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YINPOWEHHBIA METOJ ONPELEJEHUA MJACTOBOIO
HJABJIEHHUS IO HAPACTAHHUIO 3ABOMHOTO

JI. A. TYXJIAKOB

(IlpeacraBnena mpodeccopom A. B. ArcapHHBIM)

Onpenenenne mJaacToBOrO AaBJ€HHS 110 HapaCTaHUIO 3aGOHHOrD OGLIUHO
IPOHU3BOJAUTCS NMyTEM CJOXKHBIX PACUeTOB U BBLINOJHAETCA, KaK IPaBHJO, Y3KU-
MH ClienyajucraMu. baarogapst s3ToMmy Ha npoMbIcJax OYeHb YacTo [Jisl OIpe-
JeJIeHus IJ1aCTOBBIX AAaBJEHHH CKBa*KHHBl OCTAHABJUBAIOT HA TAaKOH NEPHOJ,
B TeUeHHe KOTOPOro 3afolHOe JaBJjieHHe NOCTUraer Iacrosoro. Ilpm 3TOM
IPOMEXKYTOUHBIE 3aMEepHl, KaK IIPaBUJIO, He UCHOJb3yloTcd. Mexay TeMm, Hc-
NOJIb3ysl 3TH 3aMephbl, IyTeM CPABHHUTENbHO IIPOCTHIX [PACUETOB MOKHO Olpe-
ARJISITh IJIACTOBOE JaBJEHHEe JOCTATOUHO TOYHO H IIPH 3TOM He OXHAATh, 10Ka
OHO CTaOHIU3UPYeTC.

s onpeneseHnuss NJacTOBOrO JAaBjeHHS Pur  yHpOLIEHHBIM MeTOAOM
HCIOJb3YIOTCA CACAYIOIINe NapaMerphl: Psas — 3a601HOe J[aBJieHHE B MO-
MEHT OCTAHOBKH CKBAXKHHBI, A — MOJIHAS JeNpeccus Ha TIacT HJIH HeLOCTa-
TOK 3a00HHOrO [aBJeHHs A0 MJIaCTOBOIO B MOMEHT OCTAHOBKH CKBAM:IMbI,
AP — pasnoctb TEKYIIero ¥ Haua/JbHOro 3abo#HOro Aasjaenui, APy, — pas-
HOCTb 3a0OWHBIX NaBJICHHI HAaYyaJbHasl, TO €CTh MEXY [E€PBBIM M BTOPHIM 3a-
MepaMH, u d/AP — npupanienue 3260/HOr0 JaBJCHUA MeXJy MOMEHTaMH
Ni0ObIX cMeXHBIX 3aMepoB. Mmeercs B BHJly, YTO 3aMEpbl MPOM3BOMATCA Ue-
pes paBHBIE IPOMEXKYTKH BpeMeHH di.

B ocHOBe ynpouieHHOro MeTona onpeneseHns MIACTOBCIG AABAEHHS 110
HapacTaHUIO 3a00HHOIO JIEXKUT COOTHOIIEHHE
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TJie € — OCHOBaHHUe HAaTypaJbHOrO Jorapudma.

~ YUro6bl u3 3TOro BbIpaXKeHHUs NOJYYUTb BeqHYHHY A P, HYXKHO NpUBECTH
ero K BHAY

T e

-~

H [POHHTErpHpoBaTh B mpefenax 0<t<ty orkyna mojyuaem
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HJIM IIPOM3BOJASA COOTBETCTBYIOLIHE NpeoOpa3oBaHUs U NMPHHUMAfA !y 3a TEKy-
LLYIO BEeJHUYUHY I, :

N al G- (3)

Ecan B moslyueHHOM BbIpasKeHHH TEKYILYIO BeTHYHHY ! YCTPEMHUTb K Oec-
KOHEUHOCTH, TO BTOPOU YJ/I€H 3TOTO BBIpaXKEHHS, B CKOOKAaX OOpaTUTCA B HYJIb,
a BennunHa A P ycTpemutcs K BesqnuuHe A, TO €CTb K MOJHOH JeNpeccHH Ha
I14CT B MOMEHT OCTAHOBKH CKBAaXKHHBI. B HTOre, 310 BhIpaxkeHHe NpUMeT BUJI

e

Takum o6pas3oM, 3ajaya OnpefeseHHs] NOJHON ACNPECCHH CBOAMTCA Mpexae
BCEro K OIpelesIeHHI0 BeJHUYUHBl . B KauecTBe MCXOAHBIX IJs ONpee/eHust
ee BO3bMeM, KaK 3TO B cBOe BpeMsi pekoMennoBasoch b. A. BoraueBriM, aBe
BeJHYHHB AP, Y KOTOPBIX BeJHUYHHBI ! OYAYT CBA3aHbI COOTHOIIEHHEM

Tit =1

H pa3ieJuM HX OAHY Ha APYrYIO. B pe3yJabTaTe 3TOro InoJaydyaem

Al (16 gt

s, LB e

- Pasnaras uncaurenn [IOJTYYEHHOTO BBbIPAZKEHHS I10 IIPaBUAY Da3HOCTH KBal-
paToB, noJiyuyaeMm

~ 1407,
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onycTuM, 4TO B HEKOTOPOH CKBaxKHMHe 3a00iiHOe NaBJeHHe HapacTaJo
TakHM 00pasoM, Kak MoKa3aHo B-Ta6u. 1.

Taonaunga 1

t, cex, 0 200 400 600 800 1000 1200 1400 1600
Paa6. amxn. 50 50,952 51,813 52,592 53,297 - 53935 54512 55034 55507
A P, amn. 0 0,952 1,813~ 2,592 3,297 3.935 4,512 5,034 5,507

Torna, conocraBusia AP, u AP, npu =200 cex u 2{=400 cek, noayuaem

APy 1813
of o M

A pz i
OTKYAd = = . =0.905
AP,
Ilanee, B COOTBETCTBHH C BblpaxkeHHeM (5H), MOXKHO BOENO/1b30BaThCA TAOMHU-

el mokasareabHO# GyHKuMH, HanpuMep, Tabauueil b. M. Cerana u K. A. Ce-
o APQ i

mengsesa [1, crp. 10], no xoTopoit HaxouM, 4TO pH  —5- —1=0,905 Be-

1

auuuHa --at Oymer paBua 0,09982, oTkyda o BbIpasuTCs COOTHOIIEHHEM

~0,09982

= 0,0004001 -
= 991

1

[1pu oTcyTCTBUH TabJHIl NMOKa3aTeJIbHOH QYHKUHH MOMKHO BOCHOJbB30-
BaTbCsi TABJHIIAMH [JeCATHUHBIX JOrapudMoB HAH OOBIKHOBEHHOH Jorapug-
MUUEeCKOll JHHelKoll. B Takom cayyae pacuer ciaenyer Bectd mo dopmyie (6).
B uacTHOCTH, NpH PELIEHUH PACCMOTPEHHOTO Bhillle IPHMEpa IPH

AP,
AP,

&L= B

nojiyuaeM: AecsaiTHuYHBA Jorapudm Beauuyunel 0,905 Oyaer paBeH 7,95665.
nian — 0,4335 u, 6yaydn ymHoxeHnnbim Ha 2,3026, on naer — 0,09982, orkyaa
¢ BBIPA3UTCS COOTHOLIEHHEM
e 0,09982
200

o<, = 0,0004991 .

Onpenenus BeJHUUHY o JJisi MepBOH mapel, o6paniaeMcs KO BTOPOIl ma-
pe A P,=1,813 u A P,=3,297, 10 ecTb K cayyaio t=400 cex. u 2t=—2800 cex.,
NOJCTaBJsIsE KOTOPble B BblpaxkeHue (H), moaydaeM

Cat g
ap 1 =108285,

OTKyJa, COTJIacHO TabJule noxaszatejabHoll ¢ynkuun a t=0,1881 u

01881
o

BT 0,00047
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Hanee, obpamaemcs K Tpefbeﬁ nape AP1=2592 u APy=4,512, 10
ectb 6epem =600 cex. u 2{=1200 cex., noACTaBJAAA KOTOPHIE B BHIpaXkKeHHE
(5), moayuaem :

'Apz
AP,

-1 = 074074,

OTKYJa, COrlacHo Tabaniie nokasaTeabHol Gpynkuun o f=0,30011 u

o LB0ott

2= 7500 = 0,0005002 .

Obpamaemcst k uerBeptoil mape A P1=3,297 u AP,=5,507, KOTOPHIM
orsevalor (=800 u 2t=1600 cex. IlomcraBasis ux B Bhpaxenue (5),
noJiyuaem

AP,
Ap1

== 08703
OTKyaa coryiacHo Tabauie nokasareabnol ¢dyukunu «f=0,400 u

0,400

“~ 7800 : 0,00050.

Ilo NOJYUEHHbIM 3HAUEHHUSAM & OIpenensieTcd ee CpelHss BeJHYHHA. B
JAdHHOM CJaydde€ OHa BbIpa3nuTCA COOTHOLIEHHUEM !

0,0004991+0,00047025 +0,0005002+0,000500
> 3 - = 00004924 -

Hanee, Heo6X0AUMO OTMETHTb, 4YTO II0Jb30BaThcsl (GoOpMynol (4) piad
OKOHUYaTEeJbHOTO OINpeNesieHHs MOJHOH Nenpeccud Ha MJIacT He cjaeayeT, Tak
Kak BesuunHa APy, onpeaeseHHas no ABYM 3aMepaM, He ABJSETCA H0CTa-
TOYHO TOuHOH. [Insi Gojiee TOUHBIX pacueToB HeoOXOAMMO OpaTb Bce 3aMe-
pBl 110 HapacTaHWIO 3a0O0HHOrO JABJIEHHS, YTO JOCTUrAeTCs ¢ MOMOLIbIO HH-
tTerpana moameus. i

Murerpan Hioamenst npencrasaser coboil mioliaib, OYepUEHHYIO KpH-
BOI BOCCTAHOBJIEHHS JaBJEHHsI, HEKOTOPOi opauHatoll AP H 0Cblo BpeMeHH
(puc. 1-a). O6bIYHO 3Ta BeJHUHHA ONpelessieTcsl TIAHUMETPOM MO YepTexKy.
[1pu 3TOM, Kak Gbl TOYHO HH GbIJI BbIYEPUYEH UEPTEXK, ONpeleseHHble OLIHOKH
BCe e OyayT uMeThb MecTO. B ¢BSI3u ¢ 3TUM 31€ech npejJaraercs OonpenenasiTh
3Ty BeJHUHHY aHAJUTHYECKH KaK CyMMYy NpPOH3BeHeHHIl OTAeIbHbBIX AP Ha
dt B coorBercTBHH ¢ (opmyJoil

D=aPdbeaPdt ..+ FaP,dt . (7)

- Uaun npunuMasi Bo BHHMaHHe, UTO BeJHUnMHa df B npejaesax OLHOIO HCCAENO-
BaHH OCTAeTCs MOCTOSHHOMH, B COOTBETCTBHHU C (DOPMYJIOH

3)_=dt(AP,,+AP1+...+%APn) (8)

UTO OTpakeHo Ha pHc. 1-6.
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Puc. 1. Tliomany, OTBeYalOUHe HHTETPATY
Jioamens: :

a) T1IpHu olpejeJeHHH ero rpaduyecKdMm H
6) aHamuTHYECKUM meToxamu. I[IyHKTUDHLIMH
JHHUSMH OTHeJeHbl JAPyr OT Apyra IJIONLalH,
OTBeualoue OTAEIbHbIM uieHaM gopMyasl (7).
Touxu, orBeualoliHe OTHEIbHBIM 3HAYCHHAM
AP, npusesenusiM B TabJa. 1, oOBedeHbl KPyXK-
'KAMU W 32JUTHl TYIIbIO . ;

B paCCManI;IBaeMOM cJaydyae HHTErpaJ ,ﬂ}oaMEJIH BBIPA3UTCA COOTHOILLIEHHUEM
©-200 (0952 #1813 +2592+3,297 43935+ 512 +5,0 34+ + 6507) =
=200 - 24,389 = 4977,8

C apyroit cTopoHbl, HHTerpan Jioamenss MOXKHO BbIPas3uTb u3 GopmyJsl (3),

ecJI B Hee BMeCTO —a—“ IONCTABUTb €ro 3HaueHue u3 popmynas (4), TO

_ecTb A, a 3aTeM NMPOMHTErPHPOBATH [OJyYeHHOE BbIpaXKeHHe B Ipelesnax
0<t<yy

by = !
.E):AJ (1-e7) dt

o 1
D=A(t-—e ")

oC

B-A(t+de™)

$:~A<t1—~—0¢—f‘) . 0
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ToxcTaBass B no/dydeHHoe Boipaxkenue B Kauectse £ 1600 cex. u B KauecTse
o 0,0004924, nonyuaem

1-045475 )
00004924 /

%917.8= A (1680 — 107,33 ),

49778 = A (1600 -

OTKyZa A =101 am.

Takum o6pasom, miacToBOe JaBJeHHe B JaHHOH 3a/JeXd B MOMEHT OCTaHOB-
KM CKBaXKMHBI OKa3biBaeTcs paBHbIM 60,1 aru.

Ilo mepe BoccTaHOB/eHHS faBJeHHs: BOH3H 32605 CKBaxKHHBI B Oosee
yAaJeHHbLIX OT Hero 30Hax JOJKHO MPOUCXOAUTL CHHKEHHE IIJIaCTOBOTO JaB-
JIEHHsI, OJIHAKO 3TO CHHKeHHe OyJeT HAcCTOJbKO He3HAauHTeJbHBIM, UYTO HM
MOXKHO NpeHeOpeub M B KauyecTBE pacUYeTHOTO MNPHHAThH IJIACTOBOE [aBJe-
H¥e B MOMEHT OCTAHOBKH CKBaXKUHBI. .

ITosyyeHHasi B mpouecce onpejesneHuss MJ1acTOBOTO [aBJeHHS 3aBHCH-
MOCTb (4), ec/iu €e NpUBeCcTH K BUIY

A e
ST (10)

MOXKeT ObITb HCNOJb30BaHa A5 ONpeleseHHs MpoHHIaeMocTH maacra. Has
3TOT0 HapacTaHue NaBJEeHHsS 3a NMepBblH NPOMEXKYTOK BpeMeHu Af;, KOTOpoe
Mbl BbIpakaJu yepe3 APy, HE0OXOQUMO BbIPA3UTb Uepe3 NPHTOK B CKBAXKH-
HY B MNJAacTOBBIX YCA0BHAX Qux T/IOIIAaAb CEYEHHUs CKBaxXMHbl F M mjior-
HOCTb He()TH B IJIACTOBBIX YCJAOBUSX Y., BblpaxkeHue 3TO NpPUHUMAET BHI

oAl
1000 AP,,— ?5 : (“)

na

Koz duuuent 1000 B mosyueHHOM BbIpaKeHUH TMOSABUJCS B CBSI3H C TeM, UTO
€106 KuUAKOCTH yaenbHoro Beca 1,0 r/cm® Boicotoin B 1000 cm cosnaer f1aB-
genne B | aru. Hekoroporo paswsicHenuss TpeOyer mapamerp Y,, — MJOT-

HOCTb He(TH B IJIACTOBbIX YCJAOBHSIX. B Hacrosuiee BpeMs ero mpuHATO pac-
CUHTBIBATL MO popmy.e

Xm - o = y S (12)

b 10006
Tl€ TYcn — IUIOTHOCTb cenapupoBaHHOll HedhTH B r/eMd, fv — rasocomepxa-
HHE, OTHECEHHOE K eluHHIe o6beMa HedTH cm3/cM3, o, —IJIOTHOCTH rasza B

r/nutp, 1000 — ko3¢ duiHenT AA nepeBoja IJIOTHOCTH Trasa H3 T/JUTP B
B r/em® u b — o6beMHBIll KOIDPHIEEHT HePTH, TO eCTh OTHOIIeHHe ee 00be-
Ma B NJACTOBBLIX YC/JAOBHAX K 00be€MY B MOBEPXHOCTHHIX (Bcerga OoJgbllue eH-
' HHL(BI) .
. Hlanee, mpuTOK B CKBaXKUHY B MJIACTOBBIX YCJAOBHSX HEOOXOAHMO BBIpa-
3UTb H3 BbiBeJeHHOH aBTOpoM [1] dopmysasl npuHTOKAa B FHAPOAHHAMHUYECKH
HECOBEPIIEHHYIO CKBAXKUHY

{ln/\ ;
A= ﬁ (erc), a9

rae A—noJganas AenpecCHda Ha IJIACT CpedHsid IO IMEepBOMYy IIPOMEXKYTKY
BPEMEHH HJIH, UTO TO XK€ caMoO€, B MOMEHT OCTaHOBKH CKBaXKHHBI B aATU, [ —
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BA3KOCTb HEe()TU B MJIACTOBBIX YCJAOBHSIX B CAHTUIya3ax, 1 — UHCJIO OTBEPCTHH
B (UIbTPE, K — NPOHHIAEMOCTb TJacTa B napcu, G; — reomerpuueckas xa-
pPaKTepHCTHKA 30HbI BJAUSAHUSA OTBepCTHH U Gp— reoMeTpHuecKasi XapakTepH-
CTHKa 30HBl I[JJOCKOpPaAMaJbHOro Mnortoka. IlepBasi 3 3THX BeJUYHH Y
pPasHbLIX CKBAXKHH ONpejesseTcs no-pasHoMy. A UMeHHO, y CKBaXKHH C BBICO-
KO NJIOTHOCTbIO nepdopanuyu, To eCTb €CJU MOUIHOCTb TJacTa Ha OZHO OT-
BepCTHe He mpeBblmaeT 2,55 paanyca CKBaXKHHBI epel CIYCKOM oG6GcaaHoil
KOJIOHHBI, HaiK 1,27 nuamerpa [0Ji0Ta, BeJHYHHA 3Ta onpezensercs no ¢dop-
MyJe

o
5

~ 10,0625 —% - 001172

0z, 3 S]L sznz
£ A 7d

1
5

33 S4 ' o
+000260 —7 - 000079 5+090021—-000005 7 A

rae A — paauyc OTBEPCTUsI B KOJOHHE B CM, I — DPAaAMyC CKBaXKHHBI Mepej
CycKOM 00CafHOH KOJOHHBI (IIOJIOBHHA THaMeTpa A0JI0Ta) B CM, S — PaLUYC
BJHSHHUSA OTBepCTUS ([IOJIOBHHA CPEJHEro PacCTOSHHS MeXJTy OTBEPCTUSIMH)
B cM. B 1aHHOM ciydae 3TOT mapameTp omnpefensieTcs no ¢popmysne

S =05 Zﬂzh

=
rjae h— MOIIHOCTb mJjacTa obuias B CM, # — YHCJIO OTBEPCTHH B KOJIOHHE B
30He (QuIbTpa.

Y CKBa)KMH ¢ HH3KOH IJIOTHOCTBIO MepdOpaliH, TO eCTh eCH MOUIHOCTb
nJ1acTa Ha OJHO OTBEPCTHe MpeBbiliaeT 2,55 Haua bHBIX paguyca, uaum 1,27
IuaMerpa J0J0Ta, TeOMeTpHYeckasi XapaKTePUCTHKA 30HLI BJHSHHS OTBep-
CTHH paCCUHUTBIBAaeTCs MO cbopMyJIe

1 025, 2z 05 al

: G 1—014352—-—— SHE 0125 —% B 005625 (16)

o

[Ipu saTom paauyc BJIMAHHS OTBEPCTUH PACCUHTLIBACTCA HE 11O dopmyse (15),
a no gopmyae

-2 s S
s=o,5\/ D 096m%? (17)

OcranbHble napaMeTpsl Boipaxkenus (16) Te ke, uto u'y Boipaxenus (14).
['eomerpuueckas XxapakTepuCTHKa 30HBI MJIOCKOPAaAHaJbHOTO MOTOKA BO
BCEX C/Jy4Yasx pacCYUTBIBACTCH MO OLHOH U TOH XKe (popMmyJe

n R
oy “h_ﬂ'3n 7 Y

(18)

rae R — panuyc BAUSHUS CKBAaXKUHBI B CM (6epeTcsi paBHBIM NOJIOBUHE Cpel-
HEr0 pacCTOSIHUSI MEXKIY COCEIHHMH CKBa)KHHAMH), OCTaJbHble 0003HAUCHHS
Te e, UTO U B Bhpaxenusax (14) u (16).

¥ N3 ¢opmynst (13) npuTOK B CKBAXKHUHY MOXKHO BBIPA3HTb COOT-
HOLIEHHEM - '
- An2Tk .
(lﬁ/\:—\ G ’ (19)
byt by )
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MOJCTaBJsIsE KOTOpoe B Bbipaxenue (11), moayuaem

0005 p, = A&k AL (20)

JM(GJl+GH) S‘_zfm\ :

HJIY BpIpaxkas IJIOUIaJb CeYeHUS CKBAXKHMHBLI Uepe3 BHYTPEHHHH panuyc Ko-
JIOHHBI 7« U IPOU3BOAS COOTBETCTBYIOIIHE Npeobpa3oBaHUs

An2 Tk At
AP = :
© 4000 (6,+6,) mixm (24)
N 2 Ank At (22)

1000 w6 6) 2k Yoi

[loxcTaBasiss moJyyeHHOe 3HAUYEHHEe HAPACTAaHUA JaBJEHHS B BLIPAXKEHHE
(10), monyuaem

ik
1UUOJM1,2(XM~A(GA+(;R)

OTKYyJa MPOHUIAEMOCTb BbIpazKaeTcsd COOTHOLIECHHEM

(23)

{000 ee M2y X, ,
i Z.nAtk (Gt Ga) (24)

31ech HEOGXOMHMO OTMETHUTh, UTO ONPENENSITh NMPOHUIIAEMOCTh IJIACTOB
10 ONUCAHHOU METOJHKEe MOXKHO JHIIb mpu 06paboTKe NAHHBIX 110 OCTAHOB-
JICHHBIM TJIyOMHHOHACOCHBIM CKBa:KMHAaM, TJe JAaBJeHHe Ha 3a00i 00yC/IOB-
JIEHO JIMIIDb JaBJeHHeM cTosba XKUAKOCTH B ckBaxuHe. Ecau nabienne Ha 3a-
00¥ CKBaXKHMHBl 3aBHUCHT IVIaBHEIM 00pa3oM OT BhIAEJAIOIMIErocs u3 HedTH
rasa (ocraHOBJIeHHBbIe (DOHTAHHbIE CKBaXKHHBI), TO 00paGOTKy HaHHBIX IIO
HUM CJAEAYEeT BECTH MO MHLIM METOJUKaM.
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