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§ 1. ®uasrpauns

OuabTpaus el Ha3WBACTCH ABHMKEHHE JKHAKOCTEN, rasos
M HX cMeCell B TOPHCTHIX H TPUIMHOBATHX CPeAax, T. €. B TBep-
AbIX TelaX, NDOHH3AHHEIX CHCTEMOH COOGIAIOLIMXCA MeXIy CoGOl
TIOp H MHKDPOTPELLHH.

PuabTpaUns KHAKOCTEH H Ta30B MO CPAaBHEHWIO ¢ ABIKEHHEM
B Tpy06ax H KaHanax 06/afaer HEKOTOPHIMH cetHpHUECKHMH 0CO-
GEHHOCTME,

®HABTPAUNS TIPOHCXOMHT 1O UPESBHYAKHO MATHM B monepen-
HbIX pasMepaX MOPOBHIM KaHalaM NPH QUeHb MAJNHX CKOPOCTAX
ABHKEHHS MHIAKOCTefi. CuJlbt TPEHRA NPH ABHXKEHHH KUAKOCTH B
TIODHCTOM Ccpelle OYeHb BEJHKH, TaK KAK IIOWALH COMPHKOCHOBE-
HHSl KHAKOCTH ¢ TBEDIHIMH YACTHLAMH OTPOMHH.

TMopucras cpena xapakTepu3yercss KoS(HUHEHTAMH NODHCTO-

CTH H NPOCBETHOCTH,
Koo ouUHEeHT NOPACTOCTH m ecTh OTHOWEHHE 06B-
€Ma 110p (Tnop) KO BceMy 0GbeMy ITOPHCTOl cpels (1)

M= Tpep/T. L1y

Tlon nopuctocThio B TeOpHH GRABLTPALAH [OHAMAeTCs
AKTHBHAA INOPUCTOCTh, KOTOpas YUNTHBAET TONbLKO T&
TODEL H MHKPOTPEUIUHBI, KOTOPHe COJMHEHB MEKIY COGOH M Ye-
Pe3 KOTOpble MOXeT QUILTPOBATLCA KHIKOCTD.

KosdpduuuentoM npocseTHOCTH n HaswBaeTen or-
HOMlleHHe MAOMAAH APOCBETOB (Wnpocs) B AAHHOM CEUEHHA NOPH-
CTOH €peAibl KO BCEH AOMaAH 3TOTO ceuerns (o)

©npocn
n= TP 1.2
> a2
MoxHo ToKa3aTh, 4TO CpeflHee N0 AJHHe NJjacra 3HaYeduHe
TIPOCBETHOCTH PAaBHO NOPHCTOCTH, T. €,
~ 1 f
n=1_J n(x)dx=m, L3y
0
TNO3TOMY CpejHee 3HaYeHHe MJIOIaZH TIPOCBeTOB
@npocs = 16 = me.
Ynpouwennoli Mojenbio MOPHCTOH cpeabl SBASETCA  MOfedn

GHKTHBROTO rpyHTa. ®HKTHBRHK TPYHT COCTOMT H3 mapu-
KOB OHOTO IHaMeTpa, YJOKEHHHX OnpefeNeHHHM 06pasoM. QOc-

4

HOBHHIM 3JIeMEHTOM (OCHOBHOM f9CHKOR) (HKTHBHOTO TPYHTA ABe
aseTcsi pOMGOIAP, KOTOPHY MOJYUHTCS, €M HPHHATH UEHTPHE
BOCBMH CONPHKACAIOWMAXCH yacTHU 32 BEPWHHM yrioB (phc. 1),
B 3aeucuMocti oT oc1poro yraa 8 60XoBol rpaHm pomMGovApa YE-
Jajxa wapos GoJiee MK MeHee IJIOTHAsS.

Yron 6 usmensercs B npegenax of 60° po 90°. Vray 0=60"
COOTBETCTBYeT HauboJsee NjiorHas yKJajKa lrapos, yray 6=90°—
naubonee coGonHasn.

TNopucrocts $uKTHBHOrO rpyHTa OmpeAeJsETCH

no Gopmyie
Y. Canxrepa

m= 4.4

T 61 —cosO) V T+ 2cos

H3 KOTOpOR CjeAyeT, UTO MOPHCTOCTh - 3aBHCHT HE OT AnaMerpa
HAacTHL, @ JAHIIb OT MX B3aHMHOTO PACTONOKEHHS, KOTOpoe Ompe-
Aensiercs yraom 6.

Yro6n (GOpMYJE ANA (PHKTHBHOTO TPYHTA MOKHO OBIO NpH-
MEHATh /15 eCTECTBEHHOTO TDYHTA, HYIKHO 3aMEHHTh peanbHBl
TPYHT SKBHBAJEHTHHM €My hHK-
THBHBIM,  KOTODHI  [AOJLKEH
HMeTb TaKOe Xe THApaBIutec-
KOe CONpOTHBJEHHE, KaK y ec-
TECTBEHHOTO  rpyhTta. uamerp
HACTHL,  TAaKOrO  (HKTHBHOTO
rpysTa HasmiBaercs 3¢ dex-
THUBHHM HIHaMeTpoM (dy).

IddexTusnnit fHaMerp on-
pelleNsieTcsl B. peayabTaTe  Me-
XAHHUECKOTO 4HaNH3a TpyHTa.
Ero npocensator uepes naGop
CHT ¢ Pa3JHYHON MJOWANBI0 OTBEPCTHN H, TAKHM 06pasoM, pasmes
10T Ha ¢pakwnn. 3a CPeANRN AHAMETp KakAOH (PaKUHH TPHHH«
MaloT cpejiHee apH(MeTHueCKOe KPalHHX AKAMETPOB, T.e.

g —td
3 .

3aTeM CTpOAT KpHBYlo MexaBHueckoro (QpakumoHHOTO) cocTa-
Ba TPYHT4, OTKARABIBAS N0 OCH aGCHWCC cpelidne AHAMETPH (pak:
uuit d;, a nO OcH OpRHHAT — CyMMy Macc ¢pakunii ‘Agi+Ag2+
+ ... +Ag; B % OT O6HIEH MacCHL.

Hocnenuas Touka KpHBORK MMeeT abcuuccy, paBuyio dn, H Op-
AuHATY Ag)+Age+...+Agn=100% (puc. 2).

Cymiectsyer MHOro cnocoGos omnpefedeHns adpeKTHBHOTO
anamerpa. Ilo onoco6y A. Fasena d, onpeneaserca no Xpusoll
MeXaHHYeckoro cocrapa. 3a >(QQeKTHBHWN NpHHHMaeTcs TaKoH
IHaMeTp 1MapooGPa3HOA YaCTHUB, KOTODHI COOTBETCTBYeT CyMMe
Mace BCeX (pAKIKA, HaUWBasw OT HYJA H KOHYAS STHM JHAMET+
pom, pasroii 10%. Hago naiitn, kpome Toro, awamerp do, KOTO-
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«pHIHENT ofHOpOAHOCTH dofd; AOMKeH OmTh He Gosee 5 (dofdy<s
5) n d, noaxeH Jdexars B npesenax or 0,1 zo 3 mm.
Mo cnocoSy Kprorepa — LlyHkepa uemosnbsyloT naHHBE Mexa-
HHYECKOr0 aHaldH3a IPyHTa ¥ Onpefeasior d, no dopmyne
n

o
&

.CKOpPOCTBIO GHABLTPAUHH © Ha3HBAETCA OTHOMEHHe
©06BEMROMO pacx0a KWAKOCTH K IVIOIMAAH NONEPEYHOro CeyeHHs.

100

i )

g, TacTa, HOPMAJbHOTO K HaTpaBie-
9es HHIO JIBHXKEHHA JKHAKOCTH
w=Q/o. {L.6)

K CKopocTs (GHABTPALUHK TIPEACTAB-

aser coboit GHKTHBHYIO CKOPOCTb, ¢
KOTOPO#i JBHrakach |61  MKHIKOCTb,
ecnu Gul MOPHCTaA cpeda OTCYTCTBO-
Bana (m=1).

Cpeansin  CKOPOCTb  JIBHAEHHS
MHIKOCTH 0 DAaBHA OTHOWIEHHIO O6b-
€MHOFO Ppacxosia K NJOIafH RPOCBe-

w0 TOB Onpoca (KHBOMY CEUEHRIO MOTO-
[2arA EHT] ka) 0 2
V= = (1]
Puc. 2 @npocs o

CkopocTs (UIBTPALME M CPefHAN CKOPOCTh ABHEHHA CBA3A-
Hbl COOTHOILCHHEM

v = wim. (1.8)
§ 2. JIuneiinbii saxon guastpaunn Japcu.
Kosdpnumenter nponmuaenocts v prabTpauun

3axon ¢uavTpaumn Japeu YCTAaHABAMBACT JHHEHHYIO 3aBHCH-
MOCTb MeKAY 06HeMHBM DPACXOJOM HeCKHUMAeMoH KHAKOCTH M 10-
TepeH Hamopa, NPHXOAAWEHACA Ha eAMHWNY AJHHBI, H HMEeT BUA

o—ch=i g, (9

Tae Hl=z|+ﬁ H H2=ZQ+£ — MOAHBle HATIOPHl B HAYaJIbHOM

H KOHEUHOM ce4eHMsAX o0pa3ua IOPHCTOR CPeAsl (CKOPOCTHHIE Ha-
TIOper OTOPOLICHE BCJeACTBHE HX MaNocTH); | —JJMHa ofpasua;

W

® — IOk TNONepPeyHoro ceveHus (puc. 3); ¢—kosdduukenT

(pmlbrp_auuu. 3aBUCAIMHA KaK OT CBOfICTB NOPHCTOH CPeAM, TaK W
OT CBOWCTB QHJBTPYIOIERCA JKHAKOCTH,
8

Vantusan, 4to (Hy—H,){l=i—runpaauueckuii yK/IOH, (L9)
MOXKHO 3aflHCaTh TAK:
Q = ciw, (L.10y
nens ofe 4acTH rocleanero paBeHCTBa Ha o, TIOAYYHM
w = ci. @11y

CrnocoGHOCTs TOPHCTON cpesl MPONYCKAaTh cxBo3b cefi Kul-
KOCTH H Fasbl HA3BIBAETCS MPOHWIAEMOCTbIo. ITo CBOHCTBO
XapaKTepusyeTc KOO(QHUHEHTOM NpOHHNAEMOCTH k. B oranuue
or kos(duuyenta GUABTPAMH ¢ KOIPPHUHMEHT NpOHULAEMOCTH
k 3aBHCHT TOJMBKO OT CBOHCTB N
NOPHCTO cpensl.

IMpu pemennn 3anay Hepra-

HOil  TMOA3eMHONl  THAPaBIHKH Yy
yaoofHee  3alHCHIBATL  SaKOH
Hapen, nosnb3ysick  Koaddrua- t

€HTOM TPOHHLAEMOCTH:

.. .
Q=i il TP ﬂm’(ug)
" [ ! !
HaH * . b N
) & Ap*
W= 2 %
" [ w i Puc. 3.
rie py=pg21+pP1; P,=pg22+Ps— NaBNenHHA, NpYBEACHHME K
IVIOCKOCTH OTCYeTd FeOMeTPHYECKHX BBICOT.
3akon Tapcu B nnddepenunanpnoit dopme HMeeT BHI
C =k 4 113y
uoods

rjfie § — KOOPAHHATA BAOJb JMAHH TOKa.
Kos()pUUHENTH NPOHHIAEMOCTH 4 (HABTPAUHH CBA3AHML COOT-
HOWIeHHEM

14y
» g

Kosuent NPOHHLAEMOCTH MMeeT pPa3MePHOCTh IJOMajM,
a Ko3QQuiUeHT GHALTPAUKH — PA3MEPHOCTE CKOPOCTH.

Ha npaktuke NpOHMUAeMOCTh HeQTSHHX U Ta30BBIX MJACTOB
n3MepsieTcs eAWHHLAMH, HashiBaeMbiMH Hapcd (H). 3a emusunmy
npornuaemoctd 1 [ NpUHHMAKNT NPOHMIAEMOCTD TAKOH NOPUCTOR
cpean, npy QEALTPALMN uepes 06pasen KoTopoll naowmazwio Icm?,
agwrnoft 1 cM npm mepenane AaBjaeHus 8 1 krcfem? (98000 Tla)
pacxox kuaxocty Baskoctbio 1 ¢I1 (1 MITa-c) cocrasaser 1 cm¥c.
Beanunna, pasuas 0,001 JI, waswBaeTcs Muanmaapen (MI).
1 0=1,02-10-% em2=1,02-10-'2 M2

TlpoHHuaeMOCTb peaNbHbIX TIACTOB M3MEHSETCS OT HECKOAbKHX
MHJIHAApCH IO HECKOJBKHX HAPCH.
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HEJIHHEAHBIE 3AKOHBI ®HJIbTPALLHH

§ 1. Kputepnii Pefinoabaca

TMono6Ho Tomy, kax B TpyGHOI CHAPABAHKe KPUTEPHUEM peXH-
Ma IBHIKEHHS CAYXHT uncao PeitHoabaca

Re = vdp/p, [119]
B TCODHH (HIBTPaUHE BBOAWTCH GespaaMeprmit mapaMerp
Re = uapfp, (1L2)

TAe 4-—HeKOTOpAs XapaKTepHAd CKOPOCTh; & — JuHeRHbif napa-
METP, XapaKTepH3YIOIMil CPefHee ‘CeyeHHe MOPOBHIX KaHaJOB;
£ — INIOTHOCTE XKUAKOCTH; |1 — AMHAMHYECKHA KOSDQHLUEHT Bs3-
KOCTH,

CxopocTh GUALTPAUMH, NPH KOTOPOH HapyllaeTcs 3aKOH Hap-
CH, HA3HBaeFCH KPHTUHECKOR CKODOCTBIO ¢PHABTPa-
LHH (W),

Onuako HapylleHne JHHEHHOTO 3akoHa dunpTpauun  ewme me
Q3HavaeT MepexoAa OT JAMHHADHOTO ABHXKEHHSI K TypOyJNeHTHOMY.
3akon [lapch WapywaeTcs BCUeACTBHe TOFO, MTO CRAB HHEDIINH,
BOSHUKAIOUIHE B XKHAKOCTH 33 CYET HIBWIHCTOCTH KaHANOB H W3-
MeHeHns IJOWAAH HX TOMEPEYHHX ceueHHR, CTaHOBATCA npw
W Wyp COUIMEPHMBIMU € CHAZMH TPEeHUS.

B Tpyuofi runpasmike sHauenwe Re, NPH KoTOpOM NpOHCXo-
AHT CMeHa PekHMOB, paBHO Rexp=2320, B Teopnmu ¢uabTpaunn
3aKOH JlapcH HMeeT ‘MecTo Ips 3HaYeHHH Ge3Pa3MEpHOro napamer-
pa Re, menbuwero kputuueckoro (Reyp), KOTOpoe ycTanasamBaercs
#3 ONHITA.

Bnepsrie uncno PefiroAbica And (HABTPANEN KAAKOCTH GHIO
sBeneno H. H. [Maeaosckum B e

- wdsp
Re= 0,75m+-0,23)p ' (1L3)

T. €. 32 XAPAKTEPHYI0 CKOPOCTh GbiAa B3ATAa CKOPOCTh HABTPALNK
W, 2 NRHefiRbIA NapaMeTp NpPeICTaBAeH BEPAaKeHHEM

dy

a= .
0,75m +0,23

[UK))
Kpuruueckue snauenns Re mo [TabJoBcKOMY 3aKmioueHN B
HHTEpBAIE

Rey, =7,5+9.
12

B. H. llleakaues npemioXkull B3ATb 3a JHHeHHHI mapaMerp
BHPaXKeHHe, NPONOPHHOHA/IbHOe KODHIO KBafpaTHOMY H3 K03(pdute
MHEHTa NPOHHLAEMOCTH,

a=10VEm™®, (L.5)
Ypeno Pefinoasaca mo B, H. IlTenkaueBy HmeeT BUA
Re— f0wVEp (IL6)

m?.ap
@ KpHTHYeCKHe 3HAUEHHS JIeXAT B HHTEpPBaAJe
1< Reg < 12,

Mo M. J1I. MWIIHOHIIHKOBY 32 XapaKTepPRYI0 CKOPOCTb B3ATa
CPeAHssi CKOPOCTh ABHKEHHA JKHAKOCTH

v =w/m,
A 32 AudefiHHfA napaMeTp — BHIpaxKeHue Yk/m, T. e.
Re— VEme .  wVEe wn
3 m'-5

0,092 < Regp < 0,29.

Ecau Bouncaeinoe mo oxHoh ns gopmyn (I113), (IL6), (I1.7)
3HaueHHe vucAa Re OKa3BIBAETCH MeHbille HHMKHETO KPHTHYECKOTo
3Hauennss Rewp, To 3akoH Hapcu crnpaBepaue, ecan Re Goablue
BePXHET0 3HAUYCHHA Reyxp, To 3akoH JlapcH 3aBefoMo Hapyllied.

Mlupoxuit guanasod '(nameuemm Reyp oObACHSAeTCA TEM, 9TO0 B
4opMyabl a5 uncAa Re BXossT napamerpHl K B M, KOTOpHe He
TIOMHOCTLIO XADAKTEPHSYIOT MHKPOCTPYKTYpY moponsl. Kakcaenyer
U3 OMHLITOB, AN KAXAOK TOPHON TOPOAE MOXHO YKasath Ooiee
Y3KHL AHANa30H 3HaueHkir Regp [16].

Onpeneente pexuMa GHABTPAUMH MXKHIKOCTER M rasoB WMeeT
Bonbllice MpaKTHUeCKoe sHauenke, H6o Ge3 3HAHHA 3aKOHA GHABT-
PaunH B 7IacTe HeMb3sl NPABHAbHO PAOCUHTATH NGHTH CKBAMKHH,
Pacnpesiesienne NaBACHUS B IJIACTE, a8 TaKKe HEBOIMOXKHO ONpeje-
JleHe mapameTpos miacra (R, A m u mp.) MO AaHHBIM HCCTAenO-
BaHNHS HepTARBIX W TA30BBIX CKBAMHE.

§ 2. Henuneiiupie 3aKOHBI PHABTPALHK

TMpu Hapywenwu 3akona Jlapck 3aBHCHMOCTb —MeXAY CKOpO-
CTHIO GUIBLTPALHH @ M TpafHeHTOM naBierus dp/ds ayume Beero
“ONHCEBACTCA ABYUJIEHHOR GopMYNoi

ey b, @)
ds

KOTOpasi BHpAKaeT MJaBHEIA TNepexod OT JAMHEHHOTO 3aKOHa

‘DuabTpauuy K HenuveiHoMy. IIpH MaibX 3HAUCHHAX CKOPOCTH

13




[image: image5.png]aw’>bw? gpenebperaeM BTOPHM WIEHOM H mosydaeMm sakod [Tlap-
CH; NpH 3HAUEHHAX W32W)y, craraeMole aw u bw? UMElT OZHM
TOT JKe mopAAoK; NpU GoJAbWIHX CKOPOCTAX (HAbTPAHRN aw < bw?|
H MOXHO NpHHATH

o _
ds

(L),

YTO COOTBETCTBYET KBaAPATHUHOMY 3aKOHY CONPOTHBAEHHSR U HMe-
€T MecTo NpH QUIbTpauMn B KPYNHO3EPHHCTHIX M TPELIHHOBATHIX
noponax. Popmysa (11.9) naswiBaerca Qopmysoit A. A. Kpacso-
TMONBCKOr0.

Koaddunuentsl a n b onperessiorTes Aubo KCIEPHMEHTANBHO,
nubo a no dopmyte a=pfk, a b— npubankenno no dopmyre,
npengoxkennon A, K. [vpKOBCKHM

63.100

= o (IL10)

rie p— MAOTHOCTH B Kr/m% k — kO>(Q(OPUHEHT NPOHULAEMOCTH B
L; m — ko>OHUHEHT NOPHCTOCTH B AONIX €AHHHILL.

MoXHO 3amHCHIBATL 3aKOH (GHABTPAUNH, OTNHYHLIA OT 3aKOHa
lapch, B Buie OAHOUNEHHON CTeNeHHON 3aBHCUMOCTH MeXKIy CKO-
POCTBIO PHABTPAINH W TPALHEHTOM AaBJEHHS

- (L1,

1

dp . dp\TW

Jw| C( 5 en > s

TAe sign-— 3HaK NpousBomHOW dp/ds; ¢ W 11— HEKOTOPLIE NOCTORH-

HBIE, OnpefefdeMble ONLITHHM myTeM, npnueM J<n=g2, n=2
€OOTBETCTBYeT 3aKOHy Kpacuonombckoro.

Henoab3ys mpHERHN ORHOPOJHOCTH Pa3MEpHOCTEH, MOXKHO Hali-

TH BHlpaxienue aas kosdounuenra C

C:[Rexp ]Tk‘mun

.12
Fm) 12y

tre f(m) =10 m—23,

3anaua 16

Onpenennts 3Hauenne uncAa PefiHOMBACA Y CTEHKH THAPOLW-
HAMHYeCKH HECOBEDIIeHHOH MO XapaKTepy BCKPHITHA — HeTHHOH]
CKBAXKHHYI, - €C/IH H3BECTHO, UTO IKCHIYATAUMOHHAS KOJNOHHA Mep
GoprpoBara, HA KAaMKAOM METPe JUIHHLL KOJIOHHB IIPOCTPEJeH
10 otsepcrnii AnaMerpoM do=10 MM, MOmEOCTs TaacTa h=15 M,
nposunaeMocTs miacta k=1 I, nopucrocts ero m=18%, xo3p
dunuent Baskoctd HepTH p=4 wmlla-c, WIOTHOCTE HedTH p==
=870 xr/mM® u neGuT ckBa:XMHB cocTaBaser 140 m3fcyr.

Otper: Re=15,6 (mo dopmyae Hlenxauesa),

Re=0,396 (o dopmyne Munauonmukosa).

1

3anaua 17

OnpezennTs paniyc mpu3aGOMHON SOHBL ryp, B KOTOPOR Hapy-
wreH 3akon Jlapcu, npn  ycTaHOBHBUIeHCH  nyOCKOPaAHANBHOK
UALTDANNH UACAHOTO ra3a, €CHN H3BECTHO, uTO MPUBEJEHHLIR
K aTMoc(epHOMY IaBAeHHio HeGHT CKBAKHHBL Qqp=2-10°M%/cyr,
MOWHOCTh MAacTa £=10 M, koyhPWUMeHT npOHELAEMOCTH k=
=0,6 1, koapHUMHEHT NopHcTOCTH MAacTa m=19%, AUHAMHYE-
cKuit Ko3dHUHEHT BASKOCTH raza B MACTOBHIX ycaoBuax p=14X
% 10-% Kr/m-c, INOTHOCTL ra3a MpH aTMOCHEPHOM AaBieHHH H Ia-
cTOBOt Temnepartype par=0,7 kr/mM%

Ykasanwe. B pelleHuH Hcmosb30BaTh SHCAO Peitwoabica 1o
dopmyne M. JI. Munnnoninukosa u 3a Rexp B3STb HMXKHee 3Hadye-
Hue Rew=0,022.

OteeT: rp=7,9 M.

18

Onpesenuts no popmyne Ilenkauesa, TPORCXOAMT JH (HIBT-
pauusi B niacTe No 3akoMy JlapcH, ecAH W3BECTHO, uTO AeOHT
HedTaHOR cxBaxHHM Q=200 M3/cyT, MowHOCTe miacta h=5 M,
xoshdrunedT nopuctoctn m=16%, ko3pdUNHEHT NPOHHUAEMOCTH
£=0,2 [I, iotHocTs et p=0,8 r/cmd, nusamMuueckiii kosddu-
unent BaskocTH ee p=>5 MIla-c. CkBaxuHa THAPOAHHAMHYECKH
cosepiuenHa, paauyc ee ro=0,1 M.

Otset: Re=0,036<Regp=1.

3anaua

19

Jle6uT rasoBodl CKBAXKyHb, [PHBEEHHEHT K aTMochepnomy
AaBJeHmi0 NpPH miacToBok TeMneparype Qar=2-10° m/cyr, a6-
-COMOTHOE LaBJeHHe Wa 3aboe p.=7,84 MIla (80 krc/em?), mom-
HOCTh maacta A=10 M, Ko>Q@HIMEHT NOPHCTOCTH TWJacTa /M=
=18%, kospduuuent nporumaeMoctu k=12 J1, cpeausis MoaeKy-
JApHas macca ra3a 18, AHHaAMHYeCKwil KO>(@uuneHT BA3KOCTH B
naacToBuix  ycaosusx p=~0015 mIla-c, Temnepatypa maacta
45° C.

Onpeneantb, uMeeT AH MeCTO QHIBTPAuUMa no 3akoHy Jlapck
B NpusaloliHofi 30He COBePIIEHHOH CKBa)XXHHEI pajHycoM [re=
10 oM.

Pewenne. Onpesenum NAOTHOCTb Trasa y 33608 CKBAXKHHBL
Hast storo nafizem mmotwocte rasa npu 0°C u 760 MM pT. cT.
(0,1013 MIla)

3anmava

po = 18/22,4 = 0,804 kr/m®,

W IpH ye1oBURX Ha 3aboe

0,804-273-7,84

PoTope
(273 + 45)-0,1013

= = 53,3 rr/m.
Tpo

p=




[image: image6.png]CropocTb (pHABTPALUH Ha 3a6oe paBHA
QarPar 2.108-0,1013

= = 0,0477 wmjc.
2nirchpe 0,864.10.6,28.0,1-10.7,84 ’ 4

W, =

UYuceno PeiiHoabaca no [eaxadeny

WeVEp _ 10-0,0477y/ TT1,02.T0°F 53,3
Re=
™ 0,0195.0,015.10—3

=96,5> Re,,=12;

0 MuJLIHOHIEKOBY

Re= wVEp =

m5

0,0477 VT,2-1,02-10— % 53,3
0,18!+5.0,015-10—*

= 2,46 >Reyp = 0,29,

T. €. B Npu3aGoiiHoil 30He HapymaeTcs 3akoH Hapcw.

11I. OBHOMEPHOE 1BH)XEHHE HEC)KHMAEMOH
JKHIKOCTH B YCNOBHAX BOAOHATIOPHOrO PEXXHMA

RBH)KCHHQ JKHIKOCTH CYHTaeTcsi HAaMOPHHIM, KOrAa Nbe3oMeTpu-
wecKas JMHHMA Pacnoaraerca Belllle BePXHell HEeNMPOHHMiLaeMoi rpa-
HHMHHI NIOTOKA (KPOBJIH TIJIAcTa).

YeraHoBUBIWHICA (DHILTPANHOHHEIN NOTOK JKMAKOCTH WJH rasa
Ha3piBaeTcsi OAHOMEpDHBIM B TOM cJiyyae, KOTAAa jaBjAeHHe H CKO-
POCTh GHALTPALHH SBAAIOTCA DYHKUHAMH TOABKO OJHOH KOOPIV-
HaTH, B34TOR N0 NHHHH TOKA.

K 0AHOMEDHEIM HOTOKAM OTHOCATCA:

1) TpAMOJKEEHHO-ITapaNIeNbHEIT
Hbllf) QuALTPaLHOHHEI TIOTOK;

2) naocKOpafAHaIbHH;

3) pamuaibHO-cepHUecKHil.

(uan  napasienbHO-CTPYi-

§ 1. Npamonunefiko-NapaineNbHOe ABHKEHHE HECIKKMAEMOH
xupkocrk, MIpHTOK x ApeHaxHok ratepee

TlpaMoauneRHoO-napalIesibHOe JBHAEHHe HMeeT MeCTO B TOM
cayuae, KOIjia BEKTODH CKOpOCTell  (QHABTPANANW  NAPAJLKeJbHN
Mexny coboli. \

Ecan mnacT ropusoHTaNAbHEIN, KpPOBAS M NOAOUIBA HENpPOHH-
HaeMH, MOUHOCTh MJacTa kb u mupuHa miacta B Bcoay oauna-
KOBbI, TO B IJIaHE DJACT MPEACTABHTCS NPSIMOYFOJIBHUKOM (pHC.6).
Ecan B mepeoM cedenuH IJAacTa, COOTBETCTBYIOLIEM TPaHMLE IIac-
Ta ¢ 06/1aCTbi0 [HTaHUS, AOANEDMKHBAETCA [ABJEHHE Py, 4 B ApPY-
IOM CeueHHH, COBNAJaloONieM, HATIPHMep, ¢ ApPeHakHOH Tadepeeli u
OTCTOALIEM OT MEePBOr0 CEUEHHS Ha PAcCTOSHHW {, MOMAepKHBA-
eTci faBienue Pr, To GymeT yCTaHOBHBINEeCH NPAMOAHHefiHO-Na-
panienbHOe BUKEHHE.

HanpaenM ock Ox BROJbL JHHRK TOKa.
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Cuntasi, yr0 GHIbTpauusi TPOHCXOAMT mo sakony [apeu,
AacT ONHOPOAHH 0 MOPHCTOCTH H NPOHHHAEMOCTH, MOXKeEM Ofl-
pefeautsh 06beMHHH 1eGHT

Q=rF B (1.1
w
rie o=Bh— nnomaar cevenus

114CTa, HOPMaJbHOTO K Hampas-
JIEHHIO JIBHIKEHHS;

HaBnenHe B al06oM
niacra. |

CeYEHHH

P=p— e ()

M BPEMA, B TeYeHHEe KOTOPOro dFa-
CTHUM NpOfiAyT NyTh X,

Ix

—2
Pe—pr

§ =
&

Pac. 6

§ 2. MaocKopaAnaaLKEOE HANOPHOE ABUKEHHE HECKUMAEMOR
KHAKOCTH. TIPHTOK K coBepuieHHON CKBAXHHeE.
Popmyaa Nionion

Ipu naockopanuanbHoM IBHMKEHHH BEKTOPHI CKOPOCTH GHIBT-
panuy HanpasJeHBl M0 PafiHycaM K OCH CKBAXKHHBI, HO3TOMY HaB-
Jenne n CKOpOCTh cbunb'rpauﬂu 3aBHCAT TOJBKO OT 0}1H0ﬂ KOOp-
JHHATH r. npﬂ 3TOM BO BCEX TFOPH30HTAJbHBIX IJOCKOCTAX MNOJE
CKOPOCTeﬁ H ,llaBJleHlflﬁ 6y11e'r OAUHAKOBBIM.

anMepOM TNJ0CKOpafHaJbLHOrO q)mmpauuonﬂoro NOTOKa #AB-
Jsercs RPHTOK K TrHApOAHHAMHYECKH coBepmeHHoﬁ CKBaxHHe,
BCKPHIBUIEH TOPH3OHTANBHBEI TWIACT GECKOHEUHOH WPOTAKEHHOCTH
Ha BCIO MOLIHOCTH how coofutalommefics ¢ NAACTOM qyepes noJa-
HOCThIO OTKPHITYIO 6OKOBYIO NOBEPXHOCTL LHJIHHAPA, OTASHAIILYO
CTBOJI CKBaXKHHHEI OT TNPOAYKTHBHOTO NJaacTa.

nOTOK 6y)1eT TAKXKe MJA0CKOPAAHAJNbHEIM TIPH IPHTOKE ¥ CO-
BepIUEHHOf CKBAMUHe DagHyca 7o (WM OTTOKe OT CKBaXKHHHI),
PacnoJioxKeHHOH B LleHTpe OrpaHHYeHHOro TOPH3OHTAJBHOTC Ui~
JHHADHYECKOTO T/1acTa MOUIHOCTHIO % M pammycoM Ry (puc. 7).

Econ na BHemmedt rpaHHile BRACTa, COBNARAWILLH C KOHTYPOM
nmamm, HOALEPHKHBACTCH NOCTOAHHOE HaBJI€HHEe Py, a Ha 3aboe
CKBAXHHB NOCTOAHHOE [aBJieHHe p., NJAacT ORHOPOJEH N0 THOPH-
CTOCTH ¥ NPOHMNAEMOCTH, (UALTPALHT RNPOHCXOAMT N0 3a-
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[image: image7.png].KOHy Hapcu, TO OOBeMHBIi AeGHT CKBAKKHEL ONpeleautcs I
dopuyae Jiomon:
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Jiunus p=p{r) HaauaaeTcﬁD/le-
nPEecCHOHHON KPHBOKN aB-
neuHs. XapakrepHo, UTO NMpPH NpH-
OMIKEHHH K CKBaXKHHE TPaHeHTH
AaBieHdst M CKOPOCTH GHABTPaiuuu
PE3KO BO3PacTAaiOT. [IpH MOCTPOCHHH
KapThl H306ap CJERYeT yUHTHIBATh,
4TO paiHychl H3064p HIMEHAIOTCA B
FeOMETPHYECKON NPOrpeccHr, B 70|
BpeMs, Kak JaBjieHHe Ha H300apax]
H3MeHsieTes B apH(METHYECKON Mpo-
rpeccHH.
HugnkatopHas JHHUA — 3aBHCHMOCTb fe6HTa CKBAXKHHB  OT
ZIeTpeccHd Ap=py—p., TPH NPHUTOKe K CKBAXKHHE B YCJOBHSAX
CNpaBeMNTMBOCTH 3akona Jlapecn npeactasiser coGofi MPAMYO Ju-
HHIO, onpellenfeMyto ypaBuenneM Q=KAp.
Kosdonuneur npoOAYKTHBHOCTH
K= 2nkh

A Ix
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UHCJEHHO DaBeH Ae6HTY Npu AeNPeccHH, paBHOK eaunuue!

3akon JABHMEHHS 4YacTHU BAO/bL JHHHH TOKa, eCau npu f=
YacTHla HaxXoOHJaack B TOYKe C KODP)JHHaTOﬁ r="ry, ONHCBHIBAETC:
ypasHeHHeM
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CpenHepsBellleHHOe N0 OfbeMy MHOPOBOTO  mpoctpadcTBa  Q

NJacTOBOE AABJEHHE
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2 2Epd X (IIL10)

rae
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Tloacrasass Bupamxenue ana p (II15), BHmoaHsa uATerpupo-
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uuM
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. re
3axon pacipefle/ieHns AaBAeHHs-H (opMyna aebuTa mpH Ha-
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o @b dr I
P= 2mwn r @mky B ({13
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Pewasi NoJydeHHOe KBaADaTHOe YDAaBHEHNHE, HAXOMM AeGHT
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M no r B npejenax or r g0 Ry, HaiileM 3aKOW pacnpefleleHus
AaBeHus
QB Q% L_L) (1L 15)
onkh - @ \'r R/
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[image: image8.png]Kax pumno ns (111.14), unaukatopHas auHus 0pH HapylueHw
3aKoHa Japcu sBJAETCA Napadosoii.

Ecan $uabTPalHs NPOHCXOZMT MO 3aKowy —KpacHOOJIBCKOTO,]
TO AeGHT onpefeasercs no popmyae

Q=2J!h‘/ 'TCAp .

§ 3. Paanaasho-cepuyueckoe ABUKEHHe HeCHKAMAEMONR
JKHAKOCTH 110 3aKOHY lapen

(1I.16)

DUIBTPAUHORHBA TOTOK HA3LIBAETCA PAAHAIBHO-CHEPHUECKHM,
€CJAH BEKTOPH CKOPOCTH cl)mlepalmu HanpasjJeHH B MPOCTpaHCTBE
no MPpAMBIM, PaAHAJBHO CXOAAUIHMCH K [o): 53
Holt TOUKe (HJIH PaCXOLAMWMMCH OT Hee).

Baaronaps UeHTpasibHOi CHMMETpHH AaB-
JieHHe H CKOPOCTb q)"./'lb‘[pall“ﬂ 3aBMCAT U B
3TOM CAydae TOJABKO OT ORHOﬁ KOOpAHHATH
t, OTCUHTHIBaeMoil OT meHrpa (puc. 8). Ipu-
MepOM IIO0TOKa, BeCcbMa 6/1H3KOrO paaHanb-

CTH K THAPOAWHAMMUECKH HECOBEPUICHHOH
CKBaXHHE MaJjioro AHaMeTpa, €IBa BCKDHIB-
el HENPOHHLAEMYIO TFOPH3OHTAJBHYIO KpPOB-
J10 OAHOPOAHOTO AAAcTa GOMBIIOH MOLIHOCTH
{TeopernyeckH GecKOHeuHOd).

Ecnn Ha 3a60e CKBaXHHBI, MpeicTaBleHHOH B BHie Hodycheph
pafuyca ro, NOAEDPHKHBACTCS TOCTOSHHOE NpHBEJEHHOE JaBJeHHe
4}, a Ha [OCTaTOWHO GOJbLIOM DPAcCTOAHHH OT CKBAXKHHH, H2
nonycdepuueckoll NOBEPXHOCTH pazuyca Ry COXpaHAeTCs MHOCTO-
AHHOE LaBdeHHe p, H (QWILTPAUMA B ONHOPOINOM MJIACTe NPOHC-
XOMMT MO 3aKOHYy Ilapcu, To o6beMHbiil JeGHT CKBaXKHHBI ompefe-
Jsercs 0o gopmyne

)

o= onrck (P
N

Puc. 8

(IIL.17)

Hpueenennoe fapacHie B JOGOH ToUKe MAacTa OUpelessercs

T0 dhopmyae
L AR
T (R

A 3aKOH ABHXEHHA YACTHI[ BIOJb JIHHHH TOKA OT TOYKH C KOODAH-
HATOH ry /10 TOYKH C KOOPAMHATOH r ONHCHBAETCA YpPaBHEHHEM

2
t= ;%" —r). (IL19)

(IL18)
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HO-C(ePHYECKOMY, SIBJAETCA NPHTOK KHAKO- |

3anava 20

OnpeseanTts MOHT ApeHaxHOH raiepew mmpuHoll B=100 u,
ec/iH MOULHOCTS MAACTa A=10 M, PACCTOSHHE [0 KOHTYPA NHTaHUR
[=10 KM, KO3(HIUHEHT NMPOHHIAEMOCTH Miacra k=1 [, AHHaMu-
yeckuil KO3(pHIUHEHT BA3KOCTH KHAKOCTH p=1 c[l, AaB/renye Ha
KOHTYPe THTaund px=9,8 MIla (100 krc/eM?) H masjedie B raje-
pee pe=7,35 MIla (75 krc/em?). [inmenne ujuxocrH HamopHOe,
noaxunserca 3akony Mapcu.

Orser: Q=216 m¥/cyr.

3anaua 21

Onpegennts KodQHUUMEHT NPOHHUAEMOCTH NJacTa (B pasany-
HEIX CHCTEMaX eJHHHL), eCJH M3BECTHO, UTO B IJIACTE NPOHCXOAHT
OHOMEDHOE, TPSAMOJHHENHO-Napaiae/bHOE YCTAHOBHBIIESCH ABH-
JKeHHe ONHOPOAHON JKMAKOCTH Mo 3akowy Japen. I'mapaBanveckuf
ykaon i=0,03, wupuna ranepen B=500 M, MOmHOCTH maacTa
h=6 M, INOTHOCTH XKiAKocTH =850 Kr/mM°, AMHAMHUeCKWil KO-

punpent BAskoctn  u=>5 cIl n pebur ransepen Q=30 m¥/cyT.
OTtset: £=2,27 1 =2,32-10-% cM2=2,32-10-12 M2,
3apava 22
Mokasare rpaduyeckn pacnpegedeHue JaBieHHs H HafiTH

TPaAHEHT AABJIeHHSA TPH MPSIMONHHEHHO-MAPAJIENbHOM JABHKEHUH
B TJ1aCTe HeCHHMAEMOW MHAKOCTH IO JMHEHHOMY 3aKOHY (HJBT-
pauyi, UCHOMBIYA C/AeLylOlWIHe DaHHble: AJIAHA mjacta lx=5 xm,
MOWHOCTh TIacTa h=10 M, mupuHa rasepen B=300 M, ko3ddu-
UHEHT NPORHUAEMOCTH Mntacta k=08 [I, naBieHie B ranepee pr=
=294 MIla (30 Kkrc/cm?), AHHAMHKYECKH KOS(OHUHEHT BS3KOCTH
Kuakoctn p=4 cll, ne6ur ragepen Q=30 m%cyr.
an

Orper:  p=5,78—0,0568-10~2x (x B M, p B MIla), — =
=0,0568-10-2 MIla/m. )

3anaua 23

Onpegenute AeOHT HedTaHOM cKRaXHHH (B T/CYT) B Caydae
YeTanopupluefics NJOCKOPARHANbHON (HILTPAUMH KHAKOCTH HO
3akony [lapeH, eclu M3BECTHO, MTO JaBJeHHe HA KOHType NHTaHHS
9.8 MlIla (100 xrc/cm?), naBienne Ha 3a00e CKBaKMHBL Po=
=7,35 MIla (75 Krcfcm?), Kos(QuuHeHT MPOHHIAEMOCTH IJIacTa
%#=0,5 [, MomHocts naacta h=15 M, nuaMeTp cksaXHHH Do=
=24,8 cM, paARyc KOHTYpa MHTaHMs Ry=10 KM, {HRaMHUYeCKH
KO3 dHUHeHT BAKOCTH KHAKOCTH p=6 MIla-c B MIOTHOCTL WHA-
¥octh p=850 kr/m®.

Otser: Q=127 TfcyT.
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[image: image9.png]2) Xankocts ¢uabTpyerca mo 3akoHy Kpacaonoabexoro. Ha
HaJAbHBIH Paguyc CKBaXHHH r¢=0,1 M. PaccTosnie A0 KOHTYD:
nHTaHHA Ry=1 KM. :

Oteer: 1) n=100, r/c=10 m; 2) n=4, r'c=0,4 M.

3anava 34

CKBaXHHA pajHycoM ro=10 cM DacmoJioxeHa B UEHTPe KPYyro
Boro naacta pasuycom Ry=350 M. Kospdnuuent nponnuaeMocrs
nnacra £=0,8 JI, MomuocTs =12 m,4
JAHHAMHYECKHH KOI(QHINEHT BAIKO)
e ctn weptH  p=>5 cll. OnpenennTs
AeGHT CKBAKMHBI, CUHTAf,
JeXb MO KOHTYpY panuyca Ry ua-
CTHYHO HempoHuuaema {puc. 9). KoH-
TYp NHTaHus mpeAcTasasier coboit B
NJaHé AYrY OKPYKHOCTH DPaaHycoM
Ry ¢ UeHTpalbHbIM yraoM a=120°
JlaBjieHne Ha KOHTYpe NHTaHHR py=
=27,9 MIla (285 krc/cM?), Aapnenne
Ha 3aboe CKBaXHHH p.=7,84 Mlla
{80 krejeM?).
Pemenne, 3a1auy MOXKHO CBECTIE
K TIOCKOpaAHanbHol, ecan B GopMmy-
e JIOMOH 3a KOMTYpHOE HaBJICHHE )
[PHHATH CPEAHEBIBELIEHHOE MO JUIMHE OKPYXHOCTH AaBJeHHE py.

Pic. 9

~ 120
Po= e P = gy 21,9 9.3 Mila,
onkh (B —po) _ 6,28-0,8-1,02.1071%.12(27,9—7,84) 100 _
T T e
pln +1072-2,31¢

re

=2,22.10—% m¥c = 192 M¥/cyT.
3anava 35

CKOABKO JKHIAKOCTH C/eAyeT 3aKauuBaTh B OJACT B EAMHHIY
BpeMeHH Uepe3 HATHETATENBHYI0 CKBAXHHY, €CIH He00XOMMMO,.
uTOGH [MaBAEHHE B CKBaXKMHe MOJJIEDKHBAJOCH B Mpollecce 3a;
Kaukd Ha Ap=1,47 MIla (15 krc/cm?) BeILE NaBAEHMS, YCTAHO-
BHBINETOCA B NIJAcTe Ha PAcCTOSHHH 7= 2 KM OT CKBaXAHH?
Hmeer mecto 3axon Japch. JuHaMuueckufi KoadpGHUHEHT -BA3KO-
et p=1 cll, koapduinenT nponnaeMoctn miacra k=150 Ml
MOuHOCTs NAacTa A=10 M, pagnyc CKBamuHH rc=10 cM.

Orser: Q=123 m3¥/cyT.

3anaua 36

OnpenenuTs NpHBedeHHOE AaBACHHe B TOUKAX, OTCTOSMAX HA

r=20 M, 10-M, 5 M, 1,5 M, ] M oOT HeHTpa 32608 CKB2XHHH,
24 °

BekpHIBUIel maact GeckoneuHolt MolocTs Ha pelnuumny b=05 wm,
Ha paccrosnun Rc=1000 u npnserennoe pasaenue p, =98 Ma
(100 krc/em?), Ha 3a60e CKBaXHRH p. =7,35 MIla (75krc/em?),
pas#yC CKBAMHHEL rc=12,4 cM. PuabTpaums K CKBAKHHE [PO-
HexoZUT To 3aKosy Jlapeu, .

Yka3sauue. [IpeacTapnssg safol CKBaXKHHH B Buze NOMychepH,
paBHOBENHKOf MO TLIOWIALH 3a60i0 JAGHCTBHTENbHOH CKBAXKHHH,
onpeseauTs panHyc noaycdepst ro(2r’cb=2nr? ).
© Otser: cootBeTcTBeHHO p*=977; 9,74; 9,68; 9,39; 9,19 MIla.

3agaua 37

CKBAaXHHA BCKPHIBAET MJAACT GeCKOHEUHO GOMBIION MOWLKOCTH
wa HeGoabmwylo rayGuuy. CunTas IBUKEHWe DafuaibHo-chepuie-
CKHM, ONpeleHTb BpeMs MNepeMelueHis YaCTHIU KHAKOCTH BAOMb
JIHHIT TOKa OT TOUKH ¢ KOOpAKuaTol ro=100 M Zo TOUKH ¢ KoOp-
aupaToli r=>5 M. CKBaXKHHa SKCIIYaTHPYeTcsl € NOCTOSHHBIM Re-
GutoM Q=120 M3/cyr, Ko3thdHUMeHT nopHCTOCTH muiacTa m=15Y%.

Oteer: 1=7,15 qer.

IV. YCTAHOBUBIIAACSH NNOCKAS ®HJAbTPAILUA
JKHAKOCTH. HHTEP®EPEHI Ut CKBA)XHH.
CBA3b NJIOCKON 3AKAYH TEOPHH
©HJIBTPALLIHH C TEOPKEN ®YHKIHA
KOMMJIEKCHOTO NEPEMEHHOIO

B camom obumieM cnyuae AaBNeHHe W CKOPOCTL (HABTpAUMH 33-
BHCAT OT Tpex KOODAMHAT TOYKM B miacre. Ecam naBnaenme W cko-
POCTh (GHIABTPALKM 3ABHCAT TONBKO OT ABYX KOODAMAAT, TO B
Xax/aol MIOCKOCTH, NMepueHANKyAspHOR K TpeThell OCH, NOJe CKO-
pocTell n AaBjeHH OyAeT OAMHAKOBHM. B 3ToM ciayuae puibrpa-
LHOHHLI NOTOK HasbiBaeTcsl MJIOCKMM. [IJOCKMEL (mABTPaLHOHHBIA
NOTOK HMeeT MEeCTO Mpu paboTe OAHOM HJAH HECKOJNBKHX THAPOIH-
HaMHYECKH COBEPIUEHHHIX (IKCMIYRTAUHOHHBIX W HATHETAaTeJbHLIX)
CKBaJXWH B OJHODOAHOM TOPH3OHTAJNBHOM NJACTe NOCTOAHHOA MOII-
HOCTH. VIMEHHO TaKMe TMOTOKHM GyAyT PaccMOTPeHl B HacTOALEM
paspere,

§ L. MoTeHUMan TOYEUHOrO CTOKA H HCTOYHHKA HA MAOCKOCTH.
TipHHLMN cyneprosuiul

Ha3oBeM TOUGUHEIM CTOKOM HA ILIOCKOCTH TOUKY, MOrAOINal0-
myo kuaxoctb. CTOK MOXHO PacCMATPHBATL KaK THAPOAHHAMH-
9eCKH COBEPINCHHYIO 3KCIIYAaTAUMOHHYID CKBAXKHHY OeCKOHEUHO
Majoro paaMyca B RAACTEe eAMHUuHOA MominocTH. Toueunniit nerou-
HHK-—3T0 TOYKa, BLAEASIOWAA KHEKOCTh {aHAJNOr HarHeTaTe/b-
HOfl CKBa:KMHBI). 3ameHAs HCTOMHMKH H CTOKH CKBAXHHAMH KO-
HeYHOro AHaMeTpa, MBl TPAKTHUECKH Re JONYCKAeM HHKAKOH OUTHG-
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[image: image10.png]KH, nosTOMy OyieM B AaAbHefilleM OTOXKAECTBAATL CKBAXHHEL C
HCTOUHHKAMH M CTOKAMH.

Mpn pabore B OCCKOHEYHOM MJIACTe OAHOM CKBaXHHBI-CTOKA
duabTpaus GyAeT INOCKOpagkadbBOH H aBfeHHe B TOYKE HA
paccrogHuH 7 OF UEHTPA CKBaXHHB ONpepenseTca TNO dopmyae

p:%mrq—q .1y

rae g=Q/h— 0e6HT cKBaKUMMHI-CTOKA, MPHXONAMACS Ha eXHHH-
Uy MOWHOCTH msacra; C—NOCTOAHHAA HHTErpUPOBAHMS.
HasoeeM noTeHuuasoM ckopoctd GuibTpaunu ¢ BHpaxenne
©=kp/p. Tlepexons or papaeHns K NOTenuuany, HOJYYHM 3HAYe-
HHe MOTeHUMATa B TOYKe HA PACCTORNHMH 7 OT UEHTPA CKBAMKHHEL

-2 X
@ = o Inr+C. {v.2)

[e6uTy ncTOUHHKa (HATHETATENbHON CKBAXKMMBI) NPHIHCHIBA-
€TCH 3HAK MHHYC.

Ipn coemecruofi paboTe B MJaacTe HeCKOJIbKHX CKBAMMH pe-
3YJALTHPYIOWNA noTeHnHan B Mmobofi Touke mmacta M pased au-

refpandeckoii CyMMe NOTEHLHATOB @, @, .., OGYCIOBIEHHBIX
padotoft Kax/0l OTANbROM CKBAXKUHBL.
¢M4%Inrl+ poms 2 nr, + 1nr,+ .+C=
L&
e ; qInr;+ C. {v.3y

CxopocTH (UALTPALUHH TPH 3TOM CKAAAHBAIOTCH I€OMETpHUE-
cku (pnc. 10, a, 6). DTo Ha3nBaeTcs NPHHIUNOM CYNEPHNO3HLHH,
HJH CJIOIKEHHS TeYeHHUIt.

a 54 5

Z
M @y

&

W

Puc. 10

Hcnonbays MPHENEN CYNEPRO3MUNH, MOXHO BPHOAMIKEHHO pac-
CUNTHIBATh NeGUTH MaH 3a60fiHble MOTEHHHARE (a4 CAENOBATENBHO,
H 3aboiiHble AABJeHHA) AAA TPYNNbl CKBaXXHH, paBoOTAlUNX B
IIacTe ¢ BeChMa YAaJdeHHBIM KOHTYpoM nurawus., IloTenuman @
Ha KOHTYDe THTAHHs CYHTAETCS M3BECTHHIM, @ PACCTOSHHE OT KOH-
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TYPa MUTAHWS JI0 BCeX CKBAXHH — OJHO H TO e M TPHOIH3NTENb-
HO paBHO Ry.

Momemas mbicnendo touky M nociepoBaTespHo Ha 3aboit
KaMA0R CKBausbl, rae @p==Pc;, NOAyYUM H3 oBulero ypaBHeHH:
{1V.3) cucremy n ypaBHenwmit (n— UHCAO cKBaxuu). IlocTostHHas

HHTErPHPOBAHHS HAXOAMTCA H3 YCJOBHS Ha KOHType NHTaHAA.
OKOHuaTeJbHO CHCTEMA ypaBHeHWd [ ofpeaeneHus AeOMTOB
HIH 3260UHBIX NMOTEHUHAIOB NPUMET BHIL
Rg Ry K
D=y = (-2 Ll T4 gl @V
on re1 Iz 1n
R,
BBy - (g g g In e
2
o
Q= P, = [%ln +q21n—“~+ st gaIns
e

3/1€Chb r;; — DACCTOAHHE MEXAY UEHTpami i-TOH M j-TOH CKBAMHH.

TlprHuun cynepnosunuu MOXHO HCMONB30BATh, €CIH CKBAXKHHBL
paboTaOT B IIAeTe, OTPAHMYCHHOM KOHTYPOM THMTAHHA TOH HAH
HHOW (JOPMEI, MAH HENPOHHIAEMBIMH TPAHHUAMH (NHHUK BBIKAHHU-
BaHus, cOPOCH), HO /IS BHITIOJNHEHHs TeX HAH WHbHX YCNOBH Ha
TPaHMNAX NPHXOAUTCH BBOANTh OGUKTHBHHIE CKBAXKHHLI 33 npele-
JaMH [1aCTa, KOTOpbIE CO3/lAKT B COBOKYHHOCTH € PeasibHbIMH
CKBaXKHHAMH HeOGXOAKMbIE YCJOBUS Ha TPARRUAX.

Tlpu 3TOM 3371aua CBOAUTCA K DACCMOTPEHHIO OJHOBPEMEHHOM
paboTH pealbHBIX M (MKTHBHBIX CKBaXMH B HeOrpaHHYeHHOM
naacre. JTOT METOA HA3HIBACTCA METOAOM OTOGpaXeHHA HCTOUHH-
KoB M CcTOXOB. OH 1IMPOKO TMPHMeRseTcs
He TOMBKO B TOA3EMHOH THApAaBAHKE H
THIPOAHHAMUKE, HO H NPR PEIIeHHH 3agay
TEOPHH  3JMEKTPUYECTBA, MarkeTHaMa H
3JEKTPONPOBOIHOCTH.

Tak, ecAH 3KCIIYaTauHOHHAs CKBaMKH-
Ha HAXOAHTCHA B IVIACTe ¢ NPAMOJHHENHHIM
KOHTYPOM THTaHHA Ha DPACCTOAHHH @ OT
KOHTYpa, TO €e HaA0 3epKaabHo oTobpa-
SHTb OTHOCHTEJBHO KOHTYpa, T. €. ToMe-
CTHTb (DHKTHBHYIO CKBaXKHHY C APYrofi cto-
POHBI OT KOHTYPA Ha paccTOAHNH @ (pHc.
11} ® cunrate ee MeOUT OTPHIATENBHEIM
(cKBamuHa — HcTOUHHK). [Ipx 3TOM notenuuan B 060l Touke M
PaBeH

Pue. 11

Oy = Llnr—Zlnr+C=-L q ln +C

2n
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[image: image11.png]Ha KONType TMMTAHHA ry=fr; W ®=C=0y, a LeOHT CKBAXHHH
onpenenserca o dopuyie

Q= 2nh (O — o) _2nkk (py — p) ) (Iv.5)
n— pln —
e e

Mertoa 0TOGpaKeHnA HCTOUHHKOB H CTOKOB HCIIOAb3YeTcd Tak-
e B 3ajayax 52, B3 ans HaXOMAEHHS HeOUTa CKBAaXHHEL pabo-
rawoutell B IJACTE, OrpaHHUEHHOM NEpECeKaOINUMACS TIPAMOAHNE-
HaMu HempoHHnaempMu rpannuaMp. [Tpu nomom 310T0 MeToAa
MOXKHO ONPEASNTh AeGWT CKBAKAHH, SKCUCHTPHURO DACNOMOKEH-
HO B XPYFOBOM NJjacre
2mkh (P — 0e)

5]

rae 6——paCCTOﬁHHe OT WeHTPa CKBaXKHHBI A0 IeHTpa prl‘OBOI‘O
nnacTa (IKCUEHTPHCHTET).

. av.6y

Qoren =

§ 2. HaTepdepenuns CKBRKHH

Jle6uT KamKmol CKBAKHHBI GeCKOHEUHOM UEOUKH, PACHONONKEN-
HOfl Ha PacCTOAHMM L OT IPAMONHREAHOro KOHTYpa TNHTaHUA
(puc. 12), Bripaxkaerca GopMynoi

o5 i i S
LH .
L
. o
Prc. 12 Puc. 13
o= 2m:‘(L¢,(_¢¢)ﬂ _ 2nkh "(Z,(—pc) W)
Pl 2sh— _— .
In 2sh , +In e p(ln - + In e )

Ifle ¢ — NOAOBHHA PACCTOSHHA MEXKY CKBAaXKHHAMH.
Ecan Lzz0, T0 NpHGIHIKEHHO MOXHO NPHHATD, YTO

L AL
AL AL L
In2sh ™ ~in\e® —e ° )z"—_
o g

" Toraga
Q= 2nkh (P — pe)

- al a
(5 e)

Jle6uT opHOM CKBAXHHH KOJbIEBOH GaTapen, cocrosillleft H3
CKBaXHH, B KPYFrOBOM IlacTe paanyca Ry (pue. 13) nMeeT BuA

2 (B — B 2kt (e~ pe)

e= R & ' - R EVR
In P— plin —
e ' | w5 )|
av.9y

rie Ry — paanyc 6aTape; ro — pafuyc cKBAKHH.
Ecan unc/io ckBaxun Gataped peanko (Goabplle NMATH HAHM Ie-
cth), 10 (Ri/R)2"< ] W 3THM BHPaXeHHeM MOXHO mpexeGpeyr mo

. (v.8gp

CpaBHeHHI0 € e}mHnueﬁ; €CJIH, KpPOM€ TOro, 3aMeHHTh =L =—a—"
nre @
TO TIOJYUMM TPHOGAHIKEHHYIO g ¢ ¢
Gopmyny
—_ 25ekh (P — pe)
Q= 1 Re P . G
"(" " ) L
(IV.10) [rzses z

Gopuyan (1V.7) u (IV.9)
MOMHO BBIBECTH, HCHONB3YS
MeTOJ oTOGpaKeHus.

Eciti B naacTe SAiRNTH- -
4eckoll ¢opMb  paboTaer n
PAaBHOOTCTOAIIHX  APYF OT
npyra ckpaxuH (pue. 14),

TO ZeGHT OAHOH CKBaXXHHH ONpeAensieTcd No dopmyne, Npepno-
xeuno#t B. T. Muponenko [11]

Puc. 14

2kh (P —po) sh P LS
0= — R (v.1iy
pshin) [ Ash—— 4+ — In L)
\ no n nre
rae i HaX0AUTCA H3 yPABHEHHS
ch(2py =14 — 00 av.12)

o
n—1)In—
) P

¥ — KOOPAWHATA UEHTPA CKBAMMHEI, L — Manas noayoch 3JAHICA;
0 — NOJOBHHA PACCTOSIHHA MEXIY CKBAXKHHAMA.
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[image: image12.png]§ 3. Meron 9KBMBANEHTHBIX (PHABTPAUHOHHLIX CONPOTHBJICHHKI

OpHum H3 METOLOB pacueTa AeOHTOB MHOTOPSAHBIX Barapeil
HAM memoueK CKBAXHH SIBJASETCS METON IKBHBAJEHTHHIX dunbTpa-
nuonnbx conpotneaenuii 0. I1. Bopucosa.

Cymmapubili IeGHT IeNnouKkY K3 @ CXBAXHH paBeH

o= —Rnl—p) Pe—Pe av.13)
Al ] [J L + By o
”( o T e ) Thoon T Snkdn " are

Menoas3yst 3JeKTporHApoAMHAMIIECKYIO AHAMNOTHIO U YUHTH-
Bas, 4TO aHAJOroM OGBHEMHOMO DACXOAA sIBAsercd CHJA TOK3, a
AHAJOTOM PA3HOCTH JAaBJeHHH — PA3HOCTb SJEKTPHYECKHX NOTeH-
uuanoB, BHpAXKEHWe, cTosllee B 3HAMEHaTelle, MOXKHO HAa3BaTh
HABTPALHOHHEIM COTPOTHBJIEHHEM. Ono cknappiBaeTcsi U3 BHeil-
Hero (HJBTPAMUHHOTO CONPOTHBIIEHHA

k.

L
kh-20n

khB

o . (IV.14)

KoTopoe npeacrasiseT cobofi COMPOTHBJIEHHE TNOTOKY OT KOHTYpa

nWTaHEs A0 rafepew AnuHok B=20n, pacinoJoxeHHoR Ha pac-

cTOAHMM L OT KOHTypa NuUTaHus, U H3 BHYTPECHHEIO GHABTPALUOH-

HOI'0 COMPOTHBACHUA

In—2—,
are

.
2nkha

4 (IV.15)

KOTOpoe BLpakaeT coGOi COMpOTHBIeHHe, BOSHMKaloilee TPH TOL-

XoZe AWAKOCTH K CKBaXKRKaM B 30He pagnyca ofm, rie QuInTpa-

1HA NPaKTHYECKH TIOCKOPaAHAbHAS.
@opmyaa (IV.13) mpumer Bux

Px—Pe

[ g

[ a4

DeKTPHYUECKAA CXeMa, COOTBETCTBYIOIAs Toche/ell dopmyde
npencTaBiser cofoii [Ba TOCHEN0BATENBHO COSAHHEHHBIX MPOBOA
HuUKa ¢ COTPOTHBACHHSMH p M p, ¢ PABHOCTHIO MOTEHLIHAIOB Py
Pe U cudoit Toka Q' (puc. 15).

Ecan B TJaacTe WMeeTCs TPH IEMOUKH ¢ WHCHOM CKBAXRH 7L
Ny, Ny B KAXKION, ¢ PAANYCAMH ey, fo2, Tes, C 3a60fiHEIMH JaBJIE
HHAMH Poi» Pez, Pos H CYMMapHEIME peGHTaMu Q, Q5 Q3 coot
BETCTBEHHO, TO CXeMa IKBHBAJEHTHBIX (OMAbTPAUMOHHEIX COMPO
THBAeHHA GyXer pasBeTBNeHHOH (pHe. 16), Tak Kak obulee KoM
YecTBO KHMAKOCTH, NOCTYNAllee OT KOHTYPA NHTAHUS, B Adbheil
Wwem pasgeasercs: feGuT Q'y NepexsathiBaercs MepBOfl LeNoYKo
a oCTAABHAA KHIKOCTb ABKTaeTcs Aafbite, 3ateM Aebnt Q' m
PeXBaTHIBAETCA BTOPOH UeMOUKOH U T. A

30

(V.16

B stom cayyae BHewHHe — QHABTPauHOHHBE COTPOTHBJCHHS
6yayT
_ Bl uly L.
= = — M
O g 0T T S g .
rae Ly —paccrogude OT Koutypa DHTAaHMS Ko neppofi NEMOUKH
CKBAXKHH; Lp— paccTosnme Mexay nepBolt W BTopoil Uenoukami;
L3 —wmexay Bropolt i TpeTbeil.
BHyTpeHHue CcOMpOTHBJNEHHS oONpemedsioTcs mno  opMyaam
N P
=——1——1In .
o 2mkhn, ey
| " P
= 1 2
[ 2nkhin, " nrey av.15)
, » o,
Py =5 — 5
37 2nkhn, Arcg
Pacuer cxeMb npoBoautes no sakomam Oma n Kupxroda; mpu
3TOM COCTAaBJRAIOTCH aareGpanveckue JunefiHble ypaBHeHHd ToO
Vi
" A F2 A
- ] fenten’ T ’ i
‘ " Grapds | 4245 &
glller el wllls
Fe Put )73 -]
Pue. 15 Puc. 16
YHCAY  HeHM3BeCTHBIX (anbo Q' Q'2, Q's, ANGO Per, Poz. Pes).

Cymmapumit 1e6uT Kpyrosoll Gata
peH CKBaXHH ofpefenfercs
TOKE Mo AgopMlee (IV.16), B KoTOpOii BHewHee p

CONPOTHBJICHHE
=t R
i B (IV.19)
a pHytpenHee uMeer Bug (IV.15).
. Han s10rO CcAYyuAs CXeMa  SKBHBANEHTHHX  (RALTPAUMOHHEIX
ONpoTHBJAERHA OyAeT Tol e, 4TO H AJA  ApAMoJndeliHol  ue-

MOYKH.

& B cayyae meckoabkux Kpyroseix Garapeii (Hamphmep, Tpex)
0.ema npeacTaBieHa Ra puc. 16. [lpn 3ToM BHelluue QuabTpamu-
HHbIE COMPOTHB/ASHHA PACCYHTHIBAIOTCS NO DopMytam

S .

L= S In R’

=t R
Py = In R (1v.20)
3




[image: image13.png]T A I

P = Gaen Ry
e R, R, Rs—pamnycn Garapelk. BHyTpeHHHe CONpOTHBJACHHS
onpeasasiotes 10 popmynam (IV.18).

§ 4. CBa3b NUIOCKOM 3a12TH TEOPHH PHALTPANHA
¢ TeopHell GyHKuUMit KOMILIEKCHOrO NepeMeRHOTO

Tpst HCCeNOBAHKH NAOCKOTO (PHIABTPALMOHHOrO TNOTOKE, MOA-
yuHsoWerocs 3akony Jlapch, MOXHO HCHOJb30BATh TEOPHUIO yHR-
#Hi KOMIIEKCHOrO HepeMeHHOl‘O. COBMECTHM MJIOCKOCTb KOMILJIEKC-
HOTO REPEMEHHOTO Z=x-+iy C OCHOBHOH# ILIOCKOCTHIO TedeHHd.

ﬂ.d‘lﬂ KaxIoro mnaocKoro q)ﬂ.’lepallHOHHOl‘O NOTOKa MOXHO HaH-
TH XapaKTePHCTHYECKYIO q)yHKUMIO TEYeHHA, HJIH ‘KOM‘TUICIKCHHﬁ
noternuan F(2), Kotopuiit ABaseTCs dyHKUHedl KOMIUIEKCHOTO me-
pemennoro 2. B dynkuun F(2Z) MOKHO OTAeAUTh HeHCTBHTENBHYIO

4acTh OT MHMMOIR
F@ =0 9+ i ), (Iv.21)

tae ®(x, y)—moTeHunan cKopoctH; P(X, y) — QyHKUUS TOK2.
A™x yHKUMH CBA3AHB Mexay co6ofi ypaBHeHHSMH Kotuu — Pu-
MaHa

o _ o
ox oy’
.22)
o _ v
a  ox
‘H MOAUHHFIOTCA ypasHeHHlO J'Iamlaca

i d PP
s o2

Vpasnenne ®(x, y)=¢ A
TOTeHIMA/IeH, COBNAAAIONIHX ¢ H306apaMu, TaK Kak ¢=—P P, &

- >y &y V.23
-0, 2 T (v.23)

onpenensieT coGofl  ceMefiCTBO SKBH-

P(x, y)=c— cemeiicTo JWHAT
TOKa. OKBHNOTEHIHAAH H JHHHH
TOKa  B3aHMHO  OPTOTOHAJNBHE
(pue. 17).

Hpoekunn ckopoctH GUABTPa-
LMH Ha KOOD/HHATHEE OCH Haxo-
AATCA 10 hopMynam

W, = — =

' 7

a MOAYJb CKOPOCTH GUABTPALUU
=yE el (1V.25)]

Prc. 17

Bpemsl ABHXELHRt YACTHLH KHIKOCTH

BJOAL JHHHH TOKa §
MOXKHO ONPENeNHTh MO Popmye

dz
t=—m \ 1V.26)
oF (IV.26)
M
rle Z=X—iy — CONpsIKEHHOe ¢ 2 KOMIUIEKCHO® TNepeMeHHOE.

Ecan kakoft-1uGo ciloxHbI NIOCKHH (QUABTDAnHOHRHIT TOTOK
MOZKHO  MpPeacTaBHTh Kak Pe3yabTaT HAJOXEHHS HECKONbKHX npo-
CTeHWHX MNOTOKOB, TO XapakTepucTHYeCKas q)yHKllHﬂ CAOKHOTO
TOTOKA paBHZ MO MPUHUHIY CyNepNOSHLHH anreGpamyeckoii cymme
XapaKTePRCTHYECKHX PYHKIMA NPOCTEHLINX NOTOKOB.

38

OnpeneqnTs fe6HT Gatapen H3 YeTHIPEX CKBAXKHH, Paclono-
KEHHBIX BAAIH OT KOHTYpA THTAHMS, M OAHON CKBAXKHHH, HAXOLst-
welics B nentpe (puc. 18), ec- ¢ .

Jil H3BECTHO, YTO BCE CKBAKMHEI
HaXOAATCA B OJHHAKOBHX YCIO-
BHAX; pajuyc GaTapen Ry=
=200 M, paccTosiHHe AO KOHTY-
pa nuTauka R,=10 KM, paanyc
CKBAXKHHM c=0,1 M, MO'HHOCTb
naacta =10 M, UoTeHIHan Ha
KOoHTYpe nuraHus $,=40 cm?/e,

3agmaua

TIOTeHIIHA Ha  CKBaMMHaX
=30 cM¥c.
Pewenne. Bynewm mcxonuth
u3 dopMyar Aas MOTeHIHada

TipH paGoTe TPYNNL CKBAKHE

1
@ =—_Sglnr,+C Qv.en

Puc. 18

VunTBIBas, UTO CKBaXKHHEI PACTIONOKEHH! BAANH OT KORTYPa NH-
TaHHA, B TOYKE, TOMEINCHHOM Ha KOHTYpe NHTAHHS, NOJYYUM

—_—

2n

2¢,InR, +C. v 28)

IMomemwas Touky M Ha 3a6oli -TepBO# CKBAKHHB H YUHTHBAA,
UTO 1 =g2=¢3=gs, GYAEM UMETH

D, = %(q Inre4-qinry,+ qlnrg,+glnryg,+ gslnrg ) +C. (IV.29)

Boiuntas n3 (1V.28) (IV.29) n 3amensis (eM. puc. 18)

i=ra=VER, ry=2R, r,=R,

2 3ak. 14% 33
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Kak Buano u3 rpaduka, JHHHS TOKa co 3HaueHneM c=0 fBAs-~
eTcst HefiTpasNbHON JHMHHeH, OrpaHHuHBaloWefl o6MacTh 3acachiBa-
HHA, T. €. 06JacTb, B KOTOPOH JKHAKOCTb NOMVIOUIAETCS CKBaXH- |
noft. Hanboapmas mupuna obnacTe 3acachlBaHHs paBHa

24, |c:0 = gfw = 1160 cM.
o

V. BJAHAHHE FHAPOJAHHAMHYECKOTO
HECOBEPIIEHCTBA CKBA)KHHB HA EE AEBUT

CKBaXuHa Ha3HBaeTCs THAPOJAHHAMHYECKH COBEpIIEMHON, ec-
JIH OHa BCKPLIBAET MJIACT Ha BCIO MOIHOCTb M 3a00f  CKBAaMMHB
OTKPHITHIA, T. €. BCA BCKPHITAd NOBEPXHOCTH 3a60A sABAsETCH
GuabTpyolleli noBepxXHOcTbO. [TOTOK KHAKOCTH K COBeplUeHHON
CKBAXKHHE — NAOCKHA GHABTPAUHORHBIN NOTOK,

Ecnun ckBakHHa ¢ OTKPHITHIM 3a00eM BCKPHBAeT NAACT He HA
BCI0 MOLIHOCTb, @ TOJBKG HAa HEKOTOPYIO BEJHUMHY &, RAH ecam
CKBaXKHHa COOOlUIaeTcs ¢ IIACTOM 4epe3 OTAeNbHElE OTBePCTHS,
TO GMABTPANMS HMHAKOCTH HAH rasa GyAeT NpPOCTPaHCTBEHHON
(TpexmepHO#), a CKBAaXHHA — FHAPOARKAMHYECKH HecoBeplISHHON.

Pa3nnyalor TP BHAA HeCOBEPLICHCTBA CKBANKHH!

1) cKBaXHHA THAPOIMHAMHYGCKH HeCOBEPLIEHHAs N0 CTeneHu
BCKPBITHA TJACTA — 5TO CKBaXKHHA ¢ OTKPHITHIM 3260eM, BCKPHB- j
Was NAacT He Ha BEK) MOMIHOCT;

2) cKBa)KRHA THIPOAHHAMUYECKH HECOBEpLIEHHAs [0 Xapakte-
PY BCKPBITHS INIACTa — CKBAaMHHA, BCKPHBAOWAs MIacT OT KPOB-
JIE 10 TIONOWIBB, HO COOOUIAWINAACH C NJIACTOM UYepe3 OTBEPCTHS
B KOJIOHHe TPY®, B lleMEHTHOM KO/bIle WU B CMeUHANbHOM (PUABT-
pe;

3) CKBaXHHA TMAPOAHHAMHYECKH HWECOBepLUeHHAas KaK MO CTe-
TIeHH BCKDHITHS IIACTA, TaK H O XaPaKTepy BCKPHITHS.

JleOUT CKBaXKHHOI, HECOBEPLICHHON 1O CTENEeHH BCKPHITHS,
MOJKHO oOIpeleanTh no Gopmyse M. Mackera, ec/H pajuyc niac-

1
T2 Rx?;h,
58

_ 2k pe—p,
Q - T V.1)
Tae
_ 1 4 ~ 4
i L2lnT—(p(h)]—lnE, V.2

H OTHOCHTe/IbHOE BCKPBITHE Niacta h=b/h.

Dyrxuns (k) HMeeT caenymoiee aHAIHTHYECKoe BbIpaKeHHE!
o T (0,875%) T (0, 125R)

o) =1n
T (1 —0,8758).T (1 — 0, 126%) ~ V3

rae I'— uHterpan inepa Toporo pona waH HHaue, raMmma-(pyHk-
UHA, L7 KOTOPOl HMEIOTCA TaGMHuLl B MATEMaTHYeCKHX CIPaBou-
HHKaX; @(R) npeacrabiena rpaduyecku Ha puc. 34.

;;p( ) . LZ?‘_,
1Y [ )
4 [
2 i \ |
0 4z g% 46 48 %

Puc. 34 Puc. 35

Jns ckBaxHHH B Nitacte 6eCKOHEUHOM MOWIHOCTH (puc. 35)
MOXHO HafiTH AeGHT mpu momomu dopmyast H. K. T'apuHcKOro

_ 2nkb pe—pe
Q m Tos V.4
PLELA
e
,Eleém CKBaXKHHBI THAPOAHHAMHYECKH Hecosepmeﬂﬁoﬁ Kak no

CTeNeHH, TaK H [0 XapaKTepy BCKPLITHS [aCTa MOMKHO MOLCUU-
TaTh N0 popMyie

1

Q— 2l —p) .5

: .
#(me vora)

Tde C;— GespasvepHas BeJHUHHA, OMPEASAAIONIAT AONOAHHTENb-
HOe (QUALTPALHOHHOE CONPOTEBICHHE, OGYCIOBICHHOE HECOBEp-
IMEHCTBOM CKBAXHHB MO CTeNeHH BCKPHITHS Iuiacta; Cp-— Gespas-
MEPHAS BE/IMYHHA, OMPEAENRIOAR AOMONHRTENbROE (BPHIBTPALHON-

59




[image: image15.png]Hoe COHPOTHB"ICHMe, Bbl3BaHHOE HECOBEPLIEHCTBOM CKBa)KHHHL 1O
xapak‘repy BCKpHITHSA n1acra.

C; u C, naxonstea w3 rpagmkos B. . Llypopa, nocTpoeHHsX
00 JAHHHIM HCCACAOBaHHs anTOKa KHAKOCTH K CKBaxKMHaM ¢
ABOAHLIM BHAOM HeCOBQpLueHCTBa Ha 3JIeXTPOMHTHYECKAX Moxe-

9K,
BemuupHa C) npeacrasaena Ha puc. 36 B 3aBHCHMOCTH OT Ma- -

pamerpos a=h/Dc u k="b/h.
Ha puc. 37, 38, 39 gana saBHcuMocTb Cp OT TpeX mapaMeT-
pos:
nD,, ! =0UIDg n a=dy/D,,

rae #-—yHEI0 NePHOPaunOHHBIX OTBepcTHir Ha | M; D¢ — anavetp
CKBaXMHH B M; [ ——ray6HHa NPOHHKHOBEHHs NyJlb B NOPOAY;
do — AHAMETP OTBePCTHH.

CoOTBETCTBHE MeXAy KPHBLIMH H 3HaueHHAMH NapameTpa o=
=do/D, BUAHO H3 CJEAYIOIHX ZAHHBIX:
e 3 4 s 6 L4

Howep &pison .
o ... .. 003 0,04 0,05 0,06 0,07 0,08 0,09

dopmyay (V.5) MOxHO 3anKcaTh HHave, BBeln B Hee NPHBE-
AEHHBIH PaANYC CKBAXKHHEI

o= ro e O —p oC, (V.6)

T. €. Pajuyc Takof COBepHIEHHOH CKBaXXKHHH, AeGHT KOTOPON papeH
AeGUTY HecOBePiLIeHHOMN CKBAZKHHEL,

Q= 2 Gx=r) v

ulnL,K

e

UHoraa THAPOAMHAMHYECKO® HECOBEPINEHCTBO CKBAKMH Yud-
ThIBa€TCR NIPH NOMONUM. KO3()HNUHEHT2 COBEPINEHCTBA CKBaXKHHD!

5= (v.8)

Qe
rle Q — ReOHT HeCOBepIUCHHOH CKBAXKHMHB; Qeos — AEGHT coBep-
IIEHHOM CKBAXHHB! B TeX JKe YCJOBHAX.

KoauuneHT coBepiieHCTRA CKBa%HHH § H BeaHuMHa C=

=C+C, cBAi3aHH MeKAY cO60M 3aBHCHMOCTRIO s

nRe
—Te V.9
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B JanTepaType NPHBOAATCH IPAPHKH §, KOTOPHE MOMHO HC-
jI0AB30BaTh ANA ouedkn C.

3agaua 57

TlaacT MOWHOCTBIO #=50 M BCKPHT CKBa)KMHOU PalHYCOM
7e=12,35 cM Ha maayw ray6uny b=0,4 M. PaccrosiHue 10 KOHTY-
pa nNuTaHKA Re=1 KM, Kosppullnent NPOHHNaeMocTH TacTa k=
=0,4 J, nnnamuveckHil kospdHuneHT BASKOCTH Hedrh p=2 MIlaX
X ¢, AaBlieHHe Ha KOHTYpe mMHTaHHA pr=9,8 MIla (100 krc/cm?),
nasnenne Wa 3a6oe cKBaxmuui p.=7,84 MIla (80 krefem?).

Halirn Ae6HT CKBaXHHEI Mo npubJHAKEHHOMY pellennro HapHo-
0 ¥ COMOCTABHTL ¢ NEOGHTOM, onpesieaenHiM [0 dopMyne Mackera.

Ykasanwe. Ha HekoTopoM paccrosnun Ro=1,5 1 o ocu ckBa-
JKHHBl TIPOBECTH MBICAEHHO IHIHHAPHYECKYIO MOBEPXHOCTB, COOC-
HY!0 CO CKBaXHHOH (puc. 40).

PUABTPAUHORH bIH TIOTOK 1
MeXIy KOHTYPOM NHTaWWs | = Ry

R M WHIMHADHYeCKOH TWo- f 1[]
4
'«— Ry —:‘

BEPXHOCTB palHyca Ry cum-

12Th TPaKTHYECKH IIOCKOPa- g, \2o
AUaAbHMM ¢ AABJICHHEM P |
Ha TpaHuie. o

Tlotoxk mexay Bcnomora
TebHON NOBEPXHOCTHIO pajH-
yca Ro M CKBaXHHON pac-
CMaTpHBaTh KAK PaRHalbHO-cEepHYECKHA K CKBaXKHHe C moidycde-
PHYECKHM 3a60eM, pafinyc Rc KOTOPOro ONPEAEISeTcs M3 YCIOBHS

20RE = 2nr b.

Puc. 40

Otner:
Qup = 47,5 MeyT; Q= 58,9 Mfeym;

(Qu— Qupl/Qy = 19%.

3anava 58

TuapoanHaMHYeCKH HecOBEPlIeHHasi — CKBaXKHHA  BCKPBHIBAeT
NJAacT MOWIHOCTLIO 20 M Ha rayGuny 10 M. Paamyc cKBaxHHB
10 ¢M, panuyc KOHTYpa nHTaHAs Ry=200 M.

Kakoeo mpeBhillenne pakTHdeckoro AeuTa, ONPeAeNeHHOTO
no dopmyre Mackera, Han 1eGHTOM B caydae CTPOro NAOCKOPakH-
aJbHOTO MOTOKA K CKBAKHHE ¢ YACTHYHBIM BCKPHITHEM MJacTa?

Pewenne. Je6ur, onpenenennslii no dopmyne Macketa, paben

20k (o — pc)

:{_lﬂi @ 1"4_*'}’
”%[“rc_"”] R

Qu
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CrBaxgnny HCCAeNOBaH N0 MeTOLY YCTaHOBHBIUHXCH OTGOP
H3MeHs AMAMeTP MTyuepa n 3aMepAs 3afofiHoe HaBjeHHe I

OMHHBIM DETHCTPHDYIOUIHM MaHOMET|
oM, BT
DpHBeeHEl HiXKe, . P Pesyuramss savep
Ap, wrejeut Q, 1078 /e Q, wieyr Ap/Q. (rrc/cut).c/
o 157 13 0,063
3 ,0638
gg 256 22,1 0,0782
b 334 28,8 0,0900
& 401 34,6 0,100
459 39,7 0,109

s Onpe:e.flmb KOXQOHIMENT NPOHHIAEMOCTH, ec/H MOLLHOCT]
o ic;f7 =12 M, BckpHTHe maacta b=7 w, AHAMETDP CKBAXKHU
Hc— -/ CM, YHCJIO MPOCTPe/IOB Ha OMHH METP BCKPHITOR  Mo)
_ogm nnacra n==8, ray6HHA NPOHHKHOBEHHS nyae B nopoxy !
;) éonnamerp TyIeBoro Kauana d=1,1 ¢M, NOJOBHHA PaCCTOSHH:
CeIHHX CKBAXKHH ¢= R,=300 M, IHEaMHYeCKH

BASKOCTH XKHEKOCTH p=4 cIl. Ko patex

Pewenne. M3 Ianubix HCCAeMOBaHHS BHAHO, 4TO 3aBHCHMOCT
Mexay @ u Ap HenumehHas, T. e, HHINKATOPHAA JIHHHS He Oyne

[ 20 o gulyn
[\L\\ L0 fhacfont) ¢

20 012

\ ~ g1

40 -808]

50
Ap,necfout o 200 §owlls

Puc. 41 Puc. 42

upamoit (puc. 41). Mcnoxssys nsyulenryo bopmyr =
+BQ? n npuBeneHHLe AaHAHe, IIOCTPOH]V}I, rpczl:q)]l)my ga%umﬁg:p—r E
Ap/Q o1 Q (puc. 42). Uz rpadmka no Touxe nepeceueHns: npaMok
Ap/Q=A+BQ ¢ ocbio Ap/Q (ocrio OpAMHAT) HafileM 3HaUYeHHe °
A=0,04 (krc/cM?) c/em®, a Do TaHreHCY YIIa HAKJIOHZ NPAMOil K
ocnxaﬁc‘i;l;cc (Q)—B=0,00015 (krc/cm2) ci/ome,
03 HIUHEHT MPOHH
Syt qxopmynl:.: AeMOCTH HaftieM 10 HOJYIeHHOMY 3Ha-

4 » Ry C e,
2nkh L re 1 2]
66

3nauenns C, n Cp RafijeM ¢ moMomsio rpadukoB Ilyposa.
OnpesenuM napaMeTpH b/h=0584, hid.=487, nd,=197, dld.=
=0,0447, ld;=0 n 1o KX 3HaueHHaM —C;=23 u Co=34; npn
370M HalAeM Ko3(HINEHT NPOHHILAEMOCTH

—_k Re -
k=t [ln =Gt (32]_

30000
12,35

= 4 (2,3 Ig
2.3,14.0,04.1200

+23+ 34) = 0,585 1.
VI. YCTAHOBUBIIEECS BE3HANIOPHOE IBU)KEHHE
JKHAKOCTH B IOPUCTON CPELE

JIBuxieHne XMAKOCTH Ge3HANOPHOe, €CHH  Mbe3OMeTpHUecKasn
TIOBEPXHOCTh COBMajaer co CBOsOﬂHOﬂ TNOBEPXHOCTBIO KHIAKOCTH, B
KaXKAO0H TOUKe KOTOpOfi AefiCTBYeT NOCTOSHHOE AaBJeHHe.

Ipu GesnanopHoM ABHKEHHH cBOGOAHAs MOBepXHOCTb AB xum-
KOCTH B IUlacTe y CTeHKH ADEHAMHOM NPSMOJHAHEHHOA rajepen
(prc. 43) uan ckpaxuuu (pHC. 44) pacniosOXeHa BHIIE YPOBHA
JKHAKOCTH B TaJepee HAH B CKBaxcuHe, Paspuis ypopHelt obpasyer
ApoMeXyTOK BHcaunpanus BC.

j z
2P

Hed
rt'fﬁ,l -
“

7
z C e
Puc. 44

e

Pac. 43

B ofaactn 1o0Hyu He(TH GesnanopHaa (HIbTpauus BCTpeya-
©TCsI, HaMpHMeEP, KOT/a YPOBEHb He)TH, 3aJeralollleli B NPOAYKTHR-
HOM Il1acTe, NMEePeKpHTOM Henpo}muaemoﬁ K])OBJIEI‘:I, BCJEACTBUE
HCTOUleHHA naacToBoi IHEPTrHH ONyCKaercd HHWXE KPOBJH INJIacTa.
BeasnanopHad (uisTpanns Habatofaercs TaKKe NPH IIAXTHOM H
KaphepHOM C0CoGax SKCIVIYATALHH He(PTAHHX MeCTOPOKACHHA.
Tﬂnpo-rexnﬂxam YacTo NPHXOAHTCH CTaJIKHBaTbCH C 663H3n0thlM
JBHXEeHHEM TPYHTOBOTrO HOTOKa.

an pelleHdH 3agad YCTaHOBHBILUETOCA ﬁesﬂanopﬂoro ABHXe-
HHS KHAKOCTH B IIACTe YacTO NOABL3YIOTCH ﬂpHﬁJlH)KeHHOI‘;l TEOpH-
eil — TaK HasHBaeMOll THAPaBJRUecKoi Teopheit [iomon — ®opx-
refimepa.

) ¥ 67
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1) ropusonTafbHHE ROMHOHEHTH CKODOCTH (y/bTpamusi B MO-1
NepeYHOM ceyeHHH NOTOKa pacnpeAesieHH PaBHOMEPHO;

2) naBienwe BIOAb BepTHKaJMH Dacfpemefefo MO FHAPOCTATH-
9eCKOMY 3aKOHY

H=z —p—:const,
+ 24

T. €. CYHTACTCHA MOCTOAHHWM BAOJb BEPTHKAJH.

STH MPeANOCHIKH FHAPABIHIECKOR TEOPHH HOTYCTHMBE! Ana Toit
YacTH NOTOKA, rfie yKJAOH CBOGOAHON ToBepxHOCTH i=Sina=l
{o — yroal HaKJIOHA NOBEPXHOCTH K FOPHIOHTY).

Ec/t NOTOKOM JKHAKOCTH €O CBOGOAHOM I110BePXHOCTBIO OXBa-
yeHa GoJblias MOIMaab, To ¢BOGOAHAN IOBEPXHOCTb GHBAeT CaAa-
Go nckpupnena. Torma 3amaun o Ge3HamopHOM TEYeHHH K

UpAMOAHHeR RO radepee H O Ge3HANOPHOM TeYeHWH K [HAPOLHHA-
MHYECKH conepmeﬂnoﬁ CKBa)KHHe MOXKHQ pelliaTh, ACHONAb3YA Me- |

TOAB TEOPHK OHOMEDHOTO ABHIKEHHS,

§ 1. BesnanopHoe ABHXeHKe KAAKOCTH
K MpAMONIHHEiHOH ranepee

CuyraeM, 4YTo yCTaHOBWBINeecs GesHanopHOe [BHKEHHE MHA- )

KOCTH B TJIACTe NPOHCXOAMT NO 3akoHy Jlapcw, mnpk BEHOPaHHOM

PACTIONOKEHHH KOOPIWHATHMX ocedi (cM. puc. 43). Torma mpuToK |

K Tajepee LWHPHHON B €O CTOPOHH 0GJMACTH MHTaHHA GYAeT Xapak-
TePU30BATHCAH ﬂeGHTOM

Q=

MsesomerpruecKas JMMHAA
ONHCHBATLCA YpaBHEHUEM

2._-
h=l/H§—H“‘ L

a IBHXKEeHHE YacTHI, HKHAKOCTH — NOJAUHHSATBCS 3aKOHY

kpgB (HE — H?)
ol ‘

(xkpuBas Rempeccun AC) Oyrer

V12

o () (132 )]

rfle Xo— KOOpAHHATA ABHXKYyIleAcAd YacTHUB JXUAKOCTH UPH {=0.
Ecan JONMYCTHTH, YTO NPH NPOUHX PaBHHIX YCAOBHAX ABHIKEHHE

JXHMAKOCTH BO BCEM NJacTe NOYMHAETCS HEeNMHeHHOMY 3aKOHY |
GHABTPALHH
!
e
w=C{—<1)",
\ dx
68

(VLY

rae C H n— HeKOTOpHle MOCTORHHBIE, NMpHYEM

1<<n<2, 10 dop-
Mmyaa nas geGura GyAeT UMeTh BHA:

HrvH - Hn—H L
=BC VL.
q [ @+ 1! vig
§ 2. BesHanopROoe ABHAKEHHe IKHAKOCTH K CKBAXKHHE
B cayyae, eCJM THADOAHHAMHYECCKH COBEepPIUeHHAs CEBAaKHH&

(unu Konmozen) (cM. pHC. 44) BCKpHJA TMEPBHEA CBEPXY BOJOHOC-
Hufl IaacT paguyca Ry (B UEHTpe) RO ropH3OHTANBHOrO BOOYMO~
Pa H B naacTe ABHXKETCA MHAKOCTb CO CBOGOAHOM MOBEPXHOCTHIO
mo sakory Japcw, To AeGHT onpeneiseTcs no Gopmyne

nkog (H2 — HZ
Q= ._(_R_c)_ (VL5)
3
R pinte .
re
a KpHBAs JenpeccHr — Mo dopMyae
B
h= Hi ke (VL6)
Ry

BpeMa ABHMEHHA WACTHI HAXOAMTCS MYTEM HATETPUPOBAHHS
rpadoaHaTHTHYECKUM METOAOM YDaBHeHUs

A _—
m (* 2 Qn R,
== \r H; ———In=% dr, L7
v S l/ ke tn (VL7)
HAH APHGJHKEHHO O Popmye
Ty
t= "”;’” 7;3 rdr = "”‘" (B~m), (VL8)
H

rie % — cpednee 3HayeHHe HaloOpa B HATepBaje H3MEHCHHS BeilH-
YHHH 7 OT ro AC I.

Jle6uT CKBaXKHHH NpPH HEAUHEAHOM 3aKOHe (UABTPALMH KHK-
KOCTH HaxOXHTCH No dopmylie

1
el Hot et ¢

Q=2nC T L . (VL9)
I‘::_l er—l
HOpu n=2 uz (VI9) noaysaercs dopmyra, BHBeleHHAs

A. A. KpacHONONBECKUM AlA Be3HANOPHONH (H/bTPAlME B TPEIIHHO
BAaTHX [OPOAAX.
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H. A. Yapumit m0Ka3ad, 4o (opMyas (VL1) u (VL5) aaa xy
6HT2 ABAAIOTCA COBEPIIEHHO CTPOTHMH H TOUHBIMH. - i

JlenpeccHoHHbe KpuBEle (NMYHKTHPHHE AWHAH Ha puc. 431
PpHc. 44), paccuntanire no (V1.2) u (VL.6), B6.usn cToka cyme
BEHHO OT/IHYAIOTCS OT HCTHHHBIX (CIVIOWHBIx aumuii). Ilo mputa
JeHHOR THAPABJHYECKOR TeOPHM He NOAyyaercs NPOMEXKYTKA
cauusaung BC.

3anaua 65

B ucTomennol nedranoit sazexu (puc. 45) mno MpoCTHpaHH]
NAaCTa NPOBEACH NpeHaXHENl WTPeK miuAofi b=75 M. Hedy
DpHTEKaeT B INTPeK HPH FPABHTAUMOHHOM peXHMe, YPOBEHb He
TH B LITPEKe HAXOAHTCA OT HOJOWIBH HJacTa Ha BHICOTE hr
=0,9 M; BrcoTa ypoBHa BePTH Ha KOHTYpe mETaEEE fx= 4 M
ITnacr umeer mumny /=800 M, WITpeK Haxoantes rocepexiH
naacta. Kosdduuuenr npounlaeMocts mnacra k=2 J, AHuaMHU

Puc. 46

CKHE KOS(QHUNEHT BiskocTH Hedrn p~=6 MIla‘c, MIOTHOCT ned-
T p=970 kr/u’. HailTn NpONSBOLNTENLHOCTD WTDEKA.
OtBer: Q=9,2 cm3/c=0,80 m¥/cyr. .

3anauva 66

Mas sosbenenns ¢ymaamenra 1pefyeTca MOHH3HTL YPOBEHb
TPYHTOBHX BOA Ha 1,5 M Ha maomazn 10X10 m2 IpH  NOMOWIKH
APEeHUPOBaAHUSA. ypOBeHb TPYHTOBBIX BOA HaXOAHTCA Ha l"leﬁllee
0,5 M OT NOBePXHOCTH 3eMJIH.

Buiprr xoaozen paguycom 20 cM Ha raybmHy 65 M (puc. 46)
Z0 BOAOYTOpa.

Onpegeltun:

1) mponszoaHTeABHOCTh HAcOCa AM% OGECTEUEHHS HeoGXOAHMO-
TO ApeHazxKa;

2) Ha KaKOM pacCTOSHHH ' YpOBeHb BOZH MOHHSHTCA Ha 2 M,
€CIIH IIPOH3BOLHTENLHOCTb Hacoca YBeauuuTh Ha 10%.

70

Pacuer TpoBecTH NPH YCIOBHH, YTO kosdduUUEHT NPOHHNae-
moctn k=1 [, pamuyc KONTypa WMTaHHA R,=200 M, IOTHOCTb
MUAKOCTH p=1000 Kr/m3, RuHaMHUeCKHE Kosh{UIHEHT BA3KOCTH
ee p=1 mIla-c.

Pewenne. Mcxons W3 yCIOBHSA, 4TO YPOBeHb [PYHTOBLIX BOJ
J0MKeH OWTb MOHMXeH Ha 1,5 m Ha muowianm 10X10 M2, HalifeM
pajlHyc ry KpYroBOil SOHbI, OXBATHBAIOLICH
ykasaHHylo nIomazp (pHc. 47).

Kak BufHo u3 ueprexa, n=aV2=5) “
=7,05 M. . L

OnpezesnM HeOOXONHMEHA YpPOBEHb TpPYH-
70BHX BOJ Ha PaccTOSHHH ry=7,05 M, OTCYH-
THBasi €ro OT JAHa KoaoAua: #;=6,0—156=
=45 M. .

Vposenb BOAH B KOMOAUE Haligem mo $op-
Myne

e

MoncuntaeM nojauy Hacoca

whog MMl 3,14-1,02.10713.105.9,8(62— 1,87% _

? R, 200
L =% —3.9,3.1g ———
In 10—3.2,3.1g X

Te

=0,148-10—2 m¥c = 0,535 mM%/y.

Ecnu momauy Hacoca yseanunte Ha 10%, To oOHa cocraBHT
Q=11 Q=0,163-10-2 m¥fc. )

OnpejeauM yposeHs BOAH B KOJIOAUE, COOTBETCTBYIOLIHA 3Ha-
geruio @',

200

0,163-1073.10-3.2,3.Ig 5=~

= - 0,447 M.
- 3,14.1,02.10—12.103.9,8
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3anaua 67
Ilpy maxTHOM MeTOfe A0OHYH Hed)TH HCTOUICHHas 3aNeXb

JpeHHpyeTcsl UPH NOMOW KoaoAua [ u3 BHpaboTku 2 HAA Hed-
TARBEM muractoM 3 (puc. 48). Onpejenntb Aebur KoMoAuA H CKO-

Puc. 48

POCTH (uABTPAUAN Ha paccToiRuH 20 M OT KOJOAua B YCAOBHAX |
Gesnanopnofi (UABTPAURH, eCIN BhLICOTA YPOBHS HA KOHTYDE TH-
TaBHA Ag=13 M, BHCOTA YPOBHA XHUIKOCTH B KOJOAle =3 M,
paskocTp HedTH p=38 cIl, maoTHocTs nedTH p=850 kr/M, Koo~
uuMeHT NPOHHIAEMOCTH NJIACTA k=1 ]I, paccrosHne 10 KOHTypa
naranus Rx= 100 M, paznyc Konoaua ro=90 cm.
Orper; Qm=7,6 T/cyT; w="0,61-10-5 cm/c.

72

VH. IBHKEHHE )XHAKOCTH B NJACTE
€ HEOAHOPOJHOH NMPOHHIAEMOCTbIO

nPOHHﬂaEMOCTb B Pa3’JHYHBIX TOYKaX ﬂpoﬂy](TﬂBHHX TJIacTOB
He SBJIfeTCs CTporo NOCTOSTHHON BEJIAYHHONA, l/lnorna H3MeHeHHe
OPORHUAEMOCTH MO INIACTY HOCHT CTOJb XaOTHUMHI XapaKTep, YTo
MIaCT MOXHO pacha‘rpuBa’rb B cpelHeM OJIHOPOAHO NPOHHLAEMEIM.
Ecin naMeHeHHe RPOHAUAEMOCTH HOCHT HE CaAyyaiRulfi Xapak-
TEP, 4 Ha 3HAUHTEJbHOM DNPOTSIKEeHHH nJacTa HMET MecTo olpe-
HeNeHHNE 3aKOHOMEPHOCTH

1 % f B HM3MEHEHHH MpOHHLae-
1 H,

Px a # | MOCTH, TOMA2 ABHeHHE
- i " KHAKOCTeH M rasos cyile-
" o) % lw.p ~ CTBEHHO omumiacTea  oT
T - JABHXEHHA HX B OZHOpOR-

3 HHIX_TUIACTaXx.
Puc. 40 OTMeTHM  CHIeAYIOIHE
g npocTeiiltie  CHyYaH He«

ORHOPOAHOCTH IV1ACTOB.

1. Tlnact COCTOMT M3 HeCKONLKHX cloeB {puc. 49, 50). B nmpe-
Jesax KaXJAOro Cl0s NPOHANAEMOCT B CPEAHEM OJHHAKOBA H
CKaYKOOGPA3HO H3MEHseTCs NPH Nepexoie OT OXHOIO CAOS K ApPY-
romy. JIONycTHM, 4TO BCe 7 CJI0EB TOPH3OHTAIBHH, MOMIHOCTb i-T0
ca0s h;, NPOHHIACMOCTD CO-
orsercrTByOmlero cnos k;. Ha

0
ONHOM KOHUE KaXHKOTO CIOR P >
JlaBiieEHe PaBHO Py, Ha APY- | -4
TOM ~— pr. 50 gl ~pe
Ectu  ABRKEHHE MHJKO- y 717 I3l
cn npAMonmEefimo-napan- fr—~ /2(?) e a
JfenbHoe {(cM. pHC. 49) 10 3a-
wory apc, TO pacmpenerne- T A T r
HHE NaBJEHBA P B KamIOM R Ry~
cnoe nuHeiiHOe H XapakTepH-
3yercd ypaBHeHHeM Puc. 50
pP=pxi— p“l_p" X, (VILD)
AeSHT noToKa BHUHCJAsIeTCA N0 dopMyne
n
_ Bx—ry) B, 1.2
Q= BEEE Bt viL2)
a cpenHnil K09(hPYUHEHT HPOHALACMOCTH IO dopuyne
n
Y it
kep = . (VIL3)
' 73




[image: image21.png]B cilyuae TNOCKOPALHANEHOrO ABMKEHHS MHAKOCTH B MHOTO-
ca0fiHOM miacTe K THAPOJHHAMHYECKH COBepIIEHHOH CKBaXKHHE 1O
3akony Hapcn (cM. puc. 50) AaBAcHHe B KaykAoM ClOe MeHAeTCA
10 AOFapHbMHIECKOMY 3aKOHY

Pr.

e 1n R

1.4
= In- (VIL4)

P=rPu—

Je6uT CKBaXKHHBI onpefensercs 10 GopMyte

5
Q= 22x—rpd 2 ki, (VIL5)
1

a cpeAHMi KoahuUHEHT NPORHIAEMOCTH WIacTa H B 3TOM CiIydae
Haxogures no (VIL3).

2. [nacT COCTOHT H3 HECKOJNbKHX 30H Da3fuyHOl MpOHHUae-
Mocta (puc. 51, 52). Ha rpannue ABYX 30H NPOHWLAEMOCTb Me-
HAeTes CKauKkooOpasHo; B Tpefe-
Jax ONHOA M TOH 3Ke 30HH TNpO-
HHIAEMOCTs B CPEHEM OLHHAKO-
Ba, C HEOAHOPOZHOCTHIO TaKOTO
PONa MOMKHO BCTPETHTBCH, HAIpH-
Mep, NPH CONPHKOCHOBEHRH ABYX
PasHHX IJIaCTOB BIOML cOpoca
WIH B CcAy4Yae HalHYyusg mOopora
$aunanbHON M3MEHYHBOCTH OAHOTO
H TOro Xe IAACTa.

ﬂonycmm, 970 TOPH30HTaAb
HBIf NJacT MOIHOCTHI A, AMHHOM

p 2
7 2

2 (1) ¢ 2) [

{1} bt ()

les,
a z
s de

Puc. 51

Puc, 52

! ¢ HeNpoHHUAEMBIMH KpOBJel H NONOMBOA COCTONT H3 1 30H pas-
JUYHOH mponHnaeMoct, danHa i-TOH SOHH /;, Ko3(dHUHEHT Tpo-
HHNaeMoctH By (cM. pue, 51).

IMpu npaMoMHHEHAHO-NApAJIe]bHON (UIBTPAUMN KHAKOCTH B
TaKOM miacTe no 3akoHy Jlapch AeGHT (HABTPALUOHHOrO NMOTOKA
NOACHUTHBALTCA N0 DopMyse

74

_ Brie —m“

Q (VILG)
rAe B —uwmpana notoxa.
Cpeannii ko3 PHUHEHT NMPOHHNAEMOCTH
! (VILT)
=— . .
e
- K
= i=l
Ipr n=2 pacnpeneneHne HasaeRHsl B nepBofl 30He Py H BO
BTOPOH — py ONHCHBAETCA YPABHEHHAMH:
Ly Mk . Ogx<l, (VIL8)
PR T e,
= A=l g x) L<x<l
P:=pe+ Lt Lok (

Ecan npe naocKopazmaibHoy NPHTOKE JKUAKOCTH K THIDORH-
HAMHUCCKH COBeplleHHOli cxBaxune 10 3aKORY JlapcH somm pas-
JHYHOH TGPOMHIAEMOCTH ILIACTA HMEIOT KOABIleoGpa3Hyio dopmy
{cM. puc. 52), To ¢opmyna AeOnTa CKBAKHHE HMeeT BHA:

2nh (pe — Pe (VILY)

Q=

1 e

W $Y L ——

b fimi

rae k; — koadbQuuueRT HpoRMNaeMOCTR 30HEI 32 HOMEpOM i;_ iy
H ri— COOTBETCTBEHHO BHYTPEHHAR H BHEIIHRH pajuycH 5TOR S0-
Hbl, IPUUEM To=T¢, & ¥n=Ri

Cpeanuit X0>pQUUEENT NPOHHUACMOCTH B 3TOM CJaydae Haxo-
zutes no hopuyae

(VILIO)

Tpn n=2 pacnpenenenne papieHAs B NEpsoi 30He "p M BO
BTODPOIl 30He Py onpedefsiercs no GpopMyTaM
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3. TIpoHHLaEeMOCTh NAIaCTa HENPEPHBHO H3MeHsercs, YBENHUH-
Basich HIH YMEHBIIAACh B KAKOM-JHGO HaNpapideHnH. L OMyCTHM;

4TO MPH IUIOCKODaZHANLHOM TEYEHRH K03dPANHeHT NMPOHHUAEMOC-
TH H3MEHSETCA N0 MHHeAHOMY 3aKOHY  ~

beadbr— FroRy — bore b=k
K —T¢ Re—re

Y 32608 CKBAaXHHH KOS(QHIUEHT MPORHIACMOCTH paBeH ke, a

Ha KOHTYPe UHTaHHA (r=R,) b=k,

DuAbTPANES KEAKOCTH NPOHCKOAMT NO 3aKomy Hapch. B sTom §
ciyyae GopMyna nas jeGuTa UMeeT BHA:

— _2h (x——pe)
Q= R,

*
wf e

e

2t — ) (e — )
. Re ke
B (R rc)(ln =t )

k(l

(VIL12)

3anava 68

Onpe/ie/NTh CPeNHEBIBELICHH ! MO MOWINOCTH KOS((HUIlHeHT
TPOHHUAEMOCTH N1aCTa, MPELCTABJEHHOTO HECKOIBKHMH TPOHRLAE-
MBIMH NPONAACTKaMH, pasieNeHHBMH [NIMHHCTHMU MPOMJIaCTKaAMHA.
JKuakocts RBUXKEVCS B HanpaBienHH HamAacTOBaHES. MolHocTn

H KO(QHUMEHT NPOHHIAEMOCTH KaX[OrO NpPOINAcTKa YKA3aHH
HHXKe.

Tiponnactox Mompgocts, w Tpoimuse-
I 5 600
I 8 200
il 3 300

OtBer: kep=457 wmJ,
7%

3agava 69

OnpelennTs CPEAHEB3BElIEHHHH NO AMHHe KOIPQHUUEHT Npo-
HHIAEMOCTH HeoJHOPOAHOro NacTa, COCTOAiEro M3 ABYX MJAACTOB,
COSIHHEHHHX mocleAOBaTenbho (cM. prc. 51). [lepsmft maacr
umeer pnuny =8 kM W k=500 M]l, BTOpofi naact — AMHHY
L=1 KM 1 ky=1000 MIL, p.=9.8 MITa (100 krc/cm?), pr= 4,9 MIla
(50 krc/cm?), TIOCTPOHMTs rpauk pacupelleierus AapieHHA B
naacre.

OtBer: kop="530 MJL. 3akon uaMeneHHs lamlennsi-p | 30He:
Poy=9,8-10—576 x, Bo Il 30He: ppy=7,5-10°—288 x (p » Ila, x
B M). ['paanentsl B KaX/10ii 30He NOCTOSIHHBI H UX OTHOIUeHHe 00-
patso nponopunonanbﬂo OTHOILEHHKY npoum.laemoc‘reﬁ JTHX 30H:

%)(1): (%)m:k“:k“

3anaua 70

Onpenennts CpeAHHE KOSQQHUHEHAT NPOHHIAEMOCTH MiIacTa B
30He papmyca Ry=500 M, ecH mnepBOHauaJbEHi Koa(QUUHEHT
NPOHHUAEMOCTH BCEro Miaacta kx=1200 M, a sarem B pesyasrtare
sanapaRHUPOBaHAA KOS(DOHUHEHT NPOHHUAEMOCTH npHsabofinof
3oun pazmycoM ri=30 M cumshics mo k=150 M. Pammyc cksa-
KHHH ro=0,1 M.

Otper: kp=210 M.

3apava 71

CrBaXHHa PainycoM rc=10 eM 3KCIUIyaTHpyer MJacT pajny-
<oM Ry=10 kM ¢ KO3((QHUHEHTOM NpOHHLaeMOCTH ks Bo ckosb-
KO Pa3 M3MEHHTCSH GRT CKBAKHHDL, ecaH:

a) nposuuaeMoCTh B npusaboiinofi 3one paanyca r=05 M Bo3-
pactaeT B 10 pa3s B pesyibTate ee 06paGoTKn (k1 Ry=10)?

6) MpOHHLAEMOCTh 3TOH XKe NpU3aGOMHON 30HBI YXYAWHTCH B
10 pas (ki:ke=0,1)?

B) paccMOTPeTb Ty e 3adauy npyu r=>5 m. CpaBHTL TOJYUeH-

HHe pe3ybTaTbL

Oreer: 2) Q:Q:=114; 6) Q: Q:=044; B) Q:Q:=144;
Q:Q;=025 (Qp— RebuT CKBaXHHH B OXHOPORHOM mJacTe ¢
TIPOHHIAEMOCTBIO  K2).

CpaBHeHHe NOJYIEHHBIX Pe3YJBTATOB MOSBOJAET CAEAATH BAX-
HHA BLBOA: YXYALIEHWe NDOHHUAEMOCTH NPH3aGOHHOR 30HH B
10 pas TpPUBOAMT K Pe3KOMY YMeHbUICHHIO feGHTA CKBAXHHb
(Ha 56% mpn r=0,5 m u Ha 75% npu r=5 M), yBeaHueHne MxKe
nponnitaemocT 8 10 pa3 NPHBONHT X YBeMHWEHHIo fe6HTA CKBa-
KuHb (Ha 14% np r=0,5 M 1 Ha 44% npr r=5m).

3apava 72

Kalme JaBACHUS AOJMXKHB GBITE Ha 3a60e CXBaXKHHH paanyca
7¢=10 cM, YTOOH NOJYYaThb OLWH M TOT Ke AeOuT AJA  CHydaes:
1) xoraa maact pamuyca Ry=10 KM 1o MpoCTEpaHHiO OXHOPOAHEIK
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VIII. YCTAROBUBIIASICA ®HJABTPAUHA CXXHUMAEMOW
JKHAKOCTH W FA3A

§ 1. ABajlors MeKIy yCTaHOBHBINEiHCA GHABTPamedi
cHUMaeMoli RNAKOCTH (ra3a) U HeCKHMAEMON KHAKOCTH,
dyukuns JleiiGensona

Ipu ycTanopuBeficst GHALTPAUNHA CKHMaeMoli XHAKOCTH H Ta-
3a MaCCOBHI:I pacxoA BO BCeX NONEPEYHBIX CEYeHHAX IJIacTa ONH-
HAKOB

Q,, = const, {VIIL1}

a ofbeMHHI pacxoa Bo3pacraer Ho Mepe MaAeHHA AaBAeHHA 3a

cyeT pacmupelmﬂ JKHOKOCTH HJH rasa.
HasoBeM o¢yuxumio

P=fpdp+C

dyrxupeft J1. C. JlefiGensona.

Lenecoo6pasnocTb BBEAEHHS 3TON DYHKIHH BHAHA H3 COMOCTAB-
Jenus PopMya, Bupawawomux 3akon apen B audidepenuuanbuoir
dopue 115 HECKHMAEMOR XKUAKOCTH

(VIIL2)

(VIIL3y

rge Q — NMOCTOSIHHBIA OOBEMHEIA PACXOA JKHAKOCTH, H AJA CKHMAae-
MOH KHOKOCTH HJIH Trasa
t _dp
Qn=— P
rae Q. — MOCTOSHHLIT MAacCOBHIf pacxon;
uuan GpyrKnun Jleiibensona,

Bupamenua (VIIL3) u (VIIL.4) ABASAIOTCS ORHOTHNMBIMH AH-
(epennnabHEMH YPABHEHHAMH, B KOTOPHX OOBEMHOMY DPacxofy
Q B ypassiennn (VIIL3) coorsercTByeT MaccoBHf pacxon Qm B
dopmyre (VIIL4), a nasnenmio B (VIIL.3) — pynxuua Jlei#iGenzona
B (VIIL4).

'D(S)=-—% df o(s),

" (VIIL4)
dP=pdp— auddepen-
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§ 2. YéraHoBuBWwAACA PHALTPALAS CHKEMAEMON KHAKOCTH

s cxaMaemol Kaneapkoi KUAKOCTH, CJEAYIOIieH 3aKOHY.

Tyka, ypasHenne cocToAHHs, BHpaXKamoilee 3aBHCHMOCTD IJIOTHOCTH §

ZKHKOCTH OT NaBJEHHS, ONPEACARLTCS COOTHOMECHUEM

B—bo
p= Pnebm(p—p.) — poel( ,

The B — KooduuHEHT 06BEMHOTO CKaTH KHAKOCTH, a Ky=
=1/Pw — MOAYIb YIPYTOCTH KU IKOCTH.

Tax kak Bu(p—po) <1 (Hanpumep, 49 BOAHL Ps=4,5X
X10-5 cM?/krc) H, ecim p—po=100 Krc/cMZ, TO Bu(p—po) =
=4,5-10"%, Torna, packnazuBas B pax  ePxP-Po} y orpaHHUMBAACH

AByMsl NepBLIMH 4/J€HAMH DARa, NMPHOAHKEHHO MOXKHO 3alucaTh J

(VIILE) |

P22 Pg[1 4 B (p— poll-

Tounoe sHavenne dyuxunu JlefiGensona s CHUMAeMoil KHA-
KOCTH paBHO

P= j odp 4+ C = j peaP gy L 0 = ﬁl + ¢ (VILY)
m

[Ipu6nuennoe snauenne ynxuuy JleiGenzona

P =[py[1+Bx(p— polldp+C.
Tak KaK OGHYHO Bx (p—po) < 1, TO MOMKHO MPHHATH
P=pp+C, (VIIL9)
“T. €. CUMTAaTh KHAKOCTh HECXKHMAEMONl H PacCUNTHIBATh YCTAHQBHB-

leecss TeYyeHHE MO (pOpMy.'laM, BBIBCA€HHBIM AAS qJHlIpraU.HH He-
~CHHMaeMoll  KHAKOCTH.

.82

(VIIL8)

§ 3. YeranosuBwanca GUABTPALKS HAEANBHOTO [a3a

VpaBHERHe COCTOfIHHA HACAJLHOTO Tas3a NP H3OTEPMHUECKOM
TeUeHHH MOXKHO 3aIHCaTb TaK

? 2
L Pm _pRT,
4 Par
e Par— IVIOTHOCTh FA3a MPH aTMOCHEPHOM AABJCHHH H NJACTO-
Boil TeMmIeparype.
Orcrona

(VIIL10)

p= Lo (VIILI1Y
Par

nostoMy oyukuus JlefiGeH30Ha 1A MAEANbHOrO rada HMeeT BUX
P=jpdp+c=SMdp+c=£"L’+c, (VIIL12)
Par 2007

rie p— abCOMOTHOE RaBJECHHE,

1. PaccMorpuM mapaasienbHo-CTPYHiHYio $UAbTpaHMio HAeasbe
HOTO rasa Iio 3akouy [lapen. [Ipn mapaaenbHo-CTpYHHONR GHABTPA-
I HECKEMAaeMoll XKHJKOCTH OGBeMHEII DACcXOA onpefensercs Io
dopmyae (IIL1); ucnonb3ys aHAJOPHIO MeXAy TeueHHeM HECHKH-
MaeMoif KHAKOCTH W ras3a, O KOTOpofl roBopuiocs B § 1, sanumem
Anst rasa GopMysTy MaccoBOTO pacxola

Qu= %Tm_ Bh, (VIIL13)
wiH ¢ yyerom (VIIL12)
Py 2 __ o
0, = P le—r) g (VIIL14y

W2parl

TlpuBeseHHEIM pacxofoM Qar HasoBeM OGBEMHBI PACXOX, NPH-
BeZeHHEIl K aTMOC()epPHOMY NaBJEHAMIO M IJIACTOBON TeMIeparype

Q=2 (VIIL15)
Par
HUs dopuyas (VIII.14) woayunm
2
Que = M’L' (VIIL16)

2uparl

3amensisi B ¢popmyte (II1.2), Buipaxaiomel sakoH pacnpenele-
HHs JaBJeHHS MPH [ApPaJNIEJbHO-CTPYHHOH (HIBTPALMA HECKH-
MaeMoji RHAKOCTH, p Ha P, moayunM pacnpepeienne GYHKUHH
JleitGensoHa NO JAHHeHHOMY 3aKOHY

(VHL17)
83

p=PR_#xY
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dopmyaoit Tiomon (111.4) moayunm dopMyay AJs Maccosoro fe-
ouTa rasa o PP
. 2k APy —Pe) VII.20)
Qn= o (
pln—

e
Mozncrasass sHauexwe GynKuun JleiGensona (VIILI2) B mpe-
Awpyutylo Gopmyay, HaftneM .
khpar (0} — P2)

Q= (VIIL21)
Ry
,I"Parl“T
2 BhlpaXkeHHe NI 05BEMHOro Ne6uTa TA30BOM CKBaXKHHLI, TpHBe-
ZeHHOro K aTMocd)epHOMY AABJEHHIO K MJaCTOBOH TeMmiiepaTtype,

HO.YIy‘lHM B BHAE
i (=) -

inRe
pag In =

(VHIL22) §

lar =

Samenns B dopmyne (11L.6) p wa P, moaysum Jorapummye-
CKuil 3aKOH pacnpelieseHns P mpn NAOCKOPAAHANbHOA (GH/ILTPALMH |
rasa

Py —=Pg 1 Rx
=P — ke gk,
P=P, Re ’

(VIIL23)

In
e

oTkyaa, ucnoabsys (VIIL12), nafmeM sakon pacnpefenetis 1a8- |
JeHud

—F g Re
Ry r
n

e b

(VIIL.24)

p=

Cpe,uﬂesaﬂemeaﬂoe nJacToBoe AaBleHHe rasa IpH )’CTaHOBHB"
mefica TIOCKOpAAHABHOM (HAbTpaNUs N0 3akoHy Japcu onpesie- |
naeTcs NPUBIIKeHHO N0 dopmyTe
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pe_\?
12
(m) 1 .t

A,
re '3—

(VIIL.25)

3. B ciysae ni0CKOpagMasibHOl (MIBTPALMN HAea/BHOrO rasa
NpH HeJNHHEAHOM 3aKOHE (QMUILTPAUHN, BHPAXKeRHOM (OPMYAOH
{I1.8), ne6ur ckBaXHHH, NpUBefeHHH K aTMOChepHOMY AaBJICHHIO
M NIIaCTOBOW TeMIepaType, onpeaenseTca no gopmyne

2 pp— Boar g Re B*pupae (1 1
i pi= Ly e ¢ Bl (V@ (Vi)

§ 4. YcraHoBHBIBARCA YUALTPAUHS PEANbLHOTO ra3a

Tlpx GonbluHX naB/JEHHAX YpaBHEHHe COCTOAHHS PEAaJBHOTO rasa
OTJHYaeTCA OT ypaBHeH™ Kiuamefipona u uMeeT BHA
£ 2RT, (VIIL27)

4
rae 2=2z(p,, T;)i— KO3QQHIHEHT CBEPXCKHMAEMOCTH rasa, YYHTH-

BalOUINH OTKIOHEHRE PeajibHOro rasa OT HAaJbHOrO H 3aBHCEIIHA
-OT NpHBELCHHHIX AaBJAeHAs H TeMNepaTyphl

—_P
Pr Peorn
T, =L
Tepwp

4 onpefenseMult no rpaduky (puc. 55). 3aech Pepxp ¥ Tepwp—
‘COOTBETCTBEHHO CpPeLHEKPHTHYECKOe AaB/ieHHe U CpelHeKPpHTHYEe-
cKad TeMnepatypa. Tak Kak MPHPOAHHIA 43 COCTOMT M3 pasinu-
HHIX KOMIIOHEHTOB (MeTaH, 3TaH, MPONAH M Ap.), TO TPEABAPHTEN]b-
HO HYXHO BWYHCIHTE 3HAYEHHS Pepayp H Teprp MO dOpMYdaM

ZniPups
Pepap = —+=2-,
2y
Zn;T,
Tepp = —L k0L
2n; '

TAe n; — COAepHKaHHue j-TO KOMIOHERTa B rase, 06. %; Pup; ¥ Tupi—
KDUTHYECKOE JaBJeHHe H TEMUepaTypa j-ro KOMINOHEHTAa COOTBET-
CTBEHHO. -

Jnnamuuecknil Ko3(HUNEHT BSA3KOCTH NPHPOAHOTC (peanbHO-
ro) rasa 3aBHCHT OT JaBJeHHs W TeMmeparypel. CuHTas mpouecc
H30TePMHYECKHM, HYXKHO YYHTEIBATh 3aBUcCHMOCTh (p). Ha ocro-
BaHHH 3KCIEPHMEHTANbHEIX WCC/AENOBAHUI NOCTPOeHH rpaduky, mo
KOTOPEIM C TOYHOCTBIO A0 69 MOXKHO HAHTH 3HAYCHHA AHHAMHYe-
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yeCKHM MeTofioM (cM. sajgaum 83, 84). Ecau mamnemnne B mmacre
MeHsteTcss B HeG0abUIOM HHTepBane, TO MOXKHO annpchuanona'{b
3aBHCUMOCTL p/u(p)z(p) npoctoit aireSpamueckoli  dyHKmwei,
B3ATb HHTErpaJ aHANHTHAYECKH H NOAYYHTH AHANHTHYECKOe BBIpA-
JKeHHe A1 1e6HTa H 3aKOHa pacrpefie/leHHS NaBIeHHA.

3apaua 75

Onpenefath NpOHMIAEMOCTs NECKa, €CIH uepes TPYOY Auamer-
pom d=200 MM u AARHON [=12 M, SaNOJHEHHYI) STHM NECKOM,
npomnyckaics Bosiyx Baskocrbio 0,018 mIla-c mpu mepenage nas-

86

Jenus, paBHOM 4,41-10 TTa (0,45 kre/om?); n3GLITOUHBE daBfeHns
B Hauaje H B KOHUE TPYGH cocraBasioT py=0,98- 105 I1a (1 krefem?),
p2=0,539-10° ITa (0,55 xrc/em?). CpeAunit pacxof BO3LyXa, NpuBe-
JIeHHBIH K aTMOc)epROMY XaBJeHHIO, paBeH 250 cm®/c. ATMocdep-

HoEe nggneune NPHHATb PABHBEIM  Par=0,98-10% Tla, remnepaTypy
1=20°C,
Oreer: =215 I.

oA T
207 T =
a08 £=38%
105 = .
[ psas"’“d}n 300 P 2V

1 v
4w = o e

1 D n«b“&:"a

402 —116 oSy

L = 1

e
50 i
~
au 103 25 B
a5 g6 - 47 a8 63 i U p
Puc. 56
3anaua 76

CpaBHATh pacmpenelieHHe NaBJeHHA B IJacTe B ciy4asx ycTa-
HOBUBIUeHCA [VIOCKOPAAHANbHOR (HABTPALHH T332 H HECKHMAEMOH
JKHIKOCTH TO 3aKOHY JIapCH NPH ONHHAKOBEIX [PaHHYHBIX YCJAOBUSIX:
re=0,1 M, pc=>50 krc/cM?, Ry=750 M, px=100 Krefem2.

Pewenne, OnpenesnnM, Kakas 9acTb (B NPOLEHTAX) AeNpPecCHH
Px—Pc TepsieTCst NpH ABMKEHHH HECKHMaeMOA KHMAKOCTR U Tasa
B IUIACTe Ha PACCTOSIHHH r—7c.

§=_F=P .

Pe

U3 3zakona pacupefencHus NaBJieHAs B HECXKHMAaeMON KHAKOCTH
- r
p=p,+ P RPc In-~—

[?
In—% <

Te

TonyYnEM

= J0llrd 100 _ 18ErD 59
In (Ri/re) B(Rdre)
U3 3axona pacnpegeaeHHs AABJACHHA rasa

.

P Bl
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Par ;
CnenosaTebo, MpH YCTAHOBMBLIEMCA DeKHMe (HABTPALHK

ZAeOHT MOXKHO ONpeAeAHTb MO GOPMYJIaM AN HECKHMAEGMOH IKHA-
KOCTH.

IX. YCTAHOBHUBILIASICA ®HJIBTPALLUS
TA3HPOBAHHOW )KHAKOCTH

Ecau maBjieHHe B njacTe BHille NaBAeHHS HACHIUEHHS, TO Bech
Ta3 NMOJHOCTBIO PACTBOPEH B MKHAKOCTH, H OHa BeleT ceba Kak OA-,
HoponHast. [Ipn CHUKEHHH AaBJeHHS HHXKe AABAeHMs HaCHIIEHHS
H3 He)TH BBIAGJSAIOTCS NY3BIPHKH rasa. ITo mepe mpuGaueHHA K.
3a6010 CKBaXKHHB JaBJeHHe MajaeT H DasMeph NY3bIPbKOB yBeJd-
YHBAIOTCS BCJEACTBHE PACUIHPEHHS 1432 H OJHOBPEMEHHO MPOHC-
XOAMT BbACNEHHe H3 HeTH HOBBX DYSHPbKOB rasa. 3jech Mbl
HMeeM Jedo ¢ GHAbTpalHeli rasHpOBaHHON KHAKOCTH, KOTOpas
npeacrab/ser coboit ABYXdasuyio cucreMy (CMech XHIKOCTH H BE-
HeyHBLIerocs: B3 HedTH CBOGOAHOTO Ta3a).

Tpy duabTparnn ra3HpOBaHHON XHAKOCTH PACCMATPHBAKT OT-
AeNpHO ABHXeHHe Kamaoh us ¢as, cuuras, 4To xuRxas dasa fBH--
JKeTcs B M3MeH7lOWle#cs cpefle, COCTOALlEH M3 HacTHI NOPOAsl H
razoBblX NY3HIPbKOB, 4 rasoBas (asa —B u3MeHADIeRCH cpefe,
cocTofillell M3 TMOPOIB H XKHAKOCTH. [lonaras, uto ¢uabTpauns
TIPOHCXOAUT N0 JHHEHHOMY 3aKOHY, 3aHCHBAIOT €ro OTAeJBHO VA
Kaxzofi ¢pasbl, BBoAA KoadduuHeHTH ()a30BHX NpoHHUAaeMoctell
&5 B ke, KOTOPBIE MEHSIOTCA B ITACTE OT TOYKH K TOUKE:

-t dp
Qu=—2x L),
Q. = _% % o(s). x|

3nech Q — A€OUT CBOGOAHOTO ra3a B NJIACTOBHX YCJOBHSX.
OnbitaMu Buxosa u Borcera ycraHossteHo, uto ¢hasoBsie Npo-
HHIAeMOCTH 38BUCAT [NABHHIM O0PA30M OT HACHIUEHHOCTH ROPOBO-
TO NpocTpaHeTBa KUAKOH Basofi ¢. HacHIlleBHOCTBIO ¢ HasnBaeTcs
OTHOLIEHHe 00BEMa Op, 3aHATOrO KHJKON Basoli, Ko BeeMy 06BeMy
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fop B NaHHOM s/ieMeHTe NOPHCTON CPeAn. B pesy/ibTare ONKTOB
MOCTPOEHH FpaduKid 3aBHCHMOCTEH OTHOCHTEJBHEIX (A30BHX Npo-
HHNMAEMOCTe k) =kx/k U ky =F;/k 0T HACHIleHHOCTH G VIA Heclle-
MEHTHPOBAHHBIX mecKoB (puc. 60), AAT mecuanukos (puc. 61),
H3BECTHAKOB W JONOMHTOB (puc. 62); sjech k — aGcoalOTHAA MPO-
HALAEMOCTh MOPOAH, ONpeledseMas W3 AAHHHX 1O (PHIBTPaLUH
O,Y.lHOPOﬂHOh JKHAKOCTH.

Kashrs %o
100 -
— 7
i
o ] K b, % .
/ 100
a0 f— - "
k o \ ]
174 ) \
R / 40 k; /;,;,'
20 \ - ><
0 2 #W & 68067
9 20 W 60 8 o% 2
Piic. 60 Puc. 61
P
oy
v x a8
b Bo |
100 -
o \
60 5 a4
[7] - il
T 22
2
0 2 w 60 806% 0w  w &0
Prc. 62 Puc. 63

B Teopun (UALTPALMH Ta3HPOBAHHOW KHAKOCTH BBOJAHTCA NO-
HAATHe ra3oBoro ¢akropa [, paBHOro OTHOMIEHHIO NPHBEJEHHOTO K
aTMocdepHOMY AaBJEHMIO AeCHTa cBOGOAHOTO M PacTBOPeHHOrO B
JKHAKOCTH ra3a K AeGHTY XHAKOCTH

Fo Qoo

1X.2
Que w2
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[image: image28.png]Tpu ycrasosuBUWIEHCH QHABTPAlMH  TA3UPOBAHHOK KHAKOCTI
TasoBwi ¢8KTO|) OCTaeTCHd NOCTOSIHHBIM BAOQJb JIHHUH TOKA. -

Tak Kak HaCHILIEHWOCTb ABJSETCH ONHO3HAYHON (yHKUMel naBy
JIEHHSA, TO OTHOCHTEAbHYio (hasoByi0 NPOHHUAEMOCTb KHAKOH (asi
k, MOXHO CBA3aTb C faBienHeM W NOCTPOMTH TrpadHK ka(p*
(puc. 63), rae 6espasMepHoe AaBieHHe

_r_
Park

g=rTto
Mo

Hasosem dyuxumei C. A. XpHCTHAHOBUYA BHpPaKeHHE

2 .
H = { kxdp. (IX.3%

0

Yepes ¢ynkunwo XpHCTHaHOBHYA AeGUT MHAKOH (hashl 3amucHl-
BaeTcs 10 3akouy [lapcu, B KOTOPOM DOJIb JABJEHHS HrpaeT dyHK-
uns H:

Qu=—-2 2 4.
[

Mpn onpeseneHnn ne6ATa XUAKOH Gass H  paclperedeHHs
JABJICHHS [IPH YCTAHOBHBIIEMCH ABHXKEHHH ra3HPOBaHHON KHAKOCTH
cnipaBefJuBEl Bee (OPMYJIH, BHBEIEHHBIE /IS OJHODOLHON . HECKH-
MaeMOfi KHIKOCTH ¢ 3aMeHON HasAeHHA Ha Gywkumio XpHcTHAHO- 3
puqa. Hanpumep, meGur XKuakofl ¢assl rasHPOBaHHON KHAKOCTH
CKBA)XXHHH, HaXojsdllefics B LEHTpe TOPH3OHTAILHOTO —KPYroBoro
miacTa, onpenenseTcs cornacio popmyae Jionioun

nkh (Hy — Ho)
R, '

fe

a IeGHT XHAKol (ash radeper wHpuHO# B B maacte mauHo# I

pasen

(IX.4),

(IX.5)

Qu =& Hx—Ho gy

. - (IX.6)

dynunst  XpHCTHAHOBHYA B YCJOBHAX —NJOCKOPAAHATbHOM
GUALTPALHH [A3HPOBAHHON KHIKOCTH TONYHHAETCA JOFapHOMHIe-
CKOMY 3aKORY pacnpeiesienus
H—Hy— Be—flep Re | ax.n
% [

In—
re

a npu NapaaNenbHO-CTPYHHON (HIBTPAUMH — JIKHEHAHOMY B3aKOBY
H=Hy— ﬂ'§i x (IX.8) 3

Mpu pacuetax no metoay B. B. Jlanyka swauyeHus ¢ynxunu
XPHCTHAHOBHYA HAXOAAT ClelyOlUM o6pasoM. [TyTeM rpaguyecko-
TO VHTETDHPOBaHus CTPOAT 0e3PAIMEPRYIO YHKUKI XpPUCTHAHO-
BHYa

A

HY = by dp*,

0
Henoab3ys rpadux & (p*). 3asucamocts H* o1 p* npencraBieHa
Ha puc. 64 nas Tpex 3HaueHHH a=Sur/pmPar (/ —a=0,020; 2—
@=0,015; 3—x=0,010). Onpeacasior peamunny §=T L satem
[T

NePEXOAAT OT Pa3MePHOTO AARICURT K 5¢3pPa3MepHOMY NpH NOMOULR
GopMyaB
=L x.9)
. Park
1o puc. 64 Haxo4AT 3HauenHe H¥, COOTBETCTBYIOMIEe HOACYHTAHHOMY
snauennio p*. ITepexomAT K pasMepHoli ¢yHkuuH XpHCTHaHOBHYA

H = H%p,o. ax.10)

Jlns Haxomnewns NABJEHHS B HEeKOTOPOH TOUKE HJAcTa CHaua-
Ja_onpenenswT sHauenne ¢yuxumn A no dopmyne (I1X.7) win
(1X.8), sarem, Hcnoabsys rpaduk 3aBHcHMOCTH H*(p*) (cM. pHC.
64), MepeXoaAT K COOTBETCTBYIOIIEMY 3HAYEHHIO NABMECHHSA.

OtmetnM, uto QyHKUHs XpH-
CTHAHOBHYA 3aBHCHT, KpOMe faB-  #
nenns (Be/MUNHH NepeMennoll B #7
f1acTe), OT NOCTOARHOTO MapaMer-

pa a=8%pu, rae S — obmeMm-
-

HElI KO3 )HLHEAT PacTBOPHMOCTH 123
rasa B XHAKOCTH.

U..A. YapusiM 6b70 OTMeueHO, 24 /

*

32

uTo 3aBHCHMOCTb H*(p*) coraac-
Ho rpaduky (cM. puc. 64) B mu-
POKOM ~ AMama3oHe 3SHAueHHA p*  #
H300paXkaerTcs TOYTH NPAMOIT JIH-

Huell (Mpu po/ps20,2), noaromy
NPHGMIKEHHO ~MOXKHO UPHHATE, o
4T0
H = Ap*+B  (IX.11)
¥, CAeNoBATENBHO, 7 W s

He—H,=A(p—po), (IX.12)

rae A~0,944—21,43 «.
T. B. Ilsixaues OTMeuaer, yTo Rake eclu AapJeHde B NacTe
MeHASTCR B LUMPOKUX Jipenesiax, (pasoBas NPOHHNAGMOCTh k) H3Me-
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[image: image29.png]HAeTCs caabo, MO3TOMY NPUSIHAKERHO MOXKHO CUHTATh €¢ NOCTOSH-
HOMl M paBHOM 3HAYEHHIO (a30BOi IPOHHUAEMOCTH, COOTBETCTBYIO- )
Uteil CpeiHEB3BEINEHHOMY AapJieHH© B Huacre (k). Ilpn aTom

Hy—Hy = o (pe— p)- (X.13),

3anava 87

B niacte umeer Mecto uabTpauus rasuposauuoll HeprH. On-
PeRernTh, MPH KaKHX HACHIIEHHOCTAX JKHAKOCTHIO H FasoM’ (a3o-
Bas NPOHHLAEMOCTh M/ JKHAKOCTH Kx pasHa ¢azoboil MPOHHMae-
MOCTH AUl Tasa ky HaiiTu Beanydny sToli dasopoil nponniaemo-
CTH, ec/in abCcoioTHAA NPOHHLAEMOCTb MopucToil cpedbl #=0,8 1.
PaccMoTpeTs cayuan, KOTAA KOJVIEKTOP MNpPefCTABJIeH HeCUEeMEHTH-
POBAHHLIM TIECKOM, NECYaHHKOM, H3BECTHSKAMH H  AOJOMHTaMH.

Yxasauue. Bocnonb3oBaThest rpadHKaMH  3aBHCHMOCTell  haso-

BEIX NPOHHILAEMOCTelf OT HACHILCKHOCTH XKHAKOCTBIO MOPOBOTO (PO~
cTpancTea (cM. puc. 60—62).

3agaua 88

Uepes MOPHCTYIO Cpedy, NMPeACTABIEHHYIO HECLeMeHTHPOBAHHBIM
TIeCKOM, (HABTPYeTCA TasUPOBAHHAA KHAKOCTb. AGCOMOTHAS PO~
HHUAEMOCTb MOPHCTOM cpefisl 2=5 [, BASKOCTb MUAKOCTH W
=1 cll, BaskocTs rasza pp=0,012 cll, HacHIIEHHOCTL XKHAKOCTBIO
TIopoBOTO MpocTparcTBa 0=65%.

Onpefienuts pasoBbie NPOHHUAEMOCTH Ky H kp; CPABHHTB CYMMY
$asoBHIX TNpOHHIaeMOCTel ¢ a6COMOTHOM POHHIAEMOCTBIO MOPUCTOR
Cpelbl, HAfTH OTHOLIEHHS CKOpocTell GUIbTPANHH KHAKOCTH H I'a3a
Wy/Wr M CKOPOCTEIt ABIMKEHHS U /Ur.

OreeT: ky=1,15 JI; k=075 II; wxfwr =0,0184; vufor =
=0,00991.

3anaua 89

B mosocoo6pasioM MiacTe NPOHCXOAHT —YCTAHOBHBWIAACK Ta-
panaeabHO-CTpYAHAs (UIBTPALHA Fa3UPOBAHHON  KHAKOCTH MO
sakony Hdapcu. Wlupuna naacra B=600 M, avnua miacta L=3 ku;
MoLEHOCT /=10 M, a6coMmoOTHAS TPOHHLAEMOCTh ITacTa k=150 M/,
KOO UIUHEHTE BASKOCTH HEDTH ¥ rasa B IACTOBHIX YCJOBHAX CO-
OTBETCTBeHHO PaBHBL px=1,12 MIla-c, py=0,014 wfla-c, kKosdpu-
LHEHT pacTBOPHMOCTH rasa B Hedtn S=1,22-10" m*/m*-Ila,
rasoBulii akrop I'=350 m%/M3 [laBjeHne Ha KOHTYPe DHTEHUA

«=14,7 MIla (150 krc/fcm?), Ha 3afoe rajepen MOAAEPIKUBACTCA
nasienie pr=10,8 MIla (110 krc/em?).

OnpefleiiTs Ne6HT rajeped H jAaB/ieHHe B TOYKe, PACIIOJOKEH-
Holl Ha paccToAHuy ¥=2,6 KM OT KOHTYP& IHTaHHA.

¥xasaHue. Bocnonb30BaThes rpaUKOM 3aBHCHMOCTH  GYHKIHH
H* ot 6e3pasMepHoOro AaBlieHHs p*.

Oreer: Q=61 M3/cyr, (Qr)ar=21300 m¥/cyr, p=11,5 MIla.
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B uentpe uedraAHOro maacta pasnyca Ry=350 M HaxoduTca
SKCIVIYaTAlHOHHAA CKBaKHHA paanyca re=0,1 M.

B kaxuofi Touke NJIacTa AaBJeHHE HHKe NABICHHS HACHINCHHS,
TIOSTOMY HMeeT MeCTO 1BHKeHHe ra3upoBaHHON HedTH. OnpeaeauTh
AeOHTH HedTd W Ta3a, paclpefieieHHe AABAEHMA B NMAacTe W 1NO-
CTPOUTH, HHAMKATOPHYIO AMALPAMMY, €CAH Japiewme na 3a60e
ckpaxnab po=38,82 MIla (90 krc/cm?), masnenwe Ha KOHTYpe MH-
TaHua py=13,2 MIa (135 krc/em?), abcomoTHAs MPOHHLAEMOCTB
naaera k=0,1 I, MomwHrocTs maacra i=10 M, Kospduuuente Bs3-
KoctH Hedtn pmy=12 mlla-c n rasa p.=0012 nlla-c, kosdpdu-
UHEHT pacTBOPHMOCTH rasa B HedTH S=1,53-10% m3/m3.11a, raso-
ol dpakrop ['=400 M3/M%, par=1,01-10° ITa.

3aBHCPlM0‘CTb H* or p* mast a=0,015 npusesena Huxe.

P [ 1 2 3 4 5 6 7 8 9 10

H* 0 0,1 0,3 06 09 1,32 1,72 2,15 2,60 3,08 3,56

p* 12 4 18 20 22 24 26 28 30 32 34

H* 4,56 5,65 7,85 9 10,18 11,36 12,56 13,76 15 16,25 17,50

Pewenue. [JeGnT HedTH NPU YCTAHOBHBINEfiCK NJIOCKOPAAHalb-
HOil GHABTPALUHH TA3UPOBAHHON KMAKOCTH ONPeReIHM MO dopMylte
Dkl (Hy — Ho)
Qu— TGt
In—=%
Hag e
Ans yero nafiflem suavenns dyHkunn Xpuctnanoswda H, u H, npa

JABACHHAX Py U pe. Ilofcuntaen kosdduiment o=SE2 p,q, woto-

s
phiil ABJAETCA NapaMeTpoM NpH ONpPeNeNeRHH (YHKUHM XpHCTHA-
HosHya H:

@ =1,53-10-5 % -1,01-10 = 0,0154.

OnpenenuM sHauenHe Ge3pasMepHOTO rasoBoro (axropa

EmBero 002 gy
e 1,2

1 GespasMepHEIE RaBNeHH$ Ha KOHTYDe NMHTaHHA H Ha 3afoe CKBa-
YKHHBL

s 135

P 1B g9
A= T 103 8
A P _ 9%

p= o~ TL.03 21,8,
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[image: image30.png]3anaua 93

Haliti cpeaHeBsBellleHnoe no 06bemy nopHCTOH Cperl 3kave:
Hue ¢pynkunn XpacTHanoBHua A U COOTBETCTBYIONIee eMy 3Havellie
AaBJleHHs IPH YCTAHOBHBMIeficA MJIOCKODagHaibHOll —(GUABTPAnH®
Ta3HpOBaHHON JXKMAKOCTH B DJacTe ¢ panuycoM Ry=1 km, ecan
BaBJieHne HAa KOHTYpe mHTanua px=10,20 MMa (105 xre/om2},
ZaBnenne Ha saboe p.=8,33 MIla (85 krc/cm?), oOTHOWeHn&
r/pn= 0,01, KOSPPRUNEHT pacTBOPHMOCTH rasa B HeTH S~
=1,02-10" wm*m*.Tla, rasoswii Gakrop T[=400 wm3/m?, paanyc
CKBAXKHHBI 7¢=0,1 m. [l7acT MpeACTAaBJeH HeclueMEHRTHPOBAHHMIM
TeCKOM,

Pewrenne. Cpeuepspementoe o 061eMy MOPHCTON cpeisr 3Ha
yeHHe YHKUMH XpHCTHAHOBHYZ ONpEfeNsieTess No (hopMyse

RK
1 j{H _ He—H,
whm (Re—r3) 5 | R

H=1 f Hd = ln-’i)mmrdm
Q a r
He—H,
~H, x|
w 2
2ln—

Te

Haiinem snavenns xosdpdunnenton

=2 _ g0,

Hoxe
g=to Ty
Mo
H GespasMepHbie AaBAeHHS
= Pr o _ 969
Py Eroe 125

p= ﬁ. =21,2,

ar

o rpaguky sasucamoctn H* ot p* npu ¢=0,01 (cM. puc. 64)
Halinem

He=11u H, =7,
OTKyRa
Hy=Hitp,, = 11-4.9,8.10* = 4,31 MITa,
He=Hitp, = 7-4-98-10f = 2,74 Mla

ﬁ= 431 — 4,31 —2,74

2231

= 4,23 Mlla,

110

COOTBETCTBYIOLIEE 3HAUEHHE

[
Fe_ 423008
4.9,8-10% 10,78,

=259 1 p=pEp,, = 259-4.9,8.10° — 10,16 MITa.

3anaua 94

Tlo nanksiM npeAbiiyllefi 3agaul oNpefefHTb MeGHT KHEAKOH
daswt no merony I. B. Ilbixauesa u mo merozy M. A. Yaporo,
€caH abcoNioTHas NPOHHUAEMOCTh OPUCTOH cpeabl £=0,5 [I, moul-
HOCTb NAacTa A=8 M, THHAMHUeCKHA KOdOHUMEHT BASKOCTH He(pTH
p=12wmla-c.

Pemenne. To meroay IMeixauesa AeGHT KuAKOK dasel onpele-
JseTcs Mo gopmye

Q __ 2kt (pe— pc)
= s
In-Re
Mo Te
Tae kx— (hasoBas MPOHMMAGMOCTb AJS JKHAKOCTH, ONpefesiseMas
[0 CpefHeMY RaBJeHHIO j. 3HaueHuio F=10,16 MIla cooTetcTByeT
GespasMepHoe AaBJenHe p* =259, KOTOPOMY OTBEYAET OTHOCHTEND-
Has (asoBas nponuLaemocts k; =0,64 (cu. puc. 63).
JefuT KUAKOCTH

Qu= 6,28.0,64.0,5-1,02.10712.8.1,96.108 2.9.10-% wifc —

1,2:1073.2,3-1; 1000
B . 5011

= 250 MfcyT.
Tlo merony Yaphoro

2nkhA (py — pe)
Qx o
e
rae A=0,944—21,43 ¢=0,944—21,43.0,01= 0,730, Toraa
:_6‘28-0,5-1,02~IO_“-S-O,73-1,96-10a =3,31.10-3 M¥c =

2 2o ,5ig 100
B ,'80‘]

= 286 M¥/cyT.
X. ABWOKEHHE TPAHHILBI PAAEJNA ABYX
JKMIAKOCTER B TOPHCTON CPEJIE
§ 1. Burechenne HedTh eopoit

TIpu mpoekTiipoBauuK pa3paloTKA He@TAHEIX MeCTOpPOKAEHHH
B YCAOBHAX  BOJAOHANIOPHOrQ pexnMa, Koraa Heq)le BBITECHACTCA
11




[image: image31.png]B CKBAXHHb HalOPOM KpaeBmx BOA, HEOGXOAHMO YYeeTb CTAFHE
HHe KOHTYpa HedTeROCHOCTH. E
C BHITecHeHHeM HeTH Booil NPHXOLMTC BCTPedathes u mph
pacuetax NeOPMAUHH  BOAOHETAHOTO KOHTAKTA. AHAIOrHYHLY
3alaud BOSHHUKAWT H IPH SKCIYATUHH Ta3oBHX MECTOPOKIeHH]
€ KpaeBoil HAN NOAOLWBEHHOH BOAOH. E
[pennonaraercs, 4to BerTecHeHHe «OPUigesoe> U TPAHANA Pasy
Aena IBYX JKHIKOCTeHl fBAAETCA HEKOTOPOH MOBEpPXHOCTbIO. LIpf
PELICHHH 3a7a4 O BHITECHEHHH YUHTBIBAETCS PasaHuHe B BASKOCTS:
HeTn ¥ BoAbl. [INOTHOCTH HEPTH M BOAB CYHTAIOTCA ONWHAKGH
BhMH. DTO [IaeT BO3MOXKHOCTH PACCMATPHBATL TPAHUIY pasLe
ABYX MUAKOCTEH BepTHKAAbHOM. B ofmwieM cayuae Ha rpaHuue pa:
feJia ABYX KHAKOCTeH C DasAHYHBIMH (H3HYeCKUMH CBOiCTBAMM
NPOMCXOMHT NpeJNOMJICHHE JIHY
REE TOKa. YueT 3TOrO
JIOMJIEHHS. H COCTaBAfeT
HYIO TPYIAHOCTH B TOUHOM pellie:
HHH 33[1a4H O BHITECHEHHH Hedd
TH BOROf (HAH rasa BOIOH).
JIMHHM TOKZ He MPeOMAAIOTCS)
npu TPAMOHREHHO-IOCTY A~
TEJIBHOM H painanbHOM ABHMKe:
HHUAX, KOTZA4 B HavyajbHHi MO-
MEHT BPEMEHH OHH MepIeHTHKY-
ASpHE  rpaHule pasgena. B
STHX CJIyyasX TONYUEHEl TOMHbIE ]
DeINEHHs, B KOTOPHIX MKHAKOCTH
(wedrs, BOAa) NpHHHMAKTCH
HECHKHMAEMBIMH, IJIACT — [OpPH-
3OHTAJbHHM, DEXHM MIacTa —
BONOKAMOPHUIM, PHIBTPALHST —
APOHCXOASMIEH NO JIHHEHHOMY'
3aKOHY. 4
Ipu npsmonunefiHoM ABHXKeHHM TPaHUNUK pasiena (puc. 66), ]
KOrjla B HAYaabHOM TNOMOKEHHWR OHA NapasjielbHa rasjepee,
B IIACTe ¢ NOCTOAHHBIMH MOIMHOCTBIO, TOPHCTOCTHIO M NPOHHLAE- Y
MOCTbIO OpMyna 115 AeOHTA rajepen HMEET BUA

Q = 2B e —rp0)
pes+palt—s) "

TAe !|— AMMHA BAACTA; S -— PAcCTOAHME OT KOHTYpa
BOJOHE(TAHOrO KOHTAKTa.

Hs npreenennoit dopmyasl BuaHO, 9T NeGHT HedTH TIpH 3aKaH- 4
HBIX NOCTOSIHHEIX 3HAYEHHAX py M Pr BO3PACTAET NPH MPOABHIKEHHH ‘]
TPARHULB PA3feNa, eCHH x> ptp.

Bpems BmrecHenus HeTH BomOW B caygae TPAMONHHENHO-
TOCTYNATeAbBOro ABHKEHHA FPAHHUH Dasflesa MOACYHTHIBACTCS
no dopMyae !
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P G (pen)

Puc. 65

X1} ;

TMHTaHHA A0

Tl LGt e o ST Gat ) M

rie So— KOOpAMHATA, OTpelensiollas NOJMOXKeHHe TPAaHUIEl pas-
Zesa B HAYaAbHbill MOMEHT BpeMeHH.

UYro6kl HaliTH BpeMs TONROTO BHITECHEHUSt Hed)TH, HYXKHO B (op-
wyae (X.2) nonoxutb s=1.

AHanornynas KapTHHa HAGMOAAeTCH W B YCAOBUAX IIOCKO-

paxuajbHOR GUIABTPALKE (pHC.

I 67). B atom cayuae geGHT OM-
pefeasietcs o dopmye

Q = 2 Bx— 0

4

, (X3)

R, r
paln =5 4 pyn

e

Pu=Z{godaliean

Fle r— KOOp/MKaTa, ONpelead-

jolllas MOA0KEHHe TPAHHLL Pas-

nena HeTh—BOAA B MOMEHT f.
8

00z hegms

7 £

7 / Va

”a

A
Prc, 68

Puc. 67

BpeMs paAna’bHOrO NepeMenIeHHs TPaHRUL OT HaYaJbHOrO Mo-
noxerua r=ro (npu £=0) 10 r HaxoAWTCA NO popMyae
m

2 __
t=——{(uxlan—unlnrc)LJr(un-u.)x
% (P — P p

(= 2) (5 w=D)])

Paszanune BA3KOCTH HedTH H BOAB! CYHIECTBEHRO BJAACT KaK Ha
BpeMs H3BJeueHHs HehTH (rasa) M3 maacta, Tak K Ha XapakTep
NpOABHIKEHHS KOHTYPa BOACHOCHOCTH.

TlonycTHM, uTO NEPBOHAYaJbHOE MONOKEHHEe BOLOHEPTAHOrO
kouTakta B maacre AB He mapanjeabHo ranepee (puc. 68). Jdas
pellieHHs 3ajlayd O NPOJABUIKEHHH BONOHE(DTAKOTO KOHTAKTA B yKa-
3aHKBEIX YCJOBHAX HCNOAL3YIOT TPUONMMEHHEIL METOJ <IOJOCOK>,
npennoxennnit B. H. Wenkauessim. Pacemarpusaercs nocuolinoe
JBHJKEHHE 4acTHU. BHXeAI0T HECKOABKO Y3KHX MOJIOCOK, H B Mpe-
Jesax Kakiofi MOJOCKH PaccMATPHBAIOT BEITECHEHHE KAaK HOPUIHE-
BOe ¢ KOHTYPOM BOJIOHOCHOCTH, flapasiedbibiM radepee. [Ipn yeao-
BHM py> s CKOPOCTh TOUKH B GoJbllie, ueM CKopocTb Touku 4,
OTCIOA MOXKHO cHeNaTh BEBON, YTO CKOPOCTh ABHIKCHHA «BOAA-
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[image: image32.png]HOro A3blka» B #HadGoJee BHITAHYTON TOUKE NO Mepe ero JBHKEHH
K rajepee (HaIu HPAMOJHHEHHON UETOUKe CKBAXKHH) pacTeT ObicT:
pee, ueM CKOPOCTH €ro OCHOBaHHS H OCTAJIBHOH 4ACTH KOHTYPA BONO:
HOCHOCTH.

§ 2. KoHyc nopowrsen ol soant. ONpeneaenue NpeiesbHOro
6e3801HOr0 1eGUTA CKEAXUHB!

Hpu orGope Hedrn (rasa) H3 rHAPOAHHAMHYECKH HECOoBEpLIeH
HOf IO CTeNeHH BCKPHITHA CKBAXRHHH B ILIacTe ¢ MOAOLIBEHHOHA BO-
L0H TPOHCXOAHT AedopMAlHA TPAHHLB BOLOHeTAHOrO KOHTAKTaM
O6pasyiolleecss NOBLILEHHE YPOBHA BOABl HA3BIBACTCA KOHYCOM
nofowsenHoft Boarl (puc. 69). Ilpu ysenduennn fe6uTa KOHyc nof~
HUMAETCsi, H TNPH HeKOTOPOM MNpeReNbHOM 3HayeHHH Q= Qupex IPO-
HCXOONT NPOPHIB MONOUIBEHHON BOAM B CKBAXMHY. YCNOBHEM cTas)
6HABHOCTH KOHyca SIBJISICTCS PaBeHCTBO IpajueHTa NaBJeHHs Ha
BepilinHe KOHYCA YALJbHOMY BECY BO/BI:

o

X.5);
ar *5)

= pug-

r=0

MeToasl pacuera mpeleabHbIX Ge3BONHBIX AEGHTOB Gbliil Mpel-
soxenst M. A Yapums, H. @, Vsanosum, H. C. TuckyHoseiM,
JI. A. Dppocom, T. Jix. Meitepom, Q. A. Tapaepou u ap,

H. A. UYapublii, cONoCTapias ABHMEHHe He(QTH TPH HaJHYUH

. Tax

z

Puc. 70

Puc, 69

KOHYCA NOROWIBEHHON BOXBI C HANOPHHIM DABHOAEOHTHBIM ABHIKE-
HieM He®TR B IJacTe NOCTOAHHON MOMIHOCTH A(Ro) =ho u Hemosb-
3ys yCAOBHE CTabHIbHOCTE KoHyca (X.5), moayuua (popmyay ans
BepXHEro 3HaueHus MpeledpHoro Ge3BOIHOrO Xe6HTA B ONHODOAHO-
AHBSOTPONHOM IIACTe, B KamIoli TOUKe KOTOPOTO 3HAYeHUE Kodad-
hUUMEHTA [IPOHHUAEMOCTH B TOPH3OHTAJIRHOM HANpABNEHHH Krop
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pe3ko OTAUYAeTCA OT 3HaueHHa Kosdduuuenrta
B BePTHKAMBLHOM HAMPABICHHH Kgepr, B BUAE:

Q= Qi) = (0, — ) ghod ).

=b/hy; q(R) — Ge3pasMepHEIi AeGHT.

Kpusre g(R) 8aa pasnuunmix sHaueHufi p=Ro/uh; noKasambi
ua puc. 70. 3aech x=VErop/krepr — KOSPPUUHEHT, yUHTHBAOLIKI
aHH3OTPONMIO MIaCTa.

NMPOHHLAEMOCTH

(X.6)

rie

Ymax

Ha puc. 70 npusefespt Takke rpauKH Nmax= Ans pac-

» h“
4€TA BEICOTH MOABEMa KOHYCA Ymax, COOTBETCTBYIOMEH Q.

Paccmarpusas npeneapHbifi cayuaii, B KOTOPOM BEpLINHA BOAA-
HOTO KOHyCa HaxQEuTcs y 3abos ckpaxuuel, H. ®. HaHos Beten
TpUGIHKEHHYI0  (hOpMyAy N NpeneabHOro Ge3BOAHOTO aebuHTa
CKBaMXHHBI, anaJoraudyo popmyne (VI.5) nefura ckBammssl npu
6e3HaNOPHOM ABHIKCHEH

k(P —p) g {1 —5)
R '
pln Py

Qup = X7

3anava 95

B nonocoobpasHoM miacTe HMEET MeCTO NOPIUREBOE BhITeCHe-
Hye HedTH Bojofi. [lepsoHauanbtas rpaHHLa pasfiesa BepTHRAAbHA
H napaliienbHa ranepee. Jlakma miacta Ly=D5 xm, LnvHA 30HH,
3aHATOfl HedTbi0o B HaUaAbHBI MoMeHT, — 1 kM. Jmnamuueckue
KO(OHUNERTH BASKOCTH HeYTH pu=4 cIL;, BomM pp=1 cII. Halitn
OTHOLUEHHe AeGuTa TaJepPen B HavaJbHEII MOMEHT SKCHAYaTallal
H febuta Toil e rajzepen, KOria Bech MJACT 3aNOJHEH HedTbIO.
Onpenenuts OTHOWICHHE BpeMeHH BhTecHeuus Hed)TH BOJOH H
nedtH HedTHIO.

Oteer: Qu-s/Qn-n=2,8; Tu-v/Tu.n=0325,

3anaua 96

Ornpeneautb BpeMs BPOABWKEHHA HEDTH OT KOHTYpa BOAOHOC-
HOCTH AO- CKBAXHHBHl B CJIyiae IIOCKOPAAHAJIBHOrO NBHKEHHS MO
3aKoHy Jlapcu W cONOCTaBHTL €ro cO BPeMeHeM NPOXOMKIEHHS TOFo
e NMyTH Bojiofi. OnpefennTs AGHT CKBRKUHEI B HA4albHBIA MO-
MEHT BPEMEHH H B MOMeHT o0pojHeHHs. Paccrosume 10 KouTypa
nuTasus Rx=10 KM, nepsonavafbhbifi pamnyc BoAOHedTAHOTO
KOHTaKTa ro=450 M, MOMIHOCTh MacTa =10 M, NOpHCTOCTD NIaCTA
m=20%, KosdduuHeHT NpoHHLaeMOoCTH naacta £=0,2 I, wrosd-
GuUHeHTH BA3KOCTH HedrH py=5 mlla-c, Bomm ps=1 MIJa-c,
DaBJeHHe Ha KOHType mHTauud p,=9,8 MIla (100 krc/em?), pas-
Jense Ha saloe ckpawwmb pc=6,86 MIla (70 xre/cm?), paanyc
CKBaXHHL 1o =0,1 M.
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[image: image33.png]_3,14.1,02-10-12 (144 — 4).398.9,8

2 Q= =0,91-10—* M¥c =

2,54102.2,31g 5

= 7,85 M%cyr,
G{16,6; 0,166) = 0,14, Qup = 0,14-123 = 17,2 M/cyr.

Kaxk eHAEO H3 pacuetop, popMyda H. @, lVipanoa naer pesko-
3aHHKEeRHBI NpefedbHbl Ge3BofHblli AeOUT MO CPABHEHUIO C MNpe-
HeJbHEIM GespomubiM mebutem mo Mertody M. A, Hapuoro.

3anaua 99

[To DaRHLIM Tpepbiiylleli 3aKayd ONPefelnTb BEICOTY NMOABEMZ |
KOHyca I0AOUIBeHHOH oAb mo Meroay W. A, Uapmoro.

Pemenne. r

1. Onpenennm no rpaduxam M. A. UapHOro Nmax=#max/ (fo—b)
B 3aBHCHMOCTH OT p=Rof%fty=16,6 1

k= bjh, =0,5;
Nimax =0,81, OTKyZa BEICOTa NMOABEMA BEPLIHHE KOHyCa
Yooz = 0,81 (12— 6) = 4,86 m.
2) Nmax(16,6; 0,167) =0,7,
Yomax = 0,7(12—2) =7 m.

3anaua 100

OnpenennTts HpeiefibHO AOMYCTHMYIO Jienpecchio Npu or6ope
He)TH H3 CKBAKHHEL, BCKpEIBalou(efi IMACT ¢ HOAOUIBEHHOH BOXOH J
Ha ray6uny b=12,5 M. MouinocTs HegTeHOCHON YacTH MJacTa B OT-
JlajleHHH OT CKBaXKWHBI fg=>50 M, IpoHHLaeMocts nacTa k=05 [,
TJOTHOCTH BOAM pp=1 IfeM3, muiorHOCTh HedTH pr=0,7 r/cm?, nuRa-

. MuyeckHii Koa(QUUHEHT BAKOCTH HedTH pux=2 cIl, paccrosnue Ao
KORTypa NuraHus Ryx=200 M, anamerp ckBaxunbnl de=219 oM,
TAACT CYHTATH H3OTPOMHBIM (% =krop/Keepr=1).

Pewenue. Tlo meroay H. A. YapHoro onpeaennM NpubaHKeHHOe

3HayeHHe MpejelsHoro Gessoanoro Aebura HedpTH

Qu=Qu, p),

rie

2akhG (s — P} & 6,28-0,5-1,02-10—12.95.102.300.9,8
) = =

¥ 2.10—3
=1,175-10~2 M/c,
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o rpaguky saBUCHMOCTH ¢ OT p H R (cm. puc. 70) mpu snaue-
aul p=4 1 £=0,25 noaydaem

9(0,25; 4) = 0,173
H
Q= 1,175-10~2.0,173 = 2,04- 102 m¥c.

TipemespHo mOMYCTHMYIO AENPECCHIO HafieM H3 penmlenms Mac-
KeTa O MpPHTOKe K CKBaXKHHe THAPOAHHAMHYECKH HeCOBepllleHHOﬁ
MO CTENEHR BCKPLITHA

Q;m‘{% [211147—’20 —w(h—)]+ 1“4%':} >:

Ap =
g 2kt
1 4.50 200
2,04.10~3.2.10—3 , —— 4, Blg——
_ 2owloezag {20’25 [4 610 —4 6]+2 31g 4.50} B
2.3,14.0,5-1,02-10—12.50 -
— 0,529 Mla,

3gech 3nauenne Gyuxuun (k) =¢(0,25) =4,6 (cM. pre. 34).

XI. YCTAHOBUBIIASICA ®HJIbTPALHA >KHAKOCTH
HTA3A B JIEQOPMUPYEMOM TPEHIHHOBATOM
MJTACTE

§ 1. OcHOBHBIE XapaKTEPHCTHKH

PasnnyaoTr 4MCTO TpellRHOBaTHE M Tpemuﬁoa‘am-nopncruej
KONAEKTOpH. Eciii B NepBeIX ABHXEHHE MKUAKOCTH H rasa IpoHc-
XO[HT TOABKO MO TPEUIHHAM, TO BO BTOPHIX —B TPEllHHaX H NO-
pHcTHX OJI0KaX, DACNOJOMKEHHEIX MexAy tpemmaamu. Tpewmno-
BaTO-OPHCTYI0 CPeAy pACCMATPHBAKT KAK COBOKYNHOCTH ABYX
pasHOMACWITAGHHX NMOPHCTHIX Cpen: MepBas cpela, B KOTOPOH mo-
POBHIMH KaHA/NAMH CAYXA2T TPEIUIHHB, a MOPHCTHE GJIOKH MeXLy
HHMH — 3eDHaMH NOPOJBI, XapaKTepusyeTcsi CBOeH MOPHCTOCTBIO iy
H NPOHHLAEMOCThIO KRy; BTOPAas cpela — CHCTeMa HOPHCTHIX GJIOKOB,
XapaKTepHsyeTcs CBOEHl NOPHCTOCTBIO Mg K MPOHHLAEMOCTHIO Ry

TlopucTocTs My H NPOHHLAEMOCTb Ry YHCTO TPEUIHHOBATHIX NIa-
CTOB onpellesAwoTca IycroToii Tpelmn I', reoMeTpHeit cHcTeM Tpe-
WK B NOPOJE H HX CPETHHM PACKPHITHEM 0.

Tycrotoit Tpewny I’ HasblBaeTCs YHCAO TpeLIMH, NPHXOIsULEECS
Ha eIMHHALY JUIHHBL CEKyUIeH, HOpMaJbHON K MOBEPXHOCTAM, o6pa-
3YIOUIHM TPEIZHHEL '

MopHcToCTh My CBA3AHA € TYCTOTOR TPELHH H CPEAHHM HX pac-
KPHITHEM COOTHOMIEHHEM

11y = 6T, (XL1)

Tde 9 — KO3Q(UIHEHT, YIHTHIBAIOUIHI IEOMETPUIO CHCTEM TPEUIHH
H APHHKMARLINT 3Havenna | <O<3.
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[image: image34.png]KospduituerT NPOHMIAEMOCTH H30TPONHOIO TPEIIHHOBATO!
IUIACT2 BHIPAXKAETCA UePe3 IYCTOTY TPENIMH K MX CPelHee PacKp
THE COOTHONIEHHEM .

f_ B8 it put
T2 12 E

EcaK CUHTaTh, YTO H3MeHeHHE PACKDPHTHA TPellMH NPH U3MeH
HHU TJIACTOBOTO AABJEHHS ONPENENALTCH YIpYrHMH AehopMauHam
B TPEIUHNOBATOM IJIacTe H ONHCHIBAaeTC dopMymoi

8= 8,— A — 8,11 —B (o — ), XL

T0 KO3(hQHUKEHT NpOHUUAEMOCTH K B TaKOM NJacTe B COOTBETCTA
BHU ¢ hopmynoit (X1.2)

ky = kg [1 — B (2= pIF, (X1

Tie 8 — PacKphiTHe TPRIIHHH NPH AABJACHHH Po; B=Bri/8o — KOMI
JEXCHBI MapaMeTp TpelluHoBatofl cpenst; By =(1—20)/E — ynpy:
ras KOHCTaHTa; ¢ — kosdduuuent Ilyaccowa; E — monyas HOAr:
TOPOJIEL; { — cpesiHee PACCTOARRE MEKAY TPEIMHHAME. 3
TIpy MaaeIx H3MEHEHHAX NaBJeHHS 3aBHCHMOCTH KO3(OHUHERT
NPOHHUAEMOCTH Ky OT AABJCHHA MOXHO CUHTATh JHHEHHOH

=kl —x(p—p), (XL5,

rie a=3f.

HekoTopuie aBTOpH NPEACTABAAIOT 3aBHCHMOCTb KO3POHUHEHTA,
DPOHHIAeMOCTH TPEULHHOBATOrO MJAAacTa OT AaBJIEHHA B BUAe KL~
TIOHERUUAAbHOM QYHKURH

ky = ko= 0d)

(XL6Y

TPELIMROBATO-IOPUCTOM ;|

Tlpu paccmorpeHnH  GuJIbTpausH B
nacTe OGHIUHO CYHTAIOT, UTO KOI(@HLUHEHT NPOHHUAEMOCTH Tpe-
WHH Ry CYMIECTBEHHO 3aBHCHT OT AABJIEHHS H ONMPEACNAETCH OMHOH |
H3 YKa3aHHBIX (QOPMYJ], a KOI(OHIMEHT NPOHHIAEMOCTH NOPHCTHIX
GAOKOB Ry TPAKTHUECKH HE 3aBHCHT OT JABJEHH W TPHHHMAaeTcd
TOCTOSTHHBIM.

§ 2. YcTaHoBMBIIAACA MNIOCKOPAINAbHAS GHILTPAUNA
JKHIKOCTH H £a32 B TPEILUHOBATOM NIACTE

ITpunuMas 3aBHCHMOCTb k; OT KaBJenua mo dopmyre (X1.5) w
CcyHTad BA3KOCTH KHAKOCTH nOCTDﬁﬂﬂoﬁ, TOJYYHM BBHIpAKEHHs AN
nebura

antect (13 [ 1= (1)

0= (XL7y

pin Ryfre
H pacnpeneneHys AaBACHUA

120 -

— =2
o, _M(rx Pc)l 7 (e mJlnf*‘—
« In Ryfre r

(XL®)

Ecan 3aBHcHMOCTE KO3bbuIUMHENTa NPOHHIAGMOCTH £r OT AABJEHHS
6pars B Buae (X1.4), To nefur

Thpelt {1 —[1 —§ (o — po)}*

Q= BT Rre , (XL9)
JlaBaeHHe
4
=Y 10— B ) R
P pe— r— S, (LIO)

A 3aKOoH JIBUIKEHH YacTHUB KUAKOCTH BAOMAD TPAcKTOPHH OMHCHL-
BaeTcs GopMynoi

2my (r§ —r*) up In Ryfre
T (I —(T—B (o —par}

File ro— KOOPARHATA TOMKH B Haya/bHBIA MOMeHT BpeMenu (f=0).

Pewenne 3azaun 06 yeTaHOBHBUIEACR NJIOCKOPAAHANBKON BHAb-
TPauuyd HAeaJbHOrO raza B AeOPMHPYEMOM TPEIIHHOBATOM NJacTe
TPH BHIIOJHeHHH 3aBucHmoctd (X1.4) mpasoaut K dopmyae mpH-
BEJGHHOTO K aTMocthepHOMY NaB/EHHIO OObeMHOTO febura rasa

=Mt (1 (I —B(pe— P —
Qo= et [0 po (1 — B — 2o

1
L a—_a— — p il
L= —Bm— ).

Jas Toro uto6H HaliTH pacnpefefeHue NaBAeRHS B TAacTe APK
U3BeCTHOM Qar, MOXKHO, 3anucas (X1.12) & Buze

_ sthrglt
Q= 20Ppar In R/
L n—g— — o)
3 =0 =B}

3a1aBaThCsl PAAOM 3RaUEHHl p<py H Haxonuts no (XL.13) coor-
BETCTBYIOLHE 3HAUEHHUS r.

(XL11)

(XL12)

{pa—p(1—B (s —p)¥1—

(XE13)

3axzaua 101

Onpezeants 3HaueHHa Kos(QUUNEHTa NpoHULAeMOCTH medop-
MHpPYeMOTo TPEHUIHHOBATOrO IIacTa MPH PA3HBIX AABJCHHSX, 10JA-
ras, uTo Ko3GHUHEHT NPOHHIaEMOCTH:
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[image: image35.png]B cayuae 6)
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3uayenuA AeGHTOB HardeTaTesbHOH CKBaXKHHH H COOTBETCTBYIO
ke AeTpeccdy Npksefeus: B Taba. 13 u wa pue. 73. 3

Kak noKasmBaloT  pe3y/ibTATH  PacyeToB (cM. Taba. 1M
o pHe. 72, 73), B caydae sKCIUIYATAUHOHHONK CKBAXKHHE HHAHKATOD
Had JWHWA UMeeT BHNYKIOCTh K OCH XeGMTOB, a ANS HATHETATeN:
HOll — K ocu Aenpeccuii. JleGHT (HPHeMHCTOCTh) HATHETATEIbHO,
CKBAXKHHB YBE/WUHBACTCS NPH BO3PACTAHHH NeNpPeccHH B Godibie:
CTENeHH, YeM AeOUT SKCIJIYATalHOHHONH CKBaMHH (CpasHH IeGid
TH Qae U Qx NPH P—po=05 MIla u 10 MITa). 310 06bcH
HAteTCs TeM, UTO IPH NOCTYIUIEHHH BOJE B MAACT AaBJeHHe YBEH
YHBAETCA, B De3yAbTATE YETO NPOUCXOANT PACKPHITHE TPellHH
pacTer MpoHHUAEMOCTb MacTa,

3anava 105

CpaBHHTb JaBJeHHs MPH INIOCKOPaZHalbHON (UAbTPAHHH He:
CKEMaeMoli KUAKOCTH N0 3aKoHy [lapen Ha paccrosmuax r=2; 107
100 1 500 M OT ocH CKBaXHMHH B CAYHAAX UHCTO TPELIHHOBATOTG:
M NMOPHCTOro KOMLIEKTOpoB. [IpuHATSE ciaelyloliHe pPacUeTHHIE HaH-
Hble: LaBJeHHE Ha KOHType THTaHus p.=20 MIla (204 xrc/em?);
JaBJeRne Ha 3a6oe cKBaKmHHEL p.=17 MITa (173 krc/cM?), paanycs
KOHTypa NMHTaHHst Ry=1500 M, pamuyc cKBaxuub ro=0,1 M, KoMN-4
nMeKcHell NapaMeTp TpemHHOBaToOll cpeasl P=0,8.10"7 m*H.

Ykasanue, [lpy pelleHuy 3ajayu CUHTATh, YTO 3IABHCHMOCT
K03 DHIHEHTA NPOHHLASMOCTH Ry OT JaBJCHHS Olpeneasercs dop
Myaoit (X1.4), a mOpPHCTHIE KOAMEKTOP HededOpMHPYEMBIH.

Qreer (tabn. 14).

Ta6anna 14

m
Jasaenne B fracte, MITa . | 10 100 ‘ 500
TpewuHoBaTOM 18,22 18,73 19,36 19,75
Tlopuctom 17,94 18,44 19,16 19,66

3apauza 106

OnpefeauTs NPHBEIEGHREI K aTMOCHEPHOMY AaBJEHRIO 06beM-
Hblil 1eGHT ra3oBoil CKBaMHHM TMPH  YCTaHOBHBIIeACA MJIOCKO-
panuanbHOlt QrIBTPAUHH Ta3a B JAeOpMUPYEMOM TPEILMHOBATOM
naacte no sakoHy Jlapcu, MpHHAMas 3aBHCHMOCTb KosdipuilmeHTa
NPOHHLAEMOCTH ky OF RaBieHus B Buie (XI1.4), ecau AaBnenue Ha
KOHTYpe muTaHus py=15 MIla (153 krc/cm?), naenenue na saboe
CKBAKHHEI pc=13 MIla (133 krc/eM?), mpu HAYaJbHOM M.iacTO-

126

BDM

RaBneHHn  kro = 20 MJl, Ko3dduuHeHT BA3KOCTH rasa
,012 MITa.c, KOMIVIEKCHbIi NapaMeTp TpeIHHOBATOrO MAacTa
[3 05 10~7 MZ/H arMocepHoe AaBAeHHe pap=10% Ila, wmom-
hOCTE Tacra A=10 M, pamnuyc KouTypa nuranust Re=750 M,
paanyc cKBaxuuul re=0,1 M. Ta3 CuMTATh HAeanbHBIM.

O1Ber: Qqp=250 THC. MY/CyT.

XIl. HEYCTAHOBHBIIAACA ¢ HIAbTPAILUA YIIPYTOH
XHAKOCTH B YNIPYTOW NOPHCTOW CPEAE

§ 1. OcroBHble onpefenenns

Tlpu mycke ckpamuH B SKCNAYaTaUM0, NPH OCTAHOBKE HX, TPH
B3MEHEHHH TeMna A0GHuM JKHIKOCTH H3 CKBAXKHH B ILIACTe BO3HH-
KalT HEYCTAHOBHBIUIHECA NPOUECCH, KOTOPble NPOSIBASIOTCS B Nepe-
pacnpefeieNHn NAACTOBOTO RARJeHHs (B TajJeHHH WIH POCTe AaB-
JleHUsi BOKPYT  CKBMWKHHE), B M3MEHEHHWSX C TeUeHHeM BpeMeHH
2e6HTOB, cKopocreil (QHILTPAUHOHHHX MOTOKOB H T. X.

OcoGeHHOCTH 3THX HEYCTAHOBMBIIHXCH IPOUECCOB 3aBHCAT OT
VAPYTHX CBOACTB MIACTOB H HACHIAWIIKMX HX XRAKocTed. XoTs
KOSDGHUHEHTH CKMMAEMOCTH BOJAM, HEDTH H NOPHCTOA CPeXBE
ouerb Manbl (Ps=4,59-10- M¥H, By= (7--30) 101 MZ/H, f.=
=(0,3+-2) 10~ w%H), ynpyrocTs XKHAKOCTEHl H TMOPOAH OKAa3H-
BaeT OFPOMHOE BJHAHHE HA NOBENeHHe CKBAXKHH H MJIACTOB B TPO-
Hecce MX BKCMUAyaTalllH, Tak KaK 00GbeMBl IMacTa U Hacklmalomeit
€ro JKHIKOCTH MOTYT OWTb O4YeHb BeXHKH. [TosToMy NPH HoAcyere
3anacoB HedTH (M rasa), NpH NPOEKTHPOBAHHH Pa3pabOTKH HedTA-
HBIX U Ta30BWX MECTOPOMKIEHRH, NPH KCIAYaTalHH, TPH HCCAeno-
BAHHH CKBAXHH, NIPH CO3MAHHH MOA3EMHEIX XPaHHAHIL a3 NPHXO-
JHTCA YUATHBATD CHKHMAEMOCTb WHAKOCTH M HOPHCTON CPeBL

O6beM HachWaiowedl NAaCT KUAKOCTH NPH CHIDKEHHH MIacTo-
BOro AaBJEHHA YBeNHUHBAeTCH, a O6BEM MOpPOBOre MPOCTPAHCTBZ
YMEeHbLIaeTCs; 3TO M ONpeedseT BHTeCHeHHe JKHAKOCTH H3 IAacTa
B CKBA)XHHY (HJH Ta30BYIO 3a/1€XKb).

Ecan B mpouecce paspaGoTku mpeoGnapatomteit §opMoit 3Hep-
THH fABJAETCA 3HepPras ympyroit AedopMalluu Iaacta H C:RaToH
KHAKOCTH, TO DPEXHM TAacTa HashlBaeTcst ynpyruM. [lpu srom
npermoJaraerca, 4To (GHILTPAUMOHHBIE MOTOK oAHOGA3HMI, T. e.
IIaCTOBOE NaBJICHHE BHIE AABJEHNT HACHILUEHHA.

B yenoBMAX YOpYroro pexuMa XapaKTepRO TO, UTO Hpouecc
nepepacnpeneseHns AaBJCHHS NPOUCXOANT MEL/IEHHO ([NHTeBHO),
a He MrHOBEHHO, KaK 3To OblI0 Gbl TMPH aGCOMOTHON Hec)kHMae-
MOCTH TJIaCTa # HaCHINalomeli ero MUAKOCTH,

B Tteopuu ynpyroro pexxuma SoJbUIVIO POXb HPPaloT ABa Hapa-
MeTpa: .

I. Kospdbuument ynpyroeMkoct naacta

B* = mpy, + e, (L
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[image: image36.png]rfe m— NOpHCTOCT; P B P — COOTBETCTBEHHO KO3(HpunHEHTH
CKHUMAEMOCTH KHAKOCTH B NOPHCTOH cpenkl.

Koatb@uuaeHT p* YHCIeRHO paBeH H3MeHeHio YIPyroro samaca
SKHAKOCTH B €AHHHUE ofbema maacra npu H3MEHEeHHH IIacTOBOrO
NaBAeHMA Ha ONHY efuHuuy. HMuorfia smecto Kos(dulMenTa ympy-
TOEMKOCTH MJACTA HCHOJb3YiOT MPHBEASHHEIH MOAY/b YNPYTOCTH

K= (X11.2)

2. KoappRIUHEHT Nbe30NPOBOAHOCTH BAaCTa
3 #K

Ho=— =

wpr  pm’

(XIL3)

OM XapAKTEPH3YeT TeMIl mepepacnpeleseds MacTOBOrO AABJACHHA
B yCAOBHAX YNpYroro pewuMa. 3Ta BeMRUMHA aHAAOTHYHA Koag- ¢
(HIEERTY TeMNepaTyPONPOBOAHOCTR B TeopiH Temjomepenayd
1 Brepesie Guna sefeda B. H. lenkatessim.

§ 2. Tounbie peuleHns auddepeHUHaNLROrO ypasHeHus
YAPYTOro pexumMa

Tinddepenunansioe ypapHeHne YNPYroro pexuama GuanTpausu "
MOXHO 3amHCcaTh

(XIL4)]

i ﬂ)
+ ay* t3s)

ox?

o _ x( o
of
Unterpupysn Ruddepenunansioe ypasuenne (XI1.4) npu sa-
JAHHBIX HAUQJBHOM U TPAHUUHHX YCIOBHSIX, ONPENENAIOT AaBJe- ]
HEe B J1060f TOuKe MA4acTa B JH0OOH MOMEHT BpEeMEHH.
Peuledsie 3afadH Nepepacnpeneenss AaBJeHHs Nocae nycka
CKBAXHHB C MOCTOSAHKEIM A6HTOM Q B GECKOHEUHOM TODHIOHTAb-3
HOM IJIACTe CBOAHTEA K HHTErPHPOBAHMIO AHG(EPEHIHANLHOLO
ypaenenns (XIL4), nmeolero Ans WIOCKOPaiHaIbHOK Q)HJIpra-(
nuy BEA

(XILB)S

o (¥ 1 0
7‘"<ar‘=+r ar

€ HAYaJbHbBIM H rpaHH‘{HHMH yCJ[OBHﬁMPl
plr, ty=pg ip £ =

onkh ¢ Op
- r=2y
@ w ( ar ) =

Pt 1) = px pH T=00,
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Tounoe peinéime sToft aanaun npu ro=0 paerca dopuynofi

_ e gy P
PPl ) = e Ei(— Y, (XIL7)
. " 7 e
, —E;(—m) Arf — du. (XIL8)
5
R
OTa TaGyaupoBaHHad (YHKUHA Ha3bIBAETCA  HHTErpasibHBIM

SKCIIOHEHIHANOM, HAH ~HHTETPAbHOH NOKasaTedbHOH QyHKmmed.
Ipr Mansix 3nauenuax apryMenta rifdnt QyHxunio —Ei(— 4’—t)
K

MOXKHO NPROINIKEHHO 3aMeHHTh GOpMyaoi

_Ei (_ —4’:‘-) ~in 2 o772 (KIL9)
| Toraa -
P—p( = b (B 0.5772). (XIL10)

Dopmyna (XIL7) senseTcst ocHOBHOR opMyaoR ynpyroro pe-
JKHMa NNACTOB, WIHPOKO MPHMEHSIOMIENCA NPH HCCACKOBAHAH TPO-
uecca MepepacnpefieleHnsi MIacTOBOrO NAB/AEHHsA, BH3BAHHONO Myc-
KOM CKBAXMH C NOCTOSHHBIMH JeGHTaMH, OCTaHOBKONl CKBAXKHH,
H3MEHeHHAMH TeMIOB AOGHYH U T. A.

®opmyay (XIL7) Takke MOXHO HCIOJIB3OBATH B CAyuae MpH-
TOKa KHIAKOCTH K CKBAaXKHEe KOHEUHOTO pajiyca W B HauaabHON
CTaJil H3MEHEHHS AABJNEHHA B IJIacTeé KOHEUHHIX pasMepos,

Ilpr HeycranoBuBIIeHcs na-
paanenbHo-cTpyino#  QuapTpa-
LHH YOPYro#t MHAKOCTH K raje-
pee, DACNOJONKEHHOR B NOJOCO-
o6pasHomM nonyGecKOHeYHOM
IacTe  MepHeHAMKYJASPHO K
och Ox B ceuenun x=0 (puc.
74) W skcmiyaTupyiowefica ¢
MOCTOSIHHKNM HaBAeHHeM Ha 3a-
Goe ranepen pr, naBlieHHe B JIO-
Goit Touke muacta B a6l
MOMEHT BDEMEHH MOJNYUHM, WH-

r

Terpupyst ypasHeHHe Puc. 74
 _, P
o =ut (XIL11)
TIpH HayaJabHOM H TPaHHYHBIX YCJAOBHAX
px, ) =p, npu £=0,
px, {)=p, upn x =0, X11.12)

P(¥, 1) =py 1PH X = co,
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-~ HHTErpaa BEpPOATHOCTH.

TloapoGHoe peuierHe 3aaYH O HEYCTAHOBMBIUEMCA NPHTOKY
YNpYrofi MUIAKOCTH K rajepee NPH TOCTOAHHOM OTGOpe NpHBene
HUXKe (cM. 3amauy 114).

§ 3. TIpHOAMKEHABIE METONM PelIeHHi

B ¢BA3H cO CJOMKHOCTHIO TOYHBIX PelfeHuii GHIM Ipennoxeny
pasauuHbie ﬂpH6JIH)KeHHH€ METOJbl pelleHHA 3aAaY HEYCTaHOB!
iwefics GRALTpaunn yupyrod xuakoctH. Oanum 3 HanGoaee pag
TNPOCTPaHEeHHBIX HPHGJIH)KQHHHX METOAOB ABJAACTCA METOH NOCAH
JIOBATENBHON CMeHbi CTALHOHAPHBIX COCTOAHMA., DTOT METOH 3aKJid
YaeTcsi B TOM, UTO B KaKOﬁ-TO MOMEHT BpeMeHH 30Ha MOHHIKeHHOr
naBAeHHa (BO3MylleHnas 30HA) CYUMTaeTcs pacnpocTpaHeHHol HM
onpenenennoe paccrosatie /=[(f) (npuBesenHbI pasuyc BARAHE
H NpeAmoAaraercs, 4To BO Beell BO3MYILEHHON 30He AaB/icHHe pa
npeReasieTes Tak, Kak OYATO ABHMEHUE XHAKOCTH YCTaHOBHBIUICECH,
B fellctBuTeABHOCTH K€ paclpejle/ieHHe NaBJeHHs B mjacTe B
6y}1eT CTAUHOHAPHBIM H 30Ha MOHHZKEHHOTO JAaBJIEHHA 3aXBaTH’
TEOPETHUECKH Bech MacT. 3AKOH U3MEHEHH: BO BPEMeHH MpHBe/eH:
HOTO' pamuyca pausHus ((¢) olpellessieTess us ycloUA MaTepHalbsgd
soro Ganauca, Ilpd neycTAHOBHBIUEMCS HPHTOKe YOpyro#t XHAKO
cTH K rajepee /(f) =2}xf, eciu 0T60p NPOBOAKTCSA MPH NOCTOAKHO
Aenpeccun py,—py=const; [=Y2xf, eciin 3aman nocTOARHBHI KeGHTE
Q(0, ) =const. £ 4

Ilpy nuockopafuaibHOM THPHTOKE YNPYrofi MHAKOCTH K ckBa-d
JKHHE MOXHO CUMTars ¢ TouHOCTBIO g0 10—15%, wuro I=2¥xfE
(ecnm {(#) >r;) Kak pad cydas HOCTOAHHON AENPEcCHH, TaK H A5y
nocrosiHoTO oTOpa.

B wmerome A. M. [lnpBepAsHa, KOTOPHi Da3sBUBAET METOA M0~
CASHOBATENBHON CMeHp CTAUHOHAPHBIX COCTOHHHI"’I, 3Mpa AaBhe-
HHSA 3allaercs Tak, yTo6bl OHA He HMEJNA YIJOBHIX TOYeK. Hanpumep,
NpE NOPHTOKe K raJepee pacnpefieeHHe aBieHHR MO NAacTy 3a-
ZaeTcss B BHZe Mapaboubl, KacaTedbHas K KOTOPOH B Touke Xx=I(f)§
ropusoHTaasHa (pHc. 75)- ;
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Ecay oT60p XUIKOCTH He MeHSIeTCS C TeueHHeM BPEMEHH, T. e.
Q(0, t) = w0 = const,

T0
.
plx, = p«~(px—pr)[l - %] , (KIL15)
? < PPk rne
e
e A RTINS
(XIL16)

a npHBeJEHHBHA Pajuyc BAMSHHS,
HaAJeHHHH H3 YPABHEHHs MaTe-
pHaNLHOFO GajlaHca, oMpeenseTest
no gopmyae

1) =V,

e -
<—Lm@t' <~

Pue. 75

(XIL17)

§ 4. Cynepnosunus B 3afa4ax ynpyroro pexuma

Merton cynepnosuuny (HanoxeHus (GHIbTPAaLHOHHBIX NOTOKOB)
UIHPOKO MPHMEHAETCA H B 3ajlayax HeYCTaHOBUBIIHXCA TeueHnH nopH
YIPYTOM DPexume.

Ecnu B nracre }leﬁcmye'r Tpynna CKBa#HH, TO NOHHIKEHHE AAB-
JeHHS1 B Kakoii-1n00 TOuKe NyacTa Ap=py—p ONpefensercs cio-
JKeHHeM TIOHHMKeHHi JaBJEHHSA, CO3RABAEMEBIX B 3TOll TOYKe OTAeqb-
HBHIMH CKBaXXHHAMH

n

Ap=2

THe n—MHCHO CKBaXuH; Q;— JeOGUT j-TOH CKBaXKHHB, NPHYEM
Q;>0, ecqm cKBamuHa SKCIIyaTauMomHas, u Q;<0, ecim cksa-
JKHHA HarHeraTeJbHas; rj— PacCTOAHHe OT HeHTpa i-’l‘ﬂﬁ CKBa-
JKHHB 10 TOUKH, B KO’I‘OpOﬁ onpejpeaneTcs TOHHXKEHHEe AaBJieHHd.

Ecnu cKBaHHB Havadn pa6orath B pasuoe Bpems, o (XILI8)
ByneT HMETh BHA,

i
"EF)] (XIL18)

(XIL19)

rie I;—Bpems, Opomellice ¢ Hagada paGoTsl j-TOH CKBAXKHHHL

MeTtonom CYNeprnosHuyy MOKHO PEIIHTh 3aAaYH, CBA3aHHBE
¢ OyCcKOM, OCTAHOBKOM HJIH ¢ H3MEHEHHeM TeMma ROGH'-]H CKBa-
HKHHB. I'lyc'rb, HamnpHMep, CKBaXKHHA (SR EY mylieHa B IKCOAYATAUHIO
¢ MOCTOAHHEIM Ae6HTOM Q M uepe3 MPOMEXKYTOK BpeMeHH T oOcTa-
HopJeHa. TpeGyercs onpelefuTb AaBAeRHe B M0G0l TOUKe maacTa.

5 i3t
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KOM HenpepHBHO pafoTamoileil CKBAXHHE, GyAeT PaBHO

& s )

JlonycTHM MBHICAEHHO, YTO B TOM XK€ MecTe, TAC PacHoJOXeHa
IKCMIYATAUHOHHAs CKBaXKHHA, B MOMEHT OCTAHOBKH Hauana pabo-
TaThb HarHeTaTeAbHAA CKBaXHHA ¢ TeM ke meburom. K momenty

Ap, = m{—

NOBHINCHHE NAABJCHAA B Kakof-1r60 TOuKe NJacTa, BhI3BaHHOE

MyCKOM HATHETATEJbHOH CKBAXHHM, ONpENEAHTCS 10 (opMyse

o= i (=2 (=)

Peayabrapyoillee TOHMKeHHe AaBieHHs Ap samullercs B BHIE

tp=tm—tpy= 2 (B[

+Ei(— Lt } (XIL20)

N

Ecau apryMethl (yHKUuA MaJH, TO MOXHO HCHOAL3OBATH
npuénmkenuyto dopmyay (XI1.9), 1 rorga

4nkh H

pp=- jn LD (.21 &

3anaua 107

HedTaran sanexs miomansio S=500 ra # MOLHOCTBIO £=30u

umeer mopucrtocth m=20% H BOAOHACHIIIEHHOCTD 05=230%. Cronn-
Ko He(TH MOXHO 0T06paTs 3a cyeT OOBEMHOTO YNPYTOro paciurdpe-
HHS KWAKOCTH NpH MaieHun Aapnenus or 300 xrc/em? (29,4 Mila)

o 200 kre/em® (19,6 MIla), ecnu  KO3(h(HUHEHT CXXHMaeMOCTH
nedtH Ba=153-10-9 m%H, a goadpduument cKuMaeMocTdH BOAH M

Be=3,06-10-10 M2/H?
Iaact cunTaTh HeAehOPMUPYEMBIM.

Pewenne. Cuntas 5edTh W BOAY YIPYTHMHE MARKOCTAMH, OHpefe-

JIBM H3MeHeHHe 06beMOB, 3aHMaeMHX HedThI0 B BOJOH npHu naxe-
HHH JaBJeHHS Ha Ap= 100 krefem? (9,8 MIla):

AV = Shm (1 — 0,) Balp,
AV, = Shmo,B,Ap,
o6beM BHTecHeHHOR HebTH AV, paBen cymme o6beMoB AVy+AVy
AV, = Shn [(1 — 03) By -+ 0,8,] Ap = 500-104-30-0,2 [(1 — 0,3) 1,53 X
X 10~2 4+ 0,3-3,06-10—1919,8-10° = 3,42-10° n°,
132

3amaua 108

Onpenenuts ynpyruil 3anac HedTH B 3aMKuyTOlt 061aCTH HeTe-
HOCHOCTH Iiomazpio 4500 ra, MoluHocTsio A=15 M, ecnu cpefue-
B3BElICHHO® NacTOBOC JaBJeHHe H3MeHHJoch Ha 50 Kro/cm?,
NMOPHCTOCTh maAacTa m=18%), Kos(DOdHUNEHT cHEMAEMOCTH HedTH
Ba=2,04-10-° M%/H, HacbillleHHOCTP MJIaCTa CBASaHHON BOZOH
05=20%, KO2PHUHEHT CHKUMACMOCTH BOAW Ps=4,59-10%0 M%/H,
Ko GHUHEHT CKHEMAeMOCTH MOPolH Po=1,02.10—10 m2/H.

Otper: AVy=1,35-10° 3

3anava 109

OnpenennTs KONMYECTRO He(TH, MOAYYERHOE 38 CYET YNPYroro
paciiHpenuss HedyTH, BOAM M TOPHON TOPOAH, eCJH NAOMAmb 06-
nacTHeedrenocHocTH Su=1000 ra, sakouTypHas BOZa 3aHHMaeT
naomans Se=10000 ra, cpelnss MomHOCTb mAacta A=10 M, .
TOPHCTOCT MMacta m=25%, BoZOHACHIIEHHOCTh B 30He HedyTeHOC-
HOCTH 6,=220%, KosddHUAEHTH CKEMAeMOCTH HedTH, BOIH K IO-
POAE! COOTBETCTBEHHO PABHE!

By = 6-10~5 emP/kre = 6,12-10-10 M¥YH,
By = 4,2-10~5 cMP/kre = 4,28.10—19 M¥/H,
Bo = 271075 cu¥kre = 2,04-10—10 M¥H.

ITaacrosoe AapjieHne cummaerca ot 180 ao 80 krefeme.

Pemenue. Kosdduument nedpreoTnaun 3a cuer ympyroro pac-
WHpeHus ONpeAeNseTcs Kak OTHOWleHHe o6bema HedhTH, noayyeH-
HOTO 3a CUET CXHHMAaEeMOCTH, K NepROHAYANbHOMY OGbeMy HedTH

n=AV/V.

Havanpusiit 06beM HedTH

V = Shim (1 —0,) = 1000 104 10.0,25-(1 — 0,2) = 2. 107 M2

O6bem HedTH, BHTeCHAEMOH H3 30HH He(h)TEHOCHOCTH NMPH Raje-
HuY faBaeHHs Ha Ap=100 xrc/cM? 3a cyeT cxUMaeMOCTH HehTH H
NOPHCTON cpeadl, paber

AV =Sh(l— o) BiAp,
roe
By = mPg + By = 0,25-6,12-10-10 -1 2,04.10-10 = 3,57.10~1° m¥YH;
AY"=0,8-10°-3,57-10—10 . 100-9,8- 10* = 2,8-10° »®.

3a cueT paculHpeHHS BOAW H TOPOALI B 30HE HedTEHOCHOCTH
06beM BhITeCHEHHOH He(TH COCTABHT

AV" = Sho.f; Ap,
TAe
Be = mBy + B, = 0,25- 4,28 10-10 - 2,04.10~10 = 3,11.10-10 w¥H;
AV" = 107-10-0,2-3,11.10~10 .9,8.10¢ = 0,61 10° .
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TMoHuKeHHs NaBI€HUS B 3THX 30HAX COOTBETCTBEHHO paBHH
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BHe yKa3aHHEIX 30H NOHMKeHiue NABJEHHS HAZO ONPeNeNsATh MO

rounoh Qopmyne (XI1.41). PesyabraTe pacieroB Ap TNoMetieRH
8 Taba. 18 u mpexcrasiaeH Ha puc. 80.

7 100 200 00 400 SO0 rm

502
25=5cym
404 =
44
\ty=reym sl
208 oy Ieym | et
a1
ap, M -
Puc. 80
Tab6anua 18
rou 200 300 100 500 600

Ap (s MTla) npu =1 cyr | 0,0846 | 0,0819 | 0,0784 | 0,0757 | 0,0718
Ap (s MMa) npar =5 cyr — — | 00375 | 0,067 | 0)0358

148

XHI. HEYCTAHOBUBHIASICSl ®HABTPALLHS TA3A

Inbdepenunaibioe ypabHeHHEe HeycTaHOBUBIICHCA H30TepMH-
4eckol (BuAbTpamHK HAEAJBHOTO rasa Mo 3akony [lapcH HMeeT BHI

o _ k(P Fpt & I
@ 2mp \ ow® + oyt + s ) (XUL1)
Han

ot _ kp [ %2 ap st

a  mp \ o= + a + 5 ) ) (x11.2)

370 ypaBHeHue ABMAETCS HeJHHEHAHHIM ypasHeHHeM napaboJH-
9eCKOTO A, OHO OTIIHYAeTCA OT AUp(EePeHUHAIBHOTO YPaBHEHHS
YHOPYroro pexuma TeM, 4TO HCKOMON (yHKOWeH sBJAseTcs He AaB-
JeHHe p, a KBaApaT AaBjeHHS p?, a BMECTO NOCTOSHHOTO KO3(bhH-
UHeHTa Nbe30NPOBOAHOCTH X B YPABHEHHe BXOAHUT MePeMeHHAs BeJH-
4uHa kp/mp.

Tounble pemenns HeapHefioro ypapnenust (XIIL.2) monyuenst
TOMBLKO AJS HEKOTOPHIX YACTHBIX 3ajad. Kax NipaBHJIO, 3TO Ypas-
HeHHe HHTerpHpyeTcs NPHOIMKERHBIMH METOJAMH.

Hanbonee npocteiM npeGAHMEHHBIM MeTOAOM ABASETCH METOX
JAuHeapusauud, npepnoxendnii M. A. UapueM, B KotopoM mepe-
MeHHOe 3HAUeHHe KOS(POHUHEHTA Rp/myu 3aMeHSeTCsd YCPeAHEHHBIM
3HAUCHHEM Rpcp/my, TAE

Pep ™ Pain + 0,7 (Pmax — Paain)s

BHECb Pmax H Pmin — MAKCHMAJABHOC H MHHHMAJIBHOE NaBJieHHA B
3a/leKH 32 PACUETHEI NEPHOA, MJAH

. Pep = 0,722puae.

Mpu 7akoit 3amere ypasHeHHe (XIII.2) npuBoAnTCs K JHHER-
HOMY AHQEePeRUMAJIBHOMY YPABHEHHIO TeNJIONPOBOAHOCTH. ITO
AaeT BO3MOXKHOCTE HeCTAaMOHapHOe ABHXKeHHE rasa pPaccUHTHIBATHL
KaK LBH)KEHHE YNPYTol KHAKO- "

CTH 10 QopMynaM YNpyroro pe-
KHUMa GUABTPALHH.

JI. C. JlefiGensooM Owlto
TIONYYEHO pellleHHe 3aZayn of
HCTEYEHHH Tas3a H3 TNoN0co06-
pbasHoro 3aMKHYTOTO mracra - Puc. 81
[pH YCJIOBHH MOCTOSHHOTO AaB-

Jlennst Ha razepee (pmc. 81). 3anaua CBOAMTCH K HHTErpHpOBa-
HHIO AH(dEepEHIHATBHOMO YPABHEHHS

P kp  Ophe

ot mp o2

(XIIL3)
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— YC/IOBHE H2 HEempokHaeMoli TPaHHIle rasoBoro NAacTa.

3anaua pewranach MeTOAOM MOC/AEOBATeJbHBHIX NPHOAMKEHHH.

B nepsom mpubamxennn Koadduumenr, pxomlAluid B npasyn
yacts (X111.3), cunraercs NOCTORHHBIM B paBHMM Epufmu.

Tpn stom (XIIL3) o6pawmaercs B ypasHerHe TeNIONPOBOAHO-
CTH, HHTerpa’d Kotoporo npi ycnaosuax (XII1.4) mmeer Bux

Py

4

Pl =+ (1}

|

rae
kpy
ampt?

Bo BTOpOM HPHGAMKEeHHH NPHHHMAETCA, YTO NePeMeHHOe AaB-
JNienne p, BXOAswiee B KOI(DDHUAEHT kp/mp, 3aBHCHT TONBKO OI
BpeMeHH { H BHpaxaeTcs PopMyaoH

@l
T ] = pb (),
(XIIL6)

_ot
PO =pot (pa—pde 2 =p..[%+(l——~—

Jajlee, BBels HOBYIO TIEPEMEHHYIO

:jﬁ(t)dt:%t-}——i(l—z—;)(l_

npusefem (XIIL3) K ypapHeHHIO TEIIONPOBOAHOCTH
o kpe F9 (XIIL8y

) mp ox

~“’T’) * (XIIL7)

pelleane Kotoporo npu  ycaopusX (XiI14) gaercs ypaenenuem
(XIIL5), B KOTOpOM NepeMeHHas ! AOMKHA OHTbL 3aMeHeHa Ha O:

) L e-wiosin S5 (xi1L9)
i=1,35...

Pl =gt e

O6vemHbIl 1e6HT ratepel, NPHBENEHHH K aTMOCHEPHOMY AaB-
JIEHRIO, MOXKHO 3alIHCATh B BHIE

Q= B (5}7’ ) _ kB (g —st)
AT Qupy —0 WParl

(e~9b . g—900 4 =268 )

(XIIL10)
130 ’

== =0 mpu x = l (XIIL4y

Lemortsin 2 (uuLgy 5

Muorse 3afadn AeyCTaHOBHBIEHCH DHABTPALMN ra3a pelaloTes
NPUOHAKEHHO TIO METOLY NOC/AEA0BATENBHON CMeHbt CTALMOHAPHHX
‘COCTOSHHIL ¢ mpHBAeuCHHeM YPABHEHHs MaTepHaibHoro GailaHca
Tasa.

Ecan razosas safleXb 3aMKHYTA, TO OTOGpaHHOe 3a Bpems di
KOJIHYECTBO rasa o 06beMy, npHBeIeHHOMY K aTMocdepHoMy Aas-
JAeHH® ¥ IracToBoll TeMmepatype, paBHOe Qard{, PABHO H3MEHEHHIO
3aMIACOB raza B NIACTE 3a TOT e NPOMEKYTOK BPEMEHH.

Ecsit 0fibeM 16pOBOTO MPOCTPARCTBA Q MOCTOSHHEI, a3 HAeals-
Hbifi, 2 BHABTPALMA u30‘repanecKa${ TO H3MEHEHHE 3aNaC0B MOKHO

TPe4CTaBHTL B BHAE 9 ~» TAe dp - H3MeHeHRe cpenﬂesssemenﬂoro
*mo o6beMy AABJIEHHS B ra3090ﬁ 3aleXH 3a LPOMEXKYTOK dt. Ypas-
HeHue
- &
Quudt = —Q 22 (XIL11)
Par

‘HasblBaeTcst AHGQEPEHINATBHBIM YPABHEHHEM MCTOLICHHA Fa30Bofl
3aJ1eKH,

Ipn HeycramoBHBlUIEHCH MIOCKOPAIHANbHOR (UIAbTPALMH rasa
Cpe/HEB3BEUICHHOE NaB/JeHHe § Masio OTIHYAETCS OT KOHTYPHOTO,
TIOITOMY, 3aMeHsis § Ha py, 3aMACHBAIOT yPaBHeHHE HCTOIMEHHS
rasoBoR 3ajeXH B BHAE

Quudt = —Q ZL (XIIL12)

Ypaerenue (XII1.12) 8 coueTanuwu ¢ MeTOHOM NOCAEHOBATENb-
‘MOl CMeHBl CTALHOHAPHEIX COCTOSHHA TMO3BOMAET ONPeAe]ATb pac-
npesefenie AaBAEHHS N0 NAACTY, H3MEHEHHe JABACHHS C TeYeHHeM
BPeMeHH B 1060/ ToYKe NIJacT4, U3MEHeHHe BO BPeMeHH nefuToB
Ta3a OpU SKCRAYaTalldd 3ajieX!l € DASNHYHEIME YCIOBHSAMH Ha
3aboe. TakuMi TPOCTEHIIHMU YCAOBHAMH SIBASIOTCA CAERYIOLIHE:
a) Qar=const; 6) pe=const; B) Qar=cpe, Tae ¢=20rAWnax, a
Wmax — MaKCHMAJbHO IONYCTHMAS CKOPOCTh (PHIBTPAHKE rasa, HC-
KM04alomas BO3MOKHOCTb BHIHOCA MeCKa M 0GPa30BaHUs MeCYaHblx
npoboK.

3anxaua 118

OnpeseanTs najseHue AaBIEHAA Py Ha BHelliHel rpaHiUe NOJOCO-
«06pasHoil rasoBofl salean manxoit [=7500 M, wupadoir B=800 M,
MOLIHOCTbI0 =10 M (cMm. puc. 81), ecaH KO3 (HIHEHT MOPHCTOCTH
naacta m=20%, koadpuunent npounuaemoctd k=05 JI, rosd-
uunedt BaskocTH p=0,014 wmlla-c, nauanbHOEe MIAcTOBOE AaBiIe-
HHe pu=14,7 MIIa (150 krcfcm?). IlaBjenne Ha BHXORe rasa B
rasepero NOCTOSHHO W papho pr—=12,74 MIla (130 krefem?®).

Halitu 7axke UpHBeAeHHB K aTMOChepHOMY AABJEHUI0 U TLIA-
-CTOBOMl TeMuUepaType pacxos rasa Qar H pacripeiesieHHe aBJeHHSA

151




[image: image41.png]Moacrapasa (X111.21) B (XI11.19), Halitem saBHCHMOCTb AeGHTa
Qar OT P

Qo= (=14 Vran).

s ypasuewns. MaTepunanbHoro GanaHca, saMeHAss CpeAHee naa-
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Tloaciasans uHCNeHKble 3HAYCHHS TapaMeTPoB &, C, Par H Py
B cooTHolleHne (XI11.23), 3anapasick pasiHUHHIMH 3HAYEHHAMH Py,
onpeaeanM suayexus f. CooTBeICTBYIOlHE 3HAYEHHS Po(f) H Qar(2)
Haigem H3 poipamennit (XIIL19) n (XIIL21). PesynbtaTsl BbI-
YHCJAEHHH npeactaBJeHb Ha puc. 87, 88 n Hike,

doeyr L., 0 226 462 776 1196 1825 3130 4250 6100
e MIa . . [, [ 9.8 833 6,8 539 3,92 2,45 0,980 0,490 0,210
po. MIa, . ., , 9,62 8,15 6,68 522 3,74 2,28 0,822 0,345 0,098
Qar- 1078, m3jcyr. 2,66 2,25 1,85 1,445 1,035 0,632 0,227 0,0955 0,0271

X1v. ABH)KEHUE TPAHRIbI PASAEJA ABYX
KHAKOCTEH C YHETOM HENMOJMHOTBI BHITECHEHHS.
TEOPHS BAKJIES — JIEBEPETTA

Tipw npoexrupoBaHu pazpaGOTKH H SKCNAYATAUHH HeDTAHBIX
¥ Ta30BBIX MeCTOPOXKIeHHH Go/Ibloe BHHMAHHE yie/seTcs 3ajauaM
JBHXKEHHS CPAHHULL PasfefNa ABYX XHAKOCTelt B MODHCTOR cpefe.
Hanpumep, B HedTAHBIX miacTax, paspadaTHBAeMHX NPH BOZOHA-
TIOPHOM perKHMe, Bofa OGHYHO i€ 3ANOAHSET MOJAHOCTBIO 0GAACTH,
nepBoHaYAlNbHO 3aHATYI HedTbio. B 3Tofi 06JacTH NPOMCXORMT
OIHOBPEMeHHOe JABHMKCHHe BTOPriefics BOAB H OCTaBuiefics, mO-
CTeNeHHO BbIMBIBaeMOR HedTH.

Penretne Taxoro BaXKHOro BOTPOCa, KakK NoBhilieHHe Ko3(hdu-
uueHTa Hedreoraaun He(TAHBIX MeCTOPOAeHHfi, paspabaThiBae-
MBIX NPH MOAXEPHAHHH IICTOBOIO [AABJAEHHS 3AKAYKOW B MJacT
BOLBI HJH APYroro BhiTecHsiollero HedThb areHTa, CBA3aHO ¢ 3ala-
4aMH QHIBTPALIN MHOTOKOMNOHEHTHHX KHIKOCTER.

Mpn duapTpauuu ABYyX$asHol KHAKOCTH 1A Kax1ok hasb B
OTAeNbHOCTH CNpaBesInB 3akoH Japch. B obllleM clyyae npH HauH-
UHH MACCOBBIX CHJ (QUABTPauMs ABYX{a3noli HecKuMaeMOH cMeck
‘OMUCHBaeTeA (N0 YHCAY HEH3BECTHBIX Py, P2, Qi, Qo 0) creayomied
3aMKHYTOH CHCTeMOR ypaBHeHHH:

Q= ’z’:‘#(_ﬂ;_ —nX)ow, (XIV.1)
Q= ""ii L pX) (), (*1v.2)
ma o= (g ) = pelo) XIv.3)
% - —mo (x)%‘, (XIV.4)

% = mo (1) ;L‘;, (XIV.5)

THe ¢ — HACENLEHHOCTH NOPOBOrO MPOCTPAHCTEA NMePBOlt (BHITECHAI-
meft) Gasoft; p; H Ps— COOTBETCTBEHHO JABAEHHA KaXAoN (asbl,
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[image: image42.png]KOTOPHle, BOOGLUE roBOPA, He PaBHBl APYr RpYry H3-3a Kalmisap. i)

HEIX 3(derron; X — npoeKUHS MaccoBBIX cHJl, OTHECEHHAA K elH-
HIlle MaccH; py(0) — Kanuaasipoe AaBienne; Ry 1 R, — B Gop-
Mysie Jlanaaca (XIV.3) — raasame paguycs KPHBH3HH MeHHCKOB:
KOHTAKTHO# TNOBEPXHOCTH, 3aBHCAILHe, B OCHOBHOM, OT HacHIIleH-
HOCTH; @ — [OBEPXHOCTHOE HaTsXKeHHe, OcrajbiHe 0603HaueHUsE
npeKHHe,

Ha TIPAKTHKe KannMIgpHOoe LaBACHHE CYHTaeTCHA M3BECTHOM 3KC-
NEPUMEHTANBHON (YHKUWEH HACHIICHHOCTH M NPEICTABAAETCA B
BHA 3aBHCHMOCTH Gespasmeproli ¢ymkumn Jleseperta /(o)==

1
=7p.<(a)cos"9]/ OT HACHINEHHOCTH ¢ WOPOBOrO IPOCTPaH-

m
CTBa BLITECHSUIOWIEH KHAKOCTBIO (pHC. 89), O — cTaTHYeCKHi Kpae-
BOH Yros1 MeXAy MUAKOCTSMH H NOPOKOM.

X6))

* %
A Ky

12

m\ v

\ w
g4

S—
™~ 2 [~
I3 8 6, %
) W W 5% 4 6, %
Puc. 89 Puc, 90

Onenry, caerannsie M. MackeToM, TIOKa3HBawT, 9T0 B NJIacTe
TPaANENT KanuAIAPHOTO NABJMEHHA OGHMHO Mald WO CPABHEHHIO C
IPaliHEHTOM TPHADPOAHHAMMYECKOTO IABJIEHHA BCIOAY, KPOMe 30HH
(POHTa BHITECHeHHS, Tle HACHUIEHHOCTh G PeIKO M3MeHseTcs, a
TIOITOMY HMEIOT MeCTO GOJBIINE 3HAYEHHS M'PAJHeHTa KaNHAISPHOIo
Aasnenus (cM. puc. 89), KOTOpHe HEOGXORMMO YUHTHIBATh. OZHAKO
H3-32 HCKMOWHTE/BHOM COMHOCTH peuleHHsi 3alad ABYXdasHolt
dnrbTpanun o6a 3TH (akTOpa He NPHHHUMAIOTCA BO BHHMAHHE,
2 KamuLIAPHOCTh KOCBEHHO YYHTBIBAETCS CaMHM BHAOM 3KCIepH-
MEHTaNbHEIX KPHBMX k](0), k;(0) AJA HeCueMeHTHPOBARHHX u
¢1a60 cleMeRTHPOBAaHHHX NeckoB (puc. 90); wa rpadukax ki (a)=
=k, (0), k; (o) =k, (c).

HauGonee paspaGoTantofi TeopHell SBAAETCS TEOPHS OAHOMEP-
HOTO JBHKEHUS ABYX(asHOA KHAKOCTH B HOPHCTON cpefe Bakaes —
JleseperTa,
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Paccmatpupas AByxpasuyio (uIbTPauuK B TPyOke Toka mo-
CTOSIHHOTO CeveHHst TPH OTCYTCTBMH KAMMIJSPHOTO AamiaeHus H Ges
y4eTa MaccoBmX CHA H Hojaras, UTO CYMMapHas CKOPOCTh QHJBT-
PALMH SBASETC TOCTOSHHOM BeAHYHHON: )+ wz=w=const, Bar<
Jefi u Jlemeperr u3 cucremsl ypashemmit (XIV.1)—(XIV.5)
NONyYHNH nupdepeHllHalbHOe ypaBHeHHEe OTHOCHTENBHO O

uf (o) % + m-% =0, (XIV.6)-
e 71— NOPHCTOCTb MIacTa; f (¢) -— nponssoaHnas o1 GyHKuuK Jle-
seperTa
ok} (0)
ek} (0) + &3 (0)

s’pasﬂeﬂue (XIV.6) siBasieTcs KBaswinHeHHBIM AH(pOeperunaNb-
HEIM ypaBHeHHeM l-TO NOPAJKA B YAaCTHHX NPOH3BOIHEIX.
Peutenne ypapuenus (XIV.6) umeer Bua:

x=x(0,0) + ’”T’ (o), (XIV.8)

fe) = o= e (XIV.7)

rae x(o, 0) — KOOpJHHAaTa TOYKH C 3aJaHHOR HACHIIEHHOCTHIO ©
B MOMeHT {=0.

Ypasuenue (XIV.8) onpenessierT mepeMelleHue TOYKM ¢ 3a4aH-
HOW HACBHIUIEHHOCTBIO € TEYeHHEeM BPeMeHH.

CKOpOCTh PacnpOCTPAHEHHS 32JAaBHOM HACHUIEHHOCTH ¢ MOJIY-
ynm H3 ypasHerus (XIV.8), sssis mpoussoxuyio dx/dt,

dx w g
= f (o). (XIV.9)

Dynkuua Jleseperta f(c) M ee nponssomuas f'{(c) npencras-
Jentl Ha puc. 91. Kax BupHo u3 rpaduxa, OZHOMY M TOMY XKe
3HaveHuio ['(c), ompefleasiollieMy CKOPOCTb PAcnpoCTPaHeHHs Ha-
CHIEHHOCTH 3ajAHHON BeJHUHHEI, COOTBETCTBYWOT [HBa DasHHIX
3HAUEHHH HACHIIEHHOCTH ©.

3T0 03Hauaer, uTO, HAUHHAS C HEKOTOPOrO MOMEHTa, pacupesie-
JleHHe HACHINCHHOCTH CTAHOBHTCS MHOTO3HAUHBIM, a 3T0 QUIMUECKH
HEBO3MOKHO. MHOTO3HAaYHOCTb O03HAYAeT, YTO B 30He [BHIKCHHA
mayxcbg;uoﬁ JKAAKOCTH HMeeT MeCTO CKauoK HACHILEHHOCTH

HC. .

@ BaKJl)eﬁ H JleBepeTT H3 YC/IOBHA MATEPHAJIBHOTO 6aJ_lcha nony-
uuau GopMyay iR ONpeleNeHHs 3HAueHHst GPOHTOBON HacbilleH-
HOCTH Gy (HACHILEHHOCTH Ha CKadKe)

0ol () — F o) = 0. (XIV.10)

Ouepuo, 410 (POHTOBYIO HACHIIEHHOCTb Gy MOXHO JerKo
onpefeants rpaduueckn. IMposeas M3 Hauana KOOpAMHAT Kaca-
wenpiylo X Kpusofi f(g) (puc. 93) W OnycTHB NEPNEHIMKYJAAP H3
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wit

Cop = ] (KIV.11)

Cpeagion 4
CJ(E}.I)‘Z]OH.U{M ogsg?:;eﬂgocrb Ocp MOMHO ONpefenuTh rpaduueckn
20 nepecomopazoM. C/H TIDOAJIHTL KAacaTelbHyI0 K KPHBO f (o)
npsamolt f(o) =1, To sHaueHMe ¢ B Touke mepe-

CEUEHHS M €CTb CPEAHAT HACHILEHHOCTH g, M. puc. 93
ep (CM. ).

e

Kak npasuno, cpelHee sHaueHHe HACHIUEHHOCTH TOPOBOTO Mpo-
CTPAHCTBA BONOI Ocp SHATHTENbHO MEHbIE €IHHHILL Tloaromy, Ha-
TIpuMep, B TpoleccaX BhTecHenus HeTH BOMOH AT 6oJiee NOJTHOTO
H3BNedeHMH HeTH H3 Miacta Ha 0OTeM XOOHTOR HeTH HYKHO
3aKauaTh HeCKOJBKO O0beMOB BOABL.

3anaua 122
Moctpouts Gyuxumo Jleseperta f(o) B clyuae, ecin 3aBRCH-
MOCTH. OTHOCHTe/bHbIX (DA30BMX NpPOHHLAEMOCTeH RedTH ky ou
BOAN kY OT HAcHULEHMHOCTH BOJOH MOPOBOrO MPOCTPAHCTBA 0 32-
ZaoTcs KpuBEIMH JleseperTa (cM. PHC. 90), OTHOUIEHHE o= /Mo =

Pemesne. 3ajaeMcsi DPAAOM 3HAYEHMt 0, AT KAKAOrO 3HA-
ueHHs ¢ mo rpacduky Jleeperta (cM. pHC. 90) ompenesisieM COOT-
BeTeTBytollue Ky M k,i MOACTaBAAS WX B (XIV.7), noxcuuTbIBaEM
f(o) n ctponm rpaduk f(s) (cM. pHe. 93). PesyaAbTaTH PacyueTos
NpUBEJEHBl HHIKE.

70 8 90 100

% % ....,. 0 10 20 30 40 50 60
k; ... — — 0,700,050 0,340,230,13 0,06 0,02 0 0
2, [ o o 0,00 0,050,110,210,330,510,72 —

e e e e e

flor. ... ... 0 o 0 0,074 0,37 0,66 0,87 0,95 0.99 1 1

3anaua 123

Hcnoabayn mosyuenubnli B 3aiaue 122 rpaduk QyHkuuu Jlese-
perra (em. puc. 93), onpelenuTb SHaUeHHE pOHTOROH HACHILIEH-
HOCTH O H CpenHell HACHIUIEHROCTH Gcp NOPOBOrO MPOCTPAHCTSA
BomOfi B 30He BEITECHEeRH: HedTH BOAOML.
* Pemenne. Jlas onpeieneHus (POHTOROA HACHILEHHOCTH Oy H3
Hauana KOODAHHAT NIPOBeeM KacaTedbHYIo K KPHBOH, BHpaXcaolledl
<byrxumio Jleseperta (cM. puc. 93). 3HaueHAe HACHILIEHHOCTH B
TouKe KACAHHS COOTBETCTEYeT (PPONTOBOR HACHIEHHOCTH 0gp==59%.

3HaueHine cpenHell HACHIIEHHOCTH HailfieM, MPONOJIKAs Kaca-
TeabHylo K KpuBoll f(¢) no mepeceuenus ee C TOPR3OHTAJBHOM
npsmofi f(o)=1. 3maueHHe HACHLILEHHOCTH B TOSKe TepeceueHiis
KacaTelbHOR ¢ MpAMoR f(o)=1 ompelensier 3HaveHHE op=69%.

3agaua 124

B 0IHOPOAHOM 1O MOILKOCTH, TIODHCTOCTH M NPOHMUAEMOCTH
nAacTe  BPOHCXOAHT —MpAmosnsefino-napaiienbHoe  BHTECHEHHE
wedTH Bozoil o 3akony dapen. Onpeaesuts noAoKeHune PponTa
pLTecHeHUst B DA3JHvHble MOMEHTH BPEMeHH, €Cil TOPHCTOCTH
anacta m=20%, OTHOWeHHE o= pa/=2, mebur ranepes Q=
=21,6-105 m¥/cyT, WHpHHA (QKABTPANHOHHOTO NOTOKA B=500 m,
MOUIHOCTb TiactTa h=10 M. 3aBHCHMOCTH OTHOCHTEIbHbIX MPOHH-
naemocteli HeTH M BOXH OT HACHLIEHHOCTH IOPOBOTO mpoOCTpai-
c1Ba BOJOK 3afawTca rpadykamy Spoca, AnA KOTOPLIX rpaduKK
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paclipeaesieHne HacHIlERHOCTH zas

2 CBA3aHHON BOXOW cocTaBAster 0“=18%;n

TENbRYI0 X KPHBOH f(o) (cM. "
. puc. 94)., .
.84 u cooTBeTcTBylOMEE 3HAYEHNE Lpé(:;f

o
% a bopuyna, pHpaNaloilas 3aKkoR pacapeiesieRns B naacTe, B Bule:

XV, ®HAbTPALKS HEHBIOTOHOBCKOW )XHAKOCTH

Jlas Hexotopwx Hedreli 3aKOH Jlapcn He MMeer MecTa TPH
MaJHX 3HAUEHHSX CKOPOCTH (HADTpalHH. D70 CBA3aHO C TeM, YTO-
“He(TH, COfepxKallie TOBHILERHOS KOJHUEeCTBO TapabuHOB H CMO-
JiHcTo-achalbTeHOBUX BELIECTS, npeAcTaBIRIOT OO0 HEHbIOTOHOB-
CKHe KHAKOCTH, T. €. JKUAKOCTH, AJIA KOTOPHIX 3aBHCHMOCTb Kaca-
TeJPHOTO Hanpﬁ)}(elil’lﬂ T OT rpanueHTa CKOPOCTH du/dn He MOAYH-
HAieTCA 3aKoHY HbioToHA

T=dp—].
=r

ST HedTH, rAaBHEM 06pasOM, MDH HH3KHX TeMmnepatypax o6-
JlafanT BﬁSKO'“naCTB‘ZECKﬂMH cBoONCTBAMH W HX TeueHude ﬂpl’lﬁ.’lﬂ-
JKeHHO OMHCHIBAETCS MOMENbIO Bunrama — lllsenoBa ¢ peosornie-

CKUM YpaBHeHHeM

T="Te+ p—:%, T > T
(XV.1p

d
_d%_ , T T

Be.'m}-mua Tp HaspiBaerca HpelleJleb!M Haﬂpﬂ)KeHHeM CABHTA.

Drta Xe 3aBHCHMOCTb npnéuﬂmeuno BLINOAHGETCS ANA TAHHH-

CTBIX H ﬂeMeHTHb‘X PaCTBOpDB, paCTBO])OB )KHH.KOCTHO-HGC'-IZHHX

cmecelt u T, A

[MposBieHHe HEHBIOTOHOBCKHX CBOfICTB JKHAKOCTeH HIpH MX

(uUIbTpailEA MPHBOAHT K 3aKOHY ¢$uabTpaliy ¢ NpefesbHbIM Tpa-
ZuenToM napaesns G:

(o) e

" i RV

w=0, \— l <G.

ds

Beauunia G 3aBRCHT OT NPElETbHOTO HANPANEHRA CABMTA Ty

# CpeflHero AHaMeTpa mop (G=oto/Vk, rae o — GespaamMepHas KOH-
cranTa).

3akon puisTpauun (XV.2) MOKET HMETb MECTO X B TOM CAydae,
KorRa HaGmofaercd (H3HKO-XHMHIECKOE BaanMofieficTBHe QHABLT-
pylowuxcs JKHAKOCTeR 1 ra30KHAKOCTHHX CMeceft: ¢ noprcTOlR
cpeflofi, cojepiRamiell MPHMECH (MHEL.

@opumysa e6HTA CKBAXMHH TPH A0CKOpafHaNbHOll GHABTPA-
. LMW TeHLIOTOHOBCKOH JKHAKOCTH TOAYYaeTcs FPH  HHTErpHpOBa-
neu (XV.2)

Q= _onkhlpg—pe—GRy—rd] (XV.3)
pln—=

o

165




[image: image45.png]= L Pe—CR 1 1 _ A . 4204.104( —1).
P=p.+ e n - +G(r—ry). (XV.4): ¥ Oreen p=6,86+0,491g - +2, ,6100 1
fe : 1 5 10 0v0
........ 7.87 8,62
Hs (XV.3) Buawo, uro aebur HEHBLIOTOHOBCKOK )mmxocmz ' g;/,’cmna. cea... 688 7.20 ]7;;’
Re—rc) 3apava .
MEeHBbLIE, YeM Hi TO! ” HHE

€M HBIOTOHOBCKOH Ha PRy a NpH JnenpeccHH OueHKTb NpenesbHRR TPALHEHT G u mpegeabHOe HATPAKe

Px— pe<G(Rx—rc) obpamaerca B Hyab, VIHAHKATODHAs AuHUA
ﬂpﬂMOJlHHEHHa, HO He NpPoXoAHT "epe3 Havago KOOPAHHAT, a OTCe-
KaeT Ha OCH JlenpecCHii OTPE3OK, paBHHIR

Apy = G(Ry—r).

TIpH QHILTPANHE HEHBIOTOHOBCKOH KHN-
KOCTH 1o 3akouy (XV.2) B maacte Bos-
MOKHO OGPa3OBAHHE 3aCTONHBIX 30H, B KO-
TOPHIX JIBHKEHHE XXHAKOCTH OTCYTCTBYeT.
OTi 30HHL o0pasyioTcs B Tex yuacTKax
171acTa, TAe TPANHEHT JaBJeHHS MeHblle
npefensHoro. Ha pac. 97 sactofimas 30Ha,
PaclONOXKEHHA MeXAy ABYMH sKCIJya-
TAUHOHHBIMH CKBAXKHHAMH C PaBHLIMH Je-
GuraMu, sawTpHXoBama. BOSHHKHOBEHHE
3aCTOfiHEIX 30H yMeHbIaeT —He(TeoTHauy
nracros. Beanunna 3acrofiHofi 30Mel saBH-
CHT OT MapameTpa A=Qu/kGL. 3necy L —
XapaKTepHbIfl pasMep, HaNpAMEp NOJOBHHA
PACCTOSIHHS ME€XAY COCCNHHMH CKBAXKH-
HaMu.

3axaua 125

'
B IiacTe NpoHCXOEMT GHABLTPAUAT HERBIOTOHOBCKOH SKHAKOCTH
‘C NpeneAbHLIM rpajuenTom zasnenus G=0,03 (krcfem?) /M. Hajitn
ACOHT CKBAXKHHEL H NOCTPOHTH WHAHKATOPHYIO [HHRIO OPH MIOCKO-
PajHANLHON yCTaHOBHBIEHCA QHALTPANHA, a TaKKe COMOCTABAT
€ ZeGHTOM HBIOTOKOBCKOH KHAKOCTH, €CAH MOIHOCTH 1AAcTa A
=7 M, ko>pQuuuent npornuaemocTH k=07 M, nasiaenne Ha KoH-
TYpe NHTaHHA p=100 Kre/cm?, saGoitioe xaBAenHe p,=70 Kre/em2,
Pannyc KOHTYpa nHTaHus Re=400 u, PaANyC CKBAKHHB re=0,1 M,
AHHAMUNECKHE KOSOMUIUCHT BA3KocTH HedTH =17 cll.
Otser: Q=34,0 MYcyT; Quuion="56,7 M¥cyT.
YpaBreHHe WHRHKATOPHON AMHIH
Q=192(p,— p) — 226,
afeck Q B M3YeyT; (pu—pe) B MITa.
3anauya 126

Hcnoapsys Raudbie npeasiaylueit sapauH, HaiTi pacnpezenenne
A3BJCHHA B NAaCTe NPH QUALTPAUHH HEHBIOTOHOBCKOR HeTH <
TIpeAeAbHEIM FPagHeHTOM.
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Puc. 97

CABHTa To 1O TPOMBICJOBLIM i
TeAbHOH BKCILTyaTalli CKBAKH > I1a
HedThiO YBENHYHBAOT MPOTHBOAAE.
=70 krcfcM2, NpH KOTOPOM TPEKD.
CKBAaXKHHY. 34aTeM 3aKauHBAOT B

npH 9TOM AaBieHpe Ha 3aGoe OYAeT

naeMoCcTH MJacTa k=
- ¢=1,70-10-2 {10].
! Pemenne. Jl0 0OCTaHOBK
B macTe TNOQUHHANOCH (O
ABHAKEHHS .
pu— P, =GRy

n pacnpeueneﬂue JaBJeHUA JIHHE:'HHO
p=p,+Gr.

Tlpu 3akauke HedTH
unHaetcs He €pasy,

suavens GRy: R

Wckmouns u3 dopuyn (XV.5) n (XV.7) pu, TOTYIHM
He—pe NI _ 05 008 _ 49.10° Mape.
G=—% "2 _ u
/ uro G=ate Yk, HafileM
Y a1 y LI T
e 1,70-10—2
= 1,6-10—5 xrejem®,

=0,156 Hjmi=

4000
9,80

RanHbM nceAenopanns, [locne aam-
B RJacTe ¢ HeHLIOTOHOBCKOH
Ha TMacT JO P =
amlaeTcs HOCTYNJeHHe HedTH B
Hee TaKOe KOJHYECTBO TOH )(;;e

JKUAKOCTH B TIACT;
HedTH, NPH KOTOPOM HAUHHAETCH noc“;;zﬂiﬂll% Kr?icmz, o aacrs

= HLUEHT TPOHA-
amna Ry=500 M, koadd
T DA aera fe L‘s](])}(‘)TMﬂ., Kogcprpuuldem @ TPHHATH DABHHM

M CKBaXHHB pacnpe}leneﬂue JaBaeHus
puyie (XV.4). B Moment npekpauienis

(XV.5)

(XV.6)

B CKBaXKHHY NOCTyI/IeHUE He(TH B TAACT Ha;
a JMllb MO AOCTHKEHHHK JenpeccHen (pe— Pe

(XV.7)




