


eadl g e R "




HAPKOM3/IPAB YCCP

Oraea no Gopsbe ¢ manspuen

0. b. KYNEPBEPT. y g{dﬁfz

MEXAHUYECKUE CIOCOBbI
BbIUMCJIEHVST OB'BEMA
KAHAJIOB ¥ HACHIIEH

A MECTHOCTH BE3 MOMEPEYHOrO ‘YKJIOHA)

32 3o

=

-

x

>

-

h rh"\-.
e,

#'-

¥

L3

,;!.*

1939 r.
A "



OrgercTBeHHBIA penaKTop
n-p JI. M. CemeHenko

Cneupenakrop HHIK.
M. W. Parywnsaxk

Texpenaxtop
H. U. Cgetaos,

—

HKMI YECP. Yxpooanrpaprpecr, 12 noaurpadpaspuxs, Bunnuna.
3ax. Ne 5244. Tupax 500, Oﬁn[nn'r 8240



SAMEYEHHBIE ONEYATKH

Crp. Crpoxa Hanewarano Joaxuo GHTH
L L
8 8 csepxy V= [ F,dx V= [Fdx
X L]
13 : h=¢(x) h =9 (x),
16 1 cuuay m,—;m, W2 m’_;-m’wh
22 8 ceepxy HACHMNH OT HACHINH, OT
2 gt aaMG6ul Ha ' namGul, Ha
P 5 r YKJOHA aHAAHTH- YKJOHA, aHAJAHTH-
yeCKH YeCKH
|1
x=1 el
o 5-6 cumnay 3 z
i=e I—0
28 14-15 cpepx 14 u 15 crpokn
i HanegataHbl Bl::m&-:ax Ge3 cko6ox
32 1 Al 38467.50 m 38467.50 m?
31 8 cunay nJA0THOA Gymaru naoruoit Gymaru®
45 it k=D cae p IR T
46 11 ceepxy max = 157 ' cu. y I .

L]






2

OFrNABJNEHME

A e e o . I b P22 11t it
Bruucaenne ofsema xanaiop W wachimeft Ha mecTHocTH Ges nome-
PEYHOr0 YKAOHA NPH NOMOMN NAAHHMETPA . + . o o o« + o & »

Onpenenenie o6beMa KaHano0B M wacwneff npr HasmYMH OAHO-

Joﬁpasuoro nonepeyHoOro YKAOHA MECTHOCTH « . & . ¢ & & o & 4+ &

3.

Beluncnenne ofbeMa kananos M Hachine# Ha MecTHOCTH Ges mome-
PEYHOro yKAOHA NPH MOMOILH MHTErpaTopa . . « « . . o . .
¥npowmenroe onpenesenue obbema KaHaaos W Haceineft Ha wmecr-
HOCTH 0€3 NMONepeynoro YKAOHA . . . . . + « v« & s &+ &
Mpumep BHgHCcAeHnA 06beMa AaMOB AHANHTHUECKH 11 MEXAHWYECKH
Buigepwva ns kuurm ,3emanunie paorw* [1. 1, Cuupenkuna o
MeXaHHYecKoM cnocofe BhigucAenHs o6beMa NAOTHHB HAW AaMOLI
no Naany MeCTHOCTH B IOPH3OHTAASX NPH NMOMOUIE NJAanHMETpa
Kpatkoe onucanue naammmerpa cucremm ,Coradi® . . . . .
Kparkoe onucanne unrerparopa cucr. ,Amsler—Laffon* . . .
Mpuanomenune K NpuMepy BoYHCACHHA ofBema nauOu-—Ha
2-X AHETaX.

17
19
21
26

35
37
41






wMexanusauus npoueccos Tpyaa

spaserca Toff WOBOH AAA HAC B pewaw-

weft cunol, Ges xotopoll HEBO3MOKHO

BLIIEPIKATE HH HAUWIMX TEMMOB, Hi
HOBHIX Maclutabos nponsgoacTea®, 1)
CTAJH

NMPEAUNCIIOBHE.

Couunaancruueckoe crpouteanctso B CCCP sesercs nox
3HAKOM HHTEHCHBHOH MeXaHH3alUHW TpPyXAa.

Connanpuuft 3akas uawmeil anoxu—pceMepHas pauHOHaJH-
3alMsd H MEXaHu3auMsi TPYAOeMKHX MPOLECCOB BO BCeX OTpac-
ASX NPOMBILUACGHHOCTH M CTPOHTENLCTBE H HAa 5TOH 6Gasze Mak-
CHMaJ/IbHAA SKOHOMMS CHA ANA TPaH/HO3HBIX paboT TeKyulero
BPeMeHH.

B ob6aacTi npoexkTHoro nesa Mpl umeem uean#i psa mpo-
LeCCOB, MOrOUIAMIHX MHOrO Tpyaa H BpemenH, [Ipu npoek-
THPOBAHKHH 3€MJSIHHIX COOPYXEHHA B THIPOTEXHUYECKOM, J0-
POXHOM M ’Ke/Me3HOA0POKHOM CTPOHTENLCTBAX, MHOrO 3Hepruu
3aTPAYHBAETCS HA nojcYeTH ob6bema ux (coopyxenuit). [Mpume-
HAeMble OGBIYHO HA NPAKTHKE aHANUTHYECKHE Cnocobul nojacqera
o6beMa CoopyxkeHuft, TOMIMO cBoefl HEIKOHOMHYHOCTH, BeChbMa
NpUOJIHKEHHB! B A3I0T NOrPentnocTh, AOCTHIAIOUWLYI0O B - HEKOTO=
peix cayyasx 40-50% (1. IT. Cmupenxnn, 3emigusie paborsol,
uan, Tpancneuars HKIIC, M, 1931 r. c1p. 41).

B nacrosmeft 6pouniope HamMeyensl OCHOBHBIE BEXH B jeje
palHoHaAM3auuu crnocoBop nojcyera 06bLemMa 3eMAAHBIX COOpy=
MEHHH; H310KeHk!, paspaboTanHLe aBTOPOM CMOCOGH MEXdHH-
YeCKOro BHIYHCHEHHA (NAAHUMETPOM M HHTErparopom) obnema
KaHaJOB M Hacuiedh (Ha MecTHOCTH 6e3 MONEPeYHOro YK/JAOHA)
M0 HX NMPOROJABHEM NpoduAnM.

Mexannueckoe puuncAenne ob6bema COOpPYXEHHs DAAHH-
METPOM CBf3aHO C AOMNOMHHTEALHBIMH rpaQUuecKuMH noctpoe-
HUAMH, 9TO HECKOJLKO yMaafeT UEHHOCTh aTOr'0 cnocoba.

Mexaunyeckoe ke pulyucredne o6bpemMa COOPYXEeHHA HHTe-
rpaTOpoOM B HEXOTOPHIX Y4CTHHIX CAY4YdssX NPOH3BOAMTCH HEmo-
cpeacTeéyHo no npodumo, B obmUX ke cayuasx Ttpebyer
JAHIIL HESHAYHTEABHOTO npeolbpasosaiua npoduan (NpuseLeHHA
nJaoliaiu NMPOXOABLHOrO paspesa COOpPYIKEHHS K I'OPHSOHTANb-
HOMY OCHOBAHHIO).

Beaencrene 3Toro cnocol MeXaHUYECKOro BulUHCAGHHSA 06%-
eMa 3eMAfHBIX COOpYXEeHHH HHTerpaTopoM no CBOef ' mpo-
CTOT@ H 9KOHOMHYHOCTH SKBHBAJNEHTEH MOJYYHBLIEMY Bce-
ofuiee pacnpocTpaHerHue crnocoby MeXaHHUeCcKOro BeIYHCARHHS
naomwases niaHuMeTpoM,

1) M3 peun 1. Craaua wHa coseuidyud xosgficTseHuukos oT 23 wioun
1931 r,
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I. Boluncienue o6bema 3eMAAHBIX COOPYeHui
NPy NOMOUIW NJIaHUMeETpa.
[laowans—F TpaneuonsanbHoro mONEPEYHOr0 CEYEHHs
(puc. 1) kanana ') (ma mecTHOCTH Ge3 NONEPEYHOrO YKJAOHA),

NpH  HEH3MEHHBIX WIHPWHe JHA ero—B #  Koshduuu-
€HTax OTKOCAa—m, ABASEeTCA (YHKUHEH OT NnepeMeHHOf ray-

GuHbl Kauana—h,

F (a4 b
m =c¢tga

Puc. 1.

B cBowo ouepenn raybuia BHEMKH—h H3MEHSIETCHA MO AJHHE
KaWaaa (puc. 2), To ecTb sBadgercs ¢yukuueh or x; h = 9(x),

-....m
™ 9?(1)
N?M ok P

D W G|

b ] n — !

RS

Puc. 2.

CooTBeTcTBEHHO C u3MeHeHHeM h wu3MeHserca caej0Ba-
TesapHO M F, 1. e. F rakike apaserca dysxuue#t or x;

1) Bce npHBOAHMBIE B AaAhHeHlIeM PACCYMAEHHN OTHOCATCA TaKme H K
HACHINAM HA MecTHOCTH 6e3 nonepevHoro yxJIowa.
7



bh .

Fe=t(h)=f[3 (0] =4(x)

B rex cayuadx, xoraa 3axon namenenus gpyuxuuu F ¢ H3ame-
HeHHeM ee apryMeHTa X H3BeCTeH, T. €. Koraa (QyHKUHOHA/Ib=
Has 3aBHCHMOCTB MEXAY Fu x MoxKeT OHTH BbhlpadK€na aHaJ/H-
THYECKH, BblYHCAEHHe 00beMa KaHaaa WM HACHINH CTAHOBHTCH
BOBMOXKHEIM NyTeM HHTerpHpoBanus auddepennnansHOro ypas-
HEHHs1 00BEMA 3eMJASHOTO COOPYKEHHs:

L
dV =Fdx; V= F dx

Oasako npakTHHECKH BCEraa H3BeCTHOH fBAAETCH JHIIDb
Pyuknua—h = ¢ (x), 3aaanHag rpadHYECKH HAa NPOAOALHOM IPO-
¢une coopyxenusa B BHAE JNOMAHHON JWHHM MOBEPXHOCTH
3€MJH OTHOCHTE/JLHO MPOCKTHOrO JHA KaHAJa HJH FD@GHH
HACHINH.

B cpa3au ¢ stum nanpammBaetcs u rpaduyeckoe mocrtpoe-
HHe ¢ynkuun F =14 (x) OTHOCHTEABHO NPOH3BOJLHOH OCH

abcuuce no 3axanuoit rpadpuyeckn pynkunn h= o (x). [laromans
¢uryps (Puc. 4), orpannyenno#t ¢ynkuueld F, =19 (x), ocbio

abCUHCC ¥ KOHEYHBIMH OPAWHATAMH, NPeACTaBAgeT COGOH rpas
(HyecKyi0 HHTEpPHpeTauHio HCKOMOro 06bema COOpyHKeHHS—

L
V= [F dx.
o

Has nocrpoenus ynkunn F, = ¢ (x) Heo6xoaum0 npexsa-

puTeabHO H306pasuTh rpaduyeckn (yHKUHOHAIBHYIO 3aBHCH-
mocte mexay F m h (Puac. 3), supaxawoumyiocs ¢Gopmysoi
F = Bh -+ mh? (ypasHenue napa6o.l).

h
34

R

d=1
ey . mh’
SN il G AN

Puc. 3.

[Moassynce rpapukom F=f(h) vaxoaum 3sHayenus F coor-
BETCTBEHHO Mi0060# rayOHHe KaHaaa—h,



Onpeneasem no rpapmky F= f(h) snauenun F u oTxkaaabiBaeM

nx B suae opanHar (Puc. 4) Beepx ot, npuHaTONR 38 OCb abcuuce,

niAHeA TropUSOHTa/bHOM JHHHH NpogHaA, COOTBETCTBEHHO
r1y6MHAM KaHala B TOYKAX nNepesoMa NOBCPXHOCTH HAM AHA
Cro, a TakXe B pPAAe NPOMEKYTOUHBIX TOYEK, TAK Kak Ha
KONJOM YYacTKEe KaHaaa ¢ OAHOOGPA3HHIMH HPOJAOJABHEIMH
VIKJIOHAMH [MOBEPXHOCTH M AHA, NJOMAAL NONEPEYHOro CeYeHus
F namenseTcs mo AJMHHE HE MO JWHefHOMY 3aKOHY, a MO 3a-
Kony napabousl. Bepminuel xpafiHHX M NPOMEKYTOUHEIX OpPAH=
Hat F KamIOFro NpAMOJHHEHHOro YyuacTKa COeJHHfeM NaaB-
HLIMH KDHBHMH. $ "

F,=f(h,)—u3o6paxaercs, Takum 06pasom, rpaguueckn Ha
npoduse kpupoaunefinoit momanuoi, cocrosuwed u3 napaGonru-
YECKHX OTPe3KOB, COOTRETCTBYIOUIHX YYaCTKaM KaHana ¢ 0OaHO-
06pasHbiMH YKAOHAMH NOBEPXHOCTH H AHA.

[TocTpoenue GyHKuUH F, =1 (x), cBdsansoe C BLIYepuHBa-
HUEM KPHUBBHIX, MPAKTHYECKH fABAACTCHA 3aTPYAHHTENbHHM.

Beuay 8TOro mNpHBOAMM BO3MOMXHBIA Takke BapHaHT rpa-
(hwueckofi WHTEpNpeTaudH OO6BLEMa KaHaJla B BHAE MNJOLLALH,
orpanuyeHHOR npaMoauHedroft jomaHHOR, nocTpoenHe KOTO-
poil He BEI3BIBAET 3aTPYAHeHHH.

Tousnl# 06bem BHIEMKH HA yuacTke kansaa (Puc/5) ¢ oano-
06pasHbIME YKAOHAMH NOBEPXHOCTH H ' JHA MOXET ORITH Bhi+
qHc/aeH no u3secTHOH dopmyae Camncora:

e o



F, n F;—naomaau Kpa#nux nonepeyusix CeueHuit yuacrka,
F —naomaas ‘cpeiHero CeyeHua yvacria,
| —pauHa yuacTka. f

h|
h _ ,“1”1

_-_—-—-I'——"—'-'.'

-

——

Puc. 5.

[Mpusoaum Qopmyny Cumncona k BHAY yAOGHOMY AJf
.rpadmuecxoﬂ HHTEPApPeTaluy. :

2 ! /F;+2F ; 2F 4 Fy»
L

3 2\

B rakom BHae dopmyna serko ue:oﬁpaauna rpapuuecku.

! \
[Mpasas yacTh ee, T. €. > ( F‘EQF-Q-”';F:&J BbIpaXKaeTCa

‘rpauueckn naomasio Gurypu (puc. 6), OpAHHATH KOTOPOH

W

:--—,(_\a e

If
| |
! L

Pue. 6. e

Fi, F; u 2F cyTe Beaududn KPAHHHX H YABOGHHOrO cpeAHero
CeYeHHH NMPAMOJNHHEHHOro y4aCTKa KaHaJaa.
Hcxoas H3 9TOro, OTKAAALIBAEM COOTBETCTBEHHO KAXKAOMY

. npaMoJAHHEeRHOMY yuyacTky: npoduas (Pac. 7) seanusHB 140~
maneil KpalHHX H YABOEHHOrO CpeAHEro CeYeHHH yyacTka

10



F,, F; u 2F [nHa#ijenunie no rpadpuky F=F(h)] B Bume opau-
HaT BBEPX OT, NPHHATOR 8a OCb abcuuce, HAXKHEH ropusoH-
TanpHO M AuHAK npoduaa. CoeiHHHB BEPIUHHL OPAHHAT NPAMBIMH,
noayuum Gurypy, naomansr KOTOpPo# (usmepsemas MJAaHH-
MeTpOM):

D -

8 =% V,otkyna V= 3 %,

—— ]

Wy

S

-t :

Puc. 7.

1

] x==L
ap, =7 % (Fi+4F+F)

HUanoxennnit obuluft cnocod BhYHCACHHA O6HLeMa 3eMas-
HEIX COOpYXeHHH, sakmouaiomuiics B rpaduieckoft nurepmpe-
Tauun 06beMa COOPYIKEeHHS B BHAE NAOUIAAM H MOCHEAYIOMEM
u3MEpPEHUH €e NJAaHuMEeTpoM (T. €. B MeXaHHWUECKOM BHIYHC-

P
NeHHM, NPeNCTABACHHOTO rpaduuecku uHTerpaza V= [F dx),
. o

NPHMEHHM BO BCeX CAYYasX, KOrja W3MEHeHHe nAOWaxl no-
NepeyHoro CcevyeHAR COOPYIKCHHA M0 AJIHHE ero NOAYHHEHO
onpeneaeHHON 3akOHOMepPHOCTH, u3o6pasumoft rpaduyecku
(7. e. korna F spaserca auib Qyukuueft ot h).

[Tpumenenue obumero cnocoba BHYHCAEHHS OGbeMa coopy-
JKeHHSl CBSISAHO C MNpejRapHTeAbHHM TOCTPOeHHeM rpaduka
F=f(h) coOoTBETCTBEHHO KaMKIOMY HYaCTHOMY CAY4Yaio, XapaKTe-
DU3YIOUIErocs YaCTHHMH 3HAYEHHAMH B ¥ m, YTO JeJaeT ero
npakrtuyeckd HeyaoO6HmM, Kpome Toro, nosbsosanue rpadugom
F==f(h) npu nocrpoennn Pyuxuuu F=1{(x) yseauqusaer no-
rpemnocTh nojcyera o6beMa COOPYKEHHS.

Opasako, BO BCeX YACTHHIX Cayyaax, o6wuit cnocol BEIYHC-
JeHus 06HEMa SeMJASHOrO COOPYXKEHHS JIerKO MOMeT OuTh

yIpOIeH.
11



Tak, ® mpocrefiuem Caydae, upu TPaneuOHAAAbHOM Ce-

YeHHH KAHAMA WAH HAChlNH, MEXaHWeCKH BHUUCAAEMbft UHTEr-
L .

pan V= [ Fdx (seipamaiomuii 0O0mui 06GHLEM COOPyMKEHHS)
0

110ACTAHOBKOH aﬂreﬁpauqeworo BRIDAYKEHHA NAQINAAH TMoMne-
peuHoro ceueHus coopymenusa F_=Bh--mh*® pacuaensercs na
ABa uHTErpaja:

L L L
V = F dx= ] (sh -+ mh¥)dx— s [ hdx |- m ] htdx

L
Hurerpan [ hdx Boipaxkaer co60f miaouwlagb HNPOAOABHOIO
o

paspesa Ka#azaa o H, C/Ie10BATENbHO, HENOC)EACTBEHHO Orpe-
X

JAeAHM 1o npoduaio MEeXaHWYeCKHM NyTeM NpH NOMOUIM MNAds

HUMETpa.

g
Beipaxenne B [ hdx == po; — ectb 06beM CPefHEd 4acTH
-] X

KaHasa, paBHBIA TNPOH3BEAGHHIO ILIOM@AM NPOAOABHOrO
paspesa ero, ONpeneaeHHON NAAHHMETPOM, HA IIHPHHY JHA
Kauaaa (puc. 8).

6OKOBOH NPH3IMATOMA

CpejHHAA 94CTh BoleMKH

Puc.8.

g & -
Hurerpan m [ h3dx suipaxaer coSoii 06weM GOKOBRX NPHS-
o

METOHAOB. MEXanuyecKoe BHIYUCACHHE STOrO WHTerpaxa Ttpe-
Byer MpeABAPHTENbHOIO rpaduyeckoro H306PAKEHHA NOA-
HHTerpansioft QyHKUKH,

12
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Ias sroro no 3anaunof rpaduuecku GyHKUHH h == (x)'
T. €. JHHHH NOBEPXHOCTH 3EMJH, CTPOMM COOTBETCTBEHHO eff
OT HHXHERl TOpPH3OHTAALHON NWHHHM NPOQPHAT NMOAHHTErpPaNb-
HYI0 KPHBOJAHHEAHYIO JOMaHHYIO h?=¢!(X), moNb3yscs AHUIL
tabaune KBafpaTOB YHCEJ.

HMamepus naanumerpom usomaas ¢uryps (Puc. 9), orpa-
HHYEHHOH NMOAMHTErPAJBLHOA KPHBONHHEAHOR JOMAHHOR Wpe, M

YMHOXHB BeJHUHHY ee Ha m MOJyuyuM O6GpeM GOKOBHIX ApH3-
M38TOHAOB, -

b "h“m.,v"""ﬂr!‘%‘\ ,1-.'?’((*)
Bhfow 185,01 MATN'M\\.—««""F
| — |
\ / L 2‘{2{,«) .
(uh: h/\\/ /
e e T
Puc. 9

Takum o6pasom noaunik 06beM Kanaaa:

V= Bwhx -I— mwh'x %)

2) Mpumevanue. Ilpn pasupix KodpPHUNEHTEX OTKOCA COOpPYMERHA
(Puc. 10) my u my,

?—l—‘—‘b’

e M
Pue. 10,

Viollane Nonepewnoro CeYeHua ero:

Fi= (B -~ in—'—;:& h) h

L Y B L
Y=[Fdx=/ ( a+m’-——;—gﬂh)hdx=n}' hdx—i—m’:i-mgjh*dx—nwh,—%}hj,in!“’hl,
. ] a o o3

13



[Tocrpoenne nomuuTerpasbHolt kpusoaAuueHHOHN sOMAHHOM
aHANOTHYHO PACCMOTPEHHOMY BHIIIE CJAYYal0, TAKKE MOXeET
GHTb 3aMEHEHO NOCTPOEHHEM NPAMOJAHHEHHOH JOMAaHHOM.

O6bem GOKOBHIX NPH3MATOMAOB MOXKET ObITH ONpejseneH
nyrem rpaduueckoii HHTEpPNperamHd BHAOHIMEHEHHO# ¢op-

Myasl Cumncoxa.

O6mbem 6OKOBOro MPU3MATOMAA HA y4yacTKe KaHa/la C OJHO-

OGPAasSHEIMH MPOAOTBHHMH YKAOHAMH MOBEPXHOCTH
(Puc. 11). '

s ey
e —— _% - D
Pue. 11,
Goti N EYTSERE ¢ 2H I
SRk ok RS R T
mh? - mh’ =  mh’
ol T s 0 e

H JHa

IMoncrasus 3uavenus F,, Fo n F B dopmyay Cumncona,

NONYUHM:

{020 Oy

b e B e e
92 2

| /hd 4-2h? | 2ht4 i
(ot ),

Bk
56y

rol

O6nhem nBYyX OGOKOBHIX NPH3MATOMIOB NPAMOJHHERHOrO

yHaeTka:

h* 4 2h* . Sh?<k hi»
1_‘1‘__1,___;;:_.!),

"‘=2'%'2i< 2



g
! 2
[Tpasas wacTh GOpMyJH, T.e. 2(h —é—2h S
(pnueckH BhIpaxaeTCs OAOMANLIO (PUryphl (puc. 12).0p,nnna1‘u
KOTOPOW COTBETCTBEHHO PABHBI KBAaApaTaM KPailHHX M yABOEH-
oMy kBaaparty cpeaneid rayOGun yuacrka.

2h~'+h ) rpa-

-

[ 2L‘
hy
1 L

Pre, 12,

Mao6pasus,” TakkmM 06pasoMm, 00beM GOKOBBIX IPH3IMATOH-
JIOB KaXJOro npaMoAHEEeHHOro ydacTka, 7. €. OTJAOXHB OT
uukHell TrOPH3OHTAABHONH JHHAH npoduas, COOTBETCTBEHHO
KAMIOMY NPAMOJHHEHHOMY Y4YacTKY, ODAMHATLI, BHIpaXAOMMUe
KBaapaTthl KpafiHHUX H YyJABOEHHLI} Keaapat cpeaHell ray6un
YyHacTKa M COE/MHHB BEPWHHL HX NPAMBIMH, NOAYYAM QHrypPy

(puc. 13), naomwans, KOTOPOH ©,, YMHOXEHHAS Ha 5 m, Ader
5 %

newoMmelit 066M GOKOBBIX MPH3MATOHAOB,

Ay

W, v -

h:’ /\
— = ¥ e
Puc. 13.

x=1. ! d
& S }I ‘EQ (hal +- 4h* —I— h“}._.)l

h?,

15
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[Moauw#t ke o6wneM kauana:

2 8

V= B‘”h‘ + 3 M )

B stom caywae o6mem coopyieHus ONpeAeAseTcAs Kak
pe3yJbTaT CJAOKeHHa Maomaze# aABYX QHryp, H3MEpPeHHbIX
NAQHHMETPOM.

-

H3 Teopun npHOAMKEHHLIX BBIYHCAEHHA H3BECTHO, 4TO
OTHOCHTE/NbHAA [OrPemHoCcTh CyMMbl MeHblle HaHGoAbIEeH
OTHOCHTEJIbHOK MOrpemHoCcTH cAaraeMuix.

CrenoBaTenbHO OTHOCHTENbHASA MOrPEIIHOCTh AAHHOTO CHO=
coba BuyuCAeHHS O6beMa SeMASHOr0 COOPYKeHHs JeKHUT B
npejenax Mexay MOrpemHoCTAMH uaMepenuit naowmanei Guryp
ot " Whe -

Onuako, npu pa3HblXx 3HakKax mnorpémuocreil oboux Hsme-
penuil, CyMMHpPOBAHHE PE3YJAbTATOB NOCAEAHUX CBSA3AHO C 4a-
CTHYHOH KOMNeHcauue# norpewrHocrefi wamepennit u obumias
norpemyocTh noacuyera 06beMa COOPYNKeHHs MO0JAyYaeTcs He-
CKOJNBKO MEHBIUEH MOrpemuocTH MeXaHHYECKOro BBIUHC/CHHS
naowanefi nmAaHuEMeTpom,

Heo6x0AuMO nNOAYEPKHYTH, UTO MEXaHHueckue crnocolsl
BHIYHC/IEHHS 06BEMA 3EMAAHBIX COOPYKEHHH NPUMEHHMbI JHIL
NpH OTCYTCTBHH MONEpPeyHOro ykKJAOHa MECTHOCTH HAH HUHOS

.PHPOBAHHY NMOCACLAHHM ('-ITO AONYCTHMO TPH i<m)

Kax- #cknioueHue, ydyer ronepeyHoro yKJAOHd MECTHOCTH |
BO3MOKEeH JAumb B Cayyae OAHOOGpasus ero, TO ecTh, KOraa
YKAOH Ha NMPOTANKEHHH BCEro nMpoduis ecTb BeNHYUHA MOCTOAH
Has. TIpH nepemennOM e MOMEPEYHOM YK/AOHE MECTHOCT
HAPYUIAeTCS 3aKOHOMEPHOCTb H3MEHEeHHs MNJOUAAH mnoneped-
HOrO Ce4eHHs KaHaaa 1o AJHHE ero M, C/1e10BaTeAbHO, HCKAI0
yaeTCs BO3MOXHOCTh NPHMEHEHHS B 3TOM CJIydyae MexaHM-
 YeCKHX CnocoGOB BHUYHCAEHHA O6HeMA 3eMAAHOr0 COOPYKeHH,

) MpuMeyanune: npn pasHHIX Ko3pdHIHEnTax OTKOCA My H Mg, 06BUM
COOPYMeHHN:

m m
Ve vay 43 Bk s
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2. Onpenenenre 06bema HACKINM WM BbIEMKH
NpH HAJMHYHW OAHOOGPAa3HOro NONEPevyHoro yKJaoHa
MECTHOCTH — i

BeluMCIeHNe N10MA 1K 10TePEeYHOr0 ceqeHus Hackiny (puc. 14):

—~— -

.—-"‘"’f ;

Pnc. 14.

Mexay xoopausaTamu TOYkW B mepeceuenus mecTHOCTH,
(nmemomlel nonepeyHsii y¥knoH—i) ¢ JauHHERd OTKoCa, npu

kosppruuenTax OTKOCA—m, CYMECTBYeT CABAYIOUIAs 3aBH-
CHMOCTh:

I

iy y=1Ix

MOjm S

“+mh—x=my >
£

to| w

mh — x = mix; (1 mi)x =*E—_-’_2—2r—n—h \“
x— Bi2mh __ B-2mh i
20 Fmi)’ Y= 30 Fmi)
aomans /\ OBC paBHa:
OC.y 1 B+42mh B{2mh. . (8- 2mh)?

2Tl it m) sl
o amanorud aas Touku A Hueeu‘cneny:omne:

y
X

=J; yein
B
xw-iz-—rnhmrny

17



B |- 2mh
2

x——-;——mh=mlx ;7 (1l—mi)x=

B~+2mh B—|—2mh
=oi—m)’ YT 21—mD’

Maowmaas /A AOJL pasha
Ofl.y 1 v+2mh B+2mh (B+2mh)

R ) Pl Sl e e ok

Ofmas naomanb CeYyeHus:

F, = (84 mh)h— (B—}—th) i_]_(B—I—2rnh) 2

| 81 Fm) 81— my

1 F —(B-i—mh)h—l-'é';;mrﬁi';; (1 +mi— 1-mi) =
=(a+mh)h+2";'“—'“if;})ﬁ— (5-F mh)h -+

.1 il

+4(1 maia} (8+ 2mh)2 = h+mh® + ii- msiz)"}'

4m?Bi*? 4m®i? mi’B?

: ; +‘l:(l m*i"’)h+4(1 ’i“}h2 4(1— m%®) %5

+( m:]lq?j"]" )h'l_( 2]2+ )h2.=-

4) Mpumevanue: Korpa 1—mi=0, 70 ecrh, Koria s—%‘ F= ~/, Tax |

KAK B STOM CAyuae JHHMS OTKOCA NapajjeipHa Jumiy mectHocTH (pHc. | ,)
|

i=tgd; : . Lt

i m = Ctga - :
| tgp=
} s
== Ciga

= tgn

amf

: : 18



.

mi*s?

p—
w7 A m“)']_l t'r|2i2 +1 m’i“h
e | ‘mi’s? :
= | g+ o+ mh']

L 2
V,=J Fdg = ﬁ?[m' j’dx—!—ajhdx—{—m_[h”dxj

L L |
HO B [ hdx -} m [ h®%dx =V, caeaoBatensno
o o .
b/

2,2
1 ’ml - L—f—V] rae V, —o061eM HacHmH

1IN MECTHOCTH C MOMepPeyHbIM yKJIOHOM—i;

V—006beM HACHIIH HA MECTHOCTH Ge3 NonepeyHoro yxkJAoHa

3. Boluucaenune o6bema 3eMIAHBIX COOPYWeHui
Npu NMOMOIK MHTErparopa.

Briwe 6bA0 yKkasano, MTO 3ajaya onpefeneHus o6bema
KAHAJa HAM HACHLINH, TPANEUOUAANBHOIO MONEPEYHOro CeueHus,
1 MECTHOCTH Ge3 MonepeyHoro YKJAOHA CBOAMTCH K MEXAHH-
HCCKOMY  BBIYHCAEHHIO, OPEACTABJCHHLIX rPAQUYEcKH HHTE-
rpasos:

L L
=B [hdx-+m [ h*dx == Bo,, + mo,,

Mexanuyeckoe BHIYHC/IEHHE NPHBEACHHBIX HHTErpajios, no
HPOGUAIO MPH MOMOIUIH nJAdHAMETpA TPEOYET, NOMHMO BhHIYEPUH-
BiHus NPOAOJABHOr0 NpogHis Kadajda HJAH HACHINH AONOJHH-
fe/bHOrO NOCTpoenna no h= ¢(x) dyukuun h?= 9*(x).

[lpn wanuyum ke wuaTerparopa cucr. ,Amsler—Laffon®
Win ap., CAy#alero noMHMO HENOCPEACTBEHHOrO H3MEpeHus
fouane GpUryp B AN MEXaHHYECKOrO BHIYHCJACHHS HX CTaTH*
MCCKHX MOMEHTOB, MOMKHO OTPDaHHYHTBCSH OAHMM NPOAOJBHBIM
pPHspesoM KaHataa HJAH HACBHIH,

Heo6xoauMo AulIb NOCACAHHA NPUBECTH K SKBHBAJEHTHOM
(purype ¢ ropusoHrtasbHLIM OCHOBaHHEM (puc. 16), nyrem mno-
CTpOenMd, 3aAaHHOA rpaHUyYeckH OTHOCHTENBHO TPOEKTHOIO
AHd KaHasa uAM TpeGHA HacHTH—@yHKUHH h=19%(x) oT

. 19




APOM3BOALHOA  TOPHU3OHTANBLHON  JHHHA (cooTBETCTREHHBIM
OT/IOKENHeM OT 93TOfi JHHHM JHub opAuHaT—h nas Touek
M3710Ma MECTHOCTH C MOCACAVIOUHM COCJAMHEHHEM Bepui HX

MpsAMBIMHE). :
e S
: { _,.-:*"M
B e oL -
‘--—-—-.._...________‘______JH

dw =[x
\/‘* \ : Z) o
; 9 -

L — 4

4
Puc. 16. i1 {
|

CratudecKuii MOMEHT (UIryphl'C TOPUBOHTANBLHBIM OCHOBA-
HueM (SKBHBAJEHTHOH TNPOJAOABHOMY paspesy KaHaia WJIH Ha-
CHINH), OTHOCHTE/NbHO MPOH3BOALHOM ropusonTaashoit ocn XX,
otcrosiulet na paccrosuunm H ot ocuosanus ¢uryps (puc. 16)
paBen:

AR =of'dm (H-+ ;’)

do — hdx

o

‘t\

= =3

-+

b
js— I 124

v

L. h L 1 L
5, = [ hdx (H—|—§)=HOI hdx -} 5 | hdx

a

ek |

= == e
B, Wy B : :
¥ :
YMHOKHB 06e YacTH PABEHCTRa HA 2m NOJAyYHM: 2mS, =
=2mHe, -+mo,,, 3aTem K NpaBol uacTH papeHcTsa npubas-
X X 3 i

‘JifieM_H OTHHMEEM Bo, , OT YEro OHO OCTAHETCH Ge3 HIMEeHEeHHs :
x

2mS, =2 mehx —Bey, -+ By, - may, , HO B B mmh?, =V,

20



caeosareapso 2mS, = (2mH—~8)w, -V,

OTKyAa obgeu COOpYIKEeHHA:
V=2mS§, —(2mH —8)o,

[Mpurenennasn dopmy.aa (senpuroAHas AAs TNPAKTHIECKOIO
puMenenns) nofacranopkofl spayenus H-=0 npeoGpasyercs,
fipuHEMas yAOOGHBI# AJsi NOJB30BAHHA BHJ:

V =2m$§, Sk Bop , Tie

5 — CTaTH4YECKHUH 'MOMEHT NJIOWAaAH [IPO/OJABHOI0 paapesa
| Kamasza WAM HACHIHM, NPe0GpA3OBAHHOTO B (QHUIYpy C
1OPU3OHTANLHEIM OCHOBaHHEM OTHOCHTEJALHO 3TOr0 OCHO-
Banus (onpeneaseTca HHTErpaTopoMm)
), — ONpeneasiercd npu o6BOKe KOHTYpPa, yKasaHHOH (QHrYpPHl
HHTErpaToOpOM, OJHOBPEMEHHO C BHIYHC/IEHHEM—S,.
B uwactHom cayuae, korna 2mH—B=0, T. e. Koraa

HZ@%—; (opmyna ob6nema coopyxeHuss eme GoJjee ynpo-

HaeTcs, HpHHHMﬂH BHAO:
V=2mS§,, rae

S, —ecTh (onpesenseMbli MHTErpaTropoM) CTATHYECKHH
mMomedT (PUryphl C TOPHU3OHTANBHBIM OCHOBAHHEM, SKBHBAJIEHT=

HOH MPOXOJILHOMY pa3pesy KaHasa M/AH HACBIOH OTHOCHTE/NBHO

B
ropusoHTansnoi ocu XX, orcroaued Ha paccToaHud H = e

0T OcHOBaHHA (HUryphl.

4. Ynpouiesnoe onpejelieHue o6bemMa COOpYKeHuUs,

13 MeXaHUKH W3BECTHO, YTO CTATHYECKHH MOMEHT mJ0-
nan mobo#t (urypel OTHOCHTEALHO NPOH3BOAbLHOK oCH XX
puocH NPOM3BEACHHIO TNAOWAAM (GUrYPH o), HA pacCTOAHHE

.x‘

lenrpa takectu ee or ocn XX—y, (puc. 16).

(CnejoBaTeabHO, CTATHYECKHH MOMEHT MJ0MAAH NMPOAOJbL"
010 pa3pesa KaHaJa MM HACHIH, TPHBEACHHOrO K IOPU3OH=
MALHOMY OCHOBAHHIO OTHQCHTENBHO 3TOrO TOPH3OHTANLHOIO
OCHOBaHKS MOXHO NpPEJCTaBUTh B TAKOM BHAE:

L3
S)'-=§o'{ hadxzm y

hZo
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|
;

[Moacrapus 3nauesne Sy, B ocmoBHylo (opmyay o6bema
COOpYIKEHHs, NONYYHM:

V= B®, -+ meomhx = (B 2my o,

Jra popmyaa obrema Tpebyer Jullb ONPe/eIEHHNE BEJH-
YHHB MJOWANA NPOJOJBHOIO paspesa KaHala WIH HACHNH H
PACCTOSHASI LEHTPA TAKECTH (UrypPsl ¢ rOPU3OHTAALHBEIM OCHO-
BAHHEM, SKBHBAJCHTHOH NPOJOJLHOMY paspesy Kauaaa HJAH
HACBITIM OT ee OCHOBAHHS, YTO BO3MOMHO W 6€3 npumMeHeHHs
HHTErpaTopa.

p, — ONPEAEAHMO N0 NPOPHIMIO NIAAHAMETPOM.

Iaa onpeneneHus xe Yy, MOXHO NpuOerLyTh K H3BECT-

HOMY TMpAaKTHYECKOMY IpHEMY HAXO0XAECHUA UEHTPA THMECTH
MoLAaAY 1POU3BO/ALHOH NJAOCKOH (Uryphl.

Bripesap M3 mJaOTHON OGyMard MJIM KAapTOHA MNJOWAAbL MpoO-
AOALHOTO paspesa KaHaJja HAH HACKINM, NPHBEAECHHOrO K TOpH- |
30HTaJBHOMY OCHOBAHWIO, MOABEUIHBAEM NOJYYEHHYIO DUrypy
Ha TOHKOH HHUTH.

dukcupyem Ha (Qurype, npu ypaBHOBEIIEHHOM MOJOXKEHHH
ee, HanpasaACHHe mojajepxuBalowen uuTH. To xe npoieabiBaeM,
3aKpenus HUTHL B APYyroil Touke GHUrypsl. |

Touka nepeceuenHs HanpaBaeHHH HuTeld, 0603HAYEHHBIX HA
(Hrype, onpenesuT nNOJNOKEHHE WEHTPa TAKECTH nocaeauei. 4
[

Jlauna e neprnedauKy/spa, ONyWEHHOTO H3 LEHTPa TH-
KECTH Ha OCHOBaHWE (urypsl, onpejeaser HCKOMYIO BeaH-
YHHY — Y . : :

NPUMEYAHHUE:

Mpkr pasauunpx GpopmMax nomepeysoro ce-
YyeHHs 3E€MAAHHX COOPYXeHHH, 3a4aya BHYHC
Aeuuss ob6bema MX BCerpa MOXeT OGHTH CBejpe:
HAa K PacCMOTPEHHOMY BBHIIE NpoCTefimemMy

caywuaio.
(Em. Tabauunt NelNe 1, 2)
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5. [pumep Bpiuncaedns o6bema 1amObl AaHAJNTUYCCKH
' H MeéXaHHYeCcKHu.

B kauecrse HAMOCTPAUHH K H3JI0KEHHOMY MPHBOAHM MNpPH-
Mep BHYHCAeHUS o6bema aaMGbl Ha MeCTHOCTH 6e3 nonepevy-
HOFO YKJAOHA AHAJMTHUECKM H MEXAHHYECKH MPH  HOMONLH
nJAdHHMETpPa H MHTEerpaTopa.

[Mpoxonbubit u nonepeynsli npoduas AAMGHL APHBEICH L
Ha JaHcre 1.

Jauwna pamGel L= 2 kwm.
IHlupuna rpebua B=3 wmr.
OTkocsl aaM6s1 ABOfiHEIE M = 2.

1) AnaauTHyeckoe onpeaenerue o6bema nambbl 1o opuyne

xe=L
Cumncona V=l— ¥ (F, +4F - F2) 1 (eMm. Tabanuy MNe 3).

O6BIYHO aHAJUTHYECKMH nojacuer odbLema KaHajaa M4 . Ha-
ChIMY MPOM3BOJAMTCH He 1o TouyHO# (opmyre Cumncouna, a no
npuOIHKeHHbM popmyaam:

x=L
V=3 tf, v

Xx=0 X=0

Vi>V>V, A
[TorpemwHoCTi 3THX. PopMYya COOTBETCTBEHHO PABHLIL

lxl.

AVi=V,—V—3 3 f \—IFHF)I=T 3 f (hy = hy)*t

1 X1

ty ' ! X==1,
AVi=Vy—V=—5 3 (F—2F+F)l=—0 5 (h—h)% |

OTciofa BHAHO, ‘410, YeM H3pesaHHee penbed MeCTHOCTH,
dyeM GOJblIE PA3SHOCTH OTMETOK CMEXHBIX CEYeHHii, TeM Mo-
rpeulHocTy obbema coopyaceﬂnﬁ 1o npuﬁnnmeuﬂum hopmy-

-JiaM BO3pacTaioT.
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