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1 IHenun u 3ama4dnm

[les1bio BBITIOJIHEHNS JAHHONH KOHTPOJBHON pabOThI ABJISETCS OCBOEHUE HABDI-
KOB UCCJICJIOBAHUS HEJIMHEHHBIX JUHAMUYECKNX CUCTEM Ha ITPEJIMET BOSHUKHOBEHUS B
HIX YCTOWYMBBIX aBTOKOJIEOATETbHBIX TPOIEccoB. [l BITOTHEHNS pabOThl ITPeJIIo-
JIAETCS NCMOJb30BaHNE KJIACCUIECKOTO METO/1a TapMOHMYECKO JTMHeapu3alun, a Tak-
Ke TpadIecKoro(dIacToTHONO) METO/Ia PelieHnst 3a/1adi TapMOHITIECKOro GalaHca u
npuMenenne kpurepus ['obiadapbda. Kpome Toro cryienraM HeOOXOIMMO BBITTOJTHUTH
YHCJICHHHOE MO/JIC/INPOBaHNe HeJIMHEeNHON TNHAMUIECKON CUCTEMbI I CPABHUTDH PE3YJIb-
TaThl AHAJNTHIECKUX MCCJIEIOBAHNI ¢ Pe3yIbTaTaMi YUCJEHHOTO MOJIe/INPOBAHNS.

Ha ocHoBaHuuM cpaBHEHUsI PE3YILTATOB HEOOXOIMMO CJIeJIATh BBIBOJIBI OTHOCH-

TeJIbHO Ha.HI/I‘-H/ISI/OTCYTCTBI/IH COOTBETCTBUA MEXK/Y IIOJIYHYEeHHBIMU PE3YyJibTaTaMU.

2 Bribop BapuaHTa 3aJlaHUMAg

cxoiHbIMEI JAHHBIMHI JIJIS BBIIIOJTHEHNST KOHTPOJILHOI pabOThI SBJISETCSI CTPYK-
TypHay CXeMa HeJUHENHON JUHAMIUYECKOl CUCTEeMbI, MaTeMaTUIeCKne MOIean JIMHeil-
HBIX 3BEHLEB BXOJMAIINX B COCTAB CUCTEMbI, & TaKKe THUIl U ITapaMeTpbl HEeJIUHEHHOTO

sseMenTa. i BhiOOpa 3a/iaHns HEOOXOIMMO:

a) Ompenenurs HoMep Bapuanta N. Homep BapuanTa cOOTBETCTBYET JIBYM 110~

caeHUM nudpamM HOMepPa 3a4eTHON KHUMKKI.

0) BeibpaTh B COOTBETCTBHU CO CBOUM HOMEDOM BApHAHTA MApaMETPbI UCCTIe-

JlyeMoit cucrembl B riiase 4.

3 3BagaHne Ha KOHTPOJBHYIO PadboTy

3.1 Ooiue cBeleHUd

B nanHoMm pasjesie IpUBOIUTCS IIepedeHb 3aaHiil KOTOpble HeOOXOIMMO BhI-

IIOJITHUTH B KOHTPOJIbHOI pabore. [lo KarkjioMy 3a/laHNIO JIaHbl KpaTKHe YKa3aHUd, a
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TaK2Ke€ CCbIJIKHM Ha JIMTEpaTypPHbIC MCTOYHUKN B KOTOPBLIX HO,ZLpO6HO OocCBeIIEHbI COOT-

BETCTBYIOIINE BOIIPOCHIL.

Broiosinenne pa6OTbI PEKOMEHAYETCA OCYIECTBJIATL B COOTBETCTBUU C IIPUME-

POM BLIIIOJIHEHM A, IIPUBEACHHOM B IIPUJIOZKEHNN K JaHHOMY METOANYIECKOMY [IOCOOUIO.

CTpyKTypHasi cXeMa MCCJIelyeMOil JTUHAMIIECKON CHCTEeMbl SABJISIETCs OOIeil

JIJISl BCEX BapUaHTOB U MPUBEJleHa Ha puc. 1.

ul) ® HD W Ws _ySt)

|

Pucynok 1 — CTpyKTypHasi cxema CHCTEMbI

3.2 (OcHoBHBIE 3Tallbl BBIIIOJIHEHUA

,ZLJIH YCIIeIIHOI'O BBLIIIOJTHEHM A pa6OTbI HGO6XO,HI/IMO ocymiecTBiieHne CJjaeay0ommnx

MYHKTOB KOHTPOJIBHOIN PabOTHI:

a)
0)

Bribparh nHuBuya bHOe 3a/ianue (CM. TiaBy 2).

[ToyanTs niepejiarodnbie (DYHKINN s KAXKI0T0 JTMHEITHOTO TUHAMUIECKO-
ro 3BeHa. Kaxkoit mepeaTovHoil pyHKIMN OTMEIEHHO Ha PUCYHKE CTPYK-
TYPHOIT CXeMbI COOTBETCTBYET cBoe Jnddepennuanbioe ypapuenne. Hampn-
Mep, 3amnck Wi : 2.5y + y = 4u’ o3nauaer, 4To nepelaTOUHOI (DYHKITIN
W1 coorsercrByer auddepeniuaibioe ypapuenue: 2.5y +y = 4u’.

J11s1 BBITIOJTHEHUST JIAHHOTO IIYHKTa MOYKHO HCIIOJIB30BATH CJICIYIOIIIE HC-

TouHuKY Jureparypbl: [1| n12.4, ctp. 31, 2| n2.1, cTp. 19.

[IponsBecTn rapMOHMYECKYTO JIMHEAPU3AINIO HEJTMHEIHOTO 3JIeMeHTa ¢ yHe-
TOM TIAPAMETPOB HEJMHEHHOIO 3JIeMEeHTa W3BJICUCHHBIX MPU BHIOOPE 3a1a-
HUSI.

J11s1 BBITTOJTHEHUST JIAHHOTO IIYHKTa MOYKHO HCIOJIB30BATH CJIETYIONIIE HC-

TOYHUKY JuTeparypbl: [2| 5.3, ctp. 217, 3| n3.1, cTp. 74.

Ucnosb3yst 9acToTHBI (rpadudecKnii) METo 1 rapMOHITYECKOTO bajtaHca yeTa-

HOBUTBH IIapaMeTPbl aBTOKOJIeOaHNUIA.



ﬂﬂﬂ BBIIIOJIHEHUA JaHHOI'O IIYHKTa MOXKHO MCIIOJIB30BaTb CJIEAYIOHNINE MC-

TOYHUKY JuTeparypbl: [2| 5.3, ctp. 217, [3] 13.3.2, cTp. 91.

1) Ucnonwsys kpurepuit [osbidapba onpeeuTs saBISIOTCS TN HaliIeHbIe aB-
TOKOJIeOAHIS OPONTATHLHO YCTONUNBBIMHE.
JlJtst BBITIOJTHEHUST JAHHOTO TYHKTa MOYKHO HCIIOJIb30BATH CJICYIOIINE UC-

TouHuKN Jiureparypet: [2] n5.3; crp. 217, (3| n3.3.2, crp. 91.

e) OmpenesmTh aMILTATY/LY aBTOKOJICOAHN HA BBIXOJIE CHCTEMBI.
s BBITIOJTHEHNA JAHHOTO MYyHKTa MOXKHO HMCIOJIb30BAThH CJIETYIONINE HC-

TOIHUKN Jiureparypsr: [1] 2.5, cTp. 37.

K) Wcnonb3yst matemarnaeckuit maker Matlab win meros Pyare-KyTTer, mpo-
N3BECTHU YUCJEHHOE MOJIeTnpoBaHue (PyHKIIMOHUPOBAHN JTUHAMUIECKON CH-
CTEMBI.
1t BBITTOTHEHNS JAHHOTO IMYHKTa MOYKHO HMCIOJb30BATDH CJCIYIONINE NC-

TOYHUKN JinrepaTypsl: [4] 118.2, ctp. 367, [5] n12.3, cTp. 85.

3) CpaBHI/ITb pe3yjibTaTbl aHaAJIUTUYICCKNX PacCHEeTOB aMIJIMTYAbl M 9aCTOTDLI
KoJiebaHunit Ha BbBIXOJIl€ CHUCTEMbI C pe3yJibTaTaMi YHUCJAC€HHBIX BbIYECJICHUIA.

CﬂeﬂaTb BbBIBOJbI Ha OCHOBaAHMNHW IIPOBEJCHHOI'O CpaBHEHNA.

3.3 PekomeHngaiuy mo BbIIOJHEHIIO 1 0(POPMJIECHUIO

B koHTpOo/IbHOI paboTe HEOOXONMO MPUBOJNTEL BCE CXEMbl, IpauKkn, aHau-
TUYECKHe BBIKJIAJIKN TP BBIBOJE TIePeAaTOYHBIX (DYHKIINN U JIPYTUX BhIPAXKEHUI, BU/T
KOTOPBIX 3aBHCUT OT KOHKpeTHOro HY (mpoBejierne rapMOHNYIECKOi JTMHeapu3ainm i
T.IL.).

st mocTpoennst HEKOTOPHIX XapaKTEPUCTUK HEOOXOINMO BLIUUC/IATH 3HAUe-
HUusT (PYHKIWHI B HEKOTOPOM JiMalia30He U3MEHEHUSI UX apryMEeHTOB. DTU BbIYUCICHU
MOYKHO BBINIOJIHATL 0Oe3 npuMenennst DBM. B srom ciyuae pesysbrarbl BbIUUCIEHUIT
CBOJIATCA B TaOMIbL. Ecan st mocTpoeHunst XapaKTepucTHK uciosib3yercs IBM, To
TAOJIUIBI MOYKHO HE MPUBOJUTL B KOHTPOJBLHON padoTe, a MPUBECTU JUCTUHTHU TTPO-
rpamMM (TEKCThI IPOrPAMM) IPU HOMOIIHM KOTOPBIX BBITOJIHSIIUCH TIOCTPOEHUSI.

11t TpoBeieHns YUCJIEHHOTO MOJIEJIMPOBAHNA JIMHAMWKI JTUHAMUYIECKONH CHU-
cTeMbl Hciosib3oBane IBM Tak ke He sBisiercs HeobxoauMmbiM. [omyckaercs: pyd-

HO€ BbIYMCJIEHUE METO/JI0OM PyHFe—KYTTbI C IIpuBE€AcHUEM BCEX COOTBETCTBYIOIINX PacC-
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CYETOB B TEKCTe KOHTPOJIbHOI paboTol. IIpu mcnonbszoBanun 9BM st mpoBejieHnst
BBIUNCICHUI HEOOXOAMMO MPUBECTH JIUCTUHIU HIPOrPaMM WJIN, B CJIydae MCIO0JIb30Ba-
HUsT JIjIsT MOJIe/TMpOBaHus rmporpamm tuia Simulink, canmkn ¢ sKpaHa (screenshot), a

TaK>Ke Fpa(bI/IKI/I BbBIXO/IHOT'O CUT'HaJIa.

4 HVuauBuayaJibHbIE 3aJIaHNS

Bapuant N200

['paduk GpyHKINN HEJTMHEITHOTO SJIeMEHTA:

A

[Tapamerpbl HEJIMHEITHOTO dIeMEHTA:
a=0.45, b= 2.5, ¢ = 250.

JInHeiiHble JUHAMUYECKUE 3BeHbsI:

Wi(s): U + 9.2V + 34.963 + 94.08y + 149.76y = 2347 + 1404w,
Ws(s) : 4y + 3y = 3u.

BapuanTt NeO1

['paduk GyHKINE HEJIMHEITHOrO 3JIeMEeHTA:



[TapameTpbl HEJIMHEHOTO 3JIeMEeHTa:;
a=0.2, b=4, c=200.
JIuneiinple TUHAMUYECKIE 3BEHbSI:

Wi(s): U + 7Y + 63.25§ + 303.5¢ + 394y = 1541 + 1386w,
Wy(s) : 4y + 2y = 3u.

Bapuant Ne(02

['paduk pyHKIMN HEJTMHEITHOrO SJIeMEHTA!

[TapamMeTpbl HEJTMHEITHOIO SJIeMEeHTA:
a=0.2, b=4.5, c = 250.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s) : Y +5.8Y +93.014j + 334.447 + 327.24y = 3601 + 1080u,
Wh(s) : 2y + 3y = u.



BapuanT N203

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJTMHEHHOrO 3JIeMeHTa.
a = 0.05, b= 3.5, c = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y +4.6Y + 7.49§ + 6.76y + 4.36y = 4871 + 3409u,
Wy(s) : 3y + 4y = 2u.

Bapmnant Ne04

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A




[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.15, b =3, c = 150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y 4+ 3.2Y + 11.614 + 27.435 + 18.02y = 2001 + 600w,
Wa(s) : 3y +y = 2u.

Bapuant N205

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b =4.5, ¢ = 200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): Y +2.8Y +66.765 + 129.125 + 64.16y = 3171 + 2536w,
Wa(s) : 4y + 3y = u.

Bapuant Ne06

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

10



[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.1, b =25, ¢ =250.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s) : Y +5.4Y + 34.093 + 106.16y + 76.47y = 39510 + 1975u,
Wa(s) : v+ 2y = 3u.

Bapuant NeQ7

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA!

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=204, b=4, c=250.
JIuHeitHbIe TMHAMIYECKIE 3BEHb:

Wi(s) : Y +5.4Y + 24.04f + 82.67 + 96.24y = 4391 + 878,
Wa(s) : 3y + 3y = 3u.
11



BapuanT Ne08

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[Tapamerpbl HEJTMHEITHOTO dIeMEHTA.:
a=0.35, b =3, c = 150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : Y 4 6.47 + 60.444 + 297.847 + 441.36y = 1217 + 1089u,
Wa(s) : g+ 3y = u.

BapmnanTt N209

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

A

12



[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a = 0.05, b=2.5, ¢ = 150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U + 6.2V + 61.36§ + 254y + 296.16y = 2801 + 2240w,
Wa(s) : 4y + 3y = u.

BapuanT Nel10

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1,b6=25, ¢c=150.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): Y +6.8Y + 24.814 + 59.855 + 58.86y = 4821 + 3856,
Wa(s) : 4y + 2y = w.

Bapuant Nell

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

13



[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.15, b =4.5, ¢ = 200.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) : Y 4+ 4.27 + 84.814) + 324.647 + 243.03y = 2647 + 2112u,
Wa(s) : 2y + 3y = 3u.

BapuanT Nel2

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.45, b= 3, c=250.
JIuHeitHbIe TMHAMIYECKIE 3BEHb:

Wi(s): Y + 4.8V + 56.363 + 199.84y + 196.64y = 1407 + 700u,
Wa(s) : 4y + 3y = 2u.
14



BapuanT Ne13

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.35 b=4.5, ¢ = 150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y +6.4Y + 94.495) + 415.851 + 488.94y = 3031 + 606w,
Wa(s) : 4y + 4y = 2u.

Bapmnant Nel4

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

15



[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.4,b=4.5, c=200.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y +6.4Y + 35.443 + 153.44y + 200.32y = 2037 + 406w,
Wa(s) : 2y + 2y = w.

BapuanT Nel5

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[Tapamerpbl HEJTMHEITHOTO dJIEMEHTA!:
a = 0.05, b =3, ¢ = 200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s) : Y 4+ 5.4Y + 18.094 + 42.165 + 28.47y = 1941 + 388w,
Wh(s) : 3y +y = u.

Bapuant Ne16

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.35, b=4.5, ¢ = 200.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) 1 Y +5.4Y + 70.044 + 321.85 + 256.16y = 2951 + 2360w,
Wy(s) : 3y + 3y = u.

Bapuant Nel7

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

[TapamMeTpbl HEJTMHEITHOIO SJIeMEeHTA:
a=0.45, b=4, c=250.
JIuHelinble TMHAMUYECKNE 3BEHbSI:

Wi(s): Y + 6.8V + 16.813 + 19.855 + 10.86y = 368u + 3312u,
Wy(s) 1 g+ 4y = 2u.
17



BapuanT Ne18

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[Tapamerpbl HEJTMHEITHOTO dIeMEHTA.:
a=0.05, b =3, ¢ = 150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s): Y +5.4Y + 42.044 + 181.8y + 144.16y = 1531 + 459u,
Wa(s) : 4y +y = u.

BapmnanTt N219

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

18



[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3,b=3, c=250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U + 6V + 58.25j + 250.25¢ + 197y = 1344 + 1072u,
Wh(s) : 2y + 4y = u.

BapuanT Ne20

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a = 0.35 b=4.5, ¢ = 200.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s) : Y 4+ 4.67 +9.49j + 18.169 + 12.27y = 3734 + 3357w,
Wa(s) : 4y + y = 2u.

BapmnanTt N°21

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

19



[TapameTpbl HETMHENHOTO SI€MEHTA!
a=0.45,b=4, c=200.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s) : Y 4 5.4Y + 35.094 + 107.565 + 101.96y = 4827 + 1928u,
Wy(s) : y + 4y = 3u.

BapuaaT Ne22

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA!

A

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.1, b = 3.5, c = 150.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s): ¥ +6.6Y + 75.69i + 389.347 + 512.72y = 4731 + 1892u,
Wy(s) : 4y + 4y = 2u.
20



BapuanT Ne23

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=04, b=4, c=200.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s): Y +9.4Y + 43.695 + 154.327 + 263.84y = 1481 + 592u,
Wa(s) 1y +y=mu.

Bapmnant Ne24

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.35, b =3, c = 200.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U +3.67 + 4.893 + 4.47y + 2.18y = 3281 + 1312u,
Wa(s) : 2y + 3y = 2u.

Bapuant Ne25

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.15, b =4.5, ¢ = 200.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s) : Y 4 3.8U + 29.56 + 77.085 + 50.32y = 357w + 1785u,
Wh(s) : 2y + y = 2u.

Bapuant Ne26

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

22



[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.35, b=2.5, ¢ = 200.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) : Y +6.8Y + 62.963 + 302.16y + 442.44y = 1274 + 889u,
Wa(s) = g+ 2y = 2u.

Bapuant Ne27

['paduk GpyHKINN HEJTMHEIHOrO SJIeMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.35, b= 3.5, ¢ = 200.
JIuHeiiHbIe TMHAMIYECKIE 3BEHb:

Wi(s): U + 9.8V + 56.214 + 235.287 + 412.96y = 2711 + 1355u,
Wa(s) : 4y + 2y = 2u.
23



BapuanT Ne28

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.2, b=3.5, c=150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : Y 4 6.8Y + 17.814 + 31.255 + 19.24y = 1461 + 1168u,
Wa(s) : 3y + 2y = 2u.

BapmnanTt N°29

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3,b=3, c=200.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U +4.8Y + 10.367 + 19.047 + 12.48y = 2561 + 1792w,
Wa(s) : 3y + 4y = 3u.

BapuanT Ne30

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b =25, ¢c=200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): ¥ +6.2Y + 37.363 + 134y + 152.16y = 3897 + 2723w,
Wy(s) : 3y +y = 3u.

Bapunant Ne31

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

25



[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.4, b=25, c=200.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s): Y +8Y + 83.25§ + 461.75y + 771y = 3801 + 2280u,
Wa(s) : y + 3y = 2u.

Bapuant Ne32

['paduk pyHKIMN HEJTMHEITHOrO SJIeMEHTA!

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.25, b= 2.5, c = 250.

JIuneiinble JNHaMNYECKNE 3BCHbA:

Wi(s): Y +5Y + 43.25§ + 148y + 108.75y = 4681 + 3276u,
Wa(s) 1 y + 4y = 3u.
26



BapuanT Ne33

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[Tapamerpbl HEJTMHEITHOTO dIeMEHTA.:
a=0.15, b= 2.5, c = 150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s) : ¥ 4+ 5.47 +90.094 + 330.165 + 244.47y = 2917 + 2037u,
Wa(s) : 4y + 2y = 3u.

Bapmnant Ne34

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.35, b=4.5, ¢ = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U +4.8Y + 7.36§ + 7.04y + 3.48y = 4761 + 1428u,
Wo(s) : 29 + 3y = 2u.

BapuanT Ne35

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.2, b=3, c=150.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): ¥ +6.8Y + 22.815 + 56.255 + 39.24y = 1191 + 357u,
Wa(s) : 3y + 3y = 2u.

Bapuant Ne36

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.15, b =4.5, ¢ = 150.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) : Y 4+ 5.67 + 45.09i + 184.055 + 216.54y = 1561 + 1248u,
Wa(s) : 3y + 2y = 2u.

Bapuant Ne37

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapamMeTpbl HEJTMHEITHOIO SJIeMEeHTA:
a=0.3, b=3.5, c = 250.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s) : Y + 5.8V + 24.16§ + 84y + 64.64y = 2561 + 2304u,
Wa(s) : 4y + 4y = 2u.
29



BapuanT Ne38

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[Tapamerpbl HEJTMHEITHOTO dIeMEHTA.:
a=0.25 b=3, c=150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : Y +4.2Y + 9.96j + 15.487 + 8.72y = 2397 + 1195w,
Wa(s) : 4y + 4y = 3u.

Bapmnant N239

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b =4, ¢c=150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U +7.4Y + 33.89§ + 111.54y + 148.41y = 2914 + 2619u,
Wa(s) 1 g+ 2y = 3u.

BapuanT Ne40

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.35, b =4, c = 200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s) : ¥ 4 3.67 + 39.893 + 109.477 + 72.18y = 1314 + 524u,
Wa(s) : 3y + 4y = u.

Bapmnant Ne41

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[TapameTpbl HEJIMHEHOTO 3JIeMEeHTa:;
a=0.2, b=4, c=200.
JIuneiinple TUHAMUYECKIE 3BEHbSI:

Wi(s): U + 3.6V + 84.89) + 244.47y + 162.18y = 2397 + 2151u,
Wa(s) : g+ 3y = 3u.

BapuanT Ne42

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.2,b=4.5, c=200.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s) : ¥ 4 6.2Y + 61.36§ + 254y + 296.16y = 3134 + 939u,
Wa(s) 1y + 2y = u.
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BapuanT Ne43

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[Tapamerpbl HEJTMHEITHOTO dIeMEHTA.:
a=0.15, b =3, ¢ = 250.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s): Y +4.8Y +9.214 + 9.03y + 3.62y = 2707 + 1080w,
Wa(s) : 2y + 2y = w.

Bapmnant Ne44

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.35, b =3, c = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y + 7.4Y + 53.89ij + 231.547 + 328.41y = 3981 + 1194u,
Wa(s) : 3y +y = 3u.

BapuanT Ne45

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a =045, b= 2.5, ¢ = 150.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s) : ¥ 4 5.4Y + 59.094 + 203.565 + 197.96y = 2617 + 1566w,
Wa(s) g+ y = 2u.

Bapuant Ne46

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

34



[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.4, b=25, c=250.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s): ¥ +6.2Y + 13.36y + 14y + 8.16y = 21210 + 1484u,
Wy(s) : 20+ y = u.

Bapuant Ne47

['paduk pyHKIMN HEJTMHEITHOrO SJIeMEHTA!

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b=4, c=250.
JIuHeitHbIe TMHAMIYECKIE 3BEHb:

Wi(s) : Y 4+ 8.2Y + 101.76§ + 583.92y + 976.32y = 3554 + 710u,
Wa(s) : 2y + 3y = 3u.
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BapuanT Ne48

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3,b=4.>5, c=150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : ¥ 4 6.27 + 14.36§ + 26.69 + 17.44y = 4961 + 4464,
Wa(s) : 4y +y = 3u.

BapmnanTt N°49

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.35, b=3, c=150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s) : Y +6.2Y + 13.213 + 25.665 + 32.08y = 297 + 891w,
Wa(s) : 3y + 4y = 3u.

BapuanT Ne50

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a =045, b=4.5, ¢ = 200.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s): Y +4.6Y + 8.444 + 8.12y + 3.28y = 3484 + 696w,
Wa(s) : 4y + 4y = 2u.

Bapuant Ne51

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[TapameTpbl HETMHENHOTO SI€MEHTA!
a=0.15, b =4, c = 150.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s): Y 4+ 7.4Y + 17.893 + 20.145 + 11.92y = 1924 + 576w,
Ws(s) : 3y + 2y = 3u.

Bapuant Ne52

['paduk GpyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.35, b= 2.5, c = 250.

JIuneiinble JNHaMNYECKNE 3BCHbA:

Wi(s) : Y 4+ 4.4Y + 69.64i + 257.761 + 256.16y = 2781 + 1668u,
Wy(s) : 4y + 3y = 3u.
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BapuanT Ne53

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.45 b=4, c=150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : ¥ 4+ 5.67 + 11.094 + 22.855 + 16.36y = 435w + 2175u,
Wa(s) : 4y +y = u.

Bapmnant Ne54

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.4,b=3, c=250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y + 7.6V +17.293 + 14.835 + 13.08y = 183w + 1281u,
Wa(s) : 2y +y = 3u.

BapuanTt Ne55

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJTMHEHHOrO 3JIeMeHTa.
a=0.45, b= 3.5, ¢ = 250.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s): Y +5.6Y + 73.093 + 324.055 + 384.54y = 3381 + 676u,
Wa(s) : 3y + 3y = 2u.

Bapuant Ne56

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.2, b=3.5, c=150.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s) : Y 4+ 4.67 + 14.49§ + 38.165 + 27.27y = 287w + 2009,
Wa(s) : 3y + 4y = 2u.

Bapuant Ne57

['paduk GpyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.15, b= 2.5, ¢ = 150.

JIuneiinble JNHaMNYECKNE 3BCHbA:

Wi(s): ¥ +6.2Y +19.36§ + 51.65 + 37.44y = 2791 + 1674u,
Wa(s) : 3y +y = u.
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BapuanT Ne58

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.4, b=3.5 c=150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : Y 4 5.27 + 34.16§ + 106.247 + 101.44y = 1847 + 1472u,
Wy(s) : 4y + 4y = 3u.

Bapmnant N259

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.3, b=4.5, c = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): ¥ +6.67 + 28.693 + 101.947 + 144.81y = 1877 + 1309u,
Wa(s) : 3y +y = u.

BapuanT Ne60

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b = 3.5, c = 200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s) 1 U + 8.8 + 89.414 + 475.275 + 777.72y = 23910 + 1434,
Wa(s) : 2y + 3y = u.

Bapuant Ne61

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.35, b=3.5, ¢ = 150.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) : Y 4 8Y + 68.25¢ + 356.759 + 591y = 171w + 1539u,
Wa(s) @y + 2y = 2u.

Bapuant Ne62

['paduk pyHKIMN HEJTMHEITHOrO SJIeMEHTA!

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.2, b =3, c=200.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s): Y + 3.2V + 7.76ij + 9.92y + 4.36y = 4191 + 1676w,
Wa(s) : 3y + 3y = w.
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BapuanT N263

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b =3.5, c = 150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s): ¥ +5Y + 11.25§ + 20y + 12.75y = 164w + 1312u,
Wa(s) : 3y + 4y = u.

Bapmnant Ne64

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.45, b =4.5, ¢ = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): U + 747 + 33.89§ + 111.54y + 148.41y = 4351 + 3045u,
Wa(s) : 3y + 4y = 2u.

BapuanTt Ne65

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a = 0.45, b= 2.5, ¢ = 200.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s) : Y 4+ 4.8Y + 72.213 + 198.03y + 129.62y = 1074 + 749u,
Wa(s) : 2y + 4y = u.

Bapuant Ne66

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a = 0.05, b=2.5, ¢ = 200.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) : Y 4 4.8Y + 24.214 + 54.035 + 33.62y = 447w + 3129u,
Wa(s) @ g+ 2y = 2u.

Bapuant Ne67

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA!

A

[TapamMeTpbl HEJTMHEITHOIO SJIeMEeHTA:
a=0.15, b =4, c = 150.
JIuHelinble TMHAMUYECKNE 3BEHbSI:

Wi(s): ¥ +3.2Y + 38.615 + 108.43y + 72.02y = 1621 + 1134u,
Wa(s) : 3y + 4y = 3u.
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BapuanT N¢68

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a = 0.35 b=4.5, ¢ = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y + 3.2V + 27.614 + 75.435 + 50.02y = 4294 + 1716w,
Wa(s) : 2y + 4y = 2u.

Bapmnant N°69

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

A
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.2, b =25, c=250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y +5.8Y +93.014) + 334.447 + 327.24y = 3661 + 2928u,
Wa(s) : y+y = 3u.

BapuanT Ne70

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.2 b=25, c=250.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): Y +5.2Y + 86.014 + 405.855 + 324.04y = 2621 + 1310u,
Wa(s) : 2y + 2y = 2u.

Bapuant Ne71

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.1, b = 3.5, c = 250.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s): Y + 4.6V + 22.49§ + 66.765 + 64.36y = 1411 + 282u,
Wa(s) : 4y + 4y = w.

Bapuant Ne72

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.35, b=4.5, ¢ = 150.

JIuneiinble JNHaMNYECKNE 3BCHbA:

Wi(s) : Y +5.4Y + 57.043 + 247.65 + 294.24y = 1351 + 810u,
Ws(s) : 2y + 3y = 3u.
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BapuanT Ne73

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[Tapamerpbl HEJTMHEITHOTO dIeMEHTA.:
a=0.15, b= 2.5, c = 150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y +6.6Y + 78.64i + 332.85 + 387.84y = 2331w + 1398u,
Wa(s) : gy +y = 2u.

Bapmnant Ne74

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.15, b= 3.5, ¢ = 200.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y + 7.2V + 25.56 + 66.967 + 84.24y = 3221 + 2576u,
Wa(s) : 3y + y = 2u.

BapuanTt Ne75

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3,b=25, c=200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): Y 4+ 4.67 + 88.443 + 248.12y + 163.28y = 2321 + 464u,
Wa(s) : 2y +y = u.

Bapuant Ne76

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.35, b=2.5, ¢ = 200.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s): Y +5.4Y + 70.044 + 321.87 + 256.16y = 1561 + 624u,
Wa(s) @ g+ 4y = 2u.

Bapuant Ne77

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA!

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.05, b =4, ¢ = 250.
JIuHeitHbIe TMHAMIYECKIE 3BEHb:

Wi(s): Y +8.2Y +29.76§ + 79.925 + 112.32y = 2244 + 2016w,
Wa(s) 1 g+ 4y = 2u.
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BapuanT Ne78

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJTMHEHHOrO 3JIeMeHTa.
a=0.25, b= 3.5, c = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s) : Y 4 8.67 + 24.844 + 30.685 + 19.68y = 408 + 1224w,
Wa(s) : 3y +y = 3u.

BapmnanTt Ne79

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

A
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[Tapamerpbl HEJIMHEITHOTO dIeMEHTA.:
a=0.1, b =4.5, c = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s) : Y +5.2Y + 73.16§j + 262.247 + 257.44y = 2174 + 1953u,
Ws(s) : 3y + 3y = 2u.

BapuanTt Ne80

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3, b=4.5, ¢c=200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): ¥ +5.2Y +9.014 + 20.855 + 16.04y = 4661 + 2330u,
Wh(s) : 4y + 2y = 2u.

BapmnanTt Ne81

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a = 0.05, b=2.5, ¢ = 150.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s) : Y 4 6.4Y + 60.444 + 297.847 + 441.36y = 4007 + 1200u,
Wh(s) : 2y + y = 2u.

Bapuant Ne82

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a = 0.05, b =3, c = 250.
JIuHeitHbIe TMHAMIYECKIE 3BEHb:

Wi(s) : Y + 8.8Y + 86.56i) + 526.087 + 1026.6y = 4061 + 3248u,
Wa(s) : 3y + 4y = 2u.
56



BapuanT Ne83

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a =045, b= 2.5, ¢ = 250.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s) : ¥ +5.8Y +33.165 + 1299 + 100.64y = 228 + 2052u,
Wa(s) : 29 + 2y = 3u.

Bapmnant Ne84

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.2,b=4, ¢c=150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): ¥ +5.2Y + 12.16§ + 21.047 + 13.08y = 397 + 3573w,
Wa(s) : 3y + 2y = u.

BapuanT Ne85

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.25, b =4, c = 150.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s) : Y 4 8Y + 83.25¢ + 461.75y + 771y = 3721 + 3348u,
Wa(s) : 4y + 3y = 3u.

BapmnanTt Ne86

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

o8



[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.25, b= 2.5, c = 150.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s): U +6.6Y + 39.644 + 137.8y + 153.84y = 1061 + 424u,
Wa(s) : 294+ y = 3u.

Bapuant Ne87

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA!

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.4,0=3, c=250.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s): Y +2.2Y +10.413 + 18.225 + 9.01y = 178u + 712u,
Wa(s) : 2y +y = 2u.
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BapuanT Ne88

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.1, b =3, ¢c=150.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s): ¥ +5.6V +32.095 + 127.857 + 100.36y = 3661 + 732u,
Wa(s) 1y +y=mu.

BapmnanTt Ne89

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.45, b= 3.5, ¢ = 150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y + 6.8V + 17.814 + 31.255 + 19.24y = 2144 + 1498u,
Wa(s) 1 4y +y = u.

BapuanT Ne90

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a =045, b=4.5, ¢ = 250.

JInHeiiHble TUHAMIYeCKNe 3BeHbs:

Wi(s): U + 4.6V +22.495 + 66.765 + 64.36y = 1891 + 945u,
Wa(s) : 4y + y = 2u.

BapuanTt Ne91

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.1, b =3.5, c = 150.

JInHeiiHble TUHAMIYECKUEe 3BeHbsI:

Wi(s): Y +7.8Y +26.764 + 73.725 + 109.92y = 467w + 934u,
Wa(s) : 29 4 2y = u.

Bapuant Ne92

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA!

[TapameTpbl HETUHENRHOTO SIEMEHTA
a=0.4, b=3.5 c=200.

JIuneiinble JNHaMHNYECCKNE 3BCHbA:

Wi(s): ¥ + 3.8V + 14.415 + 21.425 + 9.81y = 1254 + 500u,
Wa(s) : 4y + 2y = 3u.
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BapuanT Ne93

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3, b=4.>5, c=250.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : Y 4+ 7.8Y + 35.614 + 115.26y + 134.48y = 1687 + 840u,
Wa(s) : 2y + y = 2u.

Bapmnant Ne94

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

A
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.45, b=4, c=150.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): ¥ +5.4Y + 17.044 + 47.69 + 54.24y = 155t + 310u,
Wa(s) : 2y +y = 2u.

BapuanT Ne95

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

[Tapamerpbl HEJTMHEITHOTO dJIEMEHTA!:
a=0.35, b =3, ¢ = 250.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s): ¥ 4+ 5.67 + 43.09i + 182.857 + 144.36y = 1427 + 1278u,
Wa(s) : y + 2y = 3u.

Bapuant Ne96

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:
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[TapamMeTpbl HETMHEITHOTO dIEMEHTA.:
a=0.25, b= 3.5, ¢ = 150.

JInHeiiHble TUHAMIYECKIEe 3BeHbsI:

Wi(s): Y + 5.6V + 75.044 + 264.967 + 258.56y = 1661 + 830u,
Wa(s) : 2y + 2y = 2u.

Bapuant Ne97

['paduk pyHKINN HEJTMHEITHOrO SJIeMEHTA:

A

[Tapamerpbl HETMHEITHOTO dJIEMEHTA':
a=04, b=4, c=200.
JIuneiinple JUHAMUYECKIE 3BEHbSI:

Wi(s): ¥ + 5.2V + 44.16§ + 149.04y + 109.08y = 1951 + 975u,
Wa(s) : 3y + 4y = u.
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BapuanT Ne98

['paduk GyHKINE HEJIMHEITHOTO 3JIEMEHTA:

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.3, b=4.5, c=200.

JInHeiiHbIe TUHAMIYeCKIe 3BeHbsI:

Wi(s) : Y 4+ 4.67 + 16.443 + 32.125 + 19.28y = 1521 + 1064w,
Wa(s) : 3y + 2y = 3u.

BapmnanTt N°99

['paduk GyHKINT HEJIMHEITHOTO 3JIEMEHTA:

A
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[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a = 0.45, b = 3.5, ¢ = 200.

JInHeiiHble TUHAMIYEeCKIEe 3BeHbs:

Wi(s): Y + 3.8Y + 53.56 + 149.08y + 98.32y = 3761 + 2256u,
Wa(s) : 2y + 2y = w.

BapuanT Ne100

['paduk GyHKINE HEJIMHEITHOrO 3JIEMEHTA:

A

Y

[TapameTpbl HEJIMHEHOTO SJIeMEHTA:
a=0.4, b=3.5 c=200.

JInHeiiHbIe TUHAMIYIeCKIe 3BeHbs:

Wi(s) : ¥ 4 6.27 + 37.36§ + 134y + 152.16y = 1244 + 372u,
Wa(s) : 2y + 2y = 2u.
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[Tpunoxxenue A

ITpumep BbIMOJHEHUS KOHTPOJIBHOI pPabOThI

B maHHOM NpUIOYKEHWN MPUBOJNTCA MPUMEDP BBIOJHEHNS KOHTPOJBHON pa-
6ornl. B mporiecce nHammcanns mpuMepa KOHTPOJIbHON pabOTHI JIJisl TPOBEIEHUS BCEX
BBIUNC/ICHUI 1CIIoIb30Basicss MaremaTudeckuit naker Matlab. Ckpunbl st 1npose-
JICHUS BBIYUCJIEHUIT MPUBOJATCA JUIIb YAaCTUYHO TaK KaK WX HallMCAHUE CUUTACTCS

JaCThIO CAaMOCTOATETLHON paboOThI CTYIEHTA.
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1 Bnibop 3amanus

B coorBercTBUM ¢ AByMs rocaenuMu mudpamn 3adetkn N = 100 Boibupaem

UH/IMBU/IyaJIbHOE 3a/IaHKe JIJIsi KOHTPOJIbHOI paboTkl. Ha puc. 1 npejcrapiieHa ncxo/i-

Ha#d CTPYKTYpPHad CXeMa ,ZLI/IHaMI/I‘{eCKOﬁ CUCTEMDBI.

u(t) ®

|

H>

Wi

Wy

Pucynok 1 — Ncxoanast cTpyKTypHas cxema

y(1)

Ha puc. 2 npejicrasien rpaduk pyHKIIN HeJTUHEHHOTO 371eMenTa. [lapameTpsr

HEJIMHEMHOTO 3JIeMEeHTa IIPpUBEACHDBI HUZKE:!

a=0.4, b=3.5 c=200.

Pucynok 2 — I'pacduk QpyHKIMN HEJIUHEHTHOTO d/1eMeHTa

JIuneiinble ANHaMIYCeCKIC 3BCHDbA:

Wi(s): U +6.2Y + 37.364 + 134y + 152.16y = 1244 + 372w,
Wa(s) : 2y + 2y = 2u.

14k3Y

Jlucr

Ne moxywm. Ioann.

Jlarta
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2 ITlonydenune nepeJaTouHbIX (pyHKITUAIA

3BE€HbLEB

[Toryaum neperaTouHyo PYHKIUIO IEPBOr0 JUHAMUYIECKOro 3BeHa. st sToro

ocyliecTBUM IpeobpasoBanue Jlamaca ncxonuoro auddepeHnuajibHOro ypaBHEHHS
sYY (s) + 6.25°Y (s) 4 37.3652Y (s) 4 1345Y (s) 4 152.16Y (s) = 124sU (s) + 372U (s)

OTCIO,ZL& HECJIO2KHO IIOJIYYHUTD IIepeaaTOYHYIO (bYHKLH/HO IIepBOro 3BeHa:

Y(s) 1245 + 372
U(s) s*+6.2s3 4+ 37.3652 + 1345 + 152.16°

Wl(S) =

[To anasoruu moIydnM repeiaTounyio (GyHKYHUIO JIjIs BTOPOTO JTMHAMITIECKOTO

3BeHa. lIpeobpazoBanue Jlamraca:
25Y (s) +2Y (s) = 2U(s)

[lepenaTounast pyHKINS BTOPOIrO 3BEHA!

3 T'apMoHnveckasi JIMHeapu3aus

[TponsBeieM rapMOHUYIECKYIO JIMHEAPU3AIUIO KYCOTHO-JIMHEITHOIO dj1eMeHTa f
¢ HackimenneM. /s 9Toro HeoOX0oIUMO ONpPEeIeINTh TepeaTOIHy 0 (PYHKITNIO HeTn-

HEMHOTO 3JIEMEHTA!

rie:

G (A) = LA/JC (Asin ) sindiy,

0
2

(A= — / F (Asing) cos s,

0

JIuct
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Y

LI

Pucynok 3 — 'apmoHuyeckasi JinHeapu3alms

Tak kak yHKIMS [ HEUYeTHAs] TO UMEET MeCTO:

Vcroib3ys pucyHOK 3 Oy YUM:
™

7 (A):WiA/f(Asinw)sin@Dd@/):WiA/csinwd¢:
0

0

_20

= 2 (—eosul.

HO,ILCT&B.HHH npegecjibl UHTErPUPOBaHA HaXOANM KOHEYHOE BbIDazKCHUEC!

_40

ql(A) = H

4 OmnpeneneHne mapaMeTpoB aBTOKOJI€OaHMIA

J11s1 ycTaHOBJIEHUS ITapaMeTpOB aBTOKOJeOaHUiT Oy/IeM MCIIOJIb30BaTh I'padu-

YecKuil 4acToTHbIN MeTos. st 9Toro HeoOXOMMO IPOU3BECTH IIOCTPOCHHE JIBYX I'O-

JIuct
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norpacos: Wi (jw) u —1/W,,. Kak Ob110 ycTaHOBJIEHO paHee:

B 1245 + 372
s 4+6.253 + 37.3652 + 134s + 152.16°

Wl(S)

4c
W, = 7

Tak kak —1/W,,(A) He numeer MHUMOIT cOCTABIAIONIEH, TO ero rojorpad Oyier
pacriojiozkeH Ha peasbHOi ocu. CieoBaTe/bHO JIJIsi HAXOXKJIEHUsT TOKH IePeceueHnst
IBYX rofgorpadoB J0CTaTouHO Haiitu mepecedenus rogorpada Wi(jw) ¢ peaibHOi
ocobio. Ilepeceuenne serko yBujers Ha rpacdukax JIAUX n JIOYUX.

st moctpoennst JTAHUX u JIOYUX OyjeM ncnob30BaTh TPOrpaMMHBII TakeT
Matlab. Huke npusegen JTucTHHT IPOIPAMMBI:

WI=tf([124, 372], [1, 6.2, 37.36, 134, 152.16])

close

bode (W1) ;

set (findall (gcf, type’, ’line’), linewidth’  1.5)

set (findall (gcf, "type’,’line’), color’, ’k’)

grid on
PesyspraT BhIOIHEHNS TPOTrPaMMBbl IpuBeaeH Ha puc. 4. I1o rpaduky MoxKHO ycTaHOo-
BuTh, 9T0 JIOUX mepecekaer ypoerb —m Ha dactore 5.29 paj/c. [Ipu stom JTAUX
nmeer 3uadenne 10.1xb. C yuerom snadennit JIAYX n JIOUX na manHoil gacToTe
HalijeM BeJIMUNHY BElIeCTBEHHOI COCTaBJISIONIENl YaCTOTHON IepelaTouHOl DYHKIIN
Wi (jw):

R(W,(jw)) = —10101/20 = _31824.

JIuct
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Magnitude (dB)

10-1 10" 101 104

Phase (deg)
L
L
Ln

LI | T T T LI | T T T L | T T T LI
101 100 101 102
Freguency (rad/sec)

Pucynok 4 — JI®OYX nepenarounoit pyukmmm Wy

I st mocrpoennst rpadura —1 /W, (A) Gyem ucmnob30BaTh MpOrpaMMHbIi Ta-

ker Matlab. Hmke npusejien ucTuHr nporrpamMmmb:

a = 0.4;

b = 3.5;

c = 200;

A = linspace (688.84,931.96,1000) ;

K= —1./(4%c./(pi*A));

plot (A, K, ’linewidth’, 1.5, ’color’, ’k7)

xlabel (’A")
ylabel (’—1/W n(A) ")
grid on

JIuct
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—1/Wr(A)

13 rpacduka Bugno uro —1/W,, (A) npurnmaer 3nadenue -3.1824 mpu amiuim-

T
700

T
750

T T T T
800 850 900 950
A

Pucynok 5 — I'paduk dbyuxnnn —1/W,, (A)

Tyjie A &~ 810.4. Takum obpazomM napamMeTrpbl aBTOKOJeOAHMT OYIyT:

[To rpaduky BuIHO, YTO ¢ yBejudeHueM aMmiinTyjabl Bejunduna —1/W, (A)
VMeHbIIaeTcs, ciejoareibio Touka —1 /W, (A + AA) okaxercs Jiesee rojorpada

W1 (jw). Uexoms u3 kpurepust Losbadapba aBToKoIEOAHUS SIBISIIOTCS OPOUTAIBHO

YCTONYNBBIMUA.

w ~ 5.29pa/c,

A ~ 810.4.

14k3Y

Jlucr

Ne moxywm.

Ioann.

Jlarta
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5 OmnpenesieHne BBIXOIHON aMILINTYIbI

KOJIeOaHmit

Tax Kax BO3HUKIINE aBTOKOJICOAHUSI IIOJAIOTCS Ha BBIXOJI CHCTEMbI Uepes Jiu-
Heitnoe jmHamMudeckoe 38eHO Wa($), aMminTyna 9Tux KoJaebaHuii B yCTaHOBUBIIEMCST
pekuMe OyJIeT OTJIMYIAThCsI OT OIpeJIe/IeHHOI paHee BeJimauHbl. OTpee/iuM aMILIuTY-
Ty BBIXOJIHBIX KoJiebanwuit. /st sroro Haiimem sunauenne dynknun AYX mig Wa(s) B

Touke w = H.29. [l 9Toro Bocrob3yeMcs 9acTOTHON TepeaToOIHoNl pyHKITHel:

2

Wa(jw) = 2Gw) 12

Ee SHAYCHNE Ha YaCTOTE aBTOKOH66aHI/H712
W>(j5.29) = (0.034461) + j(—0.18241)

Orcroa KoadhUIreHT yeuienns INHAMIIECKOTIO 3BeHa:

Ky(jw) = /R(Wa(jw))? + S(Wa(jw))? =

v/(0.034461)2 + (—0.18241)2 = 0.18564.

TOF,[L& IIapaMeTpPbI KoJieOanuii Ha BbIXOJI€ CHUCTEMDbI 6y,ZLYT NMETDL CJIEdYIOoIIne

SHa4YeHNA:

w ~ 5.29 paj/c, A~ 810.4-0.18564 = 150.44.

6 IIpoBenenne yncjaeHHOro MOAEJINPOBAHNS

[t poBejieHnsT YUCJICHHOTO MOJICTUPOBaHUs ObLI HMCIIOJIB30BAaH MaTeMaTu-
yecknit maker Simulink. Huxe na puc. 6 npubejeHa IcTpoeHHast MaTeMaTHIeCKas

MO/I€JIb.

JIuct
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T-D T(u)
num(s) num(s)
—|_ +1 "| den(s) | den(s) »
— w1 w2

NE

Pucynok 6 — Maremarndeckasi Mojiesib B nakere Simulink

PesysibTaThl YnC/JIEHHOIO MOJIEJIMPOBAHUs ITOCTPOEHHON MOJIE/IN IIPUBEJIEHbI Ha
puc. 7. Ha puc. 8 mpuBejieHbl JiBa MOCIe0BATETHLHO-UIYIIINX aMILIATYTHBIX OTKJIOHE-

HN1.

150 ~

100

50 A

=50 4

—100 ~

—150 ~

52 53 54 55 56 57 58 59
t, cek.

Pucynok 7 — Pesynbrar MomeanpoBanus
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155 4

150 4

145 4

140 +

135 A

130 4

125 4

T
56.20

T T T T
56.25 56.30 56.35 56.40

t, cek.

155 A

150 4

145 +

140 +

135 4

130 +

125 4

T
57.35

6)

Pucynok 8 — Pe3yabpTar MojempoBaHus: a - IepBoe aMILIUTY/IHOe OTKJIoHeHne, o -

BTOpOE€ aMIIJIMTyAHOE€ OTKJIOHEHNE

14k3Y

Jlucr

Ne moxywm.

Ioann.

Jlarta
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3Mepenns TO3BOJIMIN YCTAHOBUTE (PAKTUIECKYTIO aMILINTY/Ly KOJIeOaHmil paB-

nyto Ay ~ 154.87. A Taxyke nepuo Kojebanuil paBHbIL:
Ty = 56.3 —57.5=1.19c.

CHG,ZLOBELTGJH)HO (baKTI/I‘IeCKaH yIJiOBagd dacCTOoTa:

2
W = T—;: = 5.27paz/c.

SaKJ/JII0YeHne

B xoe Boimosinennst paboThb! Obliia ITPon3BeieHa TapMOHNYecKas JTNHeapu3allis
cucreMbl. [lo pesymbraTaM JmHeapu3amy OBLIN MMOJTYUYEHBI TapaMeTpPhbl YCTOWIMBBIX

aBTOKOJICOAHNI Ha BBIXOJE CHCTEMBbI:
w = 5.29 pajn/c, A = 150.44.

Tax»ke B 1mpolecce BBIITOJHEHUsI PAOOTHI OBLIO MPOU3BEJIEHHO YNCJIEHHOE MO-
JleJINPOBaHNE MCXOIHOM JIMHAMUYECKO CUCTEMBI, TTO3BOJIMBIIEE YCTAHOBUTDH (paKTIIe-

CKIe TTapaMeTpPhbl aBTOKOJIEOAHIH CUCTEMBbI:
we A 5.27 paj/c, Ay ~ 154.87.
OTHOCI/ITeﬂbHaH [HOI'pEIHOCTDL aHAJIUTUIECKUX BBIYMCJIEHUII cocTaBuUJIa.:

— JIJIs1 YACTOTLIL: 0, = 1OOM = 0.413%
W
A — Ay

= 2.
" 86%

— ISt aMIIATYA6E 04 = 100

JIuct
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