


2. pEK$&ggFt&AEqEii Xs$ rSp{BE{EFsFffiCI XF$Cr{p{fulrr{rd

Bnac.uigor BuBareHrrs cryAeHT rtoBrlnerr 3I{arI{:

- rrpa3HarreHr{rr, 6yIony i ylroea po6orra uera.iryprifrnoro ycrarxyaaulrx;
- nosrarrresi rxocri fi negodru ycrarKynauus;

- ocnoelr naexauirg nrexasigNlis ra MaIuuH;

- nepcneKTr{Bn i nanpxa,rrur yAosr{oHaner{Hrr ocHoBHoro ueranryprifinoro
vcTaTKyBarrsf,;

- ocnosui Merolpr i saco6u, sKi sanodirarc$ sadpygnenruo
ErlBroJrrilrrrrbofo cepe.qoBnrrla ai,q giT MEra[yprifirirnr nigrryaeuoro;

- TexHiKo-eKoHoMisHi norasflHxl{ ycr{trKyBarrr{E;

- ocnonui llonox(eHrl{ pecypcos6epexeHHf; sepe3 rexEofloriqssfi npoqec i
Br{roroBJrerrur ueralypriftnro( MarrruH i arperaria;

- ywiru:

- sinrso sapr{cogyBarrr npwrquironi ra rine}rarr.rqrri cxeus ycrarKygaHHfl,
noscHroB{r"Ir fioro oygony ra npmil$fiI gii nacxoaruoraru rprrnrui
3ayBEucerrH{ npo BsKorraHl{fi i xol,monoery si4uosi,qarbHux rysnin i
rnrexanis.*ain;

- rpa^MorHo, y rcxuiwouy ri4romeuni, anali:yraru i o6'ertnBso
oqiruoeanr rcxni.,rri i ercnnyamqifui xxocri uopirruoaaulrx rpasrcin
ycrarrcyBarrfir 3ax€urbrroro i qi.nronoro rrprrcHaqeur{s;

- oqiroorarN pexuMlr i yrr,ronn podou ocr{oBgoro nreranypriinoro
ycTaTKlBarilu;

- obrpytrtonaHo ,(agarl{ nof,cgel{rur qoAo BHKopEcrErr{rD( B Marrrr{Hax
Tr{nax qpr{Bo,qir i uepegat;

- oqiffiosafl{ uerarryprifi'ai arperam 3 nour{A/ ix nrrrray na:a6py4rerurr
HaBKoJrHrrrHtsoro cepe,qoBr{qa, rpar\,{olrHo oSrpyxroayrata neo6xigni
flplrpo.qooxoporui raxogn;

- AaBarrr oqixry ycTar(yrarrua 3 rrorJrr,qy pecypcoe6epexeuue.
3arropyxolo ycnirunoro ocBoe'rnr rr,rarepialy € 3'arrn cryAeHTaME auicry

.qef,KrD( saoernetryTo{ID( gucurunin. Hacanauepe4 qe raxi gucryrriax: r{E}EcHa
reouerpix ra iuxexepua rpa6ira;onip uarepianil; reopix LrexaHisMin ra
MarrrHH;T€oper$rsa rvrexanixa; nsaeuosanriuxictt, rexxisHi nmaipu ra
crair4aprasaqi.x; ruarepiatosnascrao; Acrari MarrrEH; ri4parnixa;
rigponneruoqprcoA Meranyprifiruur Marrrr{E i arperads; rffiowo-rpaucnoprni
MarrrrdHn; ocHoBr4 HayKoBr{x 4ocni4xe$ i rcxuixa eKcrrepr.rMeHTy;
KoHoTpyroBar{rrfl i aBro}{arEgonaHe npoeKryBaHHf MerarrypriftrrrD{ uamrs i
arperaris; eroxouixa nr4po6nsqma ra iruri.

flociosr.rr no6y4onano Ha roMy upr.rrqr.rni, qo cryAeHT, ca*rocriftro
BEB'rgtow .ryrcqaruiuy, noBEr{eE npar[oBarH gaA :rexni.Iroro nireparyporc,
rcoporrulfi uepenix ar<oi nprse4euo xIIxse,OcEoBHe rrpr3r{aqenns nociolxrKa
rroJrf,rse B ToMy, qo6 4au.r sry.4elrry uoxtrngicrr 3pEMo no6aqnrra i oqim.rru
necn oScsr urarepialry, xrrfi nignflrae BrrBqer{Ero. B noci6runcy uogarud
onrsrrax*rxd o6exr rpa$o=aradnrvxoro r,tarepiany, xtrrfi reo6xi4ro
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3" SArA.JseFs S}&SMSCTS {3p& MEXAHtrSIHE

Mexanisne ycrarr{frarrHr ueurrypriftux sano4ie BeJrbMr{ pirHouanirne xx
3a [plr3xarrer{rrflvr, tax i 3a 6yAoaoro. IIa uilglpueucrsax raJrygi eKclrryaryrorbct
6iirc 800 gu,qis ocHosuorro rexuoJrori.nroro ycrafi{yBafiHs 3 .4eKirbKoua
AecsrxaMu u,rcs.I niAsg qis.

Cylacuonry uerarryprifi'norray aupo6r*r4rry sltacrnBi eenrlxi
BanTa;ronoroxr, EerrepepBxicrr poGorra 6ararrox arperarir, sncoxsft cryniur
*glE6sbarliT i amolaarnsaqiT, rxxxi yMoBn poboru ycrarKyBaHHf,, noeAnani s

BHCOKTTME TeMrrepaTypaMl{, arpecl{BlrlaMu cepeAoBErII€rMIl, Ernr{nxocrvlrs i
rlqrrar'{ivHu}{u r{aBaHTDKeFrrnau. I{i yrraonN poSonu BH3HaqarorE ni,{nsqeni
BEMoTH Ao MeranyprifiHoro ycrarKyBarrHr, ocHoBHr{Mr{ cepe.q rKrD( e rarci:
nagifirra i 6*anapifina po6ora; BrrcoKa qponyrrnrnicrb; AotsFoBiqsicm i
peMoHTorrprrAanricrr; nroxclrmicrr 3pyqHolo o6cnyroeyaarurx i aeronaarn:aqii.

Bce ycrarryaaHrrfi, B sarrexmocri ri4 npu:HaveHnr, [poerflyBa:rns i
BlrroroBrrexlrr, noginxerrca Ha .ryi ocnoeHi rpy[]r: c"anAaprrre i
rrecraHlapra3oBaue. C:rangaprnsaqi-x e 3aKoHoM rrpoeruyBarHr ra
BaroroBJrenrrs yorarKyBarllif; i Aossorre sAifienfiflr ercosouiro rpo*ra,4csxoi
[paqi, Aocrrru BrrcoKFD( rexniqurx ra ercruryaraqifi'Hffi sxocrefi MaIrMH.
Cran4aprne ycrarkyearilur B}ITOTOBJI.''CTbCfl CIIEUTUUIT3OBAHHMH

rvramunooy4inEl{Ml{ 3aBoAanl}r, a E€craH,qaprlle, rK rIpaBEJro, - rraera;rypriinnr*rs
ni4nprnel,rcrearran.

Posnignarorb rpr{ ocnoBr{i nepio4n (craxii} icrysauua ycrarK;rr{rurrJr
(uamm): flpoeKTyBam{f,, Br.rroroBJrennx i excrurya:raqiro. Koxnrafi is nepiogia
icrorno BrrJr[Bae Ha npau$Aaruicm ycraxyaafiHr. Ilo3l.rrusni i semfl.rBHi
sracrrBocti ycrarKyBirHrr{, xri saxla,4euo r neprui pa nepiop, o6on'a3xoBo
BrlurBJutrotb ce6e e rperbouy neploAr.

Ilpu npoerryaamii BaIKJMBo trparrilrbrro auSparr npzHr1r.rnoBy i
rineuarrvny cxeMn rrraruuml 3 TrirM, qo6 6yna ea6egueqena ii npaq*gamicrr s
irdnirteanrsmr rrrircJroM ii lanor. ,{rx rvraunauu uae 6yrur 3a6e3[eseua xeo6xi4lra
ua4iftricrn i gonrosisflicrE rrpr{'fi rrrigirraaruuiE ruaci i ra6apurnrar posnripax .

Baxrr.reo [paBI{JI6Iro oqinnru HaBarrra)Keunf, Aeranefi, rn6paru uarepian arx ik
Bl{roroBileurrx i npufumtu Mero.qa ik pospaxyr4y 3 BpaxyBar{nnvr scix
BmrEBoBEx Sarropir, x<i airors rK Ha rrepeoSraxexnx, rar i na tvrexanisHi
sracrssooTi r'aarepiarry gerarefi (uacmm6, xomlerrpaqia rra4p)rr, xoposifini
3aco6il, sncoxi qa nqgrKi TeMneparypfi, snaiqnenux i r. ixru.). Mamrs4 qo
upoeKTyerbcrrrroBalra MaxcrrMaJrbiro gilnoniAaru excunyaraqifisrM sn{oraM i
6pu uafidimirr eKouoMnoro rpll raroroaleHni.

flpu rurarosreHHi Xeraueft ycrar(yBarrH.r{ 3Beprarorb ysary ua mxi
IIflTETHH{:

1) cxocid Bllroro&tieH]rfl - oSpodra pi:aurunrr, 3BaproBarilrr, trrraMnyBaHrur,
KyBaEHr, JMTTf; Ta ixmi. Bia cuoeoSy Br{roroBJreHurr geranefi ganexrrr ix
micrr, Macq BHTparn MgraJ{y i r. irm.;
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2)vuzsMiIdlilorcqoio6po6m,-tepuivna'xiuiro-rcpui'*ra'replvto-lvlexaHlqHa'
lroBepxxeBe *uat*#" 4e@oprvryealuu m ismi' 3acrocynauxr s]uiqmorcsoi

o6po6rra ,4o3BoJIre 3MeHrn'ITI'I Macy MttErnHI{ i nixsnqurr'I 'qorroniqnictr

,{emleft; , ,-, ^-
3) sxic$ BurgroBreHsf - ,u'oMar'lrrlcr [KoMora ninmoi xrocri' ar-Ie eKonoMlqrro
-' 

"iti*"i. 
i"".ic'e BlrroroBJremu Aemnefi e npnqlilroro anaqtfr"

Yuonq ercrrryamqii ycrarKyBaHHJ{' xnaJri$ixaqit o6crryroe;nouoro

fleocoHaJly'AoIepxcyBaI{H'rexrriwrrnryMoB]t,Io)IryT6icrofiIoBIIJMBaTIIHa
opuq""xuiui"rb, HaAirlHicrb i Aosrosicnicrb ycrarl(yBtllrgt'
""--;;;a;;fi i o6crryroryrovn* repcollarl uae ra6esreuyrarur 

'uaAifisufi
Aoriltq 3a ycrarKyB*""t eignosi'4no Ao rIpaBr{JI

Peuont ycrarKyBaHHf, ss[safuo BlrKorryrcr6 :a rpa$ino*r cl{Jra{rr po6irrurin

ocHoBHIlD( i pe*rontxxx qexis, a taKox cueqiaJisosa$ux oprani:auifi'

OcrrosHlil\mIIprfi}IHaME'sdBI{K'MI{aI0Tbts.IpaTyIIpaqe3AaTHocTl
ycrarKylarffis, € Srloc i pyfirryraunr 4era:refi' a rarox Tx npyxno-nnacraqni

ge$oPuYeaunx.
flixsuuprfl'rxaArfinicgiaosruri'isicrbycrarKyBal{I{tMo)KIra6ararsua

MeToAaMII: repui"nolo, xitrlixo-rcpr*liua0to, ta ixlrnni,nr BIIAaMu o6poSxrn;

IIoBepXHeBrMnrexaHi.ffiIili{sMil$eHflflM;ggococriftrnaHaIilIaBJIeIiH'IM;
HaHeceEtIrM 3axtrcHofo rloKplrflrf;l noliixmemx'a woB Tepr1l "p1"*- 

t"t

;"p"" rrlarepiarry ,qns 
'Aerarefi; micnolo },rexardqHorc o6po6roro;

3MerilrreEHrrM rrrr ycyrreHrulM BIIJItrBy mdAJIrBlD( sarropir (xopo:ii'

*o*o*""pu*pin uanplna, a6parurnoro snocy); sa6esue'reuufil'l HopM&IIbHI{x

pemnaia tu*uo*"to; xricrun'l MoETaxoM i peuonrarau; xoporuul\'I

rexqi qm'l' oScrrYroeYraru-rna'



4. SCEfl$SHg T&*PSTT{E{F{X EX&JT&ffiEHT{5r MPE{
poSFAXyI{Ky I',{OT'yX{HOC ?X E JIE KT,FOruBI&-yr{Its

F{EXAI{I3MIB TA MAIIfl,TT{

l{pu asadei poGoru Marrrrirrr (uexanisruie} i pospaxytrry ix npiaro4in
dygyaru rpa$ixra rurugrocri (ryronoi o a5o rilrifinoi v), npr,rcropexs (e ado c,),
nepeuirqeHr (rp i s), cun (crarnvnxx IlQ a6o guuaaniuxmr Mr) e Syuxqii'racy t.

flpu :r'liui nrqpllffiocri (nepiogpr posrorry to i ra:rrrvryeaxru tr) Br.rH'Karorb
rrpHcKopeHH.H i gauaLni"ilri xasaEraxeErr. cylrapui uouernn a6o ctrJrvr
OACPJI(YIOTE IIIJIE(OM CK]IA,qAX{H'I CTATIIITIIIM( i P@XATUiUUI.D( CKJIAAOBID( Y
rignoaiggi uepiogu podotu npraro4in. rpa$ix rpBaHraKeHrrq .qJirr pospaxynKy
[pEBoAa 6yg]rorl :a nosr&fi qr.rrn tu fforo po6ora 3 epaxyBar*{sM rracy
ycraJreHor-o pyxy ty i nays t..

IIpn pospa6ylry ueo6xi4no raxox yci nrongxicni xapaxreplrqraru
(vacrory o6eprannx, niuifixy nuuAricrr, upncropemix), crarr.r.rni i xnuarrri"rsi
rraBaHTaxeHr{r, MoMeHTr{ inepi{ii I a6o uaxoni MoMeHTr4 GD2, a raKox(
uoryxnocri N posrnxgaru ira oAHoMy narry ruexaxisMy rru M4rnurilr. Affi rtboro,
srfiIo BoaII sr8Ha.reHi na {eri.rrrrcx. BaJra& ix uprmogrru .qo o,4Horo BarrJa
(arnryra ua naexaHi:uy) s trnu, qod ogepxari.r si.4nosi.qHicrl po3rJr{AacMr,rx
BeJrriqHrr. IIpu npraregenni cilx xeo6xi.rpro BpaxoByBarE EepeAaroqHe snrcro i
Mix BaraMr.r ABlrryria ra BEKoHaB{oro }rexaxislry i rcoe$iqienr xopucnoi gii
(KX[i ueperaroqHoro nnexaxisuy rl, rrp' rrp'BeAeuxi norlmnocrefi - 

'ircrur 
q.

Mero4uxa Bxlngarregru noryxHocri,qBr,rryEa s :Iras{ifi uipi szurexr'.rs rig
TI[ry npI{BoAa a{exasigMy q}I MaIITETI{.i. OciroeHafi Tprrr upu8ola mem:rypriinroro
yorarKyBaHrrf, - eneKrpo,qBr{ryn nocrifiuoro a6o nepeuimrorc srpyuy.

Pospisnxorr rppr oc*os'i pexnMr{ poGora gnuryrdn: rpnranrnft,
Koporroqacnufi i uonropuo-roporxo'racnxfi .

flpu rpraanouy pexurvri po6orn .qBn'ry' Bcr'rae uarpirucx 4o cra-uoi
TeMrreparyprr. Ha upalcrnqi rrarorn, naicqe gea BrrAn rpEBaJrom pexrnay: si
cra:rnM (puc.4.l,aj i nepeleinrunta (pac.4. 1,6) HaBanrax(eurrrrur4.

flpa cranoMy HaB€[rrairelrHi uoryrrxict ABril'ysa BH3HaqaKrr6 3a o.{Horc 3
npune4enlo< rloplry:i, xBr. :

N_ F.v _F.R.ai= M.*
1000.?t 1000.n 100G.11

vr.r ni4craruBrirx 3HaqesHr (D = fi' /ro, olrpnt*o,

*- M'"rr-**1,

Ae F * :ycn:urx na po6o.lovy oprani, H;
v - niniiisa meugSicrr xepenairqeuux po6oororo opraxy, u/c;

1A
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{0 - K}ToBa ilrBu4rictr aara poSouoro oprarry, padc;

R. - pa,qiyc xo,{ororo Kor€ca cld 5apa6axa" u;
o - 

"""r-u 
odeprar:al uana po6ouoro opraxy, xn 11

frff"ffi#tf"i#1";" Bairv eneKtpo.elrrvrrq ro v Qoprrapi

np[ftr{a:ou qacroly o6eprannx n Bana efiel(rpoABr{ryHa"

I-Ipll neperrlinnouy rioo"u*"tt"i stltsaqaetrcs eKBira1eHrna uoryxnicr:r

lB
iINit'

Fre : il=k-'
| "li

Ae N;. noryxnicTb' 
'Ka 

3alpaqyeTbc' Ha noAoJIaHg' "{aHHo|o HaBi[ITu}xeHI#I;

Et; - uoeuufi qac qlrlrtry.

niors nadopy ABrrr''Ha (sa 4onoruororo AoBignr.rra) riu nepesipxerrcx na

uepeo6txxexan :a $oPnrYxoto:

N
?r,='-'o sllul,

N"

ne I{'."t - MarcEMarrLHa Bnrpaqena AsErynoM uoryxnicrr;

,., - Mr 'o,/ - qni'inanxsa norvll(H, tH - /gSS0 - 
notvrinanbHa norpKHrcrE l[BltryHa;

Mr - nouinaimnd rroilrenr ABIfyr{a ;

n - nouinanxnaqacrora odegrannx ABETYHa;

[r,] - louycTreflrr? roe$iqienr nepeoSrnmernx, {Krfr 3aJ{e}KI{rb BtA rlmy

[BI{l-yHa.
nprl ropotroqacnoMy pexnui (pnc'4'2') nBnryIr niA qac pobota xe

"*"*"" 
posirpiucr ,4o cra-noi rcrrrneparypu, a niA IIac [ay3 oxoJloAxqIeT6cf; Ao

reuileparyps oroE[€]soro cepeAoB]Iqa' y l{boMy BnIaAKy uo-ryxxicrr AB!{ryI{a

BrsHarreer6cf He 3 yMOB HarpiBy (nr:naveunx exsi3ajlesfiIol noryxlrocri), a s

yuos nepeooTfflKe'r{t. 
^'*r--J { -

1=seer56.1,M̂
'- g

Ee M**- MaKcHMaJIrHro? uouent, irKEE Aorae ABI{ryH'

PospaxyaxonrrE MoMerrT Brsr{aqasrncs sa $opruynoro:

*=rft
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flpuryura Gararpox MauJ]rH npalsotor! y nolropuo-KoporKoqacHoMy
pexul\4i 3 qacrr{Mtr naJrca}ti{, pisxraau pe8spcaslH, }uBtr.{KfiMrd s5rnnnxaux, rod.ro
y HeycraJrenoMy pex{r'rMi. Torrry npx rlloMy pexmai afiKopacroByrorbct
cueqiaarsi eJreKrpoplrrynr{ EpasoBoro i uemrryprifilroro r}rrriB, nei
XApAICTepI{3yBTLC$ BeJII,{KtrMLI nepeBaIITaxyBaJIEHIIMI4 EJIacTI{BoCTf,Mtr{, MSJI'IM
MaxoBEM MoMeHroM i ni,Eeun1enoro nairgricno.

Irllrys ru6npanrr s ytraoB narpiay i nepeaarrraNcyransnoi eracrueocri.
flopxgor Bu3uaqesnrr noryxnocd tarcrafi "

Cnoqarxy po3rJrf,Aalorb rpalfix ryronoi (xiniftroi) rcngrocd Anarlr{a qu
po6ouoro opraxy. y 6ararrox Batra,{Kax rpa$ir (rpaK5ruHrafi :rr.r

rpaueqiigaurnrafi) umragrocri rigouufi. Exrqo x siu se sinouufi i fioro
norpiSxo au6paru 3 )aaoB MaKcuMaJrElroi upo4yrrrsxocri M:rruur{r{, To
aHariirl{rHraM IITJUD(OM BS3HAq{UO?E OnrI,IMaJrbHy mrugrictr qu [epeAaroqr{e
rrucno pe4ruffopa, ycraHoBlrxlrorb qac pmror{y i ra.nr}rysaunx (uero4rnca ik
BrBHarreHHr rr8}e.qeEa gari). Iils AaHOTO BHnaAK,v BBa)KaeMo, rqo rpa$ir
mrn u(osri, BigoMfifi (pNc.4.3,a).

Aali Brcuaqarorb crarymri r{aBaHT€uKeHHfi. Crarrr.rni MoMer{Tlr y
lrexanisMax nepel,riqeunc riexio, rcpanin, pyxoMax KaperoK, rrepeAaTorrgr{X
BarorriB ra inmoro o6nagnaunx Ha KoJrecax qH onopHlfx poJrHK€tx Marorb
npu6xxsno o,qHaxoBy Mero,qur(y pmpaxyur{y. Mouenr aiE crax reprr y
nigmrmrraxax 6ype:

M, =(Q+c).p,0,5.d,

.&e Q - rara BaHTa)rry, u1o nepervrirryrorr;
G - rara nisra (rpana, narona i r.g.);
p - xoe{iqiexr repr{ KoH}aHnx n nigurmrmcax;
d - aiauerp qan$n nala (nipulrurma).

IVIouerr,otropy rcoqexmo ronic no peftxax:

(4.4)

na=(e+c).k, {4.s}

Ae k - ruese (roeSiuieur) reprf, KoqeHH{.

,{na rpanin, nisKin fi isrucr Mexaniguis onip pyxy BH3Haq€[orE 3a

$oprnrynoro:

w=(e"o)ll{#p, w=(eoc)*p (4.6)

,qe I) - goeniunrifi 4iauerp Koneca;
w - xoe$iqieHr onopy (uru);
p - roerpiqieur, npaxoayrord reprx r pe6opgax.

Mouerma Ha BaJry enerTpoABriJiHa npu rigorrrru< 3ycrrJrJrfla s ragarax a6o
eyuapuo!.ry Mourenri na 6apa6asi;
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M, l"l
4it-i i-

I

I +

Prc. 4.L. fpaibir saBaEtalKeEE gpEysa qpn rplrBailoMy

pexmd Po6oru

Puc. 4.2. tPaQiK EaBaFr$Ker{E

pparyga trp[ KOI&TKorIacEoMy

pexmfl

clMe14

.:

*
t*

5',A& M
;l

Psc. 4.3. Cxeraa no6yAorn' giarpaits uanasmxetrs

, M- F"Du -

trpu pY(oBoMY Pexnvri: M = m = t;;'

.r-_! t, Lg ta



lNimvi: n6 = 
s"tlo 

= 4rs"uQp , ,.
upru ratrrgoaan'ry pr to . 4!s

Ae lfl.-cranaurnft uouenr ra 6apaSani;

is - earaJlbHe nepeAaToqHe qHcllo MexaHirnry rvnx Sapaoanou i ABqrynonr;

Tle - 3arailbFrff lfl{,{ rr,rexauirr"ry;

F" - orpyxue 3yclrJult na 6apaSani;

D6-aiarraerp6apa6aua. 
- ; " 'r ::

. !- ,

3a oAepxagrfluq sxaqegnsMu tuouer1tis 6y16re"rr'cr rpa$ir ix sanexffrocri'

eig uacy t (puc.4"3,6).

nir* 
"*raqeuHs'cTail{sHDr 

HaBaHra:KeHb ga oAsiero ilt siloMlD( tbopltryo !
Br{3garrrrr}T6 rronepeAlllo xotyxqict, a sa AoBiAsEKoh,I nu6nlarorn nsrryE i
Br{rrncyx}r6 suaqeHHs uouenry'inepqii (r*,raxororo uouenry) xxopx GDI i
rracToTrl o6eptauxx Il? a noritta . po3lrouffi€lloTb BII3IIaqaTH Argalv{isEi

nanaHTaxeHlui , ,

Ilpr lT 
BrBHaqeHHi BrD(oAtrB ig,aigouoro pinHfrD{ pyxy npreoga:

'l 
' - 

. I t

' 
[oP '0i'

dE d- . do.- ot* di""
Muu -ilf,c =::= L -T . -"" + i" .-::L,

dg drp -trP dt 2 d9 '

Ae M* = Mo + nll. - no"rrft MoMeIrr Ha Bafiy ABr{ry{a;
Mo,Ma - eisloniAso crafirsnd i xglrauiqlrnl MoMeHTR ua Balry

ABIITyHA;

i*t upareAeruE go sairy,"griT -ryra MoM€Hr inepuii pyxoMrx Yacrug,

rcr.na';

ctAB - ElToBa ItrBErylcrf, BaJIa ltsUryHa;

. ' 9." ry.fr noaoPorY eala' . 
'

xsnarrriqHrnfi MoMeI{T Bs3Haqa€Tbcr sa$cpruylolo, ',,

rra nprrErvraroun:

o,4epxHMo:

1S

dro -Mo =Ion -i 
t Mo =I*€

dol* rc dn . + Gr)z
----:-=--!l=_-dt gtdt --np E

(4.7)



M, M
-tFIF

1

Psc. 4.L. fpa{ir rasarraxew* ,@tryEa rIpE TplrBanoMy

pemaipo6ora,.i:
Puc. 4.2. tpaili( EaBarrra:irelr{r

ABtryFa trp{ KOIpTKorIacEoMy

pexmri

fi6

€'{
r{U
r

E.1*

nprr pyxoBoMy peICrII\4l: rvr = i;il - aaq* ',

i

47
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I aE &f"t'lo - 4I)6EE
IIPH TaJIEMOBOMy PextI'IMl: t* = to = -E;'

,qe M" - cramrwrllft uor'renr ua 6apa6ani;

i4 - sara:rrre nepeAsToqHe sncllo Mef€Hler'ry r"rix 6apa6auou i,4eilryrrorvr;

' rio - r*rar/"El{fi KKA ruexanisuY; "
f" - o*py*"* 3ylr{JrJlfl ua 6apa6ani; : : :

Do - liatrret.|r 6aPa6ana'

t"t;;;;"*'3narleHrlfiMrl MoMetrris 6y4yen'cr rpaftir ix sarex'ocrr

sir .Iacy t (pnc.4.3,6).

flic.rrs aI[3HaqeHss:cTaTH5Hro( HaBaEtTa)KeIIb sa oAlrielo ie si,{oMsx rbop*ylt

r*""""rot" .roo"p"nou noqrxqicrs, a :a 'Eseigsrroh'I 
ss6lparorb [rlrys i

Br.rrr'cyrorE ssa.re'Hfi *o**"ry inepUii (ua:<orOro ruouenry) g*op{ GD.] 
1

qacTOTE o6epmuux n, a rorilr po3trollldHaloTb BU3HaqaTH AI{Htu\{lqHl

t**u*"tt{,g.
Ilpu ixB-uguaqeHui alD(oAf,rb is-siiouoro pirnrr*u pyxy ryr:oAa:

Ae Mo": Mo + Sdc - nonnrfi MoMerrr Ha Balry ABr{ryHa;

Vf"rVf; - tigtotig"o crarrlqullft i Pnrnriwirol MoMeHTa Ha BaJry

IBHTyI{a;'inn*'opn"e.4ennl 
Ao BaJry ,4BfiryEa MoMeHr inepuii pyxoMrrx qacrvr*'

rcr.u';
otAB - KyroBa unuAKicrb B{lJIa sur}Tra;
q - iryr roBopoTy BaJIa'

flpu i.n =const Epym cKlraaoBa rlaprxg?

mnrauiqHr.rfi MoMeHT Ba3naqaerbcs sa $opuy;lolo:

a 
ioo 'tl'

Mou-M"=ffi=*=t",

Mo =i* + t Mo =i*e

doo" orl" dinn
'dt"z'da'

pirmuur goPiaruoe'rryJ@ 1

(4.7)

lll np4EMaiqri4:

dtl* ndn + Gr)2
----::-= l__ =-
dt 30 dt 'P 4g

o'[epxHMo:

18



GDln dno"
rws =;6_1p,

a npu pinnonPxcxoPeuouY PYci :

GD'*n
-lYl- =---------:-.u 3TStq.1

Ae tp1r1 - {ac po3roHyrIE ralblvryrar*{f, AFI{ryHa ;

g - trpl{cropeunt sirrlroro nagissf,;

6n3o - rlpxBenenllft Ao sara ABIrryEa uaxosuft MoMesr

(4.8)

DYXOMro( qacrl4H,
l

.:

(4.e)

(4.10)

8.u2.

6Dln:GDfp.o +GD['',

Ae GDlp.o- npnre4er*rfi .qo BaJIa ABIITF{a ruaxognfi MoMeHT o6epronrx qacrHH;

GDiu.r- npuregemft .4o'BaJIa'pnryua Maxosflft MoMeHr xaCrYraisuo

pyxoMl.Ix qacrflE' -. ., :_
flpgseAelisft MoMeI{T iuepuii BE3EaqaIoTb.' BID(o.4tqrE re pisnoeri

*"*fr*i?t"ptii oo i ,ri"* ,rpr*"g"*,," Ao Bana ABl".yHa (earoH sdepexeHna

exeprii).

t--'i'=!*|o:itql .'"trPZZz

ne i , , i o 
- MoMer{rr{ isepqii sigrosiAne Ao xr:opr ,ryln'yrq ra inrmx. o6eprol*tr(

qAgTfiE;

' * oi - Efrona wng4icrr odeplannl'ixim:r 'racrulr' 
:r :

Ir- u"#:pinn*rm, po3Ainllrrn fioro sa o;klz, ogepxuuo:

i -i -Ii,'oiInp=I,*;*:

ToMyr{o:a*l&=i,ToAoBillaABr{ryHaMoMerrrlE€plrrl:
6y4e:

::Ei
loo = t" *F

3siAcn BHruInBaIorb trBa lrpaBura: npn-upnBeA'emi to.t"Tu inepuii

1**""o"o rraoueuta) nig qn$4i Eoro sarra xo Gnc4oxi'ryoro siH 4inm-rcx ua
19



KBaApar nepegeTox:tcro qr{cJTe i naix r{xaqa BaJIaMH; npu npEIBeAeHni uolresta

inepqii (uaxoaoro moxrerra) rig Slrcrpoxi,{Eom BaJIa Ao wrxoxi,{soro BiII

IIoMIIO]Ky€Tbct r{a KBa,{paT llepeAaTorrHoro qucra'

Anx qnrinxpnrlnrlD( rir F,{oMeHr inepuii 6yae:

! . GI)2
L=ffiO'=-,'4o .D

Gs3n*=#-,

(4.i1)

,{e G, m - eitrrosixso aificsi uara i maca rina;

p =F.lJ, - paaiyc iuepuii;

D - niarraorp iuepuii;
R - reouerp wttlait PaAlYc.

FlaSrmxeso GDz aff 4em:refi MolKHa p$paxyBarl{ B 3aJlex'ocri nia ix
sarn G i sosxdmnroro giarraerpa D* sa $opuynorc: GDt : C'GD]. Koerbiqieur

C 4opieruoe .rys ItriJrbHHx qlarinrpie {nama) Lr7, :'eguyrouru rry$r - l'45'
6noxis ro;1icnacriB ra wldrir - 1,55, ItlJIbMcBIrtx rmcisiB i ry6uarax xonic - 1'66.

. Ilpune4enlu MaxoBoro MoMeH'ril-rrocryrrairbrro pyxoMl.il( iIacrLIH luoxe 6yrua

Br{KoHaHo, BIlXonr{III s piexocri xinenr.rgoi eneprii Eocry[aJIsHIiIx i odeptOrux

qaorr.rH, roSTo; mv' fZ = iat' 12.

-f,xulo niActasmlto s qefi'Bl{pa3 m=Q/g , i=CD2/4s , o=E i

p$paxyeMo aiguocuo G#, to 3 BpaxyBalfi{rlM KK,{, nepe4aui o4epxruo:

{4.12)

Ae Q - aara nocryfiaJlE]ro p]xoMr{r( qacrl'Iu;

v - msnnKicrs [ocrylranFHo pyxoMl{x sacrl'IH;

n - qac-tora odeprannn naaa, Ao {Koro nprrBo.{nrlct r,ru<osrfr MoMerrr.

ilicnx Bn3naqeulrf, Ar.rsauiqnorc MoMeFry po3noqusarorb no5ynony

saeanraxyBalbuOi giarpauu, xra 6yryetrCg s Macmra6i runrxorra cKJIaAaIIH,rl

orarlrrrHr.D( i gunauiunnx HaBarrrtDKeI{L (uouex'rir IIIi cul) (puc.4.3,r).

Buropuctonyrouu 4iarpartry, BIlBHaqaIorE exsisaner$il{fi MoMerIT 3a

Soplvrynon:

M" ='

.{nx 4anoro Bx[aAIry MaeMo:

{4.13i



.lre ko - Koe+iqierrr, rrulft BpilrcBye noripmennx )nloB oxonoggeY

a"nrytra 1xr=0;65.'0 J5)'
flsqo ArarpaMa lraBarrra)KeHHt rlpeAcraBresa IIroilIoK] 

-"Y1::i
*rOiiltit^6r*'+'+1, ro ri spyuno nolirurtn Ha reoMertr)EEIH" 

fr""T""t
Siryps (tprur5rrwm, rp'rMoKyrHllr' rpaneqir)' 3xaqenns irrrerpaxir i tu''at

0

arlfl qID( $iryp upuuexeni y ra6nraxi 4'tr'

M"=

Mc;Mg t42 M,

'. : 
xems s nefligirEolo:nriuoro cyuapuoro MoMeEIy B xlacr

Prc. 4.4. fiiarPar{a IIaBaEra

Mr

Talnwts 4-1

3naqenns

t

OiryPa

t

M

t

+q1M"'-
3

Ml +M,M, +M?, -
J

3naqelrlu
tr

J vr'.at
0

Mz .t

{

A

/
,Ma

I

7'5- - \

c
\
7i

*
Ms

tP

+u t8 *ag kt frli



Pnc. 4.5. fpatliwd cnoci6 nepeao:ry Mo=1,{q) r Mc=fi(t}

'l ,-l '! n tu

ffi'ffi'{ta*i
Pac. 4.6, fpa$inu 4yronoi nrnumocri

Puc. 4.7. fpaQirc.ra'nexcrocri vacy urxla uig

rYroroimu':gtocn

B gauoMy BETaAI{y uo4irnauo AlarpaMy ua $irypll: A' B' C'-D' E (nuc'4'4,}'

m6ro ogepxcyerrao rpn rpaneuii (A, B, E), 'rotupaqrrnur C i rpr'Iry"ruur D'

Kopauyrouncl Soprr4ynoro i ta6mulero, ogepxl{Mo:

$]

3aoAepxaHI{M3HaqeHHsMersisaneHTHoroMoMeI{TyBIEHaqaIoTb
noqucnictr i ,u Aorro*o"oro 

^osi.q*il€ 
ru6nparors enexrpo'{Bllrys' flicrs

,{u"; ro* uepeeipmorr xa uepeo6txx(ellHs sa eignomenl4y Malcrl}rarlFrloro

l6ep"tuct s .qiarpaMu naaaaraNiruix) i uouinalrnoro r"lonremie'

{actonpfipo3paxyflKax6yaaeuorpicHosla3Ea.il{Tl{uirriuarrrrrrfiqac
poirony I oar*t"y*"X,'unninrr,roXe.ga6egneql{TK eJIeKTpo,qBI{ryH. qac poarorry

Mo)ilI{a Br3HarnlITIr Sa soplvryloro:

22
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Pnc. 4.5. fpaQi'mnfi cuoci6 uepenosy M6=f1(q) n Mef:(f)

In t4
l/..J \ .' t4*i,

Psc. 4.6, fpa$iru rYroaoi mz4<ocri

Fuc. 4.?. fpafk saJrexrocti vacy urrna ntu

rjrrosoi @EEKocri

B gaHoMy nnnaAKY nogilNruo AlarpaMy Ha ifirypu: A, B, C,-D, E (pnc'4'4')'

rodro ogepxcyeruo lpE rpalleqii (A, B, E), qorl{PfiI(yrHr{1t C i rparymur I}'

Kopucryouracs $opr',ryrroro i taSlnleto, oAep)KHMo:

d

M"=

3aoAepxaH[IM3HaqeHH'MergisaIeHTnoroMOMeHTyBI{3r{aqaIoTB
roryxnicrb i 3a gonouororo ,{osiAmfia rnSgparorr enexrpoAsllrys' f,Iiqrx

uooro roao nepeaipxorr na nepeo6exxesHf, sa ni4romenu-ml MaKCHl,{a[liBHcro

(6epwsca s 4iarparrra nananraxermx) i nouiHalrnoro Moueutie'
r{acro upll po3p$rynKax 6yeae notpiGno sBsEa'il{ru uiniruansrmfr qac

pOirony i ranrnrysaunX, flt{Efr ruOxe.gadesflerlHTrl eJIeKIpoABurys. qac porrOrry

MoxHa BIr3HarrI{TI{ :a $oPnrYloro:



GD]"'n
te = 3AFi;;:GJ'

P=*k'1oovo'

(4.14)

ila M;"p-":n1**.y:.ffii:l'fffr* gMhtrocncs siA, Misi*anr'oro Ao

nvcrl'ur ":IHJ ?1;S;;,t;*'-i*"*u jio TY,j**"" "
*ot***""ooo :111";"r.*ocxe*oro yffpu*t""* gpa 

9aoee1eu1111Aocrarr{bo
iio* r".tru"u"*l-l-?lnrr".*nt nycrorufi *o*"o *uu 6yua dirrure crarrltrlsoro'

rraArftnoro ** lTluo*o Kop'cryrcrbcr cepegniu saaueuuxu:

llpn PorPaxYrxax:ew

tnn*.":Nr*J- (L"* +Ln")'M* 
,

Mr."n = 
- z

Ae ir"t n lrnio - Bi5noni4go Ma(cI{MaJIbEa i }risir*raJrrna lpatrictr rrycronoro

MoMeHTy. . 
----,.^6rru 

*.rr.,rerf,riB rru Xsfiryrtis, rxi uparsoiorL y

3uaqennx rpaTlrocri trycKoBIE( Yt""l;;;il*"t f" = t'l - 1'4; l'o =

,T5ffT'I*5STilffi ;,,""6*t"r***{r*-"1,r1

sarexnocri "* 
*i' ;;;" nprarrnrarorr: Aitt ItryHroBID(

i:;;;"* ", #;ffi'"X#i ff mmtf'f#
rlac ra'ur*rYraul

GUz"r'n
t, =:Eftr,f+fr-J'

fre Mr.cp - cepegnifi rairrMoeEfi MoMeFr *Ti;*^roru po6oa AorrycrlrMa

v sBrryrdr 3 rloBroPllo-Kop:"I("-1Tff.i;#il|"i'* S:
noryr*f,o '*"*" 

giA siEnocHoi AoBroqacl

(4.i5)

(4.16)

Ae jruH,iff;',Hfl*"TiJffi ffi: ;::ffi
aopiuil Nuu, To 

ilp;1 MeHEifi Qarrumua nc

a;;-r- norrxuicrr_i naeuffi 
*p"ni**ri : o$ridi AoBroqacEocri 

srstro'resHfi

floryxuicrs ABsryna'T1l' ^-.'i^-*-o** t

$, ;;#tty,S2 Bn3ua{eerbcx sa Sopu-vloro

Nqul =Nr{*l
lF;{r,

(4.t7)
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E XeSK{X BfinaAKA;1 gra"H.{Eii4ft MOMSHT - BSJI}IE1{I{a 3MIHEIA I BI€HAqa€Tbcs

Arr AeKirr,Kox KyriB rroBopory po6oqom oprany, ro6ro Mc= fr{q}' y rofi x(e

uu" ,rp" noSyAoei giarparvru HaBar{TaxerrHt C'EaTwltt]rIra MoMeHT uae 6yrra

"xs"a"eHufi 
y-$yxrUii vaeyn '10610 h&= flft). ,$rx'roro, IIIo6 s,Eiftcr*lta uepenig

1l&= fr@) y M"= f2ft), neo6xi,Ul{o 3}rafir}r 3anexnicrs naix q i t' II guaxo,4rtr sa

,qoooro.oro rpa$ira ryronoi lusl44(ocri (prac.4'5,a), nncn1a 'f,Koro Bupaxae Kyr

noBopory Ba-JIa,EBlIryI{a dn poGouoro oprany q.

Y nepion po3loxy l{yr nonopory Bara .qrl{r'}r{a fuo6ovoro opralry) qp'r! a =

const guiruo e:rrct 3a KBaAparlrlnoro napa6cxolo :

*n = i*'ro =i"o 'tf , Par,

Ilpra ycratexonay pyci Err ncBopory euililoerrcs 3a np.rMoro' Toxi tcyt

rroBopory sa uac tn i tt 6Yae:

9p'v : 9p * s'!, '
ag&araa tp; ty, f, - t*,y.. = 9p.r

1*t', . i^.

cxenaa nepeBo,ry 3anex0Hocri h4= f1(9)e sanexnicm l\{"=f2(t} IIoKa3aHa I{a

pnc.4.5,6.
flpu po3paxynrax Marrrsx i O6narsanns, mi nepeuiu4norac{ Ha Ko:lecax'

B5glraqaroTE 3allac 3aIIeIIJreHEt[ KoJIec S pefiraull' IIpu qrouS' me 6yrx

AoAepxaHawoBa:

ku= >[t,], (4;1Bi

<p. - roeQiqiern 3aqerIJIeHIUI BeAyqrrx KoJIec 3 peftrar'rn (<p"= 002 AJIr 3arpr'trT'rx

ypurtaiueHr);

[k. I - rpnnruutdr savac 3aqerulennfl ;

Zs - ri.rrrcicra KoJIec;

Zo - rinrrcicrr Be.q)rufi KoJIec;

g - nplrcKopesHrl cEJI tnrcixns;
w - roeSiqiexr onopy py:ry (taru);

B - rcoer$iuiext, xd npaxoBy€ reprt y pe6op,4ax roaec;

fi, - yKJIoH peftroroi xo.ni'i;

p - roe$iqient reprt Kossanxr y uantlax Koxecl

du - aianrerp qansx Konec;

Dss - 3oBuirrnifi giaMerp KoJIFc;

ara.;;l;u du

Z"[g ') D*.*



f- 1,, ,{ \ I

" :lz-i Q'+il=*u l-*.F-o l's -**"t-aIIEIIoEorrycruwre6n 
'1_zu \r'z D,.*,/ I

fipucKopeHflt' -__-:** ',F^EE ,'nr iyprifinrx
Ogusla s HafieaxtrtflBirrocr rultass npa pospaxylrxax MExaJl

M€IIImgir'rexairirMiseBI{3IIaqeHflf,ontrnuarrlrroimsEAKoctiqaoIIT}IMaIbHoro
neIleAaToEIIIoro liucJra' 

^n6rnf,4{L*e aHar1el{g, rmulrocti rlra

Hanexutr rraM'.xTarx' Iqo orITrIMaJIbrre 3Haqeugt ffiuII

Eepe4arotllroro ltracila 
"*"u*** 

ri;rrrcl gnr uexalriruia' xri rrpaurcrorb y

HeycTaJIeIIID(p"****,i"n"neper,riruerurn<po6o.rorooprafiyHaBI.BHaqeHy
siAcrasr qu npu oo"opo"i "l 

arniaserulfi Err' Pospaxyrox nprit BE3saqeHHl qmr

napar"rerpir AOquIBr{o BrrKOr{yBaEl AJrt{ BaxoEorrepeKr{'{a!flB'

nepeBaETDIryBaIbHI{xsarcuil,3aBajIbI{I'XMaIilflII'xarrryaalrrnoi-oobnalHallg'
tu t"*ro 

rqo 3aJrexrrrb aig nparanruoro nn6opy MaKcr4i4AJrbHOro 3rrarreHHt

ilsg.qlcocri. 3 o,Enoro e-ty' qnr 6grsc-a ruaunricrb' rr{M uemurafi qac pyxy' 3

ismoro 6ory, :Sirrsuryetrcs qac po3rosy 
1-ra;rrWnaxnx' 

lqo y cBolo qepry

cilpr.Innse 4o s6immennr 3alarbl{oro sacy r{lil<.try po6oru' Touy smrurae

neo6xi.{sicrr y ut "ui":*i 
ontlnnartlnot nmr'l'6ocri qtn ilepeAarosfioro trucJra

pe4ncropa' "*t* 
cvxt "'i'ilotig*t 

*iYT, ""fi uac wrrury po6om'

Br:saqennx ontrnaansnoi msr.rAKocti po3ilrtrreMo Ars :_rTlAKy' 
Korlrr

saAasd Kyr rloBopoTy po6ouoro-opralrl (porop Barono-trepexr'1'4aqa 
qH

xanryna'ra) peadeyemcx rep"= rpuneuie" ;atrtrr&rpa$i( (pac'4'6)'

Is rpaQira all*t'J"' *" "* 
po3ror{y tn' ralruyeanxx t' i ycralenoro pyJry

tr 6yae:

I ty =to-(tn+t'),

trr - MaKcI,tMaJIFIra ryrosa$uAKicrs' PaE/c;

Gp - KJnoBe nPI{cKoPeHHt ,P"oJl;
g. - *Ytou";'nonirnHeuru' P8'[/g ;

tu - gonrovacnicrs qrgry, e. 
. --a:-"n

Kyr nosopory rp Bl{por{aersct rrnoqen rpa$ixa' to6to:

11.
q = 1<o' to +(D' iv +-(o' tr

.flxno uiAcrasurr{o y {eft arpas 3lraqelrEfi tp'1"t7' To oAepx{I4Mo:

tr:[D+ _*. t ---Pc'€-
-p

Ir 1'l
e=oto -,t-[A- 2", j

a6o:



{o -. \

-..21 
op - or l- r^. f - $,tP * t 

[2"" *. J- 
*' 

'u

: :. :

3BTAKI'I:

/'\',:tu=ol&j"r-l*9.: '.i r, l

,lllx-no4arnuoro aH{tJrisy 3pyqHo rgnoBe nplcxoperxa:po6gvoro oprairy

Br4)€r3r,rrr{ qppe3 Kyrotse upficKopeHHs aana ppuryna ei, e'" " To4i:

( ";/ .'',/ \ .n re'o+e'.). rp
to =*l +*l+9, uoo tu =*'il

[tL-% 
"% ))-^' 

f,":0'\2";4J-;'

-t,

i- nepegaroune vucno ruexaniinr;,.

BEpa3iIMo e'; i 9'i vePgs lrouenrn s apq4ye4nnar'r rorg' Iqq:

Mo."n - Mo = ito '"1 i M.."n * M. - ito 'e"'

", - 
Mn"-o -M" i er. =PT rrp

i* - alouexr iHepqii ycix I,Iae rraexalrrl4y, rrnft npusegeuo .Eo aariy 4aurpa.

-fl*il*no"""n6mo cr=Mo."./M" i p=M".* lM" ,rooAepxcnMo: 
:

"M"rneo =-_(a-1) ; ei =p$+r)- lnp lnp

3 npaxynannrM rIEx rro3uaserb ogepx-qMo HoBy 3atle]qrlcrb sacy:

'.=#*[rrSLJ'** (4.ie)

A-saroriqrrfi aupas 6y4e Mtr B.qlaaxy, KoJII{ po6ouufi opras pyxaerrcs

[ocTynaJlbHo:



Ae R - paaryc KoJIeca (6apa6aua, :y6uaroro KoJreca i t'a');

v - dnifrna mnAricrc pyxy po6o'roro opraffy;

S - xpoxiarrfi rumc.
Ha ocuoei oAepxarilD( rupa:in ycrasoBsrn BIIJIIB mBrL4xocrl rra

Aosroqacxictr qacy ${Iriry il'pr{ Bllauaqengl Berg{nu MoMerrrlB'

flpugdirrrmerrrrid:suAxoctiqaccuoqaTr?sMeHnDreTbcs'a[oTlM'KOJIII
,{ocsrae uininryr,ry, ro rroqfiHae g6inrurysarrc*' (yr ac'4'7)' Illm4ricra' flKa

"ixroailae 
ruriuinaa.rrnowy qacy wlKfiy, i 6yge onnnmlrnoro. fi 3HaIIeHsrI Moxe

6yru snaftgeno 3 yMoB icuyeam{t $yxruii dto/d.=0:

u.:#*[osFu] "*?' (4.20)

0o= 1Yo= (4.21)

3naqerilffi onutranruoi ssu,4xocri qpu rpgqrrgouy rpa$ircy (puc'4'6)

rraoxe 6yrs BH3naIIe[Io ra Sopuyxaun:

(4.22)
'[ ='*[z-T] i v'o ='-['-$LJ

ls npnregeurx rupaiir Ba&o, mo rJIr sadesneqexus ogriei i riei x

""*** 
nepeuiulenru, MaI{c}IM€lJIbHa msslKicu EpH Tpulq'fi{ouy rpa$ixy

"-"Gr o-*irr"*u 6inrme, uix npu rpaneuieax'uot'{y. qt pi:nrqx 6yge rrnr

Gfurrma, q&M diJrttru{ii qac ycraJIeIIOro pyxy npu tpaneqieexgnol*cy.rpa$ixy' Is

eKcrrepr{Mer{TaJlblrrx .qaH}il( BtrIU!}IBae' qo rylrryaurat rpa$ix 6iruIru

e$errnnnNft rlpr{ Manrc( repeuiqennm, -a 
rqa.neuieruxrxfi qpl{ BenEKI{x'

{acriureBl{Kopr{croByerbcfryaneqieBsAHuft.ryu0i*',--:--,----^-
onrnua.nrne n"p"4atotrr" qr{cJro Mexasittl' xo" rpaneqiearSxoro rpasiNa

MO]{(Ha BH3HaqI4Til 3a BnpasoM:

i.= M'+Mil",
to = nn,* 1l.*,* J 

' i" '
{4.23)

Ae M* - trloMenr cnil oflopy na aani pooouoro oprary uexaui:*ry;

i* - MoMeIir inepqii pyxoMl{x Mac r*lexanisuy na ftoro rad;

i, - *o**o txopfl ABlilfysa fi iruurx Aeranefi' rxi postamotsylorlcs

6ucrpoxigsoMY ra:ri Pe4rucroPa'

PosrlrHeldoHaKol{KpellroMynpxxrraxi[pI{BeAeHEJIMaxoBllrxMoMeHflEl
uouerria-ixepuii siaxoBiso gg e)rcidfl (pae'4;8):

zr



llpuroguuo As B€lJIa euextpc6rxryga I - I' SaralnHicfi IrpHBeAeI${Il

UOr' en:r SYge: .

GDld' = GDio'o + GD2'n'' '

flprrnegeuuft tttaxonrE MoMesr odeprormr lrac:
:..

. ri_.r
GDln.o = cD1 +cDl +cDl ++ei, ++eufl-*#.n**#'

I \ r ,.

. , : .:.

Upr.reegeflfifi rriraxoBrn? ruoruerrr uoqlyrraJlbus pyxoMsx M€9 :

ctlo-=$f:t

puc. 4.8. Cxeva 4o rpeegery{ Maxoln ruor"e4fq *.11t"* Y ,, 
,

IlpnsoxaMo MaxoBi'MoMerltu i l\doMenrn ixepuii ao npoadxnoto sara II -
TI:
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s. s€HXAs{xs€FgE vcrA?Ky$s.Ean{ff, ffi oro EyAsBA,
rrpr{E{nlrdar AI1, xApAr{TEFE{crrdK"d rA PXETSAEH

POSPAX}THKIts

Tenaa 1" 3armrsi niAorrrocd qpo EJIaBI4JibHe ycramryBaur{J{'

Fecypeos6epelKer{Hs

1.i. 3aramni aigonaocd npo ITIIaBrIIIEHe ycrarl(ylallruI

ffuasurrHe )'crarKynarilu{ xapaxrepffiyerbcx pisuouanituicno tnnin,
roncrpyr{ifi i posrnripie, u1o 3yMosfierro TaKEMH r}amopanan:

- pisuouanitxic*o eirpornnra i rFIaBIi[rHrD( upoqecia, srci :actoconyrotrcx

4u !i nepepo6nu;

- scirff KoIo crplrtrypon naJIuBllo-euepreriilqxoro 6aaaxcy e exonol{i'{Hflx
paftonax;

- ai.npraiunicro MaclrrraSie nnpo6nraqraa na pi:unx 3aBoAax;

- HerrepepBl{LlM y,4ocroHaJlenrutM Aircqoro ycrarKyBalrull fr toro, rqo

3auoBo npoexTyerbes i :r.inlu.
B vcpnifi uem.rryprii Ao rIIdcJIa ocHGBHHX lnerarrypriftIrrur upoqecir

eignocsrr: eiapodrmqtao qasyuy, cealri i Sepocnnaain.
IIpu nupo6unqrsi caBylry naft6imru xapaxrepl{orc reir,{emliero €

sdirEzueuus ropnci{ofo o6cary ,EoMeHr$rD( neqefi. trle eronouivlio B}lrrpaBEauo,

ocxiJsxn pisrco snuxtyrotcx ura"rolai rauitalrni BI4rparH xplr 6y,qiaul4lTri

neveft, .a raxox ictorno 3Hl4xcyrorbc.s erccnryataqirlni nNrparu, eiAHeceHi Ao

o6cxry enpoSlunirna qaBylry. O6ieu c)ruacHrn( neue* gocxrae 5$0S r#".

B crarreffrasnJrrnonry aupo6nlqtsi ocgonnr'rfi HaloJroc po6r'rrrcx na

po3BraroK KonBepropuoro i enerrpoilIaBllJlluoro nnpo6Hrqrn. Ha Aerhxox
saBoAax sregeni i snoAsrrcg s AiIo Konsepropl{ victxicto 350 m 400 r'
flpo,Eyrrnanictr rar{oro Kol{Bepropa repeBl{firye npogyrcNexictr
uaprexiacrr<oro qexy e 8-!.1 uecaun naicrixicrro 600 r xoxna. B rofi )Ke r{as, He

ArrBJurqHcF Ha rI€, uafidyrne, Ha ,ryMKy BqeHIrDt, HaJTexEITL

eJreicpoMeraJrypriftnouy rupo6nrqtry, rr eronoriqso dirsru uactonry' Y
ceirosifi nparrirqi uicrrierr erextponeqefi Aocsrae 36S r (CIIIA), B CHA - 20S

r. flpOre, rK rloxzt3ilIa npaIcrI4KA, Aot{iUrniure BL{KOFITCTOByAana ne.ri UicT xicrro
tr00 r npu 6iirsiu nncori* nuronnifi noryxtrocri {0'7 MBA i auule). Po:pis
cyqacr{oro eJreKq)oc"aJlemraB[Jlbnoro qery IIoKasaHo ua pxc.S. 1.

Hr.IHi Be,qrubcc ilreuclilFsi nayroni po6oril rro crBopeHuro i
Brrponaglcewulo y eupo6ruaqrno craJIerinaBI{JIEH}tx arperarin uenepepnxoi Aii
(CAIIA), E slo-Tx o6'egnani s cninrHNfi qur.il eci rpoqecn uig exrycry rraByHy

AO TIpOKATKI{.

3a oma:rsi porcI mxpororo po3BLITIty ua6y,ra cneqialrHa
e.uerlpor,aerarryprix (earyyuno-,ryroaufi, enertpotmraxoaufi, eJreKTpoIrH0-

upouenenrafi, [rra3Mol{Jroaufi npoueca), xca norunna sa6esne'r{Tu xocvivxy
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rexnilry' aaiaqiro, arorfl{y eueprerlrKy otTT i cilraBar'tu saAar+coxoi sKocti' B

qifi oSnacti "o*y"'""u 
topo*u"w*e"1" neqeft EIIII sa 3JIIaBPI 3S r i 6imue'

B gepocmaau;; ;d;;*""i o'13rrnnt narq)nMKoM 
"'"T' "oo*tno 

ne'refi'

notyxnicrro no roo 
^ffii 

i gocrmennr uosHoi rrtexanigaqii i aeroldarusallil

rpyEoeldKr,rx npoqeciB' -romanhnictto

Kornopoaa ""t""ypti" 
si"E:traqasrlcs 3ua4{o 6ixrurolo prsr

rcxronori'*rw< "p;ot;il 
i vc31-rrranrix"-""*'*." :"p:!Y rraair:me 80

ererrselIrie ""plop'iioi-"u0"'i'1t 
vl"q"t""uu i '{ecrrror 

ix cuorryr' '['o 
uncna

ocnoBlruxMoxr{a"##";;;**Y, 
r"rigi' aruouiniro'r$fitr{y' sixenro'

cB[II{qlo, oJlotsa' *ili* tt"uty' 
- 

aolr$par'ny' rvroni6geuy' nio6iro' TarrraJry'

rylproniro 'u 
i*' 3a nurrroqqs**n t**i"iro i rraarniro' ffii nepeuaxxo

eupo6neros *"i"pooit"n*"* 
-T5t* 

eci isuri Mer?u1u Marorr

6ararocryninnary o*"*-i*' xorpa sgificmoerbctr B oKpeMlD( arperanax'

Brolropor,i"iJ"'vp'iinepeg6a'{asrrcs6ilIrIIIII0BIIeBI{K0pI{CTaIIH'I
FYxnoi""po""*",="u*,-u6i"u*""''cT:meIIfsgo6}"ITsrretalig,cTBopeI{H-s
gonraxiiNrcncu$irauirgfuo.ftD{,"*1*.1'''n*npouecieiyctarrcyaarrnr,
ilrlrpora'p""p*ut*oitisaqli fi arroMarusaqii rpyAoeMxrc( npcuecin'

Heseaxaro'll ou uuo*ry pislror'rauitricm **"*t* arperatin' ix n'roxna

3rpytrynarlr ,u p*"p*o* aalpinawn' $opruoro T-T*3* 
ntpo"lopy'

xapaKrepo* **i"""o"o rpoqecy * #d* o3uaKaME' B-salexnocrl BIA

BEry,axepene"i'*i"l*.-ddt*"*-'*io*""oi(sis6ueHiiEIaxtEr
xomopoaoi uem;ryprii' r*raptenircrxi i xoueurli ":t-i' 

uerarryprii)'

enempxwri (o],#;i";;r;"i- f pusirv"a.ilui, pvs'orepui'rui m inrui) i

roM6inoeani' 3a $opr'aoro iT3Brrrl6s:i: rry;;""py ""tf:ry:"i 
posgil*orrcr

Ha roplr3ollrarl"iit:ioery"i i r"rapreuiacrft] i *ptt***i 16o'maxrui 
{maxtat

xonlopoei i . 
iouueo'"i)' sa i"n-*"n"i. rlnaenilruoro--'*oo""t - Ha

py^orrxaBrrrrbm, 

*iixi-#uu**i,-:^i;ouo* 
"*pury' * 

py^oei4xomrorcur'

e:ierrprtlul *uutii*i' enerrpNuni'puOi#u'ssi "u 
i**i' 51T" uetefi uopnor

i ronropoaol **'d#;;trfuy.=g;;' a B ref,K*r Br{naaKax Marorb rv x

"*yoo*"rpy*io.'t*,"*1"*un.*o*i;:*Tj:ffi 
"#r**aff l

*lf: ?*lT"fH#T* Ff* -j-*v '."TTi*i*' 
o'narosi

roucrpyxuir J; ;ffi;I1fl, Erui i fI$I racmcoBry:rbcn ue rtutrxra g

uopuift i **opffif"nfiffi.*"4 ** *J*"o6y'Uianrx ri^npueuc'reax r r'

irrm.3nuqaforapi,r,u{oiu"ou*ur,,,"xicTLycTaTKyBaBExgHxra.rry3eir6y.Ee
J MarI'I nogiorry' !"'tv x caMy *"*t;y*il. E'::::y 

'" 
o"* Aoqirnno

ycrar*yBarn'f, t'p*g"tuo,"* * =;r3tri"""tt Ao ol{peMtrx nrapo6r'rqta' a ea

xoro .*r*n*o;i-**""rpy*r**^n"*""""** 
i npnanaeeenn'r' B**rxrox

.MaIoTbn'*""JJ.",npo6gulrrsa,*'3--c"'lme,rigpo:vreraryprifraeorutarro-
uarniffose,o"""u""yo"u"xy"u*u*o***"anarrorignlopnifiMe'Ilatrypril-
Torrry {e ycTaTE&aHI{g 3aHeceEo o' ;;;;;'e4li}iurroro i posruxlaeroce r

oKpoMr{x TeMax'
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#effi
ffiJuo F

ffiffi
qffi#r

sSE
Psc, S.tr. Poepis elerporr.reTanypri*-+oro uexy. ilpo:uorn: I-MHJI3; Il-pornururfi; Ill-niwrfi. tV-
rnaortorxf; l-roropor:srfi crenr Arrr xosnit; 2-MIIJI3; 3-pourmd lqan; 4-,qnoaa exerrponi'r;
5-xpagora 3aBarbsa MarrrgEq 6-crpiurora 3agailbfia Marrnsa; ?"uiq grr uarpinarnx ceuyi{o{
uarepia.nia; 8-repesu; 9-caaaoxi:SmE sirox s 3aB:urEEoro Kop3EEoro; 10-6yR(ep[ Aff cErryitlD(
marepialis; I l-sacircl 4.irr crpary

r1
{,* 3 d+5fi 7 S S 1il tt f2

E &C* :i6.["
Pwc. 5'2. Texso.qoriqna ragra npoqeciB orepxarrs i nepepo6t<r enerctpocrani: l-crc;ra,q s
BEJmBHIIIIIMIa;2-uamrxa g,rx pos.I4-axux snrinria; 3-rorroArsrcfi rpaa; 4-o6racxd crau; 5-uiv

1.2. lfuranns pecypco:6epexenr{f,

Erosonai.{ [aJr]rBrro-exeprerrdErnro( i cnponnuuror pecypcir uoxe 6yna
goatrrreua s qepe3. texlrororilrrlrfi rrpoqeq rar i rryoqec ssrc,ToBresus
ycrarxryBanHr. B nepmouy Brrfla4ry ocHoBItHMr,r $atrropaua e creopenae i
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Brrposa,qxexusSeesiff{cAHID(rcxtro:roriEIrt'tpoxe3asrocyBaaHs'arperarie
xauepeprnoi gii, n roil "n"d 

i nramnn neuepepBxoro JrI4m{ saroroBoK

lniu.,,ir""..y_TT$,#il#lf :#ffi ffi-T:::Tffitr$:T
;Hffi*J:TJfffi JTiil**-;;'*^*1"'#"?3tE$errn*dc*
HorepepBr{oro o""lt iJ" ai** u*-,tY;" ' sKqo fioro o6'exuars g

rrpoqecoM rIpoKarKI{ o lgoory arperati w B 3afiulbrroMy rexnoxori'morury

umoqi. IIpu uifi rexnouorii AoAarKoBo go exonouii Meralry cropoqyerbcf,

n*uo ;ry1":3*;"X;i*X#""fru ffiS.,:':H::?fr
norinmyto*cl lryl tt""1_T:':^.,,}".^i:""ruror. a" sapricm ilepegilry
IIo€'.E{AII0rO JIrrrIs r "po*t* 

a-ror'tini3oi KaTAHKId' Ae BapTlcT:

..xotlorllsfac{ t" U**' Ii'iJ-n*it"".""1 Br{Iparfi 3Merrmurtsot n 2€ pa:u' a

ilgffi*=ui#ffiT;fr:J_T;"r-,* arperarie 3 BucoKr'M KKn,

3acroc]'Barrrrr uaxpauioualraiurux cnocodis ix nrarorosrexn4 tr1o ea6esxeulltr

neo6xiAui *ui*oi"t" irrpony*""""t"t" T"-*ttiua:nsifi 
yll: ^ "

Bermus Ba)rsrEBr{rll $axroporrl. ry. " p:"yp"o"oepexeaui e sonimner*ur

*ocri **"*orrpoffiir.=i*o"o-ri*i po"pu"y"*" cri4uarr $po re' qo

BKJIaAeI{I{E KoIIrrlB' "u'opu*""* "* ""pit*t"" 
qboro 3aBAaxsfl' 6ilrm

eser:rnnneo qr{M ga 3pocrasus Bnnycry npoavrqii s rinsricngx IIoKa3srIKax'

floawrunxy Forlb giai+.ae ta"1^:*"cyeafiHs sMilrmKis Meralry'

*raraloxepauiuurax rnpo6ir' pieirrx too"o6f-nia""*nns Miqnocri xera'tefi i

r. isu.

Teua 2' Busnaqelrns r1euTpin txxissr enaroctefi g ir'rcra$olta i

po3rrtlaBoM

[oTucnaoS'ercrir'A]1{sKiD(o6oa'gSttogonotpi6noBr{3HaqI;rrI;IqeHTpaix
tgisH'{narra"'._*u""),ni4roca:lcx:ropxsorrtanruitll{BepTIIKaJIFHi
Kol{Bepropl{, *i""up"'?"i'"ttil;; ;=: t-;*' oAnoro 3 rorIoBrIIlD( BHMor'

rq,oupeA'sBrlrMt"*l*o6'uoi*'t*o*'*"i"oixcauosoporrris6ygr-rroro
. fioIIolKeIIHfl 'lix 

J Iraxffry "p" "**i 
Mera'fiy y BtIIIaAKy po3plrBy

ciloJrflegb uix po6o"n*l oprauoM t' "p*ooo*' 
lxrqo IIt Br{Mora ne 6yge

BI,IK0HyEaTII0", 'o 
u" BEKIIoqeEa *o**i""' ix n,rraMosiflbl{oro lleperu{,u'aHl{',

ffoMoxe Br{Kjrr{Karr{4yxeuxri"*Tff' :1, rxnlo froro* - - 
v*ou' ""ir*o"d'a"perarv 

3 1"1*:[:JffH"l:iffiff;n* rorvrv upu

il;"r#H;TJffi*.1ffJ*=H;i;GP"*u"o'cco'mrnvvaary
EpaEitffotr """ou*"* 

I{e;rpaTpldflst i no:roxer*uo oci ix obepranlg"

Icnye 6arar:o *"roait po'pu*y'*qy ou"tpiu rEE{iHH{: ana'nirrrssuft npo$'

Kronira, ,p"O**#i"r#H*p"+. 
gr;"o*.i"" g'A. i tp"O' Poxrraana €'A,' a

rarsox( rPa{iurd MeroF4'



2. l. I-pa$inurafi naero.&

Merog nonflrae B ToMy, rqo o6'eM KoBIrIa "m iruuoi eMrocfi posdunaerscx
Ha Haftnpocrimi $irypn (puc"5.3,a), qel{rpl{ i sunra 

"flxil{Hf; 
xrrrx sigoui uN

rerKo Bn3uar{€uorbc.s. Cnoearry dyryrcrn cruoarfi Gararo{yrsprr (pnc.5.3,5}.
flpu qronry sci cmJrr4 rexinHe oKpeMI{x qacrl{Er r€oMerpulmsu rrrJurxoM

sKJia,q.rrorbcx, yrBoprrroq{ BeKTop cr{JI, rloneplry/l:i4fi sa xyr 90". Elu6xpaerncx
gosinrnc rovxa (}, xra s'egnye:rrcr nposdel{IlME 3 lroqarKoM i xinqer.,r KoxcHoro

orpeMoro BeKTopa cranx. lliffts l{bofi} noquHalorb 6y4yraru ripronovaafi
MrroroKyrur{K (pnc.5.3,e). Itrpoaogerr ropr{3ourzlJrbni ninii : qeHrpin rsxiNxfl
xoxiroi Siryp*. I{pouinr S'1' uporo4rrlc.s rapa.renrHo npo,ryirup $1" 3 roqxu
1' neperrany fioro s ropl{3or{TaJrJllo G1 nporo.qlarucx npovinr Xt2t uapane&no
rrpoMeHrc | 2 za treperldxy B roprnouraJrJtro Gr i r.a. flepemrn rcpafimix

npouenia yrroproe rovxy On, Jrrta e ?orIKoK) fipr4ruIsgeru:.u pinnogiroeoi cnn G1-

&. B roqqi seperr{Hy pienogirovoi s Beprrarar;Horo niccro enercocri

po3rarnoByerEcs ffyl(auufi qeurp raxiunx. flodyloxy Bnxonyrorb s Macfir"a6i.
Touy ruo F rrepmoMy B]maAKy Sirypa eurocri Gy:ra cuue'rpawu ra ii

qexrp rrxinss pogramoByBaBcfl Ha Beprr4(aJrrnifi oci, ro Aocra?Hbo 6ylo
no6y4oxn o.quoro cr{JroBoro i oglrora eipronounoro uuororcyruxrin czr. flpu
eragHaqeaHi qer{Tpa rsxinns MeraJry, nNacnigorc rigc;rrnocri cuverpii,
BuKordJrrorb gsi taKi no6ygosn n pisrnn< ruroqr{Hax. Ileperran .qrox pienogiro.{}rx
BK€Bye Ha noJroxenrur.qerrrpa rsxisxs func"S.3,r).

2.2. fpa$oauariraqxufi nrerog npo$. 3ABOfiI{HIdOBA A.A.

,{rx cnpoqennx no6yAospr Kiers BB{t}r€€Trcfl rrepyxoMuu, a 13epKaJro

MeraJry rroBepraerbc{ rra Kyr rp (puc.5.4,a}. Tiro MeraJry pos6nnaeruex ua
erevenrapni o6'eus dV i dY' ee,EoBrr o6ox ocefi"

dY=S.dy, dV'=S'.dx,

ile SrS'- rmoqi uepepiry Merarry rrJronql{Ha}r}r, [eprrenA]rKyJrrpxrrrMn ,Eo ocefi y i
A.

Koopgraarra qer{rpa tNxifiHs 6yg}ryr:

_ [y"dv _ fx.dv' _ fS.y.dy .. fs'x'dxVl*l =l:. -r xu =l:;;;;-; Vrr =#, xM =L
" 
jdv 

" 
Jdv' 

" 
Is.dy ' *'" , fs .ox

In'rerpanN Bu3liaqarorlc.fl rpar$iunurtr rrr:rtr(oM. FIpn qrorvry uigixrerpamni
$ynxqii S,S',S'y,S.x6ygyromca y urr:rx4i rpa$ixie (puc.5.4,5). Flnoqi,
oduexeni no6ylonaxuuu s ndacmradi xpurmru i ocnrm KoopAEHar,
gopiernororr Berrfri{HaM iurerpadn.

u
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G,

Fsc.5.3. [o rya$iuoro Msfory *""** offitrffio)Kllboro (a) i:asaritaxeeoro
rEs. J.r. A.w'vst'^--'- 

rcryruro.;*_aiprono.*IE1MEoroqyrEm :{r) ro*mil: d-crlrossfi rmol 
I

,3'#

6a

a'

Psc. 5.4. [o rpa$oaranimworo Mero'Ey rlporb' 3asoAwxona [' '{' rusrmtemx qenrpie rsxiffit

MeraEy'B KOBIitr

?{

1'



23 fpaEoauadrx'iul{* &Ierosnfc&. P0{rfffl4 e.A.,

IIpoS. Poxuan e.A. uoxasaB, qo Mo)KHa o6uexsrract o.4roio rpyrorc

nepepisin.
fla puc,5.5'a . nepepisamr, HepneHAHi{yJIEpHI4'{u ocl y'. y rlJll M9r.arry

gr,rnifleHo eneuentapxnfr o6'eu dY , KOopAIIBaTII qerrpa txxiHnt {Xoto'xi y.

ToAi: : '. ,' : :

;; [v'dV lx.dV
y* =rft;|r xM =

, JGV , J*'

Tor,ryuc: dV=S'dYr ro ',' '',

- is.y.oy " JS'x'dyv :g---j-:: a-- 3Jl----------I--yr:is.a" , xM =Ts.dy
tl- -{

' Bcx uo6ygora BeAerbcf, e $yixqii y (pnc-5.5,6)-- IHtqrpaE'I, sK i s
uepfioMy 

""nu,qtay, 
Bu3naqalorEc.f; rpa$imra IIUuD(oM.

:

2.4. AHarirxsg1l[ tremA BU3HaqeHHfl $esneqlOro noJIoXeHILf, oci O6eptannr
KoBIrra (r'retog uporp. KbOi{IfA)

llouoxenns qan([ na xoafli ivrae 3a.qoBcJrrtnlrln ){!roBI{ crifirocri KoBIua [pI4

HATTOBI{gI1Hi fiOm ugratoM, 4O seOSxiAnO'gIS cT3opegne Sesneqpl yuon

er<cruryaraqii.-ri""o*"unr qaus 3a yMoBaMf g'ifi1qosri fuuc.5.4,a) Moxcra BE3HaqIirrH 3a

Qopmynoro npoS. IGonirq sxa ycralroaltrse ai4ctaurl uix ocm'rs.qarl(b'i
BrDrupinllrboro nonepx*elo t{N*rl\a.KoBIIIa'

ho=

t -"4
r(n-r)?

ne G - aaranopoxnrom4ogma;

T-rmrouanarapilg<oroMeralrY;, : :

il" - si,{c'ralrb vix qexrpou rxxililis i nu-vrpirmrom troBepxnelo,wr'rqa;
f,! r - ri4noaiano paniycx aepxxtoi i rnaxcmoi qacrun KoBma;

H - rqcota nrrylpimrloi'nopox€gfiru KoBIrrJL r . '
Ileo6xinro ri.&,rirsrr, qo IIfl tfopuyla e'4rrpasealr'ooro tt+l*" .o

xoniqnnx xoarlie.
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2.5.3axa'ii

i. Ipa$iuxrzM MeragoM 8!i3E[6r{Te qexrp lxxinHfl KOBIIIa (prac.5.3,a), lrqo
no= ?rg*; R2= 1"?m; R3: 1u5m; H1= $r8na; W2= tr'r2wi lfa= lrlm; Gn=

3CIOrlI {nara xorrua}.
2. BuxopramoByrcrrE Aani saAaqi 1 i naaro"ru{ Ao,qarroai naHi -(rry.r 

l{aruury

*o"*u q= 45o i nutonty nary pi.{r<oro Me'!.-a!-ry TM=7S Ic'IV*r3, rpaSiv'r'ani

MCTO,AOM ts!GHAI{TE qEH'T]P TSHTHH.S IUCTAJIY.

3. fpa$cana:iirrlHHM Mero,{oM npa$. 3ano,urnrora,{'A' aH3riar{Te qelrrp

ffixinns b{er&Jly n ronivnomy ronnui (pNc.5'4'a), mqo R= trr2u; r=

0,8*r; H: Zu&rv;E= 45" "

,t. fpa$oaxanirprss[M MeronoM npo@. Foxrrrana e.A. ea "4a[IEM]I saAa'Ii 3

BI,BHaqre qenrp rsxiui{s Me?ary roniqnoro KoBIrIa.

5. 3a,Ea[11rM1a:anasi 3 i Sopuyxoro npo$. Krouixa Bn3i{aqre IIoJIo}KeIiFI.f,

qans rorura' cruqo YM=?$ nE#Pr3"

.., 
,. ' 2'6' Koutporrcui sarfla:ralrgs

1. Hasnlm yMoBlI criicrocd IIoBopGTHI/rx eitncoslefi i o6'errie'
2. BsKxaAiTb cytg rpa$iunrax rusroAie Bu3HaqeHHa qelrrpir ffixiHsf, i

Mero.npil{y rodyAoeu MsoroKyrl{PlKis cnn.

3. Koporxo euKraAi* ueto$lrcy ue'rogie npo$- 3aro.4tunona ,{'A' i lpoS"

Poxuara e.A" 3anr'rmirr $opu'ynu rJI{ Br&HaqeI{H'I KoopAi{rrar

3arELnbHoro qenTpa ffixigns Merarry-.

4. Fuxnagitr a{ergglal(y E}I3IIaqeIfiIfl qeIITpa TfiKlHII{ 3a AoIIoMoroK,

nraGnoua, nassits trcoxrffieocti ii sacrocyraunx.

5. 3anuuim Qopuytn Ars Br{3HaqeHlur Koop,4IIHaT 3araJIbHoI'O qeHTpa

rrxinng KoBfiIa 3 MeraJIoM.

Teua 3. Fospaxyuor sa:ltinbHr'il( MexaHi3MiB

,{o vncna UlI"x uexariish{in, ffi mfiporo 3acTocoB)iloTf,cx B MgTaflyprifixotvty

ycraffiyBagsi, neperyCiu siAHocflTrsx xPIIBoIuHIIHo-Uatpxi i rpnaom'rrnro-

roporllcoori nneianismn. f[eprui BXoAflTb ,qo c*rra.ry MexasislilD( npecie,

3aBaJrbHl{X MaIIMH, ruacU$ixarOpiB, pyxoMEX eronis Tolqo, a Apyri e ocgoBolo

MexanisMie KaqaffHrl xc6ora KpaHOBIa< i na:enanm MyJIEAogaBaJrbHfix uamsn. B

:n'lsry e qpnr ,qoqfurbHo npnBeCrr{ 3araJI6Hy Mero.4{ICy po3paxyglry saxiJrbHl4(

MexaHi3MiB, He npl{rpl{MyrosucE KoH4perHIt( ocodJfl{soffefi p$paxysqy

nepeniuenoro ycrarxynttnxfl '



3.i. Po:paxyHox Kpr{Borwmno-nrlaryuuoro uexanianry

3aAanra 3Bo,ryTbcfl Ao pogpaxyr{Kis crarurqur.rx i AuuaMiqur'fx rraBarrraxertrl 3

no6y4oeoro HaBarrralicyBaJrrnol 4iarpannr, BrlnrraqeHnf, noryxnocri 4Bar]ffia 3a

enBisareurnan MoMerirou i nepeniprur ABryr{a na nepeo6raxenrur r uepiog
rD'crqy.

flop.rgor po3paxyrncy raxsii :

1. BnsHaqaroru xpyrronl MoMeIrr na oci Kpr,rBorrurn4 arnft npu MaJroMy

ei.qHouetrrri rfLSllS (puc.5.6,a) sadnuxeno Bn3sarraerscfl sa

r[opuyroro:

Mt:P'r'sinrP,

Ie P= Q+Ti
Q - aara qacrnn, qo ni.qifinaalora;
T - cuna reprs B HatrpaBJlrioqro<.

Poepaxynox Be4ruB Arrs AexifiErox noJroxeHE Kpr{Borrrutra.

2. Bngnasapu crarswruft MoMerrr sa eaJri ABr{r}Ta:

nfi
M. =3,t'Tl .

,{e i - uepe,4arovue irEcno pe,qaKropa;

q -KK{nepegmi.
3. Bygyror* rpa.$i.iny raxexnicu 14= fr(<p) (prc.5.6,6). 

l

4. fleperropuorr ranexnicm }f.= fl(q) a sarerrc{icrr M*=fz(t)
(pnc.5.6,e).

5. 3a cepeluiM 3HaqeHH.f,M I1{"* (deperrcr s rpa$ira) Bn3Haq€trorl rofle-
pe,q;tro noryxxicrr.qBmysa e rru, qo6 oAepxarx opierrrorne 3narreufi.$I

co| , neo6xi.4ne Arr Br{3HaqeHHr AmlaMi{Horo MoMeI{ra.

6. Bnssa"raroro nprregenafi Maxosnfi MoMoI{T. [IpN grouy npneegerufi
Maxoeuft MoMeHT o6epranrroar qagrr{I{ eo}no rnsnaua€Tbc-s ea si.{ot{orc

Mero,qnl(olo, a ilocr)irlaJlrHo pyxonri sa $opuyrolo:

GDln.. =-#.sin2e.

ToMy rqo GDin." e nepeuiuna BeJILTEIITHa {puc.5.6,r), ro Ars pmpa:ryHxry

uprrfirr,rarou fioro cepegne 3Haq€HI{f; .

7. Bugnasarurn glaaaMi.ilnafi MoMelrT 3a Sopuyoro (4.7,4.8).

8. 6y4nom HaBarrr&{ryBaffbny giarpaMy 3a BecF qlrrn po6oru uexanisuy
(/tosscr po:,uh 4).

f. iJnsxasaro$ ereisaneHrrrxfi MoMerrr sa $oprorynorc (4. i 3).



1 O"Bugaasarors ruory;xriima i :a .ronou<lrorc'xaran'6ra xnfigparorr elex-
rporeItIyH.

I !.flepeaipxoru EBIaTII ua uepeo6texeHH{ B nepio,q rrycry (.umucr
pos,trin 4)., _ _n_--. ,.. r :

3.2. PospaxynoK KplrBoI[HnHo-KopoMrIcJIoBoro MexanbMy

PogrnrueMo BHIIa,qoK, KoJrE ABliryH Bu6upaerbcfl 3a crarrrqlruM HaBaI{Ta-

xeHruM 3 HaclynHoK, nepeBlpKolo Ea rqpeooTslKeHrIrl B llepro.q try€! 3 Bpsxy-
B{IHHSM AUHaMIEII{IID( HABaIITa)KeHb.

llopxnox po3paxyuxry rarunl :

1. Crura.qarctr po3paxyuroBy cxeuy {pnc.5.7,a) i sa siAoMolo MeroAHKoIo

6y4yrotr BaxiJrE. Xlmoccrnom (ulan nnr.rgromeft, rIoBepI{yrr{IX Ha Kyr
90t, Ao fiKoro EpLrKJraAeHo eci gosuiruri clLnu i Iraoueatn) (pr4c.5.7,6).

flo6ygony Be,q/rl grs nerifisrox IroJIoxeHL KpEBoIIrErIa.

2. Cru4{arotr pirxanar Mclresris piAnoeno troJlloca uirany nmaalocrya:

Pr,hl +F2'hz +...{&'ho'iM.+.."+SIu +P, .ho ='0

sBl5ntr Blmsaqarorb spisxonaxcylovy curqt P"-

3. Bragna.{arorg MoMer{T eig:pinuoraxyrovoi crilg (nix xe MoMeHT sa oci
rqpreomall{*)

M" =P" 'r:M*,

.Ee' r.pzgiyc'rpuronrrna. : r' : ;: :

4. tirr"ururor" MoMeHr crarrrrHrft na sani ABr.rryga::.,
M.M"=ffi.

, Fyryrorr rpa$ix ra4exeocri M-=f{e) fu1rc.5.7"r), sa rrsu ycrarloBJlrolors
MaxcIrIvIaJIbIre:EaEeuHf,'1ll*o."".: 

.i -

5. 3a 3HaqeHrrtrM M;.ns, i gpa4ysaHlrtft{ si.4uocnoi .qoerouacnocri
BKJrroqeHHf, .ffi slrsHasarcTb ycrauouollrry iloryxuicrb ABIITyI{a

w=fuf.-J.+.

6. B orpeum nrnffia1 rtpr{Marourr s:.qeg!il/qij:rrpqlryqeutlqa 4phy
rpaipira :a cuxyco! ty, snguasaiorr cep€Al{boKBa.4parlrmy noryxxicrr

N
N* =?.
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I

7. Bssxaqarot* ME:rreBe 3HaqeHHf M€lxoBoro MoMerrry xr{Trrl{x lracrtrrr,
. npianoleulo( Ao oci xpxnouruu4 sa $opr,aynoro:

- {. \2
GI):. =4,.131 ,

\0" '/

01 - ItlTOBa InBHAXicTb 4pI{BomEIIa;
v, - trildfina urBaAricrb roqKx B (6epemca is unarql rwr{[Kosreft);

rc../l
G" = ].|} - npuBe.qeHa Ao rorrKn B sara xr4THrD(.aerareft;- (orB)"
l. - si4erartb Mi:m siccrc O2 i qerrpou rsxiHns orpeMr.{x AeraJrefi (puc.S.Z,r}.

Beruryr,lna GDi - nepeuixna, qo 3B'r3ano gi s\,riHerffisM Bertrflrr4nu vB

{puc.S.7,a). Tomy uurmoM no6yAoBE rpa$ira GDi = f(q) enanauarorr

cepe,qxe 3maqernf; GDi.ce .

8, BRsra.rarorl garzurbHl{ft MaJ(oBIrft MoMeEr, Epr.rBeAeurafi Ao BaJIa

,&I{ryHa:

--, --, GDi.*6Din:GDip.o*-fr

9. Bnsna.rarorr MaKcr{Mzlrrlxe 3}raqenrrf; MoMeHTa.qBrryHa.
Ilepeeipnou ABr{ryu ua nepeo6raxeHrrr B nepiog rrycry.

3.3. 3ataqi

Mouern: Ha sari KpnBoruufia e sMirfia seff{srfi{a. Hafiairr fioro er<sisareHTue
3uaqeurul :a uogHrfi xi,4 noaeyna rpx r = $r15u; Q = 51ftH; T=3Q}II (pac.
5.6, a).

3a Aan[MnsaAa.ri i i upr or = 016 paq/c; tn = 2c; ty = 6c; t. =1r6c rnlna.rre
M*:a nonrufi xig uorsyna repes roicri 30" nonopory KpuBorusna (nix 0" .qo

180"). OaepxaBms Mx = fr(q], uo6y4d're 3a:rexHicre M" = fz(t).
Blls aqre .qrs oAaoro nofloxeHns EpuBorrmna rpynrnfi UroMeHT (Sme. 5.7, a),
cxtrto /r=0,5 Hti lz= 3,5 m; r0r4 m; AB:13 nr; OzB-J,3 na; G2C=6 u;
OrD4rB m; &=11k8; 02E=2rl M; Pr=O,8kH; Fr=2OkH' P.r=S0kI{;
Mr=0r5H.u; rrll=t,5pa.q/c. finx cnpouenru aapiruenns 3a,Easi Harrpf,MoK

ncix cxn (sa nxuxrrorrr F3) r"roxtna nplrftnnrr BeprnKiubHrer.
3a Aanrun gaAa.ri 3 sfisna.rre AJrfl o,qHoro noJroxeurnr 4pr{Bor[sla npx-
seAeHHfi Ao BaJIa ABnr-yHa saranbHnfi uaxonrd MoMeHT, srculo Gr = F+i Gz :
Pr; G3=Pzi i=31; GDl., =1r6H.nr2,

3 -4. Koxrponrni 3arrsl?Hrur
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Il{epepaxyfirc c6nacti 3acrocynar{I{fr saximnux MexanisMie.

ilaiarc EOgcHeHIIE EOI{51TI6 (MepTBS IIOfiox{eHi{JD} KpI.{BOIIIHIIFIO-

r(aTyr{Horo MexaHrSMy'

3. Koporxo Br{KrraAiTb MeroEr{K,v po3paxy{rry Lpi{Bolfrl,rrlHo-ilIaTyHHoro

nrexanisnry.

4. fpaSi.*unvr uulsxou Br{Ko}IafrTe llepereopenn.fl sanexqocri M*: {l(q) e

3arrexsicrl Mr = fz{t).
5. Csagirn &opnry.nn.wrr{ rrpr{BeEeHr{x DraxoBoro MoMeslry ooeprairrnwr i

fi ocrynanBllo pyx0Ml{x qacTHH.

6. Kopomo auxra.qits MeroAI4JCy po3paxyHKy Kpr{BolirxnH0-

KOpOMEcJIOBOTO Mexal{l3Mrv.

7. Aositrrio 3apEcyBaslnH cxeMy Kpl{Bolur{nHo:I{opsMHciloBoro

MexanigMy, no6ypqffire ElIf; oIfiIoio noroxeuxs eaJrilrr Xyxoacnnoro-

8. BprrnaniTb Mero,4r4Ky npHBeAeHHf, MaxoBilDi MOnaestis i MoIaeHris

inepuii u KpI'IBoIEr'IlHo-KopoMIacJIoBor,ry uexanislai'

9. B sara[bHOnry rrrmgi BE3HAETTe IIepe,4ATOr{}{e arLtcJI0 KpI{BOIUT{nHO-

KopoMHcJIoBoro i 4pnaoruunxo-Iuaryelloro rraexarrisnaiB.

Tenna 4. Ycramynannx eiIfiI13HHx. i mura1rmr Eeqefi.Inuri rr,rna necofi

4.1. Vcratrysaun.fi eig6usxi{x i uaprenincsxrx ueqefi

Bia6mui nevi xo&oponoi uerarqyprii i uaprenincrri vopHoi uetarryprii
ei,qgOcxtrCg Ao TI11CJIA IUIABIII15EAX. flrc npaannO, nafifiiinnr 11II4)OKo BI{KOpHCTO-

Byrcr6cr ras i ua:yr, .gi cnatuoroTbc.f, B nair6Hr4Kax. Y si4fiunn;pg fleo"ax

(puc.5.8) na:rbxldKr{ ycrauosiuoiorb na oguifi ropue*ifi ctiru1i, a B Map-

reniscrKi.D( - Iia AB0X.

BiA6ueHi neui elrropucToBy6lT5cfl se riulxn AJIfl IIepeIIJIaBJreFHt py,41lol

cqpoBr{Eg, ane i Arix parfiuyeamnnx npoqecia. Tepair: 
- 
<<giA6Hssi> BonE

OAepxaJII{ sepe3 Te, Iqo trps lOpiuni fiilIrBa Cxnenirurg i ctirixa uarpinarorrCx

,qo BEcoKoi reMtrepaTyptr i nunpouiurolorr (nix6una:or:r uu nig:eprarnorou)
re[Jro, {Ke cgpgse IUIaBJI9HHI{! 1IIrc(TH. IIeqi sactOcosylo'bct trpH rupo6nuqtoi
rr,ri4i : py4roi cHpoBIIxH (nnanu::rni) i aonrenoary pa$inyaanrd rrri,qi (asomri,

nafiepdapcoai), nixe:ao (auo.rrrd) i csurqro (ueui o6esldis*orauux). B

rrJra3rrJrbrrr.{x ueqilt Eepe$IaBJlflI{trb cfipy (fiigcymeuy) i onanexy (re4oraporc)

morry. cxevu saBaHTffKeHHr CHpOT mrD(Tpr i negorapxa noKa3aHi aa puc.5.8.

Kpina urmrtn B nis 3aJMBaIOTE KOHBepTOptrffft mlaX. Mera-ir i nsrar eluq/CKalorb

is ne.ii 3 ABox piexin: ilepmnfi 3i As% apyr*d - s sepxNroi ei,qMirKn ealrrul. ,{m
posKplrmf i SaS1aBa;;Hfl IImypoBID( oTBOpiB, qpg3HaqeHi6( .q31s saru{saHgf,

MeTarry, 3aCToCOByIorb r1HeBMaTllqHi nynrffi i npnctpoi AJIff flponaJlloBaxl{f,.

Maca posruany B Erx reqax npn rnu6Nni BaH'sfi lM CrarrsBr4rb 1000 - 1200r.
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'E€q

ffi
6

I

J*
Puc- 5.8. Cxeva sil6t{BuoT uexi (a) i :asagaaxersfr neui negoraprou (6); l-rorsefiepua cr{creMa
3aBarraxexss; 2-6yrucepai qarneqKa; 3-naaxa; 4-rarsuara; 5-nera.nbsafi Kaprc,lc; 6-xinrn; 7-
3aBasrax(yBairsmd aisor; 8-ora4goee nirxo; 9-rpy6a.

l[-rx palbixynagg{ B aHoAHrD( ne.rax Mi,4b i nirens HalFoAgTb n pi4ronry uu
rBepgoMy cmni. Ide 3lurexlrrb eig repnropi€urbHoro posuirqennx nignpueirlcre,
Br{Kor{/roqsx B}rrrJraBJreHHir i pa$inyrannx. 3anasmxcyrorr piaru* po3rrJraB KoB-
rtraMr{, a rBepAy nu{xry (:m'rrr<ra, qym{u roqo} - salaJrbnr{Mr4 M€rrrMHaMH.

B rafiep6apcoBru( uerrax po3rr;raBJuilorb raro4rnrfi Merarr, o4epxarurE r
enexrpo.risepax, 3 Msroro ftoro ganruroro po3JrnBaHH{ B 3Jrr{TKrr (aafiep6apca).
,{"ru raaaxraxenng rato.qis BuKopr{crosyrorbctr r\,ryJrEqoraean;Hi pramln6. Ileqi
6ynamm craqiouapri i s Haxa[oM. Omanxi .sBrfio,rb co6oro nogo6y
ropu3orrrarrxrdx KorBeproFis hdicrrciclro 75 - 80r.

Biadunui ueqi Ans BorrreBoro parpinyaanru cBr.rn{a o,4epxa&r rTa3By

ueqefi o6egui4*oaannr : roi nprmnNx, n{o ?x ocnosur'nd npu3raqeuiirM €

ownqeans cBr{Hryo eiA B'rigi. lv{imrimr uesefi - ao 40t}r. goplrorrft cnuxeql i:
m€xrrlr{x neuefi rpancnopryrou KpaHoM r ne(pytrrpoe:tur.u( KoBrrrax rr,ricrnicrrc
24t i sume€trorb B uis 3a AorroMomro xono6a. Taep4i uarepiartlr (oSoporni
nmirepu, co.ry, nicor) 3ararrrarK1&orb Eepe3 nirxa, xri po:ramonani ea
uo:Aosxarifi crinqr, sa,qorrouororo 3aBaJrLHoi Marnqxr{ eantaxconi4ftounicuo Ao

-3T.

B maprenircExro( rreq€x, rxi e cynyrnr,rxaMr{ AoMeHHTD( neuefr, o,{ep}Kyrorb
uaptenincrri ctani, Ocrrorni cuagoui Errl('rr{ qlor uevefi e rari: pyga, piAKHft
qaByx, erFil, i uerylo.ri Io6aBKr{. llasyn rra.ryop{rb is uixcepuoro eiAAirenHs n
qaB)ruroBo3nr,rn( KoB[rax uictricrro ao 14lr i ganlmaerrcs s uiq ta IonoMorolo
xpanin qepeg airela, a rBep4a rrilffra 3aBauTaxgferbcl{ Fa3eMHrrMr{

MyJib4o3aBaJrlrrr,IMn MarrrrrnaMH nauraxoni4fiounicno,{o 15r. 3 ueroro
inrcxc*ISixa4ii gaBanTaxeru{r cKparry Br.rKopucronyrorr neqi 6eg repegur<ri
crirxa, xry sauiuxe saramur,rft orrip - 3aBar{Ta}qrBanrne aixno s 3acrixxa}ru{.
foroey crarb Bfifiycxarorb oguorlacuo ts ABa KoBma lricmierrc 330r roxnrff no
posABo€Irorvry xo:rody. Micrricrr neuefi 4ocxrae 600 - 900u^ IIa siAMiHy si,4

ni,q6unuro( uc.{efi uaprcxircnxi uarorr, crJraArry cucreMy raroxolin 3

neperl{AriprMr{ KJrarraHaMI{, qo BLrKrIr{KaHogBocropol{Hiv onalerurxrra [2].

4.2" YcrarrvBarrns maxrgror i aorvresrnrx xeqefi



Mix uraxrrErtrsu neq&rlll{ roxropr:aoi meealypril i "&oMeIIHI'IMpr 
uopnoi.e

$araro cui;6Soro: npI{HIIHn gii, Sopua r1;IaEHJIbHofo npocTqpy' KgncTpyKqltl

3aBaHTArKyB&tibHrur npucrpoin i r. ixrlr. FaSOM 3 TI{M AoMesHi neqi ualoru

icrorxo Sinrnri poSltipu (ocoSruaao enco*li) ft 6iinu ernagni cl{creM!{

3aBaET€DKeHIIs i xoacrpynqii ywarrcyeannrl .4ns o6Cnyroryeal*rx ropl{a Ta

KOJ1OIIIEXICA.

Iilaxrr+i nesi 3acrocogyror6cr Ha NriAnonrasfireHflx 3aBoArIx AJU1

ffraBlr€iil{s hTcKoBr,m cynb{bi4{nx PYAi ua lrixefiboBl'il( 3aBoAax - AJlff rilraBJI€HH.E

arJloMepary' 6pnrer:in ra KycKoBEx oK$cJIeHro( IrlKeJIboBIlD( pyA' a raKox

nyc6oBr{x cyn6$iAH}r:{ Mi,qno-sixentoBlrx py,4; IIa csI{IIIIeBI{x 3aBoAax - AJItr

riJraBJregrrfl anloMepaTy i nepennasnexus_ 6iAHID( ilIreftHiB i mnirepin; na

oJroB'sHIiIX AaBoAax - 4:ns rrIIaBJIeHII{ IlIaKiB 
"a 

iHiltrD{ o$OpOTHI'rx MaTepiaIiB.

-[r npa3uro, B ruaxTHI{X nellax BgKopt{sroByloTb KOKC, a TAKO)K SgifiCtUOrcS

Xyru norir:pml, 3SaIaqeHuM KIIcHeM Ao 28-30o/o, ss TeXHir{sEM KI4eireM' Ileqi
Malorb esaraJri o#raxotsy $y4oey i aigpisgf,Iorbcx oAI{a Bi,q o{troi mrme

KoHCrpyrrrI,rBHHM tsHKSIIasrrltM OKpeMEx By3xiB, Iqo rroscuro€Tbo{ cEaI{aSiKOls

rexEonoriqHHx npoqecie" cyracxi neqi Maro?b rrpfrdoKFfiIxft uepepi:

(no:gonxlrifi), ane sacrocoByrorbc.n i ryyrri i osa6gi. Po:ruip .4o5roi criHKH

rrpsMoryTHr{x fieqefi 3aIe}KET6 eiA ga,4anoi npo.qyKT[IBHOcTi fi Aocsrae B lleqax

Ags r*{i,4so-i{ixenronoi ilJIaBKI{ 26"5m. Flpuxqunora cxeM& IuaxTFroi qe'{i

roKasarra He pI,Is.5.9.

silnuiicr neqefi EaAl'refia cn$oHfiuM 3JrlrBoM po3mraBy i sorsimt},{
ghcrifiH_EXOM-rOpEIOM, B Orpervrnx neqax 3JE1B MeTairy i urrary BeAeTbcs 3 ,{BOX

pirnin. 3asantaxeuns IIIID(TII, B StUIelKI{ocTi xi4 xOncrpyxqii rreqi, rrporg'{ETbcx

3Bepxy sll 36OKy e pafioni KoJIofiIHI{Ka. figx nogaui ilIlfl(Tr{ IIa KonoIIIHIaK

3acrocoBJfloTbcr phuoManitxi npuurpOl i iilexaniguN: eneBargpld, clpi'IroBi
KoHBeftepu, nigsicHi BarQrrerKr{, BaxoH-Tepe3lr, fi€pesocsi 65nn<epu toqo.
3acrocysaNnx xidorimude ,{oqimue B KpyInFx IIeqaJL a6o upxuor5nalo<

neqax r{eBeJillKoi AoBXKHI{. Illo<ry B neqax fiimmoi,{oBxr{HI{ 3aBasra)Kyl{trb 3

.&Box [o3AoBXHix 6orin qepe3 2-4 BiKHa.

3ararraxqyeanrxi npucrpoi m&(firrlrx rrerrefi M{troTb EenI{Ky

pisnorrlanitnicTb, qo BE3HaqagrECs pisnorraaxirnicTrg KoHcTpyKI{ii neqefi i
rexHonorinxrrx ffpoqeciB. Cxeun naftSinrm nouu{peHsx 3aBanraxqlBa;Ibrrru(

rpucrpo'iB roKa3al{i Ha pl{c.s. 1 i}. B saearyra}(yBaJl6lIoMy nplacrpoi (prc.S' I 0'a)

IIII{XTa 3 3ABaI{TaXyBAJIrHOro BbKa BHCErraeTbcS fia rOpI{3OHTaJILHi

3pigsoBaxegi rsraMx 4pr{rrr6ra, gti oi,qrpurarorrcs ni,q Aieio mrrxul. flicrs
3crr[aHII{ mru(fl{ u niu rpaumu aFTOMaTI{cIHo 3aKpEBZmOTbcf;. TaKi IIpI{cTpgi

3acrocoByrorbcr Ha AeKiJrFKox rrrflax neqefi A,qx cBr4uqeBoi i nixExrosoi rJIaBKr{,

Ae Bnxi[Hi 3 flesi 1'as11 IIe e ocofiiIl{Bo KKiA;111BH}&1 i He6ecne{HUMI'I. lHml'ilffi

cJroBaMrr, qi,npncTpoi He 3a6*reqynrb EoBIroi repMerruallii 1tiqgoro ;1pocropy.

Ao sgcna raKlrx npl{cTpoig MO:lGIa ni/{*scTu i npucrpifi 3 posno,qill6tr4a4

6yrmeporl (prc.5.10,6). FognaHraxeHHr Barorisrox a 6ynrep riS6ysaerrcr
aBTOMATKqTIo. 3 dyxxepa fiIuxTA l{a.{xo,ql{rb B IIIaxTy treqi piBxoMipao T epee

M



micrr po:Ealrrfii*cy*annrrrc( or*opiB, po3TariloB€[Hmr no ABa Ha doKoBnx ctixxax
i uo ogxouy - Ha roprleBr{x (gorxzlra neui - 10r6u}

Saaat

eu,eufira

6&"

t4IWUX
pae. F.9. Cxeua max'soi ne,ri: l-raroxi,sri 2- ?se.5.10.Cxeuasaaarrax1'ral6ul4xnpacrpoia

Koro{tstrK;3-eanarnax5taaruni sigra;4-maxra; *T:* uesefi: a - 3 cavoei.qlcspm'rz

5-xecom;6-$yprx;7-ropuo ffi,6 
-:posno"qirr"ff"Xffffi,It-i_

3aBarrraxrysatend aisor; 2-rpumr<4 3-maxra;
4-raroxig; 5-rourpnar4 6-ni.)tgicga Barogerxa;
7-porno4imrufi 6ptr<ep; 8-:aruop; 9-xapvaa;
l$-rpqrrnca; 11-te6i:me; l2-rauepa; l3-assie
(ro*yc); 14-xpruo4

B rror BrrrraAra:L Kora yrBoprcKlrucr mriglxni rasx, 3acrocoB)aro"L
gaocryriuuari gaaasraxqrearnui upNcrpoi qo sano6irae rrptMoMy :'effiaHnto
rrpocropy ned a npocropoM riexy. Ffu p4c"5.10,B rroKtrlaua cxeMa Epmcrporo 3
KapMarraMr.r. Illnrra AocraBnrerbcx is 6ynxepin, .rod posTarrroBytorrcr na pieiri
KoJromnrdKa, Baron-Tep$aMr{. flps nirp<o,qi ranon-repesin Ao ue"ri rq}u[rra
Kapuar{a niAnir"raerrc.r i muxra p$Barrrarryerlcs B cepeAm{y rap*rana. flicnx
Toro, ffi KpI{IIIKa KapMarra 3arrpl,IBaerbcr, siAnir,raemcr mr6ep, .mrii poa'e.4nye
qpocropr.{ kapMaxa i sesi, i mra<ra 3acnuaer6cs n uiq. -Sx tinrrul IIIExra
Br{cuneTr,cr 3 KapMar{ae rrordep orrycKaerBcx i pos'e&ry'e npocTopr{ [raxrr{ neqi fi
KapMalra.

Illaxruri fiesi MiAgouralrilrBgr{x :arogis gnx nepepo6ra cyrrQiAED( py4
nparyororb ripu nigBsqenoMy txcxy i roMy Malorb repnaeravni ,qso4ssoxui
npucrpoi (puc.5.10,r)" Koxycui 3arropr{ ryr gilorb uo vep:i, qo saroSirae
nimnouy BID(oAy rasin. Ilafi6inmsfr giaMerp rouycir - 600rrrm. ix

*g

I
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B;4rpropiTslgrl* i: ciporc Easyi{y E{apsK KWX - SrS i KEX - 1'5- Ftronepxni

KoHyciB i .IaIu u rvricqxx ix Kolirarffy eTapafiI{o niJlraHtrorb'

3 nornxEy flKOcTi po3usEiJry mrD(Tr{ B llesi i replae,ru:aqiT ni.#roro

npocrgpy 6i6rr eSercrnrFlllr{u e xonycxi 3aBaI{Ta}!(yBaJIrni upnmpoi AoMeHHI{x

rreqefio xni Syna:om AEg, rpg i uOmrymolrycni. -5h rrmorgfi, 3acTocoBy€T6gs

gnororrycriufi rpne-rpiE {prae.5.11,a). Eill Mae upB&oMHy BopoHKy'

poSnoginrOnav il1l1x'rtl (a uanrarr,I rOuycotu], sacunnufi anapaT (: semarrnt

xorycou; i upuaog xorycie. lllrorroei Marepiajrr.i Br{clrlla}osHcb is crina,

HaEXo.EsTb n npnftorugy BopoHKy, tra Ha11paBnse ix y aopolucy FO3noAiJIIoBaqa
(mictxictr BopoIIKH siqroeiAae naistrocri cKi$a). f,Iic;rn uonopol:y BopoHI{i{

po:uOAirnOeava Ha 3aAaHI{fi XyT, MaJllaft xOnyc aigrp}IBae"rbc.s i rnrccra

Brrcsilaerbcs B sacI,IrrI{EIfi alapar E{a BeJIIIKIlft roiryc (uimricrn anapara

gopiernoe 4-6 t'rlicrroctmr criua). fliexx ra6npauHt IIoBHoi roAarli rIID(rH

eersxlrfi Kol{yc [pi{ 3aKpIIToMy MaJIoMy xonyci otrycKalorb i urprxra

BECEUaerbct B niq.
3aCrannuft aflapar MAS Beylugfifi KoIryC, uarry i IIITaI{ry, a TAKO)K Ia3OBIIfi

3aTBop i spinnxruni KJrarranr{. r{ama i Korryc Bl{roronJutrorbcx si crareroro rl,Irrs
3 .UaJrbrrrr{M saflItiB;1egn.sM TBep.qaMI4 cIUIaBaMa" floxcOx KoHTaKTy Mixt HHMq

ffiri&yerbcx.,{ia*rerp Kor{ycits KpyIlHLrx reqefi repeSinrurye 5000mH.

PognoAi"ilosa.{ mt{xrl{ {pue.5.l1,6i cryrye,4rf, piwromipr{ors po3llogirry

11prxrr.r Ha BeJIptKoIry KoI{yCi (a norirta i r nevi) i npa+oe B aBToMarLrqIIOMy

pexr{Mi rlo cral{Ilifx: Ec; +600; +!80o; -120"; -60". 3uiseslrs 3I{aKy giAnosiAae

:uinemuc' HarprMlq o$epranns soporrxld' Koprryc po3nogiJl61Basa HaAirego

:y6xarnnn rinqenr, OII3pHI4M!{ i qenrpyxoxM4!{ ponsKah{H. qalxa i ronyC

pg3no,EinroBaqA TaKo)I( BItfoToBJIfiK)TBcS 3i cTAJIeBorO JIIITTTI 3 IIOKpHTTSM

rBepgulvrn cIIJIaBaMIi!. ILInN,4riml o6epraHHt BopoHKm po3llo.4iilrcBasa

crarroBrirr6 filn:go 3r5xs I, floqrmxiern ,qErrryriiB po3noAiJtroBaqia rpynxlrx

reqe* cranotsurn, l20riBr iIpH rlacrori o6epranHtr 878xn-''
flpn nenernarcif msXxOCri oSepTAHHfl BSpOHXI,I AI{HaMir{H}rft MOMSHT Ma€

Hg3HaqHy BeJrl{ltuHy. Ton'r.v uoryucuicrr 4nitryna BrrElaq:|Jorb 3a I}faKcaMaJIbHprM

craTrrr.rr{rrM MoMel{nor{ (npa eaaanr$Kelilri BopoHK?t pyAorc} 3 MoxJII{BoIo

fiepeBipKolo ABHTHa na nepeo6txxeHrrs B uepioA rryoKy'

Crarwt\tfifi Mouer{r onopy oSepraxurl BopoHI{u cnlla'qaerbcx 3 Tpbox

MoMesriB:

M" =Mr +Mz +M3,
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Psc. 5.11. Ckeltu pomouycnoro 3arasraxryBa.lrrnoro qpxcrporo (a)" Eoro posno4irnoraua ilrrxru
(6) I-xpufior"raa BoposKa[ Il-posnoairaorau Ixmrrr; Ill-ax6yxord Krratrafr; fV-:acwnd atrapar;
V*pixua.nsunii xnarag; l-nrraaru xorrycir; 2,3-watffi i senwd KoHycE; 4-uim's'rsm; 5-
o6eprona BopoEKa; 6-qenTpyrod i oroprrn' po-rufifi; 7-nprnolga mecaepirr; 8-sy6xacrmt
siseq6; 9-yqir6xeuag tr0-4pmo.{; 11, L2-ragonrfi i sasraxfirod Krrarraari

PF.1

l.€
Pre. 5.12. Cxeruu npucrpoie Art
MaaeBpyBaffil (or{ycaMn (a) i
roM6inoeruoi nedi.qlor {6): 1, 2-
6apa6aa; 3-nprrao,rgra mecreprir;
4'xovanlcauapar; 5-:y6.racre
Koneco; 6-ryraucr

4V

%

Pac. 5.13. ,{o porpaxynry banaxcuproro npacrpolo: l-xorrprara; 2-.4eonxewrE rax<bn; 3'
npx"mn6ruft upacrpis' ; 4 -ne6iwa

l_.t-r-_r>th;
qe qq 0s 0,6 1*



M1 - MoMeET ni4 cul rep, x r xign'nrnrareyti canlrulaxonol4r yrqinrnenni
IIITAIilU KOI{YCA;

M.2 - MoMerrT B1A CHJI Teprfl B caJIEITITKOBOMy yqi-raueuiri roponrul;
M3 - MoM€flr eiA cur ouopy B poJIEKax.

.

r'=K'T'F'0'5Dr'

K - roe$iqienr, BpaxoB)4onifi Ao4atxoei onspu B llrra$rax i yqinrueunm;
T-syeiarurrnuransi;
p - roe$iqieur reprt KoB3aIrI{f; r uign:NurNry;
Dr -,qiaMerp ui"{n'srrurxa (puc.5. I 1,6).

. : : M? - ttr'Dy 'h.9 'lrv ' 0rslly,
.: '

Ae lly, h - xiarvrery i sucora yrlirs*e*"t;'
ql rscr r Yqinrnerrxi;
p, . roe$iqieir:r reprf KoB3tu{Itf, r yqixrirexiri.

. t<n' Mr'=Pi''W'0'5Ez'

Ee P1 - nopMaJIEHrIft:rIlcK Ha oloplri (ronrponopni).polrutri;
Dz - qiaMerp pGraEyBaHHfl Pornmie;- 

(u,o+'2il')qr-]f,!r----J -roei[iqienrouopy(um)i ,' , '

Dp

[r1 - Koe{pil],leHr reprfi KoBsaHHt n qanr}ax poxrrin;
d - graMerp qan(b pon'rmis;

k- roerliuienr reprfl KorIeHE ;

Ilo - soauimHifi liar'aerP ponnrcia.

Hafi6bnnrllfi rHcK P1 rra lonopni poJII{ffi Ma€ ulcqe rtpur' 'trlcxis':.ra:iasuixrorycHow
.3a8arrr11{:HHr 

Bo-poHlol py,IIoIo I prBlrocrl

npocropi i anuroctfepuom, to6ro: : ::

.

Ae Gp, G", Gk - eianosiAxo Bara py&, o6epra-nrxoT BopoIrKH r $lam1eu,
ey6varatr siwueM i rraa.norc Kor{yca:i nn:rar,roro'i nifuicrot'

HafioiJrbrmr* rucr F1 I{a fiolilpoilopHi pOmrrN,6yAe nper saBAHraxeHsi

Bopolrxn KoKcoM i Marclatv{anrgoMy Taclry rasie s uixmorycnouy npocropi (npn
po6oti nesi g uigpntrIeiilllr rucrolr), ro6ro" ,. .
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. p?i.ni
Pz:Gr.o +GB +Gk -1'-' ; ^ ,

Ee p-Tr{cKBrleql.
Moueur M arasna'raemcr 3a Ma.KcuMaJrblrgh,r suasexnflt{ P; (uopiuurcemcx

Pr i P2).

Crarnqna noryxnicrr Bxgr{auagrbcg 3 BpaxyBaHHflM MoxJraBr.rx Brpar no-
ryxxocri Ha no,qoJraffirf cull Teprs B rl€HTpyrorrrrx porsrax, xxi gxrufiarcrlcs
gien pagia.nrnNx cl$r B 3qenrenai rcy6varxfi uinerp - EprrBo,qrra ureorepluD)
(npaxosyrom xoeSiqielroM K2 = 1rl), ro6r:o:

* _ M.'n.K,
9550-q '

.4e q -3arafl6H]rfi KKffivrexanisr'ry.
fleperipra ABr{ryEa na repeoStxxeu}rr r uepiog nycKy rrpoBowrrbcs sa

gi Aor\,rorc MeroArrKorc.

B Aouennr,r>r seqax o6'euou 5000na3, B cKr.D( nepe46auero rcroefiepne
3aBarrruDKerrufl rIIrD(Tlr, 3acrocoBylorrcs Honi xonctpyrulii 3aBarraiigrearburo(
nprcrpoi'x (pnc.5.11,u)" IILaxry s ronaeftqra ro.qarorb B 3aBarrraJryBanbuy
BopoHKy ri crytra"irln s Hfiiruifi racrmri, sni.qcs BoHa r{a.{xoAHrr! B.4Ba 6yrmepH,
xoxrud 3.flKrx Mae sBepxy rasoyrqimrooaaJnni KJrarar{H, a srrr3y - sautaxmi i
raroyrqinrrooearrbui KJrauarrr. 3 6ymepir uarepian ua.{xogrrr r posnogirrrry
BopoHKy, xna o6epraerrcx sefiepepBuo (ane uoxe EparsoBaru i no craxili*<],
po:BanTaxyrcqr rsro(ry n sacslHrtft anapar. .{ltx perynroeanm posnoginy
rrrrrxrrii tro pagiycy neqi nix KorrycoM 3acrfiHoro a[apara ycraHonJreHo p]xoMe
ximue roni.rnoi Sopnar.

..Ycrarryranns Wfi uoAaqi irrrDCTH Ha KoJromrur i o6cnyroeyaanns ropua
ruaxrltro( i gonrennm< uerefr posrnxnyro B lroAalrrrrrffiTeMax.

4.3. Vcramyrarnrx grfl MaHeBpyBaHHs KoHycaMI{ 3aBaHTaJ{rya:urrxNx uprnmpoia

Ide ycrat4yranrs uae sa6esse,syBarn npruoninifinffi pWrrrrarrr i HariEHe
rrpurr{cneHrrr rorryciu Ao qaru. Ha puc.S.l2 uoxa:ani cxeMr{ nafi6i.nam
rorngperrro( 6anancNprurx npzcrpoia. Bong uoxJrrr 6yna uoginesi xa cucreuu
g eirbnrM i upuuyconuu onycK€rrrHflM. Cxeulr g aifiEuln{ o{ycK€rHrrf,M rre

3acrocoryarbct Ha HoBrDr neuax (qpu spyfinyrarmi sn'f,sKy lvrix 6a:rauczpom i
ftoro flpr,rBoxoM Kouyc caMosi[bHo orrycraerrc.e B. rr]DKH€ rroJloxeuHt,
aigrpraaarouu npocrip neui). II{e 6yrarors cxeulr rasarsi i 6esranarni, s

eJreKTponpuBoAorvr i ri4poupzaogoru. -flx rr.ruorufi, npaftxxro eaxinrHrlft
6anancrapnufi qpncrpift 3 Kalrarflolo trepeAaqelo i enerrpouptrBo,4oM,
:a6*neuyxrunfr upnrycoBe orrycKasxt xouycil. ltr|urivaerrc.fi rorryc nig 4i*o
IlporuBan{, -rKa sarpixnena Ha BeJIIrKortry ffre.ri gBoruleqoro BD[ceJU{.

Ilpsuoxinifiuu* pyx Erazu{xx. xorryca raEee*euye au=npxuuufi npxcrpift, ,{ex



repeMirqeHfr KcllyciB B l$il{ flpl{erpoff 3actscoByrcrb neoi-{Kfi 3

e.[eKTpoMexaxivnNu upnaogou, xxi Gyrarcrr iligfinigyanrHi (Ha ogHH ronyc) i
xonadinoeani (Ha.qsa rouycn) (puc.5.12,6). Ocranrj npnftnrro sx flauosi. B snx
o6epmnux nig ee,4yuoi nrecrepui 3 uepegae*as Baxrax{HoMy Bairy sepe3

sy6vare',rcoreco 5, *te s'e4naxe 3 qILv tsturoM xopcrKo, Eapadaaa ualoro tr i
tseJrrrroro 2 ronycia yc"asoBneao Ha BanJ einlxo. Koneco i 6apaSama Marorb

KynarrKri 6, sa .EonoMorolo cKrc(, n sarexnocri nig nanprury o6epranrix Nana

KoJreco 3qeru[o€Tbcs s 6apa6anona BeJ[fiKoro qs Maroro xonycin. Ha 6apa6anax

mapnipno:arpinnexi ei,qpi:Kfi rlrtacraHqarro( ralusoriu. ,{o urnx B cBolo qepry

rpinnxmex KaHarrI, ani ffiru 4o Garaucnpurx npucrpoin (pnc.5.12,6), raxa
cxeMa Mae sracrfinocri Nrexani.ruoi 6toxiponru, qo BHKrrIGqae o,$roqacgy
po6ory o6ox 6apa6anis. Jle6iaxs 6yearotr oXHoABHTyI{Hi JIX{-38, JIK-45
(uoryncriicrs gnaryua rignoni,qno cranosrmr 150 i 2{H} KBT) i .qsoABuryHHi JIK-
70 {noryNuicrr Koxcnoro ABuryHa cral{oB}rrb 150rcBr). IIU$pu, xri cni,qruorr sa

ingercou, o3EarralorE sauTaxonidougimr B TolilrocaJlax.
flpllrog uexani:uy MalleBp)aBttut{s rrpar$oe 3 BeJII{Koro rci.rrxicrro

BKJtrorrer{l i peaepcir, roSro s lroBroplro-KoporKoqacgomy peNnui. Touy
noryrcricm rBr.rryua eu6nparorr ga ersirareuTuuM MoMeHToM 3 floA€utbltroro

nepeniproro .ryEry'rra ua nepeo6txxel{Hr B nepto,q flycKy. llopxAor po3paxyl{Ky
rarurft:

1. Busnasarorr 3ycunirr e ruransi KoIIyca npu fioro rigrcpumxni
(puc.5.l3,a)

Pi:Gt +Qi

.4e C'1 - aara xorryca si ruraHrolo i ni,qBicHHM npscrocyBaHrlJlM;

Q; - IIoTOT{E€ 3HarIeHHg TEeI(y IIIIfitTlI lra KOIIyC.

.{rrg eusnareHHr BeJir{rrrIEN Q; xopucryrorwx 6espo*ripnuu rpa*irou
(puc.5"13,6), xrurfi ogepxano na ocaosi excrtepllMesrarrbnior rumipia" Ha
rpa$iry:
Q - uorna B€ra rrMXTru

h - nognufi xi4 roryca;
h; - no?oEIIe 3Haqel{Hfl xoffy KOI{yea.

flpa: ropucryeami rpa$ixol\{ saAaIorbcfl BaJIrrrMI{oKt h;, BE3H&{Etrorb

ci,Erouremrs hy'h i sa HI{M 3trE}xo.qtrr QIQ=n sH Qi=m.Q.
2. AnarrisyroTb cl,urr{, sxi gilorb na 6arancup, i npafiuarors o6yuor:reni

xoryiexxa. Hd pospaxynxosift cxeMi (pnc.S. 1 3,a):

G" - rara be;Erxoro nlleqa Bil{(eJIt( (nary uanoro IrJIeqa He BpaxoBylorb i:- sa iT

nesua.{Hoi rennrunn);
P. - cun4 cxa .qie s 6ory BnnpxMHoro rrprrcrpolo;
F;3]clIJUIf HaTsry r xanari;
G*. - rara KoIITpBarrr.

l[nx cupoqeHl{n po3paxy}fi(y npnfttaaloru Pu * F.
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3. Br'rsxaqaro'u zycaxnfl Henrry s raHari grx 4er<inrrcox rroJror*er{b
6a;rancupa, BaKorrytorru rpa$ivni 6ygyBaHH{. Ft* 3stlxolpreHn r
Aocrarr{Eo po3ilrcrym og6e pisnrnnx craraKrl IMo = 0 :

Go.Rr'cos6* +Gu.a.cos6, -!.r.cosoi *4 .Rr.siny, =g

3siAKE 3 BpaxyeaHrrrLr xoer[igienra Ir, *ufi eigodpaxae Bmrr{B crrJr reprr{ B
mapxipax (npu onycranni Koryca K1=1e!, rpu rdpfioivri K2=0r9),
oAep)Ki.rMo:

o. _ K(Go .Rr.cos6, +G".a.cos6, -p, .r.cosa,)
''_'

f{pu qrorrry Ars KoxHoro 3Haqe}rHit F; ycraaonmomru sMiHeHH{ BeJlHrrrrr{r.r
xoAy Kanara A/, ro6ro BrnHaqaIorl sanexnicm p':{(A/}.
4. Ycranorrcororl :anexuicrs rr,rix ry"roru rroBopory 6apa6alra q i

sx{iuerfimra Benn.THHH L!. " flpw uoaopori 6apa6ana na Kyr Ao 90" rls
eanexsicrb uoxe 6yrz rro4arra y amlxgi:

t-M
9=arCCoS R ,

R - paaiyc 6apa6ana.

Anpuq>90o-ynnrnx4i:

180
u, _ * 1+(p-e0").r

5- ocrhrrur F susuasanocx s sarexxocri nig eirainu AoBxrr'r{ xagara a{.,
a Epff rro.qiurbmoh,ry p$paxlrrr(y ueo6xi4ra gzurexnicru sycruurx ai4
qacy, ro egificnrororr nepeeii F1=f1(A/) n sarexgicrr F2=f2{t). flpu
qboMy Kepyrorlcr MeroAltror), {Ka EEKJraAeua n pos4ini 4.

6. Busuaqarorb crarssrfirfi MoMerrr na sad ABr.rryxa:a $opuytoro:

_ F.L +t +1*" =T.nir.rri,,

Ae 4r; Iz - KKff si4rosiAxo re6ilgsE i Gapa1ana;
L - rure.re 3ycrrJrJur HaTrry.

3nax <<-> npxh,raetrca npu onycxaruri KoHyca, a 3rrax ((+> - trpH ukfforlri.
flflet{e L sMimoerscs upn g<98" i cranoaarr R.sinq, a [pr,{ a>g(F BoHo

noffifrne igopienme R



7. /\aNi pffipaxyllsx fipo**Al{Tlcs 3& e{ero.rplKors grs noBropl{o-

KoporKoqaslloi0 pex&IMy.

" 4.4" 3anaqi

1 . Brasrrar{re sycl4rrs cnopy B orlopHrc( ponxxax (prac'5 ' 1 1,6), xr<rqo; Gp

= 190kH; G* * 220kHi G*: ?0kE; T * 300kII; p1= 0,05; d = 0,08rvr;

So = 0032m; k= 0'0015*l'
2. Bugnaqte 3ycuJrn{ TepTs B cailFHUKOBOMy ynlinrxenni BOpOHKI4

(pnc.5.11,6), mqo: By = 2,5rn; h = 0,26rvr; q = 0,lSMIIa; pt: 0'05'

3" buxopncro'y*lclft Aani :aAaqi 1" ru:naure cI{JI?r reprf, u ui,4n'x*rn4y

rtrraurn MaJIoro Kor{yca (pnc.5.11,6), -snlgo K = 1115; Dr = 0r36m, pv :
0,06.

q. da gaHm{s sa&a... !,2,3 BusHarrre ctarr'rsssfi MoMeHT Ha saJd 
'puryua 

i
noryxnicrn IFHryr{a! sqo: Ez = 3r$tu; I}v = 2r5y; K2 = lrl; zr : 204;

nz = 17',7a = 24 = 20; io = 24; n* = 980xe-l {vacrcra o6eprarnu

6suryua); ft = 094(KK,{ ei,qcprnof nep€,qasi); 8r = 0r97(KK{ rytoaoro

pegyrropa); q3 = 0,95(ItK[ pe4pffopa xpxso4a)'

5" 3a Aasurras saAaqi 4 eu:Haqre giarrlerp KapAalIHorO aala" 3'egrylouoro

ryroeufi pegymop 3 pe4/icropoM qpuBo,4a' xKlqo Aorrycri'IMa Aorx{qua

Harlpyra ltl = 60MFIn
6. 3a Nassllll sa,4asi 4 stIsHa.ITe Hanpyry, xxa odynnomena Aranauiqnxlr

MoMeHToM fla KapAaEHoMy eari gianaerpou d = 70uu, r nepiog po3r'oHy

posnogircoeaua EPu tp = 3r5c, sxqo EpuBeAeruafi 4o oci BoFoIrKr{

*ot"o inepnil odip'rorra. Aeraneft poruogi;ronaua i = L€'tdxr- u2'

7. 3a xarsaun saAasi 4 ycmnoairn BeJrr.rqltHpl o4pyxHIIX, paAranbIIIiD( Ta

oc6oBIA(' 3yCHlIb r xoniunouy g'{enreHlri KyroBoro pe.ryKropa"

8. Bragnaqre sa 6e3po3},ripnlar{ rpa$ixorra (pnc.5.13,6) IloroqHe snaqeHl{rl

Tllcxry mm(rli na l,ra-nrlfi ronyc Qi, xxrqo h; = 0r15m; h = 0r85m; Q =
220I{H.

9. AJrf o,{Horo troJrox€Hrrfl 6a:raucnpa, B}rl(oplrcToByK}sfl AaIIi qanasi 8,

Brrsnaqre 3ycwuls fiarrry s rauari F (pnc.5.t3,a) npr orrycxansi uanoro

KoEyca, m<nqo G* = 87lcH; Gu = 6o0kH; Gx = ?0!rI{; Rr = 108; Rz = 2'0;

r : 0$5; 6 = 30o; u =35o; T = 50"'

10.flo6yryfi're rpaSir sarexuocti A/ eil Srua noBopory 6apa6aria q,

,r:#t^*;-:;tt#^*t 9, 10 nu:uaure vcrarlel{v usumic'" nigfio4'rv

KoHTpBan{,.s*qo qacrora o6egrautu ABI'Irysa n*: 10(X}x* t; :aralrne

trepeAar0qse uaclo i" = 168'
i2.3a ,uamryu sa"4asi 11 na:xaqte Beflurrmry uepeuiu4ennr xanara i r]'r

ronopory 6apa6aua,srqo 6 = Zr&e; t, = 5J5c; t" = 2'0e'



4"5. KonrpoNrni saru{rannff

1. flepepaxyrtrrc o6nacri Buxopucrarrnr aig6rrrurx i maxrnr.rx ne.refi.
2. Ffugsirs ocnosui ei,{Miril{ eigdranrlror ueqeft si.4 uaprenirclxr.rx.
3. flepepaxyfire i oxaparcreprcyfrre ycrarrqnaurrf; AJur 3aBarrralrqrranrur

ni46rarrnrx, uapreaiscrrra<, uaxr.nrot i AoMeHrrrlD( nEqeft.
4. 3apacyiire [prrHryrroBy cxeMy eig6uenoi ne.ri fi nogcnitr npnmglu ?i

Aii.
5. 3apucyfirc upunqmoai cxeMn 3aBaHTa{cyBaJrbnffx [pucrpois uraxrrrnx

neqefi, nracxaxiru caoi uip4yraxu.fi npo ix nimoe|quic.rn exonoriqnrnu
B1IMOTAM.

6. 3apncyfite fiplrnqnnoBy cxeldy ruaxrnoi neqi fi noscuim npnnqun ii 4ii.
7. 3apncyfrr:e npunqunoni oxeMr{ TurroBora ABoxorrycHgro 3aBanTa)rq{:

BnJrbaoro npscrporo i upucrpolo : rorceftepnoro rro4aqero rrrriD(r]r, rre-
scnirr uplcnpn rx lii.

8. 3apNcyff're rrpntrrprnoBy cxeMy po3rrogiruonaua urrlixrrr i xoporxo
osuruirr Mero.rg.rrd)i ps3paxyirry nor5nr<nocri fioro aaurpra.

9. 3apucyfire upaxqranoni exeMrr npuc'rpoie IJrr MaueBpyBarrHri KoHycnMr.I
i uoacnirs ix npNnquu giT.

l0.3apucyfue cxerrry xonndiaoaanoi ne6igra i uoxcniru npulrqNn i:i gii.
l l.3apucyEre 6*posuipxNfi rpa$ix i noscsirs Epr{Hlltil fioro uo6ygoax.
l2.3apucyfire po3pa4fuKoBy cxeMy 6alaHcnpnoro ilpticrporo i oxapaxre-

pu:syfircpu.ru, r{o .qirorr Ha HBoFo.

l3.Koporxo enrora,qirs MeroAr.rKy po3paxyxrry noryxnocti ABr{rysa
le6irucr.

l4.Bucxa:mirl caoi ndpqyraurrf, rrpo ni.qnfirqerns aa4ifiiloc.ri i cepolcy
cnyx6n nafi6furu HaBaHTaxeHrD{ geraleft .

Terua 5. YctarrcyBannir-Mixcepuoro ri4gixenirx

5"1. Ocnoetr{ilr ilpr{3rraqeuxflM naircepnoro riggi,uennx e uigroroaxa
pigKoro MeraJry Ao noAaJrrmoi uepepodrn, a raKox crBopexrrs fioro sauacy.
Tax, naupnrnag, n vopxifi ueranyprii Bolro clqrrye 6y$epou vriN gouennuu i
crarre[rraBfiJlbnaM qexrMr{. B rpyrrnrx crallerrJraBr{rrb}Ilfx rlexax ycrar{oBrirororb

ABa rrrixcepn B oKpeMoryy uprn'aiqeuni (rr,rixcepnouy ei.q.Eirenui). M5
o6o:ryroayaanur uixcepin nepeg6aueni rtlixcepni 4pasa, MElrrrur{rrr Ans 3ropraaurr
rrrnaKy 3 uixcepie i roenria, r*aonopeftrori sisru{ ra isrui.

3acroconyrorrcx ctaqionapni uirccepr.r uicrcicrro 600, 1300 i 2500r.
Mir<cepn Marorb Mexarrisu noBopory i oigrpmannx Kp?irtroK 3€rlrr{Brurlnoro
orBopy i enmycxnoro HocKa. -flx mexasisMr,I noBopory, 3acrocoByrorbos
rBauroBi i peErori Drexasisr.fir 3 erre(TpotrprlBo.4onr (p4e.5.14). figponpNeo.au
na qefi qac He 3acrocoByKlrb, a xa ecix IroBrD( (or{crpyxqirx BnKopEcroBylorbct
rfurrrur pefiroei Mexarri3Mu. flpunrymora cxeMa rrpr'rBoAa raKoro uexaxisrry
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nor(a3alra Ha psc.5,14- npzBo,[ Mae ABa aB]Iryur nor]DKl{icro 90xBr xortxr.rii (:
sr.D( o,&{Il pe3epBME).

0[opHo-[oBoporHa cgcreMa uixcepa n'rae 6aglaxi, sri cl{IlaAalorbcf 13

rrorrrpbox cercrifi i saxpiffIegi 3a aofloMororc 6o.rrir na roprryci, po.rrmoai

o6ofoiu i mi ,4rrouoai6si nauparnxovi onopr.r. Omanni po3TarroBl"rorsoc Ha

:aliso6eronnor"ry $yrgauemi.
!Iar1u, arraft Ha,uoAlirb ig ,EoI'lerororo qexy B qaBylroBo3a)q 3arsBalorr, B

uixcep cneqia$uuult 3:uluBar6HlrMr.r KpaHaMu aalIraxoniAfioMHicrto 180/50 qu

125/30r (a :anexuocri rig naicrrcocri xoemia).

,{nr norinuerx.a ylroa aig4a,rrxur ciprcn is uanyay, uigalnqenrra criixocri
QyrepoBKa ulax nocriftno 3roprarorL. IIInaK gi4aan*orr 6e:uocepeanro s

uixcepa <r .nosmib uepe.{ 3alrlrBaurltM rIaB)rEy B uircep. Cxeuu MarffH ,q.t.t

3ropr:lHHr rrulaKy noxa3asi Ha puc,5.15 .

Mamrua .{rx 3roprariw rulary : uirccepa uae npxuo.iriniEnaE p1x rpe6ra,
qo ne sanxgu sa6eaneuye norne aig,4anxrurr rmary. Firrrur eQexnaui a po6ori

€ Marrrunl ,{llt 3mpraHrit ulrilcy e xomia. Mamliga uae lebiary 8 r orper'rru
o6epra:trrrvr 6apa6auia. [Ipn uepelvriqemi mrarrn 5 Bnepea KaEar, tKxfi
ormae nepenuifi 6nox arorureqoro *axett 7, Har.sry€T5ct i :a paxyaox qloro
fioBepra€ ABorfieqt{ii saxhr. OclaHnifi uepxrhr ponnrcor'.r u|4tiuae nralrry :
rpe6rou. IIpt nepeMirqeri rpe6xa na:ag slrqe:ragarui Kailar onepxy€
ocra6reRx i sa paxyrox {6010 urra.Hra niA,4iero gmcaoi Baxli orrycKaer;ct,
ga6egnesfosu 3roIlrauut mtrary. Bcx qt crrcreMa pograffoBy€Tbc.x Ea

nonoporufi paui, lra uae voxlngicrr o6eprarncB B ropli3onTanlnift lnoqlori.
qe Ao3Bom€ 3roprarE tr"raK no Bcifi IIoBepxEi KoBmiB.

5.2.3alaqi

1. Bu:xaqte mcrory o6e1narura ruixcepa (puc.5.14), tr<qo: n's =
SlDxt'-t; zy = 7r= 4= l7' '22= 4=76|'26= 85' h = 7M; R = 0p5M.

2, ia aavuwra ra4avi I aRsaarre craraqry noryDKHicrs .qBl'Ir)fia i

yc-rauonirr sa aosianratot'l il saft6.mor<qe cralraaprge 3HaqeHHt, tKr{o
M. = 48IVE{M (uouenr onopy naxnrry uixoepa siAsocso oci o6eprarrst

ocraxusoro), q : 0,7(sararss F KKf Iuexaxi:tuy)-

3. 3a,qarMMI,I sa4a\ 1,2 Brrsflaqre qac Po3rolry,Furyna" xxrqo X,"n = 1'5;

GDlo = 65ng 'tz '
4. Bu:saqre Kpyrrrafr MoMeHl s rglxrronift trepeAaql Mattlfiu ,{ns

iropranm m;rary (puc.5.15,a), xqo rara pyxoMlx( qacruH Q : 80kE; S

= l0lrrru; (si,qcraHr rnr.rrra); r"n = 30um (cepe4rii paAiyc rBrHra); tt =
0,12 (roeQiuienr reprt KoBsaEE B rBlrHmrifi napi).

5, 3a ganm'au :a,qaqi 4 eu:HaYre nepe,qaroi{ffe qucno tlpnBo,4a, .rrr(o
v k = 0,05 n/c ( ursrAKicrr n hfiouy Kaperxn), na. = I 000x4-r .



Psc. 5,14. Cxele Mexaai:uir noaopory r'rircepir: l-Mi(cep; 2-poJmrcBa o6ofadat 3-crcqiarrsun
vepe'rd pe4ncrop; 4-raEroBa trepeAas4 6-npEBoA; s-pefKa

Psc. 5.15. CxeMq Manas .qlrr 3rolnarfflr ulrarq 3 Mi(cepy (a) i roaua (6): l-saqpa3llsoqi; 2-
aeprtr(.urbBo plxoMa KaperKa; 3-8i3ox; 4-Micq 5-Itrrama; 6-xapcflca; 7-,FoDne.nd xs:rd
Eaxlq 8-ne6i#a

,{--1 . 2

PEc, 5.16. CxeMa ropu3ox|mr6Eoro kosBelrmpa: 1-6ow4 2-6aaaxoupui porsl(ootropr; 3-6aEqax;
4-6orcBa Kpunrc; s-niAnplr*cmem mmrq 6-.opnoBe4 7-3]6 crld BiEerF; 8-Tpy6olpoBiA;
9-qpmo4 10-rlputo.ua mecrepue; 11-rfypw

6. Brgna.rre BealFmrry K).ra troBopory 6apa6ania (pltc.5.14), txqo ycrallega
rBr,rnKicrE uiAfior{y KaperKE vk = 0,12 n/c; Di = 0,15M (liaMerp 6apa6aHa);

tp = 2c; ty = 6c' tr = 15e (rpaneqi€Bnllmft 3axoH p)rry).



5.3, KotrrPo,tlui sa-txrauru

1. florcuirr nprsnarenex i 6y4osy uir<ceploro ai5,{ilenua.
2. floxcaio 6ygoey ra trpuuqlltr .{ii Mikcepa.

3. 3apucyfire cxer,ru rdexaaisi{is aaxrny nnircepi4 oxaparreprls;dre i
noicniTb !x npun$fi gii. Bi:rum Aor.ra,{no :ymrnitc.r Ha ananisi

peiKoBoro Mexasi3My.
4. 3apracyfire cxeux Marrr,ru ,u,nc 3mpranxx mnary i norcnirl x byloey ta

npuxquu 4ii.
5. Bncxaxic caoT uipr<ynaalu npo uoxlrcicrr gaMinr s rrHx MaIIIr4Hax

erexrpouexaui.uoro rrpuBoAa xa rigparnirxnt (o6eptansnoi ru
uocrynarrrnoi gii).

Tetlra 6. Vcmrrqynaxnx roplror a.IIbI{r,D( KolrBepropiB. Arperarlr
KOHBepmpHoro rr4rry

6.1, fopusoura:rrni xonrepropn 3acrocoayorEcr rilnrl a r<olloponifi
Mer-dirlprii IIpo'{FCroM nepepo6rol rrun< e r'ligni, nirelroai, cHrxqesi trIrefisl-l.

Ocranxi ogepxo4ors y ai,46uan[x i maxrruo< nevax. flpr'r:nauernx npoqecy

KoBepT,iBam{{ - riggalxrnx pi:r*rx .4ouiubr (cipn'r, :adsa ra iumrx) :
pigroro po:rurary mm<ou fioro nPo,4rBaEHjI noairpn',r, 36araqennM KrlcHeM.

Micirdcrr xoxnepropia cr:auorr'rrs 40 - 8Or, aiai"rerp 6oqxq 2J - 4'0M, goax{Ha

6oqs{ - 3,3 - 9,2M [3,4,5].
Koneeprop snlte co6olo cra:reaufi rfineponasui qniligAp 3 6aHAaxaMx,

.nci niruno po3rarnoB]'Iorlct ua 6alanclrpmm po:llrKoo[opax (p11c.5.16)' Ean-

4axi i ouopni ponmra ri,qlrlrarorr' is cranefi 35JI, 45JI. flepmi r'ao4'rr 6yrut

po3'eMHnMfi i oyqi.:rxrcrru. FoJm(I{ onop : 6ory npuro4a BuxoHytorbc.s

naope6opgxnru, a r npmu;lexuoro 6orry - 6es pe6opx. O6ep"aHHt (osBepropy '

nepeAaerbc{ qepe3 sy6uacrrttr aineqr, :aKpirureHn: Ha Koxlrci xonaepropa. ,^{-ln

r<ounencar{ii TeMrlepar}apxoro po3llrupeHn Boruerprm(oi Syrepoaru
(r"rarue:r,rronoi i xpouor"rarxesxroBoi qernu) 6oroai rprmu rpirurrrsca .ao

KO?rqD(a ia /IolroMoforo II]nI4IrboK 3 np)')0HaMx.
Mexauisu noropory KouBepropa Mae ABa nplrlo,4{: ocuoBr rfi i aaapiftHlrft.

OcHoBrnfi rpxBoA Mae sy6vacry uepegary i xearyrl MTM-612-10 noryxrricno
50KBT, ABnryH aeapiMnoro npraoaa Mac cBo€ ingrai,rya-rune .Dfiepeno eHeprii.

3a Aonollororo II6om ,4BrfyHa KonBeprop BrrBo,ryrrtrct B Tar(e noJroxeHEJI' nplr

.sKoMy QypME 6y4rm poarauoryBarl{c{ BHIqe gaeprana rrlerarry. I{r
ueo6xianicm BuHaxa€ B ToMy Btrnaarry, roln i:-ga 3HHKHeHltt eueprii voxe
npr ,rHrmct IroAarra,qnrx i uemn sar'lopo:ur $pueni xana:m' &lx rcpymn<

rosnepropie 3acmcoBj,{orb lrurynu nocritnoro crpyMy,U-52 nor}rruicrro
32nBT.

,Qrx sanpaanu xoxrepropa, 3JIuBy npo.[0/KTiB rraBlar, a laKox Anc BExoAy

ra:ir na xoxyci KoHBepropa nepeA6aqeHa ropnoBr'iHa' .rxa 6lpae rpyrnoi.
rca4paraoi i osal6Hoi Qopr'lu. Ycrauoemorcrs ropJloBrrry fl14 IIeB1IuM KyroM



Ao Beprr{Karri (61rn 72 - 30o) a 6ir fuplr. ,{nr :6upaxrrr i ai.po.qy ra3iB HaA
ropnoBrrnoro po3Tafi oayerrcx cneqialrxni ronr.

Ilogaua .qrrrx rig6y'naencr 3a ,{orroMorop $ypr*, rdruricrr .rKax locrme
30 - 55 uryx.

Cxer'.ra Sypua nora:aua ua puc.5.17,a, Kopnyc Qypana renxe co6oro m.rruft
3 saByry rm crani Tpiinr{q Bep)crifi BBiAE{ft rineqr xxoro ruae pi:;6y i
nprcnaveuri glx saxpin:rennr Qyprueuoro pyrala, fopxsonra.inrufi xireqr
Mae 3 o,E oro 6oxy uanrura i rylr,onnfi (]larrarr, 3 ,Apyroro 6oKy e pi:r6a gnr
npu€.{Haunf, rpy6r<x. tlepes qeit KaHan Bq(ox}'rorb q@eHHr ,lypm. B
rarexaocri ria rexaoloriruoro npouecy O)?Mn wcrrm geri.nrra pa.:in ra
:uiuy.

9ucrmr Qypr"ru iugHBirya$HHMr.r qu lplroBe{a (puc.5.17,6)
nueauo@ypuerupmaml. Ei;rru eQerrranr.nau e rpSmoni l,mnurru, xrci
o6cryroayorr rppy Sypu. Boml 6ynarou nigsicuanl i na:eunna. Manrsaa
Ma€ p)xoMy rrprco,Ery mrar$opuy, na ncifi porramoayerrcx po6ouuft
[EeBMorEniHAp e ai,ryroai4roto ctrcTeMoro .{nr ro*roi :ymlarcl
MarulrEr{ fiepe,{ KoxHoro ox)Moro nepe,46aueni 6lorcx r[ixcaqii m :ariAinneuru.
JIoM{ npu uuqerai :nificnoe 3Boporno-fiocryfianlnnft p)2( 3 qacrororo
npn6nasxo 2000 xoAiB r{a )<Bnirxr{y. Tomy rac KoH"arcry JroMrrKa 3 po3rrJraBoM

,{yxe MaJtrd (ir 0r02c), qo 3Mer -rrye uoxrasicTr rrorrrKo,rlxeErur noMr{Ka
MCITLIIOM.

llmyrcnicrr nBtrD.na MexaEbMy rrotopory KonBepropa BrfHaqarorb 3a
cTaTr{qHtrM HABarTarreHHsM 3 Bpax}tsaHE rM roeoiqieHra sanacy nory,:ruocri.
Torry qo ruyrpiunr troBepxnr KonBepropa nparcrrqr{o e cnMertr r.rrinq ro
uouexr aig Bartr Msrary MoxEa He BpzxoB),.Bartr, AJ'I' pospaxyxry nprfuualorr
rirll& MoMeHT aig crur repu B poJrzxootropax- BiAuoailuo Ao po3paxyHKoBoi
cxeME (puc.s. i 8) qefr MoMeHT Moxsa Bn3rauru :a Qopuyloro:

Gk+G" pd+2k .,rrr = 7-, - ._. p.D6,
(cos \.,r +cosv2) I)p

re Gr" G" - sigrogiAHo aara roneepropa i ueranry:
p - roeQiqierr reprr KoB3arrE ;
d - 4ialrerp pomxa;
k - roe$iqiem reprx rovenu;
Do - sorximrii giaruery ponmq
B - xoe$iqiem, rpaxoB)rro'ufi reprt B pe6opAax (P = lp - 1,5);
Dr - aiauerp 6aruaxa.

To4i nor5rxnicu gaNr5ixa:

-, K.M.n
9550.r1 

-



PEc- 5.17. CxeMt O)"ldr (a) i mytroBoi meaMoQypMoBo$oi

MaItrI@ (O: l-(yl6oBsf KratraE; 2-KaEan At9 s@elllu; 3-(aEar

Am'; 4-rEerMory"ri$,4p 3 po3llo.q,JloBaqeM losiTpt; 5-noMEC;

6-6nor {biKca{ii; ?- rar6opua; 8'6nox :arcphletur; 9-vexasisu

trepeMiqeglr4 10, 1 l-ctrcrsda ynpaBriss,
Puc, 5.18. ,{o pepaxYqKY
sprBoaa xoss€propa

PEc. 5,19. CxeMa (oqBepropa 3 6ararolFmtrsmu npusoaoM
(a) i npsroAiB: nasicqoro 6armo.&rrymoro (6) i
crauiorqpnm< (B, r): l-ropnoBnsa; z-saBlcsJal a$xoxil@i
peA.rclopi 3-EaBicd rpnog; 4-onopae rinsqe; 5-roxqrx;
6-ri.[trlaarisrun ,qerfl0ep; 7-,orepeno ti,uurxn; 8-ouopr; 9-

aeMtrQep; 10-3JEBd Eoctlr(; 11-
ni{nrm-rqxonE[ BFon; 12, l3-ouopa 3 SiKcaropoM; l4-
qeETpa.JeEe 3Fsa4r€ Koneco; ls-EepEogpiiEa Eecrepsr;
16, l8-sg]'n po6ocoi i MapuoBoi rtBr Koqri; 17-

ereKrpoMarEETsa Myqra

K - Koe+iqienr 3anacy noryxHocri ;

11 - 3aran6Hrtfi KKA MexalrbMy noBopory.

6.2.3anaqi

1. BrBHaqre BeJII{qI{IIy (oliralcrHrD( fiarpyr B onopHxx poJlxKax

@uc.5-16), trqo KoHBeFrop ctrtrpaerrc-x Ea BiciM poisxiB, Gk=35 ME;



G"=0,8 MH; pr=45'; ryr=3got D6--4n5u; Do = 0,6u; 8--0,25;
Enp = 2,1.10s[fia; p" = 0J (xoeQiqierr llyaccoua).

2. YcraxosiTs onruMarrlae 3uaqeHqr ryrin y1 i ry2 po*riqerna
pomxoonop 3 rrornr4f 4ocrarutoi c,rifirocri KonBepropa
(BsrffosenrrxM sicraryaatrn.r 6alrgaxie a pomrir) i iriqiManrsn(
eerrwm pealqii.

3. Bragnasre uixocrory aigcraur ri,qcpnmi sy6eacroi nepegaur
uexani:r"ry roBopora (osBeprop4 rxqo: D"* = 4352v]I/' (sorninxifi
giaue4r xoleca), \ = 36xu (nucora sy6a); i = 15.

4, Brauayre ulcno o6eprir ABqyH4 sr€ nix po6zru 3a oAr.ru uqxJr
noBopory KorrBeprop4 f,Kqo KJrroBa ycranexa mar.rgricrr KorrBepropa
npI,I rparle4ieBlt{soMy rpaoiry pyxy: ro = 0J pafl/c; ip = lc; tu : 20c; t
= 2c; i" = 1000 (3arar6ue nepegamvxe uaclo).

5. 3a 4a.mun sa,qar{ 1-4 nraararre noryxnicrb 4rm5rua Komepmpa,
trqo: p = 0,015' d = 0,15M; k = 0$08M; F = lF; K = 1,2 - 1,5.

6.3. Konrpomni saruramr

1, Ha:git o6mmi BrlKopugraxa,r roprl3ormJcurx roxaepropin.
2. 3apncyEre cxevy xourepropa i noxcxirs lpnqul fioro nii.
3- ,{afire norcHeEHr ,qo orropHG.rroBoporsoi cEcreMt4 nonnepropa i

oxapaK.epByi're iL
4. Koporro rnx.nagitr MeroAqKy Bff3saqenqt

nPr.rBo,Ea KoHBepmpa-
rroryrrmocri gBrrrlrla i

5. 3apuc5irire cxeua Qlpvu i mrearrrofupuenquxa i noscnirr ix 6yloey ra
lpr,rHqr.rn Aii'.

6. Aafr're anad: reouerpii Ta KiueMarqi eBo.[bBer{THoro qrurirgpivHoro
3qEIfiEEES.

7. florcxi*, n< ri.rrricfi sy6'in s[ffBae xa Soprrry ocrarnix, tr{o 3Haqr{Tb
xopnyaanxx sy6'ia.

8. 3anaruirr Qoprlryriy rur BnlHaqesrr r eHeprii ygapy rrreBMarr.r.rnoro
yAapEoro opmsy.

9. IJorcxiru, Bi,4 rit@( napauerpie 3aJre)r(ET6 mugrcicrr nepeuiqeaur
uroKa nHeBMollr-fiinnpa.

lO.Ha3riru ycrarKyBaflnr, sKe nprrxarreHo cnlr)tsara .&l<epenoM
crucuexoro uonirpx.

Teua 7. YcrarryBzrHrx{ Beprux{urratD( KoHBefrropiB

7.1- Beprnramni (onBepropu 3asrocoB;[orlcr a ronroporii uera;ryprii
(uicrxicro Io 3Or) aIr Buq6ra,qaxrD< fipoqeciB i B qopHift Mera,rryprii Arrt
BHpo6HrdIrBa KosBepropED( cranefi (MicrKicrro 60, 100, 150, 250 i 40Or).



OcEogni cKraAosi IuIDtrlI A,ILq ar,po6lruqTBa craiefi - piaKl.rfi qaByH' cKpan,

nerwo.{i ereMegr{.
KouBepropn Berl,rroi uicrrocri airpi:ru or;c.n KpyrrHI{MIl ra6apnTaMu Koprrycy

loncma ao 12u, giaraerp go 8n), renlrroro Macox)' trta aoctrae 2S00 - 250(h'

,"* y.nou* po6orli MexaEbMy noBopory i onopnrac alarir [2] Ha

offanni s[ntrBarort sefirud crarnqsi i ,aNuah{isHi. HaBaltraxenm' Cylacai

Kor{Beproptt cKtaAarorlc,{ a unninApr'rvuoi cepe,qnroi '{acrLHL, cQepasnolo

nErE; i 
-rconqelffptrwroi 

ropJIoBInHU y ulrmgi 3pi3alroro xouyca' Cepegrx

qudnnpurua qacrflrra oxou oerr,c.f, crareBuM MacuBHriM tsfiEueM, tKe B

HeBeJMKT{x (o}rBePTopax s'e,Erysrlc.s 3 Ko)KyxoM xopcrKo, a y Betr{K{x - 3a

norroMoro]o mapuiprra< a'e,4saar. B Kilr'qs 3anpecoB)irolBct crairegi roBa]ii

qauQx, nmuu KouBeprop cntrpasr6ct Ha ui4rournsroei nysra cromia

(puc5.19). flo:roxemrr oci o6epraunr, qt i s imlrx eMKocrxx 3 pirruaa

ilerarou, is yuoo 6esuerca au6lrparrrcr Blanqe 3axaJlrnoro qexTpa r.mKinxt

KOHBepTopa,

V repruralruouy Kolnepropi crBoplo€fict ourb[ rrreucuBHe

uepeuimyaarxx Macr.r po3luaBy (ogua +yprra BBoArlrbcr vepes ropronnxy),

si$rarae qeo6xi,qsiou plunoro unqeunr Qypr'a i auropuctannx rrpncrPoi'B

aaapifinoro lloBopory. Hat6ialro'u't neAolitcolt qn< rorrepropir e

3acrocyBaHHt BIlcororo rrcry i :6irumenHt rrllnoBlsocy
Mexasi:u rloBopory e Haft6inrm ei'ryIosirafisHoro qacrunoro KoxBepmpa'

Icxye aerurca pisNovaNirrricu I(oHcrp)'ICTI{BHnx cxeM vexanisMis' Ha

po",S.tl,u,O nora3aua cxeMa KoHBepropa g 6ararorprryrnuv rrpsBo.4oM B

q6oMy BEna,qKy Ha oAHiU su.IBox qafi4ax lliABil[ycrbc.s sinrHo cneqia'sHui

cunord pegSncrop s gexi:rrroua niasicHrritr uptBo'4aMx' sKi r4arotr

rpucryniauari peayrropr i Qnauueni ,qBn)'Hra noc"dfiHoro crp)rtlry. Koxttlfi is

nprcoair HalilIxct"cx rrp;"ts{Irnl,rrt{ auoprn:aqii'nrau nptcrpoeM (aeun$epou)'

li,qpa"Ji'rH[,'.{ AeMnOePoM sanin.ssrbcx i curosnfi pe,q,'Iffop. I-{e sa6esnevye

rnaenicru xory npu rycxax i synnnrax, 3MeHmeHE rnna"wivwo< Raeaxtaxenr,

Aircwrx Ha npI.rBoA i xoxreprop r qilouy.
B CIII naeicxrr'n.r npxBoAaMtr o6;ratrnani KoHBepmptr uicrricrro 30' 50,

100. 160, 300 - 35{t i 350 - 4{Xh. Korreprop r'ricrxicno 100r Ma€

oanocroponuid gocrrrln,pnryrmrzfi npunon, a (oHriepmps Micrriclo 160, 300 -

350 i 350 - 40Or - o,{EorI{IIIi uaricni npnro,4a 3 oAHaI(oBIlMt napaMerpaMl.r:

16{}r - o,qnocropouuii lrecrngaurynnufi, 300 - 350 i 350 -400r - geocroponni

gBaHa,4uTlr,@uryflHi' floryxnicrr Anurylrie crasoBarr 60rc8r npu'racrmi
o6epranux 950xBj. B nopir*nrni 3i crapm{q roucrpyxli.n.u crarlioHapflKx

npanogia (puc.5,19,u,r) naoicnd r,'rae raxi no:sflaHi srocri: vani ra6apn:nr i
uacu; :pyrricrr i npocrora MouTalcy; 3rarHicr6 racl'ITu yaapld HagauraxeliH-fl s

g'etua:n!n< i :'reunenni; H{coxa xa,{ifisicrb.
floryxsicru Serryrra MexanbMy noBopory KoxBeplopa BIGHaqarcTb 3a

HaBalrrax)tsallBxolo AiarpaMoro.



Psc,520.,Uo po3paxymry trIrBoAa KosBel{opa: a-Ao BRrEaqeErI MoMe{ry Bi,4 Baflr
r(otBeprop4 6-ao Btr3Easf.re* EscoT,tr Mcrany; B-ao Btr3EasesEf, MoMeFrJr BiI Bar4
Msfaly; r-IgniE4tid c€rMerrTi A-rpaoiK c?drEwx MoMemiB

PEc" 5J1. rIpm{EEoBa i
p@paxlruoBa cxerur rfypraeaoi
y€TaEorrq: l-reSiaRa: 2-plxoMa
rcnoE4 3-rlatrpar]rEosi pot'6'g: 4-
troBopoma roni8q s-py(a.B; 6-

ovF*a



Ilopx,{olt pc:paxyuK,v ?arcrd:

1- Bi4noniaao ao p$paxyiKoBoi cxerlu (puc.5.20) BIBlraqaIorE MoMeHr

eig lana uopoxnsoro nonsepropa sa rfopMyllorl:

Mr =Gt'r"'sin9'

Ae G1- rara xorneProPa;

." = f(xo - c, )' + 0o -,1, )' - pa4iyc-rerrop;

g - Krr noBopory Komeprop: rig novarroBoro rroroxeaH.f,'

-flxnto ilesrp rrxiuu ct{jr I*lae:Miuequt gigaocno reprurali, To MoMeHT

ansrauaercr :a $opt*ynoro:

Mr = Gr. 'r" 'sin(co +q)'

.u.e xn -C''' ct.o =arcig '-:- - - Kyr H&{JLny paAiyca-BeKTopa .4o BegrI{KaJIl.' dr *Yo

Poipax),HKlr trpoBatqrs .4nt aerirbrox noroxeHb KoHBepropa ('repes ro;ci
10 - 15") i oyryrou rpaQix uor.,rerrir (puc.5'20,1).

2. Ycrasosrtrororr BI,Icory Merairy B KolrBepropi npn nigoua< BeJlaqliHax-

MicrKocri i rtrrroMoi sa t MeraJry. 3arar6rla Bucora 6y.4e (puc.5'20,5):

h":h"+h1+hu,

ae bc, hk, hu - Bflcom cerMelrr4 ronixr.roi qacrrcla.quuma. qnniHrpiffioi
qacrl-rHtr xoHBepropa.

BIrcorE hc i hk BE3Ear{aroTr 3a KpecJIeEHfl{, a hu Btr3HaqaIOTs 3a

Oop\ryrol,o:

h.,=%." s"'

Ie Su - nxoqrnra ryiringprnroi uacmuu;
V' = V - V" - Vr.' o6'ev tgirdrapr'ruoi qacrnfli

v = 
G' 

- 
"uaarru""fi 

o6'em uerany n rorrBepropu
v

Y . IIETOMA BA|A METAIry,

3. Baxaqaroru rleETpla toldrlrt i o6'eM 'rtr Bary Merany [ng aeKinsrox
troJroxeHb KolIBepropa, Anf, lrEoro po:6marorr gecs o6'eM Merany Ha

orpeui eneueutapxi o6'eur V1 @nc.5.20,4)' B 4anouy alma,4ry

ogepxa.ifia o6'elra c{epu, roro ceruenra Vo 3pi3asoro I(oFyca Vk Ta ptA
HerrpaBl lf,H(x qudsapsuroc cenrlesris Vq.i. Beluwnu V", Vk i lx
qeurpu rxxiunr Br{tuaqalorB 3a ,4otroMorox} Aoeiaroeoi lireparyplr.
Henparrurlri w:rix,rpnai cerMerTtr IreperBoprolorb B IrpaBI{JIrrl
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fifi(oM BiAciKaFHr i AoAasaHHr pbnoqiuxmr o6'eMiB MeraJry. Tarflrfi
ceruexr noKa3arro na pr.rc.5.20,r. Pospi:uxor ABa Bu,qa cenreHtis:
cerMeHTfi 3 qeqrpa*uav ryrou 0 rrrermre l80o i ceruernr e>180.. AJrs
uepmoi rpyrm cen'{esrir o6'eu i aincranr Mix Bicqo rourepropa i
ueurpou raximra cerMends ga3Raqarcrrcr sa t[opuylaut:

- oJp
V..- =f .R'.h 1 (='-,-::.' - l2.f '

a Inr Epyroi ryyrltr - 3a oopMynaMn:

Ae f,f' - o,mHfiwi nnonli ocnoruoro i gonouixnoro (ri4ci'renoro) ceruernig
(ru6rparoncr sa noai4rorrana ra6mlnuu n ralexxocri tig a, n, 0).

_flicnr gncuaqenH.{ orperrrn< o6'err,rin o6urcrnoror ix c5n'tapni snaueuxx V'
i nopinr*orot 3 norrarKoBuM o6'euou V (,us strrralgqy, KoJrs Merajr rqe He

loqar snssarr.rcr). -ftqo V'< V, ro niniro, ma o6rrexcye rroBepxslo Merarry,
rrpoBol{Tr (xa rcpeorexai) ruqe (g,rr qrom po:paxym(oaa cxeMa BnKorryerEct
crporo n nacrna6i) i, raanaro, rrnlo V'> V, ro ruo rduiro nporo4rrr xnx're i
rrpoAoB)Kynrr nepepaxoB).BanEsgoru, rroKrr V'=V. 3aAaqa cnporqyerlc-a
m. re roAi, KoJrH Mefiu troqxe 3ruBarEc.f, sepe Bnrrycrrifi orxip. B rpouy
BEnaAKy Bxe Aodarrso nponecrr liuiro notepx-ni uerarry eil srncnoro oraopy
ni.q treBHltr'r KlroM Haxnny g KolrBepropa"

nicrt mrc, rK BIBHaqr{Jrnob s piaxic"lro o6'euin, ycranormororr
Koop,E{rraru 3araJrBrom qernpa r.rninru verarry :a Qopuyravn:

IV'x, IV,.v,x" ==-)Y, tv'
4. Bzruaqaroru uolaerr uia aarn r,.rerarry

M" = G* .r.sin(q- c) , . = {(c-x"f * (d -y")' ;

, c- x_
s = arcrg-

3a oAepxann{E 3naqemxur.r 6y4nors rpa{ix (puc.5.20;a).
5. Bronaqarorr ruouerr gi,q clrr reprr a qan0ax rarox.q;rr siAlosianux

troncxeEr, KoEBepTopa:

M,, = Q.p.ro,
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ne Q - uosxe naeaxraxennr na qau{u;

p - roeQiuierrr reprx (oB3arrHt;

rr - paaiyc lrar$u.
6. BugHasalorE garanbEd crarnT rfi MoMeHT xa Bary /lBI{ryHa:

M"=

ae i, q - saranrne repe,qaroque qacro i KKA nptrBoAa.

7. 3,aificnrorors nepeaog ranexnocri U" = tr(q) s garelcictl IvI" = t{0
3a BItKIIaAeI{oro pagiure uero,4Eroro.

.{a.iri po:paxyHor nporarutlca :a ri4oMoro MeroAt.lKoro'

7.2. @yp.reni ycraxoxcl ra ix po3paxynoK

I{i yc'raxonxu npr{3HacalorLc.s AlIfl BBeAeH[' KI{cHro B KoHBeprop sepe3

BotrooxoJro,D*ryIoqy QypMy, sra Mae BeIrn'IKaJIEEe i roplaolrTarlbre

[epeMiqeHHr. I{e ueo6xiguo ans BBo}S/ rbyprurs g Konuepmp nplr 2ryni ft

BriBory 1( 3 KoHBepropa ricns gaxiHqeuHt 4/Trt, a raxox airs :aMiHlI 6ypl"{E

trpg B{BeAeriHi ii 3 na,ql. ycrauoBn'r 6ylarorl .qsox rnniB: 3 BepxxiM (HaA

roxnepropou) i xmmiv (xa po6orifi nrolqa4{i) pcr"fi}tsasHtM' YcranosKq

fiepuor-o rlfly, B cBolo qepry. oynalorr crauionapni, nepecyaxi i noroporHi. a

gpyroro - craqionapai (roxcoatuo-uoroporxi w xxrni).
I{a puc.5.21 troxa3alra cxeMa noaopmaoi ycrafioBKu. Beprmatrrxe

nepeMiqexsjl Sypt'.la ogepxye Bi,E Kanarsoro npHBoAa qePe: BeprlixaJrbxo

pp(orry Konou,v, ftr uoxnrnocri noBopory +ypMa 3a AonoMororl pyraBa

rpinnmcr ,4o uoaoporuoi roJroBls, ffia rrpnBoallrlct n 4iro xepes :y6vacry
flepe,{aqy BlA en€xrpoMexaHfrroro EptBoaa.

B gaaifi ycrauonqi BI{IcmKae irrrepec po:paxlnoK MexarrisMy noBopory

Qypr"ru. [puryx ryr aN6rparorr sa craTlrwrw saBaEaaxeHIuMJ are 3 ,4arbmolo

fioro nepeaipxoro ua nepeo6trNerur.n 3 Bpax,tsaHl-trrt crarl{rlH@( i nsnanaiqrurx

HaBaaTaxeHS.

IloryxNicm AB[ryHa Bn:rpaqaer6ct Ha troAoJIaEE c]t[ Teprrr B onopax.

MoMeHT BiA cEr reprt 6yne:

M'p = P'F'O5dr +2H'st"0'5'dr'

Ae P, E - pearuii y sigroai4smr onopax;

p - xoeQiqiem reprx KoB3arIH,l;

d1, d2 - ,{iaMsrpr rilnooi,{Hlt( qan$.

,[.ru Bfl3uaceHgt P i E cx.raAatorr pa pirn*rn-r cran'uc.r:

lP, =o;lMo =$.



CrarusHafi Mor,{exr ra m-ni 6yge:

M_-
M. = ----1L,r'rl

Ae i, r1 - rara:r-one nepeAarosHe ql{cno i KK,q qpr.BoAa.
3a onepxanrn-r 3uaqexr{tM l\dn ra:rararott rlor}r(Eicrh, a 3a AonoMororo

,uonfunma au6xparors aignosi{n-fl:,pr,rryrr.
.{nrar',ri.aart uoveur ru:uavalorr sa r[opuynob:

*.=['#.? &.++)
ft.n

30. tD(")

Ae Gl, C'2 - aigrorip6 aara pyxaea i @ypri,ul;
6 - xoeQiuier*r, npaxoayroud uoraerr o6epmaxx .racmu upuno4a;
tp(d - sac po3roxy (rarsryraxxr) gerryxa.

7.3. Ilpuxlag pospaxysry nor)rrtgocri jrsnryHa MexaHisMy noBopory

'(oHBepTopa

Pognrxreuo rrpnc;ra,4 ffra KorrBepropa uicrxicrro 6(}r ai craqiouapur.ru
npriBo,qoM i ,@oMa ABtrrysaMn nocriiixoro crpyuy MII_g2, o.qzu is .froD( e
p*epBHriM (fipore npfi po:paxymcy BpaxoByer6c.f, ioro Maxoard rraouear] GDj.

Bwri$ri ,qaHi (puc.5.22): G1 = f ,3]ya1; G" = 0,6M8; xo = Z,t7v|; yn:
2,83Mt et = 2,l7dr dr= 2,92vrt c = t,425ru; d:2i3ru; Rr = 1,425u; R" = 5,19ru;
ry= 1'234u; h.:0.15M; hk = 1,125M. T = 0,07MH.m3; rll = 0J75M; io = 564.
no,= 47,5..,475xt, t 

l4ianator peryrnoaarr o6epria I...10), 1 = 0,E; p = 0,1;
f 2'5c;t = 1'5".

Po3paxyroK npoBa,Ellrdo a vepsi, .nca aurlagera e nyrncri 7.1 an, g = 30o-
1. Bi,qcram nrix tiempoM rs{dnnr nopoxrrroro xorrBepropa i niccro fioro

o6eprarnr (puc.5.20,a).
' rc =dr-yo=2,92-2,83=0,09M.

Toai nlouenr ni4 rafl4 Komepropa.
Mr. : 1,8 - 0,09. sin30o = 1,8. 0,09' 0,5 = 0,081II. ru.

Analoriwri poepaxyrKtr npoBapTrcr Ars iumrx:naveul rp. 3a
HacnUFGr\.flr po3paxyHKia oyryrorr rpa$ix M'.= f(g)-

2. Bxcory ruera:5r r xonrepropi ausaauaeuo ri4norigxo no cxeMr,r

@uc.5.20,6). O6'eu MemJD, B KoqBepmpi:

v" =!'6 =g.57"r.
0.07
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PEc.5.22. Io BaeqaqeE MoveETy Bi.u

lalu MsuJry

tho l,coeon6040tao
Ptc. 5.23. fpa4ls o4(9 (a) i q=fr(0 (E

O6'ei'r Merairy s qudflAPtrcsiii 'rasrHHi:

\ = v- - v" - Yo = asz - |r. n!(ln, - n")- |r' n*(n' + R'r* +ro2)=

=sF7-1314.0,1s':(:.s,u-o,rs)]r,ra"



xrl2*,4252 + +t 425. r,23rt +1J342 )= sSZ - O'36a - 0,26 = r,946tr3 .
l Urotqa:

' Sq =lr'R2 = 3,14'1,4252 = 4n806u2.

Tod:

h- - 1'946 - 1B46 
= o.3o5m.' s.. 4,806

noBEa Bucora:
h = 0i5+ 1,125 + 0,305 = I,58ru.

- 3. Cxeva,q.m Bnrra{eHrur o6'er.ra i qearpa esrirsx uerarry [oKa3a]ra rla
pr,lc.5.22 i BuKonysrbcr crporo a uacmra6i (mrry rqo a nei 6epyrr ,qefri
napar'rerpu). KyT noBopoTy (or{BepTopa ,Anr q6oro BunaAKy Taxox

. npnh,raeuo q = 30o. flpoeognuo opienronno niniro nordpxui ruera;ry i
o6'eM Ma'any pos6nnaeuo xa orpeui o6,tun, 3 gerrrura
fipr.rrDrnleHr{r{Mu oerMesr[ 1 - I 3aMigoeuo na rg,rixgpi<rri paaiycarrrn \
i crpi;mar'rN a;. Tonqrrxa cerMerrris ,qrs qroro Brna4ry craaoeuc 0,2u.

I;rx npnKna4/ Bu3uaqr{Mo o6'ei"s Anox cenrlemis 3 rlerrrpalrlur,rM rgrroM:
I < 180' (cerueur 7) i 0 > 1E0" (cerMerr 3). 3a sxasenH4rru R7 = 1,425M i a7 =
0,5 (6eperlc.r si cxer,u,r) i *;a./Rflr511,425{}35 i .qosiAKosoro ra6nuqero
ogepxyeuo: q = I,52 i f, = gj7.

To,4i o6'errar.r qrninApr$oro cerMes,ra 7:

Yo"., = o,!7 '1,425' ' 0,2 = 0,15v3 '

ffix arasnauermr o6'ei',ry cerr'aeuta 3 rreo6xiAao suairu trnorry si,4ci,Jesoro
cerr"resra f i xop2gr s. B rpor,ry axnagKy R3 = 7A25Mt aj = l,9M; nr : 1,88nr;
fj = 0,e.

Tod:
V-". = (3J4- 0,9).1,42s2 .0,2 = o,9rv.3 .

Arra:rorivno nzst{aseso :

\", = 1,16ru3iYo"' = 1,04u3;V*" =0J2v.3;

vo"" = 0"512u3;vu"u = 0,322u3;\", = a,027v.3 .

' O6'c'a Merany BocbMr,r rlarinlpunrn< cerivenria:

Y,- = 1J6 + 1O4 + o,9l+0J2+ 0,512+0,322+0,15+a,027 = 4,841u3.

6epymcx is cxer'na, a Qopuyna naee4era rnqe):
I

vk = i . 3J4' 0,65F ,231 +t,2!4.r,34+1p4'1)= 336"r.

O6'errr cr$epxvniro cerverna npr g = 30" s6epiraerrc.* i cranoaarr: %
= 0.364nr3.

Cyr'rapxd o6'eu:
V"' = 0364 + 336 + 4,841 - 80565nr3.



Touy lrto pospaxyir(oBni o6'cn Voo = 8r365m3 n?a(M'IHo .4opiar*ce

OamussoMy V" = 8r57ru', m Moxrn po3noYarl{ aa"uimrE era:r po3paxynKy -

BIt3ImrIeHgt qexrpa r$Kir{Ht Merajry'

ll.ng rrd( Ne qxlrigrpx'Iurl( ceruentin (3 i 7) gixc,raqr lrix aiccp

o6eprarnr xonnepropa i qenr?ar'fit ix rsxians cranonuT6:

r- - lq8r 'L42s. 
= 0.352u:'' 12(3,14-0,e)

!. _7,523 .1,425 _lr27vt.
' 12.0,37

Bi,qloni,qno xoopaugaru uerrpis r*xirfi{f, no oci x alrs qrl< cen"reHrie:

xn", =R-/3 = 1,425 - l'352 =lt073u; xor =1,425-lJ2'l = o,298v '

Aaanori.*ro BrrHaqeso \u., =1,372u, x*, =1r23tu, xo"n = 0'909u,

xu". = 0,705u; xu". = 0,51tn; xu", = 0'089tu'

Koop,Euara uerrpa rnxdnn.fl cerMeHTie no oci y:

yuc, = h" +h'k * ! = 6"15* 9,65* 
o;? 

= o'e" ;

Y'", = Y'". +h=0'9+0'2=1'1M;

Yu"3 = Yu", *h = 1'1+0'2 = 1'3u;

Yar = 1'5nr ;

Y*, = lJnr;

Y,!e6 = 1'9u ;

y4, = 2'1u ;

]*, = 2Ju '

KoopArnarn sara;rlnoro qelrrpa rr:dnHr Bocblflt cerMertiB:

IV..- .x..- IV.*'Y...
x," = 3-i5-3!i = 195" , y*=ff-1,2u.
- zv". Lv!'.,,

Koop,4zaatx rnrcinss c{Deplisnoro cerMexra:

" = R _l(2R" -h")' =rrr_l 
(z:r!l usl. 

=s,r*,.
(3R" -h.) 4 (3.s,le- oJs)

Kooparuaru spieaxoro KoHYca:

v. =h- +hi . n; [_Bi:?&:t!d] =
4 \ Ri+Ru.ru+rf _/

= 6.15* 6.65_ 
esIr,rl, +-z.rJa.lfi+ 3.1,33, 

] = o,+au.' 4 ( 1,34'+1,34'I'23+I,23' )
Togi xoopgrxarn qerrpa rrxinnx scloro o6'eMy Mera;ry B xosBepropi

6y4'"ru:
IV'' x' 0J64- 1,425 + 3,36' 1.425 + 4'841' 1'05 -, .
Iv, 8,s65

" - I-V'1 - 
O3O+' OJ + r,16'018 + 4's41 1,21 

= 0,8?5u.
tv, E,565

68



4. Rnsuavaerr.ro rigma,nr uix qenrpor,r rrxiass 
^{enny 

i riccb o6epraaru
'KOHBepTOpa:

r = "lQ,tzs - 
t,zr'f + Q,zs - 0,t7sy = r,37sv,

i Kyr fl Haxxn)i BeKTopa r go reprurani:

o = ,,"q 144:!41 = so5s, .- 2,23:0,475
5. Tod uouexr gi,E xaru uera:ry 6yge:

M, = 0,6.1,37s.(30o- 8058')= 0,296MIr 'M.
3a pagou oAepxasr.D( snavear M*. i 6y4reuo rpa$ix pf": (q)

(ptuc.5.20,fi.

6. 3ara.:nnai cra ,firmi MoMeEr, [puBeAeHr.rfi 4o eana ganryn4

M- - 0'0El +0'296+0'09 
= L035.10-3ME.nr." 564.0,8

Eyayeuo rpaQir n4 = tdq) (puc.5.20,a). Ha rpaQiry srvrixerux M" upu
naxrri xourepmpa s 6iK 3 Banrr Merany rro3Haqeno xr,rpxoro ainiero, a
suauennr l![" npu loaepxenni xoraepropa y nrxi,aue no.roxer{Hf, - rq/ryjKTnpxoro
irisielo.

7. Att rrc,oy[oBfr HasaHTaxyBanbxoi giarpauu xeo6xi4uo Br{KoHara
neperBopeHrrf, 3arexHocri It4 = fr(A) r galexnicrs M. = fr(t). 3 qielo
r*eroro xeo6xiguo nepm Mant:anexxicrr q = f(t), {Ky oAepr4yror6
tr.lls<or'l o6qclessr rurorqi rparfira x;n'ouoi mr,rgxocri (1tuc.5.23,a).

Ipa{iwrafi Meroa neperBopenx garexHocri 14 = f(A) rroKa3arro Ha
puc.s.24.

8. finnaldvxi MoMeara B nepioa neycraleuoro p]-)(y upu porroni i
mnbMyBaHHi AB{Dara,

9. 3a cpuapruu (crarrnmrl i nunarlriwnna) naramaNer:nm 6ypyeuo

-t2+M1\+ tvti +wIrm" +*{ . .

, Mj rMul\{, +Mr2 . , M}+MrMr+M! .-3

- !e$4*!6. t" +Mfo.t, +Mf,. te +Mi2.tr0 +

* (-rrqrl. t,, * S.t,, *!4.tr. + (-r\4,I.t,0

ty + Fr 't,y + P2 .t"



PEc. 5.24. Ao trepsrBoperur Mc=f(e) B MFfr(t)

Prc, 5.25, HaBaararryBalc{a
,qiarpaMa .EErysa



8$z +0,6.11+ .145+152.15+

, 1 J22 + 1J2. 052 + 0522 ., .. 052'? + 0F2. 0.18 + 0J8, .. ..Zri+.-_, i .ZU+

. 0J8r + 0J8.0,072+0,U722 .^ .0,A722 +0,U72.0,216+0,216,---- 33
x 16,s + 0562 . 1 + 0 p02 . 2 + 1,42 . 2,s + (- Unl . s 5 * e!4. g a

*o'.' '+t*1-z,xY.rs

=,/H=oo*t*'*
l\4 = 888'7E tu'

Tyr t,y - qac Heycralesoro i ynoai.:rsueaom pyxy ;
Fr = 0,75 i F: = 05 - roe$iqieuru, nci apaxoayorr, uoripueHE 1aroB
oxonoaxenHr ABrlryua npr ynorinrueaifi mugxocri i npu sgnmxax.

1 l.EKFiBaneI{rHa loDrxricrb,Ftrryna:
8!.t.91 

=a4.2*g.r.N'=t 
naro

l2.Ocrarouro rlr6upaeuo lpzryn noqormicrro 50xBr npr.r n = 475xs-r,
M"=1005Eu.

i3.flepeaipxeuo aBtrryrr Ha nepeo6rnrcer*u (zJrx.exryHiB rrana MIf
gorycrrc{Ei rcoe$iqielr [U :5..5,5) ea $opuy.noro:

r"="'* <hl
M^

a uepioA poaroxy: l, = 2080/1050 = 2107 < 5, r uepiop ra;r6}qrrarua: 1, =
2600110g5=2,59<5.
-8x 6aworo is pospaxyuxin, pnyr norprricrro 50rBr a nepiog po:roxy i

mJbMyBasHr Mac Aocrarflbo aeJrrrni :anac uoDor<nocri.
(Dalcrtrsua noryxnicn, ABarysa craroBnrb 100lcBr i, orxe, ain uae 4e

6i;rrrmfi xoe$iqienr sauacy. Ycraxoarra apuwNn nra6opy ABr.rryra raxoi
fior5Dlcrocri Her,ro)KrruBo ie-:a aigcyruocri xeo6xignxx rigouocrei. B rofi xe
qac, flcqo 6 :a,{aqa 3BoAr{Jracb Io noqarroBoro po3paxy{Ky rror]]tnocri, To
ttepe,[ Bn3nasenHt}l ,4raarraiwr Ha3atlTa(eH6 HaJIexaJIo 6 srcHa.lura
douepeluro ernina,renruy fior]rrodcrb 3a crarl,rtlHt{M naranraxenrrnr.r. I{e
ueo6xigno A;rfi mro, u1o6 ogepxarn opieHmnae 3naserur uaxoBoro MoMeHm
{KOpr ,{BnryHa.

32+05.90+0J5.2



7.4_ 3a,{a.ii

1. BxsHaqre 3a AaHr{MI.I npuKna,ry Bernrrldry ocagru (,4eQopuaqii)

rilpaoni'nroro aeMtr$epa a uepioa ra:ruvrynannr np[BoAa Kolmeprop4
srsro h=3,5u; C = SOMIVu (Nopcrrict,4el*{nOcpa)'

2. 3a rpar[irou ItI, = fr(t) (npr- <irag po3paxyElT) Bt3uaqre eKBiBareHrHi

MoMeHT ta noryx(Hicrb ,FrlrYHa.
3. 3a aasmrau npr{KJla,ly B]BHacre Haup)rry, .'Ka BEHH(ae B IIrtroHKoBoMy

s'e,quanui Bara aBrrysa, rrqo: d = 60ruru (aiauerp aana); /o = 80uu
fuo6oua nonxnra rmolxa); h = thru (rucora urnourul); t = 7lala
(aucora rmou<lt, xrca ancrynae i: eana); B = IEMM (urffpzHa).

4. 3a Aameff nprrragy i sap;a'n 2 Busuaiffe crpyxni, pagiaurui ra ocroai
:ycN;rrr, rni BqxuKarorb rrepn'xry vepa'lraoro p€ayKTopa

(puc.5.19,a), rxqo d = 80itM (AlaMerp .qinr Euoi o(p)Dcrocri uepn'rra).
5. Br,nxaure rpyrmrft r'.louem ai,4rocno oci 6apaSarra Ir,rexanislvry ui.qfioMy

ro;ronu (pno-5.21), xrnro G:120xH; Gr = 18xE; Gz: l5xE; q" = 0,98

(KK,4 6xora), to = 097 (KK,{ 6apa6ana), R6 = 0'55M; p = lp
(xoe$iqienr, BpaxoBltottrtfi onip nepeuiqenaro KorroHI{ B

BaBpaBji-noqffi PoJrHXax).

7.5. Koutpo.rnni sarmraaur

1. florcxir:r npu:xaser*{t i fipuuqsn ,{ii Beprl,rKar;fforo KoxBepropa.

2. Sapucy-rrc €x€My (ouBepmPa i no.f,cl{rr 6y4ory i nprnxauemx fioro
ocuooNm aysnia i uexarisr.li.r.

3. 3apr.rcyfiTe cxeMlr l.IexanisMin noBopory KoHBeproPie :i crauiouaprno'cl
i naaicnranu upurogat'ru.

4. floxcsirr rrpl€Ha'renr 4ewQepia i npllrrlgfl li aii. rs( 3Miuro€rbct

Be;rriwma npz:ae,qexoi xopcrrocri upa nocnigonnifi i napa;renrniil
ycraHoaui npyxmo< enelraenria.

5. Ilepepaxyftre i upoaHari3''fire tro:trTlaqi rrocri xaricnax npunogi-n.

6. Oru,roirr noc.nigornicn Montaxcy saBicaoro npxao,qa i [epepaxyfrTe

Heo6xi,(Hi &'tt uboro ocnaueffir i ycrarry'ean.n.

7. Bn<;l44itr Me"ro,rfiKy Bff3naqenHt norjnrmocri 4anryua ruexanisvy

noaopory $yptwu.
8. 3apr.rcyfi're fipwqmoBy cxeuy $lpueuoi ycrzlrroB(tr, IlotcEir6 iI

6yaosy ra npuxrru Aii.
9. Brr.na4irs Mero.quxy Bn:lHaqeHnt nor)ryarocri plrrltra uexanil'ry

noBopory QypMrI.
lo..Ilafire ouincy xomepropy r eroloritlHoro rlorn ry'



Terra 8. Vcrarr<yearrur pyluorepMisr D< neqefi

8.1. Pynrorepnriuxi uevi (PTI! trfiporo Br.rKopr.rcroByrorbcr rK B

xo$opoaif! mx i vopnift l,rera:ryprii. B xoaropoaii ueta:ryprii PTII
3acrocoBlmri Arrr rrJr{lBJrenrur i paQiuynarur npu eapo6xr.rqmi uini, nixenro,
rgpeuxiro, crarixoaruor,riuiro, oroB4 rlgnry, cBnxrtro, ?rlrauucrrx( i ro6ajsrosrd(
nrjraxis ra iHutrix. B qopxift Mqrarypdi PTIf :acrocoaynrtcr glx arpo6uuqrea
Qepocruranir. 3a cnoxlraaflorc nor1ar(Hicrro PTtr potgirwortcx na mrd rpyna:

1. uanoi noqorarocri (f r0 - 2,5MBA)
2. cepegrroi nory:muocri (5 - 12MBA)
3. BenrKoi tror)ry<trocri (16,5 - 100MBA).
3a rexnonoriqnoro cxeMoro ix posgi.urou na aimpuri (PKO, FtrO),

saxpn:ri @K3, Ptr3) i uauiamrpfl:ri. B ganexHocri nig {opr,.rn Baarrtr BoHa
6,tsarorb KplrflrMu (PK3, PKO) i upnuoxyrxram (P[O, Ptr3). 3a cnoco6ov
ycraJioBreHHs B:rEErr po:nisxarot nevi s nepy;<or,roro i plxoMoro BaHHaMr,t.

Anr rmaBnerffir ld.qlrlo< i lliglro-rixe.rroaux pyl i xoxqenrpa,ria
Br.rKopncroByrorl uprMoKt'rHi crarlioHapEi aarpuri uevi 3,rpEoMa i qimtorvra
eneKTpoAaMn (uor1':rxicrs ao 48MBA), 4rx anpro6rnrqrra rpeuairo i
cndr<oamouirriro - neui runy PKO-165 (uoryxuicr 16,5MBA) : o6eproaorc
BaHlrorc, ,Err.f, Qepocnnanio - nepeB$KHo nesi rrlrds PI(O-16,5 i PK3-16,5 s
odeproloro aarruoro, axx rurauucrvx i xo6anrrosrD( mnaKin - cmqiorapui neui
3arpraroro rurry norpruicm 2,5 - 15MBA [3],

CxeMa rnnosoi nesi PKO-I6,5 noxasaaa na puc.5.26. 3asauralrgDorb neqi
MarnurraMn r$nanbrroro rtrny ( criEe crpivxoamcr). Konornnsr
o6otlrotyrorr onircoaoqurlMu Ma.nursaMff..Ilpo4acm uraarol Br.{D/cKarorb sepe3
ggny rol gerinrxa nroror, g2rx o6cq,roaSrraErrJl qKID( 3acrocooyrorrc* uyurrrl i
npoua.nromruni r'ratrwlr. OcnosHsME BzKorraBtrr.rMr4 uexaui*rauu PTII e
r,rexaaieuu nepelrinlexnr ra treperycl(y enerrpoais, o6eprargr aaHHi.r.

8.2. Mexasi$ff nepeuiqeuxx ererrpo$1, B npoqeci rrJraBrul eneKrpo.4u
neper'rirqnort s ueroro nigrpxrraanxx ueo6xi,EEoro pexLrrlry rrJraBneHnir rrrn(rlr.
B ocrarfii poKtr nnlpoKoro nofiaperur xa6y.tx rigpa.a:rivxi uexani:ua, 4ri
rigpi:nxorucr rovnarnricrro @2tc.5.27). Mexanigw narom rigponffior'arnrx,
rxtrfi crrraAa€T 6cr 3 ABox rrryrDrcpr {x ri,4poqu;lixnpin i pyxoMoi rpanepcu, i
Macnocraudro ei cniaKyIoqI,IM 3olto[fl.IKoM.

fi4pour ir,upu po3paxoByror! npn ix uepevirqernri saepx i noAonansi cur
rrxinur enerrpo,qa G", aecy'roro qrlrix]Itrra Go, moraroi Gn i eepxxoti Gu
rpaBepc, ene(rpoAorpuMaqa G* i vexaai*ry neperycrqy G,,. IIpu po3paxyxKa(

3aAiuor;cs BeJr[quuoro po6ovoro rr{cKl pp n rigpoqfinisnpax, ToAi n:roqa
nrry.nNepa oSxoro rigpoqrriagpa 6yge:

+G"+G.+G
s= G"+G

2pp 'rlo .tln
+G,



Pac- 5.26. CxeMa nesi PKO-
16,5: l-ercrryo.ql 2,3-BepxIIe i
Mrqe 3a1ncrsi rj;[w'!; 4,7-
ri.upour:riolpa uoprmeri i
nrqmxepni; s-rhpoqptncrffi i
6yrcr; 6-plxorua rparepca; 8-
rraEpaBrffowfi uriIIIp; 9-
Eecyd ryniaxp (MaE!eE);
l0-crpyMotri,rFia; 1 l-Eartrcr@e
Kir6{e; l2-otriKoBoEa
Matrrnsa; l3-Bama; 14-
sarrfuo6qroFsa [narDopMa; 15-
EpsBoa MexaEfuMy o6egraE ;
l6-[prGo.rya EecrepE ; l7-
(pFoBa-petua; I 8-
qeETpyBaJBEa BiCE; 19-olopd
(aTrca; 20-3)6sacatrfi BiEe[6;
21 -ruorxa; 22-nponarnoranrua
MarficrE 23-3aBaJ6Ea
MaErFa; z4-Eropne yrpa:rrt;
25-BEJaai(oBd o)tsIcep

H"4*4
fito-fi'$lldjll$,r*.']--r# t#lll---1ltf
Jil-_-#- $U "s&aa
Pqc- 5.27. Cxevr uexasbMiB nepanirqewr i rcpellyc(y eneKrpo,4iB: a Gri4paariwi
vexaui:ur; n-l,rexariru "crpi{oBe raJcMo"; r-xlriqoBd 3trsqqtsas; 1, 2_oqnrae i am*<ne

:arncrni rinsu; 3-rfiporynig'{plr; 4-sanpaatEosi croern; 5+lexaai.:rl uepeuir{e,lur; 6'
cralem orpi*<a; 7-Qprcqioan; 8-sarrcqeag 9-ynop; l0-npyxurn; 1l-*.riqi; l2-x.tm

Ae nu - KKA flqpouin[rapa;
qp - KK.[, ponNxia aatrpaBnflorloro r-pr,'l'tu,{pa.

TrrcK, f,Kuf po3Bmae nacoc, uae 6ym ue uenue (Ivlfla):

P"=PprP',

Ae pB - ETparE TEcKy B rirpocrcreui nicnr nacoca,

Berrvaxa qro< arpar uoxe 6ytr nu:xauexa:a eunipxuroro $oplrlynoro:



n.=0,''{+).n..,

Ae v - rurngricrr pyxy rrracna alpy6ax,nr/c;
d - rryrpiumift giarrrerp rpy6u ,uu;
z np- nptrBeneEa AoB)I(wa rpy6i

I"o = | +1350.d. Rl'w. IK ruu,
I - rlisrnna gonncm a rpy6 ,u; .

K1 - roeoiqicrr npHBe.4eHH, [ *, = ot..r*.l1lt l,
\ Lo.l /

d; - giauerp uicqeaoro ollopy, MM;
R. - rprrepifi Petuorru,qca.

-flnqo siaorri tro,{aqa Hacoca e, (M%) i racr pn (H/#), ro uoxna
Bmuawflr noryxEicrr enempo,prr;rna xacoca ea Soprrlynoro (xBr):

-- o,.O
"=rooe;

re 4" - I(K[ racoca.
IIa crapnx eqax 3acrocoByrotcx rarrrori, ranarsi i ,ranuoroni

IrexanisMa uepeuiqerixr : enerrpouexanirron.r rryuBoAoM. Mero4gxa ix
porparymcy ro4i6na uerogmf po:pary.xxy sarraxoddoMsr.rx Ma[tlrl

8.3. Mexanisw tepenycry elerrpogin

_ B vrpy oropaunx eaercrpogir srfrff(ae aeo6xi.4nicrs ik neperrycry, ro6ro
sMirqeHflfl enercrpoAie glu3 ti.Focuo KoHTaKTHXx rqin Hafi6insmoro
[ormpesHrr Ha Kpynurx PTII xa6yrm rigpanniwi MexanisMr.r. Ha puc5.26
floKa3ano MexaEbM s poslrliqemm,a o6ox safircrc D( xi;reqr na pyxorvrifi
rpanepci rigponiafiourrra" B rpoqeoi po6ora enerrpog rarncrc),To o6ova
KiJnqs,ru 2, 3. flpu [epenycry morcue xi;rsqe 3 3arucrgrearcr, a Bepxre 2
po3rr{cryerbcr i ri,qtrlory isnpaMr.r 4 ni.ryiMaetcq aaepx. fliclx rForo Bepxge
KrrISqe 3arl4cKye eneKrpoA, a tmrue ni;rrqe po3TacKacrlc, i aepxre ri,rrqe
pa3oM 3 eneKrpo,{oM orrycxasrEcr ri4poqwringpaw 4 sH rra Eenuqrery
uepelycKy. {xrqo 6yle Heo6xi,qna 6inrma ae.rrryxa nepetrycx?, ro olepaqi,
flosroproerbcr. Hz puc,5.27,46 noragalri cxeus geox uexaui:rrrir neperlycK"v 3
BdpxniM sepyxoi,trtr{ 3artrcKnr{M xir6r{eM. flptr rteperrycKy eJrerrpola ocrarnrift
yrpnuyemcx repxniu xinrqell, a nnxcre nepeuiryerrc, dAponi4frolfi .rKoM Ha
norpi6ny aelnranry treperrycrry.

IIa craptlr nesax si cauocnir:mrnm eterrpoAaM[ 3acrocoByrorl
uexaaigur nna <<crpivroae ranurrlo 1pnc.5,27,a). B qboMy rrrexaxi:vi ynoponr
9 ycrauoBrtrororb ueo6xiary BeruquEy rrepefiyqry. 3a gonorrororo rq,?Ba]a
po3Tficx).ror; 3arqcKarr i enercrpog nig gico nnacxoi naru, tepe6oprorovr cr.r.nn



reprr crpixKtr 6 upn ii tepeuiqenni iro tlpnx.qionax ?, orrycxaerbct Ha

rincranr,, xra lopinmoe ai,qeraui t'lix ynopalra i :arucraqeu 8. Cra:reri crpiwn
: racov no repri [pHBaPIorcTr',4o Honnx uicus aa roprryci eneKrpora.

Liaft 6i.rrru si,qnosi.AarsunM ny:nou 6ygr-xroro r*rexaui:r,'ry reperryclgf €

sarr.rcrme rdnrqe. {acrinre nzropr.rctoBy}or[ct rci:rrq-r : rixponplu<nurrun
6rycaua {6 - 8mr), o {KIrx 3arficrlenrt eleKTpoAa nip6yoaencx rIoxaME 3a

aorroMororo np)Dc{E, a po3Tuc}reHrul - runn<or'l nogari r 6yrcu po6ouoi phrrru
uia r:rcxolr. Pigme sacrocoryorrcx xiinqt, tKi BHKoIryIorb y Bl'rrntAi

MiEoBoro 3arnc(aqa Qmc.5.27,r), T1'r rarox 3arRcHeHEE eneKrpoAa

nig6leaerrcx 3a ,EorloMorolo upl':rrn, rrci npl4 [eperrycKy eiaxuMa]or5cs

uulHoM. OcralrHj E oaeprrye pyx rig nnetnao- ru riapo4.utiu.upa.

,ftra yrpmrannr enerrpoAa Ireo6xiAno, qo6 cunrl Tepr{ Mix enercrpo4ov i
3axriMrruMl{ qorarrm 6y,:ru 6iisnri sa cany rsxims e.JreKrpoAa $uc'5.27 'r)'
ro6To:

3N.p1 > G",

ge N - noplranrnnd rr.rcK Ha enetTpoa;
pr - KoeoiqieHr reprt B rapi eneKrpoA-trIoxa.

Heo6xi,ate :ycnnrx 3iirxoHeHlrll uPyxHH T Mox(e 61rru 3xafueHo i3

cninailnomea.Ht:

'l .a = N'a eq 1'=x*8.
a

3 gpymro 6orcy uoxaa npdifitm T,= E (ua uparruqi oci ponlrir i
npyrxnH s6iraroreca).

,[rr exaxogxenqg 3yawutl- P, rxe neo6xigno npur.]racr{ ao r.mrr4 qd6

crropnru eignorigrnE uopva:rnnfi tlox, po3rtrrreMo PiBsfifirs crartrxl{:

!P, =0.

ToAi:

P = 2(Wo .cos cr-Eo .sin cr),

Wo=H'w;
H

IIn =:i' cosct
u'd+2k'*=-= D- - KoeQuIr€Ft onOPY Ttn{;

D, d - :ornirmrifi AiaMetp i aiaMerp qanoq poJEKa;

p2. k2 - r<oe$iqierrru repl.a ror:amx i rouem.a.

3a Beln{rlmorc P BuiHaca}orb napauerpu rHeBMo- cE riapouaniugpa.



8,4, Mexauisna o6epragg.s sarrua

O6epmri BaEgIt BH(opr{croByrorf, trepeB$Kr{o raM, Ae o6eDTanH,
AotroMarae eQe(TrcHo 6oporucr is cdranrrM nnxtu i ra3oBrMr.r
Ilopo)IeltrHaM}l B peaKqifufi sorax.. O6eproea ocsoBa ueqi He Brrjr[Bae sa
Kor{cqryrrrrib BaHrrtr, 3a Br,rfiHrrKoM xi.mrosri BurrycKHr{x orBopiB. }Ir<rqo B
crarlioHapm( rre{ax Kinsxisr; Jrromr rre nepe6ifibtrry€ ,rpBox, m B rreqax 3
o6eproaoro naunoro - Aocnae AeB,xru.

B CH! rrafi6i-nrm uourspeni rr.rexanigur,r o6eprarff, g 3arbo6€Toilaoro
sec)rqoro rnarQopMoro (p[c.5.26)- llacrora o6epranna BaHHu ,qDKe Mirrra.
BafiHff AerIrmr nesefi po6rrrl oazu o6epr ua uporr:i 32 _ *0 roamr.
Mexanbu{ o6elnanur trpaqororr B yMoBax BacoKrD( TeMrreparyp, B
sanrareuorrry i m6py4neuorrry cepenoszqi- Macca rannu gocrae g00r i 6insne.
3adso6EToma mrarQopua crapaerbcr vepes onopni KarI(E Ha KpyroBi peftKr.
K.i;rrricu xarr<ia noc.rrae 32 - 64mr. B Aefloo( rreqax Aru ixpisr{osaEss
HaBaHTaxeEu Mix KarKaMri 3acrocoB)/rorrca ni4nprytromexi oropu. O6eprarar
rurarQopui rrepegaeccx uepeo ey6mruft dxeqr, nsrf ,moroBJ;r6 3 oq)eMrD(
cerropin, Kpyroni peftrfi BmoroBn.Eorb raKox 3 orpemo< aixpisrir cralreBoro
KBaAparrroro r4lo$i;no. flicnx sraplorarnr pefiox ik po6o.ra noaepxan
o6po6ruerrcr.

floryxnicTb pu4ma rrrexauisuy o6eprannr BaHHu Btr3HasaerEc.{ 3a
CTATEqHI'M MOMCHTOM:

*= "'9*'u'.*, .K2.K3.R!,

ae G, - rara neri (o6eprroroi vacrnma);
p, k - r<oe$iqicrrru reprll ror:amx i rover*rx;
D, d - ronnirmrifi aiaMerp i giar,,rmp qan{x xarra;
Kr' trG, tr(: - si,uoriaxo xoerliqienrn, rrci rpaxoeSaotr rqrrr rmo<rn o5
ereKTpo.qr, Tellrr B qerrpyearsrifi oci, 3ar[paEHrr uoBepxsi rarrir o6 peirrr;
R1 - pa4iyc rpyronru< peftox.

8.5.3alasi

i. Br.r:saqre po6osi nnoqi lmdrrAtr)ir ri4lonpymmrux 6yrcc :aracrcnoro
ri.irrqr (p{c.5.26), sKEo Rin;dcrl 6yxc - 6mr, Maca enerrpoAa 2Sr,
r<oe$iqieur reprx xos3aHsr Mix tarucrtEtrMu qoxalat i ener{poAoM p =
0'15; p' = 5'0lrn"; p, = 12MIIa.

2. Bx:raqre ga cxeuoro (puc.5.37,n) sycN.mrr y $pl4qiftrrx sarzcr.J,Baqax,
qr<rqo Maca eJrercrpoAa 2Or, xoe$iqiem reprr rdx Qpiruionaua i
crPivxoro g = 0'18.

3. Bq3Ha'{Te 3araJrbEe trepe,[aro{re qncno MexaHisMy o6ep-raanr* naxnu,
sKqo nrB = 1000x-e-', a rarrua o6epracrrc.r 3a trepuy nonoBlffiy qmota



(po:rin - ycrarenuft plx - ran;lryB:rElie) na ryr 60' npll to : 12c;

tv = 10,8 - 103c; t. = 10c.

4. BusHaqre norlacnicrr, fi€ fieperaerbct BanoM, trqo nu = 120xs-r
(vacrora o6epranxr rana); / = 0,5ru (goaxma rara); q : 0,005pa1 (qT

saxpy.ryaaxnr oana); d {0Mru (glaMe{p aana); G = E' 10" Mtra (Mo,qynE

npyxrocri).

8.6. Korrporwi aanaraxrn

1. Hageirr o6nacri sacrocyeanua pyalrorepuiwrx treqeft i .qafire ii
xnacuOixaqlo.

2. 3apscldre npuHrEtroBy cxeuy neqi rnna PKO, uo.{cxi$ ii 6ygoay ra
upw{$.rtr Aii'-

3, 3apnc;dre nprryrroei cxeun rigpanniwn< uexanin*ria neperuiqeuHs i
treperryrKy,,qafi're aHari3.

4. floxcnirl M€rm.4tr(y Blnrraqerrrrr rrrroqi
ri4ponffior'um<a.

5. 3apxoyfi're cxeMy MexaHi3My rleperycKy rllrra ((crpiqKoBe tarlMo>,
norcairr fioro 6yaony ra npuxuru aii.

6. oacxjru raeroarRy po3paxptrq xriuosoro :arltcxaea.
7. Ilorcnirr 6ygoey i r'rem.qlll<y Po3paxyHry Mexuisuy o6epraunr naruu

neqi.

Teua 9. YcrarrqFgasrul .Q/ToBIt( enexTpofieqefi

9.1. B xo;roporifi uera:ryprii nevi 3acaocoB)'IorEct ru{ paQir IBarrlFD(

npoqecin, B sopHifi - ,q,nr aupo6nrqrna eJlerrpocl2urefi. Ocranni lpargoroc a

6inrru rnnpyxeror',ry pexrui (oco6nrao n lqriog posu;raa,remt MerareBoi

mn<r:u). Ocxoaoro m<m e lleratetui 6pyxr, *otfi 3aBanraxycrbct 3Bepxy

caMopo3BarrraxqyBaJlbim,rn 6angtrtr npl ni,4aegeuouy s 6ir cneniHsi. B sa-

Jrextocri Bia ouoco6y ri,a|rocnoro suilqenrr saggu neqi i crurenimq
porpisnnorr gra oononni rnrur nesei: s Bur<oq'tsaxsJu BaHuu (cepia ,{CB) i :
noropornnr',r ox;renirrrn"r (ICII). Ha uoan< ni.[rylr.reucraax sacmcoByeT6ct oc-

ranniit rran neuefi ([Ctr) uictricrlo 12, 25, 50,80, 100 i 200r. Elerrponeqi
cepe4roi cepii ,{Ctr-12, ACtr-25 i ,{Ctr-50 (ryrQpa oslrauae vicrxicrr nevi)
Br,rKorr),IorB : ri,upaedwn'aa npl'rBoa:tMl{ ocBoBIrI'Ix r'aexarirui a, elerrponeqi
Kpynnoi oepii ACU-f0O, ACn-200 - 3 ereKrporryxBoAar'na ycix uexani:uin.
3rsrBaror6 MeraJr rIUrD(oM Haxliny BaEHH neri ua x1'r 40 - 45' s 6ir gnr'rsHol'o

Hocrixa, a trprr 3ropralrni m;rary - xa ryr 10 -15o e 6ir< po6ouoro rirxa.

rigporyl.ltiHApin



Psc" 528, CxeMa A/roBoi eneKrpomaB6r6Eoi nesi: l-BaEqa; 2-po6ose BirGo; 3-cueuinax; 4-
sadrqogmn; S-cacreva uspeMiqesE{ ereKrpoAiB; 6-crp).toEi@iA: 7-upnroa uexaairuy
EidoMy cxnedm ; 8-MexaEbM troBopory cr<nesi*lr; g-rrrorrrr<a; lO-Mexrsi3id saxuy; ll-
sIEMi Eocr{; I 2€neKrpo,U

Cxerrra flmosoi rreqi noKa3aua na ptc.5-28. fli.r cr,ra4aerrcr :
rga;rigqFiuoro ropnycy 3 BHlnpiunrf,oro BorHerpnBKoro 4yrcpoBKoro, 3MiHHoro
hlJ4roJrrHoro cKJrerdnnr i c{epnsxoro ,@Ia. B Kopnyci € po6ose BiKHo ars 3a-
Barra:rtell{r OepocmraBiB, 3aqpaBrr nesi ft smprarmr mlarie i socr-lx &'rr 3,8{-
Bru{E Merarry s Kisur, B KoMrueKc flesi BxoArrb HadnnopraJr. lpa3mseuarz
Arn niABitrryBaErx cKnerliHsf,, e.nexrpo,{orpr-maui 3 rpa{iToBnMg eneKTpoAaME.
E,rerrponir o6crryroeyrors rari ocnossi uexaniguu: nepeuiqeru_r ereKrpo.qiB,
3arucraHrr eneKrpo$*, nffior,ry i noaopory cx;reuinnx, naxury leyi. ,{o uucla
gonouixrm< ri4nocxr6 Mexarri3Mu Alrr siArpnBafiqt gacniuoK po6oxrc( BiKoH.



. 9.2. Mexaliisur ni,4fionry i nonopory crcrrefliuur

Mexauisr*,roM ni4forry ni.uiualorb cxjreniflnr npl,r :aranraxenxi m.urr.r
:aepry i uoropori saHHtr nesi HaBKono Beprr,rKaJoHoi oci, a raxox ,qnx
ycr:rxoBJlenr{r cxjreniasr na uicqe nicm sur<oHarrn-f, qrn< onepaqifi. B nevax
HeBeJrllKo'i Micr(ocri cr<irenimrs nigBimyerrcx 4o uanirnoprany kttc.5.29,a)
qepe3 lrnasrqr{rrari laupora, -rxi, ortlnarovn 6lorol, xpin,lrarrca go
flocrynanbHo-py)<oMm( rsNrrie cleqianrlnran pe4ntropia. Ocrarmi npnro4mcx
r o6eprarnx purynaua suirnoro crp5rr,.ry. .tr;rr curxponiraqii p)4!y pe4,'rcropa
:'e4raui upouixuru galou, B neqax seJtrff<oi r"ricrxocri crcireninns
niqBiuyerf,cr qepe3 rtrn 4o saNi;rnoi cr{creMtr, fia fipuBo,rlnrbcr e giro aiq
,pox ri,qpo4fiiglpis.

Prc. 5.29. Cxei,o! MexasbuiB nidovy i toropory cBoAa 3 troBqporEoro (onoEoro (a) i
nrraroopMoro (O; l-cueuimr; 2-nadmotrrraa; 3-Bar@r6sa czcreM4 4.ri,qpoqrniqp; 5-
noropoma ronora; 6-u:rarQopMa; 7-kaarcn; 8-qeETIryE&Esa Bicr

Mexanigr'r troBopory curenixuf r{a MaJ[,D( ueqaK Mar noBoporrry Konory,
rKa npxbo,{r.rrrcr a o6epranrr qepes BiArpury sy6vary nepega'ry nig
ererrpouexanimoro qs ri,{paBriwiorc (riqpoqfiiH,r{piB) trpr.rBona. [Ia Kpylm{x
nesax 3aMicrE KoJIoHr, 3acrocoByerEct noBoporHa rurar:$opnra 3 onoplrtrMlr
KarKaMn i qeHTp).Barrnoo niccro (puc.5.29,6).

flor)'xsicm ABm''Ha MexanfuMy noBopory sfi3HaqaerBcr 3a crarr.t rHtrM
MoMeHmM 3 noAaJrBrtrorc fiepeBip(oro Ftrryna sa [epeo6TDneHr{r n nepio.u
Eycr{y. Bi.qroBi,{Ho go po:paqmxoroi cxerrau @xc.5.29,a) MoMem o[opy
o6eprarr*o xorour.r 6yae gopiar*orarz:

M = 2 
G'a .o,sd, .pr +c.0,5d2 - F2,

B

.4e d1, d2 - aigfioni,qHo giaMerp uary[z pa,qia.mmr onop i ni4r'rrmra;
l.r!, l.r2 - Koe+iqi€Ilrn rEyrr Kog3alIgq.

9.3. Mexanirr,,r u nepeuiqenu enerrpogir
80



' Ilparrrvno I ycix neqax Mexaubrg Marorr cucreMy aBToMarrrHoro pery-
ruoranux (CAP), qo Ao3BoJrre B aBToMatr{qnoMy pexrnri nporagNrn lpoqec
nJr:rBJreEE{. B ga.xexcrocri nig nury npmo.qa pospi:rraorr vexasi3rrar,r s eler_
rporprnBonoM (pnc.5.30,46,e) i rigporprleogorrl (prc.5,30,r). Enerrpuvxi npu_
BoAtr BsKor{[orb rK 3 (auarno-6apa6axqoro nepeAarren (puo.5.30,a,n), rax i s
pefixoaoro fuuc.5,30,6). 3a roucrpycrmnmrr grroraHsxM ik posgi.nnon ua lre_
xaur:Mr{ 3 p}xoMnMn crotraMz (prc.5.30,46,r) i pyxoura"rn KaperraMr.r
(puc.5-30,B). llaft6i;nmoro nomrpexxx na6pu uexanbMu 3 KaHarfio_6aDa6as_
Eoro i peE(oBoro flepegarraMrl 3 p1D(oMrad croxrou, pefuori uexaai:un i pp<o_
MoIo Kaperxob i rigpannirui Me)€Hi3rflr 3 p)xoMtrM cronroM, I[jrs 3MeH]rreHHx
noryxnocri npr.moga xa ycix rrrax uexanirlri4 rpilr ri,qpaBni.rrn, 3a{rocoBy-
mru rorrprary (nporr.raary).

hic. 530. Cxei,rE Mexasisuin nepevir4enux elerrpogir 3 rcaEaimoro (a, B) i peln@Boro (O
rlep€,qaqalr4 ri,{pa&niwom (r): l-ereKrpog; 2-p}rcs; 3-pyxoMrd croEq 4-Eaxra; 5-
<orrpnara; 6-:re6ipra; 7-riA[roqErri.BApj 8-peiRoBa rcpemsa

floryrrcni*r gnlrryua MexanisMis g enerrpoMentirrEuM trptrBo,{oM B{3Ha-
rlillorb 3a crarFIHr,IM IraBa.ETa(eHHtM 3 AtiJlbltroo neperipxoro ABnryHa Ha rle_
peo6rrxeHsr a lepiog nycry. ,$rr nmnauernn 3yctrJr;rr p, .xre seo6i,Eqe Ars
Irr,4llrrTat KapgtKrr 3 enel(IpoAoM, clcrraAaea,ro qlr pi_au,IElra crarrrcR, ro6to:

IP, =0,
tP.. =0.

IM" =o'

Ro -R" = 0;

P+T-Q-FA --4 = 0;

P.a +T-c+ RBe+4In -Q.b = 0.



Pac.5.31. flpBrq@ori (a,6) i po3paxlE(oDa (B) cxeMl! Mexa.Ei3MiB EaxEnf 1,2-ua!Os; 3-
onopai ceruerra; 4-oropEi 6pycrq s-peh(oBa (opo6Ka; GriaporutriEApa

HeaigoualrN seinrvux: rH e: P, R1, &, Fe, F.. rlncno neaigounx r'aoxna
3Mesrtrirq, .fl<rqo BpaxyBaru ri o6craawr, qo cItJIL onopy nepeuiqenno
xaperrx f,'a i F. e $lucqinlru pearqifi R1 , R" B olopax A i B:

Fa = RA.w = RA 
gg:?h.F 

r 4 = n".r",^D

,qe p - roe$ideut, rpaxoayroar.ri reptx pe6opa ponxKiB.

fliacraBnseMo suasexnr F4i F. a cucrer.,ry rprox pirrum i amnarlaeMo 3y-
cwmr P. flpa qrouy aeo6xinxo BpaxoByBarrl Lqo crna, .rKa aie Ha cl4creMy 3
6oxy rourprarv, Syge,4opiamoaara:

r=Gt.noz.n*.

,qe G1 - Bara KoI{TpB&rul
116 - KKI 6noria;

nx - KK,{ EalpaBrtloqrD( KolrrpBarr.
Harr xanar4 .rlorE iqe 4o 6apa6aHa ae6igKr" 6yle:

p
P',=_1-

2.qs

Crarasxfifi MoMem na rani ,pln;nra npa ni.qioui enerr?o,{a:

*"=l','Ru,
ro 'rl



.{e R6 - paliyc 6apa6aua .:re6iqxr.i ;
io - noBHe fiepeAarovHe vaclo ae6i,uol;

1 - KK,4 re6iaru.

9.4. Mexasirml xaxarr5r

Ila puc.5.31,a rroKagar{a cxeua uexaui:lry Ea:<rry nesi Art BururaBKs
aEo,Eoro nixerno s riapaBri'n na rrpnBoaoM npu no,qsiiflfi onopax.
"lleperaroro raroi roacrpyruii e He3uatrHe uepeuiqennr 3]r!rBr{oro uoc{Ka, l1o
gae rr.rox;trlaicm fiprMorc posrruBtrsrrf MeraJDr 6e:nocepe,6o y annranxqi.
HeAoriK - Be]II'xe IrJIeqe cl,Ins, qo po6un xeuoxmrnu 3ztcrocyBaHHs raxoro
uexaui:yy B rgyrtrflD( neqax. f{afi6brsrnom tromfipenn ua6ym cenvrenrai
Mexaxbrfi 3 rBlzsmBoro, pefirtoBoro i rilpaBniqEoro fi€peAarraMn. Ha nonn<
reqax flepeBalroro BuKopucroByKyr;cr MexaEbM[ s pefuonoro fuuc.5-31,6) i
rilpaBriqnoro fiepeAaqaMn. B rp< r,rexarielrax ui.r cnrpaerrcr qepe ABa
cerMeuTn na $yngauenrni 6urru, fipt gano6irarus rrporom]tsaqHr oerl"earis
no 6pycrcax Ha cerMerrax spo6.nexo rmrnl,r, nd BxoA{Tb B JryHKa Ha nosepxni
6pycrcin.

Ocsororo npaBuJrblroro po3paxymry vexarrisMi-B rraxruDr € mqHe
BE3EaqeEEs rleffq)a rrxinnn sciei lesi. -Erqo giaold (oop,{HHarr rIeHTpa
rrximra n, e (plrc.5.3 i,B) nigxocxo yruonxoi oci o6epranre Arfi qosarKoBoro
nonoxexnx ne.ri, m pagiyc-nerrop 6yge:

,=$'as .

Kyr naxlr:ry pagiyca-aerropa Ao oci [esi 1 - 1 aff noqarKoBoro rroJro-
xean ueqi:

" = *"r[:), .e
ct = arcsln -r

Kyr xaxiny paAlyca-Berropa upu noaopori ne"ri xa xy'r q 6yAe dtg.
3EaK <+> qn (-> 3arex@Tr rig nanpxurcy o6eprannx i rplfuaaron: (+) - npx
naxuri rig nouarxororo noroxeHrnr B 6ix po6ovoro eixrn; <->> - npr.r naxffi siA
noqarKoBoro rloJroxeHrtl s 6ix 3ntrBHoro HocuKa,

Ileperognufi vouenr aig aam ne'ri 6yge:

Mr = Gr .a = Gn . r.sin(a + q).

Millrest cr.fin reDTr KoqeHE B orIoDHrD( cerugr{Tzlx;

G, - nara uerarry;
Mk = (c" +c.),k,



* = 1:41./zn 
c:- P" - roeQiqie*r repra rovermr:| 4 /1I E'(.

R - pa,uiyc cerwen, io;
E - uogy:rs npyxuocri;
I - cyvlapna 4oexfiHa )Taoplolowo( aBox onopHD( cerMeHTia.

' Marcrrua.rrnufi uepenrgx,rfi ruouenr 6yne npra uaxuni neui na rcyr 40 -
45o, ro.iru rpaKrrlqHo Becb MeftrII snu:ro. flpu rl;oMy MoMer{r BiA Ba t Merany

3MeErrrETBcfi Ao rryJr{ i noanufi nepexuguuft uouerfi 6yge:

r{o=M'+M*

,4rrr Br,BEa.reHHr 3yctrnrt P0,.qirc'{oro ua peirtu, neo6xigno 3HafiTH nrese
m uiei cufir.r. Boso voxe 6fm gn3HaqeHo roc aiapirox nepnexnnqylrpa, Korpl.tli

onlqeno g m{K C (urrreroro qenrpa o6epravar) na aicl pefior:

lv- -w- lre A=)a{; B=_l; C=y, Ar,.
(xr - xr.)

Koop4uxary x3 (ToqKa C) rn:uavarou tr( AoBxxlry orpl':r<nocri, rry
uoxna giarciracrrl sa npn,rifi upu xouenui (pnc,5.31,e)

KoopnlrraT u rouru
Sopr'rynaur:

xr-R(P+9),Yr:0.

N .qrrr 6y,{r,-nroro noloxeHNs neqi

r, = n(9+,p)- r-'rt"(p+q)
y, = R-L.cos(9+q).

Koopgrznaru rowcr M(x2,y) npu aaxn:ri nevi
nocrifi xnvu (ycraaoxnororr :a rcpecner*rxu).

Talce{ sflHoM, 3a oocgcreHiMn Koop,@araMn xr, yl, i xJ 3Haxo,4trb

renrmny P anr gigrorigum( Klrir uoaopory g, a norira i rycr.n:rr s pefirax u
m:rorax riapoql ig4pit:

IIPAKTIITIEO

P" =M"
m

Mo rerrr xa sad xoxHoro i3 ,qBox ABnrltIiB:

M=P"r*.
2'i 'n" -

re r- - paail'c ro+an<osoi otq]flflocri tl€srepni;
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9 - KKA MexaEbMy;
i - flepelaroue ucJlo qpHBo,qa.

N(n,yl;
M(rt,gt);
C (xs,a)

Puc. 5,32. [o porpaxyrry Mexaabiry Eaxs[y treqi
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Ja OnepxaHl-n\d MOMeHTOM BIBEaqaIOTB IIOTyXmCTt ABETyI{a I 3a KaTII'IOTOM

Brr6xparor6 Bi,qlloBi.&luft lFm)'Ir.

9-5. flpuua,u po:pa:ryrry r'lexani:r,ry naxr.lny nevi

' BITxi,4ri Aasi: G" = 3200kH; G" = l000kE; y = 70kH/# (naroua nara
ruerany), R.=3,05u;3 = 0,5u; x= 4A4u; E= 1,4M1 e=0,15u; n=0,5m;5 =
46"40'; I : tl,64u; E = 2l-l05MIIa; v = 1,667 .10-2 na/c (rnrnsicrr mrorir);
Rr=2,68M1L:3,05M.

Po3paxyEo( sgiEcruoei',ro gn.* neximxox rroJroxexl ne'ri (puc.5.32,a): 0",

-7o (upu naxr.ri nevi r 6ir po6ouoro niKHa Ha Kyr -7o gnx azretrennx mnary);

-7o, 0o (npu ronepnensi neqi n Btrxinne roroxeHxs nicnr arae4ermx ur,rarcy);

15", 30", 45" (upr naxmi nesi e 6iK 3tEBHoFo riocuxa Ha ryr 45" npn snlrri
ruerany); 45", 30', 15", 0' (xpu ronepnexni nopoxnEi reqi s euxiane
noroxerx-r). O6qricrerurr MoMetrriB 3plquo Baxouyearu r rep:i
BI,rqeHaBeAeHrt( troroxels neqi.

l. MoveHr aig aaru neri
flpa o6vrcrexui r'rouerria nra nonoxeu6 0o, -7o npr naxrz:ri nesi g 6iK

po6ouoro rirra i -7", 0o npz uoaeprexni ned a erori4ae troJroxesnt
ropxcryrolrcx rlopr"ry.:roro:

M" =tc,.r.sin(c+tp).

3HaK (+> npr&uarorr npu naxffIi ueqi n 6ix po6ovoro nir<n4 a srar <<->>

nptr noBepneusi ii B wo<i4ne noroxeunx.
Mouexru'upN uaxs.ri neqi n 6ix gm.rssoro Hocma (0o- 45") o6uxc.uororr

3a OopMynoro: 
.

M, =G"'r'sin(cr.-rp),

a rrpu noaepaeuxi nopoxorsoi nevi a arl<igxe noJroxeHHr (45o- 0)
Qopr'ry.roro:

M, = -G" .r.sin(cr -<p).

Ilepeg o6uucnenxxu MoMerffiB BE3HaqaeMo pa.qlyc-Bemop:

"=.,ffist 
*0,* = ,lopt-zs = o,stzu

i r<yr ioro naxnry go neprrlrani:

ct="r"sof oJs l=0.2873 a=164i,/.
\0522)

Mo},resra ,{nr uoroNeur' 0o, -7o:
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M", = 3200. 0,s2z.sin(16'42'+0o)= 479,9kH.u;

NI,. = 3200 . 8F22 . sia(16'42'+7") = 67 rJ3kE . u,
Im tronoxeHb 7", {"

Mi'" = -671'33kfl'nr;
Ml'o = -479'9kH-rr'

a,rs noroxexl 15o- 45"
M 

",, 
:3200.0,s22.sin(rs. - lo"+z)= -49,s6kf.Mi

M,^ = 3200. 0,s22. sin(ro" - ro'+z') = 38427kH.u;

M'* = 791'92kH 'u'
nrr noJloxeF6 45o - 0o

M;* = -3200. 0,522 .sin(r6"42'-4s9 = -791,92:kH 'Mi

Mi'," = -38427k8'u;
M'n" = 49'56kH 'u;
M'"0 = 477'9kH' u'

3a olepxarmla lanra'ax 6yrycuo rpaQix M" = f(q) (pac.5.33,a).
2. Mouenra aig aam uera;ry (puc.5.32,6)
Idi uouenrr,r azaxalarorr :a $oprr,rynoo:

M" =tG"'n'sin<p,

Ae n:x- R - aigcrars rr.dx qenrpaut 01 i 02;
n .sin p - ue.re ca.rut rnciattx Irrerarry.

3HaK (d)) trptrtMaror6 ri;rrrr.r npr-t nonepaerui neqi ig nonoxexur -7o nicxc.
rmegencr m;rarcy. B iumrx trnaryax nprh,raroTb 3HaK (-)) qepe3 Te, qo MeTan
cnP{rruE re Ao caMonepeK,rAaEE{.

nepeA TsM, rK Bs3Hawlrtr Bary Msrary G*, eusua.raxrrr gru
p$fnr,.q/B{ruro( tronoxesb fieri (0", -7', 0., 15o, 30", 45") nucory uerarry h sa

_ Sopuyroro:

. n=R1tl - cos(6 _ rp)l;

. ho = 2,68[1 - cos(,16"40' - 0o; = 2,6311 - 0,68621 = 6,34r.
hz = hoi

hrs = 0,399u;
h3e:0,122u;

hls=0'
Bary Meratry Brcuasarorr sa Qoplrynoro:



G *" = :,t4. 2,es2 .r,r,lt - *fr-]. z0 
^, 

lnrkrr;

ML, = 169,44kH'u;

M"" = -8591kH'u;
M'. =-1357kH'ttr'
M"* = o'

3a oAepxanmn,qarnn'arl 6ysyeMo ryaQix I/L = {r(9) @uc.5.33,a).
3. Motltenra sig cll,'r reprr Koqerlrt B olropHrD( cerueHTax.
Brsnavaeuo roeQiuierrru k arr po:rra4reaxrx oonoxeHb neqi:

2J6 E'3Jszoo*looo -0.00745 nr.K0-K0:K07 ="0"= 4 ! 210000{r+10,
krs = 0O67u;

l$o = 0'00652ir;
k{s = k; = k; = k5 = 0,0065 u (m6ro pn nopoxusoi uevi k

To4i:
= 0,0065ru).

Mrn =Mr" =Mi." =M'u" = (3200 + 1000).0,0o745-- 3l,29trE.n;

Mru = 23'04kx ' nr;

Mx,o = 2o'291s 'u;
Mn," = Mi... =Mi.,o =Mi.o iMlo =20,8lis.rr.

3a ogepxarr.run ganm,m 6y4yeuo rpaQfi< M1 = f3(9) bric.5.33fa).
4. 3aranrni neperu4ni vouenrn:

Mto = l4o * lvl*, = 4799 +3L'29 =51U91lIIw
Mi = n4? + Mr? - 1\4, = 67133 + 31 39 - 169,214 = 533J8kH' M;

- M; = -l\{',, *Ml? + 14, = -671,3 + 31,29+169,44= 470,6kH.u;

c" ="ni n,[r-fl.r;

G",' = 238'81*q

G,.o =1952kr1

G". =q
G"" =G"".

To,qi ruoMenru gi,{ saru uera;ry 6y.qrrr:
M*u =O
M"" = -10oE4,44 - 3,1s) . sin 7' = -169,44kH .u;

InIi = -n4. * n4" = -4799 + 3129 = -A&$tk[l. v;



16,. = -tr4o - l4r, +Mro = -49,56 - 8591+ 23,04 = -172,43Wt-Mi
lfu =l\430-M"" +Mril=3fl/|7 -1357+209= 391 63kH. M;

l!L* = M,* +}IkB = 79192 + m8 = 8l2J2kII' u;

Mi* = -M'* +Ml 4 = -79192+mfi=771'17) l'vl;
14, = -l4:o +M130 = -384fl + 20'8 = -15341}t' "
N4o = 1\{,, +Mi,s = 49,36 +20.8:7036kH'na

l4o = l4o +Nlio = 4799 a 2g'8 = 500,7kH'nr.

3a olepxamnnr qaruml 6yrqyeuo rpa$ir nft = {n(rp) fuuc.5-33,a).
5. 3ycnnr{ Ha lrnorax ri4poryri4gpir:
BHgxaqaeMo ruesi m; crl:r Pgi. flpore cuovarry o6qllcrnoeMo A-irs roxuoro

rrnaAry neo6x|Ei sernwdrn: xr, yr, x3, A, C, a ir xpecneub 3xitxo4uMo
3HaqeHE rpa p: a0'(a6o p = 3,767n*, i roopgrorarr x2 = -0,64M i y =
-43M.

IIPU I = 9o

xr = 3,05(0,76? + 0) - 3,05. sin(aa. + o") = opzr,tt

yr = 3,05 - 3,05 .cm(ll" + o.) = o,8xu;
x2 = 4S4M;

Yz=43r't

l=-'a'?' o:81=ases
- 0,64-O22

C = 0,856 - 5995.0,n = a,a629,

[l= =2,23N'

nPH I = 15"

np{ q = 30"

\:0,524*1, x3 = 3'139ru;
yr=1,479n; ys=0;
x2= 4,64u; A,= 4,965;
y2:43M; C=-1223;

m2 :2,855u,

xr = 1,1I5M; 4:3,937u;
Yr=2209u;' Y3=0;
x2=-0,64M; A,=3957;
y2= 43r,ri C = -1t768;

mg = 3i84m'

x1=1'6E6nr; x3:4,735u;
yr=2'997ui yr = 0;
x2=-0,64!{; A = 3,137;

5pes. 2,34 - (- 1. 0) - 0,46.29,

npn I = 45o



Jz- -4'3ui C = -2'292;
m4 = 3'815M'

t
1.10 H.tl

:7
\\

HoA-4
-ry
-l!ra

t
R
-€.

€
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Br.BHasaeMo mKox rrrreqe mi EpE Haxrni tresi B 6ir po6ovoro nixua na ry"r 7o.

B IIboMy BunaaKy Koop,4uHar[ xi i y; rusrauarorr :a $opr,rylauu:

x1 = R(0_e)_L.sin(g_(p)
yr =R-L.cosG-q)

Ilicrx o6vrcnexr ogepxye'ao :

x1= 0'1315u; x3 = 1,967u;
yr=0,614ui y3=0;
xz=-O'64Nri A= 637,
y7= _4,Jwi C=_224i

mi = lP{Xhr.
Togi sycuruu Pe; .4rx silnosiAHrt< noroxeHL neri 6y4rrr:

n = 
srJ9 

= zzs:3kll: 4?? ln
'" 223 Pq =ffil =2?e'44krtr

n. = -!H= -zq6,6aw y;^ = -f,:11 -zorsn*4" 1,908 "o 223

P^ =-11?13=-ts;sklt R =39l63=lts.z:Lt*2,855 3384

rn.. =*#=r:.oo.s *;.---'M =-zozJ3kft3,815 ' !& 
3,815

n =-ffi:17 =-n3sr.rri p; =7o'K =24.64y11u,0 3384 't5 2,855

r;. =*5=22a5ur223
3a ogepxaruom gaxnm 6yryerr.ro rpa$ir P = fs(q) (puc.5.33,6). 13

rpar[ircia 6aravo, trlo MaKcnMaJIrHe 3ycx;urx uae tricqe npt Haxani neqi Ha ryr
7o r 6ir po6ororo airna npx puge,reni m.rar<y, ro6m:

Po' =219A41<H '
Br'3Haqa(xuo po3pax''sKoBe gycErnr:

Po" = Ps" .K1 .K2,

ie Kr = 13 - roe{iqrcrr, trd BpaxoBye nep€posnoAin saBaHTaxelrBr MbK

ryz.rrin4laua (qudx4p r6ory nigao4y crppry e 6inru naeamaxeuru);
tr(2 - xoe$iqiein sanacy sycr.r"ur.

Po, = 279,44.f,2.L 1 r: 369kH a6o Po, =369.103H.
Tp ueo6xigno npa4rrarlr ri o6cralnra, np uaclo ni,E rNcxorr,r HaAXo.qI.IT6

n nrroxoei tropoxEuHtr uuJrislpiB (gBoe ryrdsnpi-B). Toriry nrroxoaa rurolqa
o6oro rigpoqrudxgpa At.{ Aasoro nnuagKy 6yge ocHoBoro trps HacrynxoMy
rnuaveaui giauerpa qunix4pa I).



3 ognoro 6ory-

^ xD2 xd2
-44

s. =rli- n(o{D)' 
= 5,887.10-r'D2,

a s igtroro

*=no"
2'po'nu'

Ae pp = 5,5MIIa (5'106 E/u2 ) - po6o'*rfi rucr;
rtu - KKA rru.lriuapa.

Toli:

= 258 ' 10-1 ru .

Ocram'rtro fiptrh"{asao D : 250rru,
Ilorpi6uy troAarry Hacoca BE3Har{a€Mo 3a 3EaqeEHsM nopm{eBoi

nopoxnrurn ryrriugpir, na 6yge:

- nDl
4

D=

= 4,9'lo-2 u2 .

Tod:
II. = 25, .Y = 2 . 49 .104 .1,67 .!0-2 = 1,63.10-3 nr3/c .

3a snavernrn'.r po i IIn eu6rrpaeuo nnacruxvarzft Hacoc I12 - 25AM e

raKi{Mn napaMerpaMn: p" = 6,3MIla: II" =1,667'I0-3m3/c.

9.6. 3a.na.ri

1. 3a ,4arrrur,r npuxna,ry BlaFaqre nfle'ri c]ut mr, m2, m3 t(rqo x2 = -0t85u;
Jz = -7,8u'

2. 3[risolocu noJroxeHs,n KooPAEHar x2 i y2, ycraHoBir]6, .f,Kuft Bnnr4B aa
Bell]fially P0 smfiTE BeJrlrqqHa Efra Ha)(xny rigpoUznin4pie.

3. Br.I3Haqr€ 3ycmr,rr P (pxc.5.30,B), {qo Q = 200|(8; m = 1,58u; e =
0,98M; B = lJv'l' a= 1,56n; c:0,58M; Gk = t0KH; lr = 0,015; rc =
0,0008u; d = 0,1u; D = 03u; P = 12; rlo = O98.

4. 3a nau;rutt saAaqi 3 swHaqrt syclunr P i rrrrory rigpoqtrirgpa ,qrt
cxeuu, rora:aRoi sa puc.5.30f, .rrqo po = 4,0MIIa; 1u = 0,85.
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5. 3a gaxm,ru :a4aui 3 sr:nawe:ycz;ru p Alr{ cxeMr{, rrora3asoi Ha
p1rc.5.30,6"

6. Brlsnaqre cu;ry iuepuiii, rKa rrpriKrraAeHa n qerrpi rrxirux cueniaH.s
Guc.5.29,6), fl{uo G" = 150KH; I : 54 rpn = 0,1pas ((yr pg3mgy), t,
= 4c.

9.7. KotsTDoJrbEi 3anlrrarfig

1, Oxaparrepr,r:yfire o6nacri sacroeynanan elexrponeqefi .

2. 3apuoyftre cxeMy rmoBoi nesi, rof,oxit ii 6y,{oay ra np}ffiryn gii.
3. 3apuqfrre cxeMa lrexanbvia rdAftouy i noropory crnetinnr, noacnirr

ik 6ygony ra npltr{Ilfln 4ii.
4. flolcujru Mero.rgocy po3paxll{ry MexaHi3MiB noBopory cKreniHn, 3

noBopoTr{oro KonoEolo,
5. 3aprcyiTe oxeMr.r ruexa.uisuil ueperrliqerm enerrpogil 3 ri,4panfiiqxru

i elexrpouexani'rsuM npeBo,4aMr.r, (affaruoxl i pefixoaoro nepe,qacaML.r,
noxcnit ik 6ygory ra npnuqxn 4ii ,4afire rropiBruorcry oqiu(y.

6. floxcnirr ueroguxy po3paxf{rq Mexani:uir nepeuirqexna enerrponie.
7. 3apncldrre cxervu ruexanilui-e naxr. ry neci.
8. flo.roairl r,rEroArxy po3pa(yxxy MexaHiei,,ri-B uaxnry neci.
9. Oxaparrepusyi.re :{yroBy eJreropolis g erorori$oro rror)rf,A/,

flepepaxyETe ocHoBui saxog no saxacry EaBKo]rHrrrEEor.o cepeAoBfirqa.
I 0.flepepaxyfire ocxoBrd erantr AeMoETaxy Mexauislrin ueqi.

Te*ra 10. VcT atryra.mrx 4;rx troAarli mDrtr,I Ha KoJIorrrHlrK maxrHrD(
nesefi . CKi[oBi ni.4ftoMlms.r

10.i. IIIm<ry Ha KonorrrEr{K leaefi xolroporoi wra:g4lrii uo4aolr
crpiqrogln'{v xomefiepal,u, nigaicroncr BaronerraMl{, eneBaropaMu, BaroH-
repesaME, 6a&{eBm,s i cxinoerMI{ ui$owraxaa,ru, a AoMeHHTD( tresefi qopHoi
ueraryprii - crpi*oBr&{tr t(oxBeftepaMfi i criuonol uinioumacaml Baron-re-
pesa, .nci BxKopncroByrorEcs B sopuift i ro,mopoaif uera:ryprii Marorr aEa-
norisFy KoHcrpyro*o i sBn*or6 oo6oro cauoxi,4{Id raron: ol,xrepalrn g;rr
mocru i npucrpoeu Arr 3BDKDrBar{Hri, B roii xe vao I vopnii rrrera:rjrprii sonu
BrKouyr<lrl, Symqii :r'xsKy ruix 6yurepnoro ecra(aAon i cxinosutr,{
ni,@olwxou, ro6ro sananraxlnorr crirrn. B ro.nroponii lreraryprii ix xonilo
noMirqarorb napirri s rolomruxou i aonz :ararra:lgzrr rm<ry oesnocepe4alo
a ni'r. fliqnicxi BaroHErKn Marorl 6)Erepn trpncpirsreni Io renBQep4 rKEi
pyxaerrcr uo uonopefu<orouy uyri, -flxuo B [raxrErr{ nesax KouBefiepga
roAaqa [rr(Tr.r BuKopncroByerrcr Ha trpor{gi 6aranox poria, To B IoMeHHrDa -
rinrlsr g ocragHifi qac Ha Kp)rrrqrix nesax. 3acmc).Baffux xorcefiqrnoi uonaai
rrocraBnlo BnMory nepe[nar tsarE rlexs B 3B'r3Ky si gHaqxoro ,qoarnfiHolo
rorcefiepin (200 - 400ru i 6hrme), qo o6yr.roareso MarruM KltroM saxr. ry
fipiqKx Ao ropruosry (10 - 17 rpa,q). Ocxorni rrepeaarr.r ronneiepuoi no4asi -



6e:nepepsnicrr nogavi i 3aBaHTarKeI{Hq Irltlxrrr, MoxJII{Blcrb IroBHor

aerovaragaqii npoqeciB'
Is nepedvenoro ycrarK)rBaflIrt uafi6i.mru oKII4qHHM nignocuo Syaotu i

nDrHqrda aii e orinosi nffionxrto'I, ffii 6yraro, r tprox rmir: reprrranrrni,

rroxs-iri i Beprnl€JlLHo-rroxtrni. Po:mtrrello uoxuli ni4fiolrmlrcl, xrci

Br.r(opEcroBylorbc.f, B sopHifi i (onbopoBii r'aera:ryprii. OcttosEn'aN e'revenraNll.l

crinonoro uiAfiolnma (puc.5.34) e : Aso€ cKinig, noxamd uicr, cucreua

xagarir, 6rorur i cxinoaa ne6i5x4 xra ycranoarllo€:racr B Mar[Ilunor'ry eani' rlpn
BfftroseHEi le6ilru xaran:raxerud cxiu plxaerbct BBepx no pefiKax Ao

Kollorrrnr.rKa, a troporc{ii crin o,qsoqacno p}4(aer6c* BHtr3 .4o cKinoBoi sl'lu' '4e

3aBauTaxyerbst ruaxtoro. Po:garraxersf, cKira e,qificmoerlcs saB,4ffin

Do3BaHra)q/BaJrbEnM rpNaran i laocxarr:r'lM KoJrecaM @uc.5.34,6) s pe6opgalla

nocepe,suni. Bsyrpimsir'lra cnararaa crin p)xaerbct no norurrifi xo:rii, a

gosxirrniMn - ro nepxxix po3BarrraxyBarlHn( KpHBrlx' Iluxrii
po3BaxTax'tsafl;Ei rpni rnn*om co6oro npo4oaxerurx pefixonoi xo:ril

noxuoro aigPirrY vocry.
Cxirur,,rx npaSEJIo, M{ orb ge MeHIue aBox KaHarlB, txr 3 Merolo

ar.rpiaroonauur B uID( 3yclfint narrry crpinnnorr'cx gi cxinou 3a 'qorroMorolo
ynpnKxoro nPncrPolo (Puc.5.34,n).

Ocnonnxv rexsiqfl{M trapaMsrpoM cxira @uc.5.34,r) e fioro uicndcrr,

rKagnr rreqefi o6'er.ror'r 1033 - 3200nr" craHoBl{rb nia 8,1 ao 20M". Anx
g6i$menst ruimnocti i lorermem-{ 3aBaETaxeHIrt i posrarrraxenar urro<u'l

trepe,srifi Toperl6 lcy3oBA atrKOHAHO Bi,4(PDrt{M i : pormpennru. B cepeluxi

crin Qlnepyerrcx gxococrifuia,s MerareBuMrr rrlrrflalwr' yflprrxurfi flpr{crpifi

uae fl-o6pa:xy i uapldplro crpiruery 3 KyJoBoM paMy' a raxox eaxitono-

mapxiprry cucreMy, tKy p$Ta[oByK]Tb uix pavoro i xanaratwr' Criuu

DvxarcTrct 3a ,uonouorop saral suoi le6i,4<tl .

3a Koucrpynlitro cxiuogi re6i,qKff uoAirxorscs xa rari Tltrrq: 3 oAHI'IM qH

aBoMa nBtrryqzrMl,t uepeuiunoro a6o trocrifuoro crpyMy; 3 3araJlbltuME cx
oKpeMllrsi peA[C[opaMn; 6espe,uy'rropni. Banraxoni'{fiouaicrr ne6iloK IlLs

loMinsrx ne.Iefi o6'6,roM 1033 - 3200M" cKnaAae Bia 15 lo 39T. Hapvc.5.34'E

tro(a3ar{a cxeMa lpo,FlrrysHoi ne6inrul g 3aralrrflrM pe4yKropou- Vupar.nirtrr

re6i.qKolo sAitogoerrcr KoMaH,qoanapamM, KoflTponb mus<ocri
BiArlerrrpoBnua Br{M}rKaqaMfi. Jle6igra rnaucaemcr lpn lorni qra6utalu n

rarari vn fioro o6pgsarni sa AonoMororc eln'&fiaqa era6nrn.

10.2. Bnsnaqexrs criftrocri crdna Ra fio)crnoMy Bi'qpi3Ky Mocry

Crifu<icrr crita 6yae :a6esneuena npu go,4epxaHlii WoBIr (ptrc.5.35):

(Q + G)'"o"",.h, > (Q + c).sin c' nr,

Iqo ToTOXEO;
cos c.b, > sin c.ht,



3Br,4IiU:

. fsina) .nz>l-l'hr
\cos.l/

h2 > tgcr.hr .

Prc.5.34. Cxervm cKirloBoro tridoMry(a (a) i ioro algnil i Drexanisrrie: 6-cKitr lla
po3BarrraxyBa.Jr6ErD( KpEBrr4 B, r-Wprt(nd npucrpii i cxin; ,q-crisoBa re6i,{rc; l, s-cds; 2-
crfuoBa E{a; 3-rroxtlrai Miqr] 4-cdtroBa ne6i,6a; 6-(anarda oEcr€Mq 7-po3Baflar.]tsaj$ui rpmi;
8-ytrprr@d rpicrpii; 9-nmmav cna6mu raaary; l0-6a{,a6egt ll-(oMasAoanapaq 12-
BiIqesrlroBffi Bnr4as

IrroME crroBaMlr, ff<nlo BeKmp cnn (Q + G), EptrKraAeHHfi B rleHrpi cun
rirxirnx, 6y,4e posuiqarxcr uix nepegnir'rr i sa4nir,ra KoJrecaMH, ro crifiricrr
6y.qe :a6eanevexa.



10.3. Busnauenrn yuon caruonosopory cnina ua poseanraxyaa:rrxfi
qilqqi r*ocry

Cxin nonepracrrcr 3 pGBanrDIcyBaJIr'Hmr xpmlo< nig delo anacxoi narr'r, flpo
rraolrcrnnicrl orrycxansr cxina uoxsa cy,qnrn no ai4nouelllo t'louenra

pynifixrx cul Mo.c ,qo MoMeHTa cr,ur onopy ld..o. Vr'roaoro caMorroBopory e:

M-^
nr; t z'o- 

''s

PEc. 5.35, Ao BtrsEaqeFE qrii(oqri
crdm Ea lIoxs"rix AirGqi MocrY

I: p4c.5.36 6avlrMo, qo:

Pxc- 536. ,{o rrssaseEE woB caMo[oBopofy ckitra

Mn." = G'h. i M".. =S'hr +Fr'MA+4 'MB,

ne Fe = Re 'w i 4 = R. 'w - clxrrl ofloPy B onopgn( Konecax;

w - roerliqiem ouopy (rxlu).
Pearo$i Ra i R. rusnaualorE nfifioM trooyAoBE TpffrgrrrtKa cl{n'

I 0.4. Ba3HaqeEHt tror)Dcrocri garryrua .ne6i,qrcn

Porcnr po6oru cxinosoro ni,qfiourmrca rusnaYaerrc.r rpaQiroM fimn'Erocri

re6hnz i crina (pnc.5.37,a). C noraucy [yc(oBoro flepio,ry tropoxHii cKiE,

rxufi nepe6ynae Ha posBtlI{TaxJrBaJIEHifi dffxqi, p}r<aerrct niA aieio naacnoi
gaff a 6ix orrycKaxlrt, flpncropeunr s6imeMoro r 6apa6axa r<axary e uefi
nepio4 (t1) Mae Fe rlepeBuq/Baru^ rrptcKopeHuf, crina, rrlo6 )Truru;ntr
ocla6rernx r<anary (at = 0r3 - 0'5 rulc'). ,[4r gocrrnennx Irlaxcrnranrrsoi cra.noi

mstn(ocri vM Berrlrsl ry rpllcKoPeurrt :r;aleffy zz r gpyfld nepiog uacy t2

npuil,,larom O6 - lrSru/e'z. B nepiog vacy t3 crin p),xasrlct gi cra:rolo

msn$icrro v" Ha uoxsrin Ai;rrUi uocry. B uePioA qacy ta HaBaHraxeHni cxin,
sKltd IligoAffib Eo posBaHTa)r(yBsJIFHrta xpnBnx, oAqp)i€y€ Eep{le raJr6}'ryBaErt
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(ar = 0,6 - 1,5mlc2). B nepioA qacy ts cKi[ pi*xor*ipuo p)xa€rEcr{ no
po3Barrrax'tsarrburo( rprnm<, a e nepiot k pyx ci(ina cnoBinrruoerrca ao noenoi
:yrmrs (ar - 0J - O,Snlc'?).

tare)'sin do

PEc. 537. Io aEtEaqesEf, uoryxnocri ,sErtEa cdloBoi le6ia(Ir: a - rpaoilq4 mu,4*oc-ri i
rpEc(oIt€EE'; 6, B, r, ,q - ao BE3EaqesE syc4Js sartry B xasarax; e - ao qptBe,4eEE I Mac

flarryxu crinosoi ne6furr.r nocrifinoro orpyuy i npaqororr B rloBropHo-

xop6rrovacxolry pexm'li, rouy po3Paxynol( uoryxnoc{i BI'rKoI{yrorB 3a

ergisanerTnmt{ xaBaETaxeEHf,M 3 nogtulFttroto nepeaipxoro ABsryHa l{zl

nepeo6rrxem-r. BeJnrqmn 3ycun; Harsry B Kasarax y rorr<ax ix rcpin-neuHr 4o



cKila i 6apa6aHa sMiEororEcc B sacJdAoK 3MiHs ,qoBxI,IHfi Kanarb. flpu
poapaxyflry Heo6xirEo B[3HatruTs craflrwd i gruar'rivni sycurrr a raxatax, rrci

airor na orcpy:raocri 6apaSaxa npu pi3nrx no.roxerorp< cxina Ea Mocry. ToMy
ulo mu$icsa giarpaua cuagaerrcr 3 mecrrt ai;rgnox, neo6xhso BxtEaqETa

3ycvfij''. Nra ceMr rroJroxer{B crin4 rri BilnoBi,qarorE ryaIIruHIIM Tot €M
darpar"ra. B uepnnm u'.*ru tro:roxerrrfi npa nigioui i a n'rrr ocraunix npn
onycranni crin nepe6lnae ua up.n'roainifuii ainanui uocry. B .qsox oorar {x
rroJroxeHrrrD( npu nidorr.ri i pox uepm< upn onyoramri crin nepe6lzae ua

PGBAIIIAK}tsAJ6ITTX KP'BIDL
flepeg rulxaxerour,r uararraxenr, xri ,qiron na xaaarno-6novny cr,rmerray

crinin, nraxoxlrorr p$paxysox rpaQixa mr,qroc"d. B ryolry nnngKy
Heo6xi,uno ycraHoBETr{ BeJrnqfiEn rmr.rAxocrefi i rpxaaaicTB Kox(Eoro Eepiory\ uacy q. finr uoxnrsocri qiei sarasi 3aqarorEct ue ri;uru
BeJrr{qEIaMu rlpncKopeffi ar, a2, aa, s6, tKi Malot uicqe a nepio4i qasy t,h,t4,
t{, arre i Befirufia}tr MaxonrtaJrlnoi craroi mu,q<ocri r nepion vacy t3

(npduarorr v, = 3'0 - a'0u/c), cm.roi mlrrrocri p5rxy cxina no
po3BarraxylarrburD( KptrBux B nepiog uacy t5 (nprrfu'lalorb vp = 0,6 - 1,0u/c),

norxmauu raaarin l1i /n, n<i uaruaarotcr na 6apa6au riggoni4ro n nepiog
uacy t1 (updrarotr lr = 1,0 - 2,0) i npu pyci cKina rro pGBaErarKyBaJIrErD(

KptrBlni B nepiog vacy 4, to (rpuiuatot lp = 6,0 - 9'0M). flpnroMy, qo6
Ba3Harrlrrr sac Koxnoro nepio,ry. aeo6xiaHo napalernno Bfl:tnaq-?rrlr i aosrrsry
{2, ls, X+ !5, !,6xaaarb, ni naoraearorrcr xa 6apa6an r ri x nepiog uacy t2,

t3, tr, t, t6, aoMy, qo BoHu 3BflaEi uix co6oro (gonxma KaEary Bqpa)Ka€

co6oro mirn! fiad trpoxoAnr; cKi ).
flopuor pospaxymcy mrufi (exasano 4.rrlpar,m):

6.
Dt,=.13t

\l ar

2)"':1;
tn

3)r, = " ';
^2

*r=\*t
7Vt=4n-1rt

81r=/s,
Yp

srtn-!*;

ll)!.. =lt - a" - 11, + [ 
" 

+ ! 
" 

+ !., + !. u).

!^
t: =3.

aY,=&*b,
s;tu = Ii,

^6

floBrui.rac pyxy cKitra:
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T=tr+12+t3+t4+t5+16.

Po3paxFfioBa cxeMa rliafioMrfira rroKsiarra va p\c.5.37,6. Po:paxynox
CTATI{TIH}IX 3YCI{JI6 HATSry B I€HATAX BEAEMO, PY)<AIOqUCE 3A KOHTJ,?OM KAHATHOi

cHcreMr{. Po3Dr*reMo rlofioxeHHrl'rraBaHTajl(enoro crciua B fiepion sacy tr, t2, t3,

ta. 3ycnrD sarfry B Toqr{i L?itrneHH{ KaHary Ao cKila (}a{oBEo 3aMiHroeMo

yrpf,xsEfi flpr4srpifi nauamu) (puc.5.37,s) 6yte:

z, = (q + G).sin cr12 + w(Q + c)'cos o, = (q + c[sin c,2 + w. cos cru ),

Ae QiG - rara rmxru i crfua;
w - xoe$iqienr onopy (r.rrz)-

3ycu*'rx narrry e rovr{:

z, = z, + Zq\Lo -L, )' sin o1r,

ae q - noroHEa Bara xaHary;
Li - AoBxlrxa HaBnroro na 6apa6au vn :MoraEoro 3 H6oro ratary B AaHufi
uouenr vacy i gnr ehnosignoi rosrc! (1 - 7).

Benq.rEry L; MoxHa BHpa3rrrtr sepe3,408)KnIIy HaMoraHofo aa 6apa6au

KaHa'ry I i 3a BiAroBigmrfi nepio,q 'racy (11, 12...), ro6ro:

L; =L;-1 +11'

3ycurnx a rosr{ 3:

7s =2. 122 'c = z,(1+ c),

.{e s=\y+2p1 'pu.@-/A-).sin(9/2) - roeoiqienr, florfi apaxoeye onip pyxy

KAEATTB B IIIKBAX;

D. i d. - cepealdi giaMelp (no KaHaBrax) i aiaMerp qarr64 nrriaa, u;

- a - rcyr ox-Bary KaHaroM rrrKiea rpaa.;
pr, - roer[iqieur rePT x KoB3aHHf,;

10d:
V = :4 - - roe{iqiern xopcrrocri r<auary;' D- -'0J
d1- 4iauerP raaary, u.

3ycurux ua:rxry riguori4ao r row<ax 4, 5, 6:

4 = zz -2,\'Ly'sin&yi



zs = z4{l +c\

\/ zo =zs-2Q'Lsr'sinasr'

"fr<rqo nigcraarnro oIrH Brrpa3 n irnrzi i rIo3HaqI,IMo uepes A crany
qacTmy piBHE[rt, a Tarox npxfu'ler*ro: ctr2 = ck4 = o, t[s6 = 90o, To oAePxtrMo

ocTaTQq Ho:

26 =A =A' -2q'L,'sincr(1+c)'z,

,qe 6 = (q +C).1sinc + w'cosc).(1+c)+ 2q. Ln .sincr,(l+ cY -z,q.l*"
" 

sin a(l+ c)- zq.L*.
Cmrruri 3ycmuu Harrry B (aEarax flpfl o[ycKaHEi TlopoxlrEoro cKrna

Br.rlHaqarorEct auarlorirro @2c.5.37,r):

zi = G(sin oiz -w.cosaiz)
i = zl +zq(LB +L, )..in oir;

z\ = zi{r-c\
z'e =z\ -Z's'\a'Snaul
z's = z'a6- c\
zk = zL -2q'Lk'sins.x'

Ocraro.rEo o,uepxonto:

z'e =B! = L' + zs.L, .sin o(t - c)" .

Tvr A'= c(sino -w.cosc)'(t-cf +2q.LB.sino(t-cf -2q.L*x
x sin cr(l - c)- 2q ' Ls6.

3ycu;rn xarxry n mqd 1 ranary n-nr Bffnaalcy, KoJrx crir nepe6ysae ua ,

po3Bar{Taxq/BaJrbnrD( 4p[BEx, Bu3ttaqalorr uvrogoru rpa$ivnoil nobyaonu 
,

$nc.5.37 a), flpa'grorlry ia rouox 4ormcy ronec cxinis : pefiraw [poBoAtrr
HarrpaBJresu uoannx peaxrlifi (3 6orq peioK) 3 BpaxysasntM otropy ne-
peuiqermo. B u'xsrcy s qur,r nopruani noBepralorl B nporruIexrrld 6ix pyxy xa
KJn y (tSy=w'P). tl(Iqo ro'{ry O leperxny pearqii Rr i R2 3'€Faeuo 3

ToqKoro eperuEy ninii gii cxl G i z|n, m 3flafiAeMo Eanpauernr pianoairouoi

R pearlifi Rr i R . fliou 6oro 6y,qnorr rpncyran cx.n i oAep)cyrorB tucnoBe

3EaqeHE I zrp. IIa IlpaKrnli npldtrdaloTb 21, = 0'66G.
To,qi sycrrrr xarn'y s rouqi 6 ntr gitICE qaBaxTa)Kenoro cxina, xrnfi

nepe6yaae xa po:aaxrax5'aarulD( IqlEBnq 6yne:

zun = Fr, =An -2q'L,'sincr(l+c)1
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ae .q," = 0,66G(r + c)'? + 2q. Lo . sin o(1 + c)2 - zq.Lll . sin c(r + c)- zq. r,*.

l.{rr BrrKfl nopoll(HEoro cKula:

zio = I'fi =A! -2q.Lr.sinc[(l-c)'z,

'4e 4 = 0,66c(I - cI + 2q. LB . sin (r(l -cF - 2q. Lr. sin C|(l - c)- zq. l,*.
Orp1,;xxi sycumr na 6apa6aui 3a o'4epxastrMrl 3ycnnJurM].r r{arrry Bfl-

3Haqalor6ct ,Enr xolq{oi 3 celix rosor 4iarpa}rr [raugKocri:

4r =4 -Fr'.

3a gtasernn r,r qnr cx,lr 6ylyoru rpa$ix. llorirr,r Bxlsaqarorh tronepeAuro
rrorlDrEicrb ABnryHa roMy, qo ,qJIt Hacrynxoro pospaxymry ,Eusaui.nl.rx
r{aBarnaxeul 6yayrr norpi6ni .qani npo uaxoani MoMeH? .{Kopr lpxBoar{rrx
,puryrir. Po3paxynoK Be,qyrb 3a oreyxnarr{ 3ycritrtr ,ryr cepegnEoro
troJroxenux cxinin Ha norurnifi giuaai uocry. -fircuo apaxl,naru ri o6cranurur,
ulo pmpaxlsor noryncrocri 4arryrrin ne4nr ,{ns mflxroBoi no.4aci, f,r<a

cK;ra1a€Tbcr g .qexhrrox crcida pi:mo< varepia.nil, ro seo6xi,uso Bu3nar{trrLt

po3paxyHxoBe 3yc{Jul,r:

z- . F"1npn +2".F"1"b +2k.4(rFp +zc'q(.)cpF*=ffi.
.qe za, zo, zr,, z" - ttttsYjcrr cKinis siqfioni,q.so 3 pyAoo, arnoMeParoM. KoKcoM,

c{parroM 3a oaEy rlo,4aqy.

To,qi uorlrcrisru o,{Horo aBt4ryBa:

N-- =F-". , ,1i,''d -Dos 2.1000.n 
,

. AEEaMi{ri xagatrm)<exss rarox npuBo.4uMo ao orplz<uocri 6apa6ana:

Fg, = m'ai

Ae m = mr + m2 - rp{eegeni go orppr<rocri 6apa6ana rci pyxor'ri uacu
ninZoME.rKal
mr, m2 - BiA[oBi,{Ho Maca troc4[ra]rLHrr( i o6eprosn crltfi;
ai - npncKopeHrr Ha orpyxxocri 6apa6aua y ei,unoai,uurai nepiog racy.
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Ocximrar nocrynanlni uacx (cxinu, eautax, xanarn) Marorb uBur6iorE
pla<y, fl<a aopiBmoe oxpyu<xfi mug4ovri 6apa6axa, ro:

-' =?919tjel

.qe Gt - sara oAHoro rasary.
IpnBeaennr o6eprosrl( Mac m2 3aiicnlo€TBcs qepe3 ix MoMeHTu inepqii'.

I: piaumx:

i=mp2=mz.R?,

Moxrra oAepxarl.I Qoplvryim grr flpmeAeEH,r Mac '4o oKp)rssocri 6apa6axa s

pagiycor'a R6 i giaMerPou D6.

4i - cD2
m, =- aOO mr = --------:-,'D;-cD;

a g BpaxtBaHE M Tolo, qo upuBe,qegu{ seagmcg siA 6ncrpoxiauoro Bana,4o

la<oxi,Erom, ocranor{o o,qepxtMo:

4i.i2 GD2 .i2
mt = ------ i mt =-'- D; cD;

Kopacryrouncr ry\tlr Bupa3aME, uaregeai o6elnoai MacE Ao olgy)Knocri
6apa6ana ainnoaigno go poapaxyxxonoi cxerrr (pnc.5.37,r)

hcoi *2cDi, *?g4h,j,f - 4(r,)(i, .i,)' *m,=-]--.--j------- l::,ilD;
-t1ir+ztr*a).itr* 4r, +iu *ti.)'D;4

Ae i1, i2 - nepenarovri uncla pegpropa i aigrparoi nepe,qasi'

3a o,4epxarnnra 3EaqeHHtMI{ F.5 i Fo1 6y4norr 4iarparuy raaan:raxeur* :
HacryrglrM BIGHaqeHE{r.r ersilarerruoro HaBagralreulrt' Anaaorigni
po3pax,asxu Be4rtrct,qrrt piSErD( MarepianiB (F.rulrnola"q pyF{, afJloMepaly,

roxcy, crpauy), a niur rFom Blnaaqatorb eKBiBaneETHe HaBalira:reHst{ 3a

flolacy, f,rta cKtalagrhcr :i crinia: pygoro, auoMeparoM i cKpatroM:

zn .Fjn .T+z..Fj..T+zu.Fin .T+z".Fi".r
+t^+r.k +i").T + .\ +z! .q +zk'ti +zc .tc



,{e T - eac nfup?or*y crina;
t* t- tr,, t - aimoni,(so qac gasasraxeHrr.f, crina pyloro, arnoueparou,
KOKCOM, CI(patrOM;

F..p, F".u, F..r" F.," - si,utrosi,4so erGiBanerrni uaaanraNexur npu
Tpsr{cnopTyBaHEr py,ry, arnoMepary, KoKcy, cKparry;

0,5 - roerliqieur, d BpaxoBye ]'uoBE oxoro.pItenur ,purlnra r uepio4 nayl.
flpn sacrocyraxxi gruryna si cralrAapmoro .[oBmsaofiicrro BK]rroqeHrrt

,@, rrd sigpi:nxerrcr sig Qarrrrxoi .@E, xeo6xigxo BlKolrarr{ rrep€paxy-
ramlx noryxnocri sa Sopuyroro:

N=No

Ilepeaipnou ,6nryn xa uqreo6rrxennr 3a {opMynop:

k=l^t
florfrGicrB N.., Bll3Haqagr6ct 3a MaKcItMalIbHnM 3rraqel{rrtM ararpar'all

HABAIITAKEIIIUI.

10.5. flplx;ral po:paxFfi.y norjilKlrocri gerryna criroroi ne6igrn

1. Bndald,qani: Qp=225kH; Qr=45k8; G=100kH; q=51E/u ; o:54";
p=0,015; H),0008tu; d{)'11u; D={,Su; F=3; dr{)'039tu; d.=0'2u;
D.=2nr; 9r.=3; pr=0,025; 9=176o; I)6=2M; Iaf85ru; L6=7v; l*=3v;
l<e=42m; Ltfl'4Mj tsa=lstu; I*=LrrLu:+Ial+L5+L56+2n'D;159u;
Gr:8,109k8; ri-nrxisrb Kaxarb - 4 ; w', = 3,5n/c; vn = 1,0v/c; a1 =
03rlc2; a2 = 0,6wlc?; at = a6 = -0'6u/c'z; lo= 7ui It = lu; i = 18,6;

ir7,l: iFZ,62;

GDf = 153,9311.t2'

GDln = 67,19 ' "ta GDfu = 67,111 ' tz '

GDI = 153,939 ' *z ; GD?* = 67,19 '-z '

ir = 4,905xr'u'; iu =41kr'u'z; ir =12,6xr.u2; it =11,77vr'u2 i

is = 4044,66rcr.ru2; ir = 670d,1rr.nr'?; . i- = 559,tzxr.u'; n=0,9
ro,qasa (2 cxinn pyau + 2 criua rorcy, ro6to zo = 2i n= 2), te = 7ci
tr=l0c'

2. Po:paxyroK rpa{ixa reu,4rocri:

,. = El=zs,s* tu=|l=rstq!' -10,3 --'""5 " 0'6
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v,=03'2F8=ofiaYc; tu=Yos*t
," -3P -0:774 = t,s4 l, - 7,0 - 0,83 = 6J7rvr;" 0,6

. 6s+o:1t1.+st ^- 1,=9!Z=otrtc
{2=\-r'", '' -.-'-9'7. " t

,, = 
t5-t 

= o.rr" r" = 
(3s*l)'a,rz 

- r,o*
0.6

t t =8s -7 - ( +gll,+ 9,38 + 6'tr7 + 0,tr1) = soprt;

.r=!&"=Ys*o
35

T = 2,58 + 4,54 +14,55 + 4J7 + 6,17 +1,67 = 33,68 x !4c (ptrc.5.38).

3. Bmsasegtst srdiru aorxcmu xagada:

Lr=0(roqxal);
L3 = 1'0 + 9'7: 10'7ru (mqra 3);
I+ = 61'62 + 9'38 = 71nr (rovra 5);

a rarox qrairi eetfi{srlm A, A', Ap,

Mrpyfrr

I*=0+1=lru(roqxa2);
La= fi,1 + 5O92 = 61,62 (ro.xa 4i;
t e = 7l + 6,17 = 77 

'17M 
(roqKa 6);

lq = 77,17 + 0,83 = 78u (roqxa 7) (pnc.5'38)'

4, Br3EaseHH.f, crarrsllDt 3ycxllS Eartry B KaHarax

Bn:navaeuo roet[i{ierna
0,015.0,u + 2.0,0008 .3 =0,o2,

0,5

s = !9-9,01t * 2. t. o,ox.). snff = o,on.

A6) = (22s000+100000x0i09+0,02.05s8X1+0,023)2 + 2'51'85x

x 0,s09(1+ 0,023F - 2.sl.42.0,8{D(1+0,023)- 2'51'ls = 28r120He

A6) = 10000(0$e-0,02.05s8x1-0,08F +2,s4.?.0,8{D(r- o,o?3)z -
-2.5t.15 =71697f,\

ApG) = 0,66. 10000(1 + 0pxf + 2. 51. 8s. 0,8{D(1 + 0,023)'z - 2' 5L' 42 x

x 0,8D(1 + 0,023) - 2' 5r' rs = 7 AYIH'

4(e) =0,66'10000(1 -L$nf +2'sr'7 '0,80e(1*0'0Bf - 2'3r'42x

x 0$09(1- 0,023)- 2. s1.1s = s859I{,
nrrl KO(Cy

A(k) = (45000+100000X0n809+0,02.05ssx1+0,08y + 2'51'85' 0,809x

x Q. + $,onf - 2. 51. 42. 0"809(1 + 0,023) - 2. 51. 15 = 1267 5aH,"

Ai,.) = Ab) = 71692[tr Ap6; = An6y = 71297It A'o1ry = Ai1o1 = 58599H.

1M
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ToAi 3ycr, urr xaury y rirqi EaBarrr$Keuoro crina (rouu 1...5 liarpavu
Imri,qrtocri nirorosinarorb noroxemro cxina sa noxu;rift 4i,rxrqi vocry, a rorrxr
6, 7 - xa posranraxtrealr,nm< rprmm<):

Mt py4!
Ftu)r = 281020 - z. 51' Lt . 0,8{D(1 + 0r3Y = ?an.l,zo - e63 -Lr = 281020 -
-863.0=28r020H,

F6), = 281020 - 86,3.1 = 28093;1+ F6)4 = 2810m- 86 3. 61,62 = 2757924

F6F = X1020-863.r0:l = 284097H" F6F = 281020- 86 3' 7r = n 4$311"
- Frrp =28102)-863'39=m654lI E6Je=71297-ffi,3'7117=64673W

(cepegne noroxerxr cxiua), FOy =7Dn -W3-78= Mffil{"
: Anr KoKcy (euraavaeuo axa:roriwo)

Flrp = 126756 - *, '0 = l26ilfiH. Fp,p = 121440tI'

F1r.p =t25753-*t 'l=l2ffinr\ F(xF = 120631II'

Flrp =125835II' FG)6 =F6)6 =6463711

F6p' =123392II' Ftuyr =Ffny =&5ff,8[
3ycru"rx narmy y airqi nopoxxroro crina (r:owu 1, 2 niarpauu maug-

rocri rinnoaigarorr, troJroxeHnn cr<ina ua poraau, axryraJrbHr.D( KplrBm! TorrKE
3...7 - ua uoxlrii ,qiaxxqi uocty):

Fip)r - 5s59q + z. s1. Lr . 0,s09(1 - 0,02s)z = sgsgg + lgJ . t". =

= 58599+78:7. 0 = 58599H;

Fip), = s8s99+ 78J '1= 5867811 B6y =7r692+tt,l '61,62 = 76541I*,

F(p = 7Kn + 78J .rtll = 725y4 F(pts = 77692 + ttJ . 7r = 77n98*,

FieV =71692+78J .39 =7476111 F(pF =71692+75J.77J7 = 7176frI,
(cepepe uoroxemr crfua); F(r,, =7l6g}+78i7 .78 =77S3lIt,
arur KoKcy oaep)KyeMo d x :naqesns

: Fi"\.=7zsYH" F(yy =7776511"
':. " Firp =7a7our, r(ui'=72s30H.

Crarlrryi orpyxxi sycururr ua 6apa6ani:

$t'ipyxn
4ol = rtol -{'l = 28nm-fis99=7'7'a2tH'
qOP =FtoP -%P = ?s0934-ffi78=2TnffiH'

4(o): = Finr. - %rr = ?JJ/J,W6- 72534 = 2MX7H'

4Or'= {or'-%p' = T17654 -74761 = 202893II'



,4nr (oKcy

4tex = {pr -{,ic = 275782-76541= 199161I{,

Fqrp ={rp -Fieys =274$93*77279 =19ffi1411'

4tnx = Ftoru - Finx = &637 -77165= -13128rI>

&or = 4oy -Finr' = 6#ffi - 778n = -ln64ltr

F"sp = F11v - Firn = 126758- 5859 = 68159II'

4ttrz = \rtz -Firr z =1266'72-586i18= 67994W

F"&p = \r1: - Firy s =l25Yl3-725y = 53301I{,

46v = Ftrrv - Fir.7v =123392-14161 = 48631I{'

46p = F1r.v -F11v =121440 -76541= 4489981'

46.5 = F1r15 - F[ls =12fr631-772!19 = 43352H'

Fa16 = F6p - Fi1l6 = 64637 -77765 = -13128H'

4art = &r.rz - Fir.r 7 = 64ffi - 7793& = -13264II'
3a ogepxarmm aaxuMs no6yAoBano rpa$irc F<nl=t(t) f"ru=fz(t)

(prc.5.38).
5. Buguaqexnt Ha6nDReHom 3sarlexHt nm)lKHocri ,ryrrryrua. Cepe,4xe

, oKpj,rREe 3yctrJUrr (:a suaveEm,r F"1n;y i 411p.)

"-_ 
- 

tp'4rpr.'+"* '4G)t' 
-2'2028ry+?' 

48631 
=..o5762.".z.+z\ 2+2

Tod uoryxricrr o,ryoro ABmt,xa:

N..-- - 
125762'3'5 

- 244sxBr.-" 2.lo0o'09
3a xara;romu ra6upaeuo ,Fr.rrru nocriisoro clpyq NVa 34-6 s na-

paMcrpai,Itr: N = 260mBr trpn m = 1007o, n'u =500xf, n "' = 700xn-r,

GD2" = 1422,45s.ut. t}.l : 3.

6. Br3HaqeHHt 'qtrsaMi.rEff olq)yxl{D( sycnnB

3regena 6o orpSnrcrocri 6apa6aaa r'aca locrJmafl;Ho p)xoMID( qacrsn:

2-100Un+ 225000+4.8109
= 46629r<r:AI{ PYAH m(p)l

9,81

2. (XXn0+45111+ 4.81(D 
= 2A28ftc.grr rorc! m1rlr = --------ffi

3regesa uaca o6eproBm( qacrlru (ptc.5.3?,e)

_ _ 2. r422,4s. r8S2 -(2. 614, + 2. r$98)' rESz 4. 2. 4j,|5. 18,62 +. rr, = ___6.CiF _ _____; $rT _ _=7
4(2.. 4r3 + 2. 12$ + 2.1r;t7v 12,

a--__.- tt
4{4844fi + 61 06J, + 8. ssg fi ) _

22

= z$&lt+ 3898;3 + 33fi39 + ffi5,6 +lSTBt= 9l:8&r'
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m(D? = m6)2.
3ara:rsna sseAexa,4o oxpyxnocri 6apa6anz Maaa:,

Ins pyAu m(p) = m6)r + mtpp = ,16629 t91694 = 138323 xr,
.qnt KoKcy mgD = mG)r +m(Br = 2828L +91694 - 119975 xr.

flolapnax.
g atno-

aid, L,n0-
HA Pog: Ct<liu na aoxutoug

sigp.sxg ttoctttg

Ho&tmofi-
EKUT HA POg-
EaH./z1a8.llPu-
EUr, noPA fi.
ckin 6 cJ<ino'
Bii rui

24 lr

u
\
\o
t\
a
):10

tr+i, t;" Fti

Puc.538. rp.0i* o" *dtu- **ry 
16#fri,Ht 

rorrrqrocri ,Flrq/sa ne6i.usr

- - AJ|' rOI(Cy

AJfiafiierri oryymi rycflult:

{

t

ta,*^ 10
!.\*o

4,t)



EJrs pytrl
Fg(p)r = m(p) 'ar =138323'0"3 = 4149711,

Frlo;2 = m1p1 'az = 138323 ' 06 = 82994H,

Fc(p)r =fr(p)'oe = f38323'(--{to = -82994}I'
F4pP =m61 '46 = 138323'(-'0'o = -8299411

,N,,'UI KOKCY

Fr11p =msy'ar = 119975'0,3 = 35993E '
F.s.p = 71895H, Fsr.x = -71985, Fertr = -71985II'

3a pesyrrraralna porpaxyndn 6yayeuo rpaQiru l6oy = f3(t) i fs(k) = fa(t)
(puc.5.38).

7, Btr3EaseffHr c)rMapHD( o(pyxHl4( 3ycI,rIrE

Cyr"rapui orgl'xni rycurux:
FJIAPYIJz

Frp = F"{p}r + Fe(p)r = 222A1 + 41497 = 2639188'
Fzp = Fqep + Fdp)r = 2?2256 + 41497 = 263753H,
F"e = Fdp)2 + F'dp)2 = ?22256 + 82994 = 305250H,
tr'30: Fqnp * Fslpyz: 207562 + 82994 = 290556H,
F3'o = F4nP + 0 : 207562 + 0 : 2O7562H,
Fap = Fc{px + 0 = 199161 + 0: 199161Hr
Fa,n = F"rpy + Fsoy = t99l6l - 82994= ll6l6Tfl,
tr'so : Fqo5 + F6op = 197 614 - 82994 = 114620g'
FYn = FqoP + Q : lP76l4 - 0 = l916l4H'-
Feo = Fqpr +F lon=-13123- 82994: -96122F,
x'60 : F"1oP + 0 = -13128 - 0 = -13128It,
F7o = X'"6v * Fr1p6 = -13264-82994=-96258H'

,{lI,I I(OKOy

811: F"1s + \1rer : 68159 + 35993 = 1041528
Fzk = F.ol2 + Fdbr : 67994 + 35993 : 1039878
Fz'k=X'ctl.l2+Fec.P = 67994 + 71985:139979F.,
F31= F"tp * [gsp:53311 + 71985 : 125286ff'
F31= Fqlp + 0 = 53301 + 0 = 53301Hr
X'& = Fc&)a + 0 = 44E99 + 0 = 44899Hr

Fa 1= F40a + Fgttta:44S99 - 71985 = -27086H,
F51= Fqe5 + Fr6.p = 43352 - 71985 = -28633H,
FYP = F"65 * 0 : 43352 - O : 4!352F,
Fet: Fqw + F*6" = -13129 - 71985: -85113q'
F6'3= F"66 + 0 = -13128 - 0 = -1312E8'
F7s : Fqly t tr'r646 = -13264 - 71985 = -E5249E..

3a oAepxarmr,fl ,{anld,g{ 6y4yeMo rpaoixx Fn = f5@ i F1= {6(t) @uc.5.38).
8. BIn3Ha{esHt eIGiBaJIeHTED< orpyxstrx 3y aldltb

EKBiBaneFrFi oiqyxni sYcuruls:
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IJlgPYI&

.,,*%E*4.,,*
. rln +R o.F* +Ffr. _ . Fo3o +Fnn.F, +F$ .-3..1-3'|1+

4.0 =
* 

F{, 
1r. -,,;*$ .,, * SI FodF r'-F''o

t3 +ts + 0,75ttt +t2+tl+t6

=?fdsinl4

,urr KoKcy 3a araJroriem ogep:nnro

F.-=.-!!q!2s7641!=7268,,,.-'' ll 30,44

Erciaanerrrne 3ycrurrf, 3a uogavy (gooe crinir s py4oro i gnoe crinir s

roncou)

r^ _ ,!z..zos?t' 
. tt + ?..tztstz 

.y 
= u722rfl. .' ! (2+ 2j'34+ 0,57V.2+10.2)

9, ErcisarreuTna ncrryxxiclrB lpm1rra

y- = 
147221'3'5 

=2g6*nr.' 2.1000.0,9
Brmuavaeuo Qarouwry,qoxmuacximr u*.novemr

Tlz- +2,.1
.lIB^ = ' ,' i ^' .'r00% =' ' ' T(ze +zk J+tze 

.te +zk .tr i

= t!1*i 
-.rooYo=Eo.

t4Q,+2)+\2,.7 +2'r0)

*rY Y' $ n - o s) *L n!ox)' 
. o,s -

. (-Nrz)' +(-xrzzl- rozsr)+ (-rorssf . ,-r-'qu,

1455+6fi +n:75Q,$ + 4,54 + 417 +W)

. Tazi neo6xima.sortrruicru muryaa.



x = 286' 
{ t oo 

= 286' o'894 = 256xBr '

Ocraro*ro npmTvaevo N = 260xBr (4n74 34-6).
10. Ilepenipxa ,Fr4D.Ha rra uepeo6rnrceru (ea pyaoro). Marclolarrrna

neo6xi,qra ugryxnicrr

51--- =. 
F"o'o,, 

= 
305250'3F 

= 593rdr.2.1000.q 2 ' 1000.0,9

\- opJ k--593 1260-218, r1o,4orrycrm*o.

10.6. 3arasi

1. 3a ,qarflnflr qpr[uraAy Bui]Hatlre 3ycnJUrr narny r m.rqi 3' (aiarparu
mrraarocri) eiuu naramaxeuoro cniu4 trqo Q = 12 .1018 .

2. 3a gayntrn npr{KJra,q/ i ra4ari ausnavre crarruHe 3ycrurJrr e rovqi 3',
rrclo G = 9'104H.

3. 3a aasnar nprnoraAi Btrsira'rre rrptBe.4erre Ao orpyxaroori 6apa6aua

AusaMiqHe orqyxrre 3ycruurr, noqo GD] =2,5.103H.M2, i:24,\=
8.

4. 3a,4anmuu npxx.rary Bra3Hame 3aranbHfffi uac p;xy crila rnra:y aaepx,
txtrro L{ = 100i{.

5, 3a AaHre{u npur;ra4t Bs:}Eaqre 3yctrnnr narrry r mqi 6 npr pyci
Ea.BaqraJ(eHoro cKitra Ha noxrtnit gi-rurqi uocry, rxrqo o = 48", L; =
50u.

6, 3a garrnra EpncrraAy uor'.rerrrx ixepqii fiocryrralrErro
plxoMrx qacTIII{,qo B{uIa eJler(IpolBr{ryHa.

1 0.7. KompoJEHi sairtrraHut

- i. Oxaparreprsyfire ycrarKyBnEE 4nr nogari Ilrm(rr.r Ha xoJrorrrHrnx
uaxrHEx leseE.

2,_ 3apucf ii're cxeMy noxsJroro crinororo nidomuxa, noxcnirr ioro
6y4ory ra npnxgan gii.

3. 3apncyfire cxew crira i fioro noloxen# Ha po3BanratK;.BturbHrrx

Kpli3rD(.

4. 3apucyETe oxelry moroi cxinoaoi rc6igra i oxaparrepa:yEre
trprcHaqenn i 6y4oay ii a1,lrie.

5. florcxitr MemAEKy BRlHaqeHH.f, crifirocfi cxina ua fioro noxllrifi
4imqicxha.

6. florcHirL MeroAurq/ Bn:|EaqeEF yMoB caMorroBopory criua na
po:ranraxTsarunifi 4i.nnnui r*locry.

7. florcxic r,rero,rpry no6ygona rpa$ixa rngKocri i nrssaqenn.{ aMiEE
logxlmlr KaHaris.



8. floxcrirl Merogrl(y
6apa6ani re6i4m.

oxp),rycm( cTaTErrI .n( 3ycI.IJIb Ha

9. Iloacxin ueroguxy rpa{o-axadrr.ruoro tsIt3lraqeulrt 3ycI.lJIE Eartry B

raaarax npu poauiqeuai cxinia ua po:rallTalKyBanbHldx KpI'IBID(.

10. fIo.ecEiTL Meroprgl BH3HaqeHHs tronepe4rroi norPlolocri ABItryHa.
11. floxcnirr uem4zKy Bu3HaqeEHt .luHauiernx orpyncrn< rycrurr.
12, florcgirs Mero4rl(y B[3EaqeHIUI exsigareuraoi ror]ry<nocri Serqlra i

flepepaxyBaHrur ootynorocri 3 Bpax)'BaHHtM Sarrrvnoi Aoetoqacaocri
BKJIIOqCIIH'.

Terua 11. YcrarryBaurrt AluI 3aBauraJr(glrrrt Bin6IBr{Dq
MapreHiBcBKE( i eneKrpIrtIHID(,ryrOBI{X Ueqefi

i1.1. Y gig6rcsi ue.ri norxenoro paQiuyrauur rBepry url4xry 3aBafira-

xcyrorr xa:ewo-peiKoBrrMr,r MarlrtraMr{ rasraxouidounicrro 3'r. Mam'rna rtlae

caMoxiAr{d }ricr i sigox 3 troBoporEoro nnar{opIvroro, rra sdfi 3MoHroBaEi

ra6ina : nynrrou xepl'narmx i xo6m s uexanislraaua o6eprarrr i xarannr. Micr
plxaeTbc.{ IIo pefiKoBfi xovii ng'[oax Qporrry nevefi, a nieor -

neFren&fiyJrrpHo py(y Mocly. Bucora MaExEs - 6nt 2,5u, a IoB)Ic'IHa 4pI'I
MaKcEManEHoMy Bxjr6ori xo6ora - 6inrme l0u. qacrora o6eprarn.r nnat$opncl

craHoBEaE 4r4xa r, uacmra o6eprauns xo6ora - 22,4x{r, qacrora KaqaHtr

xo6ora 4r1 sa 1 xB. 3axomeunt i ui,qfiou saeanraxemor MynbA, a raxox ik
pos!,m€mt s,Eifiotroerlcx MexanbMaMfi raqamr xo6ora i gaMEKaHIrrl'MyJI6.4s.

flo,qaqy suBaFraxeHoi Myl6AI,I uepes po6ove si(so s niq i srBil ii s nesi
BtKprryrrcTr M€xaHbMoM nepeuiulenm aisxa. Ilepexugarorr, i posaauraxl'ro*
vy.rr,ry a reri uexanisuou o6epraxxx xo6ora. O6eproBa ffIart[opr.'ra gosnorue

po3Barrrax)tsarn Marepia:I no rcrouy npovropy neui [2].
B enercrpuqni nyrori neui $epocualu i pi:nor,ranirui cmyui r''rarepiamr

trepeBa)lcio SaBaaTaxyloTb KpaIIoBuMg MyJIbAo3aB:InBIIl{t'It uarrranauu. Tuuoni

MarsEHr{ BurqtoBJUIIorEcr salrraxoni,4fioMniorro l'5/10; 1,5120; 3ll0; 5/24;

8120r. flepria rgi[pa o:navae safiTaxodnioMsicrr xa xo6ori, lpyra -

BaFraxodAEortrdcrr Aonoui:r<noro niSoLty. Micr Maru{Ilu IlpaJffrsHo He

ni4pisu*errcr eig rrlocrir 3BmafiEro( MogroBrc( rqlauia. Cxeua ri:ra MartrrrHr{ -

ua p:1,c.5.39,a.Ila nisry :r,aouronani uexanigr'al ni'ufiolry i o6epraunr xo:ronr,

f(a trpoxo,qrrl acepegexi rpamacroi u rp16'racroi ruaxrn. ,{o HrDKEBoro

r<i.m$ xonor ,r uiAeimyerrcs Ka6iga s xo6oroM i MexasisMaMu ftoro o6ePrarff{t i
xaearn-r. I{i MauIrHU MaIorE ptq icmrnrD( Heaorircie: cmarxa rcolcrpyrutin,

TpylEorqi 3 trPoBeXeHHtIll peuoa:rir, y Btrtra,4ry ronoMrct uepeKpl.rBa€ rrlqx
imsu BasraxouiAioIrllrtrM Mamux:rt',r. Tor"ry 6imn 4oqimne 3acroc).BaHut

fla3eMHEx uamar 6erpefrosoro rrrtry, xri nepeMi4noncn no po6ouii
ulorqaEri. Tarrnr uarmsalt srac*rBi rol,fia(rtricrt, asrouol'qiclt, rnyYrimr i
xadfuicrr s po6ori (puc.5.39,6). Bci uexaxisvN qrl< MarusE nplrBo,q{rlct B

plx. Bi* rijsonpnBoniE nocryna'rrxoi qs' o6egra.Eaoi eii" Macrccrar lis
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ocHar{eHa ArserbsfM ,{Br.rryHoM. A,nr MoxjrirBocTt rr {poKoro MaHeBPyBaHHt
pyxoM MarrruHr{ B Kopryci 3alE$oro Mocly nor',riqeHo KoHis}ruft .4BoepeEuiar.
MamrfiE BlrrnroBnflor;cr BaHTa:Koni,qioMHicno 1,5 i 3,&r.

f+{-J@1I--[]E+II t

Pic, 5.39. CxeMa Ma:uEE llr.s 3aBaararKessr sh6BEm< i eneKrpFrM( uesetr: a-rpaEoBa
Myrr,qGaBar6Ea; Gra:euua uynr,qo:araJGqa; B-afuor Ea3eMEo-pei(oBoi MynhAoiaBarcEoi
ka!@s 3 MexaEbMans; r-orpis(oBq, A.poTopEo-qpi.trcoE4 l-MexaEi3M uepeuiuexnr;2-
r,rexanisnr ddonaa ronom; vexaaiara o6eprama ronoe4 4-Eaxm; 5-r(oJIoFa; 6-Ka6iEa
Ma@rlicra 3 MexaEbMaME raEa@r i o6egra$ xo6oTa; 7-xo6or; 8-uynrg4 9-uexani:r,r
o6epraE xo6or$ lO-MexaEbM (asaEE xo6o{a; l1-nprcrpid nEr saMsraggt liryrbAE; 12-
MacnocraFqi-f, 3,ry3en6srM ryr8o,[o!'4 13-6ytrep; l4-3arBop; 15.qlpiq(oBtrf rcAarGEd
MexaEbM; 16-loBoporEa nnar$opMq l?-porop

.{,rx sanarrraxer*rr uapreniacrrm< nelet sacrocoalnoru rareuno-pefinori
MyJr,Io3aBarEEi Mamtrun BarnaxorilfioMsicfio 7"5; 10 i 15r. KoHcrpyxqir i
xoranonosra MexanisMie o,Eraroni. Maurrra uarorr raxi r*rexasigt'flt: Ha Mocry
MarInlxx po3TaJuoBani uorrpu Mexanismr nepeuiqexur; na airry xomarrao
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3Mor{mBarri MexaufuMfl nepeMiqemt aisx4 o6epraxnr i xaqaH*f, v-o6ora, a

mKox Mex:lni3M 3aMrKarrHt MynbroI (2). Cxei,ra sisKa Marmlfl{ 3 fioro
MexaHbMaME roxa.:axa ua pr,rc.5.39,B- Oco6Jtr{Bicr6 roncrpyxuii ni-sra non.arae

s 6yloni [oro xo4oaoi qacr EE. Koneca aisra pyxaroucx rro peitr<ax,

npoxlageurx na pi:srD( piBnrx Mocry. TaKa oxena xo.qonoi qacrnu :a6etnevye
crifocicrs ri:xa nporu nepeKtraaflHt. IIa Bi,4r'.liuy ri,4 po:ruuyrn Blrqe MaIITIIH

B r@{ Maurnxax MyJu,Aa trpl,I MaueBp}'B:t}tr{i pyxoM Mocry i aisra nepeuicryctc.n
n npn"roqnruit oucreui rooP,qmat

3asaHTaxeux{ eflelcrplrsffir( fieqefi cun]4Ir,IMH uatepiaraur 3AiftcmoerBct
crpiuxonnuu i pcnopno-crpivxonmrrz uauroraMll, MaIIrErraMu Ktr4a,IbHoro rlrtry
i MamnuaMr s d6pauifinrnna rpy6aMs (2). Cepeg urx Eafi6i6ur uororpeni
crpiuroai r'rarrrnu @1ro.5.39,r) i poropno-crpiwoai (pt'tc.5.39,r), .xi varot
BEcoKy rrpoerKrlnxicrr i siAsHaqarorrc npocrororo po6osol-o oprary i
ricr*n'r po:ciaolr r'mrepiarry uo eamri neqi. PoSo'nd opraE po3Ta[oByerlct Ha

nonopornifi ruarQopvi, qo Aae uoxrrcicrb Marrrui IraBiTE 3 o,{Horo
troJroxeurrr po3Kr{,qarn uarepia:r uo 3nasrdft rllroqi sasffi. ,{ansnict lolrory
L uarepiarry :arexnrr Bia ftoro KirrleBoi Earlgxocri pyxy v1 na crpiqi i K)'ra

xaxrry crpiwc.r c, (nepeg6aveno ynparnixnx iraxx;rou cqrirral), ro6ro:

L = \'sin2an '
c

Crpiuxori Marunuu pyaroreptlrisrm< neqefi nepelriqalorrcr no rpyroaifi
pefu<onifi nonii daBKoJIo BaHHx. B sa'rsrqy s qtrM aouritrnri Koneca, fld
pyxarorBcr no gosqirnaifi anrqi pefiroaoi ro;rii, r'rarorr Bi,ryoBiago 6irrBtrrllft
giar,rerp. Iligeo,Er$ orpw .qo MalrrlffHu rEyIXxMll xa6enxuu. B orcpevrm

uannnmx sauicn e.rempopxryniB 3acmcoByorrct rneauogaurlru.
Is posu.rr4rna< BuIIIe MaIIIu.E a 6i:rrm xanarraxenovy crani npargorcrr

(paHoBi 3aBalrrui Irramu: uexagi:ura nhfiouy i o6epramrr KoJrorrq, KaqaHHt

xo6ora i nepeMilqelfft sisKa" MeroArKa po3paxyrKiB ruexani:vin uigfior"ry

Konorrr i raqarmr xo6or:a axanori.nra ueroarnd porpaxJrrcin KpuBoIIIEnIro-

ma4nnra< i rpuaormrnno-KopoMncJloBn MexanisMis'

11.2. Porpa4'nox ruexani:uy o6epranxx rolonN

Posmrgeuo BHra,aoK, KoJlu o6eprarrr Konorur 3,4ifcrnoerbct 3

onHoqacHm{ ii p}ToM B ,&ox Bi}aeMHo nepneIrnEKyJIf,pHI{K HarlptMKax.

Po3paxyuox Bsxor1ror; nts 6in5u rfiI$oro cTalry, Koirra rrycK uexani:r"ty

o6ep,axna xonor*r ni'[6ysaerbox o,FoqacEo 3 seycrfieHflM plxoM Bi3Ka i
MOCTy Marrumu. cacrevy roopar. rar au6nparort mn, qo6 Pyx Mocry

rin6ylaaacx nsAoBx oci { a pyx nirxa - rsAoBx oci V. floqarox Kooplplrar
po3rarroBycMo B roqui 0 Guc.5.40).

Cnovarxy usuavarorr rocp4{Harl{ qeuTpa rn{iHut cucrer'M C (x"; y"i zJ,

ao rKoro IlprKnaAaror6 Baxy o6eproBry cacr { Q i caltr{ inepuii, xorpi
s[FuKarorL suacli,qor Heycfiuleuoro p1xy eisxa i uocry.
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rIpH pyoi BbKa 3 npncKopeEHF.M al sItHI'IKae cruur rHepqd:

F,, =- "=9'a, t" 
",, 

=*'

a npn pyci rwocry - cra:ra iuePnii:

- Q'v.
",, = it* ,

.{e v", v, - mugxicrr p)xy BbKa i Mocryi -
tps,tp,- cac po3foHy nprcogia ni:ra i uocry.

.Cwru inepqii (goruuua Fi' i uopr'ra,*na Fi), rxi euarxarorr ssacni,4ox

o6epramu ronoxn HaBKono oci Z 3 Kyroeoro rmu,qKicrlo o i npncropenun',r e,

r'rox1"rr 6yrn n.zsxaueni ra Qop,rynat'ru:

Ei, -m'a,. oI, Fi. =m'e'r",
Fio =m'an Fio =m.or.r"r

r----;ae r. =.ixj + yi - ri.qcra* r'dx riccro o6eprarmx rononlr i toqr<oro C.

Cana Ftu trepeEoctrTbc{ B ToqKy C g AoAaeaHHtM 
'lryz. 

atut, uollenr rxoi
gopirnroe:

f ^ 2\
Mj =lIi, -t-" l'".\ c,/

Ae ) i , - raranrd r*ouenr inepuii noaoporroi racrrrn uanrntrlt ei.qlocllo oci

XOJIOHIi.

Mor',reur l\4; *rae uanpaBJIeHHt,3BopoTfie Harpa3reE o ooepTaxff.s KoroHr,I.

flo.qarsme aupinremrx saga.ri :aoguncr ,qo BrBHaseHHt oxpyxEoro
zycttststt P na sy6uarorvry rlprBo,ryouy no:reci. PosparytroK BI'IXoHyIorE 3

tpaxynannxu rvrorueuria Ma Ms, Ml giA crfi Teprt B onopax A, B, D, xxi npore

uoxyru 6yru ausravexi nicnx nusnaveuar pearqifi Ya, Yg, Xa, Xs, Zp. Taxurr

vr,uou, nerigoruln'm e: P, Yl, Ys, Xe, Xa, Zl. B qrouy runagry seo6xi,Fo
cuamx uicn piemvl crarn(n:

IPx= 0i ZMx=0;
EPv=0 IMv=0'
XPz = S; lM2 = $.



llanpnuax N$g *rocna

dtE, Ec'cosY IrJ F;a

.r
Eg
e \cO
RiFFq.-+

Fi"t

' Ptc- 5.40' Ao pa3paxymcy MexanbMy o6eprams rolor!

IPx = Xr + Xr - 4, + Flo 'cosv + 4. 'sinv = q

IPv =Ye +Yr -4, -4, 'cosv+Fi"'sinv =0i

tPz=zD-Q=0i
tM, = -YB ' h -P 'n-4t '2" -Q'v" +F," 'sinry'2" - F;" 'costl'' '2" = g;

IMv = Xn' h +Q' x" +F,,'2" -F' cosry'2" -F,'sinv' z" = 0i

)Mz = P'Ro -41 'x" +42'Y" -4.'cosry'x" -F" 'sinry'y" -M, -
-M^-MB-MD=0.

Moueuru reprr r onopax:
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Prc, 5.41i ,Eo BlJsaqesst rtc(y Ha xo,[oBi Koteca Efu(a MyrEAqaB$rEEoi Mafirltffi

Ma = Pr 'Rr u" = p,.nr..u&f,+vj ,

NIo =Zt ltzdl'

Ae pr,p2 - KoeQiqieuau reprt KomarrHt;
R1, R2, il - pagiyou i ,qiaMcrp qano siEroniAron< onop.

3a ,{ouot'.rorop qtl< piBHsIt6 Bt3naqalofi 3HaqeHHJI P, :a .flctr'l, a csolo
qepry, au3Haqajor], reyrHml MoMeHT Bi.qtocHo oci KonoHE.

Mr =P'Ro,

,qe Ra - pa,{iyc Ainnnbuoi oKpyxHocri (oneca.

flor)r{aricrb enelc|poABuqrHa po3paxoBylorb 3BHtlafulr\4 MeroAoM.

I L3. Burnaqernr-s rxcKiB Ha xo,[oBi Koreca

Xoaoni ro:reca BbKa (p{c.5.41) 3a3Hiuorb rltox 3 6oKy trocrifuoro
HaBarrraxeHn G (airacra sara giaKa 3 npsBo,qoM fioro nepeldqerlrr i aara

nonopornoi vacrana nisxa) i alraixnoro xamtrraxer*u Q ri,q o6ePToBlrx qaslns

siAsoono oci nonosu. Konu 6 qerrrp roxinur sciei cucreMr.r t6iraec.c g

rroqalKoM KoopAr{sar, To EaBsllra)I(eHlrt 6ynn 6 ognnarori i sraEoBI{Jn,I G/4.
flpn :Mirqermi no.noxennx qerrpa rrxiHHt 3aaaqa BEpiuly€"I}ct raKHM qrlHoM'

flprtrraAaro'rtr B Towry 0 4ai piani 3a BelIutIuHoIo, aJIe upora.irencro natpaaneni

oxflr tcJ oaepKylorl MoMeErE taplr cun G'rn, ae ro = 1ftlJf . t" oo".o
MoMeHTa Bunilutrorb cr:ra4ori G . xo i G .yo . Togi gorol.iixni flIcltn Ha roreca

si,q aii qnr roMerriB 6y4rrr aopiggrosarn:
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Ha Koneca A, B i C, D ni1 uolreura G . xo :

n* =_crq_,

fu'=b, '\/
B

Ha Koleca A, D i B, C ei.q MoMeHra G 'Y6:

sno =gjJ-c'"at
. s* =_q+,

Ha KOXHe r(O.JIeCO:

"^=""=-;f; so=so=*,

P.=Po=9:to-, su=s" =*&.

ToAi uoBHsf TEcr Ea ro.neca 6y,ae ,EopiBHroBarr{:

A, =f +ro)+(s^,= ?-t*.+= ?-;[+-+J'
u. = 

G _c ("0 *vo'), c, = 
c * c fe _&), n, = 

q 
* s[r *Iq).

4 2lr d)'' 4 2[a d)' 4 2\a d)

A.ganoriqflo nmqasalorrcf, Tuclq Ha xoneca sia :t"riHeoro HaaanrarKeHH-s

n. _a_afl_ rl, n" = 
g_qfl*r'],

' 4 2(s dl ' 4 2!s ill'
c. - a+afr_y'), o. = Q*_a1,**r].' 4 2\r d/' ' 4 2\r d/

3aranrsi rgcr<s xa noneca:

A=A1+A2; B=Br+&i C=Cy+ C2; D:Dr+Dz.

Q:
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MaKcI.rMargHe 3HaqeHIUI TgcK B
), Ha Konecr D 6yAe npH tgq=:, m6ro n

roMy BlrnaAKy, ro.nr.r xo6or troBepHer;cr trepneHAlrKyn-fipuo 4iaroaari, rra
3'eAEy€ cepe.qfffi cropix xoNrypa o6rnpanax risra.

3a BenrsfiHolo rxcKy Ha Koneca Br{paxoBytom uiuuicn rolec i

neperipnorr uexaxigu sa cruroro 3seurerss.

1 1.4. flpxx.:mg nusnaserff.f, nor)rrcrocri gar,rryrra o6epranrx KonoHrl L?aHoBoi
3aBanbHoi Manrrqn

Brxiani aani: Q = 290523H, 2l = 262545nr.u2, VB = 0,65irrrc, tDB = 2c,
v"=t,4E5M,/c, tp" = 6c, ou:3,75rr t (vacrora o6epranm ronoru), tn1= 2c (rac
po3rony npnBo,{a Korotn), z.=2J8u, h = 2,12u, R6 = 0,756ru, Rr = :R,
= oFM, p = ql,.p2 = 0p15, d = 0l35ru, y" = Q,lry, 4= s,$/y, i = 194, rl =
0,74, i,* = 1,256. . ru2 (ruonewr iuepuii lairrMosoro roKisa s uymgoro).

BrnHaqa€Mo Bi,qcraHE Mix aicqo o6epranns xo.rors i rocKoro C
func.5.40):

r" =.f0J52 +0,871 = 0,E8u

r Krr
o t<

\U = arcsin= = 0,1708, ry = 9'56'.
0,E8

Cma iuepuii aig npncxopennn risr4.n<a nie na xonoxy,

4'=4?*4€=szosu981.2
i aig npucr<openru uoc'ry

4z=
291523.1,85

9,81.6
= 4936H.

Kyroaa lnlqxicrr i ryrose npncroperna noaopornoi sacrAHH Ma[trHE
gopirmororr,:

.=r'nr - 3,14'3,75 
= 0.393oaa/c:30 30

'=*=Y=r;te,6spayf c2.

,{orrmni i nopuarrrui cntru iuepuii .rxi airo"E Ira floBoporrry sacrrEy,

r'. = 
29623 .oJsos.0.s8 = 5r2l u" n- = 

2s523 .0i93, .0.g8 - 40258.' 9,81 - 9,81
Mouenr cr-lr ixepqii (azxauiumfi) nonoporuoi uacrrnu

v, =( Nxas -Y' o,m')' oJxs = lzomn.,".'\ e,81 )
Po:a'*yeuo crcrervry ie mecrr pirnxm crarno:
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1JP" = yn a y" - 4934i+ 4U5'ctx9"50' + 5121'sin 9"fl)' = Q

2.XPt =Y^ ayu - 9625- 5121'cos9'50'+ 4025'sin 9'50'+ P = O

SlPz = zD - zw5z3 = at

4JM* = -y" . 2;2 -P.212-9625.2i78-29{523.OJs+
+ 4025. sin 9"50'. 2'78 - 5121' cos9'50'' 2J8 = q
5.xM" = X" .2;2 + 290523' O.ff + 4936'2'78-'1025'cosg"fl''2J8 -
- 5121.sin 9'50' .2J8 - O
6.xM, = P. 6,75 - g6's. AS7 + 4936. OJs'

- 5 | 2l . cos9"50' . O&7 - 5l2I' sin 9'50' . 0J 5 - 47083 -
-0I.0S..,&1*", -0J.o,s."ffi +Yg -0Js0pis =0.

BlrroHasmu npoMixmi o6wlcrremfl i o"p"t"Jp"t"" qrar pinn-anr',

oAepxEMo:
l.EP*=Xoa[t-!!=Q
2.tPy = YA + YB -13983+P = 0;

3.>Pz =Z'D -290523 = 0t

4.Ei!{* = -2tr2. v, -Zl2.P - 82452 = 0;

5'tMy = 2J2 ' XB + 253021= 0;

6JM, =s,756.P-s923s-0,05Jx1 +Yi -
-o,osJx: + Y,' -0,o0176- zD = o.

I: Piaxr[ra (3): h= 2905238

t Piaunur (5): *, =-Tift = -lle34en

fliaotaarrBm sxasemrt XB B piBHm{{ (1) , ogep:xrruo:
XA : 119349 + 95 = L19444 E.

Polr'.rayeuo cni:nxo pinrnrur (2), (4) i ausnavaeirlo peaxqiro Ya:
Ya+Yt+P-13933:gt

- 2,12. YB - 2'lZ. P - 82452 = O,

:ei4ro Ya = 52875H.
Ia pirnrnnx (2) s nparynarurru oAepxasoro 3HaceHHf, Ya vepes Yg

Bfip'axaor{o oKp}rycre 3yclUmt ta mecrepni P = -38892 - Yr i ni,{cragnteMo

fioro n pinnrnnr (6)

0,7s6(- 38892 - YB ) - SlZrr - O'OS . r/r 194442 + 528752 -
i-- ':;-------;

- 0,0sJ(- tle34e)' + Yf - 0'00176' 290523 = 0,

3BlAKT{

- 0,7s6YB - 963!r,6 - 0'05J142/41S3S{11 + Yi =6 qn

- 0;05{'H2{418380t+ Yf = 0;756Y; + 9636.
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,{.u saaxo,qxenur YB 3p)rsEo ni$reoTz Io KBa,4paTHom cryneu.r niry i
npary racr:ca piru.nnrr. Togi o,qepncolo rore pirnermr

05695Y; + r45570Y8 + 9256578357 -0
ra fioro KopHi YDr= -116977 H,Ys* -138949 E.

fliacrasrrerlro 3Haqesxr n pirnxrnr (6), ocrarouno oaeplo.rMo P^,
*100000 H.

Maxcnua.rrrsufi Kp)rrnrd MoMesr ni,q reprx B onopax i inepqifiHl (
FaBzrr{TOKeFb B roaoporuifi qacrmi uamrru e nepiog nycry rpr,ox nrexanirrris
gopienroe:

Mr = lfiX)ffi ' 0'756 = 756{n H.
Kp)'nrHll MoMeEr, p{aeneltrfi go rana npurya4

M" = !{- = ,::T9_ =543Hu.i.r 194.0,74
Poapaxynor nmonano g;n xafi6i.nrur Ba:rfforo Br.rnaAKy rrpr.r oAnosacEoMy

nyct<y TpEox uexanisr'ria, aJte rar<ifr. pexonlI pi,qo rycqrivaencx na upaxrrqi.
Tor'ly r irireparypi [10] perouengyerBct noryxmicrr ABrrrJiHa Bx3Harrarr.r 3
Bpo(yaarrxrlr Depeo6raxeurr-q a nepioa uycrcy:

M--.n--*=r;ffi'
,qe l\4" = n& + M" - nogrfffi rdoMeEr sa Bari orerrpo4nrryna.

,{,na snaxog2cenrrx AllgaMiqsoro MoMeHTa rrp[BoAa 14 ueo6xiffrc exaru
rraouear inepr{ii fr(op{. 3 qiero Meroro Br€HatraeMo nolepeAEro norjrxnicc
mm1'na r cepe,qriu HaBaHT$l(eHE I\t:

M- +M- --M:"'T*--.p 2 '

IE M-.
M-o,= I - r'rolrern si,( car reprr e onopax d B, D npr ycralenomy pyci,

p'n
nprceged go nana eneKrpo,@trrlqa;

lW+= Fe 'pr 'Rr +Fl 'pr 'Rr *r" 'p, * -uouerT ni.4 cul reprt B orlopax

A, B, D;
Fa, Fe, I'p - pearuii B onopax.

Bi,ryori,ryo go po:pax''HnoBoi exelffi (pqc.5.40)

F^ =p" = p.Ie = zro523.OsE = 1205948.-h 2J2
FD_- 290523 E.
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Totri:

M"p = 120594.0,t'0,5 + 120594'0,1'0,s+ 290s23'0$l s'0'?5 = ns'rzu '-;
M - 12572._"e.* 

$4.oJZ=88H.M;

m"o =I|!!=rrsu.*
N,_ = 

M"p.nr.'i _315.3,7s-194 _ z/|lij',."" 955t1 9550
B po3nl{Etsasii uauuni ycrauoaneuo eneKr?oAB[ryH s r[asonrnr

poropor'r MT-51-8 3 raKLrME napaMerpaMfi: N = 18nBr qpq AB = 40o/o, no =
?30xB 

r, I" = l,lKr'uz,L=2,5.
ntrEaMiqrd MoMeEr npnBoAa:

M^ = i,o 't* = 1,2(tJ + r,2s)'o,llos'tln = lotu'u.
Toai MoMeHr Ha Bari i noqarnicru:

MrB = s43 + EE:6rru." , N=#=$3xBr.' 9sfl.25
flpn ireo6xigriocri :ar..risx ABlrryHa MT-51-8 (:nrri a rnpoduarfraa) uoxua

peKoMer+q/Barn aBIrryIr MTKF 411-8 g rarunna fiapaMe, paM]r: N = l8xBr npu

ffi = 40o/o, n*: 720xn l,I, = 954 o-rz.

11.5. flprlx;rag rurnaqeHn{ rrory)Icocri 4ptrlnra lrexaui:lry rasanR-r xo6ota
HaseMsoi ganarbHoi Matrtrtrfld

Bnrixni aani: Q : 147,15xH (nara 3arauraxeroi Mynran), Gt = 73,97^q
(nara xo6ora), C'2 = 54'94tt8 (eara r'rynarrryr<a i ligmrunrarcoan< BFnlt, Gr =
3r14rH (aara nprsogxoro :y6uaroro ro.neca lrexani:try o6eprannx xo6ora), Ga

= 17,02nH (nara erercrpo4ruryta uexauisr"ry o6eprannr xo6ora s ra;rruou), G5

= 50,031xH'(mra par"ra xo6ora), Gs = 18,2nH (rara pe4yrtopa vexani:uy
o6epranur xo6ota), G7 = 23'49rcE (aara nraryla), l.= 7'lM, Lr:3]lM, !p=
0f9u, ls:2,165u, !t: l,l3u, I s= 1,6*t, l,s=23lr, Lz=3372u,L=3'4w,
a4,5n1 g = 0,65nr, c = 0,028u, €{,028M' r = 0,435u, nr = 15xn I (qacrora

o6eprarnx h") = 2c (sac po:rony i ranbMttsanlu 4axryra), i =
31J (uepe,4arowre uc.ro uprmo4a), r1o = 0'91 (earamnri KK,{ uexaxirwy

xarannr),i" = 2,65rr.u2, (uouenr ixepqii My0rn), 6 = 1,15 (xoeQiqieEr,

rpaxoalm.mft r"rouexr fu epqii 3y6qaroi neperasi).
Hz puc-5,42,a lroxa3aua pcpa.xyuxoBa cxeMa Mexani3My llprl mplr3ou-

rairnouy troroxeHsi xo6ora. Br:saqaeMo pearlii n onopax D i C. A.:rr q6oro

porrnraeuo ,{ra pirHtntt crarulo{ :

Xl14=0 i EPv=0.
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?nc. 5.42. ,{o upnctrary sa:saqeEf, rror},:tcEocri pu4aa uerarisiuy ravarugr xo6ma

- Ql + C,! | - G 2{ 2 -G 3t r .S rL:S r%_g4s_G:L _fD= _ _ - - '-
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=r47 Js.1 J.+7397. 3J1-s494.0,89 - 314. 2l6s -r7,02.1,r3 -
_4,8.+6-fie.25-n19.3P2 =2e6rcrr.

3372
F c = l{l J5 + 73,97 + 5494 + !'14+17'02 + 50,03 + l82A + 23,49 + 296 =

= 684-*H.
nari saaa']a 3BoAErrc.s ,4o BusHaqeElrs MaKcEMaJr6Hrl'( crarlrrlHrDt

Halalrrar(eH;, girowu< na uexaniav. Touy uelorae noqre6ra amonyaarr.r c r
no6y4oa eaxera Xlr(oBcb(oro, .*x qe peKoMes,qyertcr a nireparlpnouy
preperri [10]. Posrr.m{eMo ri.rsru qrz rroJroxeErrr rp}rromtrra: g = 90", q =
1030, q = 116o. Ilprcol rpa$oe sa rpEq'rrrm\{ rpa$irov l]nNgxocri
(pnc.5.42,s). B rFoMy Bnna,qKy nptr g = 90' vae uicqe MaKcl.rMafir,r{a KyroBa

mrtxricrr, a flpu q 
^, 

116' ($Ls Aaroro uexari:uy) - MaKcn\.raJrrEui Kp]ntrrfi
MoMeHT sa rpmonrani (ry"r uix KptrBorrrErroM i mar;mou cranoenrr 90").
Ipore, 3a,qaqa 3Bo,urbcs Ao Bi,qEyKaHHt noJIox(eHE , IIpn rKoMy gEaseHHt

uortzcxocri (go6ymx Kp)'TEoro r'noMerrTa i Kyroaoi flrnng(oc,i) 6yge
MaKoI4MaIIrHIIM, i ne aarmoqego re, qo I{e rIoroxeHIUI 6yAe ldcra:nrcx n

irrrepra:ri vix <p = 90' i g = 116'. ToMy ponrrneuo nporrlbro<oae rroJror(eHHr,

rqo6 :a rproua oAepxarrnMtr 3uaqeHunff{ M* i rrr* o6uracnuru uoryxurocri i
ro6y,4aara po6owi rpa$in, 3a tKIrM nlxe ubxosum voxe 6yrx ar.r6pana

MaKcuMaJIbEa ncrq,t(r{icr6,4BurJaEa,

[,'rf, ycyHenflr Ao,qarKonm norpimuooreft i :pyurocri ruraxn umugrocrefi
6yryeuo 6*nocepeAHLo Ha nar{Kax Mexasi:uy @uc.5 .42,6). B q6oMy B}rla.aKy

AocrarHEo o,{epxarff JIHue neperln Har4)naxis naHox. 3 Mgrolo crrpoqeErlrl
cxew npr&,raeIrro salricrr xo6ora s ui,4BicxaM& riislol lti.slo CD, ana:'egrye
mapxiplr ui;picox.

3pinaoraxeui crum Bs3uaqa€Mo 3a {DopMynolo:

o -Fo'b,.yi - h_

IIpu q = 99' oi"i't 
^.m1 

i B.d1 Hanp:rHIeHH{ IlrglrArocteft v' i vp, seeprry"ri

Ha Ky{ 90o, rr( B}rEo ir rpec.renur, [paKTlrtrEo rre nepcri{salorlct. Otffe,
MoxHa rpufH.{Tn

h1= hy1 i Pyr=FD=296rH.
IIPU q = 163"

er=zH=nt*u.
Posuiplr h2=95 mm i hr2=86 uu 6ep1'rrca 3 IrJraHy rrrBrr,4Kocrefi, tK i

Hacrynsi h3 = 53 Mu ra hr3=46 mm.

fipu 9=1160 Pr496'53/46=341 KE
To,4i rpyrlri r'rolr,rexrr ua rpaaowmi:

a-Tu (p = 90'

AIt I = 103"

M11 = prt '1 = !!f'0'435 = 126'76*11' * '

Mu, = 327'0,435 =142,24r.1f ' ;



Ant q = 116' Mk3 = 341.0,435 = 14B,33KE. M.
Br,BHaqaeMo uorowi :traqeutu KyroBry ttrBn4rocrefi rpurouu.rna luq

AiaIIa3oHy 90'...180o sa {opruynoro:

Tyr q rigcrarnreuo a pa4iauax (ge6" = 1,57pag, 9103" = 1r79jpa[, qn6 :
2,02p a)-
nptr q = 90o

nPH q = 103'

trPI{ q = 1160

ukt -

. !!-$11r,ra - r,s 7) = r,sz pan I c ;

ryrtr*tr-=rASwarc;
'-. = r[t 

- ffi+ - rna = L33 paalc.

3a ogepxamnat suauenu.nun no6ygoaaro rpaQir< (pac.5.42,s).
florylrcrocri eR:Haraevo :a {opuyaon:

B /riana.:oui xlrie 0'...90. neo6xiSno ropr.rcryBarncr QopMyroro:

rpu 9=90'

npli (P = 1030

nPlI Q = 1160

N' = 
Mu'ou 

.' I000.qo -

n,=Tffi#=r"*,,
N, =!j@= 226^st;

x, - 11€30'.1'll = 217,.sr.

3a olepxaHnnr Aarr.n'ul 6yryeuo po6o.rufi rpaSir (puc.5.42,r) s rrnr, qo6
rum<orrro ycranoBr,rrlt MarcuMatrbrre 3r{aqeunrr noryx<soqi. Is rpar}ira erlggo,
rqo MaKcuMarrErroro no]}r(Hicrro e N2 = 22618r. ,{ianarox qiei aemmunu
craso .Tb 99",..1030.

flpz uarcrana.rrxorr.ry Hagagraxesni MexasigM nparnoe pigo. Toruy
Bu3naqa€Mo norlrrgicrr ABITJaHa 3 Bpax;,tsanaulr 4oatoyacuocri aaiuxtrenua,
txa NIt llr4x rrexasigvia craxoBr-tTB 4070 (Bi,ryocHa BerzqEHa B = 0,4), 3a
Qopnryloro:



'N = I{,- . JW =zzs..laA =ut*r.
B poar:rr4roaaouy r'lexani:ui BuKopncmByer;cr Tprryn P-82A e

mrcofia garffIe: N : 140rBr npu ,F = 40Yo, no"= 575xn t, i, = 171g1. r;, 1U
=3.

flpu sauixi qEoro ,Er{r}1la Mo)KHa peKoMerr,erBartr gar4rH nonoi cepii
MTll c Qa3oBan poropoM, rr<ai nprlsxaqesufi g;rr po6ora B yMoBax
ui,purqerm< reuneparyp.

,{ad neperipxer'ro gsrrltr ua repeo6r.nr<enxx a lepio4 rych?. Arrs q6oro
Br3Eaqa€Mo METrleBe 3rraqesgr{ uoueura ixepqii rurnrnx Eemrefi Gtvc.5.42,a),
Dp[Be.qeHoro,qo oci rpR-aomna" nrroprcroeyrovu r[opuylry:

* - Go foo,)tr--l-l'
I \ou -/

Ae Ga- npune,qeHa 4o roqxx D crirla rsxillHr xl{rHnt Aerarlefi,
sr t2

G,., = aY'"! = 1471il.7,12 +73970.3,11'? +549d0.0,892 +374o.2169 +" fu-cl'

=UOffi =lassa*t.rL37
Br3nacag{o nnxltricrb yD (msrt D) anr rmr xe rpbox no:roxenr, Ans

rlboro cflo.ran(y Bn3naqaeirlo mfi,Bcicrr v,:
vur = (okl 'r = 1,57'0'435 = 0'683 u/c;

vM2 = 1,45.0,435 = 0,631nr/c; v"t = 1,33 - 0,435 = 0,578M/c.

Togi v5 
^r 

v*1= 0,6E3 M/c; vD2 -v"2'pv2'd2 - 0'63]-'96 
=8104*4ct' P"r'fr, 86

vo, = @ = 
o's?'s3 

= o,osz*r/".
Pv: 'mr 47

Posuipz 96, 86, 53, 47 uu 6epyrscx s rurany nrengrocrefi (puc.5.42,6).
3a ogepxarrm,u gasxMn 6yryeMo po6owrt rpa{ir (puc.5.42,p) gJIs

ycraEoBJIeHE MaxcuMa.rEHoro 3uaqeuHr nrsd,qrocri v9. I: rpaQixa Bs.qro, qo
MaKcriMaJr6Ee sgaqer*n i'p aignonigae e = 103o (qr 6:rugrxo go nsoro).

llepes re rqo 3a,qaqa 3Bo,ryITEct Ao po3rnrAaHut ripmoro nrlnagry
(MaKcn{an6Ho MoxIItrBe HaBam$(eHHt renryna), To rlepeA ra:uaver*rnul*
ycranoBuMo Mar(cnMalrbne 3HaqeHHs sianomeuxt vDi/oki. fliAcraBr,rBmlr
rycemgi :aacermr, oaeprrffMo:

0'683/1'57 = 0l3s;
07o4t7,45 = 0,48si
0r6$2tl3t = 0+49.

+U020'1J32 + 5t|031.



3aigru alipao, qo.ntc oAaJrsmoro pcpaxynKy Eeo6xiAEo 6paru v =
0:652rlc i to'a = lJ3PgI7s.

Toni;

i, = 
76ssMf 9{s2l = l8z38xr.nr2 .' 9,81 \ 1,33 /

3ara:rxrfi ruouear ixepqii; npr.Benexrrfi ao Barra ,{Btrryn4 Bu3xaqaeMo 3a

Qopuyloro:

i,. = 6(i" * i. * i")*!=l,r {n +:.r.l+z,as)+!E*=sz*.-*'.' '' i' 3t.3'
-ILflraMisgnfi MoMeHT:

iltrn = i,o 3r- i = 5zr! \t = tztttt. *.
Maxcmuanrrrri crarasrtrfi MoMeET, trpmenend no nala gnrryn4 6yne:

u.,", = 
{u= ja=Y5=5208u.ru."-* i-Io 313.081

Maxcrnraa.rsrri l,roMenr ua saJri ,BffyHa:
M,. = 520t + 1278 = 64868'u.

HoviualrsraT uouefl T ABrryEa:

M' =es5og=zr25H'u.!/t
Koelbi qrcm nepeo6rrxem.s:

^ M^ 6486 ^ _^L--=-=Z;19.M" 2325

Lqo 3aAoBoJrBHr€ yMori: l, < p"l.

I 1.6. 3araqi

l. BflgHasre galrnict ronsory rrlarepiary, rxstr noAagrbcr crpiu<onoro
MartrsEoro, ffqo c[ = 30", vr = 12ulc,

2. 3a aalfln'fl{ upnrnary I 1 .4 Bassaqre oKp)ryfre sycu.nm P , xqo y = 0.
3. 3a AaHIxlIa [pI{KIa,ry 11.4 sr*nacre r'aouerr rig ctrr'I TeI}Tr B onopax

upu ycranenoMy pyoi uexanisvir rxrqo y = 0.
4. Busnaqre Mal<cm'aaJcnsfi rucr g ronecax A, B, C,D (pnc.5.41), xqo G

= 0; Q = 296lc8; s = 3F5u;. d : 3,15n; X = 0,87u; Y = 0,15u.
5. 3a AaFno, :a{asi 4 nn3xa.fie 3ycrrnr onopy aepeuimetmo aisxa,

xrqo D = 0,5u; d : 0,11tu; p = 9p15t L = 0,0005u; F = f rE.
6. 3a ganmm nprma,qy I 1.5 BrasHayr€ 3piBnoBa?rery carry, rKtrIo g = 30".
7, 3a 4aunw nplnfia,ry 11.5 i :a4aqi 6 Ba3naqre BeJrx.xtrry nor',:x<nocri

(uPs q = 30').
8. 3a ,qannna nprx:rary 1 1.5 i sa,qas 6, 7 srEgaqre noroqrri 3Eaqem{r ili

lnpu 9: 3oj),

1



9. 3a garl]alrru nprax;rary 1i.5 i sagat 6,7,8 BreFasre uoltmii uouexr xa
Bari aBlflqa (ryr.r I = 30o).

I 1.7. Koarpo,rr eiri sarraraHr{r.

1. Oxaparrepmyftre cnoco6n i o6naAnann ,qrr 3aBar{T$(eHE nig6raxux,
uaprexiacrrrx i enercrp[qnD( A,ToBm( neseft.

2. 3apncy'tre fipuuqlrtrosy cxeMy MyJrbao3aBaJrHoi uareraroi vammrn,
norcrrirr ii 6y4oay m upnvurn 4ii.

3. 3apncyFre nprurqntroBy cxeMy rpar{oBoi sara$soi Mam.aHrn, nof,cniTL ii
6yAoBy ra lptrEryn lii.

4. 3apacyfire cxelry ai:xa xa:emro-peftroeoi raearssol Marnmfi, no.rcuiru
ii 6yAoBy ra rrprrr Fn Aii (oxHoro r"rexaniguy. llorcnirr, 3a paxfrox
qoro y,qepxry€Tlcr MyJrEIa xa xo6mi-

5. 3apficyfiTe cxerrnr crpiwcoroi i poropuo-c4riuroaoi uarulrnl, norcnirr
ii 6ytory ra nprurqrur $i. 3aumirr tpoprrrynn .qrr BrBHaqeHHs

,qamaocri no.rrory uarepiarry i ,4afire'ii axani:.
6. 3apucydTe pospaxyrrKoBy cxeuy uexanisuy o6epramrr ronosr.r i

oxaparrepusyfire cnrnz, .n<i 4irorr na uexani:u.
7. florcsirs MerortrKy Br,BuaseHr{r oKpyxnoro 3ycrrrnr fipfi

HeycraneHoMy pyoi rprox uexauirui-n.
8. floxsrirs MeroanKy BlrsnaseHnr orpyxuoro :ycnmrx 6es BpaxttsanHt

.mrauiqlrrx nasaxtaxenr.
9. flo.rcnirr MeroAxlry Bu3HaqeHHJI norprnocri gwr1.ua nexaui:t',ly

o6epranua ronou.r.
I0.r[oscniTb Mero.qrrry Blt3uaqeurrfl rrlcxig sa xo,uoei roleca, sxdKirs e

mra< ranagrax 6yne ltaru uioqe Ir,raxcrruarlllre IraBaHTaKeHEJr.

1I.IloscniTs Meror{Ky RHi}Ha.reEHr noryrqocri 4erryna naexanirlry
xauauxr xo6ora, a raxox oco6.msocri uo6ygoen nnarry rmfirKocreft
6cnocepe4nro na lanxax lrexavi:my.

l2.BlIl(opucroByro.rH cxeMy uexaxisuy o6eprannx, fi€ rroKa3arra Ha
puc.5.39, curagiru Msronmay BE3aaqeHE r fiorf)Knocri ,qBlaryHa
r*exani:Irry o6epraxst xo6ora.

Teua 12. YmarryBzrHrrr Arrt 3aBarrra(eurr.rr KoEBepropiB cxpanoM

12.1. 3aaanraxyror; KonBepropr{ cxparroM coBKaMtr 3a ,4onoMorolo
3aaarraxyBntbHlrx uanrar, rri no,qilsorrcq na tpi oclrosHi rpyna: rpanoai i
na:emro-peirori. Kpauoni uamuua 6yrarorr 4rox rranis: Mocmsi i
rranianoprarrsni. flpn rnxopacrarni MocroBux MaIrrHrI 3aBaHTaKeHi coern
.locraB]rtlorf, cKpanoBo3oM i: ri-m<msoro ai4qiremc s mBaHrdq,naruHlrfi
nponi, , .nd poeuiryeT scx traparreJr6Ho KosBeproplioMy rrponsory, B q6oMy

nnra,(rcy xoniro cxpanoeorir ycrarroBrtroK)Tb ua pirxi uexy B narps\dKy:
neprreHrr.ffryJrrpxoMy 3aBarrrax(yBarlHoMy trpoJcory. IIpu alrxopNcrauni
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HamBtroprall;Hltx MaIIItrfl 3aBaHTaJKeHi conrcl no,4ator:t ga po6osy nnoqa{ry
a6o 3 Top4o Kor{Bepropr{oro trpoJrEory, a6o nepneHls$rnrpuo 4o ur,oro. B
neprIroMy Br,rnaAKy ycraHounolorl rroBoporntrfi crin i epecrauoBor{Hrfli KpaH

Ant [oBopory cou<b is rpaxcnoprEoro nor-roxegur B 3aBartraJrq/BdrrHe, a B

IP),roMy - ecTaKaAy, tKa 3B'*ye pooosy rrJroua,[(Jr 3 rrrtr(Toer{Iir ai,u,,4ireuHrM.
. MocroBi gasaHToryBaJoxi Marmrru MarorB rarraxonfifiounicru 2x200r i

BuKopl{croBylomcr B qexax 3 KoHBepropaMr{ lcicrric"no 40Or. qq MaMHa Mae
-^JABOC COBKTB OO SMOM SUif- rOXsUrj r BItKOIIye TaKl otrepalu: trepeMrqeHqt

sigKis : cogKaMr.r, BellrrKaJrrre neperrri4euur cogKis ra ii xarrryeaux{.
Crira,qosld,4{ r{acrrlaMs MaIr}rgH € Micr : Ka6iHo}o uamznicra, (oJleoa 3

MexaubMaMt uepeuirlennx i poe aiaria 3 BanTan<o3a:lrarnuMlt trpucrpolrt lr
grr coaria [2].

Psc. 5.,|3, CxeMtr FaniBDopran6Eoi (a) i {a3e!,qroi (6) MarrE '[ru saBaEraxeEsr (oEBepmpiB
crgatroM: l-saniBtrotrnar; 2-Bi3o(; 3-Tpasepcq 4-trolrqre.tr(aj s-coBox; GDraToopMa 3

cerMcmzrMn; ?-onopai 6a.nru; 8-uexaEbM noeopory urar$opua; 9-ruexaaisv xarary
s-IIaroopMs

i{anienopra;rrxi Marrr.rHu Maror6 ranraxonigftowicm 2x90r i 2x130r i
o6cxyronl.rot KorrBepropu rdcrxicuo 250 i 300 - 40Or. MaruNna uae
xanianopran (prc.5.43,a) rparvacroi xoncrpyxuii 3 xoAoBorc qacrwrolo i
Mexar{sMoM rrepeMiqexrr i gaoe ai:xia, rri posramonyorscl ra aep>cift
ruroqa,{qi HaniBnopraJry. Koxeu s gbKia Mae Banraxo3axBarEi npficrpoi afit
coBKiB i,{Bo6apa6aHurtrl uexaaisu niSouy i naarygasr cosra 3 ge3anexnsMr4

upmoAaMrr, Barraxo3axBarE{f nprcrpifi rr,rae nBi Ballraxari rpanepcn, .sKi
3'e,quani Mix co6oro uapriprmm tro[speqraux. ]Ia xoxuifi rpa-aepci
3aKpitrneno ABo€ KproKiB. To6m. cosor 3areirulo€rbc, o4logacHo qorspboMa
KproxaMu. Beprncanrno coBox nepeMiryerbcx npr.r cyuicaouy czrD(poHr{oMy
pyci o6ox 6apa6auin na nffioru i orrycKaHH.{, KarrryerBcr upr slmr,rxqi o,ryoro
6apa6axa. floqxnicrr gglryria nfufroMy - 2x160KBr.
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d
Pnc. 5.44. Cxew um i oprcrpo-rl ,u.m o6cirrrogagsr Jsoror ueseE: a-cBep&'rE r6Ea

uawa; 6-ri,upon;u<a; B-eJreKrpoEyrrBa; r-Era(oasi qotrop; A-cxeMa ltpotraltroBarrE{

trorru; l-nplao.ui porlosri 24utxa s EalparrsrowMa; 3:xasar; +re6i,qra; 5-reperra; 6-
csepa;ro; 7-npmol crepfi4 8-r'rexasbM trpETEcl(EesE ; g-KaMepa ,qrt Macli; 10-MexaEtM
BEqroxyBasEs MacE; I l-gfaneBtrtr q4rsxeE6

Hareuri peftxoai MarrMHn BuKopr4croByror6 AJrf, 3aBauaalmeHrrfi

KoHBepmpiB rieBelr.rKoi vicrrocri (100 - 160r). IIa nmrSopuy qlx( Malrrttr
Mox(yr6 craB[TH o,4Horracno aig o;goro go rpr'ox coari.r. Micxicrr cogrir 20 -
65r. Mexasi:v r{aHTyBarrHr coBKa tro,(i6Hd Ao MexaEbl{y Haxffny
e"reKrpoAiroBoi fieqi (puc.5.43,6). Conor r qrouy nrnagry uae cruragnuE p1x -
rconzramxril i o.ErouacHo EocrynaJFEtrfi [2].

IIa trefidax niA[pEeMq]sax KomepropE 3aBalrr$rq,'Iorbct 3a,uorroMoroK]
ga .taarlHllx ta iHi[D( rmri.n fpegin.

12.2.3al.agi

1. BrcEasr€ crarr{rrlry trorfxuicrb pnrynie r'aexaui:uy nffiouy i
KanryBaHE{ coaria (p2c.5.43,a), .enu1o G" = 1300ltII (gara
HaBanra;reuoro coera), i* = 6 (rcparricrr noricnacTsoi cusreM\), D6 :
1,12EM (AiaMcrp 6apa6aEa), 1 = 0p (saramuufi KK,{ xineuanaunoro
naqora oAltoro rynroga), aa = lJ4wlc (rgaoea urcuAxicrr
6apa6aua).

2. 3a.qanmlll saaasi I argsaqre mulriqrr ridorry cosxa.
3. 3a 4ama,ru 3a,qaqi I Bu3saqre aenrnray nepeviqenrul coBxa ra nepio4

qacy T = 135c, ncrqo tp = 2c, ty = 10c, tr = 1'5c.

4, Biesaqre BeJmrItgE 3rrnHaJr6Hrt( Moluesris vovry i no6y,uydre ix
enopr.r, rxqo L = 10u (mrprma npolrory), AB = 5,8 (nlloraur uix
:agrirr i nepe,4riu rorecaw), BC = 1r5ru (ai.4cranr Mix fiepeAHiMr.{



KoJrecaMu i Bepxreorc onoporo rdocry), G" = l300KH (Bara
HaBaHraxeHoro coBKa), Gu = 650xH (sara sisra).

5. Br,Istavre Mol,renr si'4 cI.IJllr reprt Korlerru r B ollopHqx cerMer{Trx
(pnc.5.43,6), xqo G" : 600K8, G" = 120x8 (sara nrorurar), R = 2,6ru,
/: OlM (3ararLna MpItr.Ia onopxroc cerr'renris).

6. OpieurorNo m:Haqre 3vc]. firr B peirax (puo.5.43,6), ficqo le$opMaqit
cracry pefir<a Bin qoBm:ycru.nr cl(Jraaae Al = 0,033mu, l= 2u
(gorxnua po6o.roi gilmtn petoor), a = 0,15M, a = Opru (poevipu
uouepeuaom pospi:y peftu)-

12.3, KonrDon6Hi 3arrr.rrarffi

1 Oxaparreprcyfire ycralKylanss Iurr 3aBaHTa(eEE Beprrr(arrEurrx
rornepmpir crpanou.

2. 3apucyfrrc cxeuy nanianopramxoi Mamrr, oxaparoepnyi're ii
norcnirr 6yaony i upmurm gii al"ulia i ruexaxi:vin.

3. AafTe xapar$epumnKy rcparxocri nonicnacrrn cacrer,r, lorcairs,
rrud raron uexarriru 6a:yerrcx na npnquni nolicnacra.

4. norcHiTr MeroAr (y popaxyr.rKy i nr6opy cranerra< rauarie, clnr
craTfivuo< i 4r.rnarai.rnm< gocnipxear rarrraxoniriorrrgoro o6na,unar*rs.

5. CruraqirB MEro,Err(y po3paxynKy uexaaisMis ni,qftoMy i KarTttsarrlrr
comis.

6. 3apucyfire cxeuy ua:eunoi ua.rom.r, to.rcrirr ii 6y4ony ra rrpru En
4ii. ,{airre nopiaruorory ouiurgi o6ou uamnrarrl.

7. CMa,{iTE MeroAEKy (:a aua:roriero po:paxFrcy uexanisr"ria rax_nny
erercrponeuefi) BrBHaqeEE r norylcloc,ri gnrryxa uexani:r*ry xaxuny
nrar$opl,rn.

8. floxcuirr 6ygory pefiKoBro( Kopo6ox ra ix upn3Hasemrr.

Teual3. YcrancyBaHr{rr 4lx o6cnyroByBaurtr rborox fieqefi

- i3.1. Ao ocxoBHrr( onepaqift, lxi nmonyorrcr npu o6clyronlranni
JrloroK, Hzurexarr ii po3rcprlrrr [epe,{ 3nnBoM r'lera.ry i sa6raaxrr nepe4
t{eproBorc rrJraBKoro. Jlrorc6 xr npaBxlro, ocaaq/rorlcr Bo.qooxoJrogxyrcqoro
apMar!?olo. Haft6irrsm clom,mtrM ycrarxyBaHxrrM, .sxe Bu(opncmBysrcr IIpI{
BraKoHa.nxi qm( olepaqri, € ycrarKyBiuGr AoMerrE:x nesei. B CI{I Ha
6i.mnrocri gouenuru< uevefi var;mry lrorgr po3rguBaro:r; rrr;rsoru crep4liHnx.
.fxqo a rmrqi uicrnrrc.* 3acrtrrrtrd qirByH, To ioro uorirr,r nicr.r sinqanerrn
BonrerpuB(oi MacH rpofi arrororB l{uoseM.

Brroprcrouyrortcx rpu ocxoeui Tnrru cBepA;rr.rnlHro( uarmrx: nigaicni
cmqiouapri; noropor:xi; nigricni pyxoui. Cxeua ocrasstoi *rarrrrEf noxa3arra
Ha ptr,c.5.44,a, Bona ruxopr,rcmryerrcr B TIlx BtrtraARa& ronn nsoror 6imure
oAsoi. noAarorr oBepAro 3a AorroMomro raxarxo-6apa6amroi ne6iru<rl s
eneKTponrurynoM nor5oxsicrro SxBr. O6epraaur cB€pAry fiepeAaerbc{ sepeg
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3areury 3y6sacry [ep€.4ayy BiA ,$lrryHa noryr<uic'no 6KBr- ,{iaruerp crepgra -
60MM, .racrora o6epramrr - 400xu-r. MatrrKHa 3a AorroMomro [puBoaErD(
pomrria pyxaerro.a ni,q ororiei ned 4o inmoi no ninsicslc( HanpaBJUIIolt{x
pefixax i uae gucra.Rqiirre ynpaairinan. Ha uonrx treqax B[IioptcroBylorB
nepeaaxxo uoaoporni ceep4nrnrni uamrru [1].

florfxadcrr,[Br{.yHa npuBo,qa cBep,qJra peKoMeu,ryerEcr BE3Hatraru 3a

Ma(caMaJrr,HuM MoMeEToM M.-, QopMyna AJII tKoro o,qepxara eMaip[{HaM
IIUIID(OM:

M.lt = (0,02...0,03s). F._ ,

.qe F.* = 4,6 - 5r7rH - MaxcnranEEufi odp rogavi crcp,ryra.

I$ :a6xnasffr qaB),HHlD( nboror Bnroplrcroaporr rigpanrirni
$nc.5.44,6) i erleKrpllqHi G,.z.c.5.44,8) nfmts. B rigpaadxllr nyrrrKax Bo-

rnerpuera vdca ar.nnroaxyerBcr rigpory.:riElp,oM, a B eneKrpl,rtlH]{x - lBIrlmM,
fro.rfi npxBolnrbcr n uocr5marsraft pyx sepes o6etrnoey rairE i ry6uacry
3aKprrry nepe,{aqy ri4 enerrpognurytra nortrrnicrro 50 - 70xBr- Kpiu
uexanisr"ry numroaxy.ra.mu lgorowroi lractr TTJ.IIIKE MaIorE Mexaniall npr.nacry
i uo;opory. MexaEi3M rrpamcry 

"axo]( 
Mae rBr.rltroBy epeAaty i eneK-

rpovexaniurrfi npnBo.4 3 ,ryur5rnoM nory(Eicrro 25 - 30xBr. 3ar,qrrN

$irypxnr,r uasau a naQeri fiymKa 3 foptr3ouTaJrbrioro BndgHom rroJloxenlrs
nepexoalrrl B rroxne po6ove. ,$rr Irloro Bi3oK rryrorcu :'eguano : nocry-
fiarrrso-p]xoMorl rafo(orc, a po:uKrl MaIorE Moxra-sicrb pyxarffcE a Qirypnirx
na:ax. Mexaqigu aunrrorxyoamu xpiuurucx ao sirxa qep* uaprip i rnuarory
napy, xK ,qae Mox.nssicrl peryJlrcBaru xyr Balclry qnniHrpa glu rsoro'nroi
uacq. O6'eu uunis4ra - O5ru', aiavery - 650u*r, xig nopm.n - tr,Su, rucx
rrloroqroi uacu niA troprmeM rprnirrApa - 72 - l0 MIIa- 3ap.:gxarors po6osd
qu;ringp epyvny 3 roprso trpu aigaegexouy a 6ix uepexi,qrovy narpy6ry :
sod.[Be{ gocl,rxoM.

!p-s nimo,ry i aiaoo.ry rym<l.r si.q Jrborxr BoIJa ocHarreRa MexaHi3MoM

troBopory (Ha cxeMi ne noxa:ano), mui Mae rroBoporrry KonoEy 3 KoEooJreK) AluI
sarcpinnermx naQer:a i ener<T povexasiwd upurog.

flpz npoerryrarmi Mexani:Mis BErflroBxyBarHgr ocuoBHnM!.I napaMe,rpal\4r,1

e rrlcx mgrosHoi Macu p i nnx,ry<icrr sn<oAy irrorornoi uaclr : nocru<a v"{0'19
- 0,27ulc). IlorJ.rrcrigrs :Flrryra ni,q6Eparorb 3a cy^{apExM MoMemoM

(crarr,rsHr.rM it[ i Arr{arlriuru M) aa sani .6nryxa:

Qrtli^ r ^)t" ==-ff i itt"=1"1"u,

ae Q=0,785d'zp - aycu;r:r.r na nopruri:

d - giauerp rnxignoro nocrma;
2. r - cepe4nii giaverp rrmra;
ct, p - xy"r niafiouy mrxroroi rinii i qr reprr:
i - nepelam' re stcnd n'r.r'o,{a;
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4 - 3axanbHnft KKA Mexalri3My;
k - roeQiqienr, l<ro7 apaxonye uouema inep4ii rcix o6eproBr4x qacrr4H

3a BUK.ItrO!-reHgrM rKOp{ E}}Iq.fla;
I" - .uoueNr inepuii r(opr ,pxryna;
r - rg"ToBe rrplrcKopeHlrs aBEq{ra,

Hordnairrsa uortrycrimr .{erryHa:

*, Mo- 
10001'

Ae M=l\4+114;
ro - rymaa ununnicr; ,qBnryra;
l" - roe$iqienr nepeo6rxxermr 26urylra-

,II;n o6cnyroryranrui mJraKoButr Jrborox,qoMeHH[x neueft ruxoprzcro-
ayrorrca urraroai crorropr.r, fiprrHaseEu;r rKrfl( - BiAkprrrr i :arprrry rsorKrl
[1]. Cxeua crorropa [ol€3aHa Ha pfrc.5.44,r- Cronop uae aaxiu,xy ruapxiprry
cr,rcTer!ry, .fl(a ynpaBJuefbcr 3a aonoMomro rauaruo-6apa6aunoi ne6igrcl.
Ilpalrdrue cninri4rourenrr po:l'lipin aaxenir sa6ernerye npnrloninifirl,rfi ppt
npo6Kr. Ha po6osoMy aigpi3(y. Ipo6xa flpurac{yerbcr Ao rrlorKtr nia ,qiero
Bar.r4 Ba(eJIiB i ronrpraaraxy, a riAsoAsTrcr xauarolr" Heo6xigHe 3ycrrJur.{
rrpr{TrcKseHrrr rrpo6rr-r su3uaqarorr sa Qopr'ryloro:

P = 0,785kd:p,

,qe k - roerfiqierr aagiftaocri (k : 1,3 - 1,4);
p = po +h.T - TtrcK r{a upo6Ky;

p0 - ficK l$rms;
h - rr.raxcrmaJrrua atco"a firaKy Ha.q rsorxolo;
1 - rrnToMa Bara [Ulalg/;
d - ,qiaMerp r6orxr{.

[pa sa6uaauus lnorox nesei rorcopoaoi ruera.ryprii BnKoptrcroByrorrct
npocri :a (oHgrplru{iero rmeeva'D{cui qm<n. Po:rcpraarorr JrBorKr.r rrrJun(oM

lponarloBaH[s K{cHeM. AI{ 4iei uera npu sarpr.rrri ,6orKt4 B Bor.HerpnBKy
uacy sa6marorr uerarend crpa'xerr (pac.5.44).

Illnarosi ri(Ha nenmmr po:uipir o6crryroayou ctreqiarEsruu
rrrauuuavl [3].



l. Bugnaqre noqauricrr
uamnu,axqo4:0p
o6eprans.r cBeplna).

2. BH3Haqre srarrqlfifi

i3.2.3alaqi

ABl.rilr{a trpsBoAa caepgna crep,rtrmanr,uoi
(KK,{ uexanisuy), n" = 270xn I (uacrom

MoMeHT }m Bari ,Flqrna r'rexaHieMy
Br{rtrToBxyBaHE r eJrercrporD/ruxE, Jfi(qo d = 0,15 (darr,rep Br{rrycKHoro
oraopy), r = 80MM, s = 10MM (Bigcras rurr{ra), F : 0,1(roe{iqieur
r€prr B Burtax pi3E6x), q = 9,94 (I(K,{ MexaubMy).

3. 3a tralrm,rr 3a.qaqi 2 BmBagTe norlalsicrr eneKrpoaBtr)Ta Mexagi3My

BrrumBxyBarrlr{ Mactr, riqo II{ = 1,25, i, = 0,75rs.. M2, nau = 940xs r,

tn = 1,5c, 7r = 2.
4. Br.rssaqre xeo6xiggufi porxig po6ovoi pi,4m{ g;ra rigponyuxz, ncrqo

aiaMerp rigpaBli'rHom i po6ororo 4aningpin cruralae D = 0,65M, a
aialaerp mrycnnom oroopy d = 0,15m.

13,3. Konrlon6si 3arrrragqt

i. Haggirr i oxaparreprcyine ycrarKyBa.HE 4rn o6crry'roayranrrr Jrborox
uaxrfD( neseft.

2. 3apucyi,zire cxeMy rrnoBoi cnepg;uxrroi uarumu, noxcRiu il 6y,qoBy
ra IIpmfl[III Aii.

3, Ilorcnirs rraerotrqr pospaxyu<ia r'lexani:r,ail caep,{malrnoi ua:u.uu,
4, 3apuqdrc cxeml riryannivuoi i enercrprsnoi rryuor<, no.acnirr ix

6ysony i rpmqlm gii'.
5. [IorcsiTL Merc.anKy po3paxyxry uort:r<xocri ganryna uexaai:r"ry

BEUTTOBXyBaSfft ISmOqEOi MIICU.

6. 3aprcyfire cxeMy rruraroBolo cronop4 norcnirr Eoro 6ygory i
upulrlgn ,qii.

7. Crm"qit MeroArlrry po3paxyucy npmoga ynpandnrur rrmaKoBriM
cTiorropOM.

8. flo.acxirl npnuryu po3rq)urrr n;oror nesei PTn.

TeMa 14, Vcrarrq'earn Arr o6po6ru.r r(onomnnra pyAHorepMiqr D(

IIeqei

14.1, ,{exni mrorrri nesefi PTII cxx:nni go cnirauri.a, irlo Blirtruxae
yrBopelr{r crllenim.s a uarepiairy, flce lreperuonxae Aocryrry trruxru B 3orry
nrasrimr.*. Tovy gerxi neri rfepocrmalnoro mpo6rmlrea i neqi ronropoaoi
uerarlpriii BuxoHyrororbcr airocprrnuu, a o6po6ry rorommr<a (oca,4rcy,
crrgqlranrur i nippi6amn rmD(rn ,Eo enercrpogis) g,{iiicmororr cneqianrrnnrn
Mam{EaMH - ofiiKoBoqrr.nrra, Cxer.,ra oni(oBoqEoi Ma.mtr .t [orazaaanuc.5.45.



Ptrc, 5.45. Cxeida onixoBoEoi Matqustr: 1-EaqraEnEoqa paM4 2-uiKa; 3_Erallra; 4_
rroBoporua (orora; 5-rgrdq4, uaxsrry crpirr; 6-MexasbM qepeMiqenrs; 7-useBMorIE rsJD
troBopoTy Koroga

Mamfia mrse co6orc caMoxinHr.ri Bi3o& .ncn:fi pyxaerrc.s no KpyroBrrx
peir:u< HaBKono rreqi [3]. Po6omr opraHoM e 3arpimeua Fa Eec).sifi ffraE3i
niI<4 .fl€ plxaerEcr ocryfl:urrxo B na[paBn{osifi parrri dl aiero
mreBMosrnir{Apa. I{anpaBrfrosa paMa BukosaHa xrrrnoro i saxoinrena sa
rroBoporni.fi (ororri. 3ang.*rz qrovy [.lrarrra oAepxye o6eproad (a nrexax 6g -
80rPaA) i KolinaaJnurri (axr.r: 26rpaa) pyx qpu og;{oqaogo fiocrynarrnouy. I]e
nae MoxrllBicrb 3,{i.ftcmoraru nepeniseHi emqe onepaqii o6po6rc,r ro:romssra.
Eci lrexanisrdz Mamfitr ocxanqeui mreruo.puryraut uocqmarmxoi i o6eproroi
aii'. Bruir Btrcyryroi rrrr:lHrr{ - Slm. TIpu po:paxFfl.ax rrr{eBMoq[ninApa
rrrau ,r BpaxoBlaor;cr crlmr reprr B poJrxKax i rexnonoriwe 3ycu,,u.{, -E(e Aie
Ha niKY.

lftx riglaner*u nacrnnia na aiaqn<
caMoxi,qxi Malxnfl Fa rycenzqHoMy xo.ry.

KOJTOIIIEII(a Bl-r(opucmB)'IoT6ct

14.2.3ata,i

1. Bz:naqte sossimrii ,{iaMeTp Bg}"rpirrwr,oro r(oJreca D1 (noxo uae
MeHMi AiaMsrp i raruul posuip, uo6 B,rxLToMr{ (oBaHHs)
@uc.5.45.), rxqo D, = 0,4M, Rr = 431M, Rr = 5,86M (si,uoBi4{o pa.Aiyc
sxyrpifrmoi i soruiu;oi peftKoBoi Korii).

2- 3a Itr[ts]I'u gaga'{i 1 Br(3Easre riplmrd MoMeHT rra Bar{.
rraeBMoprir]'Ha, rrqo G" : 36JSKH (rara rrlammx), p = 0,015, k =
0,0008u, d = 0,065ru, F = 2,5, L = 2 (uepegarovxe {rcro ram$oronoi
uepegavi), io:21 (lepeAaroqre rrrcno peAyKiopa), 1,1,, = 0,97, \r= 096.



..

14.3. KoHaponBHi 3aI rraHHt

l. Ha:sift oOnacri rnropacrarx-* onixoaonfix uannar i onepar$i', rrci qi

MATIEHII BEKO}IYIOT6.

2. 3apNcyirre cxeMy Malranr,t i noscHirr 6yaoey i npuuqr.rn gii ii
uexarisuin.

3. CKra,qiTb Mero,&r(y gugqaqe*Hr 3ycLIJIJUr, rKe 6yge Heo6xiryru ,ryrx

nepeuiqennr maum, npoaxa:risyfi"re ripmrft armagox.
4.Cx;raairu Mero,MKy BmHatreHHr napalrerpia mlenuoqrurigqpa

noBopoTy KonoHa.

TeMa 15. YcrarryBaurul Arrr peMorrfy i lalrairu $yrepomn

15.1. l-\e ycrarKyBannt uoxlra noginnru na rpu ocnosni rpyru:
ycrarryBausr $rr 3pyftrytsanxt QyrepoBra; yorarK'tsaxltt A,lrn peMonry

$y"reporm; yxinepcanbxe ycrarlgtsaHxr. $rfitrynamn Qyrepoaxra rourepropia,
r',rapreninclrco<, eneKTpo,4IroHD( fr itmrx rI. IiB neseft g,4ificHrolorb, fr(
npannro, cauoxigxnMri MarmH:lMn na ryceffrlltnoMy xony @flc.5.46). Mammy
aocraBJrrrlorb .qo peMorry€Moro o6'elma MosrcBm'l rpaaou. Ygapnrfi oprax
var*rnn (uneruororu) rpinrrrcr Ao )d,ITEoi crpiJu, sKa B cBoro sepry
sarpirrrexa ua noaoporxifi rurar{opIrri. ffueuuonotvr uepeuiryerrcs no c"q)i,ri a
po6oqe noroxeHnr 3a aoDoMorolo Jlarqomroro uexaHiruy, a B rrpoqeci noMxlt
- nxeeMoqsninlpa, Mexanislt nepeuiqemr Ma€ ,qBa ae3alelrcri upuao,4l't

ryceEml6, eo ea6ernevye BtcoKy MaHeBPeHicrE Manuus. flpraog rycenuqr -
eneKrpoMexauirffitrE. flpu rucyrymlry a xpafine rloJloxensx nEeBMoloMi

,qoBxnna Marrrnnrr srar{oBurl 6ir6 e llM [2], B uammrax ffL{ pyfiEyBaEITc

Qyreponru erercrponeqefi crpira uae ,[eKiJcKa mapriplflD( aaxelie, xri
Kepylor:bcfi rrHeBMo- trll riapoqsniuApaMr.r (auanoriuno lerxNu .xoxcq>yxui-n.r

Korecrrn{ KoBruoB}D( eKcKaBaropiB).

Anr MexaxboBaHoi roancr fu"reporxx xorurie srocopucroByrorb MamI{Ha

yaapxoii xii i roroporni creu,4r (puc.5.46,6). Mamnrn Oyraorr ryceru*man
a6o craqionapnn'la. fycerurxui Marrnrxq 3il roxcrplxui.nttl i npro {fioM .aii
asarorisni ryceHI{qHI{M MarluHaM pyfiHyBalx{ r[yrepoucr (olsepropiB (3

fipnroro crpiJlolo) [2]. Binpiggnosct BoHu JIHIIIe MeHrIIrlMr.t raoapNrar'lu i
niacrlnricrro nanuorosoi nepe,qasi ant nepeuimexru IrHeBMoroMa.

B craqioaapnra MaltraHax mreBMoJIoM rpinntrct na rulau:i, .nra

o,sroqacHo 3 trocq/naJEHn{ Moxe 3AificHIoBarE rortr'saJrBl d p}x rraBKoJlo

ropu:omanrn oi i aepraraarroi ocei.
B r'laprenircuco< netrax AJrt peMoEry oyrepoBKli nesei Bt(opuoroB)&or6
yniaepcanrui uannrxr [2]. Mamtna npuaualaemcfl He rinsrct art PytrytaHst
Qyrepoarz, ane i ,q;rx npz6nparru 6oro qenrr, rom,Eta nepxxroi 6y4osn ned,
. rqeEl' IluraJrcnsKin rorqo. PisEol'{asirnicm po6ir, .fld Brfi(oHye Maltrlffa,
oa6esue.rycrrcx 3a ,4olroMororo qacrertErll( suium< po6owot opragiB. Ifu
doBopoTHy roriBl(y cTpimr tBilfi]'toG fad po6o.ti opralff: npu pyfiuysauni
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14.3. KoHaponBHi 3aI rraHHt

l. Ha:sift oOnacri rnropacrarx-* onixoaonfix uannar i onepar$i', rrci qi

MATIEHII BEKO}IYIOT6.

2. 3apNcyirre cxeMy Malranr,t i noscHirr 6yaoey i npuuqr.rn gii ii
uexarisuin.

3. CKra,qiTb Mero,&r(y gugqaqe*Hr 3ycLIJIJUr, rKe 6yge Heo6xiryru ,ryrx

nepeuiqennr maum, npoaxa:risyfi"re ripmrft armagox.
4.Cx;raairu Mero,MKy BmHatreHHr napalrerpia mlenuoqrurigqpa

noBopoTy KonoHa.

TeMa 15. YcrarryBaurul Arrr peMorrfy i lalrairu $yrepomn

15.1. l-\e ycrarKyBannt uoxlra noginnru na rpu ocnosni rpyru:
ycrarryBausr $rr 3pyftrytsanxt QyrepoBra; yorarK'tsaxltt A,lrn peMonry

$y"reporm; yxinepcanbxe ycrarlgtsaHxr. $rfitrynamn Qyrepoaxra rourepropia,
r',rapreninclrco<, eneKTpo,4IroHD( fr itmrx rI. IiB neseft g,4ificHrolorb, fr(
npannro, cauoxigxnMri MarmH:lMn na ryceffrlltnoMy xony @flc.5.46). Mammy
aocraBJrrrlorb .qo peMorry€Moro o6'elma MosrcBm'l rpaaou. Ygapnrfi oprax
var*rnn (uneruororu) rpinrrrcr Ao )d,ITEoi crpiJu, sKa B cBoro sepry
sarpirrrexa ua noaoporxifi rurar{opIrri. ffueuuonotvr uepeuiryerrcs no c"q)i,ri a
po6oqe noroxeHnr 3a aoDoMorolo Jlarqomroro uexaHiruy, a B rrpoqeci noMxlt
- nxeeMoqsninlpa, Mexanislt nepeuiqemr Ma€ ,qBa ae3alelrcri upuao,4l't

ryceEml6, eo ea6ernevye BtcoKy MaHeBPeHicrE Manuus. flpraog rycenuqr -
eneKrpoMexauirffitrE. flpu rucyrymlry a xpafine rloJloxensx nEeBMoloMi

,qoBxnna Marrrnnrr srar{oBurl 6ir6 e llM [2], B uammrax ffL{ pyfiEyBaEITc

Qyreponru erercrponeqefi crpira uae ,[eKiJcKa mapriplflD( aaxelie, xri
Kepylor:bcfi rrHeBMo- trll riapoqsniuApaMr.r (auanoriuno lerxNu .xoxcq>yxui-n.r

Korecrrn{ KoBruoB}D( eKcKaBaropiB).

Anr MexaxboBaHoi roancr fu"reporxx xorurie srocopucroByrorb MamI{Ha

yaapxoii xii i roroporni creu,4r (puc.5.46,6). Mamnrn Oyraorr ryceru*man
a6o craqionapnn'la. fycerurxui Marrnrxq 3il roxcrplxui.nttl i npro {fioM .aii
asarorisni ryceHI{qHI{M MarluHaM pyfiHyBalx{ r[yrepoucr (olsepropiB (3

fipnroro crpiJlolo) [2]. Binpiggnosct BoHu JIHIIIe MeHrIIrlMr.t raoapNrar'lu i
niacrlnricrro nanuorosoi nepe,qasi ant nepeuimexru IrHeBMoroMa.

B craqioaapnra MaltraHax mreBMoJIoM rpinntrct na rulau:i, .nra

o,sroqacHo 3 trocq/naJEHn{ Moxe 3AificHIoBarE rortr'saJrBl d p}x rraBKoJlo

ropu:omanrn oi i aepraraarroi ocei.
B r'laprenircuco< netrax AJrt peMoEry oyrepoBKli nesei Bt(opuoroB)&or6
yniaepcanrui uannrxr [2]. Mamtna npuaualaemcfl He rinsrct art PytrytaHst
Qyrepoarz, ane i ,q;rx npz6nparru 6oro qenrr, rom,Eta nepxxroi 6y4osn ned,
. rqeEl' IluraJrcnsKin rorqo. PisEol'{asirnicm po6ir, .fld Brfi(oHye Maltrlffa,
oa6esue.rycrrcx 3a ,4olroMororo qacrertErll( suium< po6owot opragiB. Ifu
doBopoTHy roriBl(y cTpimr tBilfi]'toG fad po6o.ti opralff: npu pyfiuysauni
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rlyrepoaru - upxt"ry i 3Boporrry nonarq; npx ei.4galerrd s|{xoAie qernE -
o,qnoxanarni rpefiQeptr rn rigporpefi$epu; ajrs niAfioMy B:rrrrarry - KpnxoBy
ninaic4y; npn Qyrep)tsaHni 6noKar{E - Bu.irowrqfi saxBar. Eirrluricrr Mexaui:Mis
Marrrrlnr4 Malors ri.qponprBo4a. Cepeg varnnr Ai[r peMosry {yrepoerN
n:raaNrrrrx arperadn oco6.nr,rnxi inrepec aur:rmanrr MarrruHu KonBepropurx
uexie. Tyr Bq(opzcroByrorEct Marrulfftt rp;ox rtnia: rpaxoni; nagicHi i
Ha3eMHi, KpaHoBi i IrasicHi MzurruHu BrnKopucroB)'nrr B rlryxoAaur rx
KoHBepropax, a Ha3eMr{i - B KorrBepropax 3i 3Minn.f,int ,erxrqaMfi, OcsosrrnMn
B'3naMr{ KpaxoBoi MaurHHu e (puc.5.46,n): ricr s Mexaxi:MaMr,r nepeMinleHnr,
4ri po6ori nnoqaAKu 3 Mexani3 aror Bellruxanbuoro nepeMiqeHH-t, sigKqAni
no:uplu i BepruKailLnuft lrrar$opruemuE ni,ffiouxm. IfuoqaSrn uix co6oro i
MocroM 3'€Arryrorrcx re.necroniqnnrn HatrpaBJuIIoquMH i plxarorrc.r aa

AotroMororo rararno-6apa6amroi ne6i.Fs. floBopor roorpr<in sgiig*oerr,cr :a
rouoMoroto rigpoqffnilApia. Bornerptari varepiarrr no4aro'm ra uicr
3aBaHTaKyBaqi tr, Barraxoni,@owimr nnar$opMn 4r. Mamsa o6cnyroBye
4exi.:rxa rounepropin i uepeuirye"rscx rro pefuoBifi Kolil rKa po3ramoBasa
Haa KosBepropalvfl [2].

Pqc, 5.,16. yc"larrytsam{ 37u p€aaon'ry i sauim Qyrepoalo: a-vafia&a. IJts pyirryBaEst
QyrspoDrqr koE€pxopi3; 6-cxerda pltBlraer oyr€port(E (oaErE B-4paEoBa MarErrrra Art
peuorry @1,reponru (osBegropy; F-Ea3icsa Mfinqlra trrr peuonD' rfu"reAoalo; Ao,r,treard
nisox; e-cxeva {rarcmEoro rop(p€Trtsasu ; l-roroegrop; 2-xrrna crpin4 3-naervo.tou; 4-
MexaEfuM EoAae i EaxEJIy nEeBMonoMa; rroBopoma nlar$oplra; 5-noooporra nradopraa; 6-
xoAoBa qacrzEq 7-noeoporaifi cresl; 8-MatrEa Nt WitsyB?EE +yrepoBKi; 9,10,t7-
rc6ima; 11, l3-rc,recxoniwi satrpaBnnosi cm.m4 12, 14-po6osi snoqa,qs.q ls-gipcapi
roanpro; l6-rnarQopraa ,Enr uarepiany; ls-renecxodqa Eaxra; l9-po6o trroqa.$a; 20-
ooepr'Mn d.E'rrEsR: 2 I -riAponoMear
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IlaeicHi r\.ralrl,r r (pnc.5.46,r) ycraxoBrtrororlcr 6e:nocepe4*o rra
roplorr.*ri r(oxBepropa. Ocxoani nyo:rz r,.ramura - olopHa paMa, renecxoui,{Ea
uaxra, po6ova rnorqagra g uexasigr'lou ueperraiqerxr i relecr<ouivna gpa6rana.

Bornerpmxi ruarepiann uo4aron na po6ory rrnoqa,qcy MocroBqM KpaHoM Ea
niggoxax uepes renecronivNy maxry [2].

HaseMEi ri,ramefi (rerecronirni nilfor'aruncr) rreperrliqnorrcr no
pefiKoBii Korii', rKa npoKlraAeHa xa nynrorifi aigMiTqi qery [10]. Pofoqa
ruroqagra B qr{x M{urrunax nepeuiryerrcl BeprmaJrlrro 3a AorroMororo
rilpaBnisgoro relecroniqtoto qlr,'rinApa, a rriAfoM uarepialia - Kanarrro-
6apa6auxoi ne6ir6u. Kopucaa nauraxonigftovaicrr po6ouoi nnoqagrca - 5r,
xig renecroniwroro qnnifApa - 7r0M. Barrrax<oni4fiol,raicrs ne6i6u - I,5r.

3Hr:mt Amxsa RoxBepropa 3Ailicrrororr, 3a AonoMomro AoMKllarnom eirra
fufic.5.46,9), {Ktrfi uepeuinryerrcx no rifi peironifi xoni'ii, qo i rerecroni'ruuf,
ni,Solrmr, Po6oua moqa,q<a nigairrlaerrcr BBepx 3a 1onoMororo
rurymrepuom ri4poqr.urirapa. f(nx uonernensJl Molrrarq. Amlqa [fiotr{aAra Ma€
Moxrrr{Bicr; o6qlra:rrcx aanrono aeprura;rrnoi oci. Bi:or rpaxcnopr5rerscx :a
,qorroMororo flpnBoAuoro Mera:roBo3xoro risxa. Barraxonffiotrnict ufuKa
3anexHT6 BiA Macr,r lEroa Korffepropa i gocrrae 165r.

Ao qsffia ocHoBHD( peMosrnm< po6it r[yreporru ni,ryocnrcr
mpKperyBanHr, HoBa u4qKa Botnerpnroi qeflrr qr 6rorir, na6nnxa
OyTepoBxr,r, IIiIBErqemr cqnry ct5nriuar Aoc.f,rarorE 3a paxyHor( roprerD(
peuorrria - mprperyBaxl , rre trolrra€ B muy, qo aa $yrepoary Eanocrrr
mroori uap nogpi6nexm sofscrpsgis. Topryeryrauna BnKor{trororF 3pa3y x
nicr* anray uera;ry. .ftr romepropil BtrKopr.tcroByrorlcr gra cnoco6x
roprperyBanst. flpu nepmouy cnoco6i roprqrvr-uacy, l<a cxnaqacrrca is
BorrsrpuBKoro tropomv i 3B'r3yroqoro varepiarry, fio.qarorh Ha rroBepxEK)

&).i€poBrd{ B clpryeni cn{crreHoro uoairpr. llpn gpyrouy cnoco6i mpxper-
Maoy, rxa c$raAaertsct b BorreqtrBKoro nopormry i ror*ouogpi6uenoro xoxcy,
tro[aK]TB rrzl noBepxrro Qyreporlu a nucororeweparypuori,ry {axeni (r$ar<e:une

mpxpcryBamrt) (p2c.5.46,r).,{nr roprpery'nannr BxKoprrcroByrorr Marmmu
ggox rrnir: niasicHi, .frd E€peMiqrrorrcr ro pefirax uag rounepropaua i
naseuai, n<i uepeuiqnoucx uo po6ovifi Moqa"qqi [2].

@yr€poBRy rormir perraonr5norr rr( nJuD(oM KnaAKr.r HoBoi BorHerpr.tBKoi
rlerJru, Tax i aa6mroro rltapy Bofl{erpxlKoi MacH, .{-na qiei r"rera
Bu(opucmBFolorl uaunrnr rprox rlmir: A:rx MexanisogaHoi KrraAKx rIerJM; .qJUr

BIToToBIeHIIt Irrono.nirnoi {yrepoalo 3 rmn$(mBepAs)Frrr( c1r'dmorc; gnr
uioroueraoi xa6mxa [2].

15.2' 3aaaqi

l. Br*uayre noryxaicrs grzryxa re6i,ut-a ni,qtoMy rurarQopua rpanoaoi
Maursutl Ins peuonry Qyreporru (prc.5.46,8), n<rqo Q=38KH (naxa

sararraxesoi E arQopur), Z;E (xbnricrr xararir, na.ncrx nigriuena
ularQopr'ra), 4=2 (rhrxicrr ranaria, rxi qaBuBalolBct xa 6apa6ar),
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De=0,35n (gia:raerp 6apa6ana), E,c"=600x8 ', i=50 (nepeAar-owre sxcro
npEaoga), lq=0,85 (sararrxuft ItK,{ r'aexauisuy).

2. 3a ,qanirwr :a,aasi 1 gugxaqre rroryxaict lprryra uffiorr4y po6o'rmr
flnoqa,qoK, sxqo Q=140KH (tara xararraxexoi rurar$oprrla), i=175,6,
1=0'82, Do=0,6u.

3. Bu3ta'rre giaMerp riApow,'riHAlra D gomparnoro aioxa (pNc.5-46,g),
qnqo Q=165kH (rara HaBaHraxeuoi morqa,ryr), pp=531\[tra
(po6oqrd rtaaK, frcaft craopne uacoc), p.=O,8MIIa (a:rparr rucrcy n
rpy6onpononax), q,-{,85 (KK,{ ryriqpa).

4. 3a nar.ullu sagavi 3 rusuaure s€o6xiArrf posxia po6oqoi pi,Mnfi
tr(M%) i noryxricrr ,Blflxa sacoca, sKqo v=0,01M/c (mBuaricrs
uepeuiqemrx po6ovoi n:roqa.q<u), 1s0,88 (KK[ sacoca), no"=981xn r,

p*=6,5MIIa (souisanbHrd TncK,.E(d po:srlrae uacoc).

15.3. Konrponrxi sa[HraHst

l. Ilagairr i oxaparreplryE re otrepa{ii'. sd BflKor{yrorb npr perwoari

Spepoarz.
2. Sapucyi:ne cxeMu ryceHr4rrr{rx Marrmn AJxfi pynnyBaunr Qpeponr<n

xoroepropia i xonmi4 norcrirl ik 6ygony i npuilpnr 4ii.
3. 3apucyd're cxerry rpanoroi uamnrN glr peuoury Qlneporrr, noxcnirs

iT 6y,toay i nparurrr 4il.
4. 3apzcyfrte cxer,ry Hasicuoi uamrol.r A,,rrJr peMoHTy Q5rrepoaru.r, norcuiru

iT 6y,uony i npm4m aii.
5. 3apfc]dre cxeMy gourparnom ai:ra, noxcxirr fioro 6ylony i npnaqr,rn

.4ii'
6. 3apucyire cxeulr o6.naAnarns 4nx $axelrxoro roprperyBaurrf,,

noxcnin c1m qroro,ropkper,tsaHu,r.
7, Cr;raairr Merolrrgr po3paxymry qplaona noBoporlroro creHAa Arur

rroBopory xoBrtra trpn pyfuyeaxxi Syrepoorr-

' 
Terua 16. YcrarrcyBztna ergKTpoleqeft Arr Bupo6mqrBa

BEcoKof,KiCHn( Meranis i cffraBi_B

16.1. {o wcna m nesefi, trepe.rych{, HaJrexar;: aar;ryr,mo-.lgnori ne.ri
@F), eneKryomriaKoBi tresi (E ID, elrerrpoxEo-trpoMexeai nevi (EIIII) i
nranro.4nori neui OI/FD. B,S e naiSi-nrm nor rpexr.rMt{ ary,eraraMr.r
cfieqeneKrpoMeraJrJaprii rxi Aa]or6 rrloxmsicrE oAepx]'MTE gncoxo.ndcui
ueranr (crarr, rarau, r1rprcouii, Hio6ii, uoni6geu, ralrra;r, ronrr[par,.r, rauadfi,
6epmii ra imi) rur cueqiarrm< ra;4aefi re)Gir<z. Buco(a .sxic"rb verani! Tyr
,qocrraerbcr saB,{rKE Baxl0My (0,133tra) i ruiAuin swtrD@i-rclxrcranisampy.
Ba46ru cnpa-re amannouy:ainraemo Merarry eia po:'MHemr a utol,ty ra:ie i
TBep,qr.( BKJtroqeHL, a rprcradsamp He Buocrrrl :a6iy4uexur B pa3ruraa.
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,{Nepeiroru rerrJra AJI' po3irJlaBneHHt Meraly € exelTpaqHa Aii'a. BETiAHSM

uarepia.nou Aff r aBKIn e ry6x4 crpptra, :ruri i cnpecosaei mrarlnr rorqo

[3,1r].
Ha puc,5.47 troxasasi cxeMlr B,llP s nannan:resnqM :rfieKis s

rJryxo,qourrr.rrl Kpncrarrisarop $nc.5,47,46,4) i a rrrrraennrr'l :.rucrdn n npoqeci
ix Han:raBrenE.f, (puc,5.47,r). B crolo repry uesi uogi;rnorrcr rra flesi 3

efeKrpo,{aHu o po3rIJIaBJUtoTBcx (pnc.5.47'6) a6o reposn:raarrnomcx
(spinrxi vrn lparliroai). Healexso sia rr6oro orpl'u ui,4Bo,4imrcr ao mroKa
enerrpo,qa i 

. 
rogooxono,4rysaxoro uigoua. fleqi g gqrtrHeuufflt 3rraKiB

BLIKOpI{CTOB}'nTBC' JIAIIIe ,{JIt rIJIaB(}r TyTOUIaBXID( MeTaJnB, 
'KICTE 'KID( 

,Iqat(e

3aJrexfiTb nig ne.rnmxu rucry BEqiffeiwix B npoqeci BnaBKE ra:iB. f(rr
noninmegHr siacr\,ro(ryBanm rasis pirenr po3nnaBy B rIT,( fieqax triApmt]Torb
nocrifiHo s aepxnift uacrraxi rqucra:rieampa. Ilesi nffi BItruIaBIq
er,rcoxopear<lifimrx ruera:ria (aanpnxrag, rzmxy) nouiqamr.a :axnori xalrepr,r

Torry. ruo npu flonaAamri aogn a poruaa uoxe craracr nu6yx.
Ilpourcnonicrr cepiftro Burycra€ taxi rynnr neuefi: ,{CB - ,qJIt raaBRr,r

cra,refi; ,4IB - ,4rrr $naBKLr ru'rairy; .{p - uoli6,aelly ra inurm< qrroruralrrax
r.,reranin; ,n@ IIt uIaBKr{ Hio6iro. YMosgi o3HaqenHf, III,{ neqefi,
saryEsraa rrny ATB-14-126, osxauarom: A -,ryToB4 T - Atx IuIaBKH rnra.rry,

B Baryyfrra 14 - giaMerp KpucraJlbaropa 0'14u, F - 3 HyxIrM
rpuua:ri:aropou, 26 - uarcnaa:rsra Maca 3JIIt'rKa, r. llafi6furrm Kpylrxrtrtlr{ e

ueqi rrnJr.ACB, n sxlfi oaepxTrors 3iraBKq Macop ao 80r i 6i.:rsroe.

Ha puc-S .47 ,a uoxazaHa cxeva rrnrosoi BIII ,q;u BInmaBKI{ TIrraI{oBID( 3 arKil
rruuD(oM neperrtraBrca enerqroAis, n<i ogepxyroru npec)EaHHtM ry6Kla Ha

cneqianr,m< neqax. OcsosruMtr By3nalfi i MexaRi:uarfi nevi e : aaxyynl-
r<ar'rep4 rpncra:ri:amp i ni.q.qou, uexanisu nepeviruenux eteKTpo,4a- eEKarHItrl

risorq rigpocro*r g:u o6cnyroaysaxu-r qrucraniraropa i raryyrma cumerua. 3a

AonoMorolo rigpocrora 3.qiiomororb otrycKaHHt ni,qAoxa i \plrcrani3aropa
parou :i srmrxorr,r na srd(arutrfi nitor uicns 3ariuserofi rnanxa i uigfiou
dgosa ra xpucra;risaropa 3 goBuM ereKrpo,{oM nepe,{ rul:rBlcolo (enexrpo,4

BCTaRlrrK)T! r rpucra.risarop 3a aorloMomro Kpadt. riapocronoM 11

saiicmororb onepaqii unr:xrarm.r 3Jrurr(a, cRIraaaHIUI i,{elvrosraxgr
rpncra:ri:aropa s liggonolr.

B ueeerrmrfi rreqax 3 o:IeKrpoMexaui{flrM npr{BoAoM BlrKoprcroBylorors
rglrliToBi Mexaufulffi. a B Berr{Kx< - Mexa.sis}rlr 3 JlauoroBoro nixeicxolo i
aHaHanorisHrs{s flpreogaur (puc. 5.47, ,q). tlaftfimm flomxpenrM npltBonoM e
qpmoa 3 anQepeqiamrnr pe4ncroporu, ffod ,qae MoxrtrBicrr nepeMiru;,rarl
mrox : po6oyoro perymoranoro mngricrro (2 - 20 tuu/xn) a npoueci rutaaxx i
craJroro MaprrroBoro rmuAxicrro (1,5 - 3 lr/xs) npu rxroxauNi Aononixnn<
onepaqift. ,tr;u pea;d:aaii po6ouoi nnN4xocri on]'riflrr; ABK]'x uocriilroro
crpp{y, Am Maprn€Boi - ,qBur}rr neper*rimroro sr?yr{y. Bn'{oru ,[o MexaHi3MiB

Blrrrraxrur gmrxin raxi x. Boxr sacrirue 6lnarom s rBlrrroBoro i piaine - s
rigpa:niworo nepegauar,ru,



,fffi
,M

.t-F9*'!.'

*

Pqc. 5,47. Cxei& rcqetr BIII (q, 6, o) i vexadbr\4y rcpeMiqess{
eneKrpo4a (r): l-raxrcua xauep4 2-MexaEbM oep€Miqerc-f,
e"'renpoAq . 3-FroI( erercryoAa; +B8ryfM(aMepa; 5, 7-
r1lEcrarbarop; 6-enerrpo,4; 8-ni,[Aon] g-vexasbM Bn<aar<t
xpacrani:aropa; 10, I l-riApocmrM !)t o6cr0|roEa@t
xp{cTanbaTopiB; l2-EroK 3JrETI(a; l3-trpuBo,Fa 3BeaArarxa

EIIIII o,4epxarm mpoxe 3acrocyBarst fiptr Bapo6fltrIrBi craleBlD(
arr{rKiB i 3JETKiB 3i cnirasig na ocnosi sallba. B qm( Ileqax olepxrrorb 3JrrrrKH

Macoro 40T i 6i;lsme, Qrrr ererrpom;ranorom npouecy roJlttae B ToMy, qo
[osropEoMy fieperrJraBy uin mapou u.narcy ri4gaerrcr Mera[eBa rtrTaHra-

enerrpol. Teu.ro, n<e Heo6xiase,u$ finasreHHt: Bxt{LrKa€ trpff flpoxo,4xeuni
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qepe3 map l]urary eJrenrprfrHofo rTpyMy (rffraK [r]'nTy€ cTpw). Ilftrax 3axEtr{ae

pol aB Bi.q 4ii na Hi,oro 3oBHiIIIHEoro cepeaoBnua i o.urqae Mera:r gi.[

lomimor. .tlpouec porpo6;reHo B ixcrflTyri e.nerrporeaprceanu irv.

C.O.flaron4 4e craopeno rarox i :rpovNuoei ycranoaru.
IIa pnc. 5.48,a floKa3aua cxena rrmosoi ererrponuar<osoi neqi.

OcuoeHj,ftan uexanisuauv nesi c Mexaui3M nepelriu,erHa e,rerrpoga i
rpncra.risaropa. 

. 
Ko.1wlfi 

, 
is 

- 
sID( I{ae BeprnKalrEFlo-plxor'd raperrlt,

elerrpouexani.rxi npurogu i peiroBy nepeaasy. Kaperra.r opiauoraxlnorrca
xoHrpBasftrxeM. flpNao4 ruexani:uy nepeuiqemu ereKrpo.4a Mac ,uai

muAxocri i sa6eenevye po6ovy peryrnoearry (20 - 200nrru/xn) i crany
uapnreny (go 4rrlxa) mru4rcocri. Cxervra npxroga rroKa3ar{a aa puc.5.48,6.
floprn 3 pefiKoBr-rMn uexaxieva.ua Blt(opucroByrqrbor rauarxo-6apa6arni i
pigme rnnnroni Mexafii3l,fi. Mexauisvu nepeuiqemrr Kpgcranbaropa eqeE

6es Bnrrranxr 3rETrdB rrpr,Buaqarorlct ,qrr po:,ngruemu srurn<ig nicrx nilasKri.
B [6o],{y Bu[aAKy rpacralisarop nigrir.rarorr BBepx, a 3nuroK 3a]I]Imaer6ct
pa:ou : niggoxolu rta BbIg/, fiod norir'.r BlKorryerrct a :oxy gii rpana.
E:rerryo4 yAepxcyerbcr uexaai:uor,r earncrcy (prc.5.48p). CTpyM n|{ro,Errsc.s
go enerrpoga i ni44oaa.

B ocrarni porr.r cnocrepiraroruox cupo6r upouncnororo ocBoerffs neqefi 3
KoporrHMu plxoMnMI,I xpucra;risaropaw. Ilpore qr BI.{H €IorE yrpy,{HeHHs,

sKi nos'.r:aHi : poepo6xoro erlerro:errx saco6ia ronqromo piaxx uerarry n

Kpucrarbaropi. flpoBa,{rrEcr raKox po6or{ no npoMllcroBoMy BnpoBa,qxeHr{o

Eeqei{ 'qltt nepennaBrq vera.'risosaHoi ctrpoBt{Fu.
EIIII rmrpoxo BsKoprlcroByx)rtsct xx a ropxifi (,a,iix srryo6raqrea

cneqcra;rei i cnirasis na ocsosi saniaa), mr i n romoponifi Merarryprii (g"rt
nrpo6nrnlrsa aomr[paruy, r'aoai6geuy, saua.qto ra imtrll( Mera,{iB). MEro,{
eneKTpoEHG.rrpoMeEeBoi trepeBlraBlc no€aHye Moxrl-rBicr6 TTJIaBKE Meralry B

rrtfi6oKoMy Bar\"'J'yr'{i (1,3.10-'?Ila) s narpiaou ao racoxoi reMrrepar)?I,I.

Ilproqun Merory troJulrae B Torrqy, Eo trfIoK eneKrpoHis 3 BeJIIt(oIo

KtuernqHoro exeprioo 6ou6ap,rye nrr{Ty sE Mel?neBy 3aromBKy, tra
poflrraarl{erbcr i pimcrfi r',reraa crixae B L?tcranbarop, ,{e i $opuyerrcr
3rffTor. 3a r(oHcrpyKTnBEItM srinetxn'{ npnrutrry eneKtpoHuoro narpiry nci

neqi noai.nnorg Ha rpI-I Turru: 3 Br{xopI{cr:rHHJIl{ rlepelrJraBnoro Merany tK
arona; : paAia:rsra{r eneKr?oHHI,rMt trFrrxaMlt; s arciartrfinfii eJreKrpoHHr'rMa

Irylm(aMn. Po:noecroAxeni aBa ocraHrdx rsffi eqefi. B neqax s paAia,nBlrl{M-11

lryr({rMu 3axc/mBKa lroAaer;ct 3Bepxy, a B treqax 3 axciaJsnar'{'t rrFIrKaME -

ropn3onranhHo [2,3].
Ha puc.5.49,a uoxa:a:m cxeMa rrpoMficnoBoi uesi s pagia;rrnrnrn rtlm€Mlr

(4 - 6 r). ,[rrr Mexani:a4ii saraHTaxeHfit 3aroroBKli i posaanraxennx smrrra
ni'r uae oneqiaaruriE BnKaraai ri:or, ua tlcoMy poSTamoBaHi iaexasirMq

Bmtra.Hr{JI 3JrI4TKa, 3aBar{TAKeEILS 3arOTOB(a, pO3BaHT&I@gSt 3rtTKa.

Mexaxi:ur no,Eaqi 3aromBKx i Burnamrr 3rETXa Miuorr' .pi ursuAxocri

neper'riqenxr po6ovoro oprauy (po6ova nml.6icu - 2 '20umlxr., MapIIreBa -

lS - Zulxz) i rsanlory trepeaaqy. IIa plxor'rit raperqi r'rexaxisuy- no.4ari

:arcrmara :arpiirneno uexanilu o6eprauu :aromrxn (vacrora o6eprannx - 10
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- 15xa-'), sKHfi npr€Ha.rafllcr a;r.r piraor*ripuom po:nramenna rinq.r
3amroBnt. Mexag.bMlr pGBaHTarKeHqrI g.nurra i gagal axeul{r 3amroBKll
ocuaqeni rigpoqz.niugpaMn. Mafiocrarrqis po3TaruoBaua ffa ni:rcy.
Po:ralrraxlnom 3JIEToK TaxaM qrgolr. 3rurrox nicrr sarirsegut IUIaBKa

noagicrro srllmryerbc.r is rpucrani:aropa :a .qorroMoroxr mexanisuy aurrranlrr.
,Ilani sa aonoi,{ororo riapo4rrin4pis 3lliroK, KaMepa :nnrxa i vexani:v
BrrrraHxr nepeuirrycrucn Br{nir ao }TBopeHBJr Heo6xi.agoro ra:opa vix
Kaueporo 3mrKa i rpncra:risaroporr. Bisor amtotyetc{ B 3osy ,qii Kpana,
3nnror:a Aotrouorlolo uexani:vy BartrauHr niagivalors uaepx 4o rro< nip,
fioKtr niMoH 3[qrKa se orarrflTbct Bnnle BepxEForo [pyxKa KaMepLr 3JII,nKa,

3rrrlrox nicrs qrom po:'e,qryror6 3 tri,{AouoM i sa6zparorr rpaxou. B rinrsy
uexaui:uy 3asauTalkeurul BcraBfltlorb HoBy 3aroroBKy i ei:or raKoq,]orB tria
nir. fiApo{uniuApaM[ 3aroroaKy ni,qHi]'ratoru aaepx, a na.:ycrpir onycKarorL
rnrox 3aroroBru.r i rr!{Binryrorl sa Hroro 3axorosry. flicm nignrrrr 3axoroBK]l y
Bepxne Bdigae rrojloxeHHt 3a AotroMoroK) uexani:uy po3B:tnTaxeHgr 3JIgrICa

ni,qHiMaror[ Kauepy 3jrurra i cnrr5nou'li s rtaMepoto neui, a vexani:uou
Brrtrllnr{r grrrKa 880A-116 n rpncrani:amp ni,qgog, cxrlfi Ha [orrarKy IJIaBKIT

'TBOpIOe 

aUMtraCOBe .qHO.

flpu porpa4nxy MexarbMiB Br{rrfaHrur srr.rrKa He3aJrexno BiA i'x
xoncrpyrqii Heo6xi:Sro 3HarH BermsrEy 3ycr4;UrJr onopy Brrrrraqllo rrnrKa i:
rcpucra:ri:arop4 xxa He ni,Egagrrc.f, aaaniT uvnouy pospaxyrry. Ife trorcruosrbct
TnM, qo BoEa 3alexr{Tb si,4 6ararlox {axropie, qri narffio BpaxoByBarra
(reruepaqp4 cran rpncraliraropa, Si:urui i xiviui anacrmocri narpiroro
uera:ry, irnencnnnigrE yrBopeHHr ropoxu i r.l.). Tomy Aff ii Btr3HaqeHHt
Koplrcr''Iorlct eMnipuunorc Qopr'rynoto. n(y o,[ept€nlr Ha ocaosi varevaruqHoi
o6po6rz excrepanenmarnrfi Aastrx [3]. flpx6ru:uo rernrrur{a 3ycurJl{ onopy,
H:

F=1z9AD"+zgspDl

Ne D - .qiaMErp 3rHrK4 cM.
ft/{n BffoprcroByorl xx ,4;rx noaropxoi nepergraBru Msranis i crurasb s

rpncranisaropi (puc.5.49,6), rar i aff rurarru i pa$irynaucr n reparr,riurronry
T rrni. B uepmor*,ry Bntranry II/{II 3a KoHcrpyKTr.rBEuM rn<oxaruxv uo4i6ni
EIm, BoHu rarox Mal<rTb Mexagbl'M noaasi saroroarci i na:rtrar*r.f, :Jtrrrxa :
4aomrrgricnuux npxBoAaMr{ Gtvc.5.49,B}. B Apyrovy aana.6y IIIrI uarorr
nogo6y enerrpocra.nemraBrrnEHxx nerrefi 3 p)rxouoro nannoro [2].

lftr narpiny r IIS rzxopucmByror6 rura:lMorpouu, B rxrl( ryra yrBo-
proerrc.r uiN naroAoia is nomQpavororo crprxtre i niAnui\,r soAooxoroAHsu
dtrIoHoM, B 3ofiy ropiuHr .r0Tn [oAarorb [ra3MoyrBopronqrd ra.s (xanpnuag,
apron), :an{rxu uoMy nig6}tsaemw ioro ionigaqi.r i, .ar uacni,qox,-
nouqenrpaqi.a eHeprii ,4)rrq. TeMEeparypa gocffae 10000"C i 6inEme. I{e gae
voxmaicrr nepen:raBJurrn fipartrrrro 6yl6-xri uvram i eneuexra.
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6.

F' nP.

PEc, 5,48, CxeMa amoBoi tre'd EIIIn (a), MexaabMy IlepeMiqeEr (6) i 3arEcK]tsasa e.rreKrl]oAa
(B); l-ergrcrpoA; 2-MexaEfuM 3arrcKy eneKrlroAa; 3-plxoMa r(apsrrc etreKrpola; 4-(orosa; 5-
pefi&; 6-upaso,{ Mo.asisMy neper*iqewrr enerrpo4a; 7-EporBaxa; 8-trpBoA lrexasiguy ddova
Kps6arbaropq g-RaperKa qEsrarbaropE 1o-BEKdrd Bfuoft (prcranfuaropa; ll-ui,qAoE; 12-

3arpaBxa; l3-srplMoni$iA; 14-$Brox; ls-terrsranbamp; 16-EraKosa Bama

I6.2. 3amqi

L Bu3Hacre 3ycffUls reprr B BaIryyMHoMy 

'EinBHeHHi 

trrroKa $nc.5.49,a),
raqq dE=0,11M (uar'lerp trnoKa), h=0r12u (nrcora yql6HeHlrt),
rl=0r6MIIa (rnror'mfi rlror B yqirrbnerrui), tr=0,04 (xoeQiqienr reprr
xoa:arnx r yqimnenni 4rx napu crarr'-r[roporuracr).

2. B'tzsag.re rrrory riapouuriu,apa B[KarKu aisra (prc.5.47,a), rnqo
G"=50rH (gara sbra), G,e6,0rc8 (aara rpucra;ri:aropa), d=O'ltt i
IF0JU (niauetp qarQ i eossimdfi 4iaruerp xogorm< Konec), p=0'014,
k=0'0008M, 0=25, p!=0'4Mna (po6oufi rrcr n qadsrui), ttr=0'85
{KKn qnnixrpa).



3. BsgHasre oKplDKIre 3ycx;uul F aa mecrepni npnaoga uexaai:r'ry

nepeuiqenrx ere(rpoaa (puc.5.48,a) (6epyrr ripmnn BI'Ina,qoK, r(oJrl{

enerrpog nepeuiryerrcr naepx), tnqo Q=180KH, Gr=90x8 a=0'6u,

n=Op5ru, c=0r8nr; e=0,35m, xc0,75u, Rr=0'15M' d=0'08u i D=0,28:tl

(xiar'.rerp qan{n i sossi Hifi giauerp xoxeca), g=0'015' k=0,0008*t,
a_t t

4, 3a ,uasm*{s galaqi 3 Bl'l3lraqte noryr(Eicrb gluryxa Ml, xru1o

n,"=1500xr r, irl,s, ir-21, ir=Jl, iFl6' n.=015 (saralGsd itKA
MexaEbMY).

5. Bg3Haqre qeofxirFe 3ycHJUIt 3arliclieEHs npyxlfln F* (puc.5.48'n)'

ncnqo G"=S0xII (aara rarraxy uo yaepxyemcx), p=$'t$ (assQiqieHr

reprr KoB3arfiu laix sarucxmtru ry6xar*a i enerrpo4ov), a=0'15u,

Bd),4EM.
6. 3a lanrr,lu :a.4a.ri 5 ss:saqre rrnory TIEeBMoI{rliHApa (pHc.5.48'B)'

sKqo c=01u, d=035u, Pp=O'SMIIa, qq=0,9.

7. Bu:sa.rre 3ycI,IJUrt Br.IrJIraHrrt 3JrarKa 3 rlpacralisaropa AiaMerpoM

D=0'4r4.
8. Bnsua{re neo6xi4re rePeraroqse quc.tro [pmo.4a raexaHigMy ga

. cxeMon (pnc.5.49,a), qo6 ga6eslesyBaracr' po6ova mugxicrs
BHrsraII{s 3nr:rxa B peryEo€MoMy dauagogi 2n0 - 2otutu/xr' rrolo
n""=3000xs-r, r-8xu (niAcram reunra).

| 6.3. KonrPonsrd aalrnradHfl

1. Oxaparrepnrydre ryNurpn aii enerrponeqefi an.{ B[po6lrd{rBa
sncoxo.frdcl+lx r'aeranis i crrraail, xa:rit o6lasri ix BtrKoPlraraHr#I'

3apucyi-re npnqanoei cxeMH neqefi B.IEI.

2. 3apucyBre cxer'ry runoaoi ned B,S, norcnit 6ygory i nprqgn nii ii
MexasisMie'

3. Cruaain MeroAlrKy pmparyFKy norymrocri ,4em5ma uexaHirvy
flepeMiq€gl{.f; enerfpo,qa 3 naHl[oxoBolo fiepeAaqelo.

4. 3apucyire cxeuy rrmoroi elerrpoulraroloi leri, noxcnirl 6yaory i
npmqnx gii ii ruexanisuia.

5. Crcnaairl Meromtr(y BE3HaqeHluI nor,':rcrocri 4rrrlma uexaxiruy
uffior'ay rpucradaamPa'

6. 3apucyilre i uoxcnitr 6y,aoay SarucKy eJleKrpoAa 3 nHeBMorlpyl&rnlrrrM

)[IpaBriHHtM.
7. 3apllcldre npnmr!-moBy cxeM-v rrfloBoi neqi EIIII, norcnirs 6ygoey i

nprmln nii ii r*aexanisuit.

8. CxnaaiTb Mero,q,o{y po3paxyEKy noqrxaocri aBryHa MexaEi3My

BflT'IAIIfi' 3ITITKA

9. 3apacyfire cxeuy leri II,S r xeo6xi,@Mll BI'IKoEaBqaMtr

Iuexauisrualrn.
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trO.3apncyfiTe i noxcnirr npfix4am gii trpnBo,qa 3 A[0epeuqian6r ru
pcryrcopoM, Iaire anani: fioro HeAo,rixie i rloglmmaru( lrocrefi.

P{c. 5.49. CxeMtr eleKrlrotso-trpoueaeroi (a) i nla:uoAnosoi (6) rerefi, Mexalri3My

nepeuiqenor orerrpo,ua (a): l-moK 3aromsru4 2-elerrpomi fynd(a; 3-orntroE€ BiIGo; 4-
BaqyM-raMepE 5-rpi:wfi 4pucranisamp; 6-ni4gor; 7-s'rox gmtra; 8-raexasbM saBamaxesqs

3aroroBxtr; g-Bft(ard sbolq l0-MexaEbii ltGBasritxeEst atMtxa; ll-MexaEbM BrlrsaEHt
3Jdrxa! lz-KaMepa srqrf,q 13-uarpy6or aaryFaaoi cEqrers; l4-MexaEbM noAasi 3aroroBlor; 15-

vexari3M oceFraEEs :aroroaro; l6-u:rasuarpot; 17-]qi-rBmoBas; 18, l9-FmyIrs po6oqoi i
MaprseBo] ms.q(oqretr

19

(f*,
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Te'ua 17, Ycrarrqyean-.-r erertpo:ristoro nupo6runrrea

17.1. B rorcopoaifi uera:ryprii enerrpotis uae mlpoxe :acrocyBalrxt IrpH

nlrpo6xrqrai ruiAi, uixeruo, a,noruinbo, uurrrry, cBIIJ{I-uo, o,rola" lranrito ra
inmnx. flporyrcliero r'aanrifiosux i amoMinifioslnr elexrpo.nisepin e pi4rnft
ruera;r, -dui B6{arae Blffopscrarm-r cneqiarsnom BaKyyr[Eoro ysrarKyxaH]nl

arr fioro sr.r6npars.r, flpu eapo6nmgrai r',rigi, uirelro, cBrl]qro, qqrrrcy, Ae

enenrpo sep rrae npreuavexrr pa{irynatrHoro arperary, snmnft ueml oci,4ae

Ha Karoaq. B rpoLa/ BaIraAIga 3acrocoByerbc{ yorar:IgrBaIrnrl Aff 3Alrpaurt
r6orc oc4qxry. Cepeg acix runin e,:rerrpori:epiB cal!ffn'fi oKJIaaHI,IMI{ e

amoMiniiosi. Boal x - uai6irrsm MexanilosaHi.

17.2.Ycrurxysanet uexis ereKrpordrlsuom par[irryrannr uffi i nirenro

I,,'rc oAepxauru aucororxicxoi Miri : a{coxo}o elempoupoei4ricto i

BiAoKpeMrerfir 6naropoaxrx Merarri-B Mair{€ gcro r"iAs nions sorsesom
parlixlnamu dtqarorl enerrponirrtnor'ry pa$irryBamno- I{efi fipoqec Beryrb B

samax :i crauiouapxrnm eneK{poraMs a cipracro-xaclotuy ererrpo,riri.
Ererrponi:epu 6y,:arot mrapni (gu oaepxaHl{r roBapHoro enerrylo:riruuaoro
Merairy y ssr[sni raroain) i va'qrnvui (g-nx rupo6ryraa KaroAI{n ocnoB). B
MalrpITIHr4x erer."rponi:epax 3acmcoa),rorB neporxi,ryi aHoan, a (aToAI.r

Br.rforoBJutrorr s rdgi r'.rapor Ml, M2, cra"ri X18H9T i Tarauy BTI-1. B
ToBapHro( enexTpoJri:epax ,{ru aaogia ar,u<opucronyorlcr sin'uiexJa b Mi,{i, gra

nigana:racr BorHeBoMy pa$in,nal {o (rorngta 35 - 45uu). Karonlr
crn4qarorrcq ig MiAHoi ocuoau, xr<y onepxqroru B Marprrwrni ene(rponisepax y
smnr,qi rouxoro nucra, i uianoi mraHm, Korpa 3'eAHye'rbcr s ocl{oBolo 3a

AorroMororo aymrir (puc.5.50). B ganexnosri Bi,q po3MipiB Barl{r
e;rercponieepu rvrarorr sia 16 ao 35 aso,qig i ein 17 xo 36 xarogia- B upoqeci
enemponby tracrrurrrr I'ai.qi g aHoais nosHicrlo nepeuocrrbcr Ha r<arolg{.

3agariraxems ano4ia i runucy xaroaig g.qificmoror; KpaHoM 3a ,qorroMororo
cneqiamnoi 6oporu. KamAHi ocHoelr saraxra]qrcrE qacrine npy*ry [3,4,5],

Hixerrosi enerrpo.nirepr aigpisxxorucr Bi,q MinrnD( Tiltror rconmpyrcuico
rarogia i aHogir, Oyreponroro i aen<n'lr rexsonorisHm\,fir oco6mBocrff![r.

flprlsrynogo HontrM IralptMxoM po3Blrrry enexrponi, rworo paSiryraaunx
Mera:ris e BrrpoBa,{xerrur aBmMarH3oBaHE( dnifi .4m nlrpo6urlgra c"rpierr
ocnor i a6uparnrx xarogie. 3acrocyraEHf, aBToMartr3oBaHoi niaii a.:rs

rrpo6nrqraa ocuoa (puc.5.51) ao3Borr€ Bttlorosr4rr 4opomft i car"rufi

Tpyro€lmnfi MarprlYl{d nepegin, Ocnoarun*r eJrerr.resra},fir niHii e 6apa6arurd i
trerxeBni eneroponi:epu, arperar a.rr p'aamu cpiu.iz i yx,la,aaHwq ,]t{criB.
Dapa6auuafi enerrpod:ep uae Qlneponaart ropuyc, roepe4rui .rxoro
po3Tiutroaylorl,cr 6apa6ar-rcaron i ,Fa sepo:'uHHi crgrrqesi ano.nr, axi
oxonmororr 6apa6ar s nrox 6oxir. B qrouy enenpo:risepi ogepxo4orr crpiwcy
roBqffsoro ,qo 0,05uu. HaAani Hapoq/BzrHsr roBqpll orpiurr.r go Oy' - 0,5u*r
rir6]'saerbc.{ B nerneBoMy elerrponisepi, .frcft Mae rauxy, ui4ni 6apa6axz r
iriilsotrGM dpyno, i alio,4rri RaceTE 3 HarJI)*EIle aierercrpnuxra"ra 6apa6axaMu.
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Karo,EoM ryr e caua crpi{K4 a axo,{oM - cBu}rqeBi ruracrr.rHu,

sargimuoromcr Ha ruraHoBID( racerax. Bcx ninin npuro4zrucx r p1x

ueHTpanrr{oro ene<rpouexaaivuoro [p]GoAa. flpottrcnoDa niui.s Mae

napa:remni nurrra, ii npogyrrurrrict cranosfin 500 ocgog aa go6y [3 ,5] .

PEc. 5,50. CxeMa enelcrpoai:epa grr pa{biE}tsaEE Miai: 1-RoneKTop &'rr eJrercrporiTy; 2-aEoA; 3-
(aroA; 4-borrrop

{Kjt

Bi,q

asi

if: q0 5xB fi0,\'05u"

Psq s.sl.CxeMa aBroMar{?oBaEoi riuii alr orpnaauna Miruoi crpiqq{ ocFoB: 1-6apa6arrFni

ererq)orbep: 2-MilEa crpiq(q 3-roroBd rpmoa; 4-trcueBnfi orea'rpoaisep; 5-npmomi uiarri
6apa6apr; 6-ano,ugi racera; 7-ei'*icrr gnr tpolmxriS-Foxtrli; g-arperar anf, ]'r<tlatr3gltq mtcriB

Pqc" 5.52. CxeMa riEii .{rt crcrlanaEEr

l€ToAiB: l-ocEoBt4 2-)crasoBKa arl' Bdnaqi

ocEoBi 3-iEroso.rHa MarmEa; 4'
cxra,{ajcgo-icjletrar6Etd atBToMar; 5-
Tpaactrogrep :]aaiqor; 6-clenax-
sa(oMq,tsaq; 7-cKI,e'J.ew4it Karo,u; 8-
Erasm; g-ByttaKo

He MeIflr Bal(rruBltM e crBopeggt aBToMarrsoBagoi lliuii ,qfls cKnanagHs

raro,{iB (p{c.5.52)- Jlixir uae ycranoary .q[t BHAad ocHoB, 3uroBosHy MaIrHFy'

cKta,(aJrEHo-KllenajlblIt& aBToMar, Mara3l{n aJIt ocnoB, []TaHr i BymoK.

Vcranorxa 4nr auga{i ocHoB Mae fioao6y pyxouoro dsxa, na tr(oMy 3al(pilneHo

naryyrnt-npucocru, 3i{foBoq{a MamHa EaHocuTE prQneun-n Ha ocrioBy 3 MeToIo
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36irumexrls ix xopcrrocri. f{epe4a,ia ocnon rig o4uoro arperary gqo inmoro
sAiftcmo€.ftcx :a AonoMoroio rpascfloprepa, Bec6 KoMmeKc o6cnyroayrou pa
'{oroaix[. Ilpo,rg,,rcurxicrr irinii cragosurE 6rr3rKo 10000 rarolil sa 4o6y [3,

PEc. 5.53. Cxeua varsiiogoro
eneKrponfuepa: l-(oxyx; 2-OFepoBKq 3-
aEo,u; 4-rcaroA; S-urama rarca4 6-g6ipsa
rouio<a

Asanodwi pospo6rs BuKopricroByrorbcr Ha rriJFp[eMcrBax
e;rexrponirannoro pa$in1rBaff Hr EiKeJtro.

I7.3, ycrarKyBamu qexia enerrpo.risy uarniro

Enerrponimwrr,rfi croci6 nupo6nuqma Ma[iro € ocEoBFuM, flpu6ru:xo
909/0 Ma[fto olep]q'rorB enerrponigon, Cnpoannoro prr arapo6m.r4rra
cryrrarr xnopncri coni (:orperraa s6esro,qxenrfi Kapxarir),

Ha qefi sac 3acrocoByrorr 4a0pan*roai (: repxriv,boxosnr i HDmiM
BBeAeHHTM ascAiB) i 6esgia$panr.roni enercrponi:epx. OcraHfii e 6in6m
eSerrmxnm. Erexrponisep uogi;rrerrc.r na rpu uac,rrorr. Cepegmo Ha3iBarorb
:6ipxoro rouipxoro i noua npu:xauena atrr s6opy i narom{seua{ uaraio. ,{ri
Kpafui nprcHaqeHi .q.rr enerrpo.lli3y i Marorr rn:ay elerrpo;rirraaurn<
(pac.5.53). Anoafi asoarrLcr B eireKrponisep :aepxy i :arpi-rureaai crauioxapro.
Kam,4u arogrrucx vep* crimc,r, a ix uraufii, nd oxonoAxyorrc.s Bo,qoro,
exse,{eni sa3oaHi.

3a.rrnarors crpoanr;r, nurogrrr uanrifi cupeqb, cnpaqroBarfift elerrpolir
i nnar.,r vepes orBopn B nepexprrri s6ipuoi xoviprr.l. Arogrorfi xnopra:
Bi,(BoAurlcr cepe nar:py6rx, xri posuiqnorrc.r xa ueperprrri. Po3nnaBreEtri
KapHariT 3arEBaJorL 3a ,qotroMororo KoBm4 -mtri uae aisor i xarrrysaq. Maruifi-
cnpeqr i urraru BEBo.q{Tb BaE fvr-KoBmirMn, a cnpaqtoaarufi enexrpolir -
Ir.texasiqmnryr uacoCa*ra y aeprr.rXa,rnniV rrrouauui [5].

17.4, Ycrarrlcasnc uexie enexrpoaisy alouiniro

Erempoliord trpoqec € ocxoBxaM rrpoMucnoBrar cnoco6ov o,4spx€Itfilr
arrouigiro. Bm<igroro crlpoaurroxr cJID(rrtE aJraxoseM (At O3), a ocHoBoK)
ererrponiry - cncreuu rpionir-rmmoeeu.
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Enerrponisepr.r xea;rexxo aig xoxcrpyrqii varou anog, xaron, raroasy i
aHoAHy orrrunoBKr, MeraJroKoxcrpyxqiro, cxcreuy ynoBlroBatns i aigBory
ra.ria. ix r:raclrSiq,ron 3a raKnMu o3naraMrr:

1) :a noxcrpyxqiero axo4a : : carrrocnir.nuar.lrrra i o6nanenrnrz axogaulr;
2):a cnoco6ou nigBo,ry ffpyMy Ao auoaa :

ui,qBoAoM;

3) sa nerulwnoro florfrcrocri (crua crpyuy) :

g 6oxosrdu i nepxniu *.

Maroi (40 - 50KA),
cepeAnboi (60 - 80KA), aerurxoi (100 - 160KA), s5nr<e aenuroi (200 -
250xA) norlorarocri.

Ha pnc.5.54,a noKanaHa cxeMa anercrpoli:epa 3 cauocoircrom,l aHoAoM i
6onosru ui.qBo,qor'{ crp5nay- Ocnornaw eJreMeHraMu enerrponi:epa e auog :
ranarxo-6apa6aurnor uexanbrrrou nffioruy, raron, {xld crctla,qa€.TEc.r 3i
craJleBw( Imatlf i noAoslDt agi.:rurx 6noxia, cracrenra 3aBaHTax(eHrrrr

rn[rro3eMy i urropxi yxpnma s MexanbMamr ix nhfiouy. Anoa ga.r?iruloerrcx
s afioAHiE paui i uae anouisiiogxi Koxyx, ff<aft 3aroBHrosr;cl a.Bo.(nox)
vacoro. Paua m ,ronovororc nolicnaclia ni.qrinrye'rrc:r 4o veraloxoucrpyr<uii i

3'eAsaua raHaraMx s 6apa6anou. B r*rrodE cacrwri paMra posuiu5,rorrcx
aeprmanrxi pe6pa (nepa) s npopi:auu, vep* xxi r rino anoga sa6rznaron nig
rtrmu 15 - 20' ao ropa3orry crpyMoniasiAxi crareni rrrnrpi. ,{oexNaa rrrpie
- 900 - l100uv, $aMery - 60 - 80utu. Flnxni prgn mmpir onupanorrcr na
cepertqc, rrd :arpin:roorscr Ha BeprEKaJrrHFx pe6pax, i r'e4aari :
crpywoni4ei4rnm rm,rffaMr{ 3a aonoMororo rE} {Kr{x crpylronigeinrnx cnycrcia
(muuor<), frurnosev rra,e(oAs:rs ,{o BaHEr : 6yrxepin no repruxanrru* rpy6ax,
rri ocnar(eni 3arBopaMs. ,{exrci ererrponirepn Marorb qe i arrouarux4r
cucreuy no,qa'ri r.inrnoeeuy (AIII) [3,4].

Oonogsrnm ::exnonorism,fl orepaqimnr npu o6c;ryrorynamri qrx
erreKrporlbepiB e : npo6uara ropnu ererrponiry, xHBrreHHr r-Jmrro3eMoM,

Hapoq/B{rHHr Koxyxa auo,q4 BITr.trHeEHr, a paBneuHJr i :a6[eKa
crpponiaBi,ryrx nurzpia;:aranraxexul anognoi uacu, npr,r6rapar{r# Merarry.

B enerrponi:epax r cavocnix,'rusmr{ anogov i eepxxiu crpyvroni;po4ov
(psc.5.54,6) anoa uicrurrcx B crareBoMy rox<yci, paua .flKoro 3zr nonoMororo
rBlrrroBlrx nouEraria s'egnaxa 3 rouolrixan{ nigfiowuu }rexasbvol*,r. 3
gpyroro 6or<y auo,a y,-pr..rMycrbcr Ha crppronirBirnn( mrnpn<, rxi 3arpinne ri
uepe i:onrropu na auo,quii parlri i :'egnaffii 3a nonoMomro cuerdarnnra<
3ar cKasiB s crpyuonigBi,Fm'all mlrnarfi, AHo,4Ha paua nepeuiuryerrcx no
qoTl,Ipbox fBur{ToBI{x AoMr9aTHIt( cTo.trax 3a aotroMoroK} ABox
ereKrpoMexauirrtff npmo,qia, lri po:ramonani no rop4o< ererrponisepy, IIpN
peryrnorar*ri npoqecy ener4loaisy asoa uepeMiulycrbcr 3a,qorloMorolo
ro:roaxoro nigfiouuoro lrexaxi:rrry (nexani:lr neper'duenxx pal,lu). Pa:ou : xr,nr.r

ueperrirye'rrcx i aonoruixcmii uexauisu, ncufi npargoe rin6rt rtpll nepsrz:rrtqi

xoxlxa anoga (npr BKtroseEHi roroBHom r"rexanisuy). Crppo i,qBi,Eri Errpi
ycrasoBrrrororr' B sorl-rp}I pt{n. .{iauerp urrnpil - 138uM, aoexI,rlla - zTOAMvr

13,41.
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ocra9

PEt. 5.$4. CxeMs aEoMiEi€EEx enerrpodeepia 3 caMocrdxrraBnr axo,uoM i 6o(oBrtr\t
crpwod.&o,[oM (a), 3 caMocni(lED6, anolou i repxoir* crpprouipoaou (Q, : o6nanermra
aEoAaMr (B): l-qoKor6; 2-xaro,ui 6nor@; 3-aEoa; 4-BaEa; s-qlpwotri,BoA Ii nnrpi; 6-rp)6a;
7-crplvoni,pogffiIi EriEri; 8-M€xasi3M uigtroMy rqrop; 9-61uxep alr urmo3eMy; lo-IEoK ,urs
3aBaEmxg@r aEoEoi Macu; 11- MexaEbM triAtroMy aEoAa; lz-xapxac; l3-EnopEi yKpE !E 14-
KoxTx aHoAa; l5-ra3o36ipd ,4BiE; l6-,qotepaTEi crons; l7-aFoma pava; l8-cneqiurrni
pergoopr; 19-BpaEcMicii6d ra.r; 20-nprooa uexarirvy oepeuiuedF aEo.uoi pav4 21-
golapa,z gouovircuoro uexarieuy; 22-npmoa louoMbtcoro MexagbMy; 23, z4-paua:, 25-
ttaJEEv](; 26-Kou<rx aFo,[q 27-m3oxiA. 28-qrama aEoAiB; 29-o6traleEi ano,u!; 30-3arEcK]Das
ItrTAET
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flpu o6crryroryranxi enerrpo;ri:epia : aepxnir',r i 6oxoer{M
crpluouigso.qou :4ifi cHroroncx oAnaxosi rexuonorimi onepaqii,

Ilai6imm paqioua.rum,om 3 nornrly :pymocri excnrryaraqii i
o6cnlroB)tsanxt, eKoHoMnoro Bl,rqtar€rfirx e:rerrpoeneprii i nonimlesns rKocri
npo.q,rqii e ererrponisepu s nonepe,{nro o6naneraw auoganau (plrc.5.54,a).

Koucrpyxqix 'ri raroga xe nigpi:ruerrcx riA raro,{in uepurax 4aox runin
eirerrpo.nisepir (roruy aoxa t{e IIoKa3arJa Fa cxeui). Axog cKnaJlaerbcfr s 22-ox
o6na:renux ryrimnrx 6roKis, Koxaflri 6nor uae craneBy rpaBepcy i urarry :
a.uorvigifiororo cn-nasy. IIJraHra 3a AonoMororo :arrcraqls crpinneni :
crplruoni4aiarulru Ln*ranoa, nti po:miqnoncr 3 1Box rro3AoBlrHto< 6oxie
e.nercrponiaepy na auo,E{ifi paui. fli4niuarom auo4n uexaniruou, arui lrae
rary x rolcrpyxuiro, uro i e.nenrpori:epn r aepxei-t'r crpyrwoniloo.qo:r,r. Kpirlr
r'.rexanisrry nffiolry, xa uerarononcrpyrqii posrr,riuyencr AIII i o6naguarnx
gff pynirtrBaHHr xoprN elerrpoliry (e sori uix 4aox pxgin anords). IIe
oSrannaHs-c uac 6a:nm. rni pyxarorrcr 3a AorroMororo rBHHToBoi fiepela'{i 3

erercrpouexauivxru rpnnoaou [3,4].
Ocxorrunare rexnonotiwtnt*tx onepaqi.n'ar npz o6cryronyeasni qrx

enerrponi:epia c: pyriw tsaxH-s nopnz i :ararraxieum ererrponisepir
rJulHo3eMoM, Bp,Tt-fHeHH{ ue4oraprcia ano4ia i ycraHor.nennl uoarc< anopia,
rrepeTrrKKa aHo,ryoi pauu.

17,5. Mamrcu i ruexanisrr,nr gm o6opo6x[ aflor.rinifiosxx erexrponisepir

06po6xoro trpflftHs:ro Hasr{Barfi KoMrurerc po6ir uo pyfiHttsaHuro (oprc;r

ererrpo.iriry i :aaa:rraxenmo rrmno:euy. Koprcy npoEmarom w pyfru,'rorl AJr.{

roru, Iqo6 rrurHo3eM vir nocrynarH s BaHqy. BHn 3acrocoBaHoro ycrarkyBaHnf,
g :samii r'ripi :a:reaorrr aig Tuny ererrpoai:epa i npocropy rriN cycigni[.ra
elerrponisepals. Tax, naupurong, B crap[x ue&u< 3 qor{proxprnHl.IM
posruiqemrnr e.irerrporii:epin g cauoonixrmuua asoAarffi i 6oxosuM
crpyuonianoaou B.qKoprcroByrorbcr ruanora6aprrni i *coxouaueapeui
uaromn- B HoBrD( [exax, mi rrrarorr cyracri e,rerrponi3eptr, nJrarryBaHrxr

,{o3BoJUre 3acrocyBart B}rcoKorrpo,q,,rcrl{BHi tra3elvffro-pefiKoui yxieepcamni
MamEI {.

Ao Eepmoi rpyna MaImrH sarexurB ryceHzqxa MallrHa Ar.s upo6unra
rcopxa enerrpodry @uc,5,55,a). Bci tr.rexalrislrrs uaumsr,r ua:ors IIHeBMonpltBoA-

Ularuux pyx i Qixcauix crpiiru ioosrarcrrcr 3as,q.flc.{ nEeBMorBI4ItroBoMy
ger'rn$epy, rxfifi Mae rBHnroBy rrepeAarry 3 BeJIITKITM KJIoM rBl.rsroBoi niHii.
fBmr orpEMye ocqmorui pyx 3a .qolloMororo rmeeuowuingp4 a raira npu
uror,r_v rfurrrr o6qlraerrcr i Mae ranrMosri mtir. Illrosxa.{ 3 railbr{oBoro
I(oro,u(oK) rrpHBoanTEcr n giro niq [p],]crHo-MeM6panHoto rseBMaruqHoro
trpncrporo. Crpila :arpirureua na noaoportrid rononi, :argxxr uouy Mamurra 3

oAuoro rro:roxeHHr Moxe o6po6:ronarrl BeJITIEy ai;rxllrcy BaHHrt.

Ileperrrinryencx Milruurra 3a AoIroMoroio ABox mreBMarl.rtrHwr gaurynia (rrm
,{P-sAq AP-5D [3,6].



Io apyroi fpynu Marrus Hare)r&rr6 na3elero-pefiKoBa luisepcaarna
Marnaa4 rKa o,qHotracHo pyfuye Koprry i 3aBatTaxy€ flruuo3eM B BaHBy
(puc.5.55,6). Mamaa neper.riuryerrx no pefirau, xxi posramoBani 3 tpox 6oKiB
etercrporirepir, i Irrae oprar, xoAoBy sacrnrry, uexani:uz pyfrryeamr ropru i
ctrcreMy 3aBaETaKeHHr rJrtrrro3eMy. !i uexaui:ua i cncreua poslrilryerlcr ua
noxxii onopi noprany (ro6ro, ua xo>roif ouopi uaeuo uo ognor'ry ruexaniruy i
oguifi cacreui). Mexaai:u pyfu5raaurui lgiflrrrscr Io xaruoi pauu, x1,"r HaxuJry
rKoi pery$oer;cfl rilporyrrisApaiiry, i sadnemd Qpesolo 3

enerrpouexarriw'a npuno4orrr (giarlrerp Qpesr.r - 1r6u, vacrma o6eprarx.e - 5 -
6xt'r). CEsreMa vae 6yxrep Ans flnlao:eMy, xI,rsxnrHnx i
noxnnufi xono6 s peryJrroBaHn lla (yra naxr,uy. B Lramqnax, .sKi o6cnyros)aorr
enexrponi:epu r nepxniu crpyuonigao,qou, nepel6auaencx cNcrelra
3aaaHTalKeHlrrr aHo,qHoi Macn [6j.. B ocraxuii cac n enenroni:epax gm aaroMirrs3oBaaoro ni4xnmer:ru tanrr
rnuno3eMoM 3acrocoB)norlc.f, pisui roxcrpyrcii rprrcrpoiB (p2c.5.55,a,r).
Fle:arexao eig xoxcrpyxqii xonurd npncrpii cnovarrcy sa6e:nevye npo6rrr.t
ropru, a rmir'r - fiopqionqe 3aBaHTafie]tHs rnfiHo:eMy. B lepmouy npucrpoi
BrdxoptcroByerros [pffiIr4n BarryWnom 3aBavraxeHHr Ao3aropy. Po6owna
opraHoM cryrye npl,xcna aiaQpanla 3 KrranaHoM. flpll cTBopemi nag
giaQparuoro po:pi,4memr (uanpfiffia9, :a gonoMorox] BrrxpoBom xacoca) eona
niasir{aerrcs, qo B cBoro qepry BriurnKae po:pigxenna n rauepi troraropy i
TyAu BcMorryer;cr rJrr. ro3eM. llpu ycyneuni uag giaQparuoro Baxy5 ,fy Bor{a
orrycKaerbcr B xyfii g xnanasou i r:moseu npocmraer6cr B B{tHrry, B apyro*y
npucrpoi uopqiomra uolava egiicrooerrcr saa4rxrl na.mxocri rr.ripxoi eurcocri,
korpa Ha,qineHa ABoMa roTarranaM[ flpu repxinouy noloxeusi 6ofira mrxnifi
orrip el,rxocri 3axpraaer6cr, a Bepxxii - ri.rypmaerrcx. B qoruy oxtagr5r
erw<icrr sanogruoerscr rJrnHo3eMoM- IIpu neperrdqemri 6oixa nrns aepxxii
orrip sarpxsaerrcr rlruar{oM, qo 3ym{Hre nonaqy rlruo3eMy r ei'rrcicrl, a
xnxri d aiarpuaae"rucr i uunoser,l is er,.u(ocri stcsnaerbcr B Banrry.

I 7.6. Po3paxynor Mexani:uir rycexr.noi uam*r

IIpu pospaxyrocy r'rexarrigtvris nepeuiqenur Maurom BpaxonyorB !i o6-
craBunn, tqo nrpara eneprii ,{ocrrarorl MaKcrvyriy npu po:ropori uamnru.
3aramny norprmicrr 4ruryrrin uexanisvy .qrf, qloro BuuaaKy atr3gaqarorr 3a

Sopuynoro, xBr:

x= G' !f*,+oBzw.!].
100q 2\ 'B)'

,qe G - aara uanrrru, H;
v - man4<icrl ueperrrfulexur masllzlxr' ulc;
1 - KK,{ rparoga;
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Psc" 555. CxeME Ma:m i EpEcrpoir nlrc o6cryn ByBasc afioMiaidBo{ enelcqtonbepiB:
Ma[rsEa Alaq pyfu]Daes rcpr('; 6-qa3eMEo-pefiIoBa ]Eilel'cajGsa MaEEsa ,urr pytlrtBaE
xoprr i sasarraxerur rJqao3eMy; 4 r-trpEcrpoi A]a{ aaro$arrqoro oi{xxffeEE ngso3eMo
l-rsreBMoMoror; 2-crpirq 3-meBMorarsmBri gevnQep; 4-[seBMorrr rirrtr] uaxrrry crpirru:
troBopoTEa (onoEa; 6-rEeBMoqr-rds4p rroBopoTy (oroEr; 7-EyrET; 8-xo,{oBa qa€"IEEa;

rrEeBMoMorop4 lo-Mio; 11-Macnoc"aEqir; l2-MexasbM pyfuJ@a@r Kop(E; 13-ereKryori3(
l4-xoro6; ls-r(aBnn!md(; l66yERep; 17-MexaEbM nepeuiuess; l8-[arpy6o( I
EreBMortrrri.EAlt; 20-8l{<poBu[ Eacoc; 2l-r€uepa po3piID*€E ; 22-fiaoparrrai' z3-AGarop; i
rpy6E 25-6otor; 26-ropr4 27-Mipsa 6,{dsrB; 28-3onorI{G



wl, w2 - Koe4iUieHu onopy pyx). i 3aserureHr{f, 3 rroBepxHero (gla qeuenm-
l- 6eroHEoro fiol(prrrs w1=0r03; w2=03' Arfl ac$anr,ro-6eroruroro noKpHTTt

wr=0,03; ft=035);
L - 4orxr.tra ryceruruoro xo,qy,M;
B - mpriEa Mamr. {8, M.

Ilpu pospaxyrxax r'rexa.Hi3My Haxq.ry crpiJtrr (pnc.5.56) BpaxoB)aorl ctrrD.
Trxiufi crpinr 3 neBuonoMoM i rlffrinApov iom nogavi, .nta po3TalroByerEcs
B 3araJrbnoMy qenrpi rrxixx.r, cwn reyn r lanrax crpi;ru i onip ,uemnlepa.
Po:paxSmox uexanieuy uonopory rononu npoBoAr:rr 3 Bpax]tsauu M c Jr rellrr
B orropax KonoHr{. ,{,rx k snaxogxenrrr BtBHaqarorb peaKqii B onopa< Ra, Rs,
Rs. Togi voMeur nin crn reprr:

Mg=Raral.t 1+Rsrspr+RcrcUz,

.qe rA, rB, rc - p4qiycu qarr+ BiAnoBi.FD( onop;
p1, p2 - roeQiqiemll reprr KoBs;tHHr.

3ycx;ru ua nrroqi qu;riagpa:

o-M"-u - a-rr,'

.qe rB - paAiyc ocfloBsoi orcpyxnocri pefixoaoi uecrepti;
r';1 - KK{ pefixoaoi nepega.ri;

3a o,4epxaEolo BeJr{itHrroro Pu ausnavarotr nnory nnesrrlor-g.ningpa,
3aAanrrmc6 trpr,r qboMy BeJrlrrrunoro pobouoro rrcf,T noBiTpr q (nprhaarorr
s=0'4M[a),

^ P,,
s" = qrrrrb '

,[e n2 - KKA trHeBMorltrriHApa;
q3 - KKI uanpaarrnotrrD( pyxoMorb Koprrycy nuenvorglixqpa-

17.7. Mamaun i Mexacisr,.m gnr o6cnyroryaamx ano,{Horo rocrloAapcrBa

B ener4ronisepax s cauocnirmmNml anogam.r i 6oxoam,r crpyuouignonorrr
.qrr o6cr5,'roB)Barfir ano,ryoro rocnoAapcrBa BukopncmBforr TaKox
n.ranora6apr.nni uaurnu i ycrarryBarrgr, a B AerKrDa Brna4K2x - narirr pyvr
uarnmr (npll uapolqnarsi roxqxa axog4 s'e6amti KonraxriB rrrnnxa - rrrnrp
ra iqnr;). Burqr-yror[ rnHpi 3 ago,qa Mamxoro 6egy,qapuoi ai! (puc.5.57,a). Tar<a
uaffmraqe Mae Mexagiauy nepevirqem* i crrxpeerto* Ha ,Foxonicxrli rarler.
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Ma:runa ua.qinena nneruorigpawrivrma n|4curnoraveu i po6ovurrl qa;riugpor.r,
opuerir {Koro noAiJre ioro nopoxalrHr.r Ha rinpaBtriquy i uxeBMarnsuy.

IlprMHfi xiA nopmur ein6lmaerrcx d,q ,qiep Mactrq rucr rxoro crBopne
nfucarnooav. a saoporaifi - ml aiero crnctseuoro noairpx, rorpe nocrynae i:
rleHTpar;rioi uaricrpari- Iligcu.norav sBfi{e co6op rrxeBMo,qBnryH 3BoporHo-
nocrynaasuoi gii fi cnapeud rurymxeprmi ri4ponacoc. flpra rl;oMy rficr< Macna
Ha srxoai gacoca g cri.rrtxv pa:ia 6hrrmd THcKy crficxeHom noairpr, e

crinrxu pa:in urloqa troprmfi [HeBMoIBHrj/]ra 6ir6ura 3a rrnoqy nnynlr(epa.
flpu rNrrranni nmpia :arpimeui xa roprryci Mattrr4nr4 Kprcrur BaKr.{,Earor6 Ha
MerareBl, l crptr)(eHE, *Ktrfi n qei qac BcraBJrrlorb a oraip rolorrr urrxpx.
BMrffarorb ruarmany i yfiop, n<lrfi Buc).Baerrcr is iaaurqr npn npnuorvry pyci
rrop[E {, ]m4)aerbcx s rino aHoA4 a Marnnra eigrovyemcr B 3BoporHoMy
Eatrp.f,ftrrry, rrnryrrx 3a co6oro unup [3,6]" 3ycrum ua ytopi - 300xH, rucx
uacra - 17MIIa, giaMerp po6osoro rg,r;riugpa - 150uu.

Pnc 5,56, !o pospaxtq(y MexaEfuMy Ea,\rlny
olljtrs

IIIrupi npx ik sa6rsanui i aarnam| .nc npaalriro, ,qe$opM)'ror6cr i uepe,q
qeproBr.rM ycranoereirx.n'l n anop niggarorrcr upaaqi. Bupinruorcn rnl.rpi ga

aorroMororo cneqiarunra< Marw r, npugqun aii flux 
"oi 

xe, qo i MamlH ,qnt
az:ranrexnr urupir, 3a6rnalorr rrrnpi sa Aonor*rorolo caMoxi,qsm( ryceur{rrHux
uamn (prac.5,57,6). Mauxna crcra,qaer;cr 3 ryc€ElrqRoro maci 3 6noKoM
nsenl"roABnrlrin i ni,{Eor,nro-noroporxoi IcojroHfi, Ha nrii posrauorani
Mexauisr!fli ,qnr nidioMy i ga6rlsamrr nrrrpiu. Mexanisv g,rx sa6maxal uae
xr{TFy cTpury 3 EanpaBIIEoqqMs i rtrIetuor*ronot s nxeauorlalrin4pottl froro
nogaxi i nprnncxarnrr. Ilouopor xo.nomr i saxur crpi,ru enronyrot apyrny,
IIpr ra6:raauxi umrpr crplry ga AorroMomro saxrary :'e,{nyrorr rr.rMqacoBo 3

a.HoAoM. Heo6xinnnft rru<zl crpiJul Aoc{ra€Tsct 3a .qonoMorolo rIHeBMo-

qunix,{pa, .sru{i srr,ronrosaHo a ni,{fiowo-nonopot:Iry KonoEy i sa6egneqeuo

rBrEroBr,{M .qeuu$epou. Crpina uexaui:uy rrroxe o6eprarlrcr Bpyquy rre:a-
.nexmo niA ttoroqu. Am niAUoMy ItrrupiB BnKopncroByerbct nxenvoraftroaepr
[3,6].

't 55



PEc- 5.57. Cxevr ycrarrcyrawx [?rrt
oocJrJToByBaEE arlolForo rocllo,{apcIla
eneKrporbepi!: a-ManruEa Arr BsTrmmt
turEpiB: 6-Mama Mt sa6uzasys rrrflrpb; E-
ErapEoDd xpan; l-ynop; 2-Eaci; 3-po6od
ryrirlgp; 4-menrdori4laBJriwrd uigouuoaat;
5-3axBari 6xarsa qpina; 7-rrFeBMoMonor; 8-
IIEeBMolEniBIp trolari rueBrr,rorvonora; 9-
ddovaa-EoBoporsa (olroaa; 10-xogora
saorma; I l-AonoMirGi ni.doml; 12-maxra:
l3-trpEoFod Ban; l4-cneqia.eEd p€,e.roop;
15-saracr5aav; 16-roaAparqa nidoMHo-
o6epmBa trratral 1 7-npno21 vexanirr,ry
ni.cfiova urasmi 18-trpg3o.[ Mexa-Fi3My

o6eyrass lErastr

B enenrponi:epax : caMooKirllrrlamffi axonaMr,r i Bepx-rriu crp),'rrroniABoAoM
Ifrapi sa6rffalor6 i orrmyrorr rrrrr.rpeBnMH rqaHaME- BoHu BiApfunfrorEcr BiA
3Bxqa:isD( MocmB[x (pasiB rirDru roxcrpyrqiero BbKa (puc.5.57,B). Ha paMi
BfuKa 3MomoBaui trpnBoAri Mexarri3Mis ni'@oMy i o6eprarnr nnanm, a rar(ox
ABa AoloMixsi ninfior\er. Ao Bfuxa 3HE3y Kpirtrnlcr rparqacra paMa-marrf4 B
ndi po3TatrroB)'rorrcr KBa,qparHa mratrra :i c eqian;Hm\r 3a(BamM Ha KiHui i
pe4/r(rop. Illranra upoxo,4mr ai:ruro vepes KBaAparHy MarosHIIJi Koreca
peryrlop4 qo Aae MoxJIEBicrb ii Bepmcar6Ho nepeMiq/BarEcr i oAEosacHo
o6eErarncr, flpu ycmnonqi rnupr 3axBary EaAasrrca npaae o6eprarnrr, a uplr
Burtraffii - niBe- Onxoracuo nqrcgava Ha rrrrrp xp1rrsoro morrenra i ocr,oBoFo
3ycRJlJIr nonentry€ [oro ycraxoBreffit i gs-rxrnengl. 3ycrn-n* aa g_rranri -
80xH, rpyrnzii MoMerr - 358u, vacmra o6eprarHr - 3,0xs-t i mu,rpricrr
fli,qfroMy ffraflflr - 0,5ulc [5, 6].

E:rexrponieepn s o6uanesutm asolaMfi o6cnlroB]'rolbcs ctreqiaJr;Hn\.{}I
aHoAriEMlI xpaHaMx, 3a ,qotroMomro fl@( saMirfiolorl axop i erroulaotr
nigiouro-rpaucnoprvi onepaqii. Bi:xa rnm rpanie varon nigollrry crpiiry e
3axBaToMl KrIIoq Anr porilu<nerur 3axnMb i npncryift nnr 3aqurqeErrJr
xomarria [5, 6].
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17.8" 3anaqi

1. Br.rspaqre rroryxHicrb nruryna uexaxi:rr,ry ni,{ftoMy axoAa 3 KaHarEo-
6apa6arraoro nepe,[aselo arorrdniegoro elerrponi:epa : 6oronxrrr
orpwouiABo,4oM (puo.5.54,a), tKqo Gs=420di (Bam aHoAa), zr=32
(xinrricu KaEariB, Ha rrc{x )rypu}D/erLcr alttoa'1, 264 (x.rcno xanaria,
.rKi HaB[BarorEcr ua 6apa6an), Da=03u, z=32 (aararrrne vzcno
KaHarHrx 6.,roKiB), 16=0'99 (KK[ 6roxa),, nF=950x8i, i=880
(nepe.uarovRe vucro rpsBoAa), n=014 (lC(A nprnola).

2. Br.rsuaqre norfxHicrr ,pmyna uexaxisr"ry neper'liulenNx ano,Eroi paun
(puc.5.45,6), .n<qo fioro aanraxoninEouuicrs uae 6;rn 40r,
nAF=950x8 I, ir=37 (uepegarowe wrcro sepB'rqHoro peAyro opa), i2=1r'l
(uepe4aroune w-rclo pexyrropiB,{onrKparHru( croxxia), s=15uu
(aigcraEs ruw{ra), q=0, (3arar6Hlrn KKI r',rexanisr"ry).

3. Bu.:Eayre nory{c{ic"r6 nxenlro.qpmynia r,rexanirr*y nepeuiulennr
ryceHnquo? rrramrrur (puc.5.55,a), rKqo m.-890xr (lraca r',rannnrn),
v=O,7ulc, I;0n85*r, B=0,€ru, nr0l5, wr=0,03, w2={),35.

4, Brsnarre giauerp D mreBMol{rninnpa rrrexaniruy lonopory crpinll
(puc.5.56), xxqo @2,1nH, e0,65lr, dd),23m, q=rs-9,96;1, rc=0,05u,
pr=pz=0'015, r-=0'06nr, rtt=0'96, nr=09& Is=0,E5, d,F0,5D {aianerp
nrroxa qrurirgpa).

5. Blcuaqre 3ycr{Jurr, t(e ynoproe MaIIIItHa g;rr nn:rxrarrnr utrpia
@nc.5.57 ,a), slcqo D,-0,15 M (AlaMery nopnrnir poooaoro i
fiHesMartruroro rgrninnpir), d.-{,022:u (ararraerp rrJryrKepa
nneauori,4ponacoca), qu=0'87 (KK[ po6osom rFrisApa).

I 7.9, KoHrponrni szurr{Tan}ur

l. nepepaxyiTe o6racri eaxopncranu-* upoqecia enerrpo,risy, noacuiru
frorc cyr6.

2. flo.xcgiTl npoqec ereKrponiatruoro pa{ixynarrr ui'4i. 3apnc)dre
cxeuy ererrponi:epa i noxcuirb ftoro 6ygory i npr.rnqrn ,4r1 nepe-
pax5dre gonovi:rori onepar{ii anr ni,arorysamr xaroais i aHoaia.

3- 3aptrcyn-re cxeMy aBToMarrBoaaEoi risii ,{r.E o,qepxaElI{ MiaHoi
crpivxr ocxoa, oorcuirs ii 6yaoay ra npmg aii.

4. 3apacyite cxeruy ni-aii g.u s6xpann-r Marpmxr{x xamaia, no.acnirs ii
oyAoBy ra fipxHru.rtr Aii.

5. Aanre xapaKTepncrrrKy npoqecy eneKrponimcsoro B[po6HI,rIrrBa
r,aarnirc. 3apucyrTre cxeuy uaraiegolo e,rerrponisepy, norcnirr fi oro
6yAoBy ra npnfl[fi Aii.

6. BffiosaEre xracu{ixauiro amouisiearx enerrpoairepir, noacrrirr
npoqec enercrporiey amouisiro.



7. 3apucyfir.e cxervra rprox raris alouinieeqx e.nerrpord:epir, norcnir.r
6yloay i npnnqv[ gii ix MexanisMis. .{afire nopinax;rrry oqinrry
eleKrpori3epaM.

8. 3apucyfire cxeMy rycerur.fioi MarrMuI{ A[r npobreru xopxu
ererrponiry, norcairr 'ii 6ygoey ra npnrqrn gii.

9. Brulagirr veroaury po:paxyrrxie rvexani:uia uici uarmnu.
10. 3apucyfire cxeMy aa.:ewo-pefironoi uaurou anr pyfirr''saana xopnra i

3aBaHraKeHHr t-JruHo:er"ry. no.rcnirr 6y4ory i npunurn gii Mexasi:r"liB.
ll.3apucy:Ere cxeuu i norcnirs npuuqm 4ii npncrpoi'e g;n

r[q)KtrBireEH{ eneK4)onBeprB.
12. fiafrre xapaKrepugTnKy ycrarrcyBaHrno gm o6cnyronyaann* aHo.qHoro

roc[o,qapcrBa efieKrporiaepia. 3apncyfi re oxeuy uamnrr.r 6ery,qapuoi Aii
AJUI BErf,raHE{ Itrrupia, noxcnirr ii 6ygory m npunqxn gii.

13.3apucyfire cxeMy ryceHrFlHoi Mam{E{ g;rr ra6marrnr mrNpis,
norcnirt ii 6yaoBy ra upruqm 4ii.

14.3apuayifie cxeMy Bb(a mrapEoBoro rpaua. noxcxiu ioro 6ygoay ra
nprcruzn aii.

1 5. fiaEre aiaouocri npo 6yaoay i nprul.rir aii anoarun< rpatia.

Teua 18. Ycrarxyramrfi AJrr rpaucnopryBaurrr Ms rniB Ta uJ'raKiB

1 8. 1 . Meranyprifiri rorui

KoHcrp)'Kqir rosma i ioro I'licrKicrb Bu3Haqarorbcr &{acrr{Bocr.rM}r
ueranry, o6'euou enpo6unqraa, r,,ricrxiffrc rutaBr rLuoro arperary, Br.uoM
nepepobru uetany niur ioro unary i r. irm, Y rupo6r*n1rri nerrrlx
KolrbopoBmr MeraniB Bro(optrcma;rmrcx snapri QpepoBaui (oBttri HeBertrKoi
uicrxocri (Kopriod o6'eu .(o 2ru') (puc-5.58,a). KaHTyBaHXf, KoBua
BI{KoEyIorE trepeHocnxMr{ pysntr\l w Mexaniqrxv mr}?BaJroM. Aff U6oro Ha
oAHfi qa[{i KoBrtra 3MoHToBaso qepB'{qutrfr pe4,roop s grDdAsop nosi.lHon
naporo. B enerrponigm< qexax rupo6raqr:ra a;uor,tinilo i Mafi{iro Ar*
sia-{ar{Ert l'.{eranJ. is tarmz rmcopucroayrcrrrc.r mErynnri ronmi. }{a pus.J.Jg,S
noKa3asa cxeMa l(oBma nJr.rr atnovisiro. flpu axgileuni afiovisin ig sarHr.r
narpy6or 3 fiepeKplrBaeror, a BaKyyn rcepe.fixi KoBrtra crtoproerlct
BrD(poBr{M Racocou. 3a paxynor pisroari rucris Mer"n ua4xo,ql,lft e rilll repes
xo6or 2. [rx'i<arrryraml rorma nepeg6aveno r'rexaxiav, axrft ua€ qepB'f,rnxd
peAylcrop i erelcpofiBtrryH. Karryaamr tig6ynaerrcr naaxono qaur[.
Barcywnlrfi dBm An.s Marr Io rigpi:rrrerrcx II.IM, qo BcMomyrovqi narpy6ox
po3ramoByerlcr rri,{ ,4]uqeM nornra. BaxySu crBoproerbcr trrJmxoM
ni.qnruoqenn* I(oBma ,{o qerrpamnoi (qexoroi) aaryyr',rroi cucreua. Baxypcti
xoBltri Art siA4anrHHr nlnaxy ig Marsifioaro( enerrpo.ni:qlir ua risqi
acnrorryrouom rarpy6xa r,raror, nrrar,lo:a6iprmi npncrpifi .

Y rupo6xrqrni TflKKD( Ko:rLoposru( Mgra.'riB (Harpuxna,q, xiremo)
BuKoplrcmB1'rorbcf, :napui $yreporani rormi (xoplcd o6'ev go 16.5m) 6es
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ecy:roi rpaBepc[ (puc.5.58,a). Tari rorui rpancnopqnorsca ri:rara
cneqianrurnau xpauaun (posnrrnna w samarnrur,,m), xri uaroru rononnzi i
gonouixnrft ni,4ftor'rn. Ytpruyerrc.a Kism ga qarSlr 4noua KproKaMr4

rorosnoro niAfoMy, a KaHlyeTbcr l(prororvr 4ouoluixroro nigfiolry.

fftil

Prc, 5.58. Cxevs ronmis .qns aerrcm( MsratiB (a), natcypmoro (6), orr rsrrKo< MsraniB (B, F,

a) i ,arr EnadB (e): I -Brxpo8Etr Baxy}'l@f Eacoci 2-xo6@; 3-traTl)y6o( anr 3rEBy Msralry; 4-
cronop; S-pyxorud mrox; 6-ry-nirgp lggral[iixom yspa3nisE ; ?-plq€ ).IlpardHs4 8-
rm6ep; 9-qaurba

B qranennaBffbHoMy BHpoOHIrqrBi BnxopxcroBylorLcc aBapHi KoBui
MicrKicrro 50 - 480r. Korui arrorryroru y Bnfntri 3pi3aHoro KoITyca si cQe-

pruHr{M AHrrqeM. Mera:r n rgn< Koaluax 3jMBarorb rlepe3 aoHHi oTBopr{. 3a
ctroco6oM rreperpnart BtrrqrcKnom orropy poanisuarotr xoauri si crouopr*rlrlr
(pno.5.58,r) i ros3H[M[ (pro.5.58,g) 3arBopaMl{. B trepmoMy runaarcy ornip
3arpnBaerrcr Bcepe,ryni xosma m;rnaoM trprrscxeHnt omnopa ,qo BllrrycKHoro

crarana, Cronop 3:r AonoMorolo rpaBepcn s'eg4/errcr:i ruroxolrl, .arc'rE

po3ramoByerEcr sonni ronma, i )rnpaBJl.serhcr si,{ gaxirlHoi cHcreME Bpyslry

vlr ri,{porlunig.qpor'{. B iuuoruy alrnagry oroip 3aKplnaerlct sogxi rurlrxov
mplBonTair6r{olo nepelrriqerne 

'JIilJdT|d 

tr]d noBopoTrtoro ,McKa' B 3aIexflocTi
sil szl$/ trepeMirqeHu 4oc sareopin ik ylrorxo trorinfrorr ua ll'r6epNi i
noaoporai. PosMiqeEr.{ sareopa roani vae Aeritrra nepelar. fonoaua
trepeBafa - ycyseuur rpoviegxoro i cruragaoro rocnoAapcrBa ars Bl{mroBJrer uI

i nigromrrr cronopia [2].
Kouni ,{rs mraKy, tr< [paBnno, oAeP)K]'K]Tr ig craleeoro qa traB)'Exoro

manx. CraJresi xogui Maron a 3 - 3,5 para 6imnry crifixicr;. IIarQu B 6arar6ox
Brflafffl( 3arira,qalor; upu t[opr'ryaaxni KoBItra B JIuBapHoMy qexy fuuc.5.58,e).
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Marepiar qar{ - B]rlneqeBa ,{]{ neroBaEa crarE, tx l1paBsto, .qrt IIi$t4[IeEHs
peclpcy qan$ saromBrff Art rln( Bi1KoBylorb,

Ognolo is toroBsr]x yMog 6esnefforo o6cnyroByBaHHc xoBtrta € ftoto
criftricru nporr,r cauonepeKi{,qaHx "

Posr.rrneuo neperNgnufi uouesr i crifiricu roni.moro (oBma (p8c.5.59).

.Qrx spynocri nr.rpiueuna sagaui o6eprarorr xe xiaro, a Jtilrito fioBepxxi

uera:ry. B qenrpi ranr (ro'rra C, Koop,@arr{ Xc, yc) nprusa.{exo cryapuy
Bary KoBma i METaJT G. O6epranlr aierrcr nagro:ro oci A g Koop,qmaran u XA,
yA. IlepernAmfr Mouerr g qrouy grzna,Er<y 6yAe:

M = Gr(Ye- Yc) - GzGe- Xc).

9epe: re r{o:

Gr= GsinQ i Gz= Gcos<p ,

c(r.cr)
Pt|c. 5.59. .4o po3paxys(y xoBsa '-3

A

v

PEc. 5.60. cxere Ei:oreErpoBoro (a) I
rBrEroDoro (O sacociB: l-trpBoltE!ft B€Jti

2-BcMorrylocd uaTy6oe; 3-sarEiTarLErE
trar?y6ox; 4-Mose Kore€g

TO:

M = G[(Va- Vc)sinq - (Xa- X6)cosrp].

Critricrr KoBma npu ni4tror,.ri fioro r<pariou 6yae sa6eane'rena, xmlo
uouenr ai4 narrl G aiguocuo oci A upu 6ym-lntor"ry gnoai naxxni 6y,4e 6irome
rym,,ro6r:o:
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ToMy trlo sicr o6epianHr B AaHoMy BErraAEf nero,mr na oci crruerpii
xorua (Xa = R), a G Moxla Br.rrlrroqur'll s o6ox sacrsg piurntu, ro
oAepxuMo:

YA>Yc+(R-Xc)ctgq.

fligcrarurmz Vc i &, frd o6sqcmo€Mo p,,rr gerinrrox 3uarreu6 r(yra
rroBopoTy KoBIna q, o,4epxcrMo 3lraqeHlur yA, Korpe 6y,qe ga{oaonrncTr.r

nprinrrii proni. 3a MaKcsMarrnrrM 3Har{eHX, ,t yA Bu3naqaerrcr rroJroxeHHir
qan$.

I 8.2. HacocN .qrt neperarlraauxr pi,r6ro< vera,ria

Hacocu ogepxa;u sai6fur6m nom{pexe 3scrocyBann B rlexax
anpo6urqna Marqin, cgxHrlo ra oJtoBa B qexax uarniro nour,r
BrxoplicroBlror6cr,q"rs si,q,{aJlflrE-{ ni4npaqrosauoro enerrporriry. B
pa{ixyaanrnra< qexax oauxrlernx i onoa'nlo< :agods ix Br.rKopr.{croBtrorb ,qnt
TpaHcnopTyBasstt pilKorc Mera,ry, 3a6$[eseHHr rEpKynfrIii uera.ny .rep* urap
peaf eHriB, p$6p[3KyBarff r Merary rrpt BaKy)MtroMy 3HergnK]tsaHrri. AJr{
BHKoHaHsTI Ilepmoi Ta TeTboi 3aAas tnn {afiHo cJryrFG.TB ai,4lerrpoai nacocn
(pnc.5.60,a), tKi Aarorb 6i.mmrfi uanip, IJUr BEKoEaHru gpp'oi - raruroai
(pnc.5.60,Q, sri l\aaroru Bem{rgr npo.S,'Krnrnicrs npu ua;ronry aanopi. B
BiAIIeHTItoBrt( Eacooax po3[naB, fiorpafllrrlrlcu I ocronxfi rnuip xoneca, ni.4

Aiero crBoproBaHoi ftorc rprnlsarKoro cnlru Ha,{xo,&rr6 e sarurxono4i6uui
Koplyc i 3 groro n narr{rarurorfi narpy6ox- y rBrurroBoMy xacoci posulae
EepeMirryer6cr 3ycurJrf,M rBnirra,{o Btrxo,qqoro arpy6xa. flpo.qnouslricrs
Bi,{qeurpoBrd EacociB craEonrrl 9 - 30u'/rol, a rBtmoBrD( - 40 - 200M'hoa
[3,4].

Arx rpaHcnopryBax MgraniB B aerxtd( Br{na,u(ax 3acmcoByrorl
enerrpouaruirni xacocu. ix npmlg,tn .qii :acsoeano na aRropucranrri 6ironoro
rroJrr, fi(e crBoproe tBuqe ir{yxqii B pi,4KoMy r"rcra,'d- 3ar,qrru s:aeN{oAii
Marrriruoro uorrr f ir4,tmrnm< crplalir craoproerrc.* :ycE r]ur, rxe npnMfnye
pi4rcri rr,rera;r ptxaracr aalbax ooi KaHaJqr Hacooa Kauamr grrmoBrtrorl i3

cra;reft 15X25T, 12X-138 i O8X18H10T. Ilpo.qxrraruicn nacociB Anl Marniro
- Ao 1,Srlroa, sscora nolaqi - ao 6u [5].

18.3. r{aB}.}roBo3[ i nepecysni uixcepv

Brmopucroryroncr asa cnocoOu rpancnopr'tsaHlfi .ra;ylry b ,qoMeIIED(
rlexir e crarerrtatR:nrd: ualyuonosa'ru neseflffoi uicrxosri (ao 14{h) i ne-
pec)tsHnMr.r l,rircepaun senuKoi Micxocri (go 600r). Iepuri auropucroeyorrca
Br{xmoqrro B Mexax o,qroro tri,Igpr€Mcm4 a 4pyri npzsrraqanr;ct ,4.rtt

"pagcrropryB{rgHfl 
Ha sgaqHo 6irrni sinoraxi (200 - 300ru).



Haayroeos m:r.*e co6oro si:or si cneqia.mnr*a na$erol4 aa xrrfi ft.Drrlir.,tu

otropnnMri qa[QaMri (rro ,&i s roxHoro 6ory) si;rxo o6m.rpaerrcr xi-am

rcolliqHoi vrl rpymeBnruoi {opua. Kouiuni roami anxopucroayorr ria;r<n n
HeBeJrtrKr{x qexx. 3 aisra xisu :gih.taerrcr ri;rsxx sa nepxni Bauratari qatrQu

3a ,qonoMororo 3alrrBalrHoro Kpasa. [Ipr 6ernocepe,rpn orvry posnuraNxi ,ranyua

B qytmca rigrq :anraqaerrcg xa naQeri i ranryerrcr 3{l aonoMororo
cneqia.nnoro Karrrybrroro rrpqcrporo. Birru rpascnopqlomct [oKoMorr{BoM

t1l.
Cxeua vanl'nonosa 3 KoBruoM uixcepxoro rrny (r"rircepa) rloKa3{ura na

prc.5.6l. Kiam Mae BlraoBxexy Qopuy i cnupaerrcr Ha IBi qarQlr. Mexarrigu
uoBopory, cKrlfi :Momonaxo 3 oAr]oro 6or<y xorma, Mae elelopo.Flrryn
:uirmoro crpyr'ry, ri.ucpury i oarpury sy6racri uepegaui, ranEMo. B HoBm(

roucrpyrqim ranyrosoria uexani:rnr noropory alxorycrscr nanicrurv (no4o6a
xonrepropxoro) [1].

1 8.4. MerairoeogHi sirKa

Meraaoro:ni Bi3K[ trptnHaqarorscr rnlrpaHcnopryBarm xonmig ace-
pegeni qexy. Po:pi:unors Bbra{ 3i craqiouapnuM npsBoAoM, xrsd po:ra o-
nyerrc.r 6eauocepe.6o xa niacy. Ilepmi ogepxanr nupoKe 3acrocyBasfir fipr,r

rpaucnopryoar*ri rerKrfi Kon;opoBm< Meranir. BosE Marou xarraruo-
6apa6amri upurog, noai po:mmoryerrcr a rparmei, Bisox nepeuirryemca sa
paxFrort p),rry gawsexoi eirK[ rrrryqom raxara. B cralerrJraBffrlxoMy
rupo6ua:qrei i rnpoOxaqrni B{DKKD( xoJrbopoBfix MeraJris 3acmcoBJ,,Iorhct
risrlr apgom rmry. Mexaui:ll uepeuiqerorx lg si:Kir uae nogo6y
Mexani.sMis uepeMiqenfls KparroBnx sisKb. Ha puc.5.62 noxa:aua cxeua
KoMrrrexcy sigKi.B - r"{sraroso:noro i m:rarosognoro. Bigrg Blrrop}rcroB}'ror6ct
B rlex,x Bnpo6Fr,rqrBa si{e&o i Bul(oE)rlor6 pom sn'xsyrouoi nanrcI uix
pyguoreprirunru rreqaMtr Ta KouBepropardr.r. BauTaxodrfioMnicrr sisris
3arexurE Bir Barq KoBIIra 3 MgralloM.

PEc, 5.61. CxeMe smyEoBo3a: l-Mir<cep; 2-[pEtsoA troropory vircepa



18.5. Ihaxososu

Illnar.oBo3r,r rufipoKo BrrxoptrcroByrorbcr rx a vopnifi, rar i xonroponii
Merarryprii (npn'roMy oAnoro i roro x rNrry). Bonr,r npnsxavarotrcx grx
npfifo{asHc snary ig ruraBulrbnmr arperaris i Tpar{cnoprrtsaurrJr fioro ,4'tt
ga;rruroi uepepo6rcr. HerBaxam. r Ha pfuqoManiTnicr; ix Koxcrpyxqifi, nci aoHu
uarorr raxi ayl'na: vamy Anr ur:raxy; onopre xi;rrqe uaui; pauy : naQerorra; 4ea
;poocri xo,4oei risna :ari:nuwrom rurryi uexaxi.sr'l rarry.aaxHr raui;
[HeBMoraJrlMa i gaxaarN. Ilhaxosog 6yBarom 3 ogaoro i gBorrla vauaur,
qacri[e 3acrocoBylorh o,4uoqamosi mnaxosost, 3 eneKrpoMexaHicHr4lr4
npHBo,{oM uexaaisuy KarrryBarrrr furc.5.63). O6'eiu qami - 11,16 i 16,5ru3.
9ama ai.mRo nxogurr n onopue rinrrqe, o6nrpaemcr na xroro qorr,rpMa rafiaMrl
- aanrueaun i Sixcyerbcr 3ar{Karrn{ [1].

Pdc. 5.62. KoLrurerc Bi:ria gnrrpanonoprylarnr Merari* i Enadr: l-MsranoBosd rrpnBoAsd
dror; 2-duu nM Me'3[ryi 3-trpBoI MexasbMy nepeldqerss; 4-Itrra(oBo3Eri1 Bfuor; 5-
EnaxoBEq 6-KiBE Jurs ltrJrarcy

Mexasigu KaHTyBasE .ranri rur<oxyerrcx 3 rBr{EToBoro (pnc.5.63,6) i
sy6qacroro (puc.5.63,e) [epe,{asaMfi. B nepmouy B}rrraffg/ qama npu po6ori
aBmyHa 3a aoaoMororo rarorrie o4epnrye rrocr),uilrlre nepeMirrterffr i o,Ero-
yacHo o6eprar6Hnfi pyx 3aBArKn 3tretrneEr*o 3y6sacrrr( cerMemia, .rri xopcrro
3aKpi reEHi na Ilarloax otropHom x rqr, : xeplxouau[ peiKaMn. B .qpyroMy
mmagry uama :.4ificruo€ 6bBm cruraAmrfi pyx - o6eprar6rfld FaBKono oci qaro
i nepeuocnufi rro Ay3i 3{rBAtrKu [epeKoqyBauHro mecrepsei 16 ro 3y6,racrxx
cerueE?rx 15. Kpafui rroJrox€Hnr -rami npu ranrysauni s roft qE inmI,rft 6iK

Komponororlc.,r KoMarnoatraparoM. Kyr nonopory qani - 116 - 118". IIpu
xasryaausi.raui o6os'Broso gacrocoByrorl pefuoBi 3axBaru.

fleperngd MoMeHT rBJrJIe co6oro cyMy irorresris si,E{ocHo oci o6ep-
rarux valri, nd crroproror;c.s Baron rruraKy G1 i vauri 3 onopnlrM xi,rsqer',r Gr

8nc.5.64):

M = Mr + 1\{z = (G1/ 1 + G2l2)sin<p,

.qe !. y I 2 - E}incrzE:i uix qesrpar"ru rarn i ocmru ooepranr.r ;

q - Kyr noBopory sami.
Ma(cr.rMar6He 3HaseEHt M1 6yge y Brlna,4r<y 3acrl.rranHt u;raxy s uaui i

nps g = 90o. qe 3Haqe$rc i trpffidalo'Ib B po3pax]'Hxax.



p

ft

Pnc, 5.63. Cxer''r mmxoso3a (a) i foro MexaEbMiB (6, r): l-
mga:2. I0oropae rirolle: 3-aa$gr; 4-npuroa uexaui:nry
rcErrca$r sasi; s-pyxoua rporBepca; Graft<a; 7, l2-oropui
rcrr({; 8-peinca; 9, 15-ry6vacri cerMeErE; ll-"rtr; i3-
otropEi ceruenrE; 148t6s cr'.fr ceKrop; l6-3y6sacri
Eecrepd

PEc. 5.64. Ao po3p€xytrq
MexaEfuMy ru.Eryramr qard

Trrone ayca.mx, xre norpri6xo Arrrr crBop€Errr roprcoHTaJr;Horo
trepeMiqeHHr sard, Mae 6)TE:

M
F = 2k::.

D,'

Ae D1 - giarrerp uosarroroi oKpyxnocri 3y6saqroro ceKfopa;
k - xoeSiqieur rparyreaxm gonoubrrux onopiB Bi.q 3a6py$essr Ha-
npannnovra< i pefiox.

Kpyrmi Ma(cEMan5l{trft MoMeHT Ha Bany ABxfyfla:

u*=p,*.,€G*l),
r4

X'8", - MaKcnr,IarEFe rrroBe 3yc[tnr;
a, p - r1'r ni,Souy i reprr ranxmaoi nepe4ari;
r - cepegnii pagiyc rsuxra;
i - nepeaarosxe u.acJro trpr{Bona;

rl - KIt[ nepe,qaui.

floryxnicrs glur5,,ua BxsHaqarorl 3a pGpaxJ.sKoBEM MoMeHToM:
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Ae 1.", - rrraxcuuaatxo Aotrycrr,rMrd KoeQiqieur lepeo6rexenur gar.rryna.

18.6.3anaqi

1. Ycranosirr BeJEqmy rqra g, trpE rKoMy rroBepxJxr Meraly 3piBHrerbc.s
3 nepenuBuuM rlpyxKoM KoBma (pnc.5.59), axao E = 3,6nr, R = 1,7u, r
= llv, h" = 3'35ru (aucora uerarqr e xoami).

2. 3a Aannrr,rn :aAa'ri 1 ausna'rre neperNgnr.d MoMeHT ,4Jrr rlEoro Bnnagrg/,
ffc{qo y = 70KII/i{3, Xa = R, Ya = !pv.

3. 3a garuau sagau 1,2 nuanavrrt nepeKsnEri MoMeHr npfi q = 45".
4. Blr:Hacre noryxHicrl 4ar.tyua uexari:my KalrryBanrrr qarui

IruIaKoBo34 nqo; G1 = 155KH, G, = 117,32KH, lr = 0,333u, lz =
0'096u, k = 1'5, D = 0'96u, u = 4", p = 6", r = 0,059m, tl = O,9, i = 23,
1 _t

1 8.7. Konrpo.nrxi :anyT€rgxl

1. IlepepaxyEre o6nacri 3acroclraqm xos!.rir i sq(onafire ix
ruracrdixaqiro.

2. 3aEacyirce cxeMtr (oBmiB ,rr.,.rr Jrerxm< i eaxxm< uerade, a raKox AJr{
mrally, roroEil'b ix 6yAoBy.

3. nepepaxyfiTe ctroco6u Bi'44anflfir Merads ia eneKrponbepiB, 3apu-
cyiTe cxeMy BaKy)MHoro Koeura i nolcuirr ioro 6yaony ra npr,IHqun
trlt.

4. Bux]raaiT; Mero,qul(y Bu3saceHut nepeKll,qnofo rrloverra xoni.rgoro
KOBma.

5. flepepaxyftre o6nacri nmoplrcrexnx HacociB. 3apxcyfiTe cxeMu
aigqenrpororo i rarmrosoro uacoci:, loxouirr ii 6yroBy ftr npr srr
nii.

6. Aaire rnacr.r$iraqiro vaalaoro:ie, 3apvcyfrre cxeMy qaByfioBo3a

lrkcepaoro r.rqi, no.rcnirr, 6y4ory fioro l,rexasigl,rir ra sy3rie.
7. 3apucyine cxeuy rom-nexcb eigKiB 4rr lrera-'ry i m.:rary, no*cnirt

6y,qosy x l{exaEi:Mir ra ey:ni-e.

8- ,{afire rulacu$iraqiro rnraroao:ia, :apucyftre cxeMy IIIJIaxoBo3a, no-
ccEirb fiom 6yAoBy ra rrpmn.lIn nii.

9. 3apacyitre cxeMN Mexasigvis r(aHTyBarrHr yarni : raua'Loaoo i sy6va-
croxl nepeaarraMu, norcnirr x 6yaory ra rpuxul,tr.lii.

l0.Bux.lraaim MeroAr,r(y Bfi3HaqeHut noryrrcrocri,mnr;aa uexari:uy
ranrygarrgx qand,
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l l.CKna,EiTE METo,quKy Bl13fiaqei(Hfl 3yc]untr Ha petKo3axBarHl{x rIpH-

crpofi. .Ed Crpro[yKrTB GnaroBo3 Bi,ii trepeKxaaHHt npfi KaHT]'BaHHi.

Terua 19, Vctancysarru .s,'u po3JuBulHltll cra:Ii y er'unaHnrli

19.1. VcrarK)'BaFHJI ,qnt w [eHff.c i lMa3yBaHHt Br4Jrr4aH[rIE

nrc ga6egneqerut xxicuoi norepxxi :.nurxie snflrBHI i trepe,q noAaJILI]rIrM

Do3JruBarHrM qrcrsrr i 3Ma3yIorL. rl{qeEfit BLfiI,rBHmIh BI.IKoIryrorr- .4noMa

cuoco6ar"rn - riapaeai*rnu i l'rexaui'rsrM' fi4parrilne po6ntr' aogorci, tKy
noaarorr, da BeJIriKtrM mrcKoM vepes Qopcyr'rxn, a r'lexardqge - MerareBr{Mn

mirrar'ls a6o gpo6ocrpyueneroro o6po6rcoro. fi4paaliuue surqenH{

(pr.rc.5.65,a) n ocraauifi rac sactooonyerrct naA3B[qaftEo pi,E(o, qo npu qsoMy

pisro :mxyerrcr crifixicrs surrs$ ql.
Mamnrz uim*roro sl4eHs.{ noairFtorLct Ha ,4na ocuogui TIfilI4: g

o6epra:runr i ognouacro ilocrylraJrbHllM pyxoM uiToK; : ri4nocmru nocry-
naJEHrrM pyxoM qiror i gzlrmHrrqi. B r'.ramni nepmoro rurry @1c.5-65,r) po-

6oflrft opraH nepemirryerrcx no aeprr.*ani KaHarH:ttM MexaHbMoM i 6apa-

6asHoro ne6i,{Kolo, xra postuiryerrcx Ha pyxoMoMy uocry. Iltirrre po6ovoro

opmuy (plic.5.65,r) carpinrnororu na repruxa:nuovy aa:ri, rrui npnBoAltrbct B

o6epm:rur uepes ,pocrynixqarrft 4ffIiurpiqnNfi pe,qncrop ni,q ererrpoABl{ryHa.

Excruryaraub qn( MaIIInH eut-Blllra ix ururxy eSerltanicru rpn .uuerni
flpnroKy'rrxn( BrrrrrBHr{rF. lroro negoniry He Malorb Marrrr4Hlr apyroro rl,Irry,

rrpore rrpu yr,aoai, qo xosoirypaqix qiror 6y4e rconironaru nporfinr
fiolepeqHom nepepi:y nnrururqi. Ildirral npmolrmcr B nocr,.uarrnlli pyx
aig pefixororo MexanfuMy, xtocl po:rauoeyetct Ea pyxoMoMy ni:ry. Il{irxu
BtrromBJurorL i: po:ng{emm ai,ryisxi-s crarlerm( rcaxaria a6o s ryurir ,qpory
giauerpou 0,6urr,r [2].

Mamunn 4po6ocrplareqeBoro qqiIIeHHt, tK trpaBwro, Btl(ofl!'rorLc.t
crauionaprurrm. Ma.utrrua Ma€ Konony 3 pyxoMoro (aperKoro, na xxifi
3a(pinneHo IlopoxEl{cry mrallry 3 lpo6oMsra[Blion roJroBl(olo (psc.5.65,9).
gasynxnft gpi6 Qparqii 0'5 - 2uu noAalor; B Iuranry crncHenlrM nogirpmr i:
cneqiarrrnoi rauepu. flpz o6eprarmi rono*ol lpi6 nk aiero aigqeurporm< crcr
si.trKs,Eaerlcx 3 BeJIKoIo msro<icrro 4o crinor srunrBttrqi i aig6urae s ii
norepxni npmiureni cacrllfioi nralg i uera:ry. Ilpo4rrrr @eunr paloM 3

gpo6ona aigcr'{orrylorEc.{ snoBy B KaMePy 3 nofiepeAHir'a owenx*'a gpo6y.

,[pi6 nolaellcx aBToMarFrHo npu o6epraxni rorosK.r i aarpu:rifi sonrou
szrmmqi. flicnr qlrqerfis snrrrnEnri EaD(or,fib na limur,nqo slra3yaaHHt, ge

na ii nryrpimno noBepxHlo HaHocrrb map 3:lxucsoro rroKpl{Txr (cneuianrxi
nalcl). JIar< po3fiHnqrorb 3a aonoMoro]o slueFlporn po:nia.norads, rorpi
nprrBo,qrrrc.f, a o6epra.mr* nig rueruonpraoga 3 qacrororo 6000 - E000xr-i.
3uagyrorr ga o1nn ryKr pyxy rrrraanl sHE3 i enepx (p4c.5.65,6). 3acroooayrors
Barani n{amsx ,Fox trnir: rq;auoni i aisroai. Mamuna rpanonoro rL ry sBr.{€
co6oro nogo6y rpaxoaoi qirouroi MarIxEu Ar.f, wqeuua er.ur.rarun6, B



trepcrreKrl4Bi nepen6ar{aerLct EEpoKe 3acrogyBaHlt{ KoM6inorauru< uanuu g:lx

urltqennx i sua:yoaar sruunulqs [2].

d
PIrc"5'65.cxe}eyc-raTtgtsaw'AJI'@eE'i3Maj}tsagE'BIID$B!DI6:a.riAl}aBniq€ycTagoBKa
g,rr wemr; 6-ycrarosxa a-IIt 3Ma3yBaffi-{; B-MauEEa r'rr uexauruor:o qitroaoro qsueEE{; !_

po6od EiToEd opralt; a-yorirEoBrc Apo6ocrpweseBoro qlqeE ;- l' 6-vexanigu

i"*Ji"*i-o"oo""ro' oprary; 
'2-roniB(a : SopclT xar'ra; 3-awrmruqr; 4-ItogrgfioBasl 5-

'"rii""i-*ag*-, i-"i"t; s-p;;*ok oprau; 9-,upo6octpyr'reteea rorirra; 1o-BircMolcryoqi

narpy6or 1 l-xaMcpa .art noapi6seEH,



19.2. Ycrarrysaruu gm poa.urramu uumir

flicrr rngepxxu B po3JrHBHoMy nponmri aurusrtqi si urarauu nag-
xo,qrrb ,{o cneqiarnnoro ri4ginenur ffIf, Bds.raHns gJrarrcig i3 ruruamrqr. Llro
onepauiro Ha3rBarorb pe4araHlrv 3JrrlrK4 a ei,qaiJresxr - crpnlepHnr,r. B
:anexcuocri ai,4 rra4r rnnreuzqr (uryxoaormi, rgirai, : posrrmpeHnrM Aoropu, 3

po3mapeEHrll{ ,qo}M3y i r.g,) pGpissrtroE orepaqii uo Bsih'{aHHr (nrr:irarmo)
i sumroeryTaurrro 3JMTKiB. B :anelrmocri si.q qroro rexanisr"fi nogi;r*torrcr xa
o4noonepaqifiui (4:rr arnnonxynamu 3nfiTKiB 3 po:rurpennxM,qoHr,By),
groouepaqiini (nrr Bl{ft\aaEfls 3nnrKiB 3 po3r][ry€HH{M .{orcpu i AoHr.I3y),
rpuonepadiri, rxi rpiu BKa3aErx onepauifi ri4pmarorr nprmapeai go
Ilia4oriiB 3lIu:rKE,

Cy.mcxi qexa o6naanani THnoBfiMn rpuonepaqif,nrnm xpaxam.r: 17!
25115; 250-50125; 400-75125.Ilepnra qaQpa nosHasa€ 3ycurrr c"rpnnep5.BanHs
(r rounocrrrax), .qplra - BauTaxonilfior'rsict Kpaua, Tperr - Biurra-
xonidounicrr ,{ouor"rixnoro nffiouy. Micr KpaHa nparourrHo niqna ne
nigpiexrerrcr Bi,{ MocriB eneKrplrqHlx( MocmBlD( KpatriB, B rofi xe qac si:or
KpaHa He r'.rae auarorin, Ha eiary po3TartroB)'roTBcr Mexani3Mx rOJrOBEom

ni4iovy, ynpaanixux r.lriqaw (pnc.5.66,a), nepeuiqexns i nprro4 uexanisuy
rrnrronxyaaruu (Pxc.5.66,6).

MexanisM ro:roBnoro n|qioMy cfi]rye 4na nepeuiqemr rrarporra 3 Me-
xanisuou BnrrrlBx)tsaHgs i xliqartru tro EarrpaBlrtlornD( rtraxrr4, xxa
npncpirr,uoemcx go palnr nisxa. Bi,naiTsoro oco6rrusicrro iorc nprBoAa e
uamnicT r xpalroBoro 3aqerlJleHrrt i nporuaam g,ilx spiauoaaxeum narpona.
Ka.HarE mroBuoro tri'4loMy omrarorr crmpeni 6noxt, rni posrrairqeui : laox
6oxir narpou4 i apynruu xiuqrur.r cnpirurexi : 6a;raucupou. flpormara i
xp:rnoBe 3aqerl;Ienru npxlnaqaror;o{ Anr aBToMarnnroro ga6egneqeHrrs

crairoro Hartry xanarie s ruouem uepelriqemrx ButrrmBxr.roqoro rrpucrpor)
npr{ BIiMXHeHOMy MeXaEbMi TOnOBHOm niAior4y.

MexaxisM )TpaB;rinrr rnirqaur npt:Harasrbcr lJlr sialeueanHr i
3aKpr.rBaHnt Benlltrrx rt,aiqiB. flpmoa Mexaui3My Mae eneKTpoABI{rJ.n,
pe4ncrop, rarbMo i (pnBoltrnnEo-BaxilcEy nepeAaqy. Kanarn uexani:lty
cnpin:nororrcr 3 BaiKeJIrIMu, oruuarorr 6nom, o6oh,rr .n<mr ga'ssaui sa

.qonoMororo ropourcnia i cepria a rudqaMs i rrarpoHoM, i riaMorytotscr Ha

6apa6an. flpu Br,rMXFeHoMy lrexanisMi yrparnir*rr i cumpoxrouy pyci l1ro( i
nigfiolrm< raxadB Krriuii 3aJrllruarorr,cr Hep)l(oMuMn. Bi,4cprmarrn* ruiqip
aig6ynaerrcl npN narrryaarxi xaaari-a ynpan:rium, a 3aKpHBaHHr - trpfi ix
ocra6nerui i :a paxynox Bfiacxoi Bam.

Mexarrigu BxrtrToBx'tsaHur u.rxoxye aci ocnoaxi ouepaqii po3Arfirnrrl
sfiTrKin. iioro nptrEoA Mae eneRrpoABuryH, raJ6Mo, rca,qparurlfi Bar,
repn'xrer.rft cneuiaJrb ,ui peryKrop, a axi.4aa i gmi,ua uecrepni utoro
peryKTopa MarorB nopoxurcri r<aa,qparni Maroqrrxt. 3agasna rardi
xorcrpyrqii ca.r'r npEBoI BlKoxyerbcr $aqionapnn.r i Moxe trepe,qaBarn p)/x lra
uexanigu npr 6ygs-ncouy nonoxemri i craxi (pyxowi vu uepyxor,mfi)
narpona: CrerliaJrr}|rd. pe,qncrop nepemirrycrrcr pa3oM 3 narllodoM. CaM
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Bunlrobx)'Iow{1 Mexalri3M 3MonroBaFo B JMroMy Koprryci-narpoHi (pnc.5.66,6).
Oosonnoro sacrrsoro Mexarrisl,ly, xrnfi crBoploe 3ycEluur npx por4arauxi
snul<ir, e rBr.rrroBa cucreua. Bona Mae nopox&cruf nprnogxufi reunr 7 s
sosHirtrHroro npanoro i sry"ryimrroro riroro napisxaur.r. ,{o axyrpitmtoro
rBlrrrra 3,@oMa 3axo,DKeEHrIMlt 9 rpinnrrcr rrewe.nr 11 s HaroHecHr,Irona 12.
IIpa ooetrnauai rF,vRra 7 olF{oqacHo BErtsr,Hsyer6c.f, rBEI{r 9 3 rro,4roeHolo
rtrBrl4Kicrro. rlpx peaepcyaanxi npmoAa mreMner6 3.rraKoqer linoM BTrryerbcs
B trarpon. Ha narpoui aimno saxpirrnena o6ofuia 18. B ii noruuri npopi:ra
Bxo,4f,Tf, poJrEKtr 17 ua:nx r<niniia 15, rri s'egnani maplripno 3 plxoMoro
TpaBepcorc 16, O6oftraa nepeuiryerrcr n:,qoBxr rrarpona. . Bropy BoHa
fliARi,vac'rbcr rrrreMneJreM, rKrfi qepe3 npopi:t e narpori raxournoe ii'ceoiMx
6yp'ruxauu. flpu qroruy eepxui rinqi nrirqia po:ro4rru, a xuxni 3 KepnaMq
3Boarrbcf,. -I{rnlo ETer"firenE 6y,{e nimriuarncs ue B[nle. To pa3oM : nrnr 6yge
nepeuirqarucr nropy i pyxoua rpalepca 3 ualrnru ruriqar'na. Bnug o6ofiMa
nepernduryerrca niA ,{ielo enacHoi garu (rrpu orrycKarffri urerr.ruenr) i po3BoAnTr,
rul:tqri Kirud K,'rirnie.

I{a puc.5.66,r uora:ani rpu oneparlii, .mi Bnr(orryrcrlcr 4paxor,a. flepua
nouix rrln< - po3,ItraHHr srurKiB s po3mnpenrrrM goxasy. Ilio onepaqiro
Bu(orylorr BeJIIIKIIMU Knilqa}ff.I i I{aKoHeqBuKoM, K,nirqaun 3axorulrc}orbc.{
oymu nruruexnqi i BMxKaer;o.fi rlrnrrorxltosrn: uexani:u. Koln naxonequrr
rureMrreJU{ yrperbcr B 3JrsroK, To noqHerbcr 3Boporm{i pyx narpoea : uiqai'lu
i :as,4rrz qrolry nia6yaerr,cs surrn rnmaanzqi gi gnztxa. C;ra6raxa, rxa
BKu Kac B niaftor,ashx KaHarax trpl BnMKHeHor,ry npnrogi roroaaoro ni4iol,ry,
zvoupael:r,cx nporuBamro- 3ycffrl{ crpxlep}BaHHs 3itMr,rKaerBcr s cficrevi
BEnHBH[qr-K,'riEi-fl atDon-renfl osai uexaxisu-mreune.nr-anrrrox.,{pyra
orepa{ir - BItEMarrHr 3rurxa s pemr{peur{rrM ,{oropu. B qro}ry &iuagry eeluri
nriqi orrycrarotr BHu3 Ao yflnpaHnx iix sanrrrie e eepxni airu.r aurr,reHrfli.
BrfiKaroru rB[HToB fi vexanigr'a na nepeuiqennr ur€MtreJrr Burts, qo
Br.rxrnxa€ B cBoro qepry orrycKaHxr namx x.fiirqi-B 3 oAxorracxrM po3Be,{errxrrrrr

ix nisqia. flicm nepeldrqernr roriqia n norpi6xe nonoxerur rBnxroBrlfi
Mexari3M peBepcyerbc.{ i urer,senr ogepr<ye rropourii, py*, qo Br,rxlriKae
:segenxr auxnix xinqiB Marm( xrirqiq. Borur gaxonruororr nprrr,rBxy qacrrlxy
smlrra i npu noAaJrlmoMy pyci mreunenr Bmpy pixtoM 3 TpaBepcoro raxox(
nepeuiryromcr rropy, qo npmo,ryrt Ao BrfiMarfft 3nxrKa 3 nwruBHr.Iqi.

Tperx onepaqir - aiapuBaru nprrBapetroro srurKa gir nia4oEa. Onepauiro
ri,{punarmx 3JmrKa BrlKox1'rorb a:ra:roriqso gp}Tifi onepaqii. Ti:rrr.r a qror"ry

etrrragry Benxri xniqi onycrarorr euu: .4o ynnoanua ix r ni4non,
Ocroggur"rn AaF mffi ,qrrs po3paxyHrq MexaEi3MiB BtrmroBx1ts{rulfi e: cnJra

Br.rlnroBxttsaHrxr F; uarccrnra:bRa Bara sJItrTKa ra nrmzanzqi Q1; aara rici
qacraE}I BFEToBXyrovoro uexaairlryn xry ni4riuanT5 G1; Bara rporltBaru G2;

uanqricm neperdqeuar nrreune.rr (mrrgricrr armrooxlnanur) v-,
Pogoaxrnxoge uaBarrra(er{Ht nDIt Bmnroex\TaHri sJMTKa:



PEc. 5,66, Cxele vexasfuMiB TpEo[epauitmr crpmepsE( E)ast!: a-MexastM rotoBEoro
liaioMy; 6-MexasbM BrrDroBx].ssEEJrl s-Mexssi3M FpastiiE Ban6oava KjIiEaMB i otrepaqiero

no po3asanEo 3jdrKi!; r-Ms,'ri xniqi; 1-My4Ta rpaMwoio uoMeEry; 2-xpauoBe 3a.{erueur; 3-
6apa6aq 4-ddoidri rcIrarE; 5-msa"s yupasniE r('iqai,a: 6-I(B44rarmi Bar; 7-fiopo]rcr.srai
rBsgr; 8-[erpog; 9-rBqrr; 10-raik4 I l-rmevflqn6; l2-Eaeogeqtr$ 13-remd roriqi; 14-

wntmggntii ls-Mari xrdqi; 16rpar€pca; l7-poJlirq l8-o6otrMa

Fp=F+Qr+Gr-Gzn.n3,

Ae I{ - KKA HanpaBrEo'{D( npormarr;
16 - KKA 6noxiB.

Ilepe re, ulo 3ycr{JrJrr BumToB4ysamr aie Ben6|,fi KoporKoqacHo, To no-

ryroricrr, prryra Mexaxhuy BmrolxyBafiE BrBraqarorr sa Mar<cuMarrHtrM

HaBaHT:rxeHsfrl,r 3 )?axyBaHHf,M AOrIyCTtrIrrOm trepeo6TrxeHrrr:
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F-v--N= "-
10001,qn

ae L - KoeSiq.ierr 4oflycnruoro nepeo6rxxenul 4erryua:
no - 3aru.r6Hl{fi KX,{ r'texaniarrry.

Bfnm gorm,(Elri pospaxyxo( qpnBeAeuo e aireparypi [2].
Ilopxg s npaxauu, Ha 3aBoAax eKcruryaryrorBcr craqioxapni MarrrnHrr 3

3yctrrurrM BulmoBx)tsanlls 6; 7; 10ME : enerrpor,rexaxiunur'a i rfuparlirmu
npuBonaM.ri [2].

I{a pnc,5.67 uor<arana cxeMa MaIIrnHfi 3 rigpannivnm,r nprcogov. Boua uae
vexaniel'{ BEmroBxyBaurrr i noeopory xiriu$s, a mxox rigpocucrelry. ,{rrr
nplrcKopeHr{r npoqeoy BuurroBxyBannc rouoeHd myrxepruft rkpolqiniuq)
giarr.rerpou 800MM 3a AorroMomlo rpaBepcu s'egnaxo,e geoMa gonorvrixrunu
rroprmeBrlMl{ ri4lory,urirupalrm. tlrld{ qunixApaMtr npncxopeuo
neper"riryerrcr urer"menr aropy i [oBepra€Tbcr B BrDdAHe fioroxeHHr, TI{o( B

urudnapax mexaHi:rrry B[ruroBx]tsaHrtr - 2OMIIa, a uulinqpax ynpauinxx
r;timal"lr - 6.5MIIa.

PEc. 5.67. Cxe!.q craqiosapsoi Maltralla ans
BnrroBxttsaEE a 3lrlrrtiB: l-rrril[i; 2, 3, 4-
ri,qroryrisapr; 5-rqreunern

Firc, 5.68. CxeMa r'.rexaefuMb tridoMy (a) i rrepeMiqenst (6) poluruoro Kpaaai l-xpanoBe

savennemr; 2+Qquwi onopu



PEc- 5,59. CxeMa EroBxaqa Eo_r3.riB Bi3nB 3

BtrJgB@,girt: l-raxoar; 2-4rairgp; 3-r<aperra;
4-pei(a

19.3. Posngaai <Paru

Ocnossoro xapaKTepncrr{Kob KpaHiB e ik ramaxoninftounicr:s, \Ka Btr-

3raqaer6os ldcrricrro cra.{eruIaBXJIbEIt( arperariB. 3acroconytorrcr posIBBHi

rpaxu ranoi gauraxonidoMnocri, r: 26U75!15; 350-75/15; 45{F100i20; 630-
90/16. Ilepua quopa rro3saqa€ Bamaxoni,{fio}flricrb rojloBEoro risna, .qpyra i
rperu - ranraxoni,SoMnic$ senmoro i Ma:roro niliolris Aonor'aixsoro risna.

Big :nrsafiFlt( MocmBn< rpania pouraxi rcpam,r nigpi:nnorrcr 6irrrm
cKIIa,{Horo xoEcrpyrqiero, xaxsuicTo ABox siskis i MaJIHMI{ ITIBH4(ocrtME p}xy
roroBrroro ni,rrfiouy (? - 3u/xo), s[cororo nrasHicrlo uigfiol,ry' eaxraxy i
po6ororo rr,rexani:MiB 3 Marui"fi{ rrptrcKopeHHtMs, B xoxcrpyrraanolry
s|qHoueuui Borrtr TaKq)K MaIorL Hu:lKy icrorux nigt'ain. Tax, naupururag,

MexaHbM ni4fiorlry @uc-5.68,a) Mze Ba oasorumri npr.rnop i 6apa6awt, txi
s'e4xaui vix co6oro sa ,qorroMoron sy6varrx sisqia. Ha erxignn< aanax

cneqiammo< .{aocrynixrarm pe.4ncropie 3MoHToBaHo xpatroBi 3aqennerH.s, nd
flprfiHaga]orr,cr a.n'r :a6e:reqersr crnrxpoaaocri aBox trp]aoaiB i po6oru
oanoro trplrBoAa npu alapifiHiE cmyaqii (npr rru<o;ry ie lary oAuoro .qBurpm).
B rsolry suna,qKy uor''ruicrr rolxnoro ,Btrrt'r{a Bu3xaqaerbct s BpaxyBaHFJrM

roe$iliexra:anacy 4= 1,4 - l'7

x=(O+c,)rft,

Ae Q - rara aartaxy;
G1 - Bara rploxosoi [iABicIa{.

Mexanigru nepeuiqernr rpaxa (puc.5.58,Q Mae ,{ocarE cx.nagr;r 6a-
JraBcr.rpHy cficTeMy xoAoBD{ xonic. .fKa trplBEaqaerbcr .4nt piBHoMipEol-o
posuoginy HaMrrr'aDKeHHJr Mix yciMa KoJIecaMu. flm1nrqicrr .4aurynie ue-
xaniruia nepeuiqernrr rirria i rpaeia Br4rHaqaerlcr ne c.araMtr orropy, a ,{u-
mlaim,na EaBarrraxenrrr{Mr B [epioA flycKy, qac rKoro Moxe crc'Iaqarlt 10 -
20c. B :ara:unouy Bllna,uqr 3 BpaxyBamrM crur inepuii r nepio4 nvcry i por-
mfryBarfrr Basr$x1, na nrlqrii nipicqi ropucqtorrcx $opr"rynoro [2]:



* + r 
y-lp-

n = (g + c)v-------g '- 10001.""q -

Ie Q - rara sauraxry;
G - aara rcpana (si:ra);
v - HoMiHarBEa ImnArdcrE;
w - xoerliqierr ouopy wr rn'a (w = 0,007 - 0101)'
y - xoeQiqiem, rKnfi xapanepu:ye ixepuifuicru cracrer,.ru (1= 1,1 - 1,4);

"aD=--. 
Q+G

npu pmpaxtEKax Bpaxog''ron ri o6craar*nr, n1o ,{orrycruve npr4cxopegE
,qtlr h?auiB, rxi uarorr cnpirBy 3 pGtrnaBJIeExM MerarroM, He rroBlrHlto
neperurqyaarn 0r1nr/c".

19.4. Illmrxaqi no'isnig sigKig I aHJMaRH -f,r\.{r.t

Ile ycranysanaa flpu3uacaerbcr gm nepeuiqerur ni:rcia npN sanrBalfii
BHJrtrBHtrql 3 HeplxoMom crerAa. npn po3Jrearryi KpaHoM qr neo6xignicrr
siAuaAae. FlaioLrbme 3acroc)tsaHr{r o,qepxajrE peftKoBi uroBxasi Guc.5.69).
OcHoBsh\,r ix eneMeHToM e pyxoMa Kaperr(a 3 gaxBaroM, xna nepelriulyemc.r sa

AorroMororo pefus. 3ycu;urx urrolxanrr cr,nagae 6mr:rro 100xH (e sa.nexuocri
aig ranr courana), nepelriqennr r<aperr<u - go 65M.

MaKclanar6Ea Bara risxig g garmran,trr str ruBHI,rqtMIt:

c.=(e+c)2,

Q - rara uerarqr ra nisxy;
G - aara ri:xa: rrunarun4rua;
z - rcinrxicu nisrin a uoib,qi.

Onip uepeuiqerr*o ai:xia:

W=G"w,

w - 1,5wn - roeOiqiexr onopy nepeuirqeumo (roe0iqienr rrru);
wn - rtr'roldrfi ordp nepelrirqemo (uprErvrarori wn = 60 - 80H/fT).

IloD.lrnicn,a-Br.u-yHa Br,BHagacrr,ca 3Bgqafi HuM llJtflxoM.

l9.5.3a.naqi

1. Br.BHa.rre BeJrr{rrurry oi,4lenrporoi ctuu ixepdi, rra .qie ua gpi6 na-
mrur apo6ocrpyueneBom qmqeHr{r BErrtrBEql {pnc-5.55,r), .r:Kqo mA

= 0,5rp (Maca oxniei apo6uns), na, = 1500xn-r, i = 2 (nepe,Earoqne
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ctrcjro naarrroroBoi [epeAa{i), D = S,4u (aiauerp apodocrplTuexeeoi
roJloBKH).

2. BruHayre norJDruricrE eneKrpo.qBur)'Ha uexanilay Br.ImroB{,aBaHHit

crpnnepHoro kpaHa (puc.5.66,6), xruro F = 2500x8, Qr = lsotcll, Gr =
29RH, G, = 142xH, v- = 0'05lt{]/c, Is = 088, 86 = 0$8,\n = $'ll" | =
2,8.

3. Br*Haqre noryxnicrr eterTpo,qBl,IryHa uexaniruy roloauoro nigfiot'ty
po3rrBHoro kpaHa (puc.5.68,a), .rrrqo Q = 4500nH, Gr = 554*H, k: =
lF,v = 0'035vic. rt = 0'83.

4. Bs:naqre uoryxcricn gpnryna r,rexasi:lry nepelriuexnr riexa rpaxa,
nqo Q = 4500KH, G = 1966r-H, v = 0333ir/c, I = 0'92, l,,ce = 1,8.

5, Bxsuacre noq?cricr; rBHrJrHa rtrroBxaqa floi'3.qa 3 Bulranln{tMs
(pnc.5.69), -[Kqo Q = 1600KII' G = 210rcII' z= 5,v = 0'I46u/c, 1=
0,E5.

I 9.6. Konrpoiruai rarl'TrilrrE

l. ,{afiTe xapaKrepncrtrKy ycrarKyBaHtro ,qrr srqeun.f, i 3Ma3yBagnt
Br.rJrriBrrrrqb. 3aplcyETe cxeMt ycrarKyBaxnr, noxcuirr ix by1oay ra
uPuqun nii.

2. Csaairr METo,afiKy BralsaqeuHr norpmocri aBuryHa MexaHbMy
ni,nfi olry .upo6ocrpplesegoi rononxu.

3. ,{afire xaparrepscrfrcy ycrarK}BaHuro ,{irs ndtr'{aHur smmtia. 3apz-
cyfire cxer"rr MexasisMin nffioruy i yrpaeninn.a rniqaun crpruepuoro
rpau4 norcniru ix 6y4ory ta npurqrn gii.

4. 3apucyftre cxeuy uexaxisuy Bfi rroBxyBasnr rnnrr4 norcnim 6ygoay
ra upmnrn gii.

5. 3apucy[re cxerry craqiovaproi MaJnrHu &'ur sn.uroexyBaHsr :rnrKis,
uorcnim f 6yaoay m npmqru ,qii.

6. Brruragim uerogl,rry po3paxynxy Br4rrrroBx)tsaxrrr srpunepHoro Kpana.
7. 3apucyfirle cxeiflr MexasbMir roJroBuoro nidoMy posnsBuoro Kpana i

ioro neperuiqernr-n. Bnx.raqiTb Mero,Euq/ BrBnaqeHH{ norpruocri
grurlrrir ronornoro dfrouy i neperrairqe*rx.

E,3apnoyfire cxeMy pefi(onoro mroBxaqa noi'3AiB 3 BHJrHBHrqrrMr,
norcuirr Eoro 6yaoay ra npnrqrn gii.

9. Burna4irr uero4lry Btr3HaqeHE nor)i'$ocri aerryHa mroexaqa.

Terua 20. Ycralcynar*ra gnx po3flBatrrr MerrIJriB B qymKr{ i arroAlr

Po3JrrB(a MeraJry B symr<a i asoa[ :4i.Icmoerrc.* Ea peJrxBrrro( xapy-
ce;ralo< i crpiqxoom< MaJrmrax. Kapycensui Mau lHfl 3acrocoBJ,'rorlcr nprl
po:rnnauui camqo, uiai, rgmry i nixeuo. {i uamsru 6laarorr :
tr€pepriB{ra€rrn{ i nenepepxrurr* p}xoM Br{mtrmrqE. Crpixxori uauunu
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BtKOph-cToB)'roTs npn po3llnBa.HEi B qyrKr aJIIoMilriIo, Mafiriro, IdKeltro, {a3yHy
i rlepocnrraria.

20, i . Kapycernui uaru{Hlr ,4.ltt po3urBal*r,I cB}ruqo B q}rrmu

Cxeua vamryu IroKa3alra yt prtc.5.70. Ila:ay xapycensnro< ui MarurEtr
ogepxanu is-:a aaxrnoeri qn:rixgprvaom o6egra:nnoro roprrycy-Kapyceni. I{a
r<opuyc rhluo uasiruyrorrcs rporm:refixu (24mr) : narr,rBHr.rqnfi. Koxsa
BUJTtrBHETIx uae n'.rrepo xoMiPoK grt aiAfilaor r'{aco}o 40rcr roxna. Marepian
BtamBFnt{B - cipmi raeyn, O6epramr.* rapyceni nepegaencr repe: ei4rpury
'iy6racry nepe4ary i repr'.rwmi pee,'Iffop Bia eterffpoaBaryHa flor1,rlclicrlo
llrBr. qacrora o6eprauru Kapyceti (rrpu 6esnepepauifi po6ori) crarroarlrl
lxa r, 4iaverp xapyceri - 6nrcbKo 4u, giar'aerp uamHx - 6M, npo.4ylouBHicr6

Marnrsu - 23rlrol [3,4].
3siMarfis qJimor gAiicr*oetrc.f, cneuiantuolo MamlHoro (puc.5.71) :a

1onoMororo Br{JloqHoro sax.aary. fioro ry6'r npa onycxarnri 3 BeJIaKoro

nnngxicrro nnrnarorrct B r{jmrcs. Tpaxcnoprltorrcr Ylnxx ailrorrr, rrcrfi llae
naHqloaoBy fiepeaaqy 3i craqioHapHle{ npxBo,qoM, ao noBoporltoro crony, Ae ix
cKna,4aroTE saBxpecT.

20,2, Kapycemui tuarotr*t ,{ns po3.[nBaHrul Merany Ea aHoAn

Ha arroAq, sKi nmiv fiS,'rE Ha eJleKrpoJliTtrqge pa$iuynaruu, po:nnBarlrb

Mi.q6 i Eixenr. Malmntl Marorb raxe x KoHcrpyKTtrBue nupinrenxr i npnurn
AiiL qo i MaIwEE ,{nt po3rnBasE crru$o. Bigpisano$cx ri-rsrrn oinsumlu
po:uipar'rr (aiar,rerp mpyceni - 7u, 4ia.r"retp uamala - 10ff), HatBnicrro ,Edx
nprao,4ir xapyceni, cnooo6ou po3Bal{raxeEllrr ano,qis. Maca ui4qoro ano,{a

cra]g.oBLfi-t, 24O - 250Kr. MarmEl npaltrorslb 3a npepgBsacrsM rQarlloM plxy'
,ll.rr po:sarrraxewrr aso,4is sacrocosyntrcx cleqiarsni rptrcrpoi -

aHo.{o3siMaqi @uc.5.72). 3alaca snfu{aHHs auogir cnporyerrc{ 3a paxyHoK

nr.urrosxyaavil, xxi uae roxxa BEIIIIBuI{qI' Illtoaxaq Ma€ ponl'IK i noraixy
roJ]oBl(y. lla dtrsld Po3BaHTaKeHHt rlroBxarl ni'4siMa€ aHo.A, sKI{ft nicJls rlboro

SaxolrJrloerBct aso,4osEiMaqeM i nolaerucr Ha llal ,uoroeld KoHBe*ep

oxolro,axoi .easHu. Hamldcrt a xomepropi xparroBoro 3acenteHn :a6esneuyc

fioro oanocmpoHaifi [peplrBsacrsfi pyx [5]-

20.3 , Kapycer[Hi Mu uEHr{ ,qff po3JIIrB:lHr{t Karo.ryIoro qurlKy

Ha prc.5.73 fiol€3alra cxeMa asToMau3ogasoi ninii raBJIeHHt i poumnauux

Karo,4noro qnrKy B syrmn na napycemxii MantrrHi. KapyceJsna MarrsHa Ars
pornrBai{E-t rs{Fry icrmno rilpisn.rencx ni4 posrmqmo< Blrqs Matrrllu' B rrifi

ear'nicrr 4rrirqpi.*roi rapyceni aa pald i r niAmma<onrx ay:fiax 3MoqroBaHa

Ko[oHa, Ha xrii xopcrxo sarpirneNi IQoffredHlr Ar{ BsnuBHsrlb' B roi xe
qac .urs Mexauisagii posnaxraxexnr uynrox rr'r.nranu{i :'e,[rrytotrcx g

iapofiiTein:niifi 3a EitdoMofolo lilltpHjp-if. 3zufEBaiorE ueran n nurgssuqi
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asTor\ffrrnrrHo 6e3 3yrMrrKI{ 3a AOIloMol'O}O MipqOi :rOXX1{. oCranUx npr.IBO,4nrrcx

B pyx Bla SaxaJrbflofo npuroga, flodl Mae soTnplo)rtrBznxicxlrfi' aemyE i
crreqialrnrlft qeps'x,rxrfi pe4,'rcrop. Ao,4arr<oao :roxrca ocgaueHa JIaHr[oroBoIo

i saxrimHoro trepeAaqaMu, a raKox KotripoM, xrui ra6esnevye p)'l< JIoxKu no
neo6xinnii rpaerropii', Ynrpardunr py<oIlt noxru :nificruocrrct aBToMar{tmo

ni.{ ry'n4 rineur ffioro ylJ,l'.ftaertlc't B troBepxl{rc gl'lrlrsErqi. IIpu nopoxaift
eratgennqi q)ln ,{ae KoMaH,q/ np}ao,ry Ha pyx nolts<rl i: neri. .f,xn1o ryuca
uicr* onepauii po3BarralrcHrrl 3afilrIlmracb y eumamqi i nimra xa ,4pyre
KOJTO, TO JTOXKa 3a]u{traerrc.r y rarni ao ni.uo,uy nopoxcroi ru.matuqi. Mera.ir

is roxrqr BrlrIrlBaerbc.s sepe ii rp]Tffft xineqt. fiiaruerp MaIIII4HH Iro

Br4rrnBElrID( - 3r5m, npo4,acrmuicrs - 4 - 12rlrog, ri;nricrr sv.:rtdBnnl+ - 22,

Mapa,tyutok - 22i(5, raorora o6epram.r xapyce.ni - 0,14 - 0'343!8 I [5].

20.4. MexasisoeaHa ninir poramannr vopnoaoi uiai

IIa niaii poamralors vopuoay uigr fla 3JrEr(Ir uacoro 500rcr. Cxeua
MaJrtr{rru troKa3aEa Ha pI4o.5.74. Mipp r viKcepa nAIS.oSfib y anrnranuqi. Koxxa
BtrJrrrBEfiqr uae mapnipne rpin-reuu.r 3 paMaMLt plxorrrn< nisrir. Bi:xa
:'eArryroncr uix co6oro y rrrnrai 3:lMrlryroro rola ipyxaorrca no
HanpaBrrfioqrM. Ilpmon r6oro )a{oBEoro roxsefiepy Mae eneKrpogarryr,
rapiamp, peryrrop i sy6vacry Eepeaaqy. Pyx BfuxaM trepenaerbc.f, qepe3

Kynaq(I{ trp}rBo4rom rarsom, sKi 3aqinrlorcTLcs 3 poJruKaME TrroBom
rarruora. Harr:Krla cralrrlit salrre co6oro sarqpyrnerry Airxry peftr<onoi xonii,
fxa posTamoByerbcx na repxnii PaMi. BlirluBHnqr Ha aiffqi po3Barrra(eHr r

fli4xoirrtrosrbc{ KpIoKoM KaxryBaq4 oOepraerrcx raerono mapxipir i sma'ror

nanae ua 6yQepry uroqal5y KaxryBasa 3n:rdB. Ka:ryrar nepegae 3Jrnrox Ha

rignoai.qrufi ponrraur [5].

Prc' 5.70. Cxerira xapyceJEBoi Marfidrl' arr po3JrtrEKE cBrrlrlllo: l-3arF8sEd ygrpii; 2-BErtrI!@i;
3-ryomr€fE; 4-rcpycer6i 5-onopEi porrErE; 6-KpyroBi p€trtq; 7-rojroEa; 8-qexrp).BaJ6ri
poruro; 9-upaao,IFameglepst; l0-[pFBoA; 1 l-cEcreMa E]oueEE{



Pnc. 5.71. Cxeua ual@q arr 3fiofy i ]TnareEE{ cBtErleBtx {rEoK: 1-peiKoDa trepeaaqq 2-
Bw.aTMi Bi3o{; 3-EeEr4orynis,4t; 4-Bttno{d 3a)(9ar; 5-troBol}orE!fi crin

Pnc, 5.72. CxeMa aroAoaniuava: l-roxrar; 2-Fro$<as 3 PorutroM; 3-d,arpmd}ro'rtrft Baxin6; 4-
Ep[BoFn[ Baxin!; 5-Korip; 6-trpsBot@ KpIBowrI; 7'taEtroroBa trepeAasa; 8-EaEra; 9-

xpafoBc 3aqcnuefiHt

20.5. Crpin<oai po3nnBni Maluul.t

!i uarmrn 3acmcoB)4or6cs rIptr po3JII{BaIfii a;uouixiro, MaxHiIo, q}.rHKy.

vopnoeoi ui4i, xixe.rro, caayrry i Qepocunaair r qm<a. Bci crpivxoai uamnrn'
He3Boraloqu Ha aerni roxcrpyrrurni si,4rifiu, {BIUnorb co6oro

roptr3orfiuulbrlx; rrx noxrud i HenepepBto pyxoMnfi Kolsefiep 3 [pnBoAHoIo i
Harruixrioro craxqitM-a. Ha,lpox napaae.nrrm< JlaHrfforax rpinr.rrtcr vanl'xl!
srunlBnnli, B uamnrax Ant Jlerxlfx KoJIEopoBl{x ueralio erxopucroB}'(rrrc-s
macruHsaro-porsxoai nauqorz i sl a6gnrli go rm rpinlruc.r rrapaipxo s

MoxrHBicrro KaIrryBaHHt Ha pGBar{raxyBaJrbHifi dffxqi' Pommn nan4oria
nepeuirqnorrcr tro HaupaBJU oqraM' B Ilramrax Aff po3ntrBalrHt HiKefio,

saByEy i rpepocluasin raHIIIora rlnacrHFqari i nepeuiqnomcr no
craqiosapHl{x HarrpaBJltloqna ponm(ax. BgfirBHr4i go narox naHqroriB

rpirrrrrlcx xopcrKo. ,{oaluxa noxeefiepin rrep oi rpyrrlr M,]IrrI{H l{e

trepeBumye l5u, a uoryxniou ,prrryra - 6ItBr. B Tofi xe qac AoBxHHa



KosBefiepiB Apyroi rp).rru Marrrr{H .4ocrrae 40m i 6ilrme, a norprxicrs grrr5rna
- 30rBr.

CxeMa po$sBHoi Maurxnr.r Anr a;uouiniro noKa3arHa rra pnc ,5.7 5,a.llpnuog
MarrruHr.r Mae ereKrpo,@rryu i:arcpury sy6vaery nepe4avy. Ilarn naBqmrie
3AificEroer6cr 3a .qorroMorop upyrKr.rEHo-rBnHmBnx npucrpoi'B, rri po:-
TaluoByrqrrcr 6iirs xorocrrx sipovox (narnrua cranqix). flpfi auxogi
BlrJrtrBHrrrIB ra rcpusoniniitxy ni;rsm,rroo (e soni npuao4aoi crarqil) Bzullretlr.qt
nepeKHnaerrcr i 6'errcx rpe6nerr.r o6 ril6ift.rd npucrpii. B 6or"ry amagr<y
slmxa Ee rimror nunaAag aJIe o,ryoqacHo i rauryettcr, a nmiu noua4ae na
raHqoroBufi rtorsefi ep qyrmoypraAarrbHnr<a, 9lmoyruraga.mrmx Mae raKox
sararuuft ri:ox g sepnrKaJr6xo plD<oMtrM saxrarou i nonopornd ori;r, na moruy
po3"auoByerbcr rpaucnopruuE aieor.

Ptrc. 5.73. CxeMa arroMar!tsoBaEoi lliEii' trJra3xs i posBrq (amIForo rIEsKy (a) i uexaai:uy
yryaEnissr no)rs(o(} (6): l-3araETaxy&|,cd IIprcrpiri Z-3uroBxyBaq ]rrc{it; 3-si#oirEnfi
crin; 4-Ena3trJEIIa dq; 5-po3rrBna MamiEa; 6-KpomretB 3 BE @Eqq-s\{E; 7-3aEBsa no]I((a; g-
yftn4[ar6ml< crEoK; g-koDip: 10-trp@o,Ea 3ipoq(a

Pnc. 5.74. Cxerua uexanigoaaroi niaii porJloy vopuoaoi MiAi: l-dq; 2-Bi3rs 3 BsleBflrqrMl{: 3-
uexari:u uolavi oirixin; 4-xa{ry'Bas 3ra'rrir; s.cucr€Ma rpeEcqopr;roarus 3:Erxiq 6-rcrlrytsaq
BI"I@EEIE
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B r.raruxa,r glx posrNraunr nirce;roo, vaoyry i rlepoornnin ,4nr BuftMarrur

uylror is au;IlouNr6 nepeg6aueno npucrpoi gnr aubuaannr, .axi uarorr xnrnufi
gnonnesxd saxinr, Ha o,{HoMy Kirqi fioro rpinrrrlrcx w;yJr, a Ha npyroMy -
ponurca. Baxiar npr$o,Errbcr B plx Big :ipourr uprco,qxoi craxqii. flpu qroruy

aaxinl niltrrnrsrEcr i gncru ni.ryriuatcnrcx fla rIeBEy Br.rcory, a noriu, roru
ponnar Bniayrb i: sasenneHst s eipouxoto, Arlcrul gi,'uuo naaarors i 6'rot uo
qyrtrqi. .Iymcr 3aBaHTaxq/rorbcr ra rpaucnopflri nna@opur.r RaclrnoM no
xoro6au. Xono6r,l E[t ik nepeKuAaHHt 3 o,ql{oro IroJIo]I(eEIIt B Ap}are Marorl
erexrpouexauiuai ne6i1ru.

Pnc. 5,?5. llprmonora (a) i pospaxymona (6) cxeur crpi'xoooi po3fltBEoi MaEI'IE0: l, 4-

sarrnora i rlplBo,&a caaFqii; 2-BEJnBs4i; 3-nauloroBtE ronoeiep; 5-npnoAi 6-KoEBe[ep

cyffio)'I(lla,aatcMl{4 7-stEr(o}Y'ra.uaj6ffi; 8_troBopoT Fd crin

,[,rr nutnauermx nory':xcnocri ABIryna MarJrr'rnn 3acrocoB]/Ior], Meroa

o6xory :a KoxrypoM fuuo.5.75,6). Cnoxarry [putuaarorl 3yc]IJUUI sartry
nar4ora r rovqi 2 (s uipr<yaarr ycynennx nponucamrx). npufu'{aror; P3 = 3,0 .
5,0xH. IIe sycr,rrr* e uixiua.rrronr B Korrypi KoxBefiepa' To4i : apa4yraanru
cffn o[opy sa ainrHqi 2 - 3 sarn namuora B roqqi 3 6yae:

Pr = PzCr,

,qe Cr = 1,08 - l,i- xoefiqienr, f,Ia{fi apaxoeye reprx xa xo-locrit ripovui'

Harsr:ranuora g msEi 4:

Pr=Pr+W:--r,

,{e W}4 - otrip plD$l (omefiepa ua 4i.nxn1i 3 - 4.

6



11,3-a = (q1+ qr)L(sina+weosa),

Ae ql, q2 - Bi,uoBi.aHo ITHToMa nara ronreEepa 3 BEJI-gBHHLt-f,Mli ir"ierarry e

BI-IJIIIBIIIiIUD<:

L - gonxnaa roxeefrepa;
w - xoe$iqiear onopy (rna);
o - Kyr naxuny KoHBefiepa.

Har{r naHlrora B Toqri 4' :

Pi= PrCz,

ae Cz = 1,1 - 1,tr5 - roe{biqi€Hr, tKu[ BpaxoBye reprx Ha nplrBo,qrift ripovqi.

Harff namqora n ro'qi tr:

Pr=Pz+Wr-2,

ae W1-2 - onip pyxy xorDeepa Ha,Eirflqi 1 - 2,

Wr_2 = qrl,(wcoso - sinc[).

Oxpyxue :ycnnnr na npfiBoAuit 3ipo.rqi:

P= Pl _&.

floryxnict,puryna:

*, C.h
r\ = 

rooon '

le Cr = 1.5 - 2 - roediuicxt pe:epey norlorcrocri.

20.6. Kaxrynaqi crpivroam< uanoln

Icqnors pi:xouanicri xorcrpy*r1ii rarrynauir. B vopnift uera;gprii sa-
srocoByror6cr KaHTyBaqi 3 eneKrpoMexardman flpaBo.lloM i rcanarno-6apa-
6anxrua nepegauai,fr. CxeMa o,&roro is raK x KarryBasiB rroKa3aEa Ha
puc.5.76,a KanrtsaHsr KoBma Be,{grbcr 6esnoceperp*o : laQera rpanc-
rropfl roro ai:xa.,{ogarxoro 6hr rasrysasa ycrzrnoBJtrororLc{ xaqr},ean rri
cro.rx.u. Kauryramr.* npoxoIFT6 TaKllM sEHoM. Kproxou eaxormormr xi-eu i
rmataron 6apa6a.nxy ne6i.qKy, rKa po3ramoBy€rbc.s craqionapno xa paui. flpu
ni4urri rproxa rinll o6eprasrbcf, Bimocuo mrxix onopmo< qanrp go rn< nip,
noxu fioro rarll He o6i[p)nEcx na qan$n KarffynaJrbr{m( cmrKiB. B qEoMy
annagry xiom fioqlnHae KaFI/BarIrc.r gilgooso qro( {al6. Bi4noriguo 4o
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KaHT,,BaHrrJi KoBma Bborq .f,rod Hece fia eo6i Bep)€i 6roxra sarlaxxoro
nonicnacm, suiqyerrcr r 6in uaxxrry xoBma. Iqo aigaeprae Elasanua r<proxa s
cepm xorrua. Perylnoaaunx rermvnru sldrqerxr ei:ra npoxogr.r:rr anroMarr{.rHo
3a paxyuoK peryJtroB:urbnoro nonicnacra. To6ro, ai:or 6y,{e :uiqycarracr
ri,rrxr a rouy atrtra,{Ky, rxluo B Kauarax peryJrrcBarrbnoro fiofiicnacta g'rs]rr]cl
cna6rict, a qe Mo)roraBo Jrffrtre trps p)'xoMoMy craHooNqi nproxonoi nigricxu.
Bauraxonigfiounicrs ne6i,qrr,i smndBurb 6mrssrco 8Or, norfrx.xiom lBlrryrra -
46rcBr, uzc:ro cr''[eEiB €peKnoseuar runugrcocreft anrr5rua npr,r ranr5naani -
le [1].

Kpiu qn< xauryrauir, BExopnmoByrorEcr raroN xanryaaui, B rrsnx Me-
xanisr,{fi xaHT}tsagHq xoarua i repeuimemtq airxa poeralronyrorrcr 6e:noce-
pe,qffio Ha paui risra. ,ftr aigaepueam npoKomyBarm ronic a gexron< rau-
rlqaqax laexauiaM nepeuiqemrr nisxa sa6eenevyemc.s pefi(oBoro trepeAaqero.
Peixa a qrolry nun44cy xpirnnrc.e ,qo ecraxa4l.

Ptrc. 5.76. CxeMa eneKrpoMexasi$oro (a) i riapaBili{rorc (O xarrymqis: l-saBynogog; 2-
rproxoaa ni,6icxa; 3, 4-rialsiars lr€ryJllomtrEEoro i aasrorcroro no,nicnac"rir; 5-6apa68E; 6'
ino,oxa: 7-ri.ryourniEllra; 8-rcaETyBajrDsi crof,@

flpu posnuaarori sirefio sacmcosForrcr xanrlnari : ri4ponpurogou

ftna.5.76,6). Tarur.fi xarrysaq Mae trpocry xouctpyxuiro i voxlnaicm unpo-
roro Aianagony peTJIIoBaHHJI umugxocri Karfr'tsaHHt roama' OcEoanr'nn'r

eJIeMeHTaMu Kan-ry8arla € JtroJrrKa 3Ita3aME.IlJUr (an4 KoBua i nea nopureri
rigpoqrliuapll. ,trm ni,ryepnemr caMosiJr;xoro unxo,rgr uau$ ig uasia n (ixqi
KaIff)TaHHr nepeg6arero cneuiarsxi HaKx4ni sal'ctu.



esi
l.f\

x
vl

I

dL\)

P{c. 5.77. Ao po3pa).tEry &am}tsasa

20-7. Pospaxynox ranryaava s ranraxmr i pery.rrosansrxffr{ nonicnacraMn

,ftr spyvnocri c'ryvftH'IT tx Mero,uKu po3pa)i:yr{ry posuxxeuo ii :a or<-
peMmlrfi rrj/IficlaMq.

20.7. L Br.cqaqesnr rpaerropii pp<y orpeMrn( JraHoK

f[nx rmoxanrn craonn< i xineuarxqnlor po:paryr*ir HaJrexurb 3ffarrt
rroJroxelHr Aexrn< e.leuenrir crlcrerru (ocefi ssxnix i repxuix 6nori_a
nonicnacr4 :iaa rproxa) npu 6yar-rrmr rroJroxeunn( KoBrrra. B qrouy allnagrra
3acmooByrorb rpaQivmn uer.o3i Gnc.5.77,a)- I{a rpaerropii pyxy oci repxnix
6;rorir aisra (1 - 1) 6eperrcx 4oailnue loloxer*rx (rorra A), a xa rpaermpii
siaa rgoxa (2 - 2) - rigpoaipe nonoxexux rira rprora (rovr<a B). Tpaerropir 2
- 2 xsme co6oro xono s qerrpoM Na oci nrxxix qan& ronma groqarr(y
xanrlnarnrr i na oci qanQ rarryea-rrn* crorrdB trpu troAalrmouy ranryeauni.
Cnouarry ${arorEcr BelrrrirEnoro uepeMiqeHr sbra A. trqo giAcraHs li
Bi,{oMa (Bu3Haqasr6c.r ea xpecneunru), m:

! i*t= lr- iA,

Ae io - rparnict peryJtroBarEaoro nodcnacra-' flo:roxesHr rosxri Bp1 aig yrrynTb raciwcoro qqprqynr Ha rpa€roopii 2 - 2.
flonoxer*rs oci Haxsix 6norir srnnasarors 3a (pecneEanr.

2O.7.2, 3ycunJte Hs.rrr! B r(aHarax
fleperr4qrd rrrorr,reHT Btr3EarraerEcq 3a {opuyloro:

M = Gd(y* - yc)suq-(r4.- r6)eosEl.



Tnon Na sicr naxxix 6noris Ti lroNaro Br8Haqrrrr.r, Brxionrlll s piraocri
vouenria aignocno rovru A fur,rc.5.77,6) M + Mrn - Tib = 0 i pienocri cyMr.r
lpoerrlii cn,r ua reprraranruy aict G1 - T;cosFr + Qr = 0,
Ae Gi -c) {apHa Bara KoBma i ruerarry;

Q1 - peaxqir r onopax A;
M1q = Qpr - uoveHr Bi.q crln reprr B o[opi A;
p - xoeSiqieur reprr xoB3arsi;
r - paniyc qarQu.

3 tpaxyearnrxr'a gnx BEpa3iB oAepxEMo:

- (tu, + q,pr)
t, =-,' h+!rr

l.1,'rl BrBr{aiIeHIIr 3ycl{nb Harfiy B (aHarax po3fJUIHeMo npoeqiro cra,r na
ropr{3orrfailEHy Bt06:

2S"i-ISoi - Fr-TisinFi= 0,

Ie I Sni - cyuapxe eycujur{ Harrry B xaHarax peryJrroBaBHoro l]oulc acra;
Snr - 3yctiJrJrr xarrry o4uoi nirxa rcaRaris eaHraxnoro noricnacra;
tri = w(G, + Ticosp) - onm onopy pyxSr nisra;
w - xoeQir{ein ouopy (rra);
G. - rara ai:ra.

I: cxeuu perymona.runoro nolicnacra BlrxoAHT6, uto ISpi = 2(S1o +S2o).
-fi<lgo nosuaw{Tr.r qepes Se 3ycurrJrt rLarlrry B Raua"ax peryffoBaJlbHofo
loriclacra B rosrli ik r.pin:rer*rr go qxononoi ui,4sicrra, ro:

t* =:,t" =+,rs' =2koso,
rlp ll"

'.qe1I
K" =-+-;;- rlp rl;

' rlp - t(K.{ 6roxa perymoaarbaoro noricnacr"a.
3 rpa4aamuv oAepxasnx aupa.:in pi-ra-rulr* piBroBan4 cr.rJr rra ropu-

3orrrarrirry BicE 6yne MaTH Br-rIJrsA:

zS,i -2kesei -w(c" +Tcosp,)*tsinp, =0

B qrouy pinra;ai renigor'artau e 56 i Spi.

Arr ix Bu3Ha.rerffr seo6xilHo cuaclr{ AoAarroBe pinnxnnx : yuoa
piBxoBam cur, tfti 4irorr ua rgxoxony ui-piery fu2s.5.7?+):
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T, - 2So - XS"i = 0 ryr XS,r = ?!r" S,-,

,re h, =n" +rl +rl +nl +tl +qf ;

n, - KK'{ 6noxi-e Balraxsom noricnacra.
To4i T1 - 2Sn; - 2lt"S6 = 0.
fIpN cyr*ricuolry posB'mami ABox piBn-m cu,Jr o,Eep]KEMo:

- Tu (kn +wcospi +sinp,)+wG"-' =---JF*r"rJ-,
^ T, - 2k-S-,"p' z

Ha prac.5.77,t Irora3auo rpaQir suirooaannr S,1 4,rx pisrur< roJroxerrl
ronura- Pisrd crpn6or Ea rpadiKy ni,4o6paxa€ MoMeHr rrepexo4/ KoBma 3
ofiopnrl( qarrQ Ha (aurytsanrui cro,rxtr.

20.7.3. IlIsuAxicr; KarrryBaFni[

[m sa6*nerennr pianouipnoro 3 laarnr McraJry 3 rorma msuAxicrr
fioro KarrryBatlnt Ilrae sMimotarfiof, 3?r o3HaqeHIlM :aronoM. Maoqn ua },reri
fioro Br,rsuaseuHs, 3uaxo,{rrb rpa$iwnru mnn<ou sanexnicrs uix
qacoM KarrryBafiHt t i KlroM noBopoTy (oBrna q Gtsc.5.77,r). flpu rpouy
seo6xiAHo ssara ganexsicrr Baxr,r MsraJry r rormi ai1 r<yra nosopory. fliclr
3Hal(o,EKeHHr 3ale)roocri Mix g i t npusrJ'rralorl no rpaQivaoro BlBEatreHH{
rqrroaoi umngrocri oi troBopory xoBEIa (pucJ .77 ,r).

Marosl o, Bu3Haqaorb mnrgicrr plxy oci aiaa rgroxa (puc.5.77,4):

v = oOA, vn = vcosFi.

Orpyxry ml;gdcrE na 6apa6ani rrloxaro ruanavaru ea {opuynoro:

t.. I
['1"*r I

vu =". -if;irgr ,

Ae in, i" - rparnicrr perynoga:BHom i sanTarororo ronicnacris.
20.7.4, Ilory:rcNicrs Aallrfra

floryxlricrr Aonrjraa BnsHaqaerbc{ 3a MaKo{MaJrEHfiM 3ycsrnfiu Harrry B
ranari ra : ypaxyaannru sgaruocri 4nuryua ua rtepeo6rlxeuru:

tc
N_ -endY6
^ - loood, '

re 1-KK! upmoaa [I];
i - Aonycrrx',rri xoeQi{ieur uepeo6rrxeEHr ABrryHa,

1U



20.8.3aaaci

l. Busuaqre 3ycIrJUu Har{ry lIaursom KouBefi€pa po3nlrsnoi M.rlurn B

roqqi 4 (P1rc.5.75,6), xcqo P2 = 5'0xH, Cr = 1,09, q = 4,7tfi1||d, qz =
1505xr/u, L = 43u,a =9o21',w = 0$67.

2, 3a tzanlio,r:x eaAaqi I su3saqre 3ycslurr Harrry narqora KouBeiepa B

ro-lrj 1.

3. 3a Aamnrx eqas I,2 str3saqre noryrcHisrb aBsryHa (oHBefi€pa, sxqo
" Cz=l,l2,Cs=1,75,v = 0'2l/c,rl = 0,848.

4. Bussa.rre cq,'ry Ti, .[<a gie na nnxrno sicr BaHTaxHoro nonicnacra
KaHrytsaqa rlpu Q = 23" (ytuc.5.77), i sHaqeHsx \ i lq, xKnle Mi =
040rEm, Q = lrllxH, p = $'l$, r = 0'06u, [ = 3'N], qn = 0'!$, 1"=

0.9E.

5. 3a .qaHriff.r 3agaqi 4 BrrEaqre n:rr 3ailHaqeHoro [oroxeEru 3ycr rlr{
Hartry B Birqi Ba}I:ralcroro uonicuacta 56,.f,K[o 9r = 7", G, = 240rcg,
w = 0,01.

6. 3a,qamnnr saAaq 4, 5 rn:naure :ycv.ur xarxryr r lirqi peryrnoaa:nnoro
rrolricracra.

20.9. Konrponsni :zrrrnrau rur

1. Aaire BracuQiraqirc ygrarKycaHnf, lur naJrosfforo.roro rlrrrs i Ha3sirr
obnacri fi oro Blm(oplncrarfit.

2,3apucyfure cxeMy KapycenbHoi MarrruHa A'r po3JrHBaHEJr oBlrHqo B
rryrmGr notcEiT5 6yloBy ra fipr{Hql ,{ii ii MexaHbMiB.

3. 3aprcld're cxeMy MarlrtrHx Ant 3rtrrr cBLTHIIeBIo( syuroK, notcHiTb ii
6y4ory ra nprugln gii'.

4. Cx,raair Memar.{Ky po3paxyulcy nory+crocri 4rrryua r<apycermnoi

MAIIIIIHtr.

5. BKaxiTf, Ha oco6rurocri rapycenrnoi Mamldu Ant po:rueaHHt Nliaunx
. alo6ir. 3apncyi're cxeuy axogosniua<a, no.rcsirr ioro 6yaory ra

6. 3apracyfi're cxeMy aBToMaru3osaHoi rildi nnaBreHHt KaroAqoro qEHKy,

6fursm goruragxo norcxit 6ygony poarmrxoi Malrrltuu.
- 7. 3apffcy*re cxerry uexaniaoeauoi .llinii porrmarnr-r sopHoBoi Mi.[i,

norcuic 6ygory i po6ory ii uexanisvie.
8. .{aftre runcrQiraqirc crpiwoarx po3Jlml.ffi MamItH. 3aptcld're cxelrry

' Manuru i uorcniu i'i 6ygoay,
9. Brx,'ra,airr r"rgroarlry po?paxynry crpiwcoaoi po:nRauoi uamunu.
10.3apucyftre cxeMy KarryBatla 3 rPuBoasHM niarou, noxcrirr fioro

6y4osy i uprnryn 1ii'.
ll.3apucyfi're cxeMy KaaTl'sarla :i crauiouapnoro ne6iAKoro, IaftTe

,roxaalFi noscselfl{.



i2.Ornnuiu Mero,uffy Br€Haqenrrs rpaeKropii xapaKTepu?D( TorroK

KaHTyBaqa.

t3.Orsuirr Meroamcy BreFaceHHr 3ycarlB Haury i norprnocri 4arry na
re6iArsr raur'tsaqa.

I 4.3apucyire cxeuy ri,upaaai.ruoro KarryBaqa, crlaaift raero.4rKy [oro
po3pax).aKy.

Teua 21. Vcrarrynanrx{ ycral{oBoK nepepuBrracroro Jnltrq

21.1. Ha ycrauonKax fiepepEBqasroro ttrTTr o,qepx]'rors amouinieri,
qlfirosi, MiAsi i cranesi $ffm<l. y Bnna.qKy posrrtBal{rry qrmKy Han

xpucra:risampaun ycranoBJtrororb xoenaror, ni,4 tKt{Mr.I crBoploerlct 3axricxa
arruoc{epa,

YoraHosrar fiepepmqacroro tr:mt 6yBaror6 r rigpandu*na i
fieK"poMexaxiwM (3 rBuxToBoro, JIaHLForoBoro i raaarnoro nepegavero)
npr.rm4aurl. Yctanoeru s rigponpmogou (prc.5-78,a) sacrocoByrorl ,qrnr Jrurrt
srurKis g nepepisolvr ,qo 500cu". B noqarxosoMy nonoxenni ni.4lour.r, fld
po3TamoB)'ror6cr Ha Beprma.Isiro p)xoMoMy crorn 5, xepe6yBdorb B

Kpr.rcranbaropi 4, qo crsopne rltMqacoBe mffqe. Ilicrq saKirqeffit
po3[rmarHf, aepxui rixqi 3]rE:rKiB Br{BoarrBcr sa ueNi r<pucrani:aropq a

noBopornr.rfi crin BiABeprasr;cr s 6ir. 3rnlTra.r dn4anxoo KpaHoM. A'rls
sacrpofirr Heo6xi,quoi mulxocti n rigpocucrerr.ri nepeg6auexo,{pocenrni
r:ranaEr,r. lllBr{Kicrr Jrurrr oragoBr{Tr, 180 - 200uu/xr. Po6oqr,ri rqcx s
rhpoqnriHnpax - 0,6 - IMIIa [5].

Ycraxosxa s eueltrpoMexaxiq-roll"{ npfiBoAoM i nasr[omeoro nepe,qaqero

sacrocoBysrlcr Arr nnmx rpynnora6aprrrrn< ::umir uacoro go 20r, Octroeoro
MarrrtrHE cnyrye Mera.[eBa nprMorqrrfia rcrirr, llo ii HaEpaBrfrown(
nepeviryerrcx raperxa: niggonou (ptc.5.78,6), nta npuao,ryncr B p)x qepe3

naxrlxlroBy nepeAar{y eig enerrpouexani.moro npuBoAa. Bona :piruoraxena
fipormaxoro, 3arA{Kn ndi 3Merrly€TBcr HaBaHTaKeHrur na po6ouafi opran.
Kpucra.:ri:arop posramoByerrcr Ea nptrBo,qHouy ni:rcy, rxxi aigxo.ryerrcx e 6ix
flpx pd]BaHlax(esxi aruma. Ilbugnicrr lrurrr 3€urexr{r6 uig nepepi:y u,nrcin,
rqo niA,rusarc$, i grfiy Merany i cranosrirr,50 - 160:nr/xr. flepepis:nurris -
,qo 300 x 1500uu, gorruma - go 6fi)0ura [5].

ycrasoBra g ererrpol.rexasi$rrM rrpuBoAoM i ranarsoro nepe,qaqero
(prc.5.78,n) jasrocoByerrcr ,[.ltr o.qepxaffir a.ma'rria Hesenm(D( rr cepeaHix
po:uipir i Mac. MexaHfuM neperraiqerar 3jmrrdB rBJrr€ co6oro xanarrto.
nonicnacrlty crlcreMy 3 6apa6anuoro ne6ilKoro. Cri:r s flia.qoHaMfi, fr( i a
ycra.HoBxax 3 pefironoro rrepe,Eaqelo, 3MorroBauo na pyxouift xaperqi, 4o xrcoi
npuxpirreHi 3 Kox(Horo 6ory no IBa 6lr0r<t-r. PoggaEr$KeHHs grrarrig
:,qificuoerrcr nicrm rroBopory crona 3 Kprcranisaropaun a 6ir.

npr pospaxyfiry uprmoga re6igxr norpi6xo apaxorparr ri o6craB{EE,
qo rparxicm no.nicnacra crBoproerbcn drsrn plxoumra 6noraux, a carvra

rparuicrr mrre co6om si,{gomerlu wcra Kauada, ua .flcx{ triasilryerbcr
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BaHTax, .qo qlrcJra Kanarin, axi ua.uoryrorca na 6apa6au. floryxrnictr 4ur,rr5nra
BI,3fiAqAClbC.[ 3A CTATqqEffM EABAHTAJKEHE M.

Psc. 5.78. CxeMtr s ri,apaeri.m'r (a) i eneKrpoMexaEi$Ear (6 9) 4mo.qoM ycraBoBo(

EepepEBil6rcToro JrEfrE SaroToBoK l-3aJMBAlbEd XOIO6; 2-ITo3IrOAbCEA Sa{a; 3-
troBoporMl crin 3 rq)EcranbarolraMe; 4, 8-rpacranisarop; 5-flin s niAAoszuu; G!(oroAsb;
f-ri4orpniugp; 9-BEKaad Dbo$ l0-trp@oa; ll-mqoroaa rcpeaaea; l2-ninaos; 13-

KalerKa: 14-rpomBar'a; I s-KaEarEa uepe.trasa: 16-te6iA(a
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2l-Z,3anasj

1, Bugsasre 3arpaqesy rrpmoAoM noDDKnicrl uexani:rly BnrrryBa.Ee
(puc.5.78,6) AJI* BtrnaAKy, (oJru smtmK rig,mo, rpucranisarop
siABeAeso s 6ir, a snnrox p)xa€T6cr Bmpy, rlqo G" = 200I{8 (sara
snzrrca), G1 = 8r6xH (aara Kapel!(li 3 niggoxoM), Gr,n = 10xH (nara
ronrprarz), D" = 0,3u (giaMcrp rrprcoAnm :ipovor), roa" = 150psA/c
(rytora mnugrict anrryna), io = 707 (gara,'rHe trepeAaroqge qucro
MexaHbMy), rl0 = 0,82 (3ararEEd KKA MexaEbMy).

2. 3a aalrmvlz saAa.ri 1 gresaqre 3arpaqery nplrBo.qoM noryxricu lnx
noqarKy BiA"uBamr 3[nrKa, rKrqo o- = 15,7paAlc, G" = 1,0K8, W =
l2rcll (syczruu onopy BrirnjaaHHr 3rETKa is rgncra:risaropa).

3. Bzgsaqre nbryrcriorr gruryna ne6igror (p2c.5.78p) ru{ umaAKy, xoru
:nr.nrcr aigrrl:ro, xpucra;risarp nignegeno n 6irc, a aurrrul niariuaromcx
eropy paeolrr si cronou i riAAouaurr, nqo G = 12nE, G- = 4prH (aara
crona s rigoqolu), z" = 6 (rhrricrb HeplxoMn( 6loxin), D6 = Q,4s
(Xial'aerp 6apa6ana), nau = I50x.a-I, n = 0,94 (I(KA le6iro<a), qu = 9,93
(KK[ 6roria), i = 476 (repe,qarosue vnuo ne6i4c.r), 4 = 4 (xinrricrr
pyxomx 6noria).

2 1,3. Kontpornui :aruraxr{rr

l. nepepaxyfue o6naori nmoprcranna trepeptrBqacmro ffrrr& Aai-re
xaparceptrcTaKy ycTaTKJ.BaHffro.

2. 3rywcytere cxeMy ycrasoBrd,r : ri4poupraolov, norcHiT; ii 6ytony ra
npnHqln Aii.

3, 3apncyfire cxeMy ycrauoBKa 3 JrasqaroBoK) nepe,{aqeb, uo*cni:m ii
6y4oay ra npxurgn 4ii"

4. Cuadrs MemArlKJr Btrsuaqenrf, nor5nrcrocri ,rpnr5nra
Jrar soloBolo flepeAaqelo.

5. 3apncyEre cxeMy yoraEoBKu 3 Kasarr{on Ilepenaqelo,
6ypony ra npmryn gii.

6: Cx;raniu MeroAurcy BBHaqeEE rorytcrocd aBr,rr1.na ycraxoBku 3
KaHaTHOIO llopeAaqelo.

7. Koporxo sncsiTiTr rexsonoriro AeMoETaKy ycraHoBKE 3
riAlrorrynBoAoM,

Tenra 22. Ycrarrcyraff{r Marrodr (ycrarroBon) EerrepepBnoro Jrr.rrrt
3AIOTOBOI(

22.1. B Korsoporit uera:ryprii Maurunr.: se[epepBuoro Jrnrrt
3acmcoByxlr:Ecr npz posrmaimi rrdlnux srarrcis KBaAparxoro (aaftep6apcin) i
rpprom nepepisis, a rarox nsrrr rpy6 g lriai i rdgrrri crnaBis.
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fua nurl urlrrKiB cnyxaal gaocrp;amori Marmur{, a ;rr rpy6 -
oguocrpywoai [3,fl. ]Iafi6itnm cKrra,+urvn i oAsoqacso AocKoaaJrr.rMq e
MamI-IHIt 4rtr po3JfiBaffur cra,refi, xri aacrocoBylorl nepeBarHo B l(oHBepropntfx,
eJler(fpocTaJrerrJraBunrna< qexax-

Mamrna uenepepoxoro Jrr{Trt 3amroBox (MHJI3) noghrortcr na rari
ocnonni rrmr: gepimrbni (pruc.5.79,a), reprzrarsni si lflrsor\,r 3rr,rrxa

$mc.5.7 9,6), pagiamxi Grac.s.I 9,8), rpraoliuiftri i ropa:onra;sni [2].
Haft6furm paqiona;rrmruff 3 norJrts/ BucorHrx( ra6apuda e pa4iamni MHJI3.
Bom i auxopacmByrorbcr B oyr{acruD( qexax. ,{o crcragy raroi Matrnxr}r
BxoAsrB oraJrepo3nrBrxd creuA .{nr ABox xoamir, npouixin.fr xiam, mtfi
po3Ti rroBy€TFcr na calroxi:Forvry aisriT, r,ai,4aufi xpncra;ri:arop, rqo
oxono,{)Kyerbcr BoAoro, 3 Mexasig}roM fioro ravarnr, HenpuBo,&ta poJrnKoBa

KpnBonigiftsa npoBonKa, pornmori cerotii p44ian6Hoi Ai,nxnrur npr.tolxoi
npoBo,ryr,l, pornroBi ce(qii ropr,rsourarouoi girrrru npxno,4uoi [poBoAKr.r,
MartrrHa .qJrr BBoAy 3arpaBKE B Kp crani3arop, Marur,rHa AJU| raaoaoro pi:anua
3afoToBKI{,

Pgc 5.79. CxgME Beplllt(ai6sol- (a), 3i 3fEoM umra (6) i pa,qiaiEsoi (B) Matlw
serglrepBuoro irrrrt: l-po:r@d drm; 2-EpoMbrod dBts; 3-Kpucmrfuamp; 4-3oaa

mopEErroro oxoro.D(gEEr; 5-tn'ayua rnir; 6-ia3opfu; 7-poJ6mEr; 8-3I-Ir6Ed nptcrpii; 9-
npnurujl5rrtr npncrpifi; l0-r(arr'laq

Mexanigr\.ru xavanxr r<pucra:ri3ampa trpu3uaqeBi AJLq ycylenux
pxBaproBaHar MeraJry ,qo criaor rpncra:ri:aropa 3a paxyr{ox HaAarflllr

ocrasxroMy KorxBarbHrD( plxiB. Oco6luBicrro LrexasbMir Ka.raHE paaiatsHt{x
MIUI3 e 3a6e3[eqeHut 3Boporrro-KollnBa;IlHom pyxy rpucrani:ampa no
.qhnqi (pyroBoi rpaeKropii : pa.aiycou, xxxE gopinnroe paAiycy rpmRenr
Kpnmarbaropa. Ha pnc.5.80 noxagaui cxevq BalKinlrroro (a) i eaximlro-
rg/naqroBom (6) uexari:uia raaarnr. flepmi uexauisvx, He3Baxaro sa ix
upocmry, He ogepxaJm lrlrpoKoro 3ilcrocyaarnc is-ra seiltox;mBoc,ri To'*roro
Braroxaf]u saxony pyry i mgamx KorItrBaEL 3 Bl{ctxolo sacrorolo. B lpyror"ry
IrexauisMi rorzsarLg[i pyx 3aAaerlct qorE]l.llan(oBsM exo{elllpl'tKoBlnM
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MexaHi3MoM KopollrxcrroBoro Ttrfiy (trprBoA Mae ],I{oBr{e 3MirqeHHf Ha 90').
tlacrora xoJnrBanb peryJlK]erlcr uuIrD(oM 3MiE sacrorlt o6epranrt
eJrerrponBlnrlua trocrifiHoro crppy, a aMrudTyAa - uoBoporoM erccqeurprara 4
rignocno excqeu, prrIrom Bana 5. B po6ouorrry crari npyxnHr 3 [pr,rri.rcE[or;
nonivry @pt.nciiftry xardruySry 7 ercqenrprra 4 ao naniauyQryr 6, .ara
sarpirmera tra ercqenTpxrrxolry uaid 5. Ilplr perymonaxxi Berucl4Hlr
eKcqeETpricarery Hauinry$rrn poa'egrryrorbcr 3a AonoMororo rigpoUunirlpa 2,
rrufi, crrcrcyro.l.r npfi u6oMy rrpprsHn 3, pp<ae rpaaepcy 1. ,{iala:on
perynpBauu qacrorr.r (oJruBaub - 5 - 10 rcol/xa, gianasoa peryrrcBaHs*
arrmnirygs - 2,5 - 12,5 w, vacrora o6ep"axsr E*{ryHa - 0 - 100 xBor [2]. lht
EorrepeAxeH[f, po3prcy Kopxu 3Jmr(a rpu amrogi fioro is rpucra,ri:ampa
3acmcoByrorb HenpnBopi pormxoai npoaogru, rri o,4rouacuo Btrr(olr,'rorb

Qynxuii ropcera i gonouixaroro 4xepe;ra aigro,uy rerrra. flporogra uae
. noB,[onxEi i nonepeyui polurm, .*ri poramoq.rorr r pos'or,rxouy cranesoMy
Kopfiyci ffanporr,r trornpbox rpanefi:rnrrxa, Pery oBaEHr fionoxenqr Kop[ycy
rignocno oci po3ruBarlu :4ifi cmororr 3a AoloMoaon fi p).xs.rxxo-rBr{EmBrrx
upr.rcrpoiB. ,{.rr uoxmmocri nepexo,ry Ha tr,rrra 3a.roroBox gpyrux po:uipia
nepe,{6aqeHo 3MiEHi fipoMixui ruracr],ixu i KacerHe ycraHoB[eHrrr fioIlepeqHux
ponlrKiB, KopeKr'.rorb troJroxexnJr ponmil riApoq4trirgpau1r. Bpaxol5rrona ,ri

o6crasnrz, qo npu a.rapii pigrzi ueran 3at[.rBae nepen:DKHo repxri poauxu, ua
Ae{rsx MamtrEax rrpoBolKy BmoToBJtrbrb b .qBox cerqii i :gifuraarorr ri_rnrua
BEDXITO.

a
Pnc. 5,80. CxeME raexesbMir Kasamr Kpneanbarcpa; l-rpanepca; 2-ri&oqturiqap; 3-
trp'.{@n; 4'e(c[eErpm(; 5-e(cqeEllm(oBnfi Ban; 6-sadBldytbra; ?-+pEqinEa MyOTq 8-
Ear1'n; 9-qorspE'raqKoeni uexaui:*r; l0-rprcra:risarop; I l-rqnasoK

Ilpueogi npoBoArs o,ryoqacgo Bxr<or1'rorE t[yurqii uenpum4Hrrxj aJre
ocHoBge ix [ptr3naqexrul - Blfrxraxrrt 3JInrKa i iom nrnpaa;rexrr xa
ropu:onranrxifi Ailqtlui. Bour,r cKJral(axlrt c, i: 4uox-rprox nmoposr"ripia
poJn xoBrr( ceKqii, a6o is ogxiei cexqii Tprox-qoruplox ougi_e. Ocnolnr,un
eJreMeHTilMa rrpoBoAo( e poJrffxrJ .*rci nogi;rxromcx Ha npsaucxni, nprcoAsi i
HerrpnBogi, flpa'rucxxi pontrKn peTarJroByrorbcr snepxy i lrarotl rigpauriwi
qrr flpy)srHno-rBrirroni uexaai:un npn:rrcrq. a ix onopn - p]xoM-y rpaBep€y. B
rigpandrnux MexasisMax AJtr trpuTr{cKy B}iKopscroByrorbcr noprmreni
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dnpourjrilrApn. flpnro4 npyxtntro-rtslwroBoro Mexaxi:ruy vae enerrponauryn
nocriinoro crpyMy, rual{ETapHud i vepr'xrao-rnaHroBfift peAyrrmpu, Ponlrrr
s'e4ryrorEcs 3 IrptrBoAaMLr 3a ,4otroMoroK) um,ra4erin : yuisepcanrnruu
nrapnipalar,r, qo Aa€ MoxtlrBicrr rounenoyaarra ik nepexoolt, a raKox BuHecrr4

npneol ra uexi 6e3nocepeaH6oi TennoBoi ,qii.

Pnc. 5.81. Cxeva noeopdnono ?o3JEBEoro
cIesla; l:n€oyqa paMa; 2-!iA8icrs4.3-Trnr;
4-3y6 eBorcDeETEoro upo&i.:uo; S-nonsyn;
6-nnlrxeprd rinporurir pa; 7-[oBopor€
Iurar{opua; 8-rpyrora peiKa; g-poj@(g

floAa'ry i gseAeHnr 3arpaBKtr B Kpl{craJrisarop, ii po:'egnaxnr 3i 3JMlKoM i
Bi4AaneHur BuxoryrorB cneqialbmrMu MaIIrmaM[, s]d Eoainr]otrcx ua ABi
fplmrl: M:uulrHa Ars BBeAeEE satpaBKr,r 3Bepxy i r.,rarrrnn g.irx BBeAeHnr

3arpaBKq 3Hu3y. Marfl. ra ,{:r.s BBeAeHrr{ :arpaexz (roacrpyrqii y3TM)
cruraaaerBcr 3 qpnBo,&rorc BbKa, frd plxaerbct IIo pefiKoBifi Konii, rroxxJroi
crpinx 3 ri,{paanrismnr Mexaniei.aoru ii saxffry, KaxarEo-6apa6annoro r,rexaui:lry
ni,fror,ry sarparrra i vacnocram$i. Tarci lramar goqirrao :acroconyearn npa
poam-rnarni crani orq:emnan KoBmaMu, KoJrIt BlflruxalolB nay:ra a poenxnarud
To,qi craoprororsc.r yMoBr,r,uur BBe.ueEE 3arpaBKtr spaly nbrr srao,ry:nurra :
uepfuoi cerqii poJuKoBoi rrpoBo4c{. O,urar y Bura,ury pcnlrBaHnt crani
{(IlJraB(a Ha rIlIaBKlD), KoJI}I nalBa Mix ulrKraMs JIxTrr Aoctra€ 180 xB,

4oqimniue BuxopzcraHur cra{ioHapxn( Mamql{ 3 BBeAeHHtM 3arpaBKl.r 3Hrx}y.

Mamffia cKna.{agrbcr b xnruom crora : rigpaaniesm*l r',rexaai:r'aou fioro
Haxvxy i HenpmoAr{HM poJlbraHroM, KaperKr{ 3 ABoMa KpIoKaMI.i, .sxa

nepeuiuryerrcr rro HarIpaBJItIoqsM 3agotroMomlo xanarno-6apa6aaxoi
le6iaru, i r'.rac:rocrasrii [2].

,II.n.r pisamn g:rnrria ua r'dpni 4oaxrara l npoqecci po3fiiBar{qn

3aclocoB)'rorr, Mar[trHLI ftr3oBoro KpatE]It i Hoxfil1i 9acrime
BnKopr.rcroB)'rqr6cr nepmi Marmna crna.qaerscs s si:ra : HenpflBo,{HItMI'I

KoJrecaME, sKffMI,I eifi o6nnpaemcr Ha pefuc.r ecraKa"4,I, xaxarxo-oapa6axxoro
uexasi*rj' noBepHel fi s sm<i,$re fioJloxeHHt, ABox KaperoK : gaxlaraMri i

ix uepeMiqemr, ,EBox c)mopris 3

ropmoflralrsHom nepeuirqenux
(repnengrrylrxpno pyry lisra), .qBox pfuariB, mi sarpinneni Ha cyfioprax i
uarom vepe'luno.rgsxroai MexaHisl,Ilt ii B€prlxarrnoro nepeuiqer*rx. B
npouecci pisamr MarrrElra pyxaerbcs uiA .4iqo pyxoMoro 3Jrlfir(a 3aB,qtKn

3a3BaTaMj jl(i Sarxoto'floloTb utTor. IIpu IFoMy KaHarr, cxoAsrb 3 6apa6ana,
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rxl,Ifr po3TauoByer6cr Ea BbKy B p$ralrbMoBaHoMy cTaHi floBepTaerEcs
MarrrHHa B BrxiAHe nonoxeHHq rrpft HaMoTyBaHHi KaHaTiB Ha 6apa6aH.
Illsrqrbrr pisanrr s.mrxia trpE rroreperruoMy nepepisi 250(350) x 1150
(2200)MM craHoBnrb 0,06 - 0,6 r/xn [2],

PognasaHrir cra:ri sa ME-II3 repmm KoHcrpyrqift rrpoBa,qrrl 3a

AonoMororo posruBnro( rparir, qo e ne4oqirnxw i:-:a 4oorovacxoro
3arpr.rMarru{ rl6oro clcnaAsoro i Aopororo ycrarKyBziHrur. Ha noBnx MHJI3
3acrocoByrorr, piani xoncrpyrcrii po3JMBHE{ crengie, uo 4ae uoxlrmbn ue
rfurrur sgiicmoaaru sci seobxiAli onepaqii (ycrano*rennr nrox xonnia,
rrepeBeaer {rr xoncrie b p$epBEoro fioroxeHrrr o po6oue i naanarul,
3BaKylaHr{f, Merany, Bep"HXaJr6He nepeMir{eEuf, roBrdB A,'rl Bu(ouaHrrt
AoroMixHn onepaqii), a.rie i crnoplorara agmHolr-aicrt uauux.

3a roHcrpyxrti€ro i npnruxnorr,r aii crenw nogin*oro aa vocrosi i
nonoporui Mocroai neperd4norsc.f, rro pefiKoBifi Konii i cmagaroccr i: uo6ry
3 upuBoAnuMr,r 6arraHcnpmun ai:rauz, xonox 3 EanpaBJrrroqr.rMn o6oh{aMff i
MexaHbMy BepruKaJrbrroro nepeuiqelrxx Mocry, xKxir uae 'rorl4xl orpeui
rramoni lrexanigvlr. Koxr:ui : nux n cBoro qepry Mae enerrpoABr,rryr, rairEMo,
vepn'r.runil pe4Snrrop i rnunrory napy s o6epra;nuo i nomyrrarr;Ho p)xoMxMR
|rratorr.t i raftxoro [2].

floaopmnd crerg (pac.5.81) cKrraAaer6cr 3 ocHoBr,r, noaopmnoi
rHar$opMr.r s Mexasist',{olr{ 'fi noBopory, necyuoi parrm s nilrbxavn, MexaHbMy
nidoMy i o[yc(auur KoBmiB i BaroBoi crcreMu. floBoporHa qacrxHa
nnarQopMu - ga{cafua. Mexasi3M Beprr&aJrbHom nepeuiqeuru xoluria
cKna,qaemc.{ ig aBox ulyHxepxhr ri,AporyriHApiB, uoB3}'rra 3 ,rparreqieu.rgnoro i
ropr.BouralrbHo-pyxoMox) TpaBepcorc i saxiu, mrd trpmeinneHo go nec;rvoi
rparepcn i uae sy6 eBonEBeETHoro [poQimo, Iliagllaa r,e4raso : gaxfuInrr{ ua
paMi 3a,qonoMororc Ttr, rqo crBoproe )'l{oaHrd rraparrenorpaM, a qe B cBoro
rrepry 3a6e3neqy€ rurocKorrapaJreJr6He nepeuirqermr niABboK 3 (oBm:lMlt.
llidou i orrycKaHrrf, KoBEiB BiA6)tsa€rbcr rrprl trepeMiqenHi s rofi sra iHmlrfi
6in rorsl'n4 rxafi roreprae eao.mneu*rui ry6, a orxe i xecyvy paMy [2].

22'2' 3a&'a1

1. Busxa'rre noqar<ritr purpla rxrryroi 'rorupuBa:lroBoi ruriri fuuc.5.79),
rriqo G. = 310 IcH (rraaxcrarr.ra;rrxa sara 3ntrTK4 rrctrt yTpuMye ra'riTF), W =
45 rE (onip 3rm'n(a fu Kpucsnbaropa), D" = 0,4 m (aiarrlerp
narrir), n* = 650 xp-l, i = 414 (nepe.qarowre qucno pe4arcropa), Io =
0,85.

2. BmHarl€ noryxsb"rb gauryrra mexaxisl,ry ravanu.n rpu crani:aropa
(puc.5.80,6), xxqo F* = 44 rcE (cr.na xoplr,rarbHor.o rncKy Ha (yna.{oK), er =
0,0125 u (er<cqerrrpr,rczrer (ynasKa), n* = 75 xn-r {ramora o6epmrmx
Kyraqxa), qo = 0,85.

22.3. Koxroonrri sarraragn
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1. flepepaxyfire o6Jracd :acrocynanna senepepBHoro JrHTrr. Aaftre
nopinnrurrry ouirury nepqrmracroro i He[epepBroto Jrurrr.
2. 3apucyirre npranqnuori cxeMr,r Marrrrrn HenepepBnoro matx, noacnirr i'x
6y4oey ra nprnqxr 4ii gaire uopiau.r.nbHy or{iuKy rplou T[naM Marrmr{.
3- CrcnaAin uero,{nKy po:paxyrlqf noryxdrocri grlrryta Mexani3My BffTcrannrr
3JrrmKa BelltliKarhHoi ycraHoBKu.
4. 3apncld'rc.-cxeMfi Mexaais,rie xacairirr rpumad:aropia, norcrir rx 6ygooy
Ta npr,IHut-In all
5. florcHir! 6yaoBy i npasxavenne pomaxoud< npoBoAoK.

6. florcnirr 6ygory i npunqNr 4ii uamm Arr BBe,qeEnr 3arpaBxr.l.
7, flepepaxyire i oxaparrepNsyfire 4onouixne ygrzlrrqmafirrJr Marrrrlrl
HerrePepBEor-o tI4TTr.
8. 3apucyfite cxeMy noBoporHom po3JruBHoro creuga, nolcnirr fioro 6yaory
ra npuxqxn 4ii
9. Cr,ralirr Meroloffy po3paxyHKy noDorarocri Fplzryrza uexaui:uy
noaoporroi cucreur nra@oplrr,r,

Terua 23. Cne4r(bivue ysrarftyBauur riApoMEraryprifiEoro
BlTpo6$fl{rBa

23.1. fiApoMeranypriini npoqecn lrltpoxo Blr(op]rcroB]'ror6cr y
aupo6xnlrri r:ruioselry, ufl(V, siremo. OcxosnflM rrpoqecoM
rigpouera.ryprii e Brrn)ToByBaHH.,{ - flporleg nugo6ynarmr o,Euoro qu

aeximrox cK;ra,qoBrrx rBepaoro xarepia.ny rnJUD(oM po3qHHeEHr Eoro B

pi,4roMy ntxroMy s!.r KucroruoMy po3qqunl,trry, .ftrx rnryronyaarurr
uarepia-nie npu rer.,lneparypi He 6irBue 110"C gacrocogyrorr Minrartxx,

Arroy3opn, arira'ropu, ra.ryroq,aaui ra inui a npu reMrleparypax BIqe 110"C
(Ans npEcKopeHHr trpoUecy) - aBToKnaBn,

Hafi6irurloro trofluperur cepeg niua:ror ua6yru nanqrorori sKi Marorb

$. iqapu.nflrE roxlx i po:uimyornl npucrpifi. Bin oc.raraersc.s 3 nprrBo,qa,

rpaaepcu i:rarqroronoi nigsbxn :i cra.rernw 6a.in<alrrl [4,5].
Aa$ysopa (pac.5.82,a) 3acrocoByrorb Nr BEryroBlBaHH{

KP}'IIHO3CPHI'CTTX IOPI{CTID( MATEPTAJNB. IX BEKOPUCTOBYIOTb'K AIIAPATII

uepiogu'rnoi i xenepeponoi 4ii (s'egrryrorr nocni,qoano y 6arapei) [4,5].
Agrox.nanu @r.c.5,82,6) noai.nslorrcq sa asi ocHosHi r-pynrr: 3

o6irpiaaunxv rryrr5m uapolo, tKy rlo.qalorl 6enocepe,4xro B rryrLfly, i 3

o6irpinann*',r rrlxolo rrapolo (vepee :uiiiorrmr.r). B fiepmoM,v Br'rlaAr,v

neperaiuyrord npxcrpifi xe norpi6en roMy, qo lepeuiul'aaerra
BiA6yBaerlcq 3aBESwr Aii caMoi trapf. B ryyrot'ty Bnrraar<y fiepeMimFoql'rii
npacrpiii uae 61'ra. O6'etvr aatorurasiB craxosHt sin 25 Ao 100 u", 4iaruerp -

1,6 - 4 M, Bncora - ,qo 15 u, po6ova reMneparypa - ,{o 240"C, rucx rry.mru - 2
- 4 MIIa, Ao qqcra ocHoBHff eneuexrig arToxlassrot 6arapeft uanexarr
cereparopx (aa*:ntxermx rncry xaryli"oro po3qffiy Ea Bxxogi is arroxnara)



i runapai anaparu (ffrx s6irnmenur rorqeutpaqii pmqr.rty r ns(oM
BlrfiaproBalrut po3rmuxaria) [4,5].

POSttuHHur{

(

Psc, 5.82. Cxervs ctreryrbir$oro ycrarKyBa8sr rh!,oMEraJrt?rn': a-AElbFop; 6-arror<nar; e-
trEeBMaaEwd Aekotfio3ep; r'Tp]6qaqsi rnn roB]tsaq; A-ariTarop; e-rueauatrwrr ariramp;
l-3alasrax]tsarrrvnl -rEoK;23nsBEd rarpy6or; 3-ni,psne ;1ge 3 peairrcro; 4-

Epscrpifi s-peMoErEi lEor@; GqepeMiEj,lo.si aeponioa; 7-ryaswoprt'rod
aepo:drfr; S.cuipa.ro; 9-:y6vacad aiaeq; l0-onopai poJlulo; ll-npreog; 1z-triAirpiBrtrrc; 13-
FrQy3op; l4-rBriEr; 15-3iE!d roroK; I6-trepsrqJua 3acniEra; 17-rlarp)6ox a.m noaasi
po3@rru-Ka

V aupo6xaqrri rntrEo3eMy .{ns Br.rKpyq}tsamr (gexorunosuqii) riyxno-
aJuoMirarHrx po:,runio s nuliressfl.r rl,{pary oKucy a.ruouiriro
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3acrocoB)'rorrcr MexaHiqni i nnesMar[sHi Aer(oMrro3e]M (pr,rc.5.82,a).

Mexauiqui xsnfiorr co6orc nogo6y la.n4ororzx Miuanox aenl*oto o6,euy
(ao 800 nr3). flrenr'aarrlqni :acrocosyorrcx na xoarax ni,4npfievcrsax. ix o6'eM
gocxrae 3000 nrr. li;rr nepeuiuyraunr i rpaucnopryranu{ po3suxrB B qrD(

AeKoMrro3epax Br{KopncroByrorsct aeponiQrt, sxi Marort gei Tpy6u:
sosHiurxro (g 6hrrur*i aiauerporu) i arryrpimm (s uenuuu giaMerpoM). flpz
uoAaraxsi crr{crreHoro nonirpx uo aryrpimaifi rpy6i ua ii BFxoAi po3szH
Hacurqyerbcr noBiTprM, qo 3MeHnye ioro ntrToMy eary iaiH sulbHcerrcl
6hrlr D.gnn,r nanronrur:ir'.r cepeAoBr,rqeM po3rrtrEy B npocrip naiN rpy6arrlu.
Ha cxeui (pac.5.82,r) uora:aao mpimaun p)4( posqnry rrpfi nepeMiuryBauni i
poreanraxernri [4,5].

Pf,A fli,qflpueMcrB Br,rropr,rcroBye Arq Bnr]ToByBaHHr nepron*qiftui i
rpy6uacri aurryronynari (p2c.5.82,r). flepnri rannort co6oro uogo6y
naHqroroBoro Komeft€pa : sarpirurexurrara Ha raskax ftoro nan4orie
trprnMa:rsqsuMfi eMKocr.{Mr-trepKorrxropaMu. Ipyr-r Marorb nogo6y
rpy6uacrnx o6epramnrrx nesefi. PbHfiqr troJuxae B ToMy, uo nriyrpinnlr
rroBepxUr rtoprrycy BruryroByBaqa Ma€ cnipa.rrni craaeni nolocu, ,{oaxxna
6apa6ana cranorrrr 46 M, niaMerp - 3,6 u, vacror:a o6eprannr -,ao 0,4 xa-I,
noryxubr ,4mryNa - 125 xBr [4,5].

Anrl BrlnyroByBansr xeloraprcir (npu nepiogrruor'ry cuoco6i)
3acrocoByrorE ariraropu Grlc.5.82,A), sxi gsrrrorb co6oro nogo6y
trponenepr rx uimarox. O6'er,.r ariraropir craHoBnrr 85 - 150 uJ. Ha.sanbrl e

nn< guQysopa gae rrlox.filabrb iHreucn{kaqii npoqeca [4,5].
B t$trKoBoMy i nixenroaor"ry nrpo6xuarui 3acrocoal.rors naeaMarfl.rHi

ariraropx, rxi qe xasrlaarorrcr trasy(aMn. Bolu snxrorr co6oro nogo6y
,4eKoMuo3epiB i Marorl aaanoriqsufi npr.ru{rm aii (puc.5.82,e). AiaMerp ix
.raga crauoBnr; 3 - 4 n, tucora - 6 - f0 u [a,5].

23 -2- 3a4aqi

l. Br:saqre m.rroMy Bary HacurqeHoro ro.eirpru po3trr, {y, npr4 axoMy
ain 6yae nirniuaracr aropy i rlepe;rrnarricr uepe: rilua:osHisrxuoi
rpy6u aeporiQta (pnc.5.82,r), rcqo Hp = 10 n (sxcora 3aH)?eHoi
vacrNuu qry6u r poaxrx), h = 0,1 (sucora rpy6u uag noBepxuelo
poswry), T = 12 rEhr3 (mroua nara posuxry).

2. BueHayre norynorbt gnrryrra uexani:uy o6epraurr rpy6vacroro
Butq.roByEaqa, tKrqo G, = 3200 rH (aara rNlForyBasa), Q = 600 I(E
(nara r'rarepia:ry), n = 6 (ri$ri;r ponaxoorop), Dp = 0,7 M i dp= 0,2 ts

(soruitmrifi giar',rerp i giaMerp qau$n po:rnxa), Do = 2,8 rla (,4iauerp

6argarra), nu = 0,4 xn I (uacrora o6epranxx 6apa6aua), V = 60" (Kyr
posr.rirqerux laox nporrJrex(En( pots(ootrop), p = 0'015, k = 0,0008tu,

F = 2'2' r'to = 0'66.

2313: Konmom;xi :zrlrrantst
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l. Ilepepaxldre o6lacri 3acrocyBaggs ri.apoMerar]prifinrx npoqecla.
Oxaparrepu:yfi re rigporrlerarypriine ycrarK)tsanE .

2. 3apvcyizre cxeuy 4nQyaopa, aBToKnaB4 ,qeKoMro3epa uexaniquoro i
nEeBMarnrrnoro, norcnirb ii 6yAoBy ra upnuqnn 4ii

3. 3apucyfire cxeuy rpy6vacroro (6apa6anrroro) BrLn]ToByBara, norcuin
ioro 6ygoay ra IlpqsqEu Aii cKraAirb Mero,qrd(y po3pax],rrKy
noryxrrocri ABrryEa uexaai:uy fioro o6epramrr.

Teua 24. Cneqr$iure ycrarr(yBaunJr qexiB Arur Brlpo6uurlTBa rnrauy
i ruaruiro

24.1. Ao'&rffia cneql$ivxom ycrarr(ynarrHr rrrrarroBoro nupo6r*rqrea
r'uonfia nigaecra: nevi uenepeprnoro KoxcyBaHrur 6pzxerin; maxrni
xlroparopr.!; ycrarroBKr{ liAHognesss i cenapaqii; npucryoi Am BufiMaEHr i
nepepo6rn 6aorcia ry6uaroro rnrauy ra jqri

fleri xenepepnxoro Ko(cyBarrHr Gm$ 6purerir is rnrauoMbrxoi
cupoBr.rxn .sBr.florb co6on nogo6y maxrura< rrlraBrrJrbHrfx netefi i laarorl rpu
3oHr{ (3aBaHTaxeHHr, KoKc).BaHE{ i oxolo,4xennr) (prc.5.83,a),

---3manrmryrrf F-rre-{i-6'awidp63B-drdTJr@
Koxiqrrnu p)xoMrir{ grurqer,l). B soai uarpirannr, r[yrepoBaHifi Borxelpr.{BKoro
rleffroro, Eeo6xiAsa reMnepaaypa crBoproerbc.{ ra3oBHME nanr,nnrauu, xxi
posrarxoByrorb tri,{ KyroM 30" go aeprrraai Xono,qur;Hu( crnaaaerbcr i3
gerinrxox rpy6, o6'elaauux B oAsy (oucrp)'Krlito, uix criaxaruu xxoi
grrpxyJrroe noga. Korcoraai 6pnterr,r porraxraxyiorrcx ua,qroxpycNufi
ri6poxonaeftep, xrrfi e o,{Eorracxo rpoxorou 4rx aigcieauux gpi6'rsry [5]-

Aff xnoplEaucs rnraxoubrruor mlrarir :acrocor5norr pi:ni roncrpyrqii
xnoparopiB, cepea .f,Kr.rx uotrutpeHHf, na6ynn maxrxi xloparopu (I[X)
fui1c.5,83,6)- Epxxem sararnar)'rorb 3Bepxy cneqialrxuu r€pMer[qnr{M
xtrBarrrxril(oM 3oJrornr,rxoBoro rzrry. 3Hx3y 3a AotroMororo Q;rpl,r logaerrct
xnop. PeaHIir n:a€Mo,qii npoxo,Eltrrr s ruginenn.ru re.nzxoi ximrocri renna,
flpn qrouy, 3a BuEf,moM trepltroro fiycKy, ne uae norpeou 3acrocoByBarr,r
gonouixni lxepena rerua. Buyrpimr noBepxn Koxlxy 3alc.rqacrrcr ai4 gii
Bltcoksx reMlreparyp ctreqianlsoro @yrepoBroro. Buacni4or peanqii .
oAepxgrorr sorlrpnllropacrrfi ntraa (TiCla), flKrfr Mae pisni gorvrinrra. ,{lr
Bmalrr&xeHflr He[pox;topoBaxlo( 3antrmxiB 3acrocoa)norb repverr+mi
rruaroli posnaaraxxaxr [5].

Orycncy TiCL ne.4;nr a genirnxa cragifi a perrusixaqiEsrx xoroHax i
ancrrmqiduro< r<y6ax [5].

fy6sarufi Trrralr oAep)Kyrors, trepeBaKuo, uaraierepuivnuu
BiAEoBneHHrM TiCla a 4a:nurolo Bargyr{Horo cenapaUiero, yc.ranosxa An'
BiAEoBrenHr (p8c,5.83,B) cKra,{aerbcr is 4aox ocnonmr:< qacrxH: a[apara
ciaeoBlrecs.E i exextpoxeqi Anapar uae perspy is eraai Xlgfl9F, rparmqy,
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Qa:nuri.rae .aquqe i srnxrurfi npncrpii. B xpruqi e na,rpy6ru 4rr
3aBarJTaxeHrrr TiCL i piaroro Maruilo, a rarox narpy6ox s ruaruieeoro
3arnymoro. 3nnnuai oraip npu3qaqaerlcf, Arr nepiogrlsaoro 3Jrr{By
xroprcroro Maruin, rKXi yrBopro€rBcr a npoqeci pearqii (rraanrifi e 6imnr
aKrvaraM no siAsomenun Ao xiropy, xix rn:rax), i ueperpuraerrcr roniqnunr
K.rlanalroM, Ilpoqec ae,qyrs g ceperosutr{i EeftTpanrHoro ra:y (aprory).
BsacdAox ai,4sourenHr )"rBopro€T6c.f r[rarroBa ryorca i xjropr,rcrnfi varnift,
.rrnfi nepiogrvno enznarorr [5].

Ilbirr ri,qnonneNxx ry6xy orraqarorr rig sanr.nrnin uarxiro i xnoplrcroro
rrraruiro uetogolu Bary),'MHoi cellapalii cym rxoi noJrrlao B roMy, rqo [pr,r
revneparypi 950 - 1000'C i oanruxorouy racrcy 1.10-3nrrr.pr,cr, uarrdfi
iHreucuauo BurrapoBy€T6cr, Tr{Tarr rlpu qifi reuneparypi 3amfl aerbc.s B
rBep,EoMy craxi Arapar cenapaqii (prcr5.83,r) seJl.se co6oro RoMrroHoBKy

ABox peropr - nnxsroi i sepxxroi : KpulrrKaMrl, uix rrrau.a po3TarroByerrct
na6ip erpaxio. Bxyrpirori o6'euu peropr Ao troqarKy cenapauii po:,e.rgaui
rr{aruiegoro 3a$ryrnKoro. BepxHr peropTa e KoH.qeHcaTopov. fli::rr
ni4irpiaannr HrxHBoi peroprs 3a ,qonoMo!'oro enerrponevi ruaruieea
3arnyrrJKa po3rrJraBJrreTbc.{ i o6'euz o6ox peropr r',ennyroftcx, Konlencarop
ocigae xa orinxax repxmoi peropru [5].

flbnx ceuapaqii peroprrr 3 ry6xoro i4yrr y ni,qAilremrl, rKe Mae
yclarKyBannr Anr B[ftMaEE TriraHoBrrx 6noKiB, Ha pac.5.84,a roxa3aHa
cxeMa ycrauoBxu Alr Br.rrpyuyBans{. flpuuqln i( gii nolrrae B ToMy, rqo
u|qrl ra nHerrr.roqfinin{pou na o6yuonneNy Bficory peropra : 6lororvr narae
BHr,B 3 HacryrrHoro pisxoro 3ynr.rHrorc axacnilox ygapy xopsrzuu o6
aMoprr,Barop, B qror'ry ermagry BtrIruKiuorl semKi cnma inepqii r.rci ae4rrt
Ao Bufia1asHr 6noxis is peropr. flpore, B gerxr.D( BxrraArax 6norc se
BxTpyuyerbcr i lprmmoro rolry e ,niqna rapubaNaa Kopxa, rKa yrBoproerbct
r cepegr.tri pempru Ha"q 6ncrou. Touy runr.rxae ueo6xigxbrr, r ni4pisanni
rapabaxnoi roprul Prr sSiricxenm qiei onepaqii i o4uovacxo
BHrIrroBxyBaHHt 6noxir sacrocoal,rorrcx creqiarnui ycraHoBKu (puc.5.84,6).
flinpi:amrx KopKa rrpoBaAxTb noxeu, rr<ui uae ynpaaninu nig
ri4poqanix4pa, npr nepiogrrnouy o6epranHi peroprn. BrmroBxyrot 6norc

riapoqulinqpou sepe: 3nnBntrft narpy6ox, Airoqu mreuneneu xa $alrnruee
nunqe [5j.

Ars o,{ep)KaHxr roBapxoro ry6varoro rtarary guftrrsri 6rorcH
po:,4pi6urorou go neoOxigno! {parqii i copryorr. IIa 4e.rxm< nignpaeucraax
AJrr Kpym{oro .qpi6xeHHr 6aoxir nxopr,rcroByrorl eKcqexTprrr(oBi npecn, rri
npucroconaui gns qEoro, a Ans cepeAsEoro i gpi6xoro uogpi6nroaanur -
llorori ,4po6aprclr. B roft xe qac B r{oBtrx rlexax ,q.Jrr (p)muoro 4pi6.reun-r
3acrocoByrorr rigpauivxi ycrauoBKtr pnc.5,85,a, .f,Ki .rBlrnorl coborc
riaparni*rni npec ,uayroaounoi rorcrpyruii 3 p)rrcMHM crorov i urxuiv
porrlriulenuxr'r pooovnx rigpouruixgpil. Pi:rqsifi nix xpinarucr ua repxuii
rpanepci py:ror'aoi paME, rKa yrBoprcerLcx ,FoMa KonoHarrm i T paeepcaura
(repxmoro i nuxnmro). flpu po6ovovy pyci ri4poqrtliugpir (ronoauoro i
galx aouor'd:rcrux) pzlMa orrycKae nix, xrcril uoc,ri,qosuo pyftnye 6nor.
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flonoxeHE 6aoxa ropercryroTB 3a,{orroMoroF pyxoMoro crona. Crin uoxe
nepeuiuarncn Blrepe,q Ha 500 M i rrasa,q Ha 1200 MIu, fonoennii qr,lriagp
poarr.nae:ycul,rr 8,9 - 13,3 ME, lonor"rixui - 1,25 - 1,85 MH. ,$n yclrreun-r
ropr,r3oHlaJrrgr{x sycu:rr nig vac pieanrx nepeg6a.reuo nepeMirqesgr crora g

ropr.r3oHTa:rErroMy Hanpxury [5],

PBc. 5.83. Cxere cneqa+iqEoro yq{rrKyBarsr nirr Btrpo6MlrBa
'rErasyl a-nis IIHK: 6-maxrd xjroparop; B-aflapar nigros,renurl r-

,10 aEapar BarqFGoi gempa{ii; l-3aBaEraI<tcu6Ed l<'lo6e.lE; 2-sosa
sarpisy; 3-ra3oBi ranrmu; 4-lona oxorlo,e(eE ; 5-r@un6HEK-
,{Garop; 6-0nrs; ?-rBEroBd po3BaErax}B$ 8-psrapa; g-rpffi q
l0-triAiipiDEa EiE 1l-3r@d narpy6ox; 13--oxolopr; 13-
MarEifioBs 3ar[i1EKa

,ftx cepe4noro i 4pi6uoro ,4pi6:reunx B r{olr[x qexax 3acrocoB],'ror6
nrxsoni ra 4uorconi gpo6apro, nti rrarorl oanar(oBy qpurqsuoBy cxeMy
(prc.5.85,6). Koxra gpo6apra Mae ABa BaJrr.l, na rrran:arpinneao sy6racri
noreca i pixyui ereMesrr (rntnoai noxi vn 4xcrcz) B maxoBoMy nopr,{Ky.
Pixlqi eteMearr.r BmoroBrurrorE ig cra.:ri 2XB2C. 3arexeo ain rcpynnocri
npi6nenuf rrs BaIKE Haca,rrryrorr Tpr! qa n'srE xoxcin (nrcrie). lftre rpynaoi
Spaxqii sacrocoayrom rpl xoxi (gucxn); gaa Ha onsoMy i oguu xa gpyroMy
Barrrx; .[Jrr 6inrm 4pi6xoi - u'srb noxis (arcxia): 6aa xa ogwouy i rpu ua
Ap)'roMy BaJrKix. ,{iar,rerp uoxir: KrrqoBm( - 900 nru, AtrcxoBma - 980 unr,
vacrora o6epramr aanrin - 1,075 xa r, norpxxbrr ,pnryra - 75 KBr.



/-a
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Puc. 5.84. CxeME ycraHoBr(s Irrr Bs:rplE)TanE4 (a) i ri,qpaBrdsEoro Weca Arr rriApbyBaE[t
rapsicarcoi xopr<r i almrooxy'ra n 6norie ry6rc (E; l-percpra 3 6aorou; 2-rop:rna; 3-
fliAioMEo-tra,qalod crijr; s-riryowris4's; 6-rcpsrK4 7-urreloe'E; 8+roxi; 9-npmoani
ponrKtr

Psc. 5,85. Cxere ycrarrjrBamr ,{,rs po3Alri6EoBarryr rrrriinosoi rr6r(s; a-ri,uportpec ,urt
KpynEoro po3Ipi6EroBaEE{; 6-mcKoBa (s {J@ora) apo66pxa arr cqpe,uEEoro i 4ri6Eoro
po3Api6EoBaEEE l-Eix; 2-rcnoru; 3-pyxord q!in; 4-EeplxoMa rpaBepca; s-AouoMbrcsi
riqpoqstiElpu; 6-roroBd riAl'o{6riEAp; 7-Ban 3,&cxa}fl (q I(nErotro.[i6E ors EoxaMs)

.{o aac.ra crre4{$iqvoro ycrarK}TaEln MamieBoro BI,Ipo6r{EqrBa
HaJrexar6 axperarrr arur ocraHEsoi rperEoi craAii o6BBoAHroBaHEJr KapHaniTy.

flpoqec o6eggoarrosaHr{r Be,4r"TE B eneKTpxqHur( neqax CKH (crauioaapui
xapffaniroBi uenepepanoi Aii) i xnoparopax. IIiq CKH tBnte co6olo axperar
(pac.5.86), rKntr cKnaAaerlcr is BJracso ne.ri i oguoro .u4 ABox
eJreKTpoMkcepiB, 3'e,qaasrx : niqwo treperrr{BHl.rM npncrpoeM. nis -
craqioHapEar a MiKcep Ma€ MoxfiabTB o6eprarucB si.(uocxo qatro, {Ki
posrauoayoTb 6inr 3rrBHoro socsKa JGorrg. Haxtr MiKcepa BeAerbc.f, ABoMa

xrrnrr'ar.r rilpoqx:rinApauu [5],



Xnoparopra f,B:rsrorl co6oro crarlioHapx{fi arperar, Erclfi po:'eAnaHo
neperopo.qraMu Ita rnaau:rrni rauepu i Mkcepn [5].

PEc. 5.85. CxeMa treqi CKH s uircepou: hdrcep; 2-rhpouraiEJrlru; 3-aicr o6epana_* uirccepq
4-ererrpo,qg; 5-dq CIGI

24.2.3agzui

l. BnHasre roAEFEy rrpoIyKTr{Bnbrb rtsrxrroBoro po3BaHTDKyBaqa
xlroparopa (pric.5.83,6), mqo D=0,2 nr (sornirrnifi qiauerp rnrzura),
F0,016 ru (aigcranr razltra), n1-15 x3-r (sacrora o6epraxux rrurrra),
ry=Q,4 (roeoiniexr HarroBHeErrr uollepeqForo po3pby rBnHra), y=2,1
r/u" (aacrnra uaca r',rarepia:ry).

2. Brcuaqre 3ycr. rm BurpytryBasu 6roKa is peropru (puc.5.84,a),
{Krqo Mae rrlbqe rinrUe uagirnr xop:rnn : 6loxou, va=0 (rrovarxoaa
merarbrr Kop3l.rHr.r), E=0,4 u (nucma uaAisHr Kop3nn ), m1gg00 xr
(Maca 6ro(a), t60r1 c (vac rarnrvryaauu* xopsuun ui:nr ygapy),

3. Bqguaqre mronry rigporyniunpa Mexafli3My aarrrroB4rBaHrrn trpeca
(pnc.5.84,6), xrqo D=1;0 M (AraMerp petoprx), H=0,25 Dr (sucora
rapxbaxuoi KopxE), q=127,5 rH/# (mnoue 3qerrJreH6r KopKH 3
peroproro), pFl0MIIa (po6orufi racx n qmrin4pi), alp=0,SDtr
(aiauerp mrora), q,r=0,85 (KKA qrnixApa) 11=09 (KKA xaperKji).

24,3. Kourpoirrui :afisrarrur

1. 3apncyfire cxelry nevi IIHK, norcxi,rr ii 6ynoay ra npmrym 4ii
2, 3apucyd.re cxemy fizxruoro xJroparopa, norcuirr 6y4ory:ra upanqr,rn

fioro di
3. 3apucyftre cxeuy arperari-a ninaoa.nennr i BaKypnoi cenapaqii

uorcrirr ix 6yaoty ra npmlxn 4ii
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4. 3apucyfire cxeMy yc?arKyBaHru Alr BufiMaHHr ruranosqx 6noKis s
peropr, norcnirl Eoro 6ygoay ra npnxuzn gii

5. 3apucytre cxeMz trpeca i gpo6apx[ gnr gpi6leuux ruranonoi ry6xN,
uo.xcniTb ix 6ygoay ra npxuqun gii

6.Cx;raairt Mero.qnKy BH3HaqeHE napaverpir ri,apo[H,tiHppis
Api6neHru ry6Ku flpeca.

1.3apzcyftre cxervry nevi CKH s uixcepou, noscHit ix 6y4oay ra
npuHqfrl ,qii

Teva 25, Vcrarryramrr gm orrnqeurur ra3ir i nrapo6navnx criunrrx
BO_tr

25.1. Ycrarryoaurr* Ai'ur oqnqeHrrJr ragin eiA nrury yMoBHo Moxna
noAi:rurlr ua pi rpyrm: ycrarKyBaHrrr 'qn{ cyxoro oqtrqenri{ i ycrarxyaanxx
Anr MoKporo oqtrrqerln . ,{o nepmoi rpym Harexarb nr.urosi xavepra,

ryKIIoHr.r, 6arapefini rslKrroEr.r, enercrpor[]rrrpu, pyxaaui Qirtrpu, go 4pyroi -
npnuorovni rInKJroEn, crpy6epu ylapnoi lii cxpy6epu 3 HacaAKoM,
nopoxnucri cxpy6epn, enexrpoQirrrpx, exerqiini posnnmotavi ra iauri
13,71.

3aorocyraxna rrs;rorru( Kauep (pnc.5.87,a) o6uexeno is-:a nernKn(
ra6aparia i Ht,r36rcoi eQemurxocri (vacrru nnny ueslur 5urcu ne
ylonmororrcx). -flx cauocrifiNi anaparfl, ,uroBi KaMepr,r 3acmcoB''ror6cr rrarue
B orpeMlrx Bnua,qKax. Ilpzmrmr ylorrnoBaxn-f, rloJltrae B ToMy, qo sacrroi, rxi
nepeEocrrEcr rroroKoM ra3y, npr Bxo.qxeHFi B po3trffpeFy 3or{y KaMepr.r

arpavarorr ueugrbrr i euuagatorr is norory [3,7].
LlrKnorir - nan6irnu ronrnpeni cepe,q ntrnoynoaitron rmr anaparie.

flpruqmoaa oxeMa rlr{KJroffa rroKanasa na puc,5.87,6, 3anrurenni ra:onufr
norix nso,&Tbcr B qtrxlror no .qornqxifi, 3aB4f,Kr.r uoMy yrBopro€TBct
sossircdfi i rnyrpirorifi nrxopu. Is gonnimxloro Bffiopy qacrKu Br{traAaJor;
aa gno. Bacoxa ei[ercrrcn'rrl quuosiB aocraerbcr rrpn ytoBnoBanxi qacroK

nx;ry sa posuipou xe uoarue 15 - 20 uxu [3,7].
Earapefi'xi qnruronn fu2c.5.87,a), rri s'egnyrorucx y neruxi rpynr,

ri,qpi:xnrorrcx Bi,{ 3Br.rsafim( uargslrro Ha BryoAi EatrpaBrrrx)soro aflapara.
Ooraggii Mae Bmrsa po3erxlt sx rauura. Idi unr.nonu 6hrm cx,ra,uni, 'rnu
srrvaixi, i sacrocoayrorrcs Tarrr, ge xeo6xigna ik eqcora npo;iylcrzan.brr

13,71.
Pyrarni Sinrrpx (puo.5.87,r) e Eafi6ilr6m nomnpeHl{Mq yJloBrrroBaqaMlt

sa,q3sffsafrHo .q1ri6xrx uacrox ufirrr. fonosrfr\ff e:reMelrrzlMl4 qux Qi:rsrpir e

py<aaa, xrii rzromsn.aorsc.r is rraHua narypa,rsuux (mepcrr, 6aeoaua, :rox),
cr:rrrnn< (crurrne aonorno) i cngrgrrqila< (ranpox, xeiroy, cI{JIoH, JIaBcaJt,

,aerpon, uirpon, op:roH, traH). ,{.nr olrueru-r pyraeir ei4 nraly ix nepio,4r.*ro
crpyuyrorr i npogSrearorc wcruu ra:ou [3,7].
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Psc. 5.87. CxeM{ anaparie cyxoi owqrror ra:i.s Bia Inny: a-[xnoBa raMep4 6-Iw(IIoE; B-
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flpruqm Aii prMoro'{Ex rlururorriB (puc.5.88, a) rarrd xe, arc i
npunqun gii snuuafinr.rx qrrnonin. Bi4r,rina nonxrae B ToMy, rqo npaluoro.rni
IIIIKJIoHII Malol b BoArHe 3porueuxr. 3aBArxJ.t rloMy 3pocrac eSexrtaHicrl
yJroBJuoBaH{r ruME uagsarvafino gpi6nnx laorox [7].

Crpy6epr yAapuoi gli fuuc.5.88,6) xapar.repu3yrorbcr 6i{rm ar{oorxM
KK,{ yroolexnr (98 - 99 o/o). flpumun ix 4ii nonxrae r mrry, qo raeoaa.ft
norir, pyxarowrcr s reraxoro mrngxbrro (35 - 55 M/c), 6'erscr o6 rroBepxnro
piarxu. B qf,oMy B[naAK]' ]'rBoprcerrcr 3aBica i3 Kpanenr, B fldfi i
aig6yaaemcx ynoa:noaauux nu:ry [3,7].

Cepe,q anaparin MoKpom oqurqeHru xai6inrm nompeni cxpy6epn s

rracalr(oM (p8c.5.88,8) i ropoxmcri (pNc.5.88,r). B crpyoepax 3 Haca,qKoM,

sKEfi [px3Hasa€Tbcfl Ar{ yrBopetrHs 6lrrmol noaepxni nsaeuogii nnrry :
BoAoro, ra3q BBo,qrrbcr rxney i rarogrrrcr sBepxy. ,$rr xacagnia
3aomcoBJ.Ior6c.s rcycroni uarcpiaru (r<oxc, xBapq ra iumi), Keparrdvui rinrqr,
geper'xxi pefiru i r. ixu. B uopoxrucrrx cr<py6epax ra:a rronrucr :aepry i

BvaopuTbcr. srzsy- ii e$exrrmubrr bmruo mrqa i sorra gagrocon),rorros
.{acrime Arr oxo.flo,qxennx ra:in nepeg ii no4a'rero a pyxaaui r!firrpu [3,7].

Enerrpo$imrpx BrKorryrorrcr Anr cyKoro i uoxporo oqurqenr r
(pnc.5.88,g). flpnrqun ix owqesnr orulrr i mi xe (nun oci4ae xa
enerrpogn), aire y Err( 3acrocoByrorlcr pi:ni cnoco6u nigganenna ru.ugr s
ocaAoBr{x eaex,pogia. B nepmoMy Bl-rtraAl(y Dgn BiaaanflorE rurrxoM
Hanecelrn yAapiB no eneKTpo,qaM, B AIrlmMy BnnaAKy finn 3rrBaerlcq BoAoro.

ErerrpoSi.rrrpn MarorE BucoKy npo,qncrnnubrr i s roi xe qac rrroxsruabTr,
3acrocyBanrur npn ovaqeaui ragi.B g 6inru Br.rcoKnMn reruueparlpalul. uix
pyaeui Qinrrpu [3,7].

Exexqifini po:nurnoaavi lxoqxrr go crcra,qy mrugxbxn< ryp6yrenrura:x
nnroynoanoaavin (puc.5,88,e), Tyr Bo,qa, sKa [o,qa€T6cr 3 ]roroKoM
3arfl etom m3y, p)D€errcr 3 BeJrlrroro mr.rgrbrro (70 - 100 m/c) i
pot6raaerrcr xa gpi6ni xpami, a sour arnrsno a:aevogirorl 3 qaqrKaMri rny
i cnptrwtrl*orl ix BrfiaAaEHr 3 Troroxy. Anaparu Marotr sucoKrlft KKA (97
- 99 %) t3,71.

flpr onrmenHi trpoMxcJroBlfl criruxx ao4 3acrocoB)ftorlcx rpu ocHoBHi

MEro,qE: Mexatrir{Htri, Qi":lmo-xirdunufi , 6iororivxrft .

flpu uexaui'ruorrry owqemi Bo,ry Epoui,urylorr, eiAsrololorr,
{binrTp}.ror6 lrn Bltkopl{croByrorb eQerr ri,qqerrpoaoro po3AineHHJI B

qenrprSyrax i qxr:rouax.
(Dj:uxo-xilriqne oqru-qeHHr cra€ o,rIHEM ir ocsogHnx vero.4is

3seru(oAxeHHr crirruor aog, a rfloraqix, ercrparcqia i cop6qi-{ - Hafi6fu 1

fiorn4)eurrMr{ onepaqi-xuu. B ocsoai npoqecy Qncraqii rexfiTb Mor]eryiltpHe
3runaEFr sacroK .4or'rimor i gpi6xrx 6yr66auo( roBiTps y aogi 3a6pygteny
Bory HacacyloTr, 6yrn6auxanru noai4lr, nd Tf,IE)'rh Ea noBepxno rBep,,'li

sacrKfl,qoMiuox. EKcrparrlir fp]'HTyerbct Ha trepeBai(HoMy po:rurenni
(ercrpai{qii) :a6py4lorouoi peqoBnnr.r s o,Eiifi ig ABox B3aeMol{epo3tltrHnxx
piguu rpu ix ronrarri .f,( ertcrparerrz rrxopuctoayrorr 6eN:on,
trornpnxjtophclfift Blrneqb i 6yrliir-arlarelT. Mero,q cop6qii Itontrae B roMy, rqo
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B criqry BoAy rroAalorl cop6eurtr (rrpca, nouin, ropQ, r.iraaa, KoKc, arcrlrBni
nyrni), rxi norurmarorr ,qoMirmc{.

Eioxoriqsi MeroAr{ 3acrocoByx)Tlcg Ars giganerur 3 Boln po3rruxlr:x
opraxinrm perornn. Tyr Bltxopl{croByrorr, rp;'nra. nporouxi i aalrxrry"ri
soAofinNqa i cueqiamni cuopy4u (6iorfhrrplr, aepocrium ra ixui) [3,8]-

25.2. Kos?orci{i 3alrKTafi Hq

1. flo.{cuirr ponB ycrarrgtsaxn AJrr orrnrrleuur ratir i npouzcnonnx
crivaro< aog y anpo6xurift i coqiamxifi cQepax, amonafire fioro
uacuQiraqiro.

2. 3aplc)'fiTe cxeMtr alapariB clxoro oqurqeHr{r rasir (nu.roaa xavepa,
qrx.rolr, 6arapeExrft qgrron, pyraanrfi Qimrp), uorcxit ik 6ytosy .
ra rpruqm Aii .qaiTe tropiBsrrbHy orlirKy.

3, 3apxcyfi:re exeuu anaparia MoKporo oqtrqeHn.r ra3iB (npn{orosxr,rft
qrxrou, crpy6ep, enerrpoQhsrp, exexqifirufi posnunroaav), noacuim
ik 6y,4ony i upumlzn gi! gafire nopiaxa.rrry oqiury.

4. nepepaxyxre i oxaparrepuoyfrre uero4a ovnlqeunr crivnrx

, 
npoMucnoBrTx BoA.
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6. KOHTPOJTbEI 3AB.UAHgfl

6.1. KoETpoirbHi 3aBAaH{r na reuy <<Brcuaqenur noryxmocri lszlJnra cxiuosoi
re6iaxfi)

BerEst{sn i ix
p03Mipgi016

BapiaFrr,r

I 2 3 4 5 6
Micrxicu crin4

Ym3
7 8 10 t4 17

G,rtH 60 75 95 100 175 232
D,u 0,45 0,5 0,5 0,6 0.7
d,M 0,1 0,1 0,11 0,11 0,15 0,18

0,015 0,015 0,015 0,015 0,015 0,015
k 0,0009 0,00085 0.0008 0,0008 0,00075 0,00072
I ?o ?n 3,0 3,0

D-, M 1.8 ) t'l 2,4 2.0 2,0 )L
d",, u 0,1 8 at ') o,2 0,2 0,24 0,3

l.rk 0,025 0,02s o,o25 0,o25 0,025 0,025

Br 3,0 3,0 1,0 3,0 3,0 3,0

o, rpaa 170 170 170 170 170 \70
dr., M 0.039 0,039 0,039 0,043 0,947 0.052

q, H/M 51 51 )l 6l 74 90
D". ru 1,8 2,0 2,0 2,0 2,0 2,4

CL TPAA 59 56 55 54 50

Lx, ttl 7A 80 85 90 95 100

L.. u 7,0 7,O 7,Q 7,0 7,0 7.0
L8, frf )< ,'7 2,8 )a 3,2

L.n. n 30 36 40 48 52

La<, M 1) tt{ IA
L.r. u 10 T2 12 l6 18 20

Y-. M/C 3,6 t,6

v-- nrlc 0,6 0"7 0,9 i,0 1,0 1,0

19 vlcz 0,5 0,45 oA2 0.35 0,3 0,3

az, ll,/c2 0,85 0,8 0,7 0,65 0,6 0,6

?.t, * C2 -0,8 -0.7 -0,6 -0,6 -0,6 -0.6
fu,tr c' -0,8 A7 -0,6 -0,6 -0,6 -0,6
!",u 6,0 6,s 6,5 7 8 o

4t*r I,J i,0 1,0

I 27.3 )< a 25,8 18,6 18.6 18.6

i1 6,8 6,8 6,8 7.1 7.1

lz 4.0 3,79 2,62 2,62

GD3, El{'? 48 55 60 65 7.5 86
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GD:,HM, 80 108 120 150 t70 190

11, rna ?< 4 5 8 10

ir, xru' 260 300 374 4r5 550 700

Ir, rcrm 7 l0 t2 14 18

io, rrm' L< D 9 11 l-) 17

15, KrM 2800 3400 3800 4040 5100 8000

iu, rcnl 5120 6150 6204 6700 7r00 8000

i-, rrnr' 450 480 520 560 600 624

0,88 0,89 0,9 0,9 0,9 0,9

IlpogonNennr m6anqi

6.2, Koyrporuxi saa,qanrr sa reruy <<BllsflaseHrfi nor]':r<Nocri AamyEa
uexalri:lry o6epranru ronoua xpanoroi sana.ruuoi llarnul>

fli,qpapianrx flo,aasa i sao :aBanraxeNnx cKiliB
A (2pyAE + larnonreparv + 2roxcv). L=7c, te-10c. L-9c:
E {lDynfi + lenDatry + 2r<oxcv). t"=1c. tr=10c. F8c:
B (lpygx + lcnparry + lxoxcv), t"=7c, t=Ec, trlOcl
r {lDvAtr + larnoMeparv + lxoxcv), t"-7c. t"=9c. tr10c:
A (2pylx * lar.irouepary * lxorccy). t"=7c. t =9c. tr.=10c:

E (2crpauy * laraouepary + lKoKcy), q=8c, L=9c, tr=l0c;

Berprquqrl i
ix

posMiplricrr

Bapiarru

I 2 J 4 5 6
v". v/c 0,5 0,55 0,55 0,6 0,65 o,7

L.I J 2,0 )', ,)\
v-. Mlc 1' 1)< 14 145

t.-,c 4\ so 6 6,5

n*, xB-' ?{ ? {5 3,6 3,65
1,65 11 1,75 1,E5 2,O ) 1<

2". M. 2.45 ?5{ 2,6 2.75 2,8
h.u 1.85 t,9 10{ 2,0 ? l5

R{i, M 0,67 0,68 ^1
n 1< 0,8

R'. u o,4 0,4 0,45 o< 0,5
R". u 0,4 -4*, 0,45 o5 0,5 0,5

lll 0,I02 0,103 0,105 0,106 0,107 0,108

Ib 0,014 0,0145 0,0148 0,015 0,01ss 0,016
dr. rr 0,2 0,22 0,23 0,24 o,25 0,26
y.. M 0,08 0,09 0,1 0,12 0,14 0.16
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Ilpogonxexux ra6rllu1i

6.3. Konrponrni 3as,qaurrr Ha re,ry <<Bragnasesn nory:xuocri ,qnlrryxa
r,rexanisl,{y KaqaHHs xooora nage}rgoi saBarft noi uarmm.o>

x., M 0,78 0,8 0,83 0,85 0.87 0,89
t 168 174 178 185 192 198

n 0,72 0,72 0,7 4 0,74 0,76 o,76

I*, xrrr 1r< I t{ 1 t< I ts 1 )\ I t<

fligeapianrn 3na-{etrrr Q i ltr
A Q=260It8, t i:2300oorruf
E Q=270RH, I i =240000nr#
B Q:280tcII, t i =2s0000Kr1
r Q=290K8, Xi:260000xr#
A Q=300rn, ti:270000K#
E q=310tc8, I i =280000rcnn'z

Berxqmu i
tx

poguipsicm

Bapiarrna

I 2 3 4 5 6
I 2 3 5 6 7

Gr,xH 68 68 70 70 72 75

G,.Kg 53 55 55 )o 56 56
G3, KH 3.14 3,16 ar< 3,3

G,. KH 17,0 17,1 r7,ls .17,15 1'7 \

G,KH 48 52 5l 52 fJ 53

G". KH r8,2 18,35 18,15 18.3 18.5 19

Crr, ItH 24 22 24 24 25

I.u 7,0 7,0 7.05 11 7.15
,7,

Ir'Lt 3.05 3,08 J.t I 3,12

Ltu 0,87 0,87 0,88 0,89 0,e 0,91

l3' ln 2,165 2,17 2,18 z.1E )10 ))
(aM 1,3 i 1,15 1,i6 1,18 r,t8 I 1q

l<.M t,6 1,62 1,64 1.66 |.67 1,68

!a.\r t?o 2,32 , 1{ 2,37

!+M 1 174. 3,376 3,38 3.382 3,384

L,u 3,4 3,4 3.4 .3,4 141 3,41

a,M 0,5 0,5 0,5 0,5 0,5 0,s

B.M 0,65 0,65 0,65 0,65 0,65 0,65

c.M 0,28 0,28 0,28 0,28 0,28 0,28

207



Ilpo4onxennx ra6m.rqi

e.M 0,03 ),026 0,024 0,02 0,028 0,026
r,M 4.45 0.435 0.435 0.43s o,435 0,435

l0 31.3

rl 0,91 0"91 0.9i 0,91 0,91 0,91

I", rcrM 14,5 14,8 15,1

In , rru 2,6 2,7 1'7< 2,8 2,85 )o
o t.l ) t,ts I,15

[i,qBapiarrr{ 3HaqeHH.f, Q, n*, t"r.r

A Q=l40KH, n-15 xs I t*a =2c
E O=142K8, n.=14 xs-r t*r =22c
B (F145KH. n"=13 xs r

torn =2'.lcr Q=150KEt, n".=12 xn ' tor'r =2'6c
A Q=155It8, n-11 xe-r t"r"r =2'8c
E Q=l60dI, n*10xs r t"r"r =3,0c
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3.

4.

3
l0
t2
l4

3MICT

Koporxsi croBMX
PexoMesAaqii rro Bmqear@ pclrtrnim
3ar6,6Ei BiAoMosri trpo MexaEiqre ycaa:llg Baras{
Ocuoeai reoperrvai nonoxeffir fipa po3paxynrry noryxuocri aanryais
Mexani3Mis i MaIdrE
MexaEiBie ycrarKr.BaFE . iroro 6yaoBa^ nprItaj,lE,4ii, xapaxreprcrFKa ra vsrole
po3paxyEdB

TeMa 1. 3ara$si BiAoMocri npo uraormne ycrarqraarua. Pec]?cG6epexeEs,
TeMa 2. Btr3llaseraE qeErpb TprdEEs er6ocretr 3 MeranoM i po3ruaBoM
TeMa 3.Pojpa4/EoK Ba)|(ir6sD( MexaEbMiB
TeMa 4.ycrarrytsaEE BiA6FBFFX i maxarrx tregei
Teua 5. Vcramy'earnr vircepnoro eig4iaemr
TeMa 6.ycrarK'tsasr rops3oomt6@r (osBepropia. Arperara xouaepropxoro
T{riy
Teua T.Ycrarqnarrr BoprE(aJEMx (or8€pmpiB
TeMa 8.yc1?Tqtsal{m trryForstr'Miserx tresei
TeMa 9.YmarrtsaFdr AyroBru eneKrlrotreqefi
Telra 1 0.Vcrarrgeassr ,4'rJr rroAaqi u@<m Ea Koromqrr. [a(,rE r rleqei.
CKiuoBi ni-ffiolerrs
TeMa I l,ycrarrgtsarcs gnr :aaarrlaxerer dg6zrrcrx, MaprgnircbKD( i
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