAaAKa; 7, 11 - 3axum; 8
- aAIOMHHUEBasl TpyOa CepAeYHH-
Ka C HapyXKHBIM Auamerpom 2°/4”
U BHyTpeHHUM - 2"; 9 — HeHro-
HOBBIM MEIIOK HeoOXOAWMOTO
AuaMeTpa; 10 - AeBATb OTBEPCTUH
anametrpom 7/8"; 12 - HUKHUMN
CTaOUAM3ATOP (AaAIOMUHUEBBIN)

BamMak ¢ mepgopupoOBaHHOU TPyOOM M YKPENAEHHOW Ha Hel
CEeTKOM BBIXOAUT M3 3alIUTHOIO KOXKyXa. 3aTeM IIPOKauuBaioT
TaMIIOHa)KHYIO CMeCh C AOOaBKOM HAIIOAHHUTEeAs (Koxka-"Topox").
IMocre mepumopa OB3L] nepdopupoBaHHYIO TpyOy, OallIMakK Hu
IpoOKy pa30ypUBAIOT BMeCTe C IIeMeHTHBIM CTAaKaHOM.

AropaneBas kaccera (puc. 3.8, cxema IV) npeproxkeHa Kyii-
onrieBHMMHIT. AropareBeii AUCT pAAMHOU 8-10 M mpu momoIm
CHeIIMaAbHOM YCTAHOBKM CBEPTHLIBAIOT B TPYyOy C HABUHUYEHHBIM
Ha Hee NIEPEBOAHUKOM, @ CHU3Yy YKPEIAdIOT OalllMak Ha IITU@-
Tax. Ha nepeBopHUKe u OaliMake UMeIOTCS CIIellMaAbHBIE ITUAWH-
APUYecKHUe BBICTYNB, HAa KOTOPBIX YCTAHABAWUBAIOT CBEPHYTYIO
KacceTy. 3aTeM TPyOy C KacCETOM VYKPEIASIOT B 3allJUTHOM KO-
JKyXe IPU MOMOIIU IITU(PTOB.

YcTporCcTBO Ha OYyPUABHBIX TPyOax CIIyCKAlOT B CKBAKUHY AO
KPOBAU TIOTAOIIAIONero maacra. [IpeaBapuTeAbHO MHTEpBaA IIO-
TAOIIEHUS IIPU IIOMOIIU CIIEIMAaABHOTO PACIIMPUTEAS YBEAUUHBa-
IOT B AaMeTpe.
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Puc. 3.8. IlepekphiBamoiye yCTpPoCTBa:

1 - mepeBOAHUK; 2 — OOpaTHHIN KaamaH; 3 — Koplyc; 4 — 6pe3eHToBasi 0O0OA0UKa;
5 — LIeMeHTHBIN pacTBOp; 6 — mWTuUdT; 7 — 6ammak; 8§ — xoMmyT; 9 — nepdopupo-
BaHHAasA TPyOa; [0 — HeIAOHOBasl OOOAOUKA; I — pe3uHOBOE KOABIO; 12 — Ipepo-
XpaHUTeAbHOe KOABIO; 13 — BHYTpeHHSS Tpy0Oa; 14 — meHTpaTop; 15 — KampoHO-
Bas ceTKa; 16 — KOXyX; [7 — akopb; 18 — npobka; 19 — AtopaneBas Kaccera; 20 -
map; 21 — nopiieHs; 22 — orpaHUYuTeAb; 23 — Tpoc; 24 — mrrtaHra; 25 — npopes3u-
HEHHBIM pyKaB; 26 — 3aMOK; 27 — OypuAbHas TpydOa; 28 — IOAUITHAEHOBAsT HAU
TIOPOAOHOBAs 0OOAOYKaE; 29 — HINUABKA

B OypuabHBIe TPyOBI OpOCAIOT IIap U3 AerKopa30ypuBaeMoro
MaTepransa, KOTOPBLIM IepeKphIBaeT oTBepcTue B OamMake. [Tpu
3aKauyke B OypUABHBIE TPYOBI IPOMBEIBOYHOM >KUAKOCTH CO3AA€T-
Csl A@BAEHHME U Cpe3aloTcs INTUMTH, yAep’KUBalolliie BHYTpeH-
Hioto TpyOy. KacceTa BMecTe ¢ BHyTpeHHel TpyOoOU IlepeMellaeT-
Ccs BHU3 AO yIopa Ha KoxXyxe. [Ipu AanbHeMNIIeM IIOBHIIIEHUU
AABAEHUS CPe3aloTCs WITU(MTH, yAepsKUBaoliye OallMaK, W HUX-
HS4 4acTh KacCeThl OCBOOOKApaeTcs. UTOOBI OCBOOOAUTH BepX-
HIOIO YaCTb, OypUABHEIE TPYOBI IOAHMMAIOT. 3a CYeT YIPYTUX CUA
KacceTa pa3BOpPauMBaEeTCsl B PACHIMPEHHON YacTH CTBOAA CKBa-
SKMHBI. 3aTeM 3aKauWBaloT I[eMeHTHHIM pacTBOP.
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Ilpope3nHeHHBIN PYKaB M YCTPOUCTBO AASL AOCTABKU €ro A0
30HBI TOTAOIeHUs (puc. 3.8, cxema V) paspaboransl B Tart-
HUTTVHedTH. YCTPOUCTBO CHYCKAIOT B CKBA’KMHY Ha OYPUABHBIX
TPpyOax U yCTAaHABAWBAIOT B PACHIMPEHHOMN YaCTH CTBOAA CKBA’KH-
HBL. [TocAe MPOMBIBKM CKBa’KHMHBI IIPOA@BAMBAIOT IIPOOKY AO IO-
CaAKU ee Ha NOPIIEHb. 3a CUYeT CO3AaBAEMOTO Mepelnapd AABACHUI
cpesaroTcd WTUQTEL. [TopuieHs, IITAHTY U 3aMOK IIepPeMeIaroTCa
BHU3, OCBOOOJKAAS IIPU 3TOM TPOCHI, YAEP KUBAlOIe Pe3UHOBHIN
3AeMeHT, KOTOPHIA 3a CUeT CHUA YIPYIOCTH U IIOTOKA MPOMBIBOY-
HOM >KUAKOCTH, IIPOXOALINlel BHYTPU TPyO U BEIXOAAIIEM uepes
OTBEPCTUA B HUX, NPUKUMAETCd K CTEHKaAM CKBa>XMHBI B PacIIu-
PEeHHOM 4YacTU ee CTBOAA. Aanree MO TeM >XKe KaHAaAaM OCYIeCTB-
ASIIOT 3aAMBKY IIeMeHTHOI'O pacTBopa. [Ipu mopbeMe MHCTPpyMeHTa
IIPOPEe3NHEHHBIN PYKaB IIOAHOCTBIO OCBOOOXKAAETCSI OT TPOCOB.
YcTpoNCTBO NIpepHa3HAUeHO AN IIPUMeHeHHs B CKBa’KMHAX AMa-
MeTpoM 190 MM.

I[MToAmsTHAEHOBas WMAM IOPOAOHOBasg OOOAOYKA M YCTPOUCTBO
MM AOCTaBKM UX AO 30HEI IIOTAOIIEHUS IIPEAAOSKEHEl U pa3pado-
Ta"bel B 0. TatTHWU (puc. 3.8, cxema VI). YCTPOUCTBO CIIyCKAIOT B
CKBa’XMHY U yCTaHaBAMBAIOT B BePXY PACIHINPEHHOM YaCTU CTBOAA
CKBa’KUHBI. B OypuAbHBEIe TpyOBI OpocCaloT IIap, KOTOPHIM Iiepe-
KpBIBaeT OTBEPCTHE B OallIMakKe, U 3@ CYET CO3AABIIErocs Iepe-
IIaAa AABAEHMS Cpe3aloTcd MINUABKU. [lepdopupoBaHHasa Tpyda C
VKpPEeNAeHHBIMM Ha HeM IIpHU IOMOIIM IITU(MTOB OalIMakoM u
OOOAOUKOM IepeMelaeTcs BHHU3 AO VYIOpa Ha IEepeBOAHUKE.
BepxHsis yacTh OOOAOUKM OCBOOOXKAAETCSI M 3a CYeT IIOTOKa
IIPOMBIBOYHOM >XMAKOCTH, BBIXOASAIIEM dYepe3 OTBePCTHS B Iep-
dopuUpoOBaHHOU TPyOe, IPUKUMAETCSI K CTEHKAM CTBOAA CKBA’KH-
HBl B PAcCHIMPEeHHOU ero 4acTu. Aaree 3aKauWBaIOT IeMeHTHBIU
pactBop. I'lpu nmopbeMe MHCTpyYMEHTa Cpe3aroTcsa HIITU(MTHEI U OC-
BOOOXKpaeTcsa nepdopupoBaHHas Tpyoa.

[TpoMbIITIA€HHBIE MCHBITAHUSA TaKOW OOOAOYKM OBIAM IIpOBe-
AEHBI Ha CKBaKMHAaX 0. TpecTa AAbMeTbeBOypHedTh. VcnbITaHUS
moKa3aAu 3PPEeKTUBHOCTh TPUMEHEeHNST TaKOM OOOAOUKU.

Koraa cymecTByromye cnocoObl HM30ASIUN 30H IOTAOILIEHUS
He AQIOT MOAOJKUTEABHBIX PE3YABTATOB, MX IIEPEKPHIBAIOT OOCAaA-
HBIMU TpyOamMu. CHOAOIIHOM KOAOHHOM OOCaAHBIX TpyO mepe-
KPBIBAIOT IIOTAOLIAIONIME IIAACTHI, 3aAerarolue Ha HeOOABIION
rAyOuHe. BalllMak KOAOHHBI IIPH 3TOM I1eMeHTHUPYIOT.
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3.3.5. N30AA11SA 30H ITOTAOIIEHNSA
C ITOMOIIBIO B3PBIBA

[Tpy wm3oAgIIMU 30H MOTAOILIEHUS HAUOOABIINE
TPYAHOCTH NPEACTABASIOT 30HBI C MOBBIIIEHHON WHTEHCUBHOCTBHIO
IOTAOLIIEHUSA, OCOOEHHO NpPU IIOAHOU MNOTepe IUPKYAAUU. AAg
9TUX IeAell MOJKeT OBITh HCIIOAB30BaH B3PLIB B 30HE IOTAOIIe-
HUS B3pBIBYATHIX BelllecTB (BB).

OPPEKTUBHOCTE U30AAIUU ITOTAOLIAIONINX TOPU3OHTOB IIOCAE
B3pBIBAa OYAET 3@aBUCETh OT TOI'O, HACKOABKO YMEHBIIWTCS cede-
HUe NOTAOWIAOIINX KAHAAOB, IO KOTOPBIM HPOUCXOAUT (PUABT-
pauus KUAKOCTH.

HcchepoBaHusl Ha Kapbepe IIOKa3aAW, YTO B3PhIBAMU ITUAWHA-
pUYEeCKUX 3apsiAOB MOJKHO AOCTUTHYTH CHMJKEHMS PaCKpBITUS
BEPTUKAABHBIX U TOPU30OHTAABHBIX TPEILIMH. AyYIlllie pe3yAbTaThbl
II0 NePEeKPBITUI0 BEPTUKAABHBIX TPEIIUH IIOAYYEHBI B TOM CAY-
Jae, Korpa 3apsh BB ObIA HECKOABKO CMeIeH OT IeHTpa OCH
meAr. OTO OOYCAOBAUMBAeT 0Opa3oBaHME CUCTEMBI TPEUUH pas-
AWYHOM IHIUPUHBI, YTO IPUBOAUT K YBEAWUYEHMIO oObeMa Aedop-
MMPOBAHHOTO y4aCTKa IIOPOABI, CIIOCOOCTBYS CMBIKAHHUIO IIIeAel.
I[Mpu wm3oAgUMU 30H IOTAOLIEHHUS B CKBa)KUHAX, 3allOAHEHHBIX
OypOBBIM (FAMHHCTBIM) PACTBOPOM, PACTBOP II€PEMENINBAETCS C
BSKYIIUM BelllecTBOM. [lo3TOMy M3MeHeHUs, BBI3BAaHHEIE B3DHI-
BOM B Cpepe OypOBOTO PAcTBOPQ, MOTYT CYILIECTBEHHO BAWUATH HA
CTPYKTypHO-MeXaHWUYeCKHe CBOMNCTBA BS3KOIAACTHUYECKUX >KUA-
KOCTel, IPUMEeHsIeEMBIX AN OOPBOBI C ITOTAOUIEHUSIMM.

B3pEIB 3apspa pe3Ko CHIKaeT pacTekKaeMOCTh M IIAOTHOCTb
OypoBoro pactBopa. [locre 00pabOTKU B3PBEIBOM pacTBoOpa
IAOTHOCTBIO 1,4 T/cM® moAydaeTcsi HepacTeKaeMBIN MeHOoOGpas-
HBIM pPAacTBOP, KOTOPBIM OCTAeTCA CTAOMABHEIM B TeueHHUe He-
CKOABKHUX CYTOK.

IMTpu B3pBIBE O0OPa3yIOTCS ABe 30HBI pa3pylleHUs: 30Ha pas-
AABAMBAHUS IIOPOABI U 30HA B3PHIBA, AW TPEIIUMHOOOPAa30BaHUM.
Cucrema papVMaABHBIX M TAHTEHIMAABHBIX TpPEIIWH BO BTOPOU
30HE HapsAy C CYIIECTBYIOUIMMM KaHAAaMU MOTAOLIEHUSA IIPUBO-
AUT K OOPA30BaHUIO KPYIHBIX KYCKOB IIOPOABI, OOABIINX, 4YeM B
IIepBOM 30He. 3a IIpeperaMU BTOPOM 30HBI B3PBIB BEI3HIBAET
AUIIb YIIPYTONAACTUUHYIO Ae(DOPMAIIUIO UAM KOAeDAHUs CPEABL.

PaspyliieHue, BhI3BIBaeMOe B3PBEIBOM, B 00euxX 30HaX IIPHUBO-
AUT K CHUJKEHUIO IIepBOHAYaABHOW MHTEHCHUBHOCTHU IIOTAOIIEHUS.
PaszHorabapuTHble OOAOMKH U3 PA3pYIIEHHBIX B3PBEIBOM IOPOA
YBAEKAIOTCS BS3KOIAACTUYHOM >XUAKOCTBIO U II€PEKPHIBAIOT IIO0-
TAOIIAIOIMEe KaHaAHI.

BeIOOp pasmepa 3apspa OIpeAeAseTCs] KOHKPETHBIMU YCAOBH-
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SIMU CKBa’KUHBI ¥ 3aBUCUT OT MOIITHOCTH, MEXaHUYECKUX CBOUCTB
TOPHBIX IIOPOA TIOTAOIIAIOIIET0 MAACTa, COCTOSHUS CTBOAA CKBa-
SKUHEBI, IIapaMeTpoB OypOBOTO pPAacTBOpA, 3aIllOAHSIOIIErO CKBa-
KUHY, AuaMeTpa OypUABHOTO MHCTPYMEHTa, KOHCTPYKIIUM TOpIIe-
ABI U T.p. AAS ONpPeAeAeHUMsT KOAWYEeCTBa TaMIIOHa>XKHOW CMecCH,
3HAUEeHUS 3apsgpa TOPIEABl HeOOXOAUMO YCTAQHOBUTBH PAAUYC pas-
AOMa B IEPBOM 30HE pa3pylIeHUd.

Ilpu ucnoab3zoBanuu BB AAT M30AAIIMU 30H IOTAOLIIEHUN Tpe-
OyeTcsl TOUHOe OIIpepeAeHUe TI'PaHull, IIOTAOIIAOIero IIAacTa C
IIOCAEAYVIOIINM pacuAeHeHNeM ero Ha YYaCTKU C Pa3AnYHOM WH-
TEHCUBHOCTBIO IIOTAOINeHUI. OTKPBITHIN KOHel OYPHUABHBIX TPYyO
AOAKEH OBITh YCTAHOBAEH B IIAOTHHEIX IOPOAAX, YTO TpeOyeT WH-
dopMaIuy o CTeneH! HapyUIEHHOCTU CTBOAA CKBA’KUHBL.

Ha pwuc. 3.9 n3o006pa>xeHbl cXeMbl U30ASIIUNA 30H TIOTAOIIEHUH,
IIpeAyCMaTpUBAlOIMe UCIIOAB30BaHNEe B3PBEIBUATHIX BEIECTB.

ITo cxeme I 3apsp BB ycraHaBauBaeTCs C y4eTOM NEePEeKPBITUSA
UHTEepBaAa MOTAOIeHUsdA. VHUIMUPOBaHUE TOPIIEABl TTPOU3BOAUT-
Csl B Cpejpe IIPOMBIBOYHOM JKHUAKOCTH. ITocae B3peIBA MOTAOIIAIO-
IIIMe TAQCTHI IIePeKpPhIBAIOTCS Pa3HOTabapUTHBIMU HATIOAHUTEAS-
MM, 0Opa3yIoIUMUCS B pe3yAbTaTe pPaspylleHHs FOPHBIX IIOPOA B
CTBOAE CKBa’XMHBI, & B MUHTEpPBaA IOTAOIIEHUS TPOHUKAIOT Ta3o-
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Puc. 3.9. CxeMbI N30ASIUM 30H NOTAOLIEHUI B3PBIBHBIM CIIOCOOOM:

1 - ckBaXXMHa; 2 — KabeAb; 3 — TopneAa; 4 — OypUAbHBEIE TPYOBI; 5 — BOPOHKQ; 6
- KOpIyC KOHTeMHepa; 7 — YCKOPUTeAb; 8 — 3apsip BB; 9 — TamMmoHakHas cMecCh;
10 - 3aAmBOYHASA FOAOBKQ; 1] — AeBBIM IIePEeBOAHUK; 12 — OTBEPCTUSA B IIEPEBOAHU-
Ke; 13 — oTBepCTUSI B KOHTeWHepe
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oOpa3Hble MPOAYKTHL B3PBIBA, BHI3BIBaIoOmMe 3(deKT "3aliem-
AeHUS".

V3BecTeH TakKe CIIOCOO AMKBHAAIIUM IIOAHBIX YXOAOB Oypo-
BOTO PACTBOPA, KOTOPHIM 3aKAIOYAACS B TOPIEAUPOBAHUU KpPO-
BEABHOM 4YacTHU 30HBI HoraoumeHud. OAHAKO TaKasdg TEXHOAOTUSA
paboT BEI3BIBAET CYIIECTBEeHHBIE BO3pakeHusa. OOpyuiasg MOHO-
AUTHYIO KPOBAIO KaBEPHEI, B3PBIB CO3AA€T B HEU 30HY TpPEIUH,
COOOUIAIOMIUXCS C IOTAOUIAIOMIMMM KaHAaAAMM U SIBASIONIMXCS
nyTaMu (puabTpanuu OypoBOro pacTBopa. ['azoobpas3Hble MIpo-
AYKTBL B3PBIBA HE3HAQUUTEABHO IIPOHUKAIOT B IIOTAOLIAIONIAMN
IIAQCT, He AOCTUTAeTCd CMBIKAHUS TpeIjUH 3a c4yeT OOKOBOTO
CKOAA UX KpaeB, HE MOJKET OBITh YIIAOTHEHUS YaCTHUI] IOPOA,
OCepAIoIINX B KaBEpHE.

ITosToMy mnepekpeiThe 3apsgAOM BB BEIA@A€HHOTO HHTEpBaAd
IIOTAOIIEHUS SABASeTCSI 00g3aTEeAbHBIM YCAOBUEM AAS B3PBIBHOTO
cnocoba U30AAIUMN.

ToprniepupoBaHue 30H IOTAOIIEHUU B cpepe OYPOBOTO PAcTBO-
pa IO3BOASET UCIHOAB30BATh OOAee MOUIHBIE 3apgABl, YEM B APY-
IUX CXeMaX, U IIOAYYUTHL OOAblllee KOAMYECTBO HAIOAHUTEAS U
ra3000pa3HbIX IIPOAYKTOB B3pbiBa. OAHAKO IIPHM 3TOM HeABb3s
IIOAHOCTBIO AUKBUAMPOBATH MOTAOIIeHHe OypOBOrO pacTBoOpa.

Cxema II otanmdaeTcd oT I TeM, 4TO B 30HY IIOTAOLIEHHS Ha-
rHeTaeTCs TaMIIOHa>XHas CMeCh U MOAPHIB TOPIIEABI OCYIIECTBAL-
€TCs BO BpeMd IIPOXOKAEHUSA B UHTEPBAA IIOTAOIIEHUA ITOCAEAHEN
IOPLIUU CMECH.

YUUTHIBas CAOKHOCTB CIIyCKa TOPIIEABI, €CAU CTBOA CKBA’KHUHBI
OCAOJKHEH, M CHUABHOe IlepeMelllMBaHNe TaMIIOHa’)KHOM CMeCu C
IIPOMBIBOYHOU JKUAKOCTBIO B CKB&)KHMHE, II0 AQHHOM CXeMe PeKo-
MeHAyeTCS IIPOU3BOAUTH pPaObOTHEl A0 TAYOMHBI, He IIpeBBIIIAO-
et 800-900 M.

Cxema III orandaercss or II TeM, 4TO TOpIepa CIIyCKAeTCSA IO
OYPUABHEIM TpyOaM, TaMIIOHAa’KHasl CMeChb 3aKauWBaeTCs dYepes
CIIelIMaAbHYIO TOAOBKY IO TpybaMm. B paccmaTpuBaeMoil cxeMe
AVaMeTp TOpIeAbl MeHbllle AuaMeTpa OYPHUABHBIX TPpyO Ha 20 MM,
o3TOMYy 3(P(PEKTUBHOCTb M30AAUOHHEIX PabOT CHUYKAETCH.

B Ka)kpOM KOHKDETHOM CAyYae OrpaHM4YeHHe AMaMeTpa Toplie-
ABL MOJKET OBITh BBI3BAHO MCKPUBAEHHEM CKBAXHHBI, OCAOKHEH-
HOCTBIO pa3pesa, lapaMeTpaMu OypOBOI'O pacTBoOpa U Ap.

B cxemax IV, V u VI ucnoAb3yioT 3p(peKT MIHOBEHHOI'O TBep-
MEHUs, TIOAYYEeHHEBIM IIPU BBOAE B3PBIBOM H30AMPOBAHHOTO YCKO-
pHUTeAd CPOKOB CXBATBIBAHUA B CpeAy TaMIIOHA>XHOM CMeCH.

Mo cxeme IV TaMHOHa)XHas CMeCh 3aKauMBAETCSI IIO CTBOAY
CKB&)XMHEI B 30HY HOTAOLIeHUdA. [Ipy B3peIBEe 3apspa oOpasyercsa
MTHOBEHHO TBepAemollasg cMmecb. [IpuMeHeHMe KOHTeWHepa ycC-
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AOJKHSIET M3O0ASIIUOHHBIE PAaOOThHI, OrPAHMYMBAET KOAMYECTBO YC-
KOPUTEeAs], 3aTPYAHSET AOCTaBKYy CHapsiA@ K HM30AUPyeMOMYy HH-
TepBary. OJTa CXeMa PeKOMEHAYeTCS AAS U30ASIUU IIAACTOBBIX
BOA B CKBA)KMHAX, OOCAa’KEHHBIX KOAOHHAMU.

Cxema V oramdaercs ot IV TeM, 4TO CIlyCKaeMBI KOHTENHeEp
COAEPKUT TPHU OTCeKa: AAI 3apsgpd (BHYTPEHHHHU), YCKOPUTEAS
(cpepHUIT) ¥ TAMIIOH&)KHOU CMecHU (BHewIHUN). KoanuecTBo ycko-
puTeasa K 00BbeMy CMeCH AOAKHO OOeCleunBaTh ee MTHOBEHHOe
TBepAeHHe. HepocTaTKu U 00AACTh IIPUMEHEHUs QHAAOTUYHBI
cxeMe IV. TIpenMyIecTBO — OTCYTCTBYeT pa30aBAaeHUE U30AUDPY-
IOIIUX MaTepHarOB IIAACTOBBIMM BOAAMH U OYpOBEIM  pac-
TBOPOM.

WM3oaganusa moraomaroero ropu3olTa no cxeme VI ocyliecTs-
ASIETCS CAEAYIOUIUM 06pa3oM. B ckBakuMHYy Ha TpyOax CIIyCKaioT
KOHTeMHep, U3TOTOBAEHHBIM U3 AerKopa3ObypHBaeMoOro MaTepHa-
AQ, KOTOPHIM YCTQHABAWBAIOT IIPOTHUB IIOTAOILIAIOIIETrO IIAACTA.
KoAab1ieBoe NpPOCTPAHCTBO KOHTEMHepa 3allOAHSETCS YCKOpUTe-
A€M CXBaThIBAHUS TAMIIOHA>XHOM cMecH. AAMHA KOHTeNHepa BHI-
OupaeTcss TAKOU, UTOOBI OH IIEPEKPBIBAA 30HY IIOrAOlleHmHd. Aa-
Aee II0 BHYTpPeHHeMy INIPOCTPAHCTBY TpPyO Ha Kabeae CIYCKaloOT
3apsp BB. TouHasd ycTaHOBKA TOpPHEABI 0OeCIeunBaeTCs IIPOKAuU-
BanmeM 0,5-1 M* GypoBoro pacTBopa. 3aTeM B TPyOBI HarHeTaeT-
Ccs TAMIIOHa)XHasl CMeCh, KOTOpas 4depe3 OKHA B A€BOM IIEPEBOA-
HUKe (IIOCACAHMU HAaXOAUTCS Y TOPIIEABI) MONAAAET B 3aTpyOHOeE
IPOCTPAHCTBO. IIpn OOTEeKaHMM CMeChIO KOHTeMHepa IIPOU3BO-
MUTCSI TIOAPBHIB 3apspd, KOTOPHIY, pa3pyllasg OOOAOUYKY, PaBHO-
MepHO IlepeMellluBaeT YCKOPUTEAb B TaMIIOHA’KHOU CpeAe, OAHO-
BPeMeHHO OKa3blBasl KATAaAUTHYECKOe AeUCTBUe Ha IIpoliecc B3a-
UMOAEMNCTBUA MeXKAYy HUMU. B pesyapTaTe 3TOro TaMIIOHa’KHAsA
CMeCch MTHOBEHHO TBepapeeT. Bo m3bekaHme IpuxBaTa TPyO He-
00XO0AUMO, 4YTOOBI PACCTOSTHUE OT BEpXHEU YaCTU TOPIIEABI AO
AEBOT'O IIepeBOAHUKA OBIAO OOABIIIe 30HBI THMAPABAMYECKOTO AeH-
ctBUsA. OCHOBHBEIM HEAOCTATKOM pPAacCMaTpHUBAeMOTO CAydas H30-
ASIITAU IBASIETCS IPUMEHEeHUe TepMEeTHYHOTO KOHTeMHepa, YCAOXK-
HSAIOIETO IIPOBeAeHNEe M30A4IIMOHHEIX PabOT M OrpaHMYUBAlOIle-
ro KOAMYECTBO BBOAUMOI'O B3PBIBOM YCKOPHUTEAL.

Hauboaee mepcrneKTUBHBIMU SIBASIIOTCSI TOPIIEABI, CIIyCKaeMble
Ha KapOTa’kHOM KalOeae, IIO3BOASIONIVE COKPATUTL BpeMs Ha
CIIyCKOIIOABEMHEIE OIlepalyiiu.

OCHOBHBIM HEAOCTAQTKOM TOpPIIeA, IPUMEeHSeMBIX NIPU H30Ad-
IIUM 30H IIOTAOIIEHUHU, SBASIETCS TO, YTO QopMa HX 3apsdpa
(CIAOIITHOM IMAMHAPUYECKUM 3apsp) CO3AaeT IPU B3pPeIBE (DPOHT
YAQPHOU BOAHBI, KOTOPBIM IIPU COBIAAEHUU OCEU CKBAKUHBI U
3apsiaAa OAHOBPEMEHHO AOCTUTaeT BCeX TOUeK CeUeHUsI CKBA’KUHHI.
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B Pe3yAbTaTe 3TOI'0 TPpEeIUWHBI, HaXOAAIIWeCsd B 3TOM Ce4dYeHUH,
6YAYT HUCIHBITEIBATE HAIIPsAKEHUS PAAUMAABHOI'O HAIIPABAEHUS, YTO
MOJXeT IIpUBECTU K ellle 60ABH.I€MY WX pacCIHInpeHunIoO H, CAepAOBa-
TE€ABHO, IIOBBIINIEHNWIO MHTEHCHUBHOCTH IIOTAOIIEHUA.

I/I3OA5{HI/I$I 30H IIOTAOIIeHHrsa B3PBIBOM B Cpeae 6ypOBOI'O pac-
TBOpA IIPpOBEAE€HA B HECKOABKHUX CKBA’XMHAX. Pe3YABTaTI:I IIOAO-
JKUTEABHBIE.

3.4. U30AALIVNOHHBIE PABOTbBI
C ITAKEPAMU

MM TIpepyTIpesKAeHUS IepeMellMBaHusg TaMIIo-
Ha>XHOU CMeCH C OYpPOBBIM PACTBOPOM B CKBA)KUHE IIPU AOBEAE-
HUU ee AO 30HBI IIOTAOIIEHMHS U AATI PA30O0IeHHs HEeCKOABKUX
IIOTAOIIAIOIINX IIAACTOB HEOOXOAMMO HMeTh nakep. C IOMOIIbIO
IIaKkepa MOJKHO TaKyXe 3aAaBUTb CMeCh B 30HY IOTAOIIEHUS U
HCCAEAOBATH IPUEMUCTOCTh ITOTAOLIAIONINX IIAACTOB IIPU AA@BAE-
HUSX, BO3MOJKHBIX B IIPOIleCCE AAABHEUIIIEN IPOBOAKU CKBa)KM-
HBI UAU IIPU ee KPeIAeHUU.

CyiecTByrolljie KOHCTPYKIIUM IIaKepoB, IpUMeHseMble IIpHU
HM30ASIIMH TOTAOIIAIONIUX IIAACTOB, MOAPA3AEAdIOT Ha ABe IpyI-
IIBl: MHOTOKPATHOTO HCIOAB30BAHUSA (M3BAEKAaeMEBle) U pa3lypu-
BaeMble.

3.4.1. TTAKEPBI U3BAEKAEMBIE

ITakepst ¢ sakoprbIM ycmpolicmBoM. K makepaM ¢

YIIOPOM O CTE€HKU CKBA’)KUHBI OTHOCATCS NaKephl, PEe3UHOBBIN
3AeMeHT KOTOPHIX Ae(OPMUPYETCS OT BO3AEMCTBUS Ha HEro Beca
KOAOHHBI OYPHUABHBIX TPYO, @ SKOPHOEe yCTPONCTBO yCTaHABAWBA-
eTcsa B pabodee IIOAOJKEHUE IIPU IIOMOIIU IPy3d, BpallleHueM HH-
CTPyMeHTa MAU 3a CUeT Ilepellapd AA@BA€HHd, CO3AaBaeMoro B Oy-
PUABHBIX TPyOax HarHeTAHUEM IIPOMEIBOYHOM JKUAKOCTH. [lake-
pbt oToro tuna (puc. 3.10, cxemul I, II, III, 1V, V, VI, VII) umeror
IIPOCTYIO KOHCTPYKIIMIO, OAHAKO He BCerpa HapeXHBI B paboTe, a
WHOTAQ TPeOYIOT AONOAHUTEABHBIX IIPUCIIOCOOAEHUN AAT U3BAE-
YeHUd I'py3a.

OCHOBHBIMM HEAOCTAaTKaMHU II€PEYHCAEHHBIX BEHIIIE IIaKEPOB
SABASIOTCSL:

1) mpu paborte c¢ makepamu cxem [, III, IV HeoOXOAUMO AO-
IIOAHUTEeABHOe 000pyAOBaHUEe (AebepKa, TPOC, I'Py3);
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2) HaanuWe WITyIlepa B nakepax cxeM I, II, VII uckakaeT AaH-
HBIe MCCAEAOBaHUS U He TTO3BOASET 3aAaBAWBATL B IIAACTHI BBICO-
KOB$I3KHe TaMIIOHa)XHble CMeCU C KPYNHBIMU HAIlOAHUTEAIMY;

3) vy makepa cxeMbl | 9KOpPb NIPUMEHIETCSI AWUIIL AAS OIIpeAe-
AEHHOTO AMaMeTpa, IIpUYeM MOPOABI B MeCTe YCTAaHOBKHM Iakepa
AOASKHBI OOAGAAQTH OTPEAEAEHHON IIPOYHOCTHIO;

4) B makepe cxeMbl V TPYAOEMOK IIPOIlECC BBIBOAA SKOPSA B
pabouee OAOKEHUE;

5) makep cxeMmbl VI He MOXKeT HMCIOAB30BAaTbCI MHOTOKPATHO
0e3 mopbeMa ero M3 CKBa’KUHBI AAS YCTAHOBKU IITyIlepa.

C yueToM nepedyucAeHHBIX HepocTaTKoB B TaTHUITMHedTH
pa3paboTaH THAPABAMKO-MexaHMuecKuu mnakep A19M, KoTOpHIN
IIpoOIlleA IINPOKUE IPOMBIIIAeHHBIe HUCHBITaHus. [lakep BEHITyC-
KaeTcsl CEpUNHO.

TuppaBAUKO-MexaHUUeckuii makep A19M2 TatHUITHHed T
cocTouT u3 nepeBopHUKa [ (puc. 3.11, a), cTBoAa 2, pe3MHOBHIX
SAeMeHTOB 3 C OTPAHUYMUTEABHBIM 3A€MeHTOM 4, SKOPHOTO YCT-
POMCTBA U NMOABECKHU C CEKTOpaMu. SIKOpHOe YCTPOUCTBO BKAIO-
yaeT B ce0sa nayH>xep 10 ¢ KOHycoM 5, 00ouMy 8 C IAalKaMu 6,
npyXuHy 9, BTyAKy [1, nuamHAp 12, MaHXeTy 14, Koabllo 15 u
BUHT [3. B HIM)KHelM 4YaCcTH CTBOAA IlakKepa PaclOAOKeHBI IIOABEC-
Ka 17 u cektophl 19 Ha manbiiax 18.

INakep coepuHdeTcd ¢ OYyPUABHBIMHM TPyOaMU U CIIyCKAeTCd B
CKBa)XMHY AO HEOOXOAMMOMW TAyOMHEI. HarHeTaHueM >XHMAKOCTU B
OypUABHEIX TpyOax co3paroT AaBaeHue 3-4 Mlla. Tlop aericTBueM
AABAGHUSI KOABIIO 15 ¢ oOomMoOM 8 W HAAIIKaMH 6 ABHYKETCS
BBepX. KoHyC 5 oT’KMMaeT IAAIIKYM K CTeHKaM CKBa’KUHBI U NIPHU
IIAQBHOM IOCapKe (IOA@uell BHU3 IIA@BHO HarpyskaloT IIaKep A0
8,5 T) OypHUABHEIX TPYO MAAILIKM 3aKAMHHUBAIOT SKOPHBIM MeXa-
HU3M, COOpPaHHBIM Ha HAYH>Kepe [0, a Pe3UHOBBINM JAEMEHT Ae-
dopmupyeTcs, pa3odIas 30Hy MOTAOLIEHU OT 3aTPyOHOTO IIPO-
cTpaHcTBa. [Ipu 3ToM cTBOA 2 IaKepa mepeMeniaeTcs BHU3, BHI-
ABUTas CeKTOpHl 19 mTylepa um3 Kokyxa [6, KOTOphle, IIOBOpa-
YUBasCh Ha IaAbllaXx 18, TOAHOCTBIO PACKPHIBAIOT BHYTPEHHUMN
KaHaA Ilakepa. B 3TOT MOMEHT AaBAeHUe Pe3KO IIaAAaeT, UTO CAY-
KUT CUTHAAOM OO0 OKOHYAaHUHU YCTAHOBKHU IlaKepa. 3aTeM IIPUCTY-
IIaIOT K MCCAEAOBAHUIO U M30ASIMU IIOTAOIIAIONIEro IIAACTa.

W3BAeUyeHMEe ITaKepa IIOCAE IIPOBEAECHUS WCCAEAOBAHUU WAM 3a-
AUBKHM IIPOM3BOAUTCS MEAAEHHBIM IIOABEMOM OYPHABHBIX TPYO.
ITpu 3TOM IEepeBOAHUK U CTBOA HAYT BBepX, IAAIIKNM OCBOOOXK-
MAIOTCA OT 3aKAWHUBAHUY, U IIOA AEWCTBUEM IIPY>XKUHBI U COOCT-
BEHHOI'O BeCa 3aHMMAIOT TPAHCIOPTHOE IIOAOKEHUE.

AAS IpUMEHeHMs ITaKepa OpPU HM30AAOUM MAACTOB OBICTPOC-
XBATHIBAIOIUMUCS CMECSIMU C PA3AEABHOM TPAHCIOPTUPOBKOM UX
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COCTaBASIOIIUX KOMIIOHEHTOB IO OYPHUABHBIM TPyOaM B IOAMITH-
AEHOBBIX COCyA@X OH CHaO’KeH YCTPONCTBOM, Ppa3pylIaroliuM
COCYABl M IIepeMelINBAIOIIMM TaMIIOHa)KHYIO CMeCh. YCTPOMCTBO
(puc. 3.11, 6) cocTouT 13 NMepeBOAHUKA | C BUHTOBLIMM KaHaBKa-
MM, HaKAOHHO yCTAHOBAEHHBIX HO’XKel 20, BTyAKH [, mraHku 21
U pa3zbeMHOTO KOABbIa-pukcaTopa 22.

OCHOBHBIM IIPEUMYIIECTBOM IIaKepa SABASETCSI CBOOOAHASA IIOA-
BeCKa SKOPHOI'O YCTPOMCTBAa Ha CTBOAe IlakKepa, YTO AaeT BO3-
MO>XHOCTb OAHOBPEMEHHO C pa3o0llleHrueM 3aTpyOHOTO IIPOCT-
PaHCTBa OT MOATIaKEepPHOU 30HBI Pa3o0IaTh pabodyio Kamepy OT
CTBOAA IIaKepa M OTKPBIBAThH pajpWaAbHBIE KAHAABI OOABIIOTO ce-
YeHUs B ITaKepHl. Baaropaps 3TOMY MCKAIOYAETCS BPEAHOE BAUS-
HUe IITyIlepa IPU HCCACAOBAHUU CKBAXMH U IIOIBASIETCS BO3-
MO>XHOCTb 3aKaUKM B CKB&)XXUHY OOAee BI3KMX TaMIIOHAaKHBIX
cMecel C HallOAHUTEASIMU.

Haubonaee 1mimpoKoe NpuUMeHeHUe HAIIAW HOBBIe IIaKephl,
paspaboranubele B TaTHUITWHepTr u YOHUIIMHepTH. B akepe
YpHUITHedTH SKOPHOE YCTPOMCTBO JKECTKO 3aKPENAeHO Ha
CTBOA€ IIaKepa, IO3TOMY IIOCAe PAa300IIeHMUs 30HbI IIOTAOLIEHUS U
3aTPyOHOTO IIPOCTPAHCTBA UCCAEAOBaHME CKBA’XMHBI U H30AIIIN-
OHHBIe PabOTHI MPOBOAATCS Uepe3 IITyllep pAuaMeTrpoM 35-40 MM.
IMpeumymecTtBo nakepa YPHUITVHedpTH - Harmuve aHTH3aTeKa-
TeAel, IPeAOTBPAIAIOINX 3aTeKaHWe Pe3uHBl, OAaropapd 4eMy
YBEAUUMBAETCSA CPOK CAY’KOBI PE3MHOBBIX dA€MEHTOB Iakepa.

I'ugpaBauueckue nakepnl. K rUApaBAMYECKHMM OTHOCATCSA Ma-
Kephl, PE3MHOBBIM 3AEMEHT KOTOPBIX AePOPMHPYETCSA 3a CUeT
Iepenajpd AABAEHUs, CO3AABaeMOro B OYPHUABHBIX TpPyOax HarHe-

Puc. 3.10. ITakeps! 6e3ynopHEbIe:

I - makep Oe3yNOPHBIN C PEAYKTOPHBEIM KAallaHOM: I, 6 — moplleHb; 2 — map; 3
— BTYAKQ; 4 — De3UHOBHIM JAEMEHT; 5 —CTBOA; 7 — LIMAMHAD; 8 — OOpaTHBIM KAa-
naH; I - nakep Ky#6uimeBHUIMHIT: [ - map; 2 - pe3uHOBLIM dAeMEeHT; 3 — 3a-
TAyLIKa; 4 — cepro; IIT — nakep Tpecta 6. TaTHedTera3paszseaka: I — cTBOA; 2 - 3a-
TAyIIKA; 3 — Pe3UHOBHIM dAeMeHT; 4 — 0OpaTHBIN KaanaH; [V - makep ¢ KaMepou
orpaHu4yeHus: | — pe3UHOBHIM pyKaB; 2 — Pe3UHOBLIM 3AEMEHT; 3 — CTBOA; 4 -
obpatHbtt KaanaH; V - nakep BHUUWEBT: [ — KoAbIO; 2 — cTBOA; 3 — pPe3UHOBBIN
SAeMeHT; 4 — LleHTpaTop; 5 — mTyuep; 6 — aAmadparma; VI - ycrpoiicteo BHMU-
UBT: 1 - map; 2 - cepro; 3 — eHTPaTop; 4 — Pe3UHOBLIM IAEMEHT; 5 — OOpaTHBIN
kaanaH; VII - nakep B.M. Mumesuua u E.K. 3ebepra: I — pe3uHOBBI 3AeMeHT; 2
- OoTBepcTHe; 3 — KOHYC; 4 — KAAIlaH; 5 — IITOK KAAllaHa; 6 — IITOK ynopHed; VIII
- nakep - MocT A.A. Cutonauca: I - map; 2 - BTYAKa; 3 — CeAA0; 4 — Pe3UHOBLIN
9AEMEeHT; 5 — Kaamnas; 6, 7 — mtudThl; IX — nakep 'MI1-2 YOHUM: | - nepeBoa-
HUK; 2 — BTyAKQ; 3 — TpyOa; 4 — pe3UHOBBIM A€MEHT; 5 — OOpaTHBIM KAamaH; 6 —
cepro; 7 — map; X - HapyBHOU makep 6. TatHMM: 1 — mepeBOAHUK; 2 —
CTBOA; 3 — HEIOABWIKHASI TOAOBKA; 4 — YIAOTHUTEABHEBIE KOABIE; O — IIUAMHAD;
6 — pEe3WHOBBIM dAEMEHT; 7 — IIOABHJKHOM dAeMeHT; § — OalMak; 9 — IITyuep;
A — OTBepCTHSI AAS TIepepauM AABAEHUS Ha PE3MHOBLIM dAeMeHT; B — orBepcrus
AAST HaTHETaHUSI TaMIIOHA’)KHOW CMEeCH B 30HY IIOTAOLIEHUS
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Puc. 3.11. I'mappaBAUKO-MeXaHUYeCKuil nmakep A19M2
TatTHUVHedTH:

a - makep; 0 — yCTpONCTBO; I — INepeBOAHHK; 2 —
CTBOA; 3 — PE3UMHOBBIM JAEMEHT; 4 — OrpaHUYUTEeAb-
HOe KOABIIO; 5 — KOHYC; 6 — mAamky; 7 — O6OAT; 8 —
oborMa; 9 - npykuHa; 10 - nAyH>Kep; 11 - BTYAKQ;
12 - nuamHApP; 13 — BuHT; 14 — MaHXXeTa; 15 — KOAb-
no; 16 — KoxXyx; 17 — mopBecka; 18 — manem; 19 -
cektop; 20 - HOX; 21 - mAaHKa; 22 — paszbeMHOe
KOABIIO-(PUKCATOP

~

TaHUEM IIPOMBIBOYHON >KMAKOCTU. Y THAPaBAMYECKOTO IlaKepa
OTCYTCTBYeT YIIOPHBIM MeXaHW3M, HO OH CHabXeH OOpaTHBIM
KAQII@aHOM, KOTOPBIM IIPOIyCKaeT >KUAKOCTb II0A PE3UHOBBINA
9AeMeHT. AAST OCBOOOKAEHUS ITaKepa C LEeABIO ero IHoAbeMa He-
0OXOAVUMO OTKPBITH OOpATHBIM KAAIaH.

l'iapaBAndeckul 6e3ynopHBIN nakep A-74. OCHOBHBIMU HeAO-
CTaTKaMU IIaKepOB MHOTOKPATHOTO AENCTBUSA SBASIOTCS MaABIU
AuaMeTp BHYTPeHHero KaHana ¥ HaAWuue MITYIIEPOB AASI CO3AAHUSI
Iepenajpd A@BACHUd IIPU PACKpPBITUU Nakepa. KpoMe aToro, B Ha-
AYBHBIX THAPaBAWUYECKHX ITaKepaxX OBICTPO BHIXOAUT U3 CTPOSI pe-
3MHOBHIY 3AeMeHT. OTAWYUTEeABHass OCOOeHHOCThL Ilakepa A-74 -
HaAnuMe pabouell KaMephbl, OTAEA€HHOM OT PEe3MHOBOIO 3AeMeHTa
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u wmrylnepa. IlocAepHMI COCTOUT U3 IIOBOPOTHBIX CEKTOPOB,
IIPUKPENAEHHBIX HIAPHUPHO K aKCHUAABHO IIOABHMIKHOM BTYAKe
TaK, YTO IPU ABU)KEHMU BTYAKU BHM3 CEKTOPHI IIOBOPAYMBAIOTCH,
0CBOOOKAAST IIeHTPAAbLHBIN KaHaA.

[Takep (puc. 3.12) COCTOUT M3 CTBOAA 7, aKCHAAbHO ITOABUK-
HOTO IATpyOKa [, IOABHJKHOM TOAOBKM 4 C OIpaHHUYUTEAEM 3,
PEe3MHOBOTO 3AeMeHTa 6, aHTU3aTeKaTreAel 5, MOpIIHA 8 C pes3u-
HOBOM MaHXeToM [0, nuAuHApa 12, ynmopHoM BTyAKu [3, 6amiMa-
Ka 16 u mrynepa 15. IlopiieHb § B TPAHCHOPTHOM IIOAOJKEHUHU
VAepsKUBaeTcd IPY>XMHOM 9, a Ipy’>KuHa 2 ycTaHaBAWBAeT B HUC-
XOAHO€e IIOAOJKEeHMe BeCh IIaKep, COOpaHHBIM Ha CTBOAe 7 C YII-
AOTHUTEABHBIMU KOABIIaMHU [ . [Tpy>)KUHHEIE HOXXU [4 HEOOXOAUMBI
MM BCKPBITHS IOAM3TUACHOBEIX COCYAOB ¢ KoMnoHeHTaMu bCC.

[NTakep Ha OYPUABHBIX TPyOax CIIyCKAIOT B CKBa’KUHY AO He-
00XOAUMON TAyOHMHBI. HarHeraHueM J>KHAKOCTH B OYPHUABHBIX
TpyOax IAABHO CO3Aai0T AaBaeHme 5-6 MIla. Iloa aeticTBueM
MABAEHUS IIOpIIeHb 8§ COKUMaeT NPYXKMHY 9 U ABWKeTCS BBepX,
AeOPMUDPYS PE3UHOBEIE JAEMEHTHI. 3aTeM OCYIIECTBASIOT IIAAB-
HYIO IIOCAAKY OYPHABHBIX TPYyO HAa BEAWYHMHY, PABHYIO paboueMy
XOAY Iakepa.

PaszbypuBaemble naxkepbl. B OCAOKHEHHBIX YCAOBUSX IIPOBOA-
KM TAYOOKHX CKBa’KUH IlerecOoOOpa3HO IPUMeHdTh pa3OypuBae-
Mble IIaKephl, OOeCHeuuBaIOIINe HAUuOOABIIYI0 O0e30IIaCHOCTh
IIPOBEAEHUS M3O0AAIUOHHBEIX pabOT, TakK KakK Cpasy ke MOCAe
IIPOAABKM TAMIIOHAKHOU CMeCH OypHUABHBIE TPYOBI OTCOEAWHSIOT
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Puc. 3.12. TuppaBAnyeckuil 6e3ynopHsiii nakep A-74
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OT IlaKepa M U3BAEKAIOT Ha IIOBEPXHOCTh. B 3TOM cayuae mpe-
AOTBpaliaeTcs pa3daBAeHNE TaMIIOHA)KHOM CMeCU He TOABKO B
Ipollecce 3aKauky, HO U B IIePHOA ee TBEpPAEHMs, TaK KaK WHC-
KAIOYaeTCd BAWSHHME BBIIIEAEXKAIINX BOAOHOCHBIX TOPU30HTOB U
3¢ deKTa IOPUIHEBaHUS IPU ITOABeMe OYPHUABHOTO MHCTPYMEHTA.
KoucTpykiug pa3OypuBaeMbIX IAaKepOB, NPUHOUN UX PabOTH], a
TaK’Ke IIPerMYIecTBa U HepAOCTAaTKU OINMCAHBI B psipe paboT.

PazbypusaeMmsiii nakep PIT-4. lllupoko npuMeHsiemMble B Tara-
puu u bamkupum pasbypuBaeMble nmakepbl A28 u PI1-175 moka-
3aAM CBOIO PabOTOCIOCOOHOCTh Ha rayomHax Ao 1500 m. OnblT
HUCIOAB30BaHM4 ITakepoB A28 B CapaToOBCKOM 0O0OAACTH Ha TAyOu-
"Hax 3000-3200 M BBIIBUA PSIA HEAOCTAaTKOB B UX paboTe: Ha
OOABIINX TAYOMHAX He BCErAa AOCTUIAeTCs HaAe’XKHOe pasollie-
HHUe 3aTpyOHOro mnpocTpaHCTBa. [IpHunHA 3TOrO B CAEAYIOLIEM.
IMTpu co3paHUU Iepenapa AABAEHUS B OYPUABHBIX TPyOax IIyTeM
HarHeTaHWs OYpOBOTO pacTBOpa IPOUCXOAUT OAHOBPEMEHHO
C’KaTHe YIAOTHHUTEABLHOTO dAEMEHTA U IepeMellleHre ero BHU3 110
CTBOAY CKBa’KUHBI BCAEACTBHE YAAMHEHUS KOAOHHBI OYPUABHBIX
TPy6. DTO IPUBOAUT K IOBPEKACHUIO YIAOTHUTEABHOTO 3AEMEeH-
Ta U HApyIIeHUIO I'epMeTU3allui CKBa’KUHEBl, BEPOSTHOCTb Yero
pacTeT C yBeAUdYeHHeM TAYOMHBI CKBAKMHEI.

YUTOOBI MCKAIOUUTEL YKa3aHHBINM HEAOCTATOK U IIOBBICUTH Kaue-
CTBO TepMeTU3allui CKBa’)KUH Ha OOABIINX T'AyOMHAaX, pa3paboTa-
Ha KOHCTPYKIIMA pa30ypHBaeMoOro Iakepa, oOecleyuBaronias IIpu
CO3AAHUU AABAEHUS B OYPUABLHBIX TpPyOax BHadane IepeMelleHue
YIIAOTHUTEABHOT'O 3A€MeHTa BHU3 II0 CTBOAY CKBA’KMHBI, @ 3aTeM
ero cxatue (H.U. Cyxenko, B.M. KpbIroB).

IMTakep (puc. 3.13) cocTouT M3 CTBOAA 5, COEAMHEHHOTO AEBOU
pe3b00oM C IepeBOAHUKOM [, PEe3MHOBOIO 3A€eMeHTa 6 C AByM4
HENOABM)XHBIMU F'OAOBKaMU 4 m 12, BTyaku [0, mepeKphIBAIOIIENR
OTBEPCTUA 7 B CTBOAE IIaKepa M cepra 16. Bryaka u ceppro obpa-
3YIOT AeMI(UPYIOIIYIO KaMepy U YAEP’KUBAIOTCA B CTBOAE IIaKepa
mrudpramu 11 m 15. OTtBepcTuss 7 CHapy’KM IIepeKpBITHI 0Opart-
HBEIM KhAallaHoM §. AeTaau Ilakepa, KpoMe IIepeBOAHUKA, M3TOo-
TOBASIIOT U3 Pa3bypHUBaeMoTo MaTepransa.

[MTocre cmycka makepa A0 HEOOXOAMMOM TAYOMHBI CKBAJKUHY
IIPOMBIBAIOT W B OypHUABHEIE TPYOBI cOpachiBaroT map I3, a 3a-
TeM map 9. OHU HOepeKpPHIBAIOT OTBEPCTUS COOTBETCTBEHHO B
cepre 16 m BTyAKe 10. HarHeTaHueM >KHAKOCTU B TPyOax CO3AQIOT
AaBAeHUe, MOA AeUCTBHEM KOTOPOTO IPOUCXOAUT YAAUHeHUe Oy-
PUABHOM KOAOHHBI, OAHAKO VIIAOTHUTEABHBIM S5AE€MEeHT B 3TO
BpeMd He AedOpPMHUPYeTCd, TaK KaK OTBEpCTHe 7 IePeKpPBITO
BTyAKOU. IIpu onpepereHHOM paBreHUM WITUMTEL 1] cpesarorcd,
u BTyAKa [0 Onaropaps AeMIUpYIOIel KaMmepe IIAaBHO Iiepe-
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Puc. 3.13. Pa3oypusaemsiii nakep PIT-4:

1 - mepeBOAHUK; 2 — IpPOOKa; 3 - YHIAOTHU-
TeAbHOE KOABIIO; 4, 12 — TOAOBKH; 5 — CTBOA;
6 — Pe3WHOBBIM dAeMeHT; 7 — OoTBepcTue; § — )i
oOpaTHBIM KAamal; 9, 13 - mapsl; 10 — BTyA- §/
Ka; 11, 15 — mtudTh;; 14 — NepenycKHOM Ka-
Hap; 16 — cepro

10
11

12

13
14
15
16

MelllaeTcss BHU3 AO yIopa B cepro. [Ipu 3ToM HCKAIOYaeTcs Iape-
HIUe A@BAEHUS Ha) BTYAKOM U COXPAHAETCS YAAMHEHNe OypUAb-
HBIX TPyO. AoCTHUraeTcd 3TO 3a CUET HAaAWUYHSI B CEApAe TIePeIlyCK-
HBIX KaHAAOB [4 M TIOCTENMEHHOTO BBIXOAA W3 HUX JKUAKOCTH,
3aKAIOUEHHOU MeKAY BTYAKOM M CEAAOM.

Kak TOABKO BTyAKa II€pPEMECTUTCS HUJKe OTBepCTus 7, Iepe-
IIaA A@BAEHUS NepepaeTcs depe3 OOpaTHBIM KAAlaH IIOA YIIAOTHH-
TEeABHBINM 3AeMeHT, KOTOPHIY pa3olinaeT 3aTpyOHOe MPOCTPAHCT-
Bo. [Ipu pAOCTH)KeHMU HeOOXOAWMOTO Ilepellajpa AABAEHUd OCYylIle-
CTBASIIOT TIOCAAKY OYPHUABHBEIX TPYO M AOBOASAT HArpy3Ky Ha Iakep
AO 3-5 TC, mocae "ero mWITU@PTHE [5 HUMeOIUe COIPOTUBAECHUE
cpe3a Ha 15-20 % BhIlle, 4eM y HITUQPTOB [I, Cpe3aloTcsa U Cea-
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AO, BTYAKA M LIAPHI MAAAIOT Ha 3a00M CKBa’*KUHEL Uepe3 OTKpPHI-
TBIL KaHaA CTBOAA IIaKepa IIPOM3BOAUTCS HEOOXOAUMBIN KOM-
IIAeKC paboT: MCCAeAOBaHHE 30HBI IIOTAOIIEHMs, 3aKauKa TaMIIo-
Ha)KHOM CMeCH U T.A.

ITepeTOK >KHMAKOCTH B IIPOIleCCe TBEPAEHUS CMECH MCKAIOYEH,
TaK KaK KaHaA CTBOAA IIaKepa IIEepPeKpPBIBAETCS IIPOAABOYHOM
IpOOKOM 2, CIlyCKaeMOM B OypHUABHBIE TPYOBI IIepep IIPOAABOY-
HOM >XMAKOCTBIO. [Ipu mocapKke IpoOKU AaBAeHHe B Tpybax IIo-
BBIIIIAETCS, ee KOHUYECKUe Pe3MHOBBbIe KOABIIA BXOAAT B COOT-
BETCTBYIOIIMe IPOTOKU BHYTPH CTBOAA IIaKepa, Oaaropapss 4demy
NIPeAOTBPAIAeTCs ABM)KeHUe IIPOOKU BBEPX OT AEUCTBUSA AABAE-
Hug cHugy. Ilocre mocapku npoOKU OypUABHBEIE TPYOBI C Iepe-
BOAHMKOM BpallleHWeM BIIPABO OTCOEAMHSIOT OT IIaKepa, KOTO-
pBIMl IIOCAe 3aTBEpAEHMS TaMIIOHA’KHOU CMecH pa30ypHBaeTcs
BMeCTe C IIeMeHTHBIM MOCTOM.

[TpuMeHeHNe TaKEPOB NPU H3OASIUM IIOTAOLIAIONIINX IIAACTOB
OOABIIION MOIIHOCTU HAM HMEIOIINX HECKOABKO HWHTEPBAAOB IIO-
TAOIIEHUSI He BCErAd OOeCIIeurBaeT BHICOKOE KAuyeCTBO H3O0AAIU-
OHHEBEIX paboT, YTO NPUBOAUT K HEOAHOKPATHBEIM 3aKaukaM TaM-
IIOHA>XHOU CMeCH.

AAg TIOBBINIEHUS 3(@EKTUBHOCTU M3OAAIUOHHBIX paboT ¢
HCIIOAB30BAHUEM IMIAKepOB pa3paboTaH CIOCOO, 3aKAIOYAIOIIUNCS
B TOM, YTO TAMIIOHa’KHYIO CMeCh 3aKauUBaIOT HEIIOCPEACTBEHHO K
IIOAOIIBE 30HBI IIOTAOIIEHUS 4Yepe3 XBOCTOBUK, YCTAHOBAEHHBIU
IIPOTUB MOTAOIAIONIEro IAACTa HAa BCIO €r0 MOILIHOCTb U COEAHU-
HEHHBIM C [TaKepOM C IIOMOIIBIO CPe3aeMbIX IIIIUAEK.

OpaHakKo croco6 3aKayK{W CMeCH 4epe3 XBOCTOBUK He II03BO-
AsdeT OLIeHUTh Pe3yABTAT 3aAMBKU Oe3 pa30OypUBaHUs IIeMeHTHOTO
MOCTa M, CAE€AOBATEABHO, PEIINTh BOIPOC O IIPOBEAEHUM IIO-
BTOPHOM 3aKauKU CMeCH, eCAU NepPBOM 3aAWBKOUM 30HA IOTAOIIE-
HUs He M30AMpPOBaHa.

B 1meaax AarbHeMIIero COBepIIeHCTBOBAHUS CIIOCOOa IIOAQUU
TAaMIIOHQ>XHOW CMeCH B IIOTAOIIAIONIUM IIAACT CHH3Y BBepX
H.M. CyxeHKO pa3pabOTaHO YCTPOMCTBO, NPEACTABALIONIEe CO-
OOl XBOCTOBMK, YCTQHOBAEHHBIN BHYTpU Ilakepa. Ha HIKHeM
KOHIle XBOCTOBUKA 3aKpEeNAeHBl MaH’KeTHl II0 AMAMeTPy CTBOAA
CKB&XMHE], KOTOpHIE OOECIIeYMBAIOT IIepeMellleHue XBOCTOBHUKA
CHH3Y BBepX IIOA AEMCTBUEM AABAEHUS IO Mepe 3allOAHeHUs 30-
HBI NOTAOIEHUS TaMIIOHa>XKHOM CMecChblo. baaropaps atomy OyaeT
oOecIieueH KOHTPOAb 3@ Pe3yAbTAaTOM 3aAUBKU AO Pa30ypUBaHUSA
IIEeMEeHTHOTO MOCTQ, TaK KaK IIOCTyIIA€HHe TaMIIOHa’KHONM CMeCHU B
30HY MOTAOINEHUS OCYIIECTBASIETCS CHU3Yy BBEpPX, a IlepeMellaro-
IIUUCS XBOCTOBUK IO3BOAUT IIPOU3BECTU OIPECCOBKY HAM IO-
BTOPHYIO 3aAWBKY 30HBI IIOTAOLIeHMs 0e3 MopbeMa OYPUABHBIX
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TPy® U IAKepoOB, IOCKOABKY HIJKHUM KOHEI XBOCTOBHUKA IIOCAE
3aAMBKU OyAeT PAcIOAO’KeH Hap IeMeHTHBIM MOCTOM.

Ha puc. 3.14 uzobpaskeH oOLIMN BHA 3TOro ycrporcrBa. OHO
COCTOUT M3 TUAPABAMKO-MEXaHWUEeCKOI'o ITaKepa, BKAIOUAIOUIeTO B
ce0s MepeBOAHUK [, IaKepYyIOUINU 3AeMeHT 3, JKOPHOe YCTpOu-
CTBO 5 U XBOCTOBUK 6, IIOABUJKHO YCTQHOBAEHHBIM B CTBOAE Ia-
Kepa 4. CBepxXy XBOCTOBUK HMMeeT YIOPHYIO TaliKy 2, a CHHU3Y K
HeMy C IIOMOIIbI0 My(Thl 7 IPUCOEAUHEeH KOopnyc 8 ¢ MaH)KeTa-
Mu 0. Tlpu crnycke B CKBaKMHY MaH>XeTHI IIPEAOXPAHSIOTCS KO-
KyxoM 9 m 6amMakoM [[, 3aKpelAeHHBIM Ha KOpPIyce C IIOMO-
IIBIO cpe3aeMbIX MTUPTOB 2. CHU3y OalIiMak HMeeT OTBepCTHe
13, KOTOpOe TOCAe CIIyCKa YCTPOMCTBA B CKBA)KUHY II€pEKpPHIBA-
eTcs mapoM. Koxkyx, OalIMak W IIap M3TOTOBAMIOT U3 pa3lypu-
BAeMOr'o MaTepuairad (AIOPAAIOMUHUS).

YCTPONCTBO Tepep CIIyCKOM B CKB&)KHWHY COOHUPAIOT CAEAYIO-
muM obpaszom (puc. 3.15, a). ITakep 2 ¢ momoIbio 3AeBaTopa 1
YCTaHaBAMBAETCd Ha poTOpe . 3aTeM B HEro OIIyCKAaloT XBOCTO-
BUK 3 A0 ymopa rauku 2 (cM. puc. 3.14) B cTBOA makepa 4 (cM.
puc. 3.14). AAMHa XBOCTOBUKA OIPEAEASIETCS MOIIHOCTBIO 30HEI
IIOTAOIIIEHUS, OAHAKO OHa He AOAJKHA OBITH Ooaee 26 M (AASL BEHI-
ek BBICOTOM 41 M) ¢ TeM, YTOOBI OOecleuuThb MOABEM XBOCTO-
BHKa C TIaKepOM AAS HAaBHHUMBAHMSA KOpIyca MaH>XeT. B aToMm
CAy4Yae XBOCTOBUK AOAKEH OBITb COCTaBHBIM U3 ABYX 4YacTel, IIO
12-13 M Kaxpasg. TpyOBl XBOCTOBHKA AOAKHBI MMETH IIOCTOSIH-
HBIM HApPY’KHBIM AMaMeTp, OOeCHeuMBaIOIINNU ero IpoXopA BHYTPU
CTBOAA Nakepa. ITocae cmycka XBOCTOBMKA BHYTPh IIakepa HWHCT-
PYMEHT IIOAHUMAIOT AO BBIXOAQ HMJKHEro KOHIIa XBOCTOBHMKA U3
poTopa. Ha XBOCTOBMK HaBMHUMBAIOT KOpPIyC 4 C MaH’KeTaMH, U
BCe YCTPOUCTBO CIYCKAIOT B CKBa’KMHY AO HEOOXOAUMOM TAyOu-
HBI, TA€ OHO AOAJKHO OBITH PACIIOAOKEHO TaK, YTOOBI MAH’)KETHI B
MCXOAHOM TIOAOJKEHUWU IIepep IPOBEAEHUEM W30ASIIUOHHBIX pa-
0OT HaXOAWAUCH Yy TOAOWIBBEI 30HEI IIOTAOINEHUS. 3aTeM B Oy-
pHUABHBIE TPYOBI COpPACHIBAIOT IIap U HArHETAlOT IIPOMBIBOYHYIO
SKUAKOCTB AASL CO3AQHUS Iepellaja AABAEHUS, IOA AeMCTBUEM KO-
TOPOTO CHadaAd XBOCTOBHK CMellaeTcd C MaH>XeTaMH B HIDKHee
IIOAOJKEHHe, TaK KaK IPU CIIyCKe B CKBA)KMHY OH MOJKET Ilepe-
MECTUTBCSA BBEPX AO yIopa My(MTHI B CTBOA Hakepa. Ilpu BO3-
BpallleHUM XBOCTOBHUKA B MCXOAHOE IOAOJKEeHUEe ero OTBepCcTus A
(cm. puc. 3.14) cooObIialoTcsa C OTBEPCTUSMM B CTBOAE IIaKepa, U
MaBAeHVe IlepepaeTcsd B THAPaBAMYECKYyI0O Kamepy b (cMm. puc.
3.14). Tlop pelicTBHeM Ilepellapd AABAEHHS SKOPHOE YCTPOMCTBO
BEIBOAUTCS B pabodee TOAOKEHHE AO CONPUKOCHOBEHUS CO
CTeHKaMM CKBa>KUHEL [lop AeMCTBHEM OCEeBOM HArpy3KU CyKHUMa-
€TCs Pe3WHOBBIN 3AeMeHT, U 3aTpyOHOe IPOCTPAaHCTBO pa3o0biIia-
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Puc. 3.14. YCTpPO¥CTBO AASI IIEMEHTUPOBAHUS 30H IIOTAO-
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€TCs OT IIOAIIaKEPHOU 30HEL. [Ipu AanbHeNIIeM IMMOBBHIIIEHUU AAB-
A€HUs Ccpe3aroTcsl MITUMTH, W OallIlMaK C KOJKYyXOM IIapaloT Ha
3a00M, 0CcBOOOKAAST MaH)XeThl. Pe3Koe TMapeHUe AABAEHUS ITOCAE
cpe3a WTUMTOB CBUAETEABCTBYET 00 OKOHUYAHUM YCTA@HOBKH YCT-
POMCTBA B CKBa’KHUHE.

30HA MOTAOILIEHUA C IOMOIIBIO ONUCAHHOIO YCTPOUCTBA M30-
AUPYETCs CAeAyIOIIUM oOpa3oM. TaMIIOHa’kHasi cMeCh B He00XO-
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AUMOM KOAMYECTBE 3aKauMBaeTCsI U IIPOAABAUBAETCS depe3 Oy-
pUABHBIE TPYOBI M XBOCTOBUK K 30He IOTrAoleHus 6 (puc. 3.19,
0). Ilo Mepe 3allOAHEHHS CTBOAA CKBA)KWHBI W IIOTAOINAIONINX
KaQHAAOB TAMIIOHA’)KHOM CMeCBhIO § TOA MaH’)XeTaMH 7 CO3paeTcs
HEKOTOPHIM IIepenap AABAEHUS, IIOA AEUCTBHEM KOTOPOro MaH-
JKeTbl U XBOCTOBUK II€PEMEIAlOTCI BBEPX. YCTPOUCTBO WHMeeT
ABe (AU OOAee) MAHXKETBI AAS TOI'O, YTOOBI MCKAIOUUTBH IIOCTYII-
AeHUe CMeCU B IIOAOCTh Hap HUMM NPU HaAWYUU HeOOABIINX Ka-
BEPH B CTBOA€ CKBA’KUHHI.

YUTOOHI U3BAEUDL YCTPOMCTBO U3 CKBAa’XMHBI, OYpPUABHBIE TPYOBI
MEAAEHHO MTOAHMMAIOT, IIPU 3TOM PE3WHOBBIM SAeMEeHT IPUHUMa-
€T TPAHCIOPTHOE IIOAOJKEHWEe, IIPY’KMHA BO3BpAIllaeT IIAAIIKU
BHM3, a rarika 2 (cMm. puc. 3.16), ynupascb B CTBOA IIaKepa I (CM.
puc. 3.14), yBreKaeT 3a cOOOM XBOCTOBUK C MaHykeTamu. Ilo-
CKOABKY MaH’)KeThI IIPU NMOABEMe He 3alllUIlleHBbl, TO OHU MOIYT
OBITH pa3pyuieHbl. [lo3TOMy NOpHU CIyCcKe B APYIYIO CKBOKUHY
XBOCTOBUK CHAO’KaeTCs HOBBIMHM MaH’KeTaM¥, KOXKYyXOM M Oari-
MaKOM.

OOBIYHO KAUeCTBO HU3OAILUHU IIOTAOLIAIOLIETO IIAACTa OIIpepe-
AsIeTCS IIOCAe pa3OypuBaHMS 1IeMeHTHOTO MOCTa, AAS 4ero HeoO-
XOAVMO M3BA€Ub U3 CKBaXMHBI OYpPUABHBIE TPYOBI C IIAaKepOM Ha
IIOBEPXHOCTh, 3aTEM CIYCTUTBh B CKB&XKUHY AOAOTO. AAS IIOBTOP-
HOTO IIeMEHTUPOBAHUS HEOOXOAMMO BHOBH CIIYCTUTH IlaKep u
3aKayaThb IIeMeHTHBIM pacTBop. Ha 3Tm omepanmum 3aTpadyuBaeTca
MHOT'O BPEMEHH.

Hu>xe onmceBaeTcss yCTPOUCTBO, KOTOPOE IIO3BOASIET MHOTO-
KpPaTHO I1eMeHTUPOBATh 30HY IOTAOIIeHUs U pa3bypuBarh Iie-
MEHTHBLIY MOCT 0e3 mopabeMa nakepa (TarTHUTTHHedTs).

OOwmui BUp yCTpoMCTBa m300pakeH Ha puc. 3.16. OHO co-
CTOUT U3 THUAPABAWMYECKOTO ITaKepa M IIOAOTO IIMAMHApPa I, K
HUJKHEMY KOHIIy KOTOPOTO C IOMOIIBIO My(TEI [2 IPUCOEAUHS-
etcsi AonoTo 13. Tlakep BKAIOUaeT B cebs Pe3UHOBBINM BAEMEHT C
MeTaAANYeCKUMHU F'OAOBKAMU 3 U 7 U KOpPIyC 4 C KAallaHaMU 6 U
9. OOpaTHBIN KAAIlaH 6 CAYXKUT AAS ITOAQYU JKUAKOCTH IIOA pe3H-
HOBBIM 3Ae€MEeHT IIpH Pa300IeHUM CKBAa’KWHEI, a KAallaH 9 — AAG
BBIXOAQ JKMAKOCTH M3-II0A PE3MHOBOTO JAEMEHTa Iepep IOoAbe-
MOM IlaKepa M3 CKBa)XMHBEL. B HCXOAHOM IIOAOKEHUM IIaKep
duKcupyeTcss Ha IUAMHAPE C IIOMOIIBIO cpe3aeMoro mrudra &,
IIPU 3TOM OTBEPCTHSA A B IIMAMHAPE U KOpIIyce Ilakepa CooOIa-
IOTCSL MeXXAy cobol. LIMAMHAP CBepXy coepuHeH ¢ TpyOoM 2, a
CHU3Y OH uMeeT HITyHep Il AAd cO3paHUA HEOOXOAUMOTO AA@BAE-
HUS [IPU YCTAHOBKE IIaKepa B CKBa’KUHE. YCTPOUCTBO COEAUHSIET-
cs1 ¢ OypPUABHBIMU TPyOaMHU IOCPEACTBOM II€PEBOAHUKA .

BypuabHBEIE TPYOBI C YCTPOMCTBOM CIIYCKAIOT B CKB&)KMHY Ha
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Puc. 3.16. YCTpO¥CTBO AASI IeMEHTUPOBaHUS
MOTAOLIAIOMINX MAACTOB

o4

TaKylO0 TAyOHMHY, 4YTOOBI IIaKep OBIA DPACIIOAOKEH Hap KpPOBAEH
30HBI noraomieHus. [Ipu 3TOoM HEOOXOAMMO HMETb B BHAY, 4YTO
BEPXHHUU KOHel] OyPUABHBIX TPYyO AOAKeH OBITH COEAMHEH C Be-
Ayllel TpyOOl, IpUYeM ee HUJKHSS YacTh AOAKHA BXOAUTH B PO-
TOPp AASL OCYIIECTBACHUSI IIOCAEAYIOUIETO BpAIleHWsl OypHUABHOMN
KOAOHHBI IIPU pa30ypUBAHUU LEMEHTHOTO MOCTA.

Pe3uHOBEBI 5AeMEHT B CKB&)KHWHE YIAOTHSETCS AJABACHUEM
IIPOMBIBOYHON JKHMAKOCTH, 3aKauMBaeMOW B OypHUABHBIE TDPYOBI.
[Tochre ycTaHOBKM IlakKepa MPOM3BOAAT IIOCAAKYy OYPHABHOM KO-
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AOHHEL, TIPK 3TOM IITUMT § cpe3aeTcs, U MUAUHAD BMeCTe C TPYy-
0aMu U AOAOTOM IlepeMelljaeTcsi BHU3. KOAOHHY OIIyCKAalOT BHU3
MO TIOCAAKU IlepeBOAHMKA [ Ha Kopnyc 4, 6aaropapsi ueMy AOCTH-
raeTcsl repMeTH3alus KOABIIEBOTO 3a3opa MeXXAy TpybamMu 2 u
KOopIycoM nakepa 4. B TakOM IOAOKEHUM yCTPOMCTBA LUAMHAD
ImaKkepa C AOAOTOM AOAYKHEBI OBITH PACIIOAOKEHBI B IOAOIIBE 30-
HBI TIOTAOIIEHUSI UAM HUJKe Hee, YTO AOCTUTAETCS IIOADOPOM AAM-
HBI TPYOBI 2.

[To oxKOHYaHUM NOATOTOBUTEABHBIX PA0OOT CKBa’KUHA NIPOMBI-
BaeTCsd, U B OypUABHBIe TPYOBI UYepe3 BeAyIyro TPpyOy 3aKauuBa-
€TCsl TaMIIOHAa’)KHasd CMeCh, KOTOPas, BEIXOASI M3 OTBEPCTHUI AOAO-
TQ, 3alIOAHIET CTBOA CKBA)XMHBI U IIOTAOIIAIOIINE KAHAABI CHU3Y
BBepX. [locae mpopaBKU cMecH OypHABHAsS KOAOHHA IIPUIIOAHU-
MaeTCcs HaCTOABKO, UTOOBI IIMAMHAD Ilakepa He AOIIeA A0 KOpIy-
ca Ha 20-30 cM, U 3aTeM CKBa)XUHA NIPOMBIBAETCS AT YAAACHUSA
IIeMEHTHOTO pAacTBOpa U3 IOANAKEPHOM 30HBI BO H30eKaHHe
npuxsaTta uUHCTpyMeHTa BO BpeMmsa OJ3L]. Tlocre HpOMEIBKE KO-
AOHHA NPUIIOAHUMAETCS B HMCXOAHOE IIOAOXKEHHe, IIPU KOTOPOM
IIPOXOAHOM KaHaA KOPITyCa IOAHOCTBHIO IEpPEKPBIBAeTCS ITUAMHA-
poM mnakepa. Bo3BpallleHre HHCTPyMeHTa B UCXOAHOE IIOAOKeHUe
dukcupyercs ynopoM mrudTa 10 B Kopiryce nakepa 4.

LleMeHTHBINN MOCT pa30ypuBaeTcs BpallleHWeM KOAOHHHI Oy-
PUABHBIX TPyO pOTOPOM, a IMPKyAAIlUsd OypoOBOTO pacTBopa
OCYIIIECTBAGIETCSI IO KOABIIEBOMY 3a30pPy MeXAy KOpnycoM 4 u
Tpyoon 2. Ilocre pa3OypuBaHUs I[€EMEHTHOIO MOCTA CKBAKUHY
OIPECCOBBLIBAIOT U, €CAU U3O0AGIIUSA 30HBI IIOTAOIIEHUS He AO-
CTUTHYTQ, €e BHOBb IJeMeHTUPYIOT IO ONMCAaHHONW TEXHOAOTHUM.

ITo okOHYaHUM U3OAAIUOHHBIX PAOOT MHCTPYMEHT M3BAEKAIOT
13 CKBaXMHHL. [Ipu HaTakXKe OYpPUABHBIX TPyO mITH@TE [0 cpe-
3a10TCd, 1 MydpTa 12 BepxXHUM TOPIIOM yIIHPAETCS B IITOK KAala-
Ha 9, coKuMas ero IpyKuHy. 2KHMAKOCTb BBEIXOAUT M3-TI0A Pe3u-
HOBOT'O dAeMeHTa II0 KaHaay b, makep IpUHUMaeT TPAHCIOPTHOe
IIOAOJKeHUe U IIOAHUMAeTCsl Ha IIOBEPXHOCTE.

TakuMm o6pa3oM, IepeMelIAIoIIUNCT ITUAWHAD IIaKepa BMecCTe
Cc TpyOoOM oOecieunBaeT IIOCTyIIAeHHEe CMeCH B 30HY IIOTAOIIEHUSA
CHU3Y BBEpPX, YTO MOBBIIIAET KAueCTBO H3O0ASAIUU 30HBI IIOTAO-
IIeHUs, a AOAOTO IIO3BOASIET pa3OypUTh ILEMEHTHBINL MOCT
0e3 mopbeMa Ilakepa U3 CKBA)KUHBI U AOIOAHUTEABHOI'O
CIIyCKa WHCTPYMeHTa CIIeITUAaAbHO AN pa30ypuUBaHUS II€eMEeHTHOI'O
MOCTa.



['raBa T'ABOHE®TEBOAOITPOSIBAEHUA

lazonedTeBOAOTIPOSIBAEHUA U T'pudoHOOOpPa3o-
BaHUA — 3TO CEePBbE3HBINM BUA OCAOKHEHUM IIPpU OYpPEeHUM U 3KC-
IAyaTalluy He@TSIHBIX U Ta30BBIX CKBa’*XKMH, TPeOYIOUIUX AAU-
TEABHBIX U AOPOTOCTOSIIIUX PEMOHTHBIX paboT. Bypenume, oco-
OeHHO BCKPBITHE NIPOAYKTHBHOTO Ta30BOTO IIAACTa, IIPU HEKOTO-
PBIX OOCTOATEABCTBAX MOJKET NPUBECTH K 3HAUYUTEABHOMY IIO-
CTYIIA€HHIO (DAIOMAA B CKBA)KHWHY B IIpoljecce OypeHHT M B 3aKO-
AOHHOe IPOCTPAHCTBO IIOCA€ IIeMEeHTHUPOBaHHUA. B HEKOTOPBIX
CAY4YasIX IIOCTyLAEHHE (PAIOMAQ MOJKET IIEPEeUTH B Ta3oHedTeBO-
MOIIPOSIBAEHMS C IIOCAEAYIOIIMM Pa3BUTHEM B IPUQOHEL, I'a30BbIe
UAM He(dTgHBIe (POHTAHBI, HAHOCAIIUE OTPOMHBIN 3KOHOMHYEC-
Ku#l yiiep6. Oco0eHHO YacThl OHU IIpU OypeHUU Tra30BBIX CKBa-
xuH ¢ ABIIA.

Ha psine MecTOposkAeHUM, B OCOOEHHOCTHM C aHOMAABHO BHI-
COKMMM IIANQCTOBBIMU AABAEHUSIMH, HAOAIOAQIOTCSI MHOTOYMCAEH-
Hble CAy4au 3aKOAOHHBIX Ta30He(TEelPOsIBAEHUM IIOCAe IleMeHTH-
poBaHUs OOCAAHBIX KOAOHH.

AAWTEABHO AEMCTBYIOIIME NMPONYCKU Tra3a IPHUBOAIAT K HACHI-
IIIeHWUIO BHIIIEAESKAIUX TOPUCTHEIX TOPU3OHTOB.

3HAQUUTEABHBIE 3aTPAThHl CPEACTB U BPEMEHU Ha AMKBHAAQIUO
(hOHTAHOB, I'PU(POHOB U NPOSIBACHUN MOTAW OBl OBITH 3HAUUTEAB-
HO CHMWJKEHBI UAU CBEAEHBI K HYAIO IIPU IIPAaBUABHOM yCTaHOBAE-
HUM OPUPOABLI Ta30He(TEeIPOSIBAECHUM, UX HPUYUHBI, IIPOBEACHUU
psfra OPraHM3alMOHHO-TEeXHUYECKUX U NPOPUAAKTUYECKUX Me-
POIPUATHUN.

Ilpm sKcIAyaTanuy ra3oBBIX, TAa30HETAHBIX, ra30KOHAEHCAT-
HBIX U He(TAHBIX MECTOPOKACHUU 4YaCTO HAOAIOAQIOTCS CAy4YaUd
CKONIA€HMS Ta3a MeKAYy KOHAYKTOPOM (MAU ITPOME’KYyTOUHOM KO-
AOHHOM) M 3KCIAYATallMOHHOU KOAOHHOMU.

[Tytu ABMDKEHMSI Tra3a B OKCIAYAaTHUPYIOIIUXCS CKBa)KUHAX B
OCHOBHOM Te >Xe, 4TO U npu IemeHTupoBanuu uam O3L] ckBa-
JKMH, BBIXOAAIUX U3 OypeHud. I'IpaBpa, B IepBOM CAydae MOJKHO
OBIAO OBl OTMETUTHb U IMOSIBA€HUE HAPYIIEHUN KOAOHHBI BCAEACT-
BUe UX KOPPO3UHU U pa3pylleHHs 1IeMeHTHOTO KaMHS IOA AEMNCT-
BHUeM Cy(pdO3UU U IMAACTOBBIX BOA,

K namboaee XapaKTepHBIM OCAOKHEHMIM IIpU OypeHuUu U
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9KCIIAyaTaIlUM Fa30BLIX CKBa’KMH, TPEOYIOUINX He3aMeAAUTEeABHO-
IO PEMOHTAQ, OTHOCSITCS CAeAYyIOIIHe:

1. Hacelmenue OypoBOro pacTBOpa ra3oM B IIpoljecce Oype-
HUS U (UAM) IPU OCTAHOBKE YIAYOAEHUS CKBa>KMHHI.

2. Me>XKOAOHHBIE Ta30IIPOSIBAEHUS, CBSI3aHHBIE C HErepMeTHd-
HOCTBIO Pe3bOOBBEIX KOAOHH (3TOT BHA OCAOKHEHUM BCTpPEYaeTCd
U TIPU 9KCIAYATaIlUM CKBa)KUH).

3. 3aKOAOHHBIE (MEXKOAOHHBIE) KaHAaAOOOpa3oBaHUS, CBSI3aH-
Hble C (PU3UKO-XUMHUUYECKUMH IIPOIleCCaMU B KOABIIEBOM IIPOCT-
PaHCTBe, U NOCTyIIA€HHe IO HUM rasa.

4. HakonaeHUe ra3a B MeXTPYOHOM (3aTpyOHOM) IIPOCTPAHCT-
Be.

5. MeXKOAOHHBIE NEPEeTOKH M HacCHIIIeHUEe Tra30M BHIIIEAe-
>KaIIUX IIAACTOB.

6. I'pudoHOOOpPa30BaHUA (XapaKTepHBI M AAG 3KCIIAyaTalluu
CKB&)KMH).

Karkpoe 13 Ha3BaHHBIX OCAOKHEHUM MOJKET IIepepacTd B OT-
KpHBITEIE Ta30BHle (HeTaHBbIEe) (DOHTAHBI, €CAU BOBPEMS He IIPEA-
IIPUHSATHL MEPhLl UAU He IIPOBECTH PEMOHTHEBIE PaOOTHI.

BrisfiBA€HUE IIPUPOABI T'a30IIPOSIBACHUM IIpU OypeHMH U IIOCAe
IIeMeHTUPOBaHUSI CKBa)KWH, OOBbSICHEHMe NMPHUUYUH ABIIKEHHS rasa,
0OBbeAVHEeHUE HAaOAIOA€HUU U Pe3yAbBTAaTOB 3KCIIEPUMEHTOB B €AU-
HYIO TEOPHUIO IIPEACTABASIOT AOBOABHO CAOJKHYIO 33Aa4y.

B nacTog1eM pasapene NPEANPUHSTA MONbITKA 0000IIUTL 3Ha-
UUTEABHBIN OIBIT OTEYECTBEHHOM M 3apyOe’KHOU NPAKTHUKU IO
IIPeAYIIPEKAEHUIO U 60pb0Oe C ra30IPOSIBACHUSMU IIPU OypeHUu U
KpellAeHUHU (IIPY 3aKaHYMBAHNM) CKBAXKMH C y4eTOM clleljuduyec-
KHUX CBOMCTB Trasa.

4.1. TIOCTYIIAEHHME TA3A
B CKBAJKMNHY ITP1 BYPEHUUN

[Tpu OypeHUM TIAyOOKHX CKBQKMH HEAB3sd UC-
KAIOUUTH BO3MOJKHOCThL razoHedreBoponposibaenurt (I'HBII), ko-
TOPBIE SBASIOTCS OAHMM M3 CaMBIX PACIPOCTPAHEHHBIX BHAOB
ocroxxHenunt. 'HBIT HepepKO 3aKaHUMBAIOTCS HEPEryAupyeMBIMUA
poHTaHAMU IIAACTOBBIX (PAIOMAOB, UTO YaCTO IPUBOAUT K THOeAr
CKB&)XKUH U ODOPYAOBAHHS, a TAKKe IIOTePSAM YTA€BOAOPOAHOIO
CBIPBA.
ITpoHukHOBeHUe rasa B OypOBOU pAcTBOP HNPHUBOAUT K H3Me-
HEHUIO €TO CBOMCTB. BA3KOCTBE U CTaTH4YeCKOe HANpSKEeHHe CABU-
ra OypoBBIX (TAMHHMCTBIX) PacTBOPOB BO3pacTaioT, YTO B 3HAuM-
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TEeABHOM CTelleHM 3aTPyAHSIeT IIpOBeAeHUe IIPO(PUAaKTHYECKUX
MEpOIPUATHUN IO HX Aerazanuu. IlocTynmaeHue rasa B CKBOKUHY
BBI3BIBAET MMapeHHe NAOTHOCTH OYPOBBIX PAacTBOPOB. YBEAWYUBA-
eTCd Pa3HUIla IAOTHOCTU UCTUHHOM U KaXKyIIEeWCs, BCAEACTBHE
yero OypOBEIE PACTBOPHI YTSJKEASIOT, XOTS 3TO He BBI3BIBAETCH
TEXHOAOTHYECKUMH U T€OAOTUUYECKUMHU YCAOBUSMU W MOJKET IIPH-
BECTHM K IIOTAOLIEHHMIO PAaCTBOPa C IIOCAEAYIOUIMM CHH’KEHHEM
IIPOTUBOAABAEHUS Ha IAACTHIL.

IMpu HU3KUX 3HAUEHUSIX BI3KOCTH U CTATUYEeCKOrO HaIpsKe-
HUS CABUTa HabAropaeTcst 'KumeHue" OypoBOTO pacTBOpa B CKBa-
>KMHEe U JKeAOOHOM CHCTeME.

ChepCTBUEM TIOCTYTIAEHUMS ra3a B CKBA)KUHY MOJKET SIBUTHCS
nepeArB OypOBOr'O PacTBOPA C MOCAEAYIOIIUM BEIOPOCOM U (POH-
TaHUpoBaHUeM. 4%-Hoe ra3oHaCHIIleHHe OypOBOro pacTBOpa
IIPUBOAUT K TIOHM’KEHUIO KOo3(PUIlMeHTa I0AQYM Hacoca Ha 12-
19 %.

l'azoBBIE BEIOPOCHI AGAEKO HE BCETAQ MOTYT OBITH 3aMedeHHI B
CBOeM pa3BUTHM. [lapeHne POTMBOAABAEHHUS Ha IIAACT IPOUCXO-
AUT IIOCTeNeHHO, 6e3 BHAWMEBIX Ha YCThe CKBa’KMHBLI M3MEHEHUH,
U IIOCAe HACTYIAEHUS "HEYCTOMYMBOIO paBHOBeCHs' BO3MOKEH
BBIOPOC C IOCAEAYIolIel paboTol naacTa 6e3 IPOTHBOAABAECHUS.

OTMeueHBl CAy4YaM Ta3upoBaHUsi OypOBOTO (TAMHUCTOTO) pac-
TBOpPA BO BpeMs OCTAHOBOK CKBa’XMHBI O€3 IIPOMBIBKUA B TeUeHHE
Oonree 1 4, a Tak’Ke BO3HUKHOBEHMS OTKPBITOrO (POHTAHUPOBA-
HUSI CKBa)KUH IIPU IOABEMe WHCTPyMeHTa.

Ansa npepynpesxxpeHuss 'HBIT moBBEIIIAIOT IAOTHOCTE OYPOBOTO
pacTBOpa M3 TOTO pacueTa, 4TO AABA€HUe ero CTOoADOa BHIIIE IIAa-
cToBOTO. HIKHUI IIpeper TIpeBEBINIEHUs 3a00MHBIM AABAEHHEM
IIAQCTOBOTO OTPAHWYEH TEXHUYECKMMHN HOPMaMM, a BEpXHUU —
HeT. Omnacadace I'HBII, OypoBUKHM, KakK IIPABUAO, CTAparOTCId He
PHUCKOBATh U YPE3MEPHO YTSIKEAdIOT OypoOBOM pPacTBOpP. B Heko-
TOPBIX paloOHAaX pelpeccus Ha MAACTBI cocTaBasteT 7-15 Mlla u
Oonee. [IpuHATHE TAaKUX Mep NIPU INPOBOAKE CKBAKUH IIPUBOAUT
K CHIDKEHHUIO CKOPOCTU HX OypeHUs, POCTYy OIACHOCTH BO3HUK-
HOBEHUS IIPUXBATOB OYPUABHON KOAOHHEI, IIOTAOIIEHUSM Oypo-
BOTO pacTBOpPa, 3aKyNOpPKe KOAAEKTOPOB M, KaK CAEACTBUE, K
CHIDKEHHUIO 3((EKTUBHOCTU T'€OAOTOIIOMCKOBBIX M OYpOBEIX pa-
00T, IOBBIIIEHUIO UX CTOMMOCTU U APYTUM HeTaTHUBHBIM SIBA€HU-
SIM.

INpakTyka OypoBBIX pPabOT B Hallleld CTpaHe U 3@ PyOe’KoM
IIOKA3bIBaeT, 4YTO NOBHIIIeHHEe 3(HEeKTUBHOCTU T'AyOOKOro Oype-
HU4 CB43aHO C IIOHWJKEHHEM pelpecCHuU Ha pas3OypHUBaeMEIe IIAA-
CTHI, @ TaK)XKe C yMeHBIIIEHHEeM COAEP’KaHMs YacCTUI], BEIOYPEeHHOM
IIOPOABL, B TOM YHCAE€ KOAAOHMAHBIX, B OYPOBEIX pPacTBOpax.
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OaHako Npu OypeHUU CKBa’KWH C YMeHbBIIIeHVEeM IIPOTHBOAAB-
A€HUS Ha IAACTHI AOAKHBI OBITH IIPUHSTHEL OIPeAeAeHHBIE Mephl
0e30IaCHOCTH, OCHOBHBIMU U3 KOTOPHIX SBASIIOTCS:

IIPOTHO3UPOBAHUE IIAACTOBOTO (IOPOBOTO) AABAEHHS Ha BCEX
CTaAUSAX IIPOEKTUPOBAHUSA U CTPOUTEABCTBA CKBA’KMH;

pa3paboTKa HapEKHBIX METOAOB INPOEKTHUPOBAHUSA KOHCTPYK-
UM CKBa>KUH;

pa3paboTka M IIPOU3BOACTBO HAAEKHOT'O YCTHEBOTO OOOPYAO-
BaHUSI — IIPEBEHTOPOB, APOCCEAel, CelapaTopoB, Aera3aToOpOB,
3aIIOPHOU apMaTypEl U AD.;

CO3AaHHUE TEXHUYECKUX CHUCTEM AAI OOHApPY)KeHUs (DAIOHUAO-
NIPOSABACHUM Ha PaHHEW CTAAUU UX BO3HUKHOBEHU;

pa3paboTka 6oAee COBepIIEHHBIX METOAOB pacueTa H3MeHe-
HUs 3a00MHOrO A@aBAEHUS IIPU OypeHUH, CIIYCKOIOABEMHBIX OIle-
panugax, a Tak’Ke BO BpPeMsl AMUTEABHBEIX OCTAaHOBOK;

pa3paboTKa U BHEAPeHHe CIIOCOOOB M TEXHUYECKUX CPEACTB
AUKBUAAIUY IIPOSIBAECHUMN.

4.1.1. TIPU3HAKU IMMPOSIBAEHUN

[MTocTynAaeHMe NMAAQCTOBBIX (PAIOMAOB B CTBOA Oy-
pSAIIENCS CKBA)KUHBI OIPEAEAeHHBIM 0O0pa3oM OTpa’kaeTcs Ha
TMAPABANYECKAX XAaPAKTEPUCTUKAX IUPKYASIIMOHHOTO IIOTOKA U
CBOMCTBaxX OypOBOI'O PACTBOPA, BBEIXOAMIIErO M3 CKBAXKUHBL. Bo3-
HUKalolllye IIPU 3TOM Ha IIOBEPXHOCTU CUTHAABl UAU IPU3HAKU
NIPOSIBAEHUM OOAQAQIOT PA3AMYHOM 3HQUMMOCTBIO B 3aBHCUMOCTHU
OT WH(MOPMATUBHOCTH, BPeMeHU INOCTYIAEHUS U HWHTEHCUBHOCTHU
IIPUTOKA (PAIOUAQ.

ITpakTrkol OypeHUs YCTAHOBAEHBI CAEAYIOIIVE IIPU3HAKU Tra-
30He(PTEBOAOIIPOSIBACHUN!

yBeAnueHHe oO0beMa (YpOBHS) OYpPOBOTO pacTBOpa B €MKOCTSIX
HUPKYASIITUOHHOMN CUCTEMEI;

MOBHIIIIEHNE PACXOAA (CKOPOCTH) BBIXOAAIIETO IIOTOKa Oypo-
BOTO PacTBOPA M3 CKB&)XWHBI DU HEM3MEHHOU IOoAQUYe OYpPOBEIX
HAaCOCOB;

yMeHBIIIeHHe IIPOTUB PacyeTHOro obbeMa AOAMBAEMOIo B
CKBa&)XHHY OypOBOTO pacTBopa NpU MOAbeMe OyPUABHOU KOAOH-
HBI;

yBeAWUeHMe IPOTUB pacueTHOro oobeMa OypOBOTO PacTBOpa B
NIPUEMHON €MKOCTH IIPU CIIyCKe OYPUABHOM KOAOHHHI;

MOBBILIIEHNE Ta30COAEPKaHUs B OYyPOBOM PACTBOPE;

BO3pacTaHue MEXaHUYeCKOU CKOPOCTU OypeHud,;

U3MeHeHMe II0Ka3aTeAreld CBOMCTB OypoBOr'O pacTBOPa;

U3MeHeHNe AaBA€HUs Ha OypOBBIX HaCOCAaX.
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[Mocrepnrie Tpu HOpuU3HAKa MOTYT BO3HHKATHL HE TOABKO B
pe3yAbTaTe IIPOSIBAEHMN, HO U IIO APYI'MM KOCBEHHBIM IIpHU-
YUHAM.

YBeAuueHue mexaHuueckol cKopocmu. YCTOWYUBOE CaMOIIPO-
HU3BOABHOE yBEeAWUYEeHNE MEXaHUUEeCKOU CKOPOCTH MOJKET CAY’KUThb
IIPU3HAKOM YIAyOA€HHS CKBA)KMHEI B 30HY ABITA ¢ IOCTOSHHBIM
HapacTaHWEM IIOPOBOTO AABAEHUS B IIPOXOAUMBIX TAMHUCTBIX
IIOPOAAX.

Pe3koe yBeAanueHUe MeXaHUYECKON CKOPOCTH, TaK Ha3blBae-
MBIM "CKAUYOK IPOXOAKH', B IIEPEXOAHOU 30HE CBHUAETEALCTBYET,
KaK [IPAaBUAO, O OBICTPOM BO3PACTAHUU AHOMAABHOCTU AABACHUSA
Ha 3a0o0e. Takasg cuTyanuss MO’KET BO3HUKHYTb B CAydae HeOOAB-
IIOM MOINHOCTUA II€EPEXOAHOU 30HBI, IIPU HENOCPEACTBEHHOU
OAM30CTU IIAACTOB-KOAAEKTOPOB C BBICOKMM AaBA€HUEM (PAIOMAOB
HUAU B Pe3yAbTaTe BHEADPEHUS AOAOTA B BHICOKOHAIIOPHYIO 3aA€XKb.
[TprueM BO BCeX 3THUX CAydYasiX aHOMAABHOCTb AABAEHUS KOAAEK-
TOopa OyAeT IpeBHINATh 3allac NPOTHBOAABAEHUsS Ha 3aboe co
CTOPOHEI OYyPOBOTO pacTBopa. B 3apyOe’KHOU NpakTUKe OBICTpOE
IIOBLILIIEHNEe MEXAaHWYeCKOU CKOpOCTH OypeHUs Ooree 4yeM B 2
pasa IPUHATO CUYUTATh OAHUM K3 IIPU3HAKOB BCKPHITHS IIAACTa
BBICOKOTO AABAEHUS M BO3MOJXHOCTH BO3HHUKHOBEHHUS IIPOSIBAE-
HHUA. B HEKOTOPBIX CAydYasiX Pe3KOe yBeAndeHHe MeXaHUYeCKOU
CKOPOCTH OYpEeHUsI — CAEACTBHE "TIPOBarOB’ OypOBOrO HHCTPY-
MEHTa IIPU BCKPBLITUM KPYIHBIX TPEIWMH MAW KapCTOBBIX KaBEpPH.
ITopoOHOE fABAEHME XapaKTepHO NpU pas3sOypHUBAaHUU H3BECTKO-
BBIX OTAOJKEHMH UM BeAeT uallle He K IIPOSIBAEHUSIM, @ K IIOTAOIe-
HHUIO OypoBOI'O pacTBopa.

'paduK, IOCTPOEHHEIM IO pPe3yAbTaTaM MeXaHW4YeCKOro Ka-
poTaka opHOM m3 ckBakKWH KyOaHu, npuBepeH Ha puc. 4.1. ITo-
CAe YBEAWYEHMs] MEXaHWYEeCKOU CKOPOCTH OypeHus IIpU TAyOuHe
3ab04a 4274 M IpOU3OLIEA CUABHBIM BEIOpOC. B mponecce 60pbOBI
C IIPOSABAEHHEM COCTOSIHUE CKBA’KHUHEI ellle O0oAee OCAOKHHUAOCH,
U AaAbHelIllee yTAyOAeHHe ee CTAaAO HeBO3MOJKHBIM.

"CKa4oK TpPOXOAKH" mTpu OypeHUM CAeAyeT paccMaTpUBaThb
KaK IIPU3HAK BO3MOJKHOI'O NPOSIBA€HUS. TaKOM IOAXOA OIIPABAAA
cebs1 BO MHOTHUX CAyYasIX KaK caMasl PAHHsA peaKlus Ha Heypas-
HOBEIIIeHHOCTb A@BA€HUS Ha 3a00e CKBa>KUHHI.

YBeanueHue o6beMa OYpoOBOro pacTBoOpa B IPUEMHBIX €MKOC-
TSX, BBIPa’Karollleecs IOBHIIIEHHEM €ero YpOBHS, SBASIeTCS Nps-
MBIM IIPU3HAKOM IIPUTOKA B CKB&KUHY IIAQCTOBOTIO (DAIOMAQ.
YpoBeHb OYpPOBOTO PacTBOpPa KOHTPOAMPYIOT C IOMOIIBIO YPOB-
HEMepOB Pa3AWYHBIX KOHCTPYKITWH.

HawnbGonaee coBeplleHHBIE HU3MEPUTEABHBIE CUCTEMBI KOHTPO-
AUPYIOT OOBeM (YpOBEeHBb) B IIPUEMHBIX €MKOCTSIX HacOCOB U 00-
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0 2 4 6 8 v,mM B
4262 T T T T T 3
3 -
4266
Pyt 2
4270 1
I -
4274 B 1 1 1 1 | I
H,m 0 1 2 3 4 S5gmMm
Puc. 4.1. Tpaduk n3MeHeHUS MeXaHH- Puc. 4.2. BAusiHMe NAOLIAAM YPOBHS
4eCKOH CKoOpocTH OypeHusi V, C TAY- JKMAKOCTH M YYBCTBHTEABHOCTH YPOB-
OMHOII C Iepej BBIOPOCOM H3 CKBa- HS Ha pPerucTpupyeMblii MHHHMaAb-
>KUHBI Ha FOOuAeHOM naomaAu HBIIl 00'b€M IPOSIBACHUS:
1-S=20Mm%2-S = 40 m? 3 -
S = 60 m?

Ui 06'beM OYPOBOrO PacTBOpPa B 3allaCHBIX €MKOCTSX ITOKa3bl-
BAIOIIUMU NIPUOOpPaMU C OAHOBPEMEeHHOM perucrpanuei. B asa-
PUUHEBIX CUTyAIlUsIX NPeAyCMOTpPeHa 3BYKOBas U CBeTOBAs CUTHA-
AU3alUA.

MUHUMAABHEIN 06beM (pAoMAa (M), MOCTYNHUBIIETO B CKBa-
KUHY, KOTOPBIM MOJKET OBITh 3a()UKCUPOBAH YCTPOUCTBAMU HU3-
MepeHUsl YPOBHS, OIIPEAEASIETCS PaBEeHCTBOM

AV i, = €S,

rae € - aOCOAIOTHAsA IIOTPENIHOCTH AQTYMKA YpOBHeMepa; S -
IIAOII[aAb ITOBEPXHOCTU JKUAKOCTU B IIPUEMHBIX €MKOCTSIX.
ToyHOCTH PpeakIuUu YypOBHeMepa, TaKUM oO0pa3oM, 3aBHUCUT
KaK OT ero 4yBCTBUTEABHOCTH, TaK U OT HAOIIAGAU H3MepsIeMOro
YPOBH4 KUAKOCTHU. [locpepaCTBOM H3MeHEHMs IIAOLIAAW ITOBEpX-
HOCTU PAacTBOPA MOJKHO MEHATH MUHUMAABHOE 3HAUYeHHE PErucT-
pupyemMoro oobeMa IpOSIBA€HHS, KaK 3TO IIOKa3aHO Ha puc. 4.2.
I'pachuk mOCTpPOEH C y4eTOM IPUMEHEHUSA B IUPKYAALUOHHOU
CUCTeMe CTAaHAAPTHBIX GAOKOB €MKOCTe# ¢ maomaabio 20 Mm% U3
rparka MOJKHO BHUAETH, UTO BBIKAIOUEHUE U3 IIUPKYASIIUH OT-
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AEABHBIX IIPUEMHBIX €MKOCTeM PaBHO3HAUHO IIOBBIIIEHUIO 3-
hbeKTUBHOCTU YypoBHeMepa. IlepekntoueHre OAOKOB IIAOIIAABIO
40 m” Ha 670K 20 M? (BHIKAIOUEHHME OAHOM M3 ABYX HCIIOAB3YEMBIX
€MKOCTel) PaBHO3HAYHO YBEAWYEHUIO peaKIUM YCTPOMCTBa B 2
pasa, a OTKAIOUEHUE OAHOU W3 TPeX MCIOAB3YEeMBIX IPU ITUPKY-
ASIIIAMT €MKOCTEYW SKBUBAACHTHO IIOBBIIIEHUIO UYBCTBUTEABHOCTH
cucrteMsl B 1,5 pasa.

AAS CBOEBpPEMEHHOIo OOHapy>KeHUsi IIPUTOKAa IIAACTOBOTO
dAronpa:

HU30AUPYIOT IPHEMHYIO €MKOCTh, 4Yepe3 KOTOPYIO BeAeTCsd
IUPKYASUS, OT APYTHUX;

YMEHBIIAIOT IIOBEPXHOCTH IPUEMHONM €eMKOCTH YCTaHOBKOM
IIePErOPOAKY;

YCTAHAaBAMBAIOT MCXOAHBIM YPOBEHb OYpPOBOTO PacTBOpa IIOCAe
BO300OHOBAEHUS KPYTOBOM HUPKYASAIUY;

KOPPEKTUPYIOT IIOAOKEHHE MCXOAHOTO YPOBHSI C y4eTOM OOb-
eMa BBEAEHHBIX AOOABOK IIpU 0OpabOTKe U YT KeAeHuU OypOBO-
IO pacTBOPQ, WMHTEHCHUBHOTO BBINAAEHUS OCAAKOB HAU IIOTEPhH
pacTBOpa IIpU ero OYUCTKe U MCIapeHuy;

IIePEKAIOYAIOT HACOCHI, NIPUEMHYIO €eMKOCTh, IlepepacIipepeAd-
I0OT 00BEeMBI OypOBOTO pPAcTBOpa TOABKO C BeAOMa OYpHAB-
IIUKa,;

OCT@HaBAWBAIOT IIPOIecC OypPeHUsI AAS BEIITOAHEHUS YKa3aHHBIX
pabdoT, ecan OYPAT B OTAOKEHUIX, COAEPIKAIIUX CEPOBOAOPOA,

YBeauuenue ckopocmu nomoka (pacxoga) O6ypoBoro pacmsopa
Ha BblXOge U3 CKBQ)KUHbl. B pe3yabTaTe OrpaHUUYeHUsI ITOTOKA
OypOBOT0O PacTBOpa B CKBa)XUHe KECTKUMU CTeHKaMU IIOCTYIIAe-
HHe IIAACTOBOIO (DAIOMAA BBI3BIBAET YBEAHMUYEHHE CKOPOCTH, & CAe-
AOBATEABHO, Y PACXOAA ABVIKYIIEHUCS BIIEPEAU JKUAKOCTH.

PazHocTh OOBEMHBIX CKOPOCTENM Ha BXOAE U BBIXOAE U3
CKBa’KMHBI H3MepseTcs AUMdepeHINarbHBEIMU PAacX0oAOMepaMu.
Ha npakTuke pacxop (CKOPOCTB) BBIXOASAIIEro IOTOKa OypOBOTO
pacTBOpa KOHTPOAUPYIOT C IIOMOIIBIO MHAMKATOpA IIOTOKA, MO3-
BOASIONIETO0 OOHAPY’KUTH HaudaBllleeCsl IIPOSBA€HUE IIPU IIPEBHI-
IIIeHNM pacxopa Ha BeIXoape Ha 10 % u Oonee.

Pe3yAbTaThl M3MepeHMs pacXopa MOTOKa Ha BBEIXOAE HeoOXo-
AUMO COIIOCTaBUTHL C AQHHBIMU H3MEpEeHHN YPOBHS IIPUEMHBIX
€MKOCTeM, IIOCKOABKY IIOBBIIIIEHHE PAacXOAd PacTBOpa IIPUBOAWUT
K YBEAUUYEHHIO YPOBHS B €MKOCTSX.

YcaoBrue 0OHaApPy>KeHUS MPOSBAEHUS C MIOMOIIBI0 pacxopoMepa
MOJKeT OBITh 3alIMCaHO B BUAE

A(Dmin = 6(Dmax /]‘OO'
rae 0 — oTHOCUTeAbHas IIpUBEACHHAd IMOTrpenIHOCTb HpI/IGOpa, %;
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Qmax — MaAKCHMAABHBIM PAcXOp PacTBOPE, M3MepseMbI Npubo-
pomM, A/c.

OdpeKTUBHOCTE OOHAPY’KeHUsS Ta30IIPOSIBAEHUN pacXopoMe-
POM CYIIIeCTBEHHO 3aBUCHUT OT IIOAQUU HAcocoB. C yBeAMYeHUEM
IIOAQYU BpeMsl OOHApPYy’KeHUS NMPOSBAECHUSA IIPU OAHOM M TOM JKe
IIPUTOKE Ta3a B CKBAKWHY COKpPAIAeTCA B COOTBETCTBHUM C pa-
BEHCTBOM

AQZ = nAOlv

rae AQ,, AQ, — mpupalleHrue pacxopa Ha BBIXOAE€ B HEKOTOPBIU
MOMEHT COOTBETCTBEHHO IIPM II€PBOM U BTOPOM IMOAAYe HACOCQ,
NIPEBHIIIAIONIEN IIEPBYIO B N1 Pas.

TI'asupoBarue 6ypoBoro pacmsopa. HacelllieHrue OypoBOro pac-
TBOpPa ra3oM MOJKET IIPOMCXOAUTH IO PA3AWMYHBEIM IIPUYMHAM —
KaK CBSI3aHHBIM, TaK M He CBSI3aHHBIM C HEAOYPABHOBEIIEHHOC-
TBIO IIAQCTOBOTO AABAEHUS B CKBA’KUHE.

Ilpu yBeanmuyeHun B OYypOBOM pacTBOpPE COAEP’KAHUS rasa BEI-
1te (POHOBOT'O CAeApyeT NPUHSATHL MepHI IO ero Aerasaliuil U BhHI-
SIBUTh IPUUYUHEL €T0 IIOCTYIIA€HUS.

'\vHBI mepexXOAHOM 30HBEI YAacTO 3ara3oBaHBl, U UX pa3lypu-
BaHHUE COIIPOBOKAAETCS IIOCTYIIACHUEM B PACTBOP OIPEAEAEHHOIO
KOAMYecTBa rasa. [Ipu 3ToM ra3 MOKeT MOCTyIaThb KaK K3 BHIOY-
PEHHOU MOPOAEL, TaK U U3 IIPUCTBOABHOM YaCTU MAacCCHUBa, €CAU B
HeM MMeIOTCS IIPOIAACTKU IOBBIINIEHHOM MMeCYaHUCTOCTU, AUH3EBI
IleCcKa U APyrHe AOKaAbHBIE AUTOAOTMYECKHe Pa3HOCTH, CIIOCOO0-
HBIE COAEPIKATh (PAIOMABI IIOA BEICOKUM AQBAEHUEM.

[Tpu3Hak NpOsIBA€HMS, T.e. IOCTYIIA€HUS Ta3a M3 OKpPYy’Kalo-
IIUX IIOPOA BCAEACTBHE HEAOCTATKA NPOTHBOAABAEHUS CO CTOPO-
HBl CKB&)KHUHBI, — MPOAOAKAIOIIeecsd ra3upoOBaHHUE PACTBOpPa BO
BpeMs IIPOMBIBKH IIOCAe IIpeKpallleHus OypeHus. Kpome Toro, B
3TOM CAy4Yae HaOAIOAQeTCsI MOBBIINIEHNe ra30COAep’KaHMs pPacTBO-
pa B 3a00MHBIX NayKaxX IIPU NpPeKpallleHNuH MUPKYAAIUH, HAIpH-
Mep, AAI HapalluBaHUSI OYPUABHOM KOAOHHBEL. OTO OOBIACHAETCA
CHIJKEHHEM AABACHUS Ha TasUPYIOIWA IIAACT U YBeAWYEHHEM
BPeMEHM ra3upoBaHUsA 3a00WHOM IOPLUM pacTBopa. Takoe mpu-
CYTCTBUE rasa He TpeOyeT HEMEeAAEeHHOTO YTS’KeAeHHUs OypoBOro
pacTBopa.

lasupoBaHue pacTBOpa BO3MOXKHO M3 CAAOOIPOHUIIAEMBIX
HENIPOAYKTHUBHEIX KOAAEKTOPOB, 3aA€TAIOIIAX CAMOCTOSTEABHO
UAU B TAMHHUCTOU HOKpHIIKe ABIIA. Tlpu3Haku mposBAeHUS U3
ITIOAOOHBIX KOAAEKTOPOB TaKHe >Ke, KaK U B IIPEALIAYIeM CAydYae.

OO6BIYHO IO Mepe YTAyOAeHHSI B IIePeXOAHYIO 30HY HaOAIOAQ-
eTCd YCTOMUYMBOe IOBBIIIEHUE Ta30COAEP’KaHUS PAcTBOPa BCAEA-
CTBHE MOBBIIIEHU IIOPUCTOCTH U AABAEHHUS B Ta30COAEPIKAIIUX

233



nopopax. [Ipm sroM npuberarOT K CTYIEHYATOMY YTSKEACHUIO
OypoOBOrO pacTBOPa, TaK KakK He MCKAIOYAeTCs BCTpeda C BBICO-
KONIPOAYKTUBHBIM AOKAABHBIM CKOIIA€HHEeM Tra3a, CIOCOOHBIM
IIPOU3BECTU BEIOPOC.

B MWpOBOM MNpakKTHKe NPU AOCTATOYHO XOPOIIO M3YYEHHBIX
TeONOTMYECKUX YCAOBUSAX B HEKOTOPHIX CAydYasx OYpHUAW NIPU IIO-
CTOSIHHOM Ta3upoBaHuU pacTBopa. OTAeAbHBIE AWH3BL IPU 3TOM
paspe’karoTcs C HeIIPEePBIBHOM HUPKYASIAEr PacTBOPa, AAALIENCS
MO HECKOABKHX cyTOK. CumuTaeTcsd, UYTO KOHIJeHTpallus Tras3a AO
70 % 6e3omacHa B OTHOIIIEHUN BO3HUKHOBEHUS BLIOPOCOB. OTBIT
OypeHUsI ¢ TOCTOSTHHBIM Ta3WPOBaHUWEM PAacTBOpPa MMeeTcs W B
CHI'. OpHaKo AAd OCYIECTBAEHMS TaKOTO OypeHUs TpeOyeTrcd
IlepecTpanBaTh TEXHOAOTUIO OYpPOBBIX PabOT B COOTBETCTBHUU C
NIpUHIUNAMHU “cOaraHCHUPOBAHHOIO" OypeHus.

a3 Mo’keT mOCTyHaTh B PAacTBOP BMeCTe C BBIOYpPeHHOU IIO-
POAOU IIpU IIPOXOAKE Ta30HACHIIIEHHBIX IIAACTOB M HAAWYUM 3a-
raca MpOTHUBOAABAEHUA. B 3TOM cAydae OoCTaHOBKA OypeHHd IIpU-
BOAUT K IIPEKPAI[eHHUI0 IIOCTYIAEHHUS ra3a B IUPKYAHPYIOIIMH
OypOBOM pPacTBOP.

YacTo BBEIXOA Ta3sHMpPOBAHHOTO pacTBOpa HAOAIOAQeTCs IIpHu
BOCCTAQHOBAEHUHU LIMPKYASIINU IIOCAE€ IIPOBEAEHUSI CIyCKOIOABEM-
HBIX ollepanui. [IpUYMHON 3TOrO MOTYT CAYKUTb Upe3MepHOoe
CHU)KEHWE AABAEHUS BO BpeMs MOAbeMa OYPUABHOM KOAOHHBI UAU
(PU3UKO-XUMHUYECKHe IpeBpallleHusd B OypOBOM pacTBOpe, IIpHU-
BOASIIIME K IIOCTYIIACHUIO OIIPEAEAEHHOTO 00beMa ra3a B CKBaKMHY.

Haanune rasa TOABKO B 3a00MHOM ITauke, HaOAIOA@EMOEe IIOCAE
CIlyCKa OYPHABHOM KOAOHHBI U IIPOMBIBKH, OOBIYHO HE IIPUBOAUT
K BeEIOpOCY. OpAHAKO B CAy4Yae CHIDKEHUS AABA€HUS B OYPHUABHBIX
TpyOax M paclAeCKUBaHUA OypOBOTO pPaCTBOPa BEIMBIBATH I'a30-
BYIO TIQYKy CAeAyeT NPH 3aKPBEITOM YCThe 4Yepe3 pPeryAupyeMbIN
ADPOCCEAB.

EcAu oTMedaeTcsa IIOCTyNIAeHUe rasa B OypoBOM pacTBOp, TO
CoApep>KaHMe ero AOAKHO IIOCTOSIHHO KOHTPOAWPOBATBCA. AAA
3TOTO MOTYT OBITh UCIIOAB30BAHBI CTAHIIUM KOHTPOAS 3a OypeHH-
€M WAM Ta30KapoTa’kHble CTaHIuM. CBeAeHMS O KOHIIeHTpAaluu
rasa, ee U3MEHEHUIX IPEACTABASIOT OCHOBY AAS NPUHATHSA 00OC-
HOBAQHHOTO PEIIeHUs O AAABHEUIIel TeXHOAOTUN OypeHUs.

Korpa copepskaHme raza KOHTPOAMPYIOT IIO HAOTHOCTH Oypo-
BOTO PacTBOPa, TO AeOUT rasza B aTMOC(MEPHBIX YCAOBUAX MOJKHO
HaWTU 1o popMyre

g1 = Qp/prp — 1), (4.1)

rae ) — mopada HacoOCOB; Py, Py, — HAOTHOCTH HEra3upOBAaHHOIO
Y ra3upoBaHHOTO PacTBOPOB.
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CopeprkaHue ra3a B eAUHHIe 00beMa pacTBOpa B BOCXOAAIEM
IIOTOKEe ra3a, IpuBeAeHHOe K HOPMAALHBIM YCAOBUSM,

a, = g./Q. (4.2)

lNosBAaeHUe raza B OypOBOM pacTBOpe, XOTI U CHUJKAET €ro
IAOTHOCTB Yy YCTBSI, HO, KaK OBIAO IIOKA3aHO paHee, OOBIYHO He
IIPUBOAUT K CYIIECTBEHHOMY IAACHUIO AaBAeHHMA Ha 3aboe. [To-
3TOMYy HeT OCHOBAHUM paccMaTpHUBaTh HAcCHIIleHUe pacTBopa ra-
30M KaK Ipu4YuHy BBIOpoca. CKopee HAOOOPOT, Ta3uMpOBaHUE
pacTBOpa AOAJKHO PacCCMATPUBATLCS KaK IIPU3HAK MOSIBAEHUS yC-
AOBUM MOCTYIIAEHUS Ta3a B CKBAKUHY.

BEeIXOA M3 CKBa’KWHEI Fa3WPOBAHHOIO PACcTBOPA, CONPOBOXKAA-
IOITUMCS IOBHIIIEHNEM YPOBHS B NIPHEMHBIX €MKOCTSX, TpeOyeT
IIOBLINIIEHUs NIAOTHOCTH OypOBOTO pacTBOpa M IPHUHATUS Mep IO
AUKBHAQIIMY HA4YaBIIErOCs NPOSIBACHUS.

Hsmenenusa gaBrenusa Ha OypoBblx Hacocax. IITAOTHOCTB mAac-
TOBBEIX (DAIOHMAOB, IIOCTYHAIOIIUX BO BpeMs IIPOSIBAEHHT B CKBa-
KUHY, HIU)Ke NAOTHOCTH OypoOBOro pacTBopa. B cBa3m ¢ 3TUM
CYIIeCTBOBABIINK paHee OaraHC AABAEHUM B KOABIIEBOM IIPOCT-
paHCcTBe U OYPHUABHBIX Tpybax HapyllaeTcsi. OcobeHHO 3TO Xa-
PaKTEPHO AAT Ta30IpPOsBAeHUU. HO IOCKOABKY KOABIIEBOE IIPO-
CTPAHCTBO M OypHABHBEIE TPYOBI IIPEACTABASIIOT CHCTEMY COOO-
IIAIOLINXCS COCYAOB, TO IPOUCXOAUT HOBOE IlepepacIpepeAeHue
AABAEHUU 3a CUeT CHUI)KEHUSI AABAEHUS Ha OypOBBIX HAacOCax.

B aTOM caydae yMeHBlIeHUE AABA€HUS B HarHeTaTEALHOM AM-
HUMN

Ap = gly(p — pg)

TA€ 1, — BBICOTa CTOADA (PAIOMAA B KOABIEBOM IIPOCTPAHCTBE; P,
Py — TAOTHOCTH GYpPOBOTO PAcTBOPa M TAACTOBOTO (DAIOMAA CO-
OTBETCTBEHHO.

EcAm B CKBa)XUMHY IIOCTYIHA Ta3, TO IO Mepe ero IOABeMa BEHI-
coTa cToADa YBEAWUYMBAeTCs B Pe3yAbTaTe PacCIINpeHUs U AaBAe-
HHe Ha HacocaxX IIOCTOSHHO CHM>KaeTcs. CHIDKeHHe AABAEHUS B
CAyYae IOCTYIAeHUS OOABIION MAacChl ra3a MOXXeT OBITh CYIIECT-
BEHHBIM.

[Tpu BBICOKUX 3HQUEHHUSIX IIAACTOBOTO AABACHHS M ITPOAYKTHUB-
HOCTH IIAACTa BO3MOJKHO He CHIDKEHHe, a IIOBHIIIeHHE AABAEHUS
B OypHABHBIX TpyOax. [loBBIIIEHME AABAEHUS B 3THX CAYYasax
BO3HHKaeT HENOCPEACTBEHHO B MOMEHT IIpUTOKa (alompa u
OOyCAOBA€HO OBICTPBIM H3MeHeHHeM 3a00MHBIX YCAOBHM M pOC-
TOM THAPOAMHAMWYECKUX CONPOTHUBACHHN B 3aTPyOHOM IIPOCT-
paHcTBe. OTMeuaeTcsl CBSI3b MeEKAY YBEAMUEHUEM AABAEHUS Ha
CTOSIKE B HauyaAbHBIE MOMEHTHI BEIOPOCA U er0 MHTEHCUBHOCTHIO.
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Ecam HaOAIOAQETCS TOABKO CHUDKEHHE AABAEHMS Ha HACOCaX,
TO 3TO ellle He CBHUAETEABCTBYET O CAaOOM MHTEHCUBHOCTH IIPO-
saBAeHUM. CHU>KeHHe A@BAEHUSI MOJKET OBITh BBI3BAHO ABWKEHUEM
ra3oBOM IIa4KW{, IIOCTYNUBIIEM BO BpeMd NOABeMa OYpPHUABHOU
KOAOHHBI B pe3yAbTaTe CBaOMPOBAHMS.

Ob6beM goAuBaeMOro u BBUNECHSEMOI0 pacmsopd Npu CIYCKO-
nogseMHblx onepayusax. M3BecTHO, 4TO OOABIIMHCTBO Tra3oHed-
TEBOAOIIPOSIBA€HUM U BEIOPOCOB CBA3aHO CO CIIYCKOIOABEMHBIMU
olepanusaMu, BO BpeMs KOTOPBIX CHUJKAETCS AaBAeHUe Ha 3a00i
U CTAHOBUTCS BO3MOJKHBEIM IIOCTYyIIA€HHE IIAACTOBHIX (PAIOMAOB B
CKBa)KUHY.

Bo Bpemsa moabpeMa OypHUABHOM KOAOHHBEI 3a00MHOE AABACHUE
YMEHBIIIaeTCsl B pe3yAbTaTe CHUJKEHMSI YPOBHS OypOBOTO PacTBO-
pa B CKBa’kKMHe M KOAeOaHUM THAPOAWHAMUYECKOTO AABACHUS,
BBI3BIBAEMOI'O ABU)KEHUEM TPYO.

IMocTynaenue daroupa M3 IAACTa B IpOllecCe CIYCKOIOAHLEM-
HBIX OIlepaliuii CBOEBPEMEHHO OOHAPY’KUBAETCS IIPU ITOCTOSTHHOM
KOHTPOAE 3a YPOBHEM pAacTBOpa B CKBakuHe, 0ObEMOM AOAMBa-
€MOI'0 U BBITECHSEeMOI'0 OYPOBOTO PacTBOpPa B COIOCTABAEHUU C
00BEMOM IIOAHSATHIX MAU CIYIIEHHBIX TPYO.

[MposBAeHMe, HauaBlleecs B Ipollecce INoAbeMa OYpPHUABHOU
KOAOHHEI, PacHo3HaeTcs II0 YMEHBIIeHUI0 o0beMa OypoBOIO
pacTBOpa, AOAMBAEMOIO B CKBa’kKMHY, II0 CPaBHEHHIO C 00BEMOM
MeTanra OYPUABHBIX TPYO, U3BAEKAEMBIX U3 CKBAa’KUHEL, U OOBe-
MOM OypOBOTO PAacTBOpPa, OCTAIOIIETOCsl Ha BHYTPEHHUX CTEHKax
TPy®O B BUAe HIAEHKHU. ECAU AAS OUUCTKM TPYO He UCIOAB3YIOT
0OTUPATOPHL, TO CAeAyeT YUYUTHIBATH U 00BbeM IAeHKU Ha HapyXK-
HOM IOBepxHOCTHU TPyO. He pomyckaeTcsa yMeHBbllIeHHe oObeMa
AOAVIBAEMOM JKMAKOCTH II0 CPaBHEHUIO C KOHTPOABHBIM Oonee
yem Ha 1 M°,

®@akTryecknii 00beM AOAMBAEMOrO B 3aTpPyOHOE IIPOCTPAHCT-
BO OypoBOro pacTBOpa MO’KeT OBITh OIIpeAeAeH C IIOMOIIbIO
MepHON €MKOCTH, OOOPYAOBAHHON YCTPOMCTBOM AASl U3MepeHUs
ypoBHA. O0BeM eMKOCTH AOAKeH OBITh B 1,2— 1,5 pa3a Ooablile
00BbeMa, 3aHMMaeMOTrO OYPHABHOU KOAOHHONM B CKBakuHe, T.e.
OHa AOAKHA OBITH TaKOM, YTOOBI ITOCAE TIOABEMAa IISITHM CBedel
IIoKa3aHue ypoBHeMepa M3MeHUAOCH Obl He MeHee YeM Ha ABa
penenus. LlenecoobpasHa cxeMa AOAUBE, IPU KOTOPOM pPacTBOpP B
CKBa’KUHY IIOAQETCS IeHTPOOEe>KHBIM HAacOCOM, & U30BITOK ero Io
CAUBHOM TpyOe BO3BpalllaeTcsd B MepHHUK. [lo 3TOH >ke TpyOe
CAVBAETCSI B MEPHUK PACTBOP, BLITECHSIEMBIM W3 CKBAa’XMHBI IIPU
cnycke Tpy0. [TopoOHasA cxema AOAMBA BCce OOAee IIMPOKO pac-
IIPOCTPAaHseTCS Ha TpPaKTHUKe.

B mpornecce crycka OypUABHOM HAU OOCaAHOM KOAOHHBI IIPU-

236



3HAK IIPOSIBA€HUsI — YyBeAndeHre oObeMa OypOBOrO pacTBOpa B
IIPUEeMHOM €eMKOCTH IIPOTHB pacueTHOTO oOObeMa BBITECHEHUS.
Ecau BrITecHSeMBIY 0OBbeM IIPeBHIIAeT PacyeTHHIM U B CKBa’KUHE
He NIPeKpPAlllaeTcs IIePEeAUB, TO 3TO CBUAETEABCTBYET O IIOCTYIIAe-
HUM IIAACTOBOTO (PAIOMAA B CTBOA CKBaXMHBI. OOBeM BEITECHSE-
MO >KMAKOCTU IIPHU CIyCKe TPyO MOJKHO KOHTPOAMPOBATH IIO
00beMy OypOBOTO pacTBOpa B OAHOM M3 IIPUEMHBIX €MKOCTEU
(ocTanbHBIE AOAJKHBI OBITH OTKAIOUEHBI OT >KEAOOHOM CHCTEMEI).
VBeandenue o6beMa B IMPUEMHOM eMKocTh Ha 1 M® mo cpaBHe-
HHUIO C KOHTPOABHBIM OOBEMOM YKa3bIBaeT Ha HAYaAO IPOSIBAE-
Hugd. O0BbeM BBITECHIEMOMN >KHUAKOCTH CBepPSIETCS C KOHTPOABHBIM
IIOCAe CITyCcKa KaXXAbIX 10 cBeuelt.

H3menenue noxkasameaeli csolicmB Oyposoro pacmsopa. Ilpn
IIOCTYIIA€HUHU ITAACTOBOTO (PAIOMAA B CTBOA OypsIeMcsl CKBa*KUHEBI
IIPOUCXOAUT M3MeHeHHe IoKa3aTeAel CBONCTB OypOBOTO pacTBO-
pa: IAOTHOCTH, BOAOOTAQUM, BSI3KOCTH, CTATUUYECKOTO U AMHAMHU-
YEeCKOI'0 HAIpsKEeHUsS CABUTra, YAEABHOTO COIPOTHBAEHMS, KOH-
IIeHTPAllUM XAOPHUAOB U Ap. YKa3aHHBIE 3AeCh IPU3HAKU UMEIOT
3HaUeHHe IIPU CAAOBIX IPOSBAEHHUSIX, KOTAQ IIPUTOK M3 IIAACTa
MUTEABHOE BpPeMsI OCTaeTCsl HIJKe paspellarolel CIOCOOHOCTH
YCTAHOBAEHHBIX CPEACTB pPAaclo3HaBaHUS BHIOPOCOB WMAM IIPU HX
oTcyTcTBUU. CAepyeT MMeThb B BUAY, YTO IIPUYMHOM OTKAOHEHUS
CBOMCTB OYpOBBIX PAacTBOPOB OT 3aAAQHHBIX 3HAYeHUHM MOTyT
OBITH U ApyTHe (akTopel. [TosTOMy OOAee AOCTOBEPHO CYAUTH O
IIPOSIBAGHUM MOJKHO II0 M3MEHEHHMIO HEeCKOABKUX IIOKa3aTeAeH
OAHOBPEMEHHO. DTO CAepyeT TakK’Ke M3 TOTO, 4YTO MH(OpMaTuB-
HOCTb ITIePeYUCAEHHBIX ITOKa3aTeAeld pa3sAnudHa.

Wudopmanug o6 u3MeHeHUAX IoKa3aTeAael CBOMCTB OypOBOTO
pacTBopa IOCTyIlaeT Ha IIOBEPXHOCTH C 3alla3AbIBaHUEM Ha Bpe-
Md, TpeOyrollleecs AAS IPOABM)KEHMS 3a00MHBIX IadeK K YCTBIO
CKBa>KMHBI.

4.1.2. ITPUYMHBI ITOCTYIIAEHHNSA
ITAACTOBBIX ®AIOMAOB B CKBAJKUHY
ITP11 BYPEHUU

B mporjecce TpPOBOAKKM CKBa’KHMHBI IIAACTOBEIE

(PAIOMABL IIOCTOSIHHO IIOCTYIMAIOT B CKBaJKMHY, B TOM YUCAe IIpU

IIpeBHIIIeHUN 3a00MHBEIM AaBA€HUEM P, IaactoBoro p,,. Cucre-
Matusanmug npuuuH 'HBIT npeacTaBaeHa Ha puc. 4.3.

KoneuHo, mocTynaeHne (DAIOMAOB M3 IINACTA B CKBA&XKUHY IIPU

IIPEBLIIIEHUN 3a00MHBIM AaBA€HHUEM IIAACTOBOI'O IIPAKTHUYECKU He

MOXKeT NPHUBECTU K CO3AAHUIO IIPeABBEIOpocoBoy curyanuu. Oa-
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Puc. 4.3. CucreMaTusanys HOPUYUH ra3oHe(TENPOSIBACHUII NMpuU OypeHUHMm CKBa-
JKUH

HAKO Aa’ke HEe3HQUUTEeAbHOe II0 00BeMy IIOCTYIIAeHHWe rasa Hu3
IIAQCTa MOJKET IIPUBECTHM K HEKOTOPOMY CHMJKEHHUIO 3a00MHOTO
AABAEHUS 1 BOBHHMKHOBEHUIO OIIACHOCTM IIOJKapa NpU  Aerasaliuu
OypoBOro pacTBOpa Ha yCThe. BMecTe ¢ TeM IOAOOHBIE IMOCTYII-
AeHUs rasza B OypoBOM pacTBOP NIPHU P,,5 > Py, OUEHBb YAaCTO AQIOT
IIOBOA, AN ero yTsDKeAeHHMA. Humke paccMOTpeHBI IPUYMHBL IIO-
CTyIIAeHHSI B OypPOBOM PacCTBOP HAACTOBBEIX (PAIOMAOB M ITOKa3aHa
1IeAeCO0OPa3HOCTh HEMEANEHHOTO YTSJKeAeHUs pacTBOpa IIpHU
nepsbIx npusHakax I'HBIT.

[MprunHaMy MOCTYIAEHUS IMIAACTOBBIX (DAIOMAOB B CKBAKUHY
MOTYT SIBAITHCSI: KAIIUAASIPHBIM IIepPeTOK; IIepeToOK 3a CUeT OCMO-
Ca; TOCTyIIA€HHe IIAaCTOBOTO (PAIOMAA C BBEIOYypeHHOM U OOBa-
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AUBIIENCS TOPOAOH; TIPABUTAIMOHHOE 3aMelleHue; Auddysus
ra3a; KOHTPAKLWOHHBIN U (PUABTPALIMOHHO-AEIIPECCUOHHBIU 3(-
(EeKTHI.

Kanuarsapnsili nepemok. OO6YCAOBA€H KAIUAASIPHBIM ITPOTHBO-
TOKOM IIPHU NOCTYIAEHUU (DUABTpAaTa pacTBopa B maacT. OpaHAKO
IIOCTyIIA€HHE (DATOMAOB B CKBaKMHY 3@ CYeT KAIMAASPHOTO IIepe-
TOKA CTOAb HE3HAUUTEABHO, YTO HE MOJKET OBITh 3aMeueHO. Kpo-
Me TOTrO, IIepeTOK MOJKeT BO3HUKHYTb [PH HaAWYUM IIOPOBBIX
KaHaAOB AMaMeTpoM A0 1 MKM, KalUAAIPHOe AaBAeHHe B KOTO-
PBIX CHOCOOHO BBITeCHUTHb He(MTb WAM ra3 U3 IAACTAa B CKBAKU-
Hy. B KaHanrax OOABIIIEro AaMeTpa KallUAASIPHBIE CHUABl CAWUIIKOM
MaAbl, U (PAIOMABI OTTECHSAIOTCA IO HUM (DUABTPATOM OypOBOIO
pacTBopa B TAyOb IIAACTA.

Ilepemox 3a cuem ocmoca. Ilpu OCMOTHMYECKOM IlepeToKe
(hbAIOMAOB Yepe3 MOAYIIPOHUIIAEMYIO IIEPErOPOAKY (B AQHHOM CAY-
yae — (PUABTPALIMOHHAS KOPKa) He IMIPOUCXOAUT CYIEeCTBEHHOTO
HAKOIIAEHUS IIAACTOBOTO (DAIOMAQ B CTBOAE CKBA’KUHBI, KOTOpOE
MOTAO OBI OBITH 3aMe4eHO Ha ITIOBEPXHOCTH.

INTocmynaenue naacmoBoro ¢parouga ¢ BblOypeHHOU u 0OBAAUB-
welica nopogol. Korpa OypoBOM pacTBOp IIONIapaeT Ha CBEXXYIO
IIOBEPXHOCTh IMOPOABI, TOABKO UYTO BCKPBITOM AOAOTOM, TO 3a
TOT KOPOTKUM IIPOMEKYTOK, 3a& KOTOPBEIM CAeAyeT HOBEIM Cpe3
IIOPOABI  AOAOTOM, (DUABTPAT OYpPOBOTO pacTBOpa He YCIeBaeT
BBITECHUTE ITAQCTOBBIE (DAIOMABI M3 OTKPHIBIIMXCS IIOP M TPELINH
U IIPOTOAKHYTH HMX B IIAACT. TakuM o0Opa3oM, OOAOMKH BHIOY-
PEHHOM IIOPOABI, BBIHOCHMMBIE PAcCTBOPOM Ha MOBEPXHOCTH, CO-
AepsKaT MAACTOBBIE (DAIOHABL.

B pesyapTaTe MHOTOUMCAEHHEBEIX HAOAIOAEHUMN YCTAHOBAEHO,
YTO [pH Pa30ypUBaHUM Ta30COAEPIKAIINUX IIOPOA IOBBIIIEHUE
MEeXaHWYEeCKONU CKOPOCTH MPOXOAKU HPUBOAUT K YBEAWYEHUIO
COAEPIKaHUA rasa B OypoBOM pacTBope. Kakux-AuOO NpPU3HAKOB
IIOCTYTIA€HUS JKUAKUX (PAIOMAOB BMecTe C BEIOYPEHHOM IIOPOAOH
IIPAKTU4YeCKU He OTMeuYeHO.

CopepskaHue raza B 0ypoBoMm pactBope (C, %) MOXeT OBITH
paccyuTaHo 1o (hopMyare

2
C = Vu®D CiPaas , (4.3)
4C)py

TAe V,, — MexXaHudecKas CKOPOCTb IIPOXOAKH, M/c; D — auamerp
CKBaXXUHBL, M; C; — COAepKaHMe raza B MOPOAE, %; Psasr Py
COOTBETCTBEHHO 3a00MHOe U yCTheBoe AaBaeHus, MIla; Q —
00'beMHasl CKOPOCTh IOTOKa OypOBOro pAacTBOpa B 3aTpyOHOM
[IPOCTPAHCTBe, M°/C.
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JAQHHEBIE O COAEP’KAHUM ra3a B OypOBOM PAacTBOpPE Ha BBIXOAE
u3 ckBakuHel (p, = 0,1 MIla) aaa ycroBuit GypeHust AOAOTOM
AMaMeTpoM 2159 MM mpu mopade Hacocos 25:107° m*/c B mopo-
A@X C OTKPBITOM TMOPUCTOCTHIO, paBHOU 20 %, B 3aBUCHUMOCTHU OT
MeXaHUYeCKOM CKOPOCTU IIPOXOAKH, IMPEACTaBAe€HBI B TabOA. 4.1,
rae Ap,,s — CHUKeHHe 3a00WHOTO AABACHUS; Puyr Pucx — HTAOT-
HOCTH OYypOBOTO pPAacTBOpPa Ha BBIXOAE M3 CKBAKUHBI U MCXOA-
Hasg — IIpU IIoAQue B CKBAKUHY; W — CyYMMapHBIH 0O0beM IIOCTY-
NIUBIIIEro B TeueHUe | 4 rasa, IpUBEAEHHBIN K 3a00WHBIM YCAOBH-
M.

BupHO, UTO MpW TOBBINMIEHUM MEXaHWYEeCKOW CKOPOCTU IIPO-
XOAKM 3@ CYeT IOCTYHIAEHUS ra3a C BBIOYPEHHOU IIOPOAOM IIAOT-
HOCTH OypOBOTO pPacTBOpPa Ha BBIXOAE M3 CKa’*KMHBI 3HAQUUTEALHO
cumwkaercsa. OAHAKO IPHU 3TOM I[OYTU He CHUXKaeTcsa 3aboMHoe
AaBaeHUe. Tak, pake mpu 80%-HOM COAEpsKaHUM Taza U P
= 100 MI1a, mocrepHee cHU>KaeTcs Bcero Ha 2,7 MIla.

Takum ob6pa3oM, IpU OTPaHUYEHUN MeXaHWYeCKOU CKOPOCTU
IIPOXOAKM HAAO UCXOAUTH HE M3 OIMACHOCTU CHM)KEHHUS 3a00MHO-
IO A@BAEHUS, a U3 BO3MOJKHOM IIOAQUM Aera3aljMoOHHOM yCTaHOB-
KU, @ TaK)Ke HeOOXOAUMOCTH IPeAYIIPeRKAeHUsS NyAbCalluil Oypo-
BOTO pPacTBOpa Ha YCTbe BCAEACTBHE BBIXOAA IIy3BIPBKOB rasa U3
CKBa’>KUHBL.

YToOBI TpeACTaBUTH cebe 0O0BbeM Ta3a, KOTOPBIM MOXKET MOo-
CTYIUTH M3 IIAACTa C HU3KOM IMPOHMIIAEMOCTBIO IIPU AENPEeCcCHr
Ha IIAACT, PACCMOTPHUM CAeAyrommid npumep. Ecam mpeanoao-
>KUTh, YTO IMOCTyIIA€HHe ra3a OOYCAOBAEHO Aellpeccuel, paBHOU
1 MIla, 1 BCKPBIT Ta30HOCHBIM TAACT ToAlmHOM 0,1 M ¢ mpoHU-
naeMocTeio 1-107'° M* m KOHTypoM nuTaHus He Goaee 10 M, TO B
TedeHne | 4 B CKBaKHMHY MOJKeT HOCTymuTh Bcero 0,2 m° rasa.
BrionHe 04eBMAHO, YTO IOCTYHIAEHHE ra3a U3 HU3KOIPOHUIIaeMO-

Tabauna 4.1
H3MeHeHUe MAOTHOCTH GYPOBOIrO pacTBoOpa NMpPH BBIXOAE €ro U3 CKBa’KUH

Ppux (B T/cM®) ipu | w, 1073,
VM4 | Pug MMa|  C % | pyy MITa o e s
1,20 2,00

1 10 0.8 0,001 1,19 1,98 0,29
5 10 4,0 0,02 1,15 1,92 1,45
10 10 8,0 0,04 1,10 1,84 2,90
1 50 4,0 0,035 1,15 1,92 7,95
5 50 20,0 0,18 0,96 1,60 36,25
10 50 40,0 0,45 0,72 1,20 72,50
1 100 8,0 0,06 0,96 1,84 29,00
5 100 40,0 0,48 0,72 1,20 145,00
10 100 80,0 2,70 0,24 0,40 290,0
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IO IIAACTaA 3@ CUeT AeIIpecCHM OYAeT CYIeCTBEHHO OOABIIMM, YeM
IIOCTyIIA€HHE ero C pa30ypeHHON IOPOAOM AdKe IIPU OYeHb BHI-
COKOM IIOKa3aTeAe OTKPBITOY HMOPUCTOCTH.

B cBA3U C yKa3aHHBIM BCKPBITHE Ta30HOCHEBEIX HU3KOIPOHHUIIA-
€MBIX IIAACTOB MAaAOM TOAIIWHBEl C PEIpecChey CYUTAeTCs IIpPeA-
IIOYTUTEABHBIM. [IpH BCKPEITUM C Aelpeccredl HeddTe- W BOAO-
HOCHBIX IINACTOB C HU3KOW IIPOHMUII@EMOCTBIO IIOCTYIIA€HUE B
pacTBOp HeTU UAM BOABI MOJKeT OBITH He 3aMeueHO, HO pac-
TBOPEHHBIM B HUX ra3 OyAeT ra3upoBaTb OypoBOM pacTBOp, a
00BEM 3TOTrO rasa MOJXKeT OBITh COIOCTaBUM C OOBeMaMU Trasa,
IIOCTYTAIOIIEr0 C BEIHOCHMOM MOPOAOH.

PacyeTsl OKa3BIBAIOT, YTO €CAM B OypOBOM pacTBOpe OOBe-
mMoMm 100 M* ectb 5— 10 % HedTH, To mocTymAreHue 2—3 M° Hed-
TH 3a@ BpeMs IJUKAQ IIUPKYASIIUM K3 IIAACTa TOANIMHOM 1 M C
nponunaemMoctoio (1—2)-107"* m* He OyapeT 3aUKCHPOBAHO HU
II0 NOKAa3aHMUAM NAOTHOMEpPA, HU IO AQHHBIM I[eHTpUdyTUpoBa-
HUd, a NOCTynAeHue 2—3 M® IIAACTOBOM BOAEI, KpOME TOTO,
IIPAKTUYECKN He M3MEHUT II0Ka3aTeAsl (PUABTPAIUM PacTBoOpa.
Aaxe nocrynaenue 2—3 M° panbl B 6ypoBOi PacTBOP, IMMOATOTOB-
AEHHBIM AAS BCKPBITHSI PAIONPOSIBASIIONIMX IIAACTOB, HE MOJXKET
OBITH OOHAPY>KeHO HM IO IIOKa3aHUSAM NAOTHOMepa, HU MO 3Ha-
YeHHWIO IIOKa3aTeAsl (UABTpAIUM, HU IO pe3yAbTaTaM 3aMepa
BA3KOCTHU. B TO Ke BpeMsa poGaBaeHME 2 —3 M® JKMAKOCTH K O0b-
eMy IIUPKYAUPYIOIIEro PpacTBOpPa OAHO3HAYHO (PUKCUPYETCS C
IIOMOIIIbIO0 YPOBHEMEpPA KaK IIOCTYIIAEHUE ITAACTOBOTO (DAIOMAQ.

YdeT U3BECTHBEIX (PAaKTOPOB, CIOCOOCTBYIOIIUX IIEPEXOAY rasa
13 MOPOABI B CKBKMHY IIPM pa3OypUBAHUM Ta30HOCHBEIX TOPU-
30HTOB, CAOKEH M IIOKa He IIOAAQeTCS TOUYHOMY OIIPEAEAEHMIO.
OAHAKO C U3BECTHBIMHU AOIYIEHUSIMM MOKHO OIIPEAEAUTH KOAU-
YeCcTBO ra3a, Iepexopslnee B CKBa’KMHY B Ipoliecce OypeHwus.

Boaee TouHO 0OBEM rasa, MOCTYIAIOIIWNU B CKBAKUHY, MOJKET
OBITEH OIIpeAeAeH CAeApyIoluM obpaszoM. O4YeBHMAHO, paccMaTpUBa-
eMoe ero KOAWYeCTBO IIPSIMO INPONOPIIMOHAABHO CKOPOCTH pas-
OyprBaeMOro ra3oBoro ropu3oHTa U O00BbeMY BBIOYPEHHON m 00-
BAAUBIIIENCSI IIOPOABL: 4eM BEIIIe KOI(M(PUIMEHT KaBepPHO3HOCTH,
TeM OOABIIIE MOIIaAaeT Ta3a B CKBaKUHY (IPOIMOPIIMOHAABHO KBa-
ApaTy AraMeTpa BHOBb OOpPa30BaHHOI'O CTBOAA U BEICOTE KaBEePHEL).

KoanuecTBo rasa, momaparolljee IIpU 3TOM B eAUHMILYy o6beMa
OypoBOro pacTBOpPa, OOPATHO NPONOPIIMOHAABHO €ro CKOPOCTHU
nupkyAsanuu. [Tpu 3TOM MOJKHO 3alUCaTh:

0= kv, L aft-afi-p)lo, + 9, + a) - (44
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3aeck () — KOAMYECTBO ra3a, NOCTYIUBIIErO B €AUHUIy O0b-
emMa OypoBOTO pacTBOpa IIpM pa30OypUBAHUM IIOPOA B EAWHUITY
BpeMeHU; D — amameTp AOAOTE; K — KO3 PUIIUEHT KaBEepPHO3HO-
CTH; V,, — MeXaHWYecKass CKOPOCTh OypeHwus; v, — CKOPOCTb
LUPKYASIIMU TAWHUCTOTO PAcTBOPa; N — KO3(M@UIIUEHT BCKPHI-
TOU MOPUCTOCTU NMOPOA (OH OOBIYHO MeHBIIIe O0IIel, HO OOABIIe
3(eKTUBHOU IOPUCTOCTH); @ — KOAMUECTBO CBI3aHHOM B MOPO-
AaxX BOABL B — KO3(PuIMeHT IPOHUKHOBeHUs (puabTpaTa Oypo-
BOTO pacTBOpa (BOABI) (OH OIpeAeAseTcss KaK OTHOIIeHHe CKOpO-
CTU V, IPOHVUKHOBeHUd (QUALTpPaTa (BOABI) B IIOPOAY Ha 3aboe B
HallpaBAe€HUM OypeHHs K MeXaHW4YeCKON CKOPOCTH V, OypeHusd
v,/ V,); €CAU V, = V,, TO IIOCTYIIA€HUE ra3a B CKBa’XKMHY IIpaKTHYe-
CKM HCKAIOYAeTCs (3a BHIYETOM HEeBBITECHEHHOTO ra3a M rasa, 3a-

KAIOUEHHOTO B YaCTHM 3aKPBITHIX IOP); @, ¢, ¢, — COOTBETCT-
BEHHO raso-, HepTe M BOAOHACHIIIEHUE (AOAW MMOPUCTOTO ITPOCT-
PaHCTBa, 3aHAThIe Ta3oM, He(ThIO, BOAOHU); V,, V, — OOBEMHBI Ta-

3@, COAeprKalllerocsi B paCTBOPEHHOM COCTOSHUM B eAUHUIle 00'b-
eMa He(DTU WAM BOABI, IIPUBEACHHOIO K YCAOBHAM (TeMIepaTrype
U AABAEHHUIO) IIAACTQ; ¢, V, — PACTBOPEHHBIM U KOHAEHCUPOBAH-
HBIM ra3; B, — oO6beMHBIM KO3((UIMEHT ra3a, paBHBIN 00BbeMY,
sanrMaeMomy 1 M® AaHHOTO Tasza mpu TemmepaType T U AABACHWA
p IIAQCTAQ,

B, = 0,00378 Lz,
p

rae z — Kod(p(punueHT C)KUMAeMOCTH ra3a, PaBHBIM OTHOIIEHUIO
0o0BeEMa pearbHOI'o ra3a K O0OBEMY MAEAABHOIO IIPHU OAMHAKOBBIX
TeMIlepaType U A@BA€HUM.

IMpu ¢, = 1 u @, = 0 popmyara (4.4) 3HAUUTEABHO YIPOILIAETCH.

Ecan npeHeOpeub OTKAOHEHUSAMM OT 3aKoHa ['eHpu npu BEI-
COKMX AABAEHUSX, BEAMUUHEI V, U V, AAS KOHKPETHON IIAACTOBOM
TeMIIepaTyphbl MOJKHO INPUOAMIKEHHO OIIPEAEAUTH 10 Koadduiu-
€HTaM pacTBOPUMOCTU Ta30B B He(TU U BOAE U IIO IAACTOBOMY
AABAEHUIO.

IMhacToBBIe (hAIOKMABI B 3a00MHBIX YCAOBHAX, IIoNajpast B Oypo-
BOM PAaCTBOP, OCTAIOTCA ITPAKTUYECKU B TeX >Ke arperaTHBIX CO-
CTOSIHUSIX, B KOTOPBIX OHM IIPeObIBaAU B IOpopax. [Ipu mopbeme
BMeCTe C TAMHUCTBIM PAacTBOPOM B pe3yAbTaTe YMeHbIIeHUsS AaB-
A€HUS 4acTh HAXOAUBIIMXCS B COCTOSHUU KOHAEHCAIIUM YTAEBO-
AOPOAOB HAQUMHAET IIEPEXOAUTH B ra3000pa3HOe COCTOSHHUE.

IMTopcunTaem BecbMa OPUEHTHPOBOYHO KOAMYECTBO rasa, momna-
Aarolllee BO BpeMsA OypeHHUS ra3oBOro OOBEKTa B CKBA’KUHY, IIPHU
CAepyIoOmUX pAomnylineHuax: ¢, = 1, a = 0; f = 0.
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IMpuMmem praMeTp AOAOTA PABHBIM 254 MM, CKOPOCTb IIPOXOA-
KA 5 M/4, oObeMHyI0 CKOpOCThb nupkyasuuu 30 A/c mpu n =
= 25%. ByaeMm cuuTaTh, YTO Ta3 IpPeACTaBAEH MeTaHOM, Ko3dg-
(QUITMEHT PacTBOPUMOCTU KOTOPOTO B Bope coctaBaser 0,03.
[Tpumem, YTO PAcTBOPUMOCTH MeTaHa B TAMHUCTOM PAacTBOpE
paBHa 0,03 (xoTa oHa OyAeT, HECOMHEHHO, MEHBIIIEe BCAEACTBUE
MUHEpaAU3aluy IAACTOBLIMU BOAAMHU, HaAWYUs TBEPAOM hasbl U
T.A.).

[MpubAU3UTEABHBIN pacyeT IIOKAa3bIBAET, UTO IIPU IIPUBEAEH-
HBIX AQHHBIX U AONYIEHUSIX KOAWYECTBO IIOCTYIIHBIIETO B CKBa-
JKMHY Ta3a COCTaBUT 55 cM® 3a 1 4. ECAM AONYCTUTB, 4TO TOPEHI
IIAQCTa 3alOAHEHBI BOAOUW C PACTBOPEHHBIM B Hel ra3oM, KOAU-
YecTBO Ta3a, MOCTyIUBIIee B CKBa)XXUHY, OyAeT 3HAUUTEALHO
MenbIe 16 cm® 3a 1 u. EcTecTBeHHO, C YMeHbIIIeHUEeM CKOPOCTH
IIPOXOAKH V, B Ta30BOM TOPH30HTE AO 2,5 M/Y CKOPOCTH IOCTYII-
AEHUS Ta3a B IOCAEAHEM CAydYae CHUBHUTCS AO 8 cM’/d.

IIpy paBHOMEPHOM CKOPOCTU IIPOXOAKU U M3BECTHOU IIOAQYE
HACOCOB MOJKHO OIIDEAEAUTH CHIDKEHHE IIAOTHOCTH OypOBOIO
pacTBOpa Ha IIOBEPXHOCTU B pPe3yAbTaTe OAHOTO ITMKAA IMPKYAS-
LU,

Ha puc. 4.4 mokasaHO CHW)KeHHe IINOTHOCTU OypoOBOTO pac-
TBOpPa B 3@BUCHUMOCTH OT CKOPOCTH IIPOXOAKU U IIOAQYU HACOCOB
(rayomHa ckBa>kuHBI 1000 M) Ipy HaYaAbHOM IIAOTHOCTH pacTBopa
1,2 r/cMm®,

YacTo ra3 momnapaeT B CKBa’KMHY U3 TAWH.

W3 dopmyasl (4.4) crepyeT, 4TO KOAMYECTBO IIOCTYIAIOLIErO B
eAUHUITYy BpeMeHH rasa IPONOPIIMOHAABHO MeXaHUYeCKOU CKOpo-
cTu OypeHUs.

OAHAKO A@HHBIE NTPAKTHUKH BeCbMa IIPOTUBOPEYUBHI, W KOAHU-
YeCcTBO Tra3a B OAHUX CAyUYasiX OOABIIE, B ADYTUX — MeHBIe, XO-
TSI YCAOBUSL OypeHHUsI NPUMEPHO OAMHAKOBHL. Tak, MO AAHHEBIM,

Puc. 4.4. Tpaduk un3MeHeHUS
HAOTHOCTH OYypOBOTO pacTBOpa
B 3aBHCHMOCTH OT MeXaHu4ec-
KOM CKOpOCTH OypeHHsI U IIO- .

ITnomnocms, r/cm

A@4M HACoCOB, A/C: ' ! . : '
1-30;2-20;3-10,4-5 5 0 2 4 6 8 1012 141
-2 Mexanuyeckasa ckopocmb Oypenus, M/
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duABTpays ra3a B CKBa)KMHY IIPU CKOpPOCTH OypeHus 6 M/4
IIOUYTH He MIPOUCXOAUAA M, HaobopoT, mpu ckopocTtu B 10 pas
MeHBIIIel KOAWYEeCTBO IIOCTYyIAloOUlero B CKBa’KMHY rasa OBIAO
ooapmuM. CoraacHo M.A. CyprydeBy, HNPU MAaABIX CKOPOCTSAX
oypenns (0,75— 1,50 m/4) ra3 B pacTBope He OBIA OOHAPY’KEH.

CTOAb TPOTHBOPEYVBLIE AQHHBLIE OOBSCHSIOTCS TeM, 4YTO B
IIPUBEAEHHBIX JKCIEepUMeHTaX KOAWYEeCTBO IIOCTyIalollero B
CKBa’KMHY Ta3a MaAO 3aBHCEAO OT CKOPOCTU OypeHUs.

Pe3yAbTaThl NOBHIIIEHUSI COAEpP’KaHUS raza B OypoBOM pac-
TBOpe TPU YBEAWYEHHU CKOPOCTH NPOXOAKU B NPOAYKTHUBHOM
Ta30BOM IIAACTE CAEAVIOIIHE: AOAOTO AaMeTpoM 243 MM, o6beM-
Hasi CKOPOCTH ITUPKYyAIuHM Oyposoro pactBopa 30 A/c, mopuc-
TOCTb U KO3((PUIMEHT HAaCHIIIEHUsS IPOAYKTUBHOIO TOPU30HTA
COoOTBeTCTBeHHO cocTaBasgioT 20 m 0,8 %, mAacToBOoe AaBACHUE
10,0 MITa.

3aBUCUMOCTE copepskanus razos C, — C,, 00pa3ylouuxcsa mu3
ra30KOHAEHCATOB, B BOCXOASIIEM IIOTOKE OYpOBOTO pacTBOpa
(H.. AerreB) OT CKOpPOCTH OypeHHs NIPOAYKTHUBHOTO IIAACTa
UMeeT CACAYIOIIUN BUA;

2,1 8,6 17,2
3 12 24

CopeprkaHue ra3oB B 6ypoBoM pacTsBope, %
CkropocTb OypeHus, Mm/4

Copeprkanue razos C, — C,, IPUBEACHHBIX K HOPMaAbHBIM
YCAOBHUSIM B GypoBOM pactBope, %... .
CKropocTb OypeHUs, M/4

54 108 21,5
3 6 12

E.M. T'eanepoM IIOAYyYEHBI A@HHBIE IIO PSIAY MECTOPOKAEHUY,
Ha CKBa’KMHaX KOTOPBIX IIPOBOAUACS Ta30BBIM KapoTak. AAsS IO-
CTPOEHUS TOYEeK Ha Ta30KapOTa’KHOM AuarpaMMe BBEIOMpPAACT
MaKCHMYM, COOTBETCTBYIOIIMM MaKCUMyMy OAHOIO U3 IITPOAYK-
TUBHBIX rOpu30oHTOB. DaKTHYECKOEe COAeprKaHMe Ta3a B pacTBoOpe
() ompepeAdnOCh KaK CpepHee apu@MeTHyecKoe U3 BCeX TOUYeK
3TOro MakcumyMa. [IpuBsg3Ka UHTepBara K OIPeAEAeHHOM TAyOu-
He OCYIIEeCTBASIAAChH II0 3AEKTPOKApOTaXkKy. AAd 3TOro HMHTepBasa
HaXOAWAMCH CKOPOCTb OypeHUsl V, U CPepHsII Iopada HaCcoOCOB.
Onpepensiz KOAMYeCTBO KyOMYeCKUX CAaHTUMETPOB rasa, IIOCTy-
[IQIONIer0 U3 BBIOYPEHHBIX IIOPOA, Ha KakXABIM AMTP OypoOBOro
pacTBopa, Ipolilealiero yepes 3aboi (puc. 4.5).

IMToayueHHaa 3aBUCHUMOCTEL OTHOIIIEHUS (hakKThdeckoro ) m Te-
opetuueckoro Q, copepkaHus Traza (Q/Q,) OT MexXaHWYeCKOU
CKOpPOCTU OypeHUs V, XapaKTepu3yeT AEWUCTBUTEABHBINM PEKUM
oboralleHuss ra3oM OypoBOTO pacTBopa Ha 3aboe Oypsimencs
CKBa’>KUHBIL.

BupHO (cM. puc. 4.5), uTo oboraljeHHe OypOBOrO pacTBOpa
IIPOUCXOAUT He TOABKO 3a CYeT MOIIaAaHHUS Ta3a U3 pa3bypeHHBIX
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Puc. 4.5. CopeprkaHue ra3a B paCTBOpe B 3aBUCHMOCTH OT CKOPOCTH IIPOXOAKH.
Eamanka: 1 — GalIKUPCKUM IpycC, BepXHsS 4acTh; 2 — YTA€HOCHas CBUTQ; 3 — Be-
PeNCKUI TOPU30HT; 4 — OAIIKUPCKUY SIPYC, HUJKHSIS YacTh;

TlecyaHsblli YMeT: 5 — OAIIKUPCKUM SPYC, HU)KHSAL 4acCTh; 6 — YIA€HOCHAs CBUTQ;
7 — TYpHEUCKUH SIpyC;

CoxkonoBa ropa: § — GAIIKUPCKUH SPYC, HUJKHASL 4acTh; 9 — MaIlIuNCKasi CBUTA;
10 - >KUBETCKUM SpyC

opop. B mportuBHOM caydae 3aBucmMOCTb Q/Q, OT V, BBIpaka-
Aach OBl IPSIMOM AMHHEN, ITapasreAbHOM ocH abcerucc (¢ HeKOTO-
PBIMM He3HAUWTEALHLIMM OTKAOHEHMSIMH, TaK Kak @ = Q). B
AEVCTBUTEABHOCTH TTPU HEOOABIION CKOPOCTH MPOXOAKU (PaAKTHU-
YyeCcKoe KOAMYECTBO ra3a B OYPOBOM pacTBOpe OOABIIE TOTO, KO-
TOPOEe MOJKHO HU3BA€Ub U3 pa3OypuBaeMBIX NOpoa. [Ipu mexaHm-
yeckort ckopoctu 0,5—0,6 M/49 3aBUCUMOCTH AOCTUTaeT MaKCH-
MaABHOTO 3HAUeHUs.

W 30BITOUHBIN Ta3 CBEPX 'TeopeTudecKoro” MOT NPOHUKHYTH B
CKBa)KUHY APYTUMU IyTAMHU.

YBeAanmueHVEe IMAOTHOCTH OypOBOTO PacTBOpa He BCErAd IIPUBO-
AUT K IIPEAOTBPAIEHUIO IOCTYIAEHWS IIAACTOBBIX (PAIOMAOB B
CTBOA CKBa)KMHEL VI3BECTHEL CAyYal, KOT'Ad I'a3 B HEOOABIIUX KOAU-
4ecTBax MOCTyIaeT Ha 3a60H MpH P, = 2,20+2,30 r/cm®. TocTym-
AeHHe panbl TakXe He YAQeTCs NPeAOTBPATUThL IOBHIIIEHUEM
IIAOTHOCTH OypoBOro pacTBopa. V3BecTeH caAydal, KoTrpa IIpu
Puex = 2,50+2,551/cM> pama MpoAOAIKAAA TIOCTYTIATh B CKBAKUHY.

I'paBumayuonnoe 3ameuwjeHue. I'paBUTAIIMOHHOE 3aMelleHue
OypOBOIr'0O pacTBOpa IAACTOBBEIMU (DAIOMAAMH BO3MOJKHO TOABKO
IpY HAaAWYHUM B MOPOAE BEPTHUKAABHBEIX TPEIIUH C PacKpHITHEM
Oonree 2 MMm. KpoMme TOTrOo, Takoe 3amellleHHe IPOUCXOAUT IIPU
paBeHCTBe 3a00MHOTO U IIAACTOBOTO AABAEHUH.
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IIpepnoroskeHHE O TOM, UTO Ha HPAKTHUKE MOJXKET CO3AAaBAaThCS
cuTyauus, NpU KOTOPOU pP,s > Pyn U IPH 3TOM 3HAUUTEALHO
BO3pacTaeT CKOPOCTb TI'PABUTAIIMOHHOTO 3aMellleHUs, HeBepHO,
IIOTOMY YTO B TAKMX YCAOBUSX BO3HUKAIOT IMOTAOIIEHUS OypOBO-
ro pacTBopa.

4.1.3. YCAOBUA BOZHVKHOBEHNS I'HBII
ITPU PABAVIYHBIX OITEPALIVIAX,
ITPOBOAVIMBIX ITP1 BYPEHVN CKBAJKVH

CoBpeMeHHad TeXHOAOTHS IIpeAyCcMaTpuBaeT Oy-
peHre CKBa’KUHBI, KaK IIPABUAO, MPU D,5 > P OAHAKO COOT-
HOIIIEHUE 3TO HAapyIIaeTcd IO pAAY NPUYUH!

BCKPBITHE TIAACTa C OOAee BHLICOKUM, UYeM OKMAAAOCH, IIAACTO-
BBIM A@BAEHUEM;

apeHue p,,; HUKe IIPOEKTHOTO M3-3a HapylleHUs TEXHOAOTMU
OypeHus;

HeCTaOUABHOCTb UCIIOAB3YEMBIX OYPOBBEIX PAcTBOPOB;

(PUABTPALTUOHHEIM M KOHTPAKIJMOHHBIN 3(D(EKTHL;

CHIJKEHVe YpOBHS OypOBOrO pPacTBOPA, BHEI3BAHHOE €ro IIo-
TAOIIeHUEM;

IIOAOMKA OOpaTHOTO KAallaHa.

I[MoaHOCTBIO M30€e>XKaTh BO3HMKHOBEHUSI 3THUX CUTyalu¥ IIpHU
CYIIIeCTBYIOILIEN IIPAaKTHUKe OYPOBBIX pabOT HeBO3MOXKHO. CAepo-
BaTeAbBHO, IPU NIPOBOAKE CKBAa’*XMH BCETAA CYIIECTBYET IIOTEHIU-
anpHadg onacHocTe 'HBIT. I'TposBaeHusa, oOHapy>keHHBIe 3a0Aaro-
BpPeMEeHHO, MOIYT OBITb OBICTPO AMKBUAHWPOBAHBL. TPYAOEMKOCTH
pabort mo aukBupaniuu 'HBIT 3aBUCUT B OCHOBHOM OT KOAWYECT-
Ba IOCTYIMBIIUNX B CKB&)KUHY IIAQCTOBBHIX (DAIOMAOB U IIO Mepe
€ro yBeAWYeHUd BO3pacTaer.

OCHOBHBIMU TNIPUYMHAMHU, IO KOTOPBLIM IIAACTOBOE AABAEHUE
MOJKeT OBITh BBINIE 3a00OMHOIO, 4TO HEH30eXHO IIPUBOAUT K
I'HBII, aBasroTcs:

YMeHBIIIeHHe THAPOCTAaTUYeCKOIO AABA€HHUS 3@ CUYeT CHUKeHUS
IIAOTHOCTU OypOBOT'O PacTBOPA, MOCTYIAEHUS B IUPKYAUPYIOUINHI
PacTBOp JKUAKOCTH MEHBIIeN MAOTHOCTHM, HEAOCTAaTOUYHAasl Aerasa-
nug OypOBOrO pPacTBOPa;

TMapeHVe THUAPOCTATMYECKOTO AABAEHUS 3a CUYeT CHUDKEHUS
YPOBHsSI OypOBOI'O pacTBOpPa B CKBa)XKWHe (IIOTAOIeHHe OypOBOTO
pacTBOpPa, HEAOAUB PACTBOPA B CKBAJKUHY IIPU NOABeMe OYpPHUAB-
HOM KOAOHHBI);

OoTpuIlaTeAbHOE THUAPOAMHaAMUYECKOe AABA€HUE, BO3HHUKAIOIee
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IIpU CIYCKOIIOABEMHBIX OIlepalysaX, YCHAMBAIOLIeeCs 3a CYeT
3ddeKTa OpPLIHEBAHNUS;

HeCTaOMABHOCTb OypOBOTO PpAacTBOpa (CHIDKeHHEe IIAOTHOCTU
pacTBOPa, HaXOAAIIErocss B CKBa)KMHeE, 3a CUeT OCAKAEHUS TBep-
AOM (ha3sel);

3¢ deKTel (PUABTPAIMM U KOHTPAKIUU B COYETAaHUU C OCO-
OEeHHOCTSIMM CTPYKTyPHO-MeXaHW4YeCKHUX CBOMCTB OypOBOro pac-
TBOPA;

IIOTPEILIHOCTH B OIPEAEAEHUU IIAACTOBOTO (IIOPOBOTO) AaBAe-
HUA.

YcaoBue, Ipd KOTOPOM BO3HHKAeT NIPOSBACHHE B IIpollecce
OypeHMsI UAU NPOMBIBKH, MOJKET OBITH 3aIIMCAHO KaK:

Pur > Pr + Pro (4.5)

TA€ p, — THUAPOCTATHYECKOE AABAEHUE, CO3AaBaeMoe CTOAOOM
OypOBOro pacTBOPa; P, — I'MAPABAUYECKHUE IIOTEPU B 3aTPyOHOM
IIPOCTPAHCTBE CKBA’KUHHI.

YcAoBUEe, IPU KOTOPOM BO3HMKAaET NPOSBA€HUE NPU NoAbeMe
KOAOHHEI TPyO, MOJKeT OBITh BEIpa>XeHO (POpMyAOH

Pur > Pr — Apy — Ap., — Ahpg, (4.6)

rae Ap,, — THMAPOAMHAMHYECKOe AABACHME (OTPUIATEABHAss CO-
CTaBA4IOIIasA), OOYCAOBAEHHOE IIOABEMOM KOAOHHEI TpyO, MIla;
Ap., — CHIKEHHe CTaTUYECKOIO AABACHUSA HA 3a00M CKBA’KMHHBI,
00yCAOBAEHHOE BBIXOAOM TBEPAOM (pasbl M3 B3BEIIEHHOI'O COCTO-
SHUS U BpeMeHeM HaXO>KAeHUs OypOoBOTO pacTBOpa B HENOABUIK-
HoM cocTogHud, MIla; Ah — rayOWHa ONOPO’KHEHUs 3aTPyOHOTrO
[IPOCTPAHCTBA, M; § — YCKOPEHHE CBOOOAHOTO TaAeHwus, M/c’
p — MAOTHOCTH GYPOBOTO PacTBOPa, KI/Mm’.

B AutepaTrype durypupyer TOABKO oOpAHa (POPMyAQd, IO KOTO-
POl MOJKHO pacCUMTaThb CHU’KEHHe AABAEHMS BO BpeMsl MopbeMa
KOAOHHEI TPYO:

01
ADyy = 4——, 4.7
N (4.7)

H

rpe d, — Hapy’KHBEIM AuaMeTp TPyO, M.

CHM)XeHUe AABAEHUS IIPOTUB THAPOCTATUYECKOTO IIPU IIOAHe-
Me KOAOHHEI TPyO Tak’ke MO>XeT OBITh OOYCAOBAEHO HU3MeHeHHeM
CKOPOCTU NHOABEMa (OOPATHBIM TMAPABAWYECKUM yAAQp) IIpU IIpe-
OAOAEHUM BO3AEWCTBUSI CTATUYECKOTO HAIPSPKEHMS CABUIa Ha
JTare Hadara ABUJKEHHUS, @ TakKKe B CBA3U C TUAPABAMUYECKUMU
IIOTEPSIMU TIPU ABUJKEHMU KOAOHHBI TPyO BBepX C PaBHOMEPHOM
CKOPOCTEIO.
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AAS MOMEHTa Hadana ABUJKEHUS THAPOAMHAMUUYECKOE AABACHUE
MO>KeT OBITH OIIPEAEA€HO IO (POPMYAe

01

Ap,, =4 > + pVC(V - VO)E—T, (4.8)

H

IA€ V. — CKOPOCThH PacCIpOCTpaHeHUs YAAPHOM BOAHBI IIO 3a-
TPYOHOMY IIPOCTPAHCTBY CKBa’XMHBI, M/C; V — AOCTUTHYTas CKO-
POCTBH ABM)XEHUS TPyO 3a BpeMd PacHpOCTPaHEeHUS YAAPHON BOA-
HBI OT 3a00s1 AO YCTbS CKBa>XMHEBI, M/C; V, — HadaAbHas CKO-
POCTh ABUJKEHUSI KOAOHHEI TPyO, M/c; | — AAMHA KOAOHHBI TPYO,
M; S, S — TIAOIIaAb IIONEPEYHOr0 CEeYeHUsT COOTBETCTBEHHO
TPYyOBI ¥ 3aTPYOHOTO MPOCTPAHCTBA, M2,

[Tpu paBHOMEPHOM ABIIKEHUM KOAOHHBI TPyO BBEpX CHUKe-
HUe AA@BAEHUS MOJXKeT OBIThH OIleHeHO 1o d¢opMmyae Aapcu —
BelicOaxa ¢ yueTOM CKOPOCTU ABWKEHUS SKUAKOCTH!

2

I pfvy)
A =\ ==, 49
pAH D_dH thSK} ( )
rAe¢ v, — o00BeM TpyO, MOAHSTHIX K3 CKBAKWUHLI 3a BpeMs

(B cexynaax), Mm% A — KO3(p(PUIMEHT r’MAPABANYECKAX COMPOTHB-
AEHUH.

WN3mepenusa Ha 3ab00e, CAeAQHHEBIE C IIOMOIIBIO TeAeMeTpudec-
KOM CHCTeMBl, IIOKa3aAW, 4YTO IIPU IOABeMe KOAOHHEL TPYyO C
rayouHbl 2020 —2235 M m3MeHeHHe AaBAeHHs cocTaBuao 0,17 —
0,74 MIla npu p, = 25,5+27,2 MIla. PacueTsl o gopmyae (4.8)
a0 = 50 ITa, v, = 1000 m/c u v = 0,2+0,4 M/Cc XOpOIIO COB-
IMAAQIOT C pe3yAbTaTaMU U3MepeHUl 3a00MHOro paBaeHUA. Pacue-
Tel IO (popmyae (4.9) AQIOT 3aHMIKEHHBIE 3HAUEHUS [0 CpPaBHe-
HUIO C (PaKTUYeCKUMHU H3MepeHUusMHU. [lo-BUAUMOMY, HauOOAB-
lilee CHU)KeHHE AQBAEHUS IIPU NOABEMe KOAOHHEBEI TPyO HabOAIOAQ-
eTCs B HaUaAbHBIM MOMEHT ABUDKEHUS.

[Mpu pacyerax IO TPEAAOKEHHOU (OPMYAE PEKOMEHAYETCS
IIPMHVMMATh CKOPOCTH PACIPOCTPAHEHMsI YAAPHOUW BOAHBEI IIO 3a-
TPYOHOMY IIPOCTPAHCTBY AASL OOCaKEHHOI'O CTBOAQ, 3AIlOAHEHHO-
ro BopoM, paBHOM 1350 M/c, u 6ypoBeIM pactBopoM — 1100 m/c.
AAsT HeOOCa)KeHHOT'O CTBOAQ, 3allOAHEHHOTO OYpOBBIM PacTBO-
pom, v, = 800 m/c.

I'HBII nipu cnycke KOAOHHEI TPyO OOYCAOBA€HBI CHMJKEHHEM
TUAPOCTATUYECKOTO AABAEHMS B HENOABMJKHOM YacTH OypoOBOIO
pacTBOpa B CBSI3U C IOHMKEHUEM THAPOANHAMHYECKOTO AABACHUS
[P TOPMO>KEHUM KOAOHHEI TPYO.

YcaoBue, Ipu KOTOPOM BO3HHMKAaeT IPOSBAEHHEe IIPU CIIyCKe
TPyO, MOXKeT OBITh BEIpa*keHO (POpMYyAOH

248



Pur > Pr — APy — Apye (4.10)

rae Ap,, — THAPOAMHAMMYECKOE AABACHMWE (OTPUIIATeABHAst CO-
CTaBAsIONIast), 0OyCAOBAEHHOE TOPMOYKeHHeM IIpU CIIyCKe KOAOH-
HBI TPYO.

3HaueHue Ap., II0 Mepe CIIyCKa TPyO yMeHbIIaeTCs.

I/I3MepeHI/IH 3HAYEeHUN TUAPOAMHAMHNYECKOI'O AdBA€HUA IIPpU
CIIlyCKe OYPUABHOM KOAOHHEI IIOKA3aAH, YTO 3@ CYeT Hero ooOIjee
AdBAEHYE B CKBAKUHE MOXET U YBEeAWYUBATHCA, U YMEHBIIATHCA.
AHaAM3 Pe3yAbTaTOB UCCAEAOBAHMMN IMMOKAa3aA, YTO CHUDKEHHEe AAB-
AEHUS He IIpeBHINaeT 5 % 3HaueHHUS THAPOCTATUYECKOTIO AaBAe-
HUS, PaCCUMTaHHOIO IO TAyOMHe Horpy>keHus TpyO. Ilpu cnycke
Tpy6 co ckopocThio 1,0—3,0 M/Cc THApOAMHAMHYECKOE AABAEHUE
(oTpuIIATEABHAS COCTABASIONIAs) CACAYET OIIPEAEAITH IO (POPMY-
re

Ap,. = (0,05:0,02) p!, (4.11)

TAe p, — THAPOCTaTUYECKOe A@BAeHHEe Ha TAyOMHe IIOTpY’KeHUs
OYPUABHON KOAOHHBI.
[Mpu cmycke Tpy6 co cKopocThio MeHee 1 mM/c Ap,. = 0,01 p,.
IMpu otcyrctBun nupkyasiuu [HBIT oOychroBaeHBI HecTa-
OUABHOCTBIO OYpPOBOI'O PAacTBOPA, B CBA3M C YEM YCAOBHS HX BO3-
HUKHOBEHUS MOJKHO BBIPA3UTh POPMYAOH

Pu > Dy — Aper- (4.12)

CHU>KeHHe AaBAeHUs CTOAOa OypoOBOrO pacTBOpPa, Haxopdlle-
rocs B IIOKOe, OOYCAOBAEHO HeCTaOMABHOCTBIO CBOMCTB pacTBOpa
B COYETaHUM C (PUABTPAIIMOHHLIMM M KOHTPAKITMOHHBIMU 3d-
dekramu. [lo Mepe pocTa CTaTUUYECKOTO HAIPSKEHUS CABUTa
TEeMII TaAeHUs U 3HaueHue 3ab0MHOTro AABAEHUs CHU>KaroTcs. Ha
OCHOBAHMU HMEIOUINXCS PEe3yAbTATOB 3KCIIEPUMEHTAABHBIX NC-
CAEAOBAHUM MOJKHO INPEAAOKUTH CAEAYIOUIYI0 (DOPMYAY AAG OII-
peAereHNd CHIDKEHUSI A@BAEHMSA B caydae, Korpaa 0 < 200 alla 3a
1 MuH, AAS TIeproaa mokosg Ao 10 u:

Ap.. = (0,02+0,05) H, pg, (4.13)
rae H, — BbIcoTa cToADa OypOBOTO PAacTBOPA, OCTAIOIETOCS B
IIOKOeE.

Ans caydag 0 > 500 Alla 3a 1| MUH CHUJKeHHE A@BAEHUS CTOADA
OypOBOTro pacTBOpa HE IPOUCXOAUT. AAS YTOUHEHUS ITPEANOKEH-
HBIX 3aBUCHUMOCTEM HEOOXOAMMO ITPOBECTU AOIOAHUTEALHBEIE
9KCIIEpUMEHTAABHBIE UCCAEAOBAHUS.

KoandecTBO mocTymarollero M3 IAACTa (PAIOMAQA B E€AUHULY
BpeMeHH’ B HauYaAbHBIM MOMEHT IIPOSIBAEHUSI MOXKeT OBITHL OIlleHe-
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HO IIO TeM JKe IlapaMeTpaM, 4TO U AeOuT ckBaXuHBL. CaepoBa-
TeAabHO, MHTeHCUBHOCTb ['HBIT 3aBuUCHT OT Aellpeccum Ha IIAACT,
IIPOHUII@EMOCTH U TOAUIMHBI BCKPBITOM YaCTU IPOSBASIONINX
IIAQCTOB, @ TaK’Xe OT BUAA (DAIOUAQ.

ITpu Maaelx oOBeMax (DAIOKMAQ, NMOCTYIAIOIMIEr0 B CKBAKUHY,
HAIIpUMep ra3a, BCAEACTBHE HU3KOM IIPOHUIIAEMOCTH KOAAEKTOPA
3a00MHOEe AaBA€HUE BO3pAcCTaeT A0 TeX MOp, IIOKa CTPYKTypPHUPO-
BAHHBIM PacTBOP OYAET BHIAEP’KUBATH BO3AEUCTBHE BO3HUKAIOIIe-
ro U30BITOUYHOIO A@BAeHHUs. [loCcTylaeHHe raza B CKBKUHY MO-
JKeT IIPeKPATUTHCS, eCAU 3a00MHOe AaBA€HUE CTAaHET PAaBHBEIM
IIAQCTOBOMY WMAM IIPEBBICUT €ro. B 3THX CAydYadgx IPU IIPOMBIBKE
CKB&)XMHHI IIOCA€ OCTAHOBOK IIOCTYNIHUBIIUM B CKBa’)KUHY IIAACTO-
BBIA (DAIOMA BBEIMBIBAETCA C 320051 B BUAE Ta3UPOBAHHOM ITA4YKU.

Ecan mocrymnenne (aromaa (4alle BcCero rasa) B CKBOKUHY
IIPU OTCYTCTBUHU IUPKYAAIIUM OOHAPY’KUBAETCS TOABKO IIPH IIPO-
MEBIBKE IIOCA€ CITyCKa OYPHUABHOM KOAOHHEI BO BpeMs BBEIXOAQ C
32005 TA3UPOBAHHOU IIAYKH, TO IIOAOOHOE NPOSIBACHUE dallle BCe-
ro He TpeOyeT IOBHIIIEHUS IAOTHOCTH OYPOBOrO PacTBOPA.

INocTynaeHue IAAGCTOBOrO (PAIOMAA B CKB&KUHY IIPU OypeHUH,
IIPUBOALIIlee K IIOBBIIIEHUIO YPOBHSI OypOBOTO pacTBopa B IIpU-
€MHBIX eMKOCTSX, CAeAYeT CUUTATh SIBA€HHEM OIlaCHBIM U Tpely-
IOIIUM YBEAMYEHUs IIAOTHOCTH PAacTBOPA.

4.1.4. O TTIPUPOAE I'A3NNPOBAHU S
BYPOBBIX PACTBOPOB

a3, momasmuii B OypoOBOM PAcTBOP, MOXKET Ha-

XOAUTBCS B HEM B PACTBOPEHHOM MAU CBOOOAHOM COCTOSTHUU.

a3 B cBOOOAHOM COCTOSHMM CXE€MAaTHYHO MOJXHO pacCMarTpu-
BaTh B BHAE I1apa, HaXOAMIErocsl I0A BO3AEMCTBUEM OIIpeAeAeH-
HOTO BHEIIHeTro AaBAeHUd. [Ipm ABMDKeHHH OYpOBOTO pacTBoOpa
BBEPX AABA€HMe Ha ra30BBIU MIap OYAET YMEHBIIAThCS, U OH yBe-
AMYUTCI B OOBEME.

CucremMa, B KOTOPOM Tra3oBble NYy3BIPBKHU (IIApEl) CBOOOAHO
pacupeaeAeHbl, OTHOCUTCS K 9MYABCUM I'a3a B JKUAKOCTH.

CHUABHO KOHIIEHTPHUPOBAHHBIE 3MYABCUU HA3BIBAIOTCS IIE€HaMY,
B KOTOPHIX OOABINAS IIOBEPXHOCTb JKUAKOCTH COIIPUKACAeTCs C
razoo0Opa3HoM (as3o¥, IMO3TOMY TaKasg CHUCTeMa, CTpeMdIch
YMEHBIINTb CBOIO ITOBEPXHOCTH pa3AeAd, HeycToWuwBa. B menwmc-
TOM >KMAKOCTA YCTOMYUBOCTH IIy3BIPBKOB paBHa HyAwo. [lpm
COAVMPKEHUU My3BIPbKOB JKUAKOCTDH BEITECHSETCSI M3 MOTPAHUYHBIX
IIAEHOK; IIPOUCXOAUT KoOaAecCLeHnus. Aad pacTBOPOB yCTOUYH-
BOCTh IIeH 3aBUCHUT OT KOHIIeHTPAallud PAacTBOPEHHOI'O BeIeCTBa.

250



MarcuMyM yCTOMYMBOCTH HAOAIOAQETCS y>Ke IIPHU MaAbIX KOHIEH-
Tpauusax, KOTAQ aACOPOIIMOHHBIM CAOM ellle He HachimeH. Ecan
IIOBEPXHOCTHAsI IIPOYHOCTHL pacTBoOpa OOAbIIas, MaKCHUMyM ycC-
TOMYMBOCTHU CABUTAETCSI B CTOPOHY OOABIINX KOHIIeHTPAIIUH.

Boablline My3bIpbKM ra3a UAW BO3AYXQ, NOIaBIINe B OypoBOU
pacTBOp, MOTYT AWUCIEPTUPOBATBLCS, YTO 3aBUCHUT OT peKUMa
ABIDKEHHS pacTBopa. UeM OOAblIe pa3ppOOAeH Iy3bIpeK BO3AYXA,
TeM TPyAHee OH IIOABEPTaeTCsa AAAbHeUIlel Aucnepranuu. [Ipm
ABIDKEHNU OypOBOrO pacTBOpa C PACTBOPEHHBEIM ra3oM o00pasy-
eTCsl OOABIIIOe KOAMYECTBO IIY3BIPHKOB BCAEACTBHE PE3KOI'0 CHHU-
SKeHUs AQBAEHUS.

BypoBoll pacTBOp B 3@BUCHUMOCTH OT (DHU3UKO-MeXaHUUYEeCKUX
CBOMCTB YAEP)KUBAeT Ppa3AMYHOEe KOAWYECTBO rasa. BreipenreHme
ra30BBIX IIy3BIPBKOB TAKKe OIPEAEAdeTCs yYKa3aHHBIMU CBOMCT-
BaMU pacTBopa. BypoBble pacTBOpHL, OOpadaTblBaeMble HEKOTO-
PBIMU XUMUYECKMMM peareHTaMH, MOTI'YT COAep>kaTh BeChbMa BhHI-
COKOe KOAMYEeCTBO Trasza (Bos3ayxa) — oT 25 po 30 % u pake
OoAblIIe.

IMpoapBM>KeHHe ra30BBEIX NY3BIPBKOB OTHOCUTEABHO OYpPOBOTO
pacTtBopa OOyCAOBAMBAETCI PSIAOM (DAKTOPOB, B OCHOBHOM He-
OOABIIMMM HX pa3MepaMU M OOALIIMMHM 3HAUEHUSIMH HalpsiKe-
HUS CABUTA OYPOBOTrO (TAMHUCTOTO) pacTBOpaA.

MaKcUMaABHBIN AMaMeTp dp. IlIapa Ta30BOTO ITy3BIPHKQ,
YAEP’KUBAaeMOro OypPOBBIM PACTBOPOM, OIIPEAEASEeTCsT CTaThdec-
KUM Hallpss>KeHUeM CABUTA IIOCAEAHETO:

d... =060/gp, (4.14)
TA€ P — IIAOTHOCTH GYpOBOIO PacTtBopa; dy., — AHAMETp IIy-
3BIPBKOB B (popMe mIapa; 6 — cTaTHuecKoe HAUpsKeHWe CABUTA
pacTtBopa.

W3 (4.14) caepyeT, UTO C yBeAWUYeHUEM HANPSKeHUs CABUTA OYy-
POBOro pacTBOpPa U yMEHBIIEHWEM IAOTHOCTH 3aTPYAHSAETCSI O4YM-
CTKa OypoBOro pacTBOpa OT rasa.

4.1.5. TIOCTYIIAEHUME TA3A B CKBAKNHY
TP BYPEHUU (CHM)KEHUWE AABAEHUA
HA TIAACT)

B mpomnecce 6ypoBBIX pabOT AaBA€HHE Ha IIAACT

MOJKeT CHUKAThCA. [IpUUMHON TOMY SBAGIOTCA Pa3AnuyHBIE (ak-
TOPHI.

1. HecooTBeTCcTBHE 3HAUYEHUM IIAOTHOCTH OYypPOBOrO pPacTBOpa

ycaoBuaM Oypenus. OHO BO3HUKaeT IIOCAe IIOSIBACHUS B paspese
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TOPU30HTa C BBICOKUM IIAACTOBBIM A@BA€HHEM HAU IIOCTEIIeHHOTI'o
HAaCBIIeHNUsT OypoOBOr0 PAcTBOpA ra3oM, OCTABIINMCS He3aMedeH-
HBIM.

2. INocTynAeHMe raza B CKBa)KUHY BCAEACTBHE CHUJKEHUS AaB-
AeHUsd Ha IINACT B pe3yAbTaTe IOTAOINeHHs OypoBOTO PacTBOpa
npu OypeHum. l['a30nposgBAeHHsA, IepeXOpdllde B OTKPHITHIE
doHTaHBI, IPU IOIAOIIEHHU OYPOBOIO pacTBOpa TAABHBIM obpa-
30M BBIIIEAESKAUIUMHA IIAACTAMU IPOUCXOAAT 4aCTO.

3. HeponuB cKBaKUHEL [Ipu ONpepAeAeHHBIX PEOAOTHMYECKUX
CBOMCTBax OypOBOIO pacTBOpa U CKOPOCTH IMOABEMA UHCTPyMeH-
Ta CHIDKEHHEe AABA€HMS Ha IIAACT IIPOUCXOAUT BCAEACTBHE
3¢ddekTa nopurHeBaHud. Ilpu mopbeMe HHCTPYMEHTa AJBAEHUE
CHIJKAETCS BCETAQ, OAHAKO He OTMEeYeHO CAy4aeB BO3HHKHOBe-
HUSA BBIOPOCOB TOABKO 3a CUET AEWUCTBUSI OAHOT'O 3TOTO (PAaKTO-
pa.

[To IpPOMBICAOBHIM AAHHBIM BHAHO, YTO A@BA€HHE Ha IIAACT
CHH>KAaeTCsd B OCHOBHOM 3a CUeT HEeAOAVBA CKBA’KUHBI IIPU IOAB-
eMe UHCTPyMeHTA.

Haunboaee 4acTBl CAydan IOCTYIAEHHUS ra3a B CKBAXKUHY IIOC-
Ae HeOOABIINX OCTAHOBOK C IIOCAEAYIOIIMM IIOABEMOM HHCTPY-
MEHTa.

4. CHM>KeHMe AaBAEHHUSI MOXKeT OBIThb BeChbMa Pe3KHUM B CAydae
BBICOKOM CKOPOCTHU IOABEMA KOAOHHBI IIPM HAAWUUU B CKBa)KUHE
BBICOKOBS3KMX OYpPOBBIX PACTBOPOB C OOABIIMMH 3HAUeHUSIMU
CTAQTUYECKOTO HAIPS’)KEHUs CABUTA.

4.1.6. IOCTYIIAEHUE TA3A B CKBAJKUHY
BCAEACTBUE OU3NKO-XVUMHNYECKUX

I MEXAHUYECKUX ITPOIIECCOB

B CICTEME BYPOBOJI PACTBOP -
®AIOUA TTAACTA

ITpoHuKkHOBeHUEe ra3a B OypOBOM pPacTBOP CKBa-
SKUHBI KaK (PYHKIHUS Pa3AWYHBIX (PU3NKO-XMMHYECKUX IIpoliec-
COB — OAHA U3 OCHOBHBIX IIPUYMH ra3UPOBaHUSA OYpOBBHIX pac-
TBOPOB. OAHaKO, KpoMe AUMPPY3UOHHBIX IIPOIECCOB, ApyTHe
IIPOIecCH], 3a HEeOOABIIUM HCKAIOUeHHEM, He H3yJ4aAuch U He
paccMaTpuBaAuCh. [Ipupopa rasupoBaHHS OYpPOBBEIX PacTBOPOB
HeAOCTAQTOYHO M3y4YeHa, a MHOTHMe acCIeKTBl 3TOM IIPOOAEMEBI Aa-
AEKHU OT paspellieHus. TeM He MeHee HEKOTOPHIE M3 HHUX MOTYT
OBITH OIleHEeHHI.
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IMocrynaeHnne rasa (u Apyrux (pAIOHUAOB)
B CKBa’KMHY BCAeAcTBHe AndPy3un

YacTo HachlIeHHe OYpOBOTO pacTBoOpa ra3oM
CBSI3BIBAETCS C ero pAuddysuen. Apsg 6e30IacCHOTO BCKPHITHS Ta-
30BBIX TOPHU30HTOB IIpH OypeHHUM IAOTHOCTHL OYPOBOTO pacTBOpa
BBIOMpPAETCS M3 pacyeTa MIPEBBIIIEHNS I'MAPOCTATUYECKOTO AABAE-
HUS HaA OAACTOBBIM. [IpeBrnillieHue cocraBasgeT 15—20 %. Takum
o0pa3oM, B TeYeHHe BCEero Ipolecca OypeHus 3arAMHU3UPOBaH-
HBIe Ta30BBIe IAACTHI HAXOAATCS TOA M3OBITOUHBIM AABAEHHEM
cToADa >KHMAKOCTH. DTO He MCKAIOYaeT BO3MOXXHOCTH IIOCTYIIAe-
HHU4 ra3a U3 IAACTa B CKBa)KUHY B pe3yAbTaTe pAuddysuu.

[To MHeHNIO MHOTHX OTeYeCTBEHHEIX M 3apyOe’KHBIX UCCAEAO-
BaTeAel, TAaBHEUIIeN IIPUYWHON IIPOHUKHOBEHUS ra3a B CKBaXKU-
Hy (B pacTBOP), He 3aKPENACHHYIO OOCAAHOM KOAOHHOM, HUAU B
3aKOAOHHOE IPOCTPAHCTBO BHIIIE ITeMEHTHOT'O KOABIIa SIBASIETCS
AU dy3usa raza B pacTBOP, U OHAa NPOUCXOAUT Aa’Ke B TOM CAY-
yae, KOTAa IIPOTUBOA@BAEHUE CTOAOA OYpOBOTIO pacTBOpa OOABIIIE
MAaBAeHUd ra3a B nAacTe. [To3TOMy CUMTAIOT, UTO B PIAE CAydYaeB
3alIOAHEHNE 3aKOAOHHOI'O IIPOCTPAHCTBA TSAXKEABIM OypOBBIM
pacTBOpPOM He MOJKEeT rapaHTHUPOBATh OT IPOHUKHOBEHUSA rasa.

Anddysnsas — 35TO fABAeHMe IIPOHUKHOBEHUSA ABYX WAU He-
CKOABKHX COIIPMKACAIOUIMXCS BelleCTB APYT B Apyra. CoOGcTBeH-
HO Ipolecc AU y3UM raza 3aKAIOUaeTcs B TOM, YTO OH IepeXo-
AUT U3 Ta30BOTO MAACTa B OypOBOM pacTBOpP (TAMHHUCTYIO KOPKY),
T.e. B CpeAy, TAe ero KOHIeHTpalus MeHBIIe (MAW paBHA HYAIO).
[Tepemerienue ra3a moa A€MCTBUEM PA3HOCTU KOHIIEHTPAIMM Ha-
3BIBAIOT AMMDPY3UOHHBIM IIOTOKOM rasa. Auddy3nOHHBINM MOTOK
CHOCOOCTBYeT BHIPABHUBAHUIO KOHIIEHTPAIUM, T.e. YMEHBIIEHUIO
Pa3HOCTH KOHIIeHTpallWi, KOTOopas BbI3BaAd 3TOT IOTOK. Aud-
dy3us, IpUBOAGIIAad K BBIPABHMBAHWIO KOHIIEHTpAIMU rasa MIpu
COIIPUKOCHOBEHMHU C OYpPOBBIM PAacTBOPOM (KOPKOM), T.e. IIPHUBO-
AAIIAs K U3MEHEHUIO Pa3HOCTeN KOHIIEHTpAlluii, Ha3bIBaeTCs He-
CTallMOHApHOU pAUPdy3uen.

ABUKyIIEeN CUAON AMDPY3UU ABAIETCS IIepellap NapliuarbHBIX
AABAEHUM, T.e. pa3Andle B COAep’KaHUN AQHHOTO BellleCTBa (Trasa,
HedTH) B IAACTe U 3@ €ro NpeAeAaMu.

B oOmieM cay4ae HAcCBIINEHHBINM Ta30M IIAACT TAMHU3UPYETCH.
Ha crTeHKe CKBaXMHBI IPOTUB IIAACTA OTAAraeTCsl TAMHHCTAs
KOpKa OIIPEAEAEHHOM TOAIIUHBI M C OIpPEeAEAeHHBIMU CBOMCTBA-
Mu. Ha HeKOTOpOM paccTOSHUM B TAyOb IIAGCTa HAKAAUBAETCS
(aroup OYpPOBOTO PacTBOPa, KOTOPHIM, CO3AaBasg OAOKUPYIOIIE
30HBI, IIPENATCTBYET IIPOXO’KAEHUIO ra3a K CKBakmHe. Ha mpo-
XOXXAE€HME raza K OypoBOMY PacTBOPY B CKB&)XMHe INOTpedyeTcd
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OOABIIIe BpeMeHH, 4eM B CAydYae TOABKO YTO BCKPBITOTO IIAQCTa
(BO3HMKAEeT OAOKHPOBKA (PAIOUAQ).
Auddyzusa onuceiBaercss 3akonoM Duka:

d
dQ = DF=dt. (4.15)
dr
3pechk dQ — KOAMYECTBO IPOoAUM@PYHAUPOBABIIETO BelleCTBA
dc
(raza) uepes noBepxHOCTEL F 3a Bpemsa di; — — TpapueHT KOH-
dr

LeHTpaluKn BellecTBa; D — Kos(pdunuenT puddysuun.

OpaHakKo, IIpekpAe YeM HadaTb AUMDPYHAUPOBATH B OypOBOH
pacTBOp, ra3 AOAKEH PAcTBOPUTHCS B (PUABTpaTe OypOBOTO pac-
TBOPA, HAaXOAAIIeMCs B IIAacTe. Toraa

dQ = - DaF 2.~ P2 gy, (4.16)
d

TA€ Dy, P, — HaplHaAbHOE AABAEHUE ra3a COOTBETCTBEHHO B IIAA-
cTe u OypoBOM pacTBoOpe; a— KO3((PUIUEHT PacTBOPUMOCTHU
raza B puabTpaTe 6YpoBOro pacTBopa; 8 — rAyOHMHA IPOHUKHO-
BeHUs (PUABTPATA B MOPUCTHIA IIAACT.

Koaddunuent pudpdysun D 3aBUCUT OT CBOWCTB U COCTaBa
AMPPYHAUPYIOMIETO ra3a, CBOUCTB TAMHUCTON KOPKU M OypOBOTO
pacTBopa, TeMIepaTyphl, KOHIOEeHTpanun AU(POYHAUDPYIOMIEro ra-
33, A@BA€HMS U T.II. TOYHO OIPEAEAUTh KOAMYECTBO Trasa, AUQ-
byHAUPYIOIIEro U3 NAACTa B OypOBOM PAcTBOP CKBAKUHEI, ITOKAa
HEeBO3MOJKHO.

CaenaB HEKOTOPEBIE AONYIEeHUS, OPUEHTUPOBOYHO OIPEAEAUM
KOAMYECTBO Ta3a, KOTOPHIM MOXKeT NpopudPyHAUpOBaTE B OypoO-
BOU paCTBOP.

Tak kKak He MMeeTCsI AQHHBEIX O Koa(punueHnre auddysuu ra-
30B A OYPOBBIX PacTBOPOB, MPHUMeM ero paBHBIM Koadduiu-
eHTy AU y3uu prs BOABL. Ha camoM apenae, ero 3HaueHUE AOAXK-
HO OBITH HMXXe. AT TAMHHCTBIX KOPOK OH OyAeT ellle MeHbllle. B
TabA. 4.2 mpuBepeHBl KO3MPUIUEHTH AUDPPY3UM HEKOTOPBIX
ra3oB 4epe3 BOAY.

CKropocTsb mnpoliecca Auddysun dyepes XKUAKYIO CPeAy OIllpeae-
AsdeTcsa KO3 UIIMeHTOM PaCTBOPUMOCTHU ra3a B 3TOM Cpeae.

He uMess pAaHHEBIX O 3HAUeHUHU KOHIIEHTPAIIUU Ta3a Ha TpaHHlle
OypoBOM PacTBOP, TAMHUCTad KOPKa, OAOKHpYIOIagd 30Ha — ras,
C U3BECTHBIMU AONIYIIEHUIMHM MOJKHO MPHUHATH, YTO OHAa Ha
IIOBEPXHOCTU pas3jpeAd pPaBHA PACTBOPUMOCTH ra3a B OypOBOM
pacTtBope. IIpeAnlonoskuM, UTO IapliMarbHOe AaBA€HHe p, rasa B
OypOBOM pacTBOpe paBHO HYyAIO, @ B maacte — 10,0 MITa. Toraa
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Tab Auia 4.2

KoaddunueHnT Anddy3un HeKOTOPBIX ra3oB yepe3 BOAY"

Temmeparypa, °C Koabdunuenrs: auddysun, cm®/cyTt
CH, C,Hq C,H; CcoO,
20 2,2 1,6 1,3 1,2
40 3,6 2,6 22 1,9
60 54 39 32 2,8
80 73 53 44 38

* LlapeBuu K.A, lIumenko P.U, bakranoB B.A. 'AuHUCTBIE pacTBOPH B
Oypenun. — baky: Asnedrenspar, 1935.

B CAy4Yae COAep’KaHMsI B IIAACTe MeTaHa IIpU TeMIlepaType
60 °C (anst 254-MM cKBa>kKMHBI 6e3 KaBepH) u 10-MM TAMHHCTOM
Kopku' uepes 1 m? moBepxHOCTH 3a 1 cyT mnpopuddyHAUpYeT
0,2 M® rasa. Ilpu 5TOM KOAMYECTBO NPOAUMPYHAMPOBABIIETO B
CKBa’KMHY ra3a AOAKHO OBITH OOpaTHO NPONOPIUOHAABHO TOA-
ImuHe KOpKH. KoHeuHO, AAd OOAee TOUHOIO pacueTa CAEAyeT
YUUTEIBATh (DU3UKO-XUMHUYECKUE OCOOEHHOCTH KOPKU. EcTb oc-
HOBAHUS IIPEAIIOAATaTh, UTO IIPU TOACTBIX, HO PBIXABIX TAMHHUC-
TBEIX KOPKaX KOAWMYECTBO IOCTYIAIIEro B CKBAKUHY ra3a yBeAU-
YBAETCS.

He nmpoBoasi 6oaee TTOAPOOHOTO aHAAM3a, MOJKHO 3aKAIOUUTH,
4TO OOIjee KOAMYECTBO Ta3a, NPOHUKIIEro B OypOBOU pPacTBOP
CKBa’KMHBI TOABKO 3a cueT auddysum, Manro. [TosTomy o6Bsic-
HUTH BO3MOJXHOCTh BHE3aIlHOTO BHEIOpPOCA WAUM UHTEHCHBHOIO
oGoraIreHusi ra3oM PacTBOPa HeAb3s”.

KoanuectBo pAudpyHAUPYIOMIETO B CKBa’)KUHY r'a3a BO3pacTaer,
ecAu B OypOBOM PacTBOpP BBeAeHa He(ITh, TaK KaK KO3P(puuueHT
pacTBOopuUMOCTH raza B HedTH Bblmle. OTCyTCTBHE T'AMHUCTOMU
KOPKHU TaKKe AOAKHO CIIOCOOCTBOBATH ITOBBHIIIEHUIO KOAMYECTBA
IIPOHUKAIOIIEro B CKBaKMHY rada. OAHAKO 3KCIIepUMeHTAABHOI'O
IIOATBEP KAEHUS IPUBEAEHHBIX IPEAIIOAOKEHUM IIOKA HeT.

duabTpanus rada B CKBaKuHy

HmeeTcst TakKe TPEATIOAOKEHWEe O (QPUABTPAIUN
(3bdy3muu) raza B ckBakuHy. Ee NposgBAeHUE BO3MOKHO TOABKO
IIpU IOHW’KEHUU AGBACHUS B CKBa)KHMHE AO 3HaUeHUMN OOnee HU3-

' C yMeHbIIEHMEM TOALIMHBI TAUHUCTON KOPKU IPU IIOCTOSIHHBIX ee CBOMCT-
Bax Auddysusa raza Bo3pacraer.

?1lapeBuu K.A., llumenko P.U., Bakaanos B.A. [AMHUCTEIE PacTBOpHL B Oy-
penuu. — baky: Asnedreuspar, 1935.
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KHX, 4eM B IIracTe. B TaKOM cAydae ABUJKeHHe ra3a AOAJKHO IIOA-
YUHATBCS 3aKOHY Aapcu:

Q = kFPL=Pay
2uh

3pecb Q — KOAWUYECTBO (PUABTPYIOIIETOCS B CKBAKMHY rasa B
TedeHUe BpeMeHM [ uepe3 NOBepPXHOCTb F; k — KoadduiuesT
ra30IpOHMUIIAEMOCTH IIOPOAHL;, p;, P, — AaBA€HHE COOTBETCTBEH-
HO B IIAACTe M CKB&)KMHe; W — B43KOCThb ra3a; h — TOAIIMHA
CAOd, 4yepe3 KOTOpPBIU AU yHAUPYeET ras.

HexkoTopble HCCAeAOBAaTeAUM IIOAATalOT, YTO B IIpoljecce Oype-
HHMS OKOAO BpAIAIOUIerocs AOAOTA MOJKET BO3HUKHYTH OOAACThb
HEKOTOPOU! OTHOCHUTEABHOM AENPEeCCHU AABAEHUS, B KOTOPOM OHO
OyAeT He TOABKO MeHBIIle CTaTHUYeCKOro Halopa cToAaba pacTBopa
Ha 3a001, HO U MeHBIIIe IIAACTOBOTO AaBAeHud. IIpm mpekpare-
HHUUM BpallleHUusI AOANOTAa AaBA€HNWE BOCCTAHABAUBAECTCS U IIOCTYIIAE-
HHe rasa npekpaiaercs. OAHAKO 3TU IPEAIIOAOKEHUSI He IIpOoBe-
PSAUCH 3KCIIePUMEHTAABHO.

IToctrynaenue ¢pauAa B CKBa)KUHY
3a CYeT KalUAASIPHOro INPOTHUBOTOKA

ML.A. CypryueB B OCHOBY OOBSICHEHUS IIOCTYIIAE-
HU4 ras3a U He(PTHM M3 IIAACTa IIOAOKUA KAUAAAPHBIE CUABI U
IIPOLeCC KAIMAASIPHOTO 3aMellleHus He(pTHu (rasa) B Mpu3abOMHOU
30HE CKBa’KUHEBEI (DUABTPATOM OypOBOIO PAacTBOpPAa HAM BOAOU.
CyTb CBOAUTCS K CAEAYIOILIEMY.

[Tpu CONPUKOCHOBEHUHN ABYX HECMENIMBAIOUIUXCS KUAKOCTEN
BCAEACTBHE HCKPHUBAEHUS IIOBEPXHOCTU MEHUCKOB Ha TIpaHUIle
paspena a3 BO3HUKAET KAllUAAIPHOE AABAEHMe, HallpaBA€HHOE B
CTOPOHY MeHee CMA4MBAIOIIENCcs JKUAKOCTH. B CBfA3M C TeM, UYTO
IIPOAYKTUBHLIE IleCYaHble IIAACTHI B OOABIIMHCTBE CBOEM THAPO-
(PUABHBI, KallUAASIPHBIE AQBAE€HUS B HUX HaIllPaBA€HBI B CTOPOHY
HedTu. BcaepcTBUe MUKPOHEOAHOPOAHOCTH (pa3AMYHBIE AHMAaMeT-
PBl KAQHAAOB) IPOAYKTHUBHBIX IAQCTOB POABL KANUAASIDHBIX CHA B
He(PTeNPOIBAEHUIX B IIpoljecce OYpeHus CUABHO BO3pacTaer.

MexaHn3M IpUTOKa HeTU B cKBaXXKUHY ML.A. CyprydeB mIpea-
CTaBASIET CAepylolIMM oOpasoMm (puc. 4.6). Ilpu conmpuKocHOBe-
HUU 6ypOBOTO pacTBopa C He(TeHACHIIeHHON MIOPHUCTOM CcpepoM
B HEOAVMHAKOBBIX IIO0 3HAQUEHUIO INOPOBBIX KaHAAAX BO3HUKAeT
Pa3AUYHOE KAMAAIPHOE AaBA€HHe. B MeHBIINX IIOPOBBIX KaHa-
AaX AaMeTpoM A0 | MKM KalUAAIPHOe AaBAeHUHe OOoAee BEICOKOE
u wmoxeT pocturHyts 0,1—0,12 Mlla. B 0oaee KpyIHBIX
(Amamerpom 10—12 MKM) OHO He OypeT npessimate 0,01 —
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Puc. 4.6. CxeMa KanMAASIDHOTO IIPOTHBOTOKA He()TH M3 IAACTa B CKBaKHHY, a
¢uarpTpaTa pacTsopa (BOABI) — M3 CKBaKMHBI B IIAACT IPU P, > P I = I, = =

Iy = I wii Pay > Pugi Pz > Puai Px > AD

0,02 MIla, B pe3yAbTaTe 4ero MeXXAY Pa3AMYHBIMU ITOPOBBIMU
KaHanraMy, T.e. MeXAy TouKaMu | m 4 uepe3 KaHaABl 2—3, 2'—3,
2"=3" u T.A., TOIBUTCS Tlepelap AABACHUS, KOTOPHIM B 3aBUCH-
MOCTH OT CTeleHW MHUKPOHEOAHOPOAHOCTHM MOJKET AOCTHUTaTh
0,05—0,1 MITa. Arg oTTecHeHUSA HePTU OT CTBOAA IIOA U3OBITOY-
HBIM THAPOCTaTHMYeCKUM AABAEHHUEM, CO3AaBaeMBIM CTOAOOM Oy-
POBOTO pacTBOpa B CKBa’kuHe, TPAAUEHT AABAEHUS IIPU BHeApe-
HuUM (puabTpaTa B HOAACT OyAeT He3HAYWTeAbHBIM (BCEro
0,0002 MITa Ha 1 cm mpu mnepenape AaBaeHus 4,0 MIla); Torapa
KaK AASI BHEAPEeHUsT (DUABTpPaTa PacTBOpa B IMAACT TOA AEHUCTBUEM
Pa3HOCTH KANUAASIPHBIX AABAEHUM AOCTATOYHO HPEOAOAETH CO-
IIPOTUBAEHUE IIAACTA AAUHOU OT 1 cM A0 1 M. [losToMy rpapueHT
AABAGHUS MeXXAY Pa3AWYHBIMUA I[OPOBBIMM KaHaAaMU NpU He-
OoabIioM 3HaueHum mnepernapa 0,05—0,1 MTIla npeBwsicuTr 0,005 —
0,01 MITa, T.e. B 20— 50 pa3 BHIllIe TPaAMEHTa BAOAbL HaIllAACTOBa-
HUS OT TUAPOCTATUUYECKOTO Ieperapd AABAEHUS (II0A AEUCTBUEM
KalUAAAPHEIX cuA). OTUM MUA. CyprydyeB OOOCHOBBIBAE€T BO3-
MO>KHOCTb BHEAPEHUs (PUABTpaTa OypOBOTO pacTBOpa B KaHAaABI
MeHBIIIeTO AHaMeTpa C BBITeCHeHMeM U3 HuX HedTu B Ooaee
KPYIHEIE, @ IO HUM — B CKBaXMUHY.

SIBAeHMe NIpUTOKa He(dTU M3 MAACTa B CKBa)KMHY U BHEADEHHE
(uABTpaTa (BOABI) U3 Hee B IIAACT 3@ CYET IIpPeAlloraraeMoM pas-
HOCTH KAIUAASAPHBIX AaBAaeHHE ML.A. CyprydeB Ha3bIBaeT KallWA-
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AIPHBEIM 3aMellleHueM He(@TU BOAOUW. ABTOP Pe3IOMHUPYET: IPUTOK
HedTU U3 MAACTQ, @ BOABI U3 CKBA)XMHBI B IIAQCT IIPU IIPEBHIIIE-
HUU A@BAEHHS Hap IIAACTOBBIM OOYCAOBAMBAETCS COBMECTHBIM
NIPOSABAEHUEM KAIUAAPHBIX CHUA M TUAPOCTATUUECKOT'O AABAEHNS,
IIpuyeM IPUTOK He@TH B CKBAKUHY IIPOMCXOAUT HEIPEPHIBHO;
IIpoIlecc 3aMeAASeTCsl BO BpeMeHU.

CTtpyKTypooOpa3oBaHue B O0ypoBOM
pacTBOpe U MeXaHW3M CHU KEHUS
AaBAEHHS Ha (PAIOMA MAacTa

PaccMoTpuM HEKOTOpPBIE BOIPOCHL CTPYKTYPO-
oOpa3oBaHUsA B OypPOBBIX PACTBOPAX C I[EABIO BBIIBACHHS IIPHU-
YUHHOM CBSI3U MeXAY UX CTPYKTypPHO-MeXaHU4YeCKUMH XapaKTe-
PUCTUKAMHU U IBA€HUEM Ta30IIPOSIBACHUS.

Chrepy4a [1.A. Pebunpepy, CTPYKTYpPhl AUCIEPCHBIX CUCTEM Iie-
AeCcOoO0Opa3HO pa3pAEAUTh Ha ABa TUMA: 1) CTPYKTYPHl, BO3HUKAIO-
II¥e B CyCIIEH3USIX U 3MYABCUGX, U 2) CTPYKTYPHl, BO3HUKAIOIINE
B KOAAOUAHBIX ¥ MAaAOKOHIIEHTPHUPOBAHHBIX CHUCTeMaX. [lepBble
00yCAOBAEHBI VIIPYTOCTBIO COABBATHBIX O0OAOYEK, KOTOpHIE IIpe-
IITCTBYIOT B3aMMOAEMCTBUIO dacTull. CTPYKTyphl BTOPOTO THUIIA
BO3HUKAIOT AWML TOTAQ, KOTAA YaCTUIlAM AMCIEepPCHOM pa3nl
CBOMCTBEHHa OOABIIasg AaHU30AWHAMHYHOCTE (DOPMEI, Kak, Ha-
IIpUMeED, B CAy4Yae FAMHUCTBIX YaCTUI]. HacTUIlEl, ©UMed Ha yrAaxX U
pebpax yTOHUEHHBIE I'MAPATHBIE IIAEHKH, ACTKO B3aUMOAEUCTBYIOT
B 3TUX He3allMIeHHBIX aKTUBHBIX MeCTaX M O00pa3yloT CceTdyaTyio
CTPYKTYpPy, IPOHU3BIBAIOIIYIO BeCh OOBEM CUCTEMHI.

Mo xapakTepy cBsizell MeKAY OTAEABHBIMH 3AeMeHTaMMU Bce
CTPYKTYPBl AeAdTcd Ha: 1) oOpaTuUMble KOAryASIMOHHO-TUKCO-
TPONIHBIE U 2) HeoOpaTUMBIe KOHAEHCAIIMOHHO-KPUCTAAAM3A-
nuoHHEIe. [TepBble 00AQAQIOT HU3KOUM IIPOYHOCTBIO M BOCCTAHAaB-
AUBAIOTCSI BO BpPEMEHHU BCAEACTBUE CAAOBLIX BaH-AEpP-BaaAbCOBBIX
CBsI3el Me’KAy YacCTHUIlaMU, pPa3jpeAeHHBIMU TOHKHUMU IIPOCAOMKa-
MM AMCIEPCHOM CpeABl, HUrparlleidl POAb TUAPOAMHAMMYECKOU
CMa3KU (TAMHHUCTBIE U JKHUAKHE IleMeHTHBle PAacTBOPHI). BTopnle
OOYCAOBAEHBI IIPOYHBIMM XUMHUYECKHUMU CBA3SMU IIPU HEIMOCPEA-
CTBEHHOM CIIeIINeHUU YaCTHUI] U Pa3pyLIaloTCcd IIPpA MeXaHudec-
KOM BO3AENCTBUM HeoOpaTUMO (TBepAelollye IleMeHTHHIe pac-
TBOPHI, [IEMEHTHBIN KaMeHb).

C mpoleccaMu CTPYKTypoOOpa3oBaHWS Hepa3pBIBHO CBA3aHa
KOAryAsliisl pacTBOPOB, KOTOpad IIPOXOAUT B ABa 3Talma — TIHA-
podurbHasa u TUApodOOHas.

ITpu ruppo(PUABHON KOAryAsduM, KOTAQ KOHIIEHTPALUS 3AEKT-
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POAUTA AOCTQTOYHA AMIIL A I'MAPO(OOM3anuy He3HAUYUTEABHOM
YaCTH IMOBEPXHOCTH YaCTHUI], B3aMMOAEHUCTBHE YaCTHUI] AUCIIEPCHOM
a3bl IPONCXOAUT AMIIL B 3TUX aKTUBHBIX IIeHTpPax, Oaaropaps
yeMy B pacTBope o0Opa3yeTcs IIPOCTPaHCTBeHHas CTPYKTypa. B
pe3yAbTaTe TUAPOPUABHOU  KOAryAdIilMyd pacTBOpP IIpuoOpeTaeT
CBOMCTBA TBEPAOTO TeAa (TOUHee, TeAs), a IMOoMaBliasg B SUYeHKH
CTPYKTYPBl AVCIEPCHOHHAsA Cpepa TepsdeT CBOIO IIOABUJKHOCTE.
OpAHAKO IlepeMelllMBaHUE CUCTEMBI HapyllaeT KOAryAdIIMOHHO-
THUKCOTPOIIHYIO CTPYKTypy ¥ BO3BpalllaeT pacTBOPY CBOMCTBa
JKUAKOCTHU (30A4).

AanbHelIee A0OaBA€HHE SAeKTPOAUTA THAPO(OOU3UPYET 3Ha-
YUTEABHYIO YaCThb IOBEPXHOCTU TAMHUCTBIX YaCTHUI], AABas UM
BO3MOJKHOCTb CAUIIQTBCA II0 BCeM MOBepXHOCTU. [Ipomcxoput
ruppodobHaa Koaryadnusd. KoHIeHTpUPOBAHHBIE CUCTEMBI IIPU
5TOM 3aTBEPAEBAIOT, BHIIPECCOBELIBas BOAY (CHMHepe3uc), a pas-
OaBAeHHBIE — Pa3’KU’KAIOTCS U OOPeTaroT IIOABUKHOCTH BCAEACT-
BUe BBINIAAEHUS OCAAKa M TNOTEPU CTPYKTYPHI (KOAryAsIMOHHOE
pasyku>keHue).

AAS IPOMBIIIA€HHOTO MCIIOAB30BaHUSA OYPOBBIX (TAMHUCTHIX)
pPacTBOPOB OOABIIIOE 3HAUEHHWE WMEeeT MX CIIOCOOHOCTHL BHOBBb
BOCCT@HABAWUBATbH CTPYKTYPY B IIOKOE IIOCA€ MeXaHW4YeCKOIo pas-
pylleHus (dBAeHHe THUKcoTponuu). IlepeurcauM (pakTOpPEL, KOTO-
pble IPU HAAUYUM TEIIAOBOTO ABMKEHHS OOYCAOBAUBAIOT TUKCOT-
POIIUIO CHUCTEMEL 1) AOCTQTOYHO OOABIIOE YHCAO YaCTHUI, AUC-
IepcHOU (a3bl B epAUHUIle 0ObeMa C BBEITAHYTOU (hOpMOM, OOAer-
YaIollel ITOCTPOeHHUEe IIPOCTPAHCTBEHHOU CETKY; 2) HaAudue KOA-
AOMAHOM (ppakiuy, WUrparolllel POAb CKAEHBAIOILIEro MaTepHana
M TPYOOAUCIIEPCHBIX YacCTHIl; 3) He CAMIIKOM BBICOKAas IMPOY-
HOCThb CTPYKTYpPBEl U €ee CIOCOOHOCTb K OCTATOYHBIM AedopMa-
LIUAM.

XapaKTepHOM TeHAEHIVEN COBPeMeHHOIo OypeHHusd SBASIETCS
YMeHBIIIeHEe 3HAaueHUsA IIOAOJKUTEABHOIO Ilepenapd AABACHUS U
IIOAAEPIKAHME ero Ha YPOBHe 2—6 % OT 3HaYeHHs AABACHUS IIAQ-
CTOBBIX (PAIOMAOB.

Mo>KHO TOAAraTh, 4TO CYIECTBOBAHUE NIPEAEABHOTO CTaTHue-
CKOTO ¥ AMHAMUUYECKOTO HANPSDKeHUsS CABHATA B TAKMX CHUCTeMax
OKa3bIBaeT OIIPeAeAeHHOe BAUSHUE Ha 3HaYeHUe IMOAOKUTEABHOI'O
IIepenapa AABACHUS.

PaccMOTpUM CTaTUYECKYIO 3aAa4y OIPEAEAeHUs 3HAaueHUs AaB-
AeHUsd (HazoBeM ero ‘rupapocratTuueckuM”) cTonba OypoBOTO
pacTBopa Ha 3a00¥ UAM CTEHKHM CKBAXKMH Ha HEKOTOPOM TIAyOH-
He.

AAd HBIOTOHOBCKOM JKUAKOCTH, He 00OA3AQIOIIeNd CTPYKTYPHO-
MEXaHUYEeCKUMHU CBOMCTBAMU U 3AIIOAHUBIIEN TAaKyl0 CKBAKUHY,
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MABAEHVEe p Ha TAyOuHe h oIlpejperdeTcd IIO M3BECTHOM (op-
MYAE€:
p = gph + p, (4.17)

TA€ P — TIIAOTHOCTb JKUAKOCTH; D, — AaBAeHHe Ha CBOOOAHOU
TMOBEPXHOCTHU >KUAKOCTU (OOBLIYHO aTMocepHoe).

Ecam ckBakrHa 3allOAHSAETCSA OYPOBBIM PACTBOPOM IIAOTHOCTBIO
P C OINpPEAEAEHHBIMH CTPYKTYPHO-MEXaHUYEeCKHUMM CBONCTBaMU,
MABAEHUE Ha TAyOMHe h HeAb3d TOYHO OIIPEAEAUTH IO (hopmyae
(4.17). Arg YIPOLIEHUS 3aAaUU IIPEAIIOAOJKHM, UYTO IIPEAEABHOE
CTaTUYeCKoe HAIps’KeHHe CABUTra OypOBOTO PAcTBOpa B Ha4YaAb-
HBIM MOMEHT BpeMeHH! paBHO HYAIO, a 3aTeM MTHOBEHHO BO3pac-
TaeT A0 0 U B AaAbHeHIlleM He M3MeHsIeTCs BO BpeMeHHu. Toraa
3aAUTHIM B CKBaKMHY OypOBOM pPAcCTBOP B HAYaAbHBIM MOMEHT
BPEMEHH CO3pA€T AABA€HUE, PAaBHOE AABAEHUIO CTOADA MCTUHHOM
JKUAKOCTH C TOM >Ke IAOTHOCTBIO M OIIpeApeAseMoe II0 (hopMyae
(4.17). Bo3HUKHOBEHHEe CTPYKTYPHI B IIOCAEAYIOIIHE MOMEHTHI
BpeMeHHN He OyAeT BAUATL Ha 3HAUeHHe 3TOTO AABAEHHS, €CAU
HENPEePBIBHO He INIPOUCXOAUT: 1) yBeAmdyeHMe HAW YMeHBIIeHHue
cTorba OypOBOTrO PacTBOPa, HAIIpUMep, IIPU AOAUBE HAM OTTap-
TOBBIBAHUY,; 2) IPUTOK JKUAKOCTH M3 IIAACTQ; 3) OTPUABTPOBEIBA-
HHUe AUCIIEPCHOHHOM Ccpepbl OypoOBOrO pacTBopa B IIAACT.

[TycTb cTOADG OypoOBOTO pacTBOPa MAOTHOCTBIO P yBEeAWUYHBAET-

2
cs Ha BeanunHy Ah. Ecau npu 3ToM A00aBOYHAasl CUAA %Ahgp

He IpeBBICUT cUABL tD(h + Ah)O, He0oOXOAMMOM AAS CABUTA BCe-
ro ctoADa pacTBopa B CKBakmHe AuaMeTpoM D, TO AaBAeHHe Ha
3a00e OCTaHeTCd Ipe>XKHUM. V1 TOABKO TOTAQ, KOTAA HM30BITOYHOE
MABAEHVE IIPEBBEICUT COIPOTUBAECHHME CABHUIY, AABA€HHEe Ha 3aboe

nD?
CKAQYKOM YBEAWYMBAETCS HA BEAWYHHY TAhgp, rae Ah Goasblre

HEKOTOPOUM KPUTUYECKOU BeAWYUHBI Ah,,... AAsST yCAOBUSI PAaBHO-
BeCcHs uMeeM:

0. (4.18)

TgpAthMT = TED(h + AhxpnT)

ToyHO Tak >Ke NPHU YMeHBIIEHUM BBICOTHI CTOADA OypOBOTO
pacTBOpa B CKBaKMHE BBIOPOC PACTBOpPa MOXKET HIPOU3OUTU
MTHOBEHHO, IPU AOCTH>KEeHUH HEKOTOPOTO 3HA4eHUd yYPOBHS IIPU
OIIpepAeNeHHBIX 3HaueHuax 0.

B caydae mpuTOKa BBEICOKOHAIIOPHOM JKUAKOCTM HAU Trasa B
CKBa’KMHY CTOAD OypoOBOrO pacTBOpa BBICOTOM h A0 TeX IOp He
IIPUAET B ABIDKEHUeE, IIOKa M30BITOUHOE AABA€HUE He IIPEBBICHUT
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3HaueHUe, HeOOXOAMMOE AAS €ero cABUTra. AaBAeHHE, KOTOPOMY
MOJKET MPEeISITCTBOBATL CTOAD CTPYKTYPUPOBAHHOM JKUAKOCTH,

_ 4nDhO _ 4h0

= (4.19)

Cc

T.e. AaBAeHUEe B CKBa’kKMHe, B YaCTHOCTU Ha ee 3aboe, 6e3 BU-
AUMOTI'O ABUJKEHUSA CTPYKTYPHUPOBAHHOT'O 6YpOBOI'O PacTBOpa MO-
KeT BO3pacCTaTb AO MAKCHUMAABHOI'O 3HAYeHUA

4h0
p =D, + gph + - (4.20)

I[Mpy OTMUABTPOBBEIBAHUU AWUCIEPCUOHHOMN CpPeABl OypOBOTO
pacTBopa y 3a004 CKBa>XMHBI B IIAAQCT AABA€HHEe Ha TAyOuMHe h
MOJKEeT TaK>Xe CHU3UTHCI Ha 3HAUY€HUE D, B TO BpeMs KaK BepX-
HUY YPOBeHb B CKBa)XKUHe He U3MEHUT CBOe IIOAOJKeHUe.

AaBreHHEe B pe3yAbTaTe TAKOI'O0 OT(PUABTPOBBIBAHUS MOXKET
AOCTHYb MUHUMAABHOTO 3HAUEHUS

4h0
P =p, + gph - - (4.21)

INpu onpepeAeHHBIX YCAOBUAX (OT(PUABTPOBBIBAHUE BOABI HAU
yX0p OypOBOIO pacTBOpa B IIAACT) AA@BA€HHE CO CTOPOHBI CKBa-
KMHBI Ha IIAQCT CTQHET PAaBHBIM HYAIO, €CAU CTOAD OypoOBOro
pactBopa "“3aBUCHET” Ha CTeHKe CKBaXKUHBI OAAropapsi 3HAUU-
TEeABHOU IIPOYHOCTU IIPOCTPAHCTBEHHOU CTPYKTYPEL.

YcnroBue paBHOBecHsI B pe3yAbTaTe ‘3aBUCAHUA" E€AVHMIIBLI
MUHEBL CTOADA OYpPOBOTO pPacTBOpPa UMeET BHUA:

aD? ( gpD )
——gp - DO = xaD|— - 06| = 0. (4.22)
4 4

YeMm MeHbIle p U D, TeM IpU MEeHBIINX 3HaYeHUAX O MoOXXeT
HACTYIIUTh YKA3aHHOE SIBACHHE.

PaccMmoTpeHHEIE BEIIIE 3aKOHOMEPHOCTH B 3HAYUTEABHOM CTe-
IIEHU YCAOJKHSAIOTCS, €CAM YYUTHIBATH M3MEHEHHe 3HaueHus IIpe-
MAEABHOTO CTAQTUYeCKOro HAIpPsS’KeHUs1 CABUIa BO BpeMeHH, T.e.
TUKCOTPOINIMIO PAcTBOPOB. 3HaueHWe p, IPU 3TOM OyAeT u3Me-
HATBCS IIAQBHO.

Chaepyromuil IpUMep MO3BOASIET NPOUAAIOCTPUPOBATE OPSIAOK
W3MEHEeHUs1 3HAUeHUs p, AAI IUAUMHAPUYECKOM BEPTUKAABHOMU
ckBakuHBI TAyOuHOM 3000 M 1 pAnaMeTpoM 25,4 €M, 3aIIOAHEHHOU
OyPOBBLIM PAacTBOPOM MAOTHOCTBIO 1,35 r/cm®. TIpepeabHOE CTaTH-
YeCcKoe HaNpsiKeHHe CABHUTA 3TOTO pacTBopa paBHO 350 mrc/cm?.
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p. = B 16 kre/em? = 1,6 MITa.
D

l'mapocTaTrueckoe AaBaeHHMe Oe3 ydeTa CTPYKTYPHO-MEeXaHWU-
YeCKHX CBOWUCTB PAcTBOPA AASL AQHHOTO CAydYas

po + hgp = 40,5 MIla. (4.23)

TakuMm 00pa3oM, OTHOLIEHUE p. K CyMMe p, + hgp COCTaBAd-
eT npuMepHO 4 %, T.e. PABHO II0 MOPSIAKY TOMY 3HAQUeHUIO W3-
OBITOYHOTO IIepelajd AABAEHMS, KOTOpPOe IIBITAIOTCSI CO3AATh AO-
OaQBOUYHBIM YTsDKeAeHHeM OypOBOIO pPAacTBOpPa C IIEABIO IIPEAOT-
BpallleHUs IOCTYIAEHHUS IAACTOBHIX (DAIOMAOB B CKBa)KUHY. Bo3-
pactaHue 0 C Te4yeHHEM BpeMeHU ellle OOABIIE YBEAWYUT p.. Xa-
PakTepHO, 4TO ellle OOABIIEee yBEeAWUEHUE P B AQHHOM CAydae He
OoIpaBpaHO. AoOaBAeHVE YTS’KEeAUTeAs OOBIYHO BHI3BIBAET YBEAU-
yeHUe 0, a BEICOKOe M30BITOYHOE A@BA€HUE MOJKeT SIBUThCS IIPU-
YUHOM HOTAOIIEHUN 0COOEHHO B IIpollecce HUPKYAIINU OypOBO-
IO PacTBOPa, KOTAA ee IIPOCTPAHCTBEHHAS CTPYKTypa B OCHOBHOM
paspylleHa, a K T'MAPABANYECKOMY AABACHUIO NMPUOABASETCH THA-
POAMHAMUYECKUU HAIOoP.

[MTpeacTaBAsieT MHTepeC MOAYYEHHBIE BEHIIIE 3aKOHOMEPHOCTU
IIPUMEHUTH K YCAOBUIO, KOTA@ OypOBOM pacTBOP 3aHUMAaeT KOAb-
IleBOe INPOCTPAHCTBO MeXKAY KOAKCHAABHBIMM LUAWHADPAMU AHa-
Metrpamu D u d(D > d) u BeICOTOM h, T.e. B 3aTPyOHOM IIPOCT-
paHcTBe. Torpa yCAOBUE PABHOBECUS IIPU AOAMBE (IIEPBBINA CAY-
4yal) OypoBOrO pacTBOpPa Ha HEKOTOPYIO KPUTHUYECKYIO BBICOTY
Ah BBIPA3UTCS CACAYIOIIEd (POPMYAOU:

KPUT

oo - o] gpAh,,, = x(D + d)(h + Ah,,,, )6. (4.24)

KPUT

AaBreHUE p., KOTOPOMY MOXKeT MPEeNdTCTBOBAThL (BTOPOU
CAy4dal) CTOAO CTPYKTYPHPOBAHHOI'O pPAacCTBOpPa B KOABIIEBOM
IIPOCTPAHCTBE, €CAU BO3HUKAeT IIPUTOK Ha 3a00¥ BBHICOKOHAIIOP-
HOM JKUAKOCTH MAM rasa, MOXKeT OBITh OIpejpeAeHO o dop-

MyAe
4n(D+d)ho  4pq

_ (4.25)
n<D2 - d2> D-d

p. =

Hamnbonee uHTepeceH TpeTu CAydYall OT(UABTPOBBIBAHUSA AWUC-
IIEPCUOHHOM CpeAbl CTPYKTYPUPOBAHHOTO OYpOBOT'O pacTBoOpa y
32604 U3 KOABIIEBOTO IPOCTPAHCTBAa. [Ipm 3TOM, Kak CaepyeT U3
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CKAa3aHHOI'O BHIIIE, AdBAEHUE Y 3a0051 Ha IIAACTOBBIE q)]\IOI/IALI
MOJXeT TaK)Xe YMEHBIINTHCA Ha

_4he

 D-d’

3HaueHUe p. AN NPUBEAEHHBIX BEINIE yCAOBUM U D — d =
= 7,25 cM paBHO OKOAO 5,6 MIla m cocraBaser 13,8 % 1mo OTHO-
IIIEeHUIO K AABAEHUIO, CO3AaBaeMOMY BecoM cToAaOa OypoBOro pac-
TBOpa. CTpeMAeHUe YMEHBIIUTb 3a30pP, YTO XapaKTEePHO AAS CO-
BPeMeHHOTO OypeHUs, NPUBEAET, KaK CAepAyeT M3 (POpPMyABl, K
Pe3KOMy POCTy 3Ha4eHHd p.. TakK, IpU yMeHBIIEHUMW 3a30opa A0
5,08 cm yBeamuuBaerca p. oT 13,8 po 250 % (pord p. IO OTHO-
IIEHUI0 K AABAEHHIO CTOADOA OypoBoro pactrsopa). OpHAKO Kak
B TOM, TaK ¥ B ADYT'OM CAydYae 3TH 3HAaueHHs HaMHOTO IIPeBOCXO-
MAT 3HaUeHUe OOBLIYHO IIOAAEPKUBAEMOTO IOAOKUTEABHOTO Ilepe-
I1aAa A@BAEHUS, CO3AABAaeMOro U30OBITOUHBIM VTS KeAeHHeM CUCTe-
MBHI.

“3aBucaHue”" OypOBOIO PAcTBOpPa B KOABIIEBOM IIPOCTPAHCTBE
OCYIIEeCTBASETCH, KaK 3TO CAeAyeT U3 cpaBHeHUsA popmya (4.19) u
(4.25), mpu 3HaueHMdIX 0 3HAUUTEABHO MEHBIINX, YeM B TpyOe.
YcAoBue paBHOBecHs IpU ‘“3aBUcaHUM’ €AVHUITBI AAUHBL CTOADA
OypOBOI'O PacTBOpPa B AQHHBIX YCAOBMSAX MMeET BUA;

rc(D2 - dz)gp

— - x(D +d)p = 2D + d) gp# ~9|. (4.26)

AAS yCAOBUM, paccMaTpUBaeMBIX BBIle, OypOBOM pacTBOP
MokeT “3aBucarh’ mpu 0 = 2550 mrc/cm® (3asop 7,25 cM) HMAM
0 = 1400 mrc/cm? (3azop 5,08 cm). CaepyeT OTMETHTh, 4YTO B
IIpollecce AAUTEABHOTO 'YIIPOYHeHHd' NIpeAeAbHOe CTaTUdecKoe
HaIpsUKEHNEe PEeaAbHBIX OYPOBBIX PAaCTBOPOB BIIOAHE MOJKET AO-
CTUYb ITOAOOHBIX 3HAUEeHWM M IPU AOKAABHOM CHIDKEHUM AAdBAe-
HHMS y IIAACTa BIIOAHE BO3MOJKHO IIOCTyIIA€HHe (pAroupa B CKBa-
>KUHY. BcaepcTBUe TOro, UTO TPYOBI, CIyIleHHBIE B CKB&XKUHY, U
KOABIIeBOE IIPOCTPAHCTBO MEKAY HHUMU U CTE€HKaMU CKBa>KMHBI
SIBASIFOTCSI, TIO CYIIIeCTBY, COOOIAIOIIMMUCS COCYAAMH, PacCMOT-
puM B 0OIleM BHAE YCAOBHSI PAaBHOBECHsI B HUX OypOBOTO pac-
TBOpa. AAM YIPOIIeHHd 33pauM IIPUMEM, UYTO COOOLIaroIuecs
COCYABI IPeACTaBAsIIOT cobor U-o6pasHyro