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I. BBenenune

Hacrosmme meTtonnyeckue yKazaHds MPEJHA3HAYEHBI I OKa3aHUs IIOMOLIU
CTYJEHTY B €r0 paboTe 10 U3YYEHHUIO CTPOUTEIBHON MEXAHUKH.

C »oTOl Lenpl0  CTYAEGHTY MpEAJaralorcss oOLIMe U TEeMAaTUYECKUE
METOJUYECKHE YKa3aHUs, KOTOpble OyAyT HANpaBlATh €ro JESATEIBHOCTh I10
OpUOOPETECHUIO0 3HAHWUM, YMEHUH W HaBBIKOB B PELIECHUM THIIOBBIX 3aJ1ad I10
M3y4aeMOW TUCLMIUIMHE.

Peanmnszanpss MeTOOWYECKMX YKA3aHUM IPOMCXOIUT B XOJ€ NPAKTHYECKUX
3aHATAA W BBIIOJHEHUS JOMAIIHUX 3aJaHul, CBSI3aHHBIX C 3aKpEIUICHUEM
IIOJYYCHHBIX Ha 3aHATUAX 3HAHUW W YMEHHW, a TAaKKE IOATOTOBKOM K KaXXIOMY
MPEACTOSAEMY 3aHATHIO. {11 3TOro KaXaomy CTYACHTY Ha IPOTSDKEHUU BCETO
y4eOHOI0 Mepro/ia BIAAIOTCA CTPOTO0 MHIMBHAYaIbHBIE 3aIaHUSI, KOTOPBIE JOJIKHBI
OBITh BBINOJIHEHBI HETIOCPEICTBEHHO B X0/1€ IPAKTUUYECKUX 3aHATHIA.

Pabora Hax BbIIAHHBIM WHAMBUAYAJIbHBIM 33JaHMEM BEICTCS B BHJIE
CaMOCTOSITENIbHOM  pabOoThl NpU KOHCYJIbTAaTMBHOW TIOMOIIM IpenojaBaTels.
Pe3ynbratom 3T0# paboThI SIBIISIETCA YCBOCHUE AITOPUTMOB PELICHHS TUIIOBBIX 3a7a4
CTPOMUTEJIbHOM MEXaHHUKH, a TaKXKe A3bIKa ONMCaHUA pACUECTHBIX CXEM W
0003Ha4YEHUH, UCIIOJIb3YEMBIX MPU (POPMYIUPOBKE MATEMATUUECKUX 3a]a4, KOTOPbIE
ABJISIIOTCS CIIEACTBUEM IPUMEHEHHUs] METOI0B CTPOUTEIIBLHON MEXAHUKHU.

BaxxHO TOAYEpPKHYTh, YTO MPUOOpETaeMble B XOJ€ MPAKTUYECKHX 3aHSATHI
3HAHWUW, YMEHMM W HAaBBIKOB SIBJISIOTCS OCHOBOM I TNPUHATHSA PELICHUNA TNpPH
IPOCKTUPOBAHUM  3JAaHUM M  COOPY)KEHMM B KypCOBOM U  JUIUIOMHOM
MPOEKTUPOBAHUK. B YacTHOCTH, yMEHHE MpPaBUIBHO U OBICTPO CTPOUTH IMIOPHI
YCWIMM TapaHTUPYET [IOCTOBEPHYIO HCXOJHYI0 HH(OpMaLUI0 A1 ONpeAesIeHUs
CEYEHU HECYILUX DJIEMEHTOB KOHCTPYKIUH.
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4 cemecTp

B cooTBeTcTBHY ¢ Y4EOHBIM MIIAHOM MPETYCMOTPEHO:
Ounas popma o0yueHnust

13‘(121 TeMbl NpaKTHYECKUX (CEMUHAPCKHUX) 3aHATHI
4 cemecTp
1 |Buabl BHEIIHUX U BHYTPEHHUX CBSI3€H INIOCKUX PACUETHBIX CXEM.
CraTtuueckue U KUHEMaTu4yeckue cBoicTBa. I'paduueckoe npeacraBieHue
2 (Yucno cremeHeidl cBoOOIBI 3a7aHHON pacu€THOM cxeMbl. CHocoOBbl BBIYMCICHUS IS
PacUETHBIX CXEM Pa3IMYHBIX BUIOB
3 |M3mensiemocth pacu€THbIX cxeMm. CriocoOwl onpeaeneHus. [loaTaxkHas cxema oOpa3oBaHuUs
3aJJaHHOH pacu€THOHN CXeMbl: MHOTONPOJIETHBIE OAJIKH, JIOMaHble Opychs, paMbl, (epMbl
4  |DnemeHTapHbIe pacu€THBIE CXEMbl. PallnoHaIbHBIE CIIOCOOBI ONpeaesieHus] yCHInid. Bubl
ypaBHeHMI paBHOBecus. [Ipumep pacuera jomaHoro opyca
5 |DnemeHTapHble pacuéTHble cxeMbl. PalmoHanbHble criocoObl onpeaeneHust ycwinid. Bubl
ypaBHeHUH paBHOBecus. [IpuMep pacuera TpexImapHUPHON paMbl
6 ([IpuMeHeHMe NpHUHIUIA HE3aBUCUMOCTH BHEIIHMX BO3JCHCTBUH NpU MOCTPOCHUU MU
KOHTPOJIE S0P YCHIIAN
7  |Bbruuciienue abGCONIIOTHBIX U OTHOCHTEIBHBIX MEPEMEIICHUN Y3J10B pacu€THOM CXEeMbl OT
CTaTUYECKOM HArpy3KH
8 |Bbruucienue abCONIOTHBIX U OTHOCHTEIBHBIX MEPEMELICHUN Y3J10B pacu€THOM CXEeMbl OT
TEMIIEPATYPHON U KNHEMAaTU4ECKOM HArpy30K
9 |OOyuaroniee TecTUPOBAHHE
10 |ITocTpoeHune MoATaXHON CXEMBI paMbl CIIO)KHOW KHHEMATUYECKON CTPYKTYPHI
11 |CnocoOsl onpenieneHust yCWIni B pamax CJI0KHOM KMHEMaTHUYeCKON CTPYKTYpBI
12 |CnocoOsl onpesienenust ycwiinii B pepMax ClI0KHOW KHHEMAaTHYECKOH CTPYKTYphI
13 |I[TocTpoeHune NTUHUNA BIMSHUS PEAKIUA W YCHIIMH B OJHOMPONETHRIX Oankax. CTaTHUecKuit
Y KHHEMaTHYeCKUH CIIOCOObI
14 |[loctpoeHue IMHUN BIMSHHUS YCUIUH B CTEPXKHSX (EpMbl C TPOCTONH TPEyroyibHOMN
peeETKOMN
15 |[loctpoeHue NUHMNA BIUSHUS YCHWIMM B CTEP)KHAX ()EPMBI CO IIMPEHTEIbHOM PEIIETKOM.
Bpruncnenue yCuinii 1o JUHUSAM BIHSIHUS
16 |OOGyuaromiee TecTHpOBaHNE
5 cemecTp
1 |Cratuuecknii W KHUHEMAaTHYECKHUH CIOCOOBI OMpEETICHUS CTETNEeHH CTaTHYeCKOU
HEONPEACIUMOCTH
2 |BbiOop OCHOBHOH CHCTEMBI METOJIA CHUJIT
3  |Bwruucienne komnonenToB KCY MeToa Cit mpy CTaTHYECKON Harpyske
4  |Boruncnenue xomnoneHToB KCVY meroma cun mpu TemmepaTypHOM M KHHEMaTHYECKOM
Harpyskax
5 |Peanu3anus matpuuHON (POpMBI METOAA CHII
6 |ANTOpuUTM BBEICHHS B CHCTEMY [OTIOJIHUTENBHBIX CBS3€H [UIA CO3/MaHUS OCHOBHOM
CHCTEMBI METOJIA IEPEMEIICHUN
7 |llocTpoenue 3mop n3rndarIero MOMEHTa B OCHOBHOM cucTeMe MeToJia epeMelieHni
8 |Hcnonp3oBaHre TaOIMYHBIX AITIOP METOJA MEPEMENICHUI ISl BBIYUCICHHUST KOMIIOHEHTOB
KCV merona nepemenieHui
9 |O0yuaromee TECTUPOBAHUE
10 |Co3manume OCHOBHOH CHCTEMBI CMEHIAHHOTO MeToaa. (OCOOEHHOCTH BBIYHMCIICHHE
xommouenToB KCVY cMmemanHoro Meroaa
11 |OcHoBHas cucTeMa KOMOMHHPOBAHHOTO METOA C JIOTIOJHUTEIBHBIMU CBSI3IMHU
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TeMbl NpaKTHYECKHUX (CEMHHAPCKHUX) 3aHATHI

n/n
12 |KoMOMHMPOBaHHBIA METO AJIsi CAMMETPUYHBIX PACYETHBIX CXEM
13 |MeToa KOHEUHBIX 2JIEMEHTOB JUIsl pacuéra ¢pepm. MaTpuila HHACKCOB
14 |MeroJ KOHEYHBIX 3JIEMEHTOB JUIsl pacyéra paM. MaTpuiia MHIEKCOB
15 |Pacuer pambl B SCADe
16 |OOyuaromiee TECTUPOBAHHUE
3aounas popma o0yueHust
Ne .
i TeMbl NpaKTHYECKHUX (CEMUHAPCKHUX) 3aHATHI
4 cemecTp
1 |Pacuer craTudecku ONpeneanuMbIX paM CI0KHONH KHHEMaTHYECKON CTPYKTYpPBI
2 |Pacuyer craTuuecku onpeneluMbIX (epM CI0KHONH KHHEMATH4YECKOH CTPYKTYphl
S cemecTp
1 |Pacuer craTuuecku HEONPEAEIUMBIX CUCTEM METOJIOM CHUJI
2 |Pacuer craTMuecku HEONPEAECTUMBIX CUCTEM METOAOM MepeMelieHUH
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IIpakTuyeckue 3ansTus 1-4
IIpoBeaeHne MOJTHOT0 KMHEMATHYECKOT0 AHAJIM3A /ISl IVIOCKUX IAPHUPHO-
CTEepP:KHEBBIX CHCTEM

s Toro 4toObl HEMOCPEACTBEHHO MEPEUTH K pacueTy KOHCTPYKIMH (TPEICTaBICHHON B
BUJIE €€ pacyeTHOHl CXeMbl) HEOOXOOUMO IPOBECTU KUHEMAMUYECKUU aHAAu3 STOW pacuyeTHOU
cxembl. JIrobasi cTpouTelibHass KOHCTPYKIUS JTOJDKHA OBITh T'€OMETPUYECKH HEU3MEHSEMOH, T.e.
MIOCTOSIHHO COXPAaHSTh T'€OMETPHUYECKYI0 (OopMy, 3aJaHHYIO MpH BO3BeAeHMH. KuHemarnueckuit
aHaJIM3 TO3BOJISIET MPOAHAIM3UPOBATh OOPA30BAHUE CUCTEMBI, BBIACISASA JUIIHUE CBSI3U, €CIIU OHU
CYLIECTBYIOT, U CJ€JaTh BBIBOJ O I'€OMETPUYECKON HEU3MEHSIEMOCTH (M3MEHSIEMOCTH) 3aJaHHOMN
pacueTHOM CXEMBI.

Kunemarndeckuil aHaau3 COCTOUT U3 IBYX YACTEU: KOIUUECMBEHHO20 U KAYECE8EHHO2O0.

B Xxome KOIMYECTBEHHOrO KHHEMAaTHYECKOTOo aHalli3a JeJaloT BBIBOJ O CTaTHYECKOMN
OIIpEeAETMMOCTH (HEONIPEAECTUMOCTH ) 3aJaHHOW pacueTHOU cxeMbl. L{enbro aToro ananusa sBiaseTcs
YCTaHOBJICHHE JOCTATOYHOTO 4YMCIa CBS3CH JUISI T€OMETPUYECKON HEU3MEHSEMOCTH CUCTEMBI, a
TaK)X€ HAJIMYUE UM OTCYTCTBHE JIMILIHUX CBSI3EH.

B xone kauecTBEHHOro KMHEMAaTHYECKOTO aHalid3a MAeNaloT BBIBOJ O TI'€OMETPUUYECKOMN
HEU3MEHAEMOCTH (M3MEHSEMOCTH) 3aJlaHHOM pacyeTHON CXeMbl, a TaKKe O €€ MIHOBEHHOMU
HEU3MEHAEMOCTH (M3MeHsieMocTH). llenp KauecTBEHHOro KMHEMAaTHYECKOro aHaju3a — OLEHKa
MPABHJIBHOCTH YCTAHOBKH JIOCTATOYHOT'O YKCIIa CBSI3EH.

1. Mepoli KonuuecmeeHHo20 KUHEMAMU4ecKko20 AHAIu3a SIBISCTCS CMeneHb CMamuieckoll
Heonpedenumocmu cucmemwvl —\W (Wi 9uCIIo cTeneHeit cBo0OIbI).
Ecru W =0, To 3amaHHas pacueTHas cxeMa craTuuecku onpeznenuma, ecau W)0, to

3aJJaHHasl pacyeTHasi CXxeMa T'eOMETPHUYECKH M3MeHseMa (T.e. siBisercss mexanusmom), ecan W(O0,
TO 3a/laHHAsl pacyeTHasl CXeMa CTaTHYECKH HEOIpeesMa U |W| OTIpeIeNsieT KOJTUYECTBO JTULUHUX

CBSI3€, HAJIO)KEHHBIX HA CUCTEMY.
KonnyecTBEeHHBIN KMHEMATUUYECKUI aHAIU3 JJIs IUJIOCKMX IIAPHUPHO-CTEPKHEBBIX CHUCTEM
MOKHO MPOBECTHU IO OJTHOM M3 U3BECTHBIX (HOPMYII.

1.1. @opmyna UYebwviwesa nas onpeneneHus CTENEHH CTATUYECKOM HEONpPeneIrMMOCTH
CHCTEMBbI NMPUMEHSETCS] 0OBIYHO B Cilydae OOJBIIOTO KOJIMYECTBA OMOPHBIX CBs3€H, a Takke MpU
HGYJIO6CTBC BBIACIICHHA 3aMKHYTBIX KOHTYPOB B CUCTEME:

w=31-2m% -c,, (1.1)

rac I[ — KOJIMYCCTBO XCCTKUX NUCKOB CUCTCMBI; ]_H(l) - 06mee KOJIMYCCTBO ITPOCTBIX (OI[I/IHapHLIX)

IIAPHUPOB 3a/IaHHON PACYETHOM CXEMBbI, OOBEAMHAIOIMUX KECTKUE NUCKH cuctembl; C, — oOmiee

YHCJIO OTIOPHBIX CBSI3€H B 33JJaHHOM pacYETHOU CXeMe.

OTtpe30k ynpyroi JIMHUU 3aJaHHOW PACUETHON CXEMBI, paCCMAaTPUBAEMBIN KaK KECTKOE LIEJIOE,
NPUHATO Ha3bIBaTh Ouckom. Ha TMJIOCKOCTHM AHCK HMMEET TPHU HE3aBUCHUMBIX IEepeMEIIeHNUs,
UMEHYEeMbI€ CTeNeHSIMU CBOOOJBI. [l TOro 4TOOBI OMpPENEeNUTh KOJIMYECTBO JKECTKHX IMCKOB
3aJJaHHOM pacueTHOW CXEeMbI, HEOOXOJMMO B 3TOM cHUCTEeME OTOPOCUTH BHEUIHHE (OMOpHbBIE) U
BHYTPEHHUE CBS3U U IOCUYUTATh KOJUYECTBO MOIYYEHHBIX IIPU 3TOM OTAEIIBHBIX YaCTEH CUCTEMBI.

Ilpocmoui (oounaphwill)) wiapHup — 5TO BHYTPEHHSIST CBSI3b 2-TO BHUAAQ WU IIAPHUD,
O0BbETUHSIOMNN MeX1y coOoi nBa ceueHHs. [IpocToii mapHUp MOXKET ObITh «I10 H3THOaroLIeMy
MOMEHTY», «I10 MOIMEPEUHOM Ccujie» U «I0 MPOJOJILHOMY YCHUJIHIO» B 3aBUCUMOCTH OT TOTO, Kakoe
BHYTPEHHEE YCWJINE OTCYTCTBYET B JAaHHOM ceueHuH. Ha puc. 1.1 mokaszansl nmpumepbl MPOCTHIX
(0oMHAPHBIX) MIAPHUPOB U CEYEHMSI, KOTOPbIE 3TU IIAPHUPHI 00bETUHSIOT.
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a) —io— i@‘_ 6) it ,II:
|

L. -

Puc. 1.1. [IpocThie mapHUPHI:
a) 0 MOMEHTY; 0) 110 TIOTIePEYHON W TIPOJAOIHHON CHIIE.
Ecnu mapuup obbenunsier Oonee IByX CEUEHUM, TO €ro Ha3bIBalOT CIOXKHBIM. KonuecTBo
MPOCTHIX HIAPHUPOB B COCTABE CIOKHOTO OMPEICISIOT 0 hopMyIie:
mY =c-1, (1.2)
rae C — KoIM4ecTBO CeUeHUi, 00beIMHAEMbIX B JaHHOM IapHupe. Ha puc. 1.2 nokazansl npumMepsl
CJIOKHBIX APHUPOB U CEYCHHUSI, KOTOPHIC AT MAPHUPHI 0O TUHSIOT.

m®=3-1=2 1
—t— m®=4-1=3

m® =3-1=2

|, —?TT— m®=4-1-3
? m® =3-1=2

Puc. 1.2. CnoxHble mapHUpbI
Konuuecmeo onopnvix peaxyuti (T.€. 94UCIO OMOPHBIX CBS3€M 1-TO poja) ONMPENesitoT MOCIe
TOTO, Kak KaXJaas ONOpHas CBA3b B 3a/laHHOM pacyeTHOM CcXeMme MpeiCTaBlieHa B BHJIE €€
LIapHUPHO-CTEPKHEBOro aHajora (cM. mnpuwiokenue 1). Ilpu TakoM u300pakeHUH KaKIOMY
OTIOPHOMY CTEPKHIO COOTBETCTBYET OJIHA OMIOPHAs PEeaKIIHsL.
Jlanee mpuBeACHBI MPUMEPHI HCIONB30BaHUS (GopMyIsibl UeOblmeBa MpH pacueTe TUIOCKHX

pam.

IIpumep 1. OmpenenuTh CTENEHb CTAaTUYECKOW HEOMPEIENIMMOCTH 3aJaHHON pacyeTHOMN
CXeMBbl, n300pakeHHOM Ha pucyHke 1.3,a, mo hopmysne YeOrnimena.

6
a) 1 . 3 5 % 6) ﬁ D1 - - D3P
7;/2;;; - 7|€ f =D D4<>=>

I=4; m¥=3; C, =6.
Puc. 1.3

Pewenue. OTOpoCcHUB BHEIIHUE CBSI3M B ToUKax 1, 2, 6, 7 1 BHYTpeHHUE CBS3U B TOUKax 3, 4,
5, TIONy4uM 4YeThIpe XKecTkuxX nucka: 1-3, 2-4-3-5, 5-6 u 4-7 (cm. puc. 1.3,6). Hlapuupsi,
O00BETUHSAIONINE KECTKUE JUCKH CHCTEMBI PaCIlOJOKEHBI B To4kax 3, 4 u 5. B kaxmoit u3 3THX
TOYEK — MPOCTHIE MAPHUPHI, TAK KaK OHU OOBETUHSIOT MEXIy co00ii o nBa ceueHus. KonnuectBo
OTNIOPHBIX PEAKIM COOTBETCTBYET KOJIMYECTBY OIOPHBIX CTEPKHEH NPU 3aMEHE Omop UuX
HIAPHUPHO-CTEPKHEBBIMU aHAJIOTaMHU: B T.1, 2 — IO OJHOMY ONOPHOMY CTEpXKHIO, B T. 6 U 7 — 1O
nBa. B pesynbrare nosydaeM mectb onopHbIX peakuuil. @opmyna YeOpiieBa npuHUMAaET BU:

wW=31-2m®» -c,=3-4-2-3-6=0,
CJICAOBATCIIbHO, 3a/laHHAasd PACUCTHAA CXEMA CTATHYCCKU OIPCACINMA.
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Ilpumep 2. OmpenenuTh CTENEHb CTaTUYECKOW HEONPEIEIMMOCTH 3aJaHHON pacyeTHON
CXEMBbI, N300pakeHHOU Ha pucyHKe 1.4,a, mo popmyne YeObIiena.

a) 2351 © &)
D, D,
D
2 6 (2) e (2)
D, D,
3 7 )

n=5; w®=6; C,=3.
Puc. 1.4

Pewenue. OTOpOCHB BHEIIHHUE CBSI3U B TOYKAX 3 U 7 M BHYTPEHHHUE CBS3HM B TOYKax 2, 3, 4,
6, TIOJIYYUM TATh JKECTKUX JuckoB: 2-1-4, 2-3, 2-6, 3-7-6 m 4-5-6 (cm. puc. 1.2,06). 3mech
HE00X0MMO OOpaTUTh BHUMAaHHME HA PACIOJIOKEHHE CBs3el B Toukax 3 u 7 (3 — mapHup
BpE3aHHBIN, 7 — MPUMBIKAIOIINIA, TO3TOMY B T.3 IHCK pa3pe3acTcsl Ha OTIENbHbBIC YacTH, a B T.7 —
HET).

lapuupsl, 00BEAUHSIONINE KECTKUE AUCKU CUCTEMBI PACIIONOKEHbI B TOukax 2, 3,4 u 6. B

TOYKax 3 U 4 — MpOCThIE IIAPHUPHI, TAK KAaK OHU OOBEAUHSIOT MEXKY COOOM IO JBa CEUYCHHs, a B
TOYKaxX 2 M 6 - CIOXHbBIC, TAK KaK OHH OOBEIUHSIOT MEXAy co0oil mo Tpu ceueHus. KonnyectBo
OTOPHBIX PEAKIUHA COOTBETCTBYET KOJMYECTBY OIOPHBIX CTEP)KHEH IpHU 3aMEHE Omop HX
HIApPHUPHO-CTEPKHEBBIMU aHANOraMu. B pe3ynbpTaTe monydaeM TpU OMOPHBIX PEAKIIHH.

®opmyna YeObllieBa IpUHUMAET BUL:

W=31-2m% -C, =3.5-2.6-3=0,
CJICAOBATCIIbHO, 3aaHHasA paCuCTHaA CXEMa CTaATHUYCCKHU OIIPpCACINMa.

[Ipumep 3. Omnpenenuth CTENEHb CTATHYECKOM HEOMPENSTMMOCTH 3aJaHHOW pacueTHOMN
CXEMbI, H300pakeHHO Ha pucyHke 1.5,a, mo popmyne YeOrniiesa.

a) 1 5 6) Dl
2 A6 O
3 7
SN R

JO=1; m®=1; C, =5.
Puc. 1.5
Pewenue. OTOpOoCHB BHEUIHHE CBA3M B TOYKAX 3 M 7 W BHYTPEHHIOIO CBSI3b B TOUKe 4,
MOJIYYUM OJIMH KECTKHH nuck: 3-2-4-2-1-5-6-4-6-7) (cMm. puc. 1.5,0).

[apHup, OOBEIMHSIONINI ABa CEUEHHS KECTKOTO JMCKA CUCTEMBI, PACTIONIOXKEH B TOUKe 4.
KonnyecTBo OMOPHBIX peakifii COOTBETCTBYET KOJIMUYECTBY OMOPHBIX CTEP>KHEH MPH 3aMeHe OTop
WX IIapHUPHO-CTEP)KHEBBIMH aHAJIOTaMH. B pe3yibTaTe moirydgaem msTh OMOPHBIX PEAKIIHH.

®opmyina YeOblmeBa NpUHUMAET B

w=31-2% -c, =3-1-2-1-5=—4,
CJICAOBATCIIbHO, 3aJaHHAaA paCcud€THAA CXEMa CTAaTUYCCKH HEOIPEACTINMAa U UMCCT YCTBIPE JIUIIHUC
CBA3U.

1.2. Ucnonw3oBanue Qopmynsl YeOblmeBa JUis ONpeaeNeHUs] CTENEHU CTaTHYeCKON
HEOIPEISIMMOCTH CUCTEMBI HE BCEr/ia 11eJ1eco00pa3Ho, a MHOI' /A 1aeT HENIPABUIIbHBIN pe3ybTar (B
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cnyqae, Korga B CUCTEME UMCHOTCA 3aMKHYTI>Ie KECTKHUC I[I/ICKI/I). ECJII/I CUCTCEMA UMECT BaMKHYTLIe
KOHTYPBI, YHCIIO CTETIEHEH CBOOOIBI ONIPEACIISIOT IO hopMmyie KOHMYPOs
w=1® -3K, (1.3)

1 . o
rae 1Y — obuee xommuecTBO IPOCTHIX (OAMHAPHBIX) LIAPHUPOB 3a/laHHOM PacueTHOM CXEMBI,
OOBEIUHSIOMNX BCE JKECTKHE JWUCKU CUCTeMbl; K — KOJIMYecTBO 3aMKHYTBIX KOHTYpOB,
00pa30BaHHbBIX KECTKUMU JAUCKAMHU PACUETHON CXEMBI.

[Ipumep 4. OnpenenuTh CTENEHb CTATUYECKON HEONPENeTMMOCTH 3aJaHHON pacyeTHOU
CXEMBI, H300paXeHHOH Ha puUCyHKe 1.6,a, 10 popmMyIie KOHTYpOB.

1 5 [ @) o @

a) W;Z . ° ° 7 6) & =
@® )
3 6 9 &) &) |
o7 |E z ] [N
4 @

(1-5-6-3-4-2-1)
K=3/(5-7-8-9-6-5) m® =9(r.1,2,3,4,5,6,7,8)
(3-4-9-6-3)

Puc. 1.6

Pewenue. 3emiro TpencTaBliieM B BHJIE JKECTKOIO JUCKA, HE MMCIONIETO CTeneHen
cB0001bI. Toraa moydyuM TpH 3aMKHYTHIX KOHTYpPa, 00pa30BaHHBIX KECTKHUMH JUCKAMH CHUCTEMEI.
Cnenyer oOpaTuTh BHUMaHHE Ha TO, YTO OJHOCTEP)KHEBBIE OMOpPHBIE CBs3U 1-2 U 3-4 Takxke
ClIelyeT paccMaTpuUBaTh B BUJE >KECTKHUX JUCKOB cucTeMsbl (cM. puc. 1.3,0). Ha pucyHke ykazanbl
TOYKH, B KOTOPBIX €CTh IPOCThIC MIApHUPHI. B Toukax 8 W 9 nByXCTep)KHEBBIE OINOpPHBIE CBS3U
BXOJIAT B (hOPMYITy KaK IPOCThIC MIapHUPBI. OKOHYATEIIBHO TIOJTy4aeM

W=1m®»-3Kk=9-3.3=0,

CJIe/IOBATENIbHO, 3aJJaHHasl pacueTHas CXeMa CTaTUYECKU ONpeeuMa.

[Ipumep 5. OmnpenenuTh CTENEHb CTAaTHYECKOW HEONMPENEIMMOCTH 3aJaHHOM pacueTHOMN
CX€MbI, H300pakeHHOM Ha pucyHke 1.7,a, mo (hopmyse KOHTYpOB.
(1)

a —— §
) i © (1-5-6-7-2-1)
® K=3{(2-7-8-3-2)
2 ! @ — (3-4-8-3)
1) _ _
G R
— 2 ® sl
4 / @ q

Puc. 1.7

Pewenue. 3emiro TpencTaBisieM B BHJE JKECTKOTO JMCKA, HE HMEIOIEro CTreneHen
cB0001b1. TOr1a MOTyYUM TPH 3aMKHYTHIX KOHTYpPA, 00pa30BaHHBIX KECTKHUMH JIUCKAMH CHUCTEMBI.
OAHOCTEP)KHEBYIO OMOPHYIO CBsI3b 3-4 TakkKe CleqyeT paccMaTpUBaTh B BUJE IKECTKOTO JHUCKA
cuctemsl (cMm. puc. 1.7,6). Ha pucyHke yka3aHbl TOYKH, B KOTOPBIX €CTh MPOCTHIC U CIIOKHBIC
mapHupsl. B Touke 8 nByXxcTepikHEBasl OMOpPHAs CBSI3b BXOJIUT B (YOPMYIy Kak MPOCTOH IIapHHUP.
OKOHYaTENBHO NOIYyYaeM

w=m®-3Kk=9-3-3=0,

CIIeIOBATENbHO, 3a/JaHHAs pacyeTHAs CXeMa CTaTUYECKH OIpeienmMa.
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IIpumep 6. OmpenenuTh CTENEHb CTATUYECKOW HEONPENESIMMOCTH 33JaHHOM pPAaCUETHOMN
CXEMBbI, H300pakeHHOM Ha pucyHKe 1.8,a, Mo hopmysie KOHTYpPOB.

6
a) 1 5 ) o _gl@-2-4-6-5-1)
- T1(2-3-4-6-7-3-2)
) A 6 10
= - m® =2(1.4,7)

an
3 7 1)
o Ve Puc. 1.8

Pewenue. 3emiro mpencTaBiisieM B BHIE JKECTKOTO JWCKa, HE HMMEIOLIET0 CTeleHeil
cBoOozbl. Torza moay4nm JBa 3aMKHYTBIX KOHTYpPa, 00pa30BaHHBIX JKECTKHMH JAUCKAMH CHCTEMBI.
Kectkyto 3aenKy B Touke 3 MOXKHO paccMaTpuBaTh Kak MPOJOJKEHHE aucka 2-3 (cm. puc. 1.7,0).
Ha pucyHke yka3aHbl TOYKH, B KOTOPBIX €CTh HPOCTHIE HIAPHHUPHI. B Touke 7 IByXCTep)KHEBas
OIIOpHAs CBSI3b BXOAUT B (hopMyiTy Kak mpocToid mapaup. OKOHYATEIBHO MOTydaeM

wW=m®-3Kk=2-3.2=-4,
CIIeIOBATEINIFHO, 3a/laHHAsl PAacUeTHAs CXeMa CTaTHYECKH HEONpe/ienuMa U UMEET YEThIpe JIMITHHUE
CBSI3U.

2. HarmoMHHM, YTO B XOAE KAYECMBEHHO2O KUHEMAMUYecKo20 aHaau3a JeNaloT BBIBOI O
reOMETPUUECKON HEU3MEHSIEMOCTH (M3MEHSEMOCTH) 3aJlaHHOM PacyeTHOW CXEMbl, a TaKXKe O ee
MIHOBEHHOH HeM3MeHseMocTU (n3MeHsieMocTH). ClelyeT Takke OTMETHTb, YTO IpPU MPOBEACHUU
KMHEMaTUYeCKOI'0 aHallu3a BCe JAMCKM CHUCTEMbI (BKJIIOYas OIIOPHBIE) CUYUTAIOT aOCOIIOTHO
KECTKUMU (HeIe(hOPMUPYEMBIMH).

2.1. ['eomempuuecku HeusmeHsemMol CHUCTEMON Ha3bIBAETCS Takas CUCTEMa, y KOTOpOH
MEPEMELIEHUS] OTAENBHBIX TOYEK BO3MOKHBI TOJIBKO BCJEICTBUE JAedopManuu €€ OTAEIbHBIX
yacteil. [IpumepoM Takoil cHUCTEMBI MOXET CIY)XXUTh UIAPHUPHO-CTEPKHEBOH TpPEyrojbHHUK,
n300pakeHHbIN Ha puc. 2.1,a. Ecnu Toukn 1 u 2 3aKpenuTh Ha MIOCKOCTH, & TOUKY 3 MOIBITATHCS
MEPEMECTUTH, TO 3TO OKAKETCS BO3MOXKHBIM TOJIBKO BCJIEACTBUE JIeOopMallUi KaK MUHUMYM JBYX
cTepxHeit 2-3 u 1-3.

I'eomempuuecku usmensemas CACTEMa — ITO TaKas CUCTEMA, Y KOTOPOH BO3MO>KHBI KOHEUHBIE
(moctato4yHO OO0MbBINIKE) TEPEMENICHUS OTAEIbHBIX TOUEK 0e3 AegopMaliu ee OTAEIbHBIX YacTel.
[TpuMepoM CITy>KUT IapHUPHO-CTEPKHEBOM YEThIpeXyroybHUK (cM. puc. 2.1,0). Ecnu Touku 1 u 2
3aKpEIJIeHbl Ha TIOCKOCTH, TO TOUYKH 3 ¥ 4 MOTYT MOJIYYUTh KOHEUHbIE IIEpEMEIICHHSI BCIIEICTBUE
nepeMeIeHus cTepxHs 3-4.

a) ° s 6)
3
1

Puc. 2.1

Meznosenno uzmensemas cucreMa — 3TO Takas CHUCTEMa, y KOTOPOH BO3MOXKHBI OECKOHEUHO
MaJible IepeMelIeHHs] OTAETbHBIX TOUeK 0e3 nedopMaliuy OT/IEIbHBIX YaCTEH CUCTEMBI.

2.2. Ilpusnaxu MCHOBEHHO USMEHAEMBIX CUCTIEM.

1. Bce omopHble CTEpKHU 3a/laHHOM pacyeTHOM CXEeMbl NapajuleIbHbl MEXAy Cco0oil.
Hanpuwmep, Ha puc. 2.2,a u3obpaxeHn Jomanblii 6pyc 1-2-3. B 1.1 oH mpucoenuHsieTcs K 3emiie
TOPU30HTAJIBHBIM OMOPHBIM CTEP>KHEM, a B T.3 — BEPTUKAJIbHBIM IOJI3YHOM, KOTOPBI MOXHO
NPEJCTaBUTh B BUJE JBYX TOPU3OHTAIBHBIX cTepxHeW. Takum oOpa3zoM, 3aqaHHas pacyeTHas
CXéMa MOXET TIOJY4YUTh OECKOHEYHO Majloe BEPTHKAIBHOE IEepEMELICHNEe, KOTOpOEe He
cornpoBokaaercs nedopmanuent otaenbHbix crepxuei 3PC (em. puc. 2.2,0).
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M | ==
1 %’i‘gliuy

Puc. 2.2
2. Bce omopHbIE CTEp)KHU IepeceKaroTcs B oaHOM Touke. Hampumep, Ha puc. 2.3,a
M300paXkeH JIOMaHbI OpycC, IPUKPEIJICHHBINA K 3emiie B Toukax 1, 3 u 4. Bce omopHbIe CTEpKHU

MIEPECEKAIOTCs B T.2, KOTOpasi Ha3bIBACTCsl IICHTPOM MIHOBEHHBIX CKopocteil. Becy muck 1-2-3-2-4
MOKET MOBEPHYTHCS OTHOCUTEIIBHO T. 2 Ha OECKOHEYHO MaJiblil yroi (cm. puc. 2.3,0).

g% SV 1‘”2 23

¢,

4 Pzi L4
Puc. 2.3

3. Tpu mapHupa nexar Ha OJHOHM MPSIMO. DTOT MPU3HAK BHITEKAET M3 1.2 U OTHOCUTCS HE

TOJBKO K BHEIIHMM, HO WM K BHYTpeHHHUM cBs3siM. Hampumep, Ha puc. 2.4,a uzoOpakeHa

TpeXILIapHUpHAas paMa, y KOTOpOil Bce TpH IIapHUpa B Toukax 1, 2 u 3 jexaT Ha OJHOW MPSMOM.

Takum 06pa3om, Touka 2 MOXKET MOJYYUTh OECKOHEYHO Majoe MepeMeIIeHUE, MEePIEeHINKYIIPHOES
otpe3ky 1-2-3 (cMm. puc. 2.4,0).

Puc. 2.4
4. OpnHa u Ta e ONOpHAas peaklys MPUHUMAET Pa3JIMUYHbIe 3HAYSHUS [IPU €€ ONPEACTICHUN U3
pasHbIX ypaBHEHMIl paBHoBecus. Hampumep, s Oanku, u3zo0paxkeHHOM Ha puc. 2.5,a,
BEPTUKAIBHYIO PEAKLHUIO B T.1 MOKHO ONpPENEIUTh U3 YPAaBHEHHUs CYMMBbI NPOEKIUI BCEX CHJI Ha
ocb Y, a TakXke W3 CyMMbl MOMEHTOB BCEX CHUJI OTHOCUTENbHO T.2. M3 mepBoro ypaBHEHHS
nostydaeM Y; = P, a u3 Broporo ypaBHenus — Y; =0, cnenoBarensHo 3PC MrHOBEHHO M3MEHsIEMA.

m Pl
a) % 2}% 13Y=Y,-P=0=Y,=P
6) = D 23 mom,=-Y,-a=0=Y,=0
X, 2 X,
" a )
1 7
Puc. 2.5

2.3. Jlns Toro, 4ToOBI JOKa3aTh TEOMETPUYECKYI0 HEHW3MEHSEMOCTh 3aJaHHOH pacyeTHOM
cxembl (manmee 3PC), HeoOXOAMMO Ha KaXIOM JTame ee 00pa3oBaHUs BBIICIUTH IIAPHUPHO-
crepxHeBoil TpeyronbHUK (nanee LLICT). OtaenbHbIM «3Takom» WM 3TanoMm obpazoBanus 3PC
CUMTAETCs €€ YacTh, MPeCTaBIIAoNmas co00il ameMeHTapHy 0 pacyeTHyo cxemy. K HUM oTHocsTCS:

— OJHOTIpOJIETHAs OajKa;

— JIOMaHbIA Opyc;
— TpexIIapHUpHas pama.
O6pazoBanue HICT paccMoTpum Ha ipuMepe ooHonporemuot oanxu (cMm. puc. 2.6)

a’%;;; 0 Wsr I

Puc. 2.6
B 1.1 Oanka mpukperuieHa K 3emiie IIapHUPHO-HETOABUKHON CBSI3bI0, KOTOPask MOKET OBITh
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n300pakeHa B BHJIE IBYX OTIOPHBIX CTEpikHEU (puc. 2.6,a) UM ¢ TOMOIMIBIO OJHOTO MIAPHUPA «IIO
MOMEHTY» (puc. 2.6,0); B T.2 — OJHOCTEP)KHEBOW BEPTHKaIbHOH CBsI3bi0. B obOpazoBanum 3PC
yetko BujeH LICT, t.e. Tpu aucka, 0ObeIUHEHHBIC TPEMS IIAPHUPAMH, HE JIS)KAUIMMHA HA OJHOU
npsimoit. IlepBeiii auck — Oanka 1-2, BTOpOW JWCK — OMOPHBIM CTEpPKEHb 2-3, TPETHH TUCK —
«3emisp». Tpu qucka coelrMHEHBl MIapHUpaMu B Toukax 1, 2, 3. B nanbpHelieM npu MpoBeIeHUU
KaueCTBEHHOI0 KNHEMATUYECKOro aHan3a gocrtatoyHo nokasarts ICT, kak Ha puc. 2.6,B.

UTo0BI JOKa3aTh MTHOBEHHYIO HEH3MEHSIEMOCTh JIOMaHOTO Opyca, n300paxeHHOro Ha puc. 2.7,

He0o0X0IMMO B MEPBYIO O4Yepelb BBIICIUTH TPU IapHUpa B 00pazoBanuu 31oit 3PC.
a) 6)

/

?
Puc. 2.7
Ha puc. 2.7,0 moka3aHO, KaKk OIOPHBIC CBSI3M 3aMEHSIOTCS WX MIAPHUPHO-CTEPIKHEBBIMH
aHaJIOTaMH, TIPH 3TOM SIBHO BUJIHBI IIECTh MApHUPOB. JIoMaHbI Opyc mpeacTaBisieT coOO OauH
aTan 00pa3oBaHMsI, CIEAOBATEIBHO, JUISl KAYECTBEHHOI'O0 KHHEMAaTHYECKOTO aHalM3a HEOOXOIUMO
nokazate oauH IICT mnsa 3PC. Ob6pamasice k puc. 2.6,a, 3aMeTUM, 4TO ImapHUp B T.1 oOpazoBan
MePeCceUeHUEeM JIBYX OJTHOCTEPXKHEBBIX CBsi3eil. Bocmonb3yemcs 3TuM Juiss 0Opa3oBaHHS Tak
Ha3zbIBaeMoro mMuumoco waprupa (nanee MIL). MU nHa puc. 2.7, B oOpa3yeTcsi Ha EpPECEUCHUN
crepxHeit 1-2 u 3-4. LLICT ans 3amanHOr0 ToMaHoro Opyca o0pa3yercs STUM QuUKMUBHBIU UAPHUD

(®II) u mapHUpamu B ToUkax 5 u 6 (cM. puc. 2.7, B).
Hpyrue npumeps! oopazoBanust LLICT B momaHbIX Opychsix n300pakeHbI Ha pucC. 2.8.

a) 6) //MLU —————————— r%
WCT V

42

N

Puc. 2.8
Takum o00pazoM, >KeCTKUU MHUCK (Oarka WM JoMauwli Opyc) SBISIETCS 2eomMempuiecKu

neusmensiemolm (Moxkao moctpouth ILICT), ecau OH KpemuTcs K «3emiiey» TpH TOMOIIU mpex
ONOPHLIX cmepoicHell, ocu KOTOPBIX He napaiieibHvl Opye Opy2y W He nepeceKkaromcs 8 OOHOU

mouke.

Puc. 2.9
AHAJIOTHYHO, JUTSI TPEXIMIAPHUPHBIX paM KadeCTBCHHBIH KWHEMATHYCCKHA aHaJIW3 COCTOWT B

noctpoenuu LLICT (puc. 2.9).
B HekoTophIX ciydasx Hu3J0KeHHbIe BbIle criocoObl ortoOpakenus LLICT He moryt ObITh

UCMOJb30BaHbl. Hanpumep, 171 TpexapHUpHON paMbl, n300paskeHHOH Ha puc. 2.10, n1Ba mapHupa
(B8 1.1 u 3) BuAHBI SBHO, a TPETUH HAXOJUTCS HA MEpPECeUeHUU cTepkHer 5-6 u 7-8, T.e. B
0eCKOHEeUYHOCTH. B TaHHOM cilydyae MOKHO paccMaTpHBaTh OTPE30K, COCTUHSIOMUN Touku 1 u 3
KaK OJIHOCTEP)KHEBYIO CBs3b. Torjga Touyka nepecedeHus auHuM 1-3 m crepxHs 7-8 gact OIII, a
HICT oOpasyeTcst BcleACTBUE COSAMHEHUS ATOr0 (PMKTUBHOTO MIAPHHUPA C TOUKaMu S U 6 (CM. pHc.

2.10,6).
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Puc. 2.10

2.4. CymecTBYIOT TaKXe JpPYrHe METOJbl, MO3BOJISIONIAE JOKa3aTh T'€OMETPHUYECKYIO
HensmeHsieMocTsb 3PC, Hanpumep, memoo 3amenvt cesazeti. CyTh €r0 3aKITH0YACTCS B CICIYIONMIEM:

- 3PC npeobpa3yroT BO BCIOMOTATEIBHYIO IyTEM OTOPACKIBAHHSI OJTHOU JIIO00 CBSI3U (BHEIIIHEH,
BHYTPEHHEH, YIJIOBOW WJIM JIMHEWHOW) U YCTAHOBKH JIFOOOM JIPYro OJHOM CBSI3M TaKUM 00pazoM,
4TOOBI reOMeTprUYecKass HeM3MEHIEMOCTh TIOJYYEHHOM BCIIOMOTaTenbHOM pacueTHoil cxembl (BPC)
OblIa OYEBU/IHA;

- nna BPC B HampaBneHuu OTOpOILIEHHOW CBSI3M INMPHUKJIAABIBAIOT JII000E HEHYJIEBOE YCUIIHE,
HaIpuMep, paBHOE EIMHULIE;

- qmaa  BPC onpenensitor 3HaueHHWE ONOPHOM peakUMM WIM  BHYTPEHHErO  yCHUIIuS,
COOTBETCTBYIOILLIEIO YCTAHOBJICHHOM CBS3H;

- €clIu MOJY4YeHHOE 3HaueHue paBHO Hymo, To 3PC — MrHOBEHHO H3MEHseMa, MHAue OHa
o0JiazjaeT CBOMCTBOM MTHOBEHHOM HEU3MEHSIEMOCTH.

PaccMoTpuM mpuMEHEHHE METOAa 3aMEHbl CBs3C€W ISl MPOBEACHUS KA4YeCTBEHHOTO
KuHEeMatndeckoro ananu3a st 3PC, m3obpaxkenHoit Ha puc. 2.10,a.

M
a) 6) B) 3 2 4 @ 5
(] 4” | ﬁ
, | .
zE - e =5> 5 5 41—Ia
y oa ), al o L.
yoa, a

1y mom, =1+X;-a=0= Xz =-1/a
2.y mom;* =M, ,+1-(1/a)-2a=0=>M, ,=1+0

Puc. 2.11

- 3PC (puc. 2.11,a) npeobpazyem Bo BcriomorarenabHyto (puc. 2.11,0) myrem orOpacbiBaHus B T.5
YyIJIOBOM CBSI3M W YCTAHOBKM B T.3 CBsI3W, 3alpelialomieil MOBOPOT; TaKUM 00pa3oM,
reoMeTpruYecKasi HEM3MEHSIEMOCTh MOJIYYEHHOW BCIIOMOTATEIbHON PaCYeTHOM CXEMbI OUEBUIHA;

- nns BPC B HampaBieHUU OTOPOIIEHHOW CBSI3U (B T.5) MPHKIAIbIBAEM H3THOAIONIMI MOMEHT,
PaBHBIN €IUHULIE;

- s BPC ompenenseM 3HaueHHE BHYTPEHHEro yCWiHs (M3THOAMONMIEr0 MOMEHTa Ma.y),
COOTBETCTBYIOIIETO YCTAHOBJIEHHOMU CBSI3H;

- TOJIy4YeHHOE 3Ha4Y€HHE HE PAaBHO HYJIO, ciaeaoBaTenbHO 3PC — MTHOBEHHO HEM3MEHsIEMa.

3. PazmoxxeHne CI0KHBIX ITapHUPHO-CTCPIKHCBBIX CHUCTEM HaA JJICMCHTAPHBLIC PACUYCTHBIC
CXEMbI Ha OCHOBC KMHEMAaTUYCCKOI'O aHaJin3a.

Ipumep 3.1. OnpenenuTs NOPSIOK pacueTa 33qaHHOM PacyeTHOM cXeMbl, M300paKEHHONW Ha
pucyHke 3.1,a, BBINOJHNB KHHEMAaTHYECKUI aHAJIN3.
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D, D,

Puc. 3.1
Pewenue. BeIITOJTHUM KUHEMATUYECKUN aHAIN3

Konuuecmeennwiii kunemamuyeckuii anaau3 BHIIOTHUM 110 Gpopmyiie YeObImesa:
A=2; W®=1; C =4 (cm. puc.3.1,6).
W =37-211" -C,=3.-2-2-1-4=0,

CJIeOBaTEIbHO, 3aJaHHas pacyeTHas cXeMma CTAaTHUYEeCKHU OIpeleanma. 3HA4UT, BCE BHEIIHHUE
OTIOpPHBIC U BHYTPEHHHE PEAKIIMH MOXHO OMPEAEIUTh, UCIOJb3Yys TOJBKO YPaBHEHUS PABHOBECHSI.
KomuuectBo takux cBased B 3PC HeoOXOOMMO M JOCTATOYHO IS TOTrO, YTOOBLI CHCTeMa Oblia
MTHOBEHHO HEM3MEHIESMOM.

Kauecmesennviii xunemamuyeckuti anaiu3 TO3BOJIMT HaM CACJIaTb BbLIBO, IMPABUJIBHO JIM
PaCIIOJIOKCHDBI OTH CBA3HU.

Ha nepBom sTane o6pazoBaHMs MOXHO BBIIEIUTD KECTKUM TUCK D1, CBSA3aHHBIN € KECTKUM
JUCKOM «3EMJISl» OJHOM CBSI3BI0 TPEThEro poja (KecTkoi 3aaenkoir). Ha BTopom srame
o0pa3zoBaHMs kecTKH quck D2 npucoeannsercss BHyTpeHHEN CBA3bIO BTOPOro poja (IIapHUPOM) K
MIEPBOMY A3TaXXy M BHEIIHEH CBSA3bI0 MEpBOro poja k 3emue (puc.3.2). lllapHupHo-cTep>KHEBBIE
tpeyronsHuku (ILICT) yka3ansl Ha puc.3.2.

2 312 3 4
' I
7 1 7 1 5
e
e e
Puc. 3.2

Pacuer naunnarot Bcerna ¢ HOCJIEAHEI'O JTAIIA o6pa3osanus 3PC. C yyetom BHeEIIHeH
MPUIIOKEHHOM Harpy3Ku Ajs 1ucka 3-4-5 MOXKHO 3amKcaTh TPU HE3aBUCUMBIX YPaBHEHUS, KOTOpBIE
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MO3BOJIAT ONIPCACIIUTL TPHU HCU3BCCTHBLIC HA 9TOM JTaIIC:

(Zm0m3=0
{Zx=o
D=0

Puc. 3.2

Xs
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IIpakTnyeckue 3aHATHA 5-8
Pacuer cTaTH4ecKHu onpeaeMMbIX 3JIEMEHTAPHBIX PACYETHBIX CXeM Ha
Nnpo4YHoCcTh. OxHONMpOIeTHAS DasIKa
Jl1s1 3a1aHHOM pacueTHON CXeMblI OaJIKu TpeOyeTcs:

1. IIpoBecTH MOIHBIA KUHEMATUUECKUI aHAIN3 33]ITaHHON PACUYETHOM CXEMBI.
2. Omnpenenuts OMOPHBIE PEAKIIUU JJI 3aJaHHOM PACUETHOW CXEMBI.
3. Tloctpouts 3mropbl U3rHOAIOIIUX MOMEHTOB M MOTEPEYHBIX CHIL.

IIpumMep BuINOJHEHHA 3a0aHus1. /{ano: pacueTHas cxema Oanku (puc. 1.1.1);

O,Sqaz lqa q

. y Vv
/L | K
, a , a , a 1,0,5a|,
7 T 1

Puc. 1.1.1

Pewenue
1.1.1. IIpoBeieHre KHHEMATHYECKOT0 AHAIN3A 32IAaHHOM PACYETHOM CXeMBbI

Konuuecmeennuwlii kunemamuyeckuul aHaius.
Jns mpoBelieHUsT TOJHOTO KUHEMATHMYECKOrOo aHajih3a HEOOXOJMMO 3aMEHUTh
OTIOPHBIE CBSI3U UX HMIAPHUPHO-CTEP>KHEBBIM aHAJIOTOM U 0003HAYUTh ATH CEUCHUS (CM.

puc. 1.1.2).
A B
a s

Puc. 1.1.2
OnpenenuM CTEMEHb CTATUYECKOW HEONMPEAEIMMOCTH 3alaHHOM pacueTHOU
cxemsl (3PC) o dpopmyie:

W =3D —211M — ¢,
v/ 4HCJIO )KECTKUX IUCKOB CUCTEMBL: D = 1;
v/ 4HUCII0 IPOCTHIX MIAPHUPOB, 0OBEANHSIONMIX sKkecTkue aucku cuctemsr: I = 0
v’ 4ucno onopHsIx crepxkHeil: C, = 3 (CA = 2, CB = 1, em. Ipunoacenue ).
Nmeem,
W=3-1-2-0-3,
caenoBatenbHO 3PC cTaTHYeCKU onpeaeanma.

Kauecmeennwiti kunemamuyeckui ananus.

[IpoBenem anamm3 3PC Ha reoMEeTpUYECKYH0 HEU3MEHSEMOCTb, KOTOpas
o0OecreynBaeTcsi HaJIMYMEM IIapHUpHO-cTepkHeBOro  TpeyrosnbHuka (LLICT),
00pa30BaHHOI'O OMOPHBIMHU CBSI3SIMH, HAJIOXKCHHBIMH Ha JUucK (puc. 1.1.3).

A ML

Puc. 1.1.3
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Takum o6pazom, 3PC reomerpuyecky HEM3MeHsieMa.

1.1.2. OnpenaesjieHue ONOPHBIX PeaKIUid 1J1sl 3aJaHHOMH PACYeTHOM cXeMblI

Ha puc. 1.1.4 BBeneM cucteMy KOOPJHMHAT, OCH KOTOPOW OINPEACIISIOT MPaBUIIO
3HAKOB JIJII OTOPHBIX pEaKIMil, 3aJaHHBIX CBOMMH OOO3HAYCHHSMH, IIPH 3TOM
HEU3BECTHBIC PEAKIIMKM CUYUTAIOTCS IMOJI0KUTEIHLHO HAIPABICHHBIMHU.

Y
O,Sqa2 gq q
, e | s0
e i
M, Yy
, a , a , a 1,0,5a|,
1 1 1
Puc.1.14

Ha3naunMm ypaBHEHUSI paBHOBECHS JJIsI ONPEIEIICHNS ONIOPHBIX PEAKIUM, TPUYEM
JUISI WCKIIFOUYEHHSI B3aMMOBIIMSIHUS TOJYYaeMbIX pe3yJbTaTOB BBIOEPEM TaKHe
YpaBHEHUS, U3 KOTOPBIX OJHO3HAYHO OMpenessiach Obl Kaxaas W3 HCCIETYEMBIX
pEeakMii ¥, HEe YYUTHIBAJIOCH BIMSHUE IBYX APYTHUX, @ UMEHHO:

Xpa&=2X=0;
M,y <> momg =0,
HaﬁIIGM OIIOPHBIC pCAKIIHNH, PCIINB ITPUBCACHHBIC BBIIIC YPABHCHUA!

> Y =-0a+Ys-0-0,5a=0 = Yg =1,5qa-

> momg =M, +0,5qa° +ga-a—q-0,5a-0,25a=0 =
M , = —1,375qa* .

T3

3HaK nepea 4YucCJIOBbIM 3HAUCHUEM OHOPHOﬁ PCaKIK YKa3bIBACT HA TO, UTO

HalpaBJICHUC I[aHHOﬁ PCaK HAA0 U3BMCHUTDb HAa IMTPOTHUBOIIOJIOKHOC.

2
1,375qa2 0,5ga 74 q
—
A - 'C BA
1,5ga
, a 10,5a,0,5a, a ,0,5a|,
1 1 1 T 1
Puc. 1.1.5

Takum oOpa3zoM, peakliMMi OTIOPHBIX CBSI3€W OINpPEENICHbI, YTO MO3BOJIIET YKa3aTh
Ha pacyeTHOW CXeMe BCe HArpy3Ku B SIBHOM BUJE («B 3HAU€HHUAX»), cM. puc. 1.1.5.
JlaHHBIE 3TOr0 PUCYHKA MCHOJB3YIOTCS AJIA MPOBEIEHUS KOHTPOJISI MPABUIBHOCTU
ONpeeeHHs PeaKIil OMOPHBIX CBA3EH MO paHee He3a1eCTBOBAHHOMY YPAaBHEHHIO
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KoHTpoJib:
> mom. =-1,375qa* +0,5qa” —qa-0,5a+1,5qa-1,5a—q-0,5a-1,75a=0

1.1.3. IHocTpoeHue 3MIOP BHYTPEHHUX YCUIIH I

[Ipy T1UTOCKOM W3TMOE B TOMEPEYHBIX CEUYCHHUSX Oankd BO3HHUKAIOT JIBa
BHYTPEHHUX CHJIOBBIX (pakTopa (yCuius): u3rudarommuii MoMeHT M u momepedHast
cuna Q.

Jns Toro 4toOBI TPOM3BECTH pacyeT Oajku Ha M3rud, HEOOXOIWMO 3HATh
BEJIMYMHY HAWOOJBIIEr0 W3rHOAIMero MOMeHTa My, W TIOJIOKEHHE CEUYCHUS, B
KOTOPOM OH BO3HHKAaeT. TOYHO Takke HaJ0 3HATh HAHOOJBIITYIO MOTMEPEUYHYIO CHITY
Qmax. B ¢BsI3u ¢ 3TM BO3HHMKAeT HEOOXOIUMOCTh BBISICHUTH 3aKOH M3MeHeHuss M u
Q 1o myuHe 6anku. [[71s 3TOM 11e71M 0OBIYHO CTPOSIT TaK HA3BIBAEMBIC 910OPbL YCUIULL.

Oniopvl  ycunui — TpaQuKH pacnpeAcsiecHUuss BHYTPEHHUX cui (ycuiuii),
MMOCTPOEHHBIC HA OCAX PaCYETHOU cXeMbl. [locTpoeHme AIIop MO3BOJISET MOBBICUTH
HalJSITHOCTh KapTUHBI PACTIPEEICHUS YCUIUN 10 CEYCHHUSIM PACUCTHOU CXEMBI OT
BO3JICUCTBUS 3aJaHHOW HArpy3Kd M ONPENETUTh CEUCHHUS C MaKCHUMaJlbHBIMU
3HAUYCHUSAMH YCUITUH.

JIJst OCTpOEHUSI BIIOp, UCHONB3YS Memoo cedeHuti, ONPEACNIIOT YHUCICHHBIC
3HAUYEHUS MOMEHTOB U TMIOMEPEYHBIX CHJI JUIS psiia TOYeK (KOHmMpOaupyemwvlx
cedenuil) ¥ IO HUM CTPOSIT COOTBETCTBYIOIIUE TpaduKu.

Hasnauenue xonmponupyemvix ceuenuil.

Hcnonb3oBaHuE TOHATHS KOHMPOIUPYEMO20 cedeHusl TI03BOJSEeT pa3OUTh
pacueTHYI0 CXEMy Ha Y4acCTKH, B MpejeiaXx KOTOPBhIX XapakTep HU3MEHEHUS YCHIHS
npenonpezaeieH (cM. [lpunosicenue 1).

B OamouHbIXx cuCTEMax ONPENESIONIMM YCUIIUEM SIBJISIETCS M3TUOAOIINN
MOMEHT, TOCKOJBKY, MUMEsl JMI0PY MOMEHTOB M PaCUeTHYH CXeMy, MOXKHO 0e3
CJIOKHBIX MOCTPOCHHH TMOJIyYUTh 3MIOPY MONEpedHbIX cuil (cM. [Ipunoxcenus 3, 4).
[ToaToMy mpu Ha3HAYEHUH KOHTPOJIUPYEMBIX CEUEHUN BBIJICISIEM M HYMEpPyeM Te
CEYCHHMSI, B KOTOPBIX BOSHUKAIOT XapaKTepHbIE 3HAUCHUs U3rudaroniero MmoMmenra M.
K HuM otHOCATCS:

v’ ceuenue 1O KOHIIAM PACYCTHON CXEMBI;
v’ ceuenue, B TOYKE TPHIOKECHUS COCPeOOMOUECHHOU Cuibl (BHEIIHSS CHIa WM

OMOpHAs peaKuus);

v’ 06a ceuenus 10 ¥ TIOCIIE TOYKH MPUIIOKEHUS 6HEUIHe20 U32Uubaiouje20 MOMEHma,
v mpu ceuenus MO KOHIIAM W TOCEPEIUHE Yy9acTKa IEUCTBHSA PACHPeOeseHHOl
Hazpy3Ku, CBOOOTHON OT COCPEAOTOUCHHON CUJIBI MJIM U3TM0al0Iero MOMEHTA.

B nanHOM mpuMepe HEOOXOAMMO HA3HAYUTh CEMb KOHTPOJHMPYEMBIX CEUCHUN
(cm. puc. 1.1.6). Ilpu atom cornacHo Ilpunosicenus 3 0yieM UMETh TPU ydacTKa C
JUHEWHBIM U3MEHEHHEeM u3ruobaroimiero MoMeHnta (1-2, 3—4, 4-5) u oguH y4acTok ¢
napaboIMIeCKUM 3aKOHOM (5—6-7).
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2
1,375¢¢°  0,5qa l an q

( 0 yv.y
§ 23 4 s 6 7
1,5ga
, a , a | a --"
1 7 7 Tk
0,25a
Puc. 1.1.6

Buviuucnenue opounam snwopel uzeubaouwux MoMeHmos.

Jlyis onipeniesieHus YMCICHHBIX 3HaYeHUH ycuauss M B KaKIIOM KOHTPOJIUPYEMOM
CCUCHUHU TPUMEHSCTCS Memoo cedeHuti, OCHOBAHHBIM HAa PAaCUICHEHWU PacueTHOU
CXEeMbl TI0 KOHTPOJIUPYEMOMY CEUYECHHMIO Ha JBe 4acTh. [Ipu stom gopmynupyrorcs
YCJIOBUSI PaBHOBECHS TOJBKO OJIHOM M3 4YacTed ¢ 3aMEHOW OTOPOIIEHHOM YacTH Ha
CUCTEMY HEWU3BECTHBIX YyCHWJIHMH, TIepelaBacMbIX Yepe3 IIOCKOCTH paspesa.
HewusBectupie ycumuss M u Q B KOHTPOJMPYEMBIX CEUEHHUSAX H300paXKaroTCs
MOJIOKUTEIHHO HAIIPABICHHBIMHU:

® nonodicumenvras nonepeunas cuna Q CTPEMHTCS NOBEPHYymMb PACCMATPUBACMYIO
4acTh OAIKH 1o yacosou cmpenke (cm. puc. 1.1.7);

[IpaBmiT0 3HAKOB JUISI TONEPEIHON CHIbl Q

i I ]
I T 1

®, L

0 ®
ﬁ%ﬂg : AJL ﬁ)" | j

QA—/ Qk—/

@ TT Q L 4}_— 'cl @ C. — |

f ) J 1

| G
0 O Qk—j

Puc. 1.1.7
® O u32u6aiomeeo MOMeHma 3HaK HE CTaBAT, BAX)KHO, KAKHME BOJIOKHA 3TOT MOMCHT
pacTsAruBact.
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i k

@) pacTsHYThIE BOJIOKHA MONIEPEYHOTO CEYEHUsI pacookeHbl noHu3y o6anku (PB/H)

M M M/( —i /\'_j

(ot ) — 6

PB/H

0) pacTsiHyTbIE BOJIOKHA MTONIEPEYHOTO CEYEHUs PacIookKeHbI nogepxy o6anku (PB/B)

(C—r—7) —C

M M, Mk—j
PB/B

M

Puc. 1.1.8

[Tpu ucnonb3oBaHUU 0003HAUEHUS JIJII KCKOMOTO YCHJIUSI BBOJIUTCS HyMepalus
yCWIHSI IBYMS IU(PpaAMHU:

» nepeas yugpa — HOMEP KOHTPOJHMPYEMOTO CEUEHHUS, B KOTOPOM YCHIIUE
OIpEaEsIeTCs;
» emopas  yugpa — HOMEpP CEUEHHs] Ha  MPOTHUBOIIOJIOKHOM  KOHIIE

paccMaTprBaeMOro yyacTka.

Ecoiu B pe3ynbraTe penieHus YypaBHEHHUsI paBHoBecus ycwine M umeet
oTpuraTebHbIN 3HaK (puc. 1.1.9,a-T), TO 3HaUUT, U3rKOAIOIIUA MOMEHT JICHCTBYET B
MPOTUBOMOJIO)KHOM HampasiieHnd. O HAKO 3HAK M3rMOArolero MOMEHTa HE UTpaeT
HUKAaKOW POJIM, a BMECTO HEro BBOJUTCS TMOHSATHUE «PACTSIHYTOE BOJOKHO
norepeyHoro ceueHus» (cM. puc. 1.1.8).

Bbluncnym 3HaueHusl U3rudarolMx MOMEHTOB B KaKJIOM U3 7-MU Ha3HAYEHHBIX
KOHTPOJIMPYEMbBIX CEUYEHMI, HCIOJb3ysl YpaBHEHUS pABHOBECHS B MOMEHTax
OTHOCHUTEIJIEHO TOYEK PACUJICHEHHS pacyeTHOM cxemsl (puc. 1.1.9).

%) O,Sqa2 94 4
\/"g ° ’/\ l A A > mom, =M, , +0,5qa° —qa-2a+
> ﬁl 23 ) 1 .° 7 +1,50a-3a-q-0,5a-3,25a = 0=
12 Qi 1,5ga

L, a |, a |, a |} M =—1,375qa° (PB/H).
/ 1 1 REBE
0,25a
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0,5ga ge q
S ST x 2
AN Tfﬁé 7 Y W > mom, =M, , +0,5qa" —ga-a+
B O, 1,5qa +1,50a-2a—-q-0,5a-2,25a=0=
y, a }p a )} M,y =-1,375¢a” (PB/H).
1 1 LBEBY
0,25a
B) lqa i
M Cg ; 4 5‘[ T 2_mom; =M; 4 —0a-a+15qa-2a-
o TTQ 154 ~q-0,5a-2,25a = 0=
3-4 ,
L, a L, a1} Mj 4 =—0,8750a° (PB/H).
1 1 BEL
0,25a
r) q
/' C )
M4_5\\ TT)‘]- 5“ é 7
45 1,5ga > mom, =M, s +1,50a-a—-q-0,5a-1,25 =0 =
b, a b)) ,
" Pk M, 5 = —0,8750a° (PB/H),
294

Puc. 1.1.9 (nayano)

ll) q
Gt

M ﬁ’s 6 7 Y mom; =M: ¢ —q-0,5a-0,25a =0=
Qs Mg ¢ = 0,125q32 (PB/B).
0,25a

e) g
E momg = Mg : —(-0,25a-0,125a =0=

6 6-5
RN 2

O s M¢_s =0,031ga” (PB/B).
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1,375qa2 O,Sqa2 lq" 4 M, Ymom,=M;_s-1375qa" +
. Fo vyY 2
('1 i ” = 7ﬁ§ +0,50a“ +ga-1,5a-1,5ga-0,5a +
1,5ga 0, +9-0,5a-0,25a=0=
y a ) a  a )}
1 1 1 PLBL M, =0,
0,25a

Puc. 1.1.9 (oxoHuaHue)

Ilocmpoenue sniopvi u32UOAIOUWUX MOMEHMOS.
[Tpu mocTpoeHUH SMIOPHI N3TUOAFOIINX MOMEHTOB HEOOXOIUMO:
® OTJIOXKHUTH HA OCSIX PACUETHON CXEMbl B KOHTPOJUPYEMBIX CEUCHUSIX OpIMHATHI,
paBHbIC HAlJICHHBIM 3HAYEHHUSIM MOMEHTOB, CO CHOPOHbI PACIAHYMbBIX 80JIOKOH,
® COCIMHHUTH OPJMHATHI, YUUTHIBAsI XapaKTep HU3MEHEHUS YCWIHS (IUHEeUHbll WIH
napaboauyeckuil), cM. Ilpunosicenue 3.

[To naHHBIM pHC. 9 TOCTPOUM SIIOPY M3rHOAIOIIUX MOMEHTOB (cM. puc. 1.1.10).

0,125
i 53 g 0,031

2
5 6 7 s 44

0,875

1,375
Puc. 1.1.10

Bvluucnenue opounam sniopvl NOnepeyHsvix Cuil.

[Tomepeuynast cuiaa WMEET TEOMETPHUYECKHA CMBIC TaHTCHCA YIjla HaKJIOHA
KacaTeIbHOU K JITI0OPE M3rHOaroIIero MOMEHTa B PaCCMAaTPUBAEMOM CEUEHUH B OChIO0 X
OaJku.

[ToaTOMY BBIYHMCIIEHHE OPIMHAT SIIOPHI MOMEPEYHBIX CHIT BKIIFOYAET B CEOS:

® pacwieHEHHUE IMIOPhI N3TUOAIONINX MOMEHTOB Ha YYaCTKH, B MPEAesiax KOTOPBIX
MOMEHT U3MEHSIETCS 110 €IMHOMY 3aKOHY (JIMHEHHOMY WJIH MapaboInuecKoMy);

® BBIYHCIICHUE [IJISl JIMHEWHOTO Yy4acTKa SIIOPHI M3THOAIONUX MOMEHTOB MOYJIS
TaHT'€HCa COOTBETCTBYIOIIEro yria (cM. [lpunoocenue 4);

® DPa3JI0KCHUE KPUBOJIMHEHHOTO (TTapadoIMYecKOoro) y4acTKa SMIOPBI H3THOAFOIIIX
MOMEHTOB Ha JIMHCHHYIO M IMapa0OJIMYECKyI0 YacTH W BBIYHCIICHUE MOIYJIeH
TAHI€HCOB COOTBETCTBYIOIIUX YIiI0B (cM. [lpunosicenue 4);

® TPUCBOCHUE «UHKEHEPHOTO» 3HAKa JITHM 3HAUYCHUSIM: HONEPEeYHaAs Culd B
CEYEHUH MONONHCUMETbHA, €CJU YYacTOK ¢ JITHUM CeYeHHeM Ha »JIIope
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MOMEHTOB HY:KHO BPalllaTh HO YACO60Il cmpesiKe 1Jisi COBMEIIeHUs ero OCH ¢
KacaTreJIbHOW Ha JMIpe MOMEHTOB (B 3TOM iK€ CeYeHHM), HCIOJIb3yH
MHHMMAJIbHBINA U3 YIJI0B IOBOPOTA.

1 2 @ ga’ |1,375-1,375 |’
Q2=Q = a =0
1,375
0) ’Ill a I||,
3 4 . |0,875-0,875|qa’
’ Q34 =Qq 3= a =0
0,875
0,125
().
s | 0,875+0,125|qa?
Qus5=Q5 4=~ =—0a
a
_]0,125-0|ga* q.0,5a
57 = 0.5a + 5 =0,50a
; |0,125-0]ga’ q-0,5a 0
- 7-5 = 05 T -V,
|’ 0,5a Q7_5 < Ol, ,od
1 7
Puc. 1.1.11

Ilocmpoenue snopvi nonepeunvix cui.
[Tpu mocTpoeHuM 3MIOPHI MOMEPEYHBIX CHUIT HEOOXOIUMO:

® OTJIOXKHUTh HA OCSIX PACUETHOM CXEMbl B KOHTPOJUPYEMBIX CEUEHUSIX OPJIUHATHI,
HalJIEHHbIE MO OIIOPE HU3TMOAIOIUX MOMEHTOB, TMPUYEM HOJIOHCUMENbHbIE
OpIAMHATHI OTKJIAJIBIBAIOTCS 86€pX OT OCH PACUECTHOW CXEMBI, & OMpPUYameabHble —
6HU3,;

® COCIMHUTH OPJAWHATHI, YUYUTHIBAS XapaKTep U3MEHEHUsl ycuius, cM [IpunoowceHnue

1.
ITo ganubiM prc. 1.1.11 nocTpoum smropy momnepednbix cui (em. puc. 1.1.12).
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0,5

. 23 : M
| | 5 7 @,qa

®

®

1,0
Puc. 1.1.12

Koumponw npasunvrnocmu onpedenerus opounam 3niop YCuiuil.
KoHTposib TMpaBUIBHOCTH OMNpeaesieHuss opAauHaT smiop ycwiuid s 3PC
IPOU3BOJUTCS IS MPOW3BONIBHOM dacTu Oanku (puc. 1.1.13), nms kotopoit

COCTABILIIOTCS YpaBHEHHs paBHOBecks (Y u 2, MOMp ).

05qa2 qa q >Y =-ga+1,5ga—q-0,25a-0,25qa=0
l D {} 0,031 20N = ~1,375qa” +0,5qa° +qa-0,5a +
J ' T ) ) a
NN 4 5T6l  415qa-0,5a—q-0,25a.0,625a
1,375qa 1,5ga 0,25qa

| , a }05a}05a) | 0.25a -0,25¢a-0,75a—0,031ga’ = 0.
/ — 4 11

Puc. 1.1.13
VYpaBHeHuss paBHOBecHus  orpe3aHHoM 4dacth  3PC  ylIOBIETBOPAOTCS
TOXJIECTBEHHO, YTO CBUJIETEIBCTBYET O 3HAUUTEIBHOW JOCTOBEPHOCTH MPOBEICHHBIX
MMOCTPOCHHUI.

Kpome 3TOro mpaBuiIbHOCTH MOCTPOEHMS AMIOP M3TMOAOIIKUX MOMEHTOB M
nomepevHbIX cuil Q Mo XapaKTepHBIM CEYCHHUSIM MOKHO MPOBEPUTH, UCTIONB3YS P
oOmux mnpaBwi. OAHM M3 HUX SABISIOTCS CIEACTBUAMU M3 AU epeHInaIbHbIX
3aBucuUMOcTel Mexay (, Q u M, apyrue BBITEKAalOT HEMOCPEICTBEHHO M3 METOMAA
CEUYECHUM.

OO61mue yka3aHus K MOCTPOCHHUIO S0P M3TUOAIOIIUX MOMEHTOB U MONEPEYHbIX CUJT
1. Ecniu momepedHasi Cuia, U3MEHSACh HENMPEPHIBHO MO JIMHEWHOMY 3aKOHY,
MPOXOJIUT Yepe3 HyJeBOE 3HaYEHUE, TO B COOTBETCTBYIOIIEM CEUCHUM M3THOAOIINNA
MOMEHT UMEET HKCTPEMAIbHOE (MaKCUMaIbHOE I MUHUMAJIBHOE) 3HAUCHUE.
2. B cedyenun, re MPUIOKEH H3THOAONIMI MOMEHT (COCpeIOoTOYEHHas Mapa
cun):
v'Ha smope M monydaercs CKaukooOpa3HOEe W3MEHEHHE OPIMHAT — CKAuoK,
PaBHBIN NPUIIOKEHHOMY BHEIIIHEMY MOMEHTY;
v'Ha smrope Q HUKAKUX U3MEHEHHM HE TPOMCXOIMT.
3. B ceuenuu noj cocpe10TOYCHHOMN CHUIION:
v'Ha smope M IPOUCXOIUT pe3Koe M3MEHEHHE yIa HAaKIIOHA (M3JI0M) CMEKHBIX
Y4aCTKOB 3IIOPHI,
v'Ha smope Q moay4aercs CKauykooOpasHOE H3MEHEHHE OpIUHAT — CKAuoK,
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PaBHBIN IPUJIOKEHHON BHEIIHEW CUJIE.

4. B Toukax, COOTBETCTBYIONIMX Havyally U KOHIy y4acTKa, B IIpe/iesiax KOTOpOoro
K Oajke MpuiIoXKEeHa pachnpeeseHHas Harpy3ka, napadoinyeckas ¥ IpsMOYToJbHas
yacTH »miopel M compsirarotcst TiaBHO, €ClI Ha TpaHUIAX YKA3aHHOIO Y4YacTKa He
PUIIOKEHO COCPEIOTOUCHHBIX CHUJI.

5. B ceduenuu Ha cBOOOIHOM WM IIAPHUPHO OTIEPTOM KOHIIE OaNKHU:

v usrubaromuii MomMeHT M paBeH HyIIO, €ClIM TaM HE TPHUIOKEH BHEIIHHUI
U3rU0ArOMUii MOMEHT (COCpPEOTOYCHHAS Tapa CWJI), a €CIM OH MPHJIOKEH —
paBEH TOMY MOMEHTY;

v oniepeunas ciwiia Q paBHA COCPETOTOYCHHON CcHyle (BHEIIHSS CHJIa W OMOPHAS
peakius), a €CJIM CHJIa HE IPUIIOKEHA — NONEepeYHas Cujla paBHa HYJIIO.

6. B ceuenuu, coBmajgamomEeM C 3a7€IKOM u3rhoOaronmi MoMeHT M wu
nonepevHas cuia Q YKCICHHO PaBHBI OMOPHBIM PEAKIIHSM.
7. Ecili Ha HEKOTOPOM YyYacTKe:

v Q >0, 1o usrubaromuii MOMeHT yObIBaeT (ClieBa HAMPABO);
v' Q <0, o u3rubarommii MOMEHT BO3pacTaer (ClIeBa Halpaso);
v Q =0, 10 u3rubarommii MOMEHT OCTOSAHEH (YUCTBIN U3rHO).

CooTBeTCcTBHE IIOCTPOCHHLIX  JIIHOP YCI/IJ'II/Iﬁ HU3JI0KCHHBIM  BBIIIC 06IIIHM
YKa3aHUAM TaKKE CBUACTCIILCTBYCT O IIPABUJIBHOCTH IIPOBCACHHBIX HOCTpOCHHﬁ.
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IpakTnyeckne 3anaTusa 9-12
Pacuer cTaTu4ecKHu onpeaeMMbIX 3JIEMEHTAPHBIX PACYETHBIX CXeM Ha
NPoYHOCTh. JIoMmaHbIi Opyc

J71st 3a1aHHOM pacyeTHOM CXEMBI B BUE JIOMaHOTO Opyca HEOOX0IuMO:
1. IIpoBecTu MOJHBINA KUHEMATUUECCKUN aHAJIN3.
2. IlocTpouTh »SIIOpHl  M3rMOAIONIUX MOMEHTOB, TOINEPEYHBIX U
IIPOJOJIBHBIX YCHIIAM.
IIpuMep BbINOJIHEHNS 3aJaHUS.
Hano: pacuetHas cxema (puc. 1.2.1) ¢ yka3aHHeM MOMEHTOB HHEPIIUH ¢
CEYCHMI, KpaTHBIX MaciTady J.
TpeOyeTcst TOCTPOUTH 3MIOPHI YCUIIUNA B IOMaHOM Opyce.

~ (Vi

S J q
- 2J
S J J
2qa
= Zr *—>
, a | a K
1 1 1
Puc. 1.2.1
Pewenue

OcobenHocmpio JIOMAaHOTO Opyca B CpPaBHEHMH C OJHOIPOJICTHOM Oaikoi
SBJISICTCSI HAJIMYUE B €T0 CEUCHUSX HPOOOJbHbIX YCUAUL, BO3HUKAIOUIUX JAXe OT
MOTNIEPEYHON HArPy3KH.

1.2.1. IlpoBeaeHne KHHEMATHYECKOTO AHAJIN3A 32/IaHHOW PAaCUYeTHOH CXeMbI
Konuuecmeennwviti kunemamuueckuu ananus.
Jns mpoBeneHUs NOJHOrO KWHEMATHMYECKOIO aHajiv3a 3aJaHHOM pAaCUYETHOU
cxembl (3PC) HE0OX0AMMO 3aMEHUTH OMOPHBIE CBA3M UX IIAPHUPHO-CTEPKHEBBIM
aHaJIOrOM U 0003HAYMTh 3TU ceueHus (puc. 1.2.2).

%A

Puc. 1.2.2
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Crenenp cratnueckoit Heonpenenumoctu 3PC onpeaensiercs mo hopmyie:
W =3Dp - 2™ — ¢,
v/ 9HCII0 KECTKHUX JUCKOB CHCTEMBI: D = 1;
v/ YHICIIO MPOCTHIX MIAPHUPOB, 00BENHSIONIHX KECTKUE TUCKH cucteMsl: [ = 0;
v’ 4ncyo onopHeIX cTepxkaei: C, = 3 (C4 = 2, CB = 1).
HNmeem,
W=3-1-2-0-3,
cinenoBatenbHO 3PC cTatnyecku onpeaennma.

Kauecmeennwiii kunemamuueckuti aHanus.

[IpoBenem aHanu3 Ha reoMeTpuueckyro HeusMmensemocts 3PC, xkoTopas
oOecrieuynBaeTcsl HAJIMYMEM IIapHUpHO-cTepkHeBOro  TpeyrosnbHuka (LLICT),
00pa30BaHHOIO OMOPHBIMHU CBSI3IMH, HAJIOXKCHHBIMH Ha JTUCK (puc. 1.2.3).

_-¥ 3PC reoMeTpHUECKH
HEU3MEHsIEeMAa

Puc. 1.2.3

1.2.2. TlocTpoeHue >M0p ycHIHi
Ilocmpoenue 2py3060ii 3n10pvl U3LUOAIOUWUX MOMEHMOE OM 3A0AHHOU HAZPY3KU.
OnpeneneHue ONOPHbBIX PEAKIIMM.
3amenum omnopHseie cBs3u (puc. 1.2.3) Ha onopHbie peakuuu (puc. 1.2.4), mpudem
OTHOM pEaKIMH COOTBETCTBYET OJMH OIOPHBIA CTEep)KeHb. Peakmum 10 wuX
OTIpE/ICNICHUS] CUUTAIOTCS TIOJIOKUTEIHHO HAPABICHHBIMHU.

2 2
N — Ve

S q S q
X 2,5ga
S~ C =3 i TIRETRL.
B 5 6 7 8
S! S|
X, 2qa 0,5ga 2qa
A = — =~ 1> o>
YA/T qa
a a
4|: ,||' ,||f 4|, a 4|,O,5a4|,0,5a4|,
Puc.1.2.4 Puc. 1.2.5

Haiinem Hen3BeCTHBIC PEeaKIIMH, HCIIOJb3Ysl ypaBHEHUS paBHOBecus (2.1):
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dY=Y,—q-a=0=Y,=qa:

ZmomA :—qaz_q.a.(a+0’5a)_XB .a=0 :>XB :_2’5qa; (21

> mom ——ga’—q-a-(a+0,5a)+2ga-a+ Xa-a=0= X, =0,50a

3ameHss BBCIACHHBLIC Ha PpHUC.

)

1.2.4 o06o3HaueHUs] peaKIUid HaWJICHHBIMU

BEeKTOpaMu, moiiyuaem puc. 1.2.5 u ucnoiibdyem €ro Mg NMPOBEAEHUS KOHTPOJIS
NPaBUILHOCTU ONPEICTICHUS PEaKiii OTTOPHBIX CBSI3EH.

Kontpous: Y.MOM =—ga-2a+0,5qa-a—qa’ + g- a-0,5a+2ga-a=0.
[Ipy Ha3sHAYEHMM KOHTPOIUPYEMBIX cedeHMi Ha puc. 1.2.5 BBIIEIMM dYeThIpe

ydacTKa C JUHEWHBIM 3aKOHOM HM3MEHEHHs u3rmoOaromero momenra (1-2, 3-4, 5-6,
8-9) 1 0/IMH Y4aCTOK ¢ MapaboJIUUECKUM 3aKOHOM (6—7-8).

OHDCIICJIGHI/IG 3HAYCHUN OpAMHAT M MOCTPOCHUE I'PY30BOM SIIOPHI I/I3FI/I6aIOIHI/IX

MOMCHTOB.

Haiinem 3HaueHNs] MOMEHTA B KOHTPOJIMPYEMBIX ceueHusx (puc. 1.2.6).

a) Ny,
()
M1_2 T:>
| f——>
an 0,5ga
0) N,
AN 0,
.Av. 2\-\
S
0,5ga
e 1“ >
qa
2
B) — m qa
S

> mom =M; , =0,

> mom, =M,_; +0,5qa-a=0 =

M,_, =—0,5qa° (PB/),
(pacTSAHyTHIE BOJIIOKHA IIONIEPEYHOTO CEUCHHUS]
PACIIONOKEHEI C1e6a OT YUACTKA PACUETHOM
CXEMBI).

Smomy=M; ,—qa’=0 =
Ma_s = ga’ (PB/JD).

> mom, =M, ,—ga’ =0 =

My_3 = ga’ (PB/JI).
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Puc. 1.2.6 (mauano)

< S

el B S mom =M, ¢ +0,5qa-a—ga’ =0 =
. Ns ¢ _ 2
Ms_g =0,50a° (PB/H).

q
N6—7 V?* y *2,5(;]61
éxgjé 7 8] i Y. mony =Mg ;—q-a-0,5a+2ga-a=0 =

Me_; =-1,50a° (PB/H).

N7—8 ./ ;2,5qa
é\@% 8] T > mom, =M,_¢—q-0,5a-0,25a+2ga-a=0 =

M;_g =—1,8750a° (p/H).

3) Ny o
My 9 ARy Oc s > mong =Mg g +2ga-a=0 =
T8 Mg o = —20a* (PB/JT);
S M, 5, =M, o = —2qa’
2qa 87 8-9 da” (PB/H).
K= Qf——>
4y Ny_g
Oy_g
Myg T 2.momy =Mg ¢ =0.
2qa

Puc. 1.2.6 (oxon4yanwue)

[lony4yeHHbIE [aHHBIE UCIHOJIB3YEM Ul IOCTPOECHHSI TPYy30BOM  SIIOPHI
U3ru0aroNIMX MOMEHTOB Ha PACTAHYTHIX BOJOKHAX (puc. 1.2.7).
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1,0
315 6 7 2,0 8 2
0’5 2 \ @7 qa
0,5 \
L3 875420
1 9
Puc. 1.2.7

Tlocmpoenue sniopvl nonepeynvix cui.

Ha pwuc. 1.2.7 paccMOTpHM Y4YacTKH, BIIOJIb KOTOPHIX 3aKOH HW3MEHCHUS
M3TrU0ArOIIer0 MOMEHTA HE MEHSET CBOEr0 MaTeMaTHYECKOTO BHUJIA, U BBIYUCIAM TIO
HUM OpJMHATHI TIOTIEPEYHBIX CHJI KaK TaHTCHC yIJla HAKJIOHA KacaTeIhbHOW K JITI0pe
U3rudaroImux MoMeHToB (puc. 1.2.8).

%) 0,52 —
2 0,5]qa’
S » qa Q1—2 :Q2—1 = ' :_O,Sqa.
Qi, =Q,; <0 .
2 11,0-1,0|ga’
1,0 S & o Q4 =Q4 3= 3 =0
3 A
(4.0
"Hig&ffﬂ 1,5-0,5|qa’
Q56 =Qp5 = =qQa
=Qs>0 a
12,0-15|ga” q-a
6-8 3 > ga .
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1)

2 2
: 2,0|0a
3 i Qg9 =Q 5= _% =-20a

Qg9 = Qy5<0 9 —k
Puc. 1.2.8

[To pesynpraram BeramcieHui (puc. 1.2.8) mocTpoeHa smtopa MOMepPEeYHbIX CHUII,
n3zoOpaxenHas Ha puc. 1.2.9.

4

)

®
©

0,5 2,0

O ® @.a eXc

Puc. 1.2.9

Tlocmpoenue sniopvl NPOOOILHLIX CUIL.

Boeruucnenne opaunar smopsl mpoaoiabHbix cuil N (puc. 1.2.10) Ha ocHOBE AITIOPHI
nornepeyHbix cuil Q M y3710BOM Harpy3kud METOAOM IOCIEI0BATEIBHOTO BbIPE3aHMS
y3JI0B BKJIFOUAET B CeOS:

1. BbiOop mocneaoBaTenbHOCTH BBIPE3aEMBIX Y3JIOB, COAEpXKAILUX He Oojee 08yX
HEU3BECTHBIX MIPOJIOJIbHBIX YCUITHI:

v/ CHayaja pacCMaTpMBAIOTCS Y3Jbl “17, “47, “9” 1 “8”, comepxaliyue 00HO
(puc. 1.2.10a, 6, B) u 06a (puc. 1.2.10T) UCKOMBIX MPOJOTBHBIX YCHUIIUS;

v/ 3areM paccMmarpuBaercs y3en “2-3-57, comepiKamiuii mpu HEU3BECTHBIX
POAOIBHBIX YCUJIHS, B PE3yJbTaTe Yero HeOOX0AUMO 3a7aThCsl YNCICHHBIM
3HaYeHHUEM OJHONH W3 BEpPTUKAJIBHBIX TMPOJOJBHBIX CHJI C YYETOM
«AHXEHEPHOT0» 3HaKa, HWCIONIb3ys HAWJACHHOE 3HAYCHHE MPOAOIHHOTO

LU bl

yCHINS Ha 9TOM y4dacTke Opyca, T. e. Np—g = Ny_p =—02 (puc. 1.2.10 ).

2. @opmuposanue  ypaBHEHUH  paBHOBeCHUs i1  KaXJAOro U3  Y3JIOB
MOCJIEA0BATEIBHOCTH.

3. Bwiuucnenue OpAWHAT NMPOJOJIbHBIX YCUJIMH B y3/ie U3 YpaBHEHHUI paBHOBECHS B
IPOEKLHUAX Ha OCH II100aJIbHOM CUCTEMbI KOOPIUHAT.

4. Ilpuceoenue CMHXXEHEPHOT0» 3HAKa IIOJIyYEHHBIM 3HAYCHHUSIM:
non0YcumenbHoU NPUHUMACTCH pacmazusarouian (1eMCTBYIOIIAS «OT y3J1a»)
MPOA0JIbHAS CHJIA.
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a) N, 6) 2 B) Ny
2qa ﬁ

qa
O,Sqaﬁ ﬁ\ 2 |
— qa oI—>
an Uogn Ny, 2qa
>. X =-0,5qa+0,5qa=0 2X=0; 2 ga+2ga
ZYZN +qa:0:> ZY:_N4—3:0:> ZY:NQ_BZO;
1-2 N, ,=0- S mom, =0
Ny, =—0a; -3 0=0,
Y mom, =0 | 2.mom, =Cl<':12—qa2 =0
7 2qazﬂq2 5qa ZX = _N8—5 —2,5qa+2qa =0=
N : e - 2>a N8—5 =—O,5qa;
8-5 |
%i/zq 2 Y =—Ng =0 = Ng4 :O;
Ny oV 71 > momg = 2ga’ —2ga’ =0

1) N3_4ﬁ\qa2
5 qaZN Y X =Ng_¢+0,5ga=0 = Ns s =—0,50a -
5-6
f‘]a 2 2
>momg =ga” —qga“ =0,

Puc. 1.2.10
[To pesynbratam Beruucienuit (puc. 1.2.10) moctpoena smropa npooJIbHBIX CHJI,

n3o0pakenHas Ha puc. 1.2.11.
4

0,5

© ; ‘
@ 2

1,0

1
O ® ONL
Puc. 1.2.11
Konmponv npasunvnocmu onpedenenusi opouram 3mniop YCUiU.

KOHTpoJIb TPaBUILHOCTH OTIPEACIICHUS] OPAWHAT SITIOP YCUIMN TMPOBOAUTCS IS
MIPOM3BOJIBHONW YacTH JioMaHoro Opyca (puc. 1.2.12), mis KOTOpO# COCTaBISIOTCS
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ypasrenns parosecus (2 X =0, 2Y =0 y Y momg =0),

S Qqa2

S q

) 2,5qa

SANRE! Yy vy v 29 X —0,50a—2,50a+20a=0:

S 2715 & 7 &

= 0,5qa 2qa >Y=0ga-q-a=0;

Y i > momg =0,25qa* —ga-a+0,5qa-0,5a —

a O,25qa qa 2 2
1 —~ga’—qg-a-0,5a+2ga-0,5a+qa’ = 0.

a LO,SaLO,SaL
1 1 1 1
Puc. 1.2.12
VYpaBHeHusi  paBHOBecHsi  oTpe3aHHOM  4dacth 3PC  ylnOBIETBOPSAIOTCS
TOKJIECTBEHHO.
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IIpakTuyeckue 3ansatus 13-16
Pacuer craTu4ecKu onpeaeTuMbIX 3J1eMEHTAPHBIX PACYEeTHBIX CXeM Ha
Nnpo4YHOCThH. Pepma

Pacuem hepmul ¢ mpey2onvHoil peuémKkoil anatumudecKum u zpaguueckum
cnocooamu

IIpumep BbInoJiHeHUs 3agaHust. /Jano: pacdetHas cxema ¢epmsl (puc. 1.4.1).
BremonuuTth pacder ¢epmMbl C TPEYrojibHOM pPEHIETKOW aHAIUTUYECKUM H
rpaguIecKuM Croco0amu.

1. [IpoBecTr MOJHBIN KUHEMATUYECKUIM aHAJIN3 3aJaHHOM PACYETHOM CXEMBI.
2. Onpenenutb MPOJOJABHBIE YCHIHA B CTEPXKHAX (EepMbl aHATUTUYECKUM
METOJIOM.
3. Omnpenenuts NpOAOIbHBIE YCUITUS B CTEPKHAX (PepMbl rpapuuecKuM METOJIOM.
P
P lé P
QV
P(2 P2 "
1 5 10
b a | a | a |} a | a | a |
1 1 1 1 1 1 1
Puc. 14.1
Pewenue

Ocobennocmoio pacueTHor cxeMbl Tuma depma (puc. 1.4.1) sBusiercst HanM4Ke
B CEUCHMSIX €€ CTEP>KHEH TOJIbKO MpPOO0OabHbIX YCUIIHI, 4TO 00ECreunBaeTCs Kak
CIIOCOOOM TPUJIOKEHUSI HArpy3KH (COCPENOTOYEHHBIE CUJIbI B y3JaX-IIapHUpPax),
TaK U CHOCOOOM COEAUHEHHs CTEep>KHEW (epMbl B y3JIaX pPACUETHOM CXEMbl —
0€3MOMEHTHBIMHU IIAPHUPAMH.

1.4.1. TIpoBeaeHne KOJMYECTBEHHOT0 KHHEMATHYECKOT0 aHAJIN3A
Jlnis mpoBeneHUs KMHEMAaTUYeCKOro aHaiu3a HeoOXOJMMO 3aMEHHMTh OINOPHbBIE
CBSI3U UX IIAPHUPHO-CTEPXKHEBBIM aHAJIOrOM U 0003HAYUTh 3TH cedeHus (puc. 1.4.2).
6
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Puc. 1.4.2
CreneHb CTaTUYECKOM HEOMPENEIMMOCTH paCYeTHOM cXeMmbl THNa Qepma
omnpenensercs no Gopmyre:
W =2y -S5-¢C,,

v’ uncio y3noB Gpepmel: Y = 10;
v’ gucro crepxueit pepmer: S = 17;
v/ 9HCII0 OMOPHBIX cTeprkHei: C, = 3.

HNmeem,

W =2-10—-17 — 3 = 0, cmegoBarensHo 3PC craTudecKy onpeaenuma.

Ha puc. 1.4.3 BBoguTCs cuctemMa KOOPAMHAT, OCH KOTOPOU OMPEESIIOT MPaBUIIO
3HAKOB JUISl PEAKTUBHBIX CHJI, 3aMEHSAIOIIMX JIEWCTBHE HAa KOHCTPYKIIMIO OIMOPHBIX
cBsi3el. Peakiny 10 MX ONpPENENICHUs] CUUTAIOTCS NOI0JCUMENbHO HAIIPABICHHBIMH, A
uX 00O03HAUEHMs CIEYeT YBsI3bIBaThb C 0003HAYEHUEM OCH, BIOJIb KOTOPOW JEWCTBYET
pEaKIysl, U y3JI0M, B KOTOPOM OHA OIPEIEIISETCA.

P
P l() P
I P N
! 4 8
P/2 21 lg Pi3 4
| N/ L
A1 X=>A 5 B/r 10 z
// : [TYA YB
¥z ) a | a | a | a | a | a |
y 7 7 1 1 7 1
Puc. 1.4.3

[Ipu BBIOOpE ypaBHEHMII pPABHOBECHUS HJisi OINPEICICHUS] PEaKIUi OMOPHBIX
CBs3€H HEOOXOAMMO TMOM00paTh TaKue ypaBHEHUS, U3 KOTOPHIX OJIHO3ZHAYHO OBl
OTpeeNsiach TOJILKO OJIHA M3 PEaKIHMil U, TaKUM 00pa3oM, HE YUUTHIBAJIOCH OBl
BIIMSIHUE JBYX IPYTHUX PEeaKiuii. DTO MO3BOJIUT HAM HCKIIOYUTH B3aHMMOBIIHSIHHUE
MOJIy4aeMbIX PE3yJIbTaTOB.

ZXZOZ Xa=0

P P
> momg =0 —YA-2a+E-4a+P-3a+P-2a+P-a—P-a—E-2a=O =
Y, =3P

ZmomA=0: YB-2a+;-2a+P-a—P-a—P-Za—P-Ba—;Aa:O =
Yg =3P
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Wtak, peaknuu OMOPHBIX CBSA3€H OMPEIENCHBI, YTO TMO3BOJIAET yKa3aTh Ha
pacyeTHOM cXeMe BCe Harpy3KHu B SIBHOM BHUJE («B 3HAUCHUSAX»), KaK ATO CHIETaHO Ha
puc. 1.4.4.

P
P g P
P 4 g P
P/2 2l 19 P2 0
| ; : I
1 5 10
BPT T3P
b a | a |} a | a | a | a |
1 % 1 7 7 [ %
Puc. 1.4.4

HNannsle puc. 1.4.4 ucnonp3yloTcsi AJis MPOBEACHUS KOHTPOJIS MPAaBUIBHOCTH
ONIPENEIICHNS PEAKIIMM OIOPHBIX CBA3EH IO YPABHEHUIO

DY :—g—P—P+3P—P—P+3P—P—g:050_

1.4.2. OmnpenesieHue MPOJOJIBbHBIX YCHJIMHA B  CTepP:KHAX  (epmbl
aHaIumMuYecKum crnocodoom.

g onpezneneHus YCUIMM pacTSKEHUSA-CHKATUA B IUIOCKUX (hepmax C MPOCTOi
TPEYTOJIbHOU PEHICTKON MPUMEHSIOTCS MeMO0 CKBO3HbIX CeUeHUll N Memoo 8blpe3aHusl
V37108.

[Ipu KMcroNb30BAaHUU MemoOa CKBO3HbIX cedeHUll PACUETHYIO CXEMY PACYleHsI0m
Ha 08¢ uacmu, TaKuM 00pa3oM, YTOOBI YUCIO HEeU38eCMHbIX YCUIUN B CEYEHUU ObLIO
He bonee osyx. llpu 3TOM KadcOoe ycunue NOJKHO OMPEACNATHCS U3 0MOeNbHO20
YpaBHEHUSI PABHOBECUSI U He OOJICHO BblpadcamvCs 4Yepe3 YCuaus 8 Opyeux
CMEPIICHSX.

[Ipu UCNONBL30BAHUM MemMO0a 8bipe3aHUs Y3108 YCUIHS B CTEPIKHSIX, CXOIAIITUXCS
B pacCMaTpuBaEMOM Y3JI€, ONPEACISIOT U3 YPAGHEeHUUl PABHOBECUs 8 NPOEKYUSAX CUL
Ha ocu X 1 Y 17100aJIbBHON CHCTEMBI KOOPIMHAT.

YKaxkeM BHIBI CEUCHUU, TOPAMOK ux ciemoBanusi (puc. 1.4.6), yToObl MUMETH
BO3MOYKHOCTh COCTaBUTH YpaBHEHHUS, HEOOXOAMMBIC I ONpPEICIICHUS YCUIUN B
CTEPIKHSIX, TIOTTABIIMX B COOTBETCTBYIOIICE CEUCHHE MTOCIICI0BATECILHOCTH.

YpaBHEHUE B npoexkyusx CWI PEKOMEHIYeTCS MPHUMEHSTh TOTJa, KOTJA Helb3s
COCTaBUTh YPaBHCHHE B MOMCHTAX.

YpaBHeHHEe B MOMEHTaX TpeOyeT BBIYUCICHHUS pAccmosHusi OT TOUYKH
MPUBCACHUS 10 JUHUW JCHCTBUSA YCWIHS, a ypaBHCHHE B TPOCKIUAX CHII —
BBIYUCIICHUSI 3HAYEHUL MPUSOHOMEMPUYECKUX (QYHKYull yriia MeXIy OCSIMH
CTEpP>KHEM.
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Tak Kak 3ajaHHasi pacyeTHasi CXeMa SIBJISIETCS CUMMETPUYHOM IO Harpyske
(y370Basi Harpyska, peakTUBHbIC CHJIbl) U OUYEPTAHUIO PEIIETKH, TO JOCTATOYHO
ONpENEIUTh YCUIIUA B CTEP>KHAX IMOJIOBUHBI (DEPMbI, TaK KAaK YCHIIUS B CTEPIKHSIX
JPYTOii MOJIOBUHBI OYIyT TAKMMHU KeE.

Jnst ynoOctBa JanbHEHIIMX BBIYMCICHUNA MPEABApPUTENILHO HAlIeM BBICOTY

croitku 3—4 (M 4) u paccrosmue or y3ma 2 (M) mo Hmwxmero mosica depMmsr,

UCIIOIb3Ys MO00Me TPEYTroJbHUKOB (cM. puc. 1.4.5), U MOKakeM MX Ha pacyeTHOM
cxeme (puc. 1.4.6).

h3_—4=h_2=@=0,5
2a a 3a

h3_4 Za’ h2 =O,5a

Puc. 1.4.5

Pacnionarast cuctemMoil Harpy30K «B 3HaYE€HUSIX», CACTEMON CEYEHUN, OCHOBHBIMHU
pasMepamMu pacueTHOM cxembl (cMm. puc. 1.4.6), MOXKHO TIPHCTYNaTh K
HETNOCPEACTBEHHOMY OITPEICIICHUI0 TIPOJOJIBHBIX YCUJIMKA B CTEPKHAX 3aJaHHOU
dbepwmsr (puc. 1.4.7-1.4.11).

P
A
P yey P
P534l ls P —
P/2A Zl lg P2 |4
| ; 7 |
1 ]| T Vs T 0 3
4 5 qp| BT 3P =
L a | a | a | a | a | a |
1 1 1 1 1 4 1
Puc.1.4.6

BaxHO OTMETUTB, 4TO Heuzgecmmuvie ycuaus Ha PUCYHKE OTCEYEHHOM 4YacTH
pPacyeTHONW CXEMBI CUUTAKOTCS nOI0dHCUmenvhubimu (IEACTBYIOT «OT Y3JIa»), a HX
ucmuHnHblll (KMHXEHEPHBIN») 3HAK YCTAHABIIMBAETCS peuleHuemM COOTBETCTBYIOIEIO
VPasHeHus..
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Puc. 1.4.7

Puc. 1.4.9

Y'Y =-0,5P+Ny,-sina =

=—0,5P+N,_,-0,447 =0,

sing = — 292 _( 447

rae \/(O,Sa)2 +a’

Ny o =1118P (pacmsorcenue);
> mom, =0,5P-a+N,_;-0,5a =0

Ny 3 =—P (cocamue)

D mom; =0,5P-2a+P-a—N,_4-hy =

=0,5P-2a+P-a—-N,_,-0,894a =0,

h—__ 228  _(gosa

rae 2 \ (2a)% +a?
No_s =2,237P (pacmascenue);
D momy =~P-a~Np5-h =
— _P-a—N,_,-0,8%4a =0,
rne M =2a-sina =2a-0,447 =0,89%4a

Ny_3 =—=1118P (cocamue)

> mom, =0,5P-2a+P-a+N;5-a=0

N3 5 =—2P (cocamue);
> mom, =-P-a+N; ,-2a+3P-2a=0

N3 4 =—2,9P (corcamue)
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> mom; =0,5P-3a+P-2a+P-a-
—3P-a—-N, s-h; =0,5P-3a+P-2a+
+P-a-3P-a-N, 4-1,342a =0,
3a-1,5a

— e rme 5 =1,342a
i J (32) + (1,5a)°
i 3 Ny =L118P (pacmsorcenue);
3 Zmomlz_P.a—P-2a+3P-23.—

_N4_5 'h]f :_P'a_P‘2a+
+3P-2a— N, ;-2,121a =0,
rne N =3a-sin f=3a-0,707 =2,121a

Puc. 1.4.10
sin f=—2__—0,707
Ja‘+a’
Ny_5 =L 414P (pacmsscenue)
YVzen J[

DY =-Ng5—P-2-1118P-cosy =

P
lf’ = —Ng_s —P—2-1,118P-0,447 =0,
//%\\ rae COSy =C0s(90°—¢a) =sina = 0,447
1,118P 1,118P

Wy Ne_s = 2P (cocamue)
Puc. 1.4.11
Pemenue 3amaun 00 ompeaeneHny Mpoa0IbHBIX YCHINKA B (pepMe MpeacTaBIeHO
B Tab. 3.
TaOmmia 3
12 | 13| 23| 24 34|35| 45 | 4-6
Howmep 5 6.5
CTCpXKHA | 9-10 16 -9 | 89 78|57| 58 | 6-8
3HaK + B B + B B + + B
YCYUTHS
Ycunue
Ni_: p 1,118 | 1 |1,118 2,237 | 25| 2 [1,414|1,118| 2
I_Jv
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4. OmnpeaesieHue NMPOIOJbHBIX YCHJIHMHA B CTepP:KHAX (epMbl cpaghuueckum
CIocooom.

Hoes rpadudeckoro criocoda onpeneneHus yCUIui B CTEPKHIX (GepMbl OCHOBaHA
Ha TOM, YTO TPEYTOJbHUK PAaBHOBECHBIX CHJI MOYKHO TIOCTPOUTH IO 0OHOMY 3aJJaHHOMY
BEKTOPY CUJIbI U U3BECTHBIM HANpPaBICHUSIM JIBYX APYTUX BEKTOPOB, TMHHUH JACHCTBUS
KOTOPBIX MTPOBEJICHBI Y€pPe3 HaYaJI0 U KOHEI] 33JJaHHOro BekTopa. [Ipu 3ToM 3a1aHHbIM
BEKTOP MOKET OBITh MPEACTABIICH OTAEIHHON CUJION (BHEIIHEN UM BHYTPEHHEH) Win
pasHoOelicmayioweti HEKOTOPOH COBOKYITHOCTH CHJIL.

Ilpu peanuzayuu tpaduyeckoro crocodba HEOOXOAUMO CTPOroe COOMIOJACHUS
HECKOJIbKUX NpPAGUL:

1) mocTpoeHHsT BBITIOIHSIOTCS U YHOPSAOOYEHHbIX TIOCIEI0BATEIILHOCTEH Y3II0B,
mpudeM HabOp KaKIO0TO YPOBHS JOJHKCH COCTOSTH M3 Y3JIOB, B KOTOPBIX CXOISITCS He
Oonee 08yx HEU3BECTHBIX YCUIINN;

2) B KavecTBe wiabiona JUIS TPOBEACHUS JIUHHUM, MapalIeIbHBIX HEKOTOPOMY
HaMPAaBJICHUIO, UCTIONB3YIOTCS OCU PACUETHOM CXEMBI C 00H020 U MO20 Jice PUCYHKA,

3) mpH MOCTPOCHUH MHOTOYTOJIbHUKOB CHIT (JUISI paCUeTHOW CXEMBI B IIEJIOM M JUIS
OTJICTILHBIX Y3JIOB) BBIOMpAETCS eOduHcmeeHHOe, O00Iee MJig BCEX MOCIEAYIOMMX
paccyXaeHUl, Hanpasnenue 00xo0a cui (MPOTUB YACOBOU CTPEIIKHU);

4) macuwmab ceomempuyeckux TMOCTPOCHUN HA3HAYACTCS TAaKUM 00pa3oM, YTOOBI
MOTPEIIHOCTh OMPEACNICHUSI YCUIMK 0 PACCTOSHUSM MEXKIY TOYKAMHU PHCYHKA He
npeBsimana 5-7 %.

JJis1 yMeHbIlIIeHUsI TPYJA0€MKOCTH MOCTPOEHUH W NMOBBIIIEHUS] UX TOYHOCTH
PEeKOMEHIYyeTCsl BBIIOJIHATH PadoTry mo GopMHUPOBAHMI) MHOTOYTOJbHUKOB CHJI
HA JJMCTe MIIJIMMETPOBOi Oymaru ¢gopmara A4.

[lockonbKy BCE peakUuu OINOPHBIX CBSI3€H YK€ ompeneneHbl (cMm. 1. 2),
NPUCTYNaeM K IIOCTPOCHUI0 MHOTOYTOJIbHMKAa BHEIIHUX CHJI. JTa MpoLeaypa
OCHOBaHA Ha MOHSITUU «BHEIIHETO MOJIS.

Buemnue nons (puc. 1.4.12) nenar miocKocTh YepTeka gHe pacueTHON CXeMbl Ha
YacTH, TPAaHULIAMHU MEXKIY KOTOPBIMH SIBJISIIOTCS BEKTOPBI BHEIIHUX cuil. Kaxaoe nose
MOJIy4yaeT CBOE UMs B BUJE OYKBBI, Oarojaps yemMy Ipu IepeceueHrH rpaHullbl OJei
BO3HUKAET BO3MOXXHOCTb HMEHOBAaHHUS COOTBETCTBYIOIIMX BEKTOPOB CHJI JIByMs
OykBaMu: 0JJHa OyKBa COOTBETCTBYET Hayally BEKTOPa, }2)1 BTOpasi — €ro KOHILY.

P P
G YO F
P P
P H 4 8 E P
5 d e 5
12 b g DV D
a i f h
Hauano u nanpagnenue 1 3 5 7 10
00x00a 6HEeWHUX nONel A 3P B 3p ¢
U y3noe
Puc. 1.4.12
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Hauano BexTopa cuiel ompenensieTcs ToW OyKBOH, IOJie KOTOPOM Ha3BaHO
HEPBBIM MPU NEPECEUEHUM I'PAHUIBI CMEXHBIX IMOJIEHM B BHIOPAHHOM HaIPaBJICHUU
o0xo/a.

MHOroyrojapHIUK BHEITHUX CHUJI B IAHHOM IPUMEPE CTPOUTCS IMyTeM 00X0/1a BHE-
IIHUX IIOJIEW NPOMUE 4acoeou cmpenxu, HaduHas ¢ 1ojis «A4», Kak 3TO II0Ka3aHoO Ha
puc. 1.4.12. Ilo mepe mepecedyeHMs] I'paHHUI] BHEUIHUX IOJEH COOTBETCTBYIOIIAS
BHEIIHSS CHJla B HA3HAYEHHOM MacuITa0e HaHOCHUTCS Ha I0JI€ MarpaMMbl YCHIINN
(puc. 1.4.13).

[IoCKOJIBKY paBHOBECHE PACUETHOM CXEMbI COOTBETCTBYET HYJIEBBIM 3HAYEHUAM
IJIABHOTO BEKTOPAa W IJJABHOTO MOMEHTA BHEIIHMX CHJI, IOCTOJIBKY MHO20)20AbHUK
GHEWHUX Cul JOIDKCH IIOIMYYUTBCA 3amMKHymulM. Eciu 3T0 peanusyercs B XOAE
IIOCTPOECHUSA, TO MOXHO YTBEPXKIATh, YTO PEAKUHWH B PACUECTHOW CXEME HaWJICHBI
BEPHO.

- 6,0 ‘ﬁ —

i D AB=Y, =3P;
- 5.0 TR v _ap.
_ £V BC =Yg =3P;
L 40 CD =0,5P;
i \ .

9 ¥ - DE = P;
I EF =P;

- 2.0 = 5.

i HY FG=P;

- 1,0 G?:P;

i \ .

EE I* HI = P;
e A —
A IA=0,5P
oﬁ

Puc. 1.4.13

JlanpHeiime mocTpOSHUsI CBSA3aHbI C ONPEIeICHUEM BHYTPEHHUX CUJT (YCUIIU) B
cTepkHIX Qepmbl. B ocHOBE 3TOM MPOIIEYPHI JIEKUT TTOCTPOSCHHBI MHOTOYTOJIBHUK
BHemHUX cui (cMm. puc. 1.4.13), a mpuBeIeHHBIC BBIIIE MPUEMbl PACCYKICHHIM
MIPUMEHSIIOTCS K MOJISIM, OKPY>KAIOIIUM KaXblil y3€el.

BaxxHO MOMHUTB, 4TO BBHIOOP y3J1a MPU MOCTPOCHUH MHOTOYTOJIbHUKA CHJI, B HEM
CXOJISIIITUXCSI, OTPEEISIETCS TEM, YTO B Y3JIe MOXET CXOIUTHhCS He 0Oosee 08yX
Heuszgecmuoulx ycunuu. Ilpu >ToM HampaBiieHHe o00xoJa TMojed y3iaa JOJDKHO
COOTBETCTBOBAaTh HAMPABJICHUIO 00X0Jla, WCIOJH30BAHHOMY TMIPU MOCTPOCHUU
MHOTOYTOJIbHUKA BHEITHUX CHJI, T. €. IPOTUB YACOBOU CTPEJIKH.

Ha puc. 1.4.14-1.4.22 nocnenoBatenbHO OTOOpPaXKEHBbI PE3yIbTaThl MOCTPOCHUS
MHOT'OYTOJIbHUKOB CHJI B y3JlaX 3aJaHHOM pacuyeTHOM cXembl. [ mnosicHeHus
COBEpIIAEMbIX JICMCTBUI UCTIOJB3YIOTCS CIICIYIONINE 0003HAUYCHMUS:

«U» — O3HayaeT, 4YTO MPOBOAMUTCS JIMHUS MO HAIMPABJICHUIO, MapaieIbHOMY
MepeceKaeMoMy CTEPIKHIO epMbl, 0003HAYECHHOMY TMapoil OYKB;
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«YCpEe3 ... » — TOYKA BCKTOPA, HCPEC3 KOTOPYIO ITPOBOJUTCH IapaJUICIIbHAS IIPpsAMasd,
YIIOMHUHACMas1 BBIIIC,
«W)>» — IIOJIC, C KOTOPOIro HAYMHACTCA 06XOI[ HOHCﬁ, PaCIIOJIOKCHHBIX BOKPYT

y37a;

«—>» — BCKTOP CHJIBI, y‘IaCTBYIOI[I€I>’I B CO3JaHMHU MHOI'OYI'OJIbHHKA PaBHOBCCHBIX
CUJI, CXOAUXCA B meKyuiem y3Jic.
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B nmanHOM mpuMepe peann3yeTcsl MOCIeN0BaTeNbHOCTh Y3JI0OB, OCHOBAaHHAs Ha
pe3ynbTaTax meKyuux TMOCTPOCHUN (KaXkIbIi nociedyrowuii y3ell TMpeBpalacTcs B
y3eJ1 ¢ AByMSI HEM3BECTHBIMHU YCHJIMSIMU BCJICICTBHE PEIICHHS 3a/1a4l O PaBHOBECUU
npeovidyujeo y3ia) U BKIIOYaeT y3isl 1, 2, 3, 4.

OmHako y3en 5 y:ke He MOXKET pacCMaTpUBAThCS BCled 3a y37oM 4, TIOCKOJBKY K

STOMy MOMEHTY comepxut Tpu HemsBectTHbix yemmmsi (Ns.g, Ns; u Ns_g).
Ilostomy nanee BeIOMpaeTcs y3en 6 ¢ aByms HewmsBecTHbIMH ycunusmu (Ng_s u

Ng_g), a 32 HUM CTAHOBUTCS BO3MOXXHBIM IHEPEUTH K Y31y 5 ¢ HEM3BECTHBIMHU K

3ToMy MOMeHTy ycmmusiMu Ns 7 u Ns_g. Janee anamormdaHo paccMaTpUBarOTCS
y3I1bl 8, 7 U, HAKOHEL, TOCTPOCHHUS B y3JI€ 9 ¢ €IMHCTBEHHBIM HEU3BECTHBIM YCUIUEM
Ng_j0 3aBeplIaroT peleHue 3a1aum.

52



Onpenenenue genuuuHvl yCuausi IPOBOTUTCS uzmMeperuem OJiuHbl TTOCTPOCHHOTO
8eKMopa, a 3HAK yCuausi OMIPEACISICTCS TEM, KaK 6eKmop HAnpaesieH 1o OTHOIICHHIO K
paccMaTpUBaEMOMY V371)y. €CIIM HaIlpaBICHUEC «Om Y31a», TO B COOTBETCTBUHU C
«MH)XCHEPHBIM» TIPABHJIOM 3HAKOB 3TO O3HAYACT «NOJONCUMELbHOCHIbY HCKOMOTO
YCHIIHS; €CIIH e HAPABIICHUE «K V3/I)» — KOMPUYAMETbHOCHbY YCHITUAL.

Pemienne 3aaun B OKOHYATEIILHOM BUJIE NpejicTaBieHo Ha puc. 1.4.23 u tadi. 4.
Crnenyer mOTYEPKHYTh, YTO JIAHHBIE Ta0J. 4 TOJIyYCHBI M3MEPECHUEM YCHIIUI Ha PHC.
1.4.14-1.4.22 c ucnonb30BaHHEM BbIOpaHHOTO MaciiTaba moctpoenuid. Puc. 1.4.23
HOCHUT Ha3BaHUE «ouazpammul Maxcsenna-Kpemonvy U «0uazpammol YCUIULD».

Tabmnuria 4
121323243 4[35]a5]456
Howmep o 7 6-5
crepya | 1| 10| 7-9|8-9|7-8|57| 58|68
3Hak 4 B B + B B N 4 B
YCHITHS
VNCH“IE,G 11 1 |11122025] 2 | 14|11 2
i-j

HpI/I CO6JIIOI[€HI/II/I IIpaBuJI IIOCTPOCHUA AUarpamMma YCI/IJII/Iﬁ IIO3BOJIACT 6I>ICTp0 n

JIOCTaTOYHO TOYHO PEIIUTh 3ajady 00
ONpPENEICHNH yCWIMA B  CTaTUYECKH
OIPEICIIMMON  PacCUeTHOM CXEME€ THIIA
«pepmay. [lostomy rpaduyeckuii crmocod
OTPENICNICHUS]  YCUJIMA  PEKOMEHIyeTCs
BCErla, Korja JOMycCTUMasi MOTPENIHOCTh
ONpPENEIICHUS]  YCWINM  HAaXOOUTCA B
npenenax 10 %.

Tak Kak TPOAOIALHBIC YCHUIUS B
CTEPI)KHSAX 3aJJaHHON (hepPMBbI, BEIUUCIICHHBIC
aHATUTUYECKUM u rpaduueckum
criocobamMu  (COOTBETCTBEHHO Tabi. 3 W
Tabna. 4) WUMEIOT CXOXKHE 3HAYCHHS, TO
MO>KHO YTBEP)KZIaTh, 4TO 00a pacyeTa ObLIH
C/IeJIaHbl BEPHO.
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IIPHJIO’KEHUE 1

TpexcrepxHeBas
OpHocTepxHeBble CBA3N [IByxCTepxHeBble CBSA3N G
LLlapHupHo- LLlapHupHo- o o
LlapHupHo- "Opu3oHTanbHbIN BepTukanbHbIv
HasBaHue cBsian noaswxHas noaswxHas XecTkas 3apenka
HenoaBWKHas nonayH nonayH
ropu3oHTanbHas BepTMKanbHas
Al 6 28 |11 114
%|>o— ; 6 707 r 14
A 1
KnuHemaTudeckoe %>o— V%/w— 9 12 -
n3o6paxeHue CBA3N %6 i i % Z
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PaspelueHo BepTUKanbHoe, ropusoHTanbHoe,
yrnosoe ropu3oHTarnbHoe BepTMKanbHoe HeT
nepemMeLleHne yrrnosoe yrnoBsoe
rOpu3oHTanbHoe,
3anpeLleHo ropu3oHTarnbHoe, BepTUKanbHoe, ropu3oHTarnbHoe,
ropu3oHTarnbHoe BepTMKanbHoe BepTMKanbHoe,
nepemeLlleHne BepTUKanbHoe yrrnosoe yrrnosoe
yrnoBsoe
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1IPHIJIO)KEHUE 2

TpexcTepxHeBas
OpHocTepXXHeBble CBA3N [IByXCTEpXHEBbIE CBSA3N casian
LLlapHupHe LLapHupHe o .
pHVP PHID LapHupHe [opu3oHTanbHLIR BepTtukanbHbin
HasBaHue cBsa3un noaBwxHas noaBwXHas XKecTtkas 3agenka
HenoaBwxXHas nonsyH nonsyH
ropu3oHTanbHas BepTVKasnbHas
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1IPHJIO)KEHUE 3

O0mree npeacraBjacHUuE 31I0P H3ru0aroIUX MOMEHTOB 1 MOoNEePEYHbIX CUJ

Jnwpa u3rudarmmx

MOMCHTOB M Q

Jnwpa nomnepeYyHbIX CHJI

¢ IIpsAMad,
oCH X

1. Ha y4aCTKC I— J OaJIKn OTCYTCTBYCT paclpCAaACICHHAA

Harpyska 0 :
a) uucmoiti uzeu6 Q=0
napasuiebHas

¢ UMCCT HYJICBOC 3HAYCHHC

¢ HaKJIOHHAas IIpsaMast

4 i
P
6) naockuii uzeu6 Q #0

ocu X

¢ IIpsAMad, mapaJuiCjibHas

2. Ha yyactke I-] Oajiku ISHCTBYET pacnpesae/ieHHas

e mapabona (kpuBas
BTOPOT'O MOPSAJIKA)

Harpyska g:

¢ HaKJIOHHAas IIpsamas
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IIPHJIO’KEHUE 4

BoruuciieHne OpaAMHAT 3MIOPHI MONEPEeYHbIX CHJI 110 IMI0OPe U3rHOAIIHX
MOMEHTOB

1. Ha yuactke |- Gajiku smropa u3rubaroiux MOMEHTOB — HUHCUHASA OYHKYUS

M. .|ga®
Q- =Qji :—‘:ﬁ

-

Qj=Qji= 1

2. Ha yJactke | — ) Ganku smropa W3rHOAIONIX MOMEHTOB — K8AODAMUYHAS

dynryus:
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