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BBEAEHUE

Llenb paboTtbl - nNpuobpect KOMMETEHLMN MOAENMPOBAHUS
MPOLIECCOB Ha OCHOBE PAcyYETOB MO METOAY ANHAMUKU CPEHMX.

1 OBLUUMA NPUHLMIN COCTABJIEHMSA
ANODEPEHLIMAJIbHBIX YPABHEHUW ons
CPEAHUX YUCJTIEHHOCTEM COCTOSIHUM
(YPABHEHU AUHAMWKU CPEOQHMUX)

CylHOCTb MeToAa AMHAMUKWN CPefHUX 3aKNioyvaeTcs B cneay-
toweM. PaccMaTpuBaeTcs He COCTOSIHME CUCTEMbI B LieNIOM, a 0TAeNb-
HOro ee aneMeHTa. Kaxablii 3neMeHT MOXeT 6biTb B Nto6oM U3 77
BO3MOXHbIX COCTOS\HUI: €;, €; ...,. €.

COCTOSIHME CUCTEMBI B LIESIOM B, KaXXAbli MOMEHT ¢ XapaKTepu-
3YETCS UUCIIEHHOCTbIO COCTOSIHWM, T.€. YAC/IOM €AMHUL, HaxoaswmX-
Csl B COCTOSIHUM €4 , KOTOpOe 6yaeT cinyyailHbiM. XapaKTepucTmkamm
CNyYaliHOW BENUYUHBI Xi(t) — YMCNEHHOCTM eauHul (3NeMEHTOB),
HaxoAsLWMXCS B MOMEHT ¢ B COCTOSIHUW € , SIBASIOTCS MaTeMaTude-
CKOE OXXnaaHue u aucnepcums.

Ans HaxoXAeHUs 3TUX XapaKTepuCTUK HeobXxoaMMO 3HaTb UH-
TEHCMBHOCTU BCEX MOTOKOB COGLITWUI, NEPEBOAALUNX I/IEMEHT, a HE
QUCTEMY W3 COCTOSIHUS B COCTOsSIHME. Takmm 06pasoM, 3agadva CBO-
OUTCS K ONpeaenieHnto BepOSTHOCTEN COCTOSIHUSI OAHOMO OTAEBbHOrOo
aneMeHTa. A 3TO MOXET O6bITb MOJyYeHO pelleHreM anddepeHuu-
anbHbIX ypaBHeHMI KonMoropoga.

MaTemaTuyeckoe OXuaaHue U AUCrnepcus YNCNEHHOCTU Kk-ro
COCTOS\HWSA 6yayT paBHbI

m, (t) = Np, (1); (1)
D, (t) = Np, (1) - (1 p, (t)) =m, (1) -(1—ka(t)j, (2)

roe py(t) — BEPOSITHOCTb TOFO, YTO OTAESbHbIN 3N1EMEHT B MOMEHT ¢
6yaeT HaxoaMTbCsl B COCTOSIHUN €.



3Haa aucnepcuio Di(t), MOXHO HaWlTW cpeaHee KBaapaTuye-
CKOe OTK/TIOHEHME YNCNIEHHOCTU COCTOSAHUA &

i () =\/Np, (1)- (L- p (1) = mk(t)-(l—mk—(t))- 3)

N

B obwem cnydae ana noboro MOMeHTa BPEMEHU £ OPUEHTUPOBOYHOE
3HayeHMe AManasoHa NpakTUYECKM BO3MOXHbBIX 3HAYEHWUIA UNCIIEHHO-
CTh 6yaeT paBHO

m, (t) = £30 (1). (4)

Ecnn uncno anemeHToB NV B CMCTEME BENUKO, TO YMCIIEHHOCTb
K-ro coctosiHUSi MOXXHO CYMTaTb pacrpeseneHHON No HopMasibHOMY
3aKoHy. Torga BepOsiTHOCTb TOro, YTO YWUCIEHHOCTb K-ro COCTOSHUS
6yaeT 3akYeHa B npeaenax ot a Ao B, Haxoautcsa no dopmyne

Pla<X, <f)=taf FoM | o[ a=Mc || (5
2 o lop
roe m,, O — MaTeMaTM4eckoe OXMAaHWE U cpeaHee KBaapaTuye-
CKOe OTK/IOHEHME YUCNEHHOCTU k-ro cocTtosiHus; ®(x) — QyHKums
Nannaca.

®opmynbl (2) - (6) NpUMEHUMBI TONBKO ANS YCNOBWUIA, KOraa
3/1EMEHTbI CUCTEMBI OAHOPOAHbIE, MHTEHCMBHOCTYU MOTOKOB COBLITUM
HEe3aBUCUMbl OT CPEAHUX YNCNEHHOCTEN COCTOSAHWUIN CUCTEMBI.

MycTb cuctema S coctouT u3 N OAHOPOAHBIX 3/1EMEHTOB TUMNA
£V B HEW NpoTeKkaeT MapKOBCKWUIA Cly4YaiHbIi npouecc. Ans cocras-
neHusi anddepeHumanbHbIX YPaBHEHWUI CPeAHMX YMCNEHHOCTEN CO-
CTOSIHMI (YpaBHEHWUIA AMHAMUKU CPEAHMX) TakoW CUCTEMblI HEOBX0AU-
MO BHayasne COCTaBWTb pasMeYeHHbI rpad COCTOSIHMI KaXaoro ane-
MEHTa C YKa3aHWEM MHTEHCMBHOCTM A;; BCEX NOTOKOB COGLITMIA, Nepe-
BOAALUMX IEMEHT £ U3 COCTOSAHWSA B COCTOsIHME (puC. 1).

3aTeM pyKOBOACTBOBAaTbCA CNeAyto-
MM NpaBWIOM: NPOM3BOAHAS CpefHeW
YUCNEHHOCTU COCTOSIHUS paBHa CyMMe
y A CTOMbKUX YSIEHOB, CKOMbKO CTPENOK CBSA3a-
HO C AaHHbIM COCTOSIHUEM; eCnn CTpesika
)‘32 )‘23 )‘41 Han

paBfieHa W3 COCTOSIHUS, YfeH uMeeT
3HaK «MUHYC», €C/iM B COCTOSIHWME — 3HaK
«MOC»; KaXXAbl YNeH paBeH npoussefe-
)\34 HUIO MHTEHCUMBHOCTM MOTOKA COBbITWN, ne-
pEeBOASLLEro 3/1EMEHT MO AAHHOW CTPEesKe,
Ha CPeAHIO YNCNEHHOCTb TOr0 COCTOSHUS,

N3 KOTOPOIrO UCXOAMUT cTpenka (Agimu(t)).
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Puc. 1. Cxema cucrtemsl

Hopmupytowmm ycnosuem 6yaer

ka (t)=N. (6)
k=1

Mpumep 1.

Cucrema S coctouT n3 N ogHOPOAHLIX 3neMeHToB. pad co-
CTOSIHWI KaXKAOro 3NMeMeHTa mpeacTaBfeH Ha puc. 1. B HayanbHbIN
MOMEHT (=0 BCe 3NeMeHTbl HAaXOASATCSA B COCTOSHMMU & HanucaTb cu-
cremy anddepeHUManbHbIX YPaBHEHUN ANS CPEAHUX YUCTIEHHOCTEN
COCTOSIHUA.

PeLueHume.

PykoBoacTBysCb cchOpMYMPOBAHHBLIM BhilLE MPaBuiioM U UMes
pa3MeyeHHbIV rpad COCTOSIHWI 3N1EMEHTOB CUCTEMbI, MOSTYUUM:



dm
d—;:—ﬂlz-mﬁl“-m[l;
\

dm
dtz :_123'm2 +ﬂ12'm1+/132'm3;
dm,

T:_(ﬂaz"'ﬂm)'mﬁ'ﬂfzs'mz; >

dm,
dt
(7)
roe my T T; T4 — CpeAHWe YMCIEHHOCTM COCTOSIHMW, YAOBETBO-
psiowme ycnosuio (3). Ana KpaTKOCTV 3anmMcu apryMeHT ¢ onyLueH.
YunTtbiBas HopMupyiollee ycnosue (6):
my+m+173+my=N,
MOXEM OAHO W3 ypaBHeHwl (7) oTbpocuTb. Ecnu 3T0 ByaerT,
Hanpumep, BTopoe (Hambonee CroXHOE), NONy4nM:

==y My + Ay - M.

dm

ditl:_ﬂ’l2'm1+ﬂ41'm4;

dm 8
O = g ) M+ g TN = ()] v
dm

dt4 = Ay My + Ay - M.

Tak kak npu =0 BCe 3/1eMeHTbl HAXOASTCS B COCTOSIHUM &, TO
HayanbHbIMK ycnosusamn (npu =0) byayT:

m1=/V; To=T7T3=my =0.

WMHTerpupoBaHue cuctembl anddepeHUManbHbIX yYpaBHEHUN
(8) npoussoanTCca Ha 3BM unun BpyyHylO METOAOM YMUCIEHHOIO MHTE-
rpvpoBaHus. B pesynbtate 6yayT nony4yeHbl 3HaYEHUs] CPeaHMX YnC-
NEHHOCTEN COCTOAHUN: my(t), mx(t), mx(t), myt). 3HauyeHns ancnep-
CUIN N CpefHUX KBaApaTUYeCKMX OTKIOHEHUN UMCNEHHOCTEW COCTOSI-
HWi1 BbluMcnsoTcs no dopmynam (1) n (2)

2 MPUHUMNN KBASUPEINYNIAPHOCTU

B oblleM cnyyae MHTEHCMBHOCTM MOTOKOB COGbITWMI, MEpeBo-
[SILMX NEMEHT U3 COCTOSIHUSI B COCTOSIHUE, 3aBUCST OT TOrO, CKOJb-
KO 3/IEMEHTOB B AaHHOM COCTOSIHUM MMEeTCs B cucteMe. YncneHHo-
CTW € COCTOSIHWI CUCTEMbI ABASIKOTCSH CAy4YalHbIMKU, MO3TOMY U WH-
TEHCMBHOCTU MOTOKOB COBbITUI 6yayT CilydaiiHbIMU. ITO 0bCTOATENb-
CTBO 3aTpYAHSIET COCTaBJIEHME YPABHEHWUM AWHAMWKW CPEeAHUX Mo
U3MIOXXEHHOMY paHee MpUHLMMY, TaK KakK HEWM3BECTHbl UYWUCIEHHOCTM
COCTOSIHMIA, OMPEAENSIIOLMX MHTEHCMBHOCTU MOTOKOB COBLITHIN.

MpeogoneHne Takoro poga 3aTpyAHEHMI OOCTUraeTcs Aony-
LLEHMEM, KOTOPOE HOCWUT Ha3BaHWE /IPUHLMITG KBA3NPEryJ/isspHOCTH.
MpUHMMaETCsl, YTO MHTEHCUMBHOCTb MOTOKOB COOLITUI, NEPEBOASILLIMX
3/1EMEHT U3 COCTOSIHUSI B COCTOSIHWUE, 3aBUCUT HE OT CaMMX UMCNIEHHO-
CTel COCTOSIHMIM, @ OT UX CPEAHUX 3HaYeHUn (MaTEMATUYECKUX OXU-
JaHui).

MorpewHoCTN pe3ynbTaToB, KOTOPble BO3HWMKHYT BCeACTBUE
TAKOro AOMYLLEHUS A ONMCaHUsa npouecca, 6yayT TEM MeHbLUe, YeM
60osiee MHOrOYMCIIEHHA rpyrna 3/IEMEHTOB U YeM BAVXKE K NIMHENHBIM
(yHKUMM, BblpakalolMe MHTEHCMBHOCTU MOTOKOB COOLITUI B 3aBW-
CUMOCTU OT YMCIEHHOCTU COCTOSIHUIA.

MpuHUMN cocTaBneHus auddepeHUnanbHbiX YpaBHEHUA AW-
HaMWKN CpedHMX OCTaeTCs TakKMM XK€, KakK OMMCaHO BbIlE, TOMbKO
WMHTEHCMBHOCTM MOTOKOB COBLITWI, NEPEBOASILLMX CUCTEMY U3 COCTO-
AHWS1 B COCTOSIHME, ByayT (PYHKUMSIMM MaTEMaTU4YeCKOro OXuaaHusl
UNCNIEHHOCTEW 3N1EMEHTOB NSt COOTBETCTBYHOLLUMX COCTOSIHUNA.

MpumMmep 2.

Llex coctouMT m3 60/bLUIOro Yucna OAHOTWUMHBLIX CTaHkoB. Ha
KaXabli U3 HWUX AEMCTBYET MOTOK HEUCMPaBHOCTEN C WMHTEHCUBHO-
CTbto A, He 3aBUCALLEN OT YMCA CTAHKOB, HaxOASLIMXCA B MCMpaB-
HOM COCTOSIHUW. PEMOHTOM 3aHMMaeTcs 6puraga pabounx.

PeMOHT opraHvM30BaH TakK, YTO 3a €AMHWULY BPEMEHM UCMpaB-
NsieTca B CPeAHEM UMCNIO CTaHKOB, OnpeaensieMoe 3aBUCUMOCTbIO
H=@(N,y), roe Ny — 4ncno HencnpasHbIX CTaHKoB. HanmcaTtb and-
(bepeHuManbHble YpaBHEHUS AMHAMUKU CPeaHMX ANS CPeaHMX 4uumc-
NEHHOCTEN COCTOSIHUM.



PewueHue.
A Kaxablii CTAHOK MOXET 6biTb B [ABYX
€ € COCTOSIHUAX: &7 - UCMPABEH; &, - HEUC-
1 ~ 2 npaBeH, PEMOHTUPYETCS.
1 pacd cocTosiHMIA NMoka3aH Ha puc.2. Ha
HEeM MOTOK WHTEHCMBHOCTW Heucrnpas-

Puc. 2. CxeMa K npumepy 2 HOCTeil A.

CpefHsisl MHTEHCMBHOCTb MOTOKA PEMOHTOB, MPUXOASLUMXCS Ha
OfVH CTaHoK, byaeT

_o(N,)
o)_ N '

0

/7:¢1(N

Ynucno craHkoB N, HAxXOASALWMXCA B PEMOHTE, SABNSETCA Chy-
YaiHbIM. CornacHo NpUHLMMY KBa3uperynsipHOCTU 3aMeHsIeM ero Ma-
TEMATUYECKUM OXWMAAHWEM 7> U HA OCHOBE rpada COCTOSIHMIA 3anu-
weM anddepeHumnanbHble YpaBHEHUS AUHAMUKN CpeaHUX ANs cpea-
HUX YNCITEHHOCTEN T; U T, COCTOSIHUM €1 U £

dm
— L ==A-m +¢(m,)-my;
dt
dm
dt2 =—@ (my)m, +1-m,.
YuuTbiBasi, YTo @y1(72)=@(m;)/m, ypaBHEHNS 3anuULIyTCS B
BMAe:
%z—/l-m + @, (m,);
dt 1 1 271
dm
d_tz =—g(m,)+4-m,.

HopmMupytollee ycnosue: my + m,=N.
HauyanbHble ycnosus (npu t=0): my=N; 1,=0.

3 YYET MNONOJIHEHUA YUCJIEHHOCTU
COoCTOAHNN

Ha npakTuke BCTpeyaoTcsl 3a4aum C MOAENMPOBAHNEM TaKuX
MPOLIECCOB, MPU KOTOPbIX YUCIIEHHOCTU 3/IEMEHTOB, HaXOAALUMXCS B
KaKWX-TO COCTOSIHUSIX, MOMOJIHSIOTCA M3BHe. MNycTb cucteMa S cocto-
UT 13 N OAHOPOAHbLIX 3/IEMEHTOB U UMEET pasMeYeHHbIN rpad cocTo-
SIHWI, NOKa3aHHbIN Ha puc. 3.

KOHTUHIEHT 31eMeHTOB,

Ay & R HaXOAALWMXCS B COCTOSHUM &,

13 MOMONHSETC W3BHE C WHTEH-

/ Ay \ CMBHOCTbIO O, 3MEMEHTOB 3a

€, €, AVHULY BpeMeHn. BennunHa 3
A, MOXET GbiTb MOCTORHHOI Wik
NepeMeHHON, KaK 3aBUCALLEN,

Ay, Ay TaK U He 3asmc;|uLu,e17| oT cpea-
(A HUX YUCTIEHHOCTEI COCTOSHMIA.

Puc. 3. Cxema Kk npumepy 3
AnddepeHumanbHble YpaBHEHWUSI AMHAMUKU CPEAHWUX C YYETOM MO-
MOSIHEHUS| UNCNIEHHOCTU COCTOSIHUIMA, COCTaBASIIOTCS MO U3/I0KEHHOMY
paHee MpWHLUMNY, HO K MpaBOi YacTU COOTBETCTBYOLWEro audde-
PEHLMANILHOrO ypaBHEHMWSI NPMOABNSETCa CllaraeMoe, paBHOE MHTEH-
CMBHOCTM MOMOJIHEHMSI — CPeAHEMY UWUCIY 3/IEMEHTOB, BBOAMMbIX B
JaHHoe COCTOSIHME 3a eanHnLY BpPEMEHM.
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BOMPOCHI AJi1 CAMOKOHTPO/JIA

1. B yeM 3aknoyaeTcs npaBuo cocTaBneHust anddepeHum-
anbHbIX ypaBHEHM KonMoropoBa Afs CpeaHMX UYMCIEHHOCTEN COCTO-
AHWIN?

2. B yeM 3aknioyaeTcs CyTb MOAENMPOBAHMS U pacyeTa CUCTeM
MaccoBOro 06cny>xMBaHus MaLUnH?



