AKAJTEMHUSA HAYK CCCP
HAYYHBIA IIEHTP BUOJIOTUYECKHUX MCCJIELJOBAHUN
HAYYHO-UCCJIEOBATEJIbCKMY BBIYMCJIUTEIBHBIA [[EHTP

IIPEITPUHT

A.M.MOJIYAHOB

MARPOJHUHAMMHEKA

IIYIITHUHO - 1984



YIOK 517.938:536,7:536.76:517.928.7

PaccMaTpUBaKTCA T'aMHJIbTOHOBH CHCTEMH, COCTOSA—
mye U3 O6O0JIbIOTO qucnaN OOUHAKOBHX KOMIIOHEHT.YKa-
3aH KJlacC TI'aMHJIbTOHHAHOB, MOOINYCKAawmuxXx H3y4YeHHe

noBeneHnsi CHCTEeMhH B LieJIoM, He3aBUCHMO OT N

u 6€e3 NpenroJyIoXeHUss MaJIoOCTH B3aWMOIOENCTBUSA.

© Hayunbit uentp Guonoruueckux uccrneposanunit AH CCCP
B [lyuwmHe, 1984 r.



BBEIEHHE

TepMOoOHHaAMHYECKHY MMOAXON HaJieKO He Bcerma
NOCTATOYEH MNpPpH H3YUYEHHH MHOI'OKOMIOHEHTHHX CHC-
TeM, BaXHHX ONg eCTeCTBO3HaHHA.

I'nmaBHag NPHUYHHA COCTOHT B TOM, 4YTO OYHKIHNO-
HHUpOBaHUE MONOGHEIX CHCTEM /OCOBEHHO GHOJIOrHYeC-—
KHX/ TMPOHUCXOOUT OGHYHO BHaNM OT NOJIOXEHHS TepMo-
IHHAMHUUYECKOI'O paBHOBecua. Becbma CTeCHHTEJIbHEM
ABJIAETCA TakKXe /XapaKTepHoe IJia TepMOOuHaAMHYecC-—
KHX pacCMOTpeHH#,/ NpeanojioxeHue MaJIoOCTH B3auMO-
nNe#icTBHA MJIH KaKoe—-HHUOYIb ananornunoe'*y npenrno-
JIOXeHHe O HaJIMYUH B CHCTeMe MaJioro napametrpa. B
pesynbTaTe TeopeTHUYEeCKHe BHBOIH YacTO MaJjio MNpU-
TOOHH JJIA NOHUMAHHMA peaJIbHHX CHTyauuii.

KpafiHe BaxHO, NODTOMY, H3yYe€HHe TaKHX CHCTeM
/Ooaxe MomenbHHX/, MNOBeleHHEe KOTOPHX MOXHO NIpo-
CleguTh TEeOpeTHYEeCKH B LMPOKOM Ouana3soHe yCJo-

BHK - "B menom".

#/ Manas MJOTHOCTL, NPHGIUXEHHE CUJIBHOM CBA3BH

H T.IO.



1°. I'panyeHTHHE CHCTEMH

PaCCMOTpHM B TIPOCTpAaHCTBE BEKTOPOB m
Ly
LT o= |- S 1
X

NPOU3BOJIBHYID CKaJIAPHYI OQYHKIMIO LL - I'aMHJIHTOHH~

\fL"——‘—'\fL(OC) / 2/

U TIPOHU3BOJIBHYI MaTpHLYy I ’
IA.S

aH -

Idl LA ]

Loy - Lss

C MOCTOAHHHMH K~3ddUllHeHTaMU.

dh ¥
= =10 .

A
Has3HBaeTCAa I'palHeHTOH / cucrtemoit unu / I ’ kb /

CucreMa ypaBHEHUH

- CHUCTEMOH.
.__————-————

1/ Bnepsume BBemenm B pa6GoTe A.M.06yxoBa [ﬁ] noxn
Ha3BaHuEeM "cumMeTpusyemux" cucrem. IS HamMx
nenelt ynobHee HECKONBKO HU3MEHHTHL O6O3HAUEHHA H

ONyCTHUTh TpeboBaHUE HEBHPOXIEHH(.CTH MaTPHIH I N

2



3Be3nouyka % , MNpeBpamawmasgs CTPOkKy B cTojibell,

(B, Y = |7
RXLy C h /5/
%13

Heo6GxonuMa 1Jis "BHPABHUBAHUS TEH3O0PHON pasMepHOC-— -
Tu" JIeBOM M MNpaBO¥ YaCTH CUCTEMH YpPaBHEHHH.
B YacTHOM cilyyae MaTpHUH .I , TakKoM, UTO
™ =-E /6/
/TIpy YEeTHOM pa3MepHOCTH S daszoBoro mnpocrpaHcTtra/
BO3HUKAeT COBCTBEHHO I'aMHUJILTOHOBA CHCTEMa.

Ipumep 1.

nyers — (5, h=hGa), T=(:7)
Torna d P 0-4 :g—kp—' “2‘%’
ajc“(cv) = ) ah| = | O

% P
W, B KOOPOMHATHOM 3aNucH

E27R
/7/
= B

nony4aeTCda IlIpocTeimas CaMHJIbTOHOBA CHCTeMa Ha

INIOCKOCTH /omaHa cTeneHb cBoO6omel/. Ecnu, KpoMe TO-

'O, MTOJIOKHUTH

h(pg) = Q:L +U(q) /e



TO NONYyYawTCs ypaBHEHHS NBUXEHHUS MaTepuasbHON

TOYKM MacCCH YU B NOTEeHUHaNbHOM noneljﬁw.

Mpumep O.
PaccMOTpHUM ciyda, Korza 0-10
P
' — o
X=|¥, }'\,-:-_\YL(P) q)i‘)) I={109
M o014

CucreMa ypaBHEHUN uUMeeT BUL

M

59
d D /97
W= &

M

k-

Ilocne puddepeHuUpOBaAHUA OGYHKIINU k Z)B cuny
?

cucrtemu /9/ nonydaeTcs:

Zl'l% h . fa}éqgh @2) 20 1o,

CnemoBaTesIbHO IaMUJIBbTOHHAH k,HBnHeTCH OIIHOBpEe-
MeHHO ¢yHKUHEeN UYeTaeBa C U C T € M H, NOPOXOEH-

HOM 3THM TI'aMUJIbTOHUHAHOM.

Ecnu, B 4aCTHOCTH, l‘l(P,q,?_)He 3aBUCHT OT 2 :
ho_ o
N — 2

TO u3 ypaBHeHuM /9/ mnonydawTcsa ypaBHeHus /7/.

20. I[lapHOe B3aMMOHeHCTBHE

IllycTe ypaBHeHHUS IOBHUXEHHMSA MAKpOCHCTEMH,



N 1 »/
cocToAme U3 B0JIBHOIO / yucna /N=>1, ommHako-

BHX KOMIIOHEHT CE; , 3ajanTca TaMHJIbTOHMAHOM gc,

W= F(=xy ey %) /11/

U MaTpHLen I

iﬁr’t_ = 1(5 ) /12/

O6HYHO paccMaTpHBaeTCH TapHoe B3auMomencTBUEe,

‘J@ = ;;H@Qﬂf@) /13/

2
Kormga I‘aMHJIbTOHHaH%- 3TO CYMM&N I'aMHUJIBTOHHU~

AHOB H ‘l
"‘l= "'\ (I’) CC” > /14/

/
ONHUCHBAMMHUX B3aMMOIENCTBHEe OBYX KOMIIOHeHT O

[/
H OC' . Cnaraemuie B /13/ ornuuanTrcs OpyTr OT

opyra TOJIBKO HOMepaM# apryMeHTOB.

30. CymMmaToOpHHEe GyHKUMM A.S.XHHYHHA

IlocnepoBaTeJIbHOE HN3y4YeHHe CBONUCTB CyMMaTOp-
HEHX (YHKLHUIN B CTATHCTUUYECKHX BOIIPOCAX BOCXOOUT

K A.A.Xunuuny /1943r./ u cBsg3aHO Cc oBo6meHueM

1/

TUNUYHEN TpuUMep - Yucyo ABoranmpo /1811/

NA = 6)022402}—_: 6 022 10%°



Ha O¢yHKIMH 3akoHa BonbmHXx 4Yucesn, XOTs pPOJIb  CHM~
MeTpuueCKHX O(YHKLHI H3BeCTHa eme U3 anrebpum -
dopmysma ®.Buera /~1590/.

B Hamel 3anave cyMMaTopHHe OQYHKIIMH BO3HHKa-
0T caMH cofol, Kak CcielcTBUe IPUMEHEeHUHA MeToma
dypre pazyioxeHUus QYHKUUPR B DAl 10 OpTOT'OHaNBHO-
My 6a3ncy*/.

HTak, pacCMOTPHMM NPOH3BOJbBHHI /noxal/ 6asuc
{E}d CI)} B npocTpaHcTBe YyHKUUM ONHOH repeMeH-
HOft 2 ¥ Da3JIOKUM IaMHUJIBbTOHHAH B3aMMONEHCTBHUA

H (ac’):r") IO COOTBETCTByWmEMY 6a3ucy {(éd(x’) %e(ar")}
B INPOCTPAaHCTBe (PYHKUHUH IBYX MNEepPEMEHHHX:

HC, ) = 2 Py ceyper) o

ok
llomcTaB/IAsa MNONy4YeHHOe BHpaXeHue B I'aMHJIbTOHHAH

CHCTEMH (}e— , nonyvaem: ol
Gp=2 H  Yu ) YpC)=
1 d@

= L HP [Zpw) | T yed] e/
ol 1
CyMMmaTOpHHE QYHKIIHHU N

Yd :Z %u (cs) /’17/

,5*.
/ CoBpeMeHHas MOOuUPHKALNA — MeTOon I'anepxuHa-

Purua ~ He npegnrnosiaraeT gaxe OpTOIOHAJIBHOCTH.

(&)



BO3HHKAKWT, TakuM o6pa3oM,aBTOMATHYECKH, IIPH H3IMe~
1/

HEeHHH nopsagka CyMMHUpPOBAaHHA. Bupaxasa I'aMHJIBTO-

HHaH 9’6 yepes3 HOBHIE TNEepeMeHHHEe Yq ’

Jo. = Z HQGYC,YP /187

o
IIPHXOOHUM K BaXHOMYy BHBOOY :

T'aMunIbTOHMAH eCTh KBazmpaTH4dHasa (yHKUHS MakKpo-

BEJIMUNH Ycl, H 3Ta KBaIpaTUYHOCTBL €CTb IIpaMoOe

cJyleICTBHE INapHOCTH B3aHMOIOENCTBHUSA.

OTMEeTVM Takxe, YTO kKo3dIHUMEeHTH KBaZpaTHIYHON
H R
dopMu /18/ comnapmawT ¢ kosdduumeHramu Oypre
H &)
pa3JjIoxXeHua TaMHJIbTOHHMaHA B3aUMMOOENCTBHSA (ﬁ)x)no
6asucy {gd (') ge(:r")} .
CoeslaeM eme OOHO 3aMedYaHHe O IPOU3BOOHHX CYyM-

MaTopHON OyHKUIUU. duddepeHUUDPYA Igzno 11, nony-

W dyg@

f'ax{ - mi /19/

vaem:

BenuuuHa ol CONEePKUT N craraeMeix, a NnpousBOOHast
- JUmb OAOHO, HO6O OCTaJIbHHE CcrlaraeMele He 3aBUCAT

oT Oti ¥ obpamanTCa B HYJIb npu nouddepeHIUPOBAHUH.

1/ - OTMeTHM CXOICTBO 3TOH Nnpouenyps C Jie6eroBc—
KOI CXeMOM HHTEerpHupoOBaHUA U MEepexomoM K uYuciam

3arnoJIHEHUA B KBAHTOBON CTAaTUCTHKE.



29TO OBCTOATEJNILCTBO TECHO CBA3aHO C XapaKTepoM
ACHMIITOTHKH /IpH JVL*'OO/ CYMMATOPHHX QYHKLHN.
Kaxgas cymMMartopHas (YHKUMS NopoxdaeT /B pa3HHX
KOHTeKCTax/ Tpu Macuraba BeHYHUH:

MakcuMalbHOEe 3HaYeHHe HuMeeT nopﬁnox./V//no
yuCcIy ciaraemMeix/.

Cpenuasa ¢nykTyauus /KOpeHb KBaIOpaTHHN W3 HMH-
Terpasia KBagpaTa OyHKUMM/ 3HaYUTEJIbHO MeHblle H
HMeeT NOPANOK \/K7,

U,HakoHel, NPOHM3BOOHHE COBCEM MaJsiH IO CpaBHe-

HHI0 cAA/ /nopsanka enquHHUH/, KakK 3TO BuOoHOo us /19/.

4%, MakpoauHaMHKa

3arnuck raMmiibTOHHAHAa CI/ICT@MH% B NMepeMeHHHX

Y,
FH =)

MMO3BONIAST YNPOCTHTh YPaBHEHHa IOBHXEHHA.

ag‘e

WY W, YK dye
AN, T g 0 ?Y§ oy
e ¢
H noncTaBlJigdfa pe3ynbTaT B YpPaBHEHHA IOBUXEHHUs, IO~

dog; X ¢
W= 2

JIYIHUM

/21/



lIpaBHe 4YacCTH IIOJIYYEHHHX ypPaBHEeHUN corepxarT

1 LP
KaK CKansapHHe /Makpo/ BEeJHYHUHH / ’

__ 99X 22
gg(*‘__,_a__\f% /22/

Tak M BeKTopHHe /Mukpo/ nomas A QC)

a? (%) = I (%%E)* /23/

B 3Tux oBo03HadeHHAX OO0Jiee YeTKO BHIOHa CTPYK-

Typa YpPaBHEHHR IBUXEHUSA,

%OCE. = Zﬁ SEFQP (xi) /24/

noackKasuBawimas HIOEK BHIEJIEHHA MaKpPOIVHHaMHUKH

/ 3BOJIOLIHU Ef&/ U3 Or'POMHOI'O MHOXEeCTBa A/¢i>i/
)L— mewxenunn XL; .
IuddepeHUpPysa MO BpeMeHH cooTHomeHue /17/,
onpenensomee M - BeJUYHHY \:q ’
dis Y da da
At T fed dog dE
M TIOOCTaBJAS U3 /24; HaWgeHHHE 3HaYeHUA TIPOU3-—

L ]
BOIOHHX aci , TIoNIyJaem:

1/ - B panpHenlweM ymnoTpebnseTcs 6oJiee HaraanHas
sanmuchk THUNa "M-nepeMeHHoe" BMecTo "/Makpo/ ne-

peMeHHoe" u i}l-none“ BMeCTO /MuUKpo/ rone”.

9]



=Tk Bee)T e E g

dyHKUMA, KaxIooe cJylaraeMoe KOTopoe MoxXeT OHTb

pasJyioxeHO 1o 6a3Hucy
4

3mech NMOCTOSAHHHE .IQ? /xo3ddnuuenTn Oypne/ orn-

penenifiTCA TOJIBKO CBORCTBaMu 6as3Hca {8&(’1)}

M HHKaAK He CBf3aHH C MCXOOHEMH ypaBHeHHMsMH. Ha-

ubosiee oTUETJIMBO 3TO BHIOHO, €CJIM BCIOMHHTB Onpe-

nenesue Ju.-nonn cxPﬁr)/23/ U NOOCTABHUTEL €ro B

L T(Gk] = Ly 7

CyMMHpOBaHHe 1o BCeM komnoHeHTam L3 B /25/ ¢

/26/5

yueToM GopMysiHl /26/ NPHBOOUT K TMOJIHOMY HCKJIOYe-

HHUI0 }l ~IIEpeMeHHHX, H MH noJgyd4yaeM YpPaBHEHHA

MaKpPOOUHAMHKH 2 O(\-{d B ”6— (5
e = Lp o

5-. .I—anreﬁpa. KpanpaTHYHHE MHOI'OUYJIEHH

MpennosoxeHue O IapHOCTH B3auMOOEeHCTBHA, Kak
BUIOHO M3 BHBOIA, MOXHO He BBOOHTB. 3HaAYUTENBbHO

cepbe3sHee Opyroe orpaHuYeHue.

10



IIpoBeneHHH aHaNHU3 He npeTeHnyeT Ha dopManbHYIO
CTPOTOCTh, T.K. MIHOPUPOBAJI BOIPOCH CXOOUMOCTH
BO3HUKAaMUX panosB. OOHAKO, 3TH BHKJIAOKH CTaAHOBAT-
Cs1 BIOJIHE CTPOT'MMM IOJIsi BaXHOI'O crnydas 1 -anreép:
OnpepenemHUHe:

KoHneuHOMepHOE MOANPOCTPAHCTBO B NPOCTPaAHCTBE

dyHKUMHE C 6a3HCOM {g‘((x)} Ha3HBaeTcs ]-—am"e6poﬂ,
d * 4

€eCJIH OHO 3aMKHYTO OTHOCHTEJIbHO OIlepalliH I.—npo—

U3BEeIOEeHHs, OIpeneseHHON cnenymmum o6pa3omM:

yuoyo =1 =Ly e

KosddunueHTH pasnomeHHH.quHasuBamTcn CTPYKTYP-
- J

HEIMHA KOHCTaHTaMH aJIrebpH.

HenycToTa MHOXecTBa ONpenesyiieMhHX OO6bEeKTOB
€CThb OYeBHIHOe TpeboBaHUEe CcomepXaTeNbHOCTH onpe-
OeJlieHusa. B HaweM criydae NpOCTPaHCTBO KBalpaTHY-
HEHX $OopM oOb6pazyeT anrebpy Ions Jjw6oir MaTpHLR :I
9TO BHTEKaeT HU3 TOTr'0, 4YTO MPOU3BORJHAA /r'paiueHT/
KBanpaTudYHor QOpMEI eCTh JUHerHas dopma, a Npous-
BeIeHHe OBYX JHHeNMHHX (OpM ecTh KBadpaTHdHas
dopma.

9Ty anredpy MOXHO pacCHMpPUHTBH, OOBGaBUB KOHCTaH-
Ty . Ipyroe roJjie3Hoe pacuupeHUe COCTOUT B pmobaBie-

HUHU BCeX JHHeHHHX (JYHKUUM. STOT nNpuMep, IOEeMOHCT-
11



pPUPYsa HenycToTy MHOXeCTBa ].—anrer, OaJIeKo He
uCcyepIriLnBaeT ero.
NMpumep .

B mpocTefneM ciydae CHCTEMH C OIHOM CTeNeHbIo
CcBOBONH KOHEUHas anreétpa nopoxiaaeTCs BCero OABYyMs
bdyHKIIUAMY , 2

a)=x, bay=L /30/
> =)
K KOTOPHM ME HoGaBHUM enme KOHCTAHTY. YXe B 3TOM
crydyae BO3HHKaeT colepxaTenbHasa 3anava.

Brlkj1akH, Kak 3TO OOHYHO OHBaeT, Nnpome Ipo-
BEeCTHBECTH 3aHOBO, HeXeJyI HCIIOJIb30BaTh TI'OTOBHIM
pe3yabTarT.

UTakx, nycTs

o,
M = 7z /31/

roe

) /32/

B
A= 2%, =ZZ§ /331

VpaBHeEHUS IUIA nepeMeHHHX (L7 B HOBHX O6O3Hade-

HUAX IIpUoObGpeTarnT BHUIO

de, W K

[ ..

dt T s4 Tt gy /3
OTKyIIa MOXHO BmHBecTH /ouddepeHuUHUPYS paBeHCTBA

12



/33/ no 't /, 3aMHKawmwe cuctemy /34/, ypaBHe-

HUA MaKpOIOHHAMHKH :

OM‘ /\/fﬁq‘ —+ AD‘QE /35/

olB Bzﬂ{ ’53’6
dt A b ‘%

B ypaBHeHusx /35/ He HCOONL30BAHO TIPEOIOJIOXEeHUEe

H

O MapHOCTH B3aUMOOENCTBHUA /M, CJleIOBaTeJIbHO,
KBaOpaTHYHOCTH raMWJIbTOHUAHA 2“1, no M-nepemeHn-
HEM A H:B/. OHH CHpaBenJIUBH NPH 3HAYUTENBHO
6oree ob6meM npennonoxeHuu /32/. 3aMeTHM, YTO BCe
ypaBHeHuss /34/ coBnanawT /C TOUYHOCTBI OO OBO3HA-
yeHu#/ C ypaBHeHUEM }L—nsnmennﬁ OLHOM KOMIIOHEH-

THI: CL: ’Dg{ q}§€

JE = /36/

aa T Fan

[Io3TOMYy CHCTeMa us.f/’ypaBHeHuﬂ cBeneHa, No Ccy-
mecTBY, K CUCTeMe Tpex ypaBHeHuit /35/ u /36/.
pouHTErpupoOBaB /aHaJIMTUUYECKH WHJIM UMCJIEHHO/ CHC-
Temy /37/, MH nosyyaeM OOHO JIMHENHOe ypaBHeHue
/36/ c mepeMeHHHMH Ko3ddHuureHTaMu. Jiwboe pemeHue
xX; Ct) TOJIydyaeTCsi MOOCTAHOBKOM Hamjexamux Ha-
YanbHHX OAHHHX B pemeHwe ypaBHeHus /36/.

Mpumep 1V.

B OByMepHOM crnydae,
13



(1)

BO3HMKAET MNATh M-NepeMeHHHX /U3 alrebpn KBampaTHu

HHIX MHOTOYJIEHOB/:

P = 2'p N W= &
6= Za Y o= dt

'aMunsTOHOBA cucCcTeMa

%= -
o i /397

: LR

=

B cnydae ramnanOHnaHa(ge, 3aBUCAmEero TOJbKO OT
M-Benu4yuH,

I = FH(B9RW,2) 40,
TIepenucHBaeTCa B BUIE:

op; e W oK

% =~ — PR U5

da; e AN Y- S

"= %—F+Pzrm+%a
IuddepeHuupyss paBeHcTBa /38/ mo '{: H TIOLXCTaBJIIAA

cooTHomeHus /41/, nonyyumM ypaBHEHHUS MaKpPOIWMHAMHUKY :
AP K W K
s = ~Nag Yo~z
" X K | HoK
%!l-/t_: NW'JF :PW +Qcav2’



gt = P35 w'?fé— S —2eg% Il

“0F
él;? -———-—2 —R&5x
dz __ oK
ot Qcﬁ;"“':ﬁqﬂ/‘“*‘ 32@12/
MexaHu3M BHOEJIEHHUS MaKpOOWHaMHYECKUX ypaBHe-
HHA TOT Xe CaMHli, pasyMeeTcs, 4YTO B cnyuae 'I -
anre6pu ofmero BHOa. OOHAKO, pPe3ynbTaT BeCbMa UH-
TepeceHH. 0CO60 OTMETHUM BaXHHH YaCTHUHHA Cny4dan

MeXxaHuJYeCcKHUX CHCTeM, Korjga TI'aMUJIbTOHHAH eCTb

cyMMa KMHETHYECKON W TOTEeHUHAaNbHON SHEeprHu:

2 Z 9
' ) qc
H= -Q,E/.V—rr_x + Ulg,a; 2> q@f‘) /43/

FH=4w+ U7 a4/

M cucTeMa MaKpOOWHaMHUUECKHX YPaBHEHHH CymeCTBEeH-

HO yrnpomaeTcs:

\
Lop
m A
AR 2_- W . 00 QEM /45/
m



‘oV oV
— P36 — Ree

o2 \
TnR’

B 3anmavyy HacToAmey paboThl He BXOIOUT aHamnu3

=
|

=
I

MMOBEEeHUsI CUCTEMH YpaBHEHHUNM MaKpOOWHaMHKK, OndHa-
KO, clenyeT OTMeTHTBb, 4YTO BHUHCJIUTEJIbHHE 3KCche-

PHMEHTH, NpOBeIeHHHe C cucTtemoit /45/, obBHapyxunn
Gonpmoe pazHooBpasue BO3HHUKAWMHUX B HEeH OUHaAMHYeC-

KHX PeXxHMOB.

6°. "PacnemnyesHye" KOMIIOHEHT

llonyJyeHHHEe pe3ynbTaTH IOONYyCKawT HATJISOHOEe
HCTONKOBaHHe. H3JI0%UM /KOHCIIEKTUBHO/ OCHOBHHE
uIen aHanusa.

1
flycTer uUMeeTcsa TNIPpOU3BOJIBHAasA / I -anreépa

{g,(x)},
TR Ay
da]diﬁ):ﬁegx(x) Ry

o

H TraMullbTOHHAH (,}{, ’

W= FH Xy seos ) s

1/ - HanoMHHM eme pa3, 4YTO I -anre6tpa no onpe-
OeneHun KOHeuHa U ee pa3MepHOCTDH k He 3aBUCHUT

OT KoJH4dYecTBa KOMIIOHEHT N .
16



3aBUCAmMUA TOJBKO OT M-IepeMeHHHX }{ ,
i{’ :2: %Ly(x / j(/
H ABNAOMUACH /B cnyqae MapHOro B3auMomencTBUsa/
KBaIpaTHYHHM MHOTOUYJIGHOM OT CBOHX apr'yMEHTOB.
Cucrtema / .I) E;e. /, TIOPOXNEeHHas MaTpHLEH

]: Hu PaMHHbTOHHaHOM(gyi ’
T R .y
=15 =

1 3arnucCaHHas B HOBHX HepeMeHHHX,

: dy.V*
&

nonyckaet "BmmenneHne" M—anmeHuﬁ if’:

My Y
BoJjlee TOTO, NPH HU3BECTHHX j{CHCTeMa '}L—HBH—
KEeHHUN :Ci pacrnagaeTcsa HAa He3aBUCHMEE IOBHXCHHUA.
Bce VYPa@BHEHUA OKAa3RBAWTCA KOIMIHUAMH /C TOYHOCTLBIO
no OBO3HaUvUeHUusa HepeMeHHHX/ OIOHOI'O CTaHIOAPTHOIO

ypaBHeHUs Ona X :
J X
= Sa1@)

TpaeKToOpuss CHUCTEMH B MHOT'OMEPHOM M-MpOCTPaHCT-—
Be / ( 19 “’,’aEV)/ MOXeT OHTBL, [IO3TOMY, TOU—

HO 3aMeHeHa HaGopoM U3 ¢N( TpaeKToOpHUN /OTiHUYan-

17



HMUXCA TOJIBKO HaudaJib HEIMH naHHHMH/ B CTaHOApTHOM

.}L—npoc'rpauc'rse r .

18

[Tone3HO HWJIINCTPUPOBATH CXEMOW 3TallH aHanMsa.

s

i

B HCXOOHON CHCTeMe Kaxrnasa
KOMITOHEeHTa B3auMoOencTsyeT
C KaxoowH.

2
Bcero )( cBA3ell.

BBegeHue "nuHHX" M-nepeMeH-
HHEIX Y NO3BOJIAET 3aMEeHUTH
B3avMOIIEenCTBHe HOenCcTBUEM

\( Ha OC{

OcTaeTcs jvfcnﬂseﬁ.

Bce KOMIIOHEHTH OJIJHWHAKOBH.
[loaTOMy IOBHUXEHHE B MHOI'O-
MepHOM M-npoCTpaHCTBE paB-
HO3HAYHO MOBWXEHHI "TYyU4H TO-
yex" B CTaHnapTHOM'}L'HPOCT—
paHcTtBe XL

CyulecTBEeHHa TOJIbKO

OonHa CBA3b.

IOna "pacrnennenusa"” KOMINOHEHT NOCTATOYHO 3Ha-



HHA OOHOM TpaeKTOPHH M-cucTeMH. BHYHUCJIEHHE Ta-
KON TpaeKTOPHH He MNpencTaBnAeT NpobieMu s Cow
BpeMeHHOM BHYUCIUTENBHON TeXHHUKH, TaK KaxK pas-
MEpPHOCTH M-cHUCTeMH He 3aBHCHT OT , XoTa ca-

MO qucnofV H MOXeT BXOOHTH B Ko3dduuueHT M-cHC-

TeMH, 4YTO MH yXe BHIenu B npuMmepax Il u 1V.

70. DKBHBAJIGHTHOE I10JiIie M MaKpOoIOWuHaMHYeCKoe

paBHOBecHe
YpaBHeHUE /’}l / YOOBHO IepenucaTs B Cleny-

wimneM BHOe:
o{oc _ I
/ X /

BBOIA "dkBHUBaJIeHTHoe" mnoJse L\ .

h(oc}\f § ld’ol@:) S hy

NosToMy mBuxeHue X MOXHO HHTEPNPETHPOBATD,
Kak OBWXeHHe BO "BHemHeM" none LL , nlapamMeTpH
KOTOPOT'O ONpPenesiAnTCa M-BenuynHaMH !f

HccnenoBaHue mobHIX CHCTEeM OORYHO HAaYHHaeTCs

¥/ MpadHHI IEeCCHMH3M CJIOBOCOYETaHHA "NpPOKJIATHE
pasMepHOCTH" He OTHOCHTCA K M-cucTteme. BBene-~
Hue "numHuxX" MakpornepemeHHHX \f MOXeT, MO3TO-

My, pacCMzTNUBATLCA KaK "CHATHE 3aKJIATUR".
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C H3y4YeHHs CTAalMOHAPHHX PEXHMOB /a HepenKoO 3THM
¥ 3aKaHUYHBaEeTCHa, OCOBEHHO eCyiH LJif NpPpaKTHYEeCKHUX
Hesel HOCTAaTOYHO aHaNu3a HMMEeHHO CTAlMOHApHHX pe-
XHUMOB/ .

2/

"TpeyronsHaa" CTPYKTypa

ons \( ; XL

CHUCTEMEH YypaBHeHUN

MIO3BOJNIAET BBECTH TIOHATUE MaAKPOIMHAMUUECKOTO paB-

HOBECHS, 5 .
o

KOTOpOe O3HavaeT CTAalHOHApHOCTHh TOJIBKO M-CHCTEeMH
I9TO ecTecTBEHHOe O606meHHe TOHATHUA "TepMOoIUHaMH-—
Y@CKOT'0 paBHOBecHusa".

B cocTOsfHUU M-paBHOBECHH 3KBUHBAJIGHTHOE IONe
»1, OKa3uBAETCHA He 3aBHCAIMM OT BPEMEHM U CHCTe-—
mMa / X / cTaHOBUTCA aBTOHOMHOH.

BecbMa npaBOONOOOGHO, YTO SDTOT BAXHEK YacT-
HHY cCJiydal TOHATHA SKBHUBAJIGHTHOT'O IONA COOTBET—
CTBYyeT MNOHATHI "CaMOCOTJIAaCOBAHHOTO mosia" B (U3H-
Ke.

OnHAKO MOAOPOCGHHI aHalu3 3TOI'O HHTEePeCHOIr'0 BO-

2/ - CocTosmas B TOM,YTO noneneuue‘x'ue 3aBHCHT
oT ¢ .
20



IpoOca BHXOOWUT 3a PaMKU HacTosAumed ny6JHuKauuH.

CranuoHapHOe 3KBHBAJIGHTHOE II0JIe /HIIH IIPOCTO
LL-none/ HHTEPEeCHO eme U TeM, UTO JaeT MNpPpoCTyw
H HarjaanHyw HWHTepnpeTauuw IpeneyibHOTO Iepexomna

N—>oo.

Kaxnmas TpaekTOpHA HCXOOHON CHCTEMH NIopoxna—-
eT /xak Mum Bumenu/ yA/ TPaeKTOpHU B TIPOCTPaAHCT-
BE& OOHON KoMroHeHTH 2 . Eciu HavanbHEE TOYKHU
3TUX TpaeKTOpuUH pacnpenesyieHH OOCTATOYHO paBHO-
MEpPHO, TO TPaeKTOpPHH /B mnpenene/ 3aloNHAT BCe
NPOCTPAHCTBO. ClenoBaTesbHO (GAa30BHE _IODPTPET
CHCTEMH MOXEeT OHTP HHTEepnpeTHpOBaH, Kak Jpenesn
NIPOEKINH Ha.}l—npocrpancrso OOHOYM TpaeKTOPHH
HCXOIOHON CHCTeMH. DTa HeOXUIaHHas CBfA3b obemaeT
HMHTEpEeCHHE pe3yNnbTaThH B HOalbHeNmHX HCCIIenOBaHH-
AAX U CYMECTBEHHO pacuupseT 06J1acTh IPUIIOKEHUN
KaYeCTBEHHON TEOpPHHM OOHKHOBEHHHX IuddepeHuUUaIB—
HEIX ypaBHEHHI.

3aMeTHM TakKkxe, 4YTO B cCjlyyae IapHOTO B3auUMO-
neicTBHUA MpaBHE YaCTH YPaBHEHHN MaKpOIMHaMHKH
BCerma KBaIgpaTHYHH. 3TO yKasHBAaeT Ha IJIybokoe
POOCTBO OOGCYXIaeMHX CUCTEeM C O6MmMUMH OGHUJIMHEMHE-—

MH CHCTEeMaMH [j} .
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[IpHJIOXEeHHE

CTauMoHapHHE PEeXUME

Huxe npHBemeHH HEKOTOPHE PEe3yNbTATH YHCJIEH-
HHX 3KCNepHMEeHTOB C ypaBHEHHUAMH MaKpOIOWHAMHKH,
3a npoBelileHHe KOTOPHX aBTOp 6isiaronapeH A.C.Konng-
pamoBy .

B nop6ope IIpHMEpOB HEeT NPEeTEeH3UWH Ha IIOJIHOTY.
U3 HHX, OOHAKO, BHOHO, YTO KpOMe IIOJIOXEeHHUH paB-—
HOBECHs CymecTBYWT H Opyrue, BechbMa pasHoobpas-~
HHe /4YTO6H He CKa3aTh 3aTefsuBHe,/ CTALHOHAPHHE
PEXUMEHI .

IOpyroe s3aMeuyaHHe KacaeTcsa TpPanUIIMOHHHX MeTOo-
OOB OOGpPaboOTKH DKCIEepHMEHTAJIbHHX JaHHHX. OOHYHO
CTPOAT 3aBHCHMOCTHL OT BPEeMeHH IJIgf KaxOoN H3Meps-
eMOl BEeJIMYMHH OTLENIBHO /Hanpumep, 3JIeKTPOoKapOHo-
rpamma/. Ilpy aHanuse BHEWHEro BO3OENCTBHA /CKa-
K¥eM TemnepaTypH/ ONATBE-TAaKU CTPOAT He3aBHCHUMEHE
KpHUBHE.

I[lpuBOAOMMEIE HJIIIOCTPALMH [O3BOJIAWT INOCTABHTH
Ha 5Ty TeMy IOJIe3HHN MHCJEHHHH 3KCrnepuMeHT. Ha
Kaxnoll cTpaHule /KpoMe mecTH NpOoeKluid TpaeKTOopHH
MakKpOOBHWXKEHHS Ha Pa3JIMuHHE MJIOCKOCTH/ BBEPXY pac-

nosioxeH rpaduk W (‘t\ .



ByOmeM CYHTATh STY BEJIHUHHY W "Ha6mogaemoun”
B OTJIMYME OT "CKPHTHX NEepPeMeHHHX" P, Q, R,-%.

MHOTO 7M1 MOXHO Yy3HATR O NBHUXKEHUH IIATHMEpPHOI'O
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