OIA.P.03 CTPOUTEJIbHASA MEXAHUKA

VYuebHoe nocobue A peleHns 3agad

[MocobHe CODepEHT 2alaHHd Ha KVPCOBEBRIE pabOTEI [0 CTPOHTENEHOH MEeXaHHKE
CTATHYECKH HEONPeNeNHMEDR CHOTEM METOOY CHI H MeTONV OepeMelesni. Janer pac-
YeTHEIE CHEMEI BANOK H paM IPH THex E0sOeHCTERAN, HATPYSKA, IPHPAIleHHE TeMIepa-
TVPEL H SaTaHHEIE CMEI[EHHA CTVIEHT DOMEEH IPH BCEX BOsIeHCTEIMI HOCTROHTE
3IEGPE] BEHYTREHHHE CHIOBRIE DarTOpOE H HaATH NepeMEN[EHHA VEASAHHLDD CEeNeHHE.

[TpHEEEHE] TPHMERED fE LIS HILT ST ad.
lMocobHe OpefHAsHIYEHO ONA CTYOEHTOE CTPOHTEIRHBIX CHEOHANMBHOCTEH EBLEX

fopM o6y eHHA



EBEIFHHE

[Mocobie mpegHasHaYeHo ONA CTYIOEHTOE CTROHTENLRHEX CHEUHANRHOCTEH, HIV-
YA IHE KYPC CTROHTENEHOH MEXaHHEH CTATHYECKH HEONpeJelHMEX CHOTEM,

Ero nene nomMoyr cTYOEHTAM B YCEOEHHHE METONOE CHI H MEpeMEI[eHHA o npHobpe-
CTH IpH 5ToM HeobXoIHMEE HABLIEH OOpelelcHHA YCHIHEA H NepeMeleHHE B CTATHYE-
CKH HEONpeIelHME Y CHOTEMAX,

[Mocobie comep®HT saladid Ha EVPCOBHE paboTh, BEMCYaNHe DATEH H paMEl,
EOTOPHE TPeBYETCA pACCIHTATE METONAMH CHI H NepeMelU[eHHE Ha NefCTEHA Harpy-
20k, IPHPAIlEHHE TEMOeR ATYRE, saladHex cMenedui. [Ipy sToM CTYIEHT Do EEH To-
CTRPORTE SMIOPEH BEHVTPEHHHE CHIOBLE DaKTOpoB, BOSHHEAIOI[HE OpH KAXEIOM H3 BO3-
neficTEH#A, a TAKEE ONPEIElHTE MHHEAHEE H YVIIOBHE NEpEMEI[EHHA SATaHHEIX CEUE-
uui. K xamgomy THOY 2a0ad, BEIIOUYEHHLEE B 28] AHHA, TPpHEOIATCA OPpHMERE HY pEIIE-
HHA [[peOcTaEnel COHCOK pEKOMEEVEMOH METOOHY eckol NHTepaTyRR [1-6].

B mpunowenuy ¥ mocobHKe Jadbl HEKOTOREE QOpMYIE H TablHUH, HeobXolHMEIE
IMA BEOOIHEHHA PACYETORE H 06 MEHTADHEE CEEQEHHA M0 MATPHYHEIM ERYHCIEH HAM.

[ocobie MoxeT BRITE HOOOMBROEAHC HA MPaKTHYECKHY 3aHATHAX 00 CTPOHTENRHOH
MEXAHHEE, OpH OpoMEeEYTOUHOM KOHTPONE SHAHHH CTYOEHTOE, a TAKEE Ha 2adeTay H
S AMEHAK,



METOI CILT
1. Pacger amxu mMetogon c1nn. Ilcxomaele gaHHEIe, cXeMEI DAJIOK

Hna couol 2 sagaHHLE cxeM banok, Hiobpamenuux Hapuc. 1.1-1.24, tpebyetca;
HaobpasHTh PACYETHYES CHEMY, OCHOBHYEY H SKEHEATSHTHYES CHCTEMEL,

HzobpasHTh oCHOBHYED CHCTEMY, DedopMHpoBaHHVES EOHHHYHOH H SafadHEIME Ha-
TpyeKaMH oTHeneHo. [loxasaTt Ha 5THX pHCYHEAX HepeMEI[fHHA, EXONAIIHE B Ka-
HOHHYECKHE VpaBHEHHA,

DOCTROHTE SMIOPE BHYTREHHHE CHIOBHE DakTopoB, BOSHHKAIOI[HE oT HalpVIKH,
HeMEHEHHA TEMIOEPATYPE H 2aJadHOCe CMEN[EHHA omdop. FacdeT Ha neficTEHE Ha-
T{VSKEH BEINONHHETE OpH OEVE P asHHYE ¢CHOBHEE CHCTEMAX,

HalTH THHEHHOE H YTIOEOE IEREMEIEHHA CEUEHHA £ IpH BLEX TP EX BosI e HOTEHAL,
mzobpasuTe banky, gedop MEROEAHHYE KaXIE M HE TREX BosHeHCTEHA oTHENLHG.

[IpuuaTe: ®ecTroCcTe bankyu A5 BRHCOTY Nonepeddoro cedenud i = 0.140; wosddu-

MHEHT TENICEOrG PACIIHD EHHA & — DOCTOAHHEIMH 0o QIHHE BaTkH, DOJaTIHEOCTE VII-
PYTHE oUop pagHoft A =7L3E! HMovyrue pangee opHEATe oo Tabm 1.1,

Tabnuoa 1.1
Hapep 1 2 3 4 5 f 7
EapHaHTa
F rH 2 3 4 2 2 4 3
. KEH/m 1 2 4 3 2 1 4
M oxH m 4 5 4 b 2 4 3
Lon 2 4 1 4 2 3 5
A, M 0,01 0.0z 0,03 0,02 0,01 0,05 04
& pam 0,1 0.3 0z 0.4 0.2 0.1 0.3
£EPE 10 20 30 20 40 10 20
4P M lr
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2. Ilpymnviep pacdeTa O AJEH MeTOTOM CILT

2.1 PacueT Ha mefic TEHE Harp yaKH

PacueTHad cxema Banky NpelcTaEleHa Ha puc. 2.1.1.
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Bung gedopuupoeadaoil oCHOBHOR CHCOTEME! 0T EQHHHYHOTO H CHIOBOTDO BOSTeHCT-
EHA OpencTaEncH Ha pHe. 214 w 215 cooTeercTeeHHo, smiopw (M u (Me —

Hapuc. 2.1.6, 2 1.7.
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1. IIpuniep pacdera § AT MeTOTOM CILT
2. 1. PacueT Ha mefic TEHE HarpysKH

Pacuernas cxema bankl OpelcTaEneHa Ha pHe. 2.1, 1
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B kauecTEe HEHSEECTHEIX OpPHHATH CHIH EsaHMomefcTEHA (K1) Mexpy bankod H
npyEHHORE, OHH ONpeRelAoTeA HE YCIOBHA PABCHCTEA HYINK OTHOCHTENRHODO IIEpE-
MELEHHA ToUelk DATKH ¥ OPVEHHE, pACTONoEeHHEE B MECTe HYX KoHTaKTa HaHoHHYe-
CKOE VRAaBEHEHHE B STOM CIVIac HMEET BHI:

gy &ty =0

511=51J'1+51L1?‘E—(2 2 % % 2 i 1%‘%2—;,

51!1 = (MM, 511 =Ry Ry,
.&F=[MF}[M1]=—6?J[EL§QLE+4L;—1 gl = 1; ir
}i’1=%g;ﬂ

[MocTpoeHRE oKoHEATeMEHEE smop (MF u (00 npencraeness ma puc. 2.1.8-2.1.11,

()T = (M)A + (Mp).
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Hafigem yron nopopoTa CEYEHEA &, KOTOPEIH Do YOIOBHK TOEEH BLHITE paBeH HYIED.
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Cnpedensiiie HeP eAE eHLT Cadaria k

Bepmminanvhog Repemetyenis Oy
Enunuyuume sarpyEedne 8 smopa (M)s 008 oopeleNeHHA BEEpTHEANEHOT O TIERE]
I[EHHA CEYEHHA & OpeacTaeneHu HapHe. 2. 1.13, 2.1.14 cooTERTCTEEHHG.
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npencTaEnens Ha puc. 2.1.15, 2.1.16 cooTEeTCTEEHE .
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2.2 Pacuer Ha TEMOepaTypHOE BOsIeACTEHE

PacuerHas cxeua bankl OpedcTaEneda Ha pHc. 2.2 1.
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Bun pedopuupoEadEol OCHOBHGH CHCTEME OT eQHHHYHODO H TEMIEPATYRHOTO BOS-
DeHCTERA OpedcTaEned Ha puc 2. 1.4 1 2,24 cooTBeTcTESH S, smicpa (M) —gapuc. 2.1.6.
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014 2
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Kar u B npegpmymmx caydass (o 2.1,
2.2), TMOCKEOIBEY E2aHMHOE IIEpEMEIEHHE
BEPEHEH TOYKH IPYEHHEL H IpHMERARIETD
K HEH CedeHHA DATkKH papHO HY IO, IOIVHae M
KAHOHHYECKOE YPAaBHEHHE !

gy Aty =0
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PH‘L:. ?—-.1‘-4' 11 = ?E {KaKE II, 21:'

Tlepememenna fp, BOSHHEAKCIHE T KHHEMATHYECKOTO BOSNeHCTEHA, HalgeM Oo

hopuyne: Ay, = ~ZRA = ~(-2L @) = 2Lg

]:[C',I[ CTaBJAA COOTEETCTEYRFCINHE ZHAYEHHA E FadHCOHHAYECKCE Yo dEHEHHE, HaZ o HIM!
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BLITE pEBEH HYIR.
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Enuuuunne sarpyEeHne ¥ snopa (M))s 00 oOpeleleHHA BEPTHEATEHOT O TIEQE ME-
HM[eHHA CEYeHEA & TpencTaEnels Ha pic. 2.1.13, 2.1.14 cooTEeTCTRERES.
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3. Pacyer paMel MeTomoM cIuL. IcxogHEIe JaHHEIS, CXeMEBI paM

Hna oogHol 2 a0 AHHEE CXEM paM, H:obpaeHHEE Ha pHe. 5. 1-3 24, TpebyeTca
H20bpasHTE PACHETHYES CHEMY, CCHOBHYIO H SKEHEANGHTHYES CHCTEMEL,
H2obpasHTE OCHOBHYEY CHCOTEMY, HedopMHpPOEAHHVES COMHHYHEIMH H 2alaHHEIMH
BosnefcTERAME, [loKasaTh Ha STHX pHCYHKAX NEpEeMEIEHHA, BXOTALIHE B KAHOHH-

HECKEHE YVpdEHEHHA,

NOCTROHTE SMEOPE EHYTPEHHHE CHNOEHE (AKTOpROE, BOSHHKAIOIHE OT HaTPYIKEH,
HaMEHEHNA TE MIOEPATYPE H S3TaHHOTO CMEI[eHHA Ooop,
COENATE CTATHHECKHE H FHHEMATHYECKHE OPOBERER MONVIEHHEXE PEIIEHHEH,

HafiTH DONHOE MTHHEHHOE H VIIOBOGE NepeMeN[eHHA CEYeHHA L IpH BOEX THEX BOS-

DeHCTEHAL,

HaobpasHTE paMy, Jedop MEpOBAHHYEY KK M HS TP EX BEO3IeHCTEHA OTOENREHG,

[Ipuuare: usrHbHYED HECTKOCTE CTOEK PAME paBHoOR BJ, eCcTEOCTE TOPH3OHTAIL-
HEIX SMEMEHTOE M HHEHHX 9acTedl CTOEK B cXeMmax Ha pHc. 517 u 3. 19 panofi 257,
ceueHua 2 =015, xosddhHIHEHT TEONOEOTC pPaCIIHpEHHA

BEICOTY IIOQIEpEdHOT O

if — OOHHAKCOBEIMH ONA BCEXE ETEp}KHE!ﬁ', UEHTR TAECCTH NOIepedHOS CEHUCHHA — B CE-

PENHHE eCo BRICOTH, (p = AL JlpyrHe DaHHEE OpHHATE 0o Tabm 5.1

Tabnouoa 5.1
Hg;“:f;; 1 2 3 4 5 ﬁ 7
FxH 4 rj 2 4 2 3 5
g, ¥Hin 2 1 ;i 3 1 2 3
L rj 4 g 4 6 5 4
A M 0,01 0,02 0,03 0,04 0,05 0,02 0,01
b O 10 15 20 18 22 20 13
g °C 30 35 —20 573 28 40 —23
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4. Ilpimgep pacdera paMEBI MeTOJOM clmi

PacueTHad cxeMa paMbl NpefCcTaBleHa Ha pHc. 4.1, ¢cHOBHAA H SKEHEATEHTHAA CHC-
TeME — Ha pHC. 4.2, 4.5 CcooTBETCTEEHHES.
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» b " : .
“p— —-’rd - A — - A
K IET R S
T X T T.-‘[-.'
- i =] £ \ bt v i tay=20'C
| :I'l'H :‘?F: E |
- ?:-:g' s ? e =
&= Cly g FFIr A7 i
5] = o0 S Ak IC)
. f . fa
H . Puc. 4.2 / 1_1 > ¢
5 5 Puc 4.3
ot
Puc. 4.1

CHIH A1 H A7 OOPemeldoTcd Hi YCONOEHH OTCYTCTEHA ESaHMHOTO IepeMEIeHHA
KOHUOE CTEpEHeH, CHODANHECA B IapHHpPe (V2ed 2) 2TH VOIOBHA SalHCLIEBMOTCA B
bopMe KAHOHHYECKHYE VPABHeHHH MeToNa CHI
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dypy + gty =0,
Oy + A gty = 0.
B nepeoM ypaEHEeHHH HADHCAHO, YTO NepeMEIL[EHHE IO BEpTHEANH, a4 BO ETOROM —

I COpHIOHTAIH paBHo HyIR.
CEoDOMHEIE YTEHE YpaBHEHHE A H Ao OIpeIelMoTed 0T KAKIOT0 BosIeficTEHA OT-

@.1)

TENEHG.

4.1 Onpepenenne Kosd HIHEHTOE KaHOHHYECKHYE YpaEHEeHHH

Cnpedensniie i

Bum gedopMupoBadHol OCHOBHOR CHCTEME OT eIHHHYHEE EosOeACTERA OpelcTaE-

neg Hapuc. 4.1.1u4.1.2, smoper (M) 1 (M) —wapuc 4.1.3. 4 14 cooTEeToTREHES:
A=1

Puc. 4.1.1 '_‘I' Puc. 4.1.2

g, ey
"“-hh,_‘_\_\qh
\,_ a
s Lo o Y o rd
Puc. 4.1.3 (M) Puc. 4.14 (M)
{18 -
= (MM ——LLL+LL——L S
dy = (M (M) ( 23] —
5y =5, =tM}(M}=——(L-L—L)=—1£
12 1 1 ) EEJ:
12 DR
MMM =— (I L2213 =
= (M, M) 'i o ) e
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[IpoEepKa DpABHIEHOCTH EHYHCIEHHA KO3 OO HIHENTOR BHIOOIHASTCA © TOMOILE
CYMMapHOHR eIHHHYHOH smiop (M), npegcraenennod ga puc. 4.1.5.

L Hh-_“"n_
— so =L @onlid L
/' Y A T R
1 1 I’
WS MY S E T o Fv gy
/ (M I M o) EJ{ 53 3 =
If';j; ERYHCIEHEL BEpHC‘.

(M)

Puc. 4.1.5

Clwpedenenie cenbodumx ynenoes A i Ar 0 cluinansn eoideficimean s

Bupg nedopMupoBadiol oCHOBHOH CHCTEMEl ¢T CHIOEGTO EOSIcHCTEHA OpelcTaE-
ned Ha pHc. 4. 1.6, smopw (M —mapuc. 4. 1.7

:,.'L" /2
Irf"v’fl,l .l’

Puc. 4.1.7

1 qu 1 .:5r.3dr
PN 7 0 | T S e PNy e e
= (M) ) s BB G AT

—1q53513£_ gl

Bap =Ml Mg) =2l L=

1 1
Ayp=—B533 Ap= 64—

[IpoBepka OpABHIEHOCTH BHYHCIEHHA K0S DO HIHEHTOE BHIOCIHASTCA £ DOMOI[BES
CYMMapHOHR eIHHHYHOHA smoprl (M), npegcraeneuded ga puc. 4.1.5,
gt 1 1. gt T gl & 11 gL
Dy -2)= . MRMy=s—"—Li——1L= _
2hr g G TR Tamy WP T S T

M FH AoFBRIYHCIEHE BERHO,
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e denerie ceobodnmx sneroe A1 1 Ao om mesmiepannpRoso eoidelicimes

Bun medopuupoBanHoH OCHOEHOH CHCTEMH OT TEMIOEPATYRHODO EBOSOEHCTEHA
OpefcTaEneH Ha pHc 41,5, eguananme smoprl (M) 1 (AS) — ma puc. 4.1.9, 4.1.10 co-

OTEETCTEEHHG.

Lo = A0

Ml

Pre. 4.1.8

lfr,:-; /
© Xo=1
A=
X;ﬁ.'r
] /
{
rid Py g 77T
A sl
S T )
Puc. 4.1.9 * Pue. 4.1.10

B sTom cnygae dopMyna OIA oNpeeleHHA Nep eMEIIEHHA HMEET BHI:

[ 7AY;
a = Z{}i‘nmm + Z?{HMI

B Hamem npHMEpe ToIyHach:

G 2
Ny o= = 40{—1-L+1-L]+20+4D{—f—£—j = —900ad,
s 0,15 2
Ay, =@ i [—1-L]+2%:;D(L-L%-2}] = 610af.

Cmpedeneriie ceobodinx snenae A1 t Ao 0 KUHSAMGRIEECKOED 80308 icmeans

Bun medopMHpOBAHHOH OCHOBHOR CHCTEME 0T EHHEMATHYECKOTO EOSIEHCTEHA
npencTaene” Hapue. 4.1.11.

Puc. 4.1.11

B 3ToM coygae GOpLyIa QA OOpETEIe HHA IEpehe-

- L[EHHA HMEET BHI:

G=—2 RN
E Hamem mpHMERE TOMYHAEM

By, =—(-1 ES—L% =35,

A =—{1-S—L§] =25
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4.2 OnpemenceHie HEHSEE CTHLRIX YOHIHA X H A2

Urobel HaBTH 5TH CHIH HeobXZoOHMo RPEIUHTE CHCTEMY vpaeHeHHA (4. 1), oTopyi
004 KpaTEoCTH SalHIIEM B MaTpHIHoR dop Me.

AX +B=0, @21

{1
& N B X
W 11 P =i3 2, ¥ = 1, B -
2 x,

3-

"'l—"l"l
A,

dy dn| A5 1

L 2
Matpuua B u, xax cniegoTERe, MaTpHIla X SaBHCAT OT BHOA BOosOeACTERA, B TO BpE-
MA Kak MaTpHIa A oCTAETCA HEHSMEHHOH.

Onapemenna ypaedena (4.2 1) MoEHC TOATH CNED VO IIHME IYTAMHE.

1. TpoekpaTHoE pEIIEHHE CHCTEME VPABHEHHH BTOPOTO DORANEA (MOCKOIRES
E HalleM OIpHMEPE TPH BEHIA HATP VEEHHRA).

Tar, npu deficwmeny Hazpvikn sampuiya B uaeem eud:

-qf | _i _l__ oo
§ET L3 24w | |68T |_,
B = e H TOTOA YPABHEHHE Bl 1 2 | X oIt S
ol (4.2.1) byger TakHM S g e
EEJ_ N _ i EE.I_
IlepeMEOEHE MaTpHIH A ¥ X, DoCle VOROI[EHHA TOIVIas M
2 1 b
5% g ar + 55 70
1 4 &
~—Xip+ - Hap - % -0,
Peumne o1y cucTeM ABHEHHHA, HaxoOHM: X, =-— L i P i £,
¥ ¥ P .  @LE 76 gl <, oy L.
Ilon mesnepamyproM 6 0208 o
[ gL LN
CET £ 3 2 [ X, +9nn.:u: 0
B;r == Lﬂ VPaEHECHHE (421} Fok 1 7 -‘Tfﬂt — @110 qel
_g MONYIAeT BH 7 3|
| BAT - B
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F:

3

OTEYIA :

2

-— X, +%}:’2, “p10a =

1 EJ
&y Xy 9002 =0,

0,

7

&

Pemme cuctemy, Haxogum, X, = 461,7":::?, X, = —SﬁE,TcﬂF.

Ilpn pacyeme Ha CAELEeRIER & 1 O

B = - 35
N Fie:
2
_"Iflﬂ._
OTEYIa :
_E‘I{ln

NolYHaeT BEHIT — S

1
2|3 TZ[x.] T sn0a
v 421y | — + w;;
pasmene (L2 1) | 77\ g IJ [—ﬁl[l.:ui.
3

1 a2 BT
EEM" _?33=D, .krlh = _1,565F3,

4 BT BJ

_—Egﬂ +L—323=D Xﬂ.ﬂ. =1,826FS’

3

2 MomHo nzbe®aTe TP OEKPATHOTO PEIIEHHA CHCTEME YpaEHEHHHA, ECIH BOCIONE-
30EATECA MaTpried Al obparof ¥ Matpune A (o Ilpunomenne 2.
HenseecTHRIE B 2ToM COYYAE HAXONATCA Io dopmvne (2) Ipunoemenna 2

X=-A1B
T 28 1
i | = & —_— = 6
snecE A= 1 4|3 z , DatA = Al ol | A e T
DetA BEJ |1 4 1P 40 36(&)
B 3] 2a5F A AT
CHEmoEaTelBEHO
G 1 gLl |
< 1 - 900l 38
%-1=E£ 3 2| s A Ay Anl| B - & a7
23 I l i Agp Ap Ay —£ 610l =28
2 3] BET i
ESR | E RS
i A, P a6 B3 || 6ES
Honygaem X = S 4
-:Ifg;_;' -E-g:r -"Tfﬂﬁ 23 L l 4_ —£+61|:|{EL—ES
|2 311 BET -
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':::'TK}.F,I[E., NDoCcHe IepeMHOECHHEA MaTRHL, HaZO0OHM HEHZESCTHEIC!

¥i 4 4 Y r L 3]
el Lol 2oggar+l s10az|[2 39-2 28
. awas|\3 687 2 8ET)| 3 2 Iz 7 2 )
< sl Y S LI T | 4 W 1 4
22 W 9p0ar+ = s10ak || = 35 -2 28
2 687 3 87| 2 3 27" 3
L1 £ ER s |
_2lon as17a <1565 2 g
_| 276 I I
38 p -segal 18262 g
276 i I

4. BEocox HooolbksoBaTek BOSMOEHOCTH MAaTeMaTHYIeckod cHoTeMe MWatlabh aurarme
ERYHCIEHHA BRPVHIHVIC He DoTpebyioToa

JanumenM vpaesHeHHe AX + B = U B paseepHYToM BHIE, YMHOEHE EM0 Ha %
Tl b B B | TP
-~ = -L e -25
2 4 B £ &
Hnu B mecATHYHEE Op QEH}%
i 2 ET ]
|:1,333 0.5 j| _ 01667 ¢f —QDD&? 35’5—3 ;
— H LoB0ed ~ 10,1254l diasl wygdl
8 0y L
L3R5 05 01667 =200 3
DbosHadnm A = H B = :
-0.5 06667 -0,125  &10 -2
Tenepr obpamaemca ¥ Matlab 1 monyaaem X (puc. 4.2.1).
¢ MATLAR Command Wirsdoe _ | O =]
Eke Edi | Dptons WWirdows  Helo
o A, B, K= A\0 =
fi =
1.33000BRaR0BBEAA - 0. SB0RAA0MEERNEA
B.50000RBAd0REA0 B 6667 A00DBAM0DD
]
1.0e+Q0Z »
. BE1aEFRRAOBERE Y. DDRARRERBanNEN . iplaaanEBBEd = PHC. 421

. e 125000000000 & 1DEDOODDBEROTHD 0. R2000Eaarkbaa0

o=
1. B+ B0E =

0. DRAF AT TAZTEAN W G1P1RGZFILLERY -0, B1SASHARGLIHEE
O. 001307 EN IR -5 GE5ANG020EI02T 0. B E2555 1489555

;I ]
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Trobu IMONYIHTE 2TV MaTpHIOYV B OFEOHHATENEHOM EHIOE ECIIOMHHEM, HToO HEpEII:vaI EE

BT

B . BT
cTonbEel HMEET MHOEHTENE gl, BTopol —&—-, a TpeTHH — &—.5 . JaMeTHM, KpOoME
L

21 36
Toro, 9To LO07A15] » — , a 013037 &8 —.
276 276

_ 2l on as19al —1s5652 s
Hrax X =| 276 L i
36 EJ EJ

276

HesmauuTeneHELE PacEoXICHHA B PEEZVIETATAX oBBACHARTCA NoTPEIMHAGCTAME pYVH-
HoTO CHETA.

4.3 IlocTpoenue smop, OpOEEpEA pEIIEHHA, OOpeNeleHHEe OepeMeNlcHHHA
oT CHIOECTO BOSTeHCTEHA

Hocmposnie anmn

MocTp oeHHe OKOHEATENEHOR smops (MY npencTaEness vapue. 4.3.1-4.3.4.

AN = (DX o+ O E, -+ ),

Al A6
e s, 3 S e S [
T Eme AR LU e
=3
—\ I8 I8 =
36 36
oy ey .F?H e
(M1)-X,(qL) (M) X, (qL)
Puc. 4.3.1 276 Puc. 4.3.2 270

[ 38

& /
. |/

e Fr .al'r? '_..-"?..??-
(M. )(gL) (M) (qL)
Puc. 4.3.3 276 Puc. 4.3.4 276

23



Yrobil mocTpoHTt smopy (Y mafinem DomepedHEe CHIH B KAKTOM CTEpEHE OT-

neneHo (pHc. 4.3 54570

21L
A I P 26
Nl T q‘
Jyi My =ql=-102—+0Q,L =0, = - gl,
*.-'_. o - 5 576 o Cha 276'51"
-| (4L L gL’ 220
g™ M =gl—+102—=-0 L =10, = ——ul
" 27 M, =gl e o On =59
|25 IIpopepra :ZK=qL—{36+24[])LqL =0
N o 276
S
Prc. 4.3.5
223
2
F=0= =
(gL) 2ZX=0=0;=0s ?IL( ! ; 2 EIQH £
w0 G’Lﬂ 36 RT (gL Fj” (g = __fi'f/i- R
Op=36_—/L=——gl |Un 5% 276
*-—'; L2 i <45 Puc, 4.3.7 s B 5
N = ———¢gkl.
6L 276
Puc. 4.3.6

OrongarTentHad smopa ((F opegcraenesa ma puc. 4.3.8.
2]

16 / — J}
36
36|@
@
241
iy P
(0)'(qL)
Puc. 4.3.8 Q j‘;ﬁ |

Eorga monepedHile CHAM HaHOeHE, H: YOIOBEHE paBHOBECHA ¥3IOE paMbl oIpeme-
MAGTCA TpoOolbHEE CHIR (puc, 4.3 9, 4.3 10,

/ r_..‘” 36 20 ..t_
r‘ Ih;.lr: ZX T D:"" N].E = _ﬁq-ﬂ, _-,‘r 1 21
6 (gl) 91 (gl) |36 zF:D:}NH:‘ﬁqL
S} - A
I.x-. Y2 ZIr-0=n, - —caL. % M
LRI S
Puc. 4.3.9 Puc, 4.3.10
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OxoHYaTe LHad smopa (A npegeraEnena Ha pue. 4.3, 11,

36
S -
21 o 21
s 2rrE
I'r:""-'rj Ir.'rfj' .!’_-,]
Puc. 4.3.11 276

Funesamuyecka s RECES B

Hafimem yron nopopoTa CeYeHHA Ha NeEod omope (puc. 4.3.13), koTopr# o0 yoIo-
EHI OoNEEH BLITE pABeH HYIED.

2

2
& = Y (B - =45 (—81-1+4-4,5-%+4-18-% +36:1) =t

GRS 276

3 [IpoEepra DOOTECRETAET IPABHIEHO CTE PEIIEHHA

Puc. 4.3.12 (M;)

[iposepia pPasHoss Cll Paiel 8 i;e.-z-::-f.d

77 E=q£—{240+36}%=0,
- (ql) ¥=(21-21 I, =0
i i e !
2/6 . ) 276
L — 5 ’
=540 361 7 ZMU=Q§ —Elg?iﬂ.—[81+36]%=ﬂ.
:l_..-l'"-‘ﬁ':’ L S A361
21 2
Prc. 4.3 | -E-FEJ'IQEHH PEEHCECCHA EBEIIIOIHARSTC A
nc. 4.3.13

MoxHo cpenaTes H OpYrHe CTATHYECKHE OPOBEPKEH, HAOpHMEp paEHOBECHE HAcTH
{aMEl, PABEHCTER HYIED HETHOAIOUETe MOMEHTA B MapHHEpe (¥2el 2) 0 T.10L
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CMpe dene il e BED SAE eI CodaHIia ik

STUHETIROE HEPE MEERUE DiF
Enunnunan smopa (Mp)s Ina onpeleneHHd NHHEHHODO NepeMEI[EHHA cedeHHA kL
npefcTaEneHa Ha puc. 4.5, 14,

L oL 945 81L-4-45 } 00435‘5"’:
6AT 276 AT

HGEKGJ’ILI{F IpHHAT?, 9T OIHHEL ETEPH{HEH IpH CHIOBOM
HalrpVECHHH HE HIMEHMOTCH, TO TORHICHTANEHOE IISPRCME-

L L. A IIEHHE CEHEHHA & ABNMAETCH BTG MOJHEIM IIEPEMEINEHHEM.

'Ir'lllr'fn" "i-:l
Puc. 4.3.14

S = (M) (M), =

Yeon noeopoma G
Enunnunan soropa (Mp)s O0A oOpeleleHHA YO A MoEODOTa CEUEHHEA & TpeCTAEIEHA

Ha puc. 4.3.15.

]
r >

£ gk gl?
8. =My, =— 2" g1+ 445+ 21 =-00254 2
w = M) (M), 655275( ) T

FRAF P

(M),
Puc. 4.3.15

Hocmposuiie dedopidipoaauRol CXaiel Dbl

He bop MEpCEAHHAT CXEMa aMEl IpeI CTaENeHA Ha pHe. 4.3.16,

8, = 0,043 SqLIE]
F,?' =0, H""-qf.;la! iEd

o

Puc. 4.3.16
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4.4 IlocTpoeHHE SOEOp, OpOBERKA PEIIEHHA, ONpENEleHHE IepEMENIEHHA OT TEMIIE-
PATYPHOD O BOST eHCTERA

Hocmpoeyiie anmm

Hoctpoenne oxoHYaTen HoH smop (MF opegcTaeneno ga puc. 4.4 144 3
(M:‘r = (M1>XH +(M3)}f3,.

753 =451,m%, X, = —568,?5:%.

461.7 \_

364,7 5687
i FEEE e
M, )X, (@EJ) (M5 )Xo e ES)
Puc. 4.4.1 L Puc. 4.4.2 L
J61.7
)
10304 ,:2 ?_—‘T? 5687
(M) taeld)
Puc. 4.4.3 =

Ilpaeuna mocTpoeHHA smiop (O B (N) mogpobHe paccMOTpeHH E pasmens 4.3
IlonpsvAck STHMH OpaEHITAME CTROHM smiops (C0 u (A —puc. 444, 4.4.5.

4617 568,7
= l @ j:_
6K 7| & O 15687 461.7 I\c ENg6l,7
7 b e b d e
(O) ' EJ) (N} EJ)
Puc. 4.4.4 jr“’ Puc. 445 L
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Flune oy ec Kaa HEOES PR

Hafimem yronm noeop oTa CEYEHHEA Ha NeBol onope (pHc. 4.2 15), KoTopw#A 0o yolo-
B QolEeH BHTE pagel Hymo. JononuuTentuad smopa (V)), HeobZoguMan ond Ha-

XoEIEHHA YIIa DoBCpoTa, IpeICTaENeHa Ha pHc. 4.4.6.
! 2

o . X cet
' %= (01) (h)+Taton + E——an =
{/L
1 1030,4 + 4617 1 5687 1. EJ

Zo = rapapgey e 2 T s e s 2 Sy S
; GET 2 2 ¥ gty
T 20-40 , 1 20440 14
i 0 3 + o A=—v Ly o : c A=,
L A T ohg WS

Pue. 4.4.6 IIpoEepka ToNTEEDEAAST IPAEMNEHOCTE PEIIEHHA

Iipogepia PASHOEE CUE DAL 8 a0l

; 2 Sx=0 23¥=0
CM, = 4617+ L+5687 L—5687 L-10304" L +
(@EJ) +568,7 L =0
L
I” -1 3 ‘CICBHA PEEHOEECHA BRI HARSTCA
s687 568713
 A1030.4L N_| /568 71

J0i. 7 461,71
Puc. 4.4,7

Cipe deneniie Mepeieiienut covenua k

STUHETRGE REPE MELERLEE Oy
Ennuuunre snoprl (Misu (M) sona onpeleleHHA THHEAHOTO NepeMEIEHHA CEYE-
HHA X npefcTaeneHs Ha puo 4.3.14 1 4.4.8 cooTERTCTERHHO,

/ [epeMENEHHA OIPEN AR TCA 0 0 My IE
Y TR %)
§ = (M) (M) + Sty + ZTWM-
.1 103042 +4617L L. AT
. 5i = —— (1030 4L [ +4 = S Wi
O\ TTh > e
: ]
o Sl _uni dir,
b b rd 03 2

(Ns & = a(-100(=1. L)=10aL.
Ilonuoe THHERHOE NepeMEIEHAE 4, = J[ﬁ;]ﬂ + {5;,]2 =120,8af.

Puc. 448
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Yeon noeopama Gy
Enunnunman smopa (M) )e ONA onpegelednd yINa DoEOROTA CEUEHHA & TpeICTABIEHA

HapHc. 4.3.15.
8 = i (10204 1+ 4 W0 ¥ 461’?]{1’ L 669 1.
& BT 2 £

Hocmposuiie e PopAlip o 8aRHOT CXEMBL PaAdbl

HNedopMEpoEaHHAA CXEMA paMu OpelCcTaEIeHa Ha pHe, 449,

se=10al !

Prc. 4.4.9

4.5, IlocTpoeHHe 20D, NROBEPEA PEIIEHHA, ONPEIENeHHE NEpEMENIEHHE OT KHHE-
MaTHHYECKOTO BosNeHCTEHA

Hocmpoenie anwm

[TocTpoeune oxoHYaTeneHol smoprl (M opegcTaeness gapuc, 4.5 1453
(M}ﬁ — (MI)XM+ (M2>X2ﬁ'

X, =-156520 5 x, =1826 2 5.
i

LE

—"1 1,565
1826
i Py B P
(M) X, (E] ¢) (M) -Xoy(E] o)
Puc. 4.5.1 i Puc. 4.5.2 i
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I~ 1 1,565
|
i 3
7773.391 1.82677°7
(M)NEJ )
Prc, 4.5.3 E Ak
Snopd (09 u (M2 npegcraeness Ha puc. 4.5.4, 4.5.5,
1,565 {,826

© ! € I

LIS B 11.826 1,565 (D (211,563
R r o s

(0)(EJ ) (N)(ES )

Puc. 4.5.4 Q T‘_S Puc, 4.5.5 I|I’_:_J;"r

Flune oy ec Kaa Hposg PR

Hafimem yron moEopoTa CEHEHHA Ha NeBol onope (oM pHe. 4.3 13), xoTopr#l no vy
MOBHES OONEEH BEITE paBeH HYIRD,

I} EJ 3391+1560 1 o1

(M-S RA =2 5033911+ 4 —+ 41826 — = +1826) -
@ = (M) (M) &ﬁ;ﬁmfi 5 : =" &)
1 R
—(— 8+ D=0
{L - j

[IpoEepra IOOTECPE TAET IPAEHALHO CTE pEIIEHHA

Iiposopns paetoss Cli Paibl 8 enoad

.|'I *

o OueBuOHo, uTo X =0u 2V =0
M = E,EQILE—;F —I,BEELE—;FS —1,565E—fﬂ'£ =1,
FEE ¥ L K
TI‘Sh
5 YCNoBHA [ AEHCEECHA BRITOTHAGTCA
!

Vs 181613
S a0 N g6
Y1565 1565

Pac. 4.5.6
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Cpe dene sl e BEeDeMELeHLT CouanLa k

STUHETIRGE REPEMEUERUE Dy

Enunuunas smopa (Mp)s Ina onpelenedHd THHeHHODO NEpeMEIleHHA CEYeHHA £
npelcTaeneda Ha puc, 4 5. 14

Tlepe MeLEHIA OOpENENAIOTCA o dopuyne 3= (M) =2 RA

5 = —% (23917 + 4 2,473%}%3 —(~Lg— 15 = (-1391+ 21= 06095 = 0006057

o
5.51

2= 0025 —no yoooBH,
J{eﬁ;)j +(5EY = 0,000437 m

Yeon nosaparma By
Envuuunas snopa {(MileINa onpeleleHHA ¥INa IOECHOTA CEYEHHA & NpefcTaEIEHA

Ha puc. 4.5.15,

g = (M) (M), - ZRA = —é'l' L 2,4?8%'3— (=1 =-0,024%+0,01=-0,0143 pag.

Hocmposuiie de dopatipasaitiall cxarsl Paidsl

HedopMupoEaHHAA CHEMA paMul OpelCcTaEIeHA Ha pHe. 4.0.7

ﬁ"; (1 006091,
' &, =0.0149 pao

ige 0.02L T |

k
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5. KoHTpoasHEIe BOIIPOCE II0 MeTOTy CILT

1. Karxaa cucTeMa HaspBaeTcd CTATHYECEH HeolnpemenumoH? Kakx HafiTH cTeneHb
CTATHYECKOH HEOTPEIelHMo CTHY

2 Merong cun. UTo DpMHHMASTCA %3 HEMIEECTHEIE METONA CHIY YTo TaAKOE OCHOE-
Had M SKEHBANPHTHAA CHCTEME METONA CHIY

4 Farx Bu mognmaeTe Huers MeToOa CHITY

4 Kax ¢ moMoIpe cyMMapHod eIHHHYHOR SOEOPH OpoBEpHTE OPABHILHOCTE KO-
2O PHIHEHTOR KAHOHHYECKHE YRaBEHEHHEAY

5, Kax onpemenmoTca cEoboOHEE YIEHLE KaHOHHYECKHE VR AEHeHHHA OpH pacdeTe
Ha TEMOEPATYPHEE BEOSIEHCTEHRA, HA Sa0aHHEE CMENEHHAY

. PHIHYECKHE CMECT H oCobEHHOCTH KAaHOHHYECKHY Yp aBHeHHA MeTOIa CHIY
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METOJ ITEPEMENFHIIT

6. Pacder Ganmxn MeTogoM rmepemMetnerini, He xogueie gaggeie, cxXxenmul baaok

Hna oouol H: 3a0aHHLE cXeM banok, HzobpameHHLX Ha pHe. 6. 1-6.24, TpebyeToa
HaobpasHTh PACYETHYIC CXEMY H OCHOBHYID CHOTEMY,

HaobpasiTe  OCHOBHYEH) CHCOTEMY, DedopMHpOBAHHYES EOHHHYHEIM H SalaHHBIMH
posgeiicTEuAME. [lokazaTe Ha 5THXE pHCYHEAY EEIHYHHE, EXOOAN[HE B KaHOHHYE-
CKHE VD AaBHEHHA,

NOCTROHTE SOIOPH BHYTREHHHY CHICBHE dakTopoR, BOSHHKAIGIIHE oT HATPVIKH,
HeMEHEHHA TE MIERATYRE H SaTaHHOTG CMEI[EHHA 00D,

HafTH MHHEHHOE H VIIOECE NEepeMEIIEHHA CEUEHRA £ IpH BCeX THEX Bosg eHCTEHAX,
maobpasuTe banky, gedop MELOBAHHYES KO M HE TPEX BosIaiCTEHH OTOENLHG.

IIpuEATE: ®ecTEOCTE bankn AF, BEICOTY TONepedHoro cedeHnd £ = 014, xosddu-
MHEHT TENIOBOTO PACITHPEHHA 00— DOCTOAHHEIMH 10 OIHHE BANKH, EEeCTEOCTE IOMAT-
NMHELX cEAsell papHo#t & = BN (mopatnueccte — A = I3ED, o = AL JpyrHe ganHte
NHHEATE To Tabm 6.1,

Tabnuma 6.1
BSIE;PTH 1 2 3 4 5 6 7
F. xH 4 4 6 3 4 6 4
g, kHim z 1 , 3 1 2 3
M, ¥H u > 3 2 1 4 2 6
L. 2 4 6 4 2 2 4
A, 1 0,01 0,02 0,03 0,04 0,01 0,02 0,03
£.00 10 5 15 10 5 10 15
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Puc. 6.3 Puc. 6.4
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7. Ipanvep pacdeTa 0§ AMKH MeTOT0M ITe] eMe e HIIT

PacuerHan cxema banky OpelcTaBleHa Ha pHe, /.1, oCHOBHAA CHOTEMA — Ha pHE, 1.2

v ’ £
qg=2 kHim

[~
AR EI I EE IR ; L

A + 7573 +f|'ﬁ'l +£7¥7 A 757

1 L=4 u L L2 i Li2 'E' fﬂ(ﬂj
‘ Puc. 7.2
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B kadecTEe HEMSEECTHHIE SOECE MpHHATH: 4] — YOOI OoBopoTa vala 8 H Z2 — BepTH-
KANLHOE TIEPEMEIIEHHE STOTO Vala (OHH OOpeleNARTCHd H3 VCIOBHHA paBEHCTEA HYIED
PEAKIHA B QONOIHHTENEHEE cEAzAX [ 1 |H |2 |, KOTOPEIE 2AMHCHEAOTCA B JOPME KaHo-
HHYECKHE VP aBEHEHHHA METOTA Nep eMENEHH

'?il‘E'rl+'?i_‘El+R1=D= f? 1}
Fyig +1,2,+ R, =10 |
B nepeom vpoaBHEHHH HalHCcaHo, 9TO PEAKIHA (MoMEHT) B HepBoH CEASH paBHa U,
EC ETOROM — PEAKIHA (VOHIHE ) Bo BTOROH CBASH pasHa [,

71 Onpepencuue Kosd G HIHEHTOE KAHOHHYECKHY YpaBHeHHH

Harubaroniie MOMEHTEL B DONEPEUYHEE CHIL, BOSHHKAIOIHE B CTEREHAY OCHOBHOM
CHCTEMEL, OIpeNenmcTeda Oo Tabnunam [Ipunoxwenna 1.

Cnpedeneniie i

Cxema medopMHpoEaHHA H SIMIOPa MOMEHTCOE OT EOHHMYHOTO CMEI[EHHA Hepsol
CEM:H (IOBOPOT Valla Ha £] = 1) npenctaeness Ha puc. /.11 1 7.1.2 cooTBETCTEEHHS.
(CHEME ONpEedeleHHA pEAKIHA BO BEEIEHHEX cEAsAY — Hapuc. 7. 1.3, 7.1.4.

/f:.l_'.P_i'r."''iI / F_,-—a,‘:\-'f
B s o e 4 /? Y
(M, )(EJ)

Puc. 7.1.1 Puc. 7.1.2 L

OIpeleneHHE 7} COnpeleleHHE Py )

oy
1
. \\ TAM =10, LF=0,
4EJL =5 BENL | =t T :
( = )3&.}:1 T8 gspr B R iR
4

11 16

Puc. 7.1.3 Puc. 7.14

Cxema gedopMHPOBAHHA H SMIOPA MOMEHTOE OT EOHHHYHODO CMEL[EHHA &Mopoi
CEMSH (MHHEHHOE NepeMel[eHHe Ha £2 = 1) npenctaenedw Ha puc. 7. 1.2 1 7 1.6 coor-

ESTCTEEHHS. (CHeME OIRENeNcHHA PeakUHA B¢ EESJEHHEIE CBASAX — Ha puo .17,
718
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]
0N i ;
0 l (M,)(EJ])
. I’
B e Puc. 7.1.6
COIpemeneHHE F g COpemeleHHE Fag

m”< ) M, - ”HL ¥ =0,
J;ru N’Jﬁ 1687
A e premams g TR

Puc. 7.1.7 ”’f
F'm.. T.1.8

Chipe denenie ceobodnmy snenoe R By om cunososo eosdeficimens

Smopa MOMEHTOE B OC OT CHIOEODO EBOSOefCTEHA OpeicTaBleHa Ha puc 7.1.9
(CHEME OIpeNeleHHA peakl i Bo BEEIEHHEEX CEAZAX —Hapuc. 7.1.10,7.1.11.

"
[/

Piic. 7.1.9 (M,) (qL)

OnpeleleHue AiF OnpenencHHe KiF
T Rop
A =10, =10,
a gl/? Sql/8 Py
:,rL 712 Qé‘){;f ‘N 5, .:;L 1333 | l l i K. EqL 0,
Pue, 7.1.10 Puc. 7.1.11
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Cwpe denenie cenbodumx snenos £ u By om meamepapmyprozo sosdeficmens

Smiopa MoMEHTOE B OC oT TEMIepaTYpHOTO BosHeHCTEHA OpeICTABIEHA Ha pHC.
112 CxeMu onpedeleHlA peaklHi B0 BESISHHRE cBAzAX — Hapuc. F.1.13, 7.1, 14,

R_‘.r T
7.3

)] £

77
/RIr

Puc: 7.1.12

Moty

(M )(atEJ)

ONpefeleHHE Ry ONpefeleHHE K

K
'\':"H T -
- cis i ¥=0,
SartEJ ( 7 5cttEd 2M,=0, l 7 5et BN 2
5 R, =-25xE] R, =1875aEJ],
Puc. 7.1.13 Puc. 7.1.14

Oume denstne CEODOOHLIX ynernos B 1 By om sunesamiuieckoso sodelicmens

Dmropa MoMeHToE B OO oT FMHEMATHYECKOr S BOoSIeACTEMA OpeCcTAaBleHa Ha pHC,
7115 Cremu onpefeleHid peaklHi B0 EEEIEHHEEY cBAAX —Hapuc. 7. 1.16, 7. 1. 177

R:’H

4 e VA
7]/ 4 ARy L

Puc. 7.1.15 (Ma)(EJ@/L)
OnpeneleHHe Kia OIpeldeleHHE Fan
R T Raa
; f\' =1
A =20, . =t
e ( g 6EI/L | L
\ /55 3 =%¢3= ' Ro=== . 0.015=
L i = 16
Pie, 7.1.16 = 0,0075 2T, T B SR
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12 OnpenencHHe HEHSESCTHHIE 21 H 22

SAMHIIEM FaHoHHYecKHe ypaeHenuA (/. 1) B MaTpudHOoH dop Me

AZAR =.0; (7.2.1)
i =
LY 175 01875 71
B =HBJS . =
5 T 0.1875 0.25 7o
o [Br R R _[-1333-25a 00075 '
Fop Ry Ry| |B 1875 0.005625

Tarnum obpazsom, ypaeaenne (/.2 1) oprobpeTaeT BEHY

175 01875 £l —1,333/ BT - 2, 5cut 0, 00775 "
01875 0,25 | [ £2 af BT LaThat 0005625

Pemenne sTore vpaEHeHHA OpHEEOEH? Ha pHo. /.21 B pacoegatre pabouell cTpa-
uunH Matlaba

[/ MATLAD Command Windaw ___________________ BEIE|
Fle Edt Dplors afedows: Help

w B, 2Rl _:J
ft =

1. 75a000annoeann 01875000000 0000
D AR BREQUBEARYG 0. 25B0000R0EERaN

1. 33 r0eRa0iaa0n -2.5000000000R00A0 . S noRRaorEan
. Bafhaaaneaaan 1. B7ShnmaannEaan 0. RSG5 padfmEan

Fo HEERAOO TR 1S Lot PIEGG IR S -0 BRI R 51 el
I PHG6BANDEALSGI2 P 3202R8IATE1MSE - 0. D2B0F0ETIFRALA

Fuc. 7.2.1

Ilonyaeno:
o 50221 BJ 242700 —0,002038

-39771 BF -9320c -0,02097 |
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1.3 llocTpoenue soop, OpoBEpKa PEUIEHHA, OOPENelcHHE OEpEeMEI[eHHH
OT CHIOBOID BosneHCTEHA

Hocmpoeniie anmap

IlocTp cEHHE OKCHEATENEHEE smop (M u (00F mpepcraeneno va puc, 7.3.1-7.3.4,
(M = (M)Z17+ (M2) 225 + (MF).

1 1
Sip =008 —, Z,p=-387]—.
1¥ BT ar a7

5.022 A 14,91

2 k ?
u, fﬂ,f"l
by — iy

4=
1" f’f/l 2

251 T 76
(M )-Z ¢ 1491 (M )-Z 3
Puc. 7.3.1 Puc. 7.3.2 .
1507
057l
N L571 5405
4 5417 4.805 4 @ \[ﬂaw
1£7 " o
072 -
7222 7610 (0) (kH)
rr.'lrfjllrlrf.!r.!r..".‘ R :”ﬁ14 MH'
=062
Puc. 7.3.3 Puc. 7.3.4

Funesamuyeckas RECE S B

Hafimem ezaiMHEIR yrol DOECROTA CEMEHHA E yaae 5 (pHe 7.3.0), KOTOpHHE OO0 Vo-
NOBHIO QOEEH BEITE paBeH HYIKD.

!
(.5

6y = () (M )y + Rerd =

\ 18
1# 3 yJ =_i@.l[},[}?z+1-?,222+1-?,222+
6E] " 2

_ 1 &

T'l .5 f:‘\ffl.,]'ﬁ +4—?,51D}ﬂf5j+ D,|52-4 I:I:j.—z 0,
3 BJ

Puc. 7.3.5

I[Ipopepra DOOTECRETAST NPAEUNEHOCTE D EIIEHHA
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ITvoeepia pasHoee o1 Banii 8 Lenoi
¥

507/ %y ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ EF=28-9571-0,624-5805=0,

kA i T S, =2.84-1507-0,6244-5805 8=
| 9,571 0,624 5805

—

W CIDEHA PABHOEBECHA BRIMONHAKTCA,
Puc. 7.3.6

CMpe deneHil e HED SAE eI CodeNa

Bepmirnanvios Repameiysnie Jip

Enunuunme sarpyEeHHe H sniopa (A )s 008 oopeleneHia BEpTHEATRHOT O IERE ME-
I[EHHA CEYEHHA & IpefCcTABNEHE Ha pHC. F.5.7.

i = (M) (M), + Rerp A =

84
o/
-
=\
b

. 2 1 1
| N =@{4'5'8,41?+1'?,51+4'5'4,805}+
ilr'h" 0.3 rr'll'-f"}"' 1 4 4385
g i B R = """ (m)
Puc. 7.3.7 2 BT BT

Yeon noeopoma Gy
EnHEHYHEE sarpyEeHHE H sHmiopa (M) ona oopeeleHHA YINa DOEOPOTA CEUEHHA
K IpeNCcTAaBNEHE Ha pHo. 7.5 8.

< 8 = (MM, + Ror, A =
ﬁf;f;? =2 e bigapys Sepstags Laggosy-
o ¥ 6E] T 2 2 4
o* 3
=025 (M), —0.624 (BB LS :
lf’ i b T T g e

Puc. 7.3.8

Hocmpoesue dedopitiposarroli cxaaml Bt

Ona bonee ¥AaueCcTEEHHOTG IOCTROEHHA Nedop MEHPOEaHHOH cxeMil banku HaHmem
DoNoMHHTENEHG BERTHEATLHOE Iepe MEITEHHEE Vala &
g = R 1V A= 624 o4 P
Br EBJ
Hehop MupoEanHad cxeMa balkd HiobpakeHa
Ha pHCoyHEE [ 2.9

(21). S

Prc, 7.3.9
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74 IlocTpoeHHE smiop, IROBEPKA PEIUIEHHA, OIPETEIEHEE TEPE MEIEHHE OT TEMIIE-
pATYpHOD O BO3IeHCTEHRA

Hocwpoonie anwen

I[locTpoeHe oFOHYATENEHEE smiop (A v {OF npenctaeneno Ha puc: [.4.1-7.4.4.
(MV? = (M), + (Mo)Zo + (M),
21y = 24270, Zoy =8 3200,

2’% 4
‘|| 11”- .?ng'?' o il
21 1 820 405 {747
(M )-Z 1 (etEJ) i (M) Zx(atE)
Puc. 7.4.1 Puc. 7.4.2
L8  cans 7.282
3,607 3032 s
- ] E} (D
5;73, O49 () US3 j Iﬁ; 04y o), 9#.%7
(M)'(etE]) (O)'(ectE)
R =0,146
Prc. 7.4.3 Puc. 7.4.4

Fluinoaamiiiec kaa HEoga Pl

Hafimem EsaHMHEH YOOl D0EOROTA CEYEHHA B veae 5 (pHc. 7.2.5), KoTopHA To ¥o-
TOBHE DOMEEH DETE paBeH HYIK,

&y = (M}r{Mﬂ'g 35 Z%mﬁm y, TREA =

2 i[-il '15,50? + 13932+ 15932 +4 = 1266 BT +
GET 2 2

3
+(—-14 l'] + 0,146 U,Eﬁ&i‘ﬂ'fi =k
e B

[IpoEepra DOOTECHETACT IPABHIEHO CTE fEIIEHEA
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ITposepid DasHoes cua DRiKi 8 1 enoit

7282

'L ! = r=02836+0146—0,983=10,

Tﬂ,h‘j_}' Ti’!,f:;fri 0,983 =M =7,282+01464-0283 8=
(cttlbg)

PHc. /.45

CMpe denellie BeD eMELEHLT CoYanta k

Bepmiivan bHos Repaiciyenie Jiy
Enunuunme sarpy#EeHde H sniopa (M) s 008 oOpefeneHHA BERTHEATRHOT O TIEDE ME-
IEHHA CEYEHHA & TpeCTAENEHE Ha pHe, 7.5 7

ity 8 1 1
i MY+ 22—y + R d=———(4 = 2949+ 11366 +4 — 0 985) +
o =000, 4 Z 2y + Rp A=l = 0983)

+ .::::iEJ+£E—2£1' s l 2 +D,14t5'1' Eﬂﬁﬁf =107daz ().
0.4 2 2 AT
Yean noeoporma Sy

Ennuuunrie sarpyEeHHe | smopa (M) s 004 onpegeneHHA yTIa ToBOpoTa CEUEHHA
kX NpencTaENeHE Ha pHo. [.38,

8, = (M) (M), + Z%% + R A=

= i[ﬂr = 2,944 +l'1,966 o 1366 -4 2 0,963 AT +
6ES 4 2 2 4

1 64
+0-0146 — —a@t&7 = - 1,661 (pag).
4 EBJ )

Hocmpoerue dePoniinosaiiofl cxeaol Bt i

Hna bonee KAYeCTEEHHOTO DOCTPOEHHA Tedop MEPOBAHHOH CXEME Damlkd Hadnew
NoMoMHHTENEHG EERTHEATEHOE IEpe MEI[EHHE Vala &5,
&}
O = F 1A =046 80— =354 af (ae).
AT
HedopMupoEanHad cxeMa bankn msobpa-
EEHA Ha pHcyvHEE 7.4 6.

Puc. 7.4.6
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1.5 lloctpoenue ammoep, OpoBeEpKa PEUIEHHA, OOpeIcJcHHE IepeMEIlcHHH
OT KHHEMATHYECKOTO BoSNeRCTEHA

Hocmposuiie anmop

IlocTpoeERe oKoHYATENEHEE smop (MF u (0 npegctagneno Ha puc. 7.5.1-7.5.4.
(MYS = (M2 4 + (M2)Z2a + (M),
Z1a=-0,002038, Zan =—-0,0257.

7,864

1019 /328 J\

3 s e
2038 3 3932 3
e (M, )Z 4 (1'ES) 7,864 (M. )-Z .(HTET)
Puc. 7.5.1 "

Puc. 7.5.2
2404 1,202

T Emen o E e
(601

4,201
6,117 0,928
(M)Y10 EJ’:] TR' —().327
(Q) (10 EJ)

Sy

Pre. 7.5.3 Puc. 7.5.4

FiHeMamLIY ST Hboga R g

Hafmem EzaiMHEIH yTo0 DoBopoTa CEMeHHA B yvane B (cwm puc. 7.5.9), xoTopwd oo
VCIOBHE TOMEEH BEITE paBEH HY IR,

8, = (MY (M) + Rrd =

sz % s % 4.260+2404:1:2+4- % 1202)' 107 £7 +0,3230,5 107 &] %_D'

GRS

[Ipopepra TOOTEEPETAST NPAEHNEHG CTE EIIEHHA

ITpasepia pacHosecus BAn 8 anoM

6,117
A 4 ={0227+0601-0928 107 £J=0
lﬂ.{f.’h‘ Tn 3127 ] 0,601 27=0, ’ 723 :
M, =(0117-03274-06018 1P ET=
(10°FEJ])
Puc. 7.5.3 YolnoBHA pAEHOBECHA BEIIOTHAOTCA,
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CMpedenetiie REP EAE iaHITE Cadara k

Bepmikanvhoe Hepametyen e Oy
Enuuuunne sarpyEeHHe ¥ snopa (M) 0na onpegeNcHHA BEPTHEANLHODO TEpE Me-
INEHHA CEYEHHA & OpeICTaBIeHE Ha pHe, [.5.7,
_ i _
Oy = (M) (M) +Ryred=

i{-ﬂl'l' 0,805+1,202 2 +4'l'[],6[]1}'1[]'3.EJ+
RS 2 2

64
+0,327 0,5-5- 107 EF=1228% 107 (u).

Yeon nosopama B
EnHHHYHEE sarpyVEeHHe H smopa (Mi)s Ina onpeleneHud yTIa DOBOPOTA CEUEHHA
i MpeRCTABNEHE Ha pHC. /.58

By = (M) (M), + R A=

i(-ﬂl'l' 0,803—1' 1,2[]2+1'1,EDE+4'1' 0,601 107 BT -
EET 4 P 2 4

1 64 ¥
-0 52— — 107 EF=-56%3-10 ;
T (pam)

Hocmpoenue dePopiupasaiiof cxeatel Do

Ina bonee ¥aMecTEEHHODO NOCTROEHHA TedopMHpoEaHHOHR cxeMmbl Danyn Hafgew
OOMONHHTENEHG EEPTHEANEHOE IEpE MEIEHEE wana 5,

Gy =R, 1 A= 0,32?-10‘3@-% =20,93:107 (a4,

Hedopuupopaddad cxema banrky Haobpakesa Ha pHCoVHEE 7. 0.6

Puc. 7.5.6
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5. PacyeT paMel MeTogoM nepenernesnii. Hexogaere gagHEIe, cXeMEI paM

HNna cogHoll H2 safaHHLE CXEM pan, H3obpa®eHHEE Ha pHc. 8. 1-8.24, tpebyeTca
HzobPASHTE PACYETHYES CHEMY H OCHOBHYEY CHCTEMY,

HzobpasHTE OCHOEHYES CHCTEMY, TedopMHpPOEAHHYED EMHHHYHEIMH H 3a0aHHLIMH
ECeNeACTEMAME. [[okazaTe Ha 3THX PHCVHEAX pEAKIHH, BECSHHEAIONIHE B HANOKEH-
HEHX CBASAX OT EOHHHYHEE NepeMEN[EHHA H salaHHHEYE BOSTefdcTEHA Harpyvakl,
TEMIERATYREL, CMENEHHEA oIop,

DOCTPOHTE SMIOPH EHYTREHHHE CHICEHE (aKTOROE, BOSHHEAICIIHE oT HATDVSKH,
TEMIEPATYLEL B Al AHHOTO CMEIIEHHA OO,

HAATH OONHGCE THHEHHOE H YTIOEOE NEpEMENEHHA CEMEHHA £ OpH BCEX TPEX BOS-
NeRCTEHAL,

HzobPasHTE paMy, Tedop MEHPOBAHHYES KARIE M H2 T EeX BO3IeACTERA OTOENEHO.

[lpuEary: H:rHOHYIO EECTHEOCTE CTOBK PAME paBHoR &7, HECTHOCTL DOpHIOHTANL-
HEE SNEMEHTOE paEHoR 25 BHCOTY mDonepedrors cedeHua 2 = 0,10, xosddunuenrt
TENNOEOTO PACITHPERRA O — OOHHAKCEERIMHE ONA BCEX CTEpEHeH, DEHTH TAXECTH IOIE-
PEYHOTO CEHEHHA — B CepeHHE €T BHCOTH. JpyrHe JaHHHE OpHHEATE Do Tabm 8.1

Tabnuoa .1
2 1 ;i 3 4 5 f 7
EapHaHTA
A rH 10 B & 4 £ H 10
i, KH i o 4 7 3 2 e
Lo 4 & 4 B 3 4 &
A, 0014 0,025 0,050 0014 0 045 00575 0015
@ pam 0,005 0 004 0003 0,00z 0,001 0 006 0008
i 10 16 18 200 14 12 P
A —20 —30 —4] —16 —18 —22 —32
:-—'.]l' - —::!E —
Frcip _:_: er.‘{-‘ _:_:
F — —-—"k b F e
= Tk i o
—— ' - . ——
- Ter - L IrH ¥ - Texi |
o - I
_L_ _I_-I'l 8 q.".rf.l" I ?.I— _L_"'.
+ f F TN} L +
Fmc 8.1 Frc 8.2
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9. IIpymviep pacdera paMBl MeToJ0M IIepeMe e HEE

PacueTHad cxeMa paMu OpelcTaBleHa Ha pHe, 9.1, oCHOEHAA cHOTEMA — Ha pHo, 2.2,

=0 o 3,

F=4 kH
—— - ap I o " / _)—CE
'.."?lé'.f o o .-"'.-;.-'}".-"'

] fﬁé:' = kfHin

fsani =20'C ol i =20C

S=0 L

- Frr i
e L " ()
:’F%/r ¢ it iadid
b L=t n - ! I
Pue, 9.1 Puc. 9.2

Iepemenenua £ B Z2 ONpeNeNMCoTCA HE YOI oBHA PAECHC TEA HYIK B QOTOTHHETEIE-
. PTH VCIOBHA SAlHCLIEROTCA E bopMe KAHOHHYECKHE YpaBHeHHE

HHE cEmesax |1 |u [2
METONA MEPEMEIIEHHE

Ny ¥ gy T K =0, G.1)
gy trpdy tE =0
E nepeoM ypaEHEHHH HaOHCaHo, 9TO PEAKIHA (MOMEHT) B HepBoH CEBAIH pasua [,
EC ETOpOM — PEAKIHA (YCHIHE ) Bo BETOROH CBASZH pagHa U,
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9.1 Onpenenenne Kosd D HIHERTOE KAaHOHHYECKHE VPaEHEHHHA

Hzrubamomie MOMEHRTE H MONEPEYHEIE CHIE, BEOSHHKAKIIHE B CTEPEHAY OCHOEHOH
CHCTEMEL, oOpedelmoTed 0o Tabnuuam [Ipunoxenna 1.

Cnpedensriie i

CxemMa OJedopMHpOEAHHMA H SIKOPA MOMEHTOE OT ENHHHYHODO CMEIN[EHHA Mepeot
CEASH (MoBopoT ¥alla Ha 21 = 1) npencraenedi Ha pHc. 9.1.1 v 2.1.2 cooTEeTCTREHHS.
CHEME OIpeleleHHA pEaKTHA Bo EEEIEHHEE CBASAX — Hapue, 9.1.3, 9.1.4,

Cxema gedopMHPOEAHMA H SMKOpa MOMEHTOE oOT EIHHHYHOTO CMEIEHHA £MOpoi
CEARH (THHeHHOE HepeMEI[EHHE Ha £2 = 1) nopegcTapnessl HapHe 9.1.5 1 9. 1.6 cooTBeT-
CTEEHHO, CHEME ONpeIeleHHA peaklHi B0 BEEIEHHEX CEAsAE — Ha pHe. 9.1.7, 9.1.5

Puc, 9.1.1

By = 3% =1587, iy

OnpemeleHHe 1]
-
£

A
!,_iffla"<*7ﬁ4//ulj;;;
N

Dant 7T
Puc, 9.1.3

EME =1
ry = 5,667 ES

2B

(333351
f_llllwlr }

Pue, 9.1.2

Lo

=320 = 1587, my, = 2my =4 = 0666757,
4 6

OnpemeneHHE F7]

A

( =
———
2 i_vZ E

-

0. 1667E]

Puc.9.1.4

(Chs = (22 + 13 EN6=0,1667587,
X =i
ra1=—0. 166757
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/'_( 0, 1667E]

o
4
: T
fl IR7SES
0166761 L 47 (M)
Puc. 9.1.5 Puc. 9.1.6
Py = Mo = % = 01667 AT, my, = % =0, 18755S
COnpemeleHHe P2 OnpemelcHHE Foo
T2
il .
/I/ po 127
a ) ! 2 FC&
= rg';-
_/ oy -
(i faniEr (L fasak) (L0468 TSET
Puc. 9.1.7 Puc. 9.1.8
M, =0, (o5 = 12BJ6° = 0,0555E7, (Osq = 3EJ14° = 0, 046887
n, = —0,1667E7. La=0,

raz= 0102357

Owpedanerie ceobodumx saenee R u Ko om cunososo sosdeticimenn

SOEpa MOMEHTCOE B OO 0T CHICEOTS BOSTEHCTEHA MOpelcTaBleHa Ha pHo 919
(CHEE ME OIpENeleHHA pEAKIHA Bo EEEIEHHEEX CEASAX — Hapuc, 9.1.10, 5111
K

TN .
}_j; f /'.3/ 3 e
/).

. ik
gl /8=d KHm

el

i (M)

Puc, 9.1.9
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OnpenencHue K7 OnpemeleHue SoF

Ry

'I(f » 4 H_'l}:
Puc. 9.1.10 Puc. 9.1.11 IRH
4, =0, ;;134:3.:;;:;;3.3.4@:31{}1
Ay =0 Rop=—7xH

Owmpedaneriie ceobodumx sneroe Rt B om mesnepapnmrose eosdeficmens

B magane HaHIen YCHIHA B OCHOBHOH CHCTEME, BOSHHKARCI[HE B PESVIETATE IH2 ME-
HEHHA OIHH ETEI}}KHEE. CpE,I[HHH TEMIERaTVpa I EBECOTE IIQICREHHOY CEHEHHA

crep®HEer 1-2, 2-2 u 24 paBHa .E,J=ED;4D=—1D ", a B CcIepEHE 25 -

_ 20420

£ =20 "7, IlpupameHHA INHH CTepXEHeH ONpENelMOTCA N0 DopMyIEe

2
by = atgly.
Cxema gedopMEpOBaHHA B 3I0OPA MOMEHTOE 0T HIMEHEHHA NIHH CTEPEHEHR Opel-

cTaeneHe Ha pHC, 2. 1.12 1 91,13 cooteeTcTReHHO. CXEME ONpENeleHHA PEAKIHA BO
EEENEHHEY cEASAX — Hapuc. 9.1.14, 8 1.15

ACEE]

[~

= " "_"“ HII IlIII o ]rla_!llrl-_
T 2 [6.667QES |3

J
777
6,66 7T 3 (M)
i
Prc. 9.1.12 Puc. 9.1.13
2 2ET
(CTHOCHTENEHEIS CMEIEHET KOHIOE W= 1200 = 45087,
CTEPEHEH!
Ly =@ 207 6 = 120q, wy = 22 60a = 60aES,
Lo = 107 4 = 40z, -
e 200 W A 2050 5= 160w Blys = Hley = E 40 = 6,667 BT
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DnpeneneHEe Ko CIpemeneHue Ao

R,
P o
15aEl N\ 0GES 4 - -2
Y 2 g ,;];_j 2 I_i
-
0.0 TR 2 2220kE]
Puc. 9.1.14 Puc.9.1.15
6, 66T
S, =0, O =2 aBJ.
Ry, = -21.67cEJ, T¥ =0,
Fog= 22220087

Hanee HaHmeM VCHIHA, BOSHHEAICIIHE B PESVILBTATE HCKPHENEHHE cTepEHeR OHH
EEZHEACTCA TEMIEpATYpHOH cocTaEmmomei A = |51 _5:4| H OIOpeleldoTeA Mo TabJaHie
punoxenua 1. Ona crepzmuef 1-2, 2-3 u 34 M= |2D+4C1: &0 ona crepEHA 2-D2
Ap = |2III = 2[I| =0 JPmopa MOMEHTOE OT HCEPHENEHHA CTEpEHEH NDpefcTaBNeHa Ha pHC.

9.1.16. CxeMul onpeNeleH A pEAKITHE B0 EEEIEHHEX CEAAX — Ha pHe. 9.1.17, 8118

$50cES
T Hernbaromue MOMEHTH B CTEREHAE 2—1,
s | \E,_Ljﬂ Ry 2=3 B 4-3 monyvaeHH 00 dop MyIe:
’71,'71’ /{ ¢t 3 -
g 2GRS
2k
1 m21=%3=§%=450cﬂi,
;!_:?_ﬁuja :
wgy = 2OV BT ooty
J (M) a 014
Forord
Pue. 9.1.16
OnpedeleHHE R OnpeneleHRe Aoy
Ry
N :
4500kl ( %‘jﬁmﬂif .f /( F{ 4
2 F)‘]; 2 :
Puc. 9.1.17 Puc, 9.1.18  6.230ES
=M, =0, y 2250E] _ 695 5T
o=
Lut Sy=0

R =56, 25087
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SloaEd

fm
f /j/ B.667CE]T

ELtNT A4
R

e -

A

4 \225aE
o \225aE]

h] M t

0, () LS

Prc. 9.1.19

Dmropy (M) Tonydas M Kak oy MMy

(M) = (M) + (M) —puc. 2.1.19

IlonHEle SHaHEHHA PEaKkUHE EO BECICH-
HEHY CEAZAY DONYVHaeM TakEe CYMMHpO-

EadHHEN:
Ry =R+ Hipe, oy = Fon + Hope

Hrax, Bj,=-2167akT
Roy = (2,222 — 06,2007 =24 030 BT

Onpedensrue ceabodinx yaexnos £ u o
OF KUMHE AP0 KOS0 oidelickiena

S,I[EEL YCHIHA B SNEMEHTAX OCHOBHOH

CHCTEME oIpeQenAoTcA Takke oo Tabnuuam Ipunoxerna 1.

CHagala paccMOThHM OeHCTEHE TONRKO & CxeMa Dedop MEpOBAHHA H SOHODA MO-
MeHTOE (M) npegcragnenn Ha puc. 9120 1 9121 cooTBeTcTEEHES, CXEMEl oOpege-
NEHHA PEAKIHEA B0 BEEMEHHEE CEAAX — Hapuc. 91,22, 9.1 25

L

Fr

Pre, 9.1.20

CnpenencHue Ky
Ry

N
0.01367 {f
. 3 2

Puc, 9,122

ZM, =0,
R, =001587

0015E]

: —\\ Rix

Kag

-

4
b
m-’:: (Ms)
Puc. 9.1.21
i 2 BT

0,01 4 =0015E87

a1

16
Jnpemeledne oy

#

5

Puc. 9.1.23
T,
Fas=10
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Tenepr paccMeTpHM meficTEHe @ Cxema medopMHPOBAHHA B SMKOpPpa MOMEHTOE
(Me) npepcraenessl Ha pHe. 9.1.24 1 3.1.25 cootBeToTEBEHES, CHEME ONOpeleleHHA pe-
AKITHE B0 BEEIEHHEY CEM:AX —Hapuc. 9.1.26, 9.1.27

/ﬁ-\HI,'F

T T T
(.3333-10 E/S

?%EL

|
|
| 4 i
| o FRAT
l \
_‘5_1 " B (M)
)fl 0.6667 10 FET
Puc, 9.1.24 Puc. 9.1.25
4587 _ i
sy = —— 0,01=0,6667 10 YR, m,. =0333 107 AJ.
OnpegencHue K] OnpenencHue fzgp
H,l,.;l._f-
ol
.7ﬁ, /[/ Fap
2 Y! 2 Ifﬁ I
e
N iy
0.3333-10F) 01667 -10ES
Puc. 9.1.26 Pug, ¥.1.27

24, =0, 10,3333+ 0,6667
R, -03333:107%87, &=

A0 EF = 01667 107 BJ

Ly=10,

OI5E]
Rap=—-0,1667.10=EJ.

f‘_\"ﬁﬂ'_!

R4
—_—
EJ’ . E 3 E Smopy (M) monygaeM Kay cyMMY:
0,3333-10 £ (M) = (Mg+(Mg) —puc. 9.1.28,
Ilonmurie sHaueHHUA peAKIHA B0 EEETEHHELE
CEAXAY DONVHAEM TAKEE CYMMEPOBAHHEM:

4 Rp=FRlg+ R For=Fst Ry
FAEE
! Hrar, F1a=(15+ 0333310287 =
2.3 (Ma) = 1,8333.1024,
(L6667 10 T] Fon=-0,1667 10257
Piic. 9.1.28
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9.2 OnpeleleHHe HEMSBECTHRIX £1 H £2
Kanounueckne ypaEHeHHA B MATPHYHOR QopMe HMEIOT BHI

AZ +B=0. (9.2.1)

B mamem opuMepe
A = T i SEET - 01667 e 2
Fap g -0.1667 01024 | o

|:R1F er Rﬁﬂ:|

—7 —5403aR] - Q1667107 BF

{ 0 —2167afR] 1833107 &7 }
Fop Fy Ry, |

Taxum cbpasom ypapHenue (9.2 1) nprobpeTaeT BUI)
7 3.66°F =0166F | 2 0 —2L67afF  1833:107 &5
— 01667  0,1024 2, ~7 — 54 03287 - 01667 107 &S

Pemenne »Toro VpaBHEHHA [OpHEEIEHC B pacOedaTke paboded  CTpaHHIH

Matlab (puc. 9.2 1)

¢ MATLAR Command Windows

Fie Edi Option: ‘Windows  Help
w 1,8, 2=-A\R ]

i o=

i.067donondpatEd - A 166 FOBHRENBEEEA
-fAGHTRARORARARE O 10Zh0R0RadaRRA

B -21.47E08000000088 B E33008006000 =
-7 ARaaRanaaRaREA -5h  RIRARATRAFARER -0, 601647 AERARATHR
o=
1.8e+002 -

. 8335593911637 % B 222 HETHEG N6 06 . DDDRES9E911 A2
g. f3nE2e 16 99r L LR i e . POV F 9 2L G BB S

u £

Fuc. 221

9.3 IlocTpoeHue smiop, OpOBERKA PEMIEHHA, OOpefeleHHe ODepeMENeHHE OT CHIO-
ECTo BosgeHCTEHRA

Hocmmposouiie anwom
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MocTpoeHHe OKOHEATENEHOR smopH (MY npencraEnens mapue. 9.3.1-9.33
(MY = (M) + (M2)Z2 + (Mp)
E\Fp= 3306/, Zop="T13 B2IET

5,034

2238 /

30034

1119

Puc. 9.3.1

(M )-Z5

5034

/ 12.31

11i%

{3,084 g
(M )7
12,31 -
Puc. 9.3.2
10.07
1784 777

(M) (e )

Puc, 9.3.3

Orongarentuie smoptl (07 1 (MF npegerapnest mapuc. .34, 9.3.5,

A

!._?j-:“il
'S (146 e
© 0,46 7757 (I freed
& =
3543 ©
e 8,46
s f’g}ff'hf.” 7T Ifrl'll'l'l.-l' ?K}”
Pre. 9.3 4 Pue. 9.3.5
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FllieAarminy acKa g HECEE BV

Hafimem BepTHEANEHOE NEpeMEN[EHHE Vala 5 (pHC %.3.6), KoTopoe MO YCIOBHS
DoNEHO BEITE pABHG HYIKD.

JH-
T !
e l
f £ ¢ { 1 {2
o
N (M) = 4.6 056-— 503442240
% =) (M) =22 DET 2 3
4
__:-'__'..|'l,.lj..-l'1|I HPQEEPKE. HQ,I[TEEP:‘I‘:,[[&ET HpaBH.]ILH-::' CTE pEU_IEHHH.
s Ty
Pue. 9.3.6

Iipogepig PasHo88 0L POl 8 Lano Al

. N =03X¥=442:4-3543-846 =000

JIE s = . (0.003
e , Torpemuoct b ———: 100% = 0,025%.
— g S M, =846-4+3543:6-2:4-2-1,2568
Lt ()
A a5y ~1119-17.84 =55 0928 - 55 078 = 0,02,
; T F i 002
T IorpemaocT & ———— 100% = 0,036%.
T e 55,078
11 1o
Pue. 9.4.7 TEiI{HE HGl"pEHIH'DCTH MOEHD CHHTATE
HpHEIuI.]'IEMLIMH.

SWronoeHa PAEHOCEECHA BRI HARDTC A

Cnpedenoiiie RED eAE LanLTl coyenna ik

JTUHEHHOE REPeMELaH e DiF
Ennununan soopa (Mi)sE 0CHOBHOH CHOTEME METOOA CHI ONA oOpeleleHHA THHeH-
HOTo MEpe MEI[EHHA CEYNeHHA X OpedcTaEleHa Ha pHe, 238,
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K [MocEOMEEY TPHEATO, 9T0 OQH CHIOBOM HACpy He-

HHH ONHHA CTEpEHER He MEeHATCA, MONHOE TEpe-

MEIEHHE CedeHHd & paEHO Er0 COpH: 0HTANEHOMY

/L TIE} & MEII[E HHE,
3

fi 73,80
{ Ty g =) AL =——01L19-6+4.3.056)= ——,

fe) (A;) ﬁEJ{ ) =

(M, ),
6
Pue. 9.3.5

Yaon nosapama Br
Enuuuunas smopa (M )e B oCHOBHOR CHCTEME METOOA CHI ONA ONpeldelcHHA YIIa
NOEOROTA CEHEHHA X IpelcTaEleHa Ha pHe. 939,

I
£\
-
1 226
g8 =MV (M, =—16056=2""
f e = M) (M), =7 =
P
(M, ),
i
Prac. 9.3.9

Hocmposuie de dopatiposaiiall cxaMbl Paidsl

Hedop MUpOEAHHAA CXEMa { AME OpeICcTaENeHa Ha pHe. 9310

8, = T3.86/E]

i

Prac. 9.3.10
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84 Iloctpoenue smop, OpoEepEa PELIEHHA, ONpEeIeleHHE NEPEMEIIEHHA OT TEMIIE-
PATYPHODO EosgeAcTEHRA

Hocmposniie 3umwam

[locTpoeune oEoHYATENRHGHE smicprl (MY npegcTaeners gapuc, 3.4 1-54 3,
(MY = (M1)21s + (M) 22, + (M)
21y = 3229, o= 580 20

48, 43CES

/m_C§ »57 / 96, 72QE]

48 43akT

7 213308

b
108, 8CET

|(Jll‘{|rﬂl £ i f”'"-r \J Z.".-
[0, 7HCEE] 6. 720 )

Puc. 9.4.1 Puc. 9.4.2

3433007

46l 601

LY 1T 4 D

5. 35T

T

116,2QES
M)’

02 63CLES g

Puc, 4.4.3
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OroHYaTenpHEe smopk (G0 v (Y npegcTaeneds gapuc. 944, 9.4 5,

135 8kt
© 29,050E 1154QE]

[::} [

”57 2 i ’;7 20 N5ES

11540E | o
20.08aer |© asizaes | ©
i P

o) N) !

s d (L) Ay fi

Puc. 9.4.4 Puc. 9.4.5

FlHe M e Ka g Hpoes PR

Hafinen oTHOCHTENRHOE BEPTHEANLHOE NEpeMEN[EHHA KOHIOE CTEp ®HeH, CROTA-
MHECAE yaae 3 (puc. 246, 8 4.7, xoTopoe Do YOIOBHK TOMEHO DLITE paBHO HYIR.

4
/ !
Y Y
! 2 3 ! 2
L it
1l @&
4 @
4 4
e 7
3 M 5 A
FIIT (M) e (N,)
Puc, 9.4.6 Pre: 9.4.7
PTO MEpEMEN[EHHE OOPETEIAETCA OI0 i op MYIE:
A
d; = (M:'I{Hﬂ' + 28 @ +2ijal
1 1 1 2 -6l 1
do=— 4.6 538afl+ —— 4.4 — — 461,687 + a(-100(1- 4) + 2 (—4.4.=1=10
BT BT 2 78 0.1-4 2

[IpoEepra IOOTECHE ACT OPAEHIEHO CTE EIIEHHA
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Iipogepig PasHOBE CLE DaAbl & LEdoi

"
/ 2 3
135 8¢S Er=291T =135 8—1154=1,
LA =2908=10,
M =28 08+ 11548+ 1162 -251,24 -
gl 290500 —924,63=1.
Hri,:r.'IE}“"f YenoBHA pAEHOESCHA ERIIOIHARTC A,
20.08ck) | 5 Vii5.4cE)
) 251 2aET
02,63
Puc. 9.4.8

CNpe dgagsi e HEPeAE ol coyenia k

Aunetines nepe metienie dig

Enunnunan suropa (M) )5 B 0CHOBHOH CHCTEME METOOA CHI OJIA ONpEIeleHHA THHER-
HOTO NepeMEI]EHHA CeHeHHA & OpedcTaEneda Ha pHc. .38 Ina onpelene HHa ToIHOT O
THHEHHOTO NEpEMEIIEHHA HE0RXOOHMS B QoIolHeHHE K 2miope (M) s DocTpolTE 2m0-
prl (A 1 (V) oT eqHEHYHOR BEpTHEANLHOH CHIL, OIPpHICEEHHOH B cedeHHE £ B man-
HOM CIVHAE 3TO0 HOPHEOOHT ¥ HOABIEHHEY TONEBKG NpOTNOoNbHOH CHIE, NOKasaHHOR Ha
smope (A s

/ IlepeMelNeHHa cedeHuA L IpH TEMIEPATYRHOM

EOSNEHCTEHH OOPEOelACToA I0 hopMyIe

5 = (MY (M) + Sty @y +Z%mm .

1. IopHsoHTANLHOE NEpEMELIEHHEE CET. K,
1| © [locKonBEY S0eck 0, =01 At=1(,

7
G c’ifz=tiM}’-{MJfE{Qz,ﬁa-ﬁ+4-5,3a-3}a£,r=ﬁzn,3.:

2. BepTHEanbHoe DepeMel[eHle ced & B sTom
I_.-_,.-_-_,. rll‘;llklllf',.':l.
o7 cnydas sOope (A1) HeT, nosTomy:;

Puc. 9.4.9 o= (+20)- (1. 63=-120

JHAK (—) 0YHAYAET, 4T0 NepEMEIIeHHE CEYEHHA £ NP oHCEOIHT BEEepE. LakuM obpa-
soM, DIOIHOE THHEAHOE TEpEMEIEHHE:

By = @[620,30 +1207 = 6318

Yeon nosopama Gy

Enuuuunan soopa (M) )snna onpegenedya ¥IIa DoBOROTA CEYEHHA £ NpeIcTaBIeHA
Ha pHC. 939
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[Mockonpky B gaHHoM ciydae dh, = 0un Af = 0, nonyHaen:

g, = (M) (M), = %5-1-5,33@? -32.08a.

Hocmposuiie deDopidip 0 8aHHOT CXEMBL DAt

Hedop MEpoEaHHAA CXEMA P aME OpelcTaElcHa Ha pue. 34,10,

&= ﬁ:f{.-i a

“}#r;lj:'j'i’l o dL = [20¢c

L.

40

Puc. 9.4.10

9.5 IlocTpoeHHe smOp, IPOBEPKA PEIIEHHA, ONpENeleHHE IEpEMEIEHHA 0T KHHE-
MaTHHYECKOTO BoseACTEHA

Hocmpoghiie anop

[MocTpoeHHe oKoHYATENLEHOR soropH {0 opegcTaBnedo Hapue, 9.5 1-9.53
(M}ﬂ = (Ml :'Em 3 (M: :'Ejﬁ = (Mﬁ)-
Z,=-4598107 7, =8792. 107

6,807 10 E]

/ / 1 466-10FT
,;g,,\ 306510 ]

6.807 - 1ES

i .
" 1,648 1(0VE]
& "rﬂff}'ﬂ-’-l . f’lrf .}EH,
1.532-10°ES g6 -
) L l.da6-000ES L
Puc. 9.5.1 Puc. 9.5.2
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8 I0310ES

/ 6,897 10°ES

I ]
5 II.I'.H-'H-H}]"'J

2.433-10°ES j

| e
\ 1.64810°ES
3.669-10E L] (M)
Puc, 9.5.3

CxoHYaTeNEHHE smopH (0% 1 (W2 npegcTaness Hapuc. 9,54, 855

2,025 10°E)

e
’;];7 & = "7;" IHI“I-.H}_iL"
1,724 40°ET i

@®| @

B‘ -1 o | {E:] 5

0.412-1G%] 0.412-10E] 3 749-10TFS 1.724-10°ES
T AT I
(0)" (N}

I rFEEE
Puc. 9.5.4 Puc. 9.5.5

SO HE MR S K HEDES BT

Hafinem oTHoOCHTENRHOE BEpTHEANLHOE NEpEMENEHHA EOHIOE CTER EHEH, COOA-
MHECAE yaue & (puc. 2.4.6), xoTopoe Do YOIOEHE TOMEHS BHTE pABEHS HYIR.
2T NepEMEN[EHHEE oIp el elIAe TCA Io hop MYIE!

&=y H)-ZRA,.
8, = (M) (B,) - (~4+0,01) - sg97 4l faqgtmre a6 04331008 +
2ET i3 BT

+4:107 =0

[IpoEepra DOOTEELEDACT OPAEHIEHOCTE PEIIEHHA
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ITposepid PRSHOSECHA POl € YEnod

e

i)

/ 2 3
Li=0412-0412=10,

Lr=3745-2,025- 1,724 =0,
LMy =041244 17288+ 3,669 -

0412107 —04126— 1,648 13,7494 =0
e ] 'd_
[.648 H}Efk_ﬂ;
. 5 YWCNOEHA {AEHOEECHA BRITOMHACTCA
0412410 5  Wraa0Es
L 3.749-10VE)
L 669 10

Pue, 9.5.6

COnpedensliie NepeMe e LT coyenua i

Ainetinoe nepeMaiyaniie Oy a

Ennanunas smopa (M5B oCHOBHOHR CHOTEME METOMA CHI ONA oNpeleNeHHA THHEH-
HOTO IEepeMEIeHHA cedeHuA k opegcTagneda Ha pHe. 938 Ilonmuoe nHHeHHOE Iepe-
MENEHHE PAEHO TOPHEOHTANEHOMY NEpEMENIEHHIS ced. Kk, DOCKONBEY NpomolbHad Je-
fopMaHA CToHER 2-0 He YYHTHEARTCA.

B mammpoM coydas mepeMEN[eHHA oNpeleldoTcd To §op MyIe;

8= AD-ZRA,.
8, = (MY (M), - (=6 0,01) = % (3669 6-4 2433 3 107 B/ + 0,06 =009 m

Yeor nosopoma G

Enunmunan smopa (Mis Ona onpeleneHHA yTIa OOECROTA CEYEHHA & OpelcTaEleHAa
HapHo 93559

8, = (M) (M), — (=001 1) = %(—3,359-1} CE7 107 +0,01=0,0034 pan.

&= 0,09 B )
"—| ' O =340 pae Hocmposkie de QopMuposariol  cxeyl
\

Py s — DMl
e i

v I |
|
I

Hedop MupoEaHHAT CXEMA pAME OpeICTaE-
TMeHa Ha pHc. 9.5.7.

j; 0,01 pao.
y

Pue, 9.5.7
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10. KoHTpoIEHEIe BOIIPOCEI [0 MeTOTY IIepelelie I

Meton nepemeniennf. Kax Br noHHMaeTe HIEK METODA DEPEMEI[EHHET

UTo DpMHMMAETCA 23 HEHMSBECTHEIE METoNa HepeMel[eHHA? YTo Takoe OCHOBHAA
H SKEHEANEHTHAA CHCTEMEl METola IepeMeIeHHAY

Farx HafTH CcTENEHE KHHEMATHYECKOH HEONPENENHMOCTH T

Farx cnpepenmorca cBoboQHEE YNeHHE KaHOHHYECKHE VpaBHEHHH METOOA TEpRE ME-
MeHHHA croocoboM GOepEMHCEEHHA STEOpR T

Fax onpegenmorca ceoboQHEE YNEHE TIpH pacdeTe Ha TEMIERATYPHEE BOosOelcT-
eHA? [[oKaXHTE Ha IpHMEpE,

Farx onpemenmoTca cBoboDHEIE YNEHE TpH pacdeTe Ha SaJaHHEE CMEI{eHHA!
[lora®mHuTe Ha IpHMERE.

T HIHIECKHA CMECT H ocobEHHOCTH KaHOHHYECKHE VPAaBHEHHHE MeToga MepeMEIlE-
HHH.

67



FHEJOIOT PA® ITUE CKHIT CTOIC OK

1. Japrop A B, HMancmauker HH. Crpoutencyag mexanuka —I: Bucmas nmo-
na, 1986 — 607 ¢

2, CTpoHTENRHAA MEXaHHEA, CTepEHeBre cHoTeMu. A P Cuuprop, & B Anex-
cagapor, B A Jlamennwoe, HH. Manomuanroe. — M Crpofinsgar, 1981 - 510 ¢

3 Eneau 'K, Jleontrer H H., Bamomenrop M1 u op. PyroBomcTES B OparkTHYE-
CEHM SaHATHAM I EYPCY CTROHTENRHOH MEXAHHEN (CTATHEA CTEPEHEEBLIX CHCTEM).—
I, 1980, — 284 ¢

4. Neaxouce B MATLAER. YVuebumi wypo — Capr—Iletepbypr, Mockea, Xapn-
koB, Munck: Hutep, 2001 — 255 ¢

5. Comomun B H. DnemenTil nuHefnol anrebpH B CTROHTENRHOR MexzaHHKe ydEb-
Hoe Nocobie —Yenabuucwk,, 2000, — 38 ¢

6, Comomug B H Pemenne sagay cTpoHTENEHOR MEXaHHEH C IO MOIBRS MaTE MaTH-
yeckoH cHoTeMel MATLAER: Yyebuoe mocobue — Yenabuucy: Hag FOWpl™, 2002, —
19c.

68



INFHJIOCKEHITA

ITpraoxenme 1

"I PEL HZT I*Iﬁ AHIOHNY MOMeHTOE B 0THOIIPOIe THELIX
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ITprmosense 2

Hemone zo0e aHize Ma TPIOI ITPII pe eIl CHOTeM KaHOHITIeCKIIX YPae HeHIIT

PacyeT cTaTHYECKH HEONPENETHMEX CHOTEM CEA3aH C pEIIEHHEM CHCTEM MTHHEHHELE an-
rebpayeckiE YpAaBHEHHH, KOTOPHE B CTPORTENEHOH MEXaHHKE OpPpHHATC HASHEATH KaHO-
HHYECKHME YpaEHEHHAME, HHorma sTH pemeEnA yoobHO BREIIOIHATE B MATPHYHOH dopMe;

Huwe bymer morazado, Kak 5TO MOXHO COENATE, HO NPEXEIE HATOMHHM IpaBHIa,
NG KOTOPHM BEIOIHACTCA ONERAITHHE HAT MATRHIAMHE.

fHpaeuna apnoin elig onepaniiil 1 ad MAmpuLEn
Chnoxedse (BEYHTAHHE) MATpHI

CI{J'IB.,I[BIEB.TL H BEEHHTATE MOEHO JHIOE MATPHIE, HMEROIIHE OOHHAKOEOE HHCIO
CTPpOK H ODHHAKOEOE HHLIIO ETGJIELIC'E

A+B= s PR S By By By _
tq] @an o by By By
(ayy +iyy) +lagy o) g i) "

(g + o) +lag t ) + @y thy)
YMHOEEHHE MaTpHI

YMHOEEHHE MATPHIE Ha 9HCHO (ckanap) S naeT MaTpHUY, BCe SIEMEHTH KoTop o
VEENHYEHE B & pas;

fA= 58 fu fu S| Gy Gy Sy
“a %n % fagy fag, g

S MHOEATE MOEHO ITHIIE MATPHOEL, HAZEEAEMEIE COQOMIESMICHIESHERIME, B FOTOPE X
HHCII O I:T':}.]IEI.[C'E! Nepeol? COMHOEHATENA PAaBHO HHCIY CTROE ETOROT O,

PaccMoTpHM OpHMEREL

pumep 1
2y gy - gy Ed| (apxt apmt o tapx)
ta. g A | |F2| _|lBal b oapm t o tagx)
_':I:wl ':I:wﬂ ':Im:u_ _x:u_ _{':I:w.lxl + ':I:wﬂxﬂ + + ':Im:ux:u:l_
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Ipamep 2
S

¥ P = 11 12
O R L 1 _

() ) )
21 a2 a3
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(i Ty t e May iy, taphy, +apde dlay b +apby +oapb) —c
(gl t @by Fagds Mayby +apnby, tash ag by, +apb taghs)

Ipumep 2
a | [2n B
AB=lay ay ag|' by du| =

@y @3y x| |Ba By
(g +agalay s Ma iy T @y, +aplg)
(gl + @aplia)  @gels @y By + gl tagls,)

. (@3ydyy +agabo +asds Mas by, +agby, + ﬂ3:cbzzj |

pumep 4

by by By

by B, .. &
‘J"B:[ﬂnﬂu--ﬂlu]' v 7=

by by . by

= l('ﬂllbu by +otapb e by apb, o +ab ) (aby b, + 4 ':I’lnbr;::)J

Ilpumep 5

11 andy andn o apdy

it o o .:IHE:-12 .:121.5:-2:,d

AB= % '[’-"’*‘11’5'12----'5'1:!]= o

Eyaly  Gbyy ':I:wl‘bl:u_

wml

(npedenenin e Hell36ac HIHX RPN HECKATBRIX SHOMx 8030eicaii

IIp# pacyeTe CTATHYECKH HEOUPENENHMOR CHCTEME Ha HECKONBEO BHIOE SarpyiEe-
HHA (BosSOeHCTEHA) ONIA OOPENENcHHA HEMSECCTHHY (VCHNIHA B METONE CHI HIH IEpE-

MEIEHHHA B METONE NepeMEN[EHHE) MOEHO TOHTH OEVMA IYTAME!
— CTONBKO Pas PeLIIaTE CHCTEMY KAaHOHHYECKHY VpaBHeHHHE, CHONBKO 2alaHo BosOedcT-

EBHIH,
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— HaHTH obpaTHYI MaTpHUY, H TOMMa MHOTOEPATHOE PEIIEHHE CHCTEME VpaBHEHHH HE
noTRebVETCA. 2TO OPHEOOHT ¥ CYUIECTEEHHOMY COFPAI[EHHKD obbLEMa ERYHCIEHHE,
[Tora®em, Kak 3To MOEHO COETATE HA IPHMEPE CHCTEME VPABEHEHHA BETODOTO DOpATEA

ay Xy Ty xy thy =10,

Al ity b =0 (1)

YpaEHeHHA NpelCTAEHM B MATLHYIHOH dopMe
Ax+b =10,

v | # 1™ s bl
rae A= , X= b=
oy Hag Ay 2

Pemenne cHCTeMEl YpaBHeHHHA (1) MOEHS OpeICTAEHTE E BEHIE

x=—A-lh, (2)

roe Al —obparmas maTpuna

IMokamen, wax Mo®eT BETE DOIVYEHA MaTpHIA Al OONEEVACE,

HalpHMER,
fopMyTamE Kpamepa
Py
M i)
ﬂ_ﬂll ta| 3 _ &_’53'1 413 =4 i
= = dyiday T dpday, L = Syl 213
oy g g oy
ay &
11
A= ; =a11d2 — az1én.
a1
e i b ot
_ 2o 12 ¢ . _ 21 11
TRV A xS eendy st gt —aby
A A A A A
CNeNoBaTeNEHO
1| @2z T
ot
2 Al-a i ' ()
21 11
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]:[p':}EE.'pHM IpaBHIEHOCTE PEINEHHA, HCIIONEZVA HEESCTHOE COOTHOIIEHHE

1 0
ANT=F= :
01

E mamewm npHMepe DIOIyIasM

..%..I_IIE._:I.:E E T
e S e B o S e s e (6 o 1

L@ @) | @2 | 1 |'dndyy Tdpdy ! T dpdn tapay ! |
Ay ] |9y Hp aaly) T gty

Femenne ernonueso EELHO.

Eonu sarpyweHni HeckolbEKO, MaTpHIa A oCcTaeTcd HEHSMeHHOH, a IEE TR VIHE
MATPHIE, HAOpHMep, B CIVYae, KOO A 2arpVEeHHA TpH, BHINANAT TAK

Ay g Hm i By B Ay @)

£ ; B ok B |
21 22 23

ITE X — HCEOMEIE HEHSBECTHEIE, [ — HOMEp HEHIBECTHOTO, & — HOMEpD SarpyEeHHA,
b — CcEODBOIHEIE UIEHE, §— HOMep CEODOTHOTO YNEHA.

Ilopcraenas enpazenna (3) u (4) e (2), nonydaem

n A M| 1| @m Ty by by By
2 2y by by by

Aa1 A; A Al-
H, TepeMHOEHE MaTpHITE, HAaXo0HM HeHSBECTHEIE

o Fgo Fa | 1| @l mapgba)  (@abn b)) (@b —apbys) (5)

Al Cagdy tapby) (Cagby tapby) (Cagbs tapbs
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