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Bcryn
Onip uarepianin - ogna g 6asosl,x 3ariurEHorexrriqnnx gacqsrrrrirr, urqr HiAi-

rpae BaxrrnBy porrb y niAroroeqi inxenepnux xa4pir. 3uaqse ruicuo rr rrprrrlr.rr,rrrifi
giaarnocri inxenepir nocigarorr pogpaxygKu na uiqnicrr, x<lpc'r,ric:,r.r, i r:.riii-
xicrr, - ocnonni 3aBAaHH, onopy uarepianin.

V sns'reuHi Kypcy o[opy uarepianin nafie$errr,rnniruafi ueroA HaBlrsllrfl 1l)1-
fionaau posn'xsyaanxf, 3aAarr * cauocrifiaa po6ora cryAeu,rir. Tor,ry e npor plMux
Kypcy o[opy uarepianir l1lr{ cryAeHTie HTyV {<K[II> nepeg6a.reuo B}rr(ot1111,r
flporsroM HaBrraJrbHoro poKy nypcoBoi po6orn, Mera sroi - rarpinunE ra llor]rH-
6urw swalg.as., na6yri ni4 uac BHBqeEH{ TeoperrdrrHoro rypcy, sacnoitu MeroArrKr.r
pospaxynxia eneMenris xoucrpyxqifi : na6opolr nianonianoio narepiany i puepa-
xyai<onoi cxeMu, HaBqHTHe, KoprrcryBaracs AoeiAxoaoro a ireparyporo.

Kypcoaa po6ora c(naAa€rBc, 3 ABox qacruH i oxonaroe uafiranoniu-ri 4nx
rrpaKTHKu ea4aui, qo ei4uoni4arorr yciu oclroBHr,rM pol4iaarr,r ouopy lr,lar:epia-
rie [l]. 3anganna go rypconoi po6orrn 3 flnaHarvru posn'xsanna sagav llicrarsia n
MeroAr,rrrHr.rx nxasirxax [2, 3].

,(ocni4 noKa3ye, uo ui.u qac calrocrifiHoro BHKoHaHH.,r KypcoBoi po6ora y cry_
geurin Br.rHHKae prA rpyAHorqin. lde syrrlonnroe norpe6y AeriurbHo po3ilr-rHyrH 3a-
4avi r<ypconoi po6o'rr.r Ha npaKTr{qHux 3aH.ETTrx i run calruu o6rr,rexye, sa 6parona
qacy, Moxnr4nicrr po3e'xaaHnfl iHurax BaXTHBHX 3 TeoperfirrHoro i npaxru,ruoro
6oxy ea4av, uqo He yeifirurrrr Ao KypcoBoi po6oru.

Me'roAu'rHi Bxasinru uictst, flpur(naA[r po:n'asauux 3aAaq fiepIrroi'{acruur.i
r<ypcoaoi po6our i oxounroro:rr, .raxi posginu reoperrrqHoro Kypcy: <<posr.sr i
crr4cK>>, <<ocuosH reopii aanpyxeuoro i gesopuonanoro craHy>, <Kpr.rrepii *riq-
no cri>>, <<3cyB>>, < Kpyueuux>, <<3ruHaHHg>>.

Bnropucroeyrcqu HaBeAeHi n yrraouax saAav ,qaHi, clin naa.rur na yrari raxe.
flxulo naBauraxeHHfl noAano : rig'eruunur 3HaKoM, ro Ha p?rcyHKy fioro Harp{M
uorpi6uo sNainr.r"rn Ha rrporlrJrexnufi i sHax <r,rinyc>> onycruTu.

Poss'rrsaHas sa.qaq cy[poBoAxyerbo{ po:'acneunxM cKJraAHlrx reoperuqHrrx
[oJIOXeE[,, $OpltynrcnaaH{M npaBrrJl, 3AflKvtMLt 3HiIXOA{T6 ri qr.r ri nennuanu. I_[c

Aae laoxrHsicrb cryAeHTarnl nic,rs yBaxHofo BtrBqeHH, IIeBHHX pO:r4itriu rcoperH-
qHoro Kypcy [l] i aeranruoro po3ruAy nparnagin po3r'.asaHru sagau caruocrifr-
Ho Br4xoHarrr KypcoBy po6oty.

v niArorosqi lrero4uuuux nxasisom B.Kopr.rcraHo pospo6rn KoJreKTrrBy r(a-

$eapll, soxperrna [4].

3aAaqa 1

Porpaxyxox Ha ruiqHicru cxiAqacroro crpt4xHn
B yMOBaX pO3Tery-CTl4CKy

Cnpoexryaalu cxiA.racrufi crpr.rxeHr, (prac. 1.1) 3 I(pyI'nHM norepetlH[M [epe-
pi:ovr. Bary crplrxHfl He BpaxoByBarr.r.

,{ano:/=2rt; a=0,8u; b=0,3Mi Pr- - 20rcH; P2- - 20rcH; P:=40rH;
natepia"n - crarlb 201 o, = 250 MIIa; n, = I,5 - xoe$irlien'r 3ailaay 3a lpaHI'IIIeK)
'rercyrocti.

P.-**

Puc. l.t

flnax poee'n3yBaHHn 3agaqi

1. 3o6pasnrra po3paxyuKoBy cxeMy.

2. flo6y.qynaru errlopy nos4orxnix cua N.
3. O6qne.nr,rrr.r gianaerpu crpr.rxH, ua ncix d[sHxax BI4xoAtqI4 s ylrloe rr,riq-

socri.
4. Haxpecnrzru ecxis crpuxH{ Ta [ocraBlrru posuipr,r.

5. BlrsHaqHrr.r a6coarorni ge$opMarlii oKpeMLIx Airrluor Al; ra BcEoro c'ipH-

xus Al i uo6yAyaaru eflIopy nepevriqeur 1".

Poae'ggaHHf, gaAaqi

1. Po:paxyunoBy cxeMy eiAnosi,qHo Ao AaHHx noraHo uapwc. L.2.

2. 3uaxoAuuo 3HaqeHH, noegonxur'oi crIJrI{ Ha xoxnifi Ain.qHui.

,{itnuxa l:0<x <0,3 trr;

1{,(x) = -4 = -20 xH.

,[bxnxa 2:0,3 r,r < r 5 0,8 rtr;

Nr(x) =-'4 - Pz=*20* 20: -40 xH.

n\innurca 3: 0,8 lr 4 x <2 w;

Nr(x) = *P, - P, + Pt = -29 - 20 + 40 = 0.

3a orpzuaHaMr4 pe3ynbrixraurE 6yAyer,lo emopy no:AosxHix cwtt (pwc. 1.2).



lru'l +o'ro'- 
=0,24.10-rm2= 240 Mrui;,Qinnnxa 2: Fz=ij 

7el . rcu

Puc. 1.,2

3. BnsHaqaeNro 4iauerpu crpr,rxHfi xa rcix Ailaurax Buxo5grur g yMoBK uiqno-
cri, xt<y Anfl posrrry-crucKy sa[r{cyeMo y surr.s.qi

'=#''"'
,{onyctaHle Hanpyx(eEx,.qn.s ctari 20 o6.{Ecmoerrro ra Soprrayloro

lol=A=ry=t67MIla,na 1'5

Ae o, :259 igfla - rpanuqx'rery.rocri 4nx crari 20.

,\hnnxai, 4 =l#i[ = ,?!='td-^^= 0,12. l0-3 u2 = 120 u{|nr2;' lol 167.10"

,[itnuxa J: ocxirsxH Nl = 0, ro 3 KoHcrpyrcr]4BH]Ix r',riprysaur npranycrinao,

ulo d3 AopiBHrce naituenuoMy oAepxaHouy Aiavrcrponi. OrNe:

dz= dt = 12,5 tun.

4. 3o6pa:nuo ecris crpuxns ra 3asHarII{Mo fioro posrraiprl rua puc. 1.2.

5. Busna.raeNro abcoarorxi ge$opMauii orpeMr{x gi,r.auor crpuxH-s A[ i rcroro
crprrxH.rr Al, alrropucroBylotlu $opuyay 3aroHy lyra 4nx posrtrry-crl{cxy n a6co-
nrornifi $oprr,ri

tt, = 
Nli 

., 
E,F,

Ae E; = S = Z.Ld WITa - Mo.qynE npyxuocti B yMoBax po3rflry ,qns crari 20.

.lianuxal: At = 
N,l, = :20'103'0,3 - :-25.10 5 

na =-0,25 rrav.
EF, 2.t05 -106 .0,t2.10-l

,{innurca 2: Lt, = W= 
-#h}t*- ,oL= 

: -b7 10 s 
nr = - 0,67 vwt;

flitnnxa 3: A/3 = Q.

.{e@opuauir Bcboro crpl4xHrl :

Ll = Llt + Llz + Ll:, = -9,25 -0,67 - 0 = -0,92wtwr.

Enropy uepervlirqenr 6yayerrao, no.u.IHaloqu s risoro rinqs, ocrilrra ei4ouo,
rrlo B 3arrleMneHni neperrliuleunr Aopinnroe nyneri. BusuaqaeN{o BeJII4tII.rHy rlepe-
rlriulesr y xaparTepur.rx nepepisax:

le =0;
tru =A1, =g'

L, = Ll, + Llz =A -A,67 = -0,67 utrl;

Lr=Llr+ Ll2+A/, =0 -0,67 -a,25=-0,92 tuu.

3a uunu 3HaqeHHf,MH 6ygyeN{o eruopy uepetriuqeHr I (aus. pnc. 1.2).

=12,36 uu = 12,5 nau.



3a.qa\a 2
Poapaxynox Ha uiquicru uapxipxo-crpl,t)KHeBoT crcreuyr

B yMOBaX pO3TAry-CTl4CKy

O6.rucruru posrrripu flo[epeqHux uepepisir craJreB?rx crpnxllin AB t l]C lnm-
uoi crpnNuenoi cucre*ru, HaBauraxeuoi culoro P (puc.2.1), i nr.rsnauu'tr Rcp'ru-
Kaflr,He ueperraiuleunr eysna B.

,{auo; I = I rvr; [o] = 160MfIa; P =7OxH; 0, = 15"; p = 35".

Puc.2.l

llnan pose'f,ayBaHH, 3aAaqi

1. Blrgna.ruru 3ycurrrrf, a c'rpnNux lB i BC sa piruxnnxuu pinuonaru nysna B.
2. O1,tucvwua nrouli flo[eperrHux nepepirin crpaxHia BtlxoAflru,r 3 yMoBH

r,riuuocri.
3. 3naffrr.r posrraipra uepepisir niguoni4no.uo saAanoi Sopur-r.
4. Barsaqr+ra a6conrorHi .qeQopMauii crpuxnia i seprnxarsne nepeuiqen-

nr nyua B.

Po3s's3aHHg 3aAaqi

1. Pogrnrreuo pinnorary nysra B. Bupisaerrao qefi nysor i upoerryeuo eci cu-
nu ua oci KoopAr{Har {pnc.2.2).

Ylaosa pienonarra rysna B:

a6o

-. l4,85.cosl5oA/ ---88,26 rH." AB - 
cos35"

ocxilffin no3AoBx{H, cuxa N46 po3T{r€ulbHa, & Nrc - cTI4cKHa, 3a[I4II]eMO

Naa =88,26 rH, Nu. =-74,85 xH.

Pac.2.2.

2. Ilnorqi noflepe'runx nepepisir crptrxuir AB i BC sHafigeuo 3 yMoB[r r',riqnocri

o =1"1. J,,1.
F 

*t t

3ei.[cu nJroula no[epeqHoro nepepisy crpwxtrt AB:

".- 
= l{oll = 

88'26'193 
=55I.10-6 u2 =550 rnrvr2.,or * 

[o] 160.106 --". ^.

IInouIa rorepequoro nepepisy crpuxllx,BC:

a^^ = lYrll - 74.85' lg3 
= 461.8. r0-6 r,.r2 = 470 x*,,tz.' ac - [o] 160.106

^r _ Nra.cosu.
"o'- 

"orp 
'

Nr" . cos o, . sin B 
^,

---* 

Nuc'sins- P=o;

^r coso.sinB+sins.cosB _ o.rr BC 

- 

- I .

^/ _ P'cosp _
"ac -ffi@ll) 70'cos35o

=74,85 t<H;

,in(:s'+ts')

[Ix =o;

{!'=o'

[-f or.cosB + Nr. . coso = 0,

ItV* .sinB * Nrc .sina - P=0;



3. Bianoei.qHo go saganoi $oprfiu Blr3naqaeMo potuipa nonepeqHnx nepepisie.
Cmputrceut, AB: isradraurlb oopraMeHTy npor(arnnx npo$i"nir nu6upaeuo ruee-

nep J\b 5, y xxoro F = 6,l6cr,t2 = 616 nru2.

Cmputrceao BC: naoula xiruuq

r:47(r-4.l.4 [' d:)'
'ro6ro

r,,:$F-0,8').
3siacn

d, =0,8d":0,8 .40,8:32,6 uru.

4. BusnaqaeN{o a6coruorni ge$oprraaqii crpnxuis AB i BC.

.{orNNur.r crpnxnin AB i BC:

, -2t 2
.AR ----: ----::: =2,44 u;

cosp cosJJ"

lu, = 2l =-+=2,07 u.
cos(I coslf"

To.qi a6comouri ge$opuaqii urpr,rxnin AB i BC:

Lt A R = !JE!-4g- - 88'29' Lo1' 2' 44. 
= fi , 4g. tg-a r,,r = [, 75 .rur ;--M EFou 2.lott.6, I6.lo-4

N o" = AE - -7 4'\5.' rc3' 2'07 
= -r 6, 4g . 10-a rra = -1, 65 una.-a( EFr, 2.loll , 4,'l .lo-4

3Hail,(ertao BepraKaJrbHe nepelriuleuur ryua,B - *Y.
Bepruraarne nepeuirqeuux nyzxa B MoxHa BltsuaquTu reoMerpurrHuM cnoqo-

6ora, uo6y4ynaBura nrau nepemiqeul. Ane y so'asrcy s rr{M, rrlo ue il€peMirqer*rx
s6iraerrcs 3a Haflp.fiMKorr.r ir soeHifirHboro cr{Jroro P, ro fioro Jrerue :uafitz, ruxo-
pucToByrotrH [pHHrIr{[ MoxJrnBr,rx neper'lirqenr. 3ri4no 3 rIHM [pr.rHrlHnoM cyMap-
ua po6ora sonHiruHix i nnyrpirunix cun B yMoBax craruqHoro .4erloprr,rynanur
npyxHoi cHcreMH 4opinmoe ryleni.

Y qifi safia.ri po6ora soeuiuluix cr.rrr Ha cnoix nepeuiqenrrrx
I

A' =: P'X"P 
''2

l0

a po6ora uny'rpiurnix cHJr, flKa 3aBx.Err ni4'enaHa,

+: -l)r *^tAB +jr,,'o,,.].
Tottty

,4, + ,4, =*rrro -,lf,n 
^ro,^r 

*l* u,o,ur]=o.

3ei.qcu

...".0 _ NorAI AB + N B}LIBC - 
88,26 'r,75 + (-z+,ss)(-lrs)

,tB _ 
p _ 

?0
= 3,97 lru.

ll



3agaqa 3
PoapaxynoK Ha uiquicrs crarnqHo

HeBU3HaqHOrO CTpUx(Hfl B yMOBaX po3rfiry-cTl4cKy

CxiAqacrnfi crpuxeHb, ruo cxnaAaerlcr si craresnx i lriauux qaorflH. 3aueMne-

no g o6ox rinqin i HaBaHriDKeHo 3ocepeAxeHr.rMr{ crrJraMu (pnc.3.l). flicu npax-
na.{aHrur uarasiaxeunr reM[eparypa crplrxH, sN,riHroertcs. Bn:uaqnrlr Haflpy-
xeHH.rI xa ecix 4iaxur<ax crprdxH.rl 4o i nicnx suinr.r renanepa'rypa i ueperipnrn fioro
na miquisrr s o6ox Br4naArax, yra3aru crynius He,qoBaHTaxertr-fl a6o nepeBanTa-

Neuur (y eigcorxax) na roxnifi .qi"rrrHrli. flo6yayearu eruopr norgonxnix cua N,
HanpyxeuE, o i nepeuirqeHr, 1,. Bs-r:ru F"r= F; F*= 2F.,{nx cmai rpaHHIIf reKyqoc-
ri ar=249 MIIa; Anx rui4i - o,- 120 Mlia. Koe$illiem 3aracy uiqnocri n,= l,J.

flauo: I = 3u; a= 0,5u; b = l,5u; P1= 65nH; Pz = 80KH; F = 550rvtu2;
At = -20"C; E",= 2'105 MrIa; E, = 1.105 MIla.

8. BnaNaro.r.l, ulo sosHiurui curu ne Airorr, BI4KoHarI{ eci o6.IucreHll,I 1rro-
6yaorn sriAHo g un. 1-? An, crpuxnq riclts gNaiHI.{ fioro renaneparyp}r.

9. flo6yayaarra cyuapHi eflropH N, o, ]!, OKJIaBITIH pBynbrarl{ o6'tucreul nn. 5,
6,7ra8.

Pogg'qgaxxn saga.ri

1. PisusuHs pinuoearu sriAHo 3 po3paxyHKoBolo cxeMolo (puc. 3.2):

fx=Ro-4 +P2-RB=0.

2. PisHnHH.fl cyniurocri 4e$opMauifi (onopu a6comoruo Nopcnii):

Al =A4 + Ll2+ Al. =0.
3. Oisu.{ui piBHxHH{:

n, - N,l,
^,i _ 

E,F,,

Ae /r=0,5 M; l2=l ru; lr=1,5 M; Fi =2F; Fr=Ft=Fi Er=E.; Ez=Es=
. E _NE
- Lci - LDM,

3ycua.rra n crpaxui ua xoxnifi fioro,qinsurli non'r3aui is :obniruniruu oHJIaMLI

pinuxunxnau:
Nr =-fta; Nz =-Ra +4i Nr =-Ro + 4- Pzi

roAi

4. Posr'sxelao cucreMy piruanr (3.1) - (3.3) i nusuavuuo peaxqii onop.
fligcranl*ou v Bnpasu (3. 3 ) e pi rnauua (3. 2), o.qepNl.rNao :

-RA .0'5 
+ 

(-no + 4)'t * (-no + 4 - p,) t,s _0.
E*'2F 2E*F 2E"rF

-3Ro + 2,5P1 -L,SP'=A;

no =11z,s. 6s - l,s. 8o) =1a,16, n,r.
3

3 pinuxutu pieHonaru (3.1) snaxo4r.rrrao ft,
Rn = Re - P, - P, =14,167 - 65 - 80 =29'167 xH'

5. ,{irr no6yAonu etrlopa nor4oaNuix cHJl BH3Hasa€Nto ix aHaseHuR Ha roxuiii
4inruui

N, =-fto =*14,167 xH;

Nz =-Ra +4 =-14,t67+55=50,833 r<H;

l/: = -R.+ + 4 - Pz = -14,767 + 65 - 80= -29]67 xH.

(3.1)

{3.2)

l.
2.
?

4.

5.

6.

7.

Pr.rc.3.l

[lnax poae'rsyBaHHf, 3aAaqi

Cxaacrn pirnxnn.a piruorarx.
Cxnacru pieHxnnx cynaicuocri 4e$opNrauiff .

3auucaru $isuuni pinnxnnr, axi nupaxaurb Br,rAoBxeHHr .4ilnuox c:rpn-

xH.,r qepe3 3ycHnnfl, rrlo BraHHKaro:rr 4o:rvrinn fioro rennepuryp[.
Pose'-flsaT Ia cucreMy pinnarl (nn. 1-3) i sngHaqrlrn pearcqii onop.
flo6yayearu enrcpy uo:4onNuix cr.r:r.

Ba:naqaru Ha[pyxeHH.fl na roxnifi Ainxurli crpr.rxHfl i no6yAyrarn enrc-
py Hafippr(eHr. fiepenipurlr n,riuuicrs crpl.{xHr ra BK:BarrI cryniuu He4o-

BaHraxeHHfl a6o uepenauraxeHn{ Ha xoNnifi airunqi.
BusuaqurH a6conrorni Br,rAoBxeHH, roxnoi Air.flHxu crpr{xHr. O6.rucrl.r-
ru uepevriulenu nepepisin, xxi cnyryrors MexaMH.[irrsox, i nodyayratu
errcpy neperrliuleur.

12
I3



1,5 .r,r

t4,167

3a qrun .qaHr{Mrir 6ygyerr.lo enropy N (.{us. pwc. 3.2).
Orpuuaenro:

o,,, =& --14'1'67'la3 =-12,88 MfIa;ui Ft 2.5,5.10-

N, 50,833 . I03rt; =3= i =92,42 \[tla:\z) F2 5,5.10*

o':'' --29'167'rc3(r): F, 
=#.loi=-53,03 MrIa'

Enmpy HarlpyxeHb o ro.(aHo aapnc.3.2.
flepenipurrao uiqsic:ru i nnguaqtluo cryninr uepeBaHTaxeHHs a6o HeAoBaHTa-

xenn.fl crplrxHfl Ha xoxniil .(inxtrqi. I{to neru'ruuy (y ripcorxax) nunauaeuo :a

$oprvrynoro

- lo,,,l- [o],
5, =u:GI r.100.

BusHaqurr,ro crroqarKy BenLIqHHy AotrycrllMHx HaopyxeHb Aln ctali ra rvriAi:

Iol =[ol. -(o'), -tzo -80 Mta;LrMLrlnrl'5

@, r'rn"
Toli

[o]-" =[o], =[o]. - 
(o')* 

=?,4: =160 Mrla.L 'Gr t )t r rJ 
il, 1,5

l-r z. ssl- so
5, =]-;6L-.100=-83.9 7o;

6, -92'42 - 
L6o .too = -42,24 7o;"rco

l-s:.0:l- reo
a, =.,..-tb--.100 =-66,86 7o.

To6ro ua sCix A|rtsHrax MaeMo H9AOBaHTa)K9HH, i tuirluicrr CTpHXHII Sa6esneqeHo.

7. Bu:naqael{o aSconro'r:ni BrrAoBxeHH-x xoxnoi ginxnm crpn;xufl:

A1, = 
Nr/r = -14'lq7' 103 '0'5 . = -6,4.10-5 na;-"1 E,,F, l.ros.106 -2.5,5.r0-4

Ll-=Nzlz - 50,833'103'l - =46.2.10-5 :r,r;--t ErF, 2.los.l06.5,5.lo-4

c,""
0,064

Puc.3.2

6. Hanpyxeunq Ha roxHifi Ainsnqi Bu3uar{a€Mo sa Soprr,rynoro

N,
tr/.\ - 

--
(r, Dri

L4
I5



Ll, = Ntlz - -22,167'I03 ' 1,5 
= -39.8.10-5 rrr:--r ErF, 2.rc5 .106.5,5.10-4

Lt = (-6,4 + 46,2- 39,8). i0-s = o.

O6qucrroeMo nepeniqeuHx nepepiein, ari clyryorr MexaMH 4ilauox:
Ia = 0, ocrinrxn ryr Mae uicue Nopcrre 3arr{eMJregHr;

Lc =\t * Al, = AJ, = -9,964 ,rt
Lo =f,c t Llr= -0,064 +0,462=0,398 ulr;

La =Lo + Al, = 9,396 - 0,398 = 0'

fleperrrirqeuns xinua rperroi AinsHxr.r snafigeuo [paBr,rJrbHo, ocxinrxn uefi
uepepi: eiAnoniAae roqqi B, y axifi crpuxeHb xopcrKo 3arrleMneuo.

Enropy repeMirreHb f, uoAauo ruapwc.3.2.
8. Bsaxarcqfl, rqo soauiuni cnlu ue 4irom, BH(oHaeMo eci o6qucueHus i no-

6y4onra lriAno g nn. 1-7.{ff crpuxHlr nicas sN{iHa fioro reuneparypn (pnc. 3.3).

8.1. Pinnxsns pinnonarr:

ZX = Ro - R, = 0, 3niAcu fta = Rr.

8.2. Pinnanm cyuicuocri .qe$oplaauift :

4=ttr+Llz+A/s=o'
8.3. OisHqHi pimranna, axi nnpaxatorb BHAoBxeHu-s Air.flHox crpl'IxHfl:

A/r =llL+ a"A//,;' E*zF

Ltz =llL + anLrlr:" E.rF

Nr= !e\* u.,Art:," E"rF

ne N1 = Nz= Nt= R1i rr" Ta Ocr - reMllepaTypHi roerliUieum duiiinoro po3lxll-

pennxri4noeiAnoAnsrraiAiractani: o,* =165.10-7rPaA-l; o", =125'10-7rpag-l .

8.4. Porn'a:yeMo cl4creMy pinnxur (un. 8.1-8.3) i eugua'IaeNlo pearqii onop:

J4= * c"Ar/, + Az *c",ArJ, * f^/1 + u.,Arl, = 0;
E^.2FMrE,,FE",F

Ro(/, + lr+lr)=-f .2FNla*lr+u",(1, +1.)];

*o=-'u*{o' [o*r, *u""(t, +lr)]=

2 . r .lo5 . 106 .5,5. lo-4 .(-20).

3 :!) 
[ros 

. ro, . 0,s + 12s , ror (r + r,s)] = zs,ooz rH;

Rn =28,961 xH'

8.5. Ha scix,uirqurax crpuxH"r 3HaqeHH, nogAosxHroi cunu N o.quaxoBe:

N = Nr * Nz = N: = 28,966 rH.

Eyayernlo eruopy nos,{osxuix cna N (pilc. 3.3).

8.6. BusHa.raeMo Ha[pyxeHHs Ha roNnifi Airxuui:

o., = 
iL= 28'967 'rc3-. 

= 26,33 Mpa;Fr 2F 2.5,5 , 10*

N 28.967.rc3
Or"r = O,,, = 

j: =::l:ij---::- = 52,67 MTla;tzt l.,r F 5,5 . l0*

Enrcrpy HanpyxeHh o noraHo ua puc. 3.3.

L6

1,5 u

0,033

Puc.3.3
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8.7. Bugnacaelro a6colrcrni Bn[osNeHHs xoxuoi Ai.rrflHrr.r crpuxHr:

Nl, 2g,966.103 .0,5
L,lr =L +o"&i, = uffio, +165.10-7 . (-20).0.5 =

= -0,33.10+r.,r = -0,033 rnrrra;

Ll.= Nl' +a-Ltl,=. E",F

Lo = 0,398 - 0,020 = 0,378 urra;

Lr =0'

Cyrvrapni e[rcp]I N, o'ra ], noAano laapuc.3.4.

28,967.rc3 .1
+125.t0-7.(-20).1=

2.tos .106,5,5.10{

= 0,13 .10-au = 0,013 rrr*r;

AI, = NJ, 
+a^-Ar/, - 28'967'lo3'L5 .+125.I0-7.(-20).J..s=

" E",F c' r 
2.105 .106 .5,5 . lo-4

= 0, 2 . 10-a ru = 0,02 uxl.

O6qr.rcnlrvro neperr,rirqenn, xaparrepHxx nepepi:ir:

Ie =o;

Ls = L\ = -0,033 uu;

\o =Lc + Llz = -0,033 + 0,013 = *0,02 rurvr;

Ls =Lp *Al, =-0,02+0,02=0.

Enropy uepelriqenl l, uoAauo na puc. 3.3,

9. Ilo6ygyeMo cyruapni enrcpn N, o i 1, 4la cyuicuoi Aii rosHiurHix uaeaura-
xeul P1 i P2ra:nriun renaneparypu. .{n.u qroro nigcyuoByeMo si,quosiAHi en}opu,
so6paxeHi Ha pr{c. 3.2 ra3.3.

Enropa nos4onxnix cr.rn N:

Nr=-1,167 +28,967 =14,8 xH;

Nz =50,833 +28,967 =79,8 rH;

Nz = -29,167 + 28,967 = -0,2 rH.

Enropa HanpyxeuE o:
o14 = -12,88 + 26'33 = 13,45 MfIa;

o p1 = 92,42 + 52,67 =145,09 MfIa;

o1r1 = -53,03 + 52,67 = -0,36 MfIa.

Enropa nepenaiqeunx 1, xaparrepnux nepepisin:

r,r:o;
Lc = -O,064 - 0,033 = -0,097 nau;

18

@",

@,rr'rn,
0,36

@,",

Puc.3.4
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10. BusHaqaeuo cryniur HeAoBaHraxeHns a6o [epeBaHraxeuna (y eigcomax)
Ha roxnifi Ainsnqi sa $opuynoro

u,=$!,oo
a, = 

l3'4!--so .fi1=-83,19 ?o;'80
u, = 

to''9?-;'uo .too=-e,32 va;" 160

a. =o''9 -'uo .too=*99,78 vo.' 160

To6ro ua ncix ginaurax MaeMo HeAoBauTaxenna i uiqnicrb crpHlKH, :a6egne.reno.

3aAaqa 4
Pospaxynor Ha n,tiqnicru craruclHo HeshsHaqHoI
crpl4xHeBoT cucrenan B yMoBax po3TFry'crl4cKy

Am gaAanoi crpraxaeroi cucreMlr (puc.4.l) BI'I3HaqI{rrr 4iaruerpu c'rpuNuin 1

i 2, sxqo nigorto cniani4HoueHrr.fl nrolq i Airo'Ie I{aBaHTa)I(eHHn. Crpuxenr AB

BBaxarI,I a6colrorso xopcrxlrM. Yexru roe$iqiexru 3aracy: 3a rpaHHIIerc TeKy-

uocri 14 = 1,5; sa rpagrrqerc uiqnocri il, = ),J .

,{aHo: P = 50 rH; F, : F, : | : 3 ; a = 2 rvr; rvrarepian - cranl Cr' 4.

Pnc.4.l

llnax pose'r3yBaHHR sagaui

1. Cruacru piruannx piuronarl'l crpuxur lB.
2. 3o6pasura nepe,u6auynauufi surrtA cHcreMI{ nical ge$oprraaqii crpux-

nin. flepenipnn.r, lqo6 HanpsMoK cHrI, 3 rKuMIt c:rplrNni I i 2 Aircrs Ya

crpuxenr AB, 6yn npornlexHuM ,{o HaupflMKy ix SeQopruallifi. Cxnacrn

pinu.uunx cyr,ticuocri 4e$opuauifi, rre BcraHoBnroe cnissiAHoueHuq raix

a6colro:rnnuu 4e$opruaqixnaa crprxnir.
3" 3anncaru Qislr'rrri pieHaHu.r, BupaxarcrtH BIlAoBxeHH, crpnxxir uepes

airoqi B HHx 3ycHJIJI{ gri,qno ir saxouou fyxa.
4. Posn'rsaru orpuMaHy clrcreMy piruxur, niguocuo sycunby crpwx:r,xx I i2.
5. flopinua'ur Harpyxenu.s B crplrxurx i ni.{i6patu nepepisn crpltxuia na-

xo,util, 3 yMoBlI ttliqnocri Anx 6iruIu HaflpyxeHoro 3 HHX' AOrpI{MyIOrII4Cb

3a.qaHoro cniesi4uoueruur^ Fr: Fr,

I

M

"A

N

\JN

"-Nlz a,

N, l
"-ahu

2a a 2a

}3l

2A
2l



Po3e'R3aHHn aagaqi

1. Cratuqni pion*uua pinuonaru. I{x crpuNnena c[creMa oIr4H pir crarue-
Ho HeBu3natrna, ocrinrr<u uicrn'rc qorr.rp[ seBi,[oui cula (N1, Nz, Ra, H1) za

rprox pirnxnr pinuoaaru Ans urocroi cncreMlr cun: IX =0; IY =O; ZM =O.
Pinusnnx piraorarur IX =O i If :0 nucarr4 negoqi,rsuo, roMy rJtro sour.r Naic-

rarr uenigoni RAi HA, aenorpi6ni gnx poen'rsaHua raga.ri.
Cr<ra4eruo pinuxunx pirnonarr crpuxHfl AB tt< cyrrty DroNaenris ycix cu,r ni4-

nocuo urapnipa l:
ZM o = rleal-n, laal - Iu, larl - o.

Is A,ACE:

larl=laClsinB; ltcl=ao; sinp =zoft,,

[e l\ -AoBxHHa crpuxn, 1, xry snaxoguMo .,rK lr:,[t * 1z"y = aJ|.
3eiacu

2

;F
To.qi

leel=+na=Y.r.._r ,".6 
.6

AnanoriqHo s LAFD:

larl :lallsiry; AD :2a; siny =Zaf tr,

ile rz_,{oB)Kr{Ha "rr *rrrr,=s*u4rry 
=or[*,x;

.2a2
Sioi =-----p - --:;a!4,25 ,14.25

AF =2a-L=-!-.* J#s '142s
Pisuxuus pirnonaru xa6yae BLIHTTAy

sP-*1{, -7fur,=0. (4.1)

2. Ieouerpuuni pinnRnnr. Cxnageuo pinuxnur cyuicuocri.qe$opuaqifi, rxe
BcrarroBrroe cnissiAuoueHsx uix a6coruornunr,r .qe$oprraaqixua c:rpaxuin.

Ha prac. 4.2 no4auo uoxrunufi BuA c!{creMr{ nicnx ge$oprrraqii.

22

I{epes xopc'rricrl crpllNus, AB fioro 3rHHoM HexryeMo. OT Ne, ynacli,4ox Ae-

$oprraaqii crpuxnia 1 i 2 crpuNenr l.B nonepraerbcf HaBKorro ruapHipa A, satw-

ru&rorrHcb npxrrro:rinifi u ltlt.

Ir ACC,G,, lcc,l=lcc'l= A/,, 
, a s LDD,D,, lDD,l=l2.D"l= 

4L-
I I sin B sinP sInY sln1

3 gpyroro 6ot<y, : uoAi6nocri LACC' i LADD'Ma€Mo cninni4uorueuua
CC, AC
Dd= AD'

A1, sin v 4a3ei4ls.r =*= 2 a6o LlrsinY=2X;rtirB.
sinBA/, 2a

fliAcrarunun 3HaqeHHr, orprrMa€Mo pinuruua cyuicnocri geQopruaqifi

.f5Al,=2'"[t2s'ur. (4.2)

3. @isuqHi pinuRxnn. Br.rpasuuO BaAoBxeHHfl cTpllxl{l8 tlepe3 3ySHJIJI{ 3a 3a-

ronolr fyra:

P.ac.4.2

sinB =
2a

-Ea1j5

A1' = 
Nrlr 

', 
EF,

4. Pogs'.flNeN{o cucreMy pirnxnr (4.1)

ruenus (4.2):

Lr,=Nzlz. (4.3)" EF,

- (4.3).IligcraeuMo (4.3) y cuirsiAuo-

5Nrii 
= z1425.NzlzEF, EF,

= aJ|, tz = aJ425, orpr{Ma€Mo

Nz =l'76NY

Bpaxoeyto,tl.l, uo & =34, lt

23



3anuurerr,ro crrcreMy pinnanr, i rxoi s[suaquMo 3ycHJrnfl Nl i N, y crpr{xHrrx:

i+'' **=r'="'
[1,,, =r,2eru,.

N, = 4,72P = 0,72 -50 = 36 rHt
Nz =t,27 P =1,27 . 50 = 63,5 rH.

IIdo6 uiai6parra nepepien crplrxuin, uopieuxeuo Ha[pyxeuur B HHx.

"u,:+ =o,tzf,;

o,-, - l/'- -L'26P =0.42L.\L) Fz 3F, F,

OcrinrrN o(r) >o(r), nnorqi uouepeqHr4x nepepisir crprNuiB BH3Haqa€Mo

yMoBLI uiqsOcti nepruoro crplrxHfl:

*=l"lrl

flnx c'rani Cr. 4 qonycu4Me Hanpyxenru [o] = 7 =#= 160 MlIa.

To.qi

4 >+- 36 to1 
=225ttr,tz;' ["J 160.10o

Fz=3Ft =3.225 =675 vuz.
3a nroulauu BH3HaqaeMo giaivrerpn crpuxnie:

o,:^F=,W=r6,e ur,,,;
Y7[ Y 7I

d,=^E=^re=29,3 *r,.r.
YTT T N

Eepelto il= L7 wui d2 = 30 trtru.

3atraqa 5
Axanis Han pyxeHo-Ae+opMoBaHoro craHy

fnx enerraenra, u1o 3lraxo.{}trbcfl B nrocxoMy HaEpyxeIIoMy crani (puc.5.i)
B}I3HAqHTI,I:

- roroeHi HarlpyxeHH, i no;ioxenng rofloBulrx nJIou{aAoK;

- ro.uonni aer}oplrauii i o6'errlny ge$op^,Iauirc;

- niuifiny 4e$opuauiro y HarpqMry ni4pi:xa AB, saxrtnesoro ui.( xyroM o ,{o
ropr{3oHTanl.

fJeperipuru eJIeMeHr na uiqnicrr sa era6panoro reopiero Ntiuuoc'ri, Y:stu xoe-

rliuienrl sarlacy uiqnocri n, =L,5; n, =2,5.

,{auo oroo =40 MrIa; o,.o =-10 MlIa; t=80 MIIa; u=30o; uarepian-6poH-

sa 6pA5.

Pnc.5.1

llnan poae'r3yBaHHt aaAa.{i

1. Harpecnurl,I erIeMeHT 3a qHcJIoBHMv \au:av.kt ullr$py. Bttnvcarn e 4orig-
Huxin norpi6Hi xapaxrepucrraxtl marepiany,

2. flosHaquTn sa"qaui Ha[pyxeHH, rIepe3 60, 6p, ts, tU, 6ePfru o6x ] op.

3. O6qHcrI.IrH 3HaqeHH, roJIoBHlIx Ha[pyxeHb i sltgHa'trlru ii nanpxuor.
3o6pa:rarx rcepe4raui 3aAaHoro e,tteMeHTa roroslii nnourarKl, i ronoeHi

HanpyxeHHf.
4. O6'rucrr,rru ronosHi,qeSopMauii 81, 8 2, 83 i o6'errany 4e$oprvralliro er.

5. 3nafiruxyr u, uixHopMaJIJIIo nAB AoulorqaArcul,Biuanpl'lreunsM ol Ta

o6qrcnnru HaflpyxeHnt B HarprMKy Noplta"ni n* i nepneuAlrxynfpHoMy

AO HbOrO - Or1, Gp1, To1, Tpl.

6. Br:na.rxrra ge0opMaqiro spr B HaIIprMKy ilapbxaAB.

7. Bw6purw siAnoni,{uo 4o uarepiany reopiro lriqnocri i uepenipuru ene-

MeHT Ha naiunicm.
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Po3e'RgaHxt sa4aui
l. Harpecnnuo erreMeHT 3a rrr,rcJroBr.rMu AaHr{MH ruu$py (pwc. 5.2) ra Bnnr,rrue-

rrao norpi6ui xapaKrepuctrrra rraarepialy 12, xol. !): E =105 MfIa; o" = 160 MIIa;
[ = 0,35.

tg2a, = 3s--= +t!9- = 3,2, a= o, Sarcte (3, 2) = 36" .
6o -o0 40-(-10)

I{efi xyr aiArraAaeuo niA ropu:ourali (nanpauox uopnrani n,) npotn roAIrH-

unronoi crpilxu (axrqo suauenH{ hyra oo nig'eune, ro si,qxraAaeMo 3a ro.(HHHH-

KoBoro cr:pi.nroro) i rnaxoruuo'Hafip.trMoK HaEp]rKeHHfl 01 ra HarrptMor 03, [ep-
[eHgr{KynspHr.rff go uroro. 3o6paxaeuo ronosHi rrnoqaAru i uanpyNeuH.rl, Iqo Ha

nux girou, ycepe4uui 3a.qaHoro erleMeHra (pltc. 5.3).

Prac. 5.3

4. IonosHi ae$opr'lauii ct , c2, e3 o6qucltocuo eiAnosigHo Ao y3araJbHeHoro

samoHy lyxa:
1.

e, =-l o., EL'

= 80 N{IIa

o":40 : 40 ir{Ila

Pnc.5.2

2,Ocrinrxu o.op>qr"p, Tolo3uarraeMo d*p qepe3 oo, a oBep irope3 op (pac.5.2).

3. Io.nosui Ha[pyxeuH.a ra ii nanpxuKr,r, f,Euro riAorvlo HopManbHi i gout.rui
HanpyxeHHq, rqo ,{ircu, Ha ABox B3a€Mrro rreprreH.(r4KynxpHt,rx [Jroqa,(Kax, BH3Ha-
qaeMo 3a cxeMoro po3B'rsaHHfl TaK 3BaHoi o6epueuoi sa.qaqi.

3Ha.reuu.fl ronoBHux HanpyxeHb o6qlrcnroervro :a $opuynoro
l[ /l- ., -lo,.,=ilo"*ortr/(oo -ou) ++4 

).
HaraAaeuo npaBllna rnaxin 5lr KoMrroHeHr HarrpyxeHr,. Hopuanaui H6t1py-

weHHfr ractcrcarumb dodamnuuu, -sKu,lo 6ottu cnpwtuHtoromb po3mfl? qreJaeHrna,

ma sid'euuauu - nKtqo cmucK. Y pasi risifinoro ra nJlocxoro Hanp)DKeHoro cra-
Hy AJrfl .(OTHqHI,TX HanpyxeHb MOXHa 3aCrOCOByBarlr TaKe npaBrrno: domuque ua-
npylrcevH"n ua nnotqadtli aneueuma 66azrcaromb dodamntuw, ttKt4o soHo t tL,ncaa-
embcfl nosepHymu axe.i4eHm eiduocuo 6yda-nxoi mouxu, ysnmot acepeduui eneueH-
ma, 7d eoduuuuxoeon cmpinxoa.

3siAcn MaeMo:

-F(o, +"r)]= fr[rr,*, - o,3s(o - 68,82)] =1,23.r0'3;

0r=1[oo-'0. 40 {f oF4, - sol I = rr,sz rnu,
l

,, = *lor- r(o, + 
", )l=Sto - 0,3s(e8,82 - 68,82)] = -0,105 .10-3;

,, =*[o, -p(o, +"r)] =#[-68,82 -0,3s(e8,82 * o)] =-t,034.I0-3.

O6'eruny.(e@opN.{alri}o ey Moxua snafirn sK cyMy ToJIoBHLIx aeQopNtaqifr

Ev = €t+ s2 + t.r =(i,23-0,105 -1,034)'10-3 =9,1.10-s

a6o uepes ronoeui Ha[pyxeHHt:

I-2u, I -2'0.35
", = ff(Q+ 02+ 

"r) =ff(os,sz -68,82) =9,1' l0-5.

5. 3uaxogurr,ro ryr u, nrix HopMaJrJrro nAB lo EnoulaAKH lB i uanpyrreHu{M

(prc.5.4):
0r =600 -36'=24o.

.,=j[oo- 10- @] = - ot,az uuu.

,{nx ru:uavenH{ floJroxeurur roJroBHHx ruIou1a,{oK sHafnehao raHreHc K}'ra o,0, Ha

arcrafi 'rpe6a [oBepuyrr4 HopMaJrb ,ro, rqo6 sHafrrfi HanpflMoK a.nre6puuuo di.nruroro

rortoBHoro Hanpy)rcHHrr. 3Ha.reHHx r(yra o0 MoxHa 3Haxo.(HTH ABoua cuoco6aun:

-a -. -/-Rnltgoo =l-== 
== ,] 

","',,, =0,735, ao =arctg(0,735)=36"'
or - op 98,82 - (-10)

26

ot

on= 10 Mlla

op = 10 MIIa
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Puc. 5.4

Hanpyxenux B Ha[p-sMKy nopuani z^, i nepneHArrxynrpHoMy Ao Hboro
(<ro1, 6p1, to1, tpr) o6qrclroeuo 3a cxeMolo po:r'xeaunx nparvroi saAaqi s nllocro-

My HanpyxeHor,ry craui.

oor = or cos' o, + o, sin2 ur = 98, 82(co s24")z - 68, 82 (sin 2 4")z = 7 l,all Mf-Ia;

opl = or sin2 o, + o, cos'or = 98,82(sin 24")' _68,82(cos24o)2 = -41,087 Mfia;

,", = 9r9ertn ro, = &al@ sirr(2. z+,)= 62,06 Mfra;

sr -o3 -,.-^-. 98,82-(-68,82)
tpr =- r Sllll(l, = in(z.z+")= -62,06 M11a,

ata
LL

Hara4yevro, uro crucrsri ronosHi HarrpyxeHHfl uigc'rauxxrrr y ui $opnryla is
3Har(oM <<t"tittyc>r.

6. BlrsHaqaeN,ro ge$oprraauiro Eg1 B rranpflMKy ni4pisra lB:

,u, =*[o, - Fo,r] =$[-ot,ot 7 * ass.lt,osil= *6,5e7 .rla.

7. flepeeipxeMo eJreMeHr na uiqnic:rr sa rperboro 'reopiero rraiqnocri (rpurepifi
safi6inrurnx,(orHqHHx uaupyNeun) :

t:': =o', -o, ([o];

olI,L =98,s2+68,82 =16l,64MIIa) lol=o" =ry=106,7 MfIa.Lr fr. l'5

flr 6a.ruuo, rlboro pa3y yuona Inriquoc'ri ue naronyerrca.

3a,qaqa 6
PoapaxynoK 3BapH Hx 3'eAHaHb

Po:paxyealu 3BapHe 3'eAHaHHq, BlIKoHaHe BaJrr{KoBr4Mr{ IIrBaMr{, BrrBHaquBrrrr{

AoBxr4HH 3BapHHx ureie g yrr,roeu pisnoi Nriunocri posTrrrHeHax e,relreHris i :aap-
Horo rrJBa (puc. 6.1). Bncory runin y:aru pinxoro toenluui HaKJraAox s rucra a6o
ronuluui noruui npoKarHoro upoSinro. .{na porpaxyHria y:xru 3HarreHHs Ao[yc-
rr4Mr4x Hanpyxeub Ha po3rsr [o] =t0O MIIa ra spi: [t,]=80 MlIa; 1{o - Ano-

cropouuifi uroa.

,{ano: rueenep J\b 16; xyrax piuuo6oxlrfi Ns9 (roeuluna nonuui t=7 rvntr)i

Zo = e = 24,7 uta;c = 65,3 rtlna.

Pnc.6.l

llnax po3e's3yBaHHf, saAa.{i

l. Buguaqurr,r 3HarreHnrr Aolycrr,rMoro HaBaHTaxeHHs P is po3paxyxrry Ha

po3Txr 3BapHrrx eneraeHris.

2, BuxopacroByror{H 3HarreHHr gonycrurvroi cntwr P, ir porpaxyuny ua rraiq-

uicrr snapuux ureis BH3Haqr.rrH ix gonNrany.

Poge'qgaxxg saAaqi

1" Busua.raeiuo 3HaqeEHx AorrycrnMoro HaBaHTaxeHHt P is po3paxyHry Ha

po3T{r rnBeJrepa i xy:rr.rxa.

Vnaosa uiqnocri Anfl po3r.,rry:

N
"=a<["].

Ifrcu1i nonepeqHux nepepizio wsenepa ffia Kymu:Ka 6u3HaqaeMo s ma1nuqu cop-
matweHmy sa \OCT 8509-86. Iltot7a nepepisy til*erepa Nb 16 - 18,1 cu2, a rcy-

L---------
I-_-r.
I
I
I
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muKa JVb 9 - 12,3 cM2. b qux d6ox sHaqeHb o1upaeMo MeHue i nidcmaetnetao iloeo
s yMo6y ttitlHocmi.

D
Todi o =+ < [ol, ae FL - nnorya nonepeqHozo nepepiry KymuKa.

rL

3ei,qcu

P = FtloT=tz,z ' l0-4 '160 '106 = 196,8 xH.

2. O6qacnnrvro AoBxvtHy seapunx ureie.
Yrwoea uiquocri na spi: AJrfl BaJr[KoBr4x ursis Mae BHrursA

(1, +/r)rcos45"
< [", ].

3a,qav-a 7
Poapaxyxox Bana Ha KpyqeHHt

Bngna.rnrra posrvlipu 3aAanqrg ea"ra (p-r.r,c. 7.1) rua roxuifi .qinsuui. Ilo6yaynatu

"T*py 
ryrin nonopory nepepirie vaia. Yzsru.a = 0,5 rra. Busnaqfirfl raKox po3-

Mlp[ [O[epeqHoro.[epepl3y B,aila Ha rperrH .(usHrll, BBaxarcqH, ulo Iroro BHKo-
HaHo r(Ba.(parHuru i 'rpy6uacrr.rM s uiguolreHusM giartrerpin d, : d,r= l: 2. flopir-
Hf,rr{ Br{rparH rr,rarepiany na 1 u.qoBxrIHX rzura pisnoro upolbinro.

.{auo: Nr=20rBr; Nz=2O rBr; Nr=30x$:r; n,=1,5; co=20c-1; uatepian-
cranr 50; MoAynb scyny G = 8.l0oMIIa. ,{ouycr:uui HanpyxeuH{ [o] = ZSO Una
ra [c] = 0,6[o] = 0,6'250 = 150 MfIa; 4orrycuruufi ni4nocunil Kyr 3aKpyiIyBaHH,

eana [O]= 0,5rpa,u/ru = 8,73'10-3pay'u.r-

3sixcu 3araJrbga .uosxma uris
196,8.10-3

=0,497 u.
7 .to-3 . 80 . 106 .0,707

Ocrilrrcu nigcT aui o6ox runis Ao .rrinii Aii cunu P, rqo upoxogurb qepe3 r{eHTpr.r

Barlr nonepequux nepepisiB KyrHKa, neognaxori, ro HaBaHraxeHHs rusie 6yne pir-
Hrav. t!o6 ra6egneqt{ru oAHarosi yMoBH po6orra o6ox rusis, rpe6a cniuei4Holueu-
H{ AoBxr,rH urnin Bu6parrn o6epuenarnr Ao cuiaeiAHorrreHHfi nigcranefi a ra c, n<i
BrrsHaqarorb rroroxeHHf, qeHTpa Ba.rH r(yrrrKa, ro6ro l1f l, = cf s =

= 6,531 2,47 = 2,644. 3siAcr.r MaeMo \ = 2,64412.

Tasi l, + 2,64412 = O,497 u.
ocra'ro'IHo orpl{MaeMo 

rz =0,49'r r3,644:0,136 w;

Ir =2,&4lz = 0,361 rr.r.

@r rc /a\
'.!r' ,ru,a

,r/
*V

l-5a

V
1.5c

Y
a a

M,MoM.M

t=tr+lr=ffiy=

t,

Puc.7.1

llnan poae'r3yBaHHf, sagaui

3a yr"ronu pinuorraipuoro o6eprannx Birna, Hexryrorrrl TeprflM y ni4rulrnura-
Kax, Bu3naqlrrn noryxnicrr ua urxiny No,

Kopucryrouucr $opuynorc M- ={+(rH. u), o6qucnura sosHiruHi
(D c-

xpyrui MoMcHTU M, i no1ylyBarrr enppy ruyrpiruuix KpyrHI.Ix MoMeH-

rin M* y no[epeqHrdx uepepisax uana.

O6qnc.rrurn 4iarr.rerpu oKpeMBx AinnHox Btura Br.rxo.qrrrn 3 yMoB rraiuuocri i

xopcrxocri, o\pyrJMBInH orpnrraaHi pe3ynbrarr{ Ao craHAaprIIHx 3HatIeHb y
6iruurufi 6ir.
Bu:saqrzru BennqnHy nyrin sarpyryBaHur oreeMux ginxuox i Bcroro ea.lta.

flo6ygynaru 3a rtrrrMrr AaHHMT{ enropy xyrin noeopory nepepi:in, 6epyuz
3a HepyxoMr4fi nepepis oAHH 3 riHllie sara.
BusHa.ll,trn Br{xo.qrqu 3 yMoBH iraiquocri Ta xopcrKocri posruipu KBaApar-
Horo Bana Ha rperifi ainsuui.
fliai6patlr Br.rxoArrru 3 yMoBr4 uiqnocri ra xopcrKocri po:rraipu rpy6uac-
Toro BaJIa s ni.(Ho[Ieuuxu 4iauerpin d.u I d, = 0,5 ua rperifi Ain.arui.
flopinu.a"ru Br.rrparn rvrarepialy ua 1 ru An.rI Kpyruloro cyuinruoro, rpy6va-
croro i rcra4paruoro rariu.

2.

3.

4.
5.

6.

7.

8.

31
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Poge'ngaxxn sagaui
L BlrsnaqaeN{o nenigouy noryxuic, r No:

*Nr- N, - N3 + No :O;

No=N, +Nz+ ff:=20+20+30=70 rBr.
2. BusHa.raelro sorHi[rHi r<pyrHi MoMeHrr.r:

,, - N, _ 20 -,ivt, =- -_=I xH.rr,r;' rrl 20

n, -N, -20 -tvt.-- I rH'rra;'ot20

u. =&=1=1,5xH'vr;' c,r 20

Mn=No =29=3,5 xH.ru." rrr 20

O6qucnroenao nNyrpiurui rpyrui MoMeHrrl B [o[epeqHr.rx nepepilax aana i 6y-
AyeMo errcpy Kpyrnr.rx Nrorraenris.

Hceadyeuo, r4o euympiruuiil rpymuuil MoMeHrn y nonepeqHoMy nepepizi sata
M *, dopieutoe cyNi soeuiwr-tix uouenmis M K, po3Miu4evux no oduu 6ix eid nepe-

pisy. Eydu-nrcufi s uanpru,rxie dii uotueumy (sa qu npamu eoduuuukoeoi cmpinxu)
.n4 ocrcH a g B actc amu d o damuu,t t.

Y qrouy pasi xx AoAarnufi y3rro HarrprMoK [porr,r ToAHHHHT{oBoi crpiara.

flinnuxa l; Mr* =-Mr:*1rH'u.
flinauxa 2: Mr* - -Mt - Mz = -l- I = -2 xH'rrr.

flinnuxa 3: Mr* - -Mt - M, + Mo = -l - 1+ 3,5 = 1,5 rH.u.

,{innwra 4: Mn*, - -Mr - M, + Mo - M z =*1*1+ 3,5 -1,5 =0.
Enrcpy KpyrHr,rx Moruenris [o.uaHo rrapuc. T .2.

3. O6qracnurvro 4iarue'rprz oKpeMHx Ai,rsnorc Brlra BhxoAlrqu 3 ylroB[ r'aiunocri i

M,:1nH. M2 M" - 3,5 nl{.urcH. M, : 1,5 rIJ.u

@';"*

3a yuonn xopcrxocri eana

r,,renr inepUii nepepisy nana J,

Pnc.7.Z

o=ffsloJ,
nda

ypaxoByroqH, rrlo noJr.rrpHr4r,r

= 
3I,3HaXOAHMO){(opcTKoarr.

3a yrvroeu rraiuuoc'ri nana ,,,*=W=[r], ypaxoeyroq,, rqo norxpnnft uo-

MeHr onopy nepepisy tanaw, =*,3HaxoAr{Mo

,affi
,\innutca l:
-- 3a yMoBH ruiqsocri

12,49

16.1.103

3,14.150.rc6

32

=32,4.1 0-3 rrt = 32,4 rtu;
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- 3a yMoBr{ xopcTKocTl

d;>

,, @M;o' = 
{J "c[o1 

=

* 3a yMoBH xopcrrcocri

= 61,8 .10-3 tr,t = 61,8 lru.

Eepeuo 6imure 3 olepxaxllx 3HarreHb i orpymrceuo Ao qi.uoro ql4cra:

d, = $2 rnn'r..

,\i*auxa 2:

- 3a yMoBr4 rrriqsocri

Mrn .l,5a -1 .103 .1,5 .0,5
(0. =-=ffi =-6,46. 10-3 pag.'rr GJrp 8. loto .1,45.I0 6

flinanxa 2:

t. - :*4 -z't4(ts' 
rc-')o 

= 3,r1. ro{ ua;1p 32 32

Mr*o.l,5a -2.103.1,5.0,5(0, = L ===-----:-i- = *6,03 . 10-3 pag.-rz 
GJ zp 8 . Loro .3,11 '10-6

,[inaurca j:

J 
" ^ =nd! - 

:,r+(os' to4)o 
=zr,zz. 10-6 *aa;Jv 32 32

M*::- l's'10:'o'5 - =4,22.10-3 paa.,Pt= Ch =;U6,o.r710-u

,[innuxa 4: ocxilr,xu M q*p = 0, ro <po = 0.

Kyr :arpylyeaHIul Bcroro Barla

g=er *ez +Qr +<pn=(6,46-6,03+ 4,22+0)'10-3 =-8,2J '10-3 pas'

5. O6sucaubIo KyrI{ roBopory nepepirir Bana, rqo s6ira}orlca s ltexauu 4i.rra-
nor, 6epyvr.t ,K Hep).xoMlrit ileufi xiuerlr nara (Alts. pwc.7.2):

9a =0;

9a =9r --6,46'10-3 Pas;

gc = g n + gz = e6,46 * 6,A3) . 10-3 = -n,49' 10-3 paa;

ea=ec +rpr=(-12,49+ 4,22).10-3 = -8,21 .10-3 paa;

9a = 9o+ 9r = -8,27'10-3 + 0 = *8,2'7'10-3 paa'

3a uuuu Aanuuu 6yryer'to enrcpy ryrie nonopory nepepi:in rlana (awe. pvtc. 7 .2).

6. BHsuaqHIvIo Bl{xoAf,qlt 3 yMoB nriuuocti Ta )Kopcrxocri posuiplr KBa4parHoro
BaJra Ha'rpedfi Ainruui.

3a ylronr.r uirlnocri:

\
il

= 73,47 . 10-3ru = 7 3,47 vr',r

Eepeuo dz=75 ur,tt.

,{inauxa 3;

- 3a yMoBu r"rirlroc'ri

- 3a yMoBr{ xopcrKocrl

= 68,41 .10-3u = 68,41rrru.

FePeuo dt = 69 ty,Yt.

,[innttrca 4: ocrcinrxr M 4*p = 0, xiarterp Aiaauxu 11p113Haq11Mo 3 KoHcrpyIflHB-

nrlx naipr<ynau6, HaIpHKJIaA nisrNaervlo iloro pinuuu uafruenruorray 3 oAepxannx
gianetpin dt = dr = 62 utr.t.

4. BnsHaqr.{Mo BeJrr4rrHHH ryrir sarpyuyBanus oKpeMHx AingHox i ncroro sana"
A6conrorur.rit Kyr sareyqyBaunx .qirxnxn eaaa g uocrifinnrr,r rpyrauM MoMeE-

T ou i nouepevuuu uepepi3oM Br.r3uairaerr,ro sa Sopuyroro
M *ol(D=-., 
GJO

,[innurca 1:

I

1

l

I

![

Mr* 1,5 .103

'--J.=f ffi=l'lo-5rir3; W*=aot; o'=Yu
0,

[nx rragpar 
^ 
r*=t, a = 0,208. Y pe:yna'rari orpu]IaeMo:

3,14. 8. l0t0 . 8.73. 10-3

32.1,5.103

3,14. g. 1010 . 9,73. l0-3

34

trd! 3J4(6z.tot )o
J,-=--:L- , t 

=1,45.10-6rraa;,P 32 32
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3a yuona xopcrroc'ri:
M"*o 

- l'5'103r: ' =2,16.10_6ua;" x G[oJ - 8.loro .8,r3. t0-3 
-

Eepeuo a=63wnt.
7' BngHa'rrtilao Br{xoA.{r{}r 3 yr\{oB rraiqnocri Ta xopcrxocri posnripu rpy6uacmrc,

BaJra Ha rperifr Ainxurli r ei4Houeuurrra giauerpin tlo I d, = e,J.

3a ynaonu uiuuocri Wro =Wr* = 1 . 10-5rra3.

* ,=#(, (fJ-j=#(r-o,s')ai, =a o,srsa;, =',L^4ctl,;

o,t84d:,>1.10-5t

d" =im>37'9'1o-3ru --37'9 rrrrra'

J*=$aa;0=0,141.
3siAcra Ma€Mo:

= O,0626m=62,6vy,.

Eepeuo d:' = 38 utu' 
d'u =0'5d" =

3a ylronn xopctr<ocri J sp = 2,22 .10-6

,,, =!!!(,-( l"\',, [' li-)
Orpunaaeuo:

| - 0,54)dL =0,os2d!,.

0,092d;" > 2,22 .10-6 ;

E-.-:-:?
o"' 13# = 6e'52 1o-3u = 6e'52 vtu'

Eeperrto drr='l0u1a.
Togi: dru = 0,5dr" = 0,5.70 = 35 ruu.

Eepe*ro drr=70M*,r,, dr, =35 runr.

8. rlopirnannx Br4rpar ruarepialy na I u gnx cyqimuoro KpyrJroro, rpy6vacro-
ro i xraAparuoro sanie.

36

0,5 .38

4
M

\

)=#(

= 19 lrrtl.

Bary ctpnxuia NroxHa BIn3HaqIrrI4 sa Sopuynoro p :ylF. Ocr<inrru 1i = const

Arx rcix c:rpraNnie,.qouilrno nopinnxru nnorqi nonepeunlrx nepepi:in, utro6 otpu-
rraarra cnirri.qHoruenH.,r Br{Tpar rtrarepiany ua 1 na pisuoro npo$inro.

Tnn uepepi:y:
xd'z - n' 692 

= 3739,28 r"^"t2 ;- Kpyr,'IHH: f *py, = -4 4

- rpy6.racrrrfr | F.,pya = *t, - *') = "' 1' 0,i 5 = 2 886,34 x*,rz ;

- xnagparaufi: 4" = ol:elz =3969w2.
4pru : &r. : ,F* = Prro ,P*0, ,P* = 2 886,34 :3739,28:.3969 =l:1,29 1,37.

3a orpurr,ranuM pe3ynbraroM Moxua spo6uru BHcHoBoK, ulo uafi6iar,ury Bary
ruae npot[inr 3 KBaApaTHHM nepepison, a uafirvreHruy - rpy6uacrnfi npo$ins. Or-
xe, nafineurue rvrarepiany norpi6uo An.,I BI.IroroBJIenul:rpy6uacroro npo$inro.

3't



3aAaqa I
Po:paxyuox rBtaHroetax UHniHItrpHqHt4x npyxl4H

fleperipurr uiqnicrr :a4axoi crarHqno ues[sH6.rHoi clrcreMrr flpyxnH (pnc. 8.1)
i o6qracaflrn nepelairqeuna rorrxr{, qo 3HaxoAr.rrbcfl nocepeArrHi 4onxuna nxasa-
uoi npyxr,fira, ,KUIo riAo*ro cepe4ni ,4iarrlerpn nppfiHH 4 = 50 MiM,, D, = 10 Mu,

4 = 15 nau i giauerpu Apory KoxHoi r npyxuu d, = 5 lru, dz =10 wm,

dz -15 rrau. Yci rpyx{}rHr c:naneei. ,{ouycurue HaEp).KeHHs [r] = 300 Mna.

.{ano: P = 1,5 xH; rpyxrrHa 2; uogyls npyxnocri Eltfl, 3cyly G = 8 .104 MlIa.
Ki,rrricu rurxis [pyxun h = 4A; nz = 40; nz =2A.

Plic. 8.1

llnax poaa'RgyBaHHH sagavi

1. BnsHa.rurn cryninr craru'IHoi HeBlrguaqHocri cttcrerran.
2. 3anucaru ni.qnosiAHi pirutnnx crarHKH.
3. Cxracur pinuruna cyuicuocri ge$opNaaqifi i nupazwrw 4e$oprraaqii upy-

x}IH qepe3 3ycHnn .

4. Poss'ssaru cyKylHo pienannr craruxu ra pinnxHux cynaicuocri Ae$op-
rtraUiii i Bu3HaqurE HaBaHTaxeHHx xoxuoi npyxHHH.

5. 3aafiru HalpyxeHnfl n roNuiil npyxuui i, eusuavunrulr saft6inlu ua-
npyxeHy [pyxrrHy, nepeniplrru ii ua rraiuuicrr.

6. BnsHaqurn nepenaiuleHnfl srasarroi roqra.

Po3a'sgaxx, 3agaqi

l. Bfisua.rlaN{o cryuinr crallrqHoi HeBr{suarrHocri cncrenu.
floguaqr.lno qepe3 Pl, Pr, P, cunu, axi npn[aAarorb Ha KoxHy s npyxnu i

ni.qrararcrr Bu3HaqeHHro. Ocrinrxll oci npyNrau y Ha[roMy npuxla4i s6ira]orrca,
MaeMo niuifiny clrcreMy clu (pac. 8.2), a orxe, ogue pinuxuHr pinuonarr.r. To6ro
clzcreMa Isiqi crarll.{Ho HeBu3HaqHa.

J6

l*
fe

Prac. 8.2

2. CrarrrHi pinnnxnr pinnoraru. 3anuureuo lx y nurna4i:

)r=o; n+P2+Pt=P.
3. leouerpnuni pinnrrrnn. II{o6 cKJIacrH pinuxnHx cyrrticuocri.qe$opNaaldfr'

po3rn*reMo cucreMy y egeSoprraosaHoMy c'rani (pr.rc. 8.3).

Puc. 8.3

gepe: uoeny ocboBy cnmerpirc cEcreMH xopcrxa neperrlaAl{Ha nepeuirqyna-

Tr4Merbcf, [apaJlenbHo caMa co6i, ,K rloxa3aHo Ha pHcyHKy. Togi pirnxurix cyrvric-

xocri ge$opuarrifi :anr.rureMo raK:

lI,l= 1., = l"r, (8.2)

ne 1", , 1,r, X., - aenuvunu .{e@opMalrifi npyNrr.
4. (Diruqxl pinu*lrr. Bupasulro 4e{ropuauii tIpyxHH rlepe3 cunu, xri na uux

Airors:

(8.1)

(8.3)^ iP,D?a ^ LP,D?n, ^ SP-,D3rn"t",= G{, nr=- Cd:, "r= Ca!

5. Pou'rsyeuo cucreuypinHxnr (8.1) - (8.3).

Pose'rsyrouu cninlno pinrunna (8.3) i (8.2), orpl4MaeMo:
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f4*)'*(*J'*=.
{ 

\ r/ \ z/ L

I t '4t '3

VlT)lZ);=r
flic.nr nigc'raHoBKH qr4croBr.rx 3HaqeHb:

f n =zn.)"
lrt =ze, =64

PieHrHHs pinHorarn (B.l) ua6ynae BHrJrflAy,

Pt+2P, +64 =1,5 rH.

3siscu

4 = 0,1667 xH;

Pz = 0,3333 rH;

P: = 0,9996 xH'

6.3uaii.qerr.to Hafipyxeunr s xoxHiil upyNr.rui i, nnrna.rurrulr safidinrur ua-
rpylr{eny rpyxr4Hy, nepenipuuo ii ua uiuaicrr:

trr* < [r];

,, = 
t4? 

= 
t 

,'99' 
','o 

=tbe,z Mtra;' trdi 3.14.5'
gP,D, 8.333. 100tt = -*=----:: = 8.4,9 Mlla;' rdi 3.14.10'

", =.!4*- 8-ee6'tlo:113,1 
MrIa.' ndi 3.14.15'

Hafi6inrur HalpyxeHa rIepIua npyxr.rHa:

rt =169,2 MIIa < 300 MTIa.

YN,rosa rraiquocti BrrxoHyerbcfl .

7. BrzsHaqul,ro nepeuiqeuHx exaeaHoi Toqxr{, u1o 3HaxoAr{rrcx nocepegnui go-
Bxr{rru Apyroi npyxr.rHu. Arfl uloro y uignoaigne s pinnxnr (8.3) ni4cranurrao
n = A,Snz'.

8.333,3.106'0,5.40
= 66.7 utr,t.

Gd; 8.104 .104

40 4l

3aAa.{a 9
PoapaxyxoK Ha rraiqnicru KoHcorIbHnx 6anox

Ans saAauoi cranenoi 6turxn (pr.rc.9.1) no6yrynaru enrcpl4 nouepeuHnx clart i
'JruHalrbHrlx r,rouenria, ui4i6parr rpyrnlrft, np.uruor<yruraii (: ei4uorueuuxv, hf u:21
i ,laoranponufi nepepiru. flopinnatlr nary I m AoBxHHI{ KoxHoro upoSinro. ,{on-
xuua 6zurrlr L =2 u. Ysxra roerliqieur sanacy uiqnocri fl, =1,5.

Rauo: P = -30 xH; e = -15 xTAw; n=0,5; M = -50 lcH'rnr; ua:repizur-cra.nr 40.

Puc. 9. I

llnax poaa'f,3yBaHHR saAaqi

l. 3anncaru BLIpa3I4 0(x) i M(x) g,ta xoxuoi,qinsHxu xoncolr,uoi 6alru:ra
uo6y4ynarn enrcpl4 [onepeqHl4x cwt Qra 3r[HaJIbHI{x NaolraeHTis M.tlepe-
nipuru no6y.ronani eilIopu 3a AolloMorolo garlepeuqianssr'rx saleNsoc'refi .

2. BuxopucroByroqH ocHoBHy yMoBy rvriunocti AJI.a 3rIIHy, :nafiur norpi6ue
3HaqeHH.fl MOMeHry Onopy.

3. Iliai6paru posnipu Kpyrnoro, rprMoryrHoro ra ABoraBponoro lepepilin.
4. flopinHrru Bary 1 M Aosxldnu Koxnoro npo$inrc, BBaxaIoqE, u1o r..larepi-

iur AJu ecix upo1pinin o4naxonufi.

Pogs'qgaxHr sagaui

l. 3anuureno Bclpasv g(*) i M (x) run roxuoi Ai,rgnra roscorsnol 6arrcu ra

noSyAyeuo errtopu [orrepeqHl4x cul B ta:ruHarIEHHx Molrenris M (puc.9.2).

,{innuxa 1:0<x<1.
Q(*)=P=30 rH;

M (x) = Px;

ar (o) = o;

u (r)=30 rH'na'

,{i.naurca 2: 0< x<1.

O(.)= P + qx; 0(0)=30 xH; O(r):30+ ls'1=45 rH.



u(*)=r(t+x) n$-*,
u (O) =36' I -50= -20 xH'u;

M (1) = 36 . 2 +ryL - s0 = 17,5 xH'r'r.

P :30 tr

xH.u

2. Bnr<opncroBylgqg ocHoBIIy yuory vriUnocri Ans 3rrlgy, Bll3Harlnuo uorpi6ue

3HaqeHH.f MoMeHTy O[Opy.

Ocnosua yuoaa rrriquoc'ri Alx 3rI{Hy:

o.--. = 
M,* <lol."tru W

,{na crani 40 rpaHuqx rexyuocri o, = 340 MfIa.

{onycruue HailpyxeHuff

lol=5 - 340 - 226,7 MI1a.L r ,1r 1r5

42

q : tS xH/wt

2A

'lir,ri uaelro:

lr*. ={$ =#:;*=r'32333'10-4 u3 -132'31103 ur'a3'

Ile M tw - MaKcuMaJIbnHfi sruruamHuii tuomenr.

3. [l ig6epevro posn,r ipu Kpyrnoro, npr MoKyrHoro ra .uBoraBpoBoro nepepisi e.

,[na rcpy an o eo nep episy :

w, =w,=$>w,,,,

= 110,46 nau.

Eepeuo d=lllw.
flnoula ronepeqHoro nepepisy:

,** =*- 
r't+'(ttt)? 

=9 672 v n-

,{nn npauoxymvo?o nepepisy (hlb = 2 ) uafi6inluurfi ltonaeur onopy

d>

3eiAcr.r

*_ _bhz _2 ut"63

?bt >woo";

b=ffi= ,11.n2333 = 0.058 l,r = 58 rvrrra.

2

Eepeuo &=58 uu. Toti h=2b=2'58=116 utrl.

fllou{a fl onepeqHoro nepepiry:

F,,p = bh = 58 '116 = 6728 uvrz .

,{w deomaepoeoeo nepepisy. Ocxinrrcu po3paxynKoBe 3HalIeHHf MoMeHTy o[o-

py Wp* =!32,33. 103 r,,ru3, to sa AosiAHuront eu6upaeMo ABoraBp Ne 18, y xroro

l4l, = 148 cu3.

Iroula nonepeqHoro nepepiry:

F*, =23,8 cu2 = 2380 uwr2.

4. Ilopinureuo Bary 1 ru gorNuun KoxHoro nporlinro.

t32333.32
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Bary rvroxna o6.rflcr[rB :a Qoprraynoro P -- ylF. ocrinrru gna ecix nepepisin

nHTOMa nara uarepialy 1 i gonxuua 6anrra I ognaxoni' 'ro ,4ortrinruo nopiaurrn

nnorqi nonepeqHEx nepepigis, uo6 srpllMaru ni4nomenua BHrpar uarepialy ua

oarrH noroHHufi lterp npo$imo:

4,oo' t 4,0 : F1,, = P*r, 
' 
P'p : P*' =9 672:6728:2380 = 4'06t2'83:l'

lr ur,oro MoxHa apo6urrE BI4oHoBoK' rqo safi6illruy Bary Mae 6anxa Kpyuloro

nepepisy, a HafiMeHury - ABOraBpoBoro uepepi:y. orxe, sailruenrue uar:epiaay

norpigrro AiIfl Bt{roroBJlenus 6alru ABoraBpoBoro upo$inro'

44
45

3aAaqa 10
Poapaxynox Ha uiqxicrs uapHipHo oneprlrx 6anor

Ans:aAaHoi ctareaoi 6arucr (pac. 10.1) no6ylyearn erlopr louepeuHlrx cul i
3rr4HaJIbHIrx tvtoNrenris. flepenipr,rrn 6a.nxy na uiqnicrr. Ysaru xoe$iqieHr'sanacy
priqHocri n,=!,5. BiAcraur uix onopauu I = 4u. Cxnarennfi nepepis npaurce

rx ogNe qiae.

larro n=0,5; q =20 rlUrvr; P=50 xH; M =15 rH'ru; nraTepia.n - c:ra.nr 50.

tlepepis 6arrca crna4a€rbcfl.3 ABox 4noraupie N! 18:

Pac. 10.1

llnaa pose'rgyBaHHR 3agaqi

1. Crnac'rra pieuxHua piauosaru ra BH3HaEIHTH onopui peaxqii.
2. 3anucarw Blrpasrr a(*) i M (x) rua xoxuoilinsHKH 6aaxu ra no6yAyna-

TH errrcpu [o[epeqHr.rx ewr Q i 3fl4HanbHllx MoNrenris M. Ilepenipurlr no-
6ygonani errcpu 3a AoloMororo 4r$epenqianrnux :anexnocrefr .

3. O6qncnprrr.r MoMeHTr4 onopy 3qaHoro nepepi:y niguocuo roJIoBHHx

rIeHTpauIbHLIx oceft ra paqioHaJlbHo posruicruru nepepis.
4. flepeniplrrr niquicrr 6anrt{ sa ocrIoBHolo yMoBo}o prirluocri AffI 3rHHy; yra-

saru cryniur He,qoBanTaxeHns a6o [epeBaHTaxenns 6anru (y nigcorrax).
5. .{aru perorteu4aqii rqoAo pauionanrnoro HoMepa npo$inin rrorepeqHoro

nepepisy.

Po3s'R3axHq 3aAaqi

1. CrnaAeuo pinaaunx pinnonaru ra Bu3HaqI4Mo ouoplri peanqii.
1

ZM n =o; l.M, - q.Z. l.z + p.Z - Ru. 4 - M =0ta2



^ q'2+ P'2-M 20'2+5A'2-15 
-31,25 xH;Ru =---T-=-- 4( r.z'l-r'2-M 

=o;LM n=o; ZM u= Re'4-q'zla- z )

- q'2'3+P'2+M 20'6+50'2+15=58,75 rcH;R^=-----T-=- 4

Ir=no - q'2-P+RB =0; EY=58'75 -2o'2-50+31'25=0'

2. Eyayeruo e[rcpl{ norepeqHl.Ix cun Q i3rHHarIbHI4x Morraenris M (puc' l0'2)'

R,: 58,75 rH q - 20 xH/wr P:50 rH Rr- 31,25 rcll

@,.*'

31,25

@,ou.'

fiinnutca I; A<x32.

Puc. lO'2

Q(")= Ro- qx;

0(0)= Re =58,75 xH;

M: 15 xH'rnt

46
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Q{2) = Re - Q' 2 = 58,75 - 20' 2= 18,75 rH;
2

u (*)= Ro*- ql;
M(o)=o;

M (2) = Y1 5. 2 - 20 . 2 = 71,5 xH'rvr.

,\bauxa2: A<x<2.

O(*) = Re - Q' 2 - P = 58,7 5 - 20' 2 * 50 =-31,25 xH;

M (x)= RA(z + x) - q -r( +, n *\- r* - *,
\z )

M (0) = Ro. 2 - q. 2. | - M = 5s,7 5. 2 - 20' 2 - 15 = 62,5 rH'rvr;

M {2) = Ro' 4 - q' 2' 3 - P' 2 * M = 58,75' 4 - 29' 6 - 50' 2 - 15 = 0'

3. O6qzcnuuo MoMeHTI{ onopy 3a.qanoro nepepi:y nignociro fioro rorosuax
qeHrpaJrbHnx ocefi iuepuii.

leouerpnvui xapaxrepl.IcrlrKu ABoraBpa Ns l8 [1]:

- Br4COTa:

- rtrr4pHHa;

- rrJrorlla:

ft = 180 rr,rrra; - MoMeurrr inepuii:
b =95 trxr; I ,1 

: J yz=r" =1290. 10a lrlr3,

F =2340 uvrz; Jyt=r.= l12=82,6'lOa runaa.

- ToBIqnHa cro.,IKa: d = 5,1 rr*l;
II{o6 enafira MoMeHrH onopy, BHKoHaeMo rari di.
3.1. 3Hafiaelro loJroxeHlrfl roJIoBH]Ix IIeHrpanEHI{x ocefi iHepuii nepepiry

(puc. 10.3).
llepepi: r',lae sicr cuuerpii I.. Orxe, BoHa roJroBHa IreHTpanbHa uicr inepuii.

.{pyra ronorHa sicr inepuii 6yle xo nei nepnengaxynflpHorc i npoxogrl:rlrue ve-

pe3 rlerrrp Barr{.

[{o6:xafi'rn rronoxeHn{ qeHrpa rarra nepepiey na oci /., nn6epeuo Aonoui-

xHy cucreMy KoopArrnar YtOz. Crarwquuil t',totrlenr nlouti nepepiry riSuocHo

Aonoruixnoi oci z o6.ruc,rloeMo 3a $oprr,rynoru

S. = )c4"p,

Ae 4+ - flnou{a Bcsoro nepepiry, }c - eiAcratlr eiA fioro ueHrpa earn 4o oci e.

3aiAcr.,

-.-S.Yr -_-,4.,



3,4pyroro6oxy,craruugufiuouerrrcKnaAHoronepepisyni4rrocuo6y4r-xxoi
o"i 6opi"roe cyui cTarHqHHx MoNlen'ris ftoro crnaAonux niguocuo qiei car'loi

oci. firx Hallroro uepepi:y MarI{MeMo

S, = Sl') + S(2) = yl')4 * y!') rr,

Ae /t),yt) - *in"ru"i qenrpie aaru ni4uoniAHo nep',,oro i 4pyroro ABoraBplB

si,4 AouoN,IiNHoi oci z:

(r) h 180
fi' =;=; =90 uru;

yt) = n + O,sd= 180 + 0'5' 5'l = 182'55 rur'r;

F, = F, =2340 unrz * ix nnouli nonepevnrx nepepisin'

V pesyurtari

S. =90 '2340+182'55 '234O=637 767 utla3 '

4'"0 = 4 * F' =)340 + 2340 = 4680 rurvr2'

Toai
s- 637 767

yc =? = 136,275 rurrr'

- trep

flo:Haqnuo ueHrp BarH nepepisy rorlKorc C i npoae4errlo qepe3 uei 4pyry

ronny uicr iruepulT Zc-

yc rr)

z2

I
d : 5,1 rnu

,C,
,1

il

C

C,

s$r 
1

z

@

It

Z

r].:
-ts-?a{

cO

1l

ror-c{

I
1

o
b: 5 urrt

Puc. 10.3

l.o

ll
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,f!

3.2.3laaitl1etro MoMeHTn iuepuii uepepi:y ri4nocHo roJroBHr4x rleHrpanr,Hrrx
tuccfi.

Bi4uocuo oci Yr:

rr=4))*lt).
Ty JN,J i $,1 - MoMeHrH iHepuii sirnoeiAHo neprroro i 4pyroro 4noraepia ni4-

HocHo roJroBHoi qeurpam,uoi oci uepepi:y Y..
Ypaxonyrcuu, ruo rleHrpiurxa nicr nepepisy Y. ogno.lacxo i qeurpanrHa sicu

Anfl KoxHoro s 4eoraspia, orpuMa€Mo

J r,. = Jt) + Jt) = J 
11 

* J yz= 826 000 + 12 900 000 = L372,6' 10a prlaa.

BiauocHo oci Zr:

t,": t! + tf) .

Tyr JY) i lfl - MoMerrru iuepuii eiAnosiAuo reprrroro i gpyroro sooranpin nis-

HocHo ronoBnoi qeurpaar,soi oci nepepisy zc. IJ{io6 ix o6.rucrurlr, norpi6uo
cKopr,rcrarHc.fi $oprr,ryaarr.ru AJr{ BusHaqefrH, MoMeHTir iuepqii eiguocuo napale-
ltul,tx ocefi:

Jy) = J,,+ "f4,
Ae J.r - MoMeHr iuepuii rrepruoro ABoraBpa rignocuo iioro qenTpanrHoi oci e1

(aun. puc. 10.3); ar - eiAcraur n,tix eiccrc {1 ra rleHrpanoHoro sicuo Bcuoro [epe-
pity Zs:

ar = yr -L:no,zl1 -9o=46,275 *rra.
2

To.qi

l f) = n ooo ooO + 46,2i7 52' 2 3 40 =1 79 1, 08' 104 l,rr,.ra.

Auaroriquo .qrrx Apyroro ?qBoraBpa:

Jl"'=J,r+a'rFr;
q2 = (h+ 0,5d ) - yc = (180 + 0,5 . 5,1) - l:,6,27 5 = 46,2't 5 ptxt;

to :gzoooo+ 46,2752 .2340=58J,68-r0a ur,aa.tz. -'
Cyuapnr.rfr MoMeHr iHeprlii nepepi:y niAuo*ro oci Z6:

J r, =1791,08 '10a + 583,68 'IAa =2374,76'10a narua.

3.3. 3nafiger\ao MoMeHrr.r onopy An, 3aAauoro nepepiry



*," = *: = h=*#g = Lsz,st' 103 ruu3 ;

rM =J', -Jz' -2374'76'lO4 =fi4,26'103 uu3.
" zc )nu lc 136,275

3.4. lIIo6 pauionanruo posnriornrr4 uepepi: riAuocno Airo'Iolo HaBalrra,KeHHtr'

nopinureuo MoMeHrIl onopy uiguocHo roJIoBHHx ocefi iuepuii' 
- ^: -:--.C,,ouurrirrissnepepisirraae6yulilep[eHAIIKy]I,{pHoIoAoocl'Bl.{HocHo,Kol

MoMeHr ouopy 6i.n*ur* (l,u' yruony naiquocri)' Ocrinrrlr B HaIIroMy BHnaAKy

w zc > Wy", ro .ror"p"grul npriirmu opienrauia uepepisy upaBl{Jrbua' ocxinrru

cHrloBa ninis s6iraerrcr I siccn Ic' i nepnelrgl{KynflpHa '4o yci Zc'

4. flepeniplrrr,lo uiusicrl 6affu :a ocHoBI{oIo yMoBoIo MluHocrl AJIf, 3rlrHy'

., = 
M'* <[o].wmx - *,

Hafi6inrulrft srllHanluufi MoMeHr, sriAHo 3 elrr'porc (4nn' puc' 10'2)'

M rou* = 77'5 xH ' t't'

,nonycrnue HanpyxeHHfl Als crali 50 guafiAeNao sa Soprrtyloto

lol =A - 
380 

- 253,3 MI-ta.L'nr1,5

Hafi6insrue Hanppl(eHHfl s ue6esueqHonay nepepisi:

o^^- = "'t''out' =444'74MrIa >[o]''mu 
174,26.ro,

-fr 6auauo, ynaoea rraiqnocri ue nuroxyerncr'

Baguaqurto cryuiur [epeBaHTa]KeHH.'I:

o,* - [o] . rco _ 444,14 - 253,3 
=75,6 %t.

[o] 2s3,3

5. 3ri.uno 3 po3paxyHKorr'1, 6a'nxy [epeBaHraxeuo' ll]o6 BoHa Moula BI'IrpI.rMarH

3apale HaBauraxeHrlx, nor:pi6no ni5i6paru ABoraBpIr s 6irrrruun{ HoMepoM [po-

Sinro sriguo i: coPrarrleHrorra'

3agaqa 1 1

PoapaxynoK Ha uiqnicru KoHconbHnx paM

.(aa saganoi cranesoi paruu (pac. 11.1) no6ynyBaru eurcpu noegonxuix cun i
']r'rrHzurbnr{x MoMeH:ris. Ili4i6parra nepepis nna:auoi Soprr.rur 3 po3paxyHxy Ha 3r}IH.

Ytx'tw nr:1,5, a = 2 u. CxnaAeuufi nepepis flpau]oe sx oAxe ui,Ie.

flaruo: q=20 xH/u;
c'ra.nr 30 L
tDoprrla nepepi:y:

n=l; P =40 rH; k=0,5; M:4O rH'rr,r; rvtatepian -

ha

a q

na

2a

P

Pnc.11.1

llnan pose'fisyBaHHe sagavi

3anacarn Bupa3r. N(r) arx xoxuoi giaanxu paMlr ra uo6yAyaarra enrcpy

nosgorxuix cun /y'.

3anucarn BHpa3H M (x) xnx xoxnoi Air.auru paMH ra no6yAynaru enrcpy

3rurHarrlrrr{x uolrendn M.
Bnxopacrouyloqr{ ocHoBHy yMoBy tuirrxocti rn.fl 3rHHy, B[I3HaqHrH notpi6-
ny Ben}tsuHy MoMeHTy onopy.
Iliti6pars nonepe.runfi uepepir yxa:auoi @opura.

1.

",

3.

4.

g}: *

5l



Po3a'ggaHHn saAa'{i

1. flnr no61goBr4 enropr4 uosAoexHix cur N BlaAialtuo ua paui ruicrl Ainffror,

na roNnifr 3 ,KHx por.r"*r"ro nepepis Ha Ae.Exifi siAcraui x nil ii laeNi s 6ory ne-

3arrreMJIeHI{x xinqin pauu (puc. lI.2).

Puc' 71.2

fllo6 nra}ravHrn [o3AoB)KHro cr{Jry n nepepirax, o6'I[cIIOeMo cyuy npoerqifi

cnJr, npuKJraAeHrrx Ao rracTuHH paMr.r, ulo Jrexr,rrb 3 OAHOTO 6OKy eig uepepily i He

Iricram ollopH, ua nicr arpl{x}rf,. flpu"rolry, cruu, lri cnpuqnHslorb po3T'ryBaH-

n.a (nanpxvnlui ri.q nepepiry), 6epeitao si guarou <<,JIIoc>>, a ctiittt' xxi cnpuuunx-

roro 
"rrirnuruu 

(Hanpxuneui go nepepisy), - si 3HaKoM <<ruinyc>>'

3aunueuo BIrpasI{ N(x) mx toxHoi ginanrn paun'

,[itnuxa I: 0!x<2'
N, (r)=0.

,[inaurca 2; A< x<2-

Nr(x)=9.

,[tuauxa 3: O< xSZ-

N., (x)=9.

,[itaurca 4: O< x<2-

Nr(r)= q'2=2O'2=40 xH.

,\ianuxuS,6: 0S-t(1'

ryr(.)=Nu(r)=P=40 xH'

M:40 tcH'trt

q - 2A xl{/w

52

L *
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fiyayerrro eflrcpy uogAouxuix cur. OpAr,urau4 eflropr aigxnagaenro [eprreHAv-
kyrrnpno Ao 6a:oeNx ninifi enrcpn, ypaxoByroqH, ulo AoAarHi opArauarn eiflr<rra-

/tarorn is gonuiursroro 6ory, a siA'e\aHi - is nuy:rpiurnroro (puc. 11.3).
2. iltrs no6yaona eflrcprr su,rHir.]rbHr4x rrroMenT ie 3a[ulueMo BIrpa3I{ M (x) xr,r.

xoxsoi eugineHoi paHiure Ai.irrnxr.r paMlr, ypaxoByrcqH, trto :rr.rHarsHnil MoMeHr y
6ygr-axoruy nepepisi parvrr aopisuroe cyui ruoueHtin sonuiurHix cn.ry siAuocuo
po3ffrffr)"roro fiepepry, y3rrr.rx ro oAr4H 6in eig flepeprcy. Ccuagarovu B]Ipa3H U (*),
AoAaruuft HaflptrM Aru lrolrenrie 6epeuo 4oeimno, Ha[pI,IKna,u [porl.{ ro.q[HHLI-
rcoroi crpinrn.

3anaueuo r;wpa3v M (x) lrrx xoxuoi Ai;rsuxpt parar.t i o6qlrcnzuo 3Haqenlul

rr,rorraeHris y r<pafiwix nepepisax rin-gHor<:

,{ianurca l: O< x<2.
M (x)= Pa;

u {o)=o;
M (2) = P . 2 = 40. 2 = 80 xH'rra.

flilmurca 2: O< x<2.

M (x)=-rt,
M (o)=s;

.12

M (2)=-q+=-2O.2= -40 rcH'rur.
2

,{funurca j: O< x<2.
M (x)=-q.2(t+ x);

M (o):-q.2=-20.2=-4o;
M (2) = *q . 2(r + 2) = -20' 6 = -120 rH'r'r.

O< x<2.
M (x)= P(2+ x)- q'2'3;

M (0) = P' 2 - q. 2 -3 = 40. 2 - 2A. 6 = -40 xH'nr;

M (2) = P. 4 - q -2.3 = 40. 4 - 20. 6 =40 nH.^a.

0< x< l.
M(x)=P'4-q'2(3+x);

M (O) = P. 4 - q. 2.3 = 40. 4 - 2A. 6=40 rH.rrr;

l,t (z) = P ' 4 - q '2 ' 4 = 40 ' 4 -20 ' 8 = 0 xH'u.

,{i,tnuxa 4:

,[ianuxa 5:



,Sinnruxa6" 0<x<1,
M {r)= P'4- q'z(t+ *)- M;

M(0) = P' 4 - Q'2' 4 - M = 4A' 4 -20'8 -40=40 rH'u;

M (2) = P' 4 - q' 2' 5 - 4O = 4A' 4 - 20'10 - 40 = -80 rH'u'

Eyayerrlo emopy 3ruHilrblrr.rx ruoN,renris. opanuam riAlcnaAaeuo e 6ir crHcHe'

HI,IX BOJIOIOH.

Puc. 11.3

3. BraxopncroByroqH. ocEOBny yrvloBy ntirflroc, i,qnn SIrI{Hy, Bl'r3Haquuo uorpiGne

3HaqeHH-{ MoMeHry ouopy-

Ocnoena yuora uiqnocri:

o,^. =-@<1oi.. --Iffi 
w,

3uaftAeuo 3HaqeHHfi AoIIycTt{MOrO HanpyxeHH.,I A.nx cT ani 301, sxrqo rpaHl'Iu'fl

reryqocri rraarepialyo, = 320 MIIa.

I.rl =A =ry=213 MIIa.Lrnal'5

w".yry =129; 106 : 563,38' 103 rofi'r3

["] 2r3

4. Ilia6eper*,ro nouepeuuufi uepepir yra:aHoi $oprrrl'r'

Mouenr oropy qboro uepePieY

'lyr 7(1) = t:4 -MoMerrr iuepqii oAHoro ruBenepa.

roai w. _t!t) +t!'z) _?Jl') =zw,).

Moueur onopy oAnoro luBenepa

g{r) =g(z)=% =563,3j3'103 =2g1,69.1d naru3 =2gl,69ct*3.22
3a ta6nnuxult coptarreuria nu6upaeuo ItrBeJrep Ns 27, ,{[s srorc W. = 308 cvr3

Wr= 
J'

Jmax

iloJ"=rlt)*.rl'l

54 55
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3agaqa 12
PorpaxyxoK Ha naiqxicru uapHipHo oneprnx pau

,{rx ra4anoi cranenoi parlru (puc. l2.l) no6ylyBarg ellrcpu nosAouxHix cur i
3rr{HaJrbHtzx MOMeIITIB. flepenipnru pary Ha uiUsic'rr npu sruni. Cxlageuufi ne-

pepir npauroe *x o4ue uile.

fiataoa=2w;q=20xWwr;
k : 0,5; uatepian - crans 20.

n,=1,5; P=30 xH; n=0,25; M =30 xH'tu;

Oopua nepepiey: - IIIra6a 20 x 180 uu

lJlrerep J$ 22

Pnc. l2.l

flnax Pose'f,3YBaHH, 3agaqi

1. Cxnactu pirnanHa piBHoBarn paMII Ta Bu3salII{TI'I pearqii onop'

2. 3aullcars BHpirsrl If (x) au Kox<Hoi 4i.rrxHxra paMH ra no6y4ynaru errcpy

uo3AOBxIriX CHn N.
3. 3anucaru BHpa3H M (x) ,o:rxKoxHoi AilsHxu paMn ra no6y4ynarr,r emopy

3ruHaJlbHrrx MoMeHTiB M.
4. BHsHa.urIa MOMeHTLI olopy [epepi:y riguoCno ronoBHux IIeHTpiuIrHI'Ix

ocefi ra pauioHaJlbHo ftoro posr|licrntn'
5. fleperipurn uiquicu y He6e3ne.rHoMy flepepbi sa ocHoeHolo yMoBoIo

priuuocii ,{JIf 3rLIHy; yl(a3arrI cryniHb He.[oBaHraxeHH.s a6o flepeBaHra-

xeHHr panan (y niAcorxax).
6. flaru penorr.reu4aqii uloAo paUioHarrbHoro HoMepa ryo$ifl]o 11orepeqHorg

uepepiry.

56

I h

57

Poag'n3aHHf, ga,qaqi

l. Crnagerrro pirurnux piBHoBarH paMlr ra BI{3HavHMo peaxqii ouop (pzc. 12.2).

Zx=Hr-P=a; Hr=P=3orH;

Zu o = u - P(z -o,s) - ftB . 4 + q. z(t+ z) :o;

D _M -P.1,5+q-6 =19_-l!_!!13!_! =26,25 rcH;

RA

ZM, = u - P(2-0,5)+ftu' 4 - q'Z'r=a;

_-M + P .1,5 + q.2 _ -30 + 30.1,5 + 20.2 :13,75 rH;
44

fr=Ro*Rr-q'2=o.
2u

:
lr] q :20 xH/*t

,R

B

* *

1iu tn
-tal
NI

I /a\
ril\e
(?)l

,*, @*1,

P:30 xH
--t
Hl rlk+

xt

Yfg|-5
M: l'10 xH.rrr

2w

/;\
io/ I

m,

2ru

Pwc. 12.2

2. Ilo6ygyeNao europy nosgoexnix cr.rn.

ll{o6 no6lgyaar}r enropy no:louxnix cux N, guAirfler'4o Ha paui uric'ro 4ilnuox,
rra KoNuifi 3 qxrzx po3rnrHeMo nepepis na Aexxifi ri.qcrani x nig iT uexi, xpaule s
6oxy riei tracrrzuu paMH, sKy 6yzeuo po3rnf,.(aru ni.(.rac o6qucnenr N(x), a no-

t'tv i M(x). fospaxyHox ros,{oBxuroi cunn n nepepisax i no6ygony errcpn

N (x) uporoar4Mo raK, xx i grx xonconrnoi parraa (4ur. [orIcHeHH-,I qo :a4aui 11).

3anuueuo Brrpa3r, N(x) a,r.a xoxuoi AirquKrl paMu ra no6yaycuo entopy no-

r/toerrHix cr.r.n N.

.\inauxa 1:0<x<1.
N(r)= -He=-30 xH.

BA

A



fiiwum2:0<x<l-
N(r)= -H e= *30 xH'

,[innnxaS: 0Sx<1,5.

N(x) = -Ro - R, = -13,75 - 26,25= -40 xH'

,[inauxa 4: O< x30,5'

lf (r)= -R, - R, = -13,75 '26,25 = -40 rH'

,[i,nanxa 5: 01x<2,
N(x)= 6'

f,inxuxa6: A<x<2.
N(r)=s'

Eynyerrao ennpy rosAosxtlix cun N (pnc. 12.3).

3. BllgHaqenufl 3rrIHnJIEItI{x N,ronaentis y nepepisax partan i no6yAoey eruopl4

M (x) npono,U,r{Mo raK, flK ,.nfi KoHcoJrbgoi par'rn (gan. uofc'eH,s Ao sa,qa.Ii 1l).

3auurueuo Bupailu M (x) W* roxnoi 4inxnrn paMH ra [o6yAyeMo en]opy

SrLIHaIbHrIx uorrlenrin M.

,[iaaurca l:0<.t<1.
M (x)= Rox;

M(o)=o;

M (I) =Ro' I = 13,75 xH'r',.

,[ianuxa 2: 0< x <1.

M (x)= Ro(r+ x)+ M;

M (a)-*RA'1 + M =13,75' I +30 =43,75 rH'u;

M (t) : RA' 2 + M =13,'75' 2 + 30 = 57,5 xH't,t'

,[ianuxa3: 0<x<1,5'
M {x) = Ro' 2 - H ox - Ru' 2+ M ;

M (0) = Ro' 2 - RB' 2 + M = 13,7 5' 2 - 26'25' 2 + 3A = 5 xH' u ;

M (L5) = RA'2- H A'l'5 - Ru'2* M =

=L3,7 5' 2 - 30'1,5 - 26,25' 2 + 30 =-40 ttH' tr't'

,\innuxa 4: 0<x<0,5.
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*

M (x)=Ro'2-HA(1,5+*) -R,'2+ M * P' x:

M (0) = Ro' 2 - RB' 2 + IV' H o'l'5 =

=13,75. 2 - 26,25' 2 + 30- 30' 1,5 = -40 t<H' rrt ;

M (a,5) = Ra''2 - H n' 2 - Ru' 2 + M + P' 0'5 =

=13,75 .2 -30.2 - 26,25 '2 + 30 + 30 ' 0,5 = -40 xFI ' rra-

,[innurca 5: O< x<2. 
z

M tx) = RA(Z + x) - H e - 2 - RB(z - x) + M + P' 0'5 - ott
M (o)= Ro'2* RB'2+ M - H o'2+ P'0,5 =

=13,75'2*26,25'2 +30 *30'2+ 30' 0,5 =-40 rH'rra ;

M (z)- Po' 4 - H r'2 - Ru'o* M + P'0,5 - q'2=

= 13,75, 4 - 30. 2 + 30 + 30. 0,5 - 20' 2= 0 r<H' n.

,{ianuxa 6: O< x<2.
M (x)=nu*,

M(o)=s;

M (2) = RB' 2 = 26,25' 2 = 52,5 xll'*t.

4. 6yayer,r o err ropy 3r]IH iulbHt{x N.roNa e Hri e.

(r.r). *u*,

Pnc. 12.-l

5. BraaHaqr-ruo MoMeHTH onopy nepepiry eiAHocuo roJloBHI4x ueHTpaJIbHHx

ocefi ra paqionarluo fioro postr,ricrwvo (puc. 12.4)

leouerpu,rtti xapaKrepllcrl{Ku InBeaepa Ng 22 [1]:
h=22 cu=220w't;
b =8,2 cr'a = 82 uu;

Fz = Fz =26,7 ct/f =2670 
"rwf 

;



-t:

za=2,21 cM=22,Lll.Mi

e = b - za = 82 * 22,1 -59,9 utr't.

[r,r.wra6u
t = 2O ut*t;l = 180 r'av; 4 = tl = 2O'180= 3 600 uru2'

Y"

/ : 180 un,r

-b -t

Puc. 12.4

3uafi Aer"ro [oJloxeHlr.r roJIoBHIrx qeHrpaJIbHI{x ocefi uepepisy'

I{eii nepepia Mae Bicb crEruerpii Y", ,frca i xsrse co6orc rorloBHy IleHrpanbHy

nicr. lpyra roJroBHa vicr Z, 61ge npoxo4I'trl4 qepe3 ueHrp BarH repepi3y C nep-

ileH.uuKynqpHo 4o f..
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z
O
C.I

il

c.t
N
il

t'-_

t'-
tl

z
F-

II

E

@

il

s

I{oopAnHary IIeHrpa naru nepepisy y. y npouiNsiit cr.rcrerai KoopArlHar

r r m iir4euo sa $opuynoro
Frlcr * F)cz* Ftlct

tc =--{*{r; ,

,t\a !cr,!cz, )6. - KoopIHHarI4 UeHrpie eara niAnoriAno $iryp 1,2 i j:

t20h220v^ =!- =:: = l0 urrr: v- = y- -l l0 uu.rrt .l /, "t2 .rr 2 2LL

3 600. 10 - 2 670. |A -2670. I l0 = -or, / N{l\f'
3600+2670+2670

Molten'ut iuepuii Arf, luB€repa Ne 22:

tll' = lf' =2120 cl,ua =2120'1oa uua;

t::' = Jf" = 151 ctra = 151 'loa r'aua'

Mouen'ru inepuii yttx utra6ul.

t!j,|.,, = *= iP = e72'loa r"r^ra ;

,:, =t:l =ro',:ro =L2.tla vrvra.772t2
Mouenrn iuepuii An.n Bcboro uepepisy:

tr,=Jf)+tlD +tfl;
tl]) = tii' =972.104 r'ar'aa;

t f' = t f' = J f] + r' Fr =151' 104 + 59,92' 2 67o =1 109' 104 urnra ;

t ," = Jl! + tf) + Jfj;

t!,'=tllt+"?4'

"r:*-y. =110 -6r,7 =48,3 urvr;

J!") =tz.10a + 48,32 '3 600 = 852 '104 rrarraa

tt'=t11,'=tl'\ +otF,,

az= !c *L=Ur,', +10=71,7 nrrra;

Y6Oz

Togi y. =

61



IY' =,t' =2L2o't04 +71,72 '2670=3493'10' r'auo;

1,, =(852+3493+34%)'l}a =7 838'l0a r'rrraa"

Bl{:H a.r HN4o MSMSHTH onopy .I(n rt Bcboro lepepiry:

*' =* = ;:=ffi# = 4e5'ror *au3;
/ru 

,* 
ot

* _ l r" _3\ga.L04 _ 3199. 104 
= 354.i03 rrar,,r3.lf , -'' zr* 0,5/ 90

Ocrinlxlr Wr>Wj, npO$inr opienryeuo tax, rlo6 srnHaIrHI'Ift *lolren'r ,qi.gB

siAHocuo oci Z,ro6ra IrJIoIqIrHa fioro Aii rpoxoAana ueper ricr Y'

6. llepeeipxrr,ro ntiUnicru y ue6erneuuovry nepepiri 3a ocuoBHolo yvoeoro rnliU-

nocri gna:ruuy.
OcHoeHa yruona viuuocri 4,rr :runY:

M_.o,* =:1bslol.

.fir< eu4uo 3 eflropa 3ru{HarIbHLIx uonaeutin, M* = 57,5 rH'u'
.{.rra crani 20 rpaHraqr rexyvocri o, = 250 MIIa' .{onycrl{Me HaripyxeHHfl:

Iol=5-2so-166,? MIIa.rjnrl'5

Haii6inrrue Ha[pyxeHH.s n He6egne'rHorvry nepepi ri :

"*, =t,1': 19: =r16,16 Mna<[o].-m 495.10'
Blr:Ha.rH1ro cryr1iut He,UoBaHTaxeHHa paMLIl

[o]_ g,* . ro, -
lol

166,7 -tl6,l6 .lAOVo =30,37a.
t66,7

7. Cryuinr He.{oBaHraxeHHfl cTpr{x(H-s cTaHoBr{Tb 30,3 Vo. OrNe, e cenc cnpo6yra-

Tr,r 3r\{eH[II{TH HoMep uBexepa, aJIe JIIIIIe sKltlo ]'N{OBa MiUnOCri BLIIOHyBaTI'IMeTbcr.

6?
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3agar{a 13
PorpaxynoK AonycruMoro HaBaH.TaxeHHn 6anru

Ha npyxH[4 onopr

lrcrraapora 6anra ean4oaxru 3 u crrupaerEc, ua ruapnipny HepyxoMy onopy i
cnc'r'eMy 3 ABox rBr.rHroBr{x qr,raiHgpr-r.rnax rpyxr.rH (prc" 13.l). Bwzna,turu
/()nycrrrMe 3HaqeHHs cutru P, uo He cnpuqnHre B 6a-nqi i npyxr'rHax HanpyxeHb.
rrrci 6 uepenuqyBanu gonycrnui [o] = 160MfIa (gn.s uarepiany 6arir<r-r) i [t] =
200 MIIa (gnx rvrarepia.rry npyxun). O6.{ncru'ru 4eftopuarliro rpyxtrlu. flpyxnua
rlHroroB:Ieno 3 Ipory gianaerpona d = 20 wv..

!auo: 4oor:aap Ng 16; cepegui giauerpr.r npyxnH 4 = 100 utvt; Dz = 200 utnl;

rcinsxicrs er:rrig rpyxr,rH: \ = 15; nz = lO.

Pnc.13.1

llnax pose'f,3yBaHHr sagavi

l. BusHaqu:rupeaxqii o[op, rqo giorr na 6anxy, ino6ytynaru enrcpy 3rH-
HiurrHr,tx ruoNrenris.

2. BnropucroByroqfl ocHoBHy yMoBy rvriunocri 6arxs Anx 3rr{Hy, o6.rr4crr.{r[
AonycrrrMe 3HatIeHHr{ cwxtt P.

3. Bprruaqu'rv HatsaHraxeuHr, rqo 4ie ua xoxlly flpyxlruy.
4. O6qucrurn gouycruui 3HaqeHH{ ctrlrl. P i: pospaxyHxy ua rraiqnicrs Kox-

noi npyxurur.
5. Is tprox AorrycrrrMr{x 3HaqeHb cu:l'tt P nu6paru re, ulo sa4onoarnre eci

TpH yMoBH vriquocri.
6. O6qucnuru .qeQopN{aqirc rpyx?rHpr.

Pogg'ssanxn saAaqi

1. BEsHaqr.Mo peaxuii, u1o Bl4Hr,rKarou y ruapnipHifr onopi A i npyxuunifi
onopi B (puc. 13.2). flra uroro cmnaAeMo pieunHnr cyMr{ MoMeHrin ni4aocHo ro-
,ror A i .B ra npupinnse&{o ix Ao Hynf,:

LM o = RB '1'5 - P'3= 0' ssiAcn RB = 2P;

ZM u =Rr'1,5 - P'1,5 :0, srircu Re = P'



t,5P

Puc. 13.2

Earna r.tae ABi AirsHKIi. .fxu{o Als BHAirIeHoro nepepi3y repruoi AinflHKH Bpa-

xoByBaru cLtroni $arropn niaopyu, a..4na 4pyl'oi 4ilauru - [paBopyq' ro BHpa3]4

An.rr 3rr4HaJIbHOrO MOMeHTy lra,qBox AIJITIHKaX MarI',IMyTb BuruXili

0 <.rr < 1,5 vr;

M (x)=-P*'

3a gHa,{eHHgN{ u M(O} = O; M (L5) = -1,5P 6yAyeruo emopy 3r}IHaJIbHI'Ix MoMe-

H:riB. flx BIr.qHo 3 errcpz (gIae. puc. t3'2), M * =1,5P.

2. BrlropncroByloqr.r ocHoBHy yvrony uiunoc'ri Ar.s 3rllHy, 3HaxoauMo:

M-"" l,5DO .= t*=:::'-<[O];"ftuww

Iolwo=,;.
,{nr guoranpa }lb 16 W = LA9'10* r'r'.

lonycrnnre 3HaqeHH, cunu, 3yMoBnese rrriuHicrro 6alxn,

tpl = 
[o]w- - 1 60' lq:' 109' 10-6 

= I i 600 H = I 1,6 rcrr.L ro 1,5 I,5

3. Bi,r:Ha.rulao HaBaHTaxeHHa, Iqo gitott Ha Koxny [pyxuny'
-fix nn4no s pwc. 13.2, cHcreMa rpyxrlH oAr4H pil3 crarlluHo HeBI43Ha9Ha, ocxinr-

KH An.,r mait6w, y ,Ky Bnllparorbct [pyxLIHH, MoxHa cK]IacrH tilrxt't ogue pir-
u-ai*rx pienoearlr

(13. l)

64

ly =-po, + Pr+ Pr=O,

r.

,rKe MrcrrrrE ABa HeBtAoMHx * 3ycuJrn.fi, rrlo crBoplorcTr, fipyxur{r4 4 ] Pr. Aoaar-
rooe pinuauux orpr{Ma€Mo, po3flrtrHyBrur{ yMoBy cynaiurocri ge$opMaqifr rpyxr.rH

u3.2)

(r3.3)

(13.4)

(13.5)

Lt=Lz,
Ae

, _64PrRln,. ^ _64PrRln,
^, --Gio nr' 

G/ '

IliAcrasrsroqu (13.3) s (13.2), Aicraneuo

o, =Fu"r=g+=5,33; pr =5,33p2.Pz Rir1 5' .t5

lli4ctaerxrouu (13,4) u (13. 1), sraft4euo:

Pz=0,316P; 4 =1,68P.

4. Od'racrutao 4onycruui 3HaqeHH{ cwu P 3 po3paxyurry Ha uiqnic'rr npyx(Hm.

flax qroro 3anr4ureMo JrMoBr{ ruiuuocr-i Ins [pyJKrrH:

.=l!_l&=1"1.
ltd-

:rigr<n, 3 ypaxyBaHH{r'r ( 1 3.5), 3naxoArrMo

nd3lrl _-3,14.(o,oz;' . 2oo. to6lPl__,=_ - _ =37t0H=3,7r,rH;L '!npl 16.1,68& 16.t,68.0,05

"[r] *3,r4.(o,oz)3.200.106 ^ ^.lpl ^= 
no' 

=#=9950H=9.95xH.L JDpr 16.0,316R2 16.0,316.0,1

5. Is rprox Aorrycrr.rMax 3uaqeHb c*uw P nra6lrpaertro uafiuenure [fr.l = l, Zt xU.
6. O6.rncrroelro .qe$opuarliro upyNuu, .flKxro 3HaqeHH.fl curu P =3,71x}{:

1 1 6aP,Rln 64.1,68 .31rc.(0.05)3.15
A', : /r2 = 

-:p- 
= 8.tor*p*,,/ = u'u)e u'
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