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VJIK 539.3
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Cy3 6omm

PecnyOnukaMu3a SHTU TabJIUM TU3UMIIAPHU, SbHU HMKKUA TOFOHAIIA
OakasiaBp-MarucTp THU3UMH KOPHUM STWIMINK OmiaH Oapya yMyMTEXHHKA
danmapu Karopuga “‘Marepuamiap Kapmwummra® — (GaHUHUHT — XaMm
ayJIMTOPUSL COATIApU XAKMH KUCMaH VY3rapTUpWINO, MYCTaKuWI YKYyB
coatnmapu kymavtupwian. [y Gouc, YKyB gacTypiiapura Moc KejlaauraH
COJIJIa Ba PaBOH TWiAa E€3WITaH VKyB-yCIyOud KyJIaHMallapUHU SPATHUIILL
noy13ap0 Macarna 0yianbd KOIMOKIa.

Maszkyp kyiuanma cakku3 0001aH nbopar OYnub, yHaa Marepuaiap
KapUIiINTru (aHUHUHT 9Y3WIHII-CUKUIHIIL, STUIIUII, Mypakkad KaplIuinuk
Ba YCTYBOPJIMK OYIuMMIIapura ouji KMCKada Ha3apuil MabiyMmoTiap OuiiaH
Oupra MacajgaJlapHUHT KYWUJTUIITN Ba €UHI YCIyOru OaéH KUIIMHTaH.

Kynnaamaga cTep)KEHIApHUHT  UY3WIMII-CUKWIWINTA  XHCcoOall
Macajanapu €pUTHIral 0yau0, CTaTUK aHUK Ba HOAHHMK CTEPKEHJIAp YUYH
WYKU 3YPUKUII Kydyd Ba KYyWIAaHHMIUIADUHU aHUKJIAIL, SIIOpalapuHu
Kypull, achopMalMsUIapUHU TOMHUIIT Ba MYCTaxXKaMJIMKKa TEKIIUPHUIITa
JOMp KaTtop MHUCOIap euyuMu Kentupwirad. banka negopmanmsiuiapunu
aHUKJaIAa OOIIIAaHFUY TapameTpiap, rpadoaHanutuk, Mop UHTErpamu
Ba Bepemuarnn ycymiapu KeHr Kyutanwirad. CTaTUK — HOAQHUK
OankamapHu xucoOiamaa aehopMalusiIapHA COJUIITAPUINT  YCYJIHUIaH
doigananunrad. Tekuc CHHUK CTEP)KECHJAPHUHT KecUMIIapuaa Maimo
OYyJagurad UUKU 3YPUKUII Ky4dapy dMIOpaJapuHy TEKITUPUIT TYTYHIApHU
TEeKIIUpUII ycyluaa Oaxapwirad. Kypuna€rran kecuMJa YU3HMKIU Ba
Oypuakyii kyuunuiap Bepenryarud ycysiu opKajid aHUKJIaHaraH.

Homapkasuii  cuKWiIraH KOJIOHHAHWHI  UXTUEPUHA  KECUMUJIATH
KyWIaHUIJIAp Ba HOJ YWM3UK XOJAaTHHHM aHUKIallra JOoup Macaia
kypuinrad. CHKWITaH CTEPXKEHHUHI YCTYBOPJIUTHMHU TabMHUHIOBYHU
KYHIQJIAaHT KECUMHU TOIHUII Macajach KETMa-KeT SIKMHJIAIIMIIL YCYJIH
OPKQJIM KypCaTUIITaH.

KynnanmanuHr Kyné3Macuuu YKUO YMKUO, YHUHT CU(ATUHU OUIUPHUILL
Makcagunaa OepraH  ¢oiganu maciaxaTiapu ydyH TeXHUKa GdaHiiapu
noktopu, npodeccop M.M. Mupcaugosra, puszuka-MmaremMaruka GpaHaapu
noktopu b.D. XycanoBra myamuudiaap caMUMUN MUHATAOP-UYMAIUKIApUHU
ounaupaauiap.

Kynmaama xakugarm Qukp Ba MyJoOxXaszallapUHTH3HA —KyWHJIaru
MaH3uira oopuimnHruzau cypaimus: 100106, Tomkent, Onuixyxaes
kydacu 1-yit. TomTUMM, “Kypuanm Mexanukach” kadeapacy.



1. Kupum
1.1 Martepua/uiap Kapmuwjinru (GpaHWHUHT MAKCaaH, MOXUSTH Ba
PHUBOXJIAHUII TAPUXHU

Mabiaymku, OUpOp HMHIIOOT €KMW MAallMHAJIAPHUA KypHIJIaH aBBall,
yHAAH KaHjal Mmakcaana doiganaHummra Kapad, Kepakjiu KucMmiap Ba
MaTepuaiap TaHJIaHaau. MarepuajulapHH TaHJaaa KOHCTPYKIUS EKU
VHIIOOTJApPHUHI yI4aMJIapy, KaHIal IIapoOUTAa UIIUIAINY Ba yJap KaHIau
IOKJIAHUIIUIApra, SbHU KaHJal TalllKu Kywiapra Oapaom Oepa OJMILH,
KUCMJIapaa KaHAad 3YpUKHILIAp XOCWUJ OViIuIM Ba Oy 3ypHUKHUIILIApra
KaHJal MaTepuai 6apaoin OepHIy XaM/1a KECUM YIdaMIapUHUHT KaHaak
TaHJAHUIIN XaKUJIaru Macajgajiap OJANHAAH Xal KUJIUHUIIN JIO3UM.

Typaum maTepuamap TalmlKd Kydjaap TabCUpUra Typiuda KapIIUIHK
kypcataau. KoHCTpykmus KucMiapuaa TalmlkKh Kyd TabCHUPHIAH XOCHII
Oynmaguran 3YpUKHWILIAPHM XaMMa BaKT XaM CTaTHKa TEHTJIaMallapu
épaamuga aHUKIAll MYMKAH OYymaBepMmaiinu. bynpait naiTinapaa
3YpPUKHIIIAPHU KaOysl KHIIYBYHM KUCMJIAPHUHT JedopMalvsiapuHu, SbHU
TE€OMETPUK Yy3rapuiuiap OWIaH 3YpUKUIILIIAP Opacujiard MyHocabaTiapHU
ONMHIAH OunMacaaH TypuO, KYyHWIraH MacajaHu OXupurada equod
oynmaiiau. Jlemak, wMaTepualIapHUHT 0ab3u  (PU3MK, MEXaHHK
XoccallapuHu U(}OJaT0BUM MapaMeTpIapuHI OJAUHAAH OUITUII Kepak .

Marepuamnap kapunumrd ¢GaHHga MalidHa Ba WHIIOOTIAPHWHT
acocuit AJIEMEHTIIapU cudaruma  Kapajgagurad KOHCTPYKIIHSI
KHUCMJIADUHUHT MYCTaXxKaMJIUTH, YCTYBOPJIUTH Ba OMKPJIUTH Macajajapura
KEHT 9bTHOOp Oepuiaau.

Xap KaHmail MallliHAa Ba WHIIOOTra HUCOATaH Typiuda KOHCTPYKTHUB
Tajabnap Kyhunaau. Yiaap KyWHIrad IoKjaap TabCUPUIa XaMMa BaKT XaB(]-
XaTapcH3 UILIAIIN KePaK.

WMHmoor Ba MamuHamap MycTaxkaM, OMKp OYnWIIud Xam 3apyp, SbHU
KOHCTPYKIUSJIap €KW yJApHUHT apuM KUCMJIApH Tallkh Kydiap
TabCHUpUAa KaTTa Jedopmarnusiap XOCHJI KWJIMAciurd Ba ¥3
YCTYBOPJIMTUHU WYKOTMACIIUTU KEPAK.

Marepuannap Kapiniwimryjia aHaJIUTHK —ycyjap OujaH Owupra
nabopaTopusi Ba TaOWW IIAPOUTAA OJMHTAH TaXpHOa HATHXKAIApU XaM
YpraHuiiaau.

IOxopuna 6aén KuIMHraHIapra acocianno, MaTtepuamiap KapIiuinra
¢daHn — MaIlIMHA Ba WHIIOOT KHCMIIADWHHUHT MycTaxkKaM, OMKp Ba YCTyBOD
OymuImMHN Xucobamaa 3apyp OViaaauran 3ypUKUIl KydjaapH, Ky9TaHHIII
Ba nedopMaIisiapHu aHUKJIAI YCYJUTApUHH YPTaTaiu.



Marepuaniap KapIImurd MaTreMaThka, (u3uKa, Ha3zapui MeXaHHUKa
(dannapu OunaH y3Bui 00FIUK OYuO, 11y anapra TasHaau.

Marepuannap Kapmwiurd QaHuga Hazapuil MexaHukKaaaH (apKiu
KUCMJIap  Kyd  Tabcupuaa  jaedopmarusiaHaaun  1e0  Kapaiajw.
JKucmnapHUHT 3 MAKIWHA Y3rapTUPHUIIN degpopmayus ned aTaiau.

Arap >Kucmiiapaa TallKy Kyd TabCUpUAaH XOcui Oynran aedopmanus
KUCMJIAaH Ky4 OJIMHray, MykonuoO kerca, Oy oanacmux oepopmayus 1ed
aTayaJiu.

JedbopManMsiiapHUHT  XapakTepu TabCUP OSTYBUM Kyd MUKIOpUTa
oornmuk. bupop nedopmanusHu ro3ara KeATUpaETraH KyYHUHT MUKIOPHU
MabJIyM Yerapajiad opTud KeTMmaca, xkucMmiaa pakar azacmux aedopManms
BY)KyJra Kelaau, akC XOoJijla KOJIUK €KU TUIacTHK JedopMaius XOCHII
oynagu. JKucmmapHuHr Vy3rapmMac Kyd TabCcHpUla BakT Oyiinua
nedopManusIaHuIY EUIITYBUYAHIIMK JEHNUIIA TN,

Marepuamnap Kapmuiaurd ¢aHd Y3 pUBOXKIAHUIL Tapuxura sra. by
coxaja JacTiadKu TaakuKoTiaapHu [amwieit yTkasrad. Y Tamkd Kydiap
TabCUPUTa CTEPKCHIAPHUHT KAPIIUIIUK KYPCATUIIIMHU aHUKJarad. MHrmm3
omumu PobGept ['yk uyswnmmima kyd OujaH y3aluil —opacuaaru
MpOMOpIMOHaAN OOFNaHUIIHU TomnraH. by Oornmanum ['yk KOHYHH HOMH
Ownan Mabaym OYiauMO, Marepuauiap KapUIWIUTHAA KyJda MyXuUM
axamusATra ora.

Marepuainap Kapudiurd MacajajapuHd aHAJUTUK  YCYJUIapHU
Kynna6 texmupuiira J[. bepuymu Ba JI. Diinep katra xucca kymrad. by
coxazaa IL.B. TI'agomun, .M. Kypasckuii, ®. SAcunckuir, A.H.
Bepemuarus, C.II. TumotieHKO Ba OOILIKATAPHUHT MIIUIAPU XaM
KaTTa axaMusTra ara.

Maktab sparran onumnap: A.B. AnekcanmpoB, H.M. benses,
B.M. ®eonocweB, A.A. Hinpromun, HO.H. Pa6ornos, B.3. Biacos,
X.A. Paxmarynun, M.T. Ypaz6oes, B.K. Kooynos, T.III. [lIupuukynos,
T.P. Pammpos, II.M. Topman, I.A. OpunxyxkaeB Ba Oolikaizap
MaTtepuaiiyiap KaplIWIMTHHUHT aipuM OynumiapuiaH MYCTaKui QaHiap
spatauiap.

Mysgait kuwmb, «Martepuaymiap Kapmaiaurny (paHUHUHT —sSHaIa
TaKOMUJUIAIlYBM Ba PUBOXJIAHUILIKA HaTWxkacuaa «JledopmanusuianyBuu
KATTUK JKUCM MexaHukacuy», «Kypwium wmexanukacu», «WHIooTnap
JTMHAMUKACH Ba YCTYBOPJIUTUY, « IJACTUKIUK Ba TJIACTUKIMK HA3apUSICU»,
«Ep ocTH MHIIOOT/IapU CeCMOIMHAMHUKACK» KaOu (paHiapHUHT OYyTyH OUp
KOMILJIEKCH F03ara KeJJIu.



1.2 KoHcTpyKuusi 3JieMeHTJIapU Ba YJIAPHUHT TY3UJIMIIH

AMvanuéraa ydpalIWraH KOHCTPYKIMUSL SJIEMEHTIApPU XHWJIMa-XHII

Oynub, aHya Mypakka® Ty3uiarad. YJApHUHT SJEMEHTIapu T€OMETPUK
yadamMu  Ba IIAKJIWra Kypa KyWWaaru TypyxJjapra axpaTruiaau. Opyc,
IJIaCTUHKA €KU TUIMTa, KOOUK, MACCUB JKHMCM Ba paMaap.

e KYHJAJaHT KECHUM VyiadyamyapW Y3YHJIHK YidyaMmMura HucOaTtaH Xyja
KHYHMK OVIraH xxucmiaap — 0pyc;

e arap Opyc 4Yy3unuil €KUM CHUKWIMINra KapUIMIUK KypcaTtca —
CTEp)KeH Oypanuiira KapIuiuk KypcaTca — Bajl, STHIMINTa
KapUIMJIMK KypcaTca — Oaika;

e OuUp KaHya OpyCIapHUHT ¥y3apo OWKp KWIMO TyTalITUPUIUIIN
HaTHXKacuaa XOCuJ OYaraH Ty3ujiMara pama,

® KaJUHJUTUra HUCOATaH KOJraH WKKUATA YiI4yaMu KarTta OyiaraH Ba
TEKHUC Mapajuiesl cUpTiap OujiaH YypairaH >KMCMra IUJIACTUHKA EKU
TJTUTA;

® KaJIMHIWTUTA HUCOATaH KOJTaH MKKUTA yiIdamiiapu KaTTa OyiraH Ba
ATPU CUPTIIAp OWJIaH YerapajiaHTraH KHUCMra KOOUK;

e yu ViayamMu xaM Oup Xuja TapTuOma OYiraH >KMUCM MAacCHUB KHUCM
IeunIaan.

1.3 Tamku Ba nuku Ky4iaap. Kecuin ycynau

KoHcTpyK1us 3neMeHTIapura TabCUp 3TYBYM TAlIKU Kywiap, acOCaH
CUPTKM Ba XaXMUWA Kywiapra OynuHaau. Kucmra KYIIHM HKKUHYU
KUCMJAH YTaguTraH Kywiap cupmku Kyuaap nevinnaau. JKucMHuHT Oapya
WYKU HYKTQJIApUra TabCUP KWIYBYM Kywlap XadiCMuul Kyuiap NAEUUNaIu.
Bbynra xapakarinaHaéTran ’uUCMAa XOCUJ OVIaaurad uxepyus Kyuu MUCOI
oynmaau.

Tamku kywiap Oup HyKrara KyWuiaran (TYIjlaHran) €KUM TEKHUC
Takcumiianran Oymaau. Kyumap OyHmaH Tamikapu CTaTHK Ba JUHAMHK
Kywiapra OyauHaIu.

Tamkum xkyunap Tabcupuga Opyc nedopmanusiaHagd Ba YHUHT
KYHIQUIAHT  KECMMJIApUJA  HWYKM  KydJap (kecwiiran  Oynak
3appavyajapuHUHT y3ap0 TabCUp KywiapH) Xocui Oynaau. 3appauanap
MYBO3aHAaTHHM CAaKJOBYM PEAKUMs KydIapd WYKU Kywiap €KW 3Vpuxuid
Kyunapu Jnevnnand. bpyc kecumiapuia Xocwi OyiaauraH 3YpUKHII
KYYIapUHUHT TE€HI TabCUP 3TYBUYMCHMHH TOMMUII YYyH KECHII METOJIHIAH
doitnananmtagu( 1.1-pacm).
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Macanan, Opycra kyuwiran P, P,, P;, P, kyumap cucremacu
TabCUPHUAAH YHUHT TasHuIapuaa Ps, Ps peaknus xkywrapu xocuia OYicHH
(TastHY yKM3Maaa KypcaTuiiMaraH).

bpycHuHr Oupop KecMMHUIArm WYKHA KydJapHU aHUKJIAOl y9yH
KyHHJard uiniap KeTMa-KeT OasKapuiIUIITH JIO3HM:

1) BpycHUHr OMpOp HyKTacHIard 3ypUKUII KyUYHHH aHHKJIAIIl Y4YH,
Opyc 11y HyKTajaH YTyBYH TEKUCIWK OMIaH (UKpPaH KeCUINO, UKKUTa — A
Ba B Kucmnapra axpatwianu;

2) axpaTwiraH KUCMJIApHUHT OWpH, MacajaH, YHT TOMOHH TaIuiad
1000puanMb, Yam TOMOHHM KOJAupuiaau. byHIa KoJiraH KUCMHUHT
MyBO3aHaTH Oy3uJiajiu;

3) TanutaHraH KHCMHHUHT KOJITaH KHCMTra WiTrapu KypcaTraH TabCHPH
P;, P, ... Py kyunap Owian amMamTupwiaad, Oy Kydjaap KECHM 03acu
Oyiinua wuXTHEpUl TaKCUMJIAHWO, SBHU YyJap KECHMMHHMHI Xap Owup
HyKTacura KyWunaraH OYnuinu kepak. by Owian OpyCHHHT KOJIIUPHUITaH
KHCMH MYBO3aHATH THUKJIAHA]IH;

4) KONIUpPWITaH 4Yalm KUCMUHUHT MYBO3aHAT IMapTH E3wWiIaau. Yiap
CTaTUKaHWHT MyBO3aHAT TEHIJIaMachJaH noopar:

2X=0 ZM,=0
2Y=0 XM,=0 (1.1)
>Z=0 XM,=0
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Arap OpyCHHHI KOJJIUPWJITaH KUCMHUTa TabCHp KWJITaH Kywiap Oup
TEeKUCTUKIA OYica, IOKOpPHAAard MyBO3aHAT TEHIVIAMAJIApUAAaH Y4Tacu
KOJIa/Iu:

X =0, YY =0, YM =0; (1.2)

HomabiyM WUYKM KydJapHUHT COHHM HHUXOATHIA Kymn Oynranu ca®abiu
ynapau (1.1) €ku (1.2) TeHrmamanap BocuTacuaa tonu0O Oymmarigu. Iy
cababmm, TamKU Kywiap TabCUpUIaH Opycaa Xocui Oyiaauran
neopManusiHu - TeKmupuinra TYFpu kenagu. Jledopmanusra kapao,
OpYCHHHI KYHJQJIaHT KECUM l03acHJa WYKHM KYWIAPHUHT TaKCUMIIAHHUII
KOHYHUHU OWiuO, mIyHAaH CYHr Opycra KyWwiraH KywiapHu Oup Ooii
BEKTOp R Ba Oup Gomr MOMEHT m ra kentupu6, macaia (1.1) éxu (1.2)
TEHIJIaManap €paamMuaa eUnIaau.

Mysgait  kwmb, WYKKM Ky4wIlapHH TYJIa-TYKUC AaHUKJIAIl y4yH
MacaJaHUHT KyHugard TOMOHJIapura ybTHOOp OepHulll Kepak:

a) CTaTUK TOMOHHM, SHbHU OPYCHMHI TEKIIUPUIAETTaH KUCMU YUYH
MYyBO3aHAT TEHIJIaMalapy Ty3UJIaIu;

0) reOMETPUK TOMOHH, ITbHU OPYCHUHT JIe(popMalusICcy TEKITUPUIA]IN;

B) (U3MK TOMOHH, S’bHU Opyc negopmanusicu Oyinya WUYKUA Kydiap-
HUHT TaKCUMJIAHUIII KOHYHU aHUKJIaHAIH.

Oxopuma 06aéH »TwiraH wunuiap OaxapwiraHgaH CYHT 3YPUKHII
KyWIApUHUA aHUKJIAIl MyMKHH.

BbpycHuHT KyHAQIaHT KeCUMUAA KaHJIal W9IKU Kyd (aKTopiaapu XOCHII
OYynuImMHU OWnuII ydyH OOIIl BEKTOp Ba OOl MOMEHHHI KOOpJWHATA
YyKiaapura HUcOaTaH MPOCKIMUIApUHU ONMHAanU. by Xonma yura Ky4 Ba
yuyTa MOMEHT Xocwi Oynanu. bymap: Ny — Oyinmama kyd, Q Qy —
KyHpanaur kydiap, My, My — sryBun Mmomentnap, M, — OypoBur MOMEHT
neimmamu( 1.1.8- pacm).

1.4 Ky4yJaHMILIAPDHY AaHUKJIAII

Nuku KydmapHU KECHM I03acura TEKHMC TaKCUMJIaHTaH Ba Oy FO3aHUHT
xap Omp HykTacura KyhumiaraH ne6 dapa3 Kwiainuk. bupop KecUMMHUHT
MabJIyM HYKTAaCHUJArd WYKW Ky4 WHTCHCHBJIMTUHUHT MUKJIOPUHU aHHUKJIAII
YAyH Ky4YIaHHUII TYITyHYaCH KUPUTHIIA]IH.

Kecumuunr Oupop Hykracu arpoduma omunran AF sjemenrtap
103a4ara TabCUp ATAa€TraH WYKW Ky4JapHUHT TEHT TabCchup ATyBUHCcH AR
OysicuH. by nuKku KydHUHT 3JIEMEHTap fo3ayara HucOaTu ypraya KydJaHHUIII
nennnuo, Kyiuaarnda udoaaraHuIagm:

Py,= AR/AF, (1.3

XAKUKUW KyWIaHUII KyiuJaruiya aHuKJIaHaIu:
11



P=im 2R (1.4)

Jlemak, Ky4ylaHUII KECUM }03aCHM OWpJMrUra TYFpPU KeJraH HWYKU
Kyyaup. YHuUHr yiuoB oupiauru I1a, MITa.

1.2-pacm

KecumMHUHT OuMpop HyKTacura TabCuUp 3Ta€TraH P KyunaHuI KecuMm
F03aCUra NEPIEHINKYJISIP Ba Mapajuies] WyHaJIraH UKKUTA TallKWII STYBYNATa
axxparunanu (1.2-pacm). By Tamkui aTyBUMIIap: G — HOPMaJl KyWIAHUII, T
— ypUHMAa KyWIAHUII Jevunaau. by Kywianunuap opacuaa KyvMujgaruda
MyHoca0at ypuHiIu Oyiaau:

P = 02+12 (15)

bab3u xommapna P BekTOpHM ydra KOOpAMHATA YKJapura Iapajuiel
TAIKWI 3TYBYWIApra aXpaTHIl Kynai Oynaau. MacanaH, Oynap Gz, T, Tzy

1.3-pacm X
OHAM OpYCHMHT KYHJAJaHT KecuMmJard Kyd (akropiapu OusaH
Ky4IaHWIUIAp OpacuJard MyHocabariaap Ty3uwlaau: Gy Tz, Ty
kywiannnwiapau AF snemenTap ro3adara KymalTupuO, dJeMeHTap WIKU
Ky4Jap aHHWKJIaHAIW:

By sneMeHnTap nuku KydjgapHu Opyc KYHIAIaHT KECUM fo3acu Oyiinua
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AuFUO, OOl BEKTOPHUHI TAlUKWJI 3TYBUMJIAPU YUYH KyHujaru udoaanap
XOCHJI KWJIMHA/IH

N,=[o,dF; Q =fz dF; Q, =z ,dF
F F F

Xyanu UIYHMHTJEK, Xap KaHaal 3JIeMEeHTap WYKA KY4YHH TETHIUINA
VKkKaua OynaraH macodara KynauTupuO, yJIapHUHT 3JIEMEHTap MOMEHTIApU
aHUKJIaHaIu. by 35ieMeHTap MOMEHTIapHU KYHAAJIAHT KECUM 03U Oyiinua
Hurn0, 60 MOMEHT TaIlIKWII STYBUMUJIAPH aHUKJIAHAH:

X

M =Iazde; MszaZXdF; Mzzj'(yrzx+xrzy)dF
F F

E

by dopmynanap épaamuaa uuku Kyd (akTopiapu MabliyM OyiaraHma
KyWIAHHIILJIAPHU aHUKJIAIl MyMKUH.

1.5 Acocuii YeKJIaHUIILTIAP

JlebopmarusiiaHyBYM ~ KMCM ~ MOJENM  acoCHJa  KOHCTPYKITUS
AJIEMEHTJIAPWHUHT XUCOOJIAI UIIUTAPUHN KyJTalJalTHPHIN YIYH KyHuaaru
YeKJIAHUIIIAp KaOyJ KMITMHAIH:

° KUCM MaTepUai AXJUT (FoBakcu3) ne0 xucoOsanaau; by
YeKJIAHUII peajl MaTepuauiap ydyH MaTeMaTHK aHAJIM3HUHT Y3ITYKCH3
byHkuus popmynanapuian porganaHumra acoc oynaau,

° KUCM MaTepuaii OWp KUHCIU Ba U30TPOII 1e0 OJIMHAIHN, SHHU
MaTepuan xap Oup HyKTacuja TypJid TOMOHTa Kapa® OMp XU XyCyCHSTTa
sra j1e06 XxucoOJaHa Iy,

o KUCM IOKJIAHWINJAH OJITWH YHJAA OONIIAHFUY 3YPUKHIII
Kyuiapu OynmMaiiaum 1e6 gapas KuauHaIu;
o Kywlap TabCUPUHUHT MYCTAaKWIUIMIUK NOpuHOUNH, by

OPUHIMIITAa Kypa Kywiap CHCTeMacH TabCUPUHUHT HaTWkKacuma Oy
KyWIapHA KeTMa-KeT €Ku TapThuOcu3 KYHWIumuAaH Xocuia Oyiaauran
TabCUpJIap HATWXKACH TeHT J1e0 (papa3 KuinmHaIu;

° Cen-BeHaH nmpuHUMOM — KUCMra KyWWITaH KyYHUHT TabCHP
HYKTacHJaH eTapiuya y30KJa >KOWIallraH HyKTajJlapAa XOCHJ Oyiaauran
WYKM KydJap XapakTepHu TaIlllKM KYYHUHT TabCHUP XapaKTepura OOFJIIHK
aMac.

Ha3zopar caBoJsuiapu

1. Marepuannap Kapmmaury GaHd HUIMaHU ypraTaau?
2. Marepunammap kKapmmiaura Ba Hazapwit Mexanuka (anIiapuHUHT
VXmranuiira Ba papkd HUMaian uoopar?
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3.  Kanmait gedopmarus  smactuk (TiacTuk) gedopmarus aeo
aTanaan?

4,  KoHCTpyKIHs 3JEMEHTIIapH JIeTaHia HUMaH! TyITyHacu3?

5. KecumMHUHr  MabiayM  HyKTacHJard  KywWIaHHWII  KaHJau
xXucoOanaan?

6 Kecum meroau Humamad noopar?

7 Kanpgait yexknanunuiapau ounacu3? Ma3MyHUHU U30XJIaHT.

8.  Kanpnaii roxnap craTuk rokiap ae0 atanaau?

9. Tamku kywiap KaHmau rypyxJjapra axpaTuiaam’?

10. Marepuamnap Kapmuiaurd (paHd pUBOXKWTAa Xucca KYIITraH
TAHUKJIU OJIMMJIapIaH KUMJIApHH Owtacus?

2. bpyciapHu 4y3WJIMII Ba CAKHJIMIITA XHUCOO0Ia11
bupop ynuamMu KoJIraH MKKU yI4aMHUIaH aH4ya KaTTa TEOMETPUK JKUCM
Opyc neb6 airtanmanu. bpycmap Oyitmama VK OYyinad HyHanraH Taliky
Kywiap Tabcupuaa aedpopmanusiaHuo uy3unaan €Ku CUKUIaau. Y MyMaH,
qy3uauil €KW CUKWJIMINTa WIUIaigural Opycliap CTEep)KEHJIap Xam
nevnnand. bpyc uysunranga (CUKWIraHaa) YHUHT KYHJQJIAHT KECHUM
103acujia WIKu Kyd — Oyinama kyd N(z) nmaitmno Oynaam.

2.1. Uy3miuin Ba CHKMJINIIAA KeCHUII yCyJIH
byiinamMa Ky4yHM aHUKJAIl y4yH KeCcUIl ycyiauaaH (oiganaHuiaau.
ByHUHT yuyH OpycHU UXTUEPUN KYHAAIAHT KecuMJa PUKpaH KecuO, UKKU
Oyyakka axxpatuiiaau, Oy OynakinapaaH OupuHu Tanuiad 16opud, KoJiraH
UKKUHYM OYI1akKka TabCUpHHM MUKH Kyd N(zZ) OnnaH amMamTUpriIagg Ba 1y
KOJITaH OYJIaKKa TabCUp KWIAETraH Kywiap MyBo3aHaTiaHaau (2.1-pacwm).

m m

P P P P

<« | — > —_— ] — —

m m

p N (2) ) N (z)

“«—F ———F——» > — > >
z z
2.1-pacm

Kecum ycynuan Kynaarnda 3¢iad Koaumn Goiaanu:

1) xupkunaam;, 2) Tanwiad roOopwnaau; 3) anmamrupuiaaau; 4)
MyBO3aHaTJIaHaau. bynma OVitama Yk Z Ba wuku kyd N(zZ) BekTopuHH
KYpUJIa€TraH KECUMJAH TallKapU TOMOHTa WYHAITHPWIAINA, ITYHUHT YUyH
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KypwiaéTran Oyjak MyBo3aHAT MApTHAaH WYKW Kyd N(Z) aHuKIaHaIH.
byiinama ky4 uy3winiiga Mycoar, CHKUINILIA MaHPUI OJIMHAIH.

Bbpycra Oup kanua tamku kywiap P; , Oyitinama Yk OViinad Tekuc
TapKaJraH [oKIap (; TabCUp KWIraHaa Ba Opyc Oup KaHYa KYHJaJlaHT
KeCUMH Xap Xuji Oymakimapaan uoOopar Oyiaca, muku kyd N(z), Oy
Oymakmapna Typivdya, IIyHUHT Y4YyH OyHJgaldk mofoHalnud OpycHHU
ydacTKajapra axparu0® VypraHwiaad. Y4YacTKaJIapHUHT uerapajiapu
cubaruga Tawku Kywiap P; Kyiwirad, TEeKUC TapKairad okuap (0
OolIaHTaH Ba TyraraH KecumJiap xamja Opyc KYHAaJaHT KeCUM Io3aliapu
y3rapral Kecumiiap OJIMHAIM. XOCHJ OViIraH yJacTKaJIApHUHT Xap oupuaa
nukd Kyd N; (z2) HM aHuknam ydyH (HKpaH KecuIl Oa)kapujaju.

MabayMKH, KyYHUHT KYHJQJIaHT KECUM lo3acHra HUCOATH Ky4WIaHWIIHU
6epazm: O'i(Z): N; (Z)/ F;.

2.2 W4ku KyY Ba KyWIaHHILJIAP MI0Pacu

WNuku kyu Ni(z) Ba kxyunanuin oi(z) mapHuHr Opyc Oyiama VKu
Oyinad y3rapuimuvHu KypcataauraH rpadukiap 3Mopaiap JIeluiiau.
Omopa Kypull yuyyH Opyc Oyinama VKura mapaiien YK YTka3zuO, IIy
YKHUHT OpyC KecUMJIapura Moc HyKTajlapura 11y KeCumJiapJard W9k Kyd
€KM Ky4dJaHUII KUMUMATUHU MabiyM wmacmrad OunaH Oyitnama VKKa
NePHeHANKYISp UYHamuIAa Kyind ynkuiaau, OyHaa mycoatr Ba MaHbui
KHMMaTIap YKHUHT KapaMa-Kapiod TOMOHJApWra KyWHJIaau Ba «IUTFOC)
EKM «MUHYCY» UIIOpajiapu 3MIopa Huuja KypcaTuiaay. Jmopa Opyc Ykura
NEePIEHANKYIAP IITPUXJIAHAAW, Xap OUp INTPUX Y3yHJIWTH OepuiraH
(TamyaHraH) MacmTadaa Iy HyKrara MOC KYyHIaJIaHT KeCUMIard H9Kd Kyd
€K Ky4dJaHUII KaTTamuruHu Oepanu. bup Hykrara kyvwiran P; kydmap
TabCUp KWIAETraH KecHuMiIapJa JIiopaja [Iy Kywiap KuiiMaTura MocC
«cakparuiapy TYFpU KeJau.

2.3. A6coioT Ba HUCOUi gepopmanusiiap. I'yk KonyHu

CrepxeHHuHr nedopmarusirada Oynran  y3ywiumrd | Owiaw,
nedopManusial KeWnHru y3yniaurn |l Owman Oenrunananu (2.2-pacm).
CrepkeH Y3YHJIUTHHUHT OPTHUIITN MYTIAK (a0COJIOT) Uy 3UITHII, KaMauIIn
3ca MyTJaK KHCKapuil ae0 artanaav. YMyMaH OJIraHJ]a, YJIapHUHT Xap
MKKajlacu abCooT AehopManus AehHuIaau.

AOcomor achopMaUMSHUHT KUWMATH KyWuAaruda aHUKJIaHAIW:
Al=1i-1. AbGconror nedopMalMSIHUHT CTEP)KCHHHHI Y3YHJIMIHWra HUCOATH

HUCOUM Oyitmama aedopmarus nennnaay Ba € Ounan Oenrunananu. E=Al/]
— ucMcu3 (YymuoB oupnurucus) co. Muarmm3 ¢uzuru Pobept I'yk (1635-
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1705) Tomonugan 1660 iivim Taxkpubaiap acocuaa KyWujaara MyHoca0ar
Al=P-l/E-F anukjianran 0ynu0, ['yk KOHyHU €0 IOpUTHIIA]IN.

Lz SABHU, PIACTUKIMK dYerapacuga adcooT aedopMaiius
CUKYBYM) Kyura TYFpU IPONOPLUOHAN Ba CTEPKEHHUHT
! C = EF /l. Arap I'yk KOHyHHTra Ky4wIaHUII Ba HUCOUU

il i o . e o .
| |
v (ay3mnmuin kM KUCKapui) Oyinama (uy3yBun €EKu
|
- o

Al 7 Oukpnurura Teckapu mpomnopiuonan  Oymamu. C -
| CTEP)KCHHUHT YY3WIUII €KW CHUKWIHIIIATH OWKPIIUTH:
|
1

y D! ‘ﬂ nedopmarusanap KAPUTHWICA, Kyuumarn ¢opmyia

onmuHanu: o=E-& by ¢dopmyna ['yk KOHYHUHUHT
1P MKKWHYM KypuHUIIM OYynuO, y amanga XKyJda Kyl
2.2-pacm UILIATHIIA U Ba Kyiuaarnya tabpudiaaHaau: 4y3uirad

CUKWITaH) CTepXKeHJapJa HOpMall KyWIaHWIl HUCOMH  4y3uiauiira
(KucKapuira) TyFpu IpoHOpPLHOHAIL.

2.4 Macanajap e4yuin
Kecumr ycynmunan ¢oiinananu6, Opyc (cTepeH) KecumIapuiaru
WYKA KyY, KyWwIaHHII Ba OpPYCHHMHI a0COJIOT JedopManuscu Kyluaaru
MUCOJIapAa TOMHIIA N,
1-macana. bup yuyn MaxkamilaHraH Mynar OpyCHUHT Y3YHJIUTH 4 M,
KyHIanaHr kecuM 1osacu 100 cm® 6ymu0, nkkuHum yumra 10 kH kyd
Kyiwiran (2.3-pacm). bpyc kecumiiapuparu WYKA Kyd, Ky4wIaHUII Ba
6pyCHHUHT abcommoT neopMarisic Tommwicht. bepuran:E=2x10 ® kH/m?,
P=10 kH, F=100 cm*| = 4 m; Anuknancus: N, o, Al-?
£ I/Av?'/l'/]l 7 BEunn: Xap Xuil yiuoB Oupnukiapuga Oepuiiran Karra
! | ' -IUKJIAp  VA4YOB OUPIMKIAPUHM OUp XU THU3UM
I
Al
I
I
1
I

/ E=2x10%2/cm*=2x10°k H/m*=2x10"ke/mm’;
Nukm xyd N HM aHMKIAm y9yH KECHIN YCYJIHJIaH

2 2
(cuctema)ra kentupud onuin kepak. F=10"u
|y doiimanann0d, KyHuWgard MyBO3aHAT TEHIJIaMacH

v || ! &7 xocwn kunmuHanu: N - P =0; Oy renrnamagan N = P
1 = 10 kH.
o Mabaymkn, Kyanaaui o=N/F=10kH:10°yv*=1 MIla
2 3-pacm bynapnan ¢oiinananu6, N Ba o ydyH smropanap

Kypuiaaau (2.4-pacm). Bpycaunr adbconroT nedopma-
rusicn (ay3unuimm) ['yK KOHyHUaH aHUKJIaHA

N -/ 10kn -4m -5
= =2-10

Al = M=2-10‘2MM=0,02MM.

E-F .08 KH/M 1072w
Hemak, OpycHUHT Kyu Kyhunrad yuu 0,02 MM nactra Ky4iu.
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A,

A ‘N (kH)  "o" (MIIa)
| 10 7

L

Ao
=

2.4-pacm

2-macaja. bup yunm mMaxkamiaHraH mynat OpYCHUHT Y3YHIUTH 4 M,
KyHaana#r kecuM ro3acu 100 cm® (2.5-pacm). Illy 6pycHUHT §3 OFHpIMTH
XyucoOura Kecumiiapujia XOCWi1 OyiIaguraH HMYKd Kyd, Ky4wlIaHUIl Ba
abcomoT aedopManisicy aHuKIaHCHH. bepuran:E=2x10 *kH/ m°,1 = 4m ;
F=10" Mz, y =78 kH/ m°. Anukimaacud: N, o, Al-?

Q777777774 Euwnnr:
j I

MabiaymMku, OpyCHUHT OFUPIUTH OyTYyH XaxM OYiinad
| TapKajraH, COJMIUTHPMA OFUPJIMK KUKWMATH KYHIAJIAHT
/ KEeCUM lo3acura Kymaitupuica, Opyc orupiuru Oyimama
| VK Oyinad TeKkHuc TapKajlraH OKKa KEeJITUPUO OJUHAIU:
| q=v-F=78.10" =0,78xu /M.

Nukn Ky4yHHW  aHHKJIAIl y4yH KECHII  yCyJWJaH
dormananumamu: N -q-z=0; 0<z</¢; N(z)=0,78 - z;

2.5-pacm

z=0; N(0)=0; z=/¢; N(4)=0,78 -4 =312 xnu.
BbpycHuHT KecuMapuaaru Ky4jaHUIuIap XucooOianau:

c(z)=N(z)/IF =78 -2, 5(0)=0; c(4)=78 -4 =312 «u I w? = 0,312 MiTa .
By kuitmatnapaan doigananuo, N,o smopanapu Kypuiaau (2.6-pacm).

N (kH)  "c" (MITa)
i 7312 0312

T

|
|
--l—-l—-||-|—-|
|
I
o

o
o

2.6-pacm
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Bpycuunr y3 orupnuru xucodbura uysunumuHu N (z)/E- Hu OyTyH

opyc Y3YHJIUTH oyitnad UHTErpamiad XUcoOIaHaIu:
I Ty 2 07847

se= | ':Z).ﬁ-:j‘? Cr= T 31210 ac= 0,0031 2
<BE.F | EBF OBF  4.10°.10

YMyMaH, OpyCHUHI 3 OFUPJIMIA TabCUpPUAA  UY3WIHIIWHU
(CUKMIMIIMHYU) XHcoOnalml y4yH Opyc OFUpPJIWTMHU XUco0jad, YHHU
OpYCHUHI OFUPJIMK MapKasura KyHuO, 1y Mapka3 €TraH KyHIaJlaHr
KeCUMra TabCHp KWJIAETTaH Tallku Kyd cudatuga kapad, OpyCHUHT
a0cooT AehOopMaLMSICHHNA aHUKJIAIl XaM MYMKHWH:

77777//4
y G=y Fl=73.001.4=312kH, 1=4s, F=001n’
2 |
\'/
12 7]L\ &£ 3124
16 Al = s e = 312107 = 0,0031250¢
2.7-pacm
3-macaua. [loroHanu crep>keHiapra oui MUCOJ Kypamus.
bepwiran: Py=10xH, 2
P =15kH, . | p
2 ol
F =100cm?, 1NN
E=2x10° kH/ m". _ |
! Fi
Aunukinaucud: N, ¢-? 2.8-pacm

Eunnr:

1.8-un3magan kKypuHUO TypUOIUKH, CTEPKEH UKKHU MOFOHaJAaH nbopar,
IIYHUHT YY9yH CTEP)KCH UKKH yJacTKara ayxpaTuo Kypuiaau.

I yuactka: z; 0 nan b raua y3rapamu.

(0<z,<b); N,-P, =0; N,=P =10kH ;
10 xH ,

> = 1000 xH/m
0.0L
Il yaacTka: z, b gan a+b raya y3rapau.
(b<z,<a+b); N,+P,-P,=0; N, =P -P,=-5kH;

= 1Mlla .

NI
o =—=
F

N, - 5kH S )
o, = = o= 4.17 -10 kH/Mm
kF 1.2-0.01 m
Tomunran N; Ba 07 kuwitmatnapugan (Qoigamanud, CTEpKeH

ydacTKaJapua smopanap Kypuiaau (2.9-pacwm).

= -0.42 Mla .
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Xap Oup yuvactka yuyH ['yk KoHyHuaaH oiigaianund, adCcoioT
nedopmariust Tonuiaaau:
N .
Al = i = 12 :
EF  2.107.001

=15 1074 =15 107 cae = 1,5- 107 agae = 0,0 15400,

"N"(kH)  "o" (Mlla)

8]
[

| :
| I v 5 042
a Pl .z : Nir T
| 7]
T t | 10 !
N |
b F Il N | = =
| |
| | |
! P * P; l P
2.9-pacm
Al = N _ ik = —4,17-107 e = —4,2 107" agae = —0,004 240,

EkF 2.10° 12001
Al = AT+ A = 0,01580¢ — 0,00420 = 0,010880¢
3-mucoiana Al HM Kywiap TabCHUPUHHU KYIIUIIHUHT CYHEPIIO3UIIHS

ycynuaan (oiinananu6 xucobnaca xam Oymanu. by ycyn, alHUKCa, CTaTUK
HOAHUK MUCOJIJIap/Ia KyJI KEIaIu.

, =@+P—f‘x=i[b+f]=lg—0= 342 | 223,310 ¢ = 0,233 10 e = 0,0233nane
T BFEWFOER\ k) 2107001 12
_Pa _ 15.2

=125 107% ar=—0125 107 cae = 00125 2000

2T ERF 210812001
A=Al A =0,0233-0,0125 = 0,0108a0¢.

2.5 Yy3uauin Ba CAKWINILAA OPYCHH MYCTaXKAMJIMKKA XM CO01a111
CTepXEHHUHI TallKM Kywlap Tabcupuga Oy3wiMail HIUIAIIuHA
Ta@bMUHJIAII YYYH CTEpKEH KeCUMJIapuJa XOCWI OyIaguraH HWYKU
KYWIAHMII KaTTaJIWIA CTEpPKEH MaTepualura MOC pyxcaT JTHIraH
KyWIaHMII KUAMaTUra TaKKOCJIaHa/ lu:
o =N/F, o < [o];

OyHpaa, [o] — pyxcar 3THiraH KywIaHWIl OYau0O, Xap XWI Marepuauiap
YUYH TaXpHrOaIaH aHUKTaHAIH.

MycTraxkamiankka XUcoOJall MapTUAaH KyWuaard macajiaiap Keiauo
YUKAIU:
1. KyHnamanr kecuM F03aCMHM TaHJIAIIL: F>N/[qg].
2. MycTaxKkaMJINKKa TEKIITAPUILL: o =N/F < /a].
3. Tamky Ky4yHH TaHJIall: N< [o]-F.
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4-macana. [Iynar crepxen Oyiiiama yku 0yinnad 10 kH rokx ocuiras,
3-HaB mynaT ydyH pyxcaT STWAraH Kywianum [o]=1600kr/cM® Gyica,
CTEP>KEH KYH/IaJlaHT KeCUM F03aCHUHH TOIIUHT.

Euni:

Kyunanum Oupnuruan CU Tuzum (cuctema)cura KeATHPUO OJIMII
MYMKHH.
[r] = 1600kz fead® = 1.6 1071 f a* = 160Mna.

Mycraxkamiaukka xucoOmamr mapTugaH (doiganannd, KyHAaJIaHT

KECHUM 103aCH TaHJIaHAOW.

o=a] SV =[g], F » %: 0,625 107 a® = 0.62508°
F [a] 16 107w A
CrepikeH KyHJalaHT KECHM 03aCH YUyH TONWITaH KUMUMAaT SAXJIUTIaHAIu:

F=07ca.

5-macana. Tpoc 7.5 T kyu Ounan uy3wirad. ¥ 2 MM AHaMETpIid
cumiap (Toma)maH ubopar. Tpoc ydyH pyxcaT OSTWITaH Ky4dJIaHUII
TONANAPHHUHT YPHIFaHHHK Xxucodura [o] = 3000 xr/cm®. Tpocaaru
TOJaJap COHU N HUA aHUKJIAHT.

Eunur:

Friona = mx1° = 3.14 %1 mm® = 3.14 un*;
Fupoc = 1 XFona = 3.14% n un® = 3.12%10 * % n em’;
F>N/[a] =7500 ke /3000 xe/cm® =2, 5 cm’;
3,14x1072 x nem® > 25 er?;

nE 2. T = 220 =79,58
214107 514

Tonanap conu OyTyH OyIuIIM Kepak, y Xoiaa 79,58 naH kaTTa Ba yHra
9HT sSIKUH OyTyH coH 80. Jlemak, Tonanap 80 Ta OyIuIlM Kepak.

6-macana. bup yungan ocwiran y3rapMac KyHIadaHT KECUMIIA TTyJat
CTEPKEH KaHJaWl Y3YHJIUKIA Y3 OFUPAUTM Tabcupuaa yswiaamau? Ilymar
YYyH MYCTaXKaMJIMK YETAPACH O yq =50 KI/MM’ OJIMHCHH.

Euunmr:

0 v = 50 kr/MM° = 5000 kr/cm® = 5x10 *Hx10 */m* = 500 Mmna.
Crep>xeHHUHTI MaxkamilaHTaH (OCWJITaH) KECHMMJaru WYKU Kyd Ba

KyYJIAHHUII TOIUIA I
N=G=yFl,0=NF =y.
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CrepkeH y3WIMIIM YYyH YHIAru KywIaHUII MYCTaxKaMJIMK Yerapacura
TEHT OYJIUIIN Kepak:
0 =0, 78 kH/m > 1= 500 %10 *kH/u".
by mapTtaaH cTepKeH y3yHJIUTYM aHUKJIAHA]IN
5.10 °
) 78

bynnan kypuHuO TypuOIuMKH, ¥y3rapMac KYHAAJIAHT KECUMIIHU
CTEpKCHHHHI Y3 OFUPJIMIHAAH Y3WIMIIM YHHHI KYHIQJIAHT KECUMUra
OOFJIUK dMAC.

7-macana. Jlymanoxk KyHJajdaHI KECHMJIM myjaaT cTepxkeHb 10 T kyu

=6410 m = 6,41 km

o U 1
OwinaH 4y3wiran. Arap HUCOWUN YY3WIUII—— JaH OIIMO KETMAaCIUru
2000

Kepak OyJica, CTEPKEHHHHI MYMKHH OYJIraH SHI KHUYHMK JHaMETPUHU
toruar. [Iynar yayu [o] = 1200 kr/cM” OTHHCHH.

Eunin:

A) MycraxkaMauKka xucoOJail. ByHUHT y4yH KYHIaJIaHT KECUM
103aCUHM TaHJIall mapTuaaH GonanaHaim:

T, 4N 4.10 -10°
—d*>Nl[e], d=> =, |[————— =+/10 - 61 = 3.257 cu
4 z 3,14 -1200

b) Oy macamama CTepKCHHM MYCTaxXKaMJIMKIAH TallKapu OWKPIIMKKA
XaMm Xucoouail kepak, OyH/1a Oepuiiral pyxcar 3TUITaH HUCOUN Yy3UIIMIL

. 1
KHUIUMATH [¢]= —— = 0,5-10 ° XUCOOTa OJMHHMIIH KEPaK:
2000

Al < [Al] ékn & <[ €&];

M:E—,»igﬁ[m]; U FEE[E]*:i.
EF F N EF E Hel
[e]=L=D,5.m-3-, E=210%%zicad,  N=10 m=10000z
2000
4 —
Fx 10 =2,0.10° =10ead®;,  F=m rr=lato10 d= 410 = 357cat.
2.10° 4 2.14

JleMak, OUWKpJIUKHUA TabMUHJIAWIUTaH JAUAMETP MYCTaXKaMJIMKHU
TabMUHJIAWIUTaH AUaMETpJlaH KaTTta, IyHWHr yuyyH d > 3,57 > 3,257.
bynnan mymkuH Oyiran sHT Knuuk quametp d=3.57 cM kenub uuKaau.

8-macana. Kyugananr kecumu 15 cm x 20 cM Oynran €rod ycTyHra
KYWAWIIl MyMKUH OVJTaH IOKHU QHHIIAHT. Erou yuyH cukuiumga pyxcar
STWIraH Kywianuil [o] = 40 KI/CM® OJIMHCHH.

Eunur:

Y CTyHHUHT KYHAAIAHT KECUM 103acu XUCOOIaHaIu !
F=15cmx 20 cm =300 e
Ky#inm MmymMkuH OVIraH 10K aHUKJTaHAIH
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N <[a] xF =40%300 = 12000 ke = 12 m. Jlemaxk, N = 12 m.
9-macasa. UyssH KOJIOHHA MYCTaXKaMJINTUHH TEKITUPHUHT. UYsH yayH

CUKWJINIIIIA MYCTaXKaMJIUK yerapacu anc=6OOH/MM2, 3axupa
ko3 dunuentu [n]= 5 onuncuH (2.10-pacm).
Bepunran: P;=900 kH, P %
P,=1500 xH, |
d=100 mm, pol P
b=200 MM, it
I b
|
Anwnknancut: N, ¢ -? |
e b
2.10-pacm
Euunin:

UysH yuyyH CUKWIHIILAA PYXCAT 3TUITaH KyWIAHUII TOMUIAIN:

[6]c = O wee /[n] = 120 H/MM®.
Xap Oup ydyacTKagard M4KM Kyd Ba KyWIAHUIILIAP aHUKJIAHA N

Fi==nx1? = 3,14x2500 = 7854 mm*; N, = -900 xH;
61=-0,115 kH/mm® = -115 H/mun®
Fi = b% = 40000 ymm?;
N, = -900-300 = -3900 xH:
6 1= -3900/40000 = 0,0975 kH/mm®> = -97 H/ mm’.

Xap Oup y4yacTka y4YyH TONWITaH KyWIAHUIIUIAp pyXxcaT O3THITaH
KYWIAaHUIIJAH KUYHUK: Gy, 05 <[0]..
I[eMaK, ‘IyﬂH KOJIOHHAHUHT MYCTaXKaMJII/II‘I/I TabMHUHIIAHT QH.

2.6. Jloituxa-xuco0J/am umu 0yiiuya MucoJiap
1-noiinxa-xucoOnam WM ~ CTEPXKCHJIADHUHT  YY3WJIUII  Ba
CUKWJIMIIUTA Joup 0ynuo, xap Oup Tanmaba y3ura 6epunrad mudp O6yiinua
yu3MaJlap Ba COH KuikimarimapuHu onagu. by JIXM nma ydra macana
oepwiran. Kyiuna mucon tapukacunaa JIXU-1 yayH Oy coH KuiiMaTiap Ba
yu3Manap 0ab3u y3rapTUpUILIapuHu Xucobra onmaranaa 0 — yu3ma Ba 25
— COH KuMMatnap BapuaHTiapura, sbHU 025 — mumdpra Moc kenaiu.

Ng a B C F k Py P, P P 1 02 A T

M M M | oM’ - xH | kH | xH | xH | xH/™m | xH/™M | mm | kH/M

25114116 20| 30 | 18| 05|10 |04 | 100 5 15 | 0.02 78
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2.11-pacm

2.7 CTaTHK aHUK MOFOHAJIN CTEPKEHIAPra 0P MUCOJI

by 1-JIXU HuHr l-macamacura Teruuuid mucos O0ynub, yHma 2.11-
pacMaa OepwiraH MHOFOHAIM IYJNAT CTEPKEH y4yH KyHuUJaru maptiiap
OakapWIHIIM CYpasiaiu:
1. byinama kyd N Ba HOpMan KyWwIaHUII ¢ 3MIOpajapu CTEPKEHHUHT Y3
OFUPITHTHHE Xico0ra onub Kypuicus ( y=78 kH/m®);
2. bepunran crepkeHHMHT TYyna jgedopmanusicd, Xap Oup uerapa
KECUMJIAPUHUHT KYYUIIUIApW aHUKJIAHCHH.

Eunur:

bepunran mnoroHanM CTEpKEH Y4 YydyacTKaJaH HOOpaT, ydacTKaiap
ofupnuru Oyinama VK OVinad Tekuc TapkairaH (; 0K Jiapra KeaTupuo
onmHaau. Fj— xap Oup y4acTKaHUHTI KYHIANIaHT KecuM ro3zacu, Gi — xap
Oup ydacTKaHUHT Ofupiauru. l-yudactkama z; O man a = 1.4 m rada
y3rapaau, nry opanukna uxtuépuii [-I kecum yTka3zunubd, CTepKEHHUHT
KECUMJIaH IOKOPH KMCMHHH MYBO3aHAT INApTHHU Ty3uO wuku Kyd N,(z;)
TOTIUJIA/IN

| yaactka (0 <z; < a);
Fi = kF = 1,8 x0,3x10°M° = 0.54x10°0°;
q1=yF =78x0,54x107% = 0,4212 kH/m = 0,42 kH/m;
Gi=qixa=0,4212%x1,4 =0,58968 = 0,59 kH;

N|(Zl) + Pl +(,21 = 0, N|(Zl):- Pl- Qi 21 = -0,5 -0,42 Xzy;
z; =0; Ny(0)=-0,5kH;
7 =a=14m N@)=-05-042x14=-0,5-059=-1,09kH.
MuKky KyuHH KYHIaIaHT KECUM 03acura 0Yau0 KyduIaHHIIl TOIMIa M
a@)=N@)/F=-—2__ %% , _ o m:;

0,54 -10 0,54 -10

22=0; o(0)=-926kHM*;z1=a=14m o(l,4m) =-2018kH/M.
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Il yuactkana z, a = 1.4 m nan a + b=3 m rava y3rapaju, 11y opajiuk/ia
uxtuépuit II-II kecum YTka3ub, CTEPKEHHUHI KECHUMJAH IOKOPH
KACMUHUHT MYBO3aHAT IAPTHHU Ty3HO0, nuku Kyd Ny (Z2) Tonunaau:

Il yaactka (a <z, <a + b);

Fu=kF =0,54x107 »*;

qun = j/F|| = 0,42 kH/m;

Gy =0quxb=042x1,6 = 0,67 kH;

Nii(z2)+P1+G, -P2 +qy % (z0-a) = 0;

N||(22) = -P; -G, +P2-q|| X (Zz-a): -0,5-0,59+1,0 - 0,42(22'1,4): -0,09-
-0,42(z,-a);

Z,=a=14mN,(l,4m)=-009kH;

Z, = a+b =3 m; Ny(3 m)=-0,09-0,42x1,6=-0,09-0,672=-0.762= -0,76 kH.

WNuku Ky4yHH KYHIATAHT KECUM ro3acura 0ynno, Ky4IaHUII TOTUIaIN:
O'||(Zg) = NII(Z)/FH =._ 0% — - 0.42 —(z,-a)=-16 /67 -8 (z, - a);

0,5 .10 ° 0,54 -10
Z,=a=14u; on(l,4m)=-1667 kHN;
Z, = a+b =3 m;on(3 m)=-16,67-78 1,6 = -16,67-124,8 = -141,47 kH/M".

Il ygactkana z3 a + b=3 m pan a+b+c = 5 m rava y3rapamu, 11y
opamukna wuxtu€puit III-1II kecum VyTKa3ub, CTEPKEHHUHT KECHUM/JIaH
IOKOpH KUCMHUHHHI MYBO3aHAT IMapTUHU Ty3u0, wWdku Ny (z3) kyu
TOMUJIA]IN:

Il ygactka (a + b <zz <a+b+c);

Fin=F=0,3x107x;

Qu =y F =78%x3x10"° = 0,234 kH/u;

G= Qi xc = 0,234%2,0 = 0,468 kH = 0,47 kH,

Nii(z3)+P1+G, —P, + G, -Ps+qy % (z3-a-b)=0;

N|||(23): -P1-G, +P2-G||+P3 ol ¢ [TTReS (Zg-a'b) =-0,36 - 0,234(23-3),

Zz =a+b =3 m; N3 m)=-0,36 kH;

23 = a+b+c =5 m;Nyy(5 m)=-0,36 - 0,234x2=-0,828 kH =~ -0,83 kH.

WNyku Ky4yHH KYHIAJAHT KECUM t03acura 0yano, Ky4IaHUI TOMUIaIn:

0,36 0,234
om(zz) = Ni(za)/Fyy = om0 (z,-3)=-120 -78(z,-3)
Z3=a+b=3 m; oy(3m) =-120 kH/m?:
Z3=a+b+c = 5m; on(5 m) =-120-78,2 = -276 kH/M".

Tomunran N; Ba 67 KuiimMatnapugan (Qoiigananud, CTepKeH
ydacTKajlapua smropanap Kypuiaau (2.12-pacm).
bepunran crepxeHHUHT Tyna AedopMalusCHHA Ba Xap Oup uerapa
KECUMJIAPWHUHT KYYUIIUIAPUHN aHUKJIAITa YTHIIA A,
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[. Xap Oup yuacTka derapa KECUMJIAPUHHUHI KYUMIIUIADUHU [Ty
yuacTkagaru waku kyd Ni(zj) udpomacuan ['yk KoHyHHMra KyHuO, ydactka
yerapajapy OpajiuFua UHTErpauiad TOMUILI MyMKHUH.

Fi p=) P; B |

N JL ¥ JL JL rW"ﬂ{H) ”G” (IJ{MZ)

al- -1 = \—M ¥ Gir ¥ G O’E 92-}55
7 = "NIKZJ = s 2088

[ q, 09 009 7667
b 0T Z1 Gr
Ps  Na(zz) }{ P
076 14147

L@ 036 720

T Zz

c ¥ Vmfzs)

Z3 042 276

2.12-pacm

t M (z0dzy, 1 Pa quma'  Pa Gua

A= _ _P —g.z)dz, = = = —103.107 ¢
d ! E,7, EIFI-! R = AT TN T} "
a+d a+d 2
N (2, )dz 1 P
hE o= _[ rlz;)dz, = I[_Pﬂ_q (zy—a)]dzy = — z - 15" =
) TE F, B Ry = B,F, 2B,F,
o Pmb  Grb 653107 50m —0,63.10 s
B, 7, 0B 7
By epga P, = A+%— 5
a+i+e a3+ ]
M (z,)dz 1 P
J'E'L'fm= I .IIT{ZE:I K — I[_Pm_q (23_ﬂ_b)]f£23=— mc _ quIC _
B Fy,  BgFy . B Fy 2B F,

a4d

_ Fpe Uge
B Fy 2B P
byepna p, -P +6,-P,+G, - P,

o+

=—-198-100 a4 =-1.98 107 azae.

Yerapa kecumiapu  KYUYMIUIAPUHUHT  aidreOpauk  MUFUHAMCH

CTEp>KEHHUHT TYJ1a abCoIIOT AehopMalusICUHU Oepaju:
A =AE + A L+ AE == 364107 agae.

II. FOxopumarn HaTH>KaHU TOFOHAIM CTEPXKEH ydacTKajnapu (TYFpu)
y3rapmac KyHJIaJaHT KeCUMJIM OYJraHu Y4YyH, OFUPJIMK Ky4JAPUHUHT TE€HT
Tabcup 3TyBumiapu G; HM Xap ydacTka ypracura Kyimiran ned ¢apas
KUIu0, Kyluaarnya XOCuiI KWINILI XaM MyMKHH:

_Pa U

A =2 I = 1031077 A
BkF 2BkF
b Cgh -3
A L =—(B +G,- P — I = _0,63-107F A,
=G Q)EE:F OBLF

c Gy =
A =B+, -+, - B ———=_=-15%3.10 .
o (A I 2 I EjEF SRF Hull

Yerapa kecumiapu  KYUYUIUIAPUHUHT  ailreOpavik  MUFUHIUCU
CTEP>KCHHHHT TYJ1a a0COMIOT AehopMaIusiCHHN Oepaan:
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A =AE + A L+ AE == 364107 agae.

[II. Kyunap TabCUPUHUHI MYCTAKWUIMK TaMOMWJI(IPUHLIMM)Ura Kypa
NOFOHAJIM CTEPKEHHUHI TyJia Ae(pOpMAaLMsICUHU Xap Oup Tamku Ky4 P;Ba
xap Oup ywactka orupiuk kyun G; Tabcupuparu aedopManvsIapuHUA
anoxuja-aJoxuaa xuco6m1ad, tyna aedopmalusHU YJIapHUHT ajareOpank
HuFuHIMCH cu(aTUAa TOMUII XaM MyMKHH:

Al=Y Al .

Tamkun P; kyunmap Tabcupuja Xocui Oymaaurad  aOCOJIIOT

nedopmarusiiap TonuiIaau:

A :_Pl(‘”f’:‘_Ptcz_i[“hc]:_ 0.5 (1’4+1’6+2]:—3,05.m‘%=
P EkF  EF  EF\ k 2.10% 031072 1.8
= =306 107 g,
Al =Pz'b+ﬁ=£[i+c]= ! (E+E]=4,82-104;4:4,82-10'3%;
Py EpF EF EF\L 2.10%.03.107 2\ 18
P
Al = o 04 2=1,34.10" 46=1,34. 107 atae.

Pz BF o qpf 31072

OHnu xap 6up yuyactka orupiauru Gj aH OyTyH CTEPKEHHUHT abCOIIOT
nedopmMaruscu TOMMIIAIN:

Al = Ga Gb  Ge Gl(a & ]z_ 0,59 [1,4 +1,5+2J=

T2EF mF BF . BF\ZE B )T 3 1of0310 20218 13
==322.10" 40= =322 107 aaaq;
_Gge 0472

2EF 2.10%0,3.107 . 2
Tonunran abcomoT AedopMalUsIIApHUHT  alreOpauk WHUFUHIUCU

NOFOHAJIM CTEPKEHHUHT YMYyMUH a0COJIIOT epopManusicuHu 6epau:
A= Al = Ay +AL + AL FAl Al + A = — 364107 g

Tommnran kwitmMaTiap xamMma ycyuiapaa Oup xun, Tamabamap 11
YCYJIHU KyJulanuiapu MyMKHH.

= 078310 40 = =078 1077 sgae

Alg, =

2.8. CraTuk aHMKMAC CTepKeHIap
1-noitmxa-xucoOJain HUIMMHUHT UKKUHYM MacajlaC CTaTUK aHMKMac
CTepkeHjapra ouaaup. MWukm KywiapHu, XycycaH OyiiamMa WYKH
KywiapHd (akaT KeCHIll yCyJu OWJIaHTMHA aHWKJIAIll MyMKHH OYyiMmaraH
TA3UMJIAp (CUCTEeMallap) CTAaTHMK HOAHWK TU3UMJIap jAedunanu. bynpaii
TH3UMIIAp XUcoOu OwmiaH OOFIMK Macanaiapia CTaTHK aHWKMAaCIHKHU
ouuIl (MYKKA Ky4 OMUJUIAPUHHM aHUKJIAII) Y9yH MYBO3aHAT TEHIrJaMallapu
Owran Owupra Kyuyuiiap TEHIVIAMACH TY3WIMIIK Ba CUYWIMIIH 3apyp.
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K{yuumnuiap TeHriaamMacu CHCTEMaHUHT JaedhopMalysIaHuII IapTIapuHU
kypuijgan kenu6 uukanu. 1-JIXM HU WMKKUHYM Macajacura YTUIlaaH
OJIIMH KyHuJaru Macajia Kypub YuKusIaIu.

10-macana. Wkku yum wMyTiIaKk OHKp MaxKaMJIaHTaH CTEpP>KEH
KeCUMJIapUIard 3ypUKHIILIAp aHUKIaHCHH (2.13-pacm).

z Euum.
/ﬁ ?RB Tasgnwiapun Tanuia®d  0OOpPUO,  yIAPHUHT
2 ||z | cTepkeHra tabcupu Rp Ba Rg peakuusuiap Owiian
S - | anMamTupuiaagd. by xomma cratmka OuTTa
i *P I +P MyBO3aHAT TEHTJIAMacUHU oepau:
‘ ‘ ZZ=U; Ry—F+R, =0, E,+5,=F (21)
/’E t. Nkxku HOMabiaymid OUTTAa TEHTJIaMa XOCHII
2.13-pacwm Oynam, neMak, macaia Oup MapTa CTaTHK aHUKMAC.

Kyunmmmap TteHrmamacuHu Ty3uiml yuyH A Ba B kecumiap
MaxKamJIaHTaHW HaTIKAachJa NIy KecumiiapAa Ky4Yuluiap HOJTra
TEHTJIUTUHA XucoOra onmb, éku A kecum kyummu A,=0, €ku B kecum
Az=0, ssbHM Oy mapTIapHUHT OuWpuAaH QoiinanaHuin MyMKUH. MacanaH,
Az=0 maptnan doiinananud, B TasHyHU Tanuiad wO60pud, Tawbcupu Rp
Oounan ammamrrupwiaau  (2.14-pacm). Harmxkama Oup yum Owuian
MaxKaMJIaHTaH (CTaTUK aHMK) CTEP>KEHb OJIuHaAU. By cTepxeHb Oepuiran
P kyuman Tamkapu Xo3upua HOMabiayM Rz Kyd Tabcupuaa
nedopmanusananagu. Kyudmap TabCUpPUHU MYCTAKWIUIMK TMPUHIUIHAAH
doiganann0, KyuuIiap TEHIJIaMacu Kyiugarnia Ty3usiaju.

)LB - )LB (P) + )LB (RB) - O, (2 2)
S’bHU XaMMa KY4JIApHUHT OUPTrajuK/Iard TabCUPUIAru KYy4uIl Xxap oup
KYYHUHT aJloXUa TabCUPUIArid KY4YuIIapHUHT areOpauk HUFUHIMCUTa
TEHT OYJIa/iu.

$r | br WOJIHHraH Oy myHocabar (2.1) ra
! ! ! KyHuica,
! ! | R,=P-R,=P--pP=°p
| 4 . 55
*P *P | Keau0 ynkaau. Peakius Ky4JapuHHHT
| | | KaiMaTH ~ MycOaT YUKW, oy
e e e TaHJIaHTaH peakuusl KywIapUHUHT
A A A AyHanumuIapu aciaura MyBO(DUKIIHU-
2.14-pacm

TUHH KypcaTaau.
Peakuus Kyunapu aHMKJIAQHTAHUJIAH CYHT Oy CTEp)KEH CTaTUK aHUK
CTEp)KEHTra aillaHn® KOJIW, SHIU KECHIl ycyiauaaH Qoimgananud, W9IKd
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Ky4d Ba KyWIAHUIUIAPHU FOKOpHUJIa KYPUITaH MHUCOJUIApJard KaOu TOMMII
MYMKHUH.

A) 1-JIXU uunr 2-macanacu (A = 0 6ynrad xoi). bab3u BapuaHTiIap mry
XoJira TyFpu Kenaau. by Macanama Kyiumaru 2.15-pacMparv CTaTHUK
HOAHUK CTepKeH y4yH Oyiyiama Kyd N Ba HOpMasl KywIaHHUII ¢ dMopajapu
KYPWJIUIIN KEPAK:

bepunran: a=1.4 wm; a q: 7 q

b=1.6 M, c=2.0 ™m; B/ B B N
P,=1.0 kH;

F=0,3x10"M";

0:=5 kH/m; i
02 =1 SKH/M, b —R—AI-—é —E—j —_— —a——{—?‘:‘?—ar.qfi ="
k =1.8; A=0;

B 8 2
E =2x10"kH/™m". 2.15-pacm

Anwmxnancud: N, 6-?

Eunin:

CrepxeH TasHUJAPUHUHT TabCUPH pPEaKUusd Kywiapu OujaH
anvarntupuiaay (1.15,6-yu3ma), MyBo3aHaT TEHIJIaMacH TY3HIIA N

RA'ql XCZ-P-qQ Xc-Rg=0; Ra- Rg=5%x1,4+1,0+15%2=38 kH;
Ra- Rg=38 kH. (*)

Homabnym peaknus Kydjapu MKKWTA, TEHrJama 3ca OuTTa, JeMak Oy
CTEepKeH OuMp MapTa CTaTUK HOAHMK. Y XoJila KylIMM4Ya siHa OuTTa
TEHIJIaMa Kepak OynuO, Oy TeHrjamMa CTep>KEHHUHI AeQOopMalMsIIaHMII
mIapTUAAH OJIMHAIY.

[Maknman kypuHuO TypHOIMKH, CTEPKEH UKKU Ky3FalMac TasH4jap
opacuja OYNTaHW YYyH YHUHT y3yHJIUTH y3rapMmailiu, SbHU YHHUHT TYIa
nedopmanusci xaMMa BakT HOJra TeHr Oynumm kepak: A/ = (; Oy mapt
OpPTUKYA PEAKIUS KYYMHUHT KUWMATHHU TOMNHUII YUYyH MIIUIATUIIAIN.
CrepxkeHHUHT TyJa aedopManuscd Kyujgap TabCUPUHHUHI CyNEpHO3ULUs
ycyJqura Kypa TONWIaAW, SbHUA Xap OUp KyyJaH anoxuja-ajioxuaa
xuco611a0 TommIran abCcoT AepOopMaMSITAPHUAT aaTreOpanK HUFHHINCH
HOJITa TEHTJIAITUPUIIAIIN:

AI:AIq+AI +AIq+AI = 0;

P R

2 2
a1 e 1 g

4y OQELF EF 2k EF
_P-c 1 P-c_ 1 111
P EBLRF BEF x EF T

A
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1 1
A _%he i+§;.+i = —— g i+E:'+E =— 217,
4 EF\ 2x k) EF 2 K EF
R

Al = Kot Rab Ree —R_A[im i] =24 34y,
4 BEF EF REF R\ oy
16,67+1,11+21,7-3,49R,= 0,
39,48-3,49R,=0, Ra=11,313 kH = 11.3 kH.
by kmitmat (*) ra kyimnanu: R g =R 5 -38=11,3-38=-26.7xH.

Tasgay  peakmuss  Kywiapd  aHUKJIAHTaHAaH  CYHT,  CTEp)KEH
ydacTKaJapuIard 9Ky Kyd Ba KyWIaHUIIUTAPHA aHUKJIAIT YIYH UXTHEPHA
TasHY TOMWITAH peakKius Ky4dr OWiIaH aaMalITHPWIAAA Ba Oy peakius
Ky4d Tamky Kyd cudaruaa KapanuoO, 1-JIXU aunr 1-macanacugaru kabu
uniap Oaxapuiaau. by Muconga dYam TasHYHUHT TabCHUPHHU PEAKITHS
Ky4d OWJIaH aJaMamITHPHIIIH.

[ yuactka (0 <z, <a):

Fi=kF =1.8%0,3x10°m" = 0,54 x10°m";

N, (Zl): -Ra +(gp Xz = -11,3+5 2z, ; 2:=0; N||(O) =-11.3 kH,

21=a=1.4m; Ny(l.4m) = -11,3+5x 1.4 = -4.3 kH;

o) (Zl) =N, (Zl)/ F = -2092,6"‘925,9 Zl;(paCM 216)

2= 0; 01(0) = -2092,6 kH/M*; z2= a=1.4 m; o, (1.4m) = -796.3 kH/M®.

R & P &fz g
%

I = e B o =

"N"(kH)

S| L 'H'IIIII"V-*-‘~
) b3 4|2 |

713 | |
| 40445

"o (KH e




Il yuactka (a <z2 <a+b):
N (22): -Ra +(0, Xa = -11,3+5x 1.4 =-43 kH,
Fu=F=03x10°m
o (22): N (22)/F|| =-71433.3 kH/M2
Il yaactka (a+b <z3<a+b+c):
Fun=kF =1.8%0,3x10°M" = 0,54x10°M;
Nt (z3) = -Ra +01 X a+Py+0 % (z3 -a-b) = -3,3+15(z5-3);
Z3= a+tb= 3 wm; N|||(3Jl/l) =-3.3 kH,
Z3= atb+tc= 5 wm; N|||(5M) = 26,7 kH;
on (23): Nin (23)/F||| =-611.1+ 27778(23 '3),
Z3=a+b=3 m; oy (3 m) =-611.1 kH/M;
Z3= a+b+c=5m; o (5;m ) = 4944.5 kH/m®.
Tonwiran KuitmMaTinapaan Qoiigananuo, CTep)KeH ydacTkaiapu 0yiiinad
N Ba ¢ nap yuyH smopanap Kypuiaau (2.16-pacwm).
B) 1-JIXY aunr 2-macanacu (a - o 0yarad xou). bepunran a=2
M, ¢=3 M; P=10 Ku, P,=15 Ku, F=0,25-10"m"% =2,5ke/M; K=2;
A=0,02mm; E=2-10°kH/M*; G=q-b=2,5-4=10 Ku; (2,17-pacm)

kF

kF 7 r
ul . ul 7 q 7
§ I 1 P; 4 -
a b c A 6 a b ¢
a) )

2.17-pacm

Eunm. by Typ macajasiapyHy €4YHIIA TAalIKW Kywlap TabCUpPHUAA
OpyC YYMHUHT KY4YHWIIU 3a30pra TEHT €KU KHYMK (al < A ) OYIca, 3a30pian
KeHUH TassHY OOpJIMIy Xe4 KaHJal pojb YiiHamalIu, HaTuXaja Macaia
CTaTMK aHWK Oymaau. DakaTtruHa KyduIin 3a3opAaH Karra (al>a)
oOynranjgaruHa, Opyc y4d Ba TasHY Oopacujia ¥3apo TabCUpP Ky4dd XOCHII
Oymanu, nemak, Macajga CTaTUK HOaHWK OViauO kojamu (2.17-pacwm).
[yauHr yayH OMpUHYY rajjaa Tallkyd Kydjaap TabCUpHUaa OpYCHUHT SPKUH
Y4M KYUHUIIHA TOMHIAAW, OYHUHT YUYYH CYNEPIO3UIUs NPUHIUIIN EpAamMua
Xap Oup TamKku Kyd TabCUpPUIA XOCWJI OYJIraH Ky4WIIHH Xuco0jaol,
YJIapHUHT areOpauK WUFUHIUCH OJTMHAIN.

Pa P P b 10.4
ﬁf(ﬂ):—f‘x+—fb+:—f[a+—]: - = 8010 2= 0,08a0¢
EF  EEF . EF\ k) Z2-10°.025-10

M(Pg:P = 152 = 60107 a¢ = 0,020,

i
EFR 20%.0 251072
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O.h G g b 10.3

Mgls ——+——=—|—ta|= ——
2EELF RER ORF\2L 0.5.10

ﬂf=2ﬂf(Pi:I=D,08M; deaar, N o= AT

= 60.107 a¢ = 0,06 a0,

byHnan kypuHaauku, macajga CTaTUK HOaHUK. CTaTMKaHWHT MYBO3aHAT
TeHramacu 2.17,0-pacMm yuyH Ty3ulIaau:

-Ra -P> +G +P; —Rg = 0; Rar+ Rg =5.
CrepxeH B yYMHUHT KYYUIIM Az 3a30p A ra TeHT OynMIIM Kepak, Oy
Kyuuin 3ca Tamku kywiap P; , P, , G Ba tasHu peakmus kyuun Rg
TabCUPUJIA XOCHJI OYI1a]In:
Az = A; Al + Al(Rg) = A;

AR __2s oo |2 1R 107 3acem —0,014R  acse
(B]I— E c ; = ' Avae= =0, o

00800148, =002, R. =% _aopeer: B =5-RF_=5-47286 = 07145
B B 0,014 A B

Texmmpumn: Al(Rg) =-0,014xRg = -0,014%4,286 = -0,06 mm;
Al + Al(Rg) = A, 0,08 - 0,06 = 0,02; 0,02=0,02.

[ yuactka (0 <z, <c¢):
N,=-Rg=- 4,286 kH,
o1 = NJF, = -4,286/0,25%x102 = -1714,4 kH/M*;

IT ygactka (c <z, <b+c):

%
|
F

15714

2.714

3143

2856

i

S]]

143

4.280

2.18-pacm

Il yuactka (b+ ¢ <zz<a+b+c):

i714.4

"N"(kH)

"g" (kH/e)

i) 1 lig R Ny = -Rg +P; + q(z-C)=

=4,286+10+2,5(z,-3)= 5,714+
+ 2,5(2,-3);
Fu = kF = 2x0,25x10%° =
=0,5%10"m*;
Zo=3 Mm; N||(3Jl/l) =5714 kH;
2,=7m; Ny(7m)=5,714+2.5x4=
=15.714 kH;
an=Ny/F, =
_ 5,714 2,5 —
= — + - (z,-3)=

0,5-10 0,5-10
= 1143+500(z,-3);
2,=3 m; ou (3m)= 1143 kH/\*;
2,=7 m; on(7m) = 3143 kH/m®.

2

Ny = -Rg +P;+¢g xb-P, = -4,286+10+10-15 = 0,714 kH;
o= Ny/F = 0,714/0,25x107 = 285,6 kH/m* .
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Tonunran kuiiMatiapaan ¢oiiiananubd, cTepKeH ydacTkanapu Oyiinad
N Ba ¢ J1ap yuyH smropajnap Kypamu3 (2.18-pacm).

2.9 CTaTMK HOAHUK THU3UMJIAP

Ymby macanama OepuiiraH CTaTUK HOAHUK CTEPXKEHJIAp CUCTEMacH
yUyH KyHuaara unoiap 6axapuinuimu kepak (2.19-pacwm):
1. Crepxxennapaaru 3ypuKHUIl Ky4Japyu aHUKJIAHCHH.
2. CTepKeHIapHUHT KYHJAIaHT KEeCUMHU UKKUTA TEHT €HJIM OypuYaKIuKIaH
nbopat Ba Oy Oypuaknuk pakamu R=210 MIlIa ([c]=160 MIla) 6ynranuma
aHukKmaHcuH. bepunran: a=2m, b=3m, c=1m, k=2, P =100 kH, [c]=160
MTIla= =1600xr/cm* =16x10°n/cM*.

Euyum.

A HyKTama mapHup OWJIaH MaxkKamJjaHraH aOcoiiioT KarTuk AB
opycra P=100 ku kyu Tabcup kuiaau, opyc BC Ba EJ] nynat crepxkennap
Owrnan ocwirad. CrepkeHnap KYHIadaHT
KECUMUHM aHUKJAIl YYyH YyJapja XOCHJ
oymaguran N; Ba N, Ba WYKHM KydJapHH
Tonuil 3apyp. byHunr yuyn A Ttasuud Ba BC,
EJl crepxkennap tabcupu Rax, Ray , N1, Ny
Kywiap OwiaH anmarntupuiaam (2.19-pacm).
AB Opyc ydYyH CTaTUKaHUHT MYyBO3aHaT
TEHTrJIaMallapy Ty3WJIaJIN:

>.X=0, R, —Necosa=0,
PF=0, R,+N,-P+Nsna=0
Zmﬂ(ﬂ-) =0, Ma-FPla+d)+Nmmaeg+b+c)=0

2.19-pacm

Ty3unran yuyra MyBo3aHat TeHIJIaMalapuia TYpPTTa HOMAbJIyM KydJiap
KAaTHAITAaHJIUTH y4yyH Oy macaia OuMp MapTa CTaTUK HOAHMK, KyIIMMYa
TYPTUHYU TEHrjama OpycHUHT P kyd Tabcupuja KyuyumuaaH ojduHaau. P
kyd4 Tabcupunia BC crepxen uy3mnum0, EJl crepxen cukunuo,

: AB Opyc A mapaup arpoduna
arinanagu, OyHzma Opyc aOcoioT
KaTTuK 1e0 KapamaéTraHu y4yH
TyFpunuruda  Kojaau  (2.20-pacm).
Yubypuakiap YXIIanumra
AAEE | ~AABB , JaH Kyuuaaru
MyHOCa0aT OJIMHAIU:

2.20-pacm
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Ezﬂéﬂﬂl-ﬂﬁﬁﬁﬁl-ﬂﬂ
EE, BB,

HNxxkuaun ToMOHIaH

Ad)

EE =hl,, BBj=—L
S &

by epna:

BC =ofb* +(b+c)? =3 +4> =5m, sina=CE/BC=b/BC =3/5=06cosa=038

Y xonma BC Ba EJl crepxeHnmapHUHT aOCONIOT Jedopmariusiapu
opacujaru Kyiujaara MyHocadaT TOIHIIA N
bla=Ma+b+o)sina | Al =3-064L, Al =1800;

['yk KOHyHU
g;‘l:Nl'BC:iNl Mgzwz'ﬂ:i ]
K iy Rk EF
naH (oimanmanno, KyHnuaara TEHIJITMK OJTMHAIN .
5 1
e =B s e W o36w,

MyBo3aHaT TeHTJIaMaJlapuHUHT yuyuHYucuaan ¢oiimananud, N; Ba N,
Ky4Jap opacuiaru Kyiujaaru TEHJIUK OJUHAIN:
2 N —100.5+M,.0,6.6=0, N, =250-138H,
By Tenrnmamanap Oupiamtupuiand, KyWnaara TEHIrjiaMajiap CUCTEMacu
XOCHJI KUJTMHA]IN
N, =0,36N,,
{Ng = 250 18N, = 250- 18- 0361,.
by cucremanan N; Ba N, kydnap Tonunaau:
Leds A, = 250,
Ny =250:1648 =121 7xH,
Ny =0360N, =036 1517 =54 6xf.
Kyunanumnnap aHuKIaHaIu:
ay=NITF, =N, [l
by Tonmnran kuriMaTiaap MyCTaxKamJIMK IIAPTUTa Ky MUJIa]IN:
a =[al, ay =[al,
= ﬂ = —546003H catt = 3420
[c] 16.10°H
. M, _ 151700 H
ko] 216 10°H
Tonunran KuiiMatiapJad KaTTacu OJUHAIU, sS’bHU, F = 4,74 e’
I'OCT 8509-89 nman mynat mpokar OypyakiiMK pakaMu KUJIUPUIIAJIU:
Macana maptumga Xap Oup cCTepKeH y4yH Oypdyakiukiap Oup XKyt
6epuirann cababmu CB crepxen yuyn 4,74:2=2.37 cM® TammanHagd, Oy

cagt = 4,?4CM2.
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yuyH Ne 3,2 nan xanunnuru d=4 MM Ba kecuM ro3acu F=2,34 cm’ oynran
Oypuakiauk Moc. EJ] crepxxen yuyH kF = 2x 4,74= 9,48 6ynranu cabalbau
Ne 5 Oypuaknuknapaad KanuHIurd d=5 MM OypUYaKIMKHUHT KECUM F03aCH
4,8 e’ oynranu tanma"Hagu. Jlemak, Ne 32x32x4 man 1 xydT onmHaIU
(BC yuyn), Ne 50x50x5 nan 1 xydt onunagu (ED yuyh).

3. Bpycaapum sruiumra xucooJan

bpycnap Oyitnama cumMMeTpusi TEKHCIWTMAa €ETraH TalllKU IOKJIap
TabCcUpuAaH JedopManuanaHuO, yJIapHUHT  ToJlAYalapd  YHU3UKIH
XOJIaTIaH  ATPM  YM3MK  XojaTura Vyraad. bpycHuHr  OyHaau
nedopmanuscud TEKUC OSTUidul JAeduinaau. by srumiira Kapiiiiuk
KypcaTyBun Opyciap ©Oanka 1e0 artanaau. Tekuc OSrUIUIIaard
OalKaJlapHUHT Xap OWp KYHIAJTAHT KecuMiapuaa XOCHJI OyiaauraH
WYKA 3YPUKUII Kywiapu (KYHIATaHT Kyd Ba STYBUM MOMEHT), Xamja
YVIApHUHT  JAepopMalMsUIapUHA (KECUMHMHI  OFMII  Oypyarn  Ba
CAIKWINTHM) aHUKJAll Tajnad KuWiuHaau. by MUKIOpIapHUH aHUKJAll
OaskalapHu XUcoOJall Macajlacura KApaju.

3.1 TasiH4 TypJ1apu Ba yJIapHUHI KMHEMATHK XaM/1a CTATHK
XapaKTepUCTHKACH

bankamap y4yyH y4 Typaaru TasHWiIap HMOUIATUIAOA.  YIap
OankasapHu XucoOJalila CXEeMaTUK paBMILIJA KypcaTHIIaJIu.

1. Hunuanpuk mapHupiau KysramyBum TasHY (3.1 a Ba O-pacwm).
bynpgait TasHu OankaHMHr OofjaHraH (akaT BepTUKAT KYUYHUIIUra
KAapIIWIMK KypcaTaau Ba Iy WYHaIum OYyilmda sKKa peakuusl Kydu
xocun Oyiamu.

2. llwmuaapuk 1rapHupiaM  KysraiMac TasH4 (3.1 B Ba r-pacm).
bynpail TasH4 OankaHUHT OOFfJaHraH KECMMH TOPU30HTaJl Ba BEPTUKAI
WyHanmum  OyiiMua Kyuuiura Kapumuibk — kypcaranud.  [lapaupiu
Ky3faaMac TasgH4YJa peakuus Kydd XaMMa BakT BepTHKal Ba
TOPU30HTAN Ty3YyBUMJIapra aXpaTWinO, MUKAOPU aHUKJIAHAIU.

3. Kuctupnu6 maxkamianran TtasHd (3.1 g Ba e-pacM). bynpait TasHu
OunaH MaxkKamyIlaHraH OalJKaHMHT Y4Yd YM3UKIM Ba  Oypyakiu
Kyuunuiapgan — 4dekimanran — Oymagm. Iy  caGabam  Kuctupud
MaxKaMJIaHTaH TasgHYZa AOUMO Y4 XWJ peakuus Kydd Xocui Oymanu,
SPHU PpEAKLUMsl KYYHHUHT BEpPTUKAJ, TOPU3OHTAN Ty3yBUHJIApU OujaH
pEaKkTUB MOMEHT.

3.2 bajakajnapHUHT TypJapu

bankamap TasHumap €paamuaa acocra OOFJIaHMII yCyJdud Ba

YJIAPHUHT >KOWJAIIUIINIa Kypa KyHujaru TypJjapra OYiIvHaIW:
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1. Opouit Oanka. Arap OankaHUHT OUp Y4yd KYy3FalMac IIapHUPIH
TasHY, WKKWHHYA Y9 0OcCa KYy3FalyBUM IMAPHUPJIM TasHY EpaamMuia
acocra OofnaHraH Oyica, OyHmail Oanka onauii Oanka aeiunanu (3.2 a-
pacm).

2. Koncon Oanmka. Arap OajnkaHuHr OUp y4d  KUCTUPHO
MaxKaMJIaHTaH, MKKHMHYM y4H 3ca IpKUH Oyica, OyHmai Oajika KOHCOJI
Oanka neitmnanu (3.2 0-pacm).

3. Koncommu Ganka. Arap mapHuUpiIM TasHY OaJKaHUHT OHpOp
yaura  HUcCOaTaH  WYKapu  OJKOWJAmTrad  Oyica, SbHH  yHUHT
TasHWIApWJIaH TalllKapura YWKKaH KUCMHU Oyica, y xoima  Oup Exu
KKK KOHCOJUIM Oanka aevmnanu (3.2 B, T-pacm).

4. lapuupnu 6anka. Arap Oup Heuya OJui, KOHCOJUTH Oankanap oup-
Oupura mapHupiap épaamMuaa TyTalITUPUITaH Oyica, OyHmaii Oankamap
HmIapHupiid Oankanmap ae0 HomutaHamu (3.2 1-pacm).

TasHWIapHUHT HOMAabAyM pEakUMsUIApUHU aHUKJIA ycyau Oyinua
Oajikayap CTaTUK aHUK Ba HOAHUK Oankaiapra OYiIvHaAM.

y y
6)

e

Yy
e)/l\

| | I — —

L

RS
<:|§

¥

3.1-pacm

bankanuHr  HOMAabJiyM TasHY  pEAKUUSJIAp COHM  CTAaTHKAHWHT
MyBO3aHAT TEHTJaMajaap COHHWra TeHr Oyica, OyHmai Oanka CTaTHK
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aHuK Oankagup. bamkaHMHr HOMabIyM TasHY peakuusjgap COHHU
CTaTUKAHMHI MYBO3aHaT TEHIVIAMaJIap COHUJAH Kym Oyica, CTaTHK
HOAHUK Oanka OYiaaw.

a) A

—
H . %
14

8)

:
—=}

{l
|
9 4 B 2) .
1l / el b
a
[
0)
4 & z

3.2-pacm

3.3 BaJKaHMHI TasiHY PeaKUMSJIAPUHM AHUKJIALI
Cratuk aHUK OaJKaHWHT HOMABJIyM TasHY  pPEAKIUSIIAPUHU
aHMKJIaIIa CTAaTHKAaHWHT KyWHJArd MyBO3aHaT TeHIJIamMalapuiaH
dbolnananunagm:
22=0;2Y=0; JM=0. (3.1)
bankara TabcHp KWIyBUM TalIKM Kywiap BEPTUKAI WyHaJIraH
oynca (3.1 a, B-pacmiiapga KypcatuiraH), OankajJapHUHT TasHY peak-
IUs JIADUHM  AHUKJIAIl  CTAaTMKAaHWHT  KyWHaard  TeHrJamMajiapura
aCOCJIaHTaH:
2M;, =0;2Mz=0. (3.2)
Crarukanmar 2’ Y = 0 wMyBo3aHaT TeHIIaMacd 3ca, TasHY
peaxknusap TYFpPH aHUKJIAHTAHWHHW TEKIIUPHUII YYyH WIUIATUJIA/IH.
[Tapaupnu OankamapHuHr (3.1, r-pacM) HOMabJIyM TasHY peEaKIIUs-
JapyUHU aHWKJIAIa CTaTUKAaHWHT MYBO3aHAT TEHTJIAMaJapUHU TaTOWK
KWl OujlaH Oup Karopaa OalkalapHUHT OOFJIOBUM IIAPHUPIAH Yall
¢KM YHI TOMOHJA TabCHp KWJIAETraH KyWJIapHUHT IIAPHUPHUHT MapKa3
HyKTacura HucOaTaH OJMHTaH MOMEHTJIAPHUHT anreOpauk WUFUHANCU
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HOJITa TCHIJIMK IIapTUAAH (boﬁz[anaHHnaz[H, ABHA 2 M o= E€KU
VIS
TassHu peakuusUIapHU aHUKJIAIITa TECT MacajallapH.
No banka cxemacu Kapobiap
b q | M | BapuanTH
Va | Vg
1 4'p ) g s 3 20| 3 |55
(T I I rrIrrrrsy
b 7 [ T
]
2 M 3 2 6 (145| 9
A q B
%é}uuuluuuui
p 7 ; .
3 ¢p ) g 5| 2 3|02/ 13
(TT T T I T ITTITIT1I1}
b . [
4 2 3 9 17 | 19
{ lllllllllllllllll
5 4 4 9 11 17
{ lllllllllllllllll
6 ivP y B 3 4 0 |145|115
lllllllllllllllli
Ab;\A [ -
7 4'P ) g 5 |2 3|0 |105] 45
NN NN
p P | :
8 M , 3 3 | 12 5 7
{A q B
llHHHHHHHi
p P ; .
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3.4 banka KyHAAJaHT KeCHMJIapUaa XO0CHJI
OyIauran M4YKM 3YPUKHUII Ky4Wwiapu

bankaHuHT WYKK 3YpUKMII KyWIApUHU  aHMUKJIAIl YYyH KECHII
ycynmuaad  (Qoimanmannd, yHW Yam yuujaaH uXTUEpuid Z Macodana
bukpan kecunanu (3.3-pacm). KyHpmaganr kecumaa XOCHII OYiaauraH
WYKA 3YpUKHUIUIAPHW aHUKJIAIl y4YyH OajJKaHMHT 4Yam &KW YHT
TOMOHMHU OJHMO, YHMHI MYyBO3aHaT XOJaTH TeKIIMpuiIagu. MacanaH,
OaJIKAaHUHI C-C KECMMHUJIAaH YHI TOMOHHMJArd OynaruHu oyn0, yar
TOMOHUTA KYWWJITaH TallK{d FOKJIap Iy c-C Kecumra kyumpuiamu (3.3
0-pacMm). Ma3kyp KecuMra Ky4YUpWITaH BEPTUKAI  KyWIAPHUHT
anreOpavk WUFUHANCU KYHJAJIAHT Ky4dHU udomamaiiam Ba y Q xapdu
OwslaHn OenruaaHaIu.

Q@)=Va—P1 - Py (3.3)

Kyuupunran moknapaaH Xocuil OYJIraH MOMEHTIAPHUHT aireopaunk
WWFUHIIUCU C-C KECUMJIard 3TYBYM MOMEHTHHM TallIKWJI KWUJIagu Ba Yy
M xapbu Owmnan kypcatunaau (3.3 0 Ba B-pacm).

M(2) =Vpaz-P1(2—a1)-P2(z—az) . (3.4)

Jlemak, OankaHWUHT Xap OMp KYHIAJaHT KECUMHUIA STYBYHM MOMEHT
Ba KYHJAJaHT Ky4 XOocun Oynaau. bankaHuHT MXTUEPUN KECUMUIATH
KYHJAJaHT Kyd Iy KeCUMJaH OWp TOMOHJAA TabCUp KWJIAETTaH TaIlKU
IOKJITAPHUHT BEpPTUKaAl VKKa HUcOAaTaH OJIMHTaH MPOCKIUsJIAPUHUHT
anreOpauk WUFUHIUCUTA TEHT.

In |

6)

- ‘ Piiz-a:
a) |ay p, 2 Ps !
SN -

— f
I a / Ve
> ) | Nxtuépuini kecumgaru -sryByu
| MOMEHT MHUKIOPH dCa, LIy KECHUM-
C HUHT OFUPJIMK MapKas3ura Hucoaras
OJIMHTaH MOMEHTJIAPHUHI anredpa-
VK UMFUHIUCUTA TEHT.

Paz-ae)

M) ‘o) e

3.3-pacm
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WNuku 3ypukum kyunap Q Ba M yuyH Kyiuaaru uimopa Koujaacu
KaOyJ1 KHJIMHTaH:

1) arap Tabcup KuiaéTraH Kyd KypuiIaéTraH KyHIaJaHI Kecumra
HUcOaTaH OaJKaHUHT MYBO3aHATH TEKIIUPUIAETTaH KHUCMHUHU COar
CTPEJIKACUHUHT XapakaT WYHaIWIIM OYVHWYa alIaHTUPHINTra HWHTUJICA, Y
X0JIJIa TETUIUIM Ky4JaH MycOaT MIIOpaiu KYyHJalaHT Kyd XOocuil Oyiaau,
akcuH4a OyJica, xoyijia MaH(UM HIIOpany KYHJIAJaHT Kyd MaBxXYy/I.

2) arap OaJKaHWHT MYBO3aHATH TEKIIMPWIAETIaH KHCMUTA KyHHITaH
Xap KaHJal TalKu Kyd €KM MOMEHT OCTKM Tojlayaliapaa 4Yy3HJIUII
nedopMalUsACUHA XOCWJ KWJICa, Y XOJiJla Ma3Kyp TabCUPJAH MaBXKy.l
Oynran Kypuna€TraH KeCHMJIard 3TyYBUYM MOMEHT MycOaT HIIopanu 11e0
KaOyJ1 KWJIMHAQAM, aKC X0J11a MaH(HH UIopa OUJIaH OJIHUII JIO3UM.

3.5 KyHpananr Ky4 Ba 3ryBYd MOMEHT 3MIOPAJAPUHA KYPHUII

bankanuHr xap Oup KyHAQJIaHr KecuMuAa KyHAananr kyd —Q Ba
TYBYM MOMEHT — M Xocun Oynaam, ynapuunr mukaopu (3.3) Ba (3.4)
udonanapra acocan adcuucca Zra OOFJIHK.

Q@)=A2); M(@)=y(2). (3.5)

bankamapuu  xucoOnamaa 3ryBUMd  MOMEHT  Ba  KYHAAQJIAaHT

KYWIAPHUHT MaKcuMaj MUKIOopJiapu 3apyp Oynaau. by MuknopnapHu

aHukimam ydyH (3.5) TeHrlamanapra acocaH OaJlKaHUHT Y3YHJIUTH

Oyiinua  ymapHuHr  rpadurn  umswiagd.  Maskyp — rpaduxiap
Marepuamuiap KApUIWIMIKM KypcHuaa 3Mopa JCHUIIaIN.

bankanuur  y3yHnaura  OyiMya < KYHAQJIAHT  Kyd  MHUKIOpHU
yrapumman ~ udogamoBun  TpaduKHM  KYHOATAHT Kyd  JIIOpacu
NEeUnIaau.

bankanuur  y3ynnuru — Oyidnya 3ryBYM  MOMEHT KUHUMATHHUHT
Yy3rapuiliMH KypcaTyBuUM TpauK YU3UFU OSTYBYM MOMEHT JIIOPACH
NEeUnIaau.

Kyunananr xyd — Q Ba SryBYM MOMEHT — M JApHUHT SMIOpaapuHU
KypUIllla KyHuJard TapTuOiard umuiap Oakapwill TABCHS KUJIMHAIM:

1. bankaHUHT HOMabIyM TasHY PEAKUMSIAPUHHU AHUKJIALL;

2. bankaHuHr yyacTKajlapuHU Oenruiaii;

3. Xap Oup yuacTka ydyH KYHAQJIaHT Kyd Ba 3TyBYM MOMEHT
TEHIJIaMaJlapUHA TY3UILI;

4. Kynpgananr Ky4 Ba O3ryBYMd MOMEHT TEHIJIAMAJIApUra acocCaH,
OalkaHUHT Xap OWp yyacTKacu YYyH TEruIUiM rpaduk-3mopanap
YU3WIAH;

5. Kypuiran snropaiapHu TEKIIHMPHIL.
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Oxopuma Oepunran Taptud Oyiimua Oup Heda Oankamap yuyH Q
Ba M »smropanapu Kypuiaaau.

1-mucon. Ommmii OankaHUHT KyHAamTaHr Kyd «Q» Ba JryBum
MOMEHT «My smiopanapu KypuicuH (3.4 a-pacm)

Eunm. 1. HoMabiym TasiHd peakuusijapyd aHUKJIaHAIU.

banka cxemacupa TasHY peakius KYyWIAPHUHI BEKTOPJIAPUHM Yam
TasHYJla BEPTHUKAJl Ba TOPU3OHTAI Ty3yBUWJIApU, YHI TasHYjJa 5ca
(dakaT BepTUKAJI Ty3yBUMCH MycOaT HyHanuiiga Kypcatwiagu. Tamku
oKIap (akat BepTUKaNl KyujaapiaH uOopaT OyiaraHu y4yyH, OajgKaHUHT
FOPU30HTA]l  PEaKIUICH HOJra TEeHr (Yu3Maza KypcaThjMaras).
Beprukan  peakuusulapHM — aHMKJIAIl YYyH ~ CTaTHKAHWUHI  WMKKHTA
MyBO3aHAT TeHrIaMaiapuaan Goimananmiam. XM, = OBa 2 Mg =
0. by Ttenrnamamapga A Ba B HyKTamap TasHWIAPHUHT LWJIWHIPUK
mapHup YKu OwiiaH OaJKaHWMHT TEOMETPUK VKU TyTallraH HyKTajdapaup
(3.4 a-pacm).

M;=0;M-P3+q66-VNs9=0,; v _379:3+3:0:8 B4 a3kH :

y 9

9
2 Mg = 0 M + P6 + q66 — Vg9 = 0 ;
v - ~3-96+3.6-3 ..
9

AHUKJTaHTaH TasHY pPEaKIusd Kywiapd MUKIOPWHH  OaJKaHWHT
cxemacura Kyuupuo €310, TEKIUPUI YTKA3UIAIu:

Z y:O, V/_\+P - Q‘6+VB= O,
-0.33+9-3:6 +9.33 =0; 0=0.

2. banka yuacTkajmapu YHHHT cXemacuaa Oenrunad Kyiwiaau
(3.4-pacmpa yuactkanap I Ba Il pakamiap Onian OelruiaHraH).

3. BankanuHr xap Oup ydactkacu yuyH Q(z) Ba M(z) Tenrinamanapu
Ty3UJIaau.

| yuactka, I-l1 kecum, 0 < z; <3 wm.

Qi(z1) = -Va; Mi(z1) =M-V, z;.

Kyunananr kyd Q(z;) Tenrmamacu aOciucca ykura napajuien Oyiara
YU3WUK TEHIJIaMacHuIup, STbHU ydacTKa OOIM Ba OXHpHIA KYyHIAIAHT Kyd
MUKJIOpU OUp XU

2:=0; Q|( 0 ) =-Vao=-0.33«kH; 2, =3 m; Q|(3M ) =-V, =-0.33 kH.

OryBun MOMEHT TEHTJIAMACH Mi(z;)) — rtyrpu YU3UK
TEHIJIaMacuaup, 11y cababmu KypuiaéTraH y4aCTKaHWHT UKKHATA KECUMH
Y9yH MUAKJIOP aHUKJIaHA]IH:

Yuactkanuar oommuga , z; =0; M(0) =M =3 xkHwm;

VYyactkanuar oxupwaa , z; =3 m; M3 m) =3—0.33-3 =2 kHwm.
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Il yaactka, -1l xecum, 0 < 7, <6 .m;
Qu(z2)=0 2, —Vi; Mi(z2)=Ve 2o- q% .

KyHmananr KydHUHT TETHIUIA KECUMIArd MHKIOPH aHUKJIaHaIu:

Yyactkanuar Oommuga, Z, = 0.m; Qu(0) =V =9.33 kH,

VYyacTkaHuHT oXuUpunaa, Z; = 3 m,; Qu(3 m) =3-6-9.33=8.67 kH.

OryBun MoMmeHT TeHrimamacu My (z;) — kBagpar mapabosta
TEHIJIaMacuaup, Iy cadabnu YHUHT MHUKIOPHHHM yd4Ta KecHuMja
aHMKJIaHaaW: ydacTkaHuHr oommuaa Z; = 0; M, (0) = 0;

2

YyacTkaHUHT oXupHaa , Z; =6 m, My(6m) =9.33:6 3% .
2

Yyunun kecuM cudatuga KYHAAIAHT Ky4 HOJra TEHT OyiraH
KeCHMM OJInHaau. Ma3kyp kecuMm aOcumccacH Z, aHUKJIaHaau. ByHUHT
Y4yH Iy YYaCTKaHMHI  KYHJAJaHr Ky4 TEHIJJaMacu  HojJra
TEHIJIAIITUPUINO, Zy Macoda TOMUIA/IH.

//A M=3xHm q/::“kH A :
@ A PR S S S N A S N S B
gz — £ Z 3 sy
< @ P=3kH =
17a=0.33kH I"5=9.33kH
8.67
0)
0.3303 - - Q(z)
9 33
. 4
a) NG : ‘ l - -
[ ——o [ ] I II -‘»—'- T 3 ‘ M(Z)

DN i nn -
Qu(zo) =q 20— Vg =0, OyHman Zp= v_/q=9.3/3=3.11 M.
AHUKJIaHTaH Zg MUKJIOpPUIa acocaH, yd4acTKaJa MaKCHMaj OJIyBYH
MOMEHT KHMWMAaTH TONWIagU
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2

2
4. O(z) sa M(z) >mropanapHu YU3aMU3.
bankanunr [ Ba Il ywacTkanapy ydyH aHUKJIAHTaH KyHIAJaHT Kyd
Q omopamap MamTad Ownan uymswianu (3.4 6 Ba B-pacMm). Maskyp
smropasiap OalKaHWHT CXeMacH OCTHAA YH3WIAJIU.

M, . =M, (3.11x)=9.33.3.11 -3 =14 51 kHwm.

max

2-mucoa. bup yum KuctTHpuO MaxkamisaHTaH Oallka-KOHCOJIHU
STYBYM MOMEHT Ba KYHJAJaHI Kyd JIiopaiapu KypuicuH (3.5 a-pacm).
bepunran koHcon Oankaaa TasHY peaKUUsUIApUHU AHUKJIAIIHUHT
3apypusATH HWYK. balkaHWHT SpKUH YyYWJaH ydacTKajgapra axparuo,
KYHJaJaHT Kyd4 Ba OTYBYM MOMEHT TCHTJIaMalapyu TYy3WJIaJIH.
| yaactka, I-1 xecumm, 0 < z; <4 m (pacm 3.5, a).
KyHpamanr Kyd TeHrjiamacw: Qi(z1) =P +qzy;
:

z
OryBud MOMEHT TeHriamacu: M,(zy) =Pz; - .
2

VYyacTkaHuHr OomIMJard KYHAAJIAHT Kyd Ba OJTyBYM MOMEHT
MUKJOpJIapyd XUCOOIaHaIu:

71 =0; Ql(O) =-P =9 «H, M|(0) =0.

YyacTKaHMHT OXUpHUAArd KECUM YYyH KYHIQJIaHT Kyd Ba ATYBUU
MOMEHT KUMMAaTJIapyu aHUKJIAHA]IU:

20 =4 ; Qu(4n) =9+ 3-4 =3 kH; Mi(4m) =54 - 3§ _1 kHm.

Kynpamanr kyd Hojira TeHr Oyiran kecum abciuccacu TOMWIAIN:
Qi(zo) =P +0qz,=0; z, =P/g=9/3=3m.
AHMKJIaHTaH Z, MUKJOpUra acoCaH Y4acTKaJa MaKCHUMall 3TyBYHd
MOMEHT KUMMAaTHU TOIWJIAIN:

2

3
M, =M, (Bu)=9-3-3—=13.5 KHMm.
2

max

Il yaactka, -1l xecumu, 4 m < 7, <6 m.

Kypunaérran ywactka y4yyH KYHAQJIAaHT Ky4 Ba OSryBYd MOMEHT
TEHIJIaMaJlapy TY3WIAIH.

Qi(z2) =P +q-4, My(z2) =Pz, - q-4+(2,-2)+ M.

Y4YacTKaHUHI TETHUIUIM KECHUMJIapUAa KYHJAJAHT Ky4Y Ba OJTyBYH
MOMEHT MHKJIOpJApH YJIApPHUHT TEHIJIAMalapura acocaH  Xuco0irad
TOIHJIA .

Zoy=Am; Qn(dm)=9+ 3-4=3xH; My(4m) =9-4-3-.4-(4-2)+3 =15 KHMm.

Zo=0M; Q||(6Jl/l):-9+ 3-4=3kH; M||(6]l/l) =9.4-3.4-(6-2)+3=9 KHm.
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Xap Oup yudactka yuyH anukianraH Q Ba M muknopnapra acocas,
YJIApHUHT TETUIUTM OJIopajapu OalKaHUHT CXEMacH OCTHIa MarTab
oyinmya um3uiaau (3.5 6 Ba B-pacm).

M=3kH rr
Ar---\ q=3kH M
a) ';,Illllllllﬁlll? X
, gy P=kH
3 3

5) COUT T Ofz)

g
6)
B
! Fo
M. =133
3.5-pacm

3-mucoJ. Koncommm Oanka yuyH (3.6 a-pacM) 3ryBud MOMEHT Ba
KYHJAJaHT Kyd SMIopanapu KypHICHH.

1. bamkanmHar cxemMacupa TasHY ~ PEAKIHS  BEKTOPJIAPUHUHT
UyHaIUIIMHU OenruiaaHu0, MUKAOpJapu aHUKIaHAH.

Vur tapadard TasHY PEAKNHWSIHU aHUKJIANl YYyH CTaTHKAHUHT
MyBO3aHaT TEHIJIaMacH TY3WIagu

>M, =0;-M-P;.4+q.8.8-V, 12+ P, 14 =0;

~M -P 4+q-8-8+P, 14 —4-24.4+4-8-8+6-14 240
12 12 12

Yan Tapadgard TasHIHHMHT PEaAKIUS Ky49d aHUKIaHAIU
>Mg =0; -M+P;.8-q.84+P,2-V,12=0;
M -P, -8+q-8-4-P, -2 4-24-8+4-8-4-6-2 —72

v, = = = = 6 KkH .
12 12 12
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bepwiran ©Oanka yurta ywactkagaH wubopar, ymapau |, Il Ba Il
pakamiap Owian Oenrminananau (3.6 a-pacm).

2. bankaHuwHr y4yacTKacu y4yH KYHIQJIAHT Kyd Ba STYBYM MOMEHT
TEHTJIaMaJapUHU Ty3WO, SIIOpajap YM3WII yY49yH MasKyp ydacTKajiapjaa
XapaKTepJIk OpIMHATAIAP TOITHIIAIN:

| yaactka, I-1 xecumu, 0< 73 <4 m.
Qi(z1) = -Va; Mi(z1) =Vazi - M.
1 :O, Q|(O):'VA =-6 KkH, M|(O) =-M =-4 kHwm;
Zy =4 m; Qi(4m ) =Vp =4 kH; M\(3m) =64-4=28 xHm.
Il yaactka, Il-11 kecumu, 2 m < 25 <10 m.
Q(2) Ba M(2) Tenrnamanapu: Qy(z;) = P,-Ve+((22-2) ;

M|(Zl) =-P,-z,+V,(z,-2)- qu.

YyacTkaHWHT OOIIMa Ba OXHUPHUIATHM MHUKIOPJIAPHU AHHWKJIAII:
Z; =2m; Qu(2m) =-6-20+4(2-2)=14 kn ;
Mu(2m) =6.2+20(2-2)-4 % =2 _ 15 kHu;
2
2, =103 ; On(10m) =-6-20+4(10-2)=18 xH ;

Mu(10m) =6.10+20(10-2)-4"% =2 _ 5 xHu.
2

YyacTkaHUHT MaKcHUMall 9T'YBUYM MOMCHT MHUKIOPHHHU TOIIMIIL:
—N- V. +2q-P 20 +2-4-6 .
Q||(ZO) :PQ-VB+q(Zo-2—O, z,=— Z = =55M,

q 4

My(5.5x) =6.5.5+20(5.5-2)-4 > "2 _ 15 5 xHu.
2

Il yaactka, -1l xecumn, 0 < z3<2 m.

Ma3kyp y4YacTKaHWUHT KECHMJIaH YHI KHUCMHUHU KypuO, KyWumaru
TEeHTJIamMasap Ty3Wiaiu:

Qumi(zz) =P2; My(z3)=P, z3.

YyacTkanuHr OOIM Ba OXHUpPHAA KyHJAJIaHT Kyd Ba JTyBYH
MOMEHT MUKJOpJapH TOIMIIAJIN:

z3=0; Qu(0)=P,=6«H; My(0) =0;

Z3=2m; Qu(2m) =P, =6 kH ; M\(2m) =6-2=12 kHm Ba Teruiun
smropaniap yusmiaaam (3.6 6 Ba B-pacm).

4-mmcoJi._bup mapHupiau Oanka ydyyH KYHAQJIAHT Ky4 Ba OSTyBYH
MOMEHT JIIopaiapu KypuicuH (3.7, a-pacm).
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M=4kHwm

— T Pi=6kH
‘h . q{—-,fﬂff MOX B m *
- A S A
ot r T Hl:[ = I '%E-J_
da | S M 1 2 M
Voizorrr  Pr=24kH 15 =20kH
&) 18
i 6§
+ i
H T m 1
g 6 |
| 14
9
|
g} |
| 9
0 |
\ jLirl': !

Mu=i2.5
3.6-pacm

1. TasHu peakuusuiap aHWKIAHCUH. by Oankana y4yra HOMabiym
TasgsHY  peakius Kywiapu Oop (peakuusi Ky4YHUHT  TOPU30HTaI
Ty3yBUUCH HOJTa TEHrOUp). YIJApHUHT HyHanmumud Oajka cxeMmacujaa
KypcaTuianO, MUKIOPMHU aHUKJIAI YYyH y4yTa TEHrjama Ty3WuJIau:

e P-4+ M 36 -4 +16
>M™ =0 P4+M—-V,:8=0; v, - ML = 20 kH.
8 8
>M,=0;, g-8-4+P - 14+M -V, 18-V, -8=0,
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q-8-4+P-14+M -V, 18 12-8-4+36 -14 +16 — 20 -18

Vg = 68 kH .
8 8
>»M_ =0, -q-8:4+P-6+M -V, -10-V, -8=0,
q-8:4-P-6-M +V, .10 12 -8-4-36-6-16 + 20 -10
V= : = = 44 xH .

A

8 8
AHUKJIaHraH TassHY peakuus MHUKIOpJapuHu Oanka cxemacura
Kyuupuo €3u0, Kyhuaard TEKIIUMPHUII WINW OaKapuiaiu:

> Y =0; VA+VB+Vﬂ—q-8—P=0;

4 +B8 +20 -12-8-3 =0 132-132=0; 0=0.
2. banmkanm ydactkaimapra axpatuO, yimapHuHT xap Oupura Q(z) Ba
M(z) Tenrnamamap &3unanu
| yuactka, I-1 kecumu, 0< z; <8 m.
Q|(Zl) = VA-qzl ; Q|(O) =V,=44 kH. Q|(8M):44 -12. 8=52 «H.

M|(Zl) =V 21- q 271; M|(O) :O, M|(8M):44 -8 -12 %: -2 kHwm.
2

KymumMua OupuHYM ydacTKaja KYHIAJIaHT Kyd HoJIra TEHr OyJjraH
KECUMJIard MAaKCUMAaJI 3TYBYM MOMEHT MHKIOPH aHUKJIAHAIU.

Qi(Zo) =Va - 0qz,=0; z, - Tl ® sy

q 12

Munax =M\ (3.67m) =44 3 67 -12 >%'
2

banka cxemacm octuma umswiaaurad (3.7 © Ba B-pacM) amropa-
JapHM YHM3UII YYyH KOJTaH ydYacTKaJapHUHT  KYHJAJIaHT Kyd Ba
STYBYM MOMEHT TEHIJIaMallapy TY3WJIaJIH;

Il yaactka, -1l xecumu, 8 M < 2,< 10 m.

Kyugamanr kyu tenrimamacu: Qp(z;) = Va-08+Vs;

OryBurM MOMEHT TeHraMacu: M(Z1) =Va 21-08(z2;-4) +Vg(z2:-8).

Il yaactka, -1l xecumu, 4 m < 7, < 8 m.

Kyumananr kyu tenrimamacu: Q(zz) = -V,+P.

OryBun MOMeHT TeHrnamacu: My (z2) =MV 2,-P(2,-4).

IV yuactka, V-1V kecumn, 0 < Z; <4 m.

Kyunamanr kyu tenriaamacu: Qn(zz) = -V,.

OryBunm MOMEHT TeHrnamacu: My(z2) =M+ 2,

Ty3wiran  TeHriamMajgapra — acocaH, Xap OHp  y4aCTKaHHMHT
XapakTepii KECUMJIApUM yYyH TCTHIUIM MHKIOpJapu aHUKJIAHHUO,
SMIopaiap Kypuiaaad. MasKyp KYJUIAaHMaHHHT XaKMH YCKJIaHTaHIUTH
ca0abnu smropanap OpAWHATAJAPMHMHI XaMMa ydacTKaJard XHCOOMHH
KEITUPHUII MMKOHHM OYyimanu. By wWImHM Tanabaiiap MycTakui Oa)kapuo
KYPHUIIIN TaBCUS DTHIIAJIH.

2

= 80 .68 KHMm.
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a4
M. =80.68
3.7-pacm

3.6 Kyngananr Ky4 Ba 3ryBYM MOMEHT 3MIOPAJAPUHHA
TeKIINPHUIII
Onropanap Kypwiraijaal KeWdH yjap andarra TeKIIMPUIUIIHA JO3HM.
Texmmpum  J.W. XKypasckuitnuur | Ba Il Teopemanapura acocnanras,
SHHU!

M _q@), QRE_ 4
dz dz

MabJlyMKH, STyBYM  MOMEHT — M(Z)  SHIOpAaCHHHUHT  OHPOP
HyKTacura YTKa3wjraH ypUHMa YU3UFUHUHT OFUIN OypuYaruHU TaHTEHC
KUUMaTh 11y HYyKTaJard KyHJaJdaHT Kyd MHUKIOPUHU Oepaau, SbHU
t9(2)=Q(2).

NkxkuHYM TeopeMara acocaH KYHAAJTaHT Kyd SIOPACHHHHT OHpPOp
HyKTacura YyTKa3WIraH ypHHMa YM3UKHUHT OFHUII Oypyard TaHT€HCHU
TapajaraH IOKHUHT TECKapu WIIopa OWjlaH OJMHTaH MUKJIOpUTa
teHraup, seuu. 19(L)=q(2).

IOxopuma Oepunran Kowpamapra OWHOAaH, OWPHHYM MHCOJIA
(3.4-pacM) Kypwiaran Oajika BIopajapd TEKIIUPWIATd. bupuHUH
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yuacTkanuHr M(Z) »smropacura yTkaswirad ypuaMma |-1 9u3uFuHWHT
ofull OypyarMHMHI TaHTeHC MHUKIopU Yy3rapmac (a=const). Iy
cababmm KYHIAJAHT Kyd OJHIOPACMHUHT YH3UFU XWUCOO YHM3HUFWTa
napajuiesl yTKAa3wWiraH. OHJIA WKKWUHYM YYaCTKaHW KypauJIuK. OTyBYH
MoMmeHT M(zZ) smropacuaa MakCMMyM KHHMarra 3ra OyiaraH KECHMHHHT
HyKTacuja 2-2 ypuHMA YM3WFU YTKa3Wwiaad. Y XUCO0 YH3UFUTa
napauten  yraam (tga,=0; Q(z2)=0). DOryBum MOMEHT  MUKIOpHU
MaKCUMyM KuiiMaTra sra OyiraH KecumaaH dYam TOMOHAa 3-3 ypuHMa
YU3WFU YTKa3uiagu. YHUHT OFUII Oypuyard TaHT€HCH MycOaT OVyiranu
yUyH [Ty OpajMKAa KYHJaIaHT Kyd xam mycOar Oymamm (tgas>0; Q(z)>
0).

OHIU ypUHMa YHM3WFU Ma3Kyp KECHMJaH VHT TOMOHJAa YTKa3Wiaau
(4-4 uusuru) Ba Xocwi OYyaraH oy OypYaKHUHT WIIOpAacH OWJIaH
KYHIQJIaHT Ky4 HWIIOPACUHUHT OoriaHumy Tekmupwiaan  (tgo,<O0;
Q(2)<0).

JHlemak, arap TeKmMpUIaETraH ydacTKaJa KYHIaldaHr Kyd MycOar
Oymnca, STyBYM MOMEHT MHKIOpU OpTUO OOpaju, akc XOJaa Kamasiau.

Arap ydJacTKaJapHUHI dYerapacuja TymiaHraH P Kywiap Tabcup
KWia€Tran Oyisica, y Xojja KYHJAJaHT Kyd4 OSIIOPACUHUHT TETHIILIA
Kecumiapuga y3wiauim (cakpamr) mnaigo OVmagu. Cakpail MUKIOpU
Teruuuii P KydHUHT KulMaTura TEHr. OTyBYM MOMEHT JIIOpacujaa
TYIUIAHTaH P Kywiap CHHUII XOCWJ KUJIAIW.

bankara xyWwiaras TyIUIaHTaH MOMEHTIap — M 3ryBUd MOMEHT
SMIOPACHHUHT TETUIUIM KEeCHMMJIApUa Iy MOMEHTJIApPHUHT MHUKIOPHUTa
TEHT CakKpall XOCHJ KHJIAJIH.

3.7 bBaJKaHMHI KYHAAJAaHT KeCMMHJAAa HOPMaJ Ba ypUHMa
KYWIAHUNLJIAPHA AHMKJIALI
Kyunananr osrunumga Oankaga HOpMal Ba ypUHMA KydJaHUIILIAP
xocus Oymamu. banka kyHOajgaHT KECMMMHHHT HMXTHEPUNM HyKTacuaa
HOpMaJl KywWwIaHWIl Kyhujaard udoaa OpKalu aHUKIAHAM:

o=y, (3.6)

by dopmynaga: M — xypunaérran KyHIaJaHT KeCHMJArd STyBUYd
MOMEHT MUKIOpU. Ma3Kkyp MHUKIOP 3TYBYM MOMEHT SIIOPACUHUHT
TETUIIUIA KECUMUJIAH OJIMHAIY.

Iy — KyHOamaHr KecWM IO3WHUHT HEUTpasl yKura HucOAaTaH OJIMHTaH
WHEPILUS MOMEHTH.

Y — HeUTpan YKJIaH HOPMaJl KyWIAHWII AHWKJAHAETTaH HyKTarada
oynran macoda.
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banka kyHmamaHr KECMMMHUHT HEWUTpPAI YKUIAH OSHT  Y30K
Maco(ana sKoilamiraH HyKTajapuja HSHI KaTTa MycOaT Ba JHI KarTa
MaH(UIl HOpMan KywIaHHWIUIAp XOCWI OYynamu. YJIapHUHT MUKIOPUHU
Kyhnmgarn udomanan ¢oiganaHu0d aHUKIAIl MYMKHH:

O max — Mi ' (3'7)
W X
I X () ) o
Bynma, w, = — KYHJaJaHr KEeCUM FO3MHHMHI HEWTpal yKura

max

HUCOATaH OJIMHTaH KapLIMJIMK MOMEHTH.
Kynpmamanr kecuMm HyKranmapupa ypuHMa Kywianamam [ H.
Kypasckuii dopmynacunan ¢oitnananud aHukimam MyMKHH (3.8-pacwm).

Qs
r = b, (3.8)
Y

— £ IOkopumarn (3.6) Ba (3.8) mapra acocas,
A OaJIKaHUHT HeHTpan KaTjlaMuJia  HOpMal
= KyWIAHUII HOJra TEHr, YpPUHMa KYWIaHHII 5ca
=, =X Makcuman — KuiiMartra — dSpuIlaad.  bajakaHUHT
CUPTKH HyKTaJlapuja YpUHMA KydWIaHWII HOJIra
i TeHr OynuO, HOpMan KydJaHUIl MaKCUMall EKu

MUHHMAJI KHHMaTJIapra TEHT.

3.8-pacm

3.8. KyHaananr kecuM H03aJJapPUHUHI KAPIIMJIMK MOMEHTJIApH

bankamapHuHr  KYHAANMaHT KEeCHMMJIAapM OJIIWKA Ba  Mypakkad
maKutapaad Tamkui Ttomaau. Opawii makmwiapra TYFpU TYpTOypuak
Ba JIOMpa KYNpPOK WIUIATHIagd. Yoadammapu b Ba h Tenr Tyrpu
TYpTOypuaknu ro3aHuHr (3.9 a-pacM) KaplIIMJIMK MOMEHTH KyHUJaru
dbopmyna €praMuia aHUKJIAHAIN:
- b“ﬁ . (3.9)

Juamerpu d TeHr MOMpaBHi KyHAajlaHT KecuM to3aHuHT (3.9 6-
pacM) KapUIWIMK MOMEHTHHM  aHMWKJam  (opMyiacd  KyWuaaru
KYpUHUIITA OYIaau:

X

3
nd

W, = : (3.10)

32
Arap OalkaHMHT KYHJAJaHT KECUMHU Oypyakiukiap, KylITaBp Ba
MIBEJUIepJap/laH  TAKWI KWIWHraH Oyica, y Xojiga yJIapHHUHT

KapmIHWJIMK MOMCHTJIApU TCTUIIIM COPTAMCHTIIAPDAAH OJMHUIIN JIO3UM.
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‘3.9-paCM

AlipuMm TmaiTna OaJKaHMHT KYTapuIl KOOWIMSATHHM Ky4daWTUPHIII
Makcaauaa, KyHJaJaHI KECMM OJJWKM IIaKiapjJaH €KW [POoKaT
Oytommapjgan Oynran Oankamap Maxcyc OupukMmanap €Epaamuja
OupnamTupuiand. bynpait OanmkanapHu WUFMa KYHAAJIAHT KECHUMITU
Gankamap geiimnamn. MuFMa KyHZalaHr KeCHMJIM Oankamapiaa yjap
TAaIKWJI O3TYBUYMCHM IOK TEKHCIMIMra HucOaTaH MKKA BapuaHTAA
xoinamran Oynuimmn MyMmkuH. bupunum Bapuantaa (3.10 a Ba 6-pacm)
TAIKWJI ASTYBUWIAPHUHI HEUTpan VKJIapu OaJKaHUHI HEUTpal YKura
yCTMa-ycT Tyllaau Ba OyHIOal Xoija KapIIMJIUK MOMEHTH MHUKIOPH
TalKWJI 3TYBUYWJIAPHUHT KapIIWIMK MOMEHTJIapU WUFUHIUCUTA TEHT.

Nkkunun BapuaHT Oyiimya WHufMa OankalapHU Ty3HWIIa YJIapHU
TAlIKWJI ~OTyBYM Oajkajmap Tallku [OK TEKHUCIWTHUIA YCTMa-yCT
woinamtupunaaun (3.10 B Ba r-pacM). bynaait ilinFrma Oanika HeWTpanl
VKU XOJaTMHU aHUKJIAIl YYyH KYHJAJTaHT KECUM FO3WHUHI OFUPIIUK
MapKka3d MabiyM OYIuIIM Kepak. Arap Ma3Kyp OajJKaHUHI KYHIaJIaHr
KeCMMH HWKKWTa CHMMETpUs VKJIapura sra Oyica, y Xojija YJIapHUHT
outTtacu (IOK TEKUCIWTUTa THK OYNIraH) HEWUTpal VKKa TYFpU Kelau.
Cummetpust VKu OuTra OYnAraH KYHAAJAHT KECUM IO3aJapUHUHT
OFUPJIWMK MapKa3WHU aHHWKJIAll Yy4YyH MarepHajuiap  KaplIWJIUTU
KYPCUHMHT Maxcyc 0obuaa Oepwiran Qopmynanapaad (oiianaHuiil
a03uM Tonmwiaaud. MKKMHYM BapuaHT OyiiMya TallKWI KWJIMHTaH WUFMa
OaJIKaHUHT KapIIWJIMK MOMEHTHMHU YHHMHI HEWTpan VYKura HucOaTaH
OJIMHTaH MHEPLUS MOMEHTH OPKAJIM aHUKJIAII JIO3UM:

|
X

w o= — X (3.11)
X y
max
by dopmynaga |y — Hiurma OalKaHUHT KYHAAJIAHT KECUM FO3WUHHUHT

HGfITpaJI S’lKI/IFa HucOaTaH OJIMHIaH HHCPIOHUA MOMCHTH, ymax—6aJ'IKaHI/IHF
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HEWTpall KaTJaMUJIaH SHT Y30K >KOWJIAlraH CUPTKU KaTjiamurada OyJiraH

Macoda.
Y
0.) 9y 42
Lrel A ,
N N
= o 9 0, ' - X =R
£ 1Al 2l o
8 b
Y
Y
£) e 2) f\
v) "
| Hit—n .
/-
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< \/‘o.‘ —» X, e
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3.10-pacm

Nurma GankanapiaH TALIKAPH KYHAATAHT KECHMH MypaKka® IIaKILId
AxauT Oankanmap xam yupaiinu (3.11-pacm, a Ba 0). Bynnmaii OGankamap
KyIIMHYa OCETOH KOHCTpyKHusicu cudaruma wunuiatwiagd. Maskyp
OalKaTapHUHT  KYHAQJIAHT KECUM  IO3UHUHT  KapIIMJIWK  MOMEHT
MUKJIOPUHU aHMKJAIl Y4YyH JacTiad YHHMHT OFUPJIUK MapKa3uHU

anukab6 , keiuH (3.11) na xenrtupwirad GopMysia OpKadu TOMWIAAH

. 9)

) I

- ——

3.11-pacm

3.9 baakajJapHd MYCTaXKaMJIMKKAa XHCO0JIaLI
bankanapau  MycTaxkaMjuKKa  XucoOjaml — JeraHja OJJMMH3ra
KyAWITaH MakcajJ Ba Ba3uaATra Kapad, Marepuauiap KaplIwiuru
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KYpCUHUHI Y4 XWI Macajajapujad OWpUHHM  XaJl  KWIHIIHU
TyllyHunagu. Maskyp Macananap Oankajmap yd4yH —Kydujgaruya
KyHWJIaau:

1. KyHpmamanr KECMMHMHI  yJIYamMJapuHM  aHUKJAI,  SbHU
KYHJIQJIaHT KECUMHHHT HIaKIIN OepuiraH, MaTE€pUATTHUHT
MYCTaxKaMJIMK XapaKTEPUCTUKAJIapu 3Ca MabiIyM, KYHJAJIAHT KECUM
yIuaMiapuHU aHMKJIAm Jo3uM. Arap Oalika mpokar OyromuiapiapaaH
Taii€pradnran  Oynca, y Xojja COpPTaMEHTJAAH YHUHI  paKamu
aHUKJIAHAH.

2. bankaHuHr MyCTaxKaMJWMTMHM TeKmvpuul. by Macanana
OalKaHUHT KYHAQJIAHT KECHUM YiIdamiapu OJJAMHAAH OeNrHIaHTaH,
MaTepUATHUHT  MYCTaXKaMJIMK  XapaKTepUCTUKAIapd MabiayMm Jie0
ONIMHAAM, Oajkamga XOoCWi OymaauraH MakCUMal Ky4YJIaHWIIHH 3ca
aHUKJIAll Kepak.

3. bankaHMHr MycTaxKaMJMK IIapTUra acoclaHuO, YHUHT IOK
KYTapuill KOOWJIUSITUHU TOIIHIIL.

AmManya KynuHuYa OUPUHYM Ba UKKMHYM Macajajap ydpauju.
Ynap OankaHUHT MyCTaXKaMJIMK IIapTUaH eduiagu. Maskyp mapt
HIyHIan €3WIaau:

o max = Lo (3.12)

OYHJIa, Omax — OANKaHUHT XaB(JIM KECUMHUJATd MAaKCHMall HOpMai
KywIaHuiu, [c]— Oanka wMaTepualid y4yH pyxcaT JTHITaH HOpMal
Ky4JIaHUII.

Xapnau kecum cudaruga Oankaga aOCOMIOT KuWMar Oyitmya SHr
KaTTa B3ryBYM MOMEHT MHKJIOpUIa »3ra KyHJAJJaHT KECHUM OJIMHAJIH.
YHU OryBUM MOMEHT DOIIOpAaCHJIaH aHUKJIAml MYyMKHH. XaB(uu
KeCUM/Iard MakKCHMaj HOpMaj KYYJaHWIIHW aHUKJIAll Y4YyH IOKOpHUAa
kentupwirad (3.7) udbonaman QoiiamaHUII JTO3UM.

1. bankanapHUHT KYHIAIAHT KECUM YI4aMJIApUHUA aHUKJIAIl YUyH
(3.12) maptugan Kydmnmaru QopmynanaH (oigaiaHuIaaN:

sap M max
w = o] (3.13)

W,,, — OankaHMHI MyCTaXKaMJIMIMHM TabMUHIIOBYM KYHJIAJIaHT
KECUM y4YyH 3apyp OYyIraH KapIIMJIMK MOMECHTH;

Mpmax — 6ankaHuHT XaB(JIW KecHMMAard a0COII0T KuiMaTth Oyitmda
OJIMHTAaH MaKCHMajJ J3TyYBYHM MOMEHT MHKIOPH. Y OryBYd MOMEHT
SMIOpACHIaH OJIMHAIH.

2. bankamap MycTaxKaMJIUTHHHU TEKITHPHIIL
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bankanapHunr MYyCTaxXKaMJIUTUHU TEKIIUPUIII, KYHJIQJIaHT
KECUMHUHT  yadyamiapu MabiayMm Oankanap YyuyH Oaxkapwiaau. by
TeKmupum Macanacu (3.12) mapTHUHT OakKapWJIMIIKWIa acOCJIaHTaH.
bankanuHr XaBpM KecMMAard MakCHMall HOpPMall Ky4WIaHHUII pyxcar
STWITaH KyulaHumgaH =5 ¢ousruHa Qapk KWIMIIA MyMKHH, akc
XoJila  OaJKaHMHT  MYyCTaxKaMJuru €Kd  MaTepual  TeXKaluIIn
TabMUHJIAHMaHTaH  Oynamu. bankamarm  Hopman  kywianum (3.7)
udomara acocaH aHMKJIAHAIU.

bankanapau Mycraxkamiaumkka xuco6sam 1-4 Mucosiapaa KypuiraH
Oankanap yuyH YTKa3ujaaiu.

5-MHMcoJ. 3.4-pacM, a Ja TacBUpJAHraH TYFpU TYpTOypUaKiIu
KYPUHMIIJIATA ~ KYHJAJaHT  KeCUMJIM  OfJud  OallkaHUHT  KECUM
yadamiapuHu XucoOJall Kepak.

OryBun MOMEHT smopacunad (3.4 B-pacM) XaBuiM KeCUMIAru
ATYBYM MOMEHT MUKAOPHU ONUHAIU: Mpmax = 14.51 kHm =1451 kHem

bankanuHr wmarepuanm  Kaparail, pyxcaT OTWITaH Ky4JIaHHII

[c]=1.2 KHZ. Oxopuna  Oepunran  wudoma  Oyiinua  OajJKaHUHT

MYCTaxXKaMJIMTUHU  TabMHUHJIOBYM  KapIIWIMK  MOMEHT  MHUKIOpPHU
aHUKJIaHAIU:
W % _ Mmey 1451
[a'] 1.2
Tyrpu TYpTOYypUakHUHT Kapiuiauk MomeHTH (3.9) udona opkaiu
aHUKJIaHA U

3
=1209 CM .

2

bh o o
_ 2 _ 1w oM, b=0.5h. ByHmaH KyHmamaHr KecHM YIdamIapu
6

aHUKJIAHAIU.

1209 -6
h = %/T =244 cm ~ 25 cm; b =0.5h =0.5-25=/2.5 cm.

bankanuar TYpTOypuakim kecuM Yymuammapu b=12.5 cu; h=25 cwm
ne6 KaOyn KWJIWHAIH.

bankanuar wycraxkamumrua (3.12) mmapt Oyiinua TEKITUPUIIAIH.
Kynpananr KeCMMHUHI KApIIMJIMK MOMEHTH AaHWKJIAHAIW, KEWHH
Oanmkamar XaKUKWi Ky4JIaHWUIIHA TOMUO, pyxcaT JTWITaH KyWIAHHUII
OWJiaH COJUIITUPUIA]IN:

X

M 1451 -6 H
o = - 2z0.9’<
W 12 .5.25 em '’
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bankamarm XakvMKui KyWwIaHUII Gy~ 0.9 kH/cy® TaxMuHAH pyxcar
TWITAH KyWIaHMINTa TEHT, JeMaK Oanka MyCTaXKaMJIUTH
TabMUHJIAHTaH.

6-Mucos. 2-muconna KypuiraH Joupa IMIaKiIuAard KyHJIajdaHr
KECUMJIM KOHCOJI OaJKaHWHI KECHUM YiadamMjapu aHUKJIaHCHUH.

OryBun MOMEHT »smropacugan (3.5 B-pacm) xaBhiau KecuMJaru
OpANHATa MUKAOPU OMuHAIU: Mpmax =15 kHm =1500 xHem.

Bajika MaTepHaIMHHHT PyXcaT STHIraH Kywianumu [o] = 1.2 kH/em®
o0, MyCTaXKaMJIMKHH TabMUHJIOBYM KAPIIWIUK MOMEHT MHKIOPU
XUCcoOJaHamgm: w * - Mo 150 oy e’

[o] 1.2

Jloupa maKIMgard KECHMM  F03aCHUHMHT  KapIIWJIUK  MOMEHTHU
reOMEeTpUK HQOJaCHHU IOKOpHUJIAa XHMCOOJaHTaH 3apyp KapIIWJIUK
MOMEHT MHKJIOpPUTa TEHIJIAITUPUO, KYHAAJTaHT KECUM JUaMETpU
TONMUJaaM Ba KalOyn KWIMHTaH Yyiadamyiapu Oyiimya  OajKaHUHT

MYCTaXKaMJIMTH TCKIIHUPUIIAIN.
3

7z -d 1250 - 32
W, =——=1250 ; d =3/~ =3/12739 =234 cm.
R 3.14
HoupaBuii kecum nuameTpu d=24 cMm 51e0 KaOyJl KWIMHAIU.
M __ 1500 -32
o = — ~=1.106 - <1.2-*
W 3.14 . 24 M M

X
Jlemak OaqKaHWHT MYCTaXKaMJIMTH TabMHHJIAHTaH.
/-MHCOJI. 3-MHUCOJIIa KypuiraH Oajka y4yH KYIITaBpJIM KYyHAaJIaHT
kecuMm TannaHcuH (3.6 a-pacm); [o] = 16+, Maskyp Oajiika y4yyH

YU3WITaH ATYBUYM MOMEHT »miopacuian (3.6 B-pacMm) abCOMIOT KUWMATH
OYiirJa yHUHT 3HT KaTTa MUKIOPH OMUHATU M =28 kHm = 2800 xHcem
Ba (13) acocan 3apyp Oyiran KapuIWJIMK MOMEHT aHUKJIaHAJIU.
W sap M max _ 2800 _ 175 CM3
[o] 16

by MHUKJOpra acocaH COpTaMEHT/IaH (I'OCT-8239-89)
KYIITaBpHUHT pakaMyd TaWWHIAHWUO, KapIIUIMK MOMEHT MHKIOPH
Kyanpu6 &smwtamm: | M 20 W,=184 cu’.

banka MycTaxkaMaurud TEKIIUPUIAIN:

M max 2800 KH rKH
O-X”K - wW - 184 =15.2 cm ? < 16 cm ? IleMaK’ yHI/IHF

MYCTaXKaMJIMTU TaAbMHWHJIAHTAH.
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8—Mmmucon. 4-muconga kypwiraH iurma Oajgka MyCTaXKaMJIMTH
TEKIIMpUO KypwicuH. banka warepuanu — mynar, pyxcar 3TUITaH

Kyunanum [G] = 16+ ra Tenr ( 3.12-pacwm).

C.

£={00
0) __l -
v §)
I '
- &
= ‘ GTI Tr
= 1
I il G
~* il 852
o<
; +a
N
3.12-paCML

Maskyp OankanuHr wycraxkamiauru (3.12) ma Oepwiran 1maprtra
acocaH TeKIIWpuiaad. Makcuman HOpMall KyWIaHUII Gmax HU (3.7) ra
acocan tomwiaad. dopMynaga HMIUIATWIAJAWTAH OTyBYM  MOMEHT
MUKJIOPH TETHIUIA DSIIOpajaH XaBpiau KeCUMJAard YHUHT OpAWHATa
MUKJOpUTA TEHT OViraH coH onuHaAu, SbHU Mpa = 80.68 kHm =8068
kHcm ra TeHr.

bankanuHr Mypakkad KYHJ1aJlaHT KECUMUHUHT KApIIWIAK
MoMeHTHHU (3.11) ra acocaH aHuUKIalAaH OJJAWH, YHUHI HEWUTpas
VKUHA  yTKa3ull  Kepak. MabiayMKy, HEWTpasl YK  KYHIAJIAHT
KECUMHUHI OFMPJIMK MapKa3 HyKTacuJaH yTaau. Maskyp HyKra
KOOpAMHATAJIADUHHA aHMKJIAIra KUPUILIHUIIA]IH.

bankanuHr KyHOamaHT KECMMH HWKKWATAa Oaaui  Qurypamap —
KYLITaBp Ba IIBEJUIEpJaH TalIKWJ TonraH. XucoOra 3apyp Oynaauran
FCOMETPUK XapaKTEPUCTUKAJIAPU TETUIUIM COPTAMEHTIAH Ky4upuo
e€3MIaau.

1. lIsemnep [MNe 20, TOCT 8240-89, F1=23.4 cm®; zL =2.07 cm ;

b]_:b[:76 CM, I):| = I:/:ll?) CM4; I):I = Ii:/ :1520 CM4;
2. Kyurrasp I MNe 24, TOCT 8239-72, Fo=34.8 cm?;b, = b'=11.5 cu;
11

L =360 cpft; 1, =1, =1520 ¢t

55



By Vynuammapra acocan Macmtabma Wurma OalIKaHUHT KYHJQJIaHT
kecuMu 4m3u6O oymHamu (3.13 a-pacm).

KyHnananr kecUMHHMHT OFUpIMK Mapka3u Hykracu (C) HMKKUHYA
durypanunr — orupinuk  Mmapkazuaad (O,) YTKazwiran — UXTUEPUU
KOOpJAMHATA VKJapura HucOaTaH TOMWJIAJIH.

bankaHMHr KyHIOQJIAaHT KECHMMH BEPTUKAI CUMMETPHUS YKWAra 9ra,
my cababii YHUHTI OFHUPJIMK MAapKa3sUHUHT X, KOOPAMHATACH HOJra
TEHI, UKKMHYMA Yy, KOOpAMHATA MaTepHajjiap KaplIWJIWTH KYypCHUHUHT
Maxcyc ©0OoOupma Oepunran (UIrypaJlapHUHT  OFUPJIMK  MapKa3uHU
aHMKJIam Qopmynacu €pAamuzia aHWKIaHaIu: y =Y's /S F.

by dopmynaHuHr Maxpakv KYHIATaHT KECUMHHU TAalllKWJI KWIyBUYd
onauil ¢urypaiap HO3aCHHUHT WUFUHAUCUTA TEHr OYnuoO, yiap Ousra
MabiIyM. Ma3kyp (QOpMyJaHUHT CypaTh OAIUWA  (UTrypaTapHUHT
uxtuépuil ytrkazuiran XOV koopauHata YKura HucOaTaH CTaTUK
MOMEHTJIapU HUFUHAMCHUTAa TEHTOUp. Xap Oup (QurypaHuHr CTaTUK
MOMEHTJIapH aJlOXUJa XWUCOOJaHAgM Ba HOMAbIyM Y. KOOpAMHATA
TOMUJIAIN

| 3. T 3.
S =F -y =23.4-14.07 =329.24 CM , S =F -y =348-0=0CM ,
X 1 1 X 2 2
| 1"
SX+5X 329 .24 + 0 329 .24
y = _ - =5.65 CM.
¢ F +F 23.4 + 34 .8 58 .2
1 2
3 . i
2 ‘. g B G S,
\‘\—:
o] LIS —
| |° ' _ & \_E-J_
9 5 ]
1%
N e — \ e
4
4
5 +%}g a :\
.,_‘
| L b -

{- T h

e Cormnge —

3.13-pacm
KyHpamanr KECMMHUHT OFHMPJIMK MapKa3d XOJaTH aHWKJIaHTaHJIaH
cyur, yuu 3.13, a-pacmaa Oenrmwnal, X, HEUTpan YKu YTKa3WIaIu.
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Keitunrn HaBOaTna HeWTpasl YKKa HUCOATaH KYHAalaHT KECHUMHUHT
MHEpUMST MOMEHTHMHU aHuKiam kepak. Opauit  QurypanapHusr V3
VKJlapura HucOaTaH WHEPIMS MOMEHTIapu Oepriiran, HEHUTpand YKKa
HUCcOAaTaH aHMWKJIAIl Y4YyH 3Ca MaTepuauiap KypcHUIaH MabjiIyM OYiraH
dbopmyna €épaaMuaa YHUHT MHKIOPJIApHU TOIHIIAJIN:

| =1 +a’-F, =113 +8.42°.23.4=1772 cu’;

X Xy

I =1 +a,-F,=3460 +(-5.65)"-34.8=4570 cu .

Xe Xi1

Oxopumarn xuco0ja WILIIATHITaH &8; Ba @8p; JAPHUHT MUKIOpU
Kylugaru udonaanap OpKaJd TOMWITaH:

a=y1-Y. =14.07-5.65-8.42 cm ; a,-y, -y, =0-5.65 = -5.65 cm.

OHIM aHMKJIAHTaH WHEPUHUS MOMEHTIApUHM KYIHuO, OaaKaHUHT

KyHHaHaHF KCCUMHMHHMHI MHCPpIHUA MOMCHTH aHUKJIAHAIH.

1 11 4
1 = 1 + | = 1772 + 4570 = 6342 cm

Xc Xc Xc

bankanuar kapmwink mMoMmeHTHHH (3.11) ma kenatupwiran ¢opmyiia
OpKaJdu aHWKJAll y4YyH HeWTpan VYKIaH OHHr Yy30K Macodaaaru
HYKTaHUHI OpJWHATacu MabiayMm Oynumm kepak. HelTpan Vknax
okKopuaa K, KyHpgamaHnr KecuM HyKTacHm, mactaa 3ca Kj; B3Hr  y30K
xKoimamrad.  Ma3kyp — HyKTaTapHMHT  HEWTpan  yKKa  HucOaTad
OpJIMHATacu aHUKJaHAJIu:
h 24 h 24
=—+y, =—+565=17.65¢cm;y, = —+b-y =—+7.6-565=13.95cy .
b2 2 ©2 2
SAbHU, Ymax=17.65 cm, ynm (3.11) ra kyiinO, KYHAAIAHT KECUMHUHT
KapIIMJIMK MOMEHTH aHWKJIAHAIW:
I 6342 .
Y, 17.65
Makcuman Hopman KywiaHuimmHu (3.7) ra acocaH aHHWKJIa0, pyxcar

OTHUJII'aH KYYJIaHHIIT Oouian COJIMINTHUPHJIAIH.

M 8068
o, = - 22.45 16 <= nemak, (3.12) ma Oepwiran ImapT
W, 359 .32

Y

c

Oaxxapana€Tran WyK, SbHM Oanka MycTaxkaM 3mac.

3.10 bagkaHuHr OOl KyWIAaHHII OyHH4a
MYCTAXKAMJIMITHHYU TEKIIHPH I
A¥ipuMm naiTna, Oankalap MyCTaXKaMJIMTMHM TEKIIUPUIL Y4YyH
MakCcUMald HOpMaj KyWIaHWI YpHHUra aOCONIOT KuiMaTu Oyinya 3HT
Karra Oom  KyulaHWIIIap uOuiatuiaaav. byHpmal  Tekmmpwuin
OaJikaHMHT OOl Ky4ylaHUIl OyiKWYa MYCTaXKaMJIMTMHHU TEKIIUPUIILL
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nevnnany. boil KyunaHunuiap MUKIOpU Kydujaru ¢Gopmysia OpKaiau
aHUKJIaHAIU:

o :Gkii o-2+4-r2 ' (314)
2

2 8 ‘

by dopmynana o, — kyHaamanr kecumMHUHr K  Hykracujaru
HOpPMaJ KYyWIAHUII MUKIOPHU, T,— LIy HYKTAHUHI YPUHMA KYyYJIAHMIIIH.

boml KyWwIaHMIIHUHT SHI Karra MHKIOPU KYHJQJIAHT KECHUMHUHT
DHM KECKHH paBHUIlJa Yy3rapa€TraH KOWHWAAru HyKrajgapaa nango
Oynmanu, Macajlad, KYyITaBp €K IIBEJUIEPHUHT TOKYacu OuJiaH
JNEBOPUHMHI TyTallllaH Xouuaa. MasKyp HyKTajgapAard HoOpMaia Ba
ypuaMa kywianunoiap (3.7), (3.8) dopmynamap opkaid aHUKIaHAIH.
OryBud  MOMEHT Ba KyHAQJIaHT Kyd  MHKIOpPJIApU  TETHIILIA
SMIOpaJapHUHT  XaBGIM KeCUMJAaru KUWMAaTh  OJWHAIU. ANpuM
Oankamapaa XaB(uiM KECMMHM aHMKJAl Yy4YyH YHUHI Oup Heda
Kecumiiapuja Ooll KywIaHMILIapHU XHuco0nad Kypuil Kepak  Ba
YIApHUHT WYuAaH aOCoNIOT KuUKWMarh Oyihya SHI KaTrTacu pyxcar
STWITaH  KywlaHull  OwnaH  coiumuthpuiagud.  bom  Hopwmai
KYWIAHUIIADHUHT  WYHAJIWIIM, SBHU OOl I03a4aHUHT  XOJATHUHU
aHUKJIOBYM Oypyak MUKIOPUHHU Kyhumaru (opmyna €paamMuia TOIMII
MYMKUH:

9-mucoJ. 7-muconga TtanimanraH Ne2( KYmITaBpHUHT OOl HOpMam
Ky4WIaHUIl Oyiimya MyCTaXKaMJINTH TEKIIUPHUJIICHH.

CoprameHTaan Ne 20 xymraBp yuyH xucoOra 3apyp Oynmagurad
Ir€OMETPUK MUKIOpJap KyunpuO E3umau.

W, = 184 cm’; I, = 1840 cm*; h = 200 mm; b = 100 mMm; & = 5.2 mm;
t=8.4 MM Ba KYIITaBPHUHI CXeMaTHK Imakiu uusmianm (3.12 a-pacwm).

XaBpmm kyHpmamanr kecuMm 3.9, 0 Ba B-pacmiapaa KypcaTWiTaH
JMIOpajapra acocaH aHWKjIaHaAu. Muconma XaBhiau KYHIAJaHT KECUM
Z=4 M 1a, 9yHKH Oy KecHMJa 3TyBYM MOMEHT Ba KYHJAJaHT Ky4 Xam
KaTTa mMukjgopra sra, sbHu Q(4 m)= 18 kH;  M(4 m) = 28 kHwm.

KymraBpaun peBop Ba Tokuya yerapacumarn K HyKracm yuyH
HOpMaJI Ba ypWHMa Ky4WwIaHHWIUIAp aHUKIaHaau. Hopman kywiaHumiap

M-y, 28-10°-9.16

(3.7) dopmymara acocaH o, - - -13.04 2= Ba (3.8)

X

udomara acocaH ypuHMA Ky4JaHUII aHWKJIAHAIH:
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Qy) -S° ~ 18 -80.472 — 1514 =] by = 8 = 052 CM ;|

T = =

| b 1840 -052
h ot 20 0.84 3
S —b-t(———)=10 -0.84 (— — ——)—80.472 CM".
' 2 2 2

bom kyunanuminap (3.14) dopmynara acocaH TOIHJICHH:

o 1 13.94 1
C,o=—% —i|o.+4.7] = + - 13.04%+4.1514° =6.97 +7.13.
2

2 2 2
Omax= 01 =6.97 + 7.13 = 14.1.# [cn”® , Opin= 03 =6.97 - 7.13

2016KH /CM2 .

27 - 2-1.514 ‘
tg2a, = - — = 0272 ; «,=--6°09 Ba ymap 3.12 O-pacmpaa
o, 13 .94
KypCaTuiIaau.

4. baaka negpopManUAIAPVMHA AHUKJIAI YCYJLJIApH

banka wHepnuss Oom TEKUCIUKIApUIAH OWpHAA >KOWJAIITraH Ba

YHUHT VKHMra YTKa3wiraH KeCcUM HopMaiu Oyinya MyHanraH Tailku

Kyuiap Tabcupuna TYrpu orunanu (4.1-pacm). Jledopmanusuianrad
Oanka YKHU 271acmux yu3uk JIEeUHIIaJIu.

T BARkANMNT
\<~a FTAATAR GHM

4.1-pacm

bankanunr nedopmarusicu UKKM MUKAOpP OWIaH XapakTepiaHau:

1. Cankummk —  Oanka VKU HyKTajgapu  OaJKaHUHT
nedopmanusaIaHMaral YKura MepreHIuKyIap HYyHAIUIIIArd KY9uIlly;

2. Orum Oypuaru — xap OWp KYyHAQJIAHT KECHUMHHHI HEWUTpan VK
atpoduaa Y3UHUHT OONUIAHFUY XOJIaTUra HUCOATaH OFUIN Oypdyard.

Cankunuk y xapbu OunaH, ofum Oypuaru dca ¢ xapbu OusaH

oenrunananu (4.2-pacm).
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Danraaraine 3 2UnaaH

yru y= 7]

4.2-pacm

[lyHn TabKkuuiam KepakKkd, KECUM OFHUIIl Oypuard ¢ 5JIACTHK
YM3UKKA YTKA3WIraH YPUHMAaHMHT Z YKA OWIaH TaIlKWid KWiIraH
Oypuakka TeHr Oynaau (TOMOHJIapU ¥3apo MNEPHEeHAMKYJAp OYyiraHu
cababmn).

bepunran  oKIaHMIIZAH Y CAIKWIAK OunaH KoOpJIWHATaA Z
opacujard MyHocoOaTHU uQOAaTOBYM y = f(z) TEHriIama »JIacTHK

YN3UK TEHIJIaMacHu IeunjiIaau.
XOCWIaHUHT TE€OMETPUK MABHOCHM XaKUJard MabiyM Koujara
acocad

tgp=" (4.1)
dz
AManaa KyHIAIaHr KECUM OFMII Oypuard KymuH4ya ¢ <1  Oymamu,
IIYHUHT YYyH tg¢ ~¢ 10 KaOyJl KWIMII MYMKHH. Y  Xo0Jjja
KyWuJard TEHIJIUK XOCHJI KWIWHAJIH:

o= (42)
dz
Tyfpu osrunmumga 3JaCTUK YW3UKHUHT OTPUJIUTH, STYBYM MOMEHT
Ba OaJKaHWHT KYHAQJIAHT KECUMH OWKDPJIWTH oOpacuja Kyuuaarua
MyHOca0aT MaBXYy/I:

1 _M(2), (4.3)
p(z) EI,
by epma, p(z) — ©Oanmka »5rIacTUK UYM3WFUHHUHT  KOOpAMHATA

oommmad Z macodana TypraH HYKTaJaru STPpUIMK paauycu (4.3-pacm);
M (z)- OQKAHWHT 1Ty KECUMJArd OJTyBYM MOMEHTH; EI , - Oajika
KYHJaJaHT KECUMUHUHT OWKPJIUTH.

(4.3) na kenTUpWITaH MyHOca0aTIaH Oajdka »JIaCTUK YU3UFUHUHT
TakpuOuil nuddepeHnran TeHrIaMacu Keiaud YuKaIu:
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oM g
=] ! || IR EEEER
::j S

I OUSTUE
Mabkaal

4.3-pacm

y":7M(z) (44)

El

Oxopunaru (4.4) udomaHuHr yam TOMOHMAA MaHpuN  umopa
OJIMHUIIMHUHT  cababu, y KoOOpJauHATa YKHU nactra  Kapao
nynantupunrad (4.3-pacm).

bankanap npedopmanusIcMHM aHUKIAII KaTTa aMalliid axaMmusTra
ora. bankamap wumm xakuga QUKp MOPUTHIN Y4YyH Oepwiral oK
TabCUPUJA KECUM lo3ajapuja maigo OynaauraH KydlaHUIJIApPHU
OWJIMITHUHT ¥3u KUQosi sMac.

XucobnaHraH  KyWwIaHHIUIAp  TU3UMHUHT  MYCTaxXKaMJIMTUHU
TEKIIUPUI WMKOHUHU Oepaau. BUpOK, MycTaxkaMiurua erapiu Oymauo,
Oankanap OUKpIUTH eTapJiu JapakaJamaciuru Tydaiinu,
doiinananumra SpoKCU3 OYIMIIKM MYMKHH. bamkaHUHT OUKPJIUTUHU
TEeKIIMPUII  YYYH YHMHI TEOMETPUK  YKuAa €TyBUM  ailpum
HYKTaJapHUHT KYYUIUIApUHUA TomMil Yypranuiaau. CTaTUK HOAHHK
OankamapHu XucoOnamaa xaM YHUHT JedOopMalusCUHM aHHUKJAIIra
TYFPU KeNaau.

Hepopmarusinn  Oankanapia — aHUKIANIa — Kydujaara — ycyJap
MaBXKYI:

1) rpadux;

2) aHAJINTHK;

3) rpado-aHAIINTHK;
4) SHEpreTHK.

I'pacdux yCya MaTepuaiap KapIIHINTH Kypcuaa
TAaHUIITUPWIMANAN. AHATUTUK YCyJJlap KEHT KYJUIaHWIMO, ylapra
JIACTUK ~ YM3UKHUHT  auddepeHIan  TEeHIJIaMacuHu  OeBocuTa
WHTETpaJUIall Ba OOLUIAHFUY TMapameTpiiap yCyJUlapu KUPaJH.

61



4.1 beBocuTa MHTerpajJjam ycyjau OuJaH
nepopMalMsIHU AHUKJIAI

By ycynma »macTuk  YM3MKHMHT  TakpuOuii  auddepeHiman
TEHIJIAMaCUHU MHTeTrpauiaiml uynu OwujaH Oalka KECUMUHUHT OFHUII
Oypuaru ¢ (z) Ba cankwmran Yy (z) yuyH wudomamap XOoCHI
KWJIAHAIH.

(44) na Oepunran jauddepeHiman TeHrjiama Oup  mMaprta
WHTETpaJIaHNO, KyWHWIard OFWIl OypyardHd aHWKJIOBYM TEHIJIaMa
XOCHJT KUJIMHAH:

dy 1
o(2)=="§ "
Arap »ormacTUK YM3UKHUHT  AuddepeHnnan TEHIJIaMacu HUKKU
MapoTtaba WHTErpajijlaHCca, CAIKWINK TEHTJIaMach XOCWJI OViaau:
1
El
Hubdepennnan TeHITaMaHW WHTErpajUlallllaH XOCHJ OYynamuraH
UXTUEPUN COHJIAPHUHT KUWMaTUHM OalKaHWHT TasHY Kecumiapuiaa
KMHEeMAaTUK [IapTJIapHU HIUIATAIN OuiaH aHuKIaHand. MacanaH,
KoHcoNl Oanka yuyH maptiap (4.3,a-pacM) Kydugarun TEHIJIMKIIAp
Oowrtan udoaanaHaIu:

M (z)dz +C (4.5)

y(z) = [dz M (z)dz +Cz + D (4.6)

4.4-pacm
1) z=0; goa:y'(O)zo 2) z=0; y_=y (0)=0,

SbHU KUCTUPUO MaxkaMJIaHTaH KeCHMJIa OFUII Oypyarn Ba CaJIKWIHK
HOJITA TEHT MIApPTH.

bup yuwactkanu opguit Oanka yuyH é&3unamurad maptiaap (4.4,6-
pacM) YHMHT TasHY KECHMJIapuia — CaliKWIMKIap y — Ba Y~ HOra

TEHIVIMTUaH (oHananuOd Ty3ujiaau, SbHU:
1) z=0; y_=y(0)=0 2) z=1; y, =y()=0
Arap Oanka OWp HEYa IOKJIAHMIN YydYacTKacuaaH ubopar Oynca, Oy
X0JIJa YHHMHI Xap OWp ydJacTKacH YyuyH Teruuuim auddepeHmnman

TEHIJJaMacUHU  Ty3WIl  Kepak. byHmail Xxoimapga  MHTerpaiamt
HaTWxkacuga xocun Oymaauran C Ba D y3rapmacinapHu aHUKJIAII
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VUyH IOKOpUJA KypWwiraH Iapmiap/iaH Tallkapy Kylium4ya IapTiap
TY3WIIl JIO3UM. DByHJla 3JacTUK YM3MKHUHT ydYacTKajJap uerapaiapuaa
TEKHC Ba Y3JIYKCU3JIUK XoccalapujaH ¢GoigalaHuIl MyMKHH.

[lyan ocmatuin  Kepakkd, OaJKaHWUHT OTWITaH VKU (DJIACTHUK
YU3UFU) TEKUC Ba Yy3JIyKCH3JIWK IapTUJaH OalkaHUHT Xap Owup
KYHJIQJIaHT KECUMHUJIa CAJIKWIMK KUWMaTH Ba OFUIN Oypyaru KUiiMaTu
aroHa Oymumu kenu® wukaau. Ilynpaii kuinub, arap Kypuiaa€rraH
Oaika n Ta yyacTkara sra Oyiica, 2n MapTa HHTErpajUlall HaTWKacuaa
xocun Oynaguran uxtuépuii C Ba D COHJAPHUHT MUKJIOPUHM aHUKJIAII
Y4yH IIyHYa alreOpavik TEHIJIamMalap TYy3WIIra Xap AOUM  HMKOHHUAT
Oynmanu. dakaT ydyacTKajgap COHHM OIIMIIM OWJIaH XHUCOO HIUIapH Xam
KECKHH OpPTAJIH.

1-mucos. bup yunm OunaH MaxkaMjaHTaH KOHCOJHUHT Y3YHJIUTHUTa
g, opkuH yumra sca P xyu k¥yiunran (3.5-pacm). Illy Oanka 3pkuH
YYUHUHT CAJKWJIUTA Ba KECUMHUHI OFUII Oypuyard aHUKJIAHCHH.

My=0 ! q = 4 Kl
o T
(flLlLLLLLLLLLLLLLl—LLL z
N z |

".’A=12kH. £ = hag

* |P=121{H

¥

4.5-pacm

Eunm. 1. bankanuHr peakius Kywiapud TOIHWJICHH:
>y=0 JaH V,=q-6-P=4-6-12 =12 KH;
>M,=0 JaH M, =q-6-3-P-6=4-6-3-12-6=0.
1. banka snacTuk 4YW3UFUHUHT JuddepeHnran TeHriamacu
TY3WIAJIN:
M (0)
El

y =-

OryB4M MOMEHT TEHIJIaMacuHU Ty3ull yuyH [-I kecumra HucOatan

(3.5-pacm) OajkaHUHT 4Yam KUACMHUJArd FOKJIapJaH MOMEHT OJIMHA[IU:
2
z
M(2)=V cz-M g - Ba DJIACTUK  YM3BUMKHHUHT  AuddepeHuman
A A

2
z

o " 1
TEeHIJIaMacu €3uiaau. y (0)=-——(V -z-M -q-——)
El A A 2
3. Dnactuk YM3WMKHUHT auddepeHiman TeHTJIaMacu Oup MapTa
WHTErpAJIaHUO, OFUIN OypyarmHM  aHMWKJAl Y4YyH TEHIJIama XOCHII

KWJIUHAIH.
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2 3

' 1 z z
p(2)=y (2)=-—( —-M z-q —)+C (a)
Ely A 2 A 6

4. DnacTUK YM3UKHUHT  guddepeHnran TEHIVIAMAaCUHU UKKU
MapoTaba uWHTerpamiad, CaJlKWIMKHUA aHUKJAIl TEHrJaMacu XOCHII
KWIMHAIU:

3 2 4
_ 1 2w E_gi,ic. 0
y(z)——EIX(VA6 MA2 q24)+C z+ D ()

5. UnTerpammam y3rapmacinapu C Ba D napHUHT MUKIOpPUHH
aHUKJIAIl YYyH 4erapa IapTH TaTOUK KWJIWHAIU, SIbHU:

1) z=0;, ¢ =y ((0)=0 2) z=0; y =y (0)=0,
a a

by maptnap (a) Ba (6) TeHrmamanapra Kynuiamo, Kyiiuganapra ara

OynmuHaIu:

p =C=0; y =D=0.
a

a
6. Ounu (a) Ba (0) TeHmIamanapaa Z aOcuuccara  MabiayM
KuitMatiap O0epu0, Oajika MabiyM KECUMJIAPUHUHT CAJKWINTH Ba OFHUIII
OypJakjIapwHUHT COH KHHMaTiaapw Tomwiaad. by Mmcon 1mmaptura
Kypa OajJKaHMHT OJSpKUH yuyuaa (z=6 M) OJMHTaH KEeCUM Yy4YyH
nedopmanusnap aHUKIaHAIH.

KyHnananr KeCUMHUHT OFuIll Oypyaru:
. 1 6° 6 216 144 72
.=y (6)=-—"—|12—-0-4—|=- + =—
El 2 6 El , El El

X X

KyHpananr KeCHMMHUHT CaJIKWJINTH

1 6° 6 432 216 216
L R B B

El 6 24 El El El

X X X X

Arap OankaHUHT OWKpIWTUA El Oepunran Oynranjga, y Xojaa
X

ofuill Oypyak pajauaHjia, CaAJKUIUK 53Ca CAHTUMETP €KH MUILUIUMETP
XUcoouaa OJMHAP/IY.

[lyHnnait KuauO, arap KOHCOJ-OAJKaHUHT Yall y4d MaxkKamyaHTaH
oynca, y xonma uHTerpamuiam Y3rapmaciapu C Ba D jmap xap moum
HOJra TEHT OViaau. Vur y4u MaxkamJsianraH Oankamap yuyH C Ba
D MukaopiapuHu aHHKJIAIga 7=/ p()=0; Ba z=/; y)=0
mapmiapiadH  (polgalaHuIl JIO3UM.

ByHmaii MUCOJIHM MYCTaKWI €uuIilira TaBcHsl Kuiamus (4.6-pacm).
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P=6 kH

q =3 limn

—
vy J 4L LS

=4 a

+
¥
4.6-pacm

2-MucoJ1. 4.7-pacMmaa KypcaTWiaraH OJaui OallkaHWHT TasHWIApU
opamuru (=6 M. Illy OankaHMHr TasHY KECHUMJIApU YUYyH OFHII
Oypuakiapu Ba Oajka OpaJIMFU YpTacuUra MOC KEIYBYM KECHMHHUHT
CAIKUJIUTH aHUKJIAHCHUH.

By muconnu 1-Mucongaru cuHrapu TapTuOAa UIILJIAHAIU.

HOMa’bHYM TasgH4Y PCAKIUATIAPpUHHU aHUKJIAIIL:

) . . q-6-3—-M 21-06-5-11
IM,=0, g-6-3-M—- Vg 6=0, Vg _4 - — - -4 kH
M=12 ¥Hu
q = 2 s
1 HHHHHHHHHLuu;uuu N
*-./1 Tz
Ty =6 ”ff"
[Va=g V=4 g
¥
4.7-pacm
_ . . 6-3+M 2.6-3+12
SMy=0: — 63— M+ V, 6=0. V, = L© 6“1’: 66“ P

AHMKJIAHTaH TasgHY pPEeaKkius KyWIAPUHUHT MHUKJIOPU TEKIIUPHIAIN:
Sy=0;, -6 -Va-Vg=0;2-6-8-4=0; 12 -12 =0; 0=0.
OryB4M MOMEHT TEHIVIAMAaCHUHU  Ty3uO, 3JIaCTUK YM3UK  Y4YyH
nuddepeHnran TeHriaMma €3usaju:
. z2 " 1 - z2
M(z)=Vyz-M-qg=—; y @)= |V 2-M—g=—
o) El, 2
OnacTuK YM3UKHUHT Aud@epeHnran TeHrIamMacuHu Oup Mapra,
ofuml  Oypuyak  TEHIVIaMaCMHM UWKKM  Maporaba  HMHTerpamiao,
CUIKWUIMKHY aHUKJIANl y9yH OalKaHWHT OTWIraH YKA TEHTJaMacu
TY3WIA]IN:

+C

1 1 2 3
tii(z')=y(z}=—m[ 2 Mgt
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4

3 2
_ 1 z7 L .z%  Z _ ]
yz)= Fi?—Mi—qﬂwﬂz+Q

ET,

NuTerpaiutam y3rapmaciiapuHy aHUKJIAll y4YyH 4erapa uapriiapu
E3MIaau.
1) z=0; y0) =0; 2) z=6; y(6) =0,
Iy maptnapaan  ¢dovigananud, y(0) Ba y(6) mapHum  coH
KAMaTJIapyu aHWKJIaHA]IH.
oupunun maptaan (z=0; y(0)=0):

1
Y(O):——(8'0—12~O—2'O)+C.O+ D:—»> D =0;

El
UKKWHYM IIapTAaH (2:6 M ; y(6)=0 ):

1 (. 6° 6° 6" 6
y(6)= - ——lg—_12—_2-—11C.6+0;>C = |

el (6 2 2 el

WuTterpannam y3rapmaciapu MabjiyM, 3HAM MHUCOJHHUHT IIapTHAA
cypaiiran aedopManusiiap aHUKJIaHAIM:

6 : (62 63) 6 6
¢O=C=——; ¢6=y(6)=—8——12-6—2— - = - ;
El - 6 | B, B,
1 ( 33 32 341 6-3 6,75
y3=y(3)=—— §—-12 ——-2— - ——= ——,
EIXL 6 2 24J El, El,

3-mucoi. Kynnamanr kecumu Ne 24 mnpodwmum  kymraBp Oayika
YUYyH (4.8-pacm) Kylujaru Kecumiiapaaru nedopmariusiap

AHUKJIAHCHH: (@Qg, (2, ¢s, QPs, P3, Yo, V5, V6.

Pi=3EKH
q =3 k'™ M=12 wHu w:i
 J ATTI TR T TPV L Ty B
Vs } L Z x
Y }',?Tn 4 M ] 2 M WTW ‘L
Voo | [vosu
Py= 12 kH Y
¥
4.8-pacm
o 4
KymraBpHUHT WHEpPIUS MOMEHTH I, =360 CM ; MaTepHUaTHHHT
2
DJIACTHUK MOJTyJIN E = 210° k#o/cM"; OalkaHUHT OMKPIIUTH

El,=2.10% 3460 = 6920 -10 % kHem? = 6920 kHM? .
Homabliym TasHY peakUUsIapvMHU aHUKIA0, ylaap TEKLIIMPHUIAIW:
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-P-2+q9q-4-2-P,-4+ M -3-2+3-4-2-12 -4+12
ZMA:O HaH v, =

- = -3 KH.
6 6
P-8+q-4-4-P,-2-M 3.8+3-4-4-12.2-12
>M, =0 JaH v, = = - 6 KH.
6 6

Texmmpamus: >V =0; P +q-4+V, -V, -P,=0; 3+3-4+3-6-12 = 0; 0=0.

banka yura ok ywyacTtkacujgaH wubopar. Xap Oup ydacTka y4dyH
TYBYM MOMEHT TEHIJIaMallapu TY3WJIAJIU.

| yaactka: O< z <2M opamuruia

M (z)=-P-z;

Il yqactka: 2M< Z < 6M Opanuruaa

z. — 2 ’
M”(zz):—Pl-zz+VA(22—2)—q—(2 ) :
2
Il ygacTka: 6 M< Z < 8M opanuruia
Mlu(za):_vs(8_z3)'

Xap Oup yuyacTka YYyH OJACTUK YM3UMKHHUHT AuddepeHunan
TeHrmamacu  €3wmb (Quggepenyuan  menenamanapuu - Ezaémeanoa
seyeuu  Momenm ughooacuoaeu Kasciap ouub w0bdopuraou) Ba y

UHTErpaiad, ofuin Oypyakiapu Ba CAIKWIUKIAP TEHrJIamMajaapu XOCHII
KWUJINHAIN:

. 1
| yuactka: Os<z,<2M opamuruga vy (z,)= —P -z;;
El
. 1 z° 1 7’
o (z)=vy (z,))=—P, —+C,; vy (z,))=—P —+C_ -z, +D;
Bl 2 El 6

Il yqacTka: 2M< z < 6 M Opanuruaa
2

. 1 Z Z
y (z,)=—(P,-z,-V,-2+V, -2+q—-4-q—+2-q);

El 2
1 z; z; z; )
o (z,)=—(P —*+-V, —*+V 2.2 +q—-q-2,+2-q-2,)+C;
B2 2 6
1 7’ ’ 2! z’
y (z,)=—(P,—~+-V, —*~+V -z, +q—-q—=+0q-2,)+C,-z,+D;
El 6 6 24 3
. 1
Il yqactka: 6 M< z_ < 8 M opanuruna vy, (z,)= ?(VB 8-V, -z).

2

. 1 Z
q)lu(zs):ylu(zs):_(vs.8'23_VB_3)+C3;
El 2

X
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3

1 ) z,
y, (z,)= _EI (V,-4-z, -V, ;)+ C,-z,+D;

X

DNacTuK YU3UKHUHT aud@epeHiman TeHriaMajiapuHd WHTErpaiialil
Hatwkacuaa xXocwn Oynaran Ci, Di, C, Dy, C;, D3 mapHu aHuMKIAII
Y4yH OJITUTA MIApT TY3WII Kepak. YJIApHUHT HWKKATACH  TasHY
KeCUMJIapU/ia CAIKWJIUK HOJIra TEHT OVJIWINM MapTUAaH OJWHAIH.

1) z=2 m; y1 (2)=0; 2) z=8wm; yu (8)=0;

Konran TtypTTa mapT 53JacTUK YM3UKHHHT ydYacTKa dYerapaiapujia
TEKUC Ba Y3JIYKCU3JIUK XoccajlapuiaH ¢oiigananu0® Ty3uiaau, SbHU:

3) z=2m; 9u(2)=¢u(2); 4) z=2wm; yi(2)=yu(2);

5) z=6m; ¢u(6)=¢u (6); 6) z=2wm; yu(6)=yu (6);

Ty3unran 1maptiap HaBObaTu OwiaH TETHIUIA TEHTJamMaliapra
KYin0, onTUTa ainreOpanik TEHTramMa XOCHJI KUJIWHAJIN:

1. 2C;+D; + £ =0; 2. 803+D3+§= :
El .
3. cl—cz-g =0; 4.2c1_2c:2+Dl—D2-§: :
5.C,—Cs3- %2 0; 6. 6C2+D2'6C3'D3-§:
[[lapTnap TeHrnaMaiap CUCTEMAacH MIAKIWTA KEITUPWIAIN:
4.1-xxanBai
O3o0p xagu
1 2 3 1 2 3 (YHr TOMOH12)

4

El
X

16
1 El,

36
1 El

2
2 1 a

162
6 1 a

X

512

El

X

TeHFJIaMaJIap CUCTEMACH KOMHI)IOTep I[aCTypI/I epI[aMI/II[a XI/ICO6Ha6,
HaTH>Xa OJIMHAJM.
26 . _ 42 _ 78 . _ 48 _ 5 . _ 112
Cl -, C2 =TT, C3 —T T Dl__ y DZ__ y D3_
Bl Bl Bl Bl Bl
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OHIM MHCOJI IIApTHAA cypairaH JeopMalMsilap aHUKIAHAIU.
KyHnananr kecuMHUHT ofull Oypuakiapu z=0; z=2m ; z=35m, z=6m Ba
z=8M Ja aHUKJIaHaau. DbBUpHHUM  y4YyaCTKaHMHI  OFMII  Oypdyak

26
teHrnamacugad  C; =-—  TEHINIMKHU  xucobra oiub, @, 02
El

MHUKJIOpJIapU aHUKJIAHAIU:

¢'(Zl): y|(zl):_P1_+C1; (0|(0):y|(0):_ T T,
EIX 2 EI>< 2 EIX1
26 , 1 27 26 20
=)y @) s B, B
El EIX 2 El El

x 1

NkkuHuM ydacTka ydyH €3WiraH OFuIl Oypdak TEHIJIaMacHulaH (s,

o 42
@ NMap aHukiIaHagu. Murerpamnampa y3rapmac C,; =-—— 3KaHJIUTU
El

YBTUOOPTA OJIMHAJIH.

1 z; z; 2} )
wn(zz):_(Pl__VA_+VA’2’Zz+q_—Q'Zz+2~q-22)+C2;
El 2 2 6
1,5 5 5° : 42
9 (5)=—(3—-6—+6-2:5+43—-3.5°4+2.3.5)— —
El 2 2 6 El
2
Q. =",
El
R 6 : 42
o (6)=—(3—-6—+6-2:6+3——-3-6"+2:3-6)———;
El 2 2 6 El
12
Q.= —;

El

X

qu/IHqI/I ytlaCTKa TCHIJ1amMaCuaaH
. 1 z;
¢|||(23): y|||(z3): (VB.8.23_VB )+C3
El 2 ’

Cs :'7%| TEHTJIMTUHU XHUco0ra o0, (g aHUKJIAHAIU:

2

. 1 z
(plu(zs): ylu(zs): _(VB '8'23 _VB_3)+ Caa

El 2

. 1 8” 78
v,08)=y,(8)=—@88-3)-—  _18
E|X 2 E|x 8 El
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26
bupuHun y4yacTKaHMHT CcalKwiuk TeHrnamacura C; =-— Ba D;
El

48 .
=— MUKIOpPJApHU KyWHO, OaJlKaHUHI 4Yall SPKUH YYWJArd CaJIKWUJIUK
El

X

3

1

aHuKJaHagu. y (z,)= —P —+C_ -z + D ;
El 6
1 0 26 48 48 48
y,=y,(0)=—3—-— 04+ —=—-; y = —.
El 6 EI, El  El El
Komran ys Ba ) CAIKWIMKIAPHU AHUKJIAIL YYyH HKKUHYH
ydacTKara Ty3WJIraH CaJKWIMK TEHIJIaMacura c, = -42/el, Ba D, = 58 /El

MUKJOpJIap KYWHUO TONUIaIu:

3 3 4 3

1 y4 Z y4

y, (z,)=—(P,—+~-V,—~+V -z, +q—-q—+q-2,)+C,-z,+D;
El 6 6 24 3
1 ( 5° 5° , 5° 5° 52) 42 58 36,375
y,=—|3—-6—+6-5+3—-3—+6—|-—5+ = - ;
EIl 6 6 24 3 2 ) El. El El
1 ( 6° 6° , 6 6° 62) 42 58 32
y=—13—=6—+6-6 +3—-3—+6— |- -6 + = - ;
El ( 6 6 24 3 2 ) El. El El
bankanuHr »acTUK YU3UFUHU TaXMWHAH YWU3WII Y4YH aHHUKJIaHI'aH
OFuIll Oypuard Ba CaJKWINTUHUHT  pajuaH Ba Ca”HTuUMeETpiiapaa

MUKIOpY TONMWIMO, yJapHU MacmTadbaa Oaika VKura KyWuO, 37IacCTHUK
YU3UKHUHT XoJlaTh Kypcatuianu (4.8 a-pacm). Jledbopmanusiiap xynaa
KMYUK  Oynranu  ca®abmum  ynuHr  kuitmatunu  El,  Gapamap
KaTTalalmTUpUO, SIACTUK UYM3WKHH  KYpCaTUIN MabKyld. JIacTHK
YU3UKHUHT XOJIATMHH  KYpCaTUIIAa KOMIBIOTED WMKOHUSATIAPHUIAH
doigananuI YpUHIIH.

4.2-xanBai
Ke Cankunmk Cankunmk Bbypuaxk Bypuak
CUM (Elyy) (cm) kyuuimu(Ely ¢) KYYHIIN
(pamx10*)
z= 48 0,6936 -26 -37,5723
n
z= 0 0 -20 -28,9017
2m
= -36,4 -0,5260 -2 -2,89017
BEm
z= -32 -0,4624 12 -2,89017
Am
z= 0 0 18 26,01156
fm
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4.8 a-pacm

Eunnran wmmconman KYpuHHO TypHOIWKH, D3JIACTHK YHU3UKHUHT
muddepeHnran TeHraaMacMHu O€BOCHTAa HMHTErpajulall Wil XAXMUHU
Kymantupub roo0opagu. AMMO, »5JAaCTUK YMU3UKHUHT JuddepeHnman
TEHIJIaMacUHU  MHTErpajllalija Maxcyc HWyJulapHu TatOMK  3THO,
ydacTKajapja y3rapmaciap TEHIJIMTWTa OJpWIIAII MyMKHH  Ba
ydacTKajap COHM WCTaJraHda OViraHma Xam macajgaHu (akaT HKKHTa
y3rapMaciiapHi  aHUKJIAIra KEJITHPUINI  MyMKHH. bByHHMHT  y4yH
KyW#garuiapra amMajg KWIHII Kepak:

1. bapua ydacTKaJapHUHT S3TyYBUM MOMEHT TEHTJaMaJlaApUHU
KECUMHHHT OWp TOMOHHJAH, KOOpJWHATa OOIM OWJIaH TETHIILIN
KECHM oOpacuja >KOWJaIlraH TalllKh FOKJIapJaH Ty3WIl Kepak;

2. OryBum MOMEHT TEHIJIaMacura KHUpraH KaBcjap WYHJIaru
XaJIapHU MHTETpajUIala KaBCIIApHA OYMACIHK Kepak, SbHHU:

(z-a)

[P(z-a)z =P 2 +C
2

3. Arap Oankara xypTt Kyd Tabcup dSTraH Oyica, 3TyBUd MOMEHT
TEHIJIaMacura kupral Oy Xypr kyd XxaauHu (z-a) OuHOMUTA
KYHNAUTUPUII JIO3UM.

by epma, a — Xypr Kyd KyHWUIATaH KECHMMHHUHI aOcLuccacu;
KoopJuHaTa Oomiy OaJKaHWHT Yall y4yuja OJIMHAJIU.

4. Arap Tekuc €ilmiraH OK— ( OaJKaHUHT YHI yddraya eTMaraH
Oynca, yHM OaJKaHUHI OXHMpHUraya JaBOM OTTUpHUII Kepak (4.9-pacm).
bankanunr  myBo3aHaTMHM ~ Oy3MaciMK  y4yH  Oajkara  JJaBOM
STTUPWITaH EHWITaH IOK HMHTEHCUBIMIM (] Ta TEHI Ba YHra TecKapu
HyHanraH ( FOKHM TETUNUIM Macodara KYWHWIl Kepax.
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4.9-pacm
Iy maptnapuu 3-muconga KypuiaraH Oalka y4YyH TaTOUK
KWIraHja, WHTErpajjlall HaTWKacuja XOcwi OynraH Yy3rapmacnap Oup-
Oupura TeHr Oynaau, S’bHU:
C,=C,=C,=-26/El ; D,=D, =D, =48/El .
byHu Mycrtakuin unuiad, TEKIUPUO KYpPUHT.

4.2 bouuianru4y mapaMerpJap ycyiad. bajgka srwiran YyKUHUHT
YHHMBEpCAaJ TeHIJIaMacu

bouanfuu mapamerpiap ycynau OalkaHUHT Oapya ywacTKallapu
yu4yH YpuHIM Oynaran OUTTa CalKWIMK (€KM KECUMHHHI  OFHUII
Oypuaru) TEHIJIaMacHMHM €3UIl MMKOHMHU Oepaju, WIYHUHT Yy4yH Oy
TEHIJIaMa YHHBEpcajd €KM yMyMJIallraH TEHrJiama JAcuninagu. Tascusd
KWIMHAETTaH YHUBEpcall TEHIJama Kymn YydyacTKalu Oallka y4yH
KyHuJaru KypuHHIIAA E3WIIAIN:

V(@)= y, s ey Mlma) o REED) g ae) g g
Bl | 2 6 24 |

by ¢opmynana z — xoopnunata Oommaad (OaJKaHUHT dYar Y4YWJIaH)
nedopmaiiusi aHUKJIaHAETTaH KecuMmrada Oyniran macoda;

i — KoopauHaTa OOmMAAaH Terunum KypT Kyd-M; Kyiwiran
Kecumrada macoda;

6i — KOOpIMHaTa OOIMMJAaH TETHIUIM  Kyd-P; KyHWIraH Kecumrada
mMacoda;

Ci — KoopAauHata OOIIMJAaH TETUIUIM TapajraH K (j ydacTka
Oommraya OynraH Macoda.

[y epna, arap kypwia€TraH TapajiraH IOK OajKaHM VYHT ydurada
TabCUp KWIMaE€Tran Oyica, yHU OaJKaHUHI OXHpUraya JIaBOM
STTUPUO, MYBO3aHATHU THUKJIAIl YYyH JAaBOM OSTTUPWITAH Y3yHJIMK]IA
WHTEHCUBIIUTU OWp XWI, UYHAIUIIM 3Ca TECKapU TapajiraH 0K KYWHIII
KEpaK Ba yHUM XaM YHHBEpcaj TEHrjaMa Ty3a€TraHja XucoOra OJIMII
JIO3UMIIUTUHU 3CIIATUII KEPaK;
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0., v, -  OOIUIAHFMY  [apameTpiap, SbHU  KOoopauHaTta  Oomm
JKOWIAITraH KECUMHUHI CaJKWIWTM Ba OfFuIl Oypuaru. Yiap (o, Ba
v,) Oalka TasgHY KecHMMJIApuUra KyHWwiraH 4erapaBuil ImapTiiapra

acoCaH aHUKJIaHaIHU.

VYHuBepcan TeHIJIaMaHW Ty3a€TraHja Oajikara TabCHp KHIJIAETraH
IOKJIap MINOpAacH KyHuJaru MIiopa KOWAacura acocaH OJIMHAIM:

Arap Tabcup kKujaérran kywiap (P; Ba qj) HyHaIuImm BepTHKAI
KOOpAMHATa YKWHUHT MycOaT WYHaIWIIWTa TECKapH, SbHU IOKOpHUTa
nyHanran Oyica, y XoJijla yJAapHMHT MHKIOpPH MycOar uimopa OwuiiaH,
akc xoJija MaH(uil uiopa yHHMBEpcajd TEHIJIaMaHU KaTTa KaBC HMYMJIA
vuuiatTuiaay. bankara KyWWIral TallKd MOMEHT WYHAJMWIIU COar
CTpeJIKacu xapakaTu Oyiinmda Oyica — mycbaT, akc xoyjga MaHpuii
UIIopajiapu OWjIaH MUKIOPU KYyHUIaIu.

banka xyHmamaHr KecMM OFUII OypYarMHUHT TEHTJIaMaCUHHUHT
CAIKWUIMK TeHryamacH (4.7) maH Z KoopauHaTa OyiW4Ya XOCWJIaHU
xucoOmam Wynu OuiiaH XOCHUJl KWJIUII MYMKHUH, SHHU:

z [ (z-b) (z-¢c)T
¢<z>:dy()zwo—ﬂzwz—awzp'( SIS ')J'

dz E 2 6

X

4-mucon.  l-muconma  kypwiran = Oanka  y4yH ~— aHUKJIAHTaH
nedopmanusanap OOIMIIAHFUY TMapaMeTpiap yCyiau OujaH XucoOmao,
TEKIIUPUO KYPHUIICHH.

Eyuw. AsBanirunexk (4.5-pacM) koopJuHaTa OOIIMHU OajlKaHUHT
yan yuuzaa oyubd, Z VK YHT Tapadra, y VKM 3ca Mmactra HyHanTUpUIagu
Ba CAJKWIMK YYyH YHHMBEpCall TEHIjamMa E3ujaju.

2 3 4
)=y v a M2 g2
El L 2 6 24 J
boumanfuu mnapamerpiap (¢, Ba »,) HU aHUKJIAII YYYH KOHCOII

yan YYMHUHT MaxKaMJIaHUII mapTuaad ¢oijganaHuaagy, sSbHU:
z=0;y(0)=0 IIAPTUIAH y, -0 TEHT Oynaau Ba
7=0,p(0)=0 IMAPTHAAH ¢, -0 TEHT OVaau.
IOkopuparn yHuBepcan TeHriamara y,-0 Ba ¢, =0 MHUKIOPJIAPHH
KYW1O, KOHCOJIHUHT 3PKUH YYMJaru KECHUM CAJIKWUJIUTH TOTWJIAIN:

1 [ 6° 6" ] 432 216 216
y(6)=-—0+12 ——4— = - + = -
El [ 6 24J El  El El

X

[Ily XeCHMHUHT OFWIN OypYyardHM aHWKJAIl YYyH CaJIKHIIUK
TEeHrJIaMacHuaaH Z KoopJuHata Oyinua Xocwia ojau0 XucoOJiaHaau:
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1 2’ z° 1 6° 6° 72
@(6):——|—M -z+vA——q—wz——F0+12——4—W=——.
EIXL 2 GJ El L 6 6J El

lynnait kuauO, KOHCOJHMHI 4Yal Y4d MaxkKamJlaHraHn Oyica,
OOlTaHFUY ¢, y, NApaMeTpiaap MHKIOPHM XaM HOIra TeHr Oynap

DKaH.

5-mmcoa. 3-muconpa  Kypwiran Oanka  jaedopmarusuiapuHu
OOlIJTaHFUY MapameTpiap ycyiujaan (¢dolnananud aHUKIall —Kepak
(4.8-pacm).

Z KoopauHarta YKU VYHr Tapadra, y KOOpJAMHATa YKU IacTra
nynantupunaau. Tapanran K OaJKaHUHT  OXHMpUTrada  TabCHP
KWIMaE€TTaHW YYyH y OaJKaHMHI VHT y4dWrada JaBOM OSTTUPWIATU Ba
MYBO3aHAaTHH CakJalll YYyH YYUHYM YYacTKa Y3yHJIUTHAA IOKOpUra
fiyHanraH Ba WHTEHCHBIUTH ¢ = 3xx/m TEHT OYJraH Tapairad Kyd

ounan roknaHaau (4.9-pacm).

1. Xap Oup ywacTka Yy4YyH CaJKWIUK YHUBEpcajd TEHIJIaMacu
TY3WIIA]IN:

[ yuactka 0 < z <2 m opanuruia

v (D)=y. v 21—l ptl (@
e | ‘e

IT yyactka 2 M < z <6 M opauruja

wmn=m+¢,z——i{—aiwvA“‘2)—q“‘z)} ©)
El 24

6 6

Il ygactka 6 M < z < 8 M opayuruia

1 |_ 23 2—23 2_24 Z_62
v, (2)= yo+¢’02—_t— Pl—+VA( ) —q( ) + M ( ) .
El

6 6 24 2

(z-6) q(z-6)"1
+ P + :
© 6 24 J

2. Ty3unran yHHBEpcaJ TEHrJIaMajaapJard HOMabiyM OOIUIaHFAY
napametrpiap (¢, Ba »,) HU aHUKJIAIl y4YyH HWKKHUTA 4YerapaBuil 1mapT
tysunamu: 1) z=2 m; »(2)=0; 2) z=8 m; yn(8)=0.

3. bupuHuu miaptra acocaH (a) yHUBEpcaad TeHIJlamara z=2 .M TEHT
MUKJIOPHHM KYWHMO, TEHIJIaMa XOCWUJI KUJIaHAIM.

10 2°

y.(z)=y0+¢0-2—EI—XL P16J=o; (r)
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4. VkkuHYM mapTra acocaH (B) yHUBEpcasl TeHIiamara z=8 m TEeHT
MUKIOPUHHA K}”IP”H/I6 UKKUHYU TEHIJIaMaHUu €E3UuJIaju.

(8—2)3 (8-2) (8-6)

Y. (2)= Yo+ 98- —— { AT M T
: 4 ()
(8-6) q(8-6)1
+ P, +
6 24 J

5. KOxopunaru (r) Ba () TeHINIamaliapra Ky4JapHUHT COH KHii-
MaTUHU KYWHUO, anreOpauik TEHrjIamMalap CUCTeMacu XOCHJI KUJIMHAJIN:

4
Yot @+——=0
Al
1&0 ()
+8 ¢ +—=10
Yo & ;

A

6. AureOpamk  TEHIJIaMajap CHUCTEMacHMHU €40, HOMabIyM

OOLITaHFUY TIapameTpiiap MUKJIOPH TOIMMIIAIN:
26 48
(po = — —, yO = —,
El El

7. Kepaknu KecMMmIard CajlKWIUK aHUKJIAHAIM:
bankaHUHT Yar SpKUH yYUJard CATKWINK MablyM OVIu, SBHU z=2 M Ja
y1(0)=4 /81, dKaH.

Nkkunun (06) yHMBepcanm TeEHIJIamMara OOIIaHFUY —TapameTpiap

MUKIOPU Kyhmimmb, abcumcca KuUMMaTIapuHH Zz=5 M  Ba z=6 M
TCHINIMKAAIrld KCCHMJIAPHHUHI' CAJIKWJINIU AHUKJIaHAIU.
48 26 1 [ 5 52 2)'1 36,375
y(5):———-5———3—+6( ) ( 200
El  El. El 6 6 J
48 26 1 [ 6 6-2) _(6-2)'1 32
y(6):———6———3—+6( )—3( ) = - .
El  El El { 6 6 24 J El

8. KecumnapHuHr ofuil OypyarMHM aHUKIAIl Y4YyH JedopManusicu
TOMWJIMIIN ~ Kepak OyiraH KECUMHUHT OKOWJAIraH Yy4yacTKaJaru
yHUBEpcald TEHIJlaMacuJaH Z KoopAuHaTa Oyiinua xocwia oyu0
xucobnmanagu. Macaman, OMpPHHYM ydYacTKa YYyH OFHIN OypYarmHUHT

yHUBEpcal TeHramacu (a) TEHIJIaMa/1aH XOCHJI KWJIMHAIU:
1 [ z°7]
¢ (z)=¢p,-——-P,— | by Tenrnmamagan Oanka dYam y4uJarua
El L zJ
kecuMHUHT (Z=0) ofum Oypuaru aHUKJIaHAIH
26
¢, =9,(0)=-—

El
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bankanunr yHr Tapadmaru TasHY KECUMUHUHT OFHIN OypdYaruHu
TOMUIl y4YyH (B) TeHINIamagaH Z abciucca Oyinya Xocuia oJau0

XUCOOJIaHaIH:
1 I 2 —2)? —2)° —6)° —6)° 1
20 (Z):(po——|—Plz—+VA(Z ) —q(Z ) +M(z—6)+P2(Z ) +q(z ) l,
El, | 2 2 6 2 6 |

26 1 [ 82 (8-2)° (8-2)° (8-6)° (8-86)

.
p,B8)=-—-—|-3—1+6 -3 +12(8-6)+12 +3 |
El El, | 2 2 6 2 6 | EI

WKkkuHYM yYacTKaga cypairaH KECUMJIAPHUHI OFUII OypyakiiapuHU
MYCTaKWJl aHUKJIA0 KYPHIIHHU TaBCHs KUJIaMU3.

4.3 I'padoananuTuk ycya OumiaaH Oajika
aepopMalMAIAPUHN AHUKJIIAI
['padoananutuk ycyn (coxTa IOK ycynu) HKkuTa auddepeHnnan
TEHIVIAMAaHUHT VXIIANUIUTUTa acociaHraH. by TeHrnmamaman Oupwu
rwiraH 0anka YKUHUHI TEHIJIaMacu
d’y M

_ 4.9
dz El ( )

WkkuHuKMcH  3ca, OryBUM MOMEHT Ba  TapajraH  FOKHHUHT
MHTEHCUBIUTK opacugarn auddepenunan OorlaHUIIHA  U(OAATOBUU
TEHIJIaMaJIup, SbHU:

2

_ g (4.10)

by rtenrnamanap Oup-Oupura Tyna VXIIALUIMTH Y4YyH, yJap
KaWTaJaH KyWuJaru KypuHUILAA E3UJIa[IN:

ddzz(Elx-y)z—M, (4.11)
)= (4.12)

IOxkopunarun (4.11) Tenrmamana Kascra OJIMHIaH El -y MHUKIOPH
COXTa STyBYM MOMEHT 110 KaOyJ KWIMHAIU, SHHU:
El -y=M (4.13)
[Ily coxTa »ryB4d MOMEHTHAH OJIMHTaH WKKUHYU Japa)kaiu
XOocWiia OUpOp COXTa IOKHUHT WHTCHCUBIIMTUHU Oepajiu:
d*M

ronme

dzj— = 7 corma

coxma

(4.14)
Oxupru (4.14) wudonmanu (4.11) wudoma Ounan coaUIITUPUO,
Kylujgara OOfJIaHUII E3UIAIu:
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A =M (4.15)
Onnn, (4.11)ra EI -y ypHUra yHra TeHr M KyHWWJICa Ba YHT
tapadgaru M HU ¢ OwiaH anMamrupuica, (4.12) ra Tyma yxmam
mud@epeHnran TeHIrJIaMa XOCHI OyJaau:
d*M

rorme

7 Yanma
% (4.16)

Mazkyp yxmanuk OankaigapHu XucoOjalija 3TyBUM MOMEHT Ba
KYHIAJaHT Ky4 OJMIOpAaCMHA KypWIl YYyH KYJUIaHTaH yCIyOuid
unuiaaMa  gedopMmarnusIapuHd  XaM  aHMKjIamga GoigalaHuII
MYMKHHIIUTUHU KEJITUPUO YUKapaJIu.

Hemaxk, (4.13) ra acocan, Oepunrad OaJKaHUHT MabJIyM KECUMJaru
CAIKWJIMK COXTa OTyBYM MOMEHTHUHI Oaika Oukpnuru HucOatura
TEHT 9KaH:

y(2)= et (4.17)

Cankunukaun  aHukioBud (3.17) TeHrmamMaHMHT 4Yal Ba  YVHL
KHUCMIIapuHU abciucca OViimua nuddepeHnuamianca, OFUII Oypyaru
y4yH TEHIJIaMa XOCWJI Oynaju:

p(z2)= —=m (4.18)

Hemak, OepuiraH OaJkKaHUHT UXTHUEPUM KecUMAaru Ofuil Oypuaru
COXTa KYHJaJaHT Ky4YHUHT Oajika OMKpJWUTHM HUcOATUra TEHI JKaH.

banka nedopmanusmapunu (4.17) Ba (4.18) dopmynanapaan
aHuKJamaa OepwiraH OaTKaHWHT 4Yerapa KWHEMAaTWK IapTiapu OuiaH
coxTa OaJKaHWHI dYerapa CTaTHK IIapTiapu Oup-Oupura MocC KeJIHIIU
Kepak. Maskyp ImIapTiaapHd TabMUHJAII acoCHIa COoXTa Oankaiap
TaHJIaHaAu. AWpum Oankamap YyYyH cOXTa OajJKaHMHT CXEMaTHK
kypuauin 3.10-pacmaa KenTUpUITaH.

I'padoananutuk ycyn Ownan Oanka aedopMmalUsIapUHM aHUKJIAII
TapTUOM KyiuaarunapaaH uOopar:

1. Tamku rokmap TabCHUpUIAH Oajka Y4yH JTYBYM MOMEHTM (z)
AMIOpacu Kypuiaju;

2. bepunran OajkaHWHT dYerapa KWHEMAaTHK MIapTiapura acocaH
coxTa OaJika TaHJIAHAJIH;

3. Coxrta OanKkaHUHI HMHTEHCHUBIMTH STYBYM MOMEHT MHKIOPHUTa
TEHT OYnraH TapajiraH Ky4 OuWiaH OKJIaHaIu;

4, CraTUKaHUHT MyBO3aHAT TEHTrJamajapujaH (Qoimamanud, coxTa
OalKaHUHT TassHY pPeaKIMsUIapu aHWUKJIaHA[H;
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5. Terunum (4.17) Ba (4.18) dopmynanapgan  Qoiigananuo,
OallKaHMHT CcypaJiraH KecHuMaard jaedopmanusiapyu aHWKIaHaIH.

bepunran Oanka CoxTta Oanka
g,=1 ay, =0 o2..=0 o #0
’;'1 r,=n ». 20 hl..=0Q hl..=0 E
=1y B A B
| a &
a)
@, #0 a0 Q.20 O #E
= = I"."I = |'.-| =
Ja F _I?. B A M n B
. N AN FEAN
0) - Frprrrd ; tearead
i
[ .P 1 .ﬁ
@ o 0
W,.fl:l @, a_hg @, 20 D o =0 Degn=0  Meme U
Fa= ‘}:: - yb#ﬂ hM_.;nx=L" M e =U E
!I'\ B b
B) ) C. A c k=
Fewrrri , bearrd . ‘
i
\L Jﬁ | J i o |
T~ I~
a, =0 & o B .
2,20 i @y Meaift) Q%0 @ o ¥l
b = ya=0 =1 M e =00 Mone=0
F) ? N ;'J;\ =18 c ,-”I-‘\.
barrasd T ‘ o
L2 | Z | L 2 ! |
A A A A
L o B0 & o 0
=0 @l w, =0 1 =0 Menr BV W g #0 & o0 M B
0K =0 Fa= B =0 Men =0 Mo =V =
Jl) E C A v =liE c A PRLE=
b Yo ‘ \/
I [t l ) | idn | s { ﬂ':
A ' | 7 ' '
4.10-pacm

6-muco. VkkuHYM MucOoifa KypwiraH OaJKaHWUHT aepopMaIrusicu
rpadoaHanuTUK ycyn OunaH aHukiaHcuH (4.11 a-pacm).

Eunm. Tamku fokinapaaH OaldKaHUHT CXEMacH OCTHAAa OSTyBUYU
MOMEHT JMIOpacy Kypuiaad. OTYBUM MOMEHT TEHTJIaMacu E3WiIajiu:

2

M(z)=V,-z-M —q—.
2

1. TasHu peakuuss MHUKIOPUHU MKKHHYA MHUCOJIAH KYIUPHUO
0JIM0, ATYBYM MOMEHT smropacu um3unanu (4.11,6-pacm).
1. bepunran Oanka Yyd4yH YerapaHvMHI KHHEMATUK MIApTIapu

&3nmuo, (4.17), (4.18) dopmynamapra acocaH coxTa OajJKaHHHI CTaTHK
mapTiapy Ty3HIaJIu:
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bepunran Oankana Coxrta Oankana

z=0;y,=00, 6 #0; z=0;M_ =0;Q_, #0;

0X

Z=06 m;y6=0;(ﬂ6¢01 Z:Gm;MconO;Qcoxi(

2. Coxrta Oanka ydyH E3WIraH IIapTJIApHA KAHOATIAHTUPYBUYHU
OankanuHr cxemacuu 4.10 0-pacmpaH kyuupuO 010, HHTEHCHUBIUIY
OTYBYM MOMEHT MHKIOpWTa TEHT TapajraH coXTa Ky4 Owuian
toknanaau (4.11,B-pacm).

3. Coxrta Oankaga TabcHp KWIAETraH TapalraH Ky4JIapHUHT
TEHI TabCUP KUJIYBYM Ky4 BEKTOPJAPUHMU TOIHUIN YyYyH YHU OJJIUN
fo3amapra (yuOypuak Ba KBajapar mapa0osia) ra  axpatub, xap
OMpPUHHMHT 103 Terunuiy Gopmynanap Epaamuaa xucoOnanamu (4.11,r-
pacm):

12 -6 qt’ 2-6°

o, = ——— =36 °; w,=—="—"=36Km

2 12 12
XUcoOJlaHTaH BEKTOpP MHKAOPJIApH FO3aJapuHM OFUPJIMK MapKas3H
HyKTacura KyHuO, CTaTMKaHMHI MyBO3aHaT TEHIJaMalapuJaH COXTa
OaJKaHUHT TassHY pPEAKLUIApU AHUKJIAHAIU:
>M =0, v, 3-w,-2-B_ -6=0;
w, 3-w -2 36-3-36-2

B = = 6 KkHm
' 6 6
S M, =0;
o 4-w,-3+4, -6=0;
o, 3-o -4 36-3-36-4 s
A = = = —6xum

cox

6 6
4. TadgHu KeCUMJApHUHI OFuIl Oypuaru Ba Oanka OpaJluFu

ypracumard KeCHM CAJKWJINTH aHWUKJIAHCHH.
Orum Oypuakiapu (4.18) dbopmynara acocaH aHUKJIaHAIH:

QCOX (0) ACOX 6 . Q Ccox (6) o BCOX 6

0 ! ¢ 6 ;

El El El El El El

X X

Cypaiiran CaJKWIMKHMA aHUKJIAIl Yy4YyH COXTa OajdKaHUHT Iy
KeCUMJIaT 3TyBYM MOMEHT MHUKIOpPH Kepak (rpadoaHaquTHK YCyJ
Owran (Qakar ydacTka derapanapujaard jaedopMalUsHA — aHUKJIAII
MyMKuH). ByHuHr yuyH Oepuiran Oankaja TETMUUIM KECUMJArH
TYBYM MOMEHT MHKIOPU XHUCOOJIaHAIM!

2 2

z 3
M@B3)=V,-3-M —q—=8-3-12 - 2— =3 KHM.
2 2

79



XucoOMaHraH oOpAvHATa MHUKJIOPUHU COXTa Oalkajga Kypcatuo,
(4.11,n-pacm) xecumpan Oup Tapadmarm coxTa KyWIapHUHT TEHT
TabCUp KWIyBUMJIapH Kakrta tonuianu (4.11,e-pacm):

. 123 . 2.3 , . 3.3

2

w = ——=18xmm 0, = ——=45kmm o, = — = 45cmm °;

2 12 2
OHaM coxTa Oankana z=3 m OyIraH Kecumjaa J3TYBUM MOMEHT
xuco0nanu0, (4.17) gopmynara acocaH CaJIKUIMK TOMHUIAIN:

3

M, (3)=—A_ 3+ 2-m, 1-a 15=—6-3+182-45.1-45.15=

(7=

= 6,75 kKHM: yy = M3 _ 510
EI,  EI,
7-mucos. [I'padoanamutuk  ycyngan  Qoiinananub, 3-mucoina
aHUKJIaHraH JaedopManusuiap TeKWUpuoO Kypuiicul (4.12 a-pacm).
1. OryB4n MOMEHT 3MIOpacH OaJKaHWHI CXEMacu OCTHJla YU3UJIaU
(4.12, 6-pacwm).
2. bepunran OalJkaHUHT 4Yerapa KHUHEMAaTUK IIapTjapura acocaH
coxTa OaJIKaHWMHT Yerapa CTaTUK MIapTiapu E3WIaJIu:
bepuiran Gankama CoxTta Oankama

z=0;y, # 0,9, #0; z=0;M _(0)#0;Q_ #0;
2=2m;y(2)=0;¢p, = z=2m;M_ (2)=0;Q_ (2)=
z=8m;y(8)=0;¢p, = z=6m;M _(8)=0;Q,(8)=

3. lly mapmmapHu KaHOATIAHTHPYBYM COXTa Oanlka cxemacu
4.10,r-pacmaa Oepwiran cxemara TYFpu Kejaaau. Maskyp coxrta
OankaHu o0aMO, y SryBUYd MOMEHT (QyHKIMsicM OVinya Y3rapaauran
TapajlraH coxTa Ky4 OwiaH rokiaHamu (4.12, B-pacm).

4. Tapanran coxTa Ky4JapHUHI TEHI TabCUP KUJIYyBYH Ky4
BEKTOPJIADUHM  AHUKJIAIl YYyH OryBYM MOMEHT DJIIOpacud  OJJIUi
mrakiuiapra axpartuiaau (4.12,1-pacM) Ba yIapHUHT FO3W XHUCOOJIaHAIH:
- ) / ) 18 - 4 )

12kum "0, =q—=3—=106Kkuu ; o, = —— = 36 kum

3

2 12 12 2
6

-2 _ 62

@, = — 6 kum a)5=—=6KHM

2
XucoOJaHraH MAaKJUlap 03aJapuHUHT OFUPJIMK MapKaszjiapura
COXTa TYIUTAaHTaH Kyd Tap3unpa Kyhwnamu (4.12, n-pacm).
OHAM coxTa Oajka CTaTUK AaHWUK [IapHUpAM Oajdka CUHrapu
xucobsanaau. bupuHuM HaBOaTAa HOMABJIYM TasHY  peakuusuiap
aHUKJTaHAIH.

»

a)l
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. _ 3 413 A
I'lr-_[ﬂ,x—mm ‘EM 4 &.‘rl 4 k] p 4
e 3™ Mojay e
9 % —
. ¢ I I
T a,| M FEY 1
b i G
_-_‘lll_mxzﬂﬁm.t
¥ B, = &

4
ZM‘FE 0 mﬂ'z_ml'__% el *411 [6_5} E.-:.::l:'r 'S:[:];
8 8 14
0, 2-0 -0, -0, 16 -2-12-—— 36 -—-6
B = 3 3 3 _ 3 3 3 = —18 kum
" 6 6
ZMAZO’
(2-2)_ 0, (242 (2:2)-0,[8-2
M -o, 2-—|-w, |2+ —|+w 4- o, 2+ — —a)48——+B”X8=O,
L\ 3) L\ 3) . 3) L 3)
4 0
M =6-—+12-—-16-4+36 -—+6-—-18 -8 = 48 xum
3 3 3 3
s M -0
-M -o —48 -6 - —
2 _ B ' 3 3 :
A 2+M _ +o -—=0, 4 = = = —26 knm
’ ' 3 2 2

Texmmpum: >V = 0;

o +o +o, +o,~A_ -o —B,_=0; 6+12 +36 + 626 —16 — 18 = 0;
0=0.

5. bankaHuHr yam y4yuaaru KEeCUM CaJKWJIMIM Ba OFUII Oypuaru
aHUKJIaHAIU:

Q. () -A_ -26 M_(0) M 48
p, = = = sy, = = =

El El El. El El  El

bepunran Oamka TasHY =~ KeCHMJIApUIArd  OFMIN  OypyYakjaapu
TOIUJIA I

Q.(2) -A_ +o, -26+6 -20 Q.(8) B 18

©E, El El El El El  El

X X

bepunran OankaHuHT dYanm yuyugaH z=6 m Macodama >KoWaImraH
KECUMHUHT OFHUIN Oypyard Ba CAJIKWINK XHCOOJaHAIH:
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2
w, ~-B_ -2 6---18.2
3 - 32

¢6: = = — ’ y6: = = =
El, El El El, El, El El,

X

6. bepwiran Oanka opamuru YpTracugaru ( z=5 M) KECUMHHUHT
CAUTKWJIMTH Ba OFMIN OypyarvHM aHUKJIAIl y4yH aBBal  Ka[
KWJIMHTAaHUIEK, Iy KECUMJArd COXTa TapajlraH Kyd MUKIOPUHU
aHUKJIAI Kepak. Ma3Kyp MHKIOp 3TyBYM MOMEHT OJIIOPACHUHHHT IIIy
KECHMJIard OpJIMHATACUTa TCHIJIUTH MabJIyM:

2 2

3
q. =M ((5)=-P -5+V, -3-q—=-3-5+6-3-3—=—-10,5xun ;
2 2
Kypunaérran kecumaaH coxTa OaJKaHMHT 4Yam €KW YHT KHCMHUJAru
COXTa TapajifaH IOK KaWTaJaH ONIMM  IIaKkuiapra aXpaTUIaIu.

Macanan, OankaHUHT yHr kucmuparu  (4.12,r-pacm) TapairaH
IOKJIAapHU y4Ta yuOypuyak Ba KBajapar mapabosiara axparuO, ro3anap
XUCOOJIaHaIN:

N 6-2 , 10,5 1
Qs

o =——=06kxum °; o = =5,25KHM2;

2
oo
1
[}
.‘:(
n
|
[EEN
(0]
|_\
N
)
w
(BN
w

T oo, = —— =9 ] == 0,25 kmm
- 2 12

OHAM KECHMMHHMHI OFuml Oypyarm  Ba
T CaJKWIMTHA TOIIWJIAIU.

Q,(6) B, +w, -0, -0, -0, 18+0,25-525-9-6 2
¢5: = = = — ’
EIx EIX EIX EIX
1 2 5 1
o, t+to, —t+to, -0, - BCOX3
M, (5) 3 3 3 2
y5: = =
El El
1 2 5 1
52-—+9.—+6-——0.25.-—-18 -3
B 3 3 3 2 _—36,375
El Bl

X X

Kypunran OankaHUHT KOHCOJI KUCMHU dyam Tapadwuma, arap KOHCOJI
KHUCMH VHT Tapaduaa OynraHujaa, MHUCOJHHM €UWIN TapTUOW Y3rapmaii,
dakaT coxra Oamka kypuHumm Yy3rapaau (4.10, B-pacwm).
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4.4 baaka nedpopmanusiapuaua Mop
HHTErpajau €épaaMuaa aHUuKJIALI

Mop wunTerpanu Epmamuna Oankana (yMymMaH HUXTHEPUM DJIACTHK
TH3UMIIapAa)  aedopmarusiapHd  aHUKJIAIl  MYJIWHW ~ KypcaTHIIAaH
OJIMH KyIIMM4Ya TylIyH4Ya Ba JaepopManusuiapHd yMyMHM Oeiruiarnt
KoWJalapu TYFpUCHIA KuCKada axO0opor Oepu® YTHII  JIO3UM.
bankanaru xap kanpail aedopmanus (KECUMHHUHT OFMUIN Oypdyaru Ba
CAIKWUINTY) KY4Yulll, SIbHU KECHUMHHUHI OFHUII OypyaruHu — Oypuak
KYUUIlIM, CAJKWUIUTA 3Ca — BJACTUK YU3UK HyKTaJlapu BEpPTUKAI
WyHamuIga KYyduInw Jedmiagn. by HMKKW XWa Kyduin Oup FOHOHYA
xapd-a (menbra) Oumnan Oenrunanagu. Kyuunuiapuu Oup Oupumax
@KpaTUIll Y4YyH yJapHU Oenruiamga TapTHO pakamiiap €Kd KYYHII
WYHANIMIIMHA KYpcaTyBYM KylIuM4ya KWYKHHA Xapd EKu pakamuiap/iaH
dopananunagu. KyuuimmHuHr Kymumya Oenrwiapu ( yJap MHIEKCIap
ne0 xaM HoOMJIaHa/u) A XaphUHUHT MacTKM KUCMHUTA KYWHJIaau Ba
ynap Oanka kecumaara gedopmanusi Typu (KECUMHUHT  OFHIII
OypuarumMu €KM  CaJKWUIMTMMH) TYFpUCHZA MabIyMOT Oepaju.
AnbGatta, Oy MabiaymoTra i3ra OyauIn y4yH OalKaHUHT CXeMacuia
XaM TETUIUIM >KOWiapja KYy4uIUiap WYHaTuIId Ba TapTUO pakamiapu
KYpCaTWUJIAIIHA KEpaK.

Macanan, 4.13-pacmaaru OankaHuHr aedopManusIapyuHu OeITrHIail
KOUJIaCH:

c A, -1-1 WYHAIUIIIA-
! e _ru Oypyak Ky4umiu,
2 a 2 f‘ -y L [ _
/ L--‘ g 4. 2-2 HyHAIMIIA
Py e Llh :'3/’ ’ A, ~c-c  WYHQINII-
-~ '”“_K:"

\ - JaTM Z=a HYKTaHUHT
FAACTHE BEPTUKAI KYYHUIIN.
‘4 Haw ¥

4.13-pacm
A¥ipuM Xonja KyudulUIapHU Oelruiaiijia yJIapHUHT WYHaTUIIUHU
KYpCaTUIIIaH TamlKapu, NIy Kydunuiap Tmaigo Oynwmmmra cababun
oMIWIIIap XaMm KypcaTuiaaw. Arap Kyuumn cabaOuucu TamKd 0K
Oymca, y xonma a HWHAEKCTa p Xapdu Kyhunaaun. MacanaH, OKOpHIarud
KY4YUIIJIApHA A, , 4, Ba a  1e0 Oedarmnam Xam MyMKHH.

Okopungarn kyuunmap yctujga (QUKp OpUTHIAA JaBOM 3THO, Xap
KaHJal Kydululapra MOC TETMIUIM Kydjap OOpJIHMIrd TabKHUAJIaHAIU.
Arap KyHIaJaHT KECUMHHUHT OFHMIN Oypuard TYFpUCHAa ram Oopca, y
Xoliga MasKyp naedopmammsra MoOC Kyd ne0 IIy KecuMmra KyHuiran
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TYIUIAHTaH MOMEHTra auTwiaau, Oalka KECHUMHHHUHI CAJIKWINIHATA MOC
Kyd Je0 TymjnaHraH Kyd jAedopmainuscu KypwiaéTraH KeCHMIa
KYWWITaHUTa auTWIaIU.

Mop wunHTerpaym acinupa Oup Hewa Xamm wudoaa O0ynmmubd, IeKuH
Oayka Ba paMayiapjla KYUWIIJIApHW aHUKJIAIIAa YHHHT ¢akaT Oup xaau
OJIMHAAM, SBHU KYHAATaHT Ba Oyiiama KyuJapiaH MaBXKyJ Ky4uIll
MUKJOPU S3TYBUM MOMEHTIAH XOCWJI OYJIraH MUKIOpra HUCOaTaH Xyna
KMYMK; 11y cababnu Oankamapaa Kyuunuiap (akaT BSryBYM MOMEHT
TabCUPUAAH AHUKJIAHAIM:

M

Aip=Z{MiEIXdZ (4.19)

by epna, a, - wu3na”aérran kyuunm (Oypyakiau €KM YU3HKIIN);

M; ~ Gankanuur UXTUEPUM KYHIAIAHT KECUMJA W3JIaHAETTaH
kyuumra Oynran Oupmuk tokaaH (P=1 &ku M=1) xocun 6ynran sryBuu
MOMEHT udoacu;

M, — Oanka uxTH€puil KecuMHIa OEpWiIraH 0K TabCHUPUAAH
XOCHJI OyJaguraH 3ryBYM MOMEHT Hdoacu;
Elx — 6ankanuHr srunumra OyiraH OMKPJIMIH.

Mop wuHTErpanu €paaMuaa KY4YMIUIApHU aAHUKJIALL KyHUJIarud
TapTHOAa OaxkapuiIaau:

1. bepunran OajdKkaHMHT HOMABJIyM TasHY pEAKIUsI Kyw€wiapu
aHUKJIAaHATIH;

2. Xap Oup ydyacTka y4yH STYBYM MOMEHT TEHIJIaMacu TY3WJIaH;

3. bepunranm Oanmka TamKW FOKJaH 030] KWIMHUO, HW3JIaHAETTaH
KYyuull HyHanumuga OUpIUMK Kyd €KM OMpPIMK MOMEHT KyWuiIaau Ba
Iy Kydjap TabCUPHIAH Xap OHp ydYacTKaHWHT JTYBUYM MOMEHT
udonanapu Ty3uiIaau;

4. Tamku (OKJaH Ba OWPIWK IOKAAH TETHUIUIM Yy4YacTKa YYyH
Ty3unarad dryBud MoMeHT wudogamapu (4.19) dopmynara OuHOaH
UHTETpaJUlaHaAM Ba  ydacTKajgap OyiW4ya  yJapHUHT  aireOpauk
WUFUHIMCH W3JIaHAETraH KY4uITHU Oepajau.

8-mmcos. 2-Muconga aHukjaHraH jaedopmanusuiap (4.7-pacMmaaru
onauii  Oanmka ydyH) Mop uWHTerpasim €paamMuia  aHUKJIAHUWO,
HaTHXKaJIapyu COJIMIITHPUO KYPHIICHH.

Euum. 1. Tagau peaknus MUKIOpJIApU aHUKJIAaHMAcIaH, 2 -
MUCOJIJIaH KYYUPUO ONMHAIM. V, = 8xu; V, = 4.

2. bamka Oup ydJacTkajam, Iy ydYacTKara TalllKd IOK TabCHPHUIAH
XOCHJI OyJaguraH STyBYM MOMEHT TEHIJIaMach TY3HWJIaIH.
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z° z° ,
M =V, z-q—=4-2-2—=4-2-17 .
2 2
3. bankanu OepwiraHn TalmIKU FOKJAH 0304 KWiIHO, HW3JTaHAE€TraH
Kyuull WyHanumu Oyinya OWpJIMK Kyd OuilaH TabCHp KWIMHAAU
(MacamaH, YHr TasHY KECUMUHUHI OFUII OypyaruiHd TONUII YYYyH
M=1 TeHr TYymiaHraH MOMEHT OaJKaHUHI YHI Y4YWJaru Kecumra
KyHuianM) Ba Iy Ky4yJaH YHUHT TasgHY peakuusiapu aHUKIaHaau
(4.14, 6-pacm):
A=-—=_-"y"; B =
1 6
OHaUM OUpIMK Kyd TabCUPUAAH XOCWUJ OYyiraH SryBUd MOMEHT

TEHIJIAaMacu TY3WJIaJIu:
— = 1
M =B -z-M =—-2-1
6
4. bepunran TamKd Ba OUPIMK KydJapAaH Ty3WIraH O3TyBUYHd
MOMEHT udoganiapuHu OupuHU Oupura kynantupuo, (4.19) popmynara
acocaH yJlap MHTErpaJl OCTUIa OJMHAAM Ba Iy UHTerpan Oaika
y3yriurd  Oynran 0 naH 6 raya opanukaa ewywnanu. MuTterpamnam
HaTW)KacUJa  YUKApWiIraH  MUKJIOp  u3iaHaérraH  Jedopmanus

MUKJIOPUHU Oepaju:

'\.

1 &1
— || =z-1|-14.2-2° }dz=
EI 306 ,|
1 <2 2 )
=—f|=z*—4.z-"47° ‘r.r’::
EI 3|3 6 )
1(222 5 20 2Y_ 1(26 _ , 6 ¢ 6
REN TSP IRRN T V) B}
TRANE 24 3 L ELL 9 24 3 ) EL

bepwiran OalkaHWHT TasHWIAp OPAIUFU YpTacUJard KECHUMHUHUHT
CUIKWINTHHN Tomuil ydyH Oupiuk kyd (P=1) Hm my kecumra Kyino
(4.14, B-pacm), TasHY peaknusyIap aHUKJIAHAIM:
— - F 1
2 2

bupnuk kyu OunaH IOKJIaHraHga Oajnka SHIM MKKU y4acTKajlu
Oynau. Xap Oup yYacTKaHMHI OSTyBYM MOMEHT TEHIJIaMallapu
TY3WIA]IN:
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1
M=12 i _21.=H;M . hi
(a iﬁiﬁﬁiﬁiﬂ-iu%ir{«ﬂ-u
i/’l __“——u____d___.r’__dd_.;ﬁ\':
- " |]. .
" Z6m 7

V=8 kH |1;urB=4 KH

4.14-pacm

WM3nanaérran kyumm wmukaopu (4.19) ra acocaH WHMKKM aHUK
UHTErpajl anreOpavk  duruHAura TeHr  Oymaau.  MHTErpallHUHT
oupununcuan 0 maH 3 raya, UKKMHYUCHHU 3ca 3 AaH 6 raga OynraH
opalvKaa €40, u3jJaHaéTran ,ue(bopMauI/m MUKJIOPU AHUKJIAHAJIU:

P M, , ° M, 1 %1 .
=Y = IM 'z'—ciZHM iz —2dz=— |-z l4z-2" L &+
Er, 3 EI, El 2
§ E: 3 6 3
1—Ll+[lz—z+3]-'4-z—z2 '-CfZ=LI4 2.72-2 |+ — 1 Nz.z-5.22+Z2 | &
ET, < \2 i 2 El, 3 2

1 (2.2 2} 1 , 52 ) 1 (23 3
=————|+— &z — + = — | - |+
B\ 3 &) &L 3 6) B3 8

1 5.6 ¢ 5.3 3* 1 1 675
+—| 6.8 - —+ — -3 —— - — | = —(7,875)+ — (- 1,125) = =—.
3 8 ) EI El, EI,

Numnanran  MucongaH KypuHUO TypuOauku, Mop uHTerpamu
Epnamuna kyuunuiapau (Oanka gedopmarusiapuan) (pakat oJIWHIAH
MYJDKQJUIAHTaH ~ KECUMJArMHa  aHUKIAall MYyMKHH, aMMO  MasKyp

Makcaara aHalMTUK ycyJlapra H#ucOAaTaH KHUCKAapoK Wynm OwiiaH
SPUILUIAIHN.

4.5 baakana aedpopmanusiiapaun Bepemyarun
yCyJId épaaMuaa aHUKJIALI
AH. Bepemuarnn 1924 iiunga Mop wuHTerpanuHu OeBocuTa
xucobmam  ypHUTA, yHH  TpadoaHaTUTUK  yCyJiaa  XHCOOJamI
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MYMKUHJUTUHA ~TOMMO, Ma3Kyp Wyn OWiaH »3JacTUK TU3UMIapAa
KYUMIUIADHA aHMKJAll Y4YyH TaBCHUs Kuirad. Bepemyarus ycyinuHu
Kyjutaimr yayyH Mop HHTerpajiura KUPUTWITAH TallKd Ba OUPIHK
KywiapJaH Ty3WiraH »dryBYM MOMEHT TEHIJIaMallapuHU  Tpaduk
paBuiga udopanal J03UM, S’bHU OEpUiraH TalllKU KydJapAaH STyBYH
MOMEHT 3MIOpacy KypHUIIJAaH TallKapud OWUPJIHMK Kyd XOJaTH y4yH Xam
ATYBUM MOMEHT DJIIOPACHUHM KypuIll Kepak Oymanu. W3nanaérran
KYYull MHUKIOPU KyWujaaru udojaara acocaH aHUKJIAHAU:
_ @Y
" oE,
Oy epma, o, - TAalKU IOKJAaH XOCHJ OYJIraH 53ryBYd MOMEHT (IOK)

A (4.20)

AIIOPACH 103aCH. Arap JMIOpPAaHUHT pacMH Mypakkad ¢urypa Oyica, y
X0JiJa YHH oiauil ¢urypanapra (Tyrpu TypTOypuak, ydOypyak Ba
KBaJpaT TMapabojia) ra axpaTuil JO3UM Ba Xap OWpU YUYyH [03a
MUKJIOPUHU aHUKJAII Kepak Oymaiu.

Yybypuaknap ropu3oHTall KaTeTu ydOypuak OajaHJIUTU ACHUIaIu,
BEpTUKAJI KareTh 3ca acoc Aed aramamu. IOk smopacu ydOypuakHU
TAIIKWI KWITaH, YHUHT 1031 aHUKJIaHAIH

72 -6 2 216 -4 864
o =———=216km Yy =—-(6)=4M. A = =
2 3 El El

Yy, - o, I03aHMHI OFHUPJIMK MapkKasu OCTHOaru 6I/IpJII/IK 9T'YBUHU

MOMEHT JIIOPACUHUHT OPAWHATACH;
El - Srwinna Kapana€TraH y4acTKa KECUMUHHMHI OUKPIIMIH.

IOxopumarunapaun koHcosn Oanka MUCONWJA TYIIYHTUPUO KeTaMmu3
(4.15-pacm): Koncon OankaHUHT SpKMH ydyura P=6 KH Kyd KyHHJITaH.
[lly TabcupjgaH OadKaHUHT HSPKUH YYUAArd KECUMHUHT CaJIKWIUTHHU
aHUKJAll Kepak Oyica, y XojAa OUpPJMK XOJaTura MasKyp Kecumra
P=1 kyu Tabcup Kwiaagu. Arap CaJIKWIUK YpHUTA 1[Iy KECUMHUHT
ofum Oypuarm Tanad KwinHca, P=1 kyuyHuHr ypuura M=1 MoMeHT
Tabcup Kuiamu. DHau 4.15-pacmparu Oayka y3yHJIMTHUHHHT YpTacuaa
CAIKWIMK aHuKiIaHaau. FOk »smropacu y3rapMaiiay, OUPJIUK SHIOpaHu
aca KaWTamaH Kypuil kepak (4.16-pacwm).

DOHaM OMpIWK XoJjaTmard  Oalka WKKH ydJacTKaiau OYau0  KOJH,
IIYHUHT Y4YyH FOK OJMopacd OUPJWK dIopara MOC HMKKH KHCMTa
aXpatTuinnb, Xap Oup KuUCMIaru OJauid (QuUrypajapHUHT HO3aJlapu
aHUKJTaHAIH.

72 -3 i

o =——=108 kunu ; @, 6 = —— = 54 kum

1 54 xnm
2 2 2

S
Il
Il



bupnuk snropaga K 3MOpacHia aHUKJIAHTAaH FO3AIAPHUHT OFUPIIUK
MapKa3d OCTHJIard OpJAMHATACU aHUKJIAHAJIN:

2

2 1
y, = —:3=2m; y,=—3=1m. y,=0.
3 3

l:l=
M, =72
afﬂmm M, =72
’ - % xonamy T
( 3 3. ( 4 O xonamu
W =
V=LA g
D=6y 1’,-_=12 13|
Y y I=bu
M, =6u g N \
(IHEEI : Bupnuk xomamu My=3u 2o i
= i g
S (H z 4
V=l VU ORUPIUH MAPATY \_E‘ Bupmuk xonamu
77 Ok aniopacl g
F
@ Fow smiapacu
O Y Bupnuk amopacy

{3 243 3 ﬁ BUpALK 3niopacy
¥ |]|?

212 £z

4.15-pacm
4.16-pacm

bupnuk  smropamaH  oduMHAAWMraH opAvHaTa ydOypyak — acocura

o o 2
SKUHPOK OVyJica, y X0iAa YHUHT KHUMATUHU — e (acocoan ) BA arap OopAuHaTa
3

€e_ 99

y4OypUaK ydura SKHH OYIICA,-— e (acocoan ) ONHII KepPaK. JHIH “K
3

KECHM/Iard CaJKWJINKHU aHWKJIAIl MyMKHWH:
A = L(a)l-y1+w2~y2 +o,y,)= L(108 2+54-1+54.0)= 0
Bl El Bl
Okopumarn kynmaWTmanmap UIIOpacd OJWMHAETTaHAa KyuuJaru
KOWJara pUOsl KWIMHTAH: aeap 22V64u MOMEHMm Sniopaiapu (M  68a )
xucob onub oopunaémean YyKoam oup momonoa Oyica, mycoam uuopa

OUNaH, akc Xon0a Mauguil uopa OULaH OTUHULUU JIO3UM.
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Jlemak, Oup ydyacTkajgarm OSTyBUYM MOMEHT D3MIOpacu Oup HeuTa
onaui (Qurypanapra axpalMiid MyMKUH 3KkaH. bynmail xonnma (4.20)
dbopmyna onaura HHFUHIU OENTucU KYWHica TYFpHU OYau:

n ., Y '
by Aip=7k : (4.20)
K=1 El
N — DHSryBUd  MOMEHT  DOMIOPACUHUHT  oiauii  durypanapra

aXpaTUiraH COHHU.

Arap Oanka Oup Hewa ydacTkagaH uOopaT Oyica, y Xojjga xap Oup
ydgacTka yuyH (4.20) ra acocaH TONWITaH MHUKIOPJIADHUHT ayireOpank
WUFUHANCU OJMHAIU. YYaCTKAJTApPHUHT HSTUjumra Oukpiaurd (e ,) Oup

XUl OYIMaciurd xaM MYMKHUH Ba YHM aj0Oarra XucoOra OJIMII Kepak.

Mynnait kuiub, Bepemryarud ycyiau OWIaH KYYUIIHM aHUKJIAIl Y4yH
KyHuJaru uigiap Oa)kapuiMILU Kepak:

1. bepwiras oK TabCUpHUAAH 3TYBYU MOMEHT 3MIOPACUHU KYpHIII;

2. Tamku 10K TabCUpPUAAH KypWJIraH 3TyBUM MOMEHT SIIOPACUHU
OJlIUI pacMiiapra axpaTuo, yiapaaH xap OMpUHUHT I03aCUHU aHUKJIAI;

3. bankanu Oepunran rokaaH 0307 3THO, yHTa W3JIaHAETTaH KYUYHUIIl
nyHamumum Oyiinda Oupra TeHr Kyd (YM3UKIM KY4YUIl aHUKJIaHaETTaHna
P=1, Oypuaknu kyuum aHuknaHa€étrannaa M=1) OunaH TabCUp KWIMII
KEpak Ba Ma3Kyp TabCHpIAH OMPJIMK S3TYBUM MOMEHT i, ODIIOPACUHU

KYPHII JIO3UM.

4, UVnrapm WKKUHYK OaHJMa aWTWUITAH, TaIllKK [OK TabCHPHIAH
XOCWJI OViaraH 3TyBUM MOMEHT DSIIOPACMHM TAlIKWJ KWIYBYM OJJIUM
pacMJIApPHUHT OFUPJIMK MapKa3u TYFPU KeraH Kecumiapaa OUpIIUK STyBYU
MOMEHT  , SIIOPACHIAH OpJAMHATAIAp MUKIOPUHH aHUKJIAII KEPAK;

5. Wznmamaérran Kyuumin MHUKIOPM UKKWHYMA IYHKT Oyinua
AHUKJIAHTaH STYBUM MOMEHTHHUHI lo3ajapu Ba TYPTUHUM OaHja Oyiinua
Ma3Kyp [03aJJapHUHT OFUPIIMK MAapKa3u OCTHAA OUPIMK SMIOpaJaH OJIMHIaH
OpJIMHATaIap MUKJIOpIapu OWiaH KynanTManap WMFUHIUCHTA TEHT.

Hemak, Bepemuarun ycynu  aHaIUTHK — ycyJulapra HucOaraH
KHCKApOK XucoOJail uilii Ousian, Mop uHTerpanu €paaMuaa 3ca KYyUuIlHA
aHWKJIaImTra HUcOaTaH XMCOOJall WIUTAPUHWHT SKKOJI KYPUHUIN OwiiaH
axpaaud Typaju.

Kynuaua BepemuaruH ycynau SHIOpaJapHUHT KYHNAWUTHPUIL YCYJIH
ne6 aranub, anbaTra KYMaWTHUPUIN aMajJlMHM MaTeMaTUK MabHOMA
aHTJall KepaK dMac, YyHKHU aciyjia Oup 3mropa 1031 UKKUHYM SMIOPAHUHT
oIy (032 OFMPJIMK MapKa3ud OCTHAArd OpJWHATacura KyNnauTUpUIAIH.
OpauHaTta xap JIOUM TYFPU YW3UKIW JMIOPAJaH OJIMHUIIM Kepak. Arap
WKKajga Jmiopa Xam (F0K Ba OMPIIMK 3MIOpacu) TYFpPU YM3UKIM Oyica, y
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X0JJ1a - Kail OMpHIaH 103a, Kail OupuiaH OpArUHATA OJIMHUITUHUHT (apKu

HYK.
KEeJITUPHUO YTUIITaH.

AWpuM SOI0pATAPHU KYyNAWUTUPUII XOJUIApU KyWUJard >kaaBajijia

4.2-xxanBani

IOk smropacu

bupnuk smropacu

Kymaiitupum popmynacu

1 a-ZZ)
c

A= —| 22
a\ r: R L2 3 )
! £
. 1 a-f 1
A = —| —. =
d\ C ° EIX{Z SCJ
£ £
A _Lfa_'”*iub’ic
a c "B, 2 3 2 3
&
z £
NEEN RN
a C " Em. (2 3 2 3 )
E X
£ £
|' A 1 la Z(ZC 1”1
S R B
4 ¢ T P T |
| | d *
¢ ]
1 |a-£(2 1
S L L A I
a ¢ ¥ 53{2[3 3 ]
| ] a "'
1 2
£ ! ﬁ[—-c+—d]
3 3
| NS ST E I S
a| c P ULZ\?’ 3 )J
¢ ]
|
1 |a-£(2 1
a Ay=— |22 el g+
g | ° ¥ EIK[E[BE ]
£ !
E

91



Ok smropacu bupnuk smropacu Kymaittupum dhopmynacu

‘| . e et (2t a)e
| | 2 |23 3
!
4
IS ld +ﬂ[gd_l C]
2 03 3
1 |a-#8(2 1
LI LY L
: e R el
; ; (1 24) 0 (e
2 3 1z 2
1 |a 82 1
a - g —| T Setoad |+
| e ; B | 2 \37 3
f S— T
3 12 2

\_/JS ¢ ld +g.g['g 1_6]_433(.:—

Oxopumaru »xanBan €épaamuna Bepemuarun ycynu Owmad  Oanka
nedopMalMsACUHA  aHUKJAIl  aHYa CHTWUIamagd. YMyMaH  IOK
TabCUPUAAH KypWITaH OSTyBYM MOMEHT OJITIOPACHHHM OJJIWNA pacMmiiapra
axparum mapt smac. Ok Ba Oupiuk »smiopaiap KypuHUIIATA Kapao,
KaJBaJIJIaH Terunuii (GopMmysna TaHiIad OJUHAIM.

9-MuCO0JI. 3-MUCOJIIaTd AHATUTUK YCyJl OMJIaH aHUKJIAHTaH OaTKaHUHT
nedbopmanusanapuan Bepemryarun ycynu OwiiaH XaM aHUKIA0 KYpUHT
(4.17, a-pacm).

Eunm. 1. Kypunaérran 6anka yuyyH 7-MHUCOJa TAIKU 0K TabCUPHUIAH
ATYBUM MOMEHT 3IIopacu Kypuirad 314 (4.12, 6-pacm).

2. bankanm OepuiraH OKAaH 0301 KWIKMO, H3MaHAETraH KY4uIil
HyHanummaa Oupra TeHr Kyd OujiaH TabCUP KUJIWHAINA, MacallaH, OupPUHYH
HaBOaTIa Ma3Kyp OaJKaHWHT Yall SPKWH Yy4YdJard Oypyakiid KYYHIITHU
aHUKJIAI ydyH 1y yuura M=1 TeHr MOMEHT KyihmO, OupimK smropa
Kypuiaau (4.17, B-pacm).

banka y4 ywacTkaim, TIYHWHT y9yH OHWPJIMK OJMIOPAaHA XaM MOC
paBHIIIJ]a yuTa ydacTKara axxparamus. Xap Oup ydacTKaaaru smopajapHH
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Bepemmyarua ycynu OwinaH kymaWTthpamus. ByHUHT y4dyH OKOpHWaaru
*ajBanjgaru popmynanapaad GhongamaHuIa M.

Fy = 3rnu
g=3mifma M =12xn0
ﬂ.’JT Y I EEEEEEEEET A E
AN
2 4 m Da E
f‘urﬁ.=r."5lr.l-l [ 2xn T]”“
]
18 Vi

By =B A = [E.l] ! ﬁ_[g_1+1_1]+18.4{ |

Bl 3 33) 2

N
_3'4 . 3|12 6'2.51 :_i_i 12.E+35.E_15.% _L i :__26_
12 2 Er L2 33 Er_RI 9 = 3 Fr o\ 3 HI,

xX

[Mysnait KO, FOK 3MIOpacHIaH [o3aJlapHd Ba OWMPIMK SIIOpajaH
TETUIIA OpJWHATAJIApHU  alloXWJa XHucoOjamai, yJapHH  aHHKJIAll
udonanapu O6up ¥yna €3ubd xKeTunau. Arap ydacTKajap COHU Kym Oyica,
IIyHJad KWIAII TaBCHUS KWJIWHAIW. OHIW OFUIN Oypyaru aHWKJIaHTaH
KECHM y4YyH CAJKWJIMK XaM aHWKJIaHaau. bByHUHT y49yH Terumnuim Oupiuk
smopa  Kypwiub (4.18 0-pacMm), CaIKWIMKHH  aHUKIOBUM  Hdoma
Ty3UIaIH.
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Ay =y, = M, M =L[EE.E]+L M.[E.gﬁ.%}rﬁ_[l.%ﬁé}
3 2 W37 33/ 2 137 33
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Kk ankapack MP

i0 5 1§
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2 Ad

P=1 2

v i | : 2f3 B
ih% bupmmx 3mopacy Mo
113 Il.l'?

4.18-pacm

o)

[y Tap3na OankaHUHT KoJdraH aedopmalusuiapu XaMm aHUKJIaHAIH.
HoE smopacs Mp

I8
6 i

am | 2 Ad
« M=1
i 143 8
&) Y
bapomE smopacE M4
116 37" 1w
o 4.19-pacm
A, =MixM, =
1 6-4 2 11 18-4(2 1 1 3-4° 1 1
:—r—-(—1+—-—)+ (—-—+—1)——-—(1+—)—|+
EIXL2\3 33) 2 (33 3) 12 2\ 3)J
1 6-2 2 2 1 7 5 2 4 2
+—(— = —):—r(lz-—+36 ~_16 —M—W:—
e \2 33) & |[U o 9 3) 3] &
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Kk antmpack M}* 1 o 18
mmmwmﬂwmﬁ

a
) | 2m | 4 m 1| 2ae
=ML
:I.llé .
B
&) = -
Buprmx smopack 5, : N
ilfﬁ it 1/6m
4.20-pacm

ABBan Oy gedopmanms wMaHduil wumopa OwiaH YMKKaH OYnuO,
gekuHn 6u3  4.19,0-pacMpa  OUpAMK ~ MOMEHTH COaT  CTpeNKacH
XapakaTura TecKapu WYHaITUPWIIM, JAEeMaK OFuIl Oypyard Iy
nynamumga 6ynu6, Oy manduii OypyakHu Oepai.

1 (6-3 11 105-3 2 1 3.3 1 1)
A, =M.:xM,_ 6 =-—| — — —+ —— e — .| ¥
El (2 3 2 2 32 12 2 2)
1 [105-1(2 1 1 11 21 111
B | 2 (555} 2 [55 55} ?05{2 E}F
(6— z l) ( 5,0625 +£+i): i
L2 33) B { 48 3) El

a)[ am | i In| 2
buprme amopacH [V ij 1 B
% 1 ﬁTm;
1,5
Y2 L
4.21-pacm
_ 1 (631 10,5.3 2 3.3 1
Loy =M, xM,=———|— - L0+ - = 15— =15

L\ 2 3 2 3 12 2

1 1 4
=-—(45+15,75 -5,065 )- —(7+10,5-0,3125 )- = -
El, El, El, El
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IOxopuna eunnran mucongan Oanka aedopManusciHu Bepemryarux
yCyJIM OWJIaH aHUKJIAIl KyJalJurd sIKKoa KYpuHUO TypuOau. Tpamenms
[IaKJIAard JIIopalapHu  KYNaWTUPUII OMPO3 MYpaKKaOJIUK TYFIUpaa,
JEeKUH YHU CHTWUIAIITUPUII MYMKUH. ByHHMHr y4yH »mropanapHu
Tpaneuusi ycyjau OWIaH KYNMaWTHPHUIL KYJUIAHAIH.

4.6 JnopajapHu Tpaneuusi ycyJu OWJIaH KyNaWTHPHII
Arap Oanka paedopMalUMICMHU aHMKJANIAAa FOK Ba  OUPIHK
XOJIaTUJIaTH JIopaiap Tpamenus Imakiauga Oynca, Bepemuarun ycynu
OwlaH KYNaWTUPUIN Y4YyH YJIapHM OJJIUM pacmiiapra axparwil Ba
I0O3JIapUHU  aHUKJIAIIHUHT XO0KaTW WyK. DbyHmal Xxonga Tpamnenus
yCyJii OWIaH JIIopallapHu KYNaWTUpHUIN Kepak. by ycymHM Kyimparu
JIIIOpa KUCMHUAA KypCaTUIalu:

Arap 3HIopanap TYFpHU
] . YM3UKIIN oyica, yIapHH

Dmopa I vy o
a KYTIauTUpHUIIAa Kaiicu OUpH TaIKu
LEI 10K TabCUPHUIAH, Kaiicu OupH 3ca
c\\--- , V3JaHAE€TTaH Ky4Ydll WyHAJIUIIU
Imopa Mx Gyitnua Tabcup KuiaraH Gupra TEHT
KYy4JlaH SKaHJIUTUHUHT (DapKu UVK.

/
Aik:E-(Z-a-c+2-b-d+a-d+b-c) (4.21)

(4.21) dopmymamaru KymalWTMmanap yiapAard OpJuHaTaizap Xucoo
YU3UFUJaH Oup TOMOHAa Oyica, mycOar, akCc Xojjga MaH(puil wuiropa
unutatunagu. Jemak, (4.21) dopmynanu UXTUEPUN TYFPU UYM3UKIA
SMIopaliapra, MacajaH ‘‘Oypairad Tpameuus’ —IIaKuiapra HWIUIaTHII
MYMKHH 3KaH.

c
I\ Amopa g

Drmropa W
P B \Id

Q'I—‘//I‘g Smopa N ar\\\\\ Smopa M,
§ BT ¢ '
1 ET
t?I\
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Arap xucoOyiaHa€TraH yyacTKaja TapaliraH oK Oyica, y XoJiJa yHIaH
XOCHJI OYaJiurad Ky4uIIHUHT anoxuaa Bepemyarus ycynu ydyH €3uiran
(20) hbopmynacu unnaTuiaaau. byHu Muconma Kypud YnKamMus.

10-mucos. 9-mMmconma aHMKIaHraH A, HM Tpameuus ycylnu OujaH

xuco0abd kypuHr (4.25 a Ba 6-pacmuap).

H)r smopack [,

I8

oM | e 1m 2ad |

I
« =1
L3

1& -
E
9 ﬁ%—\h
[ i ”im
U M-l HPITHE 3THJACH 4 L6 1L

3.25-pacm

a)l

A, = (—2-6-0—2-10,5-£—G~§—10,5~0j+

6EI, 2 ) BEl,

( 1 1 1 1)
2.1005-—+2-18 - —+10,5-—+18 - — | +
L 2 3 3 2 )

1 (4) 1 (8 1 (5) 1 ( 34 280 6 8 5 1 % 2
EIX(EW+EIX{E)_EIX{E):EIX(_ B s +E+E_EJZI'E:I'

Myngait kuiub, aBBaln TONMWJTAH HATHXKa Tparnenus ycyiau €paamuja
uxgaMpok udomaman dorganannd xucob6mad umKmiaad.  Arapjaa
sntopaiapuu  kynaitupuimn CuMIICOH ycynu Ownan oiub Oopuica,
nedopMaIisHA aHUKJIOBYHU udomaHu sSHaTA WXYAMIIAMITHPHUII
UMKOHUATH O0P.

+

4.7 baaka nepopmanusiciaiu CHUMIICOH yCyJHAA XUCOOJALI
CumrncoH ycynuaa xap KaHaaii KOHYH OWJIaH Y3rapyBYH SMIOpaapHU
KYHauTHPHIILL OpKaJIM, XAaTTOKH IOMKa JEBOpJIM Oankajapaa Xam
nedopMaIusHA aHUKJIAIl MyMKHH. ATap IOK 3IIOpacu KBaapaT mapadosia
KOHYHM Oyiimua Vy3rapaérran Oyica, CUMIICOH YCYyJHW aHUK HaTHXa
oepaau. CUMIICOH YCYJIMHM KYJUTalll YU4yH IOK Ba OMPJIMK 3MIOpaIApUHUHT
y4JacTKa 4erapacujiaru KUAMaTIapuJal TalllKapy, Iy ydYacTka

ypracugaru KeCUMIaru OpAHMHATAHU XaM aHHUKJIAll JIO3UM.

!
=—(a-c+4-f-g+b-d) (4.22)

A =
6 - El
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Bmopa M a

Oumun  (4.22) ¢dopmyna Epmamugma 10-mMuconga
nedopmarusinapaad Oupu TONUIAIN.
HIE 3IIHOPAcH lwtl
i 5 13
1] .
2
.l oM ] 4n 2
v =1

TE
? p \-\12;3

BHpHE 3mopacH D "
ot Lga

f,=6 f,=3 DHpIMK »JHIOpagaru ypragard OpJAWHATAHU
nyna ¢gopmyna uuna aHUKIA0 KeTUIaIu.

4 12 2 2 1 1
Aep:—7(6~0+4~6-—-—+18-—W+ (6.—+4.3-—+0-0W=
6El ( 2 3 3) 6E | 3 6 )
40 4 12
= — + = — .
3EI, 3El, El

£
Smopa I

d Smopa My \‘g\d Smopa I

aHUKJIaHTaH

oup

Konran pedopmanusimapHd MyCTakuwi paBulla HUIUIA0 KYPHUIIHU
TaBcusi 3THO, yciayOuid KypcaTMaja KEeJNTUPWUITaH MYCTAKWJI HII YYYyH

MUCOJUIAPHU KYPUO YUKUII MaciaxaT Oepuiaiu.
4.8 MycTakuj Il TONIIIHPUKJIAPH

banka cxemacu Kasobmap
=4 krm ¢, =-16,0833
HTW I=5 rrm -
v 4 :_{lg 9, =-10,75
] P=f 1H ]_ p. =275 ;p,=425
Iu ‘\!}“ 30 im ‘“:Lm y, =295 ;y, =-11,%
q=4 korm P=6 ;‘I;Emn 9, = 1588 | ¢, = 10,5
] " w]'_'lg 9, =0 ;9,=105
v — Yo = 29 ; Yy = -9
T Wha a PETTRS
| i }

99




bajka cxemacu

KaobOmap
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Ha3zopar caBosi1apu.

1. banka srunran YKuHUHT nuddepeHian TeHriaMacu Kanaan é3unaam?

2. ubdepenunan TeHINIaMaHM  MHTErpajialiga Xocwil OynaauraH

UXTUEPUN y3rapmaciap KaHjaa Tonuiaaan?

3. bankanap y4yH acocaH He4a XuJl 4yerapa Imaptu 6op?

4. banka y4yacTKaJapyvHM aXpaTyBuM KECMMJIApJIa 4Yerapa MIApTH KaHOau

é3raau’?
5. YHuBepcan ¢popmya KaHaan €3umaam?

6. YauBepcan hopMyIaHd YUKApHIIIa KaHIai mapTiaap UIiaTUiIrad?

7. VYuuBepcan ¢GopMyJlaHUHT OOUUIAHFUY TapaMmeTpiiapu  KaHjau

aHUKJIAaHAU?

8. banka keCHMUHHMHT OFUII Oypuaru ¢ OWIaH YHUHT CAJIKWJITHA Opacuja

Kaumail muddeperuan oornanuin 6op?
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9. I'padoananuTuik ycyn OWJIaH CAIKWJIMK Ba KECUMHHUHI OFUII Oypuaru
KaHJal aHuKJIaHaau?

10. Kyuunmap ymymuii xoiaa Kaujaad HIopaiaHaan?

11. Mop dbopmynacu Kanmait €3unaan?

12. Bepemuarun ycynuaa Kyuuin Kadaai dopMysia Oviad Tonuiaaam?

13. DmropanapHu Tpanenus ycyiu Ouinad Kynautupuin popMmysacu KaHaam
é3rtaau’?

14. Cumncon gopMynacu KaHgau é3unanm’?

5. CTaTuK aHUKMAcC OaJKaJaApPHU XUCOOJamn
5.1 Cratuk aHuKMac dajkasap
3ypukuin €ku peakuusi KydiapuHu (akaT CTaTUKAHUHT MYBO3aHAT
TEHIJIaMallapu EpIaMUTUHA aHUKIa0 OYynMaiinuran Oankamap CTaTUK
aHukKMmac Oankanap nevunagu. Cratuk aHMKMac Oankanapia 3YpUKHIL
€KM peakius Ky4JapUHUHI COHU CTAaTUKAHWHI MYBO3aHT TEHTJIamayap
COHUJIAaH OPTHK OYIaau.
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5.1-pacm.

5.1-pacmpa kypcaTuiaran Oajgkajgap CTaTMK aHUKMAac Oajkaiapra MUCOJ
oynagu. CTaTUK aHUKMAC OajKajJapHU XHCOOIall y9yH Oup KaTop ycyuiap
MaBxXyz. YnapHuHT adpumiapu Ounad “Kypunwm mexanukacu” daHu
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TaHUIITHPAJIN. Marepuannap KapIIuIuru dbanua daxar
nedopMarusIapHu COTUIITUPHUIT YCYIIH KYpHUO YUKHUIIATH.

5.2 ledpopManusiiy COJUIUITHPHUIN YCYJIH

Cratuk aHuKMac OankajgapHu JedopMalysiIapHU COTUIITUPUII YCYITU
Ownan xucoOmamaa Kyiuaaru Taptuodaa 0akapuiaau:

1. bepunran Oankana Oapua peakuusUIapHU KypcaTuO, ynapiaaH
CTaTUKAaHWHT MYBO3aHAT TEHIJIaManapu €EpaaMua TOMWINIIA MYMKHH
OyJraHIapuHU aHUKJIAII.

2. bankaHWHT CTaTHK aHUKMACJIHK Japa’kaCUHU TOIIMIIL:

n=n_ - 3

N — CTaTUK aHMKMACJIMK Japakacu; n, — PEAKLUMs KydwIapH COHU.

3. Acocuii Oanka BapUaHTIAPUHU KYpuO YMKHUII Ba yiapJaH OupUHU
TaHJIaIl.

Acocuii Oanka Oy Oepunran OankagaH “OpTHUKYA” OOFJIAHUILIAPHU
onu0 Tanuiam MWYnu OujgaH XOCWUJ KWJIMHUHTAH CTaTUK aHWK OaJka.
“OpTuk4a” OOFJIAHWIIIAD COHH OaJKaHWUHI CTaTUK aHUKMAaCIUK
napaxkacura TeHr. “Oprtuxkya” OofiaHuin cudaruga OalKaHUHT TasHY
OOFMaHUILIAPU €KW WYKHU 3YPUKUIILIAPH (3TYBYM MOMEHT) OJIMHAIU. Xap
OWp CcTaTMK aHMKMAac Oajka y4yH 4YeKCH3 Kyn Oyiran acocuil Oankamap
BapUAHTIIAPUHU KYpcaTUIIl MYMKUH. AMaiijia acocuid OankaHuHr 3 €xu 4

BapHaHTHUHU Kj’lpcaTI/IIH OWJIaH YEeKJIaHWIAIH.
BEEpUA2aR cinarmuk aHusmMac 0anka
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Cratuk aHuKMac 0Oajka Ba yHIa MOC acOCHil Oajikayiap opacuaa MKKU
xun papk 0op: Kyd Ba gedopmariust papkwu.

Kyu dapku Oepunran craTuk aHUKMac Oankana  “‘opTukda” el
Kypunagurad OofnaHunuiapuaa (TasHY €KW WYKH) PeaKIUsIapu XOCHII
oynumuaan néopar. Acocuit Oankanapaa 3ca Oy peakuusuiap WykK, 4YyHKA
yiapja Xocwi Oynanauradn OofJlaHMIIUIap oJu0 TanuianraH. by ¢apkHu
UYKOTUII y4yH OJMO TalUIaHraH OOfJIaHMILIAp UYyHaIMIIKA Oyindya Kyd
€KM MOMEHT Kyuuinaad. YJIApHUHI WYHAJIMIIM Ba MHUKIOPU XO03Upya
HOMabiayM OViaranu cababmu ymap  Xi,., Xz, Xsz,... Xn  OpKajau
oenrunanagu (N- Oepuirad OajJKaHUHT CTATHK aHUKMACIIKK JapakacH).

Hedopmarus hapku — 6epunrand O6ankaaa “optukda’ ned Kypuiaauran
OoFMaHUILIap WYHATIUIIKM OYirda KY4YUIl HOJIra TEHT, aCOCUM Oasikaga sca
YEKJIOBUM OOFJIAHUIN OJMO TalUIaHTaHW Y4yH Oy KYy4uIuiap HOJIAaH
bapknu. by ¢apkuu iykotum yuyH —Xg,., Xp, Xs,... Xp HOMabJIyM
KYWIApHUHI MUKIOPH Ba UyHAIUIIWHU IIyHJAW TaHJIAll KEPAKKU, aCOCUI
Oaazia Ma3Kyp KyuduIiiap HOJra TeHr OYJICHH. By MIapTHUHT MaTEeMaTUK
ubona pedopmanys TEHIIIaMalapu JAeHWiIaad Ba ylap Kylugarua
KYpUHMUILTA 3ra:

A= Al(p)+ Al(Xl, X2, X3..., Xn):O;

A= Ag(p)+ AZ(Xl, X2, X3..., Xn):O;

5.3 edopmanusi TeHIIaMaJAPUHHA TY3UII

HedbopManmsi  TEHrJaMaJlapHUHT COHU osmb  TanutaHaéTraH
OOFNaHUIIIAD COHUTA, SbHU OAJIKAHHT CTAaTHK aHUKMACJIHK Japa’kacura
TeHr 6ynaau. Jlepopmanusi TeHrJIaMaHUHT Xap OMPH TETULLIN OOFIaHMIII
Oyiinua TamKyd IOKJaH Ba Oapuya HOMabiayMm X JIapJaH XOCHJ OyiraH
KYYUIUIAPHUHT aireOpauk WUFUHAMCH  HOJITA TEHr OYIWII IIapTUHU
udonanaigu. FOxopuma kyuuin ymMyMmui Oenruiail Koujaacura acocal A
xapbu Ounan kypcarwiradn. CTaTUK aHUKMAac OallkaHW  XucoOJall
natuaa A xapuHuHT YpHUTAa Y Ba ¢ XapQuapHU HUILIATHIT MYMKUH
(arap kyuum cankwuMK Oyica — Y, orum Oypuaru Oysica ¢, MacaliaH,
IOKOpHJIa  KypcaTwiraH acocwii  Oankamap  y4yH  aedopmarus
TEHTJIaMaJIapy KyWHJ1aru KYPUHUTILUTA OYI1aIu:

OMpPUHYM BapUAHT YUYH: vV, (P,M,d,X,,X,)=0
Y (P,M,q,X,,X,)=0
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HWKKWHYY BAPHUAHT YUYH! V(P,M,q,X,,X,)=0
o (P,M,q,X,,X,)=0

Cratuk a"HukKMmac OaJiIkaHM XucOoOJalll MacaJJaCHHUHT MabHOCH
IIyHaH HOOpaTKU, OUPOpP acocuit Oanka yuyH aedopMarus TeHriaMalapu
TY3WIaJld Ba yJlapJaH HOMabiayM X KYyWIapHUHI MUKJOPU aHUKJIAHUO,
acocui Oankara KyHWJIaguM Ba HaATWUXKaJa CTAaTHUK aHUK Oajka XOCHII
oynanu. by Oanka y4yH WUYKM KydJjiap — KYHJAJaHT Ky4d Ba 3TYBYUM MOMEHT
SIIOpaJIapd Kypwsiaii Ba Kepak Oyiica, KYyHIaJlaHT KECUM Yidamiiapu
Tonwiaau Exku  ynap OepwiraH Xoauaa OallKaHUHT MYyCTaXKaMJIUTH
Tekmupud Kypunaau. Jlebopmarus TEHIIamMacura KUPraH KyuddIlIapHH
aHUKJIAI y9yH UXTUEPUN YCYJIHM KYJUIalll MyMKHUH, JJeKHUH Oy Macaiana
Bepemyarun ycynu KyJapok. byHAaH Tamikapu, TallKd FOKJIApAaH
KYUHUIIJIApHU aHUKJIAIl YIyH Xap OUp Ky4yaaH ajloXuja KY4YHUIIIHU aHUKI1a0,
KCHUH yJIapHUHT aJireOpauK WUFUHIMCUHYN TONTaH MabKyJl, ShHU:

Ai(P)= Ai(P1, P2s-- )t Ai(Q1, 2,-- ) Ai(My, Ma,...)
Y (P,M,q,X,,X,)=0
@ (P,M,q,X,,X,)=0

Mucon ydyH TeHriamanap Kyiuaaruda ¢iMno €3umaau:
Yy (P)+yY (M)+VY (9 +VY (X )+VY (X,)=0 Ba

. (P)+o, (M)+9.(d +9,(X,)+9,(X,)=0

HIyHUHT y4yH KEMMHTH CTaTUK aHUKMAac OajKaHW XucoOuail TapTuou
KyWuaaru uiuiapjad uoopar:

1. Xap Oup Kyd TabCHUPHJAH aJOXUJa STYBYM MOMEHT SIIOpajapvHU
KypHIII.

2. Xap 6up HOMabayM X JlaH STYBYM MOMEHT SIIOpATIAPUHU KYyPHIIL.

3. Xap 6up X HUHT OMpra TeHT KHAMAaTHIaH OUPJIHK dIopaiap Kypui.

4. Bepemryarvd ycyJnuH# KyJad, nedopmaiust TeHIJ1aMaard KyJuiii-
JapHU aHUKJIAII.

5. dedopmanusa TeHrnamanapyuHu €4MIll Ba HOMabliyM X JapHUHT MUK-
JOPUHM aHUKJIAILL.

6. Homabaym X mapHUHT MUKJIOPUHU acoCHi Oanmkara Kydupuo KyHuIi
Ba HATHXaJa CTAaTHK aHWK OaJKaHW XOCWJ KWJIUII. Arap HOMabiyM X
HUHT KuhMatu MaH(uii OynmmO umKca, acocuid Oankajgard TETHILIA
HOMaBJIYMHUHT WYHAIUIIUHY Y3rapTUPUO KYHUI Kepak.

Konran umnap cratuk aHuk OajikaHu XucoOain TapTuou oyiinya onud
oopunanu. Jlekun 0y XxucoOHM Oa)KapuIlJIaH OJIANH, IOKOpHIa Oakapuiiral
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UNUTApHA TEKIMUpHO Kypwin Kepak  byHuHT ydyH aedopmanusum
TEKIINPYB YyTKazwiaau. by Ttekmmpysaa aedopmainus TeHIJaMalapuaa
KYWIIran Imapmiap OaxapuwiraHu TeKmupud Kypuiaaau. by Xam
Bepenryarun ycynuaa 6axapuiaiu.

IOxopuaa kenTupuiaral cTaTUK aHUKMAac Oaka XMCOOMHUHT OakapHIil
KeTMa-KeTJIuruaad ¢oiaanann0, Oup HeuTa MUCOIUIAp KYpHuO YNKUTIATH.

5.4 Macanajap eunun
1-mucou. bepuiiran cTaTUkK aHUKMAac OalikaHu XucoOaaHr (5.2-pacm).

F =8un Mzg-“f”m I = Fun w lpzﬁKH
ey v (I:LH\LI,L\LL:LI
|
%3 M G A 5ot TSM {
R, R, R,
5.2-pacm.

bepunran  Oankama ~— peakius ~— Kywiapd ~— XOCWJI Oyiaaurax
OofnmaHumUIap COHU Nr = 4 ra TeHr. CTaTWK aHUKMACIUK JAapaxkacu N=4-
3=1 O6ynamu. [lemak, cTaTMK aHUK acoCUi Oajka XOCHJI KWJIUII Y4yH
Oepwiran OankajgaH OWTTa OOFIAHUIIHK OJMO Tanulam Kepak. Acocuid
OaJIKaHUHT |-BapUaHTUHU XOCWJ KWIHII YU4yH R; peakiusi XoCcuia KWIyBUH
Oofnmanum “optuxkya’ ne0d xucoOmaHaau, 2-BapuaHT — R, HHM xocui
KWIyBYM Ba 3-BapuaHTAa R;  peaknus XOCWI KHJIyBYM OOFIaHUII
“optukua” ne6 onuHanu. byHmail xonga Kyiuaaru CTaTUK aHUK acoCUi
Oankamap Xocui Oynaau.

Acocull Oanka (- eapuanm)
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Acoculi ﬁamfarﬂ gapuanin)
P =65 =Dk Q= Fenm P =6

r=o y ( Fﬂ'&%—r; 4
PN

1. 3 om £ wm “W“ B wm 3w

Ninamm yayH acocuit 6ankanapaas 1-BapuaHT OJIMHAIA
Acocull Danka (1- sapuanm)
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Acocuii Ba Oepwiran Oankanap opacujard Kyd (papKMHU HYKOTHIL
y4yH 0Ju0 Tanuianrad OofnaHumn (A HyKTagaru) WyHanmumu Oyinya X;
Ky4 KyHWJIAIU:

E:SKH M QKHM' q:‘q’HHM' l@zSKH
H=0 =9 A4 l
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X3

.1_'.3#;'_ 6 m “W“ G m msm{
®, R,

Acocuii Ba Oepuiran Oankanap opacunparu nedopmanus (papkuHu
UYyKoTUIl ya9yH Kyhujaru jaedopmainus TEHIJIamacu E3uiaau:
V, =V (P)+Y (P)+V (M)+V (+VY (X )=0

By TenrnmamanuHr @uU3MK MabHOCHM  IOyHAAH HOOpaTKd, OJIUO
TallUTaHTaH OoFJaHWIN HWyHanmumu Oyiimya xap Oup TabcupAad
AaHUKJIAHTaH KYYWIJIAPHUHT anreOpank WHFUHIUCU HOJTa TEHT OYIWIIN
mapT, YyHKU Oepuiran Oankaaa Ma3Kyp Kyuuil Hojira TeHr. Jledopmarus
TEHIJIaMacHJard KYYWIJJapHW TONHWIN yd4yH Bepemdarma ycynu
KYJUIlaHWIaau, OyHUHT y4yH acocui Oankazna Xap Oup TabcupAaH Ba
X03Upya HOMabJyM Oynran X; Ky4 JaH 3TyBYM MOMEHT »>IIopajapu
Kypwiaau. bynaan tamkapu Bepeuryarud ycyivHd KyJutaml yayH OUpIIUK

3MIOpA XaM KypHJIaJIu:
g

e
2.5

""|||I|||||||||||||||"||||‘ |||||||||||||||
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OHY TallIKU 0K TAbCUPUAAH Ba HOMABJIYM X; Ky4JIlaH 3TYBYM MOMEHT
Hopaliapu  Kypwiaau. by amiopanmapHu acocuil Oanka cxeMacujia
KYpCaTUIl JIO3UM.
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HedbopManusi TeHrjiamacujard KydululapHu Bepemyarun ycynu
¢pllaMKia aHUKIAIra Kepak Oynran osmopanap Tai€p. Kyuunuiapuu
Oupma-Oup aHukiamra yrunaau. Kynalnuk ydyH OKOpPHAAH TErUIUIA
IOK dMIOpacu OuWslaH OMPJIMK 3MIOpaHu KYy4upuO, KYUUIIUIAp aHUKJIAHAH.
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3mopa X,

15,

_ 9x,-9 09X, -6 405
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AHUKJIaHTaH KYUYHIIUTAPHUHT KUMMaTIapu Ba udogacuuu
neopmarus TeHriaamacura KynnO, HOMabiayM X; HHHT KHWMaTH
TOIIMJIA TN,

—1404 -162 +162 + 324 + 405 Xl:O. 405 X1=1080 .

1080
Xl—i—Z 67 xn .

405
AHukimanrad X; KAMaTd TaHjia0d OJMHIaH acocui Oajka cxemacura

Kyhunaau (arap kuiimat mMaHduid 0yica, cxemana WyHAIUIIN Y3rapTupuo
KYWWIaau Ba KMiiMaT MycOaT KUiau0 KypcaTuiiaan).
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X1=2.67 kM *ﬁz ?RS !
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OHJIM CTAaTUK aHMK OaJikara sra OYJIMHAM Ba OYHUHT JaBOMM cudaTtuia
CTaTUK aHUK OaJKaJapHU XyucoOiam TapTuou Oyiinya uin oaubd Oopuiaau.
MuconHu JaBOM ITTUPHILJIAH OJUH KYHAAJIAHT Ky4 Ba 3TYBUM MOMEHT
smropaiapu andarTa Kypujiaay Ba IIYHJIaH KeWHH Macaia IapTura Kypa,
Oaka MyCTaXKaMJIMTMHHM TEKIIUPUII Macajacura yTuiaad. Arapnaa
KYHJIQJIaHT KeCUM Yyiuamjiap OepuiamaraH Oyiica, yiadamiap aHUKJIaHAIW.
[ynnan kelinH Oomika Taynadnap, MacajaH, OMpOp KECUMIAru Ky4WILIHU
aHUKJIa1ll OaXkapuiiajiu.
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TagHu peakuusiapHd TONMIL, WYKH Kydjap SHIOPATAPUHU KyPHIL
Macajnanapu okopuaa 6atadcun O6epunrannuru cababnm, Oy epra Tan€p
paBuiga OEpUII JIO3UM TOTIHIIIH.

Onropanap Kypwind. Macaia mapTyjia KyYHAIaHT KECUM yadamiapu
Ooepunrad Oyica, OaJTKaHUMHT MyCTaXKaMJIUTHHU TEKITUPUIAAA, aKC XO0JI1a
yJapHU aHUKJIAII Kepak. bu3 KyIITaBpiiM KYHAAJTAHT KECUM TaHJIAWMU3.
OryBuM MOMEHT JIIOpacUaaH MaKCMMaj MOMEHTHHUHT a0COJIOT KUMMaTh
OJIMHAJNA. M , = 18«kmum = 1800 xmcw . DAJIKa MyCTaXKAMJIMTMHH TabMHUHJIAIITA

3apyp OyiraH KapIIMJIMK MOMEHT aHMKJIAHAIU: [o]=16 xu /v (TIYJIAT
MaTepuail yuyH);




I'OCT 8239-89 ra acocan OajJKaHUHT KYHJAQJIAHT KeCUMHU y4uyH Nel6
KYIITaBpHU KaOyJl KWIMHAM, W, =118cu’® 1, = 945 cu * bankanuHr

X

ATWIIMINTA OUKPJIMTH: B , = 2-10 * - 945 = 1890 -10 ‘xuem ° = 1890 xmm

Macananuar ~— maptuga  OajdKaHUHI OENTMIIaHraH KEeCUMHU  Y4YyH
KYUYUIIHU aHUKJIall Bazu(acu KYWWIUIIM MYMKUH, MacajiaH P; Ky4HUHT

OCTH/Ia BEpTUKAJI MYHATUIIIArd KYYUIIHU TOMUII KEpaK OYJICHH.
6

L3 m | & Tr‘ (a2 rf* SM\,
|2 I

=~ " " anopacu

1] 1
8 8.28

by xyumm  Bepemryarun ycynu Owinan aHukiaHaau. Kyuwuimxu
aHUKJIAII y4yH Kepak OyiraH OUpIHK dMI0paHu Oepuiirad OankagaH XOCHII
KWIMHTaH UXTUEPHUM CTaTHK aHUK Oalikaaa KypyIll MyMKHH.
1(12 -6 2 _8~6 1 +3v6 2 +18-6.£6_4-63.1 J_ 24

" El 2 3 2 3 2 3 2 3 12 2

Iy epna OWpUHYM MHUCOJIHM TYraTuO, KEHWHTH MHCOJTa YTHUII
MYMKHH 3], aMMO OMpP MyaMMO €4UMCH3 KOJIAU. MUCOJHUHT OomInaa y4u
BapUaHT acocuil Oanka cudaTuaa OJMHTAH 314, JIEKMH ylapAaH ¢akar
oupu unuiatuiau. Kaiicu BapuaHTHM WIUIATUIN Y3UMU3Ta OOFJIMUK, JICKUH
Kaiicu Oupu OJMHMAcUH OWp XuJ HaTwxkara sra OynuHaau. Acocuit
Oankanu Tamna® onumina BepemryaruH yCcyiaMHM WIUIATHUINAA HWIIOXKHU
Oopruya KaMpoOK HII XaKMHTa dra Oynuiira HWHTWIMII Kepak. bynra
3apypast OyiaMaca Xawm, KYpWUJITaH MMCOJHU KauTalaH WKKUHYH
BapUaHTJAry aCOCUM OaTKaHu KypuO YMKaMH3.

lP =6w  M=Gram = Tanm P =6
H=D:K_fI

(«l«LN«I«L«I«L«H Y
Y4B '

N [
X [l
t3u) ou ] ' bm TSM
R, R,

Acocuii Ba Oepunran Oanmkamap opacumarud aedopmarus (hapkuHU
HYKOTHIN YIyH Kyhugaru aedopMmanus TEHIJIaMacu E3uiIaiu.
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Yo=Y (P)+ Yy, (P)+y , (M)+y,(a)+y,(X,)=0.
Onub TanutaHran OOFJAHWII WYHamUIIM KydyuiHu (YB) aHUKJIAII
y4yH OMPJIMK DIIOpa M KYPUIIAIH.

6
m”m""""""""|||||IIII||||||......

Smopa M

. B gz
‘ ‘l P=1 l\

| 9w & a T

Yo0.4 10.6

bankara xyuunran xap Oup TabCUpAaH ajlOXWJa ASTYBYM MOMEHT
SMIOpAIAPU KYyPHUIIA]IH.

P =tk
H=0 !
A
S
I 14.4 I
4,8 kH 12 kH

P =6

H=0
- e | 2 Smopa M(F, )
T 15 b ?FSM
Y0 7.2
M=5 sna

»

b4
Snopa M)

=

_ 30 6w R 3w
Vo5 06 |
4= Fenim
A=0 -, BIT W I LTI 43
—— = Sriopa M)
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I L * K]
4 8 kH 18,2 kH
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Smopa M{x, )

. T

Fa ] ]
L 9w X1 Bu m 3 M
¥0.4x, 40,6x, |

Hebopmarusi  TeHTJIaMacHIard KyddnuoiapHu Bepemmarun ycynu
OWTaH aHMKJIAII YIyH KEpakJd 3Mopanap Taiu€p, SHaU yJapHu Oupma-oup
AHWKJIAII JIO3UM.

H=0
..-.."|||||||||“ Smopa M(R)
I43HH . 1.2 KHy
— 11 14,43 2 14,4-6(2 1 W 7,2-6(1 2 WT
V,(P)=MxM(P)) = —1,2+ —3,6 |- =12+ —3,6 || -
L 2 (3 3 ) 2 (3 3 )J
1 (7,2~6 3 ) 1 216
-— .—3,6 |=-—(17,28 + 86,4 + 60,48 + 51,84 )= - ——;
ElL 2 3 ) | El

— 1(10,8-9 2 10,86 2 18 -6 1
23,6+ =36 —3,6|=
3

Bl 2 3 2 3 2
1 ™2
El Bl
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Snopa MWD

lqﬁl{”. G.IEH’H
(5,449 2 36-6 2 \ 1 32 .4
V (M)=M xM(M)=— .—3,6 — —3,6 |=—(58,32 -25,2 )= ——
B 2 3 2 3 ) E El
6

» ] P_='f - m - {
Y04 106 |
&= 9 nm
ﬂ, ,,,,,, - LA B AN A Sriopa M(g)
T
43,7 T
1‘418 KH ?T 92 kR

1(36Xl~92 3,6 X, 62

V (X)=MxM(X,)=— =3,6 + ,
B 2 3 2 3
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AHMKJIaHTaH KYUYMIIUITAPHUHT MUKJOPUHU JedopMaliusi TEeHrjiama -
cura Kynuo, y epiaH HOMabiayM X; TONWIAIH.

1 831 ,6
— (- 216 +259 ,2+32,4-907 ,2+64,8X,)=0;, X, = =12 .83 xn .

El 64 ,8
AHMKJIaHTaH KUMMAT acocuil Oaykara Kyuuinaau.

1 - M= QKH.W & = Funna P =&y
H=0 (HMHHH 4
; \./]B ]
X =72 83 kH ==
A 6 ' b Ts
R, R,

R; Ba Rj3 peaknus Kyuiaapu aHUKJIaHA U
Pl-12 -M +q9-6-3- X1-6—P2~3 6-12-9+4-6-3-12,83-6-6-3

1

15 15

72 -9+72-77 —-18 40
= = —=2,67kn.

15 15

. P-3+M +q-6-12-X,-9+P,18 6.3+9+4.6-12 —12,83 -9+6-18

: 15 15

18 +9+288 —115 ,5+108 307 ,5
= = = 20 ,5knu

15 15

Kypunu6O typuOauku, TasHY pEaKNMSUIADUHUHT KAWMATH XyJIId
OMpUHYM BapuaHTAa TONMWITaH KuilmMaTiapra TeHr 4ukau. LIyHuHr yuyH
Oy BapuaHTHU JAaBOM OSTTUPHUIIHUHT 3apypastd HyK. CTaThK aHWKMac
OankaHu acocuil OankaHWHT OWp HeEYa BapuaHTiIapu OVinya Xxuco0sao,
HATHKATAPHU  COJUINTHPUIN Tajgad KUJIMHMAWIW, JIEKUH XUCOOHU
TEKIIUPUII Y4yH AePOpMaIlMOH TEKIIUPYB YTKa3uO, s’bHU M x M =0
HMIAPTHUHT OQKapWIUIIN TEKIIUPUO KYPUITaIn.

Brmopa M

1
= — (24 +120 - 252 - 54 —162 +324 )= 0.
El
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[Ily OwnaH OMPUHYM MHCOJIHM €UMIIHU TYraTuO, UKKWHYA MHCOJITa
yrunagn. VIKKWHYKM MHCONJAa CTaTHK AaHWUKMAac OaJKaHWHT TasHY
OOFJIAHUIIUHM y3rapTupu0 Kypamus. UKKMHYM MHCOJI OMPUHYU MHCOJIIA
KYpUJTaH XucoOyam KeTMa-KeTJIUTu Oyinya €3minaau, JIGKUH apum
UIUIapHu Tamad €K KUCKaApTUPUO 0uO OopuINTra TYFpU KellaJu, YyYHKU
Ma3Kyp KYypCaTMaHUHT Xa)KMHU YEKJIaHTaH.

2-MucoJ1. CTaTuK aHnKMac OaJKaHWHT CXEMACH.

M, = 3 kM P =tk
H=0 i;:q @Ewnﬂ% v
A ]B
y M I 5 T“SM
R, R,

bepunran  Oankama ~— peakmusi — Kywiapd ~— XOCWJI OyiaauraH
OofmaHunuIIap cOHU Ng = 4 ra tenr. CTaTUK aHUKMACIUK JAapaxkacu N=4-
3=1. Jlemak, cTaTUK aHUK acOCUM Oalka XOCWUJ KWIMII YYyH OepHIIraH
Oasikaga” OuTTa OOFJIAHUIIHU 0MO Tanuiam kepak. Mkkura acocuil 6anka
BapHaHTIAPH Kyluaruya:

Acocul banka (T-sapuarm]

' Xl =3 K =
=0 A @’ﬂ“””,uuuuﬁ 4
]B
I. oM | 3w G mﬂm
H, R,
Acocull banka (Z-aapuanm)
= 3 KM —
M, | q P =&uu
_ G’?:fg*f””,¢¢¢¢¢¢¢¢¢5 ¥
H=0 —
%,
1}. M| 3w 6 M _IM
HL1

Nuunam yayH acocuid 6ankaHuHr 1-sapuanTu oauHaIu
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Acocul banka (T-sapuarm]

=3 K =
| g
H=0 A @&’ﬂz'wmai-“-###### ¥
W ']'B
I.SM'_ 3 M £ mﬂm
H, R,

Acocuii Ba Oepuiran Oankamap opacuaaru gedopmanus (QapKuHU
UYKOTHIIl ya9yH Kyhujaru jaedopmanusi TEHIJIamacu E3uiaiu:
o, =¢ M)+e (9 +¢_(P)=0.
Onu6 Tanutanrad OOFTAHUIN WYHANIMIIWAA KYYUIITHU ((a) aHUKJIAII
y4yH OHMPIIUK 3II0pa M KyPHIAIH.
M=1

12 12 m 3 m

bankara kyhunran xap Oup TabCcHpJaH ajloxXuia STyBYM MOMEHT
SIIOpaIapu Kypuiaau.
M=72 kRm

H=0 ——» s ]'B Fwona MO,
& Jm
' =3 KW
H=0 _ R A 3 ¥
|| iz @
14,5 KH 2 !‘ | ngﬁ YH
' 18
b
ﬂ ......... H“"""II". Smopa M(P)




A= Fnopa

12
JedbopManmss  TeHrinamacujaard —KyuumnuiapHu BepemryaruH ycynu

OWJIaH aHUWKJIAIl YYyH KEpakiI dIopanap Ta€p. DHau ynap Oupma-oup
aHUKJIaHATH .

T

,Lu 12 L 3w ‘

Frvapa MM,

__.llh
' I|
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— 1|—27~6(2 1) 27 .6 2 3.6°1 ]
¢, (@ =MxM(q)=— —0,5+ -1+ -—0,5 + ~05|=
E'L 2 \3 3 ) 2 3 12 2 J
1 94 .5
= —(54 +27 +13,5) = -
El

12 12 1 Er ‘
TB P =0
E,. 4 .....uuulllIII||||||"""""""""""|HHHHH““““““"““I.. Srmopa M(P)
1,5 kH | - T%E N
0 (P)=M x M (P) = _i(lg 12 .31) __ 3%
Bl L 2 3 ) El
o ()= M (p)= X2 22X,
Bl 2 3 ) E
AHUKJIaHTaH KYYMIITIAPHUHT KuMMaTaapy Ba 1(oJaCHU

nedopmanusi TEHIJlamMacura KyunO, HOMabiyM Xj

HUHT KUUMAaTHu
TOTIIMJIAIH.

m=1
= A ~
B ‘iIH||||"Hm‘m"”H|‘“|"‘|“||||||||||"|||||||”||||||||||||||IIIIIIII||| --------- ] Sopa M
gl
l B T 12
. 2 12w | 2 ‘
X
S0 X T S== - 2nooa
A B
X

1
12 12

1
—(16.,5+94.,5-36 +4X,)=0; X = —18,75 xum .
El
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AHuKIaHTraH X; HHHI KUMMATH TaHJIa0 OJIMHTAaH acocHd Oalika
cxemacura Kyvunaau (MaHduil KuiMatiu OyiraHu cababmiu, WyHamuIm
y3rapTupu0 KyWrmiaau Ba KUiiMaTu MycOat Kuinb KypcaTuiaan).

q =3 KHM P =6y
(/’TKHHM+¢¢+¢+¢+¢ v
ST s
.XFTBJ?EKHM}. I m | 3w f w \‘_;““SM
R, R,
6-3-3-6-3+12 —18,75
ZMBzo;,Z[aH R, = " = 3,5625 «xwu;
-18,75 +12 +3-6-9+6-15
M, =0, JaH R, = ” = 20,4375 «xn.
Q=3 KHM P=fu
H=0 (-:T'i'l{HM«LH-«LL«LLwLL Y
]B
_XI_TB?EHHM Im| 3w ] mSM
R=35625 kn 331:215', 4375 KK

banka cxemacu octuaa KyHAaNnaHT Ky4d Ba 3TYBYM MOMEHT 3IIOpAJIApH

KypHUJIaau.

0 =5 KHM P =8ku
i/’fi*f”“”+++++++++ L
R P G
XI_TBFEHHM_SM 7 6w T“Sm
R; =3,5625 KkH R,=20, 4375 kK
3,96 3,56 ] &

" amopacy

W amopacy



HedbopManusiim TEKIUPYB YTKAZUIAU:
m=1

. "W amopacy
<l |
g i .

Y amopacy

— 1] 18,75 -3 (2 1 ) 8,06-3(1 2 WT
MxM =-— - ———.| =1+ =0,76 |- 1+ —=0,75 | |+

EIL 2 (3 3 ) 2 (3 3 )J
1 [3,94 3(2 1 W 14,63 3(1 2 W 14 63 -6 2 18-6 1 |
— ~0,75 + —0,5 | + ~0,75 + —0,5 | + 05— ——. 20,5+
ElL 2 (3 3 ) 2 |3 3 ) 2 3 2 3 J

1
= —(-35,85625 + 35,87125 )~ 0.
El

JlepopManusnm TEKIIMPYB HATHXKACH aHUK HOJTa TEHI YMKMaIH, YyHKU
HATM)KaBUM OSTyBYM MOMEHT OIIOpacuja OpAWHATaJapHUHT KUKWMaTh
uxyamiamtupwiad. by Mmuconnma  kyHoamaHr kecum OepwiraH e0

xucobnmancuH (kymraBp Nel6 ; W =118 cu °). bepunran OankaHuHT

MYyCTaXKaMJIUTH TEKIUpuo KYpuiIaan: o= —"<[o].
W
1875 . 2
o =——=1589«n lem * <16 xu / en *. JleMak, Oanka MycTaxkam 3KaH.
118

MKKUHYM MHCOJI XaM SUHJIaN, JICKUH MAaTCpUAJIHU TS'/J'Ia }”lsnaanpmu

y4yH, Tanabanapra Kyiuaaru MUCOJIHU MYCTaKWJ KYPUO YMKHII TaBCHUS
KWJIMHAIU:

F=4 xn
= 4 ki
“I‘}\" 4w k‘\‘f‘“ 4 m 4 p |,
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