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PmuwlttuG hmupj1 i.J.tpwuzw4uwG 1.11ttuGntnq(lwl.jwG qnpbr!GpwgGbpmu 
1111 mpmJCi tnbqG mGj1 lnpwgnu.l[!, np[! hGwpwtlnpnt}:lJmG t mwtlrn 35-95% 
ul[qpCiw4wG tunGwl[mpJmG mGbgnq hntlll2Q ' GpwGj1g ht11m411 htmwguwG (qn­
lnpzwgt.lwG) uJ12ngni.J., i.J.bpwilhL 8-14% 1Hiwgnp11wJ(1G !unGwi.J.rnpJwup, unl[n­
pwltwG UJ.WJuwGGbpmu UJWhUJ.wGuwCi ljwJmG hwmtimpJmGGbpml odu11[wo 
hnn\pl1 liwu uGGqwt.lptp12 (1: 

:JnpwguwCi QGpwg12mu qqwlltnptG uiwlJwumu t hmu12p qwGqi.J.wO-[!, 
(1Gm WllJWhm[mt.1 t Gpw mtqwlj1nfuuw(i owfuubpj1, pG zu1bu GwL. 14whbu­
u1wqnpuwG mwpwo11Gtp(1 qqwllt Gqwqbgmu: 

:)npwgi.J.wo hmupwmbuw4Cibp[! l1wu wGG11wliflbr1m tumwgtlwo Ll(16w­
l1mu UJ.WpmCiw4mt.1 bCi qqwllt pwCiwljntpJWUp uCiGqwpwp GJm[~bp , npnGp 
~bG UJ.WhwG2mu u11uhUJ.wGmpJwCi hwtnm4 U[WJuwGGl:ip L, uu1wnuwCi 1\bc) 
UJ.WhwG2wp4 mGb(i (1Ci lu1bu umlnpw4wG, WJG111bu tL tupmwl1wpq !111w411-
6w4Gb11mu: 

lito t GwL. znpwguwG ijbp[! u(i[111wp11JnLUWpbpmpJWU WJL tnbtuGnin­
q(lw4wG qnpO[!GpwgCitpmu, nptnbfl WJU hwGr1bu t qwtlm n11u1bu t.1(12wGlJJ1UL 
tiwu uwhuwCiwtJ1w4(1 l qnpo[!Gpwg: UJuu1bu, zwpwpj1 L. zwpwpwi.J.wcu1 wp­
mwqpntf)JntCiutpmu lnpwguwu bu bupwptil[mu zwpwpwi.J.wq[!, hwm-zw12w­
f1[! , j1uLu]bu GwL. wrmw11pwl1wu pwlj1nGubp[!: UUJ.(lpmp wptnwrirmpJnLGmu· 
Lnpwgqmu tu vwtJ1nG-futnwuJmpQ (tnwltmgp(!) L. tm\npp~ ubp[!, qwpt211'1 wp­
mwripmpJmumu ' woplj[! L uuwgnpriubp[!, OULW-Uwpwj(lu W[1U1W'l[1111pjntG­
Gbpmu ' outwu L. pwt]1nuGbp[!: :Jn[iwgmu[! l1(1pwm[mu t uwlt tutnwgqwo Lt 
t]1nz(1 4wp(1, lipqw-pwG2wpb11tGwJ!1G lnf1 upb1112Gbp[1 , (1G lu1bu [rwL. 1huljwpn­
G]1, u1w12u1tuwm(1 m uGGriwtumwCiJmpbp(l wpmwripmIJJmCiubpmu: 

Um[wo(lg hbmL.mu t uuu11w1111JmuwpbpmpJwu mbfuun1nq uwuGwqbm!1 
hwuwp qJm11wmumbuw4wG hmupp lnpwguwG mttuuntnq[1wJJ1, G11w tnb­
UnLflJWG 1, tnttuu[1ljwj(1 i.J.bpwpbpJWL U([lW4ut(14 q(11.11btl112ut11(1 obnp µtpuwG 
wGhpwdbzmmpJmG[!: 

<!.t11puw4G tir tunpltG trwtumwq(ltnmp.1muu t hwJmumu u1pn '.pbun11Gbp 
4 .•-l.UtbJ2UWU'l[lJWU(1G L. C.lf.Q-ppqnpjwCi!1Ci Ul[ltultmltljmu(l obmuqpp qpw­
Junut.lwu [!Gpwgpmu wplj_wo wpctb12wl[np 11(1mm1mpJmuGbp(1 hwuwp: 

3 



1. LlWllPUSilP q_f}PtruUli:UL, ITJ.UPUITJ.lJTlP.L,J2L,bPP. UL,5liU5UUl, 
~P. m., u t..i: u L, 11-P flt-3.ca-ho P 

DP.unuiGwlJ.wG abnGwpltli pntlwG11w4ntpJntG[! 
:Jbnftw[l412 [!UIJ.qpljmu t «'.::>npwguwG wbfuGntnqpw» qwu[!Gpwgp b[lbp 

hpuGwljwli pwdpGGbp[! ' «'.::>npwguwG tnbumpJwG hpumGpGbp», «'.Jn[lwguwG 
mbqwljwjwGpuhp!1 mhtuGnLnqpwljwG UW[lpWtlnpnulGb[l L hw1.huljwpqbp» I.... 

«'.::>n[lwguwu mbIJ.wljwJwLipCib[l!1 hwztlwpljGb[l» pwdpGGbp'Q: 
~tnGwpltli wnw2pG qlnttu'Q Gtltiritlwb t LWpnpwtnnp qn[lbGwljwG u11.u­

pw1.4umG12Gtp[1 wGgljwguwG hpuGwljwG qpmwutppG : 
bplJ.[lnpl) qtntfut! Gbpwnnu\ t tlbg wztuwtnwG12Gbp, npnG12 ljwup{wb bG 

npu.1bu 2tpuwljpp Ol)p u1wpw1.\btnpbpp pGmpwq[lUwG, oqp hwpwpbpwl1wG 
tunfautlmpJwG n[lnzuwG, iTI[lwgtlnri. hnnipp tunGwtlntflJtuG , tunGwtlwUJW[lnt­
GwljmpJwG h qnpo[!Gpwgp GJmpwljwG hwz1.[hljznti hwztlw[lljGbpp lJwtnw[l­
uwG, lipw tunGwtlmpJwO npnzuwG bIJ.wGw4Gbp]1 L uw[lpLpp murnuGwup­
[lnLflJWG, 2_np1.ug1.\wG qnponGpwg(! pGnpnznIJ. 2_npwguwu ljnpbp]1, 2_npwgu1.uu 
wpwqmpJwG t.... 2bpuwutnp6wGwJJ1G ljnpb11l1 ljwnmguwG ubrnqpljwGbp[1 m­
umuGwuppmpJtuG m tlbPllllOntpjwG hutnmpjntGGbpp 6bnp pbpuwG hbui : 

b[lpnpll qLmtun pwqljwgwo t 2npwguwG mbqwl1wJwGpGb[lp mhtuGntn­
qpwljwG uwp12wtlnpmuubpp t.... hwuwljwpqbp[1 mumuGwuppm!}JtuG hbtn 
lJtuUJtlWO tnWUl! wztuwtnwu12Ghppg : tt11wug ptlmu b[1 ' ill(llll9UWU uibqwl1w­
JWGpGb[l[1 hulj[11-2wt!iti1 uwpnt1112,2npwguwu tnw11.ulj1.uJwLipubp[1 wtluinuwm 
ljwnwtlwpuwG hwuwljwpqbpn, G[lwGg 2bnmgri l, 011w1.tmtuti2 uwp11wtln­
pmUCtb[ll! h oqwpwztuuwG hwuwljwpqp pwIJ.ljwgmgt1.>_ uwubp[!: 

'.::>nppnpll qtmful! [!Gqqpljmu t uwuGwqpwmpJmGGbpp hwuwp mpUJW­
ljwG bpbp tnbqwljtujtuCipGbpp hwztlwpljp ubpnIJ.pl1wGtpu : ttpwug fll[ntu hli , 
pmuwljwG ()wquwG wnwGopG hmupwmbuwljGhpli 2_npwguwG f!UpmljwjpG h 
pmGbtwJ!1G, pG2_Ujbu Gwh UJU111lIJ.Ptuli2wpbqbGj1 1.uphtuJpG inpwguwG 9bp­
uwtnGw,1pG tnbqwlJWJtuGpGbpl!: 

:JbnGwplJl! uwhuwGwt!iwlJtlmu t qnp()Gwl11.uli wnw2wIJ.pwupGbpp ljw­
tnwpuwG h tuG11tipGbpp tmMwG oppGwlJGb1mtl, hwuwu1wtnwutuwu wbqb­
ljwmtlwljwG qpwljwGmpJwG tni.lJwtGbpp bpuwli 1.]pw ljwqutlwa hwtlbttlmo­
Gbpntl Lt qpwljwlimpJwG gwGlJ.ntl, npnup l1oqub(i muwGnqubp[1li hbzum1p­
,1wup JmpwgGbt mumuGwupptlm1 Gjntp[!: 

UGtlmwGqmpJwG mttuGplJ.wJp lJ.wGnGGbpl} LWpnpwump 
u1wpwUJ.umGpuhpp wGgljwguw(i dwuwGwlJ. 

UmjG obn(i1.upljntU [!Ul)qplJtlwa LWJ'.!OJ1WU1ll[l w2tu1.uuiwGpGbp[1 ljwtnW[l­
uw(i hwuwp ljwhwtlnptlnIJ. LWpnpwmnpptuJOlu uibqwljwjwGpGbpp UjWUltlnIJ. 
opqwliGbpl1, 9bnmgp2Gbpp, ttbljwpwlJwln(lp~bplibp]1, tlblJuipwljwG pnr1wr­
ljp2lib[l[1, wpwliu~mpuwmnpGbpp, ljnumtnwgjmu q()bpj1 t.... uwppbpp unGmwdt! 
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u.1buip t ljwwwptlti WJUUjbu, np muwftnr1tiG hwuwGbll1 LtiGbG upwJG qpwlig 
qblJwtlwpuwG opqwGGhp[! ' ubIJ.uwl1ntiwl1Gb[lG m wli2wuip2Gh[lp pnGw4lib-
[ll}: 

lwpnpwumppwJP' pnLnr tnbuwGhlti hwmtlwbGbpmu Ujbmn t t!iwljg­
tlw() lfiubG wGtlwwGqmpJwG whfuupljw,1pli qtpwpbpnTJ UJLWt.iwmGhp , hpw­
hwG4Gbp, tiG2UJbu Gwh wpu1wljwpq ppwtlt16wljGl.ipmu ttupnpwtnnp[1wJ]1g 
uwpqljwug ttlwljmwguwG utubuwG : 

lwpnpwmnp wztuwwwGpp JntpwnwGLJmp umbGq Ujbtnp t mGbuw hw­
tnmlj gmgwwwtumwlj hbtnl....JWL qptunntuGl:ipntl' I) 4wGw2 ~mGp tl[ltu-«Sb­
qwljwjwGpp qnpbwpljmu12 L1wmwpbt u[1wJG qwuwfunu}1 Gbp4tuJntf3JWUp», 
2) ljwpupp :j:inGp tlpw-«lipL11w4wpq u1wmwhwpt1 11b1.4p111.t1 wGhwUJWll 1.uG-
2wmbL t1bljtnpwljwG gwGgp qltuwtlnp wu2wrnf1m» t.... 3) utl)pmwlj ~>nup t[pw­
«lizfuwtnwGpGb11p wt.lwf1ml1g hbwn tnbqwl1wJwGn12 wG2wmbp>: 

flnLn[l twpnpwtnnp utnbGqb[ll! Ujbtnp t hwuwwtlwb LtiGbG mtlJwL w2-
tuwtnwupp uu1GpwuwuCibp[! Gljwpwqpnq gmgwmwtumwl1Gbpntl, 11111.llbf\ 
UJbtnp t pbptlwb ltJGb(i ' w2tuwtnwGpp ubpnqj1ljwG L. tt. tCibpqpwJp m wwp 
oqp tiwmmguwli utubuwGbp[!, )1G1Ujbu Gwt.... wi.lJwL wztuwtnwGppG JntpLuhw­
tnmlj wGtlwwGqmpJwG ljwGnGGbpn: 

'.::>npwguwG uwpnwtlnpmuGbpntl 4whwqnptlwo lwpnpwtnnppwJp wn2l• 
IJ.ptln11 wGtlmwGqmpJwG wbtuG!1ljwjp h)luGwljwu LjwGnGGbpl! hwCiqmu bG 
hbtnl....JWL UjWhwu2GbppG: 

l. flnln[l U1br]_wljwjwGpGbpl1 1.4mm1.lnq ubpbftwuwubpQ U]bmp t gwugw­
UjWtntlw() ljwu Z[l2Wlflw ljtlwa Ul(ib(.i : 

2. SbIJ.wlJwJwGpGbpj1 pnlnp U1WJ2W9LlnIJ. tiwl1LpbuGbpu UJlimp t hmuw ­
LtinpbG 2tpuwubljmuwgtlwb Ll1GbG WJG hwzt.lntl , np GpwGg 1.\wljbpliIHJ­
J:lP 9bpuwuwp6wG"Q 2wGgG]1 +40._-45°C-[1g: 

3. UztuwtnwGpp dwuwGwlj w11qLttlnn\ t L11b11wL1wJwGpGbpp t[pw ljw­
tnwpbt GnpnquwG ljwu ljwpqwtlnpuwG wztuwL11wupubp: 

4, SbIJ.WlJWJWGpGbpp qnp()wpljntu[! ljwtnWJlbL upwjG IJ.WUWtunu11 
pntJLUltlntpjtuup L Gpw Glipljwjnt.fJWtlp: 

5. Lwpnpwtnnp wztuwwwGpGbpl1 ljwu1w1n\w(i wnw2tiG pul1 l)WUll [!G­
j:}WQUntU muwGnIJ.GbpQ UJ.bU112 t wugubG 1.uGtlmwGqmpjwG tnbluG}14w­
Jl1 hwuWUjWU1WUtuwG hpwhwGqwtlnpnu\ t.... WJT] uwupG hwmmlj UWU1-
JWGntu wptlwb ppbGg umnpwqpmpJwup hwuwwwbG hpwhwGqwLln­
pmu wGgGbtm t!imuw11: 

6. lwpnpwtnnp wzfuwtnwGpGbpp ljwmwpuwG12 U[btnp t f)ntJLWWptlbG 
u}iwJG wJLi mnwGnIJ.- muwGnIJ.mh!1GbpQ, npnup mubG L1nlj[1lj hwqrnutn 
I.... hwtlwptltub nt q[.tuwznpntl tlltuj:}Wfltlwb uwqbp: 

7. flntn[l ttupnpwtnnp umbGqbpl} Ujbtnp t 4whu1tlnptlw() !ltLibG wGtlmwG­
qmpjwG tnbtuupljwJp ljwGnGGbpG m hwljwhpqbhwJpG up9ngwnmuGb­
pp gwGlj[! [!Gf[qpljnIJ. gmgwmwiumwljGbpntl m UjLWlJwtnGbpntl: 
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Lwpnpwmnp-!l11pMiwlJ.wfi tqwpwtqumG12fibpp wfigLtwgt'iwG 4wpqn 
Bmpw12wl:il_Jmp twpnpwmnp-<l11pc)Gw4wu u1wpwu1umui;>]1g lunw2 m­

uwumm U[W[1U1Wllnp t Gwtunpn12 mumuGwu}1pbL WJI} wz]uwmwupJ1 ubi=m11t1-
4wG L_ wztuwtnwGpGbpp U[tWG(l: 

11-wuwtunu[! muwunajlG l'nlJLWtnpmt'i t w2]uwmwu12p ltwtnwpuwGI! 
Gpw mt11bltwgtlwO-ntl'JWG uw4wp11wlt11 uumtql1Lnt9 htmn: 

3mpw12wG~Jntp wztuwmwu12 [!l:ipwumt'i t bpbp t]rn1Lml' ltwmwptlntt'i t 
tlmp<.\[!, qpp tG wnGtlmli Gpw tml.Jwtl:ihp[!, 4wtnwptjntt'i bG pntn[1 hwztlwpltw­
JpG wztuwtnwGpGbp(l L. 6hwtlnptlmli wztuwmwGp]1 tlb112Gwltwu wpotuGwq­
pntpJmGGbp(l: ilLuwGn11J:! 11wuw]unup(i t ubp\.twJwgumu L[m1l111:i ohwtlnptlwO­
wnw2w11pwGp(l' mnmqt'iwG L. qGwhwmuwu hwuwp: 

lwpnpwmnppWJntU wztuwmwu12ubp[! tiwqt'iwltbflUJtlmt) bG WJGU)bU, np 
muwumm \.twpnriwGw t'ib\.t UJWPWUJumu12J1 I!LI!'W9J1lllU ltwmwphL wz]uw­
mwu12J1 pnln[l bpbp tpnttbp(l: Unwu6J1u 11tuu2tpmt'i i=>mJLwmptlmu t ttupnpw­
ump-qnpO-GwltwG UJW[lWUJumG12p 4tp2Gwl1wu 6l1wtlnpntu[! L1wmwpbt tnwGo 
L. wp11Jmu12Gtp(l Gbpltw1wgGbt 11wuwtunupG hw2np11 LWpnpwmn11-qnpuuw-
4wup dwt'ipG, 4wu' wptnwdwu: 

1Tlwpwu11\mupubppu muwGn11J:! u1wpmwtj_np t Gbpltw1wGwL mubGw-
1ntJ.' Lwpnpwmnp-qnpO-GwltwG UJWf1Wtqt'imupubpj1 mtmp (gwGLtwtJ1 t 48 t2w­
Gng L_ pwnwtimu]1 um11bpntl), qpw~pltw4wG wz[uwu1wG12Gtp ltwmwpbLnt 
u1wpwqwubf1 (2 pwunG-ubltC! bnwG1.t1mGp, t'iwwpm, nbmpu, 11 :Pnruwmp 3-4 
t'iPtl1t'ibtnpntl_\.twJp pbppbp) L_ UJW[lqwqmJl:i hwztj]1)' hwJLlwp\.tWJPLI wz]uw­
mwuputp(l \.tWtnwphtnt hwliwp: 
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2. Lllf!IlPUSilP-Cl-flP(}l,Ulrliu ITllif'UITllJ01'u.2ubP '.:/IlPU5UUu 
SbUfi1'[<}-5Uu <.t~un1' u.2ubPfl5 

2.1. UC Iu USU 1., .2 ND 1 

01111 nptqtu 2trliwlJlip pGmpwqpnl} uiwpwutmrtrp npn2mu11 
'.::lnpwgliwG wnw1[bL mwpwO-tlwO- t11wGwt1Gbppg t 4nutlbltmPtl_ t11w­

GwltJ1, npp 11tummt'i npuitu 2bpliwltpp t hwG11tu q1utJrn mw12 oq11 : liJq pult 
u1wm6wnntl 4nGtlhltmptJ. inpwguwu qnp0-J!upwgub[1p tmr1mu11 6pzm J!lipn­
Gb1m hwliwp tupum ltwphnp t qptnbGwL 011'1 hwmltmpJntGGtpQ, npnG12 pGm­
pwqrtJ.mu tG Gpw wJGUJ]1up tqwrwlitmrbrm4, pu~tqput112 bG' pwgwrow4 ]un­
GwtlmpJmGJ1, hwpwpbpwltwG ]unuwtlmpJntLIJ1, ]unGwtlWUJW[1nLGwltmpJntGJ!, 
tGpwtUJpWG (2tpUlUUJW[lnlLIW4ntl'Jl1lLI(l), ]utnntpjnLU(l L_ 0-wtlww: 

l .Onh pwgwpowlj tunuwympmtG t tinltlntt'i ]unuwtl 011ti ut1wtJ.n[1 aw­
lJ.WLl1lU (1 u3-mu) wntiw 2pwJpu qntnrztJGbpp 12wuwLm, wpmwhw JLntltuO- ltq­
ntl: liJG f1rbupg l}lwuumpbu Gbpl1w1wgumt'i t 2[1WJPG qn1npzm ]uumtpJmGQ 
( p

2
q ) h npnztlmu t 

M p 
=~=-'·-q·-4 /u' 

Piq V R ·T q 
i.q . 

(1-1) 

pwGw6L.n4, npmbrf M
1

q - 2PWJpli qn1nf1zplibpp pwGwl1u t (ltq), V - ]unGwtl 

01111 O-wtlw1G t (li 3
), PM - 2rw1J1G qn1nf12t1Gbpp UJWf1gt1wL Guzmuu t (G!u\ 

R
1

q . - qwqwJJ:iG hwumwtnmli t, npQ Lnp 011'1 hwuw[1' R10., = 287 

2nm1f4q.wum., pult qbpu1wp qn1npzm hwt'iwp' Rqq = 461,6 2nmtfltq.wurn., 

T- pwgwpowti 2tpuwump6wuu t (°K): 
.2pwJpu qn1npzm PM - UJwpgJ:iw16uzmuQ npnztlmt'i t' 

(l-2) 

pwGw6Lntl, npmbq' Powr - 011p pwpnt'ibtn[lW\.twG l'iGzmu t mtlJwt 

wztuwphwqpw4wli qnmm hwliwp (pow~= 99310 G/u2 
= 745 ut'i,UGI}.UJ .), p 1°'1 -

pwgwrowti illP ol}p u1wpgpwt 6Gzmt'iu t: 
OqJ1 4wr1111 t lfl.ut1 - hwq,bgwu 2PillJpG qnlllf1211Gb[1ntJ., nrp l}hutpmt'i 011)1 

pu1gwpow4 ]unGwtlntPJnLG[! 44nltlti 2[1WJ11G qnLnpzputpntj_ hwqbgwO- Ol}p ]un­
Gwtllllf}Jntu ( p2 q = Phwqo~ ): Ujmu 11btqJ;2bpmt'i Ol}J1 Ltltn~tlJ:i' ~hwqbgw~ ( p 

1 
hwq. ): 

2.0nh hwnwptnwljwG tunGwl]ntt?JntG t 4nltlmt'i wJll 01111 pwgwpowlt 
]unGwtlmf}JwG hwpwpbpmpJmGQ Gpw wnwtlbLwqntJLI hGwpwtj_np hwqbgllwG 
pwgwrow4 ]unuwtlmpJwGJ1' GmJG 2tpuwump6wGJ:i. L. 6GzuwG UJwJt'iwuubpmu' 

q>;;;;; P2.q. : Phw'""'l = P2.q ; phlU•i ·"'l' ( J-3) 
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n[1Lnbl}. <p - oq'1 hmpwpbJ1w4wG tunfiwtJ.ntpjntGG t, WJlmwhwjmqwb- U!1wqn­

l1ti uwub11ntl (0-1.0 uwhtiwGGbpnu.l) 4wu tnn4nuGbpm.J. (0-100% uwhuwGGb­
(1ntL~). P hwq - 2J1WJtiG qnLn11ztiGb11ml. tJmt.UiG (wnwtlbLwqmJG hGw1nutln11 lw-

Ljmtl) hwqbgwb- 011ti urw11gtiwL nGzmuG t (G /u2
): 

UGh11wdbzm t htizbt, n11 oqti qi - hwpwpbpw4wG tunCiwqmpJmCi[! pGm-

pwq11mu t 211w JtiG qnlnJlzflGbJlntl G11w hwqbgqwb-mp JWG wumtinwCi[!: 
3.0ajl tunGw\Jwu1wnn1Gwl)m91mG - wJuurbu t 4nlqmu tunGwtl 011ti 1 4q -

pwgw11ow4 LnJl qwGqqwb-tiG pwdtiG [!G4un11211wJtiG qnLnrztiGb11fl 12wfiw4I! (4q): 
liJG untlnpwpwp CizwGw4tlnui t d mwnntl L lwttit.Lmu t 
q[1wu tunGwtJ. oq --"'----"-----"___;._ = hwpwpbJlntPJWUp: Oriti tunGwLjwurwpmGw4ntpJmG[! 

4q.lnp 011 
npnztlmu t Ptitl 4 pwGw6Lntl' 

d = 622 PM (1-4) 
p -P 

VWI\ . ! ·Ii· 

4.tCiawnuhw <2tnuwwwnmGwymp1mCi) - wJuu1bu t lJni t.Lmu 2bpump­
JWG WJG pwCiwlj[!, np[! qtnGLj_mu t 1 ljq pwgwri6w4 Lnfl 011 UILUJlntGwljnq tun­
Gwtl oqmu (hwumwmmCi nCi2uwCi urwJuwGObpmu): liJG GzwOw4Lj_mu t i -
mwnnq L iwtl1t.Lmu t lj.Qnmtf4q-bpm.f.: 

lvnGwtl oqfl tG13wturtiwG hw2t.Lw114tlmu t 

i .. 
0

,
1 

= c
1
°' +(2500+ l,77t)-d-

~ , I 1000 
(1-5) 

pwGw61.tnq, npmbq' C
10

,. - pwgw(16w4 ill[l oqfl mbuw4w(1LU(l 2bJ1LimGw4mp­

JntGG t ( C 
1 
.. ,,

1 
= 1,005 4.Q/ljq. 0C), t - oqj1 2bpt.lwum}16wGG I: (°C), 2500-[! l ljq 

hb11m4p (2Pti) qntn11zwguwG "13w12GLlwb-" 2bpuntpjwG pwGwljG t 0°C-p 
urwJLiwGCibpmu, 4wu np GmJGCi t~ qw 2tpumpJwG WJG pwGw4G t (42f4q-ntl), 
npG wGh[1wdbzm t 1 4q 2mJ1[! 0 C-mu 2PWJtiG qntnpzm LJ.b11wb-b1m hwuwp, 
I, 77-[! 211wJtifi qntnpzm mbuw4wpw11 2tpumGwL1mpJmCiCi t 4214q. °C - ml 
wpmwhw Jmtlwb: 

5.lvnCiwy onh tumnte1mu: 011'1 wJu u1w11wubmJ1[! npnzLJ.mu t hbtnl.tJwL 
pwGw6Lntl' 

1 . 
P' ' :::-(0,0035 • p"W" - 0,0013·q> · p ) ••q/u3 (1-6) 

, .. . ti-11 T ... I" hmq 'i , 

npmb1f T - oqfl pwgwp6w4 2b11t.iwumti6wGG t, P.,'"
1
, - tntlJwL wztuwf1hwq[1W-

4wCi qmnm pwpnubmf1wljwG 60zmuG t , <p - oril1 hwpwpbpw4wG 

tunGwLj_mpJmGCi t (wpmwhwJmtlwb- %-t11ntl ), Phw4 - tnlJ.JwL 2bpt.iwuLnpnwCimu 

oriti hwqbgt.iwG urw11gt1wL nCizmuCi t (Glu2): 

8 

6.JunGwtJ onh b-wywj, np[! UIW[1ntuw4nu.l t 1 4q pwgw(16w4 lllJl 011: liJU 
urwpwubmJlbJl[! f}ntJL bli tnwtJ1u tunGwtl 011!1 urw11mGw4wa illP 011ti qwuqLlw­
O-tig (4q) wGgGbL G11w b-wtlwtJ1G (u3

): 

liJu ubi>ntpjwG hwzlJ.w[llj[! wGhpwdbztn t 4wmwpbL 6bnGwp4fl pfltl 3 
hwtlbLtlwbmu pb11LJ.wb- wrumuw4t1 htiuwG LJ.pw , fluiurtu LmO-lJ.wO- tuG11Pf1 
011tiGwljmu t: 

lvCiqppCib[lfl Lntmnu 
OqmtlbLntl p'1tl 1 wrumuw4mu pb11tlwb- btw4bLnwJtiG m4Jw1Gbptig 1m­

b-b1 ULnO[lL pb[ltlnq tuGqti[1fib[1[!: 
fuGnhn 1.1 n11nzb1tunGwtl 011ti 2[1WJ)1U qn1n11ztiub(1[1 l.t pwgw(16UJ4 ill[1 011ti 

urwJlgtiwL 6uzmuGb[1[! t = ..... ..°C-ti urw JUWUUb[1ntU, b13b P, •. ,. = 99310 (i/u
2 

: 

fuGnhn 1.2 fipn2bL hwqbgwb tunCiwtl oriti pwgwp6wlj tunCiwlJ.mflJnLG[! 
t _ oC o o 

I - ....... ' t2 = ..... .. c, t ) = ....... c -ti 1.4UlJUUlUGb[1ntU: 

lvGnhn 1.3 fipnzbL oriti tunCiwtlwurwpmCiwljm[}JntG[!, byib t = ....... °C, 
'P = ... .. %, P,.,, = 9931 OG/u2

: 

lvGnhn 1.4 fi11nzbL tunGwtl oqti tCipw1urJ1wG t = .... °C-ti Lt d = .... q/ljq-j1 
lllWJUUJGCibpmu: 

lvGn)1p 1.5 fipnzbt tunGwtl oriti tummpJntG[!, b13b t = .. ... 0c, qi = ..... %, 

PP'"I' = 99310(1/1.12
: 

lvCiqhn 1.6 n11nzbt tunGLutl 011ti awqwl[! t = ..... °C-ti, <p = ..... % Lt 

P, .. ,. = 99310 G/Li2 1.4wJt.lwtiub11mu, bpb Gpw pwgwpwlj i11[1 qwGqtlwoG t' 

L= .... ljq: 

lln1muwll I 
}uGl'IJlt1 Ng -I! I.. s u r A b p u l~ L. b p 
btw\jbmwJpfi 

I 2 3 4 5 6 7 8 9 10 11 12 13 u11l 1w1utnn 
14 15 

JuGripp I.I 
15 20 25 t = ... ..°c 30 35 40 45 50 55 60 65 70 75 80 85 

lvunbn 1.2 
t , = ..... 0c 0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 

t2 = ..... oc 30 31 32 33 34 35 36 38 40 42 44 46 48 50 52 

t 1 = ..... 0c 70 72 74 76 78 80 81 82 83 84 85 86 87 88 89 

lvG!JbD 1.3 
t = .... °C 

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 

<p ..... % 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 
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lvli!JJl[! 1.4 
26 28 t - .... °C 

20 21 22 24 30 32 34 36 38 40 42 44 46 

d- ..... <.ifljq 10 12 14 16 18 20 21 22 23 24 25 26 27 28 29 

luli!]J1[! 1.5 
60 65 70 75 80 85 90 

t - .. .. °C 
20 25 30 35 40 45 50 55 

(j)= .... % 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 

lvll!lbn 1.6 
4500 5000 5500 6000 7000 so9p 9000 1000{ 1200( 14001 1600{ 12ooor 

L .. .. liu 
3000 3500 4000 

t - ..... "c 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 

q>-.... . % 60 65 66 67 68 69 70 72 74 76 78 80 82 84 86 

2.2. U C lu U S li \, .Q NO 2 

Oqp hwrwpbpwl.J.wG tunGwtjmpJWG nrnzntti[! 
tmlltJ.bl.J.mPtJ. lnrwguwG qn[li)(ipwgj1 tJ.wruwG L. nlidpuGb[lp 6pzU1 4wr­

qwtJ.npuwG hwuwr 4w11Wi11 LlzwGwl.J.mpJmli tlLGj1 2b111.hul.J.p[1 (mwp oqp) hw­
rwpbrwl.J.wG tunuwtJ.mpJWU lwtjmu.'i[!, pwllp ll[1 WJfJ ubbmpJmGn4_ t lllWJUW­
GwtJ.np4_w() 2npwgnq qwGqtJ.wb-pg hbqm4p qninpzwgu1.uG wrwqntflJlllLll}: 

Oq[1 tunGwtJ.ntpjwG lwtfluwG ubpnqGbpQ L l.J.[1pwmjnri. uwpJ2b[1[! pwquw-
qwll bG: ' 

fl.b!pnpuwghnG ubpnn: UJU ub1:mri.11 PP hj1u12mu mGbgnq UW[1J2P wztuw­
UlWUJ2[! hpuGtJ.wo t of}p hwrwpbrw4wG tunGwtjmp_1wG mw[1pbp w[1ctbpGb[1[l 
uiwJuwGGb[lmti' n[1nz Gjntpbpp qb-wJ[1G 2wtJ1b11j1 qqwt11 tJ.mtfln[uuwG triLmJ­
fl[1 i.J.[1w : liJfllllPUPG t o[1pGw4 UW[111lll uwq[!, TIJlll 2r2wutwum11 oqp [unGw~ 
tJ.mpJwG w6pG qmqQGpwg tr4wf1mu t: liJu [unGwtJ.wzwtJ.1p (G4. 1) qqwJmli 
oqw4G t hwGripuwGmu ubquw4p ub2 aq4_wo uwqwtflmG90, l1[1[! 1.J.bnpljp, 
wG4JmGw4WJpG tbw4p L. hw4w4znp oqGmpJwup upwgwb t u1wppG: -.:.lb[1-
2tiGu mup pwGwpp utW[14m6, 11[1p oqGntflJ~uµ ULWD~ hbmp t pnqGmu 10 ~ 
90% hw[1wpb[1w4wG tunGwtJ.ntf)JWG uwGrµ1w4 mlibgnq q[1w:Pti411 i.J.11w. 
<1-pw:pplj[! WU[lWgtJ.wo t cJwuwgmgw1l1G uL[uwLlpqun4_ hwuwwi.J.wb fltlpnt4p 
i.J.[1w , n[ID I wupnri.2w4wG utUlnLJUl t 4wmwrimu 24 ctwumu, 4wu tib4 zwpw­
pmu, qpwugbtml wJq cJwliwGwl.J.whwllltJ.wumu oql~ hw[1wpbpw4wG [unGw-
4.mflJLUG tfln4_m[umpJmGGt11[!: \,l.J.~[1wqri.J.!.uu [unliwt[~u2 w4_1bp[!. hpuGw4w­
Gmu ltll[1Wlli.J.mu bG upGn1n[1UlWJpli Ofjp tunGwtJ.ntflJWli lwi.J1uwli m q[lwGg­
uwG hWUWfl: '.Jn[lwguwG mbqw4WJWU~Gbpmu GpwGp (bU 4!lf1W114.mli, pwGp 
nr uwqwtj1mG2[! pwp6[1 2t[1UWUUlp6wliGb[1mu wpLUq 4n[19limu t pp wnw6-
qwljwG hwUl4ntpjntGGb[1[!, UW[1[2P wztuwU1wGunu.l 1.unw2wglib1ni.J. qqw!P 
wG6zmmpJmli Gb[1: 
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4znwjhG ub1mn: Oaj1 [unllw1.jntpjwG Il[1nzuw(i WJU bqwGw4I! tiwui-
1.jwb t oqp nrnzw4p pwGw4mpJmG' 2[1tuJt1G qn1npzpGbpp 4twGJ12p lip9ml 
wGg4wgGt1m hbm (G4.6): liJfJ QGpwg12mu 41wliplp qwGqtJ.wbl1 wi.J.htwgntu[! 
pi.J.wuitu hwi.J.wuwr t orip Ultl.JWL pwGwl.Jmu uiwpmGw4ntJ.nq 2[1WJJ1G qn1np­
zt1Gh[1p 12wGw4pG: 

!lpuitu 2PWJpG qn1npz[1Gbpp l.JtwGl1iGbp 4znw1'1G libf.lnqni.J. wztuwillnq 
tunGwl{wlwtflb[1ntti 4p[1wnlj_mu bG ' :Pnu'.jmpwJ'1G wGhpflp'1fJ (P205), 4wLQlmt­
up VLD[1pf[ (CaCl2), [uU1wgtJ.wu uaupw4wG flflnL, 2pwq111.J.i.J.wa baupwf)fl4.W­
JpG l.Jwlflpmu (CaS04) L. up!Pl1wqbt: 

<.wm4wGzwGw1.J.wG t, n[1 liz!.J.wb pntn[1 4twGpzGbpD 2b[1UWJpG uzw4mli 
wGgGb1mg hbum (Ulwpwgmu utJGiL. 180°C) tJ.b[1wl.J.wGqGmu hG '1pbGg 1.J.twGp ~ 
hwU14nLflJntGGtpn L. 4wpnri. b{i oqU1luqnpot1 pwquwpptl wGqwliGb[1 : 

4 5 6 

u1.J.. l lunliwtJ.wiwtJ1 q{lwGgnq: l-utw12, 2-hw4w4zpn, 3-wG41mGwJpG 1aw4, 
4-4bn'14, 5-uwqwtflmG2, 6-ubquw4: 

Ul::ipnf}[! WWP t D04Gmu pp 6zmntf)JWlip, uw4wJG wz[uwU1WUlWfl t L 
ctwuwGwljwmwp, Df1'1 uiwm6wnni.J. WJG l.J.p[1wni.J.mu t lipwJG LWPl1[1WU1D[1 hb­
U1wqnU1wl.JwG wztuwmwG12Gtp l.Jwmw[lbtPu: 

IunGwtJ.w2tpuw~wl}lw1bG li!:il!nn - WJu libf.lrrflQ h'1uGtJ.wa t "inr" L 
"pwg" 2tpuwzwtJlbp'1 gmgumGpGhf1'1 mwppb[1ntf1JWG hwzi.J.wpl.Jp i.J.[1w L. w­
nwtJ.bL mw[1w0-tJ.woG t znrwguwG m!:ituG'11.J.w1mu, pwG'1 np wl12l1 t QG4Gmu 
pp nzmmpJwlip L. gwbfl pGb[1gnqw4wGntf)JntGn!.J.: lunGw!.J.wlwtfll1 (G4.3) 2tp­
uwzwtflbppg ub4p ("pwg"-'1) uGq'14WJ'1G qGq!ll.J.O tj1Wf)Wf1i.J.wo t pwupW4JW 
qnrbi.J.wb12p ljU1n[1ntJ. (wnwi.J.bt hwpuw[1 t pwU1'1UU1£!, npG ntG'19m{l Gb[lb-b"btm 
LWtJ.wqmJG hwU14ntf1JntG), pu4 Gpw aWJPD '12tg!.J.wa t pnpwb 2pni.J. lflt.lwo 
pwawl.Jp ut2: 

II 



u4.2.Uuaj1pwg!mCi tunGwwlwtP l-"ln11" 
2tpuwlwl{l, 2-"tunCiwtlwiwtli" 
2tpuwlwlJ.1,3-ubmw'lwltwG 
nt'l'ln11q, 4-oqwuq!1,1.: 

90 - ·- ··-- ---·-i 
_r_ 1 

1 

I 
\:::.-7 

! I 
: ; 
11 
11 
I 1 
11 
I 1 
I J 
: l 

" .. 
N 

u4.3. funCiWL{WiWlJ.l zwpdwljw(i: 

lfwqwCinpwJJ1Ci mdbpp wqqbgmpJwCi uiw4 2nL[l[! wCil!CirthwUl qnpbtl_wbJ21! 
f>J12btntl, pwpopwGmu t qbtajl 2Gf1UWiWtPP uu11t14wJt1G qG11f141! L WUjw' qn1np­
zwCimu: 5211'1 qnLn11zwguw(i 4Pw awtuutJ.mu t n11nzwl1J1 2b[luntpjwCi pwCiw4, ll[ll! 
hbnwGmu t uG$ltJ1 qCi$4J1 uw4tpl..ntJpflg, Cilj_wqbgGbLntl llpw 2tpuwuui}16wCiff 
"fch.ug" 2tpUWiWtPI! t1iwuum11bfi gntJg t tnwtliu uGr1[14t1 qG$4}1 4PwJfl9 qnlnp­
zwgnfl 211'1 2t11uwum}lO:wCil!, np(l '1£1 pl(wJ}lCi wpctbpnlj_ uflzm wtJ.bt.'1 gwbp t J2wCi 
"inp" 2t11uwiwl{1[1 gmyumCii;il!: Cfiq nJ1ntU, bp4m gmyumCipCib11fl uiwpph[1ntpJm­
G£! WJUj;lWU wtJ.bt.'1 ubb t , npi;iw(i gwbp t Z11£WUjWUlllr[ 01111 hw11wpbpw4wG tun­
UWL[ntpjntCi(l' L hw4wnw41!: 

~btnl1wpw[1 tunCiwtJ.w2b11uw,1_wlj_1fl (lunCiwtlwiwtlifl) oqCimpJwUp 4wpb­
L'1 t n11nzb1 J1CiiUibu oqfl tunCiwlj_mpJntCi(l, WJGUJbu tL ill[lwgnq upbpi;itig hb'lm-
4'1 qn1n11zwguwCi 2tpuwuwpO:wCil!: 
liJu b'lwGw4ntl oqfl tunCiwlj_mpJwCi nJ1nzntul! llJntpl1Ci '1WJ1oGbLm UUJWtnw4ntl 
uzw41.J.bt bu hwtnnt4 tunCiwlj_w,1.WtPWJ'1Ci wri.Jmuw4Cihp (hwtl_bLlJ.Wb 5), npUlh'l 
m11lj_wc) bu' "in11" 2t11uwiwtlip ymgumpCil!, "in11" L "pwg" 2tpuw~wtlib11fl gmg­
umCii;ifib11'1 tnwppbpmpjntGI! L qpwGg hwUWUjwmwufuwGnrt O!fp hwpwpb-
11wljw(i tunGwlj_mpJwG w11ctt2Gbp(l : 
12 

u4.4. ub11,1.n11wungwJtiG tunGwlJ.wiwtP 
mqtiq 2t11uwiwtlib11nlj_: 
l-ib11uwlwi!l}l nbmtiGJw nt'lqn11q, 
2-ubmwqw4wCi UJWUIJwCi, 
3-wuphUUlJW pb11p, 4-w114'1P 
tPWJUIJW 4n'lbqp, S-2t11uw,1_wip, 
6-LWUlntUJW pwctw4, 7-funqntJ.w4, 
8-nbmtiGJw tl_nwCi, 9-211'1 
mw11nqmpJmCi, l0-211'1 Uiwzwpj1 
WUJW4JW lflW[lll'lnlf)JWU 
wu11w4wUib11, l l-211'1 Uiwzw11}1 
mwpnqntpJmfi, 12-I}I1Ciw4, 
13-LntUwL{n11uw(i LWUUI: 

1.,4.5. L,bp.i_npwCingwjpCi [unGwlj_w­
iWtP wG4JntUwJ'1Ci 2tpUWiW­
tlibpnlj_: 
1-wGljJmGwJtifi mbtuG'14w-
4wfi 2GJ1UWiWLJ.ibp, 2-2p!1 
lllWZWJlp UlW[lnqntpjmCi, 
3-2J1P UlWJ1n'lntf)jntU, 
4-nbmtJGJw lj_nw(i, 
5-tPWJUlJW tJpw(i; 
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Uuiwgmgtj_wb t , np [unGw4_w 2_wl}lr gmgumGpGtpr 4fiw npnzw4r wq­
qbgmpJmG t pnqGmu ZP2WUJW11lnl) OTJr wpwqntpjntG[!: lijl) ru4 UJWUll'iwnntl 
umlnpw4wG [unGwtJ.wlwl}lnlJ. (G4 .3) npnzmu tG u1whbu111Gbpr , ubGJw4Gtpr, 
WJL l}lw4 mwpwb12utpr oTJr [unGwtl_mpJntGQ, npmtq oTJr zwpouwG wpw­
qmpJmGQ (pGw4wG 4nGlJ.b4grwJr UJWJUwGGtpmu) 4wqumu t 0,2-0,3 u/tJ.p4: 
'l-pumu, 4wu 2_npwguwG mtqw4wJwGpGbpmu, mp 011r wpwqmpJntGI! 4w­
pnq t wu4wG[uwmtut!li UJWtnl'.iwnGbpm.J. l}lnl}ln[uLlliL iWtflntuGtpr l'.iztnmp­
JnLLI[! wuiwhntl.bLm hwuwp 4rrwnmu bu wuuirpwg\mG tunGwtlwiwtli (G4.2), 
npQ hwuwLPtJ.wb t tflnprr4 ol)wuririntJ., npQ 2.wi.pmuGtpr 4w111wpuwG QG­
pwgumu 2tpUW2.Wl}lbpr uGI)p4wJrG qGI)r4Gtpr umn umbl)bntu t Ol)r hnuwG­
pp hwumwmmG wpwqmpJmG: 

q.npbGw~wG wzbJwmwGp 
l. Un4_npw4wG [unGwtl.wiwl}llJ. 4w111wpbL iwl}lmuGbp tutupwGmu L. [unGw­

tJ.wiwl}lwjpG wll.Jnmw4r oqGntf'lJWUp npnzbL oqr [unGwtJ.ntf'lJntGQ, qpwG­
gbLntl wpqJmGpGbp[! 111t111pmu' 

- oc t i.nr - .. . 

lpwg = ... °C 
/J.t = t !nr -tpwg = ... °C 

<p = .. . % 

2. Uuuirpwgrnu tunuwtJ.wiwtflr oqGntf'lJWUp 4p4GtL GntJG 2_Wt}lntuGbpQ, 
qpwGgbL 111t111pmu L. hwztlht 2 tunuwtJ.wiwtllbpr gmgumGpubpr mwppt­
pmf'lJnLG[!, npp hwuwp' 
w) f'lP2hL wuuirpwgrnG [unGwtJ.w2.wtflp "tunuwq" 2tpuwiwtl1\1 pwupw4-
JW qnpblj_wbp[!, WjG qqmznpbG I!G4qubtntl f'lll[lWb 2pntJ. LP pwdw4ti ut2; 
p) LW[lbL uiutupnutmpp oqwUllriP hwl)npl)w4ti quuiwGw41! L uuiwubt 
1,0-2,0 pnUJb, nprg wGup2wuibu htmn qpwGgbL 2tpuw2_wl}lbp[1 gmg­
umGpGbp[!' 

- oc t ! n(I - •.. 
- oc tl'WQ - ••• 

q) tunGwl{W2_WtPWJrG WI1.JntUw4r9 npnzbt oqr hwpwpbpw4wG [unGw-

tlntf'lJntGI! 
<p= .. . % 

Il) hwztJ.ht wnw2rG L. tp4pnpl) 2.wi.pmuGtpr wpll.JmGpGtpp mwpptpmf'l­

JntGI! ' 
<p=<p,-<pl = .. . - .. . = ... % 

3. uuuirpwgpnG tunGwtlW2.Wl}lr oqGmpjwUp 2_Wl}lbL C3W-3M 2_npwguwG 
uiwhwpwGrg qmpu t4nq OTJP tunGwlJ.ntf'lJntGQ L. qpwGgbL mbmpmu wpl)­
JmGpGbp[!' 

<p = ... % 
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2.3. UCluUSUl.r..R NO 3 

<!,wzlj_wp4wJpG wztuwtnwGputp LIJntf'l r funuw lj_ntpjntG, 
funuwtJ.wuiwpmGw4mpJmG L. 2_npwguwG qnpbnGpwgr GJmpw4w G 

hw2tJ.t42J:m ptuwutpntl 
f-!muw4wG hmupr 2_npwguwG qnpbQGpwgI! pGmpwqpnq hr uGw4wG ub­

bntf'lJntGGtpG LG tunGwqmpJntGQ L. tunCiwtlwu1w11111Gw4ntf'lJlllG[!, npnGg h\1-
uwG tl_pw 4wqutJ.mu t qnpc)J!Gf'lwgp GJmf'lw4w G hwztl.b4zrnl!: q_tp2J1GI! 
UJWtn4bpwgmu t mwltiu WJU uwuru, pt nppwG hmupr 2_npwgmUflg hbtnn 
rGi pwGw4ntf'lJWUp 2.11£1 Uf>bpn t utnwg tj_mu, tiwu rui pwGw4mpJWUp hmun 
uitmp t 2_npwgl{r, npUJbuqt1 uu1wgtlr npnzw4r pwGw4mpJwup 2_np Uf'l bpp : 

l.rJmpr [unGwl{mpJmG t 4ni tJ.mu GpwGmu uiwpmGw4t.J.nri hbqm4r uw­
uw4p hwpwpb11mpJ11tLII! Gpw wupnq2 qwGql{wbpG' wptnwhWJtnl{wb %-Gb­
pm.J.: UJG hwztlwrt1 l{mu t hbuil..JWL pwGw61..ntJ.' 

W" = M,. ·100% = Mh ·100% 
M M

1
+ M, ' 

(3-1 ) 

npUibq' W
0 

- GJmpr [unGwtl.ntf'lJntGG t , %, M h - GJntf'lr Uli2 UJW[lntGw4tJ.nq 

hbqm4p qw CTql[tubG t , 4q, M -- GJmrr qwCTqlJ.wc)G t, 4q, M
1 

- Jmu.lpr (uJmf>l1) 

qwGql[wbmu UJWpmGw4t.J.m1 pwgwpow4 2.IlP GJmf'lr pwGw4G t , L1q: 
l.rJmpl1 [unGwl{mpJwG qnJmf'lJWG 111rrm1JpG t' Os W 0 s100% : 
lunGwt[tuuiwpmGw4mpJmG t 4n2.l{mu hmuumu wnl1w hbTJm4r pwGw-

411 hwpwphf1ntfJ!1lG[! urw pwgwp6wt1 2.IlP GJntf'l r pwGw4pG, wptnw­
hWJUil{wa %-tpmr 

. M M- M 
w e = - h ·100%= l ·100% 

M M ' 
l 

(3-2) 

nplllbtf W e - hmupr (GJntf'lr ) ptugwp6w4 [unGwtJ.ntf'ljntuG t ([unGwlj_WUJW­

pmGw4mpJntGQ), npp qnJnLf'lJWU mrpmjf'lG t' 0 <we < DO: 
OnpwguwG qnpO'QGpwgr GJmpw4wG hwztJ.t4znr hwt.J.wuwpm uG t' 

M •'i•v _ l 00 - w;',I', _ 100 + W .~qv 
M,

1
,r" - 100- W0 - JOO + w e ' 

~ u4qp l(bf12 

(3-3) 

npU1bq M.
11

,ll' - GJmpfl qwGq4_wc)(i t urGiL lnpwgmUQ (u4qp Gw4wG), 44, 

M 41.,,, - UJmp[1 qwGqqwc)G t inpwgmupg hbmn (4_bp2uw4wG), 4q, w::
1
,u, -

GJmJJ fl tunGwl{mpJmGG t znpwgmurg wnw2, %, w;~1"1 - tunGwt[mpJmG G t 

zn11wgmuj1g hhtnn, %, W,~"" , W4~1,1 - GJmpr tunGw4_wuiwpnq:~Gw4m13JmGG t 

hwUWUJWU1WUtuwGwpwp' UflUi l.. i nJIWQOLU[! L 2_npwgmurg hbum, %: 
"UJmf'lr [unuwtJ.mpJwG L tunGwtl.wUJwpmGw4ntfJJWG 4WUJ I! wptnw-

1 s 



hwJml{mu t hbmL.JWL pwGw6L.bpnl{' 
100W0 

we= 100-W" ' (3-4) 
lOOW " 

W
0

=100+ W" 
(3-5) 

IuGajlpGbpp tmbmu 
OqmtJ.bLntl prtl 2 wrumuw4p bLw4bmwjpG u14JwLGb11Jlg, LmbhL umnpL. 

pbpl{wb tuGqppGhp[!: 
IuGnhn 3.1. 

f1pn2bL uphp[1p tunGwl{mpjntG[!, bph Gpw tun[hmlwUJwpmGw4mpJmGG 

t' wlc = ... %, w2c = ... %, wlc = ... %: 

luGnhn 3.2. 
f1pn2bt uphp11J1 tunGwtJ.wUJ.wpmGw4mpJntU[}, liph upw funGwl{mpJmGG 

t' W,0 = ... %, w: = .. . %, W3° = ... %: 

IuGq)1p 3.3. 
f1pn2bt uphfll2P inpwguwG hhmL.wGvntl qwGq4_wb'[1 wG4uwG iWtP[!, hpb 

M - 1. wo - 0 / I W" - 0 / . 
u - •••'i.q, u - ••• l' O U l( - •• • / 0. 

IuGq)1p 3.4. 
f1pn2bt upbppp inpwguwG [!Gpwgiinul Gpw qwGql{wbp wG4uwG iWtP[I, 

bpb M, = .. . 4q, w.c.= .. . % L. wf= .. . %: 

IuGIJlip 3.5. 
"UJmpw4wG hwztlb42nJ1 hwl{wuwpuwG hpdwG l{pw npn2ht t!pbppp 

u4qpGw4wG tunGwl{mpjntG[!, hpb M. = ... 4q , M, == ... ljq L. w: = ... %: 

IuGq)1p 3.6 
f1pnzbt uphppJlg hbnwg4_nq hbqm4[1 uwuw4Q, hpb M. = ... qq , 

W" 0 / · w<- o/.:· u = ... 7 0 u ' - .. . o. 

IuGIJlip 3.7. 
f1pn2bt upbppp u4qpGw4wG tunuwl{wl.ljwpmGw4mpJntG[}, hph 

W~ = ... %, M., = ... 4q, M, = ... 4q: 

IuGqpp 3.8 
Opn2bL t!pbp[1p l{tp2Gw4wG funGm4_wl.ljwpmGw4mpjntG[}, hpb 

W'; = ... %, M. = ... 4q, M, = ... 4q: 

IuGajlp 3.9 
Opn2bL inpwguwG qnpb'[!Gpwgmu t!phpi;!pg hbnwgnq hhr1m4p pwuwlJ.D, 

bpb W.c = ... %, w,c = ... %, M, = .~4q: 
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fctJltl 3 w2tuwmwGJ:1J:l tuGqppGhpp btwlJ.hmwJJ:lG m4JwtGbp: 

Uiumuw4 2 

lvOllflfl N2-[! La SliflPb"PliY:"Ub"fl 
l:itw41itntuJ.f10 

I 2 3 4 5 6 7 8 9 10 11 12 13 I4 
intl1w1ulinn 

luGllflJl 3-1 
W1 c= ... % 550 560 570 580 590 600 650 660 670 680 690 700 750 800 
W2c= ... % 200 250 255 260 265 270 275 280 285 290 295 300 310 320 
W3c= ... % 50 49 48 47 46 45 44 43 42 41 40 35 30 25 
lvGllflJl 3-2 
W1°= ... % 92 91 90 89 88 87 86 85 84 83 82 81 80 79 
W2°= ... % 50 49 48 47 45 45 44 43 42 41 40 39 38 37 
W3°= ... % 8 10 12 14 18 18 20 9 II 13 I5 17 19 21 
lufillflp 3-3 
M. = ... 4q 1000 1500 2000 2500 3500 4000 4500 5000 5200 5400 5600 5800 6000 6200 
w,o= ... % 95 94 93 92 91 90 89 88 87 86 85 84 83 82 
w .• o'"' .. . % 7 8 9 10 II 12 13 14 15 16 17 18 19 20 
lufillflp 3-4 
M•i.;,·· 4q 100 150 200 250 300 350 400 450 500 550 600 650 700 750 
w, .. . % 20 19 18 17 16 15 14 13 12 II 10 9 8 7 
w}~--... % 80 82 84 86 88 90 92 91 89 87 85 83 81 79 
lvfillflp 3-5 
M."' ... qq 6000 5500 5000 4500 4000 3500 3000 2500 2000 1500 1000 500 400 200 
M,= ... 4q 4000 3500 3000 2500 2000 1500 1000 1000 800 600 300 200 100 50 
w.,"= .. . % 7 7 7 7 8 8 8 8 9 9 10 II 12 13 
Ivfiriflp 3-6 
M.= .. . ljq 200 400 600 800 1000 1200 I400 1600 1800 2000 2500 3000 3500 4000 
w,i:·· ~ 800 750 700 650 600 550 500 450 400 350 300 200 150 100 
w, - .. . Yo 10 10 10 10 10 10 10 10 10 IO 10 10 10 lO 

lu(jtp 3-7 
w, ... % 12 II 10 9 8 7 6 13 14 15 16 17 18 20 
M.= .. . qq 200 250 300 350 400 450 500 600 700 800 900 850 750 650 
M.,= . .. liu 50 60 70 80 90 100 150 200 250 300 400 350 300 250 
luGllflp 3-8 
w.c= .. . % 800 750 700 650 600 500 400 300 200 250 350 450 550 650 
M., = ... qq 1000 1500 2000 2500 3000 4000 5000 4500 3500 800 700 600 500 400 
M, = ... tici 600 1100 1600 2000 2500 3500 4000 3500 2500 450 400 350 250 150 
luOriflp 3-9 
w .. c= ... % 500 490 480 470" 460 450 440 430 420 410 400 390 380 370 
w,c= ... % 25 25 25 25 25 25 25 25 25 25 25 25 25 25 
M.,= ... IJCI 600 500 400 300 200 100 150 250 350 450 550 650 700 750 



2.4. U C Iu U S U \, .J;? NO 4 

'.:>npwgtlilJ'l hntilpp lunGwtlntpJwG npn2uwG ubptll}Gbp t.. uwpphp 
Pmuw4wG hmupp lnpwguwG qnpal!Gpwgmu, 4wu G11wGpg wnw2 m 

hbum wGhpwctliztn t lflGmu npnzbt GJmflp hwpwpbpw4wG tunGwljmpJntG[!, 
pGtlJ. ppw4wGwguwG hwuwp qnJntpJntG mGbG up zwp12 ubpn11Gt11: '1-pwGgpg 
wnwtlbt wprlJmGwtlbtnGbpG bG hwCi11puwGmu' m1111w4ti t11wuw4n4 .>_wLj1-
U:wG ub13n1112 (G4.7), tLbljtnpwtunGwqwlwljlbpntl .>_wLj1uwG ubpn1112 (G4 .8) L. 
4znwjpG ub13mm, npG ppw4wGwgqmu t hwumt4 WJ'l Ul.J.!WU1Wlj!1G ()wnWJil'l 
C3W-3M uw4Cipzp .>_npwguwG l.J.!Whwpwumu (Glj .9): 

Unw2pG bqwGw4Ji wnwlJ.btntfJntGubpG bG Gpw wljGbpLntpJmCirr L 
GJmpp u4qpGw1.jwG tunGwqmpJmGpg wGltwp1 lflGblJ}'. liJu t11wGwlt[! ppwltw­
uwgljmu t GJntflP ut2 u1wpmuwtitl.n11 ht11mt1ti qntnr2wguwG, qnln112m tinG-
11tGuwguwG L. uuiwgtln'l hb11m4p qwGqqwO[! ,)_wt!J.btm up2ngnq: 

'.:>wLj1mu[! 4wuiwpb1m hwuwp l iJmpawGJmpp llt2 19tl?tu t U:pG ,)_ L. 150 
ul utpbGwJw4wCi Jl1l'l, npo upG .>_L. 220 C-mu (P pwJuwJlJ.mtl: '-ltp2pGp ut2 
194mu t 50 4wu 100 q ttinpawp4tln11 GJmp L. WJG 1wtl tuwnGqmu t Jmrtli hbui : 
liJGmhbmL. tl'tnpawGnprr ttiw4tlmu t tugwGntl L. u4umu t uiw~wgtl.bt upCil~ 
180-200°C:liJ'l 1!Gflwg12mu GJmpjlg qntnmwgwo hb11m4rr. wGgGbtntl. 2rwJpG 
uwnGwpwGntl (2), tlbp t watlmll hbqml1p L. ltmtnw4tlmu 3 Ljln11awG013p ut2: 
'-lbp2j1Gmu 1.jnG11bGuwu1j1 uwGwltjl Ljlnljlnt11m13JWU l)Wl)W[1pg hbuin, 1 tPl1(1-

aw Gnpmu 2tpuwuuij16wGrr ti2bg4mu t u!1G (L. l 60°C L Ljlnpo[! 11m11w11tgqm u 
t : 3 tlrn116wGwGn13mu hwtlw12t.J.wb hbqm4t1 vwuwljp L. GJmpp u4qpGw4wG 
qwGqlj_wbp (50 ljwu !OOq) tlmtuhwpwpbpmfJWU:p hw2tlwrljtlnui t tlbr 2tiut1 
tunuw4mpjwGrr: \,1.jwpwq11tlwa ubpn110 4tirwnbtl1 t hwgwhwtnflltti t. WJL 
tizw4wpnLJubpp ubpilbpp lunuwtlmpJwG n1111zuwG hwuwp, npnG~ ttinp6pg w­
nw 2 .>_ bG U:wGpwgqmu: 

tLb4uipwtunGw4w.>_wtl'tbpn4 UJntflll tunGwtlntfJJWG .1_wLj1ilwG ubfln.Ill! 
hp1.rn4wc) t tunGw4mpJmGjlg 4wtutlwc) G11w ttb4mrmhw11np11wltwGmp1wG, 
ttb4uipwmGw4mpJwG 4wu q]1ttbltu1pplj pwttiwGgbtlmtf)JntpjwG gmgwGpz­
Gbp!1 LjlnLj1ntuuwG uljqpmGpp lj_pw : liJu ub13nl)Iltl qnpb'nq tunGwtJ.w2wLj1bpp 
ht1U:Gwl1wG wnwtlbtntPJ11LU[! GpwGg wpwqwqnpb'mpjmGG t , pu4 pb[1ntf JmG­
GbpG LG ' .>_ntl1llwG Gbq uwhuwGGbp[! L 6zuimpJwG n2 pwpap gmgwGpzGb11rr, 
npnG12 tj_rnpabprr hwowtuwljp ljpltGbtm wuhpwzbduimpJwG bG pb1mui: 

t12nwJpG ubpnq(!, npl} wtlbtP hwl'.iwtu ltn(tlmu t GwL. .>_npwguwG ubpnq, 
hwGqpULuCinu.I t tqpG11 Gjntpbpjl tunGwtlmpJWG npn2uwG b11wGwljGbppg w­
nwtJ.bt uiwpwc)tlwc)(! L. hmuwlflG : 
UJG hj1uGlj_w c) t tlmpawpljtlnri. UJntpb[1jlg .1_npwguwG uqwGwltntl hb11m4p qn­
tnpzwguwli tj_pw , npp rrGpwgpmu qpwugtlmll bG u13bppp u4qpGwljwG m 
tlbr12uw4wu qwuqtlwbGbp[! L. Wl.J.!W hwztlwpljGbpntl' nrnz4mu t Gpw tunGw­
tlmpjntG[!: 
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'Vlt .7 D1'1111wltp h11wGw4n4 GJntfJp 
tunGwtj_mpJwu npn2uwG uwp~ : 
l-Lj1npdwGn13; 2-2pwjpG uwn­
GwpwCi, 3-.>_w$'1l QtwGwat.. 
LjlnpdwGnp, 4-2tpuw.>_wljl 
5-ltnCiqbuwguwG tun11ntlw4, 
6-qwqtuJ(lp.>_ 

'Vlt .8 t1bljtnpwtunGwtj_w.1_wLj1: 
l-uilij1.>_ , 2-.1_wLj1uwG uwhUwG­
Gbpp Lj1n$ntuuwG pnGwlt, 
3-twttiuwG uh11uwlj , 4-utitirn­
wul.J.!bpubuip, 5-u1w~p ltwp­
qwqnpp.>_ 

w) p) 
'V4 .9. w) 42nw1pG b11wGw4n4 tunGwlj_mpJwG .>_wLj1uwG .1_npwguwG l.J.!WhwpwG' 

C3W-3M, p) ltnuuiw4uiwJpG 2tpuw2wtti' l-2tpuwuuip6wGp 
tnb11wlttuJUWU uwqGpu, 2-l.J.!tnnttnwlt, 3-uwGhlt, 4-1.jnGtntulttntuJpG 
hw11npqw1wp: 

19 



UJU triwGtulfml Gjntflp tunGwl{ntpJtuG npn7liwG hwuw11 wuh11tuctbzlll t 
mubCiwL' t!J.n116wlllnLLtitpnl{ lftuhwtJ.n11tJ.wb (n11wgU:wG uiwhwptuG L. tufiwW.­
lllplf 4zbnJ1, n11p (tut!J.U:wG 6zmntpJntG(! upG(L. 0,05 qpwlip uwhuwGGbpmu t: 

'Vbplf tujntUU ztuhtuqn11auwG ut2 qmG4_nrt (DpwguwG U}tuhwpwGfibptJg 
wntutJ.bt mtuptubtJ.wO-G t C3lll-JM uwlf Gpzp uiwhwpwG[! (Glf.9w), n11G tirt­
Gtig GbplfwJwgGmu t 2tpuwublfmuwgutuG hwmm4 zbplll mGbgnq qlwGwJtiG 
ubmwritul.jw(i Ll.J.WUlJWG, nptJ umnpt1G UtuumU unGmwc.tl{wO- bG ' UJ.Wflnll1Wlfw­
Jl1G tLb4mpwuituJ1tugmgpm 2,5 L1'-lm [!G.qhwGmp hqn11mflJWUp, oqwu11tim J1p 
zwpdtupbpnl{ m tLblfUJptuzwpcttilml L. ui.mmtJ.nri hwppwlf-ubqwG(!, npu mGp 
hwmm4 tunnnlGt11 t!J.n11otuGum2ntJ. 1..9l{tuo t!J.npowmmt!J.bpp mbqwljwJUWG 
hwuw11: Oqmlirltiili ljnqutig umtqol{nq oqti 6Gzmuml pnuibmu 2-4 UJ.UlntJlll 
l.jwmtupnq ubqtuG11 tuUJ.tuhnl{mu t mw11 ol}p umm)2(! pntn11 tlinpowmmt!J.bpp 
titi2ntJ., UJ..tuJuwGGbp umbqO-bLntJ. t!J.n116wGumzGbpl1 hwl{tuuw11w(tutP (npwg­
uwG hwuwp: 

~npwguwG UJ.tuhw11wG11 htuUWLf!l{nu.l t GwL. 2t11uwmnp6wGl1 wl{llln­
uwm lfwnwl{wpuwG hwuwlfw11qnl{, npl! hGwpwl{n11ntfJJntG t mwwu UJ.Whw­
pwumu UJ.WhUJ..tuGbt utiuLL. 150°C 01111 2tpuwumti6wG "'2°C 6zmmpJWUp: liju 
hwuwl.jwpqti htiuGwlfwG 4tu11qwl{npl1( opqwGG t hwG11lrnwGmu 4nfilllw4-
mwJtiG 2tpuw~wt!J.£! (Glj.9p): liJG npnzw4ti 2tpuwJl1G nbcJl1t\ti ljpw lf wpqw4_n­
pbtm GUJ.wlllwlfntl. wpmWUJ.lllmmwlfmu tu uwqutiul1 uL.bnti( uimmu1wlfl! I.. 
uljumu wJG UJ..uimbL wJGJ1wG , utiGl l.. 2tpUw(wt!J.l1 4_bpt1G hwm4_wbmu qmGtJ1111 
uwGb4£!, uwhbtml UJ..lllmmw4ti l/PtuJnl/ ' htuUt.!G4Gti ri4_wmwtumwljJ1 wGhpw­
clbzm 2tpuwumti6wGwJtiG Gl1zti hbm: 'l-pwGtig htmn 6qmu bu uwqG]1t1]1 u­
L.bnli( UJ.lllnttnw4[!, n11ui.tuqti UJ..tuhtupwGti wztuwmwGpti [!GfJwg12mli 
"ripl{wo" 2t11uwulllti6wGti Ljmt!J.ntumpJmG lllbrlti (ntGbGw : UJI} GmJG cJwuw­
Gwq, U:wublfl1G wupwgl{wc) lfnGmwquituJl1G hWflU[lflWLWflll OWJJll? (4) 
hwJmGtlmu t 2tpUw(wtJ.1p uumrtiG pwLnGmu qmGl{nri pl{wmwtumu1lfl1 !'.i tizm 
GmJG ptJ.wJtiG w11cttpu mGbgnq Gtizti l/IJw: bpp UJ.WhwrwGmu tLb4m11w2tnm­
gM1 utiwgtlwb W.Gbtm 2Gn11htitl. OflP 2tpUtuulllti6w(j(! pwpoptu(imti t u11(j (L. 
ljwGtuwriptJ.wO- 2tpuwump6wG(!, mbrlti t mGtumu 2tpuwlwt!J.ti uG11]1ljl1 L. hw­
rinJ11lWLWPti utiwgmu, npp Wl1fllntGl!nLU wljumUtulll ljwntutJ.wptiwG hwuwqwpq]t 
t1bljmpwU:tuqGtiuwlfwG nbLbG wG2wmmu t uiwhwpwGti tLblfmpw2l.mmg]1~u : 
lijG uGmu t wG2wmtJ.wo WjGpwG ctwuwGwlf, utiGl L. u1whwrwGmu oqti 2t11-
uwumti6wGti wGljuwG zGn11htitl. uG11ti4ti UJntG(! ti2Gmu t Gt1112L. L. UJbqp t mGt­
Gmu hwqnpflWLtufll19 uG11I14p wG2tummti : <.tuiwqmJmu GljwpwqptJ.wO- (!G­
pwgp[! 4114.Gl{mu t , wUJ..whntl.bLntl uiwhw11wGmu 01111 npnzwl.jJ1' hwullltuUl­
U:wG 2tpuwuuiti6wG: 

~npwgutuG UJ.tuhtu11wGl1 ubriwfiti tunnn(Gbpl! Gwtuwmbul{wo bG htJGq 
gwGgwl{np, lJ.wU 10 wumU:tJGb pwctwljw6h ljmp6wmm4_1bpl1 mtriwlJ.WJUWG 
hwuwp: 

'V4wpwq11tJ.wb bqwGwlJ.ntl. GJmfJti tunGtutJ.ntfJJwG n11nzuwG ntcJt1uGt1111, 

20 

hwutu6wJG UJ.bmwlJ.wG umtuGqw11mti, W.Gmu bG' 
1) 90-95°C-p U}WJUWGGb[lntU ' 1.0- l.5 dwu 
2) I05°C-p UJ.WJUWGGbpm1.r 45pnuibJP9 I dwu 
3) 1J0°C-p U}WJUwGGt11mu ' 45 pnUJ.b 
4) U11ptim11wc.twJ!IG tr1uiGw4' (npwgmu 95°C-p U}WJUWfiGtpmu WJG­

pwfi dwuwfiw4 (untJ.n11wpw[1 3-4 ctwu) litJG(h tJ.mpowGumzti lJ.znti l{t112tiG b­
pb£l qpwGgmuGbpl! uipw4m!14npbG GmJGG tG uGmu: 

Q.nnaGwywG wz!uwmwG12 

w) mumuuwut'J[lbl C'.)Ul-3M ,mpwguwG u1whwpmGti lJ.wnmgl{wiJpl! 
p) mumuGwut1pbL lJ.nGu1wl1mwJtiG 2b11uwLwt!J.t1 l.jwnmgljwbpl! 
q) qn11owplf bL uituhw11wGl!, lJ.w11qw4_nrttntJ. l.jnGmwl.jUJWJtiG 2t11uw(W­

tP!! mw11pt11 2t11t\wumti6wGGtpti l{pw h hulJ.ti( 2tpuwlwt!J.ntl. ummqbL UJ.W­
hw11wGti 2tpuwuml16wG}1 w4_mnuwm ljwnwtJ.w11uwG hwuwljtu[lqp wztuw­
mwfi11p 6zmmpJntU[t: 

2.5 , UC lu US U 'V J2 NO 5 

~npwgl{Illl hmupp tunGwljmpjwu npnzntt.l(! lfznwjpG ubplll}nl{ 
fi1'umuGw4wG Glllwu1wl1utrntl. 4wmwptJ.n11 WJU t!J.11110'1 hwuwr nru1bu 

tlinpowGumz bG ownwJlitm ' U:w4tu11nGti tu1.ln[1(! , hwg wpnLL4tritGti npt.t UJL ­
uw4wfiti, n11L.t upqwmtimul1l1 t4mmqGbJ1 (tuuon11, mwuo, l}bflc'.I , tuwqnq L. 
WJLG), npnGp wl{blll zwu1 bG wnli2tlmu ljnGljpbm t\wuGwqt'JlllntpJw(j hbm: 

UGh11wctbzlll t uwlfwJU h]t?liL, np qnpaGwljwGmu, ]unuwtJmpJwG npnz­
i.lwG tlin116!! utbmp t 4wuu11ptJl1 Ul lLJWt hmupwu1buwlJ.t1 ltWU upbppll UJbuw­
lfwGm up2tiG GU:mz}1 4_pw, tunGt[1uqG 6-12 4p4Gmpjwt\p, npUJ.buqti hGwpw4_np 
W.Gti wGwW.qti W[ll}JntlipGbp11 UJwr1uobL hmupt1 4wu U:flbppp wupn112 ]l.lupw-
12wGwlJ.p l/IJw: 

Uli2tiG Gumzl1 6L.w4_n11mU:[! 6'1zm uiwmljb11wgGbtm hwuwJl ritimw114bGp 
hwgwhwmplJ.ti tuupwuwGu1l1tig uti2t1G Gumz l{bpgGbtm 011J1Gw4(1: 

Qfil}ntGbG{!, nr www11wg t UntUlQ qnpobL gn11tGp ht111:1wlJ.wG tutipwpw­
fiwlJ.1r 'V11wGtig uti2tiu Gumz tlhJlgGbLm hwi.lw[l tuGhwpdbzlll t hwmmlf GU:m­
zwnti.i_nl{ Gumzubp LjbpgGb(w4_urnutntGwJti pwt!J.12!1 wnGl{wqG 5 4bmtptig (4 
wGlJ.jmG h 4bGUlrmG) l.t pu1tJ.112t1 pwpopmpJwG wnGtJ.wqG J hnppqnGGbp]1g (tjb­
ppu zbpm, uti2tiG zt11m L. hwUJtulj) : UUJwgtJ.wa (mt!JWL 11tuipmt\ 15) WJUl.llbU 
lJ.n(tJ.WO- btwlJblllWJ!1G LIUntzGb]t(! U}blll{! t tuwnGbt llflW[l L. fl[lW wuUJp6wGw­
l.jwG pwcJwGmU:ntJ. Utn.WLILUL ot19tin Gumz, n11ti 4.zpn[! UJ..bUl!] t wuti 2 4q-tig n.i_ 
UJ.Wlfwu : Umwgl{wc) lit'JiJ tiG Gi.lmztig uitmp l 4wmw[1l{bG 11( U:t1wjG tunGw­
tlntpjwG (tut!J.t\wfi tlinpat11[! , tUJLL. u1tUJw4wG umwG11wpmnlj fiw]l.lwmbu4_w0-
t.lJmu wGwW.qGbp(!: 
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UzfuwmwGpp qwmwpuwG ubpnajtqwG 
1. <l>npaw(iumzti (tuunp, utJpq, ubpubp L. WJLG) Ciw[uwutWU1[1WUU1ntU -

pwdwGbL Gumz!! t.lwGp uwuutJqbuptJ 1-3 uu wnwlJ.bLwqmJG iwtl1h­
pnt1.: 

2. 4:znht i.Jinpawumupbp[! 4w..pwpplGtpti hbm 0,001 q 6zU1ntpJwup L. 
qpwGghL W[111JntCipGhpJ:! (!Ul.Il mmi.Jibpp ti.PW lj_WU1W[1tl.Wa hwuw­
pw4w1muGbpp (00): 

3. <l>npawumti.Jibp[! ignGbL hmupwl.Ilhuwl1J1 Gumzntl, i.Jinp6wmmi.Jip 
wupnq2 uw4bpbun{ l zbpm hwumntpJWUP 

4. <l>wlJ.bt l{lnpawtnnnpbp[! ppbug 4wl{lwptiiubpntl (bpb 11pwup gwG­
gwtlnp bG): PwdwljwoL. i.Jinp6wl.Ilnllpbpti ljwi.Jlwpp(Gbp[! qGbL 
mntl{lp mw4: 

5. 4:znhL i.Jinp6wmmi.JibpJ:! L. qpwGgb1 wpl}JntGpuhpJ:! (G1): 
6. 4:wpqwtlnpb1 (npwguwG uiwhwpwGti lJ.nGu1wljU1WJPU 2tpuw(Wl{l[! 

l30°C-p Y.Pw L. qnpc}wp4hL WJG: 
7. "Uztlwc} 2tpuwutntJ<'.iwup wnlJ.wJntpJWG utwJtlwGGbpmu, utwhw­

pwGp 1lI1Gw4p.g (hwtnm4 wpgwGp oqGmpJWUp) l{lnpowumtl{lbp[! 
mbqw4wJht utmtntlnq ubqwGp tunnn(Gbpmu, obnJ.mtl qpup pnGw41.! 
ljwGqGbgGbtnt up2ngntl: 

8. q.pwGgbt dwuwGw41.! uiwhwpwGp fl11Gw4[! l{lwlJbLnt9 hbmn: <Imp-
6p mt.nqmpJnLUJ! UJbmp t 4wqup 45 pnuib: 

9. "Uztlwc} dwuqbmJ:! tpwCiwLnt9 hbmn, wnwGg uiwhwpwGJ:! wu2wl.Ilb­
Lnt mbqwl{lnfuht tJmp6wmmi.Jibp[! tputilJ.wmnpti ub2, l!Iw4ht tlhr2ti­
Gp qwl{lwppm L. pnqGbt 20 pnutb: UG2wmbL (npwguwG uiwhwpw­
G[!: 

10. PwghL tpup.4wumpp qwi.Jiwppm, l!IwlJhL l{lnpawl.Ilml!Ibpp 4wl!Iw­
pplGbp[! L. 4znbt hntlwgwc} i.Jinp6wmmlJ.1bpJ:!: c+pwGgbL wprumGp­
Gbp[! (G2) PP.ti. 3 w11Jmuw4mu: 

~wztlwp4hL JntpwpwGl)mp Gumzti tunGwtlmpJntUJ:! 
G -G 

W" = I 
1 XI00% 

G t -G o 

npmbq - G1-l{lnp6wmmi.Jip ljzpnG t 1Pnp6wGumzt1 hbm utiGiL. (npwgntU[!, q, 
G2- GmJGI! ' (npwgmupg hbmn, q, Go - qwmwp4 41np6wmm1PP. 4zpnG t , q: 
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Urumuwlj 3 

'l-ullnwp4 
r- tnuwtJ.nptJ.w b AtmOwtJ.nptJ.wu \.um2fl tunuwtim pJmli[! 
t!m[l6WUllllljlfl tflnp6winnupp 

G -G No <l>np6w- qmp6wum1tfll1 421m[l ut1um 4zlm[l inpwgm- W " = ' 2 xl00% - inmtfl NQ ltlpn[l. ~npwgmiS[l uj1g htinn G1 - G0 G0-q(IWU G,-onwu G,-qnwu 

I 

<l>np6wul'ini2r •51w ti0 tunGwtjm pJnt li[! . %. 

<I>npowGumzti utJ2pu tunullllJ.ntpjntGI} hwztlwplJbL hbmL.JWLJ~Wuwolintl' 
W 0 W " W 0 

WOJ 1 + 2 + •••· · n 01
0 ' I •~ = t < 

n 
bqpw4wgmpJntG ' 

2.6. U C Iv US U "U .Q NQ 6 

~npwguwG , lnpwguwu tupwqmpJwG L. mwpwguwG 2tpuwump6wuwJpu 
qnpbpp ljwnmgmu L. tlhrtmbntpJmCi 

UztuwmwGpjl L1winwpuwu[! l.IlpwuwrlPt.1.mu t 6-8 w4writutiwt1wu dwu, 
nptig wnw2tiG bp4mu[! muwGnq[! utbUlp t oql.Ilwqnpoti ubpnfJwljwu gmgmu­
Gbpp mumuGwutJpuwu L. tlbPLillOmpjwG hwuwp: q.rw:PtilJ.w4wu wzt11w­
u1wGpGb[1J! UJbu1p t lJ.LUU1LU[1t.J.bG 11 :pnpuwmtJ upwubmpmllJ.wJti pbppb(l!l 
4J1w, qowqpmpJwG 4wlinliGbpti UJ.WhUJ.wumunt.1.: 

"UJmpl1 Jntpwgmuti g hbum JmrwpwCiL)nt[l muwGnq UJ.bmp t lJ.wU1w[1]1 
mCiwJtiu wnw2w11pwGp ptit.J. 8 WJmuwljti htJtlp.!Ci tlpw (11p mwppbrwlJ.pG hw­
UWUJ.Wl.IlwutuwG ) 4wnmgb1m[ utit.fiubl.IlpntllJ.wjp tlrw (0[1Wg1Iwu, (OpwguwG 
wrwqmpJWG L. 2tpt.lwumti6wliwjpG t1npbp : 

UztuwmwGpp UUJ.Wl.IlWlJ.J!: fl1'umuGwuI1pb1 hmupwmbuw4P. (Opwguwu 
qnpo[!Gpwgp ljpGbmpljwG Gpw ].npwguwG , (npwguwG wpwqmpJwu L ~bp­
uwul.Iltil'iwGwJpG lJ.n11brp ljwnmguwu L. ti.hPLntOntpJWU up2ngnt1.: 

lwpnpwump UlbIJ.W4WJWUp - WJG tJpbGpg ubp4WJWgGmu t (ulj.1 0) ~n­
pwguwG l.IlhqwljwJwG12, np[! pwq4wgwo t I (npwguwG UJ.Whwrwupg, 2hp­
uwul.Iltil'iwGti wt1.mnuwU1 ljwpqwtlnruwG hwuwljwpqpg (2) L 9 hbGwpwGpg, 
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npJ:l tJ.pw tinGuiwcJtJ.wo t 8 mbfuGJ14w4wG 4zbnp[!: ~b112J1liJ1 gwGgwtJ.np pw­
p!14ClbpJ1g tib4[! hwum14 LWJ1J1 oqGntpJWUp J12bgtJ.wo t ll!WhwpwGJ:l funnnL L. 
bwnwJmti t npll!bu hwpf}w4 tfmpowGumzJ:l uit11w4wJLiwG hwtiwp: liztn12J1 
WJUll!J1U}1 4wnmgtJ.WOJ2t! hGwpwtJ.npntf}jntG t mwlf!u (npwgtiw[J wupnfl2 
qnpo[!Gf}wgmu qpwGgbL upbppJ:lg hbnwgtJ.nfl hb11m4J1 pwGw4[!: '.)npwgn11 
lif)bppJ:l 2tpuwumJi6wGJ1 (WLjlJ:l( 3 mtJ.JlLP L. 1 O qpwGgn11 uwppJ:l oqfimpJwup 
qpwGgtJ.mu t LnpwguwG qnpo[!Gpwgmu uflbpp!1 2tpuwumJ16wGp tflmJintu­
tiwG opJ1Gw2wlj1mf)JntG[!: <l>np6!1 [!Gpwgpmli, 2npwguwfi mLn11mpJntG[! 
hu4tJ.mti t tJ.WJf14bGW(Wtf1Jl oqfintf}JWUp : 

Uztuwmwfi12Ji 4wmwptiwG tibpnqf14wG 
<l>np6[! u4ut1mg wnw2 npnzmu bG tfln[16wGumzJi uljqpGw4wG Wi' 

funfiwtJ.mpJntG[! L. wnwGoGwgGmu GpwGt1g 30-40q ljznml bp4m unmwtJ.npw­
U[bu hwtJ.wuwp qwGqtJ.woGbp, npnGgpg tit4n u1b11w11ptJ.mu t 4zbn12j1 pwuJ:lG 
wupwgtJ.wo 5 hwppwljJ:l tJ.pw, Jiu4 b[14pnp11[!' 3-p 4J1w, Gwtunpnp WJG wu­
pwgGbtnt.J. 2tptiwmnJ16wGwJJ1fi m!.J.f1l'1 wub11pG: "UzlJ.wb qnpll"nqntf}JmGGbp[! 
wGh[1wdbzm t 4wmwpb1 (npwguwG ll!whw11wG[! mwpwgGbtmg hbmn (opp­
Gw4 tiJ1G2L. 70°C): 

lizbn12!! hwtJ.wuw[lw4zntJ.wo tJ.116w4p pbpbtmg hbmn, Lj1w4mu bG ll!W­
hwpwGp l}J1GW4[! L. upwg Gmu t.J.WJp4bGwLwtJ.1[!: 

-Ult .10. lwpnpwump (npwguwfi uib11w4wJwG12f1 ufubuwG: 
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I-2npwguwG UJWhwpwG, 2-2tpuwumJ16wGf14wpqwtJ.n11J12, 
3-2npwgnq hmu12Ji 2b[1tiwumJ16wGp 2wtfluwG mt.J.f12, 4,5 __: 2npwgtJ.n11 
Lj1n[16wGtimzJi mbqw4wJUWG hwppw4Gbp, 6-011f1 2b[1uwumJ16wGJ1 
mtJ.f12, 7- GbpU[whwpwGwJpG 011'1 2tpuwum[16wGJi qpwGguwG uwpp, 
8-mbfuGJ14w4wG 42tn12, 9 - hbGwpwG, 10 - GJntpp 2tpuwumJ16wGJi 
qpwGgtiwG uwp12: 

cI>npoJi wnw2[1G 5 pnll!bGbpp [!fipwgpmu, q11wGgmu bfi Gumzf1g hbnw-
91111hb11m4[112wGw4n Jlll[1WJ2WG(jl1l)1 2 pnu1bG ub4 wGqwu, pu4 WJCinthhmL.' 
3-5 J111ll!bG ubl1 wGqwu: UJ11 qnponqntpjntU[! zwpmGw4mu bG WJG12wG dw­
uwGw4, uJiG2L. GumzJi 4zf1n[! unmbGnui t pp hwtJ.wuwpw4zlm tJ.t16w4f1G (bpp 
hbnwgnq hbqm4Ji 12wGw4£! ulimu t qpbpb hwumwmmG, oqmbtntJ. 0-p) : 

<l>npoJl [!Gpwgpmti ' 2npwgnq GumzJi l1znJ1 tflntflnfumpJmGn G 1 , G , , 

G J ••• G n L. cJwuwGw4[! ('ti ' 't' , ' -r, .. . 't'n ) qpwGgmu bG PPtl. 4 WI1Jmuwl1mtl : 
liJ11 mtl.Jw1Gbpp hpliwG tJ.pw (6-l ) pwGwoLml hwzlJ.wpljlJ.mu bli 

W1°, w;, W
3
° ... w: -bpp wpctb12Gbp[!' 

W" = 100-Sx(IOO-W1°), (6-1) 
I G, 

npmbq' W,0 
- GtimzJi [!Gf}wgJ14 funfiwt.J.ntpJmGG t , G 1 - GumzJ:l uljqpGwl.JwG 

4zJinG t, q, G; - Gtimzti ljzJinG t [!GpwgJilj 4znmtiGbpf1 cJwuwGw4, q, W," -

fiumzp uljqpGw4wu funGwt.J.nt!)JntGfi t : 
fcTJitl. 4 WilJmuwljp 5-p11 umGJW4£! tpwgGbtm hwtiwp q[lwCigtlwll" 

funfiwt.J.mpJmGfibpJi ( W;0 
) wpdbpGbp[! (6-2) pwGw6L.f1 oqGmpJwup 

tflntuw pJiGbt funGw tl. wU[ wpmGw4mp JntG Gbpntl' 

2 

3 

11 

L.umzti 
qwfiq~wc)[! 

G; .q 

G == I 

G = l 

G = ) 

G .. = 

we== IOOW,
0 

% : 
' 100-W;" 

::inpwguwG 
ctwuwCi tu lJ. 

't' , ,L[rtlj 

't' = I 

't' = l 

't ll = 

l.um2ti 
junGw tjntpJOIG[! 

(% 

W" = I 

W,~ = 

(6-2) 

Un 1muwlj 4 

l,umzti 
funGw~wu1mpn1 Ci mlt 

ntf'JlllG[! 
% 

we= 
n 
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fcrtnl 5 wrumuwlJ.mu qpwGgmu bG ttinp<.\wGumzti 2upuwuU1ti6wGti ttin­
lfmtuuwG oppGwlwlflmpJmGn: C:G11 npnur wrumuwlJ.jl 4-pri umGJW41! tpwg­
t.J.mu t Gw tunpqjl hjluwG 4Jlw lnpwguwG 1.J.npj11.J.wnmgmupg hburn We = f(t) 
4wutfi wpdbpGbpi} lijllijwGg hwUWlljW\.11WUtuwCibgGbtnt9 hbmn: 

<l>np<.\jl w[lll)mGpGbpjl uzw4mun 
C:ulII flM 4 wrumuw4p IIltlJwtGbpp lJ.wnmgbt (npwguwG 4np[! 

w e%- t ' 4nnpqj1UWU1WJPU wnwGgpGbpmli (G4 11) L. WlljW [!UUl 5 
wrumuw4j1 ll1tlJwilbpJ1. lnpwguwG 2tpuwumti6wGwJ!1G 4np[! 8 - 1: L. 

8 - We wnwGgpGbpmu : 
'.JnpwguwG wpwqmpJwli lJ.npn lJ.wnmgtjmu t lnpwguwG 4npp hpuwG 

4flw · qpw~j14w4wG qj1'.pbpbGgmuntj_: <+nJmpJmG mGjl qpw:Pti4w4wG 'lJl:Pb­
pbGguwG 2 bqwGwlJ. ' znzwlfln11Gtpjl (GlJ..12) L. hwmt.lwb12Gtpp (GlJ. .14): 

..c.. L.umzti c.. 
~ ~ 2tpuwumti-<.::l c.. 
'::I 3 6wGti 
~~ 
-5- 3 lwlflliwG 
3 ..c:: dwuwliwlJ.£! 
() 

't ;,4Jl4 

1 't = t 

2 '[ = 
' 

3 't, = 

n 'tn = 

L.umzJl 
2tpuwumjl-

6wGI} 
8 ;,0c 

8 = I 

8 = l 

8 = J 

8 = n 

L.umzti 
tunGwtj_wu1w1mLGtu-

4m~JntG[! 

w e= 
t 

w e = 
' 

% 

liI1JmuwlJ. 5 

t>wGnpm­
flJntG 

CnzwttinqGbpj1 bqwGwlJ.nt.l inpwguwG 4npti qpw~>r4w4wG 11r.'f>bpbG­
gmu lJ.wll1wpbLnt hwuwp, 4np[! pwdwGt.J.mu t lljWJUWGwlJ.wGnpbG utiliJwGg 
hwi.J.wuwp 12 (4wu wtlbtf1) uwubpjl L. pwdwGuwG 4bll1bppg 4npj1G IIlwpt.J.mu 
t znzwlflnf) upG(L. We -jl wnwGgpj1 hbm hwmtlbrn, pGlUlbu 'lW wptlw(} t 
G4 . l 1-j1 t!Pw 8-pri lJ.bmjl hwuwp: Up11JmGpmu Ull1tugtln11 a L. b hwll1t.J.wbGbpti 
(wlflbpl} (11pbGg hwuwlljwmwu[uwG tiG11tpuwtlnpmunt.J.) i.J.bpgGmu bG q(}wq­
ppg · a-G wpll1whwJmtlwb %-ntl, jlu4 b-G [mlljbGbpni.J. L. wprumGpGtpn 
qpwGgmu rtit.l 6 wrumuwlJ.mu: 
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liI1Jmuw4 6 

d 01 b QnpwguwG 
3Z Sil.JwL 4hmmu 

a 
"".r.. hwmtlwDp hwmtlwbp wpwqmpJntG!! ' 
d e. tunGwtlwuiwpnt-3 .D (Wt}JTI, ~WtP(!, a % 
'tl s Gw4mpJWG wptlhpQ m= - --
3 .D % pnUJh b ' pnlljb Cl. ..:r w e,% 

1 w ,c a, b, m, 

2 w e 
2 

a, b, m, 

3 we 
J 

a1 b l mi 
' 

4 

n w e 
n a. b n m. 

Urumuw4 6-mu wlitlinlflt.J.wb IIltlJwtGbptJ htJuwG. tlPw 4wnmgmu bG 
dW c ~ 

inpwguwG wpwqmpJwG 1.J.npn m = -- , %/pnUJb - W 0
, % wnwGgpGbpmu 

d't 

(ll1bU G4 .12): 
'.JnpwguwG wpwqmpJwG lJ.np[! hwmt.J.wbGbpjl bqwGwlJ.ntl lJ.wnmgbLnt 

hwuwp wGhpwdbzlII t pwdwGbL WJG 12 (lJ.wu wt.J.b[l) hwliltlwbGbpjl, tiG(UJbu 
gmJg t U1pt.J.wb G4. 13-mu L. wrumuw4 7-mu qpwGgbL 11-2'; 2'-31 

•. • (n-l(n1 

hwll1t.J.wbGbpmu tunGwtlwll!wpmGw4mrJmGGbpjl L. dwuwGw4jl wpdbpGtpn 
L. GmJG wrumuw4mu hwzt.lbL W 0-jl uJ12JlG wpdbpGbp[!, WUJW LPWgGbL wrum­
uw4n wupn112mpJwlip L. 4wnmgtunpwguwG wpwqnt13JwG 4np[! (G4.14): 

U11JmuwlJ. 7 

..c.. .:.wmt1wop u4qpJi m ittp2lt <mmtlwll"lt ul.J.qplt l. tlhPl'lt c.. dWc 

.0 tunGwt1wu1wpmGw4mpJntG[! ctw LiwG w4Gtp[] 
~ 
;:, m=--
3 d't 

-::r 
5 

WI% 
W1-W2 %/pnllJh 

3 W, % 't I 't 2 't' = 'r , - 'ti ., 
2 

I ' W' <='ti -'t i m1 = w ; + 't; = 
I 

2' w: 't ~ = 't3 - 't , ml= w ; +< = 
3' W' 't ; ='t, - 't l m l = w ; + t ; = 

J 

n' W,'. .: = 't - 't 
m = W' +-r' = ,,,..\ 

' n 11 n 
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"UlJ.. l l . :::>npwguwG lJ.npp I!Ci11hwump lnhug[! 8-pq lJ.bmnuS mwpi.J.wa 
2nzwtfl.nriml: 

6 5 4 3 2 

I 
I 
I 
I 
I 
I 
I I I I l I 
I r•,c 1,,,. c 1,..,c I ro~ oY;I 
f VJ&W~ _ ~4 3 2 J 

't' c.t 

-u4.12. :::>npwguwG wpwqntpJwG 4npt:! ' 4wnmgi.J.wb znzwtfl.nri.Gtpp ut1mrµi4. 
qpwN14w4w (i qp:ptpb(ignuini.J.: 

28 

"UlJ..13 . :::>npwguwu 4npp [!Uqhw ump mbul][! hwuuJ.waubp!1 pwdwui.J.wb 
i.trowlJ.mu: 

J 

I I 
I I I 

I I I I 
11 I I 

I I I I I I I I I 
11 I II I I I l 
I I I I I I .o I ~ I ...,. I n , <'-' 

11 I I I l<->fr ofr ofrjoB- 11'..;?8-
~ 13: 1~ 3: , ~ 

c 
Wcp1 

/ c 
WH 

wC. % 

"V4.14. :::>npwguwu wpwqmJJJWG LJ.np[! ' LJ.wnmgi.J.wa hwmtJ.wbGtpt1 ubpnqni.J. 
qpw:)>r4w4 wu ri.11.'phptGgmumJ.: 
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4nphpp s u f' l1wnmguwCi 
b(wljbuiwjpU I 2 3 4 5 tn~IWJUbnn 

w.c,% 550 550 550 500 500 

we 
I 500 465 437 425 420 

W' 2 410 370 308 350 340 

we 
3 350 315 229 290 265 

we 
4 305 275 170 268 215 

we 
5 265 240 113 210 185 

we 
6 205 195 70 165 130 

't0 , ctwu 0 0 0 0 0 

i-, 4 4 4 4 4 

't 2 8 8 8 8 8 

't, 12 12 12 12 12 

't 4 16 16 16 16 16 

't, 20 20 20 20 20 

't 6 28 28 28 28 28 

eo, OC 20 20 20 20 20 

e, 24 25 25 30 30 

e2 30 35 35 35 35 

el 35 37 45 40 45 

e. 38 40 55 50 55 

es 38 43 60 55 57 

e6 39 44 65 60 60 

:Jnpwguiuu 
wpwqnLJlJWU 

4npJ1 "C" u.~" " C" uc" u-l.., " 

ljwnmguwu 
\ll;gnnn • 

t5wllnpntpjmli * 

30 

p b f' u 4 i., b f' 

6 7 8 9 10 11 

500 500 500 500 400 400 

412 400 395 358 338 318 

315 295 283 223 273 235 

215 220 183 130 210 150 

185 160 115 70 158 90 

140 110 68 40 103 58 

93 48 25 25 40 25 

0 0 0 0 0 0 

4 4 4 4 4 4 

8 8 8 8 8 8 

12 12 12 12 12 12 

16 16 16 16 16 16 

20 20 20 20 20 20 

28 28 28 28 28 28 

20 20 20 20 20 20 

30 30 35 35 30 30 

35 40 45 45 40 40 

45 50 55 55 45 45 

55 55 57 57 55 60 

58 58 59 59 65 65 

60 60 60 60 75 75 

"C" "'-i'' "~.'' "C" "C" ·'c" 

I 

"C" zn2w1J:m1Jlitpjl utpnl} 
".!." - hwuu.!woGtnh ut1m11 

12 13 

400 400 

293 250 

185 120 

95 65 

50 35 

32.5 25 

25 25 

0 0 

4 4 

Vl" 8 

12 ·;12 

16 16 

20 20 

28 28 

20 20 

30 30 

40 40 

45 45 

60 60 

65 65 

75 75 

,,~ o ".c!,H 

14 

400 

208 

85 

49 

25 

25 

25 

0 

4 

8 

12 

16 

20 

28 

20 

30 

40 

45 

60 

65 

75 

".l, " 

3 . 0nPU5UUuSb~U4U5Uu~ubPPSbNuillfi~PU4Uu 
UUP~Uqj}Pll~lfUbPb~.:,uuu4UP~bP 

3.1. UC h.J USU u ~ No 7 

Onpwguwu mhqwtiwJwliplihpp hu4Jil lWtPfll uwppbp 

On[lwguwG qn[lcJ[lU13wgp W[lflJntlipmu umwgLj_nri uphppp n[lWLJ.1} hpu­
liwljwlimu ljwtulj_wa t ,1n[lwguwu nbctpt.lwJpU UJW[lwutmpb[lp 6pzui UJWh­
u1wumupg : 

On[lwguwG mtqwljWJWUpGbpmu huljlj_nri m ljwpqwlj_npl{nq hpuGwljwG 
UjW[lWUbUl[lb[lG b(i hwGqpuwGmu 2b[lUUllj[lp 2t[lUWUUlpOUIGf!, Jun(iwlj_mp-
JnLU[l L lW[lctUwG lU[lWqntpjmGo: . 

Rwup n[l w2tuwmwGI! N22-mu oqp funGwl{mpJwG ,1wtlttiwG uwpj!h[l[l 
L G[lwGgt1g oqmLj_bLnt ut13nqpljwG pwLj_wpwp U:wGpwuwuGnt13Jwup rt!lmwp4-
Lj_wa t , umn[lL ljwliq wn(ibGp UJntu bpljm UJW[lwubmpbpp l WtPPi uwppb[lp 
ljwnmgLj_wapp L. w2tuwmw(ipp uljqpmlipCibpp L{[lw: 

SttuGhqw!Jw(i 2tpU:w>wtJ1: lpGmu t lllflP'l (Glj.15w), wG4JmGw1I1G 
(GlJ . I Sp) L. huljp,1 (Cilj .15q): SbtuGJ1LjwljwG 2triuw l wl{lbpp i.Wtltuw(i 62mm13-
JOLUQ (b[lljm hwpL.wu pwctwlimuGb[lp up,1L. 2hriuwumpown Gb[lp uuupphpntf)­
Jnt(i[l) mwmwGL{mu t 0.5-2°C-p uwhuwuntrinuL OnriwguwG mbqwljwjwGp­
Cibpmu lj(1riwnlj_nq mttuupljwljwG 2triuwiwl{IL.[lp ,1wttiuwu wnw4.btwqmJG 
uwhuwuo iP wGgumu 150°C-pg , ,1nw1wo ljwG WJU mpUJp 2t[luw,1wl{lbp, n­
pnGg )WLj_1uwG uwht.lwG[l ljwqumu t upGlL 300°C: <!,uljp,1 2upuw~wtP.trio Un· 
Lj_npwpui[l lj(l[lWmjmu bG oqmwqnriatlnq 2t[lliw~wl{lt[lp uuimquwG hwuwp, 
ntlll11p U[lWUg ,1wl{1uwG D2U1nLf1JnLU[l turum PW[lO[l t ' O.J°C-j1 uwhuwGCib­
IllltLl: 

'Vzl{wa m)rn1ti 2tri1Iw,1wl{lhp[! unLj_npwpw[l wumpO:wuwpwdwGU:wG hG 
h(ipLUf1lJ4.wa ShtuJ'!nrnp 2tpuwump6wGGt[lnLj_: 4wG 2tpuwiwl{1tp, npnugmu 
2u1u1wump6wuo Lu11mwhwJuiLj_wb" t l>wpbGqbJuip (°F) wumpO:wGCibpnLj_: UJG 
LIWUJLj_wo t 5btuflmup uwGl}Ilwljp htui hbm1wt lJWUJn4.' 

°F =~"C+32 ljwu 
5 

°C = ~(" F - 32) 
5 

}: (7-1) 

lfwGnubmpwywG 2tpuw>wtJ1: UJu uwppp wztuwmwuvr hp1I12mu 
QGl1wa t qwqp Liwu hbqmljp O:G2uwG L{lnl{lnJuw4wGmf1JntU[! ' ljwfuLj_wa 2t11-
uwump6wGpg: U1G ppbGpg Gbpljw3wgGmu t tunqnl{wljwqb"h[lp tltwlj hwL\w­
ljwpq (Glj.16p), npo pwqljwgwa t I - 2hriuw1pG U[1L{wljpg, 2 - L\wqwGnflwJpU 
funqnLj_wljUb[lpg, unGnubu1riwljwG 3 quu1wGw4pg ' wupwgLlwb- 4 lJwtmuwljp 
4.[lw : 
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0 [ m -·H 
C> . +l 

~ N 0 N N 
N 

/ ' 
w) p) 

u4.l6. lJwGnobtnf1w4wG 2hf1Uwlwtjl: w) nGI}hwGmfl tnbupn, p) 4wnmg4_wO-­
llWJj1Ci ututUwG : 1 - 2bf1UwjpG Uf14_w4, 2 - owqwun}JWJpG tunrtmlw4, 
3 - qu1.4wuw4, 4 - 4wtmGw4, 5,6,7,8 - tbw4Gbf1, 9 - ULW12P zwpchu­
pbfl, 10-JJwGwpjl OWJf1W\.4WGW4: 

UJu tjlw4 hwuw4wi1qn 1.94_mu t qwqn4. (wqnm) 4wu w{lwq qnlnflzwgnf[ 
w JL hbqm4n4_: bflp 2bf1UWlWt.flp 1 2bf1UWjpG up4_w4n (PWlllG[!) tnbf[Wf[fllJmu 
t inpwguwG jumgjl ubf1umu, urtJ.w4jl 2bf1uwuu1pt'.iwG[! u4umu t pwp6f1wGwt 
L. U[lW ubtrnmu qmG4_nrt qwqjl 4wu hbrtm4J1 1!UfllllflOW4UwG 1.4wmt'.iwnn4_ 
hwow4WflqntU ouzntU!! pwf10[1WUOl0 t L. UW[lpp ULWPI! tnbf[W2Wfl<hl_btn4_ 
gm Jg t mw!lrn WJG 2tfluwmnf11'.\wGn, nf1'1 1.4wJUwuGbpmu mbqjl t mGbghL [!U­
qwp6w4mun: 
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UJu 2hpuw2wt.flt11n hw6'wlu hwuwLPtJ.wo bu wumu qflwGgnq hwuw -
4Wf1qn4_, n{lp ub2 Utnumu bG 2bfluwumf16'w(ip qpwGguw(i 1.4U1tn4_nf[ p4_w­
mwtumw41! L. ULWPP OWJpflG wuf1wg4_wo 13wGwpn4_ tgtlnrt O-wJpw1.4wGw4rr 

S.bnw!JwnwtjwpuwG hwuwliwnqbnJ.1 iWtPfli-qflwGgnq uwflpbp: Upwup 
huwpw4_npnt13JmG bG tnwltiu hwuwu1wmwuluwG tntJ.flm illflwguwG mbf[w-
4wJwG12mu unumwctbtnt up2ngnq, 2hpuwumf16wGJ1 qbpwpbpJWL UltLJWill t­
th4mpwhwf[fl[lfJWLWflbflntl hwqn{lqbt bf14f1npqWJpG q{lwugnq uwpypG, npp 
p4_wmwtumw4P. tlPw qf1wGg4_mu t iwt.fltlnrt 2hf1UwumpowGJ1 p4_wJf1G 
W{lctbp[1: 

w) 
r------- -- , p) 

I 
L ..J I 

4 

/ ! 
I 

3 

L----- ---- -...J 
q) 

'V4. I 7. Qb{lowumpowGp hbnw4wnwtJ.wflntUn4_ 2wt.flJ1i-hu4J1i uwpJ2hfl' 
w) 2tpuwqmJq' l-1:1GrJ!iwGntf1 U1bUJ:!1!, 2-2wtltf12 qLtuf14 (2hf1uwqntjqp 
ubmwrtwtwflbpjl qnq4_w0- qlfuj14), p) 2hf1Uwqf1uwf1f10t[}JntG ):(KTCY-lM, 
q) tth4mf1nqf1uwqf1mpJmGn4_ 2bf1tlwumpt'.iwup 2wtjluwG uiubowu, 
l-2hf1uwqpuwqf1ntpjntG, 2-4WUf12W4wJf1G qpUWflflOlfjntG, 
3-hw4_wuwpw4znuwG t.flwpmjpuhfl, 4-qpwGgnrt-2wtltn11 uwf1p: 

Qum wzluwmwupp u4qpmupp WJU uwpyb111:11PGmu bG 2bf1uwqmJqwJf1G 
L. 2bpuwJpG qf1Liwl)pntpjwG mtlJ12Ghf1n4. wzluwmnq hwtlw4wf1qhp: Unw2f1G 
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11tu112mu uw1112t1 u1tU1rn j111bGJig Gb[14WJwgGmu t 2tpuwq111Jq (G4. l 7w), Il[1[1 
UJ.WU111Wuu1tlwb t updJwGg!1g jipbGg 2t11uwhw11npf}w4wGntf)JWUp qqwtli 
u1wppbptlo11 t114m UbU1Wf[WLWilh[1!1g, npoGp 1mU1.?.l1 PWtnGti UU1Il[1pG uwumu 
qnqtlwa bG ujiUJWGg: liJu m11J1.?.Gbpoq w2tuwu1011 Utu[1php[! 4nltj_nui bG t­
Lb4U1pnGwJ!1G U{nmhGgJmubu1pGbp: 

b11411opq I}bll{pmu uwpp[! (G4.l 7p,q) 4nLtlmu t tLh4mpnGwJJiG 4tutip-
2w4, n11r m4_[1m rpbGJig Gbp4tuJtugGmu l UjW[10lflW4WJtifi 4tunmgtJ.wbpotJ. 
htull!1[111WLW[l, UJ.WU1)1WUUltlwiJ U{llLI0!1g, WLJlllUpGrg 4tud UJ.llllUl!"tGtig Lt unG­
UltudtJ.wb UllJ.r.?.'1 pwLnfimu: .:'.,wuw4wpql1 qpwfigllTl bp4po1111tuJpfi UlllJlR[! .?.W­
tJ.11110 Lt qpwGgmu t GztJ.tua htuf[OflflWLW[1b(1l1 lLh4mpw4wG 11!1uwl}[lntf)JtuG 
tJ.mtJ.m]umpJmGGbp[!, npnG11 wnw2wfimu bG mtliiLP mhqw4tuJ!lwG Ulbqmu 
(lnpwguwG ]umgmu) 2tpuwum!16wGr tllni.po]umpJmGGbppg: 

UGbunutmnGbn l.i onh 6GzuwG ;wg1hL uwn12hp: ::>opwgutuG gtuG4tugwiJ 
U1Gf1w4wJwGp ztuhwqnpauwG l)w[111ll t htulioGtJ.LiL ujltuJG llJopatup4mli!19 hb­
mn, np[1 [!Upwgpnu.l hu4tJ.rn1, .?.tutl1tlnri. m qptufigtJ.011 ubampJmGGtpG hfi 2l:i11-
uw4pp zwpctuwG W(1wqntpjOlU[I l.i hwlitu4tupqmu (4wu Gpw tunwGotifi ttb­
ubfimGbpmu) 01111 6Gzmli[!: 

011r wpwq1111~Jmfi .?.wllJnq uwppbp[! 4olllmu bG tuGbunubmpGbp 
(G4.18w-11), npnG12 fl1Gmu bu pwuwl!np (G4 . l8tu), pltwqnp (G4.l8p), ttb4mptu-
4wG (G4.l8q) l.i ttb4u1pw2tpdtuJpfi (G4.18I}) : 

Unw2rG bp4m uwppbpr hpuGtu4wG w2]uwUlwGptuJJ1G opqwGfi t 
hwfiqruwGmu Of1!1 lmuwGpp tuqf}bgmpJwG mw4 UJ.UlUll{OI} ptuuwllo11 4luu 
pl1wt1wlJ.np pliwGptJ.[!, npp LUOtufigpp llpw unGmwcltJ.tua hw24rl ut]utuGpqU[! 
qpwGgmu t pLwut1lJ]1 U{Ulmmwp4.bf1[!: [<}l.iwtj_op wGbuoubmpbpp .?.tutl1utuG 
uwhuwGGbpG bG' 0-2 .5 tilLlf14, ru4 pwuwl.jn(lpG[!' 2.5-25 uh.J.p4: 
liJu bpt1m uLup12bpntl .?.tutllmu 4wmtupbtm hwutup tuGbunubmp[! mbf1tu4WJ­
l[mu t Lwtt1uwG tunnoLmu, qptuGgqmu t Gpw htuz4.J1L.P gmgumGp[! L tJ.wJ114-
JluGwLwllJr m pLwGti4.p ut1wctwurnGw4Jtu qn[lbtup4mun4_ wz]utuUlbgtl_mu t 
tuGbuwubmp11 30 4tuu 60 qp4: l>zqwa ctwu4bu1[1 lfltuliwtmG uil:iu 4tuGqGbg­
tJ.mu t hw2tlt1m l.i qpwGgtj_mu G11w gmgumGp[!: <!.w2tl'1.?.'1 tp4m gmgumGpGh­
flP mwppbpmpJlllG[I pwctwGtlmu t 30 4wu 60 tlr4-Ji qptu: UprumG12mu 
umwgtJ.mu t mtl.Jwt ut12w4.tuJ11mu wGbunubmpp pLtufiJ14.r UJ.UllllJUlGbpti pp-
4.1! 1 tlf14·11 [!Gptugpmu: Umwgqtua m4.JwLn4., wGbunubUlpti hbUl mritJ.nrt hw­
LI1m4 .?.WllJwpbpuwG w11Jmuw4ntl n11ozqmu t orir houwGpt1 tupwqmpJmGtr 
4-bp[! uztlwa tth4Ulfltu4wfi 1.i tth4U1ptu2LiputuJrG wGtum.ibmpGbp[! (G4.I8q Lt 11) 
G4wpwqptJ.waGbpl1g wwppbpw4mu bG fiptuGntJ., Ofl rpbGg tuz]utumwfi12t1 hru­
pmu mGbG 2LipuwqntJq!1 (G4.18q) 4wu nrmzw4J1 qpdtuf}pmpJmG mGbgnri t­
tb4mpwhwrinpflwLWPJ1 (G4.18q) tLh4mpw4wG UJ.W(1wllbU1pbpJ1 (wnw2t1G 
qbutpntu u1nu1bGgJ1wLGbpJ1 UlWppbpmpJwG, bp4pnf1J}I1LU - tL.flllUWI}[lllLJl.JWG) 
tJ.mllJn]uuwG qpwGgmu[!, np[! Ulb11J1 t mGbGmu WJfl qqwJmG U1tJ.Jl2Gbp[1 nf}n­
qnq of}r houwGpr wpwqmpJwG llJollJn]uuwG UJ.WU16wnnq: 
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tu) p) 

3 

4 

q) 

b) 
wG w·•1h -hu 4112 uwp[1bp: w)pwuwLlnp tuGbunliliUlp, 

l>4.18. 011r wpwqmpJ l <t t'l fibU ubm[l q) 2bpt.'iwwGbunubm11 
) pltwtj_np wGbunubmp, q) ttt4mrinw n ' ' 

~) oqwubU1f1W4wG tunrin4.w4r Ulbrtw4wJLiwG u]ubuwG, l -wpmw12J1G 
tunrtml.tu4, 2-Gbppltli juoqntlw4, J-u114pot.'iwGnubUlfl: 35 



::>npwgt'iwG mh11wlJ.wJwGpGhpmt'i oqp wpwqntpjwG 2wtflt'iwu hwt'iwp 
hw6wtu oqmtl_mt'i hG oqp 6Gzmt'io 2.Wtflhtm tqwGwlJ.pg: liJll Gll!wtnwlJ.ntl 
oqmt.Jmt'i hG oqwt'ihmpwlJ.wG t'iwGnt'ihtnpplJ. uw1112pg (uq 18 b): UJG pphGpg 
GhplJ.wjwgGmu t oqwmwp }unqntl_w4wzwpmt'i UlhqwqwJtl_wa oqw2wtflpl up 
}unqmlw4, npp tr4m' wpmwppG l L. GhpppG 2 tunqntl_w4Ghp[! t'iJ.l.wgtl_wo bG 
upqpnt'iwGnt'ihmppG: lunqmlwlJ.GhpJ.l.g wnw2pG[! 2wtflntU t oqJ.l. hnuwGpp 
'\p.Jul" (qmt'iwpwJJ.l.G), l1U4 hplJ.pn11qn umwmJ.1.4 6Gzn1uGt110: UwrpJ.l. WJUUJJ.l.­
uJ.l. lJ.wnmgtlwO-pp zGn11hptl t'iuwGm'iutnpQ tflwuumphG gmJg t mwwu oqp hn­
uwGpJ.l. qJ.l.Gwt'iplJ. 6Gzmt'io (Pq=Pua~-PuUl), npp wrdhpQ qwpqmu bG t'iJ.l.411nt'iw­
Gnuhmpl1 hwt'iWll!WlllWUtuwu upwtl_np.Gbpntl (G/u2

, 4q/t'i
2

, t'iu 2PP UjntG L. wJlG) 
qowGzmu wri.two ptl_wmwtumw4Jl. tlp.w: .gwGp nr oqJ.l. hnuwGI?Jl. 11Jl.Gwt'iJ.l.4 
l'.iGzuwG m G(lw wpwqntpJwG UJ.l.2.L. tiw hwjtnGJ.l. lJ.wll! ' 

pV 2 
p = - (7-2) 

q 2g , 

Wll!W hwztlwplJ.ntl lJ.wpbiP t npnzbL oqp V - wpwqmf)JntCiD' 

v = ~ 2g/q ' (7-3) 

npmhq' p - oqp tummpJmUG t (4q/u 3
) mtlJw1 2t11t'iwump6wGti UJ.WJt'iwGub­

pmt'i (npnztlmt'i t hwtlhLtlwa 4-p Wll.JmuwqJ.l.g), g - wqwm wG4t'iwG wrwqw­
gmuG t (g=9.8 l Ultl1142

): 

3.2. UC lu USU 'V .g NO 8 

Oajl ll!W[lWUbuipbpJ.l. 2w1pmt'iGhpJ.l. 4uiuiwpmu qnpanq 2.D(lwguwG 
UJ.whwpwumu 

fcTJ.l.tl 7 wztuwmwGpmt'i G4wpwq11tlwb' uwp.pbpp 4wnmgtl_w0-(?p mumt'i­
Gwupp.mpJwG L. 2wtflmuGbp. 4wmwpbLm UbpnqpqwGbp.p Jmpwgt'iwG hpt'iwG 
tlp.w lJ.wmwpbL 011Jl. UJ.Wpwt'ibUl(lhpJ.l. ubppnhJ.l.ZJWL 2wtflmt'iGl:ipQ, qpwGgh1ntl 
W[111JntGpGhpo: 

l. OpnzbL wztuwuinq 2npwguwG UJ.Ulhwp.wGmt'i Oflp 2tpuwumt16wGQ' 
U1l:i}uGp4w4wG 2bpt'iw2wtflntl, L. hbnw4umwtlwp.uwG (2bpt'iwqpt'iw11p.mpJmG­
tntlpz) uwp(?ntl: C\-pwGgl:i1 wp.11JmGpGbpQ PPtl 9 WI1Jntuw4mt'i (4wmwpbL 6 
zwtflmu 30°C-l 20°C-Jl. uwhuwGGbpmt'i): 
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'.Jw - Ql:iptlw!J.pp 2bpuwull1[16wun ~npwguwu u1whmp111Clnui, "C 
5mgumGpuhpp 
mwnnh~nw1mGn tl1mtl 

inbjuGp!J.w!J.wG htrnwl1wnwqwpuwli Ng 
9bnuwiwlhml 

hu!J.pi 2h11uw2wlftntl uwnnml "c % 

2. '.:>wtflbL oqJ.l. W[lWqntpjntG[! wz}uwtnnq 2npwgt'iwCi u1whwpwGt1 tunnn­
[ntU (3 qbmbpmt'i' gum pwpopmpJwG) twwJpG tunnnzfl unui L. LuwpwGp pwg 
Ujwmmhwup. wn2L.: Ci-pwGgbL mtlJwtCibpQ ptJ.tl 10 Wll.JntuwlJ.mu L. qwl -
bqpwqwgmpJwG: 

Urumuw4 IO 

UGl:itlnuburnl:in l omounuifil:inn 

Oaji DWUIUllnn Duwtlnn 
wpwqmpJwCi hwzlfilw gmg- hw2tU1L11 
~wtlJuwG mbrrn gmgumG- tlJnp6pg v, gmgU:mG- iftnp6pg 

gmg- v, 
llll upG2t. hbinn U:ntG!ln 

liltlP!J. Pn lip!i~ t. hhmn umGll!! 
lil tlP!J. 

1.hnn6n I tlP!J.. 
thnn6n I t!Plt-

::>npwgU:wG 
u1whw11wCi 
4tnn wnw9hG 
l.ibm bnlinnnn 

4llm bppnpri 

IThuhwpwG[1 
bmw 1tiG lunrm> 
luwpw!ip 
u1wmmhwG]1 
unui 

bqpw4wgmf)JmG' 

3. 011nzb1 oqp wpwqntpJntG[! tunqntl_w4Gbrmu, bpb t'if14pnuwGntil:iU1pp 
gmgt'imG12GhpG bG' 

3.1. P,1110=30 4q/t'i 2 (oqp. 2t11t'iwump6wGG t 35°C) 
3.2. PuUl=I04q/t'i2

, Puo,1= 90qq/t'i2 (t =50° C) 
3.3. Pua11 = JOO 4q/t'i2

, Puu1= 304q/u2 (t =90° C) 
3.4. Pq =50 4q/u2

, (t =120°C) 
3.5. Pq = 120 4q/t'i2

, (t =so0 C) 
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3.3. U C Iu U S U 'u .Q N!! 9 

Onpwguwti mbqwqwJwtiptibflJl wlJ.mnuww 4wnwlJ.w11uwti hwuw4wpqbf1 
bp4Wf1wclwu4btn lilflW9UWU qn[lO[!upwgubflJl nbclpUWJJlU UJWpwubtn­

pbpJl hu4nu.l:U m 4wnwtJ.w11mut! wuhtiwp t ppw4wtiwgGhL OUJ.hflWtnnpJl wG­
uJ12w4wG uwutiw4gntpjwup : Ujq Jlu4 UJ.Wtn6wnnlJ. dwuwGw4w4p.g lnpwg­
uwG tnbqw4WJWGpGbpt! hwuwwLJ.wb bG wpqpwl1wG WJGUjpup. W\jmnuwtn 
4wnw4_wpuwG hwU:w4wpqbpnlJ., npntip JlGpGmpmJG hu4hLnlJ. wupnq2 uibtu­
Gntnqpw4wG qn[lb[!Gpwg(!, J111w4wuwgGmu bG GflW nbdpuGbpp 4wnw4_w­
pmut!· pwpop 6zwmpJwup : 

liJu hwuw4wpqbpl1 hpupu bG hwGqpuwGmu wlJ.uinuwui 4wpqwlJ.nf1p(­
Gbp[!: liJUUjbu bG 4n(Lj_mu WJG uwp!)hfl[!, npnGv wnwug uw111µu uwuGw4-
gmpJwG ppw4wGwgGmu bG wbtuGntnqpw4wG qnpo[!Gpwg]1 nbdpU:wJ]1G 
UJ.Wpwubtnpbpp UJWhUjwGmu L. 4wnw4_wpmu' GwluWUjbu uiplJ.wb wpdb!)Gb­
fl'1 uwhuwGGbpmu: 

U4_umuwui 4wpqw4_npp(Gbp[! unlJ.npwpwp pwq4wgwu bG LtiGmu qqw­
JmG ttbuhGui hwGqpuwgnq uilJ.p(pg , 4wtnwpnq uLupp]1g L. hu4LJ.nq UjWpw­
ubtnpp bpwqpwlJ.npuwG UWflpJlg , npp oqGntpjtuU:p 4wpqwlj_np]1(]1U Ulp\j_mu t 
hu4nq UJ.WpwubuipbpJl npnzw4Jl wpclb!)p 4wpqwlJ.npuwG tuGq(1p: 

Ujuajrnp utwpqwqmJG uwunubUlflW4tuu 4wpqwlJ.npp(]1 u)ubuw t pbp­
LJ.wa G4 19-mu, npt! Gwtuwwbuw4_w0- t 2pw-qntn11zwJ]1G 4wtnpp:f>bpGbpnlj_ 
hwuwwtJ.wu lnpwguwG uibqw4wJWG!)mU oqp 2bpuwumj16wG]1 4wpqwtlnp­
uwG hwuw11: 'upw qqwjntG 1 2tpuwpwtnG[!, Il[lt! uiuqLu4WJ\j_mu t (npwguwu 
tumgmu, l94.wa t wpwq qntnpzwgnq hbqm4nlJ.: OnpwguwG )umgmu 011]1 
2tpuwutnp6wG[! uwhuwGLJ.wopg wlJ.bL LtiGbtm qbummLI , pwtntimu htqm41l 
qntnpzwGmu t, npJl hbuiL.wGpnlJ. upwtimu l'iuzmut! pwpopwGmu t: UJu 2 uw­
qwGnpwJpG tunqn4_w4n4. hwqn11qlJ.mu t 4wpqwlJ.np!1(p tunnn(nLU qtntitln11 
utung]1G, Ilflll PP utungw4npnlJ. wq11btn4. qntnpzwmwp LJ.1w4wGt1 lj_pw, ipw-
4mu t qntnrzm umuip[! qbutJl 4wtnf1Jl:Phf1 h WJG nqnqn11 011]1 2bpliwum]16wG[! 
u4umu t J12Gh1: UJG uiptJ.wb Gbpppu uwhuwGpg '12Gbtm 11bUJpmu u4wpwqp-
4_wa [!Gpwg!)[! 4f14GtJ.mu t, lflw4wG[! pwglj_mu t h qntnpzJlG u11lJ.btn4_ qbUJ]1 
4wtnf1Jl~bp , till!wuuimu t inpwguwG tumgmu ori.Jl 2tpuwum]16wGp pw110-
pwguwGt!: 

q.n11bGwljwG wz]uwmwGp - owGnpwGw1 qnponq lnpwguwG ll!Whw­
pwGp w4_umuwtn ljwnwtJ.wpuwG hwuwqwpqpu, mumuGwuppbt Gpw wnwG­
o]1G ttbU:bGuiGbpp wztuwmwGpt! L. qwtnwpbt hwuwutwmwutuwG qpwnmu­
Gbp LWpnpwmnp-qnpoGw4wG wztuwuiwGpGbpp UlbUlfllllU : 
'umJG, (nflwguwG ):umgmu oqp 2hpuwuuit16wGp wLJ.mnuwm 4wpqwlj_npuwG 
tuGqppG t tmbmu Gwh Gl1.20-mu pbplJ.wb wlJ.uinuwui 4wnwlJ.wpuwu hwuw-
4wpqt!, npll hpuGLJ.wb t TC-100 l. TC-200 uwGnubmpw4wG 2hpuw4wpqw-
4_nf1p( Gbp]1 l.jpw: UJ G mGp Gwl... huljlJ.nq utwpwubtnpl1 uwhUwulJ.lUb wpclbp­
Gbpp qbpwqwGguwG uwuJlG uiptJ.n11 owJGWJpG wqqwGzwG "C": 
38 

l14 .19. ~npwguwG mbqw-
4wJwGpmu 011P.1:1bp­
liwumj16wuf1 ULulin­
libmpw4wG 4wpqw­
tlnpp(p [!uqhwump 
mbuot!: l-2hpuwpwtnG, 
2-uwqwGnpwJ]lG tun­
qnlJ.w4, 3-4wljlwp!1(, 
4-qUUjWGw4, 5-4Wfl­
qwLj_np]1( uwGb4 , 
6-utungw4np, 7-qntnp­
zm uwmmguwG Lj1w 
4wG, 8-JmquwG bnpwlj: 

(nlm)>IT:ii: 

(nlm) ~TC 

'u4 .20. ~bnw4wnwtlwpmuntJ.1:1bpuwuuiJ1-
6wGJ1 lwlJ.1Jll-wqqw4pl hwuw­
ljwpq]1 ttb4mpw4wG utubuwli : 

9 

+ 

4 

5 

Ill ________...2 

6 

li4.21. OnpwguwG uit11w4wJwupJ1 tJln)uw4p]1(]1 hbnwlJwnwtJ.w11munlJ. 
wtJ.mnuwm wu2wuiuwu h wq11w4]1 hwuw4wpqJ1 u)ubliwu: 
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ULJ.umuwm 4wnwqw[luwu hwuw4wpql1 oppUwlj t fiwL. .s_npwguwfi mb­
CJ.W4WJWCipp l}mtuw4plilP wqumuwm wCi2wmuwCi m upwguwu utubuwu 
(u4.21), npl! 1 zwpdliiP hwutiw11bw4'1 4wGqCibtm 11bummu 4wmwpmu t ' 2 
untbuntu1p hnuwupwqp4mu, j1Cii'1 zCinphtiLJ. upwCimu t 4 u2mw4wG pwg 4nCi­
mw4uiQ, hnuwGp pwg pn11Cibtntl 7 unLbCinpqnLJ., np)l l}mfuwqqbLml 4wnwLJ.w­
Plll. uwppp hbui' l}lw4mu t 9 oqwuiwpwguwCi tun11nl.J.w4]1 ummpQ: U]lwdw­
uwuw4 mbqp t mCibumu 6 6wJLIWJpG wqqwCizwGt1 2flf!WJP upwgmu h uitlJwt 
6wJCiWJpu wqqwuzwCiQ hmzmu t WJCi uwu]lu, np hwuw4wpqmu 4w wCiuwp­
pmpJmu lt WJU wuhpwctbzm t tlbpwgCibL: 

"U4.22-mu pbpqmu t .s_npwguwCi uit11wtiwJwGpmu oqp 2tpuwuuipl'.iwCip 
h hw[lwpbpw4wCi funCiwqmpJWCi wquinuwui 4LunwtlWflUWCi ufubUwu, hw­
uw6wJU n11p ' 12 h 13 uitlti.s_Cibpp oqCimpJwU:p 11 2tpuw4wpqwqn[lpz uwppb­
pnq 4wmwpqmu t IO 4wuiwpn11 uwppbpp upwgmu, npnCip ppbCig hbpppCi 
wqqbLntl 6 l}lw4wuCibpp 1lJlw, wtlbtwgCimu 4wli CitlwqbgGmu bCi 3 4wtnpp.1,bp 
umuiv qnpbnq qwtwpzm, 4wu 2 tunuwqwguwu uwpp umfinq 2PP pwCiw4Cib­
PI!: 

L.4 .22. ~npwguwfi mb11w4wJwfipmu 2tpuwumpl'.iwfip L. hw[lwpbpw4wfi 
tunfiwqm13JwCi wtlmnuwm 4wnwqwpuwCi hwuw4wpqp ufubuwfi: 
1-Lnpwgl.J.n11 qwuqqwb, 2-funCiwqwguwCi hwpuwpwCip, 3-4wtnpp:}>bp, 
4,5-4nCiqbCiuwm]l hbnwguwu mwpn11mpJmCi, 6-qntnpzm l}lw4wfiCib[1, 
7-tt.zwpct]l.s_, 8-qntnpznt uwqputnpWLWJPfi funqnqw4wzwp, 9-qntnp­
zwuiw[1 tun11nl.J.w4Cibp, 10-tjwmwpnq uwppbp, l l-2tpuw4wpqwtln­
flPlCibp, 12,13-".s_np" L. "13wg" 2tpuw.s.wl}lwJpfi mtlp.s_Cibp, 14-oqp W[l­
uiwCibuiuwCi l}lw4wCi : 
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3.4. UC Iu USU\, .Q NQ 10 

~npwguwG mbqwlJ.wJwfipCibp.fl 2tnmgfl.s. uwppwqnpmufibp 

4nfitlb4uiti4. .s.npwguwG mb11wlJ.wjwCipfibpp 4wplmpwqmJCi .'pmGl:19pn­
uwL opqwfifi t hwfiqpuwumu s>bnmgl.'iw(i hwuw4wpqQ, Il[l{! WUJ.WhnLj_mu t .s.n­
pwguwu hwuwp wGhpwdbzm 011'1 mwpwgmul! h uwmmgmU:Q .s_npwguwCi 
tumg: . 

ctwuwfiw4w4pg .s_npwguwfi uibqw4wJwupCibpp SJbnmguwCi hwuw4wp­
qbpQ 4wpbLli t pwdwfibt bpb12 tuup]l' 1) 4tuu1pnGw4wfi 4w13muJwuifipg 
uGLJ.n11 2tmmgl'iwCi uwppbp, 2) wqmnfinu qnpbnqmpJwfi, hbqm4 4wu qwqw­
JPU qwnbtwCijnt13ntl wztuwuirui. oqwuiwpwgmgp.s.Cibp (SJbpuwqbCibpwuinp­
Cibp) L. 3) wtlmnfinu qnpihlqmpJwfi ttb4mpwuiwpwgmgp.s_Cibp: 

Unws>pfi mbuw4p 2tnmguwu hwuw4wpqbpp hpufiw4wfi pwfiqnpw-
1.jwu opqwGCi bG hwCiqfmwCimu qntnpzwJpCi 4wu 2pwqntnpzwJpG 4wtn­
pp.'pbpubpQ, npnfigmu hnunq uiwp 2PP 4wu qn1np2m 2bptiwJpu tfibpqpwfi 
hw11npqqmu t tun11ntlw4Cibpp uw4bplmtJfJn4. wfigfinq oaj!Ci, npJ:! h uql.J.ml'i ~n­
pwguwCi tu mg: '1-pwfip lfl.Cimu bfi · .s_mqmfiJw tun11ntlw4Cibppg (Cilj.23), npnGp 
2bpuwl}lntuwfigl.'iwfi uw4bpbup l'ibbwguwfi fill!WU1W4ntl hWUWL[ltlwb b[i qw­
LW[lWOlt 13ppb11JW 4nqbpntl: 

litlbLti LWJU 4ppwnntpJmCi mGbCi ll!Il11ll!WU1JW pbp13wl.J.np Ket> UlPll!P, 
ll!Illlll!WUlJW 4nCJ.Pwtlnp Kct>O UlpU]p (Ci4.24p) L. upwumuipwfip 4wu ptuquw­
UntUlp UJ.Il11ll!WU1JW CTA UlPll!P (Ci4.24q) 4wLnpp.'pbpCibpQ (Cipwfig uib}uGp4w-
4wCi mtlJwtfibpQ pbptlwb bG hwtlbttlwb 6-mu): 

Ket> uipUJ.'1 4wtnpp.'pbpCib[l£! wpuiw11ptlmu bfi bp4m .s_wl}lwJpu tuupbpmf 
up2pG qwup (Kct>C) L. l'ibb qwup (K¢6): Unw2pfiCibpQ pw114wgwb bfi bpbp 
pu4 bp4pnpqfibpQ' 4 zwpp lllnfJ.UJ.WUlJW tunqntlw4wzwpbppg : Qbpuwl}lntuw~ 
Ciw4uwfi flCiuibCiuPtlmpJwfi pwpc:\pwguwG Cill!wuiw4ntl tun11ntlw4wzwpbpQ 
wfig bu 4wgqwb l'ipujwCigpg 5 uu hbnwtln[lnLfJJWCi l.J.[lw qwuwqnpl.J.wb' 0,5 
UU hWUUlnLfJJWUp ll!Il11UJ.WU1JW hW[lf}WJ3pf)bf1.fibpp wfig}2bpp up2ntl (u4.24w): 
f!n1np Ciztlwb uiplllbpp 4wLnpjl:f>b[1Gbpmu n[llllbu 2tpuw4p 4tii1wntlmu t uiwp 
2n~Q 4wu ~ntnpzj1G0 npp 2tpuwumpl'.iwfil! 6Cizmupg 4wtul.J.wb 4wpnri. t lfl.Cibt' 
Pq-0,IU1i/u -+tq=99 C; Pq=0,15UU/u2-+t =111°c p =O 2lJCi/u2-+t =120°c 
Pq=0,3U1i/l'i

2
-+tq=l33°C, P q=0,4UU/u2-+~=l42°c' P q=o' 5lJG/u2-+tq=I 50°c' 

Pq=0,6U1i/l'i2-+tq=l58oC, Pq=0,7UU/u2-+tq=l64oC h ~JLCi:q ' q ' 
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L,4.23 Cl-wtwpw6L. ptiptruw 4nqbpml lmqmGb 4WLnrti:Ptp: l-2mqmGb 
bqpw4nqbpml tunrintJ.w4, 2-UJnrtUJWUlJtU 4gwzmpp, 3-4nGritGuwmti 
hbnwguwG UJflllUJWlflJW tunqntJ.w4 : 

3 

JM' I 

I i 
' i ! .j 

I i I I j I ! I 

I i I i I i I ! I I 
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! I I I 

I I 

1 I I ' I ! 

4 ~m 

R 

I 

I 

! ! 

11 i 11 : 

11111 ! 
I I I 1~ 

w) p) q) 

L,4.24. 4wtn11t1'.t>bpGbp' w) pbppwtJ.np K¢6, p) 4nrn1wtJ.np K¢0, 
q) upwl}Gpwgp CT.Q: 
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l 3 4 5 

0 
0 
C\I 

lO 

18 

L,4.25. QbpuwqbGbpwmnp (oqwmwpwgmgti1) Tr-2,5 : 1-qlluwtJ.np oqwuqti2, 
2-otuGbtmJq, 3-2tpuwtflntuwGw4ti1, 4-ppwG, 5-wtJ.mnuwm 4wnwtJ.wp­
uwG hwuw4wpqti mtJ.ti2, 6-pngwumq, 7-hbqm4 tJ.wnbtllRti :Pfltmp, 
8-4w1ownp mpwl1u:pnpuwmnp, 9-wtJ.mnuwm 4wnwtJ.wpuwG 
tlwhwuw4: 

l.,4 .26. Tr-2,5 oqwmw12wgmgti2.Ji wztuwmwl112wJtiG ututuwfi: l-oqwurip1, 
2-wu1whmlti,1, tflw4wl1, 3-2tpuwt11ntuwGw4ti1, 4-UJWUlJWG, 5-wpmw­
ptiG tirwG, 6-tJ.wnbtWGJmpt1 tJ.rnztiwguwG oqwuqti,1,ti tllw4wl1, 7-tJ.w­
nbtwGJmpti ttb4mpwuwqutiuw4wG tllw4wGl1bp, 8-wjptJ.wi> qwqtpti 
hbnwguwG p4w Ggp, 9, 10-mtJ.tit Gbp, 11-tJ.wnbtWGJmpti uqti,1,ti uwGn­
ubmp, 12-tJ.wnbtWGJntpf1 uqti,1,, 13 , 14-tJ.wnbtwGJmpti tflw4wl1Gbp: 
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'u4 .27. Tl-2,5 2tpuwqtGtpwumpp. pngwumqp. ututniwG : 1-ppwG, 2-ttb4mrw­
zwpdp.l, 3-4bGmpnGwtumJU oqwuqp.i, 4-i.J.wnhtWGJmpp. ttb4mpwuwq­
Gp.uw4wG 41w4wG , 5-tlwnbtwGJmpp. liqp~p zwpdwpbpp. lJ.gnpfl['ll 
i.J.nwG , 6-tlwnttwGJmpp. uqti~, 7-uwGnubmp, 8-oqt1 UJ.tntnwhnquw4, 
9-4.mzpwgmgpl, 10-ttb4mpnqGbp, l l-t'it4mu[1~Gb[1 , 12-b'WJPWUJ.W­
Gw4, 13-pwp6p twruwG ttb4tnpwhwqn11qwtwpb[1, 14-ttb4tnrwhw­
rinr11wtwpbpp tnnu.p, 15-tlwnbtwGJmpp tunqni.J.w4wzwp: 
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7 8 3 

'v4 .28 tiwUJ.nGw4wG 4wGt4n .'.j:i[1pliwJ[1 2tpt'iwqtGtpwumpp pngwumqti 
QGqhwGmr mtumr l-oqwuqI1lP. UJ.WtnJwG , 2-.'.j:intnnmi.J.P.i, 3-[1pwG, 
4-i.J.wntLti~wmwp tunqntlwlJ.tuzwr, 5-ttb4tnpwhwqnp11wtwrtpt1 
mmllt, 6-t[wnbtWGJmpp. ttblJ.mpwuwqGpuw4wG ttiw4wGGb[1, 
7-pngwumqp wupw4gwzmpp, 8-u[12wG4JWL 49 wzmrp: 

B 

'u4 .29 C<:t>OA t'iwlJ.Gpzp ttb4mpwlJ.wtnp[1~bpwJP.G 011wmw~wgmgpi: 
1-ttblJ.mpwlJ.wtnpJl.'.j:itp, 2-tWJGwgnq oqwmwp, 3-wGguwG junqn­
tlwlJ.wzwp, 4-lJ.bGmpnGwtumJu oqwuqpi, 5-ttblJ.mpwzwpdJll, 
6-zp2wGw4 : 
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CTA mpUJ.p 4wtnpp~bpCihp[! (G4 .24q) mwppbr1qnu.l bG Gwtunpq bplJ.m­
uj1g upwJG GpwGnq, np upwCig up2m4D lJ.wqunri. tunri.ntlwlJ.wzwpbp[! nL flb 
4tnP bG, WJL mGbG mrtriwG4JwG 4mpqwo11: 

QbpuwqbGbpwmnpCibp (G4 .25,26) 4wu oqwmwpwgmgpLCitp bG 4nt­
qmu ,1_npwguwCi uitqw4wJwG12Gtpp wtJ.uinG11u 2tpuwuwuiw4wpwpuwfi hw­
uw4wpqbpp hpu11 hwCiqpuwgnq WJCi uwppbJl(!, 11pnG12 hbqm4 4wu qwqwJpG 
qwnbtwCijntflp WJpmupg qnjwgwa 2tpuwJJ1G tGtpqpwCi hwrtnpqntu bG p­
pbGg tunnntml wGgG11q oqp qwGqqwapG, np[! mu1pwfiw1ml uqqmu t ,1_npwg­
uwG tumg : 

1.,pwfiri pw114wgwa tG wpmwppG 4 1..4wmjwtlpg (G4.25) LUJ(1Uwfi 3 tum­
gpg, 1 011wuqpLpg , 6 pngwumqpg L. 2tpuw1tiG nbctpur 4wpqwqnpuwG wqm11-
uwui 4wnwqwpuwfi hwuw4wpqpg, 11[11! unGuiwcJqwo t 9 4wnwtJ.wpuwG hw­
uw4wpqmu: 

Uztuwmmu t 2bpuwqtGbpwump[! hbmL.JWL hw9npqw4wGntflJLUUp 
(G4.26): 12 qwnbtWGJntfllJ UflPW oqGntfJJWUp, tJ.wnbtwGjntfl[!, wGgfihL11tl 7 t­
tb4mpwuwqCi\mw4wG tflw4wGGbpp up2ntl hWJmGljmu t UIJ[1ULUG tumgp umm­
!?P unm uib11wqpqwo tflnzpwgmgtiLGtpp ut2 L. tflnztiwGwtm[, tuwnGqmu t 6 o-
11wufl.PL11 lJ.nqupg uqqnq O'lP htm L mqqqmu 'lbUJ.lJ WJ[1UwG tumg : <Dnzpwgm-
9PiGbpp hwpL.wGntfJJWUp mt11wlJ.wJqwo lJ.w1ownr oqGntflJLUL~p l[wnb1wtuw11-
Gnt[l'll! p11G4l[mu t , wnwt2wgGb1ntl png : UJCi zwpcttlhtntl qbGbpwmnpp 3 2hp­
uwtflntuwfiw4rir tunnnl_Cibpnq mwpwgCimu t Gpw i.lbmwqw4wG uw4hpL.ntJ­
fl(!, pu4 uCiwgnpfl hwCiqpuwgnrt LUJ[lqWO qwqb(l[! 8 wpmwauwG plJ.wGgpnl[ 
wpmwooqmu bCi u13fintnpm: bpp p11gwumqp qnpowp4mupg 3-5 [lnUJ.h hbuin 
upwgqmu t 1 (GlJ..25) Ofl.lliUflPi wqptqwm[!, WJU Ghpoobtntl UflUllL11f1U1LUjpG o­
I}I!, uqnul t WJU 2tpuwtflntuwGw4liw Llflw, npr zGnphlJt[ Ulwpwlimu t L. Ol)LU­
Ulllipwgmgptlt 5 UJ.WU1JWGp L. 2tpuwtfl11tuwfiw4Pt\1 Junl1n(Gbpnl[ i.lql[mt.l ,1_n­
pwguwfi tumg: '-lwnb1wGJntflP tflnzpwguwG, tuwnGm1111p qnJwguwG L. 
pnG4uwG qnpanGflwgfihp[! uibl)p tG mGbGmu uh4 l}GqhwGpmpJmG 4wqunq p11-
gwumqmu (G4. 27) , np[! u\1wgqwo t wqumuwui 4wnwqwpuwfi hwuwlj_wpqti 
hbui L. mu\1 :pnuimn®,1_, np[! qpwGgmu t wJpi.lwG tumgmu pngp wn4wJntflJnt­
Gn: '-lbp2pGp qhpwguwG cJwuwGwlJ., np(! lJ.wp11q t mtri.r mfibGwt l[wnb1wliJnt­
flP qbp2wfim1m, 4wu GpwGmu 2PP 4wu wJL tuwnGmp11Gbpti wn4WJnLflJwG 
ui.wuil'.i'wnmt, :t>nuinmtltim ' qpwGgbtntl pngl1 pwgw4wJntfJJmG[!, ttb4mpwl1wG 
2I}flwGbpp L[pw wq11htnt uti2ngnl[ tflw4ntU t qwnbttuGjntpj1 ttb4mpwuwqGpuw­
lJ.wG tflw4wGGbp(! L. wfi2wuimu t].wntll111l1 UflPW, tflnzpwguwCi oqwuri.Pw L. 
qJluwqnp o11wufl.Pw ttb4mpwzwpdpiGtpn: .2bpowqbGbpwmnp\1 Cinp qnp­
owp4uwCi ctwuwfiw4 Gwtu ut1wCimu t tJ.wnbtwtuwnGmpqp 011wuqpm, np[! 40 
Llf14 · zwpmfiw4 4wuiwpmU t lllj[lUlUU tumgp Owp[lntU LUJptJ.wo qwqbpp lJ.wu 
LWJ[ltJ.wo qwnb1wtuwnCintpflp uGwgn[ll)Cihppg, nppg htmn 20tJ.p4-nl[ UpwGmu t 
t1t4uiptu4LUJOWl1ti pwpop 1wpuwG (upG,1_L. lOOOO '-lntm) U1pwGu~n(lULUU111(11! L. 
wui.w (10 tlfl4 hbuin) pwgt].mu bG qwnb1wfiJntflP ttb4uipwuwqGpuwlJ.wG t].1w-
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ljwGCibp[! L qwnbtwfiJl1lJ3[! uwumtgt].mu t tflnzrwgmgp,1_Gt11tiG L. 4wJbP wnL1w­
JtHflJWG zCinphtnl" pnG4l[mu t: 

9-bpt.lwqbGbpwmnpp qnpow11lJ.uwG WJU hw2npqwl1wlimpJntG(! hwmm4 
uzw4l[wo t wGl[mwCiqntpjwG lJ.wGnGGbpj1 lJ!whui.wGuwG li1..4wuiw411L[, 11p­
u1buqp pwgwntll1' w) WJpi.lwG tumgmu Gwtunp11 wztuwmwGpwJJ1G nbctpupg 
htmn 4mmw4tlwo tJ.wnt1wtuwnGntpflp hwfi4wpow4p pnG4ntu[!, p) tflw4wG­
Gtpt1 tJwui w1tuwmwGrip hbuiL.wGp11L[ tJ.wnt1wGJntflp wGl[bpwhu4hll1 umtnp[! 
wjpuw(i tumg: <!.wlJ.wnw4 lJ!lli(lWqWJntU 4wpnq t uitrir mlibuwl WJ[lUwG 
tumgp tutrnm L[mwfiqwt.J.np UJ.LUJflntG : 1.,uwCi qtuwtpmu uwp11lJ.w1pu qnhtp 
nt1GbLnt G1..4wuiw4nt.J. llij(lULUG tumgn hwULUL[lt].LUO t 2 LUUJ.Whnl[pl l}lw4wGml 
(Gl1 .26), np(! w11wq pwgqmu t WJpt.lwCi tumgmu Oflp 6GzuwG LGwtuwmbu­
L[wo hwG4wpow4p pwpc\pwguwG cJw1lwGw4: 

1.,lJ.wpwqpl[wo hw9np11w4wCim131wup 2bpuwqbuhpwumpr qnpowpljmu 
L wG 2wmmu t mtqt1 mGtGmu GwL. ,1_npwguwG tumgmu mt11w4wJl[wa 'j>bp­
t.lwumt16wGp mt.lrir L. 2bpuwqbGhpwumpI1 rth4wtJwpuwG l[whwGw4mu 
quiG1[1111 wttumuwm 'j>bpuw4wpqwl[np[1i J1 hpwhwfiqnq: QG11 npmu ' 2tpt.lwqt­
titpwumpn wG2wuiqmu t, tpp 2npwgt.lwG tumgmu ort[1 2tpuwumpl'.i'wGn qt­
pwqwGgmu t uwhuwCil[wo wpctbpl! L. u[1wfinu.r bpp WJG gwop t WJll wpctt-
12!19: 

1-.p l1wnmgl[wapml G4wpwqpt].woJ1g qphflb 2!1 mwpptpl[mu 2t11owqtGb­
f1WurnpGtpp qwqwJtiG L[wnb1wGJntflntl wztuwmnri. pngwi.lntfl.I!, npmu pwgw­
lJ tUJntu b(i l[wnbtWGjntflp ori.tim L. qmzpwgmgti2Cibpl!, Im4 t1b4mpwuwqfipuw­
L1u1G tjuu4wGGbp[! l}lnJuwptJGtJ.wo bG pGw4wG qwqp l[1w4wGGtpnq: 

'.)npwguwG mbqwi.jwJwGpGtp!1 uqwmwpwgt.lwG hwuw4wpqtpmu 411-
!Hunljmu bG GwL. tth4mpw4wtn[lp~tpwJtiG mwpwguwG mbqw4wJwG12Gbp, n­
pnGp 4tmtt.l tfi C<POA uw4Gpz[! L. tl1Gmu bu mwpptp un11ti.'.P'14wgpwGbpp (<!.w­
tlt 1t[u10 8): UGhpwdtzui t hrztL np WJrtuitiupp tunphmp11 t mptj_mu 41111wntt 
uj1w1G tUJGUJ.tiup mbqbpmt.l mtqw1uutnq inpwguwG uibqw4wJwfipGbpmo, np­
mbr1 l:tb4mpwtGbpq!1wJr wpdt[!(! linm t htqm4 tJ.wnbttufiJntflp wpdb[!pG , 4wu 
gwop t GpwGpg (hwzl[wf141! wGhpwcttzm t 4wmwpbt l}Utn l[wnbtJipl1 2bpliwm­
l[mpJWG[! hwuwpctt12 gmgwCipzGbpntl): 

l~tb4 U1£1W4 WLll[llJ'.lJb(llli JP.Ci u1tqw 4 LU J wG12G bpi! rptugpg Citp4w J wg Gmu t(i 
ut4 [!GqhwGnq1 ppwGp Llflw hwqwpl[wa (G4.29) 4bGmpnGwtumJU OJ'llUUflP2P m 
ttb.4m11wwwpwgmgp,1_CihptJg (T3H) pwq4wgwa t1b4m11w4w1npp'.ptpp (1) uj1w-
9ntflJntG : 

Sbqw4WJlUGpp wztuwmwGpp u4qpmGpCi t : lTflGntn[ltnWjpG Ort!!' oqwu-
1ll1(11 wztuwmwGpp zGnphpl[ Gtpi.lrttJ.ntu t 4w1npp~tpp tunnCTL, 2tfl4.btntl 2t­
nn1gt1,1_GbptJ (T3H-tpp) uw4tpL.nlJflP hbm mwpwfimu L. wGgGbtnl[ oriwo11tiiJ1 
tunnnlnl[, uql[mu ill(ltuguwG tu mg: 
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bG' 

3.5 . .:.wzt[w114wJ)lG wnw2wl]JlwGp 10-1 

.Q(lWqilLilflZW j)lG 4WLilf1)1-1ibf1)1 hwztlwfl4 
4wtn11)1:Pb11)1 hwzt[w114'1 hwuw11 wGh11wctbzU1 hLwqbmwJ)lG tntlJwtGb(lG 

L - mwpwgt[nq oq)l pwGw4J!, qq/cJ, 
t; -4wtnp)l'.pb(l ummp qnpb'nq OC])l uqqpGwqwG 2tpi5wuU1)16wG[!, °C 

t: -oq[l wGh11wctbzU1 2tpuwut0[16wG[! ~n11wgi5wG tugmu, °C 

Pll - 4wtnp)l'.ph(l[l tunri.nt[wq Gb(l utnGnq qnLn11zm pwGtln11wqwG 6GzntU[!, G/u
2 

t 1 -4wtnri)l:Pbfl utnGnq 211'1 (qntn11zm) 2tpuwut0)16wG[!,°C 

t 2 -4wtnp)l'.pb(l[lg l}Ilt(lU t4nq 2P'1 2t11uwum)16wG[!, °C: 

~wzl[wp4[! qwtnw(ll[mu t hbmL.JWL hw2np11w4wGntpJWUp: 
l . ~wztlw11lJ.tlmu t tnpt[wb' 12wGwqmpJwUp oq[1 U1W{2wguwG hwuw(l 

wGh11wdbztn 2t11untf.!JWG pwGwq[!. 
Q = 0,28CL(t: - t;) '-lm, ( 10-1-1) 

npmbq C-of})l tnbuwqw(lW(l 2t11umGwqmpJmGG t , t12/4q °C (C=l,005 
l.{2/4q°C), 0,28- 42/d -[! l[wtn-[l t[b(lwb'DwG qnpi:rwq)lgG t: 

2. flpnzmu tG 4wtnp)l{lbpwJ)lG UlhqwqwJwGn)l mw12wguwG uwlJ.bflhU[! 

F = Q = _g_ u2, (10-1 -2) 
K(T~~2 - t~~2 ) K(t.t) 

npmbq' k-4wtnp)l'.pbp)l 2bpuwhw11n1111wqwGmpJwG qnpi:rw4pgG t, D(l[! 
npnzl[mu t [!Utn hwtlhLtlwb' 9-mu ptpl[wb' qpw:pp4Gtp)l, (M) 2tpuwq(lp 

u[l2[1G 2tpuwutnp6wG)l L. mwpwg4_nq oajl ut12pG 2tpuwuU1p6wGp 
tnwppbpntpJmGG t' 

(10-1-3) 

(10-1-4) 

nptnbq L - tnwpwgt[nri oajl pwGw4G t, qq/cJ, Vp - oqp qwGql[wb'WJ)lG 

wpwqmpJmGG t, 4qlu24.P4, D(ll! [l mw(lpbpmpJntG unt[npw4wG wpwqntpJwG, 
hwumwmmG t L 4wtut[wb' ~t 2tpuwuU1p6wG)lg: 

4. 4wtnp)l{lbpGbp[l mttu.pGmpwqpp Wl1Jmuwqpg (hwl[bttlwb' 6) 
[!Gtnpmu bG wJG qwtn11)1l>hp[!, Ilfll! pp 4tGqwG)l 4mpt[wc)pp fltlWJpG wpdtpnt[ 
unm t (10-1-4) pwGw6L.nt[ hwzt[wpql[wb'pG (l[bpgl[mu t Gpw ubc) wpdbp[!): 

5. Cum [!Gm114_wc) f -ti lflwumwg)l wpdtpp 4wmwpmu bu qwGqt[wb'w-
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J]1G wpwqntpJwG w11cJbp[1 6zq11mnuf 

(Vp),,., = 360~f 4q/u2l[p4 : (10-1-5) 
•P 

6. Opnzmu bG 2PP lflwulllwg)l wpwqmf.!JntCi[! 4wLnppl>tpmu· 

V = M u/•'"' 
2 3600 · IOOOf 'U'4' (10- l -6) 

T 

n11mt11 M - 2P'1 b'wtuuG t , 4q/cJ; fr - 4wtnp)l.'pbpp tunqntlw4Gb[1p qbGqwG)l 

qmpl[wapG t, n(l[! npnzt[mu t qwtnp pGtp)l lllhtu.pGmpwqpp W11Jntuw4pg 
(hwl[bL l[wc) 6) 

M 3,6Q I 
= ( ) 4q d, (10-1-7) c

2 
t, - 12 

npmtri Q - [!LIUl (10-1-1)-[l hwzl[w(lql[wb' Q-p wrdtpG t, C9 - 2PP 
Ulhmuqwpwfl 2tpumGw4mpJntGG t (C9=142/4q°C); 

7. QuUl hLUtlhLl[wb' 9-p ~p = f(Vp) qpw'.ppq[1 qmGL[mu t 4wLnpp{ltpml 
ofJ)l wGguwG qpuwq(lntpJwG ~P wpdh12l! (G/u2): 

8. !lpnzmu bG [!Gmfltlwi:r t1wLnpp.'pt11[1 lflwulllwg)l 2tpuwllll[ntpJmGJ:!' 
Q,1, = F,1"''""' · K · ~t, '-lm, (10-1-8) 

npmbri' F ljllllUlll- [!Citnpt[wc) 4wtnpp:ptp)l lflwulllwgj1 uw4tptuG t (hwtlbttlwb' 6): 
.C:.wzl[wp4Gtp[! L. 4wLnpp:jibpp ]!Gtnpntf.!JwG[! 6)1zU1 4wmwpbtm fJbuwmu 

Q4,-G u1tm12 15-20 %-ntl wl[bl'1 t'1G)l hwzl[wp4WJpGpg, WJU)lGpG 
pWl[W(lLU(ll[p' 

Q,1, = (l,15 ... l,2)·Q UlWJUUlCi[! : 

liwtnr)l:}>bpwJ)1G mbqw4wJwun)l l[tpu pbpt[wb' hwzl[wrlJ.'1 i5bpnri)14wCi 
.1nq1wgGbtmg hhllln muwCinril! ptil[ 11 wll.JnLLiw4pg qmpu t pbpmu Pfl lllwp­
pbpw4p btw4bmwJ)lG UltlJwtGhp[! L. 4wlllwpmu wnw2w1111wGp[!: 

Ull.jntUWq 11 

bLWqbtnUJJ~u Swnnb wliutm 
tntlJWLUbp I 2 3 4 5 6 7 8 9 10 11 12 13 14 

L,hu/cl 15,5 16,0 16,5 17,0 17,5 18,0 19,0 20,0 25,0 30,0 20,0 15,0 10,0 5,0 

1; , "c -10 -12 -14 - 15 -9 . g -7 -5 -15 -20 -25 -5 -6 -7 

t ~, UC 70 75 80 75 70 60 65 50 55 60 65 60 65 60 

P., , UU/u2 0, 1 0, 15 0,2 OJ 0,4 0,5 0,6 0,7 0,6 0,5 0,4 0,3 0,2 0.15 

t l 'UC 55 60 65 70 75 80 85 90 70 65 60 55 50 50 
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Ummuwlt 11 (. 1 wnmfiwtinm1mG 
l twlnp)l '.jibp)l I 2 3 4 5 6 7 8 9 10 II 

mhwn' 

w) K<PC 

p) Kc!JG 

q) K<l>CO 

11) KtDE>O 

+ - + + + - + - -- -
+ + - - + -- - - - -

- + + - - - + - - -
- - -- - - . - - - - -

3.6. c+np.aGwlJ.wG wnw2wll[lwGp 10-2 
~np.wguwG uib11wtiwJwGp]l 2bp.uwqbGbp.wump.]1 t.. 

llb4mpw4wlnP'1:Pbp.]1 hw2l{wp4 , 

12 13 

- -
+ -
- -
- + 

liJu hw2l{wp.4'1 hwuwp bLwlJ.buiwJltG m4.JwLGbpG bu 
1) ~npwguwG mb11w4wJWGpti wpmw1111n11wL1wuntf)JlllG[! - Mu, 4q/ct 

2) ~npwgn11 upbp12l1 u4qpGwltwCi tunGwtlmpJmGu 

3) ~npwgnq upbpplt l{bp2CiwltwG tunGwl{m~JntG[! 

4) Oriti 2tp.uwuml16wGn' 
2t11uwqbCibp.wmnplt ummpmu 

2tpuwqbCibp.wmnp.ti bli;!ntU 

- Wi'' , o/o 

- w; ,% 

- t ,, '
0c 

- t 0c 
~ , 

lnp.wguwG mb11wltWJWCiplt ummumu - t,, °C 

lnp.wguwCi mb11w4wJwGpp bLPmu - t 2 , °C 

5) 01111 tunGwl{mpJntU[! 2tpuwqbGb11wmn11ti twmu - Cfl o, % 

6) ~nrwguwG qnp.a[!GflW9'1 mw111mpJmGn - -r , ctwil 

14 

-

-
-
+ 

<llwhwG2l{mil t' 4wmwpbl (np.wgilwG qnpo[!Gpwgl1 tirwltwGwguwG 
hwuwp wGh11wctb2m 2tl1umpJwCi pwGwltlt h 011ti owtuuj1 hw2l{wrltGbp, oqm­
tlbLn4. 7 h 8 hwlJ.bLlJ.waGtrmu pbpl{wo 2truwqbGbpwum11Gt11'1 L. lLbltmpw­
LiwLnpti:\JbpwJtiG mb11wltwJwGpGbp'1 mbtuGtiltwltwG pGmpwq[1b(1j1g , ltwmw­
pbL GpwGg nGmpntflJntG, hw2l{wp.4bL lnrwg ilwCi qnpoQGpwgj1 lGb(1qbmtil1 
owtuumuGtpti qmuwrwJtiCi w11ctbpGb[1'[!, hwubuwmbtn4. m4.JwtGb[1!}, wfihL 
bqp.wltwgmpjntG rwwGg W(111JntCiwl{bmntpjwCi uwutiG: 

U2tuwmwG12n 4wmwpl{mu t hbmL.JWL hw2np11wltwGmflJWUp : 
1. n1m24_mu t lnpwguwCi qnponGflw9'1 ut4 ctwumu ui:itrpltg (hmuntig ) 

hbnwgt.{n11 hbr1mltti pwGwltn ' 
W 0 - W 0 

M = M I 
2 4q/ct: (10-2-1) 

' 'h't H 100-W~' 

2. n1mzl{mu t hw2t.{wpltl{wo pwGw411LflJwup ht11mlt'1 hbnwguwG 
hw!lwp wGhp.~ctli2m 2t11umpJwCi nwGwlt[!' 

Q = (2500 + 1,8068t 2 )M h,~ - W,t.,4,19 ltQ!d, (10-2-2) 
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npmb11' (2500 + l,8068t , )- 2[1WJl1G qnll1[12pfib[11t tnbuw4wpw[1 tCiflWLUll1wG t 

t 2 2bpuwump6wGp UJ.WJtlwGGbpmu, lt-2/ltq, 4,J 9W, t
0 

- l npwgnq upb(lpmu 

wnltw tunGwt.{mpJWG turwLUJ.tiwG t t 0 2brilwump6wGmu, lt.2/4q: 

3. flpn2l{mu t 2tpumpJwG wJG pwGwlt[!, npG wG2wmtlmil t l 4q oqltg , 
G[llU 2tpilwum1t6wGu t, °C-ltg t , °C-p. '12Cibtm U)Wtnl'iwnnlj_' 

d 
q=(l,005+1,80681000)(t , - t , ) ltQ/4q, (10-2-3) 

n11mb11 ' (1,005+l,8068d·10-l ) - u oq!1 uibuwltwrw[l tfipWLUJ.llwG t , d -

2tpuwqbGbp.wmnp. umm12 qnpanq oqp tunGwl{wUJ.W(lntGwlJ.mpJmGG t qfltq , 
npl} nrnzt.{mu t pfl.4. 2 hw4_bt4_wofl.g l}UUl hWJUlUlt t 0 L. Cfl o -ti wpdbpGb(lfl. : 

4. flrnzl{mu t (npwgn11 opbp.pltg hb11m4'1 hbnwguwG hwowr 
wGhrwctbzm oqp. pwGw4u (4q/ct)' 

L, = Q 4q/ct: (10-2-4) 
q 

5. flpnzt.{mil t lnpwGngltg qmpu bltnri 011'1 tunGwl{wll)wpmCiw4mpJmGu' 
M 

d, = d , +-f'-·103 q/4q, (10-2-5) 
I 

n11mt11 d, - U lnrwGng umGnq 011'1 tunCiwl{wll)wpmCiwltmpJntGG t , np.u 

i:i4.wUJ.bu hwt.{wuwp t d - ltfi ' d, = d : 

6. flpn2l{mu t lnpwguwu hwuwp wGhpwctb2m oqti owl{wm' 
V0~ = L1v0 u3/ct, (10-2-6) 

npmbq v 0 - G lltq lnp 011tiG hwuwll)wmwutuwGnq tunfiwl{ oqlt aw4_wt0 t , 

np[! npnzl{mu t pfl.4. 3 hwt.lbLlJ.woti w'l)muwlttig mpl{w a t0 -fl. L. cp 0 -ti hwuwp: 

7. Qum hw2l{wp4Citpnl{ umwgt!wa Q -P. (452/ct) L. v.,, -ti (u3/ct) 

W[1dbpGbplt' Pitt.I. 7 L. 8 hw4_bt4_waCibptig QUUl(ll{IlLU t m4.JWL LnpwguwG 
qnpbQGpwgfl. hwuwp wGhpwctbzm 2t11uwqbGb11wuin[1[! t.. GpwCi hwuwpctbp 
t tbltmpwlJ.wLn11fl.:PbflWJ'1G mbqwltwJwGpu: liJl1 GUJ.wmw4n4. Q - 11 4.Q/ctwu 
(wtltnqwltwCimpJmG[! UJ.btnp t l{bpwabt 44wJ/dwu-bplt, htizblntl nr' 14.2=0,24 
ltltwr 

8. QCimpl{wo 2b(1UnlflJWU UlIJPJnl[1Ub(1'12b(1UUJW(1Ulwq(1IlflwltwCimpjntUUb(1G 
b(i ([!UUl 7 L. 8 hwlJ.bLl{WoGb(lp)' 

Q ~t.pllu1ql.(1 := 

Q tt-llllll = 

lt4w lfdwu 

lt4wlfctwu 

9. fipnzt.jptu bG lGb(1qbmtilt owtuub[l[! l}Utn [!GUl[ll{wa 2tpumpjwG 
w11pJmpGb11ti ' 
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3 ,,,~ = c. "''I "t · q:· ,qpwu ) 
3 .,u14 = cqwq ·'t·q~ ,qpwu , 

3 .. 
1 
= c,, · 't · p,qpwu 

(10-2-7) 

nptnbq 't-CT LnpwguwG qnpa[!Upwgfl mbt1_nqntpJmuG t dwubpntJ., Ci.,q - l 4q 

hbqm4 t1_wnbLWUJntpfl wpdbi;iG t ( C"'"t = l 90qpwu), C 'l'"'l - 1 U
3 

qwqfl wpdbpG 

t ( C
4

w
4 

= 5 lqpwu), C,
1 

- l 44.tn dwu tL tubpqflwJ!1 W]H.lbU(i t ( C,1 = 25qpwU) 

10. S,wzt1_wp4t1_mu bG uGmptJ.wa 2tpumpJwG w11pJmputpl1 tGbpqbmf14 
awtuubpp hwubuwmw4wu gmgwGpzGbp[!' 

Ci-wq-htnmu l]wnb1wG1mf) 
3 -3 u = • q ·100% 

q·h 3 
• Q.wq tityumwtubpqpw 

3 -3 
U = It q ·100% 

t1- t ~ 

J I.[ 

S.tnmy !.]wnbLwG1mf) ti .tutnqpw 
3 -3 u = It h -100% 

h-tt 3 
tt 

I I . UptJ.mu t bqpw4wgntf1JntG [!Gtnptj_wi.l 2LpumpjwG wr1pJmpubp[1 
W[lllJntUwt1_burnlflJWU uwupG: 

L!_bpnhflzJwl ubpnIJti4wJpG awGnpwUwLlll9 hbum nlllwGn11l! p!1tJ. 12 w11-
Jntuw4'19 l}lltpu t pbpmu !111 mwppbpw4'1 bLw4btnwJl1CT u11lJwLubp[! L. 4tuunu­
pmu wnw2wqpwCTp[!: 

U11Jmuw4 12 
10-2 wnw9wnnwGoh t1wLJbmwrhLi m~1w1Gbn 

btUJ4bmWJtJU ! Su111ph11w[JGl:i11 

mtlJwtGbp I 2 3 4 5 6 7 8 9 IO II 12 13 14 
M 11 ,4q1c1 300 305 310 315 320 325 320 315 310 305 300 295 290 280 

w,o ,% 90 89 88 87 86 85 84 83 82 81 80 79 78 77 

W2" ,% 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

to. oc 15 16 17 18 19 20 21 22 23 24 23 22 21 20 

t2. oc 120 120 120 120 120 120 120 120 120 120 120 120 120 120 

t,. 0c 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

t 2 , "c 45 45 45 45 45 45 45 45 45 45 45 45 45 45 

cp. 'oc 40 45 50 55 50 45 40 40 50 50 55 50 45 40 
't, ctwu 20 20 20 18 18 18 16 16 16 I 5 15 15 14 14 
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3.7. UC Iv USU"\., .R NQ 11 

::>npwguwu wbqw4wJG12Gbpp oqwpwztu'12. uwppwtJ.npmuGbpfl 
'.:>npwguwG tnbriw4wJwupubpmu 2tpuwlipti mbqwzwpdf} · Gpw uwwm­

gntd[! 2_ll[lWgtJ.nri upbpyflG L. WUJW tJ.b£12tiCTflg wG2wmt1_n11 2£1WjpG qnlllflZilGb­
[ltl hbnwgmuu wUJ~hnt1_hLm hwuwp 4tipwntj_mu bu oriwu11p2utr, npnGg h[lu­
(i1u4wG tnflu1bp(i bG 4bCTwpnGwtumJu, wnwGgptuJtiCT L nnurnpwJllG: 

ltbGu1pnGwtunLJu oqwu11ti2ubp[! (GL1 .JO) UiCimu bG' gwap 6CizuwG, n­
pnGg 4n11uf1g qwpqwgtJ.nq 6Gzmt~f} uf1G2L 1000 <llwu4wl t (l <llw = I G/u2), 
u112t1G 6GzuwG ( P.1•2 = 1000-3000 <llw) L. pwpcp 6CizuwG, npnGg 

P,,
1
,, > 3000 <llw-f1g: 

11-rwGp 4wnmgt1_w a12ntJ. upuJwCigt1g qpbpb 2_bG tnwppbpi.J.mu L. pw114w­
gwa bQ (u4.30) flpwupg (1) m11qnp11 p4waguj1g (2), npmtqflg 0111:1 ummll t 
qnpamu 011wuri.f12fl tunn% pwGtJ.npw4wCi wG~tJ.tig (3), n111:1 hwowtu w(it1_wG­
t[nul t Gwl• nnmnp L. oqwuriJ1zf1 4nqu(1g oqfl hnup qwpqwgGnq h(11.Ww4wa op­
qtu(iu t, tLb4mpwzwpdj12pg (5), np!1 tJrnlmp t1_pw t wupwCimu nntnnp[! L. hb­
GwpwG-t1pwutig (6), npu hwuq[mwCimt\ t Ol')wtiqf1zt1 l11m11 hpuGw4wG uwu(!: 
0111uu11!1~'1 pwGtJ.npw4wG wufltJ.'1 u1wtnJWCi[! mGt1 tutumG2waL. 4wnmgt1_wa12 , 
!1Gn~ huwpwtJ.npmpJmu t tnwtJ1u pwutj_npw4wu wGMflCi mriqnpq p4wGgppg 
(il1pMbL 011[1 npnzw4p pwGtul1mpJWLi, UJU1Ulbl WJCi llJWlllJWU~ Ub2 L. wpmwu­
'lliL tipw LWJGwgn11p4wCigrmtJ.11t14t111111pu: ltwtu1lwa nnump!1 fl~w4Cibp~ 4w­
nrn ~Jt!wopflg (uw4bpbu, ptumpJwLi wLi4JmG, UJmmmwptJ.bp) oqwu11~m 4w­
pn11 I. liribt npnzw4fl pwuwljtllpJwG oq' tutium npnzw4fl 6uzmunt1_: 

ltbumpnuwtumJu 011tuu11112Gtpn nL.bpujnl zbCi L. CipwGg nnmnp~ 
u1mu1liw(i mqqmpjllLLi[! utizm m11qt1_wa t. tutumG2tu6L UJWU1JWG'1 Gbfl uwupg 
11Lu1t1 Ltu.1uwgmm: 4wl1Jtj_wo WJU htuGqwuwLi12!1g , ljtGmpnCTwluntJu oqwu-
11!1 ,'Gbp[l wptnwqptlmu bG [!UU1 nnmnpfl UJU1U1UWG lllllfllllflJWCi tp4nt UlW[lpb­
fl tulp11j' u12 UjtnllluwG L. 6tutu Ujtntnuw(i (G4.3 l): vzt1_wo mqqmflJnLU[! nrrnz ~ 
l[llltl t utpaauwu pl[wugpp 4nqupg Gpw tutumG2woL UJWU1JWCij1G CiwJbLnt[: 
upt. nmnnpfl UJU1ll1Uw(i lllflll.lllt)JnLU[! hwu1:1Ci4Cimu t dWUWULWRfl lll'1ll.lllfJW­
(iQ , um1w oqwurif12l! w2 uitnmuwG t , hw4wnw4 qbUJpmu ' owtu UJmmuwG: 
bLGl:ilnt1_ 2_npwguwu ml:iqwl[WJWUU(l [!Cif}hwCimp unGmwdwjpG utubUwJ!1 tLl:i­
Llli GtnCibpfl hwpuwpwqwumupg, ljbGmpnGwtumJu oqwuqflzp ppwCi1:1 4wpnq t 
uit.11wt1wJtJht Ci4.31-mu pbptJ.wa gwG4wgwa qflppmu, fluz11 hwuwp tutumu-
2uiot, UJtutnJWU[! mufl flpwCiti G4wmuwup UjtnlllbLnt hGwp wtJ.npmp­
JIHLi :ltbumpnuwjumJu oqwuajl2Gtp[! uw4Gtizwt1_npt1_mu bG, bLGbti11[ Cipwug 
P1uut1_npwl[wG wut1t1.P mpwliwqapg , 6uzuwG qnpaw4gt1g, wpwqwqnpbmp­
Jtuli gmgwuj1zflg L. nnmnpti UJmu1uwG m1111mflJntCTpg : 
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'\.,4. 30. 4bGmpnCiwtuntJU oqwuriti~ U4-70: 1- ppwG, 2- ntI}t')npq, 3- pwCiqn­
pw4wG wCiM (nnmnp),4- hbmpfi 4wLmGw4, 5- ttb4mpwzwrd}lz, 
6- hbGwpwCi,7- 4gwzmpp: 

'\.,4. 31. 4bCimpnGwjumJu oqwliri}l).J1 ppwGp hGwrwtlnr !JPrptpl}: 

w) !!) 
'\.,4.32 . Oqwliri}lzGbp' w) wnwGgpwJpfi, p) mwCippwJpCi 4bCimpnCiwjuntJU'. 

1- ntt')IlilP!J UJWUlJwCi, 2- ttb4mpnzwpd}lL 3- pwGtlnpw4wCi wCiptl}l 
ppw4Gtp, 11- GbpaauwCi tunnni, 12- UJWZU1UJWG]1~ UJWUlJWG, 
13- nnmnp, 14- UJWUlJWCi,15- oflw4w<.\L. tunnnz, 16- Cibpaauwfi 
hnpwGwJpG tunnnr 
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~3a~ 

~tw 
-(IJ 4'6& 

8 

~­
~ 

9 

w) 
1'4.33. w) Oqwmwp tunrintlw-

4wzwp]1 pwq4wgmg}l2 
qbmw1Cibp: 1-mri}lq OflW­
mwpGb[l, 2-wGgnulfit[l, 
3-pwnw4nrili wCigmliCitp, 
4-bnw4nqli wCigmliCitp, 
5-bp44nrio wGgmliGbp, 
6-tp44nqli 4puwwGgmli­
GLp, 7-moL. wCigmliGbp, 
8-wnWUUlWt')WjpG oqw­
pwztuJ:iz, 9-UJwmJ:iG wli­
pwgtlnri Oflwpwz(u]1z: 

- I -~ 
p) q) 

"l,,t1.33. <l>nzb4mtGbp' p) tumgwJ]1G, 
q) 9P4tnG: 1-hntlwCing, 
2-wpmwaliwG oI}wmwp, 
3-wpmwppCi UJWUlJWG, 
4-tflw4wG, 5-g}l41nGp 
4nfiw4wfi tunnn~: 

,_ 
A 

"\.,lJ..34 . fl-numpwJ!1G oqwliql1z: 1- 4gwzmp~, 2- u4wtlwnw4, 3- ppw4Gbp, 
4- nnmnpp 4wl{lwpl1i, 5- u1utn: 
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ul.J .35. U4-70, N!! 5 Ol}WUajl~ p pGmpwqpfli_ U}Wpwobtnpbpfl qpw.'liti4 : 

... 
.,:, ···· 

n: 

2400 r--~-.-~'r-"!'""'."l'."lr---:-J!~::;-, 

2000 t----t--T--t-1' 

1600 l- -+--t---t--r-..,----;-- 1 
1400 

1200 

1 0001---4-~-$~1;,4:~~ 

5 6 

ul.J.36. 0:4-70, N!! 8 OI}WU'l.Pzl1 pGmpwqppi_ UJwpwubmpbpfl qpw~fll.J : 

OpflGwl.J BU-4-70 JIN!! 5 uwl.JGti21! G2wGw4mu t ' Ol}WUq!1rn l.JbGUlpnuw­
lllnLJU t (BQ - aettTHJTl!Top uettTpo6e)!(tth11i), 4 - JHlwG2wG[! Gpw qwpqwgpwo 
6uzuwu qnpowl.Jpg(i t, 70- ptJ.wGzwG!! - wpwqwqnpampJntGG t , «II» - mwn(!, 
nnumpfl U}UltnuwG ntrl_I)Illf}JmGG t («11» - nesoro spamemrn), N!1 5 OI)wUri.fl~ fl 
hwtiwp(i t , npf! hwuwll{wmwutuwGnLu t Gpw pwutJ.npwljw(i wGfltlfl mpw­
t1wqaflu wpmwhwJuitJ.wo l}u-bpntJ. N2 5 - uzwuwljmu t wGPtJ.fl mpwuwqpO-f! 
5 r1u t (500 uu): 

UnwGgpWjflG Ol}WUajlLf! (u4.32w) flpbGpg Gbp4WJWgGmu t pflw4Gbpflg 
(3) 4wqu4_wo pwGtJ.npwljwG wGptJ., np(! ll{mmtJ.mu t I m'l'lOJll} ll{WITTJwup 
ut2: UJG hwtiwtp.tJ.wo t 2 ttb4mpwzwpd}:l[ntJ., npp Jliubnp 4.Pw wG2wpd unG­
mwchlwO- t pwG4_npwljwG wGtitJ.f! : Il-nmnpfl ppw4Gbpfl pbQntflJWG wGljjmG}:lg 
U. l4UJUJUwG wpwqmpJmGflg l.JwtuY.wo· ttbl.JU1pw2wpdp[p qnpowp4uw(i dw­
uwGwl.J wnwGg12wJflG o'luiu'ltirn 04. 32 w-mu G2tJ.wa m'lqntpJwup u'lmu t n-
11nzwl1fl pwGwljmpJwG OJ): 

UnwGg12wJpG ori.wtiajl[Gbpf! mubG oqfl qwpqwgtJ.011 6G2uwG w1{blli 
9wap gmgwGflzGbp (150-200 lllw), flGLfl ll{wm6wnml 4flpwntJ.mu bG Lnpwg­
uwG WJGU{flufl Ulb11w4wJwG12Gbpmu, npnGgmu oI)wUlwp hwuwljwpqp 'lfl­
uwqpmpJmGubfll~ ubo ~ b(i u2t{lUO uwhUwGGbpflg : Uju Ol}WUl')pzGbp[! wtJ.bJli 
J~ bflu bG, LjnuU}wljUl u mGbG nubpufl (u1mITTtiw(i nul'lnlPJnLG[! tflntubtm) hGw­
pwtlnpntpjmG (bpb nnmnpfl pflwl.JGbp(! uflubuippl.J mflu.IB bG) : 

UnwGgpwjflG Ol}WUflflLGbp(! uwl.JG!12wtJ.nptJ.mu bG [!UUl hwuwpGbpfl : 
hwuwp(! gmJg ITT4.n'l Pfl4.l! htuti[!uljGmu t pwG4_npwl.JwG wGfltlfl mpwuwqoflu 
wpUlwhwJmtJ.wa l')U-bpntJ. , N2 l-d11, 0r1i== Jqu= JOOuu, N2 2-dw01,q= 21}ti=200uu, 
N~ 8-d,"GJit(=81')u=800 uu : 

4bGmpnGwtumJu oqwdri.flzGbpfl mwpwUlbuw4ubppg tlt4G t mwut12wJpG 
ori.wuri.flrn (Gl.J .32p), npu flpbuflg Gbpl.JwJwgumu t pJ1wGfl4.-nmnnp, np[! mb-
111uq1.ttwO- t Ill'l'lWc'lflq I)pppntJ. ttb4mpwzwpdflzp Ltiubnfl 4_pw : UJG LmGp nn­
urnp(! (!LI1Nfl4nq wupnl')2wl.JwG U}WUlJWU U. 11 tunnnLnll pwu4.npw4wu wGptlfl 
l1nqupg GbpOO-tJ.n'l oq(! l.JbGmpnuwtumJu mdbpp wql}bgmpJwG ITTw4 hwY.w­
uwpwzwtflnpbG wpmwu'lmtl t upuntnpITT: UJu ol}WUl}pzGbpf! wpmw'lrtJ.mu 
Lu 3000-4500 u

3
/cJwu wpUlWl')flnri.wl.JwGmpJmGGbpntJ.: UpwGp hwubuwmw­

pwp 4ntill{w4m bG L. w4.blti tdwG ' ujmu 4bGmpnGwtumJU oI)wuqflLGbpfl hw­
ubuwm: 

4bGUlpnGwtumJU oqwuqflLGbpp UlWflWUlbuw4Gbpflg t OOUlilflWJpU 0 -

I)LUUajl_)_[! (G4.34), Of!(! tutumG2wc'lL. ll{WUlJWU}:l tflntuwpb(i mGp WUl')flWfJ.WflOflz 
nu1ri.n111l t4pwuwJflG pflflbfJ.Gbp' npnzw4fl ntfJ.I)ntf}JntuGbpntJ. OfJ.[! UI)btm hwtlwp: 
UJu oqwuajlrn GmJGU{bu OJ)[! Gbpoomu t 4tumpnGw4wG tunnnzflg (ul.J.49 w2 
4n11umu utw12Gtpp mriri.mpJwup) L. wpmwuI)mu tljpwGwJflu p!1ptri.Gbpp fun­
nn.1_Gbpflg: 

OnpwguwG mbri.w4wJGpubpfl ori.wuwmw4wpwpuw(i hwuwljwpqbpp 
pwqljwgmgpi_ tlwuG bG ljwqumu ol}wmwp tunI)ntJ.w4wzwpbp[! ppbGg c'lL.w-
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tJ.np upwguw(i tLbub(im(ibpntJ. (Ulj.32) L. oqp.· i.Pnzmg UWi;![lUWU uwp12t1mtl 

i.flnzb4mLCibpu m 9P4LnCiCib[l[! (ul{.33): 
Oqwuqpzubflp {!CimpmflJlllUJ:! hwuq!rnwumu t inflwguwu mbqw4wJuvub­

PP CiwjuwqMw(i UJWUlWujuwuwuim i.flmLbppg ubl.m, npp.g zwm pwuntJ. tiwtu­

tJ.wb" t mbqwljwJwu12P. wztuwmwuvP. wprumuwtJ.tnnmpJmCi[! (znpwguwu hw­
t{wuwpwzwt.jlmpJntli{!, £Dpwguwu mL.nqmpJntCiQ L. jumgp. mwppbp hwmtJ.wb­

CibtmLU 2bpliwJpu nbdpuubrp umJGmpJmCiJ:!) : 
Oqwuflti.£Cibp[! {!Citnpt{mu bCi hwzt{wpljGbpP. hpuwCi 4Jiw, npnCig J:!lipwg­

pmu 11f1I1Ztl.illl hpuCiwljwu UJWpwubu1pbpCi bCi ' wpmwqpnqw4wGntflJntUJ:! 

(u
3
/ciwu) L. Lflti.tl l'.iuzmul! ("lw): UJu u1wpwubmpbpp. htJ.uwCi 4flw ljwqutjmu bu 

01'],WUflpzubpp. pCimpwqpp£ ununqpwu-qpw:j>p4ubp (lilj. 35 u 36), npnCip tJ.pbCi­
gpg Cibp4wJwgumu bG uzt{wb" bf14nt ubb"mpJlllCiGbpp, oqwuflti.zp o.q.q.-p, nn­

mnpp UJmmuwu wpwqmpJWCi (u1m/pm4b ljwu nwq/t{pl{) L. tLb4mpw2wpctP.2P 
hqnpntflJWCi i.flnjuwqwpo L1wUJn wpmwhwJmnq qf1w:PP.4Cibp: 

3.8 . .:,wztJ.wf14WJpCi wnw2w11f1WCiI? 11-1 

OqwurUiw hwztJ.wf14-l!CimpmpJmli 
.:_wztJ.wpljbL L. (}GmpbL l{bGmpnliwjumJU oqwliq!1z i0[1Wgliwu tnbqwljwjCipp 

hwuwp, n[lmli upbpvti inrwguwu hwuwp wCih[1wclbzu1 oqp t'twjuuCi t L o3/ctwu, 
oqwuqowli hwuwl{wpqp. pwqljwgmgP.2 owubflp qp.uwqpntflJOLCiGbpCi hG' 
2tpuwqblibpwmnppun· H 1 , znrwguwu mbqw4w1li1212tiun· H 2 L oqwmwp hw-

uw4wpqpun H ;: 

Lmbmo 
1. Opnzmu bG uztJ.wb qp.uwqpmfJJmCiubpp hwqpwhw11uwu hwuwp 

wuhpwclbzm L b"wjuunt{ OflWUrJ.Pill hqnpmpJnLUJ:!. 

N = LH 4'-lm 
3600·1000·11, ' (1 I-I-I) 

npmbq H - hwuwl{wpqp qmuwpwJpCi qpuwqpmriJmCiu t · H = H, + H 2 + H
3 

"lw (li/U2
), 11- oqwuqpzp o.q .q.-u t ( 11=0,6: 0,8 ) : 

2. Cumpmu bG hqnpmpJWCi UJWZW[1p qnpbwljpgQ n = 1,1 ) L. 

hwzt{wpljmu hqnpntpjwCi wuhpwctbzm ubbntpjntCi(}' 

NI'!' =1,lN 4'-ltn: (11-1-2) 

3. <!..wztJ.wpljmu bG12 oqwuqpzp nnmnpp UJmmmwpt{b[l[!' 

JL 
n = 53- nwrv'tl.f14: (11-1-3) H o,75 

4. OqmtJ.bLntl. Cilj.35 L. 36-mu pbptj_wb U4-70, N2 5 L. N!!8 oqwuflti.zGbpp. 
pumfJwqppz UJwpwutmpbpp. qpw:Pti4libppg, J:!LIITT[lmu bCi .. .. .. . uwljCiflzP. 

58 

L"·S 
.n: = 0,027- u, (11 2 1) Ho.is - -

2. Opnzmu bG pwCitJ.npw4wu wGP.tlJ:l UJmmuwG wpwqmpJmCi1:1' 
H"·s 

n = 6,67).f nwrif4f14: (11-2-2) 

Cum pwCitJ.npw4wG wGptJ.j:l mpwuwqbp (w[lmwhwJmtl.wt't qu-bpntJ.) 
ll[llllntU bCi OIJ.WUflPiP N!!-Q'. 

3. Opnzmu bli oqwuqpzp hqnpmpJmCiQ · 

N= LH 
I 000· 3600 ·11 .. ., ' (11-2-3) 

ll[lmbq' 11 .. "' - oqmwqljwp qnpt'tnqmpJwG umwmpljwl{wu qnpbwljpgCi t, npQ 
npnztJ.mu t. 

A= ( ~ · 10' }1...,. pwliw6L.ntJ.: (11-2-4) 

I>-li (11-2-4) pwCiwc:\L.p t.jlwljwqbbpp W[lUlWhWjtnntpjntGG t: 
4. UmnpL. pbptj_wb wf!Jmuw4Gbppg npnzmu bCi A, 6 L. B qnpbwl{pgCibpp 

W[1cJb12Cib[lQ 

011wuri.ti1Cibpfl StlJwLhwuwpfl oqwuajllfl A - qnpb'wltgfl 
flflw4Cibpfl wnclbon 

(t!iwnbpfl) pwfiwtm 3 4 5 6 7 8,5 IO 12 14 16 

bp4pfuulj 4,95 1,72 0,72 0,35 0,19 0,09 0,045 0,022 0,0012 0 

bnwflflw4 10,75 3,7 1 1,52 0,72 0,42 0,173 0,09 0,015 0,025 0 

-'!wnwppwlt 8,5 2,45 1,08 0,53 I 0,28 I 0,14 0,07 0,034 0,0 18 0,1 
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B - qnpawl.jg}1 npn2uwG wrumuw4 

UGtJ.wppwlJ.Gbpp pwGwlj_[! 
5 mywGpzGb11 

li11lJ.ppw4 b nwppw4 J2wnwppwq 

n -qnp awlj_y]1 wpdhp[!, hpp 

E > A .... .. ..... ... .. ........ ..... .. 20 35 30 

E < A ........... ... ....... ... .... .. 8 50 7 

Tl max ····· ·· ·· ·· ···· ··· · · ······ ·· · · ·· 0,47 0,515 0,49 

ou1uiptl"wt 6Gznn'i(! H ""' , Gil\
2 u]1G1\; 128 upG1L 256 IlpG1L 540 

fl ,, ,. r-_h A-Ii 8-h L n -P. wp<JbpGbpntJ. hwztJ.wpl.jnu.Y bG Y] ""' -}1 pnz'1.wv o 1, , , 11 •1 111.n 

wpctbp[! ' 

n =n -(!_-1)-2._ bpp I> > A , 
"l ulfl "l max A B 

n = n -(1-£)-2._ bpp b < A: 
'l ln.n "l max A B 

5. tizqpumLu bG hqnpmpJwG hw2tJ.wplJ.wJt1G wpdhp[! ' 

LH 
N=-- ---

1000 · 360011 , ... 

(11-2-5) 

(11-2-6) 

(11-2-7) 

Ut1w 2w 11pwGp[! lj_wmwpqmu t [!Utn wGOliwl.jwG mwppbpwl{Ghp}1 
hLwlJ.buiwJP.G u1tlJwLGhp}1 (wrumuwlj_ 13): 

11-l L 11-2 wnw2w11pwGpGbp}1 ljwmwpuwG hLwlJbuiwJ}1G rntlJwLGllp 

Urumuwl.j 13 

b [tUlj_htnWJ}lli Sw11ph ~wl!Gl:in 
tml.JwtGhp 1 2 3 4 5 6 7 8 9 10 ll 12 13 14 

UnW£lU l"lflW Gp l l-1 
3700 3800 4000 4200 4500 5000 5500 6000 7500 8000 9000 1200( 1500( 

L , u'ldwu 
3600 

H ,,Cilu2 7,0 8 9 10 9,5 8,5 7,5 7,7 7,8 7,9 8,0 8,1 8,2 8,3 

H 2 , Glu' 80 81 82 83 84 85 86 87 88 89 90 91 92 93 

H ,,Gii.1 2 25 26 27 28 34 33 32 31 JO 29 28 27 26 25 

l'1 0,75 0,75 0,75 0,75 0,75 0,75 0,75 0,7 5 0,75 0,75 0,75 0,75 0,75 0,75 

Unw2w1wwGp 11 -2 
7000 6500 7500 8000 8500 9000 8700 8200 7700 6800 7500 7200 7600 8600 

L, u'lclwu 
H, G/u2 3 10 320 330 340 315 325 335 345 350 355 360 365 370 375 
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3.10. U C lu US UL, .Q N.!! 12 

::inpwguwG mhfl_wl{w3GpCihp}1 oqwpw2tuuwo hwuwfiwpqp 
pwqfiwgmgp,)_ uwubp 

::inpwguwG UJhflwl.JwJwGpGhp[l w zfuwmwGpp wprumGwtJ.buimpJmG[! · 
>npwguwG hwqwuwpw~wtJimpJwG Li. hwtJ.wuwpwqnp llJlWLjwlj_wG gmgw­
Gj1z GtpntJ. uGGqwupbpp umwGwLm wnmum.J., UjWJUwGw4_nfltJ.wo t GpwGg o­
qwpw2tuuwG hwuwl.jwpqhpp. pwql.jwgmgp~ uwul! l{wqtinfl_ 011wpwzfup(Gbpp 
6[12m [!GmpmjpntGpg: UntJ.npwpwp ~npwguwG UlhfJwlJ.wJWGJ2p wupn112 tp­
LjW[llllflJWUp oqtJ.nfl_ 011wpw2 fu!1~ t1 wn2ti. '1PtJ.nq hpuGwl{wG UjWhwG2G t' w­
u1whntlhL wpmwhnunfl_ 2hpuwl{pp wpwqmpJwG hw4_wuwpwlwlJimpJmG l n­
pw guwG tumgp wupm12 bpl{wpmp3wup: UJq UjwhwG2tiG pw4_WJ1Wpmu bG 
hwuUJwmmG umwtn}1Ljwl.jwG 6G2uwG 011wpw2futi.lGbp[!, npnGg wpmwhnu­
thuG Ljwu GbpoauwG wGgphpmu Ofl.P. wpwqmpJmG[! hwuUJwUJmG t: 

.t.wumwuimG UUJWUJfll{wfiwG oG2uwG OI}Ulpw2tutiw hw2tJ.wp4: 

..0 
v 

)( 

l.,4_.37. <!,wumwUJmG umwUJ}1Ljwl.jwG 6GzuwG 011wpw2 tu'1~P ufubuwG: 

!J.-P.gmp [!GqmGbGu, np l npwguwG mhriwl.Jw3wGpfl oqwpw2fuuwG hw­
tl'wl.jwpq[! UjbUJp t hwuwu1tJ.p G4.37-mu pb[14_wa hwuUJwUJmG umwmp.Ljw­
t1wG oGzuwG 011wpw2tuti~ntJ., npp. hwz4_wpljp hwuwp hwJmGp uitlJwLGhpG bG ' 

afl - Of]Wpw2tul1.i f1 UllLUljlWJpG funnn_ip LWJGntpjnLG[! u, b - 011wpw2tuli l l1 

ll 11LUlj2WJ}1G funnn.if1 pwpdpntpJntG[! u, e - Ol}.Wpw2tu'1.i P. bpl.jW[lllLJlJnLU[! u, L -
,>npwguwG hwuwp wGhpwdh2UJ ofl.P- owfuu£!, 03/4_, V,, - oqwpw2fufll P 4nriw­

Jtiu Obf1.pl1g OfJP. wpUJwhnupfl f!nLJLWUlpblfl WJlWQnlf!jnLG[!, U/4_, µ - ofl.'1- owfuup 

l}llJlOwl.jpg(! , v - OfJP. uwamopl.jntpjwG 4'1Gbuwmpl.jwl{wG qnpow411gG t , u21tJ., p -

OfJJl tuUJmpJntG[!, l.jq/u
3
, K - OflWUlW[lfl uwl.jbplillLJf!P funpqwpnpl}.llLf'JmGGbp!1 
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(wuhwjlj')nLf)JnLUGb[llJ) hwuwjldbpmpjlllU qnj1Ctw4pg(i t , n(l(! ubU1wflJW, 4tJ­
GlJu.J.tWUU1p_, wupngbubCiUlWJjlfi tun11mtw4.Cib[ll1 hwUW[l huntwulll[l t 0, l uu-ti. 
qw2bl.l.\wui uwlJ.b11W1tJPl1 hwt'iw[l - luu-ti, wrumub 011wuiw11ti hwuw[l - 4uu­
P. L. gbubCiui-w4_wqb utl_wqti hwt'iw[l - 10 uu-ti: 

4w2tlw!1lJ.bt u4w[lwq[ltlwa ml1Ulti 011wpw2tuPt• uzwuwlJ.mu t Il[ln2hl 
u11w 4nqwJl1u uw4_b[lW1tJf)P a , iwi.Vbpg x = 0- £ uwhuwuti gwu4_wgwet 

hwmtlwbntu L. hw2tlw114bt 011wU1w[ll1 qmliw[lwJllfi t..P 11tiuwqpmpJmug: 
~w2tlw114ub[1(! lJ.wmw(lntU bu hbUlL.JWt hW'j?Il[1I1WlJ.WUlllj')JWUp : 
1. fi[1n2mu bCi 011wpw2tuPLP ummpwjpu tunnniti tlJ.tlptlwlbum 

Ul[lwUwqpot!' 
(12-1-1) 

FH = anb: (12-1-2) 

2. fi[ln2mu bCi oqp w11wqmpJmCin oqwpw2tul1iP ummpwJpCi tunnnlmu' 
L 

Yu = - : 
F)l 

(12-1-3) 

3. n11n2mu bCi Re-fi-bJCint11up f)ptll! ' 
Re = d3· V" : (12-1-4) 

v 
4. £111n2mu bG 011wpw2tuP!P 2ttiuwCi qpUWfl[lillf)JWU qn[lb'wlJ.pg[!' 

68 K 
A = 0,11 • - +- , (12-1-5) 

Re d3 

n(luibq d, -P. wjldb11g mbri.wri.114.mli t uu-b11ntl: 

'Al 5. ~w2tlw!14.tlntt'i t - hwpwpb[lntf)JntU[! L. oqmtlblntl CilJ. 38-mu pbp4_wa 
4b 

Cinunq11wupg, n[lll2mu bu AL. B qn[letwlJ.pgub(lp w11ctb12ub[1t.!. wutw 
a ,; =Aaw+Bb (12-1-6) 

pwuw6W1tf 011wpw2tul1LP 10 hw4_wuw11wqn11 hwm4_wapub11mu a , -p 

f)4_U!Jl1U Ulj10bj2fib[l(!' 
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a ,
1 
= A1a 11 + B1b 

a,
2 
= A 1au + B 2b 

...... ...... ... ......... 
........... .... .. ...... 
·········· ··· ··· ·· ····· 

0,8 

0 .2 

0 0 ,2 0 ,4 0 ,6 O,;; . '8 X 

'UlJ. .38. 'Ununq[IWU AL. B qn[1b'wlJ.tigub11p hwztlw114.ti hwuwp 

6. n11n2mu bu 011wpw2tul1tti lJ.nri.wJtifi l'.itrwti LWJUntj')jntCi[!' 
L o = V I ' u: ( 12-1-7) 
,; 

7· !l[1n2mu bCi 0 11wpw2tutilti 11!1t1wqpm~Jmun 

"P • pV1~ u =up+ -
2
- lflw , pwuw6W1tl, (12-1-8) 

npuibq t..p=pV 2 / 2µ 2 

t..P = p v ~ + p VI! - p v ~ ( v ~ ) 2µ
2 

2 - -
2
- - 2- 2 + 1 , lflw : (12-1-9) 

µ VH 
m Oq~4.btntl wrumuw4 14-p hLw4bmw Jl1Ci mtlJwtCibjllJg, Jmpw11wfii)ntp 

uwunq p(l U1Wppbj1WlJ.j1Ci hlllUUIU\WU1WUtuwG, lJ.WUlW[lllltl t WnW'j?UltylUIU!1l"! : 

12-1 WilUl\?lllll[lWUilP bLutlJ.bUlUIJlJU U14.JWLCibp 

CTLW\jblllWJpG Swripbnwl!Gbri 

u11lJw1utp I 2 3 4 5 6 7 8 9 IO II 12 13 14 

ll H , U 1,5 1,6 1,7 1,8 1,9 2,0 2,2 2,4 2,6 2,8 2,9 3,0 3,2 3,4 

b, u 0,6 0 ,8 1,0 1,2 1,4 1,6 l ,5 1,3 1,1 0,9 0 ,7 0,8 0,9 1,0 

C, u 10 11 12 13 14 15 16 17 18 19 20 22 24 26 

L. uJ/iJ 5,0 5,5 6,0 6,5 7,0 7,5 8,0 8,5 9,0 9,5 9,0 8,5 8,0 7,5 

v~ . u3/it 2,0 2,2 2,3 2,4 2,6 2,8 3,0 3,2 3 ,4 3,6 3,8 4,0 4,2 4,4 

µ 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 

v , u2/l[ l ,5x l,5x l ,Sx 
~ ~ ~ ~ ~ ~ ~ 

xHr5 xJO·S x!O-l 
~ ~ ~ ~ 

p ' ltq/il ' 1,0 1,05 1,1 1,15 1,2 1,2 1,15 1,1 1,05 1,0 l ,05 1,1 1,15 1,2 

K, uu 0,1 O,l 0,1 1,0 1,0 1,0 1,0 4,0 4,0 4,0 100 10,0 10,0 10,0 
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3 .12. ~wzlJ. wp4WJflCi wnw2wIJPwCip 12-2 

~wumwmmG 4mpt}wbp L. mwppbp 11w4bpbuGbpnlJ. wGgpbp mGbgilIJ. 
GbpaauwG 011wmwpf1 hwztJ.wp4 

f 

-------------l-1 

Irli JIJj 

n 

L.4 .39. ~wumwmmu 4tnptJ.wai;i L. mwppbp uw4bpbuGbp mGbgn11 wug~bpntl 
ubraMwCi oqwmwpfl u]ubUwG 

~npwguwG Ulbqw4WJWGpubp!1 Wpl}jntGwtlbmntpjntG[! zwm pwGnlJ. 
UJWJuwGwtlnptlwb t GwL. znpwguwu oqwzr2wGwnmr1wli hwuw4wpqf1 bp4-
pnp11 4wpL_np pWI}Wl]pflzfl. OI}fl Cibpb(}Uw(i ]unqm(w4wzwpfl 6flzm wzjuw­
UlWUpntl, pGrn 4WJWUntU t ]umgp WUpnI}2 bp4W[llllflJWUp ' OJ}[! hwtlwuwpw­
iWlfm[Jbu WJUtnbllflg hbnwgGbtnt ut2 : lijl}UJPU!1 011wu1wpGbpt1g ub4p utub­
uwG pbptlwb t G4. 39-mu: UjG ppbGflg Gbp4wJwgumu t hwumwmmG 
4mptlwap mGbgn11 f -bp4wpntfljWUp OIJWU1Wp, npp 6w4Wtn[! y11u4 t , jrn4 
4n11wJtiG uw4bphnLJflfl 4Pw wptJ.wa bG n-fltlntJ., mwppbp pwgtlwa12libp mub­
gm1 wGgpbp, npUJbuqfl GpwGgpg JntpwpwGLJmpntl ' wG4wtu 011wmwp!1 bp-
4wpntfljntGf1g, hwtlwuwp 12wGwl1mpjwup OIJ Gbpaatlfl L. hbnwg1\p ]umgpg: 

~wztlwp4bl WJI}U[flUfl OI}WtnWp CizwGw4ml1 t Il[IIl2Ul npnzw4p hWjUlUp 
oqp aw]uufl hwuwp wGhpwdbzm wJCi GbpMuwG wGg12bpfl uw4bpbuGbpf.!, n­
pnugntl f1pw4wGwgitmu t OI}fl hbnwgntU[! znpwguwG ]umgpg: 
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~wztlw114fl hwuwp wGhpwdbzm btw4bUlWJpG mt!Jw1ut11G bG ' 
oqwmwpp l-bp4wpmpJntG[!, 11; 
bWWJpG ]unnnzfl zwtf1bp{! ' bp4wpntfljntG[!-aH L. pwpapntflJillU{!- b, 

4wu ]unnnzfl hwmtJ.wb12p uw4bpbuf.! F == a 11 b ; 

GbpbbUwCi wGgpbpp flfltlI! -n 
oqp bw]uUI! LK u3/4_; 

R 
_ d3· Ya 

e - -
v 

11wamaf14mflJWCi npmb11 v -oqfl 
( v = l 5 ·10-5 112

/ ·" 
' 'U ~ 

4. Drnztlm11 t oqwUlwpp ztfll1wu q(1uwqpmpJwG qnpo-w4pgl! , 

A = 0,11 v 68 + K : 
Re d

3 

5· Dpnz4.ml1 t Pfltl 1 wGgpfl 11w4bpbul!' 

LK 
cr, = -pwGw6Ln·' nV '1.• 

" 
npUlbq 0"1 -I! wGg~fl uw4bpbuG t , 11 2: 

(12-2-3) 

(12-2-4) 

(12-2-5) 

6. Dpnztlm11 t 2-pq L. uGwgwa wugpbpfl uw4bpbuGbpn hbUlL.JWL 
pwGw6L.n( c 

(1 2-2-6) 
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l7twl{bU1Wjj1(i Swnnb1 wu!.ibn 
mtl.JwtGtr I 2 3 4 5 6 7 8 9 

!, u 36 34 32 30 28 26 24 22 20 
aH , U 2,0 1,8 1.6 1,4 1,2 1.0 1,2 1,6 1,8 
b, l! 0,8 0,8 0,8 0,8 0.8 0,8 0,8 0,8 0,8 

n. hwm 10 10 IO 10 10 10 10 10 10 
L, l!3/u 20 26 28 30 28 26 24 22 20 
K,uu 0, 1 0,1 0,1 0,1 1,0 1,0 1,0 4,0 4,0 

V" , oh.I 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 
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Urumuwq 15 

10 ll 12 13 14 
18 16 14 12 10 

2,0 2,2 2,4 2,6 2,8 
0,8 0,8 0,8 0.8 0,8 
10 10 10 10 10 
18 16 14 12 10 

4,0 4,0 10,0 10,0 10,0 

2,0 2,0 2,0 2,0 2,0 

4. !:>flf'U5UU'h Sb~U4U3U\..,.£!\..,bf111 <,UC'-lllfllr\..,bfl 

4.1. U C Iv U S U l, .£! N2 13 

[c}Upml}Wj}lG znpwguw(i tnbqwl}WJWCipfl hwz4wpq 
[<}upmljwJflG inpwguwG mbqwlJwJw(i12GhpQ qwu4_mu tG uGGqwpium­

CiwpbpmpJmGmu mwpwo4wo inpwguwG mbqwl}wJwGpGbpp P4.PG: 'hpwGg 
Gw[uwqouwG hwuwp wGhpwubzm hw24_w11l}Gbpp hw2npqwlJwGmpJmGn 
pbp4_mu t umnpL.: 

'1-f1gm12' UJWhwG24_mu t hwz4_wplJbt pupmljwJpG mbqwljwJwGp, tpb 
hWJU1Gfl t Gpw Wjllll.Wl}pnqwljwGmpjntGn ( M2) {!UUl znp Cijmpfl, znpwgnq 

Jpbppp uqqpGwljwG (WI" ) L. 4_bp2GwljwG ( w; ) tunGw4_ntpjntGGbp[!, .s_npwguw(i 

mbqwljwjwG12 ummp qnpanq o!]Ji 2tpuwumfl6wGn ( t
0

) L. funCiw4_mpJntGQ 

( cp,, ), mbqwljwJwGppg I}lltpu tljnq oqp 2hpuwumf1owGQ ( t
2

) L. tunGwt{mpJmGn 

( cp2 ) : <.wJm(ip bG GwL u1wymg!1z 2UflUlllpjwG pwGwlJfl lllbuwljwpwp OuifuuQ 

( ~ ), zwhwqnpMwG t[WJPP pwpnublllpwljwG 6Gzmuo P~ ..,~ L. pupmljfl 
QUl}LWJGwqw(i ljmp4_w()pfl tYwljbptuu (i): 

UGhpwubzm t hwz4_wpljb( 2tpumpJWG pwCiwlJp L oqp bwfuun, 
(2tpuwqpf1 uljqpGwljwG 2tpuwumf16w(iG ( t, ) m [unGwt{mpJntGn ( cp

1 
), flCi.s.UJbu 

GwL 2tpuw4pp wpwqmpJmCin pupmljp tunnn.s.mu ( w
1 

L.w
2 

): 

<!.wz4_wpljn ljwmwpt{mu t hblllL.JWL hw2npqwljw(impJwup: 
l. Opnzt{mu t t 0 L. cp ,, UJwpwU:bmpbpn4_ oqp d 0 tunGw4_wUjwpmGwljmpJmGn l.t 

i 0 tGpWLUJPWG (hw4_bLt{wc) 2) L. V., owt{lull! (hwt{bL4.Wb 3): 

2. O,t.J24_mu t(i GmJG u1wpwublllpbp[! t
2 

2hpuwul!1p6wCintl l.t <p
2 

[unGwt{mpJwup oqfl hwuwp: 
J. Oqm4.blml GJmpwljwG hwzt[bljznfl hwt{wuwpmupg npnzmu bG .s.npwgm­

uflg wnw2 upbp12fl 12wGwLw · 

M ::: M1 (100-W;) qq/o: 03_1) 
' 100-W0 

' I . 

4. Opnzmu bG .s_npwguwG lllbqwljwjwGpflg hbnwgnq hbqmqfl pwCiwljrf 
(w" W") (Wo-Wa) 

M ::: M - M = M I -
2 = M I 

2 
' ljq/d: (13-2) 

9 I 2 I l 00- w a 2 10 0 - w ; 1 

' 
5. <,wz4_wplj4_mu t oqfl mbuwljwpwp awfuu[! (ljq . .s_np.ol}il.jcHmp)' 

1000 
I= --: (13-3) 

d, -d., 
6. Opnzt{mu t OI}p OWUWjpG aw[uu[! ' 
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L = l-M
2

, lN (ilP ori.ld : 

7. Opn2mu tG t
11 
u q>

0 
UJ.wpwubu1pbpn4_ oriJ:i bw4_wl.I! · 

y i• .. ~. i = LV u3/d: 
0 0 

8. Opnzmu tG t , u qi
2 
UJ.wpwutmptpn4_ oriP. aw4_wll!' 

y < • ,. ~, i =LY u3/d: 
2 rl' 

9. Opn2mu tG 2tpuntpjwG uwG(w4J:i Ul) tuwlJ.wpwp bwtuu[!' 
q k = l i , - i 0 +~, lJ.Qf4q.9mp: 

10. Opn2mu tG 2tpum13JWU pwGw4J:i dwuwJtiG awtuu[!, 
Qk = qkM 2' 4q/d: 

11 . opn2mu bG t , t, q>, u1wpwubmpbpn4_ oqJ:i tGi:iwtUJP.wCi 

i = i + ~ 42/4q.(np ori: 
I 2 l 

\ 2. Opnzmu bu 011'1 t , 9bpuwump.6wG[! · 

(13-4) 

(13-5) 

(13-6) 

(13-7) 

(13-8) 

( 13-9) 

t = i, - 2,5d, ,oC, (13-10) 
1 Cc n + 0,00l 77d 1 

t 
· G u·•w"" t d - d C - 2n11wgn11 uphp1.2\1 pwgwp6.w4 i_np CiJmp\1 npU1 11 I} !)Ill '1. U I - 2 ' CB 

mtuw4wpwp 9bpumGw4m13JmuG t : , 
13. Opnzmu bG t, 2tpuwum!1l'iwuml oriJ:i tunuw4_mpJmU[! 

P,.'"'' A ( t 3-11) 
q>, = d p ' 

(622 + ,) '""" 

t 
· p _ t 

2
tpuwumj16wGn4_ 011!1 hwqbgl\wG 6GzmuG t , npD npn/llmt1 t 

npm Il '"'"' , 
l3J:i4. 3 hw4_ht4_wbp W11.JnlUW4l1g: . , 
14. flpn2mu bG OflP. awl{Wl[! hw24_wp44_wa t, u q> , U[Wpwt'ibmpbp\1 hwUWjl 

. R csT , ,u311,qi_npori: (13-1 2) 
Vo = p ' 'I 

p p lu )• - <p I h UL(j 

15 . Opnzmu bG GmjG UJ.W[1WUhU1pbpn4_ Of!~ ct~uwjpG awtuuI! 
V, =LY.,, u /4_ (13-13) 

16. flpnzmu tG oajl. wpwqm13JmG[! 13upm4J:i ulJ.qpmu' 

w =~ , u/4_ : (13-14) 
I 3600-f 

17. Opnzmu bG 011!1wpwqmpJmU[!13upm4!14_tp2mu ' 

w =~ , uf4.: (13-15) 
l 3600-f 
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Oqm4_btn4. wrumuw4 16-J:i btw4bmwJJ:iG mt.UwtGbp[1g 4wmwpbt ([!uu1 
tuGhwmw4wu mwppbpwlJ.'1) pupmlJ.wJJ:iG 2npwguwu mt11w4WJWl2G]1 hwz4_wp4 

fcrJ:i4. 13 w2tuwmwCipp. 4wmwpuwG bLw4tmiwJJ:iG ml{JwtGbp: 

Urumuw4 16 
btWljb.UlWJ!IU SUPf-\t;PUbli"\.,l:;P 

mlf.Jwtlihp I 2 3 4 5 6 7 8 9 IO II 12 13 14 
M,, lJq!ct 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

w," ,% 60 55 50 45 40 45 50 55 60 65 70 75 70 65 

w~> ,% 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

t 0 , "c 18 19 20 21 22 23 24 25 24 23 22 21 20 19 

cpo' % 50 51 52 53 54 55 54 53 52 51 50 49 48 47 

t , , "C 35 36 37 35 36 37 35 36 37 35 36 37 35 36 

cp , '% 60 61 62 63 64 65 64 63 62 61 60 61 62 63 

~ lj_Q/lrn. hh11 840 840 840 840 840 850 850 900 900 900 900 950 950 95 
f, ii' 0.6 0.7 0.8 0.9 1.0 1.2 1.3 1.4 1.3 1.2 1.0 0.9 0.8 0.7 

4.2.UCluUS U'Lri! N214 

lllwpup.uwmp. ~npwguwG 13mGttWJl1Ci mtqw4w3wGpp hwzqwp4 
Unw2w11pwGpn4_ u1whwG94_mu t 4wmwpt1 U[Wput1uwLI1'1 2n11wguwG 

Lf14pmGbLWJ]1U mb11w4LUJWUp]1 hw2tl.wp4 : :>npwguwCi mbqw4wjwGp[! mup. 
tuqmnGnu qnpbn11 9bnmguu1G htuuwl.jwpq ubtp.w4wG hGngn4_ u 2pw-011w-
1!1G 4wtnpJ:i:pbpn4_: lllwput1uwm[! mbqw4wJwCip t ummp qnpamu t[wqnGjll.j­
LibpJ:i qwpw4wzw1112bpmu riwuw4_np4_wa 4.J:il'iw4mu: 

litw4bU1WJ]1Ci m4.JwtGbp ' mt11w4WJWGpp. opt4wG wpU1Wil11n11w4w­
G11LflJnlUQ [!um lnfl u1w12uJ:iuwmp.· G2 , UJWpup.uwmP. u4qpGw4wG 

l1mCiw4_m13Jmli[! W," , 4_tp2Gwl.jwG tunGwtjmflJnLU[! W~' , U[WpuP.uwmGbpp. 

t\~9J:iCi 12w2D - g1 , 2tpuw4pp 9bpuwumJ:il'iwG[! mbqw4wJwpGJ:i ummpmli -t, , 

2tpuw4pj1 2tpuwumj16wG]} twmu - t 2 , WJfl oqJ:i tunuw4_mpJntG[! - <+>2 , 

>npwguwCi mLnqntflJnLU[! (CitpwnJWL pwpomu pbnCiw13wtp.mti[!) - 't , d oriJ:i 
Pill.JlWU1J1htl1 wpwqm133mG[! riwpw4wzw11ptpmu - V u/4_ (hw2tJ.wp411 
011t1Gw4I! ptp4_mu t QUITT [9] u4qpGw11pJmrl1 ml{JwtGbpP.): 

l.OnnwguwG tumgh hwztJ.wnlJ: 
C.:Gmpmu tup mP.UiwJJ:iG 4_wqnGj14, npu mliti I 0 - qtupw4tuzwp12, 

JmpwpwGL)mpJ:i 4_pw 6 ~npwguwu 13wubp 50 4mpwm4_wa Uiwputiuwmt1 
4mnpGbpn4_: ~wqnGJ:i4!1 qwpwpjlmGb11u bG 2,0x0,93xl ,68u: 
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liJU Ullll£1lllllhmphpti uiwJllwuubpmu uh4 tlwqntil14p mwpnf]nLfljnLUI! 

4wup' 
gm == ]0 ·6 ·50 ·0,75=2254q: 

l(uJq 

Opnztlntu t pmCihtWJpfi ]unt9P 1.11W£1IlfJ.DlfljOLU!!' 
G . i; 

G ~' = - 2 
- pwuw61.tntl, 

24N 
( 14-1) 

npmbq' 24 11: -Ci ut4 optlw [!Ufltugpmu flnLCihL}l p.bnuuwCi-p.wnuwpwl{luwu 

9P4thPP plttlu t, N - pmtibtGhpp i;iwuwqu t : 
Opnztlmu t lib4 pmlibtwJpG ]umgmu upwctwuwuw4 qU1Gtlnri 

i.twqnup4utpti i;iwuw4TI · 
GM (14-2) 

11 = -;f- hWU1, 
g~wq 

tlwqnCip4Cihpp pmCibt u1.11uhLnt ntiflU(!' 

fl. = - ctwu: ( 14-3) 't 

n 
fchnfihllt tp4wpntpJntUl} ( L,) 4w]utlwa t upw ut2 liU1Gnrt tlwqnCipqlibpp 

pwuwlJ.tlg, PUiUJ.bU uwL. wqwm wugntt'iutptig (oqti hwuwp L (l ) olJll twp 

hwmtlwi'rmt'i ( L"0 ) : 

'l-pw hbtn 4wuii.twa, f1ntGbll1 tp4wpntf1JntU[! 4111£ip' 
LT = l ~ + L" + L'0 , 

nptnbf]' 1
0
-tlwqnup4Citpp tp4wpntflJnlUU t ( IH = 2u): 

B, = b., + nb, (14-4) 

npmtri b
0 
tlwqnCip4ll lWJUnL}:!Jntfiu t , Llb - uiwU1p L. tlwqnup4p 111121... pwgw4li t : 

iOlltfihllt pwpopmpJntG!!' 
HT = h

8 
+ 21'.lh , (14-5) 

nptnbfJ. h n - i.twqnCip4p pwp6pnt}:!JntfiG t , Aft - itwqnul14ti tlhpL.pg ilpu ~ L. 
wnwutnWf] L. hwU1W41! triwa hbnwtlnpntpJmfiu t: 

2. q..n1nnzwgtlnn hhnmYh 12wfiwYh hwzl.}wpll: 
tizqptntlmli t lnpwguwfi mtriw4wJwGi;ip wpmwqpnriwqwGmpJmfin' 

G
2 
= 2ng~~Q 24't , (14-6) 

WJUtnhfJ. 2n-I! L. pmfibtuhpmu i.twqnGt#ihpp [!GqhwGmp i;iwuwqfi t: 
~bnwgtlnq hbrtnt4P i;iwCiw41! qt\1Gp' 

M = g1(W1" - w;) (14-7) 
! 100-W1° 
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QurµuGhtml lnpwguwu l}Gflwgpmu h 
0.8%-p l wl.}lntl hwztlwpqlj_mil t mt wgti lnfl UJntpbpp qnpmuU1Ghp(! 
[!UU1 lnpwgl}nq ,hwgti (btWGjntpp)' flW4WJWGpti WJ1U1Wf]Jll1flWl1wGm13jntUT! 

G
1 

== ~. 100-w; . 
0,992 100-wo · (14-8) 

3. Onh L. 2tnummwG 12wfiwyfibnh hwztjwpy: 
1 

1 qq ht11mltp qnlnpzwguwG hwuwp aw]uutl 
n11nztlmli t hbtnLJWl pwuw6L.ml' nfJ 2tpllmp1wu pwGw4T! 

q == 1(12 - 1. )- Ll , (14-9) 

n[1U1hfl 12 - Ia - · to 1... t 2 2tpuwuuipnwCiGbntl 01111 tui:iwLuitiwGbpCi bG, Ll _ 

2tpUWJPU qnpmuuiGbp[! hwztlfl wnGnq uhantflJntG t (num " G 
U1tUWtfibpp Ll = 696 l{.2/4q): qpw'lw nlflJWU 

~wztlwplttlmd t oqp 1.11huwqwpwp aw[uu[!' 

e == I 000 
n d - d ' (14-10) 

2 tu 

11[1U1hfJ. dtu - ]uwnGmpqti ]unGwtlwUJ.wpmuwqntflJntGCi t: 

0ri.wtlrn]uwfiw4ntflJWU uiwU1t14mfJJWG qnpawqpgj! npnztlmd t hb1.11L.JwL 
p.wGw6Lmf 

(14-11) 

T)U 
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UuhpUidbzm oqUiliq]1~p numpmpJUIU hwliw11 hUiz4.UIP44.mli bu oqp hw­

UUIU\wmwutuwu bw4.w1ubp[! (14-12) 

Onh aUit)wm 
v u3 2mp 4wzlj_wp4 v u3/d 

UG4_ wunu.'ln 1, 4q/4q 1 4q i_Il[l 1V~0 
onmd 

liwLnpp:pbppg hbum 
lumq umGnn on 
Ivmaho hbnwqnn on 
IvwnGmpq 4w1n11p:pbppg 
WOWQ 
Unmwubmunn on 
fcrwnu on 

Utnmqmu bu oqp flnLJLWU1IlbLJ1 wpwqmpJntGI! i_npwgn11 Uflbppp lintn' 

u - v dp9 ( 13-13) 
- F~ ' 

npmbq F* - htuliw4wpqp 4tuilwGp 4tnplj_wb2p uw4bpbuu t, np{! numplj_wb 

mtqw4wJwGpp hwuwp 4wpbtl1 t [!UrµllGbt hw4_wuwp 0.82 li
2

, Vdp2 - tumg 

umGnq L. qmpu b4n11 oqtpp uJ1upuw1 ihu4_w1GbpG bu, hwz4_wp44_wb 2 13mub­

LWJPU tumgbpp hwuwp: 

4.0nwunuwG hwuwywJiuh tlhmlwpy: 

2 1hl 

6 
2 

u4.40. 1Tlw2u)1uwmp i_npwguwG mbqw4WJUIUJ2P OllUIUflUWG hwuw4wpqp 
hUiz4_wp4)1 utubuwu: 
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lirl]muw4 17 

Sbqwuwul! 
Oaji Sbqwuwup Oqwmwpp tlt1[Julwtb!im Ctltuw!i '1-l1Uw'lflm-

(!UU1 lilt. 40-]l 
lrw!uul! bpltwrm- ltmrtlwbJll!, mpwllwqplrJ:!, ajlllwflPm- pJmu!ibpp 

V , u11c1 pJm!i(!, l, o axb (llu) d, .. , ou 
PJntG[!, qmUWJ11}. 

R, , "lw/u R 1l, "lw 
I 

4 

7 

C!iqwobul! R,l = 

Urumuw4 17 {zwpmuw4mpJmu) 
Stqwltw!i tiz1.11null! l!um 4w2t1wr1.twJ]l!i 

Sb11.w- UpwqmpjwG 
ajJOWflPnL- Sh!J.wltw!i 

o'l.[1 mhqwltw!i 

UWU[! 6!i2mul! 
pjnt!i!ibp]l ajlliwr1PntPJllL!i- whuwltwpwp ajlllwlUmLpJntU(! 

qnpCl'wltlJg litpn ubpo Z= ltln]l Tl z" . "lw Z=***** 
I 
4 
7 

C!iqwlib!io Z" = ..... "lw 

CGqmGt1n4. pmutt11 1 u tp4wpmp1wG qpliw1lJ1ntf1JntG(! 10,79 "lw, 
qmuwpwJJ1GI! 4LJ1Gp AS1 ~, = 2 ·11,0·10,79 = 237,4 "lw 

Cum UJbmw4wG umwGqwpmGbpJ1 uz4_wb mpUJ.11 lnpwguwG 
mtqw4w1wG2l1 4w1npti'.1Jbpp rit1uwqpntf1JntGu t AS~··i = 147,15 ITlw: 

Cum uz4_wb mt!Jw1ut11p hwzi.J.wp44_mu t hwuw4wpqJ1 nGI}hwGmp 
11puw11pmp1muI!' 

AS= Iru+ Izn+As1 "'AS~,.. 1 : (14-14) 

AS
1

,. - i_npwguwG tumgl1 l'Jpuw11pmpJmuu t ( AS 1 iu = 237,4"lw) 

5. Oqwuqprn (!Gtnp4_mu t (!UUl Vm .. oqp owtuuJ1 L. AS qJ1uwqpntf1JWu: 

flpnz4_mu t hwuw4wpqp 6zuu{wb qpuw11pmpJmG1!' 
AS'= l,3AS: 

4w24.w114i.J.mu t 011wu11Pi.'1 zwpc!Pi.P hqnpmpJmGrf 
V · AS' 

N = 3600 ·1000·TJ' 0 4
-l 5) 

npmbq T] = 0,6 - 0,8 
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Cum UU1W9llWO m4Jwtlitpl1 [!UUl[ll{lllU t 011wu11flm L upw lt-zwp.cJ[lm: 
UmJli utpn11J14wJml h wru .18-11 t1w4tmw1[1u m4Jw1utp.m{ Jntpwiiwu2.1m11 m­
uwunri 4wmwpmu t !111 UlW[lptrwL1t1u hWUWUJWUlWUfuwOnl} 
WllW2Wl}J1WUl2{!: 

Urumuw4 18 

btwl!bmw.1Jlfi SUPPt:;PULt'Ubf' 
mllJwtfib[I I 2 3 4 5 6 7 8 9 10 II 12 

G 2 , m /op 7.5 8.0 8.5 9.0 9.5 9.0 8.6 8.2 7.6 7.7 7.8 7.9 

Wi',% 48 49 50 47 46 45 44 43 42 41 40 42 

w;'.% 10 10 10 10 10 10 10 10 10 10 10 10 

Hlw11uj1uwu111 
lhw ui t1 tl!12]1fi 75 75 75 75 75 75 75 75 75 75 75 75 
l)Ul 71l . (\ 

t,. "c 125 124 123 122 121 120 11 9 11 8 I 17 11 6 11 5 I 14 
r,, "c 75 75 75 75 75 75 75 75 75 75 75 75 
en,.% 30 31 32 33 34 35 36 37 38 39 40 42 
t . d 5 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 

4.3. UCluUSU'\.J.2 Nsil5 

<llmnuww02wrtribup W[1hWJJ10 (n[lwguw(i 2tpuwmGwjpu 
mtriw4w1w012[1 hwz4.wr4 

13 14 

8. 1 8.7 

44 46 

10 10 

75 75 

I 13 I 12 
75 75 
44 45 
7.4 7.6 

<llumLf[pwG2w11t11bup wrhwJ]10 il1[1luguw0 2bpt.'i1uu10wJ]1G mtriwl1w­
JtuUpl} (04.41 h 42) J1pbOpg Otp4luJmgOmu t wUJw4t.u1wm, 2truwut4mumg­
l{wc) htmOwu1wurnl{ 4wnmJ9 , np[! npUJbu 4wunu !111 QUf[LWJuw4wO wnwO g-
12ml m0)1 wztuwrbwq11w4wo 11t1r12J1 hw11w '.pwJ!1G 41111uOnpnzmt.'i: UJG pwri.-
1.jwgwc) t t114m' li111.jWJUWl.jwO wnwugpp nL'lf[IUpjWt)p ut1ujwugt1g pwdwO­
l{wu qnmt1ubr[lg , nrnOgpg t.lbljl} qpwritgumu t 2tpuw4mmw4t1m (pwqw1u1!1 
t4.wgl{wo tuowpwr), pu4 UJnLU[!. mtfuOn1nqflwljwO pwdwuumGp[!: t..lt112t1ul! 
mGJ1 t.'itmw11w4wG 11w11w4wzw1111!1 mbupmt orifl hwL[wuwpw ~ wl]1 pwztuuwu 
tunrinl{wl1wzwr, npp Ltpw 3-5 hwpljnl{ 11wuwl{nptlmu tu (11J1Wgnri UJmmqut­
rn4. tyl{wc) wrL1qGbp[! : Striw4WJW01)[! hwuwLf1tlWo t 011wi.tmtuow(i h (11]1tug­
uwu nbd)1l'iw.1t10 u1wpwt.ltmpbp[l wl{mnt.ltum ljwnwl{w11uw(i hwt.'iwl1w11qb­
pmt, nrnup wLqwhmtmu to npwljJWl i11J1 uptpp)1 umwgmt.l : 

S2truwu1L)uGJ14w4wG wnmunl{ mt11wlJtuJWU!2!! [1ptGt1q Olir4wJwgumt.'i 
t pw1111 hwuwljtu11q , pwOJ1 np Otrumu wpLJ1 6wnwqwjpwJpO tOtpq[lwJ[l wq­
qtgm~JwO u1w4 u1briJ1 t mGtGmu funOwl{ hmt.'ippg htrim4]1 J1GmtOu[l4. qntnp­
zwgmu, 11[1{! dwuwOwljfl [!LiflWgpmu Otp.2tpuwmOwjJ1u oqt1 JunuwLj_mpjwU 
qqwUi pwr(lrwguwO UJWm6wn t 11wnOmu : Ul10hw1u1 t, nr Gtp2truwmuw­
JJ1u 011(1 2t11t.lwuu1J16wGf1 m funGwl{mpJwO w04.t11whu4tUi wc'i{! fuw)ummu t 
(nrwguwO qnro[!Gpwgfl pGwljwGnu f!Opwgl)[!, n[lp ljwpqwl{npt.lwG UUJWUlW-
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\..,1.j.41. <llmmripwG2wp.britGp puwljwG ~nrwgt.lwO 2truwu1uw1[1.u 
mbriwlJwJwOpfl ufubuw(i: I-2bpuwmwu ppwG, 2-2b[luw4mmw4]1(, 
3-(npwgl{n11 hmu~, 4-011wi.tmtuuwu hwuwljw[lq: 
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Le 

! r ·--·------.. ,.·~-- -- .. -

"V4.42. Sbqw4w1wupfl ljwnmgt.{wO-pWJpG ufubuwu : 

10800 l---+--+--1-1 

8200 

5600 

3000 

400 0 250 Ms .4q ;d 0 50 100 150 20 

"V4.43. SbqwlJWJWG(lp oqwi.tintuuwu hwuw4wpqfl oqw.tiajli_p 
wpmwripnqwljwumriJ wu hwztJ.wp4J1 Gnunqpwu. 
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Sbqw4w1wu12ti hwNw£14I! 4wmwrit.{mu t hbmL.Jwt hw
2
nflllw4wumpJwup: 

1. <!.wzt.{wri44.mu t 4wnmJg11 011wi.tintumpJwu hwuwljwriqp wrimw111m­
qw4wumriJmGQ (orip bwfuul!) QUU1 G4. 43-mu pbptJ.wa Gnunqpwup, nrimbq 
Dk - (j oqwi.pnfuntpjwu UJ.WmflljmflJWG Qn[law4flgG t, "t - WJG ctwuwGwljwup-
2ngG t (clwubrim.l), nrifl QGpwgpmu wztuwmmu t 011wi.tintuuwG hwuwljwpqQ: 
b"tGbtnt.{ nk -r wpuiw11ri1wlJ1 pGn[lllzmuJ1g, QGrµllumu bGp, np Gbp

2
bpuwmGwJJ1G 

011fl tunuwt.{mpJmGQ fl2bgCibLm uui.wmwljnt.{ 011wi.tintuuw(i hwuwljwpqti utiw­
gmuubpfl hwCiwtuwljwGmJlJwu oUJ.uipuwl wpclbpG t 4-n, pulj JmpwpwGlJmp 
utiwguwG lilLnl)IllflJnLGQ' U( w4_tt - 5 [lllUJ.b: U1u UJ.WJUWGGbpmu rr. "t -ti 

5 
OUJ.UlflUWL WflclbpQ 4L11Gfl ' n,-r:::: 4. 60 =: 0,333 : <!.tU1Lwpwp' btwlJ.bmw1tiG 

mti.JwLGh[lnt.{ hWJUlGfl W~ , Wk
0

, M 11 -ti wpcJbpGbfl!Iu hwuwui.wmwutuwGrui M~ -
11 wpcttrmtl L,, Qum Gnunqpwuti npnzbtm hwuwri, npui.tu hbuwtitmwJpG ui.tmv 

t QGqmGbL ununq[lwdl1 WJU ntajll)[!, O[IQ hwUWUjWU1Wufuwunu1 t n. "t - ti 0,333 

LUJiclbptiu: Uw GzwGwljmu t , 11[1 npnGt[nq L, -ti wpdbnQ qmGblm hwump wGh­
pwcttzm t' 

lw) npnzbt M2 - J1 w11clbpQ [!Um btw4bmw1tiu mtl.JwtGbpfl 

M == M 11 (W1> Wk' ) '·qlcJ ( 1) 
i (w,~ + !OO)·i:, , 'i ' 15-

npmbq -r, .. - wpLwrzl1wJmp.1wG WJG cJwuhril1 vwuwlju t, nriI1 Qupwgpmu ht­

qmLiti qntnflzwgmu[! (IIflwgnq hmu11[1g tunwt[blwqnlJGG t ( -r, , = lOdwu) 

lp) M2-p hwzt.{wpl1tJ.wO- wpclL[2Q mbqw11pt.{mu t Gnunqriwuti hn[lpqnGw­
L1wu wnwugpp t.{pw L umtugt[wb Libmf1g mwpt.{mu t m1111wopq uJ1GiL. 
Tl, -r = 0,333 wpcJbv mubgnq rnri11l1 hbm hwmt[bLQ: 

1 q) Utnwgt.{wO- 4tmpg UlWflt.{mu t hnpflqnGwljwG qpb QiuiUJtu utwpGb-
11nt.{ gm19 t tnptJ.wO- Gnunqpwumu 4wrzmgt.{w0- oppGwljmu) upGi_L oqwt.flntu­
thuG hwuwtiwriqti 011!1 O-wfuuI1 wnwGgpp hblil hwU1lj_bLQ: 

2. flpnztJ.mu t mb11wtiw1wu211 tnbJuGntnqtiwtiwu uwufl uwljbrituQ ' 

F,,,, == M 11 ·K r- pwGwoLnt.{, (15-2) 
. K,., ·n" 

nrimt11 KF - mbfuGnLnqJ1w4wu qnmm tYJ12wug(1GbpJ1 m wqwtn wugmuubz1J1 

qnpO-wljtigG t, npQ QULn mtluCintnqflwljwu Gnpuwmtit.{utpJ1' Kr = 2,5 + 3,0; 

Km - (Il[IWguw(i wp4ril1 tYpwt.{nfl uwljbflbuti t.{pw i_ll[lWgnq Uflb[l(lfl pbnGw4_n­

l1DLUG t ( K;~2 = 164q/u
2

; n. - mbfuGntnqpwljwG qnmmu uJlU'JwGg t.{[lw 
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2w11tlnfl w[l\.iflGbpti pwGw\.iG t TI JI = 3 + 5 )): Ci , 
3. OpnztlmU t tnbqwl1wJwGp\1 mttuGntnqpw4wG qmnm tp4wpntpJnt 11 

L = FTc< (15-3) 
T Bl 

G 1. G utnwG-
b B - Gztlwb qntnm LWJGntpJmGG t, np[! 12um 211 wpwpw'iw 

Il[lUl fl I ' - . ) l 8U 
qwpmGbpp hpuwG 4pw 4wtlllf\ t !PGbt B, - 6, 12 ljwL , 

4. Opnztlmu t Ulb\uGntnqtiw4wG hnuvwqabpp pwGw\.i(! 
B,c -4b,0 

nn = b 
JI 

8 
= B mttufintnqtiw4wG qmlllnt lwJGmpjntGG t, 

npmbfl T c 1 GG t 
B = 21 = 2. 0,6=1,2 U, b,," - hnupwqahpti uti2L. bflWO hbnuntnpntpJDL ' 

n • bG · b - 0 6u· 
bJ:u Gnlnq\1w1•wG umwGriwpmGbpp nGrimGmu p "'' - , . 

~[!~Ul\ll '1 ' 

5. f1pn24mu t Ulbflw4wJwGpp ~pljwpntpJmG[! 
L =L +l + 1 . c: T up np 

b , !' - tnbtuGntnqpwljwG hnuvwqbp 6wtuw4nflUJLUG wqwtn wGgmuG t 
nplll fl "" l u G 
( !',," = 2u), l,p - mbqw\.iwJwGpti U1tJ:uuntnqtiw4wG hnui;iwqa\1 w2w 1nfl JW 

(15-4) 

(15-5) 

wqwlll wGgnurn t ( 1,,,, = 5,0u): 
6 <!,\1uv [!Grµnubtntl G4.42-mu pbf14wb mbqwl1wJwGi;iP. 4wnmgtlwG0Gvbwl-

. h .it hl•wt ( F ) h phi;i hwppmpJnt P 1 
JpG uJ:ubuwG npnzmu bG 4wnntJ9ii "i J1ll11''1 e 

uw\.ibpbuGbp[! ( F11 )' 

Fa == z,(H, + h)+{s + sJga.+ B,H, + B2h , 
(15-6) 

(15-7) 

(15-9) 
nplllbfl 
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Q', = 4,66 · {F11 + F11 f ( tH ~~73 
)' (1 - C'fl ~) o,,l\+ :·~cosa + 0,814(t

2 
- t

11 
)l, (15-10) 

"L R 11 

O[lillbfl Fil - 2t[1ilwljmmwljjl2_{l uwljhphufi t, Q: , Q~ - hwuWUjWUlWUtuwGw­

pW[l 4nGtJ.b4tntitJ. h nwnwqwwwJtiG 2tpuwJpu hnu~hpG hfi f'lbUJ.p 2tpuwm­
GLUJ!1G 4wnmjgp Gbpu~, t, - 2tpuw4nnnw4ti2.P uw4h[1bup 2tpuwumtinwGG t, 
t 2 - ut112bf1uwmGwJtiG ori!l 2bf1UwumpnwGG t, t 11 - wpmwpt1n oq)l 2tpuwu­

ll1\16wGG t; v -wrimw2bf1UwmGwJ\1G pwum W[lwqntpJmGG t, y, -upfinLnpmw­

Jl1G Ofljl tummpJntGG t ( Y, = 1,2 l1q!U
2

) ; C - mtqwG12jl w2tuwphwq11wljwG 

lWJGntpjntlipg l1wJ:u4wa qnpaw4jlg t ( C'= 0,68); - WUUjWUwbntpjntfi(i t uhlj 
lit1wtln11t1 uwubrin4 ( n " = 0,2), 8_, - WllujWUWOlllpjmGtig \.iwtutJ.wo qnpow4}1g 

t ( 8_, = 0,35), R,1 - 2b[1Llwl1mmw4[1i.ll liJmpt1 9h[1ilwhwr1np11w4wGntpJwG~ 

gmgwpbptlnq f1pUtu11pmpJntGG t ( R " = 15), A,k , C,., , Y,k , -

2bf1UWlfntlllw\.il12.ti UJmp\1 hwuwu1 wmwuti.m1GLupwp' 2tpuwhwrinriqwljw­
(imp JwG qnf1aw4j19Q, UlbuwlJW[1LUf1 9bpumliwl.JmpJntGG m tutnmpJmGG hfi 
(A"k '=' 1,3, C,,k = 1,2 h Y,k ==2500ljq/u3

): 

I 

8. D.zqpuutmu t 2bf1uwl1mutwljJ1it1 lLUJGmpJntG[!' 

9. D.zqpU1Llmt~ t mb11uiljw,1tuliup Lla112Gtu4wG tWJGntpJmGn' 

B, = B + B 2i 11 •u1~ ) 

(15-11) 

(15-12) 

fcTl1t1. 15 Wl1W2lUt}jllUU!2!1 ljlUU1WpllwG blw4tiU1WJi1G Ulll.JWlGbp: 
Urumuwl.119 -

bt u14 tulWJPU SUf'(!t;f'U4L,t;f' 
mtlJWtUhp I 2 3 4 5 6 7 8 9 IO II 12 13 14 

Mu 2,5 2,4 2.312.2 2,0 1,8 1,6 l,4 1,2 '.r 1,0 1,2 1,4 1,6 

w,~· .% 400 400 400 400 400 400 400 400 400 400 400 400 400 400 

w~ .% 25 25 25 25 25 25 25 25 25 25 25 25 25 25 

111 , "c 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

V, ult!P4 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2 l,J 1,4 1,5 1,6 1,7 1,8 

ti' oc 80 81 82 83 84 85 86 85 84 83 82 81 80 ~ <) 

t, ."c 70 70 70 70 70 70 70 70 70 70 70 70 70 70 
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UCluUSU\,.Q l 

Iuunhn 1.l 
OpnzbL tunuwt.J. o11p 2PWJpG qntnpzpGbpp h Ewg;p6:~6~1ci ~z; 

uwuGw411 (UJ.wpgpwt) !'iuzrmiUbp[! t = 25 C-t1 pWJl 

pwpnutmpwqwu 6uzuwG u1wJLiwuutpmu: 

Lmbmu: 25oc h UJ.WJuwGutpmu' q_tnumu bup hwtJ.btlJ.wo 1 wrumuwqflg, np t = -I' 

p = 3167u/Li 2: ~np 011J1 ll.Jwpgpw1 Ciuzmli[! 4tltCifl' 
y.q. P = P _ P = 99310 - 3167 "" 96143G/u2 "' 964u/Li2 : 

l .01\ Ju .CH\ ~ . q . 

IuGnbn 1.2 h. (j .1 GGtp[!' 
flpnzbL hwqbgwa tunGtUtl o11t1 pwgwp6w4 iull w'i.mpJnt 

ti= 12UC; t2 = 360C u t, = 780C-p UJ.WJUWuGbpmLi: 

Lmbmu: h(j npzpubpfl hw-Cum hwtJ.bLtlwb 1-p WllJmuwl1J1 npnzmu tup 2PWJp qn1 
qbguwu Ciuzmuubp[! mptJ.wb 2tpuwumJ16wGGbpJ1 UJ.WJuwuGbpmu: 
t = 12°c· p = 1418 u/Li2 

I ' hw~ 

t = 36°C- P = 5972,6 G/Li2 
2 ' hwq 

t = 78°c· p = 44120 G/u2 
3 

Oq~tlt~~~ (1-1) pwGw6upg ' ([!GJ111tGbtntl R
2

, = 461,6 Q/4q . wum.) 

npnzmu bup' 

- 1418 =0,0114q1u3 
P .w,<12"> - 461,6(273+12) 

_ 5972,6 == 0,042 4q/u3 

p lnuq ( l~") - 461 ,6(273+36) 

- 44120 = 0,272 4q/U3: 
P iiw•i (lK") - 461,6(273 + 78) 

Iuunhn 1.3 a bob t = 22 °c, <p = 46 % OpnzbL oqp tunGwlJ.wUJ.wpmGw4mpJnt o, l ' 

p = 9931 o u/u2
: 

pwp 

lmbn~~~ juoGw~wUJwpotfiw4otpJmfiu npn2mJ tfin PM 1-4 P:,"fiw6Ln~. fi~ 
fuopnp pfltl l hwtlt1t.J.wop wrumuwqpg qmGt1nlJ., np t = 22 C-p 11bll.Jpm 
p = 2669Gtu2

: bu1q 
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tn . p 
d = 622 'i' lowq 

p -<p·P 
i;iwn ltwq. 

= 622- 0,46 . 2669 - . 
99310- 0,46 . 2669 - 8 q.tunG.oql4q lilP OJ}. 

Iuunhn l.4 

OpnztLlunGwtJ. 011p tGpwLuwwu· t = 30 °c-p u d = 12 q/ljq-h UJ.WJU'wGut­pmu: 
lmomu: 

Oqmt.J.t1ntJ. pflt.J. 1-5 pwGw&hpg qmumu tG
12 

· 

i ru.oq =C1 .,1t+(2500+1,77t)-d- ;::: l,005 ·30+(2500+1,7 ·30)_!2_=606 4Q. 
1000 1000 , 4q . luGnhn 1.5 

OpnztL funuwq oqfl tummpJnLG£1, tpb' t = 25°C, P,,.~ = 99310 G/u2; 
<p = 36%: 
Lmamu: 

OqmtJ.bLntJ. pJltl l hwtJ.b1tJ.wap wrumuw4pg ll.Jwpqmu tG12 , np t == 25°C-p qbUJ.­
!2ntu ' P.w, =3167G/U2: 

.!&flt.I. 1-6 pwGw6hpg' 

P = J..Jooo35 .p -00013 .m.p )= 
f\1 .011 T \

1 
' 1:otu11 ' "t" llwq 

l 
= 273 + 25 (0,0035 . 99310- 0,0013. 0,36 . 3167)= 1,16 4qfU3: 

Iuunhn 1.6 

Opnzht tunGwtJ. oqp owt.J.wm t =45°C-f1, <p = 82%-p h P P"'P = 99310 G/u2-

m UJ.l'JJtiwGGbpmu, bpb Griw pwgwri6w4 lnp uwufl qwuqtJ.woG t· L = 31004q: 
lmomu: 

Cum hwt.J.hLtlwo 3-fl wrumuw4p · npnzmu bu!2 mplJ.wo t -fl u <p -fl 
wpdbpubpflG hwuwUJ.wmwufuwGnq 1 4q lllfl 011pu hwuwpdbp funGwtJ. oqp 
owtJ.wur J2wGf1 np wrumuw4mti pwgw4wJmu tG 2triuwumf16wuf1 45°C-p L. 
tunGwqmpJwG 82%-fl wricth!2Gbp[!, qpwup npn2mu bGg wrumuw4w1f1G 
tntl.JwLCibpp flutnbptllnLJwgflwJp (uf12wpqtiwG) uf12ngntJ.' 

[o 9620 (0,9697 -0,9620)· 2] [i 0368 (1,os13-1,o368)J 
' + 10 + ' + JO 

t).. = "" 1 tl 3/ljq . ~np . OI} ~~ 2 

L = 31004q inp oqfl owt.J.wm qtJtufl' Vru ·~ = t)'" "'' z: 3100 ·1=3100 u3: 
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UClvUSU-U.~ N2 3 

Jvunhn 3.1 
150 4q uwljwpnufl tuunp(}, npfl tunGwtJ.mpJntfiu t W. =45%, ~npwgm-

uflg hbmn uihmp t muhuw W,
1 

= 12 % tunfiwljmpjntG: fipnzhL npl)WU llllllUl­

pwumfl wpmwqpwup 4umwgtJ.ti tuunpfl Gztlwb 12wuw4mpJmGflg L. flu~ 
12wuw4ntl hhqm4 t hhnwgl{mu ~npwguwu qnpb[!Gpwgpmu: 
Lmamu: 

, M., 100-W,~ . 
-!,wuw<'iwJfi UJntpw4wu hwztlhljznfl hwtJ.wuwpuwu M = lOO-Wo · 

' u 

Lmabtntl hwtJ.wuwpmun M~ -fl u4wmuwup, 4muhuwup. 

M = M. (100-w:) = 150(100-45) = 93,75 4
q: 

' 100-w: 100-12 

lvunpflg htnwgwo hhrtm4fl 12wGw4I! 4ltiGfl · 
M = M -M = 150-93,75=56,251.tq: 

h " ~ 

lvunhn 3.2 
ti.G~ u4qpuw4wa tunuwtJ.mpJwup L. nppwu uw4wpnufl tuunpflg 4umwgtJ.ti 

W = 14 % uuwgnpqwJflG tunuwtJ.mpJWUp M, = 2501.tq uw4wpnu, hph tuun­
' pl1g hhnwgtJ.nq hhrtntltfl J:!WfiwltI! 4wqumu t' M, = 105 4q: 

Lmbmu: 
~wufl np ~npwgnq uphp12flg hbnwgnq hbqmLtfl 

M = M - M w111w. M = M + M .. = 105 + 250 = 355 ltq: 
h .. ~' .., ll h "!. 

M 
Qum GJmpw4wG hwztJ.bltznfl hwt{wuwpuwu · " 

M, 
100-W~ 

100 - W,~ 

npmbajlg' 

M (100-w~ ) o 250(100-14)_100-606-3.94 O/. W0 =100 - ot =10- - , - , 1o. 
" M 355 

" 
Jvfinhn 3.3 

fipnzbt upbppp t{hp2Gw4wfi tunuwtl.wll!wpmGw4ntpjntU[!, bpb Cipw 
u4qpfiwljwu tunfiw4.wll!wpmuw4mp1muu t W.0 = 400%, uljqpfiwljwu qwfiq­

tJ.wb[!' M, =4000 ljq: 

Lmamu: 
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"VJmpwljwti hwztJ.b4znfl hwtlwuwpmuflg muhG£1 ' 
M)100 + w,c )=M ot (100+ W,c ), npmhajlg' 

w e = M, (IOO+ w.c: ) _ 100 = 4000(100+400) 
' M. SOOO -100 = 300 %: 

~w2t1.wpljwJpCi wnw2wl):PwfiJ;1 lO -1 
Qpwqn1np2wJflG 4wtnrfl.'.Phpfl hwztJ.wpljfl htw4hmwJpG mtlJwtfibpG bu· 

lilWJ:!wgtl.nq oq~ ~wCiw~I! L=l55004q, 4wtnrll.'.Pbp umm12 qnpanq oajl 2tr­
uwumflowuu t t 1 = -10 C, 4wtnrfl.'.Phpflg qntpu t4n11 o'lfl 

2
tpowumhowG . 

. 0 I' I! 
t 2 = 15 C, 2hpuw4f1PI! qn1np2fl t' P~ = 0,5UTI/u2 oGzmunl{, 4wtnpfl:f>hppg hh-

nwgnq 2Pfl 2hpuwumflowfiu t ' 1
2 

= 70°C: 
Lmamo: 

' 
1. OqmtJ.htntl. f'Ptl 10 wztuwmu;upfl uhpnqw4wCi gmgmuuhpfl mtlJwtfib-

pflg qmumu hGJ:!, np Pq= 0,5UU/U ouzmuntJ. qn1nr2m 2bpuwumMwfiG t 
150°C, hbml...wpwp 4muhuwfip' t

1 
= l50°C: 

2. -!,wztJ.wpljmu hGJ:! oqp mwgwguwu hwuwp wfihpwdhzm 2tpumpJwG 
12wuw4n, I!Utn (10-1-1) pwuwoL.fl ' 

Q = 0,28LC0~ (t ~ - t;) = 0,28·lS500 ·1,005(15 -(-10 )) = 109042,5 ~m: 
3. CGqntfihtntl npuitu OUJtnfluw1 qwfiqtlwbwJpG wpwqmp1wfi Vp = 9 

4q/u
2
l{p4 wpdh12I!, 10-1-4 pwuwat...nl{ npnzmu hGJ:! 4wtnrp.'.Phpw1flu mhqwljw­

JWCipp uwtufiw4wfi 4hGqwGfl 4tnptl.wbpp uw4bphu[!' 

f = L 15500 _ O 2 • 

'
1
' 3600Vp 3600 ·9 - '478 u . 

. 4. Cum hwl{httJ.wb 6-fl wrumuw4p [!Utnpmu hGJ:! K<l>C-5 4wtnPJ1:J:>hp[!, n­
flfl (hp4ntufl qmqwhbn uflwguwu qhUJJ:!ntu) ' f = 2 . 0,244 = 0,488 u 

5. '6.zqpumtu hu12 [!GmptJ.wb 4w1npfl:pbpfl hwuwp qwfiqtJ.wbwJpU wpw­
c+ntpJntfi{!' 

y _ L 15500 _ 8 8 ti /u2tl.P
4

. 
p - 3600f,p = 3600. 0,488 - ' q . 

6. QmpI! [!Gmptl.wb hp4m 4wtnrfl.'.Phpfibpfl ufl2ntl hw2npqwpwp pwg 
pnqfihtm ll!WJuwupg htGhtml.' npn2mu bfip (10-1-6 pwfiwoL.ntl) 2f1P 
wpwqntpJntUI! · 

V = M npmhq num 10-1-7 pwuwot...p' 
? 3600 ·I OOOfru ' 

M = 3,6Q = 3,6 · l 09042,5 = l l 7Z,4 4
q/ct : 

c1 (t 1 -t 2 ) 4,2·(150-70) 

fcTfltl. 6 hwtJ.htl{wbfl WIJ.Jmuw4flg qmfimu hu12, np (!Umpl{wa 4wtnrfl.'.Ptpfl 
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hwuwp fru =0,0076U2, htuiuwpwp' 

v = 1172•4 = 0,043 Ml{pl.i; 
y 3600 · l 000. 0,0076 

7. Qum l'!tnl 9 hwtltltlwar qpw:Pr4P, Vp,r = 8,8 4_q/u
2
tlPli qwGqtlwffillJrG 

wpwcµlll'!JwG hwuwp' K = 16,56 '-lui/u2 
. 

0c, htUlliwpwp 4.wlnPr:PtpwJP.G 
uitqw4_wjwGpl1 uiwpwguwG uw4_1lpbu[! 4_t]1GP,' ({!UUl 10-1-8 pwGwaur) 

Q 109042,5 
F=--= ' 

K·L'i.t l6,56 · L'i.t 

npUlhfl, nuUl (10-1-3) pwGwal¥ 
L'i.t=t

1
+t , _(+t', =150 + 70 -10+15=l07,5 oC: 
2 2 2 2 

F = 109042,5 = 61,25 "'61 u2: 
16,56 · l 07,5 

8. Stqw4.wJGpr ut2 uuiGnq 4.wLn11J1'.pbpGtpr 12wGw4.n 4.Ll1Gr ' 
F 61 

n=-- = -""3 hWUl, 
F KO>C-5 20,9 

npmbq' 20,9- (f [!UUl hwtlbttlwo 8-r K¢>C-5 4.WLOPr:titpr uiwpwguw!J 

uw4_bptuG t : 
QGqmGmu bGp hw2tlw114.tln11 uitqw4.wJwGpr 4_wqu[! pwq4wgwO- 3 

K¢>C-5 tiwLnpp.:ptpGbprg : 
9. Sbqw4.WJWGpr i.p.wuUlW9l1 U1Wl2WgiiwG uwl1bphu[! 4Ll1Gr' 

F = n · 20,9 = 3 · 20,9 = 62,7 u
2

: 

"' 
4.oh(ih ' 

62•7 - 61 _100 == 2 7 % npn 
Swi;iwguwG uw4tpbuP. UJ.WZWPI! U' l' 62,7 ' , i.: 

pmJlWUlpttP uwhuwGGtpmu t: 

~wztlwpl}UIJrfi WDUl£WI}llUIUP 10-2 
<!.w2tlwp4.P. bLwltbUlWJP,G ui~UllGbpG tG' 

l) MH = 320 tiqlct ; 2) W,0 = 80 %; 3) w~ = 10 %; 4) t .. = 10 °c; 

5) t, = i20 °c ; 6) t, = l00 °C; 7) t 2 = 45 °c 8) qi = 40 %; 9) t = 20 ctwu: 

Lmamu 
1. Drmzmu tGp LnpwguwG qnpO-l!G!'!wgr ublt ctwumu hbnwgl{nq 

hbqm4r pwGw41! · 
M = M W,

0 
- W2° = 320 80- lO = 248,9 4.q/ct"" 249 4_q/ct : 

hb>\ H l 00 - W~ l 00 -10 
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2. Drnzmu hGp ~Ghpwctbzm £bpumf}Jwu !2WLIW4.[!' 
Q - (2500+1,8068 . t, )M •• ~ - WI ti) . 4,19 = 

= (2500+1,8068·45) · 249-80 ·10 ·419- 2581 249 3352 , - . - = 639317 tiQ/ct : 
3. Dpnzmu bGp £hpuntf}JWG uibuw4wpwp 0-wtuul!' 

q = (1.005 + 1,8068-d-) ( t - t ) = 
1000 I 2 

= (1,005+1,8068 :~~~ }100-45) = 1,01 ·55 = 55,6 4..2/4.q: 

4. Dpnzmu bu12 Lnpwguwu hwuwp wGhpwctbzui o11r pwuw4 · 
Q 639317 I! 

L I = - = = 11498 5 4q/ct· 
q 55,6 ' . 

5. Drnzmu bGp ln[lwGngp.g) rµupu b4.llil oqp. tunGwl{wUJ.wpmGw4_ntf)JOlU[!' 

. d _ d Mh••i · 10 249000 
2 - I+ := 3,09+ := 24 745 qf4q· 

L I 11498,5 ' . 

6. Dpnzmu bG{) lnpwguwG hwuwp wGhpwctbzui 011r O-wtlwll! ' 
v o,, = L, ·11., = 11498,5 · 0,8222 = 9454,1 u3/ct: 

7. UpuiwhwJuimu bup Q-r wpctbp[! 4.4.wt.fctwu-hpnl{' 
Q = 0,24 · Q = 0,24 · 639317 = 153436 4.4.wJ/ctwu 

liJuUJ.P.untl £bpuwqbGtpwU1npr u tL-4.wtn11r:t>tpwJpG uibqw4wJwGpp 
[!Gmpm(}JWG hwuwr wGhpwcttzUl UltlJwLGhpu tG · 

v n11= 9454u3/d, Q, = 153436 4.4wt.fctwu: 

8. Oqml{btntl Prtl 7 hwtlbLtlwO-rg ' qmGmu bGp, nr WJU UltlJWtUt[lpG w­
nwl{bL UilUl t Tr-150 2tpuwqbGhpWU1Il[lQ, npr uittu . puntf}Wqp[lU t ((!UUl w­
nwtlbtwqntjG gmgwlirzubpp)' 

w) hqnpnt(}JntU(! - 1864.'-llll, p) 2tpuwwpU1Wl}pnqw4_wuntf)JntCi[!' 
160000 44.wtfctwu, 

q) 011p owtuul! -8000u3/ct, 11) 2tpuwuUlrowCiwJpG wtlbLwgmu[! - 75°C, 
b) tlwntll112r owtuuQ - 18,54.q/dwu, q) qwqp awtuu[! - l6u

3
/ct: 

9. Oqml{ttntl PPtl 8 hwtlbtl{warg · G4_wumtu bup, np hwztlwrtiw1ru 
mtlJw1GbpQ 4wpnq bGp WUJ.WhntlhL ut4 C¢>0A -100/05 L. uh4 C¢>0A - 60105 
l}w1npr~bpGbpl1 qmqwhbn upwgmuntl, nrp I}htqpmu uuiwgl{nq 
2bpuwwqpbqwlllp lllttu. uiwrwutuipbp[! lJtrGbu · 

w) qmuwpwJrG hqnpmpJntG[! · 94 + 69 = 1634_'-lm, 
p) 2tpuwwpu1w11rnqwljwuntf}JntG[!' 78300 + 57500 = 135800titiwtfct 
10. ilpnzmu hGJ;1 [!UUl[ll{WO- wq[lbqwUlubpnl{ wztuwuihtnt qbummu 

znpwguwG qnpo[!Gf}wgr tutrqtlllp4 awtuutrl! · 
3 """(rr) = C.,," · t · q:' = 190 · 20·18,5 = 70300 l}[lWU, 
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3 qwq(lr) = C q,uq • 't ·qi = 51·20 •16 = 16320 J}llWU, 

3,l = C,.t ·'t·P = 25 ·20·163 = 81500 IlJlWU: 

11. 11-mpu tGp ptrimu [!GmptJ.wo 2tpum131wG WflpJnt[lGtriti 
hwuhuwmwljwG gmgwGpzGhfll! · 

q.wq - htnmlJ t!wnb1h11 

u =3.-3q·100= 70300-16320·100 = 768 %: 
q·h 3 70300 , 

h 

q.wg- t1hlJmpwtGtpqhw 

u = 3,l -3q ·100= 81500-16320 ·100=80 %: 
q·t t 3 81500 

t1 

<!,hnm!.i ywnb1h11 - ti. tGbnuhw 

u = 3 ll - 3 . ·100=81500-70300·100=13 7 %: 
h.tl 3 81500 ' 

t.[ 

uqpw4wgm13JmG' wnwtJ.bt t(ibpqwtuGw1nqwljwG t qwqwjpG tJ.wnt­
tWGJnLf}nl[ wztuWUlilfl 2b(luwqtGb[1WUln[l[! , Dp[! 80%-ntJ. tuGWJilflwljwli t t­
th41IlJ1WljWtn(lp:flbpwjpG mbqwljwJwG12p hwubUwmmpJwt'ip u 76,8 %-mr hb-
11mlj l[wnhtwGJnt1mtl wztuwmn11 wqpbqwlilpg : 

Pp hb(lppG ' hb11mlj tJ.wnbtwGJmpnl[ wztuwmnq 2bpuwqtlib[1WU1Il[l[! 
13,7%-nl[ tuGw1n11wljwli t , 12wG ttbljmpwljwLnJlp:tJbpwjpG mb11wljwjwGp[!: 

~wztJ.wp4wJpli wnw2wl}llwGp ll-l 
~wzt[wpljp btwljtmwJpG mtlJwtlibpG bG ' L = 3500 u3/d; Ht = 7,0 G/u2, 

Hl = 80,0 li/u2
, HJ = 25,0 G/u2, T) = 0,75 

Lmomu 
1. flpnzmu bG(l oqwu'llt2lt wGhriwdbzm hqnpmpJntG[! ' 

N = L . H = 3500(70 + 800 + 250) = l,45 lj'-lm: 
3600·1000 · T) 3500·1000 ·0,75 

2. ~qnpmpJwG tiriw4wli wpdbp[! 4tlililt ' 
N1,~ = 1,45 ·1,1=1,595 "" 1,6 4'-lm: 

3. ~wzt[wp4mu blip oqwli'lltlP nnmnrip uimmmwpl[bfll! · 

n = 53 .JL = 53 J350o = 
53

. 
59

'
16 

= 89,8 nwq/l[plj "" 90 nwq/l[plj: 
H"· 11 11 2,0"·75 34,9 

4. OqmtJ.t1ntl p.IJ.l[ 35 Gljwrimu pbpl[wcr qowqripg ' Gljwmmu bGp, nri L\4-
70 N!15 oqwuqp2.IJ. hnppqnGwljwG wnwGgp.IJ. L = 3500 u3/dwu W[ldbp.IJ.g 
pWJlO[lwgl[wo m11qwo.IJ.ql! n = 90nwq/tlfl4 ljnpti htl!l hwmtJ.mu t up 4bmmu, 
nplilhq oqwli'lltW oq.q...p wpcJtpli t' T) = 0,78, hbl!luwpW[l [!liUl[llllU tG L\ 4-70 
86 

N25 oqwuqflll!, npp gmgwlipzGbriG bli ' N -15 4'-l 
- , m, n = 90 nw!)/tlli4, ri = 0, 78 : 

..;,wztJ.wp4wJflG wnw2wqpwGp 11-2 
..;,wzt[wpljbt u [!GmJlbt ln[lwguwG tnb . 

oqwuqfll, bph wGhpwdbzm oqp owt[wiG t ' L =~~~wJ~Gpp wnwGg12wJpG 
hwuwp wn4w qpuwqrim13JmGG t ' H = 300 G/u2· 0 Ii Id, hwqpwhwpuwG 

1. ..;,wzt[wp4mu bGp oqwuajlip pwGl[npw4~G w(ih11h , 
Lo.s l'<tl' UlpLUliwqpO[! 

- 6000°•5 

D - 0,027--= 0,027-= 0 5 ... 
HO.H 300"·25 - ' u. 

llJu UlflwuwqopG hwuwUiwlilwutuwGmu t N!15 o11wuajl . 
2. QGmpmu bG pwnwiitiw4 oqwuqpl npp hwu ll!· 

hwztJ.wpljwJtiG wnw2wqpwGpp wrumuwljGbflp),' A= 1,08 WJl _(num . 11-2 
3. flpnzmu blip E -G ' ri .... - 0,49 · 

E = 1 0
1 
H = 10

1 
• 3 00 _ . 

L2 60002 - 0,83 ' 

4.. J2wGp np E < A (0,83 < 1,08)' wll!w B-p wrumuw4pg qmGmu bli 
np WJli B = 7: 12, 

5. flpnzmu blip ri ,"' - r( 

ri ,.,, = 0,49 -(1-
0
•
83)-.!. = 0 46 . 

1,08 7 ' . 
6. fl11nzmu bGp oqwuqp2p hqnJlntpJmGI!' 

N = L · H _ 6000-300 
3600·1000·1') ,"' - 1000·3600 ·0,46 =l,l4'-ltn: 

7. Sb11w4w1uwG hqnJlntf}JntG[! [!LlqmGmu tu12 hwztJ.wJ14wJtJGhg 20%-n·i 
wl[bt.P ' I' 'l 

N,., = 1,1·l,2 = 1,32 q'-ltn: 
8. flpnzmu bu nmnn11ti uimmuwu WJlwqmpJntG[! ' 

_ H"' 300~ 
n - 6,67- = 6 67-- = 231 nw!)/tJ.p4 · 

D ' 0,5 . 

..;,wzt[wpqwJpG wnw2wl}llwG12 12 - I 

..;,wzl[wf14b1 hwumwmmu umwmpljw4wG 6GzuwG 011wpwztutil , t iib 
hwztJ.wp4p btw4bUlWJtJG mtlJwtlibflli bG ' aH = 1,4 u; b = 0,5 u; e = 20 u· 

L = 6,0 u
3
/t[; ~o = 3,0 ult[; µ = 0,65 ; u = 1,5 . 10 -s u2/l[, p = 1,2 ljq/u3; k = 0,1 uu:, 

I . flpnzmu blip O!)Wpwztutiilt ummpwjpG tunnni ti tql[fltlw1tGm 
l!lflwuwqpo[! u uw4bf1bu1f 

87 



_ 2a 11 • b _ 2· l,4·0,5 _ 
0 737 .< 

d.,---- - , u, 
. 3 H + b 1,4 + 0,5 

•• 2. FH =a"b=l,4·0,5=0,7u. 

2. Opnzmu bGp 011'1 wpwqmpJntG[! UntU1pWJ'1G tunnn2mu' 
L 6 v = - = - = 8 57 ullJ.: 

H FH 0,7 ' 

3. Opnzmu blip f1.bJlint11uti P'14.l!' 

= d:i ·1'111 = 0,737 ·8,57 = 4 21 ·lOl: 
Re u l,5·10-s ' 

4. Opnzmu blip zttiuwli qnpbw4'191!' 
68 k . 68 0,1 

"-=0,ll·• -+- =0,114 s +- = 
Re d,, 4,21·10 737 

= 0,11 · ;/0,0001615+0,0001357 = O,ll ·\/0,0002971 = 0,0144: 

5. <.wzlJ.wp4mu blip· 
"!:!__ = 0,0144 .20 = 0,144 "'0,15 
4b 4.0,5 

Oqm4_btn4. li4.38-'1 linunqpwutig · q111limu bli12 · 
x 

bpp X
0 

= 0 u, - 0 = 0, B0 = 0, A0 = 0; 
e 

a =A a + B b = 0·1,4 + 0 · 0,5 = 0 u 
iO 0 11 0 

bppX = 2 0 u ~=~= 0,1, B, = 0,027 ,A,= 0,1; 
I ' ' e 20 

a =A a +B b = o l· l,4+0,027 ·0,5 = O,I54u 
i\ I H i ' 

bpp X = 4 Ou .2S_ = ~ = 0,2, B2 = 0,05, A2 = 0,21 ; 
' ' ' e 20 

a;,= 0,21·1,4+0,05·0,5 = 0,319 u 

bpp X
3 

= 6,0 u, ~' = 
2

6

0 
= 0,3, B3 = 0,067, A3 = 0,3 ; 

a = O 3 ·I 4 + 0 067 · 0,5 = 0,4535 ti 
i l ' ' ' 

'-pp X = 8 Ou ~ = ~ = 0 4 B4 = 0,067, A4 = 0,42 ; 
u • ' ' e 20 ' ' 

a;, = 0,42 · l,4 + 0,067 · 0,5 = 0,622 u 

bpp X = 10 0 U _& = .!..Q. = 0,5 , B5 = 0,065, A5 = 0,52 ; 
s ' ' e 20 
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aiS =0,52 ·1,4+0,065 ·0,5=0,76J tl 

k x -12 o x" 12 upp 6 - , u, - = - = 0 6 B == 0 06 A - O 63 e 20 ' ' 6 , , • - , ; 

a; 6 = 0,63·1,4 + 0,06 · 0,5 = 0,912 u 

bpp X 7 =14,0U:, ~=_!±=07 B =005 A 074 e 20 ' ' 1 
• • 1 = · ; 

a; 1 = 0,74·1,4 + 0,05·0,5=1,061 u 

bpp X8 = 16,0 U:, ~ = ~ = 0,8 , B
8 

= 0,04, A = O 81 · e 20 8 
, • 

a; 8 =0,81·1,4+0,04·0,5=1,154 u 

x 18 
bpp x. = 18,0 u, -f = 

20 
= 0,9, B9 = O,Q3 , A

9 
= 0,9; 

a;9 = 0,9·1 ,4 + 0,03 ·0,5=1,275 u 

b x 20 0 x,., 20 
PP '" = ' u, - e- = 20 = 1,0, Bio = 0, A w = l ; a,,o = l · 1,4 + 0. 0,5 = 1,4 U: 

6. fipnzmu blip 011wpwztu'12'14n11wJjlli obrmti LWJlintpjntli[!' 
L 6 

8=-=-=0lu 
VD 3·20 , 

7. Opnzmu blip oqwpwztuM111tiuw11pmpJntG[! · 

~P=pt}:,(~+l) = l,2·8,57 ' ( 3' )- ( 9 )-2 '·fl' 2 , , +I -44,07· -+1 -56,85'1lw 
µ 11 0,65 '8,57 31,3 

<.wz4wp4w1pG WilW£1UJlllWGJ;! 12-2 

<.wztJ.wplfbL hwu111wmmG hw111qwb12n4. libpMU:wG 011wU1wp, bpb 
hWJ111li'1 t 011w111wpti bp4wpmpJntli[!' e = 20 U:, bJ.PWJ)lG tunnnw 
bpl{wpmpJntli[! ' a H = 2,0 u, pwp6pmpJntli[! · b = 0,8 u, Gbpooowli wfig12bpjl 

P'14.l! ' n = l 0 wfigp, 011'1 bwjuu[! · LK = l O u3/4, 011wmwp'1 UJmpfi t ubmwrf 

k = 0,1 uu, wfigpbpm.J. 011'1 libpbbUwli pmJtW111pblfl wpwqmpJntfit!' 

V" = 3,0 U/lj_, Ollp UWbntg'14ntf1JWli 4'1fiOUWtnp4W4Wfi qnpowl{tigJf 

u = 1,5 · l o-s 0214, p = 1,2 4q1u3: 

1. OpnznuI blip oqwIDwpp bJ.PWJ'1fi junnn2'1 t4t{lli.J.w1blitn 111pwtlwqtiol!' 

d = 2a" ·b = 2.2·0,8 =l,l 4 u: 
3 

3H + b 2+0,8 
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2. flrmzmu bG12 Ol}Wl.llWflJl bWWJpG mnnnimu oqJl wpwqnq~Jm(jI!' 

v =~ = _s_=~=6,25 ullt: 
k F a 11 ·b 2·0,8 

3. !lpnzmu hG12 Re-Jl P'14.I!' 

= d . l\ = 1,14 . 6,25 = 4 7 5 · 1 os : 
Re u 1,5·10-s ' 

4. !lpnzmu hG12 oqwmwpJl zi.tiuwG qnpawtil1g1f 
.-------

68 k 68 0,1 -1 - 011· -+-=011· +-- -
A - ' Re d

3 
' 4,75·10 5 1140 

== O,l lV0,0001431 +0,0000877 = O,l l · 0,12 = 0,0136: 

5. !lpnzmu bu12 PP4. l wGg12Jl uw4bpbUI!' 

CJ = _s_ = _!_Q_ = 0,333 u2: 
1 

n ·Y 10 ·3 
~ 

6. !lpnznui tu12 2-Jlg 10 w(Jgpbpl1 uwtitptuGbpI!' 

1 
CJ = -;======:=:;:---=---~:--:--::-::--~ 

CJ = 4 

CJ = 5 

2 J...,---1---:-:-- + 0,652 [22 -1 ' + 0,0136 ·20 · (2 - 1)2] 
(0,333)2 (1,6}2 2·10·1,14 

I 2 
- = 0,324 u' 
- )9,02+0,165(4 - 1+0,0119) 

1 
CJ ) =-========================~ = 

1 + o,65 ' [ 32 -(3 _ 1y + 0,0136 · 20 (3 _ 1r] 
(0,324}2 1,62 2 ·10·1,14 

1 = l =0,310u2, 

)9,53 + 0,165(9-4 + 0,0l 19 ·4) .jl0,36 

l = l = _l - = 0,292 u2, 

l .J104 + 133 3,425 
- -+0,165(16-9+0,0119.9) ' , 
0,310 2 

l = l = _I_= 0,273 u2, 

.J1 l 9 + l 52 3,66 
-

1
-+0165(25-4'+0,0119.16) ' ' 

0,29 2 
' 

CJ6 = = 1 = o,256 u2, 

(o,2~3y +o,165(36-25+0,0119.25) ..Jn,42+1,86 

cr= = 1 2 7 

1 I = 0,239 U , 
--2 +0,165(49-36+0,0119 36) vl5,26+2,22 
0,256 . 

cr -i - 1 1 1 2 
=-=0223 tl 

-
1
- , +0,165(64 - 49+0,0119.49) .jl7,5+2,57 4,48 ' ' 

0,239 

1 1 0
9 = ---r:========== = = - = o 208 u2 

-
1

-+0165(81-64+00119.64) ..J2o.1+ 2•93 4•8 ' ' 
0,22)2 ' ' 

1 1 1 
CJ, . = r=========== -;==::== == - ::: 0,195 u2: 

-
1

- +0,165(100 - 81+0,0119.81) .J23,l+ 3,29 5•14 
0,208 

7. !lpnzmu h(J12 oqwtnwpti qpuwqpmpJm(Jl!' 

.1P=( ?
2

2 +l)pt}: =( ;' 2 +1J
1
•
2

·
6

•
25 2 

=(0,545+1)23,475=36,27 : 
µ t'}k 2 0,65".6,25 2 

~wzl{wpljwJJlG wnw2wqpwG12 13 
fO-Upml.jwJJlG lnpwgtlwG UlhqwljwJwGpJl hwzl{wplj 

<!.wz4wp4Jl htw4bll1WJJ1G Ull{Jw1(Jhp(J bG' 

- wptnwqpnqw4wGmpJm(jI! (!Ul.ll lnp ()Jmpp ' M , = 50 4qld 

- tnpwgnq hmupti u4qp(Jw4w(J tun(JwtlntpJntUI!' W
1
° = 48 % 

- 1_npwgnq hntupJl tlhp2Gw4wG tunGwl{mpJmGn' W
2
° = 12 % 

- umUlpmu oqJ12hpuwutnpowGn' t
0 
= 23 °c 

- Untll112ntU oqp tunGwtlntpjntUI!' q>
0 

= 50 % 

- pupm4Jlg l}Iltpu h4n11 oqJ12hptlwuU1powGn' t, = 37 °C 

- ptlpm4pg l}Iltpu h4nq oqti tunGwl{mpJmGn' q>
2 

= 62 % 

- lPwgmgJll ~bptlntpJw(J pwGw4Jl mhuw4wpwp b-wtuun' .1 = 840 4.Q/4q.tunG.oq 

- pwpntlbUlpwtiwG oGzntU[! ' p~WF = 99310 G/u2 
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_ pupnt4P [!GflLWJGw4wG 4uip4_wo12p uwlfbptu[!' f = 0,8u
2 

1. npnzmu tu12 t
0 
h <i> o Ujwpwutmphpml 011p tunGwtl_wUjwpntGw4mpJntCil! 

h tfrpwLl.llPwG (hwlJ.httJ.wa 2)' d
0 
= 9,0 q.tu.f4.q . ~.011; io = 46,13 42/4.q ~- oq: Quui 

hwl.J.htl.J.wo 3-jl npnzmu h(ip' '60(0) = 0,8682U3/4q.~ . 011: ' 
2. fipnzmu ta12 GmJG mllJwtCibpJ!' t 2 = 37 °C h cp1 = 62 %, 01111 hwuwp 

d = 26,13 q.hbq./4q ~- oq; i
2 

= 104,63 42/4.q . ~. 011: Qum hwtJ.httJ.wo 3-jl npnzmu 
2 

tGp' 1')
0

(
2
l = 0,9339u3.14q.~. 011: 

3. npnzmu tu12 uptp12[112wCiw4J:! ~np.wgmupg wnw2' 
_ MJ100-w; ) = 50(100-12) = 85 4q/ct : 

M, - 100-W,0 100-48 

4. Dpnzmu bGJl hhnwgtJ.nq hhqm4J112wGw41!' 
0 w 0 48-12 

M = M W, - 1 = 50 = 34,6::: 35 4q/tl : 
Y 

2 100-W," 100-48 

5. Dpn2mu tu12 oqp mtuw4wpwp awtuul!' 

e = 1000 = 1000 ""58 4q.~.0~4q.9 .: 
dl-dll 26,13-9,0 

6. Opnzmu hGJl oqp dwuwjpG awtuul!' 
L = e. M = 58 · 35 = 2030 4q .~.o~<J: 

p 

7. npnzmu tu12 t
0 

= 23 °c h cp,. = 50 % l.lllU£IWUhmphp.ntl 011l1 owtJ.wm' 

y (•., ... ) = L. '6 ~' · ~.l = 2030 ·0,8682=1762,4 u
3
/d: 

2 ' 

8. fip.nzmu tG12 t
2 
= 37 °C h cp 2 = 62 % UJ.Wpwubmphp.ml oqp 1)-wtl_wl{l 

y (•,,.,l = L -tt~;·~,l = 2030· 0,93~9=1895,8 u3
/ct : 

2 ' 

9. npnzmu ta12 2tpumpJwCi 12wGw4J1 mbuw4wp.wp. owtuul! . 

q = e(i - i ) + ~=58(104, 63 - 46,13)+840 = 423342/4q .2 . 
K 2 0 , 

10. Dpnznui bGp 2tpuntpJWCi 12wCiw4P ctwtiwJpCi owtuul! 
Q = q · M :::: 4233 ·35=14815542/ct : 

K K Y 

11. npnznuI ta12 t
1

, cp
1 
l.llWPwutmp.tp.ntl oqp tCipwtlllrwu' 

i = i + ~:::: 104 63+ 840 ::::119 ,1142/4.q.~.011: 
I 2 e ' 58 

12. fipnzmu tG12 oqp t 1 2tpuwumj16wCi1!' 

j
1
-2,5d, :::: 119,11 - 2,5.9 = 946oc: 

t 1 ::::Cc
8

+0,00177d
1 

1,005+0,00177 ·9 ' 
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13. Dpnzmu bu2 t, 2tp.uwuui[1owGntJ. oqp tunGwlJ.mpJntCil!' 

<p ::: ppwp ·d , _ 99310·9,0 
1 

(622 + d, )Phm~ - (622 + 9 )84466,6 '-" O,Ol = 2 %, 

np1.11hq' :•wq = 84466,6 G/u
2 

wp.clhpJ! 4_h(lgCimu bCip pptJ. 3 hwtJ.httJ.wl)pg' 

t 1 = 94,6 C 2tp.uwu1.11[16wup hwuwp.: 

14. fipnzmu bG12 oqp ~wtJ.wm hwztJ.wp4lJ.wa t1 t. cp, Ujwpwub1.11(1b[1[1 
hwuwp.' · 

,., .. - R C B • T, 287(94,6 + 273) - 3 
0 - P - .p - 99310-0,02·84466,6 - l,OS7 uf4q.~. o11: 

PWJ' cp l hw~ 

15. flp.nzmu bGp t 1 = 94,6 °C L. cp1 = 2 % UJ.W(lwuhm[lbpntJ. 011J1 · ctwuwJpCi 

awtuul!' 
v1 = LtJ; = 2030 · l,084 = 2200,5 u3/ct: 

16. flp.nzmu bCip 011p wp.wqmpJntG[! pupm4[1 uLtqpmu ' 

(1) = ~ = 2200,5 = 0 76 u;.1: 
I f .3600 0,8.3600 ' 't 

17. fip.nzmu tG12 oqp wpwqmpJmGI! pupmltti tJ.b[12mu' 

ro =~= 1895,8 =06601 : 
2 f .3600 0,8.3600 , 4114 

~wztJ.wp.4wJJ1Ci wnw2wqp.wu12 14 
ITlw12ujluw1.11}1 ~np.wguwu pmCibtwJ}lCi mhqw4wJwGp!i hwztJ.wpl[ 

lIWUlW[lhL ll!W[!UpUwmp ~n(lwguw(i pmGbtWJjlG 1.11h11wltWJWG12p hwz­
tJ.wp4, Il[ljl hwuwp. tn(ll{Wa hLW4btnWjpG tn4.JwtGb[1G b(i' O[lb4wCi W[1UlWij[ln-
11w4wCintpjntU[!' G 2 = 7 ,5 m = 7500 4q, btWCiJmpp. u4qpGw4wu tunuwtjmpJm-

GI!' W
1
° = 49 %, tJ.bp2Gw4wG tunGwtJ.ntpjntGI!' W,0 =10 %, UJ.Wllupuwmp upwtJ.n­

[1[1 4z[1nJ! g, = 75 q, 2tp.uw4(1p 2h[1Uwumj16wGI! 1.11bqwltwJwGpP, Um1.1112mu ' 

t
1 

= 125 °C, 2tpuw4pjl 2tp.uwuuip6wG1! 1.11b11w1.twJwGpjlg qnt[lU qwLtiu' 

t
1 

= 75 °C, WJll o'lti tunGwlJ.mpJillGJ! cp
2 

= 30 %, qnpO\}Gpwgjl 1.11W1qmpJntCi1!' 

i: = 6, 75 ctwu: 

:?.wzywp~: 
1. QCi1.11p.mu hCip tnjllljWJpG l{wqnGp4, np.G mGjl 10 qwp.w4wzwp12, Jnt­

p.w12wu~mpjl tJ.p.w 6 lnp.wguwG pwubp. 50 qmp.w1.11tl_wl) UjW{2uP,uwmjl Lt1.11np.­
Gtp.ntJ.: 'llwqnGJ14J1 qwpwp.[11.11wjpCi lwt}'lbp.G bCi' 2,0x0,93x1,68 u: 

g ~ =10 ·6·50·0,075=2254q: 
~wq 
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Opnzmu bGp pmGbtwJpG tugp Ulwpnr1mpJmG1:!' 

GM= Gl't = 7500·6,75 =10554q: 
T 24N 2·24 

Opnzmu tGp utl[ pmGhtWJPCi tugmu upwctwuwCiw4 qUlGt\n'l tJ.wqnGp4-

Gbpp pwGw4l!' 
Gld 1055 

n=-T =--=4,7o::54wqnGp4: 
g~- 225 

\.l_wqnGp4Gbpp pmGtt uUlGbtm nppu[!' 
t 6,75 . n- =-=-= 1,35 dwu: 
n 5 

Opnzmu bGp pmGbtl1 tp4wpn1pJmG{!' {!Gl)mGhtntJ. L~ = 0,6 uh L~ = 0,2 u' 

LT = eon+ L~ + L: = 5.2 + 0,6+ 0,2=10,8 "' 11 u: 

1.Chltfib\J:l LWJGntpJntU{! l[\J:lGp' ([!GtµuGbtnt\ 6.B = 0,035 u)' 
BT = b

0 
+ 26.B = 0,93 + 2 · 0,035 = 1,0 U: 

1Chl.1Gbl.P pwpapmpJntGI!' 
HT = hR + 2. 0,035=1,68+0,07=1,75"'1,8 u: 

1. q.mnpzwgynn htnmllh l?wGwyh hwzywpli 
tizqpum1u tGp lnpwguwG Ulbqw4wJwGpp wpUlwrrrmqw4wGntpJmG[!' 

= 2n·g~ ·24=10 ·225·24 = 80004 lo : 
G 2 't 6,75 q J1 

"'tnwgqnq hbqm4\1pwGw4n4L\1Gp' 
= G 1 {W1° - w:) = 8000(49-10) = 255 4q/ct: 

M1 100-W,0 24(100-49) 

~wztl\1 wnGbtntl lnp GJmpbpp l[npmuuiGtp{! · (0,8%) 4mGhfiwGp · 

G _ G
2
(100-wi°) = 8000(100-10) = 14200 4q/op: 

1 
- 0,092(100-w,0 } 0,992(100-49) 

2. Onb h 2tnumpJwG l?wGw\Jb hw2ywpli, · 
14q hbqm4p qntnpzwguwG hwuwp crwtuutJ.nq 2tpumpJwG pwGwl[I!' 
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g = e(12 - lo )-6. = 13,4(293,4-34,12)+ 696 = 4169,67 452f4q: 

011p uituw4wpwp crwtuul!' 

- 1000 - 1000 = 5 7 0 4 14 . e - - , q q. 
n d

2 
-dCM 82,6-65 

011wi.tmtuwGw4mpJwG uiwUlp4mpJwG qnpcrw4P9l! 41.PGp ' 
n = dcM -d 0 = 231,06-34,12 "' 3,25 : 

d
2 
-dt:M 293,4-231,06 

QtpuwJpG hwztJ.bl[znp QtpumpJwCi crwtuul! 
hm1tlwcrfitp[! 

011\1 hbui uiptJ.n'l 
hw:n.[wpl[{! pl}wJpu wpctti;i{! 

9tnum91wG ywGwl.m 
l / U = 293,4·1,34. 256 1004640 

"UJmpp htui ummp 
qnpan11 2tpumpJwG 
uwGwlm 

q 1C~128 2 = 334 ·l,93 ·112 71915,48 

SpwCimqnpmp hbUl 
timUlp qnpcrn11 qTJ>CTP8TP, = 671· 0,18·125 40353 ,04 
9t11ums1wG 12wfiwlJn 
4npmumfihp{! 2!12W4w · q••p u = 204,86 . 256 52396,16 tih9wtlwm 
ta-tpun11pGwup4w4wG 

qTCp u :::: 172,04 ' 256 44045,09 lmnmuu1Gbn11 
CGnwutfin' 1213349.77 

V - u3 

UGtJ.wCintU{! 
en, 2mp "'wz4wp4 

Vu3/ct 
4q14q ll[q lil[l ev-60 

onmu 
::>npwguwCi tumg 
timUlp qnpcrnq oqp 57 ,0 1,25 57 . 256·1,27 18500 
DWfiwlm 
lugpg htnwgn11 57,0 
onh DWUWUll 

1,14 57. 256 · l,l4 16600 

luwnGmpq 
4w1npp:ptppg 57,0 1,064 57 . 256 ·1,064 15500 
wnw9 
U11uiwCihmlf.nq oq 13,4 1,14 13,4 . 256 . 1,14 3910 

ta-wpu oq 13,4 0,843 13,4 · 256-0,843 2890 

Ummqmu tG12 OI}p pmnwmphL\1 wpwqntpJntU{! znpwgn11 uptp12p unm· 
v 

'6=~ 
F ' )I( 

npmt11 F)I( - hwuwl[wpqp 4tGqwGp l[mptJ.wcrpp uw4tpbull t (F)I( = 0,82 u
2

) : 
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v = (18500+16600) =8775 153/d: 
·~2 2. 2 

8775 
~bmL.wpwp. -e = = 2,9 uft.J.: 

0,82·3600 
Quill G4.40-mu pbptlwb" 011wl5f\uwG hwuw4wpqj1 ufubl5wJp 4wlllwpmu 

bGp Gpw hwztlwp4[}, wprumGpGbp(} wulflmflbtntl wrumuw4mu: 

tlj4fiqwLhfim c41uwG Q.nuiwpwJpG Oqp <.wmqwltp <wmqwl'I- tnpwuwqjlO"[!, ajn\W'lflnt- ajlUW'lflntpjntCi[!, ShTJ.W- l'lwtuul!, bpljwpm-
Ill!. axbuu pJmCi£!, R, , R,,"l.w UWU[! VliJ/ct flJOtG[!, e, ll ct, ... uu 

"l.w/tl 
1 18500 8,75 1000 )( 500 667 2,806 24,530 
4 6345 5,0 1000 )( 400 572 0,951 4,758 
7 18500 4,5 1000 )( 500 667 2,806 12.605 

I 
CCiTJ.wtlhCi!!' R, -1,893 

Sh!J.W\jwG ShTJ.Wljwfi <wzqwpljwJltCi tiCi2nttl[!, 'lPUW'lflnt- ajltlw1u1mp1mCifihp, tiztnntU[! [!UTT tnh!J.Wljwfi Sh!J.W· ~ , "l.w JlJlllfiCihpp I ~yt} ' mtuwljwpwp ajlUWl}pnLflJnLfi(!, tlwu[! qnpltwtiltg-
Z= ,"l.w ljznp, 11 Z11 , "l.w 2g 

filirn. I~ g 

I 135,08 3, 1 418,887 0,84 35 1,2 
4 33,84 3,0 101 ,53 0,91 92,5 
7 132. 52 1,35 182,46 0,84 153,036 

Zll 596,74 

-UzwGw4bLntl 4WLilPJl:PbpwjpG lllbfjWl.jWJWUpp 11J1l5wqpmpjntG[! 
6S 4wt-ntl ( 6S"'"' = 147,15 "lw), hwztlwpl.jmu bGp hwl5w4wpqj1 uuI}hwGmp 

f\PUWfjpntpJntU[} ' 

6S= .LRe+ .Lz11+6S,tu +6S,WI = 

= 41893 + 596,74+237,4 + 147,15=1023,18 "lw: 

3. Onwuruuh num~tpimG L. Gpw ti. 2wpdh>h hgnnmmwu.hwzgwn4 
Opnzmu bGp hwuw4wpqj1 ozmtlwb" flpUW!}pntpJntG[} 

6S' = l,36S = 1023,18 =: 1330 "lw : 

~wz4wp4mu bGp tL. zwpdf1lP hqnpntpJmGu' 

N- Y · tlS' = 18500 ·1330 =9,76=::l04t.lm: 
- 3600 ·1000·11 3600·1000 · 0, 7 

Quill V = 18500 15 3/d L. N =IO 4t.lm mtlJwtGbpjl [}Ulllpmu buu ~ 4-70 N28 
Of\WU'lf1l[!, npjl gmgwGpzGbpG b(i' Q = 20000 u3/ct; n = 1400 uim/pml.}b; 
N = 10 4t.lm: 
96 

<.wztJ.wpl.JwJtiG wnw2wIJllwGp 15 
"lUUluuiwG2wpbf\bGfl wpL.wJflG tnpwguw(i 2tpuwmGwJj1G mbqw4wJwGpp 

hwZtlwp4 
<.wZtlwp4p btw4hmwJj1G mtlJwLGbpG bG' 

- mbqw4wJwGpfl wpmwqpnf\w4wGmpJmG1!' M" = 2500 4q 

- hmupjl u4qpGw4wG funGwtlwtqwpmGw4mpJntG[}' W~ = 400% 

- UJ.Wtnpwumfl wpmwqpwGpp funGwtlwtqwpmGw4mpJntG[! ' W~ = 25 % 
- wpmwpjlG O!}jl 2bpuwulllj16wG[} · t" = 30 °c 
- pwum wpwqmp JntG[!' V = 1,0 u/4 

- 2bpuw4mlllwl.jjllfl uw4bpbup 2bpl5wumj1owG[}' t
1 
= 80 °c 

- Gbp2bpuwmGwJpG oqp 2bpl5wumpowGn' t
2 

= 70 °c: 
<.wzgwn4 

lw) Opnzmu bGp lnpwgl5wG qnpb"[!Gpwgmu hbnwgtln'l hbi1m1W pwGw4G' 
M =MK(w;-wn=2500(400-25) =

1875 
Id · 

2 
-r(w,; + 100) 10(400+1 oo) ' 4q · 

Ip) OqmtlbLntl G4.43-mu pbptlwa Gn15nqpwupg · npnzmu bGp 
oriwlfl.nfuuwG hw15w4wpqj1 wpmwqpn'lw4wGmpJntG[} (qpw:J>f14P tlPw Ln-fl 
npnzuwG [}Gpwgp[} gmJg t mptJ.wa utwpwtJ.np qabpm[): Cum WJ'l mtlJwt.P · 
L 11 = 8000 u3 Id 

1. Opnzmu bGp Ull:iflW4WJWGpp mbfuGnLnqJ1w4wG uwujl uw4tpbu[!' 

F . = M11 ·K, = 2500·25 =l30 202. 

"'' K,
11 

· n. 16.3 ' . 

2. Opnzm15 bGp tnbfuGnlnqpw4wG qnUlm bp4wpmpJmOn, [}G1µuGbtn4.' 
B, =6,015 ' 

L = F," = l30,2 =217 ::: 2215: 
T B 6 , 

I 

3. Opnzm15 bGp U1bfuGntnqj1w4wG hnupwqobpp pwGw4G' 

B" -4b"P 6-4·0 6 3 6 ,.. 
n = ' = - '- = 3 hnupwqflu : 

n b n 1,2 1,2 

4. Opn2mu bGp lllbflw4wJwGpfl bp4wpmpJntG[}' 
L, = L, + e:d + e rn = 22 + 2 + 5 = 29 u: 

5. Opnzmu bGp 4wnmJgfl t{bpmfl4wt L. pbp hw11pmpJmGGbpj1 
15w4bpbuGbp[}' [}GqmObtntl a= 40 °, B, = 8

2 
= 6 u, He = 2,1 u, h = 0,5 15 

Fn = Lc(Hc + h) + {B1 + Bi)tga + B,Hc +B 2h = 

= 29(2,1 +0,5)+(6+6) · tg40° + 6·2,1 +6·0,5 = 

97 



=29·2,6+12 ·0,84+12,6+3=101,1 Ll'2 zl05 u
2

, 

FH =Le B, + B2 = 29 6 + 6 = 464 u2: 
cosa 0,75 

6. Opnzmu bCip ~npwguwG mbriw4wJwtipp 2bpuw4nnnw4M1 
uw4bpbut!' [!GqmCibtml y, = 1,2 ~q/u3 ; C' = 0,68 ; n0 = 0,2 ; oll = 0,35 ; 

R 0 =15; A.,,,= l,3~rn/Ll' 2 ; C,,. = 1,2·4Q14q°C; Y,. = 2500 4q/u3
' 

Q~ = 4,66. (FB +Fl! f( tH + 
273

) ' {1-c'n~) oJIFR + FHcOSCl + 0,814(t, -t,i}] = t 100 FR+FH' 

= 4 66·(105+46i( 30+ 273 )' (t-0 68·0 2' )0,35 · I05+ 464 ·0,75 +O 814(80-30)] = , l 100 ' ' 105 + 464 ' 

= 2651,54(91,8.0,97.0,68 + 40,7) = 268472 44ruJfiJwu, 

O~=(t ,- t, , lOF0 JV+3 ,7 ·F11 2 
:=(70-30 IO · lOSJl+3,7·464 - - ,-,, = + { (y,·V)""] { (1,2)"''J 

. - L'~ 8000 ·· 

= 40(1050+1716,8. 
1
•
02 J = 95~67 ,7 44wJ/dwu, 

l,32 

F = Q;1+ Q ~ 
0 

327.1").. ·C. _0,8l4·t,-t ,, 

268472 + 95067,7 
----------~= 

32 7·.Jl 3·12 · 2500 -
0

•
814

'
80

-
30 

98 

' '\/ 1ur 111k 'Y uk R 
.• 0 

' ' ' 16 

363539,7 == 363539,7= 178,2112: 
32,7 . 62,45 - 2,2 2039,9 

7. n2qpumtd bGp 2hpuw4mmw4'12'1 Ll'w4bpbuu ' 

B =~= 178 '2 =6145:o:60u: 
iti·il L 29 ' ' 

c 

8. ~bu1L.wpwp rnbrtw4WJWLIJlP 6zqpu11{wb- twJGntpjntGt! 4t'1Gp' 
B<.: = B1 + B i (zq) = 6 + 6 = 12,0 u: 
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~wtlbLtlWb 1 

~wqhgwb 211wJtiG qntnp.zm t.\Gznuin mw11pb11 2bp.uwum):l6wGGbp.mu (0 - 99°C), G/0
2 

SwuGwtlnp.- Uhwtln 1Gbn. °C 
3 4 5 6 7 8 9 

100 

0 

Gbp., °C 0 1 2 

0 60,8 663,0 715,2 767,4 819,6 871,8 942,8 1013,9 1084,9 1155,9 

10 1227,1 1322,5 1417,9 1513,3 1608,7 1704,0 1830,6 1957,2 2083,8 2210,4 

20 2337,0 2503,0 2669,0 2835,0 3001,0 3167,0 3381,8 3596,6 3811,4 4026,2 

30 4241,0 4517,2 4793,4 5069,6 5345,8 5622,0 5972,6 6323,2 6673,8 7024,4 

40 7375,0 7816,4 8257,8 8699,2 9140,6 9582,0 10132,6 10683,2 11233,8 11784,4 

50 12335,0 13016,2 13697,4 14378,6 15059,8 15741,0 16576,8 17412,6 18248,4 19084,2 

60 19920,0 20938,0 21956,0 22974,0 23992,0 25010,0 26240,0 27470,0 28700,0 29930,0 

70 31160,0 32780,0 34400,0 36020,0 37640,0 39260,0 40880,0 42500,0 44120,0 45740,0 

80 47360,0 49635,0 51910,0 54185,0 56460,0 58735,0 61010,0 63285,0 65560,0 67835,0 

90 70231,0 73231,0 76352,0 79473,0 82594,0 85715,0 88836,0 091957,0 95078,0 98199,0 

~wtlbLtlWll' 2 

lunGw4 oq):ltGpwLu[twG i(42f4q.1_np..oq) L. )uwGw4wuiwpmGwqntpJmG[! d (q.hb11/4q.1_np.oq) mwp.pbp 
2tp.uwump6wCiGbp.mu, 

1,"c 

-15 
-10 
-5 
0 
5 
10 
15 
20 
25 
30 
40 
50 
60 
70 

1, •c 
1 

-15 
-10 
-5 
0 
5 
10 
l 5 

Ppwn = 99310 Ci/u2 (745 uu ufiq. UJ.) pw1mubm11wl.iwCi nfi7uwCi UlilllUWGfibnmu 
<D=IOO% I co =9o% I -<p I cp I q> = ~0% I cp = 70% I <P = 60% 

i I d I I d i I d I I 
-12.51 I 1.04 I .~ I I I I i I d I i I d __ I I .. ~.16 I o.94 I -u.02 I o,83 I -n.21 I o,73 I -13,56 I 0.62 
-6.00 1,63 _L -6.42 J 1,47 _I -6,84 J 1,30 J_ .1,22 L 1,14 I -7.64 I 0.98 
t.26 I 2.s2 I o,63 I 2.21 I o I 2,02 I -0,63 I 1.76 I -1,26 I 1,51 
9.< ,6 I 3,85 I 8,65 I 3,36 I 7,68 I 3,07 I 6.76 I 2,69 I 5.75 I 2.30 
18.90 

~· .• ~ 7,00 25,74 6,21 23,77 5,43 21 79 4,65 
42 63° 10.86 39,81 9 76 3704 8,66 34 27 7 56 31.50 6,47 
58,29 15,00 54.'..' 0 , , u I • , ,~u 50,48 I 11,94 I 46,62 I 10,42 I 42,79 I 8,91 
77,49 I 20,so I 12,11 I 18,39 I 66,74 I 16,29 I 61,44 I 14.21 I 56.15 I 12.14 
101.39 I 27.78 I 94.00 I 24.89 I 86,64 I 22.03 l 79.38 I 19,19 I 12, 15 I 16.37 
16,2,JO I 49.98 I 155.48 I 44.62 I 141.87 I 39.35 I 128,48 I 34.16 I 115.29 I 29.05 

( ),31 I 88,42 I 254.43 I 78,47 I 229,28 I 68.79 I 204,79 I 59,38 I 180.93 I 50.21 
470,61 156 64 420,63 137,54 371,04 119.35 327,64 102 00 284,25 85,44 
824,46 285,99 719,75 246,2 1 623.68 209,73 535,20 176,15 453.51 145.16 

q> = 40% <1>=30% CD =20% <1>=10% CD= 5% 
i I d 1 I d i I d i I d i I d 
2 I 3 4 I 5 6 I 7 8 I 9 10 J II 

-14,07 I o,42 -14.32 I 0,31 -14.57 I 0,21 -14.78 I 0,10 -14.95 I 0.05 

-8,44 I 0,65 
-2,52 1,01 

-9,66 I 0.16 -9,87 I 0.08 -8,86 I 0.49 -9,24 I 0.33 
-3.78 I 0,50 ·4.41 I 0.25 -4.70 I 0,13 -3,15 I 0.75 

3.82 I 1.53 2.90 I 1.15 1.93 I 0.77 0.96 I 0.38 0.46 l 0.19 
10.54 I 2.19 9.15 l 1,65 7.77 I 1,09 6.42 I 0.55 5.71 I 0.27 
17,85 I J,09 15.87 I 2.31 13.94 I 1.54 12.01 I 0.77 11.00 I o.38 
26,00 I 4.30 23.27 I 3,22 20.49 I 2.14 17.81 I l.07 16.42 I o.53 

C1>=50% 
i I d 

-13.81 I 0.52 
-8.02 I 0.82 
-1.89 I l.26 
4.83 I t.92 
11.92 I 2,74 
19.82 I 3.87 
28.72 I 5.38 
38,97 I 7.41 
50,90 I I 0.08 
65,02 I 1 J,59 
102.31 I 24.03 
157.75 I 41.29 
242.80 I 69.61 
3 77,49 I 116,33 

Cl)=0% 
i I d 

12 I 13 
-15.08 I o.oo 
-10,04 I o.oo 
-5,04 I o.oo 
o.oo r o.oo 
S.04 I 0.00 
10.04 I o.oo 
15.08 I o.oo 



§ 

0 
w 

I 
20 
25 
30 
40 
50 
60 
70 

Oq!J 

2tpu . 
oc 
-15 
-10 
-5 
0 
5 
JO 
15 
20 
25 
30 
40 
50 
60 
70 

2 
35,15 
45,69 
57 92 
89,50 
135,15 
203,19 
307,61 

100 
0,7472 
0,7624 
0,7780 
0,7941 
0,8108 
0,8284 
0,8472 
0,8675 
0,8899 
0,9151 
0,9775 
1,0662 
1,2041 
1,448 

<,Wlju ]ljWO L. \ >wnntUWUilU') llllU 

3 4 5 6 7 8 9 10 II 12 13 
5,91 31,37 2,94 27,59 2,94 23,85 1,47 21,96 0,73 20,12 0,00 
8,04 40,49 3,99 35,36 3,99 30,24 1,99 27,68 099 25,16 0 00 
10,82 50,90 5 36 43 93 5,36 37 04 2,67 33 60 1,33 3020 000 
19,07 76,94 940 64,55 9,40 52,29 4,66 46,24 2,32 40 23 0,00 
32,60 113,10 15,88 91,64 15,88 70,73 7,84 60,48 3,90 50,31 0,00 
54,48 165,18 26,10 128,81 26,10 93,91 12,78 76,98 6,33 60,39 000 
89,83 242,17 41,90 181 14 41,90 124,02 20,27 96,81 9 97 7047 0,00 

..t.wtlt1i.two 3 
1 l}q ~np oajlG llbpwqptlwb' tunGwq oqp awqwlI! ( "688 ; u3fliq.~np .oq) 

2 

90 80 
0,7470 0,7469 
07622 0,7620 
0,7776 0,7773 
0,7937 0,7932 
0,8101 0,8094 
0,8274 0,8263 
0,8457 0,8442 
0,8654 0,8633 
0,8870 0,8841 
0,9110 0,9070 
0,9697 0,9620 
1,0513 1,0368 
1,1748 1,1468 
1,3820 1,3244 

Oqp q> (%) hwpwpbpwlJ.wu tunuwlj_mpJwfi UjWJUwulibpnuI 

70 60 50 40 30 20 
0,7468 0,7467 0,7465 0,7464 0,7463 0,7460 
0 7618 07616 07614 07612 0 7610 0 7608 
0,7770 0,7764 0,7764 0,7761 0,7758 0,7754 
0,7927 0,7922 0,7917 0,7907 0,7907 0,7902 
0,8087 0,8087 0,8073 0,8065 0,8058 0,8051 
0,8253 0,8243 0,8233 0,8222 0,8212 0,8202 
0,8427 0,8413 0,8398 0,8384 0,8369 0,8355 
0,8613 0,8595 0,8572 0,8551 0,8531 0,8511 
0,8812 0,8783 0,8755 0,8727 0,8698 0,8670 
0,9030 0,8990 0,8951 0,8912 0,8873 0,8835 
0,9545 0,9471 0,9398 0,9326 0,9255 0,9189 
1,0228 1,0090 0,9957 0,9827 0,9700 0,9576 
1,1201 1,0946 J,0702 J,0469 1,0245 1,0030 
1,271 3 1,2222 1,1754 1,1345 1,0951 1,0583 

IO 5 0 
0,7460 0,7460 07459 
07606 0,7605 0,7604 
0,7751 0,7750 0,7748 
0,7897 0,7895 0,7893 
0,8044 0,8041 0,8037 
0,8202 0.8187 0,8182 
0,8340 0,8333 0,8326 
0,8491 0,8481 0 8471 
0,8643 0,8629 0,8615 
0,8797 0,8778 0,8760 
0,9116 0,9082 0,9049 
0,9455 0 ,9396 0,9338 
0,9824 0,9725 0,9627 
1,0239 1,0075 0,9916 

I I 
' I ....... N N ..,_, ..... 

l.11 0 l.110 

-- --w w w ~A [O A 0\ "° N 
- 0\ N l.11 

j; 0 I ' 
l.11 - -0 

--- -'N ~N 'N w ro A 0\ "° -A -.J - 0\ 

N N -- ... l.11 0 l.11 0 

- -- ---'N 'N "O 0\ 00 0 N 
N - N UJ 

l.11 A UJ 
~-0 0 l.11 

- ---

Q 
'""O ::i 

'E ~ 
"' 0 
II~ 

'°"::I'" 

"° '?' ~5 
o::i 
c::"> ~ 
--..'1Il 
C,'-

.... ::i 
~s 
E r.:i 
"§ :g 
c, .= 
cr.p 
5 C;' 

':3 ... E ..._, 
:5 
E E 
o';:I 

'T:l 
p, er 
C"l ';:! 

N r() 
c, CT" 
E ';:! 
C"> c, 

.E E 
E c: 
'- 5 
c, "::I'" 
E p, 
c::"> E 
C"l C"> 
er o 

':3 er 
::i ~ 
~ ::i e, ~ 

b - - '",...... r-o e, 

p. 
E 

,.r::_ 
er -.J 0 N A -°' w- t 
Q-
A 
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•!11ta:z1:~$$;a~U$'fQ'~~~~~~:ll:1I 
l-­

·l~•D=~~~$~~~=·~~~~~~~~~nH~ .... 
•l~t~-~~··~~~~-~~~~~~~~~~A~ .... 
•lsau;~~-~1~:a~1~~~::l~~~~~~~ .... 
~ !~&:2;i:=~•.J&C.:;S;~~;;a~::l:itJU~Q;;:t:::; .... 

p "!11t&~Kl'l:aas:o:"-~•;v1u:'l1uu;su'""' 

I~ !11ta:u:~=~i9:1""'"~11:"'"'"""u''""" 
i. ~ !~a.zai?:::.:;~::ir;;t-:-;i;,i:~~·1.:1u::"~~:: 
j-; !S.'-:&:~;:~;~t-: ~ '7~~"a«;:Jn~~~Rir•~ 
I.: !t•ll~;!~·~~"'~ .. ;; ::;~ :;:lt"~"~"'-=~ 
~ •!~•~~~n~~~"'~~l;~~~~~~~,,~~~ 

C: ~ !S:~&r:;f~"S•;;~~~- ~·:ttX~ftP:-12~:::~:: 
1-­

~!~•a~~~~a~~-~~~~~-~~~~~~~~ 

~ !11:az~f!:~i1r:;;~i~>t::t;ttii~:t;:;::::~~= 1 ,__ 
~!~•&~t ~l~~~~~;~~~~~~~~~~=· -
;: !!~1~1:'1".t;l::J.$1!'ti;~Xl;"~~t;?:::;tl I 1 

1!».la~t:!•aJ:~•-.~=w:uu:.x;;~!'.!~;::1 1 .... 
~!•s=~~SQ~~t~;1~~~~~R~~~1tt .... 
'J- !~•GJ!:~:J:O::Olt:":C:;o-::11.a:a:::::::it::~==. I I ,_ 
• lzagc::.r:r.;i;.::.:ei.;-e.:::•~:iUlS~!l 1 I I I -
• l!&•a~;::-a;~.;:;•:iief4;;;A1u:e:::;:: 1 1 1 1 -..u .~ la•CU!:~:SS~~::SQ!~::uu~~::=:s=:! I I • I I 

j ~ !!&iUU~~;1::;~~~~~'t..-i~~?:;~!.t I l I l I 

i ";' f~IH:~~.Sa"S-';;;~:::PH;i:~:=::. I I I I l C 
i 1-
:£ ~ !i;:;i;;;::~n:s;::t;--:ia•="'~":;!l:> I I I I I I 
~'- . 1:.. §~s;;:~S~~::";:S'lllSl~RR.':ll. I 1 1 •I I I 

.g, ~ B~•-~::z:tt~~~=-:ouu:n::::t! 1 1 r 1 1 1 t ..... -
~ ,:: f~.all;t~:,:;;~;;t~::at~ft::! I I I I I I I I ..... 

~ !h~118:tC~~~'4'~:::;:;s:;iq:~: I I I I I I I I ... 
~§~-~~~·~~~·~"~R:~IJ I LI I IJ I ,_ 
• §Rllt::-~:S;:::~i1l~~=R::!':: I I I I I I I I I 

~ i:1t1•~S'.!:$6119':;•~11l:C.::: I I' I I I I t I I 

,l!s~a~;~~~S~Jt~~~=••~~;•~~~ 

·;1@i:a; =~~1'11,lla~= ~ •«~·<.11• ·.u;::: 
>-
D § ~~-~-~~~~~;t~~ ;· ··~~ ·~~x~ 

'"'" ~~~;•~s~i=1~2•~~=·~~-;~~~~= 
~ !!a:a:u11~1t~::i:i1ti=~1t;¥~;11:1>.~;:;:; 

~ ~ !!J1~11a,,~1:,i::a111-,.1:1••;<.111•1t1111:a 
i 1!!•~•1a ~ •=~~~1111111;;~• .. ~•111111-,. ~ a ',.. t: !!lU(llll"'"'-=~t:;t"1.;;t1>;'11'1l'llX:::• 
f ~ !!u::ua~ ,,; ;o:;$~1:lll"1.;;$'11'<a••a:::• 
-. ; 2-.,~:.:1$:';!1?Sl~::l~~~'G1'.S;t~;:t~~Jit 
!>- -
• a ~·~•J:l~;::;:"~:t~::.~::::~•-;; ::r~St=-~:::r. ,... 
rfJg1aa~~Rai;~~~~·~~i~aa~=~ 

.... 
~!•~2ZM~=·~~~-~~~,;09~~~~~~ 

,.... 
r.!•~: 2x ~~R~~·~~~,~~;is•~~~~ 

a!ag1a•~=~a1;~"'1:1••~"''••~:::~~ lf 1<>-~~--~--~!!:~::ic:::~::!!~,11;:::::;::~= 
~!t~~'a'~~•=a~~;;~•~·~~~=;::~:: ... 
x!•~·~~~ ~ s~:s~~~;,~;=~~=~~~ 

~@·~~~~~~S~U*~~~~~~~~~~~a~~ 

-· 
~!•••~~x~~~=~~~~~~·~~~~~~~~ 

~1-~-~~~~~~:~~=~-~;i~=~~~~~ 
l"-i ~ !z;ag===s•;~RA~ -•;~== ~= ~ R~ 

I :!z;•~~•=s•;~~m~ ~ l•~~~a-~~• 

~~ !• ;. •;:f: r ::~-x~:t :: ~;:~:i:i'~:it.1.;:::Jo:~~ 
t~ 
{ ;§z~•~r. ~ =s•$=1~t$•t~~~=~~~~ 

~ ~ §.&-.•:;t'!~r:::~:aS:~X~l't";tlt::t~;:;;llHo r.~ 
~ -
~ =!~;~~~~~~~ ~~ ~~,~~~~~~~ " ~ ~~ ,.... 

$~~~-Q~~R~~$ ~ ~=-~c~~~=~~~~~ 

~~~~~~~~e~~~~ ~ ~~i·~~~~~~n~~ 
,.... 
;§~k~~~~$i~~~ai·t;s=~~~~~~~~ 

Qpwqn1mm.u 1hfi tiwinnh3>tpfitnh lllhtuGhtiwtiwG pfimf}wunhnn 

lJw41iJ1zl! ~wuwp[! S~pwguw!i2 4 h!i1Jwufl q_wpwpjlUlwJjlu lJwuuwfi , 
uw tntiun, u 1.imnuwi}on, u2 ~Wlhbpp, uu UCI 

I 2 3 4 5 6 
2 9,9 0,115 470>c4I2x200 46 
3 13,2 0,154 620x4J2x200 59 5 20,9 0,244 770"532x200 87 

KtJ>C 6 25,3 0,295 920>c662>c200 102 7 30,4 0,354 920x782><200 123 8 35,7 0,4I6 I080><782x20o 140 9 41 ,6 0,486 1080x902><200 160 
IO 47,8 0,558 1230x902x200 180 
2 I2,7 O,lt5 470"412><240 57,2 
3 16,9 0,154 620><523><240 74 
5 26 8 0,244 770><662><240 I03 

K4>6 6 32,4 0,295 920><662><240 127 
7 38,9 U,354 930><782><240 l54 
8 45,7 0,4 16 1080x782><240 175 
9 53 ,3 0,486 1080><902><240 202 
IO 6I,2 0,558 1230x902x240 226 
4 17,0 0,153 780><532x200 73,3 
5 2!.7 0,197 780x662x200 96, I 

KtJ>CO 8 35.3 0.318 l080>c782 ><200 140 
9 41 ,9 0,378 I080x904x200 160 
10 48,2 0,43I 1230><904><200 178 
ll 56,8 0,496 1230><1032l<200 206 
4 20,7 0, I43 780>c532x240 83,3 
5 26,9 0,182 780><662l<240 110,2 

KtJ>EO 8 47,0 0,318 l080><782l<240 174,8 
9 55,8 0,375 1080><904><240 206,5 
10 64,3 0,431 I 830l<904><240 230,2 
II 71,0 0,475 l830xJ032><240 258,0 

I) - 5 20,4 0,272 790x660><160 94,9 

CT.U-
E-6 24,2 0,323 940x670xl60 107,8 

3009 E-7 29,1 0,388 940><790><160 137,0 
E-8 34,3 0,457 !090x790xl60 160,6 
6 - 9 40,5 0,533 1090"910><160 185,5 
6- 5 20,4 0,272 790><660xl60 960,0 

CT.U-
6-6 24,2 0,323 940x670><160 117,4 

3010 E-7 29,l 0,388 940><790l<]60 I39,9 
E-8 34,3 0,457 1090><790><160 I60,8 
6-9 40,5 0,523 1090><910><160 186,0 

2 9,9 0,115 620><4I2l<200 58,4 
3 13,2 0 154 620><532><200 74,0 

KMC 6 25,3 0,295 920x662l<200 134,0 
9 41 ,6 0,486 IOI8l<902><200 215,0 
10 47,8 0,558 1230x908l<200 243,0 
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N2 
I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

<!.w4_bL4_wa 7 
Ql:ipiiwqbfil:ipwump.fibpp mttuGti4wlJ.wfi gmgwGpzfibp.[! 

5maw0hJlihnn Tr-2,5 Tf 2,5A Tf-150 Tf-150A Tr-75 
<!.annnw1mGn, !i<I.1.11 290 290 93 -186 98,9 - l 86 78 

52bpliwjpfi 
80000 - 85000-

75000 wpinwqpnqw4wGmp.1mO[!, 250000 250000 !60000 160000 
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