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=iS'l- 631.35 
QlJ'). 40.728 
u 259 

bpwzluwqnptj_mu t UIUJ.Wqpmp1wu <!.w14w4wu q.JmqwmfiuinuwlJ.wG 
wlJ.w11tuP.wJf:t mumuuwunpnqwlJ.wu hwfiouwctn11mU1u 4f:tg tuupwqpw4wa 
4n1hqpwJp lJ.nquf:tg(l8.09.2003 p., wpowuwqpmpJmfi pf:ttl 2): 

u 259 uupq.uauu u .u . .PbP.f!U~U<lU.f!li Ub.f!b'VU'VbP.ni-urn-u­
'VUUbJO-n'1-utiuu ~bf1.'VUP4 : bpLwu, ~w1lJ.wlJ.wu qJmqwmfiuit­
uwlJ.wu w4wqhupw, 2004, 80 t2 : 

Uzfuwmwfipmu 2wpwqptj_wa bu lunmf:t L. hwgwhwmf:tlJ.wJf:tG uzw-
4wpm1uhp}1 pbppwhwqw12f:t utptfiw(ihpf:t mhumpJWfi L hwzqwplJ.f:t hf:tuuwlJ.wfi 
hwpgbpt!, 4mpuwJf:tfi fiwluwqap pntj_wuqwlJ.mpJntU[I, ryiwfig lJ.wmwpuw(i 
hwuwp wfihpwclhzui uhpnqwlJ.wfi gmgmu(ihp[!: 

Uzfuuiuiwupt! lJ.wpnq t oqmwqnpaqt1 GwL. uituwlJ.w(i hwzqwplJ.wJf:tfi 
pwdur 1wpnpwump-qnpafiwlJ.wu w2fuwtnwu12fihpf:t L llf:tUJ.tnUWJPU wzluw­
mwu12utpp hwuwp: 

u 3703030000 2004 
0173(01)-2004 

ISBN 99941-915-8-6 

QU'l- 40.728 

4mpuwJf:tfi fiwtuwqbf:t uutwuiwlJ.u mumguwfi [!fipwgi;imu unqnpw(} 
qf:tmhllipfihpf:t tunpwgntU[!, wupwgmut!, [!UqhwfipwgmUt!, f:tG2uitiU (iwL. WJfl 
qf:tuibt)lpfihpf:t oqmwqnpbmuu t f:tGcltutpwlJ.wG luGrif:tpGhpf:t tmbUw(i hwuw[l: 
'Vwluwqauwfi t!fipwgpmu muwUnrm, oquitJ.btml finpuwmf:ttlfihpf:tg , wqJmuw4-
fitprg, finunqpwu(ibpf:tg , WtntWUfibpf:tg L WJl Gjntptprg, wtj_bt)l tunpfi t 
mumufiwurpmu t!fiqhwump mttuGf:tlJ.w4wa L. uwufiwqrmwlJ.wu qpwlJ.w­
ump3mu[!,: 

«q.JmqwmfimtuwlJ.wu utptfiwub[l» wnwplJ.wJr lJ.mpuwJru uwtuwqrbl! 
6wpuiwpwqrmw4wfi :)>wlJ.nqmhmf:t «q.JntflWUlUUlbumpJillU utptfiwjwgmu» L 
«Ubpbfiwubp L uwppwqnpmufihp» uwufiwqf:tmmp3mfifitpr umwgf:tnuwp 
nmmguwfi muwunqfibp[! 4wmwpmu tfi 3-pq lJ.wu 4-pq lJ.mpubpmu' lJ.wluitwa 
mumuGw4w(l ll!LWUf:tg, f:tulJ. hhnw4w muntgUwfi «q.JfilllWUlfiUlhUnt}}JWfi 
ut12tfiwJwgnul» uwuuwqf:tmmpJwfi muwfinqfihp[!' 4-[lrb lJ.mpumu: 

4mpuwJf:tu uwllJwqf:tat! uthui12 t lJ.wqutj_wa I)lGf:t hw2tJ.wplJ.w-pwgwm­
pwlJ.wfi L qpw:)>f:t4wlJ.wfi uwutprg : nmwunrm lJ.ntpUWJf:tfi uwllJwqf:tbl! 
U[W2UlU[WUntU t wupf:tnumu ' UUlWUWtntJ. hwuWU[WUlWUtuwfi quwhwuiwlJ.wfi : 
'11W2Ull.l.J.WU4_wa fiwluwqf:tiJ-i! U[Whqmu t wupf:tnfimu: 

4mpUWJl1U fiwllJwqf:ttJ[! lJ.wmwphtlm 1.1.J.hUlp t uzwlJ.tj_f:t npL.t uti;ihuwjf:t 
lJ.wu n[lLt 4wpL.np hwfiqm19f:t lJ.wnmgtj_wapt!: 4wnmgtj_wbpf:t uzwlJ.ntl.i[! UJ.huip t 
hf:tuliwqnptlf:t mttufintnqpw4wfi, f:tfi(UJ. tu uwL wnwu6f:tu ut12huwuwuhpf:t 
wupmpjwu hwztj_wplJ.uhpntj_: 

4mpuwJf:tu Gwtuwqbf:t ptUwfi [!UUlpmu t muwunqt! : 'Uw wupf:tnup 
tj_wpf:t [ f:tfi qf:tumu t uhplJ.wJwgumu Gwtuwqar phUWJP t!fimpmpJWfi uwuru L. 
luuqpmu qhlJ.wtJ.wp GzwuwlJ.ht: 4mpuwJf:tfi Gwtuwqf:ta muwfinrrn lJ.wmwpmu t 
rfipfint[lnlJU ' oqtntlhtntl qt4wqwpr L hWUWUJ.WUlWUtuwG qwuwfunu(ihpf:t 
funphmpqfih[lf:tg : 4mpuwjpu Gwfuwqrbt! lJ.wUlW[lhlPu muwfinqu f:tp wn2L 
fuCiajlp UJ.buip t qup lJ.wmwphtwqnpabt uitlJwt utpttiwJp lJ.wu hwuqmjgf:t 
lJ.wnmgqwapt!' hwzi.lfl umuhtntl_ pfiw4I)luwjwlJ.w(i U[WJUW(ifihp[!, u2wlJ.w­
pntjuhpp :)>f:tqf:tlJ.wmhluuplJ.wlJ.wu wnwfiouwhwm4mp1mfifihp[! L. wpmwq[lm­
PJWfi UJ.Whwfi2fibp[!: 'Uw UJ.hmp t fi4wmf:t mUtfiw uwL. hbmL.JWffi. 

l. StlJWL uhpbuwjf:tU lJ.wu hwfiqmJgrfi fihp4WJWgtj_nq wq[lnUlhfuGf:t-
4wlJ.wfi utwhwu2Ghpt!: 

2. Ubphfiwfi 4wu hwuqntJ9t! 1.1.J.hUlp t lllfir pw4_w4wfi wump L. uw2w­
q[1uwglJ.mu : 

3. lrwzqwa w2luwmwfipw1f:tG opqwut! unpnquwu L qmluwpf:tuuwu hw-
uwp tl1Gf:t hwpuwp : 

4. lf:tur utj_wq_ utmwqwmwp L tfihpqwuiwp: 
5. lf:tur mfif:ttlhpuw1 L mutuw pwp6p W[1UlWqpnqw4wfimpJmfi : 
6. Otuhuw pwp6p mtluuf:tlJ.wmfiuihuw4wa gmgwGf:tzGtp: 
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Umwfiw1ntJ. 4mpuwJf1Ci CiwJuwqof1 wnw2w11pwGp[!' muwfimi_u u4umu t 
mumuGwuppbl mllJwL hwpgp hblll 4wUJtj_Wb" Gjntpbpf!: VUI ntun11.Hiwuj1-
pmpJmGubp(i u4umu t qpwlJ.wCimpJWU, qb"U1qpbpf1, mtJuCin1nqf1wltlUU 
uJubt.lwllbpp, Ubptfiwub1lf1 wnwuopll hwGqntJQCihpp, Ul[1U1UlqpmpJWU 
wnw2wl[np l}lnpop hbm owunpwuw1ml: 

Omwunq[l llwJu · b"lllllnpwCimt.I t mllJw1 qnmm pCiw4JltliwJU14.wll UJWJ­
uwfifihpf1Ci L UllLJWl uhpbGwjpll 4lllU hwllqntjgp(i llhp4wJwgtj_mi_ wqpnmbJu­
Cip4wlJ.wG UJwhwG2ubppu, phUwJ!l hbm 4wUJtJ.wb" uzU14wpmJulipf1 .'ppqti4w­
uhJuwGp4w4wll hwm4111pjmllllbpf1Ci, wuiw· mumuCiwuppmu t hwUUIUuw(i 
uhphGU1Cihp!l 4lllU hwGqntjgGbpp 4wnntgl[wopwjf1Ci U1nwll6Ciwhwm-
4.ntpjntllGhp[! ' mwLntl 11pU11lg hwuhuwmw4wu quwhwmw4wu[l: 

DtumullwuppmpJwU [!Upwgpmu umU1gtj_U1b" llJmphpp hf1t.lwu tJ.pw 
muwumm 4.wqumu t CiU1Juwqb"L[n11 uhptCilllJP 4wu hwuqmJ9f1 mhJulinLn­
qf1wlJ.wll uJuhuU1u: Cum WJfl uJuhUwJfl L GwJuwqb"p wnw2w11pwG11f1 ' 4lllmlll­
pmu t uhpbfiwJp lllnwllof1G hlllllqmJgfihp!l tnhJufinLnqpwlJ.wll hwztJ.wplJ.[l, npf1 
ur2ngnl[ npnzmt.1 t hwCiqntJgfibpf1 4wnmgl[w{)pwJpfi L 4!1Ghuwm!14w4wfi 
uiwpwutmpbp[l: SbJulln1nqf1U1lJ.wfi L 11f11lwuf14U1lJ.wu hwztj_u1p4Gbpn huwpw­
tj_npmp3mll hfi tnlllt]rn npnzhL U1nwCiof1Ci utpbfiwuU1uhpf1 L[pw wq11n11_ mdbp(i m 
lJ.wtnwphL wt.lpntpJwU hw2L[wp4Cibp : SbJuCin1nqpU14wll hw2tJ.U1p4Cihpf1 
oqfintpJwilp muwunq[l 4.wmwpnu.I t l}lnJuwGguwu hw2L[wp41lbp[! L 4wqumu 
l!Jn!uwuguwfi uJuht.lwu, f1u4 hwztj_wp4ntl umwgtj_wb" mllJwLllhpf1 L 4mpuwJf1Ci 
uwJuwqb"p WilW2W11JlWU[lp hpt.lwu l[plll lJ.wtnwpntt.I t llwJuU1qOp qpw­
:ji!14w4wu uwu[!: 

<!,wztJ.wplJ.wpwgwmpw4wu Uwuu rnf1mqnuwphppf1 hbrn urwuf1G UJhrnp t 
qph1pwuwpnl[ ' 210x297 ~wl!Jbpp 20-25 pbppbp!1 L[pw: 

<!.wzqwp4wpwgwmpw4wll uwumu Ujbtnp t l_ntUwpwfibt hhmLJWl 
hpuGw4. wu 4. bmt11t:! ' 

l. @'bt.lwJr hbm 4wUJL[wb" hwpgwqpntt.I[! L pbuwJp [!ClrnpmpJwfi h!lufiw­
tj_npmu[!: 

2. <!,wuwfiuwfi uhpbuwllt1111 4wnmgl[wopwJf1G wmuCiollwhwmlJ.mflJntfi­
Cihp[l L uwJuwqb"L[nq ubptfiw3p 4wt.I hwfiqmJgf1 mtJuGn1nqpwlJ.wG uJubt.lwJp 
4wqumuu: 

3. liwJuwqb"tj_nq utpbGwJp 4wt.I hwfiqmJQp 4wnmgqwb"p[!, wztuw­
mwfip[l L hpuCiw4wll lJ.wpqwtJ.npnu.IGtp[!: 

4. ShJufin1nqI1wlJ.wG, t.lhJuwGf14w4wfi , tuhpqhmp4w4wCi L wupmp3w(i 
hwztj_wplJ.Cibp[!: 

5. UzJuwmwGpp wGtJ.mwfiqmpJwfi L pCimp3wfi uiwhuiwumpJwfi 
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hlllpgtp[l: 
6. bqpwlJ.wgmpJmfiGbp L wnU12wplJ.mp3muutp: 
7. Oqmwqnpb"L[wo qpw4wGmpJmil[l : 
..!.w2tj_wp4wpwgwrnpw4.U1il uwuf1 U1utCiU14wpLnp pwdpCiutp1f mtJuun-

1nqpw4U1il, utttiU1CiplJ.U1lJ.wll L wupntpJWU hlllzqwplJ.Cibp(i tfi: ..!.wztJ.wplJ.llhpp 
c!wuwllw4 hwmnt4. m2wqpmp3mll uthmp t qlllpofitL ul:iptCiwuwutpp lljntpp 
[!lltnpmpJUIU, lJ.wnmgtj_wb"pp 1.1.J.WpqmpjwG, utj_wq uhtntUJlWlfllll[lillflJWU L 
hmuU1Jltntp3w(i hwpghppll : 

lfuphllwuwuhpf1 mdlllJpU ptnfiqwb"mp3mulltp[l npnzhlf1u tunphmpq t 
mptj_mu wupntflJWU hlllztj_wplJ.uhp 4.wtnwptL ni iit qtppnCitJ.womp3wu, wJL 
CinpUUIL 1.1.J.UIJUWilUhpmu uhptfiwJp w2JuwmU11lpf1 ctU1UU1CiwlJ. wnw2wgn11 
U1uhuwuho phnutJ.wb"mpJwCi rntlJU1tCihpf1 hpuwu tj_pw : 

lfuphCiU1uwuhpp (2lll2I! Citj_wqhgCihLm llUJwtnw4.ntJ. UIUJllllflJWll 
hU12tj_wp41lhpp dwuwfiw4 flntJtwtnptj_mu t CiwL hwztlf1 wnfiht wnwoqw4.U1fi 
qh:pnpuwgpwllhpl}: bph uhphllwuwuhpp iWl}lhp[l tnhttillnlnqf1w4wfi hwztj_wp-
4nq npnztj_ht hfi, WlljW wUpntpjwll hw7l[wplJ.I! hpt.1Ciw4wfintU hwUwpl\ntU t 
wUJwhntj_tJ.wb" L urnmqtj_wb": bph wupmpJwfi hwztJ.wp4Citpp ctwuwfiw4. 
mhJulln1nqpwlJ.wfi hwztj_wplJ.ntJ. umwgtj_wo mllJw1CitpCi wupmp3wfi UJWJUwCi­
uhpf1Ci ih(i pwl[wpwpmu, WUjW, htCihtntl 4wnmgtJ.w<)pWJf1Ci GUjwtnwlJ.whwpuw­
pntpjntUpg , wCihpwcth2rnmpJWU qhUjpntU UhptCiwuwuf1 wupntpjwfi hwztJ.wplJ.[! 
wwgtJ.mu t uwztj_wb"ntpjwll hwztj_wp4ntJ.: 

..!.wztJ.wp4wpwgwmpwlJ.wll pwdumu 1.1.J.htnp t zwpwqphL CiwL wzfuw­
mwllpp wCil[mwCiqntpjwll hwpghp(!: 

Cum lJ.mpuwJ!lll llwJuwqof1 wnw2w11pwfipp ' UJWhwfi2tj_mt.I t mbJufin-
1nqpwlJ.wfi hwztj_wplJ.pg hhmn 4wmwphL wnwCiopu uliptfiwuwuhpf1 wupmpJwfi 
hwztj_U1p4utpu : 

4mpnq WlljW[lWlfl uwJuwqoblf1u UUJ.WUlwlJ.whwpuwp t (!UUl wupntpjwll 
hwztJ.wplJ.hL qwllw4p &n11_u L zwpctwpLu: '1-wllw4f1 oml_(! hwztJ.wplJ.mu h(i (!Utn 
lJ.mpuw(i flh:}mpuwgpwjp: '1-w(iwlJ.p onflll tlJlw Wqflllll_ ntd{! lJ.wquqwO t zl}luw(i, 
4.mpuwll qpuw11pmp3wfi L f11lhpgf1nCi mcthpp qmuwppg : Cl!Juwfi mdt! npnzh1m 
hwuwp wllhpwcthztn t puwllwt qwCiwlJ.p b"wfipntp3w(i ntdt! L zl}lwuwCi 
qnpb"w4f191!, f1u4 lJ.mpuwCi 11f1uwqpntf>Jwll mctu hwztlhLnt hwuwp' 11_wfiw4f1 
upwqnp qb"wuhmpp lJ.mpuw(i mtuwlJ.wpwp qpUWflilntpjwll met[!: 

CwpdwpLG (!Utn wupmpJwfi hwztj_wplJ.l:iJltu ullqmfitj_mu t , np wnwCigppfi 
ntll_ll_WhWJW9 ntd[! fl[lW hplJ.wpntpJWUp pwzJutj_wc) t uhwl[wuwp, pulJ. unuhGtn[! 
4.humpnllwgl[wo t zwpctwpLp c)wupmp3wu 4.hllmpnumu: 

'-lf1LW41!, uum wupmp3wCi hwztj_wp4htm qhUJ.pmu wfihpwcthzm t 
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hwzt.J.wpl!hL 4Jitw4p wuhnn Li $wnhpn: '-lptw4)1 l1luhnn hlipwpl!t.J.nui t muiwfi L. 
ntnpuwfi l}h.'pnpuwgpwlihpp: O"nnq unuhliUll! npnzhtm hwuwp wlihpwcthzm t 
)luwfiwt t.J.tttw4p qwfiqt.J.wCl"n, npn npnzhtm hwuwp uitmp t oqmtl.ht 
Ulhflhltwqphppg, WlflLWUfihp)lg, )lli2UlhU CiwL. liW}uWUl)ll.ll uhphfiWJ)l hwuw­
ll!WlflWUJuWfi mt.l.Jwtfihp)lg : linwtl.htWqnLJU IllilpnIJ. unuhliUl[! npnzqnui t [!Ulfl 
t.l.Jltw4Jl wz}uwuiwfip)l hwuwp uiwhwli2t1.n11 hqnpmpjwfi: <I>np6fiwltwfi 
mt.l.Jwtlihpp hwuw6wjfi ' t.J.Ptwq)l uhq qCl"wJ)lfi uhmpp hwuwp uiwhwfi2t.J.nq 
hqnpmpJntli[! 4wphl1l t t.J.hpgfihL 0,25-0,3 6. mo: fipnzhtnt.J. phpt.J.wCl" unuhlim)l 
qmuwpWJpfi wpdhpJ! ' hwzt.J.mu hfi wutmp UlpwuwqCl"[! : ~LW4Jl lPUhil[! 
uiwmpwummu hli ufiwuh2 uhmwqw6nqtp)lg : '-l)ltw4)1 $wnhpn hfipwp4t.{mu 
hfi onuwfi l}h.'pnpuwgpwJp: ~wJuilip hqwliw4ntl. hwzt.J.mu hfi $wnp lijlw wql}llT\ 
md}! l.i npnzmU WUpillf!JWfi UlWZWp[!: 

P-p~wt.J.np pupmqnt.J. 4wtunq wuiwpwm fiw(uwqohwu wlihpwcthzm t num 
wupmpJWfi hwzqwpl.J.hL pupm4Jl l1luhnl! L. PJl!hp[!, )lult wuiwuliwqnp pupmqmJ. 
ltwtunq wuiwpwm fiw(uwqohwu pupml.J.p wutnn L. hnppqnfiwl.J.wfi onqhp[!: 
lpuhn[! hfipwpltt.J.mu t bnuwli L. ntnpuwli l}h.'pnpuwg)lwlihp)l: 01npnq unuhCiUl[! 
uihmp . t npnzht' htfihLnt.l pupm4}1 wzJuwmwfip)l hwuwp 14whwCi2qnq 
hqnpmpjmli)lg , )lult bnnq unuhmlil! npnzhl1lu wfihpwdhzm t mfihfiWL pupml.J.)l 
qwuqt.J.wCl"[!, np[! npnzhtm hwuwp qwphLJl t oqmlJ.hL mhqt4wqphp)lg, 
qnpCtwpwfiWJ)lfi qmuqphppg, JlCi!hU fiwu fiW}uWUl)lUI Uhphfiwjp hUJUWUUWfi 
hwfiqmj gp L. uhphfiwuwuhp)l hwuw14wuiwu(uwCi mt.lJWLfibp)lg : O"nnq L. ntnpnq 
Untihfiuiuhp[} npnzbtnt9 hhUlil 14hU1p t ltwqubt UilUbumfibp)l tuumpfibp[! U, l!UUl 
phpt.J.wCl" unubfimp, hwzqwpqhL pupm4)1 wutnp mpwuwq)lCl"n: fchipm4}1 wuhn)l 
hwuwp qwptw t nlimpt1 q.ous 3294-53 PJl!wJpli uinquiwm: 

O"qnmwhwp CiwJuwqCthtPU, l!UUl WUpntpjwfi, qwphLJl t hwzll_wpltbt 
(rqnuiwhwp)l IPUhn[!, np[! CintJUUlhU blipwpl.J.lJ.mu t ntnpuwfi L. Cl"nuwli 
flh.'pnpuwgpwfihp)l : n1npnq L. bnnq unuhfiutlihpn npnzhtm hwuwp wfihpwdhUl t 
nliuipht aqnmwhwp)l qwfiqtlwUJ:! L. hwzlJ.hL (rqnuiwhwp)l wzJuwuiwfip)l hwuwp 
uiwhwfi2tl.tl!l hqnpmpJmfin: 

QmUWU hwfiqntjg)l ubpbfiWUWUbp)lg, [!UUl WUpntf)JWU, fil.llWUlWqW­
hwpuwp t hwzt.J.ht UWIJ.Wpl.J.q)l qwu uwq)l l.J.wtuJll fihp[!, zwpctwpL.n L. pwuhwp)l 
LJluhnn: 

Uwqwpqq)l l.J.wJuJl!fibpp qpw wql}llq mdhp[! hwztl.btm hwuwp 
wlihpwdhzm t npnzbt uwqwpqqp L. l}PW qpw zwpdqnq phq)l qwfiqtlwU[!: 
Uwqwpltq)l qwfiqtlwbt! qwphl1l t nfimph1 qCl"wqphppg, wm1wuCitp)lg L. 
uwtuwm)lUIJlg, )lu4 pbaji qwfiqll_wU[!' mb}ufintnqpwltwli hwzqwpltlihppg: 

Quip2-uthuwl.J.wt.{np)l! utphfiwfihp}l Uhphfiwuwuhp)lg, l!UUl WUpntpjWU, 
qwphtP t hwzqwpl.J.ht q1wliw6L. utpphp)l L. pwUhwp)l tllubnfihp[!: q_LWliwoL. 
mp)lhpp l1luhnfihpp hwzlJ.wp4}1 hwuwp wlihpwdtzm t npnzhL pupm4}1 L. l}pw 
uh2 qmlit.J.nq hwmptiwJ)lCi tuwnfimpqp qwfiqtlwCt[!, Jlli!uibu fiwL. Ulp)lhp)l 
wztuwmwfipp hwuwp uiwhwli2lJ.nq hqnpntpjntfi[!: 
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~wm)lltwJ)lCi }uwnfimpl})l qwfiqqwO}! npnzlJ.mu t mbJuCin1nqpwltwfi 
hwzqwp4}1 uit.l.Jw1fihp)l h)luwCi lijlw: Sp)ltp)l wztuwmwCip)l hwuwp 14whwfi2-
tl.nll hqnpmpJwfin npnzbtm hwuwp uitmp t oqmlJ.hL t.{mpofiwqwCi uit.l.Jw1Cibp}lg 
L. hwuwuiwmwu}uwCi W'lJmuwl.J.fihp)lg : 

~wuhwpfi num wupntpJwfi hwztlmpqtwu uitmp t hwzqwpl!hL wutnn : 
'-ltp2pfiu h)lufiwl.twfimu hfipwp4tl.mu t n1npuwfi qh.'pnpuwg)lwJ)l: 
Unwtl.h1wqmJCi ntilPtl!J. unutfiuin npnzlJ.mu t nwuhwpp wzJuwmwfip)l hwuwp 
uiwhwfi2qnq hqnpmpJwCi h)luwfi lijlw: 

'uw}uwq())l qpw.'p)l4wl.J.wfi UWU1! pWIJ.l.J.WQWCt t 575x8 J 4 !WlJ.tbp)l bpbp 
qCl"wqpw4wa phpphpflg : Unw2)lfi phpp)l qpw liuiwmwl.J.wpwpuwp t qoh1 
Ciw}uwqOt.{nq uhpbCiwj)l l.J.wu hwfiqmjg)l [!Ciqhwfimp mhup[! 4wu mh}ufin1nq)lw-
4wu u}uhuwfi, hp4pnpl} pbpp)l qpw' fiw}uwqOt.{nq ubpbfiWJ)l ltwU fiw}uwqOt.{nq 
hwfiqmJ9p [!fiqhwCimp mbup[! hpqm uipnJb4g}lwCihpnll_, )luq hppnpl} phpp)l 
qpw' hwfiqmJgfl uwufiwmmun tiwu Ciw}uwqo)l mb}uCintnqflwltwfi qnpO}!fipwgn 
pfinpnznq qpw.'p}lqfihpn: 

bpb wnw2pfi pbpp)l tl.Pw qOt.{mu t fiwJuwqOt.{nq uhphfiwJp qwu hwli­
qmJg)l mhup[!, wuiw hpl!Pnpq phpp)l qpw qoll_mu t hwfiqmJg)l uwufiwmmun: 
~wliqnLJg)l umwCiqwpmwgqwCl" uhphliwuwuhpn t.J.hpgll_mu hCi wnwCig 
$nlJ.tn}untf)JWfi: lfJnLU hWUqnlJQUbp[! l.J.wu ubpbUWUWUhpfi [!fiUlpll_mu hli 
fiuwfiwmpui uhphfiwfihp)lg ' wm1wufihp)l L. qnpmupwliwj)lfi qmuqphp}l 
oqlimpJWUp: UmtwuCihp)l L. qnpCl"wpwCiwJ)lfi qowqphp)l pwgwl.J.wJmpJwfi 
l}buwmu Ciw(uwqOt.{nq ubphfiwJ)l tiwu hwfiqntjg)l uhphfiwuwubp[! qahwu 
qwphtll t oqmtlhL fiw}uwmpuipg ' hwz4}1 wnfihtntl. mh}ulin1nqpwltwli hwzqwpltp 
mll.Jw1fihp[!: Unw2}1Ci phppp tl.Pw, npmhq uiwmqhpqwo t uhphliwj)l [!Ciqhwfimp 
uibupn 4wu mh}ufintnq)lwqwfi uJubuwfi, ltwqu4mu t wfitlwfiwgwfilt , npmhq 
CizlJ.mu hCi h)luCiw4wfi hwCiqmJQfibp[! L. uhptCiwuwuhpn: bpl.J.pnpl} phpp)l qpw 
tiwqull_mu hCi u)l pwCip h)luCiwltwfi utptfiwuwubpp wztuwmwfipwjpfi 
qowqphpn, npmhq Ciztlmu bfi qpwfig uiwmpwumuwfi hwuwp pn1np 
wCihpwcthzm !WlJ.thp[!, tifi!uihu fiwli uiwmpwumuwfi pmJLmpll_wO(!fihp[!, 
uwl!bphuCihpp uzwl.J.uwfi uwppmpJntU[! L. 14wmpwumt1.tl!J. uhphfiwuwup fiJmpfl 
uwl.J.Ci)lz[!: 

P-n1np qCl"wqphp[! uitmp t hwuwuiwmwutuwfihfi uitmw4wfi umwfi­
qwpm)l uiwhwfi2fihppfi: 

Q.()wqphp)l tl.Pw pn1np uw4wqpmpjmCifitpn uitmp t qwmwph1 Cinpuw1 
zp)l.'putnll_ L. [!UI}IltfitlwCl" ! WlJ.tbpnq: 
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UCihpwcth2U1 t 2WPWI}[lbt pbppwhwqw,12'1 ctwuwGw4 wz}uLUUllUUpp 
wutj_UlwGqntpjWG L pGntf}jLUG UJ.WhUJ.WUnq:iJWU tuuqti.11Gbf1U m 4wquw4LpUJ.­
i.lll4wG uti.2ngwnmuuhpf!: 

~Cld)li_Clhf1'1 w2fuwlilwGp)l ctwuwliw4 ' hG6pi_lihp)l qpw wztuwuitwu, 
pn1np uittuUUJ.UlUW[14liw(i L Gn{lnquw(i wzfuwtnwGpGhp{! Ujbl.Ilp t 4WLnWJlht 
4wuqwnClhpmu' zwpd'1i.'1 wG2wmtlwb 1{116w4mu: ~lid'1i.'1 qnpbwp4mu}l.g 
wnw2 wClhpwcthzu1 t Ciwfuwqqm2u14wu wqqwlizwCl UlWL'. ~wwm4 m2wqpm­
PJntCl UJ.bUlp t I}WfldGht hw4whpqhhWJ'1U ups>ngwnmulihpJl 4wuiwpuwG{!: 
u2tJ.wb u}l.2ngwnmulihf1I! UJ.buip t ppwqnflbht GwL 4nupwJliJ1 wztuwwwlip)l 
ctwuwuw4: 

tmupwJCl)l zwpctlli.t! qnpbwf14htmg wnw2 UJ.btnp t wqqwG2wli uiw1 L 
tnhluG)l4w4wG UUJ.WUWf14liwli m Gnpnquwli qn{lbnri.mpJmliClhp{! 4wuiwphl 
4ntipwJCl)l zwf1ctP.lP wG2wU1tJ.wb lij_16wl.J.mu: ~CldJli.'1 L 4wturi.'1 pntnfl ui.whui.w­
li'1i. UUlflpbfl[! UJ.btnp t U1Uf1W94Wb tlJ.GbG: UpqbttJ.mu t 6bnpntl znzwtlJ.ht pntnfl 
wzfuwuin11 uhfuwGpquGbflt!' 2'1.flWGhfl, tlJ.n4hp, wuwqwli)ltllihp, lfln4wClpt.[Ghf1 L 
WJtG : UGhpwcthztn t UJ.Wpphpwpwp UUlmqht wpqbtwl.J.Gbp)l, 11h4Jl ubfuwClti.qup 
L whwqwClquwCl hwtiw4wf1q)l hmuwwmpJntG{!: Urqhtt.[mu t, wnwlig 
tlJ.nfuwligmti[! wG2wmb1m, 4nupwJG[! pwrzwl.J.hr Op. 4wphtlt , wnwGg 
dhnGngClbp)l , wwp 2wpct)ll'1 nwq)lwuinpp 4wtlJ.wpJ1ll! pwghL pu4 4mtnw4ri.'1 
UW(lUll.J.ngClh(l[! tlJ.ntutwu Ujhtnp t qqmJz IltlihL Il(l tth4uipnq[! lVWlfltlll uw24r 
4wu hwqmuUl)l qpw: Cp2w11w[ldt! 4wuiwrtJ.mu t 3-4 4u/ctwu wpwqmf!JWli 
mw4: liJil GntJU Ul[lWqmpJWUp ClwL UJ.bUl,12 t zwpctt.[p 4nupwJGt! tilJ.lii.L 10° flbp 
Ult11wGpmu: 4nupwJCl'1 Z£12Wliw41! UJ.hUlp t hn11w4gt1hwuU1 tibUlWfl.JW 2rwwJt1 
uti.2ngml: lmupWJUt! UJ.buip t WUJ.Whnt.[t.[wb tltGp wlihrwctbzw qnf10'1pClhpml., 
,UJ.whtumwuwuhpml L 11tri.wuP.2ngClbpn4: UClhpwctt2Ul t hwU1m4 
mzwqpmf!JntG qwrd Clht hw4whpqthwjpli uJ12ngwnmulibf1p 4wmwpuwGrr 
4nupwJClp qpw UJ.hmp t IltClbCl h[14m 4£1w4uwp)li., hp4m hp4wpJW pwhbp h 50 
Uiuir 2rntl Ulwl.J.wn: CwrctP.lP WfltnwbUwCl tun11ntlwl.J.p tl_riw UJ.bmp t hwqgGht 
4wJOUWf1'1l: 4nupwjGG wGhpwctt2m t uwp(lhl 011nLnWJpli uliwgnpqGtp)lg L 
UJ.Whht uwpmp t.[}1.6w4mu: 4nupwjGp 4wliqwnp UlW[lW0,12[! UJ.bUl,12 t t.[W[lWO 
tlili'1 : Urqtttl_mu t wztuwuiwlipp. ctwuwliw4 hwgwhwm)l4p 11w2Ulh[1}1.G unm 
mwrwopmu bfubt, hnw4guwCl qnpbnqmpJmli 4wmwrtt L 4rw4 t.[wntr 

9.tnP.l-Ul buw4wtlnf1P.l ubpbClwli b[1)1 wzfuwLnwlipp ctw uwliw4' ub12hliw­
Gb(1'[! L uhfuwGti.quClhp'[! qn[10wp4htltu, UJ.blllQ t OUlJUWJpG wqqwlizwG tnpt.[p: 
UhpbGwClbflp UJ.U1Ultl_n11 uwuhp[! UJ.htnV t UJ.WLntlwb tltClhG UJ.lllZWUJ.WClw4lihpntl : 
UJG pntnp uhpbGwGbp{! L uttuwliti.quClhp[!, npnCl12 mlitG tth4UJflllllW[lb[1, UJ.bUlp 
t hnri.w4gt.[bG, )lul.J. wqpbqwuiClb(lU WUJ.whnt.[t.[ wb IltlitCl UJ.Whi.qw lipi_Ubpm.[: 
U2tuwuiwClpp tlh112mu tth4U1[1WqwCl gwligpg UJ.bmp t wG2wmht tth4tnpw4wG 
UW(lph11I!: Urqhttlmti t 4wtmU 4wu wztuwmwuhlijwl.J.mu bfuht: UhpbliwClb[l(! L 

8 

nmwgpnGw[l wqpbqwlilGbp[I UJ.bUlp t WUJ.whm.[tj_wb tltGhCi h[11'].hh'1 uwpuwG 
uti.2ngGbpntj_, WJG t ' wtj_wqb W£1411m.[, ltJlw4uwpplGbpntj_, hw4whp11bhtujpG 
qmJpnt.[. 100 u3 bwt.[wtlt 2pwtJ.wqwGnt.[, uttuwGp4w4wG urijli_ UJ.ntlUJ.m.[: 

I . "Vnpuwt 4uipuwG ub4[!GpwgpwG)l 4tnpnri. WUJ.Wpwtn : 
2. "Vnpuw14mpuwG b[ll.J.[!Gpwgp 4mpnri. WUJ.wptmn: 
3. Bwbp 4mpuwG 4mrnri. WUJ.wrwm: 
4. CwnwtlMWJpU tllJ.tw4' zwpwjpG hClarw hwuwr: 
5. li[1U1W4bGU1[1IlU tll1tw4' 2W[1UljpG hGdlilP hwuwp: 
6. Cwnwt.[p.11w1pG tll1tw4' 4nupw1Clp hlial1l)l hwuwp: 
7. Upmwl.J.blitn[lnli tllJ.tw4 · 4nilpWJUP hlidplli hwuwp: 
8. lililwuGwt.[np pupm4nt.[ 1.J.w1un11 WUJ.wpwtn)l Gwtuwqpb: 
9. J!plwt.[np pupml.J.nt.[ 4w1unri. WUJ.W[lWtnp Gwtuwqpb: 

10. 4w1un11 WUJ.W[ltulilp liwfuwqpb, 11ctt.[wp lJ.w1utln11 hwgwpm1ubpj1 
4wtuuwG hwuwp : · 

11. 4w1unri. WUJ.W[lWUl)l liwtuwqpb' tumnwpm,1uhpp 4wtuilwG hwuwp : 
12. 4wtun11 WUJ.Wf1Wtnj1 Gwfuwqpo hqpUJ.Ulwgn[lhClp 4w1uuwu hwuwp: 
13 . .QuiuwG hwuqn1Jgp Gwtuwqpa uwqb[lp uzwl.J.munt.[ hwgwhwmp-

1.J.wJpG 4nupwJGp hwuwp: 
14 . .QUluwCl hwGqmJgp liwfuwq'1b pwuhw[lp uzw4munt.[ hwgwhwmp-

4wJ'1G 4nupwJGp hwuwp: 
15 . .::.wgwhwm)14wJpG 4mipwJGp qmuwG hwCiqmJ9P Gwtuwqpb' IJbp 

UlhflWGpmu wzfuwLnhtm hwuwp: 
16. Ori.wJ'1G hwuqmJ9'1 Gwtuwqpb ' pwuhwpp uzw4mum.[ qmp)_-uibuw-

1.J.wt.[n[1'1i. utpbGWJ'1 hwuwp: 
17. 4[11.J.Gw4p qn[lan11mpjtuG, uti.2)1G tupUlWl'J.[lOflWlJ.wGntpjtuU U1[1pb[1W­

J'1G flUpml.J.)l liwfuwq)l<)': 
18. <l>n12[1 W(1UlW1liln11w4wGmi;JwG , ltJl4Gwl.J.p qn[lbnri.mpJWli tnppbpwjpG 

pupm4lJ. liwtuwqpo' ~bpubpwJ'1G mGmhumpJwli hwuwp: 
19. 4f14Gw4lJ. qn[lbnflnlflJWli (q1wliw6 L uwri.nt.[) mp'1b[1WJpG qLnPi.P 

liwtuwq'1b: 
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4SPWl u111urus 

4mpnri wUJ.wpwmubp"[!, J:!Utn 1.J.mpuwu u4qpmupp, tJ1fimu hfi tp4m 
mbuw4' wnwGg hhfiwpwfi}l L. hhGwpwfiml 1.J.mpnq: 

Unwfig hbGwpwG}l l.J.tnpmunl( wzfuwmmu hfi nnmwgpnG 1.J.mpnq WUJW­
pwmubp"[!, npnfip tJ1umu hG ul.J.wl(wnwl.J.wl(np L. pupm4wtJ.np: UJu 
WUJ.wpwtnubpml npw4.JwL hmfi6 1.J.wtnwpbtm hwuwp ljmpuwu wpwqmpJmfin 
6U/tlfil.J. uta UJ.bmp t tJ1fi}1 : 

<!.buwpwfiwJ}lfi 1.J.mpmuml hmu6 1.J.wmwphtm hwuwp hpufiwl.J.wfimu 
oqmwqnpomu bG qwuwl.J.wuwmfiwl(np L. tp4qwGwljwl(np ljtnpnri 
WUJ.Wpwfibp: UtJ.htli tWJfi l.J.}lpwnmpJmu mfi}l qwfiwljwuwmfiwqnp 4mpnri 
WUJ.Wpwmn, np}l 4mpnri qnlJqfi wfizwpd uwmzwp[! L. zwpdl(nri qwuwl.J.G bfi: 
'1-wfiwlm zwpdmun umwfimu t zmpmqpl.J. zwpdwpL.wJpfi ubfuwupqu}lg : 

c 

<!.wuw4bumpnfi zmptntlJ14 zwpdwpL.wJ}lfi ubfuwu}lqu}l qbUJpmu 
qwfiwl.J.}1 [!upwgpn· S = 2r: 

P mwppbpmpJmG wl(mnmpwl.J.tnnpwJJ1fi zwpdpi_fibpp, qintqwmfimhuw-
1.J.wfi hu6}1i_fibpmu oqmwqnpamu bfi wpmw4tfimpnfi zmnmtlJ14 zwpdwpL.w1pu 
ubJuwfi}lquGbp: <!.wgwhwm}lljwJJ1u 1.J.nupwJfiGhp}l hG6)1i_uhpp untn 
wpmwljbfimpnumpJntu[!· h1 = l + 2r, 

npmbti_' r-[! zmpmqpl.Jll zwnwtlJirifi t, pul.J. funmwhfi6)1i_)1 untn' h1 = (7 + 8)r : 

UJu qtuwmu qwfiwl.J.}1 [!UpwgpJ:! 1.J.nupwJfifihp}l unm uhawumu t 1-2%, 
}lul.J. funtnhu6}1luhp}1 untn' 5-7 %: 

Upmw4bfimpnfi zmnmtlJil.J. zwpdwpL.wJ}lfi ubfuwu}lqu}l qtuwmu 
qwfiwlj)1 Dfif!wgp[! qpw:P}14npbfi 4wphtl1 t umwfiwt hhmL.JWl ljbpUJ.· qaqmu t r 
zwnwlJ.rintJ. zp2wuwqpa L. fipw 1.J.bumpnfi}lg h1 hbnwl(npmpJwilp qal(mu t 
hnppqnuwl.J.wu q)1b-, npn uhpl.J.wjwgfimu t qwfiwl.J.}1 zwpduwfi wnwug12(!: 
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Cp2wfi}1 l.J.hfimpnfi}lg R1 = f + r L. R2 = f- r zwnwtlllquhpnq hwml(mu t 
qwfiwl.J.}1 zwpduwfi wnwfigp[!: C1 L. C2 4bmhpp u}12L. bqwa hwml(wa lJ.tJ1u)1 
qwfiwl.J.p pwJur 

-·-·-·-·-·+·-·-·-s>2r C · --~-=--=~~~~• 2 I 

vlj. 2. Upmwqhumpnfi zmmntllllJ.wJ}lfi ubfuwu}lqU[! L. qwfiwl.J.}1 
[!Gpwgp)1 npnzmil[!: 

CmpmtlJ14J1 zwnwtlriti filJ.wmuwuwp zwpdwpL.}1 hwubuwmw4wfi uta 
bpl.J.wpmpJntU[!' e = (t 5 - 25}r hfiwpwl(npmpJntfi t mwtJ1u qwfiwlJ.)1 zwpctntU[! 

fJJ1tnbt npUJ.bu UJwpq, hwpunfi}llJ. mwmwfinqwlJ.wfi zwpdmu: UJu qtuwmu, 
wnwfig uba ufuwtJ1, qwfiwl.J.p wfigwa 6wfiwUJ.wph"[!, wpwqmpJntfi[! L. 
wpwqwgmu[! lJ.wpbtJ1 t npnzbL hhtnl..JUil l.J.bpUJ.. 

x = -r cosaJt, 

_-x_. -
dx . 

V = - = wr sm {J){ 
x dt , 

}. = dv_, = (J) 2YCOS(!)f: 
.r dt 
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Cf.npoGw4wG hwzlfwr4'1 hwuwp wGhpwctbzUl t npnzt1. 4Ulpuwfi 
wpu1qmpJmlin rww mwppbp fJ.ppptpnui , w1upGpu· V, 4wum x-pg. 

vr = wr sin rot = o.J.J r 2 
- r 2 cos 2 wt = ro.J r 2 

- x2 

pw(ip np r COS(.t)t = -X: 

~wlfwuwpuwG bpl1m 4nfJ.Uu tt pwnwl1mup pwp6pwglibtmf npnz 
l'lL.wl!J.n]umupg hbum uUlwgqmu t· 

~ x2 = l· 
2 z + 2 . 

w r r 
ntpbuG, 4UlpUwG wpwqmpjntul} x-pg 4wtulfwo, l!J.mlmJm]mtl t tL11L4uj1 

opbGpml_, pu4 wpwqwgmurf .fx = - (.t)
2
X , tlml!J.ntuttmu t majlfJ. qap opbGpnlf: 

Dmmp, 4wnmgbLntJ. tt1n1.wr:! L. mTJPTJ. qpap , qpw:pp4npLG 4wpbJli t npnzbt mtJ..iwt 
fJ.pppmu TJ.Wfiw4p wpwqntpJmfiG m wpwqwgntti[!: 

4SPWl U"llif'USvbPP SbUU4vbP[! bq 11-PU"VB 
flvfil'0"U Q.t>PQ 

L).w Gtul1wu1uu1fiwlfnp 4lllpn'l_ WUJ.WJlwlllubp[!, puUl lJ.mpuwG, Jl!Gmu bu 
t11t1? mbum4. 

1. vnpdwL 4UlpUwfi ut4 (}fiJ=JW91?WGp' S = t = to L finptlwt 4mpuw(i bp4-
(}Gpwgpwup· S = 2t = 2to: 

2. Bwap 4mpuwli · S = t = 2(-0: 
3. lJP2)1G lJ.lllptlwfi· S = t = at0, nplllbfJ. l <u.<2: 

u4. 4. vnpUWL ub4 l}UpwgpwjpG 4tnpn'l_ WUJWpwm 
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to to 

,~ 
to 

~h 

"V4. 6. Bwap mbuw4p 4tnpnIJ. WUJWpwm 

Bwap lJ.tnpuw(i WUJ.WpWtnp pbpmpjntG(i WJG t , np up2pu uwtnp limn 
4lllpuwG uqqpmu wpwqmiJJmGJ:l qpn t , npp TJ.buwmu Gnpuw1. 4tnpmu tnbri.]1 
mGbGwt ill 4wpnfJ.: liJTJ. pbpmpJntfi[! t\bpwgfibtm filljwmw4ntl qmpnfJ. 
WUJWpwmn fibppL.p uwupg tlbpwawb4tlnlu t : qbpwowatiP ubITT11pJntGp 04.6-
mu GzwuwLJ.tJ.wa t ~h-ntJ.: 

lJP2pfi mbuwljJJ. lJ.tnpnfJ. WUJWpwtnfibp[! lWJG 4tirwnmpJmfi ~mfit(i: 
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Cuw btwlJ.bmwJJ1u m4.Jwtub.rJ1 wuhrwcttzm t npnzbt' 
I. CmnunU1lJ.J1 zwnwtlJlrm (r tlu): 
2. UrwwlJ.bGmrnGmpJwG uMmpJmG[l (h, tlu): 
3. CwpctwpLJ1 bplJ.wpmpJntU[! ( f tltl): 
4. '1-wGwlJ.'1 uhqubump l.J.mpm1 uw.1pJ1 pwp6pmpJmG[! (h'uu): 
5. '1-wGwlJ.J1 l.J.mpnq UWJflJ1 pbnGtlwompJmGu [!Ulfl ljtnpi.lwb" uwlJ.bpL.uJ1 

L. gnqmCiGbp.J1 pwGwljJl (f uu2/uu, v g/uu) : 
6. J\.JnqwGJ1 pwp6pmpJntG[! (L utl) : 
7. Cmnmlijll.J..J1 UJ.Ulllltnwphbp[! L wGlLJmGwJ~u wpwqntpjntG{!: 
8. 4tnpuw G wzjuwmwGpwJJ1G wpwqmpJmGGbpf!: 
9. '1-wGwljJl i.lflw wqrµu1 mctbp[l L. hqnpmpJ11LU[!: 

IO. ~wiflmuGbp 4wmwpbt L qobt l.J.mpnq wui.wpwmp tlwubpJ1 (ubq­
ubGmJ1, uwmp, hwlJ.w4tnPJ1i pJ1pbflllljJl) tupJ1qGbp[!: 

] 1. q..ObL qwuwljJl l.J.mpnq UWJPJ1 zwpctuw(i htmwqpO[! L ljmpuwG 
flllu1qpWU[l: 

12. q..obt gnri.mGubpJ1 pbpuwG L JunqwGJ1 pwr6pmpJwu qJ1wqpwti[l: 
12. q..abt wrwqmpJwu qrw.'.pJ1lJ.I! L qpw:}:lplJ.npbG npnzbt ljmpuwG 

w2JuwwwGpw.1J1G wpLUqmp3mG[!: 

N 
4tnp111'], WUJ.WpW- ~wt}1bp£!, uu 
mp utuwl.J.Gbpti s t to 2b 2b1 e f2 f C1 ao 

\.,nruwt lJ.mpuwG 
1 ub4£!GpwgpwGJ1 76,2 76,2 76,2 20 30 16 30 25 65 30 

S = t = t0 = 76,2 . 
\.,npUWL ljtnpuwG 

2 bplJ.[!GpwgpwGp ' 152 76 76 20 24 16 75 20 65 30 
S=2t=2to= l 52,4uu 

3 L,n11uwl 4tnpuwG 90 90 90 21 36 12 85 30 65 30 90uu 
L,npuwt 4wptlwG 

4 tr4uGpwgpwuJ1 101 50,5 50,5 21 24 16 75 30 65 40 
S=2t=2to=l0luu 

5 
5wop l.J.wpuwu 101,2 101,2 50,5 22 24 16 75 36 65 50 
S=t=2to= l 0 I uu 
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Y.utpnIJ. WUJ.Wpwmp hw2t[wp4}1 btwl}hutWjpCi uttlJWLUhp[l 

Sw11phpwlj .N2 I 2 3 4 5 6 7 8 9 10 

4mpn!] WUJW-
pwmtimbuw- l 2 3 4 5 3 l 2 3 4 
Im 
UbphuwJti 
lll2J:utuuiwf.i-
j?WJ!iG W[lW- 4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 
qmpJntl'.i[I 

(V,"1.!tlhl) 
<!.u6Ntiriu11-
q]lqtlwG LWJ-

2 J 4 5 6 7 8 9 IO 6,5 
GntflJntG(l 
(B ti) 

YUl[lil!] LUlljlll-
11wmti mtiq1u-
4WJUU1Ci 12 13 14 15 18 20 22 24 26 28 
pw11apnq.'lJtn-
Gn (H uu) 
lfwmmgmuri 
11wuw411 tlhlj-

90 70 90 80 120 100 85 80 90 90 pGpwgp!t chu -
Liw Gw~(h LIU/) 
Ub4 u' Lhu4h-
pbum t.I gn-

280 410 460 
!JmGGbpJi 

10000 250 300 350 
8000 

340 280 400 11000 300 
!11llUlU4t:! (K 
q/u'l 

.:,uc~UPliP CU.J&UBI!C 

s 
flpn2tlmu t 2mnU1$4}12wnwtl.P1111' r = -; ilu 

2 
flpnztJ.mu t wpmwqbGmpnCimIJJmli11' h1: 

ll 12 lJ 

2 l J 

9 9,5 IO 

5,5 4,5 3,2 

30 22 20 

80 IOO 95 

250 450 420 

Y.nupwJCiubpp Li. 2wpwJf1Ci hCi<'i fliGbpp hwuwp · h1=(l -:-2)r; uu : 
lunUlhuopi_Gbpp hwuwp' h1=(7+8)r; uu : 

flpnztJ.mu t zwpdwpli.p bp4wpmpJmu11· f =(l5+25)r; till 
flpnztJ.mu t utqutlimp 4mpnq uwJpp pwp<'ipmpJntCiif 

h' = 2rh . uu 
2r+htga' 

14 15 

l 2 

10,5 II 

2,5 3 

21 19 

80 75 

410 400 

npmbq h-[l uwmmgmu(i t, WJUpG12Ci' 11wCiw4}1 lib4 [!UIJW9J2P dwilwCiw4 
ub12tuwJp wt11wlJrntuuwG utompJmli11: 

ltmmhG<'iptubpp hwuwp· h=50+60 uu, 
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U.nptlWL bp4[llipwg:pwCip WUJ.WPWUlp h(wtl~pJ' 
t0h uu 

f =065-cosa ~ : 2 
' h' uti 

5wop mbuw4}1 4mp/nq :;;;l:::o::(il:;~ J: 

Y ' h' uti 

11-wCiwlJ.p pbnCitlwOntIJJmCiCi 11um hCiotl_wc) gn11mCiCibpp 12wuwtm· 

v
1 
= toh cosaK .10-4 g/uu, 

h' 

V2 = 0,65 t~~ cos aK · l 0-4 
g/u!l' 

v
3 
= 1 36 toh cos aK · 10-4 g/uu : 

, h' 
lunqwCip pwp<'ipmpJmCi[! npn2tlmil t hbutli.JWtPwCiwol.tntl' 

I 2 2 
L =-../ H + qmax ' 

npmb1f H-[l qmpnfl wUJ.wpwmp mbf'[wqwJuwG pwpopmIJJmGCi t , 
qmax - gn11mCiCibpp 1wJGw4wu L bplJ.wJCiw4wu m1111mIJJWtlp qmuwpwJflCi 
IJbpmuCi r 

t0 -b 
qmax =--

8
-, 

cos 
npmbq 

h () = arctg-: 
.ii 

u1wppbp gn11mliubp Ulwppbp ~wlJrntl bli pbgtl_mil, hbmhwpwp Li. mwppb11 lnpup 
iunqwlip pwp<'ipmpJntCit!: lltump wCihpwdbzm t qwnmgbL wnwGopCi tuupbpp 
pmJubpp hCiop pwp6pmpJWCi qpwqpwilCi\Jpt!: 

f!mJubp[! 4wpbllt t pwdwCihl bpbf! hpuGw4wG tuiipbpp: 
Unw2f1Ci tuupp pmJubp(l hCi<'itJ.mii bu wnwCig pli12tlblm, 'lPwGg hwilwp 

tunqwup pwp6pntf1JnLU[! hwtJ.wuwp t hCi6p pwp<'ipmi:iJwCin' 
L = H: 

bpqpnp11 tuilppG UJ.WmqwCinul bu WJU pmJubp(l , npnup uplimunfl11ltli 
17 



UlWflt(WO znzwtflnqjl nl'l'lnlflJWUp t'ifl t'iwmpg pbpt(mt'i bG t'ifllizL hw2nflri UWUl[l 
L. WJfimhq qmpl{nui: 

bpflnpq tuuppfi U!Wml.J.wfimu bfi WJG pmJuhp[i, npnfip qwGwti.fl wnw2-
{!fipwg zwpduwfi zlinphPtl qwGwf.J.p onajl 1.J.nquflg phpl{mu tG qbU!Jl wnw2: 

5nqmGfibpp phpuwG ajlwqpwt'in qab1m hwuwp wfihpwctbzu1 t 1.J.wnmgt1 
uhqubGmfl l.J.mpnq UWJPP zwpctuwfi hbmwqllbn znmmtUitW t'iblJml.J.bu UJlnnLJUlp 
{lfipwgpmu L. U!WJUwGwl.J.wGnflhfi ljhtnbpfl 61..nl{ qwuwl{npht gnqmfifihp[! uwmp 
hflljWflnlflJWUp ' t'ihlj[! t'iJmuflg 5 t'it'i hhnwt(npmpJwup: UJGmhbmL. qbl{mt'i t 
qwzmp 1.J.nqwJpG mhup[! 11Jwml.J.hpn11 UUlilJhljgpwfi L UJWtnlJhpt(mt'i t 1-flG, 2-fl'l 
L. 3-fl'l fuupbpp gn11mGfibpp pwp6pmpJmfi~: UJq uwnJblJgflwJfl 4Jlw, 
lJbmwqatpnt( lizhtntl mllJw1 hG6fl pwpopntfJJntfi[!, mwpl{mt'i tG mqqwhwJwg 
qahfl, npnfip hwllwUJwmwutuwfimu hG pmJubpfl ljmpuwG pwp6pmpJWG[i: 

lvnqwfiti flpwl.J.wG pwpopmpJmfin npnzl{mu t htmhJWL pwfiw6L.nt(' 

L =~Htiti/ +q2 , 
npmhq' Hu11~ qwGwlJfl mtqwl.J.WJt'iwfi pwpopntfJJntfifi t, 

q-1.J.mpuwG ctwt'iwCiwlj gn11mGfihpfl phpmt'in: 
Unw2pG fut'ipp gnqmGfihflfl hwt'iwp q = 0, htmLwUJhu funqwGp 

pwp6pntpjntU[l hwt(WUWfl t hfiofl pwp6pntfJJWfi[!' 
L = H: 

bpl.J.pnpq tuupfl gnqmfiGbp[! 1.J.mpl{mu hG t'ifl t'iwmflg upfizL UJmu uwmn' 
upfimunpajlfi bnuwfi ljhmmu mwpl{wa zn2wtflnqjl mqqmpJWt'ip phpl{b1mg 
hbmn: liJ'1 znzwtflnajl L. wpugflufihpfl wnwfi91:ili t'if12L ljwqt'il{wa fit(wqwqmJfi 
wfif.J.Jmfin' arnin-~, hwuwutwmwufuwfimt'i t wnwl{b1wqmJG pbpuwfin ' 

h 
tgamin = - • 

7t r 

npmhq' h-[l uhpbGwJfl uwmmgmt'ifi t : 
Opnzhlnl{ 2-pq fuupp pntjuhpp hwt'iwp q-p uhbntpjntG[} ' llJLWfimt'i qomt'i 

hfi m11qwfi4JmG bnwGl.LJmGfl nr L. h t2tpnl{: UJq bnwfillJwfi h 1.J.nqt'ip ajluwgfl 
wfillJntG[l 1.J.Lf1fip amin: 4.hp2pfiflu qwqwppg rtr ljnqt'ip 4Jlw to-b ,1.wtflnl{ hwmt(wa 
bG wnwfioGwgGnui, Ilflp bwJpwljtmpg qpwG mqqwhwjwg hfi 1.J.wGqfihgCimt'i ' 
ilflGzL. mqqwGl.LJmfi tnwfiljjwG Gbppfiw6flqp htm hwml{blGI! WJ'1 hwml{wan 
lJLf1Gf1 2-pq tuupp pm3utpfl ptpmun: 

lvnqwfifl L2 pwp6pmpJmG~ qpw.'pflljnptfi npnzl{mt'i t qi L. H.r~ 2 t2hpnq 
l.J.wqut(wa mqqwfif.J.Jmfi hnwfilIJmGmg. 

----
LU.Ji2 = ~ H1 u.~2 + q12 : 

18 

1'1.J..8. <!.fiofl pwp6pntfJJWfi ajlwqpwt'i[!: 
bppnpq fut'ipp pm1utpp pbJ1mt'in npnzl{mu t wGuti2wuthu, flul.J. _tunqwfiti 
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pwpopntpjntU[! ' WJG m1111wuljJm(i bnwuljJmGmg, npp up t2[1 hw4_wuwp t H~"~ 
hGop pwpopmpJWG[!, pulJ UJmup' qr'1 mwppbp wpctbpfibppu , npnGp 4_bpg4_mu 
bu qbwqppg (G4. 8): 

Cmmntf/11.jft 11/UllJllllwplflipfl U. wuljjmuw1flu wpwqmp1wu nµn2mrf(!. 

n = 30:·~ (ir"l4), w =: , ( ~~J 
l/wf1rlwu w2]l1wwwupw1ftu Wf1wqmp1muulipft nJ1n2mrf{! (wuwlflwft­

ljnµliu) . 

Vx = m~ r 2 
- x

2 
(w) 

unptiwt tit4[!GpwgpwCip WUJWpwmp hwuwp (CilJ. lw). 
X1=-b2, X2=h'tga-b1: 

Sb11wqpbtntl Xi-ti t. Xr p wpctbpubp[I (w) pwCiwot.p ub2 ' npnzmu tG 
11wGwlj}1 wpwqmp.1mun 4uipuwG u4qpmu h 4_bp2mu: "Unpum1 bptmGpwgpwGp 
L. gwbp mbuwl.J.p l.J.mpn11 WUJwpwmCibpn hwztlwplJbl:J1u qpw:Ptil.J.npbu npnzmu 
tG 11wGwljp op11pGwmGbp[! lJuipuwG ulJqpmu h 4_bp 2mu' u}12pG uwmp (Xi. X2) 

L. a w.1 rw.1pG uwmp (X3, X4) hwuwp: Umwg4_wb wpctbpGtp[I mb11wrwt1ntl (w) 
pwCiwoL.p ub2 ' npnzmu bCi lJmpuwG wz[uwmwfipWjpCi wpwqntpjntliCibp[I 
bp4m uwmGbpp unm : 

t, 

20 

UbqubCimp wpwqmpJwCi h rww mb11wtfln[uuwCi lJ.wUJ[! qpw1ifl4npbCi 
GbplJwJwgGmu t tlJlUJu , npp ubb titmwnwGg12n hw4,wuwp t 11wCiw4j1 wnw4,b-
1wqmJCi wpwqmpJwCirf wr - pG, pulJ tflnppn· znmmtl}14_11 zwnwtj11:J1G ' r-pG: 
4mpuwG wz[uwmwGpwJpG wpwqmpJntG[! qpw:pp4npbG npn2btnt hwuwp, 
wCihpwctbzm t Ml:l uwuzmwpntl qbb1 lJmpn11 qmJq (ubqubGm m hwlJw4mrfli 
pppbll:J14} h CintJG m1111wopq wnwCigpp 4_pw ljwnmgbt tt:J1UJu· r L wr 
4puwnwGgpGbpn4, (Gl.J. 19): 

tl:J1Ujup 4wnmguwG hwuwp 0 1.J.bmpg mwp4,mu bG bp4m upw4bGmpnG 
4j1uwzr2wGCibp' r L. ror 2wnwtl}111Gbpntj, (uwuzmwpGbp[I GUJwmw4whwpuwp t 
[IGmptt' M,-n ' 1:1 , flu4 M-n' 1:10; 1:20; 1:30): 

0 lJ.bGmpnCipg lJ.puwzp2wGwqbbp[1 hwmnfl up pwup l'iwnwqwjpGbp bG 
Ulilllltlntu WJUnthbmL. WJlJ: l'iwnwqwjpGbp}l u zwnw4,11ntl qmtwO- 4puww2w­
Gwqbp hwmuwCi 1.J.bmbppg mwp4,mu bG m1111wopq, pu4 ro r zwnwt[p11nt1 
4puwzp2wGwqbp hwmuwG 1.J.bmbppg' hnppqnCiw4wG ml1:J111Gbp : "Uz4,wo 
mll:J111Gbpp hwmuwG 4bmbp[I upwgCibtn4. 4umwg4,p tlJlu1u: UtquhGmw4,np 
4uipnTJ. WlljW[lWUlCihpn4, gn11muGbpp 4tnpntU[! 1.J.wmwp4,mu t utirwmp 
u4qpmGpn4_: Owmp pntJuhpp lJ.mpntU[I 1.J.u4utl}l WJCi UJWhpG , hpp uhquhfimp aoco 
l.J.Ulpn11 UWJ(l[1 lJhwCill:J1Ujp hwl1w4mpfli j:)pphajl h 4qpwt[p a 1C1 qjlppff 

LrmpuwCi u4qpmu qwliw4_11 wpwqmrJntCi[l l!LJlGp' 

npmt11' µv-Ci wpwqntj:)JWG uwuzmwpCi t : 
t1mpuwG tlbri>mu wpwqmpJntfi[I 4npnztl}l WJG utwh!1G , bpp ubquhGmp 

1.J.mpn11 uWJPP 4_hppG C0 1.J.bmn 4hwGajltajl hwlJ.wlJ.mpflt !)ppbllJ14'1G L. liqpwt[p 
a2c2 11ppp[1: liJTJ. flhlljpmu 4mpuwG 4,hp 2mu wpwqmpJmCiP. 4l:J1Gp · 
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x 

L.4. IO. 4mpuwG wpwqmpJwG npnzmu{! qpw~}14ntl 

22 

'l-wuwqp ubqutfimp pwgwp&wl.J. 2wpdUwU hbmwqbp 1.J.wnmgmul! 

4mpnq WIJ.jwpwmfl ri.wGw4[! 4wmwpmu t pwpq zwpctmu: liJG ubpb­
Gwj}l hbm Vu wpwqntpjwup zwpdqmu t wnw2 L. u}lwctwuwGw4 Vq=mrsinmt 
wpwqmpJwup hwpwpbpw4wG zwpctmu t l{wmwpmu ubpbGwJJ'l zwpchiwGG 
mri.ri.whwJwg mqqmpJWUp: CmnmqpltlJ 4bu 1.1.jUlntJUl}l J:!Gpwgpmu, bpp 
qwGwltlJ ubqubGm{! liwtu b'wJpWJ}lG riJ'lpp}lg mbriwtlintuqmu t w2 b'wJpWJ}lfi 
@pp[!, WJG u}lwctwuwGtu4 ubpbGwjp hbm h 2_wipnq, npG wGtlwGtlmu t . 
uwuimgmu, wnw2 t zwpctqmu: 

UbqubGm}l npltt lf bmfl pwgwpli w4 zwpctUwCi hbmwq}lal! lfwnmgbtm 
hwuwp l :1 uwuzmwpnq, r zwnwtlj'lqnq 4J1uwzp2wCi t qbllmu: 0 qbmpg ubpb­
Gwj}l zwpctuwG llllJ.fJ.lllJ'!JWUp UlbfJ.W'lPtlntU t UwmmguwG 2_WtPntl up hwmqwa 
Lt pwdwGqmu tiwuwqnp ptlntl hwqwuwp uwubp}l: "LrmJG pqnq uwubp}l t 
pwctwGtlmu Gwlt ltlJuwzp2wGn: h uwmmguwG pwctwGuwG 4bmbpflg mwpmu t 
hnp}lqnGwlfwCi, }lulf 4J1uwzp2wG}l pwctwGuwCi 4bmbpj1g' m1111whwJwg 
majiri.Gbp: 

L.4. 11. UbqubCimj1 4mpnq bqpfl hbmwq}lbi! 

lipwgCibtntl WJfl majlfJ.Gbp}l hwmuwCi lfbmbp{! ' l{umwgtlj'l ubqubCim}l 
UltLJWl l{bm}l zwpchiwG hbmtuq}lbi! qwCiw4J'l Ub4 [!Cipwgp}l ctwuwCiw4: 
UbqubGm}l l{mpnri. bqpfl pn1np 4bmhpJ:! zwpctqmu bG GuwG hbuiwq<)bpnl{: 
'l-wGwl{}l hbm[!Gpwgpfl ri.bl.ljpntU ubqubGmG w2 uwhUwGwJflG riJ'lpp}lg 
mbri.witin.tutlmu t liwtu uwhuwGwJflG riliPPl! ' qwp<'iJWL wnw2 zwpcttlbtntl h-}1 
2_WtPntl: ~Wtu l{mpnri. bqp}l pntnp l{bUlhp[! zwpdqntU b(i hWUWfiUWU 
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hbmwqc)tpml., uw4wJG zp2t.J.wa mtupnt.J.: Q.c)b1ml ubqotGmp bpbp uwhUwGw­
.Jpfi rij1ppbp[!, zmnrn@lijl ut4ml.J.bu U}U1nLJUl}l IJbummu l.J.mpnq bqpbpjlg 
mwGbLnt.J. zwpduwG hbmwqc)bp[! ' l.J.umwgt.J.p 4rnpuwG qjlwqpwtl[! /Gl.J. .11 w /: 

l.rl.J.. 12. 4mpuwG rij1wqpwU[! 

24 

EJ.wfiwljft lfpw wql)I1q mdlipft ti hqnpmp;wfi npnznufp . 

'l.wGwlijl t{pw wql}llq qmuwpwJ}lfi ntdl} 41Pfi}l' 
R=F+ P+Q, 

nprnbrf f-[! zlfluwG mdfi t , 
P- G' jlfibpg}lwJ}l ntd[!, 
Q-G' 4rnpuwa rij1uwqpmp.1wa md[!, 
G-fi' qwfiw4}1 c)wfipmpJwfi ntd[! : 

G = G1 · e, (1.,), npmbq' 01-[!' l}wfiwl.J.]l ut4 qc)wutmri]l c)wGrmtpJwfi 

mdG t . G1 =(18+23) L../u, 
E-[! · 11waw4p bplJ.wpmpJntG[!. C= B, 
B-G ' hGapw [!Gqpl.J.Uwfi LlllJfintpjntGG t : 

f'l.GbpgpwJp ntd[!' P = mco2r, 
npmbq' m-[! 11wfiwqp U:wuuwG t, 

mco2
-G' IJWGwlfl1 wnwlJ.b1wqm.1G wpwqwgmufi t: 

4mpuwa rij1UWI}!lntPJWU ntd[! ' 

Q = qo . e' 
npmbq' qo-G ' 4rnpuwG mbuw4wpwp 11tiuwrwmp.1mGG t . q0= 600+7501..rlu : 

'l.wGwqp wztuwrnwGp}l hwuwp tqwhwG2lJ.nq hqnpntpJntli[! 41Pfip ' 

N 
N,1=0,75 · G~ · cv 3r 2 10-3 (6 .md)= -q-KW : 

1,36 

~PLWlJ.Q c'tumt11.1mu t gnqmGGbp[! 4rnrinq wtqwpwrn[lG umnllgfibtm t. 
hGajlg hbmn l{lnluwryijllGbpjlG unmbgGbtm hwuwp: Qum lJ.wnmglJ.wc)pp' 
tUitwlJ.fibp[! L11Gmu bG · zwnwt.J.qwJ]lfi , wrirnwlJ.bGrnpnG L. tqwm6llGwlJ.npnq: 
<!.wgwhwrnjl4wJ}lG 4nupw.1Gfibpj1 hfia]llfibp]l ®Lwl.J. Gbp[! h[11.Hiw4wamu 
wprnwlJ.bGmpnfi bG : 

'-lj11wlfl1 wzluwmwGpwJpfi oriqwG[! l)rnbpfi bG , npnGp R hbnwtln1m1.­
PJWUp 11wuwt.J.nplJ.wb' bG Ltiubn]l wnwfigpp zmri2l! : 

<l>wnbp[! 4wmwrimu tG pwpq zwpdmu. ryiwfip co wG4JmGwJ}lli wpw­
qmpJWUp 1..4mlllt.J.mu bG ®twl.J.p wnwGgpp zntP2I! L. U:bpbGwJp hbm wnw2 
zwridt.J.mu : '-lfltw4fl wztuwrnwfipjl hwuwp wGhpwdbzrn t , np t.P.wnp ZPNc)wJ}lG 
wpwqmpJlllLI[! · U=coR, ubc) 1PG[1 U:bpbfiwJ[l V M wnw2J:!Gpwg wpwqmpJmGP,g , 
WJUpfipfi' 

u 
-=A.. > l : 
VM 
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Sbuw4wfi L. l}lnp6.fiwlJ.wfi mumufiwuppmpJmuubpntl 14wpqi.J.b1 t , np l:ipp 
wpwqmpJmfifibpp hwpwpbpmpJmfi!}' A.= 1,5+2, l}lwnfl zwpduw(i hbmwqprru 
fibplJ.w1wgfimu t U1pw}unpqw lJ.wu bplJ.wpwgqwb gplJ.1npqw, npp lJ.wnmguwfi 
hwuwp wfihpwdbzU1 t pliwfiw1 l}lwnp liblJ. 14mmJU1P dwuwCiwlJ. libpbfiWJP 
WllW£[}fiJlW9 2UlJ1dUUlfi WUgWb DUlfiWUjUlphf!. 

X=VuT 

T- fi tlfltwlJ.P ublJ. 14tnntJutP clwliwfiwlJ.wup2ngfi t ' T = 2n : 
m 

A=!!_= mR , 
vu vu 

OJR 21l 21lR 
mutnp X::::-·-::::-- : 

2 {[) 2 
01fibfiw1ml X-p wpdbf% lJ.wnmgtlnu.l t l}lwnp zwpduwu hbmwqprru, np!} 

CilJ.wpwqpqwb t wnw2wri.pwfi11J1 tlbp2nu.l: 
'-lJ1LwlJ.p wz}uWU1WfiJlfl tnb}ufinLnq}1wlJ.wu uumgbufl L. hj1ufiwlj_w(i 

UJwpwubm11bpp hwztlwplJ.p tmvJmfi!} hwulJ.wCiwLm hwuwp wfihpwdbzm t 
puwCiwt, pb Jlfii.m A> I , pulJ. 'lPW hwuwp wfihpwdbzU1 t mubuw1 l}lwn'1 npL.t 
lJ.bU1p zwpduwfi hwqwuwpnu.lfibpf!: 

x - ···--··--···--·· ··-·· 
A.I.' 
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Cum filJ.. 13-p' npnzmu bu mpw}un'1qwJJ1 lJ.wuwqnp A lJ.bmp lJ.nnp­
ri.JlfiwUlfibpf!: A lJ.wuwqnp lJ.bmp lJ.nnpqpfiwmfibpf! lJ.tJ1Cib(i ' 

Xn=Vnt+Rcoscot (1), 
Yn= H+h-Rsi (2): 

Op14buqp l}lwn11 gnri.mufibpf! unmbgfip lJ.mpnri. w14wpwmpfi, qpw 
wpwqmpJwu hnppqnfiwljwfi pwqW'lPPi.I! 14butp t nu1ri.tlwb tJ1fip ubpbuwjp 
zwpduwG VM wpwqmpJwfif!. hwlJ.wnwlj mri.ri.mpJwup, WJupfip(i' VM<O: 

Unw2pfi hwtJ.wuwpmupg npnzqmu t v = dx = v -mRsinmt : Cum 
x dt M 

lljWJUwup' Ujbmp t Yx<O, VM<coRsincot, bpp wtJ.wpmtJ.mu t tlJ.u2J16.hwtJ.npmUf! L. 

l}lwn11 CoAo hnppqnfiw4wfi q'1pppg UjtntntJ.mu t 90°, WJupfiiifi' mt =!!.. , sincot= l: 
2 

5nri.mfifibppfi hwfiq'1UJbLnt tlJ.wnp uwMwfiwJpfi ajlppf! npnztlmu t V x=O 

14wJ!.lwCipg, WJU qbuwmu sinm = .!_ cp1 =cot1: 
'I"\ ;., ' 

liJUUJ.lrnntJ., U}Ulpqqbg, np 4.J1LwlJ.P 1.. qwuwtW hwuwutbq wz}uwtnwupp 
qb1412mu tlflLWlW l}lwn11 gnqm(ifibppfi lJ.U1pnq UlUJWpwtnpfi Untnbgfibtnt hwi.lwp 
wuhpwdbzm t, np A. > 1: q.npbuwlJ.wfi hwzqwplJ.fibp'1 dwuwfiwlJ. A.= 1,6+ 1,9 A. 
- .ti 2-pg ubb wpclbpfibpfl qb1411mu ubbwfimu t hwulJ.bpp(i tlJ.wnbpp hwptJ.wbp 
mctn, npp hbU11..UlfipntJ. hWU1plJ.fl ljnpmumubpf! ubbwuntu bfi: Otump 4.J11wlJ.P 
hwztJ.wplJ.P dwuwfiw4 UJbUlP. t oqmtJ.bt 1,5 < A. < 2 wpdbpfibppg : 

btCibtml WJU UJWJUwfipg, mfibfiw1n4. sinq:i1 :::: l. wpmwhwJtnmpJmfi[l, 
2 

oqmtJ.btntl I ll L. 121 hwtJ.wuwpmufibpflg' 4wmwptJ.mu t 4.J11wtW hpufiwljwu 
lJ.wnmgqwb12wJpfi UJwpwubmpbpp hwztlwp411: 

O[W/jbmw1ft6 mt/Jwf{ibp 

I . Ub11bfiwJp wpwqmpJntfif!. VM= ------------ lJ.li/dwu: 
2 . ..t.wgwpntjUp pwp6pntpjntfif! · l max = ------ ---- U, l min = ------ u: 
3. ..t.fi6.fl pwp6. pmp Jntfi!}' hmax = ----------- U hmin = -------- U: 
4. 4.p1w4fl l}lwnbpp pwfiwlJ.11' Z = ------------: 

<!,wztJ.wplJ.p hwliwp wfihpwdbzm t f!fitnpbt wpwqmpJwfi qnpbwtWgf!· 

A=!!_, A.=1 ,6 + 1,9, nptnbq U=wR-t! tllJ1w4.fl 2P£WqbwJpfi wpwqmpJmfifi t: 
V:1.1 
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UC!u-USUL.£fl ~O'-lUV1-U4:D1'0-3D1'1..C 

Culfl lfltLJWLfibpfl ' wQhpwcttzlTl t npn2tL. 

1. '-lptwlJti zwnwi.J.flruf R-rr 
2. '-ltiLwlJp wnwUgpr m1111w6flq h hnpflqnQwljw(i mt11w2wpctp 

utbmpJntU[! (Hrna .. Hm;o, bm.,.): 
3. cJ>G2f1 tWJUOlflJntU[! h wqquUJG UIUUlflOWU[! (~, 11): 
4. ~fltwl.W U}tnntWWfli.J.bp[! h wG4.JmUWJpU wpwqntf)Jntfi[! (n L. w) : 
5. ~tilwl.W wztuwmUJGpwjflU .'}>wqbp[! (cri, cr2, cr3) : 
6. q..abL tjlwnti zwpctutuG htlflwqtibn h qpw.'}>flljnpbu npnzbt wztuw­

UlUIUJ;lU!JflU :pwqtp(i m q>1 wGlt1mti[! : 

Unw2wl}PwGpf1 ljwUlwpuwO btwljtmwJpO mtlJwtObp[! 

Swppbpwq 
l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

N9 
UbpbuUJjjl 
wpwqm-

4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9 9,5 10 10,5 11 
:flJntG!! 

(Ym , 1.iU/d) I 
<!.wgwpmJ-1 
ujl wnwqli- . 

1wqntJG 1,8 1,7 1,6 l,5 1,4 1,3 l ,2 1,1 I 1, 15 1,25 1,35 1,45 1,55 1,65 
pwp6p. 
(lmaxi u) 

i <!.wgu1pmJ- i 
up liqwqw-

qmJG 0,9 0,8 0,9 0,8 0,6 0,48 0,5 0,5 0,45 0,51 0,52 0,48 0,54 0,53 0,62 
pwp6p. 
(l'min, u) 

.!,G6jl 
wnwtlb1w-

qmJli 0,8 0,75 0,6 0,55 0,4 0,35 0,25 0,2 0,22 0,3 0,4 0,34 0,5 0,6 0,7 
pwp6p. 

(hmm~) 
.:.Gap Gl{w-

qwqntJG 
0,5 0,45 0,52 0,4 0,2 0,2 0,18 0,17 0,14 0,2 0,15 0,13 0,12 0,14 0,17 

pwpap. 

4;;~e~ -

ipwnbp)l 
4 5 6 4 5 6 4 5 6 4 5 6 4 5 6 

12wuwlrn i 
(Z) 

28 

Unwpw1JJ1wilp}l ljwmwpuwil [Jilpwgp(J 

I. ~fltwl.W 2wnwi.U11rn npnzi.J.mu t htlflhJWL pwuw~hmf 
A. 

R=-(f. -(h . +tJ.H)], A - } mm rrun 

npmtrt tJ.H - 4PtwlJti tflwnp h ljmpnr[ WUJWpwmp Uf1£h pwgwlj(i t. 
tJ.H=2,5+5 uu, 

2. '-lJ1twlJj1 wnUJGgpj1 nu111w6tiq m1111mfl_1wup Ult11w2wpctp ubb'mpJntU[!. 
S=Hmax-Hmin• 

H :=cf +R-h H - e +R h 
ma" max A, rnax. . ' 1nin - min ~ - min 

3. '-ll1twlJj1 wnwugpp hnppqnuwljw(i Ulb11w2wpct[!' 
bmax:-:; 2tJ.X, 

npU1b£l' tJ.X-[! tflG2J1 twJGntpjntUG t: 
4. <I>u2ti LUIJUnlJlJWU h wqquwG WUU1p6wGJ1 npnzntU[!. 
cJ>G2J1 LWJGmpJntG[! npnzl{mu t htmL.Jwt pwGw6hni.J.' 

8X= ~[9'1 +J;,-1-~ l 
npU1b£l ' <p1-[! gnf)_ntGGbpj1 htm t!PtW\.il1 tjlwnp hwCiajlUJUw!i wGf.umGli t · 

. ( 1). cp1 :: arcsm A. · 

tJ.X Uq11uwu wumJ1nwG[! · rt =_, 
X, 

X 2rrR 
nnmt11' X,-f! tlPLwl.W PWJtO t. X. = - = - - , 

! " • z Az 
Z- tflwntp'1 pwQwljG t : 

t.llttwl.W wnwGgp[! zwpctuwG m11ri.mflJWUp rtbllllt wnw~ Ult11wzwpd­
i.J.blltu wqriuwG wuwtiowG[! utawGmu l: 

UJu 11hUJpmu tflG2'1 tWJUntflJntUf! npn2i.J.mu t htlflhJWLpwGw6hni.J.' 

, R . (b) 6X "' tJ.X +b-"ism R , 

npmbri.' b-Q 4PLw4p wnwGgpj1 mtriwzUJpctu t: 

UqquwG UJulfltiowGf! lJLtiGJ1' rt',,, tJ.X' : 
X, 

'-ltitw4'1 hnprqnGwljwG wnwl{btwqnlJG Ulbfl.w2wpcfn. bmax :S: 2tJ.X: 
5. t.ltitwlJP UllTlnttnwpi.J.bpp L. wGf.umGwJpG wpwqmpJwG npn2mu[!. 
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V·A. m=-ll-R , 
tr 

nprnhri_' V,i-1! ut12hfiwJj1 w2]uw1.J1WfiI?WJJtfi wpwqntpJmfifi t, 
R-1! ' tlPLwlJ.j12wnwtl}lrm: 

6. 4.Jttw\lll w2Juwrnwfi12wJJtfi :pwqhpl! 
4.JtLW\lll w2JuwmwfipwJJtfi :pwqhpl! npn2i.J.mu hfi wfiwtJtmJtlJ.nphfi L. 

qpw-'}JJtlJ.npbfi: Y.Ptwti.Jt w2Juwmwfi12wJJtG -'}Jwqwfibp(! bpt12fi hfi' cri. o-2, cr3: 

0-1-I! ®twlJ.Jt Li qwfiw\lll hwuwrnhq w2Juwmwfi12wJJtfi :t>wqfi t. 

0'1 = R ·ti.qi( a), 
A. 

nprnhrf ti.q>-1! tj1wnJt UJ.UllllliwG wfillJmGG t qpw mqqw6Jtq qllp12Jtg upfi~L. tj1fi2Jt 
qrnpuwG i.J.hp2J!: 

ti.q>-I! npn2i.J.mu t hbrnL.Jwt bplJ.m hwi.J.wuwpmufihpl! Lnt()htni.J.. 

!it-.rp=ti.X-htgB, (1) 
A. 
Rsin(ti.ip + B)= H d~2 sin B, (2) 

(l)hwi.J.wuwpmuJtg' r.iX-1.6.<p]· (3) (} = arctg ---'-=---
h.i~e 

ti.q>-JtG wpctbpGbp mw1ni.J.' (3) hwi.J.wuwpmtIJtg npnzmu hfi 0, 
tnhqWTlllhtni.J.12/ hwi.J.wuwpuwfi ut2' tntb'mu hfi Wjfi: Umwgqwc} ti.q>-Jt wpcthI?I! 
rnhqwTlllhtni.J. (a) wprnwhwJmntpJwfi ut2' npn2mu hfi o :pwq{!: 

.l.G6Jt U:Jt2JtG pwp6pntpjntfil!' h = h,.,in + h,.,,,, : 
rl/lp 2 

lclllpnq WUJ.Wpwtnj1 L. l{JltwJ.iJt wnwfigI?Jt uJt2Jtfi hbnwi.J.npnLflJillUJ:f 

H _ H max + H min · 
llftp - 2 . 

0-2-1! qwuw\lll wfiphn J!Gpwg12Jt :pwqfi t. 
o-2=/..X-01 qwu cr2=h.i112tg0, 

npmhq' .iX 
tgB=-; 

h.i~2 
o-3-1! qwfiwliJt wzjuwmwGpG t wnwfig ®twti.Jt uwufiwqgmpJwfi. o-3 = X2 - /..X: 

ilpnzi.J.mu tG -'}JwqwJpfi qnp()w\lllguhpn· T/ = ~, T/i = cr2 , T/
3 
= 0'3 : 

Xz Xz Xz 
7. 4.Jttw\lll tj1wnJt 2wpctuwG hhrnwqc}p qwnmgntU{! 
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U2Juwmwfi12Jt {!Cipwgpmu ®tw\lll $wnl! IJ.wmwpmu t pwpq 2wpctmu: 
UJCi ui.mmi.J.mu t Jtp wnwug12Jt 2ntP21! L. upwctwuwCiwlJ. wnw2 2wpcti.J.mu: 
Y.JttwlJ.Jt wCillJntCiWJJtfi wpwqntf}JnLfifi (!firµuCii.J.mu t hwumwrnmfi, JtulJ. UhI?h­
fiWJJt 2wpctntuI!' mqqwqp() L. hwi.J.wuwpw~wtlt : UJu 11tuwmu $wnJt Jntpw­
I?Wfil)ntp IJ.hm 2wpcti.J.mu t hplJ.wpwgi.J.w() gJtlJ.tnJtqni.J., WJuJtCiI?Ci' mpwjunJtqni.J.: 
<l>wnJt 2wpctuwfi hhmwqJt~ IJ.wnmgi.J.mu t hhmL.JWL bqwfiwlJ.ni.J.: 

vq. 14. <l>wnJt 2wpctuwu hhlllwqJt()I! 

ilpn2wti.Jt uwu2mwpni.J. R 2wnwi.J.qni.J. zp2wfiwqJtc} t qb'i.J.mu, z112wuw­
qJt()I! pwctwGi.J.mu t IJ.wuwi.J.np fli.J.ni.J. (8-12) hwtJ.wuwp uwubpJt: f!wctwfiuwfi 
IJ.bmtpn fi2i.J.mu tu (1, 2, 3 L. WJtfi) L. uJtwgi.J.mu 2p2wuwq()Jt IJ.bCiuipnfiJtfi: 
Cp2wfiwq()Jt qhfimpnGJtg (CimJfi uwuzmwpntl), hnpJtqnuwqwCi wnwugpJt 
mqqntflJWUp, mhqwqpi.J.mu t tlJltwltJt Ubq UJUllllJUlJt ctwuwuwq UhI?hfiWJJt 

wfigw() owfiwUJwphl!' x = 2trR, np(! fimJfiUJ.hu pwctwumu hfi fimJfi ptJ.ntJ. 
A. 

hwi.J.wuwp UWuhpp' fi2wfiwqhtni.J. pwcJwfiuwfi qhmhp{!' 1', 2', 3' U WJtU: l, 2, 3, 
... , 8 qhmhpJtg mwptJ.mu bfi uhphCiwJJ:l zwpdilwfi mqqntflJWfiI! qmqwhhn 
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m@rifitp, )lulj I', 2' , 3' t. wn 4hlilhp)lg · tl.PLwlJll hwutuui.wmwu)uwfi q]lppbp)lfi 
IOI, 02, 0,3 t. WJLfi/ qmqwhbn mq]lriGbp: UJq mitlulGbplt hwmuwfi 4bU1bp(! 
l.l.J.WU14wGmu bG t{lwn)l 2wpduwfi hblllwqatiG, mullllt utiwgCibtntl. w111 4blllbp[!, 
ljUlIIW9tlP ttiwnp pwgwpow4 zwpctuwCi hbmwqltb"(! (Ci4. 14): lijlinthbml.. 6 
4btn)lg qhUJ.)l Gbppt. lIIWptl_mu t L=H~~2 +hdh2 bp4wpntpjWU mq]lq[!, tiu4 
bwJpWJ)lG' N ljbm)lg hnp)lqnfiw4wu mq]lri, npn gmJg t mwl.Jlu qwzllllt 
uw4bpbu(!: A1 4bm)lg lilpwpmpq]lCi mwptl_mu t ntl"[I"[WOltq znzwtltnq' uJlGil.. 
qwzm)l uw4bpbuml U1wp4_wb hnp)lqnGw4wG mqq]l hbU1 hwmtl_bw, nplllbrt MN 
hwliltl_wb"(! Gbp4wJwg!imu t tltG2p LWJGntpjntU{!: bpb A i 4hlll]lg R zwnw4.Prin4. 
hWliltlP tlPtWlJll WnWfigpWjpCi qpb"(!, Wl.l.J.W WJI} bp4nt DUWI"[fibpntl_ 4wqutl_w()' 
wCillJntG(! 4l.J1G)l <.p i -I!: 

Uztuwmw!ipwJpfi .liwqb111! qpw.li)l4nptfi npnzbLnt hwuwp M 4blllltg 
mpwtun)lq]lCi znzwitmri t mwp4_mu: CK hwmtl_wb-(! cr 1 .liwqp ubamflJntfifi t, TK 
hWliltlWa{!· crrltG[! , )lu4 cr3 = X, - t!.X mbqw.l}!ltlnu.i t M 4blllltg utpbfiwJlt 
zwpduw(i mqqmpjwlip : 
'-l)ltw4)l wnwtttiwqmJCi hnppqnfiw4wG mbriwzwpd[! npnzbtm hwuwp B' 
4tm]1g R zwnwtl.Pqntl hwumtu bG tl.Ptwltli hnp]1qnGw4wG wnw!igpw3)1G q)lb-(! t. 
hwlIIUWG 0 2 4tmpg Illl"[l"[WO)lq mq]1q U1Wfimu upG~t. qwGwlj}l zwpctuw!i qalt 
hblII hwllltlhw: TK hwmttwb-(! Gbp4wJwgGmu t tl.Ptw4ti wnwfigpp 
wnw4.hLwqmJU hnppqnCiwljwG U1bqwzwpct[!: 

4wLunri pupm4)l tnb)uGn1nqpwljwG hwzttwplj}l hwuwp wfihpwctbzm t 
]1uwGw1pupmlj)l h]1uGw4wG hwtlwuwpmuGbp(!: 

Quill w4wqbu)llj q_npJWi4Jlfi]1 ' pupmlj)lCi hwqnpqwa tfibpqpwG bwprn­
tlmu t bp4m 4wpqp aj1UW11PillflJLnfiGbpp hwru=iwhwpuwG itpw: Unw2ltGI! 
4wtuuwG lllPngbu]l hbm 4wl.l.J. i ntfibgnri, pu4 bp4Jlnp11n' 4wiuuwG lllPngbumu 
wnw2wgnri aj1uW'lJ1IllfljntGGbpfi bfi. 

N = N 1+N2, 
nplilbq' N-I! pupmlj}lG hwqnp11wa tGbpq)lwG 4wu hqnpmpJmfifi t , 

N1-(!' wnw}!pG 4wpqp q]1uw11PntPJntfiGbpp hwru=iwhwpuwG itpw 
awtuu4.nq tutpqpwCi, 

N1-I! ' 4w1uuw!i lllPngbumu wnw2wgnri q]1uw'lJlmpJmfifibplt itpw 
bwtuutlnq tfibpq)lwCi : 

N 1=Aco_ +Bco3
, 

nplilbq' Aco-G ' tflntuwGgmuubpmu t. wnGgpw4w1Gtpmu zttiuwfi 11J1uw11Pm­
flJntCiCi t , 
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Bco3-tf flUpnt4)l l.l.J.U1U1UWfi dwuwGw4 oq]l aj1UWilPillPJillU(!, 
A-Gt. B-!i ' tltnpaGw4wa qnpow4pgfibp[!, 

co-Ci ' pupmlj}l wCillJm!iwJltfi wpwqmpJntfi[!: 
Ufiptn nGflW9PP 11tuwmu pupmlj}l tutpqltwfi awJuUttmu t wnw2ltfi 

4wpq]1 q]luw.l}!lnt(lJntfifibp]l hw11j)whwpuwfi t. flUpmlj}lG wpwqwgmu hwrinp-

11bLnt itpw: 
Uh)uwu]14wJlt opbupti hwuwawJG 

N = J d(J) . (J)' (1) 
2 dt 

npmtri · Nr n flilpm4tiG wpwqwgmu hwqnpllilIJ. tfibpqltwfi t, 
J-G' flUPntlIB ltGbpgltwJ]l unubGtn(!, 

d(J) pupmlj}l wpwqwgmuG t , 
dt 
co-fi ' pupmlj}l wGllJmuwJltfi wpwqmflJmfin: 
~bnfiwtl_nptl_wa pupm4lt 11buwmu N 2 tfibpq]lwG 1l'Ul)uutl_mu t 4wiuuwG 

UJ.pngbumu wnw2wgnq q]luw1ymtpJmfiGbpp hwrwwhwpuwG itpw: . 
liJll ajluwrymtflJntGGtpn GmJfil.l.J.bu pwctwfitl_mu bG bp4m 4wpqp 

uipnpuwG 11Jlilw11PntflJWG t. hwptl_wati mc!ltg wnw2wgwa q]luw'lJlmpJwfi : liJll 
q]lilw11PntPJntfifibplt mctbp[! npnztl_mu bfi htlllhJWtpwfiwaLntl_' 

P = P1 + P2 , 
nptnbq' P-fi 4wluuwu UJPngtumu wnw}!wgnri q]luw11PntflJntfifibp]1 mdG t , 

P1-1!' U1pnpuwfi q]lUWllPillPJWfi md[!, 
Pi-!!' hwptl_wati q]1uw11pntflJWfi md"[!: 
Cum w4w11hup4nu q_npJW4ltGti · Pi= Pf, 

nplllhrt' f-1! U1pnpuwfi q]1uw11PntflJWfi qnpawtIBgfi t : Ub)uwGti4wJti tp4Jlnp11 

opbup)l hwuwawJfi. P2 = t!. · t = t!.m V, 
npmbrt' Pi-I! hwptl_wati q]luw11PntpJwfi mctu t , 

~t- hwptl_wati ctwuwfiw4wuti2ng'(!, 
~m-n' t!.t chuuwfiwljwuti2ngmu 4w1unri Wl.l.J.Wpwm)lG uwmmgtl.nri 

hwgwhwlllti4wJ]1G qwGqtl_wau t , 
V-G' pupm4lt w2wqbwJltG wpwqmpJmfifi t : 

~mv ·v· p =- =m . 
2 /J,.t 

m' = t!.m ub4 tl_wjp\.jJwumu 4WtUtl_nq hwgwhwmlt4WJltfi qwfiqtl_wau t : 
M 

P=P1+P2=Pf+m'V, 

m'V 
P=--: 

1-/ 
fcTupm4p hqnpmpjntfi{! ljwu tlWJp4Jwfiw4wfi wz)uwU1wfip[! l.Jl.JlGlt' 
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rn'V2 
N2 =PV = --• 

1- / 
(2) 

mum]l' dm m1 V 2 
J-· m=-- : (3) 

dt I- f 

(I) h (2) hwtj_wuwpmuCibpjlg npnzbtntl umwgtj_wo m owfuuqwa wpwqw­
gmuGbp{l h hwtj_wuwpbgGbtntl qpwfip · npnztj_mu t pupm\llJ tiPJ:lmJ:ltiw4wG 
wu4.JmCiwjpfi wpwqntpjntu[!' 

8 ,6~.Y2 · 1-f ;· 
(J)!/fl = - ' ' 

r q 
(4) 

npu1hq' w~p-[! pupm\llJ twJ:lm]14w4wG wpwqmpJntCiCi t ; 
r-u · pupm4]1 2u1mu$q{l, 
q'-u · pupm\llJ wpmw'l]lnqwqwumpJmfin, 
f-n ' mpnpuw G ajluw'l]lntpJwfi qnpow\llJg{l, 
g-fi ' awupntfl]WU mct]l wpwqwgmlil}: 
fltfihfiwtntl pupmqjl bpbp hjlufiwqwfi hwtJ.wuwpmuubpt! L. (4) 

wpmwhWJUlntfljntG[!' 4wpbtli t l}wmwpbt pupm4]1 mhfuGntnq]lwqwu 
hwztJ.wpq[! : 

Ufl-UQU'1-PU"UJ21' f!fN.U"U'l-U4fll-fct-Bfll-"UC 

1. flpnzbt 4wtunq WUJwpwm]l wpmwqpnqwl}wGmpJntCi[!: 
2. flpnzht pupm4]1 h pupqwmw4J:l wmwuCibp]l pwGwl}[!: 
3. flpnzbt wmwuuwtJ.np L. p]l(wtj_np pupml}Ghpjl h]luGw4wG (WllJ-bpn 

(tp4wpntf1Jntfi[! h mpwuwqJ:lbn : 
4 . flpnzbt fltlpm4]1 ll!UJntu1wf1tJ.bpl} , qpjlmjlqw4wCi t. wzfuwmwGpw1J:lG 

wullJmfiwjpfi wpwqntpjntfiubpl} (n, (J) , (l,)~p) : 
5. 0-upm\llJ hqnpntpJntG[! L. l1fibpg]lwJJ:l unubGm[!: 
6. CGmpbt wmwufiwtj_np pupm4]1 hnpjlqnGw4wfi anqbpjl pwfiw41!, 

[!GpwgpCihp]l flJ:ltJ.n (K), wmwuGhpJ:l (wllJ-bp[! t. npnzht uJ12wmwuGwJ]1G hbnw­
tJ.n11ntf1Jntfi[! (b), UJ.mmmw4wJJ:lfi qajl .12WJU! (t) 

7. 4wnmgbt wmwufiwtj_np f1tlpm4J1 L. pup4wmw\llJ llJ-nqwi)pCi m qpw 
tj_pw mbqwl}wJbt wmwuutpu : 
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lill-UQU'l-PU"U.!21' 4USUPUU"U C"Ufct-UB.Q.C 

l . IOUpm\llJ wpmwqpnqwqwfintpjntGI} 4wu hwgwhwm]14WJ]lfi qwGq­
tJ.wojl uwmmgmil[! tiwtum1 WUJwpwm]lfi npnztj_mu t hbmL.JwtpwuwahntJ.' 

0 OIBVQ 
qi = ' (qq/tJ.r4) , 

/3 
npmbq' B-fi hG6]1tlt [!fiqpquwG tWJGntpjntCifi t , u, 

v 1i-I! . 4nupwjfip wzfuwmwCipUlJJ:lfi wpwqntpjntfil}, u/tJ.pq, 
~-Ci' hwmj14]1 hwpwpbpntpJntG!! wupnq2 hwgwhwm]ll}wJJ:lG qwfiqtj_w-

aJ:lfi : 
2. fctupmqjl L. pupqwmwqjl wmwufibp]l pwCiw41! 
IOUpm4]1 wmwufibp]l pwfiw4£! npnztJ.mu t hhmL.JwtpwfiwaL.ntJ.' 

q' 
Z =- (wm), 

µo 

npmbq · µ0-G ubq wmwu]l mhuwl}wpwp pnqmCiwqmpJntfiG t . 
µ0 = 0,025 -;- 0,035 qq/tj_pq : 

Swnptnw~ N~ I 2 3 4 5 6 7 8 9 10 11 
-r--

4mlpwJGti w2-
tuw mwGpwjpG 

4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9 
wpwqmpJmG[! 
(V,1 ~ u/ctwu) 

<!.G6p [!llqp4uruG 
LWJGntpjntU[! (B 12 II 10 9 8 7 6 5 4 .1 2 
ulnnp) 
.PtppU! mtl m- 40 40 40 30 30 30 30 30 25 25 25 
FJ1mfin CO q/h) 

.t.wm}l4ti hwpw-
ptpmpJmli[! I I I I l I I I 1 I I 

- - - - - - - - - - -
bl]_nmwjpli qwli-
q ljtub-tiG (B) 

3 3 3 2 2 2 2 2 2 2 2 

12 13 14 

9,5 10 10,5 

6,5 5,5 4,5 

25 20 20 

I I I 
- - -
2 2 2 

15 ,__ 

11 

3,5 

20 

I 
-
2 

3. Umwufiwtj_np pupm4]1 bpqm bqpwJJ1G wmwufibp]l uJ12wnwfigpwJpG 
hbnwtj_npmp,1mfil! npnzl[mu t hbmL.JWL pwfiwaL.ntJ. 

L1 =(f-•}(s+o), 
npmbq· S-1! wmwu]l uJ12J1G uwujl hwumntpJmfifi t. S= IO uu, 
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8-u' pupmltp h pupqwlflwqp WlflWUUhpp up2h hqwb" pwgwltu t' 8=(4+5) uu, 
K-u· pupmlt}l wwwuGwJpu 11wzlnp uiwmmwqwJpfi qb"p [!fiflwgpuhpp PMC!· 
K = 2, 3, 4, 5, 6: 

K-p [!GmpntflJnLU[! qwJul{wcr t pupmlt}l hnp}lqnuwqwu 6nqhpp' M-p 
pwfiwltpg : M-[! h K-u Ujbillp t lliJUU}hU [!UUlpht, np 1111wGg hwpwpbpntf1JntU[! 
wupm12 PM l}lup: 

M-[! tiwpbl}l t [!GtnphL 6, 8, 9, 10, 12: 
4. fchlpqwillwqp wmwuubpp pwfiwq[! npnzmu bu hhlflhJWLPlliUW6Lml' 

l 
Z - I 

I - (2+4)ak > 

npillhq' ak=2(S+c5) flUpntlt}l wlflwufibpp hpqm hwphw(i hbmpbp}l hbnwl{n-
pmpJntGG t: 

5. fchlpmlt}l J:!GqhwGmp bpqwpntfljntU[! 

L=L1+2 !if. , 

nplflhri_' !if. -l! flUpmltp bqpwJ}IG wmwuGhpp wnwGgpuhp}l L hnppqnGwtiwG 

6nqhpp crwJpWJ}IG qbmbp}l up2h bqwb" mwpwcrmpJmGu t. !if. =20+30 uu: 
fchlptiwmwlt}l bpltwpmpJntG[! l{hpgl{mu t flUpmqp bpltwpntflJWG[! 

hwl{wuwp: 
6. fO'upmqp wpwuwqpcrl! npnzmu hG hblflhJwtpwfiw6Lnl{' 

D=MVM (u), 
Jr 

npmbq' M-l! pupmlt}l hnppqnGwqwG 6nrJ.hp}l p}ll{fi t , 
V-G ' pupmlt}l zp2wqb"wJ}IU wpwqntf1JntG[!. V=24+32 u/tlJtq, 

At-G' pupmlt}l bpqm hwpLwG 6nqbpp hwpl{wcrGhpp u}l2L. [!fiqwcr 
ctwuwGw4wup2ng[!: 

QGq npmu, hnp}lqnGwqwG 6nqhpp uhb" wpcthpubpp qhUIPntU U}hillp t 
J:!Umpbt At-p wl{hl}l lJ:lnpp wpctbpGhp L hwltwnwq[!' wl{bl}l PPl hnppqnuwltwG 
6nrJ.bpp 11tUIPmu iit-G l{bpgfihL wl{hl}l ubcr. 

At = 0,0045 + 0,0075 qpq: 
7. "lumitnwf11{hpp L wGlJJmGwj}lu wpwqmpJntG[! npnzmu bfi hhmL.JWL 

pwfiwO.Lnl{' 

n = 60V (ll!lD./pnUj.), m = !!:?!._ (tlJtq.1) 
JrD 30 

8.@-Upmljll hqnpntf1JntG[! npnzmu bu hbmhJw1pwGw6Lnl{' 
N=N,+N2, 

npmbq' Ni-[! wupbn [!Gflwgpp hqnpmpJmGG t, np[! b"w}uul{mu t qwtutiwG 
llfllngbup hblfl ltwui intCibgnq aj1uw1111mp3mfiGbp}l hwqpwhwpuwG ctwuwGwq: 
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N = AOJ+ Bw3 (a.met), 
I 75 

npmtri' A-u z..puwG mctbp}l unuhGmG t, np[! npnztlmu t l}lnpO.GwqwG hqwGw­
qntl. 

w) wmwufiwtlnp flUpmqp hwuwp· AwUl=0,3 qq.u, 
p) Pfliw\{np flupmlt}l hwuwp' Ap= 0,03 qq.u, 
B-G' hwuhuwmwqwCimpJwG qnpb"wlt}lg t, np[! hwztUi t wnCimu fllipmlt}l 

uimmuwG ctwuwfiwq oajl qpuw1111ntf1JntG[!. 

w) wtnwuGwtlnp flupmlt}l hwuwp' BwUl= 48·10-6 qqu.qpq2
, 

p) Pfliwtlnp pupm\ifl hwuwp' BP= 68·10-6 qqu.qpq2
, 

fO'upmlt}l hqnpntpJmfiJ!, npJ! crwtuutlntu t hwgwhwmpqp qwtutiwG \{pw, 
npnztlmu t hhhJWL pwGwO.Ln\{' 

'Vi 
N = q (6.mct), 

2 
75·9,81(1-/) 

nptnbq' f= 0,65+0,8 mpnpuwG ajluwqpmi:iJwG qnpcrwlt}lgG t: 
9. @-Upmqp lJ.p}lmpqwtiwG wGlJJmGwJ}IG wpwqmpJmU[! . npnzl{mu t 

hbhJWL pwGw6Lntl' 

8,6 ti- (1 - J)g 
WKp =- I ' 

r q 

nptnbq' r-1! pupmlt}l zwnwtUiqG t : 
10. @-Upmlt}l }IGhpg}lwj}l unuhGm[! nrnztlntu t hhL.JWL pwfiw6L.nl{. 

J = 75N2 , 

dw 
{.(} -

dt 

npmtri· dw = 7,5+17 pupmlt}l wGlJJmfiwJ}IG wpwqwgmuG t: 
dt 

fli hqnp pupmquhp}l hwuwp (bpp q'=2+3 qq/411q.) qwphl}l t l{bpgGb( 

dOJ = 7 +104114.-2
: 

di 
U}12}IG hqnpntfljWU flUpntqGbpp hwuwp (hpp q'=3+5 qq/\{pq.)' 

dw=lO +14 \{p4:2: 
dt 

<!,qnp pupmltGbp}l hwuwp (bpp q'>6 qq/qpq.)' dOJ =15 +17 4114:2
: 

dt 
11. Umwufiwl{np f1upmltp L pupltwmwljll l}lnl{wb"p}l qwnmgmuu m 

wmwuubpp qwuwl{npntfl JntG[!: 
Qum hwzl{wplt}l ulflwgl{wcr lfll{JwtGbp}l (pupmlt}l bpltwrmpJmfi L. 
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uipwuwqpa) f!Opmqp L. pupqwuiwLt.11 tlinqwap[! 1 :5 qwu 1: 10 uwuzmwpnq 
4wnmgqmu t hbmL.JWl 4bpur; 

<!,nppqnuwqwG wnwGgpp qpw mbqwqpht f!Opmqp bpqwpntflJnLU[! L. Cizh1 
hqpwjpCi hhuiphpp L 1 hhnwqnpntflJnLU[! (Cil.J.. 15): I l.J.hmpg mwpqwa mqTJ.PCi 
lJ.wCiqCitigtJ.mu t mqqwhWJW9 7tD ~wtlintl: liJTJ. mqqwhwjwg mqpq[! pwchuGtJ.mu 
t M pt1_nq hwt1_wuwp uwubpp L. pwctwCiuwCi 2, 3, 4, ... , L. WJL qhmbppg mwpqmu 
bu L 1 zwqmt1_ hnppqnCiwqwCi qabp, npnGp hwuwuiwmwu)uwGmu bG pupmqp 
hnppqnGwqwG 6nqhppCi: 

I 4huipg nuqmGqwa uwuzmwpnq mhqwrwht utmmmwqwJpG qap pWJU:f 
t = kb, 
npmbq' b-G mtlJwl hnppqnCiwqwCi 6nTJ.P qpw bpqm hwpL.wG wmwuGhpp 
hhnwqnpmpJmGG t. 

M 
b =-a" = ma, = m. 2(s + o) , 

k 
npuihq ' m-o (b) hw1.11t1_wamu up2hbuipwJpCi hhnwqnpntf!JntGCibpp pwCiwqG t : 

A, 4h1.11n upwgCiht I' qh1.11pG : liJfl hpqm qhmbpn upwgCinq mqpqn 4JliCip 
uiwmmwlJ.wJpG qabppg ubq[!: Unw2pG 6nqp tlJiw ubql! OJmupg 

M b =- a hbnwt1_npmpJwup Gzbt wmwuCibpp wnwGgpwJpCi qabpn: liJfl qbmh-
k k 

ppg mwCibt A, l' UIU1nt1.11Wl.J.WJPU qap(i qmqwhbn ntTJ.PqGbp L. Gzht WJfl 
mqpqCibpp m hnppqnGw4wu 6nqbpp hwuiuwG qbmhpn, npnGp w1.11wuubpp 
wupwguwG wCig[1bpp 4bGmpnG.GhpG bu : 

fcTup4wmwqp t!int1_wopp qwnmguwG hwuwp uqqppg npnzt1_mu t Gpw 
llllJlintpJmGn, npn unqnpwpwp 4wpnq t LllGb( 

0=(__1_ _ __1_)7rD 
2 3 , 

npmbrt' D-G pupmqp 1.11pwuwqllM t 
0- pupt1wmw4p 1wJfimpJmun: 

fcTuplJ.w1.11wqp hpqwpmpJmGn t1_bpgqmu t pupmqp bpqwpmpJwun 
hwt1_wuwp: 

CGrimGt1_wa uwuzmwpnq, 1.11tlJw1 ~wtlihpnq pupmqp tlinqw<}ppg GbppL. 
qoqmu t pupl1wmw4p tpntJ.wapo : li:hl:pqwmwl.J.p w1.11wuCibp£! 4wpbJli t qbpgGbt 
4-6 zwppwGp: '1.pwG12 mbflw11Pt1.mu bu pupmqp w1.11wuGbpp up2hb1.11pwJpG 
up2wlJ.wJP-bpmu, nGq npmu wnw2pfi zwppmu wmwuuhpp hbnwqnpmpJntGl! 
4wqumu t ' b1 = (2 +4)ak: 

IJjntU zwppbpntO qwpbJli t qbpgfibt 2ak L. qwuwtJ.nph1zw)uUWU1W6L.: 
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t.4. 15. U1.11wuGwqnp pupmlt}l L. flOpqwmw4'1 qmtJ.wbpCi m wmwuCihpp 
qwuwqnpmpmGn 
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12. fl}1~wqnp pupmltl1 hwztlwP4l! 
I 

fttupm\tll tp4wpmpJmfi[!' /k = _q_, 
µoM 

npmtq' M-l! hnpflqnfiw4wfi lmqhpp pwfiw4G t' M= 6 + 10, 
µu-fi' u}1wqnp hpqwpmpJwG PltW mhuw4wpwp wpmwqpnqwtiw-

fintpJntfi[! . µo = 0,25 + o,35 4q1tlJ14 .u: 
flti~wqnp pupmltl1 ilJmu ui.wpwuhmphpl!' mpwuwqtiem, \llmmmwpqhp[!, 

wfill)mfiwJ}1G wpwqntpJntCil!, hqnpmpJmfi[! h pfihpgflwJlt unuhfim[! hwzqntu hfi 

tlhPl! Gzqwo tqwfiw4ntl: 

t5qnmwhwpn ownwJntU t ]unznp phJ1ll.g hwmp4fi wfi2wmhtm, f1u4 
b'rtnmwJpfi qwGqt.lwbu 4wtulttl19 twp mqqmpJWUp qntpu hwfihtm hwuwp: 
"UtpqwJmllu 4nupwJfifihpp tlJlw hpuGw4wGmu oqmwqnpbmu hfi 
hpqlltubnwfi}1, umhqfiwqnp oqnmwhwpfihp: 

Umbqfihpl! o]ufi}1w6h Gumwo hfi hp4m ofi4w&h Lfluhnfihpfl tlJlw h 
qwmwpmu tfi R zwnwqqnq ui.mmwtiwG zwpcJmu' hwumwuimG wfilLJmfiwJltfi 
wpwqmpjwllp: 

UmtqfihPI! hnpf1qnfiw4wfi wnwfigpp fi4wmuwup mhqwqp4wo hfi a 
wfill)wfi mw4 h ui.mmuwfi [!fipwgpntu uGmu hfi u4qpfiw4wfi IlltPJlflG 
qmqwhhn, np[! Gq. 16-p tlJlw OMo riltppfi t: 

L.4.16. Uqnuiwhwpp 4flfihuwmf14 u]uhuwfi 
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ftttajlg hwm}14fl qmuwfi hwuwp wfihpwdhzm t, np phrm Oqmnwhwpfl 
tWWJntl qh\llll hill zwpchlhUlU uflwcJWUWfiW4 J}W$WhWp$, WJUflfipfi' Wfi2Wtn­
$ Oqnmwhwpflg, flu4 qmuwfi flGmhGuflqntpJmfi{! 4w]uqwo t wJfi mctti 
uhOTUpjmfiflg, npnq Oqnuiwhwp[! hwpqwomu t phajlfi : 

ftthq[! 0G4w6h !lrnhnfl \llITTmuwG npnzwltli wfiluwfi mw4 (V=roR) 
u4qpfiw4wfi wpwqntpJwup wu2wtmlml1 t Oqnmwhwppg h, npnz cJwuwfiw4 1-
2-3 \llWPWPilLWJntl zwpcJtthtntl, 4Pltlifi hwfiqp\llmu t bitnmwhwpflfi : Uqn­
mwhwpfl WJq IlltPPI! npnzqmu t rot3 wfituwup: 

UqnmwhwpJ:!, u4qpfiw4wfi OMo ajlppflg uimmt.lhtntl wt wutuwu mw4, 
qpwi.tmu t OM rWPJlI!: M 4hmfl 4nnpriltfiwmfibp£! 4Lf1Ghfi' 

X= ±rsinrot, Y= ± rcosrot: 
UpwqmpJntfi[! 4lltfilt' 

V ,=±rorcoscot, V y=±corsincot: 
Upwqwgmun 4lltCifl' 

J,=±co2rsincot, 1y==±ro2rcosrot: 
oph 5 umhqwfiti <)qnuiwhwp t Gzqwo, wpmwhwJuintpJmGGhp}1 qhpflfi 

Gzwfin qhpwphpmu t wnw2flfi ]uupflfi, pu4 fihpphfl Gzwfil!' hp4Pnpq ]uupflG: 
.Qwnwumhqfi Oqnmwhwpfl qtuwmu tlhpg4mu t uflwJG tlhpflG GzwG[! '. 

r>ri.nmwhwppg Oqnmti wfi2wmuwfi wfill)mfil! npnzhtm hwuwp M 
4hmmu phJ1ll. qwfiqqwOfl tlJlw wqqnq mcJhpJ:! uumJhqmmu hfi 11 wnwfigpfl tlJlw 
h qpmu hwqwuwpw4znmpJwfi UJ.WJliwfin: 

N' + mm2rsincut- mg cos a== 0, (1 1
) 

npmtqflg ' N=mgcosa -malrsinm~ (i1) 
mg = G-fi OwfipmpJwfi mcJG t, 
mw2r-[! · pfitpgpnfi md!!, 

N1-l! ' Gnpllwt hwqwqqnq met[!: 
fct'hqfl wfi2wmuwfi hwuwp UJhmp t N1 = O' 

N' == mgcosa-malrsinwt = 0 

. cos a 
sma:t, = -k-, 

, air 
npmhq K=- · 

g 
K-fi 4ltfihuwm}14w4 wfi nhctpufl gmgfl~fi t : 
rot3 hwfiritiui.uwfi wfill)ntfil! qwu ~wql! npnzqmu t hhml..JWL hwqw­

uwpmuntl' 

2 sin cut 
M 3 - cut

1 
= ctgcut

1 
+ ctg cut1 + 2 + 2--3 

sin OJ!1 

(2) 

(2) hwqwuwpmU{! qwui. t umhqOmu Oqmnwhwppg Oqnmp wG2wmuwu 
L hwfiJ1ll.\llUWfi ~wqhpfl u}12L..: 
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llJfl hplJ.nt hwt.J.wuwpnuIGhfl[! hCiwpwt.J.npnt~JntCi bCi mwUiu mhuwlJ.wCin­
phG hwztlht uuihqGwt.J.np ITT]_nmwhwpGbpp ljwnmgt.J.wb}lwJpCi tqwpwutmpbp[!: 

Y.wG hwzt.J.w11'1ti wt.J.h!li tqwpq bqwGwljCitp (C}.. t;. Lpumntqwq, u. fl . 
4unupCl), npnClp ClmJClUJ.bu qwph!li t oqmwqnpatt qnp~CiwlJ.wCi hwzt.J.wpljCibpp 
hwuwp: 

SU1pphpU1lj N~ 1 2 3 4 5 6 7 8 9 10 11 
lrUJtunq pupmljp 
WpU1U1Jl)1nqUJ-

3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8 
ljUJfintl)Jntfig, 
!Jq/tlnli / 
l'.>T\11U1WhU1pp 
LJlUbnp b"fiqp 45 47 49 50 52 54 56 58 60 62 64 
;i wnuitlti11n. uu 
l'.>TJ.nUlwhwpp 
pbpni.pjw(l 5 7 9 10 11 12 13 14 15 11 12 
wm.11mlin 
Uuibrilitpp 4 5 4 5 4 5 4 5 4 5 4 
l]UJfiWlm 
4JlUhUUJU1Jlljw-
ljwu nbctpup 2,2 1,2 2,4 1,3 2,7 1,4 2,5 1,15 2,6 1,4 2,5 
qmahin 
lunznp ptqp 
hu1tJ.U1LWJpG 15 18 18 20 21 22 23 24 25 26 27 
41tinn, lla/i.! 3 

Qum htwlJ.hmwJpCl mtlJwtCihpp' wClhpwctbzm t npnzbt 
I. liqnmwhwpp wpuiwqpnqwqwCimpJntCl[!: 
2. 'Gqnmwhwpp Itiuhnp wGltJmClwJpCi wpwqmpJnLCii!: 

12 13 

8,5 9 

65 70 

10 8 

5 4 

1,3 2,1 

28 29 

3. CTqnuiwhwppg aqnuip wCi2wmuwCl L. hwClqpU[UwCl :pwqhp[!: 
4. t5qnmwhwpp tl.JlwJntl pbqp zwpctuw(i up2pCi wpwqntpjntCi[!: 
5. t>qnmwhwpp tWJClntpjntCl[! L. hpljwpntpJmfii!: 
6. Oictp puuimtuti L. hwptlwap mctp up2pCJ wpctbl.lCltpn: 

14 

9,5 

50 

9 

5 

1,2 

30 

7. t5qnmwhwpp wzltJwmwlil.lti hwuwp uiwhwu2iJ.nq hqnpmpJntCl[!: 
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(.wzt.J.wpltli [!Clpwgpn 

1. Opnzbt ITT]_nmwhwpp wpuiwqpnqwlJ.wGmpJmCln' 
Ge= (0,75 + 0,8)q1

, 

15 

10 

55 

10 

5 

1,3 

32 

npmtri' q' = O,OIBVdQ pupmtW wpmwqpm1wljwCintpJmfiCi t Itimt pupljwuiw­
/3 

4mt 4WLUllfl WUJ.WJlWUlp qtuwmu. q.== q1
: 

2. Opnzht ITT]_nmwhwpp Uiutnp wCiltJntClwJpCi wpwqntpJntfii! L. tqmmm­
wpt.J.hp[!. 

tr 

fki" -1 
(U = v-; t.J.plJ.. • 

30m 
n = - U[ U1 ./pntq. 

3. 'Gqnmwhwppg brt_nmp wCJ2wrnuwCi L. hwCiajlU[liwCi :i>wqbpp npnzntli[!. 

l 
UCi2wmuwCi ~wq[! ' ox = arcsin - : 

I k 

t5qnmwhwpp hbm ptqp hwClqptquwCi :Pwq[! npnz\j_mu t hbrnL.JWL 
hw\j_wuwpuwCl up~ingn\j_' 

2 sin (J)(3 
(J)(3 - mt1 = ctg(J)( ± ctg (J)(1 + 2 + 2-.-- : 

t smox
1 

UCJ2wmliwCi tqwhpCi brt_nmp wpwqntpJwfi L. hnppqnClwljwCi wnwfigl.ln4 
ljwquw~ wClltJntCl[! 4!liClp' 

fJ = Jr (cot1 - a) : 
2 

4. t5qnmwhwpp 4Jlw pbqp zwpctuwCl up2pfi wpwqntpjwCi npnzntu[! .. 
~pfiq umbqClwCip ITT]_nrnwhwpp hwuwp · 

{vmy tti2 = C ~' u/t.J.plj ., 
ff 

.RwnwumbqCi ITT]_nmwhwpp hwuwp · . 
B' 

(vmy x;2 = -;-fhi' u/t.J.plj., 

npmbq' C -Ci L. B' -[! wpwqntpJwfi qnp~wtIBgfibpCl bCi, npnfig qwpb!li t npnzbt 
pfi~tqbu wfiwUimtilJ.npbCl, WJCiU[bU tt qpw:ppljnptfi : 

C v =-
1-[(mt

3 
-mti}sin(mt1 -a)-cos(ax3 -a)-cos(mt1 -a)], 

cos a 

B' = - 1-[(mt3 -cot1)sin(cot, -a)-cos(OJt1 - a)+cos(mt3 -a)] : 
cos a 
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RwnwumhqCi ori_mnwhwpp wpwqntpJwCi qnpowl.jgp wpcthpGhp[! 

8' 
I 

tlt:() 

0 ... -7 -- ... .?, 
/ 

/ a~4"<' 

sLt v r....... r-..... 
~v 

~ - ~ I ~-

v """" , 
.£•1,Tc ~ 

·.s-0. / """ I'.. 
/ " 

"Vl.j. 17. Rwnwumbq(i b'qnmwhwpp tlflw aqnmp zwpctuwCi wpwqmpJnLUI! 

..... ,,. ~~~ ~S? ' " ...... ' " ' i..X-l,.2 "\ !\......- K=2,97 
... ~ ' / 1<•2,0 "v" ... ~ ~ .. 

"' 
......... N ~"' r-... 'i,,l<•f,7 

I'-... ) ~ ' 
~ II../ X•l3t 

~ .. (J200 

' ~ ~ t\ 

" "' 
4100 '"' '"' 

" 
1 ' 

a ! ' ' 
a 

-Vl.j. 18. ~pClqumhri_Gwup b'qnmwhwpp wpwqmpJWU qnpowl.jgp wpdhp{! 
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!1 f.2 f,J f.~ f.S I< 
"V\.t . 19. UpwqntflJWCi qnpowltgp wpctt1m hpGqumbqCiwGp aqnmwhwpp 

wztuwmwGpwJpCl ntctpup «C» mppntJf1nui 

(Vn.~)cp ~........,. ______ _ 

asoo 

-V4. 20. ~pCiqumtqClwGp aqnmwhwpp tlflw oqm.nti zwpctuwCl mpwqmpjntG[! 
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5. t)ll.mnwhwpfl lWJfintpjutfi L. b.pqwpntp]utfi npnzntU(! 

Lw1umpJmfi(! ' B = q'(l- p) , u: 

Hr~ (V,,,Y t1i2 
npmb.11.' B-fi oqmnwhwpJ1(!fiqhwfimp1wJfimpJmfifi t, u, 

q·-[I · 1Jwtun11. pupm4Jt wpmw1ym11wlJwfintpJntU[I, 
~-u ' hwmflltli Ulutpmfiw4mpJm(jfi t hwgwhwmJ14wJpfi qwfiqt{womu, 
H-1!' pb!tfl zbpmp hwumntpJm(lfi t bJtnmwhwpp t{pw, u, 
rcr-(j ' pbll.fl awt{wtutJflfi lJzflnl!, 4q/u3

, 

(Vmy)~~ ~ -1! ' pbll.fl zwp<hlwfi uJ12flG wpwqmp Jnt(i(!, u/t{r!4: 
Unt{npwpwp b"Tlnmwhwpp LutJfintpJmfifi (!fiqmfit{mu t (!Um 4wtun11 

pupmltli bp4utpntp]Wfi . B = (1 + 1,2)Lp: 
liJU IJ.bUWntU pb!tfl zbpmp hutUUlntpjntfi(! 4tflfip 

H = q'(1 - p) : 
Bru(v,,.Y J.i~2 

3mpwpw(ii_.Jntp umt11fiJ1 tutJfimpJm(i(! npnzt{mu t hbtnL.JwuwfiwliL.mt' 

b=B-(z+l}J , 
z 

npmb11' z-(! umtqfifitpfl pwfiw4fi t , 
8-fi ' hwpLwfi umtri.fibpfl, J1fi2.lllhu uwL. b.qputJfl(j umb.11.fitpp L 4uttufl2.fl 

Lquttnfl ufl2L t11wo pwgut4l!: 
liwnmg4wc}putJ)1fi fiLqwmwlJwhwpuwpmpJntGJ1g hLGhtn4' 4tpg(lmu tfi ' 

0 = (5+10) uu: 
6. crri.ntnwhwpfl bp4wpmp3mfi(! npnz4mu t hbtnL.JutL pwfiw6Lnt{' 

L- 60v0 H (v ) 
--,- -H my •ti2 ' 

n o 

npmb11.' Vo-Ci pb!tfl Ho= 15 uu zb.pmpg hwmflltli wfi2wmuwfi hwuwp wuhput­
dbztn hwpt.[wofibpp pwuw4(l t . v0 = 40 hwp4wo, 

H-(! pb!tfl zbptnp ppwlJw(l hwumntpJntfi(!, 
n'-!! ' ub4 pnlllhntu aqnmwhwpfl 1Jn11.uflg pbTJ.llfi hwugl\uta hwpt{waub.pp 

pwfiut4l!: 
~pfiqumb11.fiwfip a11.nmwhwpJ1 hwuwp' n'=2D, 
pwnwumbIJ. u 011.nmwhwpfl hwuwp' n'=n, 

npmb11.' J1-(j aqnmwhwpp tflulmp uimmmwpfll\fi t : 
l111nmwhwpp mbuw4wfi tp4wpmpJntfi(! npnz4mu t fiwu hbmL.JWL 

pw(lw6Lnt{' L=.2.._, u, 
µ1 
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npmb.11' Ho=20 uu pbTJ.ll zb.pmJ1 mb.uw4wpwp hwummpJmfi(l t, 
H-(!' pbTJ.ll ppw4wfi hwummpJntfi[!, 
µ-fi' qmuwu mbuwtiwpwp qnpaw4pg(!, tpp Ho=20 uu, µ= 0,018 ll4Ji.4: 

fctb.p bJtnmwhwpfl qtuwmu mtuw4wu tp4wpmp3mfi[I 4Lflfi)1' 

L= L~1·2 -LI' u, 
cos a 

npmb.11' L-[! hnppqnfip u4wmuwup 011.nmwhwpfl pb.pntpJw(j utult1muu t , 
L1-1!' 4utLUrll1pupmltliL.011.nmwhwpfl umt11Gfl uJ12L. t11wo pwgw4(!. 

L1 = (60 + 75) uu : 
7. f1Lct)1 flulllmtufib.p)1 u hwp4wofl mctbp)1 ufl2flG wpcttpfibpfl npnzmu[! x 

L. y wnwfigpfibpfl m11.11mpJWUp 
Ux=m (V x3 -V m•J); 
U,=m (YyrYmyJ); 

npmb11.' m-n pwl.jlwhwp4n11. pb.!tfl qwfiqt{wou t , 
V .. 3-(! L Y y3-(! ' bJtnmwhwpfl wpwqmpJutfi pw11.ut11.PJ12.Cibp{! x L. y 

wnwfigpfib.pfl G4wmuwup hwpt{wofl Uluthpfi, 
V mx3-(! L. V my3-I!' hutUUl\lluttnututuwfiwpwp pb.ll.J1 wpwqntpJhutfi 

pw11.w11.Pfl2.(lb.p(! x L. y wnwfigpfibpfl mIJ.11.mp3wup hwpt{wa)1 UJ.uthflu . 
Vx1= ± OJfCOSOJ/3, Vmy= ± OJfSJfJ(J)/3: 

..Rwnwumb11.fi bJtnmwhwpfl hwzt{wp4fl 11.tuwmu hwztlfl t wnfit.[mu 
upwJfi l\bpL.p Gzutu(!, hJ1uqumt11.fiwfip 011.nmwhwpp hwzt.[wp4Jt qbummu' 
fibppL.J1 Gzwul!: 

vmx = -K(mt
3 

-OJt
2

) . npmt11. wt2= wt1+kcos(wtro.J 
3 OJ 

vmy, = vmy, ::::: -&sin0Jt2: 

fctwl.jlwhwp4n11 pbll.fl qwfiqt.[w~ ' 

m= QP ' 
g 

npmb11.' Qp-fi pwl.jlwhwpl[n11. pb.ll.fl 4zflnu t , 4q. QP = LBHyc (4q), 
npmb11.' Ye- pbll.fl owt1wLWJJ1fi 4zflnfi t . Ye= (20 + 40) 4q/u

3
: 

8. 1J11nmwhwpfl wztuwmwfipp hwuwp Lquthwfi2t{n11 hqnpmpjntfi(! 
..Qwnwumb.q(i aqnmwhwpfl hwuwp ' 

N IV 
Iv GP · K P (J. 0 ,.,) N =--·17= - KW u . tv' 
p l50n- 1,36 
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hpuq umt11wup 011mnwhwpp hwuwp' 
Q ·K NV 

Nv =-P- ·77=--P KW (6 .mc.t); 
p l 5JT 1,3 6 

npuib11' Qp -u i'nJ.nuiwhwpp qpw pw4JwhwptJ.n11 pbajl qwuqt[wou t , 
77 = I + 2 qnpowlj}lg t , npJ! hwztl}l t wnfimu hwpt[wop UJ.Whpfi i'nJ.nUlw­

hwpp L. i'nJ.nuip wpwqnLpJmfiGbpp hwptupbpntfJJntfi(!: 
t>qnmwhwpp 1Jrnbnp wnwugpw4wiutpmu llfluwqp.ntf'JWG mc.thpp hwq­

pwhwpuwfi qpw owpmtJ.wo tGtpq)lwu 41.PGp ' 
fd ·n·G N 13 

N
1 

= 11 =-z-KW (6 .mc.t), 
15·75 1,36 

npmhq' f = 0,1 CnJ.nmwhwpfl l.Pubnfl wnwG911w4w1Gtpmu zi.puwG qnpmul.jpgG t , 
d,i-tf wutnp tJ.qplj}l mpwuwq)l~. d~ = (30 + 60) uu, 
G4 - er i'nJ.nmwhwpp umbqutpp qwfiqqw~, 4q, 
n - If 011nmwhwpp wutnp UJUlnttnwpfltJ.[! : 
l511nmwhwpfl wzfuwmwCiJ!p hwuwp UJ.Whwu2t[nq ]!Ciqwlimp hqnpm­

p JntGJ! ltlllfi p ' 

N 
N = NP+ NztJi ;::; -KW (6.mc.t): 

1,36 

CUSUPUP 4UlJ QSlJU'l.1 UU'llJP 

CwmwpwpubpJ! L. uwqtpfi oqmwqnpamu bG hwgwhwmf14whwt[w11 
l[nupwJGutpp 4w1ur~utpmu, qmri. mtuwl[wqnppi utptuwGtpmu, 4wpU1n­
~rtwhwtJ.wp qnupwJulibpmu: 

lfWllJ! ABCD 11wno11wq qmqwhbnwGpUUlWJpli uttuwGflqup tifl 011w4 t 
cn4. 21): 

UJG zwpdmu UUlwGmu t znmmtl}llt zwpc.twpL.wjpG uttuwuflqupg : Cnm­
m$4r zwnw$ajl uqwmuwup zwpdwf'L.p L. 4wtup~Gbpp wGhwuttiwUl wt[btl1 
uto hpqwpntfJJillUJ! hGwpwtJ.npmpJntli t UlWWU uwqp zwpdntti(! @mbt npUJ.bu 
x - x wnwGg11p Gqwmuwup S = 2r WUUJ.l.Pmmrµi4_, mqqw6pq zwpctmu, np[! PPl t 
mwppbpt[mu mqqw6 pq hwpunuflq Ulwmwun11wqwG zwpc.tmuflg : btGbtntl. 
llPwGpg ' qwphtl1 t npnzhL uwajl wGgwo 6wfiwUJwph[!, wpwqmpJmUJ! L. 
wpwqwgmUJ!. 

X= -rcosoot, V 
dx . . 2 

x = - = mr sm cd , Jx =ro rcosoot: 
dt 

CnmmtlJlqwJpG ubtuwuflqufl t[bp1numtf'JntG[! gmJg t mwl]m, np uwqp 
wpwqwgmU(! I-IV pwnnpqGbpmu mqqt[wc} t +x-p, puq II-HI 11wnnp11Gtpmu' -
x-p nlflJlillfJJwUp, WJUflli11CI' uwqp qpwjnt[ qhUJ.}l 6wtu' t[bpL. ' +~-p ntllllntf'JWUp : 
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l L. IV pwnnpqlibpmu GJntpfl uwulipq[! uwajl qpwJni.J. 4zwpc.ttlJ1 qblajl qtp ' +C,-p 
nu111mpJwtip, tiu4 II-III 11wnnpqGhpmu uwajl qpwJni.J. w2' GbppL.' -~ -p 
nlll.lllllfJJWUp : 

\ 
"Vq. 21 . lJw@ LWGtuwmpq ututuwG 

I-IV pwnnp11Gtpmu qwu w2 mppmJpmu GJntfJp qpw wqqn11 mcthpJ! 
gmJg tu mpqwo liq. 22-mu: 

N 

-J 

-v4. 22. I-IV pwnnp11Gtpmu liJntfJp qpw wqrµiq mc.tbpJ! 
a-u' uwllfl phpmpJwG wGllJmli[! hnppqnGwqwG wnwugpp uqwmuwup, 
E:-[! ' uwqp mwmwGuwG wlitumu[! hnppqnGwqwG wnwGgpp Gqwm­

uwup, 
cp-u' zipuwG qwu zwpc.tuwG @UturytntfJJWG wullJntG]!: 
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lJwajl lJ.wU zwuiwpwpp wz}uwuiwfipp hpufiwljwfi UlWJUWfifi WJU t, np 
zljluwfi lJ.wu zwpouwfi ajluwqpmpJWfi <p wfiJ.umfin uibuip t wtlhIP UM Uifip 
uwajl pbpmpjwli a wCiJ.umG}Ig , WJLwuibu Wjli wqwtn lJ.bpUJ.ntl ljuwhp uwaji 
tlJlw .. hwpwpbpwlJ.wfi zwpclmu ill lJ.wuiwptUi: 

vJmpp tlPw wqqnuI bfi' G bwfipmpJWfi mO[!, J }Ifibpg}Inu md{!, N 
finpuw1 hwlJ.wqqnq mcJn Li. F zipuwG mcJn: 

Sii~ -G ' fiJmp}I hwpwpbpwlJ.wfi zwpouwfi wfigwb O:wfiwuiwphfi t qbUJ.ll 
ow}u ' tlbph: 

U2 tnppmJpmu fiJmp}I hwpwpbpwlJ.wfi zwpauwfi qp:pbpbfigpw1 hwtlw­
uwpmul! lJ.Uifi}I' 

d 2.; q~ 
m-

2
- = +1 1 -F-G2 : (1) 

dt 
J= mco 2rcoscot, J1=Jcos(a+E), J2=Jsin(a+E), 
F2=Ntg<p, N= 0 1+ J2=mgcosa+mco 2rcoscotsin(a+E): 

vztlwb wpabpfibp[! UlbIJ.WllPbLntl (1) hwtlwuwpmpjwli Ub2 ' npnz 
oli.wljln}untpjntupg hbuin lJ.umwgtlP' 

1 d 2 .;sb 2 sin{a + <p) 
--- = CV COSOJI- g (1) 
8 dt 2 cos{a+e+<;o) ' 

npuibq 0 = cos{a + c + <p) : 
COS<p 

ll - III pwnnqGbpmu 1.J.wu 6w}u u}I2wlJ.wJPmu uJmpp tlJlw wqqnq mobp}I 
u}ubuwfi gmJg t mpt.lwb filJ. . 23-mu 

-; 

vlJ..23 . II - III pwnnqfibpmu tu lijntp}I tlJlw wqqnq mdbp[! 
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II-III pwnnqfibpmu lj_wfi 6wfu upl?wlJwwnuI fiJntpp hwpwpbpwlJ.wfi 
zwpchiw(i hwtlwuwpmun lJ.UifiP.' 

d 2qqfi 
m-

2
- == F-11 -G2 : (2) 

dt 
Shil_wllPbl.Il4 wpabpfibp[!' t. npnz 6L.w$n}umupg hbuin ljuuiwgtlll' 

1 d
2qq0 2 sin{a-<;o) (

2
) - --= CV cos OJI - g 

8 dt 2 cos(a+c-<p)' 

b 
, >: cos{ a + c - tp) 

nptn IJ. u= : 
COS<p 

~n-fi ' lijntpp hwpwpbpwlJ.wfi zwpouwfi wfigwb O:wfiwuiwph[! qbUJ.ll w2 
fibppt.: ~w4_wuwpbgfihLn4. 0-}I (1) t. (2) hwtl_wuwpmufibp[!' ljwpbUi t npnzhL 
uwajl 4}1fibuwm}IljwlJ.wfi nbctpu}I gmg}I~fibp}I .. zmnmtUilJ.wJ}Ifi Uiubnp 
UJ.UlUlUwfi uwhUwfiwJpfi wpabpubpfi w2 t. 6w}u mppmJJlfibpmu, pfi~UJ.bu fiwt. 
lj_wmwpb1 uwajl mb}ufin1nqpwljwfi hwztl_wplj[!: 

S wp.p bynuq ]'fa 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 
lfwI\ll pbpntpJWfi 
wfil!Jmfil! hnpJ1qn-

3 4 5 6 7 8 9 uti a4wu11Iwup 
10 11 JO 9 8 7 6 5 

l<a°'I 
lfwI\ll UIWUIWU-

uw(i mqqmp. wfi-
30 29 28 27 26 25 24 

4Jmfin hnp.tiqnfi}l 
23 22 21 20 21 22 23 24 

filiwtnuwun (i;°) 
CmnunU14}1 25 27 29 
1wnwtlhnn (r), uu 

31 32 33 34 335 36 37 38 39 40 41 42 

Ctjluwfi wfi4Jmun 
l«o~ 21 22 23 24 25 26 27 28 26 27 28 25 29 26 22 

4WLUillJ. WtijWpW-

tn)l WIJ.UIWtylllflW- 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9 9,5 10 
qwfintpJntfil! (q1

) 

lm/tlnli 
CnwU14fl4ti 
1.4mmmwptl_bp[! 220 230 240 250 250 250 240 230 220 230 240 220 230 240 250 
(n), wm./nm11. 
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Cum wnw2wCiqpwCiJ.?p mtlJwtCibp)l' wfihpwctbzm t npn2bt-

I. Ubl} tlwJplIJwCimu zwmwpwp)l (uwaji) ilftw qfiwgnq pbaji pwuwtm' 
ql'

1 
4q/ilftq.: 

2. Cwmwpwpp (uw11P) lwlflbp[!' tWJfintpJntU(! (B) t.. bpqwpmpJntU(! 
(L): 

3. 4pfibUwuipqw4wfi nbct)lup gmgplCibpp I.. zmnuitlti4)l U[lOillU1Wpqbp)l 
uwhUwfiWJ)lU wpctbpubp[! ' K i, K1, Ko, ni. n2, no: 

4. Cfimpbt 4)lutuwm)l4wqwfi nbct)lu)l gmgp.tli hw2qwpqwJ)lfi wpctbp[! t.. 
npn2t1 znmmtUi4)l Ujuimmwptlbpu m wCitiJmfiwJpU wpwqmf!Jntfi[!: 

5. Uuwwmfl.4nptG npnzbt uw11P ilftw liJmf!)l hwpwpbpwqwfi zwpdliwu 
wugwa owGwlljwphp ubbntf!Jntfifitpfi w2 t.. 6wfu m)lpmwutpmu: 

6. Opn2bt uwq)l ilftw LIJntf!)l hwpwpbpw4wCi 2wpctuwfi u)l2pG wpw­
qmpJntG(!: 

7. fcrhl1P 2bpm)l hwummpJntGf!: 
8. 4wnmgt1 uwaji zwpctuwCi wpwqmpJwCi t.. wpwqwguwG qpw.'ppl.J.­

ubpf!, qpw.'p)lqnpbu npnzbt CiJmp)l hwpwpbpw4wu zwpctuwfi wligwa 
OWUWlljWph)l ubantpjntCiubppu w2 t.. 6wfu u)l2w4wJpbpmu (~4 1.t Sqfi), PUllljbU 
Gwl.t hwpwptpw4wli zwpctuwu u)l2)lG wpwcµttf!JntCif! : Uuiwgtlwa mtlJwLCibp[! 
hwutuwmbt wuwwmpl1 tqwfiw4ntl umwgqwo mtlJwtCibp)l hbm: 

9. "GJmp)l hwpwpbpw4wCi 2wpctuwu u)l2)lfi wpwcµttpJntCi[! npn2bt 
1wpnpwmnp mbqwqwJwupJ1 ilftw: 

~wztlwp4)l [!fipwgp[! 

1. lfwaji ilftw pbaji uwmmgmu[! npn2qmu t hbml.tJw1pwuw6l..ntl' 

I /J 
qp = q /J' ' 

npmhq' q11-fi uwaji ilftw uwmmgtln11 f!hajl qwCiqtlwafi t, 4u/ilft4., 
q'-I!' qw1un11 pupmlJll wp10wqpn11.wqwlintfJJDlU[!, 4u/ilftq., 
P-li' 4w1un11 pupmq uwmmgtln11 hwgwhwmp4wJ)lG qwuqt{wantu 

hwm)l4)l Ujwpmuw4mpJntCi[!, 
W-I! ' zwuiwpwp)l ilftw uwmmgl{nq f!bq)l ut2 hwm)ll.J.)l U[Wpm-

Gw4ntfJillU(! : 
~wztlwpq)l ctwuwfiw4 qwpbtJl t [!CiI]mCibt' j3= 0,33+0,5, /J'= 0, 75+0,9: 
2. lfwrtfl tWJUillfJJWG 1.t bpqwpmpJwCi npn2mul! 
lfwq)l (lwuiwpwp)l) LWJUillf!Jntfil!' Bu= (0.8+0.1) B0 , 

nptnbq' B 0 -Ii m-tnuiwhwp)l 1wJlintf!Jntfifi t: 
lfwll_)l bpqwpmpJntU(! npn2tlmli t hbmt..Jwtpwuw6t..nq' 
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l2 =_!h_, 
qo · B~ 

npmt1f qo = 0.8 +1,4 4q/ilft4, U2
- uwaji (lwuiwpwp)l) utq pwnwl.J.mup liw4t­

ptu)l mtuwl.J.wpwp pnqmliw4mpJmuu t : 
3. Opn2bt lJllubUwmJ14w4wu ntct)lu)l gmgpllibp)l t.. 2mnmtUi4fl lljlllm-

uiwpqbp)l uwhUwfiwJJ1G wpcttpubpfi m [!Umpt1 hw2tlwpqwJ)lCi gmg)l.tli 
uwhUwCiJ)lli wpctbpCi w2 u)l2wtiwwmu. 

K ,,,, sin(a+q;i) . 
1 cos(a + .o+q;i) · 

Bmg)lw uwhuwuwJpfi wpcttim 6wfu u)l2w4wnm1u' 

K 
_ sin(q;i-a) . 

2 - ( cos a + .o - q;i) · 

Bmgp.tli uwhUwuwJpu wpcttp[! uwajig pblll1 wu2wmuwfi qblljpmu' 

K _ cosa . 
0 

- sin(a + s) · 
CnmmtUitiP lljU1ntU1Wf!tlbpJ1 uwhUwCiw3)lCi wpcthJ.?Ubp[! hwliwlljwmwu­

luwCinpbCi 4LJ1Gbu · 

n1 =~Jgki , n2 =Jo Jgk2 , 
7r r 7r r 

npmbq' r-(! 2mnmtUitiP 2wnwtUiqli t : 
4. fl1ubuw1ntl Ki. K1, Ko, n t. n 2, no wpctt12ubp[!, uwaji ilftw UJntfJJ1 

2wpctuwfi U[WhwCi2tln11 pfimJppg btGbtntl ' [!fitnpqmu t 4)lutuwmJ14w4wu 
nbctJ1uJ1 hwzqwpl.J.WJ)lU gmgp.tli wpctbp[! 1.t npn2qmu bu zmnmtUiltP wzluw­
tnwGpWJ)lG lljUlntU1Wpqbpf!: 

n = Jojifk 
P (UJm./pnUj.) : 

7r r 
4)lCibuwm)ll.J.w4wCi nbctpup gmg)l.tli mwppbp wpctbpCibp)l f!UmpmpJWUp 

4wpbLJ1 t umwuw1 html.t1w1 pumJp)l zwpctmuCibp[!. 
K1>K>K2>K<K<r UJillf!I! qzwp<hUt qbll[)l Cibppl.t (w2) wnwfig uwajig 

wfi2wmtlb1m, 
K1>K>K1 ; K<Ko - qzwpdi.{J111.tll[)l l{bpt..' wnwCig pn)lwp, 
Ko>K>K 1>K2 - qzwpcttlti qbpt.. t.. fibppl.t , f!U'l npmu wqbLJ1 zwm ubppt.., 

pwCi qbpt..' wnwCig f!n)lwJ'l , 
Ko>K>K2>K1 - qzwp<hUt qbpt.. 1.t fibppt.. (wtlbLJ1 zwm tlbpl.t, pwG ubppt..), 
~<K>K1>K2 - qzwp<hUt 2wpctmu tlbpt.. t.. ubppl.t (wl{btJl 2wm Cibppt.., 

pwfi qbpl.t)' pn)lwntl: 
5. UCiwLJ110)lqnpb(i npnzbt uw11P tlrw UJmp)l hwpwpbpwl.J.wCi 2wpctUwCi 
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wCigwa 6wfiwlljwphjl uMmpJmCiCi w2 L. 6wju up2w4wmtpmu zmnunfl14J1 ubl.J. 
lljrnnlJmp QCipwgpmu 

U2 up2wlJ.WJPnLU ' 

~q~ = &[cos 'l'i - cos '1'2 -('1'2 -'1'1 )sin '1' 1 -±('1'2 - '1'1 f cos IJ'o], 

npmbq' l;q~-Ci zmnrnt.Uil.J.Jl ubl.J. lljlflntJrnjl {!Cipwgpmu CiJmpjl hwpwpbpwlJ.wCi 
zwpctuwfi wCigwa rnwpw()mpJmCifi t qhUJll tj_hp IJ.wu &w}u, 

r-n' zmnrnt.Uil.J.P zwnwt.UiflI!, 
1j11-[!' zmnrnt.Ui4J1 t.lllflUJUWCi wCilJ.JntCi[! IJ.tuu Cljntpjl hwpwpbpwlJ.wCi 

zwpctuwfi ul.J.qppfi hWUWlljWUlWU}uWfinq ~tuqCi W2 U}12tulJ.WJpntU. 

\jl 1=2tt-ljl0, 'l'o =arccos[
1 

si((a+tp) )] ' 
k cos a+&+IP 

\!Ii-I! w2 uJ12wlJ.wmmu fiJmpjl hwpwpbpwlJ.wCi zwpchlwCi tj_tp2J1Ci 
hwUtulljtumwujuwfinq ~wqQ, np[! npnzi.tmu t hbrnL.JWLpwCiw<.'ilintj_' 

sin\jlr\jl2COS1j10=sin ljl 1-ljl 1 cosljlo, 

0 = cos(a+c+tp) : 
cos IP 

:Jw}u up2w1J.wwmu qbUJll CibppL. 4wu w2 zwpctuwCi wCigwa 6wCiw­
ll!tuJ1hJ1 npnzi.tmu t hbmL.JwtpwCiw6L.ntl. ' 

Sriu = en[ cos8 1 - cos82-(8r8 1)sin8 1- l /2(8i-81)
2cos8i], 

nprnbq ' ~qfi-Ci Cijmpjl hwpwpbpwlJ.wCi zwpduwCi wCigwa 6wCiWl.llWJ1hU t IJ.buW 
w2 • zmnmt.Ui4P ubl.J. UJrnmJrnp J1Cipwgpmu, 

81-11' 6w}u up2w4WJJ2nlU zwpchiw(i ulJ.qppCi hwUWUJWUlWUjuWCinq 
.'pwqn. 

()1 = arccos[~ sit a - 'P) )] , 
k cos a+c-IP 

82-n' 6wju up2w1J.wmmu zwpctuwCi i.tt112llCi hwuwlllwmwujuwCinq 
.'pwqn, npn npnzi.tmu t hbmL.JwlpwCiw61intj_' 

sin Br 82cos 81=sin 81- 8 1cos 8, , 
cr-Ci' hwumwmmCi ubantpJmfi untrwt uwqp uh}uwCipqu}l hwuwp, np[! 

npnzlj_mu t hhmLJWL pwCiw6L.ni.t' 

a= cos(a + c- IP): 
COSIP 

6. "lrJntflp hwpwphpw!J.wu zwpctuwCi ur2tiu wpwqmpJmCiQ npnz!.J.mu t ' 

V ~q~ - ~qu ( I ) 
0112 • (J) u i.tl14. ' 

2tr 
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npmbq' ro-Ci znmmt.Ui4J1 wCi4JmfiwJpCi wpwqmpJmCiCi t: 
7.f<tbaji. zbprnp hWUUlnLflJnLCiJ1 npnzi.tmu t' 

H= qP 
B~V"t·~r P 

npmbq' H-n phqp zbprnp uti2tifi hWUUlnLJljntCifi t, U, 
Cii>-Ci ' zwutwpwp}l IJ.wu uwqp tl.Jlw !.J.wJp4JwCiw4wCi uwmmgmu[!, 4qlt!Jl4 
v ~1i2-I!' pbqp zwpchiwCi uJ12J1Ci wpwqntpjmCi{!, u/tl.Jll.J., 
yp·Ci ' flbajl. aw!.J.wtwJpCi IJ.zllnl!, IJ.q/u3

: 

8. LrJnlflll hwpwpbpw4wCi zwpduwfi wCigwa OWUWUJWphp npnznui[! 
qpw~ti4wlJ.wCi hqwCiwlJ.ni.t: 

l.rw}u npnzwlJll uwuzmwpni.t 4wnmgi.tmu t(i uw'lJl zwpduwCi wpwqm­
flJWCi L. wpwqwguwCi qpw~pl.J.fibp{! (Ci!J..23): 

f}..pw hwuwp QCimpi.tmu tCi chuuwCiwlJ.}1 (At) wpwqntpJwCi L. wpwqwg­
uwCi (.A • .A;) uwuzrnwpCihp[!: 

bpt uwqp rnwmwCiuwCi UJWpphpntflJntGCi wprnwhwJuibCip a (uu) 
hwtntj_w()'ntl., Wt.llW UWUWCiWlijl UWUztnwpni.t 4L'1Cill ' 

A., = T = 21r , t!Jll.J./uu: 
a llXl 

Gpb uwajl (ror) wpwqmf}JWCi rnwrnwCiuwCi WUUJLtirnmqCi wpmwhwj­
mtCip b (uu) hwml[waml, wlllw pwqntpJwCi uwuzrnwpQ 4L'1Cip • 

(J)r 
A.v = b, u/t!Jl4. uu : 

btj_ lj_hJ12WlljbU, bpb uwajl (w2r) wpwqwguwfi WUUJL!immqwCi 
wpmwhwJmhCi11 C (uu) hwmtj_wantj_, wlllw wpwqwguwCi uwuzmwp[! 4Ltifiti' 

2 
(J) r 2 

A-=-, ult!Jll.J.. uu : 
J c 

Cmnrnt.UilJll hwumwmmCi wCi4JmCiwJpfi wpwqmJlJWCi 11tuwmu Ltiutnp 
UJmmuwCi wt wCi4Jntfi[! hwutuwmwlJ.wCi IJ.L!iCip ctwuwCiwlJllCi: Upug}luCit11'1 

;r 3;r 2tr 5;r 
wnwCigpll tl.Jlw mhqw11Jll[mu t zmnmt.Ui4}1 UJLnmuwCi 2 , n, 2 , , 

2 
3;r wCi4JmfiCibppCi htuuwlllwmwu}uwCinq dwuwCiwlJ.[! · 

;r " 3tr 2;r 5;r 3;r 
t t t t t6= - : t, = 2(1) ' 2 = (J) ' 3 = 2(1) ' 4 = ~ ' 5 = 2(1) ' OJ 

cJ-wuwCiwl.J.P npL.t hwmlj_wap hwuwp uwajl wpwqntpJWCi utiumunti'lJl 
1.J.wu wpwqwguwCi IJ.nu}lCimunp'lJl wpgpup ub()'mpJntCiQ 4L'1Cip' 

X=!_ =_J!_ · (J): 
A., 2tr 
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lfwajl wpwqmpJntU[! 4tJlfip' v. = corsincot (UA!pl.J..), 
V max = cor (U!t.IP4·), 

wpwqwgmU[!' jx= w2rcoscot (uAij14.2
), 

jxmax = co2r (u/t.1P4.2): 
a, b, c -p wpcJbpfibpCi l!litnphLnt9 hbum hwJmfip bqwliw4ml 4wnmgtJ.mu t 

uwajl wpwqmpjwfi h wpwqwguw!i qpw:t>pq[!: 
liJfinthbuiL. npnztJ.mu bfi uwajl 4pptnp4w4wqfi wpwqwgmufibp[!, npnfig 

qbu.ipmU fiJillfll! rytW 4Jlw hwpwphpwl.J.wfi zwpcJntU llt qwtnwpntU: 
U2 li'12w4wJpmu uwajl qpptnp4wqwfi wpwqwgntU[! ' 

. sin(a + ~) 
11 = g ( ) ' cos a+£+~ 

. sin(a - ~) 
J - -g . 

2 
- cos(a + c-~) · 

lfwajl qppm'14w4w4fi wpwqwgmu!ibp[! qpw:t>til.J.npbfi fihpl.J.wJwgCimu 
bfi wpwqwguwfi qpw:t>tiltli tlPw' ctwuwfiwltli wnwfigppg qhutfl tJ.hp' YP L. qbutll 
fibppL.' yq htnwtJ.npntpJWUp m rytwfig qmqwhbn tnwptJ.wb' majlqfibpntJ.: 

yP - fi L. Yq - fi' npnzt.Imu bfi hbtnhJWL pw!iw6L.ntJ.' 
c 

Yp = k ·Ki (uu), 

c 
y

4 
= -- · K2 (uu): 

k 
lfwajl wpwqwguwfi qnu!lfimun!lajl L. WJYl qmqwhbn majlqfibp!l opajl­

GwUJfibpp rnwppbpntpJntfil! fibpl.J.w1wgfimu bfi lijntpp hwpwphpwl.J.wG 
zwpcJuwG wpwqwgmufibp[! ctwuwliwltP mtl.Jwl UJWhpfi : 

UJfinthbmL. w2 up2w4wJ12P hwuwp 4nupfimunpajl L. majlajl hwuiuw!i 
ljbm!lg uiwptJ.mu t mqri.w6'1q majlri.' ti'1filh wpwqmpJwfi upfimunpajl hbtn 
hwmtJ.bJI! : <!.wmuwfi wnw2pu ljhtn[! hwliwutwtnwutuwfimu t Ci3mp'1 
hwpwpbpwljw!i zwpduwfi uljqp!lfi W2 up2wl.J.WJ}2ntU: liJYl ljhm!lg hn11pqnfip 
!iljwmuwup p wGlLJwu uiwlj majlq t mwpt.Imu' upfi2,h wpwqmpJwfi upGmunj1qp 
hhm hwmtJ.btD: .C:,wuiuwu 2 ljbtn[! hwuwUJWUJwuwtuwfimu t GJmpp 
hwpwpbpwljwfi zwpduwfi tJ.hp2'1fi . 
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'Ulj. 24. lfwajl hwtnp4.P hwpwphpwljwu zwpduwu wpwqntpjwfi h 
wpwqwguwfi qpw:t>'1lil! 
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jh arctg[ 2: . ~ l 
l-2 mqqml h uwriP wpwqntpJwG upGmunpqp hwUwUjwmwuJuwG 

hwunlwbml UJWptjlwlp{wo F1 uwlJ.bpbuQ hwuwuiwmwutuwGmu t GJmflfl 
hwpwpbpwlJ.wG zwpduwG wGgwo nwGwutwphpG w2 up2w4wwmu: liJGm­
hbmh wpwqwguwG qpw.'}>pljp Il-pq 4hU1pg mqqw6pq majiq t Ulwptl_mu ' upG~h 
wpwqmpJwG upGmunpaji hbm hwUltl_tur <!.wmuwG 3-pq lJ.bUlQ hwuwutw­
mwuJuwGmu t 6wJu up2wl.J.wmmu GJmpp hwpwpbpw4wG zwpduwG u4qppG: 
3-pq qbmpg hnppqnGp Gl.J.wmuwup y wGl.L]wG mw4 mqpq t mwptl_mu: liJq 
mriPriP h upGmunpqp hwmuwG 4-pq 4hm(! hwuwutwmwuJuwGmu bu GJntpp 
hwpwpbpwlJ.tuG zwpc:luwG tl_hp2pu. 

r = -arc~g[ 2:. i l 
3-4 nLIJ.IJ.ntl h upGmunpqp mtlJwt hwUltl_wontl_ uiwp4J.w4tl_wa F2 uw4bpbu[! 

npnzwqp uwuzmwpntl_ Gbp4WJWgGmu t 6wJu up2wlJ.wJpmu Gjntpp 
hwpwpbpw4wG zwpc:luwG wGgwo OWUWUjwphQ: 

U2 up2wl.J.wwmu GJmpp hwpwpbpw4wu zwpduwG wugwo 6wGw­
UjWphQ 11butp tl_bp 4wu qbUjlJ 6wJu 41.PGp' 

s.i .~ = FI . Av . !.., : 
~wJu Up£w4wwmu GJntpp hwpwpbpwlJ.wG zwpc:luwG wGgwa 

6wGwuiwphQ qhajl w2 41.PGp ' 
~~u=F2·"-v · l..1 : 

"VJmpp hwpwpbpwlJ.wG zwpc:luwG wGgwo nwGwuiwphp pwgwp6wlJ. 
utompJmul! 4LtiGti' 
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CGmpbt 4.flGbUwU1plJ.w4wG nbdpup gmgpLfl' K- fl ptl_wJpG wpdbi;iQ L. 
npnzbt. 

I. 4wp6 h bp4wp JuwnGmpqGbpp tl_wjpl.L]wGw4wG UwmmgmuQ q'4 
4q/tlP4 .• h % lJ.q/tlPl.J..: 

2. Q.twGw6h mppbpp zwnwtlPIJ.1! (R) L. bp4wpmpJntGl! (L): 
3. Sppbpp Ujmntmwptl_bp[l L. wGl.L]mGwJflG wpwqmpJntGQ: 
4. IO-w4J.uwG. mppmJPI! (B' i. B" 1): 
5. P2ti2.Pg flW$tl_nq hwmpqp zwpctuwG hbmwqap pG.npnz lJ.bmbpp 

1.J.nnpajIGwmGbp]!: 
6. Sppbpp bplJ.wpntflJWUp zwpch!nIJ. hwmp4Gbpp wpwqmpJntG.[l: 
7. Q.abt mpbpwJpG. pupmqp ufubuwG., 4wnmgbt pwtp.uwG qnmm bpl.J.m 

uwhuwGwJflG l.J.bmbppg (B'i. B" 1) pwtjltj_nIJ. hwmpl.J.G.bpp zwpduwG hbUlwqobpl! 
h mbqw4wJbt G.wtl_wl.J.[! : 

Swpplipw4 N~ I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Spjllip[l wp-
UlW'l[Jnqw-

400 600 800 
4wGntpjntCi{!, 

1000 1200 1400 1600 1800 2000 2200 2400 12600 280( 3000 3200 

1.Ja/d 
bplJ.wp tuwn-
Gmp11Ghp]l. 
uiwpmGw- 12 13 14 15 l6 10 LI 8 9 11 12 13 14 15 16 

lJ.ntflJntlil! 
(bb- ), % 
lrwp6 Juwn-
umpquhp]l. 
ll!WpntCilU- 8 10 10 12 10 12 14 15 12 13 14 15 IO 12 13 

lJ.mpJmGn 
(b,,) % 
<lwpuwqfl 
pupml.J.'1 p9]1.- 6,5 6,75 7 7,75 8 8,25 8,5 
2P mpwuw-

8,75 9 8 8,5 7,75 7,5 8 8,5 

ohhn (d1), UU 

q.tmUi 
fHlpmlJ.'1 p9jJ- 3 3,25 3,5 3,75 4 4,25 4,5 
2!1 mpwuw-

4,75 5 5,25 5,5 5,75 5 4,5 5,5 

ahbn <d2), uu 
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~UCqUf'4~~uQnP~u~u~n~~sn~~e 

1. Cuui uipqw(} wpuiw@nri.w4wGmpJwG' npnzqmu t 4wpn L. tp4wp 
tuwn!impqGbpp qwJpluwGw4wG uwmmgmuJ!. 

= Q ·b, - Q·b~n 
q4 100 ·3600 tiqltlJlti., qhp - 100·3600 tiqlqpti., 

npmbq' Q- mppbpfl wpuiw@nqw4wumpJmG!i t, 4q/dwu, 
b4-G L. bbp_!.! ' hwuifl4wJp!i tuwnfimpajl ub2 bqw(} lJ.wpo L. bplJ.wp 

hwutfl4!ibpp UJWpm!iw4mpJmlil!' %: 
.QwGp np qwpuwltli pupm4fl P2fl2Gbpp ut2 pwgp lJ.wpo hwtnpljGbppg, 

liltlmu bu !iwL. hpliG4w!i lizw4wpmJubpp hwmfl4Ghp, mumti qwpuw4fl pupmlJ.p 
hwzqwpltli hwuwp hwzqwpljwJpG q\- G 4ItiGfl . 

q\ = q - qhp• 

npmhq' q = 3~0 ljq/qp4 uippbpti qwpluw!iwljw(i wpuiwqpnqwljwGmpJmGfi t : 

2. Opnzbt qtwGwoL. mppbpp hpufiw4w!i lwtlihp[!' bplJ.wpmpJmG(! (L-!.!) 
L. zwnwtlflri.l! (R-l!) 

Q.LwliwaL. mpphpfl lwl}lbpJ! npnzmu tG hhuiL.JtutpwGwaL.nq. 

Li R = q4 • I 06 . 
cy·d3v,/ki · 

Unqnpwpwp mppbpp iwtlibp(! npnzhttiu R-!i [!liuipmu bG, pu4 L 1-[!' 
npnzmu . 

R = (0,25+ 0,4): 
liJuutbq q4-!i tntlJtut qtwGmu P2fl2Gtpp ub2 tnbqwqnpqnq «4.wpo» 

hwmti4.Gbpp tlwJpll.JwGw4wu uwmmgmu!i t, Jiq/qplJ.., 
d-G' P2P2ti uipwuwqp~, uu, 
Y-. [i' P2li2ti ub2 bqw(} hwtnpljwjpG fuwnumpajl c'nutlwtWJpG 4zpn{!, 

Jiqltltmp ljwpn tuwn!impqCihpp hwuwp' y = 0,63 4q/Lfluip, bplJ.wp ]uwnGmpq­
Cibpti (gnpbfi, qwpp, wznpw) hwuwp y = {0,71 + 0,76) Jiq/Lflmp, 

K-u· lJPGbuwuifl4w4wG nbdtiufl gmgp.i_J:f K = 0,45 + 0,75, 
g-fi' wqwm wfi4liwG wpwqwgmu{!, u/qpJi.2, 
c-fi' P2fl2Gbpp oqtnwqnpO'uwfi L. liJUWG wuuip6wGJ! pGmpwqpnq 

qnp()wlJPgJ! . qwpuwlJP plipmlJP hwzqwplJP qtuwmu c=c1=2,5·10-2, qtmtlt 
pupml.Jll hwzqwplJP qtuwmu c=c 1=1 ·10-2, 

v-!i ' P2fl£Gbpp pwGwJil! mppbpp ut4 11wnw4mup utmp uw4bpbup 

2 . 2 106 

qpw, p£p£/U . v = r,; · -( -\2, 
v3 d +2m1 

npmbq' d-!i P2P£P mpwuwqp(}G t, uu, 
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2m-rf bplJ.m hwpL.wG P2fl2Gtpti ufl2L. bqw(} ufl2w4WJI!l! : 
~pnzuqwb' P2fl£Gbpp hwuwp' gpGlJ.tuUJ.Wtn pbpptpti qbUJ.11mu. 

2m = 0,65Jd, 

fluti. UJDil.UJtutnJW phpptptig UJWtnpwumqwb' P2fl£Gbpp qtuwmu' 

2m=0,41Jd : 

3. Q.LwGwoL. uippbpfl UJtnmmwpqbp[! npnzmu bfi ' 

n = 
30 {kg" UJtn .lpnUJ.: 
"v-; 

4. f!J"wi.tiuwG qnmm npnzmuJ! L. Gwqwltli mbqwlJ.wJntU{! 
.rcrwqiuw!i qntnpfi npnzbtm hwuwp Gwfu npnzqmu tG ' 8' 1 L. B", 

wGll.Jm!iGbp(!: 
B' 1-1! gmJg t uiwttiu pwqiuwfi qnmm fibpl!flfi uwhUwG[!, w1utifi12fi' tuJfi 

wGll.JmG!i t , npp qtuwmu P2P21ibptig pw1lnJmu bfi !iqwqwqntJfi zi.tiuwG 
qnp(}wljpg m!ibgnq hwtnplJ.!ibp[!' 8' 1 = arcsin K: 

8" 1-l! pGnpnzmu t pwqiuwG qnmm qbpp!i uwhuwG{!, tuJupfip!i' wJfi 
wCill.JmGG t, npp qbUJ12mu p£fl21ibppg pwtliqmu bfi wnwtlhLwqmJfi zi.tiuwG 
qnpc'nulJPg mCibgnq hwtnplJ.fibpn: 

8"1- npnzqmu t hbtnL.JwtpwGwoLmf 
cos[B"1- (A.

0

+1Pm•x)] = K·sin(t..•+IPmax), 
IPmax=«pmin +~«p, 

pwGti np' l = ~ + <Pmin , 

cos[B"1-(A.
0

+«pm .. +~«p)] = K-sin(A.
0

+«pm .. +~«p), 
lUUJW 8" 1-TI ljnpnzqp hbUIUJWL pwGwa hnf 

sin(8" 1 -~«p) = K · cos~«p, 8"1 = arccos{K·cos~«p)+~«p , 

npuibq' tl.«p = 43 + 45°: 
ti.B= B 11

1- 8' 1-l! npnzmu t pwqiuw!i qnmpG: 
5. fipnzbL pwl}luwG qnmm bpljm ' 1-pG L 2-pq uwhUwCiwJpfi 4bmbpp 

uf12L I!G4m0' hwtnplJ.fibpp zwpctuwG hbtnwqb'bpp pGnpnz lJ.btnbpp 4nnpqpGwtn­
Gbp(! x L. y wnwGgpGtpti a4wmuwuwp, npnfip p!inpnzqmu bu 8', L. 8" 1 
w G lum!i Gbpnq: 

f!Gnpnz lJ.btnbpfi bfi a-Ci , b-fi , c-G, e-fi {Ci4 25): 
~zqw(} 4btnbpp 4nnplJ.PGwm!ibpp l u4qpGw4tuinq npnzljmu bG 

hbutL.JwtpwGwoL.bpnq' 

a lJ.buip hwuwp' Xa = kR ·sin2B:, Ya= kR cos2 81
1, 

2 2 
b 4tmp hwuwp' Xb= 2x., Xb = o, 

61 



c lj_bm]l hwuwp' X e= Rsin B1
1
( K cosB1

1 + ~ K 2 cos2 B1
1 + 2K sin 8

1
1
), 

Ye= -Rsin 8 11, 
e titm]l hwuwp' cos(B 1

1
- A)=2 Ksin 8 1

1-l, 
npmt11' A-Ci li_hfimpnuwqwfi wu4.Jntfifi t: 

B. 
7$ 

74 

7) 

1 2. 

l 
() 

8 

l 

2 
I 

7 

1 

69 

6 

67 

66 
6S 

64 

6 

6 

6 

I' 

"" 

-

-A= arccos[2Ksin B1
1-1]- 8 1

1
: 

·-- -··---, -··-·-
'-. 
~ 

"' .... 

"' ' "'-
" 

....... 

I°' 
~ 

"'I 

' .. 
10 l~ :zo 2S 30 3.S 40 4S 50 -

'uq. 25. A qhGmpnCiwqwG wCi4.JwG L. B1
1 wCi4.JwCi tiwtutlwampJwfi qpw:PP.4£! 

titwt}luwfi qmnm tlhppfi uwMwGp 2-p!]. 4hmflg pwt}ltlnri. hwmpqfihpp 
hbmwqabpfl a', b", c", e" titmhpfl tinnpajlfiwmGhp[! npnztlmu hu GmJG 
pwuwt\L.hpntl, uflwJG B' 1 wG4.JwCi t}lntuwphG mbqwqp4mu t 8 11 1-[!: ~wztlwO 
4nnpaj1Gwmubpm.J. 4wnmgtlmu hu uwhUwGwJflG hhmwqohp[!, L. hwuwuiw­
mwutuwG t\Lntl mhqw4wJtlmu t Ciwtlwti.D: 

4hGmpnCiwqwu wG4.JntfiD tiwpblJl t npnzht CiwL. qpw~]lqpg (G4. 25): 

.Qwuhwpfl hfluCiwtiwfi UJ.wpwuhmphpfl hwztlwp4.ti hwuwp htwlJhmwJ]lfi 
m4.JwLCihpu hG' 

I. 4wtunq wUJ.wpwmfl wpmwl}fln11w4wfimpJntG[!: 
2. !Jwfip OJinmwJflCi uwuup4Ghpp qpmfltiwlJwG wpwqmpJmGn: 
3. Qm]l~ uhpbCiwjfl wpmwqpnqwtiwfintpjntCi[!: 
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~w2tlwpqp [!Gpw91m 
I. flpnzht oajl tlwJp4.JwGw4wCi awfuu[!. 

Voqb = q'/...e: 1.1
3 ltlPti., 

opmhti,' Voqb-G o'1fl tlwJp4.JwCiw4wfi bwfuuG t tiwu pwuhwp]l wpmw1wn11w-
4wfimpJntfil}, 

/...-Ci ' oajl mhuwqwpwp awtuuG t, u3/4q, 
E-[f uwfip phqmu hhnwguwG hfiflwtiw b"qnmwj]lCi uwuG]lqGhpp 

pwfiwqntf}Jntfi[! gmJg mtln11qnpowqpgrr.E =0,2 + 0,3: 

';:/, 

'uq. 26 titwl}luwfi qnmpfi L. Gwtlwqp mbqwtiwJmU[! 
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2. Orm2hL oaji wpwqntpJmlin pwtlhwpp tlnunpp wugpmtl . 

c1 = 4K.Jh u/4ft4, 
npmbrf C'-fi oajl wpwqm133mlili t pwuhwpp ununpp wfigpmu, tl/4ftlj., 

K-G' qnpawl.JltgI!, gm Jg t mwwu ajIGwtltilt MztlwG hwpwpbpntflJntliI! 
lPPtl nu2uwfiu ljwtl l.Jltlibuwmtilt tfitpqpwJ'1 hwpwptpmpJmtin lllnmbfigJlwL 
tubpq}lwJtiu. 

npmbq' hd - Ii ajIGwU.J14 nuzmtl'fi t , 
h, - I!' umwmplj nlizmuu. K = 0,4 + 0,65 : 

3. Opn2hL o'lfl wpwqmpJmfiu pwtlhwpp tw'1 wfigpmtl. 
C"=Utw·a, UltlPlt., 

npmbrf C"-l! oIJ.P wpwqmpJmGG t pwtlhwpp twp wGgpmu, tl/t1P4., 
U~r-I! · hbnwguwfi bfipwltw aqnmwJpfi tlwufi'14ubpJ1 4ppmpltwljwG 

wpwqntfljntu(}, tl' /t!Plt., 
a~-G' ljppmp4w4wu wpwqmpJwG ubawgmtl[I hw2llJ1 wnunri. 

qnpow lt'19U: 
Swppbp ltPJlmpltwltwti wpwqmflJntGfihpp Lt a~ qnpbw4JlgGbpJ1 wpctbp­

Gbpn pbpi.J.wa tfi wfJ.Jmuwlj I-mu: 

Uiz;muwlj l 
CT11nmw.Jpfi tlwuup4ubpp1.tPJ1mp4wljwfi wpwqmpJmfiGbp[I 

a 
1,9-3,7 
2,5-5,0 

I 00 uu bpltwflnLJIJWU 011nmwhwpp 
uwuG l Gb 

5,0-6,0 I, 1-1 ,7 

4. Opnztu1wuhwp'1 mnbqawo ajlfiwutilt nliznttl[I. 
c·2 

hd = Yo~ . ltq!tl2: 
2g 

npmbq · hd-li ajlfiwuti4 nu2mufi t, 4q1u2
, 

C"-u' pwtlhwpp tw'1 wfigpmtl oajl wpwqmpJmGu, U./4ftlt., 
g - G' owlipntpJwfi mctp wpwqwgnttl[I, U/4ftlj.2

: 

tiGznttll! tiwpbl.P t wpmwhwjtnbt uwL l!PP UJWfi pwp<\pntpjwUp (uu): 
5. Opnzht umwmplj 61izmun, npn ow)uutlmtl t ajiuwqpmpJmlifibpp 

hweywhwptlwG 4ftw' h,=/2.;-5/hd: 
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h = h, + hd: 
7. Opn2bL mtuwtiwu nlizmuu. 

h 
Hr=- , 

T/n 

npmbr( T'Jh-G pwtlhwpp uwfintlbmpwljw G oqmwltwp qnponqmpjwG qnpow-
4'1gG t. T'Jh = 0,3 + 0,6: 

8. Opnzb1pwuhwpp ummpp wGgp'1 lttnplJ.w~'1 uwljbpbu[I . 

F' = Vo~ (u2), 
C' 

n11mbq . F'-[I pwtlhwpp ummpp wfigp'1 4mptlwopti uwljbpbufi t, 
V 011- I!' oIJ.p tlwJpltJwfiwljwfi owJuun, u3/t1Plt.: 

bpqljm1uwlip utwmmhwGGtpp wntiwJntpJwG q.bU[pmu qpwtigjlg 
jnt(lWpWUL)mpp uwtitptuu ltl.Pfip ' 

F. = F' /U.2/ 
I 2 

9. Opn2tL pwuhwpp tl'mm12'1 wfigpp zwnwlJ.11111! upwljnquwfil1 utmm­
tnwhwGp qtuwmu' 

bpltltnqtlwGp U[tnntmwhwfip qbU[pntU. ' 

r0 =ff;: 
10. Opn2t1pwuhwp'1 litp12'1G h wpmwptifi zwnwtUiIJ.Cibp[I 
'Ubpp'1G zwnwlJ.1lrm' r1 :::; r0, r1 = (0,9 + 0,95)ro: 
Upmwppfi zwnwt1J1IJ.[I ' r211 = (1,5+2)r1: 
J2wuhwpp UjWUlJWU'1 LWJUillj}jntU[! qhpgfimu t;(i qmuw(i uwIJ.P ti WU 

zwmwpwpti LWJfintpjWli[! hwlJ.wuwp. 
b11=Br: 

J2wuhwp'1 l{Iwnbpp pwGw4l! · Z = ;rd, , e 
IljlUlbfl f -[! up2!Jlwnwjpli hbnwlJ.npntpjmlifi t r1 2wnwtJ.11nlJ. qal[wo 
2P£WUWqOp hwppmpJWfi Uh£ . l = 200 + 300 UU: 

I I. Opnztit pwuhwp'1 nwti wGgp'1 iWl{Ihpl!: .:,wgwhwmp4whwlJ.wp 
ltntlpwJGlibpp 12wuhwputpp twti wugpbp[I unlJ.npwpwp mfitG nu111wlilumfi 
4mptJ.wop, np'1 uwtitptun hwqwuwp t ' 

F" =a· b, 
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npmhq · b-fi pwuhwpfl wfigpfl LWJfintpJmGU t , 
v 

a-a· hWfl wGgpft pwptipntpJntfif!. a=~, 
be 

nruihq' Yore!! oq}l bultuufi t, u3/t!P4.., 
C"-t!' orilt wpwqmp3mfil! pwuhwpfl hwfl wfigpmu: 

12. OrnzhtpwuhwrJ1 ipwnwfiJ1$ l.ljmmuiw1nlhpf!. 30JB·g n = - _ui_ (Ujm.lrnUJ..), 
trr2 rOIJ·q; 

nrmhq' Htn-fi uituwqwfi 6Uzmua t qwu ~plUjjlU UJWfi pwrtipmpJl1lUf!, lJ.q/u2
, 

Yo11-t!' oqjl bwlJ.wtwJjlU l.u.Jlnl! um.tnrwtiwa l.ljlliJUwUfitrnuL 
Yoq = 1,2 qq/u3

: 

r2 (/) = _____ ,_!_ . ___ _ 
1 

l+tga2+tgr2 r{ l+tgaltgr1 

npuihq' a1-1! L cx2-{!, r1-I! L. rrl! zwnw4flqUhpjl CilJ.muwuwp ipwntpjl qptJ.w~fl 
wfilJ.JmCiUhrCi tfi: 

Y1-t! L. Yrl!' oqp pwgwptiwq L lflwnp 2fl~wUwqbu.IJ.flfi wpwqmpJmfifihpjl 
uJ12L. qwquqw<t wfflumufihfll! ipwnp fitlppflU m wpuiwpflU qtmtpmu: 

UnlJ.npwlJ.wU hwzlJ.wpqUtrjl hwuwp lJ.wrhtJ1 t [!Umrht' a 1=30°, a 2=45°, 
y,=24°, Y2=6°: 

lfuiwtJ.nr hwztJ.wplf Ur.fl hwuwp pwuhwrfl ipwnwfip$ UJ.uinnnwptJ.hpf! 
qwphlJ1 t nrnzht htmL.Jllil pwUwti L.mr 

30 H 111 ·g 
n = - { 2 2 J (UjUt./pnUJ..I: 

tr Yo111(2 -rl 

13. nrnzhL pwuhwflfl wz}uwmwUpfl hwuw11 UJ.WhwCi~tJ.nq hqnrmpJntU{!. 
VOi\ ·Hin Np 

N = =-KW (ti .met): 
p 75 1,36 

.ilwuhwp[! qnpbwpqnq 2wpct)1W. hqnrmpJntfil! q1J1UJ1 ' 
N N 

N
2 
=-=-2 KW , <1.mct: 

17<1> 1,36 
npmhq' N 2 -a zwpctjlw hqnpmp1mfiu t, 

'lt1t-fi' \flntuwuguwfi o.q.q.. IJ.~,= 0,7 + 0,8: 
14. q.aht pwuhwrJ1 l.ljWUlJwCijl qnuuimru: UhpruiJ1CiwujlqwqwCi 

qnpmumCihfl[! fitJ.wqtlgfihtm fil.ljwmwlJ.ntl pwuhwpp UJ.WUlJWCifl lJ.nfimmpl! q<tmu 
ta mql1pwlwtilt: <TJ.wmJwfi)1 lJ.nfimmp[! qahlJlu oqmlj_mu hfi «lJ.wnmgtJ.w{tpwJ.flU 
QWnwqmumg»: 
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! 
I 
I 

1~ 

I , 
'UlJ. . 27 . .t2wuhwpfl u}utuwu h UJ.lliUlJWCip qwnmgmU{! 

a 
'Uw}u qwnmgmu tfi - lJ.nqutrntJ. pwnwqmujl, nrfl lJ.hGmrnUjlg r2 

5 
zwnwtJ.qntJ. zp2wfiwqp<t t qaqmu, WUJ.W 0 qtCimpnfijlg r" hbnwtJ.nrmpJwup 
uiwrtJ.mu t hnppqnfiwqwCi nuUiq: 

rn-t! qtUmrnupg UJ.llilllJwU.fl wuhfiwhtnwlj_np uwuU t , nrg nrnzl[mu t 
htmuJWl pwCiwtiltmf 

~, =,, (1 + :~, 2K} 
1 r; = 2trr20Jr2 . ' 

I+ tga2 · tgy2 
npi.ntq' r 2- pGmpwqrmu t r2 zwnwlJ.qnlJ. qb"qwb" zp~wCimu oq.fl wpwqmpJwU 

I !!, Ill. IV 
lflntllntumpJmfi{!: 4wnmglj_wb pwnwqmum qwqwpfitr.flg r , r , r , r 
2wnw41lqGtpnlJ. hwJuiUjl hqwCiwqntJ., qwnmgl[mu t pwuhwpjl UJ.WU1Jwufl 
U11j)1f1w1wti h qnfimmpn: 
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