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WH I cunun A1 WOTb Ha TP iTDH O MYC,T asHKH €K g
ANTbCA B Pi3HOMY HanNnpyxXeHOMY CTat

€ : CTMWCKB, PKORBYTUSErH H A3.T UM , N pBucpyo 4 i a ¢
Hye, TOMY SAKWO po3rnapgaTtun He3HaH
nmMm. Mpo Taxki Aedopmauil, a TOYHI U
y Ny kK a, i 6y pne B noganbLlWO@MOMYrn

i ani B € 3abe3neyvyeHHdA Hapfpgi HUX Ppos

A1 OTb 30BHI WHI HaBaHTaXeHHS. Tacki |

® 99 9

CTb, XOpPCTKIi CTb Ta CTiWKIiCTb eneil
CTb pesamMDpP@ nNnepepi 3y pgeTani BUU3HAa!
WHbLOTNTO HaBaHTaXeHHSA BUKNKYEeHa MO X]J
Ki CTb TakKoOX BWU3IHavyawTbCsd Ppo3Mipwu
wo npwu Aild 30BHIi WHbDIrNa HAB aAaHAE QM
TUMMUX 3 HavYeHb. Po3paxyHKOM Ha CTil

npwu AK I U MOXNWUBMUI nepexi g K OHC

>

YHKOBOINO CTaHy B | HwWuiH’, He ©G6axadH.]|
X YMIIOLKH iHCaT b . PyihnHaui a 3paska Bi byl
H b HOpMaAanNnbHMUKX Ta L[LOTWUYHMUX Hanpy X
MHWN Ob6MeXeHi aonycFuvuopMman 3HaM € R 8

HUM HaAaNpPyXeHHSaMHN.



1. JerJlrw P fyvcvuve vo V[T Lrrunc

111 OCO (] tsfOd agOls[Bo6 ' Clkd, Nt ods ycl

JT "t BOlgjetc ' H@AdZ'KEA N PO | HXEeHEepHI MeTon.l
XOPCTKI CTb I CTi ANKi CTb eneMeHTIiI B MalWWUH

Mi mg3" ydz' ;nds¥y mi 10T b 3A4aTHI CTHb KOHCTDPpPYK
BUTPUMYyBaATHWaB&@BHaAaXEeHHSA He pPYMNHYHOYNCDH.

Mi m stemis € " prds3*y mi OT b 3AaTtTHI CTHb KOHCTDPp
npoTual aTmn pgedopmMayi i, aKa BUKAMWKaAaHAa 3C

CTi WKIi CcTHO Ha3uuBawTb 3 paTHI CTb KOHCT

NeBHY nNovyaTKOBY HdooBpaMW .M Py XHOT pi B

Mpwn BCi W pi 3HOMAHI THOCTI BuUAOi B K C
3ycTpiyawTbcda Yy cnopypagax | MawnHax, T X
ymcrnmna OCHOBHMX dbopwm. Ti na, A KsiB 0 M@ DO dg(d
tetsL tOMBADZSMA UHI CT b, XOPEK.TKAOOTHNUK BT OHABC:
0B60MOHKMN, nnacTuWuHNM MacWuBHI Ti na.

dilsj oy &gpdiczmmdE MnBaeTbCca Ti no, y 8aKOTroOo

3HayYyHO nepeBunwye aABa I HWKUA). (nonepeyHNX)

PuncyHhle-bpyc

[ B s dzsuz1® n o, obmMexeHe 0B OMa KpusBoni.t
po3TawWoBaHMWBIHAC Oaimi3 b& i, H al.2)B.i Al cOBLEHPOXI H A ,p USC

TOBWMNHY OOGONOHKW Ha Ppi BHI yacTuUuHMWM, Ha3y/V
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PncyHh2-0O6 0 n10HK a

AK Wo mapag NoBepXHSH € MnNnoluwnHO I, TO
Ha3 uatad@mls ( dztlS).

>/ /)

PucyHh3-kKilnacTunHa

Ti na, y AK KN X B Ci Tpwu p o3 mMidpommde ged dzd

Is* d&zOd3fflo HMX BiIi AHOCATbLCSHA dryHIigHKME HTTOILWC.N O |

1271 sodz' P dgdzgzlste” W dz2' Mdadzd. 1 4 WtsedzOy' v

Cunnwu, wo Ai LT b Ha efneMeHT KOHCTPYK
enemMeHTa € 30BHIi Wi mMmB3NBa®AbMLAI B@amiaHT:;
N@EK napgeH.i OO fedAKUuX A1 NAHOK nN@e@&'HE Mye.n
06" eMHMUX cwnun BIi gHOCATbL Bary enemmeHTafo
NMOBEpPXHEBMUX Bi QHOCSATHL, Hanpuknapg, Cunn:
CMNy4Ymx BaHTaxi B, CcuUANYy TUCKY Koneca Ha

HaBaHTaxXeHHH A1 NATbCA3NIOA I /BeoHCie.p e B E

HaBaHTaXeHHSa i€ no Manim B NOpPi BHAHHI



npuimmarcpgmwicmageHnm 19 . T o3ayci e p(epamce.He HaBaH
no3HavYyaTh ADWKPO®MI pPHIi cTb H i K H.

N
J

]

)

OTKOHCTPYKT VBE P @p3acXxyeHMao;Ba C X e mMa

'F
PucyHoB8otepe @mBkeHTa ¥Xe HH A

Posnopfagi neHe HipeB aHaBaKleHa& e HH A, npuka~”
Tina BenNWKOT 0Onnapim o pa@xsymya,H H i po3p
He MOMMA&a H BT U 30Cepenipeosun.4i BredKke & HHEROoB &
NnpPpUBOAATHSLb A 0 HaBanHatgaax€ee HHa , O OlPH uupKn A C
Mo3HaAaYpPpoOBBEOAI TeHe HaB dHTiaoKeeHH FCoTIbM iTHE pvq +
KH/ m XA5pwnc.

q

Wrerﬂﬂrrr

Pncyuwdwssiogi HEaege HwAas a

B 3anexHocCTI Bi O XapakTeipy popmik3anag
HaBaHTaXeHHSH cTaTWUuYHI i AVWHamis @b { ydzdH
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AKWO BOHO NOpPIiBHAHO MNOBI NbHO I nnaBHDO

3HaAaYeHHSd, a nNoOTi M CTae€ HEe3Mi HHUMmM. Crtar
BeNTUNYUnUHY, N Oo/Nio XEHHT™A rHEBM T3lHaAa4YHOTINo 4yacy |
Mmor o NPUCKOPEHDL. Cunnawmmn I Hepuyi i npwu

3HexXTyBaATU,
[ d dz0d3" ydz @y d@lo@pjadEdgM0oT b C A 3 HAUYHUMMU

AedgopmMoBaHOro Ti na, Tak B3aeEMMHIIAKKLIHXH A
3MI HOOTb BEeAUWYUHY | NMOMNOXeHHA Ha Ti ni
npuckopeHHsa Ti na. BuHuMukawuyummm npu Ub
MOXHa. AVnHaAaMI YHI HaBaHTaXeHHH A1 NATbCS
noBpm @l epemMi HHI

HaB aHT apxgeamnHaselR istsa o 5 ff to,d C a0 g dzd d3H 0 3 p
HYyns A0 CBOTFO Ki HULEeBOIo 3HayYeHHSA Ha nNpc
an s yoapHOT O HaBaHTaXeHHS XapakTenp
npukKknagaHHsa Ti no, Lo BUKIUWKAE HaBaHTa

eHepri emw.

bBararTto aeTtanei Ma WnH 3a3HawTb aia
nepi oANMYHO 3Mi HHMUX B 4Yaci . Sealxttakiatazezd H3( «
BoHWM, AK npasBwunno, NnoB' A3adHi 3 pyxamMun p[pe

BHY TpI WHIiIi Mma 3cMB/RaOIb MC @i MBMeEeYacTMUHa
TIi na. 30BHI WHI cuMnun BUKNUKaAaKWTb pAgedopma
BX€e BHYTPI WHIi X cwunn.

Mi g pedopmMayi AMAKPOIWMHWT poBwmAwIi B aob

e popmaui i MaOOKCYOr /IO T@HY T UT(& O B M O, H OXC HB U M |
Bl AHOILWEHWH SHWMI B e€NMUMWYUHM [0 11 novyaTKOBOT OO

Y 6i nbwocTi BMnagagki B pgedopmMauwipsy XHIioji a
T@&NnacTuMWyHOT (3aTnwkoBOT )

MpyxHiie pgedopmMayi i, K I SHUKBR&a 6T MPMI

—TakKki, WO 3 a/ VOUBABKATHbTCASHK EMHi HCAN. A p
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3a HOpPpManbHOI ekcnnyatTtauyil | HXeHepH
nacrTopeudoip ma i T, Konun po3Mipun i dbopmu e
Mi HIOKT b C 4.

BnsHayeHHA YyMOB BWUHWUKHEHHS Ta 3pPoOCT:
ennke 3 Had&eXHH/MAX e M/HSsHA T N X HaBaHTaxXeH»b,

epepgaBaTunucsd Ha KOHCTPYKUI .

13.[fdzsodsd ¢ fslsjLd o Gist' &Okjk' Od

Ana nob6bypoBu Teopil onopy MaTepiani B
TPYKTYpPU i BnacrtumBocTen wMaTepiiami B Ui
I NoTes3n HacCTYynHI

1. 1" fIskjLO ftes Mkzy' depd dsd a OxOdsT] HeC s5O,dz
OBHI CTH 3aNnNnoOBHIWE dopmy Ti na. ATomMIi CT
€EYOBMUHWN JO yBarm He nNpunmaeTbCSa.

2. | ' fslsjLO i tots SHdSst' Hdz2 Mis'MaT épi a
epeagbaHaegwopi AHNUM i | 3 eATKPOOMIYH NOMD, * €TMA O Ti
KOMY HanpsamMKy B/nacTWUBOCT.I MaTepi any BE
3 dKMUX CcKnhapgawTbca MeTanwu, aHi 30TpoOnNt

MOX/TUMBI CTb BBaxXxaTun MaxipHwwh.emvmB orpamiuB

npunNnyuweHHHAa NPo I 30TpPpoONi KW HEeKOpPEeKTHe. H
Bi AHOCUTbLCSHA [AepeBUHa, BNacTWMWBOCTI AKOI
Bi AMIi HHi , apMOBAaAHI MaTepianun TO0UWo.

3. 1 ' fIslsjL O s d&Od fMs# n ywguiods dashoip?m a L
Mani Nnopi BHAHO 3 po3Mipamun Ti na.

4. | "flsjLO ftcts “HYy Odz' dzz . ff Bl dz' fiyls
nepeagb6bavyalwTbC A abCcoOnNwTHO NMPYXHUMMU. Bi
PO3B' A3YyKWTb B NpPpUNYyLWeHHI NiHiIi AHO p[edopn
cnpaBeig/BBKMWH [yka, WO BuUpaxae npamy np

HaBaHTaAXeHHSAMN.
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MepepaxoBadHiIi BuMWe rinotTe3un AO03BONAIWT
no po3paxyHKax Ha MIi UHI CTb, XOPCTKI CT I

no6pe y3rogXywTHRaAUMUOPAKT MUYHUM

14 [ jlstsH fjtejletdztlblsw ftos j§sted o dzlzk
" OClks' o

30BHI WHI MKMW Ha3 1 BNaAKNTBbACKAT bC M3 10,0 KINOT BBl /I, ,0
AaHOoOT  C3MOCBTHEl MIMH. i cCuMnaun posmwOIAIIiNAMNTBEHX HEAB |

O6"'" eMHIiposema@i NeMOM™MIi3naa a6 NpuUuKANageH.Ii [
YyacTIUCHUK/Ma ,cBaJTam Marl Hi TYHOT O T A XIi HH A

MoBepxHedIpNiCcCMame Hi O o A1 NAHOK noBe,
be3nocepegH KOHTAaKTAYTBA3aAaEMAQBK®DNIAAHDME
LJO 30BHI WHI X C Vp/fe ax Ki/SKBYKEGHBTALOCNSA0 BiH OO T b C U C
O piBHOAI YOI

HexiicemeHb HaBaAaHT@&AXOHMIE @BMHAK MHO Yy pi B

CuUucCTemMmOiq - Enlipm. t.6).

\ /P>
e e
| ! |
| | | z
[ .:___: ....... _:. ..... N I — I
5 SN N S R
P | -~
4 |- N\
P, ~ N\ P,

PmcyHBKCT ep XeaiBgHT & MET MO IO C N N

Mpu3s 6i NbweHHI UUX TEMWMN MQINEKHET ,eHaKo® H1

pyhnHyBaTumMeTbCcsa abo nmWoro pgedopmMaui 9 cCTe
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LLi npouecunm MOXYTb Bi gbyBaTtTmMmcsa TCOHKWH,A WO
BUHMUKAKWTb 3YyYCWMKMK, LBODECHAUN BUOH b MEOEGIRIKY U P E @
34enneHHSAa. OT xe, 6 e 310 0C eapHeHOSHTLI 8 WY TNPPI ULHHMI
3YyCUWNMAKI B UCHTUKVBMOHTIb MBP N fiXe BmBE.JAHWUX HaBa

Benunuunuwn BHYTPI WHI X 3ycunmneo BMU3HAaAayaeck
Ha3uBawTb TagkKIoOgK3 e nm e/piameva Mg ) .

CyTb MOTFro nonArae B HACTYMNHOMY:

-t sL’ @ aodgcieKke Hb 3 a n,Bp eAXioavoym cCAli g B
Be/TMYNMHY BHY T(pWuhhH3 ax3 B3nyapawile HCbT PO 3 Ci KakwT b
nepneHaONKY NnNAaHKamwW [0 OC.I CT

-l HCdHMRYEBSBYy A b yacT(@AY B@WAIPOA MAAKFO T N P UK |

(@)

| Nbuwe cun

-1 Od3" dz¢ ndagmio A1 0T b Ha& Ka a GmuyLoM/TIGaBECHIN M
BEKTRPOMONOBHMUM . MOMEHTOM
-l o’ oz @ TAEBY 3 aNMWOKLKAOCSH KN  OEKHIH 3 P i

BOHa 3Haxoagunacsga B piBHOBa3i

:I,‘
P M,
\I N .

i
| -
I = Z
N R 7 .<
| \ N
b AMINC
P, 4 X0, ; M
/}/, £
PMgHAK-CTepXeHb, PpPoO3CivyeHUn 3a n
CnpoekTyBaBHUIATBeKTOp I [ O 0B HHKAA OMO M

X,Y,2 OA€epXUMO WKCTHNBHEWXpakwiT/opi B (guns..
Tpun AdAnQxumy ( i Tpu MMwWBRH TN (
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LLi Be/TUYUWHMBHHyar3pu BUBHI TMBMB 3yEmMamiavaun sc T p
AKUX NPUTMHMAHIT HaEXB U :

N-nmopgoBXHSA cwunia,

QuQy—nonepeymHi cumnun;
My, My—3 T MHanNbHI MOMEHT WU ;
M,—KpPYTHUN MOMeHT MipHOALAI mMo3HavatwTb

LM YyoTuMupbOM BUMAAM BHYTPI WHI X 3ycwu
Aedopmveyt di: CcT

l. Po3TdaryBaHHS4 (ab6o cCTmorRapBeAHNX NPRCT
BUHUMUKAEe Ti nbKIN(pmwmotBap&HSA cuna

2.3cymBpn SKOMY B nonepevyHux nepe@i 3ax
(a 6@)(p n t8s).

B33rMHalHpHMA S K OMY B MnNonepedyHuxf-aepepi 3¢
MyUncte 3)pwmalBmadkwo B nNoONepeyvyHUX MNepe
nonepewW®MaE 0 TakKunuim BuUA 3rnpaBppeYHABMNBAETLE

4. KpyuyueRrp®rda HAKOMY B nonepevyHNX nepepi 3
MO MeMy M,=[ c(p n &8r).

(|
A B 4 B A B
F f F F f F '
,______{J_____ _____{r______._ {IT
F
.c_.l AT ‘I T F
i — A R N 4 O B
‘ET_ B F N B F ——————-I I ------------ -
___________ I 2 ez 0 F
a) o) gl
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PncyHh8-Bngme oo p M@UKIHIA :C T

Fpadi kK, Wwo XapakKTepusye 3MIiHY BHYTHp
nepexopay Bi A4 opaHOro nepepis3y 6pyca pgo i
A n s KOXHOTIO BHYTPIi WHBOIo cumnosBor o d

entopa.

i g yac nob6bypaoBMu entp BHYXDOPIMIWOHIYXT I
TakKuMMuU npasumnamu.

1.Bicb abcuyuwuc, Ha S9KIi W O6yaywTb enwp)
entpun) npoBOAATHL napanenbHO oOCI 0 |
cCXeMmu.

2.Bi g 6as3oBOI ni Hi T entwpu Bi AKnNnapjgat:

BWUOGPaAaAHO My OBMaAICUUN UCHUYN NHA Y 3 ypaxyBaHHS
(popgaTtTHI 3HauvYeHH4A YT -0BpH M 34yn andpoa BJOi PBYOU
B WUrpuxywTb enwpu Ai Hi AaMU, nNepneHAUNKY
4. Ha nonasax enwp npocTaBNAKTbL 3 HaKkK,
6a3oBOT nNi HI T BKaQ3MUKWI B3 yIcananHiaaLu e HH A i
KpimMm ubor o, H a Me Xa X A1 NAHOK enwp
BHYTpPIi WHbLOTO cunoBoro @dakTopa.
HahHebe3neuyHi wmnmm € Ti nepepi 3n (abc
CUNOBI bakTOpwWU AocCcAr awT b Haunwobi Nbwor o

nepePppowa MOXHA BU3IHAYUTUKMW nNuMnwe nicnsg noa

15



3 UMM BMi HHS npaBuUANbHO O6yayBaTun enwpwu

HaWBaXNWUBIi WNX 3aBAgaHb nNpeagmMmeTa ONOoOpy M3

15 s ted ftsoLHBoyda » Mmdd

]l sHsoy dz2NBMdidE@ e pi 310 pY BGBOEDL HCOy MA anrebt

yci X cun, nNpuknaageHMWX NO OAHY CTOPOHY

o

TEepXHSA.
dzw jiete foHBoaydz = Mddz ~ Ot ORVsHjatedz'a ta
JO3BONSAE OULIi HMUTKU NpaBUAbHI CTb BUKOHAHMUX
1L.EntoNg aBXaun imHp SiMa N
2.Ha i nanHui , Ae HeMae po3sndNginpeaemar o
napanenbHa oOCI ; a Ha i naHUNpoEIMA DO XMao L
3.Mi g TOYKOKW TnNpPpUKNapgeHHS4d 30BHI WHHbOT

060B' A3KOBO Mae OgpumocoppmodOnOy) (Pa3paBuw@mU
4 JoBmBAHEHHSH Bi AKnapgawTtead(y Bila @ p aE
enwomBuesMHNi o BI CC 0.
MpaBwuno 3HakKi B npwu nob6Gypaposi entp
fsoLHBoYydg" (s 859 0) MddzO o9 Oy O Y LW GH, S+

'HO' Bdzsy, WChEpAfE ZdE P MisdMC

S

©

F N N F
4_ ............. _>_<__ ............ _>
N>0

a)
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—_— == —> — ——— = — ] —
N<O

6)

PncyHh%-KlpaBumnno 3HFWOBI N@miioOPOoOdOoOB3/40B XI

16. rfvtod Ctklsddrn dssd3j dals’ o

e popmauyi 4 KPpYy4deHHH Hambi /BrEUm a Xp.0 3 1A
HaBaHTaXeHHA Ha nNpPpaAaMONi Hi WHMIMW CTepXeHb
fce NMAOWNHM SAKUX NepneHagnKynsapHI 4O O
MOMEHTI KB My mepepi 31 3anuvMmwaeThca Ti nblt

BHY Tpi wHi if -BwopvaesriaTc 1 Y epefzyg 3:/BB HlieupHeip i :

OOpPi BHIWE CYyMi 3 0[/BcHD OUHT X LUOVBOAVHEVHXT | BBO O O H Y
nepepi 3y. HAxwo cTepXeHb (Ban) obepTaertTt
[cxAOPIi BHIE HYNIO. TomMy pes3synbTatTunbgpmey o

AKWo 6yanpemMo nNp-®pRraNp TYWHKWMOPMEe BT aBOBAHMWU
a6bo cnpaBa Bi g nepepi3y.

MpaBwuno 3HakKi B npwu noob6bypaofs- € tekmnisapd 2 K
Bsdzj dzgB o PR O Is! MW HESHOIddd, YShis ftwod M s
Yyofmlsdded, sLEW®H O Is Mw o' &z dOBOGCO' Is+ MW
G sH Jdzdzd ¢ s Hep vitlBds, dz6 Xs &

17



6)

Puych da0-lNMpaBununo 3HaKi B npunm nobdbypagoBi er

7. rgeted §sqJ ] wdad deProogdzls * o

MonepeyHa CGOM/MEBIOME BT ,MH@AY AYUYKU dYHKLULI 9N
3Mi HOOTbCSA NO A[OBXWUHI OGankun. Anda BU3HA!
6ankun 3MiHY nonepecdMoOoiMmeKmMYyYInno [BOoBMMIAHI
3o06paxyBarTwu rpappkwHoOMalTa&KiHaABBY entp r
3T NWOHHAAMKO ME HT I B .

BcTtTaHOBMWMO HaAacCTynHI npaBunQa 3 HaWHIasu A
MOMEHTY

Isf jtoj yd@o M gz@j to' L ° HSH Ols d&zO, weh s
sBjtolsOIsd yoOmilsddzed tetsL i)' yjloss dzCeEddilal, L G) Gt
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16 ddz0s yd? [desagfjjlasj o' L' HBHOId]2, WwWChis
o jtends ° (pEldsTIEOS 6) .

F Q

F 0
Q<0
6)
PncyHhld«kllpaBununa 3HakKi B And nonepe

BepXxHI E

Puncyhl@kPo3TawyBaHHA BOJNJOKOH B CT

Fa AF

—
—_
= —— —_—

—_—




—_— —~
—_ -~

6)

PncyHl@«klMpauvmna 3HakKi B AgNnda 3TruMmHawyo

Ana nNpakTUUYUHUX pPpoO3paxyHKIi B pekKkomMeHLYy

AK WO 3 0BHI WHaE TCHACNSA [HOABVEAPrHY T U 6Ganky B
po3rnapaeTtbCea, 3a TOAVMHHNKQBOWYy CM@P & [ IO :
BoHa paopdilpa (pwuc.

AK Wo 30BHI WHE HaBaHTaXeHHSH CTBOpPIHO
po3rnapaeTbc A, MOMEHT, SOKIOKOBNIKWAMKAUE T

ana My muempeapi 3 i Bil#3). pogaTHIi N (pwuc.

100 dlsOdzdz H" MO jjo' ©CJ

1lBns3HauYynMTuMm OCHOBHI 3aBpgaHHsa Kypcy on
2 . Llo po3yMi WOTb nNni g Mi ULHI CpTit@ nixo?pcTK
3. dk B onopi KuaWwTeHd sAa N3 BB KinmKin dgan nun ?
4 . AK i ri norTesnm BUKOPUCTOBYKWTbL B O0NO
5. MpM3HaAaYeHHSa | CYTHIi CTb MeTOpfpga nep
6 . MobypoBa entwp.

7. MpaBuno 3HakKki B nNnpunm nobypgosBi enwp

nonepeyHUXx Ccun, 3TUNHAKWYUX MOMEHTI B.

20



2t fruCc urmsSH [ ML WYl w MmOt dsU[ R
fouvrt wol wl

211 Of tekey jdedz? ' HjWBEBEOY' '~ ftd LWl
B ydz' Mls: ° ysEhss fls:

Po3Tdar abo CTUCK CTEepXHHA BUKNWUKAETHLC
B uUubomMy BUNnaAKy B MNOMNEpeu wHNXB HIYE [Pd AUHI &X
dakKTOpPi B BWUHMWK-A®O BT3I ANObBKWH A0 A(WHETH @B ap)o 3 T 1A M
(CTMWCKOWI)ITBO 3Tya K 1 BUE TRRERMITIMBKAKD MY E
nonepeyHUXx nNnepepis3ax BUHUMKAKWTb HOpPpMAanb

cnmna anKnTapqieHBaaer LI,ieHHaI'IpaB]'IeHa no HOpPM

Mepepgauya 3ycuneo A 0 bpyca (cTepxHa4a)

cnocobamMm, SK nNoK#MGaea@mh@ly po3paxyHKOBI
;
A
\ i
A
S
¥ !
A
2A
a =
Y |
YR

Pncy?dle-Po3paxyHKoOBa CcXeMa

21



Toukn npunuraigéudg3c.) I niHIT T x [oifd
po3TawoBaHa NO NiHIT ULeHTPI B BaAarm nonef

Mpwn po3TAaAry i CTUCKY po3rnapawTtTbcA
dopmMM nNnonepeyvyHOr o nepepi 3y A;nNvBTMOBMAAEH a H |
MaTepiani B CTepXHI B) . BnacHa Bara <cCTe|
Habararto MeHLuWeF, BeUKUWY UMMOMDKYCTUBZT OY TN N PUKDAN
YMOBMW MI LHOCTI MaTepiani B CTepXHi B.

HopwmanbHI CMamn B nNonepevyHMXx nepepi 3a
KoXHuiw nepepi 3 A4i TNTb CTepXeHb Ha ABI
gopaTtTHa (po3Tdarytya) cmna 306paXyeThbcCA
cunrago nepepi3s3y. Oi ACHUMW HanpamoKk HOpPp M
nepepi 3y BCTaHOBVKHKIEIT b[TiAB HNOPBMA I MO 30 A H O I Y

LUbOITO JOCTATHbBLO CKMacTW PiBHAHHSA pPi BHOE

4F(x)=0

e X—-TeoMeTpuyHa BI Cb LeHTpPiIi B Barm noneg

AKkWO B PO3TATHYTOMY ab6bo CTUCHYTOMY C

TO HOpManbBEHaoWMmBEBABMEBPEe3 3BoaHI 3 0BHI Wk
Mpwn BpaxyBaHHI BAnacHOI BaNr &1 @y He K UKIHe&
NJOBXWHW AOi NAHKWN, sKa po3rnapgaeTbecea. B

A MoxXxe ©6YyTM abo nNOCTi WAHMUM NO BENWUYUHI

3a/met Bi 4 QopmMM nonepeyvyHOro nepepis3y ¢

B 3anexHocTI Bi o dGopmMu nepepi 3y A Ba
ni gpaxosyBaTtTuca abo B 006° €emMmi NPAMOKYTF
06" emi nipami gn, yci YyeHOro KOHYyca i T .

Pi BHOAI l0O4ya cCBuUHIY, T pMmiump xx oBaHa 3 Bpaxy

TaAaKOX NPpUKNapaeTbCcsda B LeHTPIiI Barm nonefg
MpuMMnHATO npunNyuweHHSs, Lo B KOXHI I
BHYTPI WHI cunaun po3noAgi nAawBrEAHRA)BHOMUMI T}

22



NPUXOAS THLIWHMN UHKA NoM O Wi nonepeyHoro nepepi
Ha3nWBaTW HOPMa:Nb HS% MKH oHpaMIapybXHei H HHIaMMP Y X € H H

nepepis3ax PO3TATHYTOro (CTUCHYTOTIO) CTE

s= <, (2.1))

ne N-HopmManbHa cuna,

db—nnouwa nonepeyvyHOro nepepi3y.

HopmManbHUMUM HaBpyYDeg@HERHPANM aX CTepXHsS np
HoOpManbWNBXT@K/TIXe nepepi 3ax.

KoXHWuUM nonepevyHUIi nepepi 3 MNi MO X8I €t
nepemMi watTmnca (napanenbHO 3 MI WYy Beprencias iBBi
Ha peAaky De(emiw,ynainy) . Dl,Beaikmad nmiagpaxoBaHa E
BUKOHAHI 3 MawnHOOGYAI BHUX MaTepiani B,
CTEepXHIi B, a TOMY npw CKnapgaHHI pi BHSA
BenunyubDmwmewTy OHBNONPBIE 3 MI HHOCT I noyaTKOBMW

Mepepi 3, po3TawWwoBaHMUI B 3aWeMAR@MHI
i KcoBaHMUN nepepi 3- ) Hamp nxaBXN HIT € pceTpe PBX

Bi HOWEHHKW A0 3alWleM/IeHHS nNepeMi UWeHHSHA

Ndx
DI = , (2.2)
- IIlIEA
ne l;—Bi acTaHb Bli g Mmepeppaeyr hsgaetTbcsa, AC

[ ¢&XOoOpCTKiCcTb mMaTepiany lg(n@& phkgaB BN M&a X
CTEepxXHsa),

[-MOAY/Nb NPYXHOCTI MaTepiany cCcTepXHS4.
B Me Xa X A10CBTXeNpHME H b MO Xe MaTMu pdi 3 HY

(noceggygnoabo pi 3Ka, cTyni HyacTa 3 Mi Ha
23



BUI OTOBJ/TEHMWI 3 Pi 3 HMNX MaTepiani g Tapi 3
NnMTOMO@. BaAr u

Topni BKa3aHUWMI B W LUE I HTer pB@n @mmi 6rHio,
po3KpuBaTKMU NO YyacCTUHAaAM.

AKkwo B ni pmgemyg phighoBi@gbue 3HaAWMTHb,
Bi AAgannsecsA4 Bi 4 3aweMNeHHAO TPV VMABXEMHGBL3 UF
BUAOOBXeHHDRXK0 clirpeyp Xe Hb [HoaT pmavEBu HOje A K € B k
(nepedi 3npnbébnmsumec A Ao 3awemMne Kwms O reoi [/
NMO/TOXEeHHSHa) .

B ni ACyMKY KOpPOTKOI TeopeTuUuUYHOIl O o
HOpManbHWUX CWUAN, HOPpManbHNUX HaNpPyXeHb I
CTEepPXHI B B L ABANAacHMNIT Barwmu BM3HavyawTbC
He3a/leXHOoOCT. [OiTTO CcoMing, K30MW HOOHIO CAMKA M  Ha C

oKpemMo, a Al a9 BCi X cunun anreb6bpal YHO CYy MYy

221 SteOd dz' dEiQfREE P &' ydas s

Mo3gpoBXHE N3yyen /paisBHOAI lOMa eNnNeMeHTaApH

s dA, Wwo A i EpTebd HYyo MIYO anTeeppexpHi A3. i

A n s BMU3HAaAUYeHHSHA HOpNSanBHUB 0B &0 PY XE3HH
NOB3A4O0OBXHbONMHERPENOAA 3 HBROMO 3@E DMO A XIHE
nepepliesyTaTnMyHo HeBM3IHayyBaHa 3afjauva.
AeagpmMalyi i ic TegprkHHy [y Kk a.

Pos3rnaHemo po3TAar CTEepPXHSH4 (BMUToOTOB/S
HaoyHOCTI , I 3 T1Tymn) Ha nNoBepXxXHI AKOT O

nonepeMuHux (pmc. 2.2

24



a)

Oigo posBITNAIrCY,sAr Y0 03 T

PncyHogle®op makHaa ncpmme pp 03 17T AT Y

Mpwn 411 HaBaHTaxXeHHH MOoO3 4O0BXHI i na

3alnwatkwT b C A B3a€MHDO nepneHagnKynapHMNMn.

HU MU : Mi X NoOnNMepeydyHUMNU i HIi SMAE Mol /bICIaY 0
AKWOoO nNpuUuNnycTUTUTEeMEHYCEBP®@PMAaLIicT MalT b
wo i Ha MNoOBepPXHI, TO aHanNni 3MBAHmM AN MOC I

nepepi 3i B.

Yci nonepeymHi nepepi 3n nepemMi gpyKeTsab C A
y BCi X noaepaxXxHOTro ne@apis3zayk xaymH@ klaya & . 4 |
OAHOBK HOpPpManbHIS=EONS.pYy XeHHSH

PakKTMUYHMW po3nNoOoAi N HanNpyXeHb Yy nepepg
Mi cua npuknapgeHHsS 30BHI WHI X cwun, 3anex

MOXeT noyHepi BHIQMWITEHMBM. MH Y BO MA@ PH IBX BN E

MIi cuy A NnpUKNajgeHHH 30BHI WHI X CWHiIeHb fe
BUPiIi BHIKWT b C A i H a Bi 4ocTaHi, npweHImM3 H O
pPpO3MiIi pi B CTepXHSAa, po3noAi N HanNpy>XeHb |

BeHaBHBaa Xa TN nNPpiakKHumiBi@e macy B amya GeEpHiaHHla

0O3BONSAE He BpaxoByBaTMW KOHKpPEeTHIiI 3acodfd

25



Tak, Ha pPULWH KIy T1201B Xe CcTepXeHb, 3 ack

HaBaHTaXyeTbcCH4 H a BIi TbHOMY KIi HUui MoaTarTtTw

pi BHOAI Y I KOTPpPMWUKX BUPaxXa R b Cc sHaaxeaeH/AMHAY N
npukKknRNnapgeHi pi 3HUMM cnocobamu: a) y BwuUAf
ABOX CWI,; B) Yy BuUAi po3noagi NeHoOro HaBa

yci X BUNaAafgYRXMB MOEDEpRAaBnEradwby HUD Nepeet

152 pas3n “Woro nonepeyHi po3Mi pu, Hanpy X
J:*' e J:"/ /J:’ e
i i i
! ! i
! ! !
| | |
i F i F i
| o=— | o=— 1
i 4 i 4

Yrey
|F FLF ~
2 2 F

PucyHoklo2acB8eHHAa nBreHwpmHmy CeH

Ana 3ab6e3nevyeHHSA MI UHOCTI CTepmkm¥a @:

nepepi3ax CTeprHBM Uy almamB MHHIN YICETM MU X 3 H

N
== ¢ 4. (2.)

ge [s]-monycTume HanpyxeHHs mMaTepiany 6p

3anexHi)cTseBoA @O 1§ MOBY Mi LHOCTI npum pos3TH

3 ymoBun KP2 M1 nieypre®C PIK UMMXHA BU3IHAUYUTMNU
- nnaouwy nonepevyHOT O nepepi 3y 6pyca
pO3yH&KXY )
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N
b2 — (22)
[s]

- npunnonycTuUMy CWUNYy N pPWN 9HAOAraoH vnxe ppeopsi Msiyp a

[N]=[s] A 2.3
231 sHso ) d2 ' BisjctkPupkd dH 3 stehls S sl

Mp w po3TAaAry N OBXMWHa CTEepXHS 36i nb U

CKOpPpO4YyHwTbCS4, NnpPpMW CTUCKY HaBNakKI w3 MIiADIB X
361 NbwywTbCSA.

Ha pucyRxwBe2ledHunin po3Tatipyounineapu@mee
BMUO a3MacHKM i WTPUXOBOKW Ni Hi €10.

[ a

!
T B (I ‘
-— e o __|.._._%._._l|_._ -E
F ool o F L r

|

dz ap
/)
PncyHoglepopmayi i pPO3TATHYTOTO

3Mi H® BXUHMU chredpkHsHadluBaeTbC 4 mor o
NOAOBXEHHSAM.
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Bupi 3aemvioeCyksiBHHHOE HH O Manwui e ndzmeidHern s6 p
NnPpPUKNageHHBKEHHAB &BHTHa NOA4O0BXY @guzbltn3 agHoa X B &

Bi oHOCHa W ab6bconamemaapnedpopmaui a en

Ddz
=—; Ddz = d-.
dz
B ycix ToukKkax 6Gpyca BUHMUKAE OAMUH | ToV

MOM®YO®KCONSLAO I®THE NOOOBXeHHSA O6Opyca

I I
D pdz =edy 4.
0

0

3BIi BKkpHOCHAQ NO3A40BXHSA pagedopmMayi s

eZI—. (24)

Mi X HanpyXeHHAMU | [pedopmMmaAl)iMBNBID 30 ¢ AY

3aKoOHYyOmdsykmy3 { CTUCKY) BOHAaAa Mae BUT Na[

S=[ ¢ (2.9
e [-MOoAaynNb NPYXHOCTI nepworo poay (mopay
MoAaoy nb MNPYXHOCTI mepLwor O bp OoMiayT expai paasKyT.

cTani, H@T(D.2LK DEMI,a
Mi oce@mwnNne 3anNgXBHA@QHKRHHZA. BopmManbHOT O
BIi AHOCHOT pedgopmayi i oTpumMaemMo

28



DI

=E—.
|

>z

3BIi AOB@ONIT HX¥H an qa3egjoop ma i 4 6 pyca

D =——. (2.6)

JoObyT@®Kas3InMBaeTbCsd XOPCTKICTIHW nonepe:
po3TAary (cTuckKy).

3anexHi cTb cnpaBepgnunsa aons N1 NAHKMN
nepef@i 3yy nepepi3ax fAakKkoreycyminshanocTi MHe n

AKWo Ha i naHuyi N(2)3 o O1BDOHUEA J1\YOJ@/P/BIYH O
¢ ( BMiI HHI , TonAdi abCconNwTHE NOROBERAWIHA [Bic

dopMynoto

~N(2) dz

D fi——.
EA(2

(2.7)

Ana BunkY X ynossgoBXHE 3ycunna y Imexa
3Mi HWHETbLCA NO NiHi AHOMYNOGA@XKDHANA, | B)mM P @M,

Ni CcCNApyiBHaTHEH I nNpuimme BUT nN4apf

N +N
AJ;_QL (2.9

2EA
ne NiyN—-Bi aAnoBinNAQMaTKOBBHAAEHKHSNALRGBYEMJIBIRAHb

Ha Mﬂ)k&'l)ﬂHKl/l CTepXHSA.
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Mpwn po3TAaAry (cTtTuncky), Kpi M No3p[0B X
Aedopmayi a.

Bi oaHocHa nonepevyHa pged@opmaajb(@gwp.ycman
24 Bi gnoBi AHO 6ypApe

=20 o P

*" o’ b’

Ae & x;y—a & Fb,—b—-a o T HI nonepeyHi pedgopma
Qb-noyaTKOBI po3Mi pu nepepi 33y O6pyca;
a,b,—kKi HuesBI po3Mipu.

Ana 1 30TPONHUX -MaacRYi aanpsdNMK\OPMBRGN ep e

OAHBKO

&= gi= .
Y Mexax npumpapaTtHOCT.I 3aKOHY FykKy np

AedgopMauyi T  D3PO0ONBOMOHUI I MI HO e qmo p Ma Ui S M

e= -n, (2.9

Ae Mm—-koedi Ui eEHT echomepEMHHO(K@EedH a) eHT Ty .

3HaHdl RAoKasye, wo 3 6i NTbWeHHHA NO03M40BX

4O CKOPO8PESHIHHSM XN opno 3 Mi pi B | HaBNnakiWu.

Koedi ui eHtT TlyaccoHa XapaKTepusye npy

cCcobow BIi HOWEHHHA NO MOALYNKW NKEBEéEpPEeYHOT [

30



=l (2.10

Anda pi3HOMaAHI THMUX MaTepiani B BIi H Mae
0,5 (rywma). ana cTtani Koedi ui ewra,llya
UMWHKY, Mi A BiH Mae€e 3HadyeHHA Bia 0, 23 [

Y pagi BpMambkiHR KE&CN/AyaTaui 49 MaWwWWH
aocn T HI ,D,erOpMaH,é'l'I'IébGEEWI.B,&VIEtHTi’IBV[})/,CTVIM

TOGTO Npu eKcnnanyaTauyd THEDIBMHIHAT BUK OHY B 8
D= . (2.12)
EA

Hepi BHIi rTesRHpPObDlYymMmpeBYKOCTI, a nposeja

PO3PAaXYHKMK@QMMOMNRAXOPCTKI CThb.

241 " OOz L lswelkz ° Mksdmébkz dOIsj tc’ Odz
Mpwn NpoeKTYyBaHHI [ po3paxyHKax H a
enemMeHTI B MexaHi 3Mi B, MaWwKnH OiC TG N aupayrme pH

TomMy mMaTepianu BUNPOOGBOBYKWTbL Ha po3T4ar,

OgHumM i 3 OCHOBHWUX BUAIi B BuUuNnpobyBaHHL
po3TAr, OCKIi NbKMW NpPpunUW ULUbOMY BUABANAKTDbLCHA
MaTepi any, BYWOTBUM,PO®O®WrI OTOBNAKTbL cneui ar
T X pob6naThb unni HmpmwHumumi s(pmecTOB.OT O

BmMoToBNAWTb nnodkgi 63 paskn (punc. 2.
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a—-uunni HOopmunwic K i 6

PncyHo8passmnmmaBya Ha pPoO3TAaAr

A n s BunpobyBaHb H a po3TaAar 3acToCoO
LO3BO/MAIWTDb B npouyec.i BUNpobyBaHHSA B WU :
Aedopmayi i 3paska. Mo uyumm pgaHUmm OyaYylHOT
Mo OCi oOpAMHAT B IiNAoK floacHl a—Hamoyr NIMECE MM m 9 i Ma B |
XapakTep Al arpammmn PpO3TATry 3aiexXxunTob B
BUNPOOGBOBYETbLCA. TunosBwuI BUJL eTlaeKBoil LITE
nokasaHuWUW6. Ha pwuc. 2.

32



Al o Al Al
AT’

A!?g ‘&f?
|

PncyH6e-Klo2aT1TkKoBap qaa rag rpya m a

MepwaHw®&PH3 oHaAa nNpPpYyXHUX Aedop MaHii mH a B
3anexHi cTob Mi X HaBaHTaXeHHaIM I BJu¢a o B X
cnpaBegnmBeumin 3akKkoH Tyka.

OApyra a¢haxHxkma (NpyXHuUuxXx pgedopmauyi n, B
HaBaHTaXeHHAM iniBHA A o/BOoK elHmes@MpHVEA K ILA OB b C A
NMNPYXHUMMNU, TOGTO nNpu 3HATTI HaBaHTa axeH .
dopmy.

TpeTt4a aBCn-AgHiknaa H(K a ,3 "M@ NAKWTBCSA PMaaLCiTin Y
3 paska. Lleh npouyuec Has3IMUBaAa€eETbCSH TMAKY UMO CC
Heni Hi WHa 3afeXHi CTb Mi X HaBaHTaXeHHAM
UeTtTBepTa CRi N3 o(HTanbHa Ai N9HKa,
3pocTawTb ©6e3 3060i NbWeHHSH HaBaHTa QKO WH A .
TeKy4yocCTI
M"ata MHDKARAaeKa EmMALHEBKWO 3pa3 oK HaBaH

Bi gonoBi gace, HLaan @uw K/aavm, TAOYIWpITI M 3 HATMUWU H
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pO3BaHTaXeHHH Bi 00I6lp@ xryeEmaacyfieh in BHMAaCI0 K |
UboMYy Oypae MaTu 3anpgpk Olpy nDe¢op@aHHMEPY A
npouec O6Gypae npoxodunflpu nmMib/OApHEKMI, i B T paH

cnpame ninh 3asB0HNEMKAbLCA

(LoL »foéNpyxHa pedopmadyiMl’y nsHean WEL 03MWI LHKe
MaTepiany B pe3ynbTrvarti BUTAXKN MacRepi a

HaKJ/sefnow.

Llocta pgisMsHwWiacuEesBa TeKyyoCThb. Oe gopi
A1 NAHLUI XapakTepusyeTbCcsa NOSABOHKI OWE WIKOU O

NOTOHWEHHYy . (BRBODWHAYBAaAaETHBICH 3PyaitHkB.a

PucyH/-kKlo2o0HWeHHAa 3pa3kKa

3annwKkoBe BUOOBXeHHA-ARhpan g QXmauciags Qe o
Al,( ansB.)puc. 2.6

HanpyXeHHS3A, WO BMU3IHaAaYaeTbCAaA TaKuUM 4u
He MOoOXe OYyTWUW BUKOPUCTAHO B HAKOCTI W Xap:e

cTani
[Mdzso dzd 3 R~ OtOCIsjtedMmMisd S O (tolzy detsls’
odCstcdmlssolze Is+ Mw ) ftcOCIsd ydzd ~ Sk geOn 2

CtoOdzd yv ISy C zlydedgigOMtsa d2 " tS,. ( cteOdzed yvw 3

ana MaTepi ani B, K I He Malwmb T &K W@ (¢
BM3IHaAaYawWTb YMOBHO HAK HaNpPyXeHHSHa, npun 4
BenumuynmHy 0. 2% Bi o AOBXWHW 3 paska, wo BV
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BpaxoBytuun, Lo nNpakTMWUYHO BaxXKoO BCTa

3aKOHY nponopui MHOCT I i nNoyageoRo pmM@wB u
BBOAATb TaKOX MNOHATTA YMOBHOIT T paHWUuUyi r

L i3S o dzts GteOdzd yd ® ftoslf stey” 2 dzsmlis* dzO L
ftod wCtsdilz © ' Hnddzj dzdgw &' H dz' dz' 2 dets’ L

HiWwBstedh3Ooy" wdi3d HBMYeO"  Paars dz* "olg digiud dzd ~
Edsso@eag@npuknang 0. 002% Bi g4 AOBXWMHW 3 pask

Lli3se dzs® GteOdzdyd ¥ Gtekzy dzsimis” zOL do O Is-
wWeCsdRBlz LOdZdh (o ® HJWBHLdROY (M aBRMUaABG5% 0L OHW
Bi 4 AOBXWHW 3 pamfa, Wo BMUMI PHOETDbLC

Bup Al arpamu po3Tsi0ys3 aBie XIODR 4 MHHEATRIX.

BnactmBocTtenhn mMaTepiany, a i Bi 4 pPO3Mipi

LWlo6 oTpumaTun Aaiarpamy, o XapakTtepwu
MaTepli any, noyaTKOBY A1 arlr pamy p Ap/og3arT[ar Xy
OpAavHaATM Takol Ai arpammwu OTPUMYIOTb a7

a Fao
noyaTKOBY MNAOLWY nonep@ﬁﬂ—@,r oa N &-@mei I mesHyH A3
¢ Mo=

abCONWTHUX BUALOBXEHbB PpPoO3paxXxXyHKOBOI yac:
Dl

lg

vop@mo
-I-C_)DOz

Taka piarpava ama®wvVBaapyeHRBI appc. 2.
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g
PncyHoWlli 2ar aywwae HebanwanoByr aunyesoil CTal
FJI.
Al

PncyHo[li ar § amac eppoesgiiyabrom L e B 0T C T a J

BoHa Mae HaeTHyNHIOYXKaIi@aKkT

ﬁgq—rpaHmmmnopuiVlHOCTi (Hanobi Nnbwe Hanp

BUKOHYETbLCSA 3akKoH TyKy);

ﬁz—rpaHmu,ﬂ NMPYXHOCTI (Hanmb6i Nnbwe Hanpy

Jehbopmaui 9 He BUABNAETbLCSH) ;
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Os—T paHMUA TEeKyuyYocCT.i (HanpyXeHHA npwu

6e3 30i NbleeawHsA) ;HaBaHT ax

o

Up—T paHUWUusa MiuguHOCTI ab6bo TumumMyacoBUIKA on
Frnax WO Nepyd@mWe Op BiPpM3Ka) .

NMpu poOCNi faKOKABPBHAARBWTbCA:

E-MmoAaynb NpPyXHOCTIi nepworo poAjay
S
[ =— =ta (2.12
e
ae G,—HLozhnpyx(eHHﬂ i Bi AHOCHa pedopmauyi A
TOYLULI npsawDsH KHAU WMioar fud;mm (npsama

~

U-kyT Haxwuny npsasmMoni Hi AnHobDaTANHBABK N O
(owns. pWw,eyHOK 2.8

MoBHE BUWAOBXEHMEA3KOOMI pPMeM@® BY AHYBAHLE

ni cns po3puByYy, OCKI NbKMW B yacTMWHAax 3
]l " Hdzsdzd &3 o dH B9 ) j detievads i ‘afpdzs twBE LA aUR H H 5
npunpoweHHsas po3paxyHKOBOT AOBXWHW 3 pask
1 O BHKM
D, . I, 4 .
:I—O 1D0% LT—O 10@y, (2.13
0 0

ne li—-poBxnuHa 3pas3kya (MBiVCWISP IECT3bCIAB AUBIGIX O M

YyacTWUH po3iWpad@aAaHOrNo 3pa
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Bi AHOCHe BUAOBXEeHHSHA Nicnga po3pumuBy Xa
B 3aneXHOWKYWHIBI b ®EJI BUAOOBXEeHHSHA MaTepi a

Kpunuxki . Ona nepuwunx MB5Mb a ay MIomBakSSh. pnypr MinxH A T
1 ' H dzts ) dzj L olkzy J dadzw L J6 BLMC3CH a §f a izl ¢ Ate s A

abCONWTHOINIO 3 MEHLWeHHA NNO0 Wi nonepe&gyHOT
nnouwy | BUpaxaeTbCca BIi gcoTKax Bi g noyar
y =%dooa/o=¥doo>@, (2.14
0 0

nedp—novyaTKoOoOBa NMMAOmLA Nepepes3y 3pa3s3ka;

b —nnowa nonepeyvyHOro nepepi3y B HaWNeC
paHi pPpoO3puUBY

O nNnnacTMYHUX MaTepiani B Bi AaMOWRKDBEeM
BUOOBXeHHSA nd>bfga po3 pveaykepidsbdw. 3

Unm O6i nbwe BIi AHOCHEe 3BYXeHHSA nicna p
Bi oHocHe B®@noBMEHHOSC H ey e3nBOytoKXESHSHjste d M ls d ¢
f dzOMmilsd ydesmls KOs ptc'BOdze BHI # MM P WP O/UYEOHBHHS
JOBXWHW3MEHLWEHHS n @ Win e e M e PpBei YABHJIEC 3 KT &b
no4YyaTKOBOI 0 OBXWUHMU [ noyaTwapol Bn/nauiic

nnactTmnmyHa pgedopmMayi 9 po3BMUBAaeETbLCA Ha 0E

Ha CTUCK LOCNiI AXY T bC S 3 paskKmu y
Bumoct olmt3d, ab6bo Kyouki B.
Ai arpamMa CcTMWCKY 3pas3kKa i3 nN/paCymmBwWo

2.10 B noyaTky pAgiarpamMa CTUCKY nNpaKTWUUYHLC
Jol49gD Ti cnDAnotnoeypkemi HM M nNnepepi 3 3pa3ka 3
cMna WBUAKO 3poOCTac.

ana ManoByrnuuesol cTtani MeXaHi YH
nponNnopuimmpioHco&TyiM,0CcTTi , MOAY/Nb MNPYXHOCTI
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i arpamMa CTUCKY 3@mis&x/ay iMBp KPPAAXK&KHDT OH am

: |

O

PncyHox[i2arlpla yiae HHea npa TOBY T A1 ML EBOT CTEé

£

PncyHox[i2arlpla ywae Hela npa BY HY TMNPU CT U (

Ak i Nnpwu pooisarraprayMsaa HHE Ma€ nNpPpaMoO i Hi i
TeKydocTi . OpoHak, rpaHuuys4a Mi LHOCTI n|
posrtlyBaHHHINA 4YyaBYyHY, Hanpuwknapg, rgabnpas
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B W LWe, Hi X nNpKpMXXITiaMBBEERPOTHEI BHBUYE DU K P :

npu po3THATl OB I

PyiHyBaHHSA 3pas3kKa NOYMHAETbLCSHS 3 NoAB

4°n0 1oro NOB3AOBXHbLOT OCI
MpefpcTaB/AeHHA NpPpo BNnacTuUuBOCTI ManoBYyY
pPO3TAaA3I i CTpPpmayi nyaHOKAY .pP-elh2B T ATYr NMALOO© B O |
CTapi+T,e X, Ci pPOg—OC TUELKY HWa;/TOB Y TGAITIEEXB OIC I @D
YyaBYHY.
o, Mla
800 /
600
!
400 i
200 ——
/"‘"’HS’

0 0,001 0,002 0,003 0,004 €

l2-MmanoByrnmnBeemaocsnap®3INPry 1 CTUCK
34-Ci pUMNBHABYHI AHO NMMPKYpPO3ITATry i

Pncyal2«kli arpamMum HanpyxXeHb:

25)1 L dzOyJ dzdzv Iso j teH sSMIS’

Mi o TBEepAi CTHW pPO3YyMI KTb 3a4aTHICTb Ma
HbOTFT o Apyrwuwx Ti n.

Hahnb6i nbwe pPO3NOBCHAXEHHSA MawWTb AO0CII
PokBenowm. CyTHIi CcTb AKINIMI B MOBIKMWNMAEH § I

3araproBaHOi Kynbkun (npwu pgocepmi aax 3a F
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BennmuunHa, Lo XapakKTepusye TBepEpmemTshb,

(HB) BM3HadvaeTbCcd 3a GopMynot

1J—L 2.1
1OA)T’ (a
neF-HaBaHT axrekkymmeypmpm 10 wmm, H;
Asc-nnouwa noBepXHI che’PMUYHOro Bi ABGUTEK:
TBeppi cTb, Lo BM3HaAavYaeTbCA Pi 3HUMI

neui anbHUX Tabnuub MOXe O6yTmwEHMEeM.pUBEOEHS:

Mi x TBeppagicTo | APYT nMM M e(XrapHa H4HWIsSMwm
eKydyocrTi , Mi LHOCTI ) | CHY € Kopensaui WH.
ayB Y @,36 |, pana ci psp@Ad7qula-BOy HYy

Jocnianw Ha TBepAai ctTb 6inNnbw NpocCTi H i
YT He nNoTpiMdHDP MBOHTUYXKHM X WN H | cneui ane

O XHa nignaraTtwu bes3nocepegHbO AeTani
ocob6bnmBo Ha BUPOOBHMUTBI ) pocniagn Ha

ENNYNHN UHPTHWLUI M i

26. sfmMisd 3 dzOff tolzy J dada”

AK y XEHas3anocb.b, aetani Ma wWwu H i I H I
aAagO0OBONbHATMW Yy MOB.I Mi LHOCTI I XOPCTKOCT
akKnmm, wo6 nNni g Ai €W npuKknapgeHX HaBa
TpumyBanu pecdopmMaui m, wWo nepeBUWYWOTb [

3anuveuk o gedopmauyil 3'A9BNAKTbCA B n
anpyxXeHHSH AOCAT awT b rpaHunuyi TEeKyu4yocC:
anpyXeHHS pJpgocdarawTb BEe/IMYMUHWMW THUMMYacOB
PMUXKOro wMaTepiany MOXYyTb O6yTW ageiB,Ha
MT OTOBNEHMUX I 3 nnacTMWUYHOT O MaTepi any .
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BBaXaTuW T paHUUW TeKyuyocTi, a-gnmyaeocnwn

oni p.

MpunpopaHO, wo uyi HanpyXeHHHSH He MO XY
AONYCTUMMNUX . | H a N eiXWbTKbM , 3 MUROHOW VB M e KHa@an jcyra
A1 Y i HanpyXeHHSH 3aBxpgwu 6y nwu MeHLuWe rof

aoonycTtume HanpyXeHHS agonycTtume Hanpy X

dopmMy ni

50

5:7; (2.16

ae s-He6esneuHe Ssamdmy KeHHSa (
N-koedi 4i eHT 3anacy Mi ULUHOCTI , AK UM
HanpyXeHHA MeHWe Hebe3NeyHOT O.
BennuyunmHa 3anacy Mi ULHOCTI 3anexnTtb B

HebOe3nNeyHNUM.

ansa NnnacTUYUYHMNMX MaTepiani B y BUMNaanmn
0
Heb6e3nNeuywWKaH HAMPHA/NEeXNUTb BBaxXaTIl=5HaHuL,

an=ns. Topai

_s° s
[s]_FE (2.17

Ha oOCHOBI AaHWX TpusBanoi NPakKTUKNW KOHC
MawwnH i cnopyJps BenunmUMHMBA 3catnaasceyil M pum O €
HaBaBRAEK npuimmaeg=blc. 4 . Adi. BGHOKOUYEeB U AHTG, M €
HanexXxnmTtb 6paTu B TUX BUNaAa[gKax, Konn MarT
Mmoro BnactTmBoOCTI , MOBHI WWe BpaxoOBaAHI H aE
po3paxyHKOBI CXemmu.

nna KpI/IXKiI/IaXJ'IiIEaTI'EFpl/I CTaTWMYHNKX HaBaHT

HanpyXeHHAM € TumMyacoBUWN onip i TOnI
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Y n (2.18
MpuumatwTb, wWo hgFa&nadbc..3miOLHOCT I
| Hoai pAonycTuMi HanpyxXeHHS], Ha MH®&3 TAM™M

ye p[skh KpuxgiamaTtipaue onumpawTbcsas CTMUCK

[S]>[s+]. Ona cTtanen i 61 NbWwWoCTI I HWM X nnac
[S+]=[S] | no3HavyaTwnu pgonycTumume Hanpy Hémwnsa E
I HOEeKcCcy.

270 B9 O a3 ydatsmlis’ C et fiplsEC s figls | .l dH

OcHOBHAaA 3apgpaya -0BMacopeys NeaHMa Mmi aHmIgB N H i
wo 3as3HakwWTb TY 4YM |1 HWYy CHUITOBY, TemMnenp
MOXHa BMWU3IHAaAUYUTKU 3 po3paxyHKy Ha MiUHI CT

Po3rngaHemMo YMOBMW MIi LHOCITB M p OXOTPOCT TOK OpC
CTUCKY.

Bi omi Tumo nepeg yciwm, L 0 Hebe3neka
CTI NbKMN BelTnyumHammwmu BHYTPI WHI X 3ycuneo
BenNnmuyumHamwu HaWMmobi Nb WK X HOpMAanbHMNX i Ao

Hebe3nNeyHNUX HYUMKaAXTAaAREPBETMNX KOMOI Haul €10

CKIi NbKW 3aBlroagHO BenNWMKI HanpyXeHHdAa wMarT
BeNMYnmMHM Hauwbi NnbwWMX HaNpPyXeHb 13 YyYMOBM
obmMexyBaTun [JONYCTUMUMU HaAaNPYyXeHHAMU.

Y BuUNnapgky PproMscTKAyr yc TaebpokHG1 3 Hax oa4saTb H
AKWUX HaNnNnpyXeHHSA pocArawTb HaWMwbi nbwmx 3|

ULMWX NepeTUWHI B 3aNUCYyWTb YMOBY Mi LHOCTI

¢ 9 (2.19

- max
max
A

s ) ‘
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Mpwn po3TAaAr oBi B NpaBy 4YacTWHWE UH T p YY>eoH
Ha po\B]raan npun—gormycckioeme HanpysSkeHHA Ha cC

BwkopnmcrtoByrwuyunm yMmMOBY MOMM®C PO3E294YB
3apgadu:

1) no Bi AOMMUM HaBaHTaXeHHAM ANnA BUOP:
3 TOUYK MU 3o0py MiIi ULKHOGHDIr O poEpwiegmwmHYIOTa@p>»
po3paxyHOK),;

2) no BiIi gomMummM po3Mipam i MaTepiany A
BUTpPpMUMYyBaAaTuM 3ajaHe HaBaHTaxXeHHA (nepesi

3) no Bi A OMMUM po3Mi pawm petvani, MaT e
BM3HAUYNUTMU [0 NHYyC THMAMBYA HBTEA/DIEYHVH 1 .

B neBHMUX BUNnagkax Anda 3abe3neyvyeHHSa +
po3Mipwu [ peTtanei noTpi 6HO BuoGupartwu

XOPCTKOCTI . Mpwn po3TATr OB (cTUMCKOBI ) YN

N(x) dx e1]

%1ﬁaq5‘ (2.20
ne Di-3mi Ha pos3smipiB pageTani,
[Dl-ponycTuma BenuuumHa Ui €7 3 Mi HU,
Harapaewmo, L O po3paxyHOK no Yy MO B i
AOMNOBHWBATMNW pPO3paxXyHKOM Ha MiUHI CTHb. g
ymMoBa MI UHOCTI He 3 ajo B QHLOH SAPEOT3bBC' A, 3 yTBOA T

Mi LHOCTI

) 6 d € d&zOH

ns 3ajaHOro CTYNi HYAacTOro CTEePXHS n
ypaxyBaHHAM BnacHOIF=—Rafir 4« Frg B x¢hs 2 0°3 W w0 -
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$,=20,= 4 0°cdvw= 3,4 6 0°c@* 1 Wo=1m ,c=1.5v ,d=0.5v ,D=5c m. eNd 1@ n
C T e pcHTAa gEB8:5A0°H/ & m

CTepXeHb po36uns ABBCEBIDHEHA Mo CIHIHKWMO IO N
nonepeyHOro mnNnepepi3y a TaKOX N0 TOoOuYkKa
BU3HAUYEHHSA OCbOBWUX 3YyCUNb \na@mMacbp Ry €113b C
NOoOKasaHI nepepi 3M Ha KOXHI W aAinaHuyi, il
Bi ANnoBi oHON,NyNiNg nsBeemmimumHa UyUux 3yCcCWUNb B

pi BHOBarm BIiIi ACi YeHUX YyacTMWUH.

NS 7170, " X%
4| 1E 4 —
d | L T L
Pﬁf- : i lﬁ‘i C s
D[ Ji= | _ B — 21775
3 3 ! .
c 3 Gs €
F X F- *
c ‘,1:: 13 ply)|
PE i 5%
2 2 : o
k : X FS- X IiG: b b
Ej | |
by E | ——1¥
1] i1 ! !
a ) lc'l a IG'I a G a @
A | ! ——{ 2000
5] IE 'Fl F N
[kl Thpgnld TEpaia33 Mg 44
Gl g E) 1) m) g
PuycHok —Pleph8pi 3M CTepXHSH
M@ epilgddxdl 0 0c m)
ayY=0; Nl-Gl-F1=O,
ne Gi—-Bara BIi ACiYeHOT 4YacTWUHW nepwoil A[in
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X

N1:Gh +F1 Fgld;( F1+ gX "ﬁ.l’

0
Nl(XZO):”;S]_O'l'Fl:F]_ZZK H=2000H )
N1(x=100)= g&, d00+F,=78.520°Q0200+200621 5 7 H,

Me p e Ri(08x¢120 0 ¢ M)
aY=0; N2-GZ-G]_-F1=O,

X a

N,=G, 4G F g ,0h PAXAF +gx= Ag F

0 0
N,(x=0)=g@, O+ g&, @+F,=78.520°@00+
+78.520°Q0400+2006-215H ,
N,(x=100)=g@,(200+gd, @+F,=78.520°@000+
+78.520°Q000+2006:247H .

Me p e3Bi(08x¢150 M
ayY=0; N3'63+F2'Gz-Gl-F1:O,

- P 0% a Agix+ E
= A X- F2+90A2b+gAla+oFl, 0
N3(x=0)=08 O-F ,+ g&, &+ 9B, @+F ,=78.520°B0D-4000+
+78.500°@000+78.820°Q0A00+2006-152H ,
N3(x=150)=g@; A50-F ,+ 9B, 6+ 9B, @+F,=78.520°BG0A50-4000+
+78.520°@000+78.520°Q0A00+2006--8225H .

b

N3=G3 'Fz EB2 Gf F1+I’V:3dXAF2

Me p edpdi(08x¢50c W
aY=O, N4-G4-F3-G3+F2-GZ-G]_-F1=O,
N,=G, + & K G+ G +k
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= RA dx+F, +gA dx- F, +FA dx+ fgA dx+F. =
—AX+F+Ac- F+Ab+Aa+F,

2 2
=PDT S 98 AcASA60L 9. 6=40. 4cm
° 4 4 '

N4(x=0)=g@, O+F 3+ gB; O-F -+ 9B, &+ 9B, @+F =
=78.520°%@0.40+3000+78.520°B0¢b50-4000+78.520°@0A00+
+78.50°®0400+2006217 7 . 5 H,
N4(x=50)=9B4 &0+ F3+ gB; B F -+ 9B, O+ 9By @+F 1=
=78.520°@0.460+3000+78.520°B0A50-4000+78.520°@0¢h 00+
+78.520°A000+20062336H .

28  dlsOldydets dzj & dL dzOy o d frydsgjLtdspdeje * ( fifid

Ha npakTtimwawmBy s pcCUCTEMU, ANnNa BU3Hadu
AK N X pPi BHSAHDB cTaTukwu BUABNAETDbLC A He -
MisOIsd ydzs dzj o d Bdz@Qwjxdzdcdgdc TemMmax 4UYmMmcCcno Hak;/

YyMM ULe HeobXi gHO ANda 1T X KiHexMapiMBwoR al
| HWK MK cnosamu, BCi C.H.C. MatlT b AoA
Ki HemMaTMWUYHOI He3 Mi HHOCT.I 3B' A3 KWK, noc
Mi LHOCTI abo XopcTKOCTI

Pi 3HuUS Mi XX 4YuMCANOM HeBI AO0OMMUX 3ycuneo
YN CNOM HKEeBIiIiMBOHWWMHbL CTaTWUKKNW BU3IHaAavae cTer
cmcrtemun, TOGTO cTeniHb CTaTWUUYHOI HeBWUS3

—3 ansuxl 3B’ A3KI B. Po3pi 3HAKWTDb OaVH,
cmcrtemMmn.,

BuMs3HayueHHA BCi X HEBDBOMAXbCUPpO3IKAMDIOT
HeBM3IHaAaYeHOCTI |, MOXNUBE TiNbKW WNAXO0OM

YNCNO PiBHAHBL CcTaTWUKW [JO YyuMmcnaa HeBIi AOMY
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ocob6nmBoOCTI reomeTpwu

UHUX 3B A3 KI

B, Hak/J

YMOBHO Hathosdaouzedzt éd athiptcg dgV bzgatizezd . H j W 516 d3C

Po3sB

nocni AoBHOCTI

1. Bi pokmpaemwmo 3B' a3

ULbOMY MeTOAOM nNe

A3 0K CTaTWMUYHDO HeEBUWMW3Hae

H NI 3 ¢

K 1 i 3aMi H9 € MO T X

pepi 3i B.

2. CknapaemMo BC3 a/IMMOKKH/INBP I BHHEA H H A

enemMeHTI B cncrTem
CTaAaTWYUYHOI HeBW3H

3.Po3srnapgawuymnm cucrtT

n, aK i MIi CT 4

cTaTtTMmun

Tb HeEeB

ayeHOCTI cuncrtTemmun.

eMy B aAed@opMOBaHOM

Mi X agedopmMayi amMmm abo nNnepaeanni LEEOHHHAT MW
i CKnagpaemMo piBHAHHA CYMiIi CHOCTI nep
4. B pi BHAHHAX CYMICHOCTI nepemMi WeHBbL
Ha OCHOBI 3akKkoHYy Tyka 4yepe3 ai W04l B
5. Po3B A3y 1Tb cni NnbHO oTpumMaHy cumcre
Pi B H SaHTbW KUT | Pi BHAHb CYMI CHOCTI nep
3ycumneob.
1 tod € dzOH
ana 3apgpaHol cncrTemu BU3IHAUNTMWN aAi a
BIi AHOWEHHA T X nnouw i BennunMyunmHa pf[i OUYHOT O F

JaH®=1dg=60% F=12ls; =3, L=[ ;MaTepi

[s]=16 0 MTM®GX r FcmogaT oK

B 3afgauvi HeobGXIi A

NPOEeKTHWNUIN po3paxyHOK.

CTUCKY, TO NPOEKTHMUN
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AONYyCRANMPY XeHHSA HaMm 3apgaHo, ToMy AaAns
0O6Xi AHO BU3IHAYMTU HOPMANbHI CcuAKn B nNC

CkopuncrtaemMoc 4 MeToAOM TnNnepepias3iB i |

pepi 3awmu, Bi OKVWHYBLWKW BepXMHRIO TWAYT KHY P

3aMi HUMO 1T X Ai oN;HNQ pmiaBi,b@)n.Mm nA Jcem ntaemme p
TaHHK HanpP@NRTMO6B6TO AKMUU 1 3 CTepXKHel
3TATHYTMUN? Ona NpPoOCTUX CUCTeM, nopi 6
U®'aHHMa pfoOoCTaTHBO OYeBUWAHAaA. OpHackK, [
cTeM Bi gnoBi CTWMW HaAa HbBLOIO He Tak npoc
KopumcrtoByBaTu dGopmManbHWUN ni axig.

BukopumcrtoBywuUM dbopManbHNUR ni gxi Aa,
STATHYTUWNIRZ, COVEP¥THH, Mo®dDITH WHapNpRBNW,0
pepi 3y. Bi oKkMHemMO TakKkoX B aA3i, Hakna
a K URisRM 1

nna BMU3HAUYEeHHHA 4 NT, MopRy, ARXM H e B 0 XK@ W X C K J
e 3 He3anexHMux pTi oA X=0; HAY 30; aMz=a. TiakKm,m T

HOM, cucTtemMa 1 pas3 CTaTMWUYHO HEBU3HAaAUYE
Me p wi ABa piBHANMHNIMIiCaBA MK UH & PR BR), M | p
3HavyaTtwu K I He Ma HeobGXi A HOCTI . Takwu
KaNgitNIMeh Mae MO J1MHBEEAHALHE pi B

dMo=F @@+1.58)-N, (a+2@+1.5@)6in60-N, d.5@=0.
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A
|l
1 \A1
a
a=60
A 2N _
B ~
B a 1. 2a | 1.5a -~
i a=
\ A=
Po | 2
77 Y
Ny
AR
a=60 R
A P O
vF
\/A"\
6) ne
Pncy2ldka) 3apgpaHa cucrtema (npukiNasg), 6)

nepepi 3i CTEepPXHI B
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OAna HEWE MHISN, He o6 Xi AHO cKnacTwu OAHE |

nepemmMi WeHSL. 3 Ui €ew MeTolw po3riAaHemMoO
3 nopgiDOBREOODAAHaAaxXxOANMO

AAj a+2@+15@ _ 4.5_3

BBj 1.5C 15
Di 2D
| BA AC = 1 = 1,
ud sin60” /3

3 ypaxyBaHHAAMIBMBpr snpaig maec BMU]J

O gy 2D oy
sin60’ J3
ue pi BHAHHA CYMI CHOCTI nepemMi WeHGL.

Bupasbhnbuepes 3ycunhNgNB CcTepxXHSdaX

o =Ny _N.O
ERA EQAA
Mpuinmaiwymn ,EI,0122@B,§iﬁ6@0;ﬁu9:AL:2a,lzza
2 sin60* /3

2AN. @Q® :3'\'2@,
V3EGBRG, E®
N =45N .

Cunc

CymMi cHMM po3B' A3KOMINGIi BHAHbB BMU3IHaAaUYUM
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F@@+1.58)-4.50, (a+2@+1.5@) 6in60-N,d.5@=0,
FRE+1.5@)-N,{4.5¢+2@+1.5@)6in60+1.54]=0,

D2G 0C3.
N. = 450a + 2;?21(:%?2500 +15G 1200.{: > =22062% ’(
o ' n v 45050 +15
N;=4.50%,=4.52206.23-9928.0% ¢ .
OTpumadHiI NMO3UTMUBHI 3HaKWM 3yCUNb T O0BC
cnmcrtTemMmukrcctvenpoe Hoe 1 3 a3 Hae-—-@ODBaTKY.Y, [ CT
Mopi BHAHHAN; B M/InMo4kmnaH3 y € , o NEe pBINIODI OB
HaBaHTaXeHUM. BnsHauymMo HeoOGXi AHY n/10 Wy

N, 992803
2 1= =
A [s] 1600 0-2m d
0 _ ;. d1=\/4A =\/4C6'2=2.81m(
4 p p

Mpwniwmas280 m. dg&ﬂg@:pczsz =6.16M d
b4 4 ’

HanpyXeHHS B CTepXHI 1
= '/1 - 992803 _ 1611690 emd

[flepeHanpyXeHHH

161169- 1600600)/0 —0.7% ¢ 5%
1600
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ToMy MOXHadFR2B8cMA.H 9 T U

MepeBi pUmMOT i QAE P XH A 2

o, _6.16
=% =22 =308 ¢
¢.=5 = |
. :I,\At _ 220623 _ e pna<Isl=16 0 0% r / ¢ m

YmMoBa M+BIMHKOCHTME T b C A .

Q= 4A _ /4(3.08:1_9% .
1Y p

Mpuinnmae lowm.

100 dlsOdzdz Hzv MO jojo' ©CJ

l.Llo Ha3mnBaeTbCcd pgedopmMayi e po3TAaAry
2. Wo Has3mBaeTbcCca abconwtTHOW Ta BIi AH
OAMVHMNLUI BUMI pHOBaHHSA

3. ChopmMynwinTte 3aKoH I[uwakKrae&,MasTim UBHIOW B U [

e

Llo XapakKkTepusye MoOoAYNb NO300BXHbBLOI
MOro OBMUMINRNABAHHS
5. B aknmx MexXax 3ac?7o0C0BYyeTbCcA 3akoH
6. HAKi Hanpyrm BWUHUKAKWTb B NONepeuyHOoN
pPpo3T4Ha3i (cTtTuckoBi ) ?
7. Lo € OCHOBHWUMWU MeXxaHi HYHMUMU XapakKTE
8 YuMuM xXxapakKkTepumsyrwTbCHd NAACTUYHI B Nl1¢E
9. idkthakTOpKM BRNRAMBAKWTbL Ha BUOBI p Benuduy
Hanpyrum Ta Koediuyui eHTa 3anacy MiULHOC
100. B ywomMy nonAarae ymoBa MI LHOCTI npwu

11. AK i cnmcrtewmMmu Ha3nmBawTbCA CTaAaTUYHDO
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311 Of telzy j lslA”y y o

HanpyXeHHdAd € pe3ynbTaToM B3aemMoAai: i Y
Bi AnoBi AHOCTI OO TrinoTtTe3un nNpo cyui nb

XHa 4YacTkKa Tina B CKIMAEKMHETXBMHO BHHOG €I

WMX YacTOK,I AKO BTCIOMYHKWaABpPSI I MKaM. Pos3T
CTKa NnNo PpPi3HOMY B3aemMopfi € 3 KOXHOIW | :
TOUYLI NOo Pi3HMM HanpamMkKaM HanpyxXeHE
HW OAHAaKOBI mMo BCI M HanpsamMKamw.

Jocni AXY YN HAAIH yIXKie/HaaMB gaHi W TouUui

A1 NAKTb €eNnNeMeHT 0oy MaUTOINAQL i N aHpeac/Ke aHgunei HrH
Mn 'y 3vOyi NvbauceuHtoa 6 i NoKatB,aHMa& [MH@Y aPTUCCK. K
Mi WeHMMm 3 TOoOUuKOW A, a KospmmwaT HIIHNXC I
K Wo T padHi napaneneninepfga nepnewanky.
Ao uyuwmux T paHeuWw nNpukKknapgewHi BHY TPIi WHI C
CTUHWN TIi na. [TO3HAaUYMMO MNOBHI Heatg, By )X € H
T KicHypenos3HavyawTb HOpPpManb O nNnouwapgk.y
Ki TbKW eneMeHT pA[yXe Manuim MOXHAaA BB axX
aH.i po3noAai nNewHi pPpi BHOMI PHO. Mo BHI

efnCcTaBNATb HOPMAa/AbHWMU- MNP oL GITMAMY H M G181 H

MPEYH b Ha KOOPAWUHMWATHI oC i (puc. 3.1
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PeyHoOoOkH&Bnpgdy XxeHunmw cTaH Ti na

HopmManbHI HanpyXeHHSAS 3N d3HHlaeKakTMb,  GLyoK B
HanpaMKy Hopwmani 4O nnouwapgkwu, Ha SKi i
No3HawviawehpodpwogBOMaAa I HOoeKCaMN: nepwunmnm Bi [

0O nNnnoluajkH#Harmp Ny MdiaMor o HanpyXeHHSs.
TakuUM UYUHOM, Ha T paHAX eNneMeHTaApPHO

HaBKO/NO TOYKW HaBaHTaXeHOrNo Ti P&eHHA.O"

3annwemo T X y BUTAnagi HacTynHOI MaTpwuLuyli
SX 4y X
[yx S (3.2
tzx gy ‘

Ll CcyKynHI CTb H a nispjydaestets dg adzaOifBtealzey T bds! A

321 0Ctsdz f Otcdetsfls® HsIsdydedr dz2Of tolzy j dz
dzOf tolz ) j dadaw

He BcCci pfgeB' ATb K O MIMNUPOH €4H TH TBb HHaan pPrypraeHHAbX

napaneneni nepja, Hes3anexHi . B ubomMy ner
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pi BHOBAr U el IOEHVOEUHETHAH | 'y W B I O Q®¢ p T almba (Lo
npupi BHAEMO [O HY/NnAa CYMYy MOMEHTI B BCIi X
BE LHOCHXY,DCell

af =0; af ,=0; &4 =0 (3.2

CknagpemMo pPpiBHAHHA MOMEWmMHNB BaAaEAOEABOH

wo nepeTwnmHawTb 11T, B pi BHSgdydzmma HEB B i Mm3
nNepneHANKYNAPHUX OO OCI X ,T ny pchytxedzaima xy H
BepXHIi h i HUXHI W T paHax enewmvédydydx Ta

t,dxdzdg 0. 3Bi gcu BMNAUBaAE

l‘ﬂy:[yx

AHanori yHo 13 ABOX | HWMX PpPiBHAHBL 3Ha
ly7=lzy;
[Z:::[XZ'

OT xe, Ma€E MO pi BHOCTI D¢ sdatxdg {HQisMmBRAISOT |
dz0O tHtg kdz! Htslsd yds dzO {f ez dj ~dzdzVH o =XEO BCzda j/
fitef jdndSEdvicddr f dztsh OHC O~R, zOff tOo dzj dz
f dzsh OHBE, ' oadd 6 ojddydd . Ytd y! ik

tc' Ldz2 MlsBowswaf yunmHoOM, 3aBOEXUN BOABITMUBRCEH

4yncno He3 aJ/sleXHWKX KOMMNOHEHTI B HallpyXeHDb

AeB'ATWN [0 WecCcTMW.
Mpwn 3 MI HI opi eHTaui i Tr1rpaHehn BUAI NeHO
Ha MWOro T paHAX HanpyxXeHHA. Tpun LBHEXMK M-
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ALOTMWUYHI HanpyXeHHH LOPiI BHIIT b HY Nn10.

HanpyXeHb He Ma e G s duseesdufedzdio T H adzisd O HK dpi3ea n
HanpyXeHHS Ha +H4dkdeodduldd K dOtf ixy joduzy a3e
3aBaHTaxeHe Tino, B KOXHI Ur OM®MBM i T a1y1LpiLy,

NPMUYOMY BOHWU B3AEMHO nNepneHOAWKYNSAPHI

A1 aTmn i Tpwu [ O/TOBHMUKX HanpyXeHHSH i B O
Hanpamkun, napanenbHI [ O/10BHMUWM B dataendady dic
zOf oW i3S O dzd ade@ffs Azl MW d3d ©. HOdz 2 Istsyy'
FonoBHI HanpyXeHHA SISy MOITEOEM MeIOWMyY a
HaneXnTb po3cTaBANATMW Tak, Wo6G BUKOHYBAr/S
51>5,>S3 (3.3

Po3ymMi Tnm uytw HepiBHICTb HanexuTtTb B an

Takuum YU HOM, B TOOOYOK aXi NMHAa BAG XK AaEKEe B U Oi N
napanenenineagun, Ha T paHSZaAXl A/JKUBH igi Hoa P yrxk
HanpyXeHuUinw cCcTaH, B SAKOMY Ti NbKW O0pf[HC

HY qa, a ABa | Hwunx 4o p iseHHGpdeEthe dr yizh @ pzd \za 3
3.2 a).

a) 0) B)
a—ni Hi WHMJ/NQ C KOMOND, EBMH U

PUHcyHoBnNaAn2HanpyXeHOoOr o cTaHy
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AKWO ABa T OMNOBHWUX HaAaNpPyXeHHA BIi AMI HH
TakKuUim HanpyxXewHWWH g shposthdHfadztsffgtpets c 6 ) . Ko.
BCi TpPpW TONOBHWUX HaNPpPY Xelsta ats - fifawdi 24 HdgdzdB2i
2O tclzy j daff R B8 Is GBdy .

33 " dz 2dzd? ZOftelky j dzd?2 Ml Odz

EnemMeHT N, o nepebyBatwTb B ni Hi WHO
BUAI ATMTnM 61 N9 HeBHUNOTDHAaAKIWETRA 3T UH acl
FrONOBHMWUM HMMHOM Ha CTMWUCK.

Po3rngdaHemMo npusmMaongaBhacTa@pPEERAH N I0C

N F
a) . B nonepeuyHUx nepeTunflox- HopmManaaT Ny
A A

HanpyXeHHSH TYT OBpoBEMBIOOLHO HYOIO. NepeTWu

nnowapgkammu.

| Eﬁhﬂ
-
Pt
1 "I 2
R
"l-j .
\

Y
1 1 i r.:l - - ¥
i \ I . l"- l _:.--"(. -~ f
l VT xi-” i ! » ¥y
b f T o nl
Y 2tz = TELNSTY
L o o A =
Vil ol A ] s
T L =] X
! : 3 3
1 AR b J
£4 AN 3 R
TRV 3 3
;’ 11"1 k\ s LR ~
F | F Fo
a ) 6) B )

a—-npunu3ImMaTUMNUYHWNIN-6ITeaEREH Db WB nNEPpeEbDyMBEY
HanmnpyXeHOoQMB CTadHi

PncyHoBNBHBYeHHA HanpyxXeHb
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Mepenpgemo Tenep 4 0 BM3IHAUYEHHHA Hanp
oay@a X . B nopgpanbwomMy efnemMeHT, wo nep:
OCKOMY) HanpyXeHOMY CTBHWI NAm®OygemMocCK3d
nc, 63)..3

MpunycTtunmo 30BHj AU SN HOBPMABETHO T nnouwa/

Ccw cTepXHda (a mBijpnopHny@Aapea&HoX¥manR mmlEd

axaTtTim| noBmMTUBHUM, K Wo Bi H Bi ApaxoBY
pi nNKwn. O4 e B N pAHCOK, N aTAaaken mn /mioeakaykt™ 3 none
€ pXHSA. Mp oB e e mq, YiTHAaKNOpKa BNNOBYLANG | OHCObPOM a /1 |

owapgk X;,—BagoBxk nnanowapgk#u.

MpoBeageHy TakKMUM UYMHOM MNOXuUunAy an-nouwa,
ouanagk o, a [0 iHOHp MaHfab HHi i Wi NOoOBFHIGM,FLif,. Ha N p
9 BU3HaAUYeHHS UWX HaNnNpyXeHb 3acToOCyE€EN

XVao wagka po3cikKna cTepXeHb Ha ABi

npuknapjg BepxHW, | po3rnaHemMo piBHOBAT

OcboBa cuna N=F enepierwaoiii NHow ndgRHMUNX

axaewmo, o BOHM HanpaB/aeHi napanen
eni NeHi B TOYKax NpoBefeHONIoO nNepeTuHY
=Ab 3.4
A cosa (3.4)

Bi gmoBi AHO

59 =N (3.5
3Bi acwu
-N =ﬁcosa % COS (3.9
A A |
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Mpoek TiZhbw@EM HomMMaNka NNOWMUHY NepeTUuHy,

ANSA HOPMaAanNnbHWUX | baGBNABXNXY NHANPYIEElA 4L i (
S,= tgcosa (3.7)
t = tgsina (3.9
a6bo 3 Bpax)yBaHHam (3.6
5.=S,cofa (3.9
S, .
t,=-2sin2 ¢ (3.10
2
Yy BUNnapgpgkKy ni Hi HOT O [ NATOCKOT O Han

3a3BUYaAN Take nNpaHBHMKXO H3aHlgpE/bigeHden 9 dz@H Bl Y
f dzsh OHYy' 9903 08I! ftLdlsdeadzgdds, wWChis o tsdz
Jdzj i3 dzlsz, h s tosLGCdzV-H Ol gsysd;, Hdzsmbzs B |
CsHd dzdzd S s 58 Miste’ dz€ 58

341 &ZsMC g2 dzOftcky j dzd?2 MlsOdz

Bci BU3Hawme@mBMIa, K i 6ynun BBepgewHi
3annwawTbCcsd B CWUNI i ANdA NANOCKOrNo Hanp
ABa BIi AMiIi HHMUX BIi A4 HYNnsas T ONOBHUX HaNpy X
Ni gpaxyHKY KYTIi B, WO X ap akareevpon 3ByBK@NKbA THAG, >
KYyT 3aBXAW BIi gopaxoOBYETbCA Bi A4 HanpsaMmKy
HY NS roONO0OBHMNX HanpyXeHb 4O Hopwmani no
bepeTbCsda TOCTPUWN KYT, ane 3 ypaxyBaHHSAN

BusHauumMmMo HanpyxeHapgaxa Roxmmmxe wma oey
34, rpaHi HAKOro € TO/NOBHMWUMWU NANnowWagkammwu

S1iS,, TpeTe 1onosAF@E HanpyxXeHHSA
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PuncyHokKaBpyXeHHAa Ha K@XWNAUWX NNO LW;

MpoBeagewmo AepeTakmm adlue B3 HN noaua gk yuo (
XapakTepusyeTtTbcsa @anodlanpgkriyRa@ ynqoim n0nouw

6yaoyThb BUKNUNUKaASL,UC T akKiK $. 408 ®@OT OCOBY YN

cynepnos3wuuyi i, Tob6TO po3rngapgawnyu OaHMWI
HaKk/fajaHHSH4 [ B O X O [OHDOTOOCT HOMHXa /1 B LM Y XK e H U X C
3anuncartwu

S,= g, + ¢ (3.13)
l,= L+, (3.12
ne Sjpilj-nanpyxeHHA, BWKAUKAHI Ai €10
Sjilj-HanpyXeHHA, BMKAUKAHI Ai €10

lUlo 6 Bmsﬁbhl‘lé,cu(opmccrzae@lesnocepe,quo do
i ()3. 12
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Sj= §cos (3.13
¢ :%sinZ e (3.19

An s BU3HAUieiHmane Xurtbob B P ang YWBIaBTOW, 0 € LG

Hanpsagxkkoym-a90 Toai, 3 yBia2k@9ea)lr-sima coSiio

(9-a)=sifa,o T pu mMa e Mo

Sj¥ gsin® (3.19

tj ¥ —?ZsinZ ¢ (3.16
CKknasuwnm,Mm03 Hauopa e

s,= §cos a+ ,sirf (3.17)

t, :51_2 2sin2 (3.19

Ckopuctyemocsa dopmynamum IFBaxdjpxdHHS3.
nnowanagui , NepneHAONKY@APHYMOBM MO D Wa BKW
no3HawaTtTuHApMdN B el 5 (eppmecT.#h H3).l y TBOpPWE 3 H
S1k y=-(90-a).

Popmynun (3). 1le/i)pHi-A(k3varl 8oy e TaBunBLWN B

aBKkas3aHe BHédygems wmMaTwn
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s,= §sin® at+ ,s08 (3.19
t, = 5'1_—2‘35in2 ¢ (3.20

Cy k ycntHbi o p m320) (A3a.€el 7MO XN UM BHAQTMP Y XA XA,

Oy MK MM BBAEMMWAMVNKY NTAPHMUM NOXMUAUM 010 LUaA/

HanpyXeHHSH . MpoBepgemMo aHani 3 UMx QopmMy s
Cknapgawdyu mipmBIi HaCTUHN) piBHIBAREAMO 3
St S,=51+So. (3.21)

To6TYMa&E& HOPMAaAaAbHMUX H BMPAYEHEHHID € HNION K Ly B10C1 >
nnowagreaxsanexmTb Bi g HaxuWnNny uUyuux n0a0uWa,
HanpyXeHb. | Hak we L 4 BnacTuUBI CTTfHz dz® o0 Xe
dats tc B3O dz! dzd n 2O clzy § @ d3ddftizH] dj Scif Gt detsiZEH ¢ O A
"dzo Ot OdglsdzO s o' Hdatsh jdedzt HB d2OR ddzz2 yd-r

| 3 cdopmynu ) 3648ypma, (Ba 29k | B OAOHO
cTaHi, OOTWNUYHI HanpyXeHHS pJoax45awTw®O6RaA
no nnAnowapgkKkam, HaxXxuWuneHuUM A045t omeBMIOMYN NC
_51- S
l amax = 12 (3.22

35[BO0‘ Bdzd2 dzOftbky jdzd?2 MmisOde. | Of tekzy j dz
B 3alralbHOMY BnMnapgkKy HanpyXeHOT O C

enemMeHTapHOro napaneneni nepga, BUAOAI NeHO

Mforo rpaHAXx A[i OTb Wi CTb HE3aNe XS, BXS, KO MT
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Ly T lyz BBaxatuwu L | HanpyXeHHH BUXI AHNM

AOBI NbHI N Ingn onupaoapueife Hi MW O N9 Touku (pwuc

Fill -
z
PncyHokKHamBpegbhkH 4 Ha AOBI NbHI W NJIOWE
MoBHEe HanNnpyXeHHA HaNNnnowapgui 3 HOpMa
=y & +°p + (323
A€ PpPryPrz—NpoekUi T NOBHP,AA KaDpWKYERAI o

HopManbHe HanpyXeHHS Ha A[AOBiIi NbHI W nn

S, Sd% P+ SN°+2 b Jm+2 t,mn 2 2,00 (3.24)

n e |=cogx,n), m=cogy,n), n=coqzn)

Mo Bi 4 OMOMY MNOBHOMY i HOpPMaAnNnbHOMY Ha

HanpyXeHHS Ha nnanouwapguyi

t =& - & (3.29
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Takum N HOM, no Bi,CIIOMI/IM KOMMNDOHEHTaMMm

epneNMaARpPHNX nnouwasgekax MOXHa BUFAKAWNT

nowapapui , npoBegeHIi W Yyepe3 fgaHYy TOYKY.
FonoBHI HanpyXeHHSA B Touyuyi AaHOoro H
alTb CcTaui oHapHI 3HaAaUYeHHSda, Lo He 3are
oOooOpaAMHATHWMEZ OTOOBWN 0 Oopi eHTauUil | B NpoCTO

apaneneninepja
U_;F.S‘:+Sy+Sz:C0nSt
W=s,s,+5, 5+ 5 s [; 43 CH
W=s.s, 5,2 & t,,1,;

xy ‘yz%zx

2
sy, S,t,c®

L i BeEAUWYNMHM HaAa3IuMBakwTbCHad Nepwmm, ApYyTr
anpyXeHb.
Mpwn GIWK DBV Y 06 € MHMHMYMY H &M payHX Hanwobi n

anpyXeHHSs

[ = ——— (3.29

A1 € Ha nnouwapgekax, napaneJdlib HM&X X U JODTHVBXH

YyTOM O45 ONOBHUXSIKKANPY XKeHb

Baxnunsum, ocob6nNMBO NPUW BUBYEHHI nna
anpyxXeHHS, o Al € no nnowanagui , aK a
anpammMKi B. Taka n n o=sfasagtxjaH to Hade4e ia/e I 16 1€ A
apanenbHa T paHi oKTaepnpa, AKMUN MOXe O

nowapgkun YTBOPHWE pPi BHIK aKMF@=8& =& ONOBHUNUMYV

Topi

s, + +
SscE— 2 > (3:27
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J2
IBQE?\/$+225 +§5 10 S35 5

=—\/(51 -s) (ks oF (ts)-s

(3.29

Lle HanpyxXeHH A CHsa®s]metcadeurtiadodp ySK e H K 6 1

cepefgHeE HanNnpyXeHHS ANA AaHOTNTO TPbOXOCHOC

B 1Teopili NNTacCcCTUMYHOCODOVMBUABUNPOGBGPAZXPHHK

| HTEeHCUBHI CH5b HAaBpPMHBRaaH/¥Ee WBHI C T 1O

S

u \/z ¢ (9

abo BMUpaxeHy 4Yyepes3 T ONOBHI HanpyxXeHHSA (

Su:\/é +? +§5 19 S,35 97
Ny e s S

Bci npeagcTaBNeHI 3anexHoOoCTIBI pHicnmr

HanpyXeHMuX cTaHi B, L0 Bi ANoOBI oawThb A

Aedopmauyi am.

36 jWsteddOyYy' ° fHtod BO'" BBdesdzz O tckzy j dats
LOSCBBd | ECO

Aocni axywuyn pgedcdopmaui i i po3rnapgatwyu
i NMTOCKOMY HHRaY,yXeWwmemMmac 7Ty Bi ANOBiI A HOCTI
i AONYWEHHAMMN npunyckKkartwn, o mMaTepi a.

AedopmMauyi i wMani
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Mpun NPOCTOMYM@PIOB TBIMr FHOCHA MNOB3/400BXHS

e== (3.30)

ABIi AHOCHa nommepleiusHa e dgo
. S
a:-fﬁ (3.32

LLi OB pi BHOCTI BUpaxXanunm 3akKoOH 'y K a
HanpyXeHHSAMMU) npwu NPOCTOMY pPO3TATrosBi ;
HanpyXeHOMY cTaHi. BcTaHOBMMO 3anexHOoc:H
B3aranbHOMY BuUNnapgky 06" €eMHOINOoO HanpyxXeHO

Po3rnaHemo pgedopmMaui o enemMeHTy TIi na,

NPAMOKYTHOTo napan@ble(uapogih. o3 Mi pamMmu

P i, e {6
L
‘, /V;L ﬁ___[_ I J -—
(T le of3 [[le
‘+J 5 T ll ;']-I, I | —-¢ —I —_—
E ,#Zf:i:]? ) '/Lf:i:"
1 B 7% 1 / % S
) — }

a) 6)
PncyHople®opmauyui arievae MeHT a
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(

3

Mo rpaHsam napanda/oelmiBrHa 4 a H afjipBpPKIE3H H A
npunyckaemmMmo, wo BCi BOHM MNO3UTUBHI ) .
Mi HIOIOTb CBOW A0BXVHDOLiDb, 3D oT b pi BHUMMK

Benuvwunmuw

(3.33

a3nBawTbCHA rOo/TOBHWUWMMNU BMNAOOBXEHHAMMU [
OMTO0OBHMUX HanpAaMKaxX.

3acToOoCOBYWYM NpPpUMHUMUND cynepno3unuyi n, ™
g= £+, &4 (3.39

e €f —Bi JHOCHE BUWUJOBXESHH A B IBK THEKMAMHEMKF| €
anpy &g mysEss;=0),
€ -Bi LHOCHe BUAOBXEHHS B TOMY XSyHanps
€ -BUAOBXEeHHSA, BMKNUKAHE A1 €10

OCKIi NbKN SHAMPAM@A@MOTI 0 SHanNnpYES WV BXHI M,

anpy»XgiHSs—nonepvey4yHMO, 3acTocoBYmUYUN)IPERN

HaxoauWmo, WO

ej:%,eliq-ﬂsf,eliqi% (3.35

Cknasuwunm ui BenmynmHum, OGypemMo wMartTwu
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[

~ ¥

A A s ()

E [

AHanori YyHo OTpPpUMABNE BWURLAIUTDN@BEKNX

pe3ynbTarti

6’1:%( £ - (m s+))

ef%( s - (mys+)) (3.39

1( g - (ml 5+2))‘

83:[—

dopmMyny BINpABKaGETGdz! dzj dzd?2 L OSCtsdz 1,26 O
TOOGTO 3anexXHi cTb MiX i HINMHAN MHIA N EY 0K [HNM S

3aransbHOMY BuUuNapgkKy TPbOXOCHOTIO HanpyxXet
BcTtTaHoBumMO 3B' 430K MiIi X HEBJiIiOHGOOHOB HIBI

HanpyXeHHSAMMU.
B pHocHa 3MiHa 006'emMy

_V-V _
& ="y € %€; (3.3
0
BupasaumBwm T ONOBHI BUOOBWIEEHBHEHA MEIPE®MO IT
dopmyn) ,( 3c13BM Mae MO
_1- 2m
& —[—( §+ 5 +) (3.39
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371 8l jdzy' 220 jdzjtec ' W HjWGSEEOY'

1 Blsd dzay' 2 dats® J dzl G ' H &3 1 BHJEWTHEAgO Y ' € H e p
HakKonuyyeTbca B TIi ni npnM MWOTro NPYXHI N [

BennmuunmHy noTeHLUI ankbiHio, i wWwHempEUu X o gt
06 emy Ti nd,Jlsisaitsu B dfHsTisy] dzy ' 2 detss . | A a6 3" HEl
TOYKax Tina BenAnMYMHaAa MNUTOMOI NnoTeHUI a.
pi 3HOI.

Y BuUNnaAgKy nNpocToro pos8THA)Yy Ba@opiccm

hopmyny

u=—= (3.39

ot

I =
o
R

==
SRE

PncyHoBunMBahok npocTtoro pos3tdary(c

MnTomMa NoTeHUI WHaA eHeprTi

FD s ¢
u=——

oAl ZE (3.40
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Po3paxyemMo Tenep MNUTOMY nNOTeHLUIi MHY

06" EMHOTIO HanNmpyXeHOT 0e MOT aeH/ye M elH1TS YU bBOW ror

[ 0 B X N Hpaembne p , pi BHMMN OPAUNWHWPWIHI ( AK®O.r 0 3 .€
nnowapagkamum, Ha U un X nnouwanpakax; $iikseb [ C
OCKI NbKM Nnao Wi rpaHem pi BHI OANHULUI ,
AOpi B HIHKSh b S3. BOHM BUKOHYKWTb Ppob6OTY Ha
OTPUMYIOTDb rpaHi BHacnnl ok Aedopmaui i

MepeMi WeHHSA B AaHOMY BuUuNaAgKy 4Yu@&eglibHO

€& OCKIiNnNbKKu pebpa MawTb OAMHWUYHY [OOBXMWH

PucyHoENESM8BHT Yy BUT nNagi pkytwpwk a p3 BHAUBDKN

TaknmomMy BUKOpPpUCTOBYHWUYN dGopmyny (3. 4

S e ‘
4=21€ 4 S aey

Mi gctaBsusuwa &Bvwpiasn popmynum (3. 36)) B

3Hanpemo, uUO
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1
u=5(55 +$ +5 2-(m s s+,5 $9) (342

381 dlssRO f tslsj dzyl D ety jddgj deogy v

Mpun pedopmauil eneameiHH WO T(bpcKic . 4 K3 . IBO T
dbopma. Y Bi AnoBi gHOCTI 3 LMM MOXHAaA BB,
eHepria pgedopmayi i

U= Uy+ Uy, (3.43
ne U — NMMWTOMBEHMd NHa eHepri g 3 Mi HWU 06" €
HaKoOnNMWUYyeTbCMiI BBla @@'Xe/MY;K 3
Uy — NnmMTOMA noTeHUI MHa eHepri g dbopmo3

HaKonuMuyyeTbCcAa BHac/ni AOK 3 Mi HU dopMN ene

Be3anocepeaHblpbOBmMeHaAaKNAKLHO, DORWKBHaAT
Lle MOXHa 3po6MUTWN, BUXOASAYM 3 NpPUNYyLULEHH
Ai T pPi3HUX TONOBHUXOWABPY XKBEKOBEWMUY NHLU

KpimMm enemMeHTYy, wo po3rnspaeTbecesa, B E

Hexai AonoMi ABWK e©pmemMeMF Iehd nkoy orvpka,H dam 1 C
OAHAaKOBI roNNOBHF SIRE@gMPY XB/HOHOL be NTEeMEeHTY,

Gopmyn (3.38), (3.42) i (3.43

G=—"—235 (3.44

(3.49
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Ane, O4YeBUWAHO, A[AONOMI XHUBMEWMBMEHIT/THP
06" em, bopmMa X UWOro He 3Mi HIOeTWEBDi (3a.

TonAmi ,

i (3.46

BubepemMo SramomwyIuEds To6TO wob

—3(1'[2”)5;—3(1'[2[)7(5 S Rk @4

3Bi gcwnu

si:sl+‘3s‘; b (3.48

OCKI nNbKMWu B 060X enemMeHTI B 3MI HMN 0

NPUUWUHATOINIO NPpUNYLWEHHS MOXHAa cTBepAaXyBarTt

312 (5+s +§
9

W=t = (3.49
TOOGTO
:1' 2/77(5 + + 2 35
U, 6E ‘-1 2 (3.50
Tenep, 3r1igHY dopmynu (3. 43
Uy = U-Uy, (3.51)

ni gctTaBunBlWwK cuodysa 3Ip0PWMeHHSA)3,. 4r2i)c na (€31 esMe
nepeTBOpPEHBL OTpPpUMMaAaeMO, WO
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b= sl v B ans s 8
1+ m 2 2 2 (3.59
=\ -9) s ¥ (15 )

e i € Bpas3 ANd NUTOMOT MNOTEeHUI WHOT

1 O dlsOdzdzy Hdzv MOBSY Jtoj o' t6&(d

1. 4dAxki N0 WaHMKIN Hia 3HMEBMAPOTHE A T ONTOBH U MU

2AKNN HanpyXeHUN cTaH MaT2Zpiany Has3mu

w

3AKMUN HanNnpyXeHUWN CcTaHNnM@aaKPMANY Ha3Mu

4AKNN HanNnpyXeHWUMm cTaHOMaamwmmly Has3Wu

5. AK BUMU3IHadYawTbCA HanpyXeHHSA Ha p[O0OB
6 . BkHaiBETbCSHA NOTeHUI NHa eHepria ped
7. H9K BMW3HaAayvYyaeTbCHd NOTeHUI NHaAa eHepT i

74



4. Juwr IR vrftwy v oY tuvrprfad
w rraftfflorf1d wuvdr v

411 Of ey jdd?2 MsOdz o Istsyy'

JeB " ATb KOMNOHEHTI B HaNpyXeHHSA

Se b A

Ly  § 4

le 4 2
B TPbOX B3AG@MNOSAPEPREeAMNTONDMKaIAd, YwPpiesng
(pucl) 4 wo po3rngapaeTbecCed, MOBHI CTH BMU3H
TOOGTO, Bonopnai w4y u T X 3HAYeHHAMMU, -9 MIOIEKH a
nnotwaanatui ABC, AKa nNpoxoaguTs. yepes3 TOUKY

PncyHokKHadpyYXeHHA B TpPpbLOX B3a€e€MHO ne

enemMeHTapHOT O TeTpaegpa
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MpoeXyY,7Z,Ha BIi Ci X )QDNPOABMHHOAI TO H dg/{ owXce H H

4., 2) @noeBmmAowangli BU3IHavyawTbCcsa nNo dqopmM

X,=s,l +{,m +n0

Y, =t 1 +sm i (4.1)
— 1
Zn _[le T ézrn +zﬂy
Aae Ibmn-HanpasBngatwuyi K ONQQWH Y1OTW Wa@xma i
y
B

Yn

i 4
/tn: e

Sn

0

PncyHokKHadp2XeHH®#r panbXx@anemMmeHTapHOT O

Micna po3paxyHKY npoekiuYiAZ,BXBHOGEG a KRS

BW3aaYNTWN, NOBMHMaNbHE i OAOTUWYHE HaAaNPYyXEHHS:

b, =X ¥,
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S=X,+Y,m+Z,n;

— 2
[n_ pn-§/'
MpueepgeHi B W LWe AeB’ ATb KOMNOHEHTI B
HanpyXeHHH
?Sx {/x 21‘
Ts::'\txy ‘? z;f‘
|l[xz gz Z‘S
3ri QHWOH®YaAa NapHOCTI AOTWYHMX Hanpys
nepneHAVKY NAPHUX nNaowapgkKkax CcKnapoBi il
4O nNni HIT nepeTuHY UUWUX nNnnouwapjock, pi BHI

nepeTuHyY UWUX nNnowapgoly,slyy, difdy, BF B, Thium T

YUNHOM, KOMMNOHEHTMUN TeH30pa HanpyxXeHHSd,
ronoBHOT Al aroHani (poi aroHani , W8y, SJI P O X (
,S) , pPIi BHI Mi X co06o01t0.

AK npaBuno A[ANna 306paXeHHS HaNmpyXewHO
O C THaH T BUAOI NA0Tb eneMeHT o06° emMy B BWUT .
TpNn pebpa AWOH O NPa i ci. 3X)o.o pfhos Hrapra H sOm C
enemMeHTYy 3o06paxawTb CKnaposBi HanpyXeH:
ULbOMY MaeTbCHd Ha YyBBRApanewoe mpiomexymad Mg QEiod

TOGTO nNnapaneneninep € TOYKOHW.
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tzy SX

tZX tXZ

Sz

PuncyHomMo#seBb HaNnpyXeHOINo CcTaHy

B nopgpanbuwomy npwu po3rnapgi 3aranbHmun
MOB3Yy4yYOCTI OyaAYTb BUKOPUCT @MIAKTOH3@DMic

HNW3KY dopmMyn B O6i nbw KOMONDAaKTHOMY BWUT NAa;[L

Mpw BUKOPUCTAHHI TEH30pHOI CXy W BZO N i K
NMO3HaAaYamwKbXy,Xeapbeo3 B 3 aransHoOm@me BHORALI i
3HayYyeHHa 1, 2, 3.

HopManbHI HanpyXKiHSpAS33 0 A H & Ha BF 8.
3aranbHUW KOMNOOHEHTS;@ ATl 3) 10 TOK pye ME U TK/DMITI

OTPUMYIWTb I3 3aranbHOT bijKwdmmamie HIr,a 2 aimi

B nopganpbuy®ygemm po3yMi TM TaKOXKU CYK

KOMNOHEHTI B HanpyXeHHHA, TOOBTO TEeH3O0pP HaE
Mo3HaAaYVMMQCKHRPREGB I OAMHUWYHOTIO BEeKTOpPY
pi BHI HanpaBNnNdgwWYMM KOCMUHYyCamM Hopwmani
Topi dQopwynmofkda npepgctTaBuTKM Yy BUT NA
3
X,i=as;n.

i=1
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n

n

CKOpPOUYeHUI BHaRNCOOCOYMBAEBAB TOMY, WO 3 H
O BCSAKOMY, WO ABi Yi nNOoOBTOPWETbLCSHA, B O0f

O 3HayYyeHHawm 1, 2, 3. B TakomMy BuUunapgkKky

X, =S;Nn (4.2)
ab o

X,1=8,n SN, "'§1n3$J
X,, =S, +5,n, +gnyj

- l
X3 =S50 +S5N, T8Ny

ne Mug= M A, Msz=2,

_

o |

w

I

B

sll: sX1 522: Sy’ 533: SZ’

521= S12= Lyy= xy, S317= S13= [ bz S32= S23= [~ Iy

ni=I, n,=m, n;=n.

| Hoek c, o MOBTOPIE WOC ApOBY NnBRLBAnK Y A
| ACTaBHUM, a, uo, HEei mOBWMMPpLLOLeETbCAa

427 W jdmy' Od dz to' o dzgv dzdz’ o' o dzgse OE g

Buagi nummo i 3 Tina HeCKi HY4eHHDO Maiunim
padHiI SHiemeHNagodopaAMHaAaTHYmMm dCesdwpa( mag.a
oO3Hauunmax dyeqeeBi w Ha napaneneninepg Bi Al
aMi Hnamau.cula 4p mBco.6 paxXeHi cunun TiAbKKN
eBUOoMNMNX T paHax cununm 6yayTb Ti X, wo i

Il AnNoBi AHUX MnNpupoweXy,.Zcipome K LU0l NHPau X B if

oaMHMUKW 06" 'emy (06'emBYY,ZCcuUunn), nNno3HaAauy

Pi BHAHHSA piBHOBArlrmM efneMeHTapHOTro nap
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l'lsx + IJ yXx + uéx X Ol,lé
X M zu :
; !
M s . Y 0% (4.3)
X Moz ;
“[xz_l_”[yz Iz Z‘ O'I:I\:
X Mz Y
ydzdﬁi(sydzdgdy
ryzdzdﬁ%(ryzdzdgdy
Y 4
U
‘ /tyxdzdx-lrw( ¢, dzd)dy
— sxdydﬁﬁ(s dydddx
u
dydze £ (¢, dydjdx
L / y X Sad 3
A dydﬁi(txdydz)dx
szdxdwé(szdxdgdz
t‘zydxdy-ki(tzydxd))dz
z Zxdxdwé( ¢, dxdy)dz

PncyHoEnédméHtTapHuih napaneneninep y |

TakMMHOM, Tpwu pi BHBHHAG OBI' B HHOEEaAIBVE (HAD

KOMMNOHEHTI B S, kKig,H 4i.A

B ckopoyeHoMy 3.adimcwapinsBHEAMHH a9 (4

Piix 0 (4.4)
P
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abo

BSy , M5, ol
X B X 0
N
oo X i
MSis, M3e , 18y oF
DA y

ae M= Mm,=YWs=Z,
S511= Sx, S22= Sy, S33= Sz

S521= 512~ l‘yxz l‘xyy S31= S13— l‘zx: l‘x21 S32= So3— l‘zy: l‘yz’

X1=X, Xo=Y, Xa=Z.

431 5L C dZOH Odzdz? Isj dzL stc©® dzOff tolz ) Jj dz

3arafvMAA@BOR HaNpPpyXeHOS,0 a)T aMoyx & pamycT. u

y BUrnmagascy MHanpyxeuwniwx ©&tami)s (pwuc.

y| ASy Y| TSO y| AY~SySo

'z
txy t)<y
tay Sx So tay S=Sx-So
tZX tXZ X / X tZX tXZ X
Sz So S~=SzSo

a) 6) B)

Pncy4d>o-Po3skKknapganspa HRaAPY XeHHDb

4

4r

Ha WapoBUWUW TeH3O0pP I AeBi aTorf

TeH30pP HamEepWWoagHHAHampyxXxeHobo 67 awmysfh

WlAPOBMUM TEH3O0POM
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0 e

apyroro

T,=10 s, 0,
to 0 s,
SX+ +ZS
So= 22—, (4.5)

HanpyxXeHor-qiBG@T aaH ONppoyv eHd H 4

€s,. s, S !
_1 !
Ds_lsxy %/ %y,'
[Se S. S
OyeBNWAHO, WO KOMNOHEHTW pfeBiaToOpa:
szsx_‘%; %(y =>6',Il:-]
S,=S, % S, U (4.6)
Szzsz_‘%; SZX =£(i,/

[MpepgpctTaBneHe HWaoIKMagadAHA 3aranbHOTO

CTaHy Ha

H a N pH BKSe:

ABa PpPiBHOCMUNbHE PpPoO3KNagaHHLI

3 dopwmyn )( 4B voEmn vie a(ed,. 6Wo0

Sctsy+5~0, (4.7)
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TO6TO B APpYT OMY HanpyXeHoOMY CTaHi Cc

KoOOpAMHATHMX MNNOWMHAX A[OPi BHIWE HYNI.

B Me Xa X NMPYXHOCTI 06 eMHaLUIigeHdao p & § N
Howa nbHWX HanHuwrwdeeH b6y e BCTaHOB/AEeHO, WO
po3noBCtlAoXeHe | 3a MEXTOoOMPpYHRARAOQEPYDIKEHOMX
4. 5, B) 3MiHa 06'emMy pgoOopi BHWE HYyNKW I cn

o @pwmoMy HanpyxeHlomy OradoppmanenemMeHTy

3MIi HWHETbLCSA MNOTro o06‘' emMm.

AK nokKas3ywTb Aocnigwn, npm ycecTOpPOH
nnacTuWYHI Aedopmayi i He BWHWKAITHb . YTB
bopmMu enemeHTy. ToMy BUROBaAaB@NPpEOEYNAAKA]
cTaHy Ha ABa i 3M4HO BUNpasBAgaHO. LeBi a

3afgaHum HanpyxXeHMui CTaH Bi Aopi 3HAETbLCA
pi BHOro po3T4ary ab6bo CTMUCKY 3 T O/TOBHUMYVY

apudpPmMeTHOPOMBEYIbHNUX HaNpPyXeHb BUXiIi AHOT O

BBepgewmo BENUWUYUHY, aK a Ha3uWBAaAaeT-bC A
CUMBO/MTOM) . BoHa BUMU3HaAYaeTbCsA HACTYMNHUMYV
1, wCh ts= i

d
0, wCh s |

— —/(D:

Topi , BUKOPUCTOBY Y MU TEH3O0pHI ,MO3H

KOMNOHEHTMWN pAeBiaTopa HanpyXeHb MOXHaA nf

szsij'djsO, (4.8)
s, 1
O e SO:? -:—3 Q’ ij“ (49)



S1=51; - qll ® Sy T '21% Sy 3 Sar
ab6oSy,=Sp, - qlz ® Sy TP '2206 Ss n Saz
S3=53 - qls ® Sy; TP '23% S3; B Sig

Sut S, t§

Ae S,=

1
25(011 St uSty @ S 0 8, dtS, dHhS 8 S 33)

011=0p=033=1

0p1=031=015=035=01 3=0>5=0

11750 275 B83=5,

2175127 5x=Skyy BITAFTTHx"Szr V23T Sy =Sz
S11=Sx, S22=Sy, S33=Sy,

S21=S 12:t yx:t Xy S31=S 13:t zx:t xzr S327S 23:t zy:t V4]

44 ) sdzso dz H dzsh OHCd ' ctdzsodz dzOftolzy j o
B KOXHI TOYUI Tina |1 CHYIWTb, MBA YA N N
nnowapgekwu, B aK U X OOTWMUYHI HanpyXeHHSH

Ha3uMB@®BEZBY dzdadsdH o pManb HI HAEq@EYoKkdAAg dats tedi(
O tclzy jatfdptsddzfs o dzd disd dzOf tolz ) j dzdzy o3q
FonoBHI HanpyXeHHSA € KopeHAMU KYyO6i UH

s Ps*-w( Ps-u( =0 (4.10
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,(T,)=s, +5 +s

)= = i — — —) o

O e 1,(T,)= 5,8 -5.,5 58§ S+ L.t %4+ t 0(41)
S b .
L) § f 2.8 8 S ST42 B 4L
l,, §Z ?

BUKOPUCTOBYIYN TEH3O0OPHIMYB@HHEY € HIHpse Ai

Gdopmyddldr ¢ BuUT nagpi

a
14(Ts)=s:; I
LM)= 245, < .,59 ! (4.12)
= Zas) 959 v -
1 3 1 %
IS(TS) S50 K v ( ii); ‘2( II)SI‘J IJ‘?/
B noganbwomMy B O6i nbwocTi Bunapgki B 6

NMO3HAaMEHbI ONTOBHMUWSB>SH>A3N PY XEHDb !
TaKMWM UYUNMHGMI O 34YHeapyee3H o anreb6bpal 4y Hse Ha
anre6pail YyHO HalWmMeHWe 3 TONMNOBHWUX HaANPYVY XE
OcKi NbkKM roT0BHI HanpyXeHHH He MO X
KoopAauvnHar, Kioewdo Lo EpTBHANYI®SA TaKOX He 3|
oceii KoopauHaTt, To6TO € iHBapi aHuadmn. |
Apyru(w) J[ | wWw)e]riimvidapi aHTamMmm TeH3O0pa Hal
| 3 ¢op my B nmMn uela € , LWo BUpPpaAa3IWXeHBapeapd

ronoBHI Hanpy>XXeHHHA Ma T b BUT nAaAO:

W Yy=S1*S,+S3;
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W 3)=-515,-5,53-5351;

W( Y=5152Ss.

OueBunpgHO, wo )cdogpomsysriowt A(tcdr.bl 1B M3 HAUYUTU

TEeH3o0pa i AeBi Topa HanpyXeHb. [ nxs U b
KoOMNOHeHTOUW owapaeHsB opa (4.5) | . 60)e B i BamrsoHpa
Apyrwuwn i TpeTi n i HBapi[lfaeHprunn g eiBH Baar poipaaH TH

HanpyXeHb 3T7i AW dopwmB/HwA ( 4y a0 nigcrt
dopmMynudloMnOHEHTNW AeBi aTO,BaMKapVMPYEBRP U

UbOMY <cni BB. WH.OWEBHMIA dApPpUMAE MO :

—

D,)= 55 §3 3% ¥ ®*st =

I

1z 2 2 5 (4.13)
=sds. -s) s F (1s )se( £, B
S S/x S Sy % ;x le‘
|3(Ds): Sy Sy % Loy ¥ To® o =
sz Syz Sz t Xz [yz § 0 S
e( +5 3 Is,s *s S+s 5% s, & 5)s12 5 g ,(414)

( 2% +Zx)z‘ 9+y( § £ 2@ 9 z‘(z+2 252 ﬁ)zx ST

Y CKOPOUYHHOVMHO MYe 3 anucy.l2yri aHo Qopmy/
1
(D) =355

. (4.15)
|3(Ds ) =§S|j %k R

= o= o
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45 wdzls j dzffd o dz2' Mils: dzOff tclzy J dz
| HTBHE K T HaAaNpPyXeHb Ha3IUWBawWTb BenNun4ywu
KOpPpeHw 3 aApyroro I HBapiaHTa pagesBi aTtopa |

Koedi Ui eHTa nponopui MmHoOCTI PO3pi 3HAKWTDL

HanpyXeHb ab6bo NMPOCTO I HTEHCUBHOCTI Hanfg
s, =4/31,(D,) (4.16)
i | HTEHCUBHOCTI AOTWUYHMUX HaAaNPyXeHb
T=,/1,(D,). (4.17)
i ctTaBnawulb)isUpfa)s,m FalKk nwyaemMo, Lo
s, =/3T. (4.18)

Mi gctTaBndawuym y Bupas .1(34.,16)T pmviaBBviog H

1 2 2 2 2
SF@J(a -9 s w)s (1 s) (% 7 A 419
B ckopxyao3HadYyeHHAX 3T7Ti jHomadwmpmyn (4
3
S = ESJ $ - (4.20)

3aneXHi CTb | HTE@HCMUBHOCTI HanpyXeHb B
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S, :%\/( -9 (,5 3)s( ¢+ s) (4.21)

Ana Bunapgky o0A4HSE=S,cH0RT00) p30 3@oa@yy nm aE Mm
S=5. (4.22)

Takum UM HOM, K oe i LI,<'l/§€IBIT bopraybép)u i( By e
BuUbGpPpaHUMII O n s TOTrl o, o 6 B HaWnpocTi Wwo
| HTWHBHHKI CTb HanpyXeHHb cniBnana 3 Benn:
HanpyXeHHS .

Y BunapgkKky 4 setrse=0,8=-B Cc Vy By 0 p2My) n vmm a(edm o
s, =31 (4.23)

| 3 3 anexHlo6@)Tt2i) (BlunnnmBae Takaox, wo i
HEPYXeHb T cniBnagae 3 BeNUWUYMHOKW HaAaNOI

yncTtTomMy 3CYyBI
v .

Po3rngaHemMo pi3HY i HTepnpeTauyui  NOHAT
Bnoepemo AeKapToOBYS,GMS{ p xmgo6. )4 o oHpaanmpHyaxr
CTaH B MNEeBHI WK TTEOOWIBIY €ETTib/tfa, MEEKHM@PHES,T U 5

Sy, Sa3.

{1=5,."+s, '+§,
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ne 1,5, 5-OOWHUUYUHI BeKTOpPS, SHPSGeNl KoopAaWHAT

S3

S1

HanpyXeHOoOro c¢T

PeyHoOk3d6paxeHHSH

B I'IpOCTOpi ro/1T0BHMWX HalnpyXeH

OCKI NbkKWM
51= S0t S, $=S0tSy, S3=Spt Ss,

Ae 5,5 S-ToN0OBHI HanpyReHMAEemeBi aTopa

{ 1={ RrOQ.

B ubomMy Bupasi
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OCKI nNnbKMW®

Si+ S+ S5=0, (4.24)

BeKT[/oCPNeXUTb B NANOWUHI , WO nNPOXOAUTGH

pi BHOHaxXuWnNeHi W Ao oceli TOMNOBHWUX HaAaNPYVyXE

S+ S+ 53=0.
Lo nmnownmHy Ha3nMBawWTb [ e Flika®e p HOo P, 0
nNeXmMTb B HI W, XapakTtTepunusye paAeBiaTtTop 4K

S1,S»S3HAa feBi aTOPHY nNAnOWUMHY N QlBHgpwmuo 4B i

OyueBUOHO, WO BOHM CKAADlaWBRKRNMIIMH OTEOKOLDI6I |
Ha BIi Ci KoopAauMHaAaT opfOHaKBAEWKC6Hadgpoa BAIECBHI Na
NNOWNHMN. HanpasBnsawui KOCI/IHy\—;%,I/I ali e i HIWY

|3e|<T5:|;>%(E'|'-P}_2 ), i Tomy

[ REs3 .

2i

‘y |
Sj

Q

Ys S»2
/ S1

3i

PncyHokKlpdekKLuisis,icgHeah A eBi aTOPHY NNOLUWUH
MapuumHaKka ANA HanpyXeHb
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Mi oaBi Bwn pa2BHIigabKkEaAgpaTy, OTpPpUMAaEMO

(S1+52+55) =0,
3Bi oKWK

s+ +§ 2(ss s sp

OTxXxe, 3T7i AHIB) dopmyni (4

od
|.(D. )=—F""
2( 5) 2
I TOMYy
_ 13137
s, _\E \OQ(. (4.25)
Hanpgali nNokKasas, Ll O | HTEHCUBHI CTb Han
OKTaeppumuuyiHoOMYy LOTUMWYHOMY HanpyXeHHI, T
nnowapagui , pPAl BMHO HTAXBAQIXe HHO I DB @I M XN WIiCie N no

BenmymHa oOCTaHHbBLOT O

o= 5 F o5 Fs( 1 o)
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B. B. HoBOTKaMHI@BU B , L, 0 | HTEeHCUBHI CTb
KBagpaTHOMY KoOpeHW 1|3 cepeagHbOr o 3Hawue

Touui Tima.wgden AN orsDPCHUTKU Le MNO/TOXEeHHS4Aa, (
cepy papgHoypoONn B O0OBI AbHOT nNnAnowapgkuw nepert
neBsBHI ToOYuUIi . Buagi numdW HaB&«DXx1HDi Hede pen e
HanpyXeHHH B Ui un nta o Wah@aiydWoeke 3 eiael M M®d P H
AOTUWYHOKW cunotwdM o 3n nvoeugaoqdli B MK NKOY € HHS

HanpyXeHHS PpoO3rT NAHEIB BpadedV. c TBbM 3BHEAUMMUMIOH 1C

3HaYeHHA KBafapaTi B MOTCMYARMMXMHAMPYDMKE H b

—I|m njd V. (4.26)

LUla eBMYKMHaA 3anexXxnTeob Bi A dbop mu BUAOI N

opi eHTaUui I No BI AHOWEHHW A[O0O TOMNOBHMUX O
NOACHIWETbLCA TWUM, wo TIi NbKW Ha cCcPpepi (3
Mi pi npeagcTaB/leHa BCAsOXEAQSXTHayYa@peawWarmoHKk

B pe3ynbTacky PP3PRARERAY B cniBBI AHO

BCTaHBIMa K

1. 2
tf?]=1—58( s-4 (.sa)s(+ s)-

3icTaBnogw4ynBupas I 3 Cni2E i, o HDauKe i HE A€
chpopmMynboBaHe BULULE NONOXEeHHHA L[fOBefeHO.
C. O . MOHOMEAPABHOBUNMO | HTEHCMUBHI CTb HE
KBajgpaTtTHOMY KOpPeHIO I3 MIiHIi ManbHOIOoO cep
HanpyXeHb 3ajaHOoTrl 0S5;,HSg B3pB/IXE HB & 09 NeSREHHBI O

pi BBEBTIT O HanpyXeHOro ctaHy. Dlo3sHauummo L
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D %g(sl 9 (+5 Vo (,5) (4.27)

BM3HayYnMMO HsSapiipBYHKOEOHCHHAO I O HaNnNpyXeHOT O
wo 6 y X Dmeamwsa Mi Hi MannbHEe 3HaAaYeHHSAa. Takunim
bypemMo Has3uMmBaTKM «HaMmobGnnmMmXymm» [0 3apgaHor

an4d BMU3HAaAaUYeHHSHA HanpyxXeHHhyakanao /priBHO

HanpyXeHoOpPODPCBAAYMNOHY N0 .NDODX)$:.4MHoy BuUupasy

2= 245, 9 (45 )s( %) g0

3Bi AKMN

s=g Sttt

1%n

OckinbkKn pgpyra .ndX)ismmaiaBUupa3BHAaALeH
s=soBi agnoBi gaae wmi RRA.mymy Bupasy (4
MicoraHoBKAa 3HangeHBVP I 4 heomMBOANT b O

Be/TMYMHN MIi HIi ManNbHOINIoO cepefgHbOKBaAaggpartTwMy

1,
Duin =§g(sl s) (+s ¥ ( o)« (428

i ctTaBnawuyu. BwWp.a23ln) ,(@4 3 aknwyaemMo, L0
HanpyXeHb»b nponopui MHKaopewB®agpasTHOMY HI |
cepefgHbOKBaApgpPaTMUYHOT O YXWUNEHHSA.

B po6oOTIi B. M. g Wwiak e HUMH a Wo | HT @HCWUE
nponopui MHa KBajgpaTHOMY KopeHO i 3 CYyWw
o6MeXywTb KpPYyrosy Adiarpammy.
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46.] jsd3j stcdydzj L BBtcOy j diglzy dzOf tclzy J des@ ts

FreoMeTpPUUYHUM YABNEHHAM HaNnpyXeHOTo C
Tak 3BaHWUWMW enincoi g HanpyxXeHL. d,as3ii B O C
S3( p n.c8)4. MoBepxHA enincoi ga € reomMeTput
HanpyXeHb B Ppi,3 HKN M/poopmkiax 4Yepes3 TouM
enincoi ay HanpyXeHb>b BMUNNWNBAEe ekKcTpewmaly
OAHO I 3 rO/TOBHMUX HanpyXeHb € HaMmobi Nb
HOpManbHMUNX HanpyXeHb H a nnouwapagkax, A

poBsfsgaeTbcCs.

S»2

Pn

S1 1

S3

PncyHoENnN#dn8oi g HanpyxXeHb

B okpeMoMYy BUNaAagKFHYCE@CPOPODAHYpOADOPG)
enincoil A4 HanpyXeHb NepeTBOpPITbCA B KY.
ANA TaKoro HaRQNPEBSWMOTI 0O eCHBAPY

Enincoi g HanpyXeHb € MNPOCTOPOBMUM T €0N
CTaHy. Ha Bi AMi HY BiIi 4 HbBOTIO Kpyrosa Aai
NMNOCKe reoMeTpUUYHEe YyABNEeHHSHA HaNpyXeHOT C

Kpyrosa pgiarpama HanmnpyXeiHBK OC/K, /1 aff asEM ebTC[

€ 3pHin i [ ONOBHMUKX HAN pyxeoHobp A p@C M 4 04O |
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3aWwTpuUuxoBaHiI ob6bnacrtTi MIi XX Hani BKoOnamum, €

B OAOBI 1TbHO OpPi €EHTOBAHMUX NAOMWAMK X ,0/N1a& XK (

(puc9) 4 00pi BHIOKT b HOpManbHOMY I KAXT WY
nnotuwanzsok |, 1210)i, Ilulol n(ppomxco.4 94 b 4Yepes r
Kpyr ool Al arpammu HanpyXeH©b, T ak a K |
eKcTpemManbHIiI CTb I 01 0B H NOXI HOAl naprypxaends . H al
BCTAHOBJ/IIEMO TakoX, Wwo ekKcTpemManbHI 3 H
nnowapapgok, AKI npoxoAadaTb 4Yyepes3 T OMNOBHI E
1‘1=52_2 %,r2=51'2%,r3=51'2% (4.29)
LLi TeXecmMma fib H i 3HaAaUYeHHH 0OT VMUY HGAT® s az oy
HiIlsd ydzd d3d  dzO flteboyuyjadade'vdzd . B K WX BUHUKAIT
HanpyXeHHSAa, A1 nNATb HaBNni A npami KYyTWn N

paHi we Oy NO SEPMSH H sHTaoA,6 i umob We RBOGHMYHE HanN

toax = 4 ———51'2 2 (4.30)

ts

S3

A
\ 4

S»2

A
\ 4

S1

A

'Y
»

PncyHoKpgr®sa i arpama HanpyxXxet

95



(@]
]_

|

|

|

|

|

|

|

|
=
H

S2
S2

3

PuncyHo«lNmMo uladg k n napanenbHI ronos

Y BuUNnagkgH@po®HTOBIIY abo cTubrKky 6 mBe.i
Hani BKona KpayMmweBoTiaAra@r b c A4 18 . T ek W3IH@AME
TAaKOro HanpyXeHONo CcTaHy 'y BCi X nnouwa/
TOYKY, LOLOTMUYUYHI HaNpyXeHHSA A[AOpPi BHWWTb HY
AK ©O6yae BCTaAaHYBBE@POHHMXERACTUYUHUX [edao
BUHUKHEHHSAM 3CyBi B i, OT Xe, npwu HasB
NPUPOAHGAK BIO AMI YHanocb @GHApey PI@UNT AFIyB HaD
nnacTtTunyHi pedgopmMayi i He BUHUKAWTb.

t

O 0
S
P S1=S,=S3 R

<«

PncyHakKpdy.rlosa i arpama Hanpyxe

AN TPbOXOCHOTIO PiBHOIO pPO3T:

Po3rnsHemmo N agoppaavkeTTepp, 1 3 Y@ % T OCUHHOIT COT 10
po3TAry a6o CTWUCKY BWUAg HaNpyXeHOTNo C1

HanpyXeHHAMMNU HaAaCTYyNHOW 3aexXHi CcTIo:
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c =252' 3 1 2 5- 15'3. (4.31)

Llein napameTp OyBBBR&EIDE® P BiIpeOwan,d H/1 0 [
BUKOHAHI ni g KepisBHMutTBoM Hapai, -  ToON
Nlo g e AnA HanpyxXeHb3l)l sudaoammyaruy wo npt
HanpyXeHUMR cTaH p ia ® © O OCCTHMOCT KOY  PriodB T @il ey THpe
3MiIi HIOETbCA.

3ri gHo QoPuuynpngd4oaH0NO0,B5I:W)CcHFA3T AMNWA
OAHOOCHOTN=SEOHKROKYyF1( ANd 4YNEIFNRsLH0)qxdy BY

Kpyrosi pgiarpamun Has3uBawTb HAlomgiebdommia,k o4

477 jWctehso Odzd?2 MlsOdz o kssyy' Is' dzO

MpwmcTUNMO, o neBHa.l2rodukKkaaMB ( prea.y nt
aedopmayi i nepemMi WYy.eTbCA B NOMTOXeHHA M
y
o M
M
/ N /
0 u

PncyHo«lefp.elMvd wleHHA TOYKW Tina B peasy
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Moammnmmo npoekui T nNnepemmMi WeHHA EKodkn M
Y BuUunapgkKky, KOTWU KOMNOOHEHTUnOMmERKOPpMm@LUI A
noBopoayi HacTi NbkKW®u, o KBagpaTtammu i
KoOMNOHeHTaMun pfpgedopmMauiHHIMOMKHBERE" MB3HaEHIT y3B akK

nepemMi WeHHS Ni HIi THUMNU 3 aNeXHOCTSAMMU:

a
1
1
[
[
1
i
f
uux p_uy ,Il(l (4.33
1
[
1
1
1
Tf/

B nogpanbwomMy, HAKWO He 6ypne 00O0yMOBI/eHC
nedopmMauyi i Ma i NOPi BHAHO 3 OAVMHWNLUEI,
NOPi BHAHOM MY @QOBMBHAaAaMW Ti na.

B KypcaxyXw@gpoigioAMpr b ¢ 4, wo nNpu NoBOPpO
KoopAuMHAT KOMNOHEHTWN pgedopmaduil 3 MI HIOH
CniBcTaBneHHda Bi gnoBi gaHuUux dopmyn [gna K

NnokKasye, LKH an eipuumiy ymMma m i 3 ApyrumMmx 3ami HO

SifKOMI'IOHeHTaMI/Iei%erBbMHqBT,El,HI/IMI/I | HOeKCal

gZ ZX .
Wi ¢cTb KoMn0Hqu,i9y,Bez,%let§o,pg§mythpTror0Tb TEeHS3

Aedopmauyi i:
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Po D ]
T 2 2 |
19 g
T=1Z2 o * 4.33
=Ti2 72 (4:33)
) g, |
’[% = €
i 2 2 \
Mpwn BUKOPUCTaAHHI TEH3O0pHOI CUMBOANI K
o _ _ 9
plecpopmauul Eﬁ(l,l‘fpa,ez’ 3B3amm”“|@_tl7':ﬂ<, @Z_QH 6\33_621 e_[2:7y;
_gZ _gzx
823_7)/1931_?-
3anexHocCTI KOMNOBMIieM TK BM rgeHpoOHp™Iagl) Mnepe.

CKOpO4YeHOMY 3anncy Ma kT b B WA

_ 15‘ U l'luj
e, _Eﬁ +— (4.39
¢t M

480 B d Mk Mdesfmls' Hj W Stedoy" 2

| 3 3anexHgcTBUWTIi(KA.€32 wWo Wwi ¢ Tb KOMT
BUBEAKWTbCAd 4Yepes YacCTMUHHI noxi AHI Bi 4
KoopaunxwpitzzamOT Xe, BOHWU HEe € He3anexXHumwnu
Mi X HWUMWU NOBUHHI |l CHyBaTmnW 3anexHocCTI ,

AedopmMauyi in.

MOACHMMO BMUCANOB /IYesHBEN MID O JICOOXOEIH HEM e PO p MY €
cCKnapgpeHuMm |13 enemMeHTapHWX napanenenine
ni gpaTtTun [JoOoBIi NbHiIi W pgedopmMadyil Tak, wo K

CcCob60KW NOB' ' d93aHi ., a NOTIi M Hamar artuca4a C

BMBAN T b C A HeEMOXNMTWWBWUWM. Mi )X NneBHUMMN e/ylemMmeH

99



enemMeHTI B He 6y e Mi CcU A, [ Ae ddopMOo B aH
HemMoOXnunBOoO 06" 'epgHaTwn B OGOe3nepepBHe Ti no.
Ansa Toro wo6 nNOAYy4YWUTWU MBENLO BAY HYMIOXH QAT
432 BUKNWYNTKU KOMNOUW,eHWwn QineypceTwi BULEVH HMsAe P €

npuBeBaekHyipcax TeppPpMAEMPY XHOCTI

o, _We _BEg a

XM Y KR :

g, _ e ye,

we & yp o q

wo,_ fe, ‘ne

wp f Zp i (4.3
e, _ 1B 19, g jﬁg |
we X Xu yH z

LLi cCniBBIi QHOWEHHHA € YMOBBMIWKOYNMHYHEHO

TEH3OPHOEBYHMNAMA®ITbL BU/A

e, e, _ e Jf‘ £
MX; B X H X K HX X

491t 8L S dzZOH j dzdzg¥ Isj dzgl SO H W BtedsOy' 2

AHanori YyHo 3 aranbHOMY BUNaAaKy Hanmnpy:

AedopmMoBaHOINIo <CcTaHy, wo XxXapakTe@dyerTt

MO XHa npeagacTtTaBnNTNn Yy BI/IF]'IFI,EI,i cywmMmmn OB OX [
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Mewmim gedopmMoBaHMUMN CcCTaH XapakKTepusyert

ee, 0 0
|
Teoz’i\o €, 0
to 0 g .
O e
e+ e+
eOZXsz, (4.36)

a aApyre peBiaTopowm

TéJx 3 !
De:loixy sl szJ'
o 4
nNpUYOMY
g. 0
&=6 - & & i
7 i
z ..
&=¢6 - & §; :Zy_’y (4.37)
|
1
eZ:eZ - (ﬁ eZX %_'T
y

B cKopouyeHOMY TEH3O0pPHOOYBI Raapnipay Aile ok
MOXHa 3anucaTtun y BuUuAi

Ji=g-d &,
h e
e 1
e=—" = . .
0 3 3|ﬁu
TakKMM YUMHOM,
Te:T&,+D



TO

H e

OC
VT
y C

CT

O e
no

| 3 opmynu (2.6) 3aKnwyvaemmo, L, 0

It §4+d~0, (4.38

6TO0O B Agpyromy pagedopmMoBaHOMY cCcTaHi 3Mi
TakKunuMoOMWM,MHB nNepwomMy pJpgedopMOBaAaHOMY CTa
3Mi HoeTbCcsashopmaB( PYyRaAaMYO' eMy p[Opi BH
noyaTKoBOMY pagedopMOBaAaHOMY CTaHIi 3 MI HEK
BukoHaHumnim po3 i n Ae popMOB MHMHIMAT GBTva H
Ki NbKMW BUHUKHEHHSA nnacTUWYUYHMX Ae dop
BOpPpeHHAM 3CYyBI B I, OT Xe, 31 3 MIi HOO
ECTOPOHHI X PiBHUX po3TArax abo CTUCKE

LeBi aTop pAedopMEALINBKMOKAEBYIE AXWEBIHNIN

aH yYyXWnNnaeTbcCcd Bi A YCeCTOPOHHbBLOT O PpiE
dbopmauyi amu, Pi BHUMMU cepefgHbOMY apuag
yaTKOBOro ged@opMoOoBaHOINO CcTaHy.

410 sdzsoa dz' o' Mm' ‘" etdzseodz HJWEBStedZOY'

B K OTDKMY U i AedopmMoBaHOINoO Tina |1 CHYRKT®Gb
Bi Ci, ANA AKWUX KOMMNOHEHTWNW KYTOBOT pagedor
UMMm ocamMm npu pgedopmauyi i HEddwmd ddoBd b
HJjWBsStcdgOW'os HavyawTb UMdpaiwmu Io,e ddDpmMaLyi i E
oceli HacdBd&aodg &3 dz' dz' 2 ded o 3HH jafuummBoE @Yy W d&3d

FonoBHI nNiHiIi NHI pgecdopmMaui i € KopeHAMMU

e-u( pe-ul Jewl H=0. (4.39

OcKi nNbKwW roNO0OBHI AedopmMapi TBMBOPYMO K

KoopauHart, TO Koedi Ui eHT WU Kyo6i yuHOT O P
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NOBOPOTI ocetn KoopAaumHar, To6TO € | HB

nepuwum, ApYyTr unmm i TpeTi M | HBaAapi aHTaMmu

HaCTynHMM Y UMNHOM:

1,(T,)=e +¢ +e

|2(Te)= ex ? _yg eE X 6%),& _;ﬁ-'-

NS

+
o % G
2 2
28 1
()= 7g =£,6 &( %€ ¥ &9 a9
9 G
2 2 ’ (4.40)
OueBunpgHO, 1Y) BUPasmu | HBaAapi aHTI B T el
Aedopmayi i MawTb BUL:
Il(Te):el +§ +3;6' ,l:']
|
Iz(Te): € £ .6 €3 ip‘ (4.4
,(T.)=6 .6
OTpumaemo Tenep APpYyT U i TpeTi i i H
[ Mepwn i i HBa @i amadopavmiyepmp m3y min) H(@do. p3i8B H K
HYy niwo] . an4a UbOBO baop |y mas w@ioad G n OeBli @

Aedopmau),i HuWk BuMmc meEmMy b oMY Ccni)BBIi [HmDIiL
OTpUMMaEMO

—~

.(D:)= &8 §¢ ¢¢ B Rrp o+ =
= 2 2 2 2 2 5 (4.42
de. - e de(r 9 A% 094

ol
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& & € 1
|3(De):exy & & :2_782(83; -%] %Z)e )
€ eyz €

-3(eX2 e+tie & e, ee 25;3 ¥ te e (4.43
+%ex( g-2:9 +22X)g%+3( e @2 Zg o
+%ez( 2 *o 25)9277+ " ygzg.g g

411 wdzls j dzMm'd o ulg] dntstc dizOy* 2

Mo aHanoriia 3 | HT e H dzlsp dzind @ e’ fiplsasn p w XK
zOL do O Is! o J dzd yd dzlz , fesfstey’ 2dzz S 9 OH©GO
Hjo' Olststc® HJ WBtcd3®ah @ XKHOCTI Bi O npuimnt
nponopui MHOCTI PO3pPi 3HGATOIT b NINKWIHMAA WX A eHdd
NPOCTO I HTEHCUBHOCTI pedopmaui i

e = gIZ(De) (4.43
i | HT@HCUBHOCT KyToBuUuXx pagedopmMayi i
G /41,(D,). (4.44)

3ictTaBnawuun Bupaszwmagawdd@gmo, (4044

6= (4.45)

5o

Mi gctasBummo B dopmyny @(@L).4Fopcecniompivimm
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F% (- e €5 B S %ot) wm

CKkoOpoYyeHMUN 3anmc I HTEHCUBHOCTI pedopr
/2..
€ =54 id- (4.47)
3
3anexXHi cTb | HTEHCWUBHOCTI Ae o mMm al ini

Ma€eE BuUA

=2 (e o (. o) &+ o

Ana okKkpemMor o BMUMNapgkKy OJHOOCHOTIESE PO 3
e-3 ¢
2

e= £= ) no do@dNy miTpUa& mo

e=eq. (4.49)

Ans okpeMoro BuRNnapgky 3 c yere=e=0,33g= p 0 N H
9~%=0) i3 &b mwame MO

e (4.50)

_9
a

| 3 gopddy M5%0() ( BuUTI K ae, Wo | HTEeHCWBHI C

cniBnapgpae 3 BEe/IMYMHOKW HaAaMNOIi NbWOT KYTOBC
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1 ¥
AHanori yHo 449 pumyerHic M EHI CT b nnacTMuWYH

BU3HaAaYa€eTbCHA BMUpPpas3oM

o= e-F e d s B o (974 ¥ e

abo B CKOJPpOUOoeMyo M3ya MMUECHI3 O p H

= |2 4.52
& = |54 8- (4.%)

Tak Ak i B Teopil HanmpyXeHb, MOXHa pg
nponopui WHauvy K BKaogppeaHTHKH O i 3 Mi Hi ManbHOT O
YyYXUNEeHHA pedopmoBaHOro CcTaHy, wo po3rn
YyCeCcCTOPOHHbBLOTIO PpPiBHOIFTo po3T4ary abo cTMuC

MoXHa TakKoX uoBeEegemagHA 1i Hi Ha paedop
Aedopmayi i EVAAODRABMKRAE Pi BHI KyTun 3 T¢
|l HTeHCUBHI CTb pgedopMauyi m nponopui nHaA M:

HanpAMKOM i HanpsMKOM, nNepneHAUKYNSAPHMUNN

=2 (e R . o) &+ Jo

Llto BeNMUYMHY Ha3MBaAKWTb OKTOaEESMPUUYHOLW K
412 jsd3j stedydzj] L BsBOY jdzda" Hj W Stcditso Odzt

MpoaooOBXYyWUYNM Ppo3BUBATWU aHanoritw MiX

cTaHaMum, MOXHa 3aKaowYMTun, WO T eoMeTpunuy.l
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B Tou4yuUl Tina B npocTopi € -eK/p ynacoogi i ga r geadn
Aaedopmauyin (pumc. 2. 2)

g2

/2

®/2

A
A 4

A
A 4

€1

A

»
»

PuncyHox XKply3I osa ai arpamvma pedopwm

B ocTtTaHHbOMY BuUuRnapgky no Bi Ci abcuunc
Bi Ci OMDMHEBMHN KYTOBUX pgedopmaui un. Koo
Hani BKOnax |, [ T T pi BHI Ni HiIi WHMN
nedopmaui un no HanpaMKamw, K | nexartTb B

Bi ANOBI HO.

Byab dkKka i3 TOYOK, wo nexaTtb BCepeAagwu
Al arpammu, CBOT MW aK@eP B W HAITHIMMHYB WNI3 H N O J
Aedopmayi i B Hanpamkax, SKI He nexaTb B

| 3 kpyrosoil pAagiarpamm BUTI Kae, wo oAat
HaMmbi NbwWoOotlHam@Me HUU@AK | 3 BCIi X NI HI WHUX A
Aocni aoxXxyeimbea. njdacTtasi Kpyrosoi pagiarpal
HaMmobi Nnb Wi KyTOB.I Aedopmauyi i MawTb Mi CLUc¢
nnownHax i CKOHa,D,aKDDBHKIMVI 485 amn.

Ll HaMmobi Nb wi KYyTOB.I necdosmwoadzd @3 G9kb
H]Wds@y " ,wdgdopi BHIOKTb pi 3HMLI ronNoOBHUX NIt
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g.: 62'6‘3, Q: e_l__eSs %: 61-@ (453)

Mo aHanoriiwiBseBMUMOBID4AOAD &RAE P XKéla

Nope aona pedopmaui m Mae BULA

(4.58)

BIH XapakTepunuspeoBdDaCnaegpyPyp MO TOUYHICTH 4
abo cTHUCKY.

3ri gaHoO dbo@d@my npin a( 4a [BH 0 O C &) OC~-P,0 3 MAI MY
OOHOOCHOTrT@&@—&eysavmlkkynna 4dYuneT-&res0)a Oy ByYy

i cTaBnawywu L | Benunuwhoime nnaop ame op p M e
Bi ANOBI A HUMU Benunyndloamie mMapamMmeE Py KR HHaE e
o BOHWMW OAHAaKOBI , TOGTO Kpyrosi A1 ar pé

HanpyXeHUX cTaHI B nopgi 6GHI

413) edtetsh j dzdz? Hj W istedROY' 2

MpunycTtunmo, L0 ni Aa yac HeCKCyHdH e H H ¢

KOMMNOHEHTMN nNepemMi WEUHPOTCEBRBWODE HO®UYKU Ti s

du=vdt, (4.55)
ne Vi—-KOMMNOHEeHTMW WBUAKOCTI nNnepemMi WeHHSA T
Po3paxyemMoO HEeCKi H4YUeHHO Mani nme.pouwe

OrpummMae Mo
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de =lg£(dq) +—“(q) . (4.56)

bo2a H
LLi B@/MMUYMTBOPKWKWTDL TEeH30p HecCKi HYyet
Aedopwveagbid
) d
Cae, Yo 99 |
; 2 2
Ad d P
T :: ng dey —Q ls (45)
e o 2 2
i d
,I[dgzx gyZ dez
i 2 2
AHanori 4yHo TOMY, A K ue ©6yno 3pob6net
BU3HAUYUTMU I HTEHCUBHI CTb nNpupoweHb Aedqdor

—_— \/E 2 2 2 3 ) )
dq:?\/(d e-d e (d, a,) dd, dg _2(e0|+%xy d?g+d>).(4.58)

abo CHBRHCTDbL nNnpupoweHb nNnanacTUYHNUX p[edop

@=L op-asf oy @) dov 0 e (@ (afam

B CKOpPOYEeHOMY TEH3O0OpPHOMY 3anucy

-_— 12. ._p_g-p 0
de|_ gdclu q’da - 3 ij Ql'- (46))
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| HTEeHCUBHI CThb npmpfl_e}uremb,qqqpeiqwl-pmeauhﬁm

i HTwemcoderi uyunm i NOSACHIWETbLC A BBeOoeHHSH
| HTE@HCUBHOCT npupouweHHa pgedopmMauyi n.

AK [ paHi we, MO XH a noéGyagysaTtwu KpyT

AedopmMauyi n, a TaKOoOX B/M@BHeauynTmnm napamerTp
cdezz%?é 1 (4.61)

KomMmnowmeHnpupoweHHA pedopmauyi d4zlvwoskdalz
ftodtotsh j dadzaV WeiW SacadgOny  RPpa i YWHY i HTepnperTa
Mopa, 3ipKW TlenymHcbKoOro ab6o agiarpamum N

B dpopmy@BaxnpuapbuweHHSsS K O MIMPOOH3epHarxi oBB yakeTd
Bi JHOWEHHKW [AO NOTOYHOro (MUTTEBOT 0) CT

OAHOPIi AHOTO PO3THATY CTEPXHSA NPUPOLUWEHHS

dez?,
Ae |l-noTouyuHa pfoBxdi-HHae CCKTi eHpUdeHHsH; 0 Mana 11 31
CyMyBaHHSA M@ VWBOKLNUIIBAaHOT Norapuwaemi 4HO]
|
é:’r“ﬁ_l :lcnll— In|°|+ N (4.62)
lo 0 0

DI o
ne lp—0O0OBXWHa CTepMHﬂD—,cBaA,q,Lpeqa«ep-klmam,BMHaMHa
0

AedopmMayi 9 CTepXHSda.
Ha pucnppgctladsneHunin 1 padi)k 3a /AEOH @o TBiU
nNpw20% pi 3HUMLA Mi X norapuwdpmi 4HOW i 3BMU

Mpee20% BOoOHa cknapgae 10 %.
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e e, %

80

60 /
0 e

L

\

0
20 40 60 80 e %

PncyHo«lpdadlidk 3 anexHocTi norapwudal
nedopmaui i Bi A4 Aedcdopmauyi i

OCKi NbKWNW 3HAYEeHHSHA 3BUUYRATNBODPIOAEKHO P MalnK
npasunno, H e -1n5e%p, e Boyowyyer BloOp e HH A WM MUKW NoOT

HabnMXeHO MOXHAa BBaxXaTW pPiBHOW 3BUYAHI

B 3aranbHOMY B Will§aviokxH ai HpToesrppaax/yve a T U ,

wnax ped@opmMmyBaHHSa, TOOTOVRERWOHBI ogOopmM
Py HK LI T nMeBHOT O napameTpy, wo xapakrTe
roTOBHI BIi Ci Aedopmayi i npuw pedopmysBat

AOpPi BHIWTb nNorapuwomi Y4HUM pgedopmMaui am.

414z 9 dH S sMIs’ HlWtBstedzOy' 2

Mi ocTaBunBLWN BMp & sim B B i44 tb@bie H Hisp nu X d 4 b ™

BMUWCHOBKY, o KOMMNODOHEHTMH HeCKI HY4EeHHDO M 3
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CNni NTbHUN dMHEPWBIYXKK NMBWKM T X Ha Leirl MHOXHMU
WBMAKOCTEW >e dpo@senaa,d aiH i 3 KOMMNOHEHTamMu

Vicni BBi QHOWEHHAMMN

e .
x =sgt (4.63)
2@”)(1 M
LLi BenNuMYmMHKM YyTBOPIWWTbL TeHEadp WBULKOC
e th hle
TX% - 5
3 2 2 .
,\/7 s
T=12 x &|. (4.64)
7 2 2 -
Thzx hyZ )
1> & X
i 2 2 |
Mo aHanorii 3 | HTEHCUBHOCT AMMU ae oy
MOXHa BMW3HAUYUTKU I HTEHCWUBHI CTb WBUAKOCTE

T T T O TR

3

a60 B eHKOMYOUW €H3 OPHOMY 3anNuUCI

N IR

Ak wa= 0, TO

2
3 i - (4.66)
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Lani, Tak 4dkKk i paHi we, MOXHa nobyays

AedopmMauyi n, BM3IHaWilmpme napamvMeTp Hapgai
c =22 & 4, (4.67)
X - X

BUPA3IUTMU KOMMNOOHEHTMU peBiatTopaShsngegat
hodHCBMIs] 2 wiiliBodOygpAdi uHY | HTepnpeTauy
Mo p a, 31 pKwn MenYyunmHCbLKOT O abo Al ar pan

AedopmMauyi n.

10 dlsOdzdz? Hd&zw MOBEYE jtojo' 664

1. 4dAxki Hanpyrvm BUHUKAKWTb B NOXWUAWUX
po3T4a3i Ta CTUCKOBI ?

2. B a9Knx nepepiH3aaiXo i BIWbHW K aHOTp Ma Nnb Hi T a
Hanpyrm npu po3T4d3i Ta CTUCKOBI ?

3. oMy pAOpi BHIE CcymMa HOpMainbHWUX HanM
nepneHANKY NAPHUWX nNepepis3ax, WO po3TA
4. B YoMy CyYyTb 3a@aKOHY napHOCTI poTMwny
5. AK i Hanpyrm Has3uUuBawWTbCAd T ONOBHUWUMMU

6.KHM HanpyXeHWUW cCcTaH MaTepiany Has3MWUI

NMATOCKMWUWM, O060' EMHUM?
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SlLrdfruvtRrRYLW Mot dsuv(t REURSR 1 [ JaeasRM
51ulOldyds &sdjddsd §dsh' . £jddste o 0Oc(

Po3rnaHemo pgoBi nNbHY Qirypy (nonepeuyH
KOOpMmwHvant o@zainy (puc). 5Bagi nnumo edp sMeHT
KoopAunHmyTalMom aHanor il 3 BUpPpaAa3IOM BAAKAO TMO I
ocC i MOXHa CcKnacTtun Bupas I A N dm Is \ods i ey Hlzd yoi3
RBsdz] dzlssldga Kk, A 06y T 0 Kd Hean eviaegsTi Y Oo/Cca Wi

dS = yd/ (5.1)
Ha3WBaAaeTb~CA CTaTWYHHNUM MOMGH'OZ)A/IH&E]TICEFMieLHH'Q/

dS, = zd# (5.2)

Ha3nBaeTb~C4d CTaTWMWUYHNM MOMEHDYM enemMeHTY

MpocyMyBaBWKN TREI W aoAymK ndinoy pwu, oTp
CTaTWUYHI MOMEHTZIW Bi QHOCHO oOCeE€EIlm
S, = fyd# (5.3)
A
S, = fzd# (54)
A
CtaTunyHIi MOMEHTMW BUMI POOTbCA B OAWHYV

c ).
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A
4 dA
Zc C
Yc y
| ]
0 -7

PncyHé&aBi nbHa d¢irypa (nonepevyHUNMm

MpunycTtTuname,—KmopagmnHaTtTum uyLeHTpa Barun i

aHanori w 3 MOMEeEHTaMi cumn, H a OCHOBI T €
HanmcaTun HacTyYynHI BuUupaswu

S~ ¢k (5.5)

S~ @ (5.6)

Ae —-Anowa qirypw
3Bi AcKnm KoopauHaTW LeHTpa Barwu

Sy
_S
Ye = K (5 -8)

nna BUWU3HaAaYeHHHAd CTaTWMyYHNMKX MOMEHTI B C

npocCcTi yacTUHMW, ANA KOXHOTI 3 dAKWUX. BI L
CtTaTUMYHMUN MOMEHT nno i BCi e€i dirypwuw Bi
CTATUYHMUX MOMEHTI B KOXHOT YHaCTUHMN
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S= Q&b+ GGt é + k= dd G, (5.9)
S~ @@+ 6@t é + g dd @, (5.10)

Mo o p NBY'HEIXO) 3HaAaXo0O4MUWMO K @@E MW HCaKT/ma A
i rypwm

7 _Sy_é.AIZI
cT AT 3 A (5.11)
_S, _a Ay,
yC_A é_AI (512)
52 sd3gd dzlsd " dzj ey’ ' 0 gsmEde W' ekt

{M! sodd3 ditsd3j dalstodgyi * dajnt@p'k’'oi i rypwu  H

AOOYTKI B enemMeHTaAapPHWUX MNNOUW HaAao XrB/asgpae Mb

MOMEeHTMU i Hepui T poBi /BB HHIOZIBOT WEEBI( pKUO.
|, = fy°dA, (5.13)
A
|, = ¢ dA, (5.14)
A
\Y A
, dA
r y
0 -7

Pncy®2-flosi nbHa i rypa B CcuUCTEeMI
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1 sdzv tcdzd dg salgs d3jdrptoyi © i rypum BIi AHOCHO A
O) Has3uBawWTb I HTerpan A[AO0OOYTKI B eneMeHT e

nNontwcC a

| = fy *dA, (5.15)

A

AKkWo uyepes3 nNnofnwc nNpoBejgeHa CcCUCTEMa B

y, m=+y.3 BuUPABY f@aemo

L=y’ #°)dA =\fjA £ @ L= |

Bi oamMi Tnumo, o BEe/NUWUYUHN O0OCbOBMUX i n
AopaTHI

Il " Hyj dzstcsodds B dghdzlesBd& 0T tzj tyTer pan
enNeMeHTapHUWX nNnnowapgokK Ha 1 Xzigi gcTaHb BI

| 2y~ rgydA. (5.16)
A

B 3anexHocTI Bi 4 NONOXeHHSA ocenNn BI 4y
gaopgaTtTHi M abo Bi 4" EMHUNUM, a TaKOoOX Ppi BHMU
MO XHa 3HaAaMNTM Take [ ¢ NMOMTOXEeHHS4a, npwu §

[0 P i BH WO . Tacxi wdsidztsto alz| ke a WeThp'Idedn o' BdZji t6 W' ¢
npoxXxoasaTh yepes LeHTpP €Bdzeo didedgde piyjz gzlstc
s fyw.d3d
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53 sdsj dzlsd ' dzj ey’ ' o' Hdesfdes § O Odzj dz' da

MpunycTtunmo, Wwo BI O OMI MOMEHTMUDbHIHEPpL

ocC &wy

. =fY°dA, 1, = ff°dA 1, = fydA (5.17)
A A

A

Heob6xi gaHO BMU3HAUYNTMN MOMEHTIW@padJ /He/pHIH V

ueHTpanbHWm (punuc. 5.3
— 2 o~ — ~
L, = fyidA 1, = ffdA | 1, = iy dA (5.18)
A A A
/ 2 dA
b | W
) 'y> -Z
r 73/1
Ol y \ :Zl
PncyHofloBi BbHe Tino B CcuUCTeMI nap.

KoopavnHagawmoidbynedykunm B C nly;TMEONKIH aK BU@P/MAB!

yepes KoopauHaTtTwnm By cucTemMi KoopAauHAT

z=z+b; y=y+a (5.19)

Mi poctTaBndemna HiI HGBbARYEAHM (HTerpyemo no

118



L, =fy2dA =(f & dA =f dA &+ dA2f yo (5.20)

L, =f7dA = (B B dA =2 @§ b+ dA2fp z (5.21)
L,=feydA =(f H(y FdA =zyfA ab dA
+afizdA +b A (522)

OcKi nNbkKM WQA:esriﬁ%ldﬁ'_m§p,opiBHroroTb HYy nwo 4
A A

MOMEHTWU BEBRPAaRHRDBH WX 0 c e 1n5,20), 16R1), QR My N3u
ypaxyBaHHAM 7po pmpwm MatwwT b B UL

|,=1 +a°A, (5.23)
l,2=1,+b%A, (5.24)
| ay1= 12+ abA (5.25)
TakKMUM UYUUMHOM:
[tsd3 dzls " dzj ey’ =~ W '-welkze'd ) 'H dast)dise dgslz'H 4 o
® ' H dzty fj) dizis tc © dz' dzts’ sy’ f OtcOdzj dz' dats’ H O dzdz'

CoOHW©OIs 9" HMIsOdz o3 ¥ yddzd smnmHv i&d;

1" Hyj dzlstesoa d2 Bdd dzs W dgsteymnd Mis ] dgdezts ff) tzis
sMmj2 HESK' o dz ' 9 ' HYyj dzZstcso sd3sz dBsd3j dzskz 9 °
f OtcOdzj dz' dzdiB MH Oz BIss§E § dzsh ' W' clkzted dzO ¢
dZsodn GMwo.
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547 Odzj y d&z' Mls! o' 3 HBsdj EsOdkd ' daj wy'
sfj 2

MpumnycTtunumo, o BHAOMI T M@@EEHTIBHOQOI dQi

Bi OHOCHO KOOpPZmMHATHWNUX oOCeMN

|Z = szdA’ |y = ﬁZZdA’ |Zy = ﬁzydA (5.26)
A

A A

Y1 *Y

PncyHoplosBi AbHa ddirypa npu noBOPOTI
MoBepHezyipHaAO CEAMPOTMU T OAUMUHHUKOBOI cCTpi

NOBOPOTY oOCel BAQ@BDODMWI MHanpHuakyemMo Tene

nepepi 3y Bi AH@GYHO NOBEPHYTMUX
Izl = ﬁ/fdA’ Iyl = ﬁzfdA, Izy = ﬁlyldA (527)
A A A

KoopauHaTtwu AOBi NbHOT enemMeHT ap MOl r

BMUpaxawTbCsa 4YezkpyaidDykaox@BWHaAaTWMCTEMN O0Cen
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z,=z00a+y6ina; (5.28)

y;1=yCosa-z&na.
Mi gactTaBumo Ui 352a’/ye HH M pyo HWMHpraeswp y(Ee mo

|, = f{y @osa - z&ina)*dA = cog afjy’dA +sin’ a f’dA -
A A A

- sin2a fydA (529)
A

. = f{z&osa +y Bina)’dA =sin” afjy°dA +cos af’dA +
A A A

+sin2a fgydA (5:30)
A
|,.,, = flz&osa +yBina)ly @osa - zBina)dA =
A
. ! 0 5.31
:(co§a - S|n2a)ﬁzydA+lsm2a§y2dA- fiz’dAQ (531)
A 2 CA A -
BpaxoBytynbapd)p myHax ¢ agmnmo
|, =1,cosa+l sin*a- |,sin2a (532)
l,, =1,sifa+l cosa+l,sin2a (5.33)
|y =1, cosa- (1, - 1,)sin2
zZyl ~ lzy CO3za - E y 'z Sinza (534)

Bi gmi Tumo, B82)-(F04p)My naT g MaHI AAPKMO T N O

cMcTeMnm NPAMOKYTHUX oOocenpgnApupeanpabaneg
Cknapgatw4dymnm n oy ne3H2H)b6.3i3ph)o(p MyHIaaX d A U MO
Izl+|y2=|z+|y=|p (535)
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TakKUM UYUHOM, npM MNOBOPOTI NPAMOKYTHMUX

3MI HOETbCHA | [OPiIi BHIWE NONAPHOMY MOMEHTY
Mpwn noBOpPoOTI cCna=9® Mmm oceih Ha KYyT
Izl=|y (536)
|y1=|z 5(37)
I zly1:'I zy (5 38)
Hanoé6i nbuwe npakTUWYHE 3HaYeHHAHA MatT I
Bi QuUeHTpPOBMUIMN MOMEHT i Hepuilp=0Bi AHOCHO 4K

Llo6 BUW3IHAUYUTWM OMOBBMKHEHHISEHTpPAa/NIbHUX OC
i rypwn, noBepHeMO AO0OBiIi NbHY noziyd PMETRY 5cC |

Ha NeBHYUMWNNPWT AKOMY Bi AULEHTPOBUN MOMEHT
I zly1:I uv:0 (5 39)

\Y; AY

PncyHokebunemerpuudna dGirypa npm nNoBOPOTI

LeHTpPpanbywHXa OfnceeBAAyN M K Yy T

Topgi I 3 5@ pmynn
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2

| 40 =1, cO2a, - sin2a, =0 (5.40)
3BIi AKMN
21,
tg2ay = (5.41)
y z
OTpumati I 34 1d)o paveyan U3 Haa B EigFHA KKTybTCcaa 0 4 |

ogHoro’iHggna%0 b MNONOXEHHS T ONOBHWUX oOCeiW.

UMX KYyTiB no a6COﬂlOTHiIZ[. BB AmO@m@Ainb we My

KopucTtTyBaTtucsa TinbkW MeHWMM KyTom. I[Ipo

Bi 4 €EMHMNM) ro/T0OBHY WcHadwmegmeoion o pga Ba T/

Bi AKnNnappatlT zdisD BXIOHWHHUOK OB O 1 cTpi ABW. Ha
npueBepgeHi neBH.I npuKknagnm nNoO3HaAa4YeHHSHA T 0
npaBuIOM. Mo4yamkiriQyBI OC i nNo3Hauye

v WY A I zy

\

U \ Dy

/( Z C I:yvz
< > M
ly S =

D,

\ « ly

PncyHokKodbH&UYyeHHSa T1.07p05<08%0 0Cceit
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/V
4
" i
a i 2o
0 j o !
) " i
U y v ! u

/ by

T~

-

PuncyHOoKoDHHBYeHHSH 071,01 8>0,8,X0 0 C e I

\b < b >

ao

ly R
- \U

PncyHokKodbH®dyueHHa T1.09605<0 8,0 0ceit

ao

ly,Z

— e I, N
ly

PncyHoHloS5Ha@eHnHa r1.05605808X0 0cC el
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3HAaYUeHHS TO/OBHUX ®MOMEOWMYMBTUHEPUIBEAT @

(632),633) nepexopay [0 NOBegx&dHYTUX O0OCen, nf
I, =l,cosa,+I sirfa,- |, sin2a, (5.42)
|, =1,sinfa, +1,cosa,+1,sin2a, (5.43)
MepeTBopunumosS4A2pdbpgByYy N (@ T ONMOBHUX L EeHT |
| Hepui 7T, CK/AaByumn Biu ppai33vH uogyiia. T4 ecB U 4 H O,

Lt (5.44)
y

-1, =(1,- 1, )cosa, - 21, sin2a, =(I, - |y)coj2a
0

(5.45)

npunyomMy §4BMpasdob(lgHa pa@blpan (

21 ,=(1,-1,)tg2a, (5.46)
Tenep i 354¢o5AmbyYMs sHaxogmnumo 61 NnbWwW 3pYyyHI

1€ 1 o
| ==al, +1 )+l - | )

u 2é2 y) (z y)COSZaOH (547)
1€ 1 o
I, ==@al,+1,)-{l, -1 )

¥ IRTR RN = .

OueBupgHoO|>2lymo velgla

BunkopuctoBytwusd 1o p wyorkyd a( B U K N kbWN,T n i
548) BenunYunHYy
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1 . . 412
=°\1+1tg°2a, = \/1+ y (5.49)

cos2a, -1,

B pesynbTati mMaewmMo
:%g(|z+|y)° JU -1, f 41,9 (550)
%g( ) - 1, f +412,2 (551)

551 sdgv Isksv ftets ©OH' k&f) ' dzgj ey

MoMeHT I Hepuyi i di-AY pwn BLC O H OVMCOHKH a 6 ynmpt
BUT napgi AOOYTKY nnaouwi i rypm Ha KBapgp:
pagiycomMm i Hepuyii:

= fy°dA =A@ (552)
A
Ae i,-papgiyc iHepuz i BIi AHOCHO oOCI
| 3 Bupasy (52) BUTI Kace, o
i
L, =\~ (5.53)
AHanori yHo papgiyc i Hepui 1 nnouwi nepepi 3
-,
Iy =al 5.54
Iz A (5.54)
FonoBHUMMN LEeEHTpPaAaAbHMUMM OCAMMU iyrcerp u i

I Hepui i
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1
c

(555)

1
<

(5.56)

) 6 d € &zOH

Ana 3apaHoOor o 5B peBpri33Hya UUET MG . KOPUCTY K
copTaMeHTYVy, aHani TUY4HMM cnocobBOM NOIJOX
BeEe/TMYNUHY TOANDBHUX MEeMEPTI B | Hepuyili

Mepepi 3 CKnapgpaeTbcA 3 ABY T3®®Ba No
a=0=01245=14.5MMm.

Bi anosi gHo g2 AELTAH aB12083k9 6 ) MAIASVM M B Yy T &
Ai=4 9 . Qlgw78C iy ly,=436c

NaHi pAnNna KyTHUKa no :Agd2 aMemltdys'c ma o
ly=44 4 € iwy=1 4 7'c ™

JaHnim nepepi 3 Kpecnoibc dles TNpa cBLAT a1b6 iB v

B cucrtemMi pgonoMi XHuxYidgervuyueBipaTBaariunBep
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AY2
<458,
zY "2l
- z=108.7 -
A <10
a=145, | | Yih AYe 0
G Z>
\ A >
21.2
v Y
y ]
|
V
a=118.2
b=25.2
I 1lllic v Zc
A |a=5%
- z=835 7[ U
_ z=725 p=11  |&7O3
y—=321.2 - m -
>1
30C A C
y=203
y1:150
/
v 1 \ é
- b=145 _

Pncysld«klMepemBy TaaBpa NB30&90fI0KYTHMKa

_ 300 145

= 450d3d3 £5 fr; 2= 72.5d305 Z.25 fi
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Bi gocTtaHi Bi 4 UMX OCeln [0 uyeHTpa Bar u
y,=300+21.2=321.@3d332.14n ¢i7,=14.5+14045.8=108.d3d310.87m 3

KoopagaumHaTtun uyueHTpa Barum nepepi 3y C
vy v, AD 15(19.9 82.12 12.2

20. 203 d;
eTTTAYA 49.9 +22.2 & |
ZC:ZlOAi £ AO 7.25049.9 40.87 ﬂ'2&35‘r]d383.5 g
A+A 49.9 +22.2
TOoOYyK a C HaHOCMUTDbLCHA H a KpecneHHA4a. [

nonoxXxeHHA Touka CChexwab3HagmRpeamMiLe T pwu
KYTHWUKa.
Kopnmctywuyunmcob cdopmMynamum nepexomgy Ao
MOMEHTMU | HRBEpUuUBII oHEePIi UEHYpaNnbHNUX O0CEeEIN
lLe=l, 8 A 1,3 a5A, O =
=7780 { 5.3° 489 146 1182 22.2) 1243%s

le=ly B2 AD I b2 A, 436 (=1.0°+49.9 440 2.8 222 1684

A e Q=y1-yc=15-20.3=5.3m 5533 a3,
Q=y-Y,=321220. 3=11. 82MdB3=118. 2 B,
bi=2-2:=7.258.35=1 . 1 # =R,
b,=22:=10.87-8 . 35=2. 52MB=25, 2 d3c.

Bi aueHTpoBUI BIOBMEHO Hei@eepii ZJiIYB i O HOCH
Lewe=l2u 8, DOA O L4 a, by A, @ (0539 1) 49.9 Q47
+11.82 Q.52 2.2 1+ &

AK wo OCbOBI MOMEHTMU I Hepui i MakwTb
LEeEHTPOOGI XHI MOXYTb O6yTK AK popatTHI, Tack
KyT Haxuny T ONOBHWUX oOocCceWn iHepuii Ao
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20,.,. _ 24101
lye- 1,. 1081 -12437

2@=-11% a=-5.%°

=0.194

tg2a =

FonoBHI MOMEeHTMUW I HepuiiT nepepi 3y.

dzctlye 1

2 ;\/(I zC | Y'c)2 4 |+22ch =

:wlg/@meﬂ 108 41161 1258p4

oty l
2 2

=124372+ 1081—21\/(12437 108Y 41161 9884

\/(I zc | \Fc)z 4 ngcv@ =

100 dlsOdzdz Hzw MO jojo' ©CJ

1. Mepeni yuntTm Ta pgaTW BU3IHAYEHHSA OCH
nonepeyHUXx nepepis3i B 6pyca.

2. 9K HaWnbi nPwWBmMawWiaemambHOOpPAMHATN Ue
nnockoi Qirypum??

3. 949K 3 MiIi HWOKWOTbCA MOMEHTMW | Hepui i nepe
nepeHeceHHA ocen-?

4 . AK 3 MIi HOWOTbCHA MOMEHTMUW | Hepui i nep

5. Llo po3yMi WOTb Ni g TOMOBHUWUMWU OCAMMU
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B.stuvvrllc
6L  Mdzso dz § tsdgv Isksw

Kpyuyelwmap CTepXHS KONMW B NonepeyHMXx

30BHI WHbOTO HABAHTAaAXEeHHSH BUHWKROITWH IT | [
cCuMnosBi bakTOpwn BI ACYTHI ).
Je popmaui g Kpy4dyeHHS4 HaMbi Nb W KIWo®3nno

HaBaHTaXeHHA Ha nNPAMONi Hi NHMUIN CTepxXeHb
My, MNAOWNHU HAKUX NepneHANKYNAPHI 4O O0C
MOMEHTI  BMKBD MGy mepepi 31 3anuMWaeET p,LA Ti Nbl

BHYTpPpIi WHi N ,mapmamxac MocCc3aoBiRipEeH Mepepi

AOpPi BHIWE CYyMIi 30BHI pwisx amomammx s ndl opf
nepepi 3y. AKWoO cTepxXxeHb (Ban) obepTaerTet
Mcoopi BHWE HYyntw. TomMy pes3ynbTatT O6Gypape oOT

po3spaxyH@Eyaiwm cymy (MmomenTamwWoBVMAHMX 311 BaA
nepepi 3y.

CTepXHi, Wwo npauwowTb Ha K PYwdsEsOHhk, 1 o3 «
po3rnapaTtTn KpPpyuyeHHAN@S8RAKNY B @MaHOBNTLN, LLL C
MOMEHTY, npukKknNapgliHOU D-A MDY B eipe@DNI® Ha B

3alleM/IeHHAa nNoBepTaeTbCcAaA BIi QHOCHO j3-akKkpi
Ckls LOCtkzykzo Odzdzw

Ny i i
R—7757
STERIN RN 2.
U P A
NANVA NNV
1,,/1'] xmr{_ﬁx_rjl”?

- .

PuncyHoxKpoy.yleHHAa Bany
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6.21 Of telzy j dzdev Y tod Ctolzyj dzdz

AnAa BU3HaUYeHHA XWMpREAMTERYYewwW3ImMmoanepert
Kpyrnoro Baflly HaHeceMO CiTKy, #fAaKa CKaIa,
AK € napanenbHumh. kBoamnafeme . s&EP@Rp ma y
enemMeHTYy HecKi HY4eHHDO Manorl TOBUWNHMU,
Po3rnaHyTuinm enemeHT nNepebyBae B YMOBaX
rpaHax TWYAIb WMANPY XKe HH A gdipviscts d3 6L. iflz, © 26 . (4o
L MEzo)

o
1///1/11////‘ e _\
[/'
¥ '
1 -

PncyHoBaf@. 2 HaHeCceHOW Ci TKOW, 8Ka CKIa
oci, @fKUNiedimapanenbHUMMN KOoamu
a .
m| 0 m
o= 7 J
Y\ u 3
N 3'4‘ 1
,’T %r- ~ 1 fl
b — d

o)

%ﬁ“ Traxe
PWNCYHGENGBMBHT, WO nepebyBae B Y MOB:
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a (A

4 |
! J
d

br E]_"[_'Fd’

PWNCYHGENGBM&HT Ha rpaHdaXx SAKOro pAiOTb

Bi oHOCHMUIMK KYyT 3aKpyudyyBaHHS KpPyrnoro

da/ M
=— =X (6.1
7 dx Gl
ne Gl,b—XopcTKiCThb CTepxWa npu KPYUYeHHI, F
b —-NONTAPHUIA MOMEHT I Hepui T Kpyrnanoro

4
CTEepXHSH4 p,d,aNBemppao»waeTbcL@:%%yopwayn,&pmﬂ Tpy o6

. - . .p(dﬁ_dt))
CTepXHsa 3 B&I—M),EW@lOLMHIMOCE,U%I:—H:I—H—éEM—
AKWo B MexXaX UUNI HAPMUWYHOITIKQYMNMAHKMO™ME
B nepeTunHax He 3MiIi HOWOTbCH, TO
M |
f= =X (6.2
t7GI

ana BM3IHAUYEeHHSH AOTIMBIHOK @b IiHamMPVWYXe H Hse
CTepgXHiocTaTHbBLO B QopmMyny, Lo BCTaHOBAIN
AepopmvmazGgmmnaoctTasunTtgnengapmvmpna (198). T
_M,r
I

p

t (6.3

MakcumManbHE OOTWYHE HanlnpyXeHHHAd, o i
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to =—2 == (6.9

3
A e Wm:/;-G-I'IOI'IFIpHI/IIZ MOMEHT oONnoOpy An&a cyuin

BCTaHOBMWEB WN DopmMyny ona BU3HAaUYEHHSH
HalpyXeHHHAd npun pr‘-leHHi, MO XHa 3annmcartdyV
M
tmax:W:Q} (6.5)

Ae [[]l-ponycTuuMe HanNpyXeHHHA NPU KPYyudeHHI
Kpi wm po3paxyHKY H a MIi LHI CTb Banwu [

oOo6bMeXywUYuMm nNOTr OHHI KYTW 3aKkpyudyuysBa@ghHa nee

_MX
%W_G% {@ (6.6)

) 6 d € &ZOH

Mob6byapyBaTWYyERWRERN MOMEeHTI B ANnd Bana 3

WKIi BaMne( punmaEkKLWwo: M= M0 p=HAMM ; .=MM. 5 M=1 .M M;
m=100K H; a=0.6wm

Mpun po3paxyHKaXxXx Ha Mi UHI CTb I XOPpCTEK
Hi AKOT poni , ane AonNnsa 3pYyeITHEOKH | B HlaoX0ay 140 B
MOMEHT AOoOAATHI M, AKWO AUBAAYNCDH B TOPp

MOMEHT € HanpaBfNneHUM 3a TOAUHHUKOBOIWKW CT

BennuwnwsasMayvyaeTbCca 3 yYyMOBMW piBHOBaAryv
BUWe npumBepfeHOMY nNpaBuUAMO B pAPAaBYTI @UNBB
HanpamMoK o0poepiTeaHTHAB HVO NoKa3yemMoO 3a ropgwu

aM=20 M+ M-My+maMs+ M=0,
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Mo=-M1+ M-ma+ M-M,=-40+8061000.6+10060=2C | .

KpyTHMUMN MmOMeHmMahNo 3i 3HaKoOM nnic, T
BU3IHauYnMnum HpaeuaMbyWRmOBN pPi BHOBJETWH MBIY A BTU
HeobG6Xi AHO 3MIiHMUTKU WOTro HanpaMOK Ha npo
He BpaxoByBaTMWu.

Ana BU3HAYeHHSHA BEe€/JUMYUHU KPYTHUX MOME
Mi XX CYMiIi XHUMWU WKIi BaMU, MBHIKIO HIYIKTSbHLAI ,N e
CncrTemmu BI AKUWAAETDLC [, B & n modi uaH a3 asivKi OHr10€ T 3
YMOBW PpiBHOBArlru 4yacTUHMW, K a-13 & b con)n.a c
Bi AoknHYyTa npasa 4Yakambai, fHanmpmEmwoma M 3 &

Cpi NKOW, AKWO AMWBUTMUCHA B Topeub BIi ACiye

Meperi 3 1
aM=0, M+ M 50,
M¢ p+M1=-4 O K HM™m .

AHanori YyHo po3rnapgaemMo | HLWi nepepi 3mu

nNi BMX YyacTWUH Banna.
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M= 4 0 K A M=80K M=100 M~=60K
e /\ N\ R P
1 2 3 \ 4
T\ T
IYFl(DKI‘N/\I\
- » 1 4 X 12 |« X3 « X 4
-t 1 S a L B - L2 SN P - -
L aM
[\ Mo
ﬁe
\j
Me p3e-p 20
% w\\% »
40 40
Pucy6Go-Bazl HacafgHke HHBEVOAT 0 WK |

MepeRR 3 2

aM:O ' M1+ M+Mp__201
My p=>M1-M¢=-40-20=6 O K HMm .

Me p e B(OGxe¢ap

aM=0, M+ M-My+mQ@+ N p=0,
My p(X=0)=-M;-Mg+ M-m@®=-40-20+80-1000= 2 0 k H ™,
My p(Xx=a)=-M1-Mg+ M-m@=-40-20+80-1000.6=-40 K H ™M .
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Mepepti 3 4
aM=0 Mg+ M-M+m@Mz+M, =0,
My p=rM1-Mo+ M-m@+ M=-40-20+80-1000.6+100 = 6 0 K H ™ .

EnwOpow KPYTHMUX MOMEHTI B Has3uMWBaeTbCHA
0 OBXWHI Ba/naa. B mMmacuwtabi nNo TOoOpuUW3OHTaAaAnNI
MO BepPTKIXYATNH I MOMEHTUNW B KbEomg BegaaXHIBI @

BHUBI o' e mB5B )(.puc.

100 dlsOdzdz Hzv MO jojo' ©CJ

1. 4YomMy [AOpi BHWE KPYTHUNW MOMEHT B non
2 . AKKemH@BMPYKawTb B NOoOnNepevyHOMY Tnepe

Kpy4JYeHHI ?

3. AKWMWMN KYT Ha3 MBAaAaETYbBCAAH HISO BZHU M K Y T O M
4 . UHlo Ha3uMmBaeTbCa XOPCTKICTW nepepi 3
5. B aKkuMXx TouyukKkax nepepis3y Kpyrnoro ©6

OOTNABARKBEEHRSA

6. 3a AKWMMOBAKOQPH AT AT bEXAHEMOT AP @D Hianp
Kpyrnoro 6pyca npu KpYy4YeHHI ?

7. B 4y MpyoxXpa@XyHKY Ha XOPCTKICTb 7

8. WLo Take pgoONyCTMUMUN KYT 3aKpyuduyBadt
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7.1 1 R

71 [ Mmdese dz  § tsdgv sl W

Mipedaeedgy Mi eTbCA Takum BUA HEBBAWHHIAXKE
nepepi 3ax CTEepXHHd BUHWMUK AT b 3T MHaAWYI
MOME MT aipM 3T UHI B O6i NnbwocTi Bye mAAoKRI B Bl

ydMmisd2-pecdlfodp ma i g, npunm HG9KIi W B nonepe
TIi NTbKW 3TMWHAKWYUN MOMEHT.

1 st jtoj ydeoe oo dndzy i A, npun SASAKIi M a@XRane,|
A1 OT b OAHOUYaCMEH T3 NIH arosn e pMeoOM Hi 3 ycunn4.

AK WO 3 0BHI WHE HaBaHTaXeHHSHA po3Tawos

yepes3 O0AHY 3 TONMNOBHMUX ULeHTpPpaAaNnbHUXBIT®HE I

cumeTpiil), TO OGanka ped@opMyeTbcus amwT bl i
ftewadd Opd fdsht

Ha pnucyHKkyszobpaxeHUMH 6pyc, ni goaHUi
BUKINUNUKAETDbLC A Al €0 cwun i MOMEHTI! B, WAKII

nNPXxXoAMWTb 4Yepe3 MNO300BXHIW Bicb 6ankwnu.

PucyHloKilpdgmMunuim 3rmH Opyca
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dani, AKWoO He O0OYMOBI/THEM&TCHKC S0 CIMODIINIBID

nnowwlz. B ymoBax 3TWUHY nNpauwwTb penkwu

6ankun Bar oHi B, ocu KonicHumx nap, Balawu
MOCTOBekYPUTEP B | T.nN.
CTepXeHb, WO npauyweOdKass 3 r M, Ha3uMuBat

72vdyd sfitste BOdzsS. uvdfd BOMAsE

KOHCTpPYKTUMUBHE BWUIFIOTOBNEHHA onop ©6ani
MaTepiani B BCH KOHCTPYKTUBHY Ppi3HOMaAHI -

TUNi B: PypOWIMAHO-WIapWKpPpMAaA | 3opuemMnawya of

LlapHippyyxooMa onop.2Q (mwayke@®E7T NOBOPOT
onopwu, i MBe poegMHiouyeyH HHEa np A MOy e ( HaAaNpPpRAGYP KK Y
nepneHANKY NAPHUN oOoNOpPRIOaMKOIC TERIPOKHUO) H a P&
B3AOOBX ONOPHOT B' a3i (WwapHIAPYWOAPHONOPHC

HallpsdaMKYy gonycTtTunmMmmnixX nepeMiu_q,eHb.

M,

HA A H_&l( A
\

R
A R,

PHNcydH2-dvunum ono@u@pmMopPHO pPYB—WEAPHO POPA,;
HepyXxoMa-Dalg@Mm)saoya onopa

WlapHi pHO HepyXxoMa . EjopgmOnNypgmM@gHOBK NbH
6ankun BIi AHOCHO OMNOHPIN ,B eap/TEN KHAET b B @ M YGOK eHd

nepemMi WeHHSA. B onopi BUHMWUKAaAE cCuna pe:
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30BHI WHI X c¢cwunn, wo A[i WTb Ha ©6Ganky. an4a

3aMi HIOKT b RplEeHKaY ioASCM M Koo paouHart.

3awemMneHHAa 2pmcyBOKLAOMYCKaA AE H i NoBO
nepemi WeHb 6anku. Peakuyi g 3awemMneHHAH4 C

3amMi HowoObN MK AA 4 MOMQHTY

B 3anexHoOoCTI Bi 4 KiNnbKOCTI i TUNy O
BUAI NAKWTb HACTYMNHI TUunNnum 6anok:

l.Mpocta (omgHOMNMpPOroHoOoBaAa 4YKu 7BEO.X/EE®D P H
Ma€ OAHY WapHiIi pPHO HepyxoMmMy i OAHY WapHI

Bi gcivmim onopamvMun OatfhiewmdzHBISBABaEce T b C A

2 . MpocTa 6@WMK®A BABOMAMI KWHCEB)DmHNHMY C

wo isusBy 0T BCHAa, p(n c yBHrk@AIi BD.HR pwc3Ibpk HasmeatwT
C Bdziyts dzv d3qd

a)
M,
4 A
C A B p C /
b I / ~
Ry
B )
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4 B C D
; 5 s

B  C D
A A A

RARARANAY

o) e)

PnNcyH3B-Aunnun O6ampe@cTasB-brnapiokcar;a 6anka 3 0
KOHCoOgrmpocTa 6anka 3 GAKBOHI@AO /KEHHE 0G1aA /MG

WegHiIi pHa jémre@pa3pi 3Ha 6anka

3. KoHconbHa G3hgikaBOopacwaeKk oAwYyY .3 aLl,
LJoBXWHalHaamkve afTda dsss ts d3

4 . llapHi pHa O68wWKa Y(TPBVMOCPYWHEOTKb CH NP UEAH:
UYMW KOHCONbHI N OG6Ganud 3IADL4A0OROBAXKOHL I WaA|H I
pPpyXomMumx onop. Mpnn UYUbBOMY 4YMCNANO [O[ATKDOLI

Uyngnpgopmpart K oHgan xp nocrgedHpkayk Mimmn - € B, Qiia p e mCep n

5. Hepo3pi 3Ha 3®)a.nKAT H MO HOXKA 7NPUELH
U KOHCO/NbHI N OGanui AOoOfoaTKOBMUX WapHIiIi pHO

onopax He nepepis3awTb H6anky, a TIiNnNbkKW

an 4 BM3HAYEHHSHA OMNOPHMUX peacxuyi i B €
CMcTemMoOKWwW CUN, MOXHa CKaciTBUH OTBpaMrkui &3Yd ntea
HeBi AOOMUX peakKkui W TaKoOX Tpwu. Tomy ui
(wapHIi pHa) TAakKoOX CTaTWMWYHO BMU3IHa4vyBaHa,
AOfpaTKOBUX onopax [AOpi BHIWE MG /Iy afo H&T K

npoMi wiAPpWi p pgopae oAHe pgopgaTKoBe pi BHAI

Bi 4 yciXx cwun, po3TawWwoBRARENX4OpPi BAWY BYOCEK
Banka 5 (Hepo3pi 3Ha) CTaAaTWMUYHO HeB
HEB M3 HaudYyyBaHOCTI [fOpi BHIE uypmacxly peaxkuyi W
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73] dL dzOyj dedz? Y sStddt t©jOSy' 2 o BO&SO

Pi BHAHHA pi BHOBAr un, Lo C K aapga KT bic, 5

MOXHa npepgctTaBUTKU B TPbOX Pi3HUX Bapi at

1) vy BuUAai CYymM npoekuyim cwmn Ha pABI Ao
CYMM MOMEHTOBAMEON DMOA[E U NNOWNHMU,

2) y BMUAI CYyMm npoekuyuim cwun Haog@oBI
Oy MK U X TOYOK NNOoWNnHM, L0 He nexartTb F
3as3HavYyeHOT ocCi npoexui un;

3) y BuUpAi TPbOX CYHMKMOMEPOHIORE MmMoQgaunk

nexatTb Ha oAHI W npami n.

Bubip Toro 4ym i HWOT o Bapi aHT@UOKkTEAL B
TaAaKMUM poO3paxXyHKOM, WOOG NO MOX/NTUBOLHB. HE
Ana nppoxoimomHOT 6ank.30 (@M MP U MPDBKY KR

Pi BHAHHA:

a)Maynpoekxui m ycix cmn Ha BiCb 6ankmu
aF?=0,

3Bi AKKW 3Hi.axopgsaThb

6) cyma MOMEHTI B yci X cun BI OHOCHO O
amh=o,

3BI oKKN 3RH.axopgaThb

B) CyMa MOMeHTI B ycBxagopineBIiOgGHBYAD: W
amP=o,

3BIi AKKN 3Rg.axopdaThb

nona KOHTpPpOAHW MO XHa BMHNKopmcrtToByBartT

npoeKkuUui W BCiIi X CuUN Ha BepTUKAaANb:

5 FY=0.
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A n A KOHCO/MbHMUX 6anock npwu BMU3HAUYeHHI
Pi BHYW HBWAI OAHOToO pPiBHAHHA CYMU MOMEHTI
Ha Bzi Ana KOHTpoONKW CcnNni g BUKOpUCTOBYBAT
Bi 4O HOCHIK 0GY AibH WO i TOUYUK WU, yumum TIi el , KOoOT
peakui n.

OAnsa wapHIiI pPHKWX nGMann OpKi BHOGIMHaHTAKMOAB BKPUMI B ME3

YMOBMW pPi BHOCTI HY 1i0 CYyMW MOMeeMT i BHaY Tua
6anku.

74.] dzzlstc' "z Mmddse' WOSkstd ftd Lcdds

ana BU3IHAUYEHHSH BHY TPIHILHI XO3F YIGIHME@RBIO T
[ BOX O mapiky [4olB xBsasoria Xe HY B N P OANWNHOHID MYy |
(pucys4@dk 7

R.=Fb/I NP Rg=Fa/l
A / B z
A e
a b
/
a)
R A 1
A
A
= Q:
Ry
S F o
O-
6)

143



L
L

Q! @D _-~ Rs
JI_—( —__—_’_"_'_FFFF
|
B )
PncyHie-BnzZHayYyeHHSA BHYTPI WHI X CWUNOBMW.

O-po3paxyHKoOBaB&—sBemMaoBammMmw;, ni sBa I np :

AnAa nezpepi 3y

B onopax 6ankKin MKOT bB NBEHaaKILRIIOT b @k MNi. 3
| 3 yaiB=0i Q@Mg=0Bun3Hayaemo Rggkafl RaeBoil.  HO

MmncneHo po3Cci yemo 6anky LOBI NbHUM
KopgMWHAaTTZOoOWw Bi AKUWHEMO npasBy MEUNHWHYT 6 a@mic
3aMi HUMO Ai e non@peydHmowtwa oHYaTkn(nMme M H -
B HYILMHI cunosBi bakTOpW BIi ACYTHI , Xia@ak Ak

MOMEHTI B BIiyazi o @o® i ByH@JOT b H

3 ymMoB WimBHBOD®BIaryacT wKdEZpPanKkaypamnopae

Ha B§)J Cb
aF '#R,-Q,=0
3HaXoAMMO nonepeyHe 3ycunna B nepepi

Qz = |:\)A' (71)
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B 3aranbHOMY BUNapgkKy, KOoOnNu Ha @asBgy
dopmMyna (5. 1) anA BM3HAaAWeB HA € 0@ [yeegpde Y H

BUT NnAnYy
Q=ak, (7.2)

neaF —anreb6paiyHa cCyma npoexuiln 30
npuknageAKWNK po 6AaAHY CTOpPOHY Bi A nNnepepi 3
1 st 4§ tod ydziQ Loz mstedbwdz! dztsdzz f 5§ | tc | aqalzts di3lz
Okze jBtcO ydz' 2 Mkds" ftesj Sy 2 Lseadz hdzg' n MM

9 ' H fJjtjte' L.

lted?2d3j d3s dzOMislz dzj f cOo  dzts : L eddBCN dgw Hiigaf
FFontsHdIls! Vestgail? ) o('70 L dzOSCtsd3 H+ o j 8 dl? sd ¢
9 HMm' yjdzz yoOmisd dzlz, hts tBLEdYHO' Is! Mw f
fsfjjdzj] LEzmddzdzy, ft etsHddddStses " 2 mMlste' dzy’

Lle npaBuno YHIiIiBepcanbHE]LNAT 0 6GITIioB OBO HO |
Bi ACi YeHMWX YacTWUH ©OGankwun.

Bi gamoBi A HO A0 UbOT O N [[&BB W/eapzarPaamB @/fpie 4 +
yacCcTUWUHKW Ha dpmopBHKIMBAHE F, TE@MA B0 YOIVM/R/MASE LU
nparHe nNOoOBepHYTMU Bi gcivyeHy wab@aRy= no
Fb/l.

Ha npaBy 4YacTuHYy O6anku RJiOTTHM N3a0oBHI WH
Adna npasBol yacCcTMUHN BGaNKMW MaeEwWOUTRXK C
Q=—-Rs+F=—-Fa/ll+ F=Fbll.

| 3 cywmmu MOMEHTI B 30BHI WHI X cCun B i

nNEaKreapmXx A0 NiBOT YyacTWUHKM 6B6ankwu

af " E-Ryz+M, =0,

3HaAaXo0AUMO 3TMWHAKWYUWK MOMEHT
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MZ:RAZ:I—Z. (7.3)
Mpwn pii AOBIi NTbHOTNTO 4Yyumcna 30BHI WHI X
BW3HASYENHHHAAOY OT O MO MEeHTYy B nepepi 3i npwus
M,=aM;. (7.4)

AEeEAM—anrebpaiyHa cymMa MOMEHTI B 30BHI I
nepepi 3y, npukKknageHMx No OAHY CTOPOHY B

16 ddz0s yd?2 ,assespazlsdzf desdslz § j o) to'Bie O’ B EBLE
zds' jdgis'dse LBode Ndg 7 Mmddz o' Hdesfdes yj dzlst

SH&dcEdz o ' H fjtojte' L Iz.

)2 di3j i3ts zOMiskf dzgj G teOo ddzts L dzOPUzd 2 H 2
Bsdj dze TEHdls! E fkdkz4)s W odsk@E sdf 7+ 0,

o d CE@AS o dc ddz BRGIs tsefdzd L .

3ri gaHo 3 UMM nNRR@BIKMOKMa@e B iNH amiKBo T
ONYyKnNi cT BHMB} . (P 0DMHBIK UNFAMEe HT BIi A3)Hel
NoMB UBHMUI.

Ona npasBol yacCcTUHN OGankKun 3T UNHEPHBUIN N
CTBOpPHOEGDICHRE €K a BUKNUKAE B UG MWK /Y iCETIO uB
(pucy#Bd)kKk 7 30BHI RIHBFX@ BW/KIOIMKAae BUI UH B

ToMy 3T uMHatwyuni MORM@IOB N BW BH npie, alkdli B i [
HEr aTUBHWUI.

CyMapHMWUIN 3TMHaAaKWYUIN MOMEHT And npasBoi
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OpepxaHe Bl,HIanuAe HNHPAA B O 1 yacTUHN OGankwun c

Aana niBoil YacTtuh (awnws. dopmyny (7

757 dW% jtej dzy’ Odz d2 L Odzj ) detsfyls’ & 3 ' dalsj
zOo Odals Oy j dadzv , s j toj ydad d3 Lddiplg dzdzw o5 L GC

Po3rnaHemo banky 3 AoBinTyHWE OaBa
PenogHe@leHaBaHTaXeHHS HBEMXaHAAMEMMIEEan T |
HRaAaHTaXeHHA fJae€e p[JofgaTHY CKNajOBYK@MWA
nepepi 3i ).

Bupagi nunmo Ha AOil NAHUWDKeHMN e CHRBMAE MDME @ |
eme HT [,,Bi H nepebyBa€e B piBHOBas3akeRHA, O
nonepeyHMX 3ycunb Ta 3T U f@fis HWPXO BMIKMIEEHAT |
Bi ocdragimnH BiIi anoywde JOCKP nerka@Rip 3 MOBT b C A
B34OBX OCI 6 asfkwa € @opi [ @), an egp enpdi-@ & € QD +
dQif @+dM.Ansa BuMuBOAY Oy a@EMT HMUMMBBAaAXATMU A

3 ymMmoBW piBHOBAaArwuw BuAai neHOT emMeMeHTa

A1 a B MO
a RY =Q+qdz- (Q+dQ)=0;
aMiOz:M+de+qdz%z-(M+dM)=O.
Mepwe piBHAHHS Ja€ YMOBY
aQ_4. (7.5)
1 jteh O ftsa" HdZO o' H B jtoj ydesets L kzMmd dzdz
" odzls j dzfnd o dztsdpjisdzts dotis L dp@eHO dzls Oy j.dzdz? dz20 y*' 2 H
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| 3 Agpyroro pi BHSAHRADZ 2H)e xaTpygpuaun OUYy /1 € +
MA1TOCTI , 3HaWwpgemo

dM _
& =Q (7.6)

1 jteh O s HdZO 9" H LEeddzOs ysets hisd3j dals kz
fsfjtoj ydetsdzgz L 2mddzdze dzO0 y' 2 H' dzvw dzy' .

q(z) 0 T q dg
¥ M; ?jlg S y3= q
] mlﬂH|| z M@,;}%i )
|_- I F, O 577;577 A\
| - - O+dQ

PncyHbo-banka 3 [OBi NbHWUM po3nopi netr

O—-p o3 paxyHK B-Beasl eECNKTE MoAa; /1 K U

Ha ni gcrTta(Bs 7oogymyyermo mMarTu

d’™M _

[tcze® i HdZO o' H L ¢ddzOs yseéts dBtsdzj dz
Pdals j dzfd o des st Chsdz tsei 5 dajz@as @ dzls © s p dxizv .

Cni BBi OH¢/He HHEHE.7) Has3 unsa Wy j@zz: dzd d3c

L Odzjdylsly d3d § e dzjeddas misw d&3d 1 ). w. rr 2tcOo M4 € S¢

I x BUKOPUCTOBYIOTHb npw No6GY/JOBIi i
nNoePevYyHUXx 3yYyCUNb I 3TUHAKWUYUX MOMEHTI B.
76 ted s jtejuddn LeEmdd * LeddOs yd!

MobypapoBYy entwp NONBRPRKWMHUX BYDAABI B B0

npunkKkinamgaixXx.
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ltcdSCdzBranka 3 3awemvMnelBmsBMHIlaKEWAY B a

K1 HLUI 3 0cCepelB(xemoywdB@ckn N70 10
MoMi CTMMO nNoOYyaTOK KOOPAWHATIH AHMPVaoB B O |

B3 /40B X MO30O0OBXHbBLOT XO0 ¢, BiamKumBi A& 0 ,0CiB e
rOpM3IOHTAanNbHO A o HeT . ( Taky X CcuncrTe
npukKknapgax, Kpi M BuUuNnapgki B, wo o6y MOBI/III

6Ky nepepi3omz{OgstopagnHatTolo

MonepeyHe 3YyCUWUNNA  BB/AH3I HUAHYI UXM O C VAJK, CLYOM Yy

neBopydy BIi A4 nepepi 3y
Q=-F.

BHadl -ApuinHaTuun TFONVPya r HIRO NOWB/ERP HY T U N
yacCTUWUHY O6ankKkunznypo@mon nre@ePH BWK 0 BO T ycuT@ian K
QHe 3annexXUTb Rii ABIKY OTPOAYMKHAAXT M6 ankunM nNnocTi M

CnnRRBi AHOCHO UeHTpa Barum nepepisy vy
MOME H T

=—Fz

Lle pi BHAHHA npamoi niHiIT. OfaB T AB ano €
TOUYUKAABHA Ki HUuax 6ankwu

npu=0My=0; z=Imvg #—F | .

ltedCdzBmanRkRa 3 3awemvMneBs@msmMago REXWH @ 3N
HaBaHTa@XeaaRnst (BHUCYHOK 5.6

[fonepeyHe 3ycumnnsd B nze(@®zwl)3gops B KO
pi BHOAI OYi po3noAgil NeHOT O H abBaa/iHKTVa X /@ iH Bl &1
nepepi 3y

Q, =-40z,

a 3rMHAauywiooMewW TLI ei puied/Boni ouo0i H:
M, =-qzC&/2=- qZ/2.

Lle pi BHAHHA npamMol i napab6bonuvayvmo gn

BHYTPI WHI CUNOoOBAX pakBOPAPE@AVKI HOA MK N
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npme=0 Q,=0; [ ~=0;
npe=l  Q,=-ql; [ .=-ql?/2;

npe=l/2 [ .=-ql?/8.
AK BUNANMBAaAce BIOIIYRBWCEYAKA NApAOOaImMpP iHWA N

HanpsasMKYy po3nopai N@HOTr o HaBaHTaXeHHSH

F ;‘I .
N JLLLLLLLITLLLL L
.~ \ al . \
A - ] B N >"—>‘ | B N
_ .
: Ermopa 0 WLLL@M mopa O
gl
F
TR mopa M —*“*“¢U¢Uglhx}ngﬁfaﬂf
‘“I,:,f Q' 1P 1
a) 6)
lllllll:llllllllllll F

A-;»l; 7% P .,C %

ql/2 = =
me — L
/

, /2
s |1 Foil 7
& Emopa M

LT Emopa 0

_ Fall

B ) F be

TR [Emopa Az

r)
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4 v
i C G
=1 =2
a | b
o IIF -
T Emopa ©
+ Emopa M
W\
.‘l.:rﬂj
A)

PncyH6e-KloBy goB@i Myltfpank ax

stsdzlstetsdzy ftcOQoddz desils' ' jif 6§ dz@ sy & dzgea

| 3 ANndepeHUi anbHNX 3afnnexHocTelMm Xy p
PAOBAHYTUX nNpuknapi B BUTI KakwTb HaAaCTYNHI
I 3owmwHxa MOMEHTI B

1) Ha pagi naHui 6Gankm Mi X 30CepedqueH N N
enwpa nonepLQy-HMPXA MBay CTManp aneNnbHa ocaady neank
MOMeE MIdNnBD X nnoac igobankm npam@; (npuknapg 1,

2) B TOYKax NnpUKMNajgaHHA 3oce@eAxXe HMN

—CcKaudyokll Ha BenuMnkHyT @yl UT, 0 K Y N;l0p a

3) B TOUYKBAKA NPAEABRMHEAXeHOTrMMaeamueoHKTIly €

Ha BeNMWUYUHY npuknapmeQyioorec3 MOMEHH T,y , a €K

4) Ha A1 naHui 3 piBHOMIi pH@epwPAOAIi J
noxuwna p[JO oOCIi 6 aVlp kMa mgpbGiawaag 3 emueqad caitd
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O

—|
o

w FE = =

o @d® O O

p i

BaMeHH M puuknaang6)l, MKWEY Ha UYIIMIOH HOIET HAUH €

B ne@e@i anNMgma& e  ewycmr;p

5) B wWapHiIi pHUuXx onopax | 3'eagHaHHAX 3
M Bi 4O CYTHI W 30BHI WHI W MOMEHT AOPIi BB M

BHI WHbOMY nNpuKANapgeH®@MYyYy)B. UboMYy nepepi

1 ed S d&zOH 1

AngapaHOIl KOHCcCONnNBMoinobymywmwatpmenwpwu

n T a 3T MHawynmx MOMEHTI B, A K WO a=1. 5N\

Po3paxyHKOBa cxema K OHC OB1b HVGAIC W ToaaO1iK
36uBaeTbcCcad Ha AinaHKku. 3a Ai naHky 6ar
BaHTaXeHHAMuM. [JaHa 6anka po3b6uBaerThbCH
Peakuyi T onop B Micuyli 3awemneHHsa aAnNn4d

OBOAATbL Nepepi3w3namsasga®MAab OpAasyULMALCT

AaCTUHY 4d9Ka Bi gHOCMUTbCHA A0 BIi NbHOT O KIiF

Enwpow nonepevyHoOIl cMnmnm Has3IMBaeTbCHA |
BXUHI . [flonepeyHa cuna nNpunu NAOCKOMY 3

M i 30BHI WHI X Ccmo, OAHKY GHAQPOWWTBCE nNe

mna npumnmaeTbcsa AoaaTHOW, SKWO BOHAa HE

3rnapaeTbcsd 3a T O04WEHMHH/ICKHDBIWO I O T a PT ATK HIKO
OVWVHHWKOBOT CTPpPIi NKMW.

Entwopot 3T MHaAaWUKMXx MOMEHKT | B MIHHAB U B & & H |
MEeHTI B no 00 BXWHI 6ankwu. 3rmHawyunim

MEHTI B 3O0BHI WHI X c¢cwun, K i nexaTb nNO
HTpa Barumw nepepi3y. 3rMmHawYunmim MOMEHT
NOKHa 6 & muHin, HO/BM ACTMUCKaAE HUWXHI B O /1 (

BHOBAary 4Y4acTUWUHKW OGank#A., 9Ka BIi ACi YyeHa
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Me p e plLi(O8x¢al)

M, Q 1 H
X
-t
Pi BHAHHA nonepeyvyHOT cCcuUuNNn:

Q=F=10kK H.

B piBHAHHA nonepevyHOT cMnn He BBI
Ma€eEMO pPiBHAHHA nNpamMoi napanenbHOT oOC.I by
MpoBOAMTbLCA TOPU3IOHTaAanNbHaAa NAi HI a9, T
sSKa Bi ANOBI AAa€ OO0OBXMWHI 6ankwu. Mo BepTMunl
nonepeydyHOT cumnn. JoaoaTtHi SHayYeHHaASX, non

BIi O °-€BVHHMI3 .
Pi BHAHHSA 3T MHAKWYOrNro MOMEHTY:
M,=FQ.
B pi BHAHHS 3TMHAKWYOro MOMEHTY X B>
Bi ANOBI OHO MAaemMO PiBHSAHHA npamMmoli
M(x=0)=0,
M,(x=a)=Fa=102 . 5=15«k Hwm.

MpoBOAMTbLCA T OPU3IOHTAaANbHA nNi HI a9,
BIiNMBI Aace 0 OBXWHI 6ankwu. Mo BepTukKkani
Bi A' €-MBHHM3 |, A-ooBaeTpHxi .M B 3 ar anbHoOMyi BMMal

npummMaeTbCa HeOOAHAKOBMUM.
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Me p e Ri(08xca2)
M, AQ AFF1X H
g=1% H/

1

—
-l

ole 1M

i

Pi BHAHHSA nonepevyHOT

cunnmn
Q,=-F-q&.

Teyya KooOpAMHaAaTa BXOAWUTb B pPiBHSAE
cTtTeneHi , Bi ANOBI A HO MaeMO pPIiBHAHHSA nps4al
ABi TOUYKWU.

QXx=0)=F=1 0k H,
Q,(x=a)=F-g@=10-152.5=3 2 . 5k H.
Pi BHAHHSA 3T MHAaKWYOro MOMEHTYVY:
MZ:FC'ba+x)+q2( :
OrpumMmaHO PpPiBHAHHSA KpuBOI ni Hiid (napa
ctTeneHi . [OAnga opi EHTOBHOI

NoGYyAOBU KPUBLC
M, (x=0)=F@=10@ . 5=15¢1 &,

M (x=a)= FC'6a+a)+qc'>£lz

5 :10('?}1.5+1.5)+15C;'5 = 46.875%
220 4159
2 ap S8 agd g 8 15 15(%8
MZ%:28:F®+28+L2 ' :10Q1.5+')+J—2 T =26.726 1
¢ 2+ ¢ 2%
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=1 F
3 2 1
A A A A 4
Sl X, e X _» lia—X—
1
- a=1 e a= e a E5v .
Q. k| @
\ ~ 10
X5
L
5
125
N
N
3547
T~ 66.87¢
46.87¢
D)
6.72
15
+
M, k H ‘ ‘ [ 1
aZd=0. ‘aZ:O;
PuncyH/>-KOoHCOANb Han pomaknkaag 1)
Me p e Bi(08xcal)
M, AQ 20K AF=1 H
v g=1% H/
<X ol a=1.w a=1.w
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=-F-q@a+),
Q/(x=0)=-F-q@=-10-150.5=-3 2 . 5 ¢ ,
Qy(x=a)=-F-q@+a)=-10-15@1.5+1.5)=5 5 € 1 ,

MZ:FC"Qa+O+x)+C@aZ+X)+M,

1585 | 20-6687% 1

M (x=0)=F da+0)+ q(:‘ +M =104L5+15) +

I\/Iz(x=a):FC"Qa+a+O)+(m@2+O)2+’[ =

151.5+1.5)°
2

=10§L.5+15+1.5) + +20=1325C 1 |

_10Q15+15+53)+ ¢ . 2++2o:95.47c:1.'

) ed S d&zOH 2

Ona 3apaHoiI 78panwiy fyB&Ea8THN enwpu no
3rmMmHamwymnx mMof@eB w3 B[ =R=BILEEFF,2 5 ¢ 1 .

B Toukax A i B BUMUHURyaARoT®O ppeakT ABE
cCKnaposBa BHepnyp X®wiMp HoOO N @PE A H YI/DH, TOMY
30BHI WHI X cunun, 49Ki AiWOTb B TOPU3IOHTAaANbEF

3 ymMmoBMU piBHOBaAarum 6ankum BU3IHaAUYaWTLE

Pi BHAHHSA cCcTaTWUKWN:;:

4f =0, [ -FIOFR0 0+ RO G+ 0O+0) =0,

156



R = M+FQArEdOrQ_-25+15@+25@@+2) 1700\
a+o+0 2+2+2
4f 1=0, -ROO+0O+O0RHGP+BN+ =0,
R =M+RAO+Q+F®_25+15q2+2)+25Q _ ;o0 .

’ a+0+0 2+2+2

] Jtej 9" t6€ O:

ay=o, Ry+Re-F1-F,=22.5+17.515-25=0.

Po3paxyHKoBa <cxemMa 6anku KpecnutTbcs

A1 NAHKMN. 3a A1 NAHKY 6ankwu NnpUMNMacETeE
HaBaHTaXeHHSAaMMU. OaHa 6anka p 003BOOMIBSAATELT CbS
nepepi 3n H a K ODXH i A1 NAaHLUI i 3anuncytr

3r’MmHaw4y4Yor o MOMEHTY.

Me p e pli(Oéx¢al)

A

Q=Ra=22.5¢ 1 ,
M=RA&M,
M,(x=0)=-M=-25¢ 1 d3,
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M,(x=a)=Ra@M=22.53:25=20C | 3.

Me p e Ri(08x¢a2)

M, TQ, R=17.% F

Q=-R=-17.5¢,
I\/|z= RJ @,
M/ (x=0)=0,

My (x=a)=R, @17.52=3 5 ¢ | .

Me p e Bi(08x¢al)

M, AQ  |R=2 H R=17.% +

A
]
|

Q=-R+F=-17.5+25=7.56¢7,
M=R, (a+x)-F.&
M,(x=0)=R, @=17.5@=35¢ | 3
M,(x=a)=R, (a+0Q-F,@=17.5(2+2)-250=20¢ | .
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M—25c b Ra=22.5% H F,=15« H F,=25« H Rg=17.% H
=Z0K
A) y y B
A .
X 1 X, 2
a=2.| a=2.| a=2.|
22.5
Qy,KH @ C%
17.5
35
TN
20
MZ,KHI” /A‘ #_B
25
PuncH dB8-ABoxonop@dap@anamag 2)
1 ted € dzOH 3
OAna 3apgpaHoi79% anowby pyBaTN enwwpwu

3T MHatlyYnix

Pi

BHAHHA

al =0,

CTaTunmKm"

FO[ q0Q0 0+ ®)RBQ 0O3 =0,
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MO @e aq3il180,C 1 9 k3o F=BOE .03,

n

o



_-F&+Mm +q@&Gda+150)
a+3Q
- 20G+30+10BGH1+1.50)

= ~ =21.25C 1,
1+3Q

R,

al =0 FO O+ @O 0OY BARL50Q =0 ,

_ F §o+0+30)- M +93@ A5 _

R, .
a+3@
_ 201 +1+3Q)- 30+10344.50 _ o . .
1+304
l jteja' ©6CO
4Y=0, -F+Ry-qB@O+ Re=-20+28.75108d+21.25=0,

Me p e pli(Oéx¢al)

F=2& H Mz
L X -
vV Q
Qy=—F=—20Q1 ,
Mzz'F@;
M,(x=0)=0,

M,(x=a)=-F @=-200=-20¢ 1 5.
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Me p e 2 (0Xca )

Ra=28.7%

Q=-F+Rx=-20+28.75=8.7% \ ,
M=-F @+x)+R,&
M,(x=0)=-F @=-20d=-20¢ 1 &,
M,(x=a)=-F(a+ O Re@=-20(1+1)+28.750=-11.2% | .

Me p e PBi(08x¢33a )

Q
M, A OF1K H/\Rs=21.2% t

/
v v

Q=-Re+q &
Q,(x=0)=-Rg=-21.25: 1 ,
Q,(x=3@)=-Rs+q B@@=-21.25+1030=8.7% | ,
q&’

5
M, (x=0)=0,

M =R -
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1043a)

M (x=3G)=R GG - qc63;“‘)=21.25c"3cl- =18.75¢ | -

nna BMW3HaAa4YeHHA MaKCHUWMYy MY 3IrMHaw4yYor

AnpepeHUui anbHaQBML.NeXHI CTb MI X

dx =Q

PyHKUI 4 Ma € M aike@unay Mn o Xk qHe o pi B
nonepeyHa cununa MilnaES8HamawmHs HAHlhepayHoOl

nepepi 3y npupi BHOEMO A0 XHywpam QF&BoMMBYH a Y a €

-Rgt+q&=0,
=20 — _
RAK28'75( F Ve 3 ow F431—‘21.2$ F
F10w3
1 ‘2 -

! A v'v vy v B
e .

- X » 1 4—»2 3~ -

P a= bl A= ol 3Aa au ~

875 - 2.1 >

21.25

R
M, K H

T

20

11.25

PncyHd®-klBoxonopHa néagank3a (npwuek
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_R _2125

q

= 2.125¢

B3HalpeHe XBHABEABASAEMO B pPiBHSAHHA 3T U

M (x=2125)=R (2.125- 9F12 _ 51 o569 105. 1oc22.125 = 22586
TakuMM YMHOM, Ha BIi gCTadHi 2.125m B
MaKCcuUuMym I pgopiBHWE 22. 58K HM.

1 ed S &zOH 4

Ona 3agaHol 7.J0)amno qypmycB. aT U enwpwu n o
3rmMmHamnymnx Mo@eBTE MO Sk : F=20 FH=d8,0 € .

Pi BHAHHS cTaTWUKM

iM=0, F.Gi-Y, @@+ q@S - M =0

Ea+qad-M 20@25+1525¢5°- 15
Y = 2 - 2 1637\
26 225
aYy=o0, YB'QQ +5-Y,=0,
Ya=Ye-qO F,=16.375150 . 5+30=8. 87567 ,
a"XZO, 'F1+XA:O,
XA=F1=20§:1 .
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Yp=16.37% F
4

AFR=30
1 2| =15k I
F=20 |B v v v v v
. 7_57 A
2 X -
«X » 1 D o
P a Z5v e a Z5v .
4 4 a Z
A
M=15% ™ % 3
} A X ZAXE
A,
3< X -
v Ya=8.87% |
P a Z5v .

PncyHloO«kPama (npuknapg 4)

Me p e plLi(O8x¢al)

Yg=16.37% H
=2 I-T

=h—

3 s
Y

Q=Ye=16.375¢C .

BennuyunHa OCbOBMUX 3 YyCHUNbL BU3HaAYaeTbCH4d

yacTUWUHMU
ax=o0, -N+F=0,
N=F;=20¢ 1,
M~=Ys&,
My(x=0)=0,
MA(x=a)=Ys@=16.3750.5=40.94 | .
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Me p e Ri(08x¢a2)

Q
M, A OF1K H/ E=3 t

v (5T

X

-l —
— -

Q=-F:+0&,
Qy(x=0)=-F>=-30¢ 1 ,
Q,(x=a)=-F,+q@=-30+15Q.5=7.% 1 ,
N=0,

M =F - qC2)< ,

M,(x=0)=0,

q&’ 15C2.5°

M (x=a)=F, G- =30Q2.5- =28.125€ |

MNe p e Bi(0exta3)
Q

Xa=20¢ F

N
— .
\ <_.l
o
M, Y,=8.87% H
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N=X,=20¢C ,
M=Ya&,
MAx=0)=0,
M,(x=a)=Y,@=8.8752.5=22.1% | 5.

Me p e pAi(08xcad)

AN
M, '/—
Q
M=15
X
Xa=2K F
-
- a=2."m -
Y YA=8.87% H

QEXa=-20C 1
N=Y,=8. 875¢ ,
M,= YA@-Xa &+ M,
M,(x=0)= YA@+M=8.8750.5+15=37.1% ,
M,(x=8)=YA@X,@+M =8.8750.5-200.5+15=-12.8K | .

ByayemMo enwpwu none@e,4 HMIXN HCaakmy U X UMQ M €7}
7116))HopmManbHuUXx c¢cun (puwc. 7.11 B).
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16.375

30

8.875

6 ) 2219

EI% 8.875

20

B ) 6% 20

PncyHoxEnfoplnoam)e peyHWIrIremapQuUax wmomMeH

HOpMa/lb HMWX cnmn
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77\ Bted3Odz! dz' dzOftelzy J dedzv Hted (oW ddsdzslz Y

Mpwn YymcToMy 3T UHI B NoOnNepeyHmMxatHwweipe |
MoOMe Mg, n | H Wi BHYTPI WHI cunosBi bakTOpwKU B
3y cuQyaht

BubomMy BUuNnapgky, .i63 Baage KmecTiwo( 7/npwnm

3rMHawYMNHaMQNMaeilH 10 NaHUi MGaomstu nocTi WHNUN
Mpuknapgpom pgedopmMaui IcsHUNTT/OKD JBTrNaye M
A1 es3cepegxXeHOTro MOMEHTY a@G@mneymwvea amwyli C

(pncyHpk B.d@ox BuMUNnapgkax Bara camMux 6an

M \
- N
M
@ Emropa M
PncyHdal8«k4m ctTumnimk scromb HOoT 6Gankwu
E F

.
=\
7
=i
T

il

g C

@ Emopa M

Fe
PUCYHOKUYM T TUHKOBIritHOT nNnapwu
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n

(

B

a

X

Po3srnaHemMo pgedopmMaui W YMCTOINIo 3T UHY
PAMOKYTHOTIO nepepi3y, Ha 6i UHY noBepXxt

Jc y HOK). 7. 15

PncyHoxe/qpolpbmauyi 4 4mMcTtToOoOro 37TMUHY T YMOE

Mo Topudam 6ankwu npuk. avpsan ol (MIEEH SHPO BIE M
CTaAaHOBUTMN, wo B YycCi X nepepisaxf{&adnkn |
omepevyHe Qg=0cmnnnsA

Mi 4 HaBaHTaXeHHAM NO3A0BXHA BI Cb |
yram OKpyXHocTeun (B YyCiX HAaWePOM® avx , [ |
06TO, papgiycwu KPUWUBMUI3HMU NMO3A40BXHI X ni
AHakKoBi ) , nonepeyHi ni Hiid He BUKPWUBAN

anunuwawyunce nNepneHANKY NAPHUMMNU neg 8 B O B X+

O3 A0BXHbBOI Ni HIPIO3 HEWOBMIHH U T B IC 19€ He'l
MapoBXaTbCA, a pPpOBRCRWDBABCA HUXYE

AK wo npunycTutTn, o BHYTPI WHI hedgo
agreep, Wo i Ha NOBEePXHiIi, TO NPU YNUNCTOM

T cnpaBegnumBa TinoTe3a MnNnockubdamikpep
NoCcCK.I i HOpMAanbHI O o MO3 0OBXHbBOT 0C

aamwbCcda TaKUMU X | npunm wnoro pgii);

169



T Bi ACYTHI W TMWNcek BO/TOKOH oOpfgHEe Ha 1 HL
sycunna) ;

1T B nonepeydyHNxXx nepeppmMmaXbAl OHNDTEY KRB KI
3Mi HOOTbCSA LOBXMWHWU BOJMTOKOH) .

Ana BunBepgeHHA GOPMY/IM BMU3IHAaAYEMHELIMOHO |
AedopmMauyi W KOHCO/NDb HMP 9 MAKTK TMH QMOS0 XMTHEDE [@ i

3 po3mMbhipbaMmMaBaHTaXeHOW Ha B Iifn(bpHOCMYYH OKKI H7L

Q.
b _dz
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¢ s ;
[ /
. X —
!
a) P _{: ;"fl
/
i

AV .."'I

—t dA4 /
Z/ /fjg v ~f
X
L 6)
R AN
LV

B )

PUNCYHOKHOPNM&NbHI HanpyXeHHsa npwu

ABOoOMa nonepeyHmNMms xeomemirHzaHBWezC)
BMUAOI NUMO HECKi HUEeHHO Manuzas perce &dkB).76 an
Byanemo BBaxaTuwepwwoomepeplnei gg Onieepi® pH a3B a H
noBepHeTbhdpa (PacywWD K Jo.BXKMm@mbCi NI HiI T He
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Bupgi nmmo HBpopomiperpHBI enemvMe Hp@pm yy HOKO WA
9 . Po3Mi puM nnowagkmnm nNpPpuimMmeIMmoH VEIXP RHIKIR I b 1@

B cepeguHi Hel MOXHa 3HexTyBatTwu. dPPi BHO

npuknapgeHa B LeHTDI Knomopuqamg-ikamgq:@m%wodﬂ—ai

BUCoOOnN@pR4YHOTIO nepepi 3y).
EnemMmeHTapHMiM MOMEHT BMHCATpPI WHIi X Ccwuna B
dM, =0ydA.
| HTerpytwuwnu L 1o 3anexHi cTb ¢,n 0 0 TBPCUI MAa € |
31 eXHI CTb Mi X 3T UMWHaAaKLYNMNn MOMEeHTaMMu i

nepepxKs®ni ©6a

M, = pydA. (7.8)
A

Po3snoagi n HOpManNnbHWUX HaMPYXE WA @R Epo P w

3akKkoHY TyKy.

Po3rnadHemo Oe dopeodapd ®XWKBGLHP iN3pKoaB € 4 € H
napanenbHO NO3A4O0OBXHbLOT ocidndipaenmi LiTiNTB

nonoxeddH gaiiocHa pgedgopmalyi a Bi agpis3ka 6ygae

ddi
e=——. 7.9
d (7.9)

| Add v@ e Mo : ddi=ytgd .
3 BpaxyBaHOBgMMOXKM@c Tio kgd a=djT, 1
Topi ddi=yd .
AJoBXuHa @i gcd+xdzxrd ,
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Ag-pajgi yc KpPpUBU3IHW 3iTHYTOT o0Ci 6ank.i
3 BpaxyBoaxH HOSICMr afHBH | X 3 a1 @XH H@OaOB/aE N B a3

e= :—Z. (7.10)

Mo 3aKOHY TykKy HopwmMasibHe HanpyXeHHSH

=04 :'—Z[. (7.11)
}
Mi gcTtTaBuns WM 1.38) ( B.HlalM)eHBA (HOpManbHO
BUHI C WK 3a 3Hak I[HITJeT PLBBOTY HEB ERARRAWRBRKUNTb
| HT e HHply,Bao T pM Ma€e MO
_[ ~p2
{ ~==—rpy dA. (7.12)
r
b

| HMEean Yy BMPJaswnajwBaeTbCHd OCbOBUMY MO

Bi H nmo3HavyaeTbC#4

J, = fiy’dA. (7.13)
A

| 3 BpaxXyBaHHSAM NO3HAaA4YeHb

My =3,

}

3Bi AcnM BenNnumyYymMHaKkpabapHaeaHacpafgapew

(7.14)

i
m
><‘_'><
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Mi octasBumBwn .QL7)14) owBTp@@®mmaemMo dbopmyn

HOPpManbHWMUX HaNpPyXeHb B Nepepi 3ioMGRATIK U E
GzMxy. (7.15)
‘JX
| 3 i efi GopMYyHIMMpP MBaWTTbi HKia €H a NUPOY X € H H 4 B

nonepeyHOro nepepi3y npzem@ MEROTEE@LUIbIHWOI

nNi Hi "HO 3 Mi HOWTbCSHA NO BUGOEDPEPERPEPHAWMDP

He 3anexarTb, TOOGTO NO WMWPUHIE3ME HeIPpi.3 Yy F
B nepepi 3i 6ankun € HeuWuTpanbHaaaBIHADb

HanpyXeHHSH pi BHI HY n10. Bi o3 HayYynmo, o

NOBI NbHO: e faOoOpOUICAT BA aglia€b 3 B IKCKC.I0O C |

MoNoOXeHHA HeBUMBaMABIWMMO 03I yMoBUNB WO

|

epepi 3i pAOpi BHWE HYNI

N = ffidA=0. (7.16)
A

Mi aocTaBunB UG ) BHHEAUYLOPMAaNbHOT O AN, N py X

OT pa@ MO

N =E pydA=0.
F A

Bi,qHOLIJ—EebHOHFI TakKk SARVBPBIAHWIWCHE® [0pDBTHIIOE: |
r

r.e(peanbHa 6anka pagedopmoBaHa, 11 BIi Cb
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| HTerpan B OCTaHHI W 3anexHOCTI Has3 Wi
nepepi 3y | Aok HODoO S ICAa4YaeTbcCAd
BukoHaHHSA . Y80 BMMOKIlGABE,TAaAMYHMNIN MO MEe H

HYn 10 :

S, = fiydA=0. (7.17)
A

lle o3HavaleAln pWROBUNUTbL Yepes3 LUeHwIepiBay Ml
TOMY n8BOBSETbLCA HeWTpPpanbHOL.

Enwopa pos3nogi ny HOpPpManbHMWX HaYTMHYOHEH b
nepgpinpunuBeneHa Ha HewmaypyrmmypHA. B8 cb A1 nnrt

B OAOHI W BUHUK AT b HOpManbHI HamrpyXe
CTUCKawyi . Ha HeWwTpanbHIi W ocCi HOoOpManNnbH
Wwo po3rndpaeTtTbcd, GBEPXHY OBW-OOCKAMWMITBIAIAK U

Mpn nNpPpAMOMY 3T UHI banka 3 MnNonepeyHLVU
cumeTpirl, NONBXEHBSI HBMUBPAABRETbLCA |3 'y

719npnBepfpeHa enwpa HanpyxXeHb BepGeagpnwpiy.TpyV

Enropa G

GIIL‘]K

l.1 '
i
!
!
i

y['l'l[L}{

posmasae

| ¥
e B I

!
CIIICK
/ i _
HellmpaloHa ice  Omax

yﬂ'l[l.}{

L

PuycHok —Enfbpa HoOpMaNnbHWMUX HAaMNpPPHKEPHIb3 IB T
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Enwopa 6

¥ O max

PucyHoxkEn7opla9 wHWpwxvaHlanpy XeHb B TPUKYTH

B Touyukax 3 Eepaonepepio3i Ai IOTb HMA K C U

Smax

Myy My
IX e WX,

A€ NOoO3HaYuMmo

W, = . (7.18)

Ymax

BennuwmHasnBaeTbcCA OCbOBWUM MOMEHTOM
0 CH.
YmMmoBa Mi LHOCTI nPUW YUCTOMY 3T UHI

:%q:[s], (7.19)

X
nes|]-ponycTtume HoOpManbHe HanpyXeHHSA I

pe3yErnaxr AOCANi AXEeHHSA MaTepi ani B.

Mpwn 3T UHI 6ankmp oBIpAKOHK® BDCiPop My nu
| HexgcamMm i KoopaouHaTOI:
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e .

S=—X; szm(l:[s].
Jy Wy

781 LGOS EdSS d&O o ydz Mis: fted L cddg

B 3aranbHOMYy BUuNnagkKy nNpu NANOCKOMY

nepepi 3i 6ankm BUHUKAWTb [OBd WBKY™MIAL MIOX
i nonepeyHa cuna. Y BINEBRPE@EBIHDWMYC TN epxep
3'4A4BN4aK0TbCA HOpManbHI i LOTMWNYHI Hanng

po3paxoBYywWTb No QopmMmyni

M
s:l—zyl
z
ne [,-3ITr'MHalYMN MOMEHT B nepepi 3i 6ant
[, MOMEeHT |1 Hepuil nepeposiy B, AHOCHDO
y —KoopaunHarta TOUYKWN, B K I po3pa:
Bi ApaxoBYyeTbCcsd Bi g oCcCi Z .
JOTMWUYHI HanpyXeHHA BMU3IHa4vYyawKTb N0 C
Q. S
z
[:y H
bl
z
Ae Q-nonepeyHa cwuna B nepepi 3i 6ankwu,

S-cTaTMuwemBHT Bi AHOCHO HeWTpanbH

yacTUHMWU nepepi 3y, K a po3TawoBaHa B U
BMU3HAYaAaETbCA HaAaNpPyXeHHSH A,

b-wmnpumHa nepepi 3y Ha piBHIi, AKWUNK Pp
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Po3spaXxyHOK Ha MIi LUHI CTb npwu 3T NH

HOpPMa /1 bNMHPNYMK €HHaH A M , BMUXOOAYMN 3 Y MOBMH MiLI,H

MZ
Smax-w- ¢
Z

Ne Smax— HaMmbi Nbwe HOpPpMa/lbHE HaNPyXeHH:
Hanmobi Nnbw Bi AganeHNXx Bi g HeWwTpanbHOT it
M, — po3paxyHKOBE 3HAUYeHHSH 3T NHa
BCTaAaHOB/NIWETbLCA 3 entwpwu,
[S]-poync TMMe HanmpyXeHHSs,
I

W=—Z2 —0CbOBUIN MOM¥sFKOQPAMHATA T
23%w
nepepi 3y, Hawnwoéinbw Bi gapaneHoi Bi Ao HEeRNTEC
B O6i nbwoctTi BMUNnagki B AOTUYHI Hanpy X
npeagcTaBNAeE NPakKTUWUYMODKY T TibH MMAap®&c WM. CBeH M
TOHKOCTI HHMUX 6anock (Hanpunknaag 3 BapHMUX
Be/NKNMU 30cCcepefgXeHUMU cuanamum nob6bnumsy
AOBXWHY, a TaKoOX npun po3paxyHKy pagepesB’
3CYBY BOGOOB®XH. Y BKasaHWUX BunapgkKkax, NOf
HOPpManbHMWUM HaAaNPYXeHHAM Hanexunrtesb BWUKOH
OTUYHUM HaANPYXEeHHAM, AK BUHUKAKWT b B
nonepeyHa cuna MakKcumManbHa. sHamépapiwus i g
HaWwb6i NbW YyacTo 3ycTpivyawTbCcdad, TwuUNy KPpPpYy
KYTHMWK, TPUKYTHWUK, BUHMUKAKWTb Ha HEUTOP:
BMnagkKky Mae Buf
p =QySzmax ‘f }
max bl
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ne Q -po3paxyHKOBE 3HaUYeHHKS BMBHaAP@AEHC

enwpwun,
[tf]-oonycTunMmMe HanpyXeHHS Ha 3CYyB,
b-wnpuHa npodi nw Ha Ppi BHI HeWTpansb
Ha MiyUHIi CTb NO HOpPMaA/AbHWUM HanMNmpyxe
Kpa#wmH.i BONOKHa nepepis3y, AKI 3a3HawTb [

Ha Mi UUHIi CcTb NEPYXOAMAMUMpPpMWamonepe

PO3PaxoOBYETbLCS €e/leMeHT HeWTpanbHOT O wWaf

3CYyBY.
1 ted € dzOH

ana 3apaHoOil @Y nknmi o HWaA.Tt u ABOTasBpoO
npamMok yhs2h)mie pepi 3 i NOpPi BHATN Bar YropagHaO
npodaoi nt.

BuKoHaTwm NMOBHY nepeBi pKY MIi LHOCTI L
HanpyXeHHAM) .

MaTtTepian 6anok: Ct1. 3.

[s=160f(0 Mo agaTox.6FIL00f 1 Od0f g B2popaTock
O=10g550C\FEF&8BOC1; [ =406C1 &s.

bByayewmo enwpwu n&pepeyrHmMmmxaomo M, H T i B
He6e3neyHMM NO HOPMaANbHUX HaNpyXeHHAX C
BukopumcrtoBywuwu Yy MOBY Mi WUHOCTI no

ni gbnpaetbca nepepis3 6ankwu

_’( Zmax
w4

[ zma= 200 ¢ d812@[6]=1 6 0 [ 1 O&0T 60
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| 200¢16
W =__Zmax =~ £25 1008 1250m°.
z [s] 16046

=80

M= 4 Ow R0 K
q750'N(
v A v v v 3 v B
o <o i
» a= _ a= ole Ja =« _ a= R
170
JOISH
§
Q. k |
80 80
|8
G% )
o | ®

M

PncyHo«x3a/gazlek & (npunknapg)

ABYyTaBp

Bi onoBi aoHO A702 [AEnCoTh a8t203k9 6 )

npunmac
3 HacCcTynHUMMN

Xapax’tehewsux Mgk 7 0 8 nd
A= 8 4 .%hin4iss fiyesl 6 firdd, . 4 8=hPds, 9 fy d3.

i AC HanpyxXeHHH
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I max _ 20040

S = o
WZ 1.231010°

162.5 1@ O 1625[ 1.

MepeHanpyXeHH-

s - |s] _ 1625- 160(-100% — 1,56y <5%.
[5] 160

|_|pFIMOKyTHI/IK

2
W :m;hZZ&W =Eb3;
Z 6 Z 3

-3 38250

Mnowa NPAMOKYTHOTFO nepepi 3y

¢.=b0=12.324.6=303.3 f1

Kpyrnuit nepepi 3

K 320V .
W, - p32 » :3/ z 3324250 oo o0
p P

Mnowa Kpyrnoro nepepi 3y

o PO _p@335

= 428.2fn d
4 nd
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Bi nHoOwWeHHS BaAarum nNOroHHOTro MeTpa 6
nonepevyHOT O nepepi 3y 4 o MOTr OHHOT O Me

ApPi BHIE

¢ $ ¢1:3.58:5.06.

Entopwu HOpManbHMUX i AOTMWUYHWUXI OHanM

nepepi 3y NokazlaHoip MA@ b PIMC HanNpPpyXeHHSA M a

KpaWuHi X BepXHI X i HUXHIBX LEBGOT@RMS XN X a E
ABYyTaBpa. Mpn MIOBHWHO AT IN,eple@MWPWUBPAXOBYETL
AOTUWYUYUHUNUX HAaANPYyXeHb, 3a Hebe3neyHyYy TOYK
MaKCWUMYMY HOPMAannbHI HanpyXeHHSA i MaltlT b
3 p#2tes v gHoO, wo Heb6Be3NeyvyHUMM nNnepepi 3
e 3T MHaAaLYMWUN MOMEHT i nonepeyHa cwunana wMa
TakKuMM YNMHOM p,aijzmg;m%OQoQ@W]x?meqy:
HopmManbHI HanpyXeHHA B TOoYuyli 2
f . 200010 . )
s, =—£Mmax ¢, ==~ 020 15218 © 1523
2 L 27696010°
ME s, N t, N
A \C W(Z J i /
152 —\
V‘d:O.QII‘y \‘
- \
h| Z 3 / }48.3
] ]
t — /
(N %/
\ ‘ Z 18 31.6

- b=1& -

PuycH dR1l—-Enwopu HOPManbHWXYXe HPBO TAMWUIH U X
ABOTaB@omB®pepi 3y
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Bi oCYRIHBEZDHTC I T OUYKMU

2 BunmiykMladaetTbcda 3
—b-t—§-142 21.08M d% 0.21d:
2 2
LOTMWUYHI HanpyXeHHA B To4yuyi 3
=QymaxCBz 170G ™8 1® 48310 O 483 1
max dC")Z 0.9 10* 2796 16 O
CTaAaTMYHUN MOMEHT ZNMONKWUW BiIi AHOCHO OC

s B A Uq'is%@t‘?% 59 516 142 %1420 !gﬁm% 464 16 3

1 e d)UBd%%ﬁfJ’—nnunpa nonepeyvyHOT O
t .

nepepi 3y
—-Bi gCTaHb
2

_h 0O ULeHTpYy
2

non
Yo

Barlr u nonk

JOTMWUYHI HanpyXeHHSH
5 dz$ d
Q o]
= ymax.. 2 _10a0 BAID 4 64 o 3167 )
2 da, 0.9 10? 27696 16 O
f sdzC d
QymaxCBz 170406 44 1®

- - E8 10 O 1.8f 1}
b, 16 10* 2796 16 O

B ToudUli 2

th =

EkKBIi BaneHTHE

Hanpy»XeHHS

4 c 9«/ § JB2 3 31.60 1615 (

BMU3IHaAaYaeETEt
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MepeHan p%ééjfég@o()%:o_g7%<5%.
160

1 Of dIsOdzdzy H dzw

1. Lo H
2. HdAxknin
3. o My
NOBI NbH
4. HAxkwun
nepepi 3
5. B aKk
6 . B a«k
7. o H
8. dAxkwnuimn

XOpCTKIicCcTH 06a

a3 nNBace
3T WWH
Aopi B
oMy ne
3 aKOH
y 6pyc
n X T O\
n X T O
a3 nNBace

3 BA3O0

MOBsy o’ 6&d

TbCA 3T MWHOM?
Ha3uWBaeTbCcda NpaMuUm?
HIOITb MNOMNepeyHa cuna Ta
pepi 3i bpyca??

PX3IM@mMIPYY WMOpMOdMEPIE YHO
a?

KaXx nepepis3y BUHWUKAKWTHbLb
Kax nepepi3y BUHUKAWTDb
TbCA NPYXHOW nNi Hi et 6an
K Mi X Kp WBWMW3RHOW MO pryac a ,

nKn 7?2
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8 1 1¢Arr1uvtfIRrRE fruvcd (HURES) U]
rftauvsfauvuw

8.1 [fdeseds §sdgvlslsw

Mo3saueHTpoBUM po3TArom (CTMUCKOM) Has
6pyc, Konun cuna, nNapanenwHa,edaipi 6 Byaa a, |

BpaxoBytwuwn Benunky XOPCTKI CThb 6pyca,
He3a/leXHOoCT. ainm o cun i po3rngapaTtnm nosa
KoCOTrT O 3T NHY, AK WA BMWKOI MK a @l BT P a MO M@ H
(ctTnmcky) c&@lprow F (pwuc

Hahnb6i nbwmMim npakKkTUUYHUN I HTepec npeppgcrtT
po3TAar (cTtTunuck), ocob6nunueo y BUNnapgkKky, s
po3TAary i CTUCKY MaTepiany pi 3HI. Mp wnt
yaByYyH, 6eToH, L ekran siHar .ig.KkamMi HHa Knaapg

HopmManbHiI HanpyXeHHSH B AOBI NbHI TOUY

po3TAa4ry (CTMUCKY) MOXHa BU3IHauYuTtTum no @org

a
s=FF &2 ¥y 6.)
An 2 2
¢ ¥ ¢
ne F-BenmyumHa nNo3alLeHTPOBO NpuUuKnapgeHoOol

d—-nnowa nNnonepeyHoOr o nepepisy 6pyca,;
Zr,YF—KOgPHATMW TOYKM NPUK.phal)eHHSA cuUuNu

Zy—-KoOoOpAaouWHarTM" TOYK MU, 4 e BMUW3HaAavYalwTb H a

|
2 =

|
Z,i2-Y -papgiycu iHe i i nepepi3y.
. Aly A pagty Py penp y
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YN

YN

Pncy®lo-klo3aueHTpPOBUN CTUCK CTepx

He oibxkHO Bi gMiIi TNTMWNU, wo BCI KoopAauHart
Bi AHOCHO T O/JTOBHMUX LEeHTpPpalbHUX O0Cen. AK |
Wwo6 TOoOUKaAa NpuUuKNajgeHHA cunNwn nexdBha, BT O
3HaAaKW pgopaHKI7TR) BO Yymy™MEy mc Bi( BHaEKaA MK N, il
BM3HaAavYawTb HaNpPYyXEeHHSA.

Mo X H a T akK O X BMUKopmecrtTartTMun HaCTYynNHE n [

HanpyxeHb mno ¢opmyifbi i2(37aBLYA M 3NHOA3KUAF 1 B H i

npuinmaeTbca PPRoaampooT A(ewmHOKOB([ AN pwm cTWu
KooppawyztybepyTbcsa 3 CBOT MW 3 HakKawmwn.

Po3spaxyHKuU Ha MIiUHIi CTb BWKOHYIWTb NO

AOTWUYHI HanpyXeHHSA B NoONepeyvyHUX nepepi
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Be/Nun4yunHa HO MY /KEHIBLX NHAMONpPONOpPLUI NHaAa |

HeMTpanbHOI ni Hi T, i ANA BU3IHAaAUYeHHA HE
napanenbHI HeWTpanbHIi NI HIT | [OTWUYHI [
Pi BHAHHSA HeuWwTpanbHOT nNiHI T ™Mae BUT NA
Z
1+ Fz% +¥2¥ gi (8'2)

I I

Yy 4
A€e Zo,Y—KOoOOoOpAMUHATNU TOUMKW HeWTpanbHOT nNi HI
X, Wo i B.1).dbop My ni (

3 Bun@da)3 yB u(gHo, wo HeuWTpanbHa nNi HIi 9 H
nepepi 3y. Mpwn nob6bypagosi HeNnTpanwyoiakili
Bi ACiI Ralwe®WCHAaA TONOBHWUX ULeHTpPpaBbHMX O0CAX

P2
P2
az=—|y'ay: .
Z: Y

AK WO HeWTpanbHa Ni HiIi A9 nNnepeTunHae nepe
i PO3TATHYTY 4YacTUHN. -@Ai0OHO MY A0 MAN EEOY Ad
CTUCKY, € O B i MMOBI PHO HebGe3neuywHI TO!
pPpo3TArytwyYe HanNnpyxeawH] nawe OIPWwWaTK aitoy e .
BUKOHYETbLC A, K Wo HaWMwbi Nnb we PO3TATYI

AONYCTUMOT O HaNPyXeHHSA Npu pPo3TaAry

Spmaﬂ:[sp] ’

a HaWMbi Nnbwe no abCcCoONnNKWTHI BenNuYunmHi CT WU

gonycrTtTummor o HanpyXeHHHA npwu CTMNCKY
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Scman:[SC]'
) 6 d € &zZOH

Ana 3apaHoOro nepepi3y BMU3IHAaAUYUTKU [O00N)
KoopAaAUWHATMWU TOYKM npuknapgpeHHBFIipi BEOAHWH
nonyctumunx SlamlpyOokdhi/sif=30 MH/ Ma TakoX no6
NnPpPOCTOpPOBY enwpy po3nopiny HanpyXeHb
npukKknaapeHHA FBi Ema@giewiy oir 0 10 B H UK=8CUMZR-T p a /

5c¢cwm.

Po36unBaemMo e@r/paBHUHIA Npsag NpPOCTMUX, L
BM3HAYMTKU. B pgaHoMy BUunapgky Ha TRBkpyr,
ANnNs paHOrNro nepepi3y CTepXHsA BU3IHAuyace

Bi IHOCHO AOBiIi NbHO BUBPYEBAAXPAPMYP MI XHUMX C

n

as,
y. = i=1 i _y1A1+y2A2 'y3%
c n '
. + -
i=1
Ane y=12.5%cMcNys=1Cc™M BIi A CTaHiI Bi A LeHTDPpa
NPAMOKYTHMUKA | ZApuUKYTHMUWKAa [JO oOCI
A:pC;lZ = 56.55M d 2:A2®O=1ﬁ,0,a§ﬂ|;@(jg:9ﬁ]d — N 10 Wi
Bi AMOoOBI AHO nNiBKpPpyra, nNpPAMOKYTHMUKA | TpV
OT pyaimo :

y, = 12.55066.55 +5 1Q0 1_9:796‘0 .
56.55+ 120- 9
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B cuctemi ZHGppAAHMARADTANMO LEHTP BaAarun c
npoBOAUNMO [ ON10BHA: i Yee(HOTQPRAAUbSH | A @OHAT O nep
ro/TOBHOKW AK OCb cumetTpii).

BnsHauunmmo [ ONOBHMUI LeHTpPpanwo v Yg iIMO M ¢

(popgaTtok 7)

=1, +, 1, PQZ 1013 ( )1935744]6.
128 12 36
3acTtTocoBywuYun GopMynum MOMEHTI B | Hepuyi

BM3HAUYMMO T ONNOBHUINK ULUeHTpanbZxRNMUN MOMEHT i
12 3p 80

| =1 +aA+] +aA-( +a +4.79 (BG55+
Zu Z1 1A Z2 ZA (Z3 ) 16% p
+12Q0 5 26 @20 a%c: +6762C90 293807f g
G

Ae Q=y,-yc=12.557 . 7 6 = 4Q=Y,Y&M/,76=2.76¢c M ,
Q=Y3Yc=1-776=6 . 76BMACT aHI Bi 4 UEeHTpy Barwu
| TPUKYTHWUKA Ad. UeHTpPpanbHOT oOCI
KoopagunHaTtwu TOYKM NnpuikEmagELHHTIP aplibBH 0 4

K OO0 Dp AdtHYg.T
Ve=8 ca+=5cCc ™.
Mnowa nepepi 3y:
A = AA,-A;=56.55+1209=167.5% fi

Papiycum i Hepuii:

|
2oy 193544 . o 0 1z 2938.07

I
Yy A 167.55 Z A 167.55
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AYo AYc

4
A
Iy
C Z 6 C
i >
V=& M H .
yA:6.33M
a 2 ’ ‘
a—23L N
B E—
y \ c L
A 4 4
Y1
& a=2.1% N
\
y G Z> 10c n
>
A
&
V=7.7& N
5
Y2 ‘
3c
‘ & =
A
Y3 3/ y v %
/K 4 6 B
3cC 3cC . 3¢c | . 3c _
PuycH @2-Po3paxyHKoOBa cxemMa nepepi
BMasHauynmMmMO MNONOXEHHA HeUWNTpanbHOI ni HI
6pyca.
3 pi BHAHHA ®ieMTpanbHOI O

Fé o)

& YeW &4 O

A§+ 2 2 8@
C V4 Yy he



npu=03Hanwgemo, WO:

.2
' 17.535
_ _ 7 4
—a = 2.89n1 C
YN Ty Ve 8

AHanori yw®, npwu
I2
—q = ==
z, =a = =—— 2.3#Ic
“F

MpoBOAMMO HeWTpanbHYy 7Ni HI 1O. Tak 4dKkK

nepepi 3nM CTepxXHSsa, TO B nNonepevyHemyuynep:

PpO3TATYyIYI HanpyXeHHSA.
TomMy, Anga wMaTepiany <CcTepXHasa,

HeobXxi oHa nepeBi pKa nNo ymMoBawm
3 pi BHAHbL Mi 4UHOCTI BM3IHavYyaemMoOo pJonycT

HeopaHack

Mi LHOCTI

~

a o)
Fege Yy %260
=—1 <2 £ :
e | l 0
¢ 2 ¥ =
3BI OKW:
s|A
F=—2
1+ 5y (&2
i2 2
z y
BenunuunHa HapBrh B T 88X0EHHH ACTUCKY, 3 pi BH
HaMmbi Nnbw BIi AganeHolT Bi g HeWTpanbHOT OCI
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[l @ _ 12000167.55

F = - - 34.58s
[ ]fr]ls 14 YeYe 422y, 83 +(-5) © 45
i2 2 17.535  11.55
Z y
Ae Yp=6. 3p=M5icMkoopaAamnMHaTmM Hebes3neyHOT ToOWM
cmcTtTemMi oOocelW B 30HI CTUCKY.
BeamunmHa HaBRBT3®E@HHPOITATY:
o Islg®  z00a67.55
[Fl= . .79.78s
1+yFyB +a:% 1+8CQ 77@ +( 3- 60
i2 2 17.535 1155
z y
Ae Yg=-7. 76z=McktMmoopaoMmHATN HebBe3NeyHOT TOUYK

3Hak Fowmy, Fuuopnucwmyau a.

3 AaABOX OTPUMAHMNX 3HaYeHb 3a p[gonycH

HaMMeHLWeEe NO MOAY NH:
[F]=9.78ls

3aWUYN BeNnNnYunmHYy FH aBA3HHTaaAWKaeeHMAOA Ha N py XX e H |

TOYKax nepepi 3y, nigcrtTasnBwn B dQOoOpMYyny

a
_Fa& vy z7
S‘Ag'iz 2
¢ Z y
)

KoopaAuHATWN U MKX OYOK B T ONOBHI W uULeHTpPar

Touk a (YE8.24& mz=0)
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e

9.781G4 8 &24 (-5) 0 6

1 16755¢ 17.535

Touk a (Yy=6.3Mm dZy=-4.5M I3

9.78104& 8 &3 (-5) O45H

11.55>

339:8% ¢ fi

S, =
0] 167.552é 17.535

Touzx a (y,=2.3m ¢z=-6fm 03

0781168, 8 &3 (-5) O6}

|- O: Ot

11.55

270:72 &

S =
2 167.552é 17.535

Toux a (Yz=-7.76m dgz=-6Mm i3

_ 978064 8¢ 7.7

|- O: O

11.55

(,3( 9

06E d

3 167.55 ¢ 17.535

Touk a (ys=7.76m ogs=-3m 95

9.781G4 8¢ 7.7
_ 8 8¢ 779

- O @t

11.55

S
4 167.55 ¢ 17.535

T o 4% a (Ys=-4.76mn ¢zs=0)

(43( @274—76@(# fi
1155 ©

_9.7801G4 8% 479 ( 5 00O
S, = ——a + +
S 167.55 ¢ 17.535
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PucyH3-ENn®p a

Tou a (Ye=7.76M oZs=3M 03

97868, 8Q *79 ( 5 3@225.2& g %
6 167.55 ¢ 17.535 11.55 =

T o4k a (YB-7.76m ¢g =6Mm i3

o STH0Y BATTY (368,00
167.55 C 17.535 11.55 =

T o4 K a (Y#2.3m ¢g,=6Mm i3
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4G a -5) & &
. = 9.7801(3aé 823 (-5 0304 @ 1§
7 167.55¢c 17.535 11.55:

SHanpeHI HanpyXeHHSA Mae WTTadd K axBi O K &
KCOHOMETPUYHOMY PUCYHKY CTepxXHS4a. OTpwnu
anpyxXxeHb B nepeaf) 3i cTepXHa (pwuc.

Hanpuwknap, nobyayemo enwpy -4pos3nopiny
Ana UboOro Bi gKAnapgpaeMo Han pHX0e HHGIA asr +
NPAMOBYEMO MWOTro BB&®MXYP.0BBAKNMAMHLULADPBEK T O
YynNboBY TOUYUKY K (Tak 89K TYyT H.O. neper
TEepXHSA. OTpumMaHMN BIi opi 30K Ha peopi B

akK nagani

1 OFf ddgOdal dzv MOBEY jtej o' ©Cd

1. Aknin Bunpg pgedopmMayi T Ha3 U BPaOE3TTLACT A0 M) C
2. AK i Hanpyrm BUHUKAaAKWTb B NonepeyHON
0O3aULEeHTPOBOMY CTWUCKOBI ( po3T4asi ) ?

3. UHlo Take aapo nepepi3y?

4, ULlo Take papiyc I Hepuyuii nepepi3sy?
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9.sf deRrRY L W st rRurfww JwAy Jeovsw (v 1 wt

9lstedlsjte’' 2 dzO2B o hdn dStekOd dds dzOf |
3" ydzsmls® )

3ri gaHoO i efd Teopi T, nepeBaxHMIM B M TV
HaMmbi NbWOT o HOPMA/NIbHOTIO HaNpPyXemiHWEAH o dhpil
B 3arasbHomMmy BUNnapgky HanpyxXeHOTO cCTaH
HOpManbHE HanpyXeHHSH nocasar asé HQecOTeasHMHe
BCTaAaHOB/NIWETbCA npwu npocCcTOMY poO3TAaAry é
MaTepiany.

YMoBa NoOopyuweHHHA MAMW OHa TN p YI¥paIH YT agatHa |

S, =S,
so|=s° oD
YmoBa MiUHOCTI 3 nd@e@iymiHeHTOM 3anacy
S1¢[s+] (9.2
abo
Vs 3/8[s ] (9.3

0
Ae[szi_
n

92 stdlsjte' 2 dzO@2B' & hdn & dg 2dedn  H
3" ydzsfls® )

3ri gHoO uyi €Tl Teopi T, B AKOCTI Kpurtep
abconNwTHI I BeNnNumyunHi nNi Hi WHY AedopmMadyi
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MIi WHOCTI B 3aranbHOMY BMNnapgky Hanpy Xe
Hali6i nbwa Ni Hi &k A0 CAErdqroe D@ B 0O HB e 0. 3 Hay
OcTaHHE BMW3HavyaeTbCsd NpWMW NpPOCTOMY PpoO3T
MaTepli any.

TakKMuM YMHOM, YMOBAa PYWHYBAHHS HacTyn

Emax=€’ (9.4

a ymMoBa Mi ULHOCTI

_e
s ¢ [€] = - 9.5

BukopumcTtToBY YUY M KyosHa rfay/kbaH, € BMIP azzam MO Yy MQ

B HanpyXeHHAaX. Hexanhn HaWnbi ;b WEOBI AHOCHE
1
Cmax = &1 _E[Sl_ n(sz +53)] (9.6)
Mpnm nNpocTOMYy PpPO3THArosi , NPpUMUHAB WM B

[s,AnAa HaMnbi NbWOT O BiHDICHOWM® B&HM/OOBUKIWH S

=L 07

Mi gctaBumo egpxplasaymgBey M)PuHdonmi (9.5

1
E[Sl_ n(sz"'ss) ¢[iA] (9.8
abo
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S1-N(S2+S3)¢[s] (9.10

AK BUMAHO i 3 (©Mo,BUB MU iUMH oTcaadpifpy ie HIHOANWY
noTpi 6HO MnNopiBHWBATKMW He Te abo i HwWwe T

EkBi BaneHTHe HanpyXeHHS B LUbOMY BuNnapgky

Se k &51-M(S2*S3) (9.19)

93 stedlsjte' 2 dz@28 ' d2 hdn Holsdydsdrn  dzOt
3" ydzsfls® )

Ty T B AKOCT.I K pPM@TW®PH 90T aMi BIH/OCIT U H a
AOTMWYHOT O HaANPYXEeHHSA. 3ri gHO Ui el Teop
3aranbHOMY BUNapgkKy HacTynae TOAiI thaxKOonnu
AOCSHAT He Heb6e3netl HOOOT asHHaEY eBMAHA Y AE T b C A

[PaH@HO CTaHy Yy BuUunagky nNpocTOro po3Tsar

tma=t” 9.12

ymMoBa Mi LHOCTI

1 1
OCKiﬂrhaxlFlg(Sl'Ss), tOGFESO, TO yYyMOBMU pYy il HYIB alHlH) A

(912 MOXHa BUPA3IUT Ny MEHHEB TaOKI OBHI Hanp
S1-S3¢s’ (9.14)
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S1-S3¢[S] (9.195

TakuUM YUMUHOM, eKBi BaNneHTHMWUM HanpyxXeH
anreb6bpai yHoO Hawnwbi NnbWOT O | HaMWMeHLWOTr O T C
Se k 191193 (9-1@

94 stedlsjtc’ 2 sl tedf Blsj Wastc &Easd; dejdapdzw
Isj ste” W d3 ydatsfls” )

B akocrTi Kpurtepi w MIi LHOCTI B ULbOMY B
NnoTeHUI WHOT eHeprii dQOpPpMO3MIi HEHHS, L0
3ri gHoO i el Teopi I(,7T e KHYEWIeBME)Y H IBMa B @Y aHl
HanpyXeHOT O cTaHy HacTynae Topni , K O

bopMO3Mi HEHHSS pAgoOCSAsrae CBOIFTO T PAaHWUYUYHOT (
BM3HAUYMUTM NPUM NPOCTOMY PpPO3TSATroBiIi B MOME

YMOBA BUHUKHEHHS TeKyudocCTi

Uy =(Uy )is (9.17)
YmoBa MiUHOCTI
Uy Cuy | (9.18
Mpunmnyckawuun, o 3aKOoH 'y K a cnpasBep)
FrPaHMYHOIO CTaHy, MOXHa MNOTeHUui WHY eH:

BUNagKky Hanpyy XeaHIQICE ITCUT & H |
U =——(s7 +$ +5 (-8 s +5 59 9.19
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NMpu nNnpocToMyom®BT AT @pYsSy, 8F0) mMaemo

( )_1+/7752
Wb_?ls (9.20
Tob6ToO Yy MOB a (9.17) nicnaA Ni A¢TaHoa

nepeTBOPHWETbLCSHA Tak

\/512"' é +$ (' 15, S % S 53+J) S8 (9.21)

abo
1
s s €5 B (ns ) . ©2
YmMmoBa Mi LHOCTI bynpe HacTynHa

[l s €5 -8 (ns ¥ Ze[] o

TaKMWUM YMNHOM €KBi Ba/leHTHE HalpyXeHHA4d

1 2 2 2
ngaF\/E((ﬁg (o5 o's () (929
95stedlsjtc’ 2 [ SO
Kpunutepi m Mopa 3acHOBaHUWUN Ha nNnpunyue

3aralbHOoOMYy BnunapgkKy H a I poy/mMoeBHHOUIT MO YCUTHaOHWY B3I &

i 3HaAaKy HEMNOIi malmeSPLONOBHNX HaNpPyXeHb.

BenumuunHi ronoBHEe HaNpyXeHHSA, 9K BKa3syB:
Mi UHI CT b . Buxopgsaum 13 UbDKIOW NPaMmYyWE & M 1A
3obpagpuumm Bpyrom Mopa, nobypgpoBasyusm Ha T
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AK wo NPUNS ASHMIXUHI CTb MaTepi any nopy

no6GypaoBaHUM Ha 1 X Hanet @aze H dzoBdgi HHOA03U Y

cniBBI QHOWEHHH M X rONOBHUMMU Hanpyxet
MATepCcCBMEgMNCTBO T paHUWM.HUMEOMKIMKEEAMNYpOTr 6., 9ol
nepexopagy 13 ob6nacti po3TAary B o6nacrThb

LlbomMy Bi gnoBi gae 306i NnbweHHA Ai amvMeTpiB T

PncyHo~tC MellcTBBAUX pAHAY

OrmHawyBEcCABMENncTBA T p@amankyHes X 0 &Ji aic T
(punc).. 9Tduka C BiI AHB ORI 43¢ BB O&C POCKOI W b [K M:
npuM PpPiBHOMI PHOMY BCECTOPOHHBOMY CTMWUCKY
BUTpPUMYyBaATMWU AYyXe BeIIKIiOoOrwmampoW X e H/HISAB 0 p )
He3aMKHYTOI.

Mpun HaAadABHOCTI r'PaHNYHOI Or MHatwyol p

Mo 3HaWpgeHMUM B HebesdNeuyHi n TouyuyisimeTani

OyaAywTb KPpyr. Mi yHI cTb 6y pae 30a36TeazunoeBYacHHA
BCepeagWHI OrMHawuoT . Byagewmo 36i NbwyBa-t
HanpyXeHb Ao T WX ni p, nokKWu KpyTr, o

TOPKHEeTbCSA Fr'pPaHUYHNX OrMmHawymnx. Bi o HOI

YUNHDPAHMWYHOTO KpyBl3IHaANMOMBRTKOSB®IrPi eHT 3

Ha npakTwuyi 3as3BuMYalh HeBeNUKY Ai NAHK
AOoOCNnimiaB po3T4ar i CTUCK, NPUUYOMY T paHuu
NHI amMn, LOTUWYHUMW . AdoRyaOTYYpPwIC. HOAN RY Xe H

200



NONTYUYMHIMIMBEME MAaCWTabnpamee&aoediai BHT 3 an
punc. n59%.a23 aHoOo gonycTuMmMMm HanpyXeHMUi C

Or MHatwWyuyol

“t

égf.w ‘ ﬁﬁ
i—— ——

PUNcyHoHo®MYy QT MMMUIA HaNPyXeHUWMN cTaH ANsA H

PUCYHOGKIpPO MBXHMN HaanHsyS® e H uyjie HCTTP Jkepy r a s

po3TawWoOBYETbC[ai[MI X TouyKammu

NNerko oTpumMaT”n YMOBY MiUHOCTI /A nj

S3) LEHTP KPPpPOAT AWMOBEYETbC Al MI XK PpPmOMKBDMUK
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MpoBepae Mo (g3 Misf 3 WO KT K AMHMGHT PN I TOYKMU

3

OrMHawWMmMmM i Hiﬁﬁam,naapainp,ﬁ,@&mynpﬂmy

3 nopgi GHOCTI TPUKYTHUKI B OTpUMMaAaeEMO H

O,M;- O M, — 0OQ, -00,
’ aagm;_ oM, OQ -0G (29

=
olo
3l8

O
@

3aMi HERBOL@AI 3 KW Ni HIi W 3HayYeHHAMMU BiIi oNoOoBI [

s;i- s {4 _[s]-(s+3 (9.2

Micna nepeTBOpPEeHHSA A, BBI BWKM 3 HaK Hepi

SjceoT % {j} s [¢.k (9.27)

1 Of dlsOdzdz? H&zw MOBEYE jtojo' 664

1. Hdka MeTa Pe@BpuHidMMI ilocyiTb?
2. HAKi Teopil npupgaTtTHIiIi ANnd po3paxyHKY

AKI [oNnAa KPUXKNUX?
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10. yuvl

101} sdzv Isksw ftets L Mize

3cyBuUAg onopy CTepXHSs Konum B WOoro non

Ti NbKW nonepedyHe 3ycunnasa.

e popmauiel mecTyaB/ya X Ha3uMBaeTbCAa 3pi 3¢
CKONKWBAHHAM.

3cys BUKNNKAETHbLCA A1 €10 H a cCTepxXeH
HaBplieHNUX NonepeydyHUX 3YCUNKRGCT PO TAMOB aB
(puc. 10. 1)

e popmauyil 3CyBY 3a3HamHWBBAK I erdrIB,
WWMNOHKMW, WBWUW 3BaAapPHWUX 3°' ezpadHHIb , T X1 pHOTXmWL A9 M
3cyB B 4YMmcTOMY BMUTNagi oTpumMaTun Bax

APYT NMMU BuUgamMmu Anedopmayi i (ak npaBWuANO

3ycTpPpi yawTbCAa BUHMRAAKKOMMBMBABAT ARENUPbLOX TP

NPAMOKYTHOIO efnemMeHTa , BUOAI NEe€HOT O KOIJC
TIi NbKW AOTMWUYHI HanpyXeHHSH4. Ta@mmn 3w B 0ME
F
I
b ||/c b ¢
'I 1 {I lI | X
] Lo [ L .I
—f— e —_—— e —— 4 1 f
| . . e +
| P | b .
|0? ' : l
a a
I d
F
a) 6)

PuncyH.AGKPil30abHpHyse-gp:0 3 paXyYHKOBaAa CXxewma;

B—aoedopmMoBatHmga CcT aH

203



Mpuknapgpom pgedopmauyil YMNCTOro 3CYBY ¢
(puc. 10. 2) . Mpn CKpPpy4YyBaHHIiICHiN mTeB @P

nonepeyvyHMX nepepis3i B CTepPXHSa,i K& 3CCTYi BHYK. U

///ﬂ ?\Sﬂ

PncyHw@«k4vlctTmim 3cyB NPWU KPYUYeHHI T C

1021 slsd ydz® dzOftelzy jdzdzy. uvdssed d3 ydasmls'

Ha ai nadHuyi 6 pRyBC ang omBii X1 bCHVO/MAYM VN Eyp e gillil ®p |

a Ai e none@eyARe3IBp@BRAAAAETbLCSA BaltMeTO]
Q=F. (10.1)

MonepedyHeQHA3BY/ICAVENT/ILAC A& Pi BHO A4 HOY4D KX € O B N ¢
tdA, wo Ai OTbME nepeprsaH®N3IHAUYEeHHS A4O0OTMWUUY
Bi JOMOMY 3HAaAUYeHHI NoKiepr aiH BBRAKTOHY 4 K/ JPSO 3t
nepepi 3y CTepxXHSda.

3BMYaAaNMNHO npummaeTbC A, 1Te HanpyXeHH:

dopMYM&A BMW3HAaAUHMKH SH aAl@Ty K € H b

_Q
t== , (10.2)

>|'m

AéA-nnouwa nonepevyHOro nepepis3y CcTepxXH:
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Mpwn 3cyBI 3aknenkoBunx 3°epHaHb, 6on
AOTUWYHMUX HaANpPYyXeHb B nNepepi3axapPpEReEBHSs.:
OpHaKkK, AKWO HOPManNnbHI HanpyXeHHS 3HauyH
po3paxyHKax B P ax 0 BHyaWdITpby Xrei H/BeAK WO KIPOAT30MOKBI @ [ 5

ANsSs BuUNaAaKy 4YMCTOro 3CyBY.

YmMmoBa MIiIi UHDCTI Ha 3CVYB
Q
t== : 10.3
~ ¢4 (103)

nelfytfponycTtunumMe HanpyxXeHHsa MaTtTepianiB |

3BMYalhHDO aonycTume HanpyXeHHS H a

AOOTYAMOT O HaRp YWYRSHMEA . H
- ANnS nnacTuuHix=MaTesHo a6) B[ |

- AN KPpWXKKxt] wa 0e prislaln iog ]

103y dMmlsd2 L Mmko

Mpwn po3paxyHKY HWN3 KW eneMeHTI B K OH
MNOCKOTIO HaNpPyXeHOTrNo cTaHy, KONW Hya 4O
A1 0T b Ti NnbKKN a@AMYKipm@Ean dEX B I Hanpyxe
Ha3usagmbisasz .L Mizo s5d3

B3Hanpgewmo BeNTUNYunuHy i HanpsammoK ' OJ10E
HanpyxXxeHoMy c¢cTaHi. [OAna UuUboOoro CcCKOpMUuCTaceN

55, 6). Ocmy nbwKmMaBK yaHO

S,=Sp=0;t,=-t; t,=t (10.9

TO nNnobyayBaBWKU KPYTr HanpyXeHb, 3Haxo
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S1=-S3=t (10.5

a T onoBHI nnowaakum HaxuneHni’ oo rpaHe

F ----""-E;I
b %Jﬂf}/ , //
e 5 NG
| X ; - -
fgl; .Ilr 11-'“ I 5
j 6/
J|r & ﬁr .-'*Igu'
¢ S D S
a 5 |

PncyHo«xBuh@aodKk nnockoro HanpyxXeHO

KpyHRNPYEEKEHD

Tprted ronoBHa nNnowajagka <cniBhnapgae 3

rpaHi eJjiemieMTyBIi OHO

s,=0 (10.6

e popmaui g YyncToOro 3 CYy B Y N OX4aapTaKKOTBEC
npamMmx KyTi)B Mawgin HkY THK MK 3 Mi HIOET b C A
KyT, Ha®Xdge rdglesiln detsfmdzd &3 L ko tsd3
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) . : 4 -Gy

B IBfé. s ’)\Cg”

v/ 21
/“&\t

: //'/‘/'////’//‘///D' &

A

PncyHoxelddopdimauui 8 4ymcrtoro

3CVYE

BennuumHy abconwTHOsI®a 3wB @pefiHsidas Isrdpdad

L Mzo sd3
|l 3 TpukytHMnkKka BAB

o g

BpaxoBytwuynm Mani cTb KyTa

Ds
tgg:_
a
TOAI

Ds
g:_
a

10471 OCtsdz | 2SO ftod ydmssdz LMmkze:

3anexXxHi CTb MIi X HaBaHTAaAXeHHS AaMm
npocni oKk B@eatwO@puniczd® . 5
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PncyHnox[ilaOr.pbama 3 CcCyBY

Posrwmwimmagedopmaui 0o ejleme MeyagO Ui@,.y
3Haunpewmo, Wwo M™Mi X BiIi AHOCHWUM 3CyBOM I no
rpaHamM enemeéeHlHY Ai arpaMmMii cgeyeynimpmnmiena 1:

MOXe O6yTwn BuUpaxeHa dGopMy o

t
g= G a0 (10.10
ne G — Kkoedi yiccHoTpyiNPHOCT I K W Has |
NMPYXHOCTI npuw 3CYyBI abo MoAay~newmM TMNPYXHO

abo Na.

t
Mo 3akKkoHy TykKa QJ,:I'Iéﬂ, yTMocMiyo r o 3 C Yy B Y

e= — (10.19)

Tenep CKOpPpMCTAaEMOCS aKyHaorMa b y & &u
HanpyX® HH 58 HanpsammKy Al aroganiToAmM@ @Bp g

BUAOBYX@AHAAS OHANI € T ON@BIPWMNBIIOTL XBDXEGH HANM
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cTaHi, npeapcrtTaBneHUM 4YucTun m(A0BSc3yHBAOXM. A 1BVpO:

L, 0

e=%F>7;4 (10.12

Mopi BHWOWOYN opMyhn OIPpummyemio Wwyeaaby

G= 2(1+n.) (10.13

100 dlsOdzdz Hzw MO jojo' ©CJ

1. UHlo Has3umBaeTbCcAaA pfgedopmMaui ew 3cyBYy?
2. 4dAxi BHYTPI WHIi CUAXM BUHUKAKWTb Npwu
3. AKiI wWRmpPyoOUbL BNPU 3CyBI ?
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117 4R 1 stouyrivcH

111 fdes o d2  § sdgv Is ks W

3rmH 3 KpyYeHHSaSM 3ycTpidyaeTbca Hawnbo
Kpyrnoro nonepeyHoOr o nepepi3sy.

Po3spaxyHOK Bany nongdarae, 9K npasBwuno,
(abo Aiame@mMPI BB aAn NnycToTi NuUn) npwu 3ap.
cnpuimnmMmaeTbCcsd Banowm.

Mpnm opgHOYacHI W A1 T 3T7TUWHY | KPpY4YeHHHd
AOTWYHI |, T ak i HoOpMAanbHI HanpyXeHHSA,
HanpyXeHOMY BmMaHBYeWHAA po3paxyHKOBOT O
TOYLULI BUKOPUCTOBYHKWTb OAHY i3 Teopin wmi
[ 1 Teopi W HaAaMNOB6Ii NbWNX O CTEVHYEHPUTXE T M & R [y Y XK

doOpPpMO3 MI HUN.

Mpwn KpPpy4yYeHHI MaKCUMaAaNWMMWMKAGOTIBY BI K@ KIM
KOHTYpPY nepepi3y. TomMy npu cni AbHI o
ABIi TOYMKW nNnepepi 33y Bana, pAe O0OfHOYACHO 3
A1 OTb Hamwbi Nb Wi HoOpManbHpOMBAPYBEeeHAa (E

CTCWK atoye) .
3 MeTOolH 3MEHILWEeHHSHA 06" emy obuyunmcnewHd:i

BM3HaAaYawTb NO dQopMynam:

Z :MQt
Z Wp

i B JAaHOMY BUMNnapgky BUpPpaxXatlwTb yepes

XapakTepucTunuky nepepi sy I HB gVaTKeo0BpYI IodXh: | y M C
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abo

IV _MZ+0.73M¢,
JCo W,

Ae [ -BenuMmynmHa 3rmMmHawYyor o MOMEHTY B Heobe
[¢ceBennmuunmHa KPYTHOIoO MOMEHTY B Hebes3Tm
W,-0oCbOBUWUIN MOMEHT oONopy nepepi3y.
Taskk y BuNnapgkKy Kpyrnoro nepepis3y Koc

BMU3HAUYeEeHHS4d Heb6e3neyHoOro nepepi3y i 3 H

nobyaysaTn cnoyaTKy entopinydrmve@amws oxT awD

BepTuMUKanbHiIi W naoownmHax. PBOmMPpNOBAMHABTOM U K

A

BM3HaAavyalwTbC AK reomeirt gMusiiag cymiaj Mo e d

M= M2 2
z Yy

BekTopuu M B Ppi3HUX nepepiszax 3Haxo[dThb

yepes O0OCb Bany). TomMy gymappouHUHeOompwW NnE
NOEAHYWTb B MNNOLWNUHI KpecneHHSa |1 3HakKk 3T

HanexuTtb Bi AgMI TUNTWN, wo Ha Al naHxax,
My, nepetTunHawWTbCA 3 Bi CCl enwp B pi 3 H

KpPpUWBOIW, OPpIinNeyKTIdBaHoO @HM3 (40 oOocCi) .

1 ted € dzOH

CtTanbHWUW Ban TmpoabH/cxvma cii Tn eppeOmares Yyepes
NoTYXHMNd TN, A1 ame T p=0.8uw kO,=®.6vB, D;=05 ™, a=1wm
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BusHauunutu pai amisi=d 06 &AMmM5 0skkByzo3 0 k 8,76(,
a,=12,n=95506/ X B .

BMaHayaeMo NOTYXHIi CTb Ha BefgyudioMmMy LK
N;=N,+N;=50+30=8@Q | Is

BusHavyaemMo KPpPYyTHI MOMEHTMUN, AKI BWUHMWNK

[ sl=9550l =955o§8§5 869 d5 08¢ ),
n

f §2=9550& :95503 509 d3 0.5¢ 1,
n 955
N
=9550—2 :9550£ 30 03¢
Fes n o55 o0 ® 1
Kpy T THI MOMEHTMN Ha OOWEHegMWwWX Ai NTSHKax B

Ha 4i@GDAHLUI
fcg0.3F &3

Ha paiDERHLUI
[.g0.81 &3.

Mo oTpumMaHUM faHuUM O6yayemMo 122BYpy KpYy
PospaxyemMo Twucek, AKUNR nepepaeTbC 4 L
Beagydyoi TrinKuM nmaca B ABa pas3un 6i nbwum,

Pos3snaHysBulhlmpomwkeH.a 3 anumcartTiun:
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‘H
)

ol

c
N_|_.U
I\)T—U

a nwe=2t;
D. D.
f ¢ :2t7! - {2—'
3 B ,qrnggm_g,

D.
|

ne ti—-Hat4r BegeHOOrIOI WKW B@AAaCa A I
Ti-HaTar BepgyuJyYdagoroi WKW BRAAacCa i

Tucek H a B a 3anmuweTbcCcHAd T aKk:

F= utt=2t+t
3Bi k&3t
HaTtar BepgeHOI r "KkmM naca KOXHOT O WK
t1:2CMg1 2.8 21,
D, 0.8
t2:2CMg2 2.5 é()g v
D, 0.6 6
t3:2CMg3 2®.3 £
D, 0.5
BusHauvuaemMo cwunwu, aK i nepepawTbcd Ha Bar
F1:3®_:3©:6g1,
10 .

FZZSQ Szgom 'l:’

F=3@=3d. 2=3. 6¢C .
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ik E/N !

!

PncyHa«kPo3 TawyBaHHA 3ycunb, AKi ai
Ha cxewmi B aKCOHOMeTpPil nokKa3yemMoO po
i po3KnagaemMo iXiHa@aepopHamwHuHADN ALK nagosi

BunsHauvaemo Be/TUYUHY CKnapoBux, Z)AakKi

MaOLWNHI
F'=F €vsa, 6cob0 G,
F!=F, €édsa, 5cosl20 26y,
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F!'=F 3.6 1.

B BepTuuKanbHIi M NNOLWNHI

FE'=F ¢én60 6&siBd 5249
F, =F, s30 5 co930 43

D> Di_

D“i_“ — % T
A B
C D
H E
a) 1L \tl
J t2 t3
L az
a a a a N T,
Tz
Enwpa, MH
0.8 az
0.3
6y |LLITITTIITTTT]
FfopnsoHT anb H
r r r
F3r R F Rs Flr
B)
En o3, Kt
455
i ]
BepTtTunkanbHa
B B B
RA I:2 RB
a)
En K)Mén K H F:LB
T ]
0.45%
e) N
5.2
EntoMa, K F
16
458 1IN
i
X ) \ ‘ “

PuycH dk2—-Entwopwnu
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Mo oTpuMaAaHUM JgaHuUM O6ypyemMo enwpy 3T
ropuMsoHTaANbHI [ Be diIxmkra,nbeH)i. N A0 LWNHI (pv
Byaoyewmo CymMapHy enwpy 3rMHawmuux MO |
CyMapHI 3TrMHatwyi MO MEMHITHMA XB BXxaaspaa,K TEK HM & (

3rMHawYMX MOMEHTI B B BepTuUKanbHIi N I r 0F

f ¢=\/(,[ {1 B 03800,
f D=\/(I ) 414) 048 48 4secy,
Fo=y5i) {5) & 58 ser

Mo enppdmbaunmmo, o HebOe3NeuyHUM nepe
AK B ULUbeopMy3 ineHpam6i NnbwWwnmn [3FoEHlEAMHMTE Ma k6|
KPYTHUNK [MgDheBr H@U) .

MpnBepgeHmMm MomMeHT no I Il Teopii MiIUH

[P=F7% 4% #6° 08 6.85C 1.

BunsHayaemMo pAaiameTp Bany, BUXopagauum 3

nepepi 3y:

I wwuw

1t
v {4 (111)

z

S =

MoMeHT onopy ANd KpPpyrnoro nepepi3y:

(11.2)




MipacTtTaBndawuyunljllo2puumaccibad:

M. _[32¢5.05 1B

> — @085k
460 160 -

Mpunima=eMbdzds.

100 dlsOcdzedz Hz" MO jojo' ©CJ

l1.0e 3ycTpiyaeTbCH 3TMUH 3 KPYUYeEeHHAM

2B wyowmMionAarae po3paxyHOR npu 3T UHI 3

3. AK i HanpyXeHHSH A1 0T b B nonepevyHOM
KpydYyeMHHamm

44AK BU3HavaeTbCcsa HebesaneuyuHuUM nepepi 3
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12. IRY1OYr11¢c Yrtrfwzper? JfTuUr1T rRm
121 jIstsH [ BKO

Hanb6i nbw 3aranbHOKW ANSA BW3HaMBEEEHREZO ¢

| BtcO Npn HaABHOCTI BCI X WeCcTW KOMMNDOHEHT
B WML
eMIMZ MMY MMS  OQ*  00QY NN 9
D, .FEM.MF MM M M. kZQQ. kyQLQ NN & az21
.6 El l, Gl, GA GA EA |
ne k,kk—xoedi ui eHTNn, AKi 3anexatb Bi A dgop

B 6icopwoBMNnagki B NPU BU3IHAUYeEeHHPKaixepe

no MeToOAY Mopa. 1B) dwogimHyani 3 HeElLxXTyBarTWu B N

nedgopmMauyi n i 3CyBY, BpaxXxoBYYN Ti NbKMK I
Topni dbolpy man A( NnNOCKOT WC m3catnemMura HVRO »Hea COTYyTn
.. M M_ds
D- ~ F .
|F:a. EI

S

MopssAOK BMU3IHAUYEeHHS nNnepeMi WeHb NOo MeT

l.byayeTtbcd AOMNOMI XHa cmcrtema i H
HaBaHTaXeHHaM B Touuyi, e Heob6Xi AH
BMU3IHAaAUYeHHI Ni Hi AH@BHOMgpPp&MINPEAWMKYB NP
OAMHMWYHA cuna, npwu BU3HAUY@®MMHH N YKHWTA:

MOMEHT .
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2. 0n 1 KOXHOI A1 NAHKM cCnmncrTemu BUNUNUCYE
AOBI NbHOMY 1 eMeN,iQa)i i3a,qu,0ambﬁM’ilTW(r@)T (
cumcrtem.

3.Po3spaxoBywTbCA NO BCIiM Al NAHKaAaM cCcMuUC
4. AK WO po3paxoBaHe nepeMi wWeHHdS Mae ff
MOro HanpaMOK cniBRnapgae 3 HanpsamKONM

BKa3y€ HaHeefnepeMpweaBBHA NPOTUNEXHE

cunn.
122 sfm" B 1 jtojh Oc' dzO

| HT er paniM Modxapn n s BUNAAKY, KONun enioj

HaBaHTaXeHHSH Mae N0OBIi NbHMMg MOoa i HBIiMH WG A

( p azl) |, BUABUMNOCH 3TpUy 4 H vpMa (o oBanH3aHMal YTanm 4 H U N

3anponoHoBaHunum A. H. Bepewari Hnumw.

q <

A
Y
/

N A
Y

A
\

|

T

o $

oy

PuncyX®RaklpacdoaHani TUY4HMUN cnoci |

BM3HauvYeHHAa AneHp e MBiepesHILa I i H a
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3aranbHa dbopmyna nepemmMi WeHBDL AnAa C

NMPAMONI Hi WHUX eETIEeMSE HYN | BU r3/assimil

W

D- = —*

Ae W-nnouwa W#gBOpm 30BHI WWHbLbOT O HaBaHTAaXeHH

M -opanHaTa enwpun BiIi A OAMHMUYHOTIO Ha

C

e n o Mw

Lle VstedskdzO | jtocpo®padzHOK no ui i ddoprt
A1 NAHKaM] NHa@ KEMK nNpAaMONi Hi NHa entwpa T
( p A22).

e

-

\ ®

Pncy®@xkxOkpecneHHdaemmwpyBaHHSH
W sted3lz dzd +p ‘tspfdbpizdZ@ 0 O

Y Bunapgky, Mcmkipe emeopin nNo KBagpaTHI n |

M-No npami n, e dek WusHeHTz dafa asr EogjdAtEER®H oA O

P -
DiF :a@(MidZMF dZ4Mi Mrl]:tG m{f& MF )’
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ne M M%-kpaini niBi opauHaTwu entwp, AKI

I\Wi“"‘,l\/lft-cepe,u,Hi opaAMHAaAaTN enwp, K i nepe
M M“xpaitHi npaBi oppuHaTtTu entwp, AKIi
1 ted € dzOH

BusHaumtTm npormH nepepi33y A siapgrHTOIi |

KOHCONbHOT 6&anam. (puc. 12
[ao: I:3og,=4lslpd3125; A% (@21 Qpopatok 4) .

NeyTaBp=NAO08QRrwmagaTock
Ta6na2ala Bupasun i HfjeM_phaguys MoipaHunx cn

ent\ iMc(l—-ocHoBa nnouwi entpwn)

Enwpa
M )
Entwp a h,
Me
|
‘ ‘ ‘ v |D=_! [2hf+2f +hA +hA]
hy 6El
|
h h, |
h D=——|hh +4hh +hh ]
y oEl
2
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1. [ iktsH [ B0
Po3spaxyHKOBY cxemy 6ankuwu Buledpayr nwior
po3buBawTb Ha @O naHkKu AB, B C,

MpormH (nepepi 3 A) 6ankunm BU3IHaAaYalwTb

pPpO3B' A3YyKTb Y MNEeBHI nocni L OBHOCTI
ByaytwTob AOMNOMI XHY cncrtemy, HAVK VY

HaBaHTaXeHHAM B Touui , ne HeobGXi AHO E

npuknangi BM3IHaAaUYaWTb ni Hi WHE nepemmMi weH

OAMWHWMWYHY t28@Yy. (puc.
ana KOXHOTI N1 NS HKMW cumcrTemMmmu BUNUCY T
AOBIi NbHOMY HIOgipie pg osnioﬁiia»gql-laoﬂe M :
Ll,iflﬂHKOiq;XAqu
2
Mg =0,
M =-X& =-1& =- X,

i ]'IFlI-CK(pq;XB(];L
2

M_=-F& --(i'

F2

—-X%+Xo—-1% o—-*-Xz

01 n aGDk0axs¢l
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\\ 3 '? 2 21
Q- Yy v ' 'v v 3 B A
e =
S, 2eX , X1 »
3 | B /2 B 12 _
X =1
3 2 1
6 B A
D C
3‘ X3 > 2‘ X2 - 14 X P
\Y/R=NE
3 . 1
- - B A
D
S8, QX2 , Tl X1 »

PncyHW8«x3apnpaHa Hadamak@§ apaBaHTaxXxeHa ofav

6anka HaBaHTaXeHa OAUNWHWMYUYHNM MO M

BusHavuawTb /i HIi THe nNnepeMilWleHHa nepep

Mopa (no pginAaAskaxoBcEMEeaxKaRi B6BRAKN)

SO LT i “E| s g) )

el @
1 & - _ el
:Egﬁ\/lm 1dX1 "ﬁz M2@X2 MF"T]MstQB =
z A0 0 0 »
e H
e L @
1o R d ) B ad AL L @] ade
- 9 - dxd x) dxb
EIZETEEZ B Q& o & 02 ¢ .
35 g 35 40018 &
= = = o 0.03%B- 3.1 -
6 EI, 96 216" 9062 16 s m &
Ha i nadHuyi AB i HTerpan Mopa p[JoOopi BHIOE

Bi 4 3O0BHI WHI X HaBaHTaXeHb HaAa Ui W [i NnsaH
nepeMi wWeHKEMHM@AE 3Biag, OTXe W OTr oHaHIgEIPVKMOM
OONHWUYHOI cumnwn.
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3HaxoaguMMO KYT NOBOPOTY nNnepepi 3y

OAMWHMUYHN /v, =m0 Meaimnwe MmoMBilMp a3 u pans

L nFlHK(ﬁq;XAquI
b2

Mg1=0,
M =

i nFlI-CK(ﬁq;XB(];L
2

O i n aGDk0axs¢l
F--Fc%wom =T exfear- &
2 ¢ + 2

Kyt noBopoTy nepepi3sy B

=

7eﬁ|\/| CN|dX +n|\/| CMdX2+n|\/| CMdXdJ

1e 8 ql 'a qlal )
=— D+ nge O( G_d + e +x 9+ql® -
ElLE o2 2 I TR
13:ql 13 (") 40Q0 3

=7.67Q0°tc OH
48 EI. 48 2Q0"Q9062Q0°
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Po3paxoBaHWUI KYT MNOBOPG®@TYHamagpes MH & [ alTot

nepepi 3y cniBnajgae 3 HanpAMKOM OLWHMUYHC

2. dwfisMm' B JljtjhOc' dzO.
Byaoyewmo enwpy 3T N[HFABOIYM X 3 aw@avHetHITad B H a B

( BaHIya X BoHa npepcrtdsBpeHdB HaoMpunamepEdDI

BU3IHAUYNTN NPHASAMQ an,qpun@@rmlH(ypmoc.mmyBZ) [ 6V,
Bi g4 Hel oauHuuHy enwiW (pnaniarnx mMowe:d

NepeMHOXEHHSA B aHT aXHIMIHVSITHWP I emmdperMmo i
neepvmi WeHHA nepepis3y A:
I

D, = 2 %C’I@+2®d+qlzd+l®?+
6El 4 2 4 2 H

z

s e3dlg 48N g A 2
6EI & 4 8 4l

gl =354 4000 =-0.031d3= - 3.1f) «
96 El 96 230" A9062A10°

z

w
ol
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q 4 F= &I

\\ /? 2

w1 T T T 1 5 A
D C
[ /2 /2
/2 3ql®
4
3ql®

4 4
B) D C B A
T
" ! ME1
2l 1.5 -
r
o) D C B A
1
e)
PuycHok4-BapaHa 6anka (a), enwpa 3T WUWHal
HaBaHTaXeHHAa (6), 6anka HaBaHIRAKE&R@Y IO
MOMEHTI B Bi A4 npuknapgeHoi 04 W HIMMYHHNOYT H NCW /1
MoMeHTOM (A4), enwpa 3TrTMHaAKWUYUX MOMEHTI

MOMEHTY

B Towmy nepepi 3i A e HeobGXi AHO BMU3HaAa
oanHUYHNIM®EApputT .4 102 i 6yaoyemMoOo Bi g Hb
3rMmHawymnxs vmbp pe a.14 1e2) . BHKOHYlLYNM nepemMH

entwpPmi O UHMY HIOOIT PEUTIMEBPEMM O KY T MNOBOPOTY N E
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%do}j 6' e3q|2c1+4 " 4.

El. 8
_ 3 5 4000 &
|, 48 2A0" A906240°

ql’
4QH_

=7.67A0° tc OH

8

1 Of dlsOdzdz? H&zw MOBEY jtojo' 6 d

1. B uuomMy nondrae mMeimnomeMemwa wems ?B N 3
2 . AK nNpoBOAMWTbLCHA NEeEpPEeMHOXeHHA entwp
BMU3HAaAaYeHI nepemMi weHb 6Gankmn?
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13. s oUvRrRYL ] 101 RYI1TOGY[1TW "REU[[R

131 s o d2  § scdgv Is ks W

CTaTUMWYHO HEeEBMU3IHAYUYEHUMMNU Ha3MmMBaKwWT bCH4
enNeMeKM&EX H®8 MOXYTb OYTW BU3IHAaAUYeEHI Ti Nb
Ti na. B Takux cuctemMax 3B ' 93KIi B Oi Nnbwe

‘"A3KIi B €LO®AadGgdggp, dzpo BH
Mo uynmcny 3alnBmMx BHBBAZAROMBXaAa6yCA dArEbsEza/X WA H

MisOIsd ydaets™ dzj o dL dzOyJ detsfyls’® mdMmilsj o3
CTyniHb cTaTUYHOI HeBM3IHaAa4vYeHOCTI nnc

HNHOM, 4HaCTMWHa 3 B

no dqopmMyni

s=3K-LU

ne K-umcno 3aMKHYTUX KOHTYPpi B,
W-4ymMmcno wapHi pi B B nepepaxyHKyYy Ha no
OcHoBa daexMmHAJacTbCca SK CTepXeHB) HeCcKIi H

MpuM po3paxyHKY CTaTMWUYHO HeBMU3IHAUYEHLMX

npunmmatunm 49K cunanm abo cunosBi bakTOpWwn,

bakTOpWu. B nepwomy BuUudgAlag®:y MEchwsrvealyjyisdsiH 3
f4tdd M j dz
PospaxyHOK no MeToAYy CuUuN nNpoBOAATbL B
1. BcTaHOB/NMWKWTbL CTYynNniHb CTaTMWUYHOT HeBMU

2. Llnaxowm BUAoaAaNeHHH 3anmBux 3B A3KIi B

CTaTWUUYHO BW3HAauyeHOo®fdztsokdats ¢ H arpduifplagkesgizs: & sm
MOXHa nobébypayBaTwu Ki nNbKkKa, TOMY HeobOXIi AH

reomMeTpPpMWYHOT HEe3MI HHOCTI
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3.OCHOBHY cncrtemy HaBaHTaXyHThb 3apjga

3aMBUMNU HeBi AOMUMM 3yCcCUANAMNU, K | 3am

pesynbTaTiyimpd @' o@qpdazlsdzz Md Mmisj 3kz

4. A n A 3abe3nevyeHHHd €eKBI BalleHTHOCT

HeBi AOMI 3ycmnna nNOBWHHI 6yTwu ni agi 6padtHi

He BiIi Api3HANUWCbL Bi g AedopmMaui W no4vyartTkKOLE

LbOTO TMRHMEAMITUDYOK nNpPUKNaAageHHS 3aBux
NPUWPIi BHIWTb A0 Hynsa. 3 OTPUMAHUX TaKuUM
3aMBUX HEeBIi QOMUX 3YyCUNb. BM3HayYeHHSH

BUKOHYBATW OBYyAb SKWUM CNOCOYBRMLN OommMack L |

HaMmbi Nnbw 3aranbHUM mMeToOopnq Mopa.

AopaTKOBI Pi BHAHHA nepeMi WeHb, AKI

NO HanNnpAaAMKYy 3aWMBUX HeBIi o0MKQASH wdat @ &

TOGTO NO BU3BHAYEeHI W 3aKOHOMI pPHOCTI

Pi BHAHHSA nepebMikKpgas LHNAaT@WHO HeBU3HA

KaHOHI UYUHIi 1 dopMi MOXYTb O6yTW 3anuncadti

dX +d X +d X +..+d X +D_, =0
dX +d X +d X +..+d X +D_=0;

(00000000000000000000000000000000000000000000000000000000,
dnlx1+dnzxz+dnax3+"'+alnnxn+DnF :O ’9

=)

1 tod € dzOH

Ana 3ap@amMwWHO CH@BU3HayvYeHD) pa@Gyagypaucnu

monepeyHMUX cunn, OCbOBMWUX 3 ycnmneo 6p8.3|'|'l/ll/|H

ABYyTaBpoOBuUIN nNnepepi 3.

JlonycTume HanpyxeHjslEs 1 ®&anepiaagh g kh/am,m

F=5kK H, M=3 K HwM.
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JaHa 3apadvya ABIi ui CTAaTMWYHO HeBU3IHaAa4dveHa,

S=3k-l=3@-4=2,

e S—-cTyniHb CTaTWYHOT HEeBU3IHAUYEHOCTI peé

K=24MCNO 3aMKHYTWUX KOHTYPpi B,

W=4-4ymnmcno NOOAUHOKNUX WapHI pi B.

E FX F
al
g2 H/
A
al
a0
a1l T
v
=0 M= 3 K |

D
777 A

Pncy®BaxkCTtTaTMnyYHO HeBU3IHayveHa CUCT

| 3 CTATWUYHO HeBUW3IHAUYEeHOI cumcrTewmMm W A
OCHOBHY cunucrtemy (TO6TO CcTaAaTWMWYHO BMU3HAau
(pAR2a) .
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Bi okvmpgawunm onopy A i 3amMi Huswu X0 Al
I Xy, AKI npuKknagaemMo B [OBIi 1bHOMY Hanpaw
CUMCTEeMWNU 30BHI WHI HMB aHKTERDKEE&AH/HEAH T O Py Ee

ANs 3 HAaXOo /[MEMHKH siC KHIeaBdiafEoM 0 CUCT e MYy KaHoao

11X 1+d1X 5+ D=0
Op1 X 1+02X 5+ D=0

Uncno piBHAHDBL CTIi nXKMH,, CKIi NbKW HeBI O
Mepwmhw 1 HAEeKC nNpwu Koedi Ui eHTax NokKas

—MTPUYMUHY NepemMi WeHHSA.

<—F
q
v v v v v |
t |
B
X1
277 A'
a7 6) X
PncymBa@8«xOcHoBHa cucrtema (a), exBi Barm
Koedi ui eHtun i Bi NbHI UynNeHWMW PpPiBHAHb B
. M M dx
d: ~ " x Tk
ik a EI

z
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3aMi HUMO | HTerpyBaHHA nNepeMHOXEHHSAM
CunmnckoaHppHay xoBa) no@yimy euvoOO re®@ntopm 37 MWHatY
o,qlevlLlHMK:ZbIhrRz:l, a TakKoXg Beingop g oBMI i LWH
HaBaHTaXeHHSAa.

Enopa 3runHawyunX =MboXedt pel23B.i g
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AnHamMi yHe nNnepeMi WeHHH
d=kd. 7200.215.0420°=0 . 1 c ™.

OTpumMaHMUN pe3ynbTaT MaAa€ CeHC nAunwe np

MaTepiany cTepXHs BuUulle 3HaWgeHOTro AWHAaN

100 dlsOcdzedz H" MO jojo' ©CJ

1. HaBepgi Tb NnpuKknagn cTaTuUuyHOT Ta Aawu

2.Llo Take AMHAMIi UHUN Koeddi ui eHT?

3. YoMy pAoOopi BHIWE pgMHaAMIi YHUK Koediyi €
npuKNnagaHHI HaBaHTaXeHHA?
4 . Llo Ha3mBaeTbCA yJapHWUM HaBaHTaXeH
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TOJTATKH

Hooamox 1
MexanivHiI XapAKTePHCTHKH BYIJIeNeéBAX KOHCTPYKIIAAAX cTA/IeH
ag,, Or Ir
BignocHe a x
He vermme BHIOBKEH- Vﬂﬂpﬂa 5—1 5_1 T_1
Mapra He B 43KICTh
CTam S % KC." i
-7o.TIPH KR/ M
MIIa 10
MITa

10 340 210 140 31 2400 160-220 | 120-150 80-120

20 420 250 160 25 - 170-220 | 120-160 | 100-130

25 460 280 - 23 900 190-250 - -

30 500 300 170 21 800 200-270 | 170-210 | 110-140

35 540 320 190 20 700 220-300 | 170-220 | 130-180

40 580 340 - 10 600 230-320 | 180-240 | 140-190

45 610 360 220 16 500 250-340 | 190-250 | 150-200

50 640 380 - 14 400 270-350 | 200-260 | 160-210

55 660 390 - 13 - - - -

60 690 410 - 12 - 310-380 | 220-280 | 180-220
20 460 280 - 24 - - - -
30r 550 320 - 20 800 220-320 - -
50T 660 400 - 13 400 290-360 - -
20X 800 650 - 11 600 380 - 170-320
40X 1000 800 - 10 600 350-380 250 225
45X 1050 8§50 - 9 500 400-500 - -

30XM 950 750 - 11 800 310-410 370 230
35XM 1000 8§50 - 12 800 470-510 - -
40XH 1000 800 390 11 700 400 290 240
S0XH 1100 900 - 9 500 550 - -
40X DA 900 750 - 10 900 380-490 - -
38XMIOA 1000 850 - 14 900 420-550 - -
123H3A 950 700 400 11 900 390470 [ 270-320 [ 220-260
20XH3A 950 750 - 12 1000 430450 | 300-320 | 245-255
J0XH3A 1000 800 - 10 800 520-700 - 320-400
40X HMA 1000 950 - 12 1000 500-700 - 270-380
30XTCA 1100 850 - 10 500 510-540 | 500-535 | 220-245

[Tpmvitka. [Tpn BukopucTanH cTatei 3a [OCT 380-71 HeobxiaHO
BpaxXyBaTH NpHOTH3HY BIAMOBLOHICTE Mapok: CT.3 1 BigmoBigae ctami 20:
Ct.4 — cram 25: C1.5 — cram35: Ct1.6 — cTam 45.
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HHooamox 2

Mexamivgi XApAKTepHCTAKH 9aBYHY

Mapxka I'parmng MirmHOCT1 , MITa Teep- ['panmIg
TABVHY ICTh IO BHTpHBaToCcT1, MI1a
Ilpn | Ilpu cTHCKY IIpn IIpn bpu- ITpu [Tpu
po3- o 3THHI KpyHeHH] HeJLTHO 3THHL KpYdeH:
Ty " o r o T
o M M -1 -1
M
Cu12 120 500 280 - 143-229 - -
CY15 150 650 320 240 163-229 70 50
CU18 180 700 360 - 170-229 - -
CY 21 210 750 400 280 172-241 100 80
C4 24 240 850 440 300 187-217 120 100
CU 28 280 1000 430 350 170-241 140 110
U 32 320 1100 520 390 187-255 140 110
CY 35 350 1200 560 400 198-269 160 115
38 380 1400 600 460 207-269 150 115
BU40-10 | 400 | 1600-1700 - 480-510 | 156-197 | 150-170 198
BUS50-15 | 500 | 1860-2000 - 740-790 | 187-255 | 230-270 | 170-21(
BY 60-2 600 | 2040-2290 - 660-810 | 197-269 | 170-230 | 150-161
Hooamox 3
OpicETOBHI 3HAMEHHES 0CHOBHHX J0IYCTHMHX HAIIPYT HA PO3THT i
CTHCK
Martepiar JlorrycTanwi HanmpyrH., MITa
Ha postar Ha ctck
YaByH cipHi 28-30 120-150
Crane: C1 2 140
Cr3 160
MammHo0V m1-
BeTbHA (KOHCTPYKIIIHHA)
BYIJIELIEBa 60-250
MammHo0V m1-
BelIbHA (KOHCTPYKIIIHAHA)
IeTOBAHA 100-400 i 6ipIme
Mizp 30-12
JIaTvHB 70-140
bponsa 60-120
AmroMiHIH 30-80
AmomiHieBa OpoH3a 80-120
JIropaTroMiHIH 80-150
TekcromT 30-40
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HHooamox 4

Moxayas npyaxHocTi | KoegimieaT Ilyaccona

Marepian Momayibe npyxHOCTI, MITa KoedimieHT
E G IIyaccona U
1 2 3 4
aByH C1pHIi. (1.15- 4.5%10* 0.23-0.27
Shizi 1.60)*10°
YaByH KOBKHIT 1.55%10° - -
Crami Byrmenesi | (2.0-2.1)*10° | (8.0-8.1)*10" 0.24-0.28
Cram meroani | (2.1-2.2)*10° 8.0-8.1)*10* 0.25-0.30
Mifp npokaTaHa 1.1%¥10° 4,0*10* 0.31-0.34
Mins 1.3*%10° 4.9%10* -
XOITOTHOTAHYTA
Mizap 1HTa 0.84%10° - -
BpoH3a 1.15%10° 42%10* 0.32-0.35
thocopucTa
KaTaHa
BpoH3a 1.1*¥10° 4.0%10° 0.35
MAPraHIIOBHCTA
KaTaHa
Bpom3a 10.6%10° 4.2%10* -
aTIOMIHIEBA JIHTA
JlaTyHb (0.91- (3.5-3.7)*10* 0.32-0.42
XO0T0JHOTAHYTA 0.99)%10°
JIaTVHP K aTaHa 1.0%10° - 0,36
Tpit 0.7%10° - -
ATFOMIHIEBHI
TATHYTHII
TTropaTEOMIHIH 0.71*%10° 2.7%10° -
KaTaHHHA
ITHHK KaTAHHIT 0.84%10° 3.2%10* 0.27
CHBHeIb 0.17*10° 0.70*%10* 0.42
Cx10 0.56*10° 22%10° 0.25
[ paHiT 0,49%10° - -
Kayayk 0.00008*10> - 0.47
TeKkCTOmT (0.06-0.1)*10° - -
eTiHAKC (0.1-0.17)*10° - -
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Jaavenns KoedimieaTa ©

Hooamox 5

[ HyUIKICTE Koedimient ¢ 1 MaTepiamy
A Cr.2. Cr1.3. Ct. 5 HapyHY Iepesa
Ct4

1 2 3 4 5
0 1.00 1.00 1.00 1.00
10 0.99 0,98 0,97 0,99
20 0.96 0,95 0.91 0.07
30 0.94 0,92 0.81 0,93
40 0.92 0.89 0.69 0.87
50 0.89 0.86 0.57 0.80
60 0.86 0,82 0.44 0.71
70 0.91 0.76 0.34 0.60
80 0.75 0,70 0.26 0.48
90 0.69 0.62 0.20 0.38
100 0.60 0.51 0.16 0.31
110 0.52 0.43 - 0.25
120 0.45 0.36 - 0,22
130 0.40 0.33 - 0.18
140 0.36 0,29 - 0.16
150 0.32 0.26 - 0.14
160 0.29 0.24 - 0.12
170 0.26 0.21 - 0.11
180 0.23 0.19 - 0.10
190 0.21 0,17 - 0,09
200 0.19 0.16 - 0,09
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[ BHOIsEC

“IIodyaoBa emop HOPMAJILHHAX CHJI™

JInA 3amaHOro CTYIIHYACTOTO CTepPXKHA NoOyIyBaTH EIHOPH
HOPMATbHHX CHJI 3 YpaxXyBaHHAM BIAacHOI BarH CTEP/KHA. AKIIO: / = SM:
AQZZAlz’SUCME; MaTeplal CTep/KHA — CTalb, IHTOMAa Bara sKOi
v=8-10"kr/cM

Ne F..xr F,.xr Fi.kxr a, CM b. cm
1 100 150 80 0,57 0.4 1
2 120 140 200 047 0,71
3 180 80 100 0,37 0.617
4 100 160 130 0.6 1 0,37
5 140 200 150 041 0,517
6 80 130 100 0.6/ 0.17
7 140 200 50 0,97 0.7 1
8 150 100 40 047 0.27
9 180 180 200 0,71 0,27
0 150 100 140 0,517 041

[Tnas po3B’a3Ky 3amadi Ne 11
1. 3o0pa3HTH pO3pPaxXyHKOBY CXeMY.
2. 3anucatH piBHAHHA N=N(X) 111 KOKHOI CHIIOBOI JUTAHKH.
[ToGyayBaTH eMIOpy HOPMATbHHX CHIL.
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“Ilo0ymoBa emop KPYTHHX MOMeHTIB M,;”

[To6yayBaTH €mIOpH KPYTHHX MOMEHTIB Baja 3 HacaJ/KeHHMH Ha
HbOro mkiBamH, Axkmo M=30xHwm. a=1.0m. Ha omHIi 13 CHIOBHX IUIAHOK

i€ pO3MOILIeHH MOMEHT IHTEHCHBHICTD AKOTO 1 — M. k -
a

SAxmo B TabmHIi 3Ha9eHHA k T0o1aTHE, TO PpO3MOALTEHHI MOMEHT
Ii€ 3a TOAHHHHKOBOK CTPUIKON, AKIIO JHBHTHCH Ha Bal 3MiBa. JIKImo
BIT'€EMHHH - TO MPOTH TOAHHHHKOBOI CTPUTKH. TepTAM B MIMHIHHKAX
3HEXTYBAaTH.

ST w [ [ w [ [k [P
0 2.4M 1.8M M M 3.0 I1I
1 2M iM 2.2M 3iM -2.0 I
2 M 1.6M M 2.6M 1.0 VI
3 M 0.8M M 2.6M 0.5 II
4 0.6M M 0.4M 3IM 1.5 III
5 3M 0.6M M 0.6M -2.5 II
6 2M M 0.8M 2.4M 2.0 v
7 0.8M 1.4M 1.6M 2M -0.5 A"
8 1,6M 0.6M 0.8M 1.6M 0.5 1AY
9 1.2M M M 24M 1.0 I

[Iman po3B A3KY.

1. Bu3gaudaTH MOMEHT M, 3a BEIHIHHOIO 1 HAIIPAMKOM.

2. TloGymyBaTH emopH KPYTHHX MOMEHTIB.
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“IlodyaoBa emrop B 0aJIKaX i paMrax™
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1. Jlma cxewm Gatok (a), (0) 1 (B) moOyayBaTH €MIOPH HOMEPEUYHHX CHI Q 1
3THHAIOYHX MOMEHTIB M,;.
2. Ja cxemH pamH (r) noOyayBaTH eIMIOPH, HOPMAIBHHX CHI N,
TonepeYHHX cHI Q 1 3ArHHAIOUYHX MOMEHTIB M.
Ne
o | E kH/m | Fi.xkH | Fo.xH | M, kHwM | a, M | Mapka 9aByHY
0 10 50 10 20 1.6 Ca-—12
1 15 40 20 10 1.5 Ca—15
2 20 30 30 30 2.0 Ca—18
3 25 20 40 20 2.5 Ca-21
4 30 10 50 30 3.0 Ca—-24
5 15 50 10 10 1.0 Cu —28
6 15 40 20 10 1.5 Cu 32
7 20 30 30 20 2.0 Ca 35
8 25 20 40 30 2.5 Ca —38
9 30 10 50 20 3.0 Cua-21
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“Po3paxyHOK HAa MIOHICTH CTATHYHO HeBH3HAYTEHAX CHCTEM HPH
po3Tary”

Jlna  3agaHOl CHCTEMH BH3HAYHTH [laMeTp CTEpiKHIB, SKIIO
BiJOMeE BIJHOMIEHHS IX IUTONT 1 BEIHYHHA JIF0U0r0 HABAHTAKEHHA.

[Inan po3e’A3Ky

HakpecIHTH 3aJaHy cXeMy B MacITabi.

BCcTaHOBHBIIH  CTYIIIHh CTAaTHYHOI HEBH3HAYEHOCTI 1.
MIOKA3aBIMH CXEMY B HepeadaueHoMY JedopMyHUIOMY CTaHI.
CKJIacTH HeoOX1/IHe PIBHAHHA CHLUIBHOCTI Aedopmarii.

3. BH3HAUHTH [iaMeTPH CTep:KHIB, BHKOPHCTABINH VMOBH
MIITHOCTI IIPH PO3TATY.

[ o

[TpuMITKA: MEXAHITHI XapaKTepHCTHKH MaTeplaliB IHB. JoJaTKH 1-4
OpieHTOBHI BETHIHHH 3alacy MIITHOCTI:

Jl14 miacTHYHHX MaTepiamB 1.4+16

JI1s KpHXKHX MaTepiamB 2,5+4

rifn FL.xH | Fo.kH | Fs,kH | o | A;zAs:A; | Marepian
0 0 0 50 |025| 1:1:3 | BpA-S
1 0 -50 0 | 08 | 3:1:1 |Cu24-48
2 50 0 0 2 1:3:1 | Cr-40
3 0 40 |15 121 |68
4 40 0 16 | 2:1:3 | BpO-10
5 | 40 0 0 [125| 1:12 |cCr-30
6 -40 0 2 3:12 | Cr-10
7 0 30 | 1,75 | 2:3:1 | Ca15-32
8 30 0 [125| 123 |Cr20
o | 30 0 0o |075| 1:1:1 | Cu35-56
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“Po3paxyHOK HA MIIlHICTH 0AIOK HPH 3rHHI"

J1114 3amaHol OalIKH:

1) ILimOpaTH KpPyIriaHil, OPAMOKYTHHH 3 BIJHOIICHHAM BHCOTH
no mupHHEA h:b=2 1 AByTaBpOBHII MEpepi3.
2) TIpHpiBHATH Bary OZHOTO MeTpa [OOBKHHH KOJKHOTO
npoduIIo.
3) IIpoBecTH IOBHY IEPEBIPKY MIITHOCTI ABYTaBPOBOI OalKH
[=6M.
Ne :
oo | E /M P.T M., ™ n K Marepian
0 3 1.2 1.2 1/3 1/6 Ct-3
1 2,5 2 1,6 5/6 1/6 Cr-2
2 2 2 2 1/2 1/3 Cr-2
3 1.5 2.5 2 1/6 1/2 Ct-3
4 3 2 1.4 1/2 5/6 Cr-2
5 2 1.6 1 2/3 5/6 Ct-3
6 1 3 1,5 2/3 1/3 Cr-2
7 2.5 2.4 1.8 2/3 1/6 Cr-2
8 1.5 2.8 2.5 1/3 2/3 Cr-2
9 2 1.8 1 1/2 1/3 Ct-3
Y LA - TT771
P iy g
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“BH3HAYeHAS reOMeTPHIHAX XAPAKTePHCTHK Mepepi3iB mo
CKIATAKNTHCA 3 IPOKATHHAX COPTAMEHTIB™

Jlnd 3agaHOTO Tepepi3y BH3HAYHTH KOPHCTYIOUHCH TaOIHIIIMH
COPTaMEHTIB  AHAMITHYHHM  CI0COOOM  TOIOKEHHA  TOJOBHHX
IIEHTPAIbHHX oOcell 1 BelHYHHY TOJOBHHX IeHTPaThbHHX MOMEHTIB
1HepIi.

BH3HAYHTH MOMEHT OIIOPY BITHOCHO FOJIOBHHX OCeil.

[[man po3B A3KY.
HakpecIHTH mepepi3 B Macimradi.
Bunucata HeoOX1IH1 AT Po3B’A3KY JaH1 13 TabIHITh COPTHMEHTY.
Bubpatn HaHOUTBI  palloHAaTbHE  PO3MIMIEHHA  JOMOMUKHHX
KOOPIHHATHHX OCeii.
BH3HAYHTH NOI0KEHHA IIEHTPa BarH Mepepisy.
[IpoBecTH JOMOMINKHI OCI, MapadelsHl ocAM Y 1 7Z 1 BH3HAYHTH
BITHOCHO iX BeIHYHHH OCHOBHX 1 BIIIIEHTPOBAHHX MOMEHTIB 1HEpIIii.
3HAHTH aHAMTHYHY BeTHYHHY TOJIOBHHX IIEHTPAIbHHX MOMEHTIB
IHEPIIIi 1 OT0KEHHA TOIOBHHX IIEHTPATbHHX OCei.

Bcl po3MipH BHKOPHCTAHI B PO3paxyHKY IIOBHHHI OYTH BKa3aHI Ha

MATIOHKY.
Ne /m JIuct [IIpemep Ne JIByTaBp Ne

0 100-20 36 24

1 100-10 14 12

2 200-10 16 14

3 200-20 18 16

4 300-20 20 18

5 300-10 22 20a

6 200-10 24 20

7 200-20 27 22a

8 200-10 30 22

9 300-10 33 24a
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“Ilo3ameHATPOBHHA CTHCK CTeP:KHSA BeJIHKOI KOPCTKOCTI™

JImg JKOPCTKOI YaBYHHOI KOJOHH 3 3aJaHHM IIOTEepPeYHHM
nepepizoM HaBaHTaKeHOI CTHCKAKWOK CHJIOK B TOYIN — P — BH3HAYHTH
OOIMYCTHMY BEIHYHHY IN€i CHIH 1 HoOyOyBaTH IPOCTOPOBY EIIOPY
HOPMAIBHHX HAIPYT B ITONIEPEYHOMY IEpepisi.

JlaH1 I714 po3paxyHKIB B3ATH B TaOJIHIIL.
[Ipuiiaara: b=0.8a. C=0.5a. d=0.3a. n=0.2a.

Ne KoopaHHATH TOYKH -p- B CHCTEMI _
/i TOJIOBHHX IIEHTPaJIbHHX OCeH a.cMm | Marepian
Zp, cM Yp. oM
0 -15 8 60 Cu—12-28
1 12 -6 40 Cua—15-32
2 10 4 80 Cu —18-36
3 -15 -10 60 Cua -21-40
1 14 8 40 Cu —24-44
5 -8 10 80 Cu —28-48
6 18 -9 60 Cu —32-52
7 -15 6 40 Cua —35-56
8 9 -5 80 Cu —38-60
9 14 7 60 Cu—12-28
@ a d
I ]
o
F 3| o = 1 |
L . R
|
| | |
£ g c

291



@

A

292



“Po3paxyHOK BAJIY HA 3THH 3 KPYIeHHAM ™

CTampHHH Bal TpaHCMICH oOepTaeThcA 3 YacTOTOK n 0O/XB 1

nepeaae depe3 [Ba INKIBH MOTYXKHOCTI 3adaHl B TaOmHIl. BH3HAYHTH
miaMeTp Bala, AKIMOo miameTp mKkiBiB D;=60cM, D,=40cMm, D;=30cM, a=IMm

[c]=160MI]a.
[L11as po3B A3KY.

1. BH3HAYHTH OTYKHICTh 1 CKPYUVIOUHH MOMEHT Ha KOJKHOMY IIKIBI.
[ToGyayBaTH €MOpPY KPYTHHX MOMEHTIB.

2. BH3HAYHTH CHIY THCKY M0 CTBOPHOIOTH MIKIBH Ta Bal BBa/KAKOUH ITIO
HATAT BeIy40l YJaCTHHH ITacy B 2 pa3H OUTBIIHH HIK BETOMHI.

3. Tloka3aTH Ha cxeMi (B aKCOMeETpii) po3TallyBaHHA CHII., IO JIKOTH Ha
BaI1. Po3KIacTH iX Ha TOPH30HTAIBHI 1 BEPTHKAILHI CKIAJ0BI.

4. BH3HAaYHTH BeIHYHHH CKIAJOBHX, AKI [iI0Tb B TOPH3OHTAIbHIH
IUTOIHHAX.

5. IloOyayBaTH €MIOPH 3THHAIOYHX MOMEHTIB B TOPH30HTAIBHIH 1
BEPTHKATIBHIH ILTONIHHAX.

6. IloOyayBaTH cyMapHY €IIOPY 3THHAIOYHX MOMEHTIB.

7. DBussaunTH HeOe3NeuHHI mepepi3. 3amHcaTH BeTHYHHH 3THHAIOUOIO 1
KPYTHOTO MOMEHTIB B ITbOMY Iepepi3i.

8. DBH3HAYHTH JiaMeTp Balla KOPHCTYIOUHCH TPETHOIO TEOPIEI0 MIITHOCTI.
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Ne o/ a a n, 06/x8 | Ny, kBt | Ny, kBT | N3, kBt
0 150 60 900 - 90 50
1 30 120 1000 - 110 20
2 120 150 400 130 - 40
3 150 120 50 130 40 -
4 80 210 600 - 50 60
5 210 60 700 150 - 60
6 210 30 800 150 60 -
7 30 210 100 110 - 20
8 60 210 300 110 20 -
9 45 135 300 - 30 40
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“Br3HaveHHd DepeMillleHL B daami”

JImA 3amaHol KOHCOIBHOI OalkH BH3HAYHTH KYT IIOBOPOTY
mepepizy —A — 1 BepTHKaJIbHE IlepeMilmeHHA mepepisy — B —. JloBkHHa

SO N AN

[=3Mm.
Nemm|q. /M| P.T M. ™ K r | Hsyrasp | llIsenep
0 2 1/2q/ | 1/6qF | 1/3 | 2/3 10 -
1 3 1/6q/ | 1/2qF | 1/3 | 2/3 12 -
2 8 13q7 | 1/4qF | 213 | 2/3 14 -
3 5 1/4ql | 1/12q7 | 2/3 | 1/3 16 -
4 4 1/12q/ | 1/3q” | 1/3 | 2/3 18 -
5 2 12q] | 16ql | 2/3 | 1/3 - 8
6 3 1/6q/ | 1/2qF | 213 | 1/3 - 10
7 4 1/12q/ | 1/4qF” | 1/3 | 2/3 - 12
8 6 1/3q/ | 1/12q7 | 2/3 | 2/3 - 14
9 5 1/4ql | 1/3qF | 13 | 2/3 - 16
M
p2i 9 Pud
RN # / T
| 7 By |y
4 4
il -~ 1K
nf 24 .
- ‘ P
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“Po3paxyHOK CTATHYHO HeBH3HAMEHHX CHCTeM™

A

IBYTaBPOBOI'O

3aJaHol CTaTHYHO HEBH3HAYEHOI CTallbHOI paMH
nepepizy moOyayBatd emopH N, Q 1 M,.. ITigzibpata HOMep

IBYTaBpOBOi OamkH, Akmio [¢] = 160MI]a.

[L1aH po3B A3KY.

1. BCTaHOBHTH CTE€IHb CTATHIHOI HEBH3HAYEHOCTL.

2. BuOpaTH 0CHOBHY 1 €KBIBAIECHTHY CHCTEMY.

3. CkrIacTH KaHOHIYHI PIBHAHHA METOJaMH CHIL

4. Bu3HaYHTH Koe(ii€HT 6, 1 A ip> AKI BXOJATH B KaHOHITHI
PIBHAHHA.

5. Po3p’d3aTH KaHOHIYHI PIBHAHHA 1 3HAHTH 3HAUCHHA
“mumHIX” HeBIoMHX. [ToOyayBatn emropa N, Q1 M,..

6. Bu3zpaunTH HeOe3meuHHH mepepi3 paMH 1 migiOpaTH
IBOTABPOBHI MEpeEpI3 13 YMOBH MIIHOCTI 10 HOpMAalIbHHX
Hampyrax

Ne i/ q. KH/Mm M., kHm F, xH

0 20 30 0

1 20 0 30

2 0 40 20

3 20 30 0

4 20 0 40

5 0 20 30

6 20 10 0

7 20 0 10

8 0 60 20

9 20 50 0
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“Po3paxyHoK HA CTiHKicTh”

CTiHKY 3aJaHOTO TTOTIEPEYHOT0 MePePi3y Po3TaNTyBaTH HaHOLTBI
pamioHATbHHM crocofoM 3 ypaxyBaHHAM croco0y 3aKpilUIeHHA ii KIHIB.
[TimiOpaTH eleMeHTH Hepepi3y CTiHkH, Axmo [c]=160 MIIa. B nepepizax.
Ie I03HadYeHOo po3Mip a. B3ATH a=l0Ocwm. IHIN po3mipH, HeoOXImHI I

PO3paxyHKY B3ATH B TaOIHIIL.
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N 1__ L CrocoGH 3aKpIIUICHHA KIHIIB CTIHKH
- ; ’ HHKHIH BEPXHIH HHEKHIH BEPXHII
wo | kH | M
IIn, xOz I, xOy
0 160 | 9 | samemiaeHHA mapHip mIapHip mIapHip
1 180 | 8 | 3amemIeHHA mapHIp mIapHIp IIapHIp
: pyxXoMe . :
2 200 7 [mapHip S — apHip apHIp
3 | 250 | 6.5 mIapHip mapHip 3alMeMICHHA | PYXOME
3alleMICHHA
4 | 300 6 | sameMIeHHA PYXOMe 3aIIeMIeHHA IIapHIp
3aIeMIeHHEA
5 | 350 | 5,5 | zamemIeHHA mapHip mIapHip mIapHip
6 | 400 | 5 MIapHIp mapHip 3ameMIeHHA MIapHIp
7 | 450 | 4,5 | 3ameMIeHHA BLUILHHI mIapHip mIapHip
8 500 | 4 mIapHip 3AMIEMIIEHHA | 3alleMICHHA BUIbHHI
9 | 550 | 3 IIapHIp BUIEHHH 3ammeMIeHHA IIapHIp
a a a,
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“Po3paxyHok gedopManii i HAIPYT OpH yaapi”

JInA mpyAHOI CHCTEMH BH3HAYHTH MaKCHMAalIbHI HAMpyTH, AKI
BHHHKAIOTh BHACIIOK yaapy mo Hif BaHTaxy Q=200H 3 Ecot H=0.5M.
A TakoX BEITHYHHY IEPEMIMIEHHA B [Iepepi3l NaJiHHA 1 0 HOro HampsAMKY.
Marepian ctanb, E=2-10° MITa, / =2 M. D/d=k, d=3cm.

[IpuMiTka: Macow NOpyxHOI CHCTEMH IIPH PO3PaXyHKY
3HeXTyBaTH. B 3amadax 1e € cTepikeHb AB, BBaxkaTH aOCOIIOTHO
KOPCTKHM.

Ne i/l l1. M k
0 0.5 1,2
1 0.6 1.6
2 0,7 14
3 0.8 1.8
4 0,9 2.0
5 1.0 2.2
6 1.2 24
7 1.5 2.6
8 1.6 2.8
0 1.8 3.0
M
[
o
- iy
' !
\ R Z___
d“ [}
g + o -
| L ¥
y
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