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NPEIUCJIOBHE.

[Tpepnaraemas BUMMAHHIO YHMTATENS KHHra NpeacTasiger pe-
3yNbTAaT MHOTOJIETHHX HMCC/IENOBAHMA aBTOPA O JABHWEHHH MPHPOI-
HHX XHIKOCTeH H ra3oB B NoOpHCTOH cpene.

[lepBoe Hccl1ea0BaHHE, MOCBAILEHHOE NBHKEHHIO BOAHW B NO-
pHCTOH cpene, NPHHALMEKHT H3BECTHOMY (PAHILy3CKOMY HHXKEHEPY
Hapcu » nossunocy B cepeaute XIX cronerus. Meron Hapcu
6b1 3aTeM TNpHMeHEH K PpEIIeHHIO pa3HOOOPa3HMX TrHAPOTEX-
HA4ecKux 3amay. JIpyroe KpynHoe HCCIemOBAHHE MO TEOPHH
HUALTPAlHH NPHHALIEKHT aMEpHKauCkoMy Huxenepy Cnuxrepy
n noseinock B kouue XIX croserns.

MouHoe passutHe HedTaHOH M ra3oBOH MPOMHULIEHHOCTH
B 20-x romax TEKylU(ero CTOJETHA MPHBIEKJNO Haule BHiMaHWe
K ewd 6ojiee CNONHHM BOMPOCAM JBHXKEHHS MNPHPOLHHX rasos
u HedTell B nopHucTOl cpene. ITH BONPOCH HMEIOT MEpPBOCTENEHHOE
3HAYeHHe [ PALMOHA/IM3alUHH Pa3paGOTKH H 3KcnnoaTalmuu Hedrs-
HHX H rasoBuX MecTopokmenui. B nociennee Bpems Teopus
JBHKEHHS, ra30B B MOPHCTON cpPeAe HAULIA MPHMEHEHHE B KaMeHHO-
yro/bHOH NPOMBIULIEHHOCTH — B BOMPOCAaX O ra3006HABHOCTH WAXT
M B BOMpOCax MOX3eMHOH rasucHkauud. TeopHs ABHXEHHS rasos
B MOPHCTOH cpelde AOMKHA MONYYHTb 3HAueHHe H Npd reodw-
3HYECKMX HCCIeN0BaHHAX, CBA3AHHHX C BOMPOCOM O JBHXEHHH
IOBEHH/ILHOTO 333 M3 MOAKOPOBOrO NPOCTPAHCTBA H UEHTPAJb-
HOTO AApa 3eMJH.

B nepso#t rnase KHHIH Mol nadM KpPaTKHH odepk O MeToAax
MCCJ/IEOBAHHA JABHKEHHS HEC)KHMAEMOH WHAKOCTH Yepe3 MopucTyio
cpeny, Npem/OWEeHHHX pPasnH4sbMH  aBTopamH. IlpH artom Mu
UIMPOKO HMCMO/b3YeM MOHATHE MPOHKIAEMOCTH MOPHCTOR cpenw,
BBEASHHOE AMEPHKAHCKHMH aBTOPAMH. JTO BAXKHOE MOHATHE MO3-
BO/JIAET COCTaBHTb OGIHE ypaBHEHHA [IBHXEHHA KHIAKOCTEH H
rasoB B nopHcTo# cpene.

B wlepylolmx riaBax Mbl H3araeM cO3gaHHLIE HAMH TEOPHIO
NAMMHAPHOTO M TYpOY/enTHOro ABH:uEHHS ra3a B MOPHCTOMH cpexe,
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TEOPHIO IBHXKEHHS ra3sHpOBAHHOK XHIKOCTH B NMOPHCTOR cpele H
OCHOBH Haulefl TEOPHH THApaBiIHieckoro pexuma. [IpH sToM Mu
NPHBOAMM PE3y/bTaTH 3aMeYaTe/IbHHX OMWTHHX HCCJAEN0BAHHE HA X
IBHXEHHEM BO3AyXa B MECKe, MPOM3BEAEHHHX HAUIMM YIEHHKOM
O. C. BunbkepoMm B I'napoavHamudeckod 1a60OpaTOPHH HMMEHH
H. E. Xyxosckoro Mockosckoro [locynapcreensoro YuupepcH-
teta. Onuta 1. C. Buabkepa noaTBEPXAAIOT NpeNIONKEHHYIO
HAMH TEOPHI0 INBHXKEHHS ra3a B MOPHCTOH cpene, AAd KOTOpOH
M3BECTHH MPOHHUAEMOCTb H TMOPHCTOCTb. MHB NDHBOAHM TaKKe
pe3y/bTaTH H3BECTHHX HAM OMKTHHX HCCAEAOBAHHH HEKOTOPHX
aMEPHKAHCKHX aBTOPOB HAJ INBHXEHHEM [a3HPOBAHHOW XHAKOCTH,
CpaBheHHE HAWHX TEOPETHYECKHX BHBOAOB C 3THMH ONWTAMH
Taike MOATBEPXIAAET Hally TEOPHIO.

Hawm nccnenoBaHHs MOCHyKHIH OCHOBOH Ang peAaa pador
I. C. Buabkepa, II. §l. Kouuuoit, B, B. Jlanyxa, M. J. Mun-
avonukosa, M. I1. MockanskoBa, H. A. Yapuoro, B. H. llleaka-
yéBa H Apyrux. B pe3ynbtate Ohn co3man HOBHH oOTaenr mnpu-
KNagHO# THADOMEXaHHKH, MOCBALEHHHHA TEOPHH ABHKEHMA rasa
P ra3vMpoBAHHOH XHAKOCTH B MOPHCTOH cpelle H e& TexXHHYECKHM
NIPUIOKEHHAM,

HeobxonuMo Takwe ykasaTb Ha Bujalouecs paGoTH pyc-
ckux yusnux H, E. Xykoeckoro m H. H. [lasnosckoro
no sonpocaMm ¢HALTPAUHH NOA3EMHHX BOL.

ABTOp BHpawkaeT cBOK Gnaroaapuocts npod. B. H. Llen-
KaulBY 3a LEHHYIO MOMOUIb MO O0OlieMy PpeAaKTHPOBAHHIO Ha-
CTOALEH KHHTH.

Canatoprli «Yakoes, Axaa. JI. C, JlediGen3on,
uoab 1946,



FrNABAIL
TEOPUA dHIbTPALIUM.

§ 1. ¢ansTpauns. I'pyursl aneancHbolt 1 GAKTABHBIA,

[lpy aBHXEHHH NPHPOAHHX XHAKocTeH (Boaa, HedTb, ras)
CTECTBEHHOM IPYHTE YaCTHUH XHAKOCTH MepeMelaloTcs yepes
H CpyHTa, T. €. 4epe3 Meibuakine Kkadans, o06pa3oBas-
:cf MEXAY YacTHUAMH TPYHTa BC/AENCTBHE HX HEMIOTHOro
neraHds Apyr K apyry. Takoe ABHXeHHe XHAKOCTeH B
HTe HaswBaeTca gpussmpayued. BceneactsHe upe3Bwuafino
Oro MOMEepPeYHOro CeYeHHs MOp H MalHX CKOPOCTe# apHice-
B HHX BWIKOCTb XHIKOCTH INOJKHA HIPaTh MPH TAKOM HBH-
MM 3HAYHTENbHYIO poib. OOWYHO ABHXKeHHE B MOpax CYHTAIOT
MHAPHBIM, HO BCJIEACTBHE 3HAYHTENBHOTO HCKPHBIIEHHS CTEHOK
an0B M 3HAYNTE/NbHHX H3MEHeHHH# HX MOMepeyHoro CceveHus
nonaercas M TypOynenTHoe nBHxeHHe, Bsuay TOoro urto
THUW TPYHTa HMEIOT HENpaBHAbHYI0 ¢GOpPMYy H caMbe pa3Ho-
a3Hbie pa3MepH, HEBO3MOXHO HCKaTh pellleHHe YpaBHeHHR
WeHHs BA3KOH suakocTH B Tako# cpeae. ITostomy ¢ camoro
171a MpHULIOCh MOUTH MO MYTH MOCTPOEHHS YNPOLEHHBIX MO-
el rpyHTa.
Tak Kak Jlerye BCEro HMCC/1e40BaTh ABHXeHHe BA3KOH Xuako-
B KaHalax UMAHHApHYecKOR ¢OpMH, TO MNpH THIAPOAHHA-
€CKOM HCC1enoBaHHH HALTPAaUHH NPUHHUMAIOT BCE MOPH
HHIPHYECKMMH M MPEANoJaraloT, 4YTO OCH LWIHHAPOB Mapan-
bHH Mexay coGo#i. Takoft rpyHT Ha3WBalOT wudeasbHui M.
:AylOUeR CTYNeHbIO ABJAAETCH TPYHT, MOCTPOEHHHH H3 OdHia-
HX 1apOOGPA3HHX YACTHIL, IO HA3KBAIOT PUKMUBHH M TPYHTOM.

§ 2. daasTpauMs B MACANBLHOM TPYHTe.

[Tyctb MH umeeM HekoTOpuH 0GbEM V) ecTecTBeHHOro
uta. Ilycte Bce nMewomecs B HEM 4HaCTHUH TPYHTa 3atH-
)T HeKoTOpuit 0o6bEM V,. Cymma 061EMOB Kananos (mop),
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3ak/IO4EHHHX B 9TOM 06nBEMe, GyaeT pasHa
Vs=V,— Vi

9TO ecTb Ta 4acTb 06bEMa TFpyHTa, KOTOpas MoOXer OWTh 3a-
nosHena KuaKocThio. OTHOMWEHHE CyMMu OGBEMOB MOP KO BCEMy
o6BbEMY TpyHTa, T. €.

v,
m=7:, (2.1

Ha3uBaeTcs nopucmocmsto. OueBHAHO,
o<m<L 1,

Bunenanm 06bEM nnacta WAeanbHOTO TPyHTa, TOJMIUMHY KO-
Toporo B HanpasiaeuuH ¢unbTPaunH o603naumM uepe3 k, a mio-
Waab nonepeysoro cedyewus —uepes F, [Ipeanonoxum, uto B
STOM MJacTe HMMeeTcs M, ONMHAaKOBHX MOPOBHWX TPyGOK, T. e,
UHMMHADHYECKHX KaHaJN0B C AJMHOR h W mniaowanbio nonepeu-
HOrO cedenus ®. Toraa Ha eAWHHIly MJOILAAM NOMEPEYHOro ce-
yeHus TPYHTa NPHXOIMTCH

M=
TaKHX MOPOBHX TPYGOK, BuleneHHul 06BEM HIEaNnBHOTO rpyHTa
MMEeT BeJIHYHHY

V, = kF,

a CyMMma 06bEMOB nop, B HEM coaepxkaiuuxcs, paBHa
V3=Nlhm-

CnenoBatenbho, cornacho ¢opmyne (2.1), mopHCTOCTh Haeans-
HOTO TPYHTa paBHa
m= N,o. (2.2)

Ectn w, ecTb CpenHss CKOPOCTb TEYEHHE MO OAHOH W3 mo-
poBHX TPyGOK, TO PacXol HIKOCTH Yepe3 He& GyaeT

q — “"wo’

8 TaK KaK Ha eIWHHUY NJIOILAAH MOMEPEYHOTO CEYEHHS HAealb-
HOTO TPYHT2 NPUXOAHTCH N, NOPOBHX TPYGOK, TO COOTBETCTBYIO-
WM pacxol KMAKOCTH (PacXod HA eNHHWIY IJIOWIAAM Momeped-
HOTO CeYeHHf TrpyHTa), Ha3WBaeMHH cropocmsio Pursmpayuy
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HAKOCTH 4epe3 rpyuT, OyreT paBex
w = N,q = N,0w,.

a ocxoBaiuy GopMyan (2.2) nonyyaeM OTCIOAa COOTHOLIEHHE
W= mw,, (2.3)

:TaHaB/IMBAKOINEE CBi3b Mexcay QHKTHBHOR CKOPOCTHIO W Guilb-
palluH Yepe3 HIeanbHHH TpYHT M HEHCTBHTE/bHOR CKOPOCTBIO
gueHHH KHIAKOCTH W, NO MOPOBHM TPYOKaM, H3 KOTOPHX mo-
[pOeH HAeanbHHH TPYHT,

Jlerko mnoayuutbh npuGaHkEHHYI0 GOpMyny nns AeHCTBHTENb-
ofi exopoctn w,. [lycTs P ecThb magexue rHAPOAHHAMHYECKOTrO
aBnesns Wa AnuHe A noposoRt TpyGku. OGosnaunm uepes y
gpMMeTP MOmepevYHoro ceuexus nopoBofl TPyOkH W yepes T—
HTEHCHBHOCTb CHJIBN TPEHHS KHIAKOCTH O CTeHKH STOH TpyGKu,
[pH paBHOMEPHOM NBWXEHHM XHIAKOCTH MO MNOPOBOH TpyGKe
BHXYIAs CHAa Pw ypaBHOBEIIMBAET CHly CONPOTHBIEHHA AT,
ne0BaTe/IbHO, MK HMEEM COOTHOUIEHHE

Pw = hyr. (2.4)

. yYeHHH O IBHXEHHH XHIKOcTeH no TpyGam!) BuBOAMTCA Cae-
yiowas ¢opmyna ana T

= % ).p'wg, (2.9)

Ze p eCTb NJAOTHOCTL XHAKOCTH, a h-—Ko3dduunesr conpo-
WBNEHHS, NpeacTaBaslouMi CcOGOH GespasmepHylo BenHuMHy,
woca (2.5) B (2.4), monyyaem

-f— 3= % Mpw, (2.6)

P
Ae 5 eCTb MaleHue NABACHH HA CAMHHIlY AJMHH, ¢ —rua-

aBaHYyecKuil paauyc NONEPevyHOro cedyeHws MNOpPoBOH TPyOKH,
npege/igeMoi COOTHOLICHHEM

d=1 (2.7)

[pumem ang xosdduuiesra conpoTHBAeHHs A CTenewnyio ¢op-
yay Peitnonbaca

r=aR{", (2.8)

1) Cu., Hanpuuep, Jie#i6ensou JI. C., PykoBoacTBo no Hedre-
poMbIC/I080# Mexanuke, 4acThb 1.
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rie @ ecTb HEKOTOPOe UHCNO, 3aBHCAllee OT 3HauyeHus i,
i — MoKasatenb, 3aBHCAWMHHA OT peXHMA TeYeHHa MHAKOCTH,
a R, —uncno Peftvonbaca, onpesensemoe mo copmyne

wyd Wyl
R,==t ==, (2.9)

rae y eCTb KHHeMaTHuecKas BA3KOCTb, CBfi3aHHafd ¢ a6coMoTHOM
BA3KOCTbIO [ COOTHOLUEHHEM

B
L. (2.10)

Buocs (2.8) v (2.9) B (2.6) u o6osHauas
1

3

S=5_3> (2.1
Mbl MOJMy4HM
8\ Fl—‘.’saas—l P\
w,=(3)" L2 (F) : (2.12)
A1y ¢Gopmyay MOMKHO MPEACTABHTb B BHIe
wolp [ 8\ (Pp?®\*
" =(3) (%) (2.13)
HAH g
s
R;=(—q-) it (2.14)
rae BBenena HoBas Oe3pasMepHas BemH4YHHA
¢33 P
Q=7 2.15)
H3 (2.14) umeem
1
P
Q=3 R", (2.16)

cnenoBatenbHo, GeapaamepHas BefHuuua @, ectb cTemenHas QyHk-
uns uvcna PeHuonbaca. 3T1o ecth uacTHwit cayyaft obiuero
" 3akona OcGopua Peftnonbaca (O. Reynolds) npu aBumenud xuako-
CTH MO MpPU3MATHYecKOH TPyGe MPOH3BONBHOTO MOMEPEYHOro
CeYeHHs; 3TOT 3aKOH BHPANKAETCd B BHAE YPaBHEHH:

2,=F(Ry. (2.17)
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B cnyyae naMHHApHOR HABTPALMM ABHMKEHHE KWUAKOCTH MO
MOPoBuM TPyOKAM HAEANTbHOTO TPYHTA eCTb JaMHHapHOE, MpH

KOTOPOM
s=1,

Toraa u3 (2.12) Mu monyyaeMm Ans CKOPOCTH B MOpOBO# TpyGKe

BHIpaXeHHEe
w 8 . P¥
"0 o ’-l; ’

KOTOpOEe moc/ie BBeAeHHs 0603HaueHHH

= g (2. 18)
32
k°=B_2 (2.19)
MOXCHO ﬂpeﬂ,CTaBHTb B BHIE
_k P :
Wy —‘I e (2.20)

Moacrasnas (2.20) B (2.3), HaxodHM CKOPOCTb (HALTPaUHH
B HI€aNbHOM rpynTe

w= % £, 2.21)
rae
2
h=mby =", (2.22)

Bennunna %, uMeromwas pa3MepHOCTb MAOWAAM, MOAYYHNa Yy reo-
noros CLIA naspande nponuyaemocmu.
M3 (2.22) HaxoaMm TrHAPaBAHYECKHH pamMyc HIeanbHOro

TpyHTa B
k
=5 ‘/ = (2.23)

B ruzpoauHamuke nokaswBaeTcs!), 4TO MPH paBHOMEPHOM
7AMHHADHOM JABHMEHHH MO MNpH3MaTHYecKoR TpySe cpeausd cko-
POCTb B cAyyae KPYri0ro MOMepPeyHOro CeYeHHs PaBHa

Pw
'w0=—8R—— ’ (2.24)
R —
1) Cwm., nanpumep, Jle#i 6 e n3on Jl., Pykosoacreo no HedTenpo-
MuC/IoBOA MexaHuke, YacTb |, rmasa I, ¢opMyan (3.12) u (7.6).
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4 B C/yyae [orepeyHoro ceueHud B BHAE PaBHOCTOPOHHEro Tpe-

yronbHHKa
Po

B0 "0 31 *

Ilna xpyrnoro cedeuus nuametpa d umeem
nd? -

'4_:
CnenosaTtensHo,
_d_1_Ji 1 w
3—7—:{1/?—7 l/;' (2.26)

CpasnuBas (2.19) u (2.26), umeem

(2.25)

W= x=1‘td.

_ 82 o o
Sttt 4
OTKyAa HaxoauM, 4TO
pr=2. (2.27)

Ecan nonepeunoe ceuenre ectb paBHOCTOPOHHHKH TpeyroabHUK
CO CTOPOHOH @, TO HMeeM

Iy~
=—:'V3: x=3a:
cnenosaTebHo,
—a__ Ve
3= VT 3 (2.28)
CpaeunBag (2.19) ¢ (2.28), monyuaem
82 © »

k _— = = —— -
97 p2 4.315.82 203"’

OTKYyAa HAaXOAHM, 4yTO
pr==. (2.29)

Jlerko HafiTH, 4TO AAA CAyYyas KBAAPAaTHOTO CeyeHHs
16
Br=s7. (2.30)

Taxum oGpasom, sennunna B2 mano uameusierca ¢ Gopmoit nome-
peuHoro ceuenus. IloaToMy B copmyne (2.23) Mb MOxkeM cup-
TaTb, YTO MpPH /NaMHHADHOM IBIKeHHH § MOCTOAHHO W GaM3KO
K CpenHeMy 3Ha4YeHHIO

=187, (2.31)
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Takie CPaBHHTEABHO MANo MeHseTCH ¢ (POPMOIl 110NIepeYHoro Ce-
yeHus BeMHYHHA mopHcTocTH M. HO Besanudna 2, Kax nokaswsaior
OonNTH M TeopeTHdeckHe BuBoam Cauxrepa (Slichiter), Kosenw
(Kozeny) H ApyrHX, MexdeTcHd B WIMPOKHX npegenax. Crneposaren-
vo, popmyny (2.23) MOKHO npUOMMKEHHO NPencTaBHTb B BHAE

i=3V &, (2.32)
rae & ecTb Be/IMYMHA, 34BHCALAX TOJBKO OT NHOPHCTOCTH, HOO
HPH MAMHHAPHOM jBHMeRHH § = consi.

Us ¢opuymz (2.12) caeayer, yto mnpu s=% CKOpoCTb Te-

YeHH B 10PoBOH TPyOkKe H2 33BHCHT OT BA3KOCTH WHAKOCTH.
B atoM caydae, moayudBlleM Ha3BdHHE HUCMO KEUODUMBHHOL

durompMNu, MMeeMm

& P .
w=_Ly -, 2.33
rae 1
b =gV3 ) (2.34)

H3 Qopuyaw (2.23) cneayer, 4To ruapasaHyeckuit pamuyc <
LPOIIOPIIIOHANIEH KOPHIO KBAAPATHOMY H3 1IPOHHLAEMOCTH; CAen0-
BaTeNbHO, BeNHYHHA £; MPOMNOPUHOHAJNbHA KOPHIO 4eTBEPTOl
CTellenn M3 MPOHHLAeMOocTll, T. €. R, HMeeT Pa3MeploCTb KOopus

4eTBEPTOIl CTeiend H3 11101Ua4H,
9
Cayuat, xorma §==17, HA3LIBALTCH 3IKOHUM huasmpan::

Cauperepa (Smrecer). B stoM cayyae umeem u3 (2.3) u (2.5
BHIPaKeHHE AJ8 CKOPOCTH U/bTpaiMil

<
0=t (P)3 , (2.3)

kR

mé g ¢
kz._—la/—p_‘, (2.36)

tie sBelléHd BeJHYHHA

xapakrepusylowan ¢ivibrpanuio Cmpekepa ),

1) Beauunua B, cornacHo diopmyae (2.18), sasicur OT a; 3HayeHune
ue a4, B CBOW Ouepedb, 3aBHCUT OT #, T. e, o7 5. Caenosarenslo, senu-
uHHa f B dopmyare (2.34), T. e. B cayuae xBaipaTHIHOR dHasTpaummy,
IMeeT APYToe 3naueHHe, HeM B CAyuae JMaMuilapHOR dHabTpauui.

}) B dopmyne (2.36) sesuunna B uveer uHoe 3iaueiile, vem 8 Ghop-
Myaax (2235w (234 — cM, npeauiyuiee MOACTPOMHOE [IpiMeHallHe.
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M3 ¢opmyn (2.23) u (2.36) cnenyer, uto weidunna &, 1PoO-
MOPUHOHANbHA KOPHIO KBAaAPaTHOMY H3 [POHILAEMOCTH, T, e,
R, ¥MeeT pa3MepHOCTb KOpPHS KBaAPaTHOrO M3 MIOIUANI:.

§ 3. Hopucrocts (AKTHBHOrO TPYyHTA.

Cauxrep nyTEM NPOCTHX reoMeTpHYecKHx coobpaxenuit onpe-
LSAHA  TIOPHCTOCTb (QHKTHBHOrO rpynta. Quepuano, BeAHuMHA

AOPUCTONTH 3ABKnT OT Kol UTyPRUIGE RIapoa, Tax kak sce wujs
OMIKOZOI0 AHMAMETP], TO PACCTOHHIR MEIKAY UEHTPAMH JIOOHX
ABYX COMP.KATAIOWMXCA . [L1apPOB
pas.o cymMe HX paldycos, T. e.
anameTpy. Cnci103aT2AbHO, ieHT-
Nl KDKAHX BOCLMH CONPHKACE-
Pr0ied 1UAPOB  PACMOJONEHH B
gopulithax  pom6031pa, Kawaas
rpdilb  KOTOpPOro ecTb pomG
(chur. 1). ATOT poMBO3AP ABATETCH
OCHOBHOH MOA&M5I0 AMA (HUKTUB-
Horo rpyita B Metoge Caux-
tepa. Mayuenne reomerpHueckix
CBOHCTB 3TOH KOHBHLYpaluH M
®ur, 2. RaT DO3MOKHOCTb  BHIMHCAHTD

BeAHUIIHY MNDHCTOCTH 77, Pas-

JIHYHHE PACTIONIOMEHHT [IAPOB (PHKTHEHOrO TPYHTd KOI:6AIOTCH
MEeKAY ABYMS KPaHuHMIl KOHQHTypaUuuMH, H3 KOTOPHX OIHd
¢onTRETCTAYET TecHeHlleMy pacilofioiKeHHi0 MapoB, 3 APYyras — Hx
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HauGonee CBOGOAHOMY PACMONOKEHHIO (MPH YCAOBHH BIANMIOLO
conpyxocHosenus). OuesuaHo, yron § pomta (¢ur. 2), u3 koroporo
06pasoRarb rpaund poMGo3apa, usMeHdeTcs B npeaenax ot i) = 90°

dur, 3. Pur. 4.

(¢pur. 3) mo H=60° (Pur. 4). Tak Kax B poMBo3ape ANg Kaxk-
DOTO YIa Tpaud HuMeercs ¥rod, 1onoanutensHudl 20 180°, To,
OYEBHAHO, T€ BOCEMb KyCKOB WAPOB, KOTOPHE [Paud pomGosapa
BLIPE3aIOT M3. BOCbMH pac-
cMaTpHBaeMuwX mapos, 06-
pa3yioT, ecil HX CIOXHTD,
oauH Lennf wap.

Ha ¢ur. 5 u 6 na-

HW NHaroHalbHHe pa3pe-
3m SPLM w NOQR oc-
HOBHOTO poMGosapa. On-
pelendM yroa a OZHOTO
M3 TMOAYYEHHWX fapanfie- ®ur. 5.
70rpaMoB, HafnpHMep nep-
Boro (¢ur. 5). Ins atoro omnuumeM u3 BeputHusl pomdoaapa O
map paauyca d (dur. 7). IInaroHanabHoe ceuedre BMECTE ¢ rpd-
HamH OAD 1 OAB nepecekaeT MOBEPXHOCTb [1apa flo Ayl'aM,
00pa3ylowiHM  [pAMOYroAbHuA chopHueckui Tpeyroasuuk ABC
¢ npamutm yraom BCA, Tlepnenankynsp BE u3 sepuim B Ha
Anaronaas OC Gyner suicotoit 2 pouGestpa. Mz yxazaunoro
UPAMOYTONKHOrO CPepHYeCKOTOo TPeyrortbHHKa HMeeM

cos AB =cos BC-cos AC.

o
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Ho M umeem

v AB=1), »ﬂ{Q(?:::E? v BC=a,

CneloBaTENbHO,
cos b
cosa= —. (3.1)

cos

Ha (3.1) noayuaem

——
: ccs‘-’i —cos? 6
sinz=) | —cosZg=— P S—

ccs? 0
2

0 /- b 0

in?0 — sin® — in® — cos? — — sin? —
_ /_sm 0 sia 7 - / 4 sin 5 cos? 5 —sin 7
»l —o__a =

-

<>

oS / 2
Los 2 COS 3
sitl -

; ;/4cosz,%—l .

Tl.

caos

Ho tak kak
4cos’2%—l=2(1+cosfj)—l=l+2cosﬂ,
TO - HAXOAWM
sina#tgg VI_—FW

Orciofa OKOHYATENBHO HMeeM

i) sin 0

stna=——_—v 1+2Losﬂ—l+cosol/l+2cosﬂ (3.2)

(3]

Hanee, u3 unpsmoyroasioro Ttpeyroasunka BEQO waxoaus

h=dsina. (3.3)
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Tak Kak naomagb OCHOBAHHA pomBGoaapa parua d?sinf, To oGbEM
poM603pa HMEET BEAHYHHY

Vi=hd?®sinf,
Buocs ciona 4 u3 (3.3) v sina u3 (3.2), umeem

_ dsin 0V T3 2cos b
'="Tfewt - (3.4)

Cymma V, o61bEMOB BCeX BOCBMIl KYCKOB WAPOB, MOMEIAUUIXCH

Pur. 6. Pur. 7.

BHYTPH paccMaTpHBaeymoro pom6031pa, Kak ywe OblO yKa3aHo,
o6pa3yeT OAHH Leanift map, cl1enosBaTenLHo,

__=d?

Vo= 5 {(3.9)
Buocs (3.4) n (3.5) 8 (2.1), M Haxoxum
v o (Icost)
3
m = 1 — r =1 ey ——
Vi dsin? 01 ~+2cost

[oacrasnna cona
sin?0 = (1 — cos H) (1 -} cos b} ,
M nosydum dysnamentansHyio dopmyny Cnuxrepa

r

6(1—cnsO)V1+2c050’

m=1— 3.6)
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H3 KOTOpOH cnreayeT, 4TO nopucmoctis huxmusrozo zpynma,
COCMOAue20 13 OOUHAKOBHX 1MAPOOOPAIHUX Hecmuy, He 326u-
cum om ux OuaMempa; OHA 3CBUCUM IMOALKO OM UX OMHOCU-
MeIbHOR KOKBuypanuu, 00yca08AusaeMOd Besutunold yzaa 9.

Kpafintie aHaueuns yraa § pasuw 60° n 90°, caezosarensHo,
KpalHlie 3HAYEHHN MOPHCTOCTH m o Gopmyae (3.6) GyayT pasiim
COOTBETCTBEHHO

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

. dm - . N
Tak Kak qv >0, TO HHTEPBAIOM meopensdeckod nopucmecnn

6yner
0,259 =< m < 0,476. (a)

Paccmatpusas ¢Hr. 2, MW BIIHM, 4TO NAOWALL 11DOXO1
Meacdy WapaMH B NAOCKORTH, COACPKAWEH LIX LeHTpH, Oyier
IMETb BeAHUMHY S, PaBuylo

S=§,--8,

rxe §; ecTb maowanb pomba, S, —iowann uactTed Kpyros,
AeKAUWMX BHYTpH powmba. Jlerko EiaeTb, 4TO BCE YETHPE YacTH
KPYToB, A€NILMX BUYTPH POMGA, COCTABAMOT OMHH KPYF € MAO-
_uLa!lMO

. nd?
S2 — _4—‘ .
[lnowane we pomoa S, pasua
S, = d?sinl,
Caenponaredtio,
S=(si110— -:—)dz. 3.7)

Bseaém Ttenepb, caeays Canxrepy, oTnouienne

S 1% (3.8)

=35 5

H Ha30B&M ero npocsemost. Beriuuna n xapaktTepHsyeT fauiiasb
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POXOAd KHAKOCTH B CAMOM Y3KOM M:CT€ MOPOBOro KadaJja,
Briocst HMulinennme suauenHs S, W S, B (3.3}, Mbl MOAY4YHM

T

Il:]—-a?i-n—o'.

(3.9)
UTCIORa MBI BLAUM, YTO 047 QBUKMUEKOLO 2pyhiu Be.ewiiiris

Ta6anua 1. 34aueHus TeopeTHUecKOA HOPHCTOCTH 'm ¥ Teone-
THYeCKOro NpocBeTa N B HuTepBake yraa § ot 60° po 86°.

0 m n Q9 Sy a3
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,C0
64° 49 0,33 0,1322 | 38,44 15,82 9,64
65° 37 0, 34 0,1378 | 34,75 13,95 8,58
66° 27’ 0,35 0,1434 | 31,62 12,18 7,50
67°21' 0,35 0, 1491 28,79 11,04 6,58
65° 18’ 6,37 0,1549 | 25,26 10,00 5,83
69° 17! 0,33 0,1603 | 24,08 8,80 5,22
70° 20/ 0,39 0, 1661 22,11 7,87 4,60
71028 0, 40 0,1719 | 20,32 7,08 4,06
72° 4% 0,41 0,1775 | 18,73 6,32 3,62
74°03' 0,42 0,1832 | 17,28 571 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 2,05 ;
§4° 59 0,47 0,2117 | 11,83 3,40 1,84 :
90° 00’ 0, 476 0,2145 11,38 3,20 1,71 '
Mpumedanue, BelduHuul g, q),d; AaHu Aa yAo6erBa mocta.-
aAyiouux suivucnenn’ no dopuynam (5.13), (6.13), (6.14) u ceasarn
€ m H 1 COOTHOLIEHIn MH
l—m 5 (1l —mp? _{1—m\? 1
CETE o AT T 0 T \Tm ) TT—w
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npocsema He 3qsucunt om GudMempa uapoobpasHux Hacmuy,
odpu3ynuax zpyunt,

CoorercrBeHHO KpafiHuM 3uagenngM yraa ) umeem caeayio-
ue kpatiide 3nayeHus 1.

n=—0,0931; n—0,2146,

Tak kak %> 0, TO wunTepBanOM meopemudecrkozn npocseniu
Oyner
0,0931 =< n << 0,2146, (b)

Tabnwia 1, cocrasaennas CanxtepoM, LaéT suavesus m u n
Ans wawaoro 3Havenus yraa § no dopuyaam (3.6) u (3.9).
M3 He# MW BHOMM, YTO KAWIOMY 3HAUEHWIO M COOTBETCTBYET
onpenenénHoe aHatieHde /1. PYHKUMOH3ILHO 3ITa CBH3b MeXAy 7
W om B HHTepsate (a) upuOIMKEHHO MoKeT OWTh BhpaxeHa
dopmy ol

n=—C,m"*, (3.10)

rie C'.{ eCTb INOCTOAHHaA BeJIIMIHNA.

§ 4. N'eomeTpuyeckoe paccMoTpeHHE YCTAHOBHUBIIEroCH
JABHXeHHS WUAKOCTH yeped rKTWBHLIK rpyHT mo CauxTtepy.

Tak wak snemenTapHue CTPYHKH KHIKOCTH ABHXYTCA Meway
1IapOOOPa3HHIMH  YaCTHLAMH (DHKTHBHOTO TpyNTa, Orubas. HX,

dur, 8.

TO TPaeKTODHA OTIeALHOR HACTHIM MHAKOCTH He OyxeT npsMoR
AuHHe, NepleHAHKYIapHORt K BePXHEeMYy H HHKHEMY OCHOBaHuUAM
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nnacta u3 QUKTHBHOTO TPyHTa. B mefictBHTenbHOCTM Takas Tpa-
€KTOpH, COBNAaAaioulas B MAHHOM CJayyae € JauHuel Toka, Oyaer
HEKOTOPO# HckpHB/AEHHON B mpocTpaHcTBe auHuedt, M3 cosokyi-
HOCTH 3THX JHHWMAR TOKAa COCTABIAETCH 3/eMeHTapHad cTpyHka
(dur. 8), nporekauias wepes paccmatpusaeMyio nopy. Ocbio

TOl CTpYyAKH OydeT CcAYAHTb KpuBas A
AKBHC (¢ur, 9).
B cnyyae TecHeflero pacnosoxenus K\\g
wapos (§ = 60°) npeacrasnenne 0 xapak-
Tepe MOPOBOTO KaHa/la MOXHO IOJYYHTh H

u3 ¢ur. 8, 9 u 10. BToT vacTHmit cayuya#t

CTpOeHHA CTPpYRKM W OwWa  ucclemoBaH

CauxTepon, C

Haumenbimme nonmepeunwe  ceyenus dur. 9.

NOPOBOTO KaHa/la SBASIOTCH KPHBOJIHHeEI-

HeIMH TpeYyronbHukKamu (¢ur, 10), CTOPOHN KOTOPHWX COCT3BAEHL
H3 1yr 6oabimoro Kpyra mapos. [Tnowaar ceyenus NOPOBOTO
KaHaia B ero uaubozee y3KOM MecTe paBHa nS;, rae n ecrh

37

npocser, a S, — naoutaab rpaHd  pombosnpa. Hauunas
¢ sToro Mecta (Touka A CTPyHKH) ceyeHHe CTPYHKH rmoHe-
MHOTY YBeAHyHBaeTcs N0 MakcHMyMa B Touke K (¢ur. 9),
7 33aTeM CHOBA mnagaeT IO CBOel NepBOHAaYya/bHOM BelTHYHHW
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B Touke B, [lanee NPOHCXOIHT YBeIHYeHHE CceyeHHd MOopomoro
KaHana [0 MakcMMyMa B Touke F/f, ncsie yero ceyeHHe CHOBA
yMedblldercs M MOJyydeT MepBOHAYalibliyl0 BEJHYHHY B TOYKE C.

L

— v
_g_va

dur, 11,

Jlerko BHUHCAHT YrOJ MeXI1Yy IJIOCKOCTBIO BEPXHErO OCHOBA-
Hag pomGoazpa k nnockocTeio OSQ (dur. 10); B atnx asyx

<er, 12.

MJ0CKOCTAX J€KAT COOTBEeTCTBylowHe Toykam A U B ¢urypw 9
MHHHMJALHEE CeyYeHus H3yY4eMoro rnopoporo kaHana. M3 ¢ur. 10
BHAHO, fIT0 YUOMAHYTWH yroa paseH yray Hak/JOHA MIOCKOCTH
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NLR K nuxHeMy OCHOBaHHIO pom6o3zpa. BuuHcaum 3TOT nocaen-
nuit yroa. PaccmorpuM Tpeyroanunkn LNR n LTM, kotopue,
AA% ACHOCTH, W300pameHw oTdeawHo Ha ¢ur. 11. B Tpeyroan-
nike LNR nmeem

NL=IR=NR=—d.

B tpeyroabhuke LTM unmees y
LIT=TM=2Y3. ‘L\
CnenoBatensHo, =4
.1 1=
sin{ = LTM )=
(i) % I
B _2_.4 . 0 N A
T layg T VI
2 7
- %
OTKYIdd UCKOMHA yroa pased .
Z LTM=T70,6°.
Taknum oOpa3om, noposuf ka- dur. 13.

Ha/l pacuwHpseTcd OT CHBOEro

MHHHMa/bHOTO CEYEHHH K MAKCHMA4JBHOMY NPH 1IPOXOAe YTJOBOTrY
paccTosuus npHOAHSHTENLHO B 35° Ha NOBEPXHOCTH IAPOB;
yactHud. Ecin caenate paspes no muuun AD wna ¢ur. 12, 1o
nonydurcs ¢ur. 13, Ha KOTOPOH OKPYXHOCTh €CTb CeyeHHe Lia-
popo# yacTHUW MO ayre OGonwiworo wpyra. U3 dur. 12 nmees

AB=—AC=CB=—d=2r,

AD=rV'3;
H3 ¢ur. 13 Hmeewn
2 2
AO:§.4D._—§rV3 ;

[nowans A, paBHOCTOPOHHEIO TPeYro/bHHKA RST na ¢ur. 12
pagHa o
A,=3V3.0z2, (4.1)
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Ecan smecro A\ RST B3ATh apyroft TpeyrombHHK, MIf KOTO-
poro paguyc BOHCaHHOTO Kpyra paseH ue OE, a PQ (cm.
¢ur. 12 v 13), 10 naowaab Aq TAKOrO TPeyroibHHka Gyner
pasHa

4,—3V3.PC (4.1

Ypasuenne okpyxsocth EK na dwur. 13, pamuyc wotopo# pa-
BeH 7, MPH NPHHATHX HA 4YepTexKe OCAX KOOPAHHAT HMEET BHI

(x — OA )2t y2=r?
OTKyZa

x—OA:_-%_—_Vrz—yb’_

B cOOTBETCTBHHM € uepTeXOM C/ledyeT B3WTh B NpPaBOH YacTu
3HAK MHHYC; MO3TOMY HMeeM

x—=O0A —Vrz——y?:%rlfg—l/rz—y"’ .

Cnux1'ep NMPpHHHMAET NOcC/A€mOBaTe/bHLIE CEYEHHST pacCMaTpu-
paeMoro nopoBOTO KaHana 3a KpHBOJIHHeﬁHHe TPEYTO/NbHHKHY, o418
KOTOPHX panHyc YNOMAHYTOTO BUHCAHHOTO Kpyra €CTh

PQ=«x.
OTtciona umeew

PQ:%rVg—Vr”_—y_é. (4.2)

[loacrasaan 310 3HauenHe B ¢opmyny (4.1°), noayuny Benuuuny
naowagd A, cedeHud.

Cpensee mno anuHe cTpyHku 3Hadenne A o06o03HaunuM de-
pes A,. Ono Buuucngercd no ussecTHoH dopmyne

b
1
A_," - —b—_.—a.(‘ Aqdy. (4‘.3)
a

B namenm cayuae e=—0, a BensuuHa b, 1. e. NK (cm. dur. 13),
paBHa nprOIM3HTENBHO TIONOBHHE paguyca r. B camom xene, Ha
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¢ur. 13 yron OAK pasen npubmm3sutennHo 39°, oTkyaa H cne-
Lyer, uTo

—

b=rsin3d°= or.

Buocs 8 (4.3) A, u3 4.1'Yy n PQ un3 (4.2), noay«um

r
eVaj ,g_yz]edy:

— (ﬁy 3 —27\') r2=0,2118:2 .

(ifaK, cpeauig MO AJHHE CTPYAKH Be/HYMHA I/IOIUALM CeyeuHs
cTpy#HKH paBHa
o
A,=0,2118r% (4.4)
MMnowans paslocTopoHiiero Tpeyroibiuka RST coraacko

(4.1) pasua o
A,=3V3-OF.

Buocs ciona nafinensoe Buute 3uavenne OF, nonyunm

A,—_:3V3—(—§V3_—1)2r2:0,1247r2. (4.5)

[noutane kpusonuueitnoro tpeyronshnka DFG’ pasua no-
1WaaH paBHOCTOpOHHero TpeyronsHuka ABL MHHyc Tpu cekTtopa
kpyra ¢ yrnamn 60°, T. e. MuMHyc MNONOBHHA TNJIOWEIM KPyra
paauyca r. Ho nnowanw tpeyronsuuka ABC pasHa r2V3, cre-
IOBATe/NBbHO, NM0OW@AAbLI0 Tpeyronniuka DFG Gyner

Ap == (V’E_ —;_) r2=—0,1613r% (4.6)

(370 H ecrb HaHMeHhlIEE ceyeHMe TMOPUBOIO  KaHana LpH
0 =609). :
Cpeanxee apuipmeTnueckoe mnowaneit A, n Ap paBHo
1 20
Acp:E(A,—}-AFl:O,HdOﬂ. (4.7)

Hexoxy us npeanonoxemtd, uto 8 yraax D, F, G ceueuus
HOPOBNTO KAH211 RUKAKO{  (uALTPAILIL HE [DOICXVHT BCiet-
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cTBue OOpasoBaHHA TaM TAK HAa3uBaeMOW MEPMEOU dcuckocmu,
Cmixtep cuuraer, uyto S¢dekTiBHas NI0WALL HAaUMEHhINErD ce-
YeHHsl MOPOBOrO KaHasna, yepe3 KOTOPYK MPOUCXOZMT PuabTpalus,
nexut- Mexny A, u Ap, Oyay'u Heckoabko Gmnke K Ag, ueM
K A,. Tlostomy Cnuxtep npuuumaer 3¢QeKTHBHYI0 NI0WAZLL
uemHoro G64bmed (npubauaurensHo Ha 3°/)), uem cpexHee 3Ha-
ueHHe, onpejensemoe ¢opmynoit (4.7), n moaaraer, 4To

A,=—0,147572. (4.8)

Ha ocropaHny anafOTHYHHX cOOOpaXeHuit O cYlllecTBORAHHH
B yrIaX 1OpOBOro Kauana 3oH MEpTBoft wuaxkocru, Canxtep
CYHTAET, UTO Aq OymeT mepemeHHOH NO aauHe CTPYHKH MJIO-
manbi0 3QPEeKTHSHOrO CceuveHud, CpegHee 3HaveHHe KOTOPOH u
eCTh Be/MuMHA, OnpexeaseMan gopmviaoit (4.4). Mz (4.4) u (4.8)
nojay4aem OTHOLUEHHE

| >

= 1,436, (+.9)

S
n

OTKy.Ia
An _Ae—dn__ (a0
A - L] L]

€ 2

|
|
|

T. €. CpedHee MO IMHHE CTPy#ku yBeanuyenne 3¢dekTHRHOR Nio-
uwaau Cedesds coctasamer okomo 43,6%/, (x1a cayuan Tecue#t-
r1ero pacnoZioKeHNd IIapoB).

Takxum 06pa3oM, /A YAaCTHOro CAy+as TecHeHuwiero pacnono-
wends wapos (0=~60°) Cauxrep 3aMeHseT geACTBHTEABHMN
nopoeuft” kavan AKBHC cnowsoro crpoeuds (¢ur, 9) npumo-
AuuefHEIM npH3MaTHueckMM KavanoM AC, lonepevHoe ceuyeHne
KOTOPOro eCTh PaBHOCTOPOHHHH TPEYroNbHHK C MIOUEABIO

A, =1,4364,, (4.10)

rae A, ecTh 3¢ipexTHBHa® NJOW@Ab NOPOBOTO KaHala B CaMOM
Y3KOM €ro Mecre.

Kak noxazan Cnuxrtep, M3 MPOCTHX reoMeTpHYecKHX coobpa-
KEHHA MOWHO HaliTH, 4TO miuua [ npAMoaunefHOTO KaWana, 3a-
MEHSIIOLIEr0 AeHCTBHTENbHRA KPHBOJHHEHHHN xaHal Aad cayuau
0 =60°, pasna

—1,065d. (4.11)
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Oas cayuan §=—90° umeeM, OueBHIHO,
l—=d,
a aag nioboro 3Hadvexus 6

1:4[1,195—0,39%]. (4.12)

Takum o6pa3om, B obuleM caydae anuHad [ HemHoro Goablue
pebpa ML—d ocHoBHOro pom6o3ipa.

§ 5. danpTpanna yepe3 ¢uxkTAsHuA rpynt mo Cimxrtepy.

[lpu paccMoTpenu aBiaesuit GUuAbTPAIMH B DHKTHBHOM IpyHTe
Cnuxtep 3amexsieT JeHCTBHTENbHYIO MOPY B2ChM3 CJAOXKHOTO
cTpoeHHs HaeanbHOR wMAMHApMuecko!l MOpOH, minagh nome-
peyHOro CeyesHa KOTOPOH pasHl NAOWAAH MON2pPEHNro CEYeHHn
neHCTBiTeNRHON MOpH B e¥ caMOM Yy3KOM MecTe, a MJIHHA HOpPi
paBHa peSpy ocsoBHOro poM603ipi, HO He uwicoTe ero, B 3atom
¥ COCTOMT npepnoxeHuni CavxTepom mnepexoX Or (IMKTHBHQ-
ro rpyira Kk uazeansHomy. Chuxrtep onpaBawsaer cBot mpea-
AOGKEHle TeM, 4Td OHO, KiK MH ceflyac yBHIMM, HMeer
MecTo Npd HauboJlee TECHOM pachno/IOWEeH:H I1IApOB, KOrAaa
i — 600,

B sTtOM cayuyae mMul, COrnacHO CK3a3aHHOMY 'BHINIE, HMeeM
NOpOBYIO TPYOKY M/HHAI

= 1,0654, (5.1)

nonepeytoe ceyeHHe KOTOPOil eCTh PABHOCTOPOHHHH Tpeyro/ibHHK
C naouanskio

A, = 14364, (5.2)

Torna no c¢opmyne (2.25) umeeMm ans cpeaHeft cKopocTy
7aMHHAPHOTO TEYEHHH BLIpAKEHHE

wy— LAm_
0T 20uY3 T
Broca cioza { w A, no dopmyaan (5.1) u (5.2), Mu nonyuwm
PA,

wo:&!—p.(-i‘ ’ (5'3)
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TdK KdK ¢ OOJblIOR TOYHOCTbIO MH HMEeM
1,065-20V'3
1436

Popmyna (5.3) cosuanaer ¢ dopmyiol (2.24), ecid B nociea-
Hefl MOJOXKHTb

8n.

w—A4, h=d,

Mrak, aciicTsuTensio, upd 0=60° cpeinus CKOpULTb UABAH-
WEHU XHAKOCTH 110 MOPOBOMY KaHnaly OKa3mBaeTcs TakKoH, xak
ecd On KHAKOCTh MpOTeKdaa yepe3d KPYri1yld UHAHHAPHYECKYIO
TpyOKy, NpHYBM NIOWAAL CeyeHHst 370H TpyOkd pasBHa A, —
NA01and HAHMCNbILETrO CEYEHHA NOPOBOTO KaHana; AJMHA TPYOKH
paBHa d, T. e. paBHa AnMHe pedpa OCHOBHOro pomGo3apa.

Cnuxtep o6obuaer ¢opmyay (5.3) H Ha cayyaih, korua
H™>60° B astom cayusae 3a naowass A, Cauxrep upHHHMaer
NOJMOBHHY naowaad S, onpexenzemoil gopmyno# (3.7), Tak Kak
npu )—60° naowans § cBOAWNACE K ABYM OAMHAKOBWM KPHBO-
AHHe{HHM P4BHOCTOPOHHHM TpeyroibHHKaM. WTak, umecem

=—- sinf, (9.4)

2

Aezé—d'z(sinf)—-—Z) nd:

M3 dopuyn (3.2) v (3.3) MH moayyaew BaWHOE COOTHOLIGHHE

h(14cos 0) 5 5
sin0 Y 14 2cos 0 (9:9)
Bhoca (5.4) u (5.0) B (5.3), Mu HaxomuM
Pdta .
@o = Tgruh B (i), (5.6)
rae BsereHQ 06o3HaueHHe
_ sy T 2cost
B ="t (3.7)
KOTOPOE MOXHO MpPEeACTABMTbL TaK#e B BHAE
B(f)):(l—cosﬂ)l/l—{—2cos"), (5.8)

T4K Kax
sin?0.—=1 — cos®*r=(1 — cos ) (1 -}-cos ).
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M3 dopuyan (3.6) Mu umeem
(1 —cos) V' T4 2cosb=

®
(I—m)*
Buoca 370 3Hauende B (5.8), MW moayuyaem

B(0) = gr—my - (5.9)

m)

n opmyna (5.b) mus cpeawelt ckopocTH B noposoM TpyOke
fNpUHHMaeT Tenepb BHI
nd*P

Yo =36 T—muh *

(5.10)
[Trowans momepevyHoro ceuedHs mopoBolt TpyOkH, kKak OHJO

!
OTMEYEHO BHIE, paBHA 58; NO3TOMY pPacxoX XHIAKOCTH uepe3

< 1
NOpOBYI0 TPYOKy paBeH -E-S-wo. I BHxeHHe xkuIKOCTH 4Yepes3

seilky (UKTHBHOrO rpyHra H3 8 11apOB MW DaCCMATPHBAIM Kak
IBHKEHHE uyepea Ase noposue TPyOkd. [losTomy obumft pacxox
KHAKocTH Q 4epe3 Takyio suelky pased

Q= Sw,=n3,w,

rae S, — nnowans pomba, NekAUWEr0 B OCHOBAHHH POMOO3ApPa,
a n— npocser [cM. dopmyny (3.8)].
CKopoCTb (bHABTPAUMH @, COTAACHO ONpeae/eHHI0, paBHa

9
w=3

OTKYZAa CJleayeT, YTO CKOPOCTb (PH/bTPALHH B GHKTHBHOM TFpyHT
Oyner paeHa :
w:”w°- (5.1{)

Buocs (5.10) B (5.11), mit noayuum u3sectuyio ¢opmyny Conx-
Tepa A CKOPOCTH (HAbTPALMH B (HKTHBHOM CpyHTe

k
W=

)

e, (5.12)

+

3 N, C. NetGenaon
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rae BeJMuHHa R paBHa

nd:

b— 1 {5.13

96 (1 — m) ) )

H Ha3LBaeTCA meopemuseckol nporuyaemocmsio Cauxmepa.

Beanuusy A Mol JO/MKHH PaccMaTpHBATh KaK TOJLIMHY nJacra

B HanpaeleHHH QUAbTPALMH, HA KOTOPOH npoucxoadT nepenan

ruapoaHHaMuyeckoro pasnenus P. Jna TeoperHueckoro HHrep-
Bana

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

B kotopoM, no Cauxrtepy, 3akiwoueHa NOPHCTOCTb (PHKTHBHOTO
TpyHTa, Ml HMeeM npuOaHkEHHYIO GopMyay

1
1—_—,,,=CIW' (5.15)

a Takxke ¢opmyay (3.10)
n=Cymi*, (5.16)

rae C, u C, cyrb nocrosunue ¢akropu. M3 (5.15) u (5.16) mu
nosnyyaem
7 = C m3,? (0.17)
1—m~ 3% L .

raue
C,= Clcg_—: 1,025.

Broca (5.17) B (5.13), Mu noayqum npubamkEnuyio GOpMyty
DnbaHGpaBH
=0,01057m®.8 g2, (5.18)

CBA3BIBAIOULYI0 TEOPETHYECKYID MPOHHUAEMOCTh R C MOPHCTO-
CTbIO M.
Bepugmcs k copmyne (5.3). OGosnauum B Het A, uepe3s o
M NOJACTaBHM BMeCTO d ero 3sauende H3 ¢opmyam (5.5); Toraa
M noayuum u3 (5.3) cdopmyny
Po

wO:ST\:I-I-h, ’ (5-19)

1) lna yao6erBa Buiyucaenitit mo dopmyane (5.13) 8 tabaune 1 noa-
—m

CYUTAHA BEeJIHYHHA ¢— n

13 (UKTUBHOTO rpyHTa,
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npuuém, coraacko (9.9), (5.7) u (5.9), Mu umeen

R 1 +cost sin 9 6(1—m)sin0
B sin0 YV T4 2cos 8 —B{) % (5:20)
®opmyna (9.19) supawaer Baxuyw meopemy Cauxmepq:

Ilpu onpedesenuu cpedHell cxopocmu OsudxceHus RO no-
pOBOMY KAHGAY KAOO BMeCMO OeldcmBUMEAbHOL MOAUUR
naacma h ssodums puxmusnyio moswuny h,, onpedessemyio
no gopauyase (5.20).

U3 dopumyan (3.9) Mu umeem

T

Sine:m. (5.21)
Buoca (5.21) 8 (5.20), Mu noayuum
h=0=m (5.22)

2(1—n)
Moxuo mony4uts Apyryio npuGauwénnyo dopmyay ans k.
Tak kak
0<<cosf=C % ,

TO HMeeM NpPHOAMMKEHHO

V132 cos =14 cosh,
a nmotomy u3 (5.8) monyuaem.

B (f) = 1 — cos? § —=ssin?. (5.23)

3ameuns B () ero 3uauensem u3 (5.9), Haxoaum

sinh =V B{H) = ]/ 6(1_1;')_ (5.24)

Buocs (5.24) 8 (5.20), Mu nmoayuMM npHGAHKEHHYIO GOpMyay

— ]/ . 5.25
h=h 5T =) ( )

§ 6. drasTpauna yepes ¢mkTHBHHA rpynT mo Ko3enn.

Mlycts B o6nEme V, ¢dukTHBHOrO rpynta umeercs N, omu-
HAKOBWX 11apoBHX 4YacTHL nuamerpa d. Cymma oémemon 3THX
WApOBHX YaCTHL, PaBHa

nd8
Va=N—¢, 6.1)

3*
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a2 cyMMa HX nosepxHocre#t Oyxer

3, = N, nd?, (6.2)
M3 ¢opmynn (2.1) M HmeeM
Ve=(1—m)V,. (6.3)
[Toacrasngg (6.3) 8 (6.1), Mel noayumm
ndd
Vl — Nl-s—(-l—:n-)- . (6.4)

Cneposarenpio, cornacio gopmyae (2.1), cymma o6bEMOB fl0Op,
conepxauuxcas B 06béme V| GHKTHBHOTO rpyHTa, pasHa

mrd3
Vs=‘:mV1=Nlm. (6.5)
MNonoxus B (6.4) V=1, M noayusm saxHyio ¢opmyny,
onpeaenfioly0 4uca0 N IIapOBNX uacTHU AHamerpa d, coiep-
KaWKUXCA B eadHHUe O06bEMa (HKTHBHOLO TPYHTA
6(1 —m)
N=—""
Cymma mnosepxvocte#t atux N uacty Gyaer, coraacuo (6.2),
pasHa

(6.6)

6(1 —m
»=80—=m (6.7)
d

3amenum 06GBEM V, (HMKTHBHOTO rpyHTa TakuM e OGBEMOM
MIeaJbHOrO0 TrpyuTa, cocrasileHsoro M3 N, noposwx TpyGoK
oaHHaKoBOf a/MHn L, OAMHAKOBOM MAOWIIAH MONEpeyHoro ce-
yendt ® H opxuHakosoro nepumerpa Y. Cymma 06DBEMOB 3THX
noposux Tpy6ok Oymer cymmof 06bEMOB NOP HAEANBHOTO
rpysra

0__

Vi=N,Lo. (6. 8)

CymMa OGoxoBux mnoBepxHOCcTet 3THX nopoBux Tpy6ok Oyaet
pasna
=N,L . (6.9)

Koseun npeanoxun caenywowuh cnocob6 nepexona or ¢ux-
THBHOT'O TPYHT@ K HIEa/bHOMY FPYHTY:

1) cymma 06béMOB mop ¢HKTHBHOro rpysta Vg pasHa cymme
06b8MOB NOPOBHX TPYGOK HAeanbHoro rpynta V3



§ 6] OHUABTPALME YEPE3 QUKTHUBHWLA IPYHT NO KO3EHH 37

2) cymMa noBepxHOCTeH Bcex MWApOBHX YaCTHU (UKTHBHO-
ro rpywta 2, paBia cymme GOKOBWX NOBEpPXHOCTeH NOPOBHX
TPYGOK HMAea/lbHOTO rpyHta 2;

3) nmopHcToCTh B OGOMX C/y4asX OZMHAKOBA,

Orciona noiyyaeM ypasHeHHs

rd3m
M == Malo,

2 —
N, nd? = N, Ly.
Pa3nenus nepsoe ypasHeHHe Ha BTOPOE, MOJYYHM

3— md

Tl—=m* (6.10)

rae & ecTh THIPaBTMYECKHRA pPadHyC MOMEPEYHOrO CeveHWs Mo-
posolt TpyOKH HIealnHOro TCPyHTa, ompexensieMuit Gopmynoh
(2.7

[TpH BbIYHCIEHHH CKOPOCTH ¢uabTpauud no dopmyne (2.21),
‘MW [JO/DKHH BHecTH Tyaa &8 u3 cdopmynn (6.10) u smecTo TOA-
WHHE naacta k moacTasuTh (PUKTHBHYIO TOAUMHY ero k,, yuu-
THBAIOULYI0 HCKPHBIEHHe KHAKHX CTpyeK. TOrIa MH NOAyYHM

mi2P mid2P

w—= Bk 368 (1 — m)e iy (6.10")
Kozenu npuuumaer, 4o
h =2k (6.11)
H [O3TOMy MO/AyYaeT, YTO
w=22 (6.12)
poR? )

rxe R ecrb TeoperHueckas npoHHuaemoctb no Koseww, paswas

midf (6.13)

b=y

Mebl npennaraem suectd Ak, 6o no ¢opmyre (5.22), nuGo
no ¢opmyne (5.25). B nepsom cayyae Gymzem HMeTb
m? (1 — n) d?

F= STy

(6.14)

1) Oas yro6eTea suuucaeuuil mo hopmynam (6.13) u (6.14) 8 Tafa, 1

5 (1 — m)? 1 —m\3 1
NMOACYUTAHH BETHYUHH W=7 (-1”'—3)- H 9= (_m' — ) ‘[—p "

$uKTUBHOT O rpyHra,



38 TEOPHA OH/IbTPALMH [ra, 1

a BO BTOpOM CJaydae

miqg?
(6.15)
36 ]/ T a2t —m) W'

Kosewn npuusn ana §? 3sauenue, onpeaensemoe (oOpMY-
a0k (2.29), cuMTas, 4TO mNOMNEpeYHOe ceyeHHe NOPOBOK TPYOKH
6/1H3K0 K PaBHOCTOPOHHEMY TPeYro/ipHHKY. BHocs 910 3uauenue 32
8 (6.13), MW MNOAyYHM I TEOpeTHYeCKOH MPOHHIAEMOCTH
no KosenH BeaHuiHy

m3d?

k= 120 (1 — m)"

(6.16)

ero npHOAHKEHHOe 3RAaYeHHe

TToacrasaas cloma BMECTO i

no ¢opmyne (5.15), MH MOAYYHM TeOPETHYECKYIO MPOHHI@EMOCTh
no Ko3sewu, BHPameHHYIO yepe3 MOPHCTOCTh:

k=Cm‘d, 6.17)
rae C, ectb (aKTOp NMPONOPUHOHANBHOCTH.

CpaBuusas ama 3Havenus sinf, onpedensemue. dopmyramu
(5.21) u (5.24), Mu umeem

1 —n= l/— 1 — ). (6.18)

3amensin 1 —m ero npuOAMKEHHHIM 3HAUEHHEM M3 (OPMY.H
.(5.15), Mm moayuum npHOAHKEHHYIO GopMyay

L~ (6.19)

rae Cy ectb (aKTOp MPOMOPUMOHANLHOCTH,

§ 7. dnabTpauns yepes ¢mkTABHL rpyHT nmo Tepuarn,

Tepuaru (Terzaghi) npemnowun caemywown#t cnocob nepe-
x04a OT (JHKTHBHOrO TPYHTa K HMIEaNLHOMY,
UHC/I0 OQMHAKOBHX WAapOOOpa3HHX YacTHU, HAMOJHSIOMKX
B O4eHb GOABHWIOM YWC/e eIHHUIY OGbEMa rpyHTa, onpelensercs
dopmynot (6.6):
N— 6_(1:ﬂ).' (7.1)

nd8
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rie m ecTb NOpPHCTOCTh, a d — auamerp wapa. Ilyctb N, ectsb
Go/bIIOE YHCIAO IIAPOBHX YaCTHU, NPHXOAALIMXCH 'HAa eAHHHUY
AMHHH, TOraa OOJbIIOE YHCAO HX HA edHHHUy 00hEMa Gyaer

N=C,N, (7.2)

rae C, ecTh ¢aktop nponopuonanbHoctH. Cpasnusas (7.1) u
{7.2), MH nONyYyHM

N, =5y T=m, (7.3)

rae C, ecTb (akTOp NpONOPUHOHABHOCTH. bosbiloe uwHcnO
N, apoBHX YaCTHU, NPHXOASLWMXCA HA eAMHHUY MJIOWAAI,
Oyner

Ny =CgN2, (7.4)

rae Cq ectb GaKTOp NPOMOPUHOHANLHOCTH. Bosbuioe umcao N
1IOPOBHX TPYGOK € OXHHAKOBHMH NMONEPEYHHIMH CEueHHSIMH, NpH-
XONAWMMIICH Ha edMHMUY nJjowand, Oyaer npONOPUUOHANBHO
aucay N, 1apOBHX YacTHU, 06pa3yloux 8TH TPYOKH, MO3TOMY

N,=C,N}, (7.4

rae C, ecTb (aKTOp NPONOPLHOHAALHOCTH.

OG6o3Hauas nonpexHeMy ueped L gauHy nopoBOH TpyOKu
H uepe3 ©-—ed TNOMepeYHOE CevyeHHe, M MOJYUHM BHpAXKEHHe
NOPHCTOCTH /M B BHAE

m= N, . (7.9)
Hckmouas u3 (7.4) u (7.5) N, mu waliadm
m
©w=— . 7.6
CoN2 (7.6)

Tak Kak MOWHO HPHHATb, YTO TCILAPABAHYECKHH paguMyc & mone-
peyHoro ceyeHus NOposof TPyOKH NPONOPLHOHANEH KBAAPATHOMY
KODHIO H3 N/IOW@fH CEYEHHA ®, TO OyaeM HMeThb

82 =C,,0. (7.7)
Buoca (7.7) 8 (2.22), Mu nmomyuum

k—=C, mo, (7.8)
rae

c Co

11:@_2-
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Ecnau nonepeunoe ceyeHue ecTb pPaBHOCTOPOHHHH TpPEYTO/bHHK,
TO

C.— —:
T
€CJIH XKE OHO eCTh prl‘, TO
c.— 1
n—gg*

Otciona sHmHo, uto C,; Malo 33aBHCHT OT (OpMH MOMEPEYHOro
ceueHHss noposoft TPyOKH, a cnegoBaTelbHO, H OT CTPYKTYpH
rPpYHTa, M NO3TOMY MW MOXeM npHuath C,, 3a noCTOsHHYi0 Be-
anunHy. Buocs (7.8) B dopmyny (2.21), MM noaydum 1ang cKo-
POCTH (PHALTPAUMH BHpPaXEHHE

P
w= C“mm-ﬁ- . (7.9)
Moxctapnas B (7.9) w M3 dopmyau (7.6), a 3atem N, ua dop-
mya (7.3), Mu nonyuum ¢opmyay Tepuaru

w:a—m'—‘p—,l-f—, (7.10) -
(1—m)™ ph
rie € ecTb HOBAf NOCTOAHHAA.
Hanee Tepuard o6paTH/ BHUMaHHe, YTO NPH HEKOTOPOH oueHb
Ma/Ioft MOPHCTOCTH M, ¢GHUAbTpauHa ¢(aKTHYECKH npeKpaulaercs,
[lostomy ou nuwer gopmyay (7.10) B suze

_ (m—myat P

. 7.11
(1—m)'n  ph (7.11)

Ha ocHoBaHMM ONHTHWX HanuulX Tepuard NpHHAn A8 /M, 3Ha-
YyeHHe
my=20,13. (7.12)

3HaueHHE & 3aBMCHT OT CTPYKTypw rpyHTa. Tak, nanpumep, Xid
necka ¢ rAaakof NMOBEPXHOCTBIO

e=—105, (7.13)

a A1 necka C yriaoBaTOH MOBEPXHOCTHIO
e=©6,0. (7.14)
Taxknum o06pasoMm, meopemuxecxkun RPORUZAeMOCNs GHUKTHB-
.Horo rpyura no TepuarH pasHa
m?d?
k:::

EGT),/.'. (7.15‘)



§ 8] IIPH/IOKEHHE METOXA OBTEKAHHH 41

[MpuMenss cooTHolenne (5.15), MH MOAYYHM AMA TEOpPETHUECKOH
NPOHHUAEMOCTH (PUKTHBHOrOo rpyHtra mo Tepuard npHGaHxEHHOE
BHIp EHHE

k=¢,dm'h, (7.16)

Huxenep M, M. Bayspbpell npeanowun 3ameHdHTb GopMyay
Tepuarn (7.11) caenymowes:

(m— me)rd? P

=t i—m Rk

(7.17)
Kak 6o/ee cor/acyiomeics ¢ ero cO6CTBEHHHWMH ONHTaMH,

§ 8. Mpanoxenne metoad o6TexkaHHA K TeOpHH
¢uabTpauMu B (UKTHBHOM rpyHTe.

[IpH MpOTEKAaHHH XHAKOCTH 4Yepe3 IPYHT MPOHCXOXHT MO Cy-
mecTBy o6TeKaHHe HAaCTHIL rPyHTa *KHAKOCTbIO. B cnyyae duk-
THBHOIO IPYHTa MH HMeeM OOTeKaHHe BH3KOR KHAKOCTHIO CH-
CTeMhH CONMpPHKAacaolHxcs Wapos. TIpH o6TekanHH OxHOro wapa
BH3KOH KHAKOCTbIO, CKOPOCTb KOTOPOH BJaJH OT ll1apa MNOCTOSAHHA
M paBia w, uveeM c¢opmyny Crokca a8 CHAN CONPOTHB/AEHHH
mapa

P'=3nu dw, 8.1)

rae d ecTb AMameTp Iuapa,

B nefcTBHTENIBHOCTH MH HMeeM B rpyHTe OOTeKaHHe He
OAMOro II4pa, a4 LEeNOYKH CONPHKACAIMXCH MapoB. IIpuban-
WEHHO MOXHO CKa3aTh, YTO INAPH MOMELUEHH B KaHajle, Hapy-
HOM CTEeHKOH KOTOPOro sBJSETCH UHIHHAPHYECKAH NOBEPXHOCTE,
npoxoidAuad uYepe3 CepenlHy C/I0f KHAKOCTH, OOTEKAIoLLero
uenouky wapos. CleToBaTenbHO, WHAKOCTb HE MDH/AMNAET K Ha-
pPywHOH cTeHKe KaHajla, a CKOJb3HT BJOAb He# ¢ HeKOTOpPOH
ckopocTbio U. [IpH 3TOM He NMPOHCXOAUT MPOTOKA XKHAKOCTH HH
yepe3 HapyXHYIO, HH Yepe3 BHYTPEHHIOI0O CTeHKM KaHnana. Ha
NOBEPXHOCTH IWIaPOB CKOPOCTb BA3KOH HAKOCTH paBHAa HYJMIO.

Mu npumen, Kak H B meTodAe CanxTepa, uTo ABHMKEHHE HHIKO-
CTH BO BCEM NOPOBOM KaHa/je NPOHCXOMHT TaK ¥Xe, KaKk H
B CaMOM Y3KOM MecTe 3TOro Kahana. Takoe mnpeanosoxende
TeM 6osee cnpaBe;lTHBO, 4TO B oGnactax BOJAM3H TO4YeK Kaca-
HHS I1apOB HMEEeTCH 3acTOoMHas MMAKOCTb, HE NPHHHMAKOAS
yiacTHs B aBMXeuumdH. TakuM ofpa3om, npuGnuxEHHag cxema
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o6TeKanus WApOB PUKTHBHOrO PYHTA NPHBOAUT K PaBHOMEPHOMY
Te4YEHHIO BI3KOH MHIKOCTH B y3KOH 061acTH MewAy ABYMH Kpyr-
NHMH UMAMHAPAMH, H3 KOTOPHX BHYTPeHHHH HMeeT AuaMeTp d, a
BHelHHit — auametp d,. [luametp d; MH onpeaenum H3 ycio-
BHf, YTO NJOW@LbL KPyra AdaMeTpa d, paBHa MJOLEAXH OCHOB-
Horo pom6a 4?sinfl. Eciu mu BBex&M mnpoceer n no ¢opmy-
Ae (3.9), To niowaAs npoxoaa B caMOM Y3KOM MecTe Oyder

2
nrd,
4

H OHa paBHA Pa3HOCTH NJOWAjefl MomepeyHHX CeuyeHHit 06OHX
UH/IHHADPOB, T. €,

T ,.
iy (d¥ - d?),
£1e10BaTENLHO,
2
(@ —dt) = ":d‘.
O1crona uMeem
d
d——F——. 8.2
! Vi—n (8.2)

BBHIy ManOCTH n NPUOAHMEHHO MOXHO NOJOKHTH, YTO
n
d‘,—_d(l-{-?). (8.3)

Pacctosinie Mewny OGeHMH UM/IMHADHYECKHMH MOBEPXHOCTAMHU
paBHo

dl—-d nd
§= T =" (8.4)
Ecan NPHHATb, 4YTO CKOPOCTb TEYCHHH BA3KOH KHAKOCTH
MEXAYy UHJIHHIpaMH najaeT, NO 33aKOHY npsmoﬂ JIHHHH, OT 3Ha-
YEHH U Ha BHEIIHeM UWJHHApE nA0 Hy/ld Ha BHYTDEHHEM, TO

v
CpeaHss CKOpoCTb Oyaer - 310 OyleT cpeaHss CKOPOCTh

B CaMOM y3KOM MeCTe CeuYyeHHH IOpOBOrO KaHa/la, B KOTOpOM
HaXOOATCH IlIApH. Hoa'romy MH HMEEM YypaBHeHHE pacxona
ny

S =w. (8.5)
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OueBHAHO, MHTEHCHBHOCTb TPEHH BA3KOH IKHIAKOCTH Ha mo-
BEPXHOCTH BHYTPEHHEero uMaunapa t Oynxer pasHa

=4, (8.6)

Buocs v u3 (8.5) B (8.6), Mm nomyuum

2y
T—= Tk

Bamensis 8 ero 3nauenven (8.4), Mm Haftadm

8 pw
=l (8.7)

BokoBast NOBEPXHOCTb BHYTPEHHErO UMJHHADA, B KOTOPYKO BIH-
caH wap, OYeBHAHO, paBHa
nd-d — nd>

CnepbBaTe/bHO, NMPOHCXOARILEE OT TPEHHS BA3KOH KHIAKOCTH
COnpoTHBIEHAe OXHOro mapa Gyaer

P'=mnad?r, {8.8)
Brocs (8.7) B (5.8), Mu moayuun
pr =bwdw (8.9)
n-

Cuny conpoTHsiesdst P' OJHOTO W1apa HAZO YMHOWMTb HA {HCJIO
apoB, coaepwaixcs B 06béMe NAacTa TOMUMHW R H nio-
wagd nomnepevHoro ceyenuss F. 1o uucao Mu Haka®m u3 ¢op-
Myau (6.4), nonoxus B HeH
V,==Fh,
4TO nmaér
_6(l—m)
Nl__r:da_ Fh. (8.10)
CnenoBatenbHo, noJnas cuna Tpexus P,, BO3HHKaIOWAs NpH o6Te-
KaHMH BA3KOR WHAKOCTBIO V| 1apoo6PasHuX 1acTH B 0GbEMe V,,
6yner pasHa
’ 6(1—m) Brpdw
pz=PN1='—‘—ﬂd:1 Tt Fh,
HAH
__48(1— m) pwhF

P,= St (8.11)
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Ho 3ta cuna tpenns P, npeononeBaercd TONAbKO BCIeACTBHE
TOTO, HTO mNpM nNpOTeKaHHH wWepe3 TOAUMHY A HKTHBHOTO
rpynTa TepsieTcd BeNHYHHa P THAPOAMHAMHYECKOTO JaBJEHHS.
Tak xak nxasnende P OTHOCHTCS K €IMHMUE NJOILAAH, TO Ha
Bcio naowaas F notpebyetcs cuaa PF nas npeojosends conpo-
THBnenus Tpenud P, OTciona Mu HMmMeeM COOTHOUleHWe

PF=P,. (8.12)

Brocs ciona P, u3 (8.11), mu nomyuum

48 (1 — m) nwh
n2d? F’

PF= (8.13)

OTKynRa

kP
rae BE&JIHYHHA

n?d?

ecTh TEOpPETHYECKas NMPOHHUAEMOCTD,

CpasuuBan (8.15) ¢ (5.13), M BMAMM, YTO CTPyKTypa 06eHx
¢opmys OmHMHaKOBa, HO BeqHunHa k, no Cauxtepy, BaBOe MeHb-
mwe, yem no uoBoit dopmyne.

§ 9. Mpuaoxkenne merona pasmepHocTei K TeopHA
‘$AabTPAUMH KAAKOCTe!,

TeopetHueckye HccaenoBauds Ciauxtepa, Kosenu u apyrux,
H3NOWKeHHHe B NPeALAYWHX naparpacdax, npHBOAAT A9 CKO-
pOCTH NamHnapHo#t ¢uabTpaunH B GUKTHBHOM TPynTe K opmy-
Aam OXHOTrO M TOrO e BHAA

=22, (9.1)
p A
HO C pasHHMH 3HAYEHHAMH NpoHHuaemocTH k. [lponHuaemocts &
HMEeT pasMepHOCTb M/OLAAY H BhpawaeTcd Hepe3d THAPaBIH-
yecKHH pagHyc MOMepeyHOro CeyYeHHss MNOpOBOH TPYOKH HAeanb-
HOrO TpyHTa, 3aMeHsiollero ¢HUKTHBHBIA FPYHT, B BHAe

k=8 f(m, n), (9.2)

tae f(m, n) ectb onpenentHHas yHKUMA OT NOPUCTOCTH M H
npocBeTa 7, MMEIOWAf y Kaworo aBTOpa ¢BOKO (opMmy.
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YmuoxuB obe uactd (9.1) na -:—VE, MH TIONYYHM

wpVE __ pk'P

= Tk {9.3)
D70 cOOTHOUIEHHE MOXHO NPEACTABHTL B BHIE
R =Q, (9.4)
ec/M BBeCTH 0603HaueHus
R—2VE )
o Pk'/l:p (9.5)
= a7 J

Jlerko BuaeTh, 4TO 06e 3TH BeaHuunn R n € cytn 6eapasmep-
HHE BeJHYHHH, NPHYEM nepBaf H3 HHX €CTb He YTO HHOe, KakK

yHeno PefiHoabaca (Tak Kak V'E ectb nunehtnasn Be/IHYHHA), Xa-
paKTepH3ylollee ABH¥EHHE XHAKOCTH no nopaM rpydTa. Beau-
ydna @ nasuBaeTcs 4ucaox dussmpayuu. CootHowende (9.4),
HMEIOlllee MECTO NpH JaMHHapHOM HAbTPaUMH, eCThb YacTHHH:
cayyalt obiiero 3akoua

2—F(R), (9.6)

HMEIOILErQ MecTo npH Mo6GoMm pexaMe GHALTPAUHH KHIKOCTH
B rpYyHTE,

Jna nokasaTenbCTBA 3TOrO 3aKOHA MPHMEHHM METOA pa3-
meproctelt. O606was ¢opmyay (9.1) ana NamunapHoit ¢uabTpa-
UHH, MH npHMeM, 4TO npH /MoGom pexHme GHALTPAUHH CKO-
pocTh HALTPAWKH 7 ecTb HEKOTOpas QYHKUHA OT:

1) nepenaga pasnens P Ha To/WMHe naacta A,

2) nponHuaemocTH k,

3) NIOTHOCTH WHAKOCTH p,

4) BA3KOCTH WHUIKOCTH W,

T. €. NPHMEM, 4TO

wz?(%v k, p, P') ’ 9.7)

[pHuéM MpeAnoONHM, 4TO (YHKUHMA 1§ MOKET pa3naraTbcs A
CTeneHHOR PR MO CBOMM apryMeHTaM.



46 TEOPHS ®H/IbTPALMM [ra 1

Ha ocHoBauHH creMaHnHx AONyuleHHH Hanmuuiem
w=2.8. (% ) k31t 9.8)

rae B, cyts uucaoswe ko3adduumentn. Ilocse noacTanoBkH
B npaByr 4HacTb Gopmyan (9.8) pasmepuocTeit BXOAAILHX B Hed
BE/IMYHH (OTHOCHTEJBHO OCHOBHHX eaMHHU M, L T), Mh noay4um

[(%)ukﬂpmﬂ] — Me+143 [—2a+28-81-8 T-2a-8_ (9.g)

Ho u3 (9.8) caenyer, yTo KaxawH wieH CyMmHl, cTofiiei B mpa-
BOIt 4acTH, HMeeT pa3MepHOCTb CKOPOCTH, T, €.

LT-!, {9.10)
[Tostomy, cpasnuBas (9.9) u (9.10), umeem

a+7+8=0
—2a-423—31—¢=1,
—24—8=—1,

Pemende 3To# cHcTemu ypaBHenHit gadT
1 3
B =75 + 7 &4,

Y1=—— 1+av
6—1—2a,

Buocsa (9.11) B (9.8), M noayuum

¢ Pok™ )
T VR ZB’ (h—v" !

OTKyaa caenyet ¢opmyna

(9.11)

| —

wp V& 1/ & Pk
=25 ( e 9.12)
BBoas o603Hauenus (9.5), Mul Hallgéu
R=>B,Q" (9.13)

WM, NDUHHMAd, 4TO YHKUHE f pa3BEPTHBAETCA B CTENeHHOH

PRI, NOJAY4YHM
R=7£(®), (9.14)
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OTKyna, obpaTHO, HMEeM
Q—="F(R).

Sta ¢opmyna cosnagaer ¢ (2.17), uTO M AOMKHO OuWTb, TaK Kax
$UKTHBHHN TPYHT NPHBOAMTCH K HAEANBHOMY TDYHTY, A/ KO-
Toporo noctpoena d¢opmysa
(2.17). f
OTknagnBas Ha OcH abc-
nmce 3nadends R,a no ocw op-
AHHAT — 3nadenns @ (dur, 14),
noayuydM rpagHyeckoe H3o-
Gpaxende 3aBHCHMOCTH (9.6).
Jing H3BeCTHHX HAM pPexH-
moB 3aBucHmocTh (9.6) wmo-
*er OHWTb B3Ta B BHAE

Q@ =B R, (9.15)

NpHudM
1) ana namudapuoit ¢unb- R
TpauuH
s=1, B,=1; bur. 14.

B 3TOM C/Iyyae MOJY4aeTCH npsMad, NPOXOAMAILAA 4epe3 Hayalo
KOODAMHAT H [enfllaf _[OMojJaM yroJ MexAy OCHMH;
2) ans kBaapaTHYHON TypOynenTHoH ¢uibTpauuu

S=2;
B 3ITOM C/lyyae noayyaeTcs napaSo/a BTOPOH CTENMEHH, MPOXO-
JIALLAS YePe3 Hauyano KOOPAMHAT M Kacalow@sncs 31ech oCH abciucc;
3) mns cayyas 3akona Cmpekepa
S:-E- )
H TOJyyaeTcs napabo/Myeckoro BHAA KpHBas, NPOXOAALLAS TaK-
ME yepe3 Haua/l0 KOOPAMHAT M Kacamlascs 34ech OCH abcumcc.

§ 10. Baponsmenenne OCHOBHOH GOpPMYJbl TeOPHH
¢uabLTPaLKN.

Eciu Ge3spaamepnyo BendudHy R paazemm Ha Gespaamep-
HYI0 BelHYHHY R, TO NOMyYHM HOBYW 06€3pPa3MEpPHYIO BENMUHHY

=5, (10.1)
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HA3LIBAEMYIO RPOU3BOORMM 4uCA0M Pussmpaguu. Brocs 3naqe-
nag Rou @ u3 (9.5) B (10.1), Gynes umeThb

__ wuh
C——Fk—-. (10.2)

Paanenus oGe wactd dopmy.an (9.14) na Q, Mu nmomyuum, Bcaed-
cree (10.1), dopuyny

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

Buocs ciona @ u3 (9.6), 6ynem nmetnb
s=Y(R). (10.4)
3710 paBeHCTBO HMEET TaKyl e OOLIHOCTB, KaK H DaBEHCTBO
(9.6) u Takwe mnpeacrtasaseT Co6oR camyrw o6y Ppopmysy
mgopuu Pussinpaguu; dopmyna (10.4) supawaer coboit caexyro-
(ee: APOU3BOOHOE 4ucA0 usrsmpanuu ecms YHK{UA Hucso
Pelinoasoca.
M3 (9.4) u (10.1) M HMeem ZAf cAy4yad JaMHHAPHOH ¢HIB-

TpauuH COOTHOILIEHHE
g=1. (10.5)

Brocs (9.15) B (10.1), M monyuum
l o
azERl s (10.6)

CnenoBaTenbHo, AN 4HCTO TypOyaeHTHOR ¢HAbTPauMH, Koraa
s =2, 6yner

e=—R-}, (10.7)
a ana cayyas Cmpekepa, Koraa s=%, Gyaer

g=-—R-" (10.8)
(3zech B, ecTb HEKOTOpas NOCTOAHHAS).

§11. MMepexon OoT GHKTHBHOIO TPyHTA K €CTECTBEHHOMY.

[pencrasnende O cOCTaBe H CTPOEHHH ECTECTBEHHOrO TPyHTa
nony4yaeTcss M3 JAaHHWX MSXaHHYECKOro aHalH3a W onpexe/eHHs
ero NOpPHCTOCTH. MexanHyeckult ananu3 Ra¥T rpynnoBue Xapak-
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TEPHUCTHKH COCTaBa TPYHT3, YKa3HBas NPONUEHTHOE COJEpmaHue
otaenbHux ¢pakuuit. Ha ocHoBaHMh npou3BCABHHOrO Mexatid-
4eCKOTO aHanM3a CTPOHMTCH KPHBAS BECOBOTO y4acTHs (hpaxiit.
T18 3TOro mo OCH ab6CUMCC OTK/AALIBIIOT AHAMETPhl MECHUHHOK,

N0 OCH OPAHHAT — CYMMY MPOLEHTHNrO BECOBOFL COAEPWKAHUA
BieX ¢pakuui, HAUHHAS OT HY/AA M KOhYas AaiHWM JHAMETPOM.

KoneuHo, yacTHUL! €CTECTBCHHOTO TPYHTa AajeKH OT LIAapOBROH
¢opmu, HO ToOuHAaE oOueHka JeHcTBuTeabHOR GoOpMH  HaACTHIL
BDAJ JIH BO3MOXHA,

[ycts B 1 c#® umeloTcs crexywowme GpakuHi HacTHU HIH,
KaK 4acTO TOBOPHT, 3&pen:

llwamerp ot w no: 0 —dy dy—dy do—dy dy—d v T 1.
Bec ¢paruuf: Agy Ag, Agy Ag, urT. A

[MocTpoenne rpa@uKa MexaHuueCKOro aHamisa BeasTcst, CO-
T/IaCHO CKa3aHHOMY BHILUE, 1902
caenywouHn ofpason (¢ur, ¢
13). Ha ocu a6cuuce or- a0
KAanbiBaeM [JHHY, PABHYIO
d,, a Ha COOTB2TCTHEHHOH d—”ﬁ[)
opAHnaTe — ATHHY,  paB-
nyio Ag,. [Hanee, Ha ocu ]
abCUHCC OTKJAAAnBIEM MJIK-
Hy, pasiyw d,+-d,, a 20
HA COOTBETCTBEHHOR op- %
NHHATE — A7HHY, PaBHYIO .
Ag, + Ag,.  Tlpomonwxas 05 19 15 209m
NMOCTPOEHHE npuaéM B -

Komlg Komlos E nocaen- ar. 15.
Heit Touke KpuBoR ¢ opaunatofi, pasHo#t 100, Tak «ak

Ag, +4Ag -+ g+ ... =100.
3a cpeanuft nuavetp d, Kakoil-1u60 dpakunn i NpHHMMAIOT

cpeanee apudmeTHyecKkoe KpailHMUX [JHaMETPOB d; H d‘; 37O
Pppakuuu;

35 N RSN U —

I

o D
;
S ..

d,= o (d}+ d)). (11.1y

Takuu 06pa3oM, nepsef HIAr COCTOHT B pa3fiHEeHHIl ecTecT-
BEHHOrO rpyuta Ha ¢pakuud uIapno6pasHHX YACTHIL OIHHGKO-
BOTO B Kaman# Tpynme AHaMerpd. 33TeM YKE yCTdHaBMUBAeTIH

4 n c Jle ..6eu3on



CBA3b MEXAY STHM KakK On KOPpPEerdpoBaHHHEIM ECTECTBEHHHIM
TDYHTOM H TPYHTOM (HKTHBHHM, COCIMQBACHHbHIM 43 WAPOOOPa3-
HBX Hacmuy O00UHAaK08020 RO BCeMy zpyHImY oduamempa d,,
Ha3nsaemozo pgexmusumnm Ouamemposr. Jlna onperenenns
3¢ deKTUBHOTO AHaMeTpa MPeUIoKeH psd CrnocoBos.
1. Cnoco6 cpednezo Ouamempa. TlycTb wnmMeeTcs psax
dpaxumii:
| uacTiu — AuameTpa d,
N, uactuu — nuametpa d,,
N, yacTHu — AnameTpa dy H T. I,

3a a¢dexTHBHHI! AHAMETP NPHHHMAETCH BENHYMHA

_ Nudi + Nyly - Nady ...
b= "N F M., (11.2)

ItoT cnocob6 onpexenenus d, ynoTpeGaseTcs peako.

2. Cnocob c4:ma u 83BEULUBAHUR TIPEANOAEH dMEPHKAHCKHM
yudunm Kunrom (F. King), koTopomy npunainewut rpomaiuas
3KCIIepUMEHTa/lbHas paboTa O ABHKEeHHH TPYHTOBHX BOA (1893 —
1897 rr.), HanedaTaHHas CoBMeCTHo ¢ paboto# Cauxtepa. [lpu
NpHMEHEHHH 3ITOro Cnoco6a HYMHO OlNPERENHUTh CYyMMapHYIO 110-
BEPXHOCTb BCEeX 4acTHU B 1 cM®, dareM pa3ienuTh NOAYYEHHYIO
BENMUHHY HA MNMOJHOE 4YHC/JIO0 4YaCTHU W NPHPABHATH HOJI)'HEHI{UH
TakuM 0Opa3oM pe3yabtaTr 10BepxuocTH 3¢iek TBHOH HaCTHUN.
CaenoBatenpHo, 6yaes MMeTb

Nrd?
2Nt 2

AN

1 D) Nad?
==l/: I/T (11-3)

Ecan m ecTb mopucTocTh, TO MMM kawaoH ¢paxuuu 4acTuu aua-
MeTpa d; € oBuMM uucioM yacTH N, U o6BEMoM Ag, (B mnpo-
ueHTax mo BeCy Ha 1 cax’) MH nmonyuum:

3
]

6 2

OTKyAa

0,01Ag, {1 —m)=N,
OTKyna

_S0—m g
Ny= xd% 100



€/1€10BaTENbHO,

6(1—m)Ag
2 __
Nynd; 00 d, -

CyMmapHas MOBEPXHOCTb BCEX 4aCTHL BCex ¢pakuu#t B 1 cu®
6ynet

. 6 (1 —
9=2Mnd3=_(mﬂ)zdd_él’l. (11.4)

Toraa suecto (11.3) noayunm

d,== 1/—% l/;e_z:v (11.5)

[loBuaHMOMY, HMEHHO 3TOT cnmocob umeeT B Buay CauxTep, Tax
kak Kuur naswBaer ero Hau6onee pacnpocTpasénnum B CLLUA,

3. Cnocob 8eca cpedneir wacmuyor, CunTas, 4TO yAENbHBIH
BeC | Bcex ¢pakuuii OAMHAKOBWH, Mbl NOMYYHM JIAH CyMMH
BecoB Bcex ¢pakuuil B 1 cu® Beanyuny

d
1
YN, %
CnenoBaTe/lbHO, BeC CpeaHeH 4acTHuW OyaxeT paseH

3 3
nd, =d,

e___T1 -

OTKyZla HaxoAuM

d —

(11.6)

3ToT cnoco6 Mano npumeHsieTcs B NpaKTHKe,
4. Cnoco6 3esbzerima COCTOHT B ONpeRE/]EHHH CPELHErO
BECOBOro AuameTpa, Mmeem

4 :2ugo dlzz (10 d;
¢ ] > sz 100

(11.7)

3TOT cnoco6 Malo palMOHafeH, TaK KAaK HEAOCTATOYHO OTpa-
WaeT CTPOEHHE TpPYHTa,

5. Cnoco6 Aasana T'uzena. B aTon cnocobe 3a adex-
THBHRH JHamMeTp npuHHMaeTCd TakoH [uameTp wapooGpa3noh

4%



YaCTHUK, OPH KOTOPOM CyMMa BEcoB Bcex ¢pakuu#t, HayMHas OT
HyNs 1 KOHYas 3TMM duameTpoM, cocrasaset 109, oT Beca Bcex
¢$pakumit, Tlpn 3ToM Tak nasupaeMmuil xosgguguerm 00HOpOO-
HOcmu, PAaBHHM OTHOLIEHHIO —Z“—, xomiced OWTbL He 6oJee MATH.
B 3Tom oTHOlIEHHH l’mcmrren; d, ecTb TOT AMaMeTp 1Wapo-
06pa3Holt yacTHlpl, NMPH KOTOPOM CyMMa BecoB Bcex ¢paxuwi,
HAYMHAR OT HYJA M KOHYas S3THM JMameTpoM, paBna 60°(; or
Beca mcex pakuuit,

Beawuunw dy 1 d, Gepyrcs ¢ KpHMBOR BeCOBOrO y4acTus
¢pakunt, o6WYHO npeacrasnsiouwed Jomanyio auuuio (dur, 15),

Cnocod Aanana [a3eHa uMeeT uacToe npuMeHeHHe, TaAK K4K
npennoxenHas [azedoM 1Ha OCHOBaHHHM OGLIMPHHX ONKWTOB 3IMIHK-
puueckas ¢GOpMyaa IS OMpeneneHHs CKOPOCTH ¢UAbLTPALMH MO-
ayduna Goabmioe pacnpocTpaneune. [Ipeanonaraercs, yto

00lcm<d,<0,3cH.

6. Cnoco6 H. 3aysp6pes. Unwenep M. BayspOpeit, muoro-
3aHMMABIIKMHACA BOmpocaMu (MALTPauMM B JIeHMHIPaACKOM HHCTH-
TyTe THAPOTEXHHWKH, HAa OCHOBAHWM HPOM3BEN¥HHON WM 0GpaboT-
KH{ OMLITOB MPEATOXKWA IIPHHUMATD 32 3 GDEeKTHBHUI qMamMeTp TOT,
L% KOTOpOTO CyMMa BecOB BCex (pakun#t, HayuHas OT Hyisd M
KOH4Ya# ITHM JHamMeTPOM, cocTasaseT 179/, oT Beca Beex dpaxunid.

7. Cnoco6 Kpiozepa — L]ynxepa. $opmyna (11.4) naér
CyMMapHYI0 TMOBEPXHOCTh BCEX UYACTHL B OAHOM KyGHUECKOM
caHTMMeTpe MpPH Pa3iuuHoM ¢paKUMOHHOM cocTae. B ¢mirnsHom
[PYHTE BCE YACTHUW JNO/MKHW WMETh MNPH TOR KE MOPUCTOCTH
onuHaKoauﬁ 3dexTHBHa Hamerp d,, 4TO MNpUBOAHT K pa-
LRHCTBY

e_B(l——m)ZAg, 6(1—m)

100 4,
OTKyJAd 110JyuadeTcs OCHOBHOE YpaBHeHHe
100 Agl
— —.Z (11.8)

umMelolee obunpHoe npunomeuue B npaxTuke. [nametp d, ompe-
uenzerca no dopmyne (11,1),
8. Cnecob6 Koasenu. ’-)q;q)elmmuun AHaMeTp onpenenseTcs
no c¢opmyne
100 .\g,

d‘ —4 dl
=2

+3 “gl | (11.9)



3nxech d; ects pepxuud kpalum# nuametp nocaexHed Qpakuun
(ppaxupn ¢ aumametpoM d < 0,0025 m#x), a Ag — noas Beca
rPyHT4, mMagaiomads Ha 3Ty GPaKuHiO, BHPaXKeHHas B MPOLEHTaX.
Juamerp d; onpeneasercs no gopmyae

1 1 ( 1 1 )

=5 =+ =r (11.10)

4 2\a ' 4
Wi no Gonee TOUHOH:

1

1 171 2 -
— = | = ~— + = |. 11,
d 3[d;+d;+d, +d,] (1.1
Ecan ananu3 caenas Toasko a0 ¢paxumn d < 0,01 x4, o Ko-
3eHn pasbuBaer 3ty ¢pakuMio /IMHeRHO HA uyeTHpe mnoadpak-
UHH:
0 —0,0025 x.x,
0,0025 —0,0050 ax,
0,0050 — 0,0075 4,
0,0075 — 0,01 xu,

Jins Ayuwero BWICHEHMS MeXaHM4YECKOro cocTasa rpysrta Ko-
3eHH BROAMT caenyiouee rpathuteckoe npencrtasneHue (dur. 16).

Pur. 16.

TMocTpous, Kak u Ha ¢wr, 15, KPHUBYIO BECOBOTrO yyacTHs (pak-
uult rpynta (ua ¢wur. 16 oGo3nauesa KaK KpWBas Beca), OTK.a-
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AHB3aeM OT TOyeK 3TOR KPUBOH B HAampaBleHMH MOJOXHTENbHOH

1
OCH a6CUMCC COOTBETCTBYIOLUME STHM TOYKAM BEJAHYMHH T [Moay-~

YeHHWe TaKMM 00pa30oM TOYKM Jewar Ha xpusod Kosenu, Ot-

1
Pe3Ku ropusoHTaned Mexny oGenMH KPHBWMH PaBHH R Ecan

100%
80
60

a

20 /] - \%
L S
d:" dle I I z J 4 J MA“J;
Pur, 17.

Ha OCH OPIMHAT OT/OXHUTb BeNHuHHW BecoBHX pakuui rpyuTa,
T. €. Ag, TO Be/jMuHHa
)2
"dy

6ymeT IIOMAALIO Mexay ob6eMMH KpuBniMH (BecoBo# u Koasenn),
a, cJe10BaTeNbHO, PABHOBENMKAs 3TOH MAOWARM n/IOWAnb 1ps-

1
MoyroabHHka ¢ BucoToit 100 Gyaer MMeTh OCHOBiite - B ca
e

ZA‘" (11.12)

B cnyyae oTcyTcTBMs YynoMsHyThx Manux ¢pakuu# dopmy-
aa {11.9) samensercs (popmynoﬂ

MOM J€e/€, MW HMEEeM

= Z Agl (11.13)

e=1
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Hanbonbuiee 3nayenne mis 3¢pEKTHBHOTO gHAMEeTpPa 110Jy-
yaeTcd npu noacuére no cnocoby [asesa, a HauMedbliee — MO
cnocoby 3eabrefima,

9. Cnoco6 E. A. 3umapuna. 3TOT cnoco6 H3NOXKEH B MO-
norpagun E. A, 3aMapusa O ABHXEHHH TDYHTOBHX BOX M npen-
craBasger cobolt Buaou3menende crnocob6a Koseww, TaK kak B
AeHCTHHTEIbHOCTH KPHBAas BECOBOTO y4acTus (pakuuuM ecTb JO-
Masas npaMas (pur. 17), Ilycts yrnosue kosdduuuedTH (OT-
HOCHTEIbHO OCH d) MNOCNeXOBATEALHLIX MPSAMWX OTPEe3KOB, H3
KOTOPHX COCTOMT BecoBas Kpusas, OyayT A, A,, A; ..., 4
AMAMETpbl 4acTHL pashu d,, d,, dg, ...; TOrxa, €CAH KpHUBas
BeCca He HAYMHAeTCa OT Hy.as, 3amapuh onpenenset 3¢hEeKTHB-
HWH JHaMeTp caenyoumMM oGpa3zoM:

1 = d
—_ i+1
= IE :l Aln d; (11.14)

Eciu we Kkpupas Beca HayuHaeTcsd OT Hyn1d, TO BBOIMTCH
nonpaska Ko3enn, uto naér

1 . " d[+1 3 '-\gl
w= X A 3 (11.15)

Bennuuna d,, Bhuncaentas no cnocoGy 3aMmapuua, Goasuwe d,
no Kosenn, o menbwe d, no Kprorepy.

§ 12. Ocrionaa ¢opmyna Japeu,

B cpeauune XIX cronetus uapecTHH# Qpanuysckuit Hccaego-
Bateas Wwwenep Japcu man copMyny I8 CKOPOCTH JaMHHapHOH
¢$uIbTPaUMK 4Eepe3 IPYHT B CJAeAYIOUIEM BHIeE:

w—Kj. (12.1)

3necy j ecTb Ge3pa3MepHas BeIWYHHA, HasbiBaemas 2udpassuve-

CKHUM YKAOHOM W paBHasn

._H ,
=1 (12.2)

rae BeiuuuHa /1 passa nepenaly AapaeHus P Ha TOAUMHE Maa-

cta h B nanpasiaennd uabTpauMu, AeNEHHOMY HA YAE/bHhill Bec

WUIKOCTH, T. €.
H:% (12.3)
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Beauunna K nasusserca wodggpuyuenmon pursmpotjuu Japeu.,

B § 10 namu Snina BuiBeileHa ocHoBHad ¢opMmyna ¢uabTpa-
uau (10.2), Tar kax Japcu paccMaTpuBal TOMLKO J3MHHAPHYIO
duabTpausio, ann Kotonofi

g—1

TO OCHOBHas (OPMy.1a RS CKOPOCTH JdMHHADHOK ¢uabTpAUMH
NPHHUMAEET BHI

w=22 (12.4)

Cpasunrpas dopuyan (12,1) u (12.4), MH monyuaeM COOTHOLle-
uve mekny xosddimpienton dunaptpaus Hapcw K u nposuuae-
MOCTDBIO f!

K=" (12.5)

§ 13. Crapuie dopmyast nasa xosddunuenta
¢aasTpanns Japen.

Ias Teopetuiecknx wuccaenosann# dopmyny JHapen (12.1)
ynoGbHee MpeACTaEdTh B BHOE

P
w '-="K_r—h'. (13.1)

Fuapasmikn XIX cToneTHst, HW3yuasmMe HCKAOUHTEALHO HIb-
TPaUMiO BOAL uyepe3 Pa3/HYHHE FPYHTH, CTAPaJHCh AaTb pacuér-
uue opmyan ana koadguurenta K, UCXOXs M3 MEXaHHYECKOTO
4HA/M34 TPYHTA M HCII0AL3YS Te CMOCOOW Mepexona OT ecTecT-
BEHHOT'O TPYHT2 K (DUKTHBHOMY, KOTOPhie OhIMH HAMH H3:0QKCHN
B § 11. Mu npuBenéM HekoTopule M3 5THX GOpMYIL.

1. dopuyta 3eaveelina.

/(:0,59’5, (13.2)

rae 4 ects 3ddexTupnblt nuaMeTp, onpeneiseMuft mo dopsy-
ae (11,7), a & — BA3KOCTh KUAKOCTH, Jlns BOAW

K=237,6 d*,

rAe T eCTb KO3(pUUMEHT, YUHTHBAIOWMA BIMSHHE TEMNEPaTyphi;



§ 13] CTAPHWE ©OPMYAW 1% KOI®OHUMEHTA ®UIbTPAUMH 97

ais GuipTpalMH BOAb Yepe3 1eCOK OH OmpenenseTcs opmy-
B (o))

T=1- 0,0135¢ 4 0,000704¢2,

rne # ecTb TeMmepartypa Boal B rpaxycax lleancus.
2. hopmysra Assana lazena.

K=C d?" (13.3)

11e d ecth S¢deKTHBHHE AnaMeTp, onpedeiseMuft no meroay
azena (§ 11). Beanuuna C yuMThBaET MOPUCTOCTL M MEHHETCH
i IIMPOKHX npexenax:

C—=0,80 13 ovedd MIOTHLIX MECKOR,

C—=—1,55 nns necKos cpenHel MOPHCTOCTH,

C—=2,00 anu mecxos, COCTABJEHHWX M3 OKPyrn1&HHWX ua-
CTHLL MOUTH OAMHAKOBOTO AMAMETPA.
O soau

K="15Cd* (0,70} 0,03f), (13.4)

e £ ecty Temuepatrypa B rpaaycax Lleancus,

dopuyna Annana [azewa nMMeeT nMpoKoe pacnpocTpadenie
A74 BOIM,

3. Gopuysa Caruxmepa:

d?

K=1022 2, (13.5)

cv 7 ecTe 3¢diekTHBHHE nHaMeTp, omnpeleaseMWH  OXHUM  u3d
cnoco3os § 11, a o ects kosddwumest, aaBucaiund oT Koudu-

] 6 . § I—m 3
Typanun mapooGpa3Helx uaCTHUL M paBHHA -—z—. 3uaueins

atoro-kosddunuesta aanu n Tadauue 1 (em. cTp. 23).
Ina somu npu 10° L[ paakocts pasua W -—=0,01333 nyaaa
u dopuyna CauxTepa OPUHHUMAET BHI

Kioo =766 . (13.6)
4. Qop.uysrn Kolenu:
dz 3
K:8,2 I(ll——lm—)z, (13.7)
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rae d ecth shdexTHBHLIA IHMaMeTp, onpeneisieMuf Mo crnocody
Koszenn, nanoxendomy 8 § 11. Jas soaw npu f= 18°1]

mid?
(1—m)?*

K1go="T780 (13.8)

®opmyna KozeHn Obia MOABEPTHYTA 3KCIEPHMEHTANbHOH
nposepke B paGorax Jlonara (Bena), U. U, 3ayspopes (Jlennu-
rpax) n E. A, 3anapuna, npuy8M mocjemHM#i MCno/b30BaJ Ok
T Kpiorepa. OcofeHHO BaXKHWE Pe3y/bTaTH OwiIH MOJAyHEHH
M. V. 3ayspGpeem, conocTaBuBIUMM pe3ynbTaTh onuTos JoHaTa
M CHOHX COOGCTBEHHWX a8 (UAbTPalMM BOAH B mecke mpu 18° L1
Oun natr ¢dopmyay Kosenwn B crexyiollem Buie:

m3d?
KISO_B(I m)zl

(13.9)
rae § umeeT caexylnuiMe 3HAYEHMA:

1) ans rpyHTa, COCTABJEHHOTO M3 OYEHb HENPaBUAbHWX 4a-
cThy, = 167;

2) A9 rPyHTa, COCTABNEHHOTO M3 HOPMAMBHWX 4acTHL §—
=300+ 330;

3) o1 TpyHTa, COCTABJAGHHOrO M3 OXHOOOGPAa3HWX YaCTHIL
B =1>500.

Jlas caydas Apyrux skuaxkocre#t (ve soaw) dopMyaa (13.9)
3aMeHsteTca C/EAyOUIEH .
m3d>
K—=10,0105 8 =y (13.10)

5. @opmuysa M. H. 3ayspbpen. Tlpn ovens HepasHomep-
HOM COCTaBE FPYHT3 pe3y/inTaTul npuMeHenus ¢opmyan Koseuu
¢ HCMO/IL30BAHHEM TOTO 3Hayeuns 3¢¢eKTHBHOro AMaMeTpa, Ko-
Topoe 1aéT Meton camMoro Kosenu, OKa3nwBalOTCs HEXOCTATOYHO
ynoBneTBOpPHTEAbHEIMH. [losToMy mpo6oBanu npumendaTs ¢opyy-
ay Kosenn, B koTopo#t 3a 3dekTHBHRA guametp Gpaau ero
BEJMYHHY, BbYMCNEHHylI0 no Metony Annauna [asena. BayspGpeit
HaWwla, YTO HauAyullide pe3y/bTaTH Na8T MPHMEHEHHE CAedyio-
we# dopmyn:

K18°_Bl 11— e T 4% (1'311)

m)3

rae d ectb 3pdeKTHBHNE aMameTp, ompedeaéiHuE 110 CHOCOBY



§ 14) OMNPEAENEHHE KO3®®HUHEHTA ©HIbTPALMH 59

3aysp6pes (§ 11). Kosddnuueur B, konebactcs B uHTepBase

135 < B, < 350,

HO OOWYHO ero 3uadenue pasuo B, =330+ 350,

6. Popmysa E. A. amapuna. E. A, 3amapun uawén,
gto ¢opmyna Koseun nadT 148 BoAW Pe3y/bTaThl, HAXOAALLHECH
B HAaMAyyllleM COriacoBauuM ¢ onurtamu Kpiorepa, eciu eg
ﬂpellCTaBHTb B BHAC

midia2
K]SD — 800 (———1 — m),z,
rae

a=1,275—1,5 m, (13.12)

npuuEM 3ddeKTHBHHA auaMeTp d CleayeT OnpeaeaiTh N0 Cro-
co6y 3amapuna (§ 11). Jas apyrux xuakocte#t (ue Boawt) dop-
Myna 3amapvHa uMeeT BUJ

dim3 (1,275 — 1,.5m)?

K=t — =

MHOr OYHC/IEHHHE ONWTH, MPOH3BOAHBIUHECH C UEALI0 NPOBEPKH
3aKOHa (MALTPAUMH H BHBoAa ¢opmyn aaa kosdduuveuTa puis-
TPalHY, NOATBEPAMIH Pe3yNbTaTW TEOPHH, HO BHABMIH He0GxO-
JAMMOCTb BBEAEHHS PA3/MYHKWX 4YHCAOBHX Ko3hduisienTon, yuu-
TWBAIOLMX CBOHCTBA MOPHCTOH CpeaH.

§ 14. Onpenenenne Ko3gduunenta ¢uabTpaunn
N0 BEJWYHHE HPOHMLAEMOCTA.

3a nocnennde roaw B CIUA cpeau uuxeHepoB, 3aHMMalo-
ugxcsa BonpocamMd ¢uabTpauuH nHedTH, noAyyMn 1IMPOKoe pac-
NPOCTpPaHEHHE Crnoco6 IKCIEPHMEHTANLHOTO ONpENeNeHus Kosg-
¢uiMeHTa HUABTPALNWM MO Be/IHYMHE TNPOHHUAEMOCTH MOPHCTOR
Cpean.

O6pawasncs k dopmyae (12,5), Mbi Buaum, uto Ko3pduumuenT
buabTpaumu K BupaxaeTcs uyepe3 MNPOHMUAEMOCTb £, MO3ITOMY
onpeaenexne koadouurenta ¢uabTpalluh CBOAHTCS K onpenaese-
HHIO mpoHuuaemocTd k. M3 ypasuenns (12.4) mu umeem

_we

=25 (14.1)
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[Ipunumas B npaso#t yactH ¢opmynn (14.1) Bce BeMIMHHH, pas-
HWMH eQHiHLe, M MOJYYHM eQHHHUY AJd [POHMIAEMOCTH A,
B a6comoTuoft cucreme eauuuy CGS noayuaercs HeyaoGuas
AT MPAKTAYECKHX LeaeR €QMHHUA TMpPOHULAeNOCTH, MO3ITOMY B
CILUA npuusmalor: 32 eQHHHUY TOMUMHH NJAACTa-— OZHH CaHTH-
METp, 32 €IMHMLly mnepenana AasieHHs — ogdy armocdepy, 3a
€[HHHIY CKOPOCTH — ONMH CAHTHMETD B CEKYHAY H 32 €QHHMLY
BA3KOCTH —OJHH lEHTHNya3 (ogna cortag nyasa). Torxa pas
NPOHHIAEMOCTH MOJyyaeTCs €AHHMUA, Ha3nBaemas 0apci (B 4ecTb
¢dpauiy3ckoro uuxexepa JlapcH, MosoOXHBIIETO OCHOBH TEOpHH
duabTpaLuy).
B npakTuke npuMedaIoT TaKxe CJAefYIOlHe MPOH3BOLHKE

€ HHHIB

nennnapcn = 0,1 napcw,

uenrugapch = 0,01 napcu,

warmrapcuy — 0,001 napcw,

mMakpoxnapci == 0,000001 napcn.

B cryyae MAeanbHOrO TPYHTd AJS IPOHHLAEMOCTH MH  HME-
A TeopeTHyeckyw opMyay (2.22), KOTOPYIO MOXHO mnpejcTa-

BHUTb B BHIE
k—=f, (m) a2, (14.2)

rae f,(m) ects onpenenérmaﬁ $YHKUMA TMOPUCTOCTH M, a 0 —
riiIpaBaM4ecKud paguyc MONepevHoro CeveHHs NopoBoll TPyGKH,
B cayyae ¢UKTHBHOrO CPYHTa A/ MPOHMUAEMOCTH ML IOJYYH-
an ¢opmyan (5.13), (6.16), (7.15) n (8.15), koTopue MOKHO
IPEeACTaBHTL B BHAE

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

rae fo(m) ects-onpenenduuas QGyHKUMA nopuctocTH m, a d—
aHameTp Iapoo6pa3iofl uacTHuw, zamexwseMol npu nepexone
K €cTECTBEHHOMY FpYHTY 3(exTHBHEM AuameTpoM d,.

U3 dopuya (14.2) n (14.3) creayer, uto npH omHo# M TOH
Xe TOPHCTOCTH HPOHHUAEMOCTH 6yneT TeM MEHbIIE, YEM MeHb-
e pa3Mep YacTHU, W3 KOTOPHX NMOCTPOEH IPYHT, 160 TEM yike
OyAYT Kada/u, MO KOTOpWM MNPOOHpAeTcs KHIKOCTL M, claeno-
BaTe/bHO, TeM Xyxe GymeT ¢uabtpauus. HaoGopor, npu omuom
H TOM Xe pa3Mepe YacTHll, H3 KOTOPHX MOCTPOEH TFPYHT, mpo-
HHIAEMOCTb 32BMCHT OT IMODHCTOCTH, BU3pacTay BMeCTe ¢ HeH
NPHOGNH3HTENLHO MO CTENEHHOMY 3aKOHY.
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AMepuKaHCcKHe WCC/IeJUBAHHA M0Ka3a.lW, YTo B oOweM Teo-
peTHueckue 3akoHomepHocTh (14.2) n (14.3) noaTsepxAaloTCy,
HO BBHAY pa3HOOGpa3ud IOPOA, CAAraloux HedTsHHE MECTOPOK-
AEHHA, HEAb3d HAWTH onpeaeIdHHON aHaAMTHYECKOH 3aBHCHMOCTH
MEXIY NPOHHUAEMOCTHIO H MOPHCTOCTLIO,

B oaHoM ¥ ToM we HedTIHOM NjaacTe NMPOHKIAEMOCTh, H3Me-
peHHas BJOJDL HAMN/JacTOBAHWS, OKa3WBAETCH, OOWYHO, 3HAYMTE/b-
Ho GO/blueH, yeM NMPOHMUAEMOCTh B HalNPaBJEHUH, MEPNEHAHKY-
JASIPHOM K HArUacTOBaHHIO, '

HekoTopoe npenctaBneHHe O BE/JHUMHE TNPOHHLAEMOCTH AaET
tabanua 2.

Ta6awua 2. 3Ha4eHUd NPOHHLAEMOCTH mJacTa

Il Venango B oaHo#t H3 CHBAXHH HeQTAHOrO MECTO-
poxaenna Oil Sity (CLIA),

Cny6una B pyrax [Tpoxunae-
OT KpOBJH IPORYK- B 9] MOCTb B MWIJIH-
THBHOrO TOPH3ONTa 0 Rapcu

[MopucrocTs

0,0161
58,9
13,4
60,4

171,4
171.0
69,5
60,5
56,2
541,0
40,8
101,0
0,904

—
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Jlis 3KCnepHMleHTANLHOTO ONpEae/1EHHE POHNIGEMOCTH Ohi/IN
npenauiens B CIUA un y unac, 8 CCCP, pazanmyune npuGopu,
€ MOMOMIbIO KOTOPHX OHJIO cAenaHo GOJbLIOE KOJAMUECTBO H3ME-
peHHi B MOPHCTHX MOPOAAX HEDTAHHIX MECTOPOXKAEHHH.

§ 15. BausHve cyueCTBOBAHUS KHUAKOH NNEHKH OKOJO
YacTHL, TPYHTa HA NMOPACTOCTh ¥ HPGHHIAEMOCTh,

BeneacteHe ob6pa3ouanus OKOJAO YACTHU, TPYHTA O4EHb TOH-
KWX NAEHOK MWHAKOCTH, NPHAKNAIOLEH K UACTHLAM, B2IAYMHA
NOPICTOCTH, OYEHHIHO, W3MeHdeTcd, Ta TMOPHCTOCTbL  (PHKTHB-
HOro rpysTta, kotopas onpejendercs copmyaoh (3.6) Canxrepa,
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eCTh ZeoMempuieckan, Wi ucmurnas nopucmocms. E& Mul He na-
60naeM B IEHCTBHTENLHOCTH, TAK KaK HEKOTOPas 4acTh MHIAKOCTH,
3anosHfAoLel ¢HUKTHBHHA TrpyHT, o6pa3yeT TaK Ha3uWBaEMYyIo
MEDTBYIO 30Hy W Kak Ohl cBfi3aHa ¢ rpyHTOM. 3TO paBHOCHIBHO
HEKOTODOMY YBEJNHYEHHIO AMamMeTpa 1apooOpa3sHOH YacTHUW OT
3HayeHus d 10 d,, 6e3 W3MEHEeHHs DPACCTOSHHUA MEXAY LeHTpamu
uactdll. [lonyvalowyiocs n0pPH 3TOM MNOPHCTOCTh MW HA30BEM
3¢ekTHBHOH,
OG6o3nauas e wepes m,, 6ynem HMeTb

V2
”l‘ =1 ——-71'
rae [em. dopmyny (3.4)] (15.1)
, “d:; ddsin? 0
VZ:T’ 1+C0$0] 1+2COSB

O1ciona umeem

mo— 1 — (1 42)8
6(1—cos0) YT F2cost ’

(15.2)

npHuéM

Packpuiras ckoGkH B Bupawenud (1-4-3)%, ot6pacisas {2 u {8
KaK Ma/jhe BeJAHYHHH, 10/Y4YHMM Ha OcHOBaHHM (3.6) npubanx&u-

vy dopmyay
m, —=m [1—3(1:”')".], (15.3)

BHpaxaowylo 3OPeKTHBHYI0 NOPHCTOCTL Yepe3 HCTHHHYIO.

[Monvaysco Metomom Cauxrtepa, Jerko HaHTH H3MeHeHue
3akoHa ¢uabTpauud. OueBunHO, BCE CBOAMTCA K H3MEHEHHIO
reoMeTpHueckoro (MCTHHHOrO) mpocBeTa 7 B 3¢dek THBHHA npo-
cset n,. Mimeem no gopmyne (3.8)

m=l—g, (15.4)
rae
Sl:d'fsin 6, S —=
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CaeaoBaTenbHo,
19
ny=1— g (1407,

OTKYna Ha ocHosauun (3.9) noayuyaem npubamxEuuo

m=n[1—2(17) 7). (15.5)
Briudcnas cKopocTh ¢HILTPALHH MO d)opmyne (5.11), M noay-
yuM Teneph

E::w[h—2C:")q. (15.6)

Takum oGpa3om, ¢opmyan (15.3) u (15.6) nokasmsaloT, uton
CYWecTBOBAHHE AaXe O4eHb TOHKOH IMIEHKM 3HAYMUTENbHO BJMsIET
Hd BEJIMYHHY MOPHCTOCTH H CKOPOCTH (HAbTPaUHH.

Ecnn npuusTe nMameTp wwapoo6pa3Hoi uyacTHUMW, paBHOHK
d=—=0,25 x4, a Tonuuuy naéuxku,pasHolt 0,001 mm, To Gynem
HMETb

Ecin BasTh [4% NOPHCTOCTH W MPOCBETa MX CPEdHHE 3HaUeHHH
B nuTepBane §—=060° u 0=90° (cMm. § 3), a umeHuo
m=0,33; n—=—0,132,
TO NOAYyYUM
m, —=0,95m,
— 1—n
m=w [1—2( =

) 5} = 0,907,

‘. ¢. MOPHCTOCTb yMeHbluaeTcs Ha 5%, a cKOpPOCTb (uabTpa-
uvH — va 109,

§ 16. OGpasosanme oGnacreil 3acTOHHOK WHAKOCTH
OKOJIO Wapoo6Gpa3HblX HaCTHL rpyuTa.

[Ipn ob6TekanuH Bs3KOR MUAKOCTbIO TBEPAOrO Tend npu
HEKOTOPDHX YC/NOBMAX MOXeT MPOM30HTH OTpHB oO6TeKaloueh
MUIKOCTH OT MNOBEPXHOCTH TeJa, NpPUYEM 33 MECTOM OTpHBA
o6pasyeTcs 06nacTb 3aCTOMHON KMAKOCTH, He yudacTayiouieH
B o0ulem Teuenud. [lo HaluMM Hcc/eqOBaHHAM yroJ OTpHBA IpH
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JdMHHAPHOM OGTeKaHHMH WAP3a B HEOrPaHHYEHHOM MOTOKE BA3KOH
wHuakoctu cocTasianer = 116,2° Ecau mpeanonoxuts, yto npu
OffTeKaHHd MCHAKOCTHIO IAPON6PAIHWX YaCTHL TPYHTA NpPOHC-

XOOMT Takoh oTpus (¢ur. 18), To noAy¥arcy 3acTolHwe o6-
JaCTH, 33IUTPUXOBaHHBE HA Gurype. MOMXHO eTKO BHMUCIHTS
06b8M Takol oOnacT BOKpyr Kawaoft waposo# 4acthun. Co-

rnaco ur. 19 mu umMeem
de

z, @, =180°—u =
—7 T 1
) ,‘U\ £/ = 180°—116,2°— 63,8°

b4

y .
¥ y=sin 9,
¢ur. 19, d .
= sing,
CaenoBatenpHo, 06h8M 3acToilofl 061acTH paBeH
ad?
V=" J‘smqa 1 —cos })cos b d¢,
0
MK
Vy="2 (3 sin?p 4 2 cos® g, — 2 16.2
3_1—2( sin?p -2 cos? g, ) (16.2)

YunTuBas, 4To @, = 63,8°, Mu nonyuum

Va=0,06268—0,12°% (16.3)
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Takum 06pa3oM, 3aCTOHHhE 06/1dCTH KaK OHW YBEJIHYHBAIOT 06bEM
Kaxa0i mapooOpasHolt yacTHuH Ha 129/,

QOuesnano, o6pasoBaHne obnacTel 3acTOAHOM XKHUAKOCTH H3Me-
HeT Beau'idy mopuctocTH. COrlacHoO omnpeneneHHio MOPUCTOCTH
HMeeM

VetV
m=1 Vi (16.4)
1prHagM
d3 r.d3
V2+ V3:1,12‘F=T’

OTKyAa HaxXOAHM
d, = 1,0384.

Tenepb MW MOXeM BOCNO/Jb3OBATLCA BLHOAAMH TNpPEALIYLIErO
naparpacda, NPMHEIB Ha 3TOT pa3, 4To

£=10,038.

CnenosarensHo, coraacio gopmyne (15.3) umcem

m

" = m [1—0,114 (‘_"‘)]. (16.5)

OTciona aaf c/ayyass HauMeHblle# TEOPETHYECKOH MOPHCTOCIH
m' = 0,63m,

a Ans Cayyas HauGoibiued TeopeTHYecKOH HOPHCTOCTH —

m' =087m.

§ 17. dopmyan, He ocHopauHbie Ha 3akoHe [apcm,

Has ¢uabTpauud B KPYNHO3EPHMCTHIX MeCcKax JNHHeRHas 3asi-
cuMocth Japen (12.1) mexay ckopocTsio GuAsTPALMH H THOpaB-
AnyecKuM YKJOHOM mnepecTadT OWTb BepHOH M IUOJXHa GuTh
3aMmeHena ApYroft, yunTuBalowelt TypOyleHTHWH XapakTep puu-
WEeHH KHAKOCTH.

B sTom cayyae Halo MpUMEHHTL caMmylo oOLyI0 dopmyy
dmabTpauun (10.4), nawOLYI0 3aBUICHMOCTb MEX.1Y NPOH3BOLHWM
YHCJIOM (DHALTPAUHH G M YMC/IOM Pe#iuonbaca R. B npocTefiuem
clyude CTEMEHHOH 3aBUCHMOCTH Nbl HMeeM obuiyio ¢opmyay (10.6).
Buocs B uet R no ¢gopmyne (9.5), noayunM ans ckopoctd

5 1. c. Nenbenson
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¢$uabTpauru ypaBHeHue

1
v (8 )_;
W— 5= | 57— 17.1
= (30) " (17.1)
r . H
ﬂle{éM V:? €CTh KHHEMATHYECKAsd BA3KOCTh, j:—h—-—
Ge3pasMepHWH rUApaBIMYECKHI YKIOH, a BelHyHHa U, paBHa
kY &
8, =557, (17.2)

rie £ €CTb YCKOpPEeHHEe 3@MHOr0 MPHUTHKEHHUs, C1eXOBATENbHO, PU3-
mepHocTsio &, GyaeT Hyas.
HacTuwMu cayvasmu dopmymu (17.1) aeasiorcs:
1) Popuysrs Cuperepa
2

w:(%gj)a_, (17.3)

rae Yo eCTb ONHTHHA KO3 HUHEHT.
2) Qopmyasr Kpebepa nns soau
d ,\n»
—173(& 4
w 173(90/), (17.4)
BLIPAXAIOLAA CKOPOCTh (UIbTPAUHH B CAHTHMETpax B CEKYyHAy.
B stoft dopmyne d ecTb cpeanuit AHaMeTp 4YacTHL [PYyHTa
B CauTMMETpax, @ NMOKa3dTelb 71 paseH

n:%. (17.5)

Cnenyer 3aMeTHTb, uTo c¢opmyaa (17.4) npuMeHHMa TO/JbKO
AN TPYHTA W3 yacTH ¢ aAuametpom e meHee 0,5 mu. Ouesnano,
/A 4ACTHLL OYeHb MaJoro AHaMeTpa nokasatenb. 7 OyneT 6.1M30K
K enunuue, H Toraa dopuyna KpeGepa nepexoaut B ¢opmyay
tina Japen. Hao6opoT, npu GonbuiMx 3HayeHusx d noxasaTenas 7
6m3oxk k 0,5, u ¢opmyna KpeGepa nepexoaut B opmyay
YUCTO KBAAPATHYHOR (PuABTpALHH

w =8,V dj, (17.6)

rae B, ecTb mocTosHHas, Onpeselsemas M3 OMNuTa.
C uenbio ydecTb 3aBHCHMOCTb CKOPOCTH (MALTpaLMH W OT
IIOpUCTOCTH m, 3aMapuH npeaioxun BeecTH B (17.4) muowwu-
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Tenb n \n

w = 173m(9%/)

Bamapun, cpasBhuBas 3Ty  ¢opmyny ¢ omramu Kpiorepa,
HAXOAMT YKJ/OHEHHS, r/NaBHHM 0O6pa3oM, B OJHY CTOPOHY.

. B Hexotopwx cryyasX BHIOZHO 10/b30BaThed  Qopuyaoh
(9.6). Tlonbayacs o6osnauenusmn (9.9), (12.2) u (17.2), s
nerko HaRngm

(17.7)

o PeeVE __ 4

= o) (17.8)

OTKyna mnoay4aem
J .
J=3FR) (17.9)

Ecmn dyukuns F pa3sEpTHBAETCS B CTENEHHOH Psif, TO Mb MMeeM
J=A+AR+AR AR .,

Ha sTolt ¢opmyau caenyer
j=Ci+Cw+ Cuwr - Cyw? 4. .. (17.1v)

dopMyaamMu 3TOro BHAA SBISIOTCH A1 BOAM:
1) @opxysa [1. Kpechurxa, upuroasas mls 4YMCTOTO mecka
npn 10° LI

1000/ =

2
Wy wy

1 1
0,7 +wy [?{ +0,8d+10,513+30 000d2] v

17.11)

rie W, €cTh CKOPOCTb (MALTPALULI B METPAX B CYyTKH, a d —
3dexTHBHLIA AMAMETp B CAHTHMETpax.
2) Popuysrr Popxzeimepa (Forchhelimer):

d=Cw-} Cw* -+ Cyws.
Sta ¢opmyna ecTb uacTHuR cayyafl dopmyan (17.10) npu
COZC‘ZC.,,: “ e =0.

Kosgppuuuentn C,, C,, C; onpeaenniotcs M3 ONHTA.

§ 18. ®opmyaa lllpusepa.

M3 onuToB Hanm ¢uabTpaumelt uedtenpoaykta Nujol (ynean-
Huit Bec Y—=0,836 2z,cx® npu 99° LI, BA3KOCTL NpH 3TOH we
Temnepatype p— 0,050 nya3a) yepe3 HCKYCCTBEHHYH OAHOpPOI-
HyI0O TMOPHCTYIO Cpely H3 CcTekasHHnX 1mapukoB [llpusep

5
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(W. Schriever) BwBen sMnupHueckylo Gopmyny

_ 4Amfd'H

w L

(18.1)
c1e H ecTh najaeHHe JaBNEHHS, BLIPAKEHHOE B CAHTHMETPIX
sudgHoro ctonGa Ha TOMUMHE naacta f, H3MepeHHoOM B CaHTH-
Metpax, d — AHaMETp CTeKAAHHBX UIAPHKOB B CAHTHMETpAax,
Mt — BA3KOCTL B Iiyadax, a MOKa3aTeab CTEMeHH § paseH

0,0141

p=d,14— =" (18.2)

InaMeTpil CTEKMDIMHKWX IAaPHKOB OblIH B CAHTIMETPAX:
d=0,1025; 0,0528; 0,0443; 0,0252.
[TopucTocTh B pa3nHyHBIX onuTax 6Gnna paBHa
m— 0,3870; 0,3777; 0,3653; 0,3533.
K coxkanenmno, nanuwx, npuBeadnunix B ctathe Lllpueepa, ueno-
CTATOYHO An% O06GpabOTKH HX MO pauuoHanbHol dopmyse (9.6).
§ 19. duarTpauus yepes rimny.

[1HHA COCTOMT M3 KpalHe Ma/pX NJAaCTHHOOGPA3ilbiX YacTHL,
e€ NPOHHLUAEMOCTb 3HAWHTE/NLHO MEHbIIE, YEM MPOHMLAEMOCTh
caMoro TOHKOro mnecka. Ha ocHOBaHHH OTY4aCTH Te)PETHYECKHX
cooGpaxexHt, OT4aCTH SKCHEpHMEHTa/lLHBIX AdHHEX Tepuaru
aan caeayowywo dopMmyay ana koddduuveHTa (HALTPALMH:

K=, Lt ita & (19.1)
(c—O015p— *

rae Cy ecTh KO3duuMenT, 3aBHCALLH TOMBKO OT  cocTasa
rPyHTa, ¢ — BEIHYHHA, 33BHCAULA® TOJbKO OT AHAMETPa YacTHLbI
rpyita, d — nMaMeTp 4YaCTHL CPyHTa, L — aGCOMOTHAN BA3KOCTb,
A —Ko3ddHumenT, 3akuouénumit B uutepsate 7,7 <1.<(9,0
(cpennee 3nauenne )=8,0), a £ pasHo

m
1—m-

= (19.2)
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Tepuarn npou3BEn OOUIMPHLIE OMLITH € KEATO-GYpoH raHHOR
(MpOAYKT BHLIBETPHBAHHA H3BECTKOBHIX CJaHueB) M3 Mano#t Asuu,
Ina atoft rauen

d=0,00006 cx

i Ko3pduuresT ¢uabTpauun pasex!)

—0,15)1 (1 4-¢
K=334-10-1 (18) =008 0D chiiun. (19.3)

dopxrelimep ?) na¥t sty dopMyay B HHOM BHAE
5,56-10~9(1,15m — 0,15)1t { 20
56-10-3(1,15m — 0,15y F0.)

(T—my*[(1,15m — 0,15\ 40,0166 (I — m)"]

rae W, — abcomoThas Ba3kocts npu 0° LI, u, — abcomoTHas was-
KocTb npH f °LI, m— nopucTocTb.

K= cujcer, (19.4)

§ 20. TypOynenTHas GUILTPAUMA,

B § 2 navu Ows1a BhBeleHa ob6uwas dopyyaa (2.17) naa
IBHAKEHHUA B 31eMeHTapHOK mnopoeo#t T1pyGke. [IpH BlIHcAeHHH
GespasMepHolt BenwuHun @, no dopumyae (2.15) Mm mommHu
yunteath Tteopemy Cimxtepa (§ 5), cormacio koTopoH Hamo
3aMCHHTb TOMWMHY [.1aCT2 /1 yepe3 GUKTHBHYIO ToAuumHy /g,
onpesememyio 13 dopmyan (5.20):

su=m

hy= ") sin .

[Toaromy umeenm W3 (2.19)
' =pd3pP

Q G(l—m) sinf-p2h° (20.1)
npuydy CIONd HAZO BHECTH TrHApaBaMueckH# pazmyc ¢ no ¢op-
Myae (2.7). DT0T xe THApABAHYeCKHH . PaAnyC HAAO MOACTABHTh
M B uucao Peftnonnaca, onpenensemoe dopyyaolt (2.9). PaaGe-
p&M 182 NpaKTHuUeCKH naubGosiee HUTepeCHHX METOAa ompene/e-
HHA CKOPOCTH IHAbTPALKH,

ly3ayapb6peit U. U, Uanectud lducruryra r naporexuuxu N 3.
?) Forchheimer Ph., Hydraulik, 1930,°§ 2
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1) Memod Cauxmepa. Ecnn BOCNONb3OBAThCA TEM MPHEMOM,
Kotopuit 6ma npumen8n CauxtepoM aas aamuunapHoft GuabTpa-
LHH, TO Ha4O NPeACTaBHUTh cefe 9/eMeuTapHYIO MOPOBYIO TPYOKY
KPYrJOTO CeueHHd, MIOLaAb KOTOPOro W paBHa MJIOWAAH Hau-
MEHbUIETO BO3MOMHOIO CEyeiHs NMOPOBOro Kawana. IJTa nJoulanb

BhyiCaReTcH no ¢opmyae (5.4):

m—’—'i‘-zsinﬂ
= .

Iuapasanyeckuff paauyc TaKOrO Kpyrioro CEYeHHs BHYMCIAETCH

no ¢opmyre (2.26):

\_1 (0]
‘=3 «

Buoca (5.4) B (2.26), Mu moayuum

d nsinf

£ %

3=

Moactasmas (20.2) B (20.1), mu Hail18m

gd?P

91:141—’1—“—2 ’

rae
Y sin0
Al :—-—_ .
96 (1—m) ¥V 2=

Hna uucna PeltnonbAca noJyyaeM BeaHYHHY

inf
Rl _ wopan sin

2FV§
OTKYA2 HaXOAHM _
pwpd __ 2V 2z
£ Vasind v
U3 dopMyan (2.17) mu HMeeM
R, =7£(Q).

(20.2)

(20.3)

(20.4)

(20.5)

(20.6)

(20.7:

Brocs (20.6) B (20.7) u npnunMas Bo BuuManue dopuyay Caux-
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tepa (5.11), MB noayunu

B Vsmﬂ f( th

rie @ ecTh CKOpOCTb (HALTPALHH,
B cayiae CTENEHHOTO 3aKOHA MK HMeeM

f@)=(g)".
Us (20.8) u (20.9) cnenyer, uTO
wod pd3P
Mr=a,8 (m)( ) ,

rae
2V
A2=—_r2—_—T R
(96 3%y 22)
3!2-{-1 .1'—1
B,(m) = T=my (sin 0)
Mpu s==1 nmoayuaem
Aye=a . B ) =_""
2796 1 —1—m"
Cne10BATENBLHO,
wed n? Pod?
=961 —m) p '
OTKyAa

= n? Pd?
9% (1l—m) ph?

a 3to ecth dopmyna Canxtepa (5.12).
U3 (5.15) n (5.24) nveem npubankEHHO

m 'l sin ) = const.

71

(20.8)

(20.9)

(20.10)

(20.11)

(20.12)

(20.13)

(20.14)

Broca (20.14), (5.15) n (5.16) B (20.12), noayuus npudanxéuno

By (m) = const. m 2735 + 0575

O6o6uwas ¢opyyay (20.10), umeem
RZ = 2 Ba Q;l
Q

(20,15)

(20.16)
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YTO MOXHO MNPEeACTaBHTb B BHAE

R,=f (@) (20.17)
rae
R, =22,
o _ ﬂ,".,_p_ (20.18)
2= g

Tak kak NpoHHUAEMOCTb & MOXHO MpPHHATE NPONOPLHOHANLHOH
anametpy d, TO, OYEBHIHO,

R, =const. R, }

Q, — const. 2, (20.19)
a, chenosartenbho, cooTHoureune (20.17) coBnanaer ¢ cooThole-
nuem (9.14).

2) Memod Kosenu. B cnyvae npuMeHenus metoaa Koaeuu
K TypOyienThoft (HAbTPAUMH M AOMKHH BHeeTH B (2.15) 3Ha-
yenne ¢ no dopmyne (6.10) u npunath BMecTO A ABORHYIO Beau-
ydHy 2A, uTO nadéT

_ méd’p P

AHanoruuHo GymeM HMEThb

d
R1=6—(f%- (20.21)
M3 (20.21), npumenss (20.7) u (2.3), noayum
d
% =6(1—m)f(Q), (20.22)

rie w eCTh CKOpOCTb PUABTPaLMH. B c/yvae CcTeneHHOro 3akowa
(20.9) umeenm

wd 3P\ 5
= a8, ()", (20.23)
rae
Ay= o (20.24)
1= @ -4

mis

B, (m)=— T T+ (2(_).25)
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B cayyae s—=1, umeem (20.23):

_ mdiP
C = (1 —m)

yto costranaet ¢ ¢opmyaokt (6.12). 3to u ectb dopmyna Kosenn.
Buoca (5.15) B (20.25), na#tngm npubanwméuno
95 —1
B, (m)=const.m 2 (20.26)

CooTHowenHe (20.23) taxxe oGobuiaercs B cooTHoweHHe (9.14).

Takum o6Gpa3oM, Mu INPHXOAMM K 3aKJIOYEHHIO, YTO H MNpH-
Moe oBobuienne Meronos Cauxtepa W Kosewn nans namuuapHoit
¢$uabTpauud Ha cayda#t TypOynentHoft ¢uAbTpauMH npHBOAMT
K TOMY e OCHOBHOMY 3aKoHny ¢uabTpaund (9.6), xkak W Merton
pasmepHocTelt, uanoxennnh B8 § 9.



FAABA IL

YPABHEHHS JTAMUHAPHOIO JBMXEHHUS XUIKOCTEH
YU FA30B B NOPUCTON CPEJE.

§ 1. YpaBuenne HepPa3puiBHOCTA MPH JABHKEHAH CXUMaeMofl
WHAXOCTH B Hepedopmapyemol MOPHCTOI cpede.

ByaeM OTHOCHTh ABHKEHHE K NPAMOYTOJbHHM OCAM KOOpAM-
HaT Oxyz. lpoexunu cKOpocTH (hUABTPALHH Ha 3TH OCH 0603Ha-

2

a
dur. 20.

YUM uyepe3 «, U, W; OHH
6ynyT ¢YHKUHAMH OT KOOp-
IMHAT X, y, 2 W BpeMenH £,
BoibmEM 3neMeHTapHmil na-
pannenenunen  abcda'b’c’d
(dur. 20), p¥6pa koToporo
pasun  dx, dy, dz. Pac-
CMOTPHM IBHXKEHHE KHIKO-
CTH 4epe3 3ITOT napanne-
JenHnen B HanpaB/JA€HHH OCH
Ox 3a 3nemMeuT BpeMeHH df,
OueBuano, 3a 3TO BpeMs ue-
pea rpane cdd'c’ BTexaer
macca muaxoctu pudydzdt

(p — NIOTHOCTb MUAKOCTH), a yepe3 rpaub bau'b’ BHTekdeT macca

pudyazat-+ 2 (pudydz at) dr,

TaK 4YTO Macca, HaKOM/EHHAad B napanjenenunene 3a BpeMa df
OT IBHXEHHR B HanpaBaeHHH ocu Ox, GyneT pasHa

a
— "T(pudydzdt)dx:_—

a
¢

(au) dx dy dz at,

Q)



§ 2] KOMIMOHEHTH CKOPOCTH JIAMHHAPHOR GH/IBTPALIUH 75

AnranoruyiniM nyTéM HaRAEM, ¥TO MAacCH, HAKOM/EHHHE BHYTPH
napanjiefiendnena OT ABHXEHHA B HampasieHdd ocet Oy u Oz
3a Bpema df, 6yayT paBHH COOTBETCTBEHHO

d
— 3 (cv) dx dy dz dt,

— oiz (pw) dx dy dz dt.

CnenoBsarTe/bHO, MOJHOE HAKOMJEHHE MAacCH KUAKOCTH B Tapas-
Aenenunene 3a Bpems @f GydeT paBHO

_ [% (pu) -} % (o) + 2 ((,w)] dx dy dz dt. (a)

C apyro#t CTOPOHH, 3TO HAKONJIEHHE BH3HBAET 32 BpeMA df W3ve-
HeHHe MacCH B pacCMaTpHBAEMOM Napasiiesenunene, pasioe

;% (pm dx dy dz) dt = 6% (mp) dx dy dz dt; (b)

B CaMOM Iefe, eclu M €CTb NOPHUCTOCTb Cpexs, TO 06bEM nop
napannenenunend, 3aHAThA XUAKOCTBIO, MMEET BEIHUHHY

mdxdydz.

CpasnuBas (a) n (b), Mu noyuaeMm ypasHeHnue Hepa3pwsHocmy
O0an dsudienus 8 nopucmold cpede

1m0+ )+ o) b ) =0, (L)

Ecnn  nopuctyio cpeny, B KOTOPOH ABHMeTCH CcrMaemasn
KHIKOCTD, Mbl IDHMEM 33 Hedeghopatup ye myl0, TO e NOPUCTOCTb
Gyner moctosnHo# BennunHoM. B atom cayuae ypasnenwe (1.1)
NpHUMET BiA

%.(PUH- %(p’v)—{-%(pw)_lrm ggzo. (1:2)

§ 2. KoMooHeRTH cKOPOCTH JaMEHapHOlH ¢uab Tpannm,

B rnase | Mu nmoayunau ocuosuyio dopmyay (9.1) ans cko-
POCTH naMuHapHOA ¢uabTpauun B GuKTHBHOM rpynte, O603nHa-
YHM 4€pe3 T BSHTOP CKOPOCTH JaMMHAPHOM (HILTPAUMM B MOpPH-
CTOR cpeie, a uepe3 & — DPOHHUAGMOCTH MOPHCTOR CPRiM,
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Cornacko 3akody JlapcH, npH OTCYTCTBHH MacCOBBIX CHJ, I8
AMaMHHapHOHK (bU/IBTPALMH MOXHO 3aMHCaTh CAEAYIOLIEE OCHOBHOE
BEKTOPHOE COOTHOLIEHHE!

v:—%gﬂm 2.1)

rae J. — AMHAaMHYECKas BA3KOCTb MHAKOCTH, @ P — CHAPOAMHAMI~
yeckoe aasnedne. M3 (2.1) mMu nonyyaem nss KOMNOHEHTOB CKO-
POCTH N1aMHHAapHOW GWabTpauuMu nO OCAM X, ¥, 2 OCHOBHHE ¢op-
MyAH

9 9
y _ koop vz_il,WZ_%Q.(M)

§ 3. drxTHBHLIE CAAB COMPOTHBJECHAS.

K npoueccy namuuapiolt ¢uabTpaunn cxuMaeMoft MUAKOCTH
B MOPHCTOH cpede CJEAYET MPHMEHATbh OCHOBHWE YPABHEHHS HBH-
wenus Ba3koft wuaxocTH Hasbe-Crokca, 6o NmpH TeuewHwu xuaxo-
CTH B OuYeHb TECHWX KaHa/lax MEKAY YacTHUAMH MOPHCTOR
cpeln, CHAH BA3KOCTH HrpalOT OYeHb BAWHYI0 W, HECOMHEHHO,
npeo6GAafaoLyI0 pob.

Ho nawxe B nmpocreftuieM cnyyae ¢HKTHBHOrO rpyHTa ABMKe-
HHe MHIKOCTH mnpencraeiger cobolt obTekanue 6GeCUHCNEHHOrO
MHOXECTBAd 1AapOB, BC/JEACTBHE Yero IpAMOE WHTErpHpOBaKHe
ypastenuit Hasbne-CTOKCa MpH CTOMb CNOXHBIX [PAHMYHHX YCIO-
BHAX, 1AXKe eCJH npeHeGpeub HHEPLHOHHLIMH CHAMH, OKa3LIBAETCH
HeBO3MOXHHM. [103TOMy npuGeraloT K CclenyloLleMy HCKYCCTBEH-
HOMy MpPHEMY: TpPUMEHAIOT YP2BHEHHA THAPOAMHAMHKH B opme
S#nepa, HO K AeHCTBHTENBHO CYLUECTBYIOLUHM MaCCOBLIM CHJIaM
c xoMmnoHewtaMd X, Y, Z npuOaBafioT PuKMusKbE MacCOBHE
CHJIBl, KOTOpHE 3aMeHMOT 3PQEKT BAKOCTM H HA3WBAIOTCH (PHK-
THBHBIMH CHiamH conpoTHBnerHa Kykosckoro. O603Hauum KoM-
NOHEHTH (PUKTHBHHX CWI COMPOTHRJIEHHA Yepe3 — X, — ¥y, — Z,.
JAf HX BHYHCAEHHA TIPHMEM, YTO ABHKESHHE MUAKOCTH MPOMCXO-
JMT PaBHOMEPHO W TOMbKO BC/ICACTBHE MAAEHWS CHAPOAHHAMMYE-
CKOrO AABJIEHHS, MPH OTCYTCTBHH MacCOBHX CHA. B 3TOM caywae
HMEEM

X=Y=Z=0. (3.1

Kpome Toro, GyayT paBHH HY/MIO H NPOEKIMH aBCOMOTHOrO YCKO-
penus:
[i=jf=jr=0, (3.2)
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[loatoMy ypasheuus Dftnepa

1 0p
? ax_X XO —.I ) ]
1op__ l 3.3
P dy Y—Yo— I (3-3)
10 _, Zy— 3, |
p 0z )
HPHUMYT BHI
10p__ 5
? d_x_ - AO, l
16p
rk Yo, } (3.4)
1dp __
v~ A J
Hckmionar 13 (2.2) 1 (3.4) npoussoaue
dp Op dap
' oy oz
Mbl TOJYYHM COOTHOLIEHHSA
. B o __nw
/\0_ kp ’ y k? ZO_ ke (3-5)

Been&m Ttenmepn creaywoulyio QyHaaMEHTaNbHYIO THNIOTE3y: COOM-
Howenusn (3.5) Oarom KOMNOHenmu (URMUBHBX CUA CONpOMUS-
AERUR NPu AOG0K CAYH1E AAMURAPHOL husbmpaguu (runoTte3a
H. E. XXyxosckoro).

§ 4. OcHoBRHOe ypaBHeHHe JaMAHAaPHOH (HILTpaLMA
CXMMaeMoii MHAKOCTH B Hem3MeHsieMOil mopucToi cpene,

[Ipn ucenenoeanitn naMuuapuoft ¢uabTpauuu OOGLMHO NpeHe-
6peraloT MHEPLMOHHLIMM YJIEHAaMH, T. €, NPHHHMAIOT, 4TO

= o g:‘+dx +dy +a w=0, }
D
/3_—0 dt+dx + +—w_o,} (4.1)

N w ow dw
]:= +d.a. +dy +_w—0
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M BHOCHT, COr/IACHO BHICKA3aHHOH B KOHLE [PeAnIyLIero mnapa-
rpada rumortese, B ypasHeHHs (3.3) supaweunus (3.5) puKTHBHHX
cui conpoTtusnenns. Toraa smecto (3.3) Gysem HMeTh ciaenyio-
Ude Yp4BHEHHS:

10p _ pu

?"f‘.—x kPl )

1 dp wo

— ==Y ——, 4.2
p 9y kp (+2)
lop__ , w

p oz ke

3T ypaBHEHHA BMecTe C YpPABHEHHEM HepaapuBHOcTH (1.2) naiot
NOJIHYK) CHCTEMy YPaBHEHHMH, HNOCTATOYHYI0 I/ ONpene/eHHs
BEJIHYHH

u, v, w, p

NPH 3aJaHHEX HA4a/JbHHX H [PaHHYHHX YC/IOBHAX, NPH YCJIOBHH,
YTO HM3BECTHA (YHKUHA
e=fip 7)), (4.3)

CBA3HBAIOWAN MIOTHOCTh p C AABJIEHHEM p W aGcOMOTHOH Temme-
patypol T, a Takme BeJHUHHH K H [,
HMa (4.2) umeem

= (x- 1))
”:’%(y—%%)' l (4.4)

Buoca (4.4) B (1.2), MW mMONyuHM OCHOBHOe u casoe obuee
YpasHenue somunaprod hussmpanuu 8 Heu3menfemod nopu-
cmod cpede

o (% Sf:) + ,;; (% &) +a (£ 5) =
—y}} __+ ox (kPZ ) + t;; ( ) + 0z (kF 2) . (4.5)

Ecnu  paccmarpuBaeMas ciiMaemas KHUAKOCTb HAXOLHTCH
B [I0JIe 3eMHOrO NPHUTSKEHWH, TO, HanpasHB ocb Oz BEPTHKAIBLHO
BREpX, Oyilem HMeThb

X=Y=0, Z=—g. (4.6)
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Buoca (4.6) B (4.5), monyuum ypasueure
% (w) toy (P ta (e =
—nP_g2 (’“’) . (47

ipuu€m BoneacteHe (4.3) Mul 3nech umeeM
dp __dy dp

ot~ dp ot (4.8)

d
rae NMpoOU3BOAHASA EPV ecTb H3BecTHAas QyHKiun nasned.:a p. Ecm &
I | CYTh MOCTORHHHE BE/JHYMHH HJH eclil HX OTHOWCHHE ecTh

BE/IHYHHA NOCTOAHHAA, TO H3 (4.7) mosydaeM
9 ; d» d ( dp\ , 9 [ Op\ __
5 (05 T3 (o35) +5 (v58) =

__dp ;mudp on
= (% 2t — 2 Ez') . (4.9)

Ypasueuue (4.7) 6mno BnepBue naHo B uawel pabore «lBuxe-
HHEe ra3a B mopucTod cpene» ),

Y3 Hero moay4alTcs KAaK 4YacTHHE C/ydaH

1) Ypasueuus cunbTpaunu TEKENOH HECHKHMAEMOH KHUIKOCTH
(rona).

2) Y paBuenns ¢uabTpalMd raaa,

3) Ypasueuus ¢uabTpaund taxérolt cnabo cxumaemMolt KuaKo-
CTH.

§ 5. YpasHeHRs ABHXKeHMA THKENOH Hec:KMMaeMoi
KHAKOCTH B HeMaMeHseMO# MOpHcTOH cpene.

B caydae Tax€n0H HeCKHMAeMOH WKHIKOCTH e¥ MIOTHOCTH p
eCTb Be/IMYHHA MOCTOAHHAR, 4 ENHHCTBEHHO BO3MOXHAs CHJa
ecTb 3eMHoe mpHTEKenHe. [loaToMy, Hanpas/igs OCb z NO BepTH-
Kand BBepx, moiydaem Hi (4.0) u (4.6):

= (b )+ (e3) 5 (k) =0 @

1) «Hedrauoe xo3miicrso» Ne 8—9, 1929 u Ne 10, 1930. Cum. Takxe
Jleft6enson J. C.: He(prenpouucnosan MexaHliKa, 4aCTh BTOpas,
Mocksa, 1934, cTp. 56,
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n6o
4 =const,, p=—const.
Buocs (4.6) B (4.4), nonyuum

—__kop —_kor —__kegp _kop
=T YT Ty T, Ty 02

BeenéM Tenepb HOBYio QYHKUMIO, TaK HaiWBaeMuit manop

h
—— z. 5.3
? gp+ 5.3)
Torna ypaBHenus (5.2) MowHO GyneT NMpeacTaBHTb B Buzxe
p Ox L ay L oz

Buocs (5.3) B (5.1), Mu noayuum
0 Oy 0 Oy 0 oy ok -
5 (hae) + 55 (+3) +5 (k3 = =0 69

Ecnu nponuiaemocts £ nocrostua, To H3 (0.1) ¥ (5.5) Hmeem

V2p =0, (5.6)
V24 =0, (5.7
rae BBeAeHO 0603Ha4yeHue
()= O3 Ot 52 O (5.8)
IToBepxHOCTD
¢ = const, (5.9)

1Ha3LIBACTCH HOBEPXHOCMSI0 Hanopa,

M3 ypasHenn#t (5.4) cneayer, 4TO 4acTHI XHAKOCTH GynyT
JIBHTAThCA 110 JHHHAM TOKA3, OPTOrOHA/ILHEIM K [TOBEPXHOCTH Ha-
fiopa.

Na (5.6) n (5.7) cnenyer, uto 06e Gyukuuu

plx, v, 2,8, wix 5zl

CyTh rapMOHMuECKHE, Onpefe/iseMHe TPAaHHYHHMI M Hadad/bHHMH
YCTIOBHAMH,
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§ 6. YpasmeHns NRMxeRAs rasa B HeH3IMeHseMoH
oopucTOd cpene.

ITnoTHocTh ra3a p ecTh (yHKUHA NaBeHHE P, onpesendemas
xapakTepHcTHueckuM ypasnedneM (4.3). ITostomy yno6uo BBecTH
HOBYI0 (YHKIHIO NaBJEHHMS

q=q(p)=SPdP- (6.1)
O6patuo, 13 (6.1) M nmeem
C/1en0B3TENbHO, coraacHo (4.3) Gyner
p=/:(q) (6.3)
HUa (6.1) caenyer
op __9dq
ox_ ox!' ]
ap dq
P dy y ’ ’ (6.4‘)
ip __dq
92z
Jp __dpdgq
ot —dg of* {6.5)

BHoca (6.4) u (6.5) B (4.5), MH monyuum
(L) H5(E8) 42 (24) -
=mE F+5 (LX) 45 (L) + 5 (%2). 66

3nech B mpapo#t 4acTH p H %% CyTb H3BeCTHHE (QYHKIMH ¢.

Tak kak A/18 ra3a MAacCOBWMH CHJIAMH OGKIYHO npeHeﬁperalo'r,
T. €. rojaramr

H TaK KaK BY3KOCTb ra3aa MOMHO CYHTATb 34 MOCTOSAHHYIO BeJIH-
4HHy, TO H3 ypasHeHus (6.6) ciemyer

 (h50) + 35 (#50) + oz (r5E) —ma 51 68)

6 n. C. Jleabenson
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Haxouell, ecnH npuuaTh B IepBOM NPHO/HNEHHH

—const., 6.9)
10 U3 ypaeueuud (6.8) nonyuaem
sg— (Mt dp) 9
V‘l—(‘idq) N (6.10)

3710 ypaBHeHHe dB/seTcH OCHOBHwM AH(pdepeHuHanbHuM ypasHe-
HHEM 3a1a4d O TedyeHHH rasa B Heu3aMeHsieMOH mnopucTOH cpene
¢ mocToAHHOH mponuuaeMocTpio. OTHOCHTENbHO HEH3BECTHOrO
g{x, y, 2z, t) OHO HAB/AETCH YPABHEHHEM C YACTHHIMH [POH3BOJHLIMH
BTOPOro mMopAaKa napaloJHYEcKOro THNA M AHANOTHYHO ypaBHe-
Huio TenaonposoaHocTH. OHO naét peuleHde 3a4add O JBHKe-
HHM ra3a B Hew3ameHseMOfl nopucTo#f cpese c¢ nocTOAHHOH mpo-
HHLAEMOCTbI0, €C/IH 3adaHH TPaHHYHLE W Hada/bHHE YC/IO0BHA,

B uacTHOM caydde moMMTPONHYecKOro mpolecca, onpenense-
MOro ypaBHeHHeM

p'n=Bp, (6.11)

rie /i ectb noka3aTelb MOAHTPOnHW, a § — ra3osasd mocTodHHas,
Gynem HMETb

n n+t+1
I=FTmxrn? o (6.12)
1
__1_ qi(n—~+-1) A1
o= | 1. (6.13)
d 1 g]—==
= [F___("i’ )‘7] AT, (6.14)
Buocs (6.14) B (6.10), M nmonyyum
Vig—eg "HT L, (6.15)
rae
oy n -2
="k lreE) (6.16)

B d4acTHOM cny4ae H30TEPMHYECKOro MpOUEcCa W3MEHSHHS
COCTOAHMA ru3a (pH IBHKEHHH €ro B HEH3MEeHseMOH [OpHCTOH
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cpene MOCTOAHHOH MPOHMLAEMOCTH MH NO/KHH TNPHHATH
n—1,
yTO OTBeyaer ypaBHeuuio Bo#ins-Mapuorra
p=Be. (6.17)

B 9ToM ciydae MH HMeeM

q=%ﬁ (6.18)

=V 34 (6.19)

u ypasHende (6.10) npuuumaer sun
9q

2, _E& 99
Vq——VEM, (6.20)
rae
e=_"E (6.21).
kY 23

§ 7. YpaBHeHHs ABMKeHUSl MmajockAMaeMoll Taw&nol
KHRKOCTA B Hem3meHseMoli mopucToit cpene.

IlycTb py ecTb NJIOTHOCTh KHAKOCTH MpH AaBnehud p,. Ecam
H3MEHEHHE NAB/IEHWS P — P, HEBEJHKO, TO H3MEHEHHEe IUIOTHOCTH
P — po OYneT TOWe HE3HAYMTENbHWM, TaK KaK MHAKOCTL Majo-
cokdMaema. [103TOMY ¢ NOCTATOYHOR TOYHOCTBIO MH MOXEM Ha-
mHcaTh

p— po="L2(p—po), (7.1)

rie rocTOsHHAA & ecTb MOAY/Ab OGBEMHOM YNpPyrocTH XHAKOCTH,
Huddepeniipys B (7.1) p mo p, MH moaydum

4 _r

= (7.2)

Ho rtax kak p ecTb 01HOBpEMEHHO M QYHKUHMA X, y, Z, T0 MH
GyneM HMeTb

9 __dpdp Op__dedp Op__dp Op

Oox dpox’ oy dpdy' 0z dpoz® (7.3)
6.
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Buoca (7.3) B (4.9), Mu mony4uM
d, __dp [mpop ap
Tle BBeNEHO O6O3HaYeHHe
. ap 2 dp 2 gg 2
se=(%)+(5) +(%) (75
B ypaBuennu (7.4) Mu npuGAHKEHHO MMOJIOKHM
p="Po
B Takom caywae u3 (7.2) cnenyer
dp __

e _ P
T a

dp

YTQ 1oc/e NMOACTaHOBKH B (7.4) nmadr
1 » 1 Tmpop op
~Ap +Vp=— [T“ 58 — 2800 a]- (7.6)

Tak kak @ ecTb Be/dydHa Gojblilag, TO IEPBHIM 4YIEHOM B Je-
BOH 4aCTH 3TOrO0 ypaBHEHHS MOXHO mpenebpedb, H Mul NONYYHM

1 0 0
Vip = [’%’a—f—?gpo;,’ﬂ- (7.7)

310 ecTb ypaBHeHHe GUABTPALMH MATOCHKHMaeMOH TH#ENOH KHAKO-
CTH B HeHaMmeHseMOH nopucTOolt cpene.

Ecau cunoit Tamectd npenebpedb, TO MH [IOY4YHM YIPOILEH-
HOE YPABHEHHE TaK Ha3LBAeMOro yNpyroro pexuma ¢uAbTpaLmu:

()%

of !
Koropoe coBliaagaer ¢ ypaBHeHHBM Teopuu TENJIONMPOBOAHOCTH H,

cleN0oBaTe/IbHO, MO3BOASET MO 3aAaHHWIM HA4a/bHHIM M paHuy-
HHM YCJ/IOBHSAM pellluTh 3anady 06 ynpyroM pexuMe (hH/IbTPALHH.

§ 8. YpaBHeHue Hepa3pLIBHOCTA NMPH ABHXKEHAH cknMaeMol
wankocTA B gedopmmapyeMoii mopucToil cpene.

Ecnn nopuctas cpesa nedopMHpyeTcs ¢ M3IMEHEHHeM JaBJe-
Hud, TO ed mopucTocTh m Gyner dyHxuuelt storo aasnesnd. Ho ua-
MeHeHte TOPHCTOCTH MOXET IPOHCXONHTD TONbKO 33 CYET H3IMEHEHHs
06b8Ma [IOPOBOrO NMPOCTPAHCTBA, TAK KAaK YacTHUW FOPHOR ro-
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o6b&Ma MOpOBOrO IMPOCTPAHCTBA, TAK KAK 4aCTHUW TOPHOA r0-
pOAN, M3 KOTOPHX CjaraeTcs nopucras cpeaa, camu no ceGe
NPaKTHYECKH HEHIMEHFEMH H MOTYT TO/MbKO MEepemMeulaTbcs OTHO-
CHTENLHO ApYF ApYyra.

[MpocTeltiiag ruUnoTe3a COCTOHT B MPENNO/ONEHHH, YTO HaMe-
HeHHE MMOPHCTOCTH MPONOPLHOHANLHO MPHPOCTY AaBIEHHS:
dm—=—, (8.1)

rae @, ecTb HEKOTOpHH# MOAYAb, XAPAKTEPH3YIOUHH [OPHCTYIO
cpeny.

B caydae medopmupyemolt nopucToit cpean ypaeHende (1.1)
rnaeu 1l MoXer 6HTbL HamucaHo B Bize

d(pu) d(pv) d(pw) dp om
ox + d_t+?737_0' (8.2)

BHocs cloza u3 (8.1)

om __ 1 dp

dt Gl dt (8'3)
H

dp __dp op

oF —dpof’ (8.4)

MH [O/ly4UM YypaBHEHHE

d(pu)+ fe" +alpw)+< £+?P,)g_f:°' (8.5)

B caydae Mano ckuMaeMOM MHAKOCTH MH HMeeM H3 ypas-
Heuus (7.1):

de _p
=0, (8.6)
P _Po
L=p. (8.7)

BHocs (B.6) u (B8.7) B ypasHenue (8.5), MH m0OAY4HM OKOHua-
TEJLHO YpaBHEHHE HEpa3pLIBHOCTH

0 0 a( g,
(pu)+ (pv)+ pw)+mpo<1+ ml)_f'_o (8.8)

snepene Bueedennoe B, H. HlenxaudeuM, Cnenoratenbuo, nas
nosnydenns M3 ypasHeuus (7.7) ypaBHeHHS IBHKEHHH Ma/OCHKH-
maeMofl TawEMOM KUIAKUCTH B aepopMHpYeMOfi MOPHUCTOH cpeag
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g,
Hano YMHOXHTD -a-’;- H2 MHOXHTENb

a
Y

4YyTo Aaér
2y ME @ _\9p__ 28 op
Vr=r (1+ may )dt a oz’ 8.9)

Ecan sddexTom Tawect mpenebpeun, TO MuH mnonydum Oonee
IPOCTOE YpaBHEHME

YY"
v T ka (1+ ma, )dt'

Bnepsuie BuBexeHHoe Towe B, H. Illenxaudsnm W cosnanpaioigee
¢ H3BECTHHM YPaBHEHHEM TEl/IONPOBOXHOCTH.



FTABA IIL

YPABHEHUA TYPBYJAEHTHOI'O IBUXEHUA
WUAKOCTER U T'A30B B MMOPUCTOU CPEJE.

§ 1. KomnoneHTs ckopocTH typOynenTHolt dmabTpauum. -

B § 9 rnasu [ Mu BuBenu ocuoBHhe Gopmyau (9.14) u (9.6)
Teopud GuUILTpaLUH

R=£(Q), (1.1)
2=F(R), (1.2)
npuubM, cornacHo dopMyne (9.5) rnasw I,
Rzg'?;ﬂ, (1.3)
kP
¢=Fa (1.4)

O603na4uM depea v abcOMOTHOR 3HAaYEHHE CKOPOCTH TypOyseHT-
HO#t ¢pHABTpaUMKH B NMOPHCTOA cpeae; MycThb HAaNpaB/eHHe CcKO-
pocTH (pHABTpauuH onpeneisercs sekropoM R, Ylepeman ruapo-
AHMHAMHYECKOr0 NaBJEHHS Ha 3/neMente nauHn dh Gyner

P =dp.
[Tostomy u3 ypasuenus (1.4) umeem
d
Q:D%, (1.5)
rie
R
D=, (1.6)

4 BMeCTO p noacTaB/ieHa ¢yHKUMS NaBMeHNd ¢, Ompaneasemas
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¢dopmyno#t (6.1) rnasw Il
9= pdp. (1.7)

Ckopoctb TypGyneHTHOH ¢HAbTpauMu B HanpaBienud kB Gyner
onpeaenstecs ¢Gopmyno#t (1.1), B kortopoHt Q Hamo 3ameHuTh
ero 3Hadendem (1.5),

B ofutem cnyyae TypOy/neHTHOH ¢uAbTpauuH B TpEX HaMepe-
HHAX CKOpOcTh V' GyneT onpenensThcd BEKTOPHHM  yPABHEHHEM

’l‘:—’?V:Bgrad 7 (1.8)
rae _

b= L2V 5D 1.9

(p) Vie (1.9)
a

o= (O (N, o

CocraBnsiome @, v, @ CKOPOCTH TypOy/eHTHOR (HABTpALMH
N0 TPAMOYFO/IbHEM OCAM X, Y, Z ONpedensioTcs H3 COOTHOuie.lHH

pﬁu_ 9q
T g T Tox?
Vko _gog 111
Fo_p2, (1.11)
VEw __g0q
i 0z

Btu dopMynu GuH BrepBrle NaHhl HAMH B pa6oTe <OcHOBHOM
33KOH XBHXKEHHA rada B nopuctoft cpeses ).
Ecin o6e 4actu ypasueuus (2.1) rnaBu II ymnoxurs Ha ot-

HOLIEHHEe
pV &
F" '

TO, Benenctsue obosnavennt (1.6) n (1.7), Mu moayuum

VE

" V=Dgradg, {1.12)

1) loknamsr Axagesmur wayk CCCPa, 1945 r., rou XLVIL, N I,
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M JerKo BHAETb, 4TO ypaBHenHe (1.B) sBAseTcH ecTecTBEHHLIM
o6oGuieiieM ypaBiienus (1.12). [Tocnensee nonydaercs kak 4act-
Hu# cnydafi W3 ypassenns (1.8), ecau B (1.9) nonoxwuts

f(DVag)=DVAg.
§ 2. Bpenenne AKTHBHBIX CHA CONMPOTHBJEHAS.

BBen&m, Kak 510 O6HMO0 yke cnpenaso B § 3 raasw I,
(UKTHBHHE CHIH COMpPOTHB/EHHS
—X01 —YOI —ZO' (21)

OT6pacwBan HHepUHOHiHE YIeHh B 3H/NEPOBHX ypPaBHEHHAX [HA-
pOAHHAMHKH, MH [ONY4HM

1 adp

Toxr T~ X=—%X

1adp

7y V=" (2.2
1 op _

?a—z—z——-—Zo. }

Cucremy ypasHennit (2.2) MH MOXeEM paccMaTpWBaTh KaK ypa-
BueHHs TypOynenTHOR (H/bTpaurH, ecy, Kak npeanowua H, E. XKy-
KOBCKHH, BHeCTH 119 (PUKTHBHWIX CHMl compoTuBaeHus (2,1) Te ux
3HAYeuHs, KOTOPLIe OHH HMEKOT MPH OTCYTCTBHH MacCOBHIX CHJI, T. e,

B camom nene, noiacraBass (2.3) B (2.2) ¥ umes B Buay pasen-
ctBo (6.4) raasw I, Mu monydum
a7 0 2 99 5
=—pY0 gr=—0Y. G=—0Z  (24)
Uckniouas w3 (1.11) u (2.4) 9 ~9¢ 99 MH om
. 4) e oy Tz penenum
($HKTHBHHE CHINW CONPOTHB/EHHA

Y& )
LWE——ﬁ%,
E
ﬂ%z__ﬁm . (2.5)
V&
4 W___.pzzo_ J
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¥Yuuoxana ob¢ 4acTH ypaBuenuH (2,2) Wa p, Mn BCTEACTBAR pa-
BeuctB (6.4) raasw [[ nonyunm

99

ox —PX=—p'X,, ]

d

q —p*Y=—7pV,, (2.6)
01/

__.PQZZ__PEZO' J

HUckmouas u3 (2.5) n (2,6) X, Yy, Z,, MH NONYUAM HCKOMble
COCT4BMMIOLNIE CKODOCTH TypGyneHTHOR (HAbTPALMH:

L u=t(5—rx). |

(2.7)

|
Vf9w=ﬂ(0—” -Z). Jl

Oni MoryT OwTh NPEACTaBAEHH B BHAE OXHOrO BEKTOPHOrO pa-
BEHCTBA

f}:_k =0 (gradg— 42 R), (2.8)
rae 0 onpeaensercs ¢opmyaoi (1.9), a
|RI=VXF V2, (2.9)

§ 3. OcHosHOe ypaBHeHHe TypGleeH-rHou drabTpannn
CKMMaeMO KUIKOCTA B HeH3MeHseMO# mopucroifi cpene.

T110THOCTD § CAKHMAEMOR KIAKOCTH ONMPENENnseTcs ypaBHEHHEM
(4.3) rnasu 11, a ypasuenne Hepa3poiBHOCTH (1.2) raasu Il umMeet Bua

2 (o) -5 (00) -+ 5 (o) - m % =

Mu JOMKHE BHECTH B 3TO ypaBHEHME 3HAYCHHS pu, pU, (W H3
paBeuctB (2.7), uTO nalrt

T on o [ —rn)]
+o%[1_;fﬂ(%% z)rm%—o0 @1
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Ecnn DeHCTBYIOLIHE CHNW HMEIOT CH/OBYIO (YHKUMIO, T. €.

Xdx-+Ydy-+Z dz=adU, (3.2)
TO Mhl MOXEM BBECTH O6O3HaueHHe
Q=q-—sza'U. (3.3)

Torna ypasueue (3.1) npumer Bux
d B B dO
(Vk ox)+0y(lfk >+
B .0 d
+7E(Vk og>+mo_:=°' (3.4)

B cayyae OTCYTCTBHA MAacCOBWIX CHJ, T, €. npW ycaosud (2.3),
Mhl TIONy4HM H3 ypasHeHus (3.1)

Jd (B B dq
(Vk dx)+dy (Vk dy)+
a i 0q | ﬂ _
5 (Vk dz) ™o =0 (3.5)
§ 4. Typ6y.lieHTHOE QBMXKeHAe HECKHMAeMOH KMAKOCTH,

B 3TOM cayuae NJAOTHOCTb KHAKOCTH p €CTb BEMHYHHA MO-
ctrosunag, [Tostomy BMecto pasetctBa (1.7) nmeeM

qg=pp. (4.1)
Buoca (4.1) B (1.10), Mu nonyuum
Alqua"-\lp- (4.2)
Ypasuenng (1.11) npuMyT Tenepb BHA
FV-?u 9 ap "
) =%ox |
pV_ku l
g Vk Y_y op J
p lgz
rae
01 - f(FDVAlP) (4.4)

Vi p
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¥Ypapuenne HepaspwBHocTH (1.2) rnaBw Il mxns cayyanm Hename-
uiemMo nopucTtoft cpedn HMEeT BHI

ou , Ov | Ow __
a—{—a;—{—?;_o. (4.5)
Buoca cioza 4, v, w u3 paBencts (4.3), MW moayuum

5 (e ha) + (s ) F (st ) =0 @9

3710 ecTb OCHOBHOE ypaBHeHHe TypOyNeHTHOrO IBHIKEHHS HECKH-
MaeMOl KHIKOCTH B nOPHCTOH cpede. OOHYHO BelHUHHH W H A
CYHTAIOTCH NOCTOSHHWMHM H YypaBHenue (4.6) npHuumaer BHI

; ( ldx) +dy( 1dy) + 02(01 %5) =0 (4.7)

B stom caydae MmHOxHTeas pl) B paBedcTBe (4.4) ecth Bemu-
Yy¥HA NOCTORHHAsA, H Mbl MOMEM MDHHATD

01——“?(A1P), (4’-8)

rae BHO (YHKUHH @ H3BECTEH. :

Cnexyer OTMeTHTb, 4TO B 1940 r. 6uno ony6ankoBaHo
(xypnan «[Ipuknannas MaTeMaTHKa H MexaHHKa») BECbMa IEHHOE
uccneqopande awxanemuka C. A, XpucrHanoBHya, noCBALEHHOE
npo6aeMe ABHKEHHS WHAKOCTH B MOPHCTOR cpede npH HelnneR-
HOM 3aKOHe (HIbTPALHH.

§ 5. Typ6ynenTHOe ABHXEHAe ra3a B DOPACTOA cpeje
NpA NOAMTPONHOM IHpoilecce.

YpaBHeHHe cocTosHHs ras3a onpejensetca gopmynoft (6.11)
rnasu [I. [TosTOMy HMeem

[ dp 0
2 = Pd—tg ' 5.1)
npHuBM NPOH3BOIHAA -:—; A0MxHa GuTb B3aTa no ¢opmyne (6.14)

rnapa II. [Toxctasnaa (5.1) B (3.1), (3.4) n (3.5), nonyunm
HCKOMOE YDaBHEHHE IBHKEHHS,



§ 6] TYPBYIEHTHOE NBHXEHHE MAJIOCKHMAEMOH XHIKOCTH 93

§ 6. Typ6ynenTHoe .ABAXKEeHAe ManOCKAMAaeMOH KARKOCTA
B Aedopmupyemolt mopmcrofl cpene.

B stoM cayvae nMeeT MecTO YypaBHEHHE HEPa3PHBHOCTH
B. H. Uleaxaugsa (8.8) raasm II, npuuém 3navenus pu, po,
pw NOMKHH GHTb B3ATH H3 ypasHenus (1.11), Ho Ttak kak 3na-
YEHHE MJIOTHOCTH p IS MAaTOCXKHMAaEMOR KHIKOCTH MOXHO TpH-
HATb MOCTOSHHHEIM, TO BMecTO ypaBHewu#t (1.11) moxuo BOCmOZB-
30BaTbca ypaBHenusmu (4.3).



FJTABA 1V,

YPABHEHUS IBHXEHHA T'A3HPOBAHHOH >XMIKOCTH
B HEU3MEHAEMOM NOPUCTON CPEIE.

§ 1. Ocnosuble onpejeneHns.

Kuakocts, B KOTOPOfi pacTBOp&H ra3, HasuBaeTcs KHBOMN
WHAKOCTbIO, B OT/IHUHE OT MEPTBOM XHAKOCTH, BOBCE JAHIUEHHOHN
rasa, [IpuMepom nepBoro poja XHAKOCTH CHAYKHT MNPHPOAHAS
He(Th, TPHMEPOM BTOPOrO POAA AHAKOCTH CJAYXKHT apTe3HaHCKas
Boda'). Eciv B XHAKOCTh HarHetaeTcs ra3 npd AaHHOM Temne-
paType H IaHHOM JIaBNEHHH, TO B KaxaoR eXuHune OGbEMa
KHAKOCTH pacTBOPseTcs JHlbL OnpexenéHHnlt O06GbEM rasa, Ko-
TOpHH B MEPBOM MPHOMKEHHH MH MOXEM CYNTaTh IPOMOPLHO-
Ha/lbHEIM H36HTOYHOMY HaBaeHHIO (3akoH [enpu). OTHOCHTENBHO
COCTOSIHHE MPHPOAHOR KUIKOCTH H MPHPOXHOrO rasa B. MOPHCTOM
niacTe MW CAENaeM CNELyIOUlyl0 FHIOTe3y: ’

Ilpupodnuii -2a3 wacmeio pacmseopén 8 wcudxocmu (Hegms),
Q 4QCMbI0 KAXO0OUMCA 8 JICUOKOCMU 8 COCMOSARUL MeAbHALULX
20308b1X NY3bPLKOE, POAIMEDH. KOMOPHX, NO mepe naderus
Oagaenus, 8CE 8peMsa pacmym, Ko ocmailomcs 8006uwe . Ha-
CMOABKO MAAb, IO 3Mi NY36iPsicl 80000K0 npoxoBam 4epe3
1OpOGHE KOKIAN MOy HACIMUNAMU, U3 KOMOPHX HNOCMPOEHA
nopucmas cpeoa.

TakuM o0pa3om, MH NpeanonaraeM, YTO B MOPHCTOH cpexde
HaXOAMTCH CMECh WHAKOCTH, B KOTODOR pacTBOp&H ra3s (wcudwxas
gi3a), B cBoOOAHOrO rasa B BHAE MeabyalllMX rasoBhX my-
3upbKOB, CBOGOXHO IABHralouxcs B nopax (zaszosan ghaaa),

QOueBnano, B 06/1aCTH NOPHCTOrO NJacTa, YAa1EHHOW OT CKBa-
WHHE, BCTPEYaeTCH HaHMeHbllUee KOMHYECTBO Fa30BHX My3WPbKOB,

1) CTporo rosops, 4 B aPTE3IHAHCKAX BOAAX BCTPEYAKTCH PACTBO-
peHHBE Ta3B, HO OOWYHO B HEeGONbIIOM KOJAKHECTBE.
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HO MO Mepe TOro, KaKk ¢ NpHOGIHKEHHEM K CKBaXHHe HasneHse
B M1aCTe MazaeT, 4acThb PAaCTBOPEHHOTO ra3a BhIENSETCH M3 XKHIKO-
CTH B BuIe MeabdaRiuux nyswpbkos, [lostomy npu npuGau-
KEHHH K CKBaXKHHE BE/HYHHA KHAKOH (pasW yMeHbluaeTcs, a
BEJIHYMHA Ta30BO} Ga3n BO3pacTaer.

KonnuecTBo mHAKOCTH B eXHHHUEe 0O6BEMa MOPOBOTO MpO-
CTPaHCTBAa HaswBaeTca Hacuujenrnocmsro, O603HauuM e& depes o,
OueBnaHO, codepxaHHe rasa B edHHHUEe 06bEMa MOPOBOro npo-
crpauctBa Oyazer 1-—o, HacuiedHocrs ecTb OTHOCHTENbHOE
cOAepXaHHe KUAKOCTH B eduHHUe OGBbEMAa cMecH CBOGOIHOrO
rasa H XHIKOCTH.

Ecan m ectb mopucTocTs, TO 06hEM NOPOBOTO NPOCTPAHCTBA
B eaunnue oO0b¥Ma nOpHCTOft cpeldw paBeH /i, CJEXOBATENbHO,
KOMHYECTBO KHAKOCTH B eXHHHUEe O6GbEMAa MOPHCTOrO mnaacTa
6ynet pasio m3. KonuuecTBo cBOGOAHOTO rasa B eaHHulle O6b3-
Ma nopuctof cpexn 6yaer m (1 —a).

§ 2. CosMecTHOE ABRXKEHAE XHIKOCTH M rasa
B IOPACTO# Cpexe (C OAMHAKOBHIMHM CKOPOCTSIMA).

Hrak, Mu npeanonaraeM, 4TO ra3 4acTbiO PacTBOPEH B KHIKO-
CTH, YaCTbl0 HAaxXOQHTCS B Hel B BHIE MeNbYaflIHX Ny3upPbKOB,
pa3vepnl KOTOPHX Majn 1O CpaBieHHI0 ¢ pasmepand mnop. Tak
KaK YACTHUW XHAKOCTY H .Ta3a ABHXKYTCH C OJMHAKOBLIMH CKO-
pOCTAMH, TO Macca Kakoro-uubyab BecbMa Manoro oObémMa V
CMeCH XHIAKOCTH H rasa OyZeT COCTOATb W3 ABYX 4acTelt:

1) owcudrod a3sr (KMIKOCTb ¢ PacTBOPEHHHM B Hefl rasowm)
¢ o6béMoM Vy, MIOTHOCTBIO ¢, M MaccoR 1, npH NaBAEHHH p;

2) za30804 ¢ha3w (ra3 B BHAE NY3HDPbKOB) C 0GBHEMOM v,
IpY TOM XKe *AaBJAEHHH p, W Maccolt V,p,, rae p, ectb mnot-
HOCTb Ta3a NMPH HABNGHHH Py

[loanas macca cmecu 6yxer paBHa

m=my-V, p, S (2.1)

Ecau naBaeHHe CMecH MOHM3HTCH, TO M3 KHIAKOH ¢a3m BuIe-
JWTCA YacTb pacTBOpEHHOTO B Heft rasa., Macca XHIKOCTH clhe-
naetca papHOR my, a OGHEM Vo. OXHOBDEMEHHO NpOM3ORAET
yBemiuenne 06b8Ma ra3oBOR ¢asm Ha HEKOTOPYIO BEMHYHHY v,,
I Macca rasoBol ¢asn caenaetca pasoit (V- V,)p, rae pects
IIOTHOCTb Ta3a npi AaBnenHu p. Hosult 06bEM cMecH, odeBumuo,
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6yner paseH

V=Vt V, 4V, (2.2)

HO MacCa CMecH OCTaHETCH MpexHad:
m=m, -+ (V,+ V,)p. (2.3)

Wz ypasuennft (2.1) u (2.3) caeayert:
V2=@+ vV, P"—:’ . (2.4)

Bunenende Maccw rasa my—m; W3 pacTBOpa, 3aHHMABLIETO
06bEM V), NPOHCXOAHT BCACACTBHE NaleHH NABJIEHHS Ha BENH-
YHHY po— p. [103TOMYy MH MOXEM DpPHHATDH

my —m, = cV,(py— p), (2.5)

rae ¢ ecTh NOCTOfHHas BenwunHa, EciH mpHHaTh, 4TO HaMeHeuue
COCTOSHHA Ta3a NPOHCXOAHT H30TEPMHYECKH, TO MH MOXEM
NPHHATD

p= ﬁp, (2.6)

rae B ects noctosHhas Bennyuna, Buoca (2.5) n (2.6) B (2.4),
NOJY4YHM

Vo=(V, eV 25E. (2.7)
Uamenenne o6b8Ma XHIAKOR ¢asu
AV, =Vo—V,, (2.8)

BO3HKKAIOLIEE NMPH MaAEHHH AABIEHHA HA BENHYHHY P, — p, OOBAC-
HAETCH XBYMA NPHYMHAMH!

1) wu3meHenseM oO6bEma pacTBOpa BCJENCTBHE BwLCHEHHS
H3 HEro PacTBOP8HHOIO ra3a; ITO H3MEHEHHE Ml MOXEM MPHHATb
paBHbIM

A Vy=—a; Vo (po—p) (2.9)

Tae &, €CTh MOCTORHHAA BENHYHHA;
2) naMeneHneM O0GBbEMAa pPacTBOpa BCMEACTBHE CHHMAaeMOCTH
rasa; 3TO W3MEHEHHEe PaBHO

A Vo=a,Vy(py—p) (2.10)
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TAe @, ecTh MOCTOSHHam Bennunua, Ilonnoe nameHeHne 06bExa
paBHo
/ ! —
AV, =AV, 448"V, =(2, —a)) (po — P) Vo,

YyTO mocne noactaHoskH B (2.8) ma&r
Vo=Vy[14-a(py—p)), (2.11)
rAe BBeZeHO 0603HaueHHe
a=a, —a, =const,

Broca (2.7) n (2.11) B (2.2), Mu Haia&m HoBHii 06bEM |/
CMECH, MOoayyalowuics mocie mageHHs HaB/AEHHA CMECH Ha Bell-

HHHY po—p:
V'=Vy[1-+alpy—p)]+ V,+(V,+§ c V) po_p—_p . (2.12)
Beexs o603HaueHHs
-5—:1:5, (2.13)
ap=—m, (2.14)
M monyunM W3 (2.12):

v'=vo[1+e+(sc+e+m’ip:”]. (2.15)

O603HauHuM NJIOTHOCTh CMeCH OOOHX KOMIOHEHTOB NpH HdaB-
NeHHH p, uepes Yy, a NpH AABAEHHH p —uepe3 Y. Torma umeem
COOTHOILEHHE

m=Y,V=1V, (2.16)
4TO0 HadT

Y= (2.17)

Broca cioma V' n3 (2.15) u HMes B Buay, uTO nmO OnpemeleHHIo

m : m

Vo F8 - VbV, 7 1o

MH TIOMYHAM

yz—"'-p"nTp, (2.18)
1852

7 1, c. Neatenson



98 YPABHEHHS JBHIKEHHSA TA3IIPOBAHUIOH XHAKOCTH [rn. v

rae
{}_ﬂ¢+5+n
- 148

B pasenctse (2.19) 7 ecTs, cornacho (2.14), semnuima nepe-
MEeHHad, HO AJA YNPOLIEHHS BuuHCAEHHR Ml npamem e& 3a no-
CTOSHHYIO BE/MYMHY, AaBas P HEKOTOpOE cpelHee 3HaueHHe. IJTO
Mu Tem Oonee MOXeM CHenaTb, 4TO KOS(QHUHEHT @& ecTb Manas
BEJHYHHA, KOTOpas BOOGLIE He MOXET GWTh OmpexeneHa TOYHO.

PapeuctBo (2.18) sBnsercs xapawmepucmuseckur ypasHe-
Huex I/ raza, OBHKYLIETOCS BMECTE C XKUAKOCTbIO B NOPHCTOH#
cpene. Benuduua { B 9TOM paBelCTBE NPHHHMAETCH 3@ MOCTORHHYIO.
B ciyvae nOAMTPONMYECKOTO MpoUECca H3MEHEeHHe COCTOSHHA
ra3a B NMOpHCTOR cpere onpenensetcs ypasennem (6.11) raasu II,
H XapaKTEPHCTHYECKOE YpaBHEHHE OydeT HMeTb BHIX

— To

1= T o (2.20)
d fe —y E pin—pnm )

14— (p— P (pa— m_ o> £0 TP

+ e PP +1+E (pg PP~ "+ T ——

Jlerko Buaeth, uto nmpu n—1 ypasHenue (2.20) nepexoaut

B ypaBHeHue (2.18).

(2.19)

§ 3. OnpezeneHAe HACLIIEHHOCTA MOABAXHOTO SJeMEHTA,

CornacHo oOnpexeneHHio MNOHATHA HACHLUIEHHOCTH, JdaHHOMY
B § 1, MH nonyduM I8 HacHUWEHHOCTH HAIIETO IIOABHKHOTO
3JIEMEHTA BHIPAXEHHE

0'=-VT, (31)

rae Vy onpexeasercs no gopmyae (2.11), a ¥’ —no Qopmyae
(2.15). BBuay matocTH @, M MOKeM TPHOAIDKEHHO NPUHATD,
4TO

Vip==Vy,
V=V, (1 +5(1-H02E), (8-2)
Buocs (3.2) B (3.1), Mu monyuum
o= 1 : (3.3)

(1-+5) (1 +n”.°p__”)
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Ecnu HayameHyio HAacHIEHHOCTbL NPH XaBNeHHH p, 0603HAYHM ve-
pes g;, To 43 (3.3) umeem
1
G — -IT- . (3.4)

Broca (3.4) B (3.3), MH [ONYYHM OKOHHYUTEIbHO

Ty

st (3.5)
S0 1+D_F’0_p__1’

Onpeneisa oTcioda —5—, Haf gém:
0

g2
P___ S (3.6)
Po -1 =2

dopuyna (3.5) mM0O3BONAET BHIMHCAHTH HACHLUIEHHOCTb MOJBHXKHOTO
3/IEMEHTa, Macca KOTOPOro OCTa&TCA [MOCTORHHOU, HO OODBEM
BoapactaeT. [lpu 3TOM xuakad ¢hasa S7AeMEHTa NPAKTHUECKH
HE MEHfeTcs, Mexily TeM Kak raszosas ¢a3a ysend4yHBaeTcs, Tak
KaK C mageHdeM [aBl1€HHA YyBenuYHBaeTcs OO6'bEM rasoBHX my-
3HPbKOB W BHIENAETCH H3 pacTBOpa ras,

§ 4. YpaBHeAAs NaMHHAPHOTO COBMECTHOro ABHXKeHAS
WAIKOCTA M ra3a B HeH3MeHSeMOH HDOPACTOH cpexe.

Tak KaKk XHAKOCTb BMECTE C ra3oM JIBHXYTCH COBMECTHO,
T. €. C OXHHAKOBLMH CKOPOCTAMH, TO MH MOXEM DacCMaTpHBaTb
5TO ABHXEHHE B MOPHCTOHR cpelde KaK ABHKEHHE (HKTHBHOH
OIOHODOXHOR KHUAKOCTH HEKOTOPOR [II0OTHOCTH Y, OnpeaeiseMol
NpH IOMOLIM  XapaKTePHCTHYeCKOro ypaBHenua (2.18), ITostomy
B pacCMaTpHBaeMOH TEODHH XapakTepHCTHYeckoe ypasHenHe (2.18)
HrpaeT OCHOBHYIO POJib.

Mu OGyzem paccMaTpHBaTb IIOPHCTYIO CpPERy KaK HEH3MEHS-
eMyl0, @ IBHXYULYIOCS CMECb, TaK HalnBaeMylo 2a3Up08anHHyI0
J/CUOKOCMS, KAK YTPYFYIO XHIAKOCTb, IVIOTHOCTb KOTOPOR Y ecTb
onpeldenéHHas GYHKUHA FHIPOXHHAMHYECKOrO AABMEHHA P H Bhl-
yycnsercs no gopmyne (2.18).

Tak kak geHxeHde Hawel ¢HKTHBHOR XHAKOCTH mnpexpnona-
raercdl JaMHUAPHEM, TO KOMIOHEHTH CKOPOCTH QHALTPALMHM Ompe-

V&l
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denstotTca no dopMyaam (2.2) rnasw Il Tlostomy nmeen
k _odp )
 —

T4=—""3s"

(4.1)

-
Q
I
|
Ela wla ®|
-2
S
e e

npuy€M 31elb BeaHYHHA I OTHOCHTCH K CMecCH.

KomnoteHtn ¢HKTHBHEIX CHA COMPOTHBAEHHE ONpeNesAIOTCH
¢opuynamu (3.5) raasn II ¢ 3ameHoit 5 uepe3 Y:
__ v __ww
XO—ET{' Yo—k_y’ ZO—E' 4.2)
Tlpu ABuXeHnH razuposanHol wuakoct 8 none cun (X, V, 2)

KOMMOHEHTH CKOPOCTH /aMuHapHOR (HABTpPauHM onpelensioTc
dopuynamu (4.4) raasu Il c 3amenoRt p uepes :

w=b(x=12) )

B 1 ox
ky 1 dp
=(r—=35) | (43

YpaBueH#e Hepa3pHBHOCTH MPH HBHXEHHH B HeM3MeHFeMOR mo-
pHcTO# cpefie mosyyuM M3 ypasHenus (1.2) rnasu [I, 3amenss o
uepes Y:

%(*{u) + g;('{'”) +§;(Y‘w) -|-m%72=0. (4.4)

Buoca (4.3) 8 (4.4), MW MOJyYHM
d [k dq k dq k dq
,,x( S
d'{ aq k2 d (ky: g ky?
" Iq Ot (l‘ X)+0y( y)+0Z(TZ)’ (+3)
rae BeeaeHo oGo3HayenHe
7= { vap. (4.6)
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Ypasueue (4.5) ecTb OCHOBHOE YypaBHeHHe I/ pelleHHs 3axauy
0 IBHMEHHH rasMpoBaHHON KHIAKOCTH B HeuaMeHseMolt mopucroft
cpele NMPH 33aJaHHHX HAYa/JbHHX H TPaHHYHBIX YCIOBHAX,

[Ipu zxBHXeHHM B noje TAXKECTH HMeeM, HANPaBMA ock Oz
BEPTHKAbHO BBEPX,

X=V=0, Z=—g. (4.7
[Toaaras oTHOuIeHHe % NOCTOSHHIIM H BHocs (4.7) B (4.5), Mu
NOYYHM
-z d1 (mudp 9p
vq_‘dp (Td_t_2g702) : (4.8)

310 ypaBHeuHe, peuiaiouiee 3ajgauy O ABHXEHHH TAKENO0H ra-
3MPOBAHHON XKHIAKOCTH B HeH3MeHAeMOW MOpUcTOH cpeae, Gwio
IaHO Hamu B 1934 r. 1),
lMoacrasana y u3 (2.18) B (4.6), Mu monyuum
7= %) (4.9)
rae BeelreHO 06o3llayeHHe
q)(p)—p—l—{)(l——) {}ln[ +b(1——)]+const(4 10j

TpeneGperas spdexTon TRKECTH, MH HMeeM 13 ypasueHis (4.8)

V'—’&:m" oy __mpdy 0p @.11)

Huddepenunpys (4.6) u (2.18) no £, M NOAYYHM

0q 0q dp ap
ot —opot 1o (4.12)
i{_ Df!l-f) 0”- (4 13)

ot~ [pF¥(py,—p)I 0t
“cK.’llO'{aﬂd 13 (4.12) u (4.13), GymeM 1vMeTh

=mp3L, (4.14)

Iy Jlefi6enszon JI. C: HedrenpoMbicl0Ban MEXaHHKA, wvacTs
Bropasa. Mocksa 1934, crp. 233.
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rae BBedelio 06G03HaueHue

— )
M) = 55T e=pil- (+.13)

Buocs (4.14) 8 (4.11), Mu noayuuM ypaeele

2 dg
v ="tM(p) 5. (4.16)
Ha ypasuenus (4.9) Mu uMEEM p KaK HEKOTOPYIO YHKIMIO OT ¢
p=/19).
Beexds o6Go3uavenue
—r _£
u_m+w(1 m% (4.17)
Toraa 113 (4.10) Mbl monyyum
¢=U—0Iny, (4.18)
a u3 (4.9) nattndm
y (1= 02 -
v Toro (4.19)

Ha (4.18) pa3noxeHueM B PAX MH MOJy4yaeM
3% Ind2— (In¢)?

U=¢Hong o It FIE_Mb? (4 90)

PaccuatpuBan ypasHenne (4.18) B cucreme koopmuuat U, ¢,
MH CyMeeM pelIHTh ero rpadHueckH.

[Monaras _
M(py=M(q) (4.21)
n BHocd (4.21) B (4.16), MH nonyyuM OKOHUaTeNbHO
- - dq
vig="¢ M, (9) 5. (4.22)

B 3T0 ypaBHeHHC BXOOMT OJHA HeM3BecTHad (yHKUHMA ¢, KOTO-
pag MOXeT OLTh ONpeJeteHa, €C/M NaHHW HadanbHHE W TPaHHY-
HHE YCNOBHA,

Takum oOpa3zoM, coenaHie HamMy JOMYLIEHHA O CBOHCTBE
CMECH »HIKOCTH U ras3a (BBeleHHe MOHATHA ra3HpOBaHHOM KHAKO-
CTH) NPHBOOAT K CYLIECTBEHHONY YMPOLIEHHIO MaTeMaTHYeCKOro
HCC/IENOBAHNA NMPOGAEMH ABHXEHHA CMECH HJIKOCTH M rasa 4 rnos-
BOTIIOT MOJYUHTh €€ aHaIMTHUeCKoe pelleqHe,
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§ 6. Yactamnii caygat yctaroBABmErocs COBMECTHOrO
JBAXEHAA WAAKOCTH A rasa.

B caydae ycraHoBuBlIerocst ABHXeHHA ypasHeiide -(4.22) npu-
HUMaeT BHI

Vg =0, (5.1)

npudEM KOMMOHEHTH CKOpPOCTH /NaMHHADHOW (HAbTpamuu ompene-

asaotca U3 opmyn (4.1) mocne 3sameHw B HUX p yepe3 g HA Oc-
HoBauuu paBeHcTBa (4.6):

Y

Y“——ja—;- ]

. _ kog |

[v ‘—_Io_yl '} (5.2)
___ kg

YW——FE.

VYpasuenue (5.1) ecTh XOpOWIO H3BECTHOe ypaBHeHHe Jlamnaca,
METOX pelleHHd KOTOPOro NpH 3aJAHHHX TPAHUYHHX YCIOBHAX
H3BeCTeH.

§ 6. YpaBHeHAs JaMAHAPHOrO JBHKEHAS ra3APOBaHHOA
WAAKOCTA B HeA3MeHAeMOk mopHcTO# cpele HIpA PasAMdHMIX
CKOPOCTAX WHAIKOH M rasopoil ¢as,

[pumeM, yTO WHAKAaA M rasosad ¢a3w TOH cMmecH, B Buae
KOTOpOH MH mpeAcTasifieM ceGe ra3HPOBAHHYIO KUAKOCTb, HBH-
XYTCA B MOPHUCTOH Cpele ¢ pa3/MYHEMH CKOPOCTAMH, Bseaém
crenyouide 0603HaYEHHA:

Haa xunko# ¢asu (pactsopa):

, Uy, W], — KOMIIOHEHTH CKOPOCTH (HABTPALHH, ¢ — IIOTHOCTS, by —
K03 HUHEHT aGCOMOTHON BA3KOCTH, p — FHAPORHHAMHYECKOE RaBicHHe,

Haarasosoft da3n (cBoGomHui ras):

Uy, U3 Wy— KOMIIOHEHTH CKOPOCTH QHABTPAlHH, p— IIOTHOCTD, pg—
KO3 PHUHEHT aGCOMOTHOR BA3KOCTH.

s onpeaenexns ckopoctelt 1aMHHapHOK PHABTPALMH XUAKOH
v ra3osod ¢as npumenuM ¢opmynn (2.2) raasw I, npuuamne-
wawe Jlapcu, Ho mpu 3TOM BBeld¥M mnompaBouHHe Ko03ddHuM-
€HTH. OIHH /Sl XHAKOCTH, APYro AnA rasa. ITH Ko3pPHUHEHTH,
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3aBHCALME OT HACHIIEHHOCTH G, HOMXHH OHTh ONpPENENEeHH H3
onuta, [IpoHHuUaeMocTs MOPHCTOR cpedn WA JaMHHAPHOR uibe
Tpaulid OZHOPOAHOR (KHIKOCTH 0003HaYMUM yepe3 R; HMeeM

w=—Zf0)E,
__ k0P
v=—rf@g | (6.1)
, % op
‘le— Ef(a)d_z_’
ty=— L9032,
—— k% 1
w=—To@F, 6.2)
k ap
Wy=—1. 205
[as dyuxunit
f=f0), p=1¢p(o) (6.3)
Bxoaaupx B paseHcrBa (6.1) u (6.2), ouesnaHo, umeen
f0)=0, f(l)=1, (6.4)
¢(0)=1, ¢(1)=0. (6.5)

3™ yHKUKH, HCCIENOBaHHE KOTOpHX Gyxer AaHo uuxe; B § 9,
BBEJEHH BMEpPBHE aMepHKaHCKMMH yu€HhmH Myckatom (Muskat)
1 Mupecom (Meres).

Jna onpexeneHds IABYX OCHOBHHX HEH3BECTHHX BEJIHYHMHY
rHAPOAMHAMMUYECKOTO JHaBNAEHHA p (X, y, Z,{) H HACHLIEHHO-
CTH 6(x, y, 2, £) MH COCTaBHM IBd COBMECTHHX IH((epeHUUans-
HHX YDPaBHEHMAl, HAaMHCAaB OTHEIbHO YPABHEHHE HEpPa3pPHBHOCTH
A KuIKOH asw M ypasHeHHe HEpas3pHBHOCTH I/ ra3oBoi
dasn,

Tak kak MIOTHOCTb pacTBopa (xHakoR ¢a3w) ¢ Meusercs
C M3MEHEHHeM IaBJieHHA, TO MH JOMXHH PacCMaTpHBaTh €8 Kak
(PYHKLUHIO KOOPAMHAT H BPEMEHH

g=q(x, y,2, 1. (6.6)

Ho nockonbky sTo H3Menenue GydeT He3HaUMTENbHHIM, MH MO-

e anHﬂTb, 4TO
q=q,-}4q, (6.7)



§ 6 YPABHEHUA JIAMHHAPHOTO IBHKEHHS 105

rae g, ecTb MOCTOSHHAR BENHYHHA, a OTHOLIeHHE :—Z ecTh Ma-
nasg  BeAHYHMHA.

lMpu asmienun ¥uAKoH ¢pasw U3 Hed suaenserca mo Mepe
najcHud JaBJ¢HHA pacTBOpEHHEA ra3, HO npoucxomsuiee MnpH
STOM H3MEHEHHe IUIOTHOCTH ¢, KaK ywe OHhJo yYINOMAHYTO, He-
aHayuTenpHo. [losToMy 1718 ynpouieHHS MH MNPHMEM IVIOTHOCTH
WUaKo#t a3 MOCTOAHHOM H paBHOH ¢g, 3 BLUIEIAIOLIYIOCR M3
pacTeopa Maccy rasa Gyaem ompeaeniTh no 3sakouy [enpu.

CornacHo cKa3aHHoMy B KoHue § 1, Macca WMIAKOCTH B €IH-
Hume oGb8Ma nopucTol cpean paBHa mqa C/1eJ0BaTe/bHO, OTHE-
cBHHOE K eIWHHIlE BPEMEHH H3MeHeHHe Macchl KHIKOR ¢a3m,
3aKkmo48HHOK B 3neMeHTe 06bEMa nmopucTolt cpenn, Gymer

dt(mq° dx dy dz),

HIH, NPHOAHKEHHO,
de
5 M4 dx dy dz.
Cornacxo 3akouy [enpH, Macca rasa, Buae/MBUIafcA U3 PacTBOPa

B 3neMente 0GbEMa MNpH MAJeHHH NaB/JEHHSI HA BeNUYMHY — dp
3a eIHMHHLY BpEMEHH, paaua

mca a Pdxd ydz,

rae ¢ ecTb noctosunas 3akosa [eupu [cm. ypasuenue (2.5)],
alp

dl €CTh cyGCTaHuuaanan NpOoX3BOAHasA, paBHaf

D é ap
Ete='5p? ‘l‘a 1+ + (6.8)

KousexTBHOE mNpHpauieHye Maccel B sneMeHTe o6GLEMa 3a egu-
HHUY BpemeHH Gyaxer

—qo (du‘ + 9n + Jw, )dxd_y dz,

Orciona umeem GanaHc MacCH WHIKOH a3kl B eAHHHLY BpemeHy
B sneMeHTe 061LEMa Heu3MeHAEeMOH nopHcToff cpenw:

Oy | duy dwl __mes Dp ds
=2 + 52 + o —{—mo—:=0. 6.9)
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Buaenusurasics U3 XHIKOH q)aau Macca rasa

—mw It P dx dydz

Oyner npuGaensThcd K rasoBoif ¢ase,

KouBekTHBHOE mpHpaujernHe MaccW rasza B 3j1eMeHtTe 06bEMa
MOPHCTOR Cpeln 3a emiHHLY BpeMenH GydeT

0 d d &)
[ (puy) L (P"z) (gzw-) ] dxdydz.

Cornacio ckasaHHoMy B KoHue § 1, Macca rasa B emuHuue
o6bEMa NMOpHCTOH cpedn paBHa

mp(1—a),
C/1€40BaTEAbHO, OTHECEHHOE K eNHHHLUE BpPeMCHH H3MEeHeHue
MaccH ra3oBod ¢asm, saxmouturolt B sleMeHTe 06DbEMA MOPHCTOH
cpenu, Gyaer

c;,t [m(1 —o)dxdydz |=mdxdy dz 5; [p(l —a)l.

Otciona uMeeM Ganauc Maccu Fa3oBoft ¢a3nl B eAuHHily BpeMeHd
B 3/eMeHTe 0GBbEMa HeH3MeHseMOH mopucToH cpeln

0(P,h)+0(on)—l—d(sz)—i—mCG +m0t[f)(l )] 0.(6.10)

Buoca (6.1) B (6.9), Mu moayuuM ypasHeiiue

f©@V2p-+7 @4(p, )+
pume 2 Lreap|="0%, @

rae BBeIEHH odosuaqemm

v’lp p— 0x2 0}'2_'_ 022 s (612)
, __0p ds 00 dpds | dpos .
A([),G) ox 0x + '0—J; '0—J;+ 0—2'0—2' ) (6. 13)
_ op dap\? 0_p 2
o =(5) +(3) +(%) .14

anMEM, B JOCTaTOYHOM COrNacHH C ONHTAMH, 4YTO H3IMEHeHHe
COCTOSIIMA ra3a NPOHUCXOAHT MO H3OTEPMHUYCCKOMY 3aKoly
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rze § ectb rasosad moctosusad. Buocs (6.2) u (6.15) B ypa-
sienne (6.10), MH MONy4yuM

¢ [PV 4-4,p] 1Py () A(p.o) —
—Z%E[g—f“—f““xp] =2 2 [p(l—a)] . (6.16)

HenuuelHue ypaBHelus ¢ 4aCTUHMH MIPOM3BOAHHMH BTOPOFO
nopaaka (6.11) u (6.16) npn 3amanHWX HAYaNbHHX W FPAHHYHBIX
yCnoBHAX CAYHAT IS OMpede/leHHsst ABYX HEH3BECTHHIX:.

plx, y,2,8) u o(x, y 2 ).

CnenyeT 3aMeTHTb, 4To ypasHeHne (6.9) MOXHO noayuuTs
HEemoCpeACcTBeHHO U3 ypasHenwus (1.1) raasm I, eciu mpuHaTs
NJOTHOCTh CXHUMAEMONH XIIKOCTH pasHO# ¢ H BHECTH BMeCTO mi,
COrnacHo ckasaHHoMy B kouue § 1, Benwuuny me, Toraa npu
NOCTOAHHOM /1 MH TMOJYYHMM ypaBlieHHe

7 (q0) + 2 (q0) + 5 qw) L m 3y (g0} =0, (6.17)

HIH
a 00 ow 2 a
7 (GR+ 3+ %2) +3 u1+;f’v1+—"w+
+ma —|—mq =0 (6.18)

Tak Kak nJI0THOCTB q O'U€Hb ManM0 OTK/IOHAETCH OT NOCTOIHHOH
BEJIMYHHH ¢4 H TAK KakK

u =mou, V,=meV, W,=mIW,,

rae Zl, v, 51 CYTh COCTAB/SIOLIHE HCTHHHOR CKOPOCTH IBiHXe-
HHA WMAKOR (dasw B MOPHCTOR cpele, TO 3 ypaBHeuus (6.18)
NpUGINKEHHO MOJYyaeM

g0 (m t—l—d"‘—l—dv‘—l—dw‘)—l-ms —0,  (6.19)

v D
riae cy6c1aum{anbuaﬂ NpoH3BOAHas -Eg OTHOCHTCA K HCTHHHOH

CKOpOCTH aBHxeHus, [IpuMeM Temeps, B COF/IACHH C 3aKOHOM
TeHpit, 4TO BHAENMOMIAACA H3 WUAKOH (hasW BC/EACTBHE Naze-
HHA JaBJeliig MaCca rasa B €IHHMUy BpeMeHH MPOMOPUHOHaNbHA
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cy6CTaHUMaNbHOH mpou3BoaHOR OT Hasnexus (6.8), Bautoit ¢ of-
PATHHM 3HAKOM, T. €,
Dq Dp
T — it (6.20)
Buioca (6.20) 8 (6.19), moayuum ypasuenue (6.9).
Ypasuenus (6.11) u (6.16) BnepBne omyGAHKOBAHH HaMH
B 1945 r.1),

§ 7. Cayuaft, xorna HacHlIIEHHOCTh €CTh (PYHKUAA TOJBKO
JaBJICHAA,

Ecau, 410 nmpencrasaseTcd HaM  HauGoJiee  BEPOATHBIM,
HACHILUEHHOCTh O ecThb (YHKINA TOJBKO FHAPOIXHHAMHYECKOro

AaBAEHHA P, T. €
s=3(p), (7.1)

10 ypasHenusa (6.11) u (6.16) ynpowmaiorca, Ha ocuosaumm (7.1)
HMeeM COOTHOUIEHHA
ds  da dp

0t dp dt A (I’ 3)—- lpl (7'2)

KOTOpHE Halo noicTasHTs B ypasueuua (6.11) u (6.16). B pe-
3y/bTaTe MNOJydaeM NJA pelUueHHs 3aldayd O XBHXEHHH .Tra3upo-
BaHHOH XHAKOCTH ypaBHEHHS

fOvp+ [rof—"21@] ap=
= G5 o

(@) pVip+ [(p(o)—l-p'\o' (o)ﬂ—l-ﬂwﬂo)]' P =
—m [1_(1 —Be)o— dp] L

B cayyae ycranosusurerocs asuxenus ypasueuus (7.3) u (7.4)
TIPHHHMAIOT BHI

feN %+ [1 @G — T2 f@]ap=0, (7.5)
9 ©pVip+ [p(0)+py' (955 +”'5""°f(s)] p=0. (7.6)

1) «Jloknagu Axagemun nayk CCCP» 1945 r, Ne 3, c1p. 173,

(7.3)
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Hckmouan u3 (7.3) u (7.6) oTHoweuue

Vip:dp
MH nosyuuM DiddgepeHunansHoe ypasHeunne

(=F)e 55 im0 0

? ¢ (c)

rae BBeIRHO O0GO3HAYeHHe

€ . (7.8)

Els

M3 storo ypasHeuus omnpexendercs o(p) HaH, HaoGoport, p(e).
3nas oXHy u3 STHX (yHKUMH, Hahia8M ruIpomKHaMHuecKoe 1aB-
leHHe NyT8M HHTerpHpoBanud AudipepeHuHansHOr0 ypaBHEHHs

Vip - Fi(p)3,p=0, (7.9)

rae F,(p) ectp ussecTHasd ¢yukuus oT p.

B cnyyae HeycTaHoBHBUIErocH IBHXEHHA MH MOXeM OTOPOCHTh
B MEPBOM NPHG/HNEHHH B NpaBHX uacTax ypasHeuuit (7.3) u (7.4)
yneHu, colepxaiite A p, KAK MaluWe BeJHYHHH BTOPOrO mopsiKa.
Toraa nonyuuM ypasHeHus

flo)Vp="0(% 5V, (7.10)

s@pvp={"2[01—0)—p ]|+ 2=} 2. @11)

Hekmoyaa 13 (7.10) u (7.11) ornowenue
Vzp:;t—,
ME TIOJyYHM nmptpepeuuuanbuoe ypaBHeHHe

% (o) _5 [09(0)] 1 — e
e—|-f(°) o) p+e( §cyo—e=0, (7.12)
N03BONAIOIIEE ONpeAe/HTs G (p) HaH, HaobGopot, p (6). 3uas omuy
M3 9THX (YHKUHH, MW HaWa8M CUAPOAHHAMHYECKOE JaBiesHe p
M3 ypaBHeuHs

vpF,(p) 2 —o, (7.13)

rne F,(p) ectb M3BecTHa# yHKUHA OT KaBACHHA p,
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Ecai B ypasHenusx (7.3) H (7.4) ko3dpduiHenTH npu Be-
JHYHHAX

op
\'%) , Alp’ oF
nponopuuouanbuu, TO0 MEXKIYy HHMH C)’UJ.ECTBleT COOTHOLIeHHT
[ (o) ﬂ__ﬂt‘j_l_l_?’ (o) do_mpeeof (o) \
¢ (s) dp % p ' ¢(c) dp py(c) °

I
b (7.14)

do e £ [ (| _gyg_p
do qo_‘m(ﬂ)[l (1—Be)o pdp]';'

Onpenenus otciona 6(p), MH NMONy4UM IS ONpele/eHHs rUAPO-
IHHAMHYECKOTO HAaBjeHH p axddepeHuHanbioe ypaBHeHHe

Vi A(p)ap=B({)1L, (7.15)

rae A(p) n B(p) cyts uaBecTHue yukuuH p,
Ypasuenus (7.12) u (7.7) npusondsATcs K BHRY

pE=u0+a@p, (7.16)

rie a,(6) H a,(0) cyTh H3BecTHHE QYHKLHH OT HACHILEHHOCTH G,
Tak kak B MpaKTHYECKHX 3ajzayax daBleHHe P MeHSAeTcs B y3KHX
npenenax, TO MpPHOAHKEHHO MOMHO NPHHATH B [PaBOH yacTu
(7.16) ana p cpemsee B HHTEpBajle 3HaueHHe, T. €. CYHTATh p
NOCTOSHHEIM W PABHHIM

p=p. (7.17)
B 3toM cnyvae peutende ypasHenus (7.16) Gyaer mMers BHI
p =const, e?®), (7.18)
rae
d (o)
6 g, =§———:..—-. 7.19)
© a, () -+ pa, (v) (

§ 8. YacTHwit cayuaid, KOraa CKOPOCTA WHAKOH M rasosoil
¢da3 oanHakoBbI,

B atoM cayyae MH HMeem
L=t V=T W—=U, (8.1)

[noTHoCcTe cMecH Y, BBed¥HHas HavMu B § 2, onmpexensercs dao
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dopmyne
{=g¢qo-+06(1 —oa), (8.2

Kotopas, OMNpH MNPHHATOM HAMH AOIYUWEHIH, 4YTO §g=—=¢, NpH-

HUMAET BHA
Y=g+ p(1—0). (8.3)

CknaaunBas ypasutuus (6.9) v (6,10) u npuHuMas BO BHHMarHe
cootHourenus (8.1) u (8.3), M monyuuM ypasuenue (4.4), B Ko-
TOPOM BMECTO &, U, W CTOAT &,, ¥, W, T. € NpuagM K Cayuyaio,
yke paccMOTPeHHOMY HaMH B § 4. B atom cayuyae, kak 310 cne-
ayetr u3 pasencts (6.1) u (6.2), mu imeem

cf@=2e)=1, (8.4)

k
npHués " OTHOCHTCH K (HIbTPAaUMH CMecH MNMAKOCTH M rasa,

§ 9. GyHKUAOHANBLHAA 3aBACAMOCTL NPOHAIAEMOCTH
WAAKOCTA A rasa B NMOPHCTOH cpefe OT HACHILEHHOCTH.

HDanum, vcxoms u3 rpapukos BaRkodpa (Wyckoff) u Borcera
(Botset) (¢ur. 21), anaautHyeckoe smpawenuHe a1 xo03dduumen-
TOB MPOHHLAEMOCTH K, wHAKON ¢pasw M &, rasosoft asw Kak
¢yHKUMA OT HachuIeHHOCTH G1),

Ecnn %k ecTb mMpoHHUaeMOCTb NPH GUABTPAUMH OAHOPOAHON
WHAKOCTH 4Yepe3 paccMaTpPHUBaeMylo MOPHCTYIO cpeéy, TO, co-
raacio § 6, Mu HMeeM COOTHOLIEHHS

A=10), B=0¢0). (9.1

Ta3oBhie My3HPbKH CTECHSIOT MPOXOAHW MEXAY YacTHUAMH TNOpH-
cToft cpean, 4Yepe3 KOTOPYO Ted¥T Tra3HpoBaHHas KHIAKOCThb.
[ToaTOMy MOPHCTOCTE STOH CPEIH M2 yMEHbIIZETCH 10 BENHUHHK /M |,
onpenenseMoft ito gopmyne

m,=ms, (9.2

CnenoBaTeNbHO, MBI MOMEM BHYHC/IATh ABHKEHHE KUAKOR (asu

1) [Toapo6itoe onucaune onntos Balikoda u Borcera u aHaaus ux
rpadukoB cMoTpeth B cTathe B, B. Jlanyka. CM. xypuan s«Hedrqauas
npoMbiurienHocts CCCPy» N 5, 1941 r,
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KaK OZHOPOAHOM HHAKOCTH B Cpele C MOPUCTOCTHIO m,, Ompe-
Aengemoft popmynolt (9.2).

V{4 +
\
$

v ¥ #, RN
. b s/
e ' sz' N \7/
40 -

7ot

&9

L

Je

20

/0

g
g 9 a2 JI “w. & 70 LA )
®nr. 21,
Cornacio ¢opmynam Cruxtepa u Kosenu [rnasa I,(5.18) u
(6.17)], nmeenm
k—=am", (9.3)

rie a ectTb MOCTOSHHHA KO03¢¢HUHEHT, 3aBHCALHA OT AuameTpa

YacTHIW MOpUCTON cpeln, a mOKasaTeJAb CTemeHH paseH Mo
Cnuxrepy

n=3, 3,
a no KoseHnu

n—=—4.

Tak kaxk wuaxags ¢asa TeuET Uepe3 cpely ¢ MOPHCTOCTBIO M,
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10, cornacHo ¢opmyne (9.3), uMeeM AA MPOHHUAEMOCTH KHIKOR
¢pa3n BoIpaweHue

kl_—'-amf. (9.4)

M3 (9.4) u (9.2) Haxomuu
k, =am"s" (9.9)

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

Takum o6pasaom, u3s (9.1) u (9.6) Mu MMeeM OCHOBHOE COOTHO-
uIeHHe

f@)=a", 9.7)

yaoslersopsioulee yc.1osHsM (6.4).
IOna cpasHenus cooTHowenus (9.7) C ONWTHHMH JaHHBIMIL, MK
nocTpouM Iuarpammy (pur,22), oTIONMB MO OCH abcuucc 3Ha-

1 nglﬁﬁ o)

8 - o

/ 2 4 6 8 o 2 & & 3
lglwofia)
Pur., 22,

yenus lg f(c), a mo ocv opauwar — 3uauennss 1€3. Mu  BHIMM,
YTO TOYKH, MoMyuenHnie obMep M rpapuxa Bahixkoga M Borcera.
OYeHb XOPOLIO TPYNMHPYIOTCH OKOJO HPIMOA

lgf(a)=niga. (9.8)
8 1. C. Neadenson
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U3 obmepa auarpaMMul MH HAULTH, YTO NPHOMMKEHHO MOXHO
MPHHATD

n=3%. (9.9)

3710 3HayeHHe 7 OT/IMYHO COIJIACYETCH C WYHCJAMM, JaBaeMLEIMH
Teopusamu Cnuxtepa v Kosenn, 1 nokasusaer, uto ¢opmyaa (9.7)
Ha8T ynayioe npubnmxEHHOe NpeacTaBieHHe ans f (o).

Ha ocHoBanuu uccnesosanus rpaguxa Bafixopa u Borcera
(dur, 21) M HanOMMM cieaylouge ycaosud HA yHKumio @ (0):

2(O)=1, ¢'(0)=0, 9.10)
9(1)=0, ¢ (1)=0. )

Yro6u yaosnersoputs ycnosuam (9.10) M ucnoab3osaTh aHa-
noruio ¢ ¢opuyioft (9.7), mu npumen

¢(@=(1—0a)?(1 4 Ag?-}- Ba’-}-.. ), 9.11)

rae p,q,7,..., 4, B,...CyTb NOCTOSHHHE, NOANEWALHE ONpe-
LeJIEHHIO,
Yenosus (9.10) tpebyioT, 4ToOH

p=2, A=p, r>q, gq=1. (9.12)
Toraa nauGonee NMPOCTHM BulpaieHHeM ang @ (d) Gyxer
@) =(1—0o) (1 433)=1—063"}8s°* —3a¢, (9.13)
OTKYZa, B YaCTHOCTH, C/eXyeT
P (1Y _ 1\ 5
¢ (3)=0 ¢(3)=1

YTO XOpOwWO cOrnacyercs ¢ rpacguxoM,

N



r'1TABA V.

3KCNEPUMEHTAJIbHBIE HCCIEILOBAHUSI RBWXXEHHA
FA3UPOBAHHOM XMJIAKOCTH B HEMU3MEHSIEMOW
NMOPHCTON CPEJE.

§ 1. Onett B. Knayna.

[Tposedenne ONWTOB HAXL ABHXEHHEM Ta3vPOBaHHOH MKHAKO-
CTH B MOpHcTOR cpele cOMpMkeHO C GO/BUIHMH TeXHHYECKHMH
TpyaHocTAMH. JIo cHX MOp TaKue ONuTH NMPOH3BOAMIHCH TOJBKO
B Coennn&HHhix wratax CeB. AMepHKM B CBE3M C 3anpocamu
He(pTAHON NPOMKUIIEHHOCTH.

[lepsas o6croAtenbuas paGora Guna ony6iaukosana B, Knay-
xoM (W. Cloud) B <«Petroleum Development» 3a 1930 r.
B ueft B. Knayn coobuidet o psiae onuTOB, KOTOPHE OH MPOH3BEN
Hax ABHMIKEHHEM CMECH HedTH W rasa, a Takwke cMecH HedTH H BO3-
Ayxa Mo uUMAHHAPHYecKol TpyOe, HanmosnHeHHO nmeckom. K coxa-
NIEHHIO, OMHCAHME OMKTOB CAEJaHO OYeHb KPATKO, a AHArpaMMu
pacnpeneneHus [0aBaeHHd B TPyGe HaHW B TaKOM MaJOM Mac-
mitabe, YTO TPYAHO MPOM3BECTH MO HHUM YHC/IOBHE OTCYETH
(¢ur. 23 n 24), Tpy6a, nmo kOTOpOR mnpoTekana cMecb HedTH
H rasa, umena amuiy B 10 ¢yros (okono 3 k) ¢ BHyTPEHHHM
Zuametpom 3,87 nmiofiMa M Owna ycTaHOB/EHa TOPH3OHTANBHO.
B miecTH Toukax, OoTMEYeHHHX Ha ¢ur, 23 u 24 umdppamu I, 2,
3, 4, 6 n 6, 6um ycraHoBneHW MaHoMerpu. Cmechb BCTymana
B TPyGy npH U3GHTOUHOM paBnexud B 250 aura. (yHT|KB. AiofiM
(1 w2]/cHu® =14,223 aurn., ¢yt KB, ZIOAM); NPH BLXOAE HAa APY-
roM Kotue TPyOn CO3AaBaMHCh Pa3NHYHHE NPOTHBOIABJCHHS.

HUccnenosanuce tpu nedptu: Kiefer, Tonkawa u Cromwell,
OCHOBHHIE XapaKTEPHCTHKH KOTOPHX maHw B Tabnuue 3.

Ha ¢ur, 23 v 24 xanu kpHBHe nameHud AaBNeHHE MO ANHHE
TPyOR NPH Pa3nHUIthiX M3OWTOYHWX OaBJEHHAX Ha €& BRIXOXHOM
8’!
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Ta6auma 3. XapakrepHcTHKa HedTH B onbitax Kaayaa.

O6béuunlt raso-
Buft daxrop {, co-| Jdunamuueckas
¥ aenpHuiit Bec 7| oTBeTcTBYOULKI BA3KOCTh f
Hed1b B 2/cM8 NpH | pacTBOPEHHIO ra3a B mya3ax
60°P (== 16° 11)| B HedTH npx K36H-| mnpu 100° P
TOYHOM jaBJEHHH (=38°1L)
B 250 aHri.
dyHT/KB, At0liM
Kiefer 0,87 7,23 0,095
Tonkawa 0,84 9,50 0,045
Cromwell 0,86 8,33 0,075

KOHLle, HO MPH OLHOM W TOM Xe HayalbHOM H3GLITOYHOM [N aBJe-
HUM B 250 anra. ¢yut/kB, Miokm. [IpaMast JuHMA COOTBETCTBYET
cryyaio msuxends MEpTBOR HedtH (Ge3 rasa uad BO3Ayxa).

HOMEDT MORAMEITPOS

T
! 4 3 4 b 6 250 r§
e sy 230 8
AN N s S 200 T
o e — §\
\\N\\'\\\\ ¥
SARNL SR 9
Sadh TN, 1308
‘\-\- \ RS V
\‘\ ~d §‘
SN 90 2
"™\ 3
T A 50 3
N H
n 3
0o 1 2 3 ¢« S5 & 1 & 8§ 8
POCCmonnue MENTY MOHOMPMPOMY 8 Qymar
Pur. 23.

210 BnOMHE TIPaBHILHO, HGO MPH OMHOMEPHOM YCTaHOBHMBLIEMCH
asuxceHun m8pTBoft HedTH ypasHenue (5.6) rnasw Il ma&r:

dp _

dx?—

0.

OGuft HHTErpan STOTO ypaBHEHHS HMeeT BHIL

p=Cx+G,. (L.1)
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Ecin Ha ocu aGcuMcc OTKJAaAWBAaThb YyHAan€HHe MauOMeTpOB OT
Hauata TPyOW, a Ha OCH OpAMHAT — JAaBIEHHE, TO NOJYYHTCS
KpHBas pacnpeleienns AagneHus BAOAb TPYOW, H, KaK MOKask-
BaeT ypasHeHue (1.1), 9Ta kpuBas gsnsgercd npamoft nuHHelt, DTo
6ymeT UMeTb MeCTO NIpH BCAKOM NPOTHBOAABIEHHH,

HOMRPD MOHOMEMPOO

3
S ! 3 4 3 ]
S 250 z
N RS
§zoo b
§ \\\\3 4
NY SN
%,50 T I~ 4 P\\\
s *d .
T I~ \i\ \
3 100 5 L NN
§ ~ \L_\}\
z 50 : \‘\\‘\ b
3 N
s 0 7 8 9
S 0 / 4 3 4 5 6

POCCIMORHUE MEWTY MOHOMETPAMUY & QYMITY
Dur. 24.

Ecny npeAnoloKHTb, YTO B STHX ONWTAX MNPOHCXOUT CO-
BMECTHOE HABHXEHHE WHHIKOCTH H rasa, TO OHO 5leET npeacTas-
nexo ypasHerueM (4.16) rnasw IV, Tak kak ABHmeHHe ycra-
HOBHBLIeeCs M ONHOMEPHOE, TO Ha OCHOBaHHHM GopMyan (5.1)
rnaeu [V Mu HMeeM

dig
4 —o,
dx?
npuuéM ocb Ox HanpasneHa nmo ocH TPyOu. OO6uwit unterpan
9TOr0 ypaBHEHHs HMeeT BHI

g="Cx+C (1.2)

s popmynu (4.19) raasu IV clexyer, uto BeaMuuHa g mpo-
nopuMonanbia BenuuHe ¢, onpelensemoi popmynamu (4.17)
H (4.18) rnasu IV, nostomy MH MOkeM HamMCaTb YpaBHeHHe

(1.2) 8 Buae
¢=C3x+clv (13)

rae C; u C, cyTb mnpou3sonbiitie noctosHHue, CleaoBaTesnbHO,
ec/u TIONOMEHH ManOMETpPOB OTMEYaTh Ha ocH abcuucc, a 3Ha-
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yenns ¢ (p) OTKNAAWBATL Ha OCH OPIHHAT, TO MONYY2ETCA Nps-
Mas JMHUA,

Tak kak § ectp otHowleHHe o6b&Ma rasa, pacTBOpPEHHOTO
NPH NaBJeHHH Py, K OGbEMY pacTBOpHTEns, TO, 0603Hauas ue-
pe3 p, NAOTHOCTb Tra3a NP atMOCHEPHOM NABNEHHH p,, MH
nonyuuM W3 ypaBHeHus (2.5) raasw IV, nonaras B wéM p=p ,
4TO

c?a=c(p0_pa))
OTKyda caeiyer

Lo,
= "a 4
¢ Po— Pa (1 )

AunanornusnM o6pasom u3 ¢dopmyan (2.6) raasu 1V nmeem

="a, 1.5
p="e (1.5)
Buoca (1.4) u (1.5) B pasenctso (2.19) raasu IV, Mu noayunm
Gopuyny

94
Efnt —Po
Po—Pa (1.6)

—i1Fe

nossoasiowtyio Haftt & no maummym &, n, §, p,. Tak kak g, ecth
NJOTHOCTb XHAKOH (dasn B o6bEMe V), MpH MaBAEHHH p,, TO Ml
HMeeM COOTHOLIEeHHE

Yo (Vo4 V) =0,V -+ V0. (1.7)

Onpenenss orciona V|, mu moayuysm Ha ocHoBauud (2.13) raa-
Bu IV dopmyny

E=H’, (1.8)

NMO3BOMAKLIYI0 BHUHCAHTD § MO HaHHHM o, Yo Po-

IIpu obpabotke HaGmondeunw# B. Knayma 3navenns O Buium-
cnamce no ¢opmyae (1.6), HO NpH 5TOM NPHHMMANOCh, YTO
¢BOGOIHOTO Tra3a He GHMO, T. e, NpuHHManock, 4to &==0. Kpome
TOro, BE/NHYHHA 1) MPHHHManNachb paBHOM Hymo. Mubmu cnoBamu, &
BuuHcAgnoch no gopmyne

—r _Pa
f}——t.p—-o_pa. (1.9)



§ 1] ONLITH B. KMAYIA 119

Otciona npu p,==15 ¢yut/molts? u po==250 ¢yuT/montu3,
nonyyaeM 8=0,0638L; Tak Kak 3uauemss { 173 TpEX nedren
6uAM pasHne, TO OHJIH Pa3HbiMH M 3uauenus O. Pesyabrath
nulmcneuuﬂ Bunonuenunix T, A. TapacoBolt, mawm B Ta6au-
nax 4, 5, 6 u 7.

Ha qmr 25, 26, 27 pe3ynbTaTh STHX Bbl‘{HCJIEHHH 1306pa-
EHb! rpaqmqecxu. Ha ocit a6CMCe OTMEYEHO MONOWEHHE MaHO-
METPOB BHOMb TPYGh, a Ha OCH OPJMHAT OTJOXEHH BHYHMC/EHHHE

¥
¢ ¢
— 3 -nol’
a5y = v ==

Gt o8
1 L 1 1 i ] 1 ! L 1 >
/ Z J % 5 6 J 7 3 4 5 6
HDA!E/IF MOHOMEMPO8 HOMEpa MGHOMETPOS
dur. 25, dur, 26.

auavenus ¢ npu npotuBomasnenusix 0,90, u 170 aura, ¢ywur.
Ha KB. XiOHM. BrulcnenHne TOUKH oueHp 6AM3KO N0WATCA OKOJO
MPAMBIX JHHHA, KAK 3TO H HOMKHO GhiTb, COTJACHO YPaBHEHHIO
(1.3). Beuay Toro uro B onmTax Knayma B Tpy6e MOr GuThb

¥
4 WJ
2
4%+ rii
by
: 985
‘ o ] | L) ' - 1 11
i H J 4 5 6 4 2 3 4 5 &
HOMEPG MOKOMEMPO8 HOMEPD MAKHOMETPOS
¢nr, 27 Pur. 28.

# cBo6oAHH# ras, B Tabauue 7 masa o6paboTKa €ro OMHTOB MPU
8=0,75, PesynbraTh BHYHCIeHHI H300paweHn Ha ¢ur. 28;
onpeneNEHHLIE TOYKH pPacmoaraioTea TOXE OKOJO npaMoi AHHHH,

Takum o6pasom, SKcmepuUMEHTANbHHE HccAenorawus Knayna
TOBOPAT B MOJb3y TEOPHH COBMECTHOrO HBHWKEHHSl XUIKOH M ra-
3080R ¢as,
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Ta6auua 4. OGpaGotka onbiTop B. Kaayma. Hedte Cromwell;
{=7,23; 8 =0,461; py=250 aHri. ¢ynTt/nioim2.

Onpenenéunsie Homepa maHomeTpoB
P BEJHIHHE 1 | 2 | 3 4 5 6
Plpo 1 1088 {0,717]0,502[ 0,22 | 0,06
0 U#* 1 1093 |0,847( 0,732 0,58 | 0,448
%) 1 }0,963|0923| 0,876 | 0,831 | 0,818
/Jpo 1 0,936 | 0,834 | 0,672 | 0,497 | 0,40
90 1 10965)0,910( 0,823 | 0,729 | 0,677
¢ 1 1098209530913/ 0,875 | 0,853
plPo 1 0,926 | 0,845 | 0,747 | 0,70
170 U 1 — 1096010916 [ 0,863 | 0,838
¥ 1 — 10,979 0,957 | 0,931 | 0,920

*) 3HaveHns U suuncrens no dopmyne (4.17) raasw IV,
**) 3uaueHus § suuncreHs no dopmyne (4.18) raasm IV,

Ta6auua 5 O6paborka onmroB B. Knayna. HedTp Kiefer;

{=8,33; =0,531; py=250 aurs. GpyuT/o0Hm2,

OnpenendHubie Homepa MaHoMeTpoB

4 BEJHYHHH 1|g|3|4|5|5
2P 1 |og8s |0717]0,502]0,22 |0,06

0 U 1 | 0944 | 0/867 | 0,766 | 0,624 | 0.559
¢ 1 | 0/975 0943 | 0,908 [ 0,874 | 0868

f Pl 1 0,936 | 0,834 0,672 | 0,497 | 0,40
90 U 1 |0/970 | 0:922 | 0,846 | 0,764 | 0’719
1 ¢ 1 | 0,986 | 0,965 | 0,935 | 0.907 | 0,594

] 2'Po 1 0,926 | 0,845 | 0,747 | 0,70
170 U 1 | — 0965|0927 | 0,881 | 0869
\ D 1 0,984 | 0,967 | 0,948 | 0,940
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Ta6auuya 6, O6paborka onmtToB B. Knayna. Hedrp Tonkawa;
{=9,5; $=0,606; py=250 anra. GpyHT/Iioltm3.

Onpenenénune Homepa moHomerpos
4 BeJHUHHE 1 9 I 3 | 4 | 5 l 6
( 2lpo 1 |088 10,7171 0,502 0,22 |0,06
0 u 1 10,930,888 0,804 (0,693 | 0,630
\ b 1 0982 0,960 | 0,937 | 0,915 | 0,910
( ,Zy;o - = 0,936 | 0,834 | 0,672 | 0,497 | 0,40
90 . — 10,9751 0,935| 0,871 | 0,802 | 0,764
|\ b — [0.991 10,976 | 0,954 | 0,936 | 0,927
‘ 217 — 0,926 | 0,845 | 0,747 | 0,70
170 U — | — |[0971]0939]0900] 0,881
\ & — | — |0.9890,977| 0,964 | 0,958

Ta6auua 7. O6paboTka onnitoB B. Kiayna. 3$=0,75,
Po==250 anra. pyHT/aiofm?.

Onpenenéuubie ' Homepa maHOoMeTpoB

P BEJAHYKHH 1 l 9 l 3 | 4 | 5 l 6
J pipg 1 0,88 | 0,717]0,502 | 0,22 | 0,06

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

‘ Pl 1 0,936 { 0,834 | 0,672 | 0,497 | 0,40

90 « U 1 0,984 | 0,958 | 0,918 | 0,874 | 0,852
\ 4 1 0,996 | 0,991 | 0,981 | 0,975 | 0,972
217 1 | — |0926]|0845]0,747] 0,70

170 1 — 10,98110,961 | 0,937 | 0,925
5 1 0,996 | 0,991 | 0,985 | 0,983

[




122 SKCNEPHMEHTAJIbHWE HCCJ/ENLOBAHHSA [I'Jl. v

§ 2. CpaBrenne c onsitama Jl. FOpena.

JI. IOpen (L. Uren) npouss&n cepHio ONHTOB Ham HBHKE-
HieM cMecH HeTH W rasa B mecke mNpH Aapnesuax xo 1000
anra, ¢yHTOB Ha KB, RIOAM MpH Da3HuX MPOTHBONABMEHHAX HA
BHXONHOM KOHUe TPy6uw. Tak Kak npH HeGOJbLUION TOMHHE
naacta HcTeueHue HeTH uepe3 CKBAXHHY MOXHO paccMarpHBaTh
K3K pamauanbHoe, TO OH BMECTO LHJHHADHYECKOTO MacTa B3fj
Tpy6y, nomepeyHoe ceyeHHe KOTOPOH M3MEHANOch MO CheuHanb-
HOMY 3aKOHY—TaK, YTO-

s #

gl e 6u OHO BCErZa paBHs-
g f {43 1 ! 7 I? N0Chb MAOWAIH COOTBET-
gsil ] l | ] CTBYIOLLETO LIUHHADHYE-

CKOTO ceyeHHs MacTa.
Iaa nonyuenus Tpebye-
MOH Temmepatypu Tpy6a
®nr. 29. 6nia OKpYxeHa napoBoi
py6aukolt, ddexTus-
HHt DHaMeTp NecyHHOK Onin okono 0,50 xa. IIna onuTOB NpHMeE-
HAJach J0C-aHxenocckas HedTh ymeabHoro Beca 21,3 no A. P. L
JIuuamuyeckas BA3KOCTh €& Guna P ==0,92 nyasa npu 17,2° 11
u §1=0,073 nyasa npu 90°Ll, Buno nposemeno AeBATb cepuit
onuToB, [l 3amepa naBaeHHR GO B3ATO AEBATb MaHOMETPOB,
cxeMa pacnonoxeHHit KoTopux maHa Ha ¢ur. 29, Tak Kak aBH-
WeHHe DamMa/bHOe H yCTaHOBHBiieecd, TO ypasueHue (5.1) raasu
IV magr:

dig  1dg __
ntra =0

O6uyit HHTerpan STOrO ypaBHEHHSI HMEET BHI
7=C,n %4- GCs (2.1)

rae R — pamdyc nnacra, r — pacCCTOAHHE OT OCH CKBaXHHH,
a C, u C,— npoH3BO/bHLE MOCTOSHHHE, OMNpeldeisieMbe W3 Tpa-
HUYHHX YC/MOBHH B Hauyane ¥ KoHile TpyOhl, uTO OTBEYaeT Ha-
PYWHOM TpaHMHUE NJacTA H MNEPUMETPY CKBAXHHH. YpapHeHHe
(2.1) ymoGuee npeacTapuTb B BHIE

p=alg (100 %) + 85, (2.2)

rie A u B —onpenentysne noctosHune, Ecan ua ocu abeumcee
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- r
rkAafnBath  3uavenus lg ( 100 17) , & Ha OCH OpIHMHAT 3Ha-

:uuf ¥, To ypasHenue (2.2) u306pasuTcs npsMON JHHHER,
Ins o6pabotku nabmomennit no naweit dopmyne Hamo ompe-
eauth & no ¢opmyne (1.9), sHoca Tyna
£=20,5; p,=600 ¢yut/monu?, p, =15 ¢pyut/moitn?,
ro naér
#=0,526,

e3y/nbTaTh BHYMCAeHuft, Bunonueunnx T, A, Tapacomol, maum
Tabmmue 8.

Ta6anna 8, O6paborka onbitos JI. IOpena:
{=20,5; 8=0,560; p,=600 aHra. dpynr/moiim?

Onpe- Homepa manoMerpos
neadH-

Hule Be- 1 2 3 4 5 6 7 8 9
AKYUHBI

plpe 10,2701 0,408 | 0,515 {0,600 ] 0,680 | 0,775 {0,845 {0,940
u 0,670 0,739 1 0,786 | 0,824 | 0,859 | 0,901 |0,931 {0,973
¢ 0,894 0,908 | 0,921 1 0,932 | 0,944 | 0,960 | 0,971 10,988

;(1001%)0,4 08 (1,00 |1,24 11,35 |1,48 |1,60 [1,81 |1,

._.._.._.
oo

[{=]
(9

IFpaduueckoe mnpemctaBreHHe STHX BHYHCAEHHH RaHO na
ur. 30, npuudM paccMarpuBaeTcs, KOHeuno, cayuall ycTaHoBHB-

¥
W L
w '
%5 ass
L o S SRS Sell )
R T Bl R
dur. 30. i dur. 31.

erocs nBHXeHud, Mbl BHAHM, 4TO TOYKH, MOAYYEHHHIE MyTEM
{UHCEHHA, GMUM3KO TPYNMNUPYIOTCA OKOMO HBYX MDPAMHIX AMHHMA,

BBHIY BO3MOXHOCTH HanMYMA B MJacTe CBOGOAHOTO Ta3a, uToO
JBAHANO O Ha BenHuuHy O, M Haém 0OpaGoTKYy OnuToB
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J1, IOpena nna cnyyas ycTaHOBHBLIETOCS NBHXKEHMS MPH Hayalb-
HHX Jdasnenusx 1000, 600, 400 aurn. ¢yHTOB Ha KB, HIONM,
nputiumas 9 =—=0,75. Pe3ynsTathl BuuHCIeHHH Haun B TaGauiue 9,
M3 KOTOPOR BHIHO, 4TO 3Hauenud ¢ ANA ONHHX M TeX e MaHO-

Ta6auua 9. O6paGorka onwiToB Jl. KOpena; 8 —=0,75.

% ’E é Homepa maHomeTpos
5 |[¥e
) v @ =%
-] Qo= -
=,>,==zsl2ls’456739
8 |O=xz=
] plog 10,27 (0,4 08‘ '0 60 | 0,68 | 0,775 0,845/ 0,94 | 1,0
600 u 0,32 10,853 0879 090 0,92 ] 0,944 0,961| 0,985| 1,0
\ ¢ 10,969|0,972 0976 0 976I 0,983} 0,987| 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
l ¢ [0,9680,970( 0,973| 0,976 0,979} 0,983( 0,988 0995 1,0
[ plpy 10,285/ 0,43 | 0,55 (0,632 0,710(0,79 | 0,875/ 0,95 | 1,0
400 . u |0,821]| 0,867} 0,887| 0,908 0,927 0,947 0,969 0987 1,0
l $ 10,97 10,974 0,977 0,93 | 0,934 0,988 0,993: 0,996 1,0
ig (100 %) ‘0,40 0,88 {0,10 [1,24 | 1,35 [ 1,48 | 1,60 [ 1,81 | 1,95

MeTpoB GaH3KH Meway coGolt, [TosTomy Ha ¢ur. 31 coorBetcTBEH-
Hbe TOYKH C/HBAIOTCA APYr ¢ IAPYrOM W pacmonaraioTcs oueHb
6/MM3KO OKOJMO NPAMOR JNHHHH,

Takum oGpa3om, o6paGoTka onuwroB lOpena nonTBepknaer
MpaBUABHOCTh THNOTE3H O COBMECTHOM IBHXEHHH IKHUIKOH M
rasosol ¢as.

§ 3. CpasHeRme Teopur ¢ ombitama JI, Peiiga
R P. XeHTHHrTOHA.

JI. Peitn (L. Reid) u P. Xeutuurton (R. Huntington) npous-
BOLWJH ONLTH ¢ ABHWEHHEM CMECH HE(TH M ra3a uepes LUH/AHUHIDH-
yecKyio TpyGy IOByXMIONMOBOrO anaMeTpa AauxoH 21 ¢yt H
4 moitma. Tpy6a 6h.1a HamONHEHAa HECUEMEHTHPOBAHHHIM MECKOM,
MOpHCTOCTb  KOTOporo coctasaana 34,3, ManomeTpn  Guinu
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NONOKEHH B MATH TOYKAX HA PaBHHX PACCTOAHHAX IOPYyr OT
rra. Beuay toro yro B paloTe aBTODOB HET HOCTATOYHBIX
13aHMit O pacTBOPUMOCTH ra3a B HedTH M O KoauyecTBe
6OLHOTO rasa, Mbl IpH 06paGoTKe HaGI0AEHHA HAl YyCTaHOBHB-
MCSl [BH)XEHHEM, CBEAEHHBIX aBTOpaMu B Ta6auuy 1 cBoelt paboTH,
'0/1b30BanAH Tabauny 3 ux pabOTH, COCTABJAGHHYIO I/ HeycTa-
\MBUIETOCA IBHKEHHA B TOH ke TpyGe. ITO NO3BOJMIO CAENATh
1GAKEHHYIO OLEHKY Heo6XOAuMnX gHanHbX. O6bEM HedTH
ipy6e 6ma Vo=—=3,75 4. Buytpeunu#t 06bEM TpyOn Aau-
! 6,5 # W BHyTpeHHero AauameTpa 54 Mx cocTasaan 15 4.
H nopuctoctd m=— 0,343 Mu noayyuM n1s 06bEMa MOPOBOIO
XTpaicTBa BeamuuHy 5,15 4, Otciona 06bEM C¢BOGOAHOTO
ia coctasner V,=1,4 4. 310 naT Ham

V14
E= Vv, =35 0,37.

1 BHYHC/EHHA KOJNHMYECTBA DacTBOPEHHOIrO rasa CJaeldyeT mpH-
tb, MpH nasnewnu 42,5 am, Bc=0,65, yemy cooTBeTCTBYyET
iyenne [ =—27, BnoaHe noaxogsulee K OOGHYHO HaGaOLaK0-
IMCA 3HaYeHHAM 3TOR BeqMuMHH., Benuunno#t 7, Kak u npexne,
| mpene6peraem. Buoca B dopmyay (2.19) raasu IV §=0,37;
=0,65; =0, MH MONYYHM, YTO NPHGAHKEHHO &= 0,75.
Pe3yabTaThl BHYHC/IEHHR 18 9STOro 3uayeHus & CBEAEHH B
Sauuy 10. OTKnannBas BHYKCIAEHHBE 3HaueHns yHkuun $ Kak

v ¥
| ——
st .ﬂft A
wh 190
5t 0,85t'
1 . t . L L 1 A
/ 2 7 4 5 7 2 J 4 5
HOMEDO MaHEMETPOS HOMENR MAHOMITIPA6
¢nar. 32. ®ur. 33.

yAMHATH Ha a6cumccax, OTMevaioUMX MOJ0KeliHe MaHOMEeTpUB
©01b  Tpy6W, MH mnoayuuM rpadukd, H306pakEHHLE  Ha
ur, 32 u 33.
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Ta6anua 10. O6pa6orka onuitoB Jl. Pefina u P. XeHTHHITOHa;

x Onpegentt- Houepa masoMerpos
b Py
onuita| B Kzfem? H"'?m':,::'"' 1 2 3 4 5
( Plpe 0,985 | 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
ples 10980 0,819 0,695 | 0,520 | 0,371
2 40,4 1 0,995 | 0,955 | 0,924 | 0:880 | 0,843
$ 0,998 | 0,989 | 0,984 | 0,976 | 0,971
2lPo 0,983 ] 0,848 | 0,755 | 0,625 | 0,537
3 40,8 1 0.996 | 0,962 | 0,939 | 0,906 | 0,884
$ 0999 | 0,992 | 0,987 | 0,981 | 0,977
iy 0,083 | 0,890 | 0,827 | 0,747 | 0,710
4 41,1 u 0,996 | 0.972 | 0,957 | 0:937 | 0,927
$ 0,999 | 0,993 | 0,990 | 0,986 | 0,083
pire | 0,983 | 0,847 | 0,755 | 0,629 | 0,531
5 41,2 u 0,996 | 0962 | 0,939 | 0,907 | 0,883
b 0,999 { 0,991 | 0,987 | 0,982 | 0,977

Mu BuAMM, YTO TOYKH HabaogeHHRt 114 paccMaTpHUBAEMOTO
cnyyas yCTaHOBHBLIETOCA  ABHKEUHA  XOpOWIO TPYMNHPYIOTCH
OKOJ/IO MPAMBIX JIHHHA,

3rto cHOBa nNOATBepXKAAeT MNpABIABHOCTL Haulel THNOTE3H
O COBMECTHOM IBHXEHHH XHIKOR 11 ra3oBoi daa.

§ 4. Onnitet Opena nag HeycraHOBRBMIAMCA JBRIKEHHEM
raadpoBanHoii HedTn,

Ha ¢wur, 34 Bocnponssesesa nuarpamma onwtoB lOpeHa Han
YCTAHOBUBUIHMCA [BHXEHHEM ra3upoBaHiiol HedTH yepes moCTpo-
€HHYI0 MM cneudanbiylo TpyOGy. O6GpaboTKy 9THX ONLTOB M
nam B § 3. Ha ¢wur. 35, 36, 37 npenctaBaeHd pesyabTaTl
na6monednf lOQpeHa Hal HeyCTaHOBHBUIMMCA [BHXEHHEM Ta3HPO-
BaHHOM wedTH B moOCTpoeHHOM uM cneunanpHOH TpyGe, ITH
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NHTH BEJUCh aHAJAOTHYHO HAIIHM ONLITAM HAJ HEYCTAaHOBHBIUHMCA
BHKeHueMm rasa, MimenHo, Tpy6a Onna HamoAHeHa rasHpOBAHHON
e¢Tbio, 3aTeM 3aKpHBaIMCh 062 KOHUA TPyOH (BXOIHOA H BH-
yIHOH) O Tex mnop, NoKka Bo Bcef TpyOe He YCTaHaBAHBANOCh
I0CTOAHHOE JaBleHHe W B3ATHe npoOH He MNOKa3WBaAH OfHMHas
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Buit razouft (axkTop. 3aTeM OTKPHBAACA BHXOZHOR KoHell
fpy6n M NPOM3BOAMJHCH 4Yepe3 OnpeneiEHHBE MPOMEXYTKH
3peMeHH 3aMepH MOKa3aHuA MaHOMETPOB M OGBEMHOrO KOMHYECTBA
suTekaloued HegTd. ONHTH MPOM3BOAMAMCE MDH  HAYa/bHOM
ranenun B 1000, 600 u 400 aura. ¢yut/ks. moAM. OmHako
OpeH npHBOIMT TONBKO Pe3y/bTaTH ONLITOB C HEYCTaHOBHBUIMMCA
1BHXEHHEM MPH HayanbHOM NaBieHud 600 auri. QyHT/KB. HIOAM,
)e3ybTaTH KOTOPHX NpencTasients, Ha ¢ur. 35. Cpasuusas sty
purypy ¢ ¢ur. 34, Mu BaAHM, yTO OOWMR BHX KPHMBHX pac-
1penenenus JasaeHMs no AAMHE IM1aCTa TaKoA ke, KaK H
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npH ycraHoBuBuUleMca ABwxkeHuH. Ha ¢ur. 34 u 35 okono kawamoht
KPHBOH pacnpene/ieHdsl [OaB/eHHs OTMEYeHa CKOPOCTb BHTEKaHus
HedpTH B KyOMYECKHX CaHTHMETpax B MuHYTy. 3atem tOpen no-
CTPOMN LN KaXJOR M3 NATH KPUBHX pacnpenesieHHs IaBleHHS
COOTBETCTBYIOLIHE KPHBbIE MPOLEHTHOrO najaeHus nasaeuus, Jas

Qymy 5 W0 B 7
J50 -
. uH 3
5I“°“3|.'.' |t
500
e
450 ol
3 e
S W0 7 700
£ 50 f—
3 )4 ) S
N / / / ) /‘/Mm;‘ 10mun.
sJﬂﬂ A & % - ¢
¥ WA
< 250 | ; — EETIES
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150 +¢ 4
4
100
50
g 123465 6 7 8 9
Nonoskcenus manomempob
¢ur. 35.

9TOr0 KaxJaoe JAaBleHHE HeAnI0oCh HA TO JaBlEHHE, KOTOpOe
M3MEPANOCh MAHOMETPOM Yy 3aKPHTOrO KoOHUA TPy6u. Taxum 06-
pasoM, MONYYH/IHCb MATb KPHBHX, KOTOPbie BCE, MO YTBEPKAEHHIO
lOpena, okasanuch naentuunbivp (¢ur. 36). Otcioma lOpen
AenaeT 3aKllo4YeHHe, YTO B PacCMaTPHBAEMOM Cily4ae Tra3oBOro
peXHMa mnaacTa TpafMeHT *AaBleHHd, ONpeldensiowuil CKOPOCTb
HCTEYeHHs HedTH M3 MJacTa, HE 3aBHCHT OT MEPBOHAYa/NbHOrO
LaBNEHHSl, A 3aBHUCHT HCKJIQYATENBHO OT CBOACTB HepTH H
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NpoHiaeMocTy Necka. B cBoux onnrtax HOpen Hawda, 4TO rasoBm#t
daktop pasex {=20,5.

Kpome Toro, IOpeH wuawé&i, yTo B paccMaTpHBaeMOM Clydac
CKOPOCTb HCTEUYeHMd HedTH U3 MaacTa B Hayane onuTa 6o/blie
COOTBETCTBYIOULEH CKOPOCTH B Cy4de yCTAHOBMBLIETOCS RBHYKEHHS
NpH TeX e AaBlieHusix MPH Bxole M Buxode M3 naacta. OxHako
B RafbHeiuleM, MpH MageHHH RABIEHHA, KOTAA TPafMEHT HaBie-

@ymer 5 w80
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NOSOHCEHIIA  MOHOMEIMPOS
$bur. 36.

HHA CUABHO CHMKaeTcd, HaOmonmaetrca o6patHoe sBaende, [lo
yrBepxaeHuio lOpena, HHTepecHbH De3ynbTaT NPERCTaBAfET Tak
HaswBaeMas KpuBad cymmapHoM noGnuM naacta. OmHa M3 Takux
KpHBHX fgaHa Ha ¢ur. 37. Y 91O M BCeX MAPYTHX ONHTHHX
KPHBHX, KoTOpuX lOpeu, Kk cokaneHuwio, He NPHBOAHT, HMeeTCH
M37I0M B ORHOM H TOM e MecTe. [To o6e CTOPOHH TOYKH M3/10Ma

9 5. C. JlenGenaon



130 9KCNEPHMEHTANBUKE HCC/ELOBAHHS [ra. v

KpHBas CyMMapHoH pmoObitM HMeeT AEFKYI0 BHMYKAOCTh, Ha-
npaBneHHyio BBEpX. BepoATHas mnpHuMHA 3TOro, MO MHEHHIO
lOpena, cocToMT B TOM, 4TO A0 TOYKH H3A0OMAa HCTEYeHHe
nedTH M3 MAacTa NPOMCXOXHT BCACACTBHE OOPA30BANMA H pocTa

Js
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cymmapnon doduva & comnax Kyl cM
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5w 15 25 30
ucmexwee anems & munyinax

dur. 37.

ra3oBmX Ny3HPLKOB, a MNOCJAE TOYKH H3N0OMAa NNR AeHcToueM
CTATHYECKOTO NABMEHHA rasa, cOGMpAIoWerocs B nopax necka.

Ha ¢wr. 38 nocrpoen rpadumk, n306pawaiowuit 3aBHCHMOCTD
CYMMapHOH ROGHYH OT OaBleHHs MPH Bhxode M3 TPyO, OTcum-
TaHHOTO (10 YCTAHOBACHHOMY 3ech MaHOMETPY. Touku, nonyyeHHble
Ha OCHOBAaHWH 3aMepa, TPYUNHPYIOTCS OKONO ABYX MPHMHX, MPHUEM
MECTO MepeceveHHsi MPSMBIX COOTBETCTBYET YMNOMHHYTOR Bhile
TOYke H3noma Ha ¢ur. 37.
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§ 6. 'asosoe umcio,

Ipn wMccnenOBaHHH COBMECTHOTO RBHKEHHMH Ta30BOA H WHAKOH
¢da3 uenecooGpasHO BBECTH MOHYTHE O TaK HA3HBAaEGMOM ra-
sosoM uncael),  lasosux
WuCcAOM 7 HA3LBACTCA MpH- 4%‘2"
XONALHACA Ha eRMHHLY Beca
wuako#t a3 Bec ra3osoi
¢asu. Tlostomy, ecan ¢ ecTb
HAaCHLIEHHOCTb, TO BEC [ra3o- 3,
Boft ¢asu OymeT NponopuHo-
Hanen Benuunne p(1 —a), a 000 \‘L
Bec xHako# ¢asu nponopuHo-
HaneH BeanuuHe ¢o. [lostomy
nMeeM

_p(l—0)
n—'q_a. (5.1)

|04

2000 -1

Ara ¢opmyna madt cBA3b \
MEWAY HACHILIEHHOCTBIO H Ta-
30BbIM YHCIOM, M3 He& HMmeeM

(5.2) 1000

Pl

g

__°f
P+’
Hanee, mu umeem [dopmyna
(8.2) rnaBu 1V]
Y=go+p(1—0). (5.3)
Buoca (5.2) s (5.3), nonyuum 0 w0 200 300 400 500
dopmyny P awen oynm/ne dwoin
__epqa(l+n) &ur. 38.
=R, G

cosnanaiomyio ¢ Qopmynoft (8) na crp. 243 uutuposaHHOH Ha-
el moHorpaduu,

1Y Jlett6enson JI. C.:HedrenpoMmbicioBas MexaHHKa, 4aCTb KTO-
af - ([lonseMHas TrHApaBAHKa BOABI, HeptH H rasa), raasa Il
ocxba 1934,

g»



FrTABA VI

YCTAHOBUBIUEECH ABUXEHUE IA3A
B HEUSMEHSEMOW I.OPUCTO# CPEJE.

§ 1. YpaBHenns yCTaHOBMBIIErocs RBMIKEHHWSA rasa
B HeH3MeHseMOi mopuctoif cpene.

B cayyae yCTaHOBHMBILErocs [BHXEHMA ra3a €ro QgasneHne p
He 3aBUCHT OT BpeMeHH { W sBasercd (yHKUMEH TOMBKO KOOp-
AMHAT X, ¥, 2. [1o3TOMY NpH OTCYTCTBHM CHI YDaBHEHHE yCTa-
HOBHMBILIErOCS ABHWEHHS rasa OyRxeT HMeTb BHA

AEEGDHEGD - o

[cM. ypasHenue (6.6) raasu 1], mpuugm cornacio pasenctsy (6.1)
raasu I nmeem

—{pap (1.2)

9%
ot

H
=0. (1.3)

R
Ecau otHowenue TL- €CTb BeE€JAHYHHA MNOCTOAHHAsdA, TO YpaBHEHHE

(1.1) npuanMaer BHI _
Vig=0. (1.4)

Hurerpuposanue atoro ypasHenus Jlannaca naét noadoe peiue-
HHe 3afa4yn o0 yCTaHOBHBUIEMCS MABHXEHHH rasa B Heu3MmeHsemo
MOPHCTOH cpene MpH 3aRaHHHX TPAHHYHHX YC/OBHAX.
KomnoneHnTn ckopocTd ¢uabTpaunu ra3a, coraacio ¢opmy-
nam  (2.2) raas Il n dopmyne (1.2) 3aTo#. raasu, HMeIOT
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BHIPAKEHHS:
_ __koq
U= _pdx']'
k oq
P'U=——P'ay (1.5)
__ _kog
pw———}”;z—.)

§ 2. OnnoMepHOe TeueHwe rasa,

TycTb nBMMEHHE NPOHCXOAMT NO HanpasiaeHuo ocH Ox.
Torza ypasuenue (1.4) npunnHMaeT BHA

d?
d—j,: ) (2.1)
Ero o6uwyM HHTerpanom Gyner
¢g=Cx+4C,. (2.2)

[1pou3Bo/bHbIE [IOCTOAHHBIE C1 n C, onpeneasioTcd H3 TpaHHY-
HbIX YCNOBHH

p=p, B Havane npu x =20,
p==p, B KOHue npn x=—»L.

B cay4ae MOMHTPONHOroO Mpolecca, OMpele/seMOro YpaBHEHHEM
(6.11) raasuw II, Mu nseem, cornacHo ¢opmyae (6.12) raasu II,
o+l

=fmEn? " ©3)

CnenoBatenbHo,
41
s=peFma - |
. n ’
a1 I (2.4)

N
"=

H TpaHHYyHHE ycnoBua GyayT

g=gq, npu x=0, }

g=g, npn x=L. (2:5)
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Buoca (2.5) B (2.2), Mu nonyunM

CnenoBaTenbHo,
g=q,—=5—x. (2.6)

Ypaeuenne (2.6) na8T 3akoH pacnpefeNeHHsl RaBNEHHA NPH ORHO-
MEPHOM YCTaHOBHBILEMCH HBHXEHHH Tra3a B HEH3MEHAEMOH NOpH-
cTolf cpene.

Ckopocth ¢uabTpauuu onpeaenserca no cgopmyne (1.5):

Egy —

pu= % . (2.7)

B cnyuae HM30TepMHYECKOrOo Tedewns ras3a HMmeem no ¢op-
myne (6.18) raasu Il

g=g". 2.8)

Buoca 31O 3nauenve g B (2.4) u (2.6), My nonyuyHM Ans H30-
TEPMHYECKOTO OXHOMEPHOTO TEYeHWs rasa B NOpHCTOR cpede
COOTHOLLEHHE
2
Ff —Pa

pP=pi———=x (2.9)

Ecau Ha ocM opAMHAaT HaHOCHTh KBALpaThl aGCOMIOTHOTO NaBie-
HHE, a Ha OcH abcuMcC — PaccTOfHHA, TO MOMYUUTCH mnpsaMad
JHHHS,

Moncrasnas (2.8) B (2.7), M Haltagm Maccy rasa, npote-
KaloWlero yepes eAHHHLY MIOLAAM NMPH H30TEPMHYECKOM pekHMeE:

k(P2 —Ph

pa=—2—FPL—. (2.10)

§ 3. CpaBnenne ¢ onmrama F'HHH.

B 1928 r. 8 oraene INpomucnosoft mexanpkn [ocynapcteen-
HOTO Hccenosatesnbckoro Hedraoro uucruryta (TMHH) non
pykosoactsoM J. C. Buabkepa O6ua nponsBen&H psl ONHTOB
MO HCCAGNOBAHMIO YCTAHOBMBILIETOCH XBHKEHHS BO3AyXa Yepes
4-mo#AMOBYI0 TPYGy, HAMOJHEHHYIO MEKHM ° NEeCKOM, B3ATHM H3
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Kapbepa Ha cTaHiwmu JlioGepun MockoBcko-Ka3sanckoit xenesHolt
dopord. PpakuMOHHHA COCTaB necka Obin cAeAyIOulHii;

d=—0,31 u Gonee mu . . . . . . 4229,
d=0,24—+-031 mx . . . . . . 508%,
d=0.21-+024 #x . . . . . .66,32%,
d=0,15-+0.21 #x . . . . . .2257%,
d=013-=-0,15 ux . . . . . . 1,720/,
d=011-+-013 »#x . . . . . . 0090,
d==0,08 0,11 wx . . . . . . 0,00

Tpy6a Onina nocTaBneHa BEPTHKaAbHO H COCTOANAa M3 ABYX Oill-
MAKOBOH AMMHH MpAMBIX BeTBeH, cOeAMHEHHHX HaBepxy (¢wr. 39)

-f / } Bmuprcr
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«‘» - ﬁ—@l— %_ 1600
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S S 1200
S S .
ﬂj 1000
* —— _Ta - * 800
60
§ 5
3 S 400
Ll -
S g z
5 W0 5 2025 W
k2asomempy ~ om KOMIPECCORa & mempazx
¢’ﬂl‘. 89. q)ur. 40.

Ayroo6pasHo M30THYTOH TpyGof Toro we Jamamerpa. OGuian
AnuHa cocTagnana L—=31,1 x. 370 H OO ANHHOH nyTH BO3-
Ayxa, KOTOpHH MNONABaACA KOMNPECCOPOM B OAMH Koiel Tpyou
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H BHIXOIHA yepe3 IApyrofl Kouew TpyOu. Pacxox Bo3ayxa 3amc-
panca o6bEMHuM cnocoboM. [lo anune Tpy6H mpHGIMIKTENLHO
Ha PaBHHIX PAacCTOAHHAX OBJIO PacMONOMEHO CCMb MAHOMET)IOB
INA H3MEPEHHA AaB/NEHHA BO3AYyXa.

MaMepenns npousBOAMAHCH TOMBKO AR yCTaHOBHBLUETOCS
peHMa ABHMKEHHA BO3AyXa.

Ha dmr. 40 naun rpadukn pacnpedenenns nasiaeHHs MO
A/MHE MNacTa; HAa 3THX TrpaduKax MO OCH OpPAHHAT OTJAOKEHH
aGconioTHHE [aBleHWs B M4 PTYTHOro cT0A16a, a MO ocH abc-
LUHMCC — MOJIOKEHHA MAHOMETPOB (paccTOAHMA OT Hayana TpyOu
yKasaHol B MeETpax).

[Ipeanonaran, 4To ABMkenHe BO3AYXAa MPOMCXOAWIO MO H30-
TEpMHYECKOMY 3aKOHY (n=1), mu O6yaesM HMETh A8 pacnpe-
ZdeneHnd NaBleHH TeopeTdyeckoe YypasHewue (2.9). B kawamom

OfIHTE GHi/IM U3BECTHH pacmnpe-
6 Jde/eHHe [aBNAEHHA MO JIWHe
| g N1acTa H CeKYHAHHH pacxod
A BOo3Ayxa. Buuncasa ana xa-
WA0H onuTiof KpHBOH 3Haye-

HHA BE/HYHH

2 2 n—r
. T ! ! L
dur. 41. MOKHO OHIIO MOCTPOMTL KpH-
BYIO pacnpele/eHH AaBleHHs
no dopmyne (2.9). Oxasanock, YTO OTK/IOHEHH MEARY NapaGo/oH
(2.9) 1 onuTHORt KpHBOH BO BCeX cAy4yaax Ohl/IH HEBEJHIH,
B Ta6anue 11 AaHbl 3Ha4Y€HHA cpellHEro KBaAp4aTHYECKOTO OTKJO-
HEHH A/ KaXAOTO OnbiTa, Mh BHAMM, YTO OHO H3MEHSOCH OT
ONuTa K OMHWTY, COCTaBAAA MPH ManelX AdBnewusx okono 19,
a npu Gonbwux K0 4,5%, -
BecoBoft pacxon npuH H30TepmHueckom pexume (n=1) no-
aAyyaem u3 ¢dopmyaun (2.10):
G S r—r)
= %Lp ) (3.1)

rie F ecTh naowanb MOMEpeYHOro ceyeHus TpyOu, g — ycKo-
peHHe cuau TaxecTH. EcaM cyMTaTh p, MOCTOAHHBIM, TO, OTKJa-
AuBan G MO OCH OpAHHAT, a P, —NO0 ocH abCcuuce, NOAYYMM
napa6ony pacxoza (¢ur. 41), xoTopas BecoMa O6au3ka K onwT-
HOH KpuBO#.
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Ta6auua 11. SuaueHHs cpeaHero KBaapaTHYeCKOro
OTKAOHeHHA B onbiTax FMHHU.

Q
S HawaabHoe |Cpean.kpanp. é Havaabnoe {Cpenn.kpaap.
= AaBaeHHe | OTKJAOHEHHR|| =ax NaBAEHHE | OTKAOHEHHR
2z B ama B 0, <= B ama B 9y
2& -3
1 1,154 0,20 21 2,65 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 3,191 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 2,53
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 2,517 1,27 39 4,967 3,77
20 2,592 1,06 40 5,103 2,49

§ 4. CpasHente ¢ ommitamu MIY.

B 1933 r. B MOCKOBCKOM rOCYAapCTBEHHOM YHHBEDPCHTETE
MTY), B ruapoansamuyeckolt naGopatopun umenn H. E. Xy-
{0BCKOr0 OHNA MPOW3BELEHA CEpHSl OMKITOB HAJ YCTAHOBHBILMMCS
LBHXEHHEM BO3Ayxa 4yepe3 TpyGy Auamerpom B 10 miofimoB u
VIHHOH B 1D 4, Hano/HEHHYIO TeM ke MEJKHM MNEeCKOM, KaK M
s onutax TMHH (§ 3). OnuTh Guii MpOM3BEAEHH CTYAEHTAMH
WI'Y noa pykosoacteom [H. C. Buarkepa. Ilpu onmTax 3ame-

dAANCHT

1) pacnpedenexse naBieHHA BO3AYXa B BOCbMH MYHKTax
JTYTHHIMH MaHOMETpPaMH,
2) pacxol BO31yxa— OGLEMHHM CNOCOGOM, MYTEM BHITECHE-
HHR BOAMW W3 rasoMeTpa.
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B Ta6auue 12 aaun pe3ynbTaTil HaGalod€HUR A48 aaBAEHMA
OdHOI 10 HEeBATH H3GuTOuHuWX aTmocdep.

Ha ¢mr. 42 u306paCHH KpHBHE pacipencieHHs M3GHTOY-
-0 JaBneHHs NO AJHHE naacTa, NpuuEM Ha KamAOH KpHBOH
Ka3aH Pacxold BO3LYXa B KYGHUECKMX CAHTHMCTpax B CEKYHLY.
) OCH OpAMHAT OTAOMEHH H3GWTOUHME (MO CpasHeHnio C das-
ijHeM Ha BHIXOZHOM KOHUE) AaB/eHHS B MH/JHMETDAX PTYTHOro

MM DI CIT,
0

200 N U emSen
: \ \ //167044%3/(

N\

X

150 \\

\\ 934 cmYeer
N

w \/Mﬁ&u\’/mr. ) N
™~

50 \\

L7

/1 S~

N\
\

O—5—56 90 75 bwm
dur. 42,

0n6a, TTo ocH aGellice OT/NOKEHH MOJIOKEHHS MaHOMETDOB,
B3y/1bTaTH H3MepeHuii oTMeueHs 3auepHEHHBIMH KPYKKaMH,

Ha ¢ur. 43 Ha ocn aGcuucc OTMeu€xbl MOJOKEHHA MaHo- ;
®TPOB, 4 HAa OCH OpIAHHAT OT/JOXKEHN N/7 KaXIOTO MaHOMETpa B
13HOCTb KBAApaToB aGCOJIOTHHX NaBAEHWH (NaBieHHA H3MepenHl

amx) npn Bxoge B TPYGy W Ha AanHom wmanomerpe. Ilo-
yueHHHE TaKWM O6pa3oM TOYKH A9 KaXAOro onelta ¢ on-
eAeN€HHWM NABJEHHEM OKOJO BXOda TCpYNMUpYiOTcA BOGJAM3M
OAMBIX JtHft, 4TO coraacyeTcs ¢ TeopeTHueckol gopmynodt (2.9).
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Okono Kawaolf onumTHOft npAMoft ykasaH pacxod BO31yxa
B KYGHYECKMX CaHTHMETpax B CeKyiidy.

Ha ¢ur. 44 Ha ocn aGcunce OTNOWEHB 3HAYEHHA pacxoly
BO3AyXa B KYOUYECKHX CAHTHMETPaX B CEKYHLY, a Ha OCH Op-

p'f pl M
60 12l cmSlew
/
50 4570
: /]
40 7T 7414977
A 1167
a9
0 // 954
/ //{ o/
1 744
Y
20 /1/« f// <
/’ j » 4| 534
10 //}'// o 338
B/ 8% e= RENNB=EY.
| _;_,,.1)/"’4

0755060 300 125 Tom
7 34 56 7 8

HOMEPO MAHOMEMPOS
&ur. 43.

JIHHAT — COOTBETCTBYIOLUHE PA3HOCTH KBAApPAaTOB aGCOMOTHHIX
aasneHuit OKono BXoAa H BHIXOJAA H3 TpyOu. [lonyyennwe ToukH
TPYNMHPYIOTCA” OKO/0 NPAMON /HHH, Y4TO cornaacyercd ¢ Teope-
THuecko#t dopmynolt (2.9). Ecau oTHocuTh, Kak Be3me B 3THX
OQHTax M BHYMCACHHMAX, 00bEMUHI pacxod BO3AyXxa K HOPMa/b-
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{ masaenuto 760 mau pryTHOro cronda u 15°Ll, TO HMeew
G

=_, 4.1

Q=1 (4.1)

Yo €cTb Bec eaunuun o6b¥ma Bosayxa mpu 15°Lu 760 mm

p?- pi)oma
75

60
/
%) //
/ [ )
yd
,/
a0 /y
4
/
/
15 )d
/'.3 //
499 7
a6 —%
a3
0 500 7000 5057800
cmYcen
our. 44.

cronda, Torxa u3 (3.1) u (4.1) noaysaem

__ ghF(ni—p)

Q=" (4.2)




FJTABA VIIL

HEYCTAHOBHUBIIEECS JAMWHAPHOE JIBWXEHUE
FA3A B HEU3MEHSIEMOH NOPUCTOW CPEJE.

§ 1. OcHoBHoe ypaBHeHRe,

B rnaee Il mu BuBendn ypasuenue (6.15) mns namunapuoro
ABINKEHHA Ta3a B HeH3MexseMoll MOPHCTOH cpele NpH OTCYTCTBHH
CHJIBl TIKECTH M [PH TMOCTOAHHHIX 3HAYEHHAX R W R,

BeengM BMECTO ¢ BeaHUHHY

a1
P=p = | (1.1

toraa no dopmyae (6.12) raaew [l monyunm

n
q=§_(—ﬂ__+1) P. (1.2)

Buocsa (1.2) B ypaBHenne (6.15) raaew [I, Mu moayuum ochos-
HOE ypaBHeHHe /s onpejeneHus P;

n
vep =D pTiFidf, (1.3)

KomnoueHTd ckopocTH ¢uabTpaumu coraacio ¢opmynam (2.2)
u (6.1) rnasu 1l 6ymyT:

y— __tn__ 0P

= —FmEn ox”

= 0P

v B(atD)p dy’

y— — . kn__oP

= " FaF w0z

» (1.4
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nech o ofnpenenfeTCs H3 YPaBHEHHS MOJHTPONH

1
n

Bo=p ", (1.5)

oTopoe mnocle 3aMend p yepes P, coraacko dopmyre (1.1),
PHHMMaET BHA

Bp= P71, (1.6)

Vpasuenne (1.3) ecTb HeauHefiHoe ypaBHeHde BTOPOro mo-
MIIKA € YaCTHHIMH MPOH3BOAHHMH mnapaboauueckoro THna. Ero
{HTErpHPOBaHHE MPH 3aaHHHX TPAHHYHHIX H HAYA/JbHOM YC/AO0BHHX
IPEeACTaBNAET 3HAYUTENbHHE TPYLHOCTH,

§ 2. MepBoe uacTtHoe pemenne,

Ypasuenne (1.3) Mu MOxeM nependcarb B BHAE

1

1 1
14\ __op"
o¥2 (p ")=£ : 2.1)
rae BBeLEHO O0O03HAUSHHE
kn
T s (2.2)

Bynem uckaTh uuterpan ypaeseuns (2.1) B obuienpuuarodt dop-
Me

p=f(x. 3, 2)9(0). (2.3)
[Monctasaan (2.3) B (2.1), Mul nOIy4HM

1 1 1
0p 1+ 272 (fl'i';'): >3 dd(:) .

L
n

[Tocne pasfgeneHds mnepeMEHHHX MH TOJAY4YHM B OXHOR yacTu
ypaBHEHHA BupaXKeHHE, 3aBHCAWEE TOAbKO OT KOOPIAHHAT, a B
IpyroRt uacTH —BHpakeHHe, 3aBMCALIEE TOMLKO OT BpeMe-
H4. [To3ToMy Kawmoe M3 3THX BHPAWEHHH IOMNHO paBHATHCH
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noctosiHHoft Bennuune, OGo3Hayas ed yepes — h®, M MOMYUH:
1

. 9(y) w
Lot = o — = — Mo ==const,
1 71+7
f n
Orciona nonyvaem nBa audepenunalbHEX YPaBHEHHS:
1+.1_. 1
vz(f ")+lfﬂ=0, (2.4)
1
: M:-md& (2.5)
14+ —
? n

Ias uuTerpuposanua ypasteHus (2.5) xenaem NOACTAHOBKY

p=x" (2.6)
BeaeficTBie uero (2.5) npuMmeT BHA
%’:T = —jo dt.

Huterpupys 3To ypasHeHHe, MoayuuMm
x~"=)wnt -+ const.
CnenoBatenbHo, HHTErpanoM ypasueuus (2.5) Gyner
1

pl)= const. + Jont * (2.7)
Ecau npuuaars, uto
p()=1
ana =0, To nony4HMm
const. =1 (2.8)
v uuterpan (2.7) npuMeT BHAO
1
()= T vnr - (2.9)
Buocs (2.9) B (2.3), Mu nony4uM
p=1LE v (2.10)

14 )ont *
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Tenepp nerKko yCTaHOBHTb TO YC/IAOBHE, [PH KOTOPOM BO3MOXHO
peuwtedne B BHie (2.3). Ecau mnonoxuts B (2.10) £=0, TO

nony!mM
p=f(x, 2). 2.11)

D10 3HauuT, 4TO TOyHoe pewende (2.3) ypasdeuus (2.1) Boa-
MOXHO TONbkO B dopvme (2.10) W OTBEHaeT HAHAMBHOMY YCI0-
BIlYO

p=f(x, y,2) npu £=0. (2.12)

CrienosaTenbHO, 9TO TOYHOE HAaCTHOE PpelleHHe HEerogHO AA
yoOB/ETBOPEHHS TPOH3BOMbHHX TrPaHHYHHX ~yCA0BUH M mpons-
BOJNBHOrO HAYaJbHOTO YCMOBHSA,

Ypasueuune (2.4) 1erk0 MOweT OHTb MPOHHTErPHPOBAHO ANA
n=1, 4t0 W 6wA0 caenano ByccHHecKOM A OIHOMEPHOTro
nsukeHns, B oOuieM ciaywyae HHTerpHpoBatide STOrO yPaBHEHHS
NpH 3a0aHHBIX TPAHHYHEIX YC/IOBHAX MPENCTAB/AsET HeMErKywo 3a-
nady, TaK KaK 9TO ecTb HejHHeliHOe ypaBHeHHE € YaCTHHMH
NPOU3BOAHKIMH BTOPOTrO NMOPAAKA,

§ 3. Bropoe usacTHOoe pemeHue.

Ypasuerre (1.3) Mu MOxeM npencmmn'h B BHIE

oP
VeP=DP "+15—, 3.1
rae sBefeHo obo3dHayeHue
——me
D=_p-". (3.2)
Byneu uckath unterpan ypasueuns (3.1) B dopme
P=P(9), (3.3)
roe
(x. 9, 2 )
(ERALRA (3.4)

npuuéM @(x, y, 2z) ectb Hckomas oyuxkuus., YToOm HalTH aua-
auTHYeckywo $opMy 3aBucHMocTH P oT aprymenta 8, nmoactaBum
{3.3) B (3.1), 4TO NPHBORHMT, €CAH HCMOAb30BaTb 0CO3HaueHHs
{6.12) u (6.14) rnasu IV, k ypaBHeHmo

vip—2Pan+ 2 (3.5)

10 n. c. JtenGenaon
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nprusy
A 1
A,e_—_%;, Vi — = V2, (3.6)
Burocs (3.6) B (3.5), nonyunm
_ Py aPTH
vzp—do_:i IL’+70 T (37)
Jlanee, umeem
OP _dPdd _  dP g
Il r At ¥ (3.8)
Buoca (3.7) u (3.8) B (3.1), noayuum
4P [\ , 1dPc, - —Z=dP

Han peilends 3TOrO ypaBHEHHH, MO/Ab3yHCh MPOH3BO/BHOCTBIO
$yHKUHH @, TpHMEM
Le

=const.,, V%p—const.; (3.10)

Toraa ypasuenne (3.8) Gyner 3asuceTs TOABKO OT OMHOCO mepe-
Mexuoro f,
Mu yposaerBopiM cucteme (3.10), T0M0KHB

o =C(x?+ y?+ 2%) =Cr?, 3.11)

rae C nonnexur onpemenenuto. Iloacrasass (3.11) B (3.10),
6yneM UMETb

%h:u;vw:ﬁa (3.12)
Buocs (3.12) B (3.9), noayuus ypasHeuue 018 OnNpedeNEHHS
P (6.

axpP 6 D \dP
4@r+@4"—f—yoza (3.13)
cP n+1

9710 ypaBHeHHE uMEeT TPHBHA/bHHA MHTErpan

P =const. = C, (3.14)
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4 4aCcTHOe peEuleHHE BHIA
P=C,", (3.15)

rge C, n @ onpenensioTcs nocre noacrtadoskH (3.15) s (3.13),
yT0 maéT

a=2%L, (3.16)
Dn ntl
C, = [_m] ol (3.17)
Buocs (3.17), (3.4), (3.11) B (3.15), Mu moay4HMm
. Dnr? atl
P=[-mam] " 318)
M Tak KaK Ha ocHoBauuu (1.1)
nt1
P=p " s

TO HMeeM yacTHuf HHTerpan ypasueuus (3.1) B Bume
Dnr?

O6a wHafiaeHHHX 31echb 4YacTHWX peuleHds aag caydas n— |
COBMAjalOT C peuleHHsMH, KOTopwe Hawdn Byccuueck, pewas
33444y O HEYCTAHOBHBIUEMCH JBHXEHHH Heray6okoft rpynToBo#t
Boau {cM. raasy X, § 1).

§ 4. Mpu6aw€nHoe AHTETpAPOBAHHE OCHOBHOIO
ypaBHeHus (3.1) nas ORHOMEpPHOTO ABHXEHHS.

Tak kax ocHosHoe ypasueude (3.1) Henuueftnoe, TO, ¢ He/bIG
npUGAHKEAHOTO HMHTErPUPOBaHHA, Mhl MOABEPrHEM ero JdueapH-
saund. [lpexpge Bcero 3aMeTHMm, 9TO Ha OCHOBaHWH (1.1) Mu
HMeeM

n
prti=p, (4.1)
[Tostomy ypaBueuue (3.1) npunumaer BHA
D apP
Vip—= 7 Oi ° 4.2)

10*
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C wuenpto JIMHEapH3alMH 3TOr0 YpaBHEHHA MOXKHO CAE1aTb pa3-
JHYHHE THOOTE3W OTHOCHTEJbHO BEJHYHHHE THAPOIHHAMHYECKOTO

I3BJIEHHA p, CTOAUIErO B MpaBofl 4acTH ypaBHedus. PaccMOTpHM
TPH TaKHe THNOTEe3H.

1) MOXHO TOAOKHTB, yTO
p=p,=-const,, (4.3)

npuuéM 3HayeHHe TOCTOAHHOR Ps 3apaltca M3 (PU3HYECKHX CO-
obpaxenufl. Torna mu noayuuMm 0puGIHKEHHOE ypaBHEHHE

D oP
p—_2 20
v P=7 (4.4)
<oBrnajaaiomee ¢ OOHYHHM ypaBHEHHEM TerIONPOBOAHOCTH.
2) Mu MOXeM B HEKOTOPHX Cay4asx NPHONHKEHHO TPH-
HATb, 4TO
l_at ﬁ(:;_(%_ , (4.5)

The nocTosnnan A H dynkuun f(£) u F(x, y, 2) 3ananu Hanepdx
H3 ¢u3nueckux coobpawenuit. Buoea (4.5) B (4.2), Mu moayunM
TIpUONHKEHHOE YpaBHEHHe

_ F(x ¥ 2)
mP=D [+ Lo o

3) Mu MoxkeM NpHHATH
p=pyd(t), (4.7)

rae 8(f) ecTb 3amanuas obyukuua. W B atom cayuae ypasue-
Hie (4.2) npuMeT BHA OGLYHOTO yPABHEHH TEMJIONPOBOIHOCTH

D OP
Vzp__p 50 (4.8)
rae sBedeHo 00603HayeHuHe
¢
= (s ar (4.9)
0

QuesuaHo, =0 npu f=20.

PaCCMOTpHM Tenepo HeyCTaHOBHBLueeCH IBHAKEHHE Tra3a B
MPpH3MATHIECKOM !’lﬂaCTe H 6yneM npeanoaarars, 4YTO IABHKEHHE
ra3a CoBepwWaeTcs B Hanpap/leHdd, MapallelbHOM OCH [J1aCTa,
KOTOPYIO Mu fpumeM 33 ocp Ox. Eciv Hauano xoOpAHHAT B3ATh
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Ha OJHOM CTOpOHE MJacTa, TO YpaBHeHHE OPYrol CTOPOHH
naacta Gylner

x=1L,
rae L ecTb AaMHa maacTa,

['pannuHbie ycOBHE 3[ECb COCTOST B TOM, YTO JaHu YC/IOBHS
OTHOCHTE/IbHO JIABJEHHA ra3a B o60MX cedyeuusx NaacTa. YC/A0BHS
3TH MOryT OuWTb pasdooOpa3noro xapaktepa, Mu Oymem mpe-
HUMATb CAENYIOUU4€ TPHHHYHHE YCTIOBHS;

A) Ceyeune mnnacta x=—L HenpoHduaeMo na1s rasa (TaK
Ha3nBaeMas 33aKPHITasi CTOPOHA), BCIEACTBHE YEro CKOPOCTh hitb-
TPallMH ra3a M0 HOPMalH K cTedke, T. e, no ocH Ox, pas:ia
HyM0; TOrxa cornaacio (1.4) umeem

op
ar—0 amm x=L (4.10)

B) Ceuenne nnacta x=—0 OTKPHTO AN HCTEYEHHH Tra3a BO
BHEILHIOW CPely (OTKpHTas cTOpoHa). 31ech BO3MOXHH pa3Huie
cayyau;

a) Ha OTKpHTOM cededHd mnaacTa 3adaHO [OCTOSHHOE paBie-
HHE p,, YTO TMPHBOMHT K YCIOBHIO

1
14 —
P=2Pr =pz " paa x=0, (4.11)

b) Ha OTKpPHTOM ceyeHHH NA3CTa NPOHCXOAMT HCTEYEHHE
B 06/aCTb MOCTOSHHOTO MaBMEHHA MO 3aKOHY TEOPHH TEMAomnpo-

BOAHOCTH
9P W (P—P,) mma x=0 (4.12)
ox 2 - )
npHuEM k' eCTb HEKOTOPAs MOCTOSHHAS, XapPaKTEPH3YIOILas YCAOBHSA
HCTEYEHHA ra3a H3 nJacra.
C) Ha OTKPHITOM CE€4Y€HHH MJacta NAaBJACHHE p.a €CTb HEKOTO-
pasd GyHKUMA BPEMEHH, YTO [PHBOLMT K YCAOBHIO

Py=1y,(f) nna x=0, (4.13)

Kpome ycnosuit A) u B), momkwo GuHTb 3alauo pacnpene-
NeHHe J1aBJeHHd B NJ1acTe B HaualbHuf MOMEHT Bpemen f—0.
CnenoBaTenbHO, A8 3HAYEHHs, 3aK/AOUEHHOTO B HHTEpBane

O0<x<clL,
HMEEM
p=/[,(x) nna t=0, (4.14}
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4EMY -OTBE4YaeT HavalbHOE YCI0BHE

P=Py=f(x) nna t=0, {(4.15)
IpHuEM

1
i) =[f, (x)]1+ O (4.16)

§ 5. Npr6ank&nHoe AHTErpAPOBAHHE YpPABHEHAs
ORHOMEPHOTO ABAMEHAS OPH NMOCTOSHHOM HAYaJbHOM
NaBJieHHA MO BCeH NJMHe MJacTa.

B stoMm cly4ac HMEECM HauyalbHOE YC/JAOBHE B caeayloulem
suae:

p=p, am t=0 (5.1
Inq BCeX 3HaYeHHR X B WHTepBane
O<x<<; (5.1

Nno3TOMY HayanbHoe ycnosde (4.15) npuHuMaeT Bux
1

1
P=P,=p, % o f=0 (5.2)

B HHTepBane (5.1°).
[IpennonoxuM, uto

Py=Py (5.3)
Toraa ypaeHueuue (4.4) NpHUMET BHI
2p— _mp 0P
V2p—= 7kpy OF ° (5.4)

Vpaeueuue (5.4) ecTb OOHHYHOE YpPaBHEHHE TEMIONPOBOXHOCTH,
KOTOpOE HHTErpHpyeTca 1o MeTony Pypbe OpH HavaabHOM ycJo-
BHH (5.2) M rpaduuHnx ycaoeuax (4.10) u (4.11). Hurerpan
ITOr0 ypP4BHEHHS HMEET BHI

inx

TL- ] (5'5)

4 1 —
P=P,+—(P,—P) Y, T¢ ' sin
4

rIe CymMMa paclpOCTPAHAETCA Ha BCE Le/ne HEYETHhe 3Haue-
#UE { OT eadHHUE A0 GeCKOHEYHOCTH, a HOCTOfMHHAA €& Ompene-
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asetcs dopmyaoh
nknyz?
= 4———”‘:“ . (5.6)

Pewenne (5.5) monyvaeTcs MO METOAY YACTHHX pewleuuil, nyTém
HCTIONb30BaHMA H3BecTHOR dopmyan

0
—:=‘=1’§5' —}-sin i?, (5.7)
rae
O<x=<,

Beengm ob6oanauenns

g=e—*, (5.8)
e ;fsin n:x

prg=7 X ¢ — (6.9)

=13 5 ..,

npuudM ana £ =0 nmeem

0<g<1. (5.10)

[Ipu 3Tux o6o3Hadenuax perenne (5.5) nNpuMmer Bui
P—P, X .
.EOTP-?_(?(L ,q). (5.11)

Y 3akpuroro koHua .naacta (x=4L) nasaenne rasa p, Gynert
¢iyHKuHel OMHOTO TOAbKO BpeMenH £ 3heCb MMEeM

n+41

P,=p, " . (5.12)

Cnenosarenbno, P, ecTs yHKLHS TOKE OIHOrO TOJILKO BpeMe-
HH I

P, =P, (t). ~(5.13)
Hns onpenenenns P, M nomxun B pasenctse (5.11) nonowars
Xx=0L, 4yTO UPHBOAHT K BAXHOMY COOTHOUIEHHIO
P =Py
E=m =4l 9 (5.14)

Ecau oTkasaThes OF MNOTeaH, BWPawexHOR paBeHcTsoM (5.3),
To pemende ypasueuus (4.4) Oymer HMeTb TOUpexHEMY BHA
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(5.5) nam (5.11), HO BMeECTO paHee yKa3aHHOrO 3Ha4ueHus € [Hop-
Myna (5.6)] GyaeM uMeTb HOBOE 3Hauewue g€,, Oonpegensemoe
¢opmynoft, ananoruynoit (5.6):

nkpyn? .
l:::4””2[‘2. (5.10)
[loatomy BmecTo (5.8) Mu GyneM uMeTb
g, ==e—nt; {5.16)

g, Hal0 BHECTH BMeCTO ¢ B peweéuue (5.11),

§ 6. Bropoe nprbanienne,

[Tonyuennoe pewenne (5.5) uan (5.11) mu Moxesm paccmat-
puBaTh Kak nepsoe NpUOIHiKEHHe H, ONpelle/HB OTCIONA P, BHECTH
ero B Npasyio 4acTb ypasueuus (4.2) H 3aTeM BHOBb HHTErpH-
pOBaTb MOMYy4EHHOE ypaBHeHHe, ITO AACT BTOpPOE MPUOAHKEHHE.
BBHAy rpoMO3IKOCTH 3THX BHYHCAEHHR MH NpHMEM B KayecTse
Broporo npuGamienus Aas p dopmyay (4.7), npuu¥M Bubepem
byukumo & (£) B BuIe

8(t)=%:+(1—%3)e—3‘, (6.1)
riae
p:nil . (6.2)

Ha pasencts (4.7) u (6.1) cnenyert,.uto
p == p2 an t_’ wl

KaK H JOMKHO OWTh K KOHLy WpOLECca HCTeyeHHs rasa u3 1/1acTa,
KOrza MasjeHde rasa B naacte OyAeT CTPEMHTbCS CPaBHATLCH
C BHELUHMM 13B.JEHHEM p,, HMEIOUIMM MEeCTO Yy OTKPHTOro KOHUA
naacra.

[Tpn ¢£=—=0 wumeem u3 (6.1):

é(0)y=1,
Buocs 3T0 3Hayende B (4.7), MOJY4HM Haya/lbHOE yC/IOBHE

P =Py
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Ecnu nasnenue p, oveHb Mano MO CPABHEHHIO C [aBJEHHEM P,
TO AMS AABAEHHA Y 3aKPHTOTO KOHLA MJI3CTa MH HMEeM npHG.M-
KEHHO H3 (D.5), OrpaHHYHBAACH MEPBHM YJIEHOM CYMMHI,

it —t
p=Ce"" (6.3)
rae C' 6mm3ko k enuuHue. Bossoga o6e wuactu (6.3) B cre-
n

TeHb AET MH [10/1y4HM
p _
Pr__cre” n¥1 6
2 , 6.4)
rae C” Toxe G6AM3KO K eIuHHIE.

W3 pasencts (4.7) u (6.1) mu umeem npu p,, oveHp Manom
N0 CpaBHEHHID € P;, COOTHOLIEHHE

P -
7% e {6.5)
Cpasuusas (6.4) H (6.5) H cuHTaa p—p;, MH HakaEM
C'=1, {6.6)

[Tosatomy, conoctapnas ¢opmyan (4.7) u (6.1), MuH HMeeM
npH p,, OueHb MaIOM MO CPABHEHHIO C p;, AaB/leHHE Py, Bupa-
wenHoe ¢opmyaoht (6.5).

Takum o6pa3oM, Halle BTOPOe npPUOIHKEHHE COCTOHT B TOM,
4TO MH 3aMeHseM p B ypasuedun (4.2) uepes p,, T. e. masJe-
HHEM Y 33aKpPHTOrO KOHLA M0/1acTa, ¥ OnpenenseM ero mo mnpu-
Sauxtnnold dopmyane

p1=poS (£), (6.7)

rae &(f) umeer 3unauenue (6.1),
Buoca 8 (£) B (4.9), Mul OAYYHM 1AA HOBOTO TEPEMEHHOTO T,
BXoxAwero B ypasuedde (4.8), supaxenue

_ P P\l —e-Bt
':__p:t+(1 ,,f,)—p ) (6.8)

T=0 opu t=0. {6.9)

Tax xax ypasHeuue (4.8) oTaHyaeTcs OT ypasHenHs (5.4)
TOMLKO TEM, YTO BMECTO £ B HEr0 BXOAMT T, TO pelleHHe 3TOro
ypaBHeHHAl, OTBEYalouee HayaabHoMy ycaosuio (5.1) ¥ rpauuy-
nuM ycaosuam (4.10) u (4.11), Gyner nano pasenctBom (5.11),

OyeBHAHO,
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HO C HHHIM 3HAaYyeHHEM ¢, CnenoaaTeano, MhHl HMEeM

P— P x
Po—;’z =¥ (L_’ qz) ! (6.10)
npuyém g, onpenensercs no ¢opmyse, aHasoruuuoli (5.8):
g, =¢"tur, {6.11)

§ 7. Hccaenosanne dyHkumn o (x, g).

B § 5 mu BBeAM yHKUHIO ABYXx aprymentos @ (x, ¢), 3a-
nautylo ypasuenuem (5.9). Apryment g oupenensetci GopMy-

4
10 T = T
- 4 L4 et
¥ |4 o=t
1‘9 R @F 4 A V= ] 1
N
TR 7 »
gg / AN o //1 // I ] i
o NAQ o
a7 ] PAD 4)%%) P! L4+
Il A AT ""1( ( T
)4 A
L s
IAViRYi / /’/’ » '
0;‘5 riva / I// pd P
I ¥/ Vavy.
g4 I V. pd r
gy P
43 NI/ VA A
] p
V Yy
92 I/(/ A
a7

z
0 go5qlp Qo g30 g40  gio 960 Q70 g8 999 oo
dur, 495,

ao# (9.8) M monxen npencTasBaARTy Coboi 6GelpazmepHoe uyucao,
B camom nene, mnOACTaBnss B paBeHcTBo (5.6) pasMepuocTH
BXOJAUIMX B HEro BeNWuMH, MW Halm&M, 4TO pa3MEpHOCTb &
pasua cex—1, clefoBaTeNbHO, Pa3MEPHOCTL TPOM3BENEHHA &f, a
BMECTE C TEM H BEAHYHHH ¢~ %! paBHW HYJIO.

B Tta6auue 13 mauu 3uavedus dyukuuu ¢ (x, g) &9 3.uade-
‘gufl X, 3aKMIO4EHHHX B HHTEpBaje

0<<xst
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W TpH H3MEHEHHH ¢ B HHTEpBa.ne

0<g=< 1.

Ha ¢ur. 45 nsobpax®u rpaduk 310# yHKUHH 0pH H3MEHEHHH
X ¥ ¢ B yKa3aHHHX MHTEpBaJax.

w
4” . 1
1 =
<) ] z:

‘%‘__% 1 37 (?f

S TS apaP
0,5 _'&3 4 Fav.oe~ 4

Y V7

i SRS

0;7 he %Q’D d
4 AV ay. v
44 \“

a6 AT 7 %

17 47
a5 Yaariry

[1[ ; 1,/ A
L/

G4 / LY,

V9.0/74
2 TAVIVATRY.7// 4
i /

117

02 1[/
ql

W1 2
0 005010 Qa0 G30 G40 G50 G0 QW 480 Q90 [0

dur. 46.

Beeatm Teneph HoBylo dyukunmo ¢ (x, g), onpeaeasemyio
paBeHCTBOM

¢ (x, q)=:((l’f'q‘;). (7.1)

B Tta6auue 14 gauu 3nayenus 3toit Pyukuud pas 3HaucHuit x,
3aK/MOUEHHHX B HHTepBase

0<lx=<1
H TPH H3MEHEHHH ¢ B HHTEpBaje
0lg=< 1.
Ha ¢ur. 46 nsobpaxéd rpaguk atoft ¢yukuun,
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Ecan (5.11) pasneants na (5.14), To, moab3ysace 0603ua-
yeHHem (7.1}, MbH MOAyuuM
P—P, x
A=pi=4(£. 1), (7.2
rae
0L, 0<g=<l.

C nomotpio Ta6anu 13 v 14 ¥ ¢dur. 45 n 46 MOKHO COCTaBHTH
ce6e fCHYI0 KapTHHY XapaKTepa H3Me!eHWA 1aBJEHHA ra3a Kak
MO I/MWHE M1acTa B K2KOW-AMG0 MOMEHT BPEMEHHM, TaK H B IaH-
HOM MecTe MJ1aCTa C H3MEHEHMEM BpPEMeuH,

§ 8. Je6Gut maacrta.

Ie6utoM mnacta Mol GyleM Ha3wBaTh MacCy rasa, HCTEKalo-
WEero H3 eJHHHUN MAOWAAH MJacTa B eIWHHILY BpEMeHH.
O603HaunmM ero uepe3 (. BeauunHa ge6Gura sHYMCAAETCS MPH
MOMOLWH MepBOro paBeHcTBA cHcTeMH (1.4), B3dTOro ans OTKPH-
TOro KoHua mnacra, T. e. aad x=—0. 310 na&r

kn oP
st (.. 2
Brocs coza P u3 paserctsa (6.10), Mu mMOAyuHM
—k” (PO—P")
G—' "a (n+ 1) L Dz (q‘.’.)r (8'2)

rae BBeieHo o0o03HayeHHe

185 =
3, (g) =2 (q;+q;+qz‘—l—---)- (8.3)

3ToT pam BCTPedaeTcsl B TEOPHM IMIHNTHYECKHX (YHKUMH,
H ko6, OaMH M3 TBOPLUOB TEOPHH SAIHINTHYECKHX (yHKLUKH,
BB B aHanM3 yeThipe OcHOBHHX ¢ynkumuu §. Coraacio ompe-
nenennio fxobu,

1 9
9, (x, g) = 24" cos ix + 2¢% cos 3nx - ... *). (8.4)

*).Cwm., nanpumep, Jahnke und Emde, Funktionentafeln,
Springer. Rerlin.
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Ecan ¢, mano, 10 pan (8.3) cxomurca o4enn GHCTPO; ec/au
Ke g, GMH3KO K eauiule, TO CXOIHMOCTh pAfa BechbMa cnabas.
Ho §lko6u nan ¢opmyay npeoGpa3oBanug, KOTOpas B paccMmar-
puBaeMoM cayyae madt!)

8, (g.) = l/‘fﬂ,[l —2q4+2q2—2q2+---]. (8.9)

rae BBedeHO 0603HauyeHHe
n?

ga=—¢e (8.6)

[Tpn manbix 3HaueHMAX BpEMEHH £, KOrza ¢, G/M3KO K elMHHLe,

3HAYEHHS ¢, MOMY4AIOTCA OYEHb MaJuMM, BCAEACTBHE 4ero paj
(8.5) cxomnTcs ouedb GHICTPO 4

H BuuHcaedue §, (g,) mpous-
BOIMTCH JIErKO.

Ecan  oTknaamBath Mo
ocH abcunce Bpems £, a mo
OCH OpAMHAT — BECOBOH pac-
xox rasa G (jur. 47), TO
MONAYUHM KpUBYIO  uCmouye-
Hus, HMEUlyld OCb OpAMHAT ¢
B KayecTse aCHMOTOTH. Ypas-

HeHHe KDPHBOH  HCTOMIEHHS Pur. 47.
MOXHO MOJMyunTb M3 paseHcTsBa (8.2). B camoM nene, MH HMeeM

kn 1(Py— P,
G, = Gg="21R= 008, (qy). ©.7)

HOna oueHb Manamx 3Hayendfl £, B6JAM3M MOMEHMTa Havyana mucrede-
HUsl, B paseHcTBe (8.5) ZOCTaTOMHO OrPaHHYHTBCA MEpBHM une-
Hom pasnoxenis B, (g), T. €. MPHHATD

=
L=y & 8.8)
Ho B 3tom c/lyyae MH OOMKHH [PHHATD
=1

1) CM., Hanpumep, Yt texep u Bartcou, Kypccospemennore
aljansa, nepee, ¢ aHraMickoro,
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Buoca (8.8) B (8.7), Mw moayuum

P(] P1 knm
BILESY apyt *
[Tonoe BecoBoe KOJAHYECTBO rasa, BHTeKalOUee H3 MaacTa

C MOMEHTA Hayana MCTe4YeHWs 32 MPOMEXYTOK BpeMmeHH f, Gymer
pasHo

G, = (8.9)

¢
6'=§ a,dt. (8.10)

Buocs ciona (8.9), M MOAYYHM 1AS He6OAbIO020 NPOMENYMKA
8peienu t.

= Py—P; knm
G= a(°n+1l> e fV:' 8.11)
OTKyIa
2(Py— Py “knmt
Blnt1) BTPg

Ecan nanocuts Bpems £ Ha OCH a6cuHce, a NOJAHOE BECOBOE
KOAHYECTBO HCTEKUIero rasa —Ha OCH OpPIHHAT, TO MOJYYHM

G= (8.12)

¢

L)
-\

$ur. 48.

TaK Ha3LBAEMYIO XpUBYIo cymuaprotl dobusn naacma (¢ur. 48).
W3 (8.12) cnenyert, uTo B6AN3M HAYaNa KOOPAHHAT 3TA KPHUBAS CyM-
MapHOH n00b4HM GNM3KA MO CBOEMY BHAY K OGHKHOBEHHOH ma-
paGone BTOPOR <TemeHH, uMewowell oCb OpAHMHAT B KayecTse
KacaTeJbHOH B Havaje KOOpAMHAT,
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§ 9. Heycranosdpmeecss NBM¥EHWE ra3a B JBYyX
R3MepeHnsx.

Ecan nnacT, B KOTOPOM HAXOAMTCA ra3, nMeeT HeGOJbWIYIO
TOAUIMHY, OYyAyuyH 3aKpHT CBePXy H CHH3Y HENPOHHMLAEMHIMH
FOPH3OHTANbHHMH CNOAMH, a MepOPHPOBAHHAA TPY6A CKBAKHHK
MPOXOAHT Yepe3 BCIO TOJLIHHY ero, TO BAMAHHEM CHAH TSXeCTH
MOXHO MpeHeGpeub, H IBHXEHHe Tra3a c/leryeT pacCMaTPHBATh
kaKk AByxMepHoe, COBMeCTHM naockocTb OXy C HHXKHHM TOpH-
30HTaJAbHHM OCHOBAHHEM MacTa, a OCb Z HaMpaBHM BepPTHKAAbLHO
Beepx. Tonwmuy nnacta o6o3vaudm uepe3 k. Torza ypasuenne
(4.2) npumeT BHI

%P | 0P __DoP .
=m T =% ©.0
KommonenTH CKOpOCTH UAbTPALMH GyayT
pu= kn dpP
=TT S+ Dpox
A Y

CnesoBaTenbHO, BECOBOE KOJHYECTBO ra3i, Mpoxonduiee 3a emH-
HMLlY BPEMEHH BHYTPb CKBaXHHH C KPYTOBUM CeyeHHeM pami-
yca r=>5, T. e. BecoBoit ne6HT ckBaxuHd ( GyneT paseH

knhg E
fint+N)w Jor

Wuterpan nomked ObITh B3ST MO OKPYKHOCTH CKBaXHHM, 3/e-
MeHT KOTOpoit 0603HaueH yepe3 ds, a paaHyc-BeKTOp mpoBexéd
M3 LEHTPA OKPYMXHOCTH, MPeACTaBAsiomiel KOHTYD CKBAXHHH.

B nanbneiimem Gyzem mpeanonaratb, 4TO HayaabHOe naBne-
HHe ra3a B MJacTe BCIOAY OXHHAKOBO H PaBHO p;, d AaBJeHHe p
B mpaBoi uwactW ypasdenns (9.1) ompenenseTcas paBexCTBAMH
(4.7) n (6.1). Toraa, BBOAA BMECTO / HOBOE MepeMeriHOE T CO-
rnacio opumyae (6. 8), mel npuseadm ypasuenwe (9.1) K BHAy

D oP

ep &£ 97 ' .
VP =T (9.4)

G= ds, (9.3)

[ps ero HHTErpHPOBAHWH MH IOMKHH BHIOJHHTb ClelylOUMe
yCNOBHS:

11 7. C. NlenGenson
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A) Havanbnoe ycnosue

1
P:_—PO:_—pOH'F npu T=0. (9.5)

B) Ipannusbie ycaoBus:

1) Ha xoutype cksaxuuu s(r=—>b):

a) paBneHne p==p,, 4TO PUBOAHT K YC/IOBHIO
1

P:_—PZ:_—pzlﬁ ana r==ab; (9.6)

6) ucTeyeHHe MPOMCXOIMT B 061aCTh MOCTOAHHOrO MABJAEHHH p,
YTO NPHBOAHT K YC/AOBHIO

PP BoP—Py) mm r=, 9.7)

rie J,— HeKOTOpas MOCTOAHHAaA, XapaKTepH3ylowlas ycloBxe
MCTEeYEHHs M3 MJ3acTa B CKBAXHHY.

2) Ha BhewHe#t rpanvue nnacta §; HMeeTcs HeNpoHHuaeMas
AN rasa rpaHdua, BC/AeACTBHE 4E€ro CKOPOCThb (HALTPALMH nO
HOPMalH K 9TOR rpaHMue [aBHa HymoO, YTO BHpaxdeTcd ycno-

BHEM

oP
6—”=0 Ha KOHType &, (9.8)

npuuéM NpOH3BOAHAA GepETCA MO HOPMAJAH K KOHTYpy S

§ 10, Cnyual, xorna ckBaXAHA ¢ KPYrOBLIM KOHTYPOM
HAXOAHTCA B LEHTpPe KPyroBOoM BHeINHEH rpaHAsI,

[ycts paauyc BHewHel OKDYWHOCTH S, paseH @, pamuyc
KOHUEHTPHYHOM el BHyTpeHHe# OKDYXHOCTH & paBeH b. [IBHxke-
HMe Ta3a B PacCMaTPHBAEMOM CJyude CMMMETPHYHO OTHOCHTE/BLHO
ueHTpa 0oGoHx kpyroB. [loaTomy uesecoo6pa3io npeo6pa3oBaTh
ypastenne (9.4) k noaspheM koopAunataM, OB8o3nauas uepes r
paccrosiude oT uentpa O, momydum
ap 1 oP D oP
67+_’_"a_r———p'_°"a—1- (10.1)
'panuuHne yc70BHA 3nech GYRyT:

1) Ha BHewHeH rpauHue S,

dgP .
BT’—:O ang r—a, (10.2)
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2) Ha BHyTpenHeft rpaHuue §

P=P, ana r=b, (10.3)
Hurerpan ypaeuends (10.1) yzo6Ho npeacTaBdTb B Buie
p.,rk?u
) -
P—Py= 3 Cfnlne P, (10.4)
m=

rae C,, C,, C,, ... CYTb NIPOH3BOLHLIE NOCTOAHHKE, ONpexense-
Mble H3 TpaHMuHHIX ycaoBuH, a Qymkuus f, (r) yaosneTsopseT
ypaBHEHHIO

Hm . Lm | y15 —o, (10.5)

T. €, M3BecTHoMy ypaBsHenHi0 Gynkunit Beccens HyneBoro mopsaka.
Hnrerpan ypasuenud (10.3) Bo3pMEM B BMIE

fa()=Jy(N )+ ANy (rh,) =2, (r},), (10.6)

rae A, — Mpou3BoabHas nocrosnHas; Jy (rd,) — dynkuus Beccesns
MepBOro BHAA M HyJeBoro mopsaka, Nj(rh,) — dyukuns Beccens
BTOPOro BMIA3a H HYNEBOro NOPAAKA.

Ycnosre (10.2) Ha BHewHel rpaHuue MOC/e BHECEHM B HEro
uirerpana (10.6) npHBOOWT K ypaBHEHHIO

Zi(@a)=J (a,)}+ AN, (a),)=0, (10.7)

TaK KaK, COr/aCHO M3BEeCTHBIM COOTHOUIEHHSM, HMeeM

%m=—4m,} (108

Ny(x) = — N, (x), -9

rie J; ectb dynkuna Beccens nepsoro Buma M nepsoro nopsaka,
a N, — ¢pyukuna Beccens BToporo BMma W nepBOTo nopsaka.

Ycnoswe (10.3) Ha BHYTpeHHell rpaHMuUe MOC/Ae BHECEHHH

B Hero uuterpana (10.4) wu ucnonb3osanus cooTHoulenus (10.6)

NPHBOXHTCE K BHAY

Jo(0),) 4 ANy (b)) =0. (10.9)
3 ypasnennit (10.7) u (10.9) mu umeeM

__Jo(bhy) __ S1(aln)

= Aa =Ny Go). - Ny @) *

(10.10)
11*
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BBoas o6o3nauenns
b
Z=K a,=x; b\,=yx, (10.11)
Mt nonyunm w3 (10, 10) creayowee ypaBieHHe 1,19 ofpene/eHHs X:
Jo (1) Ny (x) —J, (x) Ny (ue) =0, (10.12)

Ins 3apanHOro 3HadeHWs M 3TO ypaBHeHMe HMeeT GecuMcIeHHOe
MIOWECTBO KopHeH

X1, Xpy Xgy Xgyuon,

KOTOPHIM OTBeYaeT 6ecuHC/IeHHOe MHOXKECTBO 3HaueHuH napameTpa ),
Ly, Ay Agy Agy. .., UTO BHAHO HAaraamHo M3 ¢wur, 49,

S

A ,
Ik 7/‘:} (1)
\F (] J,
8 r .S:\ ! ”
[ N i)
; e L [3@
-\\ | \
5 :\\E‘\ \ "Nn*"'\’\
4br '\{\ ! |
‘; | § ! | T —
L ] .
; : 5 :appﬂoﬂ :0{,05”00 : [
I Zo ()21 hIZ/0 |y y
: ! 1 ;l 0{ ‘lz7] ‘Z’ (I) / 1 : 1 I\ 1 1 . \z
w7 g 3 4567890° 2 NJSUNS\GTENW' 2
! hopens (20N KB\ | oo, 75)-0
: s

$r. 49,

[Ipu Manux 3HayeHWaX M Mo MMeeM MpPHOIMKEHHO

Ty =1; Ny(wt)=— = In (?i_z)

(ln 3=0,11593...). [TosToMy A3 Manbix 3HaueHuH § ypasHe-
une (10.12) npuunmaeT Bua

Nilx) 2 2
Jll(x) =—21 (__ ) (10.13)
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Orclona cnexyet, 4To mpH 4 -0 KOpHH 3TOro ypaBHeHus cTpe-
MATCA K KOPHAM YpaBHeHHs
Ji(x)=0,

OTIMYafch OT HMX HAa HEKOTOPYK Malylo, HO KOHEUHYI0 BENHuMHY,
KaK 3TO BHIHO H3 ¢ur. 49,

[Tpon3spoasHan moctonHHas A , cornacto (10,10), 6ynzet nmeTs
onpenengHHOe 3HaYeHHe IJA KAXIOTOo W3 3HauyeHnH L, ky, Ag,...

Ias Toro 4TOOHW YXOBAETBOPHTH HayansHOMY ycnosuio (9.5),
caeayer B (10.4) nonoxnTs 1=—0; Toraa Mo GYXET MMETb

P,— P, = ,..21 Cof . (7). (10.14)

Ho, coraacio teopnu ¢ynkumit Beccens, Mb uMeeM creayiouwee
pasnoweHde B palL:
P—pP,=

oo ’
e — (b melﬂxm)'_z_OQm’ )
=—2(P,— Py Y, @i oy B iy (10.15)

m=1
TAe 7 33aKJIIO4EHO B HHTEpBase
b<<r<a

H BBeleHw 00603HaueHHs

Zy () == Jo )+ A Ny O7), }

Zi(aN=J (M) + AN, O\ ).
Cpasuusas (10.4) n (10.15), naxomum C, H 3aTeM 0OAY4MM
P=p, —

(10.16)

porr?
(bhe) Z1 (Bhn)- Zo O e = "D
(23)222 (@) ) — (D)) Z2 (b))

_2(p°_p2)2 (10.17)

m=1

rIe HCMoAb30BaHH o6o3Hadenda (10.16), a cymma pacnpoctpa-
HfeTCd "Ha BC€ KODHHM TpPaHclleHAeHTHOro ypasHenus (10,12),

§ 11. Buupcaenne ne6ATa CKBRMHAHMI,

an BHIYHC/EHHH BECOBOTO Ae6HTa CKBaXXUHH Mbl BCIAEHCTBHE CHM-
METDHH HMEeM
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BHocs 970 3HaueHHe uHTerpana B pasedcTBO (9.3), MH HAHAEM
BEJHYHHY BECOBOro Xe6HTa:

____2nknhg P
= yatte_ [r ar],=»' (1.1

[Tyctp navo nasnewie p, B cksawune, Torma Hamo BHeCTH
B (11.1) 3nayende P u3 paseunctBa (10.17), yto madt

poﬂzl
(00222 (r)e P
0223 (ad)) — (00222 (Br)

(11.2)

_ dnknhg (Py— Py)
O="Futhr 2@

[Ipeo6pasyem 310 paBeHcTBO K Go/lee yAOGHOMY NI BHYHCIEHHH
Buny. M3 pasencts (10.6) u (10.10) umeem

Ji (al) Np (adg) — Jp (@dg) Ny (ady)

Zylady) = — AT . (11.3)
Ho, cornacio nsBectHo#t ¢opmyne Teopu ¢ynkumh Beccens,
2
J1 () Ny () — Sy (%) Ny () ==, (11.4)

[ToncraBngaa 310 3Havenne B (11.3), MH nOAyuHM

2 1 _
T!(lx‘ Nl (ak,) -

Hanee, u3 (10.16) u (10.10) Mo uMeem
1 (B))) No (B)y) — Jo (bXg)- Ny (BAy)
21 (B0 = N, (B7;) ’
Wi, Ha ocHoBanuu (11.4),

Z, (@)= — (11.5)

2 1
wh;  No(bhp) "

Buocg (11.5) u (11.6) B (11.2), M nonyynm

__ 2rknhg(Py— Py)
I="Fatnr ¢

(11.6)

(11.7)

rae
¥4 .,ﬂ?

— ,~ "D
(P(t)— lgl B‘e ’
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a 2N? (a)y)
ETONR(0y) — NP (ary) '
Ho u3 paseuctsa (10.10) nmeem

Jo (B3))
N, =N, ed R ded £
O(bll) l(all) "1 (ax‘)
Buoca sTo 3Hayenne B (11.8), M monyunm

B, — 2J% (a))
ETORey =@y’

AlH, ec/ BOCMO/b30BaTheAd OGo3sauennamu (10.11),

22 (x)

B=——.
! JE (wxy) — 2 (x))

167

(11.8)

(11.9)

(11.10)

3Havenns koapHunentoB B, By, Bg,... 419 pa3ubix 3HaueHnil g

OaHu B ‘rabauue 15,
Ta6anua 15

3HaveHus p Xy Kosdduunenr B

0,7167 0,25420

0,01 4,2899 0,05855
75462 0,04339

10,7659 0,03746

0,5687 0,16106

0,001 | 4,1108 0,02325
7,3204 0,01568

10,4986 - 0,01243

0,4857 0,118%1

0,0001 4,0317 0,01224
7,2277 0,00779

10,3955 0,00594

0,4308 0,09267

0,00001 3,9874 0,00753
7,1780 0,00461

10,3415 0,00344
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§ 12. ®opma muTerpana ypasHenms (9.4) BGansa
CKBAXHAHB MajoTo AHAMeTpaA.

Hurerpan ypasienuns (9.4) MoxHO mpeacTaBuTh B (opme

- PpotA?
P=P(x, y)-e D, (12.1)

npiuéM PyHkuna P, (x, y) ydOBNeTBOPfeT ypaBHEHHIO
V2p 4P, =0, (12.2)

[lycTs 7 €CTbh PaccTOAHHE OT UEHTPA CKBAXHHH Manoro paanyca p.
Torma aas ABM¥eHWd ra3a BOiMIM CKBaXMHBI HHTErpa’ ypasHe-
uug (12.2) MoXHO npencTaBuTs B Gopme

Py =CN, (i) -+ (x, ), (12.3)

rae C ecTh nocTofHHAA, MOIexallas onpedeseHio, a ¢ (x,y) —
$yHKUHA, yIOBNETBOPSAIOWIAH YPABHEHHIO

Ve 1y =0 (12.4)

H He HMMelollas HHKAKMX ocoO6eHHOcTeH BG6AN3H KOHTypa s, a
Np(ir) ectb ¢ynkumus Beccens nynesoro mopsaaka BTOPOro BHAA,
Buecém Teneps (12.1) n (12.3) B dopmyay (9.3) ana secosoro
JebHTa CKBaXKHb, KOTOPHH 31eCh fBAgeTCH BeAHYHHON nepeMenHo#;
Mbl MOMYYHM
\p,

G=m’ﬂ'ﬁ [csﬁi‘zrﬂ ds 4§ o ds] e PO, (125)

ﬂpH‘léM 06a HHTErpana caenyer B3ATh MO KOHTYPY OKDYWHOCTH §,
Ho nna Maneix 3HayeHui apryMeHTa HMeeT MECTO COOTHOILEHHe

No(x)=—%1n_{%_—{—..., (12.6)

MOITOMY ANA MafbX 3HAueHHH ir MH HUMeeM NpPHOMIKEHHO

S 2.2 2
No(;,r)_—?ln)3-+?lnr,
oTKyAa
dNo__Z.
d’_”. (12.7)
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anee, o6o3Hauas 4epe3 { MOMAPHHWH yroa, Hmeem
ds=rds. (12.8)
Buocs (12.7) u (12.8) B (12.5), Mul moayuum

PotI

o0 =gy [CF Y"HS—""’] ST a9

Ecnn Teneph pamMyc r HeOorpaHHYeHHO yYMEHBUIATh, TO BTOPOH
d
nuterpan B (12.9) 6yxer cTpemuTbes K Hymo, 6o d—fuuee'r KO-
HeyHoe 3HaueHHe B 06/1acTH, CMeXHOH C KOHTYPOM §, H Ha CaMoM
KoHtype. [TosToMy Mul GydeM HMEThb
port

4knhCe — D
NI T !

tl’
__B(nd e
= Zmhg G(‘l:)e

G)=

OTKyla

BHocs sTo 3Hauenne C B (12.1) n (12.3), Mo Halxém uHTerpan
ypaBHetusi (9.4) B6IH3H CKBAWHHH §:
PatA?

Pz%g—“G(t)l\(kr)—l—q)(x,y)e D (12.10)




FTJTABA VI,

SKCIIEPHUMEHTAIJIBHBIE HCCJIENOBAHHUA
HEYCTAHOBUBILIEroCcsd IBHUXEHHA TFA3A B NECKE,

§ 1. Onuitet THHU 8 1928 r,

OnuITH Hal HEeyCTaHOBHBLUMMCH IBHXEHHEM ra3a B neckax M
Meckax C MPHMEChl0 F/IHHH MPOH3BOAMIMCH [/aBHHM 06pasoM
8 CCCP, B na6oparopuax MOCKOBCKOTO TOCYA4pCTBEHHOTO YHH-
pepcuteta .(MI'Y) M Huine 8akpuTOro I'oCydapcTBeHHOro Hccne-
aosaTensckoro Hedtaioro uHctutyta (THMHH),

Onute B TMHW 6unn npoussemenn [, C. Buabkepom u
M. T1. MockanbkoBuM Ha muiacre, H306paxeEHHOM Ha ¢ur. 39,
M COCTORMM B HaGmoldeHWH 3a WCTeYeHHeM BO3dyXa H3 TPYGHI,
onucanHo# B rnase V W 3anoniendod Tem xe Neckom. [lepeg
HAyasoM KaXIOro OnuTa no Bced Tpybe yCTaHABAMBANOCH OLHO
M TO e I4Bl€HMe, 3aTeM OTKPHLBAJICH Kpad Ha OLHOM KOHLE
Tpy6u (ApYroil ocTaBancs 3aKpHTHIM) M 3aMmepsadch: 1) masne-
HH9 B LIECTH MecTax, rAe OniiM MOCTaBAEHH MaHOMETDH, MpH-
6MHM3HTENBHO PAaBHOOTCTOHLIME APYTr OT Apyra; 2) pacxoa Bo3-
IyXa, BHTEKaBUEro B ra3rofbiep NO4 MepeMeHHHM (XOTH W B
Manofl cTeneHu) HaBreHHeM,

O6pa6oTka Ha6momgennft Benacs no ¢opmynam rnasu VII
B MPEANOI0MEeHHH H3OTePMHYECKOrOo pexXHMa, T. e. I n—1,
Pacnpenenesve AaBReHus BuuyKcaAnock no  ¢opmyne (6.10)
rnasa VIL

P—P x
poT;z=‘?(z" qz)' (1.1)

mpuulm € 6uo daHo dopmynoft (5.6) raasw VII mpu n=1:

kpyrd
e =4—m3L2 , (1.2)
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a BenMuMHa ¢, Maxa gopmynoit (6.11) raasw VIE
gy==e~4%",

BenuuuHa t(f) Bwuncmnace no ¢opmynam (6.8) u (6.2) rna-
Bl VII, B KOTOpHX 6uiN0 MpHHATO n=—=1:

t(t)_—:%:t—{-%(l—f-,—:) (l—e-%"). (1.3)

Hakouew, BecoBo# pacxold Buudcaaacs no copmyne (8.7) raa-
B VII mpu n—=1:

kgF (Py— P
6, =" =4, g0 (1.4)

rae F ecTs miowaap nomnepeyHoro ceyeHus TPyOGHl,

B H3amepeHHsXx nNpHXOIMIOCh HMETh Heno ¢ OOBEMHHM pac-
XOIOM, OTHECEHHHM K HOpManmHoMmy JAaBnewnio (760 um pTyr-
Horo cton6a) M Temnepatype 15°Ll. tor pacxoxs Q monyyaercs
no ¢opmyne

=G (1.5)
Ya
rie Y,—Bec eluHdus OObEMA BO3AyXa mpu aTMocdepHoMm na-
BJE€HKH, NPHUEM

L=". (1.6)
Otciooa HMeeMm
kg(Py— Py) F
Q="243=00, (gy). (1.7)

Tak Kak peXHM HCTEYeHM [PHHHMA/Acd 33 H30TepMHYECKHH
(n—=—1), TO cnemoBano MpPHHATHL

Py=p}, P=p. (1.8)

M3 ONWTOB Haj YCTaHOBHBUINMCH HBHXeHHeM Obla 3apaHee H3-
BECTHA MPOHHLAEMOCTs 2 AJA TOTO MecKa, COCTaB KOTOPOro Had
B raase VI,

Ing nnacta Tex pa3MepoBs, KOTOPHE yKa3auw B riaee VI,
6uino Hafiaeno

¢=0,058£. (1.9)



172 9KCNEPHMEHTAJIBHLIE HCC/ENLOBAHKS [ra. vin

3mech p, ecTb HOpManbHOe HaBneie aTMoceps, p,— Hauyadb-
Hoe abCoJIOTHOE NaBlMeHHe ra3a B M/1acTe, BhIPaXEHHOe B aTMO-

P ama !
20 — —
i
28— 1528mmpm.m. 3
/ L
26 7 va
/]
24 . .
// e
22 / // — .
/ : . |
/ / L
20 j 7 -
A /L7
/ ,/ [ —
18 /—A+A
VARVAR L~
,/ // ,7 B
16 A i T
~ [
‘4 /'/ 1 P
/Z — B
I.z / — L.
16!
qQ 02 3 G4 Q5 g6 Q97 48 49 1
ar  gx 068 084
Gnuna mpyle
dur. 50.

chepax. Pacxon suuucanics no gopmyae

2 2
Q=111 (”"“ﬁ) 8, (2,), (1.10)

a .

nonydestoll n3 c¢opmyau (1.7) mocne noacTaHOBKW B HeE 3Ha-
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yenu#t (1.8) H 3aMeHH BEAHYHHKH

D=5%4 (1.11)

e& YMC/IEHHWM 3HaueHHeM, COOTBETCTBYIOLMM TEM pa3MepaM Mia-
CTa H COCTaBy Mecka, KOTOpHe OhJId MPH ONHTax., 3a eIHHHIY

Pama e
/
24 ﬂava/'l’oﬂ_iﬁﬁanegue A
(= so3dyxa 8 mpyde 57
[ 1035 Mm pm. C/m. :7—/ ,/,3
oz yd 8
4 prd ]
/)’ pd
20 / /@/ — /
4 // 4
f——~ =]
5/ 1 Z
8 of 1
e
// of L
I6 A~ —
of / 7 g—t—
/ ,/ ,1/6
“ T L,
. 7~ | I ]
s . 8
12 el — T
d v/; e el o
= :
10 ‘
g a2 04 q6 08 10
dnuna mpydst
¢bur. 51.

spemeny Onina B3fTa MHHYTa, B Tabauuax 16 u 17 npusenena o6pa-
60TKa HabmoaeHHf HAQ HcTeueHHeM 8034yXa H3 TPyOW npamo
B atMocdepy, nmpH4YEM pacxon Bo3nyxa He 3amepaiacd. Ha owr.
50 1 51 manw teoperndyeckue rpadukH pacnpenesneHHs pasiaeHuH
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no aause TPyOu, a Ha dur. 52 u 53 —rpadHKH H3IMeHeHHy
JaBleHus B 3aBHCHMOCTH OT H3MEHEHHA BPEMeHu B UIECTH MecTax
TpyOu, rae ctoaan Madomerpu. KpywouxkaMn oOTMEYeHn TOYKH,

p ama
I
a0
28
HOUOMEHOE ODBNeHUE
6030y ya 8 mpyde
iy 1528 MM pm.C.
§
25HY
22
\
20 \ \\\
ARALY
&1 5 umAYRIANY
1 W
\ \
16 A Y
AVAN
H ¥ \\ \\\ N
14 AN AN
)k NERANR N
AN NN
12 < ~
0

135710 15 20 25 N 60
8pemMA

dur. 52.

COOTBETCTBYIOUIME pe3yibTatam HaGmoneuni. Kax obuiee npa-
BHJIO, 3TH TOYKH J1€XKaT HWKE TEOPETHYECKHX KPHBLIX, HO OTK/O-
HeHHA B GOJIbUIHHCTBE C/y4ydeB HE3HAYHTE/bHHI,

dur. 50—53 npeacTaBNAIOT CHCTEMY HHTETPa/bHHX KPHBhHIX,
HAMOCTPHPYIOLIHX MOJYYeHHOe HaMH peuIeHHe, H OHH MOKa3h-
BAIOT, YTO TJABHYIO PO/b B PacCMaTpHBaeMOH 3ajaye Hrpaer He
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H3MEHeHHe [IaBleHHA MO JIHMHE TPYOW (uMeloulee, KCTaTH cKa-
3aTb, OQMHAKOBOE TEYEHHE), a uIMeHeHue (uAeHus B0 BDeMeHu,
TOXe HOcAalllee onHOOOpa3nHi xapakTep no Bcei TpyGe.

B ra6auuax 18, 19 u 20 apuseseHa oGpa6oTka nHabnonequit
B TPEX Ppa3HbiX CAyyanx, KOrJa OXHOBPEMEHHO 3aMepPANHCh H

p amo
)|
2413
HOGOTBHOE 0GTCHTE
22+ 68030yxa 8 mpyde |
48 J035 mm /7{7]. (/A
£ S —
a0 —
1 i
1 \é S
18HEAN
A\
TN
AR —
16 IR\ i !
1 AN I
TEL RN ———
VHEANANY ! |
,.// | \‘\{\ i ;
X i
A\ NAY H
N AN
P T SN
SR SN SNBSS
N
\
D F
10 . . :
- |
0 i
1 38710 15 20 25 30 35 40 45

6pems
@ur. 53.

JaBNeHHe H pacxod- Bo3ayxa. Beuay omHOOGpa3HOTO X043 u3Me-
HEHHA NABJAEHHA B Pa3HLX TOYKAX MO AMHHE TPYOH, MW MPHBO-
OHM TONbKO AHATPAMMY H3MEHEHHA LABJAEHHA MOCPEIHHE TPyOw,
Ha ¢wur. 54, 55 u 56 naun rpadukH, H3o6paxaioule xom usmMe-
HeHHE 0GDBEMHOrO pacxoza BO3AYyXa B 3aBHCHMOCTH OT BPEMEHH,
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Ta6auna 16. Pacnpeaenenne naBjeHHN BO BpEMEHH H MO JNJHHE
PTYTHOTO cTO10a, HPH HCTEYSHHH BO3AyXa

Paccrosuue
MaHOMEeTpa
OT OTKpHTOr Bpeus ¢ { 3 5 7
KOHLUa TpyObt
B NOAAX JAH- B MHHYTax
HE TPYOH
Preop 1,953 1,649 1,509 1,418
2,005 1,667 1,516 1,411
x=0,16 IKCn 1)
P, Teop P, ken
| O | —2,04 | —1,00 | —0,46 | 40,49
P Teop
Preop 2,494 2,068 1,855 1,710
2,510 2,080 1.854| 1694
x=0,32 P _3;)°" 4
Teop IKEN ] —0,64 _ 0,58 +0,05 + 0,94
Teop
Preop 2,831 ,402 2,136 1,952
2,829 2385| 2110] 1913
x=0,50 p _sllgcn » '
o | 40,07 | 4071 | 41,22 | 42,00
preop
Preop 2,997 2,621 2325| 2,114
P 2984 | 2,590| 2,293| 2,060
x=0'68 FKEN Ll y
P‘reop — Pyen
— O 4043 | 41,18 | +1,38 | +-255
Preop :
Preop 3,059 2,727 420 2,197
' P 3,083 | 2,714} 2396| 2,140
x=10,84 sxen J
preop—psxcn
| —0,78 | 40,48 | 4099 | 4259
p'reop
Preop 3,087 2,763 2,452 2,225
1 Poxen 3083 | 2722 2424| 2,178
r=
P, —P
o — 20l | 4013 | 41,00 | 41,14 | 41,00
preop
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TpyOGbi, B 3ABHCHMOCTH OT HalaJbHOTo AaBJeHHA B TpyGe py=1,528 s

yepea OTKPHTHIA KoHel B aTMochepy,

10 15 20 25 35 45 60
1,309 1,204 1,144 1,103 1,054 1,043 1,029
1,305 1,182 1,136 1,098 1,061 1,043 1,052

4031 | 4+18 | 4069 [—072 | 40,28 0 —9,2
1,531 1,355 1,249 1,182 1,105 1,066 1,033
1,521 1,343 1,233 | 1,170 1,095 1,059 1,044

4065 | +089 | 4128 |+1,02 [4090 |4066 |—058
1,721 1,492 1,344 1,253 1,149 1,038 1,048
1,695 1,457 1,316 1,276 1,122 1,071 1,038

4151 | 4235 | +208 | 4215 | +235 | 41,56 | +09
1,851 1,584 1,410 1,309 1,180 1,104 1,054
1,814 1,537 | 1,376 1,267 1,144 1,083 1,045

4200 | 4297 | 4241 {4254 | 4395 | 41,9 [-4085
1,914 1,625 1,445 1,326 1,186 1,11 1,057
1,886 1,595 1,418 1,302 1,178 1,109 1,050

4146 | 41,78 | 41,87 | 4181 | 4067 | 40,18 | +0,66
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

41,55 | 41,58 [ +1,58 | 4100 | 4067 | 41,44 | +047

12 n. ¢, NeaGenson
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TaGauua 17. Pacnpesenenne xaBAeHHN BO BpPeMEHH M Mo AaHHe
pTyTHOro croala, MpH HCTeYeHHH BO3ayxa

Paccrosune
MaHOMETpa
or orxpu'r%ro Bpeus ¢ | 3 5 7
KOHIA TpYOH
B AoAAX IJH- B MHHyTaxX
HH TpyGrI
P.,eop 1,679 1,452 1,361 1,298
1,723 1,469 1,370 1,301
x=0,16 eKkcn
P. Te0D — P, IKEN
P, 0| —262 | — 1,17 | —0,66 | —0,23
TE0p
' Preop 2060| 1,758| 1616 1,513
P 2,092 1,780 1,624 1,517
v =10,32 oxen '
’ P, Te0p P, 9KeNn
5 ofg| —1,55 | —1,14 | —0,50 [ —0,26
Teop
Preop 2,289 2,002 1,828 1,695
2,297 2,005 1,825 1,687
x= 0’50 EL {1
P, Teop P, aKen
P %] —035 | —0,16 | 4-0,16 | 40,44
Teop
p-reop 2,385 2,161 1,972 1,820
2,392 2,155 1,959 1,816
x =068 xen -
! preop —P 3Ken
‘—p——% —0,30 | +0,28 | 40,87 | 40,22
TEop
p-reop 2,415 2,239 2,045 1,884
£ =084 awen 2,427 2,242 2,042 1,888
P Teop P 9kcen
P % —0,80 | —0,13 | 40,15 | —0,21
Teop
PTeop 2,421 2,244 2,070 1,906
1 { axen 2,427 2,268 2,065 1,906
X ==
p'reop - p:-mcn
—_—p 0 —025 | —1,07 2
pTeop /D 0l2 10 +0| 4 0
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TpyGHi, B 3aBHCHMOCTH OT Ha49a1LHOT 0 1aBACHNAS B TpyGe p, =1,035 mumn

yepe3 OTKPHITHIA KoHelu B aTMocdepy.

10 15 20 25 30 40 4
1,229 155 1,111 1,082 1,064 1,043 1,036
11235 | 10158 | 1,113 1,086 1067 1.045] 1034
—049 | —02 |—018 | —037 | —028 | —019 | 40,19
1,397 1,269 1,190 1,139 1104] 1,064 1,052
1,308 1269 | 1189 11137 02| 1,063 1038
— 0,072 0 40,084 | 40,17 [ 4018 | 40,094[ +1,3
1,543 | 1,370 | 1,262 1,191 1,142  1,084] 1,067
15533 | 1,361 254 | 1181 1135 | 1078 1042
4065 |[4066 |+063 | 4060 | 4061 |4+055 | 4244
1643 | 1442 | 1314 | 1,228 1,169 1,009 1,078
1,634 1,430 1.303 | 1,218 1161 1,000 1,046
+055 |[4+083 |4084 | 4081 |+070 | +082 | 2,97
1695 | 1,480 [ 1,341 | - 1,248 1,084 1,007{ 1,084
1693 | 1,476 | 1336 | 1242 1177 1003|1054
40,12 | 4027 | 4037 | 4048 | -L060 | +036 | 4277
1,713 1,492 1,350 1,255 1,080 | 1,110| 1,086
1713 | 1,505 1,350 1253 | 1188 1,094| 1,057
0 —0,87 0 40,16 | 4008 | 4054 | 4267

12*
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Ta6auua 20. Pacnpegenense naBieHHf BO BpeMEHRA B cepejlHHe
XOMHBmMHUiCA nox, nepe

1) HavanbHoe nasnenne B TpyGe

Paccroanue
MaHOMeTpa
OT OTKPhITOrO Bpewms ¢ 1 3 5
KoHua Tpyo6ni B MHH.
B 044X AMH-
Hbl TpYyOHl
( Preop 2,083 1,866 1,733
£ 0.50 ' P, en 2,060 1,833 1,695
Preop=Poken o | p11 | 4176 |29
l Preop
2) Hauaabuoe nasnexne B TpyGe
Paccrosuue
MaHOMeTpa
OT OTKPhLITOrO Bpewms ¢ 1 3 5 7 9
KoHUA TPYGH B MHN.
B A0AAX AJH-
HB TPyOhl
’ Py 1,797| 1,659 1,567 1,481| 1,438
£=050 | akcn 1,825 1,662 1,555 1,476, 1,404
Mﬂ‘_o/n—us — 0,18 H-0,76 |+ 0,33 [42,36
P Teop
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Tpy65! NPH HCTeHeHHH H3 Hed BO3RyXa 4epe3 OTKPuLITHLIA KOHel, Ha-
MEHHBIM NPOTHBOABJIEHHEM,

Py =820 mm pryTHOro 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 +2,47 +2,40 -+ 1,51
Py=1625 mum pryTtHOro croaba.
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
+ 2,52 42,37 |4 2,36 |4+2,48 '+ 2,16 |4+ 2,15 |4-2,62 |4 0,95 [4-0,35
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Ha ocuoBaHuM 3TOrO CpaBHEHHE TEOPHH € HAGIONEHHUAMH Mu
CYuTaem, UTO 8 npedesax cpedRux O0asaeHuld pasgumas Hamu
8 2a-ge VIl meopus 00HOMepHO20 OBuIMCEHUS 2a34 8 necke
ydosaemsopumesbHa.

3aMeTuM, NONYTHO, YTO H3 ONLTOB HAL YCTaHOBHBIIHMCS
ABirKeHHeM BO3ayxa Owa Haiaes, BBenéuuniit CauxtepoM, sddek-

10000 DT O Y S ) O Y WL
I 00 G S A i O
iz A
820 M 24 {77
{
1
.38000 n
%
N }
Q
k
9
P
N/
E i
Y N
3 Y
3 X
wos
N
2000 -
-
Tg 5 w0 7l
spemad mun
dur, 54.

THBHHA 1MaMeTp d 4aCTHUW MecKa, 3arPyXeHHOTO B OMLITHYIO
TpyGy: d=0,243 unu

§ 2. Onmitet THHH B 1931 B 1932 rr.

Aty onbiTh bk Npoussenenn corpyauukom F’MHU H. 1. Mo-
CKATbKOBHWM Ha HOBOH ycTaHoBKe, YCTPOEHHOH aHaloruyHo TOH
yCTaHOBKE M/acTa, Ha KOTOPOR MPOM3BOAMAMCh OnuTH 1928 r.
E¢ usobpaxedne B BepTHKaNbHOM pa3pese nauo ua ur. 97,
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fInact coctoan w3 U-o6pasuoft Tpy6r, amamerpom B 6 mioHmos
u obuleit aauuoit 8 35 . [lapnenne 3aMmepanoch AM60 PTYTHHMH,
AuG0 NpyKHHHbIMM ManOMeTpaMH. Touku 3amepa 6L pacno:no-
WeHW MPHOAH3HTENbHO uepe3 5 ., MpUuBM HauyabHad M Koueu-
Has OTCTOA/NM OT KOWLOB KOMOHHW Ha paccTosiud 120 k. Camp

il
T JT |

y,a/madmjamia
N[ Mawomemper

TN~ waronno
Amuno 17250 mm

, S L -]

§

lulwarowwa _|
Amuna 17260mm

X

!
1
L/ /Y

4
|
¥

1995.
e

Tpuemuerd
dax

Yp nono 15m. bowny
T T T T

Pur. 57.

MaHOMeTpH ObiIM pacrofoedbl B OMLHOM MECTe — HAa TPETheM
sTawe Oalliuu, B KOTOpPOH Obia noMellesa BCH YCTaHOBKA. 3amep
Ta3a, BLITCKABWEro H3 KOJIOHHW, MPOH3BOAHACA Ta3OMETPOM,
EMKOCTb KOTOporo 6eina 0,6 43, Ha nyTu oT Koaouuw k raso-
meTpy Onna yctanosnesa TpyOka [luto, mpn moMoulM KoTOpo#
TAK:KE MOXHO OhA0 H3MEPHTb PacXold BO3AyXa.

OnnTh MpoOM3BOAMAMCL CHAYaNa HA BCeH [IMHE KOJOHHM
(35 a), no 3aTem ycTanoska Ouwila pasdeneHa HA ABe OTAENbHHE
KOA0oHHH MYTEM BLOPOCA Yro/bHAKOB M 3aKPLITHA MO/YYHBIIMXCS



§ 2] onbiThl tHad B 1931 u 1932 rr, 187

JIBYX KOJMOHH 3arAyLIKaMH, HECYUIHMH ua ceGe Mo OXHOMY OTBep-
cTHIO I MauoMeTpoB. Takad nepectpoHka o6aeruuna Texuuue-
ckoe BunonnenHe onutos. TpyGa Ouna Hano/inesa MPOCYyUICHHBIM
neckoM, Jlna npeaynpemaeHus OT MNpPOCKaKuWBauus rasa B MpO-
MEKYTKAX MEWAy MECYUHKAMH H CTeHKaMH TpyOu Mocaenune
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GhiIW cMa3anbl C/erka NpOBapeHHbM MAcAoM, YNRoTHeHHe 3aChi-
MaHHOTO mMecKka [OCTHraloch NyTEM MNPOLOMKHTENBHOTO MOCTY-
KHBauMs MO CTEeHKAM KOJOHHH MO Bcel €& n/MHe H Nposo/AKa-
J0ch 10 npekpauledus ocelauHs cronba necka.

AkcnepumenTn Beauch npu Aasnesusx ot 1,35 mo 6 am.
Buiny nponsBesednl TpH CEpPHH ONHITOB,

1) MMepBas cepus onwTOB Bensach Ha naacte | EmMxOCThIO
B 328968 cu#3, npu4EM oH O COCTABNEH M3 MENKOro Mecka
¢ GpaKUMOHHKM COCTABOM H MOPHCTUCTBIO, YKA3aHHWIMH B CJa-
Be VI. M3 npeasapHTenbunX ONWTOB HAN YCTAHOBHBLIMMCA IBH-
aenneM Oun onpenends kosdduusent duabtpaunn K, a creqo-
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BaTenbHo, W MpoHHuaemocts, OOpaGotka waGatonenuit Guina
nponssesena no ¢opmyram § 1,

Ha ¢ur. 58 caenano cpasHenHe 0au0TO M3 HAOAIOAEHHR MpH
HauanbHOM a6COMOTHOM AaBaewun po=2,717 am u npn Hcte-
yenun B aTtmocdepy ¢ Teopueit, passutoit B ra, VI Ha ocu
aGcuMce OTMEYEHO PacrofioXeHHe TOYeK MAacTa, B KOTOPHX
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3aMepanoch JaBleHHe, a NapannenbHO OCH OPAMHAT OT/IOMEHH
3naueHns (48pHLIe KPYKOUYKM — COOTBETCTBYIOT pe3y/ibTaTaM Teo-
peTHYeCKHX MOACY¥TOB) alCOMOTHHX NaBNeHHRA BO3ayxa B ITuX
Toykax. TeopeTHieckue KpHBne BuHEpHEHH HA OCHOBauMH ¢op-
mya § 1. Kakaas 3 HuX COOTBETCTBYeT TOR MHHYyTe mpouecca
uCTeueHHs, KoTopas OTMeueHa OKO/10 KpHBOA.

CBeTable KPYWOUKH H306paxaloT pe3yabTaThl HabJ/uoleHuid,

Ha ¢wur. 59 takve xe mocTpocHue CAENAHO IV HAYaAbHOTO
abconioTHOro AaBnenus p,==4,048 am n ncTeuenus 8 rasomerp,
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OKon0o KpHBHX OTME4YeH pacxol ra3a B KyGUYECKHX, CaHTHMET-
pax B MHHYTY,

Mewxny Tteopueit, nanioit B raase VI, n wnabaogennsmu
HMEIOT MeCTO OTKJIOHEHHMs, HO OHH He SB/SIOTCH 3HAYHTE/NbHBIMH,
H. I1. MockaabkoB B cBoeit pa6ote!) 06bACHAET X HECOBEPLIEH-
CTBOM OMNKLITOB, ,

2) Bropas cepus onuToB Beaachb Ha nnaacte II ¢ wosano#
émroctbio 328 968 cu3, cocTaBnenHoM M3 CMeCH C raMHOH TOTO
€CaMoro necka, Kotopuil Onin npHMeHEH B MEpBOH CepHUH OMKITOB,
Kak necok, Tak W rapHa OwJu npesBapHTe/SbHO MPOCYyLIEHH,
npuyéM TAMHA MOABEpPrainacb MENKOMY pa3MOy C MOc/enylOHM
npoceBOM uyepe3 Meakue CuTa, BecoBoe OTHOWIEHHE TAHHH H
mecka B CMeCH coctaeasno 100:215, YnaoTHenne aocTHranocs
NOCTyKHBaHHeM. Bec edaunnun o6béMa cMecH Obln paBen

¥ =2,507 2/ca?,

B TO BpeMfl KaK BeC eguHHUn OGDBEMAa YMCTOTO Necka COCTAaBAAA
2,639 2;ca3. ITopuctoctb cMecH okasanach paBwolt m==0,3775
BMecto m=0,3765 n1a necka B mepBOi CepuM OMLITOB.
Mexanuyeckuil ananu3 cMecH no ¢paKuMIM 3EPHHCTOCTH,
MPOH3BEABHHLIR C MOMOWbIO CHT, Aan CJAeAylOlUHe pe3yabTaThl:

d=0,059+0,073 Mx . . . . . . 973,
d=0,073=+0,077 sk . . . . . . 191°,

d=0,07T=0,109 s . . . . . . 2,179,
d=0,109+0,123 #x . . . . . . 1,780
d=0,123+0,152 4% . . . . . . 3,72,
d=0,152+-0,156 e . . . . . . 0,119,
d=0,156 +0,169 mx . . . . . . 0,74%,
d=0,169+0,204 xx . . . . . .2145%,
—0,204 = 0,388 4x . . . . . . 1,589
d=0,388+0,400 %4 . . . . . .56,54°/;

d=0,400 1 Gonee xx , . . . . . 027,

Onpenenenne Ko3dduunenta QuabTpauun caenano Gufio o
ONLITAM HaA YCTAaHOBMBLUMMCH TEYEHHEM BO3Lyxa.

Bcero 6msio caenaHo 4BaaliaTb OMHTOB, MpHYEM HauaabHOE
naBnenne (M36uTOuHOE) KOaeGanocs ot 300 Ao 3800 4k pryT-

1) eHedranoe xo3niicteos, 1932, N 3.
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noro cronba. Ilpn Ha6a0aenHax Oba OTMEYeH BaXHHA ¢akT:
MpH Te€X e HauaabHbHX NaBlEHHAX W TOR e MOPHCTOCTH CKO-
pPOCTb HCTeuenus Owia TOpa3sfgo MeHblle, YEM B MepBOM f/acrte
(npumepno B BOCeMnaduaTh pa3). BpeMs MoaHOro HCTOUEHHUS
n1acTa g0X0auno A0 15 yacos.

CpaBHenne pesyabTaTnB OMWTa C TeopHel MPOHM3BOAHAOCH
TaK We, Kak H B mpeawayuiem cayuae. OHO npeacTaBaeHo na
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¢ur. 60, nmpuuém na Kawaod KPHBOH pacnpenenenusi AaBieHus,
COOTBETCTBYIOLER OnpenaendHHON MHHYTE HCTEYEeHHH, JaHa BelH-
YMHA CEKYHIHOTO pacxola B C.H3|MuH.

M3 anarpaMMbl BHAHO, 4YTO 3KCHNEPHMEHTalbHWE TOHKH YKJa-
AHBAIOTCA NOBOMbHO XOpOWIO BOH3H TEOPETHYECKHX KPHBhIX,
0cOGEHHO B HauaibHOM cTaaMM onuwita. AnaJdoruynnil xapakTtep
HMEIT H RHArpaMMu OCTaAbHLIX ONWTOB ITOH CepHH.
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3) Tpetbsi cepus onwToB Benach wa Mnacte I, koropuit
6L COCTaBAEH W3 PEYHOro XEATOro KPYMHO3EPHHUCTOrO necka,
Bec eauHuun 06bEMAa Cyxoro necka Guin pasen Y = 2,646 z/cu®,
a nopucTocTh Gbina paBHa m — 0,3725.
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dpakupoHHLIl COCTaB Mecka,
aHaau3a, Oua credyloui:

d=—0,059 =+ 0,073 mn .
d—0,073+—0,077 x.u .
d=—0,077 =— 0,109 xx .

nuna nnacma

no JaHHHM MeExaHH4YeCKOro

d—0.109 —0.123 4x . .
d—0.123 0,152 x . .

d=—0,152 0,156 xx .
d=—0,156 = 0,169 xux .

d—0169-+0204 #x . . .

d—=—10,204 +— 0,388 xx .
d—10,388 =+ 0,400 s .

d— 0,400 n Gonee mMHx .,
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Kaxk BHAHO H3 3THX JaullbiX, FABHOH COCTaBHOH pakusielt
ABNAIOTCA MECHMHKH, MMeloue anHametp Gonee 0,4 wm.,

[Mponnuaemocts "2 Goina onpegeneHa U3 OMWTOB HAL YCTaHO-
BHUBUWIMMCS JBHXEHHEM.

OnuTh Hal HeyCTaHOBMBILMMCH JBHXEHHEM MPOM3BOAHINCH
npu  M3GHTOUHWX HaBaenuix oT 300 go 3800 mx pryTHOrO
cTonba.

Ha ¢ur. 61 nano cpashenne Teopun ¢ HaGIOAEHHSIMH, MpH-
4YEM MOCTPOEHHE BeAOCh aHaNOTHYHO MpeabAywWw MM, 3aech, Kak
M BO BCeX OCTa/bHHIX OMHWTAaX 3TOH cepuH, HaGMOJLaeTCs pacxo-
WIEHHE MeXIY TeOpeTHUECKHMH H HaOSIONEHHLIMH  3HAYEHHAMY
JaBleHHR B Hayane Mpouecca HCTeYeHHs, HO 9TH PACXOKAEHHH
GLICTPO YMEHLILAIOTCS B AafbHeflleM mpoluecce HCTEUYEHHs.

[MponomiHTeNbHOCTL HMCTeyeHHs Owina  He6oJblIas — OKOJAO
10 MuH., T. €. MPHMEpHO B YeThpe p43a MeHblUe, YeM B COOT-
BETCTBYIOLIEM OMbiTe MepBOH CepHH.
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Pur. 62.

YunteiBasg ofctosTe1bcTsa onmuitoB, M. Tl. Mockanbkos cum-
Taer coraacue Teopuu rnaBe VIl ¢ HaGnogenmsmMu yaosnetso-
PHTENbHLIMH,

Ha o¢wr, 62 mana ans Bcex Tp&x cepuit onmuTOB cBOAHAA
AnarpaMmMa M3MeHeHns NaBAeHUA B 3aBHCMMOCTH OT BpEMEHH A1
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OAHOH M TOM e TOYKM nnacrta (x,), npu Ovenb GNH3KHMX HaYa/b-
HbiX AaBAeHHsAX (B uma), a HMEHHO:

ans | nnacra npy py,=3,93 ama,
ans Il nnacra npu p,— 3,82 ama,
ana !l nnacra npu p,—4,00 ama.

Ha ¢wur. 63 nama ans Bcex TPEX cepHit CBOAHAA OMarpamma
M3MEHEHHs 1aBAeHHs B 3aBHCHMOCTH OT BpEMEHH 118 Tpéx pas-

macwmad dng vl nnacma
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! 10 2430 40 50 100 160 240 tmun
macwmat dnn /l nnacma
¢ur. 63.

JMYHHIX TOYEK KayAaoro naacra, reoMeTpHiyecky OIHHAKOBO pac-
NONOXEHHLIX, NMPH Ppa3aU4HBHIX HAYalbHHX JaBAEHHSX, a HMEHHO!

8 | mnacte npu py=2919 ux p1. CT,
o Il nnacre npu p,—3592 xm pT. CT,
B Il maacre npu p,= 3420 s pT. CT.

Ha ¢ur. 64 naHa ana Bcex cepdil ONLITOB CBOAHAas Oa-
rpaMMa pacxXOJ0B BO31yXd KaK MHHYTHHX (KpHBhE HCTOLIEHHS
N14CTa), TAK H CYMMapHHX (KpMBas CyMMapHOH 10GHYu) ApH

13 n. C. Neacenson
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MOYTH OJMHAKOBHX HAYA/MbHHX 1ABJAEHHAX, PABHHX (OQOTBETCT-
BEHHO:

8 | nnacre npu py—=—2137 mmx pT. cT,

B0 Il nnacre npu p,=2057 xm pt. CT,

B lll nnacte npu p,— 1992 mx pr. Cr.

Ha ocnoBanun npomenannwx onwtoB U, I1. Mockanbkos
YCTaHOBUA Clenytownit 3akon: spems ucmoujenun T rascdozo

QJep’fmun Yaaun )
YMMIDH.
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our. 64.

nAGCcmMa C8A3HO ¢ IPPenMUBHUM duamemposk Lacmuy necka d
COOMHOIECHUCH

dV'T = const.*).

*) B noxtopcko#t amccepraumonHo#t pabore B. B, Jlanyka (laso-
RHHaMHYeCKHe OCHOBH Pa3paboT«n MecTopowaeHuid npHPOAHBIX la-
308, 1946 r.) maHo TeopeTHYECKOE HCTOJKOBaHHe OMBITHONO 3aKoHa
H. I, MockaabxoBa. :
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B camoM nene, npousBenfHHme AR TPEX NJAaCTOB W3MEPEHHs
Aami CNefyiolye vucaa;

dVT, =165 dVT,=163; d}T,—=1,654.

§ 3. Omutet B MIY Han HeycTaHOBHBMAMCA ABMMEHHEM
rasa,

Oty onbTH OGuAM npoBeAEeHH NOA OGIMM  PYKOBOACTBOM
. C. Buabkepa B I'mapoannamuyeckot naGopatopuu nmenu H. E.
KykoBckoro MOCKOBCKOrO rocyJapcTBEHHOTO YHHBEDCUTETa Ha
TOM e M1acTe, HG KOTOPOM NPOM3BOAMJHCH OMKWITH C YCTaHO-
BHBILMMCH ABHXeHHeM, onucaHutie B raase VI, [lecox 6ua TOT e,
yto u B onutax TMHK (cm. §§ 1 v 2, nepBas cepus onurToB).

MamepeHne aaBaenuit npoOM3BOAMAOCH PTYTHHMH MaHOMETpPaMH,
YCTaHOBNEHHHIMH B MATH TOYKAX KOJAOHHH. OG1BEM BHTEKaBlIero
BO34yXa H3MepR/CH [a3oMeTpoM,

OnuiTel Npou3BOANMMCH caedyiownM o6pa3oM. Ilpu 3akpuiToMm
rasoMeTpe KOMMpeccop HakauHBal B MJACT BO3AYX A0 HYWHOrO
Hanep&l 3a7aHHOTO AAaBAEHMH, [10CAe Yero 3aKPHBA/JCA BEHTH/b
ua raszonposoasuiell aunup, J[laBneHne BecbMa GHCTPO BHIPABHH-
B4J0CL NO BCEH AJMHHE nnacTa, M Ha MaHOMeTpax (PUKCHPOBANOCH
HayaabHOe ldaBieHWe B nJjacTe. Bpema OTKpHWTHS KpaHa y raso-
MeTpa COOTBETCTBOBA/IO Hauany (POHTAHHPOBaHHA CKBaKMHH. Bo
BCE BpeMA (OHTAHUPOBAHUA HW3MEPSIHUCh H3MEHEHHE I aB/eHHs
B Pa3HbX TOUKaX MAacTa M pacxoi Bo3Ayxa.

Ha yxa3zaHHof ycTaHOBKe ObJIO TPOBEAEHO AECATb ONKTOB
C HavyaiaeHBM JaBaeHneM B nnacte ot 1 mo 10 amu.

Ha ocHOBauMM OMBITHLX NaHHHX GblI NOCTPOEH P ABAarpaMm,
HAMIOCTDHPYIOWIMX pe3y/lbTaThl ONHTOB. M3 pAaa noayuyeHHuX
AnarpaMM BLIGpaHn! TpH, OTBEYAIOLME HAYaJbHHIM JABAEHHAM
cootBercTBenHo B 11; 6 n 3 amu.

Ha ¢ur. 65 wusobpanenst rpaduku uameneHus OAaBaeHHa p
B 3aBHCHMOCTH OT BpEMEHH, MOCTPOEHHHE M0 ONHWTHHM TOYKaM
AN MaHOMeTpa, noMellEHHOTO BG/IM3M BHIXOAa M3 nJaacTtad. Bce
KPHBHE MMEIOT OAMHAKOBHIH XapaKTep HE3aBHCHMO OT HauyalbHOIO
AaBleHus p,,.

Ha ¢ur. 66 aanst rpaguxy HameHeHus 0GbEMHOrQ MHHYTHOIO
ne6HTa nnacTa ¢ B 3aBUCHMOCTH OT BpeMenu £, Bce KpHBhEe HMEIOT
ONHHAKOBWHA XapaKTep HE33aBHCHMO OT HA4ajbHOrO NaBACHHA Po.
OGBEM g OTHeCEH K HODMAa/IbHOMY HaBJEHHIO,

13*
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Ha ¢ur. 67 nanu rpadukyn cymmapHoro o6bEmHoro nebura
B 3aBHCMMOCTH OT BpeMeHH £, Bce KpuBbe HMEIOT OAHHAKOBHIH
XapaKTep HEe3aBHCHMO OT HayaabHOro aasaeuda pg. OGnEM (@
OTHeCEH K HOpMaJlbHOMY MAaBJEHHIO.

Ha ¢ur. 68 nsobpawena 3aBHCHMOCTb CyMMapHOR OGDBEMHOI
A06uyH (Ae6HTa) naacTa Q B 3aBHCHMOCTH OT OCTAaTOYHOrO Aas-
JeHHs p, H3MEpSABLIErocsi MaHOMETPOM, HAXOMMBLUMMCH BOAM3#
BHX0Aa M3 (aacta, [lonyyeHHble TOYKH XOpOIIO CpyMmu-
PYIOTC OKOMO (PAMHX JAMHMH HE3aBUCHMO OT BeJHYHMHH Hayalb-
HOrQ AaB/eHud,

§ 4. Onpitt FTHHH 1930 m 1931 rr,

STH OfWTH MPOH3BOAMAHCH HA CMeELHanbHO CMOHTHPOBAHHOM
ycTaHOBKe, KOTOpas MpeacTaBaana coGoff repMeTHYeCKH 3aKpi-
BalOWMACA LMAMHApHYecKnlt pe3epyap auameTpoM B 0,94
BucOTOH B 2,5 4 (dur. 69). Pesepsyap 3sacwnanca moGepeitkum
KBaplieBLIM MECKOM H, TakHM 06pa3oM, (peacTaBAssl HCKYCCTBEH-
naft nnact, Ilo ocu nnacta Guina 3anokeHa BepTHKanbHad CKBa-
KHHa (B BHAE AaTyHHOH TPYOKH muameTpoM d=4 mx um d =
=10 xux), KoTOpas MOri1a MO Mepe HamOGHOCTH MepeMellaThes
BBEPX M BHH3 BIAOJb OCH.

B wecTH M10CKOCTAX, MepNeHAMKYIPHHX K OCH pe3epByapa,
Ha paBHBIX PACCTOSHMAX APYr OT Apyra OHiM 3aN0KEHH OYeHb
TOHKHE TPYOKH, NPEACTaBafABUIMEe COO0H MaHOMETPHYECKHE LLyMbl,
Mx pacnonowenue uzoGpaweno Ha ¢ur. 69. Hasnauenuem yka-
3aHHLIX MaHOMETPHYECKMX U1YnoB OH/IO OnpeaeneHue paadyca
AeHcTBHS CKBaXKHHH B TFOPH3OHTaNbHOM Hanpasaenud. [as onpe-
AeNeHUs H3MEHEHHS AaBJeHHs N0 BHCOTe n1acTa Gu/IM YCTaHOB-
AeHH PTYTHHE MaHOMETDEI B LIECTH TOYKAX (COOTBETCTBEHHO LUECTH
FOPH3OHTANbHHIM  MJI0CKOCTAM).

MamepeHde pacxoga BO3Myxa MPOM3BOAWIOCH, KaKk M B Ofu-
CaHHBIX BHILIE OMLITaX, MMOMOLILIO ra3oMeTpa.

PesynbTaTh ONLITOB NpeacTaBaeHH rpadHuccky Ha ¢ur, 70—73,
KOTODHIE OTHOCATCA K OlpeAenEHHOMY MeCTOnoaOKeHHI0 3abos
CKBaWHHH (HMWHETO KOHLA TpyOku) Ha ypoBHe IV ropusonTa.
Bce ocTa/bHHE J[AHarpaMMbl, MONyYEHHHE B Ppe3ynbTaTe OMHTOB,
HMENH TaKkoH e XapakTep.

Ha ¢ur. 70 n3obpakens rpadukH M3veHeHHs NaB/JeHHA B 3a-
BuCHMOcTH ot Bpemenu £. Kpusute I, II, III, IV oThocaTed K ckBa-
¥HHe auameTpoM B 4 MM, HQ OTBRYAIOT YETHPEM DPa3IHYHHM
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Ha4yaJbHeIM AaBaeHusM, KprBas V OTHOCHTCH K CKBaKHHE C Aua-
merpoM B 10 wx. Hauvanbnoe naBieHHe Takoe ke, KaK H Yy
kpuBo#t |. Mb BMAMM, KaK BCIEACTBHE 3HAYHTENbHO GOabLuer::
auaMeTpa (B ABa C MOJOBH-

HOH pasa) MpOHCXOAHT He-

cpaBHenno 6otee GucTpoe ma- |
AenHe AaBAEHHS, ] v

Ha ¢wmr. 71 nans rpaguxn =T =l Tzmnsorm

H3MeHeHHs CyMMapHoro o6b- | v
&MHOrO nebuta naacta @ B N D A
38BHCHMOCTH OT BpeMeHH 1. o0 ... ] W
He6GuT OTHeCEH K HOpMatb-  Wegpuz |~~~ |~~~ [~
Homy nasrendio. Kpusag V : :
OTHOCHTCH K CKBawHHe IHa-
metpoM B 10 mm. Kpusue I,
II, Il u IV oTHocATCA K cKBa-
KHHE auaMeTpoM B 4 4w,
Hayanbuuie naaBjeHus passuie
H JOMKAW ObiTb B34Tbl M3
¢ur. 70,

Ha ¢ur. 72 nana 3asucu-
MOCTb CyMMapHOro aebuta
CKBaXHMHH B 3aBHCHMOCTH OT
OCTaTOYHOIrO AaB/eHHs B f.1ac-
Te, Hab/I0AaBIIEerocs BAAAN OT
33009 CKBaXHHH., MHb BHAIM,
YTO TOYKH, MOAYYEHHHIE H3
Ha6a0AeHHH, NOBONbHO XODO-
IO FPYNOMPYIOTCS OKOAO Mps- i
MLIX THHHH HE3aBHCHMO OT Ha-

Ya/NbHOTO AABNEHMS B maacTe,
Ha ¢ur. 73* nokasauo us-
MeHeHHe AaBJICHHSA MO paaqycy
B IV ropu3onTanbHoM ceue- dur. 69,
nuu. Havany xoopamuart co-
OTBETCTBYET 3aGOH CKBawHild.” Pacnpeaenchue aasaeHHil 1avo
yeped Kawawe 10 MHHYT, HauHHad ¢ O5-# MHHYTH 10 KOMLA
HCTEeYeHHs.

Bee 3Tt onwte GuMM npou3BeneHbl H 06paGoTanbl rpaguecku
O. C. Buasxeposm. Onu nmpeactaBasioT TOT HHTEPEC, YTO B HHX
B OTAHYME OT OMMTOB, H3roxeHuux B §§ 1, 2, 3, orHOCALYIXCH
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K ONHOMEPHOMY TEYEHHIO, ABHXEHHE ra3a HMeeT Pe3KO BbIPAWKeH-
HHA TpEXMepHWH XxapakTep, OAHaKO OGIIHA BUI KPHBHIX HOCHT
onHHakoBut xapakTep. CpasHeHus ¢ Teopuelt [0 CMX nop He
caenado.

§ 5. 3akou npamoit auumn JI, C. Buibkepa,

I. C. Buabkep BuBen M3 CBOMX ONMLITHHX Auarpamm {¢ur. 68
n dur. 72) caenyiowuit 3aKOH: CYMMAPHLLL O0e0uUm CrEAN UMb
ecms AUKeGHAR PYHKEYUS OM OCMLIMOYHO20 0ABACHUR 8 nAdcme
80a4u om 30608 CKEa)CuKb'). AHAaNUTIYECKH 3TO BHIpaKaeTcd
yPpagHenien

rae A v B CyTb NOCTOAHHBE, 3aBUCALLHE OT HA4YaJAbHOTO AaBie-
HUA, CTPYKTYPH NJAcTa H NONOXEHHS 33608 CKBaAKHHL, B clicTeme
KOOpAMHAT @, p ypasueuue (5.1) n3oGpaxaercs npAMOR AHHHEH,

§ 6. Hosbte omniTel B MI'Y nHanm nsmienuwem Bo3nyXxa uepes
NOPHCTYIO cpeny.

B 1938 r. 8 Miapoxnuamuyeckoft na6opatopun MOCKOBCKOro
rocynapcteedtoro yuusepcuteta . C. Buabkep npoussén secbma
LLeHHHEe ONHITH HAA B3aMMOIEHCTBHEM ABYX CKBAXKUH B OLHOMeEp-
HoM rasosom naacte. Hns 3To#t uead Gui CMOMTHpOBAH M3 Ke-
Ne3HbIX  TPEXMIORMOBWX TPYS TroOpH3OHTANBLIO PACMO/I0KEHHK
Tpy6OnpoBoa, 3anofHeHHHH A06epeuKuM KBapUeBHM NECKOM
(TeM ke, 4TO H B npelmAyuwwx onurtax). Inauea HckyccTsen-
Horo naacra coctasasna L—144,14 u, o6bEm naacra Oun:
pased V—=—534768 cux®, Bec necka 6bn G=— 967 xa.

ITo anuHe naacta B ONHHHAALATH €ro TOYKAX OWAM YCTaHOB-
JeHnl TpyOky Aas otbopa ndaeiewus. LUTyuepw Guian npucoespn-
HeHH K PTYTHHM MauOMETpaM, COOPAHHHIM HA OIHOM LUMTE.

B kauectse ckBaiHH GblH B3ATH TPYGku B 10 aac AnamerpoM,
PacnosoXeHHne Ha Pa3HHIX PacCTOAHHAX APYr OT APYra M CO€aH-
HEHHbE, K313 NOPO3Hb, C ra3oMeTpaMl, KOTOpule, KaKk W B npe-
OHAYIWHX PaboTax, CIYAHAM AN M3MePeHHd pacxolda BO3Ayxa.

1) B untupopaimioft Bnimte NOKTOPCKOR nHCCepTauHOHHOR paGote
‘B. b. Jlanyka e& antop, HCNOAL3YA NOHATHE CPeNHEB3BELIEHHOTO MO
06b€MY N.1aCTOBOI'O 1aB.1eHHN, NaJ1 TEOPETHIECKOE HCTONKOBaHHE H 60-
Jee npaBuasiyio GopMyaHpPoBKY «3axkoHa npamoR aunun» 1, C. Buaskepa.
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Cxema yctaHoskd npeactasiexa Ha ¢ur. 74. Ha onucamuoh
ycTaHoBKe OulIH NpOoBEdeHW CJAeAYIOUME TPH CEPHM ONBLITOL:

S|
W
' ———3
-(foaneccqa o \E‘;
l D —— =
r1_7_4// AY
i tivm ¢
i { MangMenpamu
\-Cxeaniuna
[azomemp
dur, 74,
1200
1 muw, o
§' | A~ N 7~ /:"
; (-
PR fswl\ [ A~
Q 1300 J \ / ~ f/’
.9}
g NV N\ 2
F\\\ CPPIRN / ot
300 O ] "

SImun,

700

a0 90 60 80 100 20 140 160
Anurwa nracmg 8 m

Pur, 75,

1) ABe CKBaXHMuW pACTONOMEHW HAa paccToguuu 144 x4 apyr ot
Apyra (OKOMO KOuWOB naacTa); 2) ABe CkpawuHW PacnosoKeHb
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Ha paccTossuM 72 # ApYyr OT Apyra ¥ 3) ABe CKBa¥MHHHW pac-
NOMOMEHL HA PACCTOAHKMH 48 M HpYT OT mpyra.

Kawnaa cepus HaGai0feHHR NPOH3BOAMAACL NPH  HAYANBHOM
AaBieHuH oT 2 10 9 ama.

Oxaxo u3 Ha6moaeuni (caywa#t HauanbHoro nasnewHs 2 ama)
Hal B3aMMOMEACTBHEM ABYX CKBAXHH, PACNONOXEHHWX HA PaccTos-

1800019

15000
™~
3
Sy4000
X o o |;epeas cxeamuna
g8 ## (6mopas| w
72000 !
'Q
8
S o0
3
X

&) k

6000 K‘

4000\—

2000 \‘\

ﬂ“-ﬂ-ﬁ_‘
0 e :
V//j 20 Ja 40 50 60 70
Bpema t mun.

®ur. 76,

¥ 48 u Apyr ot apyra, npeactasnewo Ha ¢mr. 75, 76 u 77.
Ha ¢ur. 75 navo u3MeHeHMe .[aBNEHM® NO AJMHE NJacTa M BO
BpeMeHH NPH HCTeYEHHH BO3AYXa H3 ABYX CKBaWMH; Ha ¢ur. 76 —
M3MEHEHHEe MHHYTHOrO pAacXoAa BO3AYXa AAA KAKIAOR CKBAXHHH
M Ha ¢Hur. 77 — u3MeHEHHE CYMMapHOro pacxolla BO3Ayxa Ans
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KaWAOA CKBRXHHL, AHANOrW4YHHHE BHA HUMEOT KpuBbe H aas Apy-
rux caydaes HaGMAOAEHHA,

86000

80000 /7/‘1/
oo |Nepean CKaNUHA
“w (8mopas »

56000 /
&

48000

N3
S
S

S
S

Cysmapnsni pacxod § cmd

40000

J |

32000 f ;
I T
|

24000

16000

8000

|

0 - - N 1
7} a0 30 40 50 64 7
: Bpema t mun.

dur. 77.

[MocTpoennunie wa ¢ur, 75, 76 u 77 rpadpHkH OTAHYHO

COrNacyloTC ¢ TEOpHER oaHOMEpHOro ABiKeHHs ra3a, passHTOR
8 raase Vi,



FTAABA IX.
F'MIPABJIUYECKHMI PEXHM.

§ 1. flocTaHoBka MpoGaeMel.

[Tpeanonownm, uro mEpmsas Hegmp (HerasupoBaHHaRm He-
CHMAEMas XUAKOCTb) 3aHUMAET HeKOTOPYI0 HacTb niacta (nopu-
CTOR cpedn), a ocTanbHasg 4aCThb NAAcTa 3anOJHEHa HeCxUMaemod
BONOR (kpaesas Boga). BoasHas uyactb naacta (¢ur. 78) orpauu-

dur. 78.

Yena OnpenenBHHHM KOHTYPOM 20, KOTODWt Mbl Ha30BEM KOHMY-
POM numarus M Ha KOTOPOM 3alaHul OnpenendHHunie (N0 KakoMmy-
HUGYAb 3aKOHY) 3HAUEHHA NaBJICHHA KHIAKOCTH,

Ecan B nedTeHocHYI0 4aCTh NJACTa NPOBEAGHA CKBAaXHHA S,
TO AaBjeHue KpaeBoH BOAW OyAeT BMWTECHATh HedTb M3 nJaacTa
B CKBaXHUHY. B 9TOM caydae Ml uMeeM wucmul zudposautecrull
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pexcus, NPy KOTOPOM ABHMEHHe HedhTH NPOMCXOAUT eNHHCTBEHHO
B CHAY ZaBnewHst kpaeeo#t Boaw. Ecam ue wedrts mo Hekoropoht
CTENEHH HacuileHa rasoM (wcusun Hedms), TO Mu Oylem HMETb
CMEULIRKBLL 203080-2u0pasAniecKull peycum, NPH KOTOPOM HCTe-
yeHue HedTH M3 naacTa B CKBawHHY GylAeT NPOHCXOAMTH Kak
BC/EACTBHE [aBJIEHHA KPaeBOW BOAW, TAK H BC/ENCTBHE ynpyro-
CTH ra3a, pactsop&HHoro B HedTH H oOpasyoutero 61aronaps
(13J1€KHI0 [aB/ICHHA MO HAMPAaBAEHHIO K CKBAaXHHE [a30sbie My-
3bpbkid. B obuiem ciywae nasnene p, Kpaesok BOAW Ha KOH-
Type SO (¢ur. 78) MW AOMKHBL CYHTATh MEHSAIOUIMMCHA OT OMAHOH
TOYKH KOHTYpPa K APYrof, a TaK:ke MNepPeMeHHHM H BO BpeMet,
Benuuuna NaBieHHs p, Ha KOHType muTaHus 29, Kak Guio ywe
CKa3aHO, eCThb 3alaHHas BE/AMYHHA, HEH3MEHHaf BO BpPEMeHH, HO
MOTYIafl MEHATbCA OT OAHOM TOYKH KOHTYpa MHTAHWA K ApYroH.
B uyacTHocTH, OHa MOWET OubTb MOCTOAHHOM MO BCEMY KOHTYpY
nuTannd. TOYHO TaK ke NaBleHHE p, MO KOHTYPY CKBaXHHH S,
M BOOOUlE AOMKHH CHHTATb MepeMeHHLIM BO BPEMEHH, HO, B YacT-
HOCTH, OHO MOWeT GuTb MOCTOAHHLIM MO BCEMY KOHTYpy CKBa-
WUHH H HEH3MEHHHIM BO BPEMEHH.

B npumeHeHHH K rasoBoMy MECTOPOMCIEHHIO Mbl HO/KHH [0-

CTaBHTL AHA/IOTHYHYIO 3ajAayy O BHTECHEHHH ra3a H3 MJacTa
KpaeBsoH BOIOH.

§ 2. OnHomepHan npoGaeMa O BoITeCHeHHH MEPTBOR HedTh
BOLOH,

[TycTb MW HMeeM NpU3MATHYECKHH N/acT MNONEPEYHOro ceye-
iun F (dur. 79) v nyctb B Touke O— Hayane KOODAHHAT
CHCTeMH OceHl x, y-—pacno/ioKeHa CKBAaKHHA C MaB/JEHHEM P,
B navaabHuit moMmeHT f==0 paznen HedTH H BOAW €CTb MJIO-
cxncTb B cedenud A, Ilnmny uacti naacta OA, 3auatyio HedTblo,
Mu 0603Hauum yepe3 L,. Teuenne myctb Hanpasiexo ot A x O.
Bcio yacTh naacta cresa OT ceueHHs A Ml NMPeAnONOKHM  3a-
NO/HEHHOA BOAOH H nNycTb ceveHne BB ecTb KOWTYD MHTaHud,
rie BOAa HAXOAWTCA NMOA NMOCTOAHHHIM AaB/EHHEM p.

OGo3nayuM nHHHIO pa3fena BoXw W HedTH B KaKOH-HHOYIb
MOMeH' BpeMenn / yepea CC. Pacctosnne OC ot Havana O npu-
MeM pasHeM L, a runpoasnavuyeckoe /Aas/eHHe B MJIOCKOCTH
pasnena 0603uau4M uepes p,. Ouesunno, L ecTb Qyukumus spe-
MeHd ¢, MOA/exauwan ounpesenennio. Jasienne KHAKOCTH B JIOGOH
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Touke niacra Oyaer onpelenatbcs AHpPepeHuHanbHEM ypaBHe-
HHeM
d*p

=0 (2.1)

Hurerpan 3toro ypasHeHhs ecTb
p=Cx+4C,. (2.2)

OTciona cneayer, 4TO KaKk B 4YacTH nJacta, 3anatol HedThio,
TaK W B 4YacTH, 3aHATOH BOAOH, NaBnende pacnpenensercd no
3akoHy npaMOH Juuuu (Pur. 79).

g \
g

3 2
E 2
2
=
K J
§
Sk Hapmo b}

= 0

L -

Ly

dur, 79.

Byaem paccMaTpHBaTh NaBfeHHE p; M Py Kak H3GWTOYHHE
HaJ NaBNEHHEM p,, T. €. MPHMEM B HAWIHX PACCYWAEHHAX Pg==0.

Onpenenas noctosuieie C; ¥ C, H3 TPaHHYHLX YC/IOBHHA
B 06/nacTd, 3aHATOH HedTbiO, M HAHAEM, 4TO pacnpenenenqe
IaBEHHA ONpene/sercs ypaBHEHHEM

__N
—T X, (2.3)
a B 06/1aCcTH, 3aHATOR BOAOID, — ypaBHElHEM
Po— P
= x—L . 2.4
p=i—=r{ )+ Py (2.4)
CkopocTh ¢uAbTpauuH, cornacHo 3akody Mapcw, pasna
u—-—’iip— (2.9)

T pdx®
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O6o3naunm nna HedT™H abCOMOTHYIO BA3KOCTL uepes B, a
MPOHHLAEMOCTh M/acTa —yepe3 R, A9 BOAW aGCOMOTHYIO BH3-
KOCTb —4epe3 W,, a MpPOHHLAEMOCTb MacTa —uepe3 &, [lo1-
CTaB/AfA 3HA4eHH AaBJenns p u3 (2.3) H (2.4) B (2.5), Mu Gyznem
HMETb C/elyloulee BupameHHe CKOPOCTH (UAbTPALHH:

u_-—_-_k_l.ﬂ=_k'_1”L—_p_l (2.6)

Ipyroe BupameHHe CKOPOCTH (MIbTPALUHH Ml MOJNyYHM B BHIE
dL

0—— m-‘ﬁ- . (27)
M3 ypasnennit (2.6) mu nafiném semuuny p;:

_ﬁ Po 1

pl—HLO—L [k_l__l__'_k_) i J- (2.8)

w L7 op(Ly—L) '

M3 ypasuenuit (2.6) u (2.7) Mul UmeeM
—mi _ha

m—_p= a (2.9)

[Toacrasnas cioma p, w3 (2.8), mu nonyunM audgepeHnuanbuoe
ypaBuenHe
dL _ k& Po (2.10)

—_m—=2122 .
dt |1 PZ[EI_ Lo— L E?L]
M (L— )+ 2

HuTterpupoBanie 3T0ro ypasHeHHd Na&t
2%k, k.

kg pea ki 2kikemy, o 2.11
s (L2 p=— AR =0, @11

[Tpoussonbuylo moctoguyio C Mul OnpenendM H3 yCJ/OBHH, 4TO
L=L, npu £==0, 4t0 naér

_J_ths_"![ﬁz s _ky g z] 2.12
=Tk kepy Lra A o Lo — L) (@12)

Buocs (2.12) 8 unterpan (2.11), Mol nonyuns
Ryl — 12— — L+ B — =R laPu; (013
BiLo— 02— (L — LI+ 2 (G — ) =12 28 (2.13)

14 51, C. NenGenaon
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[Tepefin&m k npeseny, KOrAa BS3KOCTb BOJILI HH'ITOWHA MO OT-
HOLIEHHIO K BA3KOCTH HedTi, B 3aTOoM cnytlae HMeeM

L3 — 12 =2k, (2.14)

Hmenno ator caywait 6un paccMorped Havwd B8 1934 r.1). Bosee
o6t cayyalt HccneaoBaH BMOC/AEACTBHH aMEPHKAHCKHM (MI3HKOM
Myckatom, a takxe B. H. Lllenxauésuim.

Ecmu T ectb Bpems, 3a koTopoe He(Tb BWTEKAaeT M3 MIacTa,
TO Mol uMeeM L=—0 npu {=17. Buoca 3T0 3naueine £ B ypas-
Henue (2.14), Mul momyuum

11—2k1 i 1 (2.15)
Pazaemis ypasnenue (2.14) ua (2.15), Mul GydeMm iMeTb
L t

Orciona HaxoauMm

L=1, 1/1—%. (2.16)

§ 3. O6mas noctaHoBKa MpoGJieMbl O BLITECHEHAA KpaeBoit
BOAoil MEpTBOH HedTA M3 MiacTa HeGOJBWIOH TOJLIRHBI,

[Tyctb mépTas nedTh 3aHIMAET NAACT NOCTOAHHON TO/LMHL /1,
orpanuyennuif B Havaibuufi MOMeHT kouTypoM SO (¢dur. 80).
OG6o3nauuM yepes X, npoHHLAEMOCTb 3ToH 06/1aCTH NAacTa, a yepe:s
p, — a6comoThyio BaskocTb HedTH. Ecm Tomuuna A naacra Gyner
Ma/IOH, TO ABHMEHHE MWHAKOCTH MOXHO MPHHATL [ABYXMEDHHIM,

[Tpumem, uto  OCb  CKBOWHHH  pamuyca p  MPOXOAMT
yepes HedTeHOCHYI0 vacTb mnacta. Touxy mnepecewenus O ocu
CKBIKHHB C TJIOCKOCTbIO OCHOBAHMA NJ/ACTA MNPHMEM 33 Hauano
KOOPIAMHAT CHCTEMH Ocelf X, y, IVIOCKOCTb KOTOPOH xy cosmazaer
¢ ocHoBanueM nnacta, [uapoauuamuueckoe nasnenne  HedTH
p(x, y, 1), KaK H3BECTHO, )’IlOBJIeTBOPﬂeT ypasueunnio Jlannaca

o +3 =0 (3.1)

) Jlei6en3on JI.C, Heprenpomticnosas Mexatuka, 4acTh BTO-
pan-  (Moxiemuan mupasnnxa BOAM, HedTA H raaa). ctp. 296,
Mocksa 1934. '
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Cocrassiolue ckopocTH ¢uabTpauuu MEpTBOH HedTH Gyayt
paBHu [cM, ypasuewns (2.2) rnasw II]

k dp, ki op

U= ——="= === e 3.2

w Ox’ w0y (3.2

Bona, sanosHfiioulaf OCTa/fbHYI0 4aCThb G/acTa, MyCTb HMeeT

a6CoMOTHYI0 BA3KOCTb [, W MYCTb NPOHHLAEMOCTb 3TOH 4acTH

nnacta pasia k,. Imapoaunamnueckoe nAaBsenwe B 3TOR 4acTH
nnacta toxe OyaeT yaOmneTBOpaTh ypasHenHio (3.1).

dur, 80,

Mu npuMeM, 4TO BOAfIHAR 4YaCTb MAaCTa OrPaHHYEHa KOH-
TypoM nuTauua 2°, NaB/eHHe HAa KOTOPOM MycTh GyAeT MOCTOAIH-
HHM H paBubiM p,. Boma n nedrtbp B kakoit-unbyab moMent Oy-
AYT pasrpaHHdedsl KOHTYpoM S, KoTopuii nepeMeraerct,
AedOpMHPYACh NMPH 3TOM MO HAMNPAB/CHHIO K CKBAaWHHE.

OGo3naunM nasjenHe Ha rpaHdue BoOAW H HEdTH, T. €. Ha
kouType S, uepe3 p,. Ouo GymeT MeHATbLCH B 3aBHCHMOCTH OT
NOJIOWEHHS HAa KOHTYDE H OT BPEMEHH,

Ha konrype mutanus X Mmid uMeeM rpaHuuHoe yC/0BHe

P =P,
Ha nomsmxuoft rpanuile BoAk W HedTH SMu MMEEM 1BA rpaHHy-
HBIX YCAOBHS:

) p=p, (3.3)
14*
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rae p, ectb ofliee AasneHHe HA FPaHHLUe Boab H HedTH;

2) D)y = (D) (3.4)
rae (9s), H (V,), — NPOEKUHH HA HAMPAB/AEHHC HOPMANH K KOH-
Typy S cKopocTel nBukeHds BoAn H HedTH.

Ha xouType ckBaxHHW HMeeM rpanHYHOe YC/0BHE

p=p, npu r=np. (3.5)
I1ebut CKBaWHHH paBeH
2k h on
o=Et g (3) |
o o ,=pds' (3.6)
rie HHTErpan B3AT 00 KOHTYyPy CKBAXHHW r=—0, BemM-
4YHHA (S—Z) eCTb 3HaYeHHE HOPManabHOH NpPOH3BOAHOH naBne-
=p

HHf p (X, ¥, {) Ha KOHTYPE CKBaXHHH, a dS €CTb 3/IEMCHT KOH-
Typa CKBAXHHHI,

[Toctapnendas TakuM 0OpasoM 3amaya npeacTasaser 6o.bliie
MaTEeMaTHYCCKHE TPYAHOCTH, Bnonue paspewaercs caydaft, koraa
KOHTYD mnTanuf X% W HavaneHwii KOHTyp o6aactw SO, 3akiio-
yaoumit Hedrtb, mpeactasasioT COOOH KOHUEHTPHYCCKHE OKpPYH(-
HOCTH, B LEHTPE KOTOPHX Dacho/oXeHa CKBaMHHA,

§ 4. Britecuende kpaesodd Boaoi MEpTBOfi HedTh
A3 KPYrJao# JAH3bl MOCTOAHHON TOJIHHBL,

PaccmoTpuM  npocrefimmit  cayyad, Koraa B3KOCTb BOAM
OuYeHb Majia MO CPAaBHEHHIO C BA3KOCTbIO HedTH, Kak 310 Gu/o
npuHATO B KoHUe § 2. B 3ToM ciyuae naBieHHe p, HAa KOHType
fiuTanks GydeT Ge3 M3MEHeHH MEpelanaTbCd K /IHHHMH pa3jena
BOAM M HedTH, Clen0BaTeNbHO, HAa Kohtype S Oymet

po=p,=const. (4.1)

[Tpeanonoxum, 4YTO B MIacTe TMOCTORHHOW TOMUHHH A  HedTb
3ano/IHAeT MepBOHAYaNbHO 00BEM KPYr/0Oro uMAsHApa paadyca R
(kpyzaaf auH3a), OCb KOTOPOLO NPHMEM 33 OCb CKBAWHHHI,
[Tyctb mepdopHpoBanHas Tpy6a CkBawHHE NPOXONHT 4Epe3 BCIO
To/MLy M/1acTa, KOTOPYI0 Mh fpuMeMm HeG0/blIoH, BC/AeACTBHE
yero TeyeHue B Maacte MOXHO Oyaer paccMaTrpuBaTh KakK ABYX-
mepHoe. [lasnenvie kpaesof BOAW Mu GyaeM CYHTaTb MOCTOSAH-
HWIM H PaBHLIM P, a 1aB/IeHHE B CKBAXHHE, KYAa HCTeKaeT HedTb U3
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NJaCTa, TaKKe MPUMEM MOCTOSHHWM H PaBHbM p,. Pamuyc cxsa-
KHHB 0603HAYHM 4epe3 p, NepeMeHHnit panuyc nedTaHON Kpyr-
7oH  /uusel  0603HauuM vepe3 R (¢ur. 80). Pacctosnue kakoii-
HUBYIb TOYKH BHYTPH JMH3W OT OCH OGO3HAaYHM yepe3 r, NPHYEM
r?=x?-| y%, [laBnene MEPTBOH HePTH Oymer q:yuxuuen pac-
CTOSHMA I H BpeMeud

p=plr 8.
Ouo Gyaner onpeaenarsca u3 Andpepenunanbioro ypassenns (3.1),

CocrasasiouHe CKOPOCTH (HABTPALMH NO HANPABACHHIM X H Y
6ynyT paBHu

kl 0p kl dp
U—— = = Ve=— 4.2
K ox’ By’ (4.2
a no nanpasfexpio [
kyap
'U‘=-’——;'(—ﬁ. (4.3)

Tax xax B paccmaTpuBaeMoM cinydae aswkedue nedrtH Gyrer
CHMMCTPHYHLIM OTHOCHTE/bHO OCH UMAWHAPA, TO ypaBHeuse (3.1)

NPHMET BHA
1 op

dr?+ ror (4.4)
a pailua’ibHast ckopocTb O6yaer, cornacuo (4.3), paBHa
—__Fkor,
v =— o O (4.5)
['paHuyHRIMH yC/OBHAMH OYyuyT
pP=p; mpu r=p,
p=p, mpu r=R, } (4.6)
dR __kl d_?
— My = o (dr),— e (4.7)
HayanpHuM yciosueM Gynmer
R=R, npu ¢=0, (4.8

Wurterpan ypasHedus (4.4), yAoBICTBOPAIOWMA rpaHHIHBIM
ycroBuaM (4.6), uveer Bua

— PL—Pay T 4.9
P=p;+ 2ln—, (4.9)
: .hJ-’Pg e
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Beanuuna R, 3aBHcAllas OT BpeMeHH !, MOIJ/IEXHT ONpele/eHHIo,
Broca (4.9) 8 (4.7), M moay4um

—m R =tp) (4:10)
mRIn—
)
Ha (4.10), pa3gesnns nepeMeHHHE, HMEeM
R ___Rkp—py)
In (P) RdR=—ALL2P) g, (4.11)
Ecnu BBecTH HOBOE nepeMeHHoe
— (R\?
z=( P) : (4.12)

10 auddepenHaabioe ypassenue (4.11) npumer sua

Tl{pz In zdz_—z_.f‘_(_p_l:p_?)dt.
pm
HuTterprpoBanne 3TOro ypaBHeHHst AaéT
__ Ak (1 —p2)
zlnz—z-}+ C___plm;ﬁ—t' (4.13)

[TponsBonbHas noctosnHas C onpegensieTcs H3 Ha4yaJbHOTrO yC-
nosua (4.8), KOTOpOe NPHHKHMAaeT Tenepb BHA

.‘z:zoz(—‘—:-")2 npu t=0, (4.14)

Uz (4.13) u (4.14) M nonyuaem
—C=zy(lnz;—1). (4.13)
BHoca (4.15) 8 (4.13), Mu HailnEu

Ay (P —py) 4 (4.16)

zlnz—1)=z4(lnzy,—1)— o

W3 (4.16) mu onpeaennm z, a cneaosaTesbHo,- v R Kak ¢yux-
unio Bpemedd f. OaHako moayyntb R Kkak asnyio dyHkuuio spe-
MeHH ! He/b3d, TaK Kak ypasienHe (4.16) ecTb TpancuenzeHt-
Hoe ypasHeHHe. [lo3ToMy HEOGXOAHMO YNOBAETBOPHTBCS TO/BKO
YHC/IEHHLIM pellleHHeM ypaBHeHus (4.16) And 3a1aHHOTO 3HaYeHUs
OTHOLIEHHS
__ki(p1— D)
8= o 4.17)
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Ecnu Beectn o603Hayenue

$¢(z)=2z(nz—1), (4.18)
TO ypasHende (4.16) npumer BHI
§(2) —(2) =402, (4.19)
Hebut ckpawmnbl Gyrer pased
— o Thk QP)
G=2% ( 5 ) (4.20)
H/H, BHOCA 3HaueHue (g—’r’)r:p,
=Bt —p) (4.21)
mlinz

Bpems 7, 3a Kotopoe Bca HedTh BWTEYET M3 MIaCTa B CKBakHHY,
a cnenoBaTe/bHO, Kpaesad BOAA NpopBETCH K 3a6010, OYEBHIHO,
MONYYHTCA H3 yC/IOBHA

t=T npu R=p. (4.22)
B aTtoM cayyae, coriaacho (4.12), umeem
z=1, (4.23)
Moncrasaan (4.18), (4.22) u (4.23) B (4.19), Mu notyusM
$(zo) 11
T=2101—. (4.24)

Bonee o6wmit cayyalt, Koraa BA3KOCTH BOAW H HedTH cpas-
HHMH Meway coSo ¥ koHTypw X0 u 8° We coBnanaioT Apyr
¢ apyroM, paccMoTper B paiorax Myckara u B. H. lllenkauésa,
MOABMBIUHXCA MOC/Ae ONny6/IMKOBAHHA HAIIHX pe3ynbTaToB.

§ 5. O6mwmit cayuaih BhiTecHeHus kpaesoit Bonok Hedrs
A3 JAH3BI HEKPYroBOro oueprauns (npAGamxEHHoe
aHaJuTEYECKOE pelleHRe),

Tpeanonaras, 4yTo TOAMMHA B JHH3W Hebo/nbllafn, MH GyneM
HMeTb B M/1acTe, MO HaNpaB/EHHIO K CKBAXKHHE, ABYXMepHOE ABH-
weHne HedTH.

Pacnonowenne KOOpAMHAT npHMeM Takoe e, kak H 8 § 3.
Tuapoaunavugeckoe Aapnedue uedts p (x, y,f) Oyner yiosaes
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teopaTh ypasuenuio (3.1). CocTasnsioutue CKOPOCTH (PHABTPALHA
HepTH OyAyT paBHbl

I'pannunbie ycnosusa GyayT

p=pynpu r=p (ckBawuna), 5.1y
p==p, Ha KouType S, (5.2)
(0e), = (9,),= W, Ha KOHType S, (5.3)

rae (0s), ¥ (D,),— NPOEGKUHH HA HAMpaB/eHHE HOPMalH K KOH-
Typy S ckopocTeil AsuWeHHs HedTH H BOAM; W, —HX o6uwasn
Be/MYHHA HAa KOHType S.

Ipu stom npeanonaracTcs, 4TO BAIKOCTb KPaeBOH BOAHW HH-
YTOXHA MO CPABHEHHIO C
BSI3KOCTbIO He(PTH H AaBje-
HHEe | 1IOCTORHHO.

Tounoe peluenie no-
cTaBfneHHO! TakuM 06pa3oM
3aj1ayu npeacTasaseT 60/b-
11+1e TPYAHOCTH, H BO3MOWKHO
TOMLKO NpHOIHKEHHOE pe-
1eHHe.

boda MycTb Ha ¢ur. 81 cksa-

our. 81. WHuHa O pacmonoKeHa mpo-

H3BO/ILHO BHYTPH OBa/IbHOTO

KOHTypa S, mpeacTasisioero rpanuuny soaw o nedrti. [lpn

BHTECHEHHH Kpaesoit BoaoH HedrH Touka M kouTypa nepe-
mettaerca no HopManad MC K KOHTYpPY CO CKOPOCTbIO

w, = MC,

[Tpu6/MKEHHO 3Ty CKOPOCTb MOKHO PaccMaTPHBATL KaK MPOEK-
LMI0O HA HOPMAJb CKOPOCTH

w=MB,

¢ KOTOpPOH mpoucxogwna Om 4YMCTO panHanbHag QUAbTPALMA
ot M x cksaxuie O mo paauycy-sektopy MO. Ilpoekumus cko-
POCTH W, Ha HAMpAB/JEHHE MEePEMEHHOTo paauyca-sextopa R =MO
pasHa '

MA:w,:%? . (5.4)
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Ecau @ ecTb yroa mexay paauycom-sektopom MO u HOpManbio
MC, 10
R
ot

W, == WS & (5.6)

=w,cos4a, (5.9)

Orciona uMeeM ocHOBHYi0 dopmyny

R
= =wcos?a. (5.7).

Ho cornacto Teopun pamuansuoi ¢uabTpaumn [cM. (4.7)] Mol umeen

w=|1_l:l- (%f)rﬂ (5.8)

Buocsa (5.8) B (5.7), Mu monyunm ¢yHIaMeHTaNbHOE COOTHOLIEHHE

dR op 2
m—p = (d—r)r=Rcos a, (5.9
KOTOPOE MH MOMWEM pPacCMaTPHBATbL KaK TPaHHYHOE yC/IOBHE Ha
koutype S. M
B camoM 1ene, 30

ob6paTtHmMc K ¢opmy-

ne (3.4). Buecéw B

Hed, cornacio ¢ur. on
82,

éR=tncosa. (5.10) ,

Pur. 82.
Toraa, y4utuBag co-

oTHoweHHe (2.3) rnasul I, 1eTKO NOJy4yHM chedyloniee pPaBeHCTBO:

¢R
cosa k&

" R

cos a
OTKyAa
SR kén
2 5.

= iR cos’a, (5.11)

41O coracyeTcft C (5.7),
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M3 reomerpun nmeem

R
c0s? g = ——"—e (5.12)
dR\2?
R+ ()

rie @ — nonapuuit yron, Buoca (5.12) B (5.9), monyunm

B w1 € S A
N |

[peanonoxuM, 4To ABHMeEHHe OT ToukH M k O B mepBOM NpH-
6/MMEHHH MOXHO PacCMATPHBATh KaK paaua’bHoe; TorAa AAf
onpelesieHns Aas/jeHHa MOXHO OGydeT npumeHdtb dopmyny (4.9).
M3 Hed mu Haxomum

(5), =2 (5.14)

r=R Rin—
(4

Brocs (5.14) B (5.13), M nonyuuM OKOHuYaTe/nbHOE COOTHOIIEHHE
Ha xoHtype S, T. €. Ha rpaHdue Mexay Boao#t u HedTbiO

k(p1—ps)
oR my
= . =0 (5.13)
ot + dR) 2] R !
= In<
lR”_ (0? "7
npuuén npeanonaraercd, 4yTo R ecth H QyHKkuUHS BpeMeHH, H QyHK-
UMS MOJAPHOTO yraa ¢, T. e.
R=R(1,9). (5.16)

§ 6. Npa6amxénHoe rpagAYecKoe peiwreHAe 3agaud,
nocraBJjeHHo#k B § 5.

Hna pemenns nocrasnedHo#t B § 5 3a4aud MW MOXeM npH-
MeHHTb npocToe rpaduueckoe mOCTPoeHHe, OCHOBAHHOE Ha Hiee
npu6AMKEHHOTO DAaJHA/bHOTO DEIIeHH, KOTOPHM Ml BOCHO/b-
30Ba/Hch B Hayane § 4.

MycTs Aan kouTyp S, OKpywaioWHit CKBAaWHHY DaaHyca p
¢ ueitpom O (¢ur. 83). Pazsemmm amHy KouTypa S Ha n

ONNHAKOBHIX yacTe# Toukamn A, A4, ..., A,_|, A, 1 nposents
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us touku O B Touku C,, G, Cy,..., C,_,, C,, caykaupe ce-
peAHHAMH 3/IeMEeHTOB

AAy, Ay ..., A,_ALAA,
pafHyCH-BEKTOPH
R,=0C,R,=0C,,...,R,=0C,.
3aTteM npoBeaéM HOpMAanH K KOHTypy S
CD,, CD,, CiDy, ..., CD,

H OT/IOMHM Ha HUX OTPE3KH, MPOMNOPUUOHAIBHHE HOPMA/bHHM
COCTaB/AIOUMM CKOPOCTH W,

A5 S Ais 17 Ay

Pur. 83.

Kak mu Bumenu B § 5, ckopocTs QHAbTpauuM w, no Hop-
MaJM K KOHTYpPY S onpenensercd paBeHcTBOM (9.6), npHuém w
cneayer B3iTb cornacHo (5.8), koTopas Bcaeacteue (4.9) naért

—*(m—py)
w= R (6.1)
p.len—P-
M3 (6.1) n (5.6) umeem
o k(p1—p2)

(6.2)

n

pmR In (—g)cosa ,

TAe @ ecThb Yol Me&1y HOPMalbio N K KOUTYDY S U paanycom-
BekTOopoM R.
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Cnenoaarenbuo, Ha YMNOOMAHYTHX HOPMaafix Mu OT/AO0XKiiM
OTpE3KH, NpOonopuHoHa/JbHhe Be/IHYHHAM!:

B Touke C, E s —py
. 1~ P2
wll— & : Rl ’
wn{ n e cos (Ry, m)
B TOYKe C2 f o1 o)
w, = 1— P2)
EOROETE
H T. L.

Coenlnan noayyeHHHe TOYKH
D,, D;, D,..., D

134

Ml Hali8M nepBoe noaowende KouTypa S, 3aTem Mum Mowem
MOBTOPHTb MoOCTpocHHe. TakuM 06pa3oM, MOKHO NONYYHTh Tpa-
¢duuecku peweHde AJg NPOH3BONbHOH GOpMH KoHTypa S,

§ 7. BuiTecHeHme ra3a Kpaesoil BOAOH,

Bonpoc o0 BuTeCHeHHH Tra3a KpaeBod BOJOH M3 miacta He-
60/blIOR MOCTOAHHOH TOMUHMHN HMEeT upe3BHYAHHO BaxHOe
3HaueHrHe B TEOPHH Da3pabOTKH ra3oBHX MeCTOPOXAeHHH.

Coxpatiaa o6o3Hayexns ¢ur. 78, MW mnpumeM, UYTO BoasHad
YacTh M/1aCTa OrpaHHYeHa KOHTYPOM MHUTaHHR X° dapneHue WHIAKO-
CTH Ha KOTOpPOM MOCTOAHHO M paBHO p,. IlycTh B HavanbHpH
MOMEHT BpeMeHd BOJa H Ta3 Pa3rPaHHYeHH KOHTYpoM S° npH

JAaB/eHHH p:), H B KakoH-HHOYyAb MPOH3BOMbHLI MOMEHT BpeMeHH
OHH pa3rpaHuyeHsl KOHTYPOM S, KOTOPHWH NpPH BHTECHEHMH Ta3a
BOAOH moapuraeTcs Gnuwe Kk ckBaxupe. JlaBleHHe BOAM .Ha KOH-
Type pa3gena S MpHMeM DaBHHM p;; NaB/leHHE HA KOHType
CKBIXHHH S, nycTb Oyaer p,.
B cayyae mnmacta HeGOAbIIOR MOCTOAHHON TOAWMHW A A4B-
7iedHe BOAW p YAOBAETBOPACT ypaBHeHHO (3.1)
% , %
dxz"f'dyz =0. (7-])
Coctasasiomue ckopocTH ¢uAbTPALMM BOAW 00 AHAMOTHH
¢ (3.2) 6yayT pasHu:
ap _ k dp

— %k op = R op
b= By dxr ™ dy' (7-2)
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rae o, —a0coMoTHAA BA3KOCTb BOAW, a & -— MPOHHUAEMOCTb
4aCTH N/JacTa, 3IHATOTO BOAOH.

IlaB/iedHe BOAW p Ha KOHType MHTaHMA E° MH A1 MPOCTOTH
npumem noctoriunM, OTcloma MMeeM MepBoe rpaHuyHOE YC/AOBHE

p=—p, Ha KOHType muTaHua X", (7.3)

Ha noaBuxHom koHType pa3gena S, nNpeacTaBafiouieM rpa-
_HHlly BOAW H rasa, NaB/leHHe p, 3aBHCHT OT BpeMeHH H BooGiue
mensieTca OT oaHOH ToukH koutypa k apyroit. Otciona umeem
BTOpO€ TPaHHYHOE YC/IOBHE AJfl BOIh

p=p, Ha S. (7.4)

TpeTbe rpaHHuYHOE YC/MOBHE JUIA XHAKOCTH MPEACTAB/NET
ypaBHeHHe pacxoja Ha MOABHXHOM KOHTYpe, OTHECEHHOe K e~
HHLE IV/IHHB H2 3/eMeHTe KOHTypa S

—m (?g) zﬁ (;’_g;) Ha S, (7.5)

npuyuém dny, eCTh 3/eMeHT BHellIHe# HOPMajlH K KOHTYpPY S, a m
eCTb MOPHCTOCTb MiacTa.
Ha ocnoBanuu d¢opsyn § 9 rnasw VI mu umeem ypaBuenue
JBIKGHHA Ta3a B MjacTe NPOHHLAEMOCTH X
9P , 0P __ D oP

VP=5at o= ot (7.6)
rae D nmavo dopmyno#t (3.2) rnasu VII
mu
D=—, (7.7)

npuyM u ecTb alco/MOTHaf BA3KOCTb raza, KoMMOHEHTH CKoO-
pocTH ¢uAbTpaumu rasa GymyT [cM. (9.2) raasum VII]:

Pt Dpox’
P (7.8)
U= "Furray

CrnenoBaTennio, BecoBoM ne6MT ckBawmuiu G [eM. (9.3) raasm
Vll] Gyaer pasen

_ knhg apP
G—B(Ix+l)u dar as, (7.9)
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rie HHTErpaj B3fiT MO OKPYWHOCTH CKRBAXHHHW, a pamuyC-BeKTop
npoBea&H H3 LEHTPa CKBAXHHH.
[lepBoe rpannuHoe ycaosue i rasa, cornaacio (7.%), 3a-
MUILeTCA TaK:
,ﬁ_l
P=P =p " na S (7.10)

Ha xonType ckBawHHH HMeeM BTOpOe TIpaHHuHOE yC/I0BHE
p=p, Ha S, (7.11)

YTO MPHBOAHT K YC/OBHIO

a4l
P=P,—=p, " ua S, (7.12)

TpeTbe rpaHuvioe ycnoBue pis ra3a npeiacTasideT ypasHe-
HHE pacxola Ha MOABHXKHOM KOHType S:

_m(%v)zm_ﬁ(’;’a_l_)(%) wa S,  (7.13)

Tie p, €CTb MJIOTHOCTb rasa MpH NaBJEHHH p,.
Cornactio ¢opuyne (1.6) rnasw VII Mu Hmeem

1
Bp, =P+, (7.14)

Broca (7.14) B (7.13), MM nonyuHM yC/lOBHE HA MOABHMHOM
KOHTYype
1
Ono)_lznP-"'H dP)
m (a: =TT (d—nu a S. (7.15)
Kpove TOro, mul HvMeeM Haua/bHoe yc/losHe B 06/acTH BOAM
H Taza. Hanpumep, MW MoXeMm NpPHHATbL mpocTeRiiee HauyanbHoe
ycnosue
‘ p=p, amm t=0, (7.16)

PaccvoTpum npocTe#iinit cnyva#h ropu3oHT2/bHOTO mpH3Ma-
THueckoro nnacta (¢ur. 84) mongpeuroro ceyenus F. B ceue-
it O (ocb Ox MH HAaNpaBUM MPOTHB TEYEHHA ra3a), rae Mul
MOMECTHM HAYA/I0 KOOPAHHAT, NYCThL MPOHCXOAHT HCTEeueHHe
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raza M3 n4acTa B CKBaWHHY DOpH MOCTOAHHOM [A4BACHMH p...
Ilyctb B HayanbHui MOMEHT f=0 pa3genoM Mexay ra3oM n
BOIOH cnywuT cevyenue A, npuudm OA =L¢';

PaccTostHMe OT CKBaWMHHW 0O KOHTYPA-nuTahus Ay Mu 060-
3Hauum uepes Ly, npuudm OA,==Ly(Ly > L).

B kako#t-uuGyab MOMeHT BpeMeHH { TpaHHLa Mexdy.BoAOH
H Ta3oM ecTb ceyeHue B, oTcToAu(ee OT CKBAXHHH Ha pacCcTofA~

.
203 — P
]

¢ur, 84.

i OB =L, npnuém L ecTb ¢yHKUMA BpeMeHH £, noaiexauias
onpene/IeHHIO,

[TocTaBnessas 3gmecb 3amaya ropasfo cloxHee 3alauM, pe-
WeéHHOW B § 2 3To#l rnasu.

[nq Boan MW HMeeM YC/OBHA:

p=po ann x=L, |

p=p, a2 x=1L | (7.17)

Ypasuenune (7.1) npumeT BuHA

0%
=0
HHTErpan KoTOpOro, yAoBneTBOpfioulHi ycnosusm (7.17), GyneT

_P—n Pila—pol
p_Lo_Lx+ I—L ° (7.18)

L
Cneayer 3aMeTHTb, 4TO 3Ta ¢OopMa MHTErpaia He YyuoBie-
TBOpAET 3a4aHHOMY HA4a/bHOMY yc/noBHio. To e camoe credyeT
ckasaTb H 00 uuterpane (2.4).
[lpu pewenun ypaBHeHus ABHKEHHS rasa

P __ D oP

o= 5 (7.19)
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NPH TPaHHYMLHX YCIOBHAX

P=P ana x=1L, }

P=P, mna x=0 (7.20)
M NpH ypaBueHWH pacxoma (npu x=—1L)

1

a+1
kn " (5). (ran)

*/1

MW BCTPETHMCH ¢ BeCbMd 3HAYHTE/IbHWMH MaTeMaTHYECKHMH
TPYAHOC TAMH.

B apyro#t pa6ote!) Hamu Owia caenaHa mONKWTKa npHOH-
WEHHOTO petlleHHs NOCTaBleHHON 3axayu B mpocTeiine#t runotese
MOCTORHCTBA JaBMEHHA p;. ITO pelieHHe [pPHTONHO TO/BKO
B C/yYae MeLIeHHOrO BHTECHEHHf ra3a BONOID, KOTAAa B MepPBOM
npubnKEHHH nepeMelledHeM TPaHHUW pasgena BOAH M rasa
B TeuyeHHe KOPOTKHX MPOMEWYTKOB BPEMEHH MOXHO npeHebpeub.

Eean we B camoM rpyGoM mnpubiHmeHHM CUYHTATb ABHWKEHHE
rasa Ha mnepevesioit miuHe OB B TeueHHe KOPOTKHX Mpome-
KYTKOB BPEMEHH 3a YCTaHOBHBIIeecs, TO ypaBHenue (7.19) npu-
MeT BHI:

k(@) _
™ pm \ox/; plandN7t

o =o. (7.22)

Huterpan sToro ypasHeHHs, YIOB/JETBOPSAIOLIEH TPAHHYHHM yC-
noBuAM (7.20), Gyner

P=P,+ 0=y, (7.23)

MpH 3TOM Hava/jbMue YC/A0BHA He OydyT YIOB/ETBOPEHH.

Y Jleli6enson JI. C,, HedrenpoMucioBas wmexanuxa, u. 2
(TMogaeMfian ruapaBanKa BOAM, HegTH  rasa), raasa X1, § 9 u 10.



I'J1IABA X,

TPABUTALUMOHHBIA PEXXHM TEYEHUS YHIKOCTER
B NOPUCTOM CPELE.

§ 1. Ypasuenne Byccurnecka aja Heray6okoi Bomawl.

B 3To# rnase Mn GyAeM paccMaTpHBATb ABHXEHNE HECAH-
MaeMOH MHIAKOCTH B MOPHCTOR cpede noa AeHCTBHEM CHJN
TwecTi. [lopuctas cpend, 110 KOTOpoH ABlKeTCR HeCKUMaeMasn
WHIAKOCTb, MPEACTaBAseT cOGO# maacT, mnoAcTHAaeMuwit HEMpoHH~
naemum rpystom. Ilpeanona-
raeTcd, YTO NHIAKOCTb 3aHH-
MaeT /MIIb YacTb TO/ILUMHN
naacTa u uMeer cB0o6OLHYIO
MOBEPXHOCTb, HAaL KOTOpPOH
CylLlecTByeT MOCTOAHHOE J1aB-
NeHne BO3Ayxa wiu ra3sa. Ilpu
OTKAayke KMAKOCTH H3 MAacTa
yepe3 CKBadGiHii WM cGop-
HHe Traijeped MepBOHayaibHuiH YPOBeHb B M14CTE H3MEHAETCH,
u cBoOOAHAA (10BEPXHOCTb XHMAKOCTH MOHHKAETCA MO Hanpas.ie-
HHI0 K CKBawnHe. B ruapasmvke e Ha3uWBaIOT denpeccuorHol
nosepxHOcmbi0 (a MHOTAA BOAAHWM 3€pKasom), B 3Tom mapa-
rpade Mu Gyaem mnpeano/araTb, YTO TOJNIIMHA HawWero nJjacra
He3HaUHTe/MbHAa N0 CPaBUEHHIO C €ro AAHHo# W wmpudoit. Ilno-
CKOCTb OTcHéTa OXy COBMECTHM C HEKOTOPOR TrOpH3OHTa/bHOR
nockoctbio  (gur. 83). Ocb Oz HanpaBUM  BepPTHKa/bHO
BBepx. [/y6HHa noacTuaalowero naacta (AHO) MOA M/IOCKO-
ctoio Oxy Oyner ¢yuxuuelt H(x, y) KOOPAHHAT X, y, OTHO-
CHTE/bHO KOTOpOM cAenaeM npeAMmo/OXEHHE, UYTO OHa H3aMe-
MAETCA HEeMpPephBHO M OueHb MELIeHHO Ha BCEM MPOTHKEHHH

Pur. 85.

g oH
0/1aCTa, C/IE10BATE/IbHO, YAaCTHHE MPOH3BOAHHE -—m—, o Oynyr

1S n. c. NeiGensox
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Ma/biVil BeJIMYMHAMH. YpaBHeHHeM AHa njacrta 6yaer
z=—"H(x, ). (1.1)

Bucota £ cB0GoAHOR MOBEPXHOCTH MHAKOCTH B M/aCTe HaX
MAOCKOCTbI0 OTCY&Ta TOWe ecTb (PyHKUHA KOopAHMHAT X, y H
H3MEHACTCA HEeMpepHBHO H OYeHb MEAJIEeHHO Ha BCEM NPOTHNEHHH
nnacta. CnemoBaTenbHO, YypasHewneM c¢Bo6oAHOR MOBEPXBOCTH
WHIKOCTH B niacte Oyaer

z=h(x,y), (1.2)
oh Odh
MPHYEM vacTHHE MPOH3BOAHHE S, Ty CYTb Ma/jne Be/HYHHH

W NMPeACTaB/MAIOT COOG0H rHApaB/AHYECKHE YKJOHH MPH ABHWKEHHH
HWHAKOCTH.

Beneacteue caenanHnx npeano/oxedHil saeMeHTapHue CTpyHKH
WHAKOCTH upH eé ¢unbTpauuy B naacte OyaAyT noumu zopu-
30HMANBROLMU.

Jnf cocTaBneHHs ypaBHeHHA HepPa3pHBHOCTH BHIAC/AHM B Mg~
CTe 371eMeHTapHui mnapasnenenuned, MONyyaeMult CAELYIOULHM
06pa3oM: yepes CTOPOHH 3ne-
MEHTapHOTO MpPAMOYTO/IbiliIKA
abed (dur. 86), pacnonoxen-
HOTO B TOPH3OHTaMbLHOH m/0-
CKOCTH, mapajienbHolt. Mm/o-
ckocty Oxy, nposeném Bep-
THKa/IbHNE MI0CKOCTH 10 nepe-
CeYEHHA C HeNnpoHHLAEMbIM
0 — +y  TOACTHNAIOWIMM T1ACTOM H CO

¢BOGOAHON MOBEPXHOCTbIO BO-

an. Torma, o603Hayas uepes

®ur. 86. 4 COCTaB/AIOLLYI0O CKOPOCTH

TEYEHHA HeCIKHMaeMOH WHAKO-

CTit nox AeHCTsueM CHIW THKECTH BAOAbL OCH x, MH Hai-

OBM, uTO 4epe3 rpaub od 32 3/eMeHT Bpemeud df BORAET
KO/IHIIECTBO KHJIKOCTH

x

u(H- h)dyadt,

4 epe3 rpaHb Hc BHALET 32 TO WKe BPEM KOIMYECTBO WHAKOCTH

w(H -+ h)dy dt- 2 [u(H by dydt) dx.
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CJIELI.OBaTEJIbHO, OT JOBHXEHHA BAO/Ab OCH X B 31E€MEHTAPHOM
napaaneneninene HakKoOMNHUTCI KOJHYECTBO XHAKOCTH

— L (w(H 4 maxdyar.

Ananornuno, 0603Hauas 4epe3 v COCTABMAIOULYI0 CKOPOCTH Teue-
HUA BAOAb OCH y, MH HaHa&M, 4TO OT ABHXKeHHs Baoab ocH Oy
3a TO e BpeMf B MapajnenenHnene HAaKOMHTCA KO/JMYECTBO

WHAKOCTH
9

— 3 [v(H-} h)]dxdyadt.

Heuwennen no oc Oz MoxHO npeneGpedb, TaK KaK MH npei-
TOMOKHAM, 4TQ 3neMeHTapunie CTPyHku ropuzoutanbiu. Takum
0o0pa3oM, yBenudeHHe KOMHYECTBA KHAKOCTH B Mapajienennesne
3a Bpems df GyleT paBHo

—dxdy dt {{—t—[u(H-{— h)]—{—?%-[v(H-{— h)]}. (1.3)

Ecnn va BueurHeit noBepxHOCTH TpyHTa BHNAZAIOT OCAAKH
B KoauuecTse ¢(x, y) Ha emdudlly M/OWANH MPOEKUHH STOR
MOBEPXHOCTH HA TOPH3OHTANbHYK naockocTs Oxy, TO 3a Bpems
dt m06aBHTCA KOJNHYECTBO WHIKOCTH

gdxdyd!.

CAaenoBaTenbuo, 10JAHOE HAKOUNEHHE KHAKOCTH B Napaianene-
ndnexe 3a spema d! Gyner paBHo

—dx dy dt {—0‘-’; [u(H-{-h)]—[—?‘;—[v(H-{-h)]—q}. (1.4)

C apyro#t cTOpoHh, Mb HMEEM, YUHTHBAA MOPHCTOCTb, 4TO 06 bEM
KHIKOCTH B paccMaTpuBaeMOM napasefendnene pasex

m(H - h)dx dy,
c/e10BaTe/bHO, €r0 NpHpaluende 3a Bpems df CoCTas/seT

gt-[m (H -+ h)dx dy) dt.

Ho Tax kak H He 3aBUCHT OT /, TO STO NpHpalleHHe B HEH3Me-
HAEMO} nopucToit cpene OGyaer paBHo

oh
m— dxdy dt. (1.5)

16 1. ¢, neaseuson
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Cpasnus Bupawenua (1.4) u (1.5) oxHoro U TOro ke KO.1H-
4eCcTBa KHIKOCTH, HAKONAAIOWEHCA B Napannenendnene, Mol Mo-
Ay4um

2 [wlH A+ h)]-{—%[v(H-{— B=—mn_q (8

Beneactsue rOPH3OHTATbHOCTH /1EMEHTAPHWIX WHAKHX CTPYeK Mbl
MOXEM MPHUHATb, YTO B HalleR TAXENOH, oueHb MeNdNeHHO TeKy-
uel KHAKOCTH JasjenHe onpenenseTci THAPOCTATHYECKH, 4TO
nagt

p=gp(h—2z) -} const. (1.7)

Jna cOCTaBMIOHX CKOPOCTH TRKENOH, HECHKHMAaeMOH XHAKOCTH
6uinu BwBededd B § O raasw Il dopmyan (5.2), Buoca (1.7)
B (5.2), mn Gydem uMeTb

_kepon - kep Oh

Fo v=— 2, w=0. (1.8)

Bhoca (1.8) B (1.6), Mu nonyuud ypassenue Byccunecka

2 [k(lH-h)-zﬂ +oy [k(H-{-h)j—ﬂ =
me oM (19)

T g ot g’

Ecan ocankos wer (g=—0) u nponuuaeMoctb X2 ecTb Bemi-
yHHa nocTOfAHHas, TO ypasHexre (1.9) npuxumaeT Bux

d I
= [H+nge| o5 [+ 05| == S (1.10)

h
B 4acTHOM cny4ae, KOTAAa OTHOMUIEHHE 7 €CTb MAnas BENHUHHA
MOXHO npeneGpeub A no cpasuenuio ¢ F, u ypasuende (1.10)
npHMeT BHI

0h)__mp.0h (1.11)

a oh d
o (A5 ) Fo (Hg) =i

npuudm H ects ¢yHxuus 0T koopauHat x, y. Bunoansa ang-
¢epennHpoBanre, Mu NOAYYMM BMecTO ypasHesus (1.11) cne-
aylowee:

OH on | 0H oh _ mp Oh
Hvzh+?}'?}'+?}'°@'—§p—k_ﬁ" (].]2)
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Tak kak pynkumus F (x, y) ecTb GpyHKUHA H3BECTHAA, CENORATE/bIHO,

a

oH H
ed 4acTHue NPOH3BOLHLE Sy CYTb ToMe mssecTHhe  yHk-

;)
upsy, To ypasHenne (1.12) ecTp AHHeRHOE ypaBHEHHE C 4aCTHBIMH
NPOM3BOAMKMH OTHOCHTeAbHO /A. CnesoBaTenbHo, €ro peilcxue
MOXEeT OHTb MOAYYEeHO MO H3BECTHHM MpPaBuWlaM MpPH 3aAaHiubIX

rpaHHYHbiX 4 Ha4ya/bHhX YCJAOBHAX.

§ 2. Ypasueune Miomiou,

Ecan noactunaowmit HenpouuuaeMul naacT ropu3oHTaned,
TO ero yaoS6Ho npuuath 3a naockocts Oxy. Toraa Gyner

H=0, 2.1
H paccrodHue OT cBo60aHONH MOBEPXHOCTIf WHAKOCTH OO0 Henpo-

HHiaeMoro naacta (aua) 6yaer pasuo /1. Buoca (2.1) B ypaBise-
nve (1.10), mu noayunm ypasseuue DByccHHecka

d oh d ohl _ mp 0h
?7["‘07] ’*W["o—y]—zi‘ﬁ' (2.2)
KOTOpoe MOKHO npenCTaBHTb B BHI2
2mp. Oh
Y2 p2 . ot VOt
V2 p2= 2ok OF (2.3)

B uactHoM cayuae, KOTAa ABHWeHHe YCTanosuBwieecd, Oyldem
HUMeTb

oh
o =0
U ypastenue (2.3) npuximaert Bui
V2 p2 =0, ' 2.4)

DTo BakHOe ypaBHeHHe BrepBule OnI0 AaHO (PAHILY3CKHM HHXNce-
nepoM JliOMion B €ro KaMHTAIbHLIX HCCAEAOBAHHUAX MO ABHWEHHIO
TPyHTOBHX BO1Y).

) J. Dupuit, Etudes theoretiques et practiques sur le mouve-
ment des eaux, Paris, 1863.

16*
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§ 3. Aranorea c nBHKeHHeM rasa.

[pumem, uTO H3MeHeHHE COCTOAHMA [a3a MPOMCXOAHT MO
H30TepMHUYeCKOMY 3aKoHy [cM. ypastenue (6.17) raasw ll}, n npe-
nebpexEm 3ddekToM cuan TawecTH. Boocs

=-£-
B ypastenue (4.9) rnasu Il, Mul nonyumm ypasueuHe namumap-
HOTO IBHXEHHH raza B (OPHCTOH cpeae B Buie

2 HE L) 5082 o

CpasuuBas ypasHenus (2.2) c ypasuenuem (3.1) mna cayuas
ABYXMEPHOTO JNaMHHAPHOTO MABHAEHMA Ta3a, MH OGHADYKHM HX
NONHYI0 TONCUECTBEHHOCTb, €C/IH YUTEM, 4TO

P=gph, (3.2)

KaK M 10MkHO OuTb cornacuo cdopmyne (1.7) ans awna, rae
z2=0, Havanbuuie M rpauyunne ycnosusa OyayT Takxke TOxIe-
CTBEHHH.

§ 4. YpaBHeHna Byccanecka xas rayGokoit Boasl,

Ecan TonupiHa nnacta, mo KOTOpOMY TeuyT HecHMaewa
AHIKOCTb, 3HauuTenbHa, TO ypasHeddHe (1.10) nepectadT OuwTb
BEPHBIM M ROMKHO OHTb 3aMeHeHo APYTHM ypaBHuenueM. Byccu-
HeCcK cllenan 3TO HWWecAedyiouMM NpHEMOM.

B § 5 raasw 1l Guo BBeseHO moHATHe O Hanope AnA TAKE-
A0M KHAKOCTH, KOTOPHH onpeleanetca dopmynolt (5.3) raasu I

=-"_‘ 2. (4.1)

Tam we OO NOKa3aHo, 4TO Q)ymcuua % YROBJETBOpSET, MpH
k —const., ypassenuio Jlannaca

V2<p=0 (4.2)
H uTO COCTAB/AIOMHE CKOPOCTH (UMJIbTPALMH THKENOR MHAKOCTH
BLIpakaloTca (HOpMyIaMH

___ kgp 0¢ - kgp oe __k&p 92 44
u=—"yxr T i B 0z (4.3)
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[TosToMy npoekuua CKOpocTH ¢uabTpaUU HA HOpPMaab OGyneT
pasHa

____kgp %
W= on

p % (4.4)

rae

oy de de . 99 .o« 5
o = gx 08 (n,x)—i——‘j}-uos(n, N+ % cos (n, z). (4.9)

Tak kak noacTHnaiouyfl clol onpesensercd ypaBHeHHEM
z + H(x’ )’) = 0)
TO AJA HOPMajaH K €ro MOBepXHOCTH HMeeM

cos (n, x):cos(n, y):cos (n, z)=‘3’_l: : ‘;’;’ .

1. (4.6)
Tak KaK WHAKOCTb HE MOWXKET MPOHHKHYTh B NOACTHAAlouu cnoh,
TO HOPManbHAfl COCTAB/AOWAA CKOPOCTH QHABTPALMH HA NOBEPX-
HOCTH 3TOr0 CJ0A PaBHa HyAO, H N03TOMY, coraacHo (4.4),
HMeeMm

Oy
—071-—0. (4.7)
[ToactaBnas 9TO 3HauenHe % B (4.5) H yudThBad COOTHOWIEHHS
(4.6), Mu nonyusm wm z=—H (x, y):
de OH 0y OH dy
9% 9% T3y oy Tor =0 (4.8)

Ato ecTb nepsoe ycnosue DByccunecka, oTHOCAuleecd K NOBepx-
HOCTH MOACTHAAIOWETro clod,

Ha GoxoBmx cTeHkax nnaacTa, B KOTOPOM TeYET KHIKOCTb,
UMeeT MecTo pasexcTso (4.7), —9TO0 BTOpOE Yycaosue Byc-
cHHecKa.

[Tepeitn¥m Temepn ¥ AByM YC/NOBHAM Ha cBoGOAHOR mnoOBepx-
HOCTH WHIKOCTH BHYTPH rpyuta, [Ipexme Bcero Mu uMmeeM 3iech
3ananyoe noctofinHoe Aasnende, [lostomy na sTofl nmosepxHocTH,
3aganHofl ypasxendem (1.2), Mnl umeem

p=coust. ana z=—h, (4.9)
Ho u3 ypasueuns (4.1) cneayer
p=_gp(p —2).
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Broca sto 3nauenue B (4.9), Mu nonyuum
¢ (%, y, h) — h = const, (4.10)

310 ecTb TpeTbe ycaosde ByccuHecka, MMeloulee MecTO Ha CBO-
00AHON MOBEPXHOCTH IKHAKOCTH H NO3BOMsIOWEE ONpenenUTb
HEH3BECTHYIO BENHYHHY h KaK (YHKIUHIO mepeMeHHnx (X, y).

CoctaguM Tenepb ypasHenHe, naiolwiee 3aBIUCHMOCTb A OT
Bpemenu £. [l1a sroro Ha naockocty Oxy Bhuieaunm saemeHT do,
KOTOpLR ABAAGTCA MpoeKiHel COOTBETCTBYIOWErO 3nemeHta dX
ta CBOGOAHON MOBEPXHOCTH WHIAKOCTH BHYTPH mnnacta. Ecau a
€CTb YToN HOpManK K 9TOH NOBEPXHOCTH, HAaNpaBAeHHOH BO BHell-
HIOI0 MO OTHOWIEHHI0 K XHAKOCTH 4acTb M4dCTd, C MOJOKHATENb-
Hoit ocnio Oz, TO HMeeM

ds—dXcosa. (4.11)

Tpu kocutyca yrnos STOR HOPMaAH ¢ OCAMH KOOPAMHAT CBS3aHul
COOTHOLL GHHAMH

cos (n,x)‘:cos(n,_y):cosa:—%:-—%;i: . (412

Cornacvo dopmyne (4.4) npoekuus CKOPOTH HALTPALMK HA ITY
#opMann Oyaer

wuzﬂcosa(

d¢ Ok de dh  de
5 +

5. 0x T dy oy — a:)’ (4.13)

Ko/uuecTBO KHAKOCTH, MPOTEKAIOWIEE CHU3Y BBEPX 4Yepes sfe-
MeHT dX cBOGOAHONM MNOBEPXHOCTH 3a 9nemedT Bpemeun df,
5yner paBHo

dg=w,dZdt. (4.14)

Btoca ciona 3uavenne w, u3 pasenctsa (4.13), Mn nonyuuM Ha
ocHoBaHuu (4.11) Bupamenue dg B Buae
__kgp 45 (90 0n Oy on oy
dg=-,"d= (0x ax T 3y dy —797)' (4.15)
Benencteue 3toro aBieHHA MHMIKOCTH BBepX BhCoTa A cBoGon-
HOR mosepxHoCTH 3a Bpems df Bo3pactaer Ha dh. Ecau my ects

IIOBEPXHOCTHOR 3HayeHHe nopuctocTH!), To 06bEM npoTeKiueH
BBEpx uepe3 9JeMeHMT d0 (B NJAOCKOCTH, napaaaensHoll MI0CKo-

1) Byccuseck cuutad, 4To O6BEMHAA MOPHUCTOCTH OTAHYAeTCH OT
nosepxHoCTHOR., MoKHO 3TOTO pa3aHuus He AesaTh H CYHTATh, 4TO M1
ecTh 06bEMHAA NOPHCTOCTS.
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cti Oxy) WHAKOCTH 32 BpemfA df Gyiaer paseH

dg=myds dh. (4.16)

CpasHpBasa o6a Bwpaweunsd (4.15) u (4.16) oaHoro W Toro e
KONHYECTBa WHUAKOCTH, Mbl MONYYHM

D9 Oh | Oy Oh _ dv _ mos 0%

dx dx dy dy 0z ~ kgp ot°

(4.17)

310 ecTh 4eTBEPTOE ycnosHe Dyccunecka, HMelowee MeCcTO Ha
cB060OAHON MOBEPXHOCTH KUAKOCTH BHYTpH naacta. [locnensee,
nAToe, yC/NOBHE Byccutecka ecThb yc/oBie HAa CTEHKAaX CKBaMHHH
‘unu BoAOCOODHOR Taanepei, Hanpumep,

o =g0, (4.18)

Tae p, ecTb 3alaHHaf Be/yuHa.

MMatb ycnosult Byccusecka (4.7), (4.8), (4.10), (4.17), (4.18)
BOJIHE ONpenenfioT TapMOMHYECKYI0 (YHKUHIO ¢, YIOBNETBO-
pAloulyl0 ypaBHenxio (4.2), ecad B Ha4a/NbHHH MOMEHT BpeMmeHu
t—0 nana ¢opma cBOGOAHOR NOBEPXHOCTH MHMAKOCTH BHYTDH
naacta. [Ipn 3ToM npeanonaraeTcs, 4TO MPOHHUAEMOCTb R naacta
HMEET MOCTOAHHYI0 BeNMYHHY, a HBHNKEHHE HEeCHMaeMON KHAKO-
CTH NPOHCXOAMT MOA AEeHCTBHEM THAXECTH.

§ 6. Mockas 3agaya ycTaHOBHBUIETOCH JBHXEHHHA
B HerayG6okoi BonRe.

HenposuuaeMut noacTunaouysit CAOR NpuUMEM TOPH30HTANb-
#uM, Ock Ox pacnonoxuMm B MNOCKOCTH 39TOTO caod, a ock Oh

$ur. 87.

RanpaBHM BepTHKanbHo BBepx (¢ur, 87), Torma ypasHeuue (2.4)
npuMeTr BHI
. 92h2

=0
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OTKYZNa, MHTErpupYf, MOMYHHM
h2=Cx+ C,. (8.1)
Hns onpenenenuss npoussosbHux noctoAunux C, u C,; HMeeM 1Ba
TPaHHUHBIX YC/IOBHSA:
h=hy npp x=0,
h=H npun x=I,

yTo nalT
hl=C,,
mn=cC|l4C,.
Onpenensa orciona C; u C, u Broca B (5.1), noayuum
—h2
h”—h2+ (5.2)
KonnuectBo npotekaroweit wuakocTh 6yler pasHo
— kgp dh?
g—=hu— % dr (5.3)
Buoca ciona (5.2), Haiagm
kgp (H1— 1))
:—'—W‘——— . (5.4)
M3 ypasrenut (5.2) u (5.4) noayuum ypasHenue [Tioniou
B p2 28X (5.5)

07 kgp T

§ 6. YcraHoBHBUIeeCR PanHaAbHOE JBHWEHAe
B HerayGoxo#i sope,

[TycTb M HMeem HeoTpaHHieHHnA TOPH3OHTanbHHK Henpo-
HHLUAEMHIR NAACT ¥ HA HEM — TOXE HEOTPaHH4YEHHHH W TOPH3OH-
TanbHHM — MOPUCTHIRY MAACT, MO KOTOPOMY Te4&T HeCKHMaemad
WHAKOCTb, 06pasyfl CcBOGOAHYI MOBEPXHOCTb BHYTPH M/acTa,

[TnockocTs pazgena o60OMX NNACTOB NpUMEM 3a MAOCKOCTb
Oxy, a ocb Oz unanpasum BBepX. Tak kaK aBHNKEHHE YCTaHo-
BMBUIEECA, TO BHCOTa /A CBOGOAHOR MNOBEPXHOCTH, paccMaTpu-
BaeMafl Kak (QyHKUMA OT x W Y, yAOBJNETBOpAeET ypaBHeHuio (2.4),
CocTapJfiolLHe CKOPOCTH (UALTPAaLMH OnpenenfioTcs GopMynaamu
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(1.8). CocraBasiowas CKOpPOCTH MO Hanpasieuuto 7 6yner pasHa

hgp ok (6.1)

Wp=— p on’

HebHT ckBawuHn ¢ BHICOTOR YPOBHA MuIAKOCTH A Oyaer

panes
:ﬁ w,h ds, (6.2).

rae ds ecTb 9]eMeHT AYTH KOHTypa ckBawuun, Ha ocHoBanun
dopMysn (6.1) nonyunum u3 (6.2):

k. oh?
qz__;i:. 5 - (6.3)

CormacHo B3TNAaM THAPABAHKOB [POULIOTO CTONETHSA BHCOTA /1
WHAKOCTH B MJACTE HMEET MPH OTKAYKe M3 CKBAKMHHW HauMeHb-
wee 3HayeHHe h, B cCaMOH ckBawuHe (c¢ur. 88) wu pacrér go

¢bur. 88.

cBoero Haubonbliero 3nadenufl H, kotopoe oHa mnonydaer ua
onpeaen&uuoM paccTofiHHu R oT oOcH CKkBakuuH, IJTO paccTo-
fnde R, Ha KOTOPOM HHAKOCTb AOCTHTA€T CBOEH MepBOHAYANbLHOH
BHCOTH /1, T. e, TOl BHCOTH, KOTOPYID OHa HMena A0 Hadana
OTKa4yKH MHIKOCTH M3 CKBAXHHHW, HA3WB3eTCA paduycom Oed-
cmBun CKBAX}CuHH, TIOTOMY 4YTO Ha OGOJblLIEM PAacCTOAHHH CBOGOI-
Hafl MOBEPXHOCTb [e/aeTcd TOPH3OHTAaNLHOH,

[ToaToMy TpaHH4YHHIMHK yCnOBuAMH OYAYyT:

h=hy, npu r=p, |
h=H npu r=R, |

npHY8M 7 eCTb PacCTOAHHE OT OCH CKBauHHL. Tak Kak dynkumud h%
YIOBJAETBOPAET ypaBHEHHIO - (2,4) M ABHMEHHE XIIKOCTH CHMME-

(6.4)
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TPHYHO OTHOCHTEABHO OCH CKBAWHHH, KOTOPYK il INpHMEM 3a
ock Oz, To uuTerpaioM ypasHenus (2.4) Oymer

h? =C,Inr4C,. (6.5)

TloacTasass (6.4) B (6.5), mu waiaéu

C lnp+ Cy=43, } (6.6
ClnR+C,=H?,
OTCI0Ad onpeaeniM nocrofuusie C; u Gy
H'— i}
Cl — % 0 , ]
In — |
¢
homR—H?lnp I (6.7)
C,— B
In — |
P 7

MMoncrasaaa (6.5) B (6.3), M noayuum aas aebura ckpa-
WHHH BeTHYHHY

2+ B2
kgp H*— My
g= . (6.8)
o R
4

3ra dopMyna npuHannexut Hioniow,

§ 7. YnopagoueHHut pewvm ByccuHecka,

Byccuseck, Bnepsme nonyuuBWiMi ypasuenue (2.3), ykazan
YaCTHWHA HHTErpaa €ro B BuAE Npou3BeseHHs ABYX ¢yuxuuit:

=q(x, y)- (), (7.1)

#3 KOTOPHIX OAHa 3aBUCHT OT KOOPAMHAT, a APYrast — OT BpEMeHH,
Brecém (7.1) B (2.3) # 0603nainm

2
— — A, 7.2
ok (7.2)

Toraa noayuum

§v (g = A 5t .
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Paanenss nepemeHunle, HaRu&y

+ V() = % ", (7.3)
roe A ecTb nocTosHHas. Y3 (7.3) umeeM IBa ypaBHeHus:
V2 () + 20 =0, | (7.4)
f:—;‘" S-S (7.5)
l{nTerpanom nociennero ypasHenus 6yzner
T=C+5. (7.6)
locroannas €, onpezenserca M3 ycnosus
b(0)=1, (7.7
4yTto AakT
C,=1

Buocs 910 3nauenue B (7.6), noayuum
! — 1
i’
L+

(7.8)

Ypasuenue (7.4) vOKHO NPOMHTETPHPOBATL AMA CAyHad, KOraa P
3aBMCHT TOMBKO OT OXHOro nepemenHoro, Torma sro ypasxeuue
NPHHHUMAET BHI

Ymuoxkns obe yactH (7.9) na

d
nplf:—dx::{,dq;,

NOJyYHM YypaBHeHHe

o3 g (, 22

211‘-1}- d (p E)+lnpz dnp:O,
KOTOpoe HHTerpHpyercs B Qopme

dy \ 2 }
(np d_:_) +% 4? = C, = const. (7.10)
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[Ipeanonoxum, 4to 06/1acTh, 3aHATas KHAKOCTBIO, €CTb TIPH-
moyro/ibiuk (¢ur. 89), ocHoBaHue KoTOporo pasHO L, a BHcota
pasna H. Bo3bmEM Haua/Jo KOOpAMHAT B TOM KOHue, rne npomc-

x0auT uctedeune, Ha napyrom kouue (x—0L) nycTb HUKaKOro
ucrevewus He npoucxoaut. CrenoBaTenbHO, TPaHMYHOE YCJIOBHE
Ha 3aKpuTOM Konue Oymer

d3

d_E—_O npn x—1»L, (7.11)

Hanop Ha OTKPHTOM KOHLE, [A€ TPOMCXOAHT HCTeueHHe M3
nJaacTa, TPHMEM PaBHEIM Hy/i0. 3TO 1ad7 HaM BTOPOE rpaHHyHOe
ycoBHe

¢=0 npu x=0, (7.12)

Ha ycnosus (7.11) cnenyer, uto @ (x) Gynmer WMeTb CBOE Hau-
Goabinee 3HayenHe f npu x=—0L, [lostomy wu3a (7.10) u (7.11)
nosny4aem

1
3 Mi=0C,. (7.13)
Buocst (7.13) B (7.10) u wunterpupyst ypasnenue (7.10), naktném

x4 Cy= 9 dy
5/3 (f"—v’)

uIM, BClenacTsue ycnosus (7.12),

L4
iy pdy
x l/§=§},ﬂ_?3 , (7.14)
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Ecan BBen&M HOBOE mnepeMeHHoe

2 — (7.15)

hd
f 1
to npu x —L nonyuum z—1. U3 (7.14) naxomum

A _l 2dz
x 1/—3__(}/1_23. (7.16)

0

O603nauns
A2
=3 (7.17)
NOy4HM
.z
c i:{ 2dz_ 7.18
477 J V T—2 ( )
0
[Hoaoxus B TNOCAeIHEM paBeHCTBE
x=L, z=1,
mu noayyum dopmyny Byccunecka
1
dz
C, — | 2% _
¢ bgl}fl—z-" (7.19)
Bhuucnenne naér
C,—0,86236. (7.20)
Onpenenss u3 pasexctsa (7.16) 2, moaydum
z=2(x). (7.21)

[oacTasass (7.21) B (7.15), naitném
¢ (x)=fz (%). (7.22)

Ha (7.1), (7.8) u (7.22) mn nosy4aeMm OKOHYATe/IhHO

p—f25), (7.23)
Y3
'+

Ho 91oT uuterpan ypastenus (2.3) ecTh HaCTHl HHTErpat, a He
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obumit uuterpan. On oTBewaeT CMenHanbHOMY THNY CBOGOXHOM
MOBEPXHOCTH KHAKOCTH B HA4a/bHuLI MOMEHT BpeMeHH, HMEHHO

= fz(x). (7.24)

Ho Byccrneck nokasan, 4To 9TOT caydalh nsdwenus ob6Jaxaet
YCTOHYMBHM XapaKTepoM, TAK KaK ecqd Oh HayaiabHas ¢opma
CBOOOAHOR MOBEPXHOCTH Mano ykjaousaack oT (7.24), To ZxBuxe-
HHe BCE-TAKM On0 Oh TaKHMM, KOTOpOE OTBEYaeT Hauya/lbHOMY
ycnosrio (7.24). Tlostomy DByccuneck Hassan 9TO ABHkKeHue
ynopadotennws. OH nonaran, 4To 3TO ABMKEHHE WIPAET Ppoib
NpH HEeyCTaHOBHBIUIEMCH NBHXKEHHH TPYHTOBWX BOA.
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