MOPCKOIW T'OCYJIAPCTBEHHbBIM YHUBEPCUTET
MIMEHU AJIMUPAJIA T 1. HEBEJILCKOI'O
Kadeapa Teoperndeckoii MEXaHUKHU 1 COTPOTUBIIEHUSI MATEPUATIOB

I'EOMETPUYECKUE XAPAKTEPUCTUKH
IMJIOCKUX IMOMNEPEYHBLIX CEHEHUI

Mer OMUYCCKUC YKA3aHU
K BBITTIOJIHCHHUIO JOMAIITHCI'O 3aJaHU

Cocrasun U. b. Ipy3b
E. A. JIuxo6abuna

BJIAINBOCTOK
2004



[Tozums Ne

B IUTAHE U3IaHUS
yueOHOM TUTEPATYPhI
MI'Y Ha 2004 1.

CocraBwin:
NBan bopucosuu /lpy3b,
Enena AnexcanapoBHa JInxo6abuna

Metoauyeckre yKa3aHus K BbIIOJIHEHUIO JOMAIIHETO 3a1aHUS
I'EOMETPUYECKUE XAPAKTEPUCTUKIN
ITJIOCKMX ITOINEPEYHBIX CEHEHUI

JInuenszus M Ne 05693 ot 27.08.02.

1,8 yu.-u3. 1. dopmat 60%84 s
Tupax 200 3k3. 3akaz Ne

Otnieuatano B tuniorpaduu MI'Y um. aam. I'. 1. HeBenbckoro
BnamuBoctok, 59, yi. Bepxnenoprosas, S0a.



OBLUME YKA3AHUA

Ilepen BbITIOTHEHUEM YIIPAXXHEHHI CTYICHThI JOJDKHBI TPOPA00TATh MO YIEOHUKY
COOTBETCTBYIOIIIME Pa3/IENbl Kypca U OCBOUTH METOIbI peliieHus 3a1a4. OCHOBHYIO U
JIOTIOTHUTETLHYIO JINTEPATY Py PEKOMEHTyET MPEToIaBaTellb, BEAYIIHI MPAKTUYIECKIE
3aHSTHS.

VrpakxHeHus CTYACHTBI BBIMOTHSIOT MO MHANBUAYAIbHOMY 3aJIJAHUIO, YCIIOBHE
KOTOPOT'0 BHIOMPAIOT B COOTBETCTBUHU C ITM(POM, BEIJAHHBIM ITpEroiaBaTesieM B
npui.4.

[Tpu ohopmIIeHN TOSICHUTEIBHOM 3aITUCKHU K pacYeTHO-TpaIecKOMY YIIpak-
HEHUIO BHAYAJIe yKa3bIBAeTCS IU(DP, 3aTEM MPUBOISITCS COOTBETCTBYIOIIAS TG PY
cxeMma, HeOOXOTUMBbIE UCXOIHBIE TAHHBIC U paCyeT.

CpoKu BBITIOJTHEHHUS paCYeTHO-TpaPUUECKUX YITPAKHEHUM YCTAHABIMBAIOTCS B
COOTBETCTBHH C paOOUYNMU TITAHAMU T10 TUCIUTIIMHE.

[Tpu cnave ympaKHEHUS KaXAbIi CTYACHT IOJKEH 3aIIUTUTh OCHOBHBIE €0
MOJIOKEHUSI, OTBETUTh HA TEOPETUUECKUE BOMIPOCHI U PEIINTH 3aJa4uu B 00BEMe
COOTBETCTBYIOIIETO pasjena Kypca. [IpuHsTOe mpernogaBaTeaeM ynpaxkKHEeHHE
XpaHUTCS Ha Kadeape.

PacueTsl Ha KaXJI0M OTAEIbHOM 3Tare OQOpMIISIOTCS B TaKOM Mmocie-
JIOBATEIbHOCTH: pacueTHasi GopmyJia, TOACTAHOBKA B HE€ KOHKPETHBIX JAHHBIX,
OKOHYATEIbHBIN Pe3yJIbTaT U €r0 pa3MEepPHOCTb. PacyeThl BBIMIOTHSAIOTCS B €IMHUTIAX
CH. domyckaetcs opopMIIeHHE pacueTOB Ha OT/ICIBHBIX ITArax B BUAE TAOIIHII.

Kaxp1it oTAeNbHBIN 3Tal pacyeTa J0JDKeH MMeTh 3ariaBue. [loscHuTenpHy0
3aMUCKy O(POPMIISIOT HAa CTAaHAAPTHBIX JTUCTAX OyMaru, TEKCT U PACUEThI JOJKHbI
OBITH HAMMMCAHBI AKKYPATHO 1 6€3 MoMapok. [ "padrueckre WiTtoCcTpaliiy BBIMOTHSIOT
Ha YepTeKHOM Oymare Wik MIJITUMETPOBKE C yKa3aHUEM MacCIITa00B rpahuKoB U
BCEX HEOOXOIMMBIX pa3MEPOB.

B pacuerax uncioBbie 3HAU€HU S UCXOIHBIX TAHHBIX U PE3YJIbTATHI BHIYUCIICHUS
CleIyeT OKPYIJIsTh, coxpaHss 3—4 3Hauamue 1udpsel. [Ipumep oxkpyrieHus:
723,678=724 vn 723,7; 0,0072367=0,00724 v 724007; 724+0,252=724.

J171s1 OLIEHKU MPOYHOCTH M KECTKOCTU U3rn0aeMbIX OaJTOK HEOOXOIUMO 3HATh
BEJTUYMHBI [TTABHBIX MOMEHTOB MHEPIIUH ITONIEPEUHBIX CEUESHHI U TIOJI0YKEHHE TTIABHBIX
oceli nHepuu. 1 mpocThIX KOH(GUTypaluii ceueHni (IPSIMOYT OJTbHUK, TPEYTOJTbHYIK,
KPYT 1 T.I1.) BEJIMUMHBI TJIABHBIX MOMEHTOB MHEPIIUHU OTMIPEIEIISTIOTCSI BECbMa IMPOCTO
10 COOTBETCTBYIOIINM hopmynam. JIJist mpokaTHBIX Tpodusiei (YTOIKH, IBYTaBPHI,
IIBEJIEPHI U T.11.) TTOJIO’KEHHUE ITIABHBIX OCEH MHEPIMU U BEIMYUHBI [TTABHBIX MOMEHTOB
uHepuuu puBoasITes B '[OCTe Ha COOTBETCTBYIONINI TPOKATHBIN MPODUIIH.

OpmHako B MPAKTUKE MAIITMHOCTPOEHUS YACTO UCTIOJIB3YIOTCS CEUEHUSI CIIOKHOM
KOH(MUTYpAIUU. ITU CEYCHUS MOTYT U3TrOTABIUBATHCS IMPHU TOMOIIM CBAPKU U3
PA3IMYHOTO COUETAHUSI TPOKATHBIX MPOMUIICH, OTIIMBATHCS WA MPOKATHIBATHCS U3
PA3IMYHBIX METAIUIOB. [ eoMeTprUecKre XapaKTePUCTUKU TAKUX CEUEHUN TOTKHBI
BBIYUCITSITHCS HETIOCPEACTBEHHO MHYKEHEPAMU-TTPOSKTUPOBIIIUKAMHU.



B MeToimueckoii pa3paboTKe U3naraeTcs METOMKA TSl HAXOXKIEHUS TTOJIOXKEHMSI
[JIABHBIX OCEV MHEPLMU U BBIYMCIIEHHS] OCEBBIX MOMEHTOB MHEPLIMM OTHOCUTEIIBHO
3TUX OCEU.

PacuetHO-nipoeKTHPOBOUHAS padOTa CITY>KUT 17151 3aKPETIEHU S TEOPETUUECKOTO
Marepualia Kypca v BbIpabOTKHU y OyIyIIUX MTHXEHEPOB HABBIKOB I10 OIMPEICTICHUIO
FE€OMETPUYECKUX XaPAKTEPUCTHK.

3aauun peraroTcs Bpy4YHYIo, C JajbHeieln mpoBepkoit Ha 9BM.

YKA3AHUA K BbINOJIHEHUIO YITPAXHEHUA

rmiowAgun U ux CTATUMECKUE MOMEHTbI

Cmamuueckumu MOMeHmMamu niowaou Gueypvl OMHOCUMENbHO Ocell X U Y
(puc. 1) Ha3pIBAIOTCS OMpeAeTICHHbIC MHTErPAJIbI BUIA
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CBoliCcTBA CTATUYECKOTO MOMEHTA

*CTATUYECKUH MOMEHT CIIOKHOM (PUTyphI paBEH CyMME CTATHUECKMX MOMEHTOB
COCTABJISIIOLIMX €€ YaCTel;

*CTaTUYECKUI MOMEHT MOXET OBITh IOJIOKUTEIbHBIM, OTPULATEIbHBIM JINOO
PABHBIM HYJIIO.

Ecmu u3BeCcTHBI KOOPMHATHI ICHTPA TSHKECTH (PUTYPbI, TO CTATUYECKUE MOMEHTBI
ONPEIENSIFOTCS U3 BBIPAKEHUI
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N3 mpuBeA€HHBIX (POPMYII CIIETYET, UTO €CIIU OCH X U ) IPOXOISIT Yepe3 ICHTP
TSDKECTU CEYEHU S, TO CTATUYECKUI MOMEHT OTHOCUTEIBHO OCEM paBeH HYJIt0. Takue
OCH HA3bIBAIOTCS YEHMPATbHbIMU OCAMU.
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Ecmu ¢urypy (puc. 2) MOKHO PEICTABUTD B BUAE OTICIBHBIX MPOCTHIX PUTYP
(MPsIMOYTOJIBHUKOB, TPEYTOJILHUKOB U T.I.), 1711 KOTOPBIX U3BECTHBI MOJIOKEHUS
LEHTPOB TSHKECTU, TO B 3TOM CIIydae CTAaTUUECKUI MOMEHT BCel (PUTyPhl MOYKHO
MOJIyYUTh KaK CYMMY CTaTUYECKUX MOMEHTOB 3THX MPOCTHIX (QUTYpP. DTO
HEIOCPENCTBEHHO CJIEIYET U3 CBOMCTB OIPEIEIIEHHOTO MHTErpajia

S, =4y, tA4y, +...+4,y, :ZAiyia
=

! 3
S, =Ax tA4x, +...+4x, 22 Ax,. )
i=1

BbIYUCJIEHUE KOOPOUHAT LIEHTPA TAXXECTU

J71st ontpegesieHUst KOOPAMHAT LIEHTPA TSHKECTH ITTOCKOM (PUT'YPhI UCIIOIB3YIOT
IPOU3BOJIbHYIO CUCTEMY OCEH X, M y,, KOTOPbIE Oy/IEM Ha3bIBATH TAKKE OCAMH
cpaBHeHUs. KoopauHAThI IEeHTpa TSHKECTH (PUTYPEHI (B CHCTEME OCeH CpaBHEHMS)
BBIYHCIISTIOTCS 110 (DOpMYyJIamM
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Ocu cpaBHEHUSsI PEKOMEHTYeTCsI BRIOMPATh TaK, YTOOBI BCs (pUTypa paciiosiaraiach
B [IEPBOU YETBEPTH; TOTJIA ITPU ONIPEACIICHUU CTATUYECKMX MOMEHTOB IUTOLIAEH,
COCTABIISIIOLIUX CIIOXKHYIO (DUTYPY, HE TIOIYyUarOT OTPUIIATEIbHBIX BEIUYHUH, a
CIIEIOBATENIbHO, M BOBMOXHBIX OIIMOOK. [1051€3H0 OCH cpaBHEHUS MPOBOAUTH YEPE3
LEHTP TSHKECTHU OJTHOTO U3 3JIEMEHTOB CIIOXKHOMN (PUTYPBI.
Brruucrnenue o opmyiiam (4) ciaeayeT BeCTH B TAKOM MTOCIIEI0BATEIbHOCTH:
a) OTHECTH 3aJIaHHYIO (PUTYypy K KOOPJMHATHOU CUCTEME OCEN CPABHEHUS;
0) pac4sIeHUTh (PUrypy Ha ITPOCTHIE YACTH, U1 KOTOPBIX U3BECTHBI IVIOIIAIM A 1
KOOPIMHATHI LIEHTPOB THKECTHU (X, V)
B) BBIYUCIIUTH CTATUYECKUE MOMEHTHBI (PUTYPbI OTHOCUTEIHLHO OCEM CpaBHEHUS,
npumeHsis (3);
I') BBIYUCIIUTH KOOPAUHATHI IEHTPOB TsKeCTH o hopmyrnam (4). Beruucnenue
yJI00HO pacriojiaraTth B Ta01. 1 3 ipustoxeHus Ne 1.

MOMEHTbBI MHEPLINU M/10OCKOU ®UIr'YPbI
OnpeeneHHbIE THTErpasibl BUAA
I =(y*d4,d
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HA3BIBAIOTCS 0CEeBbIMU, TUHEUHBIMU WU IKEANOPUATbHLIMU MOMEHMAMU UHEPYUU
niaowaou gueypwi (puc. 1) omuocumenvho ocu x i ocu y;

— 2
I, = [p'dA (6)
A
NOJISAPHBII MOMEHIM UHEPYUU NI0WAoU (hueypsl OTHOCUTEIIBHO Hauana koopauHat 0;

I, = IxydA (7)
A

UCHMPOOEIHCHBILL MOMEHI UHEPYUU NILOWAOU (Pu2ypbl OTHOCUTEIHHO IBYX B3AUMHO
HEPIEHAMKYIISIPHBIX OCEH, JISKAIIMX B ITIOCKOCTH (DUT'YPHI.

MoMeHTbI HHEPLUU (PUTYPBI OTHOCUTEIBHO €€ LIEHTPAIbHBIX OCE IIPUHSITO
Ha3bIBaTh COOCTBEHHBIMU. B Tab1. 3 mpuioskenus Ne 3 mpuBeneHbl OPMYIIb IS
BBIUKCIICHUS COOCTBEHHBIX MOMEHTOB MHEPLIMH ITPOCTEHIIHX (DUryp. 3HAYEHNSI COOCT-
BCHHBIX MOMEHTOB MHEPIIMH ITPOKATHBIX IPOMHUIICH ITPUBEICHBI B IIPUIIOKEHHH.

Pa3zMepHOCT, MOMEHTOB MHEPIUHU — €IUHUIIA IJIUHBI B YeTBEPTOM CTEIEHH,
00BIYHO [cM?].

CBoIicTBAa MOMEHTOB UHEPLIUK:

* MOMEHT HHEPLHH CI0XHON (PUIYyphl paBeH CYyMME MOMEHTOB HHEPILUH
COCTABJISIOIIMX €€ YaCTEl;

* OCEBOU M IMOJISPHBIA MOMEHTBI MHEPLIMM BCEIIa MOJI0KHUTEIbHBI, TAK KaK
HE3aBHCHMO OT 3HAKa KOOPIUHATHI IIPOU3BOJILHOM IUTOIIAIKH COOTBETCTBYIOIIICE
CIIaraeMoe IMOJIOKUTEIIBHO, TOTOMY YTO B HET'O BXOAUT KBAIPAT 3TOM KOOPAUHATHL



* IEHTPOOEKHBIM MOMEHT MHEPIIUH MOXKET OBITh IOJIOKHUTEIbHBIM, OTPH-
1[aTeTFHBIM WJIA B YACTHOM CJTy4ae PaBHBIM HYJIIO.
[TomsapHBIit MOMEHT MHEPILIMU HE CBSI3aH C OCSIMU KOOPAMHAT, & 3aBUCHUT JIUIITH OT
nosoxenus rnojroca 0 (puc. 1).
W3 prcyHka BUIIHO, uTo P* = x>+ ). [ToacTaBUB 3TO 3HAUYEHHUE B BRIPAKEHHUE IS
Ip, IIOJIy4YUM
I, = J’psz =I(x2 +y° )dA =J'x2dA +J'y2dA =[, +I, =const,
A A A A

I=1 +1. (8)

[TonstpHBIN MOMEHT UHEPLIMK OTHOCUTENHHO KAKOW-TNO0 TOYKH PABEH CyMMe
OCEBBIX MOMEHTOB MHEPIIMM OTHOCUTENIHHO ABYX B3AMMHO MEPIIEHIUKYIISIPHBIX OCEH,
MTPOXOIAIINX Yepe3 ITY TOUKY.
3ABUCUMOCTb ME>XY MOMEHTAMU UHEPLIUN
OTHOCMUTEJIbHO MAPAJIJIEJTIbHbIX OCEUA

OOBIUHO COOCTBEHHBIE MOMEHTBI UHEPITUU TUIOCKOM (pUrypbl (TubOO0 yacTtei
CIIOXXHOU (pUTyphl) U3BECTHBI. MOMEHTHI UHEPIIUU (PUTYPBI OTHOCUTEIIHLHO
MIPOU3BOJILHBIX OCEH, MapaJlJIeIbHBIX €€ IIEHTPATbHBIM OCSM, BBIYUCIISIOTCS 110
dhopMmynam

I,=1_+Ay;, O
— 2
I, =1, +Ax, g 9)
Ixy = InyC +AnyC’E

IJIE— X .M . PACCTOSIHUE MEXKTY TAPAJIIENbHBIMU OCSMU.

Ecnu 3agana cnosxHast rmockasi purypa (puc. 2), To 17151 BBIYUCTICHUSI MOMEHTOB
MHEPIIMHA OTHOCUTEITLHO IMTPOU3BOJIBHBIX OCEH CeUeHUE pa30UTh HA ITPOCTHIE AIEMEHTBHI.
ITycTh 171 KaXKA0TO S1IEMEHTA M3BECTHBI IUIOIIAb A , KOOPAMHATHI LIEHTPA TSHKECTH

X,»Y,; B TPOU3BOJILHOM CUCTEME OCEN X, y, @ TAKIKE COOCTBEHHBIE MOMEHTBI / I, n
[, OTHOCHTEIIBHO COOCTBEHHBIX OCEM, APaJIJIENbHbIX JAHHBIM OCSM X, V-
Toraa, Beraucsst no (9) MOMEHTBI MHEPIIUU KAXKIOTO 3JIEMEHTA OTHOCUTEIIBHO

IPOU3BOJILHBIX OCEH X, Y, M CYMMUPYsI 3TH 3HAUYEHUS UL BCEW (PUTYPBL, IIOJIyYHUM
MOMEHTBI MUHEPIIMHU CIIOKHOM (PUTYPBI OTHOCUTEIHHO MapaIENIbHBIX OCeH

I, = Z (1, +452).
I, = S (1, +4x,)

(10)
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U3MEHEHWE MOMEHTOB UHEPLINUN ITPU NOBOPOTE OCEM
ITycTh 4yepe3 HEKOTOPYIO TOUYKY (DUTYphI MPOBEICHA CUCTEMA OCEH X U Y,
OTHOCHUTEJILHO KOTOPOI U3BECTHBI MOMEHTBI MHEPLIUU pacCMaTPUBAEMOM (DUTYPBI

(puc. 3).
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Cku1a1pIBasi HOYJIEHHO BhIpaskeHust 1y1st [ o 1 1 " HanaeM
I+, =1 +1,.
1 N x y

r'11ABHBIE OCU U TTIABHBIE MOMEHTbI UHEPLIUU

B kax10i TOUKe IITIOCKOCTH, B KOTOPOM JIEKUT (PUTypa, CyLIECTBYET JIBE B3AUMHO
MEPHEHIUKYIISIPHBIE OCU, OTHOCUTEILHO KOTOPBIX LIEHTPOOEKHBIN MOMEHT UHEPLIUU
paBeH HyJro0. Takue ocu Ha3bIBAIOTCS INTaBHBIMU (ocH 1 1 2, puc. 3).

Ecnu rimaBHBIC OCH MTPOXOAAT Yepe3 LEHTP TSKECTH (PUTYPBI, TO KX Ha3bIBAIOT
2NIABHBIMU YeHMPATbHBIMU OcsAMU (MX 0003HAYAIOT U U V pUC. 4), 2 OCEBbIE MOMEHTHI
MHEPLMU OTHOCUTENBHO 3TUX OCEM HA3BIBAKOT 21A6HbIMU MOMEHMamu urepyuu I 1
I . Ocu cummeTpuu QUryphI SBJISIOTCS ITTABHBIMU OCSMU.

OceBble MOMEHTBI MHEPILIUM TITOCKON (DUTYPhl OTHOCUTEIBHO IJIAaBHBIX OCEH
MIPUHUMAIOT SKCTPEMAJTbHBIE 3HAUEHUS, T.€. OJWH U3 HUX SBJISICTCS MAKCUMAJIbHBIM
(I, ), ApYroi —MMHUMAIbHBIA (1 . ).

ITonosxeHue rmaBHbIX OCEl IIOCKOM (PUTYPhI ONIPENENAIOTCS yIIoM O (puc. 3, 4),
KOTOPBIA OHM OOPa3YIOT C IPOM3BOJILHBIMU OCSMH X, M . YTOII TOBOPOTA Ol ) TTIABHBIX
oceit onpezensiercs popmyon

21
—_ Xy
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[1pu BeIUKCIIEHUH YyIUIA CIIeyeT OOpalaTh BHUMAaHUE Ha 3HAK ITPABOM YacTH,
3aBUCAIICH OT 3HaKa [ 1 3HaKa pasHocTu (I - I).

Ecmu 3Hauenme tg20 IoJI0KUTEIbHO, TO YTOJI O TIOJIOXKUTETIEH, OCh U TIOBEPHYTA
OTHOCHUTEJIBHO OCH ) IPOTUB YaCOBOM CTPEIIKU.

Ecnu ke 3HayeHune tg20 ) OTpUIATENBHO, TO YTOJI O, OTPULATEIbHBIN, OCh U
IIOBEPHYTa OTHOCHUTEIIBHO OCH y 1O 4yacoBou crpenku. Ha puc. 4 mokasano
TIOJTOXKUTEITLHOE HATIPABJIEHHE YTJ1a O .

BbruncrieHre r1aBHbIX MOMEHTOB HHEPLIMU ITPOU3BOUTCS IO (POPMYyJIam

— 2 2 .
I, =1 cos"a,+1 sin"0a,—1I sin20,,H 13)
— 2 ) :
I,=1,cos"a,+1I s a,+/ sin20,H
KonTtposeM npaBUIIBHOCTY BBIYUCIICHHS [TIaBHBIX MOMEHTOB UHEPLIVU CITY KUT
yCIIOBHE

I +1 =1 +1.
1 N x y
ITpu HebGONMpUIMX 3HAYEHUAX yIiia O MOIb30BaThCs (popmynamu (13)

Hellesaecoo0pa3Ho. B aTHX ciiydyasx peKOMEHIyeTCs BBIUNCIISITh TJIaBHbIE MOMCHTBI
HHEepLUH 110 (hopMyIie

o= Lty +l\/(1 -1 )2 +47? (14)
min 2 - 2 X y xy *

ITpu sTOM, ecrn Ix>Iy, tol =1,1 .= I nnaobopor. Takum o6paszom GopmyIibt
12,13, 1 14 mo3BOJISIFOT ONPEACIISTh MOJI0KEHUE INIAaBHBIX MOMEHTOB UHEpIu. Och
I_. (OCb u) «TArOTEET» K IJIOLIA 11 CEYEHHUS, T.€. IEPECEKAET €€ 110 HAanOOJIbILIEMY

IPOTSHKEHUIO, 4 OCb I (OCh V) KyKJIOHSET-
v CsD» OT IUTOLLA I — [TEPECEKAET €€ [0 HAUMEHb-
ITIEMY TTPOTSDKEHHIO (PHIC. S).
— Ecnu ceuenne numeet ocb CHMMETPUH, 3TA
OCb U OCb, €11 IEPIICHAUKYJISIpHAS, SIBJISI-
7\ FOTCSI [JTABHBIMU OCSIMU.
Ecnu ceueHre nmeeT 1Be 0C CUMMETPUH,
u TO 3TH OCH SIBJISIFOTCS TJIAaBHBIMU II€H-
TPaJIbHBIMU OCSIMU.
Ecnu ceuenne ob6namaeT Tpems u 6oJjiee
Pnc.5 OCSIMH CUMMETPHH, TO JI00ast IeHTpaIbHAas
OCb CEUCHUS SIBJISIETCS TJIABHOM M BCE I'JIaBHBIE LIEHTPAIbHbIE MOMEHTHI MHEPIIUU
CEYEHHUSI OJJMHAKOBBI.

3aBUCUMOCTb MEKY MOMEHTAMU UHEPLIMM OTHOCUTEIBHO OCEN X U ) U TJIABHBIMU
MOMEHTAMU UHEPLIMKU OTHOCUTEIBHO OCEH, MPOXOAAIIMX YePE3 TAHHYIO TOUKY,
BbIpakaeTcs hopMyiaMu

I =1 cos’a+1 sin’q,

I,=1,sin*a+1 cos’q,
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rae Iu " IV - [JIABHBIE MOMEHTBI UHEPLIUM; O — YT'OJI, COCTABJISIEMbBIM OCSIMHU X U  C

[JIABHBIMU OCSIMHU U U1 V.

COOEPXAHUE SAO0AHUA N YKASAHUA K EIO BbINOJIHEHUIO

J17151 BBITTOTHEHUST MTHIMBUYAIbHOTO 3aJaHUSI KypCaHT O0S3aH U3YUUTh TEOPHIO,
a TaKKe PEIINTh Psil 33424 17151 yCBOEHUS ITPAKTUKU pacyeTa.

Llens HacTOsIIIETO pacueTHO-TpaUIeCKOro 3a1aHUsI COCTOUT B TOM, UTOOBI
KYPCaHT OBJIaJIe]T HE TOJIbKO TEOPHEH, HO M PUOOPEST TBEP/IbIe HABBIKU BHIUMUCIICHUS
reOMETPUICCKUX XapaKTePUCTUK, HEOOXOIUMBIX JIJIS PAKTHUECKUX PACUETOB.

Kypcanty 3amaercs popma v TMHEHHbBIE pa3Mepbl CJI0KHOTO COCTABHOTO CEUSHUSI.
3a/1aya COCTOUT B OTHICKAHUN KOOPAMHAT LIEHTPA TSHKECTH, OTIPEIETICHUN TTOJIOKEHUS
[JIABHBIX OCEH ¥ BBIYMCIICHNH TJIaBHBIX IIEHTPATbHBIX MOMEHTOB MHEPITUH.

J171s1 BBITIOJTHEHUS 3aJaHUSI MOYKHO PEKOMEHI0BATH MTPUMEPHO TAKYIO MTOCIIE-
JOBATEJIbHOCTD pacyueTa.

1. BeruepTuTh B KPYITHOM MacIlITa0e KOHTYP CEYEHUS C pa3MepaMu, C HAaHEeCe-
HUEM BCEX OCEM M YKa3aHHEM PACCTOSIHUM MEXKIy OCSIMHU, UCIOIb30BAHHBIX
IIPY BBIYKCIICHUM.

2. Be1Opath ocu CpaBHEHUS U ONPEACTIUTD MOJIOKEHUE I1. T. CJTIOKHOTO CEYCHUS
1o hopmyiie (4) (mpumoxxerne Ne 1). HanecTu mmooskeHue 11. T. Ha YePTEKEe CEUCHUSI.

3. IIpoBecTtu uepes 11. T. 3aJJAHHOTO CEYEHUST UCXOTHBIC IEHTPATBHBIE OCH X, J),
napasuieIbHbIE OCSIM CPABHEHUSI.

4. OnpeaenuTb MOMEHTBI HHEPLIMH CJIOKHOTO CEYEHUSI OTHOCUTEIBHO, 3TUX
LEHTPAJbHBIX Ocel, ncronb3ys popmyisl (10). Becs pacuer mo ¢popmynam (10)
BBITIOJTHUTH B TAOIMUHOM (hopMe, KaK IMMOKa3aHO B TAOIUIIE TPHITOKEHMST Ne 2.

5. ITo dopmyne (12) onpeaenuTh mojoxeHue (Yroa HaKJIOHA) TJIaBHBIX
HEHTPAJIbHBIX OCEH CIIOKHOTO CEYEHUSI 1 HAHECTH OCU Ha YePTEX CEUCHUSI.

6. OnpenenuTh BeIMYMHBI TJIaBHBIX IEHTPAIbHBIX MOMEHTOB MHEPIIUU
CIIO’KHOTO ceueHms 1o popmyram (13) mmm (14).

7. I1pon3BecTr MPOBEPKY MPABWILHOCTU BBIYUCIICHUH, KCIIOJIb3Y S YCIOBUS

[+1,=1,+1, I, =0.
KOHTPOJbHbIE BOMPOCI [1151 CAMOIMPOBEPKU

1. UTo Ha3bIBAETCS CTATUYECKMM MOMEHTOM IUIOIIA N CEUEHUSI OTHOCUTEIIBHO
mo0oii ocu? KakoBa ero pasmepHOCTB?

2. YUeMy paBeH CTaTUYECKUII MOMEHT OTHOCUTEIIBHO OCH, TPOXO/ISIIEHN Yepes
LIEHTP TSHKECTU CEUCHUS !

3. Kak onpeessiroTcst KOOpAMHATHI LHIEHTPA TSHKECTH ITPOCTOM M CII0KHOM TUTOCKOM

burypbi?
10



4. Y10 Ha3bIBAETCS OCEBBIM, OJISIPHBIM U LIEHTPOOEKHBIM MOMEHTAMU MHEPLIUU
ceueHus? KakoBa ux pa3MepHOCTb U 3HAK?

5. Uemy paBHa CyMMa OCEBBIX MOMEHTOB MHEPIIMU CEYEHUSI OTHOCUTEIBHO JIBYX
B3aMMHO IEePIEHANKYIISIPHBIX OCEH?

6. Kak orpakaeTcs Ha 3HaKe LIEHTPOOEKHOIO MOMEHTA HMHEPLIMY U3MEHEHUE
MOJIO’KUTEIBHBIX HAITPABJICHUI OTHOM MITK O0EMX KOOPIMHATHBIX OCEH?

7. UeMy paBHBI OCEBbIE MOMEHTBI UHEPIIUH PSIMOYTOJIbBHUKA OTHOCUTEIBHO OCH,
COBITQJAIONIEN C OJTHOU U3 €ro CTOPOH, U OTHOCUTEIBHO IEHTPaJIbHOM OcCH,
MapaJUIETbHON OTHOU U3 €r0 CTOPOH?

8. JlokakuTte, YTO MOMEHTBI HHEPILIMU KBAAPATHOTO CEUYEHUSI OTHOCUTEIIBHO
LHEHTPAIBLHON OCH, TPOXOASAIIEH MapaIeIbHO CTOPOHAM, U OTHOCUTEIIBHO OCH,
MPOXOAAIIEH Yepe3 AuaroHalb, pABHbI.

9. UeMy paBHBI OCEBOM M MOJISIPHBINT MOMEHTBHI MHEPIUM Kpyra U KOJbIla
OTHOCHUTEIIBHO OCH, IIPOXOISIIEH yepes3 ero HeHTP TSKECTU?

10. BoiBeauTe 3aBUCUMOCTHU JIJISI ONPEIETIEHUSI OCEBBIX U IIEHTPOOEIKHOTO
MOMEHTOB MHEPIIMM OTHOCUTEIIBHO OCEH, MapaJIJIEIbHBIX OCSIM, ITPOXOISIIM Yepe3
LIEHTP TSHKECTU?

11. B miockocTu ceueHus MpOBEICH Psifl MapalieIbHbIX oceil. OTHOCUTEIBHO
KaKOM U3 HUX OCEBOM MOMEHT MHEPIIMK UMeeT HauOOoJIbIIiee 3HaUeHue?

12. BeiBenute (hopmyJibl, BbIpaKaroIIMe M3BMEHEHMS OCEBBIX U [ICHTPOOESKHOTO
MOMEHTOB UHEPIUH (PUTYPBI ITPU TOBOPOTE OCEHA.

13. I3MeHsieTcs I CyMMa OCEBbIX MOMEHTOB MHEPIIUM OTHOCUTEIBHO ABYX
B3aMMHO MEPIEHIUKYJIIPHBIX OCEH ITPU IIOBOPOTE 3TUX OCE?

14. Kakue ocu Ha3bIBAIOTCS IJIaBHBIMU LIEHTPAIbHBIMU OCSIMU UHEPIIUHN?

15. Yemy paBeH LIEHTPOOEKHBIN MOMEHT MHEPLIUHA OTHOCUTEIHHO IITaBHBIX OCEH
UHepUUun?

16. B xakux cimyqasix MOKHO 0€3 BBIYMCIICHUS yCTAHOBUTH MOJIOKEHUE TJIABHBIX
oceil UHepLu?

17. BoiBeuTe OopMYIIBI 17151 OTTPEICIICHUS TTOJIOKEHUS TJIABHBIX OCEH MHEPITUU
Y BEJIMYMH IJIABHBIX MOMEHTOB UHEPIIUU.

18. Kak onpeaensieTcst paanyc UHepIu?

19. U3n0xuTe MOCIeI0BATEILHOCTh ONPEACICHUS 3HAUEHUM TJIABHBIX
LEHTPaIbHBIX MOMEHTOB UHEPIIUU CJIOKHOTO CEUEHUSI.

20. Yemy paBeH OCEBOM MOMEHT MHEPIIUH MPSIMOYT OJIbHUKA OTHOCUTEIBHO €ro
LIEHTPAILHON OCH, TAPALIEIbBHON OCHOBAHUIO?

21. YeMy paBHBI IEHTPAIbHbIE OCEBbIE MOMEHTHI UHEPIIMHU KPyra U KPyrOBOTO
KoJbL@a?

22. Kak mmurrytest popMyITbl mepexoia A1 OCEBOTO U [IEHTPOOSKHOTO MOMEHTOB
WHEPLIMH [TPU NaPAJIIETIBHOM ITEPEHOCE OCEt?

23. Kakue MOMEHTBI HIHEPLIMK BCETAa MTOJI0KUTETbHbI?

24. Kakumu cBOMCTBaMH 00J1a1aI0T IIIaBHBIC IEHTPAIbHBIC OCH?

25. Kakue ocu Ha3bIBatOTCS TJIABHBIMU OCSIMU MHEPIIUN?

26. Kak U3MEHUTCS IIEHTPOOEIKHBINT MOMEHT MHEPIIUH ITPU ITOBOPOTE OCEH
koopauHat Ha 90°, 180°, 270°?

11



27. Kak cBs3aHbl MEXIY COOOM CyMMbl MOMEHTOB MHEPIIMU OTHOCUTEIILHO
MEePHEHAUKYISIPHBIX OCEH U MOJISIPHBIH MOMEHT HHEPIIUM OTHOCUTEJIBHO TOYKHU
MePECeUEeHMs 3TUX OCei?

28. 1o xakuM hopMyJIaM OTIPEAETISIFOTCS KOOPIMHATHI IIEHTPA TSKECTU PUTYPBI?

29. YemMy paBeH CTaTHICCKUI MOMEHT ILIOIIAIU PUTYPBI OTHOCUTEIBHO OCH,
MPOXOISIIIIEN Yepe3 HEHTP TSKECTU PUTyphI?

30. Yemy paBeH LIEGHTPOOESKHBIM MOMEHT UHEPLIMHU KPYra OTHOCUTEIIBHO €Tro
LEHTPaIbHBIX OCE?

31. Yemy paBeH NOJISIPHBIA MOMEHT UHEPLIMHU KpYyTa (KOJIbla) OTHOCUTEIBLHO €r0
LeHrpa?

32. Ecnu B IUTOCKOCTH C€YEHUS IMTPOBEACH P/l NAPAUIETIbHBIX OCE, OTHOCUTEIBLHO
KaKOM U3 HUX OCEBOM MOMEHT MHEPIIMU UMEET HauMEHbIIIee 3HaueHue?

33. I3meHsieTcs d CyMMa OCEeBbIX MOMEHTOB MHEPIIMU OTHOCUTEIBHO ABYX
B3aUMHO NEPHEHIUKYJISIPHBIX OCEU IMPU MOBOPOTE ITUX OCE?

34. BeiBeiuTe OTHOIIEHUE MEXKTY OCEBBIMU U MTOJISIPHBIMU MOMEHTAMU UHEPLIUH.

35. Onpenenure paccrosnue y, ecnu 1, = A.

36. Ecm I = I} U Ixy = (), TO KaKue OCH SIBJISIFOTCS TTITABHBIMU OCSIMU UHEPLIUM?

37.Ecm I = Iy u Ixy # (), TO KaK1e OCH SIBJISIFOTCS [JIaBHBIMU OCSIMU HHEPLIUU?

38. Kakue leHTpaIbHbIE OCH SIBJISIFOTCS TJIABHBIMU OCSIMU UHEPIIUH Y CEUEHUI,
nMeronx 6oiree AByx oceii cummeTpun? [loyemy?

NMPUMEP 1
JlJ1s1 cedeHus, IOKa3aHHOIO Ha PUC. 6, ONPENEIUTD MOJI0KEHNE TTIABHBIX

OCHTPAJIbHBIX OCEM U BBIYMCIIUTh BEJIMUMHBI ITaBHBIX OCHTPAJIIbHBIX MOMCHTOB
HMHEPIWU CCUCHMS.

yO Yy ylayzayy

\

120

79,2

\

Y~

 J

Puc. 6
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PEUIEHUE

1. 3amanHOE ceyeHrne MOKHO pacCMaTPUBATh KaK CEUeHHE 0Opa30BaHHOE U3
IIPSIMOYTOJIbHUKA — I, KBagpata — I1 v nomyokpyxkHocTH — I11. [TpoBeneM uepes LeHTpbl
TSDKECTU YaCTEH (PUIyPbl FOPU3OHTANILHBIE M BEPTUKAJIbHBIE KOOPIAUHATHBIE OCH X ,
X, X35 Vs V1s Vs V3 U BBIIUIIEM JIAHHBIE, KOTOPBIE IIOTPEOYIOTCA IIPU JATbHEUIINX
pacyerax.

a) IpsiMOyroJibHUK 60 X120

b=60=6 cm, h=120=12cMm, mnomans A =bh =6 x12="72 cm’,

OCEBbIE MOMEHTBI MHEPILIUU

3 3
[ = 02 gh ont
T 12

3 3
[ o=l J12X6 o6 e,
"2 12

LEHTPOOEKHBIIT MOMEHT HMHEPLIHU leyl =0;

0) xBaapat 40 x 40
a=40=4cm, mmomansA,=a’=4=16cm’,

MOMEHTBI MTHEPIIUN
at 6
I, =1, =—=—=21,33 cm*,
> 212 12
IXzYz = O’
B) MOJTyOKPY>KHOCTh d = 60 =6 cM,
A3 07 o
MIOJIOKEHUE IIEHTPA TSHKECTU Ve, 33 )
A 2 2
s mwromane A, = Tkgz’ = ﬂ;<6 =14,23 cm?,
/ .l MOMEHTBI UHEPLIMH
C
/ 2 \ » [ =0,00686 xd* =0,00686 x6* =891 cm*,
A 5 N 4
[ =TT g8 e,
s 128 128
I =0;
TJIOIIAb BCETO CEUCHUS X33

A=A4+A+A4,=72-16+14,13=70,13 cm’.
2. OnpepenseM MOJ0KEHUE LIEHTPA TSHKECTH ceueHusl. T.K. cedeHrne UMEET OCh
CUMMETpPHUU (OCh »),TO LIEHTP TSKECTH JICKUT Ha 3TOU ocu. BeiOupaem cucremy
BCIIOMOT'ATENbHBIX OCEH X, M 110 (hopMmyJie (4) onpesiesisseM KOOPAUHATHL Y.

S, Ay, T Ay, Y4y, 72x6-16 x4 +14,13 x13,27

YT T At A+ 4 72 -16 +14,13

OrHOCHM (PUTypY K LIEHTPAJILHBIM OCSIM X J, HAPAJUIETBLHBIM OCsM X, ¥, Haxomum
KOOPAMHATBI LIEHTPOB TSKECTH @, U b, 5TIEMEHTOB CEYEHUS] B OCSX X).

=7,92 cm.
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Js npssmoyronbHuka a,= 6-7,92 = — 1,92 cm,

b,=0.
Jls kBagpata a,=4-792=-392cwm,
b,=0.
JsmomyokpyxkuHoctt  a,= 13,27-7,92 = 5,35 cm,
b,=0.

Ha uepresxe HAHOCMM KOOPAMHATHI LIEHTPOB TSHKECTH CEUEHUH KaX10M OTACTIBHOM
MPOCTEHIIICH (PUTYypPhI OTHOCUTEIHLHO IICHTPATBHBIX OCEH X U ).

3. BorumcrnsieMm oceBble MOMEHTBI HHEPLIMH 33/ITAHHOTO CEYEHUSI OTHOCUTEIBLHO
TJIABHBIX [IEHTPAIBHBIX OCEH X M y, UCIIOJIB3YS P 3TOM (POPMYITBI IEpexoia K
napauiebHbIM ocsiM (10).

3

]x = Z Hxi +Aiai2%= @64 +(_l,92)2 )(72% —521)33 +( _3)92)2 xl@ +

=1

+B8,91+5,35% x14,13H=1275,5 cm”,
3
L,=%H, +Ab’H=216 -21,33 +31,8 =226,5 cm".
i=l1

NMPUMEP 2

OnpeaenuTs MOJIOKEHUE TNIaBHBIX LIEHTPAJIbHBIX OCEM U BBHIYUCIUTH
rJaBHbIE LIEHTPAJIbHbIE MOMEHTHI MHEPIIUM 3aJJaHHOrO cedeHus (puc. 7).

| =45x45x%5
Yo A N Y oo, 312 A3
yl . Lt
35,8 19,2 Ay213,0 v
A 7 ok
e
—Y
A o
C3 X5
N
o~
S Vo)
o
) X~ 85,8 - C, v -
é:y ‘x2
A A o
C X
[Me 10 — o= — 42055
i = w
on —
oA
y > I
< G, X, AN
-

10 \\ on
Puc.7
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PEUIEHUE

1. IlpoBeneM uepe3 HEHTPHI THKECTH YacTel (PUTypbl TOPU3OHTAIIBHBIE U
BEPTUKAJIbHBIC KOOPIUHATHBIE OCH X, },, X,, V., X,V ¥ BBIITUIIEM JAHHBIEC, KOTOPBIE
NOTPeOYIOTCS MPY JAUTHHENUIITNX pacueTax

a) mBesuiep NelO
IUIOIIAb A,=10,9 cm?,
MOMECHTBI UHEPLINN
I, =20,4 cM*; 1, =174 em*; 1, =0,
PACCTOSTHUE OT JUTMHHOM I'PaHU 10 IIEHTPA TSHKECTH
Yo, = 1,44 cm,
0) MPSIMOYT OJIbHUK
IUTOIAIb A =120 =12 c™m?,
MOMECHTBI UHEPLIUN
3 3
I _bxn _1x12 “144 eu':
12
3 3
7 _hxb" _12x] -
N V) 12
I =0
B) YIrOJbHUK 45%45%5 22
IUIOIA b A=4,92cm,
y KOOPAMHATHI IIEHTpa TSHKECTH
A7 y _ _
<S5 y Xe, yc3 1,3 cm,
i ) MOMEHTBI MTHEPIIUN
© 4
;}\V 4
> I =1, =8,03 c™m;
X3 3 3
45° ; :Imax :12’7 CM4,
7 u I,=1_ =333 cm;
I -1 . 12,7 -
L, =——rsin2(45°) 21277333 =4,69 cm*.
33 2 2

Ceuenue, BbIMEpYECHHOE B MacIuTade (puc. 8), OTHOCKM K OCSM KOOPIUHAT X,
napaJiiesIbHbIM CTOPOHAM KOHTYpa ceueHust. KaxkpIil ajieMeHT ceueHus (tBesuiep /,
IPAMOYTOIbHUK 11, yronok I1T) OTHOCKM K UEHTPAJIbHBIM OCSIM X, ¥, TIAPaJIIEIbHbIM
OCSIM CPABHEHMS X ),

KoopauHaThl IEHTPOB TSKECTH KAXKIOI0 JIEMEHTA B OCSX X, Y, OyAyT UMETh
3HAYCHUSI

JUTS LIBEJIIEpa X, = dcm,

Vo, = 1,44 em;

i npsMoyronbauka  x,= 10+0,5=10,5cm,
15



V= 6 cM;
JUIS1 yTOJIbHUKA X,,=10+1+1,3=123cm,
Vo= 12— 1,3=10,7cm.

JlanpHelIe BhIYUCIICHUSI YAOOHO CBOJIUTH B TAOJUIIHI.
2. OmpeneneHne KOOPAMHAT LEHTPA TSHKECTH CEYEHHUS B OCAX X, V.

Tabmua 1
. Koo a €HTpa Ts-
8 é HaumeHnoBanue u Pasmepnt [lnomans pHHHmT;ITL; fpa T Cratudeckre MOMEHTBI
E 5| dopma snementos | smementoB (cM) | 4; (cM”) Xolom) Jor (M) A; % x0r (o) | Ay % 3 (o)
[IBennep
1 % % Ne 10 10,9 5 1,44 54,5 15,7
[IpssmoyronbHUK
2 12 x1 12,0 10,5 6,0 126,0 72
VYronok
3 4,5 x4,5 x0,5| 4,29 12,3 10,7 52,77 45,9
Cymma 27,19 2333 133,6
KOOp,Z[I/IHaTbI OCHTPA TAKCCTU CCUCHUA
3
ZAfxO'
: " 2333
Xo =% = 719 =8,58 cm,
>4
i=l
3
Ay,
Z Yo 1336
Ve =" = =491 cm.
Z 4 27,19
i=1

OtHOCHM (UTrypy K IEHTPAIIbHBIM OCSM X, y, APAJLIENbHBIM OCsM X, . Haxomum
KOOPIMHATHI LIEHTPOB TSKECTH d,, b, 3TIEMEHTOB CEUEHHUS B OCSIX X J

JUTS IIBETIIEpa b=5,0-8,58=-3,58 cm;
a= 144 -4,95 = -35lcm,
ans npsmoyronbnuka b= 10,5 — 8,58 = 1,92 cm;
a,= 6,0 — 4,95 = 1,05cm,
JUUTSl YTOJIbHUKA b,=12,3 - 8,58 = 3,72 cm;
a,= 10,7 — 4,91 = 5,79 cm.
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3. Onpe;[eneHI/Ie MOMCHTOB MHCPIOHHN CCUCHUA OTHOCHUTCIIBHO oceu x y.

Tabomuna 2
0 KoopumaTsi MOMEHTHI HHEPLHH
% HaumenoBanue 3§2§;§1§}(’)13 4. IL T. Och x Ocb y Henrpobesx-
5| u popma sie- (cm) ! HBIC
2 MEHTOB o b; a; A, b} I, A -a’ I, |4-a-b| 1,
= cM cM’ oM oM cm? cm? cm’ cm? em’ | em’
[IBennep
1 Ne 10 10,9 [-3,51]-3,58 | 134,3 20,4 139,7 | 174 |137,0] O
[Ipsimo-
YTOJIbHUK
2 § 12x1 12,0 | 1,05( 1,92 | 13,23 | 144,0 | 44,24 1,0 | 24,2 0
N
\
N
Yronok
77777770
3 4,5%x4,5%0,5( 4,29 15,79 3,72 | 143,8 8,03 59,37 | 8,03 | 92,4 |4,69
v
CymmMma 27,19 291,35(172,43 | 243,3 | 183 |253,6 (4,69
ITo popmymne (10) 1,=463.8 1,=4263 1, =2583

4. OnpeneneHue MoJIOKEHUS TNIAaBHBIX LIEHTPAJbHbIX OCE MHEPLUUU U U V.
ITo hopmye (12)
21
tg20, = ——= 212583 =-13,776.
I.—1, 426,3-463,38
ITo Tabuue TPUroOHOMETPUYECKUX PYHKIMH, 20 = —85°50', cnenoBaTenbHo
a,=—42°55'
cos(—42°55") = 0,7323, sin(—42°55") =-0,6810,
cos(— 85°50") = 0,07254, sin(— 85°50") =—0,9974.

Tax xak yron o< 0, To OTKIIaAbIBAEM €TO OT OCH X TIO YACOBOM CTPETIKE U IPOBOIMM
IJIaBHBIE IEHTPAIbLHBIE OCH MHEPIUU U U V.
5. OnpeneneHue BEIUYMHBI TJIABHBIX IIEHTPAJIbHBIX MOMEHTOB HMHEPIIUH C
MoMoIbI0 (GOopMyIT TIepexoaa K MOBEPHYTHIM ocsiMm (13)

I,=1 cos’a, + I sin’a,— I sin2a, = 463,8000,7323)" + 426,30, 6810)2
258301 0.9974) = 248,722 + 197.7 + 257,63 = T04.05 cu*,

I =1 sin’q +1 cos’d, +1, sin20, = 463,8[(-0,6810)* + 426,310, 7323)2+
+ 258 3&]—0 9974) 215 09 + 228,61 — 257,63 = 186,07 cm*,

Wi o opmyse (14)

I +1
=y il\/(l -1)) +4r?
2 ToVUe o

_463,8+426,3 |

min

\/(463,8—426,3)2 +4[258,3" =18,75 + 259,0.
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ITockonbky I > I, TO OCh u ABJIAETCA OChIO, OTHOCUTEIBHO KOTOPOH
MOMEHT UHEpPUMU OYyJIeT MaKCUMAJIbHBIM.
I =1 =704,05cm*,
I =1 =186,05cm".
6. IIpoBepka BBIUMCIICHUM
I +1 =4638+426,3=2890,1 cm®
I +1 =704,05+186,07=890,1 cm4,

I -1 .
I, =—=[Ein20,+/_cos2q,=
2 Y

uv

_463,8-426,3
2

HpOBepKa IIOKAa3bIBACT, YTO BBIYNCIICHN S BBIIIOJIHEHBI JOCTATOYHO TOYHO.

[(—0,9974) +258,3 [(0,0725) =18,7 —18,7 =0.

MpunoxeHwue 1
Tabmmma 1
OrnpeeneHye KOOPAUHAT LIEHTPA TSHKECTH CEUEHHUS B OCSIX Xo Vo

Koopaunatst
IIEHTPA TKECTH

Pasmepsl [I1omans
3JIEMEHTOB A;

(cm) (CMz) Xoi(cM) Yoi (em) A; % Xo; (CMs) Ai X yo; (CMs)

HauMmenoBanue u CrarnuecKre MOMEHTHI

(dhopma 21eMEHTOB

MCHTOB

NoNe sj1e-

Cymma ><

MpunoxeHwue 2

Tabma 2
OrnpenieieHre MOMEHTOB HHEPIIUU CEYEHUSI OTHOCUTEITBHO OCeH X ).

= p KoopHHaTs: MoOMEHTBI HHEPLUH
= a3MepbI eHTPOOEX-
B Hanmenosanue onementoB| A 0. T. Och x Ocb y nl HII))Ie
gl u (dopma are- (cm)
2 MEHTOB b; a; 4,0 1, 4,-a} L, |4-ab]| 1,
& cM oM’ cM cM e’ o™’ o™’ oM’ em' | oem’
1
2

Cymma A B C D E F

ITo popmyme (10) I,=A+B I,=C+D |I,=E+F
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MpunoxeHue 3

Tabomuna 3
VA
i bh’® hb®
< > A=hb, I =—, [ =——.
x 127 77 12
Y
VAR
y
3
A A:@, yc:ﬁa ]x :%’
RS 2 37712
i I _bn _hb”
R 7367 T ag”
ylA y
Yo | A 3
>l hb h b bh
1 A:_a ==, Xc =7 ]x =~
%f: y YTy YTy AT,
= v hb* bh hb?
>, [ =— [ =—, [ =",
Y %\A} B2 12 X 36 y 48
b X,
yl\
’ A_nd2 3 _nd4 _n_r4
~ > 47 Y 64 4
y
2
"4 A:“Z , 1_~0,00686d* ~0,11+*, yC=§1z0,212d,
®) 7T
~
4 3 4 4
% > =TT 0,0046d" ~ 0,393,
PRGN 7 128 8
y 2
. A w 4 4 r
oo Ay A="— I =-0,0165r", y.=——~0,212d,
N g YeT 3
xi‘ i 1,=1~0,0549", I, ~0,0714r*, I . ~0,0384r"
yll T DZ_d2 2
A A: ( ):TED (1—0(,4), a:i)
/ 4 4 D
Q > 4 4
X T D —d
’ ,% [ =1 = ( )z0,0SD“(l—oc“)
£ y o 64
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MpunoxeHue 4
3amaya Ne 1
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Ne/Ne | JIByTaBpHI [lIBennep | PaBHOMOMOUHBIN yrosoK | BTOpOi paBHONOJIOYHEIN YTOIOK
1 10 10 63x63x6 110x110x7
2 12 12 70x70x7 125%125%7
3 14 14 80x80x6 125%125%8
4 16 16 80x80x8 140x140x10
5 18 18 90x90x7 140x140x12
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COPTAMEHT NPOKATHOM CTAIN

9 /)«1///7/(1&/
&

X X

banku deymaepoesnie
(rOCT 8239—72)

I — MomeHT HMHCPINHN,

W —MoMeHT COIIPOTUBIICHUA,

S — craTU4ecKuii MOMEHT ITOJIYCCUCHMSI
r —paanyC MHCPLHH.

Tabnuua 1

= 5 CripaBOYHbIE BENUYUHBI 111 Ocei
. 5 ?';C, Pa3smepbl, MM § ; — -
gl H £ s 1 3] 3 4 3]

h b s t R r & | Ipem | W, em ineM | Syem™ | L, oM™ | W, e | iy, cM
10| 94,6 [100| 55| 45 | 7,2 7 125]12,0| 198 39,7 4,06 23,0 17,9 6,49 | 1,22
12| 115 (12064 | 48 | 7,3 | 7,5 | 3 | 147 | 350 58,4 4,88 33,7 27,9 8,72 | 1,38
14| 137 140 73| 49 | 7,5 8 31174 572 81,7 5,73 46,8 41,9 11,5 | 1,55
16 | 159 |160| 81| 5,0 | 7,8 | 85 |3,5]120,2| 873 109 6,57 62,3 58,6 14,5 | 1,70
18 | 184 |[180f 90 [ 5,1 8,1 9 13,5]234] 1290 143 7,42 81,4 82,6 18,4 | 1,88
18a| 199 [180]100| 5,1 8,3 9 [3,5]254] 1430 159 7,51 89,8 114 22,8 | 2,12
20 | 210 |(200(100f 5,2 | 84 | 9,5 | 4 | 26,8 | 1840 184 8,28 104 115 23,1 | 2,07
20a| 227 |200]110] 52 | 86 | 95 | 4 | 289 | 2030 | 203 | 837 | 114 | 155 | 282 | 2,32
22 | 240 |220(110| 5,4 | 87 10 4 [ 30,6 | 2550 232 9,13 131 157 28,6 | 2,27
22a| 258 |220]120| 54 | 8,9 10 4 [ 328 | 2790 254 9,22 143 206 34,3 | 2,50
24 | 273 |240(115] 5,6 | 9,5 | 10,5| 4 | 34,8 | 3460 289 9,97 163 198 34,5 | 2,37
24a| 294 |240|125| 5.6 | 9,8 [ 10,5 4 [ 37,5 | 3800 317 10,1 178 260 41,6 | 2,63
27 | 315 |270(125] 6,0 | 9.8 11 | 4,5 40,2 | 5010 371 11,2 210 260 41,5 | 2,54
27a| 339 |270]135| 6,0 | 10,2 11 |4,5( 43,2 | 5500 407 11,3 229 337 50,0 | 2,80
30| 365 (300|135 6,5 | 10,2 ] 12 5 1465 7080 472 12,3 268 337 49,9 | 2,69
30a| 392 |300|145| 6,5 | 10,7 | 12 51499 7780 518 12,5 292 436 60,1 | 2,95
33| 422 (330|140( 7,0 | 11,2 ] 13 5 153,8 [ 9840 597 13,5 339 419 59,9 12,79
36 | 486 |[360(145| 7,5 | 12,3 14 | 6 | 61,9 | 13380 | 743 14,7 423 516 71,1 | 2,89
50 768 |500|170| 9,5 | 152 17 | 7 | 97,8 139290 [ 1570 | 20,0 905 1040 122 | 3,26
55| 898 |550|180] 10,3 | 16,5 18 7 | 114 | 55150 [ 2000 | 22,0 1150 | 1350 150 | 3,44
60 | 1040 [600(190| 11,1 | 17,8 | 20 8 | 132 | 75450 | 2510 | 23,9 1450 | 1720 181 | 3,60
65 | 1200 [650(200( 12,0 | 19,2 | 22 | 9 | 153 |101400| 3120 | 25,8 1800 | 2170 217 | 3,77
70 | 1380 [700(210| 13,0 | 20,8 | 24 | 10| 176 |134600| 3840 | 27,7 | 2230 | 2730 260 | 3,94
70a| 1580 |700(210( 15,0 [ 24,0 [ 24 | 10 [ 202 [152700| 4360 | 27,5 | 2550 [ 3240 309 | 4,01
706| 1840 |700|210] 17,5 ] 28,2 | 24 | 10| 234 |175370| 5010 | 27,4 | 2940 | 3910 373 | 4,09
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//[ Tabnuuya 2
Vb llleennepnbi
< > (FOCT 8240—72%)
= a NE CripaBOYHbBIE BEIUUMHBI 171 Ocei
g Bec Pasmepbl, MM S
25l 1w = X—x y—y
g H =S
= h b s t R r = § I,em* | W, e |iy, cm| S, e’ [y,CM4 w,, oo’ I, CM | Zg CM
5| 484 |50(32| 44 | 70| 60 [25]616]| 22,8 | 9,10 [1,92] 5,59 | 5,61 | 2,75 |0,954]( 1,16
65| 590 | 65|36 44 | 72| 6,0 [25]7,51| 486 | 150 [2,54] 9,00 | 870 | 3,68 | 1,08 | 1,24
8 | 70,5 |80 | 40| 45 | 74 | 6,5 |2,5]| 8,98 | 894 22,4 (3,16 133 | 12,8 | 4,75 | 1,19 | 1,31
10 | 85,9 (100|146 | 45 | 76 | 7,0 | 3 | 10,9 | 174 34,8 13,99 204 | 20,4 | 6,46 | 1,37 | 1,44
12| 104 |120(52| 48 | 7,8 | 7,5 | 3 | 13,3 | 304 50,6 (4,78] 29,6 | 31,2 | 8,52 | 1,53 | 1,54
14| 123 |140| 58| 49 | 81 | 80 | 3 | 156 | 491 70,2 [5,60| 40,8 | 454 | 11,0 | 1,70 | 1,67
l14a| 133 140 62| 49 | 87 | 80 | 3 | 17,0 | 545 77,8 |5,66| 45,1 | 57,5 | 13,3 | 1,84 | 1,87
16 | 142 |160| 64| 5,0 | 84 | 85 |3,5] 18,1 | 741 92,6 (6,42] 54,1 | 63,3 | 13,8 | 1,87 | 1,80
l16a| 153 |160| 68 | 5,0 [ 9,0 | &85 |3,5] 19,5 | 823 103 |6,49| 59,4 | 78,8 | 16,4 | 2,01 | 2,00
18 103 |[180| 70 | 5,1 | 8,7 | 9,0 |3,5] 20,7 | 1090 121 |7,24| 69,8 | 86,0 | 17,0 | 2,04 | 1,94
18a| 174 (180 74| 5,1 | 9,3 | 9,0 [3,5]22,2| 1190 132 |7,32| 76,1 | 105 | 20,0 | 2,18 | 2,13
20 | 184 (200|176 | 52 | 9,0 | 95 | 4 | 234 | 1520 152 |8,07| 87,8 | 113 | 20,5 | 2,20 | 2,07
20a| 198 |200| 80| 52 | 97 | 9,5 | 4 |252| 1670 167 |8,15] 959 | 139 | 24,2 | 2,35 | 2,28
22 | 210 (220 82| 54" | 9,5 | 10,0 | 4 | 26,7 | 2110 192 8,89 110 | 151 25,1 | 237 | 2,21
22a| 226 |220| 87| 5.4 | 10,2 10,0 | 4 | 28,8 | 2330 212 8,99 121 187 | 30,02 | 2,55 | 2,46
24 | 240 |(240|90 | 5,6 | 10,0 | 10,5 | 4 | 30,6 | 2900 242 |9,73| 139 | 208 | 31,6 | 2,60 | 2,42
24a| 258 |240| 95| 5.6 | 10,7 | 10,5 | 4 | 32,9 | 3180 265 [9,84| 151 | 254 | 37,2 | 2,78 | 2,67
27| 277 (270195 6,0 | 10,5| 11 |4,5]| 352 | 4160 308 |10,9( 178 | 262 | 37,3 | 2,73 | 2,47
30 | 318 300|100 6,5 | 11,0 | 12 5 |40.5| 5810 387 | 12,0 224 | 327 | 43,6 | 2,84 | 2,52
33| 365 (330|105 7,0 | 11,7 | 13 5 46,5 | 7980 484 | 13,1| 281 | 410 | 51,8 | 2,97 2,59
36 | 419 |360|110| 7,5 | 12,6 | 14 | 6 | 53,4 | 10820 | 601 |[14,2| 350 | 513 | 61,7 | 3,10 | 2,68
40 | 483 (400|115( 8,0 | 13,5 15 6 [ 61,5] 15220 | 761 |15,7| 444 | 642 | 73,4 | 3,23 | 2,75
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p
e Tabnuua 3
X, Yeosnku pagHOMoOsI04YHbIE
e (rOCT 8509-72)
= . //R r
N X
ZaN /}{% NOA
, 3
xo/ Yo~ 1 X
b
= E CHpaBO‘{HHe BEIMYUHBI IJI OCell
= | Pasmepsl, MM | &
B ¢ [Bec | v, H—— = L Jo~ non
; bl s|RI|r § I, oM’ iy, CM [.\‘omax x,CM4 i.\‘omax ,CM Iy0 i ,CM4 iy0 i sCM le , cm? Zp, CM
=
2 [20] 3 13,5[1,2| 1,13 8,9 0,40 (0,59 0,63 | 0,75 | 0,17 | 0,39 | 0,81 |0,60
4 1,46 | 11,5 [0,50]0,58| 0,78 | 0,73 | 0,22 | 0,38 | 1,09 (0,64
2,5|125| 3 |3,5(1,2[ 1,43 11,2 [ 0,81 (0,75] 1,29 | 0,95 | 0,34 | 0,49 | 1,57 |0,73
4 1,86 | 14,6 [1,03]0,74| 1,62 | 093 | 044 | 048 | 2,11 [0,76
2,8128| 3|4 (1,3[ 1,62 12,7 | 1,16 (0,85| 1,84 | 1,07 | 0,48 | 0,55 | 2,20 |0,80
3,2132| 3 |4,5(1,5] 1,86 | 14,6 | 1,77]0,97| 2,80 | 1,23 | 0,74 | 0,63 | 3,26 [0,89
4 243 19,1  [226]0,96| 3,58 | 1,21 | 0,94 | 0,62 | 439 [0,94
3,6/136( 3 |4,5[1,5] 2,10 16,5 |2,56|1,10] 4,06 | 1,39 | 1,06 | 0,71 | 4,64 [0,99
4 2,75 21,6 [329]1,090] 521 | 1,38 | 1,36 | 0,70 | 6,24 [1,04
4140\ 3 5(1,7/235| 18,5 [3,55(1,23| 563 | 1,55 | 1,47 | 0,79 | 6,35 |1,09
4 3,08 242 |458]|1,22] 726 | 1,53 | 1,90 | 0,78 | 8,53 [1,13
4,545/ 3| 5 (1,7]2,65| 20,8 [513(1,39| 813 | 1,75 | 2,12 | 0,89 | 9,04 |1,21
1|4 348 273 |6,63(1,38] 105 | 1,74 | 2,74 | 0,89 | 12,1 |1,26
5 429 33,7 [8,03(1,37] 12,7 | 1,72 | 3,33 | 0,88 | 153 |1,30
5(50f 315,5(1,8/2,96| 23,2 |7,11 1,55 11,3 | 1,95 | 2,95 | 1,00 | 124 |1,33
4 389 30,5 |921]|1,54| 14,6 | 1,94 | 3,80 | 0,99 | 16,6 [1,38
5 480 37,7 |[11,2]1.53] 17,8 | 1,92 | 4,63 | 0,98 | 20,9 |[1,42
5656|135/ 6 12 [3,86| 303 |[11,6]1,73] 183 | 2,18 | 480 | 1,12 | 20,3 [1,50
4 438 344 [13,1(1,73] 208 | 2,18 | 541 | 1,11 | 23,3 |1,52
5 541 425 |160]|1,72] 254 | 2,16 | 6,59 | 1,10 | 29,2 [1,57
6,3|163| 4| 712,3[496| 390 [18,9]1,95| 299 | 2,15 | 7,81 | 1,25 | 33,1 [1,69
5 6,13 | 48,1 |23,1]1,94] 36,6 | 2,44 | 9,52 | 1,25 | 41,5 [1,74
6 728 572 [27,1|1,93| 429 | 243 | 11,2 | 1,24 | 50,0 |1,78
6 8,15| 63,9 |37,6|2,15] 59,6 | 2,71 | 155 | 1,38 | 68,4 [1,94
7 942 739 [43,0(2,14] 682 | 2,69 | 17,8 | 1,37 | 80,1 |1,99
8 10,70 83,7 [4822,13] 76,4 | 2,68 | 20,0 | 1,37 | 91,9 [2,02
7517505193739 580 |395(231| 62,6 | 291 | 164 | 1,49 | 69,6 |[2,02
6 8,78 | 689 |46,6]2,30] 73,9 | 2,90 | 193 | 1,48 | 83,9 [2,06
7 10,10 79,6 |53,3]2,29| 84,6 | 2,89 | 22,1 | 1,48 | 98,3 (2,10
8 11,50 90,2 |59,8(2,28| 94,9 | 2,87 | 248 | 1,47 | 113 |2,15
9 12,80 101,0 | 66,1 |2,27] 105 | 2,86 | 27,5 | 1,46 | 127 [2,18
8 (80|55[9|3(8,63| 67,8 |52,7(247| 836 | 3,11 | 21,8 | 1,59 | 93,2 |2,17
6 938 73,6 |57,0(247| 904 | 3,11 | 23,5 | 1,58 | 102 |2,19
7 10,80 85,1 |653(2,45| 104 | 3,09 | 27,0 | 1,58 | 119 [2,23
8 12,30 96,5 | 73,4244 116 | 3,08 | 30,3 | 1,57 | 137 |[2,27
9 (90| 6 [10]3,3] 10,6 | 83,3 |82,1(2,78( 130 | 3,50 | 34,0 | 1,79 | 145 |2.43
7 123 96,4 [94312,77| 150 | 3,49 | 389 | 1,78 | 169 |[2,47
8 13,9 109 106 |2,76 168 | 3,48 | 43,8 | 1,77 | 194 2,51
9 15,6 122 118 2,75 186 | 3,46 | 48,6 | 1,77 | 219 |2,55
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lpodomxeHue mabin. 3

= g CrpaBOYHBIC BEJIMYHMHBI JUISI OCEH
g- Pa3zmepsl, MM gN o o— o o o
é 2 3 Bec 1 m, H
e | b|s|R|rF % I, em*|iy, em L o] G - o Lymin 5CM 1 om* Zg, CM
10 [100]6,5(12| 4 | 12,8 101 122 (3,09 193 3,88 50,7 1,99 214 (2,68
7 13,8 108 131 (3,08 207 3,88 54,2 1,98 231 (2,71
8 15,6 122 147 (3,07 233 3,87 60,9 1,98 265 (2,75
10 19,2 151 179 (3,05 284 3,84 74,1 1,96 333 12,83
12 22,8 179 209 13,03 331 3,81 86,9 1,95 402 (291
14 26,3 206 237 13,00 375 3,78 99,3 1,94 472 12,99
16 29,7 233 264 12,98 416 3,74 112 1,94 542 13,06
11 [110] 7 {12] 4 | 15,2 119 176 (3,40 279 4,29 72,7 2,19 308 |2,96
8 17,2 135 198 3,39 315 4,28 81,8 2,18 353 13,00
12,51125( 8 |14|4,6( 19,7 155 294 13,87 467 4,87 122 2,19 516 |3,36
9 22,0 173 327 (3,86 520 4,86 135 2,48 582 13,40
10 243 191 360 (3,85 571 4,84 149 2,47 649 |3,45
12 28.9 227 422 13,82 670 4,82 174 2,16 782 13,53
14 334 262 482 13,80 764 4,78 200 2,45 916 |3.,61
16 37,8 296 539 |3,78 853 4,75 224 2,44 1050 |3,68
14 1140| 9 (14|4.,6| 24,7 194 466 14,34 739 5,47 192 2,79 818 13,78
10 27,3 215 512 |4,33 814 5,46 211 2,78 911 |3.,82
12 32,5 255 602 (4,31 957 5,43 248 2,76 1097 (3,90
16 |160]10(16]5,3]| 31,4 247 774 (4,96 1229 6,25 319 3,19 1356 (4,30
11 344 270 844 (4,95 1341 6,24 348 3,18 1494 (4,35
12 37,4 294 913 (4,94 1450 6,23 376 3,17 1633 (4,39
14 43,3 340 1046 (4,92 1662 6,20 431 3,16 1911 (4,47
16 49,1 385 1175(4,89| 1866 6,17 485 3,14 | 2191 [4,55
18 54,8 430 1299 (4,87 2061 6,13 537 3,13 | 2472 (4,63
20 60,4 474 1419 (4,85 2248 6,10 589 3,12 | 2756 (4,70
18 [180]11(16|5,3| 38,8 305 1216 5,60 1933 7,06 500 3,58 | 2324 (4,89
12 422 331 1317 (5,59 2093 7,04 540 3,59 | 2128 (4,85
20 (200112 (18| 6 | 47,1 370 1823 (6,22 2896 7,84 749 3,98 | 3452 (5,42
13 50,9 399 1961 (6,21 3116 7,83 805 3,99 | 3182 |[5,37
14 54,6 428 2097(6,20( 3333 7,81 861 3,97 | 3722 |[5.,46
16 62,0 487 2363 (6,17 3755 7,78 970 3,96 | 4264 |[5,54
20 76,5 601 2871(6,121 4560 7,72 1182 3,93 | 5355 [5,70
25 943 740 3466 (6,06 5494 7,63 1438 3,91 6733 (5,89
30 115,5 876 4020(6,00 6351 7,55 1688 3,89 | 8130 [6,07
22 1220114 (21| 7 | 60,4 474 2814 (6,83 4470 8,60 1159 438 | 4941 |5,93
16 68,6 538 3175(6,81| 5045 8,58 1306 436 | 5661 |6,92
25 (250|116 (24| 8 | 78,4 615 471717,76 7492 9,78 1942 4,98 | 8286 |6,75
18 87,7 689 524717,73| 8337 9,75 2158 4,96 | 9342 |6,83
20 97,0 761 576517,711 9160 9,72 2370 4,94 | 10401 | 6,91
22 106,1 833 6270(7,69| 9961 9,69 2579 4,93 | 11464 | 7,00
25 119,7 940 7006 (7,65| 11125 9,64 2887 491 | 13064 | 7,11
28 113,1 1045 7717 7,61 12244 | 9,59 3190 4,89 | 14674 | 7,23
30 142,0 1114 817717,59| 12965 9,56 3389 4,89 | 15753 17,31
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Vil | Tabnuua 4
0
e
s, T~ Yeosniku HepagHOMOJI0YHbIE
>
i (FrOCT 8510-72)
u
Q R r
X X
\>( fI
v “ 4
a u X
B +/1> T
D —
= E CripaBo4HbI€ BETMYUHBI IS OCet
g Pazmeps1, Mm '?L Bec
E ZE5 | Im x—x y=y x| =X yi—n u—u
s s H
= |B|b|s|R| | Lo | i om | et [ iy e [ 2, on| g e | 1, en |y e | 1, onli, v tga
2,5/1,6 (2516 (313,51 12| 1,16 9,1 [ 0,70 | 0,78 0,22 0,44]| 1,56 0,86 | 043 | 0,42 0,13 | 0,340,392
32/2 |32(20(313,511,2]|149| 11,7 1,52 1,01 | 0,46 0,55 3,26 1,08 0,82 | 0,49 0,28 | 0,43 (0,382
4 1,94 |1 1521193 1,00]| 0,57 0,54 438 | 1,12 | 1,12 | 0,53 | 0,35 | 0,430,374
4/2,5 (40251314 |1,3(1,8 (14,8 3,06]1,27]0,93]0,70|6,37 (1,32 1,58 | 0,59 0,56 | 0,54 (0,385
4 2,471 19,4 1393 (1,26 1,18 0,69 | 8,53 137| 2,15 | 0,63 | 0,71 | 0,540,381
452845128 3|5 1,7(2,14( 16,8 4,411,431 1,3210,79(9,02 (1,47 2,20 | 0,64 0,79 | 0,61 (0,382
4 2,801 22,0568 1,42(1,69(0,78 (12,1 1,51] 2,98 |10,68]| 1,02 | 0,600,379
5/32 |50 (32(31(55]18]242]19,0(6,17|1,60(1,99]0,91] 1241 1,60 3,26 |[0,72| 1,18 | 0,70 [0,403
4 3,17 1249|7981 1,59]256]090 | 16,6 | 1,65]| 4,42 | 0,76 | 1,52 | 0,69 10,401
5,6/3,6| 56 [ 36 (416,01 2,0 | 3,58 28,1 (11,4 1,783,701 1,02 23,2 1,82 6,25 [0,84| 2,19 | 0,78 [0,406
5 4,41 | 34,6 | 13,8 | 1,77 | 4,48 [ 1,01 | 29,2 | 1,86 | 7,91 | 0,88 | 2,66 | 0,78 10,404
6,3/4,0( 63 [ 40 (417,001 2,3 | 4,04 | 46,3 | 23,3 (1,99 7,28 | 1,11 | 49,9 | 2,12 | 13,1 [ 0,99 | 4,36 | 0,86 (0,393
5 498 | 60,3 29,6 | 1,96 (9,15] 1,09 | 66,9 | 2,20 | 17,9 [ 1,07 | 5,58 | 0,85 10,386
6 5,90 | 31,7 | 16,3 | 2,01 | 5,16 | 1,13 | 33,0 | 2,03 | 8,51 | 091 | 3,07 | 0,87 (0,397
8 7,68 139,1119,912,00]|626]| 1,12 | 41,4|2,08| 10,8 | 0,95 3,73 | 0,86 (0,396
7/4,5 | 70 | 45 (4,17,5]12,5]| 5,07 39,8 253 (2,23(8,25] 1,28 51 225 13,6 | 1,03 | 4,88 | 0,98 [0,407
5 5,59 1439 127,81223]19,05]|127|56,7|228]| 152 | 1,05| 5,34 | 0,98 [0,406
7/55 | 75505 8 |2,7]|6,11]47,9 (348239125 1,43]69,7 239 20,8 | 1,17 7,24 | 1,09 0,436
6 7,25156,9|40,9|238| 14,6 | 1,42 | 83,9 | 2,44 | 252 | 1,21 | 8,48 | 1,08 {0,435
8 9,47 | 74,3 | 52,4 | 2,35 18,5 1,40 | 112 | 2,52 | 342 | 1,29 | 10,9 | 1,07 10,430
8/5 80|50 |5| 8 |2,7(6,36(499|41,6 256 12,7 141|846 2,6 | 20,8 | 1,13 | 7,58 | 1,09 (0,387
6 7,55159,2149,0]255] 148 1,40 102 | 2,65 | 252 | 1,17 | 8,88 | 1,08 [0,386
9/5,6 |90 | 56 |5, 9 | 3 |7,86]| 61,7653 |2,88(19,7|1,58] 132 1292 322 |1,26| 11,8 | 1,220,384
5 8,541 67,0 70,6 12,88 21,2 1,58 | 145 | 2,95 | 352 | 1,28 | 12,7 | 1,22 10,384
6 11,18| 87,71 90,9 | 2,85 | 27,1 | 1,56 | 194 | 3,04 | 47,8 | 1,36 | 16,3 | 1,21 |0,380
10/6,3 {100 63 | 6] 10|3,3(9,59( 75,3983 3,20 30,6 1,79 198 | 3,23 | 49,9 | 1,42 18,2 | 1,38 (0,393
7 11,1 | 87,0 | 113 | 3,19 | 35,0 | 1,78 | 232 | 3,58 | 58,7 | 1,46 | 20,8 | 1,37 10,392
8 12,6 | 98,7 | 127 | 3,18 | 39,2 | 1,77 | 266 | 3,32 | 67,6 | 1,50 | 23,4 | 1,36 10,391
10 155] 121 | 154 | 3,15 47,1 | 1,75 | 333 | 3,40 | 858 | 1,58 | 28,3 | 1,350,387
11/7 {110 70 |6,| 10 | 3,3 | 11,4 | 89,8 | 142 | 3,53 | 45,6 | 2,00 | 286 | 3,55 74,3 | 1,58 | 26,9 | 1,53 (0,402
5 12,31 96,4 | 152 | 3,52 | 48,7 1,99 | 309 | 3,57 | 80,3 | 1,60 | 28,8 | 1,530,402
7 13,9 ] 109 | 172 | 3,51 | 54,6 | 1,98 | 353 | 3,61 | 92,3 | 1,64 | 32,3 | 1,52 10,400
12,5/8 11251 80 | 7| 11 (3,7 | 14,1 | 110 | 227 | 4,01 | 73,7 | 2,29 | 452 | 4,01 119 | 1,80 | 43,4 | 1,76 {0,407
8 16,0 | 125 | 256 | 4,01 | 83,0 | 2,28 | 518 | 4,05 | 137 | 1,84 | 48,8 | 1,750,406
10 19,7 | 155 | 312 | 3,98 | 100 | 2,26 | 649 | 4,14 | 173 1,92 59,3 | 1,74 {0,404
12 23,4 183 | 365 [ 3,95 117 | 2,24 | 781 | 422 | 210 | 2,00| 69,5 | 1,72 10,400
14/9 (140190 18| 12| 4 [ 18,0 | 141 | 364 | 4,49 | 120 | 2,58 | 727 [ 4,49 194 [ 2,03 70,3 | 1,98 (0,411
10 222 | 175 | 444 | 447 | 146 | 2,56 | 911 | 4,58 | 245 | 2,12 | 85,5 | 1,96 10,409
16/10 [160[100] 9| 13 14,3|22,9 | 180 | 606 | 5,15 | 186 | 2,85 | 1221 | 5,19 300 | 2,23 100 | 2,20 (0,391
10 2531 198 | 667 | 5,13 | 204 | 2,84 | 1359 5,23 | 335 | 228 | 121 2,19 10,390
12 30,0 | 236 | 784 | 5,11 | 239 | 2,82 [ 1634 | 5,32 | 405 | 2,36 142 | 2,180,388
14 34,71 273 | 897 | 5,08 | 272 | 2,8 [ 1910 5,40 | 477 |2,43| 162 | 2,16 (0,385
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lpodomxeHue mabin. 4

= § CrpaBOUHbIE BEIMYHMHBI 1715 Ocel
= Pasmepbl, MM g Bec
L= 1=
2 =3 | Im XX y—y X1~ X Yi—N u—1u
: = | H
= B|b|s|R| r l‘:é I,om*| iy oM |1, oMt | gy, om |1 o'l 0, em I, oM [ 30, em I, o’ i, oM tga
18/11 |180|110(10( 14 | 4,7 28,3 | 222 | 952 | 5,8 | 276 | 3,12 | 1933 | 5,88 | 444 | 2,44 165 2,42 10,375
12 33,71 264 | 1123 | 5,77 | 324 | 3,1 | 2324 5,97 | 537 |2,52| 194 | 2,400,374
11 349 | 274 | 1449 | 6,45 | 446 | 3,58 [2920] 6,50 | 718 2,79 | 264 | 2,75 (0,399
20/12,51200|125|12| 14 (4,7 | 37,9 | 297 | 1568 | 6,43 | 482 | 3,57 | 3189 | 6,54 | 786 | 2,83 | 285 | 2,74 (0,392
14 43,9 | 344 | 1801 | 6,41 | 551 | 3,54 | 3726 6,62 | 922 | 291 327 | 2,73 10,390
16 49,8 | 391 2026 6,38 | 617 | 3,52 | 4264 | 6,71 | 1061 | 2,99 | 367 | 2,72 10,388
25/16 [250(160|12| 18 | 6 | 48,3 | 379 | 3147 8,07 | 1032 | 4,62 | 6212 7,97 | 1634 | 3,53 | 604 | 3,48 |0,405
16 63,6 | 499 | 4091 | 8,02 | 1333 | 4,58 | 8308 | 8,14 [ 2200 | 3,69 | 781 3,49 (0,407
18 71,1 | 558 | 4545 7,99 | 1475 | 4,56 | 9358 | 8,23 | 2487 | 3,77 | 866 | 3,50 |0,408
20 78,5 | 617 | 4987 | 7,97 | 1613 | 4,53 | 1041 | 8,31 [ 2776 | 3,85 | 949 | 3,54 10,410
OIVIABJIEHUE
OBIHIME YKABAHIS .........ccoeiiiiiinniiciienneiicisenescstsssssssssssssssssssssssssssssssssssss 3
YKA3AHUMSA K BBITIOJTHEHUIO YITPAKHEHMUS ..........cuueeeeiieninnennnnnnnen. 4
TUIOLHAIM M UX CTATUYECKUE MOMEHTBI .........oooiiiieieieeeeeeei 4
BBIUMCJIIEHVE KOOPAMHAT LIEHTPA TSDKECTU ... 5
MOMEHTBI MHEPLIU TITIOCKOM DUTYPDBI ... 6
3ABUCUMOCTb MEX] 1Y MOMEHTAMUW MHEPLIMM OTHOCHUTEJIbHO
TTAPAJITEJIBHBIX OCEM .........coiiiiiiiiiiiee ettt e e e e e e esavanaaeaeeeees 7
WM3MEHEHVE MOMEHTOB VTHEPLIMM TTPUTIOBOPOTEOCEW .........cvevveeeeen. 8
I'TTABHBIEOCU M TJIABHBIEMOMEHTBIMHEPLIUM ..........cccooeeeeeeeeeeeeeee 8
COJIEPKAHUE 3AJIAHUA U YKAZAHUA K EI'O BBITTIOJIHEHUIO ....10
KOHTPOJIBHBIE BOITPOCBI IJIA CAMOITPOBEPKM ............ccccceeeunnee. 10
TIPTIMERP 1 .....cciiitiiiiinnniicitinnesseissneesssssssssscssssssssssssssssssssssssssssssssssssssssssssssnne 12
TIPUTIMIEP 2 ......civeuiiiiienniciiennessctsssnsssssssssssssssssssssssssssssssssssssssssnsssssssassssssssnne 14
034 7 W) (0 1N D1 5 1 1 RPN 18
034 7 W) 00 1N D1 5 1 1 0 RN 18
03 7 W) 00 1N D1 5 1 1 D RPN 19
TIPAJIOZKEHIE 4 .......ccuociiiimeiiiiinnniiciienniscissssscsssssssssssssssssssssssssssssssssssssanee 20
BamaUANCL ... e 20
BaATAUANOD ...t e e e e aaaaans 22
COPTAMEHT ITPOKATHOM CTAJIM .......covvuieiirrneiscnsennesccssanesscsssssssssssane 23
Tabmuiia 1. BaaKi IBYTABPOBBIC .........vvuueeeeeieiiiiiiieeeeeeeeeeiiiieeeeeeeeeeeaiie e 23
Tabmur1a 2. IIIBEIITEPBI .....vvvueeeiiiiiiiiiieee e e 24
Tabmia 3. YTOIKU PABHOITOIIOUHBIE .......uueeeeerrrrriennneeeeeerssrinaeeeeeeesssnnnnaeeenss 25
Tabmuia 4. YTOIIKH HEPABHOTIOITOUHBIE .........cevvvvuunneeeeeerrrrinneeeeeereerssnnnaeeeaess 27
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