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Pacyemuo-npoexmuposounan paboma Ne |

AHAJIMZ BHYTPEHHUX CUIOBBIX @AKTOPOB
B CTATHUECKH ONPEAEIHMBIX CUCTEMAX

1.1. Ocrogible NONONCERUA

B cONpOTHBIEHHH MAaTEPHANOB OTPEACNCHHE HANpKEHUi, NepeMellenti 1
jcdopMaumii a, Clel0BaTeNbHO, M PACHET Ha NPOYHOCTE H HWECTKOCTE KOHCTPYKLMH
IPOM3BOZHTCA Ha OCHOBE pacueTa BHYTPEHHHX yCHNWH, BO3HMKAIOWMX B
KOHCTPYKLHY NpH AeHCTBHH HA Heé BHEUWIHHX HArpy3oK (B TOM 4HCHE pearuuit).
IlooToMy ONpeaeneHne BHYTPEHHHX YCHIHH HMeeT BAHOE 3HaUCHHE.

B ofuieM ciyyae, BOSHHKAIOWKE B NONEPEUHOM CEHCHHK BHYTpEHHHE YCHIHA

MOryT GBITH Pa3/ioKEHBl HA TPH CHIIbL - NPOLIObHYIO (HOpManBHYIO K CEYEHUIO) H

jine nonepevHsie (AeCTBYIOUIME

TUIOCKOCTH CEHEHUA), 3 TAKKkKE TP MOMeHTA: /iBd
pinGAOMEX ¥ OIHH  KpYTAILMH. Onpefienenye HX MPOHIBOAUTCH METONOM
ceuctinii, T.e.  COCTaBNEHHEM ypaaﬂeﬂnﬁ paBHOBECHA 4acTd KOHCTPYKLWH,
[KOseiics TG OfHY CTOPOHY OT PAaccMaTpHBAsMOro CeHeHt.

3 uucno Harpysox, onpénemmumx BEMUMYHHY M XapaKkTep BHYTPEHHHX
Jounii, BXOaAT W peaKumy cessedl. [loaToMy, KaK NpPaBAIO, pactety BHYTPEHHHX
yonniil NpejlecTBYeT — ONpeleneHHe peakuuit  cpazedl. Jlns  CTATHHECKH
GUPEIETMBIX CHETEM (KOTOPBIE TONbIO 1 paccMaTpUBaloTCA B nactosuieit pabote),
{0 IMCIOIHX LIAPHUPOB MEXY OTAENLHBIMH NEMEHTAMH, onpefeneHne peaKuui
Cwiielt (0nop) TPOM3BOAMTCA Ha OCHOBE COCTABICHMA M pelieHus ypaBHeHHH
PAaRoneeHst Uit BCeit 3a0aHHOA KOHCTPYKUHH, a HE YaCcTH €€, KaK 3T0 HeoBX0AHMO
(I OHpeeneian BRY TPEHHHX ycunui.

Hanprokeis 1 AehOpMatiiy, BOSHUKAIOUKE B KOHCTPYKLMH NOA AeHCTBHEM
CULLC ATPY30K,  TIPOTOPLHOHATBHEL BHyTpeHuuM ycuiam. [loatomy no
eeo OCTEHIX. BAOAB ocy Gpyca MOXHO CYAHTH O xapaKrepe W BEHUHHE
Jpokeimit i redopmauui, B HaCTHOCTH, YCTAHOBHTD CEUEHHA naubosnee onacHble,

ke W kotopix suyTpennue yeunus GYRyT MaKCHMANBHAIMH. BHIpasHTE ORHOH

sy ol wamenenue BHYTPEHHHX yeunuil no Beedl AaMHE fpyca TPYAHO H BO.

B cnyvanx HCROIMOKHO, noaToMy HPHXOAHTCH 3a/JaHHYI0 KOHC’I‘[JYKHH?U

PEARHANTE 1A OTENLILIC YHACTKH, i KOTOPBIX MOHO COCTaBHTh aHaNnUTH4YECKOE
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HRIDOKCHHE  3aBUCHMOCTH  BHYTPEHHHX YCHIMi oT KOOpAHHAT ceyeHus. MHas

HPHAAHHA  5TOH, 3ABUCHMOCTH HANARHOCTH MPOM3BOAUTCH NOCTPOEHHE  3mop
(INaHKOB HIMEHEHHA BHYTPEHHUX yeumull o pamue Gpyca). Mo sTum rpatbHKam

JIEPKO YOTAHOBHTH cevueHus, rge BHYTpPEHHHe YCHIIMA NOCTHrawT IKCTPEManbHbIX

AHAYCHUE.
1.2, Memoduuecrue Yrazanun
Onpenenenye peaxiuii caszeii
Menonb3ys  NpMHUMN  HeM3MEHHOCTH MMHEHHBIX  PasMepoB  (NpHHLMD
O1BEPICHHA), 3aMEHAS CBAZY  Hx PEAKUHAMY, COCTABIAIOTCA 1G NpaBHNam
TEOPETHYECKOT

MEXQHUKH YpaBHCHHS pABHOBECHMS 3aaHHOMO Gpyca. Tlepen

COCTaBlneHueM YpaBHEHUH paBHOBeCHH H806X.0,ILHMO HPO!‘IBBOHBHD Bb!ﬁpaTk

Hanpasnenus peakunit U naobpasurs HX Ha pucyﬂxe Ecm—: B pe3syasrare

BBIMHCHCHI Kakas-MO0 peakuus nonywaercs OTPHLATENBHOH, HYIKHO HIMEHHTE Ha
PHCYHKE ee Hanpasnenne Ha o6paTHOe M B JanbHelilleM cyuTath 3Ty peakumio

NONOKHTENbHOM.

Pacnpezenennyio HATpysKy, NEHCTBYIOWYH Ha 6pyc, MOXHO 3aMeHMTH

paBHOzelCTRYIOWEH, KOTOpas paBHa TUIOWANH 3MI0pPhl HATPY3KM M NPUIOKEHA B
LSHTPE THKECTH 3TOH 2110pbI.

Ilpu cocraenennu ypasrenuii PABHOBECHA HEOGXOMMMO CTPEMMTCA K ToMY,
4TOOBI B K2X/0E M3 HHX BXOHIO TORLKO OAHO HeusBecTHoe. B wacrnocT, ans
AByXonopHofi banku 31oro Moxzo RODHTBCH, COCTABAAR chemyloue YPaBHeHUs
PABHOBECHA: CyMMa NpOeKUMil BCEX CHN Ha och Ganku paBHA HYNIO; cyMmma

MOMEHTOR BCEX CHJL OTHOCHTENLHO ONOPHBIX LIapHHPOR paBHa HY o,

lposepxy  npasunpHoCTH  BRMMCneRus peakuuii  npoM3BossT  myTem
COCTABNCHHA  JIONOAHUTENLHLIX  YCHOBMi PABHOBECHS, KOTOpBIE  JOMIKHEI
o0pawathcs B TOMIECTBO. Hanpumep, nas ABYXONOPHOH Ganku MOKHO

HCNONL30BATE YCNoBHE DABEHCTEA HYJIO CyMMBbI CHJI, CNIPOELMPOBAHELIX Ha 0OChb,

7
MEPHEHAHKYAAPHYIO OcH Ganki, WM YCNOBHE DABEHCTBA HYMIO CYMMB! MOMEHTOR
BCEX CHJ OTHOCHTENBHO KakoH-1ub0 ToukKH, He coRNanaoileii ¢ onopamu.
[enenue Ha yuacTku,
YYacTKOM Ha3bIBAETCA 4acTh Gpyca, B ApejeNax KOTOpoH aHANUTHYCCKKHA Bup

Bblpa}KEHHﬁ Ans onpepeneHHA QCTAETCH

BHYTPEHHUX CHNOBRIX (aKTopoB
HEH3MEHHBIM.

U'panuniamMu y4acTkoB ABNAIOTCA ceueHHs Gpyca, 8 KOTOPBIX MHTEHCHBHOCTB
pacripeleseHHOR HAIPY3KH HAYHHAET W3MEHATRCA 10 HOBOMY 3aKoHy. | paHuueil
yHacTKa ABIAETCA TAIOKE KaXMIbiH u3nom, echiy Gpyc WMeeT OCh B BHAE NOMaHOR,
cocTofiled W3 NPAMONMHEHHBIX YYAaCTKOB, 4 TAK K& TE CEYEHMd, B KOTOPhIX
NPHACKEHEl COCPEAOTOUEHHBIE HAarPy3KH B MECTA YCTAHOBKY OMOPHEIX YCTPOACTB.

Bpibop KOOpAHHATHBIX Ocell

Hpu MOCTPOSHHH 3nmp apryMeH"mM ABNAETCS KOOPAHHATA nonepe'-moro

ceueHus 6pyca a q)yﬁkunen - cHoBof (pa}c'rop, 3aKOH Kc'rOporo HCCHeﬂyeTLﬂ
Hpononbﬁax ock Gpyca oﬁésﬂal{ae'rm JATHHCKOR 6y}(BDH z. Koopnuuatsl,
COOTBETCTBYIOLIME CEUESHHIO Ha i-M yuactke, ofo3HaualoTcs z, (Hanpumep,
NepBOM Y4acTKe - Z;, Ha BTOPOM - Z H T.AL).

Ha wxawpoM yuacTke Gepercs kakoe-THOO [IPOH3BOABHOE CeYeHHE Ha
PacCTOAHMM 2, OT Ha4ana KOOPOMHAT, H JJIA 3TOM0 CEYEHHA COCTABMAOTCA
BLIPAXEHYS JN ONpeJeneH s BHYTPEHHUX CHIOBBIX daxropos. Hadano xoopautat
MoxHo GpaTh Ha neBoM 1uGO, Ha npapoM koHuax Opyca, B Hadajle MM B KOHUE
moboro yuactka.

CocTapneHye ypasHeHuii BHYTPEHHHX CUNOBRIX (akTopos

[lps cocTapneHud ypaBHEHWil A OnpefeleHHA BHYTPEHHHX CHIIOBBIX

(hakTOpOB B CEYEHHH PEKOMEHIYETCA HCMONBIOBATh HHIKENEPEUUCNCHHEIE NPABUIA,

ii AKOB.
copMynHpOBaHibIe HA OCHOBE METO/A CEYEHHH H oBLIenpHAATLIX IPABHIL 3H

€peyuHoM
‘[pogonsuan_{(uwopmansuan) cuna N{z) B [pPOM3BONLHOM MOMCP

i H ONbLHYIO
ceueHun Bpyca YHC/eHHO paBHa anrebpanueckoif cyMme NpOSKUHH Ha TIPOA y




it
ock Gpyca z peceX BHELWHMX CHJl (COCPELOTOMEHHBIX M PACNPEAENEHHbIX N0 ATHHE ¢
HHTEHCHBHOCTBIO 4;(z;)), AEACTBYHOIIMX HA PACCMATpPHBAEMYIO 4acTs Opyca.

N(Zi)=§Pi+gf{qj(Zf)de . (1.1

MHTerpupoBanie MNPOM3BONMTCH N0 JARHHE KAWKAOrO YYacTKa, Ha KOTOPbIA
JeHCTBYET pacnpefe/ieHHas CHa, a CyMMHPOBAHHE NPOBOAHTCA MO BCEM YYaCTKaM,
pACMONOXKEHHBIM [0 OfHY CTOPOHY OT PACCMATPHBAEMOTrO CEHEHHA.

BHewHsa cuna,

HanpaBjleHHad OT pacCcMaTpHBaeMOro CCHYCHHA (HPH

MBICICHHOM 3aKperfieHHH Opyca B 3TOM CeYEHWH OHa Ero pacTATHBAET), ]

BLIpIKEHHH Uit onpejeneHus N(z) B 3TOM CeYeHHH JaeT MOMONKHTENLHO

cnaraemoe. B NPOTHBONONOXKHOM ClIy4ac - OTPHUATEIIbHOE CilaracMmoe.

Kpyrsuwuii moment M (7)) B npoM3BONLHOM NONEPEYHOM CEYEHHH prcJ#
(Bana) wuMcAeHHO paseH anredpauyecKod CyMMEe MOMEHTOB OTHOCHTENLHQ
NpoAONLHOM ocH Gpyca BCeX BHELHHX Nap CHA (COCPENOTOYEHHBIX MOMEHTOB M; Y
pacnpeleNeHHLIx Mo JUIHHE € HHTEHCHBHOCTBIO my(Z)), ZHeHCTBYOiLMX HJ

paccMaTpHBaemMylo yacTh Gpyca:

Mxp(zr') = iM' +i ,[mf(z")dz" >

(1.2
i=] j=1 L
HMurerpyposaHie NpoOU3BOOKTCA NO JNKHE XaXKAOTO YYACTKA, HA KOTOPbL
NeficTByeT pacnipefefieHHass Harpyska, a CyMMHpOBaHHE - IO BCEM YYACTKaM
pacToNOKEeHHbIM 110 OAHY CTOPOHY OT PACCMATPHUBAEMOrO ceveHus. Brelunsas nap?
cun, kotopas ann wabmoparens, CMOTPALIETO HAa NPOBEAEHHOE CEYEHHE CO CTOPOHD
ero BHelHell HOpManM, MNpEeACTABNEHA HAanpaBleHHOH No 4acoBOR cTpenke, |
BLIDAXKEHUH [ns onpefeneHus Mg(z) B 2ToM ceueHHH AaeT NONOKHTENLHO

cnaraemoe, B NPOTHEHOM Cy4ae - OTpHLUATEeAbHOE characMmoe,

Tonepeunan_cuaa Oz) 3 moboM nonepeyHoM ceueHHH Ganky MHCHEHH(

paBHa anreGpanueckolt CyMME BCEX BHEWHMX  CHA, ASHCTRYIOUWHX 1+
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paccMaTpuBaeMyio 4acth Ganku ¥ CNpOSLUPOBAHHEIX HA OCE, Heprnes UKy IAPHYI0

ocy banky :
n k
i=1 =1y
Buewuas  cHia,  CTPEMAINAACE  NOBCPHYTH fanKky  OTHOCHTENbHO

pACCMATPHBAEMOTO CEYECHHS TIO YaCOBOH CTPENKE, B BhIPKEHUH U onpenenenna
Q(z;) B JTOM CeYCHHH JAET NONONHTENLHOC CHATAEMOE. B npOTHBCTIONOKHOM
cRyuae ~ OTPHUATENLHOE ClIaraeMoe,

MaruGatounii moment M(z) B NpoH3BONLHOM MONEPEHHOM CCHEHHUM Ganku
YuCNeHHO paBeH airefpaHdeckoil CyMMe MOMEHTOB BCEX BHEWIHHX  CHIL,
LCHCTBYIOIMX HA PAcCMATPHBAEMYIO HacTe fanku, OTHOCHTENLHO OJHOH M3
[NABHBIX LEHTPAIBHBIX Ocell HHEPIHK CeueHHIL. Eciu npH MbICIEHHOM 3alUEMICHHH
pacCMATPHBacMOH HacTH Oaiki B TMPOBEJCHHOM  CEHCHHH BHEIUHAA HArpy3Kka
co3faeT OTHOCHTENLHO 3TOFO CEYEHHA MOMEHT, BLILIBAIONMIL CHXaTHe BEPXKHHX
BOJIOKOH BANKH, TO B BHpMKEHHH Ans onpefenenus M(z;) B 3TOM CEHEHHH OHa JIaeT
NONOJKMTENBHOE CiaraeMoe, B TPOTMBONONOXHOM ClyHae — OTpHLIATEALHOE

ciaraeMmoe.

1.3. Hocmpoenue 3n10p SHYMPERKUX CUROBIX gaxmopos

[paduky, NOKA3HIBAIOUHE, KAK HIMEHAIOTCA BHYTPEHHHE YCHIHA MPH
nepexone OT CEYEHMs K CEUEHHIO, Ha3bIBaOT smopamu. TIpH MOCTPOEHHH 2MOP
PYKOBOACTBYIOTCA CIEAYIOUIHMH TIPABHIIAMH.

Oniopa  BHMEPUMBACTCH NOA 6pycoM Tak, urobe ee OCb (Gaza) Onuia
napannenbHa ocu Gpyca. OpaMHATH SMIOPb! OTKNAALIBAIOTCA crporo B Macwrabe ot

BBEPX,
ocH BMIOPsl MO -NEPNEHRHIYAIPY,

Hna  pam

npuyeM TONOKKTENBHBIC 3HAUCHHA - ¢ BHEIIHEH

npuHeM MOAOMKUTENbHEIE 3HAUEHHA —

cA
OTPHua'FeRl:Hble --  BHH3. OpAYHATE 310 OTKNaAbBA0T

ﬁ&pﬂEH}'ﬁHK)'.ﬂﬂpHO K OCH pambl,

KHBI
CTOPOHS! paMbl, 8 OTPHUATENRHEIE - € puyrpenneil croponsl. Ha smopax RO
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OblTh YKa3aHbl 3KCTPEMANLHbLIE 3HAYCHHSA BHYTPEHHHX YCHHHFI, a TaKxe KOOPﬂKHﬂTh

y

J10pax NpocTaRIATCA HUMCHA, NTOKA3LIBAOUIHE BEJIHMHHbE XAPDAKTEPHBIX OpHKHAT,

nonepeunbx cedeHnil 6pyca, COOTBETCTBYIOLIHE ITHM YCHIHAM. Kpome Tore,

B [OJIE SMIOPBL B KPYMKOUKE MIPOCTABNAETCA 3HAK YCHIIMA.

Tlpn nposepke NpPaBHILHOCTH MOCTPOCHHMA OMIOPH BHYTPEHHHX GHIOBBIX
$HaKTOPOB PYKOBORCTBYIOTCS TPABHIIaMH, BBITEKAIOUHMH H3 METOJA CeyYeHHit nH

auddepeHIHanbRbIX 3aBUCHMOCTEH.

1.4, Ipusepot nOCIpoenn niop SHYMpPeHIX CLUNO8HIX Harmopoe.

Tipumep No 1. TlocTpOuTS 3MIOPE BHYTPEHHHX CHIIOBBIX (JAKTOPOB /IS Gpyca,
H300pancexHoro Ha puc. 1.1.
Pemenne. ITpu TakoM BuAe Harpyxenus Gpyca B ero NMONEPEUHEIX CEUEHHAX
BO3HHKAET OJMH BHYTPEHHHH CHIIOBOH dakTop - mpogonsHas cuna M. Bpyc m.me’rJ
ABa yqacTka. Ha4ano KoopAMHAT IS K&KNCro yuacTka BHIGHpaeM Ha ero nesoM|
xoHue. OBO3HAYMB KOOPAMHATE! CEYEHHA HA KaXAOM YyuacTke (oM. puc.l.l),

1

COCTaBNSiEM ypasHeHus .as onpefencHus N(z) u BHIMHCIAEM ee 3HAYEHUS

XapaKTEPHBIX TOUKAX.
P= 'ff" . E o ‘ffﬁ;’ oy Hepsseii yuacrtok :
S SR 7 0 <z <34
g =0 __’in N(z))=2P - qz..
% ¢ Ipu z,=0 N(z;)=2q/,
@ mpu 2, =3¢ N(z))=-qf.
% l l ‘ l l 7¢ Bropoi yuacTok:
\LL@ gt Dz,
Puc. 1.1. N(zp)=2P-q3{+2P=qf.

Ha ortom yuactke N(z;) umeer NOCTORHHbIE  3HAYEHHUI. Ilo cocranneﬁumﬁ
ypaBHennam u 3uauenusM N(z) B xapaxTepusix Toukax crpoum 2mopy N(z)

TpoBoaum KoHTPO.L NPaBUILHOCTH NOCTPOEHHA 3TOpe! N(Z).

Hpumep Ne 2. TlocTpouTs SMIOps! BHYTPEHHAX CHNOBBIX dakTopos Ana Gpyca,

irobpaxeHnore Ha puc. 1.2,

M=m¢ M=mi Pemnenne. llpu TakoM Buze
- 4 4 Harpyxewus  bpyca B €ro
AARAAGASAMAAA
VEREVEV IRV IR NONEPEYHBIX  CEYECHUAX BOBHHKAET
%3 ¥« LE:_/‘ ONMH BHYTpPeHHMil cuiiopoil daxrop
2¢ ¢ )
- KpyTAIH MomenT M, .
- l l l I I .y OGo3HauMe KOOPHHHATH CEUSHMA
2mé Ha KaxHoM yuactke (cM. puc. 1.2},
Puc. 1.2 COCTABILSEM ypaBHEHHS It

onpegenenus Myp(z) 1 BRIMHCIAEM ero 3HaYeHNs B XapaKTEPHBIX TOMKAX.
llepesifl Y4acTOK:
0= z.ls L,
Mz} =-M=-ml.
I{a aToM yuacTke M,y(z|) uMeeT NOCTOAHHBIE SHAUCHUS.
Hropoli y4acToK:

05252 24,

Mgp(zz) =~ M =M+ m- z,.

Tpu z,=0 M,p(z2) = - 2md.
Tpu z, =24 Mp(z2) = 0.
[10 COCTABNEHHBIM YPABHEHUAM H 3HAUEHUAM M, (2) B XapaKTepHBIX TOUKAX CTPOUM
ymopy My(z). TlpoBopdM KOHTPONS NPABHABHOCTH MPOBEACHHORO NOCTPOEHHA
HITIOPEL

Tipupep Ne3. Tloctponts 3MI0PH BHYTPEHHHX CHIIOBBIX cpaxropos juis GankH,
uzobpanentoii Ha puc. 1.3,
spIOpaB  HX

Ry, v Ry

Pewenyie, OnpeneiideM ONOpHHE PeaKiHy

11ePBOHA4aMBHO HanpaRJICHHbIMH BBEPX!
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S My=R,{+ qt’ —qf—— R.= %qt’;

2
3 M,=—ha+9-§— +qe§=0,
[Mposepxa :
¥ Y=R,+Rh—qf=%q£‘+ % qf—qf=0.

OrnopHele  peakuMHd  ONpedeNcHbl  BepHO.

5
Ry= > gf.
b qu

banka umMeeT ABa ydacTtka

Harpyxenus. Hauano nepsoro yuacTka ssi0upaeM B To4Ke A, BYoporo - B Touke B.
(O6o3HauUB KOOPAMHATEL CEYEHMS Ha Kax[AoM yuacTKe (CM. puc. 1.3), cocrapnsem

ypasHenus ans onpeaenenss Q(z;) u M(z;) .

R M = e R,
Jl‘ a 1
~ 1
H=0TTTIIITITII] lllll 11} B
A i
4 £ o £ £ e 2
2 Rk £
gt
igtm /T
3 3, Pm«Adillllh@L (:)
8 ] _S_gt
1 2age” 8
I 128
9‘1‘2|
128 ™~ 4
h,
LN (o
128
Puc. 1.3.

Brruycngaem ux 3HaUe€HUA B XapaKTEPHLIX TOUYKAX.

Iepesiii Y4acTOK:

052|5

2

13
Q) =Ri-qz = 34l -z,

2 3 2
M(Z;) =R;Zl = &;— = quz. = 3212—

Onpenensenm snadetna Qzy) n M(z,) B XxapakTepHbIX TOYKaX.

Mpu 2z =0 Qlzy) = %qf  M(z)=0.
=4 3. __ o
lpu 2z 5 Qz) Sqf > T

2 16
Ha stom yliacnce rmnepc‘mas CUNia MeHfeT 3HaK C MNOJOKHTENBHOrC Ha

OTpHUATENbHBLH, CNEJOBATENBHO, HA YHACTKE CYINECTBYET MaKCHMYyM M(z;).

. OnpenenxeM MaKCHMYM tpyuxuun M(z!)

\
Q@)= 2at-qu=0, n=3t |
Torpa: M (z)=——q£ —{-—[21)2= —g—ql2

* mnle T g% gt s\g) A28

BTopoii yyacTok:

£
0<sz;8 =
t=

5
Q@) =-Retan=-3 qf + qza,

2 5 2z

M(z2) =Ry 25 - qzzz =3 ql z,— qzzz.
M 2=0  Qz)=-3at, M()=0
f ] £ 4
Mpn m=%  Qa)=-3al+a;=—F

l 2
VTETE 2 16
[To cocTaBleHHbIM YpasHEHHsSM H 3HAHEHHAM Q(z) u M(z) B xapaKTepHbIX

Touxax cTpouM 3miopsl Q(z) H M(z). lpn nocTpOEHMH IMIOPEL M(z), ans ynoGersa
2

qf
BbiGopa MacwiTaba, BCe OPAWHATHL BLIMHCIIAEM B BORAX OT o

[TpoBOAMM KOHTPOIIb NPABHIEHOCTH NPOBEACHHOTO [IOCTPOSHHA IMHOP.
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1 3 s1ux ypasruenull HallieM onopHsIe peakiyu;
[ipupiep Ned, [MocTpouTs 3Ni0pEl BHYTPEHHUX CUIOBbIX (AKTOPOB Ans |
& . Ra=q<; Ro= qt; Re= Lqt.
Danku, n3o0OpaxeHHol Ha puc. 1.4. 4 8 8
Jlns npoBepkyu NpPaBHIbHOCTH BBIMMCNEHHSA 3HAUEHHA peakuuii MCmons3yem
R, 4{ R, B, ' YCIOBUE PABEHCTBA HYJIHO CYMMBL IPOGKLMA BCEX CHN HA BEPTHKANLHYIO OCh;
a
EH WINPT T T Tl ' . .15 7
. A z D B c zY=R3+R4,+R¢—jqf=qz+-é*q8+§ql—3q€20.
1 z,
i % e 2 OnopHEle peakuyy HafzeHs! BEpHO.
B g Jlannaa Ganka uMeer [Ba y4acTka Harpyxenus. Hawano mepsoro ydacTka
g
zL -y iy m mLIOHpaem B Touke A, BToporo — B Touxe B, O603HaUHB KOOPAHHATE! POU3BONILHO
‘ @

] H"LLLLU_ T 2 = BbIGPaHHBIX CedeHuil Ha KaxAoM yHacTke (cM. puc. 1.4), cocTaBnseM ypaBHEHUA i
r ! r g 48 g¢ T g |
125 & onpenenenus Q(z) 1 M(z) . Beruucnsem MX 3HaYEHHA B XApaKTEPHBIX TOYKAX. |

I
2 = ;
gt [epBblfi yHacTOK:
£ N 32 @ |
! ] @ 0<z 24, j |
"A ' > )/ 9 Q@) =R,-qz = q— = qzy,
i _ i 5 ¢ o |
5 . .,;.};i 4 M(Zl)=R325~"T- |
g Puc. 1.4

L4 Onpenensem sunadenns Qz;) n M(z;) B XxapaxTepHbix TOUKaX. 1 \

Mpr z=0  Q@)=q%,  M()=0. |
SiiiE . &
Pemenne. OnpenenseM OnopHule peakuud. Paccmarpupaemad Oanka umeeT Mpn 2= Q(z;)—w 3 q?? M(z)) =~El4 )

Y : i =
e peakmm Rar Ho Roy R Ha % 2 Ha aToM yyacTKe MnonepevHas cHia MEHAET 3HAK © TOJIOMCHTENBHOIO Ha

Kal( OTCYTCTBYIOT FOPHSOHTMBHBIC COCTaB/AIOMIKME BHEIUHEH Harpy:si(u Haﬂl'{‘llde

OTPHUATENBHBI, CIEJOBATENBHO, HA Y4aCTKe CYIECTBYET MAKCHMYM M(z)).
_TIPOME3YTOMHOTO lapHupa B Touke D JaeT OfHO JIOMONHHTENbHOE ypaaﬂenue

|
Onpenenuy MakcHMyM GyHkuun M(zy). ‘
CTATHKY - YCIOBHE PABEHCTBA HYJIO CYMMbl MOMEHTOB OTHOCHTENLHO TOMKH D Beex

=

4
=q-~-qz;=0 Z =
BHUIHHX CHIOBBIX takTopor, AeHCTBYWOWMX Ha Banky No oxHY cmpouy or Qz) Lt S '

..... 1
waprmpa D. Torna Mpadz1) = 3352—

lna onpepenenus onopusix peakuuii Ry, Ry, R, ynoGuo paccMorpets cymmy

Bropoii yuacTok:
MOMEHTOB BCEX CHII OTHOCHTeNIBHO WwapHipos D, B, C. Tloxyunm Tpy ypaBHeHu:;

D e 0sze2l’ _
E: Md{uu.}=Ra_”__q_E_‘4_1: Q(zz)=-Rﬁz‘QZ1. |

“ R _a4z '
5 Mh=Raf—Rc2£—q£’§+2qN=0, M(z)=Reza- 2.

3 Onpenensiem sHadenna Q(z; ) u M(z;) B xapakTepHbIX TOYKAX,
Y. Mo=R,3¢+Ry20-q3¢ 22 =0.
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Mpu =0  Q@)=-a,

Q)= 2ae,

Ha atom YHacTKe NONEpEYHad CHia MCHAET 3HAK, CIAENOBATENLHO, CYIHCCTB)’:]

M(Zz) =0,

Mpn  2,=2¢ Mz, "%’“'

oKeTpeMyM Oynxuud M(z,). [lpupasuupas Qz;) nymo, naxopum xoopauua

ceqenns, rae M(z,) skcTpemarnen.
Qlzz) = qu tqz, Zz=-;-f-

Toraa Mpudz2) = —mql’

[lo cocrasnenuviM ypasuenusd ¥ suauesusMm Q(z), M(2) 8 xapaxreprb
ToOuKax cTponm 3mopsl Q(z) u M(z) (puc. 1.4). Hpu nocTtpoenuu smop an

yaobersa suiGopa maciutaba opauHatsl Q(Z) BruncaseM B AOIIX “?‘ , M(z) - B pons

%. [IpoBOANM KOHTPOITb NPABHILHOCTH NPOBEACHHOTO IOCTPOCHHS 3MIOP.

Ipnnep No5,

Ganxu, nzobpaxxenuoll Ha puc. 1.5,

TocTpouTs 3n10psl BHYTPEHHHEX CHIOBELX GaKToOpos 1is

Pewenwe. [ina onpemenenus onmopHsIX peakuuil yno6Ho Bocnons3oBaThcal

YPABHEHHAMH MOMEHTOB OTHOCHTENEHO onop A u B.

Pasuuneucmyiomaa pacnpefieeHHOi HATPY3KH YUCAEHHO PpaBHa_nnotaz

ot

SMH0pBI Harpy3xu 'ro éhbTLfr"]'lHOHla,ﬂH 'rpeyrom,ﬂmca W npunmxeua B u;f.m'rpe:;‘w
TAXECTH.
Y, My=-R,20+16q2¢ -g- 20-qt=0,

S M, =Ry 20— Jz-equ% 20-qee=0.
M3 3THx ypapHeHuil Haliiem OIIOPHbIE peakLUH
7 7
2= = qf; = - gf.
R=2a6 Re=3q

Lns nposepkd NPAaBHNBHOCTH BBMHCIEHUS 3HAUEHHH peaxuuil HCHOJII:’:I)(&N%

YCHCBHE PABCHCTBA HYIO CYMMB! npaeunﬂﬁ BCEX CHII HA BEPTHRANDHYIC OCh:

k 17
ﬁgT Ra Q(Zé) P:qt
R,
Ha=0 | L 4
¢ ¢ :
7
T gt
ve 1,204 _ gt
t IIHHHHH@
- s
! L a
| :
11,15 g2

5 Y-—-Ra-i»Rb—%ﬁqZ( ~P=0,

7 7 4
7 Lt~ 16a2¢—-qf =7q¢-Tqf =0.
2q£+2qf 26q~‘-’ gf=7qf~7q

Peakuuyu onop Haiifiensl mpasuibHo. Januas Oanka KMeeT ABa Yy4acTka

narpysenus. Hauano nepeoro yuactka Bbi6upaenm B Touke C, a Broporo — 5 ToHke B.

[eppblil y4acTOK:

0= Z £ fg
Q(Zl)zpmqfs
M=) ""—?Z) m_qf‘ Zy.

Onpepensem 2uavedus 3(z,) n M(z;) B xapakTepHeix TOYKAX.
A

- )y




[Mpu 2z, =0 Q(z))=q¥, M(z,))=0
Mpu z=¢  Q@)=d¢6  M@)=-qf
Bropoii yuacTok:

0 <zs 28,

Q) =P - Ry -0(22) 22

Jnauenue q(z,) HaHAEM, HCTIONB3YH 110400HE TPEYTONBHHUKOB.

az) oz

OTKyZAa q(za) = Ty
6q

20’ 14
C yuetom 3naueHus q(Z;) TOAYUAEM BLIPDAXKEHHE A TIONEPEYHOR CUllbl:

Q) =at - Lo 3% 7=

] 2

g+!3qz’
2 ¢

ang uarubaiolero MOMeHTAa:

3z}
2¢

1 5
M(z) =~ ¢ (¢ +2) +Ro 7o -+ 4(@) 72 322 == t™ 2 b z3-

Ha »rom yuacTke momnepedunas cuna, rpaMK KOTOpPOH MpencTaBiseT u3 ceda |
KPHBYIO BTOpOTO Mopsijka ¢ BepuniHoil B Touke B (ram, rae q(z;)=0) menser 3Hax,
CNe/lOBATENBHO, CYLECTBYET dKcTpemyM dyuxuuu M(z;). [pupasnusaem Q(z;) x

HYJIO, HAXOMM KOOPAHHATY ceueHHus, rae M(z,) sxcTpemaneH.

=_ .,5_ qu? = = ..5... =
Q(zz) = ql+ 7 0, z={ - 1,294,
Torma
3
Mo = — €2 + % ¢ 1,29¢ - q(‘i;:L = 1,15 g2

Onpeaeniem sHagenns Q(z; ) m M(z;) na rpanuuax yvyacrka,

HPH = 01 Q{z?.) == % qE:
M(zz) =— qu.
Mpuz=2, Qe =- 3 at+3a2 =T qp,

19
2 @)
M(zy) = —qé+ - qE 20 - g~ = =0.

Mpumep Ne6, [TocTpouTs IMOPs! BRYTPEHHHX CHIOBBIX daKTopor 4Ms paMmel,
nzo6paxeHHoH Ha puc. 1.6.

Pewenne. Onpenenum onopHsle peakuuy. [na onpencnenis rOpH3OHTANBHOR
cocTaBistoieil peakuuy onope! H, BOCHONEIYEMCH ypaBHCHHEM npoeKuui CHI Ha
rOpPH30HTANbHYIO 0Ch X.

Y X=-H,+2q4£=0. Ha ™~ o7~

Jna onpenenéﬂun peaxuuii R, 1 Ry BOCTIONB3yeMCs yPABHEHHAME MOMEHTOB oT

BCEX CHA , IPHIOAEHHBIX K CHCTEME , OTHOCHTENBHO ONOP A ¥ B.

T My=R,4£-2q4£2£=0,

] 26w age | | B} | |37
== F—] 1-‘. - 4qt E. 4 £
w® 1:: E = N q\ 2
- ek @
] o«
L

®

C
IR, nqt’_m/uqt”
84\! ‘ N o 1-1
Yatl
' comon 1.1 (
£ Cew - T
® rerty*? e _/
© " N®
sgd 4q¢
Puc. 1.6

S M.=Ry4f-2q4£2¢=0.
113 371X ypasReHuil Halliem ONOPHAIE PEaKliiH.

R—u = 4qf~: Rb = 4qf,

H,= 8q¢,
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Mg npoBepky NpaBHABHOCTH BLIMHCAEHNS 3HAYEHHH peakLuil HCIIONB3YeM YCIOBH
PaBeHCTBa HY IO CyMMbl NPOEKUHH BCeX CHIT Ha BEPTHKANBHYIO OCh:

3 Y=-R,+R,=—dqf +4qf=0.

JaHHas pama HMEET LIECTh YHaCTKOB HArPYKEHHMA.

[epsbiii yuacTok AF:

0 <z <44,
Hauano yuacrka sbi0HpaeM B Touke A,

N(z) = R,=4q¢,

Q(z))=H,= 8q¢,

M(z)} =H, z, = - 8q/z,.

Tlpu aTom 3naKkM BHYTPEHHMX CHNOBBIX (AKTOPOR HA3ZHAYaEM CNenyoLu
obpasom: N — nonoxurensHa, TIpH PACTSKEHUH IaHHOTO YYACTKA PaMBL.

Q - monoXHMTeNnbHAa, €CAM BHEWIHAA HAIPY3Ka CTPEMMTCH MOBEDHYTL

.

BBIGPAIHYIO 4ACTH PAMBI BOKPYT CEUEHHS N0 4aCOBOH CTpenKe.
M - nonoxuTenen, ecny MOMEHTHl OT BHEHIHHX CHJI CHEBA OT CEYeHMA

HAINpasneHsl 10 YacoBOH CTpenke, a 3opa K3FH6&I01H,HX MOMEHTOB C’I‘pOHTCH co

CTOPOHAI CHKATBIX BONIOKOH PAMBL.

OnpesensieM 3Hauenys M(z,) B XapaKTEpHbIX CeUEHUIX.
z =0 M(z,) = 0.
z =46  M(z)=32qf

Mpu
TTpu

Bropoii yuactok FG

0=<z52¢4,
Hauano yuactka sriGupaem B Touke K,

N(z2) = H,= 8¢,

21

lpn  z,=2¢,  M(zy) =24 qf*
I peruft yuactox BD
0 <232 24,
limano yuactka BslbupaemM B Touke B.
N(z;) = - Ry=-4q{,
QAz3)=0, M(z3)=0.

lerrepThid yuacTok DE

0 <zy< 28,
limano yuactka Beibupaem B Touke D .
Nz} =0,
Q(z4) = - Ry =-4q¢,
M) =Rozizdqez. ) )
lipenensem snavende Vi(z,g) H—a r;;armuax Y4acTKa
M(z4) =0.
M(zs) = 8 qf”.

Mpu  z4=0,

pu  z; =24,

lurbti yyactok CE
0 <z 24,

livano yuactxa Belbupaem B Touke C.

N(Zs) = 0,
Q(zs) = — 2qzs,

22 .
M(zs) =29~ = q3z.

penensiem suavenne Q(zs) n M(zs) Ha rpanuuax yyacTka

Q(z2) =~ R, = - 4q¢,

M(z) = Hn 4¢ -~ R,zy=32q¢*— 4qf z,.
Onpegensem lsuaqeune M(z,) Ha rpanuuax yuacTka
M(zp) = 32 g%,

an L= 0,

Mpu  z5=0,Q(zs) =0, M(zs) = 0.

Mpn  z5=2¢, Q(zs)=-4qf, M(z;)=4ql%
llecroit yuacTox EG

0<2z5 24,

l1iuano yuacTtka BeiGupaem B Touke E.




N(z¢) = - Ry =— 44,
Qlze) = ~2q(2€ * ),

Mz = R 26+ 202050 — g o+ qae + 20 .

Ounpenensien 3nadeHue Q(zs ) u Vi(zp) Ha rpaRMLax yyacTka
Mpe  2=0,Q(z) =-4gf,  M(z)=12qf",
Npu  z= 2, Qzg)=-8qf,  M(zs)=24q¢" .

Npumiep Ne 7. THoctpoHTh 3MOPEL HOPMANBHBIX CUI ANA GepMsl, H30BpaxeH
Ha puc. 1.7,

23
R,=2P, Ry =2P.

I'0pu30OHTaNBHAS COCTARNMIONUIAS ONOPbl A paBHA HYMO (u3-33 wreyTCTRMS

IOHTARBHEIX BHEWHMX HATPY30K).
3 OCHOBY AHATHTHHYECKOTO pacuera. YCHWIMA B CTEPKHAX CTATHMECKH

penenumoii gepmbl nonoxkeno ofillad cHCTeMa YPaBHEHMEH DABHOBECHR yinus

§ el uny orTaensHeIX ee dacted, myTem wux sbipesanus. Bauo Tax Bepesats yiel,

Il 1aCTh, YTOGHI U3 YpPaBHEHUH PaBHOBECHS MOXKHO BbII0 BBl ONpeneauTh HCKOMbIS

| peLieHHs COBMECTHOH CHCTEMBI ypaBHeHUH.
Jlnst pacdeTa NPHMEHSIOT mu6o crnocof MoMeHTHoH Touku, Anbo cnocod
IpesaHUA  y3noB. Bocrions3yeMes  NOCHEAHMM crnocoSom.  Ilpeasapatensuo
onymepyeM  y3ust  (epmer.  Hymepauua - ysnos depMmel  COOTBETCTBYET
¢ Ie/I0BATENBHOCTH PACCMOTPEHMA HMX PAaBHOBECHS NP OTpeAcncHuH yernuil B

CPIKHAX.

Puc. 1.7.
Pesuenue. [na onpenenedus peakuyit R, u R, Bocnonssyemcs ypasnenu

MOMEHTOR OT BCEX CHJI, TPUIIOMERHBIX K CHCTEME, OTHOCKTENLHO onop A 1 B.
Y Mp=-R,4+P3+2P2U+PE=0,

S M,=R,4-Pr—-2P20-P3(=0,

3 a1ux ypasnedui Hafiem oTOpHbLIE DEAKUMM.

Bee yanbt depmst 00o3Ha4uMM NOPAOKOBEIMM HOMEpaMH: L 2i 3w o
J0/loNbHBIE YCHIHA B CTepKHAX oBo3naunm uepes Ny, rne i, j - HoMepa y3noB
pMBL COBNMHAEMBIX cTepxkHeM (pHC. 1.7a). Ilycts npu 3TOM Nepsbifl HHAEKC i

crjia MEHBLUE j.

N
%

Ng 4]
N N;a
¥ 8

Puc. 1.7a.
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Heobxonimo Tak Bhipe3ats Kakasii U3 Y3008 (epMLl, UTOGh OH COAEpX AN

Gonee ABYX HEH3BECTHLIX, KOTOPBIE NETKO ONPEAENMTh H3 YCIOBHIT PAaBHOBECHS Yan

> X =0, Y Y =0, Yaureisas, uto depma obnanaer CHMMETpPHER M BHEIHY
Harpy3KH CHMMETPHMHBI OTHOCHTENBHO CTepkui Cys, AOCTATOMHO oONpENEH
YCHIHA B Npasoli WK NeBoi nonosuHe GepMbL.

Yutem uto Nyz= Ngg, N2a=Ngs 0 T. 2L

Bripesxem yien 1.

CocTasuM ypapreHus npoekuui cun Ha ocH OX 1 OY.

Yron & OnpeAenHM H3 TeOMETpHY QEpMEL,

. Y 1qa =3££= 2, Sin & = 0,894, Cos & = 0,447,
z X :N|3+ N]3COS a=0 )

B2k A ' Njp == Ny
o X Cos o =
H,=0 ! :
# > Y=2P+NySina=0,
P 2
Nj=-oe =2,24P, Np= 2bcose _ 2P _,
Sina Sina tgo

i

Y 2, X==Njp+Nys=0,Ny =N;=P,

Y Y =Ny=0.

i 3 i
.N34=— -2-91

. X 2 2P
X yNyps==PCosa~ -=],12P.
o R L " Sino

v

z Ym"‘NuSiﬂﬂ."N;j S:tﬂa"'f)"—“ﬂ,

1

2P b 4
N, 4 Ny
X
N, a

25

Buipexen yaen 4.

S X =Nyt Ne =0,
3

Ny = N3y = '2‘1’-

b =_2P-Ny =0,

N45 = —ZP.

OcTajibHble YCUITHS ONpEENsIOTes H3 YCHOBHH CHMMETPH:

Nsg = N3s= 1,12P,

Nyy=Nas=P,
Ngz=Nn = 0,
Nyg=Np=P,

Ny =Nj3=-224P.

TMocTpoum amopy Nj; B 3lleMEHTax depmsi (Puc. 1.76).

2,24P / 2,
2P [
\ . =
~ A A
1,12P Lj12P
\

T PIe [
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Opunmep Ne 8. TlocTpouTs 3MmiOpsl BHYTPEHHKX YCHIME B TpeXiuapHH

apKe, OYEPUEHHOH NO JYre OKPYNKHOCTH H HAIPYXKeHHOH BEPTHKANLHOM HArpY,
(puc. 1.8.).

Pewenue, Jns apku, npeicrapnsomeil 4acTsb OKPYXHOCTH, YpaBHeHH

napaMeTpHYecKoil (opMe 3anHILeTC Kak:

z=R (Sin gy—Sin g ),

y=R (Cos ¢ —Cos @y ).

[AE: Mo - YTOM HAKINOHA KACATE/NBHOM K JIyre apku B Hayalie KOOpAWHAT;
PANHYC OKPYKHOCTH,

- gl
8H 2

H

; L
s Sm(po=—2E, COS(P():l—ii‘.

Ypabiienue ocu apku, OUepueHHON N0 KsanpaTuoii napaoie, B obolnayew|

npencTanjieltsIx Ha puc. 1.8, uMeer sua;

i Al =9 4 H
y 4L’ z(L —- z). tg = 4L2 (L - 2z).
Y
1 P=2g¢t 2g

9
il

-

9
iiddddd LITTTT

e ¢
a Ha
A
" Z »
2¢

Puc. 1.8.
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Jit CHHYCOWAANEHOH apKH:

COSE.
L

dy

B
dz

L

Qe

nz
= HSin —,
Y 1 L

(HipeaenseM PEAKLHH OIIOP, HCHONL3YS UL 3TOT0 YpaBHEeHHs PABHOBECHA.

¥ My=—-R,80+q2¢ 7 +P 6L +2q4€ 4f + q2L£=0,
I, sggq£=7,5 gf.
8
3 My=R,80—-q2070~2q4f 4P 2¢{~-q2££=0,
52
l:.,s—s-q£=6,5 qd.

IlpoBepxa :
2. Y=0,
I, +Ry—q2-P-2q4L-q2{=0,
14qf-14qt=0,
Pacnop H, = H, onpenenum H3 ypaBHeHHI MOMEHTOB OTHOCHTENEHO [HapHHpa
NCTABNEHHOTO IS NIEBOH HAX NPaBOH MOJIOBHH apKH.
Y, My=0,
R4+ H, 20+ q20 3¢ +P 20+ 2q2£¢=0,
I, = 8qf.
llpy [eHCTBHM BHEIUHMX HArpy3oKk B CEYEHHAX TpexwapHUpHOi  apKH
KA, M3rHGAIOILME MOMEHT M,,y, MonepeuHas ckna Q 1 HopManbHad CHIa N,
|ophie ONPEENsioTCA U3 YpaBHEHHA paBHOBECHA oTceyeHHoft wacTu apkH. Ilpn
W CHJIBl TIPOEKTHPYIOTCH HA HOPManb K CEHEHHIO (ceuenue mepneH/ MKy NAPHO
| upicit), wroBk! onpeaenuTh N ¥ Ha 0Ch NEPNEHANKY 1APHYI0 HOPMAIH K CEUEHHIO,
b1 ONPEAETHTE Q.

llnpmanbuas cria NONOMKUTENbHA, SCNH BRI3BIBACT pacTAHEHHE. I‘Ionepeuﬂaﬁ

1. O nonoxuTenska, eClH BPAWAST PACCMATPUBASMYIC HACTB ApKH BOKpPYT

‘s no Hacooii ctpenke. WarnGaiouimii MOMEHT MONOKUTENEH, ECIH RLI3HIBACT

TIHE BEPRHHK BOAOKOH CeYeHHA apKH.
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Ilpu pacuere apky Ha AeACTBHE BepTHKANBHOI HArpy3KH YA00HO HCNONL30BAT

TaK Ha3bIBACMYIO SKBHBAIEHTHYIO Oanky (prc 1.8a).

YCHIIHA B 3TOM Cly4ae MOIyT GbITh ONPENENEHET [0 bopmynam:

Mye=M? —H,y,

Q=0Q"Cos ¢ — H,Sin o,

N=-(Q%Sin @ + H,Cos ¢ ),
TA, @ - yroi MEWAY KacaTenbHoH K ocu apku u ockio OZ; z, y - KOODJIHHATBI
ceuenuss apku; M¢,, Q° - msrubaommii moment wu nonepeyHas cuia B

COOTBETCTBYIOLEM CEYEHHY IKBHUBANCHTHOH Banku.

i P= 24t
/g q 2q .
Pl
JENENARE 20! b FEAMIEAgES
L
R,| *
Y
A Haz
2 |
® P = 2g¢
Ra g g qu . /q «LR!:
H, SO L T, B
v ; o
Puc. 1.8a
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I lauano koopauHat BeifHpacmM B omope A,

| CNAeM BHYTPEHHHE CHITOBBIE QaKTOPhI HA Y4aCTKE

< zg2f (pozoze,0zysy)
2 2
fw=Ryz- L _H,y=75qt2- q; ~8qfy,
) (R,—-qgz ) Cos ¢ - H, Sin ¢,
N=-[ (Ry~qz)Sing+H,Cosp |.
JUist TOCTPORHHS 3MIOp ONPENEIAEM Qg H Py () - YIOJI HAKNOHA KACATENLHOM Ha
HILIE YHACTKA).
I ;
= —+E—4Z£ =5¢, Sin o= b e 0,8.
8H 2 2R
gy =53 z=R (Sin pg— Sin ¢) ;
npz=2¢ ©=@

0 =52 (0,8 - Sin g1); Sing;=04; g =23%5"
(UiCnseM BHYTPEHHHE CHIOBBIS (akTopsl Ha yyactke 2f < z < 64
P2=~@=-23"35").

(z- 213)2

(prz@z@,y £y<H,

=Ryz-2q¢ (z-8)-P(z-2{)-H, y - 2g-——

H]I

Q=[ Ra~q2¢-P-2q(z-2¢) ]Costp-—Ha Sin g,

N=-[ (R,-2qz)Sinp+H,Cos ¢ ].
jijic/eIAen BHY TPEHHHE CHIIOBBIe QakTopbl Ha yqacTke 6f < z < 84
92=-23"35,  @y=-go=~53"8".
(z 6[}

(przez@,y2y20,

My = Ry 2~ 2q€ (2~ £) - P(z - 20) — 2q 4€ (z— 46) — g =—~L—H,y,

()=[ R,~q2{-P-8ql-q(z-6£) ]| Coso—H,Sing,
N=-[ (R,~6qf-qz)Sinp +H,Cos g ].

mopst N, Q , M npupenens! Ha puc. 1.86.
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10,0 ¢
2,50 ¢

Nosage | B0 gl 9,134
1,84 g¢
e LYY S
1]
0,50 g ¢ 0,924

N

1,662

Puc. 1.86.

Hpunsiep Ne 9,

HOTEPEHHBIX CECHEHHAX NMPOCTPAHCTBEHHOTO JIOMAHOrO prca.

TToCTPOKTL DMIOPBl BHYTPEHHUX YCHIHH, AEHCTBYIOWMX B

A

%

RO

- ‘
N”T

©

P

Zy

Puc. 1.9,

CoCTaBuM  aHaNUTHYeCKHe isit:t

Peienue.

BbIpANEHHUS OMNpeesIeHH A
HIYTPEHHHX yeHnuit B anemenTax Bpyca.

I lepsbiii yuactox GF:

0z 5,

ITpu onpepenenuu ycunuit B anemente GF ncronb3yeMm cucrteMy KOOPABHHAT,
iobpaxkeHiyto oxono agementa GF .

B ceuenun z; nonyuum, 4ro:

N=0, Qy=-P=-ql.

3uak Q, MONOKUTENEH, ecii pACCMATpHBAEMan 4YacTe Gpyca co cTOpoHsr ocH X

HPALLEETCs BOKPYT cedeHua oT cunel P no uacosol cTpenke.
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Qx=0=Mz:0>Mx=*PZ]="qﬁZ|, My=0.

3nak momenTa My - NONOKHTENEH NPH NONOKHKTENLHOH KPHBH3HE OCH £Tep

33

H0ph] BHYTPEHHHX CHIIOBBRIX QAKTOPOB NPHBEAEHEL Ha PHC. 1.9a.

gt /777 7T ART Tl

(cKaTh! BepXHHE BONOKHA)

7
®

Bropoifi vuactox EF:

0<zy2 4.
N =P. 3nar N - nonoXHTENCH NPH PACTAKEHHH.
Q=0,0,=0, M,=0,

Tpetuit yuactox DE:

M,=—Pe=—qf*, M, = 0.

Dz b, ", & =

N=0, Q,=0, Q,=—-P-qz=-qf-qz,, gt

M,=-P{=—qf, M,=-Pz;- 2, M, =0.

2

Yerpepretii yyacTox BD:

,rﬂ/”ﬁ

24t

']‘:

®)

0 <242 £

N=0, Qx=0, Q,=-P-ql=-2q¢,

M, =Pt +qes = Sqf, M=~ P(¢ +24 ) - qfzs, M, =0.
[atwii yuactok BC:

0 <z52 L.

N=0, Q=~P==¢f, Q,=0,

M,=0, M= 0, My =Pzs = qlz;.

Llectoii yuactox AB:

0 =z, 2L,
N=0, Qy=-P=-qf, Q=-P-qf=-2¢{,

M, =P 20 +qf* =3qf’, M, =P (£ +1z),

M,=P(-26)+t (3-20= 20~ 2q0 2
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L5, Koumponsuste sonpocu

1.6. Bapuanmovt 3a0anuil

- Kax knacenduunpyiores saewnue cunn 2 Mx pasmepHocTy ?

2

Kakue OCHOBHBIE FHIIOTE3E] NPUMCHANTCS B CONPOTHBNEHWH Marepuano

|
[0 LULAIEBIX. PACYETHBIX CXeM, NPEACTasNeHHEIX HHMKE, IOCT)OHTE HIIOPLI .
3. Koraa e npumenum npunuun cynepnosunuy ? Joninne cunopbix daxropon. BapuauT 3amaHus, AdHelHele pasMepsl U |
4. Kakue BRyTpeHHHE YCHINA BOIHHKAIOT B ceuenmsx Ten B obwem cayyach HIIPY30K BRBMDAIOTCS COTMIACHO TPeX3HA4HOro UiK(pa, BEIAAHHOTO | |
— DA donanirenen, llepsas npdpa o3HauaeT HOMEP BapHAHTA 3afianua, BTOpas -
5. Eenu B nonepevsiom cewennu NPAMONMHCHHOA  Banky  npunoe " ponn s TaGamne 1.1, TpeTsa - HoMep cTpoku B TaGnuue 1.2. B Tabnune 1.1,
COCPEROTONEHHAS CHIIE, TO UTO BYIeT B 9TOM CeUeHUH 1a smopax Q u M e 1) A OsHasaeT BAA OuepTaHUS ocH apki (O-yra okpyxHoctd, [T-napaGona,
6. Cxonsko caszell neobxonumo HANOMKHTL Ha TeJO, 4ToDb! 3AKPENHTE erf Sk
MNOCKOCTH ? |
7. Cronpko ceasell HanowxeHo Ha BpawaonMiics pa ? Hponieianie, JIs apki peKOMEHAYETCH BRIYHCIHTE BEJHYLlY BHYTPEHHHX
8. 13 kakux ycnosuit onpenensiores peakiliuu onop ? L IACFOpoB B YEeTEIPeX CEMeHHAX: B CEHEHUAX PACHOJIOKEHHBIX BecKOHEYHO
9.

- : 7 a TalKe B
Hemy pasen nsruGarounii MoMent M B sanannom ceveri Ganx | Jl1yX CTOPOH OT TOYKM MPHIIOXKEHNS COCPENIOTOHeHHOM cibt Py,
; . KLY OMOpaMu
10.Yemy papna nonepeunas cuna Q B 3ananHOM cevennu Ganxu ? o na pacetossud 1,41 1 3L oT neBol onopsl (PacCTOAHKE MEKILY ONOp
11.Hemy pasen xpyTamuil MomenT My, B 3a11aHHOM ceuennu pana ?

CHITOBBIX
ik cxemax pasro 4L), a onpelenenue BeNMYUH BHYTPEHHHX
b e

12.Yemy pasua npogonsuan cuna N B saganmom CEeUEHHH cTepHs 7
.

5BM no
Lopon, 11coGXOAMMBIX Jiisl TIOCTPOEHHS MOMHBIX 3MII0P, NPOBOAKTS Ha
13.Kakossl angrbepennuanpune SABHCHMOCTH Mencay q, O, M npu uz

£ tunull porpaMMe.
npaMonuHeHol Hanky 7
o
i4.Kax usmenserca M no miume Ganky 1pH OTCYTCTBHM pacrpeseneHHn Latimius. | |
2 519 H A
HArpy3ok v L T H El -
15."emy pasnet Q u M Ha koHue Koucony NPH OTCYTCTBUM COCPENOTOYEHHY 0 ¢ 28 3¢ 2t Y, I
‘ 3¢
CHIL H MOMEHTORB B 3TOM ceuenuy Ganky 7 ' 2t 2 L8 7 C
) 3¢ a0 - 2 3¢ o
16.Yemy paren M Ha komue Ganks, OMHpAKLENCa HA WAPHHPHYIO onop : - ? ¢ 4f 3 =
fIPH OTCYTCTBHH COCPENOTOHEHHOIO MOMeHTa 7 | 3 24 3¢ £ C
17.B kakux cryyasx ankopa Q HemiHeliHa ANA IPAMONHHEHRHOH Oankn ? ) 44 4 2¢ gf; ITE 0
7 5
18.Kaxue npasuna KOHTPOIS NOCTPOCHALIX 3nH0p Bai 3naete 7 " ui 2 j 14 ? 44 0
/ 5¢ €
K 5¢ o, 24, L 2 0
) 50 41 3¢ 6 4




TaGnuia 1.2,

N q Q2 r Py m M

0 - 2q 3gf qf 2qf 3q¢*

l. _ 2q 3q Ayl 2q¢ 3g¢ ‘H-j_(i:___

2 q 49 Sat | 3¢f | 29t | qf |

3 -2q 29 | -q Aqt | 3q0 | 29 |
K 4q 3q 2/ -3q¢ 49¢ | 5qf |

5 - 4q 5q 6q( 6q¢ 5q¢ | Aqft |

6 59 6q q¢ gt 6q/( Sq¢°

7 -3q 3q dql 4gé Sq¢ (Hl(“j i

8 ~3q. | 4y | -3q¢ | 3q¢ | 3gf €

9 4q 3q 290 -5qf obqt g

Pacuemno-npoexmuposounan paboma Ne 2

PACYETHI HA IIPOYHOCTD IIPU PACTSKEHHH,
) CKATHH U KPYYEHUA
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