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MpaBuna Knupxroda

Ons dopmynupoBkn npasun Kupxroda, BBOAATCA MOHATUA y3er, BETBb W KOHTYP
anekTpuyeckon uenu. BeTBblo HasbiBalOT NOOON OBYXMOMOCHUK, BXOOAALMN B LENb,
HanpuMmep, Ha puUc. OTpe30kK, 06o3Ha4YeHHbIM U1, |1 ecTb BETBb. Y311OM Ha3bIBaKOT TOYKY
coeanHeHus AByx un bonee BeTBen (Ha pMc. 0603HaYEHbI XUPHLIMW TOYKaMn). KoHTyp —
3aMKHYTble UWMKNbl U3 BeTBEW. TepMWH 3aMKHymbIU YUK/ O3Ha4aeT, YTo HayaB C
HEeKOTOpOro ysna uenu n Nponuas nNo HECKONbKUM BETBSIM U y3naM OLHOKPATHO MOXHO
BEPHYTbCS B UCXOAHbIV y3en. BeTBu 1 y3nbl, npoxogmMmble npy Takom obxone, NpuMHATO
HasblBaTb NpUHagnexawumMm AaHHOMY KOHTYpY. [1pn 9TOM HYXXHO MMeTb B BUAY, YTO
Kaxkgas BETBb M y3en MOXET OQHOBPEMEHHO NpUHaAnexaTb HECKONbKUM KOHTYpaM.

B TepmuHax gaHHbIX onpefeneHuin npasuna Knpxroga popMynupytoTcs cnegyowmm
obpasom.

MepBoe npaBuno

MepBoe npasuno Knpxroga (npasuno TokoB Kupxrodpa) rnacut, 4To anrebpauyeckas
CymMMa TOKOB B KaXXaoM y3ne ntobon uenn pasHa Hynwo. [pn aTOM BTEKaloWMin B y3en
TOK NPUHATO CYMTaTb MOSIOXKUTESbHBLIM, @ BbITEKaKLWMA — OoTpuLaTeribHbIM:
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http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%86%D0%B5%D0%BF%D1%8C
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http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0_%D1%82%D0%BE%D0%BA%D0%B0

MHbIMM crnoBamu, CKONbKO TOKa BTeKaeT B Yy3er, CTONbKO U3 HEro M BbiTeKaeT. OTO
npaeuno cnegyeT u3 pyHaaMeHTanbHOro 3akoHa CoxpaHeHus 3apsiga.

BTopoe npaBuno

Btopoe npasuno Kupxroda (npaBuno HanpskeHun Kupxroda) rnacurt, 4To
anrebpanyeckasd cymma nafeHuUn HanpsikeHurM Ha BCex BeTBSAX, NpuHaanexalnx
nobomMy 3aMKHYTOMY KOHTYPY Lienu, pasHa anrebpaunyeckon cymme SC BeTBEN 3TOro
KOHTypa. Ecnn B KOHType HeT ucTtouHukoB OC (MaeanusmpoBaHHbIX reHepaTtopoB
HaNpsPKEHUs), TO CyMMapHOe NageHne Hanps>KeHU paBHO HYMHO:
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OTO npaBuno BbiTekaeT M3 3-r0 ypaBHeHWs MakcBenna, B 4YacTHOM criyvyae
CTaLMOHapHOro MarHUTHOrO MONS4.
WHbIMK crioBamu, npu NOMHOM 0b6xode KOHTypa noTeHuuar, U3MeHsAsiICb, BO3BpaLlaeTcs
K UCXOAHOMY 3HaYeHuto. YacTHbIM criy4aemM BTOPOro npasuna ans uenu, CocToswen ns
OLHOro KOHTypa, ABnseTtcs 3akoH Oma anga aton uenu. MNpu cocTaBneHnn ypaBHEHUS
HaNpPsPKEHUN ONS KOHTypa HYXHO BblOpaTb MNOMNOXWUTENbHOE HarnpasneHue obxoaa
KOHTypa. [pn 3TOM nNageHue HanpsXXeHWs Ha BETBM CYMTAKOT MOMNOXUTESbHBIM, €Cnn
HanpaBneHne obxoda OaHHOM BeTBM coBMagaeT C paHee BblIbpaHHbIM HanpaBneHnem
TOKa BETBU, U OTpULATENbHBIM — B NPOTUBHOM Criydae (CM. ganee).
MpaBuna Kupxroda cnpaBennmebl ANS JIMHENHbBIX U HENMMHENHbIX JIMHEeapU30BaHHbIX

Luenen npu nobom xapakrepe U3MEHEHUS BO BPEMEHM TOKOB U HaMNPsSDKEHNN.
Mpumep
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Hanpumep, ons npMBedéHHON Ha pUCYHKEe Lienu, B COOTBETCTBUWN C NEPBbIM NpPaBUioM
BbINOSHSAOTCA CNeayowmne COOTHOLLIEHUS:
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ObpaTtnte BHMUMaHWe, YTO ANS KaXOoro y3na AOMMKHO OblTb BbIGpaHO MONOXUTENbHOE
HanpaBrieHMe, Hanpumep 30eCb, TOKW, BTekawwue B  y3en, cyMTarTcs
NMONoXUTenbHbIMU, a BblTeKaloLWme — oTpuLaTeNbHbIMMU.

PelleHne nony4yeHHON NWHENHOW cUCTeMbl anrebpanyeckux ypaBHEHWI MNo3BonseT
onpedenuTb BCe TOKW Y3MOB M BETBEW, TakoW NoAxXohd K aHanmuay LUenu MNPUHSTO
HasblBaTb MEMOOOM KOHMYPHbLIX MOKOE.

B cooTBeTCTBMM CO BTOPLIM NpaBUoM, cnpaBeniMBbl COOTHOLLEHUS:

L‘Tg —|— L-'T;; — EJT.B, = []
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CHOBa, nony4vyeHHad cucrtema ypaBHeHMIZ, NONMHOCTbIO ONUCbIBaE€T aHalrim3npyemyro

uenb n eé peweHune onpeanendeT BCe TOKN U BCE HanpAXeHnA BeTBEW, Takom noaxon K
aHanunay uenu NnpuHATO Ha3biBaTb METOAOM Y3J10BbIX MOTEHLMAITOB.

MeTtoa Kpamepa
Cnocob pelleHns KBagpaTHbIX CUCTEM JMHEWHbIX anredpandecknx ypaBHEHUN C
HEeHyneBbIM ornpegenuTenemM OCHOBHOW MaTpuubl(MpUYEM ONA Takux YpaBHEHUN
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http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

pelleHne cylecTByeT U eanHCTBEHHO). Ha3saH no umenun Mabpuana Kpamepa (1704—
1752), npuaymaBLuero Metos.

OnucaHue MeToaa
[ns cuctembl 11 IMHENHbBIX YPaBHEHWI C 11 HEU3BECTHbIMU (Ha4 NPOM3BOSbHbLIM MONEM)
F
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(i-b11 cTonbey, MaTpuLbl CUCTEMbI 3aMEHSAETCSA CTONOLIOM CBOGOAHbIX YNEHOB).
B apyron popme npasuno Kpamepa cgopmynupyetca Tak: ansa nobbiX KoaduumMeHToB
c1, c2, ..., cn cnpaBeanuMBO PaBEHCTBO:

ayy Qi ... Gy, by
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B aToi hopme cbopmyna Kpamepa crnpaseanmea 6e3 npeanonoxeHns, 4to L oTnnyHo
OT HYNHA, He HYXHO Aaxe, 4Tobbl KO3(pMUMEHTbI cUCTEMbI BbiNn Obl anemeHTamu
LenocTHOro Konsua (onpegenntens CUCTEMbl MOXET OblTb [axe AenuTereMm Hyns B

Konbue koaguuneHToB). MOXHO Takke cuuTatb, YTO NGO Habopsbl b1y bay ey by
L1, X2,y Tn, nubo Habop €1:C2;---;Cn CcOCTOAT HE M3 3NEMEHTOB KofbLa
KO3(P(PMLUMEHTOB CUCTEMBI, @ KAaKOro-HMOyab MoAyns Hag 3TUM KOSbLIOM.

Mpumep

CuncTtema NMHEeNHbIX YpaBHEHUN:
@117y + A12T3 + a1373 = by
Ap1T1 + (T3 + AaT3 = by

az1T1 + A39 T3 + A33x3 = by
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http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5_(%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0)
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D0%B5_%D0%BA%D0%BE%D0%BB%D1%8C%D1%86%D0%BE
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Onpegenutenu:
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NCMNONb30BaHUS n npUMeEHeHNs  ang
KONMEKTUBHON paboThbl.

Mathcad ObIn 3agymaH u nepBOHa4yanbHO
»lHanucaH AnneHom PasgosoMm[3] n3
. Macca4yceTckoro TEXHOJSTOrM4ecKoro
nHctutyta (MIT), coyupeamntenem komnaHum Mathsoft, kotopas ¢ 2006 roga siBnsieTcs
yacTbto kopnopaumm PTC(Parametric Technology Corporation).

Mathcad wvmeeT WHTYUTUMBHBIA W MPOCTOM [ONA  MUCNOMb30BaHUA  UHTepdenc
nonb3oBaTens. [na BBoga opMyn M LaHHbIX MOXHO MCMNONb30BaTb Kak Knasuatypy,
Tak 1 cneyunanbHble NaHenm MHCTPYMEHTOB.

Press FI For help. Page 4



http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%BD%D1%8B%D1%85_%D1%80%D0%B0%D0%B1%D0%BE%D1%82
http://ru.wikipedia.org/w/index.php?title=%D0%A0%D0%B0%D0%B7%D0%B4%D0%BE%D0%B2,_%D0%90%D0%BB%D0%BB%D0%B5%D0%BD&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%A0%D0%B0%D0%B7%D0%B4%D0%BE%D0%B2,_%D0%90%D0%BB%D0%BB%D0%B5%D0%BD&action=edit&redlink=1
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http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0%D1%87%D1%83%D1%81%D0%B5%D1%82%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0%D1%87%D1%83%D1%81%D0%B5%D1%82%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82
http://ru.wikipedia.org/wiki/Mathsoft
http://ru.wikipedia.org/wiki/2006_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/Parametric_Technology_Corporation

Hekotopble 13 MaTematMyeckmx Bo3MoOxHocten Mathcad (Bepcum po  13.1
BKIMIOYNTENBHO) OCHOBAHbI Ha MOAMHOXECTBE CUCTEMbI KOMMbIOTEPHOW anrebpbl Maple
(MKM, Maple Kernel Mathsoft). HaunHas ¢ 14
BEpCMM — UCMNOMNb3yeT CUMBOSIbHOE S4pO0

MuPAD. 1 2 3 -1
PaGoTa ocylecTensietcs B npeaenax pabouero |5, 5 o Il 5 )T mathcad not13

JINCTa, Ha KOTOPOM YypaBHEHUA U BblpaXeHUA

overdetermined and underdetermined systems

This matrix: must be square. It should have

oTobpaxatTcsa rpaduyeckn, B MNPOTMBOBEC Ehe same number of rows as columns.
TEKCTOBOW 3anvcu B A3bIKAX Mathcad 13
nporpamMmmMmpoBaHus. Mpu cosjaHuu ; 083
- % [F1 3 5% (-1 '
[IOKYMEHTOB-MPUIIOXEHNN ucnonbayetest | | lsculve[ ][ ﬂ I I
npyHumMn WYSIWYG (What You See Is What [\2 46} 7\ -2 0167
W i .

You Get — «4TO BUAMLIb, TO U NONyYaeLlby).

HecmoTpst Ha To, u4To 3Ta nporpamma B ¢, I 332

OCHOBHOM OpWEHTMPOBaHa Ha nonb3oBaTeneii- (F] =lsolvel | 2 4 |, 34 [xj _ [?]
HernporpamMmmmncToB, Mathcad Takke LW =5 AT ¥ 3
NCMONb3yeTCA B CHOXHBLIX MpoeKkTax, 4Tobbl

BM3yanuanpoBaTb  pesynbTaThl  MaTeMaTM4Yeckoro  MOAEMMPOBaHUs,  NyTem

NCMNOSIb30BaHNA  pacnpefenéHHbIX  BbIYUCNEHUA U TPaAUUMOHHBLIX  A3bIKOB
nporpammmnpoBaHus. Takke Mathcad 4acTto ucnonb3yeTcsi B KPYMHbIX WHXEHEPHbIX
npoektax, rge Oonblwoe 3HavyeHMe WMeeT TpPacCMpPyeMoCTb W COOTBETCTBUE
cTaHgapTam.

Mathcad pgoctatoyHo yaobHO wucnonb3oBaTtb ANA  OOYyYEHUA, BbIMUCINEHUA U
MHXeHepHbIX pacyeToB[4]. OTKpbiTasas apxuTekTypa nNpUIIOKEHNA B COYETaHUU C
nogaepxkon TtexHonormhn .NET u XML no3BonsawT nerko uHterpupoBatb Mathcad
npaktTuyeckn B ntobble UT-CTPYKTYpbl N MHXEHEPHbIE NPUNOXeHNsA. ECTb BO3MOXHOCTb
CO34aHNS ANEKTPOHHbIX KHUT (e-Book).

KonunyectBo nosnb3oBartenen B Mmpe — okomno 1.8 MnH.

Crocodile Technology 3D
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http://ru.wikipedia.org/wiki/Mathcad#cite_note-4
http://ru.wikipedia.org/wiki/.NET_Framework
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obbeanHseT B cebe
3NEKTPOHHbIN NPOEKT,
nporpammupoBaHne  PIC,
MeXaHU3Mbl 3D n
moaenuposaHne 3D PCB.
Technology 3D - 3D
CUMYINATOP  9NEKTPOHHbIX
uenen, c NOMOLL|bHO
KOTOpOro MOXHO
paspaboTtaTtb
NPUHUMNNAaNbHYHO
3NEKTPUYECKYHO cxemy
yCTpOWnCTa, MOHTaXHY0

nnaty nog Hero wu T1.4.
PekomeHayeTcs B KadecTBe
NPUNoXeHns K

nporpaMmmMmnpoBaHnIo, INTEKTPOHUKE, MEXaHUKE N OPYIM I'IO,EI,O6HbIM Kypcam. BoamoxHo

nepBn4yHoe ncnonb3oBaHue KakK

nnatopmbl

BMPTYarnbHbIX

OKCNEepMeEHTOB,

NO3BOSISAOLLEN ydawmmca npoBOoAnUTb 3KCNEPUMEHTbl U M3y4HaTb pa3syinyHble TeMbl B

npouecce oby4veHus.

OCHOBHas 4YacTb
pa6oTa B Crocodile Technology 3D

OtkpbiBaem nporpammy Crocodile Technology 3D. B Bknagke Parts Library Boibupaem
nanky Electronics.13 nanku BbibMpaem Heobxogumble ans padotel npubopsl (batapen,

pe3ncTopbl, aMnepMeTpbl)
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3anncbiBaeM nokasaHus amMmnepmMeTpoB AnA cpaBHEHNA C aHAITMTUYECKMM pELLUEHNEM.

Knukaem KHOMKy co3aaHuns peanbHbIX nnaT(cxem)
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Create tracks and place components with real-PCBE
Llenb cobpaHHas B 3Ddopmate

File Edit WView Scenes Help

D HISIXBEBO R 0H
(nnten_ts m
# Parts Library

x0.1 U x10

7 Properties

Rectangular PCB sp___

PCE1 B

T Board Properties

Width 134,62

DONED

Height 1016

Board colour | Green

[] Hide components

4

b 3D View Properties




Lenb BUA C
BEpPXy

RIS+ OEEY

H
O
&

HEE

Lenb BUA C

Boky

RISHPEDDDSY

H
O
e

e

Lenb BUA C HU3Yy



&P File Edit View Add Settings Tools Window Help

cxema cnavBaHua getaneun nnathbl

€ File Edit View Add Settings Tools Window Help

AHannTu4yecknm cnocob pewieHus



[aHo

R1=1kOm
R2=2kOm
R3=4kOM
R4=5kOm
r1=r2=r3=1kOm
E1=2V

E2=4V

E3=3V

11-?
12-?
13-?

Pelwenune

11-12-13=0
[1*(r+R1+R2)+I3*r=E1+E2
[2(r+R3+R4)-13*r=E2-E3

[1-12-13=0

411+13=6

1012-13=-1

pellaeM ypaBHeHMe wmeTogoM Kpamepa C NOMOLbO
NpuUKIagHon MatemaTnyeckon nporpammel mathcad
OTtseT:

11=1.2mA

[2=18.5mkA

13=1.19 mA

PelweHune cuctembl ypaBHeHus1 ¢ nomoubio mathcad




HaxoguMMm  AeTepMUMHAHT  MaTpuubl  MOMYYEHHOW U3 KO3(pPUUMEHTOB  npu
HEen3BeCTHbIX

£ Mathcad Professional - [Untitled:

u File Edit View Insert Format Math Symbelics Window Help
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EZIIE'E; xf =y xfy Ba% dad Eu [ v £ o m p g
» l Tou o X oW ow
H BT A E Z
Hae I K A M
1 -1 -1 N & oIl F X
A=|4x100 0  1x10° TY & XY &
0 1x10* —1x10°
|a] = —5.4 % 10,

Haxogum geTepMmMHaHT MaTpuULbl I'IOJ'Iy“IGHHOVI n3 KOS(*)C*)VILI,VIGHTOB npn HEN3BECTHbLIX C
3amMeHoun nepBoro ctonbua Ha 3HayeHUss CBOOOAHbLIX YfEHOB ypaBHeHMIZ.
&3 Mathcad Professional - [Untitled:

u File Edit WView Insert Format Math Symbolics Window Help

D-BH ESRY|F 2B« |": o=@ | -] @2

| [Nomal ;”I:alil:-ri ;||1n _|| B 7 U ||_E = |i= 1=
[t o | . f PE e 5
Math - Evaluation . " Matrix = M Greex = .

A = = []><><-1|><| ® 8 r & = ¢

IZI% <£ - == fx i M HT men /N B TS N}

E:I'E'm xf xfy xfy | Fe% Fxi Bu ¥ B o w oo g

- —_— Toou g XK W ow

A B I A E Z

H&e I K A M

0 -1 -1 N = O I F =

3 TY & X ¥ @




Haxogum geTepMmMHaHT MaTpuULbl HOﬂyquHOVI n3 KOS(*)C*)VILI,VIGHTOB npn HEN3BECTHbLIX C
3amMeHoun BTOpOro CTOﬂ6L|,a Ha 3Ha4YeHunA CBO60,D,Hb|X YrieHoB
ypaBHEHNNA.
&5 Mathcad Professional - [Unti

@ File Edit View Insert Format Math Symbelics Window Help
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&L BT A E Z
Hae I K A M
N = O Il F =
oo TY & X ¥ Q
A=l4-100 o 6
0 10-10° -1
|J_-.L|=—¢5_4xm4

HaxoaAuM OEeTEPMMHAHT MaTpuULbl NOMYYEHHON N3 KO3 EHOMUNEHTOB NPU HENIBECTHLIX C
3aMeHoun BTOPOro cTonbua Ha 3Ha4YeHus cBOOOHBbIX YyneHoB
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&3 Mathcad Professional - [Untitled:

@ File Edit WView Inset Format Math Symbolics Window Help

D-BEHISBY | BB o« mo =53 o -] 8P
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Gresk =
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A BT A E Z

H&e I K A M

M = OI F Z

aA=|4-10° 6 1x10° T 7 & XY &

0 -1 1= 103

|a] = -1x 10°

no npasuny Kpamepa BblHUCIIAEM 3HAa4YE€HUA HEN3BECTHbIX



€8 Mathcod Professional - Untiiea 2
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Math @ Evaluation@ | Matrix IEI Calculator @
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x= [ <E —= o= 5 (9 = «x* @ 7 8 9 / 1+ 4 5 B
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3akno4yeHue

B pesynbTaTte BbINOMHEHUS CaMOCTOATENbHOM PaboTbl Mbl Hay4yMnMCb UCMNONb30BaTb
npasuno Knpxroda aOns BblMUCIIEHUS CUIbl TOKa B pasBeTBASOLENCA uenu. Tak xe
OBNnagesniv HaBbIKOM peLLeHNs CUCTEMbl YPaBHEHUI C NOMOLbLIO TeopeMbl Kpamepa.

Bo Bpems BbinonHeHna paboTbl 6binn ocBOEHbl 2 NpuknagHble nporpammel Crocodile
Technology 3D Mathcad, ncnonb3oBaHue KOTOPbIX Ham MNperoguTca B AalibHenLewn
yyebe n paborte.

Ucnonb3yemas nutepartypa:

http://ru.wikipedia.org/wiki/

http://ru.wikipedia.org/wiki/Mathcad

http://www.bitwisemag.com
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