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NPEJHCJIOBHE.

[Mpennaraenas BHUMAHHIO 4HTATENd KHWra MpeacTamiaseT pe-
3yNLTAT MHOTO/IETHHX HCCAENOBAHME ABTOPA O JBUXEHHH NPHPOI-
HBIX XHAKOCTER H Ta30B B INOPHCTOH cpexe.

[MepBoe uccaeROBAHME, MOCBAIEHHOE ABMKEHHIO BOAW B 1O-
PHCTOH cpeje, NPHHAAIEKHT H3BECTHOMY PAHIY3CKOMY HHKCHEPY
Jdapcu u nowsuwioce B cepexnde XIX cromerus. Mevox [apcu
6bU1 3aTeM NpUMEHBH K peUIeHHI0 pasHoodpa3HbiX FHAPOTEX-
HMyeckux 3axad. Jlpyroe KpynHOe HCCNEIO0BAHHE MO TEOpPHH
HUABTPAUMY TPHEALICKHT aMepHKancKomy umkenepy Cruxtepy
u nossunoch B xouue XIX croserus.

Moturoe passurie HedTAHOM M ra3oBO{ NPOMHILIIEHHOCTH
B 20-X rogax TEKylUlero CTOJNETHA MPHBJIEKNO HAllic BHHMAaHHE
K ew® 0onee CI0XHHM BOMNPOCAM JBHKEHHS IMPHUPOLHHX ra3os
u Hedrelt B nopucTolt cpene. ITH BOMPOCH UMEIOT MMEPBOCTENEHHOE
aHayeHue IAs PAUMOHANM3AUMH Pa3paGOTKH H IKCNNOATalMy Hedra-
HHX H TrasoBeX MecTOpoxneHu#t, B mociennee spems Teopis
ABHXEHHS ra30B B NOPUCTOH cpeje HALLIA NPHUMEHEHHE B KAMEHHO-
YCONGHOR MPOMBIIIZIEKHOCTH — B BOMPOCAX O ra3006HIbHOCTH WAXT
M B Bonpocax noa3emuoit rasucmuxauud. Teopud ABUKEHUs rasos
B NOPHCTOH cpefle JOMKHA TMOMYYHTH 3HAYEHHE M MPH reodH-
3HYECKHUX HCC/NENXOBAHMAX, CBH3AHHHIX C BOINPOCOM O JIBHKEHHH
I0BEHH/IBHOr0 1333 M3 TNOAKOPOBOTO NMPOCTPAHCTBA M IEHTPaib-
HOrO fapa 3eMJH.

B nepso#t rnaBe KHHTH Mo 0a&M KpPaTkHH OuYepK O MeToaax
UCC/AE0BAHMS JBHXEHHA HECKHMAeMOR XHIKOCTH Yepe3 MOpUCTYIO
cpeny, NOpPEAJONEHHWX pa3ndudeiMH  asropasi. Ilpu stom mu
IIHPOKO MCIO0/b3YeM [OHATHE POHHUAEMOCTH NOPHCTOR cpenw,
BBEIBHHOE AMCPHKAHCKHMH aBTOpaMi. DTO BaXHOE MOHATHE MO3-
BONAET COCTABUTb OOIIME YpaBHeHHd ABHNKEHHA WHIKOCTEH H
ra3os B nopuctolt cpene.

B creayioluMX r1aax Mbl H31iraeM CO3XAHHHIE HAMH TEOPHIO
MAMUHAPHOTO ¥ TYPOY/IEHTHOTO ABHMEHHH rasa B NOPHUCTOR cpexe,



10 NPERXCNAOBHE

TEOPHIO IBWXEHHA rasHpOBAHHOM KHMIKOCTH B MOPHCTOR cpelde u
OCHOBH Haulefl TeOpHH ruIpaBiHdyeckoro pexuma. IIpn sTom Mu
MPHBOIHM Pe3yAbTaTH 3aMeYaTe/IbHEX ONKTHHX HCCAEXOBAHHA Halx
RBHWEHHEM BO3AyXa B MecKe, MPOH3BeNEHHHX HALIMM YYEHHKOM
O. C. Buaskepom B TI'mppoauHamuyeckol naGopaToOpHH HMeHH
H. E. Xyxosckoro Mockosckoro TocymapcrBeHHOTO YHHBepCH-
teta, Ot JI. C. Bunbkepa mnoaTBepXKIAOT NPElIOWKEHHYIO
HAMH TEODHIO IBHXEHHd ra3a B MOPHCTOH cpende, AMd KOTOPOH
M3BECTHH MPOHULIAEMOCTh W MOPHUCTOCTb, MBI MPHBOOHM TaKke
pe3ynbTaTH HM3BECTHHX HAM OMBITHRIX HCC/AENOBaHHH HEKOTOpHX
aMepHUKaHCKUX 2BTOPOB HAL LBHXEHHEM Ta3HPOBAHHOM YKHAKOCTH.
CpaBueHde HAIUMX TEOPeTWYECKHX BHBOJOB C 3THMH OMNMTAMH
TaKke MOATBEPHAAET HaWly TEOPHIO.

Hawm wccrenosanns nocnyxuan OCHOBOR 1A psna pador
O. C. Bunvkepa, II. 5. Kouuno#t, B. B. Jlanyka, M. d. Mun-
avonwnkosa, M. [1. Mockanbkosa, H. A. Yapuoro, B. H. Llleaxa-
yésa W apyrux. B peayabrate Gun co3mau HOBbHt oTmen npu-
KAaAHON THAPOMEXaHWKH, MOCBAWEHHKA TEOPHH [BHXKEHHA rasa
P ra3dpoBAHHON JKHAKOCTH B MOPHCTOH cpele H e& TeXHHYeCKHM
NPHJIOKEHHAM,

Heo6xoauMo Takke yka3aTh Ha BoIalouecs paboTH pyc-
ckux yuénnx H. E. Xykosckoro m H. H. [Ilasnosckoro
no BonpocaM ¢HAbTPAUMH MOA3EMHHX BOA.

ABTOp BHpaxaeT cBoi O6aaroaapHocTh hpod. B. H. Llen-
Kay¥By 32 UEHHYI0 ToMOulb MO OOuleMY pPeRAKTHPOBAHHMIO Ha-
CTOflilled KHHrH.

Canatopuit «Y3koe», Axaa, JI. C. Jleiiben3on,
HI0ab 1946,



r1ABAI
TEOPUS dHIBTPALIUH.

§ 1. PanpTpauns, FpyuTs maeansHuit n GAKTABHBIA.

Tlpu aBH¥EHHH DPHPOAHHX XKHUAKOCTeH (Boxa, HedTh, raa)
CTECTBEHHOM FPYHTE YACTHIH MHIKOCTH MepeMelialoTcs yepes
W TpyHTa, T. e. uepe3 Menabyafliine Kauanw, o06pa3osas-
e MEXIY 4acTHUAMH TPYHTAa BCAEACTBHE MX HeEMJIOTHOro
neranus Apyr k apyry. Takoe nesmwende kHIKOCTeH B
HTe Ha3uBaeTcs puasmpayued. Benencteue upessnuativo
Or0 MOMEPEYHOTO CeYEHH MOP M MaNHX CKOpOCTe# IBHXie-
B HHX BWIKOCTb WMAKOCTH NO/DKHA MIDPAaTh MPH TAKOM JBH-
MH 3HAYHTENbHYIO poib. OOHLYHO XBHKEHHE B NOPAX CUHTAIOT
HHAPHBIM, HO BCJEACTBHE 3HAYHTENLHOTO HCKPHBJIEHHS CTEHOK
al08 W 3HAYUTE/NbHHIX H3MEHeHHH HX NMOMepeyHoOro CcevyeHus
nmoxaetcs W TypOylneHTHOe ABHXeHwe, BBuay Toro uro
THUW TPYHTA MMEIOT HENPaBUALHYI0 (OpMy H CaMbe pa3Ho-
a3HHe pa3MepH, HEBO3MOXHO MCKAaThb pellleHHe ypaBHeHHit
WeHH BS3KOH »maKOCTH B Takoft cpeme. [lostomy ¢ camoro
1712 NPHUITOCH MONTH MO MYTH MOCTPOEHH YMPOLUBHHBX MO-
e#t rpyura,.

Tak KaK Jierue BCEro HCC/AEL0BaTh JBHXEHHe BA3KOH KHAKO-
B Kauanax uuAHnapuyeckoit ¢opMH, TO TpH THIPOAMHE-
€CKOM MCC/eA0BaHWM (PUIbTPAUMH NPHHHMAIOT BCe IOPH
HHADHYECKHMH H MPeNno/aralT, YTO OCH UMIHHADPOB mapa-
bHb Mexay cobGo#i. Takolt rpydr wHaswiBalOT wudeassHbiM.
JyIOWER CTYIEHbIO ABASETCH TPYHT, MOCTPOEHHHIE W3 OXHHA-
biX [HaPOOO6PA3HLIX YACTHUIL; €TI0 HA3KIBAIOT UK MUBHLLM TPYHTOM.

§ 2. drabTpaunn B HAEANBHOM TPYHTe.

[Tycts MH HMeem HekOTOpHH 06bEM V) ecTecTBeHHOro
uta. Tlycts Bce nMeloiecs B HEM 4acTHUH TPYHTA 3aHH-
)T HeKoTOpuft o6nEM V,. Cyuma 06bEMOB Kananos (mop),



12 TEOPHA OHJbTPAUHH [ra 1

3aKkN04EHHLX B STOM 06nBEMe, Oyxer pasHa
Vs=Vi—Vyi

STO eCcTh Ta 4acTh o6bEMa TrpyHTa, KOTOpat MOWeTr OwTh 3a-

noaHeHa KuAKOCTbIO. OTHOMIEHHE CyMMn OGBEMOB MOpP KO BCEMY
0o6bEMYy TpyHTa, T. €.

Vs

m=7

, 2.1

Ha3LBAETCH nopucmocmsio. O'IEBHIIHO,
o<m<L1,

BunenuM 00b&M naacTa MAEANLHOIO TPYHTZ, TOJIUMHY KO-
TOpPOr0o B HampaBieuHd QUABTPAUHM 0603HauMM yepe3 k, a nno-
Wans MonepeyHoro cedewns —uvepes F. [lpeamonoxum, 4uro 8
3TOM maacte HMeerTcs N, OZHHAKOBHWX NOPOBHX TPYGOK, T. €,
UH/IHHIPHYECKHX KaHAMOB C JJIHHOR A W TUIOWAdbl0 mOmepey-
HOrO cedeHus ©. TOrZa Ha eAMHHIY T/AOWANH MONEPEYHOro ce-
YeHW [PYHTa NPHXOMHUTCH

=M
T F

TaKUx MOPOBLX TPYGOK, BuieneHHWH 06BEM WIEaNBHOrO rpyHTa
MMeeT BeJHUMHY
V1=hF,

a CyMMa 061EMOB nop, B HEM ComepxKalUHxcd, paBHa
Vsz Nlhw-

CnenoBarenbHo, cornacio dopumyne (2.1), mopHCTOCTh uneasn-
HOTO TpyHTa paBHa
m= N,o. (2.2)

Ecau w, ecTh cpeaHsas CKODOCTb TEYEHHS MO OXHOH H3 mo-
POBHX TPYy6OK, TO PAcXOl KHAKOCTH uepe3 He¥ Oymer

q —_—(owo,

a TaK KaK Ha eIHHHIly M/OIWIANH TOMEPEeYHOro CeyeHHs HAealb-
HOTO TpyHnTa mpuxoanTcs N, TOPOBHX TPYGOK, TO COOTBETCTBYIO-
wufl pacxon KMAKOCTH (PACXOX HA eQHHHIY MUIOUIAAM Monepey-
HOTO CeYeHHA rpyHTa), Ha3WBaeMuit cropocmsio ursmpaguu



2 QUIBTPALUHA B MAEAJLHOM TPYHTE 13

HAKOCTA 4epe3 rpynt, OyAeT paBeH
W= Naq = N,w'wo.
a ocnoBahud ¢opmMyan (2.2) nonyqaem OTCIOZa COOTHOMIEHHE
W= muw,, (2.3)

TaHaBIMBaKOIEE CBA3b Mexay (HUKTHBHOM CKOPOCTBIO W (PUAb-
JalMH Yepes MieanbHHH TPYHT W ACHCTBHTEABHOR CKOPOCTbIO
SUEHMS KHAKOCTH W, NO [OPOBHM TPYOKAM, H3 KOTOPHX MO-
rpoeH HAeaslbHBIA FPYHT.

Jlerko nonyunts npn6auxEHHYyI0 QOpMyay aas AelcTBHTesb-
ofi exopoctu w,. Ilycts P ecThb nmageHue FHAPOAMHAMMYECKOTO
aBnieHHs Ha AavHe £ noposoH Tpy6Gku. OGosnaunm uyepes y
epPHMETP MOMepevyHoro cevedns nOpPOBOA TPYOKM M yepes T—
HTEHCHBHOCTb CHJIW TPEHHE XHIAKOCTH O CTeHku STOH TpyGku.
[pH paBHOMEDHOM [BHKEHHH KMAKOCTA MO TOPOBOH TPyGke
BHXKYIWAA CHJa P ypaBHOBELWMBAET Cully CONMPOTHBAEHHS AT,
NeA0BaTeNbHO, MH MMEeM COOTHOLIeHWe

Po = hyr. (2.4)

. Y4EHHH O IBHMCEHHH KHAKOcTeH no TpyGam!) BuBOZMTCA Cae-
yiowasa ¢opmyna anas T
1 2
= g AW, (2.9)

Ae p ecTb MNUIOTHOCTb XHAKOCTH, a A — Ko03dduuuesar compo-
HBJEHHS, TPENCTABAMOUMA COGOH Ge3pasMepHylo BeaHuHHY,
oca (2.5) B (2.4), noayyaem

—,‘;D- 3= % Apwd, (2.6)

p
ne * eCTh najaeHde NABACHHA HA C€AHHHUY MJIHHH, & a—run.

aBAHYeCKuWH paavyc NOMEPEYHOro ceveHHs nopoBo# TpyOGkw,
npene/geMuil COOTHOILIEHHEM
[0

= (2.7)

[pumem nas xoadduunesra conpoTHBieHHs A cTenenuyio ¢op-
yay Pe#tuonbaca

r=aR{, (2.8)

!} Cu., nanpumep, Jlei6 enson JI. C., PykoBoacTso no Hepre-
POMBICIOBOA MexaHuKe, YacTb 1,
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rie @ ecTb HEKOTOPOE 4MCJIO, 3aBHCALNEe OT 3HAYeHus i,
i — mokasatenb, 3aBMCAUMH OT pekuMa TEYEHHH IKHIAKOCTH,
a R, —ducao Pe#inoasaca, onpexesemoe no ¢opmyie

w w,l
RI=TO=_:_?) (2.9)

rae vy eCTb KHHeMaru4yeckas BA3KOCTb, CBf3aHHag C abcomoTHol
BA3KOCTbIO . COOTHOLUCHHEM

="
== (2.10)

Buoca (2.8) u (2.9) B (2.6) u o6o3nauas
1

S=5_7» (2.11)
MBbl ROJY4HM
8\¢ p,l—‘.’saas-l P\
w (8 (B, 212
A1y GOpMyNy MOKHO MPEACTaBHTH B BHIE
wlp [ 8\ [Pt \s¢
T"(a) (——,m;,) (2.13)
HAH 8
$
R,= (—a-) it (2.14)
rae BBeIeHa HOBafA 6e3pa3mepﬂaﬂ BSJAHYHHA
e3P
=TT (2.15)
M3 (2.14) nmeem
1
L
2 =5gR", (2.16)

cnenoBatenbHo, Ge3pa3MepHas selHunua @ ecTh cTenenHas Qyux-
uus 4ducna Peiinonabaca. ITo ecTb vacTHWH cayda#t obuwiero
" 3akona OcGopua Peitnonbaca (O. Reynolds) npn nsuxenun xuako-
CTH N0 NpH3MaTHYeCKOH TPyGe MPOU3BONLHOrO MONEPEYHOro
CEYeHHs; STOT 3aKOH BHPAKAETCH B BUAE YPABHEHMH

2, =F(Ry. (2.17)
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B cayuae naMdHapHOR HABTPAUMH XBMKEHHE KMAKOCTH 1O
noposuM TPYyOGKaM HIGANLHOTO TPYHTA e€CTb JNaMUHAPHOE, (PH

KOTOpPOM
s=1

Torma u3 (2.12) Mu mojsyyaem AJAs CKOPOCTH B noposoil Tpydke

BHIpa¥EHHE
P

=35 B
=

W,

KOTOpOe nocne BeeaeHus 06o3Hauenui

b=V %> 2.18)
82
kh=p (2.19)
MOXHO MNpencCTaBHTh B BHAE
ky P :
wy=-"%. (2.20)

Moncrasnas (2.20) 8 (2.3), naxoaum cxkopocts GuAbTPauHY
B HAEalbHOM TrpyHTE

w= % £, 2.21)
rae
b==mky = ”;f’ . (2.22)

Benuynna %, umeiouiad pasMepHOCTh MJIOUIAAM, BOAYYHIA y reo-
noros CLIIA nassanue nponuyaemocmu.
M3 (2.22) naxommm THAPABAHYECKHA panHyc HAEAAbHOrO

rpydra _
k

B ruzpoaueamuke RoKasuiBaeTcd!), 4TO OpH PaBHOMEPHOM
JIAMHHADHOM NBHKEHHH MO NpH3MaTHYeCKOR TpyGe cpeaHsd CKoO-
POCTe B CAyyae KpPyriaoro nOMEpeYHoro cCeseHus pasha

Po
W= G ph * (2.24)

R S—

1) Cum., nanpumep, Jlefi6enson Jl., PykosoacTeo no Hedrenpo-
MHICJOBOK MexaHuke, yacTb |, raasa |, dopmyan (3.12) u (7.6).
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a B Cyyae MOMEPEYHOrO CeueHHs B BHAE PABHOCTOPOHHETo Tpe-
yro/bHHKa

Po
Wy == W . (2.25)
IOna kpyraoro cedeHus aHameTpa d uMeeM
nd?
0= wa 1= nd.
Cheznosarennho,
d_1 o 1 "
6_7=T —=7 - (2.26)
Cpasuusan (2.19) u (2.26), umeem
82 © o
=R TR
OTKYAa HaXOIHM, YTO
p2=2. (2.27)

Ecnu nonepeunoe ceuenue ects paBHOCTOpPOHHUR TPeYrobHHK
€O CTOpOHOH# @, TO HMeeM

= ?V?}', 1=3a,
C/IeLOBATENbHO,
I=—2_— Va . .28
4V 3 2.30,1 (2.28)
CpaennBas (2.19) ¢ (2.28), nonysaem
__ © . ®
07 g 431852 203’
OTKYAa HAaXOAuM, HTO

pr=2. (2.29)
Jlerko HafiTH, 4TO AJA CaAydasm KBAZPATHOFO CeYeHHs
16
pr=". (2.30)

Taxum obpasom, sennynna B2 mano uamensetcs ¢ ¢opmolt none-
peutoro ceuenus. [lostomy B dopmyne (2.23) M MOkem cuu-
TaTh, YTO NPH JNAMHHADHOM JBUMEHHH § NOCTOSHHO H 6aH3KO
K CpexHeMy 3HaueHHIO

=187, (2.31)
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Take CPaBHHTEAbHO MANO MeHseTcs ¢ (POPMOH HOMEPEUHOro Ce-
yeHus BenuMHa nopucTocTy /. Ho Beanuuua k£, kax noxasuBawot
onuTu W Teoperudeckde suwBoant Cauxtepa (Slichter), Koszeuu
(Kozeny) H ApYruX, MeHseTCs B IIHPOKNX npedenax. Caegosatenn-
Ho, opmyny (2.23) MOKHO npHOMHAKEAHO NPENCTABHTL B BUUE
i=3Vk, (2.32)
rae o ecTb BEe/MHMHA, 34BUCALAN TOJABKO OT MOPUCTOCTH, WO
UpH MAMHHAPHOM jBHMeHMH f§ = const.
. 1
Us Qopuya (2.12) cneayer, yto npu § == CKOpOCTb Te-
yeHus B HOPOBOH TPyOKe H2 3aBMCHT OT BA3KOCTH XHAKOCTH.
B artom caydae, noayuuBlieM HA3BAHWE HUCMO KBUODLIMUMHOU

dusompUpen, uMeeM

L\ P .
w=_Ly 2.33
rae —1
k=gV3 ) (2.34)

iz Qopyyas (2.23) caeayer, 4ro runpasivdeckHit pamuyc ¢
HPOIIOPIHOHAJIEH KODHIO KBAADATHOMY M3 IIPOHHLLZEMOCTH; CAERO-
BaTeNbHO, BEMHYMHA K, MPONOPUHOHA/NLHA KOPHIO 4eTBEPTOl
CTENe W3 NPOHHLAEMOCTH, T. €. &, HMEeT PJ3MePlOCTb KOpHu
4eTBEPTOH CTRIEHH H3 110Waay,
9

Cayual, koraga §==17, Ha3BAETCH 3UKOHUM huasmpan::
Cauperepa (Smrecer). B stom cayyae umeem u3 (2.3) u (2.1
BHpakeHuue 4N CKOPOCTH (Pu/bTpaumit

£y (P)i; o -
W= — | — , (2..)'))
Ve \A )

A

me

kzz—ﬁ’

xapakrepusylomas uavtpanuio Cmpekepa ).

rae BBEAGHA BEJIMYHHA
(2.36)

1) Bemunisa B, coraacio dopmyne (2.18), 3aBicHT OT a; 3nayeHus
ue a, B CBOIO OUepeAb, 3aBUCHT OT /, T. €. or §. Caegosaresslio, seau-
uua B B dopmyne (2.34), T. e. 8 cAydae xsaIpaTHIHOR duanTpanny,
IMeeT APYroe 3uaueHue, 4eM B CAyUae NaMuilapHON dHALTpauny,

) B dopmyae (2.36) Benuuuna B uymeer uuoe siaueine, vem 8 hop-
Mvaax (2237w (234 — M, npaauiayiee MOACTPOHHOE npuMevauHe,
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M3 dopmya (2.23) 1 (2.36) creayer, uTo we:advuuna k, npo-
MOPUHOHANbHA KOPHI0 KBaADaTHOMY H3 MNPOHHUAEMOCTH, T. e,
k, ¥MeeT pa3MEepPHOCTb KODHS KBAAPATHOTO H3 MJIOLIALIL:.

§ 3. Mopucrocts UKTHRHOrO TPYHTA.

CavxTep nyTéM TPOCTHX reoMeTpuyeckux coobpaweHnit onpe-
LeNHA  TIOPHCTOCTh  (PHKTHBHOrO rpyHTa. OuesHAHO, BeNHYHHA

AOPHCTOSTH 3ABkint OT Kol UryPRuii mapos, Tax kak sce BT
OMIEIKOZOI0 AHAMETPY, TO PACCTOHRNS MEKAY USHTPAMH MIOOLIX
ABYX COMP.KATAIOWMXCA . WIAPOB
pas.in CYMMC HX DPajgHycos, T. e.
aunametpy. Cne103aT2abHO, LLeHT-
nul KAWABIX BOCLMM COMpHKaca-
pripcicd 1MapoB  PacHooneHs 8
BepiliiHax  pom6o31pa, Kawaas
rpdib  KOTOPOTO  eCcTh  poMmb
(chur. 1). DTOT poMSonp ABAgETCA
OCHOBHOH MOZcensio aAns QuKTHB-
noro rpydta B Mmetome Caux-
tepa. HMayuenue reomeTpHueckix
CBOUCTB 3TOH KOHDHUTYpaiH M
bur. 2. #a8T DBO3MOKHOCTb BHIYHCIHTH

BenUUiy mopucTOocTH /7. Pas-

AHYHLIC PACO/IOWEHHT 1MAPOB (PUKTHRHOCO [PYHTd KOALOMOTCR
MeKAy OBYMA KPafiiHMH KOHPMTypaLuuMH, H3 KOTOPHIX OAna
CAGTRETCTBYET TeCHeWIleMy paciiofi0oKEHHIO HIaPOB, @ APYras — ux
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HauGonee CBOGOAHOMY PACMONOKEHIO (IPH YCNOBHM 83aHMIOO
conpykochosenus). Ovesnano, yron § pom6a (¢ur. 2), uz KoToporn
00pa3oRanbl TpaHH poM603apa, HIMEHseTCH B npexenax ot ) =90°

dur. 3. Pur, 4.

(dur. 3) a0 H=60° (Pur. 4). Taxk xax B poMBozape ANT KAXK-
AOTO yria rpasd HMeerctd ¥rod, 10noJuuTenssuit 10 180°, 1o,
OYEBHAHO, T€ BOCEMb KYCKOB LIAPOB, KOTOpHE Tpaud pombosspa
RLIPE3AIOT H3. BOCBMU pac-
cMaTpHBaeMLIX 1iapoB, 0O6-
pasyloT, eciii HX CIOXKUTh,
OaHH UennH 1wap.

Ha ¢ur. 5 n 6 na-

HH  ZWArOHanbHHe pa3spe-
3l SPLM u NOQR oc-
HoBHOrO pomGo3aapa. On-
pelenuM yréom a oxHoro S
H3 TIONYYeHHWX Napane- $ur. 5.
JI0CPAMOB, HanpHMep (ep-
Boro (¢ur. 5). Has storo onumeMm u3 Beputunst pomgosapa O
wap paaxyca d (dur. 7). duaronanpsoe cedenue BMecte ¢ rpd-
wiMn OAD . OAB nepecekaeT MOBePXHOCTb apa MO AylaM,
06pasylowHM  NPAMOYrobHNE copuueckult tpeyroasux ABC
¢ mpambi yraom BCA, Tlepuenankynsp BE u3 pepumbn B ua
RnaroHads OC Gymer suicoTod & pouGestpa. Uz yxaszamnoro
UPAMOYTONBHOrO CHEPHYECKOTO TPEYrorbHUKA HMeeM

¢0s AB ==cos BC.cos AC,

o
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Ho mu HmeeMm

uAB:::O, VAC=—2— VBC-——G,
CnesoBaTeNbHO, )
cosa— coso . 3.1
cos iy
Ha (3.1) noayuaem
: ccs‘-’g- —cos2 6
sing =] 1 —costa== —_—— =
CCs~ E-
] / ] 0 0
in? 0 — sig® — in? — cos? — — sin? —
~ /’smo s g / 4sin? 5 cos? o — sin 7
- , 0 - o —
cos? ) cos? o
sin !
i —
— - 2 Y
= 7 ;/4 cos? 5 1.
0037)‘
Ho rak kak
.0
4cos” 5 —1=2(1+cosf) — 1 =14-2cos9,
TO . HAXO MM
. ) 0,/ —=
sing==1g 5 V1+2cosb.
Orciofla OKOHYATE/NbHO HMeeM
29‘" 0 sin 9
sin 2 — TQg—_*l’ 1+2L080—]+COSOV1+2C080 (3 2)

2
Hanee, u3 upsmoyro:puoro tpeyroasiuka BEO waxoaum

h=dsina. (3.3)
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Tak kak uiowanb OCHOBaHHSA pomGo3apa pasva d?sinf, 10 06ném
poM6031pa MMEET BEJHYHHY

Vi=hd?sin$.
Buocs cioma % us (3.3) v sina u3 (3.2), umeenm

_ dsin? 0¥V TF-2cos b

V=" (3.4)

Cymma V, 06bEMOB BCceX BOCbMH KYCKOB WapOB, MOMEIAIOLIXCH

®ur. 6. &ur. 7.

BHYTPH paccMaTpHBaemMoro pomf6031pa, kKak yxke Oul0 yKasawo,
o0pa3yeT OAHMH NeJn# map, CAeL0BaTeJALHO,

nd3

Buocsa (3.4) u (3.5) B (2.1), mu Haxomum
d®
‘,2 . —6—* (1 +C05 8)
Vi dsin? 01 +2cost

[loncrasnaa ciona
sin? 0 = (1 — cos §) (1 -}~ cos 0},

Mu noaydum yunamentansiyio gopmyny Cnnxrepa
oy

=1 S —
" 6 (1 —cos 6) V1+2coso

3.6)
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H3 KOTOpPOH cAepyeT, YTO HOpucmocms huxKmMusrozo zpyHma,
COCMOsUe20 U3 OOUHIKOGBLX WUAPOOCPAINELX 4CCMUL, He 326u-
cum om ux OQuarempa; OHQ 3CBuUCUM MOALKO OM UX OMHOCU-
meabHON KoHbuzypanur, o6ycro6ausaesmod sesrduroi yzaa ).

Kpafinne 3Haucuus yraa § pasu 60° n 90°, caesosatenbho,
wpakinie 3dadvenns nopucroctd m no dopmyae (3.6) 6yayr pasnm
COOTBETCTBEHHO

m=0,259; m=0,476,

Tak wax HF/O’ TO HHTEPBAJIOM meopemuL4eckoll nupucmecmu

6yner
0,289 =< m << 0,476. (a)

Paccmatpusas ¢ur, 2, Mu BHIMM, 4TO [LIOW@AL [IPOXOLI
MeKAY lIapamy B MJAOCKORTH, COACPIKALIEH HX IeHTPH, Oyaer
METb BuJIHuMHY S, paBuyio

S= Sl - SL"

rie S, ectb naowais pomba, S, — wAOMEANH uYacTed Kpyros,
AeKAWNX BHYTPH pomba.,Jlerko cuaeTb, YTO BCE YETHpE 4acTH
KPYTOB, JNCNILWX BUHYTpE poMGa, COCTABMAOT OMMH KPYr ¢ nAao-
.U.la;'lb!()

__nd?
Sz — _4_‘ .
ll1owans we pomoa S, pasua
S, =d?sin|.
CaenoBaredrlio,
S_—_—_(siufj— -E—)d2 (3.7)

Bseném tenepb, caeays Cauxrvepy, OoTHOWEHue

S 1%
n""s—l’—l sl (3.8)

M Ha30B¥M ero npocsemost. Benuuuna z2 xapakrepusyer mtowianb
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NPOXOAd MHUAKOCTH B CAMOM Y3KOM M:CT€ MODPOBOro KaHana.
Broca nafinennne suavenus S, n Sy 8 (3.3), Mb noayuum

T

Il::]—-a?i-n—o'.

(3.9)
OTCI0Aa MBI BEAHM, YTO 047 QOUAMUGKOZV 2pyHinw Be.wwiiri

Tadanua 1. 3yaueHds TeopeTHUYeckold EOPHCTOCTH 'm ¥ Teone-
THYeCKOro NpocBeTa n B HHTepBane yraa § ot €0° ao 86°.

0 m n s o1 oy
60° 00 0,259 0, 0931 83,90 62,00 42,10
60° 02! 0,26 0,0937 | 84,30 38,75 25,00
60° 41 0,27 0,0993 | 74,05 34,25 21,84
61° 18’ 0,28 0,1045 | 65,94 29,50 17,76
61° 55’ 0,29 0,1098 | 58,90 26,00 16, 60
62° 36 0,30 0,1155 | 52,47 22,63 14, 42
63° 18' 0, 31 0,1210 | 47,12 20, 60 12,54
64° 03’ 0,32 0,1266 | 42,4 17,60 11,60
64° 49 0,33 0,1322 | 33,4 15,82 9,64
65° 37’ 0, 34 0,1378 | 34,75 13,9 8,58
66° 27/ 0,35 0, 1434 | 31,62 12,18 7,50
67°2}' 0, 35 0, 1491 28,79 11,04 6,58
65° 18/ G, 37 0,154 | 25,26 10,00 5,83
69° 17! 0,33 0,1605 | 24,08 8,80 5,22
70° 20/ 0, 39 0, 1661 22,11 7,87 4,60
71° 28 0, 40 0,1719 | 20,32 7,08 4,06
72° 43} 0, 41 0,1775 | 18,73 6,32 3,62
74° 03’ 0,42 0,1832 | 17,28 5,7t 3,24
75° 32 0,43 0,1902 | 15,95 5,14 2,89
77° 10 0, 44 0,1945 | 14,76 4,65 2,55
79° 06’ 0, 45 0,2003 ;| 13,71 4,15 2,28
81° 25! 0,46 0, 2057 12,76 3,75 2,06 |
84° 59 0,47 0,2117 | 11,83 3,40 1,84
90° 00 0, 476 0,2145 | 11,38 3,20 1,71 :
Mpumevanue, Beauununl g, o), 93 Aauul A8 yAoSerBa mood.-
aywouyx soluncaenn no dpopuynam (5.13), (6.13), (6.14) u ceasann
€ m H 11 COOTHOLIENIN MH
1l=-m _S5(U—m _(l—m ¥ 1
=T AT T T\ 1—n
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npocsema He 3qsucunt om OuIMempa wapoobpasHux wacmuy,
oépu3ynouux 2pydm.

CoorgercTeento xpaliuuM aunagsennsm yraa ) ameem cneayio-
uHe KpatiiHe 3HAYSHKu N

n—0,0931; n=—0,2146.

dan
Tak kax d~0>0, TO WHTEDBANOM MEOPeMuYeCcK020  NPOCcBenu

Gyner
0,0931 << n << 0,2146, (b

Tabauua 1, cocrasaennas CiuxTepom, R3ET 3naveHus m u n
AN Kawaoro 3nadends yrna f no dopmysam (3.6) w (3.9).
M3 Heé Mbl BHIWM, YTO K3KIOMY 3HAUEHWIO M COOTBETCTBYET
onpejnennHoe 3uatenue 2. PYHKUMOHAIHLHO 3Ta CBH3b MEXAY M
W m B uHTepsaie (a) npuOMOKEHHO MNKeT OulTb BHpPAXeHa
dopmyno

n—=—C,m"*, (3.10)

rue C‘.{ eCTb MOCTOAHHAA BEJIIMHHA,
§ 4. N'eomeTpuyeckoe pACCMOTpPeHHE YCTAHOBHBLIEroCH
JABHXEHUH WUAKOCTH 4epe3 QuKTABHEIK rpyHT mo Cauxrepy.

Tak kak sneMeHTapHue CTPYHKH IKHIKOCTH IBHXKYTCH MEKIY
WAPOOOPA3HEIMH  YacTHUAMH (PUKTHBHOrO TFpynrta, orubas. Hx,

dur. 8.

TO TPaeKTODWH OTIENLHOH YacCTHIL HIAKOCTH He OymeT npsMoR
JMHHER, [EPUEHANKYNAPHOR K BEPXHEMY H HHKHEMY OCHOBaHHAM
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nJjacra H3 QUKTUBHOrO rpysTa. B AeHCTBHTENbHOCTH Takas Tpd-
€KTOpWS, COBNaaiouids B AAHHOM Caydae C JdudeRt TOka, Gyurer
HEKOTOPOH HCKPHB/AEHHON B NPOCTPAHCTBE JHHHEH. U3 cosokyit-
HOCTH 3THX JuHMH TOKA COCTaBASETCH 3JeMenTapHan cTpyhKa
(dur. 8), nporexaQuias uyepes paccMaTpHBAEMYIO TMODY. Ocbin

aToll CcTpyHKH Oyner CIY&KHTb KpuBad A
AKBHC (gur. 9).
B cayvae recHefiuiero pacnosiouenus K
wapos (§ — 60°) npencrasnesde o xapak-
Tepe MMOpPOBOTO KaHana MOWHO MOAYYHTh H

u3 dur. 8, 9 u 10. 3ToT yacTHA Ccnydah

cTpoenuss CTPyHkn H Obn  HCCENOBAH

CauxTepoy. [

Haumeubwine nonepednwe  ceyeHus our, 9.

NOPOBOTO KaHana MBAKIOTCA KPUBONMHENH-

HHMH TPEYToabHUKamH (¢ur, 10), CTOPOHH KOTOpHX COCTaBAEHM
#3 nyr Goawimoro kpyra wapos, Ilrouans cedyenus nNOpOBOTO
KaHala B ero mapGonee y3KOM MecTe pasda nS,, rae n ecTb

S % ///,.;

X5

npocser, a S, — mioulaxe  rpaHy pomGoanpa. Hauunas
c sToro Mmecta (Touka A CTpyRkH) ceyende CTPYHKH mowe-
MHOTY yBenMuyuBaeTcd A0 MaKCHMyMa B TOHKE K (dur. 9,
7 3aTeM CHOBA najdeT A0 CBoeH mepBOHauaNbHON  BeNHYHHH
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B Touke B, Janee mpoucXoAWT YyBenHyeHue CeYEHHd NOPOBOIo
KdHana 0o maxcuMyma B ToYke H, ncsue 4yero ceueHne CHOBA
yMeéibllldercs W MoJyydeT MEPBOHAYANBIYIO0 BEMMUYHHYy B TOUKE C.

L

— v
_g_va

¢ur. 11.

Jlerko BHYUCAMTbL YFON MEXIY MJIOCKOCTBHIO BEPXHErQ OCHOBA-
Hug pombBoampa H nnockocteio OSQ (dur. 10); B stux asyx

¢mr. 12,

NAOCKOCTAX JIEIKAT COOTBETCTBYIOWHE ToukaM A M B ¢urypw 9
MHHIMAILHBE CeYeHHS ¥3yY4eMOoro mopororo Kauana. Ms dur. 10
BHAHO, UTO YNOMSHYTWH YIOA papeH yriy HaKJOHa NJOCKOCTH
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NLR ¥ uuxHeMy OCHOBaHHIO pom003apa. Buunciaum stor nocien-
il yroa, Paccmorpum tpeyroabuukn LNR w LTM, kotopme,
ANA SCHOCTH, M306paxeHuw OTdensHo na ¢ur. 11. B rtpeyrons-
Huke LNR nMeem

NL—IR—=—NR=—d.

B tpeyroabuuke LTM nmeem y
LT=TM=2V3. L\
Cnenosarensto, =4
.1 1=
sin{— LTM )=
(3 - ,
B -?:-d . 0 N A
T layzy T VI
2 e
- %
OTKYAd4 HCKOMHH yron pasen -
Z LTM =T70,6°
Taxum 00pa3oM, nOpOBHYA Ka- dur. 13.

Hal pacwMpseTcd OT CBoero

MHHAMA/IbHOTO CEYEHHSl K MAaKCHM4JMLbHOMY NP 1POXOAe yrAOBOr:)
paccTosiHus NPUGAMSHTENbHO B 35° HA N(OBEPXHOCTH LIAPOHS]
yactHue. Ecmd caenate paspes no auuuu AD wa ¢ur. 12, to
nomyyurca ¢ur. 13, Ha KOTOpOH OKPYKHOCTB €CTb ceyeHde 1ua-
poBo# 4acTHUW MO ayre Gonwiuoro Kpyra. M3 ¢wur. 12 umeen

AB=—=AC=CB—=d=2r;
AD=rV3;
3 ¢ur. 13 umeen
2 2 e
AO=3AD=31/3;
EO=r(3V3—1).
[nowanb A, paBHOCTOPOHHErO TPEYTO/bHHKA RST pa dur. 12

pasHa o
A,=3V3.0E2 (4.1)
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Ecniu smecro A\ RST B3aTb apYro# TpeyronbHHK, IR KOTO-
poro paguyc BIHCaHHOro Kpyra pased we OE, a PQ (cwm.
¢ur. 12 ¥ 13), 10 nrowane Aq TAKOro TpeyrosibHuka Oyner
pasHa

4,=3V3.BQ" (4.1)

Ypasuenue oxpywxuoctd EK ua dwr. 13, paauyc kotopo# pa-
BEH 7, NIDH MpPHHATHIX HA YEpTEKEe OCHX KOOPAHHAT HMEET BMIA

(x —O0Ay 4 yi=r?,
OTKyna
x—0A=2Vr—,

B CcOOTBETCTBMM C uEpPTEXKOM CJACAYET B3ATb R TNpaBofl yacTw
3HAK MMHYC; NMOITOMY HMEEM

x=0A—VP—y=2//3_Vr—3.

CauxTep NPUHUMAET IIOCAEAOBATENbHLIE CEUEHHT pacCMaTpu-
paeMoro NOpoOBOTO KaHaja 3a KpHBOMHHEHHBE TPeYTOJbHHKH, A/
KOTOPHX PaAHyC YMOMAHYTOTO BUHCAHHOTO KPYra ecTh

PQ=x.
Otciofa HMeewm

PQ:%rVS—Vm. (4.2)

[loacrasaan 310 3uHauenne B Gopmyny (4.1'), noaydny seaHYHHy
nJoWanH A, CedeHHs.
CpenHee no ammue cTpyHkd 3nauenne A, 0603HAYHM de-
pe3 A,. OHo Buwuuciserca mo uasecTHoR (opmyne
)
1
A= A, (4.3)

b—a,
a

B Hamem cnyuae a=—0, a BemsunHa b, 1. e, NK (cm. dwmr. 13),
paBxa npHOIM3UTENbLHO NOJOBHHE pamuyca r. B camom nene, Ha
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¢ur. 13 yron OAK pased npubmisutensHo 35°, oTkyaa u cie-
Jyer, uTo

r—

=rsin3dd%°= 5r.

Bhocs 8 (4.3) A, w3 (4.1') u PQ u3 (4.2), noayium

,
6}/ 3 j YA yﬂ] "y —

— (ﬁys —2n) rr=0, 21182,

riraK, CpeiHss 10 JAAHMHE CTPYRKH Be/irdHHA IVIOMALH Cceuyetns
CTpYHKH paBHa
92
A,=0,2118 r. (4.4)
[lnowage pasioctoposiero Tpeyroibiuka RST cornaacto

(4.1) pasua o
A, =3V 3.0F

Buocs ciona saBinenHoe swute 3navende OF, nonyumm

A=V (3VE-1) rmur . s

[Tromans kpusoaudefinoro Tpeyroabuka DFG pasua tio-
1aad PABHOCTOPOHHEr0 TpeyroibHuKa ABC MHHYC TpH cekropa
kpyra c yrnaamu 60°, T, e, MuHyC NOJOBHHA MJOLWAH Kpyra
pamuyca r. Ho nnowaas tpeyronsinka ABC pasua r2V3, cre-
LOBITENbHO, IVIOW@ALI0 TpeyroabHuka DFG Oyaer

Ap == (V:’i— —;-) r2=—0,1613 (4.6)
(dl‘O H €Clb tHauMetibiiee (dedeHue ﬂOpOBOl'O Kddana HpH

) =60°).
Cpeantiee apmpmemqecme nnowanei A, B Ap pPaBHO

Ag=5 (A, Ap1=0,14307", (4.7)

cp

Mexoas us upeanonoxeind, 40 B yriaax D, F, G cededss
HOPOBNTO KAHXTL HHKAKOIL (uALTpaItsl nHe POUCXOHT Beiet-
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CTBHE 00palpBaHMA TaM TaK HA3HBACMOH MEpmBod cuckocmu,
Cmixtep cuutaeT, 4T0 3ddeKTuBHad MIOU(AAbL HaUMeubIUero ce-
4eHKs MOPOBOr0 Kanana, yepe3d KOTOPYIO NPOMCXOAMT PUAbTPauMS,
Aewcut- Mewny A, u Ap, Oyaytn seckoabko Gnuie K Ag, dem
k A, Tlostomy Cauxtep npuaumaer 3¢hdeKTUBHYI0 MIOWAAL
ueMHoro 664vumed (mpubiuautensHo wa 3",), wem cpexnee 3ua-
yeHue, onpexensemoe Qopmynoit (4.7), n noaaraer, 4ro

A,=0,1475r", (4.8)

Ha ocHOBaHMH aHANOTHMYHBIX COOBPAMEHHH O CYILECTBORAHMH

B yTJiax 0OpPOBOTO KaHana 30H MEpTBOH wuaxocti, Cauxtep
cunTaet, 4TO0 A, Oynev uepemesHOd no amuHe cTpyhku mio-
wanbio 3PEeKTHEHOro CceyeHud, cpegHee 3HAYUEHHE KOTOPOH H
ecTh BeAWuMHa, onpexeasevan gopmyioi (4.4). Mz (4.4) u (4.8)
nojyuaeM OTHOIIEHHE

A

71'?—_— 1,436, (+.9)
OTKYy.Za
A,— 4,

T. €. cpeadee 00 MHE CTPYHKH yBeauuenHe 3dpdexrHrHol m10-
waan ceyenns coctasnsetr oxono 43,6%/, (x1A caywan recuedt-
{1er0 pachoIOKEHHH LIAPOB).

Taxnm 06pa3om, AN 4AaCTHOTO C/y4as TecHeHuwero pacro.o-
derns wapos (1=—=60° Cauxtep 3amender aelcTBHTEBHMMN
noposuft’ kavan AKBHC cnoxuoro crpoesns (gur. 9) npamo-
AuHeRHHM [pH3MaTHYecKHM Kauaaom AC, 1onepevHoe ceueHue
KOTOPOTO €CTh PaBHOCTODOHHWH TPEYTOJBHHK C MIOUAXLIO

A, =14364,, (4.10)

rae A, ectsb 3¢peKTHBHAY INOWANbL NMOPOBOTO XaHANd B CAMOM
Y3KOM €0 MecTe.

Kak noxasan Cnuxtep, H3 NMPOCTHIX TEOMETPHYECKHX coolpa-
WEHHH MOWHO HaliTv, 4TO aruna [ npamMoavHeRHOTO Kauana, 3a-
MEHSHOWEro AeHCTBHTENbHEIA KPHBOJMMHERHHHN xauan ana ciayuas

==60°, pagHa

1=1,0654. (4.11)
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Oas cayuan §==90° umeem, ouesHgHO,
l=d,
a pns mob6oro 3xayenud O

I=d [1,195 —0,39%] . (4.12)

Taxkum oOpa3zom, B o6uieM cayuae xauHa / HemHoro GoJbuue
pebpa ML-—=d ocuostoro pomGo3apa.

§ 5. daapTpamua yeped QuUKTEBHBIA rpyHt mo Cuamxtepy.

[pu paccmotperiny aniesnit GuIbTPaluH B GHUKTHBIOM rpyHTe
Cauxtep 3ameuseT OEHCTBHTENBHYI0O [(I0DY BOCbMA  CHOXKHOTO
CTPOEHHST HASANbHOR UMAMHAPHuecKofl mopo#f, minuiais none-
peyHOro Ce4eHHa KOTOPOH pasHl MIOWANH MON2pe:Horo ceueHus
JeRcTBUTENLHOA NOPH B €& CaMOM Y3KOM MeCTe, a A/MHA M0pH
paBHa pedSpy OcHOBHOrO pom06o3apa, HO He Bhicote ero, B atom
¥ cocTouT npepnoxenunii CnuxtepoMm nepexon or (PHKTHBHO-
ro rpyura X uzeamenomy. Cmuxtep onpasawsaer cBod mnpex-
MO'KEHHe TeM, 4TO OHO, KiaK Mal CceHyac ysuIuM, HMeer
MeCTO npH Hauboslee TECHOM PpAacnO/OXKEHHd I1UAPOB, Korxa
i = 60°.

B 3TOM caywae MH, COr/IacHO CK33aHHOMY 'BHIE, HMeeM
NOpOBYI0 TPYOKY IHHAI

[—1,0654, (5.1)

nonepeyHoe ceyeHue KOTOpOi‘( €CTh paBHOCTOpOHHHH TPEYrONbHHK
C nJjouianbio

A,=14364, (5.2)

Torma no ¢opmyne (2.25) umeeMm nas cpegued CKOpoOCTH
NAAMHHAPHOTO0 TEHYEHHA BHPAKEHHE

wy = LAm_
O 20w¥Y3 T
Buocs coaa [ w A, no dopuyaam (5.1) u (5.2), Mo momyuum
PA

WOZW;’ ’ (5'3)
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TaK KaK ¢ 00/blUOHK TOYHOCTHIO MBl HMEEM

1,065-20/'3
W —8x.

dopmyna (5.3) coenagaer ¢ ¢opmyinoit (2.24), ecan B mocaed-
HEel [0A0KUTD

w=—A,, h==d.

HMrak, acilcTeutensuo, upn 0=—=060° cpesuus cKopocTb AbH-
WEHMS MUAKOCTH 110 NMOPOBOMY Kakaly OKa3uBAeTCH TaKOH, Kax
ecNd Onl KHIKOCTh OPOTEKana Yepe3 KPYriaylo LMIAMHAPHYECKYIO
TpyOky, npuy€M nnoulaxb cedeHuss 3ToH TpyOkH pasia A, —
NA0Waay HAXMCUBUIETO CeYeHHs NOPOBOTO Kada/a; AJMHA TPYOKH
paBHa d, T. . paBHa [/HHe pebpa OCHOBHOro pombo3xpa.

Cauxtep o6oOwaer dQopmyay (5.3) ¥ Ha cayuaki, korua
0>60°; B 3TOM cAaydae 3a naowans A, Cauxrtep upHHumaer
nonosuny naowanu S, onpeneaseMolt gpopmyaoi (3.7), Tak kax
npu H—60° nrowank S cBOLMNACE K LBYM OQMHAKOBHM KPHHO-
AMHeRHbLIM PABHOCTOPOUHKM TpeyroibHukaM. Wrtak, uMeewm

A,:{)—d?(sinﬁ—--Z):%fsiuﬂ. (0.4)
W3 dopmya (3.2) » (3.3) M nosjyuaed BawHOE COOTHOLIEHUE
_ h{l4-cosh) 55
sin0 Y 14-2cos (9-9)
Buoca (5.4) u (5.5) B (5.3), M HaxOauM
Pda .
Py = Tgrun B (), (5.6)
vae BBeAcHQ 0O003HAUeHde
_sillﬂﬂ}f1+2cosﬂ
B =""T1cms (8.7)
KOTOpOEC MOXKHO NPeACTdBUTDL TAaKKEe B BHIL
B(ﬂ):(l—cosﬂ)Vl—{—?cos")‘ (5.8)

TAK KiK
sin?0.=—=1 — cos®*lr={1 — cos ) (1 4 cos ).
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M3 ¢opuyan (3.6) Mu umeeM

(1 —cosﬁ)l/l—{—2co=6_—(-—m—)

Buoca 310 3navenne B (5.8), Mn noayuaem

B () =g (5.9)

n
(I —m)’

n opmyna (0.0) mna cpeaweit ckopocTd B NOpOBOH Tpydke
NpUHMMAeT Ternepb BHI
nd*P

Y=g T—mph *

(5.10)
IMnomane monepeyHoOro cedyeHus NMoOpoBo# TPyOKH, Kak Ghljo

1
OTMEYEHO BhIllle, paBHa 58; TIOITOMY pAacXOM XHAKOCTH Yepes

< 1
nopoBylo TPyOKy paseH -ES-wo. Heikenne wuakocTH vepes

fieiky (PUKTHBHOrO rpyuta M3 8 WIAPOB Ml PAaCCMATPHBAMH Kak
ABHKeHHe yepe3 ase noposwe TPyOku. [lostomy oGuwmit pacxox
WHAKOCTH Q depe3 Takylo fdeliky pasen

Q= Swy=1nS,w,,

rae S, —naowans pomGa, /eKAUErO B OCHOBAHMH POMGO3npa,
an -—npocae'r [em. dopmyny (3.8)].
CxopocTs QUABTPALMH 7, COTJACHO ONpENRNEHHIO, paBHa

'w=§1,

OTKYyZAa C/NedyeT, YTO CKOPOCTh (QUABTPALMHM B (HHKTHBHOM r‘pyu’re
6yxner pasHa
W= W (5.19)

Bhocs (5.10) 8 (3.11), mut nonysum ussectiyio ¢opmyny Crux-
T€pa AN CKOPOCTH GMIbTPALMH B (DUKTHBHOM CpyHTE

w==2. 7, (5.12)

an
o

3 1. C. NeiGenaon
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rie BeiudHHa R pasua

n2d:?

h— ——— (56.13

96 (1 — m) M) )

® Ha3uBaeTcR meopemuyeckoll nporuyaemocmpio Cauxmepa.

Beauuuny £ Mb QOMKHH PacCMaTPUBATb KaK TOALMHY 1J1ACTa

8 HanpaeneHud HALTPAUMH, Ha KOTOPOH MNPOHCXOZHT nNeEpenan

rugpoaduamudeckoro paasaenus P. Jng Teoperuueckoro uurep-
Basa

0,26 < m< 0,48, (5.14)

B xortopoM, no Cauxrtepy, 3ak/i0ueHa MOPHCTOCTb (PHKTHBHOrO
TPYHTa, Mhl MMeeM npubamk€nHyio Gopmyny

1

a Ttakxe ¢opmyay (3.10)
n=C,m* (5.16)

rae C; u C, cyrb nocrosunue daktopw. Ma (5.15) u (5.16) muw

nonyuaem
ne
1—m

= C,m34, 0.17)

rue
C,= C,Ct=1,025.

Buocs (5.17) B (5.13), Mu noayaum npuGamx&unyio Gopmyay
Db audpasH
k=—=0,01057m?,® g2, (5.18)

CBA3LIBAIOLLYI0 TEOPETHYECKYIO NPOHHUAEMOCTs £ C NOPHCTO-
CThiO m.
Bepugmcs k copmyne (5.3). OBosnauum B wet A, uepes w
H NOACTABHM BMECTO d €ro 3HaueHHe H3 GopMyau (5 5); Toraa
Mu nonysum #3 (5.3) dopmyay
Po

e (5.19)

1) ina yrobctBa Bbmm‘..nem{ﬂ no ¢opmyne (5.13) B Tabanue 1 mox-
CYHTZHa BeJHYHHA a=l

Fo Jum (HKTHBHOTO IrpyHTa,
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npuyém, cornacho (5.5), (5.7) u (5.9), M umeenm

’ﬂ____ 1 +cosﬁ sin 0 6(1 —'m) Siﬂo (5.20)

B sin0 VT 2cos® —BO x
®opmyna (5.19) Bupawaer Baxuyio meopemy Cauxmepa:

[Ipu onpederenun cpedHed crxopocmu 08uxceHus NO NO-
POBOMY KaHAAY HAO0 BMECMO OedcmBumesbHOL MOAUUHY
naacma h 8s00ums puxmusHyio mosuwuny h,, onpedessemywno
no giopsuyre (5.20).

M3 dopmynu (3.9) Mu umeem

<

Siﬂa.—‘:m. (5.21)
Buoca (5.21) B (5.20), mu moayuum
__3(—m)
h1—mh (5.22)

MoxHo nonyduts apyryio npubaumkénnyio dopmyay nna k.
Tak kak
1

Ogcosfig?,

TO HMeeM NPHOIHXKEHHO
V132 cos =14 cos¥h,
a noromy u3 (5.8) moayuaem.
B (f)=1~—cos? f —=sin2§. (5.23)

3amenss B () ero 3navennem u3 (5.9), Haxozum

sinf) =V B(5) = 1% 6(1—_"_;-")_ (5.24)

Buocs (5.24) B (5.20), Mmu noayyum npubnnxEauyio ¢opMyay

— ]/ - . 5.25
h=h 5T —7m) ( )

§ 6. ®drasTpaunsa uepes ¢ukTHEHbA rpynT mo Kosenn.

[yctb B oGbéme V, duxtuHOro rpysra umeercs N, oxu-
HAKOBHX [1apoBuIX 4acTHl auamerpa 4. Cymma oﬁ%&mos 3THX
WAPOBHX YaCTHL, PasHa

— N rd8

=, (6.1)

3%
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a2 cymMa ux nosepxsocTeit Gyxer

2= N, md?, (6.2)
Hs dopmynn (2.1) MH umeeM
Vo=(1—m)V,. (6.3)
[Moacrasnga (6.3) 8 (6.1), mu noayunm
nd?
Vl — Nlm . (64)

Cneposatenstio, cornacio dopmyne (2.1), cymma o6béMoB nop,
copepxauuxcs B 06bémt V, QuxTHBHOTO rpyuta, pasHa

mxd3
VS : mVl == Nl m__—m) . (6.5)
MNonoxus B (6.4) V =1, M noayunM saxHyi ¢opmyy,
onpeae sioy0 uucao N IAapoBux 4acTdil Avamerpa d, coxep-
Kauuxcs B eAuHuue 06bEMa (HMKTHBHOTO FPYHTa
6 (1 —m)
N==—"
Cymma noBepxdocte#t arux N dactuy Gymer, coraacuo (6.2),
paBta

(6.6)

6(1l —m
2=-—(—-l. (6.7)
d

3amenuM 00bEM V| (UKTHBHOTO rpywta TakuMm e OGBEMOM
HAEaNsHOrO0 TIPyHT4, COCTaBAEHHOTO M3 N, MOpPOBHX TPyOoK
OAK¥HaKOBOR nauEbl L, OAMHRKOBOH M/03AM NOAEpe4Horo ce-
YeHHd © W ojudHakosoro nepumerpa Y. Cyuma 0O6BEMOR aTux
nopoebix TPyGoK Gymer cymMmofh 0ObEMOB 1OP HACANbLHOrO
rpysTa

V= N,Lo. (6. 8)

Cymma GoOkOBWX MNOBEpPXHOCTEH 3THX nopoBuix TpyOGok Oyaer
pasha
0= N,Ly. (6.9)

Kozeur npeanoxun caexywowu#t cnocob nepexona ot ¢mx-
THBHOTO IPYHTa K WAEANLHOMY FPYyHTY:

1) cymma o6béMoB nop ¢HMKTHBHOro rpyuta V paBua cymme
06:€MOB NOPOBuX TPyGOK HA€aNbHOrO rpynra Vi
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2) cymMa MNOBEPXHOCTEH BCEX IUAPOBMX YaCTHI, (PHKTHBHO-
TO rpysta 2, paBHa cymMMe GOKOBWX NOBEPXHOCTEH MOPOBHX
Tpy6OK MAeanbHOTro rpyura X3

3) nopHcTOCTh B OGOMX C/IyHasX OAWHAKOBA.

Orciona nonyuaeM ypasHeHus

nd3m
Nl G—(IT”T) = NzL(D,

2 —
N, nd?= N, .
Paasenus mepeoe ypaBHeHWE Ha BTOPOE, MOMYYHM

3 — md

TA—m (6.10)

rae & ecTb TUAPABNMYECKH] Panuyc NONEPEYHOrO CeHeHs Mo-
poeoft TpyGku HaealbHOrO TPyHTa, onpenenseMuit dopMynoh
(2.7).

[Ipu BulyHCIEHHM CKOPOCTH GuARTpaukd no dopuyae (2.21),
‘Mb  XOKHH BHecTH Tyma & u3 ¢dopmyan (6.10) u smecto TOA-
UWMHH T712CTa /2 (OACTaBHTh (HKTHBHYIO TOJMIUMHY €ro A, ydu-
THBAIOUIYI0 HCKDHB/EHHE WHIKHX cTpyeK. Torma Mu mosydum

mP __ midP

W= Bk, 3Rl — m ik (6.107
Kosenu npuunmaer, uro
h,=2h (6.1
H N03TOMy NOMy4aer, 4TO
w=22 (6.12)
B A )

rae k ectb Teoperuyeckas npoHuuaemocts no Koseuw, paswan

mid (6.13)

k=T —mp "

Mu npeznaraem suectH h, nHGo no dopmyre (5.22), nubo
no dopmyne (5.25). B nepsom cayuae 6yneM MMEThb
m3(l —n)a?

5487 (1 —m)d g (6.14)

k—

1y Inn yno6eTea Buuucaennit mo dopmyaam (6.13) u (6.14) B rafia, 1

—m)? 1l—m\8 1
NOJCYMTAHN BEAHUHHLI a1=%(1 maM) B o= (_m_m_) T—gp A

GUKTHBHOTO TpyHTa,
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a BO BTOpPOM Caydae
b= mid? : (6.15)

Kosewn npudan aas f% 3nauenue, onpesensemoe ¢opmy-
noit (2.29), cuMrad, 4TO NOMNEPEYHOEe ceuyeHHe MOPOBOH TPYOKH
6143KO K PaBHOCTOPOHHEMY TPEYroAbHHKy, BHoca 9To 3Hauenne 32
B (6.13), MM [ONYYMM ANA TEOPETHYECKOH NPOHMIAEMOCTH

no Kosenu BeIHUHHY
m3d?
k= 200 —mp" (6.16)

€ro npubnuxEHHOE 3HAYEHHE

1
TloacTasagsa cioga BMECTO i

no ¢opmyae (5.15), MH nNONYYHM TEOPETHYECKYIO MPOHMUAEMOCTh
no KoseHu, BHDaKEHHYIO 4Yepe3 NMOPHCTOCTB:

k=Cm‘d, (6.17)
rae C, ecTb $akTOp MPONOPUUOHANBHOCTH.

CpaBunBas nsa 3uauends sinf, onpeaensemme. dopmyramu
{5.21) u (5.24), My umMeeM

l—n= 1/8 (1 — m)- (6.18)

Samenss 1 —m ero npuGIuKEHHHM 3HaYEHHEM U3 OPMYM
.(5.15), mMbl noayuum npubaukEHHYIO dopMyny

1 4/~
—=GV'm, (6.19)
rpe C; ectb (aKTOpP NPONOPUHOHANLHOCTH.

§ 7. dPuanTpauns yepe3 GUKTABHLIA rpyHT mo Tepuara,

Tepuaru (Terzaghi) npensowxmn caenyiou#i crnocof nepe-
X013 OT (PUKTHBHOIO TPYHTa K HIEATbHOMY.

YHeM0 OAMHAKOBHIX WAPOOGPA3HHX  YACTHI, HATIOJHAIOLIHX
B O4eHb GOAbILOM HUCIE EXHHHUY OGBEMA rpyHTa, onperesercd
dopuynot (6.6):

6(1=m)
N=———, (7.1)
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rae m ecTb NMOpUCTOCTh, a d — auamerp miapa, Ilycre N, ecrs
GonbluIoe YHCAO MIAPOBHX YACTHI, NMPHXOAAWMXCH 'HA €XHHMLY
AMMHHE, TOrAa OOJBIIOE YHCAO WX HA eauHuuy o6bEMa Gyxer

N==C,N3, (7.2)

rae C, ecth ¢axtop nponopuuonansioctd. Cpasuuag (7.1) u

{7.2), MH nONYYHM

N, =S/ T=m, (7.3)

rae Cy, ects ¢aKTop €pONOPLMOHANBHOCTH. Donbioe uuncno
N, IMapOBHX 4YaCTHU, NPUXOAAUMXCS HA E@AMHHIY TJIOUIANH,
6yner

Ny =CyN2, (7.4)

rae Cg ectb dakTop nMponopuuonansHocTH., Bosbmoe uucao N
NOpOBHX TPYGOK C ONUHAKOBHLIMHM [OMEPEYHHMH CEYEHHSMH, Npu-
XOMSUIMMHCSH HA eNMHMUY TJowand, Oyaer MpOIOpPUUOHAILHO
aucay N; mapoBeX 4YacTHI, 06GPa3yiOLMX 8TH TPYOKH, nO3TOMY

N, = CyN;, (7.4°)

rae C, ecth hakTOp NPONOPUHOHANBHOCTH.
O6o03nayas nonpexnemy tepes L aauHy nopoBo#i TpyOku
H 4epes o -—e& MONEPEYHOE CeYyeHHe, MH NOJIyYuM BbipAWeHue
MOPHCTOCTH m B BuIe
m=—N, . (7.5)
Uckmouas u3 (7.4) u (7.5) N, mu vafasu

m .
0n—=—-:. (7.6)
CyNj
Tak KaK MOXHO NPHHATH, YTO THAPABAMuECKMH pamuyc & more-
PEYHOTO CedeHus NMOPOBOH TPYGKH MPONOPUHMOHALEH KBAAPATHOMY
KOPHIO M3 TIOWAAH CEYEHHS @, TO GYAEM HMETh

82_—.Cmu). (7.7)
Buocs (7.7) 8 (2.22), Mu moayuum

k=C  mo, (7.8)
rie

¢ —Cu

1n— B2 *
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Eciu nonmepeynoe ceyenge ecTh pPaBHOCTOPOHHHH TPEYrO/bHUK,
TO

1
C _— —_—
" 90v3!’
€C/IM We OHO eCTb Kpyr, TO
1
Cu:ﬁ-
Ortciona BHmHO, yro C,; Mano 3aBHCHT OT ¢opMH NONEPEYHOro
ceyendss noposoft TPyOKH, a crenOBaTelbHO, U OT CTPYKTYPH
TPYHT3, H TMO3TOMY Ml MOXEM OpHHATE C,; 33 MOCTOAHHYI0 Be-
auunHy. Buocs (7.8) B dopmyny (2.21), Mo nomyusm ans cxo-
pocts hunbTpalkM BhLpaweHue

w=C,,mo (7.9)

P
ﬁ‘.
[Toxctasnss B (7.9) @ u3 ¢opmyn (7.6), a saren N, ua cop-
myau (7.3), M nmonyuum dopmyay Tepuaru
md: P
(1—m™ pn’

=z (7.10) -
rJe € ecThb HOBAR MOCTOSHHAA.

Hanee Tepuaru oOpaTdin BHHMAaHHE, 4TO MPH HEKOTOPOX 0YeHb
Manol NOpUCTOCTH M, (uabTpauus (akTUYECKH NpeKpallaercs.
[ostomy on mumer dopmyny (7.10) B Bume

(m— mpd? P

wW=—¢ : .
(1—m)"™ ph

(7.11)
Ha ocHosauuy oOnwTHHX pganuux Tepuard npussnt ans m, 3ua-
yeHHe

m,—0,13. (7.12)

3HaueHHE £ 3aBMUCHT OT CTPYKTypH rpyHTa. Tak, HanpuMep, A1s
neckKa ¢ rjaaako# noBePXHOCTHIO

e—=10,5, (7.13)
a and necKka c ymoaamﬂ NOBEPXHOCTHIO
£=6,0. (7.14)

Taxum o6pasoM, meopemuueckan NpoHuKAEMOCMs HKTHB-
HOro rpysra no Tepuard pasHa
PR

e(._l—-—m)’/—'.. (7.15‘)
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[Tpumenss cooTHoutenwe (5.15), MM monywuM nad TeopeTuecko#
npouruaeMocTd QPUKTHBHOrO rpyHTa no Tepuard npuGaukEHHOE
BHPAXKEHHE

k= e, dm’h, (7.16)

Uuxenep U, M. BayspGpeRt npeanowun 3aMmeHuTh opmyay
Tepuaru (7.11) cnenyoweft:

(m— mp)2d? P

C=E(—m &

(7.17)
Kak Oonee coraacyiouiefics ¢ €ro co6CTBEHHBIMH OMEITAMH,

§ 8. lpanoxenne meroAd o6TeKkaHWs K TeOPRA
taaeTpaunA B (QAKTHBHOM IpyHTe.

[py mpoTeKaHWH XHAKOCTH 4epe3 I'PYHT MPOUCXOAUT MO CY-
ulectey 0OTeKdaHMe YACTHL TPYyHTa WHIAKOCTBIO. B cnyuae dux-
THBHOTO [PYHTa MW HMeeM 0OTeKaHde BH3KOR IKMIKOCTBIO CH-
cTeMn conpuxacaiouxcs wapos. TIpH o6TekaHnn 0ZHOro wapa
BA3KOH KUAKOCTHIO, CKOPOCTb KOTOPOH BAA/H OT 11apa MOCTOHHHA
u pasHa w, uMeeM dopmyay CToKca s CHAH CONPOTHBAEHHS
mapa

P'=3np dw, (8.1)

rae d ecTh AHAMETp lIapa,

B neHcTBHTENLHOCTH MB HMEEM B rpyHTe ofTexaHue He
0o4HOro ulapa, @ UENOYKH CONpHKAacaloummxcs wapos, [IpuGan-
MEHHO MOWHO CKa3aTh, 4YTO IMAaDPH MOMEILEHW B KaHale, HApyX-
HOW CcTEHKON KOTOPOTO HBAAETCH LMIHHAPHYECKAS MOBEPXHOCTb,
NpOXoAdL(as 4Yepe3 CcepealHy CJ10f XUIKOCTH, OO0TeKawulero
uenouxy utapos. CrepnoBaTenbHO, XUIAKOCTh HE TPHIMNAET K Ha-
pyxHOHl cTeHKe KaHa/la, a CKOJB3HT BAO/Mb He# ¢ HeKoTOpo#
cxkopocTbio ¥. [IpH 3TOM He DPOUCXOAMT MPOTOXA XKHAKOCTH HH
yepe3 HAPYKHYIO, HH 4Yepe3 BHYTDEHHIOW CTeHkH kaHana., Ha
MTOBEPXHOCTH WIAPOB CKOPOCTb BA3KOR KUIKOCTH paBHA HYJIO.

Mm npumem, kak u B Metoae CauxTepa, 4TO ABIIKEHHE KHIKO-
CTH BO BCEM [MOPOBOM KaHaje IMPOHCXOIHT TaK Xe, KaKk H
B CaMOM Y3KOM MecTe 3TOrO Kadana. Taxoe npennonoxeHue
TeM Gonee crnpasemIMBO, 4YTO B 0o6nacTax BG/AM3H TOYEK Kaca-
HHUS WapoB HMeeTcsd 3acTORHAR KMAKOCTb, HE IPHHWUMAIOIILAN
yiactus B aBkennd, TakuM  ofpasom, npuGnumxEhHag cxema



42 TEOPUSL OHIIBTPAIUH [rn. 1

o6Tekasus wapos GUKTHBHOrO TPYHTA NMPHBOAMT K PABHOMEPHOMY
TEYEHHIO BA3KOR KHAKOCTH B Y3KOH 06/aCTH MEXAY IBYMS KpPYyT-
NLIMH UMIMHIPAMM, W3 KOTOPHIX BHYTPeHHMH umeeT nuameTtp 4, a
BHewnuit — nuametp . [uamerp d; Mu onpeaeauM u3 ycso-
BHS, YTO IIOWAAh Kpyra naxameTpa d, paBHa M/OLALH OCHOB-
Horo pom6a a4?sinf. Ecim mu Beexgm unpoceer n no ¢opmy-
ne (3.9), To naouwlans npoOXoza B CAMOM Y3KOM MecTe Oyxer

2
nnd;
4

M OHa pasHa pa3HOCTH MIOWAgell MOmMEepeuHHx CeyeHul 06OoHMX
UMAKHIPOB, T. €

T,
-Z (d¥ - d?),
¢/1e40BaTENLHO,
r nad?
T —d)=—".
OTtciona umeem
d
d—=—F——. .
; Vi—a (8.2)

BBHﬂy ManoctTu n npuﬁnmkérm() MOWXKHO nOJIO)KHTb, 4yTO
d1=d(1+§). (8.3)

Paccrosuue Mewny OOCHMH UMTHHIDHYECKHMH NOBEPXHOCTAMH
paBHo

h—d_nd (8.4)

Ecid  npussTbh, YTO CKOPOCTb TEYGHHS BASKOM IKHAKOCTH
MeXay LUWIMHIPAMM NajaeT, NO 3aKOHY NPAMOH JIMHHM, OT 3Ha-
YEHHS U HA BHEIUHEM UWJIMBADE 1O HYAS Ha BHYTPEHHEM, TO

v
cpenHas cKopocTh Gymer - 310 6yler cpeaHss CKOpOCTh

B CAMOM Y3KOM MECTE CedeHHd NOPOBOTO Ka#ajld, B KOTOpOM
HaxopaTcs wmape, [losToMy Mo umeem ypaBheHHe pacxoja
ny

"2— =w, (8.5)
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OueBMIHO, MHTEHCUBHOCTb TPEHMS BH3KOHR KMIKOCTM HA mO-
BEPXHOCTH BHYTPEHHEro WMJHHApa t 6yneT pasHa

1=+, (8.6)
]
Buoca v ua (8.5) B (8.6), Mu moayuum
_ 2w
—_— —’l‘a— -

3amenss & ero auauenuenm (8.4), Mu HaltnEm

8 pw
t::'EET' (8.7)

BokoBas nmoBepxHOCTL BHYTPEHHETO UMAMHIAPA, B KOTOPYIO BIM-
CdH Wap, O4YeBHOHO, paBHA

nd-d = nd’.
CnrenbBaTensHO, NPOMCXOAfUlee OT TPEHMA BA3KOM KUAKOCTH
CONpOTHBAEHHE OZHOrO mapa Oymer

P'=nmnd?T. {8.8)
Buocs (8.7) B (8.8), Mbl monyuum

pr S dw (8.9)

nd

Cuny conpotusnedus P' OZHOrO Wapa HAZO YMHOXHTb HA YHCIO
1IApOB, COnEpWaluxcs B 06BbEMEe n/acTad TOMWMHE A M mUo-
WA nonepeuHoro cevexus F. D10 uucno mu HafadM H3 ¢op-
My (6.4), nonoxus B Hel

V,=Fh,

4TO madért

6(1—m)

N
Cnenosatenbno, nonuas cuna tpesus P,, BO3HWKaKOWad npH o6Te-
KaHHH BR3KOH XHAKOCTBIO MV 1apooGpasuux 4acTuL B 06bEne V,,
6yner pasHa
6(1—m) Srpdw

P2=P'1Vl: =d? TR Fh,
HAM
__48(1— m) pwhF

Pﬂ‘— ntdi ’ (8'11)
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Ho sta cuna tpenus P, npeononesaeTcd TOABKO BCIEACTBHE
TOrO, YTO MpW TNpOTEKaHHH 4epPe3 TONUMHY A (UKTUBHOrO
TpyHTa TepHeTCH BelM4YHHA P rUIPOAHHAMUYECKOrQ JaBJEHHS.
Tax xkak nxasneHMe P OTHOCHTCH K elMHHIE [MJOWARH, TO Ha
Bcio naowans F notpebyercs cuna PF ana npeoxonenus conpo-
THBAeHuA Tpeunu P, OTciona Mb MMeeM COOTHOUEHHE

PF=P, (8.12)

Buocs croma Py u3 (8.11), mur monyqum

48 (1 — m) pwh
OTKyna L P
rae BeJHYHHA
n?d?
= wa—m (8.15)

ecTh TEOPETHYEeCKads MPOHHLAEMOCTh,

CpassnBas (8.15) c¢ (5.13), b BuaMM, YTO CTpyKTypa 0Genx
¢dopMyn OXMHaKOBA, HO BemnunHa k, no Canxtepy, BiBoe MeHb-
we, yeM 1o Hosolt dopmyne,

§ 9. MNpnaaoxenne merona pasmepuocrefi K Teopun
‘GEALTPARAR WHAAKOCTEH,

Teopetuueckiie ncenenosanuss Canxrtepa, Kosenn u mpyrux,
H3NOKEeHHBEe B MNPeNbAYIMX naparpadax, NPHBOAST Aad CKO-
poctu namuuapHoRt dunbrpaur 8 ¢ukTUBHOM TpyHTE K dopMy-
naM OMHOTO M TOTO e BHAA

=27 9.1)
AR’
HO C Pa3HHMH 3HaYeHWsMH npoxHuaemocTd k. [IponHuaemocTs &
HMeeT pasMepHOCTb WIOWAAH M BLIPAXKAETCHS Yepe3 THAPARIH-
yecku#t pamuyCc momnepeyHoro ceyeHus noposBo#t TpyOKu uAeanb-
HOTO TpyHTa, 3aMeHsioulero ¢HKTHUBHLI TPYHT, B BHIe

k=2 f(m, n), (9.2)

rae f(m, n) ectb onpenentunas QyHKUHS OT MNOPHCTOCTH M H
NpOCBeTa 7, HUMEIas y KawaZOro aBTOPa ¢BOIO (opwmy.
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Ymuoxus oGe yacTH (9.1) Ha —:—V-E, Ml TIOTYYHM

weVE __ kP

: T (9.3)

3T0 COOTHOUIEHHE MOWHO npeacTaBUTh B BHOE

R =%, (9.4)
ec/aH BBeCTH 00603HayeHus
R_:”_’U_/_F_, ]
N
Q Pk'l.p } (9-5)
= A J

Jlerko BuneTsh, 4T0 Ofe 3T Beauuuun R u @ cytsn Geapaamep-
Hbl€ BeIMYMHL, NPHYEM NeEpBas M3 HMX €CThb HE YTO MHOE, KaK

yncno PeltHosbaca (Tak Kak V'k ects nunettuan Be/MYHHA), Xa-
PaKTEpU3ylOLIee ABHNEHHE XHAKOCTH NO nopam rpyura. Beau-
ynna @ wasuBaerca 4ucsom dussmpaguu. CootHowende (9.4),
HMelL(ee MeCTO NpH JaMuHapHoR ¢uAbTpaLMH, eCTb YaCTHHH
ciayyait obutero sakosa

Q—F(R), (9.6)

HMEIOLLEr0 MecTO 0pH Mo6oM pexume GHABTPALMH KUAKOCTH
B CpYyHTe.

Jns noka3aTenbCTBA 3TOrO 3aKOHa DPHMEHMM MeTOd pas-
meprocteil. O606wasa dopmyay (9.1) aas namuHapHo#t ¢uabTpa-
HMH, Mbl nphMeM, 4YTO OPH /MOOOM pexume QHABTPALMH CKO-
POCTE (UALTPALMH W eCThb HEKOTOPas (PYyHKUHMHE OT:

1) nepenana gasnaenus P Ha To/ulMHe niacra A,

2) nponuuaemocTH X,

3) NIOTHOCTH KHAKOCTH P,

4) BA3KOCTH KUILKOCTH W,

1. €. NMPHMeM, 4TO

wz?(%! k, p, P’) , (9.7)

NpHYEM MNpennonoxuM, 410 Qyuguus @ MOKeET pasnaraTecs a
CTENE@HHOR PSA NO CBOMM apryMeHTaM.
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Ha OCHOBAHHH CJeJaHHHX ﬂOﬂyLU,eHHﬁ Hamnuiem
P\=
w=3.8, ('E) Loy (9.8)

rae B, cyts uucnosue ko3adduusento. I[locne noxcTaHOBKM
B npasylo HacTb opmyan (9.8) pasmeprocTed Bxoasiuux B Hed
BE/IHYMH (OTHOCHTENBHO OCHOBHHX eaunnu M, L, T), M nonyyum

[(—S) akBPT}La] — Me+1+3 L—2“+25‘BT“GI T-2-3, (9.9)

Ho u3 (9.8) caexyer, yTo Kawauwit uned cyMmmul, cTosiue#t B npa-
BOH uacTH, MMEET pa3MEpPHOCTb CKODOCTH, T. €.

LT, {9.10)
[MosTomy, cpasuuBas (9.9) n (9.10), umeem

a+7+8=0,

—2¢—8=—1.

Pewenue 310#f cucTeMnl ypaBHeuu# nagt

1=— 1+a, 9.11)

0=1—2a.
Buoca (9.11) 8 (9.8), Mn nmoayyum

B Pak'h )"
] — Bz <—
PV k Z hpn'! !

oTKyaa cnenpyet dopmyna

Iy
prk ""Z (Phpﬁ.> 9.12)

Beoas o0603nayenus (9.5), Mbl Hafigm
R=>8," (9.13)

WIH, NpuHHUMas, 410 Qyuxuus f pa3sEPTHBZETCS B CTENeHHOH

PAX, MNOJAYUHM
R=/(2), (9.14)

s=—%+%a,‘l
I
J
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OTKyna, o6paTHO, HMEEM
Q—=F(R).

Sra ¢opmysa cosmanaet ¢ (2.17), uTO ¥ AOMKHO OITH, TaK KaK
$MKTHBHHE TPYHT NPHBONMTCH K HAGANLHOMY TPYHTYy, A8 KO-
Toporo mnocTpoena dopmyna
(2.17). f
OTknagniBas Ha OcH abc-
uuce 3Havenns R,a no ocu op-
auHaT — 3nadenus Q (dur. 14),
noayyuMm rpaduyeckoe H3o-
Gpaxenne 3aBucumocTd (9.6).
Jn9 M3BECTHHX HaM  pexu-
mMoB 3asdcumocts (9.6) mo-
®eT OWTh B3fiTa B BHIE

Q =B/ R, (9.15)

npHYéM

1) ans namuHapHol wnb- R
TPaLHH
s=1, Bl=1; our, 14.

B 3TOM C/lyyae HOJy4yaeTcs npsaMas, NPOXOAdlas 4Yepe3d Hauano
KOODIMHAT M JENsIdfl [I0N0AaM yrOA MeXIy OCHMM;
2) nns KBagpaTHYHOW TYpOYNEHTHOW (WIbTPALMH

S=2;

B 3TOM Ciayyae mojayyaetcda napadona BTOPOH CTEeNeHH, MPOXo-
JALAS 4epes Hayano KOOPAMHAT W Kacalowascs 3aech ocd abcuncc;
3) ana caydan 3akona Cmpexepa
3
S='§' ,
H nojlyyaetcs napaGonuyecKOro BHAA KpPHBAf, NPOXOAALIAA TaK-
WE yepe3 HAYaJO0 KOOPAMHAT M Kacaiowascs 31echk ocH abcumce,

§ 10, BuxonasmeHeHHe OCHOBHOH (:0pMyJbl Teopmn
tuabTpannm,

Ecnu Geapaawepuywo semuundy R pasaenum na Geapasmep-
Hyl0 Bequundy £, TO NOJyYyHM HOBYi0 Ge3PasMepHYIO BE/HYHHY

o= 5, (10.1)



48 TEOPHS OW/bLTPALHK fra. 1

HA3LBACMYIO MPOU3BOOKbBM 4UCAOM Puasmpayuu. BHoca 3nade-
Hug Ron € 13.(9.5) 8 (10.1), Gyxem umetn

__ wph
C=—pf - (10.2)

Paagenus o6Ge uactu dopmyaw (9.14) sa Q, mu noayyum, senen-
ctue (10.1), dopmyny

a= (@)=, (9. {10.3)

Buoca ciona Q us (9.6), 6yzem umets
s=Y¥(R). (10.4)
3To paBeHCTBO WMEET TaKylo Xe OOLHOCTb, KAaK W pPaBEHCTRO
(9.6) u Takwe npeacTaBaseT coGOH camyro obuyI0 PopHYAY
mgopuu pursmpaguu; dopmyna (10.4) supaxaer cooit crexyto-
\iee: 2pOuU3BOOHOE 4ucA0 Pursmpayuu ecms PyYRKyuS Hucse
-Peinoasoca.
M3 (9.4) u (10.1) MH WMeeM RAs caAyqas JaMHHApHOW Qub-

TpauuH COOTHOLIgHHE
o=1. (10.5)

Buoca (9.15) 8 (10.1), My monyuum
1
G=ER“’. (10.6)

CnenoBatenbHo, ang 4ucTo TypOyneHTHOR ¢uabTpauuu, Koraa
§ =2, Oyaer

1
0= g R-1, (10.7)
a ana cayyas Cmpekepa, xoraa s=%, 6yner
1 )
GZER—" (10.8)
(3mechp B, ects HEKOTOpa# NOCTOSHHAs).

§11. lNepexoa OT QRKTHBHOrO IPYHTA K eCTECTBEHHOMY.

[TpencTaBnesne O cOCTaBE M CTPOGHHH ECTECTBEHHOTO FPYHTA
noayuaeTcs W3 JAAHHWX MESXaHMYECKOrO aHaNu3a M Onpese/eHus
€r0 MNOPHCTOCTH. Mexanuueckuit aHanu3 Aa8T rpynnosHe xapak-
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TEPHCTHKHM COCTdasa TPYHTa, YKasHBas MPOUEHTHOE cOxepwuaniie
oTaensHux ¢paxwdit, Ha ocnoBauun npox3BCABHHOrO MEXatu-
HECKOFO aHalin3a CTPOWTCH KPHBAA EeCOBOrO y4acTds Gbpakitui.
118 3Toro nmo ocu abCuMcC OTKJIAABLIBAIOT AMAMETPH MECUHHOK,

[0 OCH OPAHHAT — CYMMY MPOUEHTHNIO BECOBOFV COAEGPAKAHUN
pex (ppakinfl, HaUMHas OT HYAR M KOWYAR RAUHEIM IHAMETPOM.

KoHeuHo, yaCTHIM €CTECTBEHHOTO TPYHTA NaleKH OT WapOROH
GopMbl, HO TOYHa® OUeHKAa AeHcTBHTENbHOM QOpME  HacTHIL
BPAX JIH BO3MONHA.

[Tycts B 1 ca® nMeioTcs caeayioitde Gpaxumii YACTHIL HIH,
K4aK 9acTO rOBOPST, 3EpeH:

Juamerp ot w no: 0 —dy dy—dy dy—dy dy—dy T R
Bec dpaxuuit: Ag Ag, Agy Ag, urT n

TocTpoeHue rpagiuka MeXaHHyecKOro auaniza senéred, CO-
FI3CHO CKAa33aHHOMY BHIIE,

1307
CALNYIOWMM o6pa3om (cmr. !
13). Ha ocu abcuuce oT- 40 ] ||
KNaxLIBAaEM JUMHY, PABHYIO \I !

1

d,, a na cooTseTCTBEHHOR gy { ! [
opaudnate — OTHHY,  pas- 1 | 1|
nylo Ag,. Hanee, na ocu a ! : H
aBCIKMCC OTKAAXHBAEM MM~ . ; !
Wy, pasiyio d,-}+d,, a ol ! \ :
wa coorsetctBednolt op- egpafii | ! '
avHaTe — MHHY,  PaBHYIO g [ ! H i 4
Ag, - Ag,.  Tlponomxasn 05 10 15 209
nocTpoexue, NpHAEM B dar. 15.

KOHIle KOHIOB K TOCaen-
well Touke KpuBOR c opausartofi, paswoit 100, Tak «ax

Ag, +Ag,4-Ag,+ ... =100,
3a cpemuuit muaverp d, Kaxoi-1u60 ¢pakuMn i NMPUAUMAIOT
cpenxee apumernueckoe Kpaituux auametpos d, u d, sTolt
Ppakumi:
l 7
d, = (d}+ d)). (11.1)

Takum 06pa3oM, mepseif 1Iar COCTOHT B Pa3fHEHHN ecTecT-
BEHHOTO rpyuTa Ha (Pakiiu UlapOOOGPAa3HBIX YACTHIL OIWHGKO-
BOTO B KawaAn# Tpynne AuaMerpa. 3aTeM yke YCTAHaBAugivTCA

4 1. C. NeiGeuson



CBH3b MEXKAY 3THM KakK Onl KOpperHpoBaHHhIM  €CTECTBEHHRIM
TPYHTOM 4 TPYRTOM (HKTHBHLIM, COCMABACHHBLM U3 WapoOO6Pa3-
KX dacmuy OOUHAKO0B0Z0 NO BCemy 2pyHmy Ouamempa d,,
Ha3b8aeM020 SPpPexmusntir Ouamempor. Jns onpenenedus
3¢¢eKTHBHOTO JAHaMeTpa NpeanoxeH pRA cnocobos.
1. Cnoco6 cpednezo Ouasempa. Ilycts umeercs pan

¢pakuuft:

N, wactuu — avamerpa d,,

N, dacTiHu — auvametpa d,
; YaCTHIL — QMaMmeTpa d; ¥ T. I

3a s3pdexTHBHUI AHaMeTp NpHiUMAETCH BE/JHYHHA

g — Mt Naty + Nadz+-. ..
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Iror cnocob onpeaenenus d, ynorpe6Gasercs peaKoO.

2..Cnocob ctrma & 838eMiUBAHUA TIPEANOKEH dMEPHKAHCKUM
yutunm Kunrosm (F. King), kotopomy npuuasnesxdT rpomannas
3KCHepUMEnTalpHag paboTa O ABHXKEeHnnd TPYHTOBHX oA (1893 —
1897 rr.), nanmeuaranuas cosmecTHo ¢ paGotoit Cuauxtepa. [lpu
OPHMEHEHHH TOTO crocoba HYKHO ONPEAENHTh CYMMAPHYIO [IO-
BEPXHOCTb BCEX 4HacTul B 1 cm® daTeM pasienuTh MOdy4YeHHYIO
REMMUMHY HA MOJHOE YHUCAO 4YaCTHU H MPUPABHATL MOAy4eHHbIH
TakWm 00pa3oM Pe3y/bTaT (1I0BEPXHOCTH 3QQCKTHBHOH uaCTALN.
CneaosatenbHo, Oyaem HMeTh

Svea_
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@:V/lV/§ff. (11.3)
x N

Ecau m ecTe MOPHCTOCTB, FO ANA KaWAOH (PaKUMM YACTHIL AWa-
merpa d;, ¢ o6ummMM yucrom wacTHy N, M o6bpEmoM Ag; (B mpo-
UeHTax no Becy Ha 1 cx®) Mb nomyuum:

3
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OTKyIa

0,01Ag,(1 —m)= N,

OTKYJa
_ 6(1—m) Az
M— Ttd:} 100



c/1e10BaTENbHO,
6(1—m)Ag
2
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CyMMapHas NOBEDXHOCTb BCeX 4acTul Bcex (pakuuil B 1 cu®
Gyaer

. 6(1—m) &
9=21\/,nd3=_ﬁ0_”12{d_l'. (11.4)

Torna smecto (11.3) noayunm

d,= ‘/—% l/;e—-; (11.5)

[ToBunnMoMy, uMeHHO 3TOT cnocoS umeer B Buay Ciuxrep, Tak
kak Kunr na3piBaer ero uanGosnee pacnpocrpangudnm 8 CLUA,

3. Cnoco6 seca cpednen +#acmuyes. Cuntas, uTO yRENbHb#
BeC Y Bcex (pakuMii OAMHAKOBBLIM, Mhl TNOAYYHM IJIH  CYyMMH
secoB Bcex ¢paxuuit B 1 cxu® Bennunny

ads
1
YN 5
CrexoBaTe/bHO, BeC cpenHedl wacTuuw OyXeT paBed
'n:dz nd3
—_1 !
=g TN
6 N 6
UTKYAd HAXOAHM

s 1/ 2N

. (11.6)

3roT cnocob Maao NpuUMEHseTcs B NpaKTHKe.
4, Cnoco6 3eavzeime COCTONT B ONpENENEHHH CPENHero
88COBOro AuameTpa. Mueem

_dha)d :2 (A8) 4

d'—_ > ag 100

(1.7)

ATOT cnocof Mano paudoHaieH, TaK KaK HEXOCTATOYHO OTpa-
KAeT CTPOEHHE [PYHTA.

5. Cnoco6 Asnsana Tuzena. B stom cnocobe 3a addex-
THBHWHA [aHaMeTp NpdHMMaeTca TAKOA aAvameTp wapoobpasnoit

4



YaCTHUH, NPH KOTOPOM CyMMa BECOB Bcex ¢pakuu#t, HayMsag or

HyJR M KOHuam STHM JAuamerpom, coctasaser 10%, or seca Bcex

¢pakumt. [lpu 3TOM Tax nasnBaemuil xosggunuenm 00HOpOO-
d

HOocmu, paBHHN OTHOUIBHHIO —&l, Zomied OWTh He Oonee naTH,

e
B 3tom oTHOWIEHHWH dHcaHTens d; €CTb TOT AHAMETP uIapo-

06pa3Hol 4acTHIpl, NP4 KOTOPOM CyMMa BEeCOB BCeX (paKlu,
HauuHas OT HYAS M XOHY4as 39THM InamerpoM, pasra ©60%, ot
Beca Bcex cpauuit,

Benuuunw dy W 4, Gepyrca ¢ KpHBOM BECOBOrO y4dcTs
¢dpaxumil, o6KUHO NpejcTaBasiowed nomanyio Avnnio (dur. 15).

Cnoco6 Aanana [a3ena uMeeT 4acToe mnpuUMeHeHHe, TaK Kak
npegnoxentas [a3edoM 4@ OCHOBAHHHM OGUIMPHHX ONLITOB SMIHU-
pHdeckas GopMyna Aad OnpexefeHds CKOPOCTH (UALTPAUMH no-
Ayunna 6oJbmoe pacnpoctpatenne. Ilpeanonaraercs, yro

0,0lem<cd,<0,3cu.

6. Cnoco6 M. 3aysp6pen. Venep U. Baysplpe#t, muoro-
3aHPMaBMica BONpOCcaMH QUABTPALMH B JIGHMHTPAACKOM HHCTH-
TyTeé THIPOTEXHHKH, HA OCHOBAHHM NPOM3BEN&HHOH MM O0GpaboT-
KH ONKTOB NPEATOKHA NPHHUMATE 32 3ddexTHBHNA auameTp TOT,
A1 KOTOpOTO cyMMa BecoB Bcex ¢ppakuuil, HauuHas oT Hyast H
KOH4ast ITHM IHaMETPOM, cocTasazeT 17%/, oT Beca Bcex paxumii.

7. Cnoco6 Kpozepa — Llynkepa. $opmyna (11.4) maér
CYMMapHYI0 TMOBEPXHOCTb BCEX 4YaCTHL, B OXHOM KyBHUECKOM
CaHTHMETPE MpPH pPa3TUYHOM (pPaKUHOHHOM cocTtase. B ¢uxrusioM
rpyHTe BCE YaCTHUN JOMKHW HMETb MpH TOR Ke [OpHCTOCTH
onuﬂaxosuﬂ S(ekTHBHIR nuameTp d,, 4TO NPHBOAMT K pa-
rhucTay ef_su—mzﬁg, 6(1—m)

d, '
OTKyA3 NONY43eTCH OCHOBHOE ypaaﬂeuue

@ Z (11.8)

umeroulee abuMpHoe npunon«euue B npakTtuxe. [Inametp 4, onpe-
aenqercd no gopmyne (11.1),

B. Cneco6 Kosenu. 34)4)e|m-mnuﬂ AHAMETP onpepenserca
no ¢opmyne

100 _\g, 34dg
d; b 4, T (11.9)

=2



3necr d, ecTb pepxHul Kpaluulh Auamerp nocnenHe# ¢paxuun
(ppaxuun ¢ mnamerpom d < 0,0025 ux), a Ag —aons Beca
rpyHT4, fazalowas Ha 3Ty ¢pPaKkuuio, BHpaxeHHas B NPOUEHTAX.
Junametp d; onpeneasercs no c¢opmyne
1 1 ( 1 ) )
==+ = (11.10)
d  2\q ' 4
wiy no Gonee TOYHOM:

1 171 2. 1
=g T T o | 11,
a4 3[d,+d‘-+dl +d,] (1.1
Ecau ananua cuenaun ronsko no dpaxuuu d < 0,01 #x, o Ko-
3eHn pa3buBaeT 3ty dpakuHio aHHedHO Ha ueTwpe mnoadpax-
umy:
0 —0,0025 x.u,
0,0025 — 0,0050 ax,
0,0050 — 0,0075 a4,
0,0075 — 0,01 s,

Jlnst aydiwero BuIACHEHHS MEXJHWYECKOro cocrasa rpynra Ko-
3eHH BROJMT crenyioulee rpaduieckoe npexcrtasnedue (dur. 16).

TMoctpous, kaxk u Ha dmr. 15, kpuByi0 Becosoro yuactus pak-
uuft rpyura (Ha ¢ur. 16 oGosnauena xax KpHBasm Beca), OTK.ia-
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ILiBaeM OT TOueK 3TOH KPHBOR B HANpPaB/JeHHH [0M0XHTENLHOR

1
ocu abcumce COOTBETCTBYIOUIHE 3TUM TOYKAM BEIUUHHMH -d— HOJIy-

YenHnwe TakHM OOpa3sOM TOYKM snexaT wa xpusod Kozenu. Ort-

1
Pe3KW ropuacHtane# mexny o6elMH KPHBLIMH PaBHHI i Ecnn

1007
80
60

a0

20 /] - \%
LS

®ur, 17.

Ha OCH OPIMHAT OTNOXHTb BEIHYHHE BECOBHX (pakuMd rpyuTa,
T. €. Ag;, TO BenHYHHa
>

GynerT nowagslo Mexay oBenMH KpuenMH (secoBoit u Kosen),

a, ClenocBaTeNbHO, PABHOBEAMKAS STOH MNOIIAAM NJOWANL OpS-
1

MOyro/ibHHKa ¢ BLicoTOH 100 Gyner nMeTb OCHOBiHite - B ca-
e

MOM JeNe, MH HMeeM

___234’1 (11.12)

B cnyuae OTCyTcTBH YNOMSHYTHX Mainwx cpakunit dopmy-
aa {11.9) samenserca xpopmynoﬁ

LB 2 Ag’ (11.13)

¢=1
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Hanbonburee 3dauenue mns 3¢exTUBHOrO auamerpa 1ofy-
yaeTcs NpH moacuéTe Mo cnocoby [aseHa, a Haumeubllee — no
cnocoby 3enbreiiMa,

9. Cnoco6 E. A. 3asapuna. DTOT CNOCO6 HINOKEH B MO-
norpagun E. A. 3aMapuHa O ABMXEHHH TPYHTOBBIX BOX H NPEj-
craBnseT cobol BUROH3Medenue cnoco6a Koseuwd, Tak kak B
AeHCTBHTENIBHOCTH KPMBAs BECOBOrO y4acTs (pakunu ectb J0-
mavas npamas (dur. 17). [lycts yraoswe kosddmuuentT (0OT-
HOCHTENbHO OcH d) nOocCNeAOBAaTEAbHHLIX [PAMHX OTPE3KOB, M3
KOTOPHIX COCTOMT BecoBas KpuBaa, Oyayr A,, A,, 4, ..., a
INMaMeTphl yacTHL pasiH d, d,, dy, ...; TOr4a, €cad Kpusas
BECA HE HAYMH4eTCH OT Hyns, 3aMapuu ompexnenseT 3ddexTus-
HHA guamerp cregyioumMm obpasoM:

1 - d
‘7;:,21 Aln —{%‘ (11.14)

Ecnd ke KpuBasi Beca HAauyMHAETCd OT HYAd, TO BBOAMTCH
nonpaska Ko3seuu, uto gaér

1 . " d1+1 3 '-\gl
d—e._-'Z::z AIIHT—{—-Q—I (1115)

Benuunna d,, swuucnensas no cnoco®y 3aMmapuua, Goasuwie d,
no Koaseus, no mednme d, no Kprorepy.

§ 12. Ocriosnaa dgopmyna Jlapen.

B cpenune XIX cronetns u3secTHn# dpanuyackuit uccaeno-
BaTenp MikeHep Japcu nan GopMyny Aas CKOPOCTH NaMHHapHOM
($HUAbTPAUMK YEepe3 TPYHT B CACAYIOWEM BHAE:

w—Kj. (12.1)

3necs j ecTh Ge3pa3MepHas BeNMuHHA, Ha3bBaeMas 2udpasaute-

CkuM YKAOHOM W DaBHAd

i H ‘
j=" (12.2)

rae Benuuuna / pasHa nepenany Aasienus P Ha TOMLMHE Mna-

cTa h B HanpasieHud (uabTpauMi, KenEHHOMY HA YAEbhhill Bec

WUAKOCTH, T. €.

H_—:-?—. (12.3)
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Benuuuna K uvasuBaetca wosgguyuenmom cparemponuu dapeu.

B § 10 namm Suina BuigeleHa ocHosnas dopmyna ¢uabTpa-
unn (10.2), Tak wkax [Japcu paccMaTpyBas TOJABKO JaMHHAPRYIO
$uabTpausio, nis KOTOPOH

TO OCHOBHAA QOpMy.d ANA CKOPOCTH NAMHHADHOR QUILTPALMH
TUPHHUMEET B

w=2x2L (12.4)

Cpasuupast dopmyan (12.1) 1 (12.4), M nonyuaem cooTHOLIe-
Hue Mexny kosdduumentom dunstpaiuu Jdapch K K mposiiuae-
MOCTLIO £:

K=5 (12.5)

§ 13. Crapuie dopmyast aas Kospdunueura
duasTpaunn Japen,

Ina TeopeTwiecknx wnceneposanuit opmyny JHapen (12.1)
yaoGuee npenctacdTh B BUAE

P

Fuapasmikd XIX cToneTHs, u3yuyaBlIMe HCKMOYHTENLHO (HJb-
TPALMIO BOILW Yepe3 Pa3NHyHbie FPYHTH, CTapaJHCh AaTh pacyér-
e dopMynn ans kodddunmenta K, MCXOAH M3 MEXaHMYECKOTO
Au4/H34 TPYHTA M MCIIOAB3Yd Te CNUCOOW MEPexoaa OT ecTecT-
BEHHOTO TPYHTa K (PUKTHRHOMY, KOTOpBIE ObITH HAMH H3NOACHH
B § 11. Mu npusenés uekoTopnie M3 3THX GOpPMYIL

1. Dop.uyra 3esvcedna:

1(—_—0,5‘-15, (13.2)

rae d ecth addexTuBHEN nuaMeTp, onpenendeMuft no dopmy-
ae (11.7), a . — sa3xocTb wHaKocTH., [ng BORH

K=37,6 d*z,

rae T ecTh KO3(Q(HUHEHT, YUMTHBAIOUME BAMAHHE TeMOepaTyphl;
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A9 GHAbTpauMM BOAb uepe3 necoK OH onpenenserca ¢Gopmy-
a0

1=1-+ 0,0135¢ - 0,000704¢2,

rne f ecTs Temmepatypa BOAW B rpanycax Llenscus.
2. hopuysa Asrana a3ena:

K=C% (13.3)

11e d ectb 3hdexTuBHA AnameTp, onpenenseMbft mo meroay
fazewa (§ 11). Benuuuna C yuuTHBAET MOPHCTOCTb H MEHHETCH
; IIKPOKHX npegenax:

C=0,80 ana oyeHL NJOTHHIX MECKOB,

C=—1,55 xna neckoB cpexne#t MOPHCTOCTH,

C—=2,00 nnu nmeckos, COCTABIECHHBLIX H3 OKPYTIEHHMX Ya-

CTHL MOYMTH OAMHAKOBOIO IHAMETpA.

Hns Boan

K=T5Cd? (0,70 + 0,03f), (13.4)

.ae £ ectp Temuepatypd B rpaaycax lleabcus,

dopuyaa Annana lazenwa umMeer mmMpoKoe pacnpoctpauesie
ANH BOAHIL.

3. Gopuysn Cauxmepa:

dz

K=1022 2, (13.5)

to 7 ecth addreKTUBHEIT aMAMeTp, onpeneaseMHB  OLHHM A
cnoco3os § 11, a o ects xoshdwiuenr, 3aBucaiunit oT KOHDH-

. 6 I—m
Typauun wWApooOPa3HHX 4ACTHIL H paBHWE - P 3uauetius

atoro-kuaduunenta aaun 5 Tadauue 1 (cm. ctp. 23).
Hns ponw npu 10°1] siskocts passa p— 0,01333 nyasa
# dopmyna Cauxrepa NpHHHMAET BUI
d‘

K1o°—~766 — (13.6)
4. Qop.uysra Kosenu:

(1 5 (13.7)

K—82
n
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rae d ects sdekTHBHLIH AMaMeTp, onpeaelfseMuB nmo crnocody
Kosenu, uanoxensomy 8 § 11. Ias soaw mpu £=—=18°L]

m3d?

K1gc =780 m

(13.8)

®opmyna Kozeun Onina NOXBEPrHYTa 3KCIEPHMEHTANLHON
nposepke B pa6ortax [lonata (Bewa), M. M. 3ayspbpesn (Jlenun-
rpaa) ¥ E. A. Bawmapuna, npuudM noc/egHH#t MCNO/Ib30BaN Olbi-
Th Kpiorepa. OcofexHo BaxHbe Ppe3y/ibTaTH GuIH  NOJy4eHhH
W. V. 3aysp6peen, coroctasuBludM pe3ynbTatht onuToB HoHata
M CBOMX COOCTSEHHHX nna ¢uabTpauud BOXH B necke npu 18° L
Ou nadr dopmyay Kosewu B crexyioueMm Buie:

2
m@_p“mmw (13.9)

rae § umeeT caeaylouiMe 3HaueHMA:

1) anst rpyHTa, COCTAaBNEHHOTO M3 OYEHb HENpaBHAbHBIX 4a-
cruy B = 167;

2) mast TPYHTA, COCTABJEHHOrO M3 HOPMANBHMX 4YaCTHI f§ —
=300 =+ 330;

3) anq  rpyHTa, COCTABJIEHHOTO W3 OAHOOOPA3HWX YaCTHL
B=2500.

Jas cayyas Apyrux xuakocrtelt (ue soaw) dopmyna (13.9)
3aMeHsteTcs CAEnyIOlWIeH:
mid?
K=10,0105§ e (13.10)

5. Gopmysa H. H. 3ayspbpes. Tlpn ouenp HepasdoMep-
HOM COCTaBe TPYHTAa pe3ynbTathi npumeHenus Gopuyas Kosedu
C WCIO/b30BAHHEM TOTO 3HayeHud 3¢deKTHBHOro aMameTpa, Ko-
Topoe 4aT Meron camoro KoseHnu, OKaswBalOTCA HEMOCTATOYHO
ynosaetsopurensuniMu. [loatoMy npo6osanu npumensts ¢opmy-
ay Kosenn, 8 koTopo#t 3a addektdBunit anametrp 6pann ero
BEJHUHHY, BLINMCAEHHYIO 10 Metony Annana [asena. 3ayspGpelt
H2ID&J, YTO HauJyullHe pe3yabTaTH Aa8T NDHMEHEHHE Clelyio-
ek Gopmyan

m3

Ko =B, 7w mﬁﬁ (13.11)

rae d ecth spdexTuBHHi Anamerp, onpenenéunuili no cluocoby
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3aysp6bpes (§ 11). Kosdouuuent B, xonebaerca 8 uHTEpBate

135 < B, < 350,

HO OOHYHO ero 3uauesne pasHo B, = 330+ 350.

6. Gopuysa E. A. Semapuna. E. A. 3amapus wnawmda,
yro ¢opmyna Kosewu KadT Ans BOMN PE3YNbTATH, HAXOIAIUMECH
B HAWNyylleM COrjacoBanMM ¢ ombitaMmu Kpiorepa, ecnd eg
NPeACTaBUTL B BHAE

m3d2a?
K1go =800 “—__'_m—).z,
rae

a=1275—1,6m, (13.12)

npuudy spdexTHsunft muametp d caenyer onpeneniTh 10 CIo-
coby 3amapuna (§ 11). Jdns apyrux xuakoctelt (ne Bojat) dop-
Myna 3aMapHHa HMeeT BHI
d?m3 (1,275 — 1,5m)?

p(d—m3? "

K=—84

MHOr OYHC/IEHHKIE ONHTH, MPOH3BOAHBUIMECE C UENbI0 NPOBEPKH
3aKOHa ¢UALTPAUMH H BwBOZA opMya 4S8 KoapduuenTa Puab-
TPAUMK, NOATBEPAHIA PE3YNLTATH TEOPHH, HO BLIARMAW HE0Gxo-
IMMOCTb BBEIEHH PAINMUYHBIX YHCIOBHX KO3GPHINEHTOB, ydu-
THBAIOUMX CBORCTBR NODUCTOH cpennl.

§ 14. Onpene.neuue ko3ddnunenta ¢uabTpaAn
Nno BeJdyHHE NPOHWLAEMOCTH,

3a nocnennre roaw B CLUA cpemu nHXeHepoB, 3anumalo-
upixcd BonpocaMy HALTpauuK HedTH, MOAY4WT IIMPOKOE pac-
NpocTpaHeHHe Cnocob IKCNEPHMEHTANbHOTO ONpPEeAeneHus Kosd-
¢uumeHTa GuABTPAUMM N0 Be/NHYHHE IIPOHMIAEMOCTH MOPHCTOH
cpennl.

O6pawasnicy x ¢opmyne (12.5), MH BuIHM, UTO KOSDDHUKEHT
¢GunbTpaums K BHpawaeTcs yepe3d NPOHHLAEMOCTb K, NOSTOMY
onpexenedve kospduiMenta GUAbTpaIMM CBORKTCH K Onpexese-
HUIO npoHHuaeMocTH R. M3 ypashenus (12.4) Mu uMeem

wyph

k="5 (14.1)
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lpruunman 8 npasoit uacth opmynn (14.1) Bce Be/nuuHNW, paB-
HLIMH eXWHHMUE, Ml TMOMYYHM eIMHHIY I8 MPOHMLUAEMOCTH A,
B a6conioto# cucreme eguuuy CGS noayuaercs HeyxoBHas
AT NPaKTHYECKHWX LeJeR enMHHLA NPOHMIAeNMOCTH, TOITOMY B
CIUA npusuMalor: 32 €XHHUUY TOMLMHH M/14CTa — OXHH CAHTH-
MEeTp, 32 eIMHMUy nepefanga Jnaejienus — ondy armocdepy, 3a
€IHHULY CKODOCTH — OXMH CAHTHMETD B CEKYHAY H 34 €IMHUUY
BA3KOCTA — ONMH leHTHnya3 (oana cortas nyasa). Torama aum
NPOHHUAEMOCTH M0JY4aeTCs eAHHULA, HasLiBaeMas dapcu (B 4ecTsb
dpannyackoro suxexepa apcH, mONOXHBIIErO OCHOBW TEOPHH
$HAbTPALMH),
B npakTHke NpHMEHRIOT TaKwe CAeayluwe NpoU3BOAHLE

CAMHUI:

nendnapcn =0,1 napch,

nenrugapcu = 0,01 napcy,

waampapcu = 0,001 napca,

maxponapcH == 0,000001 napcu.

B cnyude MAeaNbHOrO TPYHT4d A/ NPOHHUAEMOCTH MM HMe-
A TeopeTuueckyw Qopmyay (2.22), KoTopyio MOXHO mnpejcra-

BHTb B BHIE
k=f, (m) &, (14.2)

rae f, (m) ects onpeneatinas QysHKuUMs MOPHCTOCTH m, a 6 —
riApaBIMYeckHd pamMyc MONepeuHoro Ceyenus Moposoil TpyGku.
B cayyae GHMKTHBHOTO TDYHTA A/ NMPOHHUAEMOCTH MW MOJAYYH-
a dopmyan (5.13), (6.16), (7.15) u (8.15), koropwe MOKHO
pPeACTaBUTh B BHIE

k= f, (m)d?, (14.3)

rae f,(m)} ectb onpenengdxas ¢yHKung nopucrocTd m, a d —
aHamMeTp wapoobpasnof 4YacTHUW, 3aMEHSEMOH INpH nepexoxe
K ecTecTBEHHOMY TPYHTY SqipexTHBHWM AuameTpoM d,.

s dopmya (14.2) u (14.3) cneayer, u4To npu ogHol u To#H
¥e MOPHUCTOCTH OPOHAUAEMOCTH GyJeT TEM MeHblie, 4eM MeHb-
ure pa3Mep 4acTHL, H3 KOTOPHX IOCTPOEH TPYHT, u6G0 TeM ysie
OyAyT Ka4anu, MO KOTOPHM [POSHpAeTcs KHAKOCTb W, Cleno-
BATENLHO, TeM Xywe Oyret duavrpauus. HaoGopor, apu omiom
¥ TOM e pasMepe YacTHU, H3 KOTODHX MOCTPOBH TFPYHT, npo-
HHIIAEMOCTb 33BHCHT OT IIOPHCTOCTH, BO3PACTAR BMECTe ¢ Helt
APHOAH3NTENbHO MO CTENEHHOMY 33KOHY.
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AMepukaHCKHe HCCIeAUBAHHA MOKa3a.d, 4To B oOuweM Teo-
perHieckre 3akonoMmepHocTd (14.2) u (14.3) noarsepxnaioTcs,
HO BBHLY pa3sHo00pa3u# MNMOPOA, CAATAOLHX HeTsHHE MECTOPOK-
XeHBs, Heab3d HalTW onpeXen€HHOX aHanHTHYECKOH 3daBHCHMOCTH
MEXJY NPOHHUAEMOCTLIO H NOPHCTOCTHIO,

B oadoM ¥ ToM e HedTIHOM INJAcTe NPOHUIAEMOCTb, H3Me-
peHHas BIO/L HAMIACTOBAHMA, OKA3HWBAETCH, OOHYHO, 3HAYNTE/b-
HO OGJ/blIEH, YeM IMPOHMLAGMOCTh B HaNpaBleHuW, TNepleHanKy-
JISIPHOM K HaMIacTOBAHHIO, '

HekoTopoe npexcTaBieHse O Be/HYMHE NPOHHLAEMOCTH XA&T
tabauua 2.

Taéauwua 2. 3HayeHHS MNPOHKIIAEMOCTH mMIacrTa

Il Venango B oA#0# M3 CKBAXHH HE(QTHHOrO MECTO-
powaennda Oil Sity (CLUA).

Cny6asa B ¢yrax [Tpouunae-
OT KpOBMH NPOLyK- nop"gmc“ MOCTb B MH/LIK-
THBHOrO rOPH3OHTA B % Aapc

1,0 3,4 0,016
3’6 8.5 58,9
5.6 146 134
15,2 9,9 60,4
181 196 1714
211 12,4 171,0
2401 113 69.5
27,2 17,6 60,5
30'2 1.8 562
3372 1170 541.0
35.5 707 408
382 13'3 101,0
01 8.7 0,904

I8 3KcnepHMEeHTANLHOTO ONPeCIEHUE NPOHHILEEMOCTH OHJIH
npeptoxents B CLIA n y uac, 8 CCCP, pasaauuune npuGoph,
C [OMOWbI0 KOTOPHX OHINO CHE/AaHO GOJbILOE KOJAHYCCTBO H3Me-
PeHHlt B MOPHCTHIX NMOPOAAX HeTHHHIX MECTOPOMAEHHUH,

§ 15. Bausgnwe cyuecTBOBAHUA WMAKON NIEHKK OKOJ0
YACTHIY IPYHTA HA HOPHCTOCTH ¥ HPGHWLAEMOCTL.

Besenctsie 06pascuands OKOMO YACTHI CPYHTA OUEHb TOH-
KHX nON8HOK WHIAKOCTH, NPHJWUAIOMWEH K 4aCTHLAM, B2H4YHHE
NODHCTOCTH, OYERMIHO, W3MeHseTed. Ta MOPHCTOCTh  (PHKTHB-
HOTO rpywTa, KOTOpas onpexenserca gopmynoir (3.6) Ciuxrepa,
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eCTb 2e0MempusecKan, Win ucmuruan nopucmocms. E& Mol ve na-
6monaem B 1eHCTBUTENBHOCTH, TAK KAK HEKOTOPAs YacTh WHIKOCTH,
aanonufiowelt GUKTHBHHE rpyuT, o0Opa3yeT TaK H43HBAEMYIO
MEPTBYIO 30HY M Kak Onl CBA3aHAa ¢ TPYHTOM. 3TO PaBHOCHABHO
HEKOTOPOMY YBEJNHYEHHIO AMamMeTpa wAapooOpa3HOH uacTHUH OT
3HayeHus d 10 d,, Oe3 u3MeHeHU PACCTOSHHSE MEXLY UEHTPAMM
vyactd. [lonyualougyiocs npd 3STOM NOPUCTOCTR Mb  HAa308EM
3¢ dexTHBHOR.
O6oanauas et uepes m,, 6yaem HMeTh

Vs
m =1 —,
rae [eM. dopmyny (3.4)) (15.1)
’ “d? d3sin?0
Vﬂ:Ti V 1+C050] 1+2C0$6

OTciona nMeeM

] m (1408
1 6(1—cos0) ¥ T 2cost ’

(15.2)

npuudM

Packpuigas cko6ku B Bupawendd (1 5)3, oT6pacusas {2 n {8
KaK MaJhne Be/HYHHH, MOJY4YHM Ha OcHoBaHHM (3.6) npubnmmsn-

Hyio ¢opmyny

my = m [1—3(1;1“):], (15.3)

BuIpaxaouylo 3pdeKTUBHYIO NOPHCTOCTL 4Yepe3 HCTHHHYI.

[Toab3ysce mertomom Cauxrepa, nerko HalTH H3MeHeHue
3akoHa ¢unbTpanyu. OueBunHO, BCE CBOIMTCA K H3MEHEHMIO
TeOMeTPHYEecKOoro (MCTHHHOrO) npocsera n B 3¢ipex THBHHE npo-
ceer n;. Mmeem no dopmyne (3.8)

n=1—%, (15.4)
rie
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CienoBaTe/bHO,
T
m=1—g5ipg (1 0%

OTKyaa Ha ocHoBaHHM (3.9) nonyuyaeMm npHOAUKEHHO

nlzn[1—2<1:") z]. (15.5)
Bruncnas ckopocTh GuILTPAUHH 1O Q)opmyne (5.11), Mu noay-
yuM Tenepb

— 1—n

w:'w[l—2( — )c] (15.6)

Takum oOpa3om, ¢opmyan (15.3) u (15.6) nokaamsaior, uto
CYLIECTBOBAHHE aXe OuYeHb TOHKON MAEHKW 3HAYHTENBHO BJHAET
Hd BEJMYHHY MOPHCTOCTH W CKOPOCTH (HIbTPALHH.

Ecnn nmpunates Iauamerp 1apoo6pa3Holt 4acTHLW, paBHOR
d—=0,20 ma, a Tomuduy nnéukd,pasioft 0,001 ma, To Gymem
MMETh

0,002

c:—(),_25_ = 0,008.

Ecnu B3t 1A% MOPUCTOCTH M MPOCBETd HX CPEXHUE 3HAUECHMH
B uHrepBane H=—060° u (6=90° (cMm. § 3), a numeHHo
m=—0,33; n=0,132,
TO NOJYYHM
m; =0,95m,
— l—n

) :} — 0,90w,

i. ¢. MOPHCTOCTb yMeHbuideTcs Ha 9%, a ckopocTs uabTpa-
uu — Ha 109/,

§ 16. O6pasoBaHme oGnacreil sacroiiHolt xuakocru
OKOJ0 mapooGpa3HeIX YACTUIl IPYHTA.

[Ipn obTekauuH BA3KOH KMAKOCTBIO TBEPAOrO TeJa mnpH
HEKOTOPHX YCJOBMAX MOXeT MNpOoM30HTH OTpHB oO6GTeKaloueH
KUIKOCTH OT TNOBEPXHOCTM TeJa, NpuYEM 334 MECTOM OTpHIBa
06pa3yetcas 061aCTb 3aCTOHHON JKMIKOCTH, HE ydacTBywouieH
B o0wem Tedeuud. Ilo nawdM WccneqoBaHHAM yron OTPHBA INPH
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MAMMHADHOM OOTEKAaHHWH WIAPA B HEOrPAHHYCHHOM MOTOKe BA3KOH
wuakoctu coctasaner @=— 116,2° Ecau npexnonoxuts, uro npu
ONTeKaHHH XHCGIAKOCTHIO UIAPOOGPA3HHX dYACTHL TPYHTA NPOMC-

XOIMT TakoM otpuws (pur. 18), To monyuates 3acrofiuue oO-
7aCTH, 3ATPUXOBaHHHE Ha urype. MOXHO /€TKO BHYHCIHTH

o61EM Tako# odnacTu BOKpyr KawnoH waposoit 4actaun. Co-
raacHo ¢ur. 19 mu umeem

s 2e z, g =180° —y=
) gU\ — 180°—116,2° — 63,8°
H
»
Vy =~ 2nSyb dy, (16.1)
0
» rie
b=d(1 —cosd),
Y y= —g—sin (P,
dur. 19, d
y :7 sing,

CnrenoBarensho, 068y 3acToluoll oGnacTH pased

P
T

Vaz“%aj‘sin ¢ (1 —cos }) cos. b d,
0
HJ/IK

Vy="2 (3sin? 4, -+ 2 cos” p, — 2). (16.2)

YuuTHBas, 4T0 ¢, ==63,8°, Mur nonyuum

V,=0,0626 =0,12 7%, (16.3)
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Taxum obpasom, sacTofidne 006/acTH Kak Obl yBe/HYHBAIOT 06bEM
Kaxao# 1mapooGpa3noit wacTHuN Ha 120/,

Ouesnnxo, o6pa3osadue obnactel 3aCTOHHON KUAKOCTH U3Me-
HAET BenH'UHuy MopucTocTH, COrNacHo ONpeneNeHuio MOPUCTOCTH
HMEeM

' Vi+-V,
—_1 2 3
" i (16.4)
1HpHuEM
dd :113
Vot Ve=1,12 =+,

OTKyAa HaXOoAHM
dy = 1,0384.

Tenepn Mit MOWEM BOCNOAB3OBATHCH BLBOAAMM [IPENBLIYLLEND
naparpacda, NPHHAB HA ITOT Pa3, yTO

£=0,038.
Chnenosatenpuo, coriaciuo dopmyne (19.3) umcew
' l—m
m:m[l—o,lm( m_)]. (16.5)
Orciona ana cayuas HauMedblled TeOPETHUECKOH MOPHCTOC K
m' = 0,63m,

a aas cayvas HaMGonbulel TEOpeTHYECKO# HOPHCTOCTH —
m' =0,87m.

§ 17. dopmyan, He ocHOBaunbie Ha 3axkoHe [apcn,

Onn buabTpauuy B KPYIHO3EPHACTHX NECKaX JAuHeitnas 3agil-
cumocts Jlapen (12.1) mexay ckopocTblo GuALTPAUMH W rugpas-
/MHECKHM  YKJOHOM mnepecTa€T ObTb BEepHOH H IOJ/KHA OuiTh
3ameHend Apyro#t, yuutnBaiowWed TypOyneHTHHI! XapakTep guu-
WEHUR KHAKOCTH.

B stoMm caysae wazo npuMeHuTb camylo obuiyio dopmya
$uantpauun (10.4), naoWy0 33aBACUMOCTL MEXILY NPOM3BOLHKIM
uncIoM GuAbTPalMH G u unciom Pe#tnonbaca R. B npocreftmes
cayuae cTenenHOM 3aBHCHMOCTH Mu nMeen obuiyio dopmyay (10.6).
Brocs B wed R no copmyne (9.5), nomyunM 448 ckopoctd

5 1. c. Acnbenaon



66 TEOPHS ®HNbTPALMM [ra.

(HAbTpaLHH ypaBHEHHE
1
s

w=-1—;-f(%°{—) , (17.1)

. M
npuuén v:l;- €CTh  KHHEMATHYECKas  BA3KOCTh, J=—-—
Ge3pasMepHbifl TuapasidyecKult yKaOH, a Benauuuda &, pasHa

gk (17.2)

y2 !

80:—:

rie g eCTh YCKOPEHHE 3gMHOrO NMPUTHNKEHUA, CIe10BATE1bHO, Pi3-
meprocTbio ¥, GyneT Hynn.
HacTheiMu cayyasmu dopmyas (17.1) aeasiotcd:
1) @opuysz Cupexepa
2

w=(§§j)3“, (17.3)

thae Y, ecTh onuTHu# Ko3ddUUHEHT.
2) Qoprysra Kpebepa nna sonn

w:ns(%j)“, (17.4)

BHPAXKAWOWAA CKOPOCTh (HAbTPALlHM B CAHTUMETPAX B CEKYHAY.
B srtoft dopmyne d ecTh cpeanu#i auaMeTp 4acTHI FPYyHTA
B CAHTHMETpax, a MOKasidTelb /4 pased
0844
"~——0,8-+-2d' (17.5)
Cnenyer sametuts, 4To dopmyna (17.4) npuMenuMma TONBKO
AN FPYHTa M3 uacTHU ¢ avamerpoum He medee 0,5 mau. Ouesuano,
ANS 4ACTHL, OYeHh MaJoro Asamerpa nokasatens n GyxeT 61M30K
K eauHuue, ¥ toraa ¢opmyna Kpebepa nepexoadT B opmyny
tuna Mapcu. Hao6opot, npu Gonbuinx 3Hauesnsx d noKasatens n
6amsox k 0,5, » ¢opmyna KpebGepa nepexoaur B dopmyay
YHCTO KBaAPaTHYHOR uabIpaunu

w=8,V dj, (17.6)

rae B, ecTb mocToSiHHas, onpesensieMas M3 OTHTA.
C uenbio y4ecTb 3aBHCHMOCTb CKOPOCTH (PUALTPAUMH W OT
HOpHCTOCTH m, 3aMapud npeato#xun Beectd B (17.4) Muowu-
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TeNb Ml n
w = 173m(90 /) . (17.7)

3amapun, cpaBsHBaw 3Ty ¢opuyay ¢ omramu  Kpiorepa,
HAXOIHT YK/OHEHHS, [/IaBHHM 06pasoM, B OMHY CTOPOHY.

B HexkoTOpmX cay4asX BHIOAHO M(0Jb30BATbCS q)op-wnﬁ
(9.6). TMonbaysch oGoauauenuamu (9.5), (12.2) u (17.2),
nerko HalmEm

Q— P";‘,{" — 1), (17.8)

OTKylZa nmnojay4aem

I=BLF(R). (17.9)
0

Ecmi dyuxuna F passEpTuBaeTcs B cTeleHHOH psd, TO MH HMeeM
j=Ao+A1R+A2R2+AnRS+- -
U3 stoft dpopmyan cnemyer
J=Cy+Ciw + Cyu? - Cyw? . .. (17.1v)
dbopMynaMM 3TOTO BHAA ABJSIOTCH A/ BOXH:
1) @opuyra I1. Kpecrura, npurolHas &/S YHCTOrO necka
npu 10° LI

. wy
1000/ = 5757 [ *5 8d+1o 5215 00042] :

(17.11)

rAe W, ecTb CKOpPOCTh $HALTpAllK B MeTpax B CyTkH, a d —
spdex THBHLA IHAMETP B CaHTHMETpax.
2) Dopuysrn Popxzeimepa (Forchhelmer):

d=Cw-+ C,w” -} Cyud.
Sta dopmyaa ectb uacTui cayyatt ¢opmyam (17.10) npu
C0=C4:C5: ...=0.

Kosppuusentw C,, C,, C; onpesendoTcs H3 ONKTA.

§ 18. dopmyaa [llpusepa.

U3 onutos nan ¢uaptpauredt uedrenpoaykta Nujol (yaens-
oot Bec Y=0,836 2,cx® npm 99° 1l, BA3KOCTb NpH 3Toii Ke
Temnepatype p—0,0300 mya3a) yepe3 HCKYCCTBEHHYIO OJHOPOA-
HY!I0 TIOPHCTYI0 Cpexy H3 CTek/JsHHbX imapuxos 1llpusep

o*



68 TEOPHAl ®UJIbTPALMH [ra. 1

(W. Schriever) swBen ammupuueckyio GopMyny

Amdd"H
W=

il (18.1)

;18 H ecTs nagedne JAaB/ieHHH, BLIPAaKEHHOE B CaHTHMETPAX
BOAAHOTO CTONGA HA TOJMWIMHE I111acTa A, HIMEPEHHOR B CaHTH-
MeTpax, d — AMaMeTp CTeK/IHHWX UIAPHKOB B  CAHTHMETPAX,
} — BRSKOCTL B IyadaX, a noxKasaTeab cTeredd § pased

(18.2)

0,0141
p=d14—=% .

JdnameTpul CTex/MbIHBHX WApHKOB O B CaHTIMETPAX:
d=0,1025; 0,0528; 0,0443; 0,0252,
[TopHcTocTh B pasiuyHuX OnbiTax 6ini1a pasHa
m=0,3870; 0,3777; 0,3653; 0,3533.
K coxanenio, aauuuix, npuBeaudux B crathe [lpusepa, ueno-
CTaTouso jaad 06paboTkH HX no pauvoHaanxol dopmyne (9.6).
§ 19. duasTpauns yepea riuHy.

[1MH2 cOCTOMT M3 KpalHe MajuX MAACcTHHOOOPA3ilbIX YaCTHLY;
e€ [NPOHWUAEMOCTb 3HAYHTE/NLHO MEHbLIE, YeM [POHHLAEMOCTh
€aMoro TOHKOTO mnecka. Ha OCHOBaHMHM OTHaCTH TeHPETHUHECKHX
coobpaxennii, OTYaCTH SKCHEPHMEHTAAbLHHX JAHHHX  Tepuaru
aan caeaywoulyiwo ¢opmyny ana kodpduuuenta puabTpaimu:

(z —0,15)3+2 ([ +¢) az
(—015p 4 F

K=C, , (19.1)

rae C, ects kosduuuesT, 3asMcabi TONBKO OT COCTana
rPYHTA, ¢ — Be/AWuYMHA, 33aBHCAULA% TOJABKO OT QHAMETDPA YACTHUH
rpyuta, d — IMaMeTp 4acTHL TPyHTA, Y.~ a6COMIOTHAS BA3KOCTD,
A — xo3bduupent, 3akaiouesnnit B untepsane 7,7 <7< 9,0
(cpennee 3nauenve A=—8,0), a e pasuo

. m
E= 11— (19.2)
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Tepuary npox3e&n OGWIMPHLE ONWTH C WEATO-GYpoR TaUHOH
(MpoaAyKT BHBETDHBAHMS H3BECTKOBWX CJaHUeB) 3 Manod Aauu,
dng 9ToR ravum

d =0,00006 cx

i KostpduunenT uabTpalK pasen!)

— 1
K=334.10""7 ( ) (:E_ 10115?3-1{_((1)3166 cxjmun.  (19.3)

$opxrettmep ?) mabr 3ty ¢opMyay B HHOM Bule
5,56-10-9(1,15m — 0,151 { 42
. (1,15m — 0,15 (20}

(1 —m)*[(1,15m — 0,15)8 40,0166 (I — m)8]

rie W, — abcomoTHas Ba3kocTs npu 0° L, m, — abcomorHan uu3-
KocTs npu ¢ °Ll, m— nopicTocT.

K=

cujcer, (19.4)

§ 20. TypSyaeutnas duabTpauus,

B § 2 Hawn Owbina BHBexeHa obwas ¢opuyaa (2.17) nas
IBHXKeHHs B 3AeMeHTapHOR noposo#t Ttpy6ke. [Ipn swunuciIeHun
GespaavepHo#t Beamuunn @, no dopsyre (2.15) Mu xoaKHW
yunthBath TeopesMy Cumxrtepa (§ 5), cornacHo KOTOpoR Hamo
3aMCHMTb TOJILMHY naacTa h vepe3 QHKTHBHYIO Tomuuuy /.,
onpesememyo 13 dopmyan (5.20):

6“ — " sin ).

hy=h="=

[TostoMy Hmeesm u3 (2.13)

=zd3P
Q 6(1 — m)sinf.p2p° (20.1)
npu4ENM CION3 HAZO BHECTH TruApaBAMuecKHM paauyc ¢ no dop-
myne (2.7). DTOT e THIPABAMYECKHH . paanyc HaLO NOACTAaBHThL
¥ B uucno Peftwosnbaca, onpenensemoe dopmynaoft (2.9). Paabe-
p&M 183 npaKTHUECKH Haubonee HHTEpecHHX MeTOAa onpenene-
HHA CKOPOCTH GHALTPAUXH,

y3ayspb6peil U U, UN3spectus lducruryra r uaporexuuxu N 3.
?) Forchheimer Ph., Hydraulik, 1930, § 2
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1) Memod Cauxmepa. Ecnu BOCn0/Ab30BATHCA TEM NPHEMOM,
KOTOpui#t Omn npumenEd CauxrepoM nna namuuapHod QuabTpa-
UMM, TO HAAO MpeacTaBuTL cefe 9neMElTAPHYIO NOPOBYIO TPYOKY
KPYr.JoTO ceveHHd, AAOWAAb KOTOPOr0 ® PaBHA MM0UAAH HaH-
MEHbUIEr0 BO3MOXHOIO Ceyedus NOPOBOro Kawana. Irta NAQINaAb
BuuicaseTcs no dgopmyae (5.4):

u)——f‘—i-gsinﬁ
= .

Tuapasmyeckuft paaMyc TaKoro KpPyrioro CeYeHus BLYHCARETCH
no ¢opmyae (2.26):

=

1| —
A
.

Buoca (5.4) 8 (2.26), M monywis

d ‘/nslnﬂ ) (20.2)

Moactasnaa (20.2) B (20.1), mu Hail18m

&P
Q = Al%p—z , (20.3)
rae
") sin 0 :
A=—2"0" 20.4
1796 (1 —m) ¥V 2= (20.4)
Jna yucna PeftHonbAca nosyyaem BeaHUHHY
wopdlfn sin 8 0
R,= N (20.5)
OTKYa HaXOAHM -
pwpd _ 2V 2z .
B Vnr sinﬂ (20.6)
W3 dopmyanw (2.17) mMu HMeeM
R, =£(). (20.7)

Buocs (20.6) 8 (20.7) n npuuusMas Bo BHuManue popuyay Canx-
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tepa (5.11), Mu noay4nm

pzc.-d
b 1’ sin 6

rae @ eCTh CKOPOCTh (H/ILTPAUHH,
B cayiae cTeneHHOro 3aKOHa MHl MMeeM

f(qx): (F—Q,‘):.
K3 (20.8) u (20.9) caenyer, 4to
wad ¢ 3P
B oAb )( ) !

f( l))

rae
p 2VE
B985y 20)
3\'2-+ 1 :_1
B, (m) = ———m—); (sin 0)
[Tpu s=1 nonyyaem
1
Ap= =g B, (m) = T
Cnen0BaTEAbHO,
wid n? Pod?
g 96 (1—m) pn
OTKYRA

n? Pd?
U= i—m) pr

a 310 ects Qopmyna Cnmxtepa (5.12).
Us (5.15) u (5.24) umeem npubIHKEHHO

1~ sin i =—=const.

71

(20.8)

(20.9)

(20.10)

(20.11)

(20.12)

(20.13)

(20.14)

Buocst (20.14), (5.15) # (5.16) B (20.12), noayuns npudanxsino

By (m) = const. m %7255 + 0575,

O6o6wan dopyyny (20.10), umeem
Rz == Z B, Qull:
Q

(20.15)

(20.16)
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YTO MOXHO MPeiaCTaBHTb B BHAE

Ry =/ (%), (20.17)
rge
R,= %%
o _ 0P (20.18)
AT

Tak Kax NpPOHHUAEMOCTL R MOXHO TPHHATH NPONOPUHOHAABHON
auametpy d, TO, OYEBHIHO,

R,=const.R, }

, == const. 2, (20.19)
a, cneposarensto, cooTHoilenue (20.17) cosmamaer ¢ cooTnome-
Huem (9.14),

2) Memood Koszenu. B cayiae npumenenns meroaa Kosewn
K TypGy/JewTHOR ®H/BTPALMK Mb ZOMKHH BHeeTH B (2.15) 3ua-
yenne ¢ no opmyne (6.10) u npuuaTe BMECTO A ABOHHYIO BeaM-
uuHy 2h, 4TO naér

9,:%{‘”—-{”’;@. (20.20)
Ausanoriyso 6yxeM uMeThb
R,— W{% (20.21)
M3 (20.21), npumensa (20.7) u (2.3), nonyuum
f'—:’li:e (1—m) £(2), (20.22)

rie W ecTb CKOPocTh duabrTpauud., B caydae crenenuoro 3axoua
(20.9) umeem

wd 3P\ §
P2 4B, (m) (%”;) , (20.23)
rae
Ag==rd (20.24)
Y (@3 ) &

mis

By (m)= T iia=T (2(_).25)
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B cayuae s=1, umeem (20.23):

L m3dp
Y= T (T —m)?

yto cosnanaet ¢ dopmynoft (6.12). 3to u ectv dopmyna Kozeun.
Buoca (5.15) B (20.25), na#tném npuGIMKEHHO
95 -1
B, (m)=const.m 2 (20.26)

CootHowenne (20.23) Taxxe o6obuiaerca B coorHowenue (9.14).

Takum 06pa3oM, Myl OPHXOZHM K 3aK/IOYEHKIO, 4TC W Nps-
moe oGobutenne MeroxoB Cnuxrepa u Kodewd ana namuuapuo#t
¢GuAbLTpauMH Ha caysalt TypOynenTHOW GHABTPAUMH TPHBOAMT
K TOMY xe OCHOBHOMY 3akoHy dunbtpauud (9.6), Kak u merton
pasmepHocTel, H3noKeuuw# B § 9



FAABA IL

YPABHEHUA JJAMUHAPHOIO ABUXEHUS XUIKOCTEH
WU FA30B B MOPUCTONA CPEJE.

§ 1. YpaBHenne HepaspuiBHOCTA NPA XBWKEHAN CHUMaeMoR
KUAKOCTH B Hexgedopmupyemofl mopucToil cpene.

ByneM OTHOCHTb HBH:KEHHE K OpPHMOYTOAbHHM OCAM KOOpAH-
Hat Oxyz. TIpoeKuHH cKOPOCTH (HABTPALUMH Ha 3TH OCH 0603Ha-

2

ra
dur. 20.

Y4M 4Yepe3 «#, U, W; OHH
6ynyT (PYHKUHAMH OT KOOp-
IHHAT X, Yy, 2 H BpeMeHd £,
Bo3bMEM 3neMeHTapHHi na-
pannenenunen  abcda'b’c'd’
{¢ur. 20), p&6pa koToporo
pasne  dx, dy, dz. Pac-
CMOTPHM  IBHKEHHE KHIKO-
CT4 4epe3 3ITOT mapanne-
nendnex B HANPIBAGHUM OCH
Ox 33 3aneMeHT BpeMeHd df.
OueBHRHO, 32 ITO BpeMd Ye-
pes rpaib cdd'c’ Brexaer
Macca  wuakocti  pudydzdf

(p — NIOTHOCTL WHAKOCTH), a uepe3 rpanb bau’b’ BuiTekdeT Macca

pudydzdt | d'ix (pudy dz df) dx,

TaK 4TO Macca, HaKOMJIEHHAs B napanjeneninene 3a BPRMA dt’
OT ABHXEHHA B HanpasneHud ocu Ox, Gyner pasHa

2
—"T(pudydzdt)dx::—

d

5t (pu)dx dy dz dt,
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Adanorvusnm nyTéM HaBAEM, 4TO MAccH, HAKOM/JIENHHE BHYTPH
napaniencnsneaa Or ABHXEHHS B Hanpapaenun ocet Oy u Oz
3a speMa df, 6YXyT PaBHH COOTBETCTBEHHO

d

—a (cv) dx dy dz dt,
0

— 57 (@) dx dy dz dt.

CnenoBaTtelbHO, MOJIHOE HAKOM/IEHAE MACCH KUAKOCTH B Tapan-
neaendneae 3a BpeMms df OGyaeT paBHO

- [{? (p) - o_‘;‘ (ro)+ ;; (PW)] dx dy dz df. (a)

C apyro#t CTOPOHH, STO HAKONJEHHE BH3LIBAET 33 BpeMs df U3Me-
HewHe Macchl B PacCMaTPMBAEMOM Napaniesiendnene, pasuoe

% (pm dx dy dz) dt = a_at (mp) dx dy dz dt; (b)

B CAMOM Ie7e, eCTM M €CTh MOPHCTOCTh Cpexsl, TO 06b8M nop
napanienenynena, 3aHATHA XHAKOCTHIO, MMEET BE/IMYHHY

mdxdydz.

CpasuuBas (a) u (D), Mu monydaeM ypaswenue nepa3psisrocmu
048 Osudcenus 6 nopucmod cpede

5 mo)+ 3 o)+ o)+ (g =0 (1.1)

Ecan nopuctyio cpeny, B KoTopoH aBHweTca ciuMaeMad
WHAKOCTb, MEl IDHMEM 34 HeOeghopatup yemyw, TO eé NOpUCTOCTh M
Oyaer noctosuHOH Beauyunod. B srom caywae ypasuenue (1.1)
npumeT BiA

35 00+ 2 (o) -+ 2 (o) +-m & —o. (1.2

§ 2. KomnosenTsl CKOPOCTH JamMuBapHOA (HALTpaumm.

B rnase | mu nmoayusau ocuosuyio dopmyay (9.1) aas cko-
poctd namuHapHoll ¢uasTpauuu B dukTHBHOM rpyuTe. O603Ha-
UMM 4qepe3 ¥ B2KTOP CKOPOCTH AAMHHAPHOH (QHALTPAUUM B NOPH-
CTOK cpele, a ueped & — NPOHHUAGMOCT MOPUCTOR Cpoiw,
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Cornacio 3akoHy JlapcH, npu OTCYTCTBHHM MAcCOBBIX CHJI, AJA
NaMHHApHOH UNLTPALKH MOXHO 3aMHCATh Clrelyloliee OCHOBHOE
BEKTOpHOE COOTHOINEHHE!

'D:——:—i-gradp, (2.1)

rae 4 — DMHAMHYECKAs BE3KOCTb MHIKOCTH, @ P — FHAPOXUHAMH-
yeckoe nasneune., M3 (2.1) MH nosmydaeMm s KOMMOHEHTOB CKO-
POCTH /1aMrHapHOH (MIbTpaUuM MO OCAM X, ¥y, 2 ocHOBHHE ¢op-
MYJ/H

kdp
U= —— =, V=—— -, = — = ==, 2.2
oy’ @ n (2.2)

§ 3. PEKTHBHHE CAAB COMPOTHBJACHAS.

K npoueccy naMHHApHO! (U/IBTPAUNH CKHMAGMON WHIKOCTH
B nopucTOl cpeme CJlenyeT NPHMEHATh OCHOBHWE YPaBHEHWS IBi-
wenns Biakolt wunkoctd Hasse-Crokca, H60 npu Teyewuu KuAKO-
CTH B OYEHb TECHHX KaHa/laXx MeKAY 4YaCTHLUAMH NOPHCTOH
cpean, CHAH BA3KOCTH HTPAalOT OYEHb BAKHYIO H, HECOMHEHHO,
npeo6aaraoLULyio pPodb.

Ho mawxe B mpoctefimieM cayvae ¢HKTHBHOIO rpPyHTa HBHKeE-
HHE XMAKOCTH npeicrasnser coboft o6TekaHHe OGeCuMCAEHHOTO
MHOXKECTSA LWIAPOB, BCAENCTBHE 4YEro NPAMOE HHTErpupoBaHKe
ypastennit Hasbe-CToKca npu CTOMb CAOKHHX TPaHUYHHX YCJI0-
BUAX, JAXe ec/d npeHeOpeus WHEPUHOHHRIMH CHAAMH, OKA3LIBAETCH
HeBoaMOXHuM,. [T03TOMY npHGEralT K CAenyloWEeMy HCKYCCTBeH-
HOMY NpHEMY: TDHMEHSIOT YPAaBHEHHA THIPOAHHAMHKH B dopme
D#aepa, HO K NeRCTBHTENBHO CYUIECTBYIOUIHM MAaCCOBBIM CH/aM
¢ komnodentamd X, Y, Z npubasnfiot guxmusrse Maccosue
cuaibl, KOTOpHE 33aMeHfIoT 3PeKT BA3KOCTH M Ha3WBaOTCH K-
THBHLIMM cunaMu conpoTHBaends XKykosckoro. O6o3Hauum KoM-
NOHEHTH (PUKTHUBHLIX CHA CONMPOTHBIEHUH Yeped — X, — Y, — Z,.
A9 uX BHUHCAEHMA MPHMEM, 4YTO JBHKSHME MXHIKOCTH NPOHMCXO-
JXMT PABHOMEPHO W TOJbKO BCJAENCTBHE NAXEHHA TUAPOAHHaMuye-
CKOro HABJEHMH, MPH OTCYTCTRHH MAacCOBHWX cHA. B 3Tom cayuyae
HMeeM

X=Y—=Z=0. (3.1

KpoMe Toro, 6ynyT PaBHH HYMO H MPOEKIMH aGCOMIOTHOrO YCKO-
peHHs:
je=ji=j=0, (3.2)
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[loaToMy ypasHeuus IHaepa

1 op
Fon=X— X1 |
1 dp l :
— L =Y —Y,— (3.3
p oy 0 | )
10p |
vt Ak
NPHMYT BHA
1 op P
—p_d_x _/\0’ l
1dp _ 4
10p __
?E”—4)
Hckaouas us (2.2) u (3.4) npoussonsue
gp dp  Op
__Et" dy' oz’
Mbl DOJIYYHM COOTHOLIEHHS
o . . faled
/\O—kP ’ YO_kP ) zn'—kP (3.5)

Beengm Tenepp cleAyoilyi0 QyHIaMEHTANbHYIO THIOTE3Y: COOM-
Houwenus (3.5) oaiom KOMNOHeHIMB (DUKIMUBHHX CLLA CONPOMUS-
AeHUR Npu A1060K CAY4IE AAMURAPROL husbmpayuu (runoTesa
H. E. »ykosckoro).

§ 4. OcHoBHOe ypaBHeHHe haMmHapHoH dwabTpaunn
CXKMMAEMO} XHAKOCTH B HeM3MeHsieMoil mopuctoil cpene,

[Ipu uccnesoBanny AaMusapHofl ¢uAbTpauur 0OHHHO Npewe-
6peraioT WHEPLHOHHHMU YJIEHAMM, T. €. NPHHMMAIOT, HTO

Du ou

ou

0t+ u+t55 '”+az“’—‘°]l
== by +dx + "'+ w=0, (4.1)
N Dw
j§=7:7,+3;‘l+@”+$w=0

'a
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H BHOCAT, COr/ACHO BLICK23aHHOA B KOHLE NpeinAyliero napa-
rpaha runorese, B ypasueuus (3.3) Bupaxenud (3.5) PuKTHBHLIX
cu1 conpotusaenus. Toraa emecro (3.3) Gynem HMeTh ciredylo-
UMe YPABHEHNA:

1dp __ pu
1 op pv
— =Y -7, 4.2
p oy kp (+2)
1o __z o
p 0z kp

DtH ypaBHeHns BMecTe ¢ YpaBHeHHeM HepaspusHocTH (1.2) maior
MOJHYI0 CHCTEMy YpaBHEeHHH, JOCTATOYHYIO 178 oOnpenesenHs
BEJIHYHH

u, v, w, p

NpH 33JaHHHX HAY3MbHEX W TPAHHYHHX YCJOBHAX, NPH yC/I0BHH,
YTO H3BeCTHa GyHKLMS

CBR3WBAIOLWAN NJIOTHOCTE § C AAaBAEHHEM P H aGCOMIOTHOH TeMme-
patypoft T, a Takxke BeJWMWHH B W [,
M3 (4.2) umeem
k
[1:.—-E
1Y

(x—%
'U:k—P (Y——;—
i

B ) ' l (4.4)

.k o
w=3(2—-75) J
Buoca (4.4) s (1.2), MH NONYYHUM OCHOBHOE U camoe obujee

YpasHeHue AamuHeprROU Pussmpanuu 8 nHeudmensemod nopu-
cmoi cpede

0@$meﬁ%+w63)
+Mf”)+$W'%mﬂ¥4.wm

EC.YIH paccmanusaemaﬁ cKiiMaeMmas KHAKOCTL HAXOIUTCH
B 1I0JI€ 3EAMHOT0 ﬂpHTﬂ)KEHMﬂ, TO, Hanpaana oCb OZ BepTHKZNleO
BBepx, OyieM HMETh

X=Y=0, Z=—g. (4.6)
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Buoca (4.6) B8 (4.5), moayusm ypasHeuue
0 (kp Op 0 rkp dp d (kp oo\
ox (TEE) +'¢E(|x 5})—{'5 (T E)_
_op d (ks

i;piulm Benenctene (4.3) Mol 3aech umeeM

dp dp Op
o =5 of (4.8)
dp .
rie NMpOM3BOLHAA dp ecTb M3BecTHas QyHKIHE naered. s p. Ecau &

Il |4 CYyTh MOCTOfHHE BE/JMYMHB HAW €CAN HMX OTHOLISHWE €CTh
BeJIM4HHA MOCTOsHHAf, TO M3 (4.7) monyyaem

0 [ 0o d op 0 0p)__
e 5 (b)) +a (r5) =
% (meoP _ o, 00
—a_p'(k 5 — 280 52 - (4.9)
Ypasyenue (4.7) Guno snepswe 4aHo B Hawell pabote «[{Buxe-
HHE rd3a B NOpPHCTOH cpene»!).
M3 Hero noay4aloTcs KaK 4acTHHe caydau
1) YpaBHenusa ¢uabTpausy TAKENOR HeCkKHMaeMOH KHIAKOCTH
(roza).
2) Y paedeHna (uiabrpauuu rasa.
3) Ypassenns ¢puanTpamin K& 108 cnabo cxnmaeMolt kuaxo-
CTH.

§ 5. YpasHenasa nsuxenus Taxénoll Hec:knMaemoit
KHAKOCTH B HeH3MeHsMOfl NMOPHCTOR cpene.

B cayyae Taxénod weckumaemoit XUAKOCTH e MIOTHOCTb p
€CTh BEJMUMHA [OCTOAHHAN, A EIXWHCTBEHHO BO3MOXHas CHad
ecTh 3eMHoe npuTawenne, [ToaToMy, Hanpasiss OCb 2 MO BEPTM-
KaJH BBepx, nonyyaem Hs (4.5) u (4.6):

o (4 30) 35 (+35) ae (b} =0 e

1) «He¢ranoe xo3aitictso» Ne 8—9, 1929 u Ne 10, 1930. Cum. takxe
Jleft6enzon JI. C.: HedrenpoMecroBas Mexanixa, 4acTh 8TOpas,
Mocxksa, 1934, cTp. 56,
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u6o
p=const.,, p==const.

Baocu (4.6) 8 (4.4), moayunm
k op

— — — V== —

g Ox?

*|x
N1
-]

I
|

oy

het

|

|

l
=
»

Bseagm Tenmepb HOBYIO QYHKUMIO, TaK Ha3nBaeMuit Hanop

_ & -
p=p +2. (5.3)
Toraa ypaBHenus (5.2) MOXHO OydeT NpenCTaBHTb B BHIe
u—— k&0 k@O, RGOV 5,
g Ox n Oy p 0z

Buocs (5.3) B (0.1), Mu noayunm
0 oy d Oy d o] ok .
5 (k52) + 3 (k5h) + 3 (kah) —33 =0 ©5)

Ecny nponunaeMocts & nocrosiuda, To 43 (5.1) u (5.5) umeewm

V2p =0, (5.6)
Vg =0, (5.7)
rae BBeAEHO 0003HaueHHe
02 01 a2
Vi) =52 O)+5r Ot 52 () (5.8)
ITosepxHOCTb
@ = const, (5.9

|HA3KIBAETCHA NOBEPXHOCMbIO HANOPA.

U3 ypaeHenu#l (5.4) caedyeT, YTO HaCTHUH KMAKOCTH OyayTt
JABHFAaTbCH MO JIMHMAM TOKA3, OPTOTOHANbHHM K IOBEPXHOCTH Ha-
qopa.

Uz (5.6) u (5.7) caenyer, uTo 06e ¢yHKIUH

px, 3,28, w(xy 21

CyTh rapMOHHuecKde, OnpefenseMble rPAHHYHBLIMII H  HA4a/IbHHIMH
YC/IORHAMH,
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§ 6. YpaBnenus ABMKERWA ra3a B HeH3MeHAeMOH
HDOpHCTOH cpene.

InoTtHocTb Ta3a 5 ecTb GYHKUMA RaBAEHHH P, ONMpenesaseMad
xapaxTepucTuueckuM ypasuenseM (4.3). [loatomy yaoGuo BeecTn
HOBYI0 QYHKIUIO XaBJAEHHMS

q=q(p)=SPdp- (6.1)
O6paruo, u3 (6.1) Mu umeem
P =f1 (9), 6.2
CrenxOB3TeNbHO, coraacHo (4.3) Gyner
p=/:(q). (6.3)
W3 (6.1) caenyer
op dq
Pox— ox® ]
op _ 0q
op ___0dq
P2 =3z
Op __ dpdg
ot — dg ot " 6.5)

Buoca (6.4) u (6.5) B (4.5), MH noay4um

0 (k0q\_ 0 (kodqy  0(FOJg
W(de)+dy<p Ei)—{_dz(p dz)

dp oq kp2 kp- ko?
dth+dx( )+6y( )+6z (—Z)'(G'G)
3neck B nmpaBo#l yacTH p H %’g CyTb H3BECTHHE GYHKUMH q.

Tak kak A/n8 rasaa MaccoBLIMM cHnamu 0o6LIYHO mpexebperalor,
T. €. 10Jarawor

X=YVY=7Z=0 (6.7)

.4 TaK KakK BR3KOCTb rasa MOXHO CYHTATL 32 MNOCTOAHHYIO BEJIX-
YMHy, TO M3 ypasneuus (6.6) cnenyer

d dg a dq [ dq dp dg
ﬁ(ka)ﬂLo—y(ka)*‘a(kz)—m#d - (68

6 1, C. Neadenson
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Hakowuen, ecn npuHaTh B NepBOM MPHOIHMKEHUH

k —const,, (6.9)
10 M3 ypasHenus (6.8) monyuaem
9 . (mp dp\ g
vq_(T%) . (6.10)

DTO ypaBHeHHe ABASIETCA OCHOBHHM Ju(pepeHUHaNbHEM ypasHe-
HMEM 3a7aui O TewedHHd ra3a B HeuaMessemoli nopucTOofi cpene
¢ mocTogHHO! npoHHUAeMOCThi0. OTHOCHTE/bHO HEHW3BECTHOrO
g(x,y,2z,t) OKO ABJASETCA YPABHEHMEM C HYACTHHIMH MPOHU3BOXHHIMH
BTOPOro nopaaxa napaGoAHYECKOro THOA M aHANOTHYHO ypaBHe-
o tenaonposoxuoctd. OHO xadT pewledne 3a4aYd O IBHKe-
HHH ra3a B Heu3MeHseMOH mopuctofi cpeqe ¢ nOCTOAHHON mnpo-
HULAEMOCTbIO, €C/H 3aJdHH [PAHHYHWE K Hada/JbHHE yC/A0BMA,

B vacTHOM cnyyde NOJMTPONM4YECKOro npouecca, onpejpense-
MOro ypaBHEHHEM

pin=Bp, (6.11)

rie /i ecTb 00Ka3aTelb NMONUTPONW, a § — ra3osas MOCTORHHAA,
OyaeMm MMETb

n ztl
I=FarnP " (6.12)
1
1 n—+-1
o= [ 22| (6.13)
ds__ 1 [Ba+14q)— 77
5—7[—,1———] AFT, (6.14)
Buocs {6.14) B (6.10), M noayyum
-5
Vig=—=gq *¥1 L, (6.15)
rae
__myp n 2
=% lrarm )T (6.16)

B uacTHOM caydae H30TEpMHUECKOro Mpouecca H3MEeHSHud
COCTOAHHA [d32 NpPH ABHWKEHHM €ro B HEH3MEHSeMOR NOpUCTOR
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cpene I0CTOAHHOHR NMPpOHHIAEMOCTH Mhl AQ/DKHH [OPHHATD
n=1,

4yTO OTBeYaeT ypasHeuuio Bo#las-Mapuorra

p="3p. (6.17)
B 9TOM Cayuae Mhl HMeeM
1
9=193 P* (6.18)
5
=V 3o (6.19)
u ypasrenue (6.10) npuhuMaeTr Bup
Veg—-__%
1= 50 (6.20)
rae
E=—"t_, (6.21).
kY 23

§ 7. YpaeHeHnns ABMKEHNs maJockuMaeMol tmxdaon
WAAKOCTH B HeM3MeHsAeMOH HopucTol cpene.

ITycTb p, €cTb MAOTHOCTL XHAKOCTH Mpu AaBiesun p,. Ecan
M3MEHEHHE NABJEHWA P — P, HEBENHKO, TO U3MEHEHHe IJIOTHOCTH
p — po OYHeT TOXEe HEe3HAYHTEAbHHM, TAK KaK XHLKOCTb Mao-
coxuMaeMa, [103TOMY € ZOCTATOYHOR TOYHOCTBIO MH MOXEM Ha-
IHCATb

p—po=LE(p —po), (7.1)

rhe noCTOSHHAA & €CTb MOXyaAb OG'BEMHOH YIDYroCTH MHAKOCTH,
Duddepenunpys B (7.1) p no p, My NoaydHM

de __eo
= a" (7.2)

Ho Tak Kak p ecTh OAHOBPEMEHHO M QYHKUMA X, y, 2, TO Mu
OyneM HMETb

% _dp9p O __dr0p

dp dp dp
dx dpox' dy  dpay’

dp __
9z dpoz (7.3)

6*
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Buoces (7.3) B (4.9), MH noayuum

d dp [my dp op
Eﬁ Ap+ PV"’P=5 [-,,—7;7— 28 5;1 , (7.4)

rAe BBeneHo 00603HauenHe
sp= () + (%) HE) (7.3

B ypaBtenun (7.4) Mul npuOAHKEHHO NOMOKHM

p == Po-

B rtakom cayyae u3 (7.2) cnemyer
d__°
dp~ a’

4TQ mocne moxcTaHosku B (7.4) ma¥r

1 9 1 [mpop op
TAr + V= [T—az—?g?oa : (7.6)
Tax kax o ecth Benuyuna Oofbluas, TO NEPBWM YIGHOM B Je-
BOR YacTH 3TOTO yPaBHEHMR MOXHO NpeHeGpedb, H Mu TONYYHUM
1 [mpdp ap
2y — | ZPZE ft
Vip = a [k of — 2800 0z)"* (7.7)
210 ecTh ypaBHeHHe GUALTPALMH ManoCkuMaeMolt TamE/M08 KHIKO-
CTH B HeuaMeHseMOM nopucTOi cpene.

Ecan cunoft TaxecTs npenebpeub, TO MH NOAYy4YHM YIPOILEH-
HOE ypaBHEeHHE TaK Ha3LBAEMOr0 YNpyroro pexuma $uabTPaLHH:
2y (") P

vP‘“(ka)dt’ (7.8)
KOTOpOe COBMalNaer C ypaBHeHWEM TEODHU TEnJIONUPOBOAHOCTH H,
C/1eA0BaTE/bHO, MO3BOJSET MO 3aZAHHRIM HAYAJAbHBIM WM TPaHHY-
HWM YCJOBHAM DEWHTb 34134y 06 yupyroMm pexuMe (QuUIbTpauMH.

§ 8. YpaBHeane Hepa3pPHIBHOCTH NPH ABWKEHAH CKnMaeMmoH
WHAKOSTA B RedopmMApyeMOil mopuctoil cpexe.

Ecmy nopucras cpena nedopMHpyeTcs ¢ HW3MEHEHHeM RaBne-
Hud, TO ed mopucTocTh m B6yaner dyukuuel atoro aasieuus. Ho us-
MeHeHile MOPHCTOCTH MOXET IPOUCXOANTSL TOMBKO 33 CYET H3MeHeHHs
06nEMa MOPOBOTO MPOCTPAHCTBA, TAK KaK 4acTHUW FOPHOH mo-
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o6bEMa [OPOBOr0 MNpPOCTPAHCTBA, TaK KaK YacTHUH rOpPHOA mo-
pOAH, H3 KOTODHX C/araetcd MNOPHCTas Cpeda, caMM no ceGe
IPAKTHIECKH HEH3MEHSEMH M MOTYT TO/AbKO MEPEeMeulaThCd OTHO-
CHTENBHO IpyT ApYra.

[MpocTeffinas rUNOTE3a COCTOMT B MPENMONONKEHHH, HTO H3Me-
HeHHWe MOPHCTOCTH NPONOPLKOHANLHO NPHPOCTY AaBJIEHHA:

d,
dm==%L, (8.1)
4
rae a, €CTbh HEKOTOpHH MOLY/h, XapaKTepPH3YIOUIHH# MOPHCTYIO

cpexay.
B cayuae medopmupyemolt mnopuctoR cpenn ypashexne (1.1)

raasn II MoxeT GuTh HanmHCaHo B BHIe

0 {pu) 0 (pu) d(pw) 0p om
Buocs cloza u3 (8.1)
om __1dp
3 g of (8.3)
H
dp dp dp
o —dp ot (8.4)

Mbl [I0J1yYHM YypaBHEHHE

6(pu)+ (gv +0lPW)+( P+TP,)%‘:‘=0' (8.5)

B cnyyae Mano cxumaemoRf WHAKOCTH MH HMEEM H3 ypas-
venun (7.1)

de __pg
& (8.6)
P __pPo
raaatl (8.7

Buoca (8.6) u (8.7) B ypaBHeHue (8.5), MW noayuuMm OKOHua-
TEJLHO YpaBHEHHE HEPa3phBHOCTH

0 (pu) o dl( dp
Pu + P") + P‘Ul) + mpy ( + ':al) 5 =0, (8.8)

snepene Bupexednoe B. H. UlenkausuM. ChemxoraTenbHo, ans
nonyyeHns u3 ypasueHus (7.7) ypaBHEHHH IBHXEHHMA MaJOCKH-
maeMoRt THwE&MoH wuaxkucTH B AedopMupyeMol mopuctoft cpeag
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9
HaJl0 YMHOWHTb -55: Ha MHOXHTENb

a
1+I—N—'l:|'
4yTO AT
9, My 2 \op__ 2gp, Op
VP—ka (1+ ma; )dt a 0z° 8.9)

Ecav addextom Tawectd npenebpeyn, TO MW noayuns Goaee
NpocToe ypaBHEHMe

__mp a op
Vo =5 (14 ) 30

may

Bnepesie Busenexxoe toxe B. H, llenxaudsmm # cosnazaroutee
¢ M3BECTHWM YDPaBHEHHEM TenJonpOBOLHOCTH,



FTABA III,

YPABHEHUSA TYPSYJIEHTHOIO IBUXEHUS
WUJIKOCTER ¥ F'A30B B NIOPUCTOH CPEJE.

§ 1. Komnoneurs cxkopocTrh TypGyarenTHolt ¢RabTpauwmd. -

B § 9 rnasu | Mu BHBenn ocHoBHwe Gopmyan (9.14) u (9.6)
Teopuy HAbTPALHH

R=£(Q), (1.1)
Q=F(R), (1.2)
npuudM, cornacio ¢opmyae (9.5) raasum I,
R=5'?-FQ, (1.3)
kP
Q— "!ﬂh . (1.4)

O6o0anauuM depe3 v aGcOMOTHOR 3HAYEHHE CKOPOCTH TypGynent-
Hoft duAbTpauMM B NMOPUCTOR cpexe; MyCTh HanpaB/eHHe CKO-
pocTH unbTpannu onpenenseTcr sextopom k. Ilepenan ruapo-
RMHAMUYECKOTO OABJIEHHT HAa SNeMeHTe AMuHW dh Gyner

P =dp.
Mostomy u3 ypasuenus (1.4) umeem

dq

2=D 2, (1.5)

rape
D=2 (1.6)

a BMECTO p noOJACTaBJCHA Q)YHKU.HSI AapieHHa ¢, onpaaenseMas
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dopmyaot (6.1) raasw II:
9={pdp. (L.7)

Cxopoctb TypGynentio#t dunbTpanuu 8 Hanpasnenwd B Gyner
onpenensthes Gopmynoit (1.1), B xoropolt Q Haxo 3ameHuTH
ero 3nauenuem (1.5).

B ofem cryyae TypGynentnolt ¢uabTpaumu B TPEX H3Mepe-
HHAX CKOPOCTh V OyleT OmpeaessThes BEKTOPHHIM ypaBHeHHeM

ka V="fgradg, (1.8)
rae __
e(p)=ﬂ91,%‘1’—. (1.9)
a
= QG o

Cocrasnsioume #, @, @ CKOPOCTH TypOynedTHO# uABTPAUHK
NO NMPAMOYTONbHLM OCHM X, ¥, Z ONpele/fioTcd M3 COOTHOLUIE IHA

_Py.k_"-—ﬁd_q
22—

PV’”’—G”" : (111
IS oy’

VEw __q01
B 0z

Sty dopmynn Guimv Bnepsnie NaWn HamH B pafote «OcHoBHOR
32KOH JBHKEHMH rasza B Mopuctoft cpeaes!).
Ecnn ob6e uactu ypasnenns (2.1) raasu [I yMHOXHTH HA oOT-

HOLIeHHE
oV
" ’
10, BeaeacTsue oboluadenntt (1.6) u (1.7), M monyuum
PV" V=Dgradg, (1.12)

) Joxnags Axagesnd wayk CCCP=, 1945 r., trov XLVIL, Nt I,
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M 7erKO BHAeTs, uro ypaBHenue (1.8) sBaseTcA ecTECTBEHHLIM
o6o6uiennem ypastenud (1.12). [Tocneanee nonyvaerca xak vacr-
WL caydal w3 ypasuenus (1.8), ecnu B (1.9) nonoxurs

F(DVBg)=DVAg.
§ 2. Beenenne GAKTABHBIX CAJ CONMPOTABJEHASA.

Beeagsm, kaxk 310 G6uA0 yxe cpenaio B § 3 raasw I,
(HUKTHBHLE CHAH CONPOTHBASHHUA
— X, —Y,, —Z,. (2.1

OT6pacbiBas HHEPUHUOHINE Y/eHH B 3NNEPOBHIX ypaBHEHWAX THA-
POAMHAMUKH, Mbl MONYYHM

I op .

pox T X=X

1dp

Ty r=—"n (2.2)
1op__ ,__ I

s E=—2 j

Cuctemy ypamueuuit (2.2) Mpl MOXEM DACCMATPHAATH K4K  ypa-
BlieHus TypOynenTHol puasTpaunM, eciy, kax npeanoxui H, E. Xy-
KOBCKMH, BHECTH AN DHUKTUBHLIX CHA conpoTHeaedns (2.1) Tte ux
3HaYelHs, KOTOpLIE OHH HMEIOT MPH OTCYTCTBHH MACCOBHX CHI, T. €,

X=¥Y=27Z=0. (2.3)
B camom xene, noacrasass (2.3) B (2.2) u HMes B B4Ry pasen-
ctBo (6.4) raasw I, Mu oomydds

97

v dq a d
ox 0

— q9__ o
Gy — P Y, 32— PZ. (249
9 99 9¢
de' dy' o9d2°
(HUKTHBHBIE CHAH CONPOTHBIEHHN
(4 Vk_u )

==—p?

Hckniouas w3 (1.11) n (2.4) MH ONpexeauM

-_;;0— _—— P? YO! > (2_5)
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YMuowas ofc 4qacT ypasHenudt (2.2) Ha p, MH BCAGACTBHE pa-
Beucts (6.4) raaset I moayunm

CE—

d

= Y=—pY, (2.6)
60

9z M =—p’Z, J

Hekmouas w3 (2.5) u (2.6) X, V,, Z, M [(OAYUHM HCKOMbE
COCTAB/MLUOLLHE CKOPOCTH TypOynentHolt QuabTpaLUN:

|43 pu__o(gq sz)' ]
/i posfts )

|
prw:ﬂ(%z - 922). JI

2

(2.7)

Omt Moryt OwTb NPEACTABNCHH B BHAE OXHOrO BEKTOPHOrO pa-
BEHCTBA

"—‘:—" V="0(gradg— 42 R), (2.8)
rae 0 onpenensercs ¢opmyaol (1.9), a
[R|=V Xt~ Y* 2 (2.9)

§ 3. OcuosHoe ypaBHeHue Typdyneﬂn{ou drasTpan AR
CKMMaeMoii WHUAKOCTA B HeM3MEHReMOH nopucrofi cpene.

[T10THOCTb & CKHMAEMOH #HIKOCTH ONpeneadercd ypaBHeHUEM
(4.3) rnasst II a ypaBHeHHe Hepaspusuocm (1.2) rnasu I uMeeT Bux

6x ?”)Jf"d (a0) - gz(Pw)+m——0

MH ZOMKHK BHECTH B 3TO ypaBHEHHEe 3HAYEHMS pu, PV, W H3
pasedcrs (2.7), uto madr

# (Va0 ()| 45 [T (—or) ]+
z)4m%—0 @1
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Ecny ne#icTBylouide CHAR MMEIOT CHIOBYIO YHKUHIO, T. e.

Xdx+Ydy-+Z dz=—=dU, (3.2)
TO MLl MOXEM BBeCTH 0003HaueHHe
Q—g— szdu. (3.3)

Torna ypasseuue (3.1) mpumer sun
p & 90
(7% ax)+oy(n )+
+5 (Vk a;) + ”’ (3.4)

B cayuae oTtcyTcTBMS MAacCOBHWX CHA, T, e. npu ycaosud (2.3),
Mbl TOJyuMM H3 ypasuenus (3.1)

a (.1 ® dq
(Vk dx)+3y(Vk oy)+
o'/ » dq ! dp
+ (Vk dz) ™ot =0 (3.5)
§ 4. TypbyneHTHOE ABMKEHHE HECHKMMAEMOH KHUAKOCTH,

B aroM cayyae MAOTHOCTL XHAKOCTH [ €CTh BeMHYHHA MO-
crosunad. [TosTomy BMecTO pasenctBa (1.7) nmeeMm

q=pP. (4.1)
Buocs (4.1) 8 (1.10), Mu ponyuum
Ag=p*ip. (4.2)
Ypasuenna (1.11) nopumyT Teneps Bux
PVku 9 dap "
= Ygx e |
pV_kv___ d_p l
P ﬂldy ’ ' (4.3)
14 VEw__ 0 dp J
B - gz *
rae
Olzf(PDVAxﬂ) (4.4)

Yap
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¥Ypasuenne Hepaspwsroctd (1.2) raasw Il ana cayyas neusme-
ufeMOfl mopucTol cpeaw uUMeeT BHI

du | Ov | Ow
Er+37+53=0' (4.5)
Broca ciona u, v, w u3 pasedctB (4.3), MH moaydauM

%(;7::01 g_;’;) +ad}(17%5: <3 +£(V—"E b, %) =0. (4.6)

3T0 ecTh OCHOBHOE ypaBHEHHE TYPOGYJIEHTHOTO ABUMEHHH HECHKH-
MaeMOH KMAKOCTH B ntopuctolt cpexe. OO6w4HO BemuunHn i u A
CYMTAIOTCH NOCTOAHHWIMH M ypaBHenue (4.6) npuHHMaer BuX

02 +508 08 -

B stoM cayuae MHOXHTenn pD B pasenctse (4.4) ecTb Beau-
YUHA [OCTOAHHAA, H MB MQXKEM [PHHATH

0, =¢(p), (4.8)

rae Bun QyHKUMH @ H3BECTEH. :

Cneayer orMetuTs, 4to B 1940 r. 6uo ony6nuxkosauo
(xypuan «[lpuknagHas MaTemaTHKa H MeXaHHKa») BEChMa LEHHOE
uccnezosande axagemuka C. A. Xpuctuasosuua, nocesiEHHOe
npo6/eMe ABHXEHHH XHAKOCTH B TOPHCTOH cpexe npd uenuueit-
HOM 3aKoOHe (PUAbLTpaLMH.

§ 5. TypGyJneHTHO® HNBWXEHHE rasa B NOPACTOA cpeje
NpA NMOJRTPONHOM NpoLecce.

YpaBuete cocTosHus rasa onperensetca Qopmymon (6.11)
rnasu I, [TosToMy nmeem

op __ dpogq
o =dgot’ (5.1)
npuySM [pOH3BOAHAA Zd_s IOMKHa OuiTh B3ATa no dopMyne (6.14)

rnagy 11, TMomcrasaaa (5.1) B (3.1), (3.4) u (3.5), noayuum
HCKOMOE@ YDaBHEHHE JBHXEHHS,



§ 6] TYPBY/EHTHOE HBHXEHHE MAJOCKHMAEMOH XUIKOCTH 93

§ 6. Typ6yJeHTHOe XBMKeHHWe MajockaMaeMoN WKARKOCTH
B nedopmuapyemoii mopucrofi cpene.

B sroM chaywae wHMeeT MecTO ypaBHEHHe HEpa3pHBHOCTH
B. H. Ulenxautsa (8.8) rmasw I, npuuém 3nadenusa pu, pv,
pw AOMKHH OhTh B3ATH W3 ypasHesus (1.11). Ho rtak kak 3ua-
YEHME IVIOTHOCTH p /I8 MaTOCKMMAGMOH MHIKOCTH MONHO NpH-
HATh NOCTOfHHHM, TO BMecTO ypaBHehn# (1.11) MOxHO BocnO/b-
30BaThcH ypaBHenusmu (4.3).



FJTABA V.

YPABHEHUS JIBUXXKEHHS TA3MPOBAHHOHR XWIKOCTH
B HEM3MEHAEMOM NOPUCTOM CPEJE.

§ 1. OcnoBHble onpejenenns.

XKunkocts, B KoTOpoff pacTBOp&H ra3, Ha3wBaercs uBOH
HHUAKOCTBIO, B OTAMYHe OT MEDPTBOA KHUIKOCTH, BOBCE JMHLUEHHOH
rasa. [IlpuMepom nepeoro poja XHUAKOCTH CHYyAWT NPHPOLHAS
HedTh, MPHMEPOM BTOPOr0 POA4 KHAKOCTH CAYHWT apTe3HaHckas
poaa'). Ecis B XMAKOCTh HarseTaerTcs ra3 npu xaudol Temme-
paType H IaHHOM JI4BJEHWH, TO B KaxjaoM exnnune oGbEMa
KUAKOCTH pacTBOpsieTCH JHIIb onpependnuuit o6béM rasa, Ko-
TOpuH B NEpBOM NPHOMHKEHHH ML MOXEM CYHTaThb NPONOPUHO-
HA/bHBIM H3OLITOUHOMY AasnaeHdio (3axod [expu). OTHocuTensuo
COCTORHME NPUPOAUCH KUAKOCTH ¥ NPHPORHOFO ra3a B. NOPUCTOM
niacTe Mh CReaeM CAedyIOUYl0 THOOoTe3y: ’

[Ipupodusiii - 2a3 xacimsio pacmeopén 8 scudrwocmu (Heghms),
a 4aCmbl0 RaX00umcs 8 JCUOKOCME 8 COCMOSHUL MEAbYALMUX
203086iX NY36iPbi08, DA3MEPH. KOMOPHX, no sepe Nadenus
dngnenust, ecé 6pemMs pacmym, HO ocmamnonici 6000ue. Ha-
CPIOALKO MAAb, HMO M NY3upoki (B0600HO NpoxoDam 4epes
noposuie KARIAM MeHcOy $QCMUNAMU, U3 KOMOPHX HOCMPOEHA
nopucmasn cpeda.

Takum 00pa3om, MH mpeanojaraeM, 4TO B NOPHCTOR cpene
HAXOAMTCH CMECh WXMIKOCTM, B KOTOpo# pactsopéu ra3 (acudran
¢132), ¥ CBOOOAHOrO rasa B BMAE MeJbuafliuMxX Tra3OBHX my-
3WpPbKOB, CBOGOAHO JBUTAIOLMXCA B nopax (za3zosas ¢Ha3a),

Ouesuano, B 06G/3aCTH NOPHCTOrO MAacTa, YAASHHOH OT CKBa-
MHHH, BCTpeyaeTCs HauMeHbllee KOJHYEeCTBO ra3oBHX Iy3WPbKOB,

1y Ctporc roBops, ¥ B apPTE3HAHCKMX BOAAX BCTPEYAIOTCA PaCTBO-
pEHHble ra3bl, HO OOWYHO B HESOJLIIOM KOAMYeCTRe,
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HO N0 Mepe TOro, Kak ¢ mnpubnHiKeHsMeM K CKBaXWHE AABNeHWe
B T/1aCTE NajAdeT, 4aCTh PACTBOPEHHOIO ra3a BhUIEJSETCHd M3 WKHIKO-
CTH B BuiAe Meapyaltminx nysupokos. [loaromy npu npubiau-
WEHMM K CKBaXuHe Be/JMYHHA XHAKOH ¢asW yMmeHbliaercs, a
BeJIMYWHA Ta3080# (asW BO3pacTaer.

KosuuecTBO KHAKOCTH B eXuHHUE oO0bEMA noposoro upo-
CTPAHCTBA HA3bIBaeTC Hacuujennocmsio, O603nauuM €€ uepea g.
QOueBunHO, conepxanve rasa B eXuHHue 0ObEMa MOPOBOTO NpO-
cTpadctBa Oymer 1—o. HacwugenHocrs ecTb OTHOCHTENbHOR
COMepaHHe MHAKOCTH B elXHHHUE 00bEMa cMecH cBo6OIHOTO
ra3a W KMIKOCTH.

Eeam m ectv mopuctocTh, TO 0GBEM NOPOBOTO MPOCTPAHCTBA
B eaudille 00néMa nopHCTOR Ccpeaw paBeH M, CIEIOBATENLHO,
KO/IMYECTBO MKHMAKOCTH B eIMHHIEe OObEMa MOPUCTOrO nJacTa
Oynet pasHo m3. KonuuecTBo cBOGOXHOrO ra3a B eAMHHle OG'bi-
ma nopuctoff cpeaw 6yxaer m (1 —g).

§ 2. CosmMecTHOe NBMIKEHAE XHAKOCTH M rasa
B DOpRCTOX Cpefe (C OAMHAKOBLIMH CKOPOCTAMA).

HWrak, MH npennosaraeM, 4To ra3 4YacTbi0 PacTBOPEH B XKHIKO-
CTH, YacTbl0 HAXOXHTCA B HeH B BHAE MeJAbYaHIIMX Ny3HPLKOB,
pa3Mepul KOTOPHX Maln MO CpPaBHeHHIO ¢ pasMepamd nop. Tax
KaK 4acTullhl XWAKOCTY W ra3a KBHXYTCH C OAMHAKOBLIMH CKO-
pocTSMH, TO Macca KaKOTO-HWOYAbh BecbMa Maloro oObEma V
CMECH XMAKOCTH M rasa GyNeT COCTOSTH M3 ABYX uacTeit:

1) oicudrod g6a3me (KMAKOCTE C PacTBOPEHHLIM B Hel rasom)
¢ 06bEMOM V), MIOTHOCTBIO ¢, W MAaccodt m, npu HaBAEHHH pg;

2) zazosod gpazw (ra3 B BuAe My3HPbKOB) ¢ O6BEMOM V|
MpH TOM XKe -IaBjeHHM p, K Maccodt V, p,, rme p, ects mnoT-
HOCTh Ta3d OPH AABNCHHK P

[Nonnas macca cmecu Oyner paBHa

”l=mo+ Vl Po. ) (2.1)

Ecnu naBnenne cMecd MOHH3HTCH, TO M3 Wuako# $a3u Bhiae-
JIATCA vacTb PacTsOPEHHOTO B HeH rasa, Macca ®uAKOCTH Che-
naeTcA paBHOH my, a O6BEM Vé. OnsoBpeMeHHO NPOH30HABT
yBeauenHe 06bEMa ra3oBoft asn HA HEKOTOPYK) BEMHYUHY V,,
M Macca ra3oso#t cdasu cuenaercs pastodt (V- V,)p, rae pecn,
IMIOTHOCTE rasa npu Jas/jeHHd p. Hosul oﬁ"beM CMECH, OYEBHIHO,
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GyzeT paBen

V=V V, 4V, (2.2)

HO Macca CMEcH OCTAHTCH NpPEewHss:
m=m,+(V,-+V,)p. 2.3)

Wz ypasuenntt (2.1) u (2.3) creayer:
v2=@+ v, "0—:’ (2.4)

Bunenenne macew rasa mg—m,; M3 pacTBopa, 3aHHMaBUIErQ
06b8M V), MPOHCXOAHT BCIENCTBME TNaleHHs AABIEHHS Ha BE/-
YUty p,— p. [1osTOMy MH MOXeM NPHHSATH

my—m,=cV;y(py—p), (2.5)

rie ¢ ecTh NOCTOSHHAs BeauunHa. Ecau npuusth, 4TO M3MeHeHue
COCTOSHMA Ta3a NPOHUCXOAUT M3OTEPMHYECKH, TO MH  MOXEM
PUHATD

p=10p, (2.6)

rae § ects nocrosHuas senwunsa. Buocs (2.5) u (2.6) B (2.4),
HOAyuHM

V,=(V,+3¢cVy ”0—;—” . 2.7

HaMenenrne 06béMa xuakol dasu
AVy=Vo— V,, (2.8)

BO3HMKAIOLIEE NPH NaleHWH NABJIEHHS HA BEMTHYHHY P, — p, 0OBHC-
HAGTCH JBYMS [PHYHHAMM:

1) wu3medenveM O0O61BEMA pacTBOpa BCIGNCTBHE BHAC/TEHHS
M3 HEro PAcTBOPEHHOIO Ta3a; 9TO M3MEHEHHE MH MOXEM MpPHHSTDH
PaBHHIM

A'Vy=—a, Vo (po—p), (2.9

rxe g, €CTh NOCTOSHHAS BENMYMHA;
2) uaMenenuem o6bEMa pacTBOpa BCAEACTBHE CKMMaeMOCTH
rasa;, 3TO H3MEHEHHe PABHO

A"Vi=a,Vy(py—2) (2.10)
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rie @, ecTh nocroshias Beanurna. IlonHoe uamenenue 06bEMA
paBHo
A U} —_—
AV,=AV, 4"V, =(2,—a,)(p, —p) V,,

YyTO nocne MoAcTaHoBkH B (2.8) ma&r
Vo=V, [1+a(p,—p)l, (2.11)
rie BBefeHO 0003HauyeHHe
a—a, —a,—=const,

Buocs (2.7) 1 (2.11) B (2.2), Mu Ha#tném HOBuifl 0GbEM |
cMecd, nosydalowuiicd nocne nageuus NaBAEHHS CMECH Ha Be-

uHHy Py — P

V=V, [14alpo—p)]+ V4 (V,+ V) po;—p - (2.12)

Beeas o0o03HaueHHd
i_ .
v, = g, (2.13)

ap=nm, (2.14)
Mul noiyduM u3 (2.12):

v'=vo[1+a+(gc+e+n)’ip‘—'i’]. (2.15)

O603HauMM NAOTHOCTL CMeCH OOGOMX KOMIDONHEHTOB NpH /as-
JIeHHH p, 4epeld Y, d& IPH NaBJIEHHH p — uyepes Y. Toraa umeenm
COOTHOLIEHHE

m=yY,V=yV’, (2.16)
410 HaéT

7::=~%; ) (2.17)

Brocat ciopa V' u3 (2.15) u uMesn B BHIy, YTO 1O ONPEAENEHHIO

m : m

— _m__
AT oA Ak L

MH MONYUHM

—_— T
Y—l—*—ﬂpo;p, (218)

7 n, c. Neibenson
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e fet-6+
_Be n
0= (2.19)

B pasenctse (2.19) 7 ects, cornacho (2.14), Benuunna nepe-
MEHHad, HO JJig ynpOUIeHHd BLIUHCICHHH MK npumeM e€ 3a mo-
CTOSHHYI0 BeluuuHy, JaBad p HEKOTOpOe cpenaHee 3uaueHde, ITO
M TeM Gojiee MOXEM clenarb, 4TO K03¢hduUMEeHT @ ecTb Manas
BeIMYMHA, KOTOpag BOOGUIE HE MOXET OWTh OonpefeneHa TOYHO.

PasenctBo (2.18) sBngercs xapaxmepucmuueckum ypase-
Huex 1Js rasa, ABHKYLIErOcd BMECTE C XHIKOCTHIO B MOPHCTOH
cpene. Beauduna { B 3TOM paBencTBe NpUHMMAeTCH 33 [TOCTOSHHYIO.
B ciyyae noauTponMyeckoro mpouecca H3MeHeHue COCTORHHA
rasa B mopucTof cpexne onpenemsercs ypasseudem (6.11) raaswi I,
H XapaKTepuCTHYECKOe ypaBHeHue OyAeT HMeThb BHX

= To
= 14 2 (po—pP) + -—-ﬁc (po—p)p—'/n 4+ g polll" — Pl'v"
I+ 148 NER

Jlerko BuaeTs, uto Opu n=1 ypasuenue (2.20) nepexomur
B ypasuenne (2.18).

. (2.20)

§ 3. Onpene.neﬂne HAaCBhIIEHHOCTH NOABAXHOIO 9N1eMEHTA,

Cornacuo OINpene/CHHIO MNMOHATUA  HACKhIUIEHHOCTH, nauﬂouy
B § 1, My mosyduM J/f HBaCHIEHHOCTH HAINErQ IOABHXHOIO
3/IeMEHTa BHIpaXeHHe
Vo
027’— , (3.1)

rre vy onpeAeasetcs 1o ¢opmyae (2.11), a V' —no dopmyse
(2.15). BBuay manoctH @, Mul MO&KeM npPUGAIDKEHHO [PHHATH,
4TO

V’O_‘_" Vo:
V=V, +E)(1 —H)”"—;‘-"). (8.2
Buoca (3.2) B (3.1), Mw moayunm
g= ! (3.3)

(149 (14 = '
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EciaH HAYa/IBHYI0 HACHIUIEHHOCTb NPH AaBAEHHH p, OGO3HAYHM vye-
pe3 g, TO0 43 (3.3) mMMeem

1

Gy — m . (3.4)

Broca (3.4) B (3.3), MBI [OAYYHM OKOHYUTEIBHO
o 1

—q—o- 3 I—BpT_—p . (3.5)
o 2E
Onpexelss oTciofa —;— , Halaém:
0
g
L. | B— (3.6)

P -
0

®opmyna (3.5) n03BONFET BHIYMCAHTD HACHILEHHOCTH ITOJABHKHOTO
3/7IEMEHTa, Macca KOTOPOro OCTa&TcH MOCTOSHHOH, HO OO0BEM
Bospactaer. [Ipu 3TOM xuakaw ¢a3a 9/eMeHTa NPaKTHYECKH
He MEeHfeTCsy, Mexiay TeM KakK rasoBas ¢a3a ysenuuuBaeTcd, Tax
KaK ¢ nafgeHdeMm JaBjleHHd YyBejuuuBaeTcd 06bEM ras3osuX ny-
3WPbKOB M BHAENAETCd H3 PacTBOpA ras.

§ 4. YpaBHeAAss NaMHHAPHOr0 COBMECTHOrQ ABHIKEHAA
WAJKOCTA B ra3a B HeM3MeHSieMOH HODHCTOH cpeje.

Tak Kak KHIKOCTb BMECTE ¢ Fa3oM JBHKYTCA COBMECTHO,
T. €. C OXHHAKOBLIMH CKOPOCTAMH, TO MWl MOMKEM pacCMaTpHBATb
3TO JABMMEHHEe B NOPHCTOH cpede Kak ZaBHKEHHE (HKTHBHOH
OAHOPORHOH KHAKOCTH HEKOTOPOM IVIOTHOCTH Y, OnpexejadeMoit
npd MOMOIWH XapaKTepucTuyeckoro ypasheuus (2.18). [Tostomy
B PacCMaTpHBaeMOH TEODHH XapaKTepHcTHyeckoe ypasHene (2.18)
WrpdeT OCHOBHYIO pO/b.

Mu OymeMm paccMaTpHBaTb IOPHCTYIO Cpely KaK HEeH3MeHs-
eMylo, 4 IBHXKYUIYIOCH CMech, TaK HasuwBaeMyl0 2a3U4DOBAHHY0
HCuOKOCMS, KaK YNPYTYyIO ¥HIAKOCTh, INIOTHOCTb KOTOPOH Y ecThb
onpeaentiyan QyHKLHE THAPOXHHAMHYECKOTO AZBJNEHHS P H BH-
yucageres no ¢opmyne (2.18).

Tax Kak nsukende Haule HKTHBHOH WHMAKOCTH npemnona-
raeTcq TaMHHapHBIM, TO KOMIOHEHTH CKOpocTd QuABTPALMH ompe-

Ve
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aeastorcd no dopmyaam (2.2) raaew Il Tloatomy umeeu

.k or
Y”——;.a;»!
___k_op
Y’"—--;fa;»i (4.1)
k., op |
W=y %)

k
npayéM 3gethb BeAHYHHA I OTHOCHTCH K CMeCH.

KoMmnoneuTH QHKTHBHHX CHA CONPOTHBJAEHHS ONpegendioTc
¢opmynamu (3.5) raasut Il c aamenoit p uepes {:
— v -
X“‘_ky , Y""‘kx y 2y e 4.2)
Ipn nBHKEHHU TrasUPOBAHHOK XKKUAKOCTH B mode cua (X, Y, Z)

KOMIOHEHTH CKODOCTH J/laMHHapHOR (H/ILTPaLKH OnpedensioTcs
dopmynamu (4.4) raasuw Il ¢ 3amenolt p yepes y:

& 1
_'F(X—Nx)’

it 1 dp
v=;(V Y,,y) ! (4.3)
_ K& 1 dp J
w=(2—7%)-

YpaBHenne Hepa3pbiBHOCTH MPH HBUKECHMM B HeH3MeHseMOH no-
pucroit cpele noiyusm M3 ypasuenus (1.2) rnasuw I, 3ameuss p
yepes ¥:

,,x({u) + (,—(rv)-l— 2 (o) +m ,,,—0 (4.4)
Buoca (4.3) B (4.4), Mu noayuum
k 0q k g k 0q
z(23)+5 (# oy)+oz< )‘
—— k2 x k! 9 (&
md;'37+ (p >+@(F y)+01(|t Z)’ -3)
rae sBeseHo oGo3Hauetue
7= { yap. (4.6)
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YpaBrenne (4.3) ecTb OCHOBHOE YpaBHEHHe INA DEIMICHHA 3adau
O IBHXKEHMH a3HPOBAHHOMK KHAKOCTH B HeHU3MeHseMOR nopucrofi
cpede TPH 3aJ3HHHIX HAYa/JbHHIX H TPAHHYHBIX YCIOBHSX.

Ilpu pmeuseHHH B noie THKECTH HMCEEM, HAMPaBaARx oce Oz
BePTHKA/IBHO BBEpX,

X=Y=0, Z=—g (4.7)

[Toaarasg oTHOlIeHHe —t- NOCTOAHHLIM H BHOCH (4.7) B (4.5), Mu
f0/y4HM s
~ __dy/mpop P

Vg = (k P —2g75F) . (4.8)

310 ypaBHenHe, pellaiouiee 3aja4y O IBHWEHHH TAk&10i ra-
3HPOBAHHON MHAKOCTH B HeW3MeHSieMOH mnopucTol cpeae, 6wniio
Aavo Hamu B 1934 r. 1),

[Toncrasass y u3 (2.18) B (4.6), M nony4uum

7= 75 () (4.9)
rie BBeleHO o0o3HaueHHe
=L4o(1—-2)— {Hn[ +ﬂ(1——)]+const 4.10)

[Tpenc6peras addekToM TAKECTH, MLl HMEEM H3 ypasiHeHus (4.8)

v,_,—____m_pd*{ mpdydp @.11)

Huddepenuupys (4.6) u (2.18) no £, M moaydum

_Qq_ dqop
ot %E‘“Yc)t’ (4.12)
(9{ Bf'ﬂ-f) d” (4 13)

~ [y, —p)Fot”

Mcxmoqau% H3 (4.12) 1 (4.13), 6yneM HMETD

) Jlefi6enson JI. C.: HedrenpoMbiC10Bas MEXaHHKA, wvacTs
BTOpas. Mocksa 1934, c1p. 253.
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rae BBeleHo o06Go3HaueHHe

_ )
M) = 58 (= (+.15)

Buocsa (4.14) B (4.11), Mn nonyunm ypaeueuue

o, M
Vg ="M p ),,t. (4.16)
Hs ypassenus (4.9) Mul nMeeM p KaKk HeKOTOPYIO (YHKUHIO OT E:
p=19
Beengm o6o3nauenue
=L _°
=240 (1 m) : (4.17)
torga 13 (4.10) mul nonyuus
b=U—84InU, (4.18)
a u3 (4.9) Hatindm
5 — (1—8)2 -
o7 (4.19)

U3 (4.18) pa3noweHueM B pAA MH NOJy4aeM
U= 48 In g 02 ’""+”3 e 4L 4.20)

PaccmatpuBas ypasHeuie (4.18) B cucteme Koopauuar U, §,
MH CyMeeM peluHTb ero rpaduuecku.

IMonaras _
M(p)=M (q) (4.21)
n suocst (4.21) B (4.16), MH MOAYYHM OKOHUATENHLHO
- - d- .
vig="72M, (9 5. (4.22)

B 310 ypasHeHuC BXOIOHT OJHA HEH3BecTHas yHKUMHA ¢, KOTO-
pas MOXeT OLTb ONpeNeleHa, eC/M JAHH HAua/bHBle H FPaHHY-
HHE YCJ0BHA.

Takum o6pa3oM, caenantble HaMH JONYylEHUs O csoficTee
CMECH KHAKOCTH M Fa3a (BBeledHe MNOHATHH Ta3UPOBaHHOK WHIAKO-
CTH) NPHBOAAT K CYUIECTBEHHOMY YMPOLUEHHIO MAaTeMaTHYECKOro
HCCTeNOBaHHS NPOG/MEMul JBHKEHIA CMECH XH/IKOCTH W ras3a H nos-
BOMAIOT MNOAY4HTh €€ aHATMTHYECKOE pelleHue.
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§ 5. YacTunii cayuaft ycraHOBHBMErocs COBMECTHOTO
ABAMXEHHA MHAKOCTH A rasa,

B caydae ycravoBuBUIErOCs IBHYEHHE YypasxenHe .(4.22) npu-
HHMaeT BHI,

V2qg =0, (5.1

npiu&M KOMIOHEHTH CKODOCTH JaMHHApHOH GuAbTPaLuH ompene-

asiotca H3 ¢opmyn (4.1) mocne 3aMeHn B HUX p 4epe3 ¢ HAa oc-
HoBauuy pasedcTBa (4.6):

gk g
b —_Fav
k dg |
Yo = 11—;’” '} (5.2)
_ koag
'yw I?}'

Vpasienue (5.1) ecTb XOpOIIO M3BECTHOE ypasHeHHe Jlamaaca,
METOI pelleHdsi KOTOPOTO IPH 33aMAHHBIX TPAHHYHHX YCAOBHAX
H3BECTEH.

§ 6. YpasHeHAs JaMHHAPHOrO ABHXEHAS Tra3RPOBAHHOM
WAAKOCTA B HeA3MeHsAeMOl MOPACTON cpele NpR PasAAYHBIX
CKOPOCTHX WHALKO# M ra3osofi das.

[pumenm, uto xuAkas W rasoBas (a3 TOH cMecH, B BHAE
KoTOopo#t MH mpeacraeisdeM ce6e rasHPOBAHHYIO XKHAKOCTh, ABM-
WyTC B MOPUCTOH cCpele C PasAHYHLIMH CKOpOCTAMH, Baen&m
crexywolye 0603HaYEHHS:

ODaa xuako# ¢ asmu (pacteopa):

), U1, W) — KOMIOHEHTH CKOPOCTH (QHIbTPAUHH, ¢ — IUIOTHOCTb, [y —
K03 pHIHeHT aGcoMOTHON BA3KOCTH, p — FHAPONHHAMBYECKOE NaBJIeHHE,

Oasrasosoft ¢asu (cBoboxuuft ras):

Uy, Uz Wy— KOMIOHEHTH CKOPOCTH (HALTPALMH, p — IIOTHOCT, pp—
k03¢ HUMEHT a6COMOTHOH BA3KOCTH.

Ins onpenenenns ckopocre#t naMuHapHol QuAbTPAKKH W K Of
u rasoBoit ¢a3 npumennm ¢opmyan (2.2) raaew I, mpunapne-
wawpe Japcu, Ho npy 3atom BpeaEM nonpasodHHE K03hdHLH-
€HTH: OAHH /A XHAKOCTH, Apyro#t Iad rasda. Ats Ko3pPHLHEHTH,
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33BUCALIME OT HACHILEHHOCTH O, NOMKHH GHTb OnpenejeHH H3
onurta. IlpoHnuaemocTs MOpHCTOH cpeas wid naMHHApHOH (uibe
TpalHH ORHOPOZHON JKMIKOCTH 0603HauyMM vyepe3 k; HmeeM

k 0
ua, =—};f(a)d_f"
k0P
vw=—=flg, : (6.1)
) = — % £(5) 9P
ul— Ilf(a) 0z’
k0P
”2—— - ;;‘P(J)a:; y
___* op
n=—r20@F, | (6.2)
k0
w'l_'_;z‘?(a)oz'
Haa $yuxuuit
f=1@), ¢=19¢() (6.3)
BxoasuMx B pasedctBa (6.1) u (6.2), oyesnano, umeem
fO)=0, f(=1, (6.4)
¢(0)=1, ¢()=0. (6.5)

DT GyHKUMH, UCCAENOBaHHE KOTOPHX GyneT xaHo Hinke; B § 9,
BBeJeHH BlepBHE AMEPHKAHCKUMH yudHeiMH MyckaTom (Muskat)
H Mupecom (Meres).

Hna onpepeneHHst ABYX OCHOBHHX HEH3BECTHBIX BEJAHYHH:
THAPONMHAMUYECKOTO JAaBneHus p(x, vy, 2,f) H HaCHUIEHHO-
CTH G(x, ¥y, 2, ) MBbl COCTaBHM N1Ba COBMECTHHX auddepeHunans-
HHIX YpaBHEHHs, HAMUCaB OTAENbHO YDABHEHHE HEpa3pPLHBHOCTH
g kHZkO# a3 H ypaBHeHHe HEPa3pHIBHOCTH A4S ra3oBoit
(paznl.

Tak kak naotHocTs pactBopa (wuaxo#t ¢asn) g Meuserca
¢ M3MeHeHHeM JaB/eHHs, TO MW JOMKHH pacCMaTPHBAaTh €8 Kak
$YHKUHIO KOOPAMHAT H BPEMEHH

g=q(x, ¥,2, 0. (6.6)

Ho nockonbky 3T0 u3medHeHne 6yneT HE3HAYHTENBHHIM, MH MO-

WEM NPHHATDL, 4YTO
9=1¢qo1 39, (6.7)
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rie ¢, ecTh MOCTOSHHAa® BEJIHYHHA, A OTHOUICHHE %;—7 ecTh Ma-
Nag BenuYHHA,

[Mpu npmxennn wuaKoN ¢assl H3 Hed BHIENAETCHE MO Mepe
nageHns JaBJ¢HMA PpPAacTBOPEHHHWIH ra3, HO npoHcxoaduiee npu
STOM HM3MEHeHHe IUVIOTHOCTH ¢, KaK yxXe OHJIO YNOMAHYTO, He-
3HayuTenbHo. [lostomy Ind ynpouleHus MH NPHMEM IVIOTHOCTb
wHakoft ¢asn MocTOAHHOR M paBHOM ¢g, a BHULE/AIOLLYIOCH H3
pacTBOpa Maccy rasa Gyaem onpexeaste no 3akoHy [ expu.

Cornacio ckasanHoMy B koxue § 1, mMacca wuIkocTH B emu-
HHle 06bEMa TOPHCTOR cpexn paBHa mMmgs, Cnef0BaTenbHO, OTHe-
céuHOoe K eXHHWIle BPEMEHH H3MEeHeHMe Macch ¥HIko# (asm,
3akmouduioft B snemexre oO6bEMa nopucto#t cpead, Gyaer

2 (mqa dx dy d2),
WM, NpuGIHKEHHO,
?7: mq, dx dy dz.

Cornacio 3akony [espH, Macca rasa, BHIeMMBIUASICA H3 PacTBOpa
B SneMenTe OObEMAa MU MajJeHHH NABJCHHS HA BeauyuHy — dp
32 eAHHHLY BPeMeHH, paaﬂa

mcc T Pdxd 'y dz,

rie ¢ ecTb nocrosuHas 3akoHa Tenpu [cm. ypasewwe (2.5)),
ecThb cy6cTaHuuaanax NPOH3BOAHAS, paBHas

Dp + 1+ 7 + 2% (6.8)

KouexkTHBHOE npHpaweHne MacCH B 3jeMeHTe 061.EMa 32 egu-
HHLy BpeMeHH OyldeT

("”’-[—""‘-{- Oy %) dxdy dz.

Orciona umeem Gananc MacCH ¥HAKOR ¢asel B eIuHMUY BpeMeny
B 3/leMeHTe OGBbEMAa HEH3MEHEMOH MOPHCTOH cpenu:

du dv ow me3Dp ds
1+ 1+ 1 - dt+m0_t=0‘ (6.9)

D
dt
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Buinemsuiancs 3 xuakoft (paau Macca rasa

— nuo ar ? dx dydez

6yner npuGaBasSThcd K ra3oBof q)aae.

KoHhBekTHBHOE npupaiiende MatCh rasa B 3jeMeHTe 06BbEMa
NnOpHCTOR Cpelan 3a eauHuily Bpemenu Oyaer

[o(pu» i 0(902) ‘”Pw’)]dxdydz

CornacHo ckasaudoMy B kodue § 1, macca rasa B eduHHle
o6bEMa NOPUCTOH cpedn paBHa

mp (1 —a),

CneoBaTeNbHO, OTHECBHHOE K EIHHHLE BPEMCHH  H3MEHEeHue
Maccul rasoBo#t ¢asnl, 3akmouéunolt B 31eMeHTe 00BEMA NOPHCTOM
cpenu, Gyner

[m,(l—a)dxdydz]-—mdxdy dz 3¢ [p(l a)].

OTciofa HMeeM 6anaHc Macchl a30BOft (hasbl B €NMHHLY BPEMeHH
B 3JeMeHTe 06b8Ma HeHameHseMoH nopucmn cpenn

) (P"o) + 4 (on) ua 0 (°w2) + mco + m m[() (1— )] 0.(6.10)

Buocs (6.1) B (6.9), Mu moayuum ypasueune

)72+ f (@A(p, ) +-
e [F—Erene | =505, ©1

rie BeedeHn! 0003HaYSHHS

FL) 2
Vip— dx2+ay';+ - (6.12)
, __9p 0s dpds | Opos .
A([),a)—-dxb}'—*-@—o;'—i—ab—z', (6.]3)
_ dp 2 dp 2 .o_-p 2
Ap= (ﬂ) + (@) + (dz) (0.14)

anMeM, B IOOCTAaTOYHOM COTJIaCHH C OIBITaMH, 4YTO H3MEHeHHe
COCTOfNNA ra3a NMPOHCXOAHT MO H30TEPMHYCCKOMY 3axKouy

p=rjp (6.15)
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rze 3 ects rasosas noctosnuas. Buoca (6.2) u (6.15) B ypa-
sHenne (6.10), Mb moay4um

¢ (@) (PP - A,p)4-p¥ () A(pr0) —
— e[ R Lreap] =T 5 [p1—0)] . G16)

Henunefinie ypaBHeunss ¢ uacTHHIMH TPOH3BOLHHMH BTOPOTO
nopaaxa (6.11) n (6.16) npn 3agauHLIX HAYaNBHHX H TPAHHYHKX
YC/AOBUAX CRYKAT AAA OMpefeleHHd HBYX HEH3BECTHHIX:.

plx, y,2,8) n a(x, 3 2 £).

Cneayer 3ametutb, 4To YypasHedne (6.9) MOXHO noayuuTs
HENnoCpPencTBeRHo #3 ypasHewns (1.1) rnasuw I, ecan npunats
MAOTHOCTb CHHUMAEMOH XUIKOCTH PAaBHOH ¢ H BHECTH BMECTO m,
COTNACHO CkasauHoMy B kodue § 1, semmyuny mo. Toraa npu
NOCTOSHHOM /M MH TOAYYUM YpaBHeHHe

2 (g + 3 g0+ 3 q@) £ m 3 (g0 =0,  (6.17)

HAH
ou dv Jw oq a 0
( Sy 1+ 1)"‘"&“!"‘0_"”1'{‘1
+mo —{-mq =0 (6.18)

Tak kak nJoTHOCTH g OUeHb MAJ0 OTKJOHAETCH OT NMOCTOSHHOR
BeJIHYHHH ¢4 H TaK KaK

& =mou;, V,=mev,, W,=mM3Iw,,

Tae '12[, vy, W, CYTh COCTaB/AIOIIHE HCTHHHOH CKOPOCTH HBHxce-
HHA *uAKOH ¢asw B mopucTod cpede, TO H3 ypasuenus (6.18)
npubNMKEHHO Mmonydaem

( +0u1+001+0w1)+,, __. =0, (6.19)

v D
rae CyﬁCTa}ll.lllalleaﬂ npoU3BOaHas 7? OTHOCHTCA K HCTHHHOH

cKopocTd npuxenud. [IpuveM Temepp, B COT/IaCHH ¢ 3aKOHOM
FenpH, uTO BHAeMAIOWIARCA M3 KUAKOM ¢pasl BCAeACTBME mNane-
HHA JaBJCHHA Macca rasa B ellHHilly BpeMEHH NpONMOpUHOHANbHA
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cy6cTannmansiod npoussoanod or aasaedus (6.8), saaro#t ¢ of-
paTHbBIM 3HAKOM, T. €.

Dg Dp (6.20)

—_——C ==

ra dt

Buoca (6.20) B (6.19), noayyum ypasuenue (6.9).
Ypasuenns (6.11) u (6.16) Brnepepe onyGAHKOBAHE HaMH
B 1945 r.1),

§ 7. Cayuail, Korna HacHINEHHOCTb ecTh (GYHKLUAA TOABKO
AaBJeHHAS,

Ecnn, 4TO nmpeacraBnfeTcd  HaM  HaHGoJiee  BEPOATHHIM,
HACHILUEHHOCTD G €CThb (YHKUHA TOABKO THAPOAMHAMHYECKOrO

nasjeHus p, T. €.
e=3(p), (7.1)

To ypasHenus (6.11) i (6.16) ynpowaiorca. Ha ocnoanmu (7.1)
HMeeM COOTHOILEHHS

d ds 9
F=EF. A a=g4p, (7.2)

KOTOpHE HalO0 MOACTAaBHTb B YPaBHEHHA (6.11) n (6.16). B pe-
3y/AbTaTe MOJyYyaeM I/ pEUIeHHA 3aZaYd O IBHIKEHHH . ra3upo-
BAHHOH XHAKOCTH ypaBHEHHS

fovp+ [FoG—"21m ]| ap=

dp
=M (de__oc)
=% (=% o 19

2@ pVp+ [¢0) ¢ @F+ T2 fo)]ap=
_m“'[l_(l—sc)c pdp]gf (7.4)

B cayvyae ycranoBupwerocs asuxenus ypasuenus (7.3) u (7.4)
NPHHHMAIOT BHI
mes

f(O)V’P-I—[f (6);;————)‘(6)] P =0, (7.5)
2 @pVip+ [0+ py 005+ 222 f (3]s p=0. (7.6)

1) «lloknaan Axanemun Havk CCCP» 1945 r, Ne 3, crp. 173,
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Vckmiouas u3 (7.5) u (7.6) orxoulenue

Vip:ip,
Ml noayunM auddepenndansioe ypasHedue

(=)o don [H] 1m0

rae sseJeno o0Oo3HayedHe

e ) (7.8)

E|®

Us srtoro ypaeuenvs onpepensercs o(p) HAH, HaoGoport, p(s).
3uas omdy u3 3Tux ¢Qynkuu#t, HaladM THIPOAHHAMHYECKOE HaB-
Nende nyTEM HMHTEerpHpoBanua  AididepeHuHaNbHOrO ypaBHeHHs

Vip 4 F,(p)Ap =0, (7.9)

rae F,(p) ectb u3secTHas ¢yuxiMa or p.

B cayyae HeycTaHOBHBIIErocs ABHXEHHT MW MOXEM OTGDOCHTH
B IePBOM npHO/IHIKEHHA B NPaBHIX 4acTaX ypasHenuit (7.3) u (7.4)
YyneHul, cofepaue A;p, KaK Manbe BE/MYMHH BTOPOrO nopsixa.
Torna nonyunm ypasHexus

F(0)V2p= ’i‘;(‘?i —-E)"l’i (7.10)
6@ pVp = {21 —0)—p L |+ 2L} . .11)
Hekmouas u3 (7.10) u (7.11) orxowenue
Vﬁp:—g—f-,
MH nonyuinM AnddepeHuHanbioe ypaBHeHHe

#() jdo ¢ [op(o) e e
0P @ qo[f(a)]p+s(l Bc)g —e=0, (7.12)

1103BO/IFIOILEE ONpeReAuTh O{p) uad, Hao6GOPOT, p (0). 3Has oAHy
43 3THX PydKUMH, MH HaWAEM TAApOAMHAMHYECKOe JaBieHue p
H3 ypaBHeHHs

vepFy(p) 2 =0, (7.13)

rae F,(p) ects u3sectHas (yHKuus OT KaBJACHHA P,
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Ecan B ypasnennsx (7.3) n (7.4) xoadduiHenTtH npu  Be-
JHYHHAX

7]
vz ’ Alpn d_f'

NPONOPUHOHANbHL], TO MEKAY HMMH CYUWIECTBYIOT COOTHOUIEHHT

f'e) da  mea 1 y’ (o) da mpcesf (a) 3

= ’ |
$(c) dp do p ' 9@ dp py(9) }(“4)

de ¢ ¢ s
G-3= (- 2]

Onpenenus oTciofa G(p), MH MOAY4HM ANA ONpeRe/eHHd THAPO-
AHHAMHYECKOTO XHaBnenusd p Iuddeperupannioe ypasHeHHe

Vi A(p)Ap=B ()L, (7.15)

rae A(p) u B(p) cyrs u3BectHne QyHKUHH p.
Ypaeueunst (7.12) u (7.7) npuBoaATCE K BHRY

P I =0,0+a0p, (7.16)

rae 2,(0) H a,(g) CyTh H3BecTHHE QYHKUMH OT HACHLILEHHOCTH O,
Tak xak B NpaKTHYeCKMX 3aKayax XaB/leHHE P MeHAeTCHd B y3KHX
npexenax, TO MNPHOIHABHHO MOXHO TNPHHATL B MPABOR YacCTH
(7.16) mna p cpemHee B HHTepBa/je 3HA4YeHHe, T, e, CYHTATh p
NOCTOSAHHNM H DPaBHHM

p=p. (7.17)
B atoM ciayuae peuteHde ypaBHeHus (7.16) Oyaer uMeTs BHI
p =const. e, (7.18)
rae
d(s)
e =§——_—. (7.19)
@ ay (s) -+ pa, ()

§ 8. YacThuiii cayyai, Koraa CKOPOCTH KHAKOH R ra3osoi
¢$a3 oAMHAKOBBI,

B atom caydyae MH HMeem
U=uy, V=T, W=, (8.1

[lnoTHOCTL cMecH Y, BBeA®HHa® Hamu B § 2, onpexenserca 0o
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dopuyne
y=gop(1—a), (8.2)

koTopas, MNpH MPHHATOM HAMH ROMYWIEHUH, UTO ¢==¢,, IpH-
HUMaeT BHI

1=¢qs-+02(1 —0). {8.3)

CxnanuBag ypasHeHug (6.9) u (6.10) u mpusuMas BO BHHMauHe
cootHolenus (8.1) W (8.3), M moayuum ypasuenue (4.4), B Ko-
TOPOM BMECTO 4, U, W@ CTOAT 4, U; W, T. €. MpHA&M K C/IyYalo,
yke paccmMoTpesHoMy Hamu B § 4. B stom cayuae, xak 3to cae-
ayetr u3 paseucts (6.1) u (6.2), Mn nmeem

SO =~20()=1%, (8.4)

R
l'lpH'iéM ;‘ OTHOCHTCH K Q)Hanan.HH CMECH WHIKOCTH H ras3a,

§ 9. dPyHKuMOHANbHAA 3AaBRCAMOCTbH DPOHALAEMOCTA
WHJAKOCTA A ra3a B HOPHCTOH cpefle OT HACHIEHHOCTH,

Hazum, ucxona u3 rpadukos Ba#tkoda (Wyckoif) n Borcera
(Botset) (¢ur. 21), anaantuyeckoe BuipawenHe aaa koadduupes-
TOB MPOHMLAEMOCTH R, WuAkoH ¢asel W k, ra3oBoil ¢aau Kax
¢yHKUMI OT HACHUIEHHOCTH G 1),

Ecnn & ectp mpoHHuaemocTb NPH GHALTPAUMH OX11OPOAHON
WHIOKOCTH 4epe3 paccMaTPHBAEMYIO MOPHCTYIO cpeay, TO, CO-
raacio § 6, Mu HMeeM COOTHOLIeHHUS

%‘=f(a), ’%=<p(a). 9.1)

[a3oBuie My3upPbKH CTECHSIOT NPOXOAW MEXAY YaCTHUAMM MOpH-
croff cpead, 4epe3 KOTOPYIO Teu¥T Ta3HpOBAHHAA HAKOCTb.
ITosToMy NOPHCTOCTb STOH CPeant Mt yMEHLIIACTCH KO BE/HUKHE 11,
onpenensemoft fio dopmyne

m, =ms. 9.2)

CnegoBaTe/NbHO, MBI MOXEM BHYHC/HATL ABMKEHHE KHAKOR (asu

1) [loapo6uoe onucanue onwtoB Baftkoda u Borcera u amaaus ux
rpaduxos cMorpeth B crathe B. B. Jlanyka, Cm, mypHaa «Hedrauas
npoMetutieniocte CCCPy» Ne 5, 1941 r,
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KaK ORHOPOAHOM KMAKOCTH B CPeAe C NOPHCTOCTHIO m,, ompe-
Aengemolt dopmynoft (9.2),

V{4 +
EL4 \
I\ 22 LA S
:’ .v A X 4
40 X [
70r a\ /
&0 A =
. \Y;
5 AR .... ‘.[’
A\ Io, b
M {
W 3 \‘ * -
o 'NN\\\\~ A”II# o 4.
v o1 7 )
& : WU . 7,/
..‘\-4 . ". o 7
20 S
. . " » .‘. 0"‘
” 23+
\ .
oo el AN . Ve
U4 ] | o0
g 0 a2 Jo . S0 69 70 0 XC
¢nur. 21,

Cornaco ¢opmynam Canxtepa u Kosenn [ranasa I,(5.18) u
(6.17)], nmeen

k=—=am", (9.3)

rie a eCcTb NOCTOSHHHE Ko3ddHuMeHT, 3aBuUCAUMA OT AnameTpa

yacTHUH MOPHCTOH CpelH, a mokas3aTeNb CTENeHH paBeH M0
Cauxrepy

n=3, 3,
a no Kosenu

n—=<.
Tak Kkak xuaxam $asa TeuST uepes Cpelly C MOPHCTOCTBIO My,
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TO, coraacHo ¢opmyae (9.3), uMeeM X1 NPOHHULAEMOCTH KHLKOK
(a3 BHpaxKeHue

k,==amf . (9.9

Uz (9.4) u (9.2) naxoauw
‘ k,=am"¢". (9.9)

U3 (9.3) u (9.5) noayuaem
Bmen, (9.6)

Takum o6pasom, u3 (9.1) u (9.6) M uMeeM OCHOBHOE COOTHO-
1eHHe

fe)=¢%, 9.7)

yrosaersopsouiee yciosusm (6.4).
IOas cpaeuenus cooTHomwenus (9.7) ¢ ONLITHEIMH AAHHEIMH, MhI
nocTpouM AHarpammy (¢ur.22), ornoxuB no ocH abcuucc 3xa-

lg (i)

8 - o

/]

] Z 4 ) 8 2 2 4 ) 4 J

lglioofia)
Pur, 22,

dennd Ig f(s), a no ocu opaunar — 3uavennn €3 Mot BuauM,

4TO TOYKH, nodydedusie obmepom rpapuka Baitkopa u Borcera,
oYeHb XOPOWIO TPYNMMPYIOTCA VKOO UPAMOH

lgf(@)=niga. (9.8)
8 N, C. Neiteuson
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M3 o6mepa muarpaMMu MH HAULH, YTO NPHOAHWKEHHO MOXHO
NPHHATH

n=3%. (9.9)

3710 3HaveHHe N OTIMYHO COTNACyeTCA C UHMC/AaMH, HaBaeMhIMH
teopuamMd Cmixtepa v Ko3senn, u nokasusaer, 4ro ¢opmyaa (9.7)
Aaér ymaynoe NMpuOMixEHHOE npexcrTasaende anda f (o).

Ha ocnoBanun uccaemosanus rpaduka Bafikopa u Borcera
($ur. 21) M HanowuM caexyougde ycaoBua Ha GyHKUMIO @ (o):

e(@=1, ‘P'(0)=0.}
e(1)=0, ¢'(1)=0.

Yro6u ynosnerBopuTh ycnoBusM (9.10) 4 HCnmoab3oBaTh aHa-
noruo ¢ gopmyiot (9.7), Mu npumem

9(0)=(1—0)P (14 Ac?-}- Bo'}-..), (9.11)

rie p,q,r,..., 4, B,.., cyTb nocTofAHHME, MNOMNEKALHE ONpE-
JLEIEHHIO,

Yenoeua (9.10) tpebyior, uTo6H
p=2, A=p, r>q, g=1. (9.12)
Toraa uan6onee MPOCTHM BuipakenHeM Mg @ () Gyxer
p(@)=(1—0)*(1430)=1—602]-8a%—30¢, (9.13)
OTKyJa, B YaCTHOCTH, Cledyer
¢ (3)=0 ¢ (3)=w

YTO XOpOWO COraacyercs ¢ rpadHKoM,

(9.10)



F'IABA V.

3KCNEPUMEHTAJIbHbIE HCCIAENOBAHHMA IBUXEHUA
FA3UPOBAHHOM XUIAKOCTH B HEU3MEHSAEMOW
MOPHCTON CPEJE.

§ 1. Onwiter B, Knayna,

ITpoBeneHne ONWTOB HAX HBHMEHHEM TIa3HpPOBAHHON MHAKO-
CTH B mnopHcTOR cpele conpskeHO ¢ GOJBIIMMH TeXHHYECKHMH
TpyaHocTamu, JIo cHX NOp TaKue ONWTH NPOH3BOAMIHCH TOJBKO
B Coeaun&nunx wrarax Ces. AMepukM B CBE3M C 3anpocamH
He(pTHAHON NMPOMHUINEHHOCTH.

[Tepsas oGcrosTenbhas paGora Gwina onyGmkosana B. Knay-
zom (W. Cloud) B «Petroleum Development> 3a 1930 r.
B neft B. Knayn coo6uder o psige onuTOB, KOTOPHE OH NPOU3BEN
Hax AsHKEHHEM cMecH HedTH W ra3a, a Takwe cMecH HeTH H BO3-
ILyXa no UHIHHAPHuEcKOH TpyGe, HamoJHenuol meckom. K coxa-
NEHUIO, ONHCaHHE ONLITOB CHENAHO OYEHb KPATKO, a AMArPaMMbl
pacnpenenenus nasineHus B TPyGe jaHW B TAKOM Ma/loM Mac-
wrra6e, 4YTO TPYAHO NPOH3BECTH IO HHM UHC/IOBhE OTCYETH
(dur. 23 1 24). Tpy6a, no koTOpoH mnpoTekana cMech HedTH
u rasa, umena aamdy B 10 ¢ytoB (0k0a0 3 K) C BHYTPEHHHM
auametpoM 3,87 giofiMa H Ghna ycTaHOBJEHa TOPH3OHTA/NbHO.
B wectn Touxax, oTmeuensnx Ha ¢ur. 23 u 24 uudpamu I, 2,
3, 4, 5 1 6, 6und ycTaHoBieHH MaHoMeTpw. Cmech BCTymana
B TPYGYy npu H3OHTOYHOM HaBnexuu B 250 aHra. QyHT/KB. MOHM
(1 x2[cmu?==14,223 aurn. pynr(KB. QlOKM); Np¥ BwXOde Ha ApY-
roM KOHlle TPyOnl CO3XaBaluCh Pa3/IM4HLIE NPOTHBOXABNEHHS.

Hccnenosamncs 1pu sedprn: Kiefer, Tonkawa u Cromwell,
OCHOBHHE XapaKTePHCTHKH KOTOPHX xauw B Tabauue 3.

Ha ¢ur, 23 u 24 pand KpuBHE namesus AaBreHHd NO HLJHHE
TPYOH MPH pasnuuibX HIGHTOYHHX NABJEHHAX HA €¥ BRIXOLHOM
8*
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OKCIEPHMEHTAJILHLIE WCCJ/IEAOBAHHSA
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Ta6auna 3. XapaxrepucTHka HedTH B onbiTax Kaayaa.

O6bemunit raso-
st daxrtop E,co-| Hdunamuueckas
Y genvunit Bec y| oteTcTByOUIMH BA3KOCTb f
Hed1b B 2[cM® NpH | pacTBOpeHHIO rasa B Oya3sax
60°® ( == 16° L1)| 8 vedTu mpu uabn-| npu 100° P
TOYHOM [aBJEHHH (=38° L)
B 250 aHra.
dyur[kn. miolim
Kiefer 0,87 7,23 0,095
Tonkawa 0,84 9,50 0,045
Cromwell 0,86 8,33 0,075

KOHLE, HO MpPH OXHOM H TOM € HayaJbHOM HM3GHTOYHOM AaBje-
nud B 250 aura, Qyut/kB. Xiokim, [paMadt JMHUA COOTBETCTBYET
CAy4al0 Asmkenus MEpTEROR wnedTu (6e3 rasa uaM BO3dYXa).

HOMEDD MAHOMEITIDOB

N
! 4 3 4 S 6,.,"

250 §

B A S e 230 8
SEOSES Te 200 §
TN ;‘x\ g
- Sy 130 \z‘,

j\\‘ \ < g

RN 5.

o N 90 X

N g

T 50 Y

N ]

3

0 1 2 3 e« 5 & 1 8 8 8

POCCmoRHUE MEWTY MOHOMEMPOMY & PYimas
$ur. 23.

910 BnoMHE TPaBWIbHO, HGO MPH OLHOMEPHOM YCTAHOBHBLIEMCH
apuxcenur MEpTBOH HedTH ypasnenne (9.6) raasum I ma¥rt:
dp

det 0.

OS6uft HHTErpan STOr0 ypaBHEHHS HMeeT BHI

p=Cx+GC,. (L.1)
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Eciu Ha ocH aGcuMce OTKNAAHWBATL yRaneHHe MaHOMETPOB OT
Hayana TPyGW, a HAa OCH OpAHHAT — NABAEHHE, TO MOAYYHTCA
KPUBas pacnpeneneHus NaBNeHHs BIOAb TPYOH, H, KaK MOKa3bl-
BaeT ypasuenue (1.1), 9Ta KpMBas siBnsgercd npsAMoi Aunuedt. AT
OyIeT HMeTh MeCTO fpH BCAKOM MPOTHBOMABJEHHH.

HOMBDD MOHOMEMNPOS

5§ ; 4 S 6
§250 z ]
N R
§zoo s
§ \\\\3 2
Nr N
%150 T RS
[ * .
< S~ NaseN\
% 100 < —
S 5 ~No + Q
§ \-L\\\
3 50 e N
§ SN
§ 0 4 2 3 ¢ 5 6 7 8

POCCIMORHUE MEWEY MOROMETPOMY & PYMITY
dur. 24.

Ecan Dpennonowurb, YTO B STHX ONWTAX IPOHCXOZHT CO-
BMECTHOE IBHKEHHE XHMIKOCTH M rasa, To OHO GydeT mnpencTas-
neno ypasHenueM (4.16) raasw IV. Tak kak naBuweHue ycra-
HOBHBLIEECH H ONHOMEPHOe, TO Ha OCHOBauHH dopMyam (5.1)
rnasu IV M HMeeM

diq
=0,
dx
npuuéM och Ox Hanpasnieda MO ocH TPy6w. OGuwwmit unterpan
9TOTO YpaBHEHHS HMEeT BHIX

g=Cx+C, (1.2)

Us ¢opmynn (4.19) rnasm IV caenmyer, yto BenuuuHa g npo-
nopuHoHaibHa BeanusHe §, onpenensemoft dopmynamu (4.17)
H (4.18) rnaew 1V, nosTomMy MW MOMeM HanHCaThb YpaBHeHHe

{1.2) B BHOe
p=C+C, (1.3)

rae C; # C, cyTp npouaBo/bible mnocrosnuule. Cnenopatenno,
€C/IH MOJIOXKEHHE MaHOMETPOB OTMEYaTh Ha ocH abcumkcc, a 3Ha-
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senns ¢ (p) OTKNAamHBATE WA OCH OPAHHAT, TO NOAYHacTCHA MpA-
Mas AuHug,

Tax kak { ecTp oTHoiiedHe o6bEMA rasa, PacTBOPEHHOIO
Npu HaBlesHH po, K 0O0bEMY pacTBOpuTens, TO, o603xayas de-
pes p, MNOTHOCTb Tasa NpH aTMOCHEPHOM NABMGHHH p,, MH
nonydnM u3 ypasnenus (2.5) raasw IV, nonaras B ném p=p,,
410

Soa=c(Po—P,)
OTKyNa cnegyer

Lo,
=4, 4
Po—Pa (1 )

AunanoruunuM o6pasom u3 ¢opmyau (2.6) raasu IV umeem

—"Pa
p="e. (1.5)

Buoca (1.4) u (1.5) 8 pasenctso (2.19) raasw IV, Mu momyuus
¢opmyay

€t Lo
a_—l—+g—, (1.6

nossoasiouLylo Hahtk § no mawnmM &, v, &, p,. Tak kaxk g, ecth
nnoTHOCTh kuAkoH dasw B 06bEMe V, npH AaBaeHun p,;, TO Ml
HMEeM COOTHOMIeHHE

Yo (Vo+ V) =¢q,V,+ V,po. (1.7)

Onpesaensa otciona V,, Mb nonyunM Ha ocxosamxu (2.13) caa-
Bu 1V cdopmyny

Jo— Yo
= 1.8
= Yo—¢po’ (1.8)

NO3BOMAIOLLYI0 BHYHCIUTDL & MO NaHHBIM Go, Yo, Do

Mpu ob6paborke Habaoaeanft B. Knayna ssvauenus & puiuu-
cnamice no ¢dopmyne (1.6), HO npu STOM DPUHUMANOCH, YTO
cBOGOAHOTO rasa He Guno, T. €, npuHuManock, 4to §==0. Kpome
TOrO, BeJIMUMHA 7) MPUHMMANach pasHoH nymo. Muunmu ciosamu, &
BLYHCASIOCH MO (opMye

{}_..

po—pa (1.9)
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Orciona npu p,==15 ¢ynt/moltm® u po=250 dynt/moim?,
nonyuaeMm 8=0 ,06385. Tak kak 3unauenns § ans Tp8x HedTe
6uny passbie, TO OhIHM PasHhiMM M 3Hayewns O, Pesyabtars
puunciaenntt, BunosaHensnx T. A. Tapacosoft, maun B Ta6au-
nax 4, 5, 6 u 7.

Ha qmr 25, 26, 27 pe3ynbTaTH STHX suqucneﬂuﬂ n306pa-
WEHhI rpaq;uqecxu. Ha ocu a6CHHCC OTMEYEHO MONOMEHHE MaHO-
METPOB BIOAbL TPYGH, a HA OCH ODJMHAT OTJOWEHH BEIYHC/IEHHHE

R
¢ 4
em— g
—3 nal’
a9y \\\\\. j 49 \"::7

713 98¢
1 L 1 1) L ! L 1 »
/ 2 J 4 5 6 J Z J 4 5 6
Ilﬂﬁli’ﬁﬂ MOHOMEmPos HOMEPT MOHOMEMPOS
bur. 25. ®ur. 26.

aHavesns ¢ npu nporusomasnenusx 0,90, u 170 aura, ¢ynur.
Ha KB. AofiM. BuuHcienHne TOYkH oOueHb 6M3KO JA0XATCH OKOJO
DpSMHX JHHEH, KAaK STO H JOMKHO GWTb, COL/IACHO YPABHEHHIO
(1.3). Beuny Toro uro B onurax Knayma B Tpy6e MOr GOuTh

¥
10 %g
w B ¢
ooy
: 985
' A N L P ' [ ] 1
i 2 3 4 5 8 i 2 3 L S &
HOMEDD MOKOMEMPOS HOMEDA MANEMEMDOS
®nar. 27 &ur. 28.

# cBOGOAHHH Ta3, B Tabauue 7 naHa o6paboTKa ero OMLITOB Npw
8=0,75. PeayabraTul BuuncieHHH H300paweHm Ha ¢ur. 28;
onpenenEHHbe TOYKH PaCnoNaraloTC TOXKE OKOAO NPAMOA JIMHHM.

Takum o06pa3om, skcrnepuMeHTanbHHE Hccaerosauns Knayna
FOBOPAT B MOJIb3Y TEOPHH COBMECTHOTO ABHMEHHA XHAKOH W ra-
3080ft a3,
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Ta6anua 4. O6paGorka onuitoB B. Kaayaa. HepTtb Cromwell;
{=7,23; 8=0,461; p,=250 auri. ¢pyuTt/aohme.

Onpenenénnsie Homepa manoMeTpos
p BEHYHHBI 1 | 2 | 3 4 5 6
Plpo 1 0.88 | 0,717 0,502 | 0,22 | 0,06
0 U#) 1 0.93 |0,847]0,732| 0,58 | 0,448
¢ %) 1 0,963 0,923 | 0,876 | 0,831 | 0,818
/Jpo 1 10,936 0,834 | 0,672 | 0,497 | 0.40
90 1109651 0,910) 0,823 1 0,729 ] 0,677
¢ 1 0,982 0953|0913 0,875 | 0,853
Plpo 1 — 10,926 0,845 | 0,747 | 0,70
170 U 1 — 1096010916 [ 0,863 | 0,838
) 1 — 10,979 | 0,957 | 0,931 | 0,920
*) 3navenns U suuucaensl no dopmyne (4.17) raasu IV,
*¥) 3Hayenus ¢ BHUMCAEHH 1O popmyde (4.18) raasm 1V,

Ta6auna 5 O6paborka onsitoB B. Kmayza. Hegrs Kiefer;
{=8,33; §==0,531; p,=250 aura. pyHr/mohme.

Onpenentnusie Homepa manometpos

4 BEJHYHHb 1 I 2 I 3 | 4 | 5 l 6
plpy 1 0,88 ]0,717( 0,502 [ 0,22 | 0,06

0 U 1 0,944 | 0,867 | 0,766 | 0,624 | 0,559
) 1 |0975]0,943| 0,908 | 0,874 | 0,868

I PlPo 1 0,936 | 0,834 | 0,672 | 0,497 | 0,40
90 U 1 0,970 | 0,922 1 0,846 | 0,764 | 0,719
\ ¢ 1 0,986 0,965 0,935 | 0,907 | 0,894

f P'po 1 0,926 | 0,845 | 0,747 | 0,70
170 U i — 10,965 | 0,927 | 0,881 | 0,869
] & 1 — 10,984 | 0,967 | 0,948 | 0,940




§ 1] ONWTH B, KJAVIA 121

Ta6auua 6. O6paGorka onuitoB B. Kaayna. Hedrs Tonkawa;
{=29,5; 8=0,606; po==250 anra. QpyHT/A0iM2

Onpenenéunne Homepa monomerpos
P BEJIHYHHBI 1 l 9 I 3 | 4 l 5 l 6
( ol 1 |o88 |0,717] 0502|022 |0,06
0 U 1 0,953 | 0,888 { 0,804 | 0,693 | 0,630
\ b 1 0,982 | 0,960 | 0,937 | 0,915 | 0,910
[ plpo 0,936 | 0,834 | 0,672 | 0,497 | 0,40
90 - U — 10,9751 0,935 | 0,871 | 0,802 | 0,764
\ y 0,991 { 0,976 | 0,954 | 0,936 | 0,927
‘ pipo — — 10,926 | 0,845 | 0,747 | 0,70
170 U — — (0,971 0,939 | 0,900 | 0,881
\ & — 10,989 | 0,977 0,964 | 0,958

Ta6auua 7. O6paboTka onniToB B. Kaayaa. $=0,75,
Po=250 anra. byur/aofim2,

OnpenenéHute Homepa manomerpos

P Be/HYHHH 1 l 2 3 I 4 | 5 I 6
f piPs 1 |oss |0717| 0502|022 |0,06

0 U 1 0,97 10,929 | 0,875 | 0,805 | 0,765
| 4 1 10,994 | 0,984 | 0,975 | 0,968 | 0,966

[ ' 1 {0,936 0,834 | 0,672 | 0,497 | 0,40

90 < U 1 0,984 0,958 1 0,918 | 0,874 | 0,852
1 A 1 0,996 | 0,991 | 0,981 | 0,975 ] 0,972
7o 1 | — |o0926 0845|0747 070

170 1 — 10,9811 0,961 | 0,937 | 0,925
P 1 — 10,996 {0,991 | 0,985 | 0,983

[
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§ 2. CpasHenne ¢ omeitama JI. IOpena.

JI. HOpen (L. Uren) npou3s&n cepuio OMHTOR HARM IBHKe-
Hiem cMecH HedTH M rasa B mecke npH Aasnennsx o 1000
aura, ¢QyuToB Ha KB. NIOAM MU Pa3HLIX MPOTHBONABJACHHAX HA
BLIXOAHOM KoHue TPy6W. Tak kak npun HeGoALMIOR TOMLMHE
naacTa Mcreuesde HeTH uyepe3 CKBAKHHY MOWHO pacCMaTpHBaTh
KaK paguanbHOoe, TO OH BMECTO UWIHHIDHYECKOrO IJIAacTa B3s]
Tpy6y, nomepeyHoe ceueHHe KOTOPOH H3MEHSJOCh NO CMELHasib-
HOMY 3aKOHy—TaK, 4TO-
Obl OHO BCErHa paBHA-
A0Ch MJOWIANK COOTBeT-
CTBYIOUIETO UHJIHHAPHYe-
CKOTO CeveHHs mnJjacta.
Ilaa noayyenus Tpebye-
_ MoH TemnepaTypu Tpy6a

®ar. 29. 6112 OKpYHena naposoi

py6amkolt. SdderTua-

Hult AMamerTp necunHok Guia okono 0450 mx. na onnTtoB npuMe-
HEJaCb JOc-aHimenoccKasd HedTh yaenbHoro seca 21,3 no A, P. L
Junamuyeckas Bs3kocTh e8 Omna u=—=0,92 nyasa npu 17,2° Ll
H #=0,073 nyasa npu 90° L. Buno nposeneHo aessarb cepuil
onutos, Jas 3amepa RaBneHu#t GuNO B3ATO AEBATH MAHOMETPOB,
cxeMa pacnojoxendid KoTopwx mawa Ha ¢wur. 29. Tak kak asu-
)R;arme panuanbHOe H yCTaHOBHBIUeecd, TO ypassense (5.1) raaeu

RadT;

g] Monomempe

d"q 1 dq
d,-z +

O6uwft uHTErpan STOrO ypaBHEHWs HMEeT BHA
7=0Cn %—{- Gy (2.1)

rie R —paauyc maacra, 7 — paccCTOSHHE OT OCH  CKBAWHHHI,
a C| ¥ C,— npoH3BO/IbHLE MOCTONHHWE, OmpefeiseMbe M3 rpa-
HHYHHX YC/NOBMA B Hauane M KOHUE TPyGHW, YTO OTBeYyaeT Ha-
PYXHOA TrpaHHUE 0/1aCTa W TEPHMETPY CKBAXHHHW. YpaBHenue
(2.1) yno6uee npexcTasuTb B BHAE

b= Alg(lOO )+B (2.2)

rae A B B—onpenendpnne nocrosunme, EcaM na oy aGeuucc
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- r
rKNaabBaTh  3HayeHns g (100 I?) , & HA OCH OpHWHAT 3Ha-

:ing ¥, To ypasuenne (2.2) ugoOpasurca npsMoft Auuued.

Ina o6paGorku waGmonennit no nawel dopmyne Halo onpe-
eants 4 mo dopmyne (1.9), smocs Tyma

£=20,5; p,="0600 ¢ynr/moitm?, p,=15 yur/nofn?,
ro na&r

8=10,526.

e3y/AbTaTH BHYMCAeHHfl, Bwnonunenswx T. A. Tapacosolt, aanu
Tabauue 8.

Ta6anua 8 O6paGorka onbiToB JI. IOpena:
{=20,5; 8=0,560; p,=600 aHra. Qpynt/nroim3

Onpe- Homepa manomerpos
neaéx-

uwese- | 1 | 2 | 3| 4| 5 | 6 | 7| 8]0
AMUHHbI

plpy 10,2701 0,408 | 0,515 ] 0,600 | 0,680 | 0,775 | 0,845 10,940
u 0,670] 0,739 | 0,786 | 0,824 | 0,859 | 0,901 |0,931 {0,973
¢ 0,894 0,908 | 0,921 {0,932 | 0,544 | 0,960 | 0,971 {0,988

;(1001%)0,4 0,88 (1,00 1,24 | 1,35 |1,48 |1,60 |1,81 [1,95

——
[=X=-%=)

[paduueckoe npeiacTaBaeHHe STHX BHYHCIEHWHR maHo wua
ur, 30, npuudM paccMaTpPHBAeTCH, KOHEYHO, Cayyafl YCTaHOBHB-

¥

,'; - __“_‘__'__,_..-‘-‘
s o
w0 o
W85 s
PSP SR ST S T ]
P SV S S 06 g8 10 12 14 16 18,28
AT W T tg 00z
¢ur. 30. : ¢ur. 31.

erocs JABWkKEHus, My BHAHM, 4TO TOYKH, NOJAYYEHHKIE NYTEM
JyHcaednlt, 6/M3KO IPYNMHPYIOTCA OKONO NBYX HOPAMHIX JiMHHA.

BBHAY BO3MOXHOCTH HanHYHA B TLIACTE CBOGONHOTO ras3a, YTo
WAMANO OW Ha seaMuuHy ¢, M RKadM 0OpaGoTKy OnnTOB
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JI. 1Opena nns cayyas ycTaHOBHBUIErOCH ABHKEHHH MPH Haya/b-
HHx npasaedusx 1000, 600, 400 aHra. ¢yHTOB Ha KB, HIOHM,
npuunMas 4 =0,75. Pesyabrathl BhuHCAeHWH AaHW B Tabaxue 9,
M3 KOTOPOH BHAHO, 4TO 3Hauehus { A7 OOHMX M TeX e MaHoO-

Ta6auua 9. O6paborka onvitos Jl. KOpena; 8 — 0,75.

o J
= |z,
= e= Homepa maHomerpos
H (&9
e o @ ]
o [~ T=] .
§_’-§-’ S ::E‘;:‘ 1 2 | 3 } 4 5 6 7 8 9

ploy 10,27 0,408‘ 0,515' 0,60
u

plry 10,2850,43 [ 0,55 | 0,632(0,710(0,79 (0,875 0,95 | 1,0
u  ]0,821]0,867| 0,887 0,908 0,927| 0,947( 0,969} 0,987| 1,0
$ 10,97 0,974)9,977) 0,98 | 0,934/ 0,988 0,993, 0,996 1,0

Ig (wo‘%)

MeTpoB 61H3KH Mexny coGo#, [TosToMy Ha ¢ur. 31 coorsercTBEH-
Hble TOYKH C/MBAIOTCA APYTr ¢ IPYTOM H PAacrnoiaraioTcsd oOudeHb
6/1M3K0 OKOJIO NPAMOR JHHHM.

Takum o6pasom, o6paborka onnroB IOpeHa noaTsepknaer
MpaBHALHOCTb THNOTE3W O COBMECTHOM NBHXEHHM XHAKOHA o
razosol ¢as.

’ 0,68 10,775 0,845/ 0,94 | 1,0
600 0,82 {0,853 0,879 0,90 10,92 |0,944] 0,961( 0,985 1,0
\ ¢ 10,969|0,972 0,976I 0,976I 0,9831 0,957| 0,991 0,996/ 1,0
[ plpo |0,186}0,320 0,443| 0,523/ 0,600( 0,69 | 0,79 10,92 | 1,0
1000 u |0,796/0,83 | 0,860) 0,881} 0,90 | 0,922 0,947;0,98 | 1,0
1 ¢ 10,968(0,970] 0,973| 0,976| 0,979} 0,983] 0,988 0,995 1,0

0,40 0,88\0,10 1,24 | 1,35

1,48'1,60 1,81 | 1,95

§ 3. CpasHenne Teopu® ¢ omsirama JI, Peiina
A P. XedTaHrrona.

JI. Pe#tn (L. Reid) u P. Xeutunrton (R. Huntington) npous-
BOXHJAN ONKITH C ABHXEHHEM CMECH HeCpTH U Tra3a 4Jepe3 UHJIHHAPH-
yeckylo TpyOy HByXMIOAMOBOTO AxameTpa AamuoA 21 ¢yt H
4 pioitma. Tpy6a 6nina Hano/lHEHa HECLUEeMEHTHPOBAHHHIM NECKOM,
NOpUCTOCTb ~ KOTOpOro cocrasasna 34,3%,. Manomerpu  Gbini
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NONACKEHH B NATH TOYKAX HA PaBHHX PAaCCTOSHHAX APYr OT
rra, Beugy Ttoro uro B paGoTe aBTOPOB HET MOCTATOMHHIX
13aHM! O pPacTBOPMMOCTH raza B HedTH H O KOIMHecTse
6oaHoro rasa, Mul npH o6paGorke Haba0AEHHA HAX YCTaHOBHB-
MCS ABHIKEHHEM, CBEAEHHAX aBTOPAMH B TabaHny 1 cBoel paGoTH,
'onb3oBany Tabmuuy 3 Mx paGOTH, COCTABNEHHYI0 ANS HEyCTa-
IMBUIETOCH ABH:KEeHHS B TOR e TpylGe, DTO MO3BOJMIO CAENATDH
10/IDKEHHYIO OLEeHKY HeoOxoXMMbix paunx, OO6béM HedrTH
rpybe Oua Vy=—23,75 4. BuyTtpeunu#t o06bEM TPYOW AnH-
! 6,5 # u suyTpeusero xuametpa 54 My cocTasmia 15 4.
H TIOpHCTOCTH m=—=0,343 Mu nonyuuM a1 o6bEMa NMOPOBOTO
xrtpaHcTea Beanundy 5,15 2, Otciona 06bEM CBOGORHOrO
ia coctasageT V,==1,4 4. 310 na¥r HaM

Vi_ 14

E— "‘76 - 5,7—5 - 0,37.

A BHYHCACHHA KOJMHYECTBA pPAacTBOPEHHOTO ra3a cledyeT [pH-
rb, mpu nasnesus 42,5 am, Bc=0,65, yemy coorBercTByer
1yenne [ =27, BnoaxHe noaxomsduiee X OOHYHO HABMIOXAN-
IMCH 3HayeHusiM 9TOA BeuuMHH. BeamunHo#t 3, kax u nmpexae,
| mpexe6peraeM. Buoca B ¢opmyny (2.19) raasu IV £=0,37;
==0,65; =0, MK nomyuuM, 410 npuGmnkEsHo &=—0,75,
PeayabTatel BHYHCAGHHH 118 9TOTO 3HayeHus ¢ CBEIEHH B
Sanuy 10. OTk/1annBas BuYHCIEHHHE 3Hadenus dyukuun $ Kax

5t 0.95[ A
0k 190
4] [ g85 "
1 N N . L 1 1 d | S 1
/ 2 7 4 5 7 2 J 4 5
HOMED MAHOMEMPOS HOMENE MAHOACIIPEE
$ar. 32 ¢ur. 33.

JIMHATH Ha abcumccax, OTMEudioUWMX [O/M0KEHHE MaHOMETpPOB
(oAb TPy6m, Mu noayuuMm rpacduky, n300paw@HHne  na
ur. 32 n 33. .
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Ta6aunua 10. O6paGorka onuitos JI. Pefina H P. XeHTHHrTOHa;

9 =0,75.
N Onpeneath- Houepa masiomerpos
b Po
onura| B K2fem? sl I 2 3 4 5
( 21pe 0,085 | 0,783 | 0,627 | 0,396 | 0,189
1 425 u 0,996 | 0,946 | 0.907 | 0,849 | 0,797
\ 0,999 | 0,988 | 0:982 | 0.972 | 0,967
?lpe 0,980 | 0,819 | 0,695 | 0,520 | 0,371
2 40,4 u 0,995 | 0,955 | 0,924 | 0,880 | 0843
$ 0,998 | 0,989 | 0,984 | 0,976 [ 0,971
2l 0,983 | 0,848 | 0,755 | 0,625 | 0,537
3 40,8 u 0.996 | 0,962 | 0.939 | 0,906 | 0,884
¢ 0,999 | 0,992 | 0.987 | 0,981 | 0,977
2ine 0,983 | 0,890 | 0,827 | 0,747 | 0,710
4 41,1 u 0,996 {0,972 | 0957 | 0,937 | 0.927
0,999 | 0.993 | 0,990 | 0,986 | 0,983
21Po 0,083 | 0,847 | 0,755 | 0,629 | 0,531
5 42 u 0,996 | 0,962 | 0,939 | 0,907 | 0,883
b 0,999 { 0,991 | 0,987 | 0,982 | 0,977

Mul BUAMM, YTO TOYKH HabioAeHHA A PacCMaTPHBACMOTro
caydas YCTAHOBHBLIEroCd ABHXKEUHA XOpOWO TrPYNNHPYIOTCS
OKO/IO NPAMbIX JIHHHH,

910 cHOBA MOATBEPKAAST TPABIABLHOCTL Hautel runortesnl
O COBMECTHOM IBHXKEHHH XHAKOH 1 rasosoft daa.

§ 4. Oomte lOpena Ham HeyCTAHOBRBINAMCH HBRIKEHHEM
rasapoBanHoil HedTn.

Ha ¢ur. 34 Bocnpoussegmesa muarpamma onuwros [Opena Han
YCTaHOBUBLIMMCSL HBHXKEHHEM rasuposanioff nedty uepes noctpo-
EHHYI0 WM creuuanbhyio TpyOy. O6paGoTky STHX ONLTOB MHI
nam B § 3. Ha ¢ur. 35, 36, 37 npeacrtaBneHn pesyabTaTh
na6monexn#t KOpeHa Hax HeyCTaHOBUBIUMMCA JBHXKEHHEM Fa3HpO-
BaHHOA Hed)TH B MOCTPOEHHOM uM cneupancHoR TpyGe. ITH
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NMHTH BEAHCh aHANOCKHYHO HAIKM ONMWTAM HAX HEyCTaHOBHUBLUHMCS
BHXeHHeM ra3a. Mmenso, TpyGa Ghiza HanoJHeHa rasupOBaHHOH
edThbio, 3aTeM 3aKpHBaIHCh 063 KOHUA TPYOH (BXOAHOH W BH-
mHOH) 10 Tex mnop, noka BO Bcel TpyGe He YCTaHAB/AHBAJIOCH
'OCTORHHOE JABJECHWE M B3ATHEe npoOb He MOKa3HBaAH OXMHa-

@Qymor 5 /] 5 17
1600 .
00
N
S
g, -
g 00 Y7 [
& ’
600 “
g’ ’ 303cr43/“"" gt
o SO0 o Z
P U
S J l/lf/’# 3’035"‘3’"
% 400 %" I . ' OCH YL s =
& ’ 2 —=
S Jeo AL ot
. . on0ct
/l|/ 5 0
200 e i/ j,,
4 b4
00+
g - .
12 3485 6 7 g 9
NONOHCEHUS MaHomempPos
. <$nr. 34.

<oBul rasosuft ¢akrop. 3areM OTKpHBajci BHXOAHOR KoHel
(py6H M [MpPOH3BONMIMCE 4Yepe3 onpejenEHHHE NPOMEKYTKH
3peMeHn 3aMepu MOKa3aHuit MaHOMETPOB M OGBEMHOrO KO/MHYECTBA
suTekaiouwe HegTH. OnbTH NPOH3BOAMANCH INIPH  HAYANBHOM
1anenun B 1000, 600 u 400 aura. ¢ynt/xke. awoiM, Oasako
Opes 0puUBOIAT TO/BKO Pe3yAbTATH ONKWTOB C HEYCTAHOBHBILIMMCA
1BHMEHHEM NDH HayanbHOM jAaBietiud 600 aura. GyuT|ks, miofim,
)e3yAbTaTH KOTOpHX mpeacrasienn. Ha ¢ur. 35. CpasuuBas sty
purypy ¢ ¢ur. 34, M suaum, uT0 OOIMA BHX KpHBHX pac-
1pelesiends  Haslesmds [0 JUIMHE N/1aCTd TaKoH Ke, KIK H
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IpH  yCTaHoBUBLIEMCA ABWienHH. Ha ¢ur. 34 u 35 okono xawmont
KPHBOR pacnpene/nies N3B/IEHHS OTMEYEHa CKOPOCTb BMTEKAaHHS
HepTH B KyGHYECKHX CaHTHMETpaX B MUHYTy. 3aTeM 1Opeu mo-
CTPOMA A/ KAXAOH H3 NATH KPUBWX pacnpede/eHHs AapJeHHs
COOTBETCTBYIOUIHE KDPHBLE NPOUEHTHOrO MageHus Aasieuus. [lis

Pymer 5§ M0, B
350 j-“cnqn\l“ Imun. [
4 .
500 /T
'JIM“" Imun, I
'Q / 3| mutt g mun.
,§ 400 ' W
> 4§ :
£ s50 A
N 4 : S—
-
mid)s
© 250 -{.— / /5 MUK
54 15cmYnuH
é 2 / // /‘ ’
§ 00 i{ 7
® 150 +¢ r/
4
100
50 —
g ! 234 5 6 7 8 9
Nonosicenun manomempob
dur. 35.

STOro Kawaoe nas/leHHe MEAMAOCH HA TO HaBJAEHHE, KOTOPOe
H3MEPRIOCH MRHOMETPOM ¥ 3aKPHTOro KOHNA TpyOu. Takum 06-
PasoM, [ONYy4YHHCh MATH KPHBLIX, KOTODHE BCE, M0 YTBEPWCACHHIO
[Opena, okasamuch wmentnunnmu (¢ur. 36). Orciona IOpen
AENaeT 3aKkAlOyeHHe, YTO B PACCMATDUBAEMOM CJayyae ra3oBoro
pexnMa mjacTa rpafMeHt ' AaBieHud, OMPeAeNmOUUH CKOPOCTh
HCTEeYeHHA HE(TH M3 NAACTA, HE B3ABHCHT OT MEPBOHAYAMBHOrO
JaB/ICHHA, A 3aBHCHT HCK/MIOYMTENLHO OT CBOHCTB HedTH H
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npoHinaeMocTH necka. B coux onnrax IOpew nawén, 4to rasoswit
¢daktop pasen §= 20,5,

Kpome Toro, lOpes Hawé:n, 4to B paccMaTpHBaeMmoM Cliyyac
CKOPOCTH HMCTEeueHMs HedTH W3 1/1acTa B HAYane onwrta Goablue
COOTBETCTBYIOWEN CKOPOCTH B Cyuae yCTAHOBHBLIErOCS XBHMKEHHA
npH TeX ke JABJeHHsX TpH Bxode H swxome w3 naacra. Oanako
B datbHeflileM, NPH MaleHiH AABJIEHHS, KOTAA TDAaAMEHT Jas.je-

Qymer 5 n R

%/00 /L//_(r/—f o]

8

S

3
™~
v\\,\

3
\
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%o HOUONLHOEO CQONEHUA
8 ]
T~

S

S

S

0
12345 6 |7 8 §
NOSIHCEWIIA  MOHOMEITIPO8

dur. 36.

#h cHAbHO cHHkaeTcs, HaOmonaercs obpatioe ssiense. [lo
yrBepxaennio Opexa, HHTepecHnt peayabTdaT NPEACTABISET TaK
Ha3WBaeMas KpHBas CymmapHO# A0GwuM naacta. Oxva W3 Takux
KpuBHX nana Ha ¢ur. 37, Y 210 M BCEX JAPYTHX ONKTHHX
KpHBHX, KOTOpHX HOpeu, K cokaseHuio, HE MPHUBOLMT, HMeeTcH
H310M B ogHOM W TOM e MmecTe, [lo 06e CTOPOHH TOYKH H3/IOMa

9 1. C. NenGenzon
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KpuBas CcymMapHOR f00wtH MMeeT JErKyw BHNYKIOCTb, Ha-
npaBJeHHylo BBEPX. BeposTHam npHuMHA ITOrO, MO MHEHHIO
lOpesa, coctouT B TOM, YTO N0 TOYKM H3I0MAa HCTEuEHue
nedTH M3 MA3CTa MPOMCXOAMT BCACACTBHE 06DPA30BaiMA W POCTA

g5
)______6__‘ A
33
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f——

8
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Cymumapnon 00uvo & Lomnax Y6 cm

-~
~
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&
)

5w 5w 25 a0 ¥
Urmexwee ana2atn 8 wa_(//ﬂal
®ur, 37.

ra30BHX Oy3WPLKOB, a MOCJAe TOUKH H3MOMa nol AeACTBHEM
CTAaTHYECKOr0 AaBJAEHHR ra3a, CoOHpalouierocs B nopax necka.

Ha ¢ur. 38 noctpoen rpadmk, H306paxaoumit 3aBHCHMOCTD
CyMMapHO# A06HYH OT 1aBAEHHA TPW BHXOLE w3 TPYyOw, Steun-
TaHHOTO N0 YCTAHOBAEHHOMY 3lech MasomeTpy. Touku, noayueHubie
Ha OCHOBaHWW 33M€Pa, FPYNNUPYIOTCA OKONO ABYX MPHMKHIX, NpHuéM
MECTO MepeceyeHusl MPAMBIX COOTBETCTBYET YMOMIHYTOH Bbllle
Touke u3noma Ha ¢ur. 37.
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§ 5. l'asosoe uncio,

IIpu wccaenOBaHHH COBMECTHOTO ABHKEHMS Ta30BOA H wHAKoM
¢as uenecoo6pasHO BBECTH MOHYTHE O TAK HAIWBAEMOM ra-
sosoM uucnel),  lasosu s
WucAoM T HA3WBACTCH MpH- 4%‘3"
xoasKicd Ha exHHHIly Beca
wuakol ¢asw Bec rasoBoi
¢asu, Tlostomy, eciu ¢ ecrb
HACHILIEHHOCTh, TO BEC Ta30- 3,
oA ¢dasn Oyner mponopulo-
nanen semnunne p(l —o), a 000 \‘L
Bec XHako#t ¢asu nponopumo-
Haneu Beauuuse ¢o. [losTomy
HmeeM

| o —

_p(l—=29)
= BN =

3ra ¢opmynra nmadr CBA3b \
MeXJIy HaCblLIEHHOCThIO H Ta-

30BLIM 4YHCIOM. M3 Hed nmeeM %
=P . (5.2 i
el (5.2) 109
Hanee, mm umeem [dopmyna
(8.2) rnasu 1V]
1=g04p(1—0). (5.3)
Broca (5.2) B (5.3), nonyunm g w p200 300 400 500
dopuyay et q)aﬂz/i @yam/ne dwim
P9t 7m) ur. 38.
Y—‘ P+q7l ’ (5'4)

cosnanaiomyio ¢ dopmynot (8) Ha crp. 243 uuTHpOBaHHOH Ha-
meft moHorpacus,

1)y Jleti6enson J.. C.:HeprenpoMbicnoras MexaHHKa, YacTh RTO-
an “([lonsemnas ruapaBakka BOAW, HegTH M rasa), raasa I,
ockBa 1934,

g»
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YCTAHOBUBILEECS IBHW)XEHUE FA3A
B HEUSMEHSEMOW I.OPUCTOH CPEJE.

§ 1. YpaBHeHns yCTaHOBHBIHEroCs JABMKEHAA rasa
B HeM3MeHREeMOi HOpHCTOl cpene.

B cnyyae yCTaHOBMBLIEIOCH JBMKEHM Ta3a €ro XaBienue p
HE 3aBUCHT OT BpeMeHH f M spaseTcd (YHKUMEH TOJBKO KOOp-
aMHaT X, y, 2. [lo3aToMy NpH OTCYTCTBHH CH1 ypaBHeHde ycTa-
HOBHMBIUErOCst ABHXEHHS ras3a GYAeT WMEeThb BHI

AEH+SEDHEEH = o

[cM. ypaBuenue (6.6) raasw II], npuugym cornacHo paserctsy (6.1)
raasu 1l Hmeem

={pap (1.2)

9
ot

H
=0. (1.3)

R
Ecnu ornomwenne -':- €CTh BeJaHYuHA TMOCTOAHHAA, TO YpPaBHeEHHE

(1.1) npunumaer BuR _
Y2g=0. (1.4)

Hurerpuposanue atoro ypasnexus Jlannaca na&T nonsoe peme-
HHe 3a1aud 06 yCTaHOBUBUIEMCH JBHXEHHM ra3a B HeH3MeHsieMOH
HOPHCTON cpefie NpH 3afaHHHWX TPaHHYHMX YCJIOBHSX.
Komnonentn ckopoctd ¢uabTpausn rasa, coraacHo Gopuy-
nam (2.2) raasw Il w ¢opmyne (1.2) ato#t. raasBu, HMeiOT
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BbIpaKEHHA:
_—__kog
pU= Idx’]'
k dq
p’0=—ra, (1.5)
—_koq
pw— — 1152—' )

§ 2. OnnomepHoe TeueHwe rasa,

Mycts ABMXEHHE NPOMCXOAMT MO HanpasleHuio och Ok,
Toraa ypasnenue (1.4) npunumaer BuR

qz
d—j,_—_o. (2.1)

Ero o6upM uHiterpanom Oyaer
g=Cx+C,. (2.2)

[poussonpuue nocrogunue C, u C, onpenensioTcd H3 TPaHHy-
HEIX YCNOBHH

p=p, B Havane npu x =20,
p=p, B KOHue npu x=L.

B cnyuyae NOAMTPOMHOrO Mpolecca, ONpefeNseMOro YpaBHeHHEM
(6.11) raasw ll, mMu HseeM, cornacHo cdopmyae (6.12) raasw II,

n n+1
I=fmFn? " - (2:3)
ChenosarenbHo,
n n41
——_
f(nt1) - I 2.4)

— " s
“=FEFn P

H TpPaHWyHHE YCNOBH OYRYT

(2.5)

g==¢q, upu x=0,
g=¢q, npu x=L.
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Buocs (2.5) B (2.2), M nonyuum

—fh—% —
C,= 7 » C,=gq,.
CaenoBaTenbHo,

F:ﬁ—ﬂ%ﬂn (2.6)

Ypashenne (2.6) na8T 3aKOH pacnpenesieHHs NKaBAEHHA NpPH OLHO-
MEepPHOM YCTaHOBMBLIEMCH ABHWEHMM ra3a 8 HeH3MeHseMOH MopH-
cTORt cpene.

Cxopoctb ¢uabTpauus onpefenserca no ¢opmyne (1.5):

__kn—aq)
phnﬁTL. (2.7)

B cnyyae H30TEpMHUECKOTO TeueHHd rasa Mmeem mo ¢op-
uyne (6.18) rnasu Il
1
§=gp" (2.8)
Buocs 910 ‘3Hauene ¢ B (2.4) u (2.6), Mn moayuum Iad H30-

TEPMHYECKOTO OAHOMEDHOTO TEYEeHHs rasa B MOPHCTOR cpeae
COOTHOLLIEHHE
P)
Pf_l’z

p=pi— =2 x (2.9)

Ecau Ha ocH opAaMHAT HAaHOCHTL KBaApaTH aGCOMOTHOrO HaBie-
HHA, a Ha OCH a6CUHMCC — pacCTOSAHUA, TO MOAYUMTCH OpAMas
KNS,
TMoacrasaas (2.8) B (2.7), Mu uatia&m maccy rasa, npore-
KaIoIero Yepes eAMHHLY MAOM(AZN MPH M30TEPMHYECKOM pewume;
k (P —P))

pll=—2—PFL—. (2.10)

§ 3. Cpasnenne ¢ onwurama 'HHH.,

B 1928 r. 3 otneae Ipomucnaoeoft Mexanpku [ocynaperaen-
HOTO Hccaemosatenbckoro Hegraunoro wuucturyra (FTMHH) noa
pyxosoacreom J. C. Buiabkepa 6 npousseX&H p#A OMWTOB
10 HCCAENOBAHMIO YCTAHOBWBLIETOCH JBHMEHHA BO3Ayxa 4epe3
4-moAMOBYI0 TPYGY, HANOJHEHHYIO MEJKHM ' eCKOM, B3ATHM M3
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kapbepa Ha ctanmmy JloGepuw MockoBeko-Kasanckoft wmenesot
aopord. Ppakuyounnift coctas necka Gul1 CaenylOwHMii:

d=—0,31 u Gonee wm . . . . . . 4,220/,
4=0,24-+031 mx . . . . . . 505,
d=021-+-024 ux ., . . . . .66,32%,
d=0,15-+-021 wx . . . . . .2257°,
d=013=+-0,15 »ae . . . . . . 1,720,
d=0,11-+013 #x . . . . . . 0,099,
d=0,08—+—0,11 wx . . . . . . 0,00

Tpy6a Gnina mocTagneHa BEPTHKANLHO H COCTORNA H3 ABYX Ouu-
HaKOBOR MTMHH MpaMux BeTBefi, coeaundunbix nasepxy (dwur, 39)
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Vee—49/Crr —>f— 508 —>-te— 545cm

e e
keasomempy  omKomnpeccosa
$ur. 39. Pur. 40.
AyrooBpa3no w3orHyTo#t TpyGoit TOro e Auamerpa. OOutaa

Anuna coctasnana L—31,1 a4 3To H ObO LAHHOR (YTH BO3-
Ayxa, KOTOpHH noAaBa’cs KOMNPECCODOM B O4HH KOnel TPpyoOu
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¥ BHXONWMN uYepe3 Rpyrod Koseu TpyOw. Pacxom Boadyxa 3ame-
panca o6b8MubM cnoco6oM. [lo naune Tpy6w npubaisuTennHo
Ha PpaBHHX pAaccTOsHHAX OHI/IO PAacrno/OKEeHO CEMb MaHOMETPOB
ANR W3MepeHHs AaB/ieHWs BO3AYXa.

MaMepenns npoH3BOAHAHCH TOJABKO AJf  yCTAHOBHBLUErOCs
pexHMa HABHKEHHS BO3LyXa.

Ha ¢ur. 40 nanu rpaduku pacnpeseneHus AaBreHus no
L/HHE M1acTa; Ha 3TUX rpaduKkax nmo OCH OPAMHAT OTI0KEHH
a6conMoTHHE [aBNeHWs B MM PTYTHOro croaba, a no ocu abe-
LHMCC — MOJIOWEHH MAHOMETPOB (paccTosuus OT Hadaia TpyOu
yKa3auel B MeTpax).

INpeanonaras, uto ABMKeHHE BO3AYXa MPOHCXOAWAO 1O H30-
TEpMUYECKOMY 3aKoHY (n=—1), Mb Oyiaem HMeTb AN pacnpe-
le/neHns Nas/eHMa Teopetdyeckoe ypasHenue (2.9). B xawaom

ONTe GL/IM H3BECTHRH pacnpe-
6 aeneHde A[asAeHUA N0 LJIHHE
. . nnacta H cexkyHaHun# pacxold
A Bo3ayxa., Buuucnas mas ka-
WAOH onuTHOA KPMBOH 3Haue-
HHSl Be/IHYHH
P—r

pz N 7 pf H L ’

dyr, 41. MOKHO GHI0 MOCTPOHTH KpH-

BYIO pacnpefencHus Lasneuus

no ¢opmyae (2.9). Oxa3anoch, 4TO OTK/IOHEHHH Mekly napaGonoi

(2.9) 1 ONuTHOM KpWUBOH BO BCEX CAy4anx OwIH HEBEAHKH.

B ta6asue 11 naubl 3HayeHHd cpelHero KBaApaTUYECKOrO OTKJAO-

HEHWA AAS Ka¥IOro OnuTa, MH BUIHM, YTO OHO HM3MEHHNIOCH OT

ONHTAa K OMHTY, COCTAaBAAA NpH ManWX AaBnewusx okono 19,
a npu Gonbwux o 4,5%,.

Becoso#t pacxoa npu u3oTepMHueckom pexume (#=1) no-
aydyaem u3 dopmyau (2.10):

gkF (P — 7))
= (3.1)

rae F ecTb nnowanb NOREPEYHOro cevedus TPYOH, g — Ycko-
penHe CHan TaxecTH. ECAM CYMTAaTh p, NOCTOSHHBIM, TO, OTKJa-
anBags G MO OCH OpAHHAT, @ P, — N0 oOcH abCUUCe, NOAYYHM
napa6Gony pacxoaa (dur. 41), KOTOpas BecbMa O6.aHM3KA K OfuT-
HOH KpHMBOH.
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Ta6anua 11, 3nauenus cpeaHero KBaapaTH4YeCKoOro
oTkAoHeHust B onbitax CHHH.

=}
o% Hawaabnoe |Cpean.ksanp. § Hauaabuoe {Cpenn.ksanp.
X nHaBieHHE | OTKJAOHEHHRA| Saw RasjeHHe | OTKJAOHEeHHS
23 B ama B 0f, <z B ama B 0fy
(-1 g -1 g
1 1,154 0,20 21 2,653 1,83
2 1,222 0,33 22 2,729 0,95
3 1,299 0,40 23 2,793 1,72
4 1,358 0,64 24 3,006 1,89
5 1,428 0,35 25 3,055 1,90
6 1,489 0,52 26 3,19 2,44
7 1,568 0,60 27 3,327 2,42
8 1,636 0,54 28 3,463 2,89
.9 1,704 1,22 29 3,599 3,35
10 1,778 0,83 30 3,734 2,62
11 1,846 0,72 31 3,877 1,50
12 1,913 0,76 32 3,990 2,03
13 1,981 0,88 33 4,125 3,59
14 2,049 0,72 34 4,262 2,49
15 2,246 1,39 35 4,403 3,39
16 2,314 1,14 36 4,539 4,67
17 2,382 1,24 37 4,695 3.63
18 2,453 1,30 38 4831 1,29
19 2517 1.27 39 4,967 3,77
20 2,592 1,06 40 5,103 2,49

§ 4. Cpasuenne ¢ onmtamu MIY.

B 1933 r. B MOCKOBCKOM TOCYAapCTBEHHOM YHHBEPCHTETE
MTY), B ruaponnnamuueckod nabopatopun umenwn H. E. XKy-
:0BCKOr0 Onsla mpoW3BeleHa cepHs ONKTOB HAL YCTAHOBHBLUMMCH
BHXKEHHEM BO3Myxa dYepes TpyOy auamerpoM B 10 mofimos u
IMHOH B 15 #, HANOJNHEHHYIO TEM )K€ MeJKHM MeCKOM, KaK H
s onwrax TUHU (§ 3). OnbiTh 6hind npousBeneHH CTYMeHTaMu
UI'Y non pyxosoacreom [, C. Bunbkepa. Ilpu onunrtax 3ame-
IJIKCh: '

1) pacnpenenewsie JaBleHHS BO3AYXa B BOCBMH NYHKTax
DTYTHHIMH MaHOMETpaMH,

2) pacxoa Bo3ayxa — OOLEMHLIM Cnoco6oM, NYTEM BHWTECHe-
HHE BOXHW W3 rasomerpa.
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B tabauue 12 nadn pe3ynbraTit HAGMONEHHH AAd IaBiaeHHA
OAHOH 10 AeBaTH H3OWTOYHLX aTMocdep.

Ha ¢ur. 42 usoOpakeHn KpuBble paclpenciesns H3GHTOY-
"0 JaBneHus MO AJHHE [JacTa, MPH4EM HA KaxaOH KpHBOH
Ka3aH pacxold BO314YXa B KYOWYECKHX CaHTHMCTPax B CEKYHAY.
) OCH OpAHHAT OT/IOWEHW HM3OHTOYHLIE (N0 CpaBueHHio ¢ Aas-
ideM Ha BRIXOJHOM KOHLE) AaB/JEHHS B MH/UBIMETPAX PTYTHOTO

MM DIt CT,
250
20—\ s Sleon

P

. \ N67cm¥c
I\’iﬂl\&x( i .

%ﬂsa cmycer
N

N
Jg <

190

\
N |
A\ :
N

O——56 90 25 lm
Pyur. 42,

'onba. [To ocu abcuuce OTNOKEHN TMOJNOKEHHT MaHOMETPOB, A
B3yAbTaTH H3MepeHHi OTMeveHn 3a4epHEHHHMH KPYWKKAMH. ‘
Ha ¢mr. 43 ua ocu aGcumce OTMeqedH MONOMEHHA MaHO- ;
2TPO8, a2 Ha OCH OpPAHHAT OT/JIONEHH A/ KaX10TO0 MaHOMETPA B
13HOCTb KBaApaTOB aGCONOTHHX AaBAEHHH (1aBr€HHA M3MEpEeHH
amx) npd Bxoae B TpyGy H Ha Aannom Madometpe. [lo-
yyeHHne TakuM 06pa3oM TOYKH AN KaKAOr0 onuta ¢ on-
eaenEuHLIM  LaBneHHeM OKOJO BXOAa TPynnupyioTca B6AM3H
paMbIx muuui, 4TO coraacyerca ¢ Teopetnueckolt popmynoit (2.9).
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Oxono kawaoli onwTHOfi mnpaAMOoA yKasaH pacxod BO3AyXa
B KYGHYECKHX CaNTHMETPAx B CeKyuay.

Ha ¢ur. 44 na ocu abcuvcc OTNOMEHW 3HAYEHMS PACX0.1u
BO3AYXa B KYOHYCCKHX CAHTHMETPAaX B CEKYHIY, a Ha OCH Op-

p’f pl
40 12lemSleaw
/
S0 ~7 1570
. /]
40 7T 873
A1 1167
o //
4
30 V 3 95
/{ o/
/ // A 744
20 /1/« f// ot
/’ ; X 4| 534
4/ A
10 /y 2 J38
iy snte
| )7 21 = L +—¢ | /57
| __L_rﬂ/"d

0™=55"3060 301 125 T5m
7 34 56 7 8

HOMELO MONOMEMPOS
dur. 43,

AYHAT — COOTBETCTBYIOLIHE PAa3HOCTH KBaApPaTOB aGCONIOTHBIX
Iasnenuit 0KONO BXOAa W BHXo0Ia M3 TpyOW. [loaydeduue Touku
TPYROUPYIOTCH OKOAO MPSMON JIMHHW, YTO COTNacyercs ¢ Teope-
THeeckofi dopmynoit (2.9). Ecau ordocuts, Kak Besge B 3THX
OQHTAaX H BuYHC/AexHdX, 0ObEMUHIT pacxod BO3dyXa K HOpMajb-
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{ nasnennto 760 mx pryrHoro ctonda u 15°1l, TO uMeew
G

= 4.1

=7, (4.1)

Yo €CTb BEC edMHMUL 06BbEMa Bo3ayxa npu 15°LLu 760 mu

0’-pg)ama
75

60
/
%) //
/ [ )
/
/
30 7)/
S
/.
/
15 )d
/:2 //
29 7
a6 =
a3
Y 500 7000 5001800
cmYcer
Pur. 44.

croada. Toraa w3 (3.1) u (4.1) noayuaem

gk (Rl —pi)

Q_ QaLTM" (4‘2)



FJTABA VIL

HEYCTAHOBHUBIIEECS JAMWUHAPHOE JBWXEHUE
FA3A B HEU3MEHAEMON NOPUCTOW CPEJE.

§ 1. OcHoBHoe ypaBHeHRe.

B raase II Mo BuBenn ypaswenue (6.15) anm namunapuoro
ABIKEHWS ra3a B HeH3MeHseMOH NODHCTOR cpele MPH OTCYTCTBHH
CHABl TSDKECTH M TPH MOCTOSHHWIX 3HAYCHHAX B W K.

Bseagm smecto g Bemuunuy

nt1
P=p =, (1.1)

toraa no dopuyne (6.12) rnasu H monywum
n
q=3———(n+1) P. (1.2)

Brocs (1.2) B ypasHenue (6.15) rnasw 1, Mu moayuuM ocHos-
HO€ ypaBHeHWe Ias onpejeneuus P:

n
2p M p~ g1 98
VP_;EP ”+ldt . (1.3)

KomnoHeHTH cKOpocTH GuabTpaunn cornacio dopmynam (2.2)
u (6.1) rnasu Il GymyT:

_ kn opP
pu=— B(nt+1p ox”
kn oP

A TS A (14)
ym — __kn 0P
b= = FaFfnw oz
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aecp 0 onpeaenseTca U3 ypaBHEHHS MOJHTPOMH

1
n

p=p ", (1.5)

<0

oTOpoe mocile 3aMedn p yepes P, cornacio opmyne (1.1),
PHHUMACT BHA

Bp=PTF1, (1.6)

Vpasuenne (1.3) ectp Henunefinoe ypasHesue BTOPOTO no-
MAKA ¢ YaCTHHMHM TPOH3BOAHKIMH Mapaboauueckoro Tuna. Ero
{HTETPHPOBAHHE MPH 32A3HHHIX FPAHHYHBIX W HAYAAbLHOM YCJAOBHSX
IPEACTABNAET 3HAUMTENbHEIE TPYIHOCTH,

§ 2. Ifeproe uactTHoe pemenme,

Ypasuenue (1.3) M MoxeM nepenucafs B BHAE

1

V2 (pl+;'-)=(%€?, 2.1)
THe BBEZEHO 0603HAYCHHE
0= STy (2.2)
Bynem uckath uuterpan ypasueuus (2.1) B o6wenpunstoét dop-
* p=fx, », 2)o(t). (2.3)
[Moncrasnas (2.3) B (2.1), My noayunm
1
wp ' TEVE (f‘+%)=f% 00(;5.

[Tocne pasmeneHns mepeMeHHHX MBI MOJAY4YHM B OXHOH 4acTH
YP3BHEHHA BLIPIKEHHE, 3aBUCAWEE TONLKO OT KOOPAMHAT, a 8
Apyrofi uyacTu — BHIpakenHe, 3aBHCAUEE TOJAbKO OT BpeMe-
nu, [losTomy kakaoe M3 ITHX BHPANEHHH MOMKHO pPaBHATLCA
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nocrosnHoft Benwyuue, OGo3xauad e¥ yepe3 — Aw, MH [OJYUH:
1

} 0 (?) "
L oweftw )= o — == — ko =const,
1 ?1 +
f n
Otciona noayyaem aABa AuddepeHunansHuX ypasHeHHs:
1 1
vz(fl+")—{—lf"=0, (2.4)
1
. M:—Modt. (2.5)

1
o't

Hag wnterpuposanus ypasHedus (2.5) AesnaeM NOXCTaHOBKY

p=1x", (2.6)
BerencTeie yero (2.5) npumer Bun
x;dn—:T = —lodt.

Huterpupys 310 ypasHenue, no/aydyum
x~"=\ont -} const,
Cnenosatensuo, unterpasom ypasueuua (2.5) Gynmer
1

¢lt)= const. -} wnt ° (2.7)
Ecan npnusars, uro
' ¢(t)=1
aag t=0, TO0 NONy4YHM
const. =1 (2.8)
v udterpan (2.7) npumer BUX
1
)= Tyenr - 2.9)
Buoca (2.9) B (2.3), M noayuum
—fxv2
P= T Fient * (2.10)
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Teneps Jerko yCTaHOBMTb TO YC/IJBHE, NMPH KOTOPOM BO3MONKHO
peweane B Buze (2.3). Ecmu monoxars 8 (2.10) £=0, 10
no1y4Yum

p=f(x,v 2). (2.11)

310 3HauMT, 4TO TOuHOoe pemedne (2.3) ypasHesus (2.1) soa-
MoxHO Tonbko B dopwe (2.10) U OTBewaer HA4ANBHOMY YycaO-
BilO

p=f(x,y 2) npu £=0. (2.12)

CnenosaTenbho, 9TO TOYHOE HACTHOE peEIUEHWE HETONHO Ak
YN0B/NETBOPEHHS TMPOM3BOJbHLX TIPAHHYHWX YCIOBUR K npous-
BOJILHOTO HAYalbHOTO YC/IOBHH.

Ypasueuue (2.4) nmerko MOwer OHTh MPOHHTErPHPOBAHO AJA
n=1, uyto H Owa0 cnenano ByccuneckoM n18 OIZHOMEDHOrO
aBukeHud. B o6uieM ciayuae ‘WHTerpHposatiMe 3TOrO0 ypaBHEHHs
npy 3a0aHHEIX TPAHHYHBIX YCJIOBHMAX NPeACTaB/IfeT HENBrKyio 3a-
Jayy, TaK KaKk 3TO eCcTb HeHHe{lHOe YpABHEHHE C YaCTHHLIMH
NPOK3BOAHKIMH BTOPOTO NOPSAKA.

§ 3. Bropoe uacTHOe pemeHwue,

Ypasuerue (1.3) Mw MOXeM npencTasuTe B BHIE

n
— iz 0P
VP =DP "+1d_t’ (3.1)
rae seeieHo o6o3Hauende
—me
D —nk - (3.2)
Bynew wckary uaterpan ypasseuns (3.1) B dopme
P =P, (3.3)
rae
X v 2 .
R (3.4)

npuuéM @ (x, y, 2) ectb Hckomas ¢Gyukuus. Yrobu Haltth aHa-
autHueckyio ¢opmy 3asucumocTd P ot aprymedta 0, noacrasum
(3.3) B (3.1), 4TO OpPHBODMT, €CAM HCIOAb30BaTh 06O3HAUEHHH
(6.12) n (6.14) rnasu IV, K ypaBHEHHIO

a2p dp
V2P — o A0 -+ o VO, (3.5)

10 n, c. Nentengon
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npuuéM
A=, V=111, (3.6)
Broca (3.6) B (3.5), nonyuum
vip =DD0e | BT (3.7)
[anee, umeem
yatde 2. s

Brocs (3.7) n (3.8) B (3.1), monyuum
4P (A 1 dP -
T () 55 Vet oP T

dP
EB = O. (3.9)

Ins peileddss 3TOTO ypaBHEHMA, NONb3yACh MPOM3BOJALHOCTHIO
dyukunn @, npumem

%:const., V25 —=const,; (3.10)
toraa ypastenue (3.8) Gymer 3aBuceTs TOJbKO OT OQHOrO nepe-

menHoro §,
Mu yaosnetsopum cucteme (3.10), 10/M0%MUB

¢=C(x® 4 y? + 2%) =Cr?, 3.11)

rae C nonaexut onpeaeneddto. [loacrasass (3.11) B (3.10),
OyaeM uMETb

“_“?:46, Y2y — 6C. (3.12)
Buocs (3.12) 8 (3.9), nonyuum ypasHeuse aAs OnpeieneHHs
P (6):

a*P 6 D \dP
495+ (E + )do =0. (3.13)

cP n+1

STo ypaBHEHWe UMEET TPHBHA/bHLIRA uHTerpan

P=const. =C, (3.14)
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H 4aCTHOEe peluceHHe BHIA
P=c,, (3.15)

rge C, v a onpenensoTca nocne noacranosxu (3.15) B (3.13),
410 madr

a=2EL (3.16)
Dn atl
C,— [_m] ol (3.17)
Buoca (3.17), (3.4), (3.11) B (3.15), M noayuum
Dnrt " !
P=|-@rm] (3.18)
B TaK kaKk Ha ocHoBanuu (1.1)
a1
P=p " ,
TO MMEeM YacTHHH WHTerpan ypaeueuus (3.1) 8 suae
Dnr?

OGa nafimeHunlx 3feCb YacTHRIX peuledds [Aa cayvas n=—1
COBMAAaOT C peiledusiMH, KoTopue Hawdn Byccuneck, peutas
33444y O HeyCTaHOBWBLIEMCH ABHMEHWH HerayOGokol rpyHToBof
BoAM (cM. raasy X, § I).

§ 4. NMpu6an€unoe HHTErpEPOBaHHE OCHOBHOTO
ypaBHenus (3.1) A% OXHOMEPHOrO MBHKEHHS.

Tak kak ocHoBHoe ypapuexue (3.1) ueauseitnoe, TO, ¢ LE/BIG
npUOAMKEAHOTO HHTErPHPOBAHHA, MW MOLBEPTHEM €rO0 JIHHEApH-
3auud. [Ipexnpe Bcero 3aMmeruM, 9T0 Ha ocHoBanud (1.1) Mu
HMeeM

n
prtl=p, (4.1)
TTostosMy ypasuesue (3.1) npuuumaer BUA
D oP
vlp= —p' —a_"' . . (4-2)

10*
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C uenbi0 MMHEAPH3AUMH 3TOr0 YPaBHEHHA MOXHO CHeNaTh pas-
AH4Hbe CANOTe3W OTHOCHTENBbHO BEAWYHHH THAPOAWHAMHYECKOLO
Aasnenus p, CTOSIMEro B mpapoil 4acTH ypasdennd. PacemoTpum
TPH TaKue CUNOTe3w,

1) MoxHO MOAOKHTD, yTO
p=p,==const., (4.3)

npuuEM 3HadeHHe MOCTOAHHOM p, 3ama&Tcs W3 (PH3HYECKHX CO-
obpaxennll. Torma Mu nonyuum npubaHAKEHHOE ypaBHeHHE
oP
vep—2

o (4.4)

€COBMaAalomee ¢ OGLIYHEM ypaBHeHHeM TEM/JIONPOBOAHOCTH,

2) Mo MOKEM B HEKOTOPHIX C/y4asx MPHOAKKEHHO MPH-
HATb, 4TO

F
_A+—(—"—(%—, (4.5)

Toe nocrosunas A B dynkuun f(f) u F(x, y, 2) 3ananst nanepég
w3 ¢u3nueckux coobpawenui. Buoca (4.5) B (4.2), Mu noay4nM
apuGankEntoe ypasHenue

—_— F(x,y: 2)
V2P—D [A + —W)_] - (4.6)

3) Mu mokeM 0puusTb
p=rodt), (4.7)

rae 8(f) ects 3anannas ¢yuxkums. U B 9TOM cayyae ypasue-
ne (4.2) npumeT BHA OGLIMHOTO YPABHEHHA TEMNONPOBOAHOCTH

) D oP
VIP= ;—o 7" y (4'8)
rie BBeHeHO o6o3nayeHue
t
={s@ar (4.9)
0

Ouepyunno, T=0 npu ¢{=0.

PaccmMoTpuM Tenepp  HeycTaHOBHBlIEeCH IBHKEeHHe ra3a B
NPH3MATHYECKOM ;macre H GyIIEM npeanosaraTh, 4YTO ABUKEHHE
Ta3a COBEPWAeTCH B HarpapieHHH, 0apaiiefbHOM OCH [1J1aCTa,
KOTOPYI0 Mui npumem 3a och O, Eciu Hawano xoopauuar B3ATb
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Ha OXHOK CTOpOHE M/aCTa, TO ypaBHeHHe JApPYroR CTOpPOHu
nnacta 6Gyner

x=1L,
rae L ectb anuHa naacra.

[pannusnie ycnoBME 31€Ch COCTOAT B TOM, YTO XAHW YCJOBHA
OTHOCHTENbHO O4BJEHH Ta3a B O60OHX cedeuusx naacTa. Ycaosus
9TH MOTYT OuHTh pa3nooOpasuoro xapakTtepa, Mu OGyaem npu-
HUMAaTh CAEAYIOUYHE FPUHHYHHE YCAOBHS:

A) Ceueune nnacta x— L Henpouuuaemo ans ra3a (Tak
Ha3piBaeMas 3aKDhLITas CTOPOHA), BCJGNCTBHE YEro CKOPOCTh (itan-
Tpaus4 ra3a M0 HOPMaJH K CTeHKe, T, €. no ocH Ox, paBia
Hynmo; Torga coraacHo (1.4) umeem

oP
— 1 = L. .
x—=0 am x=L (4.10)
B) Ceuenpe mnacta x—0 OTKpHTO A/1% HCTEYeHHd ra3a BO
BHEIUHIO Cpely (OTKpWTads CTOPOHA). 34ech BO3MOXHH DPa3Hue
Cayyan:
a) Ha OTKpHTOM ceueHHH nnacTa 3alaHo [OCTOSHHOE gasie-
HHE p,, 4TC MPUBOSUT K YCAOBUIO
1
1+ —
P=P,—=p, * nna x=0. 4.17)
b) Ha OTKpHTOM C(EYEHHM 0aCTA MPOMCXOAHT HCTEUEHHE
B 06/1aCTh NOCTORHHOIO JA@B/JCHMR IO 3aKOHY TEOPHH Tema0npo-

BOIXHOCTH
0P (P—P,) ams x=0 (4.12)
ox 2 - ’
npuuéM A’ ecTh HeKOTOpas MOCTOAHHAA, XaPAKTEPH3YIOLIAA YCAOBHSA
HCTE4YEeHHS Tra3a M3 naacra,
C) Ha OTKPHTOM CE€YE€HHH TAaCTa AasjiacHue pﬂ €CTh HEeKOTO-
pas QyHKIMA BPEMEHH, YTO MPHBOAHT K YCJOBHIO

Py=1,() nna x=0. (4.13)

Kpome ycaosuit A) v B), nonxno 6uTh 3amawo pacnpese-
NeHHe Q[aBJeHMd B MjacT€ B HayanbHuit MOMeHT Bpemeud £ —0.
ChnenoBarenbHO, N5 3Hau€HHs, 3aK/MIOYEHHOTO B HHTepBale

O0<x<<,
HMEEM
p="ry(x) am £=0, (4.14)
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4yeMy -0TBEYAeT HauanbHOE YCI0BHE

P=P,=f,(x) ama ¢=0, (4.15)
npuuém

1
L (x)=[f, (x)]1+ ¥ (4.16)

§ 5. Npr6ankEnHOe MHTErpApOBaHWE YPARHEHHA
ONHOMEPHOTO ABW)EHAR NPH MOCTOAHHOM HAUYAJLHOM
JaBJieHHH IO BCeH NJMHE MJaacra.

B sTOM ciyqyae HMMeEeM HavyalbHO€ YC/l0BHME B Cleaylollem
[:110: (N

p=p, s t=0 (5.1)
AN BCEX 3HAYEHHH X B HHTEpBane

o<x<l (5.1')

noaToMy Hauambhoe ycnosue (4,15) npuHHMaer BHI
1
14 =
P=Py=py, T am t=0 (5.2)

8 uuTepsane (5.1').
[IpeanonoxumM, uto

P3=Py (5.3)
toraa ypasHenue (4.4) npumer BHI
___mu OP
V’P—m 5 (5.4)

Vpasienne (5.4) ecTb OOWYHOE YypaBHeHHE TEMJIONPOBOAHOCTH,
KOTOPO€ HHTEerpHpyertcs no metony Pypbe NpH HayanbHOM ycao-
eun (9.2) W rpanuunnx ycaoeusx (4.10) u (4.11), Hurerpan
TOr0 ypaBHEHHS HMeeT BHI

Inx

4 1 =¥
P=P,+ - (P—P)X,7¢ sinmr, (55
4

TAe CyMMa pacmpoCTpaHsieTcs Ha BCe Lebe HeY8THHE 3Haue-
AME [ OT eAMHMLN A0 GeckOHeYHOCTH, @ MOCTORHHAA € omnpeae-
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asetca GopMynoH
- nknoﬂz
= Gnp3 " (5.6)

Pewenue (5.5) monyuaetca no MeTody YaCTHHX pewennd, nyTém
HCNOAL30BaHuA H3BecTHOH dopmynn

oo
= X —ll-sin ”‘7", (5.7)
1=1,3,5,...
rae
O0<<x<l,
Beeném o603nauenns
g=—e—1%, {5.8)
. nt . onnx
4 4 sin T
¢ (x g)=- Z q —— (5.9)
a=1,35,..,
npuudM ana £ =0 nmeem
0<g< 1. (5.10)
[Ipu 3tux o6o3uauennsx peusenne (5.5) npHMET BUX
P—P, X .
Po—-P'g—(?(L .9)- (.11

Y 3akpurtoro Kovua .nnacra (x=1L) nannenwe rasa p, Gynaer
¢iyHKuuelt onHoro ToabKO Bpemenn £ 3lech MMeeM
nt1
Py=p, " . (5.12)
CnenoBatensio, P, ecTb QyHKIHS TOWe OAHOrO TOALKO Bpeme-
»
He £

P, =P, (f). ~(5.13)

Hns onpenenewns P, mu nomkuu 8 pasenctse (5.11) nonowaits
X=L, 4TO NPUBOAMT K BAKHOMY COOTHOULIEHHIO

P =P
;>0—_—p2—‘?(1,q)- (5.14)

Ecnn oTka3zaTbest OT rnOTe3H, BupawexHo#t pasexcTsoM (5.3),
TO pelledue ypaBHCHHA (4-4) Gyner uMeTb NOUPEKHEMY BHA



152 HEYCTAHOBUBIMEECA JAMUHAPHOE JBHXEHHE TA3A [ra, Vil

(5.5) nam (5.11), Ho BmecTO paHee yKa3aHHOTO 3HaueHus € [¢op-
myna (5.6)] Gymem uMeTb HOBOe 3HAaueHHE E,, ompepenseMoe
topmynol, awanoruunoii (5.6):

__ nkpge?

&= Tml? (6.15)
TMoatomy BMecto (5.8) Mu Gyzes umets
gy ==e—1ut; (5.16)

g, Halo BHECTH BMecTO ¢ B pemenue (5.11),

§ 6. Bropoe npubimieHre,

TMony4yennoe pewtenne (5.5) nau (5.11) Mu moxeM paccmart-
pHBaTh KaK nepBoe MNpHOAHieHnye H, ONpelenHs OTCIOAA P, BHECTH
ero B MpaByi0 4acTb YpasHenus (4.2) W 3areM BHOBb HHTErpu-
pOBaTb MOMYYEHHOE YpaBHeHHe. ITO BACT BTOPOE MPHOAMKEHHE,
BBuay rpoMO3IKOCTH 3THX BHUHC/AEHWH MH NMpHMEM B KayecTse
BTOpPOro npubaxenus a1 p dopmyny (4.7), npuuéM subepem
dyukumio & (f) B BHAe

S (f) =22 — P\t
o(t)._po—{-(l po)e . (6.1)
rie

b=t (6.2)

U3 pasencts (4.7) u (6.1) caenyer,.uto
p=p, Upu t— 00,

KaK ¥ BOMKHO OLIThb K KOHIY HPOLECCa HCTeYeHWd rasa 3 anacrta,
KOT1a NaBAeHHe rasa B maacTe OyleT CTPEMMTLCH CPaBHATHCS
¢ BHEWIHUM [2BJEHHEM p,, MMEIOLMM MECTO Y OTKPHTOrO KOHuUA
naacra.

[pu £=—=0 umeem u3 (6.1):

6(0)=1.
Biuocs 310 3Hayesue B (4.7), nOIydHM HaYanbHOE YC/A0BAE

P="Py
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Ecnu naenesue p, O¥EHb MaloO MO CPABHEHHIO C JABACHUEM D,
TO AAf J4B/JAEHUA Y 3aKPHITOTO KOHLlA M/1acTa MH HMeeM npu6/n-
wEHHO u3 (D.5), OrpaHHuMBASCH NEPBHM YNEHOM CYMMHI,

e

P0=C'e—", (6.3)
rae C' 6iv3ko K edunuue, Bossogs o6e wactd (6.3) B cres
n
1eHb AT MH IOJYYHM
—_nt
&Icve n+l’ (64)

Po

rae C” toxe GAM3KO K eIMHHUe.
U3 pasencts (4.7) u (6.1) Mu uMeeM npH p,, OYEHL ManoM
MO CPABHEHHIO C pj, COOTHOLIEHUE

Pt
T (6.9)
Cpasuusas (6.4) u (6.5) u cuuras p—p,;, MH HaluEm
C’'=1. (6.6)

[ToatoMmy, conmocrasnas ¢opmynn (4.7) u (6.1), MH umeen
NpH p,, OYEHb MAJOM IO CPABHEHHIO C p), AaBJEHHE py, Bhpa-
wedHoe ¢opmyno#t (6.5).

Takum o6pa3oM, Halule BTOPOe NpPHOMHXEHHE COCTOMT B TOM,
YTO MW 3aMeHseM p B ypasHenud (4.2) uepes p,, T. e. nasie-
HHEM Y 3aKDHTOTO KOHIA [MJacTa, U ONPEXENfEM €ro no mpu-
6anxEHHO” gopmyne

p1=pg8 (t), (6.7)

rie O (#) umeer 3nayenne (6.1).
Buocs 8 (£) B (4.9), MM nOAyuMM RAY HOBOrO NEPEMEHHOTO T,
BXoaduiero B ypasneuue (4.8), Bmpawmenue

N _p\l—eBt
=2t (1 p:)——p . (6.8)

=0 npu ¢{=—=0. (6.9)

Tak kak ypasHenwe (4.8) oTauuaerca OoT ypaBHeHns (5.4)
TOAbKO TEM, 4TO BMECTO 7 B HEro BXOAMT T, TO PeUICHHE ITOro
ypaBHEeHHSl, OTBEuaioL(ee Ha4yaibHOMY YcaOBuIO (5.1) M rpaunuy-
upiM ycosHam (4.10) u (4.11), Gyner naso pasenctsoMm (5.11),

QOuesuaHo,
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HO C HHHM 3HayeHueM ¢. C/en0BaTe/bHO, MW MMeeM

P—P, x
B =0 (Z" qz) ) (6.10)
npuudM ¢, onpenensercs no Qopmyne, asanoruuHoli (5.8):
gy =e"'r. (6.11)

§ 7. Heenenosanne dyukumn o (x, gq).

B § 5 mu BBenu ¢ywkumio AByx aprymentoB @ (X, ¢), 3a-
naunyio ypasueanem (5.9). Aprymeut ¢ onpeaensercs ¢opmy-

4
10 TT = e =
- — = t4—¢
¥ |4 o=t
01‘9 A V= ] |
A '“@F \ 4 7
|4
0’3 / AN o //1 // r ]
N s
)/ 1N P —p—+—4
a7 / VAV.SD AP 70 sl r - 4
/ AV EADAV 4D |
a6 A ay, FA L Lo
IAViRVA / A4 '
95 Z .
4 Vim4 / [V ayd pE
/ y I/ VAV.4
” T V P r
gy P
3 JAVAVATA'Z 4 A
147/,9,%4V 4
4 N
a’

N Iz
0 405gl0 G20 Q30 G40 G50 G50 470 Q80 090 |00
dur, 495,

ao#t (5.8) u momxes npencraBasTb cobof Gelpa3MepHoe uuc/o,
B camom jene, mnoacTasiass B paBeHcTso (5.6) pasmepHoctH
BXOAAUWIMX B HErO BeJHYHH, MH HalAéM, 4TO pPa3MepHOCTh €
paBHa cex—1, cnemoBaTenbHO, Pa3MEPHOCTb NPOH3BedeHus &f, a
BMECTE ¢ TEM W BEJHYMHW e~ %/ paBipl HyJIo.

B 1a6anue 13 naun 3uavedus Qyuxkund @ (x, g) Aas 3.ade-
"HHfl X, 3aK/MIOYEHHWX B MHTepBase

0<<x=<t
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W NpH W3IMEHEHHWH ¢ B MHTEpBaie
0<g=< .

Ha ¢ur. 45 uzobpaxés rpadguxk 3ToH QyHKUHH NPH HIMEHEHHH
X W ¢ B YKa3aHHHX HMHTEpBaJjax.

4
Vi =
- =

01‘9 %"‘__% s V% (?f

A"/_<S _‘-% 74 1//
/i R 7 VAV.09%4

Yy Y 17

i ASESZ 2

a7 A %7
4 Avay. o
4 0

/6 I / // (/’/ 1//%\

117 ) ;//
a5 / A /] //l

¥l 1,/ A
g4 / / j’)[
JAViVA )5 ;/
317 /
]
(AR 117)7
iy
1
f1 2

| 48
g ogsaqn  gz0 g0 gw G50 gse g G8d  gsg oo

®ur. 46.

Beentm Tenepb HoByw Gyskumo $ (x, g), onpeaenseMyio
paBeHCTBOM

blx, =10 (7.1)

B tabanue 14 nasw 3nayedus 9TOH (pyHKuMM A48 3HadyeHudt x,
3aKJOYEHHBIX B WHTepBane

0x<1
H NpHB H3MeHeHHM ¢ B HHTEpBane
0<g=<1.
Ha ¢ur. 46 n3obpawén rpajguk sToRt yHkuum,
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Ecan (5.11) pasmenuts na (5.14), To, mnoavaysace 0603ia-
yenuem (7.1), Mpt mojayuum

p=p=4(Z. 7)), (7.2)

0L, 0Kyl

C nomowtpto Tabauy 13 v 14 u ¢ur, 45 u 46 MOKHO cOCTaBUTDH
cefe SCHYI0 KapTHHY XapaKTepa H3MeueHus 1aBJeHus rasa Kax
M0 AMWHE M1aCTa B KaKOH-IMGO MOMEHT BDEMEHHM, TaK H B JAdH-
HOM MeCTe MacTa C H3MEHEHHEM BpeMetH,

rae

§ 8. Je6Gut maacra.

He6utom mnacta Mu GygeM Ha3wBaTbh MacCy Fra3a, HCTEKAlO-
WEro H3 eIMHHUW [UIOUEAQH MNAACTa B  €AWHHLY BPEMEeHH.
OGo3snauum ero 4epe3 G. Beauuuua nebuTa BHYUCARETCS DU
AOMOUM MepBOro pasencrtsa cucremu (1.4), B3dTOrO Aa8 OTKPH-
TOr0 KOHua maacta, T. e, aad x==0, 310 naér

kn JoP
O=—5arn7 (3%) sms (8.1)
Brocst cioza P u3 paserctsa (6.10), M noayumm
__kn (Po— P")
G——————“a TESIYA 3, (¢.), (8.2)

rae BeeaeHo 0603HayeuHe

1 8 3B
8, (g,) =2 (fl§+q§+q2‘ ) (8.3)

3totT pan BCTPewaeTcss 8 TEOPHH DAAMATHYECKHX (PYHKIHH,
# flkoGu, O@MH M3 TBOPUOB TEOPHM DNIHNTHYECKHK yHKInH,
BBEN B aHanu3 ueTwpe ocHosunx ¢Gyuxuuu §. Cornacio onpe-
Leneuno HAkobu,
9

1
9, (x, ) =2¢° cos mx |- 2¢* cos 3mx | ... *). (8.4)

*).Cum., uanpumep, Jahnke und Emde, Funktionentafeln.
Springer. Berlin.
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Ecan ¢, Mano, o pax (8.3) cxomurca odeHsn GuCTPO; ecau
We g, GAU3KO K enuudlle, TO CXOIHMOCTL paAAa BechbMa caalas.
Ho fiko6u man dopmyny npeoGpasosauug, koTtopas B paccMmar-
puBaeMOM ciyuae naét!)

T

b=} =l —2+2i—2gi+.) 5

rae BBEAEHO 0003HayYeHHe

gg=—e ¥, (8.6)

[pn ManLix 3HaueHwsix BpeMewu f, Koraa ¢, 6/1M3KO K eldHHHue,
3HaYCHHA ¢, NMONYHAIOTCA O4€Hb MaNbIMH, BCACACTBHE Yero psan
(8.5) cxomuTes ouexs GHCTPO

u Bouucaenue B, (g,) npowus-
BOJMTCH /IETKO,

Ecan  oTkaameiBath MO
ocy abcuuce Bpems £, a no
OCH OpIAHHAT — BECOBOH pac-
xox rasza G (dur. 47), TO
TIONYYAM  KpUBYIO  UCMOuye-
HUsl, WMEIOWYI0 OCb OpAMHAT ¢
B KayecTse acHMOTOTH., YPas-

HeHue  KPHBOH  MCTOLLEHHA Pur. 47.
MOXHO MOAy4uTb M3 paperctsa (8.2). B camoM mere, Mol HMees

kn s (Py— P,
6,=Og="502=08, (qy). (8.7)

Hns odeHb Mannx 3uauyenuit £, B6AM3H MOMEHTA Havaga HCTeue-
Husl, 8 pasenctse (8.5) HOCTATUMHO OrPAaHMUNTLCH HEpBEIM Yie-
HOM pa3aoxenus B, (g), T. €. NpHHATDL

3
%00 =y = (8.8)
Ho B 3TOM caydae Mbl AO/MKHBL OPHHSTH
T=L

) CM., vanpumep, Yurtekep v Barcot, KypccospeMentoro
alianusa, nepes, ¢ aHIAMACKOro,
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Broca (8.8) B (8.7), Mul noayuynm

Po Pg knm
~faaF1 papyt
[Tonioe BecoBOe KOJHYECTBO rasa, BHTEKaOUlEe K3 N/aaCTa

¢ MOMEHTA HAYANA WCTEYEHM 32 NPOMEKYTOK BpeMeHu f, Oyner
pagHo

(8.9)

¢
6:{5 a,dt. (8.10)

Brocs cioaa (8.9), Mul MOAYYHM RIS He6OAbILO20 NPOMENHCYMKQ
spemenu t.

=  Py— knm

G—a<°n+1> WP fvw 8.1

oTKyaa

2(Py— Py knmt
fat-1) BPy

Ecau HavocuTs BpeMs £ Ha OcH a6GCUHcC, 8 NOJAHOE Becosoe
KOJIMYECTBO HCTEeKIIEro ras3a —Ha OCH  OpIHHAT, TO MOJYYHM

G= (8.12)

6

L]
-~

dur. 48.

TaK HA3WBAEMYIO KPUBYIO CYMMapHOU Jobuiu nracma (dur.48).
M3 (8.12) caenyer, 4TO B6AN3K HAYa/a KOOPANHAT 3TA KPHBAR CyM-
mapHO# N06buM 6AM3KA MO CBOEMY BHAY K OOLKHOBEHHOH mna-
paGone BTOpOR cTemend, uMewouleld oCb OpAuHAT B KadecTae
Kacare/JbHOH B Hayane KOOpAHMHAT,
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§ 9. HeycranosmBmeecs ABRM(eHMe rasa B ABYX
A3MepeHnsx,

Ecmy nnact, B KOTODOM HAaXOAMTCA ra3, HMeeT HeGOJbWYIO
TonuuHy, OyAyyd 3aKPHT CBEPXY H CHH3Y HEMPOHHLAEMHIMH
COPH3OHTAIBHLIMH C/I10AMH, a MepdOpHPOBAHHAA TPySa CKBaMHHK
MPOXOXHT 4epe3 BCH) TOMUWMHY €r0, TO BIMSHHEM CHIH THKECTH
MOXHO mpeHeOpeub, H JBHXeHHE [a3a ClAelyeT pPacCMaTpHBaTh
KaK AByxmepHoe, COBMECTUM [IOCKOCTh OXY ¢ HINHHM TCOpH-
30HTaJIbHHIM OCHOBAHHEM MI1ACTa, @ OCb 2 HANMPABUM BEPTHKAJbLHO
seepx. Tomuuuy nnacra ofosuauum uepes k. Toraa ypasHeunue
(4.2) npumert Bug

2
V2P=02P 9P D dP

ox? -0-).!—2:75?- lgl)

Kosmnonentnl ckopoct ¢uaeTpauuu 6yayr

pu———t0__ 48
— : Hpox’

L, 02
U= " Fm+ e dy

Clle10BaTEMbHO, BECOBOE KOJHYECTBO ra3a, MPOXOIdulee 3d exu-
HULlY BpeMEHH BHYTPb CKBAXHHB C KPyrosLIM ceueHHeM paaH-
yca r—=>=, T. e. ecoBoff AebuT ckBawuHH G Gyxer pasen

knhg 9P
St Jor

Wnterpan nomked ObiTh B3AT MO OKPYHKHOCTH CKBAXHHM, 3Je-
MEHT KOTOpO#t o00o3HaueH yepe3 ds, a pagHyC-BEeKTOp MNpOBenEH
W3 UEHTPA OKPYKHOCTH, MPENCTABASOUIe KOHTYP CKBAM(HHbL,

B manbuefiutem GymeM npeanonararb, 4TO Hava/ibHOE naBne-
HMe Ta3a B NAAcTe BCIOAY ONHHAKOBO H PaBHO Py, a AaB/ieHHe p
8 npaso#t yacTH ypasueuus (9.1) onpegenserca pasencTBaMu
(4.7) n (6.1). Toraa, BBOAA BMeCTO ! HOBOe NepeMenHoe T co-
rnacHo ¢opuyne’ (6.8), mu npusendMm ypassenue (9.1) K Buay

D oP

2p_ D OP .
V=5 (9.4)

G= ds. (9.3)

[Mpu ero MHTErpupoBaHMA M ROJKHH BHIMOAHHTB CJEdYIOUHE
ycnoBus:

11 5. C. NenGenaon



162 HEYCTAHOBUBIIEECH JAMHHAPHOE ABHWEHUE TA3A [ra, Vi

A) Hayansnoe ycnosue

1
P—_—P0:p01+F npu T=0. (9.5)

B) T'panuunsle ycnosus:

1) Ha xontype ckpaxuuu s(r=—>0):

) AaBneHde p==p,, YTO MPUBOLUT K YCIOBHIO
1

P:Pzzpzlﬁ g r==n; (96)

6) MCTEYeHHE MPOUCXOMHT B 06.1aCTh MOCTOAHHOTO NABJIECHHSK p,
YTO NPHBORKT K YCIOBHIQ

P —8y(P—Py) am r=b, (9.7)
rie §,— HexoTopag mnocTOSHHAg, XapakTepu3youlas ycJOBue
MCTEYEHHH H3 TJIACTa B CKBAXHHY.

2) Ha suewned rpasuue nnacta S, WMmeercs HenpoHHuaeMas
A9 raza rpandua, BC/IGACTBHE 4YEro CKOPOCTb (HALTPALHM MO
HOpManX K 39TOH rpaHuile pasHa Hy/10, 4YTO BhIPAK4ETCE yC/I0-

BHEM

oP
EZO Ha KouType S, (9.8)

npu4y&M npou3BOXHAX OepETcH MO HOPMAaaH K KOHTYpy S,

§ 10, Cay4aii, KOrna CKBaWAHA C KPYroBbIM KOHTYpOM
HAXOXAHTCH B LEHTpPE KPYroBOH BHellHe#d rpaHmibl.

[ycts paguyc BHewHeM OKpPyWHOCTH S, paBeH @, pamyc
KOHIEHTPHYHOHK elt BHyTpeHHell OKPYXHOCTH & pased b, [suxe-
HHE ra3a B PACCMaTPHBAGMOM C/yudde CHMMETPHYHO OTHOCHUTE/bHO
ueuTpa o6oux kpyros. IlostoMy uenecoo6pasHo npeoGpasosarn
ypasuende (9.4) X nonapawM Koopauxatam. OGo03Hayas 4epes r
pacctositue oT ueuwtpa O, moayduum
oP 1 0P D oP
o T =gy v (10.)
['pannysne yca0BuR 31eChb GyXyT:

1) na Biewse#f rpanune S

ap .
-o—r—=0 aa r=a, (10.2)
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2) na BHyTpexHeft rpausue s

P=P, ana r=0>. (10.3)
HUurerpan ypasuenua (10.1) yxo6uo npeactasuTe B BuAe
Pn")‘?n
(-] —_——_—
P—Py= 3 C.fule P, (10.4)
m=

rae C,, C,, C,, ... cyTh NPOH3BO/IbHEIE MOCTOSIHHNE, ONpeaense-
Mble M3 TpauuiHeiX ycnosu#t, a ¢yukums f,(r) ymzoeraetsopser
ypaBHEHHIO

1 dfp
Lim . LYm ty2f, =0, (10.5)

T. €. M3BeCTHOMY ypasHenuio ¢ynxuu#t Beccens uyaesoro nopsaxa,
Hurerpan ypasuenud (10.5) BosbmEM B Buae

fm(r)=.lo (r)'m)+AmN0 (’7'm)=zo(’lm), (10'6)

rae A, — npou3sonbnan nocrosunas; Jo (rh,) — dynkuus Beccesns
nepeoro BMIA W HyneBoro mopsaaka, Np(rk,) — dyuxuus Beccens
BTOPOTO BHAd W HYJEBOTO M0PAAKa.

Ycaosue (10,2) na BHewndefi rpaHuiie mOCAe BHECEHMA B HEro
uterpana (10.6) npuBOOMT K ypaBueHHiO

Zl (a)‘m) = ‘,l (a)‘m) + Ale (a)‘m) = 0’ (107)

TaK Kag, COTNaCHO H3BECTHWM COOTHOUIGHHAM, HUMeeM
Ny(x)=— N (»), '

rae J; ectb dynkuns Beccens mepBoro BHIA M NEPBOrO NOPHAKa,
a N, — dynkuus bBeccens BTOpOro BHIZ M MEPBOrO MOpPAAKA.

Yenosue (10.3) Ha BHyTpeHHeH rpauHue mocne BHECeHus

B Hero uurterpana (10.4) u Hcnoab3oBanua coothourenus (10,6)

MPHBOXHTCE K BHAY

Jo (b)) -+ A, N, (D)) =0. (10.9)
Y13 ypasuennit (10.7) u (10.9) mu nmeem

_ Ry _ Si(am)

~ AN Bh). - N; @) *

(10.10)
1*
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Bsoag oGoaxauesus
b
2= a\,=x; bh,=pnx, (10.11)
mnt nonyyum u3 (10.10) crenytowee ypagiesue 115 onpegenesns X
Jolux) Ny (£) —Jy (x) Ny ()= 0. (10.12)

g 3anaHHOTO 3HAYEHWS |4 9TO ypaBHeHHe uMeeT GecuucaeHHOe
MiO&KECTBO KopHeH

Xy Xgy Xgy Xgyevey

KOTOPHM OTBeYaeT GeCUHCIEHHOE MHOXECTBO 3HaueHuHl napameTpa )
hy Agy kg, Agye .., YTO BHAHO HarasmHo u3 ¢ur. 49,

3

K, ,
9k 3 4z,
8 \.\i\ X 3
) N
7 [ t ]

-\\ | \
5 :\\i‘\ "Nn*"'\’\
4t \{\ |
Jr 1

4 |
2% 4
; BN
I 2(Kr)-21 hZ/:0 | :
} ! 1 !a”{ ?J'Z’CI) /| : I\ M L \z
w3 45678907 2 N3/INS w\fm' 2
: hopem (20X RN e, 5):0
: HH
Pur, 49.

Mpu Manux 3HadeHusXx { MW HMeeM TPHOMIDKEHIO

Jolpe) =15 No(ux)=— %— In (.;:7)

ln%=0,11593...). [MostoMy AN ManHX 3HayeHul M ypaete-
une (10.12) npuuumaet sua

Nl(x) _— 2 2-
e =—21m (sm ). (10.13)
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Orciona caenyer, 4TO npH & —+0 KOpHH 3TOro ypaBHeHHs cTpe-
MATCA K KOPHAM YPaBHEHHs
J, (x)=0,

OTAUYAACh OT HHX HA HEKOTOPYK MaJjyio, HO KOHEUHYI0 BENHUHHY,
KaK 3TO BHOHO W3 ¢ur. 49,

[1poussoabnas noctoaHHas A, cornacuo (10.10), 6yaetr umets
OnpenengHHOe 3HAYEHHE JJIR KAKAOTO M3 3HAYEHHH A, ky, Ag,. ..

Ing Toro 4ro6H YAOBJETBOPHTH HAYaNbLHOMY Yyc/10Buio (9.5),
caeayer B (10.4) noaoxuTb T=—0; Toraa M GyIeT MMETb

P,— p“=m2‘1 C,.f (). (10.14)

Ho, cornacno Teopuu dynkuuit Beccean, Mu uMeeMm credyioluee
pa3noxenue B PAL:
P—p,=

o ,
__ — —(00m) 2, (0ha)-Zp O7) __
=P — P X e ey (10.19)

m=\
TAe r 3aKNO4EHO B HHTEpBane
b<<r<a

B BBEleHs 0003HayeHus

Zo(?) = I O?) + ANy (07, }

Zl O‘mr) = Jl O‘mr) + Ale ()‘mr)'
Cpasnusas (10.4) u (10.15), uaxoanM C,, u 3aTeM noayyum
P=pP, —

(10.16)

porr?
(BA) Z1 (00) - ZoOr) e~ "D
(8),)222 () ) — (b)) Z2 (D)

—2(P,—P,) ), (10.17)

m=1

rAe HCIomb30BaHH o6o3Hadenus (10.16), a cymma pacnpoctpa-
HACTCA ‘Ha BCe KODHH TPaHCLeHAEHTHOro ypasuenus (10,12),

§ 11. Buunrcnenne ne6ATA CKBAWHAHDI,
an BHUMCIJIEHHH BECOBOro me6uTa CKBawWHH MHl BCASACTBHE CHM-
METPHH HMeeM

oP oP
‘¢';ds_—2rtr 5
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Brocs 970 3HayenHe uHTerpana B paBedHcTBo (9.3), MH HaMgEM
BEJHYMHY BecoBOro aebura:

_____2sknhg opP
C=Trtns [’ dr]r=b' (1Ln

[lycts navo naenesue p, B ckpaxuHe. Toraa Hamo BHECTH
B (11.1) 3sauenne P u3 pasencrsa (10.17), yro npaéT

_p
o2zt (e P
D23 (ah) — (81,)°Z3 (bA))”

(11.2)

__dnknhg (Py— Py) v
G f(nt-1)n f=21 (a

[TpeoGpasyem 3T0 paBeHcTBo K Gosmee yA06HOMY A8 BRYHCAEHHH
suay. U3 pasencts (10.6) u (10.10) umeem

Ji (a);) Ng(ady) — Jp (@) Ny (@)
Z,(a)) = — 1 (a);) OMA;:(al,;(a 1) N1(al)) . (11.3)

Ho, cornacho u3secThoft ¢opmyne Teopun ¢yuxumit Beccens,

1) Ny (2) — Sy (0)- Ny () =2 (11.4)

[MoacTtaBags 3to 3xauende B (11.3), Mul nOAyuYnM

' 2 1
Zo(a).,-):.—_— m-m. (115)

Hanee, u3 (10.16) u (10.10) mul umeem
Z1 (b).‘) —_ Jl (bli) No (bll) — JO (bll)'Nl (bli)

Ny (biy) !
HMM, Ha ocHoBahuH (11.4),
2 1
Zl(bll)zm-m. (11.6)
Buocg (11.5) u (11.6) B (11.2), Mu noayuum
__ 2rknhg (Py— P) i
G= p("_*_l)p (P(t)v (1 -7)

rae
e
¢ ()= ‘Zl Be b,
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a ___ 2N{(ak)
TN — M@y
Ho u3 pasenctsa (10.10) nmeem
N b N -’o(bh)
( )t[)'—' ( 11)] (ax)
Buocs sro 3nauenne B (11.8), MH noayuum
22 (ary)
HOV RV

B‘=.

AN, €C/ BOCMONb30BaThCH 0Go3HaueHusmu (10,11),

2/ (x))

By=————
7 B (e — B (xy)

167

(11.8)

(11.9)

(11.10)

3navenns kosddmuuentos B, By, By,... L18 PasHHX 3HaueHHH p

dadn B ‘rabauue 15.
Ta6anua 15

3naveHHd p X Kos¢duuneurn B
0,7167 0,25420
0,01 4,2899 0,05855
7 5462 0,04339
10,7699 0,03746
0,5687 0,16106
0,001 | 41108 0,02325
7,3204 0,01568
10,4986 - 0,01243
0,4857 0,118%1
0,0001 4,0317 0,01224
17,2277 0,00779
10,3955 0,00594
0,4308 0,09267
0,00001 3,9874 0,00753
7 1780 0,00461
10, 13415 0,00344
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§ 12. dopma muTerpana ypasHenns (9.4) BGansa
CKBaXKAHBEI MAJOro ARaMerpa.

Mnrerpan ypasuenus (9.4) MOXHO npencTaBuTb B ¢opme
Pgth?

P=P,x,y)e D, (12.1)

nphuém ¢yuxuns P, (x, y) yLoBAETBOPHET ypaBHEHHIO
Vep 4 32P =0. (12.2)

MycTh r €cTb paccTOfHHE OT LEHTPA CKBAXHMHBI MajloOro paluyca p.
Toraa a8 AsHkeHuss ra3a BGaudd CKBaXMHH HHTErpajs ypaBHe-
nug (12.2) moxHo mpexcTasuTh B dopme

P =CN; (i) 4 ¢ (x, ), (12.3)

rae C ecTb NOCTOAHHAs, MoAnexaulas onpeaenexno, a ¢ (x,y) —
(dyHKIHA, YIOBNETBOPSIOUIAd YPABHEHHIO

V2 4-32h =0 (12.4)

¥ He HMellad HHKakux ocobeunocteft B6.1M3M KOHTYpA S, a
Ny(ar) ectp dyuxkunsg Beccens Hynesoro mnopsika BTOPOro BuAa.
Buecénm Ttenepp (12.1) u (12.3) B dopmyay (9.3) ana Becosoro
Re6GuTa CKBAXKKHB, KOTOPRIH 31eCh ABAAeTCH BeTMYHHOH nepeMenHol;
MB [OJYy4UM
Axp,

o=gphr[cfoas+ fas]e P, 129

npuuéM 06a MHTErpana caeiayer B3fTb MO KOHTYPY OKPYXKHOCTH S,
Ho 218 ManuX 3HaUeHHH apryMeHta HMeeT MeCTO COOTHOIICHHE

2 2
No(x)=—;InY—i—{-... , (12.6)
MOSTOMY ANA MajbX 3HAYEHHHA Ar MH uUMeeM NpHOIHKEHHO
2 2 2
No()r)_—? n)?—[-?lnr,

OTKYyZA

Ny __
dr

ﬁlw

(12.7)
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Hanee, o6o3Hayag yepes § MOAAPHHIR yroa, umeem
ds=rdy. (12.8)
Buoca (12.7) B (12.8) B (12.5), Mn nonyunm

2n Pt
4 —2

(Zragl e 7. (29

2x
knh 2
00 =gy (€3 ar+
0 0

flat+1p
Ecam Tenepp pamuyc 7 HEOrPAHHYEHHO YMEHBIUAThb, TO BTOPOH
uuterpan B (12.9) Gymer cTpemuthes K Hyao, 6o Z—i HMeeT Ko-

HEYHOe 3HAYeHHe B 06/JacTH, CMeXHOH ¢ KOHTYDOM §, H Ha CaMOM
konrype. [ToaToMy Mu Gydem uMcTh

Porh?
__ _4knhCg ~ "D~
CO=farns°
OTKYyIAa S
p\
_ b4 D
C= W G (t) 4

Brocs sto 3Hadenuwe C B (12.1) v (12.3), Mu na#iz&m udTerpan
ypaBueHus (9.4) BOAH3H CKBAXKHHH S
PotA?

P= %2—" GO N, 0+ (x, e 2. (12.10)



FJABA VII,

9KCIEPUMEHTAI/IbHbBIE MCCJIEINOBAHUA
HEYCTAHOBHUBIIEroCsl JBUXXEHUSl TA3A B IECKE,

§ 1. Oneirat FTHHU B 1928 r.

OnuTH Hal HeyCTaHOBHBIUMMCH IBHKEHHEM ra3a B MecKax u
neckax C MPHMECbIO TJAHHH MPOH3BOAKWANCH T1aBHHM 06pa3om
B CCCP, B n1a6oparopuax MoCKOBCKOIO FOCYZapPCTBEHHOTO YHM-
sepcuteta (MI'Y) v umne saxpuroro IocymapcTBennoro uccre-
nosatensckoro Hedranoro uictutyta (FMHHU).

Onutet B [MHU 6uau npowssenews J. C. Bunnkepom u
M. I1. MockanbkoBHM Ha mJacTe, H306pawEHHOM Ha ¢ur, 39,
¥ COCTOR/IM B HaOMOLEHMH 3a HMCTEYEHMEM BO3AYXa W3 TPYOH,
onucaHHOM B TaaBe V W 3amoaHenHod Tem ke meckoM. Ilepep
HayaJoM KaX/A0ro O0HTd A0 BCed TPyOe ycCTaHABAMBAAOCH OLHO
M TO Ke HasjieHde, 3aTeM OTKDLIBAJICA KDaH Ha OLHOM KOHLe
Tpy6u (Apyro# ocTaBancs 3aKPuTHIM) H 3aMepsanuch: 1) masne-
HMH B LIECTH MECTaX, Tt¢ Onlld MOCTABNGHH MAHOMETPH, NpH-
6/M3HTENBHO PAaBHOOTCTOAUME APYr OT Apyra; 2) pacxon BO3-
Ayxa, BHTEKAaBIIEr0 B ra3roapiep MO4 MepeMeHHNM (XOTH M B
Manoft CTElIeHH) HaBIEHHEM,

O6paGoTka HaGmoaenwH#t Benack no ¢opmynam raasw VII
B NPEINOJOXEHHH H3IOTEPMHYECKOTO pexuMma, T. e, A\ n—1,
Pacnpenenense napienus BuuMCARA0Ch 1o dopmyae  {6.10)
raasu VII:

P—Pp, x
P—p,—¢ ([. qz), (1.1)

npuuéM € 6unio Aano dopmyno# (5.6) rmasw VII opu n=1:

Rpyrd
& =I5 (1.2)
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a BenuuHHa ¢, Rasa dopmynoit (6.11) raasu VIL
q2=e"4lﬁ.

Beanmunsa t(f) swuyncasnach no c¢opmynam (6.8) n (6.2) raa-
su VI, B xoropux OO NpHHATO n==1:

r(t)=%:t+%(l——§—:) (l—e_%“). (1.3)

Hakoneu, BecoBo#t pacxox Beuucaaca no dopmyne (8.7) raa-
B VIl npy n=1:

kgF (Py— P,
G,= 'g_;pﬁ—z) 3, (2,), (1.4)

rae F ecTp maowans f0NepeyHOro ceueHus TPy6ul.

B H3MepeHuaX NPHXOAHNIOCH HMEThb HeN0 ¢ OGHEMHHM pac-
XOHOM, OTHEeCEHHWM K HOpPManbHOMYy Rasneuwvio (760 mx pryT-
Horo cronGa) u temneparype 15°Ll. drtor pacxon Q moayuyaercs
no ¢opmyae

=4, (1.5)
Ya
rae y,—Bec emuHHus 06BbEMa BO3ayxa npu arMocdepHoM aa-
B/ICHHH, TIPHYEM

n:pp—". (1.6)
Orciona HMeem
kg(Py— Py) F
Q="23=20"g, (g, (1.7)

Tak kak pexHM WCTEYEHHS TMPHHHMAACH 3a H30TepMHYecKuit
(n=1), To cnexoBanO MNPHHATDH

Py=pi, P=p (1.8)

W3 ONHTOB HAX YCTAaHOBHMBIUHMCH IBHXEHHeM Onia 3apaHee H3-
BECTHA MPOHMUAEMOCTE A LM% TOFO MecKa, COCTaB KOTOPOro MaH
B raaee VI,

Ilag nnacta Tex pa3MepoB, KOTOpHE YKa3ane B raase VI,
6ui0 ualiaeno

¢==0,058 5“. (1.9)
a
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3nece p, ectb HOpManbHOe jaBreune atmocdepu, p,— HaYaab-
Hoe a6ConioTHOe NaBAeHHe ra3a B MJacTe, BHPAMEHHOE B aTMO-

P ama q —
| ]
30‘___0"# o=
HOYATHHOE J08/eHUe
I~ Goadyra e 720 03_7
28— 1928 MM D _71
y4 —
26 ~ 4
Pa
z-" / e
7/ e
// yd .
22 T— 1=
/ : . |
/ / i
20 3{ 7 —
A /2
/ ,/ [—
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cpepax. Pacxon, Buuscancs no gopmyae

2. 2
Q=1,11 (”" 2"2) 8, (2,), (1.10)

a .

nonydennol n3 copmyan (1.7) mocne nomcTaHosku B HeE 3Ha-
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genuft (1.8) u 3amens BennuuHbl

D=g§ffn (1.11)

el YMCAEHHHIM 3HAYEHMEM, COOTBETCTBYIOIUWM TEM pa3MepaM maa-
CTa H COCTaBy NeCKa, KOTOpPHe OHAH fPH ONHTax. 3a e;uHHiy
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BpeMeHd GHia B3nTa MudyTa. B tabaunax 16 u 17 npuseseuna o6pa-
6otka Habmoaenuil Han ucTeyewweM BO3AYXa u3 TPYOW mpamo
B atMocdepy, nprudM pacxos Bo3nyxa ue 3amepsicd. Ha dur.
50 n 51 nanw TeoperHueckue rpauKH pacnpeleneHun xapaesub
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no anuue TPyOH, a HA ¢ur. 52 u 53 —rpaduky u3Menenus
AasneHus B8 3aBMUCHMOCTH OT H3MEHEHMS BPEMEHM B LIECTH MecTax
TpyOul, rae cTosiim ManoMeTpn. KpywmoukaMu oTMeueuw TOYKH,

P gmo
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COOTBETCTBYIOUME Dpe3yinTaraM Habmonenu#t. Kak oBuiee npa-
BHIO, 3TH TOYKH N€KAT HIDKE TEOPEeTHYECKHX KPUBHX, HO OTKJO-
HeHHA B OOJbLUMHCTBE CJ/Iy4aeB HE3HAYHTENbHH,

dur. 50—353 npeacTaBASIOT CHCTEMY HHTErPanbHHX KPHBHIX,
W/ULOCTPHPYIOIMX 1O/AY4YeHHO® HaMK pelleHHe, M OHM MNOKa3H-
BAIOT, YTO rAaBHYID POJL B PacCMaTpuBaeMOR 3ajaue urpaer ue
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H3MEHeHHe HdaBAeHuss N0 AanHe TPYOu (uMmeloulee, KCTAaTH cka-
3aTh, ONMHAKOBOE TEUEHHE), a u3MeHerue Qusrenusn 80 8pemenu,
TOXe Hocsulee onHooOpa3ubii xapaktep no sce#t TpyGe.

B ra6auuax 18, 19 u 20 npusenena oGpaboTka Habmionesuit
8 TPEX PasHLIX CAy4Y4asX, KOCAa OL4OBPEMEHHO 3aMepPAauCh H

poma
|
2413
HAUGIBHO® J0GHeHTE |
22H 68030yxa 8 mpyde |
+¢ [ 1035 mmp{ll. cm.
K 1
a0 —
1 i
LTV L
18 HER
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! \ =
VAR : |
14 ENEATSN i ;
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AN SNAN H
AN
P TSN
SR N S
e
D 3
10 . :
-+ i
0 i
1 3710 15 20 25 30 35 40 45

6pema
®yr. 53.

JamneHde ¥ pacxoX- Bo3Ayxa. Beuay omHoo6passoro xoma H3me-
HEeHHA HaBJEHHA B Pa3HHX TOYKAX MO ANKMHEe TPYOH, MW MpHBO-
AMM TONMbKO NHATPAMMY H3MEHEHHS NABJICHHA (OCPEXHHE TPyOw,
Ha dwur. 54,55 u 56 manm rpaduxu, u3o6Gpaxaiouiie Xon uame-
HeHH] OOBEMHOIO Pacxoda BO3AYXa B 3aBHCHMOCTH OT BPEMEHH,



176

SKCNEPHMEHTAJIBHHE HCCAEAOBAHHUA

[rn. vin

Ta6auna 16. PacnpexneneHHe NaBieHHS BO BpEeMeHH W MO AJAHHe
pTYTHOro croaba, mpH HCTEYSHHH BO3AyXa

Teop

Paccronuue
MaHoMeTpa
0T oTkpHTOTO Bpeus ¢ i 5 s .
KOHLA TPYOBI
B NOAAX AAH-~ B MHHYTax
HH TPYGn
Preop 1,963 1,649 1,509 1,418
A 2,005 1,667 1,516 1,411
x=0,16 xcn '
P, Teop-P IKen
W"—5 oo | —214 | —1,00 | —0,45 | +0,49
Teop
Pregp 2,494 2,068 1,855 1,710
Poxen 2,510 2080 1,854 1,694
x =032 P )
T2y | — 0,64 | —0,58 | 4005 | +0,94
Teop
Preap 2,831 1402 2,136 1,952
2,829 2385 2,110 1,913
x=050{|p 3n J
—R—R0py | 40,07 | 40,71 | 41,22 | 4200
Teop
Preop 2,997 2,621 2,325 2,114
P, 2,984 2590| 2,293| 2,060
x=0,68 xen
! P Teop — Poyen
p | 4043 | +1,18 | +1,38 { 4255
TE0p :
Preop 3,059 2,727 2420 2,197
' o 3,083 2,714 2,396 2,140
£=0,84 | &
P reOp—P sxcn o
P. 9| —078 | +0,48 | 40,99 | -+259
TCOp
Preop 3,087 2,763 2452 2,225
1 sken 3,083 2,722 2424| 2,178
xX=
P 'reop"P 9Ken
% | 40,13 | 41,00 | 41,04 | 41,00
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TpyGbl, B SABHCHMOCTH OT Ha9aJlbHOro AaBJeHHs B TpyGe p=1,528 s.x

yepes OTKPHTHIAA KoHell B aTmocdepy.

10 15 20 25 35 45 60
1,309 1,204 1,144 1,105 1,054 1,043 1,029
1,305 1,182 1,136 1,093 1,061 1,043 1,052

4031 | +1,8 [4069 | —072 | 468 0 —9,%
1,531 1,355 1,249 1,182 1,105 1,065 1,038
1,521 1,343 1,233 | 1,170 1,095 1,059 1,044

4065 |-+089 | 41,28 [41,02 |409 |-4066 |—058
1,721 1,492 1,344 1,253 1,149 1,038 1,048
1,695 1,457 1,316 1,235 1,122 1,071 1,038

4151 (4235 | +208 | 4215 | +235 | +1,56 | 40,9
1,851 1,584 1,410 1,300 1,180 1,104 1,054
1,814 1,537 | 1,376 1,267 1,144 1,083 1,045

4200 | 4297 |+241 | 4254 |+305 | 4190 |4085
1,914 1,625 1,445 1,326 1,186 1,111 1,057
1,886 1,596 1,418 1,302 1,178 1,109 1,050

41,46 | +1,78 | 41,87 | +1,81 | +067 | 40,18 | 40,66
1,937 1,641 1,457 1,335 1,190 1,114 1,058
1,907 1,615 1,434 1,306 1,182 1,098 1,053

4155 [ 4158 | +1,58 | 1,00 | 4067 [ 41,44 | 4047

12 n. C. NenGenson
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Ta6auua 17. PacnpeneneHue naBieHHS BO BPEMEeHH H N0 AJAHHe
pryTHOro ctonba, NpH HCTeYeHHH BO3RyXa

Paccrosune

Preop

MaHoMeTpa
of OTKpBTOrO Bpeus ¢ | 3 5 7
KOHUA TPyO6Hl
b goasx pau-| B MHHYTax

HH TPYOHI

Preop 1,679 1,452 1,361 1,298
1,723 1,469 1,370 1,301
x=0,16 excn
Preop _‘Psxcn 0
D. o] —262 | — 1,17 | — 0,66 | —0,23
Teop
’ Preop 2,060 1,758 1,616 1,513
J ok 2,092 1,780 1,624 1,517
x=0,32 cn ’
P -reop—P oKL
P 0| —155 | —1,14 | —- 0,50 | —0,26
Teop
Preop 2,289 2,002 1,828 1,695
2,297 2,005 1,825 1,687
= 0’50 axen
P‘reop — Pyyen
B 0] —0,35 | — 0,16 | 40,16 | 40,44
Teop
Preop 2,385 2,161 1,972 1,820
K 2,392 2,155 1,959 1,816
x=0,68 ca . !
Preop — Psxen
‘ Yol —030 | 40,28 | 4087 | +0,22
Teop
Preop 2,415 2,239 2,045 1,884
=084 P sken 2,427 2,242 2,042 1,888
TR0y | —0,50 | —0,13 | 40,15 | —0,21
Teop
Preop 2,421 2,244 2,070 1,906
ok 2,427 2,268 2,065 1,906
x==1 P PC"
20y | —0,25 | —1,07 | 40,24 0
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TpyO6bi, B 3aBHCHMOCTH OT Ha9aNbLHOr o AaB/cHHSA B TpyGe p,=1,035 mm
yepe3 OTHPBLITHIA KoHel B aTMocdepy.

a——

10 15 20 25 30 40 4
1,229 1,155 1,111 1,082 1,064| 1,043 1,036
1235 | 1158 | 1113 1,086 1067 1,045 1034
—049 | —02 |—018 | —037 [—028 | —0.19 | 40,19
1,397 1,269 1,190 1,139 1,104 1,064] 1,052
1,398 1,269 1,189 1,137 1,002 1,063 1,038
—0,072 0 40,084 | +017 | 40,18 | +0,094| +1,3
1,543 1,370 | 1,262 1,191 1,142 | 1,084| 1,067
1533 | 1,361 11254 1,181 1135 | 1078 1042
4065 |[4066 | 4063 | +060 | 4061 | 4055 | 244
1,643 1,42 | 1,314 1,228 1,169 1,00 1,078
1,634 1,430 1,303 1,218 1161 | 1,090 1,046
+055 [4083 |4+084 |+4+08 |+4+070 | +082 | 4297
1695 | 1,480 [ 1,341 | - 1,248 1,184 1,007 1,084
1693 | 1476 | 1336 | 1242 1177 1103|1054
40,12 | 4027 | 4037 | 4048 |-L060 | +036 | +277
1,713 1,492 1,350 1255 | 1,189 1,110| 1,086
1713 1,505 1,350 1.253 1,188 094 1,057
0 —0,87 0 4016 | 4008 | +054 | 267

12¢



TaGanna 18, CyMmapubifi pacxol rasa, BHIYHCHEHHBIA N0 06BEMY (B cM3), IPH HCTeYEHHH M3 KO-
JOHHB Yepe3 OTKPLITHIA Konel TPyObl, HaxoAHBIIKACA NMOA HEOOJLIIHM NepeMEHHLIM NPOTHBOAABRE-

HHEM, ANA CAyvYasl HayaJbHOrO AaBiE€HHA B KONOHHEe po=200 x4 pTyTHOrO CTOJGa.

CyMMapHbiit 06bEMHEHR CymMmaphnii 06bEMHBIH |
Bpewms £ pacxon Bosiyxa B ¢A3, || Bpems ¢ pacxos Bosayxa B cM3,
It NOAYYeHHKR () NOJyYeHHbIH

B MHH, - omra T i Oe‘; i;"' B MHH. I Ti‘;gi;"'
1 0,98988 3325 3021 14 12,86138 11735 10 893
2 1,96178 4665 4267 15 13,73735 12045 11 206
3 2,91877 5705 5221 16 14,61109 12335 11499
4 3,86171 6 585 6027 17 15,48292 12605 11773
5 4,79316 7345 6734 18 16,35309 12845 12026
6 5,71508 8035 7373 19 17,22189 13070 12 264
7 6,62804 8655 7937 20 18,08941 13275 12485
8 7,53364 9215 8 458 21 18,95570 13 462 12691
9 8,37983 9730 8941 22 19,82131 13637 12 883
10 9,32675 10 205 9389 23 20,68612 13795 13063
11 10,21606 10640 9806 24 21,55026 13940 13231
12 11,10112 11040 10194 25 22,41379 14075 13388
13 11,92266 10405 10 556 26 23,27702 141956 13534

081

EHHVEOYIUODH IMHIUVIHANHIIUING

mA 'v.n]



TaGnruua 19. MuHyTHLIe pacXoibl raza NMPH HCTEIEHHH M3 KOJOHHH! 4Yepe3 OTKPHITHA KoHel TpyOmi,
HaxoauBmuics noi HeGoabmHM NepeMeHHHIM NPOTHBORXABJIEHHEM, BLIYHCJAEHHbIe MO 06BLEMY (B cm3).

CymMapHHH 06b8MHNI CyMMapHbH 06bEMHNI
Bpewms ¢t pacxon Bosnyxa B ¢M?, | Bpems ¢ pacxon BO3NYyXa B cm3,
() NOJY4YeHHHH ) nonydyeHHn#t
B MHH. B MHH,
¥3 ONBITa Tiggi:"' H3 ONHITA Tﬁgg::""
1) HauanbHoe naBaenme Py—625 um pTyTHOro crosn6a
1 0,98902 7635 f 366 15 13,07730 1010 1165
3 2,92666 4070 3815 17 14,45880 815 1 001
5 4,74735 2980 2932 19 16,10267 690 838
7 6,94650 2320 2 284 21 17,56566 580 714
9 8,23812 1860 1972 23 19,00191 480 611
11 9,89930 1500 1645 27 21,79790 332 450
13 12,50800 1230 1381
2) Hauansuoe nasnenne Py— 820 mm pryTHOro croaba
1 0,98556 9180 9112 10 8,77869 2410 2478
2 1,72869 6910 6 904 It 9,04914 2200 2250
3 2,87454 6010 5591 12 10,30474 2030 2045
4 3,78104 5200 4799 13 11,04579 1870 1 864
5 4,66440 4520 4225 14 11,77391 1730 1702
6 5,52585 3950 3760 15 12,48951 1600 1554
7 6,36679 3470 3 368 16 13,19328 1490 1423
8 7.18853 3035 3033 17 13,88516 1 400 1304
9 7,99216 2680 2738

—
——

‘I 8Z61 8 HHHJI MLMUO

181
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TaG6auua 20. PacnpelencHHe AaBseHHA BO BpeMeHH B cepefHHe
XOAHBMHHACA NOA mepe

1) Havaabnoe nasnenne B TpyGe

Paccroanne
MaHOMeTDa
OT OTKPHITOro Bpewms ¢ 1 3 5
KOHUA TPYOH B MHH,
B A0ARX ANH-
HH TPYO6H
( Preip 2,083 | 1,866 | 1,733
£ 0.50 l Pyen 2,060 1,833 1,695
—P
Preo—Poen o | it | 4176 | 210
l Preop
2) Hawanbuoe naBneune 8 TpyGe
Paccrosnnue
MaHoMeTpa
OT OTKPHTOFO Bpewms ¢ 1 3 5 7 9
KOHU2 TPYOn! B MMH,
B AOAAX IAH-
HB TPYOH
P, 1,797| 1,659 1,567| 1481 1,438
x=050 | Pien 1825 1,662 1555 1,476/ 1,404
—P
E‘%_“E'_o,n—us _ 0,18 H-0,76 | £ 033 |+2,36
Teop
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Tpy6sl MPH HCTEdeHHH M3 He& BO3nyXa 49epe3 OTHPbIThIAE KOHel, Ha-
MeHHBIM NPOTHBOLABJICHHEM.

Py=1820 mx pTyTHOro croaba.

8 10 13 20 30
1,588 1,514 1,377 1,291 1,196
1,546 1,468 1,343 1,260 1,178
+2,64 3,04 +247 +2,40 + 1,51
Py=1625 mu pryTHOro cToOAGA.
11 13 15 17 20 25 30 40 60
1,390 1,349 1,315 1,288 1,250{ 1,208, 1,185 1,146, 1,122
1,355, 1,317] 1,284] 1,256 1,223 1,182 1,154 1,135 1,118
+4-2,62 42,37 |4 2,36 42,48 42,16 H-2,15 |--2,62 [+ 0,95 |1-0,35
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Ha ocHoBanHM 3TOTO CpaBHEHHS TEOPHH ¢ HAG/IIONEHHAMH Mhl
cuuTaem, YTO 8 npedeaax cpednux Oassenul pa3sumas Kamu
8 2nge VII meopun o00HOMEPHO20 OBuxcenus 2a3a 8 necke
ydossemsopumessHa.

3ameTuM, NOMYTHO, YTO M3 ONHTOB HAA YCTaHOBHBLUHMCS
ABilKeHHeM BO3dyxa Ohn Haitmed, BBeaguuuit CauxrepoM, addek-
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6pemrEmun
dur, 54.

THBHHH IHaMeTp 4 4YacTHUBLI MeCKa, 3arpyXeHHoro B ONLITHYIO
Tpy6y: d=10,243 #Hx

§ 2. OnuiTs THHU B 1931 u 1932 rr.

31 onutH Guian apousseneun cotTpyanukom T’MHU U, I, Mo-
CKaTbKOBHM HA HOBOH yCTauoBKe, YCTPOEHHOH aHanor{yHo TOH
ycTaHOBKe TIacTa, Ha KOTOPOH NPOM3BONMAMCH onuTh 1928 r.
E¢ usoOpaxeHMe B BepTHKa/NbHOM pa3pe3e AaHo ua ¢ur. 97,
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[Mnacr cocroan w3 U-o6pasuoft TpyGw, nuamerpom B 6 miokimos
# obuteit mandoft B 35 4. Jlasneuue 3amepsnoch AuGO PTYTHHMH,
Au60 npyxHHHHIMM ManomeTpamu, Toukv 3amepa OwaM pacno.o-
WEHH OPHONH3UTENbHO yepe3 O ., NPUISM HAYaNbHAT H KOHEey-
Ha® OTCTOSJIM OT KOHLOB KOJOHHH Ha pacctosund 120 wm. Camy

i
| Skaignyfrrn |
L |

4 S 5

; \i 9 mana Jom Fauns
& i Malmﬂemm
lottromomwa _Q1F1 | RN
Lmunal7260mm ||| T N2

\L| |alJ|| Jounal?250mm

1995.
e

| Bammacge,

b

Tpuemusro

Yp nona ! 3m. Bowmy
T T T 4

Pur. 57.

MAHOMETpH OHJIH PAacroNioXEeHH B OXHOM MeCTe— HA TPeTbeM
gTame Oawuu, B KOTOpol Obna nomelieHa B YCTaHOBKA. 3aMep
r43a, BHITEKABWIEr0 M3 KOJOHHH, MPOM3BOAMIACA Ta30METPOM,
BMKOCTb KOTOpNro Onina 0,6 43, Ha nyTH OT KOMOHHH K raso-
meTpy Onna ycTanosaesa Tpy6ka [luto, mpu nomouls KoTOpoH
TaK:ke MOXno OHA0 u3MepdTb PacxoA BO3AyXa,

OnnTh  npou3soanancs CHa4ana Ha BCef AAxHE KONOHHM
(35 #), HO 3aTeM ycTanoBKa Obld pa3geneda Ha ABE OTAENbHHE
KONOHHW NYTEM BLOpOCA YrOAbHMKOB M 3aKDLITWA NOAYYHBLIMXCS
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JABYX KOJOHH 3arJYyIIKaMB, HECYILHMH HA ce6e Mo OXHOMY OTBep-
cTHi0 And ManoMmeTpos. Takas mepecTpofika o6/aeriuna TexHuue-
cKOe BulOAHeHHEe ONuToB, Tpy6a Guaa HAOAHEHA OPOCYUIERHNM
neckom. Jl18 npeaynpexaennds OT NpOCKaKuBauus ra3a B 0po-
MEIKYTKAaX MeXAY NeCYHHKaMH M CTeHKaMH TpyOW TociaenHHe

¥ umo
4
ha lﬂllJﬂﬂe dagnekue| 8 n"pogme
g T | et
24 Jmun
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e 1 N/Omun
ML /m-—— . ;5””
/ 0 MUN z
0 q2 04 46 a9 0
dnune nnacma
dur. 58.

GHK CMa3aHH C/Jerka MPOBapEeHHWM MacnoM, YnaoTHe:nHwe 3ach-
NaHHOTO flecka NOCTHran0Ch NYTEM MPOAOAKHUTENBHOFO MOCTY-
KHMBaHMsl [0 CTEHKaM KOJIOHHHI MO 8ceft e& aauHe W NMPOAO/DKa-
J0oCh A0 MpeKkpauledus ocenadus croaba necka.

OkcnepumesTw Bemuch npu  dasnenusx or 1,35 mo 6 am.
Bunn nponssesesn TPH CepPHH ONLITOB.

1) MMepBan cepusi onuTOB Besnach Ha maacte [ &mkoCThio
B 328968 cu®, npuuEM on GwAa cocTaBrey H3 MEIKOro necka
¢ QPAKUHOHHWM COCTABOM M MOPHCTUCTBIO, YKa3aHHHMH B rAa-
Be VI. M3 npensapuTe/lbHLX ONWTOB HAL YCTAHOBMBIIMMCA IBH-
KenueM Ouin onpeneagu K03 duument GuabTpaurn K, a caeqo-
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BaTenbHo, M npouuuaemocts, OG6Gpa6oTka HabaioaeHHH Onina
npousseneHa no dopmynam § 1.

Ha ¢wur, 58 crenaxo cpassesne 0aHoro w3 wabmomeHnit npu
HauanbHOM a6COJIIOTHOM JaBieHHH po=2,717 am W npu HcTe-
yeuuu B atmocdepy ¢ Teopued, passutoit B ra. VI, Ha ocu
abcuuce OTMEYEHO PacNo/IOMEeHHe TOYeK 1JacTa, B KOTOPHIX

P ama .
HAYANOHO, eyl dniadm
35 | |B|=4048 brmia b | ¢
Jdpdy%/k/l deckod || (o]
spepe A
2, W prb.cm | °| /1
34 S
S »
“/
N 0 u
25 \ \
y ° ]
y a i
/ Gl
20 YRR
P Y
8 ,/ V/ °; Syt ”
1] v ‘Imqﬁﬁ
14 o apyd 750‘ A mMyﬁ'\
' 4
12 A 123 Mg | & loMun| |
ol /1P ! —b
7 2cmPpratt 4 | 2oMUH X
Y0 G2 G4 46 4f 40
' dnuna nreema
&ur. 59.

3aMepssIoch IaB/eHHe, a Mapasie/bHO OCH OPAMHAT OTJIOMEHH
3nayeHnd (YEPHHE KPYWOUKH — COOTBETCTBYIOT PE3YALTATaM Teo-
pETHYECKHX TNOACHETOB) abCOMOTHLIX AaBAeHHH BO3AyXa B 3Tx
toykax. TeopeTHueckue KpyBHE BHYEPYEHH HA OCHOBAHHH (op-
myn § 1. Kawaasi U3 uux COOTBETCTBYET TOH MHUHYTE mnpolecca
MCTEYeHHs, KOTOpas OTMedeHa OKOJO KPHBOH.

CeeTanle KpPYWOYKH M300PaKAIOT Pe3yAbTaTH HabJuoleHuHA,

Ha ¢wur, 59 Takve ke noctpoeHne CANaHO I8 HA4albHOTO
abconmoTroro Aasnenns py=4,048 am ¥ HCTeueuus 8 rasomerp,
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OKk0/0 KPHBHX OTMeYeH DACXOL ra3a B KYGHYECKHX CAHTHMeT-
pax B MMHYTY,

Mexny Teopuelt, maudo#t B rnaase VII, u wnaGmoneuuamu
HMEIOT MECTO OTKJIOHEHWS, HO OHH HE HBAAIOTCA 3HAYHUTE/bHHIMH,
M. Il. Mockanbkos B csoeit paGore!) OGDBACHAET HX HECOBEpLUeH-
CTBOM OMNHITOB, )

2) Bropas cepus onniTOB Benachb Ha mnaacte 1l ¢ noaHoi
gmkocTbio 328 968 cu3, cocTasneHHOM M3 CMecH ¢ TMHHOH TOrO
€aMoro mecKa, Kotopwiit Obll npumeHéH B Nepsodt cepUH OMBITOB.
Kak necox, Tak u rapua OuliM NPEXBAPHTEbHO NPOCYIIEHH,
npuuém TAuHa NOABepranach MeNKOMY pasMo/y C MoCAeAyIOLHM
NPpOCEBOM yepe3 Meakue cHTa. BecoBoe oTHOweHHe TAMHN H
necka B CMeCH coctasasao 100:215. YnnoTdenwe A0CTHFanoch
nocTyKkusanneM. Bec eaunuum o6béMa cmecd 6L pased

¥ =2,907 z/cH?,

B TO BpPEMfl KaK BeCc eIdHuuk 06bEMA YWCTOTO NecKa COCTaBisA
2,639 2;ca#3. ITopuctocts cmecu okasanach pasuoit m=—0,3775
BMecto m=0,3765 ans mecka B nepsoif cepuy OMHTOB.
Mexauuyeckull ananua cmecd 1o PpaKUMAM  3EPHHCTOCTH,
npou3senBHHLIA ¢ MOMOLULLIO CHT, Jad CJeAylOUlHe Pe3yAbTaTh:

d=0,059 0073 mx . . . . . . 973,
d=0,073 0,077 wae . . . . . . 191°,

d=0,077T—=0,109 mx . . . . . . 2,17°,
d=0,109—+0123 »x . . . . . . 1,780

d=0,123-+-0,152 #x . . . . . . 3720,,,
d=0,152+-0,156 ww . . . . . . 0,119,
d=0,156=+-0,169 mx . . . . . . 0,749,
d=—0,169--0,204 xx . . . . . .2145%,
d=0,204-+0,388 mx . . . . . . 158%,
d=—0,388 +—0,400mx . . . . . .56,54%,"

d=—0,400 u Gonee m . . . . . . 0,27%,

Onpenenetive xko3dduuuedta QuiaLTpauun caenano OuUI0 no
ONHTaM HaJ YCTAHOBMBLIMMCH TEUEHWEM BO3AyXa.

Bcero 6u10 caenaHo ABafuaTb ONBITOB, NpHYEM HAYalbHOE
nasaenne (u36uTtounoe) xonebanoch or 300 xo 3800 mx pTyT-

1) «Hedranoe xo3siictsos, 1932, N 3,
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voro cronba. [Ipu nabGniogeHnsx Obi1 OTMEYEH BAXHHWA dakT:
NPH TeX e HayanbHRIX OaBJAEHWAX H TOH XK€ [OPHCTOCTH CKO-
poCTh HCTeueuus Obla FOpa3fo MEHbLIE, YeM B [ePBOM IUlacTe
(npumepro B BOcemnhanuaTb pas). Bpems noaHoro HCTOulEHHS
nnacra goxoxuao Ao 15 gacos.

CpasHenue pesynibTaTnR ONHTa € TeopHel npPOM3BOAUIOCH
TaK e, KaKk W B mpeinayuwem caydae. OHO npeacras/eHo Ha
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22y r'\\’% “‘\'c\,@% og// ‘)J“{f "ﬁi
WA
20 / Ao NI‘“\
4 / \s\\/ ()
W\ / | 86 C/M,/NW’”—‘ '
18 /4;}/ 7 gt r
' Y
WA LA
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’ é 2/ Hquanbrod daspenie 8 Anadme |f3=446%amq
dapomempmyvetroe Pasaenie A 743 mmlom ¢m
10 UGMeYenP 8 2Q30MPIMP\C RPOMUBOTAASEHUER 55 MM AT CIP. z
g a2 04 g6 a8 ]
dnura nracma
<ur. 60.

¢ur. 60, mpuuém na Kawaol KpHMBOR pacrmpene/ieHHS IaB/EHHd, .
COOTBETCTBYIOWEH onpeaentHHOM MHHYTE HCTEYEHHH, AaHA BeJH-
4¥Ha CEKYHIAHOrO pacxoaa B c.ud|amun.

W3 auarpammbl BUAHO, YTO 3KCHEPHMEHTA/JbHHE TOYKH YKJ/a-
JBBAIOTCA JOBOJBHO XOPOIIO BO/H3H TEOPETHUYECKHX KPHBHIX,
ocoGeHHO B HadyanbHOM cTaaud onuTa, Avadoruydwit xapaktep
HMEIOT H AHArpaMMu QCTalbHLIX ONLTOB 9TOR CEpHM.
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3) Tperps cepus ONWTOB Benacs Ha macre I, xotopuf
6u cOCTaBleH W3 PevHoro XEATOro KPYMHO3EPHWUCTOrO necka,
Bec emuunun o6bEMa cyxoro necka G pasen Y= 2,646 2/cu®,
a nmopucTocTh Omna paswa m— 0,3725.
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dpakuHonHnl  cOcTaB MecKka, MO AAHHHM MEXAHHYECKOro
aHanusa, OWJ caeaylouwmit:

d=0,059-+0,073 44 . . . . . . 0,359,
d=0,073-+0,077 mx . . . . . . 0,13,
d=0,077—+0,109 ms . . . . . . 0,129,
d=0,109+0,123 4x . . . . . . 0,179,
d=0,123+0,152 x4 . . . . . . 0,419,
d=0,152+0,156 ks . . . . . . 0,119
d=0,156-0,169 sx . . . . . . 0,74,
d=0,169-+-0204 sx. . . . . . 086%
d=0204-+0,388 ax . . . . . . 0209,

d=0,388 0,400 ms . . . . . .23,83,
d=0400 n Gonee m . . . . . . 73,76°,
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Kag BMIHO M3 3TuX Aauuuix, raasHoi coctaBHOR ¢pakuued
ABNAIOTCA MECYMHKH, HMeloule AHameTp Gosee 0,4 mu.

IMponnuaeMocth ‘£ Gbina Onpesenena W3 ONWTOB HAM YCTaHO-
BHBIIHMCA JIBHXEHHEM,

OnuTH Hal HEYCTAHOBHBUIMMCA ABHXEHHEM MPOM3BOAHIHCH
npY  u36LTOYHHX AaBnenusix of 300 no 3800 mm pryTHOrO
cTonba,

Ha ¢ur. 61 nano cpasieHne TeopHu ¢ HaGMONEHHAMH, TPH-
Y&M TOCTPOEHHe BEJIOCh aHAJAOTHYHO MPEeNHAYWHM. 314eChb, KaK
H BO BCEX OCTa/lbHBIX OMbTax 3TOH cepun, HaGmoaaeTcs pacxo-
KAEHHE MEKAY TEOPETHYECKMMH H HaGMIONEHHHIMH  3HAYEHHIMH
AaBnexufl B Hayane NpPOUECCa HCTEHEHWR, HO 9TH PACXOKIEHHH
GLICTPO YMEHBUIAIOTCA B JajibHeiileM Mpolecce HCTeUYeHHA.

[TpoaoaKHTENLHOCTD HCTEueHHs Oubina  He60Abllas — OKO0
10 Mun,, T. €. NpHUMEPHO B ueThpe pa3a MEHbille, YeM B COOT-
BETCTBYIOILEM ONbITE MepBofl cepwy.

¥ omo
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Pur. 62.

YuutmiBan ofcTonTe.bcTBa onuitos, M. 1. Mockaabkos cum-
TaeT coraacde Teopud rAaBH VI ¢ HaGmOZEHHAMH YAOBIETBO-
PHTE/BHBIMH,

Ha ¢ur. 62 nana ans Bcex TpEX cepuit ONWTOB CBOAHASA
JAMarpaMma M3MEHEHHS HABJCHWA B 3ABHCHMOCTH OT BpPEMEHH 1A
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OZHOA M TOif e TOUKM mnacta (x,), Npu odeHb GAM3KHX HAYa/b-
HalX [aBNEHMAX (B u/Mma), a HMEHHO:

ana 1 nnacra npn py=—3,93 ama,
ans Il nnacra npu p,— 3,82 ama,
ana i nnacra mpun py=—4,00 uma.

Ha ¢ur. 63 xana ans scex Tpdx cepuit CBOAHAR AHArpaMma
H3MEHEeHMs AaB/JEHHS B 3aBHCHMOCTH OT BpeMeHd AMA TpEx pas-

macwmad dpa | u lll nnacma
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10203040 50 100 50 20 tmun
macwmad Al nracma
Pur. 63.

MUYHHX TOYEK KaXAO0ro faacra, reoOMeTpHYeCKH OIAHHAKOBO pac-
I0/I0XKEHHLIX, IPH PaA3NHYHHX HaYa/JbHBLIX AdBACHHAX, 4 HMEHHO,

B | anacte npu p,—2919 ux pr. c1,,
so Il nnacre npu py—=3592 x#x pT1. €T,
8 lll naacte npu po==3420 um pt. CT.

Ha ¢ur. 64 nana ans Bcex cepuil ONWTOB CBOAHAH AHA-
rpaMMa pacXOLOB BO3MyXd KaK MAHYTHHX (KPHBHIE HCTOU(EHHH
NA4cTa), TAK W CYMMApHHX (KpuBas CcymmapHod 1oGuuu) npu

13 5. ¢, Nencenaon
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MOYTH OAHHAKOBLIX HAYANbHEX AABAEHHAX, DABHHX (OOTBETCT-
BEHHO:

8 | nnacre npu py=—2137 xmx pr1. cT.,

B0 Il nnacte npu py=—2057 wmx pt. cT.,

B lIl maacte npu po=—1992 mx prt. cr.

Ha ocxoBanun nponenausnix onwros WM. I1. Mockaabkos
YCTaHOBHA CleAyIOWMH 3aKkoH: aspexn ucmoujenus T raxcdozo

Jemfmun
25015 agacM«Vuyﬂ/C/mmap/f )m o
1/, itwpuedse
» MUNY MO PUCAPGo8
/.00 2w puspre
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—
S

\{

1,
Lot .-l
04 8 12 162024 28323640 44 4852.5%

8pema 6 Mut,

)

[N

dur. 64.

naaCcmMm C8A3IHO ¢ 3PPEKINUBHUM 01“1}(8”1[)0.4[ gacmuy necka d
COOMHOUeHUCM

dyT= const.¥),

*) B moktopcko#t naccepraunonnol pabore B. B, Jlanyka (Iaso-
RHHaMHYECKHE OCHOBbHl Pa3paGoTKH MECTOPOXAEHHHA APHPOAHMX Tra-
308, 1946 r)) ma#o TeoperHYeckOe HCTOJKOBaHHE OMMITHOFO 3aKOHa
W. T1. Mockaasxosa. :
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B camom nene, npousseifHHhie A8 TPEX MJN4ACTOB H3MEpeHHs
ANy CAeAYIOUMEe uHCra:

dVT, =165 dVT,=163 d)T,= 1,654

§ 3. Ombitet B MIY Han HeyCTaHOBHBIIAMCA ABMXKEHAEM
rasa,

3TH ONWTH OuAH NPOBEACHH 00X OGWHM PYKOBOLCTBOM
O. C. Bunbkepa B M'napoannamuyeckoli naGopatopuu umenu H. E.
Kykosckoro MoCKOBCKOTO TOCYNapCcTBEHHOTO YHHBEPCHTETa Ha
TOM e MAacTe, Ha KOTOPOM MPOK3BOAH/IHCD OMNHTH C YCTaHO-
BUBlIMMCH ABWXeHHeM, onucaunnie B raase VI, INecok 6ua TOT wWe,
yto u B onuitax TMHU (em. §§ 1 u 2, nepsas cepus OnHTOB).

Mamepenne nasnednit MPOH3BOAHAOCH PTYTHHIMH MaHOMETpaMH,
YCTAHOBNEHHLIMH B NATH TOYKAX KOJNOHHHW. OG6GDBEM BHTEKaBLIErO
BO3AYXa H3MEpR/JICH Ta30MeTPOM.

OnuiThl NPOH3BOAM/NCH CAedyIOUHM o6GpasoM. [Ipu 3akpuToMm
rasoMeTpe KOMAPECCOP HAKAaYHBad B MJACT BO3AYX A0 HYMKHOFO
Hanep&n 3a1aHHOTrO 1aB/JEHMS, [OC/E 4Yero 3aKphLiBajicAd BEHTH/b
Ha rasonposoasuie#t auuuk. Jlasnenue BecbMa OGLICTPO BHPAaBHH-
BaJoch NO Bcefl AJMHE Mn1acTa, H Ha MaHoMeTpax ¢HKcHpoBanoch
Ha4a/JbHOE JlaBneHue B maacte. Bpema oTKpwTHE Kpana y raso-
MeTpa COOTBETCTROBA/NO Hayany (pouTauupoBauusi ckBawuHH. Bo
BCE BpeMd (OHTAHUPOBAHWA M3MEPSIHCh  M3MEHeHWe [AaB/eHus
B Pa3HbIX TOUKAX MaacTa H Pacxold BO3AYyXa.

Ha ykasanHo#t ycraHOoBke OH/IO NPOBEIEHO KeCATH ONHTOB
¢ HavaleHWM fasnedueM B nnacte ot 1 po 10 amua,

Ha ocHOoBaHHW ONWTHMX AAHHBIX GLUI MOCTPOEH P AKATPaMM,
HARIOCTPHPYIOUIKX pe3y/bTaThl onuToB. M3 pama nonyueuunx
AuarpamM BHIOpaHel TpH, OTBEYAIOLME HAYA/NbHHM  KABJACHHAM
coorsercteenHo B 11; 6 u 3 amu.

Ha ¢ur. 65 usobpaicednt rpaduky M3MeHeHuss NaBleHHA P
B 32BHCHMOCTH OT BPEMEHH, TOCTPOEHHHE [0 OMLTHHM TOUYKaM
INR MaHOMETPa, noMeldHHoro BOGAM3M Buxoga H3 naacTa. Bece
KPHBHIE HMEIOT OAMHAKOBLIA XapaKTep He3aBHCHMO OT HA4a/bHOTO
AaBnedus p,,.

Ha ¢ur. 66 panw rpaduku u3MeHenns OGBEMHOTO MHHYTHOTO
Ke6uTa 11aCTa ¢ B 3aBHCHMOCTH OT BpeMenu £, Bce kpusue nuMeoT
OIMHAKOBWY XapaKTep HE34aBMCHMO OT HAYa/bHOTO AABJCHHA pq.
OGBEM ¢ OTHEeCEH K HOPMANbHOMY [ABIEHHIO,

13*
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Ha ¢ur. 67 naun rpaduky cymmapioro o6uEmuoro mebuta ()
B 3aBMCMMOCTH OT BpeMmeuu [, Bce KpuBhe HUMEIOT OZMHAKOBLIH
XapaKTep HE3aBUCHMO OT HauyaAbHOTO fAasfaeHus p, O6bEM ()
OTHecEH K HOPMa/JbHOMY [daBNEHHIO.

Ha ¢ur. 68 usoOparena 3aBHCHMOCTb cyMMapHOfl OGBEMHOMN
A06hiun (ae6HTa) mnacta Q B 3aBHCHMOCTH OT OCTAaTOYHOrO Aas-
JleHns p, M3MEpSABIIErocss MaHOMETPOM, HaXOIMBIUMMCH BOIM3H
BhxoAa M3 nnacra. IlonydeHHbie TOYKM XOpOWwO FpynnM-
PYIOTCH OKOJIO NPAMBIX JIMHUA HE3aBHCHMO OT BeJHYMHE Haya/b-
HOrO JaBienus.

§ 4. Onvitst THHU 1930 » 1931 rr.

STH ONHTH TNPOU3BOAKINCL HA CIEUHAJLHO CMOHTHPOBAHHOMH
yCTaHOBKe, KOTOpasg MpeACTaBAsna COGOH FepMeTHYecKH 3aKphi-
BaowMica LMAMHAPHYECKnit pesepsyap auametpoM B 0,9
suicoTolt B8 2,5 4 (dur. 69). Pesepsyap sacoinanca aw06epeunkum
KBaplEeBLIM MECKOM M, TakuM 00pa3oM, APEeACTaB/AT HCKYCCTBEH-
unft nnact, [lo ocu mnacta Guina 3an0keHa BepTHKanbHas CKBa-
®HHa (B BHAe naTyHHo#t TpyOxH auamerpoM d—4 mum Wiy d =
=10 m#), KOTOpasg MOrAa N0 Mepe HaaoOHOCTH fepeMelaThes
BBEPX H BHH3 BAOJb OCH,

B 1wecTH mIOCKOCTHX, NEPHEHIMKYMSIPHHX K OCH pe3epByapa,
HA paBHWX PACCTORHMAX APYL OT Apyra ObliM 33aN0WEHH OYeHb
TOHKHE TPYOKH, MPeAcTaBIABuIHEe COGOH MaHOMETPHYecKHe LLynbl.
Mx pacnonoxenne uzobpaxeno Ha ¢ur. 69. Hasuauenwem yka-
3aHHWX MAHOMETPHYECKHX Lynos Owao onpexeneHHe paaMyca
HeHCTBHA CKBAWHHEI B TODH3OHTAAbHOM Hanpasnewuwd. Ilas onpe-
IeNeHHs H3MEHEHHS QaBJeHHd MO BHICOTE MAacTa OulJM YCTaHOB-
NeHH PTYTHBlE MAHOMETDHI B IUECTH TOYKAX (COOTBETCTBEHHO ILECTH
FOPU3OHTA/IBHHM  TI/IOCKOCTSM).

Mamepenue pacxona BO3Myxa NPOM3BOIMIOCH, K@K H B OMH-
CaHHBIX BBl ONHTAX, MOMOULILIO rasomerpa.

PesyabTaTsl ONBITOB NpeAcTaB/aeHH rpadpuyccky Ha ¢ur, 70—73,
KOTODHE OTHOCATCH K ONpelen&HHOMY MeCTONONOKEHHIO 3a60od
CKBaXHHH (HHWHEr0 KOHUA TpyOku) Ha yposue IV ropusosra.
Bce octanbHme AuMarpammbl, TOMYYeHHWE B pe3yabTaTe ONMTOB,
HME/MH Takoi e Xxapakrep.

Ha ¢ur. 70 n3o6pawenn rpaduky n3veneHus HaBAeHHdA B 3a-
BHUCHMocTd ot Bpemenu £. Kpusnie [, I, 1lI, IV ortnocsTes Kk ckBa-
WHHe [uameTpoM B 4 M, HO OTBEHAIOT YETHPEM pa3MYHBIM
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HaualbHHIM AaBleHHaM, KpHBam V OTHOCHTCH Kk CKBakMHe ¢ Oua-
metpom B 10 mx. HavyanbHoe naBieHHe TakKoe Xe, KaK d Y
kpuBofi 1. Mbl BMAMM, KaK BCASACTBHE 3HAYHTENbHO GO/blIer:.
adamerpa (B ABa C MNOJOBH-

HOH pa3a) OPOHCXOAHT He-

cpaBHeHno 6oaee OLiCTpoe ma- |
IelHe JAaBaeHus. ' v

Ha ¢ur. 71 zanu rpadnku I |
H3MeHeHHs CyMMapHoro oG- | v
Emhoro aebuta naacta @ B T """ ""7T"
3aBHCHMOCTH OT BpeMEHH 1. gpus.. ] W
HeBut oTHecén Kk wopManb- [Weopui T~ —— | =~ ~7T"°
HoMy nasaewuto. Kpusas V . :

OTHOCHTCH K CKBaXHHE HHa-
metpoM B 10 s, Kpusne I
I, Il u IV oTHocaTca K ckBa-
WHHE AuHaMeTpoM B 4 a4y,
Hauanbuue npasirednd pasble
W ZOMKHbL ObiTh B3ATH K3
¢ur. 70.

Ha ¢wur. 72 mana sasucu-
MOCTb CyMMapHoro aebuta
CKBOHMHH B 3aBHCHMOCTH OT
OCTATOUHOrO JdasaeHusl B f11ac-
Te, Ha0JIIOAABLIErOCs BAAMI OT
32008 CKBAXHHBLL. Mul BHIUIM,
YTO TOYKH, NOJYYEHHWE U3
HAOJMIOZEHUH, NOBOJBHO XOpO-
110 FPYNMHPYIOTCH OKOAO Npsi- i = :

MbIX JMHHHA HE3aBHCHMO OT Ha-
YanpHOTO I@BMEHHA B niacte.
Ha ¢ur. 73* nokasaso u3-
MeHeHHe JLaBJeHHs M0 paauycy
B IV ropusonTancHom ceue- dur. 69.
nuu, Hauany xoopauhar co-
orseTcTByeT 3a6Go# ckBawHin. Pacnpefencane masneHuit naHo
yepes kawaue 10 MuHyT, HauMHad ¢ S5-f MuHyTH JO KOHHR
HCTeUeHHU.

Bee 3T onmtH 6ol npou3Beaent i o6paGoTakbl rpagHuecku
A. C. Buaskepom. Ony NpemcTaBisioT TOT HHTEpeC, 4YTO B HHX
B OTAU4HE OT OnuToB, H3noxeHunx B §§ 1, 2, 3, orHocswuxcs

-.____I_______///
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K ONHOMEDHOMY TEYeHHIO, ABHXKEHHe rasa HMeeT Pe3KO BhipaweH-
Hufl TpEXMepHWH XapakTep, 0AHaKO OOIMH BUi KPHBHX HOCHT
onuHakosit xapakTtep. CpasHedus ¢ Teopueit 10 cHX nOp He
CREAaHO.

§ 5. 3axkon npamoit auunn 1. C, Buabkepa.

I. C. Bunbkep BelBe/l H3 CBOHX ONLITHHX nuarpamu {dwur. 68
H Gur. 72) cneayiowuft 3aKOH: CYMMAPHbLE Oelum Cr8axcuHbt
ecms AUHELHAs PYHEQUSL OM OCMLIMOYHO20 OABACHUS 8 NAACHEe
80a.4u om 30008 CK6aNCuHbL'). AHANMTHYECKH 3TO BbIPAKAETCH
ypasHetsien

rae A ¥ B cyTh nocTosuuule, 3aBHCAIME OT HAYaALHOTO Aasne-
HUA, CTPYKTYPhl NMacTa H MONOKEHHA 3a00f ckBakHHW. B cucteme
KoOpAMHaT (), p ypaeuenue (5.1) usoGpaxaercd npAMOH /uHHei,

§ 6. Hosele ommiTel B MI'Y nanm mBmeHnemM BO3jayXa uepes
HOPHCTYIO Cpeny.

B 1938 r. B Iuapornnamuyeckolt naGopatopuu Mockosckoro
rocyzapcreennoro ysusepcuterta M. C. Buaskep nponss&n Bechma
LeHHHE ONuTH Hald B3aUMOIEHCTBHEM ABYX CKBaXHH B OLHOMEp-
HOM rasoBom naacte. [aa 370 meau O CMOMTHPOBAH M3 Ke-
ne3HbX  TPEXZIOAMOBWX TPYO TrOPH3OHTANMBIO PacHONOKEHHbIH
TpyOOnpoBoa, 3anonxexuudt M06epeuKHM KBApPLEBHM MECKOM
(Tem ke, 4TO W B mnpelWayuux onuTtax). [auHa HckyccTBen-
HOTO naacra coctasasna L=—144,14 #, o6b&M naacra OGu.n
paBeH V=—0534768 cx®, Bec mecka 6ua G—=967 ra,

ITo mauHe maacTa B OAMHHAALATH €TO TOYKAX OblIH YCTaHOB-
aAeHbl TpyGku #aa otdopa Aaeienus. LTtyuepw Ouiny npucoeau-
HeHbl K PTYTHHIM MaHOMeTpaM, COOPaHHLIM Ha OLHOM LUMTE.

B kauectse ckBawuu 6e1u B3ATH TpYOKH B 10 s auamerpom,
pacnosoweHHsle Ha PasHLIX PAcCTOAHMAX LKPYF OT APYra M COedM-
HEHHBIE, Kaw1asd MOPO3Hb, C ra30MeTpaMH, KOTOpLe, KaK H B mpe-
AHAYWHX paboTax, CIYWHIH AN H3MEPEHHA pPacxoa Bo3dyxa.

1) B untuposamoii kbille ROKTOpCKOR aucceprauHoHHo#f pabore
‘B. b. Jlanyka e¢ anTop, HCMOML3YA HOHATHE CPENHEB3IBEIUEHHOTO MO
06bEMY N.1aCTOBOT'O NaB.1eHHA, Na7 TEOPEeTHYECKOE HCTOAKOBAaHHE H 60-
Jee npapuabnyio GopMyaHposKy «3axona mpaAmofl auunn» [, C, Bunbkepa.
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Cxema ycraHoBkM mpexacrasieHa Ha ¢ur. 74, Ha onucasnoi
ycTauoBke OblIH NpOBENEHW CHeAyoulde TPH CEPHH ONKITOL:
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1) ZBE CKBaXHHW PACOOJOKEHM Ha PpaccTogund 144 4 apyr ot
Apyra (OKO/JO KOuNOB [y1acTa); 2) ABE CKpawuun pacnoNoKeHb
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Ha paccTosHMH 72 m Ipyr OT Ipyra M 3) ABe CKBa¥HHHW pac-
NONOKeHw Ha paccToauud 48 x ApYr oT mpyra.

Kawnasa cepus wHabhionesnfi NMPOM3BOAWNACH TNIPH HAYANBHOM
nasaexuy OT 2 10 9 ama.

Onno u3 Habmoaewn# (cayualt HavanbHOTO nasnewns 2 ama)
Hal B3aMMOJEHCTBHEM ABYX CKBAaXMH, PACMOMOKEHHHX HA paccTod-
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dur. 76.

sau 48 x4 npyr ot Apyra, mpeactasnexo wa ¢wmr. 75, 76 u 77,
Ha ¢ur. 75 nano uaMeHeHHe RaBneHus MO AJuHE MNACTa U BO
BpeMeHH NP HCTEYEHHH BO3RYXA H3 ABYX CKBaXuk; Ha ¢ur, 76 —
H3MEHEHHE MHMHYTHOTO Pacxola BO3AYyXa ANA KaWAOH CKBAKMHH
M Ha ¢ur. 77 — H3MeHEHHe CYMMApHOro pacxona Bo3ldyxa ans
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KaWA0A CKBaXHHH, AHANOTHYMLIA BHA MMEIOT KPuBuE H s Apy-
rux cayvaes HaGmonesui.
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[Toctpoennsie Ha ¢ur, 75, 76 u 77 rpadpuin OTaHYHO

COrNacyloTCa ¢ TEOPHEH OAHOMEDHOTO JABHMEHHR Fa3a, Pa3BUTOR
B raase Vil




TJABA IX.
FMIPABJIMUYECKHI PEXHUM.

§ 1. Mocranoeka npoGaemsl.

[Tpeanonoxum, uro mépmsas wnegmp (HerasuposaHHam He-
CKMMAeMas KHIKOCTb) 3aHWUMAET HEKOTOPY! HACThb mnacta (nopw-
cTOf cpesH), a OCTa/lbHA® 4YacTh NJacTa 3aN0/HEHA HeckKuMaeMoH
BOAOH (kpaeBas Bofa). Boasmwas wacts nnacta (dur. 78) orpauu-

dur, 78.

YeHa ONpenendHHEM KOHTYpOM 2° KOTOPHI M Ha30BEM KOHMY-
poM numaHus W HA KOTOPOM 3aldaHbl onpenenéhiue (mo Kakomy-
HUOYAb 3aKOHY) 3HAYEHHR NABJIEHUA KHUIKOCTH.

Ecau B wedrenochyo yacts nnacta nposedeHa CkBawuua S,,
TO IdaBleHWe Kpaeso# Boaul OylaeT BHTECHATh He(TbH H3 MAacTa
B CKBaXHMHy. B aroM cayuae Mw umeeM wucmud zudpogruyecruli
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pexcus, NPH KOTOPOM ABH¥EHHe HedTH MPOHCXOXHT ENLHHCTBEHHO
B CUNY AaBleHust kpaeBoH Boaw. Ecau e HedTh 10 nekoTopofh
CTeNeHH HaCHUleHa rasoMm (xcusus Hedms), TO M Gynem HMETh
CHEWHHOL 203080-2udpasiuteckull pexcum, NPH KOTOPOM HCTE-
yenye HedTH M3 nNAaCTa B CKBAXKHHYy OydeT NPOHCXOAMTH Kak
BCTEACTBYE XABNEHHS KPaeBolf BOAM, TaK H BCAEACTBHE YMpyro-
CTH ra3a, pacTBop&HHoro B HedtH W oOpasylowero Oaarogaps
UajeHHI0 QRaBAEGHHA [0 HAMPABIEHHI0 K CKBaXKMHE Tra30Bbie My-
3upbkH. B obuiem cayvae nasnenHe p, Kpaesod BOAW HA KOH-
Type SO (¢pur. 78) M AOMKHBI CYHTATH MEHSIOLIHMCH OT OXHOM
TOYKH KOHTypa K Apyro#i, a Takke MEPEMEHHHM M BO BpeMeHi,
Bennunua asnedus p, Ha KOHType muTauus 29, KaKk Ouio ywe
CKa3aHO, €CTb 3alaHHas BE/HYHHA, HEH3MEHHAS BO BPEMEHH, HO
MOTYLIasd MEHATbCH OT OAHOR TOYKH KOHTYpa MHTaHWA K ApYTOH.
B 4acTHOCTH, OHa MOXET OniTb MOCTOSHHOR MO BCEMY KOHTYDY
muTannss. ToyHO TaK e naBiewue p, NO KOHTYPY CKBIKHHH S,
M BOOOULE NOMKHBI CYHTaTh MEPeMeHHWM BO BPEMEHH, HO, B 4aCT-
HOCTH, OHO MOWeT OHITb MOCTORHHHM MO BCEMY KOHTYPDY CKBa-
WHHE M HEH3MEHHHM BO BDEMEHH,

B npumeHenid x ra3oBoMy MECTOPOXIEHHIO MH IOMKHH [10-

CTaBHTb aHAJOTHYHYI0 3aZayy O BHITECHEHMH ra3a H3 naacra
Kpaeso# BOAOH.

§ 2. OaHomepHas npoGaeMa O BeITeCHeHWNH MEPTBOH HedTH
BOdOH.

[Tycts Mu nMeeM mnpH3MaTHYeCKHf NAaCT mnONEpeHHOro ceuye-
mrs F (dur. 79) ¥ nyctb B Touke O — Hauane KOOpAHHAT
CHCTeMHl OCell x, Y — pPacnoNo.KeHa CKBAKHHA C J[aBleHHEM p,.
B uauanbunit MoMent £—0 pa3aen HedTH W BOAH €CTh MJ0-
cxocTb B cevenud A, [dnuny vacru naacra OA, 3aunatyio HedTbio,
Mu 0603HauinM depe3 L,. Teuenwe nyctb Hampasneno ot A k O,
Bcio uacth mnacta caesa OT ceueHus A Mbl MPedNONOKHM 3a-
NIONHEHHOA BONOH W nycTh ceuveHdwe BB ecTb KOHTYp MNHTauud,
FAe BOAA HAXONWTCH MOA MOCTOSHHKIM [aBJEHHEM p.

OG0o3HauuM MHKIO pasfena BoAW M HedTH B KaKOH-HHOYIb
MoMeHy Bpemenu ¢ yepes CC. Paccrosune OC ot nawana O npu-
MEM PasHNM L, 2 raapoausavuveckoe AasieHHe B MAOCKOCTH
pasnena oGosnauam yepes p,. OuesuiHo, L ectb dysxuus spe-
MEHH ¢, nmognexauwias onpejenennio, Jlasnenne KuAKOCTH B JI0GOHA
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TouxKe naacta Gymer onpefenatbcs AvddepeHunasbHuM ypaste-
Huem

dazp
m=0. (2.1)

Mm'erpa.n 3TOTO ypaBHeHHd €CTb
p=Clx+C . (22)

OTciona cnenyer, 4TO Kak B 4YacTW nnacra, 3auatol HedTbio,
TaKk 4 B 4aCTW, 3aHATOH BOAOH, AaBneuwe pacnpeaenseTcs no
3akony npamoft nuuuu (dur. 79).

,o, \
9

g 2
E 2
2
o=
=3 0
§
= Hedms -

L 0

L -

Ly

Pur. 79.

Bynem paccMmaTpusaTbh naBneHus p; H p, Kak H3GHTOYHHE
Ha] NaBAGHHEM p,, T. €. NMDHMEM B HALIMX pacCywaeHrax p,=0,

Onpenenss noctosunne C; w C, #¥3 rpanuuHbX ycaosuil
B OGnacTH, 3aHatofl HedTblo, MW HAHABM, 4TO pacnpenerenue
IaBieHHs ONPEeAeNseTc ypPaBHEHHEM

=L
p— L xl (2'3)
a B 061acTH, 3aHATOH BONOIO, — ypPaBHElHEM
==P (v 2.4
P Ly—=L (x )+ P (2.4)
CkopocTh unbTpauuu, coraacko 3akony [Japcu, pasHa
u=rd (2.5)

T pdx’
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OGoznauum nns Hept aGCOMOTHYIO BA3KOCTb Yepes By, a
MPOHULLAEMOCTh M/1aCTa —4Yepe3 R;, AJR BOAH abCOTIOTHYIO BH3-
KOCTb —4epe3 M,, a MNpOoHHUAEMOCTb MiacTa —uepe3 &,. [lo1-
CTaB/us 3Hauenus Aasiexusd p u3 (2.3) u (2.4) B (2.5), Mma Gynes
HMeThb CAELyioliee BHpakeHHe CKOPOCTH (HAbTPAUUH:

a=tr2_ R po—py (2.6)

Hpyroe BhpaxeHHe CKOpPOCTH (HALTPALHH MH MOJAYYHM B BHAe
dL

H=—nm Tk (2.7)
M3 ypasnenuit (2.6) mu nafiaém Bemuuuny p:
_k  p 1
pl"‘E Lo—L [’il.l ;2 1 J D (2-8)
w L7 op (Ly—L) '
M3 ypasennit (2.6) u (2.7) Mu uMeeM
—mitn (2.9)

dt—FIL.

Moacrasnag ciona p, u3 (2.8), mm noayunm audpdepenumansroe
ypaBssesue
L 4k Po (2.10)

—_m =2 .
dt [} PZ[E} Lo— L E?L]
Px( 0 )+l-‘1

Huterpuposasiue 3TOro ypaBHEHMS Na¥T

_k_l Y A% E-’ 2=__.__2@ {t—C 2,11
Pl(Lo b +P-zL B B ”l( ) (2.11)

[Tpou3sonbhylo noctosuuyl C M ONpesesHM H3 YCJAOBHA, 4TO
L=L, npu £=0, uto Aaér

_lpmm [Esz_ﬁL—L 2] 2.12
C—2k1k2p0 P~21 P'l(o l) . (' )

Bhocst (2.12) B murerpan (2.11), Mu nonyunm
Riyr e — ey =k kpy (913
o [(Lo— L — (Ly — L)1+ ™ (22— L7 o Hmt. (2.13)

14 51, C. NenGenaon
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[Tepefinén & mnpeleny, KOraa BSI3KOCTb BOILI HUITOXHA MO OT-
HOLIEHHIO K BA3KOCTH Hedbtd, B atom cayyae uveem

B—12=2 2 : (2.14)

Hmenno 31Ot cayyat 661 pacemorped Have B 1934 r.1). Bonee
o6wi cayuail MCCNeNOBaH BMOCJAEACTBHH aMEPHKAHCKHM (H3HKOM
Myckartom, a takxe B. H. LllenxaugsumM.
Ecmi T ectb Bpems, 3a koTopoe He(dTbh BHITEKAET H3 MAacTa,
To Mol HMeem L=—0 npu {=7T. Buoca 3TO 3nauenue { B ypas-
Hexue (2.14), Ml nonyuuM
=gk 2L, (2.15)

Um'y

Paznemis ypasuesne (2.14) na (2.10), mm Gyzem imets

L
T®

L=1L, ]/l——i].. (2.16)

§ 3. O6mas noctaHoBKa NMpoGieMbl O BHITECHEHAN KPaeBoOit
Bojoii MEpTBO# HedTm M3 naacra HeGOJABMOH TOJMRHLIL,

L2
1——-§=
l

Orciona Haxoaum

[Tycte mEpTBan HedTh 3aHIIMAET MNACT NOCTOAHHOR TOALMHL /2,
orpanuvenn{ B Havaiabuuti  MomedT koutypoM SO (¢ur. 80).
OG6oanauum yepes R, NPOHHLAEMOCTb 3TOH 064aCTH N1aCTa, A yepes
jt; — a6comoOTHYI0 BA3KOCTh HedTH. Ecan Tonuuna 4 nnacra Gyaer
Maaoi, TO ABMKEHHE KHAKOCTH MOWHO NPHHATD KBYXMEDHHIM.

[IpumeM, 4TO  OCb  CKBaWKuHH ~ paxHyca p  (OPOXOAHT
yepe3 HedTeHOCHYIO 4YacTb Macra. Touky mepecedenus O oci
CKBIMMHH C TMJIOCKOCTBIO OCHOBaHMS MJIACTAa MPHMEM 33 Hauajo
KOOpAHHAT CHCTEMH Ocel X, y, IOCKOCTh KOTOpOH xy coBnaaaer
¢ ocuosanuem mnaacta. [wapoauuamudeckoe naasnewne HedTH
p(x, y, 1), kaK wu3BecTHO, ynoBiAeTBOpAET ypasuenwio Jlannaca

22+ 2o, 3.1

1) Jlefi6enson JI.C., Hedrenpomuicnosaa Mexannka, 4acTb BTO-
pas  (MogsemHas ruapasimka BOAb, HedTH H rasa), crp. 290,
Mocksa 1934. '
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Cocrasisiolpe ckopoctH GuabTpauuy MEPTBOH HedTth Oyayr
paBun [cM. ypasuesus (2.2) raasw 1]

_kb o, A

b= po ox’ 7= m oy’ (3.2

Boaa, sanonusioulas OCTa/NbHYI0 4acThb GJACTa, MyCTb HMEET
abCcoONOTHYI0 BA3KOCTh M, M MyCTh NPOHHUAEMOCTb STOR 4acT
nnacta paeia k,. uaponunamuueckoe AasiaeHde B 3TOR 4acTd
nnacTa toxe GyAeT ynoORIeTBOpATh ypaBHenuio (3.1).

$ur. 80.

Mu npuMeM, 4TO BOAHAH YaCTh MNACTa OTPaHHYEHa KOH-
TypoM nurauns 29, nasneHue Ha KOTOPOM MycTs GydeT MOCTOSH-
HuM W paBuuM  p,. Boma n nedrth B Kaxofi-nnGymn» momenr Oy-
RYyT pa3arpaHuyeHn KOHTypoM S, KOTOpHH mnepemewiaercs,
nedopMHPYACh NMPH 3TOM (10 HAMPABACHHIO K CKBAKHHE.

OGoaHauuM IaBieHHe HA TCpaHune BOAW W HedTH, T. €. Ha
xoutype S, uepes p,. Ouo GyZeT MEHATLCH B 3aBUCHMOCTH OT
NONOWEHHT Ha KOHTYpPE H OT BPEMEHH.

Ha konrype mutanus X0 Mi4 uMeeM rpanHyHoe yCnoBhe

P==Pe-
Ha noasmkuoit rpannie Boak u HedTH S MW HMEEM ABa IPaHHy-
HBIX YC/IOBHS:

1) P=P, (3.3)
14*
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rae p, ectb obulee IasieHHe Ha rpauule BOOW H HedTy;

2) (Ds)y = (D) (3.4)
rae (Os), u (9,), — MpOEKUMH Ha HaUpaBNEHHE HOPMANH K KOH-
Typy S ckopocTell HBHKeHHS BOAW M HedTH.

Ha xoutype ckBatMHW uMeem rpasuyHoe YCJOBHE

p=p, Upu r=na. (3.9)
J1e6uT CKBaMHHH paBeH
2rkh op
o=t g (2 -
- 9§ o), 45 (3.6)
rae MWHTErpan B3aT TO KOHTYPY CKBaXWHW r=—gp, Be/-
YuHa (%)’_Pem 3HaYeHHe HOPMATbHOM MPOM3BOAHON Aasfe-

#ug p(x, ¥, f) Ha KOHTYDE CKBaXHHH, a 4S €CTh 3/EMCHT KOH-
Typa CKBaXHHH.

[TocTasnennas Takum oOpa3oM 3a1ava MpenCTaBASET GOJbLIME
MaTemaTHYCCKHe TPYAHOCTH. Brnonue paspemaerca caywaH, kornma’
KOHTYp TuTanus X0 W HavanbHWi KOHTyp oOGaacth 8, sakmo-
yalouMR HedTh, MpeaCcTaBAtiOT CODOH KOHUEHTPHYECKHE OKPYH-
HOCTH, B LIEHTPE KOTOPBIX PAaclo/oXena CKBaIHHA.

§ 4. Buitecuerne xpaesodl Bopo# MEPTBOH HedTH
A3 KPYrJo#l JAH3bL NOCTOAHHOH TOJIMHBI,

PacemorpuM  mpoctefinin#f  caydad, Koraa BSI3KOCTb BOIM
OueHb Maja MO CPaBHEHHIO ¢ BA3KOCTHIO HedTH, Kak 9TO Ow0
npuHaTo B Kouue § 2. B aTom cayyae naeieHHe p; Ha KOHType
fiTanus GyxeT G6e3 uvamenesHs TNepenanaThcs K JWHWMH pa3gena
BOJAW W HedTH,- CI1eX0BATEAbHO, HA KOHTYype S Gyner

Po= p,==const, (4.1)

[TpeanonokumM, 4YTO B UnacTE MOCTOAHHOR TonumnH £ HedTh
3aMO/HAET EPBOHAYANbHO OGBEM KPYT/IOUO UM/IMHIPA pamHyca R
(kpyesas Aur3a), OCb KOTOPOTO NPHMEM 32 OCh CKBKHHEL
IMycts nepdopHpoBanas TPy6a CKBAaWHHW MPOXOLMT 4epe3 BCIO
TOMY nJacTa, KOTOPYW Mh NpuMeM HeGOo/MbuION, BCAGACTBHE
yero TeyeHHe B MJIACTe MOWHO OymeT paccMaTpuBaTh KaK ABYX-
mepHoe. [laBnenyie KpaeBoM BOIW Mul OyldeM CHYMTaTh NOCTOSH-
HHIM H DABHLIM P, 4 JaBEHHE B CKBAWHHE, KYa HCTeKaeT HedTb H3
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nJaCTa, TaKwke NpUMeM MOCTOSHHWM M PaBHuHM p,. Pannyc cksa-
#HHL 0603naunM 4epe3 p, nepemennnl paamyc HedTaHOM Kpyr-
Aoit  aunsk  oGoanaunm depe3 R (dur. 80). Paccrosmue xakoii-
HHDOY b TOUKM BHYTPH JMH3W OT OCH OGO3HAYHM Yepe3 r, MPHYEM
r?=x?-4 )2, [asnenue wmEpTBOH HepTH Gyaer ¢yukuued pac-
croduud 7 ¥ speMmend

p=p(r, .
Otuo O6yaer onpenensthcs U3 AHddepeHianbaOro ypashenns (3.1),

CoctaBnsioliie CKOPOCTH (PHALTPAUHMH MO HAMPABACHHAM X H Y
6yAyT paBHHl

___kop kO
L= YT waye (42)
a 10 Hamnpasaeruio [
e
r=— n 9" (4.3)

Tak Kak B paccmaTpuBaemMoM ciaydyae JaBHkenue HedTu OQyaer
CHMMETPHYHDIM OTHOCHTEAbHO OCH LWJIHHAPA, TO ypashenve (3.1)
NPHMET BHI

a*p 1 dp
mTE=0, )
a paluanbHas ckopocTb Gyaer, cornmacho (4.3), pasHa

—_hkor,
v, = o o (4.5)

[paHuunbMUY YCNOBHAMH OYUYT

p=p, npu r=p,
Ph o 1= 6o
dR __ky (0p
Rl ™ (6r) r=gR’ (4.7)

HayanpHuM ycnosueMm Gyaer
R=R, npu {=0. (4.8)

Huterpan ypasnenns (4.4), yIAOBNCTBOPAIOUMA FpaHHUHLIM
ycaosuam (4.6), uveer sua

p=r, +”_11 =2In 5 (4.9)
n ——
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Benuuusa R, 3aBucsllias OT BPeMeHH f, NMOAJEXHT ONpEdeNeHHIO,
Buocsa (4.9) B (4.7), MH nonyuum

—m B =hO=) (4:10)
R In—
P
Ha (4.10), paagenas nmepeMeHHHE, UMeeM
R __ Rk —py)
In (P)RdR— Az ar, (4.11)
Ecnu BBECTH HOBOE mHepeMeHHoe
_(R\?
= P) : (4.12)

10 aupdepennansHoe ypaBHeHue (4.11) npuMer BHI

-1—92 Inzdz:-fl_(!l:ﬂd[.
4 wm
MuTerpuporanse 3TOro ypaBHeHus aadt
__ (11— py)
zlnz—z-+}+C= Hmpg—t. (4.13)
[TponssonbHas noctosiHas C omOpesenseTcd W3 HAYANBHOIO yc-
nosus (4.8), KoTOpOe MPUHHMAET Teneph BHI

z:zoz(—lgp)z npy =0, (4.14)

Ws (4.13) u (4.14) Mu nonyuaem
—C=z,(Inz;—1). (4.13)
Buocs (4.15) B (4.13), mMu nafiném

(o —py) (4.16)

z(lnz—1)=z,(lnzy,—1)— o

HUa (4.16) mu onpemenum z, a caenosarensHo,-H R kak ¢yuk-
uuio BpemerH £. Omnaxo nonyudTh R Kak sBHyl0 QYHKUMIO Bpe-
MEHH ! Henlb3d, TaK Kak ypasienHe (4,16) ectb Tpancuesnet-
Hoe ypasieHde. [lo3aToMy HeoGXOAHMO YIOBIETBOPHTHCH TOALKO
YHCAEGHHWIM pelleHdeM ypasHenus (4.16) mns 3a4auHOTO 3HaYeHHs
OTHOLLIEHHS

g—tflp—r) (4.17)

mmpd
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Ecau mBectH 0603Hauyenue

$(2)=2z(lnz—1), (4.18)
10 ypasHnenue (4.16) npumer BHA
b (20) — & (2) =491, (4.19)
Hebur ckpawunnt Gyrer pasen
o Tphk ip)
G=2%2 ( 5 )y (4.20)
op
HIH, BHOCS 3HAYEHME (()_")mp'
— ¥Rh (P —p)
G= gz (4.21)

Bpems 7, 3a kotopoe Bcst He)Th BHITEHET H3 MAACTA B CKBAWHHY,
a clefoBaTeNbHO, KpaeBas BOZA MPOPBETCA K 3a6010, OYEBHIHO,
MONYUHTCH U3 YCAOBHA

t=T npu R=p. (4.22)
B stom cayuae, cornacho (4.12), umeenm
z2=1, (4.23)
Moacrasnss (4.18), (4.22) u (4.23) B (4.19), Mp n0Ay4HM
$ (20) 1
T=1p5—. (4.24)

Bonee o6wmit caysaf, KOraa Ba3kocTH BOAHW M HedTd cpas-
HUMH Mexay cofol u koutypel 20 u 80 we cosmanaior Apyr
¢ apyrom, paccmotpen B padorax Myckara u B. H. Llleakau&sa,
NOABHBIUMXCA NOCAe ONyOG/iKOBaHMA HAWIMX Pe3yaAbTaTOB.

§ 5. O6wwit cayuait sriTecHeHus kpaeBoit BOROR Hedrh
A3 JAAH3bBl HEKPYroBOTO O4YepTaHAs (IPRGAmKEHHOE
aHAJUTAYECKOE pelleHAe),

TMpeanonarad, 4TO TOMUMHA A NMUH3W HeGOAbLIad, MH GyaeM
HMeTb B MiacTe, MO HAMPABACHMIO K CKBAXKHHE, KBYXMepHOe ABH-
wenue HedTH.

Pacnoaomenne KOOpAMHAT mnpuMeM Takoe ke, kak u B § 3.
Fuppoaunamuyeckoe mapnenue nedrtu p (x, y, f) Oyner yaosae»
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TBOpsThL ypasHennio (3.1). Cocrapnsionme ckopocTH $UALTpaLuu
HedTH OYAYT paBHu

__mop. . ko
By 0%’ poy’
I'panuysne ycaosus 6yayT
pP=p,npur=p (cKBaKuHa), (5.1)
p=p, Ha Koutype S, (5.2)
(Do), = (0,),= w, Ha xoutype S, (5.3

rae (Os), ¥ (9,),— NPOEKUMH HA HANDABNEHHE HOPMANTH K KOH-
TYypy S ckopocTel aAswimeHns vedTH ¥ BOAMW; W, — HX obutas
BEJAMYHHA Ha KOHTYype S,
flpu sToM npeanojaraeTcsl, 4uTO BA3KOCTb KpPaesOd BOAH HH-
YTOMHA [0 CPABHEHHIO C
BA3KOCTbIO HedTH H AasJe-
HHe P, NOCTORHHO,
Touuoe peniedse no-
CTaBAEHHON TaKuMm 06pasoM
3a1ayy npeactasaset 60.b-
LijHie TPYAHOCTH, K BO3MOMHO
TONBKO npuOAmKEnHOe pe-
1IeHue.
boda Iycth ua ¢ur. 81 cxsa-
¢ur. 8. wuHa O pacnonowena npo-
H3BO/IbHO BHYTPH OBAJbHOTO
KOHTypa S, mpeacTarfio:lero rpaHduy Boaw M Hedri, [lpu
BHITECHEHHM Kpaesod BOAOH wHedrtw Touka M xoutypa nepe-
Mewaercs 0o nopmaad MC K KOHTYPY €O CKOPOCTHIO

w,=MC.

[TpuGankénno 3Ty CKOPOCTh MOKHO pAaccMaTpHBaTh KaK MPOEK-
UMI0O HA HOPMajh CKOPOCTH

w=MB,

¢ KOTOpOH mpoucxomuna OW 4dCTO paadanvHas (UAbTPAUMS

or M k cksaxuue O no paauycy-sektopy MO. [Ipoekuuss cko-
POCTU W, HA HaNpaB/ACHME NEPEMEHHOTO pauyca-BekTopa R = MO
pasHa '

aR

MA—“:w,,:—d? . (5.4)
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Ecau a ectb yroa mexay paxuycom-BekTopom MO H HOPManbio
MC, 10

oR
5 = W, 084, (5.9)

W, = WCOS A (5.6)

Ortciona uMeeM ocHoBuylo Gopmyay

oR

5z —wcos’a. (5.7).

Ho coraacHo Teopun panuanbuolt guastpanud [cM. (4.7)] Mul uueen
__* (0/'

=— (3 ) — (5.8)

Brocs (5.8) B (5.7), Mu moayunm yHZaMeHTalbHOE COOTHOLICHHE

OR __ k(op 2
—m _F(‘;)chos a, 9.9)
KOTOpOE MH MOWEM PpacCMaTpuBaTh. KaK FPaHHYHOE YC/OBHE Ha
Koutype S. M
B camom 1ene, aR

obpartumca K ¢Gopmy-

ne (3.4). Buecéw B

Hed, cornacHo dumr. én
82,

0R=tncosa. (5.10) ,

Pur. 82,
Toraa, y4HTHBas co-

oThowenue (2.3) rnaee I, nerxo noayuuM cnelyioutee paBeHCTBO:

R
—m cosa _k
& 7w iR
cos a
oTKyAa
] ¢
—m EIT?: ﬁ a—’[’ecos'-' a, (5.11)

41O coraacyeTcs € (5.7).
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W3 reomerpun umeem

R
Cos? @ = —mtt (5.12)
dR\2?
R (—,,?)

rae @ — nonspuei#t yron, Buoca (9.12) B (5.9), nonyunm
_mk_ & (%) ‘s
kR Ot R_,+(¢;_1:)z or | r=gr (5.13)

[Tpeanonoxum, uto ABwkende oT ToukH M k O B mepsom fpu-
O6NyKEHUH MOXHO PaccMaTpHBaTh KAaK paluanbHoe; Toraa Ans
onpede/eHud AapleHHA MOXHO Gyder npuMeuuts Qopmyay (4.9).
W3 ned mu naxomum

(ti_p) el
or)r=R~ p.R " (5.14)

BHoca (5.14) B (5.13), M MOMY4dM OKOHYATE/JbHOE COOTHOLICHHE
Ha Koutype S, T. €. HAa rpaHdue MexAay BoAOK H HedTbio

k(p—po) R
R my L .
¢ 2
npuuds npexnonaraercd, 4o R ects H dyukuus speseH, H QyHK-
UM NOSPHOFO yraa @, T. €.
R=R (1, y). (5.16)

§ 6. MpréamxEunoe rpadryeckoe peineHAe Sagaud,
nocrasjeHH€ok B § 5.

Hns peutenns nocrasinendoit B § 5 3amaud MR MOXeM MpH-
MEHHTb mpocToe rpadHyeckoe nocTpoeHHe, OCHOBAHHOE Ha Hiee
NPHGAMKEHHOTO PaZHaNbHOTO peuieHHd, KOTOPHM MH BOCIO/b-
30BajsMch B Havane § 4.

MMycts nau kouTyp S, OKpywaloyit CKBaXHHY paxuyca p
¢ uestpon O (pur. 83). Paszenum xnuuy Koutypa S Ha n

ONuHAKOBEX 4acTelf Toukamu A, A,,..., A,_,, A, n nposeatm
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n3 toukun O B touku C,, G, Cy,...,C,_,, C,, cryxaupe ce-
penMHaMH S/eMeHTOB

Ady Ay .oy A AL AA,

w
paaHyCH-BEKTOPH
R,=0C,R,=0C,,...,R,=0C,.
3aTeM nposenéM HOpMaaH K KOHTYpy S
C.D,, CD,, CD,, ..., CD,

H OTIOKHM HAa HHX OTPE3KH, NPOMOPUHOHANBHLIE HOPMAaabHRIM
COCTaBAAOUWHUM CKODOCTH W,.

dur. 83.

Kak wmo Bumenu 8 § 5, ckopocts ¢HAbTPanMH W, MO HOp-
MaJM K KOHTypy S onpesgensercss pasencTsoM (5.6), npHusM w
cneayeT B3ATb coraacHo (5.8), kortopas Bcneacrsue (4.9) maér

——*(p1—p)
W= —21_ 2
p.len—I:- (6.1)

Ha (6.1) u (5.6) ruveem

@ = R(py—P2)

= ’ 6.2
" meln(—?)cosa (6.2)

TAC @ ecTb Yros MeXIy HOpManblo 7 K KOHTYpY S ¥ paiHycoM-
BekTopom R,
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CnenoBaTenbHo, H3 YMOMAHYTWX HOPMAJAX MBl  OTJAOWKiiM
OTPE3KHK, NpPONOPUHOHA/NbHLIE BEAHYHHAM:

B Touke C, ks —po
_ 1 Pq
w, = Rl ,
wn P In cos (Rl, ’11)
B Touke C, f o )
wn= R éz =
pm o In . cos (Ry, n2)
H T. A.

CoelliHas noNyYeHHble TOUKH
Dp Dzs DB:'--, D

n

Mu Hafl&M nepBoe nOAOKeHHE KOHTYpa S. 3aTem MH MOXeM
nosTOpHTs nocTpoenie. Takum 06pa3oM, MOKHO MOAYYHTL Fpa-
¢uyecKd peluenye AN NPOH3BO/MbHOH (OPMH xouTypa S,

§ 7. BoiTecHenne rasa Kpaesoil Bonoil.

Bonpoc O BLITECHCHMH Ta3a KPaesoft BOAOM W3 nnacTa He-
6onbwOi MOCTOAHHOA TOMUIMHW HMeEeT YpPe3BWYAafiHO BaXHOoe
3HayeHde B TEOPHH Pa3pabOTKH ra3oBuX MeCTOPOXIEHHH.

Coxpausisn o6o3Havenus ¢ur. 78, Mu nphMeM, 4TO BonsiHas
YacTb MAICTa OTPaHHYEHA KOHTYPOM MuTaHud X°, AapfeHne WUIKO-
CTH Ha KOTOPOM MOCTOAHHO W paBHo p,. IlycTh B Hawadbruh
MOMEHT BpeMeHH BOJa M Fa3 pasrpaHuyeHu koutypoM S° npu
RaBJeHHH p",, K B Kako#-HHOYIb MPOH3BOMLHLIH MOMEHT BPEMEHHM

OHH Pa3TpaHHyeHsl KOHTYPOM S, KOTOPWH NpW BHTECHEHHH Ta3a
Bono#i noasuraercd OGavwe K ckBaxune. Jlasaexnne Boan Ha KoH-
Type pasmesa S npuMeM pPaBHWM p,; HABAEHHE Ha KOHTYype
ckBaxHHE S, nycTb OyHeT p,.

B cayvae nnacta HeBonbwoit mocTOAHHOR TOMWMHK A AaB-
JeHHe BOIb p YAOBJACTBODPAET ypaBdedHio (3.1)

a% 0p
0_x2+5y—2_ . (7.1)

Cocrapnfiiouiue cKOpOCTH (GUALTPAUMH BOXW MO AHANOTHH
c (3.2) 6yayT paBHu:
k op . k dp

=T haxe P'ldy

e (7.2)
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rae {1, — a6COMOTHAR BA3KOCTb BOAW, & Kk — NMPOHHUIEMOCTB
4acTH M/acTa, 3IHATOrO0 BOAOH.

JlaB/eHHe BOAW p HA KOHTYpE NHUTaHWA X0 MWl /15 NPOCTOTH
npuMem moctosHuniM, OTCona MMeem mepsoe rpaHHYyHOE YC/IOBHE

pP=—p, Ha xouType nuTanug 2°, (7.3)

Ha moxBHXHOM KOHType pasgena S, MNpeXcTABJSIOIIEM Tpa-
H{Ily BOAW M rasa, N4BJEHHE P, 3aBHCHUT OT BpPEMEHH H BooOule
MEHSIETCS OT OAHO# TOuKM KOHTypa K mpyroi. Otcioxa umeem
BTOpPOE rpaHHYHOE YCJAOBHE A BOAH

p=p, Ha S. (7.4)

TpeTbe rpasHyHOe YCAOBHE IS KHAKOCTH TPENCTABANLT
ypaBHEHME PACXONa Ha NMOABHXHOM KOHTYpe, OTHECEHHOE K exu-
HMLE IUIMHH H2 3]eMeHTe KOHTypa §

—m (%) =I% (g—’:;) Ha S, (7.9)

npu4&M dn, eCTh 3/MEMEeHT BHelHell HOPMaAH K KOHTYpY S, am
€CTb MOPHUCTOCTH IIACTA.

Ha ocxoBanuu dopmyn § 9 rmasw VII Mu umeenm ypasnenue
IOBHKCGHHA Ta3a B njacTe NPOHHLAEMOCTH &

2p_ 0P | P __DoP _
VP =t = o (7.6)

rne D navo dopuynoft (3.2) raasu VII
mp

npuulM M ecTb aGCONIOTHAaS BA3KOCTH ra3a. KOMIOHEHTH cko-
pocti ¢uabTpauuu rasa GyayT [em. (9.2) raasm VII]:

pu=— kn _0_@
— T BrFDpox’
T (7.8)
P0="Furpdy

C/lenoBaTeNbHO, BecOBOH mebut ckBawuHn G [eM. (9.3) raasu
VIl] Gyamer pasen

__ _knhg ar
G—Bfll+l)u or as, (7.9)
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re HHTErpan B3AT MO OKPYXHOCTH CKRAaXHHH, @ DagHyC-BEKTOD
NpoBeagH W3 LEHTPA CKBAWKHHHL.
[TepBoe rpavuuHoe ycaosue mna rasa, coraacuo (7.1), 3a-
nYWeTc TakK:
Eil
P=Pl:p1 8 Ha S. (7.10)

Ha xonType ckBakuin HMeeM BTOpOe T'PaHHMYHOE YCNOBHE
p=p, Ha S, (7.11)

YTO MPHBOAHT K YCJOBHIO

a+1
P=P,=p,"* mn S, (7.12)

TpeTtbe rpanuunoe yc/ioBHe s Ta3a MpeacTaBifseT ypase-
HMe pacxola Ha MOIBHXKHOM KOHTYpe S:

—”’(%)=ﬁ%’r)(%) wa S,  (7.13)

FAe p, ecThb IVIOTHOCTh Ta3a NpH NaBleHHH p,.
Cornacno dopmyne (1.6) raasu VII Mo umeem

1
Bp, = P, (7.14)

Brocst (7.14) B (7.13), Mu noayyum ycnosue Ha MOZBHXKHOM

KOHTYype
1

an,,) __knp "1 ap)
(ot =TT (o_n., Ha S. (7.15)

Kpove TOro, mMu HMeeM HayaibHOe yciaosue B 004aCTH BOAM
¥ rasa. Hanpumep, Mn MOweM NDHHATH npocrTeHulee HAYanAbHOE
ycaoBue

‘ p=p, amm £t=0, (7.16)

Paccvotpum npocrefiinit cayya#t ropHsoHT2ABHOrO mpH3Ma-
THYeckoro naacta (¢ur. 84) nongpeunoro cedenus F. B ceue-
i O (oce Ox MH HanpaBuM MPOTHB TeYeHHd rasa), rAe Mul
NOMECTHM Ha4aJ0 KOOPAHHAT, MYCTh MNPOHCXOAHT HMCTeyenue
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rasa M3 MIaCTa B CKBaXHHY OPH NOCTOAHHOM JMABNCHHH D,..
IMycTs B HavanbHuit MoMeHT f=—0 pa3nesoM Mexay ra3om M
BONOH cAywuT cevenne A, nmpuudm OA = L.

PaccTosiHMe OT CKBawWHW IO KOHTYPa MHTanHa A, Mu 0060-
aHauum 4eped Ly, npuudu OA,=Ly(Ly > L).

B kako#l-uu6yab MOMeHT BpeMeHH { TpaHulla Mexay.BoRoH
H Ta3oM ecTb ceuenne B, OTCTOAuee OT CKBAXMHW HA paccTos-

203 l— 2,

bur. 84,

aun OB =L, npuudm L ectb dyuxuus BpemeHnu £, noanewauias
onpeneneHxo,

[TocraBnennas agech 3amaya ropa3fo C/IO¥Hee 3a4auH, pe-
wénnolt B § 2 atot raasw.

[ns BOAW MH HMeeM YC/OBHS:

p=p, ma x=Ly, |

p=p, ma x=L. | (7.17)

Ypasuenne (7.1) npumer BMI

02p

a1 = O

HHTErpan KoTOporo, yaOBNeTBOPsiOuwiHA ycnosusm (7.17), Gyaer

__Po—"MN pila—pol
p_Lo__Lx—{— I—L (7.18)

L]
Caenyer 3ametutb, 4TO 3Ta ¢OpMa HHTerpara He YHOBJe-
TBOpAET 3aJaHHOMY Ha4danbHOMY ycaosHIo. To ke camoe caeayer
ckasaTh H 06 unterpane (2.4).
[Tpu pewennn ypasHenus HBHKEHHS Fra3a

#P__DoP

=7 5 (7.19)
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NPH TPAHHYHHX YC/IOBUAX

P=P nna x=1L, 790
P=P, mna x=0 (7.20)
H NpH ypaBueHud pacxona (nmpu x-—1L)
1
dL __k (dp\ __ _kn__p, "1oop
—m = (5;)1—;1___(714-1);)1 (51)1 (7.21)

MH BCTPETHMCHS ¢ BECbMAa 3HAYHTE/bHEIMH  MATEMATHYECKHMH
TPYAHOCTSAMH.

B npyro#i paGore!) namn Onina CIeNaHa NONKITKA JIPHGAH-
WEHHOTO pellleHHs MOCTaB/leHHOR 3amauin B ApocTeifiuell runorese
NOCTOAHCTBA JaBNeHHA p,. OJTO PpellleHHe NPUTOAHO  TONbKO
B CJly4ae MeNJIeHHOTO BHIT€CHEHH Ta3a BOAOK, KOTAA B TepPBOM
npuOAHXEHHH TNepeMelIeHHeM TpaHHill pasfena BOAW M rasa
B TedeHHe KOPOTKHX MNMPOMEIKYTKOB BPEMEHH MOWHO MpeHeGpeub.

Ecau xe B camom rpyGoM npuGaKEHHH CUYHTaTb ABHKEHHe
rasa Ha nepevennoit nnuHe OB B TeueHHe KODOTKHX mnpowme-
®YTKOB BPEMEHH 33 YCTaHOBHBILeecH, TO ypasueuse (7.19) mpu-
MET BHA:

7P 0. (7.22)

HiuTerpan sToro ypaBHERHS, YNOBAETBOPAOLICH TPAHHYHHM YcC-
nosuam (7.20), 6yaer

p=pP,+ Py, (7.23)

NpH 3TOM HaYdJIbHHE YC/NOBHA HE 6y11)'1' YAOBJICTBOPEHH!.

1) Jleii6eunson JI. C., HedrenpomuicioBad wmexanuxa, 4. 2
(Moxaemtas ruapaBanka BOAW, HediTH ¥ rasa), raasa XII, § 9 » 10.
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TPABUTAUHMOHHBLIA PEXXUM TEYEHUS WUIKOCTER
B MNOPUCTOM CPEJE.

§ 1. Ypasuenne Byccnuecka ANf Heray6okoil BOAbI,

B sTo#f rnaBe Mn OydeM paccMaTpHBATD ABHXKEHHE HECHH-
MaeMOH (KHAKOCTH B MOPHCTOA cpeide aom AeidcrBieM CHAW
tawectn, [Topucras cpeaa, 10 KOTOPo# aBumeTCHd HeckKHMmaemas
KHAKOCTb, MPEACTABASET COOOH MJacT, MOACTINAEMHH HenpoHn-
naemnm rpyutom. [lpeanona-
raercd, 4TO WHAKOCTh 3aHH-
MaeT JHUIb 4YacTb TOJLUHHM
naacTa W HMeer cBOGOAHYIO
NOBEPXHOCTb, HAl KOTOPO#
CyulecTByeT [OCTOSHHOE J1aB-
JeHne BO3Ayxa wau rasa. [lpn
OTKauKke ¥MAKOCTH M3 MhacTa
yepe3 CKBAXHHW HAH c6op-
Hhe rajieped MEepBOHAYAIbHWA YPOBelb B M14aCT€ H3MEHSETCH,
H CBOGOAHAA I[I0BEPXHOCTb KHIAKOCTH (OHHXKAETCH MO Hanpas.ie-
HUIO K CckBawuHe, B ruapasmuxe e& H43uiBAIOT denpeccuonnod
nosepxHocmsi0 (a HHOTAA BOAAHLM 3epkansom), B sTtom napa-
rpage Mu OyaeM mnpeianoaarath, 4TO TOJMIMMHA HaWIero naacra
HE3HAUHTENbHA (10 CPaBHeHHI0 ¢ ero Aauuo#t u umpuuofi. [lno-
ckocTh OTcuETa OX)y COBMECTHM C HEKOTOPOH rOpPH3OHTaBHOR
naockocthio  (dur. 83). Ocp Oz nanpaBdM  BEPTHKAABHO
ssepx. [ayGuna noactuaaiowero anacta (aHo) noa maocko-
ctoio Oxy Oyaer dyuxuueh H(x, y) KOOPAMHAT X, ), OTHO-
CHTENbHO KOTOPOH clenaeM NPEANOJOkeHHe, 4YTO OhHa H3me.
HAETCH HEMPEPHBHO M OUYeHb MELNEeHHO Ha BCEM  MPOTIKeHHH

6yayr

¢ur. 85.

1AacTa, C/1eA0BaTeNbHO, YACTHHE MPON3BOAHLIE W, W

15 5. C. NeiiGensox
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Ma/biMil BEMMUYMHAMH, YpaBHeHHeM AHa naacta Oyaer
z=—H(x, y). (1.1)

Bhicota h cBo6oAnoi MOBEPXHOCTH MHAKOCTH B NJacTe nal
A0CKOCTBIO OTCYETa ToXe ecTb (QYHKUHA KOOPAHHAT X, y H
H3MEHAETCH HEMPEPHBHO U OUeHb MELTEHHO Ha BCEM NPOTIKEHHH
naacta. CneaosatenbHo, YpaBHeHHeM CBOOOMNOH NOBEPXHOCTH
KHIKOCTH B mnacTe Gyner

Zzh(xg}’), (1.2)

npuudM YacTHWE MNpoH3BOAHHE -g?hr-, %— CyTb Majh€ BeJHYHHH
H NPeACTaBMIOT cO60# ruApaBAHYECKHE YKJOHB TNPH ABHKEHUH
WHAKOCTH,

Bcneacteue caenannbix npeanooxeduit sneMentrapusne crpyfku
WUIAKOCTH npn e¥ ¢uabTpauuu B naacte OyRyT noumu 2zopu-
30HMANBHOMU.

Jns cocTagneHHss ypaBHeHHs HePa3PLBHOCTH BHIAC/AHM B m.1a-
cTe 3reMedTapuumil napaanenenuael, 0OoAydaeMmnH CAegyiOuLHM
06pa3oM: uepe3 CTOPOHW 3Ine-
MEHT3apPHOTO NPRMOYTO/ALHHKA
abed (dur. 86), pacnonoxen-
HOr'O B TOPH3OHTANLHOR mn0-
CKOCTH, napaanenbHoli. nso-
ckocth Oxy, nposeném Bep-
THKa/IbHhE MIOCKOCTH 40 nepe-
ceueHuss ¢ HeMPOHHILAEMBIM
0 — .y  TOACTHAAIOWHM N1ACTOM M CO

¢8060aHOR NOBEPXHOCTBIO BO-

au. Toraa, o6o03uauan uepes

®ur. 86. 4 COCTAaBAAOLULYI0 CKOPOCTH

TEUEHHR HeCHKUMaeMOH KuIKO-

€TH nox aefictaieM CHAW THKECTH BAOAb OCH X, MH Halt-

oM, 4TO 4Yepe3 rpaub ad 34 3neMeHT Bpemenn df sofingt
KOJNHIECTBO KH/AKOCTH

x

«(H+hydydt,

4 'lepe3 rpaub hc BufiLeT 32 TO We BPEMS KOJIHUECTBO XHIKOCTH

u(H+ hydy at-+ 2 [a(H -+ h)dyat]dx.
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Cnenoaarenbuo, OT IABHXEHHA BAONML OCH X B 3JEMEHTAPDHOM
napaaneneninese HaKOMUTCE KOAHYECTBO XHIAKOCTH

— L (u(H 4 n))dxdyat.

Auanoruino, 0603Hayas 4epe3 v COCTABATIOULYIO CKODOCTH Teue-
HHS BIOMb OCH Y, MH Halin&M, 4TO OT ABMKEHH BIOAL ocH Oy
32 TO we BpeMs B flapajje/ienHnese HAKONHTCA KO/NHYECTBO

WHIAKOCTH
ad

— o [v(H+- h)]dxdy dt.

Hemxeurer no ocs Oz MOKHO mnpexeOpedb, TaK KAaK MH npen-
MONOXHAK, HTQ SJEMEHTApHBe CTPYWKH TOPH3OHTaIbHH. Takuu
06pa3oM, yBe/auyeHHe KOMHYECTBA MKHIKOCTH B Mapajnenendnene
3a Bpems df 6yaeT pasHO

—dxdyat {%[u(H—{— h)]-{-—% [v(H - h)]} . (L3)

Ecan ua sueumrseil noBepXHOCTH [rpYHTa BHLIMAXAOT OCAAKH
B KOJM4yecTBe ¢ (X, y) Ha eauuuuy [/0W@NU MNPOEKUHH 3TOH
OBEPXHOCTH HA TOPU3OHTAIbHYI0 MAOCKOCT Oxy, TO 3a Bpewms
dt no6aBHTCH KOAUYECTBO MHIKOCTH

gdx dydt.

Chnenosatenbio, [10/1H0€ HAKOUMTEHHE IKHAKOCTH B Mapaaielne-
udnene 34 Bpems df 6yaeT pasHo

—dx dydt {—of; [a(H—{—h)]—}—%[’U(H—{—h)]—q}. (1.4)

C apyro#i cTOPOHH, MH HMebM, YUHTLIBAA MOPHCTOCTH, 4TO OO BEM
KHAKOCTH B PACCMAaTPHBAEMOM NapaJulefienunene pased

m(H 4 h)dxdy,
C/Ie0BaTeNbHO, €ro mpHpaileHHe 3a BpeMs df cocTasaser

2 [mH A kydx dy)at.

Ho Ttak kak H He 3uBucHT OT f, TO STO fPHpALLUEHHE B HEH3IME-
HAEMOH MOPUCTOR cpefie GyneTr PaBHO

oh
m 5 dxdydt, (1.5)

16 5. ¢, sle n6euson
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Cpasuus Buipaxenus (1.4) u (1.5) omHoro W TOro *e KoO.M-
yecTBa KHAKOCTH, HaKoNAdioulefica B Napajieneniuene, Mul Mo-
AYy4UM

2 [u(H + h)H-%[fu(H_{_ B =—m g (6

Benencrede rOpH3OHTANLHOCTH D/IEMEHTAPHEIX KMAKHX CTPYEK Mbl
MOMXEM MPHHATb, YTO B Haulell TAXKENOH, OvYeHb MEAJIEHHO TEKy-
el XHIKOCTH JAaBJEHHE Onpelendercd THADOCTATHYECKH, YTO
naér

p=g8p(h—2z)- const. (1.7)

I cocTaBMOLMX CKOPOCTH THKENOH, HECKUMAEMON NKHAKOCTH
6uii BuBedennt B § 5 riaasw Il dopmysw (5.2), Buoca (1.7)
B (5.2), My Oyzem umetb

kgp oh kgp Oh

p=—ex V=T w=0 ()

Buocs (1.8) B (1.6), Mu noayunm ypasHernne Byccunecxa

o [rH+m 5]+ (e +m 5]

mp Oh  pg
=———"2, (19
ge ot g (1.9)

I

Ecnin ocankos Her (¢g=—=0) M npoHHumaeMocTs R ecTb Be/mi-
y¥Ha mocTOAHHAd, TO ypasueute (1.9) apuuumaer sug

(4 oh d oh oh
= [H4n5] 45 [H+n 5] =1 5 0.10)

h
B yacTHOM cjayyae, Korga OTHOLIEHHE qH €CTh MaJjas BeJHYHHA

Mowuo npeHebpeub /i mo cpasuenmio ¢ A, U ypasueuue (1.10)
NpUMET BHIL

o (H5) oy (15) =agar» 01

npuudm H ecTb Gyuxuds OT KoOpauHaT x, y. Bunoawss aud-
¢depeHuMpoBaie, MBl TIOAYYHM BMeCTO ypasHewns (1.11) cne-
aylowee:

Hvzh_}_%’}%_{_ﬂﬂ_ﬂd_h_ (1.12)
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Tax kax dyuxuns H (x, y) ects yHKIMA H3BECTHAR, CRENOBATENBHO,
oH
oy
HHH, TO ypaBHenue (1.12) ecThb auneiinoe ypasHeHHE C 4acTHLIMH
(POH3BOLHKMK OTHOCHTEAbHO /1. CrenoBaTeAbHO, ero peieHue
MOXET OLTb NOAyYeHO MO M3BECTHHIM MPABHJIAM fIPH 3addHHHX
TPAHHYKBIX W HAYA/NBHHX YCJOBHAX.

oH
e# 4aCTHHE NPOU3BONIHKE -, CyTb TOXe wsBeCTHhe ¢yHk-

§ 2. Ypapueune Jliomou,

Ecan noacTunaiowmit  wenponuuaeMuit nsiacT ropusoutanes,
TO ero ynoGHo npuHath 3a nsnockocts Oxy. Torma Gyxer

H=0, 2.1
H paccTosHye OT CBO60£H0“ MOBEPXHOCTH WHAKOCTH 1O Henpo-

HHLAEeMOrO naacta {awa) Gyaer pasHo /A. Buoca (2.1) B ypasue-
nve (1.10), mu noayuum ypashenne DByccHHecka

d oh 2 oh mp Oh
rrl {" Tx] + 3 [”- W] = gk oF ' 2.2)
KOTOpDOE€ MOXKHO npeacrasiTb B BHI2
2mp oh
"2 B2
V2 p—= gk Of (2.3)

B uacTHOM cayyae, KOTXAa ABWKeHHWe YCTasoBHBuleecs, Oyaem
HMETb

u ypaptenxe (2.3) npusiMaer sujg
V2 p2—0, ' 2.4)
D10 BAXHOE ypaBHeHHe Briepsble OHI0 AAHO (PAHIYICKHM HHKE-

nepos [lIOMION B €r0 KAMMTANbHWIX HCCJE10BAHHAX MO XBHWEHWIO
rpyHTOBBIX BO1Y).

) J. Dupuit, Etudes theoretiques et practiques sur le mouve-
ment des eaux, Paris, 1863.

16*
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§ 3. Axanoras c ABHMeHHeM rasa.

[Tpumem, uYTO H3MEHEHHE COCTORHMA Trasd OPOHCXOAHT WO
H30TepMHYECKOMY 3akony [cM. ypaBHewne (6.17) raasu lI}, u npe-
He6pewtm sdpdexkTom cunn TRKecTH. Buocs
7
=7
8 ypastenue (4.9) raasw Il, Mo nonyuum ypasnenue namuuap-
HOTO JABWXEHME ra3a B [OPHCTOH cpefe B Buae

L 1

Cpasnusas ypasueuus (2.2) c¢ ypasrenwem (3.1) ana cayuas
ABYXMEPHOTO JIAMWHADHOTO IBHXEHUA ra3a, M OGHAPDYKHM HX
NOMKYI0 TOXIAECTBEHHOCTb, €C/AH YuTEM, 4TO

p=g‘ph, (32)
KaK W JO/MKHO OuTh cornacHo dopmyne (1.7) ana awa, rae

z==0. Hayanpuue # rpasMuyHbe ycaosus OYyAyT Taxme TOXMAe-
CTBEHHH.

§ 4. YpaBunenna Byccanecka ana rayGokoii Boast,

Ecau Ttonumna mnnacta, no KOTOPOMY TeysT HeckuMaemas
AKHAKOCTh, 3HAauYWTE/NbHA, TO ypasHenue (1.10) nepectadt OHTb
BEDHHM ¥ NOMKHO OHTbL 3aMeHeHO APYTHM ypaBheHHeM. Byccu-
HEeCK cenan 3T0 HWKeCNeAyiowuM OpuEMoM.

B § 5 rnasu Il 6uno sBexexo nonstHe O Hanope AnA TAKE-
A0H WHAKOCTH, KOTOPHH onpeseaserca dopmyaolt (5.3) raasuw Il

b

=12 4.1

v=1 (4.1)

Tam we OwA0 MOKa3aHo, YTO GyHKUHE @ YAOBAETBOPNET, nOPH
£ = const., ypasrennio Jlannaca

Vig =0 (4.2)

H UTO COCTAaBAAIOMME CKOPOCTH (UALTPALMH THKENOR KHAKOCTH
soipanaloTcd PopMynamu

__kep Oy . hep e A D (43
B

v=—=— 22

b= p Ox' B oy
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[ToatoMy mnpoekuus CKOpPOCTH (HIbTPALHY HAa HOPManb Oynder
pasHa
—_ _kgr 0%
Wy =" B (4.4)
rae

) 0 ] 2 -
a—:: 7% cos (n,x)—i—d—;-cos(n, N+ 0—: cos (n, 2). (4.9)

Tak kax noacTHAalOWWH c10f onpeaenseTcs ypaBHEHUEM

z +H(x’ )’) - O)
TO AAS HOPMA/H K €ro NOBEepPXHOCTH dMeeM
cos (n, x):cos(n, y):icos(n, z)=% : g:—: 1. (4.6)

Tak Kak WRAKOCTb HE MOWKET NPOHHKHYTb B MOACTHAAIOWH 10,
TO HOPMa/bHAA COCTABAAOLIAS CKOPOCTH (PHALTPAUMH HA NOBEPX-
HOCTH 3TOrO CAOS PaBHA HYMIO, H MO3TOMY, coriacio (4.4),
HMeeM

0? .
on =0. 4.7)
TNMoacrtasasd 3TO 3HaveHHe g—: B (4.5) H yYdTHBas COOTHOMIEHHH
(4.6), Mmn nonyunm mns z==—H(x, y).
de 0H dy dH 09 _
oxox Toy oy +or =0 (4.8)

310 ecTb mepBoe ycnosde DByccnHecka, OTHOCAIEECH K TNOBEpX-
HOCTH NOACTHAAIOUIETO CJOM.

Ha 60okoBHX CTEHKax MnaacTa, B KOTOPOM TeYET KHIKOCT,
uMeeT MecTo paseHcTso (4.7), —3To BTOpoe ycaose Byc-
cHHecka,

MNepeftnémM Tenepb K AByM YCn0BuAM Ha cBoGoAHON moOBepx-
HOCTH XHIKOCTH BHYTPH rpyuta. [Ipewmze Bcero Mul umeeM 3iech
3afjaiHoe NOCTOAHHOE Aasienue. [ToaTomy Ha 3TOR MOBEPXHOCTH,
sanaHHOf ypaBHenueM (1.2), M umeem

p=const. amm z=—=—Ah, (4.9)
Ho w3 ypasuenus (4.1) caenmyer
p=2gle—2)
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Brocs 310 3Hauenne B (4.9), Mu 00ayuMM
¢ (x, y, h) — h =const, (4.10)

210 ecTb TpeTbe ycnosse Byccunecka, uMeioulee MECTO Ha CBO-
504HON MOBEPXHOCTH KUAKOCTH W  1IO3BONsiOUlee  ONPEse.IMTb
HEH3BECTHYIO BEJHUYHHY R KaKk YHKUMIO epeMeHHbx (X, y).

CocrasuM Tenepb ypasHeHwe, HKatOW(ee 3aBHCHMOCTD A OT
spemenu £. [na 9toro Ha naockoctd Oxy BhlleadM 3aeMeHT d,
KOTOPHH ABAETCA MPOeKUHefi COOTBETCTBYIOLLETO 3JemMeHTa d2
Ha cBOOOJAHOH NOBEPXHOCTH KMAKOCTH BHYTpH naacta. Ecan a
€CTb yToJ HOPMAAKW K 3TOH MOBEPXHOCTH, HampaBleHHOM BO BHell-
HIOI0 NO OTHOMEHHIO K HAKOCTH YaCTb NAACTE, ¢ NOJAOKHTE/Nb-
Hofi oceio Oz, TO HMeeM

do—=dXcosa. (4.11)

Tpu kocumyca yrnos 9TOH HOPManuH € OCAMH KOOPIMHAT CBi3aHK
COOTHOLIEHHAMU
€os (n, x):cos (n, y): cosa——-ﬂ:-—i"—'
ox dy ’
Cornacro dopmyne (4.4) npoekuus CKOPOCTH (MIbTPALUH Ha STY
HopManb Gyner

1. (4.12)

w, = — kfp cosa (

d9 dh+ de Oh 09) (4.13)

dx-0x ' Oy oy  az

KoauuecTBO MHMAKOCTH, npoTekalowlee CHU3Yy BBEPX uepes 3.e-
MEHT dY CBOGOAHOH MOBEPXHOCTH 3a 3/JeMeHT BpemeHu df,
3yaet pasHo

dg=w,dX dt. (4.14)

Buocs cioma anauene w, u3 pasesctsa (4.13), Mbl noayyum da
octosannd (4.11) aupameﬂue dq B Buae

_kge w (0% Oh | Op Oh _ Oy
dg= d (dx ox + dy oy —67) : (4.15)
BenescTaue 9TOro ABHMXEHHS XMIAKOCTH BBEPX BbicOTa /A cBOGOA-
nolt nosepxuocTH 33 BpeMu df sospacrtaer Ha dh. Ecau mects
IOBEPXHOCTHOE 3HAyeHHe MOpHCTOCTH!), To o6bEM aporekuieh
88epXx yepe3d 9eMeHT d6 (B NJOCKOCTH, NapannenbHOH NAOCKO-

1) ByccuHeck cuuran, 4To OOGBLEMHAA MOPHCTOCTb OTAHYaeTcH OT
nosepxHocTHOR, MOKHO 3TOTrO pa3an4uy He JeJaTh H CYHTATh, HTO My
ecTb 06bEMHAA MOPHCTOCTb.
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cti Oxy) WHIKOCTH 3a Bpems df GyneT pased
dg=mydsdh. (4.16)

CpasHuBas o6a Bupawenus (4.15) u (4.16) oxHoro u Toro we
KOJHYECTBA KHIAKOCTH, MH MOAYHYHM

Oy 0k |, Od9 Oh dp _ mgp Ok

9r ox ¥ 3y 9y 0z = kg OF " (4.17)

3710 ecTb versEproe ycnosue Dyccunecka, uMmerolulee MeCTo Ha
cBOBOMHOH MOBEPXHOCTH HMAKOCTH BHYTPH maacta. [Tocaeanee,
asitoe, ycnosue ByccuHecka ecth ycsosie Ha CTEHKAX CKBAWHHML
"nan BOJOCOOPHOHM Fannepew, Hanmpumep,

® =1, (4.18)

Tae @, €CTb 3a4daHHad Be/MYHHA.

[ave ycnoeuit Byccunecka (4.7), (4.8), (4.10), (4.17), (4.18)
BMOAHE ONPEXEAIOT TrapMOHBYeckyio QyHKuUIo ¢, YAOBJIETHO-
psIouyi0 ypasHenuio (4.2), ecad B HAYa/bHHIH MOMEHT BPEMEHH
t==0 mana ¢opma cBOGOAHON NOBEPXHOCTH WKHIKOCTH BHYTPU
naacta. [Ipu sToM npexnosaraetcs, 4TO NPOHHUAEMOCTb £ njacTa
HMEET MOCTOSHHYIO BEeMHYHHY, a4 HBUKEHHE HECHHMaeMOH KHIKO-
CTH NPOMCXOAMT MOA AEHCTBHEM TSKECTH.

§ 5. Maockan 3agaua ycTaHOBHBUIEroCR NBHXKEHUA
B HerayGokoih Boue.

Henponvuaemu#t noactunaiowmii  ciol npUMeM FOpPH30HTANb-
naM. Oce Ox pacnojoXuUM B TJIOCKOCTH STOro C/10d, a OCb Oh

dur. 87.

RanpasM sepTuxansHo Beepx (¢pur. 87). Torma ypasnenue (2.4)
(pHMET BHI
R Jg2h2

R —o,

dx?
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OTKYyIla, HHTErPHPYH, MOAYUHM
h=C x+ C,. (5.1)
Hna onpenenesns npouaso/bHEX focTogHumx C, n C, MmeeM ABa
TPaHKYHHX YCAOBHUS!
h=*h, npu x=0,
h=H nmpu x=I,

yTOo A4€T
hg:Cb
m:Cll+C2.
Onpenensst orciona C, u C, u Broca B (5.1), nomyunm
H?—h}
P=h4+—x. (5.2)

KoauuecTBo nporekaioumel xuakocTH GyaeT paBHO
kgp di

q:ha:w T (2.3)
Buocs croxa (5.2), Hakngm
2
_ fep (P Hy) (Z:_h") : (5.4)
Ws ypasuenn#t (5.2) u (5.4) noayuum ypaeuenne Jomou
h?— p3—28% (5.5)

07 hgp "

§ 6. YcranoBHBUIeecs paguajdbHOE JBHKEHAE
B HerayGokofi Bone,

TlycTs MH nMeeM HEOrpaHHYEHHHM TOPH3OHTAIBHHA Henpo-
HUllaeMuf 171aCT ¥ HA HEM — TOXE HEOrpaHHYeHHWH M ropuaoH-
TaJbHB — NOPUCTHR NAacT, MO KOTOPOMY Te4dT HeCkKHMaemas
KHAKOCTb, 06pa3ys cBOGONHYIO [OBEPXHOCTb BHYTPH [.1acTa.

[aockocTs pasgena oGOMX MIaCTOB OpPMMEM 33 IIOCKOCTB
Oxy, a ocb Oz nanpaBum BBepX. TaK Kak ABHWEeHHe YCTaHo-
BHBILIEECH, TO BHCOTA /2 CBOGOAHOR MOBEPXHOCTH, paccMaTpu-
BaeMast KaKk (QYHKIHE OT X H ), yAOBIETBOPSIET ypaBHeHHIO (2.4).
CocTap/qI0IHe CKOPOCTH (HALTPAllMH onpeneasioTca Gopmynamu
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(1.8). Cocrasasiioniass CKOPOCTH 1O Hanpasjeduio # OyXeT pasHa

hgp ok
p on’

JlebHT cKBawMHH ¢ BHICOTOH YpOBHE XWAKOCTH % Gyner
paseH

q :—ﬁ w,h ds, (6.2)

rae ds ecTb 3/eMEHT AYrH KOHTypa cxBawutn. Ha ocHosauuu
¢opmyan (6.1) nonyyum u3 (6.2):

__kep L OR?
S 45 (6.3)

q:

Cornacso B3TA91aM THAPABIHKOB NPOLWLIOTO CTONETHS BHCOTA /1
KHAKOCTH B IJIACTE MMeeT NPH OTKAYKe M3 CKBAKUHW HAHMEHD-
mee 3HayeHHe hy B camoit ckBawuue (¢pur. 88) u pactr mo

cBoero HaubGonbwero 3HaueHud [f, KOTOpoe OHA NOJAydYaeT Ha
onpene/]EHHOM pacCTOAHMH R OT OCH CKBamHHH. IJTO paccTo-
fguue R, Ha KOTODOM XMAKOCTh JOCTHraeT CBOEH nepBOHAYa/bHOH
BHCOTH /1, T. e. TO{ BHCOTH, KOTOpPYIO OHa HMena IO Hauyanra
OTKaYKH KHIKOCTH H3 CKBAXMWHL, HA3LBAeTCA paduycom dei-
cm8us CKEAXCUuKHH, TIOTOMY 4YTO Ha 6GOabUIEM PACCTOHHHH ¢BOGOX-
HAad TOBEDXHOCTL Je/NaeTcs TOPH3OHTa/bHOH,

[To9TOMY TpPaHHYHHMH YCAOBuAMH OYLYT:

k=hy npu r=p, |
h=H nps r=R, |

npu4éM r ecTh PacCTOAHHE OT OCH CKBawuHH. Tak xak dynkuus A%
YAOBAETBOPAET YPaBHEHHIO - (2,4) U ABHKEHHE KHAKOCTH CMMMe-

(6.4}
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TPHYHO OTHOCHTENBHO OCH CKBAMWHHLI, KOTOPYH Il [pHMEM 3a
ocb Oz, TO WHTerpanom ypasuenus (2.4) Oyaer

B =C,Inr4C,. (6.5)

Tloactavass (6.4) 8 (6.5), mul wainém

CilInp4-Cy="hj, } (6.6
C laR+C=H?,
orcioad onpexenuM noctostunie C; u Gy
H?— it
C, = 2, )
In ~§— |
¢
iR —H?inp l (6.7)
C,= A
In — |
P 4

MMoncrasasa (6.5) 8 (6.3), Mu nmoayuum aa9 xebura cksa-
WHHE  BEJHYHHY

ﬁk{’? H— hg
q _ .
# In L
P
3ra dopMyna npuHasnexut Tomon.

(6.8)

§ 7. YnopanoueHHnit pewum Byccanecxa,

Byccuneck, Bnepeue nonyuuswuit ypasuenue (2.3), ykasan
YACTHHI MHTErpan €ro B BMAE NpOM3BeJeRHs ABYX QyHKuuit:

h=gy(x, y)-4 (8, (7.1

#3 KOTOPHX OHA 3aBHCHT OT KOOPIHHAT, a ApYyTas -— OT BPEMEHH,
Burecém (7.1) B (2.3) 4 0603Ha4HM

2mu
o = 7.2
8ok (7.2)

Toraa noay4im

G2 (%) = Agp %ﬁi-
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Paspenss nepeMmenine, Hatiuéu

1 » Ad
< V=7 B, (7.3)
rae h ecTe moctosHuas. V3 (7.3) umeeMm ABa ypasHeHu:
V2{g) + =0, (7.4)
d, rdt
4‘_; = (7.9)

HuTterpanoM nociensero ypasnesds 6yaer

1 1Y

T = Cl + Z‘ . (7'6)
llocrosuuas C| onpexeasercs M3 Yyc/lOBHA

$(0)=1, (7.7)
4yTo Aa&T

C,=1
Briocs 3To 3nauenre B (7.6), moayuum
L
142

(7.8)

Ypasuenue (7.4) MO:KHO NPOHHTErPHPOBATL IJ8 CAy4ad, KOraa p
3aBACHT TOJMLKO OT OAHOrO nepemesHoro, Torxa 3sro ypaBdeuue
NPUHUMAET BHR

Ywmuoxus obe yactH (7.9) Ha

d
cpédx:pd:p,

NoNyYHM ypaBHeHHE
dj d
2:{; d‘? d (:p d—-? )—{—hp‘z d'p = 0,

KOTOpOe HHTEerpupyerci B ¢opme

A

de \ 2
(‘P I:') + 5 9®=C, = const. (7.10)
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[Tpennonoxum, 4To 061aCTb, 3aHATAas KMAKOCTBIO, €CTh MpH-
moyronbHuk (gur. 89), ocHoBaHHe KOTOPOro paBHO L, a BHICOT:
pasia H. Bo3bmEM Hayano KOOpAHHAT B TOM KOHUE, [Ae MPOMC-

1

xomuT Hcteuenne. Ha apyrom konue (x—L) mnycTs HHKAKOTO
peTeuenun ue npowcxoant. CnenoBaTenbno, FpanudHOe yCrosue
HA 3aKpLITOM KOHue Oyner

dy

E—O npu x=1L, (7.11)

Hanop na OTKPHITOM KOHLE, [I€ TPOHCXOLHT HCTEYEHHE M3
nAacTa, NpUMEM paBHHM HyM0. DTO Aad7T HAM BTOPOE CPaHW4HOE
ycaioBre

=0 npu x=0. (7.12)

WUa ycnosus (7.11) caenyer, uto @ (x) Oyxer umers CBOZ Hau-
Goasutee 3uauexue f npu x=—L. [lostomy ua (7.10) » (7.11)
nony4aem

A =C, (1.13)
Bhoca (7.13) B (7.10) u unterpupys ypasnenne (7.10), naiagm
¢ dy

e —5/3 f"—v’)

wm, BcneacTeue yenosus (7.12),

. ?
V=l .14




§ 7) YTIOPANOYEHHHA PENHM BYCCHHECKA

Ecnt sBenéM HOBOE nepeMeHHoe

pA—

A
f 1

1o npd x=—=»L nmonyyuM z=—1. Us (7.14) waxoaum

O6o3uauus

nony4nm

Honoxus B noc/ienHEM paBEHCTBE
x=1L, z=1,

Mul noayynM ¢opmyny bByccunecka
1

z2dz
C‘—‘gl yi—2z

0
Bruucaenue nadr

C,=—0,86236,
Onpenenss w3 pasetctsa (7.16) 2, noayuum
z—=2z(x).
MMoncrasnaa (7.21) 8 (7.15), naiasu
¢ (x)=fz(x).

Uz (7.1), (7.8) u (7.22) mu nonyuaem OKQHYETENBHO

_fz(x)
h———l——)j'
t7
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(7.15)

(7.16)

(7.17)

(7.18)

(7.19)

(7.20)

(7.21)

(7.22)

(7.23)

Ho sToT HsTerpan ypasnenns (2.3) ecrp wacTHumit HHTErpan, a e



240 TPABHTAUHOHHWN PEXKHM TEYEHHS YXHIKOCTEHR [m. X

obuuit uuterpan. On OTBeYaeT cheuUMasBHOMY THNY CBOGOAHOM
NOBEPXHOCTH MHIAKOCTH B HAYaNbHHE MOMEHT BPEMEHH; HMEHHO

h=fz (x). (7.24)

Ho Byccuneck nokasan, uTo 3TOT cnyyalt ABHKehHs obnanaer
yCTOHYMBHIM XapakTepoM, TaK Kak ecau OH Hawanbras dopma
cBOOOAHOR MOBEPXHOCTH Mano ykJ/ousaack oT (7.24), TO ABMxe-
HHe BCE-TAKW Gnl10 OW TAKHM, KOTOPOE OTBEYAET HAYA/bLHOMY
yenoeuio {7.24). Tlostomy DByccuseck HasBaz. 3TO ABHKEHHE
ynopadosennms. Ou nonarana, 4yTo STO ABHKEHHE HIPAET PONb
IIpH HEYCTAHOBHBIIEMCH JBHXKEHHH TDYHTOBWX BOI.



UMEHHOM YKA3ATEI/b.

barcer (Botset) 111

Byccuneck (Boussinesq) 145, 147,

230, 232, 236, 240

Baitkod (Wyckoff) 111
Buankep J. C. 134, 137, 170, 195,
199, 202

Iasen A. 51, 57

Hapcu (Darcy) 55

Jonat (Donat) 58
Oionmon (Dupuit J.) 229
Wyxosckuii H. E. 77, 89

3amapud E. A. 54, 58, 59, 66
3ayspbpeit M. U. 41, 52, 58
3eabreiiM (Seelheim) 51, 86

Kunr @, (King F.) 50
Kaayn B. (Cloud W.) 115

quaeuu {Kozeny) 17, 36, 53, 57,
2

Kpe6ep (Krober) 66
Kpecuux I1. 67

Jlanyk B. B. 193, 201
JleiiGeuson J. C. 79, 88, 101,
108, 210, 224

Mupec (Meres) 104

Mockaaskos W. I1. 170, 184, 189,
199

Mycxar (Muskat) 104, 210, 215

Peitn JI. (Reid L.) 124
Peitnosnac O. (Reynolds O.) 14

Canxtep (Slichter) 17, 18, 23, 25,.
31, 97, 69
Cmpexep (Smrecer) 17, 66

Tapacosa T. A. 119, 123
Tepuaru (Terzaghi) 38, 68

$opxreiimep (Forchheimer) 67, 69

Xenruurton P. (Huntlngton R.) 124
Xpuctuanoeuu C.

Hlpusep B. (Schnever w.) 68
Lilenxaués B. H. 85, 86, 210, 215.
HOpen JI. (Uren L.) 122, 126



NPEJIMETHbDIA

AHanu3 Mexanuueckuli ecrecTeeH-
HOro rpysTa 49
AHajorus ¢ AsuxenueM rasa 230

‘Bona kpaesas 206

BuTecuenue rasa sopoit 220

— mépTsoli HedTH Bogoit 207, 210,
212, 215, 218.

Iunotesa 2KykoBckoro o KoMmo-
HEHTaX (MKTHBHBIX CHJ CONLO-
TuBaeHus 17

— O COBMECTHOM JBHEHHH XHI-
kol W rasosoii das 94, 121, 124,
126

Cpyur ecrecTsenHn#f Kopperupo-
Banubiit 50

— uneanbusilt 11

— puxtuBHa# 11, 50

Jipmxenne Hecwumaemolt Muako:TH
B NOPHCTOH cpene nox nect-
BHEM CHJbl THXKECTH 225

— HeyCTaHOBHMBLUEECH rasa ABYX-
mepHoe 161

— — — uepe3 CKBAXHHY C Kpy-
roBeIM KOHTYpom 162

— ynopago4esHoe 240

— ycraHosusmeecd B Herny6Gokoit
sone 233

~— — pagualbHoe B Herny6oxo
sone 234

Jle6butr BecoBOM cKBaxuuel 161,
165
— nnacta 155

IunameTp 3pdexTuBHbIH SO0

— —, cnocobul  €ro onpeneaeHus
50, 51, 52, 54

Jo6uya cymmapnaa 130

Enuunua npoimuaemo TH Japcu 60

YKA3ATEb.

XKunxocts rasuposaHnaa 99
— XKuBag 94
— wMéptBasg 30, 94

3axkon enpu 94

— OouHTHbIH MOCKanbKOBa O 3aBK-
CHMOCTH BPEMEHH HCTOLIEHHH
naacta or s¢QeKTHBHOrO aua-
MeTpa yacTHit necka 194°

— npaMoit auuny Buabxepa 202

— pacnpeleneHHs AABACHHA IPH
OIHOMEPHOM  YCTAHOBHBINEMCH
IBHKEHWH ra3a B HeusMeHseMoit
uoBHCToii cpene 134

— PeliHoabaca npH JABHKEHHH
KHIAKOCTH MO [PH3MaTHYECKOMH
Tpybe NMPOH3BOJbLHOIO monepey-
HOro ceuenus 14.

— duabTpaus Cumpexepa 17

HHuTerpan ypaBHEHHA HeycTaHo-
BHBILETOCH JIBYXMEPHOI'O [BH-
HEHHl Fa3a BOJN3H CKBAXKHHbI
manoro ausameTpa 168

WnrepBan Tteoperuveckoro npo-
cBera 23

— TeopeTHyeckof nopucTOCTH 22

KoMmoHeHTH CKODOCTH JaMuHap-
Holf GuAbTpaLuK 76

— — TypOyneHTHOH ©HALTPaLUHU
88, 90

Koutyp muranus 206

Kos(guunent oanoponsoctu 52

— ¢uabTpaums Hapcu 56

— —, 9KCNIEPHMEHTalbHOE oOmnpe-
JeNeHHe [0 BeJHUMHE NPOHHILae-
MOCTH NOPHCTOH cpeabl 59

Kpusas Becosoro ywactus ¢pak-
uuk rpynta 53

— wucTomenns 159

— Kosenn 54



NPEAMETHHH YKA3ATENB

KpuBas cyMMmapnoii R00b4H maa-
cra 129, 130, 160

JiHeapu3auus ypaBHEeHUS HeycTa-
HOBHBIUETOCH JaMKHHapPHOrO JABH-
MEHHs rasa B HeH3MeHseMoM
nopuctoil cpege 148

Jlpuza kpyraas 212

Meton KoaeHn onpeneneHss CKo-
pocTH TypOyaenTHo# ¢uabTpa-
wm 72

— paasmepHocTeh 44, 73

— Cauxtepa oOnpejgeNeHHs CKO-
pocTH TypOyaeHTHO# duabTpa-
uun 70

Mozens GUKTHBHOTO IpYHTA B Me-
toge Cauxtepa 18

Hanop 80

Hacwiiennocts 95, 98, 108, 111,
131

Hedre MEprRan 206

— xusas 207

O6aacte 3acTofiHoil wuakocTH 63,
65

Onutt F'MHY nan seycranosus-
ITHMCS JBHHEHHEM a3a B [lecKax
u rauue 170, 184, 189

— — — — TpéxmMepHLIM JBHME-
HHeM rasa B necke 198

— — — YCTaHOBHBIIKMCR JBH-
MEHHEM BO31yXa uepes MNecoK
134 _

— Knayaa wan nsumenueM rasu-
POBaNHO} KHAKOCTH B NOPHCTOH
cpene 1156

— MIY wsan saaumonedcreueM
HEBYX CKBaXHH B ORHOMEpHOM
ra3osoM naacte 202

— — — HEYCTAHOBMBIUHMCH XBH-
XeHueM rasa wepes necok 195

— — — YCTAHOBHBIUHMCA ABHKE-
HHEM BO3jyxa yepea mecok 137

— Pelina u XeHTHHrTOHa Han ABM-
KEeHHEM cMecH HedTH H rasa B
necke 124

— IOpena Han HeycTaHOBHBILUHMCS
ABHXEHHEM Ta3ApoBaHHON Hed-
™ 127

243

Onura [Opena uan ycraHosus-
INHMCA ABHKCHMEM CMecH Hed-
TH H rasa B necke 122

MosepxHocTh nenpeccuonHas 221
— Hanopa 80

IMopucrocte 12, 17, 232

— HieanbHOTO rpyHra 12

— HcTHHHas 62,

— tukTuBHOTO rpyHTa 18

— stpexTuBHan 62
Ilponunaemocts 15, 17, 56, 61,

— TeopeTnueckas 34, 37, 40

~—, SKCHEpHMEHTATbHOE ONpenene-
Hue 61

Ipocser 23

— HcTuHHBA 62

— sypexTuBHBA 62

[Tpouecc usoTepmuueckudt 83

~— noaurponuyeckuif 82

Pannyc peficTBun CKBaXwHW 235

PextuM cMmellanHW#  ra3oBo-riug-
paeauueckuit 207

— ynopagouenHnit Byccuuecka
236

— uncTHi#t raRpasanyecknlii 206
Pewenuss ypaBHeHHs HeycTaHo-
BHBLIErOCH JaMHHdPHOrO  XBH-
MEHMS Ta3a B HeHIMeHAEMON
nggncroﬁ cpeze 143, 145, 147,
150, 152

CHibl CONPOTHBNEHHA (RKTHBHHE

CKOpOCTb JAMHHAPHOK §uAbTpa-
unn 56, 63, 66

— Typ6y/aeHTHOH duabTpanuy 88

— OUILTPAUKH B HIEANLHOM TPYH-
e 12, 15

~— — B (PHKTHBHOM rpyHTe 33

Cootxowrenne abandpaBn Mexay
TeopeTuieckol npoHnUaeMocTsio
H [OPHCTOCTLIO 34

Cpena nopucras HeledopMmupye-
man 75

Teopema Cuumxrtepa o cpeaHelt
CKOPOCTH JABHKEHHS [0 TOpo-
BOMY KaHany 35



244

Teopns duabTpauuu B HHKTHBHOM
rpyire, 41, 44
Tevenue rasa oasomepnoe 133

Yknok ruapaBauveckuit 55

Ypasuenwe Byccusecka paa He-
ray6okoit Boaw 228

— [onou 229, 239

— TnaMuHapiOR (QHAbTPaUMM rasa
B HeM3MeHseMoH nopHcTolf cpe-
ze 81, 82, 132. 142

— — — ra3¥poBaHHOH KHAKOCTH
B Hem3ameHseMol mopucTo# cpe-
ae 100, 103, 108, 110

— — — ofuiee B HewsMeHAeMOi
nopuctolt cpene 78, 79
— — — Taxénof XuUIKOCTH B

Hex3MeHAeMOH nopucToif cpene
79, 84

— HepasphiBHOCTH NPH ABHMEHUH
CKHMaeMOl XHAKOCTH B NOpH-
ctoit cpene 74, 85, 86

—~ HeyCTaHOBHBIUEIOCS IBYXMep-
HOTG KBHWEHHA rasa 161

~— — NAaMHHAPHOrO RBHXEHHA ra-
32 B Heu3veHseMO# . mopHCTOH
cpene 142, 143

— poaxTponst 82, 143

~ Typ6yAeHTHO} PUAbTPALKA BEK-
TopHoe 88, 90

— — -—rasa B MNOpHCTOH cpexe
92

— — — MalocKumaeMol HuIR-
KOCTH B AedopMHpyeMoit NOpH-
cToit cpepe 93

— — — HeckuMaeMo# XuAKOCTH
B HeH3MeHAeMOH MOpMCTOH cpe-
ae 92

— — — CXHMaeMOH MHIKOCTH B
HexameHsieMON nNOpHCTOH cpene
90

— — — TAXENIOH raaupoBaHHOMN
XMAKOCTH B HEH3MeHsemoit no-
puctoit cpeae 101

= YNPYIoro pexuMa QuALTPaUHK
84

NPEAMETHHR YKA3ATEIb

Ypaanemie YCTAHOBIBLIErocH aa-
MHHAapDHOTO JBHMEHHA Tra3i s
HEeH3MEHAEMOR NMOPHCTOH Cpeie
132

— XapaKkTePHCTHYECKOe Aafl Fa-
33, IBHXKYOIETOCH BMECTE C XHI-
KOCThI0 B mopucTod cpepe 98

Ypasuenus ByccHnecka ans ray-
6okoii Boxm 231, 233

®a3za razosas 94,95

— wHuakaa 94, 95

Puantpanus 11

— B Mgeanbuom rpynte 11

— JaMuHapHas 15

— — COBMECTHa#d KHUAKOCTH H ra-
33 B HeusmeHseMofi nopucroil
cpene 99

— Typ6ynenrnas 69

— yepe3 rauHy 68

— uepe3 GUKTHBHWH rpyHT 31,
35, 38 y

— 4KCTO KBajpaTHuHas 17

PopMyna Japcu Aas CKOPOCTH Ja-
MWH2pHOH duabTpauun 55, 65

— Honion aas fe6HTa CKBaWKHHB
236

— ngmaﬂ TeOpuH (PHALTpaumu 48,

— Chnuxtepa o8 NOPHCTOCTH (PHK-
THBHOTO TpyHTa 22 '

— — ANS CKOPOCTH (PHALTpPaLUK
B_(ukruBHOM rpyare 33

— Tepuarn ans cxopocté ¢u.Ib-
TPauKH B pUKTHBHOM rpyHTe 40

— — ang  xos(ipunuenta GuaL-
TPauuK 68

— s9mnupuueckas [lpusepa ansa
CKOpOCTH GuabTpaunu 68

PopMyaN LA CKOPOCTH (iIbTpa-
unn 66, 67

— pacuétHwe AR Ko3dHUk-
eHta duabTpauuu apcu 56

Yucao razosoe 131
— QuabTpauun 45, 47
~— — npou3soanoe 48, 65



	ОГЛАВЛЕНИЕ
	П р е д и с л о в и е
	Г л а в а 1. Теория фильтрации
	§ 1. Фильтрация. Грунты идеальный и фиктивный.
	§ 2. Фильтрация в идеальном грунте
	§ 3. Пористость фиктивного грунта
	§ 4. Геометрическое рассмотрение установившегося движения жидкости через фиктивный грунт по Слихтеру
	§ 5. Фильтрация через фиктивный грунт по Слихтеру
	§ 6. Фильтрация через фиктивный грунт по Козеии
	§ 7. Фильтрация через фиктивный грунт по Терцаги
	§ 8. Приложение метода обтекания к теории фильтрации в фиктивном грунте
	§ 9. Приложение метода размерностей к теории фильтрации жидкостей
	§ 10. Видоизменение основной формулы теории фильтрации
	§ 11. Переход от фиктивного грунта к естественному
	§ 12. Основная формула Ларси
	§ 13. Старые формулы для коэффициента фильтрации Дарси
	§ 14. Определение коэффициента фильтрации по величине проницаемости
	§ 15. влияние существования жидкой плёнки около частиц грунта на пористость и проницаемость
	§ 16. Образование областей застойной жидкости около шарообразных частиц грунта
	§ 17. Формулы, не основанные на законе Дарси
	§ 18. Формула Шривера
	§ 19. Фильтрация через глину
	§20. Турбулентная фильтрация

	Г л а в а II. Уравнения ламинарного движения жидкостей и газов в пористой среде 
	§ 1. Уравнение неразрывности при движении сжимаемой жидкости в недеформируемой пористой среде
	§2. Компоненты скорости ламинарной фильтрации.
	§ 3 . Фиктивные силы сопротивления
	§4. Основное уравнение ламинарной фильтрации сжима-
емой жидкости в неизменяемой пористой среде
	§5. Уравнения движения тяжёлой несжимаемой жидкости в неизменяемой пористой среде
	§ 6. Уравнения движения газа в неизменяемой пористой среде
	§ 7. Уравнения движения малосжимаемой тяжёлой жидкости в неизменяемой пористой среде
	§ 8. Уравнение неразрывности при движении сжимаемой жидкости в деформируемой пористой среде

	Г л а в а III. Уравнения турбулентного движения жидкостей и газов в пористой среде
	§ 1. Компоненты скорости турбулентной фильтрации
	§2. Введение фиктивных сил сопротивления
	§ 3. Основное уравнение турбулентной фильтрации сжимаемой жидкости в неизменяемой пористой среде
	§4. Турбулентное движение несжимаемой жидкости
	§5. Турбулентное движение газа в пористой среде при политропном процессе
	§6. Турбулентное движение малосжимаемой жидкости
в деформируемой пористой среде

	Г л а в а IV. Уравнения движения газированной жидкости в неизменяемой пористой среде
	§ 1. Основные определения
	§2. Совместное движение жидкости и газа в пористой
среде (с одинаковыми скоростями)
	§3. Определение насыщенности подвижного элемента
	§4. Уравнения ламинарного совместного движения жидкости и газа в неизменяемой пористой среде
	§ 5. Частный случай установившегося совместного движения жидкости и газа
	§6. Уравнения ламинарного движения газированной жидкости в неизменяемой пористой среде при различных скоростях жидкой и газовой фаз
	§ 7. Случай, когда насыщенность есть функция только давления
	§8. Частный случай, когда скорости жидкой и газовой фаз одинаковы 
	§ 9. Функциональная зависимость проницаемости жидкости и газа в пористой среде от насыщенности. 

	Гл а в а V. Экспериментальные исследования движения газированной жидкости в неизменяемой пористой среде
	§1. Опыты В. Клауда
	§2. Сравнение с опытами Л. Юрена
	§3. Сравнение теории с опытами Л. Рейда и Р. Хентингтона
	§ 4. Опыты Юрена над неустановившимся движением газированной нефти 
	§5. Газовое число

	Г л а в а VI. Установившееся движение газа в неизменяемой пористой среде
	§ 1. Уравнения установившегося движения газа в неизменяемой пористой среде
	§2. Одномерное течение газа
	§3. Сравнение с опытами ГИН
	§4. Сравнение с опытами МГУ

	Г л а в а VII. Неустановившееся ламинарное движение газа в неизменяемой пористой среде
	§ 1. Основное уравнение
	§ 2. Первое частное решение
	§ 3. Второе частное решение
	§ 4. Приближённое интегрирование основного уравнения (3.1) для одномерного движения
	§ 5. Приближённое интегрирование уравнения одномерного движения при постоянном начальном давлении по всей длине пласта
	§ 6. Второе приближение
	§ 7. Исследование функции /phi (х, q)
	§ 8. Дебит пласта
	§ 9. Неустановившееся движение газа в двух измерениях
	§ 10. Случай, когда скважина с круговым контуром находится в центре круговой внешней границы 
	§11. Вычисление дебита скважины
	§ 12. Форма интеграла уравнения (9.4) вблизи скважины малого диаметра

	Г л а в а VIII. Экспериментальные исследования неустановившегося движения газа в песке
	§ 1. Опыты ГИНИ в 1928
	§ 2. Опыты ГИНИ в 1931 и 1932 гг
	§3. Опыты в МГУ над неустановившимся движением газа
	§4. Опыты ГИНИ 1930 и 1931 гг
	§5. Закон прямой линии Д. С. Вилькера
	§6. Новые'опыты в МГУ над движением воздуха через пористую среду

	Глава IX. Гидравлический режим
	§1. Постановка проблемы
	§2. Одномерная проблема о вытеснении мёртвой нефти водой
	§ 3 . Общая постановка проблемы о вытеснении-краевой водой мёртвой нефти из пласта небольшой толщины, 
	§4. Вытеснение краевой водой мёртвой нефти из круглой лиязы постоянной толщины
	§ 5. Общий случай вытеснения краевой водой нефти из линзы некругового очертания (приближенное аналитическое решение)
	§6. Приближённое графическое решение задачи, поставленной в § 5
	§ 7. Вытеснение газа краевой водой

	Г л а в а X. Гравитационный режим течения жидкостей в пористой среде
	§ 1. Уравнение Буссинеска для неглубокой воды
	§2. Уравнение Дюшои
	§ 3. Аналогия с движением газа
	§ 4. Уравнения Буссинеска для глубокой воды
	§5. Плоская задача установившегося движения в неглубокой воде
	§ 6. Установившееся радиальное движение в неглубокой воде
	§ 7. Упорядоченный режим Буссинеска

	Именной указатель
	П р е д м е т н ы й у к а з а т е л ь


