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A. X. Mupaagxausane, M H. Maxmyaos, T. A. Came-
noB. SJeMeHTH MeXaHMKH pa3oblleHus naactoB. bBaky,
Azepuewp, 1976, crp. 211.

B xHures pacCMaTpHBaeTCl NOCJEAOBATEJbHOE NPHMeEHe-
Hie AEeTEPMHHHPOBAHHEIX, CTOXACTHYeCKHX M afAanTalHOH-
HHIX Mogfenell AJA HCCAeIOBaHHA pAa3JHUYHRIX NPOLECCOB
paso6iuenns naactos. IHapoaHHaAMHYECKHMH METOJAMH pe-
LIAIOTCA BOMPOCHI HCCAeNOBAHHA MJ1acTOB M CKBaXHH B
npolecce NPOBOAKH. Ye/AeTCA BHHMaHHe Pas/MyHbIM Mpo-
l€CCaM TepeHOCca NpH KpelvleHHH CKBaXHH KaK I aHalH-
3a, TaK H AJ1A NpeynpexIeHHs -0CJ0XKHEHHI.

Ocofoe BHHMaHMe yeJaeTCA NPHMEHEHHIO MaTeMATH-
4ecKoil' TeOpHH 3KCMepUMeHTa B HCC/IEfOBaHHAX MO Kpen-
AeHno ckBaKuH. JleTanbHO aHaNH3NUPYIOTC THAPaBJIHYe-
ckue npoBseMbl LUEMEHTHPOBAHHA IJA DacCHeTHBIX Lened, a
TakKe [Jif NOBBIIEHHA Pe3y.1sTaTHBHOCTH 3TOrO NpoLecca.

Kuura paccuutaHa Ha WHXKeHepoB, paGOTHHKOB Hayu-
110-1ICCIeIOBATENLCKHX  YUP®KAEHHH, HayYHBIX paGOTHHUKOR
B 06J1aCTH MpHUKJaAHON MeXaHHKH H CTYAEHTOB.

UnmocTtpaunit—59, tabanu—42, 6nbanorpadpua—I106
HaHMeHOBaHHUH. - :



) NPEAUCJ/IOBHE

Paso6uienne naactoB SIBARETCS OAHHM M3 BAXHLIX
fIpOLleCCOB B CTPOHTEJLCTBE He(QTAHLIX H Ta30BHIX CKBA-
WHH. B TOo XKe camoe Bpevs paccvmOTpeHHe 3TOH npoG-
AeMbl TPEOYCT NPHMEHEHHA CAMHX pa3JHYHBIX DPa3denoB
¢n3uKu, MeXaHHKH, TeDPMOAHEaMWKH, TEODKH YNpPYrocTH
H 1. A. [lepen aBTOpamu CTOA/1a AM/IEMMA: HanMCaTb KHHTY,
KOTOpasi HJJIOCTPUDPCBana Obl NPHMEHEHHE YKa3aHHBLIX B
paGoTte MeTOAOB K 3TO# npoG/JeMe, HIH iKe BHIOPATH Ha-
ubosee XapakTe[Hble 3aJaYH, KOTCPBIMH MO:KHO O6BIIO 6bl
HJJIIOCTPHPOBATh Da3JIHYHBIE METOAB M KOTOPble NOMOTAH
Obl yMTaTeNI0 B IIOCTAHOBKE M PeNICHMH HOBHIX 3314y,

Bropch nyTh mpeacTaBaseTcs HaHGoOsee LeJsecCo6pas-
HEIM He [TOJbKO BBHIY OTPARHYEHHCCTH o06beMa, HO M
EBHJY NOCTABJEHHOM LeJH. ABTOpPH CTape/HCh HANMHCA™Db
KHHTy HanGoJsiee HHGO[MAaTHBHOH B CMb'CJe pasHOOOpa3us
MeTOA0B M BHIOOPA 3anavy.

B knure ueTko BHAra 3(PdcKTHBHOCTL NPHMEHEHHA
HeTePMUHHLOBAHHHIX MOJeJel, CTOXaCTHYECKHX H ajanTa-
IMOHHO O6yualliuxcs, MaTepuas; H3/J0XEHHHWA B KHHTe,
B OCHOBHOM MNpejcTaBafieT (000# peayabTaThl HCC/AE0Ba-
HHH [OCJeHHX JeT, N[ OBeACHHLIX aBTOPAMHU COBMECTHO C
oTaeabHpiMy coTpyaruramu BHUHWKpuedts, BHU e drs,
BHHUMBT, Ydumckoro redrauoro wuncruryra, Cpen-
A3sHHWHras2, MI'Y, YXTHHCKCIO HHAYCTPHAALHOTO HHCTH-
TyTa M Ap. TBOpueckoe COAPYIKECTBO C 3THMH KoJJek-
THBAMH H ONpele/ U0 BO3MOXHCCTb HAMMCAaHHA 3TOH
KHHTH,

ABTOPE 8aHHMAWTCA NpoGJeMaMH  LeMEHTHPOBAHHSA
0k0:0 20 seT H 3a 3TO BpPeMsl PZ3JHUYEBIE BCNIPOCH O CYK-
nanHCh C npodeccopaMu— NOKTCpaMH Hayk A. A. A66aco-
BuM, . M. Bapen6aarrom, A. . KacumoBuM, A. A. Mos-~
CYMOBBIM, H. Y. TuTkoBHM, B. C.  ®exoposhiN,
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H. H. Wauoswim, P. M. luuenxo, a rake H. H.ByaHos-
ckum, U.T.Tacanoauiv, C. [I. Kacymsazge, . M. Muteapma-
HoM, C. K. HaaupoBuM, A. @, PycrambekoBuiM, T. ®. Pycra-
MOEKOBLIM U MHOTHMH JDYrMMH. KM aBTOPH BLIPAXKAIOT
CBOIO MPU31&TeJbHOCTD.

Oco60 MH XoTeau 6B QTMETHTH COTpyAHHKOB (Ppail-
6eprckoft rcpuoft axkamemuu ([JP)—npod. ApHoabia,
pou. Heitmana n ap.; Texunueckoro ynusepcutera r, Muuu-
koapll (BHP)—npod. [xyanh, Aruxksaunep -u ap.; Kpa-
KOBCKOH TropHO-MeTaaaypruyeckoit akagzemuu ([MTHP)—
npod. Broeaw, npod. llocrak; KniMnuHckoro Hayuno-Hc-
CJ/1Ie10BaTeNhCKOr0 MHCTHTYTa H ByxapecTckoro HHCTHTyTa
nedrd u rasa (PCP) -npod. Koncrantunecky, ROkTOpa
Jlapu w® ap.; coTpyaHukoB 3arpeGCKOro YHHBEpPCHTeTa
(lOrocaaBus), ¢ KOTOpLIMH OQHH K3 aBTopoB—A. X. Mup-
381KaH3381€ —NJAOLOTBOPHO 00CYIuA OTAEJbHble BONPCCH.
ABTOpPH BHIPKAIOT 3THM JHLAM ECKPEHHIOIO MPH3HATeNb-
HOCTb.

ABTOpHI C 6/1ar0AADHOCTLIO MPHMYT BCe KPHTHYECKHE
3aMeyaHHs U OT3LIBBI,



r'tTAB4d 1

®U3UKO-MEXAHHYECKME CBOWCTBA
LIEMEHTHOIO PACTBOPA U KAMHS

§ 1. O BbIBOPE PEOJIOTMYECKON MOJEJH

Jlas onmkcanua TnNPOLECCOB RedOpPMALMH HEHbIOTOHOB-
CKMX CHCTEM TIPHMEHSIIOTCA pasauusne Moiesu. Hanbean-
liee  PacNfoCTPareHHe TMNOJYyYUAH BASKO-NJACTHYHAA U
cTeneHHast ModesaH. [IPHMEHNMOCTb B3THX IBYX Mojenell
ARl ONHCAHHA JATHMXKEHHA [eanbHblX CHCIEM YCTAHOBJIEH
1a oCHOBe 00/1bIIOrO YHC/Ja 3KCNEPUMEHTaNbHHX HAHHHX,
baaropaps cBoeili MPCCTOTE OHM HANIIH IUHDOKOE MNpHMe-
HeHMe B NpPaKTHKe THAPEBIMYECKMX M THAPOIHHAMHUYECKHX
pacueroB, TeOpeTHUECKHe [e3yJbTiThl, MNOJAyYerHBEIE Ha
OCHOBE 3THX Mojenel, HAXOAHJHCb B CCOTBETCTBHH C
HMeBIUMMHUCA IKCNepUMEHTANbHEIMH AAHHBIMH,

Onvoil H3 OCFOBHHX 3ajaau B of/1acTH THADaABJMKYU 6Yy-
[eEHud 5BJAAETCH HMALICKAHHE PeOJsOrkYeCKOl MOIEeJH, HaH-
AyylIkM 00pasoM n HauOoJsee MOJNHO ONHCHBAWOWEH Ppeo-
JOCHYECKOE [OBeNeHHe TIPOMBIBOUHBIX KHAKOCTEH H
HeMEeHTHHX pacTBOfoB. B mnocaexnree BpemMs Hapsay cC
HakGoAEee pacnpocTpanenHoi MoAeatio Burrama—1lllsenosa
CoJsee HIHPOKOE TMDHMEHEHHe B THADPABJHYECKHX FCCaelo-
BAHKAX HAaYaJX HAXOAHTb W HeKCTOPHe Jpyrue AByXmapa-
MeTpOBble Moleau (HanpuMep, modean OcrBasbpa fe
Yanna, Keccona— lllyanMata), .

Ity MoJead BnOJre YIOBJETBO HTEJbHO aANNDPOKCHMH-
PYIOT KpUIBble JIAMHHAPHOTO YCTAHC(BHBIUCTOCA Teyerus
paBHOBeCHbX cHcTeM. OJNIRAKO PAN TEXHOJOTHYECKHX ore-
paLHil U MPoUeCccoB NMpH NPOBOJKE CKBAaXKHHHM HOCHT cylie-
CTBEHHO HE€CTaUHO.1apHHi xapakrep. IlpuMeHsemnie e
cef.yac B 6ypoBOil THApaB/JHKe NpocTeliulHe JByXmapamer-
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pOBBIE PE0JIOrHYEeCKHe MOAeJH NS0T He BIOJHE Y.JOBJAeT-
BOPHTe/bHBIE OM4CAHHA PeOJOTHYECKOTrO INOBeleHHsd pac-
CMaTPHBaeMbIX Cpel MNPH HECTALHOHAPHBIX pEeXHMAX HX
aBH}KeHHA. Paspa6orka M aKkcnepuMmeHTaJbHas NpOBepKa
peoJsord4ecKMx MoJese#, KOTOpbe YAOBJETBODHTE/bHO
OTMHUCHBAIOT NOBeJeHHe HEepPABHOBECHHX CHCTEM, MOTYT
6bIT, HCNOJbL30BAHN NDH 4HA/AH3e HeCTallHOHAPHBIX NPO-
UeccoB H ABJIAIOTCA OAHOM W3 BaxHeAWHNX M nepBooye-
peaHbiX 3alay 6ypuBOil THAPABJHKH.

[Tpn paspaboTke Kpyra BONPOCOB, CBAI3AHHBIX C H3HC-
KaHHeM DeoJIOTHYecKkol MOJenaH, caMOe cepbe3HOe BHMMA-
HHe 10MXKHO ObiThb YyJeJeHO ONpelesqeHHIO YyCJAOBHM BO3-
HUKHOBEHHA M Da3BHTHA TypOY/JeHTHOCTH NpPH TEYEeHHH
AHOMA.TbHBIX BAI3KHX TeTepPOreHHBIX CHCTeM.

Bua M 4YHC/AEHHble 3HAYEHHS] KPHTePHUsl nodobus, CIH-
CHIBAIOIHE BO3HHKHOBtHHE TypOYJ/JEHTHOCTH B MOTOKE TOM
MJAH HEOHA Cpedbl, CylleCTBeHHO 3aBHCAT GT PEOJOrHYecKOoA
mogeau. ITosToMy oAHHM M3 BaXcHefwWHX coO6paXKeHHH,
KOTOpOe AO/MKHO NPUHHMATHCA BO BHHMA-{HMe NMEH BHOODE
peo/icra4eckofl MoJead IJAf ONHCAHHA paccMaTpHBaeMOf
cpenbl, ABAAETCA OUEHKA YCJAOBHR BO3HERKHOBeHHA TypOy-
JIGHTH  CTH.

B pa6orax psaa asrtopos [4, 10, 40, 85] 6ma0 ycra-
HOBJIEHO, 4TO HAa PeoJOTHYECKHe XapaKTePUCTHKH JHCHep-
CHBIX CHCTEM OKa3hiBaeT BJHAHMe rpis#Tauud. Tak, akcne-
puMenTsl [40] moKa3anH, YTO NPH ABHIKEHMH LEMEHTHOTO
prcTBOpa B BepTHKaabHOH UMTHBAPHUYecKO# TpvOe BeJaH-
YHHbl BA3KOCTH H MpelesbHOrO HanpshKeHHs CABMra Me-
HAJMCh B 3aBUCHMMOCTH OT TOrO, ABHraJca Jd pacTBOP
cBepXv BHH3 WJM CHu3y BBepx. [Ipu 3tOoM KpuBas Teue-
HHA NpA IBMMKEHUM LEMESHTHOTO pacTeopa CBEpPXY BHHI
pacriojaraeTcd HH)XXe KDHBOH TeYeHHs, MOJy4eHHON NpH
rOpH30HTAJAbHOM [BHMEHHH LEeMeHTHOro pactaopa, a NpH
ABMKEHHH CHH3y BBEPX COOTBETCTBEHHO Bbllle. AHANOTHY-
HEIA pe3yabTaT Gbi1 MOAYH2H H NMPpH duabTpaUHH a3p0o30-
aeft |85] ® rasokoanencaTanix cucreM [10]. OdbsicHATD
3TOT 3¢deKT MOKHO C MOMOMmbI0 MOJean Kauiay-Paxwma-
TYJTHHA.

HMceaenoBanua GuabTpal Ui Ta30oKOHAGHCATHBIX CHCTeM
B B2PTHKAaJbHO PAaCHOJIOKEHHbIX KOJOHKAX MOKA3aJH, uTO
pas/HuHe B NPOHHUAEMOCTH, HaGAKIaeMOE NPH H3IMEHEHHH
HanpaB/eHHA QUALTPALUMOHHOrO TNOTOKAa, YMEHbIAaeTcs C
yBeJqHYeHMeM TyTH GHAbBTPAUUH. AHAJOTHUHHA 3pdexT
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LIJHHBL® 10JXKeH UMETb MecTO W NpPH BEPTHKAJILHOM [BH-
WEeHUH QUCTIePCHOA CHCTeMbl B LHJAHHApHuYeckoR TpyGe,
Ha ocrose moaean Jlanmay-Paxmaryaauna srtotr addext
O6BACHUTE Hesb3si. Xopollee COOTBETCTBHE C OINLITOM
JaeT MOJeJsb, B OCHOB? KOTODOil /exHT 3pdexT paanannp-
Foft MUrpauud uactHu ApucliepcHoh ¢dasu (3ddext Cerpe-
3nabbepbepra).” dtoMy 3ddeKTy NOCBAMEHO 60AblIOe
KOJIMYECTBO TEOPETHUECKHX M 3IKCMepPHMeHTaJbHHX pabor
[103, 104, 23, 102, 73, 100, 101 u np.]. Bwao ycraHoB-
Jero, uTO PajHa/JbHAs MHTPalLHA 4YacTHL He HabJ0LaeTcH
TOJBKO TPH JAMHHADHOM [eXHMe JBHIKeHHS H HeGoJblIHX
(mo 10%) KOHUEHTPAUMAX AHMCHEepcHOR ¢:3m?

B pa6ote 1. M. AmertoBa u ap. [6] Geira npennokena
MOoAeab GHUABTPALHH TA30KOHIEHCATHOH CHCTEMH B NoJje
CHJbl TAXECTH, OcHoBaHHasa HAa 3bddekre Cerpe-3uanbep-
Gepra, B paMKax KOTOPOH MOXHO OOBACHHTb YMEHblleHHe
pPa3EQCTH MPOHHI' eMocTell B BOCXOAAWIEM H HHCXOAALIEM
no10Ke.

[Mpouecc pasaenenus ¢a3 HAHCNEPCHOH CHUCTEeMbl, BhI3-
BaHHbI nonmepeyHol MHrpauvefd 4acTHU AHCNepCHOA (a3,
MOKEeT 0Ka3aTb CylLlleCTBeHHOE BJHAHHEe Ha THApaBAUYEC-
KHe XApPAKTepPUCTHKHM MOTOKA. : ‘

[Tpouecc rasnenenus ¢as aHCMepPCHOH CHCTEMH, BH3-
BAHHBIH TIOTMEPEUYHON MHUrpauHell yacTHU AUcCnepCHO ¢assl,
MOXET OKA3aTh CYLLeCTBEHHOe BJHAHHe HA THApaBJHYe-
CKHe XaPAKTEePHUCTHKH NMOTOKA NpH JABHKEHUH B IJAHHHRX
Tpy60npoBOAaX.

B kauecTBe xapaKTepHOro npHMepa paccMOTpUM cJae-
gviomyio 3agady. Ilycts AucmepcHas cucreMa JABUraeTcs
CEepXY BHM3 B LMJHHApHueckod TpyGe r. O603HaunM Ye-
pe3 p;, py—INJOTHOCTH COOTBETCTBEHKO AHCNE[CHON ¢(a3u H
cpeabl, M-=BA3KOCTb JAHUCOEPCHOH CPeAbl; a—CpelHU#
PaHYyC YaCTHL' AHCNepCcHOH (a3wl; #—CpPelHI0l0 CKOPOCThb
TeyeHUA QHCIOEPCHOH cUcTeMu. TIpuHfAB, YTO A/AA OTHOCH-
TeJbHOTO ABHMXEHHUA YaCTHL, JAHCMEPCHON (assl  BHINOJA-
HSleTCA 38KOH conpoTuBjaenda CToKca, @ CKODCCTb [alH-
aJbHOW MHUrLalUHH onpejeaserca no d¢opmyre I1. T
CedMena [73], Jlerko moayuHTh caeayolilee: NoJAHoe pasje-

# Cneayet oTMeTuth paboty [73], B xotopoil Obla skcnepHMell-
TaAbIIO0 YCTAHOBJEH aHajiOTHYHbIH 3ddeKT NpH pa3BuTOM TYpOYJEITHOM
B0OCXOAIEM MOTOKE BOLOBO31YILHOH cMecH,
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JeHne (a3 NPOHCXOIHUT HA PaCCTOAHUM /, KOTOPOE PaBHO:
3 3 1
‘ [=104—21 " 2 . (I-1. 1)

1

ad (py = pg) £ P2 2

B caydae TrJMHHCTOrO- pacTBopa MOXHO TNPHHATH:
=1 cn3; pp= 2 2¢/cM®; py==1 efem®;, a = 107 em: r =
=1 cm; u=10 cu/cex. Besnuuna ! npH 3TUX 3HAUYeHHAX
nopsaaxa ~ 30 .

B 10 xe BpeMs AJHHA THIPABJIMYECKOrO0 BXOAHOIO
y4acTka He npepmiaer 1—2 u. Bce BHCkO3MMeTpHuecKkue
naliuue NnoJy4YeHs Ha KaNu/aapax, rie otsowende [ d=
= 100

B paccMOTpeHHOM BHINE IpHMepe OTHOLIEHHE paBHO
1500. TToaTroMy peoJornyeckue napaMerpnl, NOJYUeHHbIE
Ha KAanUJIADHHEIX BHCKO3HMeTpa%, HeJb3s HCIONb30BATb
NpPH PacCMOTPEHHH NBHXKEHHS JUCIEPCHbIX CUCT M B JAJUH-
HEIX BEPTHKAJbHHIX Tpy6ax (Hanpumep, NpH ABHKEHHH
1leMeHTHHX PECTBOPOB B CKBIXHHe). B moc/eaneM cayuae
B pe3ayabTaTe NepecTPOAKH CTPYKTY[H NOTOKA PeoJoruue-
CKHe XapaKTepHCTHKH CHCTeMbl MEHAIOTCH N0 AJHHE TPY-
6n1. [TloaTOMYy npH ABHXEHUM B AJHHHEIX TPy6ax cJ/enyer
MCMOJAb30BaTh HEKOTOpble (UKTHBHEE 3RAYeHHS BS3KOCTH
H npeneyibEOro HanpsxcHUA CABHTa. .

VlaBecTHO, 4TO NpH ABHIKEHHH pa3JHYHBIX AHCIEPCHEIX
CHCTeM 06pasyeTcs NPHUCTEHHHR CJAOH IO CBOACTBAM, 6143~
KHM K JHCNEepCHEIM cpelaMm [74]*.

Ouenka BJHAHUA TIPUCTRHHOrO CJOA HA Pa3BUTHe Teye-
HHfl HA@ OCHOBe -TpuMeHerus MeToauku Llunsnepa 6wi1a
naHa C. E. Araeson [2]. Kak mn3BecTio0, peay/ibTaThl, MO-
Jy4YeHHne N0 MeTomy p:cyera Byccunecka [79], yrosuet-
BODHUTEJNbHO COBIIafalOT C IKCNEPHUMEHTAJbHbLIMH JaHHLIMH.

Huxe ppuBOZMTCA [elweHHE 3ajad N0 NPHMEHEHHIO
MeToaMKu DByccuHecka mad onpejeJeHus OJHMHB Ha4ya/b-
HOTO yuyaCTKa C y4eTOM NPHCTEHHOTO c/0f. [lonyueHHue
pe3y/bTaThl MOXHO HMCHOJb30BAaTh IJfA ONpeje]eHUs BO3-
MOXXHOCTH PeryJHpOBaHHSl THAPABJIHYECKHX CONPOTHBJICHHI
U3MeHeHHeM NPHCTEHHOTQ CJ04.

* Pa6oTa BhINOJHEHA N0  MPEAJOMEHHMIO OJHOTO M3 aBTOPOB
M. T. Koneiikucom, I'. T. Cadaposbim,
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PaccMaTpHBaercs pasiesbHoe IBHMeHHE ABYX BA3KHX
HeCKHMAeMHX KHAKOCTeAl B nJaockoil TpyGe (puc. 1). [as
onpeneseHHA JJAMHH HEYA/IbHOTO YYACTKA COCTaBJIAETCA
CJelylolllas CHCTEMA ypaBHEHHRA:

Ou, 1 0P, ddu,

e ST e Y e <k ()
Ouy 1 0P Pu o<y<h -1
Ho2 ox py Ox Y2 dyz ’ \y\_ v (I-1.3)
Ou | Ov _ o Oy Ouy I-1.4
dx+0y =0; 0x+0y 0. (-1.4)

4 y
b A
——
g
Puc. 1
C JONOAHUTEAbHBIMH YCJAOBHIMH
94 (x,0) =0, (1-1.5)
oy ’
uy (x, hy) = uy(x, hy), (I-1.6)
wy (%, k) = 0, (1-1.7)
7] du, 1
By a_ul(xvhl) =l"’2ﬁ(xohl)v (1'18)
y oy

TRe U;; V;—COCTaBJAIOIIHE CKQPOCTH 3TOR MHIKOCTH;
Uy, Ug;—COOTBETCTBEHHO CPellHHe CKODOCTH KHAKOCTeR
B Faua/e IBHXEeHHs;
1 po—MJOTHOCTH XHAKOCTeH;
¥, ¥,—KHHEMAaTHYeCcKHe BHIKOCTH.
W3 ypasuenut (I-1.2) n (I-1. 3) cnenyeT-

h
oy = yuldy——l"ij dy +v1j"—f‘ y. (-1.9)

1



hy
| quy-—P—"—”zf dy +v2j ﬂd (1-1. 10)
3

u 9
02 ox

Tak kak npn x =0

h
uOl:h—h,j u, dy, (I-1. 11)
hy
hy )
uw:% 1ydy, (1-1:12)
! [i]
TO
Lop [(Eﬂ) _ (2’1)] (I-1.13)
o, Ox h = h, 0y Jy=h oy }ly=n, )
L&=L(?_‘z) " (I-1. 14)
pe  OX hy \ Oy /yan, ’
Toraa cucrema (I-1.2) u (I-1. 3) npumer BRHA:
uy o o K {OL) _(0_“_) ] (I-1. 15)
ox ' oy h—nm | 0y Jy=x \0y lyen)' .
Ous _ g ﬂz_’f_-z(ﬂ) (I-1. 16)
ox 2 oy~ A\ Oy Jy=n’
1ae

/\’1 . , K2 _
Hop - Upg
[Mocae npeobpasopanusn Kapcona ypasuenus (I-1.15) u

{I-1.16) v rpannuHele YCACBHA NPUMYT BHA:

2_ —
U 2y =N, — m won, (I-1.17)
.’dy
Cls iy = Ny — mitgs, (-1.18)
n’y?
d"‘(P 0) - (1-1. 19)
i1 (P, hy) = uz(P.h,), (1-1.20)
uw (Ph) = (I-1. 21)
" dd—"\I(P,hi)= i’i"- (P, hy), (I-1.22)

rie

N, = — [| aun) (iu_) }
he=h |' Oy ‘yan Oy Jy=n,
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e (o)
hl dy y=h

]/ /P
my = —1’ my = V-.,{_?.
Odmee pewenne ypaBuennit (I-1.17)—(I-1.18) 6yaer
= A chmyy + Blsnmly--ig + g, (1-1.23)

u,= A,chmyy+ Byshmy y — ——[— Ugy. (I-1.24)

Ilucpq)epenuupyﬂ ypasHenus (I-1. .‘23) u (I-1.24) no y
M yuHTEIBAR HalileHHbI® [I[OM3BOAHLIE, MOJYyYyaeM:

A‘m (shmyh—shm b))+

1

—I—:—‘”i(chmlh—chmlhl), (I-1. 25)

B, m,

l
Torna pewenne ypasuenust (I-1. 17) u (I-1. 18) npr ycao-
Buax (I-1.19) u (1-1. 22) npumer BHx:

N, = A;m" shmyh, +

chmyh,.  (I-1.26)

EI:u01+A1|:tchm1y_hlh i (Shmlh_
_s'hmllzl) ]—l—Bl[shm,y—-_—hX "
xml(chmlh—chmlhl)], (I-1. 27)
1

Uy = ug, 4 A [’chmgy— ;l— hish m2h1]+ (I-1, 28)

=+ 32[shm2y—7[-—1-—chm2hl-],

Tae

AA, = uy, [ch M, (ML sh My—ch M2) —
1t Mz

1

Xsth(shM— ~

sh M, (shM—shM )]+a02— M«
IJ.

ch M+ 7

- - 1
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1
AB, =u rSh Ml[ChM — ﬂ? (ShM——

| -
—shM )]+-i ’;— shMg(chM—chM,)‘}—F
1
F gy 22 Mo gy Mz[( —— (sh M—sh M,) —ch M ]
U,1 - 1

AA, = u02[-Ml - sh (M — M) = ch (M — M,) ]-
— iy, [1 = ch (M — M))}},

A—[M 37 Sh (M — My) — ch (M — M)]\<

2 R

11

2
e ch (M — M)T—__Ml]

M =mhy; My=myhy; M= m k.

Brinmuuwem peuweHue 145 ocHOBHOTO moToka (I-1.28):

1
”02( T St (MM ch (M M)
Il2—-ll02+ -1 _' -~
[M — S (M=) = ch (M = M) 1

= Uy [l = ch(MeM](chmyy =

I u, M,
X sh M fchM)_—z—-shM e
(\Mz : : wm M ?
(I-1. 29)
——l—shM.,)'

M, .

- hiM M _? h(Ma=M 2
[5( |)—‘ — M, ch( ’)+M—M1]

Taxk kak TOJUIHHA TPHCTEHHOrO CJ0S NPeanoJaraetcs
Maaoit, to A — h K Ny,
1 CpaEelJHBO pa3JoKeHHE

sh (M — M) = (M — M)+ — (M~ My),
Ch(M—/Wl) =1+ ._.i;(M_Ml)g,-

12



Toraa

3 ¥ 1
_ Uyy wm —ly, | [ch My —— aa — sh M
2Ty n~ M :
Wr= Ugy + — _,1 2

(742— sh M, = ch My) - I) 'j“l’ k 'lh' Mysh M,
(I-1, 30)
Uro6sl HAATH XapakTep TeUeHWs OCHOBHOIO NMOTOKE A
SOMBIIAX PACCTOAHMH OT BXOAa, HARJEM BhIPAaXeHHe H30-
Spaxenus 4z ipu P = 0 u3 caenyioumero:
3 N 3 3 v\
) Uy (1 e=2pt) = e y, [? (Uoz =5 Ho ) ('E

= x»»oo_ 1_3“

(1-1. 31)
npu y=0
‘_i_zu—)u)—ow..l 1 a0
ll«l x-»:‘,u— 2 1_3H ([ 1. 34-)
y=0
1 py he=h,
P—— - —
2 hy

CoraacHo o6patHoMy mpeobpasoBanuio Kapcona, moay-
YUM BLIpaXKeHHe 1A opurunana CKOPOCTH Te4YeHHs OcC-
HOBHOTO MOTOKA

u-rlx

Uy = =2 e [1 +
20
,/l Mty [ 1]/- sh P
- 1 _—
k Uoz Y= VP i, h, K, h ar
sh V_hl—chl/__.hli " ]/_hl sh V'Dh. P

V
(1-1. 33)

OcoGeHHOCTs MOTLIHFErpanbHOro BeipaxeHus (1-1. 33)
coBnagaetr C KOPHAMH YDaBHEHHA:

— ——hl
s VE
th]/iT hy = ( - ) (I-1. 34)
1-ip e h
2
Ecan 603Ha4uTh XOPHH YpaBHEHHSA

13



Y€Pe3 Tm, TO KOPHM ypaBueHun (I-1.34) Gyayr npeacras-

JEHbLl B BHIE
Pmyp ;
_m =
Vi(z 1= Hm.

COTJIaCHO TeopeMme pasJjioXeHHn NOJAYyUYHUM:
u 3 3
1y = ot |7(1—29)——-”&—i(1—

YA SIS
~ 5 m) ]+ 2 B [1—cos 10—
3 1 mgl"rmcos*(m
' Kﬂi"i
. 375 sinyg T C ar
— W {m SiN Tm— T(I—S'Yﬂ"l) SO‘—] e 1. (I-1. 35)
g m 02

Ucnonbsys ypashenwe (I-1.14) ¢ yuetoM ypaBHeHHs.
(I-1. 35), nafinem BhipaxceHHe NJf Tepenaia NaBJACHHA:

1 i Loy
()_IDi _ 3 [[“2 Ly 2 lln-z (I- 1 36)
dx h? 1-—3u ) '

OTHOwleHHe Pa3HOCTH npefesbHOM ckopoctH (I-1.32)
Ha ocu OX npu X — co u ckopoctn (I-1.35) npu x =/
K npeneabHof cxopoctd (I-1.32) oOc3HaguM uepe3 & u
BhINHLIEM BbIPa)c€HHe A8 JJHMHB HAaYaJbHOTO YyuacTkKa,
ocrtaBasif B ypaBHeHHH (1-1.35) auwb nepsoe caAaraeMoe
pana: -

L B | 4 1—3u »
- — X
Kiif » ~?:‘L—Lﬂ
2 uy,
1 —uyi X 3
XT_' (COS'Tl— I —pysiny, +T 1—
1] €OsY; <
1 Uy
— L sin ~“> ur_| (I-1. 37)-
T Upg

B ra6anne 1 npuBedeHn facueTsl, MO3BOASAIOLIHE OMe-
HHTb AJIHHY Ha4Ya/JbHOI'Q YYZCTKA NPH -Pa3JHYHBIX YyacT-
Kax JIJs pa3/HYHLIX COOTHOIUEHHH CpelHkX CKOpOCTeil
NOTOKOB W BA3KOCTH KUAKCCTER M MepeMeHHLIX 3HaueHH#
TOJAIMH MPHUCTEHHOI'O CJOA. '

Paccmarpusaercs dorMHDOBaHHE NPUCTEHHOTO
c10d rasa (B rpy6oM NpHOJHXKHHM) NPH ABHWCHHH IBYX-
pasuoit cuctempr, Ily3mipu rasa ydacTBylOT B  JBYyX
IBUXEHHAX: OJHO nomepex noioka (BLOJbL Y-0B)

14



Tabauya 1

Ha h—h, H,,
i T L Re
0,00005 0,001 0,1784
0,100 0,1729
0,200 - 0,1659
0,300 0,1568
0,400 0,1441
0,500 0,1242
0,600 0,0828
0,00053 0,001 0,1780
0,100 0,1725
0,200 0,1656
0,300 0,1566
0,400 0,1439
0,500 0,1240
. 0600 10,0829
0,005 0,001 0,1761
0,100 0,1707
. 0,200 0.1638
0,300 0,1548
0,400 0,1422
0,500 0,1223
0,600 0,0806
e 0,025 0,001 0,1660
0,100 0,1608
0,200 0.1544
(300 0,1459
0,400 0,1339 -
0,500 0,1150
0,600 0,0752
0,04 0,001 0,1539
0,100 0,1551
, 0,200 0,1489
0,300 0,1408
0,400 0,1293
- . 0,500 0,1110
0,600 0,0723

H BAOAL OCH TPYyOn! (0Chb X%-0B). CKOPOCTb B K@M OM COOT
BETCTBEFHO paBHa:

Y= 2uo<1‘___,:_j>+%:’, (I-1. 38)
1L
- ____3g?“ 3{/UO)' 2 ' -
v = £ a \-2_) +,, (1-1. 39)

15



rie U,—CpPeAHAR CKOPOCTb XHAKOCTH;
—pasmep ny3sHpH;
y—KUHEeMaTHYeCKARA BA3KOCTb XHAKOCTH;
£ —YyCKOpeHHe CBOOOAHOrO najeHHs.
O0603nauMM KOHUEHTpauuio rasa 4epe3d ¢ (x, y). B arom
cnyddae ypaBHeHHe §ajnaHca MacChl rasa HMeeT BHA:
2 1 1
(Ul"?)_}__ o(yUyCP) — __C. (1_1.40)
dx y dy
3pech C—KOMHYECTBO ra3a, BLlAeJAOLIerOCA B eIHEHLY

BpeMeHH B TOuke (Xx,y). Haa ynpollerus npumem C=
=const. Boo6ie

C=alfy, (I-1. 41)
dx .
rae a—KO3(pdHLUHEHT pacTBOPUMOCTH.
YpasHenue (I-1.41) pemaercs npu cAeAyWOIWHX YCJI0-

BHAX:
x=0,¢(y,00=0
Yposenub x = O cooTBeTCTByeT YpOBHIO, Trae P =P
(P,— maBaeHue HﬂCbIl.l.lEHHﬂ)
Bearuyuna aq, aasucHtT ot x. [IpumeM, uT0o a, = const
CkopccTb 7y OCPeJHMM MO r, TOTAA MOJAYYUM

3 2
7, = &na (ﬂ.) = corst.
- n v R

BMmecTo ckopocTH U, BO3bMeM cpenmoro CKOPOCTb:

vx=uo+$ . (I-1. 42)
YunroiBas ypasuenus (I-1.42) u (I-1. 40), noayuaem
o % L— 06y 1.4
Ux 5, +—1, iy C, (I-1. 43)
HJH a0 5
Ty —;y) + vy —:;) = —Cy.
CuacreMa X8paKTepPHCTHUECKHX YDABHEHVRA KMe(T BHA:
dx dey da
_—=—_—= 1'1.
Uy vy =Cy’ ( )
rRe €e HHTerpannl: _ 7
'ny—'vxy 1 Alo, (['1.45)
‘[_}ya:— .6‘212_ —l—- A2O
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HIH _ _
Ty (X—Xp) = Ux (¥ — Yo),
- ) (I-1.46)
— (o 2 2
Uy (@ — ap) =—; ()’0 -y )

YyutpBas ycaobus u3 (I-1.46), naxomum

c _
o (x,y)= Zx(2y—%x)=<?(x,)')y-

[lycrs kpuTWYeCKas KOHUEHTpauud rasa, NLH KOTOPOH
nponaaaer 3QdexT nonepeusof Murpauuu, paBHa ¢;. -

[lpu y = R KOHUEHTPAUHA ra3a JOCTHIAeT KPHTHYECKOTO
3HaYEeHHs HAa PACCTOSHHHM X, OT BXoAa TPyCH W noneped-
Hasg MUTpauus 3aTyXaet, TaK KaK GyHKUuA o (y,X) 1mo y
AABJIACTCA BO3pacTalollef. ' '

[Tpu 3ToM paccTofinue X; OonpemeffseTcd U3 yc/JA0BMs:

C?lR_: 2‘%“)"1 (QR:" E x1>,

Ux

OTKY Aa '
- 2 2 92 Re )
X = Rex _ ‘/ R_”‘—‘rz "_{?“ (I-1. 47)
: ¢ ‘Uf‘ Loy
Wa ypapucuua (I-1. 47) BUAHO, 4TO C yBesHyeHHeM pact-

BOPHMOCTH (¢) )MeHpuwiaercsa x;. Tenepn ouennm, kaxoe
KOJIHYECTBO rasa Murpupyet-k crenkar. OHo paBHo:

My =250y yo(x,K)dy =20, { a(x,K)ay =
by - Iy .

=__2,-‘C'v,j x(-?R—— ﬂx)dx =
Ux

’ “ux Y
~ Croy ( Rx?— 21 x?-) —Cuy 2 (R _ﬂg).a-l. 48)
Ux . 3ux Ux - 3ux :
TonMHA NpPUCTEHHOTO CJ0s rasg § onpgae,.ﬂnca:
O hdv, = M,, 8= Mo (I-1. 49)
- ) 2n Ry,’ -

rAe T,—CKOPOCTh IBHXXEHHAl rasa B CJoe.

Hast uucnenHoro pacuera NMpHHMA al0TCH caeayom e
3HEYeHNHH: ‘

uy =100 ca cex; R =10 cm;'v =10 ccm.:
%—2



pi =1 2/em® ag = 10"%ca; 22 ap
dx

=0,1am/n;
a=1Mmm® amn; C=0,1 1jcex.

Hnmeen

' ~ 10 cat; My~ 10 cmd'cex.

HpuHuMaﬂ, qro vq =102 c,u/cerc nosyuaem

8 ~10"% mu. ’

OneHoyHble pacyeTel MOryT 6blTb npUMeHeHbl MPH CO3~
JlaHUM TEIJIOBOA H30JALHH B CAYYaef NPOBOIAKH CKBaXHH
B YC/AOBHAIX BeYHOR Mep3JOThl.

Ilpn onucanuu noBenends aHOMaJBHLIX CPell MCCAENO0-
BaTe/lb 3a4aCTy+0 CTAAKUBAeTCs ¢ CHTyaureil, xkorga B on-
peleneHHbIX YCJ/JOBHAX SXCINEpPUMCHTa TPYAHO OTAATh Hpej-
NOYTEHHE OJHOH M3 HECKOJBLKHX NPEeRAJOMEHHbIX MEeX2HH-
yeckux Mogenefi. EcrecTBeHHOH fiBAAETCH MNOCTAHOBKA
3anaun 06 OTHICKaHHH TAaKON 06/aCTH 3KCMEPHMEHTA/IbHBIX
YCJOEHU#, B KOTOPOH MOXHO 6blJI0 6b YCTAHOBHTH pa3JH-
yHe TMpelAJoXkKe: HEIX MoJeJsell H OTHATh MNpPEANOYTEHUC
ONHOH H3 HIX.

[lycTb mp# MOCTPOEHHM DPEOJOrMYECKOH KPUBOH BbIIOJ -
HEHO 7 3KCIepUMeHTOB. [l OmnHCaHHs NOJyYeHHLIX pe-
3yAbTATOB 3KCNEePHMEHTATOP, HCXOAsA M3, Hanpumep, 3BpH-
CTHYECKHX COO6PAXEeHHH, NPEANOXKHU TPH MOJLEH, KOTOPLIE
Ha OCHOBAaHMH OOLLENPHHATOrO KPHUTEPHS —Mephl UIEeHTHY-
HOCTH HEBO3MOXHO OTAHYUTL. B 3TrOM cayvae 1eqecoo6-
pa3Ha noctaHoBka (n- 1) sKcnepuMeHTa, B YCJAOBHAX
KOTOPOTO MOXHO CBJIO Ob OTBETHTb HA MOCTABJEHHEIN
BOIPOC.

TakuM 06pa3oM CTPOMTCA IOCJEAOBATE/bHEIl MNJaH
JHCKPHMHHHDYIOUHX 3KCNepPHUMEHTOB.

Kyab6ak npensioxua AJAsl pasjANueHHd IBYX MoOJeael
MUCKPHMHHZHTHYIO QYHKIMIO, YAYYLIeHHbI BAPHAaHT KOTO-
poii paspaboraan Bokc U Xuada.

ITyctb mO jlepBHIM 72 ONKTAM OUEHEHH NapaMeTphl
NPeAJOKEeHHHX m Mozle.neﬁ Ilpn atom ouendpaercss Juc-

NePCHs KaXIOH MOJeNMH of . 3aTeM BLIYMCASETCA anocre-
pHODHasi BEPOATHOCTb MNPABHJABHOCTH KaXA0H MOAEAH 1O

dopmyae bBaiieca: _
P? — PF-—I P,' (-Vn)

i Pin—l Pl (yn)

fem1

, (I-1. 50)



rae P{~'—anpuophas BepOSTHOCTD
i-Toii MOAEJH, MO § ONHTaM PaBHasg anocTepPHOPHOH
BEpPOATHOSTH TO (n—1) gnuTaMm;

1 1 (yr—yi)* ] -
Pi(¥V") = ——=—=—x—=—<exp - - , (I-1.51)
3 V?:t (02 -+ a:;) 2. et + G?

o— IHCNepCHs BOCMPOH3BOAMMOCTY 3KCIEPHMELTa.
HauanbHple BePOATHOCTH MOTYT ObITb NDHHATHL paB-

1
HbIMH —- N
m

[To nosyyeHHHIM 3HaYEHFSAM anoOCTEPHOPHHIX BEPOAT-
HOCTEH KawAOH MOJeJM MO 72 ONLITAM, KOTOPHE PpEBHH
anpPUOPHBIM BEPOATHOCTAM JJsi (7 + 1) onuiTa, a TakKe
M0 BHIYHCJEHHLIM LMCIE[ CUSM OnpelenseTcs BEKTOP sKcne-
PHMEHTAJIbHBIX YC/AOBH (n+1) ombita nyTeM MaKCHMH/IH-
3allHH IUCKPHMHEAHTHOH (QYyHKUHH Km

. 1 QUE n P —— ____
K"‘:TTZZP'PJ'[ »2)(0*5)
1=l .j=i+1
- n+l__yn+1y2; 1 I )] i
- (y1 j ) ( 02—,#::? + -0‘2_*_5? » (I-1.52)
rae V"' —npeackasaHublil OTKAHMK i-Oft MOZEaH (+1
ONHTAX, 4 MHAEKCH .L U j OTHOCATCA K HOMEpP&M Moheaed,

Tax kak 1pH MOCTPOEHHUHM DEOJOTHYECKOH MOAeaH Hc-
c/ACAyeTC 3aBUCHMOCTb =t (Y), BEKTOP 3KCNEepPHMEeHTaab-
yHX ycaoBui (n-+ 1) onelta omnpeneasieTcs M3 YCJOBHS
max/ Km

Takum c6pasoM, B IaHHOM cayuae Beauurna (), co-
ctaBasowlas max Kpn, H onpeneaser ycaosue (#+1)
onnTta, 3aTeM K HMEIOUWMMCH 7/ 3KCnepuMeHTtam robas-
AfieTcsl SKCMEePUMEHT, TPOBENEHHHIA npH (j), U BCIO NpoO-
LeAyDY MOXHO MOBTOPHTbL CHauvaJja,

DxcnepHMeHTHPOBaHKEe MOXeT GHTh Npexpalleno, Kor-
a BePOATHOCTH CTAHYT CTOJNb DAa3JIMUHLIMH, HYTO MOJXKHO
6yAeT oTAaTh MpeANmoYTeHHe ORHOH M3 MojaeJef.

[lo ykasanHo# cxeme cocCTaBJeHa CT8HIAPTHAfA NPO-
rpamMa, rMo3po/aKwiuas JHCKPHMHHHPOBATb PeOJOTHUECKHE
MOJeAH.

B <auectBe npuUMEpl B TabaHue 2 npHBeleHa THIIHY-
ras 33BHCHMOCTb  KAaCATe/bHOrO0 HalpsXKeHHA CABHra

AP
l’“(AP—noTepu NaBACHHA HA TPEHHE; ro—pagHyC
U]

T=

¥ - ' 19



Kanuaaspa; ly—AJHHA KanuJAAsipa) OT MOAYJA TpPajHeHTa
cKopocTH ="

=ry ’

JlaHHble, HpHBeAEHHble B Tadnuue 2, nonyqeﬂu npu
HCCJ/iel0BalI MM HEKOTOPOIl aHOMAJIbHON CPeXH B KanH/asp-
HOM BHMCKO3MMeTpe, 1€ NMOBTOPHLIE OMBITH, MNOBeAEHHHIE
NPH OAMHAKOBBLIX YCJOBHAX, AAJH mq)opmaumo o6 ocra-
TouHOR jucmejcuu. [kis ONMHCAHHA mNpHUBEeAeHHOn KpPHBOMH
TeYeHHs OblAH NPEAJIONKEHH ABE MOAEJH LiiBenoBa-Bunu-

‘rama: )
t=r1+77, (I-1. 53)

M MoAMGHUMPOBaHHAA MOAeJb KeccoHa
1 1 1

Al )™ (1.5

Oueuxa napamerpoB roZeaeji (I-1.53) u ‘(I-1.54) mno
nepBLIM INATH ONBITaM JAaJ]a CJAeAyllMde pe3yJabTaThl:
COOTEeTCTBeHHO  T5- 0,262, n = 0,058, «t,= 0,683,

= 0,052, n;=1,92¢c paBHbIYM MepaMH HJEHTHYHOCTH.
Ilocae MakcuMa/in3auuH OwlIM NOCJAENOBATAbHO  IPO-
Bell€Hbl TPH ONbITA, Pe3yJbTaThl KOTOPHX NPHBEAEHBl B
KOHle Tab aubl 2. -

. Tabauya 2
M_ I « 1T 1 T, z
onbiTOB cex cH?
. 1 © 17,55 1,35
2 3! 38 2,16
3 47,94 3, 3
4 60,74 3,66
) 5 61.13 3,66
6 79,30 45 -
7 Ly 0,63
8 - 99,88 5,43 .

YTouseHHrle mapamerpn. Mosenefi (l-1.53) u (l 1,52)
IO BOCHMH ONMHITAM CaAeAylOlHe: T, = 0,289, n=0,052 u
x, =06, n=0,048, n, = 1,8.

B -3ro. cHTyauHH, XOT. Mepa HA HTHYHOGTH A/ 06€UX
Mmonenen-paBHa 0,999, amoctepu DHel: BEPOATHOCTH C1aaH
aas- Moleaei LUlpemosa—Bunurama P, = 0,i1 u ,as
Monesneit Keccona P, =0;89. Taxum oGpaam, AocJe
BOCBMH OINLITOB MOXHO ™ OTAaTh MNpeiNOoYTEeHHE MOILeJH
Keccona.

20



Ha puc. 2 noka3aHo, KfK H3MEHSIIGTCH BEPOATHOCTH B
npouecce 3KCNepHMEHTHPOBaHUA. Cel €T OTMETHTD, FTO
npH NOCJAeA0BaTeNbHOH Mpoueaype 3IKCNePUMeHTHPOBaHHA
KOJMUYeCTBO ONLITOB 3apakee He 3aiaiercd. Mudopmanus,
noJayuenHasi nocse KoXKIAOTO OMbITa, 8KTHBHO BKJAIOYaeTCA
B npouecc TNpHHATHA pelwleHHd. OneiTEH NMPOAOAKAIOTCH
10 Tex NCp, MOka He yAacTCAd AMCKPUMUHHDPOBATDL MOMeY.

7 ] = -
< 0 - ‘
§ -
5 “tHModens 2
S
L X
R
Ny N

f’ \< Mogens 1
w N—1 _

Yocao gneimol a1 o

Puc. 2.

OO6bIYHO NpH MPOBEJeHUH OMHITOB B HEKCTCPOM KPHTHYe-
ckOit 00/1aCTH 3HaYeHH NepeMeHHbIX KO/MHYECTBO HX He-
3HaYMTebHO. ECAM e T1pH yBeJAHYEHrH YHT/Ja OUbLITCH
MOJeJH BCe e He NHCKPHMHHUDPYIOTCSH, TO MX KOJkYeCTBO
pernareHTHPYETCs HCXOAA K3 3KCHOMUUECKHX C006pexe-
HHUH,

§ 2. HEKOTOPBIE METOJOJOIMYECKHUE BONPOCHI
PACUYETA OBCAJIHbIX TPYB®)

[Mpo6aena pzHHMOHANBHON NMOCTAHOBKY 3ajadyH pacuera
o6caaublx TPy6 TPcOyeT aHaAM3a W yueTa PRAa PA3/JAHUYHBIX
¢akTOpoB, CNOCOOCTEYIOWHX HOPMHPOBAHHIO Jief CTBYIOLUX
Ha Tpy6Gy Harpysok, 4 ycJOBHH pa6GoThl MarepH:,ja TPyCHhl.

[MpocTefuieli HAea/H3UPOBEZHHOH pacueTHOH CXeMofl
oGcamHoil TPYyOul sBAsieTcs caeayiomas. CkBayHHA NPCBE-
JleHa B XECTKMX [OpPOoJax, T«K YTO C TeYeHHeM BPEMEHH

* Pa6ota BbINONHEHAa OfHMM M3 aBTOpoB coBMectHo ¢ C. C. I'pu-
ropsHom B A. K. Kapaesuim.
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CTEHKHM ee He A2(PODMHUPYIOTCA, B HMXKHel yaciu Ttpyba
HUAEAJLHO 3aleMEeHTHpOBAHA M 3a30p MeExJay Tpy6o#i H
CT®HKAMKH CKBA)XMMBl 3aMOJIHEH TJHMHHCTHM DPAacTBOPOM;
o6caanan tpy6a abCOJNIOTHO CHMMETPH4YHAa H OJLHOPOAHA
Mo MexaHuueckuM cBo#cTBaM. B 3roMm caydyae 3ajaua
pacuera o6canroil TpyObl CBOAMTCA K mpocTeitluell —HYXKEO
paccuuTaTh HANpAXeH! Oe COCTOAHHEe TPyGHl Mnoa JercT-
BHeM COOCTBEHHOTO BeCa M ¥3BeCTHOrO FHAPOCTATHUECKOrO
O3BJEHHA PICTBOPA B 3aTPyOHOM MPOCTPAHCTBE AJs Onpe-
AeJeHHs Hecyllefl CnocOGHOCTH TPy CGH, a TaKkKe PACCuu-
TaTb YC10£YMBOCTH TPyOH TOX JefCTBHEM YKa3aHHBIX
HAarpy3oxk. 3ajauya 3Ta DellaeTCs -H3IeCTHHIMH CHnOCOGaMH.

HeobxoauMcceTe yca0XHeHUs 3TOR nmpocrefireil 3ana-
YH CBA3aHA C Pa3HOro POAa CTKJOHEH! IMH OT OIHCAHHOM
HIeaqd3npoBaHIION CXeMbl, HAaGJI0IaoIIHMHCA B PeaNbHBLIX
CKBAXHHAX. JTH OTKJOHeHHUS O6YC/OBJEHb PpPAAOM MPH-
YHH:

a) HaAv4yueM B rOPHOM MacCHBe MOpOA, CnoCOCHBIX
KedopMupoBaThca nok AeHCTBHEM INCCTOAHHBLIX HATPY3oK,
uyto OyZeT NMPUBOANTHL K ME/JIEHHOMY - BBXKHMAHUIO 3THX
NOPOA TODHBIM NaBJA€HHeM B 3aTpy6HOE MPOCTPAHCTBO C
mocaeAyIOIUM [epeKprTHEM 3a30pa Mexay oO0caiHoi
TPy6OH M CTeHKaMH CKBAXHMHH, NMPHUBOASWIMM K CYLUECT-
BEHHOMY nepepaclpees€HHIO HAarp;30K, AeHCTB)OMWUX
Ha TpyOy H3Bue;

6) HeCOBepLWEHCTBOM LeMeHTalu¥d B HAXHEA 4YacTH
TPYObl, 06 C/IOBJIEHHHM HEMOJIHBIM BHITECHEHHEM TIJIHHHC-
TOrO PACTBOPA LEMEHTHLIM M3 3aTPyOHOrO NPOCTPAHCTBA,
NPVBOASIINM K BO3HHKHOBEHHIO KaHAJOB U MOP B 3aTBep-
depiieM IEMEHTHOM KAMHEe, HeJIOCTATOYHOMY KOHTAKTY
UEMEHTHOTO KaMHA C OkpyKapued nopcrot u Tpycodn,
06pa3oBaHUI0 3HAYNTEAELHOA nepexcAroil 06/JacTH 'MexAay
eMEHTHLIM KZMHEM H TAUHHCTHIM PacTBOPOM, rle UMeel-
A CMeCh 3THX MAaTe[Ha/jOB MEHsIOUIerocs Mo BHICOTE
~0CTaBa, KOTOPasA MOXeT YaCTHUHO MN[OABAATb CBOH(TBa
TBepPAOrO TeJaa; ’

B) BAHAHMEM MEHSIOIWIUXCA NDI 3KCIAYaTauHMH Temie-
paTyp Ha HAanpsXX€HHOe COCTOfA He 1 EeMeHTHOrO KaMHf,
TPyOBpl U OKPyXAlOW¥X MOPOMA, a Takxke Ha JAaBjleHue
FMHUCTOTO PacTBOPa B 00JacTAX 3aTPyOHOrO MPOCTPaH-
CTBAa, IN¢ PEKPHITHIX BBITEKWHMI H3 ,CAa6BIX“ NMJ3CTOB MoO-
ponramu.

[lpoBesem oOUeHKY NOPAAKOB BEJAHYHH HM3MEHEHUH
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JEeACTBYIOIWIMX HA TPyOYy HAIpPy30K, BH3BAHHBIX ME€[eqHC-
JeHHBLIMH (axTopaMH.

Ins pacyera mponecca BHITEKAHHA MOPCH asanyGHoe
NpCCTPAHCTBO HEoOXOAHMO 3HaAHHe PEOJOTHUYECKHX CBOACTB
atux nmopod. Tounoe 3HaHMe 3THX CBOHCTB B KAaMAOM
KOHKDETHOM CJyyYae HeBO3MOXHO, MO3TOMY HAJd OIeHOd-
HHX PacyeTOB MOMXHO OrPAaHHYHUTLCA JIMIIb H3BECTHHIMH
OGUINMH CBeJCeHHAMH O PeoJordH nopol. Beully MeAJeH-
HOCTH NPONECCOB BHIXKMMAHHA MOpPOJ B 3aTpyOGHOe MNpoCT-
PAHCTBO JOCTZTOYHO  PeéCCMOTPETH TOJNBKO  CBOACTBA
yCTAHOBHBIIEHCA MOJ3YyUeCTH NMOPOJ, T. €. B KAYecTse peo-
JIOTHYECKO# MOjAeaH cpeabl MOMHO MPHHATbH CXEMY BS3KO-
NA3CTUYEeCKOro MAaTepHasa ¢ BO3MOXKHOH HEJHHeHHOCTHIO
BA3KOCTH. [IpH 3TOM OXHHMM H3 BaXHHX AJ]A Hame# 3aja-
44 NapaMeTPOB PEOJOrHYeCcKOro 3aKoHa OyjAeT npenelib-
HOe HanpsAXXeHue cIBUra .

PaccmatpusaeTcs npenesibHoe CTaGHAM3HPOBaHHOE COC-
‘"TOflHHEe, KOTOPHM MOJMET 3aBeDIINThCA IPOLL CC BHITEKa-
HUA nopoasl. Hepe3 HexkoTOpoe BpeMs mnoc/le Hayasja 3To-
ro npouecca BHITEKAKWlas MOpoJa MefeKPOeT 323CP MeXay
TPyGOH M CTEHKAMM CKBAXHHH, H B CHAY npaKTHYECKOH
HECHMaeMOCTH TJIHHHCTOTO PAacTBOpa B JdJbHeRllleM Bbl-
TeKawlllas nopoaa no 3a30py BHW3 OT MeCTa BLITEKAHHUf
nBuratbcsl He 6yger. Ilocrynmampmas M3 njaacra BhITEKAlO-
masi nopoaa O6yAeT nepeMellaTbCA MO 3a30py BBEpX,
BbITECHAS TJMHUCTHA pactBop. [Ipouecc atotT npekparutcs,
Korja LasJeHNe B MecTe BBITEKAHHA CpaBHfAeTCA C AaBje-
LUEM B MJacCTe BAAJY OT CKBAaXWHBI—C TOPHBIM JaBJe-
H4eM B 370M nuacte, [Ipn 3TOM BHITekmas B 3aTpyOHoe
TIPOCTPAHCTBO NOpona, 06pa3oBaBliasi KOAbLEBYIO MPOGKY
B 3a30pe, OyeT HAXOAHTbCA B PAaBHOBECHH NOJ AelCTBHEM
A4BJICHYS B TJIMHHCTOM DAacTBOpe, PACIOJ0XKEHHOM IOk
NPo6KOA (3TO AaBaeHHe PABHO YKa3aHHOMY Bblille TOPHO-
MY ZL4BJIEHHIO), RAEJeHHs TJAWHHCTOrO PacTBOPA HEZA NPOG-
KOH, COGCTBEHHOTI'0 BeCa M CHJ MNpelesbHOTO HAnpsKeHus
CIIBUra, AeHCTBYIOWMHX MO-GOKOEKM MOBEPXHOCTAM pOG-
KH. Yc/J0BHE paBHOBeCHS HSeT

D — @) Py — Py) = (D +d) L5+

-

+ L (D — ), (1-2.1)

riae D, d—nnaMeTpbl CKBA)XXHHB H TPYOHI;



P11, Py —ruapocratuyeckue BABJIEHMA TOX H H' I npoG-
Ko#H;
l{—anvHa npc6ku;
Ts1 T2~—COOTBETCTBEHHO MPeleNbHO HANPSKE HHE CABY
ra W yIe/]bHBIA BeC BLITEKalOLIe i NOPO/H.

Ilpn stom
. Py =1,H, P21=T1(H—l), ) (1-2.2)
TRe Yo, 71, HH—cooOTBeTCTBEHHO CpelHH# ynmeab bl Bec
TIOPOZ TOPHOTO MaccuBa JO TAYGHHHI 3a-
ZeraHus ,c. a6oro* naacra, ymeabHBIi Bec
TIHHACTOrO pacTBOpa H rayGuHa maacta.
M3 dopmyn (1-2.1), (I-2.2) nonyuaem aas AauHW
npo6xu -
' !l = A (=1 H
1

- ; (1-2.3)
a1+ 2]
A=D—g.

Ilo sroit dopmyse nas C1yyasi, KOTRa BHITEKAIOLLEH
NOPOLOH fABASETCSA T/MHA, T. e, ts 1 kljem?, 1=2 [erd,
npu ray6une /1 =1000 »# u aHaueHusx To=2,3 I"'cmd,
1"w=13 Iemd, A= 5 c# _nonyyaem /=1 u. B cayuae no-
PORbl C t=0;1 x['jem® w mpu Tex ke NPOYHX YC/ OBHAX
noayuaem /- 10 u, a gas ;=5 kKl jem? | =~05. Taxkum
oGpa3som, oumenxu IOKA3LIBAIOT, YTO NOJIyYaloTCA NPOGKH
CPaBHHTE/bHO HeGOJbIINX " PE3MePOB. Kpome rtcro, naas
HX o6pa3oBaHus TpebyeTcs He OYeHb MHOrO BpeMeHu, B
CaMOM Iese, MpouUeCC BHITEKAHHA NOPOXL B 3aTpy6Hoe
MPOCTP3HCTBO MO MOPAAKAM BEeJAHYHH ONMCHLIBASTCH COOT-
HOLIeHHEM:

T— T~ A(Py—Py) .y AH(70—7y) ~p L
{ 4 AT,
rae Tw—Bpemsa sapepuieHns npouecca,
Orciona umeenm

T, — A2(‘{0—27|)H ,
. e h
H A1 PacCMOTPRHHOIO BMIUE NpHMEPa NpH p =1 713 =

=10_6KZ/‘:€’{ nonyuaem T,=70 yac.

Paccmotpum TENepL B/UAHHWE Harpesa pactBopa, 3a-
IIEMAEHHOTO NMPOGKOH U3 BHITEKIINX NnOpOA, Ha H3MeHeHHs
A&BAEHUA 104 npobkoit— Econ B 3AMKHYTOM cocyae ¢
HECTKHMH CTEHKAaMH, 3aANQJHEHHOM HHAKOCTBIO, MOBHCHThL
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TeMnepaTtypy Ha Af, To B HeM JaBJ€HHE MOBBHICLTIS- Ha
BeJ/HUYHHY
AP, = kagAt, . (I-2.5)
rfe K, 6,—COOTBETCTBEHHO KO3(DHIUMEHTH 06 HEMHOMN CKU-
MaeMOCTM H TeluJOBOrO0 paculupeHHd. 3HaueHnsd 3ITHX
K03 (HUMEHTOB AJA T HMHI CTOTO PAacTBOPa 1O MNOPAAKAM
BeAHYHH OJAM3KH K HX 3HAYCHHAM Ans BOAHI, T. €. M@ # HO
NPHHHTL K~2-10% re/cm?, ag~10" g ‘z2pad. Tloatomv 1pH
¥3MEHeHUH T MnepaTypbl Ha | rralyc raBjeHue H3MeHs-
etca AP,~20 k2/cx’. Dra olleHKAa HEeCKOJbKO 3aBhiilleHa
M3-32 NPeANOJIOXKeHHs 0 Hele(OPMHPYEMOCTH CTEHOK MG-
JIOCTH, T. €. CTEHOK CKBa)KUHBbI, CAMOA TPYy6bl M npOBKH
M3 BHITEKIUHX NOPOA. YuYeT MOZATAMBECTH TPYOH M CTEHOK
CKBAMHHH NP BOlI;T K YMEHBbLIEHHIO IOJYYEHHOro uHcaa
e 1 _[lox (1+v) # ] aor
B b= 1 [25+ . E]d pas,
rae £, ay., d—aooTBeTcTBEHHO MOAyAb [OHra mMarepuana
. TPy6, TOJMLIMHA CTEHOK H AnaMeTrp TPyOsl;
E,, vp—monyab 1Onra n koapduunenr [yaccora no-
POA, C/aralolWuX CTEHKHW CKBAaMHHBI. .

a K2 ' p
Mockoabky —=~0,1; x~10" —, E—10° x2/cn?, v~
D CM=

Ke
~0,3; E;~5-105 =, n1 nompaBOYHOTO MHOMHTE/R NO.JY -
cM2 °

yaeM OUEHKY 1-—E~10—2, T. €. y4YeT IOAAT/AHBOCTH CTEHOK
CKBaXHHH H TPYOH HeCylmecTBeH.

Ilas ydera noaatiMBOCTH NPQGKH HEOGXOANMO OUGHHTD
Bp¢Ms MPOTpeBa pacTsBopa noA nNpo6Koit, T. e. BpeMa Ha-
pacTaHHA TaM BHI3BAHHBIX 3THM HarpeBoM JaBacHR. Ha
PacCMOTPeHUA y' aBHEHHs TEMJIONPOBOLHOCTH MOJYuaeM
oleHKy aas Bpemenn T, nporpe.a:

. !Af
T,~—. (1-2.6)
*
rie A,—ToAlLMHA 3a37°p8 C PaCTBOPOM;
x—k03QdunrenT TeMmepaTyponpoBOAHOCTH  pacT-
BOpa; ‘
% = L ' )
064
A, p, €;—KO03DDHIHEHT TeNAOUPOBOAHOCTH, RJOTHOCTh H
TeNJoe MKOCTb PacTBOpa.

’
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llpnesap 3navenns A =5 cu, p— 1,3 2/cmud, h = 14X

-1 .
X107 —22— € = 1222 (34auenns & u C, NPHHH-
CM - CeK-2zpad z-2pad

MaeM IJaf pacTBOpPA TAKHMH e, 4HTO M A BOAN—3TO
BEPLO NO NOpsilkaM BEJHYHH), noaydaeM Aas 7, 3Haue-
Hue 7,=5 uvac, [Ipu uaMmeHeHHH XaBaends OT Harpesa Ha
BeMuUHy Af npabKa HayHeT nepeMewaThcs U BPeMA 3TO-
Fo nepeMeuleHns, B TeYeHNe KOTOPOro MaGLITOYHOE JaB-
Jekne OGylneTr cH5TO, MOXHO OUEHHTb DOPMYIO0H, aHAJIOTHY-
Holt dopmyae (I-2.4): '
Tase=T, =2 _ 7, *abt (1-2.7)
o—10,H (=1 H
[Toab3ysch panee nOMyuyeHHLIMH YHCAOBBIMH LaHHBIMH, MO-
AydaeM npu Aft=5°C
Tpst~ 1000 22 — 1000 yac.
20-5
TaknM 06pasoM, Bpewus BLITeKaHHSA MOPOL H3 ,caabhix"
NALCTOB OKa3elBaeTCsi COM3MEPHMHM C BDeMEeHEeM JONoa-
HAT@JILHBIX nepenellleHdii npOOKH, BRI3BAHHLIX TepMUYec-
KHM TOBHILU¢ HHeM AaB/leHusi B pacteope. C apyrok cro-
POHEI, BpEMsl BBIDABLHBAHWS TEMIEPaTyphl DACTBOPA C
TEMI. PaTyPOA CKPYKAIOWUX MOPOX OKaspiBaeTcs Oouce,
M€M Ha NOPsANOK, MEHBLIMM N0 CPABH HHIO C BfeMeHeM
nepemelieHuit mpookH. INosToMy nogat/iMBOCTBIO NpOGKH,
€C/M OHA yXe (CTB M NPOHCXOAAT U3MEHeHHS TeMmepary-
PBI pAaCcTBOpA, MOXKHO npeHeGpeub. Ecau ke Temneparyp-
Hble U3MEHEHHS] HAaYHHAIOTCA OJHOBPEMEHHO C MNPOLECCOM
BbITEKAHHUA NMOPOJL, BEAYIIMM K 06Pa30BaHHIO NMPOBKH, TO
HArptB MPOM3CHACT HAMHOTO paHbimle, ueM obpasyercs
npo6ka, W NO3ITOMY NONOJAHHTENbHLIX ABJE!Hil OT Harpe-
Ba pacrtBopa He GyAer. B cayuae, koraa tepMmuueckuit
pexXHM. npapymacTCcs Ha MO3AHMX CTAAM%X CyLleCTBOBAHHA
CKBaXHHBI, T. €. IPH yxKe 00pa3oBaBleiCs .Npo6Ke, O0-
NO/IHHT. JIbHbIE J1ABJI€HHS, BBI3BAHHBIE HATPEBOM, GVIYT
CYWECTBEHHBIMH M HX MOXHO OUEHHTb no dopmy.ae (I-2.5).
Takne pexnmbl MOryT 6biTh mpu SKCNJyaTallud CKBaMHH.
CaenyomuM U3 mepedHCHeLHBIX Bhillle ¢akrTopos, Ha-
PYWAWHX HACANHIHPOBAHHYIO CXeMy pPaGoTH 06canHol
TPy GBI, SIBASETCA HECOBEDILEerCTBO UeMEHTALHH 3aTpy6HCOro
IpOCTPAaHCTBA B HHXHEH WYECTH CkBaXui b, [Ipun uge-
aJbHOM LIeMEHTHDOBAHHH, KOrJa Ha ONpPEAE/IEHHYIO BbICO-
TY 3230p MeXny CTeHKAMH CKBaXHHH H TPYyGOH paBHO-
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MEpPHO 3anOJIHEH UeMeHTHbHIM KaMHeM, MJAOTHO COeXHHSIo-
WHM CTeEKH CKBaXXHHH C TPY6Oi#i, 3ajja4a pacieTd CBOAUTCH
K OlleHKe HAnpsiKeHWH, ‘BO3HHUKAIOUWIHX B LEMEHTHOM KaM-
He, MopoAe W CTeHhax TPyObl MPH TBEPAEHHH LEMEHTHOrO
pactBopa. PemweH: e 3Toi 3ajayn, NO3BOJAIOLIEE P3CCUH-
TaTb HAnpsixerud, B YACTHOCTH B LIEMEHTHOM KaMHe, laeT
BO3MOXHOCTb OLUEHHTb NMPOYHOCTbL CAMOTO KAaMHA M €ero
CEfI3b ¢ TPY6O#l M mopoaoft. JTa 3aj1aya pellaeTcss M3BeCT-
HBIMH NpHE MaMH. B nefcTBHTENBHOCTH OTKJIOHEHHA OT
HAeabEOH CXeMH, MDUBOJASLLIHE K OCJAOXKHEHHIO pacuera,.
6YAYT BbI3BAHK BO3HHKHOBEHHEM JOMO/HUTE/NbHLIX Kanps-
KeHHH, OOyC/JOBAeHHHX HArpeBoM, M[O0J3YY4eCTbl0 OKpy-
WAIOUMX NMOPOA M LleMeHTHOTrO KaMHA, a TAKXKe HecoBep-
LIEHCTBOM LI@MEHTHPOBAH: A, T. €, HAJHYHEM B LUEMEHTHOM
KaMHe KaBEPH M Kara/0B, 3aNMOJHEHHBIX pacTBOLOM, H
nepexOJHOM 30HB MEXIY LUeMeHTHHIM KaMHeM M YHCTHIM
pacTBopoM. CMech LeMeHTd U pacTBopa B 3TOi 30He, gac-
THYHO 06Aaznas CBOACTBAMH TEEPAOrO TeJja, MOXET BhI3-
BaTb ! ONOJHHTE/NbHbIE K THAPOCTAaTHYECKOMY pacrnpejene-
HUIO AdPRJEHHs HA CTeHKM TPyO6n. Orenxa 3THX ¢$aKTOpOB
MO3BOAUT PACCYHTATH AOMNOJHHUTEJAbHLIE HaﬂpﬂH(eHHﬂ, KO-
TOpBle OPH 33JAHHCH NPOYHOCTH LEMEHTHOrO KAMHS CHH-
3AT CONPOTi BMeHHe 30HBl L MEHT:UHH JOMNOJHHTEJILHOMY
paspyLIeHMIO (OTC/aHBAHUE KAMHA OT TPYOH MJAH IMOPOLHI,
BO3HMKHOBEHHe TfeWHH B HEMOHOJHTHOM KaMHe M T, I.);
nocJejHee OyXeT NMPUBOAHTb, C OXHOR CTOPOHBI, K YyBe-
JANYEHHIO TIPOHHIAe) OCTH 30HHI LeMerTalHH, T, €, K yX\ A~
UWIEHUI0 BKCIY: TALLHOHHKX CEOHCTB 06cagku (morepu rasa
yepe3 30HY IeMEHTalMM U 3aTpyOHOE MPOCTPAHCTBO) M, C
Apyro# CTOPOHBI, —K EO3MOXHOCTH CXKAaFrHd OTC/IaHBaio-
merocd OT TPyObl UEMEHTHOrO KaMHfl THADOCTATHYECKUM
napjeHHeM DacTEODa, IIPOHHKILEr0 B MaKPO3a30Dhl MEWKAY
KaMHeM U TpPyOo#f.

> TouHoe onpejeseHHe XapPAKTEPHCTHK MNepeuUHCAEHHBIX
BHe (aKTOPoB Kak Aaf O6JACTH, TAe HEeT LeMeHTallH,
Tak 4 B 06/aCTH LieMEeHTAalHH, NPUBOAALLEH K OCAQXKHe-
HMIO. pac4eTHOR CXeMBl M NOBBIMIEHHIO DPACYETHBIX Harpy-
30K, AeACTBYIOLINX HA TPYOY, NPAKTHYECKH HEBO3MOQXHO—
X nNpOABJEHHE B peasbHOH OOCTaHOBKe nO cyluecTBy
HOCHT cayuaiiHuil xapaktep. [lo3toMy Aag pa3pa6o:ku
HOPM MPOEKTHPOBAHHA H pacyeTd MNPOYHOCTH OGCRAHOH
TPyOH M onpelesenvs ko3pdHUHeHTOB 3anaca HeOOXOIH-
MO NpHBJEYb CTATHCTHLECKME MeTOAn. Tak, HampHmep,
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TIpH H3BECTHLIX TJyGHHAX 38MeTaHMAl M MOIIHOCTH mJ/ac-
TOB, H3 KOTOPHIX NOP’ AW MOTYT BLITEKATL H 06pa3oBm -
BaThb MPOGKH, MO ONMHCAHHCH BhIIE METONLIKe MC X HO TOY-
HO paccunTaTe pacnpeneseHve JaBJAeHMH B 3aTpyOHOM
NPOCTPaHCTBE M, CaeX BaTEJAbHO, N OYHOCTH o6calHoth
TPYOnl. OAHAKO nrayyeHMe TOYHEX CBelleHHH 0 CBO: CTBAX
NOLOX, C/lAraloUIHX MACCHB, KOTODHIE MOryT OniTh mosy-
HYeHBl Cei'CMHYEeCKUMH, KAPCTAXHBIMH H HHLIMH M3BeCTHLI-
MU METOLaMH, CONPAKELO CO 3HAYUTEABHLIMHU 3aTpataMu
€pelcTs H BpeMenH. [lostoMy nonmitka NOCTPOEeH'IA MeTOo-
AMKH pacuera M HasHayenus koadduLHeHTOB 3amaca, ocHo-
BAHHAA Ha HeOOXOAMNOCTH TOUYHOIO- 3HAHUA YKAa3aHHBIX
CBOHCTB MaccuBa, Gyner SKOHOMHYeCKH HeaddeKTHBROI.
B cBasn ¢ atum meo6xonumo NpHUBJIYL CTATHCTHYECKHE
METOABl Aast ONpeNeNeHHsT MUHUMAJLHOTO -06DbeMa HH(pop-
MalUUKH 0 NOpoXHOM MaccHBe, oGecleuyHPaduUiero Ha3Haye-
HUA ONTUMA/IBHOTO KO3(duIHenTa 3amaca, nmamllero Mmak-
CHMAJbHLIE 9KOHOMHYecKnil 3ddekT: Ckasannoe B noJauof
ME€pe OTHOCHTCA M K oleHke [TPOYHOCTH, HeO6XOAUMBIX
HODM M MHHUMaJbHLIX TpeGoBaHi i, NPpexbABAS.EMBIX K CO-
BEPLIEHCTBY npCiecca 1 MEeHTal HH.

Bui6op noaxona k dHa/IN3y TPOABJEHHA TOPHOrO naB-
ACHHS JEKTYeTCH LeAbl0 HCCJeN0BaHHUA, Ecau sra weap
33K/I04AeTCH B BBHIABACHHH KaYeCTBEHHON KapTuHel nose-
ACFHS TOPHBIX NMOPOJA AAHHOTO THIA IpH BCECTOpPOHHeM
HEDaBHOMEDHOM CXAaTHH H_BHIAC’' eHHU Gbu3nyecKkUX CcHOB
STOTO H3MeHEeHHs NOA BJAHSHHeM TeMNepaTypel, pasiuuHO-
TO COCTaBa XHAKOH cpexbl, cosnaomen rPAPOCTATHYEC-

-4

KO€ nA3BJEeHHe U T. A., TO pAaIHOHANBLHO NPpeANOMOXHTD, -

HTO NMPOABJIEHHE rOPHOrO LaBJEHHA— NETE PMHEUPCBAHHDIH
npouecc. ' '

Oxnako Taxoii noaxox COBEDIIGHHO HENpHEeMJEM, eCaH
HEO6XOMHMO PACCYMTATD HAZEKHOCTH Kpen/zeHus cTeosa
CKBaxwHel. Ilpu atoM tpeyerca paccuuTaTbh BEDOSTHOCTL
6e30Tka3HOH paCoThl KDEIIH B TEHeHHE 3alaHHOrO BpeMe-
HH. BeposTHOCTB MOXeT 6biTh NIOACYHTAaHA kA OCHOBe Be-
POATHOCTHHIX 3aKOHOMepHOCTElH nposBAeHus ropHoro aae-
J<HUSH, )

Caenyer orMeTuts, uto PasHHLa B METOTHKe aHaJHM3a
NPOABJIEHUS, rOPHOrO JaBienus, o KOTOpO# 11Ja peun
Bhbiue, JHWL kaxywasnca. HMasectHo, uto kaxnas oT/]e/b~
Haf pean3auus cayyahHOro mpouecca npencrasaser co-
60t cayuafinyio KPHBYIO, OLHaKO 061lHe 3aKOHOMEPHOCTH
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npouecca XapakTe[H3yloTca HeCAyyailHBIMH (QYHKUHAMH
ppemenn. OLLOA H3 TaKUX ‘HecayuvalHplX QYHKUUR sisJs-
eTcA M:TeMaTHUeCKOe OXHUAaHHe CJIy4yaHHoro mpouecca.

[TpeacTaeutb npcsB/AeHHe TOPHOTO JAaBJeHHs B BHAE
JIETePMHHHPOBAHHOTO NpPOLLECCa—3TO 3HAYMT, NPOAHA/IHGH-
p(BaTh NMOBeA HHE €ro MaTeMaTHYeCKOro Oxupanus. l1pu
pacucTe HaxeXHOCTH, NOMHMO MaTeNaTHUYLCKOrO OXKHAAHHY
npouecca, cJaiyeT U3yudTb ¥ APYTH€ €ro BepOsTHOCTHBIE
XaPaKTEPICTHKH (aucnepcHio, KOPPeAALHOHHYIO (DYHKIHIO
uT. L)

TpyZHOCTH, CBAI3aHEBIE C WCNLITAHHEM HA, €XKHOCTH

MeXaHHUeCKHX CucTeM, “o6uensBectHbl. OXHA M3 3THX
TP  AHOCTEH COCTOUT B HCKJIIOYLTe. bHOI AJIHTEAbHOCTH
MCOBITAHMA, OITC MY JKeJaTe blO DAaCHcJaraTb MeTol:MH,
NC3BOAOWMMH MDY HAJAKYMH WHDOPMALMH O TMOBE/eHHH
CHCTEMb! 332 MaJjioe BpeMs NMPeACK:3aTb €€ MNuBeleHHt B
TeyeHHe AajbHel W& 3KCILTyaTauuH. ’
* HeauboJseé nennHok uHbopMauue# 06 ynpyrux xapax-
TEPHCTUEAX Te€X MJHM MHBIX TOPHLIX NOPOJ MOTLYT CAYXHUThb
3KCNepUMeHTa bHble JaHHBIE O THAPABJAHYECKOM pa3phiBe
NAACTOB B CKBa¥MHAX, A TaK)Ke HAYANbHBIE BeJHYHHEI
nJ CTOBHIX JAaBjeHdHH Boabl, H ¢Tu H rasa*, [:cuHbie o
BeJIMUYKHE MPOYHOCTH TOPHHX MNOPOJ NPH CHAPOPA3PLIBE
N/AaC10B, B/l AH-H ec¢TeCTBeHHHBIX (DEKTOPOB H ABJAAIOTCS
C[ABH! TeJIbHO HOCTOBepHHMH, IIpnucM ruAr 0 a3peIB. M C-
TOB HACTYMAeT B pe3yabTaTe YUCTOTU CIBira, T. €. npd
TaKQM HAMPAMEHHOM COCTO. HMH, KOrja TIJAaBHHE H.npf-
MeHHA B Ka)KJAOh TOUKE Yy, CTeHKu KPYyrJOro €1BoJa CKBa-
XH .bl DABHBI 10 : 6COJMIOTHON BeJAMUYLHE WU HANPaBJEHH MO
paavycy M Mu K:caTe LHOHA, 4 TOPHOE JaBJ/eH:.€ H AABJ. -
H:e THAPOUPa3pbiB4 MJACT(B-—He3dBHUCHMHE APYr OT Apyra
dakTopHI.

WMesi BeAMUMHBl MPOYHAOCTH ~ Xap°KTePHCTHKH roprIx
NOpOA, M JyYeH He NyTeM FHAPOPa3pPbIBA MJIACTOB MO Iy-
64 € CTIO0J1da CKB XXH hH, H DAacYeTHY!0 BeJHYUHY BepTH-
KaJt HOTO KOMI HEHTa TFOPHOTO RABJEHns, MOXHO OIpe-
Ae HTL k03¢ uuenr IlyaccoHa, Ha OCH BaHHM KOTO, Gr'o
JIeTKO OnpeJeganutb Ko3gduuneHt 60 0BOro pacnopa.

Bo u3bemanue moipoOGHOrY H3yYcHHsf MeXaHUYECKHX

* Jaworca pesyabtatet A, U. BynatoBa, A. A . FTaiiBopoH-
ckoro, A K. Kapaesa I.IO. Mowepuwka3 INNKepuMoBa,
H. N Tnncoaa T.I'' dapanxesa, I''C. IOsbaweBa no
NpPELNOHENNIO OIHOIO H3 aBTOPOB,

- é
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X8DaKTePHCTHK Pa3/IMUHbLIX I'CPHBIX NMOPOA, JOKAJBHO 3a-
JIETalOIHX 1O r1y6GHHe CTBOJA CKBAaXHHL, [PH JAHHBIX
YC/IOBHAX H BO BpeMEHHM, MOXHO HCIOJAb30BATh METOJ,
AaBTOMATHYECKOr'O YyNpeBa HEA OGBEKTOM NpPH HMSBECTHON
3aKOHOMEpDH(CTH H3MeHEHMSl BXOAHOH HE(OpPMAaLHH,

Marepnanamu, nesroagspomMMK H3yYUTH 3aKOHOMEp-
HOCTb M3MEHEHHS 3aNaHHOl MHDOPMalUHH, MOTyT CAYKHTB
AaHBble CTATH(THYECKOR OOPAa6OTKH BeJMYHMHL AdRJAECHUH
N0 TUAPOPE3PLIRY OTHEALHHX MJaCTOB COBMECTHO C [€0-
(H3MYECKMMH JaHHBIMH M JAHHBIMM M°XaHHYECKOTo Kapo-
Té&xa.
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Piic. 3. Peanrusaums cayvaiinofi dyuk-
unH P(f) 1 ee MaTeMaTHyeckoe OmH-
JAadaHue

14

s nonyueHusi MCTHHHOH BeJHYMHH KO3 ¢HuUHeHTa
Ilyaciora mo ray6uHe CKBAaXMHB HYKHO MPOAHAAN3HPO-
BATh IOBEJleHHE MATEeMaTHYeCKOro OXHIAHHA AEeTepPMHpO-
BAHHOrO Ipolecca THAPOPA3PHIBA MJALCTOB, a4 34TeM
M3YYHTb BePOSTHOCTHLIE XaPAKTeDHCTHKH JIHCMEPCHH U
KOppeAsIHOHHCH (PYHKUMH,

B nanbHeflweM GyAeT peub MATH O CHTyaluM, KOrad
32xaH npeleabHblil ypoBenb P(H) cayuaitnoll BesHuMHLI
rpajieHTa rop oro JAapieHHA. 3ajauya COCTOHT B TOM,
4TOGH, HaGaioAas (MyTeM nNpOBeAeHHMs THAPOLa3pPHBA
NJACTOB) Sd NMPOAB/JEHHEM TOPHOIO [aBJEHHS HA CPABHU-
T€JbHO KOPCTKCE BPiMS !, OUEHHTL BHA H MapaMeT{hl
pacnpene/eHust rpeMeHn G6e30NaCHOH [AGOTHL CHCTEMbI.
[Tpn 3ToM, Kax O6HYHO, HMEeTCA B BHIY OTJeAbLHHH 31e-
MEHT CHCTeMH (OTAE/bHHE NNACTH TOPHWX Mopoa). [Tpea-
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nosaraeTcs, UTO CHCTeMa (CKBa)kHra) B I€AOM BHIXOIHT
r3 CTPOfl, €CAH OTKa3aJ XOT Obl ONHH ee sjeMeHT (CMA-
THe ofcaanbix TPy6 B 30HE KAKC(ro-Au60 NJacra).
BeaencTBue  BO3peiCT- o
BHs Pa3THYHOTO PONA ecTeC- 7'
TBEHHBIX H TEXHOJOrnue- ol N\
ckuXx (aKToOpoB BCJHYMHA
rMApopaspeiBa nJaactos P,
B 33BYCEMOCTH OT IJ1yGHHH
3aneranus /1, HoOCHT cay- g
yalHbIi XapaKTep U MOXKeT
6bITh OMUCAHA caAyuyaiHOd g, N
¢byukuueit F(H), koropas N
npM nporolike (peaJuaa-
MK) KaMIO# MOCAenylo- 209 600 7000 1400 1600 Fim
mel CkBaXHHEI NnpHHHUNMaeT ‘Puc, 4, HopMuposaHHaR Koppe-
p33JINUHEIE KOHKPETHBIE ARUKHQHHAA PYHKUHA
(popMH; PI(H)v PZ(H)V°"
P(H). las XapaKTePHCTHKH CaydaliBhx QyHKUHH 0GHIYHO
OrPAHHYHBAIOTCA PACCMOTPEHHMEM MATEeMaTHYECKOro OXH-
L2HHsA, AHCMIEPCHH H CPeaHero KBaApaTHYHOTO OTKJIQHeHHs
KOPPeasUHCHHOR by HKIMH, XaPaKTe pU3yIoLel CreneHb CBs-
34 NoCJeAyIollero 3HaueHHs PYHKUHH C npenbulyLuuMH 3Ha-
YEHHAMH.
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Puc. 5. 3uauenve ko3¢pPHUHEHTOB a R v

Ha puc. 3 noxazana peaausiuusa csydaiHux ¢ynxunft
P(H), a Takxe ee MaleMaTHYeCKOe OXHIaune. 3HaudeHHUS

HODMHPOBAHHOA KOPPEJALHOH' 0ff QYHKLHH pe(H, H,), BHI-
YHCJAEHHbWe HA OCHOBAa!I HH NAHHBIX PUC. 3, COOTBETCTBYIOT

3akony .o, (H, H\) = e " (rme ¢,=0,86-10° H, », no-
Ka3aHn Ha puc. 4).
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Meroauka, paccMoTpeHHasn ~B pado e, mo3soasger onpe-
JeJHTh KOJHYECTBO AAHHBIX O. FHAPOpa3peiBe NJAaCTOB MO
rayOuHe M pasuycy maoOWAAH (onTu ¢ IbHYIO wacTOTY
Cnpoca) mjaa  MPOTHO3IM-

B lfen? pPorauus F(H) u F(r).
Jid Pesyabratnl  Buiuucie-
HHL. NOKAas3aJu, yTo MpH

. £~ .MATH DaHHLX O THAPO-
200)-— - =7 paspniBe nJacra Ha pi3-
1 JHYHOI, I1y0HHe OnHOIf

. // z CKBaXHHBI,  npodypey-

00 f—- T Kol B paioue Asep-
/// Galinxana, BO3V.OKHO

; T NPOTHO3HPOBAHHE  }3-
7 400 800 7200 7600 2000 Fim Meﬁ::‘)ﬁ"cj npHBeeHH
Puc. 6. dmopa pacnpenereuns ro- Pe€3yJ/ib.aThl BLIUHC.iCHUA
PHU30OHTAJIBHOIO  KOMIIOHEHTa Trop- BeJNUHHBI [(an_)q)”u“eﬂ-
- Horo ManeHus: - ra[]yaccoHa M BeAHHHHM
2 topaontannan Kounoner opmars e KOB(HLFEHTE GOKOBOTO
Aenns , pacnopa mo ray6uue

\ CKBaX(HHHI, & HA  pHC. 6
NOKa3ana 3Mi0pa. PaANaJbHOTO aBJI( HUA CO CTOPOHBI YIpYy-
FOr0 Macc:Ba FOPHHIX It POX HA KO/O HY O6CaIHLIX TPY6
Nno ECeMY CTBOJY (KBaMHHH. Taknum 06paso. , HafeXHOCTb
pacyeta KpenJieHHs CTBOJIA CKBAaXKHHB MOXET GHThb GOOC-
HOBaHA IJA KaXJ0r0 MEeCTOPOXKIEH fl, HMEIOLIEro CBOM
HYaCTHEIE T'e0JOTHYeCKHe -OCOOEHHOCTH. -

s

§ 3. 0 METOJMKE ONPEJENEHHSI CBOHCTB
WEMEHTHBIX PACTBOPOB B NMPUCYTCTBUA
" NOPHUCTOH CPEJ "

Kak u3BecTHo, meMeHTHwI pacrBop B npolecce ueMeH-
TaLMH B3aUMONEHCTBYeT C MOPHCTOH cpeloH, uTo, Gesy-
CJ0BHO, AOMKHO BAHATL HA peoJOrMYecKHe, ¢ TaKKe H
Apyrde na;aMeTpH, XapaxkTepH3ylomue LeMeHTHHIA pacT-
BOD: . 3 N P

Bonooraaua nementHoro pacteopa onpeneJ: eTCs yepes
¢uapTpOBaALHYI0 Gymary. Ham He H3BecTHW HCCAenOBa-

* Pa6ota BLIMONHEHZ ONHAM W3 aBTOpPOB COBMECTHO ¢ O, M.
MapxoBbiM.
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Tabauya 3

KoandecTno
Hpowuad® | B/ nementro-| erguintpe- Havano cxpaval-
Tunet ¢ HALTPOB . MOCTB, ro actsopa |sabuwieficd BOAbI,| BaHUS, Hachl
Mdapcu < |emr, a2 15 aun

U3 HOXaynero
KaMHs \ 1748 0,5 o0 1,41
M3 necuaHuka 615 0,5 47 3,50
To xe 188 0,5 39 6,36
. 55 0,5 325 79
HenpoHunaeMsiit [ ] 0,5 ¢ 14,00

HHf,, OLEHUBAOILIKE BJHSAHHE MPONYCKHOK CMOCOGHOCTH
¢uabTPa Ha BOLOOTIAYY . KOTOPAA ompeleaseT H Ipyrue
napaMeTpel, B YACTHOCTH CPOKM CXBaThiBaHuA. B LaHHOM
nsparpadie IMpUBOIUTCS HCCAeLOBaHME pasalyliblX MOpHC-
THIX cpel, .rasonpoHMIaeMOCTb  KOTOpPHX  JlaeTcsi. B
tabauue 3..

Ha puc. 7 npuBejcHa 3aBHCHMOCTR HAYAJIA CXBATHBA-
HMs TS 4eTHPEX TMOPUCTHIX CPel W OAHOH Hemponunae-
MO, T. €. onpeleNedioi CTaHAaPTHHM cnoco6oM —npHGo-
po:i Buxe. OnbiTel MPOBOIMIMCh € O6P:3UAMH, FACHIMLEH-
HpMH BoJoH. Ha Tou iKe pHCyHKe HauepyeHa KpHBAA
31BACAMOCTH BOLOOTAAYH 32 15 MHMH. OT MPOUNUACMOCTH.
OnuTel MPOBOAHA: Cb A1s1 BOJOLEMEHTHOrO ¢axropa, paB-
"woro 0,5. '

Tabaruya £

T
Koa 1ucerso oThuam- Hasax0 cuoaTHBINWE
TpoyaBincAca BOAM, ~ vyacu ’

Tumm @rapTpos
cx, 3a 15 uva,

-

duabTpoBatb ag 6ymara
(6= MM), HACHIIECHHAN

BOAOH 43 35
To xe {6=25mm)* - . 89 492 ,
To we, cyxaa (6=25 MM) 2 0,33

-
B ra6aune 4 npdeeleHnl COOTBETCTBYOULNE XAHHHE
naa duabrtposasbHoRt Gymard. [Jas comocraBjaeHHA MNPO-
BOJHJHCh OMBITH ¢ (PUALTPOBAARHOA Oyraro 0,25 mm, 9TO
COOTBETCTBYeT BHICOTE NpPHMeHseuHX o6pasuos. Ecrecr-
BEHHO, YTO NMPH C: X0t QHAbTPOBAABHOR OGyMare Kanmu/iap-

Has MponuTka, KOTtopas COCTABAA/A SHAYHTEABHYIO YA4CTh,
' »

*Ha nponmtey sarpavusafocs 109 ca®

s »



npuBoAuaa K GoJblLlOMYy OGE3BOXKHBAHHIO LEMEHTHOTO
pactsopz. B péayabrate, €CTeCTEEHHO, HAYaAO CXBATHIBA-
nus yMmenbwuaoce Ao 0,33 vaca. ¢ .

/‘

N
)
T
3

]

N
<

Hasana crbamsibanss yem. pacmlgpa, vace!

—

Komwecmbo  ompunempoliasics  Ocder,on

0 . 000 - 1500
Rpowyyaemocms  gumsmpa , Miapcy

Puc. 7

Jlnsi  COMOCTABHMBIX ONHLITOB HEY3JI0 CXBATHIBAHHS—
4,92 yaca—Hu pPHCYHKE COO1B( TCTBOBA/I0 ITPOHHIa€MOCTH
300 xdapcu, @ HA4aJO CXBATH: AHWsI A8 OQBLIYHO MPH-
MeHsieMOH duabTpoBaarbHOit Oymarn 0,2 Mmmu—npoHunae-
MoctH CoJee - 900 xdapcu. '

Takam .« 6pa3oM, Ha HAYAJO CXBATBLIBAHHA C\ILIECTBEH-
Hoe BJHSHHME. OKAa3bBACT KiK INPOHHLEEMOCTb, TaK M
To/MKa 00pasua, a Tak:Ke erc coctosnHe (HaCHIEHOCTh
BO/IG#H, Ta30:, H:(hTow). Ilpr 1ocTi:eHHH onpeAeseHHBIX
3HAYelHH 3TH BeJHUMHB NPAKTHUCCKHM HE BJAHSIOT Ha
Ha4a/JO0 (XBATHIBAHHA.

§ 4 0 PACNIPELEJEHHH FEKOTOFB!X XAPAKTEPHCTHK
LLEMEHTHOI'O PACTBOPA H KAM:isl N0 BbICOTE [41]

- i

* Heno..noe BLITECHEHHE TJIHi' HCTOTO pPacTBOPA LEMEHT-
HBIM B MPOLLECCE IEeMEeHTHPOBKH CKBAXHHB, 8 TaKXe He-
P&BHOMEPHOCTb YIEJbHOIO0 BeCa, LEMEHTHOro Kamid Mo

H



IsuHe 3aTpyGHOro MNpPOCTPaHC(TBA fABJSETCA OKHOH H3
MPUYMH OCJAOKHEHHHA B mpouecce GypeHMs ckBaxHuH. B
npoluecce 3aTBepPAEHHS LEMEHTa yleJtHuill BeC, IOPUCTOCTh
M NPOrMIIaeMOCTb €ro H3MeHSIOTCA. JTOMY CnocoGCTBYET
HEONHOPOAHOCTb CYXHMX TAMIOHAXHHIX CMecel M pacTBO-
poB. Brictpo pasBMBaOLIasACA MPOMBILIJIET HOCTh MOJAHMe-
POB ZIa/sa BO3MOXHO(Tb MNPHMEHsTb pa3/iMuHbie N06aBKH
K LeMeLTHHM pacTBopaM. BeolAs pa3anuHoro pola Ino-
6aBKY, a TaKXe CO3laBas INOJHMepUEeMeHTH, NO0Jy4aloT
Heo6xonHvbie (PU3NKO- MeXaHHYeCKHe CBOLCTBAa PacCTBO-
pop [17].

A. H. ByaatpBeiM ¥ Ip. OBI0 H3Y4YeHO BJHSHHe He-
OIHOPOIHOCTH TAMNOHAXKHBIX PACTBOPOB ka «PH3UKO-MeXxa-
rHyeckue cBoficTea 3aTBepleBuiero kamus. ONHOFOAYOCTB
onpeieasaacs no Merony MHCH um. Kyg6punesa. 3rtor
MeTOL OCHOBAaH HA NMPHMEHEHLH OKPAIIeMHHIX JIOMHHECLH-
pVIOILMMH KOMIIOHEHTAMH MEeCYYHOK, H00aB/sieMHX B Le-
MeHT. MeTold ,MeYeHHOro“ m(CKa MO3BOJWKJ YCTAHOBHUTD
3aBY.CUMOCTb HEQAHOPOJAHOCTH LI€MEHTHOTO KaMHA OT Bpe-
MEHH mepeMellkBaHHs. )

ABTODaMH TOKAa38HO, 4YTO C YyBeJMYeHHeM BpeMeHH
nefeMeIMEaHuA pacTBOPOB (C MOMOLIBI Jsa6opaTOpPHOH
M wanskun n, = 12500 06/mur) or 5 1o 35 MrH. ORHOpOR-
HOCTb OGpa3sloB H3MEHANACh COOTBETCTBEHHO 0T 35 1O
59 %.

B padore A. C. Maspenckoro [38] uayqadocxg BJAMSA-
HHe CXeMbl MDHIOTOBJIEHHS OJIHODOAHHIX MHOTOKOMIIO-
FEHTHBIX CYXHX TarIIOHAXHEIX CMeCeH Ha D33JHYHBIX
CMEeCHTEJIbHBIX YCTPO! CTBAX HA CTeNEHb HEOJAHOPOIHOCTH.

B o6eux paGoTax xapakTep 3aBKCHMOCTH He( IHOPOA-
HOCTH KaMHSl M CMeCH OT EDPeMeHH TepeMelHBAHUA I10-
JIY9H/CA OLHHAKOBEM. TaxuM 06Da3oM, MOXHO CHeaaTh
CAeLYOUIHA  BBIFOX, YTO HEOLHOPOAHOCTE, KCTOpas No-
JYYaeTca IPH NPHUTOTOBJIEHHH CMECH M LEMEHTHOTrO pac-
TBOpA, B mpolecce 3aTBepHeBaHMs ILeMeHTa ENJOTb L0
o6pa3oranua ueMeHT; Oro KaxHf coxparserca. JlaHHBIA
BONPOC H3y4E€H LEeNOCTATOYHO M C LesErl0 €0 NPOoEePKH
6bl/1a MOCTAB. €HA CepUsl 3KCMEePHUMEHTOB 10 ONpeleseHHIO
yZe/JbHOTO- Beca leMeHTa B BcpTHKasbHONW TpyCke A8
C/;uaf HIeANbHOTO BHITECHEHMS. YJeabHnd Bec omnpe-
AeNsiC B 3aBHCHMOCTH OT TYOHHB CJ0f M PN Pas/Hd-
HOM BpeMeHn mnokos pactsopa (15, 30 m 60 mun). Lle-
MEHTHLIH pacTeop, ¢ 6,4 = 0,5 NPUrGTOBJAAJH B MellajKe
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B Teu:Hue 10 mum, a 3aTeM 3aqUBaJH B r/alkyio CTek-
ASHHYI0 TPYOKY 3" w danHo#t 400 cx. [1po6hl oTGUPanu
yepe3 crelra/jbHble COCKH, NPUBapeHHpe K Tpy6ke uepes
Kaxabie 20 ca. .

[lpennonaranoce, 4To.C yBesauueHveMm rayOHHBL CJ0S
yAeJbHLI BeC CXBaThIBAEMOTO UEeMEeETEOr0 pacTsopa L0J-
MEH HECKOJbKO YBEJHYMBATECA, & C TEYEHHEM BpPEMeHU
pacnpeje/ieHye «ro T0MKHO"CTATh PABHOMEDHLIM. Peayb-
TaTH 5KCNCPUMEHTOB MOKA3a/H, YTO OXIFJAaeMoro addex-
Ta HET M 33aBHCHMOCTb YAE€JAbHOI'O Beca IO BLICOTE HOCHT
CAyuafiHpil XapakTep, a yBesuueHHe €ro ¢ i, GHHCH Cuos
He na6/a101a/10Ch. -

. Ha puc. 8. nanu peayabratsr 9 3KCNEPUMENHTOB (BpeMsA
nokosi 30 muwm), NOKA3LIB4IOMIHE OTKJOHEHHS yAeabERX
BECOB OT CpeAHero 3HayeHHsa No AJHHE TPYOKH. DTH OT-
K/IOHEHHS BapbHPyOT B LIMPOKOM AranasoHe—oT - 0,1

no—0,12 efen?®,

g
[ 51

40k

A \VAV, ‘ /\

Puc, 8

O6paboTka SKCNEPHUMEHTOB MPOBOAH/IACDH CAEYIOLIUM
o6pasoM. J[Ias Kaxa8ro us 13 onuiToB, M3 KOTOPHIX B 2
c peMeHeM mnokosa 15, 9—30 n 2—60 sxun onpenes-

a
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JINCb BEJHUYHHBI OTKJOHEHHR YAEJbHBIX BECOB OT CpenHe-
ro 3HayeHHdA: BBepPX—3@8 Y[LOE€Hb CpeJAHero 3HAaYeHWUA H
BHH3—HHXe 3TOr0 YpPOBHA.

Tabauga S5
Bpems Hanpas R (illisf' (;Elenn-
l:,?s:f noKon, onTeKHJ,"oe_ 3Hay eHHe OTKJIOHEHIH @, MM aMna- aﬁ';ﬁ:-
MHH | Henus TYR3, { ppeme-
MM HH
I + [14241414414 99 14 12,8
;5 | = [3116162141 16 16 |+153
I + 4221732217 12 17,7
- |[132313 3138281818823 153 | —15,6
111 4+ 1020515250 155 12
- |515515515 10510 - 9,5
v + |24949194999 ¢ 106 |
= 1111 1111 11 21 | 98
\' + [18138 8231332318 33 16
g0 | = |37 72195727 18,4
\" + 25255105 155 50 40 16
— 130515 15 £0 40 20,6
Vil + |188313331313388 38 145 | +158
- [37327172271212 142 | —158
Vil + (1227712277127 125
— |1382332381818 135
X + |27 12222232 w797 21,4
- [82331323323288233 153
X + (141934499 14,8
. - (36111 16
X1 + |19 19 24 39 . 25
- [316116 36 18
60 o :
XII + [231381313313313 33 98 | +157
o - . |1788727913 127 |-
X111 + 461116 312126211 216 | —146
- |9 915942439 14244 16,5
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TMonyueHHple 3HAUEHHA OTKJIOEEHHH NpUBEAEHHl B Tab-
Jule 5, U3 KOTOpPOH BHAHO, UTO CPelHHE 3HAYERHS aMIl-
AMTYd BpIGPCCOB 3@ CPe¢AHMH YPOBeHb yIeJabHOrO Eeca
BBepx (+) ¥ BHU3 (—) COOTBETCTBYIOT:

o t, =15 mun.—15,3 n 15,6 ux,
t, = 30 mun.—15,8 u 15,0 mn,
t, =60 muu.—15,7 u 14,6 mn,

yto cocrapaser Beauuuny 0,03 z/cu®. Caenoparenbho,

OTK/OHEHHA BeJMYHUH YyJAeabHblX  BeCOB OT CpeIHEero
3HAYeHVS He 3aBUCAT OT
BPeMEHH TNOKOsA, TaK Kak
MAaKCcHMaabHad pasHuUa B
OTK/NQHEHHAX yAebHbIX
BecoBHe npespimaer 0,002
2/cm®, 4TO HAXOAMTCA B
npefenax norpemHocTed
H3MepeHHi.

Ha puc. 9 raHo sxcne-
pUMeHTa/bHOE  pacrpene-
JeHHe aMIIATYX BhIOPO-

_ cos. Jlannoe pacnpenene-
'*""f;ﬁﬂue yA0BJE€TBOPHTENBHO
’ cornacyerca  (h, =0,15 n

fta)

z kpuTepuil coraacus Koa-
Puc. 9. moropoBa P(),) = 1) ¢ Hop-
© Ma/ibHBIM 3aKOHOM:
) (1—4.1)
= —_— 25?2
f(al) NKI '/‘-2—1“, e .

rie of6mwee kKoauuects) 3aMepos N = 215; BesHuuHa
vuTepsana, ApoGJeHHs 3MoupHdYeckoro psana K, = 10 ux;
cpelHeKBaLPaTUUHOE OTK/IOHeHHe 3 = 18,3 mu.

Kpome Toro, omnpesgesneHpl BeJHYHHBH OJAHH BHGPOCOB
yAeAbHBLIX BiCOB 3a CPelHMil YpOBeHb M 4acToTa MX IO-
BTOPACMOCTH B KaxAOM onwre (Tadauua 6).

M3 ta6anust 6 BHAHO, YTO BO BpeMeHH AJHHAa BHOPO-
COB @ OCTAeTCA NOYTH NOCTOAHHOM W HE 3aBHCHT OT Bpe-
MEHH MOKOfl WEeMEeHTHOTro pacTBOpa.

JKcnepUMeHTaJbHOE pacnpenesiHHe o, MPeACTaBAEH-
HOe Ha pHC. }0. omncwBaerca (A, = 0,01 H kputepnii
Koamoroposa P(k,) = 1) teopernueckuM pacnpeneseHueM

as












MyJie;

1

X (yj— ypp)?
Q (y/xyXyr g} = 1= (11-2.18)
- ‘Z(Yj_)’)z

j=1

KoadpdrurenTsl MHOKECTBEHHOA KOppe/fluM, AuCHep-
CHOHHOE OTIOlUeHHe M ero CpeiHeKBaAPaTHUYHOE OTKJO-
HeHHMEe, KPHTEeDHAA HAJN€XHOCTH M CTemeHb HEeJMHEEHOCTH
MOJesH BHIYHCJAKTCA NO-CAeAYIOIIHM BHIPAXKEHEAM:

Rxlxy, Xyovvy X0 =V Qlyixy, Xo ..., x5}, (11-2.19)
ny/xh Koy eray xn

-1 L _N(y._3) '
= e 1 jé()’pj )’) ) (”'2-20)
o= = "”’/”;’/;" oo o (11-2.21)

_ MylXiXg, v, X

f, = L2 n 27' , (11-2.22)
= V‘n;i/xh Ky — R;/xli KXo (“'223)
Ecan ni/xl, Koo o — Ry X xg ->£ (uMcao  mabaione-

Huft), TO cJaeayer nepefiTh K INOCTLOEHMIO FeJHHEeHHOH
MOJAeJu.

Huxke nfuBoAMTCA mNpHMep ompegeeHHs BpeMeHH Vi
Haya/a CXBAaTbIBAFHA B 3aBUCHMOCTH OT C/eAYIOLIUX MO-
Ka3aresell yAe¢JbHOrO Beca X; LE€MEHTHOI'O pacTBOpa, TOH-
KOCTH moMoJa X, (octatka Ha cHTe 900 ome c#*), TOHKOCTH
noMosa x, (npowao yepes cuto 4900 oma/cm?), pacrexa-
eMocTH X, npu 70% BOAW AJ5 3aTBO[ €HHS pacTBOpa,

Jlnf onpencsieHHs BpPeMEHM Hayajaa CXBATLIBaHMS MpH-
HUMaeTCa cJellyloliee JIMHeH: Oe YPaBHEHHe NHOXeCTBeH-
HOH perpeccH:

Vi, = @og + @1pX1 F Qoo Xy + Q3203 + @40y

[Tocie pacueToB mno BLIHIEyKAaZaHHON MeTOAMKe COC-
TaBAAeTCA KOPPeAALMOEras Tabjauua IAsd nmapHblx 3pade-
HMA napaMeTpoB (¥i,— X, )'to—’xzv Y= X3y Yt X4y X=X
H T. L)

OxHa V3 33OQJHEHHBIX 'ra6Jmu NpHBeJeHa HHxKe
(ytn—x2)
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. Tabauya 11 /

| 1,75— | 1,00~ | 2,00—{ 2,26— | 2.43— | 2,60~ | 2,77=
" 19z |20 |22 l 243 | 260 | 2,77 2,94 | 1(x)
0,1—0,2 5 3 1 1 2 2 14
0,2—0,3 4 5 1 1 -1 12
-0,3—0,4 2 2 1 2 1 8
*0,4—0,5 1 1
0,5—0,6 1 1
0,6—0,7 1 1
07—08 | . 2 - 2
n (y

Pesyabrathl pacuetoB no ¢opmyaam (I1-2.6)—(I-2.8)
Hasel B Tabiklue HOPDMHUDOBAHHON KOOPE/JSILMOHHOH MaT-
PpHIUBI.

Tabauya 12
3Hadenns xoapdruMenTa Koppea auuu |

TToxazartean Cpennee | Cpexxexsafipa-
KayccTpa vt . 3HaYeHUE THYHHE OTKNO-

° Xy X3 Xy Xy m Henua o

yt, 1 0,648 |—0,204]—0,174( 0,242 | 2,111 0,305

*1 1 —0,076;—0,195| 0,125 | 1,625 0,011

. .1 |—0,514/—0,236| 0,35 0,176

X! 1 1—0,12 95945 | 1,301

1 22,507 2,78

Koapduuuentst a,(i =0, 1, 2, 3, 4) onpenensem peue-
HHeM CHCTeMH YPABHEHHM:
0,648-0,305 = 0,011q,, — 0,076.0,176a,, —
—0,195-1,391a4,+ 0,125-2,78a,,,
— 0,204.0,305 = —0,076-0,011a,, + 0,176a,, —
. — 0,514-1,391ay, — 0,236-2,78a,,,
—0,174-0,305 = —0,195- 0,011a,, — 0,514:0,176a,, +
+ 1,391ag, — 0,12-2,78a,,,
0,242.0,305 =0,125.0,011a,, — 0,236-0,17€6a,, —
' —0,12-1,391a,, + 2,78a,,.
B pesyabraTe pewlenus 310l CHCTEMBI MOJAYyYaeM:
a,,=15,40; a; =0,535; az =0,060; a, =0,0071,
3Hauenue ag = — 16,26.
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Toraa ypaBHeHHe perpecCHMH NMPUHHMaeT BHA:
¥, = — 16,26 4+ 15,4x;, —0,635x5 —
—0,069x5 + 0,0068x,. (11-2.24)

JInf CcTemeHH HAEHTHYHOCTH KO3dhduimesT MHOXECT-
BEHHO! KOppeAAlLMH H KOPPeJALHOHHOe OTHOIIEHHe Moay-
qaloTcs cleayiolleil BeJHUYHHEL

Qy/x,, x5, X5, X, = 0,475;
__Ry/xlv x21 x3) Xy ¥ 01724;
U’D’/xh Xg, X3, Xy = 0,73.

OueHnka useHoB ypaBHeHHs perpeccHu (II-2.24) mo3so-
JseT npeHeGpeub TOYHOCTHIO MOMOJA X, H Xj.

Ha BTOpOoM 3Tame awaan3a TNpPHHHMaeM 3a OCHOBY
NOKa3aTe/Ju yleJbHHI! BeC X; U pPacTeKaeMOCTb X;, APTKO
nojfalollecs KOHTPOJIO B IPOLECCe MPHrOTOBJAEHHS
[IEMEKTHOrO0 PacTBOPA.

[Mocne awanornuHuXx mnpeo6GpasoBIHMil moJydaeM cJe-
Aylolllee ypaBHeHHE Derpeccuu:

Vi, = — 25,73 4- 16,85x, + 0,0204x,,  (I-2.25)
A KOTOPOTO ]
Qy/xl, x4 = 0,475; Ry/xl, x4 = 0,725;
ny/x;, x, = 0,725.
3HayeHUsa k03dPULMEHTOB MHOXECTBEHHOH perpeccHu
CBHIeTe/bCTBYIOT KaK B ePBOM, TaK W BO BTOPOM CJyuae
0 HaJUYMU CBA3H MEXAY aHAJU3UPYEMBIMH MOKa3aTessMH,
dto noaTBepxaaeTcd Takxe Kpurepuem 6, =9,8, xoro-
pbll TIPEEOCXOAUT KpHUTHYECKOe 3Hauenue 2,6 anaa Bepo-
sthoctn 0,95. [Ipuuem 6e3 moTepn B TOUHOCTH MOXHO
NMPHHATh I/ pacuera BPEMEHH Hauajaa CXBAaTHIBaVHs ypaB-
nenye (I1-2.22). Takum o6pasoM yCTaHaRAUBaeTCA CTENeHb
HJeHTHYHOCTH MOJE/H 3KCMepPHUMEeHTaJbHEIM JaHHEIM,

§ 3. MOCNENOBATE/bHbI AHAJH3 BAJbJA

B nra6opatopHbIx HCCIeZOBIHHMAX uwacto Tpebyercs
onpefesHTh CpellHUE 3radeHUs HEKOTOPHIX IOKa3aTelew.
OnpT 06pabOTKH 3KCHePHMEHTAJBHBIX JAHHBIX MO Ompe-
AeNeHHIO CBOWCTB GypOBOTO M TAMIIOHAMKHOTO PACTBOPOB
nokasaJ, 4YTO 3HAaYEHHs II0Ka3aTesJel pacnpele/fAlTCA
OTHOCHTE/JIBHO CpPEJIHHX B OCHOBHOM TO HODMaJbHOMY
3aKOHY, I'Ipn HCNIONAb3OBAHHN H3BECTHHIX METOLOB Ollpe-
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AeJIeHHA CPeAHHX nOKa3aTeJell N0 MapaMeTpaM rayccoBOH
KPHBOA OOHYHO NPHXOAHTCS HMETb 3HAYHTEALHOE YHCJAO
3KCNIePHMEHTANbHEIX JaHHEBIX.

Hanpumep, npH onpemeseHun cpeldnero 3HaYeHHs
CTPYKTY[HOfi BS3KOCTH C TOYHocThlo A0 E=0,9 ¢n3 u
CPelHeKBaJpPaTUYHOM OTKJOHEHHH ¢ =5 cn3 norpebyercsa
YHUCJAO 3KCNEepUMEeHTOB, paBHOe

' _ 3 )
Mo =7 (11-3.1)
rae ¢t = 1,960 aas BepostHoctH 0,95 n,,= 120;
1 = 2,576 naa BepoatHoctH 0,99 1,, = 205;
t = 3,290 ana pepostHocTR 0,999 £2,, = 324.

Kak BuaHO M3 nmanHOro nmpuMepa, Onpefesiende CTPyK-
TYPHOIl BsSI3KOCTH B 3TOM Cayuae TpeGyer G6OJbwOR 3a-
TPaThl BpeMeHU U CPencTB. UHCAO 3KCIepHMeHTOB MoMeT
ObITh COKpallleHO 3a CYET YMEHbLIeHHS TOYHOCTH. Hampwu-
Mep, npu Ttounocth E=1,8 n ¢ =1,96 uncro axcnepu-
MEHTOB yxe GyleT:

1,9¢2.52
n=-g =%

TaxkuM o6pa3om, 3ajaBaeMas TOYHOCTh HMeeT - pewalo-
lee 3HayeHue M MOJHOCTBIO olpenensieT HeoGXoAHMOE
YHC/IO 3KCNEPHMEHTOB.

B ciyuae, ecqn 3rayeHHs nOKasaTess KauecTsa pac-
Dpejie/ieHEl 0 HOPMAJbHOMY 3aKOHy, A/fl OUEHKH Cpej-
HHX NMPHMEHHMM IIOC/IeJ0BaTe/bHbIH aHA/IU3, KOTOPHIH MO3-
BOJMAET MO 33AaHHOH TOYHOCTH MOJYYHTb HOCTOBEDHBbIE
3HaYeHHUs CPeAHUX TPH OJAHOBPEMEHHOM COKpAIEHHH
YHCAa IKCIEePHMEHTOB.

Yucao mcnbiTaHMR 31ech 3apaHee He 3a/aHo. Hawmepe-
HHfl BeAYyTCA NOCAEJOBATENIBHO M Ka¥JHi pa3 NMPOH3BO-
IUTCA pacyeTr, Ha OCHOEAHHH KOTODOTO JeJiaeTCsi BhIBOX
/1RGO O mpexpallleHHH HCIBITAHHR 1S OLEHKH CpeIHero,
JH60 O HEOGXONHMOCTH NPOBEAEHHA AAJbHEHIIHX HCIbl-
TaHHM,

Huxe npuBoAATCS NpHMEPH O HEOGXOLHUMOM ~ KOJH-
yecTBe HCNBITAHANH IS OUEHKH CDeXHMX 3HaYeHMH npe-
A€JNBHOTO HaNPAMXEHHSA CABHTA Ty, CTPYKTYPHOU BA3KOCTH.”]
H 3HAYEHHA NPOYHOCTH LIEMEHTHOTO KaMHs.

Ilpumep 1. Tlyctb, Hanpumep, HeO6XOZMMO OLEHHTD
cpelHee 3HauyeHHe TMpPeleJbHOrO HanpAXKeHHsA CABHra <.
BuiaBuraiorca ABe THNOTe3H: runoresa /, o ToM, HTO
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3aMepeHHbe 3HAYEHHS Tqy, Toz, + .., Ton B3ATH H3 COBOKYI-

HOCTH CO CpPeIHHM 3HAY€HHEM T, THIOOTe3a Hl 0 TOM, UTO
3aMepeHHpe 3HAaYeHHA B3ATH H3 COBOKYIMHOCTH CO Cpen-

HHM 3HauYeHHEM Ty, NPHYEM To> T, 3aRaeMCsd CTENeHbIO
PHCKa HJIH BepOATHOCTHIO NMPHHATHH THIOTE3HL.

TlycTb o, BepoATHOCTb MPHHATHA runore3n , korna
B JeECTBHTENbHOCTH CPeJHEe 3HayeHHe eCThb T, B—Bepo-
ATHOCTb NPHHATHA THNOTe3n /1), Koraa B AefcTBUTE/b-
HOCTH 3HaueHHe eCTb T,

[Mockoabky HaunGoJee He6JaronpUATHO NPHHATHE I'MIO-
Te3n O TOM, YTO CpefHee 3HaYeHHe YIOBJETBOPSET Ha-
WIHM TpeGOBAaHHAM, KOIZAa Ha CaMOM JeJse T, OKa3nBaeTCs
BBICOKMM, NpHHHMaeM, 4yto o, = 0,05, a 3 =0,1.

Tlpn nocnenosaTe/bHOM aHaJM3e YHCJO MCNBITAHHA He
3amaetcsa. Iloc/sie KawAOro HCNbHTaHMA NPOM3BOAMTCA pac-
yeT, Ha OCHOBaHMH KOTOPOrO INPHHMMAETCs pelleHHe:
1) npuHaTs rumoredy f1; 2) npuHATh runoresy fj;
3) npono/sKaTh HCHHITAHUA.

A. Baaba [11] nokasan, ¥rto A8 HOpMaJabHO pacrpe-
JeJIeHHON C¢JaYy4YaflHOH BeJHYHMHHL 3TH pelleHHs MOXHO
NPUHATL HA OCHOBaHMH HepPaBeHCTBa:

n -
ap+bin < Xy <ap+bn, (1I-3.2)
i=1
rie n—uuc/o HCMNHTAHHI, y,—(aKTHUYeCKOe 3Haue€HHe B
{-TOM" HCTILITAHHH. '
Kak Ttoabko uepaBerctBo (II-3.2) He BuimosHfeTCH,
PHHHMAaeM COOTBETCTBYOLLYIO TMIOTE3Y:

1. Hy, ecan Y, < ag -+ b1 -

=1

n
2. Hy, ecan Y. > a3+ byn.
=1
Ecan unepapenctBo (II-3.2) ocraercs B cHJe, TO HCIH-
TaHUA NPOROJINANTCH.: *
B HepaBencrBe (1I-3.2)

Qog =—;—’-1n 7 Ba = — 182,25;
2 S §
4, = -2 1n 1=E = _ 196,09,
7 a5



by="2I2 =925

8 =% —= = 25.
CocrasasieM HepaBeHCTBO:
— 182,54+ 92,51 < 2 Ty < 196,09 + 92,57.

=1
Briuncsenus yao6Ho cBectH B Tabauuy.

Tabruya 13
n
"c"'l:é.r'r;&“m a.,- bn %ol "oi aytbin
j=1
1 2 3 4 5
.
1 —89,75 17 17 288,59
2 2,75 89 106 381,09
3 95,25 149 255 473,59
4 187,75 163 418 566,09
5 280,25 154 572 658,59
6 72,75 164 736 751,09
7 5,25 29 828 813,59
8 557,75 42 870 936,09
9 650,25 85 955 1028,59
10 742,75 121 1076 1121,09
11 835,25 137 1213 1213,59
12 927,75 1727 1385 1306,09

B Tta6auue 13 rpadm 1, 2, 5 3anoausoTca g0 npose-
neHUs1 vcnbitaHui. B rpade 3 duxcupyerca daxruueckoe
3HaueHHe mpPoOH, a B rpade 4 NpPOM3BOAHUTCH CYMMHPO-
BaHHe.

M3 rabauuer 13 BHAHO, UTO yikKe mocae 12-ro HCNHTAHES
HepaBeHCTBO . (II-3.2) He BHINOAHsETCH, CAELOBITENABHO,

NMPRHHMaeTCH THNOTe3a, 4YTO CpeJree 3HAUeHHe 7y = T, =
M2

cM?
[rHenepcHss no DaHHEIM ONBLITOB GyZHeT:

Y (g =)

-
Cpennsas omr6ka Oyner:

= 2328.

6? =

-,
G2
e = — =~ 14.
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Inst onpegenenus cpelHero 3HaueHus <, TPAXHLHOH-
HbHIM METOAOM C TOYHOCTBK & =14 npu BepoOATHOCTH
P=09 (t=1,64) n o?=2328 Heo6XOANMO O6LNO OHI
npoBeCTH

f262
el

OueHnM noC/eX0BaTe/bHEIM  aHAJU3OM BeJHUHHY
CTPYKTYDHOH BA3KOCTH 7.
ITpunumaorcs aBe rumoresm:

1. Tunotesa-H, o Tom, uto 7= 30
2. Tunoresa H, o ToM, uto 7 = 35.

3alaemcs onatb BeposTHOCTAMH a; = 0,05 u B=0,1,
TOTAa

n =

= 32 3sK(mepHMeHTa.

Qg = 11,25; a3 = 14‘,45; bl = 32,5;
o = 25; 82:‘5,
*IMonyyaercs nepaseucrso (II1-3.2) B Buge:

— 11,25 432,50 < ¥ o < 14,454+ 32,51, (11-3:3)
(=1
Buuucienus npuseaem B Tabauue 14.

Tabauya 14
n
llclﬁﬁﬂ"ﬁ Aoy bin i Z il a4 b,n
1=1
1 2 3 4 5

1 21,25 34,3 343 46,95
2 53,75 40,6 74,9 79,45
3 86,25 33,6 108,5 111,95
4 118,75 29,7 138,2 144,45
5 151,25 33,2 171,4 176,95
6 183,76 36,7 208,1 209,45
7 216,25 43,8 2519 241,95

M3 ra6anubl 14 Buauo, uro y#¥e Nocae ceMH HChblTa-
kuA "HepaBeHcTBO (II-3.3) He BHmOJHseTCH, TOrMA NpHHH-

MaeTcs THNOTe2a, YTO CPelHEee 3HAYeHHEe 7 = 7 = 35,
Jlncnepcus noayueHHRX Pe3y.bTaToB:

X(n—37)
= ""*1 = 24,26
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CpeaHsis omn6ra OyJner:

=) L=

Ias onpeneneHus cpelHero 3HauUeHHA 7 C TOYHOCTBHIO
e =2 npu BepoatHocT® P =09 (f= 1,64) n o= 24,26
Heo6X0aHMOe KOJMYECTBO 3KCNEPHMEHTOB onpejensercs:

123
n=-— =12,

el .

Takum 06pa3oM, nocsaefoBaTe/bHHH aHAAH3 NO3BOANZE
COKPaTHTb YHUCJQ M3MepeHH#t AAsi onpeleleHUs] CPeRHEro
3HaYeHHA 1, npubanauTeAbHO B 2,5 pasa, a AaA onpele-
JeHHsA cpelHero 3Hauyenus n—B 1,5 pasa.

Hue paccMaTpuBaercs npuMep O HEOOXOZMMOM KOAH-
yecTBe MCNLITAHHI I/ OUeHKY CpelJHEero 3HayeHHs NPOY-
HOCTH LEMEHTHOro kaMHs. [IpH HCNLITAHMAX Ha NPOYHOCTH
33]a10TCA JONYCTHMBLIM CpeJHEKBAIPATHUHEIM OTKJIOHEHHEM
o =3 Kl jcm?.

[IpnHUMAIOTCA JABE THMNOTE3Hl:

a) runoTte3sa f1,, 3akalyalOWaACa B TOM, UTO Hab.lo-
flaeMple 3HAYEHHA Y1, Yy, ... Yo B3ATH H3 coaoxynﬂocm
CO CpelIHHM 3Ha4YeHREM Y,

6) runote3a f1;, 3akaouaiomascs B TOM, 4TO Hab.aio-
HaeMble 3HAYEHHs . B3ATHI . H3 COBOKYNHOCTH CO CPERHHM
3HAYEHUEM Vg -

3anaioTcd BeDOATHOCTLIO @; OIWIHOOYHOrO NPHHATHSA
runoteant /4y M BepOATHOCTHIO B OWIMGOYHOrO NPHUHATHA
runorespl ff;,. lMx 3Hauenns BHIGHpaloTCH B npenesax
0,05+0,2. 3T BEPOATHOCTH XapaKTEPH3YKOT TOT PHCK, HA
KOTOPHIft HMIET 3KCMNEPVMEHTATOP NPH NPHHATHU TOR HJH
HHOH runore3n. Oco6eHHO oOmACHHIM 6yAeT TOT cayuyafl,
KOTAa NPHHMMaeTcs runoresa /1, o XopolweMm KauecTse
nementa (cpeanas NPOYHOCTE > y1), a Ha caMoM IeJe
MOXeT GbiTh NMPOYHCCTb Yy < ¥,. B cBA3M C 3TUM a; Bceraa
HOJ/KHA 6LITh MeH:ule f

BoluncasioTes caeldylolide BeJHUHHBI:

c? 3
a0,=—g—1n . :
2 -y
o 1=8
g =510 ——=i (11-3.4)



+
<
=)

by =2

8 =Yo— Yur
rie Yo ¥y, — NPHHATHE CPelHHMe 3HAYEHHUA NPOYHOCTH Ha
M3rH6 no runotesam H, u H, coorBeTcTBEHHO.
[TpoBepsieTca HepaBeHCTBO

n
A3+ bin <Y 9 < ay;+ bin. (I1-3.5)
i=1
HapymeHHe 3TOro HepaBeHCTBA ONpeAeafeT YHCAO
HeOOX0JAMMBIX HCMBITAHHA AAS NPHHATHA OAHOA M3 rUmo-
te3. Kak Tonbk0 nepaBenctBo (I[-3.6) He BuimoJHAercs,
NPHHMMAaeTCA OJHA M3 THIOTE3:
N n
a) runoresa H,, ecan Y ¥, < ao; + by
b=t

n
6) rumoresa H,, ecam’ Y, yi> a;3 F b,n.
[=1
Ecau uepabencrBo (II-3.5) ocraercsa B cu/e, TO MCMH-
TaHHS  mpojo/kaioTcsa. PaccMaTpHBalOTCs  HCMBITAHMSA
LLEMEHTHOTO KaMHf, OJYYEHHOro U3 KapaJarcKoro LeMeH-
Ta.
[TpuHMMaIOTCA JBE THNOTEe3hl:

a) runoresa /7, o TOM, 4TO Yy, = 57 KZ/cM?

6) runoresa /1, o TOM, uTO y, = 65 xz/cm .
3apaeMcsi BeposATHOCTAMHU a; = 0,05—npuHaTHe THNOTE3H
H, n B =0,1—npuusatue runortesn H,.

Mo dopmyaam (11-3.4) BbiuucAseM:

8, =65 — 57 = 8; .
bl - 6542—57 =61; .
=32=09;
9 01 o
Q3=+~ 005 = 2,52,
9 09,
a13 = -8_ 0.05 = 3,24.

CocraB/isieM HepaBeHCTBO

—25246ln <Y 31 <3,24+6ln.  (II-3.6)

[=1
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Briyucsnenns yao6Ho cBecTH B Tabauuy 15, HashBaeMYyio
npoTokoJoM ucnuiTaHHH., I'padu 1, 2 u & 3anoansiorcs
Jo HconumTauuit, B rpade 3 dukcupyerca paxtHIeckoe
3HayeHHe nNpPOYHOCTH HWa H3ru6, B rpade 4 npomM3aBOAHTCA
CyMMHpOBaHHe, .

M3 Tta6auuel BHAHO, YTO NOCAe IMATOrO HCNBITAHHA
NpHHHMaeTcsi rumoTesa f1;, Taxk Kak

Y yi = 309,5> ajy + byn = 308,2

j=1
H HCNBITAHHA TIpe KpaﬂlalOTCﬂ

Tabruya 15
n
n gyt b,n ¥y 2 b4 @yt 6,10
) 1=1
1 58,5 59,0 59,0 64,2
2 119,5 62,0 121,0 125,2
3 180,5 61,5 - 182,5 186,2
4 241,5 59,0 241,5 2472
5 302,56 68,0 309,5 308,2
6 363,5 67,0 376,5 369,2

IMocne TOro, Kak NPUHATA Ta MJIA MHAsA rHnore3a,fssl-
yHcaAfeTcAd CpelHee 3HaueHHe NMPOYHOCTH, KOTOpPOe Xapak-
TepHu3yeT NapTHIO lieMeHTa.

B npuBeneHHOM NpUMepe CPeJiHee 3HaueHHe NMPOYHOCTH
6yner:

- 59,0+ 62,0+ 61,54 59,0 + 68,0
y R + Ll 'Jf- 5 + + 6 — 61,9.
Jiucnepcud, MOACUYKTAHHAA 1O ITHM OMHTAM, .

}_‘,(yl“)’)2

g _ i=1 . (90—619)2+(620—619)2
o nel o 5—1

+ (61,5—61,9)2 4 (09.(;- til,g)n + (68,0 — 61,9)2 ~ 136,

Torza cpenusas owubka 6yner:

cm L8y,

Ias onpeaenends CpPefHero 3HaueHHA NPOYHOCTH TpaaH-
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IZHOHHHIM MeTOXOM ¢ ¢ = 1,6 npH BeposTHocTH P =0,9
(t=1,64) u ¢>=13,6 Heo6Xx0AMMO O6WAO 6L NPOBECTH
3 1,642.13,6
€2 1,62
TakuM 06pa3oM, MpHMEHEHHe MOC/AeA0BaTeAbHOrQ aHa-
JH3a MO3BOJH/AC MNOYTH B JIBA pPasa COKPATHTb YHCJAO
HCNHITAHNA /A OUEHKH CpelHero SHAYyeHHA NMPOYHOCTH.

=~ 14 onwiTos.

§ 4 O NIPUMEHEHHH METOJA AJANTALHH AJS
IFPAJYHUPOBKH I'PYBbIX NPHBOPOB*

H3pecTHO, UTO H3MepHTeAbHbIE NPUGOPH Pa3fe/fIOTCA
IO KJacCaM TOYHOCTH, KOTOPhIE NMOKA3bLIBAIOT MAKCHMAJbLHO
BO3MOXHYIO owln6ky npu6opa. B To e BpeMs mpH Hc-
NOJbSOBAHHH OTAEJbHOTO NMPHGOPA B KOHKPETHHX YCAOBHAX
ero gedcrBuTesbHas omubKa, KOTOpPas MOXeT OHITh 3HA-
YHTEJbHO MeHblle NacnopTHOM, HeH3BecTHa. B cBAsH ¢
3THM BO3HHMK4eT BONDPOC: BO3MOXHO JIH B JAHHEIX KOHKpeT-
HBIX YCJOBHAIX OTKODPEKTHPOBATbL INOKa3aHUA TIpydOro
npufopa myTeM CpaBHEHHMs €ro NCKAa3aHUH ¢ MOKa3aHHAMH
o6pasuoBoro npubopa c TeM, UTOGH B JaJbHeflieM HC-
No/Nb30BATL AAA NMONYUEeHHs TOUHBIX Pe3yJbTAaTOB MNOKa3a-
HUA rpyooro npugopa. [Ipy 3TOM nmesaeTcsi ecTecTBEHHOe
npennoJsioxenue, uto olrvbka npubopa onpegesercs BHeUI-
HUMH YC/JIOBHAMH H B OCHOBHOM OGBLEKTOM HM3MeDeHuf.

B03MOXHO HaMeTHTh CJAeNYIOIIHE NMYTH pelleHHs 3TOTO
‘BONpoca:

1. Bo BceM nHanasone M3MepeHUH NPOU3BOISATCS 3aMephl
o6pasunoBuM M rpy6uiM npubopoM. Ilycts mnokaszanus
o6pasuoBoro npudopa ectb ¥, rpy6oro—.xi. Beenem kop-
peKTHPYIOWUH MHOXHTe b C,, BEJHYHHY KOTOPOTO 6yneM

onpenesifiTb 13 ycCJ0BHd MHHHMYMa BHIpaXeHHA:
n

y(C,) = Z (Y1 — C, x1)? = min, (Il-4. 1)
i=1
rje h—uucJo H3MepeHHui.
JToT cnocob o6sajzaeT TEM HeZOCTATKOM, YTO Heo6Xo-
JHMLIM YCJOBHEM ero InpHYMEHeHUs #ABJAATCH HaaH4yHe
HOPMa/NbHOTO 3daKOHA pacnpefeneHus. B To xe Bpewms

* Pa6oTa BLINONHEHA IO NPENIOKEHHI0 OLHOrO H3 aBTOPOB
M. M. AvertosbiM, JI. A, ['acaHOBbIM,
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Ha/JMYHe, HapUMep, CHCTEMaTHYECKHX MOTpellHocTeRN ge-
JaeT 3TO YCJOBHME HelPaBOMOYHHIM.

2. MOXHO MCNOJ/Ib30BaTh CHCTEMY M3 HeCKOJbKMX Tpy-
6nX NnpHOOpPoB, B3ISB KAMAOE NMOKA3aHHE C ONPEeAEJeHHHM
BecoM [87]. DTu Beca MOMHO BHOpPaThb Ha OCHOBAHHH
MHOTOMepHOro aHasora kpurepus (11-4. 1). cuay yxasaHHBIX
06cTOATeALCTB Go/ee MPaBH/bHHM SABJASETCH METOH B3Be-
LI¥BaHUA noKa3aHU# npuGopos, npeasoxennnd A. 3. Lbn-
KuHBM [87]. 3a HCTHHHOe 3HaueHHe H3mepseMoi BeJH-

A

UHHEI Y MPHHUMaeTCAd JHHeAHAas KOMOWHALHA MOKA3aHHH
Zin rpy6ux npnﬁopon

n
= Y Cyny, (11-4. 2)
{e=1
a peca Cy4 onpenessioTca M3 BBIPAXKEHUS:

Cy = !

n 1 4
c?( Z '6—2)
{=1 !

THoe oi—INOrPellHOCTh £-T0 npubopa:;
[lorpemwHoCTh BEJHYHHW Y onpelensieTCA M3 paBeH
€TBa:

(1I-4.3)

gt = E C4| 012 . (11'4. 4)
{1
B cayuae, xorma oi =o, ¢opmyan (ll-4.3) u (ll-4.4)
ynpomarwTcs: 1
%o

Gl n [} a _'/71— .

JiAs onpepenenns BecOBHX K0sdHUHEHTOB H NOTpell-
HOCTH H3MepeHHs Heo6XOAMMO 3HATb OWHOGKH OTAEAbHBIX
npu6opos, 4TO AesaeT MeTold MeHee 3dPeKTUBHHIM.

3. Han6osee npaBHABLHBIM B JAHHOA CHTyalUH ABAA-
eTCAl AaJANTHBHHHA HOAXOA K olpele/ieHHI0 BeCOB IO-
Kasauuil Kawxzaoro npu6opa. AJropkTM IOHCKAa BeCOBHX
Koa¢[qt)3uﬁmeuroa B CAyuyae KBaupaTHYHOTO KDHTepHs HMeeT
sua [87]:

C(n)=C(n-—1) + == [y(n) = C" (n-1) x(n)] X
_ X x(n), (11-4. 5)
rae C—mMaTpulla—CTPOKa BeCOBHIX K03pPHUHMEHTOB;
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Tabauya 16

Obpaduosnit Manometp] [ToxalaHua TeXHHYeCKOro BhIYHCAEHO [0 8ATOPHT-
0-10 amm, §=0,4% MaHomeTpa 0--25 amu, MY, amx
AenenHs 3=1,6%, amn

1 2 3

5 0,50 0,50
10 0,95 0,98
15 1,40 1,44
20 1,85 1,90
25 2,40 2,47
30 2,90 2,99
35 3,45 3,55
40 3,85 3,97
45 ‘ 4,35 4,48
50 4,90 5,06
55 ) 5,40 5,56
60 5,90 6,08
65 6,35 6,54
70 6,86 . 106
75 7,35 7,57
80 7,85 8,09
8 « ' 8,30 8,55
90 £.80 9,06
95 9,35 9,58
100 9,88 10,10

[IpuMeuanne P=1,03 P,

X-—MaTpHla-CTPOKa NOKA3AHMK TapHPyeMHX NPHGO-

_.. DPos;

ClT—TpchannpoaaHHaﬁ MaTpuua;

as >0
y (n)—n-oe nokasaude o6pasuoBOro MPUEOPA. .

Ha ochoBanuu anropurma (I1-4.5) 6blau OoTKOppeKTH-
poBaHbl TMOKa3aHUA CACTEMB M3 OJHOTO, ABYX H Tpex
TEXHHYECKHX MAHOMETPOB B YCJAOBHAX Ja6opaTtopHoro
SKCNepUMeHTa MO NOKa3aHUAM o06paslLOBOro MaHOMETpa.
Ilnst ORHOrO M 1BYX MaHOMETPOB. dg -TIPUHUMAJNACL PaB-
HOR 1, anA cucTeMsl M3 Tpex MaHoMeTpoB o5 =0,25. B
pe3y/bTaTe OMBITOB LUIKA/Abl TeXHHYECKHX MaHOMETPOB rpa-
AYyHPOBaJHUCh JAOMOAHHTEJBLHO, TAK 4YTO OTCYET MO IUKaje
MOXHO NpOBOAHTb € TouHOCTbIO mo 0,01 amu, Kax Buguo
H3 Ta6aHusl 16, MpM KMCMNO/NBL3OBAHHMH OZHOTO MaHOMeETpa
OTHOCHTeJ/IbHAA NMCTPEUIHOCTh NOC/Ae KOPPEeKTHPOBKH yMeHb-
wanace ¢ 1,5 10 0,9%; npH HCNOJb30BaHHH JBYX MaHO-
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metpoB—c 2,0 1o 1,3%, npu HCNONbL3OBAHHH TPeX MaHo-
MeTpOB—c 1,5 10 0,7% (moxasaHHsi Ha BepXHEM. npepene
10 @amum He YYHTHIBAJHCH). ‘

Tabauya 17
IMpamof xon
O3pasuosui| [TokasanHe TeXHHYECKOro MaHO-
maHoMeTp | meTpa ¢ npeAejbHHM M3MepeHHeM
M o0 amx, BH“:SMHO Cpenice BaEer:E)el::;Je
Aenenue 0+25 amx,| 0425 amu| 0-+10, aJIropuT™My SHAUEHHE | ™ wancHne
8=1,6%, |<8=1,6%, { 3=1,6%,
amm amms amms
|
5 — — — _ — —
10 0,9 1,0 0,92 0,96 , 0,94 0,93
15 1,41 1,45 1,46 1,47 1,44 1,44
20 1,88 1,93 1,98 1,97 1,93 1,95
25 2,35 2,4 2,44 2,44 2,4 2,42
30 2,86 2,93 2,92 2,96 29 2,91
- 35 3,38 3,48 3,44 3,50 3,44 3,44
40 39 3,92 391 4,0 391 3,91
- 45 4,36 4,4 442 447 439 4,43
50 4,84 4,99 4,9 5,02 491 491
55 " 54 5,42 5.4 5,62 5,41 541
60 5,88 5,9 5,92 6,02 59 591
70 6,89 6,85 6,89 7,01 6,88 6.88
75 7,39 7,39 7.4 7,53 7 7.4
80 7,91 788 | 7,93 8,05 7,91 7,92
85 8,4 8,39 -84 8,56 8,4 8,39
90" 8,92 8,9 8,95 01 8,92 8,94
95 9,38 9,39 9,44 9,59 9,4 9,43
100 9,9 9,91 9,96 10,22 — —

[Tpumeartne, P=0,3t (P 4Py Py)

.

Il1a cpaBHeHMs B nocaefHux rpadax Tabawi 17,18
NPHB J€HW CPeJHHEe MOKa3aHWA NPUGODPCB M CpeJHeB3Be-
uweHHue no (I1-4. 5). :

CrefyeT OTMETHTb, YTO MAKCHMAJbHYIO TNOTPELIHOCTD
CPEIHHX BeJMYMH HeJab3s ONpeleasiTb 1O AaHHBIM Tabaul,
TaK KaK OLEHKAa TMOT[eNHOCTeR NPOU3BOIUTCA Ha OCHO-
BAHUM MaJIOUMC/EHHBIX ANPHOPHLIX AAHHBIX. [lorpewIHCCTh
Me BEAHUYMH, BHIYMCJAEHPBIX C MOMOLLBIO aJArOpHTMa ajlan-
TaUMH, OLEHUBAETCS HEMOCPEACTBEHHO Mo Tabauue, T. €.
NOMCK MMHHMHM3MA OWUMGKH MPOH3BOIHTCA B AAHHBIX YCJ0-
BHAX C YYETOM BO3MOMXHBLIX [TOMEX. '
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"Tabauya 18 -

O6paTHui X0A

06 a IMoxasaHue TEXHMYECKOr0 MaHO- )

aauonu MeTpa C npefeJbHbIM H3MepPeHHeM ] -

e | 7 S | sl cpuasee | Cootne

| 0=25 amu| 0 . : :HayeHue
Aenenue o 06=215 6a’;n’.tu 6=01ﬁ5192, puT™MYy . 3JHAYEHHE
amm amxm amx
5 0,51 — 0,54 — — —

10 1,0 1,0 1,02 1,01 1,01 1,02
156 1,45 1,50 1,51 1,49 1,49 1,50
20 1,95 2,00 2,00 2,01 1,97 1,99
25 2,45 2,56 0,51 2,52 2,51 2,52
30 ~. 2,96 2,99 2,98 2,99 2,98 2,98
3H - 3,45 3,50 3,50 3,00 3,48 3,49
40 3,94 4,00 3,98 4,01 3, ,97 3,98
45 444 4,50 448 4,50 4,47 4,48
50 4,96 5,00 497 5,00 4,97 4,97
55 5,44 549 5,46 5,49 5,46 5,46
60 5,94 5,95 59 . 597 5,95 5,96
65 6,41 6,48 © 6,49 6,49 646 6,47
70 6,94 6,95 6,98 7,01 6,96 6,97
75 7,50 7,51 7,48 7,54 7,50 7,49
80 7,95 7,95 7,96 8,00 7,95 7,96
85 . 8,45 8,47 8,48 8,50 8,47 8,48
90 8,94 -8,93 9,00 9,00 8,96 8,98
95 - 9,45 9,48 9,5 9 54 947 - 949 -
100 9,95 9 93 10,0 9,99 9,96 9,98

TMpumeuanue, P=0,335 (Py+ Pyt Py).

§ 5. 0 BOBMOYXXHOCTH HCNOJb30OBAHUA HETOYHbIX
IrJ1lYBHHHbIX NPHUBOPOB IJ MOJYYEHHUA
TOYHOM HMH®OPMALLUMN*

M3BecTHo, YTO DNpU HCCAEAOBAHHH CKBAXKHH 3aMephl
NPOK3BOAATCA C MOMOLIBIO TAyGHHHBIX mnpu6opos. [lloay-
yeHHBIE NAHHLIE BecbMa OTFaHMYeHHOM TO4YHOCTH. BMecre
C TeM HHEIX CHOCOCOB NOJyyeHHs HHGOPMAUMM YACTO
BoOGIle He cyuecTByer. [1o3ToOMy BO3HHKaeT 3a’dua—ke-
CKOJbKO 06paforaTh HHGPOPMAUMIO;  KOTOPaf XOTHA Obl. B
HEKOTOPOM CMEIC/Ie KOMMEHCHPOB2/1a HETOYHCCTh NepBHu-
HHX HM3MepeHu#t, . -

B ngaHHOM naparpaq)e pacCMaTPHBAETCA MOMebHBILIl
npuMep, NMOKa3blBAOIIHA BC3MOMHOCTb TEXHHUECKOH pea-

* PaGota Bbimoanena bB.,J1 Ky uwunowm, . A. FacaHo BhHI M
MO NpelfOKeHHW ORHOTO M3 aBTOPOB.
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JU3alMKH  OoNTHMAasbHOH CHCTeMBl o6paboTKH HMHQPODMALKH,
MOJYYeHHOH € MONOWBIO I1yGHHHEIX MaHOMeTpoB. Cxema
uaMeredus u o6paboTkn HHOpMeuHH H306paXKeHa HA
puc. 13.

[lycrs mapamerp—paB/ienve H3MepsieTcA C Hexoropoﬁ
NOTPEIHOCThIO:

Pty = Pg (1) + & (t), (I-5. 1)
rie Pg (t)—HCcTHHHOE 3HAweHHe HABJEHHUA;
€, (f)—own6Ka N3Mepenus.

W Pumempyronyee | :
Maromemp Fbeno
Buxod
bpa syobery
MTHOMET P h
Puc, 13

Jlns npOCTOTHl [HONYCTHM, UTO &,(f) HMeeT Trayccos-
CKOe pacrnpefesiende ¥ MPeACTaBAAETCA ,6e/biM IyMOM*“:
. _(sa—zme)“
fle)=—m— e
V iz ve
»

Ree () = A" (5) 3, (£ —n).
~ Kak unassectHo (cM, nanpumep, [62]), pewenne naHHOH
33laul MoeT GHITh NMOJYUEHO C NMOMOIbI0 GuabTpa Bu-

nHepa-Kaamana. YpaBuenue Bunepa-Xonda aaa paHuoro
cayuas umeer sua [81]:

R, (t)= j (1) g, (t—=) ax, (11-5.3)

(11-5. 2)

rae go(t)—HCKOMaﬂ BecoBas GYHKUUA GHALTPA;

xy—onlmoﬂ U BBIXOJHO/ CHTHaJAB QUABLTPA,
Jlas AaHHOCO CJayasdfi HMeeM

x =x(t)+ & (),
y(t) = x(t).

(I1-5. 4)



OTKyna serko HOleqaeM

Ry = My{[x () + ey ()] x (E+ 7)) =
—Rxx(1)+Rﬁx(1) (H'S 5)

Rex (-c) =0, Tak KaK CuUTaeTcs, 470 u3MepseMHid na-
paMeTp ‘M NIOMEXa M3MePEeHHA He KOP[eJHPOBAaHM:

Riz () =M {[x )+ ()] [x(t+ )+
+ e (t + )]} = Ry () + Ree (). (I1-5. 6)

CaenoBaTeNbHO, OKOHuaTe/bHOe YypaBHeHne DBuuepa-
Xonda aas manHoro cayuas OyJler MMeTb BHA:

"

Ry (= [ [Ra () R (] go (=) ds. (15 7)
0

Janee BBOAHTCA eule OQHO OTfAaHHYEHME, UTO H3Me-
pseMblfi nepaMeTp fB/isieTCA OLHOMEPPBIM MapKOBCKHM
npoueccoM, T. e.

Ry (1) = Dy e, (11-5. 8)
rie D,—aucnepcus mapameTpa;
a—HEeKOTOpas KOHCTaHTa.

Takoe orpaHnueHHe BNOJHE JONYCTHUMO, .TAK KaK B.1s-
IIHHCTBO 00pabaThiBA€MBIX MNPAKTHYECKHX peaJiM3aluil
C/AYy4afHbIX NPOLECCOB MMEET IKCMOHEHUHWAJbHYIO aBTO-
KOPPensuHOHHYIO QYHKIUHIO.

Pewenne ypapnenns (-5, 7) MOKET GbITh 3HAUHTENLHO
yNpOWEeHO, eCcAH YuecCTh, UTO B [eaJbHHIX YC/OBHfX YpPaB-
HeHHe ¢uAbTPa GQeIBaeT M3BecTi 0 M TpebyeTcs JHUIbL Of-
THMH3HUPOBAaTh MapaMeéTpLl 3TOTO (PUALTPA.

duabTpylollee MOX<eT MNp:ACTABAATh COGOH KakoH-TO
eCTeCTBeHHLIl 00BbeKT, HanpuMep, HedTAHAS CKBaXKHHA H
ap. [Mpumem, uto ,,eCTeCTBeHHuu,Q)Hanp npeacTaBjaner
coboit npocreiimee an¢pHoJHuYecKoe 3BEHO, OMHCLIEaemoOe
ypaBHeHHeM BHJIA:

T‘i"f;_;ﬂ + 1, (t) = P (2). (1-5. 9)

Jas Takoll cucTeMbl BecoB A (QyH:UMA HMEET BHA:

S

go(t)=—ce 7. (11-5. 10)
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lMoacrapass ypasuenue (II-5. 10) B ypasuenue (lI-5. 7)
H A2aas PAL NPeo6pa3dBanHii, HAXOAUM:

R, ) = | %_efl[Rxx (t—%)+R.. (t—7)] d=. (lI-5. 11)

Xy
0

MeToanKa HACTDPOHKH COCTOHUT B cAeaytomeM. [I[pOHsBO
AMTSA pAj H3MepeHMA napaMerpa C NMOMOMIbIO rayOHH-
Horo npuéopa U ob6pa3uo-
BOTO H COMNOCTaBAAIOTCSH
AHCnepcHH H3MepeHHH,
ecau aucnepcus obpasio-
BHIX H rpyOGbIX H3MepeHHIi
pe3ko oT/Muaercd, TO, pe-
ryanpys napamerp 7, mo-
6uBalOTCH HMX MNpHGIHIKE-
HUSA,

Bueykasanuaa cxema
(puc. 13) 6nina peanusosa-
Ha HA TAYOHHHOM MaHO-
Merpe Thma MIT-160 n
rpy30NOpLIHEBOM MAHOMET-

i pe. KpuBble B3aumokoppe-
7 20 %7 nsunoHHOM (YHKUHM BXO-
41— BbIX0J14 H aBTOKOppe.isi-
uHoHHOR dyHKHHH Bxoza
npuBeAeHH Ha puc. 13a.
B peayabTate C6pPIGOTKH MONYUEHH:

Rs, (1) =085 ¢ Roo=e """ (115.12)

Vpas :eHHe Buuepa-Xonda npuMer  OKOHUYATEAbHBIN
BHA: .

Puc. 13a

0,85-¢ "7 — §T LT e T.e "NV e (11-5. 13)

[Tccsie HMHTErpHpPOBAHMA H MUHHUMHM3AaUHH OTKJOHEHWIL-
HAX0 THM ONTHMAJLHOE 3HAYEeHHe:

) 7-on'l' = 67 cex.

Peulenne paHHOM 3ajauM cB»3aHO ¢ C6paboTKOR CTa-
THCTHYECKOrO MarepHana, CHATOrO B NHCKEETHHX TOYKAX.
[TostoMy MHTerpa’bHHH ONeparop BHAA:

T
y(O) =[x go(t—7an. (-5 14)
- ' 0
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3aMEeHSAETCH AMCKPETHBIM:

n
y ()= 3 xa-rgo(iAt).  (II-5.15)
i=n—m

KpHBas B3aUMHOKOPpPe/ANMOHHON QYHKLUHM MnCcae Ha-
XOM IE€HHA ONTUMANBLHOIO napameTpa (uaLTPA NPHUMET BHUJ
(cM. puc. 13a).

Kak BHZHO M3 rpagukOR, KpHBasi B3aUMHOKOpPpeJALU-
OHHOR (PYHKI MM BXOJa—BLIX0Aa 2 NpHOAUNKAETCA K &BTO-
KoppenslHoRHC ¢yukubn Bxoma /. 3mech 3—KpHBas
B3aUMHOKOppe/AUMOHHON (PYHKUHH BX0Ja—BLIXORA NOC,e
ONTHMH3LHH, )

Hopmupopannoe 3HaueHwe AUCIEPCHH napamerpa A0 H
nccae GuAbTPAlHMM COOTBETCTBEHHO PABHO:

D, =085 D, =0091.

Moxer o0kasaTbCd, 4YTO MOCTHTHYTb 3TOrO Heab3d,
Toraa BO3MOXHH CJEAYIOoUHe CAyuaH:

. Owubka u3MepeHus oT/iHuaercss ot OeJoro 1wyma.

2 EcrecrBenHblil (rabTp OT/HUALTCA OT anepuoluue-
CKOIO 3BeHa.

3. TlosyueHHBIl CHrHAJ NJIOXO annpOKCVMpreTCﬂ Map-
KOBCKHM TMPOLECCOM MepBOro MNOpAAKa.

Bo Bcex aTHX CaIyuyasx 3agaua OCTaeTc KOPPEKTHOIi
C TO# JHMmIbL pa3HHLEH, YTO AJS ONMCAHUS MOJIE3HOro
CHrHEJa M wyMa TpeGyercs HCmo/ib30BaTh MPOCTPAHCTBO
COCTCAHMHA M pelleHHe ee’ HMCKaTh B kJacce QUALTPOB
Kaamana-Bowocu. Tlpu 3TOM ecTecTBeHHBA (iMAbTP.AOCTpa-
HBAeTCA FeroTCPO (UCTeMGH 3BeHheB 10 ONTHMAJbHOrO,



I'’IABA IIT

K BONPOCY HCCJIEAOBAHMS NJACTOB
N CKBAYXMH B NMPOLECCE NMPOBOAKH CKBAMHH

§ 1. YACTOTA ONPEJEJEHUS NNPOHHLLAEMOCTH
IUIACTA MO IJIOLLAIH*

B wedrenpombiciosot npakTuke ecTh MHOTO nprMe-
POB, KOrld TOYHOCTb ONpesieNIeHUsi HEKOTOPOH BeJAHUYMHBI
HeaJekBaTHa TOYHOCTH N3MEpPEeHUH UCXOAHBIX RAHHRIX.
IlTpu cratucruveckofi o6paGorke HeTeNPOMLICAOBBIX J1aH-
HHIX OGMYHO ONPeAeNAIOTCA NPROIMKEHHBIE 3HAYEHHS
(oueHku) HCKOMHIX napamerpoB. TowHocTs omnpegesenns
CpeIHero 3HauYeHHs HEeKOTOPOH CJaAYy4alHOH BEJHYUHLI,
pacrnpe 1€/J€HHOR, HAamMpHMep, 1O HOPMAaJbHOMY 3aKOHYy,
Oyler 3aBuceTb 0T o6beMa BbIGODKH 72 [15]:

n=22 (111

rAe t—HeKOTOphIii mapamerp (kputepuit CrtbloleHnTa), xa-
PAKTEPU3YIOWHI TOYHOCTb ONpelesieHHsT CpefHed ¢ Bepo-
ATHOCTbIO B; o—3anapaeMan (iKesnaeMas) TOYROCTH onpe-
JIes€HHSI CpPejHero.

© s BeposTHOcTel B, = 0,95, B, = 0,99, B;=10,999
BesHUHHA (Ta6iH4HOEe 3HAyeHHe Kputepus CrbioZeHTa)
COOTBETCTBEHHO paBHa:

tio = 1,96, t,= 2,578, ¢4 = 3,29.

* Pa6oTa BuinonHeHa Mo NMpPeNIOKEHHIO OLHOTO aBtopa P. T.Bya-
FTakoBswwm, I, T. Baprymanowu
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Hanpumep, TounocTe onpenesienus cpepnero 3HaueHus
NpoHHLaeMoct n/a naacra D, BaBaunckoro HedTsaHOro
Mectopoxaetns Tarapuu no nauHeM [90]:

- ]
e = —— = 47 mdapcu. (I-1. 2
- Vi, P )

Cpennee -sHayenHe njoHuuaeMoCTH K = 540 modapcy.
HcTuHHOe 3Hauenne NMPOHHLAEMOCTH (reHepanbHas cpen-
HAAS) BaKJIO9EHO B Npejesax:

\ 493 mdapcu < k < 587 moapcu. (Ill-1.3)

Own6ka B OnpeleseHHu ¥ COCTAaB.IAET:
47-100
. 9%.
540
HT0GH yBe/MYHTh TOYHOCTL CPEJHEr0 3HAYEHHA XOTHA
Ou mo 20 mdapcu (~4%), norpe6opanoch 0Ll onpexe-
JINTh NMPOHHLAEMOCTb B
_ 1,962.1882
. 20 202 X
B pa6ore M. H. lllBuasepa [90] mana craTuctHueckas
MOojenb naaCTa ¥ OGOCHOBAHO TNpHMeHeHHe H3BECTHHX
M3 TeopeMbl CAYYAHHBIX QYHKUHA COGTHOLIEHHH, MCIOJb-
ayeMblX AAfA NOCTPOEHHA OCHOBHBIX XapaKTepHUCTHK CAy-
yaiinex npoueccos [62]. Cornacho pa6ore B. C. Ilyraye-
Ba [62] nocTpOeHb! XapaKTePHCTUKH HeCTALMOHAPHHIX CaY-
YyafHEX PYHKUHMA 1O OAHON peanu3aluy,C HCIOAb30BAHHEM
TPUHIMNA CKOJMb3ALIETO YCPeJIHEeHHUA IO JOK3JbHHM y4acT-
KaM paccMaTpuBaeMo# maowanu. B teopun cayvadHumx
bynxunft [69] AnA CTALHOHADHBLIX MPOLECCOB Pa3paGoTaHbI
MeTOJH, AAloluMe BO3MOXHOCTb ONpele/HTh:
1. Muteppaa A, ONTHMajAbHBEIA MeXay OpIAHHATAMH
peasu3auMy, NPH KOTOPOM OleHKa

1 - )
= Y x (854) A, (1II-1. 4)
+ 48, =0

1

N

= 350 ckpaxrHax.

X

MaTeMaTHUYeCKOro OXHJIaHMA X OplJid 6bl MHHHMaJbHOH.

2. HackoabkO NMPOLEHTOB AHCMEPCHA OLEHKH X, BhIUH-
CJeHHas C y4YeTOM BCeX peaaH3auuit no dopwuyne:

- 1 T
X=— (5 x (t) dt, (1ll-1. 5

Gyler MeHblle AUCMEPCHH OLEHKH, BLIYUCJACHEON TIPH
ware AHCKPeTHOCTH A, omTuMaJibHON no gopmyae (II-1.4).
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3. MurtepBan A, MexIy OPAHHATAMH peasH3alHV, npv
KOTOPOM lIHCnepCPlﬂ ouenku (lli-1. 4) 6yaet ne Gosee C%
npepniwath aucnepeuio ouerku (IlI-1.3).

Ecau 4ncao npoMexyTKoB 00603Ha%kTh yepe3 My, JJH-
HY peanu3auuu uepe3 7, TO AJMHA liara AUCKPETHOCTH

T
oyger A == -

. 2

OcHoBunle $opMy/ibl, HEOOX0AUMbIE AN OnpejeqeHHs
BeJHYHH, YKa3aHHBIX B NYyHKTax 1, 2 u 3, npuseieHn B
pabore A. A. CpewnnkoBa 169]. [aa rcruosbaoBasns
3TUX (POPMyJ B MPAKTHUECKHX pacyetaX HEoOXOZHMMO 3HA-
HHe Koppe AUHOHHBIX (YHKUHH B- npoueccax.

B npakTHke npOMBICIOBHX MCC/A€XOBaHHA 4acTo BCTpE-
4aI0TCA 1 OpPesLHOHHbIE ¢>yuxuun BHAA:

K(f)=e ™. -~ (III-1. 6)
K () =e ™ cos B, (11-1. 7)
Tloacrasasia 3unayenue (IlI-1.6) u (- l 7) B coorBer-

CTByIOWHe ypaBneHus (cM. pacoty [69]), moaywaem:
a) aas koppenﬂunonﬂux Gyukuuft Buga (II-1.7):

A, :T [1+4 5¢™>7 cos 3,7 + o,T] +

9 Le—aT . ‘ .
+—{—— e (80 sin 8,7 — o, cos B,7) +-
N 1]

=
a, 3 ( 3 Bo) 3o~ uT 2
+ ag . 33 - T( 3 '50 I T (ag o lrjé) [( ) ﬂo) >\
v cos 3 T — 20,8, sin By T]); (lli-1. 8)
- —a.T
B, - { — g Gesin BT —aycos by T) -
ay - g
5 (.2 g2
_ a» _ - (a2 B0)_ _
M T (13- %) + T(12 [(a W)
2 cos Bg T — 23,8, sin 130 T]]. (Ill-1. 9)
2 . TC e~ T o a0
‘ASAl_)BAl_ 50 {W[(ZQT@o)X
. 8 } -
<cos B, T—2a,8,8n 3,7 ]| — — : :__t(IlI-1.10
cos Fo G‘gol , 0 ] T (GE—I Bg) 13 _3(2) ( )
- -
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6) 41 KoppeasuHOHHBIX yHkuuid suaa (lll-1,6) He-
o6xogumo B ¢opmyaax (IlI-1.8), (II-1.9) u (IlI-1. 10)
B3aTh B =0:

PRSP e L

+em 4+ i%_—T— 1]; (-1, 11)’
B, = LT[_ZT. e T 4 &2 T;_“’T—1]. (11-1. 12)
AN — 9B A = S [0, + e —1]. 7 (Ill-1. 13)

50a§

BeAuuHHa ONTHMAJAbHOTO 11Ara AHCKPETHOCTH onpene-

JAdetcsi no ¢opwmye:
Bows, = 2, (I-1. 14)
3
r1e BeanmuuHn A, u B; naxonst no dopmyaam (IlI-1.8) u
(111-1. 19) wau (MI-1.11) u (11I-1.12) Ana cOOTBETCTBYIO-
1ero BHAA KOppeaslMOHEBIX (yHKILHHA.

Beanu¥ua rau6oJibllero mara JAWCKPeTHOCTH onpefe-
A9eTCH W3 COOTBETCTBYIOWMX KBajpaTHBIX YpPaBHEHHH
(Ill-1. 10) u (llI-1. 13). ' .

B BhiwenpuBefeHHbX (GOpMYy/ax NPHHATH CAeAyOulHe
0003H3ueHu:
t—TeKyllee BpeMA M IJHHA;

7 — 1/MTeNBHOCTb 3aMepa.

Tlpu onpeje/ eHHH KOPPeNAUHoHHOA PyHKIHH MO MO0
(o msomanu) BMECTO T MOJCTaB/Asiercd ry—AJAHHA PpaLHy-
ca, a BMecro 7 —MaxcuMma/nbHOe pacCTOfHHE R mexny
CKBAXUHAMH.

B paGore A. M. flrnoma [96] ykasono, urto ympolle-
M BLIYMCACHHR TIPH o, > 3y MOXHO nNpUHATE §, =0 H
pacyer BECTH AAS  KOPPeJALUHOHHEIX ¢byHKUHKIA BHIA
(1ll-1. 6). '

Huxe nPHUBOAMTCS NPUMEPHBLl pacyeT ONTHMAJALHOTO
wara AMCKPETHOCTH Agyr M HHTepBasa 3, A4 BaBJIMHCKOTO
MECTOPOXKACHHA.

HopMHpOBaHHAA KOPpe 1RIIHOHHAsA (GYHKUHA mnpuBeleHa
Ha puc. lda.
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IMyHKTHPOM TNOKa3aHa 3MNMpHUECKAf, a CNAOMIHOM JH-
HHEl —anNPOKCHMHUPYIOWAA ee- TeopeTHueCcKad QYHKUUA,
noay4yeHuas B pabote [90].

1

k(r)=e ™ cos0,008r, (lll-1. 15)
k’ .
48
44
0 ——
. 7000 500 F44
-4 | l

Puc, 14a

[aa yxasanHOro MectopoxaeHus r; = 3000 a;

1 . — . e
12—303, R—3000 M, BO == 0,008.

Onpenennm Heo6xoxuMble Aas AajbHejillerg pacyera
BEJAHYUHBLI:
0,R = 10; &7 = 4,5.107%,
Po R =24 pad; cos 24 = 0,42; . sin 24 = —0,90;

3 (a3 —83)

oty = 445 . =92,11;
ay + 85 2 1 Be
2 %R ~
o = 12 a8, =2,67-10 5
270

[lpene6peras B dopmyaax (llI-1.18), (lI-1.9) u
(III-1. 10) uynenamu, . HMEIOWMMH Maablii MOPAROK, NOAY-

yaem:
Ay =2; B,=050,

Toraa no dopmy.ae (lll-1, 14) onrumaabHmii 1war Ju-
CKPETHOCTH

O

jl

Agnr = =925 Mm. ¢

‘|
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Une0 OpAMHAT peanH3ali, AAOWHX ONTHMAAbHYIO
OlleHKY, OmpefeaseTca no Qopmye:

_ my+1="R 41

ont

u Oyner paBHO
my, 1= 35(5)0 + 12~ 120 cks.

Takoro ko.HuecTBa CKBA)XKHH HAa NJOLIAAH HeT,

Oas nonyyeHus MaKCHManbHOTO 1UAra JHCKPETHOCTH
A, npumeMm Ce10%. Torza mo ypaHenuto (lII-1.10)
HMeeM: .

A} —50A, — 1500 = O,
OTKYJa-OonpejeseM:
A, =~ 150 u.

TaxkuM o6pa3oM, MOXKHO
OTPaHUYUTLCA COrJAacHo
dopmyae (llI-1. 15) 21
CKBaXHHOM, *

3nas BeauudnHy A, H
YUCAO CKBaxHH n,=21,
onpegenneM BeJHUHHY pa-
AHyC2, KOTOPHIM HEo6Xxo-
aAuMo ob6ofiTH BCce moJe.

[Maowanb BCEero noas B
Macwrabe puc. 146 (R=
40 wum):

S = =R} = 1600,

B ary naomaabr Heo6-
XOAHMO DPaBHOMEPHO BITH-
CiTh 23 OKDYWKHOCTH pa-
Auyca ry, T. e,

21 =r; = 1600 =, ,
OTKyaa

Puc. 1.6

r; = 8,5 au.

V3 npOM3BO/ABHON TOUKH, OMMCHIBAS PAIHyCOM 7y, 3a-
noJHseM Bcio nJjomanb. B uentpax oxpyxHocteit omnpe-
AeJMM npoHHumaeMmocTH. ECAIH B OKPYXKHOCTb NOMaso
HECKOJBKO CKBa)XXHH, TO NPHMHHMAaeM 3HaueHHe NMPOHHMIL e-
MOCTH TOH CKBAaXHHH, KOTOpas O/aHIKe K LEeHTPYy.
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OnpenenuM TOYHOCTb HAXOMIEHHS CPENHEro:
_ 196235 _ oo
23 -

Taxnm 06pasoM, eCaH ¥3BeCTHa KOPPeNALHOHHas yHK-
uMa (uAx XOoTA 6bl  NPHOGJMMKEHHO  BeJHYMHA ¢ A
AHAJNOTHYHBIX MECTOPOMXKJAEHUHA), TO MOXHO OMNpeAeJHTb
ONTHMANhHOE YHCJI0 3aMEPOB H ONTHMAJbHEIA LIAT QHCKPeT-
HOCTH, & TaKX€ M MHHHMaJlbHOe YHCJO 3aMepoB H
MaKCHMaJbHBA 1uar 4;, INpPH KOTOPOM YyBEJHYEHHE IHC-
nepcHu 6ynet He Goviee yeM Ha C% nO CPAaBHEHHUIO C Agp,.

B npuBeneHHoM Bhillle MPHMepe, eCJTH NPHHATL K =540
(nmo 68 ckBaxuHaM) 3a HCTHHHOE 3HAYeHHe, TO [DH
YMEHbIIEHHH uHcJa CKBaXuH B 68/23=3 pasa norpeur-
HOCTH B ONpPEAEJEHHH cpelHell NMPOHHWLAeMOCTH COCTABHT
BCEro ’

(540 -i512)-100 — 5o, .
540
YTO BNOJIHE RONMYCTHMO.

Kax Bmille 6u10 NMOKa3aHO, OMHCAHHBIE METOA MHHH-
MH33aUHH uyHcaa 3:MepoB K.TpebyeT npeaBapuTeNbHOrO
3HAHHA BMAA KOPPEASLHOHHOH GYHKUHH AJS XaHHOTO
MeCTOPOW AEHHA HJAH XOTA 651 OPHEHTUPOBOYHOTO 3HAIHS
koabduuuenTa 7. ' _

Ilpn MasoM uHC.le 12HHBIX, KOTOa %, ONpele/JHTb He-
BO3MOXHQ, YHCJIO 33aMepPOB MOXHO COKDaTHTL Je.lad
CTATHYECKHH NPOrHO3. o .

[Ipr  NPOrHO3HpOBAHHH MNPOHHLIAEMOCTH HEKOTOPLIX
CKBaXXHH Tpe6yeTca 3HA4YeHHe npoHHLaeMocTeii G6/HKAali-
IIMX CKBaXHH YMHOXKHTb Ha HEKOTODYHI BecOBYIO (yHK-
1410, 3aBHCALIYI0 OT PacCCTOssHHA. TaK KaK CKBAXKHMHH
pacnoJoxeHb auckpetHo, To no M. M. llsuaaepy  [90]
NCOMMLIAEMOCTL  NPOTHO3HPOBAHHON  CKBAXHUHBL  6yieT
paBHi:

n
K= X Fai Ky, (HI-1.16)
j=n-—m
rae Ky—TNpPOHHIAEMOCTh B HCKOMO{i CKBa:KUHE;
Ki—nponnuaemMocTs [-0li CKBAKHHBI;
i—HOMEp CKBAaXHHBI. ;
3HaueHHe f,_( onpepeasieTcst U3 HHTErpasa:
. (n—i-i-l)Ar
Fooi = j f(r) ar.

(n—i)ar



Hue npuBOANTCA NpHMep MPOTHO3HPOBaHUA B HEKO-
TOPOH CKBaXXHHE MO H3BECTHBIM MPOHHI2EMOCTAM GaH3Je-
XKAMMUX CKBAXUH MO ONTHMAJLHHM OllepaTopaM—BeCcoBoOI
¢ynxuneii. Ha HekOTOPOM JOKAaNBHOM YyuacTKe KapTH
NPOTHOSHDyeTcsA MNPOHHLAEMOCTb B CKBaXXHHe Ne 1 no
M3BEeCTHRIM MPOHHLAEMOCTAM CJERYIOUIHX CKBaXHH: Ne 2,
3, 4, 5 (nanHHe B3saTH C Bepeaosckoit maouaan TACCP).
Bokpyr ckpaxxuubnl Nel omHcaHa OKDYKHOCTB pPafgHycOM
R, =2 cxu (B Macuita6e kapth). OueBugno, R,—HR, ectsb
ABYXMepHHH aHaJor naMsati 7, aad OoJIHOMEPHOi BeCOBOil
dyHKuNH, R, —MHEHMaALHOE PaCCTORHHE A0 3KCTPamoJH-
PyeMoi CKBaXHHH. '

B kauvectBe BecoBOi (DYHKUHH BHOHpaAETCHs JHHERHOe

BbIpaKeHHe:
K (r)=po+ pur, (111-1.17)
rae ;
S
b = g (4 62), ,
1
=——" — (6--123),
By R R, ( a)
R,
0 = ——=— .
’ R‘Z'T’ Rl

Puc. 14 B

Urto6ul 110K23aTh A4HAJOTHIO MEXAY OJHOMEeDHBIM M
IBYXMEDHEIM CJAYYafMH 3KCTPANOJH[ OBakns, H3 TOukn O
npoBejeH HeKOTODhI 1YY B NPOM3BOJLHOM HampaBJeHHH,
Ha KOTODOH CHOCATCA BCe CKBaXXHHBI, KaK MOK&3aHO HA
puc. 148 nyuktnpoM. Takum o6pa3oM, ecan 3TOT pe3y.b-
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TaT NPeACTABHTb B BMJAE Tpauka (pHc. 14), Mo oCH Op-
AMHAT KOTOPOTrO OTAOMEHa NPOHHLAEMOCTb, a& N0 OCH
abcuucCc—paccTofHHe, TQ MOJYYHM OJHOMEDHH BapHAHT.
Ha puc. 14 6 maciutab yBesnueHB 2 pasa Mo CPABHEHHIO C
puc. 14 a,

Ta6auya 19
ilo l 1 I 2 3 4 5 ' 6 7 | 8 9
x1{09110,73] 055 037 | 0,19 l 0,01 '—0,17i —0,39’ -—0,53| —0,71

Onpeneasiercd BeAMYyHHA
11
a = =1,
211

TOrJa
o . — .+ 18
!"'01 - Rz—Rl 3 B Rz—Rl
Pas6ubaem paccTosinMe OT meprOil CKBAWHHBLI A0 3-if
{Ry— R,) na 10 yyacTtkoB., Torma c¢opmyaa (IlI-1.17)
npHMeT BHA;
Ki==1-0,09(2+1)=091-0,18.
3anamasck.i or 0 10 9, noayuyaeMm JaHHbE, NPHBEAEH-
Hule B TabJauue 19,
'CymMMa BecoBuIX KO3(DPUINEHTOB N0 1KHA OHITh PaBHa 1,
[paduk BecoBoi ¢yHkUHK mpuBeleH Ha pHc 15.

a9/
a7
98
937
219
401
-417
=439t
S EXAS
VA N
3 £ 4 5 2 1
Puc. 15

- Tax xak TO4k# ra ccu L (puc., 14 8) pacnosoxens
HEepaBHOMEPHO, TO HEOGXOAMMO 3TH BeCa pacrnpelenHTb
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Mesay 6-10 TOYUKAMH NPONOPLHOHAABHO pACCTOAHHAM
MeXIy HHMH, KaK nokasaHo Ha puc. 15 (ocy L). Torma
BeCa Ka}XIOH CKBaXHHbl OYLYT COOTBETCTBEHHO PABHBLI
3 (1,64), 6 (0,55), 4 (0,08), 5 (—0,53), 2 u 1 (—=0,71).
DKCTPanoOJHPOBAHHOE 3HaYeHHe 6YlaeT:
K, = 1,64 < 0,08+ 0,55 X 0,364 + 0,05 < 0,520 —
— 0,53 X 0,101 — 0,71 % 0,26 = 0,118,

Hctunnoe snauenne Ko, = 0,107 dapcu.

[lorpewHccTs COCTaBAAET 11%

Bonee TOWHLIe pe3y/bTATHL MOXKHO MOJYYUTb, BHIODPAB
HeJIMHeMHYI0 BeCOBYI0 (PYHKIMIO.

Beanuuny R,, a caemosarenbHo, M R, (namsatb) Heo6-
X0IMMO BHIG6PaTb MeTodoM oxbGopa. [lasg 3TOro mo M3-
BECTHLIM NPOHHLAEMOCTAM [I0CAEN0BaTe bHO mnepeGHpaoT
R, 10 Tex mop, moka MPOrHo3upyeMoe 3HaYeHHe He COB-
nazeT C H3BECTHHLIM HCTHHHELIM C 3aJaHHO# IOTPeLIHOCTHIO.
Bri6pas TakuM o6pa3oM R, T. e, OOY4HMBLIHCH Ha HEKO-
TOPOM YuacTkKe, MOXHO MPOTHOZHPOBATbL OCTANbHBIE HEH3-
BeCTHbIE CKBAXKHHBHI.

B unacrosimiee Bpems B TatapHn 14 XapakTePHUCTHKH
MOTJIOIAIOWINX NAACTOB HCCAENYIOT NPaKTHUYeCKH Bce 6y-
pAlMecs CKBayHHbL. McnosbsoBaHHe ykasanHOH MeTOaMKH
MO3BOJISeT B 3HAYHTE/bHOA CTeMeHH COKPaTHTL O06beM
1cc/aeN0BaHMA, He OKa3niBas BAUSHHA B NeHCTBHUTEALHOCTH
Ha Pe3yJabTaThl UX NMPHMEHEHHs.

§ 2. ONPEJEJIEHHE THAPABJIHYECKHX XAPAKTEPUCTHUK
BYPALIHNXCHA CKBAYXXHH NO JAHHbLIM
HECTALIHUOHAPHBIX HCCIEJOBAHHWI

[lpy HeCcTaMOHAPHOM [BHMXXEHHHM BA3KO-MJIACTHYHLIX
cpen 18 onpene/eHHss KodpdHUHEHTa TIHAPaBAMIECKHX
CONPOTHBAGHHA TNPHUMEHAETCA MPUHUMN KBa3UCTALHOHEZP-
HocTH. [3BeCTHO, YTO ruApaB/HYECKHe CONPOTHBAEHHA
CBf3aHBI C pacnpejesneHHeM CKODOCTH MO CEYEHHIO TPyOGhl,
a 310 pacnpefe/eHde NHPH OAWHAKOBHLIX YCJAOBUAX MONKeT
OLITh Pa3JHYHBIM AJAl CTCLMOHAPHOIO M HECTALHOHAPHOrO
ABHKeHud. TakuM 0O6pa3oM, UCMONb30BaHHE B pacueTax
EeCTALlHOKAPHOTO IBHXEeHHA KPHUBHIX CBf3H, OTHOCALUHXCH
K CTAllHOHADHOMY JBHXCHHIO, BHOCHT ONpeAeJeHHLIE OIHG-
KH B pe3yJabTar.
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Bansunue Bcex ak10pOB MPH HECTALHORAPHOM ABHMKE-
HHH MOXeT ObITb YUTeHO HaAJeXallUM U3MEHEHHEeM KO03(-
duumentos nuddepenunasbHOrO ypaBHEHHS IBHXKEHHA.
Tak kak BHeCTH COOTBETCTBYIOILHE KOPPeKTHBH B K03¢-
¢uurenTst AH¢bepeHIHANBHOT0 YPaBHEHH JABHXEHHA
pPacyeTHLIM MyTeM HEBO3MOXHO, BO3HHK@ET HeO6XOAHMOCTH
onpejesenus 3THX KO3Q(HUHEHTOB HA OCHOBaHMH HeENoO-
CPeNnCTBeHHbIX M3MeDeHHH faBJeHHS M pacxoia mpH omnpe-
NleJIeHHOM HeCTallHOHADHOM J[BHXEHHUH.

Huxe paccmaTpHBaeTcsi KBasHOAHOMEPHOE HECTAUMO-
HapHOe nBHMXeHHe BA3KO-TJACTHHHOR cpeanl B 3aTPy6HOM
NPOCTPAHCTBE CKBAXHMHH TPHU cnycKke GYpHJAbHBIX TPYyO.
3anava onpeje/sieHHss NapaMeTPOB NPOMBLIBOYHOH KHIKO-
CTH B 3TOM cAydYae CBOJAMTCH K DELIEHHIO CHCTeMbl IHb-
¢epexnmnanbHLX ypaBHeHUR [25, 64]:

oP ow ]
- = — +2a,w+ b
ox P2 (dt1 - 2@+ by
oP 2 0w
_or _ ..t
an, . P27
NPH CJAEAYIOUIHX HAYaJAbHHX H TDAHUYHBIX YCAOBHAX:

w(x,0)=0; P(x,0)=Poy—byp,x,

w (0,8,)=¢(t), P(0,%)=7f(L),
raze P—paesaeHue; :
py—TIIJIOTHCCTb CPENH;
W—CKOPOCTb CpeJbl;
2a,—xo3pdunnenT TpeHus;
C,—CKOpOCTb 3BYKa B cpeje.
3ajaeTcs OJHO JONOJHHUTENLHOE TPAHMYHOE YCJAOBHE
A5 onpefieseHMsl NapaMeTPOB NPOMbLIBOYHOH XKHAKOCTH:
P (I, t) = Py, (IlI-2. 3)

J1as onpejenedHs cpeiHeit ckopcern @ (x, t) B . cHc-
reme (llI-2. 3) wuckaouaerca nabaenne P (x,t), nocxae
Yero mnoJayyaercs caeaywouee auddepeHnuasbroe yras-
HeHHe:

(I1-2. 1)

.(111-2. 2)

02w ow 2 02w
0t¥\+ 2ay 52 - C} 22 (111-2. 4)

BeoasTcs GespaamepHble BeJHYHMHDI:

T=&t1; w= 2.
! c,

]

- X
X =
{
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Torna n3 ypapuenns (IlI-2. 4) noayuaem:
2w’ 2agl dw _dw
9 | €, or oo (1l-2.5)
HavasbHbie M rpaHHuHBe YCJAOBHA NpY 3TOM TNPHMYT
BHE:

w(x, 0)=0; % (% 0)=0; (I1-2.6)
— 1
@ (0,1) = ¢ () = 9o (x;
2
dw L, ’
5 0,0 =3 f (=1 (9),
a JOMOJHUTEJEHO 3aJaHHOe FpaHH'-IHOE ycJaoBsue
% (1,7)=0. (I1-2.7)
ox

[lpuMensss npeob6pasopanne Jlaniaca Kk YpPaBHEHHIO
(IlI-2. 5) n rpeHuyns M ycackuam (IlI-2.6) u (11I-2.7),
CBefieM HCXOIHYIO 331a4y K c.rxenyromen:

o —dw- o, (lil-2. 8)
N o0
rie E(},s):j w (%, 1) e dr, aiostp Els,
. 5

0
FpaHuqHue yCAOBHSA nepenﬂyr B CJen) IoHE:

@ (0, 8) = 90 (8); —= (0 §) = fo (s);

0= s e 10—

= [ fo) e a, (11-2. 9
0
a }lOHOﬂHP.TQﬂbHO 3a4{ HHO€ rpaHH4YHOE YCJ0OBHWE!:
9% (1,5)=0 (111-2. 10)
0x

Pewenne noayuensoro ypaBHeurs (IlI-2. 8) umeer Bun:

W= CH + Cyp e™™, (111-2. 11)
6 ‘83



Iocrosinnu 2 unterpuposanus C,; u C;; onpelensiorcs
13 ycaosuit (III-2.9) u umeror BuA:

Cl 2390 (S)za—fo (s) : C“ — %% (s)Q-{—fO (s) .
3 as

Yuuteisaa Cy; u Cy B ypasuennu (I11-2. 11), noay-
yaeM: '
ago (§) — fo (8) _ax ay (8) + £y (8) -a,
T e + oo . (ll1-2. 12)
Bocnoib30BaBiuch OOTONHHTE/ILHEIM .  YCJOBHEM
(111-2. 10), moayyaem:

dw(s) (1 S) - [“3"?0(5) —fo (S)] ex
— (2390 (8) + fo (s)] &= =0.

/ .
OuenuM nopamok ¢;. Beanynna § = —— umeer nops-
20

1
AOK o TaK KaK I/ HerAyGOKHX CKBAXHH Mopsfok [ M

w (5) =

C, oIMHAKOB, TOTAA Yyxe mpu t, = 100 cek, § <001 a
¢35 < 0,05. HMcxonn ¥3 atoro uMeem:

[73%0 (8) —fo ()] (1 + a5) — [239, (s) +

+ fo ($)] (1 +a5) =0. (11-2. 13)
IMocae Hecn0xHBIX MPeo6PA30BAHMI MOJYHaeM:
CHfolt) _ 2a,
d)o(t):l—,?‘;(—to)z-?‘- (11-2. 14)

INMonyvenHoe BHpa)kenHe sABJIdeTcs OCHOBHWHM JJA
npenaaraemoro Merolaa. Kak Buauo u3 ypaBuenus (111-2.14),

1 .
B KoOpauHaTtax @, (f,) u ~— Kpupas M3M2HeHHsT AaBJeHHUs

0
naobpamaerca npaAmMoi JuHHeH, Ko03pDHUUUEHT KOTOPOH
3aBHCHT OT BeJHYHUHBI 24,

3uas BeJHYHHb M3MEHEHUsd NABJCHHA M CKODOCTH cmy-
cka 6ypuabHblx TpyO B ckBawuHy f(f) u o (£), Boud-
caseM BeauyuHu f, (£,) B ¢ (f,) AaA M060TO 3HAYEHMSA
t,. Tlocsie storo npu noMowH - Buipaxkenua (III-2. 14) on-
pelenseTcs HeM3BeCTHasi BeJIHYHHA 2a,

C umesbl0 p2anW3aluH MpennraracMoro crnocofa ompe-
IeneHHs ko3hDbiuvenTa ruAPaBAHYCKOrO COM YOTHBJICHYS,
Ha OCHOBAHHH BXOXHLIX M BHIXORHHX HHGOpMau4f, GplJaH
3amMCaHbl H3MeHeHUsA AABJeHUs BO BpeMeHH 24 6YpOBHX
CKBaXMH Ha naowanax Kiopcanras u Hedrsanwe Kamuu,
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NPpH 3TOM CKOPOCTb cmycka OypHJBHBIX TPYy6 npUHUMA-

JaCh NOCTOAHHOR. 7 .
Koucrpykuum ckpaxuu, napaMeTpel NPHMEHSe MEX

T/IMHACTBIX PAaCTBOPOB M CKOPOCTb OYPHABLHBEIX TPYS mpH-
BeIeHB! B TaGauue 20.

4R
amm
J2 1

{ _ { |
14 5 0 75 20 25 30 ¥ cex

Puc. 16 a

M3smeHeHHa NaBJeHHS BO BPEeMeHHM IOKA3aHb Ha puc.
16a. Ha atom pucyHxe Ans nmpuMepa npencras/ieHu pe-
3y/IbTATEl 3aNHCH W3MEHEHHMs NABJeHHs JHUIb ABYX CKBa-
#uH (na, Kiopcanra: /—cks. 46; na. Hedraubi> Kamuu:
2, 3—ckB. 969). - . '

Pesyasratel pacaetoB no gopmyne (Ill-2. 14), na oc-
HOBaHMM JNaiHHX TaGaAMUN 20 H BeAHYHHB H3IMEHEHMSA
JaBJEHHA BO BPeMeHH, NMPHBOAATCA Ha pHC. 166 (maa Tex

HE CKBAXHH),
[Toce onpenesenns cooTBetcTByIOWMX 3HAUERHH 2a,

A ,
Ha "OCHOBaHWUM pHC. 166 M3 BhLIpaXceHus 2a2:2(ngchp‘li)

HAXONHM KO3 ULUHEHTH THAPAaBAHYECKHX CONMPOTHBJEHHUA
g ANA BCeX CKBAKUH, 3HAYEHUA KOTOPHIX MNPUBOXATCA B

Tabanne 20. ,

Ha ocHOBaHMM nOAYYEHHBLIX Pe3y. bLTATOB 6bin npose -
A€H KOPpe/JsUHOHHHA aHAa/IM3 (0 peajH3anMH MeToa;a
KOppe/IAUHOHHOTO aHa/H3a roBopUTcA B § 2 ruasw II).
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[TpHHUMAIOTCA AMHEHHble YPABHEHHA MHOXeCTBEHHOMH
perpeccuy B CleJyIOWIMX BHAAX: ’

i, = as + ai He + ai Re, (111-2. 15)
Az = a0 + aw/Re*, (111-2. 16)

Puc. 16 6

rae Ay, he—KO3(pdHUUHEHTH rUIPaBAMIECKOrO CONPO~
THBJ/IEHHS;
tope (D —d)
He— J’P—“—henapameTp Xeyacrpema;
K :

w(D—d .
Re — éL——)—Hap:me'rp pEHHOJI!:IlCEl;

Re* — w0 (D —d) .
= (D—d\ 06061eHFbIA  napaMmerp Peil-
&n (1 + =% ) HOJIbACA;
nw

ad: aby; aly alo; @—ueudsecTHsie KOIPOHIHEHTHL.
HopMupOoBaHHBe 'KOPPE/SLHOHHBIE MATPUUL, NOJY-
YeHHBE Ha OCHOBAHHM IPOBEJEHHOrO KOPPEeJALHOHHOrO
aHaav3a, npuBoAATCa B TaGanuax 21 u 22: '
Ha ocHOBaHMM KOppesnfiLlMOHHBLIX MATPHI (CM. Ta6JAMUEI
21 u 22) OnJAM COCTaBJeHB CHCTE@MbI YPaBHEHHA COOT-
sercTBenHo aas dopwmya (111-2.15) u (IlI-2. 16), nocxe
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Tabaruya 21

Kosddpuunenrsr xoppeasin R
Moxasavean Cpexitee ,&,’;iﬁ;’ﬁ,’,q_
KayecTsa -| aHavenne | yoe orTHJO-
(napameTpm) a He Re m, HeHHe o
Ay 1 0,387 —0,605 0,911 0,524
H 1 0,289. 434631 | 213062
Re 1 2600 760

pelenull KOTOPHX AAA KO3(QQHIKEHTOB no.nyqeﬂu cie-
AylollMe 3HayeHHd:

a1=15-10""; a,=—54-107"%;
ao = 1,662; a0 =0,063; a0 = 61,83.
[1pu 3Ttom ypaBHEHHﬂ perpeccHii nmpuHMMAIOT BHA:
by = 1, 662-+-15 1077 He—54. 10‘5}2e; (11-2. 17)

0063 + 61,83 — (IlI-2. 18)
Re> -
* Tabauya 22
Koaddrurent Koppeasiuuu
H?(I;?I:;%:::M CpeaHee 3Ha- CpellHe‘KBa:lp‘dTllll—
(napamerpmy) )\; 1/Re* yeHHe m, HOC OTKJOHeHMe 3
1 1 |- 0995 0,910 0,524
1/Re* 1 0,014 0,008

Crenenn upentuunoctd Q {ky); Q-[r3), xo3bdULKEHTH
MHOXECTBEHHOA KOppeJflLHH R;,, R, KOppensauHOHHbLE
2

OTHOWIEEHA Th,, 7' MMEKT C/IefYIOUIHe 3HAYEHHA:
2
Q [X;) = 0,713; Ry, = 0,844; n, = 0,860;
Q {k2) = 0,989; R,\; = 0,995; Ty, = 1,001.
Kak nokaspiBalOT pedy abTaTbl PacueTOB, HA CCLOBAHHH
cpaBHeHHMs K03(hGMUYEHTCB HMIEHTHUHOCTH 33aBHCHMOCTb
(111-2. 18) nmcer ayuluee COBMAJEHHE C HMCXOAHBIMHM Jlak-

HeiMH. Hcxons H3 3Toro AJsi NPaKTHUECKHX [aCueToOB
npeanaraeTcs NPHMEeHATH BHILEYKazaHHY0 dopmyay.
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§ 3. O TEOPETHYECKON CXEME MOT'JIOLIEHASA
B MHOTOMJACTOBbBIX CUCTEMAX (42]

Ot kavecrBa M o6bema nmHpODMAUMH O mapameTpax
nJacTa BO MHOTOM 3aBHCHT BHIOOD MepONpHATHH mo mpe-
AyNpeXAeHHIO. MOIJIOIleHHH TNPOMBIBOYHOH MKHAKOCTH H
cnoco6a u3oasauun. OcCoGeHHYI0O POJb NPH 3TOM HIPAIOT
Fe0JIOTHYECKHE YC/JOBHS MPOBOAKM CKBAXHH, KOTODPEIC
OTJIHYAIOTCA CHJbHOMN Meper1exaeMoCTb0 BbLICOKOMPOHHMLA-
eMbIX W MaJONPOHULAE MHX NpONJacTkoB. Jlarnoe 06CTO-
ITEALCTBO 3HAYHTEJIbHO YCJOKHAET O6PE6OTKY pe3y.bTa-
TOB T'HADOAMHAMHHECKMX MHCCIENOBAHHA B CBA3M C BO3-
MOXHBMH mnepeTOKaMH H3 OLHOTO T[OPH30OHTAa B APYIOW
yepe3 €;1a60NPOHHLIAEMYIO KPOBJIO MJHM noaowBy. B mo-
LOOHHIX pa3pe3ax TIpH OT- I e
CYTCTBHH SIDKO BhLIPaXeH- -
HbHIX BBLICOKOTIPOHHIAEMBIX |k D
NAAcTOB BO3MOXHO 3HAUH- 4| 2 k 4
TeJbHOe mnonajaHHe npo- , " %
MblBOll;:OﬂH(HAKOCTHBCJI%lI- 2 L2222
cTBHe  QuUAbTpPALMM  H3 p \
nJ1acTa ¢ MaaAoOi NMpoHHUIAe- R
MOCThI0O 4Yepe3 KpOBJIO B "t f
HHXKe- HJIM BblmeJexallue \ -
nazcrel.  MHTEHCHBHOCT®
NMOTr.10II€HUs1 P CTeT, UTO Puc. 17
O0BACHACTCA pe3KHM .yBe-

JHUEHHEeM  TMONepPeyHoro _Ce4YeHHas  (QHUIBTPALHOHHOTO
noroka. -

A. H. Maruesmnm [55] n H. K. Cupurckum [19] Bnep-
Bble GHLIJIO HCCJAEJOBAHO TEUYEHHE XKHUIAKOCTH B MHOromaa-
CTOBBLIX CHCTEMAaX H  BHABHHYTO  TPEHNOJIOXKENNHE O
npeo6aananueM TeyeH|HH eée BAOAb HAMJIACTOBAHHA B IPOHH-
L2eMbIX M/]aCTaX M MepNeHAHKYJIADHO HAMN/JacTOBAHMAM B
MaJONpPOHHIIAeMBIX NMPONAACTKaX.

JlAsl OU€HKH BHIIIEYKA3aHHOTrO YCJOBHMA HHXe paccma-
puBzeTCA B3aMMOAEACTBHE JHBYX MJIACTOB C pa3JIH4YHOM
MPOHUIAeMOCTbIO, pa3AeseHHbX cl1abonpoHuLaeMoil nepe-
MLIY KO/, NPDH He3HaYHTEJbHOM YXOJ€ KHIKOCTH B OIMH
u3 Hex (pHc. 17).

Bsaumoneitetere nazcroB / u 2 (puc. 17) uepea mepe-
MBIUKY, 1O THAPaBJIHYeCKOl cxeMe MaTHeBa—I[ MpPHHCKOTO
[21], onHchiBaeTcs cseldyiolied CHCTEMOH ypaBHeHHMH mbe-
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30NIPOBORHOCTH AJs HJAOCKO-NapaA/e/bHOr0 TedeHHUs WHun1 -
KOCTH: !

1 oP o2p

— =2 G (P —Py)

w0 0x (11-3. 1)
4y OF Ox? 4 2 rh

rae x;, x,—KO3(QdHUHEHTH Nbe30NPOBOLHOCTH COOT-
BeTCTBlelLlHX naacros;

Py, P,—BenHuHHW NaBieHHA B COOTBETCTBYIOUHX

n.,acrax;
K, K, .
2 02 2 02
az = as = - K03 ULUHEHTHl NepeTOKOB,
" Hahgho ’ Kohyhy q)Cp P ’

Ka, Ky Ky—x03pPHUMeHTE NEORHIAeMOCTH COOTBETCT-
BEHHO MJAaCTOB H NEepeMbluKH;
hy, h,, hy—MOIIHOCTH COOTBETCTBEHKO NJAaCTOB U me-
peMBIYKH, o
Hauvasbuhe ¥ rpaHMuyHHe yCJOBHA IJA JaHHOA 3ajxaud
HMEI0T CJAEAYIONIHA BUI:
Py (x,0) =P, (x,0) = Py3;
Py (L, t), =Py (L, t) = Ps; (111-3. 2)
Py (0,t) = Py (0, t) = Py,
rie x—TeKyluasd KOOPAHNHATA,
L,—paccTosiHne RO KOHTYpa NHUTAHHA N/1aCTOB;

Py;—naacToBoe napjeHHe;

P,,—nap/ieHHe Ha CTeHKW CKBAXHHK.

3 BHIIEYKAa3aHHOTO YCJOBHA BHITEKaeT, YTO THAPO-
CTaTHUYECKHM J[dBJeHHeM MOXHO IpeHeOpeub, a IIACThI
KMeloT Maayio MOIMHCCTH M JIaBJEHHe B HHX MApPHMHATO
OJHHAKOBLIM B HAYaJbHbIA MOMEHT BPEMEHH. '

BBHny cxeMaTHMYHO NMOCTABJEHHOH 3afa4H U TPOMO3JI-
KOCTH  pelleHHsl pacCMaTpUBAeMON CHCTEMH YpaBHEHHN
OUEHHBAETCA BO3MOXHOE H3MEHEHHe KOoJUYecTBa MOTJO-
ulaeMofi MHAKOCTH NPH NOAKJAIOYEHHW BTOPOro Imaacra
yepe3 nepeMbYKY Ha OCHOBZHHM Teope Mul CpaBHeHHd [84].

PacematpuBaeTcs pellleHHe JBYX H@3aBHCHMBIX ypaB-
HeHHH I/ HeKO TOPHIX QYHKUMA & H w:

1 oOu 02u

— == —ai(u—Py), (111-3. 3)
AN .

1 ow 02w
T T T (iti-3. 4



‘KOTOPBlE OTPAMAIT TeueHHe MHUIKOCTH B NEPBOM MNJjacTe
COOTBETCTBEHHO C YUETOM MepeTOKa 4Yepe3 MepPeMHIUKy H
6e3 yuera nocseaHero npu tex ke ycaosuax (llI-3. 2)
TO BHINOJHAIOTCSA COOTHOIIEHNA @ < P, <uw:
Sw | [ 9h| . 0z
ox |[x=0 dx lx=0 ox

TlpuMensieTrcd npeo6pa3opanne Jlanaaca

x=0

L, (1) = Efou(x, t) exp (—st)dt.

Pewenne yrapwenusa (I111-3. 1) npu ycaosuu (ll-3.2) no-
JIy49aeTcs B BHJe:

w= Blalan(x /gy 5 )-
—cth (1.l ]/aﬁ)sh(x ]/a§+%)

TAe S—napaMerp npeo6pasosanua Jlansaca;
ou _ Py =Py, 9 s y
x=0 N 1/a3+ :I.l—

ox
X cth (Lll/ 2, s ) (111.3.5)
3nasn uaaecmylo dopmyay ns ONepalHOHHOTO HCYH-
.cnenHa  lim [sf(s)]= llmf(f), crauuomapuyw cocTaBaAs-

X—20 X—00

FOULYI0 PacXxofa XHAKOCTH B NJAZCTE [PH HAJAUYMM mepe-
“TOK& onpene.’mm TaK:

=Ky (PR Ly duy  _
9o = v tl—l-oo ( ox )x— - '? 31-2)1 (S Ox)x=0
= Pu=Pu g g cth(Lay), (-3, 6)
'q

TAe 7—BA3KOCTb" KHAKOCTH,;
9o —BerHﬂﬂioueHxa CTaLlHOHAPHON COCTaB/RAIOILEN
pacxosnay(Mpd mMepeToke uepe3 mnepeMuluky).
OGlee KOAMYECTBO MOT/OIWIEHHON 3a CueT HeCTalHO-
HAPHOCTH MPOLECCa XKHAKOCTH B STOM Clyuae MOXeT OBITD
onpeaeneHo U3 COOTHOmEHHﬂ

Q= S' qlxzo - ‘701|x_0) at =
0

t
:}T‘:’bj‘ (‘le=0 - %IIX=°) at.
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STO BhIpaXeHHue 3anMucuHraeTcsa B _BHe:
Ky (Poy = P 2 s
Qpy = lim Ha(Pu=Pr) [Va3+_ %
s—»>0 L *1

S
$
X cth (L1 Va%—}— Tl) — a4 cth (L a,)] .
Ono mpeacrapaser coGoil HeonpeneNeHHCCTb BHIaA %-

[NMpuMenns npasuao Jlonutans, moJaydyaewm:
QO2= EOL'- P03'5h (L1a3) ch (Lla.i) - Llaa_ . (”1_3 7)
: 22 ay sh2 (Lyay) .
Ias HaxowpAeHnuss pewenns ypabuenutt (III-3. 4) npn
yeaosuax (IlI-3. 2), npeacraeasiomero coGOd HHKHIOK
oueHKy (6e3 neperoka), NpPHHUMaeTCs BO BHUMaHHe He-
OpepLIBHOCTb pelleHns # (x, t) 0T Ko3(pdHUHEHTOB, T. e.
w(x,t)=1imu(x,t) H
Jw .
— = lim — .
0x |x=0 a—0 0X |x=0
Hcnoabays BhllleykasaHHoe, -Jerko noayvaem aad
HHXHEH OleHKH: ’

K:} (POA—POB) , (111-3.8)
nLy
QOQ= Ka (PO-t - P03) . (1”_3. g)
By
dopmyant  (III-3. 6§, (1lI-3.7), (llI-3.8) u (Il-3.9)
Lal0T BO3MOXHOCTb OINpeJejUTh BEPXHIOD M HHXHIOK
rpaHHLB KOJHYeCTBa TNOTJOUIeHHOM XHAKOCTH B maact [/
3a koHeyHsll mpoMexytox BpemeHn 7, KOTOPHIl AOMKEH
NpeBHIIATb BPeMA 3aTyX8HHA IMepeXxONHbLX NPOLEeCcCos,
T. €, BpeMs peJaKCcalliM HeCTaUHOrapHbIX mnpoueccos 7T,
Jto BpeMmd, cornacHo pa6ote A, X. MupsamxaHnsane,
M. A. Tyceiinzage [45], MOXHO OIEHUTb H3 COOTHOLIEHHS
_H
0 .

*y

do1r =

K,
Qo1 = Qo3+ g0 T:T (Pos — Pe3) X

% [L sh (L,a;) ch (L,a;) = L1a3+- Ta, cih (_lea)} '

* aj shs (Lyay)
. K L T
Qos = Qg + 9o T = (Poy— Pog) (‘3;4- —)
7 *1 L,
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Al1a  yHCAEHHOH OLEHKH MNOJYYEHHBLIX pPe3yabTaroB
6n0 onpefsesneHo snaucHHe Qy/Py; NPH CAEAVIOLMX Be-
3
JIMYMHAX MapaMeTpoB: ‘

. 2
Li=10% ety =100 225 | by = 103 c; hy = 108 e,
CeK
L?
[Tpn arom 7—1 = 10* cek. =~ 3 yac., U ecaM paccMaTpH-
~1

BaThb NMPOMEeXYTOK BpeMenk 7 = 10°= 1 cyTkaM, TO OKOH-
YaHHe NeLexOoiHOrO Nnpolecca rapaHTHPOBAHO.
Ha oci03aHMM YuUCTEHHBIX pacyeToB JAJs1 PAa3NHYHHX

K
COOTHOW eHHA I—{i pe3yabraThl NPHBOAATCA B Tabauue 23.
' Tabauya 23

— 1077 108 16~5 107% [1073]1072| 10!

a? 1012 1o~ lur“’ 10°° [ 10~8{10"7|10¢

Qo by
R . 1,03 ) 1,1

1,2 1,4 3,2 9,2 29,2

W3 aHanusa npuBemennblX AarHHX BHIHO, YTO NPH
K ' .
3HavYeHHAX —= 0,001=-0,1 KO/IHYECTBO NOTJIOLIAE MO HKH I~

3 .
KOCTH 33 1 CYTKH MoXeT yBearunthca B 3—30 pas npu
Ha/IH9MU NEPEeTOKOB Yepe3 MaJONPOHHLAEMYIO MEepeMbIuKy
B BblLIEJEXKAL[HE MJACTHI.

Ypapnenust (I11-3.3) wu (IlI-3. 4) a1s  6GeckoHewHoro
NJaCTa NpH CAeNYIOIHNX HAYAMbHBLIX M TDAHUYHBIX  YCJO-
BUAX NPHMYT BHA:

Py (x,0) = Py (oo, t) = Pe;
Py (x,0) =.Py(oo, t) = Pg,;
* Pl(Oyt)?p2(Ovt):P04

Ilpumenss wussecTHne pewenus [34], nmpoussenu wyu-
C/EHHBI€ DAacyeTsl JJSi OTHOCHTE/NbHOTO H3MEHeHHs pac-
X01a MHAKCCTH NDH HAJHYHHK NEPETOLa Yepe3 MePeMbIYKy
NPH TeX e 3HAYEHHSX MapaMeTpoB.

Ha puc. 18 npuconurca uaMeneHHe OTHOCHTeBHOM
Be/MHUHHL PacxXO1a ¢,'¢, BO BpPeMEHH.

W13 apanusa puc. 18 Buano, 4TO pacxon HPOMLIBOY HOM
WHUAKOCTH NpH B3aHMONEHCTBMH NJacTOB uepe3 24 yac.
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Moxer B 6—50 pa3 npeBHCHTL YPOBEHL pacXoaa Mpw
OTCYTCTBHH TepeTOKa B 3aBHCUMOCTH OT COOTEOWEHHS
NPOHHLAEMOCTH nMepeMbHYKH M MepBOro mJacra.

I
9oz
50

J0 -

/ LAy
20 Kl-? \ “
10 / //Kw}_—_—_1

=
S‘IIS'
]
L
~a

‘ T
1
AR 7 20 tyacee
Puc. 18

TakuM 06pa3oM, K&K BHA}O P3 PE3YJbTLTOB OLEL 09~
HBIX pacyeTroB, MaJj&ad INPOHMUAEMOCTb NJacTa He rapau-
THDYET OTCYTCTBHSA OLLYTHMOTO NOIJOLEFP Ul NPH NMPOBOA-
Ke CKBaXHHbI. lI3MeHeHHe THALOLHE2MHMYECKOTO YC/J0EMA
M B3aUMOAEACTBHE [JACTOB MOTYT NpPHBECTH K 3H&YU-
TEJILHOMY IMOTVIOUIEHHIO MPOMEBOYHOR KHUIKOCTH npH. 6y~
DEHHH CKBAXKHH.



ri74BA4 IV

3JIEMEHTbI THAPABJMKM-
UEMEHTHBIX PACTBOPOB
W THIPABJMYECKUE PACYETDI

§ 1. K BONIPOCY HCCJEJOBAHHR
HEKOTOPBIX $IBJEHHH, NPOHCXOJSILIHX
NNPH TBEPIEHHH UEMEHTHOI'O PACTBOPA*

Onnoit 13 CCOBeHEOCTEH TEePAEHHS , LeJoro pajga pa-
CTBODOB M3 KJWHKEPDHLIX MATepHaACB, B TOM 4YHCAE U
LIeMEHTHOr0, NPUMEHSIOMErocs AAs TaMMOHAXA 06CaLHBIX
KOJIOHH NPH KpenJieHHH He@TAHBIX M Ta30BHX CKBaXHH,
AABJIAETCA PA3BHTHe BAKyyMa HA NOBEPXHOCTH LEMEHTHOTO
KaMHfl B Pe3yJ/bTaTe THAPATALHH OTAENbHBIX KOMIOHEHTOB
AvcnepcHoit (a3ael,

Peaynbtath  3KCnepHMeHTOB, NpUBELEHFHIX B paGoTe
A. Y. Bynarosa [11], noxasaan, uTto mpolecc pasBHTHSA
BAKyyMad HAYHHAETCA C MOMEHT2 OCTABJEHUS LEMeHTHOrO
pacrsopa B moKCe, KOTJa OH €€ HAXOAMTCA B MJIaCTHY-
HOM CCCTOSIHMH.

Onnako, kak wussectHo [30], B HayanbuHii me-
PHON NpH TBEPAEHHH LIEMEHTHOrO PaCTBOPA M~ OMCXOJHMT
BONOOTAE/IeHHE, KOTOPOE BLI3BAHO OCaXKAEHHEM TBEDPIBX
yacthl. Tlo3TOMy BO3MOXHOCTB Pa3BHUTHs BAKYyMa B 3TOT
nepHOA HckaArovaetcs. IToc/einyii Ha NOBEPXHOCTH 1@ MEHT-
HOTO KavHf, NO-BUAMMOMY, OyZeT pa3BHBETLCA TOrAA,
KOTAa IO Mepe NPOTeKaHHA Npolecca FHApPAT:uMH Hay-
HeTCHA MOTJIOLIEHHE BbIJEAAIIECA BOIKL.

TIlpencrapasior HHTEpeC pesyabTaTh, moayyenuse B. T
CkpamTaesniM [76], H3MepABIUMM- BeJMUMHEI BakyyMa Ha
NOBEPXHOCTH L@MEHTHOIO TeCTa, MNPeJBAPHTENbHO YMNAOT-

* Pa6oTa_BHINOAHEHA MO MPELMONEHHIO OJHOFC W3 apTopos M. X,
Araepnm P, A MycaenuM MK, Ceng-Psa, H M Llepcr-
HeBH M
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EEHHOr® nyreM BHODHDOBAaHHA; aBTOP YKasbipaer NpPH
3TOM, YTO B TeUeHHe MepBLIX ABYX YacoB siBJeHHe BaKy-
yma orcyrcreoBano. [lostoMy Ha6arioxasweeca [11] pas-
pAXeHUe B HaYaJbHBIA MePUOJN CXBATHIBAHMA IleMEHTHOTO
pacTBOpa He MOIJ0 fBHTbCA ero caeiCTBHEM. B cpasnm c
3THM pacCMOTPeHHe J[AaHHOrO BOMpoca, C TOYKH 3peHHA
YTCUHEHHS] TIPHYMH BHINEYKA3AHHOFO SMABJEHHA, a TaKike
YCTAQHOBJeHHS] BO3MOXHON CEfI3H ero ¢ 3aTpyGHBIMH TPO-
'SIBIEHHAMM NMPH TBePAEHHH UEMEHTHOro peCTBCpa, mpex-
CTapaser onpeaeseHHbll HHTEpec.

C arto#t unesasio B AsHHHU-
6ypHedTH Obla DpOBE ZeHa cepun
ONLITOB HA YCTAHOBKe, CxeMa
KOTOpOil npusenena Ha puc. 19.

[lpn nposemeHur ONLITOB B
METAJIVINYECKYI0 KoJMoHHY / (pHC.
19 a) 3anuBasca  1eMeHTHBIH
pacTBop 2, nasJjeHue (Toa6a
KOTOPOr0  YpPaBHOBELIHBAJOCHh
cT0160M PTYTH, 3anoJHABLIe
H3MEepUTEeALHYI0 TPY6GKY 4.

YpaBunoBellagHY0 TaKUM 00-
pasoM CHCTeMY PTyTb-LEMEHT-
HHI# pacTBOp OCTaBAd4AHM B IO-
Koe R0 Hauyaja CXBaTbIBAaHHA,
B TeYeHHe KOTOPOIO yepe3 on-
pelne/ieHHBle NDOMEXKYTKH Bpe-
MEHH OTMEYaJoCh H3MepeHHe
YPOBHA DTYTH.

OKCrmepHMMEeHTalbHoe  HCCAelOBaHHE  [OK33aJo, YTO
nanewne ypoBHa pTyTH (kpuBas /, puc. 20) B TpyOke 4
BO BpeMEHH MPOUCXOAMT HEPABROMEPHO. B HI4anbHHIH
nepuoa 310 MNaleHHe NPOMCXOAMT GoOAee HHTEeHCHBHO, HO
CO BpeMeHeM 3aTyXaer M CTPEMKTCA K HEKOTOPOH MOCTO-
IHHOH BeJIHYlHE.

YkasanHoe ABJEHHE MO0 aHAJIOTHH C paHee npoBegeH-
HBIMM 3KCNEPUMEHTAMH [3] C MIMHUCTEIM PacTBOPCM MOXeT
6biTb  OODBACHEHO ONFOBDEMEHHHIM IPOTEKAHHEM ABYX
NpoLecCcoB: COKpauweHHeM o6bema pacTBopa (ycauKoil),
NPOMCXOASALUMUM B DE3yAbTaTe YNPOYHEHHUS CTPYKTYPH,
a TaKxXe KOHCOJHAAUHHK TBepROH a3kl M 3aBHCAHHEM ero
HA OrpaHMYMBAIOLIHMX MOBEPXHOCTAX 33 CYeT pOCTa aiAre-
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3KOHHBIX CBfi3eld M maleHHs BCJAENCTEME 3TOr0 aKTHBHOTO
HaBJeHHusn,

Kpome TOoro; OblJIO YCTAHOBJAEHO, 4YTO NPH YpPaBHOBe-
IIEHHOM COCTOFHHM LIeMEHTHOrO PpacTBopa ycalka HMeeT
MECTO BO BCEX CJAVUAAX KAK CBepXY, TAK M cHu3y. [lo3To-
My oHa Oblia 3aMepeHa M B BePXHell UacTH KOJOHHH /,
COENMHEHHON ¢ IuddepeHunasbHHIM MaHOMETPOM 4.

Kak Bunuo u3 mpusedeunHo#t kpuso# [/ (cMm..puc. 20),
BAKYYM, pa3BUBAIOWHiiCA B BepXHEi YaCTH LLEMEHTHOrO

{sod ————————— —
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Puc. 20

(TOA63, NHTEHCHBHO pacTeT C cAMOr0 HAuaja, 3aTeM M0-
CTENEHHO 3aTyXaeT H yYepe3 OMNPeAeJeHHEIl mpoMexXYyTOK
BpeMEeHY BHOBb HauMHaeT pactH, HO OoJee HHTEHCHBHO,
yeM BHiyajse H MOCTeNleHHO, 3aTyxasa B NOCJAedyIolleM,
NPHHHMAeT OTHOCHTEJbHO MNOCTOSAHHYIO BeJHUYHHY. JIMHHSA
AB Ha 3T0# KpHBOil, NMO-BUAUMOMY, XapaKTepH3yeT ycau-
Ky, @ JuHuA B—BakyyM, pasBuBalOUIMACA nOc/Ae MepHona
BOJOOTAENEHHS B pe3yJ/ibTare THIPATALHH NPH CXBATHIBA-
HHH K TBepAEHHH L EMeHTHOTO pacTBOpA.

Canenyer OTMeTHTb, YTO BTOPHYHOro ckauyka (BD) Ha
KkpuBO# | He na6Ga0IaeTcs, 10 OOBACHAETCA TEM, UTO
NpH onpeleNieHNH YCAAKH CHH3Y CTO/N6 LeMEeHTHOro pac-
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TBODa ypaBHOBELIHWBAJACS CTONOOM PTYTH, KOTOpas Moraa
3aMelllaTh TOJbKO O6HEM, CCBCOOAMBILHECA B pe3y/bTaTe
ycaAKH, a pasBHBAOWMACA B pe3yabTaTe THIPaTallMH
BaKyyM HA NOBEPXHOCTH N EMELTHOrO KaMH#A, BCJAEICTBHE
€ro0 npaKTHYecKOd HenpoOHHUAeMoCTH IJAd PTYTH, HE
MOT ee 3acacHBaTh. )

Kpome ToOro, 6niiu npoBefeHb aKCcnepHMeHTH MO Onpe-
Je/NeHHI0 BaKyyMa BO BPEMA CXBaTHBAHHf M TBEPAEHHRA
LUEeMEeHTHOro pacTBopa npH HaAHuHH UALTPALMHM Yepe3
npoHHuaenoe IHO 3 B KoJoHHe [ (cM. puc. 19 6 u 8).
C 3T0#l ueablo KosokHa I B onHOM caydae (cM. puc. 190)
CHH3Yy H CBepXy COeNHMHAJIACh C AuddepeHnHaIbHBIMH Ma-
HoMmerpamu 4 U §, a B Ipyrom (cM. puc. 196) —co cre-
KJAAHHBIMH TPYGKaMH & U 4, 3anOJHABLIKMHCA BOLOM.

OJxcrnepuMeHTaNbHEIE HCCAENOBAHNS MO ONPeje/eHHIO
BAKYyMa, BC/AEICTBUE MOCAEAOBaTENbHOr0 AefcTBUA ycal-
KH W THIDaTauMy, B BEpXHed Y&CTH IleMEHTHOro pacTBOpa
(cM. puc. 20, kpuBasm 3), 3amepeHnHOro IudipepeHunaNb-
HBHIM MaHOMeTpoM & (cM. puc. 196), npH HaauuyUh QHIb-
TPALMH, NMPHBEAM K AHAJOTHUHEIM MO Xapakrepy pe3y.b-
tataM (cM. prc. 20, xpuBas [).

Ha puc. 20 mano nmaMeHeHue noxasaHus AudpdepeHun-
aJbHOr0 MaHoMeTrpa (KpuBas 3), npelHasHayeHHOro 1.4
3aMepa BaKyyMa B HHKHeH YacTH 1 eMeHTHOro cTo./0a
NpH HaJAMuuH @uabTpaunu. K3 3roit kpHBOH BHIHO, YTO
BCJeL(TBME (UJABTPALHH IMOKazaHHe AHGdepeHnuansbHoro
M3aHOMeTpa pacTer, a 3aTeM IOCJe TNfekpalleHus Quib-
TPAllMM H3-3a BAKYYM3, pasBHBaplllercca B pesyJ/abTare
ruRparauuy, CHHKueTCa.

[lapannenbHo ¢ 3THM BeJIHUMHA -EAKYYMa INpH CXBaThi-
BAHMH LIEMEHTHOTO pacTBOpa Onpejensnack H MO H3MeHe-
HHI0O o6beMa BOAB B OTEKJAAHHBX TPyOkax 4 u & (CM.
puc. 19 6).

Kax nokasasno sxcnefUMeHTalbHOE HCC/Ael0oBaHHe (CM.
puc. 20), xuHeTMKa H3MeHeHHs ofbeMa BOAb (cBepxy 2’
M CHU3Yy 2) aH&ZJOTHYHA COOTBETCTBEHHO XAaPaKTepPy H3Me-
HeHHs BakyyMa 3’ H 8, 3aMepeHHoro AxddepeHnnanbLHbIMK
MaHoMerpaMu 5 u 4 (cM. puc. 196).

L[4
M3 kpuenix 2 u 3 BHIHO, YTO BaKyyM NPH HaJHUHH
usbTpalHH B HHXKHEH YacTH LEMEHTHOro €r1o/16a pa3BH-
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BaeTCsl nocne HEYéJna cXBAaTLIBAHUSA, BO BpeMA TBEpAeHHA

nocJjexHero.

MoxHo npeanoJaratb, 4TO HanboJce BepOATHHIM He-
PHOZOM BO3MOYXHOTO 06Da3oBaHHA MyTed IBIIKeHMSA Ta3a
B 1EMEHTHOM KaNHe 5BJRETCH, NO-BHAHMOMY, NepHCH
Pa3BUTHMA )COIAKH, KOIAA LEMEHTI bl PacTBOP HAXOAWTCH
B XKHAKOM CCCTOSIHHH,

Onnako, Kak nokassHo B pa6ore A. M. Bynarosa [11],
BAKYYM, Pa3BHBAIOWNI Csl B MOCJAEAYIOLUIEM HA MOBEPXHOCTH
LIeMEHTHOTO KAMHA, NPU C(NpejesIeHHBIX YC(JACBHs X Ccnccch-
CTBYeT [ OCTY MNPOHELAEMOCTH KOI TAKTHPYICLIEHA C HHM
FJIMHUCTON KOPKHM M CO3IaHUI0 JIONC/HHUTEJbHHIX TMYTEIl
ABHXeHLfl rasa.

Hecnencsanusa, npoeenennsie B AsHUUGypuedtH,
10Ka3aJM, 4TO JIJf TNOSABJIEHHUA TPELIMH Ha NOBEPXFOCTH
B KOHTAKTE C LEMEHTI HIM KiéMH€M Tpe6GyeTca NPOAOIKM-
TeJbHOE BPEMS, KCTOPO€ B 3HAUHTEJbHOM CTENEHM 3 BLCHT
or ux KauecrBa. Kpome TOro, eciau yuecrb, 4TO NpH
OTCYTCTBHM JONOJHHTE/bl OH BJArH KCpPKa, NCCTENEHHO
06e3E0XHUBAACL, PACTPECKHBI€TCA noc/se JJAHTEe/]bHOro
nepuoja, TO NPH HAJAHYHH BsarH (KOTOPOH B YCJOBMSAX
CKBAXXHH HHMKaK HeJab3sl TipeHeOpeub) STO BpeMs- Oyler
3HayuTeabHO 6osblle. BcaencrBue sTOro ykasaHuoe sikJe-
HHe He. MOXET PacCMaTPHBATICA KaK NMpluMHA 3aTpyOHBIX
NpOs BAeHUH, BO3HMKAKILHX Yepe3 OTHOCHTENbHO 1e6oJL-
1I0# NMPOMEXYTOK BpEMERM MOCAe OKOHY:HUA LEeMeHTHPO-
BaHWA M 34TBeDAEHMHA IleNeHTHOro pactBopd. [Ipu 3TOM Ha
BO3MOXHOCTh TMPOHMKHOBEHHMS TI83a GoJblllOe BJHARHE
OyneT OK:3bIBATH KAYeCTBO TJHHHCTHIX KOPOK.

PesynpTéTHl nMpoBeleHHbX sKcnmepuMenTCB (prc. 21)
MOKa3wIBAIOT, YTO ra3 HAYHH{eT NPOHI KaTh yepes KOj KHu
CIyCTA HEhOTCPOE BLeMs ICCJAE HaX(KIEeHHs WX BO B3a-
HMHOM KOHTakTe. IlpHyeM KbhHeTHMKa M3MeHeHHUsi (QHALTPL-
UMM ra3a gas TNPHHATHIX YCJOBHH MNOYTH He 3: BUCHT OT
ero naejeHHA, ITO COBbSCHLeTCA TeM, UTO B HauyajbHbIi
NépHOA TNCA JaBA€HHeM Taza H3 MHK[ONOp TIJHHHCTOII
KOPKH BHITECLfeTCA BOJA, FCJAEIACTBlIEe 4YEro NPOKCXOAHT
ee 00e3BOXHMEAHHe M pacTp(ci HBal He. O6pas3oBaBIUL ECH
Tpeiut I cBOGOAHO- NPONYCKAWT ra3s, YyBeawuyusas 31y
BC3MOXI.CCTb NPH NCCAEAYIOIEM MX pacllHPeHHH.

Ha BrinensnoxevHCro cjenyer, YTo NepHOX 1O HavaJa
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¢duAbTPauUMH ra3a 4epe3 KODKY COOTBETCTBYET BP>MedH,
KOTOpPOe HeoOGXOoZUMO A 00DPa30BAHHA TPELIHMHEI HA KOD-
ke. [lpuueM sTO BpeMd C YBEIHY2HHeM JaBJeHHA ra3a
coxpamderca (puc. 22). Xapakrep H3MEHeHHi BpeMeHH,
Heo6XxoauMOro AAs OOGPa30BaHHUA TPEUIHH Ha KOpDKe, C
H3MeHeHHeM JaBJieHHd rasa
MOYTH He 3aBHCHT OT Ka-
817 yecrsa TIJIHHUCT IO  pac-

TBOpa M aasJeHus o6paso-

\\ EaHUS KODKH, W B/IHYHUHB

0 €ro IJs BceX KOP“K (KpHu-

030 KI 70 W W0 0 bwnB2T_ 1), TONYHEiHHX M3

Heo6paboTanHoro, o6pa6o-

Puc. 22 tanHoro YUIP u yraxe-

JIEHHOTO pacTBopa (Kpome

06paboTaHHBEIX KCCB KpuBaA 2), MaJgo OT/IMYAIOTCA JAPYr
OT Ipyra.

BpeMs, neo6xoauMoe A48 O6Gpa30BaHUA TpPELLHH HA
KOpKe, Mojyue IHO3 npu (uAbLTPALAM pacTBOPA, 05paboTaH-
noro KCCB, B Hec.o/abko pa3 Goablie, ueM AJs KOpOK,
NOJAYUeHAdbX NPH PuUAbTPA MU APYTHX pAacTBOPOB.

TakuMm o6pa3oM, mNpoBeAeHHbIE 3KCMEepPHMEHTaJbHHE
HCCJAeNOBAaHUA MO3B)YIHJAH CHEAATh CJelYIOllHe BLIBOAHI.

1. HanGo1e2 BeposiTHOH ™ npHYMHOM, CMOCOSGCTBYIOLLEH
Pa3BUTHIO BIKYYMa B Haya/ahHbIl MePUON CTPYKTYpooGpa-
30BaHus LEMEHTHOr0 pacTBopa, #ABJIAETCHA Yycalka.

Pa3BuTH® BaKyyMa Ha mOBEPXHOCTH L(2MEHTHOTO KaMHud,
06YCJA0BACHHOE THApPATALUeill OTAeNbHBIX KOMIOHEHTOB
aucrnepcHot daspl, HAYHHAGTCA MOCJA2 HAYA/1a CXBarLiBAHHA
I[eMeHTHOr0 pacTBOpa.
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3. BakyyM, pasEHBAIOIIHACH H3 MCBEPXHOCTH LEMEHT-
EOr0 KaMus, crnoccCcTByeT OGE€3BOXKHBAI IO TAHMHHCTOrO
pacTBopa M (M. bTPALMOHI X KODOK M MCHBJEHHIO B pe-
3yJbTaTe STOTO TPELIHH, K(TCPHIE MOTYT CTETh NMYTAMH
NPOHHK! OBeHUA rasa B 2aTpy6hOe mnpoctpancTtBe. OaHaKo
B 3aBHCHMCCTH OT BJAXHOCTH C[eAhl COpazoBakue TpPeLUUH
MOXET CHITh I CK/JIOU(HO HJAH OHM MOTYT NCSABHMTLCHA JHILb
nCccae LAUTeNbH(TO BpPeMeHH KOHTaKTa..

4. Bpemsi, mccae KOTOP(TO MNOABASIOTCA TPEILHHH B
[/MHHCTHIX KOPKAaX, SaBHCHT OT KauyecTBa PacTBOP(B, NPH
¢uALTPaUMH }OTOPHIX ‘OHM 0€pazoBajiHCh, a TaKxe OT
IaBJAEHHA ra3a, KOHTAKTUPYIOLETO C KOPKOY.

Hau€oJsbmee copnpoTHB/eHHE TOCTYNJA¢HHIO Tasa H3
iacrta B 2aTpyC€HCce NfOCTPAHCTBO H3 FKCINHITAHHBIX TJH-
HUCTBIX KOPOK CKAaZnlBaeT KOPKA, MNCJYyYelnaa MR TJAHHM-
cTCro pacteopa, o6paborannoro KCCB.

AHaJslornuubsle pe3y abTaThl NOAYYAKOTCA NpH uabTpa-
MY Y€[€e3 NMCPHUCTYI Cpeay BHLICOKOCMOJLCTHX HedTel U
AOJHME[HEIX PacTBOPOB. ~

C neario n3yyeHHs xapaxrepa GHABTP:LMH M BCCCTa-
HCBJEHMS [a8BJeHHS BLICCKCCMCJHCTHIX KedTell M nosu-
MepHBIX P{CTBOPOB OBLIM NMPOEENEHBl 3KCIepHMEHTaJEHbie
HCCJEeO0BAHHA CAeAYICUIMM 06pazoM.

[locsie ycranoB/serMs pexuMa (uJiTpaUUM 3aK[ BIEAJH
ra BpIXOJAe KCJAOHKH BEHTHJAb M CHUMAJH NMOKAZaHH{ MapHo-
MeTpa, YCTau(BAECHEOIO Ha Bhixode. [locne TCro, rax
JlaBJienne BOCCTal aBJMHMESACCH, ZaKPHIBAJAH BEHTI Hh HA BXO-
Je FOJMOHKH, & HM3MEHPHEe NaBJeHHA (HUKCHEOBAACCh MAC-
Ke2aHHeM o(paslLOBOTO MaHOMe1pa, YCTZHOBJLEHHOIO 1a
BbIXOJle KOJIOHKH. i

Pe3sysabTaTel HCCA€ROIAHMP, NPOBENEHHLIX C NOpPHCTOM
cpeno® mnporuunaemcctiio K = 195 capcu u nacwwerroft
BLICOKOCMOJMUCTON He(pTEIO, NfUBCAATCA !a prC. 23.

M3 puc. 23 euaro, uT0 NOCAKE 33KPHITY 5l BEHTHS HA BXOJe
KOJIOHKH , NaE/eHHe NafaeT A0  OnpeleJeHEOR Be/MUMHBI,
mocae Yero OHO yCTaHaBaupaercss. Tak, NO KCTedek Hi
250 MHH. B onbTe C neprCHAYaJbHbIM NepernajioM JAasJe-
rud, paBHnIM 35 amm (kpuBas /), Hap/JeHHe HA BHIXOILe
KOoJOHKH ymaao Ko 30,5 ammx, a B onbiTe ¢ nepBoHavaJL-
HbIM NepenajzoM JAaBji€HHA, PaBHLIM 22 amu (xpuras 2),
ono ynaso 1o 17,7 amx. [lpx sToM Aad nefBCro cJayuas
HauaarHHW# nepenan JAaBAeHUA, HeOGXOAHMMbIH /A npe-
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OJ0JeHN N[elenbHOTO HAMPAMEHHUS CABMra <, paBeH
AP, =04 amu, a nas Broporo AP, = 0,5 amax.

-Ha puc. 24 npuBOAATCA KPHBBIE BOCCTAHOBJIEHHWA AaB-
Jeyus B nOpHCTOH cpele npH duabrpauun 0,3%-Horo
BOAHOrO pacTBcpa noauakpuasamMuna—IIAA (n = 3,8 cn3;
1, = 19 ml fem?).

Kak Buano w3 puc. 24, nasa kpuBo#i 2 BpeMmsi BoccTa-
HOBJeHHAl AaBieHus B mopucroil cpene 0,3% TTAA pasno
40 cex, a no ucredenun 3000 MHH. JaBJieHHE HA BhIXOJe
obrasua ynmajo ¢ 25 no 21,5 amm. s xkpuso# 2—Bpems
BOCCTAHOBJEHHA JaBJeHHd B mnopHctoit cpeae 0,3%I[TAA
paBHo 40 cex, a no Hcredenuu 3000 MHH. AaBieHHe YmaJao
c 27 no 20 atm.

—

§ 2. O PEXUHMAX JIBUXEHHA LEMEHTHbBIX PACTBOPOB*

OnpenensenHe yca0BUR Tmepexona OT CTPYKTYPHOro
pexxuMa TeueHus K TypOGYJeHTHOMY, T. €. OlNpene/eHHe
K[ HTH4eCKOro PEXHMa TeUeHHs, uMeeT 60/bLIOe NMFaAKTH-
YyecKoe 3HaYeHHe M HEPA3PLIBHO CBA32HO C pelleHHeM psaa
TeXHOJOrHYECKUX CKBaKHUH,

B pa6ortax [99] u [100] nokasaHo, uTO AJAf BA3KO-
MAACTUYHOM CPEIM YCJOBHSI Mepexoja OT CTPYKTYDHOTO
pex1Ma TeueHHs B UMJIUHIApPHYecKoH TpyGe ceueHHs K

l =m4a 4 a

TVpOYJIEHTHOMY omnpeaeaserca Kak Rey, = By He,
242
He = 168(0 —>— | oTKyaa caeayert:
(1 — 1)3
- 9 (1 L 3)?
Rey =700 2412 7)., (IV-2. 1)

]l e=a

Uep d
3neco Re,pzpi—xpu-mqecme gucao PefiHoJabaca;

Top d3 .
He = i?——xpmeppm XexncrpeMa;
7
p—NJAOTHOCTbL KHAKOCTH; d—JIHaMeTp TPyOHl;

* PaGoTa BBINOJAHEHa OJHMM H3 aBTOPOB cOBMecTHo ¢ B. WU.
MurearpMaHoOM. °
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Tep—CLERHEOODBEMHAA CKOLOCTb MHAKOCTH NPH KPHTH-
YeCKOM pelKHMe TeueHus;
; .
a = —-; t,—KacaTeJLHOE HANPSKEHHE HA CTEHKE Tpy-
Ta
6Bl NDH KPATHYECKOM DexXHMe TeUeHHH.

AHA/u3 MHOTrOYHCJAEHHEIX 3KCHePUMEHTAAbHLIX AAHHBIX
[32] noxasaa, uto mnpu He < 10° takofl MeTox pacuera
JaeT BHOJIHE YJIOBJeTBOPHTEJLHblE Pe3yJ/bTaTH,

Hapsaay c ypaBrenu«m Bunrama—IlllBenosa naA onm-
CaHHMA peOoJ/IOTMYEeCKOTO NOBeJEeHHA TPOMBIBOUHBIX KM KO-
CTed ¥ UEeMeHTHHX TAMIOHAXHLX pPacTBOPOB WH[LOKO
HCNOJb3yeTCHd CTeneHHCH 3aKkoH t= K.y" (K—mMepa KOH-
CHCTeHUhH, n—IOKas3ateJb NOBeJends MHUAKOCTH). [lpn
atoM c6COWEHHHIH KpUTepuil Pelinoabica ke’ uMeer BUA:

8 n A\ n_2-—n
Re = —(——— | pd" v .
6n -+ 2 P
PaccMoTpuM Tenepb BORPOC O TOM, Kak HafTH Yuc-

J€HHOe 3HAUYEHHe BeJHYHMHBl Kkéxp MO H3BeCTHBIM OHMHra-
MOBCKMM XaPAaKTePKHCTHKAM XHIAKCCTH.

Eciv no nanHomy TpyGONLOBOAY TeuyeT AaHIas KHA-
KOCTb, TO OYEBMJAHO, UTO Tepexol OT. JJaMHHAPHOTO pe-
KHMa ee TedeHHA K TypOyJeHTHOMY OyAeT I OLCXOAUTb
NPH oNpele/ieHHbBIX 3H&YeHHAX CPeAlie0ObEMHON CKOPOCTH,
KacaTe/JbHOTO HanpfiXKeHus H TpagHeHTa CKOPOCTH Ha
CTeHh€, He 3aBHCAILMX O1 TOro, kakodl HMEHHO 3aKOH
BEIOpaH [Jfl ONHCAHHA PEOJIOTHYECKOro noBeJeHHd 3TOM
KuakoctH, CJjel0BaTENbHO, €C/AH M3BECTHH OHHraMOBCKHE
XapaKTEePUCTHKH MKUAKOCTH To M 7, TO 3HadeHne K H n
JO/KHH OHTh BHODAHBH TaK, YTOOBI TNPH KPHTHUECKOM
pexuMe TeueHHs 3HaueHus CpeiHeOObEeMHEIX CKOPOCTEli
NOJYYHJAUCh OAMHAKOBLIMH, HE3aBUCHMO OT BHJAA [€0JO-
FHYeCKOTO yp&aBHEHHS.

Jaa XyAKOCTH, clelyIollledl CTeNeHHOMY 3aKOHY, BeJHd-
YHHa cpegHeoObe MHOH CKOPOCTH NMPH KPHTAYECKOM pemm?e

. nd T "
TeyeHHs MOXeT ObiTb HaRAeHA, KaK V== == .

62 \aK
s GMHraMCBCKOM XXHAKOCTH BEJHYMHA 7., MOXeET OLITb.
T()d 3 He T d A
3aIHCAHA B BHAE Uy =—— , Tie A=—= - KpH-
) 1 Agp Re nv

repuit Cen-Benana; A,,—3nauennc kputepus CeH-BeHana

104



NpH KPHTHYeCKOM pexxuMme Teuenus. CjaenoBaTesIbHO, NPH

KDUTHUECKOM pexHMe TeueHHss MMeeT MeCTO PaBEHCTBO
. ) :

n (T_O)E—:.L. (IV-2. 2)
én+2\aK n Agp

Bropoe ypaBHeHne mOXeT OriTh NMOJAYHUEHO H3 YCJAOBHSA
paBeHCTBd KACiTEJbHEIX HANPAMEHHH W TPaJMEHTOB CKO-
POCTH Ha CcTeHKe 'rpyébl NpH KPUTHYECKOM DPexHMe Teue-

HUSL T, = T+ M. =K 14 OTKylla caenyer;

(f—e)'—? =T l=e (IV-2. 3)
a¥ "1 a
CosmecTHoe pellenHe ypaBHeHHn (IV-2.2) n (IV 2.3)
LaeT: .
- 1 T_ cofn 3 ) ,
, h=————, K= _—(_ - _). (IV-2..4)
1(— o Axp - 3 a L —

Buecsi 3nduenns (IV-2.4) B Buipaxenus aaa Re',
noJydaem:

Reyy = 8§ 250, (IV-2. 5)

CBf3b MeXIy BeJHUHHAMH o U A, NOJyuyeHHAA H3
TOYHOTO pelueHus ypaBuenusi Bykuurama [50], umeer BHL:

Q(A.‘p)—c 1+‘/ c;/Zb)’c——g_*—l/

t=— B=1+ = (lV-Q. 6)
¢ (Akp) :

Takum o6pasom,. ¢ mnoMolublo Bupaxenu# (IV-2.1),

(IV-2. 5) u (IV-2. 6) MoxeT OHITb YCTAHOBJAEHA OAHO-

3HauUHaf CBA3b MEeXIY BeJHUYMHAMH Rey,, a N Rey,.

OrMeruM, uto dopmyaa (IV-2. 5) moxer 6HTh 10.1Y-
yeHa ¥ ‘M3 JApYrux coolp:xkenuh. [leitcTBUTEIBHO, NPH
JAMHHIPHOM peXHMMEe TeuekrUd IHKUIAKOCTH CJelYIOWHMH
CTEeMerHOMY 3aKOHY Ko3(Q@HLUHeHT TrHUIPaBANYECKOTrO CO-
nzotuBiaeHus A B ¢dopmyae [apcu-Bepic6axa pasen
A= %, T. €. MPH KPUTHYECKOM peXHMe TeueHH: A, =
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64
Re - Jna GMHraMOBCKOM XHAKOCTH M3 TOYHOIO pelle-

xp
Hna [50] ypasHenws BykuHrama caenyer: l,(p:—?;:#

a KP
CpeBHEBas Me XAy COGoH 3HAUCHUS BENUUHH Ay, HETPYIHO
-noayuurs popmyay (1V-2. 5).

n,

Rz, 10 e,
Ho1® kp
49 N 2300
96 =1 \ 12100 -
n \
a7 AN 1900
}He
——N 1700

%fw |
4 \% - 1500
g4 \ 1300
43 \\ / 100
. \ 900
4 \

/ Rees

\ 1 P 200

500

Puc. 25

Peavaerarhl pacueros mo gopmyaam (IV-2. 1), (IV-2.4),
(IV-2. 5) u (IV-2: 6) npupenens Ha puc. 25. Hs puc. 25
BMAHO, 4TO 3HaueHHs He < 10° COOTBETCTBYIOT 3HAUCHUAM
n>0,4. Ilpun 3aToM Beanunna Rey, MeHseTCA He3Hayu-
TEJbHO M B NMPAKTHYECKHX PACYUETAX MOMKET NPHHHMATHCH
paBHO#l Req,= 2100. Beanunna Re,, B 3TOM ke auama-
30HE 3HAYEHUN MOHOTOHHO BO3PACTAE€T M MEHSeTCA B JHa-
nazone 2100 < Re,, < 6000.

B saksioueHne ciaeayer OTMETHTh, YTO FalLeHHble MO

dopmynam (IV-2. 4) anauenns K u n cnpaselauBsl AHmb
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J 19 KPHUTAYECKOrO pexXuma TeyeHusa. EcaH repemnaj Aas-
qeua P < P, (P-—nepenat AaBAeHHA [PH KpHTHYE-
CKOM peXHMe Te4eHus), TO CpeXHeO6beMHBIE CKOPCCTH,
HafileHHble MCXOAA M3 ypasHedus Bunrama—lilBenosa u
CTEN *HHOTO 3aKoHa, OyIyT pasfiyaThCA MexX1y CoGoft
-TeM 6paswie, 4eM 6 1blI2 BRAHYHHA P oTanuaelcs OT Py,

Kak nmoxasasa MuoroJerdqsaf NpIKTHKAa MCNO/b30BAHHA
pa3TMYHBIX KPHT:pleB AN XADAKTEPACTHKH peXHma ABH-
JKeHHSl BA3KOMJACTHYECKUX CpeA, Hiubosee YyIOOHBIM U
NpaKTAYeCkHd MpHeMJ MbIM ABJIATCA O6GOGIEHHbIA mnapa-
m:Tp, Peftnonbnca [44, 49, 82, 91]. HecMorpss Ea 3Hauu-
TeJbHO? KONMYECTBO NMPOBOAMBUIMXCA HMCC/AENOBaHHA, pe-
UMbl ABHIK2HAA BASKONJACTHYHBIX Cpel B HCCTATOYHOH
CTEM2HH He H3YUEHBHI.

C/10:KHOCTb pellieHus BOMPOC OB 3aKJI0YaeTCA B Pa3HO-
006pa3vH ycaoBuil, onpeneafiomH X k3MeHeHHe (U3HKO-Me-
X4 IHYeCKHX CBOKCTB XUIAKOCTCA NPH M3MEHEeHUH MX pe-
KUMaA JIBHKEHHA. '

OreyecTBedHble H 3apy6exHble HCCJAeN0BAT2JH B pe-
3y/bTaTe MHOTO/JETHEA MNPAKTHKM H 3KCNEePHMEHTANbHHIX
paboT MPUWIJAKM K BHBOJL/, YTO HA KaiecTBO LEMEHTHPO-
BAHWA CKBaXUH O6DJblWIOE BAUAHHS OKa3bIBAlOT PEXHMBI
JBHMEHUA UEeMEHTHOro picrpopi. IlocsennHe 3aBHCAT OT
p33MepOB TPYOBl HAM KOJBLEBOIrd MPICTPAHCTBA H CTPYK-
TypHO-MeXa4u4YeCKHX CBOHACTB pacTBOpl H JIp.

Ur)O6bl BbIfCHUTD MNPAMEHAMOCTE O6O6LIEHHOro napa-
Merpa P2iHOABACA A8 METOOOB pacuerd NOTOKOB UEMEHT-
Horo pacreopa, H. A. [acaHsaze npoBOAWN 3KCNEPHMEH-
TaAb4bl2 HCCJAENOBAaHHA HA KAOAJJIADHOM BHUCKO3HMeTpe
npH AuaMerp? kank1aapl d =0,28 cx# u  gamne 30, 40 u
50 cu.

.B onbiTax nmpumens/ca TavNOHaXKHHIA NeMeHT Kapanar-
CKOTJ 3aB0AA, BOAJLUEMEHTHOE OTHOLIeHHe cccrapanyio 0,5.
Tlepenanel naB/jeHHA NPH OUBITAX HU3MeHsJauch oT 0,2 Ao
10 ama. Tlpu aToM KKABIA OMLIT NOBTOPAJCH IBa HJIH
TPU pa3a, YTOSHl HUCKJIWUAThL BAHAHHE CJAYYafAHBIX OWHGOK.
TakuM 006pa3oM, COOTBETCTB2HHO AJA KaXJAOH ANMHH Ka-
THAAAPA ObI10 MO 1yU2HO JOCT.iTOYHO TOUYEK AJA H3Y4YECHHA
pPeXUMOB IBHXEHV LLIeM2HTHOrO pacTBopa.

[Tocae mposenednblx 3XcmepHMeiTajbHBIX HCCJAeROBA-
HHUK 6l 05paboraHbl pe3yabTaThl BCeX ONLITOB U NMOCT-
poed rpaduk HavdeHenus pacxona ( L eMEeHTHOro [acTBOpa
B 33aBICHMOCTH OT nep2naga MAaBAeHHd C y4eTOM THAPO-
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CraTH4YecKkoro naeieHus AP, 110 MeTopy HauMelbWWX
KBaZpatoB OBIJIM BHIYMC/JACHBLI 3LAYEHHA T U 7.

3Has CTPYKTYDHO-MEXaHMYeCKHe mnapaMeTpsl UEMEeHT-

HOr0 pacTBOfa, cpelHeQGbEMHBIE (KOPOCTH M YLeabl He

A

43

. az

o )
s
i e
[ , 0, )
g
907 s

L
00 200 400 600 W00 2000 4000 Re

Puc, 26, 3apucuMOCTb KO3Q¢pHLEHTA CHA-

paBIMyYeCKHX COMPOTHBIEHHH A oT 0606-

iwenHoro mapaMerpa Peiinoabzca (nauma
Kanuaafpa 30 cm)

Beca, BLIYUCAMAN 3HAYeHHA 0600WleHHOro mapaMerpa Pefi-
HOJBbJACA. .

Koadpduunent ruapaBiuuecKux COMPOTHBJAEHHM BH UM -
casaca no ¢gpopmyae Jlapcu-Beiic6axa: '
AP 4 2 (IV-2.7)

.{ l Uz

[locae BHiuMC/eHMs 3naueHus kKo3(pduLHeHTa T¥[aB-
JHYECKOTO CONPOTHUBJAEEHUs OblJ MOCTLOEH rpadl Kk 38BH-
CUMCCTH 06061ueHHOTO0  napaMeipa Pefihoariaca ot
KO3 UINEHTA THAPAETHYECKOI0 CONPOTHE/Ie s B orapid-
MHYE€CKHX KOOpDArH&TaX. [lonyd€éHHREe KPHBHeE (O0OT-
BETCTBEHHO JJaf AJMHE Eanusaspa 20, 40u 50 cu pauw Ha
puc. 26, 27 u 28.

AHzanaupys 3'BHCHMOCTH A=k (Ke’), MOXHO QTN e1H1b
crenyiouee, Ilpn ke’ <2000 B 1py6ax HMeeT MecCTO
CTPYKTYPHHIl pexkm Tederns; npu ke’ = 2000-+3C(0 or-
Meyaercs Mepexod OT (TPYKTYPHOTO pexuva K Ty[Oy-
JeHTHOMY; npu ke’ > 3000 pe:xMM JBHXeHHUS XHAKCCIH
TYP6YAECHTHBIN.

N =
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B pa6ore P. Lll. Paxumky.ioBa [65] kpuTHueckoe uuc/io
Pefinoabaca, ompenessioumee Havaao TypOY/IuUsaluH, IO -
NAHHBIM HCCJ/1eJI0BAHUA PACTBOPOB C BOAOUEMEHTHBIM OTHO-

A
430 s

! a2

a10 2
aoe =

008 ,
004 - 3

062 y .

001 LI
100 200 400 600 1000 2000 R

Puc. 27, 3aBucumoctb A o1 Re’ (ZaHHA
kanunaasapa 40 cux)
[ 4

uneHueM npubausureabHo 0,43, cocravao 2200. Ilo pac-
~eTHHM MaHHBLIM, AJf OAFOro THma pactBopa Re!=2100.

A

o

a2 N .

an
a0
06|

é04 ] -

a2 - .

a0t
00 200 400 600 MR 2000 4000 R

Pu:. 28. 3asucumoctd A o1 Re’ (AnuvHa
Kanuaaspa 50 ca)

\

B Hacrosiilee BpeMmsi B OTeUECTBEHHON JAUTepaType pe-
KOMEHAYeTCA MOALEPHHUBATL CKOPOCTh BOCXOAALIEro IO-
TOKa He MeHee 1,5 am/cex He3aBHCHUMO OT YCJAOBHR LeMeH-
‘THPOBAHHS,
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[Toabaysch NaHHLIMH TaGaHLBL 24, Onpele MM HHXHHE
H BEpXHHe mpeje/ibl 3HaYEHHs KPRTHUECKHX CKOPOCTEH npH
APHXEHHH LEMEHTHOro pacTepopa B prﬁe H KOJiblIl€eBOM

NpOCTPaHCTBE.
JJas onpegesieHys 06061eHHOro napaMerpa Pefinoapa-
ca B TPy6e H KOJbLLEBOM INPOCTPAHCTBE NPHN.EHAIOTCA

dopmyan:
Re’ =-"—”"§T : (1V-2.8)
gn[1+ ° ]

6muy
Re' = —tm1B=d) (IV-2. 9)

gvz[1+~—-r°(D-d)J‘

69 yn
rae D—paramMeTp CKEAXHHHI;
d—HApYXHb# OHaMeTpP KOJOHHEI;
dy—BHYTDEHHHI1 A¥aMeTP KOJIOHHH.
Jlsa onpeneseHHss KPHTHUECKHX CKOPOCTEH JBHKEHHS
LleMEHTHOTO pacTeopa B TPYy6e H B KOJblleBOM NPOCT[aH-
CTBE M0JYyyaeM C/JeAYIOLIHE EBI[aXEHUS;

v = A 1 <1+V1+E%), (IV'-2. 10)

TUxn =—.2 % (1 —- V‘ + B; :.(2)7 )s (IV'Q 11)
i
— R g — 2d?
A=—1f. B =—2.
2d0 SRF.rg
4, _ Reme . g 2D=ap
T 2Dp—ay’ 27 T8R! g

3ajmaBaschb KPHTHYECKHMH 3HAYEHUAMH UrcAa Pellnoana-
[ ] *

ca B Tpybe (Rer == 2000 1 Rez=3000) u B KOAbLEBOM

. - £
npocrpanctee (Req = 160 n Key, = 2C00), ¢ moMcCIubO
¢dopmya (IV-2.4) n (IV-2. 5) NoACYHTHIBEEM KpPLTHUECKHE
CKCPOCTH IBHJKEHHs LleMEHTHWX paciBOpOB.

PacueTsl GblM MPOM3BENE HBL 1 CAYyasd, K(THa CKBa-
XHHa npo6ypexa mosotoM Ne 11u B nee cnymeHa 6°/4”
9KCN/yaTallHOHHasd KCJOHHA. PeayJbTatbl piCue10B NpH-

BelleHbl B Tabauune 25.
PacyeTsl mOkasanau, YTO MAKCk MaJbHbElE (KOPOCTH OBH-

XEHUA LLeMEHTHOTO PacTEOPAa NPH CTPYKTYyPHOM peXHuMe -
Kose6aoTca B npexeaax 0,6—2,2 um/cex B TpyGe (Re =
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Tabaiuya 24
gy, MIcek

= 2000

vy, Mlcex

Re* = 2000| Re* = 3000]Re* = 1600 | Re*

‘M2

ol

Tor

M, €n3

2/emd

A
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=2000) u B mpenenax 0,6—2,0 m/cex B KOABLEBOM NPO-
ctpaictBe (Re=1600), a MMHMMa/bHBle CKOPOCTH TpH
TYPOYJeHTHOM pexume koaeGaworca B npepesax 0,8—
2,7 mjcex B TpyGe (Re=3000) u B npegenax 0,6—2,2 u/cex

B KOJAbLEBOM npocTpaHcTBe (Re=2000).

Has tpex mnemeuron (cM. Tabauuy 24, TpH HHXKHMe
CTPOKH), KOTOPHIE COJepHKaNHCh NeCAThb AHEH,

CKHe CLOPOCTH COCTaBaAJH B TPyGe:

Re; = 2000 u v, = 3,3 a/cex npn Rer=3000,
LeBOM NMPOCTPAHCTBE Vgy = 2, 4 m/cex npu Rem = 1600 1
Vya = 2,7 m/cex npu Reen = 2000.

KpHTHYe-

U, = 2,6 M/cex TIpH

aB KOJ'[!:-

Tabauya 25

Cepeavna . —py
Wutepraau wHTepbaza [, X X t='—‘11r 2t n' (—ny
’ xl a n
0,0182=-0,0196| 0,0189 3~ |=0,000 1,90 |0,0656 3 0
0,0196-=0,0210] 0,0203 14 -") 006 1,24 0,1849| 10 1,60
0,0210~0,0224] 0,0217 15 —0 002| 057 |03391 17 '2 3
0,0224-0,0238] 0,0231 20 0,0002 0,09 10,3973] 20 0
0,0238=-0,0252] 0,0245 10 0,006 0,76 |0,2989| 15 1,33
0,0252~0,0266] 0,0259 10 0,0030, 1,43 0,1435 7 1,28
0,0266=-0,0280] 0,0273 3 0, 0044] 2 09 0,0499 3 0
N=175 N=75=1444

Jaunsie TaGaHUB! 24 npHBelleHH TOMbKO JAA CpaBHe-
HHA PA3JIMUHBIX LEMEHTHHIX PACTBOPOB, MOCKOJbLKY KPH-
THYECKas CKOPOCTb MEHfAeTCd B 3aBHCHMOCTH OT pa3smepa
Tpy6 M KOJbLEBOro MPOCTPAHCTBA, & TAKXKEe OT NapTHH
LeMeHTa,

3raueHHd KPHTHYECKHX CKODOCTEH nas ﬂOle‘-lEHHbIX
MeTOAOB MaTeMaTHUeCKO# CTATHCTUKH cCpeJHHUX BeJHYHH
CTPYKTYPHOH BS3KOCTH 7 H TPeAeNbHOTO . HANMPSKEeHHs
CaBHra T, npuseleHsl B Tabauue 26.

Tabauya 26
/
oy =2000 |Re? =3000 |Re* —1600 |Res —2
1, 2lexn? 7. cn3 Tor M2[C M Rer er e 600\ ®kn 0\00
Mcex ’
1,85 0,39 60,0 1,2 1,5 L1 1,2
1,85 0,39 100,5 1,5 1,8 1,3 1,5
86—8
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OcHauleHHe 6YDOBBIX NPEANPHATHR MOLIHBIMH LIE€MEH-
THpOBOUHLIMH arperataMu (3LIA-400) u nepexom na Ma-
Jble 3a30pH  MExAY CTeHKAMH CKBIXHHbB H 06CaAHOIi
KOJIOHHOMA NMO3BOJIAIOT B HACTOALLeE BPEMA BO MHOTHX €AY~
yasgX TMOJYYHTb YKa3aLkHHE CKOLOCTH NMPH LeMEHTHP OBAHhH.
Ho 6o.1ee nefcnekTHBHO NMpHMeHeHHe A00aBOK—TYpO6y./iu-
satopoB (§ 3, raasa IV).

Caenyer oTMeTHTb, YTO NPH 3TOM B KaXJIOM KOHKpeT-
HOM cayuae CKOPOCTb BOCXOJSNIErO MOTOKA A0/ HA OHITH
yBA3aHa C jaBJeHHeM CHAPaBJHYeCKOro pasphiBa -IJa-
croB [70].

Jo HacTosiuero BpeMeHH BO Bcex pa6GCTaX mo H3yue-
HHMIO JBHMEHUA IeMeHTHBIX pacTBOPOB, MNpPOBEAEHHbIX
PaaJHUHLIMA HCCJIefOBATENsIMH KAK y HAC, TAK H 34 py-
6e)x0M, 3HaueHHe k03¢ PHULUHeHTA THAPABIHYECKOTO CONpO-
THB/IEHHSl B Hayaje TypOYJIeHTHOTO pexXHuMa JIBHXKEHUs
npunuMaercs paBubiM A =0,03. M. H. Xaumyp3auu [81]
3KCNepUMeHTaNbHO noJayuua mnpu- Ke = 2500 A =0,03.
3. K. Jlaruinos u B. C. ®unartoe B cBoux pa6oTax peko-
MEHAYIOT NpHHAMATL [27]

64
A= —Rj , ecan Re < Rer;

r= 0,03, ecan Re,, < Re < 50000;
r= 0,02, ecin ke, > 50000.

JI. H. Wanpun, E. M. Conosbes [89] npunHHMAalOT 3HA-
yeHus Ko3((UUHEHTAa TBAPABANYECKOrO CONPOTHBJEHUA B
HayaJje Typ6yJau3auMu noToka cootBelctBedr:0 0,030 n
0,028.

[an onpenesenHsa cpefHero 3rauyerusa xoadpduuuenTa
THIPAaBAHYECKOro CONPOTHBJAGHHS B Hauane TYypOyJMeHT-
HOTO pexxuMa 6bi1H cOpaboTaHbl Bce AaHHble 110 TypOYy-
JeHTHOM obaacti (cM. puc. 26, 27, 28). Ilpu ob6pabortke
NOJB30Ba/JUCh METOJAMH MATEMAaTHYeCKCH CT.THCTHKH, KO-
Topele onucaHel B paborte [15]. Peayabrarsl 06paboTau
npHBefeHs B Tabaune 25. O6beM COBOKYITHOCTH COCTaB-
asa N = 75. Tlpu 310M npumessan a=0,0231, a no pac-
YeTHbIM JaHHBIM noayueHn x = 0,0229 u ¢=0,0021.

[Tonb3ysich 3nayenueM. x> = 4,44 u uyuciaom K CTeneH-
HOH cBOGOJARI, XOTODOE AJA AAHHORA 3ajzauu paBHO 4, Ha-
XOIMJH NO CCOTBETCTBYWOWLeH TabJHIe BepOsiITHOCTb AJs
KpHTepus coraacHsa [lupcona. B nauHOM cayuae OHa Ha-
Xxoauwrcl MexAy BeauuwHamMu 0,71 u  0,42. Takas
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BEpOSTHOCTh MC3EOJAET 3aKJI0YHTb, 4TO COTJACOB: HHUCTb
SMIIUDHYECKOTO H TeOPETHYeCKOro pacClpefesneHus He
BbI3KIBAET COMHEHIS, A NpPeANoJoKeHHe O pacnpeneseHuH
3Hauenuii ko3¢ PriiHeHTa THIAPE BAHYECKOTO CONPOTHBAEHHSA
Il€MEeHTFOro pacTBopa NpH TypOYJAEHTHOM DpexuMe [BH-
»KEHHsl IO HODMaJIbHOMY 3aKORY XODOWIO CoTJiCcyeTes ¢
HaOJIOAEHHAMY.

OnexuM TOUFOCTb CPeAEero 3Hauerns KO3h(QrUHEHTA
TMIPaBAHYECKOTO CONPCTHBJAGHHS NDH TYPOYJEHTHOM pe-
JKUME JBUIKEHVi W BepOATHHE TNpelenbl OTK/JIQHEHHSA
BLIGOPOUHON cpelKefl OT MCKOMOR TreHepanbHOH cp2aHed.

3araeMmca. FagexHoctoio o= 0,95 v, suas K=6, £, =
= 2,457, onpexenseM 3HAueHHe & KOTOpOE COCTABAAELT
0,0021.

~ Tlpy reHepa/ibHOM CLe/HEM, PABHOM MIAl HALWIETO €Ay~
yaa x=0,0229 u = 0,0021, onpenenseM BepOATHOCTL
0,0229 — 0,0021 < x < 0,0229 4+ 0,0021.

CaeaoBaTesbHO, 3HaueHWe Ko3dduuueHra THAPaB/IH-
YeCKOrO0 COMPOTHBJAEHHA NpH TYPOYJEHTHOM PeKHUMEe IBH-
XEeHHa JOJMKHO Faxoar ThCa B mpeenax 0,0208 <Ak <0,0250,
yro cooTBeTCTBYeT 70% C/ayydeB, KOTOpPHE HMeAH M(CTO
B ONBITaX. : ’

TakuM 06pa3oM, 13 MPOBeNEeHHBIX HCC/eJOBAWHA BHA-
EO, uTO 3HaueHre Ko3ddulHeHia TrvIpaBJHYECKOro con-
POTHBEHHS TIPH TYLOY/IEHTOM _PeKHMe IBUIKEHHA ChH-
xaeTcd Ha 24% 1o CpaBHEHMIO C A0 CHX NOP NPHHSATHIMH.

CyllecTBYIOT PasAMuHbIE NOAXOIB K OMpele/eHulo A.
Pasanune nossaserca npu puifope BA3KCCTH B napamerpe
Pefiroaraca. B oxnoM W3 3THX MccJaeNOFaHHH AJs ompe-
JeJIeHUsi A BBOAMTCA NOHATHe (QUKTHBHON BaskocTH [20].

BriiH npoBeleHb ONHTH MO oupeleseHHI0 GHKTLBHOH
BA3KOQCTH Ha OCHOBAHKHU JAHHBIX FAaNWAJAAPHOTO BUCKO3UMeET-
pa. B xauecTBe HCnpiTY€eMOMH cpelibl € bIIH HCMOAbAOBAHbI I'VIH-
HUCTBI@ PaCTBOPHl YAeabHOro Beca 1,12—1,38 /cau3 Tlpume-
HEHUE TMHHUCTOTO PAacTBOPa GLIJ0 CBA3AHO C TEM, YTO PEoJo-
rHueckye KOHCTAHThl LieMerTHOTO PACTBOpAa CPaBHNUTEJABHO
CYLIeCTBEHHO U3MEHSIIOTCS BO BPEMEHH.

OnbiTH TOKa3aau, uTo npu Ke = 2000 umeer Me€cTO
cTpYKTYpHbl pexun, npu KRe=2000—3000 cTpyKkTypHuI#H
pexxuM napywaerca ¥ npu Re>3000 nactynmaet TYpOy-
JeHTHHIA pexxuM, BpejeHne B 1JMHHCTEIE PACTEODH KBap-
uesoro necka ¢pakuun 0,25—0,50 ma or 1 mo 30% e
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NpPHBOAHT K NpeXNeBPEMEHHOMY HapYIUIEeHHIO CTPYKTYp-
HOTO PEXHMa:

Koppe/uuonneih  #HAAN3 3aBHCUMoOCTEMH A=
(Re), A=k (Re’) u r=DX\(Re, Re’) nokasan, 4TO
Mexay A u Re npu TYypOYJEeHTHOM pexuMe ABHKEHHs
TecHo# cBA3H uer mnpH Re' > 5000. B uurepsane Re =
= 3000 — 5000 umeercs cBA3b MeX1y A H Re’.

Pacueramu nmosyueHO, Y4TO OTHOLIEHHE (PUKTHBHOH BA3-
KOCTH K BfI3KOCTH BOABI 3aB“CHT OT KOHUEHTPalHH TBep-
AblIX 4ACTHU B IJAMHHCTOM pactBope (puc. 29). Buiin tak-
’Ke 0o6paboTaHbl Pe3yNbTaThl 3KCMEPHMEHTaMbHLIX JaHHbIX,
Moay4YeHHHX HA cneuHanbHo#t ycrawoBke [71]. Touxw,
nOJyueHApe Ha OCHOBe OOPAGOTKH ITHX SKCNEPHMEeHTaMb-
HBIX ILaHHBIX, ObIIM TAaKXe HAaHeCeHbl Ha puc. 29 U ynmos-
JIEeTBOPHTEJbHO COrJacylTCa ¢ pedyabrataMH JaGoparop-
HbIX HCCJeI0BaHH,

Oas 06pa6oTKH NaHHBIX J1aGOPAITOPHOrO HCCAENOBAHHA,
npencTaBAeHHbIX Ha puc. 29, MeTOAOM MaTeMaTH4ecKoil

CTATMCTHKH, TIPHHHMas 3aBHCHMoOCTb /M, = f (¢ ) nunei -
HOP, YCTZHOBMAHM KOPPEJALMIO HX, B OOMIeM BHIe npe-
CTaBJAAOILY IO

M= a-c+b. (IV-2. 12

Ypasne}me (IV-2. 6) sBaserca AWHeHOU perpeccueil

7 /m2 mo ¢. [locae coCraBieduss nO LAHHLIM nabopatop-
HBIX HCCAefoBaHMA TaGJMULL KOPPeaAlMH oOmnpeleseHbl
ko3¢dduIIHEeHTH KOppeasuuH W perpeccun r =0,813 #u

a = 35,5.
Taxum o6pasoM, ypaBHeHHe perpeccHd GyAer HMeTb
BHJ:
/M, = 35,5 ¢ + 1,03. .

B nannom cayuae |r|-V'n—1 = 4,97, cnenosatensho,
CBfi3b ¢ OOABIIOH BEPOATHOCTBIO MOXHO CHYHTATh peab-
HOM.

Mo u3noxennoit MeToAHKe 06paGOTaHLl JaHHHE 3KC-
nepuMeHToB, npusefenHuix B pabore M. B. Baruposa [7]
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a
i ‘ -
Puc. 29. 3aBUCHMOCTb 7 [T,
- OT KOHLEHTPAUHUN TBEPALIX
a YAaCTHI B TJHHHCTOM
pacTBope:
) o 1—H3 N0K6ATAHCKOM TAMHE HMa NPCCHON

poAe; 2—XvMKueCKH 06paboTanHm it
yTameneHunfi pacrsop; J—H3 Kapavy-

9 XypcKOR FAMHS. HB  MOPCKOR  BOJe;

41 ~ e/ 4—TOuKHM, nonyveHHue ~nyrtem obpa-
60TKH -3KCIIe PAMEHTANBHEX  AAHHMX
+3
o | 1 A4

I 1YPOYJNEHTHOro JABHXeHHs HedTemecyaHoH CMeCH
(panop ¢ nmeckoM), ABAAKIIEECH HEHbIOTOHOBCKOM MXHIAKO-
cTbio. PesnbraThl 06paGoTKH mpHBeAeHBI HHXKE: .

KonuenTpauns teepabx N/
4acTHU B HedTH
0,1215 5,31
0,1215 5,81
0,1820 8,08
0,2420 11'@1;
0,3630 14,2

[To onncanno# metonmke o6paCoTanbl ONbITHEIE AaHHbIE,
noayuenueie M. I'. Byannoit B MUCH um. B. Kyf6eiue-
Ba Ha cnellaJrHOH yCTaHoBKe C AHamerpoM 150 sa mnpu
TYFOY/IEHTHOM JIBHXXE€HHH BBICOKOKOHUEHTDHLOBAHHHX Me-
JIOBHX CYCNEH3HH, UM(IOIMX NOYTH OFMHAKOILIA TfaHYAO-
METPHYECKHI COCTaB € MCCAelyeMbMH TJHINCTHIMH PiCT-
BODaMH,

Peayavrath 06paGOTKH NpHBENEHB! HUXe:

¢ N/
0,186 7,53
0,313 860
0,260 11,20
0,326 13,20

Caenyer oTMeTHTb, YTO (HKTHBHAS BY 3KOCTE, onpe-
JeJeHHas MO YKa3aHHbHIM 3KCIEePUMEHTAJbHBIM AAHHBIM,
XOPOWIO COrJacyerci C MOJAYYEHHOH TNO YPaBHEHHIO
(IV-2. 6).

TakuM 06pa3oM, npu TYPOYJEHTHOM peXHve ABHKE-
HHS L€ MEHTHBIX PAacTBOPOB IAsl ONpPEeLEJEHHA MOXHO Tak-
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)Xe sccnoav3oparicsa gopmyaoil lapcu-Be#icbaxa c¢ mpH-
MeHeHHeM (QUKTHBHON BA3KOCTH.

IlpuBenenHbie OLEHOUHBIE pacYeTH MOKA3a4H, 4TO B
pPaCCMaTpPUBAEMBIX CJAYYasiX BMOJIHE MOMXHO OTPAHHUYMTECH
OLHOTIaPaMeTpHUECKOl 3aBUCHMOCTbIO—OIHHM NapaMeTpom
AMA XapAKTEPHCTHKH liepexofa. IJTo TaKXKe OTHOCUTCH H
K § 3 raasu [V,

§ 3. O MEXAHHU3ME BIHAHAA HE®TH HA SACTOHHblE

OBJIACTH B NPOLUECCE NPOMbLIBKH U LEMEHTH-
POBAHHSA CKBAYHH*

I(o.rlonua 6ypuabHBIX H 0O6CaAHbIX TPYO, Kak NPaBuJoO,
B CKBa)KHHAX 3aHHvaeT 3KCUEHTPHUECKOE 10/I0XKEHHe, UTO
NPHBOJAHUT B CJAyYae MPHUMEHEHHUST HEHbIOTOHOBCKHX CHCTEM —
BA3KOMJACTHYHBIX— K O0Op>30BaHHI0 ,3aCTOMHBIX" 30H.
HerpyaHo, HCxOZs H3 3/eMEHTAPHBIX THAPABIHUECKHX
coobpa)keHufi, NOKa3sThb, YTO NPH TypOYJEHTHOM pexuMme

,3aCTORHBIE* ob6sacTH YyMenblualoTca [44].
Tabauya 26a

MMoka- CAnHucTLIdl pacTBoOp+
3aTeau TauHUCTHIf PACTBOD +HEPTH +npakcanon +HegTb

C, % 0 5 10 20 30 5 10 20 30
v lead | 1,200 1,161, 4 Li2| L1 Lis| 1,14 112/ LI1
_oMe[cm?| 33 67 122 |156 177 40 49 56 | 66
v, en3 94 |12,0 (127 143 16,3 9,3 9,5 98 | 108
VeMlcex| 70,0 |[3.0,0 [ 250 |216,7 | 183,3 |400,2 | 327,2 | 310 |[277,1

MMoka- [ AMHHCTBIE PacTBOP+ TPAHC- TauuncTiil pacTeop +
3aTeAN dbopmaTopHoe Maciao - +HedTn
C, % 5 10 20 30 5 10 20 30
1, 2jem’ 1,17 LI5 1,10 1,04 1,18/ 1,15 1,13 110
<o, M2leM:| 43 49 56 66 49 66 82 99
T, CN3 9,3 9,6 Lyw 10,0 87| 105 | 11,7 | 188

Vc.u|cen\3133 2394 181,7 171,2 | 216,3 | 205 Il45,8 145

A. X. Mupsaaxansane u ap. [46] 6b110 oTMeueHO, UTO
HA PaHHIOK TypOy./HM3alHMI0 HJH TalléHHe Cy LleCTBEHHOE
BJMAHHE OKA3LIBEET PA3HOCTb YAeAbHHIX BeCOB,

B nanuom naparpade noxa3sniBaercs, uTO HedTh, 06Ja-
Iaf YAeJLHHIM [€COM, 3HauH1eJbHO MEHBLUIHM YJIeJbHOTO
Beca JMCMNEPCHOHHON Cpeibl M TJIHHHCTOTO PacTBoOpa, MpH-
BOJAUT K PAHHEN TypOyJ IH3alHH,

# Pa6orta smnodnena M. T1, I'yausage, B, A. Ackepopum . M,
Pacuszage uH. M. llepcTten B M COBMECTHO C OAHHM H3 aBTOpOB,
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OneITel NPOBOAHJINCL HAa KAaMHJJISIDHOM BHCKO3MMETpe
C TJIHHHCTBIM DACTBOPOM YyAesJbHOro peca y = 1,20 2/cm3.

B ra6.anue 26a npuseneHb
KEHHA CHABHMra =, CTPYK-
TYPHOH BA3KOCTH — 7 H
yIeJbHOTO Beca—y MpH
pasAuYHLIX 106aBKaX K VM-
HUCTOMY pacTBOpY HedTH.

* Ha ocHoBe c6pa6oTkH
IaHHHIX B  0606ILIeHHBIX
KOOpAHHATAX KO3DPHIHEHT
[CHAPABAHYECKOTO COMPOTH-
BJNEHHA —A"'— 06061e HHBIT
napaMetp Peinoabaca Re!
ONpEefeNeHEl KPHTHYECKHE
spaueHna Ke*,

OnbITH NPOBOAHJINCH C
IBYyMa HedTaMu, TpaHC-
¢$OpMAaTOPHLIM MacJOM, a
TakKxe A06°BJEHVEM K BO-
ne [TAB—npakcanoaa 0,5
BeCOBOM KoHmeHTpauwu, !

‘B Tabauue 26a u¥Ha
puc. 30 npuBeeHH pe3yJb-
TATHl pacyeToB, M3 KOTO-
PHIX BHAHO, uTO HedTbh M
TpaHcdopMaTOpHOE Macao
ABAAIOTCA N106aBKAMHU, TPH-
BOAALIHMH K paHHed Typ-
Oy /IM3a1L MK TTHHHCTOTO pac-
tBopa. Kak BHAHO H3 puC.
30, c¥yBsesiy4eHHEM KOH-
LeHTpauHn HedTH KPpUTHYE-
ckoe 3HaueHve Ke* ymeHsn-
IIAEeTCA W NPH KOHLEHTpa-

3HAUEHUA NpeJeNbHOrO HANps-

Ré-10%

L

| 1 L] L 1
0 5§ 70 I5 20 25 30¢C,%

Puc. 30. HMameHeHdue KpHTHUYeCKOTO
yucna PeiiHoabnca Re* rAuHMCTOro
pacTBOpa B 3aBHCHMOCTH oOT Joba-
BOK HedTH, TpaHcHOpMATOpPHOro

Mmacna;  FIMHMCTHIA  pacTBOp 7=
=12 2/emd ¢ n106aBKOiA:
1—0,05°% npakcaHonra B HedTH, o=

=88,7 Ounjcx; 2—TpanchopMaTOpPHOro Mac-
na, 3—HedTH, 9=62,0 Qun/cM; 4—=tHedTH,
o=80,8 Ounicm

uwn ot 20 no 30% mano mamensiercs. C ypeHueHHeM 110-
BEPXHOCTHOTO HATAXKEHHs HA FPAaHUIE C B~AOf KDHTHUECKOE
3HayeHue o6o6lleHHOro mapamerpa Re* ypesununBaeTcs
CHayaJsa MeHe> H-TCHCHBHO, a MOTOM GOJ/ee HHTEHCHBHO.
[Ipn M3MeHeHMH NCBEPXHOCTHOTO HATsXEHHA B Tpejesaax
30—60 dun/cm xpurHueckoe uucao Re* Ma.no MeHsercs,

Kak u3pecTHO, AAS JHKBHAALUHH NMPHUXB2T3 HHCTPYMeHTa
[IDHMEHAIOTCA ,HedTAHble BaHHBI“. [[/19 MOJHOrO BRITECHE-
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HMA TJHHHCTOrO pacTBOpa LEMEHTHLHIM Kadeapa OypeHHs
AsMMHE®TEXHMa uM. M, Asu3sGexoBa npeinoxn/ia mpH-
MeHATb G6ydepuylo HedTAHYIO XHUAKOCTh, IIpHBeneHHble
3KCNePHMeHTH 1nOka3ajd, uto OydepHasa nedTAHAA KHA-
KOCTb ITIPH OJMHAKOBOH CKOPOCTH MNPOAABKH Yyayullaer
NOJHOTY BHTECHEHHA.

Tabauya 27
FaMHUCTEI pacTBOP+ TPaHCHOPMATOPHOE Macno
V=70 cujcex . . Vs = 85 cxlcex
C, %
AP Ap 3
Re® pexHM [ e Re* peKUM - 2|eu

0 | 1072 [cTpyxrypuniil 0,028 1448 |cTpyKTypHbld| 0,029

5 765 TO Ke 0,036 1107 |rypOyareut- | 0,018
10 622 » 0,045 842 Hbli 0,019
, 20 534 » 0,049 774 TO Xe 0,019
30 450 . 0,018 651 » 0,018

BepositHo, 3¢ peKkTHBHOCTL OTMEYEHHOrO MEDPONPHATHS
B OCHOBHOM ompeje/sieTCi paHHeM TypOy.ausalueidl BoITEC-
HAKLILeH W BHITeCHAEMOM BA3KOMNJACTHYHBIX Cpen,

B taGanue 27 npusegeHH KPHTHYECKHE CKOPOCTH AJs
pPas3anuHbIX cayydaeB. Kak BHAHO, foGaBleHHe K TJIHHHCTO-
MY pacTBopy LedTH NPHBOLHT K 3HAUHTEJBHOMY YMEHb-
IWEeHHIO KPHUTHUECKOH CKOPOCTH.

B Ta6anue 27 npuBeleHbl MOAYJH TDajHeHTa THAPO-
OUHAMHYECKOro JAPJeHUA B €1yyae M{OMBIBKM, PacCHHTAH-
Hble 1O UH3BecTHBIM GOpMYIaM AJA CTPYKTYPHOTO H
TypOYJ/JEHTHOrO PEeXHMOB NPH 32 1aHHON CKOPOCTH BOCXO-
JAllero MOTOKAa B KOJbLEBOM npocrpaHcTBe D = 243 mu
nd=141 un.

Cirenyer OTMETHTb, 4TO JA06aBAEHHE K TJIHHHCTOMY
pacTBopy HedTH, NPHBOAA K PaHHedl TypOyJH3auuH,
yMeHblaeT MOAYJb FMAPOAMHAMHYECKOrO AaBJeHHA. AHa-
JOTHYHEE ONLITHl NPOBEZEHH H € LEMEeHTHLIM PacTBOPOM.

B kayectpe aC6aBOK K LEMEHTHBIM PACTBOPAM HCIOJb-
aopajachk HedTp (7= 0,86 2/cM?), noBepxHOCTHOE HaTsAxe-
HHEe KOTODOH Ha TrpaHHle C MOPCKOH BOAOH COCTaBAANO
g, = 22,5 Onjem, a ¢ BO3AyXOM—o, = 25 Or/cM.

OnuITH NPOBOAMJHCH HA KAMHJAARPHOM BHCKO3HMeTpe
C LEMEHTHHIM PACTBOPOM yJeabHoro peca—y = 1,86 z/ca’
npu BorouemeHTHOM oTHoweHuH 0,5. 1o peayabratam akc-
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nepuMeHTOB G6blI NOCTpOeH rpadHK 3aBUCHMOCTH Q =
= Q (AP). 3asucumocts Q = Q (AP) annpoxkcuMHpOBasiach
npaMoft Jaunued. Jan o6paGOTKH pPe3yJbTATOB OMNBITOB
NPHMEHS/aCh BASKOMIACTHYHAA MOJEJb, KOTOPas OrpaHu-
YEHHO NPHMEHAETCA AR ONHCAHHA JBH)KEHHMA L€ MeHTHHIX
cucreM. Ha ocnose 06paboTkM 3KCnepHMeHTaJbHHX AaH-
HbIX 6bl1 mocTpoeH rpaduk 3aBHCHMOCTH Ko03DdHLKHEHTOB
THADABJHYECKOr0 CONMPOTHBAEHHA A OT 06061eHHOro na-
pamerpa Re’ u onpeleseHW KDHTHYeCKHe 3Hauenus Re*
(puc. 31, 32, 33, ra6auua 28).

Tabauya 28
Mpeneavioe| CTPyKTYyp- Kpuruuec-

Ho6apka | Ynenennit {HanpsxxeHue] Has Bsa- l_(P"T“"eC‘ kan cko- | Kpurnuec-
nedtH, % [sec y, 2/cu?| capura 7, | xocth 7, | KO€ 3HAde- pocTn, [KHH DACXOA,

Mzjcn? cn3 uie Re cHjcer alcex

0" 1,86 90 18 2000 140 27,0

1 1,85 122 20 1000 11 21,0

3 1,85 138 23 600 91 17,56

5 1,83 169 - 29 400 82 15,7

B rabanue 28 npHBeneHn 3HaueHHA IMpPegeabHOrO
Hanps)KeHHs CABHra, CTPYKTYpPHOH BSI3KOCTH M YAEJLHOTO
Beca NpPH pazjMYHLIX A0CaBKaX K LEMEHTHOMY pacTBOpPY
HedTH. 3/lech e AaHB KPHTHYECKHe CKOPOCTH MpPH ABH-
JXEHHH LEeMEeHTHHX P2CTBOPOB B KOJ/IbLl€BOM NPOCTPAHCTBE
npe AanaMerpe CKBaxHH 214 mm u jpuaMmeTpe 06C2AHOM
KOJIOHHH 146 MM,

Ha tabanum 28 u puc. 31, 32, 33 BugHO, uTo HedTh
ABjaseTcA A00aBKOH, NpHBOAAUIEN K DaHHEH TypOy./M3alUUH
LeMEeHTHOTO pacTBopa, M C yBeJHUYEHHEM KOHLEeHTPAlHH
Hed)TH B LleMEHTHOM pPacTBOpe KPHTHHeCcKoe 3Hauenue Re*
3HauuTeJbHO yMeHbwaercs, I1pn no6aBkax redtn GoJee
5% kpuTHUeCKoe 3Hauende Re* cHHKaeTca X0 TaKHX
peanuun (Re* ~100), 4TO HEO6XORMMO BHIACHHTb MpH-
MeHUMOCTb Mojenu lllBefoBa—bBuHrama.

JoGasaeHne HedTH K LleMEHTHBIM [aCTBOPAM MPHBOIMT
K YMEHBIIEHHIO KPUTHUECKOH ckopocTH GoJce ueM B 1,5
pasa H TeM CaMbiM [deT BO3MOXHOCTb IPH 3HAYHTEJbEO
MEHbIIHX CKOPOCTAX AOCTHTHYTb TypOy/JEeHTHOrO PEeXHMa,

CaenyeT OTMeTHTb, 410 YKa3aHHHE KOHLEHTPaLHH
HedTH 3aMefasI0T CPOKH CXEATHIBAaHMA LLeMEHTHbIX PacTBO-
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POB H YMEHbLUIAOT MEXAHHYECKYIO MPOYHOCTb LEeMEHTHOro
KaMHA B NpaKTHYECKH JAONYCTHMbIX Mpenefax.

Ecan mo6aBka HePTH K LEMEHTHOMY MU [JHHHCTOMY:
pacTBOpPY NPpHUBOJAMT K paHHelt TypOyJaH3auwH, To no6GaBka
BOAOPACTBOPHMBIX MOJHMEPOB MNPHAAET 3THM CHCTEMaM
cABHroByio ynpyroctb. (OTMeuyeHHoe MOKeT NPHBECTH K
3HAYHTEJAbHOMY [OBHILEHHIO KO3PHHUHEHTA BBHITECHEHHSA
TJIMHHCTOrO0 PacTBoPpa LEMEHTHbIM—OCOOEHHO B ) CJIOBHAX
H3MEHAIOLLErocs ceueHHs. JTO MOXKHO OOBACHUTH BO3HHK-
HOBEHHEM HODMAaJbHOTO HAMNpSKEHUsl B TAKHX CHCTeMax,
a4 TaKXe CKODOCTbI0 OTHOCHTEJAbLHOrO CKOJbXEHHA Ha Or-
PAHHYHBAIOILHX MNJAOCKOCTSX.

3asenywownii kadenpoh 6ypeHHs HePTAHHX M ra3oBuIX
ckpaxud YPumckoro nedpraworo uuctutyta npod. P. M.
MapaioT0B 1106€3H0 NpeACTABHA HAM JaHHHIE O NMPHMEHe-
HUH noauakpuaamMuia (ITAA) npH e MEHTHPOEAHMH CKBAXHH.
Ha maowansx DBamxupuu u Ilepwmu,

1. Ocurckan nrouwade tpecra ,llepmeccrokHedrepas-
Bellka“. )

Peyenm. 11ement Crepantamakckoro 3asoaa +0,2% IMAA +-
+0,25% Na,CC,
Boaocmecesoe otnouienue 0,6

TTopsidox npuzomos renus, I'anHoMmewanky Ha 1/3 3a-
JIMBAIOT BOAON, 3arpyXxaioT B.bFee pacyeTHoe KOJHYeCTBO
IMAA u pasmewnsaior 1,5+ 2 uaca. 3areM 3acHNaoT
KaAbHHHHPOBAHHYI0O COAY' M Da3MeLIMBAOT B TeYeHHe
0,25--0,5 yaca. [loaxBaloT BOAY ZONOJHA H NMepeMeLInBa-
1ot 0,25 yaca. _

BoaHel/l pacTBOpP MOJHAKPHAAMHAA H KaJbLUHHHPOBAHHOM
CORH NepeKayHBaloT B MepHUKH LA M pasbapsasior. BOLOH
RO TpebyeMoil KOHLEHTpaLHK, 3aTBOPAIOT LEMEHTH®I! pac-
TBOP OGHIUHBLIM CMOCOGOM,

Mo BHIBOZaM Tpecrta npUMeHeHHE TAKHX pacTBOPOB
T103BOJIHJIO: .

1. Bypute 10 npoekTa na poge c ITAB.

2. McKIIOUHTh HeZONOABEM LEMEHTHOrO p2CTBOpa 24
KOJOHHOH Ha DAaCYeTHY!0 BHICOTY.

3. YMeHbluTh BPeAHOe BAHAHHE (PHUAbTPATA LEeMEHT-
HOFO PAaCTBOPA HA NPOAYKTHBHBIE MNJACTH,

II. ApnaHckoe HedTsiHO® MeCTOpPOXIAEHHE (ObeIHHEHHH
.DamnedTs*. Hecnutawus npoBoAHAMCh HauMHAaA c 1970
TroAa.
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Tabauya 29

N CHBaMKHMHBI
flowasarcan 1653 2445 2615
Tny6HHa CKBaXXHHBI, M 1376 1299 1385
HaMeTp CKBa)KHHbI, MM 190 190 190
Faybuna cnycka 3KcnayaTauHOHHOH 1376 1299 1385
KOJIOHHB! 0|
[HaMeTp 3KCIIYaTauMOHHOM KOJIOHHLI £4b 1046 1°46
Makcumanbnafi HOBM3HA CTBOJIA M%ﬁ"‘g’m Texzm‘tgc- BO}ECSI(.}AB
BHa TnpOMbIBOYHON KHMIKOCTH paCTBPpn' Kas POAa
KonnyecTno nemenra 7, Bcero 16 16 * 18
B ToM uucne c noGaskoit TTAA 11.6 13.2 135
6e3 nobaBok * 44 28 45
Koangecrso TTAA (ToBapnoro), xe 300 400’ 400
"Kosnuecrso Nay,CO; 400 950 400
Ananus neMenTa, B/ 0.7 06 0,7
PacrekaeMocTb, MM 190’ 160 190
Cpokn cxBaTbIBaHHs, 4Yachl: Hauajo, 650 797 750
KOHelL 120 103 142
IlpoyHocTs mpu Harube, x2/cm? 28 38 30,2
Bpemsa 3aTBOpPEHHs, MHIL 30 31 31
BpeMsi npoJlaBKH, MUH. 21 18 18
O6beM npoaaBaMBaeMON MHAKOCTH, M3 188 17.5 19
Buja nponaBiHBaeMON JKHAKOCTH BONa poNa BOAA
YhejbHuIl Bec NPONABIMBAEMON KHA-
KOCTH, 2/cm? 10 10 1,13
Hasnenve B KOHIe UEMEHTHPOBAHHA, ' o
Ke[cH? - 120 90 80
Hapnerne «cron», kefcm? 150 150 120
Beicora noabema uemeHta (IpoOeKT- .
Has) ;o 700 700 700
Tny6una ycraioBku xonibua «ctom», # | 136576 1294,7 | 1374,21
[

IMopsamox npurotosienns. B MepHHx emkoctax LIA
CHAayYaJa pacTBOPSAIOT pacueTHoe KoJaHdecTBO Na,COj, 3a-
teM [1AA, nocie yero BeleTcs 3aTBOPEHHE LEMEHTHOTQ
pacTBofa OGBIYHBLIM CNMOCOGOM. PeaysbTaThl HCHIHTaHHE Ha
TpeX CKBAMHHAX NpHBEJeHH B Tabaune 29, a HEKOTOPHE
cBOHCTBA UYMCTHLIX UeMeHTOB H ¢ poGaBkamMu ITAA u
Na,CO4 (no.TOCTy)—B Ttabauune 30.

OcHOBHBlE BHBOAHI O NPHMEHEHHIO MOJMAKPHJIAMHIA:

1. Cuuxaerca BOJOOTAe/JIEHHE M3 LUEMeHTHHX PacTBO-
poB. .
2. CHuaercs ABHXeHMe B KOHLE nNpOAABKH Ha 26—
40%.
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[lo npeanoxeHnrro oanoro M3 asropos, jpou. P. A.
LlUnxanueBbiM G6BIIM MPOBEAEHbl HCMHTaHHA Ha OypoBbI%
Ne 1925 (Hegpranme Kamun). Ne 3231 (Jlewunckuii paiiou),
Ne 837 (Amubappaman) v Ne7 (r. Kaauuuurpzn) no 3a-
LLeMEHTHPOBAaHUIO 06CaAHBLIX KOAOHH CKBAXHH BA3KOYMPY-
TUM LEMEHTHHM pacTBOPOM, 3aMelaHHuM Ha 0,3%-HoM
pacTBope MoJHMaKpHIaMHIA.

Td6ﬂut4a 30
Cpomy CXBTMBN | Nipounocrs
) PacTekae- uepes 2
Peuentypa B'u MOCTB | cyTOK npH
A narube,
Ha4ano KoHelu Kzfem?
BTUL 0,5 190 5—50 9—05 |+ 28,6
BTLL 0,6 220 8—25 12—45 18,8
BTL40,2% TTAA 0,6 190 11—-00 14—10 17,3
BTU+0,29 MMAA-+
+1% 0,6 200 6—30 8—45 33,5

B kauectBe npHMepa npHMBOAATCA Pe3yJbTATHl LEMEH-
THPOBAHUA HAKJOHHOW cKBaxxuHbn Ne 1925, npo6ypenHoft
Ha 10ro-3anagHOM Kpblie MecTopoxaeHus Hedranrie Kamun,

dkcnayaraunoHHas koJoHHA (139—146 ua), cnyuieH-
Hag Ha ray6uny 1082 x, 3aueMeHTHpPOBaHA ¢ mNpHMeHe-
HHeM BA3KOYNpYyroro leMeHTHOro pactsopa. Ha 3a6oe
OTKJOHEHHE OT BepTHKaJAu cocTaBuao 97 . [lapamerpmn
TTHHUCTOTO PacTBOPA nepen ClyCKOM KOJOHHH CAeLYIOLLKe:
v=1,90—1,92 z/cM? Baskocte 50—70 cex. no - CIIK-5,
Bogooraaua 3—5 cu?® 3a 30 MuH. '

Brio npousseneHo ueMeHTHPOBaHHE IKCNAYATALLHOHHON
KOJIOHHEI LeMEeHTHHIM pacTBOPOM (BeC CyXOro LeMeHTa
16,3 m), 3arBopenHnM Ha 0,3%-HOM pacTBOpe NO/NHAKPHI-
amMuaa. HecMOTpPs Ha OTHOCHTEJNbHO 60JAbLIYIO BA3KOCTD
LeMeHTHLH pacTBOp OBl MepekauaH u NpoaaBaeH (06beM
TipofaBoYHON xuzakoctu 13,2 #%) Ge3 mpeBhlleHHdA AaBJe-
HuA, CpeldHsds CKOPOCTh ABHM¥EHHA LEMEHTHOTO pacTeopa
B 3aTpy6HOM npocrpaHcrBe —0,51 »/cex.

PacueTnsiff 006beM ueMeHTa JoJkeH G6bla obecneyHTh
MOAHATHE ero A0 yCThA CKBAXHHBI, OJHAKO K KOHUY Le-
MRHTHPOBAHHA LleMEHTHHIA pPacTBOP HAa ycThe He MOfBHJCA
S JaKHBLIE 3JEKTNOTepMOMETPa MNOKA3aJAH HENoAbeM Ha
3 M., . .
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Cnenyer OTMETETB, YTO HenoAbeM LEMERTa HaGAOAaN-
CA BO BCEX CKBaXKMHaX, 3alleMEHTHPOBAHHLIX BA3KOYNPY-
FHM I€MEHTHbHIM DPacTBOPOM.

[To Bceit BepOATHOCTH, 3TO OGDBACHAETCA JYULIHM B~
TeCHEHHEeM-TAHHUCTOTO PACTBOPA LEMEHTHLIM H 3aNOJAHE-
HHEM pDacnHpaHHMil H KaBepH CTBO/A CKBAXHHEI,

§ 4. 0 TOYHOCTH THIAPABJIMYECKHUX PAC‘IETOB B
BYPEHHH*

BesnunHa ruapaBiHueCKHX NOTEPb NPH ABHXEHHH TJH-
HMCTHIX H LIEMEHTHbIX P3aCTBOPOB, ONpefe/isieMasi HA CCLEO-
BaHuu Molean lUlpenoBa—DbBuHramMa no ¢opmyae JlapcHn—
Beiic6axa, 3aBHCHT OT MOrPellHOCTH B onpeleJeHHH GHH-
TaMOBCKHX KOHCTAaHT npejesbHOrO HampsXKeHWs CABHra T,
M CTPYKTYpHOH BSI3KOCTH 7, YAEJBLHOrO Beca Y, pacxojna
() YyKa3aHHBIX MXHAKOCTe#, Temmepalypw U JaBJeHHdA, OT
MPOHHLAE MOCTH CTEHOK CKBaXXHH M NOT[eLHOCTH B Onpe-
JleseHHH AuaMeTfa L) ¥ mauubl [,

Kpome Toro, 6MHTaMOBCKHE KOHCTAaHTHI HE HMMEIOT MocC-
TOSIHHOTO 3Ha4YeHKs BLOJb OCH CKBaXHHbI. [lpHuuna aroro
3aKJI0YaETCA B HEOAMHAKOBOM GHIBLTPAUHH TAHHHCTCTO
pacTBopa ¥ TeMMepaTypbl BHO/Jb CKEAXKHHLI, BO BJAHAHHH,
BbIGYPEHHOR MOPOABI, B HEQJIHODOJHOCTH MCXOJHOTO Mare-
pUasa TJIMHBL H HEBO3MOXEOCTH TOYHOrO cob6J10eHHA
33aJaHHOM TIDOMOPLUUH TPH YTHAXKEJEHHH U XHMHYECKO#H
06paboTKe TJIMHHUCTHIX pacTEopoB H T. A. OueHHM TOY-
HOCTb THJAP3BAHYECKOrO pacyera Ha NpkhMepe NPOMB BKH.

[lpu onpeneneHHH HCXOZHHIX HAHHLIX B HOpMYyJax AJA
onpejaesieHHsl THAPARJHUECKOrO CONPOTHBIeHNA A P nonye-
KalTCA OnpeleseHHBe NCrpell! OCTH.

[lorpeuiHOCTs BeJHUYHHBI A P omnpeje sfieTcs U3 paBeH-
CTBA:

P=]M_P aAP‘la [-1-‘MP‘[8 |+

l ol’rl

B 4 [222] 1301+ [222] o), (Vetl)

'

* Pa6ota BwnoJHeHa A, A, MoscymoBbeM, [, T.T acano-
BboiM, P, T. AnneBnMm,
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B 3aBHCHMOCTH OT YCJOBHI MOTYT GHTbL Da3AHvyHbIE [e-
WHUMEl IBHKEHHSA MPOMLIBOYHOH KHIKOCTH:

1) Typ6yneHTHHI pexxum B Tpy6axX, CTPYKTYPHBIH B
3aTpy6GHOM MNpoCTpaHcTBe; 2) TYpOy/eHTHHA peXHM B
6y pH/IbHHIX TpPy6ax M 3aTPYGHOM NMPOCTPAHCTEE; 3) CTPYK-
TYPHHI/l pexUM B GYPHAbHBIX TPy6ax M 3aTPyGHOM npo-
CTPaHCTBe.

PaccmaTpusaioTes OTAe/nbHEIe CTYYAH PEXKEMOB ABHIKe-
HHA NPOMBIBOYHOM uJAKoOcTH. [14 mepBoro cay4as THI-
paBiMyecKkMe TMOTEPH MaBAeHHs P; B LUHMPKYASLUHOHHON
cucteMe onpeaeaslTes no dopmysne (cM., HanpHmep,
[49, 68]):

AP, =) 8!(()2 . 19214 Q 11,51.(,7_
nogdy r(D—dp (D+d) D—d

+ ay 1(3 +a,7Q? 4 azy Q*+ aynQ?, (IV-4.2)

rae )-1—K03q3q}HIlHEHT FHJIPaBJANYECKHX COl'IpOTHBJ'IEHHﬁ

npy TypOy/I€HTOM PeXHME IBHKEHMA TJWHHCTOTO
pacTBopa B OYDHALHBIX Tpylax;

1-—K03(dduLHeHT CONPOTHB/IEHHA B Ileilike TYpGOOY pa;

ay—K02(DGHUIHEHT COMNPOTHBJAEHHUR B OTBEPCTHAX J0-
J0T4a;

a;—K03(dHIHEeHT CONPOTHBACHHA B 00BA3KE;

a,—K03ddHLKeHT CONPOTHBACHHA B 3aMKOBLIX COCLH-

HEHUAX:
n—KOJHYECTBO 3aMKOB.
Cie 10BaTeAbHO, !
192 11, 51
AP, = Q |4 o (85 -

=(D— d)-'l(D+d>

(1 e+ @ @Q B a4Q2,Z) ]
0

L, 8yQr 1924 Q L5 %\ 1871 2
" gl T A(D—dp(D +d) »+ )' ‘l
16, Qy , 19214 0T .

+[ =2 gdg =(D—d)3(D +d) +2aQ7+

+2a,07 +2a,Q1+2a,7Q1][3Q |+

[ 19207 Q (D +2d)* II'SITOMBDl (IV-4.3)
n(D—d)} (D4d)y (D —d)? )

Jas sroporo cayuas reapabiuyeckHe noTepu lasJje-
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HHA B IHDKYJSIUOHHOM CHCTEME CKBaXHHH OMNpex eas-
totea no dopmyae:

. 81yQ . 81y0Q: —
AP, =1 - 2
Pr=t o YTy wgap T Tt

+a,1Q*+ az1 Q*+ a1 Q%n, (IV-4.4)
rie h,—KO3h(HUUHEHT THAPABAMUECKHX TNOTEPb AABAEHUS
npu TYpGYJeHTHOM peXHMe [BHXEHHS TJHHHC-
TOro PacTBOPa B 3aTPYGHOM MPOCTPaHCTBE.
Ha ocuoBauuu dopmya (IV-4.1) u (IV-4.4) umeem:-

N _[. 81Q%, . 8vQ2 )
2P = [A‘ mgd] the x2g (D —dy* (D + d) ]'“H

1617Q AL 161yQ —
+ 1 2 -

[ 1 1t2gd05 + ﬂzg(D—d)3(D+d)'J alTQ_{
8 1Q?

2d5+

+20_21Q+2Ea‘rQ+2541nQ]ISQH-[
iy =S + 3,Q+ & @+ 3,C 4
> n2g(D—dy (D L+ d) : 2 2

— ' 8Q:iy(bD+d
-ra,,an]|a7r+[ 2g(QD *;)4(D++;)3]1w|. (IV-4.5)

Iins TpeTbero caydasi THAPaBAHUECKHe MOTEPH B LHD-
KYJALUOHHON CHCTeMe CKBAaXHHH oOnpefesioTca no ¢dop-
MyJe:

12814Q , 164+, 192170Q
ap, =180 -
Ps ndl + 3d, +1t(D—d)3(D+d)
Sln = — —
LR L Q2 21 Q2 3 1aQh  (IV-4.6)

D—d
Ha ocHoBanun ¢opmyan (IV-4.1) u (IV-2.6)

128 Q! 192 1Q 161
Py = lrd‘ +.-<D—d>a(D+d)]|a"'+(3do +

+ﬂ)lao|+[2 21Q+22,1Q+22,1Q-n+

1281+ 192 I+ s
i x dg MR (D—d)s]x|80|+(a2Q +
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3d°

L 1924 Q 11,57, 11,5,
manTs ooy Mt e
19244Q2 (D +24d)
%(D = d)* (D +d)?

+ a3 Q -+ @, Q) 7|+ [ 4 o +

]lam- (1V-4.7)

[lorpeimHocTp BeauuMy Gbl1a OnpesfeseHa CJAeAYIOUWMM
o6pasoM. YUTo6H HMeTb NpeiacT2B/ieHHe 0 BO3MOXKHBX
3HAYEHHAX OWHOOK NPH oNpeleJeHUH Ty H 7, Mbl GepeM
C/leYIOIIMIA MpHeM. YUYHTHIBAafA, 4YTO B yC/A0BUaAX Oyps-
LIHXCSl CKBAXHH OTCYTCTBYeT annapatypa A ONpeaedeHus
P€0J/IOTHYECKHX KOHCTAHT, AJAl OlleHKH A P B neppoM npu6-
JAHXKEHHH MOMXHO NOJb30BATLCA KPHBHIMH 3aBUCHMOCTN T; H
7 0T 7.

Jas 3aKaHHOTO yneJbHOro Beca MNMOCTPOEHH KPHUBHIE
pacnpejesieHust t¢ M 7 M ONpejaeNeHbl CPeAHHEe 3HAYeHHs
g? [oculone BHPAaBHHBaHUA HX 0 3akoHy [aycca (rabauua

25])

Tabauya 31
Moenens wowe.|  Cpenme swavemns . | Gheteuauionmuesuor
Koau- HeHpa yledb-
4eCcTBO ngo Beca npH Onpexcie-
P M parcl'll'nggzl,m:?cma q, €n3 o, Ml jem? H[:lu 3HAYEHHA H[',ﬂ“;;;'&:,‘,‘:;’i;
274 1,20—1,29 15,1 21 7,0 13
300 1,30—1,39 16,5 24 6,0 12
191 1,40—1,49 20,0 38 7,0 16
180 1,50—1,59 22,0 65 5,4 28
181 1,60—1,69 ° 24,6 75 6,0 31
195 1,70—1,79 97,5 87 8,0 36
200 1,80—1,89 28,6 102 9,1 46
207 1,90—1,99 30,2 116 94 42
204 2,00—2,09 30,6 138 11,0 51
200 2,10—2,19 32,2 145 10,0 56
200 2,20—2,29 37,5 145 10,2 53
175 2,30—2,39 41,7 203 10,0 63

OTMeTHM, YTO CTPYKTYyPHO-MeXaHHYeCKHe napaMeTpsl
LLeMEHTRBX PACTBOPOB MEHSIOTCA B AOBOABHO LIHPOKHX
npejpenax, 4TO MOXET ObIThb O6BACHEHO  HEQOLHOPOLHO-
CTbIO B3ATHIX NMPOG LieMeHTa, Pa3/MYHLIMK YCAOBHAMH Xpa-
HEHHA 3THX npo6.
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Hanpumep, necatnanesnoe xpanenue 3tux Npob HaM-
HOTO TNOBLIIIAET YHCJEHHOE 3HAUEeHHe % U T,, KOTOpoe
M3MeHseTCs B cJeaylowmwpx npenenax: S0 <75 ¢cn3 u
297 <1, < 318 Ml jem?.

Kak moka3sasa o6paGoTka 5KCNepHMEHTAJbHHX JNAHHbIX,
pacnpenefends M H Ty NOAUHHRIOTCA HOPM8JBHCMY 3aKOHY.
[To pacyeram nosyyeHH cpeaHue 3HaueHHa Aaa 1, = 100
sl jem? n n= 38,0 cns.

[MorpelinocTh B ompenesieHHH AHAMETPOB CKBaxHH D
onrelleAssacb HCXOAA M3 aHau3a karepHorpamm. IIpu
3TOM OLIIO YCTAaHOBJEHO, YTO IMAMETP CKBAXHH HA 6%
6osblie nquaMerpa A0JOTA. : .

[TorpemHocTb B OnNpefesieHHH NPOU3BOAMTENbHOCTH
Haccca HaXxoOuM HMcxoAs M3 Ko3ddriuHenTa noaaun 6ypo-
BOTO Hacoca, uto cocrasaser 10%. .

Tlorpemnocts B. onpelleieHHH 3HaYeHUsA yAeJbHCTO Beca
HAXOAHAH H3 YCJOBHfl, UTO IIPH HEOAHOKDATHHIX 8aMepax
ownbxa Moxer OBITh ACNYIUEHA HA BeJMUYHUHY TIOJOBHHBEI
OJHOTO JleJIeHHA Ha WUKaJe apeoMeTpa, uTo coctaBaseT 1%.-

[lorpemHocTs B onpefesieHHH AJAHHBl CKBaXKHHL MpPH-
uara 0,1%. CorsacHo BbllI€NPHBEAEHHLIM MOTPEIIHOCTAM
BeJNYKH Gblaa cocTaB/aeHa Tabanua 32.

Onpelie/nM cTeneHb BJHMSHUS TeMIepaTypsl HA THADPAB-
JUYECKHEe TMOTepH B LHPKYJIALHOHHON CHCTEMe CKBaj)KkHbI.

[lotepn naejaenus B OypPHJAbHHX TPyGax H 3aTpyOGHOM
NPOCTPAHCTBE ONpPeNensnloTCa H3 3aBHCHMOCTel:

P (z2)= (M Uis dz, 1V-4.8
16 (2) Os orzll ( )
z Y U;G

Py (2) = S 1dz, (1V-4.9)

hy s

§ 2g(D—a

Tle Vg U Uge—CPeaHe06beMHEIE CKOPOCTH COOTBETCTBEHHO
B TpyOax M 3aTpyGHOM MPOCTPAHCTBE;

d H dy,—BHELIHHH U BHYTPeHEMH AHaMeTpHl 6ypH/b-

. HBIX TPYOG.

HMaBecTHO, UTO BAYAHUe TeMNEepaTYLH M J1aBJ€HHA HA
yaeabHbIH BeC XXHAKOCTH HE3NAYHTeJbFO, NIO3TOMY NPHHHU-
MaeM ero Kak BeaHYHHY MOCTOAHHYIO, UTO KacaeTcs CTPyK-
TYpHON BSI3KOCTH W mpeleJbHOTO HANDPRKEHvs CAEHra, TO
OHH, CcO6eHHO CTPYKT) DHAA ES3KOCThb, CYLLECTBEHHO Me-
HAIIOTCA C M3MeHEeHHeM TeMMNepaTyphl.
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Toraa npu nocrosHHOR cpelneo6bLEMHON CKOPOCTH
GopMyJbl IPUMYT BHA:

W \

P (z)= f)\ daz, (1V-4.10-

. 4 Wz : ’ \

. P (2) = 28 (D = dy .Y 2 d2. (IV-4.11)

3HaA 33KOH M3MEHEHHS TeMIeparypH BA3KOM/IACTHY-
HOM cpenbl B GypHJAbHBIX TPy6ax 7, M KOJbLEEOM mpoC-
TparctBe 7Ty B 3. bUCHMOCTH OT Iy6UHH 2, T. €. =T, (2),
a TaKiKe 3aKOHbl H3MEHeHUsl BeJHYMH To H 7 OT TeMiepa-
TYDH, MOMXHO OMN[eNeJHUTb I110TeDH JaBJeH’Isi B 3aBHCH-
MOCTH OT Z, CJed0BaTeNbHO, H B 3aBHCHMCCTH OT TeM-
nepaTypH.

Ilo ¢opmysaM Gblau NpQU3BRAEHbl YHCAEHHEIE PaCUeTHl,
pe3y. bTaThl KOTOPHIX NMOKA32/JH, YTO C yBeJHYEHUEM TeM-
nepaTtypbl THApaBJAHYECKHe noTepu cHHxawrcs. Tak, npu
ray6une cksaxun 3000 # yMeHbuieHHe nOTepb AOCTHI'AET
479%, a no BCefi UMPKYJAUHOHHCH CHcTeMe C YueTOM
MECTHBIX CONPOTHBAGHHH—38% A/ Clyuas CTPYKTYypPHOrO
pexuma ABHXKeHHA B OyprabHHIX Tpy6ax M .3aTPyGHCM
NpOCTPaHCTBe. YKAa3alHble BeJWYHHB AJS CAy4yas CTPYK-
TYPHOTO peXHuMa ABH)KeHUS B 3aTDyGHOM MpPOCTPAHCTBE H
TypOyeHTHOro B CypRJbFLIX TPY6ax COCTaBJIAIOT COOTBET-
CTBEHHO 22 M 14%

§ 5. ONPEJNEJIEHHE THAPABJIIMIECKHX XAPAKTEPHCTHK
MNOTOKA NO YCTbEBOH HH®OPMALIUH

Kak 6bls0 yka3ano B mpeawAyuieM mnaparpade, aas
onpejeJeHns CHIPaBIHYeCKHX MOTepb M THAPOAHHAMHYe-
CKOTrO AaBJeHHUs, BOBHUKAIONIETO NPH CHOYyCKO-MOAbeMHBIX
onepamMax, reo6X0IMMO NPUMEHATb U ONBITHWE METOXHI.

U3secTHO, UTO OAHHM H3 cnOco60OB onpeleneHUsT BeU-
YMHBE THAPABJANYECKHX [OTEPb H THAPOAHHAMHYECKOTO
HAaBJeHHS ABJAAETCA HENOCPEICTBEHHOe H3MEDEeHHe HX
BeJUYMH TJAYGUHHBIM MaHOMETPOM, YCTaHOBJIEHHBIM Ha
HUXKHeM KOHUEe 6ypHabuofA KOJOHHBL. OZHAKO 3TOT CrMOcob
CBA3aH C H3BeCTHOH TeXHHUYecKOH TPYAROCTbIO M 3arpaTofl
B[€MEHH, YTO OrpaHW4YMBAeT IMPOBEJEHHE NOCTATOYHOrO
KOJMYECTBA ONKTOB, HEOOXOAMMHX M/ CTATHCTHYECKHX
06pa6oTOK.
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B cBfian ¢ atum 6blii nMpeAJIOXKeH HOBHIH CHOCO6 ompe-
JeJieHHsl THAPOJAMHAMNYECKOTO JAaBJeHUA B HHXHell 4acTH
KOJIOHHBl MO H3BECTHOMY YCTbeBOMY AaBJeHHIO, CYLIHOCTb
KOTOPOTO 3aK/JI0Y3€TCH B CAedylOleM.

B npollecce mpOMBLIBKH CKBaXXHHH TIPH PasAHUHBIX pac-.
XOjax (He MeHee ABYX) CAMONHIIYUIHM MAaHOMETPOM on-
pelensieTca BeJMUMi a AaBJeHUA Ha Hacoce P, 3atem cny-,
cKkaeTc (noAHuMaeTcs) GypH/IbHAA KOJOHHA, MPOHU3BOAUTCHA
NPOMHIBKA MPH TEX XK€ BeJUYHHAX pacxona Q M pasandHbixX
CKOpOCTAX cnycka (moAbeMa) H onpellenseTcd BeJHYHHA
NaBaenus Ha Hacoce P,,. [Ipn atom pasHoctb Py —Py = APy,
NpHHHMAaeTCs 32 BeJIMUHHY TMADPOANHAMHYECKOTO AABJEHHSA
A P,, ecnn mpr 3TOM BeJanuyHHa A P;; He 3aBHCHT OT pac-
X0/Ja NMPOMBIBOYHOR KHIAKOCTH.

IlpoBeneHue OnmbHITOB NMpH pasjiMuUHWX pacxojax Onfe-
nenanetcs Heo6X0JHMOCTBIO YCTAHOBJIEHHA TAKOTO 3HAye-
HHA THAPOJWHAMHYECKOrOo ABAaBJIeHHMA, KOTOPOE€ He 3aBHCHT
OT PacxoMa MpOMBIBOYHOM KHMIKOCTH.

B noxTeBepxcaeHHe MPaBHABHOCTH 3TOTO cnocoba CPaB-
HUBANHUCh BeJUYHHBLI THADOAMHAMHYECKOTO AABJEHHA MPHU
cnycke U moabeme 6yPHAbHOTO MHCTPYMEHTA C BEJHUYHHOH
3TOTO JaBJAeHHs, 3aMePeHHOr0 OJHOBPeMEHHO TIJyG6HH-
HBIM MaHOMeTpoM. Kak noxa3annm OMBITH, BLEINOJHEHHbLIE
Ha OypsAIIMXCA CKBAaXHUHAX, BEJWUHMHB THIPOAMHAMHYE-
CKOro JaBJ€HUA MPH CHYyCKO-MOXBEMHEIX ONepaunHax MOUYTH
COBMAlaldT M NOPH OIMHAKOBBIX CKOPOCTAX CNYCKA H
HOABEMA OYPHUJbHOM KOJOHHBI 3HAYEHWA BeJUYHH H3Me-
HeHMs THAPOAHHAMHYECKOrO JaBJIERHA NMPAKTHYECKH PaBHBbI
Mmexay co6oit [53]. [lpaBuabHOCTH TNpeANOKEHHOTO Cno-
coba Takxe [OKa3aHa TeOpPeTHYECKH OJsf 4aCTHOTO cayuas
NPHMEHeHHst BA3KOH ~MKHUAKOCTH B KayeCTBe IIPOMHBOY-
HOR [52].

TakuM o06pa3oM, yxa3aHHHH cHNOCO6, B OTJAHUHE OT
3aMepa TFHAPOAMHAMHYECKOTO AABJAEHUA TAYGUHHBLIM MAHO-
MeTpOM, YCTaHOBJAEHHBIM HA KOHUE OYypUAbHOH KOJIOHHM,
6asupyetrcs ra MHAOpPMaLUHMH, KOTOpPad MOXeT GblTb MOJY-
YyeHa FeNOCpeACTBEHI O 1a yCThe CHBEMHHBL.

[s onpeneserua BeaMUMHB THIPAaBJIHYECKOro COMpPo-
THBJIeHHA MNPH NPOMHBKE CKBAXXHHbl B KOJAbLEBOM MNpOC-
TpaHCTBe P; H B TpyGax P, pekCmerayercsa CJenyloui
npHeN onpejeseHHs BeJMYUH THAPABJIHYECKHX COMPOTHB-
JeyHfi, 6a3sHUpYIOLIHXCH TaKKe Fa HEPoOpMAaluM, KoTOpas
MOXeT ObITh NOJyYeHA HenoCpeACTBEHHO Ha YyCThe CKBa-
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CHauya/a omnpefneasieTcs BeJIHYHHA HAPOLMHAMHYECKOTO
JaBjaeH¥ss AP, yKkasaHHbIM BHIIE MeTOAOM IIpH MNpPAMOH
NPOMLIBKE, 3aTaM IPOM3BOAMTCHA 06paTHas npoMbiBKa cifBa-
XHHB (NP TrepMeTH3HPOBAHHOM YCTbe CKBaXHHBl Npe-
BEHTEPOM) M cnyck (nmoAbeMm) O6YpUAbHOH KOJOHHBI MpH
TeX IKe BRJIMYHHAX pPacxofa H CKOPOCTAX, YTO H HpH

1
onpeaesenuu BesHuyuubl A P,. Haxoxurca pasnocrs P —

1 1
— P, = APy, ro2 P;—Ta e BesuyYHHa [daBJEHHHA, YTO
n ;, HO npH o6GpaTHOH mnpOMHIBKE CKBaXHHH. B 3rom
1
cayyae 3HaueHue A Py npuHuMaercsl 3a BEJAWUYHHY FMIADPO-
AHHAMHYECKOr0 AaBJeHysd, Bo3HHKamwWero B TPpybOax AP,
NpH cnycke (moabeMe) GypuabHON (0O6CagHON) KOJOHHBI,

ecqM TaKxe NPH 3TOM B2AH4YHHA A P, He 3aBHCHT OT pac-
X04a MPOMBIBOYHOM MHKHUIAKOCTH.

CnrepoBaTesqbHO, MPH  HE3ABUCHMOCTH  OTHOLIEHUA
AP,JAP,= A OT pacxoaa NPOMBIBOYHOM MHKUIKOCTH 3Ha-
yeHne A MOXM2T ObITH NMPHHSITO PaBHLIM OTHOUIEHHIO

LB _ P _ g (IV-5.1)
AP P,
Tak kak
. P11 = P2 + Pl!’ (IV'52)
14 onpene/eHus BeAMYMH P; u P, OydeMm uMeThb:
_ _Pu V.
plT1+A’= (IV5.3)
_ APIl . -
Py= o4 (Iv-5.4)

Jdas onpeneseuns BeqHUHHB A Ha Oypsawefica ckBa-
AcuHe Ne 418 6ol mpou3aBeeHbl ONLITH, CHAYaaa HA CaY-
Oune 900 4, a a3atrem—1500 », npu cnycke (noabveme)
6yDHUILHOH KOJOHHMW AHaMeTpOM 141 mm Ge3 mosota npu
Pa3JHYHBIX CKOPOCTAX H pacxolaX [MPOMLEIBOYHON KHA-
KOCTH CO CJAeAylOWUMH MapaMeTpaMu TJAHHHCTOrO pacT-
Bopa: 71=158 [ cm® n=36cn3 u =<,= 138 muljcmd.
OG6GpaTHass NpPOMBIBKA CKBAXKHHBI OCYUISCTBASAACH ORHUM
6ypoBbiM HacocoM ¥ 8-3, a Takxe LleMeHTHPOBOYHBIM arpe-
ratoM 31[A-400 yepe3 BLIKHIHYIO JHHHIO NMPH 3aKPHITOM
BeDXHeM npepecHTepe C MOMOILLIO LEeMEeHTHDOBOYHLIX TPYO,
COeAHHEHHHX OYypOBbIM LIJAHTOM, a BOCXOASIULAH MOTOK
M3 OYpHJBHOW KOJOHHBI C NOMOLILI0O LIeMEeHTHPOBOUHOH
rOJIOBKH  IIJIAHTa JUIMHOH 12 M HanpaBiafaCcA B Xea00-
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Tabauya 33

Q, Micex P, am P, am' P,, am
7.1 12 4,80 7,2
10,8 14 5,6 84
16,4 16 6,4 9,6
22,7 20 7.9 12,1

Hyw0 cucremy. [Ipu npoBeaenu: onuiToB ra ray6uHe 900
UMPKYJAALHA MPOMBIBOYHOH KHAKOCTH OCYULECTBJIANACDH
GypOBbLIM HacocoMm ¥8-3 mMpOH3BOAMTE/NBHOCTBIO 24 4/cex,
a Ha ray6rHe 1500 M—ueMEHTHMDOBOYHBIM arperaToM
3L1A-400 npu yeTnipex NPOM3BOAUTENLHOCTAX, YKA3aHHEIX
B Tadauue 33, B KOTOPOi TaKike NMOKa3aHkl BO3HHKAlOLLHe
IpH 3TOM [JaBJEHHSl B LUHUPKYJASALHOHHOA cHcTeMe, H3Me-
peHHBle OJHOBPEMEHHO CaMOMHINYLIMM U 00Pa3lOBLIM
MaHOMETDPaMH.

ah,
amm o 2R
b Puc. 34. 3aBucumocts ruapo-
20+ ab=sh(u) 120 nunamuueckoro naBAeHMA B
- Tpy6ax AP, B KO.IbILEBOM NpO-
116 F  4B=ah) 2 {76 ctpanctBe AP, OT-CKOPOCTH.
ClycKka MHCTPYMEHTa NpH NpA-
ok 12 MOH. M 06pPAaTHOH NpoMbIBKAX
] CKBAXHHBI (KPYXOYKH U KBai-
PaTHKH OTHOCATCH K OMNBITaM
8r on? 18  cootBercTBeHHO npu 06paTHOl
o ewm/ U MPAMOil NPOMbIBKAX):
4+ Ca en3 44 1—v=1,1 alcer; 2—v=16,4 ajcex;
eomé N S—v= 10,8 .2jcen; 4—v =227 alcex

| 1 L 1 1
g g2 g4 g5 43 10 U mfcex

Pe3yabTaThl ONBLITOB, NPOBeleHHbIX 1A TayOuHe 1500 4,
fnCKalsausl HA puc., 34—37. Ha puc. 34 npuBeaeHH 3aBH-
.cumoctd AP, =A P, (1) n AP, = AP, (4) COOTBETCTBEHHO
npu npsaMmofl u obpaTHoil nmpomeiBKax. M3 puc. 35, koro-
Pl CAeNaH HA OCHOBe NAaHHBIX pHUC. 34, BARHO, 4YTO BeJH-

1
yune A Py v APy He 3aBHCAT OT pacXoZa TMPOMBIBOY HOil
KUAKOCTH, TOrAa AP, =A P, u APl = AP,. Vamenenne
AP, ‘ ,
-OTHOLIEHHA A—P' = A= A(#) ansa pasaHdHBIX P3aCXOLOB

1
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NPOMBIBOYHOM MHWAKOCTH TOKa3aHO Ha pPHC. 36, M3 KOTO-
poro caeayert, uto A= 1,52, Ocpeanenve 3HaueHHA OTHO-
1

HmeHni A_I;l IR pasJNYHHX CKOPOCTeil CmycCKa MHCTDY-

1

ahy| e 0P -
am S
20 >t 12 .
; —o
o———o——0
6% U S—— 1%
17l ———= -
;&.
 ———— . 18
“ i =% . 1,
!

L L I ! |
g & 1 1 20 24 {Afcex
RS

Puc. 35. 3aBHCHMOCTb MAPOIMHAMHYEC-
KOra AaBjleHuss OT pacxoja IpPOMMBOY-
HO#l KHAKOCTH npH npfAMoil m obpaTHOH
NPOMBIBKaX M  Pa3JHYHLIX CKOPOCTAK
CnycKa HHCFPYMeHTa (0603aHayeHHA Te

e, 9T0 H Ha puc. 34), -

MeHTa NPHBEeNeHO Ha puc. 37, U3 KOTOPOro BHIHO, YTO
A PL/A P, He 3aBUCHT OT DacXola HPOMbLIBOMHONH MHI™
KOCTH. ~

B rabauue 33 Takxe noka2aHbl BeAWYHHBl THADPaBJIH-
YeCKMX COTMPOTHBJAEHHA B TpyOax M B KOJbLEBOM npoc-
TpaHCTBe, nojcuutaHrue no gopmyaam (IV-5.3) u (IV-5.4).

Yka3anHHW npHEM onrege/eHHA rrAPaBJIMYECKHX Con-
pPOTHB/IEHHH B 3aTPYGHOM NPOCTPaHCTBE TeOPETHYECKH
o66cuorad P. C. 'ypbanosum, [. C. Kacym-3age u ap.
PaccMaTpHBancs CHyckK raaikux OYPHABHHX TPY6 C mcc-
TOAHHOH CKOPCCTBIO B CKBaXXHHY, 3alOJHEHHYIO BA3KON
MHUIKCCTBIO NpPH npsaMoil U OO6paTHCH NPOMBIBKe CKBa-
XKHHHL.

Tlpn npsaMoii npoMbIBI e IHAPOAMHAMHYECKOE JaBJaeHue
Ha CTCHKH CKBaMHHBI ONpeneasnoCh NO HM3BeCTHOH op-
My z€: '

AP, = A lay - . (IV-5.5)

( ri rg) In %— - (rf -—-rg)
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rae /—pnnua GYPHJBLHHX TPYO;
£ —BA3KOCTb JKHJKOETH;
ry—paAnyC CKBaXHHBHI;
ry—BHelUHUfi paavyc GypHJabHLIX TPYO.

a5 £
Pyl . w 7
15 ' 15

07 ol eF e#%

| 1 1 1 1
1'0_ & 12 1 20 { aeex

Puc, 36. 3aBucuMocTb OTHOWEHUS A OT

CKOPOCTH CMYCKA HHCTPYMEHTa: OTHOILE-

HHUA THAPOJHHAMHYECKUX JAaBJeHul
AP, :

—— =A npH NpPOU3BOAHTEIBHOCTIL;
AP,

1—Q=7,1 ajcer; 2—Q =164 ajcer; 3—Q=

=10,8 zjcen; 4—Q=22,7 ajcex

a5 &
A

af oo °

o
5l ==t

of o2 @3 o4

)

10

2 1 L i L 1’0
02 04 06 08 10 Umujcex

Puc, 37.-3aBHCHMOCTb OTHOLIEHHA OT
pacxoia  MPOMBIBOUHBIH  KHIKOCTH
(0603HaueHUN TE ¥e, UTO H 1a puc. 36)

[Tpu o6paTHOM MpoMblBKE BeJMUHEA TCHAPOJHHAMUUEC-
KOTO JaBJIEHHs Ofpelensyach cAelylolHM 06pa3oM..
YpaBHeHHe Hepa3pbIBHOCTH MMEET BHJ:

g+ (re—r3) uy=q, (IV-5.6)
rie ¢,—pacxOn cpeanl B OypuJbHBIX Tpybax; '
¢,—pacXxol cpelbl B KOJbLEBOM I[IPOCTPaHCTBE;
r,—BHYTDeHHHR paiuyc OYpPHJIbHBIX TPYO.
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W3 BeipaxceHns X188 Pacxofia cpefsl B KOABLEBOM mpoc-
TPaHCTBE:

1 =2 [ v-rdr, (1IV-5.7)
0

C YYETOM pelueHHA YDaBHEHHS NBHXKEHHf CPeXbl.B KpPYr-
J0H TpyGe ¢

L
1" d d ap|
] 4 ( r& ) S} (IV-5.8)
r dr dr ul 3
TIpH CleldyoLuX FPAHHUYHBIX YCJOBHAX:
Ty (ro) =, Ty (ry) =0, (IV-5.9)
onpeneJsercs .
=a P -ri—rd)? n(r—r)u 0
g, = ! r'f—-r;)t —( ! - 0) + ( ! 0) 2 —Trol;
8ul : r r
In — 2In—
ro v
U '
2
T\ri—rg)ie 9
a=—Q+ = rl) —wriup,  (IV-5.10)

rie Q —npousBoIHTENbLEOCTH HacoCA.

M3 BripaxeHus Aas pacxona BA3KoM Cpelbl B 6yDHb-
HbIX TpyGax

\

g, =2 wj T rdr,
’ 0

C yueromM pewenns ypaBHeHus (IV-5.8) npu rpannunbix
yCAOBHAX

' dy
Ty (ry) = — u,, 2

" (0)=0,
onpeneasaerca
L] r; AP; ) 2
q2 == W - Tl uO" (I/\"S] 1 )

[Toacrasass Bupaxenus (IV-5.10) u (Iv-5.11) B pa-
BenctBo (IV-5.6), aas AP; nonyuaem:

4;Ll(rf—r§)ul. _/

Apy= 229 |

w Iy

=
rgln L
ro
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Tak kax BenuyuHa A P; mpencrasasetr co6oi ruapas-
JnyecKoe CONpoTHBJeHHe B OGYypHAbHBIX TPyOax npu mpo-
MbIBKe 6e3 cnycka (moxbema), TRAPOAHHAMHYECKOE AaB-
Jienne npu o6paTHO npoMbiBKe OyAer:

4l r2—r})u,
AP, = -._LL. (IV-5.12)

rﬁ', In—

M3 conocrapaenua ¢opmya (IV-5.5) n (IV-5.12) noayua-
ercHa

4 4 2 2
; ri—ro—{(ri—rg) Inryr

° Ap_ 1 Tho (; o)) Innire_ (IV-5.13)
AP, ro

W3 Buipaxennsa (IV-5.13) caeayer, uto AP,/5P2~
=AP,/AP,.

Taxum 06pasoM, onpelensisi ONHTHHIM NMyTeM OTHOILIE-
Hue AP, /AP, U BeJMUYMHY HaBJeHHA, HampuMmep Py,
MOMXHO HafiTH NOTepH MaBJEHHA HA TPEHHE B OYPHABHBIX
Tpy6ax H B KOJbIEBOM NPOCTPAHCTBE.

OTMeTHM, YTO YKE3aHHLIl NpHeM.onpeJle/NeHHs TUADAB-
JIAYECKUX CONPOTHBJAEHHH B LHPKYMIUUOHHON CHMCTEMe
CKB?JKHHbl CrnpaBelJINB JJf CTPYKTYDHCIO PE€XHMa JABH-
JKEHHA [IMHHCTOTO pacTBOPA.

TakuM o6pasoM, MNPUMeHeHHEe YKA3aHHbIX BHILIE CIO-
cc6oB onpeneseHUs BEJUYHHB I'vIPOJHHAMHYECKOrO HAaB-
JIeHHA MpH CNYyCKO-MOABEMHRX ONEpauHaAX H THIpaBJIHYe-
CKOro COMPOTHBJAEHHA B KOJLUEBOM MPOCTPAHCTBE NpH
TPOMBIBKE CKBaXWHBI TNPAKTHYECKH JacT BO3MCIKHOCTb
NPOBECTH NOCTATOYHOE KOJHYECTBO OTLITOB, HEOGXO THMHIX
A1 06paboTKH UX METOLOM MareMaTHYecKOl CTaTHUCTHKH.

[Ipn cnycke HHCTPyMeHTa TMAPOCTATHYECKOe JaBJeHHe
6yzner au paBHO H 7, T. e. HaAC Jiu M3MEHEHHUEM THA[O-
IMHAMUYECKOTO AaBJeHHd CYUTATh CPaBHEHHE ero C BeJu-
yuHol FH 5. B caMmom Aese, ecIM CKkBIXKHHA 33NOJHEHA
BOJAOH# HJAH JDYro#l HELIOTOHOBCKOW CHCTEMOH, TO THAPO-
craTHueckoe AaB/ekMe Gyjner ‘ccorBercTBOBaTh 1y, B cay-
yae ke BR3KOMNACTHYHOH CHCTEMBl TNPIf COyCKe HHCTPY -
MeHTd CTaTHYeCKOe AaB/jeHuWe Ha 3a6oe Gyner paBHO Hy—+
+ AP, rae

AP, — 4/ =,

D—d,
NpH moJAbeMe HHCTPYMEHTA CoOTBeTCTBeHHO H 1 — A P,
3Haa cTaTHYeCKOe JaBJAeHHe TpPH Cnycke H HNCAbeMe,

139



MOKHO N0 UX PasHOCTH onpeienuts 24 P, 4TO mNO3BO-
afer onpeaeauts A P,

OTMeuyenHOe sBJAsETCS OCHOBHOH rpyGoii oIHKOKOi,
gonymweHHo# [l. lony6eBeM B KaHJIWAATCKOM Auccepra-
MM, BHOOJHeHHOW moja pykosoncteom E. M. Cososbesa.
DTOT aBTOp NpHIlean K BLIBOAY, UTO pacCMaTpHBaeMhle
METOAB MOTYT AaBaTh MOrPeLIHOCTH, AOCTHrAloLIMe COTHH
n 6oJsiee NMPOLEHTOB.

§ 6. O THAPABJIHYECKUX COOBPAXEHHUAX NPH
BbIBOPE KOHCTPYKLIHH CKBAYXHH* o

C vysesnuenueM ray6uH OypeHHs B OCJAOKHEHHBIX
yCJAOBHAX KpeMJeHHe CKBAXHUH XBOCTOBHKAMH npuodpeTaer
Bce OoJbluee npaKTHYEeCKOe 3HayeHHe. :

Tabauya 34
KouayxTop TpomexyToy- 7 X BOCTOBHIK JKCnAyaTauuolHas
HaA KOAOHHA KOJOHHA
¢ lesle (e g3l 3| ¢
Ey gg 52 | 2 AL “E; g Zs 22
EL 29 2= c5 ER 23 = R A5
426 250 | 299 | 3000 | 219 | 5000 | 2100 146 7000
527 200 | 351 | 1500 | 245 | 4500 | 3100 [ 168 146 | 7000
426 250 | 273 | 3500 194 | 5500 | 2100 114 7000
426 250 | 299 | 3300 [ 219 | 5600 | 2400 | 168 146 | 7000

B rtabasue 34 ripuBenenbl PA3NIMUHEIE BAaPHMAHTHL KOHC-
TPYKLUMH CKBa)KHH, paspaboranrbie O6benui.eHneM  ,A3-
Hedpts* u urcTHTyTOM L,A3HHHITHUHedTH, B KOTOpPBIX
npenyCMOTPEH CnyCK XBOCTOBHKOB lIHaMeTpOM 194, 219 u
245 mm [51].

OueBHArO, PACXOA MeTaa/]a MPH COCTaBJIEHHH KOHC-
TPYKIMH CKBAXKHMH 3aBHUCHUT OT TAYOMHH CNYCKA M JHAMET-
pa cnyckaemHX KoJoHH. Ho Tak kak ray6uHa cmnycka
onpejeasieTcs TeOJOTHYECKHMH YycJaoBHAMH Oypenus, ¢
y4eToM TMpeACTBPAaIleHHS BO3MOXHBIX OCJAOMHEHHH NpH
BCKPHTHH MJ4aCTOB, Ha PAacXxold MeTal/a B OCHOBHOM BJH-

* [log pYyKOBOACTBOM OJHOrO H3 aBTOpPOB paboTa BHINOJHEHA
O . C:KacyMmasane, H A l'yxacomBmnmMm AL A, MoBCYy-
MoBHMMHC K. Araesn M,
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sieT BRIGOD IHaMeTpa CNYCKaeMbIX KOJIOHH, @ NOC/elHee
BJAHMAET B 3HAYMTE/JbHOH CTeNMEHH Ha yBeJHyeHUE CKOPOCTH
6ypeHHssi W yMeHblUeHHe CTOMMOCTH CTPOHMTEAbCTBA Hed-

TAHLIX CKBAXHH,

OnpenenuM AHaGMETPH NPOME-
KYTOYHHIX KOJIOHH U XBOCTOBHKOB
npH AAaHHOH TMAPABJIHYECKON MOLL-
HOCTH OYPOBBIX "HaCOCOB, NPH KO-
TOPBIX PACX0J MeTaajna AOCTHraer
MHHHMYyMA,

Onas  peuweHuss mnocraBaeHHOR ~

3ajaud  npuMmem, uTO OypHJbHaA
KOJIOHHA coCTaBJeHa u3 TPy6 oX-
EOro mnOCTOAHHOTO  AUaMeTpa H
XHIKOCTb JBUKETCA B KOJbLLEBOM
TPOCTPAHETBE IHBYX  PAa3/IHUHBLIX
BHEIUHHX AuamerpoB. Pexnm IBH-
WKEeHUsA )KH}IkOCTH—TypﬁyJIeHTHblﬁ
B KiyecTse, npOMBIBOUHON HHA-
KOCTH anHHMaeTCﬂ BoZa. Bynem
npeano/iarath, Y4TO pacnpenesesue
cKopocre#t B o6sactax [ u Il (puc.
38) BmAAM OT. BLIXOKA XKHUAKOCTH

L

|
lobn | 1062

l
g .
La

=y

e

g

}[5

Puc, 38

M3 KOJbLIEBOrO 3a30pa onpejeJseTcs no crengHHol ¢op-

MyJe BHIA: .
i
”1=E;( '"')2 (L)“, (IV-6.1)
"{ v
. / 1£ s
n, =K ( TV' ) 2 (Bt_y}'_)“ ‘ (IV-6.2)

Toe T, U %,—HANPSKEHUS TPEUHA COOTBETCTBEHHO HA TO-
BEDXHOCTH KOJIOHHB TPY6 M CTeHKAaxX CKBa-

WKHUHBL;
3,—BesMunpa 3a3opa;

Yy—KHHEMaTHYeCKasas BA3KOCTb XHAKOCTH;
= yAeabAbli BeC XUIAKOCTH;

n—mnoxasarenb CTEMeHH 1/6> n> 1/10; 3naye-

HHe: 7 —3aBHCHMT OT YHCJA Peﬁﬂonbﬂ.ca.
Corsacio paGote . Llauxtura [87] npu Re = 4-103
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n=1/6, paa Re =110.-10° n'=1/7 v gan Re = 3240-10
n =1/10, k—nocToarHuM Ko3(pdHLKEHT, KOTOPHIA 38BHCHT

oT n.

[Mpn n=1/7; 1/8 nu 1/10 c¢ooTBeTc1BEHHO K = 8,74;
9,71; 10,6 u 11,5.

IlycTs @—paccrofinne MeXAY BHEUHiell NOBEPXHOCTEIO
6YPHIBHOA KOJIOHHH H NOBEPXHOCTHIO, HA KOTOPOA t= 0.
[lpp y =a u, = u,, Torna

1+n n 14n _
,—(_) * (_a_) 2;(_‘1) ‘ (_"4“ ;"
AN v 1 A
ey

12:( a 915 ... (1V-6.3)

O, w—a

OTKYyZa

L)

CCCTaBMM yDaBHEHHE DABHOBECHS KOJbLEBOTO C/I0%
KUAKOLTH MEXLY BHEIIHel KOMOHHOA TpY6 M LHMAMHADH-
YeCKO# MOB¢PXHCCTbIO, HA KOTOPOH HANPAMXKEHHE TPeHHS
PaBHO HYJIO: )

=27 (rg-F 3) mpl+ = [(ro+ 8, — (ro+ a)]X
X(Py—=Py—1y1)=0,
rue r'O—paimyc BHYTPEHHE!" KOJNOHHLI TPYO,
OTKYZA . .
o = LRl (BB ) (V-6
2 (ry+ 9% 1!

CocTaBuM YpaBHEHHE DABHOBECHS KUIAKOCTH IS KOMb-
IeBOTro CJ0s MeXAY BHellHefi W BHYTPeHHell KOJIOHHAMH
TpYyO:

— 27 (ro+dy) Wl —2mrg s L4 w [(ro+ 8,7 — 78] X
X (P, — Py, —11)=0;

o L (ro+ 82—} ( Pl—Pz__1> IV-6.5
: o+ 3, R 2 (ry +3y) 1 -y ! ( ' )
W3 pasencrs (IV-6.4) u (IV-6.5) nmeem:
_ T = va 2ry- a)_'( P—pP, 1) (IV-6.6)
2"0 '{I
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U3 papencts (IV-6.5) n (IV-6.3) nmeem:

o
< /! a )l+n+ ro _
! b —a Fo -+ 8,

5 (2ry+8,) P— P,
— 21} IV-6.7)
2(ro +8) 7( 1! ) ( )

INMoacraeum pasencrso (IV-6.6) B pasenctBo (IV-6.7):

2n

- nl 3
_a(2+a)[( ++1jr64]+ “‘fj:‘*)_o (IV-6.8)

rae a=ajry, 8,=238r,.
‘Tpapuueckum pewenueM ypaBueHus (IV-6.8) Gruia
nonyuena saBucumMoctb a = f (3,), npuBedenHas ua puc. 39.

Puc. 39

Pacxoxn HHUIKOCTH B KOJBLEBOM IMPOCTPAHCTBE Orlpe-
Aeaserca no gopmyae:

a . 8, _
g=2n [ &(ro+y)dy +25 {u;(ro+y) dy. (IV-6.9)
0 0

[loacraeup paBeunctsa (IV-6.1) u (IV-6.2) B paBeHCTBO
(1V-6.9), noayuum;
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l+n™

2mk 2, \TT (8, — @)t fro-b, Bla) 610
+ 2L (T) (_HE =) - (IV-6.10)

Monctaeup Beipaxmenusa (IV-6.3) n (IV-6.4) B pasencTBae
(1V-6.10), nonyuum: -

. =L a -

x (1 +0% 5—’7_)] (IV-6.11)
l+n 24+n

[\

?.—_ — — ’ R
[T A 2

N Tlo dopmyne (1V-6.11)
8 C HCMOJb30BaHHEM rpadu-
Ka, NMPUBEIEHHOI0 Ha pHC.
s B 39, nocrpoena 3aBHCHMOCTD
L_ 3,=f (¢) (puc. 40). Os-

g 0 207 paGotko# x)pnaoﬁ, npuse-
OEeHHOH Ha puc. 41, 65110

Puc. 40 NoNyYeHo

~ N

8, =<0,92¢ "%, (IV-6.12)
D=185¢g%% 19 (IV-6.13)
rae D= Djry;

D—nunamerp BHEIIHeN KOJOHHBI TPYG.

Tenepb ucnoasayem dopmyay (IV-6.13) aas pewenns
noctaBaeHHdi 3azayu. TlycTs CTEON CKBAXHHBI O6CaXKeH
NPOMEXYTOUHOH KOJOHHOM H XBOCTOBMKOM. Ha puc. 42
npencraB/ieHa cxeMa paccmaTtpuBaeMmoro cayuas. Coraacuo

paeencrBy (IV-6.13) nuamerp BHelIHeii KOMOHHL TPYG
HA YYACTKE AMHHOW [/, MOXHO HalTH MO BHIPAMEHHIO:

N Om -
D, =185r, d ' | 1-2re (1V-6.14)
P, —P T
9~ epm _‘7_(1‘0_1) ]
0 [2 11s

Ha ¢opmyan (IV-6.14) noayyum, yto gaBlenue B MecTe
nepexoaa TPyG OAHOrO AMaMeTpa K TPY6aM APYroro Aua-
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MeTpa MOXHO HAATH Nmo ¢QCpmyae:
i 2

n 2,6 T4n N
p _ 21b _”_q_(_"sf’ ) 4 P, 4+ 1ly. (IV-6.15)
! £ 2nKrg D—ir

Teneps, coraacue ¢opmyJae

_ . (IV26.13), coOCTaBHM BEIPAXKEHHUE
f [ A OonpeieseHus  JAMaMeTpa
. pHellHe#l KOJOHHBI TPY6  Ha
| Vo yuacTke IJHHOA
| | Y2 .
AN | D, D, ,em .
' 22) i .
) \ 2’_ . ——Dz,L’M
\ ,/ p=6spam " DrcH

' : 20F oo
l, a g 7”‘7% ,g=mmm
| l 1R £=300am -
: 1
+

' 1" B W g
Puc, 41 Puc. 42
n 0,38 10,181+ n)
D, =185r,(-2C (i) % (ﬁ.—
2 nx rfh g 1h
N T )+2r0. (IV-6.16)
1h

[MoncrasuM Buipaxkenue (IV-6.15) B puipaxenne (IV-6.16):

n 038, , . 0191+n)
2 P 21
D,=1,85r0( k! ) (—) X{—3 ——=X

2 Krg 14h A

2n krf

. 2,61 P, l
Xi[—vq (———1'85?) ] Ton T h e (V-6.17)

MeTann0eMKOCTh MPOMEKYTOYHON  KOJMOHHE H XBOCTOBHKA
6yner: :

v==D4, +w DA, [, (IV-6.18)
86=10 . . 145



rae 8, u A;—TOJNUIHHA CTEHOK COOTBETCTBEHHO NPOMEKY-
TOYHOH KOJIOHHH *H XBOCTOBHKAE.

IMoncraBue pasencrso (IV-6.17) B PaBeHCTBO (IV-6.18),

MOJNYYHM:

n 0,4 0,2(1+m)
0= 1,874, llro(z i ) (%) {_';s__

nxro q 14
2 0.2(14n)
—2 L( 18 )"6 A P +
© gl |2 kr§ \Dy—2r, }_ h o 4 _
+27A, Liry +x Dy AL, (IV-6.19)

OueBnato, YTO U uMeeT MUHHMYM oTHocutesbuo D,, Cae-

ACBATEJAbHO,

dv
5= 0. (IV-6.20)

Torna, noncrasus paseunctBo (IV-6.19) B paBeHcTBO
(IV-6.20), moayuum:

0,4 0,2(1
3,7 4,r, vy (.l) Py
- 2w Kry \ £ 1h

g
2
14+n
2 [ vg [ 18ro 26 P L
gl | 2axrf\Dy2r, ‘ 14 A
1 —0,2(14-n) v g 18 1+n
- [Zn:lcr( ro ]x
‘——6.2+n

l1+n

X (Dy—2ry) " 4+8,=0  (IV-6.21)

I'paduueckuM pemenuem ypasuenus (IV-6.21) MoxHO
HaliTH Beanunuy D,

OueBHIHO, ILaBJEHHe MXHUIKOCTH Yy BXOIA B KOJOHHY
6ypuabHHIX TPY6 AP onpeneisercs CyMMCA THIpaBiHye-
CKHX COINPOTUBJEHHfi B KOJBLEEOM mnpocTpaHcTtBe AP u
BO BHYTPEHHEA NOJOCTH OYypPHJIbLHHX TPYyO AP, T. e.
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Han yepes pasnenre P, BesHUMHY AP MOXHO HAATH
M3 BHIDaXKEHHSA:
AP=P3—P0—YI+DP2. (IV'6-23)

O6niypo Py =1 I[em.
HsBecTHO, YTO MOWHOCTL NPHBOAA K HAaCcOCaM onpene/si-
ercs- no dopmy.e:
N=-2P B (IV-6.24)
1024, ' *
e g—pacXoX XUIAKOCTH, 4/CeK;
I P—cymMapHas noTeps aBaeHHs EO [BCeX 3JIEMEHTaX
LHUDKYJ/IALLYOHF Ot CHCTEMBI;
ZP=AP+1P4+P5-|-P6;
Py, Ps, Pg—noTepu Hanopa COOTEETCTBEHHO B 3aMKOBBIX
COeJHHEHHAX YTAXKENEHHbIX 6YPHALHHIX TPYO
H 06Bsi3ke OGYypCBOH YCTAHOBKH, STH IIOTEPH
HaxoZsrca no ¢opmyae Bopaa-Kapho ¢ coor-
BeTCTBYIOUMMH  KO3((HIHEHTAMH MeCTHHIX
CONPOTHBAGHHI, IpUBEAEHHEX B paGore A. B.
Jlbikosa [33];
N —MeXaHHYeCKH! KO3GhGbHUNEHT MOJe3HOro AeHCTBHA
Haccca. Takum o6GpazoM, mo BupaxenusaMm (IV-6.17),
(IV-6.21) MoxHO HafiTh AMaMeTpHl MPOMEXYTOUYHOM KOJNOH-
HBl D, 1 xBoctoBrka. D, o6ecrneyqeaiouniye MHHHMYM
MeTasnoeMkoctd. ITpu maHnoM pacxoAr ¢ M HaBaeHHH P,
u3 puc. 38 onpemeasercs auamerp Dy H D, npu [, =
=15(0 M, 1, =3000 ., v=10,10 cm?'cex, ry=6,25 cxu u
A=A =1 cHm.
B Ta6nuue 35 naHblL AHaMeTPLI MTPOMEXKYTOUHBIX KOJOHH
M XBOCTOBHMKOB, NMPH 3HaYEHHAX KOTOPBIX 00IclequBaeTCs
MHHHMYM METAaJJ0E€MKOCTH,

p

. Tabauya 35
Py, am q, rlcex Dy, #8 Dy, #sm
650 25 216 ' 211
700 30 190,5 ‘ 195
800 40 188,5 185
900 45 187,5 184,5

B paccMarpuBaeMbix cayuyasax P, MOAYAb TPagueHTa
AaBJICHHA, BO3HHKAIOWIEIO_NPH NPOMBIBKE, COOTBETCTBEHHO
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pasea 0,144; 0,155; 0,177 u 0200 am/x. CnaemoBare/nbHO,
BO3HHKAIONME BEJHYMHb Tpafue:lTOB AaBJeHHA B CKBa-
sKMHe 03eCHeuydBalOT YCAOBHE THADPOPA3PhIBA NJACTOB.

§ 7. TWIPABJIMYECKOE OBOCHOBAHHE NMPHMEHEHMS
* HETCEPMETHYHbIX NMPOBOK

OlenHBaeTCA BJMAHUE HETEPMEeTAYHOCTH NPOOKH Ha
cmemenne, C yueroM HeO6X0 TMMOCTH MOAYHEHU KauecT-
peHHbLIX BHBOJOB pelaercs 3aayd Aas caydas BA3KOMH
MUAKOCTH,

Pewi- yue 3aJau, M0 MPERTOKEHHUIO ONXHOTQ U3 aBTO-

o8, noayueno A. C. MenuxGekoBuiM, A. ®. KacuMOBHM.

PaccMaTpHBaeTCA Cr-al(HOHAPHOE® H JIaMHHAPHOE JABHMKE-
yW2 B 3a30p2, KOTOPHA MOXHO paccMaTpUBaTh Kak ILIO-
CKYIO LleJb.

PacrpejeJenue CkOROCTeH B 3a3ope oOmpenensercs H3
BHIPAXEHHS:

AP X
N mx(?’a"x) N Toa (1v-7.1)
rae A P-—mepenaj AarJaeHHs;
3y —IIMPHHA 3230DY;
1,—BbicoTa NMPOGKH;
7,3—CKO)OCThb npobxu;  °
% —BSA3KOCTh. v

O6b°M OTCTOSILIER IKMIAKOCTH OTHOCHTE/]bHO Nnpo6KH

onpejenseTca M3 paBeHCTBA:

Qi3 =27 Roa S ugdx = — ™R3 83 0s M’i,(lv-ﬁz)

i 3(1 —K)
Kk=1— 2—“330,
A PY
X3 = KBy,

rae x;—x00pAHHATA, CODTBETCTBYOIlAa HlePBOﬁ CKOpOCTH:

Roy—panuyc mpoOKH.
O6beM O6roHAlOMel XHUIKOCTH onpejessercd H3 pa-

BEI CTBA:

02‘ =T Roa 83 7}03 3—%];‘)' (IV'7.3)
Yrauka onparenserca U3 paBeHCTBA:

Qs =Ky — w Ry, (IV-7.4)

! ¢
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rae R,—BHYTpeHHHI painyc o€cafiHO# TPYGHI;
V3;—CKOPOCTb KMAKOCTH B 06cazHOA TpYGe.
C Apyroii CTOPOHH, .

Q3= Q3 — Q3 (IV-7.5)
C/eI0BaTebHO, s s
-~ K —
03 = R03 33‘0(‘3 m, (IV-?.G)
] Vo3 = 1 . -
W = Fw (v-7.7)

3k (1 =k) + R2

O6BbeMbl CMEIAHHBIX KHAKOCTEH ONpEAeJsIOTCs cae-
AYIOWHM 06Gpe3oM:

W3 =Qisls, (IV-7.8)
" W23 = 023 ta, - (IV'79)
ty = -2, (IV-7.10)

1 Uog

r1§ {;—BpeMs ABYKEHUS pasje/iurens;
« L,—nnuna o6caznofi Tpy Gkl
OtHOCHTeMBHWH OCBEM CnpejensieTcd M3 PIBEHCTBA:

Wzg —_ R0363 K . IV' 1]
nR3L, Ry 3(1=k) v-r.11)

OnpenensieTcs OTHOCH1eAbHEH 06beM cMecH aas 65/8”
o6cami oit Tpy6bl (BHyTpernufi Auamerp—148 wm) npu
aazopax 1, 2, 3 mMm. YuuThiBaf OUEHCUHbIA XapaKTep pac-
YETOB, MNPHHIMaF, "Ce10BaTe.bHO, 4TO (3 = (5, MOy~

2
yaeM K=—3-. OTHOCHTe ILHBIH 06be M TIPH 3a30pax 1, 2, 3 MM

COOTBETCTBEHHO CYer 6,2, 0,7 n 1%. Takum o6pasom,
NpH LLeMEHTHPOBA UM CKEAXUHEI BLOJNHE M 0XKHO NMPHUMEHATD
HerepMeTHYHble MPCOLH.

B nocnennee BpeMs BA3KOYNPYrue CHC1€Mbl  NpuMe-
HEIOTCA B KayecTBe pe2jeluTesed JAJAA 1t MEHTHPC BAHHA
HCPTAHBIX M TazOFbIX CKBAXHHY.

Ha ocrbBaHi ¥ 3KkCnepr MeHTaAtHLIX ECCAEN0BAl Uik OB10
MCKA3aHO, UTO BASKOYNPYTHA [azae nTe/b, NPH AKCOCH KCH-

* PaCota pwincarena . A. lluxaanepwmm T, U, Kypas
aeBbMA U TaBaneuowm, B.A. TonvyapenBcKHUM
H Ip. NO NEErJCHEFHI0 OJHOIO H3 dBTOPOB.

’
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UrypalHu CTBGSA M IKCUEHTPUUHOCTH KOAOHHBI 3aKd.
yuBaeMBIAl Tepel UEMEHTHBIM pAacTBOPOM B CKBAXHHY
NPUBOLUT K MOYTH MOJHOMY 3@MEIIEHHIO TJIMHHCTOTO p2c,-
TBOPA lEeMEHTHHM.

o2 .
70 "
og=—t—oo - 3 o __o °
[+ o oo / ) ) (]
80 +
x ¢ pasdesumesism
— e, e
60 Xx x x X-LX_—VL—*--—————
: X
bes pasdemmens ” |
40
2
20 . U, cMfcex
Puc, 43

B kauectBe npuMepa Ha pHc. 43 naercs H3MeHeHHe
k03puuHenTa BHITECHEHHS] B 3aBHCHMOCTH OT CKOPOCTH
npu_BHITECHEHHH TIJIHHHCTOTO PACTBOPA (y=115—1,25
2/cMd, t, = 10— 167 mez,cn?, m=9—13,7 €13) LeMeHt-
‘HpIM® (B/1 = 0,9).

Huxe NpUBOAATCA HEKOTOPbIe PE3yJbTAThl MPOMBILI-
JEHHOTO NMPHMEHEHUS BA3KOYNDPYroro MoJHAKPHAAMUIAHOTO
pasfleqnTenss ANA HEMEeHTHPOBAHMA OGCaiHBIX KOJOHH B

. CKBa)XMHaX.

Ilas WcC/aAeMOBAHHA CMELIMBA@MOCTH  BA3KOYNPYroro
pasnenkTenss C TJIHHHCTHM pPacTBOPOM (ckBrnna Ne 1
BLicokOBCKO# nJoILAny, TpecT ,KaaMu ¢reraspasselka) B
LUPKYAALUOHHYIO CHCTEMY BMOHTHPOBA/JHM AATYHKH ABYX
raMMma-moTHomepos THna [TYXKP-2M (oZnH B Haruertaresb-
HyIO JIMHMIO OYPOBBIX HACCCOB, APYrof B OTBOA NMDEBEH-
Tépa, BeLymuil B *keJ06 UHPKYIRUHOHHOMH cucreMnl)., K
HaTHeTaTeNbHOl JHHUM Mexay OypOBHIM HacOCOM M nep-
BbIM NATYAKOM MOACOELHHMJIHM TAp JJIeJbHO JBA IL€MEH-
THpoBouHbIX arperata 3LLA-400 2 (puc. 44,. Ilccae 3aKpi-
TUS NMPEBEHTEPA H OTCEKAIIIUX 3aJBHKEK J ¢ moMOLIbIO
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71IeDBOr0 LIEeMEHTHPOBOYHOTO arperara NpOU3BOAH/IM LUP-
KYJALHIO B CJAEAYIOWIEH NOCAeA0BATENbHOCTH: NMPUEMHBIA
MepHuK /, arperar, Har{eraTeJbHas JHHHA & ¢ BMOHTH-
poBaHHHM AaTuukoM FI2KP-2M 4, 6ypuubHBIA MHCTPYMEHT,
KO/IbIleBOe HPOCTPAHCTBO, OTBOA mnpeBenTepa 6, BTOPOA
ZATUHK, KeA00 7, MepHHK.

Jm nacocolf e -
e ol

B npuemngrg
eHKOCTTS

Puc, 44 .

IMoc/se OCTAaHOBKH MEPBOro arperata MPH MOMOLIH BTO-
poro arperata B MaHHQoOJbA OhJI0 MoAaHo 6 M3 BOAH.
CHosa BkJounAu arperat Ne 1 u mMPOKAYHBAJH TJIHHUCTHIA
pacTBOp B TEYEHHME IOJHOO UMKJAA UMPKYJAAUMH C MOC-
TOSHHOH TPOHM3B AHTEJBLHOCTLIO.

[Ipn mpoBeseHHH BCex OMLITOB 00a PaMMa-MJIOTHOMepa
C PEerHCTPUPYIOIIUMH YCTPOACTBAMH GBIINM BKAIOYEHBl H
(HKCHPOBAJIH NJOTHOCTh MAUKA BOAEl HA BXOJAE H BLIXOZe
M3 CKBRXKMHBEL. Jak Kak 31a mayka NPOXOAMJAA C NMOCTORH-
HOH CKOPCCTbIO Yepe3 JAATYUKH 060MX NpHGOPOB, TO IO
MONYUYEHHHM IHArPAMMAM MOXHO OLEHHTb CTENeHb CMe-
IIMBAHHUSA €€ C TJHHUCTHIM PacTBOPOM.

HMamenenue mMIOTHOCTEH UHPKYJHPYIOLWIHX  areHTOB
(sona—3, nedtb—2 M BA3koynpyruit pasgeauresb— (1),
3aperuCTPHPOBAaHHEIX OGOMMH MJIOTHOMEDaMH, MPHUBOASATCA
HAa pHC. 45. )

Kak BuaHO u3 puc. 45, B npouecce LUUPKYJAALHUU BA3KO-
YyOPYTH pasfiequresp INPAKTHYECKH HE CMEeUIHBaeTCs ¢
TIHHUCTHIM PacTBOPOM, a GydepHLle KUIAKOCTH, 0COOEHHO
BOJA, NMOCJHEe NEPBOTO LHMKJAA LHPKYJAAIMH CMEUIUBAITCA C
FJIMHHCTHIM PACTBOPOM,

Taknm 06pa3oM, MOKHO OTMETHTb, YTO BSI3KOYMPYTHA
[a3fesuTe/]b He TOJBKO pa3fenseT BHTeCHAeMYIO U BHITEC-
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HAIOWMYIO KHIAKOCTH, HO M HCK/JIOYAET CMELIHBaHHE ee ¢
TaMIOOHUDYIOWEH CMeChlo. .

[1pOEOAHIMCH TAK)KE NMPOMBIIJIEHHBIE HCTILITAHVA Le-
MEHTHLOBAHHA BEPTHKANbLHBIX M HAKJOHHBIX CKBAXXHH TIpH
H3/IMIHN BASKOYNPYIHX DasiesnTenell B CkraxcuHax Asep-
Gaitnxana Ne 1794 (Hedrsinsie Kamuu), Ne 2432 (Bunarazm)
u Kaampinko ACCP Ne 4 (Hapun-Xyayk), Ne 14 (Kpac-

Helii Kamblnak) u xp.
L]

7 : 2 . 3
980(1001120 R140160(180 48 100(126\\140) 168180 980{100]120 1401601180
.

™.
I - I v
i I
L J
[ I L
I~ -
[]
45011001120 140|160 1180 08011 14011601180 - 98 140 | 1601287
Puc. 45

"

C nomowrio CKLI-3 KOHTPOJINPOBAJICA M PerucTpUpPO-
BaJcsl NPOUECC LEeMEeHTHPOBAHMS CKBaMH. llosyueHnble
KPHBHE H3MEHeHHSl MJIOTHOCTH, PacXOAa W AaBJeHHA MpPH
CPAaBHEHHH HX C aHAJIOTHYHBIMM KDHBLIMH, IOJYYeHHHMH Ha
APYTHX CKBa)XHHAX, TNOKAa3aJaH, YTo NpOKAYUBAEMOCTh
TAMIOHUPYIOLWIEH - CMECH B NPHCYTCTBHH BA3KOYMPYrHX
pasjenuTesefl He M3MeHHUJACH.
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C ueablo ycraHoBJeHUs 3(dexTHBHOCTH NPUMEHEHUR
pasgenuTesss HeO6XOLHNO ‘GBIIO ONPEeMeNHTh, YTO CPaBHH-
paeMble ChBaxHHB (C BA3KOYNP: MM pasienTeneM H Ge3
HEro) HaxoAATCA B ONMHAKOBHIX YyC/aOBHAX. [lra 3TOrO
HCOOAbL30BAJIUCh PE3YJAbTATHl FAMM2IE@MEHTCMETPHH B HH-
teppase 1880—2280 x. ITOT MHTepBaJ/ ORI BHIEDEH MO
CAeAYIOUIHM MPUYMHAM: BO-NMEPBHIX, K HEMY NPDHYDOUYEHHI
OCHOBHHIE 00bekTH ONpPoCOBaHHA, KPOME TOro, BO MHOTHX

" CKBZ)XHHAX CTPEMHJHCh HMEHHO B 3TOM MHTepBaJje mnoJay-
YUTh HAUAYUYILYIO H30/ALHIO MAACTOB. BO-BTCPHIX, B 3TOM
HHTepPBaJIe KaBePHO3HOCTh BAPbHPYeETCA B 0'{EHb IIHPOKUX
npegeaax (0,92—2,44).

dp, M

400 T~

700

200 |- -

700 1 1 1 T
1880 7980 ] 2080 2160 2280 Lm

Wbt
Puc. 45.

HaBecTHo, uTO Ha pe3y.bTaThl raMManeMeHTOMEeTDHHU
CyLleCTBEHHOE BJMAHME OFAa3bIEAIOT AHAMETP K(JIOHHHI,
NJIOTHOCTb TAMIIOHHPY IOIeH CMecH M KORQUTypauus CTBO-
J1a CKBAXHHBI.

Hexonsa i3 atoro 6maAM BLIGpanbl 25 CKBaXHH, paree
npoGypenHblX B paifloHe —COBLeKTe IAA MPHUMEHEeHHs ynpy-
roro pasjaeanTe.

CHsTHe KaBepHOI'paMMbl Nno 3THM 25 CKBaXHWH{M pac-
CMATPMBAJIOCh KaK peanu3alMs CayuaiHol dyHKUHH—Ha-
MeTtfpa OT rayGuHbl. L (). ITo 3THM JarHEIM OLEHHMBA/OCh
MaTeMaTHueckoe oxuianne M [D (H)].

Ha puc. 46 nfeacTaB/aeHbl KABEDHOTPAMME  CKBAXKHHBI
Ne 4 Hapoin-Xyayk 2 n rpaduk dynxunit ML (H)] 1.
Onepupys KpurepdHem X%, NOKasaju, YTO CyLLECTBEHHBIX
pa3inuufi MeXAy 3THMH KpHBbIMH ret. Kpupasa 7/ oro6pa-
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HaeT pe3y bTaThl 0OQGUIEHHS MaTepuasnoB 25 CKBawkHH,
a kpuBas 2- C NpPUMEHeHHeM BA3KOYNPYTOro PasfesnuTes.
AHanus npoBeleHHbIX MHCC/IEJOBAHHE HAa CKBAXKUHE
Ne 4 (nnomaar Hapuin-Xyayk),  koropas ueMeHTHpPO-
BaJjach C MOMOUIBIO BA3KOYNPYTOTo pa3fie uTenas, a TaKke
HA 25 CKBaXMHaX, paHee NMPoGYpPeHHHIX HA miowWAAsnX Kpace
vuft Kambiiiak 1 HapoiH-Xynyk, mokasa, 4TO M3MeHeHHe
cpenrHero gaxTHueckoro AnameTpa OAHMHAKOBO.

M3 BHIIen3IoXeHHOro Caelyer, YTo NpUMEHeHHe BA3-
KOynpyroro pasfie/Inte]s yJayyllaer KayecTEQ LEeMEHTHPO-
BaHUSl — MOBLILNAET MJAOTHOCT M DABHOMEPHCCTL P! Crpe-
Ae/eHHsl TAMIIOHHPYIOLIEro MaTe PHAJIa B 3aKO/IOHHOM POCT-
paHCTBe CKBaXHH.



IPIABAV

HEKOTOPBIE 3AJJAYH NEPEHOCA H OCJlO)KHEHMﬂ
B NNPOLIECCE KPEILVIEHHUSI CKBAXXHH

§ 1. O HAYAJBHOM TPAJIUEHTE JABJIEHHSI

Jlii MHOTOYMCJGHHBIX CHCTEM IKHAKOCTb—IOPHCTAA
€peJia yCTAHOBJICHBl 3HAUMTEAbHBIE OTKAOHEHHA OT NMHe -
Horo 3akona duantpaund Jlapch. OZHMM H3 npoABAEHHA
HeJHHeHHOCTH sBJAfAETCA CYUleCTBOBAaHME TNpelebHOTO
(Hava/JbHOTO) FPajMeHTa AABJEHUHA, A0 AOCTHKEHHA KOTO-
pOro KHAKOCTb He JBuKeTcs. J[BUIKEHHE KHAKOCTH npu’
JIOKPUTMUECKHX 3HAYEHHAX TIpalMeHTa NABJIEHMA BCe e
WPOMCXOAHUT, HO KpaitHe MeLJeHHO; MNpH JAOCTHXKEHHH
TIpefeNbHOTO 3HaUeHHsl TPANHeHTa JaB/eHHd ¢duabTpanud
PE3KO_yCcKopsieTcs. ,

[TOpAAOK BeAMUHHE KPUTAHUECKOrO 3HA4eHHA rFalHeHTa
MaBJAeHHS MOXHO OLEHHTb HCXOAsf M3 aHaau3a pasmep-
HOCTeli HMJM pacCMaTpHBas MOPHCTYIO Cpelly. KaK Habop
XanuaaapoB. [1pM 3TOM AJs BEJIHYMHB HaYaJbHOTO Ipa-
JIHeHTAa MOAYyYHM: :

-

G~ >~ —2 (V-1.1)
1

d Vi’
THne Ky—HPOHMIAEMOCTb!

T,—npeaeabHoe HalpAXKeHHe CJABHUIa,

d—xapakTepHHf pa3Mep mop;

a,—Ko3pduuuent, pareit 0,017 mo AaHHHIM pa6o-

Tbl TGQ]. .

Kak MOKa3bIBalOT ONBITH, MPHPOCT CKOPOCTH ¢H/IBT-
paiiu¥ C JCCTATOUHO! TOYHOCTbIO NPOMOPUHOHANEH Pa3-
HOCTH MeXJAy TeKyLIMM M KPHTHUeCKHM 3HAUCHHAMH rpa-
JHAMEHTa JaBJeHus:

v, = — ia—("—”.— G), Z=>0C. (V12
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B rtakom Buae 3akoH GHJIbTPALMH BR3KONJI2CTHYECKOM
WKUAKOCTH 6bla npeAsoxeH B paote A. X. Mupaanxas-
3aze [43]; B CBS3M C 3TUM 3aKOH (QHUAETPAlHH C RAYAJb-
HLIM TPaJHEHTOM HCHOJAb30BAaNCA IJf ONHCAHHA JABHX¢HHA
BOAHL B FaHHAx [67, 83]. .

Cootnowenua (V-1.1) n (V-1.2) cnpasenausm 'AJad
IBH)KEHHUS] TJMHUCTEIX PacTBOPOB M psaa HedTed, comep-
JKamMX 3SHAUNTeAbHHE KC(JAHYeCTRa aC(aJbTEeHOCMOJKC-
THIX BellecTB W napaduuna, oco6enHo npH HUSKHX TeMme-
partypax.-

OTmeTHM, UTO JaJeKO He BCErAd 3SKCNepPHMEHTAJELHbHIE
JaHHBIE MAEaJbHO COOTBETCTBYIOT ZaKOHY (UABTPAlIMU C
HayasEHWM TrpaireHToM. UacTo KCTMHHOIO Ha4aJarHOTO
rpaiveHTa He CYIIECTBYET, T. €. ABHXEHHEe MpOAC/KaeTca
IPDH CKOJb YFOZHO MAaJBIX TpalHeHTax JAarjel Ms, HO C
pe3ko mnoBHIleHHOW 3QeKTUBHOR BA3KOCTbIO (NMOHHKEH-
HOM MOABMXHOCTLIO). B 3TOM ciyvae 3akon ¢uabTpauuu-
C FayaJbHLIM TpaJMeHTOM HQCHT XapakTep annpoKcHMR
pYIOILero COCTHOIUIEHHMS, @ HayaarHBH rpeéaunent U,—
annpoKCHMAUHOHHOH KOHCTAHTHI.

OTKJI0HEHHS OT JHHeHHOCTH BO3MOXHBI H NMPH JABHXKE-
HUH HBIOTOHOBCKOM XHIKOCTH WJIHM rasa B MOPHCTOI cpepe,
comepxalueli HeKOTOpPOe KOJAHYeCTBO He yuacTBywlued B
‘OCHOBHOM HABHIKEHWH XHMIAKOCTH B BHJe C/10eB (0CT:TOYHAA
BOJA) M NepeKpHBAKLICH —HACTHYHO HJAH HNOAHOCTBIO—
NODOBHE KaHaJH,

YBenHuenHe rpagveHTa RapJeHHA B ABYXyllefca ¢ase
NDHBOAHT K mepepacnpelesieHdio 3THX CJO€¢B, B CBA3H C
49eM npH ABHXeHHH (AIOHAa B IJIMHH3HPOBAHHOH Cpene,
colepiallefi OCTaTOYHYl0 BOAY, pacxox (' ) Oyner He-
NPCNOPUHOHAJILHO GHICTFO BO3PACTaTh C DPOCTOM Nepenajna
nasieHuss (AP), T. e. 3akOH OQuarTpanun O6yAeT HMETb
BHJ, XapaKTepHEIA IJ1A MCeBAON/AACTHUECKHUX HEHEIOTOHOB-
CKHX XUIKOCTeH. B aTHX yC/JIOBHAX BO3MOXHO BO3HHKHO-
BEHHE IpeleJbHOTO (HAYaJAbHOTO) TPAJMEHTa JaBJAEHHS,
TMPH KOTOPDOM HAYHOTCA (HJLTPAIHA HEIOTOROBCKOMN KHL-,
KOCTH M rasa,

Beuny nponuxHoBeHHMs ¢uabI1pata 6ypoBOro facTBOpa
B NpH3aGOfiHy10 30HY KaK NPH NPOBOJKE CKBAXMH, TaK H
INPH OCBOEHHH MX M B3QHMOIENCTBHA MEXAY KOMIMOHEH-
TaMH OK[yXKawolel cpeanl 3aKoH (QUABTPALUHH MOXeT
6LITh HeJdrHEAHBIM W BO3HUKHET HAYAJAEHLIA TpPajHeHT
AaBJACHHUA.
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I u3yyeHHA BbIIEYKa3aHHOTO EON[foca OWAH npo-
fefleHn J1a6opaTOpHWeE HCCAEJOBAHMA HA YCTAHOBKe
YHUIIK-1M [L7].

B 3kcnepuMeHTa/bHEIX HCCAeAOBAHHAX MHCNOJbL3OBAAH
HUCKYCCTBeHHbHle O6pasubl HOPOALl C PAa3IHYHOH TNPCHH-
1aeMOCTbIO, H3rOTOBJEHHHIE U3 YKCTOTO KBAPLEBOrO necka,
u3 cmecu eroc 10,20 n 30% MOHTMOPHJIJIOHUTOBOH TI'JIMHBI
H He cojepxaride oCTaTouHofl Boab, a takxke 20, 30 w
40 % ocTaroOuHOH  BOJHI. B xauecree wuccaenye-
MOl  KHIAKOCTH HCHOJb30BaJH (UALTPATH  TJMHHCTOTO
pacTBopa, 06pafOTAHHOrO  YIJ/IEIUE/JOYHLIM DeareHToM
(Y1LP), u xaopxaabuuesoro Gyposoro pacrsopa (XKP),
06paGOTAHHOrO  KOHIGHCHPOBAHHOJ CYJb(HT-CHPTOBOH
-6apno#t (KCCB). Bm cro yriepoaopoaHOil HAKOCTH NpPH-
MeHAAU OUHUIeHHBIA KePOCHH. *

C ueabw npubaHXKeHUA YC/JIOBHH ONBITOB K MPOLECCAM,
TIPOUCXO AlUMM B TNpPH3a60HHOMA 30He, CHU ChAH mpoBe-
ZeHbl B TPH 3Tamna.

Ha npepBoMm 3Tame C0O34aBa/u¢b’ YCJOBHS, FMewllue
‘Mec'0 B nmpu3aboiiHOil 30HE A0 HAYAJa TPOBOAKMW CKBa-
WHHE. DTO MOCTHraJoCh NyTeM BCeCTOPOHHero o6xuMa
.o6pa3ua nasaeuu-M 350 rwez/cm?, T. e. cO3Nlanua reocra-
THUYeCKOTO MABJEHUA M HACHILULEHHA NMOPHCTOH Cpelnl Kepo-

CHHOM. '
[Toc e HacbllieHHsi ¢06pasla KEPOCHHOM CHY Maa'iCh
kpusnie )+ (AP) B HanpfB/JEHHH KaK yBe/JHUEeHHd, TAK

M yMeHblleHHA MNpPH Pa:JAUYHOM COJEPMAHUH B MOPHUCTOR
cpeae TAWHHH, BCABI M 11ECKA, NMPH NOCTOSTHHOM 3HAYEHHH
Temnepatypnl, paBiom 20°C.

Ha puc. 47 npupopATCca KpHBbiE namenenns C (AP)
ANS cAyuaeB, KOTJAa B NMOpHCTOH cpefe comepxrntes O, 10,
20 1 30" TAHHH.

3asucuMoctH ) = ' (AP),.moJayueHHHe B YKA3aHHHIX
yca0B4AX NPH YBETUYEHHH H yMeHblIeHHH AP, npakTH-
yecku coasmagaior. U3 ananusa pesyabratoB (puc. 47)
BHIHO, 4TO AJa 05pa3uos, cocroaumux u3 100% ksapue-
BOro mnecka, a takxe u3 10% ravus 4 90% KBapueBOro
necka, sasucumocrb ) {(AP) npaMoJHHelHa Kak NpH Ha-
JAM4lM, TAK M [PH OTCYTCTBMM ocTaTouHo#t Bojawl. [lpu
comepkaHuu ra-Hol 20% M KOJMYECTBE OCTAaTOYHOH BOZHI
Gonee 20% 3 BucuMocTh (AP) CTaHOBHTCA HeJHHeHHOH.
Jas o6pusua, cocrosuero u3 30% raunw u 70% xBap-
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neporo necka, aaBucumoctb Q (AP) mpu OTCYTCTBHHM OCT8-
TOYHOA BOAH NpPAMOJHHeRHasA, @ NpH HAJIHYKH awboro:
KOJIMUECTBA OCTATOYHOA BOJH —HeJHHEAHad.

Hazo oTMeTHTb, uto HapyiHié auneRHOCTH 3aKOHa
¢uALTpPaUUH 3aBHCAT He TOJLKO OT KOJHYECTBa OCTaToM-
HOA BOAH M F/IMHH B 00paslie, HO M OT NMOPHCTOCTH 06~
pasua, GPaKUHOHHOTO. COCTaBAa KBAPLEBOTrO NeCKa U MHHe-
pajsioruuecKoro €ocrasa r/IMHBL.

TakuM o06pa3oM, cocTosiHAe 06pa3ua, HaCHUIEHHOTO
KepPCCHHOM, CUHTAETCA COOTBETCTBYIOUIMM COCTOSIHHIO MpH-
3a60HOH SOHH 10 MPOBOAKH CKBAXHHH, T. €. A0 MOMEHTA
nocrynaekus ¢uabrpara 6ypoBoro pacrsopa B npu3aboi-
HYI0 3soHy maacta. [locie 3TOro Hauancs 3Tam SKCNepH-
MEeHTa. ,

Ha BTOpOM e 3Tame moc/aelHero 6blad CO3JaHkE YCJI0-
BYfl, COOTBETCTBYIOLIHE YCJOBHSIM TNPOBOAKH CKBaXHHH
(npouecc TMPOHMKHOBEHHs B MOPHCTYIO CPeny duasTparTa
pacTBopa, 06pa60OTaHHOrO0 XHMHYECKHMH peareHTamu).

Ins 3TOM LeJH IMPUTOTOBAALCH QUALTPATHI [VIMHHAC-
toro pacrsopa, o6ragoransoro YIIP, u xJopkanbUHEBOro
FJMHMCTOTO pacTEOpa. [1pH npoBeJeHHH OMBITOB NMOTPe6o-
BanoCh GOJbIIOe KOJAMUeCTBO ¢uabrpata (He MeHee
10—15 4) yka3aHHBIX DPaCTBOPOB, TNOJYUEHHE KOTOPOTO
3aTpyAHUTE/bH0; OHH MOAEAMPOBAJIKCHL PA3IUUHBLIMH KUL-
KOCTAMH. BMecTO @u/IbTpaTa TJMHACTOrO pacTsopa, o6pa-
Gotannoro Y1LIP, 6panca 10% -#oiit Y LP {1:0,2) na npecHoh
poje, a aaf ¢uavtpara XKP—5%-naa KCCB na npecro#
Boze c Jo6aBaenneM 1% XJOPHUCTOTO Kaabuus. Xapakre-
DHCTHKA STHX MHAKOCTEA M QHILTPATOB B YKA3AHHLIX
pacTBOpax OAHMHAKOBA.

duabTpaT B 06pasell MOAABACH CAELyOLHM 06Pa30OM.
Buixol o6pasua HAa KepHOAepx&Tene COeArHAMCA C
eMKOCTbIO, cojepixameii puabTpar. Bo Bcex ompiTax uepe3
o6pasel, NPOKauHBaIHCh QrAbTPATH OTMEUEHJH X PacTBO-
poB B koauyectse 15—20 nopoBex 06beMOB TNOCJAELHErO.

[Moc/e NpPOXOXKIEHHA TAKOrO KOJMYeCTBA KHAKOCTH
MOJMHO CUMTATb SIKOHUEHHBIM NPOLECC B3aUMOAEHCTBUA
MeXIYy KOMMNOMEHTAMH Cpelpl. ODTO YCTAHOBJAEHO NyTeM
CHATHH KPHBOI 3aBACHMOCTH M@XJY PacxolOM M O0GbEeMoM
YHIKOCTH, NPOXOAslleii yepe3 0OOpasipl MPH Pa3iHYHBIX
NOCTOSIHHBIX 3HAYEHHUSAX Nepenajia AaBJCHHUS.

Pesy/bTaThl 3KCIIE PHMEHTOB OKA3a/1H, CTaGHAH3al s KPI-
Boit ¢ (V) oast du/IbTPATA [MMHUCTOTO PacTBOPA, obpaboraH-
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Horo YLLIP, naunnaerca npu 3naueHun V, pasnom 150—
200 c#3, uto coorBercTByeT 15—20 noposbtM O6beMaM, a
Aas dunabrpara XKP—75—100¢4°, 4to noutn B xsa pasa
MEHbII€ DAaCXOZa NepBOM XKHIKOCTH.

[punaro, 4ro cocrosinue o6pasna ¢ cozepxauHeM
OCTAaTOY Ot HedTH, BOAH H (uabTPaTa COOTBeTCTBYeT
COCTO%HHIO NMPH3a6OAHOR 30HW B MOMSHT HAauaja 3KCcnaya-
TAlU¥ CKBaXHHLI, A

ITocne storo mpomoaxancs 9KCHEPUMEHT MO TPETLEMY
STamy HCC/IeN0BaHHSA, XapAKTEPH3YIOMEMY OCBOEHHE CKBa-
WUH,

Hro6r BeIABUTL BaMsIHHe GHIbTPATA NPOMBIBOYHBIX
KUAKOCTeH HA UAbTPalHOHHBIE CFOCTBA npusaCoiHoi
SOHBI, onpeneasan 3aBuCHMoCcTh Q (AP) gmas KepocHua,
IMpu atoM duibTpauus ke pocuna NPOBOLHJIACH, B HANpaB-
JIEHMH, 00paTHOM HANPABJEHHIO ABHIKEHHUS ¢urbTpaTa Ha
BTODOM 3Tane McCaAeloBaHUS,

[ans kawaoro snauenns AP pacxon wuaxoctH (xepo-
-CHH3) OMNpenefiACA NpPH YCTaHOBHMBILEMCS TEYEHHUH B
TNOPUCTOR cpene (XaBierHe HA BLIXOZAe o6pa3ua Bce Bpems
0CTaBan0CL PaBHEIM aTMacdepromy).

Pesy.ibTatu sxcnepumentos MTOKA3a/H, YTO 3aBUCHMOCTH
Q =0 (AP), nonyuennsie NPH YBEJHYEHHH M YMeHblue-
HiU AP, He COBMAAaT, T, €. Ha6/IIONACTCA ABJEHHE THCTe-
peanca. XapaxTcpU3YIOHIUME 34KOK GuIbTPAL MK ABAAIOTCS
KPHBbIE, CHATHIE NPH YMeHblueHHH AP, Ilpn 3rom ycra-
HOBJ/IEHO, 4TO CYLLECTBYIOT NPeAeNbHLIE 3HAYe HUS AP, npu
JOCTHIKEHHH KOTOPHIX QHILTPALMA KepPOCHHA uepe3 ofpa-
3el oTcyrcrByer. Mcxoas 43 3toro ans Beex cayuaes
ONPENeJHIH Mpefe/bHbie 3HAYEHHS Nepenafa AaBieHMs
AP, npn BrIzepixke B Teyexue 48 yacos. Kpowme toro, npu
NPOBENEHUH ONLITA B TEYeHHe CeMu CYTOK pasguiua B
3HaueHHAX AP, ne o6GHapyxena, :

I[Ipn moGom conepxanun B o0pasuax TIJAHHLI M OCTa-
TOYHOH BOAB 3aKOH OUABTPALUH OKA3ANACH HEJIHHeHAHBbIM,
H OTMEYANOCh MPOABJIEHHE HAGaMbHOTO FPAAHEHTA HABJeE-
HUA,

Crenmenb  cTabuabnocTh Pe3YIbTHPVIOWIMX  KPHBBIX
YCTaHaBJ' BaNaCh cAel)IOWMUM 06pa3oM. [locae CHATHA
KPHBLIX IIDU yMenbluienuH AP onpegensau pacxons kxepo-
CHHA NMDH ABYX D@3KO M3MEHEHHBIX 3HAYEHHfX nepenana
Aasaenus. Ilpouecc noBTops/M HeckOabKO pa3s. Pesyan-
TaThl NMOKasaJju, 4TO, HeCMOoTpaA kA peakoe yBeJHuUeHHe 1+ "



yMeHblueHHe AP, noaydeHHas KPHUBas C/AHBAETCS C KPHBOH,
CHATO# MEPBOHAYa/JbHCG B HANDABJEHWU YMEHbLIeHUd AP.
CnenoBaTesqibHO, MOXHO CUYHTATh, UYTO MOJYUCHHBIE KPHBHIE
TOCTATOYHO CTAGH/LHBEI.

Tabauya 36
] KepocuHonponnuae-
w Eda MOCTb hocle MPOHHKHO-
& = £ BeHKAl  (HabTpaTa
g N =28 Moapcu
5 FER
Coctap o6pasua éx e P 2% |raunucroro | xnopxant-
Ea 2 284 pacrsopa. | umesoro
. 23 o ey |obpa6oTan- |ramHucTOrO
22 =] £S5 |Horo YIUP | pacreopa
0 4615 1480 2
100% xBapuesoro 20 a4 4330 1320 —
necka 30 3640 — —
40 2795 1050 —
, 0 1320 155 217
10% rauupt 1 90% 20 32 1090 184 | 231
KBaplleBOro necka 30 789 - —
40 453 - 221 250
0 141 4,9 12,2
20%.raMubnl u 80% 20 29 90 5,5 —
KBapueBoro necka|  3q ' 58 = —
40 31 8,4 15,0
0 33 0,18 0,42
30% rauuet H70% 20 % 96 024 |. 054
KDapileBOro necKa 30 12 - J
40 4 0,36 0,61

B ra6auue 36 mpuseAeHbl annpOKCHMALMOHFEIE 3HAYE:
EMS. MPOHMLAEMOCTH HA NDAMOJHHEPHOM Y4acTKe KPHBOW.

Ha puc. 48 npuBoZsiTCA KpHBble 3aBUCHMOCTH M3MeHe-
uia AP, or colepmAaHHMA TIJUHEL H OCTATOYHOH BOZHI,
nosy4yeHHple KaK NpH YBeaudenun (puc. 48a), tak u npu
yMmenblieHnu (puc. 486) AP, Kpusme /, 2, 3, 4 cooreer-
crByiot 0, 20, 30, 40% Bononacumennoctd (0—aas puaAbT-
paTta TIHHUCTOTO pacteBopa, ofpacoraHnoro YIUIP; x—nas
¢uabTpPaTa XJOPKA bLUHEBOTrO TJMHUCTOIO PaCTBOpPa).

N3 puc. 48 BUAHO, YTO NPH MOCTOSHHOM KOJHYECTBE
OCTATOYHO¥ BOJBLI C YBeJHYEHHEM COAEpPXaHusi IJIMHEL AP,
yBeauuuBaercss (0COGEHHO TNPH COAEDPXKAHHH TJAHHB B
s6pasue 20% M phille), a YBesuueHHe COAEPXKAHHS OCTA-

“ruoi BOJAW CnOCOGCTBYET YMeHbIUeHHI0 AP, .-
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Kpome Toro, u3 Rannnix tabauum 36 caenyer, uro AP,
AJs GHABTPATA XJOPKaJAbLHEBOrO TJMHHCTOTO PacTpBopa
3HAYUTEJEHO MEHbINE N0 CPaBHEHHI0 C (HJILTPATOM pac-
TBOpA, o6pabortannoroy LIIP.

2 2Bl fom?
A%,okf_-/t" . am -

0w 2 a0 0

7 20 Jo
a HUe 2ARuM bl %
" Lodepica 5
Puc. 48

Pasuuuy HayaabHOro rpaiventa Aasiaenus (AP;), mno-
JY4YEHHYIO MPH HCICJAb30BAHMH XJODKAJILLUMEBOTO IVIMHHC-
TOTO pAacTBOpa, MO CPaBHEHHIO C pacm®BopoM, 06paboTaH-
HeiM YLIP, MOXHO OODBACHUTL YMEHbIIEeHUEeM CTeleHH
HaGyXaHHUs YacTHL TJAMIB, cojepxamuxca B o6pasle, B
GuUIBTPATE-XNOPKANBIEEBOTO PACTBOPA BCJARLGTBHE O6MeHa
UOHOB, NMPHUBOAALLEro K 3aMELUeHHI0O MOHOB HATPHUA B I.IV-
fax voHamu kaablrsi u3 ¢uasrpata [18]. Mssecrro, urto
npu oOMeHe HMOHOB, BBHAY 3aMELUEHHA OJXHOBAJEHTHHX
HOHOB IBYXBAaJEHTHBMH, YBe/JHUHBAIOTCA CHJAB CBS3U
MeXJy 4Y4CTHIAMH U YMEHBIUAIOTCH PACCTOSTHHUSA, a CIelo-
BATEJbHO, COMEepXKaHue BOIL MeXAY HHMH, T. €, YMeHb-
waerca aACOPCLHOHHBN CJ0OA CBA3aHHOA BOJAH, UTO G6Ja‘
FONPUATCTBYET MABHXKeHHIO RedTH B nopHucToil cpefe. B
TeX e YCJOBUAX NPOHHKHOBeHHe (PUIbTPATA FJIMHHUCTOTO
pactBopa, ofpa6otannoro Y LLIP, no-BuauMomy, npuBoaHI0
K Pe3KOMy YBeNHYEeHHIO KOJHYECTBA OCTATOYHOW BOMHI,
He ydacvBYWOILeH B JBMXEHHHM XHIKOCTH, B BHIE CJ0€B,
06BO/MIAKMBAKOIIKUX YAaCTHUL NMOPHCTOH cpenan], H K Halyxa-
HNIO FJMH, KOTOPOe BHI3BIBAJO OBl Pe3Koe yMeHbIleHHe
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npoHuuaemoct# obpasua, a caefoBaTe.bHO, yBeJHueHHe
APo. ' hd

Ilppn 1nOCTOAHHOM COXepaHHH TJHHE YyBeJH4YeHHe
OCTaTCYHOH BOAK BO BCEX CJAyYadAX NPHBOANWT K yMeHb-
wenuio AP;. OxHO/i M3 BO3MOXHHX NPHYHH OTMEYEHHOTO
MOXeT CJYXHTb TO, 4YTO C YBeJHYEHUEM KOJAMYeCTBa
OCTATOYHOA BOAH MNOBEPXHCCTb B3aUMOJCLCTBHUA MEMIY
KOMINOHEHTAMH NOPUCTOH Cpelbl yMEHbIIAeTCs.

C ueaplo o06COIIEHHS Pe3yAbTATOB 3KCNIEPHUMEHTOB A
60oJlee IUHPOKHX JHANA30HOB NPOLEHTHOTO COMEpPHKaHHS
TAHMHB, BOAOHACHIILEHHOCTH 06pa3na W T. . HA OCHOBaHHH
3KCHePHMEHTAIbHEIX AAHHBIX [D] GbI/IM NMOCTPOEHBI KPHEHIE
3aBHCHUMOCTH:

v _ L_(Ap ‘Q‘E) (V-1.3)
Vs Vi, L

PesysabraThi 3THX aHaJH30B NOKA3aJM, 4YTO XapaKTep
NO/YUYCHHHX KPHUBHIX NpaKTHYyeCKH He 33BLCHT OT Xapak-
TEePUCTHKH MCCAENYEeMBIX XUAKCCTE! M IfOLEHTHOTO COXep-
MAHHA OCTATOYHOH BOJH,. a 33BHCHT AHWb OT CoJdepxa-
HHA TJIHHBl B TNIOPUCTOU cpele.

Takum 06pa3oM, NPOBeleHHHE ONLITH MO3BOJAIOT CUM-
Ta%®b, UTO OAHOM H3 BO3MOXKHBIX NPHYHH HEJHHEFHOCTH
(GUALTPALMK KHAKCCTEH C NMPCSABJEHHEM HLYAJABHOTO TIfa-
IHEeHTA JaBJeHWs SAPJASITCA NPOLECCH, NPOHCXOAALLKE B
npH3a6ofiHOH 30He muacta NpH OypeHHH.

['asonocrbie naacte, coaepxkallle onpene e HHOE KOJH-
YeCTBO TJIHHBI M BOAB, MOTYT OBITb BCKPBITH C HEKOTOPHIM
GTPYIATE/bHEIM TPAIMEeHTOM JaBJAeHHA €e3 HapylueHusa
PaBHOBECHA MEXIY CKBAXHUHOIl M IJIACTOM, T. €. 6e3 ra:o-
NPOABJEHHA, _

Jaa NoATBerKAeHNUA yKA3aHHOTO N[HBOARTCH [€3YJb-
TATHl 3KCNEPUMEHTa, KOTCPhI{l NMfOBOJANJMN B KOJOHKE AJM-
Holl. 1580 M c BHyTr€HHMM AHaMeTpOM 24 M, NOpHUCTaA
cpena comepxada 50 % xrapuesoro necka, 50% TrJaHHH H
50% oCTaToYHOH. BOAHI.

SKCcnepHMeHT HAYHHEIHM C HaCHIILEHUA MOPECTCIl CPeAH
rasoM. I'a3 nofiaBajiiu B MOPHCTYIO Cpelly NPH NMOCTOAHHOM
NOBHIILIEHHH JaBAeHHS HA BXofe F; W IN[H 3aKPHITOM
BeiXOJe C faBjieHneM P,. [1pn 3T0M ONHOBpeMeHHO [erucT-
pPHMPOBAJH NOKa3aHusa OO[A3LOBHIX MAHOMET[OB, YCTAHOB-
JEHHBIX HA BXOJe W BHIXOAe M8 KOAOHKH. [laBsenHe_ Ha
BXOIE MOEHILIAJH cTyNeHuaTo B TeyeHHe 90 MuH. 10 3Ha-
yeuus P =300 kljem?. Tlpn TOM o0O6GHApyXeHO, HTO



HecmMorps Ha poct Py, P, He u3Menanoch, [losbliuenue
P, wnauantocb ¢ MoMeHTta, korAa P, =300 x/'jcu*. Tlpu
P, =300 xl"/cm? mogauy rasa B MOPUCTYIO Cpely MHpekpa-
THAH W PETUCTPUPOBINM M3MeHeHHA P, u P, BO BpeMenH.

£ ug,xr/th
300
4R,ama

1000

Alt)

0 ,
2 dh=bnrfan® 70

500
001
250

!
Vi - o 25 S50 75 wo
70 20 tl Bodonaceiuenrocms , %

Puc. ) Puc. 0

Ha puc. 49 npusegeno n3MeHeHHe TNOKa3aHHH o06pas-
LUOBBIX MAaHOMETDOB I[PH HACHILEHUH KOJOHKH rasom; co
BpeMeHeM P, yMeubluaertcsi, a P, yBeanuusaercs. Murteu-
CHUBHOC BHIPABHMBAHKe AaBJeHUfi NTPOUCXOAMT 3a L 8 y:c.,
NocJe 4ero TeMI H3MEHEHHs AABJAEHHMS De3KO CHHaercd,
u npH £ =17 yac. uaMeHeHHe CTAJO MPAKTHYECKH PaBHBIM
wysaw. [lpn atom oxasanoch, 4to P, = 166 wxl'/cm?, P, =
=160 xljem? u APy =6 rljcu?.

TakuM o6pa3om, npH pa36ypuBaHHH TA30HOCHREIX MJAc-
TOB, COJAEPKAUIMX [JMHY H BOAY, B 3aBHCHMOCTH OT Mexa -
HHYECKO# CKOPOCTH NDOXOAKHM M Dacxoha MPOMBIBOYHOM
WMHAKOCTH (CKOPOCTb BOCXOAAUIEr0 MOTOKAa) MOMCT ObIThb
8bl6paH Tako#i pexuM GypeHHd, npd KOTOPOM rperoTBpa-
uiatoTcs ra3onposiBjaenuss B CKBaxuHax. Hanpumep, npu
MAJILIX MeXaHHYECKHX CKODOCTAX MPOXOAKH M Orpa HYeH-
HOW CKOPOCTHM BOCXOASAIUEro NoToka (Hampumep, mpH Gype-
HHH TJYOOQKHMX CKBaXKHH) OTPHLATeNdbHbIH CpagHeHT AaB-
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Jerusi B CKBaXHre CJAeAyeTs MOANEDKHBaTL [aBFBIM
HauaJpHOMY TIpalHenTy naBaenus, WM, unzoGopor, npu
BRICCKHX CKOPOCTAX OYPEHHs H JOCTaTOYHOM pacxoie
NPOMHBIEOUHON XHAKOCTH OTPHUATEJbHBEIY TPajiuenT JaBJe-
HHA MOXHO YMEHBIIHTL TO CPABHEHHIO C HAaYaJbHLIM
TPagHEHTOM JaBJEHMA B IPHUCTBONBHOH 30HE CKBAXHH.
Ilpr 5toM ke HCKAIOUEHO Tra3onposiBJEHHE, HO OHO He
JOJKHO TMPHBECTH K OCJNOMXHEHHSM B CTBOJIe CKBAXHHBHI,
€CJ/H TIPHHATD COOTBET(TBYKILHEe MEpH N0 Jeral3aluu
NMPOMBIBOYHON KHIAKOCTH.

PaccMoTpuM BONPOC O BO3MOMHCM BJMSHUH TPOHHK-
HOBeRMsl (PHAbTPITA NPOMBIBOUHLIX XHIKOCTEH B mpollecce
6ypenHst Ha COCTOIHHe mNpH3aboilloN 30HH B cayyae,
KOrja NPOLYKTHBHHH NJACT ra3aoHOCHbIf].

Jlaa 3TOf 1eaH B KayecTBe HCCJaenyeNO# KUIKOCTH
HCNOA130B JH (UALTPaTH TAWHKCTOrO pacTBopa, 06pabo-
rauoro YLUP,u xaopkaspuueBoro 6ypoBoro pacTBopa,
a B KayeCTBe rasa—BO3AYX.

MerToayka nposener Hsl 3KCHepPHUMeHTa H cppaxunomlbm
COCTaB KBaDLUEBOTO NMeCKa M TJHHHK OblJAM aH2JOTHYHKIMH,
KaK ¥ B NPeAbLAYIUUX ONBITAaX,

Brimie 6bl10 oTMeueHO, YTO HapylIeHHe JUHeAHOCTH
3aKOHa QUABTPALHH CYLIECTBEHHO 32BHCHT OT TDAHYJIOMET-
pHYECKOTO cocTaBa O6pasua, [ yCTaHOBJEHHUA BJAHAHNA
COCTaBa MOPUCTOR CpeABl Ha 3aKOH (RJAbTpaluH OblaH
NPOBELEHbl 2HAJOTHYHHE 3KCHEePUMeHTAJbHHE HCCAeloBa-
HHA Ha o6pasuax, cocrosmux H3 cmecu: 30% TJVIMHBHI,
30% kBapuesoro mecka u 40% MmapiuaJ/jauTa (Meako pas-
Apo0/eHHOro necka ¢ auameTrpoM uyactui ~0,01 xa).

PeayarTat mnoxasaid, UYTO HeJHHEHHOCTb 33KOHA
(HABTPALlMK C NPOsSIBJEHHEM HAYaJAbHOIO TpajiMeHTa JaB-
JIeHHs 3aMeTHA Ja)e TOraa, Korja 3aBucHMoctb (/[ (AP?)
CHMMaJaCh IPH YyMeHblleruH nepenajga nasaerus ((—
Pacxon TAHHHCTOTO pacCTBOpA).

Ha puc. 50 npuBoauTCA 3aBUCHMOCTb H3MereHHs AP}
OT BOJOHACHILEHHOCTH AJAAl PA3AHYHBIX 06pasu OB NOPHUCTOH
cpenbl.

Kéex BHIHO M3 KPHEBLIX, NPH NMOCTOAHHOM MNPOUEHTHOM
CONepXaHHH TJANHEI B o6pa3ue ¢ yaenuqel eM KoJAHYecTha
BOJLl 3’ aueHHe AP} Bo3pactaeT. APj§ Takke CylleCTBeH-
HO YBENHYWBAETCH NPH NMOCTOAHHOM COAEPXKAHWH BOAH C
yBeJHYeHHeM NPOUEHTFOTO CoAepaHus TJHHB. Kpowme
TOrO, NMPH OMAUHAKOBLIX BeJHYUHAX OCTATOUHOH BOIH H
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TJHMBl B 06pasiax ¢ yMEHbUIeHHeM HAaya/JbHOM mNpOHHLA-

eMOCTH 3HaueHHe AL] YBE/JHUYHBAETCA. ITO CBHIETE/b-
CTBYET O CYILECTBEHHOM BAHAHHH (H3HKO-XUMHUECKHX
CBOHCTB H COCTaBa NOPHUCTON cpejbl Ha IAKOH PUJIbTPALLHH,

B neaom paze cayuaeBabCco/IOTHAA MPOHHLAEMCCTD Ta-
30BOTO 11/1aCTa N0 CPABHEHUIO C HE(PTAHBLIM ropa3io Medblie,
He uckao4yeHa BO3MOXHOCTD, UYTO B MIHHU3HPOBAHHKX raso-
BbIX TNJ/AaCTaX 3HA4eHHE MPOHHUIAEMOCTH MO rady COCTaB-
JfieT HeCKOJbKO COTHX MHJIJAMAAPCH H MeHee, YTO ropasmo
MeHblle 3Hd4YeHHHA, KOTOPnle MOJYy4YeHH NPH IKCNEePHMeH-
TaJbHLIX HCcaenoBaHHsax. CaexzoBaTeqbHO, MOXHO mnpen-
MoJarath, YTO pe€3y/bTaThl 3KCNEPUMEHTOB HECKOJbKO
3aHMXKeHBbl MO0 CPABHEHHIO C eCTeCTBEHHBLIMH YCJOBHIAMH,

Huxe npHBoAfATCA pe3yJbTaThl 3KCIEPUMEHTAJIbHOIO
Hce/eJ0BaHHA  BJAUAHHS HAYAJELHOTO YPOBHA [JABJEHHA 1A
BesnuvHy HIJ npu (uAETpaUMHM HEHBIOTOHOBCKUX cpej
B IJIMHH3MDOBAHHEIX cpejax.

OKcrnepHMeHTH IPOBOAHAHCH qucraﬂosxe YHUIIK-1M,
npyd 5TOM MCKYCCTBeHHble OOpG3LUB H3TOTABJY BajdnCh M3
krapuesoro necka ¢ 30%-HOH MOHTMOPHJJOHUTOBOH IJ/H-
HOH, A B KauecTse HCCAEAYEMON XHUIKOCTM IPUHHMAJNACH
HEHBIOTOHOBCKAsA XHAKOCTb—S0% Banopa +50% 6paiitu-
CTOK.

OfbITE MPOBOAHJINCL MO CJAeAylOllell MeTOAMKe.

Cmech (mecoK-r/HHA) 3arpyaiu B KepPHOLEDKATEb
YCTAHOBKH Y MOJABEPraJM BCECTOPOHHEMY OGXHUMY JO
300 xl'jem?, Tlpn aToM obpa3seu moJayuaercsl AJHHOR O cu
H IHaMetpoM 3 cu. [lanee ofipexensinid B3y XONUDOHH-
aeMocTb 06pasia, BAKYyMHDOBAJIH YCTAHOBKY W Ha BXOIE
obpa3sua co3paBaau aaBJjedue, pasHoe 10 ama. Tlocae
TOTO .KaK ABHXKEHHe HCcCaefyeMOH XKHAKOCTH B MOPHCTOH
cpele YCTaH: BJAMBANOCh, 38KPHIBAJH BLHIXOL W PErkCTPHPO-
BaJIM H3MeHEHHs [AaBJeHUST HA BhHXoae P o6pasua.

PesynbraThl 3KCnMepHMeHTOB MNOKAa3anH, 4YTO H3MeHe-
HHe JaBJIeHHs HAa BHXOJAE He Ha(/IOAAeTC HAaYHHAA C
t =28 uvac. u pasusierca 8,2 k/ljcu?, T. e. COOTBETCTBYyeT
anavenunto HI 1,8 wl"/em? (tabanua 37).

B nesapHefilnem ua Bxoxe o6pasna moc/el” BaTelbHO
yBesruuBaau jpasaenue (20, 40, 60, 80 u 1C0 amm) n
onpejeasanl 3uauexne AP, TloayyeHHble DE3yabTaThl MPH-
BoJsiTcd Ha puc. 51 W B Tabauue 37

Kak Buaumo v3 puc. 51, ¢ yBe/HMYeHUEM HAYAJBLHOTO
haBnenns zunadcHne HIJ ymenbwaerca. Otciona Takxe
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Tabauya 37

f Pa=10 amu,[p,=i0amm,|p,=40amm,|p,=-60amn,|p,=€0 ammn,] p,=100
HacH p, amm | pamm pLamu pamm p.a p?”:z‘t;z'u
1 — 0,15 29 3,5 7.9 16,9
2 - 0,5 1,6 8,0 11,4 21,3 —
3 1,4 3,5 12,5 17,6 36,8 —

4 2,0 48 18,0 26,4 49,7 —
5 2,6 5,6 26,2 36,5 64,4 96,5
6 34 6,5 314 453 75,2 —
7. 4,1 7,2 34,2 52,5 79,0 —_
8 4,5 8,0 35,3 55,8 79,3 99,3
24 7,7 17,1 38,50 59,2 79,45 99,4
25 7.9 17,5 38,80 59,25 79,45 99,5

26 8,0 18,0 39,0 59,30 79,45 —
27 8,1 18,4 39,10 59,35 79,45 —
28 8,2 18,6 39,20 59,20 79,45 99,5
29 8,2 18,7 39,25 59,4 79,45 —
30 8,2 18,7 39,25 59,4 79,50 99,5

c/Jenyer, 4TO C yBeJMYEHHeM HAYaJbHCTO AABJEHHA CTa-
6uaAN3aUMs NaBJAEHKA Ha BbIXOAe P yMeHbIUAeTCH.

v 4] 28=05 amu

8 [ ;
50 / r 44%;=4Mmr
/ / 'fr . o B T50m
W

AR=Q5amu

o~
=5

st ap=130mn
: ; AR=1Samu )
? 0 7 ]

Puc. 51

HMayuenue ¢uabTpanuu rasa yepes LeMEHTHHI! KAMEHb
€ TOYKHM 3DeHUST HAJEXHOCTH LEMEHTHPOBKM HepTAHWBIX H
ra3oBelX CKBAXHH HABJAETCH PaXHOW XapakTepPUCTHKOHA
LEMEHTHOH MAaccCHI.

B sroit yactn nanHoro maparpada nprEoAATC pe3yab-
TGThl  3KCMIEPHUMEHTANILHOTO  HCC/AeJO0BAaHHR  HABTPALHH
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rasa 4 pe3 LEeMeHTHHA KaMeHb NPU TPOABJIEHHH HAya,/b-
HOTO rpaiveHTa AaBJeHHR.

Jlnst 3TOr0 6BLIM H3rOTOBJEHB L€ MEHTHHE KAMHH H3
LEeMEHTHOro pacTEOpa € BOAOLEMEHTHHM ¢axkTopoM 0,5,
KOTOPLIA 3a/MB2/ICA B CT<KJAHHBE TPYGKH C BHYTPEHHHM
AnamerpoM 25 mam W maunoit 1200 mu npu MOPH2OHTaMb-
HOM H BepTHKaJbl OM NOJOXeHWH HX. [IpeaBapurennho
TPyCkH ¢ muau B Tedenne 7—10 gned Takke B yKasaH-
HOM TOMOXEHHH. 3aTeM LEeMEHTHHE KAMHH BBCBOGOM 1a-
AUCH M3 CTEKAAHHBIX TPYGOK, H M3 KaMIOH TPYOKH Bbl-
P€3biBaJM  4epes onp AeNeHHbIi HHTEPBAA  OMBITHbIE
o6pasun paunoit 37 mm. Hurepman aas BePi1HKa/JIbHO-
OCYyWEeHHBIX TPyGoK cocraBasa 20 cu, a AaA TOPH3OH-
TaJbHO-OCY I HHBIX— 15 c#. Takum 06pa3oM, H3 Kaumoli
Oblid nosyuensl 6—9 o6pasunos. Bece 06pasibi BHICYILNAN
CHayana npu KOMHATHON TeMI-DaType, a 3aTeM B CY LIHJL-
HOM wKady B TeyeHHe TPEX CYTOK MPH TeMmeparype
70—80°C. [lasee uccaemosanach ¢uabTpauua rasa uepes
Kaxnuft obpasej.

7]

HMcnonn3o0Bannas A4/ aT#x UeaeH 3KCIePHMEHTAALHER
yCTaHOBKA CCCTOMT M3 KepHOZepixkare.as 3, rasoBoro 6a.-
JIOH1 / BEICOKOrO JiaBJeHHss C PeAYKTOPOM &8, Ta3oBOro
cuetydka 4 M o6pa3uoBoro mauomerpa 2 (puc. 5la).
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DKCNepUMEeHTH NPOBOAMAKCH B CaeAylolleli MOCaeA0-
BatesbHOCTH. Kax ablii oGpa3el nomemasnd B Kepr ojep-
’atelb H MNPH TNOMOILM Ta3oBOro 6ain1 Ha CO31aBanu
onperenenHoe narJenue. [locse TOro KaK yctaH PJHBasCA
PACXOA F¢3a, CHUMaaH 3aMepbl. JIas k. XK 10ro kepHa 6paiau
TP 3HAu€HUs MABJEHHA M CTOJEKO M€ 3HaueHI# COOT-
BETCTBYJOILEr0 pacxoja rasa. 3areM HaxOJAWIH CpeaHee
HX 3HaueHHE,

Ha ocHoBaHMH TNOJYYE€HHBIX JAHHBIX pacxoia rasa u
nepenafa AaBaeHWsi GbLIK NMOCTPOEHbl IpDHBBIE 3aBHCHMO-
cti O = ( (AP?), U3 KOTOPHIX BHAHO, YTO B HEKOTODHIX
Cayuasx KpHBHE TMepecekaloT OCb nepenaja AaB/eHHd.
Taxxe ObIBAIOT CJAyHad, KOrJAA KpUBble picxoJa rasa
oT AP? npoxoAfiT 4Yepe3 H{YaJO KOODAMIAT HIU XKE Ha
OCH JaBJ€HHA OTCEKAIOT OTPHLATE/bhbie 3HAUeHHT.

OTpuuETEbHOE 3HAUEeHHE HAuaJbHOrO rpal: €Hra Jas-
JEeHUsl CBHAETEJECTBYeT 00 OrpanuueHHOH TIpHNV€HHMOCTH
3akoHa JlapCH C HayaJbHBIM CDaJMeHTOM Ji¢ BJEHH.

Oas auanusa pacCMOTPHM  CJAeFyOIIMH  MpHMep.
lMycTs  naBReHHE  HVKHETO NPOJAYKTHBHOTO — IJac-
1a Pj3=>50 ams. Ha p ccrosuuu [- 100 4 oT HHxX-
HEro NpPOAYKTHBHCTO NJACTa HAaXOLWTCS BepPXH¥YH MpO-
AYKTUBHbII maacr. - OmpeleanM TO 3HaueHHe JaBJenns
P,y B BepxreM MPOAYKTHBHOM TO[H30HTE, INPH KOTOPOM
6yleT OTCYTCTBOBaTb (M/IbTpalMs uHepe3 IeMEeHTHBIA
‘KaMeHb.

[Tocae auee voxeT ObITh OMPeNeJIEHO U3 yCJOBHS:

Ply=Pl AP
=
l b

AP}
Ha ’OCHOPaHHH OTBLITHBIX AAHHBIX anMEM, '-ITQ / =

0
= 944 amm?(m, TOoraA P,y = 164 amm. TakuMm o6pa3oM,
¢uapTPaLMs rasa yepe3 LeMEHTHBIA Kamenb Oyner Py >
> 164 amu. '

[z HHBIC: IPUMED TOLTBEpxkAaer, 4TO HauOoJee Bepos=
ATHHMH MNyTAMH JBH)KeHHA rasa M BOAB MOTYT (Tarb
TPeIUMHBl M HerepMeTHUHble y4YacTKH COeldl HeHHs TaM-
NoHa CO CTel KOfl CKBaXHHbl M OGCaTHOM KO. OHHOP.
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§ 2. OB OJHOH BO3MOXHON TEPMOAH$PY3HOHHON
NMPUYHHE NOCTYNJIEHNA I'A3A B 3ATPYBHOE
NPOCTPAHCTS0 B NMNEPHOJ, OXHIAHHUSA
3ATBEPJEBAHHSt LEMEHTA*

HsBecTHo, uTO B mpoliecce MNPOMBIEKH CTBOJIA TJIMHH-
CTHIM PacTrOpoM H NMPOAABKYM LUEMEHTHOrO pacTBOpa Npu
[leMEHTHPOBAHHHN CKBAXMHBI -NIPCHCXOANT OXNAXK/IEHHE TIPH-
32607 HOfl 30HBl Ta30BC IO TOPU30HTA. [1pH nocaenyicuiem no-
. BbILIEHHH TeMIepaTypPhl 1e-

ME@HTHOTr0 pacTBOpa BCAEX-

CTBHEe  ero THAPATALMUH

B npu3aboiiroil yactu (6pa-

- 3yeTcs 30Ha IOHHXEHWHOM

TeMnepatypw (puc. 952).

Ilpu atoMm ras 6yner nepe-

/ TekaTb K MecraM c_0oJee

BLICOKOH TeMIlepaTypoit H

B Y4CTHOCTH B 3aTpybHOe

APOCTPAHCTBO, Ha¥e B TOM

caydae, KOrhia 3arpybHoe

IaBJEHHE HEeCKOJLKO mpe-

Puc. 52 BbIIIAeT MJACTOB €. JIT0

© OOBACHSETCA MOJEKYJAp-

EBIM I1: PEHOCOM Ta3a B KaNWAJAS PHO-NIOPHCTOM TeJi€, BhI3bIEA-
eMbIM TDafluenTOM TeMmepatypsl [33].

Y paBHeHHe mepeHOca rasa B KaHH/JJASIPHO-NIOPHCTOM
TeJe MPU HAAHUMKM Nepenaja A4aBACHHS M TEMNepaTyphl
umeer Bua [33]:

T R Ve s R
SV ) S v

rie Ma—xonnqecmo rasa, mnocTynawouero K3 mnJaacra B
_ CKBaXHHY;
K —rasoras mocrosinras;
ps~—MOJIEK JIAPHBIA BeC rasa,
P,o—nnactoBoe AapjaeHHE;
qu—uasnenue B 2aTPy6HOM mpocTpaHCTBA:
Tl, 2—COOTI €TCTIEHHO TeMINIEPATYPA CKBAXHUHBI U [1/1aCTa;

—PpacCTogHHue A0 TOUYKH I]JIaCTa C HaHuvenblued TeMm-
nepaTypoR;

3]

Y

~1
~Y

* Boimonuneno ¥V, JI. MamagwxanoswM u H, X, Canaxyr-
JMHOBBIM M0 NPEANONEHHIO OJHOFO H3 aBTOPOB.
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K13—PaAHyC CKBaXHHBI;
¢ (r)—xo3dduuMeHT MOICKYNAPHOrO TEYEHHA rasa yepes
JaHHOE MOPUCTO-KAMUMIAPHOE TEJIO; "
S;—mJoluaib, 4Yepea KOTOpyl mnpoTékaer ras us
nsiacTa B CKBaXHHY.
Ilns yuacTka 3aTpyGHOrO MPOCTPAHCTBA B HHTEpPRAJE
MOILHOCTH Ta30HOCHOTO MJacta GyAeT ChnpaBelJHBO

PV = ’:3 RT, (V-2.2)

TOorga
dM; _ pgvs dP
—.:.__-,__-’ -2-
dt RT  dt (V-2.3)

rie v;—o6beM Mop, 3aHMMaeMplil Ta3oM.
[MpupaBu¥Bas INpasble uyacTH BBRIpaxenuH (V-2.1) u
(V-2. 3) u o6o3nauas

8 s V R
A4 -3 E 27pg ! N
noayuaeM

L VTI 5 (r) P — A,

E(r) Py =0. (V-2. 4)
l/ 2
PemeHne Bbxpax(nﬂuﬂ (V-2.4) npn HayanibHOM YCA0BHH
t =0, P=P,; 6yzer:
77 T A LTy
P= Vi‘ Pyy— (}_TL Py — P07) € . (V-2.5)
2 ) VT, . R
Buipaxxenne (V-2.5) onpeaesnser 3aKkoH W3MeHeHMA AaB-
JeHHA B 3aTPYOGHOM MNPOCTPAHCTEE MPOTHB MPOAYKTHBHOTO
Ta30BOrO0 TrOPH3OHTA BO BPEMEHH, ‘
a3z MoxeT .MOCTYNWATbL M3 MJacta B .2aTPyOHOE MpO-
CTPAHCTBO, €CJH 3aTPy6HOEe NABJEHHE PAFHO NJ/ACTOBOMY
MK maxe mpeepimdet ero. Ho mpu 370N XOJ/KEO BHINOJ-

VT
HATECA yC/a0BHe P < —=L Py, ,
2
M3menenne P 3aBHCUT OT CONPOTHBJEHHA JBUIKEHHIO
rasa, CO3JaraeMoro 3:TPYGHLIM MPOCTPAHCTBOM CKBAXMHBI,
Ecau 5TH CONPOTHUBJAEHHS BeNWKH, TO HOCT\NAOIHUA B
3aTpyOHOE MNPOCTPAHCTBO ra3 CO3JAacT JaBjeHne P-=

T
=1 -L Py, U NBM)KEHHE Ta3a H3 MJACTa NPEKPATHTCH.

2
Pa3nocTe MexAy TeMmneraTtyfpofi 3aTpy6HOro npocT-

panmcTBa M HAWMeHblUeH TeMnepatypoid B MpH3aGOHHON
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sone B 20—70°C npM nsacTOroM MAEJIGHVH, PaBHOM
200 am, naeT BO3MOXHOCTb [a3y npeoLoseBaTh Aenpecchy
B 6—20am.

Manoxennoe cBuzeTe/ It CTByeT 0O BO3MOXHOCTH 3aTpy6-
HOTO TIPOSIBJIEHNS ra3a NPH HEKOTOPOM IpeBBHILIEHHUU 3a-
TPYOHOTO HaBJeHHA Hal NJACTOBHIM,

Has onpenenenus keahduunesra repmoruddy2HOHHOTO
nepenoca rasa H. X, CanaxyT/HHOELIM ObL14a 3T OTOBIEHA
YCTaHOBK2, Mo paxennasa Ha puc, 53.:

1=
ey B —
e B
i g -
] : b
B2 11 &0 H
— - H R
g |5
(’\J -~
Prc. &3

N

YcTaHOBK2 COCTOMT M3 IBYX UMAMHAPHYECKHX 10. O-
cret / ¥ 2, coof AIOWMXCS MeXAy COCOli MCPUCTOH ne-
peropolko#i. [locnelnsiss mpeacraBaser co6oi LUAMHAP,
M3rOTOBJASHHEIA M3 TJIMHEL, Harpepawuime u oxJaxaamomue
YCTPOI CTFA; a TaKXe TepMCMeTpH 0GecrneyuBaldT NOCTO-
AIHHBIE 3HAU HWS TEMMepaTyp HAa TpaHHLUAX MNOPUCTOrO
LUHAHHAPA (S3—nardMaHOMeTD; 4—razomerp).

Hro6bt ycTanOBKa Gbia €Osiee YYBCTBHTENLHA K Iepe-
HOCy raza M3 OJHOH MOJOCTH B JAPYryi0, ELICOKOE 3Haue-
HHe > . J0CTHranoch 3aMoMHEHUE M BHYTPeHHel MOEepX-

Us
HOCTH M@/IKO3€ PHUCTHIM NECKOM (S;—NOBEPXHOCTb LMJANHI-
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pa, v;—06beM BHYTPeHHEH nosoctH). [aBaeHus B MOJO-
cTax  uaMepanu  AuddepeHUMATbHBIM - MAHOMETPOM 3
(4—eMKOCTb). :

KoadduuneHt TepMoAx(DY3UOHHOTO MepeHoca ompe-
neas-ca merogom L. [1. Tumodeesa u M. T. Epauixo,
npUMeHsieMbIM A/ HAXOXICHUS yAeAbHOH NpOHHuUAEMO-
cTd, a TakxKe Kodpduuuenra nuddyauu Aas HECOPOHPY -
IO XCA Ta30M.

B oCHOBE 3TOrO MeTofla JeXHT ypaBHEeHHE:

_d(PraV) = APy Vi) = Koy L2 TR dt, (V-2.6)

rae P, Py;—nAaBaenve Ha KOHIAX .06rasuos, ABAsAIO-
v muxcsl QyHKUMAMH BPEMEHHU; '
V.3, V.3—03beMbu MO CTel, KOTOPhI€ BO BpeMd
OMbITA OCTAIOTCA TOCTOSHHBIMH.
Jlan cavuas nepeHoca raza B OMHC HHOW )CTAHOBKE
ypasuenue (V-2.6) Oyner UMeThL BHL:
__ (Pza Uza) —-d (vam) =K Py (£) = Py () at +
A, RT, o 0 2
I
P]ﬂ P23

fe¥T VT gt (V-2.7)

r.

ris in 22

I3
Jlasg uckMou2HMA  (QMALTPALMOHHOTO UJEeHA MpHMe-
HAJACA HAYa/JbHHi#l OGUALTPAUUOHHBIN TPaLUEHT, B 3TOM

cayuae ypapuerue (V-2.7) npuMer Takod BHI:

Py VaaMy P i = 2
—d( 23 VsaMah :d( 13V13Mu> :c]/ﬁ /T— .
~Rr. AT, = zqgt. (V-2.8)
ry3 In —
- T3
[Mockoabky eMKOCTH Vi3 u V3 mocrosnusl, TO
ap, -
al— . — =a, f(r)dt, -

TFpa—poy T —af (et (V29)

apP, -

— — =a, f(r)dt -
Vriba-poyT, 2S04k (V-2-19)
iy,

22— 4= __
Vorsln fa ]/ Ms ’
i iz In " R
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Tlocae cxaaAWBAHHA ¥ WHTETDHPOBAHMS YDABHEHUH MOJY-

yaem: — c—
InAP+c=—f(r) (a;+ a2) t, (V-2.11)
ap=Pu _ Po
VT, VT’

rAe ¢—IOCTOSIHHAS MHTerpUPOBaHHA, KOTOpas onpenens-
ercs M3 YCJAOBHA:
t=0, AP=AP, c= —InAP,
MMocae moACTaHOBKM ¢ W NPeO6PAa30OBAHMA TOJYyYaeM:

in “’“ L= f (1) @+ @)t (V-2.12)
OTKYyZa
T E".
AP.
f (r) = m- (V-2. 13_)

HauHple oneiTa ¥ Hx CcOpafoTka MpHBeJeHH B Tab-
auue 38.

‘§ 3. O MPHYMHAX MEPEJIMBA XHIKOCTH U3
9KCMAYATALMOHHQI KOJIOHHbI NPH HUCNbITAHUU
EE HA TEPMETHYHOCTb (93]

INpu He€oOabWIHMX JaBJEHUAX H 06beMax KHUIAKOCTH
fIBJeHUS YNPYFOCTH CTOJb HE3HAYMTEJLHE, UTO HMH, Ha-
TIpUMep, npH 1aCOPaTOPHBIX HUCTBITAHHUAX 06HIUHO npewne-
Operaior.

OTmeTrM, 4YTO ,NDHPOZAA B. aAMOM MaJjoM HauGoJee
yausuteapua® (JIunueii)*. . '

B nacrosuee BpeMs, KOrAa JAaBJeHUE 3KCNJAYATALH-
OHHBIX KOJIOHH, HCINHTHBAEMBIX H1 TepMETHYIIOCTb, A0-
crureet 300—600 am, a 06beM KHAKOCTH B KOJOHHE —
90—60 »#°, yupyroctb KHIAKOCTH NPOABJIAETCA 3aMETHO.
ITpu cnpecconke 146—168-Mat 3KCIAYATAIHOHUBIX KOJIOHH,
nocJae CHW:KEHHUA JNABAEHHS OT PperJaMeHTHPOLaHHOTO
80 M3 HUX BHITHBAeTCH 3HA-
YHTENbHOE KOJHYECTBO KHUAKOCTH, YTO 34CTABJAsIeT Npes-
noJiaraTb TOPYY BIKCNJAYaTAUHOHHOH KOJOHHBE., OAHAKO

* Koapduumentul ob6beMHoll ynpyroctn HedTH, Boaw M ropHoit
NOpOJABl, ciaraioeil NpoAyKTHBHbIE MJACTHI, BecbMa Majabl, QaHakKo
oGbeMHast ynpyrocTe He@TH, BOAB M TOPHOH MOPOAB OKa3biBaeT
OrpoMHOe BHMAHME (XOTS 3TO M Ka¥ercl OdueHb YIMBHTEALHMM) Ha
npoBeneHHe HCCaeIOBAaHUA M pa3paboTku [94].
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3TH KOJIOHHBI BbIIEPMUBAJIH YCTAHOBJIEHHHIE B HepTAHOM
MEOMBILIJIEHHOCTH HCOBLITAHHS,

CoserTckn  yueHwle, 3aHAThle B 06/1aCTH Pa3paGoTKH
Hed1AHbBIX MECTOPOXIeHUF, B NCCAeHEe BPEMS OGpaTHJH
BHMMaHHE Ha BO3HHKAIOLIME B 3aKOHTYPHOH BOAE CHJLI
ynpyroctd, 64aroA’ ps KCTOPHLIM NPH CHHKEHHH. BHICOKOTO
NJ1a(TOBOTO AABJEHHSI B Npouecce; paspaGoTKU OrpOMHas
Macca 3 KOHT PHOH BOIAB pacLIMPSeTCsi M MPOU3BOAMT
TAKUM 00Pa30M MoJe3HyI0 PabOTy NO BHLITECHEHMIO JAOMNCA-
HUTE/JIbHBIX KOAUYECTB HePTH U3 32/€KHa

B c¢Ba3n c yse nuenuem ray6un Oypenns ¢axTop
CHJIBl YOPYTOCTH BOJH NMpPHOOpE/ NpaKTHUeCK(e 3HaYeHHe
M NPH MPOBOAKE CKBAXKHH.

[Ipo: eseHHBIE  HenmocpeACTBEHHO B NPOMBILIIEHHBIX
ycio HMAx (Ha Oypsweics CKBa)XHHe) H3MepeHUs JaJH
caeayiollne pe3y/bTaThl.

byposasa A.Tay6uua 33601—2400 u, 6ammakx 168-mm
3KCIJI) ATAUMOHHO!  KONOHHBI—2040 A, ynopHoe KoJblO
Ha ray6une 2029,3 u. )

KosonHa ¢ meablo HCNbITAHMA 'HAa TepMEeTHUYHOCTb 3a-
MOJIHEHA BOAOY, NpPH cnpeccoBKe JaB/ieHHe 6blI0 MOLHATO
1o 80 am; nocae 30-MMH. nayswl, B TeuenH KOTOpO#
KOJAOHHA CblMa nOA masaenveM 80 am, G OTKPHIT KpaH,
npuveM BHIMEABILAACA BOJA BLITEKAJa B 3apaHee :aroToOB-
JIEHHYI0 €MKOCTb. BCero BHTEKJIO H3 CKBaXHHBI MO 3aMepy
130 2 BoxbI _

byposan 5. Tnay6una 32607 —1795 u, Gammak 168-rs
IKCIAYATALUHOHHOH KOAOHMHBI—1791 M, ynopuoe Kr.abLO
HA TayOuHe 1785,3 a, ueMeHTHbII CTaxk H Ha ray6bune
1686 . '

AHANOTHYHO NPeNbIAYWEMY CKBaXHHA Oplaa 2am0J-
HeHa BOJOI', H C LeJpi0 OMPECCOBKH KOJOHHBI AapJiegue
noseneno a0 80 am. Yepes 31-mun. raysy . pasaenue
CHH3uJI0Ch 10 63 am. [lpu 3TOM aaBJaeHuH BOAA M3 CKBa-
HUHBl YEPe3 TPeXXCHOBOH KpaH 6bLIa HANPAaB era Takxie
B eMKocTb. [lo mpousBeneHHOMY 3aMepy M3 CKBaYHHBI
BEITeKJ0 =90 .2_BOnp. .

MoryT 6bITh 1Be NpPHYHHLI, BEI3BABIIHE nepeyuB WHA-
KOCTH MpU CHWKEHUH AaBJjeHHsi: 1) ynpyrue uameHeHus
o6beMa 0O6CalHO/ KOJOHHH; 2) cxatHe KHAKOCTH npu
onpeccoBke O(CaAHON KOJIOHHBI.

PaccMOTpHM BAHAIHHE KaXAOK NMPAYUHE! OTAEAbHO.

[lepsyio 3anauy pewaem Ha OCHOBE M3BECTHOrO pac-
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CMOTPEHHMA paCTSXEHMH WJIM CKATHR no ABYM B3aUMHO
nepneHauKy AapPHBIM HampaB/AeHUAM W HaGANaeMBIX TIPH
sToM Aedopmaunil,

O603naynm:

" o,—pacrArupaiolliee HanpsiKeHHe B OCEBOM HampabJje-

nun, kl/em?; _
ox—PpacTArHpawllee HampspkeHHe B KPYTroBOM Hampas-
Aenunt, xl[cm?;

PG—BHYTDEHHEE napielue B o6canuHoit KoaoHHe, kI /cm?;

8;—TOJILIMHA CTEHKH O06CaXHLIX TPYO, €M

d BHYTPeHHM{l AuaMeTp oO6CaAHLIX TPYO, CAM.

Ha ocHoBe ypapHeuus, BHIBEIEHHOrO A/ KPYTOBOro
KOJIbLla, UMeeM:

cx:f)%d, ‘Uy=ﬂ=0756x,
28, 48y

M3BecTHO Takie Ha OCHOBE paccMOTpeHHs Hedopma-
LMH B CAYYae DACTSXeHHS UJId CKATHA IO ABYM B3AHMHO-
NepueHAMKYAAPHLIM HAMPABJAEHHSIM, 4TO €CJH 06a Hanps-
KeHHUs oy U dy NeHCTBYIOT ONHOBPEMEHHO, TO BLI3LIBA€MbIE
HMH OTHOCHTeJ'IbeIE YAJUHEHHd e; K Ey COOTBETCTBEHHQ_B
HampaBJeHHH ocell X U y 6yny-r

€

.—!_],4_ _

X

Ey=

m]@ m e

“?‘
rie p,—ko3pduunent Ilyaccona, pasupiit nas craau 0,3;
» E—MORYJb YOpPYrocTH mpH pacTSHKEHHH M CXaTui,
B cpexneM paBHmi#t 2,1-108 x/"jcm?,

O6beM 06caauOil KOJOHHB YBE/JIHUYHUTCH B CjACAYIOLIEM
OTHOLUIEHHH:

s = (14 e)? (14 ¢y).

PeayabraThl pacueta (nmpumsiB 93 = 10 M u Py = 100
v 200 kl'jem?* npu naune 168-mm koaouust Ly = 1000 u
2000 »#) mpuBeleHw B Tabawu> 39.

Pemenne BTOPOR 3amauM—ciKkaTHe MXMIKOCTH (BOZM)

NPpH ONpeccOBKe 3KCIVIYaTallHOHHBIX KOJOHH—NpeAcTaBJ/id-
eTcd B CJAeAYIOLUEM BHIE.

Koapduunent cxmmaeMoc-ru Boan mnpu 20° C cocras-
AstleT OkoJa0 491. 10‘7— [88]. Torma B ckpaxuHe A mpH

3aKayaHHOM JAJs HCl‘lbl'l‘aHHﬂ HA TepMEeTHYHOCTb O6GbeMe
BOALl U= 34 #® 0ObeMHOE C¥aTHE €ee B OTMEYeHHHX
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BLIlIE YCJAOBHAX, COrJAaCHO Pacyery, COCTABHJAO ;= 1340 .Z
nporus HaMepeHHbIX 130 .2, CoOTBETCTBEHHO B CKBaXHHE
b o6beMHOe cxaTHe cOCTaBuaO ~96 4 NPOTUB Kosmuye-
CTBa BHTekawouwel BoAb ~90 ..

- CaenopateabHo, OCHOBHOH INPHYHMHOA nepeAHBa BOILL
U3 KOJIOHHB! MpPH CHATHH JAaBJEEHUS ABJAAETCA CXKHMAEMCCTh
BOJLI, IMCCKO/NbKY P€3yJAbTaThl MPOH3BEJAEHE bIX H3MEPEHHI
JCCTATOYHO "XOPOILNO COrJacyloTCs € PacueTHHIMH.

YBeqnuenneM o6beMa BOAL BCJAEACTBHe IOBHILIEHHsA
TeMmneparypel B JAaHHBIX CJAyYasfiX MOXHO NpeHe([eub,
TAK KaK CKBAXHHA 3aNoJHAETCA BOJOH 3apaHee; NPH HC-
NBITAHWM HA TEePMETHUYHOCTb IJs IOJAHCTO 3aNoJHEHUR
KOJIOHHBl pacxojlyercd JHIIb HECKOJbKO NeCATKOB JIMTPOB

BOAbI, UTO- HE MOXeT HMEeTb NPaKTHYEeCKOro 3HaudeHHd.
Ta6auya 39
PacueTHmit OTHocHTCABHOC | YV BelHYeHHbIH
Navna BHYTPEHHHH yBeJiyenne BCJAEICTBHE
sKcnayaTas BH}’TP“““ o6bem o6cannoit| of'bema KOMOH-| ynpyrux wame-| Av=1v,,—u,
unonHoii | AdBNeHue, KOJIOHHBI HBl B 3aBHCl- | LICHHR o0beM
Konounni, . | Kl ica (reomerpude- | MocTH OT AaB- KOJIOHHH
CKHRA), M7 acHUA K V=KU, M
1000 100 17,203 1,00089 17,204 1,5
200 17,203 1,00018 17,206 3,1
2000 100 34,406 1,00089 34,409 - 3.1
: 200 34,406 1,00018 34,412 6,2

YKa3anHOe fiBME€HHE MOXeT CJY}KHTb B H3BECTHOH Cre-
NMeHn H A5 o6paTHOR MpOBeDKH OPUEHTHDOBOWHOTO Olpe-
HeJieHusi TEPMETHYHOCTH KOJIOHHBI TO KOJHYECTBY BHITEK-
el BOMHI.

CxuMaeMOCTb BOAKR MOXET CAYXETb NPHYMHOHN H
Ipyroro sBJEHH—INOABEMA LUEMEHTHOH NPOCKH BHLIE
YNOPHOIO KOJbLA B Mpolecce TBEDAEHHA LeMeHTa (npH
OTCYTCTBHH OODATHOrO K/AamaHa).

leteporennasa cucrema, cocrodumas M3 HECKCJAbKHX
(a3—BOALI,” LEMEHTHBIX H TJHHHCTLIX YacTHU H T. I.,
SKCMJYaTalHOHHOM KOJOHHE HArpeBaeTCs KAk 3eMHOH Ten-
JOTOH, TaK H BCJAGACTBHE 3K30TEPMHYECKOTO XapakTepa
peaKUHH CXBaTHIBAHHA M TBepIEHHA LEMEeHTa. *

KoapduunedT exMMaeMOCTH BOAM ®, NPHMEHAEMO¥
npM LEeMCHTHPCBKE CKBAXHH B L3ayeCTBe [POAABOYHOII
WHAKOCTH, onpeje/isieM IO COOTHOIUEHHIO:
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P 2 __uRmexc | o3HauaeT HCXOXHCe yc/0BHE;
Pa @10 :
Ps; P4—TNJAOTHOCTb, KZ/Mj.

[Ipn 3TOM nNOrpeIIHCCTD MNOJAyYaeMblX _3HAaYeHHil He
npespimaer 5% (B cpeaneM) [26].

Onpeneaum o6beM EOALI KDH TeMnepatrype 3abod
t =70° C n naBneHHH xoHua mpoaasku P = 120 am.

Ilns BoABl KpHTHueckas TeMmepatypa fo =374°,15°C;
KPhTHYeCKOe AaBJeHHe Py, = 218,5 am.

Has sosnyxa ty, = — 140° 9°C; Py =37,2 am,
0,530,

"t=_
T,
P

R

= 0,531,

0
06

rie m,—OTHOLleHre JAaBJeHH P K KDHTHYECKOMY JaB.e-
HHMIO (nprBeJeHHOe IaBJieHue);
T—OTHOeHHe aGcoaoTHOR TeMnepatypw 7/ k abco-
JIOTHOM KPWrHueCKOi TeMneparype 7, (MpPHEedEH-
Had TeMIepaTypa).

Mo npuBefesHOMY TrpaduKy 3aBHCHMCCTH SHAYEHHil ®
OT TeMmMnepaTtyp t H JaRJeHuii =, NDH NOJYUYEHHBIX 3Haye-
HHAX T M ®; K03dPHUMEHT CHHMaeMOCTH BoAb o = 0,132.-

3uas, 4Té N20THOCTL BOAH npH £ = 150° 0 P=50 x/ cm?
pasta 0,92 [/mMxr, HAa OCHOBAaHMHM TNPHUBELEHHOIO. Bbille
COOTHOLIEHHS onpeaeaseM MIoTHocTb Boabl npu 70° C. Tlpu
t =150°C u P =2E0x[/cu? w3 yKaraHHQro Bhlue rpa-
duka o, =0,120:

5= ——py = 0,93 Kl ima.
@10 )

INpu TeMmnepaiype BCAW (33Kayka B cxeag«uﬂy) t=
= 920° C yaesbHBIl Eec ee COCTABUT: di = 0,998. Bec Bo-
abl G, npu (pacCTosiHHe OT YNOPHCTO KO.bLA A0 YCTbA
ckBaxHHbl [ == 2000 #, BHYTPEHHHIl JAuWamMeTp KOJOHHBI
a!=0,148 x) pHyTpeHHem o6beme 168-Mm KCJAOHHH
Vg = 36 My

20
Gy=dy -0, =36kl
CnenopatesnbHo, 0Cb€M T 3TOrO KOJAHYECTBA BOAbI NpPH

NPHHATHIX BHIIUE TeMNepaType H- AaBJEHHH COCTaB/sieT:

V= =% =~ 38 S,
)
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YBeJaHueHHe O00BLEMA MHAKOCTH MOXET NpPHBECTH K

3HAYMTE/NBHOMY MOBHIICHHIO NABJEHHA B 3KCIJAYATALHOH-
HOH FOJMOHHe,
» Jlns nokasare/bCTBa 06OCHOBAHHOTO BbIMe NOJIOMXKEHHS
O MPHYHHAX MNOABEMA LEMEHTHOH mnpOGKU M MeTolde Co-
XpaHEHHA [€PV €THYHBIM YCTbsl 3KCMJIYaTAUHMOHHO! KOJIOHHBI
B MEPUOX TBEDAEGHHA LEMEHTA, KaK NefiCTBEHHOro CpeacTBa
MPEAYIPEW] HHA 3TOrO IBJEHHS, GBI NPOBEEHB PO MBbILL -
JIEHHbIE OIMBITHI,

Ha 6ypoBoit 6u1 ycranosaen pPerucTpHpyIolUlnf MaHoO-
METD Ha LE€MEHTHDOBOYHOH ro/J0BKe H NPUHATO pelueHHe
He CHHXAaTb BHYTPEHHETrO HaBJeHHS 3KCIJA- aTAUUOHHOH
KOJIOHHEI, €CM OHO He NOCTUTHET ONacHOH BeAHUYUHBI.

[Toayqenusie xuarpaMmbl gaB/ieHuii B nepuod NPOAABKH
M CXBATbIBAH 'l 1L€MEHTa [OX"BEeDAHJIH MHEHHE O NMPHYH-
HaX NMOXDBEMA LeMEHTHOH MPOOKH, a MPAKTUYECKUE De3y/Ib-
TaTbl—MPABU/IBHOCTL MR/ )KE 'HOrO MEeTOAd COXPAHEHHS
A4BJCHHA BHYTPH SKCIIYATALHOHHOH KOJIOHHBI KaK cpen-
CTBA MP2AYNPEXKACHHS 3TOrO ABJCHHUA,

3ap*rucTpuposaHHas KOHQHIYpauus KPpHBO! MOBbILIE-
HUf JABJA-HUA B 3KCIJAYATAUHOHHOH KOJIOHHE B nepuon,
CXBATBIBAHHA L€MEHTA BECbMA CXOMHA C NAHHBLIMHM aKas.
A. A. baiikoBa—xpuBrivu p-cra TEMIEpaTypHl, HauGoJee
HHT?HCHBHOTO B MEePHOA CXBATHIBAHHSA LEeMEH?a.

‘B wactH cxkBaxcun Habaomanoch (uepea kopoTkoe
BpeMs moOC/le KOHUA 3a/JMBKH) mNaJeHHe [JaB/jAeHusl B KO-
JIOHHE.

Beauunna nazenns pasnvuna u, O4YeBHA 0, B 3HAaYH-
TEJbHOH MEepe 3aBHCUT OT CTEMEeHH TPMeTHYHO TH COeNHU-
HeHHH TPyl 3KCNAyaTaUUOHHOH KOJOHHGBI, Y colnawomen
BO3MOXHOCTb NPOMYCKAa KOMMOIHEHTOB, HAXONAMUXCA B
KOJIOHHe (BO31yX, BOJA) MpH MOBGLIUI>HHH AaBJACHHS.

3areM, C HACTyNMAEHHEM MepPUONA CXBATWBAHHS LeMeHTa,
MHTEHCHBHOCTb BBIGJNEHHMS Tem/aa pe3ako Bo3pacraer. B
CBA3H C STUM HapacTaHHe J1aBJ 'HHMA BHOBL NpeBaaupyer
Tipi HOPMA/MBHOM COCTOSIHMH OGCaAHBIX TPYG Hajy MX He-
AOCTATOYHOH repPMeTHYHOCTbO, NOCTHTAIOM e MaKcuMyMa,
M 3aTeM—OKOHYaTe/JbHLIl CHmajf AaBJIeHHUA BCJAeACTBHE
NpeKpAlleHNs HMHTEHCHBIOrO BplAeJEeHHA TenJa moctae
OKOHYAHHSA MEPUOAA CXBATHIBAHHA LLEMEHTA M PACCEHBAHUA
Tennaa.

I1py OTKPBIBAHHHK KPaHA LEMEHTHPOBOYHOM} FONOBKH HMJIH
nponycke pe3bGOBLIX COEAMHEHHHA OGCALHHX TPY6 BCALS-
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cTBHe yMenpuicitH ACACTBUA Co3naOTCA Yca0BHA, Gaaro-
NpUATCTBy oMU TMOABEMY [eMEeHTa B 3KCM1/yaTaLHOHHYIO

KOJOHHY (TaGanld 40).

§ 4. 3JEKTPOPHIbTPALIHOHHBIE AABJEHHA MMPH
CXBATWMBAHHH LEMEHTHOIO PACTBOPA

Kak usecrno [13], Kanuaasp, sanonueHHbi# HAKOCTBIO
uad razoM, np!t HATHUMH DA3HOCTH AL = Uy, — U, K-
TpHueckux mnor¢HUMANOB Ha ero KOHUAX mNpeicTaB/seT
co60it anextpopHAbTPALHOHHYIO Mapy.

Ecau crexqs{HBH KaMHIAP 3ano/fHeH BOAOA, TO UK-
THBHas apurawouldfl ciaa AP’ posnukaer TakMM 06pasoM,
yTO mapieHue NOBBILIAGTCA HAa KaToJe W yMeHbLIAaeTCs Ha
anoge, T. e. npil MCIOIB30BAHMH CXeMHW 3KCIEPHMEHTab-

HOH YCTAHOBKH, H306paXeHHOH Ha

+ ~ puc. 54, BoIA nepeMellaeTca OT aHo-
j - nalk xatony.
M3Bectdo, 4TO B rpyHTax, maac-

- Marvean

TaX BO3HMKZIOT 61y X 1210l HE H ecTec-
TBEHHBIE TOKH Pa3/HYHOH MJOTHOCTH,
Ha atom cpoiicTBe, Hanpumep, ocHO-
BaHbl HEKOTODHIe BHAH reodusuye-
CKHX HTC/JeN0BaHHE TOPHHIX MOpoOI,
IMon BO3geficTBUEM  6aYXIAWOLIKHX
TOKOB KOPPO3HH NOJBepraioTcs pas-
JUYHBIE TMOA3EMHHIE COOPYXEHUS
. (TPy60OTIPOBOAL, METAANOKOHCTPYK-
Prc. 54 uuyd ¥ 1p.). KopposnonHomy paapy-
IIEHHIO OT AEHCTBHA Oy AalOLINX
W ecTecTBeHHBIX TOKOB MDABEPHKEHb H 06CaNHbIE KOJIOHHBI
HepTAHBIX CKBaKNH. : . \

Cayuau xop03HOHHOTO Pa3pywHHus C6CaiHEIX KOJIOHH
NOX geficTBUeM MAJBIX DJIEKTPHYECKHX TOKOB MOATBEPH(Ja-
10T, 4TO B Ckpax“HAX C CaMOrO Hauasa Ioc/ae LEeMeHTHPO-
BaHMA ee lemenTHHM DPACTBOPOM MPOTEKAIOT 3MEKTPOXH-
Muueckue nmpoueCChL B oxHMX CKBaXHHaX 3TH  mpOLECCH
MOTYT mnpoTeKarb 6o/iee HMHTEHCHBHO, B IPyTHX—MeHee
HHTEHCHBHO, MKTEHCHBHOCTb 3/EKTPOXMMHYECKHX Mpolec-
COB MOjkeT OwTb Da3/MUYHOH He TOJbKO B DasSAHYHHX
CKBa)MHaxX, HO I! B ONHOH M TOR Xe CKBaxMHEe B PA3JHu-
HBIil TlepnoA moc1€ UEMEHTHDOBKH ee IleMeHTHHM pacTBO-
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pov. HanGosnee HHTEHCHBHO 3/€KTPOXHMHUYECKHE POLECCH
MOA AeficTBMEM MaJblX 3/eKTPHYeCKHX TokoB GYAyT npo-
TEKaTb B HAYAJbHLIA MEPHOT, T. €. B NEPHOJ CXBATHIBAHHA
UeMEHTHOTO [acTBOPA, KOTJAA LEMEHTHHI PACTBOP HEOG-
XOAMMO PacCMaTPUBATbL KaK ADKO BLIPAXKEHHBIA NPOBOXHHUK
BTOPOTO pOAa.

Mcxoas U3 BHILIEH3JIOXKEHHOTO B PeajbHBIX YCJAOBHAX:
CKBaXMHy, 3aMOJHEHHYIO LleMeHTHHIM pacTBOPOM, HEOLXO-
OMMO pPaccMaTpHBaTh KAK CJAOMHYIO 9JIEKT[HUYECKYK CHC-
TeMy, YNPOILEHHYIO MOJeJb KOTOPOH MOXHO UPeACTABHTH
B BHJE 3JEKTPOJHTHYECKON CXeMbl, Ile OAHHMM 3JEKTPO-
I0M fiBAAeTCA o6cajHas KOJOHHA, APYTrHM—CTeHKa CKpa:
YKHHBI, 3JIeKTPOJANTOM —UEMERTHBIH PAacTBOD, 3aNOJHUBHIIK{
3aTpy6Hoe mpocrpaHcTBo. CTpPOro roBoOpsi, Takas CHCTEMA
caMa ABJAEeTCS MCTOYHMKOM IOCTOSIHHOTO TOKa H NPHTOM
3aMKHYTCH H3-3a BHCOKoro pFH uementHoro pacrBopa,
rpajueHTa TEMNepaTyps BAOJAb JNHKbL 06CAAHOA KOJOHHBI,
pasauunbix $H3MKO-XHMMHUECKHX CBOHCTB NJAacTOB, mepe-
cexaeMulX ckBaxcHHOM. K 3THM TOKaM 106aBaflOTCA ecre-
CTBEHHbLIE TOKH. .

Ecav paaduue nepBelX TOKOB OrPaHHYeHO BO BpeMeHH
{OHH CBOJATCA K HYJIO TOC/Ae CXBaTbIBAHHA LEMEHTHOTO
pacTBopa), TO BTOPHIE TOKM C TEUEHHEM BDEMeHH H3MeHs-
10T TOJBKO CBOIO BEJHUYHHY BCJeACTBHE COINPOTHBAEHUSA
LIEMEHTHOTO paCTBOpa B NMEePHOA €ro cXBaTuBaHudg. (O Ha-
JIMYUN UX CBHAETEJNLCTBYIOT KpDHBHIe pacnpefeseHHs pas-
HOCTH MOTEHLHAJO0B BAOJAb IAJAMHE O6CAAHOA KOJOHHBI,
CHSITBHIe uepe3 HEeKOTOpOe BpeMd MOCKe LeMeHTHPOBAHUA
CKBOKHHBI, '

Takum 0o6pasoM, NnojA JAeACTBHEM MOCTOAHHOTO TOKAa B
3aTpyOGHOM MNPOCTPAHCTBE, 3AMOAHEHHOM LeMeHTHRM pac-
TBOPOM, OYAYT UNPOTEKATH 3J2KTPOXHMHUYECKHE TPOILecChl,
Kak nokasbiBaloT AaGopPaTOpHble HCCACNOBAaHHS, BIAUSHHE
3nekrpoxnmnuecxnx npoueccoB 3Ha4UTeJbHO M B Jabopa-
TOPHEIX YCJA0BUAX NMPOABJAET CE0S KAK BO3MOXHOE YC/A0BHE,
Croco6CTByolLee ra3onpofABneHuio. B ectecTBeHHBX yCJ/0-
BHAIX 3TH IMPOLECCH TaK)Ke MOTYT OBITh ONHOA H3 BO3MOXHEIX
NPHUYNH, CIOCOGCTBY IOUINX Ta30MPOABAEHHAM H MeXMNJacTo-
soiM nepetokaM, OnpeneieHHbI OTBET Ha 3TOT BONPOC MOTYT
JATbhb H3MepeHHsl pachpejiejeHHs DPa3HOCTH MNOTeHLHaJ/OB
BROJb AJMHH 06CaJHOHA KOJIOHHBEI B NEPHOJ CXBATbhIBAHUSA
IEMEHTHOr0 DPacTBODA B CKBAXHHAX M CPABHEHHE HX C
Ja60paTOPHBIMH  TaHHBIMH,
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JlaGopaTopHbie HccaeaoBanus npoeoAMaHCL* HA ycra-
HOBKke, CxeMa KOTOpOH mpuBeseHa Ha puC. 55. Llemenr-
HHA PacTBOp 3aaHBajCH B CTeKAAHHYIO TDYOY I, HHxuAn

- Y¢CTh KOTOPOH 3aKaHYMBA-

71aCb HMCKYCCTBEHHBIM Kep-
HOM 2, HMUTHDYIOLUM TIPH
] NIOABOJE rasa K HeMy nox
HEKOTOPLIM JAaBJierHeM ra-
30HOCHBI! naacT. O6cagHoit
| 1 KOJIOHEOH  aBasJach oc-
TaabHaA TPy6a 3, [1oCKOMb-
| Ky CKBaXHHa mpu skche-
pUMeETaX HMETHpOBaJsach
CTEK/ISAHHOW TPyGo#, Bny-
TPEHRAA CTEHKA ee MOKPHI-
§.H Banaco caoem raum b, Tem
Y H caMeiM caoét rauHb 3aMe-
Qs HAJ AaCT, KOTOPHIH B ecre-
CTBEHHEIX YCJIOBHSX mepe-
cexaercss 06CafHON KOJOH-
"HOH H o6aagaer HEKOTOPOH
] YAeJbHOR MpOBOAMMOCTLIO.
| a3 noasoamacs k KCKyC-
CTBEHHOMY KepHY uYepe3
ra3oMerp 4, a nasJjcHMe B
KepHe NOAME DX UBAIOCDH
. TOCTOSIHHBIM NMPH NOMOLIH
Puc, 55 TpyOKH- 5, Bo Bcex onbitax
TPEHAMANOCh Py = Py, a

BEICOTA 3aAHBKH LIEMEHTHLIM P2CTBOPOM 6L11a paBra 140 cs.

Brizio nposexeno Tpu CépHn onwitoB. OnBITH nepsoil
CEPHH NPOBOAUAHCL Ges BC3AeHCTBHg NOCTOSF HOTO 3JIeK-
TPUYECKOTr0 TOKA Ha LeMEeHTHHI} pectBop. B nanHo# cepuu
ONBITOB He HaGJIOXA/N0Ch MPONBHIKEHHS ra3a B KCJblUEBOM
3a3ope, 3aJHTOM HEMEHTHBIM P¢CTBOPOM. OnBITH BTOPOIl
Y TpeThell CepPHH IPOBOAHAHCL c Ha/l0XeHHeM 3JeKTpH-
YECKOr0O mnoJsg Ha LeMeHTHBIH pacTBop nocpeacTBoOM nox-
K/AIOUEHHs ONHOTO MOJIOCA HCTOYHHKA NCCTOSTHHOro TOKA
K TpyGKe, a JAPyroro—k. c/ioio T/IMEB, KOTOPHIM MOKPH-
BdJIaCb BHYTDEHHAA CTEHKA CTeKJSHHON TPY6h. Bo BTOpOI

—————

' Wccaenowanus nposoanancsy Y.l.MaManXanoBmuu H. X-
CanaxytTauuoBW M
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CepHH ONHTOB K TPy6Ge NOAKJAIOYANCH OTPHIATENbHEI
noawc, a B TpeThed—noaoxureapHbll. TlaoTHOCTBL TOKa

ma
COCTaBJAJd °3=0’10_503¢_" H pacueT NPOH3BOILHJICA M3
ydyeTa PaBHOTO MOTEHLMAaAd KOJOHHW B CBf3H C MaaOii
. -
Be/UUHHON mapaMerpa —., rie [ —nauna Tpy6H, d—nra-

Me1p TpYOHI. A

Kak u caemopaio oxuiaaTh, 3/7eKTpPHYECKOe MOJE NO-
CTOSIHHOTO TOKA B 3HAYMTEJEHOA CTENEHH BANWSET HA KH-
HeTHKY NPOJABKIKEHUA rasa, DKCIePEMEHTH MOKa3dJ/H, UTO
MOTYT CO3JaBaThCAd HEKOTOPbIE YCJOBHS AJA JIBYKEHHUA
rasa npu HaJOXeHHH 3HJIeKTPHUECKOTO NOJA N0 KOHTGKTY
XKeJe3Has TPyGa—ueMeHTHHH pacTBOf M N0 LEeMEeHTHOMY
KaMHIO (NpM Majibx 3Hauyer HAX NAOTHOCTER Toka).

9T0 He OsHAyaeT, KOHEYHO, UTO ra3 He MOXET NPOXO-
JIUTb YO KOHTAaKTy TO[Fé&sd NMOPOAa—LUEMEHT! B DacTBOp.
Ho BepoATHOCTL nNpOABFIKEHHA Tra3a NO 3TOMY KOHTAKTY
nox el CTBH¢M TOKA OrPaHMyeHa BBHAY TOTO, YTO MHTEH-
CHBHOCTb 23/ME€KT[ OXUMHYECKHX MPOLECCOB OKOJO 3TOro
3/IeKTPOAA 3HAYLTEALHO MEHLUIe B CB3M C MaJBMH MJCT-
HOCTAMHU TOKAa MO CP&BHEHHIO C nadTHOCTAME TOKa Yy KOH-
TaKTa MEeTaaJ-UeMeHTrbili pacTBOpP.

Ilpu nanOxeHHH GOJBIIHX NJAOTHOCTEH TOKa ras mpo-
XOAHJ MO NOBEPXHOCTAM KOJOHHEI, ABJAOLIENCA FaTOAOM
37O O0BACHAETCA TEM, YTO OCHOBHBIM MNPOLECCOM B AAH-
HOM cayuae Obl1 3JeKTPOJM3, razoob6pasHble MPOLYKTH
PasJoXeHuss KOTOPOro CnocoCCTBOBAJIK NPOJBHXKEeHHIO rasa.

Onnako HawGOABIIMH WHTE[eC MDeACTaBJseT XapakTep
NPCABHXKEHUS Td3a B KOJbLEBOM 3420[e, 338JUTOM Il MEHT-
HbHIM pPacTBOPOM B ¢Jayuae JefCTBUR MAaJNX NJOTHOCTEH
toka. Ecaun npu geicrBuM 6OJABMIUX NJAOTHOCTEH TOKAa
NOA3BAAPRIIUMH TNpoueccaMH ObM 3/1eKTPOJHTHUECKHE,
TO B JdHHOM cryuae GYAyT NpPOTEKaTb OJHOBPEMEHHO
JBe Ipynnbl IMpoLEecCOB—3JE€KTPOJINTHUECKHe H 3JeKTpO-
$uABTPALLOHHbIE. 3JTH N[ OLECCH, HaKJaJIblBafACh, AONOJ]-
HAASS M1 H3MeHdd APyl APYyra, B KOHEYHOM HTOre BJIAIOT
Ha XxapakTeD M{OJABM)XeHHs rasa. Tak, Npu HaJOWKeHHHU

ma
JIOTHOCTH TOKA& 0’1_0’5_0_2 raa npoXoAMJ KaK NO KOH-
AL .

T4KTY MeTaJJ-LleMEeHTHBIH pPacTBOpP, TaK M MO CXBAThLIBa-
omeMycss LeMeRTHOMY pacTBOpY.
Kak nokasaau onbiTE, ras, HauHHas NPOILBHKEHHE,
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-06pasyeT KaHa/lbl B Ce[elMHe Mexay anexrpogamu, Ilo
Mepe RajbHEHRIIET0 NMPOJABHXKEHHS KaHAJLI BCe GoJjee pac-
NoJaraloTcs OJaHKe K KOJCHHE, ABJAfoulel cs aHoJ oM, HO,
NOAXOAd K HEed KaK YrOAHO 6JH3KO, He BXOMAAT K KOHTAKT
C noBepXxHocThlo Metanna. [lccae npoxoxaenus IBYyX
TpeTeil NyTH ra3 HauMHaeT ABHTATHCH NO KOHTaKTy MeTaJJ-
LEeMEHTHBIH [acTBOp.

B psze caywaeB npu AeficTBUM MaJbiX TOKOB yuyacTku
NPOABHIKEHHS ra3a 10 KOHTAKTY  MEeTaJJa-UeMeHTHB(
PacTEOD BO3DpACTa/H M AOCTHrajH 60Jiee MOJOBHHLI BCEero
MyTH ras3a, 310 Hab/I0aJ0Ch B OMBITAX.TOJBKO B cayua-
X, KOT1a KONOHHA fABAA/1aCh anoaoM. Cuensenne omnpe-
IeN870Cb Ha CABMI uyepe3 12 4acoB moCJe 3aJiBKM Iie-
MeHTHOro pactBopa. Takoil BO3paCT cCXBarwBaiomerocs
LIEMEHTHOTO KaMHA Gpajcs AJS TOrO, YTOOE MOMHO GbLIO
NnCcJaHee Y4yecTb BJAWSIHME 3JeKTPHUYECKOTO MoJfi Ha OKOJO-
3NeKTPCARYIO 30HY, T{K KaK C T€YEHHEM BDEMEHU HHTeH-
CHBHO HabupaeMmas NPOYHOCTb LEMEHTHOTO KAMHS HACTOJIb-
KO BeJHKa MO CPaBHEHHIO C BJHAHHEM TOKA HA OKOJO-
SJEKTPOAHYI0 30HY, UTO TPYAHO H3MEDHTb OTHOCHTEJbHOE

H3MEHeHHe KosddHIHeHTa

Kamod CLEN/JIeHUsn LLEMEHTHOTO
KaMHsl C KOJIOHHOH.

[Ipu manoxeHwn orpn-

LETeJILHOTO NOJKCa K KO-

JIOHEe B CJayyae MaJabiX

_IIOTHOCTE# TOKA mnpOJABH-

JeHHe rasa B 3aTpyGHOM

Aop IPOCTDAHCTBE He Hab.aI0-

- 1aa0Ch., ATO OGBACHAETCH

TEM, UYTO cClenJeyHe pe-

o MEHTHOr'0 KaMHf C noBepx-

7 Gma/iw? HOCTBIO KOJIOHHH B 3TOM

c/a1yqae BO3pacrano. Mame-

Puc. 56 HEHHE CHJI CIEeNnaALHUA TBep-

Aeloulero uemMeHTHOro pac-

TBOpa C METa//IOM NMPU  Pa3/IMYHOM MOJAPHOCTH M PA3/IHY-

HbIX TJIOTHOCTAX TOKAa NPUBENEHO HA puC. 56.

M3MeHenue cuabl cuensenus npu NPOXOXACHHH MOCTO-
AHEOTO TCKA uyepe3 KOJOHHY OOBACHAETCA Pas3JIHYHON
HanNpaB/J€HHOCTBIO 3/1€KTPODUIBTPALHOHHOrO Te PeMereHus
KHIKOW a3bl ¥ CO3JaHMA Y aHOAA KHCJIOMN peakuHHu, a
y KxaroAa uwesouHol. Mlamenenue peakuun Cpennl B pe3koi

SEHY R

Omrocumensra g npOYHICTS Cyen-
£
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CTeNeHH CKa3blBal10Ch HA IPOTEKAHHH B HeRl MPOLECCOB.
SIpKO BBIPA)KeHHafd 30HANBHOCTh BFKYUIMX BellecTB MNpH
NPOXOXAEHHH Yepe3 HHX TOCTOAHHOIO 3JEeKTPHYECKOro
TOKa uccaenoeana B pabore H. M. Turkosa, A. C. Kop-
xkyena, H. C. Jlona.

C nesbio OnpelesneHHss TJAOTHOCTEH TOKA B YCJAOBHAX
TPea/bHOl CKBAaXHHb OblAM MPOBENEHLI IJTEKTPOMETpUYe-
CKMe H3MepeHHs B CKBAXXHHAX Cpa3y e TMO0cae 3aJHBKH
MX IE€MEHTHHIM pacTBopOM. Ias TOro utobul mcciae OKOH-
YyaHus UEMEeHTHPOBAHHA ObLI0O BO3MOXHO [pPOBeIeHHe
3/1€KTPOMETPHYECKHX H3MepeHHH B CKBaXXHHAX, GbLT MpPH-
MeHeH paspaboraHHblil B Jabopatopun GypeHuss CpeaAs-
HHWMlasa waposoit ob6patHEIll KJanaH.

B pesy/braTe 3/eKTPOMETPHUECKHRX H3MepeHHi OblIH
TOJIy4eHbl JaHHEIE O pacrnpelle/leHHH IMOTEHIHas0B M ero
rpaaHeHTa BAOJAb 0GCaXKeHHOW ckBaxHHb B mepuoa O3LI.
TpennosaraemMoe 3HaquTe/bHOE MOBLIUIEHHE NOTEHUHAAA
BIO/b OOGCAmHOMN " KOJIOHHR B Hadaiabublii nepuon O3L1
noaresepauiocb. CpaBHeHHe KDHBHIX pacnpejlesieHHs IO-
TeHUra13, 3aMEPeHHbIX [0 LleMEeHTHDOBAHHA U B NEPHOX
O31l, noka3iso, YTO BeJHYHHBE mocaegHero B 20—25 pas
6o blle BeJHUYMH nepsoro (puc. 57).

dnexTpoxuMHyeckuit 3dpdexr, HapylIaAIOUWHA KOHTAKT
06calHON KOJOHHBEI C LH@MEHTHLIM pP:iCTBOPOM, 33BHCHT OT
BE/JIMYHHBI MJIOTHOCTH TOKA, OTBETBJIEHHOTO C [OBEPXHOCTH
06cagHoM KOJOHHLI B OKPYKAIOILHiI ee L& MEeHTHBI i
PACTBOP.
- BeanyuHy OJ0THOCTH TOKa MOXHO ONpeleauTb, 3Haf
pacmpejesieHne CH/Abl TOKA;B 06CaAHON KOJACHHE:
=i A (V-4.1)

2nr,, dx

TAe G3—IJMOTiEOCTh TOKA;

/x—cCHJia TOKa BAOJb OOCAAHON KOJOHHBI;

dl
X —peJUYHHA OTBETBJ€EHHOTO TOKA HAa €AHHHLYy IJHHLI
X .

KOJIOHHBI; “
Yo;— PalMyC BHELHeH NOBEPXHOCTH 06CALHON KOMOHHEI.

Jas onpelefeHHsl CHALl TOKa BJAOJb KONOHWHBI NMPHUME-
HAeTCcA Merold ,MpodHias MOTeHUHANOB . ITOT METOA OCHO-
BaH Ha M3MepeHHH TOKAa B OGCAAHON KOJOHHE MO MaAeHHIo
uaMepeHHs MexJIy ABYMS TOYKAMH O6GCANHO! KOMOHHBI.
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B ocHoBe Merolaa JieXHT yDaBHEHHe:
Xa
Buty = j Lpydx, (V-4.2)
X3

rie A ua—najeHue HaNpsKeHus MeX Ay TOYKaMH o6can-
EOH TPYCH X; H X
P3— CONPOTHBJIEHHE TPYGHI;
I,—cuna Toka B TOYKe KOJAOHHHI,
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. Puc, 57

‘

[Ipexnonaraerca, uto cuaa Toka /, ke 3aBHCHT OT X
B MHTepBAJNe (X;—X;) M PaBHa CPelHeMYy 3HAYEHHIO CHJIL]
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TOKA, TOrAa moJyvaerca GopMysa Aad OonpejeseHHA TOKa
1. B 06CamHO# KOJIOHHE:
[ = A% (V-4.3)
pal

Ecau U3BeCTHO pacnpele/ieHHe CHABl TOKa B 006CanHOl
KOJIOHHE, TO JerKo onpejaeJirTb BeJHYHHY H Hanmpas/€HHE
naoTHoctd Toka no dopmyae (V—4.1). [MonoxurenpHoe
3H?YyeHHe MPOH3IBOAHOrO TOKA X yKa3biBaeT HA MeCTO pac-
MOJIOMEeHUs 30H, B KOTOPbIX NPOHCXOAMT BTEKaHHE TOKE
{xar Anad 30KHA), 4 OTPHIATE/JIbHOE 3HAYEHHE YKa3bIBAeT
Ha BhITEKaHHe TOKAa (AHOAHAA 30HA).

MMoay4uenHpIe 3HaUEHHA MJAOTHOCTEH TOKa B CKBAXMHAX
HMEIOT TaKoil e MOpsJoK, YTO H 3HAUEHHA MJOTHOCTEH,
NMPH KOTOPHIX B /- GOPATOPHBEIX YCJAOBHAX CT:HOBHAOCDH
BO3MOXHBIM TPOABHMXEHHE ra3a BAOJb YCTAHOBKH.

§ 5. BIUSTHUE OCMOTHYECKOI'O AABJIEHHSI HA
®UJAbTPALHIO XXHIAKOCTH

[Mpu GypeHHH CKBaXXHMH B BOLOHOCHBIX MOPOIAX, conep-
WauMx TJAMHHCTHIe hpaKLUK, ¥ B MAJIONPOHHIAEMBIX FOAO-
HOCHBIX I112CTaX MEXIY CKBAaXHHOH ¥ MAACTOM NPOMCXOAHT
onpeneieHHoe B3auMofedicteHe.. B /nekoTOpHIX cayyasx
BO3HMKAET OCMOTHuUECKOe NaBJeHKe, KOTOpPOEe MOXKeT Hei-
CTBOBATh KAK HA IJIACT, TaK H HA CKBaXVHY.

OCMOTHYECKUM IaBjeHNEM HA3LIBAETCA AaBjeHHe, HAO-
JqolaeMoe B pacTBopax M Bhi3bBaeroe yAgpamu Gecrno-
PALOYHO NBHrAIOWIMXCA YaCTHL, PACTBOPEHHOrd BEILECTBA.
s wm3aMepeHHa OCMOTHYECKOTO [aB/ieHHA Heo6X0dMMO
OTIEeJUThb PaCTBOP OT YHCTOTO PaCTBOPUTEJsI NPU MOMOLLH
MONYHENPOHHIAEMBIX MEPEropoioK, KOTOPHE MPONYyCKAOT
pacTBOpHTE/Nb, HO 3aNePMBAIOT YACTHI(bI PACTBOPEHHOTO
pelllecTBa. [10/yHENp ‘HHILAEMBIMH MOTYT ObiTb JKHBOTHHIE
NAeHKH ¥ NJEHKH, I0JyYeHHuWe HCKYCCTBEHHbIM MNyTeM
(nampumep, ueanodaH, nepraMeHt #u Ap.).

Hamu 6BlIM mpolesadbl 3KCINEPUMEHTH! MO OmnpeneJe-
HHUIO OCMOTHMYECKOro JaBJAEHHUA B PACTBOPAX C Pas3IMUHBIM
CONepPKAHWEM PaCTBOP HHOTO BellecTBa, HPHYEM NOtyHe-
NPOHHUILAEMOA 1ePErOPOAKOA CAYXKHAM 0Opa3ilbl LEMEHT-
HOTO KaMHf.

O6pasubl cocTosnH u3 85% UYHCTOrO LEMeHTa H 15%
MeJ/KOro KBapueBOro mnecka, CMeCb TIIaTe/bHO mepeme-
pBasiach M HaXOAMAach B mokoe cyTkH. [Tocae 3atoro na
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CTanke TBepAAA CMeCh HAPe3aach OTAEJbHHIMH KPYXKaMH
TOAIMHOA 10 MM, KOTOpHE M CAVKHIAM TNOJyHeNmPOHHMUA-
eMoit neperopoakoi. B ogHOM cayuae o6pa3sen UeMeHT-
HOrO KaMHf HaXOAHACA CYTKH NOJ HaBJAE€HHEM TJAHHHCTOrO
pacreora, B pesyanTaTe yero Ha HeM 06pas3oBajach TJH-
HHCTad KOpKa, 4TO MOIJIO YCHJAWTb 3¢¢eKT MoNyHEempOHH-
naemoctH. [locse npuroToB/AeHHR 06pA3l0B HARMHANHCH
3KCNePHMEHTHI. ,

OKcnepuMeHTH NPOBOAHIMCH CIeAyIOIWKM o6pa3oM. [1}]
WHPpOKHA cocyn A
(puc. 58) mnoMemasau ymuc-
THIA pacTBOPUTENb—BOAY,
a B TaK Ha3bBaeMylo OCMO-
THYeCKYl0 Auelky B naan-
72 3 4 5 BajnH BOAY C Pa3IHUHBIM
_ conepaHHeM  paCTBODEH-
HOTO BemecTna, JJHOM siuefi-
/s ‘| kn B cayxuiaa noayHe-
\% NPOHUUAEM3s MNeperopoj-
/ \ Ka, B HalleM cayuae Le-
v ‘ MEHTHLIH KaMeHb, KOTOPHIH
4 P MJIOTHO  CKAeHBAJICA €O
CTeHKaMH AYeHKH TaK, YyTO-
Puc. 58, Ilpubop n1s nsyvcmiss oc- 6p] HCKAOUAAOCH nocryn-
MOTHY€CKOro rneperokad .B' .IIPOLLCCCC JeHue pﬂCTBOPa H3 A4Ye KU

. 6ypeHHA CKBAWKIIH:
J=kanuannp; 2—cTekHNA cceyn; 3~ pe- B COCYyA. B BerHEﬁ HacTH
auHOBOE ynaoTHeHHe; 4 —meTarandeckas STYEFKQ npeacrasJjfajga co--
ofofiva; §—ueMeHTHRI KaMeHb 6ol ‘prGO‘iKy AHAMETPOM

6 M.

OcMoTnyeckaa slyefixa 5 3amosHsAjach pacCTBOPOM, ee
noMemasu B cocyAd A M caepuanm 3a ypoBHeM pacTBODA
B Ayeiike B.

B nmeppom onniTe, KOraa I10JYyHenpoOHHUaeMOi nepero-
POIKOH CJaYyKHJM o0O6pa3ell UEMEHTHOr0 KAMHA C HAMBTOM
Ha Hero IJHMHHCTOH KOPKOH, B HauaJe ONKTA Ha4aJbHas
pa3Hula B yPOBHAX pacTeopa B sAuefixe B M Boan B CO-
cyse A 6ptna 118 wa. UYepe3 HeKOTOpOe BPeMf ypOBeHb.
pacTeOpa B dueiike B yseaunyusaca Ha 7 mu. Cuepoba-
TeNbHO, OCMOTHYECKOe JaBJeHHEe B JAHHOM CJyuae CKJa-
ObBAeTCH H3 THAPQCTATHYECKOrO [AaBJEHHS, KOTOpOE Ol-
pexeaserca M3 BhCOTH 118 mm u npupaumenna cronba
JKHAKOCTH, TIOJNYYEHHOIO B N[OLIECCE OMKTa.

TaxuM 06pa3oM, OCMOTHYECKOE AaBJAEHNE onpene/AaeTcH.
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no obuweMy TrHAPOCTATHYECKOMY AAdBJEHHIO CTOJ6a pacT-
BOpa ¢ BLCOTOM 125 Mx ans MoMeHTa, KOrja mepexol
MOJIEKYJl PacTBODHTEJ]A B pPacTBOP mnpexpaTHacd. MoxHO
CKa3aTy, 4YTO NPOMCXOAMT CaMONMPOH3BOJILHHA nepexon
pacTBOpDHTE/I yepe3 HeMEeHTHH A KAMeHb, YaCTHLU Ll PacTBO-
peHHoro BellecTBa (B HameM cJayyae caxapa) He MOCyT
nepexoiuTh Yepe3d 3Ty neperopoAKy-—3TOMY MpensiTCT-
BYeT Ma/jasa NpoHuIaeMoCTb o6pa3ua. Takxum oGpa3aom, B
JaHHOM CJAydYae HMeIQTCA JBé MNPOTHBONOJOKHBE CHJBL
CHJIa OCMOTHYECKOrO JaBJeHHsA, cnoco6eTBylomas BCAaCH-
BAHHIO pacTBOPHTeNs BHYTpPb fAvYeHkH B, U ruapocraTtH-
yeckoe HaBJeHHe CTOA0A HIKOCTH NPH yBeJHYeHHH ofbe-
Ma pacTBopa’ B siuefiKe, NPeNnATCTBYIoUlee H B KOHEYHOM
uTOole Mpekpamamliee -BCACHIBAHHE PacTBOPHTEJA.

MexaHuaM BcaChHIBaHNSl MOJI€KYJ/ PaCTBODHTeJs B pact®
BOD uepe3 NoJyHelPOHALAEMYIO NeperopoaKy 3akJo4aercs
B TOM, YTO YaCTHLA PacTBODEHHOro BelLlecTBa, yIapAfcb
0 neperopojky, OTCKakHBaeT OT Hee, OTOpACHBAas OT
NneperopoAKH HEKOTOPOe KOJHUYFCTBO MOJEKY.l PacTBOPH-
tTeaf. Ha kaxkoe-TO MrHOBeHHWe y NMeperopofKH CO CTOPOHLI
pacTBopa €O3adeTcsl Da3pAmeHHOe NPOCTpalCTBO, KOTOpOe
Cpa3sy e 3anQJHAETCS CBEeXHMH MOJIEKYJAMH pacTBOPH-
TeAR, NPOLIEIIIHME Y€De3 MOJYHENPOHHLAeMYylO nepero-
poaKy B pactBOp. Yem Gosbwe Oyner moayqaTb nepero-
pOJKa TAKHX y1apOB B € IHHHIY BPEMEHH, T. €. YeM 60 blie
6yJeT OCMOTHYeCKoe JaBJeHHe, TeéM 00 blIe PaCTBOPHTEAS
nepeitier B pacTBOp H TeMm GoJbwe OyreT BeJHYHHA
H30WTOYHOTO THAPOCTATHYECKOrO HaBACHHUSA.

B npyrsx onuhTtax B KauecTBe IOJyHENPOHHLAEMON
neperopojiKH HCHOJb30BAMHCL 06PA3LLEl LEeMEHTHOTO KaMHA
663 TIMHHUCTOR KOPKH. .

Bh10 npoBeIeHO HeCKOAbKO SKCIEPUMEHTOB C PA3JIHy-
HHM COJAEpXAHHeM pacTBOPEHHOTO BelleCTBa, KOTODbLIM
CJAYXWJIH caxap u OObLIKHOBEHHAaA MOBAPEHHAA CO:b.
Pe3ysbTaTH 3xcnepyMeHTOB mpeAcTaBjeHH B Tabauue 41.

Kexk BuaHO H3 Tabanunl 41, OcMOTHYeCKOe J1aB/JeHHC
HabJaofaeTca A BCEX HCCJAeNYeMBIX pacTBOPOB, NMpHueM
ero sKCnepHMeHTaAbHhe 3HaueHHA K0/aeb6Ja10TCA B pasaiy-
HBIX npenesax, T. €. HA OCHOBAHHH 3THX OMNHBTCB MOXHO
JaTh JHLb KaYeCTBEHHYIO OLIEHKY BEeJHUYMHH OCMOTHYeC-
KO0 JaBJeHHd, Ha6110J2eMOro B pacTBOpPax, C Pa3/MUYHE M
coAepiaHuem [aCTBOPHMOro BelleCTRa.
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Tabauya 41

) Conepxanne Hauaasuan Koneunui
N PactBopen-| pacrpopeniroro | PA3HOCTL ypos-| Tlpupamenne’ | crons wumkoc-
onbita Hoe pewectea B | HEH B Auedke pasHocTn THEB fdeliKke
BeULeCTBO BOLe, % B u cocyae | ypoBHe#, s B mm

' A, ax ' P
1 | caxap 10 40 5 45
2 | caxap 10 10 23 33
3 ‘ caxap 5 0 20 20
4 | comb 10 15 . 11 26
5 CcoJb 10 0 12 12
6 €oJIb 5 0 40 40
7 | comp 5 5 - 27 32
8 | coJb 2,5 10 25 35

C uesbl0 OULEHKH NMOJYHYEeHHBIX pe3yAbTaToB GHJIH NPO-
Befieilbl JBa S9KCMepHMeHTa, npHYeM B OO6OHX Cayyasx
sueflky B 3anoansaan uucroft BoaoR (B cocyme A Takxke
6bLla  yuMcTas BOJAa), B KAuecTBe TOJyHENpOHV LaeMOH
MeperopoaKH TaKKe HCMOJL30BAa/NCA L@MEHTHHA KaMeHb.
Hayaanhsie passHceTm ypoBHe#l B suefixe B u cocyfie A
6uia1 50 Mam B nepBoM cayuae u O Bo BTOpOM. B mpogoa-
XeHue CyTOK Ha6/I08an0Ch He3HaUHTe/bHOS \ MeHbLIeHHe
YpOBHAI: 2—3 MM B NepsoOM cAayuae, BO BTQPOM CJayuae
YPOBEHb OCTAJICA MPEWHHM.

[pu GypeHxH CKBAaXUH [JIHHUCTHIR pacTBOp (hH/IbTPAT)
MOXeT ObiTb MHHEDaJM30BaH, T.e€. MOXKET CONefKaTb
COJaY M APYyTHe DAacTBOPHMBIE BEILECTBa; MJAaCTOBHIE BOAMI
TaKye GblBAKOT MHHEPaJH30BAHHHI MM, IPHYEM MUHEpaJH-
38llHA TJHHUCTOTO PacTBOPa M MAdCTOBBIX ~ XKHAKOCTEH
(Boabl) MoxeT ObiTh pa3danudoft. Hamu 6wa nposepen
3KCNEePUMEHT MO BLIAAIBJAEHUI0 OCMOTHYECKOrO JaBJIEHHS B
pacTBOpax C pasaMYHLIM COAEDxaHdeM coau. B cocyn A
HaJUBA/JH PacTBOP COJe O# BOABI C 2,5%-HHIM coxepiKa-
HMEM COJIM, 8 B OCMOTHYEEKYI0 sIYefiKy 3aA JH PacTBOD
poasl ¢ 10% coau, HauanbHan pa3HocTb ypoBHefll B siyeft-
Ke ¥ cocyae 6maa paBHa 5 ma. B nponecce onwmrta pas-
HOCTb ypOBHEeH yBeJHuuJaach Ha 10 4, ¥ 061las pasHOCTb
cocraBuia 15 mm. MOXHO CKasaTrb, YTO OCMOTHYECKOE
JaBj/IeHHe MPOABJAETCA M B TOM C/Jydyae, KOTAa o6e XHI-
KOCTH MHHEPa/Nu30BaHbI, NPHYeM HAG/I0NaeTCH Mepexon
pacTBOPHTE/NS M3 DPACTBOPAa C MeHblle# MHHepaJH3alHel
B pa:TBOp € 6oJblueft MHHepaaH3alHel.

CaenoBatenbHo, OCMOTHYECKOE HaBJeHHe HMe T MECTO
M B CKBaXHHE W Ha6JAI0JaeTCA npu OypeHHH MajOlPOHM-
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HaeMux NaacToB. OHO MOXET BHI3BATb KAK NPHTOK MKHA-
KOCTH B CKBA)XHHY, TAK ¥ NOTJOLIeHKe TIJIHHHCTOrO pac-
TBOpA.

K passMyHeM picTBOpaM NPHMEHReTCS YypaBHeHue

Mengeneepa: _
nl == Co R4 T, (V—D. 1)

rae C,—KOHUeHTpaUUsA PaCTEOpa, MOAb A;

T —atconornas TeMNepaTypa;

R,—ra3oBas MOCTOSHHAA.

[To panHoOf (popiy/ae MOXKHO PACCUHTATL OCMOTHUECKOE
JaBJieHHe Npyu H3BeCTHHIX KOHLEHTfAalMAX pacTBopa H ero
TeMIepaType; npv 3aflaHHOM BeJIMYHHE OCMOTHYECKOrO RaB-
jieEHsl W 3aJaHHOA TeMmepaTyp: MOXHO ONMpeAeJHTh KOH-
IIEHTPalHIO PacTBOpa.

Takum .o6pa3oM, B ciydae 6ypeHuss npu HecGaJaHCH-
POBaHHHX IaBAEHHUSIX OCMOTHYECKOE JaBJjeHHe, BO3HHKAI0-
llee B CKBAXMHe, MOXET NPenfiTCTBOBaTb MOCTYM/IEHHUIO
1/1aCTOBOH XXHAKOCTH B CKBa)KMHY HECMOTPS Ha NpeBbiuie-
HHe nJaCTOBOrO IABJEHHA XHUAKOCTH HAL ruApOCTaTHye-
CKUM JaBJeHHEeM NPOMBIBOYHOR KuikoCTH. Hanpumep, npu
1/1aCTOBOM NaBJeHHH Ha ray6une 1000 s wu 200% amm MOXK-
HO MCHoJb30BaTh pactBop 1,9 2/cu®, pasHocTb ruapocTa-
THYeCKOTO IaBJEHHA CTOJ6A NPOMBIBOYHOH KHIAKOCTH H
111acTOBOrO faBneHHs cocraBut 10 amm. PacuetHas KOH-
IeHTPaUuus NMCBAPDEHHON COJIM B pPacTBoOpe IJIACTOBOMH XKHUA-
KOCTH IIDH YC/JIOBHH OTCYTCTBHMA COJIM B PacTBOpe /0.XKHA
OBITh:
ms C, - L. R, -8313X10°, T=323°,

TR
torpa C, ;831’31—03_32_3 =0,38, otkyma Cy=1,5%.

CnenoBaTe/bHO, €CAM KOHUEHTPAUMA COAM B MALCTO-
BOH XHUAKOCTH 1,5%, TO NPH OTCYTCTBMM €€ B NMPCMBIBOU-
HO# MHAKOCTH MOXHO HPOGYPHTh BOJOHOCHHI MAaCT C
NpeBbllliIeHHeM NJACTOBOTO JiaBJAeHUS1 BOALI HanI rpapocra-
THyeckuM Ha 10 kz/cm?, npuuecM OCMOTHYECKOE JaB/ieHHE
6yneT MpENATCTBOBATh MOCTYMJEHUIO NJAACTCBOM XHIAKOCTH
B CKBa)XUHY.

JINf CIeHKM NpHBeJeHHLIX Bbilleé pPe3yJAbTAaTOB ObIAH
NpOaH a/IM3UPOBaHbLl HEKOTOPble BOLONPOABJEHUSA, KOTOpHIe
HaGMIONAAMMCh NMPH GyPeHMH CKBaXHH, B HYacTHOCTH MpoO-
aHaNM3HDYyEM HEKOTOpble CJyyal BOLONPORABJEHWH Ha MJa0-
wansx o. byaaa, Canrauanasi-Mope u [lyBanun-MoDe.
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[Tpu Gypetunn cksaxu: bt Ne7 no CaHrauansl-Mope ¢
ray6unnl 2024 4 go ray6unet 2072 m rabaonajcs Hes-
HAUYUTS. bHBIH NPHTOK BOABI B CKBAXHHY, 4YTO BHI3BAJO
HiMEHeHHe NapaMeTpoB TJIMHHCTOrO pacTBOpa. ¥ deqbPrIi
Bec yMeHbluaca ¢ 1,322'cm® go 1,18, poacorhaua xe
noseicuaace ¢ 20 mo 36 cm®., 3areM BOACHpPCABJEHUS
npexpaTHAHCb., DTH B AONPOABJEHHS HE BBI3BAJIU OCJOXK-
HeHHH B CTBO.1€, €CAM He CYHTaTh H3MEHEHLA napaMer-
pOB IIMHUCTOrO PAacTBOPA, KOTOPblE BMNOC/AENCTBHE JIOBE.IH
J0 EYXHBIX HOPM.

B ckBaxune Ne8 3T0H xe nuowanu Ha ray6une 3050 u
Ha6.11013.10Ch BOJOMPOSABAEHI e, BH3BABILEe YMeHbIIEelHe
yAenLHOro Beca IAMHHCTOrO pacteopa ¢ 1,70 mo 1,50—
1,64 2.cxu?, BaskocTb yMensiuaach co 110 g0 60 cex. 1o
CIIB-5, a BogooTZaua yBeauurgace ¢ 8 go 20 cu3, nupn-
yeM GypeHH?" 110CA€ NPHTOKA BCABl B CKBAXHHY NPOAOJ-
&AM TeM e TJAHHUCTHIM PacTBOPCM. B aToh e ckBami-
He Ha ray6uHe 1645 # B pesyabraTe MPHTOKA MCMIKOCTH
B CKBa)(MHE BOAOOTAAYa NOBBICHJACL ¢ 24 no 35 cu’.

B ckBamune Ne 15 naowazn Caxravajnsi-Mope mpH
Gypennu unrepsana 1360—1380 u nabaiomancs npHTOK
Boabl 6—7 4% YjaenuHslli Bec pactBopa ynaa c 1,46 1o
1,35 2'cat?, BAzkocTtb—C 35 10 25 cex. YTsmeaNAH pacT-
sop 1o 1,46 2 c.u®. I1puToK mpekparnacs.

B ckpaxvue Ne 22 naomann o. Byaaa npun 6ypennu
uitepBasa 1928—1937 a ynesbHuift Bec ¢ 1,90 ynan g0
1,84 2/c#®,“BsskccTb ¢ Hetehyuelt mo 100 cek.

B stoif Ke CKpaxcuHe NpPH NPOMBIBKE HA TJAyGHHE
2490 m B Oxujaauuy 6aputa yAeabubH BEC TJMHHCTOTO
pacteopa ynaa c¢ 1,88 po 1,70 2/cu?, B3KOCTb—C HETEKY -
yeft 10 130 cek; BOZOOTIAaua IVIKHHCTOTO [AaCcTBOpa yBe-
suyunace ¢ 12 po 18 cx® B reveune 24 wac. npu nocryn-
JIEHMH B CKBaXHHy BoAbl B Koanuecrse 0,5 . uyac, Bro-
C/i@JCTBHH PacTBOP YyTSXEAUH.

[MopoGHeIX TpHvepoB 3 O6ypOBOR  TNPAKTHKH MOWHO
IIPUBECTH HEM2JO..

Ha ocnoBanun npHEemelHBIX MCCieA0BAHHH MOMHO
cienaTth AEa MPEANOJOXEHHS CTHOCHTEsZLHO MeXaHuiMa
NoCTYNJIEHUS BOABl B CKBAXKHHBI B 37HX ClyuyasnXx.

Bo-n€ pBBIX, MOKHO MNPEANOJ0KHTL, YTO 3TH BOAONPO-
fiBJeHHs NPOUCXOIHIH MPH HPEBBIIIEIIHY 111aCTOBOrO JAaB-
J€HUsA BOJBI HAZL I'MAPOCTATHUECKHM JaBJjel HeM TIHHHCTOro
pacTBopa, MpuYeM OHH lie BLI3Bas ocaoxkuenui. Crepyer
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OTMeTHTb, Y10 3TH BOACHPOABJEHUA MOIVH TNPOF30HTH B
I1aCTax C COJMEPKAHHEM TAHHHUCTHIX (ppaxipil, ITUM MOXK-
HO OOBACHHTbL NpeKpalieHHe BOLONDOSIBJEHHH B HEKOTO-
pbIX cayuasx (B MPHBEIEHHLIX HAMH MPUMEPAX), HECMOTPA
Ha yMeHblleHHe YIP/IbHLIX BECOB TVIMHHCTOTO PacTBOpA.

Bo-BTODBIX, MO:KHO MPeANOJOXHTL, YTO BOJOMPOABAE-
HHAl TIPOHCXOAHJH TPH NOBLIWEHHH [HIPOCTATHHYECKOTO
HABAeHMs TJHHHCTOrO PacTBOPa HAX NMJAACTOBBIM AaBJEHHEM
KUAKOCTH; NOCTyMJeHHe »KHAKOCTH B CKBaXXHHY B 3TOM
c/yyae MOXHO OOBACHUTL Pa3HOH MuHepaau3anHed nJac-
TOBOH BOIbl H TJHHHCTOTO DactBopa, 4TO 00YCJAOPHJO
nodasJenlie OCMOTHUYCCKOro JpaaBJ/ehus, HanpaBJeHROTO U3
/1acTa B CKBaXHIly, U BLI3BAJIO NMHTOK BOABl H3 MJacta
B CKBaXHHY.

O6o6u1as BHIILEN3NOKeHHBIH MaTepHaa, MOXKUIO CKa-
3aTh, uTO OypeHue B M1aCTaX € 4HOMAaJbHO-BbICOKMMH
JaBJeHHSIMH, COJep/KalluX CJHHHCTBle (paklMH, MOXHO
OCYLUeCTBJATL C HEKOTOPLIM MpeBhlIeHHeM I1.1aCTOBOTO
JABJAEHUA HAJX THAPOCTATHYCCKHUM XA3BJAEHHEM TJHHHCTOTO
pacTBOpa M BHI3BATL OCJAOKHEHHS.

B HeroTOpHIX CaydasxX MOKHO OCYILECTBJATH GypeHHe
npH Hec6anaHCHPOBAHHLIX A4BJAEHHAX 3a CueT CCMOTHYe-
CK(CTO IaBJIeHHSA, KOTOpPoe OYyAeT NpenaTCTBOBATb MOCTYI-
JEH: 10 XHAKCCTH M3 IJiacTa B CKBAXHHY.

Hu:ie npuBoauTCa peuieHve 3aaady Mo onpejesenHio
Ko3¢ddHuHe:TOB OCMOTHYECKOro neperoca®, OcMOTHYeCKHH
e pelioc ONpene/AcTCA CJAeAYIOLIHM 3aKOHOM:

_ oc, ’ 7o
g=—D o (V-5.2)
I'le ¢—NOTOK BellecTBa 4Wepe3 eAuMHHLY IJOUIAAN;

Co—KOHLeHTpAalHs;

D—K03(pdHUHEHT OCMOTHUECKOTO IepPeHoca.

C yuerom (V-5.2) noayuaercsi, 4T0 mpoLECC OCMOTH-
MEeCKOr0 MacconepeHOCa ONHCHIBAETCA YpaBHEHMEM Temao-
IpNBOAHOCTH:

dea __ +y 0%
ot ik

Pewenne ypaBHenus (V-5.3) npu ycnoBusx:

x=0,co=co; X=1, ¢,=0;, t=0, ¢,=0

(V-5.3)

EY

Pa6ora BbINONHEHA TO MNpeLIOKeNl0 OJHOTO H3 aBTOPUB
M. M. AmetoBnM, P. U, Kyanesun, ®, E, Araenm.

195



HMeeT BUI!

— / V (2 x)
C(,(x) ; L‘m [ ] — e J (V 5 4)
(1—1’ V_l)

rae s—napamerp npeoOp:3osanua Jlanaaca.

B kruecTBe JONOMHHTEJALHO 2aA4llHOTO YCJOBHA MPH
x -0 Henoai3oBanack =aBucHmocTh ((f)—obwema mepe-
TeKUIeH :KWAKOCTH:

t
C({)y=—0D US'_‘)L;()‘:_‘)-dt, (V-5.5)
B M306Da:KeHHH T10.1y4aeTcs:
_ Cm ,"m : ﬁ
- 2! ‘ (1 Lel _). (V-5.6)

Bui6npas nmapaverp s 13 ycioBus / L 75)_ > 1, noay-

yacMm;
sTW = ¢, Vsl (V-5.7)
[Tonyuennoe coori:citenne (V-57) sBaserca OCHOB-
LBM. B koopammatax Qs? — ]S LoayHaetcs nprMos sH-

HHS, a [0 YCJAOBHOMY KO3DQUIHCHTY onp:aeasercsa ).
Oépaéarbmar,u(:b pesyJ/bTaTiLl OnRITOB, ULPOBEIEUHLIX HA
VCTaHOBKe, CXeMa K010poi onucana B padere [1].

C onHoO#t CTOPOHBLI Kej HGBOTO 06p33ua HAXO0AMIACD
npecHas BOAa, C APYyro#i—B0O/Ja C 7Y% -HLIM COJAepikaHHeM
NaCl uau nazctoBas BOOY MecCTOLOxAeHHs DByjaa-Mope
conenccrei0 3,8% 1no DBene. [la-ee periacT{UpOBAIHCh
H3VEHEHHRT YPOBHSA KHIKCCTH B sUefike ¢ MUHE[aaE30)-
BaHHOH BOZOIT B 32BHCHMOCTH OT Bpeell,

Besnnunna xosduuuenta D onpenens;ach no MeTOAy
Bapen6naita I'. M. n ap. [9].

Pe3syabTaThl pacueToB npHBefeHn B Tabauue 42.

Tabruuya 42
" Bola ¢ 7% -HbiM Boaa ¢ 7%-Hnn n
ccaelye- cofepAaHHeM codepranies Maacrosan so1a+| [dacToman
Mast NaCltpoxa c 5% NaCl+po1a Bol1a c 5% VI[P | B0aa~ 10
crcTeva Neax ¢ 3% yulp yiup
107
oM. cex 6,0 4,0 .03 0.8
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[Tonyyennme aHauenns ko3tdHIIHEe Ta OCMOTHUEKCOTD
nepeioca cjaelyer C[aB HTb ¢ Ko3bdHunentoMm Audd 3un
K1 AkoCTH B kHAKocTH (~107° cu? cex) KoapprineH-
TOM Mbe30NPCBOLHOCTH (B HAHHBIX (NbITaX ~10 cu* cok).
Pa3nndane B nmopsikax 3HauY€HHi BeAHYHH 5THX KoI(D(u-
IIHEHTOB YKa3wlB: €T 1ra TO, YTO B HCCJAeAYtMEIX iIpolecs
Cax MepeHoca He YHACTEYOT Mpoueccu IAnddysun u
uabTpaL HH.

§ 6. OLUEHKA TEMNEPATYPHbIX HAMNPAXEHHA B
TIMHACTON KOPKE B PE3YIIbTATE 3K30TEPMHH
HEMEHTA

DKCNepUMeHTAJLHBIMA AaHHbIMH [12] ycTaHOBJAEHO, UTO
rJAMHACTIA KCPka, chOpMUPUBABINAsCSl HA CreHKAX CkBa-
KUHBI, TPH KOHTAaKTe C LEMEeHTHbIM KaMieM OGE3BOKHBA-
eTcsl M MOKPHBAeTCs CeTblO TPeull:H. JTH TPeLUUHbl SBJA-
I0TCA NPOBOLHMKAMH raza M Jpyr+x ¢JioHl10B mJacra,
YTO B KCHEYHOM HTOTe MOXKET IIPHBECTH K HeiKe/aTe b-
HBM TO(JIeICTBHAM B 3kcnayaran:d. Kak 6bv10 oTmMeueHo
P. U. I'porsoscrofi, E. A. Sluwruxosolt [56], mpouecc
TBepleHUs TAMIIOHAMHOrO LEeMEHTAa CONPOBOWI&e1CA Bbl-
JesJeHHEeM 3HAYMTeNBLHOTO hQJHYECTBA TelJa. ITHUM  Ten-
JCM karpeBaeTcs 3KCIJAYyaTallMOHHAS KOJOHHA H IAMHHCTAA
KOPKa, (CTAaBLARCA HA CTEHKAX CKBaXHrH. B pesysbrare
3T.TO B [/IKHECTOH KODKE MPOUCXOAHUT MPOLUECC TEM/N0- H
BJAroOOMEHd C OKDYKAIOWHMH €€ NOfOJAMH.

Bsuny nepaBroMepHOTO pacnpepe/esus TeMOeparyphl
1 BJ1ar(COJEPXHAaHHA BO3HHKACT OGBEMHC-HANIPAKEHHOE CoC-
TOsIHMe TJMHUCTOR KCPLM, KOTODPOE€, JAOCTHras npefiena
BHILLE JOMYCTHMOI'O, MOMK(T MPHBECTH K NOSIBJASHHIO B Hell
T; ewHd. TakuMm 06pascM, mpOCAOHK : JMHBI MOTYT mpen-
CTaBJAfTh ONACHOCTb KAK HCTOYHHK Ta30NPOABAEHHS NPH
IpoBOAKe CiBamuH [45].

Huxe paccmaTpuB erca coAHOMepnas 2ajada no oluek-
Ke TeMNepaTypHBIX HANpsMeHHA, BO3HHKAOILIX B TJ/iHHU-
CTO} KOpDKe B [e3y.ibTaTe 3K30TePMHYECKOR DeakLHH I'Hi-
paraumu,

WMssectro, uto [33,35,36,37] cuctrema auddepenunans-
HbIX Y[ 2BHEHHH TenJo- H MacCooOMeHa NPHMEHKTE/BHO K
NpoUEeCcCY KOHTAKTHOH Cylikd B O€3pa3mc pHUX IlefeMeH-
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HHX 3alHCHLIBIETCA CIeLyOUWHM 06pa3oM:

2
()_T_ — d_T_e';(O()._\P_l (V-61)
daF, 0x3 oF,
J 2 AT
0% _[u® _jupn®l, (V-6.2)
0F, Ox? 0x?
rge 7= t'—t‘;‘ —G6e3pa3Me[ HaR TeMmepaTypa TJIHHECTOM
K*™*t01
KOPKH;
Loy — H:uaJbHAA TeMneparypa raunucrof
KOPKH:
t—reMneraiypa B JI060f TCYKe TIJIHHHCTOA
KODKH;

X o
X = D—-—Gesi‘asmepnaﬂ TOJMLMHA TJAKI HCTOH KOPKH;
3

X—paccTofHHe, OTCYLTHBaeMoe To 10/1HAe
. MHUCTCH KOPKH, HaYMHas OT KOHTAaKTa C
~ LeMEHTHBIM FaMHeM;
L'g—TonupHa rAvHeCTON KO[ KH;
e;—KpHTepuil (pazosoro nepexona;
Y = B""—_—-—6e3pa3Mfpum’{ MOTEHIHAN TNepOHOCa Be-
Bos—Pp
1l CTBA;
P—ncrennnan nepeHoca Beuiectsa B 41060
TOYKEe TJAHHHCTOH KOPKH;
Bos—HauanbHLIA nOTEHUMAN nepeH ca Beile
CTBa;

B,—paBHGBeCHuH MOTEHUHA/ mnepeHoca Bell2-
CTBQ,;

a
Lu = —=—xpurepuit JInkona:

a

q

an—k03pduu-e T nuddysuH Braru B varej ua-
A (NGTeHIHaAonpC BOAHOCTE);

a,—Kk030drui et Tepmonuddyauu (Temnepa-
TYPCHECBCAHC CTL);

Fo = ‘%‘g——xpmepuﬁ dypoe,

T—BpeMs;
ro€m(Boz — o)
Cqlty=Ly1)
Ig—YATJLHAA TENAOTA HCrAPEHHH;
Cq—Yle.:bHag TENA0eKOCThL MaTepHaJja:

Ko= —xpHTepuit Koccosuya;
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B, (k= x=to1)
fm(ﬁoz—ﬂp) v
d.—ko3dduun HT TE€PMOBJIATONPGBOLHOCTH
(repmorpanvenTHuih k03¢ duuHer T).
HayasbHble yCAOBL S 3aMHCBHIBAIOTCA CJCHYIOWKUM 06pPa~
30M:

—xpitepuir TlccHoBa;

T(x,0) =0; Y (x,0) =0. (V-6.3)
['pa1 vuHpIE YC/AOBKS ONPenFSIOT:
1. Bananc ten/sa Ea KCHTaKTe TAEHICTOH KOPKH C OK-
PY3KalOIUHMH €€ TMOPOJAaMH:

2 7(1, Fo) — Big [t — T(1,F0)] — (1 — ) KoLuBin X
X[1—=4(1,F0)] = 0. (V-6.4)

2. Basa:c Maccel ra FOHTaKTe TJIHHHUCTOH KOPKd C
OKPpY XalOMI kMU ee noponavu:

——4» ,o)—|-Pn—T(1 Fo)+

+Btm[1—v.4(1,fo)|= : (V-6.5)
8. Basarc Ha KOKTaKTe rMHHCTOH KOPKH C I1€MEHTHHM
KaMHeM:

9 4 — 9 ~ j = -
o 4(0, Fo)y— Pn " T(0, Fo) + Kig(Fo)= 0. (V-6.6)

4. TlnoTroCTe TCN/I0BOTO NMOTOKA EA KOHTAKTE [JIXHH-
CTOH KOPKH C LI MEHTOM:

% T(0, Fo) + Kig(Fo)— (1 —¢) X
XKoLuKig(Fo) =0, (V-6.7)
rae Bi0=a;l—D—MaCC006M€'HHHﬁ kpute puii Bro;

m
an—KC3pPHUMEHT MECCONeLerocs;
fm—KC3DPUIHEHT BJAAaroeMKCCTH;

, aqD .
Bi, =3~ —t:naoo6merHBIil kpuTEPHHT DBHo;
LR

q
2, —KO3(DPHIUHEET T NJIOIE PE AUM;
hqg—F 03¢ LHEHT T NAONPOBOAHOCTH;
byt
£t = -ﬁ-—éespasmepﬂaa CpaBHLTe/bHas TesIera-
K*™=t01
TYPa;
fy—TEMMEepaTypa ra KOKTAKTE IVIMHECTOM KOp-
KH C LIeNeHTHHIM kaMHEM;
ls—T(MNepeTypa OLPYXAOIWHX FJIHHHCTYIO
KOPKY TNOpOX;
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