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OCOBEHHOCTU PACIHPEJAEJEHNA ITJIOTHOCTH
CBS3AHHON KMUJKOCTU B KATIMLJIAPHO-TIOPUCTEIX CPEJIAX

B. B. Baamumsuau, T. P. Tenee, K. C. XapetoB

B manHoit paboTre moJIyueHbl aHAJIATHIECKUE 3aBUCUMOCTH, MO3BOSIONAE MTPOTHO3UPOBATH
KostebaHusl IVIOTHOCTH HA BCEM MHTEDPBAJIE M3MEHEHUsT CBsI3aHHOMN XKuaKocTH. Pa3paboranHast
METO/IUKA YYUTHIBAET OCOOEHHOCTH CTPYKTYPHBIX PA3HOBHIHOCTEH MOPOBOM BJiaru. IIpose-
JleH CPaBHUTEJIbHBIN aHaJIN3 MOJIyYEeHHBIX PE3YyJIbTATOB C IKCIEPUMEHTAJbHBIMU JIAHHBIMU

IPYTHUX aBTOPOB.

N3BecTHO [4], 9TO MeTOIUKA ONPEJEEHUsT JIOTHOCTH CBSI3aHHON BOJIBI, KOTO-
pasi CpaBHUTEJIBHO OOJIBbIIE CBOOOTHOI, TpeOyeT JTaJIbHEHIIIEro COBEPITIEeHCTBOBAHNUSI.
HeMHOTOUHC/IEHHBIE SKCIIEPUMEHTAJIBHBIE U TeOPeTHIecKrue uccyiegoBanus (2, 3] Ho-
CAT IIPOTUBOPEYUBLIA U HE3aKOHYCHHBIA XapakKTep.

Paccvorpum HEKOTOPHBIN 00beM KalWIIsIpHO-TIOPUCTO# cpenbl. [Ipu Mmacce cke-
JIeTa, CPeJibl My, 00beM OyJieT paBeH
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a Jij1s 00'beMa TBEPJbIX YaCTHIL CPEIbl TMeeM
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e pq — TMJIOTHOCTH CKeJeTa TMOPUCTON Cpenbl; ps — IJIOTHOCTH TBEPJBIX YaCTHI]
HOPUCTOU CPEbI.

[IpeamonokuM, 9TO B IIOPAX CPeibl COJAEPNKUTCSH BOJIA, BETUIUHA, (KOJIquCTBo)
KOTOPOI COOTBETCTBYET MAKCUMAaJbHOM MOJIEKYJIAPHON BJIATOEMKOCTHU

Wmmw = me + pr + dev (3)

rie Wiy, — Bilara MOHOCTOIHOI ajgcopbuuu, Wy, — Bilara IOJHCIONHOHI agcopb-
unu, Wy, — muddysnonnast BIa>kKHOCTD.
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CymmapHbIit 00beM KUJIKOCTH B Cpejie OyIeT COCTaBIATD
Ny = Nmay + Npw + Nay - (4)

[TpepcraBum 06beM TBEPIOI0 KOMIIOHEHTa BMECTE C YKUJIKOHM B CJIELYIOIEM BHU-

e
‘/S:@+mmw+mpw+mdw7 (5)
Ps Pmw Ppw Pdw

TJ€ P — MIOTHOCTH MOHOMOJIEKYJISIPHOM BJIATH, Py — MJIOTHOCTH TTOJIUMOJIEKY-
JIIPHOM BJIATH, Pgyy — IJIOTHOCTH JU(DDY3NOHHON BJIaTH.
Coorrormienne (5) MOXKHO T€peNUCaTh B APYTOM BHUJIE:
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V,=myg|— — .« — 4w (6)
Ps  Pmw mq Ps Mg Ps M4

1 mypw

BamerTuM, ITo BeJauunHa Vy U3 3aBUCHMOCTH (6) He ABJISIeTCS KOHTPAKITMOHHBIM
06'beMOM KaIMJUISIPHO-TIOPUCTOH cpesbr [1].

Benuuuny Baarocoep:kaHus Cpejbl OyJIeM OIEHUBATH 110 BEPXHEMY IpeIery
OJIUMOJIEK YJISIPHOM a1COPOIHH

w

Hy=——,
mew

(7)

T. e. ecnu H,, = 1, To BnaxuocTb cpeipl oyger W = Wy,p.
BaBucuMocTh (7) MOXKHO TI€penucaTh B Pa3BePHYTOM BHJIE:
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Hwxuuit npejiest Brarocojiep>kanusi Cpejibl MPeJICTaBUM CJIEIYIOINUM 00pa30M:
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Ecmu caurtars, aro H! — HIDKHSAS TPAHUIA BJIATOCOAEPXKAHUL, & iy — MJIOT-

HOCTbH BOJbI TIPH 3TOi BJIAXKHOCTH, TO JIJIsi BJAXKHOCTH MOHOMOJIEKYJISPHON a,1copb-
IIUA MOXKHO HAIMCATh PABEHCTBO

H, w \ MPW HZ;} w \ TPW Hw_HjU w \ TPV
Gua) = G) (o) (10

p(Hy) \my " piw \ My Pmw  \Mg
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Wn 1mpeodbpas3oBaHreM MOYKHO IOy IUTh

Hw _ Hw B Hfu <piw_pmw> (11)
p(Hw) Pmw Pmw Piw

[Tocne Toro, kKak Mbl BbIHECEM OOIIHUI MHOXKUTEJIH pL 3a CKOOKH, TOJIyYUM

muw

Lo L[, -y (1 L], )

st BIaXXHOCTH MOHOCJIONHON a/cOpPOIMu OKOHYATEIHHO MOXKHO HAINCATH

H’wpmu}
p(Hy,) = - (13)
H, — Hi (1 - —P"fw)
Piw
WA C y9eTOM 3aBHCHMOCTH (7) HMeeM
W pmaw
p(W) = : : (14)
W (1 )

rue WZ, — miotHocth npu H,, = Hyy,.
B unTrepBase moaumMosekyisipHoii agcopbuuu H]' < H,, < HP pasencrso (10)
MOXKHO IIPEJICTABUTH B CJIEIYIONIEM BHIE

H, Hi H™-H H,—H"
=¥ 4 +

15
p(Hw) Piw Pmw ppm ( )
WM TI0CJIe HEKOTOPBIX Ipeobpa30BaHuil uMeeM
H, 1 [ . Ppuw Prmw Ppw
_ g —HZL(l— )—Hm(l—L). 16
p(Hw) ppw v wpmw Piw v Pmw ( )

OxKoHYATEeIbHO 3aBUCAMOCTD JIJIS OIpEeIeIeHUs IJIOTHOCTH B HHTEPBAJIE IIOJIIC-
JIOWHOH acopOIuu UMeeT BHU/I,

H
p(H,) = , wlow (17)
Hy = Hifee (1 - o) — (1 222 )
WJIN 4Yepe3 BJIAXKHOCTb HOPUCTOU Cpelbl
w
p(W) = fre . (18)

W Prw Pmw

W — Wi Lee (1 — e ) — (1 - Lo )
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Ha nnrepnane guddysnonnoit sraxknoctn HP < H,, < HY nia onpepenenms
3aBUCUMOCTH IJIOTHOCTH OT BJIAYKHOCTU MOYKHO COCTAaBUTH PABEHCTBO

H, Hi H™_-H H? —H™ H,— HP
p(Hw) Piw Pmw Ppm Pdw

(19)

WM TI0CJIe HEKOTOPBIX Mpeobpa30BaHuil, Oy INM

Hw Hw H mw H} w w
= e “’[1—p }——w[l—i}—ﬂg{l—&]. (20)
p(Hd) Pdw Pmuw Piw Ppw Pmuw Ppw

Broinocs Besimauny de 3a obImme CKOOKH, uMeeM
w

ol
p(Hw) Pdw Pmw Piw
—HHT@{I—M] —Hi[l—@]}. (21)
Ppw Pmuw Ppw

OxkonuarenbHo st AudPy3U0HHOTO WHTEPBAJIA W3MEHEHUST BJIAYKHOCTH 3aBH-
CAMOCTDH IIJIOTHOCTHA OT BJIAZKHOCTHU WMEET BU]T

prdw

p(HW) - i Pd 4 m Pd Ppw p Pd (22)
Hy —men—w(l - p—w) —H pTw(l - pm—w> —Hw(l— p—w>
Wi ¢ yaerom 3asucumoctu (7)
w
(W) = ; pd p ppiw Py p pdw \ (23)
i 1 Paw _ PFmw i m Paw _ Fpw i — dw
W Ww Pmw (1 Piw ) Ww Ppw (1 Pmw ) W’W (1 Ppw )

B nepBom npubsimkenuu Jijisi OpUEHTUPOBOYHBIX PACUYETOB, IPH YCJIOBUU, YTO
HIDKHUN TIpeJiesT BJIATOCO/Iep KaHrs HAXOIUTCA B WHTEPBaJIe MOJTUCTOWHON a1coph-
MU, MOXKHO COCTABUTH CJIeTyIOINee yIPOIIeHHOe PABEHCTBO

H, H, H,-H,

oHa) o e (24)

e P, — IUIOTHOCTL BOALI p = 1r/cm3.
U3 pasencrsa (24) npeobpa3zoBaHueM MOXKHO MOy IUTh

Hy —&—ﬂ(l—p—“’). (25)

p(Hy)  Pp Puw Pp
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OxkoH49ATEIbHO 3aBUCAMOCTD JJId IIJIOTHOCTH CBI3aHHOM’ BOJAbI UMeeT BUJ]

Hypuw
p(Hw) = (26)
(i 5)
Pp
WJIN yYUTBIBAsT 3aBUCUMOCTH (7) MOYKHO HAIUCATD
W pw
p(W) = - (27)
W (1-5)

Ha ocnoBe pa3zpaborantoii METOIUKHA PACCMOTPUM MOJEIbHYIO 3a/1a49y OIlpe/ie-
JIEHUST TUIOTHOCTU B 3aBHCUMOCTH OT BJIaXKHOCTH (puc. 1).
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Puc. 1. YcnoBuasi KpuBasi u3MEHEHUS TIJIOTHOCTHU
CBSI3aHHOU BOJBI IIOPUCTOI CPEIbI

Jlyist OpreHTUPOBOYHBIX PACUYETOB BBIJAEINM TPHU XapaKTEePHBIX WHTEPBaJIa W3-
MEHEHHSI BJIA>KHOCTHU: WHTEPBaJ MOHOCJIONHOW aJicopoImm H{V < Hy < HI%[,
MHTEPBAJ TOJUCIONHON acodun H{,‘V4 < Hy < HVI‘D, u umHTepBaJ auddy3u-
OHHOH BJIAYKHOCTHU H{; < Hw < HI”,lV. [Ipumem HA WHTEpBajsie MOHOCTOWHOMN
aJcopOIuy  Ceyolpe pacdeTHble 3HAaYeHUs IUIOTHOCTH — prw = 1.81/ (:M3,
puw = 1.44r/ cM3, B KadecTBe BepxXHeil TPAHUIILI HHTEPBAJIA MOJIUCIONHON a1copo-
nuu uMmeeM — ppw = 1.2r/cm®, g quddysnonnoro uaTepBaia 6yaeM CUATATD,
qaTO Paw = PW = lr/CM3. Ha wmccnenyemom muTepBage H{V < Hy < HVI‘D, dyHK-
MO BJIATOCOJEPXKAHMS Oy/IeM OIeHUBATH 10 BEJIUIHHE OTHOCHTEJHLHON YIPYyTrOCTH
BojgiHOrO napa P/ Pg. JIjis cpaBHEHUST MOy Y€HHBIX PE3YJIBTATOB MPUBEIEM IKCITe-
pumMernTadbHble panable Kysnpbannkoro JI. U. u3s [3], cm. Tabaumy 1.
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Tabauma 1

Pesynbrarsr skcriepumenta 1o peananae P/ Py
P/pP, (0.01|0.05/0.1 |0.2 |03 (0.4 |05 |0.6 0.7 |0.8 |0.9 |1
0.98

p(%) 1.8011.51|1.44}1.38|1.31]1.30|1.29|1.29|1.31|1.30|1.29|1.2

Pesynbrars pacaeroB aBTOpoB 10 BesmuuanHe H,y,
H, 0.0110.05(0.1 |0.2 {0.3 |04 |05 |0.6 [0.7 |0.8 [0.9 |1
p(Hy,) [1.80|1.481.45|1.31|1.27]1.25|1.24|1.24|1.23|1.23|1.22|1.22

[Ipu srom cormacuo 3aBucuMocTH (13) Jyisi mMepBOro WHTEpBaja WMeeM
p(Hw) = Hw - 1.44/(Hw — 0.002), Bropoii maTepBai cormacuHo (17) xapakrepu-
syerca p(Hw) = Hw - 1.2/(Hw — 0.017) u mna guddysuonnoro nnrepsaia u3
zasucumoctr (22) momywaercs p(Hw) = Hw /(Hw — 0.181). Pesysbrarsr pacaera
IpuBeIeHbl B Tabuume 1.

Ananus 3asucumocteit (10)—(23) mo3BosgeT cenaTh CIeAYIONHe BHIBOIbL:

1. Iloyvyennple aHAJTATHYIECKIE 3ABHCHMOCTH MO3BOJISIIOT MPOTHO3HPOBATH KO-
JIebaHmsT MJIOTHOCTH Ha BCEM HHTEPBAJe W3MEHEHHs CBSI3aHHOH BJIATH H B TO K€
BpEMsI CDABHUTEJLHO MPOCTHI JJIsI IPUMEHEHHSI B DACTETAX.

2. IIpenmymiecTBO pa3pabOTAHHON METOJUKH 3aKJII0UACTCS B yIeTe 0CODEHHOC-
Tel CTPDYKTYPHBIX PA3HOBHIHOCTEH IMMOPOBOI BJIATH.

3. PesysibraThl CDABHHUTEJBHOTO pacdera Mo MOCTABJICHHOH 3ajade IMOKa3aJIu,
4TO PACXOXKJEHHE ¢ JAHHBIMH KCIICDHMEHTa, cocTaBasger 2-5%.
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