OIIA.P.03 CTPOUTEJIbHAS MEXAHUKA

MGTOHHHCCKHG YKa3aHUS U KOHTPOJIbHBIC 3aJaHU
I CTYACHTOB-3d049YHUKOB

B MeToanyeckuX VKazaHHAX CoOJepXkKaTcsd 3aJaHMs K PACYETHO-
rpaduyCCKUM padoTaM MO KVPCY CTPOMTC/IBHON MCXAHHKH A1 CTVICH-
TOB-3A04HUKOB crneunaibHocTe 270102 «[lpoMeimiiennoe u rpaxian-
CKOC CTPOMTCILCTBO», 270115 «Dxencprusza n ynpapacHUC HCBUKUMO-
cThiO», 270105 «l'opoackoe CTPOUTEIBRCTBO M XO3TUCTBO», JAHBI KPATKHUE
METOANYECKUE VKa3aHHUI.
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BBEJIEHHUE

J14 CTYACHTOB CTPOHMTCIIBHBIX CICLHUAIBHOCTCH CTPOMUTCIBHASA MC-
XaHUKA ABNACTCS OJHOM U3 OCHOBHBIX Oa30BLIX JUCUUIUIMH. 3aJada
CTPOUTETBEHON MEXAHWKH 3aKJTIOFACTCS B TIEPEX0Ae OT ODIINX pa3aciios
du3UKU, TCOPCTUUCCKON MCXAHUKH, TCOPUH VIIPYTOCTU K HCIIOCPCACTBCH-
HOMY MPOEKTUPOBAHUIO COOPYIKEHUI.

MHOT000Opasie M CIOXKHOCTD 33a7ad, CTOSIOUX TEpPea CTPONTENBHOMH
MCXAHUKOU, NPUBOAAT K HCBO3MOKHOCTH CC U3YVUCHHA B PAMKAX OJHOrO
KVPCa U BBI3BIBAIOT ICICHUE €r0 HA PAI CBA3AHHBIX MEXIV cOOOH Jucuu-
ICIVH, COTPOTHBIICHUE MATEPHATIOB, TPHKJATHAA TEOPHUS VIIPYIOCTH M
ILTACTHYHOCTH, CTPOUTE/IBHAS MEXAHHUKA CTEPKHEBBIX CUCTEM, VCTOUYU-
BOCTb U JMHAMUKA COOPVKEHAN U Jp.

]_[C.'Ib C-TpOMTCJbHOPI MCXIHHKH CTCPMHCBBIX CHCTCM - BOOPYMKHUTDH
OVIVIOETo HHXKEHEPa 3HAHUAMH, HEOOXOIMMBIMHU 11 NMPOSKTHPOBAHUA
COOPYVKEHUH MPOMBIILIEHHOTO M TPAXKIAHCKOTO CTPOMTEIbCTBA. byvayv-
KN MIPKCHCP AO.DKCH MOHHMATh PAbOTY, KAk OTAC/AbHbIX KOHCTPYKTHB-
HBIX 2IEMEHTOB, TAK U COOPVIKCHHUH B LIE.TOM, ONIMPASICh HA 3HAHUA, TIONTY-
YEHHBIC TIPU HU3YUCHHH ma”HHOU aucnuruinHel. OBnaneHue ee TMPaKTHIE-
CKHUMHW PACHCTHLIMH NPUCMAMHK CBA3AHO € M3IYHUCHHCM NPUKIAAHBIX AUC-
IMIUTHH, Kak-To: «MeTaTrieckie KOHCTPYKIOUm», «Kene3o0eToHHbIE U
KaAVEHHBIC KOHCTPVKLHMN», «KOHCTpYKIIMM U3 aepesa U miacTtMace». Ma-
TCPUAJI BCCX VKA3AHHBLIX JUCHMILIMH JIOFUYUCCKH B3aMMOCBA3AH € MATC-

PHAIOM JHCOHITITHHEI «CT])OI/IT\S.'IBHEIH MCXAHHER:L».



O01uMe MeToAnYECKHE YKA3AHUSA

K u3yueHU1I0 CTPONTENBHON MEXAHUKH CIEIVET TIPUCTYTMATE MOCTE
VCBOCHHUS HMHTCIPAIbHOIO0 MCUMCICHMS W OCHOB MATPUYHON AIrcOpbI
Kvpca «Bricmas MaTeMaTtuka», JUCHUATUINH. «@U3HUKa», «TeopeTnueckas
MexaHuka» U «COMPOTHBICHNS MAaTEPHUAIOB».

N3 xypca «CONpOTUBICHUC MATCPUAIOB» CTVICHTY H3BCCTHBI 00-
IIHe MOTOKECHUS OLCHKH MPOYHOCTH, KECTKOCTH M VCTOMYHBOCTH MpH-
MEHHUTENIBHO K MPOCTBHIM CHCTeMaM (DalkaM, OPYChAM, CTEPKHAM), YTIOT-
PCOIUICMBIM YACTO KAK CAMOCTOHATC.IBHBIC COOPYIKCHUA UM BXOMALIHUM B
COCTaB CNOKHBIX KOHCTPYKUMH. CTpOHTEIbHAsd MEXaHHKa H3VHAET CO-
OPYZKCHMS, COCTOALIUC U3 OOQ.IBLIOTO YUCAA IICMCHTOB, HA OCHOBC 00-
IUX MPUHLUIOB Pa3padaThiBAcT U COBEPILICHCTBYET METOABI TOTHOTO H
NMPUONMKCHHOrO PAcuCTa CIOYKHBIX CHUCTCM (Danok, apok, depv, pam,
NPOCTPAHCTBCHHBIX KOHCTPYKLIUH).

Kypc CTpOHTENBHOU MEXAHUKHN COCTONUT M3 ABYVX YACTEH!

Yacte I — Cratuucckn onpcacIuMbic CTCPAKHCBBLIC CUCTCMbL (3
Kype);

Hacts Il — Cratudeckn HeOnpeIenuMBle CTepKHEBBIE cHCTEMBI. Oc-
HOBbl TCOPUH YCTOHYHBOCTH U JUHAMMKH (4 Kype).

OcHoBHOH (OpMOH H3VICHHA KVPCa CTPOUTECIBHOW MEXAHWKU ITd
CTVIEHTOB-3A0YHHUKOB SABISETCS CAMOCTOATEThHAS padoTa ¢ VUCOHHKAMH
U vuCcOHBIMU NOCOOUAMH. CNUCOK PCKOMCHAVCMON YUCOHOM IMTCPATYPhL
MPHBEICH Ha ¢TP.54-55. B KauecTBEe OCHOBHBIX PEKOMEHAVIOTCH VIEOHH-
ku [ 1, 2].

B crpourcabHOI MCXAHUKC 0O0JbIIOC 3HAYCHUC HMMCCT YMCHHMC PC-

WAaTE KOHKPCTHEBIC 3aJaYH. ]_[O3TO'.\-'I_V B JONIOMHCHIC K }-"‘ICSHH’K}' AT



MPUOOPCTCHHUSA HABBIKOB B PCIICHUH 33744 CICAYCT MCHO.Ib30BATH IOCO-
oua [12], [13].

[lo BaxkHeHIIUM paszienaM Kypca CTYACHT-3A0YHWK BBITIO.THACT HH-
AUBUAYAIBHBIC PACUCTHO-TPAPUUCCKUC PadOTHI,

HcxonHpie maHHBIE A7 pELICHUA 33a0a49 BHIOWparoTcs w3 tabmun Ba-
puantoB (Ne 1-10)) cormacHO ¢ HHAMBHAYAIBHBIM YUCOHBIM LIH(POM.
HTudpoM cuuTaroTes TPU NOCASIHUE TUPPEI HOMEPA 3a4ETHOM KHUKKH.
PexomMeHAVETCSA TIPEICTABIIATE HA MPOBEPKY pacueTHO-rpadHIeckne pa-
OOTbI Cpazy MOCAC HUX BBIMOJHCHUMH, O OJHOH, ¢ TCM, UTODbI 3aMCUAHMS
NPenoJaBaTens MOrIM OBITh VUTEHBI MPU BBIOOTHEHUU U OMOPMICHUU

CACAYIOLICH PadOTHI.



Kaxxnas pacuetno-rpadudeckas padoTa AODKHA BLIMOIHATHCA HA
aucrax popvata A4, THUTYIRHBIN JTHCT pacdyeTHO-rpadutieckoil padoTh
ohopmmsictest o obpasuy (puc.1). Heobxoaumo BHIUCPTHUTH 331aHHVIO
PACUETHVIO CXEMY U VKA3aThb HA HEl BCE pasMepnl B Harpyiku. Pemenwue
331249 JOHKHO COTPOBOKIATRCS TMOCJEAOBATEIBHBIMH KPATKHMHI TIOSCHE-
HUAMH, YCTKUMH CXCMAaMH CO BCCMHM pasmepavu, Ha smropax u amHusx
BIHSHUA JOJUKHBI OBITh MPOCTABIEHB! 3HAYCHHS BCEX XAPAKTEPHEIX OPAHU-
HAT U PA3MEPHOCTH.

[Tocac nposcpku pacucTHO-rpaduucckux padoT n UCIPABICHUS BCCX
3AMEUYAHME TIPETOaaBaTeNs, PAadOTY HEOOXOAUMO 3aperHCTPUPOBATE B
AckaHate PakyabTcTa 3a0uHOro 00vucHusi. TOabKO mOCac 3Toro, padorta

MOKET OBITH MPEACTABICHA K 3AITHTE.

1. Pacuer cTaTuvecku onpeaeuMoil MHOTONPOJIETHON (IIapHUP-

HOIi) 0aaKu

3axanue. J[15 6anku coriacHo rapuaHry (puc.2), TpedveTcs:

1. IMocTpouTs 3MFOPE UArHOAIOIMUX MOMEHTOB M M TIOTICPSTHBIX CHIT
0.

2. [loctpouts nuuuy BruaHug M u ¢ 171 321aHHOTO CEUESHHA, a TaK-
HKC MUHUIO BIMSHUS OHOH ONOPHOU pecakuuu {no BoIOOPY CTYACHTA),

3. Onpenenute Mo THHUSM BIUSIHKUS 3HaveHus M, 0 ¥ omopHOH pe-
AKIMH OT 3aJaHHOH HATPY3KHW U CPABHHUTH WX C BBIYHCICHHBIMH AHATUTH-

HYCCKH.



MeTtoauuecKkne yKazaHust

Pacuety Oanku AOMKHO NPEALICCTBOBATH MOCTPOCHUC €€ «IO3TANK-
HOU» cxeMsbl (puc.3). ns 37oro MBICIEHHO VIQAISIOT IHAPHHUPBI, COEIH-
HSIIOLIME Oanku Mexay codoit. Te Oanku, KOTOPsIC CIIOCOOHBI CAMOCTOSI-
TEJBHO HECTH HArpy3Ky (KECTKO 3alLECMICHHBIC MM HUMCIOLIHC JBE Ha-
3¢MHBIC OMOpPHI) OVAVT TTTAaBHBIMH OankaMu (OCHOBHBIMH). Bcmomora-
TC/IbHBIC 0AIKHU (TOABECKN) UMCIOT TOJABKO OJHY HA3CMHYIO ONOPY WIH HE
UMCIOT uX BOBce (puc.30). Hepocraromumu onopaMu Aad HUX CAOy2Kar

COEIVHUTE TLHBIE INAPHUPHI (PUC.3B).

Tabmmua 1 — UcxogHele gaHHBIC A4 pacdeTa CTAaTHICCKH OTPE e TH-

MOH MHOTOIIPOJICTHOH Oanku

£ 2 : &3

o s o o 2 =
"8 z|=|58 2|32 (288 =| =%
3 S| S| 2| S|2E S| x| B|AES S| ;
= = o = [ -
= m =

1 [ 1w0[14]121 1] 8 [34] 1 1 1.4 | 20| 22
2 21515 14 |42 | 2 2 1,6 | 2.2 | 2.4
3 (141620 3 [10]48] 3 3 1.8 | 14 ] 25
4 [ s 1818 4 [12]36] 4 4 12157 2.6
s 161616 5 [14]34] 1 5 20 1.8 28
6 | 8 [14]14] 6 | 1244 2 £ W 22]16]30
T 12 12158 1 16 32| 3 7 15[ 14132
8 |14 |22[12] 8 | 1052 4 8 16| 18|34
9 | 8 [25[14] 9 [12]38] 1 9 1.2 201 3.6
0o [10]15]16] 0 [16[32] 2 0 1412138

[locme TTOCTPOCHUS «IMO3TAKHOI» CXeMBI (pHC.3B) 3aTaHAYVIO DKy
PACCMATPHUBAIOT KAK Psi MPOCTHIX ABVXOMOPHBIX Oanok (puc.3r-m). Oco-

OCHHOCTD 3ajavuy 3aKIIOHACTCHd B TOM, YTO AJAd PACHCTA HUKCICIKAITHX




fanok HEOOXOAUMO 3HATh CHJIbBI B3aHMOJACHCTBUA B INAPHUPAX, ABIISIO-
LIUXCST OTIOPHBIMU PEAKLUSIMH BBIIIEIEKAMUAX OATOK M HArpy3KOM AT
HWKEICIKALIUX.

Pacuer Oanox HauMHAIOT C CaMOro BEPXHErO «aTaxka». Jlnsa pacuera
HEOOXOAMMO BEIUEPTHTH CXEMBI KAKIOHU JBYXOMOPHOH Oamkw (puc.3r-a),
a smropsl M u 0 MOXKHO CTPOHUTh HA OOLICH 0a3e IMoJ «MO3TAKHOM CXe-
MOM».

Pacuer Ganox HAYHMHAIOT C CAMOTO BEPXHETO «dTaxka». st pacuera
HCOOXOMMO BBIUCPTUTH CXCMbI KaXKIOHM ABYXOMOPHOU Oaaku (puc.3r-a),

a smopel M u (Q MOXKHO CTpoHUTH Ha O0wICH 0a3e Mo «MOITANKHOU CXe-
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PucyHox 2 — PacueTHBIe CXeMbl MHOTOTIPOICTHBIX (IITAPHUPHBIX ) OaTOK



a) 3amanHasg cxeMma 0anku
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PucyHok 3 — [opsiaok moCTPOEHUSI «ITOITAKHON» CXeMbl DalKu

[TonoxuTenbHbIE OPAMHATEI HA 3MIOpe M3rudariux MOMEHTOB M
OTKJIAABIBAOT CO CTOPOHBI HH)KHUX BOJOKOH Oankm (BHU3 oT ocu). Ha
amope M NpOCTAaBISIIOTCSA 3HAYEHHUS BCEX XAPaKTEPHBIX OPAMHAT, 3HAKU
Ha 3mope M He crasarcd. [Ipu moCTpoeHuH 3MIOpsl MOMEPEUHBIX CHi1
MOJIOYKUTENBHBIE OPJUHATHI OTK/IABIBAOTCS BBEPX OT OCHU M HA IMIOPAX

00s13aTeIbHO NPOCTABIAIOTCH 3HAKH.
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JIg TIOCTPOCHNS JTHHUH BIMSHUSA CIEAVET eUe pa3 BHUSPTHTE «TIO-
ITAOKHYIO» CXCMY Oanku 0c3 Harpyviku, CHauana TMHUH BIHSHUSI HCKOMO-
ro VCUIUS CTPOATCS A1 TOM Oanku, KOTOPOU MPUHALIEKUT 3aTaHHOES
CEUCHNE WM OTIOPA, 3aTEM JTHHUS BIMSHUS PACTIPOCTPAHASTCS HA CMEXK-

HBIC BBILICJICKAIIUC DAJTKH.

2. PacueT Tpexmiap HHpHO# apKH

3ananmne. [ng tpexmapHupHON apku wmid paver (puc.4) Tpedvercs
ONPCACIUTD 3HAYCHHUSI U3rHOAINX MOMCHTOB M, noncpcunbix cui § u
npOIOIbHEIX yernui N B ceueHusIX k; 11 kp OT 3a0aHHONA HATPY3KH.

McxoaHbie JaHHBIE COTNTACHO MH(pPY BEIOUPAKOTCS W3 TAOTHIIB 2.

MeToanueckue ykazaHus
Hco0x0auMO BRIUCPTUTH CXCMY APKH, HAHCCTH HA HCC BCC 33JAHHBIC
pasMepsl B HArpy3Ky. HeobxoammMo BRIMHCTIHTE KOOPAWHATEL TOUCK Ky 11 K
» SHAYMCHUA CHHYCOB U KOCHHYCOB VTIIOB HAKTOHA KACATC/IBHBIX K HUM.
Op,[l[/IHaTbl TOUCK OCHU apKH W VIJIbl HAKJIOHA KACATC/ILHBIX ONpcAac-
JIA10TCA TI0 hopMy.TaM:

a) Py OUEPTAHUH OCH APKH N0 TTapado1e

4f

= \[L.—x);
(1)

g9 =L (1~ 2x),

rl

.}?

1%

sin @ =

11



CosQ =

1

vy

Tabauua 2 — UcxoaHsle JaHHBIC K pacyeTy TPCXLIAPHUPHON apKu

£ 2 2 |
= ol = [

5 § A 5, 5 _g 5, %‘ % E g g Ouepramme | J |%
% = gg d s B E g OCH apKH I
O = [aS) b

= m = &)
1 (2610203110610 3 1 | a Ilapabona 040 | 4
136051028020 07 (21 O 2 | a | Oxpyxnocts | 0.32 | 3
3 [18(03]104 (3 108]0| 4 2| b Pama 0,36 | 5
4 12810610514 09 (3 0| 4 | a| Oxpyxkuocts | 0,34 | 6
5 [20(04]02[5106|0] 5 8 | a IMapabona 0,38 | 7
6 1321071036074 0| 6 | 6 Pama 040 | 8
12208104 8| 08 | 0] 2 0 a Ilapabomna 0,33 | 4
8 [34(021021| 8109 |5 0 8 | a | Oxpyxnocts | 0,32 | 5
9 [24(03]03[19 106 |0] 3 9 | 6 Pama 0,34 | 6
0 130/04]1041] 01073 0| O | a| Okpvxuocts | 0,38 | 7

6) MPpH OHYCPTAHHUH OCH apPKH MO OKPYKHOCTH

sing =

sz

‘j ———x —R+f;

L=

F R~

, COSQ =
¢ R

Crnenyet uMeTh B BUAY, UTO SIN () A4 CEUCHUH, PACTIOI0KEHHBIX HA

TIPaBO# MOJOBHHE APKH, JOIKEH OBITh OTPULIATETBEHBIM.

12




Cxema HarpysKeHus
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Pucynok 4 — PacdueTHbIe CXeMBbI TPEXINAPHUPHBIX apKU U paMbl
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3. PacyeT cTaTHYeCKH ONpeAeTHMOIl II10CKOii hepMbl

Jananue. g ¢pepmbl cornacHo BapHaHTy (puc.5), TpedyeTcs:

1. MeToxom BeIpe3aHus! Y3/I0B ONPEACINTb YCHIHUS BO BCEX CTCPIKHSAX
depMer;

2. MeToxoM MOMEHTHBIX TOUeK (MeToaoMm Purtrepa) onpeaenuTs ycu-
Ausl B CTCPOKHSIX 334aHHON MAHEIH,

3. TlocTpouTh TMHUM BAUSHUS YCUIUN B CTEPIKHAIX 3a1aHHON MAHEH;

4. I'lo nuHUSM BIUSHHS BBIYUCIUTE VCHUIHS OT 3aJaHHOM HATPY3KH H

CpaBHUTb UX CO SHAYCHUAMH, NNOJYUCHHBIMH aHAJIUTHUCCKH,

Tabnuma 3 — Mexoansie qanHbIc k pacueTy QepMbl

Iepras L. P Bropas Ne nanenn Tpetps h.

Iidipa M kH hha (cumTag ciesa) nalipa M

mudpa mudpa mugdpa
1 30 2 1 2 1 3,0
2 28 4 2 3 2 3.5
3 2 5 4 4 3 4.0
4 24 6 4 2 4 4.5
5 21 i 5 3 5 5,0
6 18 2 6 4 6 5.5
1 32 4 7 2 7 3.0
8 22 ] 8 2 8 3.5
9 23 6 9 4 9 4.0
0 33 7 0 3 0 4.5

p p p
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Pucynoxk 5 — PacuerHeie cxemsl pepm

4. Onpenenenue nepemMemieHNii B CTATHYECKH OMNpeaeTMMoii 6an-

K¢

3ananwme. [{ns Oanku cornacHo BapuanTty (puc.6), Tpedyercs onpene-

JIATH NPOrud MM yroJl NOBOPOTA OJHOIO U3 CEUEHUH.

16



MeTtoanueckne ykasanusi
Ilepememienus ciacayer ONpPeAC/ATh ABYMsI CIOCOOAMHM, HAIMPUMEP:
no ¢gopmynaec Mopa u npasuty Bepemaruna. IloctpocHue 3mop MOMEHTOB

(Fp}’SOBHX n G,ZIHH'[/ILIHI'.:IX) CICAVET COTIPOBOKIAATE PACUCTAMH.

Tabauua 4 — McxonHsle faHHBIC K PACUETY TPEXIIAPHUPHON apKu

= Tpetpa
- HEA Hl e
G M | xH/m e kH E-;: (Ne MEPEMELICHMUS
= CXeMBbI)
1 10 1.2 1 4 | | ITporud
2 8 1,3 2 5 2 2 Yrox nosopora
3 9 1.4 3 6 3 3 [Tporu6
4 12 15 4 7 1 4+ Yron moBopora
%) 13 1,6 5 8 2 S [Tporud
6 14 1.7 6 4 3 6 Yron noBopota
1 13 1,8 7 3 1 7 ITporu6
8 16 1,9 8 6 2 8 Yron nosopora
. 18 | 2,0 9 7 3 9 ITporud
0 17 Byl 0 8 1 0 Yron nosopoTta

Onpeaencnue nepemewmeHuil no gopmyac Mopa npousBoasT B cie-
AVIOLIEM MOPSAKE:
1. PaccmaTpuBatoT aBa COCTOSIHUS OaIKu:
— TIPY30BOC — OT ACUCTBUS 3a1aHHON HATPY3KHU,
— eauHugHOe ((PUKTHUBHOE) — OT JeHCTBHS cuibsl P=1 (ecnm onpe-
ICSICTCST MPOTUO) WM OT ACHCTBUS MOMCHTA m=1 (ecam onmpeacmsacTes

yYroa HOBOpOTa), NPHIOKCHHBIX B 3aJaHHOM CCUCHHH.

2. 3anuCHIBAOT BRIPAKCHHA «IPY30BbIX» M, M «caunmunbix» M

H3rHOAIOMUX MOMEHTOB, Kak (YHKIIMH KOOPIHHATHI X;

17
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Pucynok 6 — PacueTHbie cxeMbl OAJIOK [JIsl ONPEAENCHUS IEPEMEILICHHIA

3. loacraensitor nosyuennsie Boipaxenus M, u M B popmyiy

Mopa

M M
pj dx w uHTErpupyloT no ydacrkam. Cymmupys pe-

{
Ay = Z£ I3

3YJbTATbl UHTCIPUPOBAHUA JIsl BCCX YHACTKOB, MOJY4YalOT UCKOMOC IIC-

pEMEILIEHHUE.
JIJ1s IPOBEPKH MOYYEHHOTO pe3ysbTara MPoU3BOJAT NEPEMHOKEHUE

smop M y H M npasuiy Bepemarnua:
’ —_
[M Mdx=m,5,
0

rae @, - IIOWab rPy30BOH JMOPEL MOMCHTOB; Y - OPANHATA, B3STAS C

CAMHUYHOH DMIOPBI MOMEHTOB MO LICHTPOM THKECTU ITPY30BOM IMIOPHI.
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5. OnpeneneHue nepeMeIlieHH B CTATHYECKH ONPeaeTHMOMH pamMe

3apanwue. [lna pamel cornacuo BapuaHTy (puc.7), TpeOyeTcst:

1. [TocTpouts smiopsl u3rudaromux MOMCHTOB M, monepeunsix () u
MPOIONBHBIX YCHIHHN N,

2. Onpeaenauts mporud WM yroJ NoBOPOTa OAHOTO U3 CCUCHHH.

3. IIpoBeputh NpaBUIBHOCTD NOCTPOCHHUS DIIOP.

MeToanueckne yKazaHHsi
[lomoxxuTenpHBIE OpAWMHATHI HA JMOPE H3rudarmMuX MOMEeHTOB M
OTKJIQAbIBAIOT CO CTOPOHBI BHYTPCHHHX BOJIOKOH pawmbl. Ha smope M
MPOCTABIAKOTCS 3HAUCHUSA BCEX XAPAKTCPHBIX OPAMHAT, 3HAKU HA DIIOPE

M nHe cTaBsaTCH.

Tabmuua 5 — McxoaHbIe JaHHBIC K pacyeTy paMbl

g = w | B =

T T = [T B

5 = L q. 5 s P | h g | = = 2 Bug

§ E M | xH/m g E kH | m Q E E S| mnepevemeHus

o (@] 2 0 %

(> = 3 w

= m (=
1 9 1.2 1 3 5 1 1 Yron nosopora
2 8 1,3 2 -+ 7 2 2 I'opus. nepemen.
3 7 14 3 3 8 3 3 Yron nmosopota
4 0 15 4 6 9 1 4 ['opu3. nepemern.
5 5 1,6 5 fi 6 2 S VYron noeopora
6 9 1.8 6 8 7 3 6 ['opu3. mepemern.
7 8 2,0 1 9 8 1 7 Yron nosopoTa
8 7 2.2 8 5 9 2 8 ['opu3. nepemer,.
9 6 2.3 J 6 7 3 5 VYron nosopora
0 A 2.4 0 7 8 1 0 ['opu3. mepemer.

[Tpu nocTpoeHUN 3MIOPBI MONEPEIHBIX CHI () TIONOKUTEIBHBIC OPAH-

HATBI OTKAAIBIBAIOTCA CO CTOPOHBI HAPVIKHBIX BO/IOKOH PpaMbl, HA SMHOPAX
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00s3aTeIbHO MPOCTABIAIOTCH 3HaKH. OpAHHATHL SMHOPBI PO IOIbHBIX
YCHIIMH OTKJIaAIBAIOTCA CHMMETPHYHO TI0 00€ CTOPOHBI OT OCH pambl (Oa-

3BI 3MIOPHI), HA 3MOpax 0043aTCIBHO MPOCTABISIFOTCA 3HAKH Y CHITHH.

q
/2 g
" L L2 — q
- 1 = * | i i * . 'g;;}
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e s 3
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Pucynox 7 — PacuerHsie cxeMsl pam

[lepememenus caeayeT onpeacnsats mo Gopmyviae Mopa u dopmyae

CumnicoHa;

Zr.‘
=2 6EJ]
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6. PacueT niockoili CTATHYECKH HEONPEASTHMONH paMbl MEeTOAOM

CHJI

3amanme. 14 paMbl COrIACHO BAPHAHTY (puUC.8), TpeOveTcs:
1. [TocTponTs 3MOPBI UITHOAKOIITHX MOMEHTOR M, mornepeunsix (} u
OPOAQJbHBIX VCUITU

2. IIpoBepuTh NPAaBUABEHOCTD NOCTPOSHUA SITIOP.

MeToauuecKkHe yKa3aHUus

Jnst yrpomeHus pacueta peKOMEHIVETC MPUHATh CHMMETPHUHVIO OC-
HOBHYX CUCTCMY WM IIPHMCHHUTh PA3I0KCHHUC HCHU3BCCTHBIX HQ CUMMCT-
PUIHBIE H KOCOCHMMETpPHUHBIE. IIpH «mepeMHOKEHUH» S0P CIEIVET
UCro.1e30BaTh opmyny Crvinicona. INocTe onpe aenenus ko3pPpULIMSHTOB
KAaHOHUYCCKUX VPaBHCHUH MCTO1a CU1:

O X, +0,X,+A,, =0

O X, +0,X,+A,, =0,

PCKOMCHAYCTCH MPOUBBCCTH UX IPOBCPKY MYTCM MOACUCTA MHTCrpaia (o

CuMncony):

ZJ.F—}(/S

rae M_=M,+M, - cymvapHas eInHHYHAA 3Mopa. PesyvasTaT gomkeH

COBIAAATH C CyMMOH O + 26, + 0., .
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Tabnuua 6 — UcxoaHbie JaHHBIC K pacyeTy paMbl MCTOAOM CHII

E8 TR ]
= | L P, < 41 g h, | 582
- FEl | EAEad
a M kH g kH/m kH/m M =l
S8 I 2g2
= m o o
1 9 3 1 1.2 1,5 5 1
2 8 4 2 1.3 1.6 7 2
3 7 5 3 1.4 1.8 8 3
4 6 6 4 1,5 1,2 9 4
5 10 7 5 1,6 1.3 6 5
6 9 8 6 1.7 1.4 7 6
7 8 9 7 1.8 1.5 8 i
8 7 5 8 1,9 1.6 9 8
9 6 6 9 2,0 1.4 7 9
0 12 7 0 2,1 1,5 8 0
qQu (G
11} EI _ EJ 1
1 6 1 (=
2BI|=| ¢ 2E7 — o i -
El {{{{] _ P - :
P _ ‘ L/2 & :21:‘]
at | =| |2ET ||
3 |
0 q
EEREERE EETRERE
2 El 7 * EJ
2E] 2F] | <= 2EI|=| @ 2]
EJ N EEE
i p | : L2 |
= af | < o €
..C:'_ o f o o
L ek &5 L &
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PucyHok & — PacueTHbIC CXEMBI paM

[IpoBepka MPABHIBHOCTH OIPEACICHHS CBOOOIHBIX WICHOB (TPY30-

BBIX KOI(()HIIHCHTOB) ypaBHeHﬂfft NPOU3BOAUTCA MO (popMy JIe:

> [

M, ds =A,, +A,,

1p

OKOHYATCIBHYH) 3MOPY M3rHOAIMX MOMEHTOB CTPOAT MO (popMmy -



M, =M,+MX +M,X,.

OKOHUATCIBHYIO 3MIOPY MOMCHTOB HCOOXOIHMMO TMPOBCPHTh MYTCM

CC «YMHOKCHU#» Ha OIHY U3 CAMHUUHBIX SMIOP UIH HA CYMMAapPHYIO 3I10-

py M . Pesynbrar YMHOKEHHS JOKEH ObITh PABEH HYITIO.

[locTpoeHnie >MOpPEl MOTIEPETHRIX CHIT (TI0 3MIOPE MOMEHTOB) OCVIIE-
CTB.ISITh 110 POPMYIIC:

Q — Qn + Mw}‘ M.fwr;,
' x l '

-0 -
rac QI‘. - «DaaouHas» noncpceHHasd cu.la (H&HJICHH&H A1 JAHHOTO Y41acCT-

Ka Kak A0 OpOocTOM AByxomopHoW Oanxu); M, — MOMCHT Ha DpaBoM
KOHLE y9acTKa; M., — MOMEHT HA J¢BOM KOHLE Y9acTKa; [ — AnMnHA y4va-
CTKA.

2Mopa NPoAOIbHBIX YCUIMH CTPOUTCS MO SMIOPC MONCPCUHBIX CHI
MYTEM BBIPE3aHUsl Y3I0B.

[Nocnc nocTpocHUs BCCX 3MIOP HCOOXOAMMO MPOBCCTU MOIHYIO MPO-

BCPKY, PACCMOTPCE PABHOBCCUC PaMbl LICIUKOM.

7. PacyeT Hepazpe3HoOH 6anku

3apanue. [ns HepaspeaHOH Oanku COrIACHO BapuaHTy (puc.9) Tpe-
OVCTCs HAWTU ¢ IOMOLUBIO VPABHCHHIA TPCX MOMCHTOB OMOPHBIC MOMCHTbL

W TIOCTPOUTH mopst M u (.

MeToanueckue yKazaHus
[Mpu pcuicHuu 3aaauu noa 33 aHHOR Da1kol HCoOXOaMMO H300pa-

3UTh OCHOBHYKD CUCTCMY U BIMIOPBI OT MOMCHTOB W Harpy3ku. [loactasnsist
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W3BCCTHBIC BCJIMYHHBI B YPABHCHHUS TPEX MOMCHTOB, HA/I0 OOpaTUTh BHU-
MaHUC HA 3HAK MOMCHTOB Ha KpaHHHX ONOpax MpU HAJWYUHU 3arpy»KeH-

HBIX KOHCOJICH. Y paBHEHHE TPEX MOMEHTOB UMEET BHA!

=—6(B7 + A?

nel 42

Mﬁ—l{n + 2M i ([r + [r.-'.—i-l ) F M?’H—ll

n+l

rae M, _, - MOMCHT B CCUCHMH HAJ OTMOPOH, PACHOI0KCHHOH ICBEE pac-

cMmarpusaeMo omopel; M - MOMEHT B CCUCHHHM HAJ PacCMaTpPpHBACMOM

F i
omopoii; M, - MOMEHT B CCUCHHUH HAJ ONIOPOH PACTIONOKEHHOM MPaBee
paccMaTrpuBacMOM OIOPBHI; Bf’ - mpaBasi (PUKTHUBHAS OTOPHAS PCAKLIUSI

NPUMBIKAIOLICTO K omope n nesoro mponera; A%, - ncsas duxtusmas
ONOPHAs PeakLys MPUMBIKAIOLICIO K ONOPE 1 NpaBoro nponacta. GUKTHUB-

mere onoprbie peaxan BY , A% onpenensrores mo mprokeHuio A.

Tabnuma 7 — UcxoaHbIc JaHHBIC K PACUCTY HEPA3PC3HOM Damku

o (] <

o o O, ~—

= (o] 'E' (v ng (571 E

E 3 Ly. P = 3 qi1. q>. b, = _& v| C L, | L;

8 E H |3 E| «H/ H/ s

g E M K S, E K K M ﬁ E . M M M

5 2 £ =

= @ =
1 6 | 4 1 1.2 14 | 2 1 1110 8
2 71 5 2 1,3 1,5 | 3 2 21 916
3 8 | 6 3 1.4 16 | 4 3 2 8 | 7
4 | 9| 7 4 1.5 17 | 2 4 > 71 8
5 [10] 8 5 1,6 18 |3 5 11 6 [ 7
6 |11 ] 9 6 1,7 19 | 4 6 1112 6
7 12| 4 7 1.8 20 | 2 7 211 | 8
8 6 | 5 8 1.9 o E 8 3110 | 7
i 7 | 6 9 2,0 12 | 4 9 3] 9] 6
0 8 | 7 0 25 15 [ 2 0 2 8 | 6
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[locne pPeLICHUA YPABHCHUA TPEX MOMCHTOB MNOJIYHYCHHBIC 3HAYCHUA
HCH3BCCTHBIX HaA0 IMOACTABHTL BO BCC YPABHCHUA H Y68)1HTI:CH B Ipa-

BUJIBHOCTH PCLICHNA.

q: q: i
HEEERERE EEERE
1§ 5. F .5
L L. | L | c
q b P q:
HEEREE |
: FoF .
I L. | L | ¢
bp q' q:
i {1
3 ;«% . ,
| i I L c
q b @
4 ziiiiii/ rW;(/HI
| L | 14 [)IC
q e b
RN
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g ' bs "k
b P ql q:
HEEER
6 S O %
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C[1 Pb C]:
|
R N P X
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PucyHok 9 —PacueTHble cXeMbl Hepa3pe3HbIX 0aok

[Ipy noCTpOEHUM 3MHOPbI MOMEHTOB MOJI0KHUTE/IbHBIE OPAUHATHL OT-
KJ1a/IbIBAIOTCSI CO CTOPOHBI HUIKHMX BOJIOKOH Oaiiku, OTpULIATeIbHbIe — CO
CTOPOHBI BEPXHUX BOJIOKOH.

JleliCTBUTENbHBIC ONMOPHbBIE pPeaKLUK Hepa3pe3Hoi Oallku onpeness-
1otcst no popmyne:

3 M -M, B M, -M
. " [ [

n n+l

n+l
2

0 “
rjae R” - ONOpHas peaKuud pacCMaTpruBaCMOHW OIIOPbl OT HAIPYKCHHUA

CMCIKHBIX ITPOJICTOB OCHOBHO# CUCTEMBI 3a1aHHOM Hﬁ[‘p}’BKOﬁ.

R, =B, +4,

1412

0 0
rae B, - mpasas ONMOpHas peakius JIeBoro mpomnera; A

L4 - JieBast onop-
Hasl peakLusi NpaBoro rnpoJera.
H3rubarommmii MOMEHT ¥ TOTEPEYHYIO CHJIY B MPOU3BOJIBHOM ceye-

HUM Hepa3pe3Hoii Oaku onpeaestor no Gopmyiam:

Mot | Pa— M |

X X l n—I ’

i
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Q_ — QU + Mn _Mﬁ—l ,
X X [

5
0 0 o~ v -
rac M. u (J, - warudaromuii MOMCHT H NONCPCHHAs CUIA OT 33,1aHHOM
HACPY3KU MPOCTOH JIBYXOMOPHOH DAIKU HA PACCTOSHUH X OT JICBOH OMO-

PBI, B CEUEHUH KOTOPOTO ompedennoTr M u ; M, - MOMEHT Hal npasoii

ONOPOH paccMaTpuBacMoro npoacta, M, | - MOMCHT HaJ JICBOH ONOPOI

3TOTO MPOJICTA.

8. Pacuer craTHYeckH HCOHpeIle.]'[HMOﬁ pPaMbl MCTOAOM INEPEMC-

e HHH

3apanue. /151 3a1aHHON CTATHYCCKU HCOOPCACIUMON PaMbl COIJIaC-
HO BapHaHTV (puc. 1(}) TpeGyeTcs MOCTPOHTE MOPBI H3THOAIOIINX MOMEH-

0B M 1 oncpeuHeIX cu1 ().

MeToauieckue ykazaHusa

[Ipu BEIGOPE OCHOBHON CHCTEMBI METOAA MEPEMEIIEHUN HEOOXOIUMO
VUWUTBIBATB, UTO TWHECHHBIE CBA3M ACJUKHBI OBITh MOCTABICHBI HE TO.IBKO
[0 HANPaBICHUK) BO3MOKHbIX JIMHCHHbBIX NCPCMCIUCHUM, HO U AJ5 YCTPa-
HCHUSA MTHOBCHHOHM H3MEHAEMOCTH CHUCTEMBI, OOpazoBaHHOHM HOCIE IO-
CTAHOBKH [IAPHUPOB BO BCE V3B, BKIHOUAS OTOPHBIE.

[Tpu noCTpOCHUM CAMHUYUHBIX M TPY3OBBIX DIIOP MOMCHTOB UCIIOJIb-
3VIOTCS PEaKLUH, ompeaeaseMsle no npuiokenuio b, CucteMa kaHOHM-
UCCKMX YPABHCHUHA MCTOAA NCPCMCILICHUN UMCCT BHA!

Lh, + 2,5, +Rlp =
Lty + 24,1, R, =0,
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Tabnua 8§ — McxoaHbic JAHHBIC K PACUCTY CTATHUCCKHA HCOIPSACTH-

MOH paMbl MCTOA0M ICPECMCIICHUS

(451 (41 (o]
S, = g =
Ts 'E: g E
= = Lf, L29 .& P]:' Pz'! = & a ‘P‘:"’ k’
§ E M M 8 E kH kH 2 E S kH M
o, = E =
o £ e o
= = E
1 4 6 1 4 0 1 0 5
2 5 7 2 0 4 2 0 6
3 6 5 5 0 0 3 4 i
4 7 4 4 5 0 4 0 5
5 4 6 5 0 5 5 0 6
6 & 7 6 0 0 6 3 7
7 6 5 e 6 0 3 0 5
8 7 4 8 0 6 8 0 6
9 4 7 9 0 0 9 6 7
0 5 6 0 3 0 0 0 5

[Tpu onpeaeacHiy kK03hPULHMCHTOB CUCTCMbI KAHOHUYCCKHUX YPaBHE-
HUH METOJA NMEPEMELICHHH CIESAYEeT BHUMATCIBHO CICIUTh 33 WX 3HAKA-
MH,

OxoHuaTtenpHas 3Mmopa U3rdOaroluX MOMEHTOB CTPOMTCH MO (op-
MyJIe:

M, =M,+MZ +M,Z,.

DMIOPHI TIOTIEPEYHBIX W TIPOJOIBHBIX CHIT CTPOATCS TaK JKe, KaK B 3a-
naaue 0,

IIpoBepky MOAYYCHHBIX SMIOP HAAO MPOBOAUTb KaK CTATHUCCKYHO
(paBHOBECHE V3II0B M PaMBl B LIENTOM), TAK U KHHEMATHYECKYIO. 151 KH-
HCMATHUCCKON NPOBCPKU HCOOXOAMMO BBIOPATH OCHOBHYIO CUCTCMY MC-

TOJA CHJ1 U IOCTPOUTH XOT Obl OJHY CAUHUUHVIO 3IIOPY, KOTOPVIO Clc-
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OYET «YMHOXKMTB» HA OKOHYATCIBHYIO JMKOPY MOMEHTOB MO (popmyie

CuamricoHa.
P] Pj PI P:
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1| 1 [we] (e £ 6 e L .
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Pucynok 10 — PacueTHbIC CXEMBI paM

9. Pacuer miockoii paMbl HA YCTOHYMBOCTD

3apanume. 11 3a7aHHONM CTATHYCCKH HECOTMPEACTHMOH PaMBl COTTIAC-
HO BapuaHTy (puc.ll) TpeOyeTcs ONMpencaIuTh 3HAUYCHHE KPHTHUYCCKHX

CHI, HCTIONTB3Y I METOI TICPSMEILICHUH.

MeToan4uecKkue yRasanms
[TocTpOoeHHE €AMHUYHBIX IMKOP AJA CKATBIX CHIAMH CTOEK CICAYET
OCYIICCTBIATH MO MPUIOKEHUIO B, a g pureren mo npunoxkeHuro b.

Ko3g(pHuimeHThl KAHOHUYECKUX YPaBHEHHUH METO/IA MEPEMEIICHUH Oy ayT

BKJII0YaTh B ce0s HeKoTOphie QyHKIMH @, (V,) U @, (V,) OT NapaMeTpoB:
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rac P; u Py — cuiabl, ICUCTBYIOIMINUE BAOJb CTOCK h; u by, EJ; u EJ;, — xecT-

KOCTH CTOCK.

Cuner P; 1 Pj, cBsI3aHBI MEXKIY COOOH COOTHOIIEHHEM (L, TIOITOMY Ta-

paMETPBI V; 1 Vi OKAXKYTCS CBA3AHHBIMH COOTHOIICHHUEM

Tabmmuma 9 — UcxogHeie JaHHBIE K PACUETy PaMBI

£ E £ 3
s
Ef g L;, h}, E( g o P]. Lg._‘ § a E hg,
§ _g-‘ M M 5 ng * _P_,) M E "E" ﬁ M
e 21 i
= m ~
1 4 6 1 1,2 4 1 2
2 5 7 2 1.3 5 2 3
3 6 5 3 1.4 6 3 P
4 7 4 -+ 15 7 -4 3
5 -+ 6 5 1,6 8 5 2
6 2 7 6 1,7 9 6 3
7 6 5 i 1,8 10 7 2
8 7 4 8 1,9 11 8 &
° 4 7 g 2.0 12 9 2
0 5 6 0 2.2 13 0 3

Hnst nHaxoxaeHus Py, COCTaBIIETCS YPABHCHUE YCTOHUMBOCTH

J f“
11 12
D = Sl

rg] r’?’}l
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Pucynok 11 — PacueTHble CXeMbI CTATHYECKU HEOIPEACIUMBIX PaM

9TO YPaBHCHHUC PCIIACTCA OTHOCHTCIIBHO V TIOAOOPOM B MOCICAOBA-
TCIBHOCTH:
1) 3amar0TCs 3HAUCHHUCM Vy;

2) MO BBIMHCJICHHOMY COOTHOILIEHHUIO OTIPENCTACTCS Vi,

3) no mpunoxkerusm b, B u I' Haxomarcs 3HavueHust ko3 (h(PUiHEHTOB
(bynxumit @,(v;) u @, (v));

4) HaliaeHHBIC 3HAYCHUS (DY HKIMH MOACTABIAIOTCS B Y PABHEHHE VC-
TOUYHUBOCTH.

JTa omepanms MMOBTOPAETCS A0 TEX MOP, MOKA MPUHATHIE 3HAYCHUS HE

Oy Ay T YIOBIETBOPATH YPABHEHHIO YCTOMYHUBOCTH.

36



Toraa no ¢gopmyvaam

p 1: EJ,

)l ;? 2
|

4o,
— 1";{_ L.IL

u ki i 3
h

onpCACIATCH 3HAYMCHUA KPHTHYCCKHUX CWUIL,

10. InHaMuvecKHii pacdeT TIOCKOH CHCTeMBbI

3apanue. /Ing 3a1aHHOM NIIOCKOM pavbl COrIacHO BapHaHTy (puc.12)
TpcoOveTest:

. OnpeaenTh KPYTOBYIO YACTOTY CBOOOIHBIX BEPTHKATBHBIX H TO-
PHU3OHTAJIBHBIX KOJICOAHMH, MPUHSB pavy Kak CUCTCMY € JABYMsl CTCIICHSI-
MU CBOOOABI (COOCTBCHHBIN BCC CUCTCMbL HC VUUTBLBACTCSL);

2. OnpeaenTe IWHAMIYECKOE BO3ICHCTBHE BEPTHKATBHOW BHOpALH-
OHHOM cu1bl P sin & :

a) OpUHSITH 4aCTOTY BCPTUKANLHOM BO3MYLIAtOWICH cumbl (6 ¢™) pas-
HOM N0JOBUHC MUHHUMAIbHOH 4aCTOThl COOCTBCHHBIX KO.ICOAHMI;

©) ONpCACIMTh AMHAMHUICCKUH KOIPPULMCHT 4,

B) TIOCTPOHTE 3MIOPY M3rHOAOMNMX MOMEHTOB € VICTOM AWHAMUYC-

CKOro BO3ICHCTBUSI CHItb /2.

MeToauueckue ykazaHug
181 pcLuCHHMS 331aUM 3aNMCBIBACTCSI «BCKOBOC» VPABHCHMC TSI CHC-
TEMBI C ABVMST CTETICHSIMHU CBOOOIB. OHO WMEeT BUI OWKBAIAPATHOTO
VPABHCHHSI, PCLICHUC KOTOPOrO MO3BOIMT OMPCAC.IUTh ABC COOCTBCHHBIC
4AaCTOThI (OTPUUATCILHLIC BHAYMCHUsL & HC VUUTHIBAKOTCH). UToOBl HalTu
K03(p(PULUCHTBI BCKOBOrO YPABHCHM, HCOOXOAMMO OMPCACIUTE HMCPCME-

MCHAS OT CAHHUTHBIX CH.T, MPUIOKCHHBIX TTO HAMPABICHHKD BO3IMOKHBIX
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KomeOanui Maccel (m = %) (BEpTHKATBHOMY H TOPH3OHTATBHOMY)

0,,30,,:0,, = 0,; (BpalCHUC IPy3a OTHOCHTCIBHO LICHTPA CTO MAcChl HE

VUHTBIBACTCH,

Tadmuua 10 — UcxoaHbIc JAHHBIC K AUHAMHYCCKOMY PACUCTY

= =

= 8 L. 0. = 8 P TpeTrs mudpa EJ..

Z = M kH 3 = kH . H-m

2 H §- = (A2 cxembi) Kan

= 3
1 2,0 10 1 1,2 1 20000
2 25 20 2 1,3 2 25000
a 3.0 22 3 1.4 3 22500
4 3.5 18 4 1,5 4 22000
5 2.2 25 5 1,6 3 23000
6 24 24 6 1,7 6 21000
7 2,8 21 7 1.8 0 24000
8 1,8 23 8 1,9 & 23500
9 20 17 9 2,0 4 24500
0 2,2 16 0 2yl 0 21500
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Psinbr
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5%3: 2L %L
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RSN

2L,

PucyHok 12 — PacueTHBIC CXEMBI ITIOCKUX paM

Bo3MoskHBIE TepeMeImeHuss MacChl (BEPTHKAIBHbIE W TOPH3OHTAITb-
HBIC) KQUECTBCHHO ONPEACSAIOT ABC (POPMBI KOTICOAHMH C 4aCTOTaMH & U
@;. I1pu 3ToM Hu3LICH (OCHOBHOI) YaCTOTE COOTBETCTBYET Ta (hopMa KO-

neGanuit, A1 KOTOpoi O, GOJIbIIE, T.€. paMa MEHEE KECTKA.

[Ipu onpeaciacHUM JUHAMHYCCKOTO BO3ACHCTBHSI BCPTHKAIBHOH BHO-
PALMOHHON CHIBL 3aJaHHVIO paMy pPaccMaTpHUBAIOT KaK OJHOMACCOBYIO
CHUCTEMY C OZHOM (BEPTHUKAIBHOM) CTENEHBIO CBOOOIBI.

JuHavuaeckuii kKo3(GuIueHT onpeacTIeTCs o hopMYy IS

e 1
g
Joel 22
o

rac @ - 4acTtoTta CBOOOAHBIX BCPTHUKAIBHBIX KOAcOaHuM rtpysa (;
6@ = 0,50, ; @; — nu3as yacToTa COOCTBCHHBIX KOJICOAHMIA,

Jmnropa U3ruOarOMUX MOMCHTOB C VICTOM AMHAMHUYECKOrO BO3ACHCT-
BUs BUOPALMOHHON cuiabl PSinéf , T.¢. OT BEPTUKAIBHON COCPEIOTOUCH-
HO# Harpy3ku (0 + (P, ACrKO CTPOMTCH ¢ MCIOIB30BAHUCM HMCHOLICHCS

STIIOPBI OT €ANHUIHON BEPTUKATBHOMN CUJIBI.
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[Mpuaoskenune A

PuKTHBHBbIE OMOPHLBIC P€AKUHHU AJA O0TACABHBIX

¢XeM HArpy:KeHHuii IBYXONOpPHLIX 0AJ0K

Cxema Harpy3sku 64" 6B"

- ul P PlPuv(14v) Plruv(l+u)
gA’— i Wif Mppu=v=05

| I | 3 pre 3 pre

o i 8 8

4
%&HH#HH’HHHHMH%& gl ql’
4 4

fou— I .

(] 3 2 2
T ql:%uz(z_u)z gl u"(2—u")
loul 7 o

—mi(1=3v?) mi(1—3u”)
m
<-\ [lppu=v=05
s R
[ ul ‘ vl | 4 4
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IIpunosxenne b

Peaxkiuu 1 3n0pbl H3rHOAIIHX MOMEHTOB OT BHELUHEH HArPY3KH

M CMeLleHHiT KOHLEBBIX CeueHHii m3rubaeMuIx cTepKHeid

Ne Cxema Oaku
Dopmysr
. 1 SITFOPBI U3rHOAOIUX MOMCHTOB
£l
M, =—v(l-v);
' 2
P
e -B PI
, 27 M. =—u*v(3-u),
. ul E vl J C 2
1 " ! M
_ Pv
My RA :_(3_1"H)’
- ==
Ra M- Rs
Pu’
R, = 3—u)
P e
b h\ 1 B MA — q E
7 . 3
ul vl
5ql
2 - : . R, =22,
M n 8
Tt
== 3ql
Ra Il\uljg Rs Ry, = 29
3E]T
M, =—
/
Mk 3EJ
F. . e — RA =RB = )
HJMUJ,UMMH—MMLMMM l
R R=
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[ Iponomkenue npuioxkenusa b

1A
M, = 3;2‘] :
3E]
Ma
('?.!I! IR e R,=Ry = B
Ra ]RH
M, =uv’Pl

M, =u’vPl,

M =2u*v’PlL,

R, =v*(1+2u)P;

R, =u’(1+2v)P

ql'ﬁ.’..
My Sy =r 0

ql
RA=R3=?
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[Mpogomxenne mpunoxeHus b

7 A Beg
e 6F]
o=l ) MA =MB _ lg. :
Ma Ms 12EJ]
_.ﬂn‘.ﬂmmr R - R ==
IQMIUMUMHIUUUML T I Ep A B IE
Il _
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Ipunaoxenue B

Peakuuu u MKPbI H3ru0arIMuX MOMEHTOB 0T CMellleHUil KOHLIEBbIX

CeYeHUI CKATO-U30IHYTBIX CTEpIKHeil

Cxema 0asiku

W SITIOPbI U3rMOAKOIUX MOMEHTOB

Dopmy bl

3EJ

T@; (1")

_4 1)
¢ (v)= 3%(") 30,(v)

v(tgy —v
' 8tgv[tg s V]
4L J ¢

— [

E v(v—sinvy
=i Q%(V) = ( ) ]
=4 4sinvy t'gE—Z
- -2 2

2FEJ

" ;P

()= L+ 28,0
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IIponomkenue npunoxkeHus B

_4 o legv)
¢ (v) = 3 o, (v 30,00
@, (v)
(v) =4, (v) = 35—
i P 2,
_8p,(v) +4¢;(v) 1
1 (V)= 12
0, () = 4,(v) +2¢,(v)
12
1 E
T T 7
P - N
N E]’
v=ipl=] L4
EJ
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Ipunoxenne I'

3HaYeHUs ceUANBHBIX PYHKIHI MeTOJA nepeMenieHHiH

I CKATO-H30THYThIX CTEPXKHEH

v | o) | V)| &v) | ev) | m(v) | mv) vigy
0,00 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1.0000 | 1.0000 | 0,0000
0,10 0.9993 | 03,9997 | 1.,0002 | 30,9998 | 0,9960 | 10,9990 | 00100
(0,20 0.9973 | 0,9987 | 1.,0007 | 0,9993 | 09840 | 09960 | 0,0405
0.30] 0.9940 | 09970 [ 1,0015 | 0,9985 | 0.9640 | 0.9910 | 0.0928
0,40 0,9893 [0,9947 | 1,0027 | 0,9973 | 0.9360 | 0.9840 | 0,1691
(0,50 09832 [ 09916 | 1,0042 | 09958 | 0,8999 | 0,9750 | 0.2732
0.60] 09757 | 09879 | 1.,0061 | 0.9940 | 0.8557 | 0.9640 | 0.4105
0,70 | 0,9669 | 09836 | 1,0083 | 0,9918 | 0.8035 | 0.9510 | 0,5896
(0,80 [0,956555] 0,9785 | 1,0109 | 10,9893 | 0.,7432 | 0,9360 | ,8237
0,90 09447 109727 | 1.0138 | 09864 | 0.6747 | 09189 | 1.1341
1.00] 09313 [ 09662 | 1.0172 | 09832 | 0,5980 | 0.8999 | 1.5574
1.10] 09164 [ 0,950 | 1,0209 | 0,9797 | 0.5131 | 0.8786 | 2.1612
1,20] 08008 | 09511 | 1,0251 | 09757 | 04198 | 0.8557 | 3.,0866
130 | 0,8814 [ 09424 | 10207 | 09715 [ 03181 | 08307 | 4.6827
1.40 ] 0.8613 | 0.9329 | 1,0348 | 09669 | 0.2080 | 0.8035 | 8.1170
1,50 | 0,8393 | 09227 | 1.0403 | 09619 | 00893 | 0.7744 | 21.152
/2 | 0,8225 [ 09150 | 1.0445 | 09581 | 0.0000 | 07525 + o0
1,60 | 0.8152 [ 09116 | 1,0463 | 0,9565 [-0,0381] 0.7432 | -54.772
1.70 | 0.7891 | 0.8998 | 1,0529 | 0,9508 [-0,1743| 0.7100 | -13.084
1,80 ] 0,7606 | 0,8871 | 1,0600 | 09447 [-0.3194| 0.6747 | -7,7153
1,90 0,7297 | 0.8735 | 1.0676 | 09382 |-0.4736| 0,6374 | -5.5615
2.00] 0.6961 |0.8590 | 1,0760 | 0,9313 [-0,6372] 0.5980 | 43701
2,04 | 0.6819 | 0,8530 | 1,0795 | 09285 [-07053] 0.5817 | -4,0240
2,08 06673 | 08468 | 1,0831 | 0.9250 |-0,7749 | 0,5650 | -3.7255
2.12] 0.6521 | 0.8404 | 1,0868 | 09226 |-0.8461] 0.5480 | -3.4640
2,16 | 0,6364 | 0,8339 | 1,0007 | 0,9195 [-0,9188 | 0.5307 | -3,2316
2.20] 0,6202 [0,8273 | 1,0046 | 09164 [-0,9931] 0.5131 | -3,0224
224 06034 | 08204 | 1,0987 | 09132 |-1.0691 | 00,4951 -2.8320)
2.28 | 0,5861 | 0.8134 | 1.1030 | 09099 [-1,1467] 04767 | -2.6569
2.32] 05681 [ 0.8063 | 1,1073 | 0,9066 |-1,2260] 04581 | -2,4943
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[TpoaomkcHue npunoKcHust [

V @1 (V) (V) | @ulv) @u(V) mv) 17:AV) yitoy
2,36 | 0,5496 | 0,7990 | 1,1118 | 0,9032 [-1,3069| 0.4391 | -2,3421
2401 0,5304 [ 0,7915 | 1,1164 | 0.8998 |-1,3896| 04198 | -2,1984
2441 0,5105 [ 0,7838 | 1,1212 | 0.8963 |-1,4740] 04001 | -2,0618
2481 04899 | 0,7760 | 1,1261 | 0.8927 |-1.5603| 03801 | -19311
2,52 04685 10,7679 | 1.1311 | 0.8890 |-1,6483 | 0.3598 | -1,8051
2,56 | 04464 | 0,7597 | 1.1363 | 0.8853 [-1,7381] 0.,3391 | -1,6831
2,60 04234 | 07513 | 1,1417 | 08814 |-1,8299| 03181 | -1,5642
2,64 0,3996 | 0,7427 | 1.1473 | 0.8776 |-1,9236| 0.2968 | -1,4477
2,68 | 0,3748 | 0,7339 | 1.1530 | 0.8736 [-2,0193| 0,2751 | -1,3331
272 03491 | 0,7249 | 1.1589 | 0.8696 [-8,1171 | 0.2531 | -1,2199
276 03223 | 07158 | 1.1650 | 0.8655 [-2.2169 | 0.2307 | -1,1075
2,80 0,2944 | 0,7064 | 1.1712 | 0.8613 |-2,3189 | 0.2080 | -0,9955
2,841 0,2654 | 0.6967 | 1.1777 | 0.8571 |-2.4231| 0,1849 | -0,9835
288 0,2352 | 06869 | 11844 | 0.8527 |-2,5296| 0,1615 | -0,7711
2,921 02036 | 0,6769 | 1,1913 | 0.8483 | -2,6386 | 0.1378 | -0,6579
2,96 [0,1706G | 0.6666 | 1.1984 | 0.8438 [-2,7499| 0.1137 | -0,5435
3,00 01361 | 06560 | 1,2057 | 0.8393 |-2.8639| 0,0893 | -0.4276
3,04 0,1000 | 0,6453 | 1,2133 | 0,8345 | -2,9806 | 0,0645 | -0,3099
3,081 0,0621 | 0,6343 | 1,2211 | 0.8299 |-3,1001 | 0,0394 | -0,1899
3,12 0,0223 [0,6230 [ 1,2292 | 0.8251 |-3.,2225] 0.0139 [ -0,0674

T 0,0000 | 0,6169 | 1,2337 | 00,8225 |-3,28909 | 0,0000 | 0,0000
3,16 | -0,0195 [ 0,6115 | 1.2376 | 0.8202 |-3.3480 [-0,0119 | 0.0582
3,20 | -0,0635 [ 0,5997 | 1.2462 | 0.8152 |-3.4769] -0,0381 | 0,1871
3241 -0,1100 | 05877 | 1,2551 | 0.8102 |-3.6002 | -0,0646 | 10,3199
3,28 | -0,1591 | 0,5753 | 1.2644 | 0.8050 |-3.7452 | -0,0915 | 0.4569
332 -0,2110 | 0,5627 | 1.2739 | 0.7998 [-3,8852| -0,1187 | 0,5987
3,36 | -0,26062 | 0,5498 | 1.2838 | 0.7945 |-4,0294 | -0,1468 | 0,7457
3.40] -0,3248 | 0.5366 | 1,2040 | 0,7801 | -4,1781 | -0,1743 | 00,8967
3,44 -0.3873 10,5230 | 1.3046 | 0,7835 | -4.3319] -0,2026 | 1.05%1
348 -0,4542 [ 0,5091 | 1.3156 | 0.7779 [-44910] -0,2313 | 1,2248
3,521 -0,5259 | 04949 | 1,3269 | 0.7723 |-4,6560 | -0,2603 | 1,3994
3,56 | -0.6030 | 0,4804 | 1,3367 | 0,7065 |-4.8275| -0,2897 | 1.5830
3.60 | -0,6862 | 0,4655 | 1.3509 | 0.7606 |-5,0062]| -0,3194 | 1,7765
3,64 | -0,7764 | 04502 | 1,3635 | 0.7546 |-5,1930| -0,3495 | 1,9810
3,68 | -0.8746 | 04345 | 1,3766 | 0.7485 | -5.3887 | -0.3800 | 2,1979
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I lpozporxenne npuioxkenns I

1% (V) V) | (V) Au(v) mv) (V) ytgy
3,72 1-0.9819 | 04184 | 1,3902 | 00,7424 |-5.53947 | -04108 | 24288
3,76 | -1.0009 | 04019 | 1,4404 | 0,7361 |-5.8124 | -0,4420 | 2.6753
3,80 -1,2303 | 0,3850 | 1,4191 | 00,7297 |-6,0436 | -0,4736 | 2.9395
3.84 | -1,3754 | 0,3676 | 1,4344 | 0,7232 |-6,2906 | -0,5056 | 3.2239
3,88 -1,5379 |1 0,3498 | 1.4502 | 00,7166 |-6.5561 | -0,5379 | 3.5315
3,921 -1.7216 | 03315 | 1, 4668 [ 0,7009 [-6,8437 | -0.5706 | 3.8656
396 -1,9311 | 0,3126 | 1,4840 | 0,7031 |-7,1583 | -0,6037 | 4.2305
4.00] -2,1726 | 0,2933 | 1,5019 | 0.6961 |-7.5060]| -0.6372 | 4.6313
4,04 | -2.4546 | 02734 | 1,5205 | 00,6891 |-7.8952 | -0.6710 | 5.0744
4.08 | -2,7887 | 0,2529 | 1,5400 | 0,6819 |-8,3375| -0,7053 | 5.5678
4,12 -3.1916 | 0.2318 | 1.5603 | 0.6747 |-8.8497 | -0,7399 | 6.1216
4,16] -3,6878 | 0.2101 | 1,5815 | 0.6673 |-9.4564 | -0,7749 | 6,7489
4,20 -4.3156 | 01878 | 1,6037 | 0.6597 |-10.196| -0.8103 | 7.4667
422 -4,696%8 | 0,1763 | 1,6151 | 0,6559 [-10,633| -0,8281 | 7.8664
4241 -51370 | 01647 | 1.6269 | 0.6521 |-11.130]| -0.8461 | 8,2979
4,26 | -5.6514 | 01529 | 1,6388 | 0.6482 |-11.701 | -0.8641 | 8.7653
4,28 ] -6,2600 | 0,1409 | 1,6511 | 0,6443 |-12367 | -0,8822 | 9.2738
430 -6,9947 | 01287 | 1,6636 | 0.6404 |-13,158| -0.9005 | 9.8291
4,32 -7.8061 | 01164 | 1,6765 | 00,6364 |-14.116| -0.9188 | 10,439
4,34 -9.0304 | 01038 | 1,6806 | 00,6324 |-15308| -0.9372 | 11.111
436 -10,502 | 0,0910 | 1,7031 | (0,6284 |-16,839 | -0.9558 | 11,856
438 -12490 | 00780 | 1,7168 | 0.6243 |-18.885| -0.9744 | 12,688
4,40 -15.327 |1 00648 | 1,7310 | 0,6202 |-21.780 | -0.9931 | 13.624
4.42 | -19704 | 0,0514 | 1,7454 | 0.6160 |-26,216| -1,0120 | 14,684
4,441 -27,353 10,0377 | 1.,7602 | 0,6119 |-33925] -1,0300 | 15,895
4,46 | 44,150 | 00238 | 1,7754 | 0,60077 |-50.781 | -1.0500 | 17.294
4.48 | -111.02 | 0,0006 | 1,7910 | 0,6034 |-117.72| -1,0691 | 18,930
4,50 227,93 [-0.0048] 1,8070 | 0,5991 | 221,18 | -1,0884 | 20,868
4,52 56,983 |-0,0194] 1,.8234 | (0.5948 | 50,173 | -1,1077 | 23,204
4,54 | 32.794 [-0,0344| 1.8402 | 00,5905 | 25,923 | -1.1272 | 26.074
4.56 | 23,129 [-0.0496| 1,8574 | 0.5861 | 16,198 | -1,1467 | 29,691
4,58 | 17,924 1-0,0651| 1.8751 | 05817 | 10,932 | -1,1664 | 34,393
4,60 14,669 |-0,0809| 1,8933 | 00,5772 | 7.6160 | -1.1861 | 40,757
4.62| 12,440 |-0.0069| 1,9120 | 0,5727 | 5,3249 | -1,2060 | 49,864
4,64 10,816 |-0,1134| 1,9312 | 0.5681 | 3.6392 | -1,2260 | 63,986
4,66 9,5793 |-0,1301| 1,9509 | 0.5636 | 2.3408 | -1,2461 | 88.869
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[MpoaomxcHne npunokeHus I’

1% A (V) (V) | (V) (V) V) (V) vtgy
4,68 8,6057 |-0,1471| 1,0711 | 00,5589 | 1,3049 | -1.2663 | 144,44
4,70 7.8186 |-0,1645] 1,9920 | 00,5543 | 04553 | -1.2865 | 379,35
32| 74022 |-0,1755] 2,0052 | 00,5514 | 00000 | -1,2992 | +eo
4721 7.1686 [-0.1823 | 2.0134 | (,5496 |-0,2575| -1,3069 | -620.14
4,741 6,6223 |-0,2005( 2.0355 | 00,5449 |-0.8669 | -1.3274 | -171,63
4,76 6,1563 |-0,2190| 2,0582 | 00,5401 |-1,3962 | -1,3481 | -99,901
4,78 5.7538 |-0.2379| 2,0815 | 00,5352 |-1,8624 | -1,3668 | -7(.,591
4,80 5,4023 |-0,2572| 2.1056 | 00,5304 |-2.2777| -1.3806 | -54.647
4,82 5.0925 |-0,2770] 2,1304 | 0,5255 |[-2,6516| -1.4106 | -44,618
4841 4.8171 |-0,2972] 2,1560 | 0,5205 |[-2.9915| -1,4316 | -37,722
4,86 4.5704 [-0,3179| 2.1823 | ().5155 |-3.3028 | -1.4528 | -32.6&5
4,88 4,3480 |-0,3390| 2.2095 | (0.5105 |-3.5901 | -1.4740 | -28.842
490 4.1463 |-0,3607] 2,2375 | 0,5054 |-3.8570 | -1.4954 | -25,811
492 32,9623 |-0.3828] 2,2665 | 0,5003 |-4,1065| -1,5169 | -23.357
4941 3,7937 [-0,4056| 2.2964 | 04951 | -4.3408 | -1,5385 | -21.328
496 3,6384 |-0,4288] 2,3273 | 04899 |-4.5621 | -1,5603 | -19,620
498 34948 [-0.4527| 2,3592 | 04846 |-4.7720| -1.5821 | -18,163
5000 33615 |-04772] 2.3923 | 04793 [-4,9719 | -1,6040 | -16903
504 3,1211 |-0,5281] 24618 | 0.4685 |[-5.3461 | -1.6483 | -14,830
5,08 2,9007 |-0,5818] 2,5364 | 04576 |-5.6925] -1.6930 | -13,191
5121 2,7215 |-0,6387] 2,6165 | 04464 |[-6,0166 | -1,7381 | -11,858
516 2.5523 |-0.6989| 2.7028 | 00,4350 [-6,32290 | -1,7838 | -10,748
5,20 2,3986 |-0,7629] 2.7960 | 04234 |-6.6147 | -1.8299 | -9.8053
5241 2,2580 |-0,8311] 2.8969 | 04116 |[-6,8946 | -1,8765 | -8,9924
5.28 | 2.1282 |-0,9039] 3.0065 | 10,3996 |-7,1646| -1,9236 | -8.2810
5.32 | 2,0075 |-0,9819] 3.1257 | 03873 [-74266| -1.9712 | -7.6506
5.36| 1.8946 |-1,0658] 3.2560 | 0,3748 | -7.6819 | -2,0193 | -7.0858
540] 1,7884 |-1,1563] 3,3980 | 0,3621 |-7.9316| -2.0679 | -6.5747
544 1.6877 |-1.2544| 3,5560 | 0,3491 |[-8,1768 | -2,1171 | -6,1081
548 1.5918 |-1,3611] 3.7297 | 0.3358 [-84183 | -2,1667 | -5.6785
5,521 1,5001 |-1,4779] 3,9226 | 00,3223 | -8,6567 | -2.2169 | -5.2801
5.56| 14118 |-1,6062] 41379 | 10,3085 |-8.8027 | -2.2676 | -4,9079
5.60 1.3266 |-1,7481| 4.3794 | 0.2944 |-9.1268 | -2.3189 | -4,55K1
5,64 1,2438 [-1,9001] 4,6523 | 0,2801 |-9.3594 | -2.3707 | -4.2272
5,68 1,1631 [-2,0833] 4,9628 | 0,2654 |-9.5910| -2.4231 | -3.9125
5,72 1,0842 |-2.2838] 5,3190 | 00,2504 |[-9,8219 | -2.4761 | -3.6116
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[TpoaomkcHue npuaokeHus I

1% (V) (V) | ov) (V) mv) (V) vigy
5,76 | 1.0066 |-2.5129] 5,7313 | 00,2352 |-10,053| -2,5296 | -3,3224
5.80 1 0.9302 |-2.7777] 6,2139 | 0,2195 |-10.283 | -2,5838 | -3,0431
5.84 | 0.8546 |-3.0876] 6.78358 | 0.2036 |-10.514| -2.6386 | -2.7721
5.88 | 0.7795 |-3.4560| 7.4736 | 0.1873 |-10.745] -2.6939 | -2.5081
5,921 0,7047 |-3.9022] 8,3162 | 0,1706 |-10,977 | -2,7499 | -2 2499
596 0.6300 |-4.4550] 9,3706 | 0,1535 |-11.210| -2.8066 | -1,9962
6.00] 0.5551 |-5.1594| 10,727 | 0.1361 |-11445] -2.8639 | -1.7460
6,021 0.5175 |-5.5900] 11,562 | 0,1272 |-11,563 | -2,.8928 | -1.6220)
6.04| 04798 1-6.0900] 12.535 ] 0,1182 |-11.681 | -2,9219 | -1,4985
6.06 04419 |-6.6780] 13.684 | 01091 |-11.799] -2.9512 | -1.3754
6,08 | 04039 [-7.3801] 15.060 | 01000 |-11.918 | -2.9806 | -1,2527
6,10 0.3656 [-8.2336] 16,739 | 0.0907 |-12.038 | -3.0102 | -1.1301
6.12] 03271 [-9.2041] 18,832 | 0,0812 |-12,158 | -3,0400 | -1.0077
6.14 | 0.28383 |-16,648] 21.512 | 0,0717 |-12.278 | -3,0699 | -0,8852
6,16 0.2492 |-12.439] 25.064 | 0.0621 |-12,399| -3.1001 | -0.7627
6,18 0.2008 [-14.920] 29,998 | 0,0523 [-12,521| -3,1304 | -0,6400
6.20 0.1700 |-18,590] 37.308 | 0,0424 |-12.643| -3,1609 | -0,5169
6.22] 0.1299 |-24.578 | 49.253 | 0.0324 |-12.766]| -3.1916 | -0.3935
6,241 0.0893 [-36.101] 72,269 | 0,0223 [-12,890| -3,2225 | -0,2696
6,26 | 00482 |-67.488| 135.01 | 0,0121 [-13,014| -3,2536 | -0,1452
6.28 | 0.0067 |-492.89] 985,78 | 0,0017 |-13.140 | -3,2849 | -0,0200
27 | 0.0000 — + oo 00,0000 | -13,159 | -3,2809 | 0,0000

o1
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