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<nnyuwémd ubplyupugymd b bElpppnuughtt upubdwubph JGpinidnyeyniip b
UbpGhuywlwt hupdupyp hwtgnigughti ynipbughuwgibph depnnny, npp hhdpnid
puljuo & ynpwubph pGunipymup b hwjwuwpnidubiph iniddwitn Jwpbdunphljw-
i m JEpGhwpwlw dGpnnubpp:

Eielpppntughtr upubdwubph Jepinidnypqut hwdwp tjwpwqpnn hwywuw-
pmudubipp Gupbih £ gpby’ oqindbinyd Ypppuhndhp 1-hn b 2-pn opbiplbiphg b [nidk-
(ny uyn hwjuwuwpnidubpp' wipwitnug deq hpwppppnn wwpwdbipplph wpdbptt-
pp: Uwluyt ufubdwtbph pupnugdwup gnigpupwg nddwpwimd k un hwdwuw-
pniduliph Yuqudwl U jniédwti gnpdplipuigp:

Uppwnbnd dJunpphguyptr hwbpwhwdh hwppuh dGpnpubpp’ uubdw pbni-
pugmnid, Jepimdynid b jmémd F uqpwtind hp dunpphguifblppnpuljwts wupuw-
dbippbpny:.

Ubpbuwpwlwt hupduplubph dwdwinely wnunjby hwpdwp b oqipuqnpdby
hwbgmguyhti ympbughwjubph JGnnp, pwup np EElpppnbughtl ufubdwbbph w-
wghgh b hwyduplyh wyy dGpnpubph hwdbdunp hwjwuwpmdubph pwtnulp J6&
dwuwdp phs F uqpugynid: UbpGhwpwlput hupduphp hwdwp ufubdugh bbplw-
Jugdwt wdbbwhwuwpwly b hwpdwp dubiphg F wynwuwlughtt yuwpwqpnyayniup’
npybu hwaqnyg-6inin dhwgnidubp:

wbigmguyhti wmpGughwubph JGpnnp Elpppnbugptt ufubdwbph Jepni-
onipyuwt b hupdupyh wyp dGpnnubph hwdbduyp wnwyby wpnpwlpwt £, b upub-
duygh huwzduplyp uypwgynid L puduiljwiht 8qphyp:

<nnyuwémd pepdwé &b twl opptnuljubp MatLab Spuwqpuyhti hwdwluwpgny
dunpphgh opwagpuiynpdwili b npw hGyp gnpdnnnipymbulp Yunpwpbini uljqpnitip-
ubiph ubpluwyuwgdwdp:
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Pwtiugh puwnbp' bblppntughte ufubdw, pnpwubnh pbunyagnit, hwbgnigught
wmpblghwitlinh dbpnn, dwipphguyhl hwbpwhwohy, dbpbhuwpwlwt hwpdunly, wi-
gnphpd:

Lbpywjnwu  pwjht  wbuuninghwubiph  qupqugnudp  hwugbignt) &
ElGYwnpnuwhtu ufubdwubiph wnwudhtu hwugnygubph twiuwgddwu L pwnw-
nnhsubiph unnigwynpdwu dbpbGuwjwlywu hwoywpyh dbennubph jwju Yyh-
pwndwup:

ElGYwnpnuwihu hwayhs dbpbuwubipnd (E€U) Ynwnwyws hupnpdwgh-
wjh dwywph W wouwwmwuph wpwgnyejwu dtdwgnip punwjub) £ wiu juu-
nhputiph puwgqwywnp, npnup |nwyYnd Gu wyn deennubiph oqunipjwdp, nph
htiimbwupny ElGYwpnuwihtu ujubdwubph hw2dwnpyh Jd6d dwup Gwpunwpw-
gbiinubpp hpwlwuwgund Gu ECU-Gph oqunipjwdp: Uwlwju wnwug EjGYywn-
pnuwhu onpwutiph Ybpinwniygjwu b hwodwyh dbpnnubph hhduwpwp hdw-
gnipjwu wuhuwp £ hGtnwgw wugndp npwug dbptuwjwgdwu hwaywpyhu:

ElGYwnpnuwhtu ujubdwubph dbpbuwjwywu YbGpndniyejwu hhdpnid pu-
Ywd tu onpwubtiph wbunyeyniup b hwywuwnpndubph Ndwu dbpGuwjwlwu
dbpnnutpp [1]:

ElGYwnpnuwhu uputdwutph ybpinwnyegjwu hwdwp uywpwagpnn hwyw-
uwpnuubipp Ywnbih £ gt oqudting Yhpfuhndh 1-htu b 2-pn optiuputinhg U
InwbnY wyn hwjwuwpnwubpp' unwuw) dbq hGnwppppnn wwpwdbnpbph
wndtipubpp: Uwywju upubidwubph pwpnwgdwup gnigpupwg ndjwnpwunid b
wjn hwjwuwpnuwiubph Yuqidwu b npwug (ndwu gnpdpupwgn: Wn nbw-
ptipnd jwyju YEpwnyd Yhpwnynw Gu dwuinphgwihu hwupwhwayh hgnp dtpnn-
ubipp, npnug dhongny ufubdwjh hwjwuwpnwubpp uEpYujwgynd Gu wybih
Yndwywywn duny, huy upubdwu punypwgpynd £ hp dwnphgwyblyunnpuywu
wwpwdbiwpbipny [2]:

<wugnigwihu yninbughwiubiph dbpnnp EiGYwnpnuwjhu ufubdwubph gtip-
[(nwnipjwu W hwoqupyph wy dbpnnutph hwdbdwwn wnwyb) jwju Yhpwnnt-
pintu £ gt b wpnhwywu E:

Utiptuwjwywu hwoywplubiph dwdwuwy wnwyb] hwpdwp £ ogunwagnp-
oti| hwugnigwjhu wnunbughwubph dbennp, pwuh np EGYunpnuwht ufubidw-
ubph wuwihgh L hwpdwpyh w) dbennutiph hwdbtdwwn hwyjwuwpndubph
pwuwyp Jtd dwuwdp phs £ unwgynid:
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Wu dbennp hpduwd £ Yhphndh wnweohu optiuph Yypw' gpwd pnpnp
hwugnygubiph (Yunpwdpubinh) hwdwn: Udtu dh hwugnygh (Yunpywdph) hw-
dwp Ywquynuw £ hnuwupubiph pwjwuuh hwjwuwnpnudp: <wugnigwiht hw-
qwuwpnuiubiph hwdwywpgp hwnnpnuywunigyniuubph dwuinphgwih dhon-
gny Ywpnn t ubpyuwjwgytii dwwnphgh inbiupny: Wuwnbin wnweohu fuunhpu k
wdbbwwwnq Gnwuwyny upubidwih hwnnpnwywunyeniuubiph  dwwnphguwih
dhongny unwtw| wjn hwjwuwpnwiubph hwdwywnagp:

“Yhwwnpybup ywuhy ufubdwih dGYy hwugnygp: LY. T-nid ppqwd £ n
hwugnygny wwuhy ufubidwih nbnwdwu: Gupwnpbup wnwuduwgywsd j-nn
hwugnygp Y;; hwnnpnulwunygyniuutipny dhwgywé £ pninp djnw n-1 hwwn
hwugnygubiph htiwn:

UY. 1. n-hwtgnygny wwupy upulbdugh ipbnwdwu:

Yhwdwpbup, np tipt ufubdwih Gpynt hwugnyg wudhowlwu Yuwwny dh-
wgywéd sku dhdjuwug htwn, wyw hwdwwwwnwufuwu §ninh hwnnpnwywunt-
RIntup qpn k: Pwgh npwuhg' Gupwnnbup j-nn hwugnyg £ dnunud 1; hnuw-
ph wnpjnipp, Geb nhunwpyynn ufubdwinud hnuwuph wnpnpp pwgwyuynid
£, wwyw wju hwwuwp £ qpnjh: Lwup np ubpluwjwgywd ufubdwinid §jnintiph
hnuwupubipp (ij;...i;;) Ubplujwgywsé Gu hwupwhwyynpbiu, nwwnh npwug
npwlwu ninnnipyntuutipp Yuwdwjwywu Gu W (ndnuwihg htinn wjn ninnniegjniu-
ubipp Ywpnn Gu thntudb; <uwpwydnp £ Bpyne hwugnygh dholt dhwgdwd (h-
ubku Jdh pwuh §nintip, npu fwlwu sk, pwuh np wju Ywpnn £ hwdwpdtip duw-
thnfuniejwdp ptipyt| dby jninh:

Cuwn Yhphndh opbuph’ j-pn hwugnygh hwdwp Yupnn Gup gpby’

—+ig+iz+..+ i, =0, (1
Yuwd
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I = Yk=1ijk (2)

k#j
Ohdh optiuph hhdwu Yypw wdbu dh §ninp hwdwp, npu np Yy, (k=
1... k # j) hwnnpnwlwunwygniu, Yupbih £ gpby’
iy = (U= Up) Y, G = (Uj = Uz) Y, oo, i = (Uj = Up) Vg, .- (3)
Cwoyh wnubnyd (2) b (3)-p' unwuwup'

Ij = Z;cl=1(Uj —Uk) ij, 4)
k#j
Auwihnfubiny (4)-np* Ynwubuwup'
Ij = Uj Xie=1 Vi — Zk=1 Uy V. : (9)
k+#j k#j
Yk=1 Yji = ¥ij wpnwhwjnniginiup npnonud £ j-pn hwugnygh hwnnpnw-
k+j
Ywunipyniup: Gpb Y, = y;;, www (5) hwjwuwpnidp Ywpbih £ gpti) hbnlyw
inbiupny.
I = ¥k=1YjUg : (6)
k+j

Unyu uygpniupny gpbiiny (6) wnbuph hwjwuwpnwiubpp ufubdwih pninp
hwugnygubiph hwdwp' Yunwuwup hwugnigwihu hwjwuwpnwubph hwdw-
Ywpgp, npp dwwnphgwjhtu wnbupny Ywpbh £ ubpyuwjwgub) hbunlw| wpunw-
hwjunniejwdp.

L1 [Y11 Yiz -Vin Uy
2| =|Y21 Y2z - Yan | Uz | uad 1 = ViU, (7)
In ynl yTLZ ynn Un

npwntin Y;-U hwnnpnwywuniejniuubiph dwwnphgwu :

Ptpdwé duwthnfunieiniutpp huwpwynpniejniu Gu wwhu ywuhy ufub-
dwh hwdwp unwuwnt hwuwpwly Ywuntuubp hwnnpnwywunyeniuubiph
dwwphgh hwaywpyh nbwpnw: Uwwnphgh wuynituwgdwihu y; EldGunubpp
i-pn hwugnyght Jdhwgywdé pninp §nintiph  hwnnpnwywunyeniuubiph gni-
dwpu k, i=1...n, huly ng wulniuwgdwihu y;; fiEdeunutpp’ i W j-pn hwugnyg-
ubpp  dhwgunn pninp - Gnintiph hwnnpnuywunygyniiubph  gnwwipp
(i,j=1..n,i=j)" yipgpwd hwywnwy upwuny:

Wuwhuny, hwnnpnuywunyeniuutph  dwwphgh  unwgnup  wwpq
fuunhp £ hpdudwsd ufubdwih winyninghwih U EiGdGumubph dednyejwu hdw-
gniRjwu ypw:
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Ubiptuwjwywu hwodwnpyh hwdwp upubdwih ubpyujwgdwu wdbuwhw-
uwpwy b hwpdwp dubiphg b wynwwywihu uywpwgpnyeniup' npwbiu hwu-
gnyg-6)ntn dhwgnwiubip:

Thuwplbup Ynpluwyh Ywdpowluwht wwpqugnyt ufubdwih ophtwyp’
ptpJwd uy.2.w L 2.p-nwd: Llwp 2-h p-nd Wwwnybpywsd £ Multisim 10,0
Spwagpwihtu thwpebtipny hwjwpywd ufubdwu, nph dnnbuydnpdwu wpnyniu-
pnw unwunwd Gup wuhpwdbon wwpwdbuptpp:

G1=10"Upu ) G1=10" Upu
—1 1 | 3
1 O 4
N o |
. By .
C1=10"% C2=107% | g1=10°Upu
C3=2.107% |
G1=2.10" Uhd
o - L 0
5

LY. 2.w -Uplitiwlh Yudpowuyhti upubdw

]

G1=10°Upd . G1=10° Upd : =

3 :
- :
c1=10"s C=10°s G110 U =

c3210%s |
G1=2.10° Ui

5' i ]

Croperps [Omlpavove s | B comat|

Ul. 2.p. Uplitwlyp wdpowluyhl ufubdwt' hwwpyuws
Multisim 10,0 spwaqpuyhl thwpbpny:

UuGdwh nnpdwu hwdwp upw §nintipp b hwugnygubipp hwdwpwwnud
Gu: Spwéd upubdwu wdpnnonyhtu ufwpwagpynid £ hbwnlyw| 6jnin-hwugnyg
dhwgnwiubph wrynwwyny (wn.1):
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Unyntuwly 1.
Gl 1,2 1E-3 Ups
G2 2,3 1E-3 Upa
G3 4,5 2E-3 Ups
G4 3,5 1E-3 Upg
C1 1,4 1E-9 &
C2 4,3 1E-9 &
C3 2,5 2E-9%

Unynwwynid wnweht uintuwyh uphdynip gnyg £ vnwihu ufubidwih tnwppp
Ywpgquwjht hwdwpp b Yupnn £ guuugwd duny hhayt| hwoyhs dbptuwnid:
Swppbph whwtipp (G, L, C, b R) hdwgnieniuu wuhpwdbiown k, npwbtiugh hw-
dwwwwwufuwu duny hwoywpyybu npwug hwnnpnulwunyeniuubpp' Ywlu-
qwd npjwd hwbwfunipniuhg:

Spypnpn W Gppnpn RUYGPp wujwuwgnigwynd gnyg Gu wwihu, pL
wnyjw| nmwppp np hwugnygutiph dhol £ dhwgqwsd: Unnwwyh ybpohu upni-
Uwynud pipdwéd Gu nmwppbiph bpwuwynie)niututpp:

Oppuwy' hwugnigwihu  hwnnpnwywunyeyniuubph Jwwphgh o = 10°
nwn/y wuyniuwihu hwéwfunigjwu nbwpnuw niup hbwnlyw| wbupp’

Y =
0,001 +j0.001 —0,001 0 —j0,001 0
—0,001 0,002 +j0,002 —0,001 0 —j0,002
0 —j0,001 0,002 +j0,001 —j0,001 —j0,001
—j0,001 0 —j0,001 0,002 +j0,002 —0,002
l 0 0,002 —0,001 —0,002 0,003 +j0,002

Ptpwé oppuwyp gnyg £ wwijpu wwupy upubdwih hwdwp Yuqdwsd
hwnnpnwywunyeniuubiph dwwnphgh hwwynyeyniuutpp: Wu Ywpnn £ hbg-
wnniejwdp ogunwgnpdybii EU-nwd wywhwywudwu hwdwp:

Unnpl ubpywjwgubup Matlab Sdpwgpwjhtu  hwdwywpgny dwwnphgh
Spwagpwynpdwu U npw hbwin gnpdnnnieyniuubp uwnwpbiine uygpniupubnp:

Uwwnphgubip duwynpbiint hwdwp wuhpwdbiown £ Yhpwnbip « [] >-wnbuph
thwlwgdbp Yt unnpuybinn tpwup' «; >, dwwphgh wwppbpp hpwphg
wugwwnbint hwdwp U pwgpennnudubp' wninnbpp EiGdGunubpp hpwphg wugw-
wnbnt hwdwp:
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Gpb wuhpwdbiow E nhdb| npul vwpph, www huntipuwynpnwip wbwp L
Ywwnwnyh' oqunwgnpdtiing Ynp thwywagdtip, npnug dby gpwugynud Gu wnwp-
nh wnnh W uywu hwdwpubpp:

Grb wuhpwdtion | nhdb| dwunphgh nplhgl ninnh Ywd uywt' hpwp hw-
onpnnn twppbipht, www hunbpuwynpnup wbwp b hpwlywuwgyh' ogunw-
gnpdtny Yinp thwlwagdtip b tipyne Yt «: > upwup [3]:

thippwnyblp JGy ophtiwl:

Opptwly 1. Gupwnptup mpqwéd EA=[103;-245;6-31;7 0 -3] dwwn-
nhgp, pun ybpp pipdwsé wignphpdh' niubiup Matlab dpwgpwhu hwdwlwp-
gny hpwywuwgywsd hbnlyw| wpryniupp'

A=[103;-245;6-31;70-3];

A (4, 3); ans =-3;

A (2:3,1:2) ans = -2,4

6, -3

End

Lbipywjwgubup dh pwuh hwwnty hpwdwuubp, npnup twfuwnbujwd
GU dwwnphgubiph hwdwn: Spwuuwynuwgnud Yuwnwnbnt hwdwp Yupbh £ og-
tnwagnndtip « > tpwup dwwnphgp dnunpwgnbinig htwnn: Uwwnphgp hwjw-
nwdabnt b opobiint hwdwp twfuwwnbudwsd Gu hbnlyw| hpwdwuubpp'

Stupp'

Y= inv (B):

Ljwpwagpnueginiup’'

Y=inv  (B) hpwdwuu oguwgnpdyntd £ (n,n) swihnnuywunientu ni-
utignn B dwwnphgh hwlwnwpéap thunpbnt hwdwn:

Cun npnud B dwwnphgu niuh hwwnwpéd dwwnphg, Gl upw npnahsp hw-
Ywuwp sE gpnjh:

Stupp'

R=rot  90(B)

R=rot  90(B,k)

Ljwpwagpnysniup

R=rot 90(B) hpwdwut ogunwagnpdynid £ (m,n) swihnnulwuniejudp B
dwuwphgp 90 wunhtwu dwdujwph 2upddwup hwlwnwy 2pobint hwdwip,

R=rot 90(B,k) hpwdwuu oguwagnpdyntd £ (m,n) swihnnulwunipjwdip B
dwuwphgp 90*k wuwnhtéwu dwdujwph 2wpddwup hwywnwy 2npetint hwdwn,
pun npnud k = +1, £2, £3,...:
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Ophtiwyy 2.
A=[103;-245;6-31];
Y =inv (A)

Y=

-0.5429 0.2571 0.3429
-0.9143 0.4857 0.3143
0.5143 -0.0857 -0.1143
end

Wuwhuny, Jwpnn Gup Ggpwywgubi|, np hwugnigwjht wnwnbughwutph
dbpnnp EiGYwnpnuwihtu ujubdwubph ybpinwniegjwu W hwedwpyh wy dbpnn-
ubph hwdbdwwn wnwyb] wpnhwywu £, W upubidwih hwodwnpyp unwgynud
pwywlwupt 62gphwn:

YUhpwnbny Jwwnphgwihtu hwupwhwoyh hgnp dbpnnubpp’ ufubdwih hw-
Jwuwpnudubipp uGpyuwjwgynwd Gu wybih Yndwywyunn duny, huy ufubdwu punt-
pwagnpynd W nwdnuw £ unwunwd hp dwwnphgwybyunnpulywu ywpwdbunnb-
pny:
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ANALYSIS OF ELECTRONIC CIRCUITS AND MECHANICAL CALCULATION BY THE
METHOD OF NODAL POTENTIALS

HAKOBYAN MAMIKON

PhD in Technical Sciences, Associate Professor
Lecturer of GSU

e-mail: hakopyan.mamikon@mail.ru

The article deals with the analysis of electronic circuits and mechanical calculation

by the method of nodal potentials, which is based on the theory of circuits, mathematical
and mechanical methods for solving equations.
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Equations for the analysis of electronic circuits can be written using Kirchhoff's 1st
and 2nd laws, and by solving these equations we can obtain the values of the parameters
we are interested in. However, along with the complexity of the circuits, the process of
drawing up and solving these equations becomes difficult.

Using well-known methods of matrix algebra, the circuit is characterized, analyzed
and solved with its matrix vector parameters.

In mechanical calculations, it is more convenient to use the method of nodal
potentials, since the number of equations is mostly less than other methods of analysis
and calculation of electronic circuits. One of the simplest and most convenient forms of
circuit representation for mechanical calculation is table description as node/branch
connection.

The method of nodal potentials is more up-to-date compared with other methods of
analysis and calculation of electronic circuits and the calculation of the circuit is quite
accurate.

Examples of programming a matrix with MatLab software system and the principles
of performing operations with it are also given in the article.

Keywords: Electronic circuit, circuit theory, nodal potential method, Matrix
Algebra, mechanical calculation, algorithm.

AHAJN3 3MIEKTPOHHBIX CXEM W MEXAHWYECKMiA PACHET METOJIOM
¥Y3NnOBbIX NOTEHLUANOB

AKONAH MAMUKOH

Karoudam mexHuveckux Hayk, 0oyeHm
lpenooasamens TY

anekmporHaa noyma: hakopyan.mamikon@mail.ru

B cTatbe npepcraBneH aHanus 3MEeKTPOHHBIX CXEM N MEXaHUYECKUIT pacyeT METOAOM
Y3/0BbIX MOTEHLMANOB, B OCHOBE KOTOPOrO /EMWUT TEOpMWA Lernei, matematuyeckue u
MexaHUYeckne MeToAbl pelleHna ypaBHEHWA.

Mcnonb3ya u3BecTHble METOAbl MaTpUYHOW anrebpbl, cxemMa OxapakTepu3oBaHa,
npoaHanu3upoBaHa M peLleHa No CBOUM MaTPUYHO- BEKTOPHbIM NapameTpam.

B mexaHunyecknx pacuyetax ypnobHee MCNONb30BaTb METOL Y3M0BbIX MOTEHLMANOB, TaK
Kak MO CpaBHEHWIO C ApPYrMMKM METOfamMW aHanuM3a WM pacyeTa 3MEKTPOHHbIX CXeM,
KONWYeCTBO YypaBHEHWIA, Kak NpaBuno, MeHblle. MeTog y3noBblx noTeHuuanos 6onee
LUIMPOKO MCMONB3YETCA, YeM Lpyrne MeTOAbl aHanu3a M pacyera 3MEKTPOHHbIX CXeM, W
ABNAETCA COBPEMEHHDbIM.

B craTtbe TakKe MpuMBOJATCA NMpuUMepbl MPOrpamMMUpPOBaHKMA MaTpuLbl C Nporpam-
MHoli cuctemoin Matlab 1 ¢ n3noxeHnem NPUHUMNOB BbINONHEHWA ONEpaLyii ¢ Heil.

Knroyesbie cnosa: snexmpoHHas cxema, meopus yeneli, MemoO y3/108biX
NoMeHYuanos, MampuyHas anzebpa, MauwuHHell pacyem, anzopumm.
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