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OOQO “Hegrerasreopusmuka”

NMPUMEPDbI UCIIO0J/Ib3OBAHHUA
KAMUWINAPHO-PELLETOYHOWU MOJEJ/IU TOPHbLIX MOPOJ
C ABYX®A3HbIM HACbBILLEHUEM AN PACYETA
UX NMETPOPU3UYECKUX XAPAKTEPUCTUK

MpencTaeneHsl pesynsTathl MOAENMPOBaHUSA NPOLIECCOB 3MIEKTPONPOBOAHOCTMI W
unsTpaLmMM B NOPUCTLIX FOPHBIX MOPOAaXx ¢ AByXdasHbIM HackllieHneM. B kadecTse
MOZeny nopozpl MCronb3oBarnack TPEXMepHas Kybrieckas pelueTka us Kanunnspos.
Pa3mepbl 1 KONUYECTBO KaNUIMSPOB B TaKOW MOLENV NoaGMpaloTCcsi B COOTBETCTBUM
C 3a/aHHbIM pacrpeaeneH1eM nop no paamepam. MonyyeHHble pesynsTaThl N03Bo-
NSAT YyCTaHOBUTL 0BLLEe 3aKOHOMEPHOCTY BMUSIHWASL CTPYKTYPbI MOP Ha MPOLEecchl
nepeHoca npw AByXdasHoN HAChILLEHHOCTH, MPOaHaNM3MPOBaTh 3aBUCUMOCTb 3MeK-
TPOMPOBOAHOCTU U (OUNBTPALIMM OT 0COGEHHOCTEN HaChILEeHUs Nopob! dritonaaMm
U UNMIOCTPUPYIOT BO3MOXHOCTU KanummnsipHO-PELLETOYHON MOLAENU Afs OnMcaHus
CBOWCTB MOPUCTLIX CPEA C ABYX(A3HbIM HAChILLEHNEM.

KnroueBoie cnoBa: modenupoBarue, anekmponpoBodHocms, 20pHas nopoda, ghuse-
mpayus, napamemp HACbIeHHocmu, ha3oBas NPOHULAEMOCMb, OCMAMOYHASA HACbIULEH-
HOCMe.
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BeepeHue

JlaHHast cTaThs SIBISETCS JIOTHYECKUM IPOIOIDKEHHEM paboTsl [2], B
KOTOPO# C ITOMOIIBI0 MOJIETUPOBAHUS H3yUaJIUCh IPOIIECCHI AIEKTPOTIPO-
BOJIHOCTH ¥ (PUJIBTPAIIMH B TOPHBIX IIOPOJaX ¢ OMHO(MA3HBIM HAaCHIIIEHHEM.
Opnaxo ropaszo 6osiee NIMPOKUN KPyT 33124 CBS3aH C H3yUYeHHEM CBOWCTB
IIOPO/I, KOTIa B ITOpaxX OJHOBPEMEHHO HAaXOATCSI Pa3HBIC ITO CBOUM (PHU3H-
KO-XMMHYECKUM CBo¥icTBaM (urouab! (Boxa, HeTh, ras). Y YuThIBas 310,
MIPEICTABIIICTCS 11eJeco00pa3sHbIM 0000IINTE MPEUIOKEHHBIE B paboTte
[2] moxxomp! K M3yHEHHIO IPOLIECCOB ITepEeH0Cca Ha CIIydJail TOPHBIX TOPOJT
¢ ByX(a3HBIM HACHIIEHUEM.

IIprMeHUTETbHO K IPOIECCy SJIEKTPOIPOBOJHOCTU 3Ta 3ajada yxXe
paccMmarpuBaiack B padore [3], B KOTOpOil Ha OCHOBE MYJILTHUPEIIETOU-
HOM KalMJUIAPHOM Mozesnu OBUIN IOJIy4eHBI COOTHOIICHHUS U pacdyeTa
MIPOBOAMMOCTHU IOPUCTHIX Cpell ¢ AByX(a3HEIM HaCHIIIIeHHEM. B kauecTe
HCXOMHOH MHGPOPMAIIUU IIPU 3TOM HMCIOIB30BAJIOCH PACIpeleIeHUe IIOP
o pasMepam. 3ajada Oblla paccCMOTpeHa B caMOM OOIIEeM cCirydae Ul
IIPOM3BOJILHOIO BHJIa TaKOro pacupeneneHus. [Ipu sTom st onucaHus
cpel ¢ MIMPOKHUM CIEKTPOM Pa3sMepOB IMOP HEOOXOAUMO OBLIO UCIOJIB30-
BaTh MOJEIIb, COCTOSIIYIO M3 HECKOIBKHX Pa3HOMACIITAOHBIX PEmIeTOK
KaIlMJLUIIPOB.

Paccmotpenne Takoil 3amaun B oOmeM ciydae ACIAaeT IIOJXOI K €€
pemreHuio Oojiee YHUBEPCAJIBLHBIM, HO C APYTOf CTOPOHBI yCIOXHSIET
BBIYUCIICHHS U 3aTPYIHSET aHAJIN3 ITOIy4aeMbIX pe3ylbTaToB. B cBs3m
C 9TUM B paMKax HacTOsIIe# paboThl IPEICTaBIAETCS 1eIeCO00pa3HBIM
OTPaHHYUTH PACCMOTPEHHE, KaK 3TO OBLIO ciefaHo B pabore [2], Haubonee
IIPOCTBIM BapHaHTOM, KOT/Ia pacIpeeIeHHe TIOp 110 pa3MepaM SIBIISIETCS
JOCTATOYHO Y3KHUM H IPOCTHIM IO (POPMeE, YTO IO3BOJISIET BOCIIOIB30BATHCS
OJTHOPEIIETOYHON KaMJUIAPHOH MOAENBI0. DTO CYIIECTBEHHO yIPOIIaeT
BBISIBJICHHE OCHOBHBIX 3aKOHOMEPHOCTEH H CBA3EH MeXIy IapamMeTpaMu
U HaIJISTHEE WIUTIOCTPHPYET BO3MOKHOCTH MOJIEIIH JUTS PEIIeHUs 10100~
HEIX 3a7ad.

B nanHoM ciydae guddepeHnnanbroe pacupenenenue dk /dd Gbiio
BRIOpaHO B BUIE moydiutumca (puc. 1) amsd Tpex pasHBIX 3HAadeHHUH
kod¢bdunuenTa odbuei nopucroctu k. : 0,1; 0,2 u 0,4. JIna ynpomenus
aHaJlM3a IOJIy4aeMbIX Pe3y/IbTaTOB MaKCHMabHBIA pa3Mep mop O . . BO
BCEX TpeX CIydasx BBIOpaH OJUHAKOBBIM, PaBHEIM 20 mKMm.
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Puvc. 1. Pacnpepenenus anddepeHumansHoii nopuctoctu dk /dd no pasmepam

nop & Ans OfHOPELLUETOYHON MOAENU MpU PasHbIX 3HaYeHUsIX KoadduumeHTa
nopuctoct k. 1-0,1; 2-0,2; 3- 0,4

Benuuuna dk /dd mo cBoeMy QU3HYECKOMY CMBICIY IIPENCTABISIET
co00# 1010 MOPUCTOCTH, HIPUXOIALIYIOCS Ha €IUHWYHBIM MHTEPBAI
pasMepoB KanumisipoB. C ApyTro CTOPOHBI, pacipeIe/ieHue MOPUCTOCTH
MOXET OBITh 33J1aHO TaKXe B BUJe Habopa u3 n map 3HaueHuit Ak, u J,
rae Ak, — nons xo3dduiuenTa mopruCcTOCTH, COOTBETCTBYOMIAs IOPaM ¢
pasmepamu B uHTepBaje ot O, — Ad/2 1o J, + AJ,/2, tae AJ, = (3,,, — J),

i=1,2, ... n. Benuuunsl Ak cBa3aHbl ¢ U depeHIHaIbHBIM pacipe-
JIeJIEHHEM IIOPUCTOCTH, IPUBEIACHHBIM Ha PHUC. 1, COOTHOIIIEHUEM
dk
A, =—= A,
dd
8=8,

C y4erom aTo#i cBs13M 002 BU1a pacpe/ieieHus HOpUCToCTH dk, /dd nnn
Ak_ PaBHOIEHHBI C TOYKH 3PCHHS MX HMCHOJB30BAHUs Ul JalbHEHIINX
pacueroB. Onnako pacnpenenenue dk /dd B otnumume ot Ak, oGmamaer
TE€M NPEUMYIIECTBOM, YTO €r0 BHJ HE 3aBHCHT OT Xapakrepa pa3CHeHHUs
IIKaabl Pa3MepoB KaIWLIAPOB Ha mHTepBaibl AS. C Apyroi CTOPOHEI,
B OONIBIIMHCTBE CIIy4acB Ha MPAKTHUKE PACIIPENEIIEHUE TIOPUCTOCTH IO
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pasMepaM IOp IPEACTABISIIOT B JOTapU(PMHIECKOM Macmirtade, Koria
Lenecoo0pas3Ho UCIIOIB30BaTh HEPABHOMEPHOE pa3breHne KaIbl pa3me-
POB KanmuJUTSIPOB Ha WHTEPBAIBI Ad. A 3TO, B CBOIO OUEpelh, IPUBOIUT
K TOMY, YTO BH3yaJbHO paclpeiesieHHe OyIeT 3aBHCETh OT Xapakrepa
TaKoro pa3OueHUs.

Hcnonp3yemas B JaHHOH paboTe OMHOPEIIETOYHAs] MOJCID SBIISICTCS
YAaCTHBIM CIIy4aeM MYJIBTHUPEIIETOYHON KaMMIUISIPHON MOJIEIIH, PacCMOT-
peHHOH B pabore [4]. OHa mpeacTaBiIsIeT COO0H TPEXMEPHYIO KyOUUISCKY IO
KaWUBIPHYIO PEIIETKY, KOTOPYI0, B CBOIO OYEPEab, MOKHO MPEACTABUTH
B BHJAE OONBIIOTO YHCIIa OJWHAKOBBEIX ITO pa3Mepy KyOMUecCKHX sueek.
IIpu 3TOM CTPYKTypa KammUISIPOB BO BCEX sueiikax OyaeT onmHakoBa (B
BHUJE TPEX B3aUMHO MEPECEKAOIINXCS KAIWUISIPOB PAaBHOTO CEYSHUS), a
OTIIMYME MEXIY suelKkaMu OyIeT 3aKII0YaThCsl JIUIIb B pa3Mepe pacio-
JIOXKEHHBIX B HUX KamwuIsIpoB. Pacmpenenenue pasMepoB KamuUISPOB
o s;iyeiikaM 3a7aeTcsi B COOTBETCTBUHM C MMEIOIIUMCS paclpeielicHueM
op 1o pasmepam. st yIpomeHus pacueToOB CIUTACTCS, YTO KAIMILISIPhI
HMMEIOT KBaIpaTHOE cedeHue. PasmMep Bcex siueek a MpUHUMAETCS] PaBHBIM
MaKCHMaJbHOMY pa3Mepy 1mop J .. .

YUT0oOBI pacmpesieieHne MOPUCTOCTH MOIJIO OBITh OIHMCAaHO B paMKax
OJTHOPEIIETOYHON MOJENH, I HETo, COITIacHO padore [2], HJOIKHO BBI-
MOTHATHCS YCIOBUE

SAf =1, (1)
i=1

rie Af, — BEpOATHOCTh TOTO, YTO pa3sMep KaIMUIAPOB B IPOU3BOIBLHO
BRIOpaHHOM syelike 3aKiIio4eH B mHTepBane or O, — AS/2 mo §, + Ad/2.
Jiist BEposATHOCTEH Af, CIPpaBeIIMBO BBIPAKECHUE
A, =a’ %, )
v;
e v, = (3a — 28,)87 — 06beM KanmwLIAPOB B i-if sueiike. Yenosue (1)
03HAYAEeT, YTO KalIISIPhl IPUCYTCTBYIOT B Kax10#i sueiike. B pesynsrare
BBITIOJTHEHHUST 3TOTO YCIOBHSI YBEIHYCHNE TIOPUCTOCTH, COTTIACHO pHC. 1,
MPUBOJUT K YMEHBIICHUIO AUCIIEPCUU PACTIPEIEIICHUS TIOP 110 pa3MepaM.
Hapsiny ¢ 2JIeKTpONpPOBOAHOCTBIO, B paMKaxX HACTOSAIEH paGoThI
AHAIOTUYHBIN MTOIXOJ] TAKXKE MCIONB30BaH W IS M3YYEHHs MPOLECCOB
GuIBTPaMK B TOPHBIX MOPOAAX C ABYX(Pa3HBIM HACHIIIEHHEM.



78 Pesynbmamei uccnedosaHull u pabom yyeHbIX U KOHCMPYKMOPO8

I[Tpu 5TOM, HECMOTPS Ha TO YTO UCIIOJIL3YEMBIE PACITPEIEICHHS UMEIOT
npocToi Bux (puc. 1), pesyabTaTsl, [ONy4YaeMble TIPH MOJETHPOBAHHUH,
MMEIOT HE YaCTHBIM, a JOCTATOYHO OOLIUI XapakTep.

HacbiweHHOCTD

IIpouece hopMupoBaHus 1By XKOMIIOHEHTHOM HACBINIEHHOCTHU TOPHBIX
IIOPOJT 3aBHCHUT KaK OT CBOMCTB camMux (DIIOMIOB, TAK U OT MOCIEIOBa-
TEIBHOCTH 3aMOJHEHUS UMM IOPOBOTO MPOCTPAHCTBA. B CBA3M € 3TUM
OTPaHHYUM JAJIbHEHIEe PACCMOTPEHUE CICAYIONMM ciiydaeM. J{is Ha-
CBIIEHUS UCIIONB3YIOTCS ABE HECMEIIUBAIOIIMECS KHIKOCTH, LIS OTHON
U3 KOTOPBIX MOBEPXHOCTH HOP SABAACTCA TUAPOGMIEHON (CMaYyHBaeMOit), a
A1t ApYTOH — runpodoOHoit (HecmaunBaeMoii). Kpome Toro, mycTs TOTBKO
CMauMBAIOLIAs KUIKOCTh 00JaJaeT 3ICKTPOIPOBOAHOCTBIO, a MPOBOIH-
MOCTb BTOpPOM OyAeT paBHa HyI0. BymeM c4MTaTh, YTO M3HAYATBHO BCE
IIOPBI IMOJTHOCTBIO 3aII0JHEHBI TOJBKO CMAYMBAIOICH KUAKOCTHIO. 3-32
JEUCTBUS KalMJISIPHBIX CHJT 3aII0JHEHHUE TIOP HECMAYHBAFOLICH SKHIKOCTHIO
BO3MOXHO JIHIIb 32 CYET JOIOJIHUTENIBHOTO BHEITHETO AaBaeHUs P, moj
ACHCTBHEM KOTOPOTO 3Ta JKUAKOCTh OyJeT IPOHUKATH B HAMOO0JIee KPYITHBIE
IIOPBI, BEITCCHSISL OTTY/Ia CMaYHMBAIOIIYIO XKUIKOCTh. [1000Has cuTyanus
HUMEEeT MECTO, HalpuMep, Npu GOPMHUPOBAHUH 3aAJIEKENH YIIEBOIOPOIOB,
KOI'Jla OJIHA 9acCTh IIOP FOPHOM IOPOJKI 3aHATa BOJOH, a Apyras — HePTHIO
WU Ta30M.

Ilo mMepe yBennueHus JaBleHHUS BBITECHEHMs P, COXEpKaHHE CMa-
YHUBAIONICH JXHUIKOCTH B TOPHOI mopome OyaeT yMmeHbmAarbea. OOBIYHO
cuuraercs [7], 9To pasmepsl Op (KAMUIIAPOB) §,, U3 KOTOPBIX MPOHCXO-
AUT BBITECHEHHE CMAYMBAIOIICH JKUAKOCTH NPH 3aJaHHOM JaBJICHHU P,
MOXXHO OIIpeNenuTh 1o Gopmyne Jlamraca

5,5, = 4y cosH
P

s

) 3)

Iae ¥ — Ko3(p(HUIHUEHT MOBEPXHOCTHOTO HATSHKEHUS; O — KpaeBoil yrom
CMauMBaHHUs; 8, — MEUHUMAIbHBIA pasMep 10D, U3 KOTOPHIX IIPOUCKOLUT
BBITECHEHUE CMavUBAOIIeH XHIAKOCTH Npu jJaBienun P (s =1, 2, ... n).
OnHako B ciydae IOPHCTBIX CPEX CO CIyYaiHBIM IPOCTPAHCTBEHHBIM
pacnpenesieHueM op 1o pasMepam 3T0 He Tak. HeoOXoqumMo yunuThIBATh,
4TO M3 HEKOTOPBIX MO, pasMep O, KOTOPHIX YAOBIETBOPSET HEPABEHCTRY
(3), BBITECHEHHUE XKHIKOCTH HE IIPOM3OMIET, €CIU OHH CO BCEX CTOPOH
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OKpY>KEHBI 0oJiee MEIKHMH IOpaMH, ISl KOTOPBIX HepaBeHCTBO (3) He
BBINIOJIHAETCS. J|pyruMu cl1oBaMH, KpPyITHBIE IIOPBI MOTYT OBITh OJIOKHPO-
BaHbI 00Jiee METKUMHU.

OCHOBHBIMHU HCXOAHBIMH JaHHBIMH JUISI pacdeTa HACBIMIEHHOCTH I10-
pHCTON Cpesl HECMEIINBAIONIUMUCS XUIKOCTSIMU C TTOMOIIBIO TIpeia-
raeMoi MOJIENH ABISAETCS paclpenenaeHue nopuctocta Ak ; (unu dk /dd)
no pasmepam 1op 6, rae i = 1, 2, ... n. Cymma Bcex Ak, naet oOmuii
K03 QUIUEHT HOPUCTOCTH k,, a MAKCUMATTBHBIH pazMep 1op O, onpeiensieT
pa3mep KyOMYecKHX sTYeeK ¢, Ha KOTOpBIE pa301BaeTCs BCS [IOPUCTAS CPEA.

Cornacao padore [3], k03¢ HHUITHEHT HACKIIIEHHOCTH TOPUCTOMH CPEIBI
CMauMBAKOMIEH XKHUIKOCTBIO k  TpU JABIECHUM BHITECHEHUS P, paBHbII
OTHOIIECHHIO 00beMa HEBEITECHEHHON CMavHBAIOICH KUIKOCTH K 00IIEMy
00BeMy TTOp, MOXKHO HAWTH IO (popMyIie

i 1 (521 6 n
BS :k_ gAkni +Fs gAkni > (4)

n \i=1 i=s
rae F, — BEPOATHOCTh TOTO, YTO pasMep KaHJUIAPOB O, B CIy4aiHO BEI-
OpaHHOM sdeiike OyleT ymOBIETBOPATH HepaBeHCTBY O, < 8. B cimydae
rUAPOQUIBHBIX TOPHBIX MOPOA K, mpeAcTaBiseT coboi kodddunuent
BOJIOHACBIIIEHHOCTH NP JAaBICHUU BhITeCHeHHs P. Jlna F, cormacHo

[3], cnpaBennuBO BEIpaXKeHUE

s—1
F, =Y Af.
i=1

Benuuunel Af, HaxoAATCs MO 3aJaHHOMY PAacIpPENENICHHIO 0P IO
pa3Mepam ¢ noMmoiusio cooTHomeHus (2). Koaddunment HacsimeHHoCTH
CpeZibl HECMAYMBAKOIIEH XHUIKOCTBIO k , COOTBETCTBEHHO, OyJeT paBeH

kHS =1 kBs'

ITepBoe cmaraemoe B (4) COOTBETCTBYET HEBBITECHIEMOM CMaYNBAaFOILEH
XKUAKOCTH TIPH JaBleHHU P13 Kanmmuisapos O, < §, a BTOpoe ciraraeMoe
MIpEICTaBIACT COOON KOMMYECTBO ITOH K€ MKHUIKOCTH B KalUJUIAPaAx C
pasmepamu O, > §_, OIOKHPOBAaHHOH KamuuisapaMu ¢ §, < J..

C pocTtom nmaBneHUs P, KonM4ecTBO CMaYMBAIOIIEN XUIKOCTH B CPEIE
OyZeT yMEHBINAThCS 10 TEX MOp, IOKa, HaKoHell, npu P, > P, He cTaHeT
paBHBIM HyN0. OJHAKO Takoe IOJIHOE BBITECHEHHUE XUIKOCTH OymeT
BO3MOXXHO JIMIIb HPU YCIOBUU HIICATHPHO CMayMBaeMOH MOBEPXHOCTH
KammusipoB (cosO = 1), Korma Ha WX MOBEPXHOCTH CYIIECTBYET IIEHKA
CMaYHBAOIIEH XHUIKOCTH, 00ECIeUNBAIOIIAs THAPOIUHAMHUYECKYIO CBS3b
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MEXIy BCEMH KaHMJULIpaMu B cucteMe. Eciu ske 910 ycnosue napyra-
ercst (0 < cosO < 1), To Takas IJIEHKa TepSAET YCTOHIUBOCTS M HAYUHAET
paspymarscsi. B pesynbrare 3T0ro Bo3MOXXeH BTOpOi BUJ GIOKHPOBKH
BBITECHACMOM JXHUIKOCTH, KOTJa s4eiiKa, yJAOBIETBOPAIONIAS yCIOBHIO
BBITECHEHHMSI (3), CO BCEX CTOPOH OKPYKeHaA si4eHKaMH ¢ ee Gojee Kpyli-
HBIMHU KallUJUISIPAMH, U3 KOTOPBIX BEITECHEHHUE CMAYMBAIOLIEH JKHIKOCTH
IIPOU30IIUIO ellle paHblle. Eciiu Npu TOM MIeHKa CMadyuBaIOIEH HKUIKOCTH
B OTUX KPYIHBIX KallWILISPaX OKaXXeTCs paspylICHHOM M3-3a YXyIUIEHHON
CMa4MBAEMOCTH ITIOBEPXHOCTH IIOP, TO KHUIAKOCThL B S4elKe ¢ 6ojee Mell-
KMMH KallWUIpaMu §,, KOTOPYIO OHU OKPY)KAIOT, OKaXKETCS HEOOPaTHMO
3a0JIOKUPOBAaHHON CO BCEX CTOPOH HECMAUYHBAIOIIEH JKUIKOCTBIO.
YT00BI HAHTH BEPOATHOCTH TAKOTO COOBITHS, BOCIIONB3YEMCSI TEM, UTO
BeIpaxkeHue (1 — F)) npencrasisier co60i BEPOATHOCTH TOTO, ITO pasmep
KallMJUIPOB O B IMPOU3BONIBHOI SUEHKE YIOBIETBOPSET YCIOBHIO O > d..
ITockonbky ycnoBre OIOKHPOBKH 3aKIOYAETCA B TOM, YTO BBIACICHHAS
AYeHKa C KalM/UIAPAMHU Pa3MepoM O, CO BCEX NIECTH CTOPOH OKPYKEHa
Oosee KPYHMHBIMU KalMILIPAMH, TO BEPOSTHOCTh TAKOTO COOBITHS Oymer
pasua (1 — F)°. Vet atoro s¢pdekra MPUBOIUT K TOMY, YTO B BBIPAXKCHUH
(4) nosiBIISIETCS TOTIONHUTEIHFHOE CIIATAEMOE, CBA3aHHOE CO BTOPBIM BHIOM
6I0KMPOBKH, 06YCIIOBICHHBIM YXy/IIICHHBIM CMAYUBAHHEM [OBEPXHOCTH
KanusipoB. B pesynbrare koadduipenT HackIeHHOCTH OyIeT HMEeTh BUJT

1 s—1 n n
kBS, :_k_ ZAkni +F:96ZAkni + ;(1—F;)6Akm :
n \i=l i=s i=s

Crenyer o6paTuth BHUMaHHE HA TO, YTO B CiyYae KANMIUIAPHOM pe-
IETKU yXYANIEHNE CMaYMBAEMOCTH IPUBOUT K YBEIUIEHHIO OCTATOUHOM
HACBINEHHOCTH (k' > k, ), B OTIIMYME OT SAUHUYHOTO KAMHJLIAPA, UL
KOTOPOTO yXyALIEHUE CMaYUBA€MOCTH 00JIerdaeT BeiTecHeHue. [Ipu atom
HONIPasyMEBAETCs, YTO OBEPXHOCTh KAIUILIAPOB OCTASTCS THAPODHILHOM
(0 < cosB < 1), a He ruapodo6HOI (cosd < 0).

Hnst cpaBHeHHs HA puC. 2 IPHUBEJCHBI 3HAYEHUS KOI(DPUIHEHTOB
HACBIIICHHOCTH Kk, M k. ' B yCIIOBHSIX XOpOLIEH W yXYAIICHHON CMayHBa-
€MOCTH COOTBETCTBEHHO, Ha IIPUMEPE IITHIICOUAATBHOTO PACTIPEAETICHHUS
(puc. 1) pu pasHEIX 3HaYCHUAX KOO(QPUIMEHTA TOPHCTOCTH k.. Bugsxo,
9TO €CJIM IPHU XOPOLICH CMaYMBAEMOCTH BO3MOKHO IIOJIHOE BBITECHEHUE
KHUAKOCTH, Korna k,, = 0, To B cily4ae yXyANIEHHOH CMadyMBaeMoOCTH
9TO YK€ HEBO3MOXHO, IIOCKOJIBKY Bcerna k,,' > 0. IIpu 3ToM ueMm BhIme
HNOPHCTOCTh U MEHbLIE pa3bpoc mop 1o pasmepam (puc. 1), Tem Gomubie
OCTaTOYHAs] HACBINIEHHOCTS £ '.
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0.2

01 /

0 01 02

Puc. 2. CpaBHeHne Ko3pdULIMEHTOB HacbiWeHHOCTW k, 1 k' B ycrnosusax uae-
anbHOWM U yXy[ALeHHOW CMa4yMBaeMOCTU MPU PasHbIX 3HaYeHUsAX KoadduuneHTa
nopucroctm k: 1-0,1;,2-0,2; 3-0,4

Takum 006pa3oM, B MOPUCTON Cpene HAPSAY ¢ KAIWLIAPHBIMHA CUIIAMHA
MEUCTBYIOT ellle [Ba MEXaHW3Ma yAEepXKaHUsA CMavyUBaoOUIel >KHIKOCTH.
Bo-mepBsix, 3T0 OJOKHPOBKA XHAKOCTH B MOPAaX, OKPYKEHHBIX CO BCEX
CTOpPOH OoJiee METKUMHU ITOPaMU € TOH e KUJIKOCTBIO, HO B KOTOPBIX KK~
KOCTH €IIie YAEPKUBACTCS KaMMJULIPHBIMU CUIIaMU IIPU JTaHHOM JaBJICHUM
BBITECHEHHMS P . A BO-BTOPBIX, 3TO OJIOKMPOBKA CMAYMBaIOIIEH XUKOCTH
B ITIOpax, OKPY>KEHHBIX O0see KPYITHBIMH IIOPaMU, 3aII0THEHHBIMHU BBITEC-
HAIOMEH HEeCMAYMBAIOLIEH XUAKOCTHIO. DTOT BTOPOW BUI OIOKHPOBKHU
MPOSIBIISICTCS TONBKO MPU YXYAIIEHHON CMaylBa€MOCTH IIOBEPXHOCTH ITOD.

Pacuert 3/1IeKTPONpoBOAHOCTH

IIpumMeps! UCTIONB30BAHUS IpeajiaraéMoif MOIeIn sl pacyeTa JJIeK-
TPOMPOBOAHOCTH IO PEATBHBIM PACIPENCIEHUSIM ITOPUCTOCTH I BO-
JIOHACKIIIEHHBIX 00pas3loB rOPHBIX MOPOI MPUBEIEHH! B pabdoTax [3-5].
MoenupoBaHue MPOLECCOB IPOBOAUMOCTH € IIOMOILBIO OJHOPEIIETOYHOM
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Mozenu B pabote [2] i ropHOI 0poas! ¢ omHO(A3HBIM HACHIIEHHEM
TI03BOJIMIIO IPOAHATM3UPOBATE BIMUSHUE CTPYKTYPhI HOPOBOTO MPOCTPAHC-
TBa Ha 3TH MPONECCHl. PaccMoTpuMm 3Ty e 3ajpady NPUMEHHUTENBHO K
TOPHBIM IIOpOAaM ¢ ABYX()a3HBIM HACKIILIEHUEM.

Anst ynenbHON MPOBOAMMOCTH OJHOPEIIETOYHON MOIETH MOPUCTOH
cpezsl B pabote [2] OBIIO MONYYEHO BBIpaXKEHHE
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HSFOILEH KaIHIUIAPHI.

Ecin nposonsmas »uaKoCTs SBISETCS CMAaYHBAIOLIEH, TO €€ BBITEC-
HEHHE HECMAYMBAIOLICH M HEIPOBOSAIIEH KUIKOCTBIO (MM Ta30M) GyeT
IIPOUCXONNUTEL B IEPBYIO OYepe/b U3 Hauboliee KPYMHBIX IIOp, YIOBIET-
BOPSIFOIIMX yCNoBUIO (3). B 9TOM ciyuyae 51eKTpOonpoBOmHOCTH Cpebl
OyZeT MOCTENEeHHO yMEHBIIATHCA C POCTOM JABIEHHUS BBHITECHCHHS P
Torna nnst ynenbHO#H IPOBOAMMOCTH KANUIIAPHON PEIETKH O, IIpHu ee
HAaCTHYHOM HACBIEHNWH MPOBOISIICH XHAKOCTHIO NPU JaBICHAU P C
y4eToM (5) MOXKHO 3aIHCaTh:

1 s=1s-1 1
=— 22— AL
i=1 j= 17 ij

IIpu 5TOM IIPOBOAMMOCTS JKHIKOCTH, HE BEHITECHEHHOM U3 10D 0,29 B
pesynpTare nepBoro 3¢ dexra 6I0KUPOBKH, MOXKHO, KaK ObLIO MOKA3aHO B
pabore [3], He yUUTHIBATh, TaK KaK €€ BKJIAL OTHOCHTEIHHO MaJl. Kpome
TOTO, B CIy4ae yXyAUICHHOW CMaYMBAaEMOCTH JKHIKOCTh, OCTABINAACA B
nopax 8, > §_ B pesynsrare BToporo sddexra OJIOKMPOBKH, TaKxe He Oy-
ACT y4acTBOBAaTh B IPOIECCE IEKTPOIPOBOIHOCTH, HOCKOIBKY CO BCEX
CTOPOH OKPYKEHA IIOPAMH C HEMPOBOIAIIEHN KUIKOCTHIO.

JJ1s OLICHKH MPOBOMAIIMX CBOMCTB MOPHCTOH CPEIBI IPU 9aCTHIHOM
3AIOIHCHUH IOP MPOBOISAIICH XUIKOCTHIO OOBIYHO HCIIONB3YIOT Ge3pas-
MEpHBIH napameTp P, Ha3bIBaeMBIH MapaMeTPOM HACHIEHHOCTH [7],
IOKa3BIBAIOIINI, BO CKOJBKO Pa3 yMEHBIIHIACH IPOBOAUMOCTD IIOPHC-
TOH CpeIbl B Pe3yNbTaTe YMEHBIICHHS €€ HACHIIEHHOCTH IIPOBOAALIEE
KUIKOCTBIO:
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PesynwraThl pacdyeTa 3TOro napaMeTpa pyu pa3HOW HACBIIEHHOCTH 1JIs
TpEeX pacmupenesIeHU MOPUCTOCTH, IPEICTABICHHBIX Ha pUC. 1, B Cllydasx
HUIeaTbHON U YXYAIIEHHOW CMauMBaeMOCTH IPUBEIEHBI Ha puc. 3.
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Puc. 3. 3aBUCMMOCTM NapameTpa HaCbILLEHHOCTH P, OT KOathduLIMeHTa HaChILLieH-
HOCTW CMauMBaloLLEN XUOKOCTBIO B YCNOBUAX MAeanbHON (a) u yxyaweHHon (6)
CMa41MBaeMoCTU NPpu pasHbIX 3HaYeHUsIX KoapduumenTa nopucroctvt k: 7 —0,1;
2-0,2;3-04

MOXHO BHAETH, YTO IPH OAWHAKOBBIX HACHIIEHHOCTAX K, MEHBIIUM
P_ 6ymer obnanath Ta IOPHCTast Cpeaa, y KOTOpo# Oonbime pasbpoc
mop mo pasmepam. Kpome Toro, u3 puc. 3, 6 ciexyeT, 4TO yXy[AIIEHUE
CMaYMBa€EMOCTH CYIIECTBEHHO YBEIUYUBACT BEIIMYHUHY COIPOTHBICHUS
MOPUCTOMN Cpenbl MPU YMEHBIICHUH €€ HACBIIMIEHHOCTH. OTOT 3¢ deKT
00YyCIIOBJICH TE€M, 4TO MPOBOIAINAS JKHJIKOCTh B HEKOTOPBIX IIOpax M3-3a
paspylIeH:s] CMauyUBAIONIMX IJIEHOK OKa3bIBaeTCs OJIOKHPOBAHHOII CO BCex
CTOPOH HENPOBOIANICH KUIKOCTBIO M B PE3yNIbTaTe 3TOTO HE y4acTBYET
B IIPOLIECCE AIEKTPOIPOBOTHOCTH.
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Pacuet c¢asoBbix npoHuuyaemocTei

IIpumepr! MCHOMB30BAHUS MOJENMU JUIs pacdeTa NPOHULAEMOCTH 110
peabHBIM PaCIPEEICHHUSIM IIOPUCTOCTH B CITydae BOXOHACHILIEHHBIX FOP-
HBIX OPOJ IPUBEICHBI B paboTax [5, 6]. B pa6Gore [2] 6bu10 HpOBEAEHO
MOJICIUPOBAHHUE NPOLECCOB (PUIBTPAIIHMH C TIOMOLIBIO OJHOPEIIETOUHOH
MOJIENIN Ul FTOPHBIX IOPOJ ¢ OAHO(MA3HBIM HACHILIEHHEM. PaccMoTpum
3Ty *e€ 3a/ady IPUMEHHUTENILHO K MOPHCTHIM TOPHBIM IIOPOJAM C JBYX-
(ha3sHBIM HaCHILEHUEM.

Ecin B nponeccax 31eKTponpoBOHOCTH ONIPEESIONTYIO POIb HIPAET
TOJILKO Ta M3 KHIKOCTEH, KOTopas o6azaeT MPOBOAUMOCTEIO, TO B IPO-
necce GpUIbTpaluy y4acTBYIOT 00€ )UIKOCTH. OCHOBHBIMU MapaMeTpaMu
ABYX(pa3HOM QUIBTPAIME ABIISIOTCS OTHOCHTENbHBIE (Da30BBIE IPOHHIIAC-
moctu (O®II) [7], xapakTepusyrorue GQUIbTPalHOHHEIE CBOHCTBA CPE/IBI
10 OTHOIICHHIO K KaXI0U U3 )KuAKoCcTeH. O603HAYNM COOTBETCTBYIONIME
k03 dunmentsr ODII cmaunBaronieii 1 HECMAYUBAIOLICH KUIKOCTEH KaK
Kips 1 Kyp s COOTBETCTBEHHO.

Kpowme Toro, B ciiydae ¢punsrpanun HeoOGXOAMMO yIUTHIBATE YCIOBHS,
IPU KOTOPBIX MPOUCXOAUIO GOPMUPOBaHKE IBYX(A3HON HACKIEHHOCTH.
IIpu 5ToM BO3MOXHBI /1Ba BapHaHTa. B mepsBom BapuanTe hopMHpoBaHHEe
HACBIIIEHHOCTH IIPOMCXOIUT B PE3yNbTATe BBITECHEHHUS CMauMBAIOIICH
JKHJIKOCTH HECMaYUBAIOIIEN. DTOT MPOIECC Ha3bIBACTCsI IPEHUPOBAHUEM.
Bropomy BapuaHTy coOoTBEeTCTBYeT 0GpaTHBIi IpOIECcC, KOTAa CMaYuBAO-
m1ast >KUAKOCTh BBHITECHAET HECMAYHBAOUTYI0. DTOT MPOLIECC HA3BIBACTCS
BIIMTBIBAHHEM. BasKHBIM 00CTOATETBCTBOM SBISIETCS TO, YTO IIPH OFUHA-
KOBO# HACBHINIEHHOCTH IOPHCTAasl cpefa OylAeT MMeTh pa3HbIE 3HAUCHHS
IPOHHUIIAEMOCTeH &, . 1 Kypy B CHYUasiX APEHAXa U BIIMTHIBAHHL.

IIpuMepom npakTHIeCcKH BaXKHOM peaan3aliu TaKoH CUTYaIHH MOy T
CIY>KHTB HPOLECCH (JOPMUPOBAHUS U Pa3pabOTKU yIIEBOJOPOIHBIX 3a-
nexeit. JlericTBuTensHo, GOpMHUpOBaHHE 3aleKH (IPEHAXK) MIPOUCXOIUT
B PE3YNbTaTe BBITCCHCHHS BOJABI M3 MOP TOPHOM HOPOABI HEPTHIO WU
rasoM, a pa3paboTka (BIHTHIBAHHE) CBsI3aHA C OOPATHBIM MPOIIECCOM, TO
€CTh C BBITECHEHUEM BOLOH YITICBOAOPOIOB M3 MOPOJIEL.

B cBsi3u ¢ aTUM paccMOTpHM mpoueccsl QUIBTPAlUHU KHIKOCTEH B
IIOPUCTON TMOPHOM MOPOJAE B CIIy4asX APEHaXka U BIUTHIBAHUS 110 OT-
AenpHOCTH. Kak ¥ B Cily4ae ¢ 37€KTPOIPOBOIHOCTBIO, BOCIIOIB3YEMCS
MOJIEIbHBIMH PaCIIpe/Ie/ICHUSMH, TPUBEIEHHBIMHU Ha PHC. 1, 115 KOTOPBIX
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MO>KHO HCIIOJIb30BaTh OJHOPEIIETOYHYIO MoieNnb. KpoMe TOro, orpaHuiaum
paccMOTpeHHe CllydaeM HAeadbHOH CMaunBaeMOCTH MOBEPXHOCTH IIOP,
KOIJia paboTaeT TOIBKO OJHH MEXaHU3M OJOKMPOBKH IIOD.

Pacuem ¢hazosvix npoHuyaemocmeii 014 npoyecca Openaica

JInst MPOHUIIAEMOCTH OJZHOPEIIETOYHONH MOJENN IMOPUCTOH Cpemsl C
onHO(a3HBIM HACHIIEHHEM B padoTe [2] OBLIO MOMYyYEHO BhIpAKEHHE

n n

knp=2 Ek,]AflAf,, (6)
i=l j=1
rac k — IPOHHUIIAEMOCTh MEXAY LEHTPaMHU ABYX KOHTAKTHPYIOIIHX
H‘IGCK C pasMepaMu KanuIsapoB 8 u 6 COOTBCTCTBCHHO, JIA KOTOpOI/I
CIIPaBEIJINBO BBIPAKCHUC

~F
C007( 1 1

s L
"4 L8 B

B ciyuae nByx¢a3Hoil HACHIIICHHOCTH HauOOIee KPYIHbIE MOPBI MO
NefCTBHEM JaBIICHUS BRITECHEHUS P OylyT 3aIl0JHEHBI HECMAYMBAIOLICH
KUOKOCTBIO. [Ipu 3TOM B QHIBTpAaLMU CMaYHBAIOIIEH KHUJIKOCTH CMOTYT
NPUHUMATh y4aCTHE TOJIbKO KaIlMILISPHI C pasMepoM O, < O, ClieIoBaTelb-
o, O®II s Hee ¢ yueToM (6) 6y;1eT paBHa

s—1s-1

Fapns = %, kA (M)
np i=1j=1
raek, p COOTBETCTBYET BEIPAKEHNE (6). ®unpTparued cMauuBArOIIEN KU -
KOCTI/I Jepe3 GIOKMPOBAHHBIE MOPBI C pasMepoM O, = &, mpeHedperaem,
[TOCKOIIEKY MOKHO ITOKa3aTh, 4TO UX BKJIaJ OTHOCHTEIBHO Mal.
Ecnu 651 He 6bUI0 3(dekTa GIOKHPOBKH, TO UISI COOTBETCTBYIOMICH
(ha30BO# MPOHUIIAEMOCTH HECMAUMBAOIIEH KU IKOCTH ka s MOXKHO OBLITO
OBl 3amucarb

1 non
ka.H‘S = —k_ 2 ZkyAszfj (8)
np i=s j=s
O}IHaKO 3TO HE TaK, HOCKOJBKY CYIICCTBYIOT ABC IIPHUYNHBI, I10 KOTO-
PHIM HEKOTOPHIE STYEfKH ¢ pa3MepoM mop & = O, He IPUHUMAIOT y4aCTHSA
B GUIBTpANMK HECMAYHBAIONICH KHUJIKOCTH.
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Bo-nepBeIx, 3TO sS4EHKH ¢ 3a0JOKUPOBAHHON B HUX CMAadHBAIOIIEil
KUJKOCTBIO. BeposSTHOCTE UX HaTUYHMsA paBHA (FS)G. Bo-BTOpEIX, 3TO
SYCHKHU C Pa3MEPOM KalUILIAPOB & = §, KOTOPBIE U3 LIECTH BO3MOKHBIX
KOHTaKTOB C COCEIHUMH sTI€HKaMHU UMEIOT TOJIBKO OJIMH KOHTAKT C TIEHKOH,
B KOTOPOM KaIlMJUIAPBI TAKXKE UMEIOT pasmep & > §.. Haxomsicy B Takom
OKPY)KEHUH, SYEHKH OyIyT 3allONHSITHCS HECMAaUYMBAIOIIEH KUAKOCTHIO
Ipu AasieHuu P, HO He OylyT NPUHUMAThH y4acTHs B €€ (DUIBTpanuH,
IIOCKOJIBKY HECMAaYMBAIOMAs )KUIKOCTh HE CMOXKET U3 HUX BBLITEKATh.

BeposATHOCTE MPUCYTCTBHSA TaKUX “HENPOTOYHBIX SYEEK paBHA
6 (F,)> (1 - F,). 3neck npomsseznenue (F,)° (1 — F,) npeacrasuser coboii
BEPOATHOCTH TOTO, YTO IIPOU3BOJBHYIO SYCHKY OKPYKAIOT IIATH SYEEK C
pasmepom mop & < 8, u oxHa sAueiika ¢ pasmepom mop & = §.. Lludpa 6
OTpaXkaeT KOJIMYECTBO BAPHAHTOB TaKOH KOMOMHamu sraeek. [lpuaumas
BO BHUMaHME 3TU o0cTosTenscTsa, s ODI] HecMaunBaiomet >k KO CTH
BMecTO (8) cienyeT 3amucarhb

2 1 n n
kupus =[1-FE ~6520- ) L3 Sk aray, ©)
np i=s j=s

Ha puc. 4 npencrasnens! pesynsrarsl pacyetoB O®II no Gopmymam
(7) u (9), BBIMONHEHHBIE AJISL TPEX PACHpENENeHui ¢ pa3HOi aucrepcHeit
IIOp O pasmMepaM. YBEIUWYEHHE JUCIIEPCHU B PaMKaX OXHOPEIIETOYHOMH
MOJIEJIN CBSI3aHO C MOHMKEHUEM IIOPUCTOCTH. B cBsi3u ¢ 9TuM Ha puc. 4
TPEeM paCHpeeNCHUIM IIOp 110 pa3MepaM, OKa3aHHBIM Ha BEPXHHUX Ipa-
¢buxax, cooTBeTCTBYIOT K03dunmentsr mopucroctu 0,1; 0,2 u 0,4.

ITpoueccy apenaxka, onuceiBaeMomy popmynamu (7) u (9), coorBerc-
TBYIOT 3aBucuMOCTH 1y ODII, mpencraBiennsie Ha puc. 4 Ha HMKHHAX
rpagukax CIIOIIHBIMA JIHHUSAMH. MOXHO BHIIETH, YTO yBEIMYEHHE Pa3-
6poca nop mo pazmepam yxyamaer O®II kaxa0it U3 )KUAKOCTEIH.

Ilo Mepe yMeHbIIEHHUs CONEPKAHUS CMAYMBAIOIICH XHAKOCTH k, ee
O®II ymenpmaercs, a ODII HecMauuBaroIeil XUAKOCTH pacTeT. Ilpu
U/IeaJbHOM CMaYuBAEMOCTH TIOBEPXHOCTH IO, TO €CTh IPH OTCYTCTBHH
BTOPOTO 3¢ dexTa OIOKUPOBKU TSI CMAYMBAIOLIEH KUAKOCTH, C POCTOM
J@aBJICHUS IO BETUYMHEI | MOXKET OBITh JOCTUTHYTO €€ TIOJTHOE BHITECHEHUE
(k,; = 0). ITpu yXynmeHHOM e cMayrMBa€MOCTH TIOBEPXHOCTH TI0p, KOT/Ia
OyZeT NposABIATECA BTOPO# 3 ekt GI0KMPOBKH, HOZOOHOE COCTOSIHHE
HE MOXET OBITH JOCTUTHYTO B IPHHIIHIIE, TOCKOIbKY, COMIACHO PHC. 2,
Bcerna k' > 0.
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Pacuem pazoevix nponuyaemocmeii 0ns npouecca 6RUMbIEARUS

Ecnu nmocne noctmskenus npu P, NpeeabHOro HaChIMCHUS TOPUCTOM
Cpenbl HECMAYMBAIOUIEH JKUIKOCTHIO HAYaTh MMOHHXKATEH HAaBICHUE, TO
HayHEeTCs OOPAaTHBIA MPOLIECC BIUTHIBAHHWS CMAadUBAIOIIEH >KHUJIKOCTH.
Opnnako xapakrtep 3aBucuMocteii O®DII 0T HACHIIEHHOCTH U3MEHUTCH.
PaccmoTpum 3TOT mporiecc Gosee IeTaibHO.

ITpy BOUTHIBAHUY MEXaHH3M QOPMUPOBAHUS JBYX(PA3HOM HACHIIIECH-
HOCTH OyJeT OTJIMYaThCSA OT MEXaHH3Ma ee GOPMHUPOBAHUS IIPH JPEHAXKE.
OCHOBHOE OTIMYHUE 3AKJIIOYAETCS B TOM, YTO IIPU BIIUTHIBAHWH, HAPAILY
C OOBIYHBIM BBITECHEHHEM HECMAaYMBAIOIIEN XKUIKOCTH TOJ AeHCTBHEM
KaIlMJUIAPHBIX CHJI, BO3MOXHA €€ OJIOKHPOBKA CMauMBAIOLIEN >KHIKOC-
TbIO. JIeHCTBUTENBHO, €CIIU TOCIHIE AOCTHKEHUS MPU APEHAXE JABICHUS
P, cHusuth naenenue g0 P, rae s > 1, To cMa4uBaomas XHUIKOCTh MO
JEeWCTBUEM KANUJIIIPHBIX CHJI OYIEeT CTPEMUTHCS 3all0JHUTE BCE SYEKH
C pasMepoM KanuyIsapos O, < 8. OnHAKO, €CIH B IIPOLECCE 3aIll0IHEHHs
TaKUX KalUJJISIPOB BO3HUKHET CHUTyaIlWsi, KOT[a Kakas-JIu0o syeika c
KaMuIIApaMy O; OKaKEeTCs CO BCEX IIECTH CTOPOH OKPYKEHHOMN JPYTHMH
SYEHKaMH C elle 0oJiee MEeNKHMH KaluUIIpaMu, KyjJd IPOHUKHOBEHUE
CMa4YUBaOIlell )KUIKOCTH YK€ IIPOU3O0IILIO PaHbIIE, TO HECMAYUBAIOIIAS
JKUIKOCTh U3 TaKOM SYEHKHU BBITECHEHa He Oymer. Dra sueiika morepser
TUAPOIWHAMUYECKUM KOHTAaKT C OOIIMM IIOTOKOM BEITECHSEMOM HecMa-
YUBAIOLIEH JXUIKOCTH U OKaKETCs 3a0J0KUPOBaHHOMA.

BepoaTrHocTs Takoro Bujga GIOKHPOBKH AJISL STYEHKH C pa3zMepOM IMOp
d, paBHa (Fi)6. B pesynsrare ydera storo 3ddexra BeIpaKeHHE NI KO-
spdunrenTa HaCHILEHHOCTH (4), MONYYEHHOE JUIs Mpolecca APeHaxa
IIpY UIEaILHON CMauMBaE€MOCTH, B CIIyYae BIUTHIBAHUS OYIE€T UMETEL BUJ

1 s 1 6
= Z(l F ) (10)
n i=1
Nzmenenne MexaHu3Ma (HOPMUPOBAHUS HACHIIEHHOCTH TIPU BIIUTHI-
BaHUM BBI3BIBAET COOTBETCTBYOIee m3MeHeHue B ODII cmaunsaromei
XKuakocTu. M3-3a TOTo 4TO ssueliku ¢ 3a0J0KHPOBAHHON HECMaYUBarOIEH
JKUAKOCTBIO Oy/TyT P TCTBOBATEH (DUIIETPALIAY CMAYABAIOIIEH KUIKOCTH,
BeIpaxkeHue (7) nuat ee ODII B ciayyae BOUTHIBAHUS IPUMET BH,

s—1s—1

bapas =7 2, 2Ry (1= FO Y1~ FPAfAS;. (11)

knpll]l
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TIpu stom BeipaxkeHue (9) mns OPII HecMayuBarOmWEeH XHUIAKOCTH
ocraHercs 0e3 U3MEeHEHMU.

Pesynbrarel pacueTos 3aBucuMocTeit ko u k. 10 dbopmynam (11)
1 (9) OT HACBIIEHHOCTH K, [UI1 KOTOPOH IPU BIMTHLIBAHUH CIIPABEINBO
Boipaxkenwe (10), mpeacTaBiIeHb! Ha pHC. 4 Ha HIDKHUX TpapuKax ITPUXO0-
BBEIMU JIMHUSAMU. V3 pUCyHKa XOpOIIIO BUIHO, YTO OTIIMYKE B MEXaHHU3MaxX
(dhopmupoBanus 1Byx(a3HON HACKIIIEHHOCTH IIOPUCTHIX CPeJl IIPU ApEeHaKe
Y BIIMTBIBAHUN IIPUBOIKT K SBICHHUIO THCTEPE3UCa, KOTOPOE 3aKITFOYAETCS
B TOM, YTO 3TH IIPOIECCH UMEIOT pa3HbIN Xapakrep 3aBucumMocteir ODII
OT HACBHIIICHHOCTH.

BaxxabiM 00CTOATEIHCTBOM SIBIISIETCS TO, YTO €CIIH IIOCICAOBATEIHHO
[IPOBOJMTH APEHAXK, & IOTOM BITUTHIBAHHE, TO IOPUCTYIO CPEY YKE HEBO3-
MOXKHO BEPHYTH B HCXOJHOE COCTOSIHHUE C 0JHO(A3HOH HACBIIIEHHOCTHIO.
Drot 3 deKT, B JaCTHOCTH, IMEET BaXXHOE MPAKTUYECKOE 3HAYCHHUE IIPU
pa3paboTke HeTera3oBhIX MECTOPOXKICHUN. JleICTBUTENBHO, HA CTAaIUI
(GhOpMHUPOBaHUST MECTOPOXKACHMS HE(PTh UIM a3 3alOTHSIIOT MOPHI, BBI-
TeCHsIs OTTyaAa BoAy. Ha craaum e pa3paboOTKH, TO €CTh IPHU IpEeHaxe,
nuper oOpaTHBIN MPOIecC, HO B MCXOJHOE COCTOSHHE, KOTNa BCE IOPHI
FOPHOM TOPOABI CHOBa OyAyT 3allOJIHEHBI TOJIBKO BOIOW, BEPHYTHCS yiKe
HEBO3MOXKHO. IIpy BIUTHIBAHUY B Pe3yJIbTaTe pACCMOTPEHHOTO BBIIIE (-
(hexTa GIIOKHPOBKH YacTh MTOP OCTAHETCS 3aII0JHEHHOM yIIIEeBOAOPOJaMH.

KonnyecTBO TakMX HEHM3BIIEKAEMBIX YIVIEBOIOPOAOB K, . (0cTaTodHas
HACBIIIEHHOCTh HECMAYMBAIOMIEH XUIKOCTH) OyaeT OmpeaensiTbCs Kak
XapaKTepOM paclpeesieHus IMop 1o pa3Mepam, Tak U BETUIMHON MaKkcH-
MaJIbHOM HACHINIEHHOCTU IMOPUCTOH Cpenbl YINIEBOAOPOAAaMU HA CTaluu
apenaxa k. =1-—k . 3aBUCHMOCTH, NpENCTaBIEHHbIE Ha pUC. 4 (a,
b, ¢), COOTBETCTBYIOT CITyYar0 MPeIeIbHOTO HACKHIIIEHUSI IOPUCTOM CpEaBI
HeCMauuBaIoOIIeH )KUIKOCThIO, koraa k, =0, COOTBETCTBEHHO K, . = 1.
ITpu 5TOM OCTaTOYHAS HACKIIIEHHOCTH K, | Taroke OyleT MAKCUMAIIbHOM ISt
K]I00 MX TpeX ciryuaeB. Eciu jke BEITeCHEHNE CMAaYUBaIONIeN >KUIKOCTU
MIPY ApeHaxe ObLTO HEIIOJIHEIM, TO COOTBETCTBYIONIAs BEJIMYMHA OCTAaTOY-
HOM HACHIIEHHOCTH [IJI1 HECMAUYHUBAIOIIEH JKUIKOCTH IIOCJIE 3aBEPILICHUS
Iporecca BINTHIBAHUA k, = B KaXJOM M3 3THX CIydaeB OyleT MEHbIIIE.

Ha puc. 5 mpencraBieHbl pe3ylIbTaThl COOTBETCTBYIOIIUX PACUETOB
3aBUCHMOCTH OCTaTOYHOW HACHIIIEHHOCTH K, ~ HECMauMBAIOUmIEro ¢ro-
Uja OT ero MaKkCHMaJlbHOHW HACBHIIIEHHOCTH Ha CTaJuM JpeHaxa k.. .
Pacuersl OBUIH BBIITOJIHEHBI ISl TPEX PaCIpeNesICHH op 0 pa3Mepam,
MpeNCTaBICHHBIX Ha pUC. 1. MOXHO BUIETH, 4TO YEM HIDKE TOPHUCTOCTD U
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gem Gonbire pasbpoc nop mo pasmepam (puc. 1), Tem Gonsiue &, (puc. 5)
U, CICIOBATENLHO, TEM TPY/HEE U3BJICKATH HECMAYMBAIOMIUN (QIIIOnT U3
TOPHOU MOPOIBI.
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Puc. 5. 3aBucumMocTy koathdDULIMEHTa OCTATOUHONM HACLILLEHHOCT HECMAYNBAIO-
LLEN XMOKOCThIO K, | OT KOadhprLMEeHTa MakCMMaribHOM HACBILLEHHOCTM Ha CTaami
ApeHaxa K, ... IPY pasHbix 3Ha4eHusax koadduuneHTa nopuctoctn k0 1 — 0,1;
2-02;,3-04

Crnemyet 0c060 OTMETHUTD, UTO BETNIMHA OCTATOYHON HACHIILIEHHOCTH
k, , oNIpesieNIIeTCA CaMUM XapaKTepOM PACIPENEIIEH s TIOP 110 pa3sMepaM.
HpyruMu cnoBaMH, yxe IO BHIY TOrO PACHpPENEICHUS MOKHO JeNIaTh

3aKJIIOYCHHUEC O KOJIMYCCTBE HCU3BIECKAEMBIX YIIIEBOAOPOIOB.

HoBble BO3MOXXHOCTH MCnoONb3OBaHWA MeToAa
AfAepPHO-MarHUTHOro pe3oHaHCa ANA UCC/ef0BaHUsA
ropHbiX nopopa

Cpenu CyIecTByIOIUX COBPEMEHHBIX METOIOB IIOTyYeH s pacipeee-
HUS TI0P 110 pa3MepaM OJHUM U3 Hauboiee 3G (HEeKTUBHBIX SBISETCS METOL
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SIIEPHO-MarHUTHOTO pe3oHaHca (SIMP) [1, 9]. Oguako o1 KOPPEKTHOTO
pemnIeHus 3TOH 3a/1a4i HeOOXOAMMO PacIIoNIaraTh TONOIHUTEILHON HHpOP-
Marmei 0 xapakTepe B3aUMOACHCTBHS BOZOPOIOCOASPIKAIICH HKUIKOCTH
C IIOBEPXHOCTBIO IIOP, YTO HE BCETAA BO3MOXKHO. J[eno B TOM, 4TO cam
o cebe meron SIMP mo3BoJIsIeT MOIyYaTh TOJIBKO PacIpeIesIeHIe MOPHC-
TOCTH IO BPeMEHH nponoibHoi (7)) uiu nomnepednoi (15,) penakcanuu
HaMarHU9YCHHOCTH XUIKOCTH B TIOPaxX CPEIEI.

C apyroii CTOpOHBI H3BECTHO, YTO BPEMS PEIaKCalluy B KaXKI0H OTIETb-
HOH IMOpe 3aBHCHUT OT e¢ pa3Mepa. [1o3ToMy 9TOOB MOTYyIHUTH U3 CHEKTPa
SIMP pacupejesieHue op 1o pasMepam, He0OX0IUMO 3HaTh CBS3b MEXKIY
BpeMEHEM peaKcalyy ¥ pa3MepoM mop. B padote [8] Obu10 MOKa3aHo, 9TO

1 v
Tl(2):—'_ (12)

P2y S ’
riae v — o0beM HOpBI; § — IUIOMA/k MOBEPXHOCTH IIOPBL, a P, — IOBEPX-
HOCTHAs pEJIaKCAIlMOHHAsI aKTUBHOCTH, XapaKTepU3yIonias ClIoCOOHOCTh
MTOBEPXHOCTH IIOPHI BEI3BIBATH PEIIAKCAIIUIO MAarHUTHBIX MOMEHTOB sIIep
Bogopozaa. Takum oOpa3oM, BpeMsl pelaKCalli 3aBUCUT KaK OT (PHU3HKO-
XHMUYECKUX CBOHCTB MOBEPXHOCTH IOPBI (P (), TAK U OT €€ TCOMETPUH
(vus).

Cpenu cBOMCTB IOBEPXHOCTH IOPHI HanboJIee BaXKHBIMH IS IIpoIiecca
peflaKkcanuy ABJISIOTCA CMAavyUBAEMOCTh MOPHI M HATMYHUE Y Hee mapamMar-
HUTHBIX BKJIFOYCHH, KOTOPBIE U OyyT OIpeNessiTh BeInuuHy P. B ciyuae
OTCYTCTBHsI TaKOH HH(POPMAITIN BO3HUKAIOT JOIIOIHUTEIHHBIE TPYIHOCTH
B ucHois3oBaHuu Metoga SIMP. Ognako nmongoOHas mpobiaeMa BO3HHKAET
TOJIBKO TOTHA, KOTJa HEOOXOAMMO 3HATh UMEHHO pasMep mop. Ecim ke
ATOT pa3Mep UCIIONB3YETCA ISl pacdeTa be3pazmepHulx (OTHOCUTEITBHBIX )
XapaKTePHUCTUK MOPUCTON Cpebl, TO HEOOXOAMMOCTh B 3HAHHUH PeJiakca-
HMOHHOM aKTUBHOCTH 0 M T€OMETPHUHU IOp OTMHAJaeT.

DTO CBA3aHO ¢ TeM, 4TO V/s ~ 8. B pesynrbrare, Beipaxenuro (12) mus
cBsA3u BpeMeH penakcanuu 7 u T, ¢ pa3MepoM Iop O MOXKHO IPUIATh BH

3 =g iy (13)

TIC &5~ HEKOTOPHIH K03() QUIIUEHT, 3aBUCSIIII OT CBOHCTB IIOBEPXHOCTH
IOpHI U OT ee reoMeTpuu. Torga npu moxacraHoBke (13) B hopmymnsr mis
pacuera OespazmepHulX XapaKTCPUCTHK MOPUCTOU cpenbl KodhduImeHt
81(2) OKXETCsl KaK B YHCIIHTENE, TaK H B 3HAMEHATelIe dTHX (HOpMyIl, B
pe3ynbTaTe 4ero B3auMHO COKPATHUTCH.



92 Pesynemamei uccrnedosaHuli u pabom yyeHbIX U KOHCMPYKMOpoe

Takum o6pasom, 1 MOJZOGHBIX PAcYeTOB BMECTO pazMepa IIop O
MOXHO HCII0JIb30BaTh HEIMOCPEACTBEHHO BpeMs penakcanuu T wia T,
nofy4eHHoe B npouecce SIMP-usmepennii. 310 yTBEpKIEHUE CIIPABEIIH-
BO, HAIIpUMeEP, IS paciyeTa TakKuxX 06€3pasMEPHBIX BEINYUH, KaK MapaMeTp
nopucrocTy P [2], napameTp HackImeHHOCTH P, OTHOCHTENbHEIE (ha30-
BbI€ TIPOHUTIAEMOCTH ka.B u knp'H, KOA((PUIIMEHTEI HACKIIIIEHHOCTH k,, k,
u k, .. Apyrumu cioBamu, fuist pacdera 6e3pasMepHbIX HeTPOGUHISCKUX
XapaKTePUCTUK TOPHOW IOPOABI BMECTO PACHPEISIICHNH TOPUCTOCTH 10
pasmepam 1op, NOAOOHBIX MPEACTABICHHBIM Ha PHC. 1, MOXHO HEmoc-
PEACTBEHHO HCTIOJIB30BATh COOTBETCTBYIOIIHE PACIIPEACICHHUS IIOPUCTOCTH
110 BpeMEHaM peJlaKCalluH, MoJydeHHbIe MeToaoM SIMP.

3aknoyeHue

B pabore npenioxkeHbl COOTHOIICHHUS, TIO3BOJIAIOIINE HA OCHOBE Ka-
MHUJISPHO-PEIIETOYHOM MOENH IPOBOAMTE PACYeT OCHOBHBIX METPOhH-
3UYECKUX XapaKTEPUCTHK TOPHBIX MOPOJ C ABYX(PA3HLIM HACKHIILEHHEM.
st MCTIONB30BaHus MOJENH JOCTATOYHO 3HATH TOJNBKO PaclpeseeHue
IIOp IO pa3Mepam.

IToxazano, 4To npu GopMupoBaHuu AByX(Ha3HOH HACHIIIEHHOCTH BaX-
HYO POJIb UTPAIOT 3P PEKTHI OITOKUPOBKH. PACCMOTPEHO HECKOIBKO TAKHX
5} dexTOB, CyTh KOTOPBIX 3aKIHOYAETCS B TOM, YTO IOBEICHUE JKUIKOCTEN
B OTJICNIBHBIX IOPAX ONPENETAETCS HE TOJBKO BHEITHUMU BO3AEHCTBUSAMH,
HO TaKXe U OCOOEHHOCTAMH OKPYXKCHHS 3THX [IOP APYTUMH IOPAMH, a
TaK)KE CTENEHBIO CMAYUBAEMOCTH HX TTOBEPXHOCTH.

O} pexT OIOKHPOBKU IO3BOISIOT OIKCATH ABIEHUE TMCTEPE3HCa
(a30BBIX MPOHMIIAEMOCTEH B Ipoleccax APEeHa)ka U BIUTHIBAHUS. JTH
ke 9P PEKTBI IPUBOAAT K TOMY, YTO HECMAYMBAIOIIAs HKUIKOCTh (He(Th)
HE MOXET OBITh HOIHOCTBIO M3BICYCHA* U3 NOPUCTOM rOpHOI mMOpoasl B
IpoLecce BIUTHLIBAHMS.

Ji1st mporecca 37eKTPOIPOBOJHOCTH HAPSLy C pacHpeeieHHeM I10-
PHUCTOCTH BaXXKHYIO POJIb UIPAET CTENEHh CMAYMBAEMOCTH IMOBEPXHOCTH
IOp. YXyIlIEHHE CMaYMBAEMOCTH IIPUBOAUT K CyLIECTBEHHOMY yBEIHYe-

* Otciopa crenyet BaXHENWMI NPAKTUYECKMIT BLIBOA: MPEXAE YEM MbITATLCS YBENMUMTL KO-
sdduunenT usenevenms Hedtn (KMH), Heobxoanmo nsyumnts pacnpenesneHme nop B NOPoaax
niacTa-KonnekTopa. Ha ocHOBAHMM MONyYEHHBIX JAHHBIX CIEAYET OLEHUTh SKOHOMMUUECKYIO
LenecoobpasHOCTL NPOBENEHHNS TMAPOPA3PLIBOB M PASNMUHLIX BUAOB BO3AEHCTBMS HA NAACT
¢ uensio ysennuenns KUH. (Moum. pes.).
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HUIO COMPOTUBICHUSI TOPHOH MOPOIBI IPH CHIDKEHHH HACHIIICHHOCTH €¢
CMaYMBAIONIeH XKUIKOCTHIO HM3-32 Pa3pyLICHUs IJIEHOK STOH >KHIKOCTHU
Ha TTOBEPXHOCTH TIOD.

Jus pacyera Ge3pa3sMepHBIX (OTHOCHUTENBHBIX) METPOPU3HISCKUX
XapaKTePUCTUK TOPHOI MOPOIBI BMECTO PACIPENEIICHIS IOPUCTOCTH I10
pa3sMepaM IOp MOXKHO HEIOCPEICTBEHHO HCIIOIB30BAaTh COOTBETCTBYIO-
[Iee pacipeaelieHie MOPUCTOCTH II0 BpEMEHAM pellakCcalliy, IOTyIeHHOe
MmeronoM SAMP.

[TapameTpsl MOAETH MOXKHO KOHTPOJIHPYEMO BapbHUPOBATh B IIUPOKOM
Iuamna3oHe, YTO JAeT IOMOJHUTEIbHBIE METOIUYECKHE BO3MOXKHOCTHU
D11 U3YYCHUS MTeTPO(PU3NIECKUX CBOMCTB TOPHBIX ITOPOJ C ABYyX(a3HBIM
HACBIIICHUEM.
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