M, B cymmocTn TepMopgmHAMHEKA KaK TAKOBag 8]eCh KOHJYAETCH —
OoIHMCAaHWEe HeIMHeHHEIX CHCTeM Ha ee OCHOBe HemdoCTarouno. Tepmo-
JMHAMEKA 1I03BOMACT JHIIEL CHOPMYIHPOBATH KPHUTEPHH YCTOHIHBO-
ct. Jlua panbmeiimiero paccMOTPeHHA CaMOOPraHH3YIINMXCA CHCTeM
Heo0XoguM0 (PUSHKO-MATEeMATHYECKOE MOMeINPOBAHHE, MOCTPOSHHE
JAHAMUYE CKIX MOJeNei.

Taxoe MopenuposaHue HPOBOMUTCA C NOMOLTRI0 ammapata pudde-
perpmEaNLELX ypaBHeHuil. Bonpoc o npumemmMocTu droro anmaparta
K OmoJormuecKrdM CECTeMaM He TpHBHAJIEH.

«Xmmmueckana MammuHa», BooOIle roBOpA, XapaxTepusyercda He
HEOpEepHBHLIM, HO AACKpeTHHIM HaGopom cocroammii. Ilpumererume
annapaTta pupdepernualLHblX YpaBHeHAH K rakoil cmcreMe o3Haya-
eT BKIIOYEHHE JUCKPETHBIX COCTOSHHH B HEKOTOpOe HelpepBLIBHOE
mHOMecTB0. TaKasa mponeAypa He NPEHATCTBYET TPAKTOBKE MOBeje-
HEA ZUCKPETHOH CHCTEMBI, HANPOTHB, IPH HAJJIEKAIEM BbGOpE MO-
HeJH OHA IIO3BOJAET er0 NPoAHANU3UpoBaTh. BMecTe ¢ TeM anmapar
AeTePMUHHCTAYECKAX, KOHTHHYyalnbHHX puddeperOmaisEbIX Ypas-
HOHAA MOKET OKa3aThCA HEJOCTATOYHBIM AJIfA HCCIeMOBAHUA TPONESC~
COB, OPOTEKAIOINUX C YJIACTHEM Majoro YHCIAa MOJEKYN HIH MAaJjoro
unciaa ocobeit. Takme mpomecchi ABIAAIOTCA CTOLACTUYECKUMU, BOPO-
ATHOCTHBIMY, UX aHAJA3 Tpebyer NpUMEHEeHUA TEOPHH BEPOATHOCTH,
B pAge ciayuaeB — reopuu yeneii Mapkoea. Bompoc o maremarumue-
CKOM almaparTe MONMKEH pemaThcd OTHeNbHO A KaMaoro Kiacca
mopeneit. Camo MopgenupoBaEHe ompejenfaeTca M3yYaeMEIM [pomec-
COM ¥ HEIOCPejACTBEHHO 3aBHCHT OT IIKAJAsl BPEMEHH, B KOTOPOIl OoH
passuBaeTcd. B no6oii Gumodormueckoil cucreMe OPOMCXOTUT MHOJE-
CTBO HEJWHEHHHX KWHETHYECKHX NPOMECCOB, XaAPAKTEPH3YEeMbIX €06-
CTBeHILIMY BpeMeHaMu.

B s10it m caeaylommx TiaBax Mbi PACCMOTPHM pPasjimyHbie Moje-
am Guosornueckux mnponeccos. OCHOBHLIM METOZOM ABJIAETCA HCCIE-
poBanue amdepeHNBATLHBIX YPABHeHHUH, ONHCHIBAIIINX FUHAMAKY
MOJeJI®, HO B psdAje CIyyYaes TaKoe HCCIeIOBAHAE JNOKHO ObTHL HO-
[OJHEHO PeImeHAeM COOTBETCTBYIOINMX CTOXACTHYECKHX 3a7ad.

§ 15.2. Pu3nro-MaTeMaTHICCKRAE OCHOBHL NHHAMURY
HeJWHEeHBX NIPoneccon

OnpenenmM meTox mayyeHns OHONOrHYeCKOM CHCTeMH Kak MO-
CTPOEHIE AWHAMMPYECKON Mojendu @ ee onmcaHume aupdepeRnuannHbI-
MH YpaBHEHHAMMH, T. €. KaK N[OCTPOEHH® CHCTEMLl ypaBHEHHH @ HC-
clle/loOBAaHNE WX pemeHwil. '

Hocratouno oGman (opma MareMaTHIECKON MOIeNA HMEeT BHJ

dzl
—at—:g'l(xl, ey -TN),
(15.6)
dzrn
G IN (zy .., ZTN),
rne y, ..., Iy — (PpA3UUECKIIe TepeMeHHbIe, XaPAKTePH3YOmHe CH-
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creMy, 3aBECAINIAE OT BpeMEHA W HAYAIDLUBIX ycaoBmit, Fy, ..., Fy —
B o0meM cayuae HeluHeiHble GyHKIOHEA d>TAX mepeMeHHHX. Tak, Be-
JIAYHEL &; MOUYT BhIpa/KaTh KOHOEHTpanuu MeraboJdaToB wWam YAC-
Ja oco0eii.

OO6rruBBIil MeTON HCCIeOBaHUA HEJIUHEHAHHIX ypaBHEHHI THOA
(15.6) cocrour B mx aumeapusanmu. Hmyrca cranmomapmbie sHaue-
HYA DePeMeHHHIX T}, T3, ..., TN, ABIAOIEC PEMICHIAMEA YpaBREH i
(15.6) opu &, =...=&y=0. Jlanee nccnexyiorca numeiibie ypas-
HEeHHA, 3a0HCAHHBIE B NEePEMEHHHX, MPEACTABIAAKIIAX MAalbie OTKIO-
HeHIA OT CTALMOHADHLIX 3HauenHit x; — 27, IIpu aToM MOMHO mpene-
Gpeup wieEAMB BTOPOro HOPAAKA MAJNOCTH, HEJIHUHEHHBIMA OTHOCH-
TENbHO % — &)

HaumeMm wusanomenme c¢ #mcclemoBaHKA npocroil amEeiiHOl Mone-
Iu — OCHMIATOPA C TPEHWEM. YpaBHenue JBUKEHHES HMEET BUJ

mx+ bx+ kx=0. (15.7)

OBO CONEP/KHT JNUIIb ONHY NEPEMEHHYIO — OTKJIOHEHWE OT MOJOKe-
mua pasHosecua 2. Opgmako MBI MokeM mnepeiiTm & cHcreme JBYX
ypaBmerzmil Tuna (15.6), BBexA BTOPYIO IEPEMEHHYIO — CKOpPOCTD
=Z. Umeenm
. . b k
z = =y — — 2. .
¥y —y — (15.8)

O6a ypaBmemma aummeiinpi, kKak # ucxogsoe (15.7). Ero pemenne
AMeeT BHT ’

x=A,exp(ht)+ A:exp(hst), (15.9)

rae Ay M A» — KOPHH KBajipaTHOro ypasmesma (cM. padee c. 490)
b k -

7»2—[—77»-{—7 = 0. (15.10)

Ipu b*>4km stm wopEm peficTeurenssbi, mpm b <<4km — gomn-
JieKcHBl. B mepBoM ciiydae mpolecc WMeeT XapakTep anepHogmuecKo-
ro 3aTyXaHma, Bo BTOPOM — 3aTryXalom#x kojebamuii. 3mademma 4,
o A, onpefensanTca HAYANbHbIME YCIOBHAME.

Panmoranpnpiili MeTon HCCAENOBAHHA JAHAMAYECKOH CHCTEMHK CO-
crour B moinyuenum ee «gasosozo noprpera», Ilomenemme cucTeMsl
npexpcrapifeTca ABIKEHNEM uzobparKaomeil TouKu Ha (aszoBoit mioc-
KoCcTH &, Y, rme y =%. Ecau umcno nmepememmsix Godbpine 1BYX, TO
peus umer yme He 0 (PpasoBoil miockocTn, HO 0 (Pa30BOM MpOCTpaH-
cree. Bo Mmormx ciaydasx, OfHaKo, OKa3bIBAETCA BO3MOMKHBIM Orpa-
HEYUTHLCA CHCTeMaMm| Broporo mopagka tuma (15.8), 1. e. N=2,

Ha ¢asoBoit miocxkocTm Todka [BEKETCA MO (PasoBoOil TpaekTo-
pum ¢ ¢asoBoit ckopocrpio. Ypapmemue (a3oBOHE TpaeKTOpAH AAH
OCIIJIAATOPA C TPEHHEM MNOJIy9IAM, HCKIIOYAB BPEMA W3 yPAaBHEHUH
(15.8). dua osroro pasgenum BTOpOe YypaBHEHAE HA HepBoe;

dy 2hy+(1)3x

i y (15.11)
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re 2h = b/m, @y = k/m. D10 ypaBHeHHe ONHECHIBAET WHTErpPAJIbHEIE
KpHBHI®, B Ka;KA0M TOuKe KOTOpPHIX KacareabHas WMeeT HAKIOH, PaB-
meii dy/dz. Buecre ¢ (15.8) ypaBmemme (15.11) ompenmensier ma da-
80BOM MJIOCKOCTH HEKOTOpOEe BEKTOPHOEe HoJe ¢ eJHHCTBEHHOH 0c06oi
rouxoit r=0, y=0. ¥Ygobmo v
HCCAEROBATH 3TO HOJE C IO~ z=J
MOINBIO U3OKAUH, T. €. KPHBBIX

(B mAaHHOM ciIydae HpAMBIX),

ABIAOMAXCH TeOMETPHYECKAM

7

()

Eﬂ"

Prc. 152, Vnrerpanbanie KpuBhie Puc. 15.3. BextopHOe node KIT ocHMui-
Ha (asosoil HIOCKOCTH JJiA 3aTy- JATOpA ¢ TPEHHEM
XawHnX KoXeOaHME OCHWIAATOpA

¢ TPeHHeM

MeCTOM TOYeK, B KOTOPBIX KacareJbHEIE KO BCeM WHTErpalbHbIM KpH-
BBIM MMEIOT OAMHAKOBHII maxion. B ciyuae ocmmnnAropa ypaBaenme
H30KIHALI ¢ HAKIOHOM X HMeeT BHJ

dy/dx =x
nan
) 15
y=ar=— —5 7. (15.12)

Takmm 06pa3oM, A3OKAAHLL OPECTAaBIAIOT COGOM MpAMBIE, IPOXOAH-~
mAe yepes HAYAAO0 KoopaaHAT — depe3 ocobyio rouky z=0, y=0.

Pemenme ypasmemma (15.11) npm b® <4k/m wmmm h? << 0} ameer
BHJ| KOOPIAHATHOLO YPABHEHNSA

2+ 2hay + oz = C exp (2 (-D%- arctg y_w‘t;’i") (15.13)
0

rge C — mocTosEHasA, ompefenfeMas HAYANbHBLIMA YCIOBHAMA. JTO-
MY DEIICeHHI0 COOTBETCTBYET CeMeACTBO N0rapmMHYECKHX CHHEpaJei,
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pokasagnroe Ha puc. 15.2. Bexroproe mone, mocTpoernoe ¢ moMompbIo
HM30KIME, H306paskeno ma puc. 15.3.
QDa3oBas cKOPOCTh HAXOAHMTCA H3 CIEIYIOINEr0 yPABHEHHS:

v =izt +jy, (15.14)
rage i ¥ j— egunmynble BekTophl. B mamiem ciayvae H3 ypaBHeHHR
(15.8) cmemyet

v=1iy+ j(—2hy—mzx)
"

IV[P =2+ ¢ = wya® + 4holzy + (1 + 402 .

®asoBasa ckopocThr yb6siBaeT mo mepe mpubaMwKeHHMs K HAYAIY KOOp-
Junat ¥ obpanaeTca B HyJIb B 3TON TOYKE.

Iipu h =0, 1. e. b=0, TpernA HeT, cUCTEMA CTAHOBHTCH HE3ATY-
XalOmMM TapMOHHYECKHM OocOMIIATOpoM. VmTerparnbabie KpuBLIo
OPejCTABIAIT CeMefCTBO AILIRICOB

#* + olz? = const. (15.15)

. 2
VpaBHenue H30KIMH mMeeT BUJ Y = — 0,r/%, PasoBas cKopoCTh Vv =
_ iy — i(l)?)x.
Ina saryxamomero amepmofudeckoro mpomecca b*>4k/m, rt. e.
R’> ®;. KopHE XapaKkTepHCTHUECKOr0 ypaBHeHHS

Me=—h+ )k —al

Ma3oBHit mOpTPET CUCTEMBI MOKa3aH Ha puc. 15.4.

B onmcammeix mpEMepax Mbl EMEeM J[€N0 ¢ PasiMIHEIMA THNAMHE
0coGBIX TOUEK, BO BCEX TPEX CIYydadX PACIONOMEHHBIX B Havajie Ko-
opaumar. [lna rapMommueckoro ocnmiinaropa Oe3 Tpemma Bce a-
30BbIE KPUBHIE 3aMKHYTHI, UMeloT opmy omiunca. OBM 0XBATHIBAIOT
0co0yI0 TOYKY, HA3LIBAEMYIO YyeHTpoM. [[1a 3aTyxalomux koneGammit
ocofasn Togka ABIAAETCA ACHMIOTOTHIECKOH TOUKOIl BCEX KPUBLIX, MMe-
OIEX BUJ BJIOKEHHBIX APYTr B Apyra cnmpaneir. Takaa Touka maswl-
Baerca @orycor. Hakomen, Opm amepmofmvecKoM 3aTyXaHUH Bce
KpHBHIE POXOAAT uepes oCobyI0 TOodKY, HMEHYEMYIO ¥3.0M.

ITporenem obimee mccaeHoBaHMe OCOOBIX TOYEK HNs CHCTEMBI BTO-
poro mepagxa. Vimeem paBa meammeiinsix gudepermEanbubiXx ypas-
HEHHRA:

& =ax+ay+ X.(z, y),

y = b,x + bzy + Yz(x, y),
rie X., Y, — DonuBEOMEI, cojepsKamime wWIEHH MNOpAfKa BbIme Hep-
BOro oTHOCHTeNLHO z H Y. llpaBnie wactEm ypaBuemmit oGpamarmortcs
B Hyab B magane xoopiumar z =0, y=0. Caemosarenpbno, 310 0CO-
fan TOouYKa, OTBewalONIaA CTamUOHADHOMY cocroammio % =0, §=0.
OrpasmauBasch JmHEHELIM OpmOIMKeRMeM, T. e. paccMaTpUBas
AWML OKPECTHOCTH 3TOH TOYKH, HMEEM

&=a,x+ay, §=bx+by. (1517)
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Marerpansaas kpmsas ecrh
dy b,Z -+ b2y

= aTray (15.18)

Vimem pemenmsa ypasuermii (15.17) s suze
z=Aexp(Al), y=DBexp(At).

Ilopcrasnsaem atm pemenua B (15.17). Iloxyuaem Asa omHOpPOZHBLIX
VPaBHEHHA OTHOCHTENbHO & H y. YCIOBAe HX COBMECTHOCTH HMe-

eT BUJ|

ag—M ay | _
b, b ‘ 0

uin
A —(a, + b,)M + ab, —ab, =0. (15.19)

Tak xax ato f(Baupamoe YpaBHEHAE WMeEeT Ba KODHA, Ay U A,, U CH-
crema ypapuenust (15.47) am-

HeifHa, IIOJHOE ee pelcHHe
AMEET BHJ ‘
\ z=A, exp{it)+ A,exp(r:t),
y =B, exp(Mt)+ B.exp (A:t).
3navernua A4,, 4,, B, B, onpe-
\ AENANTCA HAYANBHBIMA YCIO-
i
“‘ \\\

BHSMH, T. €. BeIHIAHAMA I, Y,
Puc. 15.4. Hnrerpaieusie kpuspie gas OTHX TOUEK.

Z g,y opm t=0.

B caywae ocmuansropa ¢
TpBHlZ[EM a, =0, a,=1, b=
——"‘0)0, b2=_2h

O6masn klaccnprranus
ocobbix Touer, mampaa Ilyasm-
Kape, OCHOBBIBAETCA HA IOBe-
AEHUH MHTErPAJbHBIX KPHBBIX
e B Dummaiimeit  OKpecTHoCTH

. AIepUOJUYIEeCKOr0 3aTyXaHuA OCUWINIATO~ ECJIK FACKPpAMAHAHRT Xa-
pa ¢ rpenmens PAKTEPUCTHIECKOTO YPABHEHAA
D == —(a| - bz)?‘—4a2b, < O,

10 06a KopHA A1, A. meficrBurensusl, Eciau npm 3toM aib, — axb, >0,
TO WX 3HAKH OfMHAKOBHL. Vimeem ciaexymomme ciyuand:

1. A1, A, <<0. Pemenne mnmeer pmfg yOLBAIMAX CO BpeMEeHEM
DKCIOHEHT, T. €. CHCTEMA, BHIBEJEHHAA W3 OCOGON TOYKH, B HEe BO3-
ppamaercst. Ocobasa ToYKa eCTh ycroliyueswiii yaed.

2. My, A, > 0. Cucrema yjamsgerca or ocoboit Todrm, ABIAlomelca
HeyCcTOUNUBLIM Y3A0M.

3. Ecm D<<0 m a,b, — a;b; <0, to kopuut A, A, AMeOT pasHLIe
spakm. OcoBas Touka sABJAeTCA HOYCTOMIABOW M MMEHYEeTCA Cedaom.
Yepes Hee HPOXORAT [Bé MHTErpAILHLIC KPHBHIE, HA3HIBAaGMbIE Cena-
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perpucamu. Ocranbubie $aszoBLle TPACKTOPHM YXOJAT B OeEcKOHed-
HOCTH, MEHY S 0COOYI0 TOUKY.

4. Eeim D <0, w0 a,b,—a:b, =0, 1. e. D=—(a;+ b;)% 1o A, =
=0, A, =a,+ b;. Onun u3 Kopmeit pasen myato. [usa nmmeiinoil cm-
cremusr (15.17) monykaerca me ocofas Yy

TOYKa, HO NOpAMAasA, COOTBETCTBYIOMIAs
CTAOWOHADHBIM COCTOAHMAM, B KOTO-
pYIO YOHpPAKTCA OCTAJIbHBI@ HHTErpaib- 7 2
HBle OpAMBIe, HampaBiIeHWEe [BIKeHNA

IO HUM 3ABUCHUT OT 3HAKA As.

Ecnn puexpummaant D > 0, ro Kop- _
AU Ay, A» KOMIIJIEKCHO-CONpSI/KeHHBIE. 3

5. JleiictBuTeIbALIE YACTH Ayy Ay OT-
pumaTteapabl, T. e. a; b, <<0. B cu-
creMe MPOMCXOISAT 3aryXalomme Koje- \\5 6
fammsa; ocobad TOUKA, HAa KOTOPYIO Ha- @
KpYyUWBalOTCA COMPAJNLARIe (ha3oBhIe \\ .
TPaeKTOpHH, eCTh Yycrotiuuewii goryc.

6. JleitcTBUTENBHBIE YACTH Ay, A _
HONOMKUTENbHH, T. e. a; + b, >0. Oco- -
fag TouKa ecTb Heycroluuenlii Poryc, z

coOTBeTCTBYIOMMI KomeGammsam, mapa- Puc. 155, Tanst ocobeix Touek:

1 — ycroitymBelit  yaen, 2 — He-
CTAIOHIMM HO aMIOJan e, % o o o
TaIoMy TATYA YCTOMYMBLIA y3ed, J — yCToi-~

7. Hopam A, =—A, mummsie, T. e. uuBsil Qoryc, 4 — meycrofiun-
a,+b,=0. B cmcreMe mnpouMcXonAT BeiEt  QOKye, 5 — cemio, 6 —
Hezaryxalomme KojgeGammsa, ocobas HeHTp

TouKa ectb Yewrp. MasoBHE TPaeKTo-
pEn KojeGanuil mpejCTaBAHIOT COOLIL KOHUEHTPHYECKHE SIINICH,

Bujni ocobrix rouek mokazaml ma pme. 15.0.

OcoGan Touka maofpaskaer ycroHumBoe WM Heycroilumsoe pas-
HOBecme win craguomapmoe cocroauume. Qupejienenyve yCTroNnuImBOCTH
COCTOAHMA paBHOBeCHA (OPHMEHMMOEe M K CTAIHOHADHOMY COCTOSM-
aup) no Jlanynosy riacmr:

«Cocrosinne paBHOBEeCHMA YCTOWYMBO, ecam i nioGoil 3agamaOi
obiactn €& JAOHYCTHMMHBIX OTKIOHEHWIl OT COCTOAHWA PaBHOBECHA nMe-
erca obxacrs 8(e), oxpy:Katomas 5To cocTosune M ofIagalomas TeM
CBOIICTBOM, 4TO HM O/(HO [ABIKeHHe, HauymHalomeecd BHyTpm 0, uM-
Korjga me jpocruraer rpaammel obmactm e». M maoGopor, coctosmme
paBHOBECHA HEYCTOIYMBO, eCiH MMeercs obnacTh €, A KOTopoil o0-
aaers 0 (e) me cymecrsyer. [Iyert, ma $asoBoit miockoern obnacrh €
ecTh KBaJpaT; TOT[a COCTOfHNE X =2y, Y = J, ycroiiumpo, ecim, 3a-
[aB HAmepes CKOJb YrOgHO Majioe MOJOKITeNbHOe 3HAYEHHE &£, MOK-
HO HaiiTE Taroe §(e), uro ecn: npm £ =0

lz(0)— 2! <8 m 1y(0)—yol <8,
TO Npu £ — o©

lz(t)—zl <e m ly(@t)—yl <e.
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VIMenno ¢ Takoro THma ycrOMYHBOCTHIO M HEYCTOHIMBOCTBIO MBI MME-
eM [eJio.

Wanaraemas 3pece Teopus HENHWHAEHHBIX AUHAMHATIECKAX CHCTEM
passuTa mKoixaMm Mamfensmrama M AmnjponoBa.

Teopus ueammeiiABIX IUHAMHUYECKAX CHCTEM pa3iMdaeT «2pyobbie»
O «HezpyOble» cHcTeMBl. B mepBoM ciydae malisle M3aMenenms mapa-
MeTpPOB CUCTeMBI He M3MeHdA0T ee o0INero moBeJieHNs — MAaTeMaTH-

7 9ecKasg MOJedb ycToiumBa IO OTHO-

// m UI - N\ WeHWIO K MaibM M3MeHeHMAM BHJA
Heyemod ~ oy~ > mnddepenlnaNLEEX’  yDaBHEHMI.
vage | | |=_ %8 Cnryanmm, orpedaommMe NYHKTAM

PoKkych [ PoRyce: 1, 2, 3, 5, 6 npmWBejeHHOH BHIIIE

§ KiaccnuKany, XapaKTePU3yIoT

/ / 3 N\ rpybste cumeremst. Hanporns, B cay-
f’jgg’/’gf”/ 3| ﬁ%ﬁg\:\ ]t;aax 4 n 7 cucremsl nzrpyﬁme.
Y3/ ysne caMOM JieJjie, B CJay4ae 3Ha1ie-
7 .  nme mapaMerpa a;b;— a,b,=0 ss-
RESI KT GH AT TI O RTT XX [IfleTca KPUTAYeCKAM, IIPH Hepexoje
::::::::0.0& ’::0;0:’:::’3:?::%3 0T MOJIOKMTENLHOTO K OTPHUIATeNh-
:.::: ’0:0:0‘0:0,0, HOMY 3HAYEHWIO IApaMeTpa BMECTO
R O yeToitumBoro yaia BOSHMKaeT cejlio.

:’0”.0‘:’:’:’:’:’:’":”‘:””’.’ B ciywae 7 KpmTMuecKnM SBIsAETCH

smavename a,+ b,=0— opnm mepe-

Puc. 156. OGracte ocobsix Touek xoje a+b,>0—-a,+by,=0—

. —>a;+ b, <0 ocobuie Toukm mame-

HAIOT CcBOM XapakTep: HEYCTOMYMBBIA (HOKYC — HeuTp — yCTORIM~

BRI QoKyC.

3navtenna mapameTpoB CUCTEMBI, IDH KOTODBIX OHA MEHAET CBOE

noBejleane, HA3HBAIOTCA KPUTHYECKMMHU WIH ToUYkamm Oudyprayuu,

BepreMmca kK xapaKTepHCTHUYECKOMY YDABHEHHIO CHCTEMBI C JBYMH
cremensamu ceobonnr (15.19). Hepenumewm ero B Bmje

A+ ph+q=0. (15.19a)

Kosgdunmenrsr p, ¢ sABngoress QyHKINAMH HAaPaMETPOB CHCTEMEL —
B PacCMOTPEHHOM CIy%ae NADAMETDPOB di, ds, by, b,. OGnactn pasnmu-
HBBIX 0co0bIX TOYeK }Y00HO DOpelcTaBHTh Ha [IOCKOCTH P, ¢
(pue. 15.6). KopHm A,, A, MMeIOT OTPHOATENBHYIO NeHCTBUTEABHYIO
qactk Tonbko mpm p >0, ¢ >0. HoMniexkcuble KOPHM, COOTBETCTBY-
e (GOKycaM, HaAXO[ATCA TOILKO B obnactm q > p*/4, T. e. Memuay
poTRAME mapaGonst g = p*/4, a obaacts q << p*/4 cooTBercTByeT y3-
nam. [lenTper pacmonaraoTes ma HMONOEMTENBHOR CTOPOHE OCH OpJIH-
mar — apn p =0, ¢ > 0. [Ilpx namenennm napaMerpoB CHCTEMHEl H30-
Gpaykaromas TOYKa MoKer nepeceup rpammmy obiacra. B artoMm cay-
qae NpomcxounT Ougyprayus.

Crnenmaiegele CAyYam KPATHIECKNX TOYEK, OTBEUAIOMHX Pasimd-
HBIM THIAM CTPYKTYDHEIX HEYCTOMYMBOCTEH, pACCMATPHBAIOTCA B TAK
HaseIBaeMoll «reopuu karacrpog» Toma. Msr amecs me ocramaBim-
BaeMcs Ha ITOH TEOPUH, HO ee OpHMeHEHWEe K HEKOTOPHIM CHennaib-
HBIM 3ajiauaM OmoQmamkm npejpcrapisercs obemanomuM,
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Cpena paccMOTpeHHBIX JHHEHHBIX CHCTEM TOJABKO I'apMOHMYECKH
ocnmnnaTop 6ea TpeHus uMeeT 3aMKHEYTHe ($azoBhle TPAGKTOPHH, OT-
BewAlOIAEe NEPUOANYECKOMY [BIKeHHIO. B Takoit cmcTeme smeprus
IIOCTOAHAA, CHCTEMAa KOWCepBaTHBHa. lIepHOAAYECKAEe NpOHecCH B
JAHEHHBIX HEKOHCePBATHBHLIX CHCTEMAX HEBO3MOMIHEL,

Honebarensmnoe mosefierne HEAMHEHHBIX CHCTEM BECHMAa CJ0MKHO
m pasHooOpasmo. Ero mayuenme mmeer QyngaMeHTaiabHOe 3HAYCHEE
JUIg 0ueHb HIEPOKOro Kpyra (puamueckmx mpobieM, B TOM 9HCIE JUIs
upobneM GmodpusmKm.

O6mue ypamenus (15.6) menmmeilmkl, To Ke OTHOCHTICA K ypaB-
meamam  (15.16), xoropble M
JHHEEAPHA30BAJH C [EJbI0 HCCIe- 4
JOBAHHEA OKPECTHOCTEH 0COOBIX
Touek. Taroe mHcciegoBanune ne
OTBEYAET, OMHAKO, HA BOIPOCHL 0
fIOBeJeHNN HeJIHHEUHOH CHCTEMAI
Ha nceit dasosolt uxockocrr. Mut
BCTPETHEMCA C HEJAMHEHHBIMHA CH-
CTeMaMH, XapaKTepH3yeMEIMHE
MHOKeCTBEHEBIMH OCOOBIMH TOY-
HaMH, B JAJLHEHAIIIOM H3J0KeHAH.

Oco0prit mHTEpPEC HIA OHONO-
rum  DPejcTaBIAIOT HexuHelnble
asTokosebareabndbie CucTembl, B Puc. 15.7. IIpegenbusrii UK
KOTOPHX YCTaHABIUBAIOTCA I OJ-~
JSPKEBAIOTCA HE3aTYXAIOHIEe KosieGanuA, HECMOTpA Ha HajH4He TPe-
HEA. JT0 OPOHECXONHT 3a CUYeT CHJI, 3aBHCAIIHX OT COCTOAHHA HBH-
JKeHHsd caMoil cEcTeMbl. PasMax aBrokonebammit ompepenserca CBoii-
CTBAMH CHCTEMBI, a He HAYaJbHBIME ycjaosumaMu. M3 HeyCTOHIHBEIX
0co0bIx ToYeK $as3oBHI® TPAGKTODHH YXOAAT B GECKOHETHOCTh HJIH K
yeroiiumBeiM ToukaM. Ho B ciyuae aBTokosefammit 3TH Tpaekropud
«HAKPYTHBAIOTCHA» HA 3aMKHYTYI0 KpMBYIO, 0XBaTHIBAKINYK 0co0yI0
TOUKY — Ha npedeavnbiii yura (puc. 15.7). B ceowo ouepens, mpe-
Jlexbuble MEKIABL MOTYT OBITH M HEYCTOHYHBHMHE. OTH CHTYalWH HpH-
CymH Tpy0BIM cHCTEMAM, K KOTOPHIM OTHOCHTCH, HO-BHEAEMOMY, DAJ
OHOIOTHIECKAX CHACTEM. Y CTOWYHMBHIA mpeReabAblid MUK, m300pamen-
HHt #a pume. 15.7, cooTBeTCTBYeT HE3aTyXAaWINEM A&BTOKOJEOaHHsIM.
C raxknM ABJIeHMEM MB YKe BCTpPEUaNHCh NPH 0GCYKIeHHH CBOWCTB
JeTaTedbHBIX MBI, HACEKOMBIX.

OcoGeHHOCTH WHTEPECYMUX HAC XAMHATECKHX H OHOJIOTHIECKHX
AMHAMAY9ECKHEX CHCTEM COCTOAT B CIeAyOINeM,

1. JlAnaMAEYeCKAMA nepeMeHALIME B XHMHAH W B paje Ouojorade-
ckEX npobiieM ABIATCA KoHOeATpan®hm pearenroB. Ha rtoit me oc-
HOBE B KAaYecTBE IEPEMEHHBIX DPACCMATPHBAIOTCHA THCIA OPraHE3MOB
{B HOWYNADWOHHON reweTHRe W 3KOJOTHH),

2. B xumEK0-0HOIOTHIECKON CHCTEMEe XWMAYECKHE NPOIEcchl CBs-
3ambl ¢ AQpOY3HOHEBIME, ¢ TpamcnopToM BemecTsa. VIHBIMEH cioBa-
MM, 3JeCh MBI BCTPeuaeMcs He C TOYCUHBIMH, & € pacnpedeseHHbimMu
cucremamu. OcoGoe 3mauenme i OHOJOTEE HMeeT KOMNAPTMEHTA-
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yus — MoipasfeneHue CHCTEMBI Ha «OTCEKWY», pasjeiennble MeMGpa- .
gaMu. CHcreMa rereporenHa He TOJPKO XMMUTECKH, HO H OPOCTPAH-
CTBeHHO.

3. B xaMuYeckUX CHCTeMaX JKABOW NPUPOAH meaMHelnHble XUMMH-
9YeCKHEe PEeaKIHH CONPAMEHBl KaK ¢ TPAHCHOPTOM BEHIECTRA, TaK M C
MeXaHMYeCKAME H 3JeKTPUIECKIMH NPOLEeCcCaMm.

4. Bo Mmorux XuMuKO-GMOIOTHYECKHX MTPOLECCaX NPHXOTUTCHA
HMETh [el0 ¢ MaXnMH ducnaMu Monekyin. CaMo monsaTHe KoHIEH-
TPAUE EMEET B OTUX CIYYaAX OrPAaHMYEHHYI NPUMEHAMOCTh, H B
KadecTRe AMHAMHEYECKHX HEPEMEHHBIX CJeJyeT BBOJUThH BEepOATHO-
CTH TeX WA WHBIX COCTOAHMII MONEKYI.

MaremaTndeckne Mojeam OHOJOTHYECKHX MHpOIECEOB 3a4aCTyIO
BecbMa CJIOKHDI, CO/EPKAT MHOrO IEePEMEHHBIX U OMHCHIBAIOT MHOIO-
crapuiinoe monemenue, VMerores, ofHaK0, BOSMOKHOCTH YIPOImEHHO-
o paccMOTpeHusd, COCTOAIIET0 B CBENEeHUW OONDLIIOH COBOKYIHOCTH
YpaBHeHUN K ABYM-TpeM HENUHEHHHIM ypaBHOHHAM.

Ilyers mam ypanocs mocne pajga npeobpasosamuii u BhiGopa coOT-
BeTCTBYIOINUX MacmiTaboB PACHONOMKHUTh CHCTEMY HEeNMHEHHBIX ypas-
menuit (15.6) no cremenam manoro mapamerpa € < 1 npu npoussoguoiL

et =F (%, .. 2x), i=1,2,..,1,
ij=g-j($“..-,$n), ]=l+1,-al+m9 (1520):
xk=g-k($“...,xn), k=l+m+1,--.,N.

Koaddunguentnt &* m & onmpefensaior CKOpPOCTH W3MEHEHWI IepeMeHn-
gex z. B camom nmene, cucremy (15.20) momno mepemmcars B BHje

-1 . ~1 . -1
;=7 Fi, zi=13 Fiy Th=13 Fs

re T,=¢% T,=¢, 1,=1, 1. e. 1, < T, € 75. Ecim cymecrrenno no-~
BeleHMe CHCTEMBl KaKk Ha MAalbix OTPE3Kax BpeMeHM NOPANKA T,
TaKk ¥ Ha OONBMINX HOPAAKA Ts; TO NPUXONATCA M3Yy9aTh CHCTEMY B
geroM. B apyrux caywaax cuTyaima ummaaf. Tak, ecidm Ba;Kubl sBje-
HUs, NPOMCXORAMME 3a CpejHNe BPeMena MOPAJKA T, TO CHCTEMa
yopomaercd. B camoMm jerne, 3a orM BpeMeHa ¢MeJjeHabley Iepe-~
MEHHEIe T, HE YCOEBAIOT HM3MEHHTHCHA, ¥ MOKHO 3aMEHHTH HMX Ha-
qaNbABIMHE IIOCTOAHHBIME 3uavendaMu. Hamporus, «Onrcrpeie» mepe-
MeHHble Z; yCOeBalT JOCTHYL CBOMX CTanMOHAPHLIX 3HAYEHMI, ecid
" TaKOBbIe CYImECTBYIOT. 3HAUUT, NEePeMEHHBIE I; MOKHO 3AMEHHTH
AX CcrafuoHapHLiMp 3mavennsmu, Tawmm obpaszom, ma N ypasmeunmit
oCTaloTCH JMmIL m ypasmendii. ML me pa3 BOCHONBL3YeMCH TAKAM
cnoco00M ynpoImenns B HOCIeAyIOIMEeM H3JI0KeHnd.

§ 15.3. Monean Jlorka nm Boabteppa

Onsniio-MaTeMaTHIACKOS MONEJINpOBaAue OMOJOTHYECKUX IPOTEC-
COB HAYAJNOCh C MOJeNy ABTOKATAIHTHISCKOM XHMHIECKONl peaknum,
upennoskennoit Jlorka (1920), m momenm «ruwrux — sicepréay, npen-
xosxennoil Bonwreppa (1930). 9TE Momenm mMeloT MHOro obmero.
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