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MOJIEJIb CHCTEMHOM JTUHAMMKMU IMMPOLIECCA OBYUEHUSI
Teepckas eocyoapcmeenHas celbCKOX03UCMBEHHAS AKAOeMUs,
Tseepckotl cocyoapcmeentblll MeXHUYeCKUll YHugepcumenn,
Teepw, Poccus

Axmyanohocms  0aHHOU pabomvl 00YCNO6IEHA BANCHOCMbIO Yuemda 6 YueOHOM
npoyecce JNUYHOCMHBIX Kadecme obOyuaemuvlx. Baoswcnocme pewenuss Oannou npoobnemvl
onpeoensiemcss mem, 4mo KOMNEMEHMHOCMHbIL No0X00 npeononazaem Gopmuposanue
OYOywux pabomuuko8, CHOCOOHBIX CAMOCMOAMENLHO 0eUCMB08AMb 8 PA3IUUHBIX CUMYAYUSIX,
oxazvieamuv @iusiHue Ha opyeux. Ilpu obOyuenuu 8 HEOOHOPOOHLIX YUEOHBIX KOMIEKMUBAX
(epynnax) mMosicHo 8vi0enUumsb NOOSPYNNbL YUAWUXCS NO PASHBIM KPUMEPUAM: CHOCOOHOCMAM,
ycnegaemocmu, oucyuniure u m.o. Ilooepynnsl oOyuaemvix oxkaszwviearom GiusHue opye Ha
opyea. Cuna 3mo2o 1usAHUs 3a6UCUM OM YUCTIEHHOCU NOOSPYNN, KOIDDUYUueHmos 61uanus
u 8pemenu 8o3oelicmsus. B pezyiomame 63aumMHO20 8IUAHUSA B03MONCEH NEPexo0 00yuaemo2o
u3 o00HOU cpynnel 6 Opyeylw. B cmamve ucnonv3osan memoo MamemamuieckKo2o
MOOenuposanus Ol aHAIU3A U Y4ema OUHAMUYECKO20 63AUMOBNUAHUL VUAUUXC 8
Koniekmuge. Mooenb nocmpoena Ha ocHoge cucmemvl ouppepenyuanrbHbix ypasuenutl /xc.
@oppecmepa. [lonyueno ananumuieckoe peueHue cucmemvl 0Jis MUN08020 Ciyudsi 8 yueOHOM
npoyecce — HAIUuus mpex 6u008 noozpynn obyyaemvlix. [[nsa unmocmpayuu noayyeHHblX
pe3yibmamos npusedeH uuciogou npumep. Pezynomamei e2o pewenus npedcmagnenvl
epaguuecku. Paccmompenvl 8asxcHvle uacmuvle cayiau ooujeti cucmemsl Oug@depenyuanvhbix
ypasHeHuil (3a0aHue cOOMHOWEHULl medxHcoy Kodgguyuenmamu enuanus). Pazpabomannas
Mamemamuyeckas Mooelb HNO360JUM COBEPUIEHCMBOBAMb KAYECMB0 00paA308ameNbHO20
npoyecca.

KioueBbie cjoBa: rpynma oOydaeMmblX, MOJAENb, KOADOUIIMEHTHI BIUSHUSA,
cucremMa qudepeHIaIbHbIX YPaBHEHUH, peIIeHue.

BBenenne. J[ns omucaHusi U UCCIAEIOBAHUS MPOIECCOB B CIOXKHBIX
JTUHAMHYECKUX CHCTEMax TMPUMEHSETCS ammapar CUCTEMHOW JUHAMUKH,
pazpaborannbii [x. doppecrepom [l]. Peanuzamuss mopener cucTeMHOU
JUHAMHUKUA OCYIIECTBIISCTCS METOJAOM HMHUTALIMOHHOTO MOJEIUPOBAHMS. ITOT
METOJI HUCIOJIb3yeTCsl Il MCCJEOBAaHUSA IMPOILIECCOB  B3aUMOJCUCTBUS
MHTEIJIEKTYaJIbHBIX ar€éHTOB B MHOTOAreHTHBIX cHucTeMax [2, 3], OIEeHKH
KadecTBa 00pa3oBaTENbHOTO Tpoliecca B By3e [4], MoAenupoBaHUs 3aa4yu
CUCTEMHOM JUHAMHKU «ACCUMUIIALIMS 3THOCOBY [S] ¥ B APYTUX MPUTIOKEHUSX.
HaubGonee wacto nnsi pa3pabOTKM MMHTAIIMOHHBIX HWCIOJHSIEMBIX MOJEICH U
MOCJEAYIONIEro UX MTPUMEHEHHUS JIJIsl aHAJIN3a IIPOLIECCOB MPUMEHSIETCSA CPEACTBO
AnyLogic.

HccnenoBanusM, BBIOIHSEMBIM C MOMOIIBIO METOAAa UMHUTALIMOHHOTO
MOJIEJTMPOBAHUS, IPUCYIIN U3BECTHBIE JOCTOMHCTBA U HEJIOCTATKU, HA KOTOPBIX
He OyneM octaHaBiuBaThes. [Ipu mocTpoeHnn Mojeneil CHCTEeMHOM TUHAMUKH
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HEJ0CTaTOYHOE BHUMAaHUE, HA Halll B3TJISAJ, YIENSETCS BOMpPOCaM MOJYYCHUS
aHAJIMTUYECKOTO pelieHus: cucteM audepeHnnanbHbIX YpaBHEHUN BBUIY UX
cinoXHOCTH. OJIHAKO, MHOTHUE 3a/layd CUCTEMHOM JUHAMHUKH MOTYT OBITh
pelIeHbl aHAJTUTUYECKU, HalpUMep, ONMHCAHUE JTUHAMHKU KauyecTBa OOy4YeHUs
[6], maHupoBaHUe MeponpusITUl [7], yipaBieHHE PE3epBOM OIIEHOK B yueOHOM
npouecce [7, 8].

Hacrosimas paboTa nocBsiiiieHa pa3padoTKe JUHAMUYECKON MOJICNIN yueTa
B3aMMHOTO BIIMSHHSI OOydYalomuxcss B Y4eOHOM Tpymnme U TOJMyYECHUHU
AHATUTHYECKOTO  PEIICHUS CHUCTeMbl  au(depeHIMaTbHBIX  ypaBHCHHH,
OTUCHIBAIONINX MPOIECC JAMHAMUYECKOTO B3aUMOJACHCTBUS ywanuxcs. Jlis
JIOCTUKEHUS TAaHHOU 1IeJIA PEIIEHBI CISAYIONINE 3a/1auu:

1. B kauectBe MOJENM JUHAMHYECKOTO B3aWMOBJIMSHUSA  yYaIIUXCs
UCIoJIb30BaHa cuctema nauddepeHnnansubix ypaBHeHuit doppecrepa,
aHaJIOTMYHAs CHCTEMaM, UCII0JIb3yeMbIM B padoTtax [3, C. 147]u [4, C. 79].

2. [lonyyeHo aHAJIMTHUYECKOE pEIICHUE CUCTEeMbl Au(hepeHIInaTbHBIX
ypaBHEHUI MOJIETIH.

3. UccnenoBanbl  BakKHbIE  YacTHbIE  cllydan  OOIIEH  CHUCTEMBI
muddepeHranbHbIX YPaBHEHUM MyTeM 3aJlaHus COOTHOIICHUNM MEXIY
KO3 duULIeHTaMU BIIASTHUSL.

HoBu3Ha paHHOrO WuCCIEIOBAaHMUS 3aKJIIOYAeTCSd B AHATUTUYECKOM
pelieHun cucTeMbl qudQepeHIManbHbIX YPaBHEHUN ONMPEIeIeHHOIO BUA IS
MOJEIN CUCTEMHON TUHAMUKH.

1. Cucrema auddepeHHATBHBIX YPABHEHHH MO/ U ee pelieHue

PaccmoTpum yueOHYIO rpymmy, COCTOSIIIYIO U3 TPEX TUMOBBIX MOATPYMII.
Hanpumep, MOXKHO BBLACIHUTH 3 TUIA yYalIUXCs MO YCBOECHHIO 3HaHUN. HazoBem
3TH THUIIBI YCIIOBHO:

1. moaHOCTBIO 00yUYaeMbIE;

2. 4aCTUYHO 00y4aembie;

3. He oOyuyaeMble.
O603HauNM:

N;(0), N,(0), Ns (O) — Ha4aJIbHOC KOJIMYCCTBO Y4YalllHMXCs IICPBOIO,
BTOPOTO U TPETHETO TUIIOB COOTBETCTBCHHO;

N, (t), N,(), Ns(t) — YUCJICHHOCTb y4allluXCs, MCHAIOIIAACSI CO BPECMCHEM,
a,(t), al3('[) — K03 GUIMEHTHI BIUSHUS YUaIIUXCS MEPBOTO THUIA HA yYalTUXCS
BTOPOTO U TPETHLETO TUIIOB COOTBETCTBECHHO,;

Ay, (1) a23(t) — KO3 UIIMEHTHI BIWSHUS YYaIlUXCS BTOPOTO THUIA Ha
YYaIuxcs IePBOro U TPETHETO TUIIOB COOTBETCTBECHHO,
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ay(t), a,(t) — xo>pduIMEeHTH BAMAHMA yYalUXcs TPETHEro THIA Ha
YYAIIUXCS IEPBOTO M BTOPOTO TUIIOB COOTBETCTBEHHO;
t=0T , roe T — KOHEUYHOE 3HAYCHHME BPEMEHHU HAOIIOICHUS.

Kaxxgas moarpynmna o0ydaeMbIX CBOUM BIIMSIHUEM BBIHYXKIACT yUYaIIUXCS
APYTUX TOATPYIIN OOPECTH TaKOU ke THII, KaK U y Hee. Y CIieX BIUSHUS 3aBUCUT
OT BETUYUHBI KO3()PHUIIMEHTOB BIUSIHUS, a TAKXKE OT HAYAJIbHOW U MEHSIOIIEHCS
CO BPEMEHEM YHCIIEHHOCTEH ydaluuxcd Kaxaod u3 noarpynn. Yem Oosibue
yYalIuxcs CTAaHOBUTCS B OINpPEACNECHHOW MOATPYIE, TeM OOJbIle CHila HX
BIIMSIHUS HA YYAIUXCS U3 IPYTUX MOATPYIIIL.

Mopens 1TMHAMUYECKOr0 B3aUMOBIIMSAHUS YUYaIUXCs, KOTOPOE MPUBOAUT
K WU3MEHEHHUIO YHCIICHHOCTH IPEACTABUTENIEN KaXKJAOr0 THIIA, 3aIIMCHIBACTCS
CJIEYIOIUM 00pa3oM:
dN, (t) _ ay,(t) - N, (0) 4 au,(t) - N5 (0) _ ay(t)-N,(0) _ a3 (1) - N, (0)

dt N, (t) N, (t) N, () N, ()
dN, (t) _ ay(t) - N, (0) 4 a3(t) - N3 (0) (1) - N, (0)  agn(t) - N, (0) (1)
dt N, (t) N, (t) N, (t) N, (1)
dN, (1) _ @ (t)-N,(0) N 5, (1) - N,(0)  a5(t) - N5 (0) () - N4 (0) .
dt N, (t) N, (t) N, () N, ()

OcTaHOBHMCST Ha TMOSICHEHHMM CMbICHa KOI(DPUIMEHTOB BIUSHUS.
HomyctuM, B mepBoM ypaBHeHuHu cuctembl (1) Bce kKodduIMEeHTH, Kpome
!
N
KodpduUIMEHTa o, ), paBHel Hymo. Torma a,(t)=——+"—- T
N, (0)/N, ()
KOO(DPUIIMEHT BIUSHUS () XapaKTEPU3yeT OTHOCUTEIBHYIO CKOPOCTh

WU3MEHEHHUSI YUCIICHHOCTH MEPBOM TPYIIIBI MPH OTCYTCTBUU BO3JICUCTBUS HA ATy
TPYIITY ABYX JIPYTHX TPYIII, a TaKKe BO3JCUCTBUS MEPBOM T'PYIIIHI HA TPETHIO
TPYIITY. CoBepiIeHHO  aHAJOTUYHO  XapaKTepU3yIOTCS  OCTAJIbHBIC
KO2(PPHUIIUCHTHI BIUSHUS.

[Ipennonokum, 4To IMEET MECTO 3aBUCHMOCTh

a5 (8) =m N (1) - N,y (), rae m, = const.
DTO 03HAYAET MPSIMO MPOMOPIHMOHAILHYIO 3aBUCUMOCTH KO3((UIIMEHTa
BJIMSIHMS YYAIINXCS IEPBOrO THIIA Ha YYalIMXCs TPETHETO THUIIA OT YUCIEHHOCTH

TPYII MEPBOTO M TPETHErO THMA B KaXKIbI MOMEHT BPEMEHU. AHAJIOTUYHO
3aJIaf0TCS OCTANIbHBIE KOA(D(MUIIUESHTHI BIUSHUS:

a,® =m, -N,©)-N, (), %) =mg-Ny(£)-N,(t), ag(t)=m,-N,(t)-Ny(t),
ya(t) =My - N, () - N (1), ety (t) =mg - N, (t) - N,y (8).

3aece M, (i=2-5) - yncnoBsle KOOQOUIHUEHTSI.
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Beeaem ciienyroniue 0003HaYCHUS:
X=N,(t), -y =N,(t), z=N,(b).

Jns nanHoTrO ciy4as 3anuiiem cucteMy (1) B Buze:

% =m,- Nl(t)' Nz(o) +m,- Nl(t)' N3(O) —-ms- Nl(o)' Nz(t) -m,- Nl(o)' Ns(t)v
% =My Nl(o)' Nz(t) + M- N3(0)- Nz(t) —m,- Nl(t)' Nz(o) — M- Nz(o)' N3(t), (2)
%: m, - Nl(o)' Ns(t)"' M - Nz(o)’ Ns(t) -m- Nl(t)' N3(O) —Mg - N3(O)~ Nz(t)-

J171s1 TPOCTOTHI U3JIOKEHUS BBEJIEM CIICYIONINE 0003HAUCHHMS:
m, - N3(O) +m,- Nz(o) =U, M- Nl(o) =U,, m,- Nl(o) =U;,

m, - N,(0) =v,, m3'Nl(O)+m5'N3(O):Vz, me'Nz(O):V3,
m-N,(0)=w, m,-N,(0)=w,, m,-N,(0)+m,-N,(0)=w,.

Torna cuctema (2) npeoOpasyercs K BULLY:

dx

azul-x—uz-y—us-z,

ﬂ——v X+V, Y=V, Z

dt 1 2 3 ’ (3)
dz
a=—Wl-x—W2~y+w3-z.

DTO NMHEWHas OJHOPOJHas cucTema TudepeHInanbHbIX YPaBHEHHUH C
MOCTOSIHHBIMU KO3 PUIIIEHTaMU.

HaxomuM KOpHH XapaKTepHCTHUECKOro ypaBHeHus: 44, 4. He Hapymas
oOLIHOCTH, Oy/IeM CUMTATh, YTO BCE KOPHU JIEUCTBUTEIbHbBIE U Pa3JIMYHBbIE.

[TycTs unciy 4, (k = 1_3) cooTBeTCTBYeT cobcTBeHHBIH BeKTOP (Pucr Paer Pay)

Cuctema (3) umeeT 3 perieHus:
_ At _ At _ At
Xpip =P €7 Xy =Py €7, X5 =Py €7,
_ At _ At _ At
Xp=Pp€7, Xp=DPy,0€", X;=PpP3 €7,
_ Mt _ Adt _ qt
Xig= Pz €70 Xy3=Pp3 €7, Xz3=Pg3°€7.
OO6ree pereHne CHCTEMBI:
X=D;-X,;+D, X, +D;-Xg,
Yy =D, X, + Dy - Xy, + D3 - Xy, (4)
2=D, X3, +D, - X5, + D; - X55.
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3necw Dy, D,,D; — mocrostaEBIE, KOTOpHIE Hax0ATCS U3 (4) IPH 3a1aHHBIX
HadaJIbHBIX yCHOBI/IHX.

Paccmotpum cnenyrommii mpumep.

Iycts N,(0)=12, N,(0)=18, N3(0)=10, n, —0,002, m, =0,003, M, =0,002
,m, =0,001, My=0002, m; =000l Torma u =0074, u, =0024, U;=0012,

v, =0,054, v, =0,044, Y, =0018 —002, w, =0,02, W; =0,03;
X'=(74x-24y—-122)-0,001;
y' = (-54x+44y-18z)-0,001;
z2'=(-20x—20y +30z)-0,001.
IIpu 3TOM t €0, 36 akanemuueamx gacos]
Pemenne naHHON CHUCTEMBI 3AIIUIIETCS B BUJIC
X=3,93+9,61.e%%%%
y=-432+36,99-e°%" —16,34 .%%9%,
72=21,22+49,32.e%% _5189.%%%,
['padpruecku pemenue nokazaHo Ha Pucynke 1.
35 -

30 -
2'3' .--'.. — - F
20 - -
15 L
10 -
~

5 4 N

0 e

0 1 2 3 4 5 6 7 S 9 10

Pucynok 1 — Pemenue cuctemsl guddepeHnanbHbIX YpaBHEHUH

2. YactHble cayyam cucrembl auddepeHUINAIbBHBIX YpPaBHEHHH
MO/IeJIH

PaccMoTpuM HEKOTOpBIC BaKHBIC YaCTHBIC CIydau CUCTEMBI (1).

Cuauvana ynpoctuMm cuctemy (1), UCTIONB3ysl clieyronue 0003HauYeHUS.
ITycts

X=Ny(t), -y =N,(t), z=N;(t).

3y =ay(t) N, (0) + oy, (1) N, (0), a, =, (t)- N, (0), & =s(t)- N3(0),
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b, = a,, (1) - N, (0), b, =a,(t) - N, (0) + az(t) - N,(0), by =ar,,(t) - N5 (0),
C =g (t)-Ny(0), €, =ay(t) N, (0), C;=a;(t) Nj(0) +aryy(t) - Ny (0).

Orcrona

oo d A
X y Z
bl b2+b3
X y z' ()
ZI Cl C2 C_3
x y 2

3ameTum, uTo u3 (1) cienyroT COOTHOIICHUS:

:b1+C1’ —d, :Cz_b21 a3:C3_b3

C ydetoM aToro cuctema (5) 3amuiieTcs: B BUJIE:

[Mpeamnonoxum, uro C,

!

X' =—

b1+C1 +C2_b2 +C3_b3

X y z
! bl b2 b3
:———-|-—’
X Yy z (6)
Z’=&+C_2_&_
X Yy z

=b2, T.¢ A =0. Takas CUTYyallusi BO3HUKAET,

KOT/Ia CYIIECTBYET OOJIBIIIOE PA3IMYKE B YCIIEBAEMOCTH MOTHOCTHIO 00y4aeMbIX
U YacTuyHO oOydaembix. [losToMy "acTHYHO 0Oy4daemMble HAMHOTO TSDKEJEe
pearupyroT Ha y4eOHBIN MPOIECC, CBA3AHHBIN C TOJHOCTHIO 00y4aeMbIMHU.

Torna cuctema (6) mpeoOpaszyercst K BULY:

,:_Q+q+%—g

X z
':bl_c_2+&

X y 7' (7)
7-0,% G

X y z

3aMeTHM, 4TO B CIy4ae, KOria a, =0 CyMMa IIPaBbIX 4acTell ypaBHEHUN

cuctembl (7) paBHa Hymo. Torma dx+dy+dz

- TIepBas MHTErpupyemas

KOMOMHALIUA U @, =X+Y+Z- NepBbIi UHTETpaJl.
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PaccMOTpHM CHTYaIMIO, KO BIMSHHE YYalIMXCS TPEThEH IPYIIbI Ha
C, + C, G
TepBYIO TPYMIy OYEHb CHIBHOE, IPUYEM x y 7 B 9ToM ciydae BiusHHe

TPEThEN IPYIILI HA OCTAIBHBIX PABHOCUIILHO IIPOTUBOAEHCTBHIO. [Ipu 5TOM
a3 (t) - N, (0) + as,(t)-N,(0) _ ay,(t) - N5 (0) + ay5(t) - N4 (0) _
N, (t) N, (t) N, (t) N, (t)

1
YMHOXUB IICPBOC U BTOPOC YPABHCHUC Ha l , TPCTHC Ha y " CJIOXKHB BCC
X

TP YpaBHEHUS, MTOJTYIUM

X’-l-l- y'.1+z'.l:_%_FE_C_E_FE:[&+C_2_&).(_1+1]:0_
X X y X Xy X Xy X 'y 1z Xy

1 1
Takum oOpazom, % dx + % dy + ; dz - propas mHTErpEpyeMas KOMOMHAIUS

1 1 1
U 2In x+In y =, - nepBblid uATErpail. IIockonbky rank| 1 1 1|=2 TO @, U @,
X X Yy

00pa3yroT 0a3uc nepBbix uHTErpanoB. CiaeaoBaTeabHO, 00IIEE PEIICHUE TaHHOM
CUCTEMBI:

(8)

rae D, U D, - NOCTOSAHHBIC, ONIPEACTIACMbBIC M3 HAYAJIbHBIX YCHOBHﬁ. I[aHHaﬂ

X+y+z=D,
2Inx+Iny=InD,,

cuctema npeodpasyercs K BUIY:
X+y+z=D,
A, ©

rae Dl = N1(0)+ Nz(o) + N3(0), uD,= le(O)- Ns(O)-

PaccMOTprM BaXKHBI YacTHBIM Cily4ald, KOIJA YHCIEHHOCTU TPYIIII
COBNAAAOT U KOA(DUIIMEHTHl BIUSHUS MOCTOSHHBI. [lycTh, Hampumep, X=Y.
Torga u3 (6) nMeeM paBeHCTBO MPABBIX YACTEH NMEPBOTO U BTOPOTO YPaBHEHUI,
OTKY/1a [10JIy4aeM

2b, +¢, —c, +2b3—03

X z
Gt G

X 7

-0,
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_ (2b1+C1_C2)Z " (2b3—C3)(C1+C2) Ca
OTCIOI[a ImojrygyacmM COOTHOIICHHUSA X =0 —, L = -—

2b, —c, (2b,+c,-c,)z  z
i = 2(Cybs +¢,bs —€,C5 —biCy) t+D,
2 2b, +¢c, —c,
rnie D — mocrosHHas, omnpenensemMas W3 HadadbHBIX yClHoBUH. J[ms
N: (0)

paccmaTpuBaeMoro ciaydas D= )

Iycts, Hampumep, N,(t)=N,t), npu t=0 N,(©0)=N,©0)=13 N;(0)=12;
@, =05 %13~ 0.2 a, =02, O3 = 0,3 , O3 = 0,3, , Ugp = 04.

Torna

b, =02-13=26; b, =05-13+04.13=117; %5=03-12=36, ¢ —_03.13-39;
c,=04-13=572; (3= 2-02-12=48.

Otcrona
7=+425t+144,
X =163-./45,2t +144.

I'paduku Gynkiuii z(t), X(t) mokazansl Ha Pucynke 2.

30

70

60 ——

50 s

40 - —

30 . -

20 - -

10

t

0 TtTifTflrlirfrfrtrrrrrrrrrrrrrrrrrrrrrrrrrrrrrom

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36
Pucynok 2 — I'paduku pynxumii z(t), x(t)

CoBepIieHHO aHaJOTHYHO CTPOMTCS MOJENb Ui Cciy4asi, KOTJa BCe
K03 GUIIMEHTHI BAUSHUS UMEIOT BuJ kt', rae K u | — mocTosuubIe, pudeM | —
MOCTOSIHHAS 17151 BceX KOA((UIIMEHTOB BIUSHHUSL.

Jlst Toro, 4TOOBI YMCICHHOCTH yYalluXCsl BCEX TPYI coBmagaiu (T.e.
X=Y=Z), TOJI’KHBI BBITIOTHATHCS YCIIOBUS:
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—-b, —b, +2¢c,—-b, =0,
b,—c,—b,—c,+b, =0,
—b, —2¢,—b, —2¢c,—b, =0.

3aknaouenue. Teopernueckas 3HAYMMOCTh pabOThl  CBA3aHa C
MOJIy4Y€HHUEM aHATUTUYECKOTO PEIICHUS ISl MOJIENIA CUCTEMHON JUHAMUKH TPU
Tpex TUnax o0y4yaeMblIX.

[TpakTHyeckas 3HAUUMOCTh PE3YJIbTATOB 3aKJIIOYAETCS MPEXKIEC BCETO B
TOM, 4TO pazpaboTaHHas TUHAMHYECKast MOJIETb MOXKET OBITh HCTIOIh30BaHAa JJIs
HOBBILIEHHSI KauecTBa Y4eOHOTo Ipoliecca, 0COOCHHO MpHU TpynmnoBoi ¢opme
00yueHus.

Mopenb CUCTEMHON JUHAMMKY JJ1 UM CIa TUTIOB 00y4YaeMbIX OOJIbIlE TPEX
CTAaHOBUTCS CIUIIKOM CJIOKHOH Ul aHAJIMTUYECKOIo penieHus. B aTom ciyuae
JUIA ~ UCCIIEOBaHMM  CleayeT  IPUMEHATh  METOJ,  MMHTAlMOHHOIO
MOJIEJTUPOBAHUSI.

Paboma evinonnena npu @unancosoii noooepoicke PDODU, npoexm Ne
170100728
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A.V. Ganicheva, A.V. Ganichev
MODEL OF SYSTEM DYNAMICS OF PROCESS OF TRAINING
Tver state agricultural academy,
Tver state technical university,
Tver, Russia

The relevance of this work is caused by importance of account in educational process
of personal qualities of trainees. Importance of the solution of this problem is defined by the
fact that competence-based approach assumes formation of future workers capable
independently to work in various situations, to have an impact on others. When training in non-
uniform educational collectives (groups) it is possible to allocate subgroups of pupils by
different criteria: to abilities, progress, discipline, etc. Subgroups of trainees have an impact
at each other. Force of this influence depends on the number of subgroups, of coefficients of
influence and time of impact. As a result of mutual influence, it is possible of the trainee to
move from one group to another. The article uses the method of mathematical modeling to
analyze and account for the dynamic interaction of pupils in the team. The model is based on
the system of differential equations of J. Forrester. The analytical solution of a system for a
standard case in educational process - existence of three types of subgroups of trainees is
received. A numerical example is given to illustrate the results. Results of its decision are
presented graphically. Important special cases of the General system of differential equations
(setting of relations between the coefficients of influence) are considered. The developed
mathematical model will improve the quality of the educational process.

Keywords: group of trainees, model, coefficients of influence, system of differential
equations, solution.
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