1. DOPMUPOBAHUE MATEMATHUYECKOW MOJIEJIM CAY B BUJIE
JIUODEPEHLIMAJIBHBIX YPABHEHUM U TIEPEJJATOYHBIX ®YHKIIUNA

1.1. TeopeTuueckue cBeieHUs

[Ipomecchl B 1000 TUHAMHYECKOM CHCTEME B OOIEM ciydae MOTYT OBITh

onucanbl AU hepeHnanbHbBIM YpaBHEHHEM N-TO MOpsiIKa BUA:

RO RN 10

d"x(t) ,, dmX()
n dtn n-1 d T en1

dt m-1 dm1 +.. +bX(t) (1)

+...+3,y(t)=Db,
rae X(t) — BxoaHo¥ curHai (BHEIIHEE BO3ICHCTBHE);

y(t) — BBIXOIHOM cHTHAI (PEaKIHs CHCTEMBI);

aj, bj — ko3 duIMenTs! ypaBHeHNs, TOCTOSHHBIE IJIs IMHEHHBIX CTAllMOHAPHBIX
CHCTEM.

Ecnu onucanue quHaMHUYECKHUX MPOLIECCOB MPU HAIUMYHHU HECKOJIBKUX BBIXO/I-
HBIX BEJIMYUH MPHUBEJICHO B BUAEC CUCTeMbl JU(depeHIIUaTbHbIX YPAaBHEHUN MEHbB-
[IUX TOPAJIKOB, TO MaTeMaTW4YecKas MOJENb TaKOM CHUCTEMBbI TaKXKE MOXKET OBITh
CBEJICHA K HECKOJBLKUM HE3aBUCHUMBIM ypaBHEHHSIM BHa (1) Juis KaKI0i BBIXOIHOM
BEJIMYUHBI ITyTEM UCKITIOUEHHUS U3 PEIICHUS OCTAIbHBIX BBIXOJIHBIX CUTHAJIOB.

Bua MateMatudeckoil MOJENH, XapaKTEPU3YIOLIEH MPOIIECCHI, TPOTEKAOIINE B
JTUHAMUYECKON CHUCTEME, COBEPIICHHO HE 3aBUCUT OT UX (U3UUECKOW MPUPOJIBLI U
OJIMHAKOB, HANPUMep, UIsI MEXaHUYECKUX M dJIeKTpuueckux cucrtem. uddepeniiu-
aJbHbIC YPABHEHHUS WM UX CUCTEMA COCTABJISIFOTCS COIVIACHO PACUETHOU CXEME — YII-
pOIIEHHOMY TpadUuecKOMYy MPEACTaBICHUIO CBOMCTB CUCTEMBI C YKa3aHUEM OCHOB-
HBIX (PYHKIIMOHAJIBHBIX 3JIEMEHTOB, OKa3bIBAIOIIUX HAMOOJiee CYIIECTBEHHOE BIIHS-
HHE Ha XapaKTep NPOTEKaHUS MPOILIECCOB, U CBA3EU MEXKTY HUMH.

st Toro 4ToOBl COCTaBUTH YPaBHEHHUS JWHAMHUKU MPOIIECCOB B AJIEKTpUYE-
CKOHM cXeMe, MOKHO BOCTIONIb30BaThCs 3akoHaMu Kupxroda. OCHOBHBIMH dJI€MEHTA-
MU PacyeTHON (MPUHUIUIHAIBHON) CXEMBI 3JIEKTPUUECKON 1IeNH MePEMEHHOTO TOKa
(B oOmmiem cirydae) SIBJISIOTCS PE3UCTOPHI, PACCEHBAIOIINE AICKTPUUECCKYIO YHEPTHUIO,
KaTYyIIKd WHIYKTUBHOCTH, XapaKTEPU3YIOIINE UHEPIIMOHHBIC CBOMCTBA CHUCTEMBI, U
KOHJICHCATOPHI, CIIOCOOHBIE 3amacaTh JICKTPUUYECKUH 3apsij, a BMECTe C HUM U TO-

TEHIUAIbHYIO dHEpruio (puc. 1).
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Puc. 1. OG03HaueHre HIEMEHTOB JIEKTPUUECKOM 1IN Ha CXeMe:
pe3ucTop (a), Karylika HHAYKTUBHOCTH (0), KOHeHcaTop (B)

DJeMeHTHI B CXeMe MOTYT OBbITh COE€IMHEHBI pa3HbIMU crocobamu. PaccMoT-
pPHIM JIBa OCHOBHBIX BHUJIa COSJAMHEHUS: MOCIIeI0BATeIbHOE U TTapaIieNbHOE (puUC. 2).
M3BecTHO, 4TO B IIEPBOM CITydae uepe3 Bce DIIEMEHTHI MPOXOIUT OJIMHAKOBBIN TOK I, a
BO BTOPOM — B KaXX/IOM W3 3JIEMEHTOB NPOUCXOAUT OJMHAKOBOE IaJCHUE HaIpshKe-
HUs (pa3HOCTh MOTEHLMAJIOB) U. DTH CBOMCTBA 3JEKTPUUECKOM LENH MO3BOJISAIOT OI-
PEACIIUTh COOTHOUIEHUSI MEXY COIPOTHBJICHUSMU COCIMHEHHBIX 3JEMEHTOB. Tak,
IpU TOCJIEI0BATEILHOM COEIMHEHUU CKJIaIbIBAIOTCS MOJIHBIE (KOMILJIEKCHBIE WM

JTUHAMHYECKUE) COMTPOTUBIICHUS Zj DJIEMEHTOBR:
n
Z=>7, ()
i—1

IIpu MapauICIIbHOM K€ COCAMHCHHUHU CKIAAbIBAIOTCA HUX IIOJHBIC IMPOBOAMMOCTH Gi

(BemuuuHBI, OOpaTHBIE CONPOTUBIICHUSIM):

G= ZGi 3)
158105

1 &1

;=25 (4)

a 0

Puc. 2. Buapl coeIMHEHUSI 3JIEMEHTOB 3JIEKTPUYECKOM 1IETTHU:
nocseaoBaTeabHoe (a), napanienbHoe (0)



HpI/I COCTaBJICHHUHN CHUCTCMbI ypaBHeHI/Iﬁ JJIA C-)JIeKTpI/I‘ICCKOﬁ OCnu ¢ MIOMOIIBIO
3aKOHOB KI/IpXFO(l)a H€O6XOI[I/IMO IIOMHUTL O COOTHOHICHHU MCKAY IIaACHHUCM Ha-

IMPsKCHUA Ha 3JICMCHTC U TOKOM, IIPOTCKAIOIIKUM 4YCPC3 HEI'O:

Ug (1) =R i, (t) — nmst pe3ucTopa (aKTUBHOTO CONPOTUBIICHHUS); (5)
di ( ) .
u, (t) = L———= — m14 KaTyIKN HHIYKTUBHOCTH, (6)
1. .
uc(t) = c I I (t)dt — nist KoHIEHCaTOpa (3IMEKTPUIECKON EMKOCTH). (7)

[TonHOE (KOMILJIEKCHOE) COMPOTUBIIEHUE IMEPEUYHCICHHBIX 3JIEMEHTOB MOKHO
BBIPA3UTh, 3alCaB MOJYYEHHbIE BBIPAXXEHUSI B ONEpaTOpHOM (popme (IpH HYJIEBBIX

HavdaJIbHBIX YCJIOBHUAX B YPABHCHHAX CI/ICTCMBI)I

Ugp(s)=R-15(s); (8)
U (s)=Ls-1.(s); 9
U (t)—— (8), (10)

T. €. IUHAMHWYCCKOC COIIPOTUBJICHUC PE3NCTOPA, THAYKTHUBHOCTHU U CMKOCTH PAaBHO R,

Ls u 1/CS COOTBETCTBEHHO:

Zz =R, (11)

Z, =Ls; (12)
1

L. =—. 13

= G (13)

Camu 3axoHbl Kupxroda MoxxHO chopMyIupoBaTh CAEAYIOMHUM 00pa3oM:

cymmapHas snekTpoasmkymas cuia (3/1C) B 3aMKHYTOM KOHTYpe (MOXET
OBITH paBHA HYJIIO, €CJTU KOHTYp HE COJIEPKUT UCTOYHUKOB HAIpPSHKEHUS) paBHA Ta-
JICHUIO HAPSDKCHUS HA MMACCUBHBIX 3JIEMEHTAX (AKTUBHBIX U PEAKTHBHBIX COMPOTUB-

JIEHUSIX) JaHHOTO KOHTYpa (3To 2-i 3akoH Kupxroda):
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> =3 u ) (19

YToOBI UCKITIIOYUTH U3 CUCTEMBl YPABHEHUM JIMIIHUE CUTHAJBI U, KaK CIEICT-
BHE€, COKpPaTUTh KOJIMYECTBO ypPaBHEHWH, MOXXHO BOCIOJIb30BAaThCA 1-M 3aKOHOM
Kupxroda, yTBepkmaronmm, 4ro anaredpandeckas CyMMa TOKOB B JitoOOM y3ie A
ANEKTPUYECKOM LIENH paBHAa HYJIIO (T. €. CyMMa BXOJAIIMX B y3el A TOKOB paBHa

CYMMC TOKOB, BBIXOIAIIHUX M3 HGI‘O)Z

p
Yid)=0. (15)
k=1
Jnst popMupoBaHus MaTEMaTUUYECKON MOJENM JTUHAMHYECKHX IPOLECCOB B
MEXaHUYECKOM CUCTEME MPUMEHSIOT METOJ Jisl SHepruit (ypaBHeHue Jlarpanxa 2-ro
poz[a) Wi 1J1s1 CHJI, IIefICTBy}OHlHX B CUCTEMC Ha K&)KIILIf/i €C DJICMCHT (MGTOI[ ,Z[a-
nambOepa — Jlarpanxa, Ha3pIBa€MbI OOIIMM YpaBHEHUEM TMHAMUKH ).

VYpaBuenue Jlarpanxa 2-ro poaa UMeeT BHUN:

dpor) ot 0@ ol _ (16)
dt\oq, ) oq, ' oq g

rae T — cymMMmapHas KHHETHYeCKasi DHEPT Ul CUCTEMBI,
@ — nuccunatuBHas GyHKIM Panes (QyHKIMS paccesiHus DHEPTUN);
11 — cymmapHasi NOTeHIIUANIbHAS SHEPTHS;

qu ¢, — i-s1 0000IIeHHas KOOPIMHATA CUCTEMBI U €€ CKOPOCTB;

Fi — 06o0rieHHas cuia uis I-ii KOOpUHATHI.
KonndecTBo 0000IIEHHBIX KOOPAWHAT, a CJICI0OBATEIHHO, U YPABHCHUI B CHC-
TEeMe, ONPENEeNsIeTCS YUCIOM CTENeHe CBOOOJBI B paccMaTpUBACMOM pacueTHOM
cxeme. B ypaBHenue Jlarpanka 2-ro pojia BXOJSAT YacTHBIE MPOU3BOJIHBIC 11O 0000-

oT
IMCHHBIM KOOpAHWHATaAM HWJINW HMX CKOPOCTH. HepBoe cilaracmMmoc —| — |, CoJACpiKa-

i
iee, KpoMe TOro, MOJIHYIO MPOU3BOAHYIO 110 BPEMEHH OT YACTHOM MPOU3BOJHOMN KHU-

HETUYECKON HEPTrUU MO CKOPOCTH, XapaKTepU3yeT MHEPIIMOHHBIE CBOMCTBA CUCTE-



oT
MBI; BTOpO€ (CO 3HAaKOM MHHYC) — — — JUIsi OOJBIIMHCTBA CHCTEM PaBHO HYIIIO;

@
TPCTBC — —— — OIIPCACIIACT CUJIbI COIIPOTUBJICHUS, IIPUBOAAIINC K PACCCAHUIO MCXA-

i
. oll
HUYECKON DHEPTUHU B CHUCTEME; YETBEPTOC — —— — BBIPAXKAET MOTCHIIUAIBHBIC CHIIBI
i
(CUJIBI TSDKECTH, YIIPYTOCTH U T. I1.).

Kunerndeckoii 3Hepruei 001agaoT Teaa, UMEIOIIIe Maccy M, eCiiu coBepIia-
10T MOCTyNaTeNIbHOE JIB)KEHHE, U MOMEHTOM HMHEpIMHU J, eclii COBEpIIaloT Bpalia-
TeIbHOE JABIDKEHHE (MO0 00a MBMIKEHUS OJHOBPEMEHHO — IIOCKOMApANICIIbHOE
IBWKeHnEe). B o0meM ciiydae BBIpOKECHHE I KHHETUYECKOH SHEPTHH CHUCTEMBI

NUMECT BU.
T=SImaz+>1s¢ 17
=D omai+ Y SJ G, (17)
=2 =2

rae m;, ¢, —Macca IOCTYIaTeIbHO ABUKYIIETOCS JJIEMEHTA U €TI0 CKOPOCTD;
Jj, 0; — MOMCHT MHEPLHH BPAIIATEIBHO JBIKYLICTOCS DJIEMEHTA U €r0 yrioBas

CKOPOCTb.

B ciyuyae paccMoTpeHuUs] IMHAMUKH MaJlbIX KOJ€OaHUN B MEXaHUYECKOU CHC-
TEME BCE CHJIbI TSKECTH, HE CO3JAI0LIME BPAIAOIIEr0 MOMEHTA U KOTOPBIE MOKHO
ONPENEIUTD IIyTEM PELICHUS 3aJa4i CTATUKU, JJIS YIIPOILIEHUS paCYe€TOB MOYKHO HC-
KJIIOYNTH. Toraa mOTEHLMANbHAsT DHEPIUs ONPENENSETCs TOJIBKO CBOMCTBAMH BCEX

YIIPYTUX 3JICMCHTOB COITIACHO BBIPAKCHHIO!
n1 )
I1= ZECiAi , (18)
i=1

r7e Cj — KECTKOCTh MPOU3BOJIBLHOTO YIPYTOro 3JIEMEHTA,;
Aj — nedopManmsi 3TOTO 3JEMEHTa, KOTOPYIO HEOOXOAMMO BBIPA3UTh Yepe3 3a-
JaHHbIE 0000IIEHHBIE KOOPANHATHI.
JluccunatuBHAs QYHKIHAS CUCTEMBI ONPEICISICTCS aHAJOTHIHBIM 00pa3oM s

BCCX 3JICMCHTOB, paCCCHUBAIOIINX MCXAHNYCCKYIO OHCPI'HUIO:
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m 1 .
=3 2pk (19
j=

rae fj — Ko3QpPUUUEHT BA3KOr0 TPEHHs TUCCUIIATHBHOIO JJIEMEHTA MU KBHBAJICHT-
HBIl €My B CJIy4ae, €ClId 3JIEMEHT PacCeUBAET SHEPIHIO 32 CYET CYXOro TPEHUS WU

KaKUM-JIH00 APYruM 00pasom;

Aj — CKOpPOCTb I[C(I)OpMaHI/IH 9TOI0 3JICMCHTA, KOTOPYIO TAKIKC H€O6XOI[I/IMO BEbI-

pa3uTh yepe3 CKOPOCTU 00OOIIEHHBIX KOOPIMHAT.
O0o3HaueHne 31EMEHTOB, 00JIaJalONIMX MAacCOM, U UX CBA3EH B CUCTEME IpH-
BEJICHO Ha puc. 3.

m, J m, J |
| ( L [ | B ¢
L (,,>°<E T b3
a §) B r bi

Puc. 3. OG03HaueHne 3JIEMEHTOB MEXaHUYECKON CUCTEMBI Ha PACUETHON CXEME:
TeJa, IBIKYIIUECS TTOCTYIATeIbHO (a), BpamareabHo (0) U mIocKonapaieabHo (B);
nuccunaTuBHag (T) U ynpyras (1) CBA3b

Jns onpenenenus 0600uIeHHOW cuibl Fij HEOOXOAMMO 3amucaTh BBIPAXKEHUE

JJI BO3MOYKHON MOIIHOCTH 4€pe3 CKOPOCTh 0OOOIEHHON KOOpAUHATHI (,, a TaKxkKe

AJIs1 CyYMMBI BO3MOKHBIX MOH.IHOCTGfI BCCX AKTHBHBIX CHJI, IIPUJIOKCHHBIX B pa3Iny-
HBIX TOYKaX CHUCTCMBI, YCPE3 CKOPOCTH ITUX TOYCK IIPHU YCIOBHH YTO BCC CKOPOCTHU

0000IIEHHBIX KOOPIMHAT PABHBI HYII0, KPOME BLIOPAHHOM i-il KOOPIUHATHI:
— n —
Fi'Qi:ZFk'Uk- (20)
k1

B Beipaxxenuu (20) mpucyTCTBYIOT CKaJsipHbIE MPOU3BEICHUS, BBIYUCISIEMbIE B
oOmem Buje 1o opmyre:

—

d-b=abcose, (21)

—

rae a, b — momymu BexTopoB @ u b;

O — YroJl MEX1y HAMH.

11



Jlanee aisg Kaxaoro ypaBHEHHs HEOOXOJMMO C MOMOUIbI0O KMHEMAaTUYECKHX
npeoOpa3zoBaHUil BBIPA3UTh CKOPOCTH BCEX TOYEK UEPE3 OJHY, HAPUMEp, Yepe3 CKO-

poCTh caMoil 0000IIEHHOM KoopAMHATHI (), a 3aTeM COKpPATHUTh JIEBYIO U IPaBYIO

yacTu BeIpaxkeHus (20) Ha 3Ty CKOPOCTh:
F=>bF, (22)

3nech Fi u Fy — monynu cun;

bx — HEKOTOpBIE YKCIIOBBIC KOA(DPHUIIMEHTHI, OJYYCHHBIC B MPOIIECCe KHHEMa-
TUYECKUX MTPeoOpa30BaHU.

[Tocne onpeneneHus Bcex COCTABISIIONIMX ypaBHeHUs Jlarpanxka 2-ro pojaa Jijist
KaKI0M 0000IIEHHONW KOOPAMHATHI B PACUCTHOM CXEME MEXaHMYECKOW CUCTEMBI WIIH
COOTHOIICHHH MEXy IMMaJCHUEM HANpsOKEHUS Ha KaKIOM W3 DJIEMEHTOB M TIPOTeE-
KAIOIINM Yepe3 HETO TOKOM B JIEKTPUUECKON CXEeMe MOYKHO COCTaBUTh CHCTEMY, CO-
JIEp>Kalyl0 OJHOPOJJHbIE WM HEOJHOPOAHbIC NuddepeHinanbubie ypaBHenus. Ko-
JUYECTBO ITUX YPaBHEHUMN OIMpPEAeNaeTCS YUCIOM CTENeHEeH CBOOOIbI MEXaHUYECKON
CUCTEMBI WJIM KOJIMYECTBOM TOKOB B DJIEKTPUUYECKOM IIETTH.

[Tonyuyennsie muddepeHnranbubie ypaBHEHUS CUCTEMbI HEOOXOJIMMO TPeo0-
pa3oBaTh B OMEPATOPHYIO (HOPMY, MOIB3YSACH MPSIMBIM OJHOCTOPOHHHUM IpeoOpa3o-

BanueM Jlamaca:
X(s) = L{X(t)} = Tx(t)e‘“dt, (23)

rae L{x(t)} — oneparop Jlamnaca;
X(t) — opurunan curnana (pyHKIHsS BPEMEHN ),
X(S) — nzo0pakenue curnana mo Jlammacy.

[pu ompeneneHun NepeIaTOYHON HYHKIIUK TPUHUMAIOT HYJICBbIC HAaYaTbHbIC
YCJIOBUS JUIsl CHCTEMBI YpaBHEHHA. [Ipr 3TOM HY)KHO OTMETHTH CJICIYIOIIHE OCHOB-
HBIE CBO¥CTBa nMpeobpa3oBanust Jlamaca:

1) Y(s) = a X(s), ecu y(t) = a x(t) u a = const;
2) Y(S) = X(S) + Z(8), ecnu y(t) = x(t) + z(t);
dx(t)
dt
4) Y(s) = 1/s X(s), ecnn y(t) = [ x(t)dt.

3) Y(s) =s X(S), ecmu y(t) =

(mpu HYJIEBBIX HAYAIBHBIX YCIOBHSIX);
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Jl7is ycrenrtHoro pemeHust 3a1add HeoOXOAMMO, YTOObI YMCIIO YpaBHEHUH B
CUCTEME PaBHSIOCH YHCIy HEU3BECTHBIX CHUTHAJIOB, BKIIIOYAs HCKOMBIE M IPOMEXKY-
TouHble. [Ipy 3TOM BXOTHOW CHTHAJ CUMTACTCS 3aJlaHHBIM U ClaraeMble, COIepkKa-
IIHE ero, JIOJDKHBIC PactojaraThCs B IPaBOi YacTH HEOJHOPOIHOTO YPaBHEHHUS.

Ecnmu nunamuka cucteMbl 3amana ypaBHeruem (1), To, mpeoOpa3oBaB €ro 1o

Jlamutacy, mosyduM BhIpaKEHHUE B OTIEPATOPHOH dhopme:
as"y(s)+a, s"Y(s)+...+a,Y(s)=b s"X(s)+b_,s"X(S)+...+b,X(s), (24)

OTKYJla MOXHO BBIPA3HUTh MEPEJATOUYHYIO (PYHKIHMIO B BUJE OTHOLIEHUS ABYX IOJIU-

HOMOB:

Y(s) b,s"+b, ,s"" +...+h
X(s) as"+a S"'+..+a,’

Wy/x (S) = (25)
rae X(S) u Y(S) — u300pakeHusI BXOJTHOTO U BBIXOHOTO CHTHAJIOB.

B cnyuae, korja cucrema CoAepKUT HECKOJIbKO HEM3BECTHBIX CUTHAJIOB, HEOO0-
XOJIUMO PEUIUTh 3Ty CUCTEMY B omnepaTopHoi (hopme (oHa OyJeT colepKaTh JTUHEH-
HbIE ajre0panyeckue YpaBHEHUs) JUIsl HCKOMOI'O CUTHAJIa, BHIPa3UB €0 4epe3 BXOJ-
HOM CUTHAJ, a 3aT€M U3 MOJYYEHHOTO PEIICHUS BBIPA3UTh COOTHOIICHUE IS TIepea-
TOYHOU (PYHKIINH, MMOJCTHB W300parkeHUe BHIOPAHHOTO BBIXOAHOTO curHama Yi(S) Ha
n300pakeHue BXoHOro curnama X(S).

Ecau BHEIIHMX BO3IEUCTBUN B CHCTEME HECKOJIBKO, TO HEOOXOIUMO OIpeie-
JSATh TIepeaToOuHble (DYHKIUU MO KaXJIOMY U3 HUX OT/EJIbHO, MPUHUMAs OCTaJbHbIE
BXO/IHBI€ CUTHAJIBI PABHBIMU HYJIIO. 3aTEM B JIMHEMHON CUCTEME COrJIACHO MPUHIIUITY
CYIIEPIO3UIIMA MOYKHO OIPEACIUTH MPOU3BOJIHYIO I-10 BBIXOJHYIO KOOPJAMHATY Kak
CyMMYy DPEaKIMi CHCTEMBI Ha Ka)XJ0€ U3 3TUX BO3JIECHUCTBUU C YYETOM COOTBETCT-

BYIOIIEH TIepeaaTOYHON (PYHKITUU:

Y.(s) =Wyi 1 (8) X, (8) +... +Wyi 1 (8) X, (S). (26)

1.2. 3apanue AJs1 CAMOCTOSITEILHOM PadOTHI

3ajaHa pacueTHasi CXeMa MEXaHUYECKOU (HEUETHbIE BapUaHThI) WU 3JIEKTPHU-
4yecKol (4eTHbIe BapuaHThl) cucTteMbl (puc. 4). [TapaMeTpbl CUCTEMbI U CUTHAJIBI B

HEH 17151 HeUEeTHBIX BApUAHTOB MPUBEAEHBI B Ta0I. 1, A YeTHBIX — B Ta0I. 2.
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B Mexanudeckol cucTeMe BHEIIHEE BO3ICHCTBHE MOKET OBITh CHUIIOBBIM (CHiIa
F(t) u momenT cwibl M(t)) mim KHHEMaTHYECKUM — MEPEMEIIEHUE TOYKH CHUCTEMBI
N(t). BBIXOAHBIMH CHUTHaJlaMU SIBJIIOTCS OOOOIICHHBIE KOOpAWHATHL. IlapamMeTpsl
CHUCTEMBbI: M — Macca U J — MOMEHT UHEpIHH Tell, f — KOA(PUIUEHT BA3KOTO TPEHUs
U C — )KeCTKOCTh CBsi3eH, a U b — nmuHeliHbIe pa3mMepsl.

B snextpudeckoil cxemMe BXOJHBIM CHTHAJIOM SIBJISICTCS HAINPSHKCHHE HA TIep-
BOM Kackaje cxembl €(t), BBIXOJHBIC CUTHAJIBI — HAMpsKeHHE €,(t) Ha BHIXOJIHOM CO-
MIPOTHUBJICHUH ITOCJICTHETO Kackaja 1 TOK Ip(t), mpoTeKarommii uepe3 2JIeMeHThI, CO-
CTaBJISIONINE 3TO conpoTuBiieHre. [lapaMeTprl cucTeMbl: R — akTHBHOE COTIPOTHUBIIC-
HUE PE3UCTOPOB, L — MHAYKTUBHOCTH KaTymiek, C — eMKOCTh KOHJICHCATOPOB.

Onpenenuth cucteMy au(QepeHIMAIBHBIX YPaBHEHUM, OMMMCHIBAOIINX JIHHA-
MHUKY CHCTEMbl W HAWTH IepelaTodHble (YHKIUU JUIS BBIXOJHBIX CHUTHAJIOB IIO

BHCITHCMY BO3CHCTBHIO.

3 4
e By
C mi B,
5 y 5 F (1) 6
C
. y

Puc. 4. PacueTHble cxeMbl AJMHAMUYECKUX CUCTEM (10 BapHUaHTaM)
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Puc. 4, muct 2
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19

21

23

25

27

29

Puc. 4, nuct 3
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HapaMeTpLI W CUTHAJIbl MEXaHUYECKOM CUCTEMBI

Tab6aunoa 1

Homep | m, J, B1, B2, c1, Co, b O0600m1. | Buenix.
BapuanTa | kr | krm® | He/m | Hee/m | H/m | H/m & M| DM KOOpJ. | BO3.
1 5 - 5 25 |1000| 750 | 0,5 | 0,8 X, @ F(t)
3 -1 05 8 12 | 2000 | 500 | 0,7 | — X, @ n(t)
5 10 - 50 5 800 | 300 - - X,y F(t)
7 2 — 6 15 200 | 1000 | 1,0 | 15 X, @ M(t)
9 3 - 12 25 700 | 900 - - X,y n(t)
11 — 2 8 18 500 | 300 | 1,2 | - X, @ M(t)
13 7 — 15 35 600 | 1800 | 0,6 | 0,8 X, @ n(t)
15 8 - 16 28 250 | 900 | 0,7 | 0,3 X, @ F(t)
17 - | 3,2 10 23 1200 450 | 0,9 | 15 ¢, M(t)
19 12 - 48 14 450 | 1300 | - - X,y F(t)
21 5 — 13 17 400 | 700 | 0,8 | - X, @ n(t)
23 2 - 24 12 850 | 500 | 0,4 | 0,6 X, @ M(t)
25 — 1,4 4 10 300 | 800 | 0,7 | 0,2 X, @ n(t)
27 -1 25 20 15 | 1100 | 350 [ 0,6 | 1,1 ¢, M(t)
29 - 1,8 28 11 | 1200 | 650 | 0,5 | 0,9 X, @ F(t)
Tabnuma 2
[TapameTpbl U CUTHAJIBI 3JIEKTPUUECKON CUCTEMBI
Howmep R1, OM Rz, Om L,, M['H Lo, M['H Cy, HD C,, HO
BapHaHTa
2 200 2000 - 250 500 1000
4 300 700 500 - 1200 500
6 800 1300 200 650 900 —
8 400 1500 750 300 — 250
10 600 1800 1200 — 1500 800
12 400 850 — 900 650 400
14 1000 500 300 750 1300 -
16 2000 1200 — 2500 1800 200
18 100 1250 300 550 — 1200
20 350 1400 650 — 700 1350
22 450 1700 300 800 1000 -
24 500 1200 — 150 850 400
26 300 900 500 650 — 1750
28 250 1100 350 — 600 300
30 700 800 400 1350 — 650
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JlonmosiHuTENbHOE 3agaHue. ONpeenuTh BPEMEHHBIE XapaKTEPUCTHKU CHC-
TEeMbI (MIMITYJILCHYIO U TIEPEXOIHYIO).

Vrkasanue. Jlng pemieHus 3aa4d MOKHO BOCIIOJIB30BAThCS OOpaTHBIM MPE00-
pazoBanueM Jlarmiaca U TeM CBOWCTBOM, UYTO UMIYJIbCHAsI XapaKTEPUCTUKA SBIISECTCS
OpUTHHAJIOM MepelaTOYHON (PYHKIIMU U MEPBOM MPOU3BOIHOMN MEPEXOHON XapaKTe-
PUCTHUKHU.

1.3. KoHTpoJIbHBIE BONPOCHI

1) Yro takoe nepenatoynast QyHKIHS?
2) Kak mepeiitu oT cuctembl TuddepeHNATLHBIX YPAaBHEHUH K TIepeaaToy-
HBIM QYHKIIUAM U 00paTHO?
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