IMOPAJOK PACHETA CTATHYECKUW HEOIIPEJIEJIMMbIX

CUCTEM (ITPUJIOKEHUE 9)
1. HauyepTurh B MacmuTade cxemMy HarpyskeHust
qa’ saa
- 1 3q :
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2. OnpeneauThb CTeNeHb CTATHYECKON HEOMpeaeTMMOCTH

OmnpenenseM KOJIWYECTBO HEU3BECTHBIX PEAKLM B OMOpax M KOJIMYECTBO
YPaBHEHHUU PaBHOBECHS.

B naHHOM 3a/1aye 4eThIpe HEM3BECTHBIE PEAKLIUN — TPU B JKECTKOU 3a/I€JIKE U
OJlHA B IIAPHUPHO-IIOABMIKHOM OMNOpE. YPaBHEHUM PAaBHOBECHUS TPU — TaK Kak
CHUCTEMA IUIOCKasl.

CreneHp CTaTHUYECKOW HEONPENEIMMOCTH — 3TO Pa3HOCTbh MEXKIY
KOJIMYECTBOM HEU3BECTHBIX pEaKkUUid B ONOpax W KOJUYECTBOM ypaBHEHUU
PaBHOBECHS:

4 HEu3BECTHBIE pPeaklUMU — 3 ypaBHEHHs paBHOBecHs = | pa3 CTaTHMYECKH
Heonpeaenumas cuctema (4 H.p. — 3 yp.p. = 1 p.c.H.C.).

Crenenb CTaTUYECKOM HEONPEIETUMOCTH IIOKa3bIBAET YHCIIO
JOTIOJTHUTENbHBIX (JIMITHUX) CBSI3EH.

3. BeiopaTh ocHoBHY1I0 cuctemy (O.C.)

OT10 cucteMa 0e3 Harpy3oK U JOIMOJHHUTENbHBIX CBS3€M — KOHCTPYKLHMS C
HE0OX0MMON onopoi (6e3 JUITHENH OMOpbl) — KECTKOM 3aJIeNIKU 1I0CTaTOYHO JIJIs
paBHOBECHSI CHUCTEMbI, HO MPH 3TOM MOXET OBITH OOJbIIOE MEPEMELIEHUE O]
Harpy3kol CBOOOJHOTO KOHIIAa KOHCTPYKIMHU, YTOOBI €ro He OBUIO CTaBAT
JOTIOJIHUTENBHYIO Omopy. B wurOore mnepememeHuss HET, HO JaHHas oOmopa
JOTIOJIHUTENbHAs (JTUIIHSS).

B Hamiem BapuaHTe OCTaBJsieM KECTKYIO 3a/IeNIKy U yOupaem HIapHUPHO-

IIOJABHKHYIO OIIOPY
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4. HauepTuthb 3KBUBAJIEHTHYI0 cuctemy (I.C.)

B tom mecTe, rae yOpanu onopy HNpUKIaIbIBa€M CHIIy HEM3BECTHYIO X; U
IPUKJIAJABIBAEM BCIO BHEIIHIOK Harpy3ky. Cucrema co Bcell BHEUIHEH HAarpy3Kou

1 HEUM3BECTHOM CHUJION B TOM MCCTC, TJC ObL1a OIlOpa — SKBUBAJICHTHAA.

'*qa;, 2qa 54 |
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5. 3anucaTh KAHOHMYECKHE YPABHECHUS
VYcaoBue, npu KOTOPOM B HANpaBJICHUH OTOPOILIEHHON peakUuu OMOphbl HE
OyJeT nmepeMelleHn - KAHOHMYECKOE YpaBHEHHUE: TO €CTh B HAlIEM BapUaHTE HE
JOJIKHO OBITh BEPTUKAJIBHOTO MEPEMEIICHUS.
Aip+611- X1 =0
rae Ap - NepeMelIeHne rpy30Boro COCTOSHUS,
011 - MepeMelIeHre EAUHUYHOTO COCTOSIHUS.

N3 naHHOrO yCIOBUSI BBIPAXKaeM CUITy HEU3BECTHYIO

To ecTh Teneps HEOOXOAUMO OIPEAETUTH MEPEMEIICHNE TPY30BOE U
€IMHUYHOEC.
6. Haueptuts rpy3osoe (I'.C.) u enmaununoe cocrossuus (E.C.)

I'py30BO€ cocTosiHME — cUCTEMA C BHEIIHEN HATPY3KOU

""[qai’ 2qa 3q E
|_> ’I“I”I“I“I”I”I“I”I“I“I”I"I“I”I"l“l”l“l‘E

EnnanyHOE COCTOSIHUE — CUCTEMA C OJTHOW CUJION, PABHOW OJHOMY.




’

N=]

7. 3anucarp BbIPpaKEHHUS BHYTPEHHHUX CHJIOBBIX (PaKTOpOB I

I'Py30BOro COCTOSITHUA U €eAUHUYHOI'0 COCTOSTHUSA

Jlenum cucteMy Ha JBa CUJIOBBIX YYacTKa Zq U Z,
Y4acToK NepBbIi
0<z <a

MoMeHT u3rudaromuii rpy30Boi

_ 2
M, = —qa
MoOMEHT U3rHOAOIINHN €IUHUYHBII
Mx = 1 . Zl
Y4dacTok BTOpou
0<2z,<2a

MoMeHT u3rudaromuii rpy30Boi
2 Z2
M, = —qa“ — an-zz+5q-zz-?

MOMEHT U3TrHOArOINNA € IMHUYHBIN

szl'(a-l_ZZ)

8. IlocTpouTs H3MKOPY MOMEHTA M3rudaIIero i eIUHUYHOIO

COCTOAHMA

HOI[C‘-II/ITBIBaeM 3HAYCHUA BHYTPCHHUX CHIIOBBIX (I)aKTOpOB B Hadall€ Hu

KOHIIE KaXKJI0T0 ydacTKka. Pe3ynbTaThl 3aHOCHM B Tabiumiy 1.

Tabnuma 1. — Pe3ynbrarhl pacueTta BHyTPEHHUX CHUIIOBBIX (DaKTOPOB

Cui10B0O# y4acTOK NepBbIi Cui10BO# y4aCTOK BTOPOit
IToxasarensn
HA4aJ10 KOHel| HA4aJ10 KOHeI|
V4 0 a 0 2a
2 2 2 2
M, -qa -qa -qa S5qa
M, 0 a a 3a
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[To pe3ynpTaTaM TaOJIUIIBI CTPOUM SMIOPHI BHYTPEHHUX YCUITUN

5qa-°

qa- @ sl 3a
@ __(’m'm'l% _

9. Pa30ouTh 31M10py MOMEHTA U3rudaI0Iero sl rPy30BOro COCTOSIHUSL HA

npoctbie GUIrypbl: NPSIMOYI0JbHUK, TPEYT0JbHUK, CETMEHT.

il
qa:e" W_,,,r|

| | mpey2onbHUK
NPAMOY2ONbHUK -

‘Al ral -~
—— CCCMEHI mp&} CONIBHUK

10. OT™MeTHTH HA CXeMe HEHTP THAKECTH KAXKIO0i MOJTyYeHHOH MPOCTOH
(urypbl Ha 3MOpPe MOMEHTA U3rudaK0Iero AJsi IPy30BOr0 COCTOSTHUSA

11. HanpoTruB COOTBETCTBYIOLIEr0 LEHTPA THKECTH  KAKIAOU
MOJIy4eHHOH MpocToii Gurypsl MoKa3aTh Ha 3MIOpPe MOMEHTA HU3rudaouero
sl e[IMHUYHOI0 COCTOSIHMS COOTBETCTBYIOLlee 3HadYeHHe (OpPAMHATY)

MOMECHTAaA I/I3FI/162[IOHICFO C¢CAMHUYIHOTI 0
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12. MerogoM nmnepeMHOKeHUsI IUIOMIAed  J3MIOPbI  MOMEHTA
U3rudamonero Ajsi rpy30BOro COCTOSIHMSI HA COOTBETCTBYIOLIME OPAMHATHI
MOMEHTA eIMHUYHOro (cmoco0 Bepemarmna) omnpexejJnuTb TPy30BOe

nepeMelieHne
b= ecaat - (14 a) (220 qat) (1-(a+ L 20)
TR qa‘ - a) 5 a 5 2a-qa atz:2a
+(15(2)3>1 +12 +1522
12 211 (a 2 a) (2 1 a)

1<+22) _ 17 qa*
T3 N T B0

13. MeTogoM nepeMHOKeHHMs IUIOIIAJAell J3MIpPbl  MOMEHTA

U3rudaumero AJjis eIUHHUYHOr0 COCTOSIHUS HA COOTBETCTBYKOIHME OPIAMHATHI
MOMEHTA €IUHMYHOIO IO0J HEeHTPAMH THKECTH NPOCThIX (¢uryp (cmocod
Bepemaruna) onpeaejursb eAMHUYHOE MepPeMelIeHue

5y = — (13 3)(123)—9a
n=gog \greerd 37770,

3

14. Tlo mo/y4eHHBIM TMEepPeMeIleHUusIM MCNOJIb3ys KAHOHMYECKHUE

YPaBHEHHSI HAWTH HEU3BECTHYIO PEAKIUIO
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3Hak MHUHYC B pCHICHUHU TOBOPUT O TOM, UYTO HAIIPABJICHHC HEHU3BECTHOU
CWJIbl HY’KHO UBMCHUTD HAa IIPOTHUBOIIOJIOKHOC — MbI B HAYAJIC 3a4aJIM HAIIPABJICHHUC
BBCPX, 3HAYUT MCHSCM €TI0 U HAIIPABJIAACM CUITY X] BHM3.

15. HauvepTuTh TIpy30BO€ COCTOSIHME C HAlJIeCHHOH HeENW3BECTHOM

peakuuein
17
= a
}(1 54 - 2qa 3q

A Y

v [P AT A i

16. BoiOpaTh HOBYI0 OCHOBHYIO CHMCTEMY — OCTaBJIsIEM OIOPY, KOTOPYIO
youpaii B Hayaje, U 3aMEHSIeM KECTKYIO 3aJIeJKy Ha IMIapHUPHO-HEMOABUKHYIO

OTIopYy.

7777 B

7
o & S T <a }I

17. B HOBoO#i OCHOBHOM cUCTeMe 3a/aTh NepeMelleHne: yriioBOe, PaBHOE

€JMHUIIC B HAIIPABJICHUU OTOPOIIEHHON CBSI3M — MOMEHT €IMHUYHBII M=1.

-
M=1
A=
7777 B 75
a 2a -
= fe == =

18. ITocTpouTh 3MI0PBLI BHYTPEHHUX CHJIOBBIX (PAKTOPOB VISl IPY30BOI0
COCTOSIHUSA C HAW/ICHHOW HEM3BECTHOM peakuueil (¢ pacKpbITON CTAaTHYECKOMN

HEOINpeaeJuMOCTHIO)



JlenuM cuctemy Ha JBa CUJIOBBIX YUaCTKA Zq U Zo

Y4acToK NepBbIi

0<z <a
Cwuna nonepeyuHas
17
Qy = gz 94
MoMeHT u3rudaromuii rpy30Boi
M. = —qa? — 2 .
x qa 04 qa- z,
YyacTok BTOpon
0<2z,<2a
Cwuita nonepeyHas
17
Qy = —aqa— 2qa + 5q - z,
MoOMEHT M3rudaromuii rpy30Boi
M, =—qa*— 2qa-z, +5q -z, -Z—Z—zqa-(a+zz)
2 54
19. IlocTpouts 3MIOpPbl MOMEHTA HM3rHOAIONIEr0 1Jisi HOBOl OCHOBHOM
CHCTEMbI
1
R34 B {;—a

@//;)/A ZIJ 5) - J B ﬁ:]

311eCh HYXHO ONPEIENINTh PEAKINH B OIIOpaXx.

HaXOI[I/IM HX U3 YCJIOBUA PAaBHOBCCHA CUCTCMbI — CYMMa MOMCHTOB BCCX CHJI
OTHOCHUTCIIbHO TOYKH PaBHA HYJIIO.

CYMMa MOMEHTOB BCE€X CHJI OTHOCHUTEIBHO TOUKH A

—R,-3a+1=0
R _1
47 3q

CyMMa MOMEHTOB BCE€X CHJI OTHOCUTEJIBHO TOUKH B:

—Rp-3a+1=0
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I{CJ’II/IM CHUCTCMY Ha JIBa CUJIOBBIX YUaCTKa Z7 U Z,

Rp

Y4acToK NepBbIi
0<z <a

MoOMEHT U3rnOarOINN €IUHUYHBII

M L
= z
X 3a 1
Y4acTok BTOpoit
0<z,<2a

MOMEHT U3TrHOArOINNA € IMHUYHBIN

_ 1
szﬁ'(a-i'ZZ)

[logcunTbiBaeM 3HAYE€HHUsS] BHYTPEHHUX CHJIOBBIX (AKTOpPOB B Hayaje H
KOHIIE KaXKJI0TO ydacTKka. Pe3ynbTaThl 3aHOCHM B Tabiumily 1.

Tabnuua 1. — Pe3ynabTaThl pacyeTa BHyTPEHHUX CHIIOBBIX (DaKTOPOB

Cui10BO#i y4acTOK nepBblii Cui10BO#i y4acTOK BTOPOM
IToxasarenn
HA4YaJ10 KOHell HAYAJI0 KOHell
z 0 a 0 2a
0 17 17 125 415
——qa ——qa ———qa —qa
Y 54 1 54 1 54 1 54 1
2 71 5 A 73 5
M 99 549¢ 54 1¢ 187¢
_ 1
M, 0 3 a 1

[To pe3ynpTaTaM TaOJUILBI CTPOUM SMIOPHI BHYTPEHHUX YCUITUN

Ha BTOpOoM yuacTke moiimer mapabona ¢ BEPIIMHON, TaK KakK JMIOpPA CHUJIBI
IIONIEPEYHOU MEPECEKAETCS C HYJIEBON JIMHUEN.

[IpupaBHMBaeM BBIPAKEHHE CUJIBI ITONIEPEYHON HA BTOPOM YYaCTKE K HYJIIO

Y HaxOJMM PACCTOSIHUE IIEPECEUCHHUsI C HYJIEBOU JINHUEM.
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17
Qy = —;9a —2qa + 5q - z;=0
_ 25

~ 52

HOI[CT&BJ'I}ICM JaHHOC 3HAUCHHC B BBIPAXKCHUC MOMCHTA I/I3FH6aIOHICI‘O JJIsA

Zy

IPY30BOr'0 COCTOSIHUSI HA BTOPOM YYacTKe

M, = —qa® — 2qa-5—4a+5q-

25
25 25 4 17 ( 25
54972 52 @

HIEESHEEN

17 ' y
g & L2 gaf 725 .-—-""}";"7’ Tk
54 54 ——qga —
54 e -"/ P
—
qa- - ’l -
71 3 sl =
Eqa 1 1,85¢4d 1
3
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20. Onpeneauts nepemMenieHne yriaopoe Judo JuHeHHoe.

Pa3OuBaeM smropy MOMEHTa WM3TrMOAroIIero AJi TPY30BOIO COCTOSIHHMS Ha
npocThie GUTYPBI: MPSIMOYTOJIbHUK, TPEYTOJIbHHUK, CETMEHT.

OTmedaem Ha CXeMe IEHTP TSHKECTH KaXKIOU MOTydYeHHON MPOCTON PUTYpPHI
Ha 3II0pe MOMEHTAa U3rHOAIOIIETro /ISl TPY30BOTO COCTOSIHUS.

HanpoTuB COOTBETCTBYIOLIETO LEHTPA TSKECTH KaXAOM IIOJIYy4YECHHOH
IpOCTON (PUTyphl MOKA3bIBAEM Ha MIOPE MOMEHTA U3rHOAIOLIETO 11 €TUHUIHOTO
COCTOSIHUS COOTBETCTBYIOIIEE 3HaueHHE (OpJAUMHATY) MOMEHTa H3rHOaroIIero

CAUHHUYHOTIO.



10

MeToa0M MEPEeMHOKEHUS TUIONIAJeH SMIOPhl MOMEHTa W3THOAOIIero s
rPY30BOTO COCTOSIHUSI Ha COOTBETCTBYIOIIME OPAMHATHI MOMEHTa €IWHUYHOIO

(cioco6 BepemamHa) ompeensieM yrioBoe MnepeMeiieHue

(5 (e se) (53
+(—% %qa -2a)-(%-(a+%-2a))+( 12 -5q - (Za))

(o4 320)) (- T 2a)- (- o 3-20)) -

VYrioBoe IICPCMCIICHUC PABHO HYJIIO — 3a/la4a PCIICHA BepHO!

0 =

Ipumeuanue. [losryueHHoe YrjioBoe nepeMenieHue J01KHO ObITH PABHO
HYJII0 MCXO/Sl M3 HAYAJIBHBIX YCJI0BHH PadoThl CHCTEMBbI — B 5KeCTKOM 3a/1es1Kke

He MOKeT ObITh HU YIJI0OBbIX, HHA JIMHEHHBIX nepeMemeHm"l.

Fpacl)nqeacaﬂ 4acThb 3aJa491 NOJHOCTBHIO ITOKa3aHa HA MOCJIECIHEM JIUCTE

(cTp.11).
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