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OU3BUUYECKUUN DAKYJIDBTATUB

Bo3Bpallia
1 4aCToTa
CNC

oLLag cna
KONneDaHnn

'€Mbl

T.OAAZEE, EAEACTAA, A EExTAI

AK M3BECTHO, COBCTBEHHbIE

YacTOThI KOJIeGaHUil Pa3JIMIHbIX KO-
J1e6GaTeIbHBIX CHCTEM MOYKHO BBIYUCJISITD
C IOMOIIBIO 3aKOHA COXPAHEHUS 3Hep-
run. Ho 21O He eqWHCTBEHHBI MeTOZ,
MIPUBOSNIN K ycrexy. B psine ciydaen
6osiee TIPUEMJIEMBIM MOXKET OKa3aTbCs
JIPYTOii METOZ — C UCII0JIb30BAHUEM BO3-
Bpallaionieil CUJIbI, IelCTBYIONIEN Ha KO-
JebaresbHylo cucreMy. Mmes 3mech co-
CTOUT B CJIC/LYIOMIEM.

[Ipocrefimue Mamible TapMOHUYECKHE
KOJIe6aHVsT COBEPIIAIOTCS MO/ A€CTBH-
€M YIPYTOil CUJIBI, T.€. CUJIbI, BEJTMYNHA
KOTOPOIi IPOIOPIIOHAJbHA CMEIIEeHNIO
X n3 moJioKkeHust paBHoBecusi: F = kx,
rae k — Tak HasbiBaeMblil KoauimenT
ynpyroctu (3KecTKoCTb) CUCTEMbI, U Ha-
IIpaBjleHa B CTOPOHY, IIPOTHBOIIOJIOXK-
HYIO HallpaBJIeHHIO cMeleHust. OnHAKO
4acTo, PAcCMaTPUBAsT MaJble KOJIeGaHs
6oJtee CIIOKHBIX CHCTEM, YAAeTCs e/l
CTaBUTH BO3BPAIAIONIYIO CUITy B Buje F
= kx, T.e. IPOMOPIMOHAIBHON CMellle-
HUIO U3 TTOJIOXKEHNST DABHOBECHS U IMEIO-
11eil BU KBa3UyIpyToil CiIbl ¢ Koaddu-
I[IEHTOM R, BEJIMYMHA KOTOPOTO 3aBUCHUT
OT ITapaMeTpoB cUcTeMbl. 3Has K03 du-
IMEeHT kR W Maccy m KoJeGJIIoNerocs
TeJla, JIETKO HAWTH 4acToTy ) cOGCTBEH-
HBIX CHCTeM, II0JIb3YSICh XOPOIIO M3Bec-
THOIT (hopMyJI0it

W=,[—.
m

PaccMoTpuM HECKOBKO KOHKPETHBIX
MIPUMEPOB.

Koneb6aHus 3apshxeHHOro
LapuKa BAOMNb BepTUKanbHOMN
HanpasnsoLwen

ITycTb BIOJIb HETIPOBOISIIIEN BEPTUKAIIb-
HOHl HaIpaBJAoNIell MOXKEeT [BUTATbCS
6e3 Tpenus MajieHbKuil (Toueunblil) ma-
pUK Maccoil m, Hecymwuil 3apan . B
HIDKHEM KOHIE HATIPABJISIONIEN HETo/1-
BIJKHO 3aKPEIJieH BTOPOW IMapuK, MMe-
ommii 3apsan Q (puc.1). Onpexenmm

YaCTOTY MaJbIX KOJIeOaHUil IepBOro 1ma-
pHUKa BJOJIb HANPaBJISIONIEH.

Cuyuait, korzia 3apsapl g u Q ABJIIOT-
csl Pa3sHOMMEHHBIMH, He MNPEICTABJSET

a) F. 6) \ F,

Puc. 1

UHTepeca, H0sToMy OyZieM CUUTATh 3apsi-
bl ofHouMeHHbIMM. Ha moaBuskHbIi

IAPUK JIEHCTBYET CUJa TSKECTH Mg ,
HalpaBJIeHHAs BHU3, U CUJIA DTIEKTPOCTa-
THYECKOTO B3aUMOJIEHCTBUS F; co cro-
POHBI HIDKHETO MAPUKA, HATPABJEHHAS
BepTuKaabHO BBepX (cM. puc.1,a). Ilo-
BU/IMMOMY, TOJ[ JefCTBUEM 3TUX CUJI
IMAPUK MOYKET HAXOAUTHCS B PABHOBE-
cuu. YcJIoBUE PABHOBECHUSI UMEET BU/T
F =mg.

El

Haiiem mosioykenne paBHOBECHST TIOJ-
BIDKHOTO IIIapUKa, OTCUUTBIBASI PACCTOSI-
HUE X, OT HMKHETO mapuka. B coorser-
cTBUM ¢ 3aKoHOM KyJstona cuiia ajiekTpo-
CTATHMYECKOTO OTTAJIKMBAHUST PaBHA

F, = q0/ (47e,1;).

Torpa us YCJIOBUA PAaBHOBECHUA IOJy4Ya-

X, = 1IQC//(4TI£Omg) .

Kax Buzno, x, Tem 6oblie, yem Goiblie
BEJIMYMHBI 3apsI0B Q U ¢ 1 YeM MeHbIIe
Macca TOABMKHOTO HIapuKa m.

Jlerko mokasarb, 4TO 9TO PaBHOBECHE
SIBJISIETCST YCTOMYMBBIM. B camom jere,
MIPU CMENIEHNH TapuKa BHU3 CUJIa dJIeK-

TPOCTATUYECKOTO OTTAJKUBAHUS BO3PAC-
TAaeT, TaK KaK YMEHBINAETCS PACCTOSIHIE
MEXIy MIAPUKAMU, A CUJIA TSDKECTH He
uamensiercsi. [103ToMy BO3HUKaeT BO3-
BpaIlalolasi CUJa, HallpaBJieHHas BBEPX,
T.e. POTUB cMeleHust. Ecin ke mapuk
CMECTHTH BBEPX, TO CHJIA OTTAJKUBAHUS
YMEHBIIIAeTCsI, MOITOMY BO3HHUKAET BO3-
BpallaioNiasi CuJjia, HalpaBJeHHast BHU3.

Taxum o6pa3om, MIapUK, BbIBENECHHBIN
U3 TI0JIOKEHUST PABHOBECHSI ¥ ITPEIOCTaB-
JIEHHBIIT camoMy ceGe, Gy/IeT COBEPIIATDH
KOJIe6aHus OTHOCHUTEJIHHO ITOJIOMKEHUS
pasuoBecust. OnpeIe M 4acToTy W 9TnX
KoJsiebanmii, cunurtast ux MaabivMu., Kpure-
pHeM MaJIOCTU KoJieGaHuil SBJISIETCS Ma-
JIOCTb CMEIEHNSI X OTHOCUTETHHO OJIO-
SKEHWSI PABHOBECHSI 110 CPABHEHMIO € Xa-
PaKTEepHOH [JWHONH B cHUCTeMe, KaKOun
ABJIFETCA PACCTOSAHUE X,

X<,

CMecTM TOABMXKHBIN IIAPWUK, HaIpH-
Mep BHHU3, Ha paccTosaue x (em. puc.1,6).
B aroMm ciryuae Ha Hero J€HCTBYeT cuJla
ortaskuBanus F, , KOTOpasi 110 BeJN4H-
te 6osiblie F,, 1 HeM3MEHHas CHJIa TAKe-
CTH m g , TI03TOMY BO3Bpallaloas CUJIa,
paBHAsT PA3HOCTU CUJ OTTAJIKMBAHUS U
TsDKeCTH, Oy/IeT paBHA

1 qQ

F= ——— —myg.
AT (2, - x)

ITpuBoas k o01eMy 3HAMEHATEJIIO U pac-
[UCHIBAs B YMCJUTEJE KBaJpaT PasHoO-
CTH, TI0JIy4aeM

.- qQ/(4TIEO) - mg(x(z) - 2xx + xZ)

p
(xo - x)

IlepBble /Ba 4JeHA B YHCJUTEJE QAIOT B
CyMMe TOYHBIIl HOJIb, 4 YETBEPTHIM CJIa-
TaeMBIM MOKHO MPEHEGPEUDb M0 CPaBHE-
HIIO ¢ TpeTbnM. KpoMe Toro, B 3HAMEHA-
TeJle MOYKHO IpeHe6pedb X 0 CpaBHe-
nmio ¢ x,. Torsa ocraercs

2mg

F= U

Xy

Boipaskenue /11 BO3Bpalaonieil CUJIbI
F uMeeT Takoi Jke BUJI, YTO 1 BbIPA’KEHNE
JUISL YIIPYTOii CUJIbI, T/ie poJib Koaddu-
INEHTA «YMPYTOCTU» WTPAET BeJTMUNHA

_ 2mg TE /g

k

=4mg
o qQ

Wcrosb3yst HOpMyJTy [IUIST 9acTOThI Ma-
JIBIX KOJICOAHUHI, HAXOIUM
TE ,mg

w=2/|g
qQ



Yacrora KoJie6aHUN 3apsizKEHHOTO Ia-
pHKa TeM MeHbIle, YeM GOJIbIIIE BeJu-
UYUHbI 3apAA0B WM Y€M MeEHbIIe MaccCa
HapuKa.

Kone6aHus 3apsiXeHHOro Lwapuka
B rofie ABYX APYrUX TOUEYHbIX
3apsapoB

PaccmorpuM /1Ba MaJIeHbKUX IIapUKa C
3apa/laMu ¢, U ¢,, 3aKpeIJieHHble B
toukax A m B na paccrosauu [ 1pyr ot
apyra (puc.2). Brosb HanpasJsioniei,
coeuHSIONIEN 06a TApUKa, MOXKET JBH-
raTbcst 6e3 TPeHUsI TPETUH MIAPUK MACCOI

a)
,m
Aol Ty P24
LF, 1 F !
i\ x, ,;\ I-x, ’i
6) P e !
| F, | F, !
As—<—4 *B
4 4 s
Puc. 2

m u 3apsanom q. [Ipeanosaras Bee 3aps-
JIbl OZIHOMMEHHBIMH, OIIPEEIHM YaCTOTY
Kose6anuii cpefiHero mapuKa.

Tax xak Bce 3apsi/ibl OTHOVUMEHHDBIE, HA
cpenunii  (TOABMKHBIN) TapuK GyayT

[[ef[CTBOBaTb CHUJIbI OTTAJIKUBAHUA E u

F, co cTopoHbI 3apAI0B ¢, U G, COOTBET-
CTBEHHO, HampaBJIEHHbIE B MPOTHBOIO-
noxubie croponbr (cM. puc.2,a). Tlo-
BI/I[[I/IMOMy7 B 39TOM Cﬂy‘lae BO3MOXHO
TaKO€ PacloJIOKeHNe CPEHETo TapuKa,
Korfa o6e CHJIbI PaBHBI 110 BEJUYUHE U
KOMITEHCUPYIOT Apyr apyra. Touka, B
KOTOPOW TIPH ATOM PACIIOJIATAETCS CPeJl-
HUiT mapuK, U 6yJeT MOJOKEHNEM PaB-
HOBECHSI.

BorsichumM, aBigercs Jim 3To paBHOBE-
cue ycroituusbiM. /L7151 atoro Gynem cMe-
MaTh MIAPUK OTHOCUTEIHHO TTOJIOKEHHSI
paBHOBECHST BIPABO WJM BJeBo. Ilpm
HeGOIBIIOM cMemenun BJaeBo (cM.

puc.2,6) cuia OTTaIKMBaHKs E' CO CTO-

POHBI 3apsfia ¢, BO3pacTaeT, TaK Kak
paccToSHIE MEKIY 3apafaMu ¢, U q,

YMEHbIIAETCA, a CUJIa OTTaJIKNUBAaHUA FZ,

CO CTOPOHbBI 3apsjla ¢, yMEHbIIaeTcs,
[I09TOMY BO3HMKAeT JelCTByIoas Ha
Cpe/lHUIl IIapUK Pa3HOCTb CUJI, HAIIPaB-
JIeHHas1 K OJIOKeHUIo paBHOBecHs. Eciin
OTIIYCTUTDb IIAPUK, TO OH HAYHET Iepe-
MelaTbCs B HAIPABJICHUU TIOJIOKEHUS
paBHOBecus. AHAJOTUYHAS CHTYyaIUs
BO3HUKAET ¥ IIPU CMEIIECHUU HIAPUKA
BIIPABO.

Takum 06pa3oM, MOXKHO yTBEPKIATD,
YTO HPH IIPOJIOJIbHBIX CMEIEHUSX TapH-
Ka OTHOCUTEJIBHO IIOJIO’KEHHSI PaBHOBe-
CHSI BCerjla BO3HHUKaeT BO3BpAIaAlONIast

OU3UYECKUUN DOAKYJIBTATUB

cuJia, HAIPaBJEHHAS B CTOPOHY, [TPOTH-
BOIOJIOKHYIO cMelennio. Eciu mmapuk
[IPEIOCTABUTb caMOMy ce6e, TO OH Gy et
COBEpIIATH KOJIEOAHNUS BJOJIb HAIIPABIISI-
fomteii. OnpejiesuM TOJOKEHIE PABHO-
BECHS X, OTCUHTBIBAS €T0 OT TOUYKH A.
Vcnosb3yst BBIpa)KEHHE JUIS 3aKOHA
Kyutona 3amuiieM ycioBue PaBHOBECHS

99, _ 99,
ATE ame (1 - x0)2

)

OTKy/la HalijieM

l

(1+M)'

Buano, uto paccrosnune x, or Touku A
J10 TIOJIOXKEHUST PABHOBECHST TTOJIBIKHOTO
MIapHUKa MPOIOPIUOHATIBHO PACCTOSTHUIO
I mesxmy nBymst KpalitHumu (3aKperieH-
HBIME) IIAPUKAMH U 3aBUCHT TOJBKO OT
OTHOIITEHIA BeJITIMH 3aPANIOB ¢, /¢, 9THX
IAPUKOB.

Haiinem Temiepb yacToTy MaJsbIX KOJIe-
Ganuii cpesHero mapuka. [lox MasbiMu
GyzieM MOHMMATb TaKue KoJieOaHus, pH
KOTOPBIX CMEIEeHUEe U3 TIOJI0KEHUST PaB-
HOBecHUsI HAMHOTO MEeHbIIIE XapaKTePHOTo
paccTosiHMS B cucreMe. B kauecTBe Ta-
KOBOT'O 3JIeCh CJIe/lyeT IIPUHATD X, J160
I — x, (menbiree us nux). Takum o6pa-
30M, KpUTepUil MaIOCTH KoJie6aHuil nMe-
eT BH/[

x<xy, [ = x,.

[IpeoN05KIM, UTO TIOABUAKHbIN MAPHK
CMeCTUICA BJEBO Ha PAcCTOSHUE X OT
noJioskenus pasHosecus (cm. puc.2,6).
Torja CUJIbl OTTAJTKUBAHUA CO CTOPOHbBI
3apsiioB ¢, U ¢, GyIyT PaBHbI COOTBET-
CTBEHHO

) 1 q9,
F, = 7 =,
T, (l — X t+ x)
a B03Bpama10ma51 cnJia, paBIIaH nux pa3—

HOCTH W HaIpaBJEeHHAsA K IOJOKEHUIO
paBHOBecHs, Oy/IeT paBHA

q 6]1 C]2

Aty | (2 -x) (-, + )

W3 aToro BbIpakeHUs He BUIHO, 4YTO
BO3BPANIAONIAs CHJIA UMEET KBA3HyIpy-
TWil XapakTep, TeM He MeHee TIPH MaJIbIX
3HaYeHusAX oTkJAoHeHuss x (B pamkax
KPUTEPUS MAJIOCTH) OHA JIeHCTBUTEIHHO
SIBJISIeTCS KBa3uynpyroii. s Toro uro-
Obl ATO MOKA3aTh, PUBE/IEM BbIPAJKEHUE
s F x o6lieMy 3HaMeHaTeJIo, Paciiu-
1meM 1opoGHee BbIPAXKEHUE B YHCIIHUTE-
Jie, BOCIIOJIb3yeMCSl yCJIOBHEM PaBHOBE-
cusl M KpUTEpUeM MajiocTu Kosiebanuii. B
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pesyJbTaTe MoJTyqyuM

al o + o)

2T 1/q,q,1

Ara dopMmyJia yKe MOX0XKa HA BBIPasKe-
Hue 7151 KBasuynpyroi cuibl. Koaddu-
IIEHT IIPOIOPLUOHANBHOCTU Iepes X
BBIINIOJIHSIET POJIb KO(pUIIEHTa «YIIPY-
rocti» k. Torma s 4acToTbl MaJbIX
KoJieOaHUH HAXOIUM

Vo) 4

/ 2T[£0ml\/c]1q2

w=

Yacrora kosneGaHUil CUMMETPHYHO, HO
CJIO>KHBIM 00PA30M, 3aBHCUT OT BeJIUYUH
3apsAloB G, U q,.

Kone6aHus wapa B )XMaKoctu

O1npe/ie/IMM YacTOTY MabIX BepPTUKAIb-
HBIX KOJeGaHuil 1mapa, Morpy»KeHHoro B
suakoctb (puc.3), npene6peras conpo-
TUBJIEHUEM KUKOCTH.

Puc. 3

B 1nosoxkennu paBHOBECHS Ha IHap
JCHCTBYIOT JIBE CHUTBI: CHITA TSKECTH Mg
U BBITAJKUBAIONIAS, WM apXHMeEIO0Ba,
cuna Ft\ co croponbl xuakoctn (cM.
puc.3,a). OHM paBHbI 110 BeJUYUHE U
HPOTHBOIIOJIOAKHDBI 110 HAaNpaBJIeHUIo. B

IIPOEKIIMN HA BEPTHKAJIbHYIO OCb YCJIO-
BHUE PABHOBECUS BbIpaskaeTcs (hopMy.JI0it

mg=F,.
ITockombky
m = 4/3TPR’

F, =mp,gH’ (3R - H)/3,

rge P — MJIOTHOCTb mapa nu [:)1 — ILJIOT-
HOCTb JKHUIAKOCTHU, TIOJIydaeM

4pR’ =p,H*(3R - H).

Orcropa npu 3aanHbIX R u H MOKHO
ONpeIeIUTh OTHOIIEHHE IIOTHOCTEH
p/p; -

BbiBesieM 1ap 13 T0JI0KEHUs paBHO-
BecHsl, JOTOJIHUTEIbHO TIOTPY3HB €ro B
KUAKOCTh Ha Ty6uny x (cm. puc.3,6).
B 9TOM cilyuae BBITAJKMBAIONIAS CHJIA
YBEJNYNBACTCA 110 CPAaBHEHUIO C pPaB-
HOBECHOIl, 3a CYET Yero BO3HHUKAET
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BO3Bpallalollas cujla, paBHas
F=F, —-mg.

Tak xak HoJHAs TJIyOHHA HMOTPY>KEHUS
1IAPOBOTO CerMeHTa Terepb paBHa H + x,
TO

F, =mp, (H +x)’(3R-H -x)/3,
n

F =
=1, g H(2R = H) + (R = H)x =1/3x").

Kpurepuem masnoctun xoJieGaHuii 3/1€Ch
saBJigercss HepaBeHcTBO X<<H . Torpa
BTOPBIM M TPETbUM CJIAraeMbIMU MOKHO
npeHe6peYb B CUJIY UX MAJOCTH, M JJIS
BO3BpallaONIell CUJIbI [10JIyYyaeM

F =mp,gH(2R - H) Ox.

Kak BusiHo, Bo3Bpaliamoias cuia mnpo-
MOPIMOHAJIbHA CMEIIEHNIO M3 TOJIOKe-
HUSI PaBHOBECHS] X M, KaK OTMEYasoCh,
HATPaBJeHa B CTOPOHY, TIPOTHBOTIOIOK-
Hyt0 3TOMy cMmenienuio. [Tox meiicTBuem
ATOI CHUJIBI AP COBEPIIAET KoJieGaTe ib-
HOE JIBIYKEHNE: TO TIOTPYIKAsICh, TO BCILIBI-
Bas. Koapdunument nepes x urpaer posib
koadduimenTa «ynpyroctus R, 1moaro-
MY 4acToTa KoJieGaHWil 1apa B JKHUJIKO-
cti Oy/ieT paBHA

YacroTa kosre6aHHil MOJHOCTBIO OTIpe/ie-
JISIETCST PAINYCOM Tapa 1 rIyOGUHOI ero
HOTPY>KEHUS B YCJIOBUSAX PaBHOBecus. B
MIPUHIUIIE MOYXHO BBIPA3UTh 4YaCTOTY
KoJ1e6anuii 1 Yepe3 OTHOIIeHUe MJIOTHO-
creil P u p,.

KoMOVHMpOBaHHbIV MasITHUK

IIpencraBum cebe >kecTKUIT HEBECOMBIit
CTep KeHb IMHOHN L, K HUXKHEMY KOHILY
KOTOPOTO MOJBEIIEHO TOYEUHOEe TeJlo

KBAHT - 2000/Nel

Maccoit m, a Ha paccTosiHud [ OT ocH
BpallleHNs K CTPEKHIO TPUKPETIEHa TPy -
JKUHKA ¢ K03 PUImeHToM ynpyroctu k,
KOTOpasl B IIOJIO’KEHUU PABHOBECHS Ma-
aruuka ne gedopmuposana (puc.4). On-
pellesIUM 4acTOTy MaJIbIX KoJieGaHuil Ta-
KOTO MAasITHUKA.

a)

Puc. 4

B noJioxkeHnn paBHOBECHS CTEPKEHb
MasITHUKA PACIOJIAraeTcsl BAOJb BEPTHU-
kamu (cMm. puc.4,a). OTKIOHUM cTep-
JKeHb OTHOCHUTEJbHO BEPTHKAJIU HA He-
6oJbioii yroa ¢, takoit, uto ¢ <1 (kpu-
Tepuil MaJIbIX KosieGanuii). B sToM moJio-
JKEHUU HA TPY3UK MasTHUKA JEHCTBYET
CHUJIA TSKECTH mé , HallpaBJIeHHasI BHU3,
a Ha CTEP)KEHb B TOYKE KPEeIJICHUs 1py-
JKUHKHU JIEUCTBYET CUJIA YIPYTOCTH, PaB-
Has F2 = kx1, rae x;, = ¢l — JIMHEITHOe
CMeIeHe 3TON TOYKU CTPEXKHS OTHOCHU-
TeJBHO TMOJIOXKeHus1 paBHOBecusi. [lpu
MaJIbIX YTJIaX OTKJOHEHUs CUJIa ﬁz Ha-
MpaBJieHa MPAKTHYECKU TOPU3OHTAIBHO.
Bosspamatomas cusa, peifcTByIomas
HETIOCPE/ICTBEHHO Ha IPY3UK, HalpaBJie-
Ha 10 KacaTeJbHOW K ero TPaeKTOpHH
nBrkerns (OKPY)KHOCTH) ¥ OTpeaes-
€TCsl BbIpaKeHueM

F, =mgsin¢ = mgd = mgx/L,

rlle X — CMellleHe TPYy3UKa BIOJb JIyTH
okpyskHocTH. U3 pucynka 4,6 BH[IHO,
uto X, /x = I/L.

ITockoJbKy CHIIBI ]31 1 F, IpUIoxKe-
Hbl K Pa3HbIM TOYKAM CHCTEMBI, SICHO,
YTO HU OJIHA M3 HUX HE SIBJISIETCS PE3yJib-
TUpYyIOIel Bo3Bparalonei cuioii. Yro-
6bl ONpeNeuTh 3Ty CUJIY, MOCTYIIHM
caenyonuM o6pazoM. Haiimem mosHbrit
MOMEHT cu M, feficTBYIOINI Ha CUCTe-
My M BO3BPAIIAIONIMI ee B IOJIOKEHHE
PaBHOBECHSI:

M = F,L + F,l =(mgx/L)L + (klx/L)I.

Cuurast Terepb, YTO 3TOT MOMEHT CHJI
JIEfiCTBYeT HENOCPE/ICTBEHHO HA KOJIeO-
monuiicss TPy3WK MasiTHUKa, HalizeM
Pe3yJIbTUPYIONLYI0 BO3BPAIIAOILYIO CHITY
F, nensa moMmenT cuyi M Ha ILJIEYO 3TOI
cuabl L:

g K

L2

F= O .

Posb koadduienTa ynpyroctu saech
UrpaeT BeCh MHOJKUTEJb B CKOOKax Iie-
PeJI X, TI03TOMY [IJIsl YaCTOTBI KOJieOaH i
HaXOoUM

Buano, uro yactora koJsiebanuii KomOu-
HUPOBAHHOTO MASITHUKA OIPE/IESeTCs
KaK reoMeTpueil MasTHUKA, T.€. JIJIMHA-
mu L u [, Tak u Maccoit rpy3uka m. Eciau
1oJ105kuTh k& = 0 (Ipy»KMHKA OTCYTCTBY-
er) m6o [ = 0 (mpy KUHKa MPUKpPEIIeHa
K OCM MasATHMKa M He JelicTByeT Ha
cTepsKeHb), TO M0JyYaeM U3BECTHOE BbI-
paskeHue JIJis 4acTOThl KoJieGaHuit MaTe-

MaTHYeCKOTO MasATHUKa W = \[g/L .



