BBenenue

OHUM W3 KJIACCHYECKHX OOBEKTOB MPHUIOKEHUS MATEMATHYECKON IKOJOTUU SIBJISIETCS
CHUCTEMA XUIIHUK-KEPTBA. IMKIMIHOCTL TOBEIEHWS STONW CUCTEMBI B CTAIMOHAPHOM
cpezie Obuta mokasana emnté Bosbreppoit (1931) u Jlorrku (1925). VX Mozie/b ONMUCHIBAET
9BOJIIOITUIO IBYXKOMIIOHEHTHOM CHCTEMBI, 0013 A0MMIel BPeMEHHON 1 IIPOCTPAHCTBEHHOM
OTHOPOJHOCTBHIO W TMPEJICTABJIAET CUCTEMY JIBYX 3alleTlJIEHHBIX YPAaBHEHUI THTIA:
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3aece V m P —TIOMyAAIMN COOTBETCTBEHHO JKEPTB M XMIIHWKOB; Oty p; BypiYup = 0
Tlomysnsinust XUIMTHAKOB YBEJTMIUBAETCS JIUITH 38 CIET TIOEJAHNS UMU YKEPTB—CaAMU 110 cebe
OoHU BeIMHUPAIOT. 2KepTBbl, HA000POT, 00JIaTAI0T HEOTPAHUIEHHBIM UCTOYHUKOM TTUTAHUS
U ipu ¢J1a00# CBSA3U POCT WX MOTMYJISINY OTPAHWYEH BHYTPEHHUMY MPUYMHAMHA, KOTOPHIE
[IPE/ICTABIEHBI COOTBETCTBYIONIUM TaPAOOTUIHBIM YJIEHOM.

Ksaaparuansie umenbr B Mojenun BosbTepphbl UIrpaioT PoJib HEJIMHEHHOTO TPEHMS—
WMEHHO OHW TIPUBOJSAT K TOsSBJIeHUsT HA (DA30BOI MJIOCKOCTH TOJIOXKEHUN DPABHOBECHS
tuna  "¢okyc", T.e. 3HEpPrus CUCTEMbI HE COXPAHAETCS M, 4YTO CYILIECTBEHHee, K
HEIKBUBAJIEHTHOCTH OOOWX HAMPABJIEHWII BpPeMeHW. B NpuHIWIE TaK U JOJ2KHO OBITh,
BeJIb peasibHasi OMOJIOTHYecKast CUCTEMAa, OUE€BHIHO, He 00J1a/1aeT TOI00HON CHMMeTpHei.

Taxum obpazom, moienb BombTeppa ecTh IpocTeiinast MOAe b CO CIs00# HeTHHERHO
cBsA3b10. K€ MOXKHO Jierko oOoOIUTh, Pa3pyIINB IPOCTPAHCTBEHHYIO WM BPEMEHHYIO
OTHOPOIHOCTH. ITO, OJHAKO, HE BHOCAT HUYETO HOBOTO B TIJIAHE TOBEIEHUS] CHCTEMBI
KaK TAKOBOIT; KAY€CTBEHHO HOBOE TTOBEJIEHUE MOYKET OBbITh PEATM30BAHO JIUIIb BBEICHUEM
JOTIOJTHATETbHBIX CUIBHO HEJTHHEHHBIX B3ANMOAEHCTBHUI B NCXOAHbIE ypaBHeHus. Jpyroit
BO3MOXKHOCTBIO [IJTsT MOAMMDUKAIINN MOIEIN SBJIsieTCs BBemeHne 3(MdeKTa HACHIIIEHUS,
9TO TPUBOAUT K [JOOABJIEHUIO €€ OJHOTO ypaBHEHWs mepBoro mopsaka. Cremyer
OTMETHUTH, YTO 3TO, CTPOTO TOBOPs, PEATHHOrO CMBICJIA HE UMEET, MOCKOJIbKY JIi00as
JMHAMUYECKAs] CHACTEMa JIOJ)KHA ONWMCHIBATHCA YETHBIM UHCJIOM YDABHEHUU IIEPBOTO
nmopsinka. [losTomy mannoe 0600IIEHNE TPEACTABISET JIUIb MATEMATHIECKII WHTEPEC.

Huxe MBI paccmorpuM MOIuHUIIMPOBAHAYIO MOJAETbL BOIbTEpPHI, & UMEHHO, BBEIEM
CHUJIbHOE HeJMHEHHOe B3aMMOJEHCTBAE MEXK/y XHUIIHUKOM W JKEPTBOIl, YTO IO3BOJIUT
(Mp¥ HEKOTOPBIX 3HAUEHUSX TAPAMETPOB MOJEJHU) 3aMEHUTH YCTOHUUBBIE (DOKYCHI HA
MpEeIeIbHBIE IUKJIBI, KOTODPBIE W O3HAYAIOT YCTOWYWBBIE OCHUJIIAINN YUCJEHHOCTU
MOIYJIAIUN 0OKOJIO UX PABHOBECHOM HACEJEHHOCTH.

Monpeap

Tlepeitném wmemocpencTBeHHO K Mommduramuu moaean Boabreppsnl. Ilpexkme Bcero
OTMETHM, 9TO B JI000# peanbHOil cucreme ecThb (WM XOTSA Obl JOJIKHO ObITh) HEKOE
XapakTepHOe BpeMs, 3aa0lIee BCe OCTaJbHbIE BpeMeHHbIe mapamerpbl. Hampumep, B
CIIy9ae MATEMATHIECKOTO MASITHUKA TAKOE XapaKTEPHOE BPEMsi CyTh MEPUO/I KOJIEOAHNUI,
JUIs OOpaIleHus TIaHeThl BOKPYTr cBoero COJHIA—TO TOA W T.J.. JHAYEHWE TAKOTO
mapamMeTrpa Ipe3BbIUAiHO BEIUKO: OH MO3BOJIAET CPOPMYIUPOBATH YPABHEHUS TBUKEHUS



(T.€. COOTHOINEHUS, OIPENENSIONe BPEMEHHYIO 3BOJIONUI0 CHUCTEMbI) B TEPMUHAX
PEKYPPEHTHBIK COOTHOILIEHUIT MerK/1y KOOD/MHATAMU CUCTEMBbI B MOMEHTBI, OTCTOLAIINE
APYyr OT Apyra Ha HAIl BPEeMeHHO# mapamerp. Tak, s TPUBEIEHHOTO TPUMEPA C
MasATHUKOM 3TH COOTHOIIEHUS UMEIOT BUI:

In+1l = Tn

Pnt1 = /26 — a2,

rIe T W p- KOODAWHATA W HUMIYJIbC MASTHUKA, £-€r0 JHEPIUs , A MEPUOJ TPUHSAT
3a emunauily. JlanHoe ypaBHEHWE OIMCHIBAET CUCTEMY B HEKOTODbIe (DUKCHPOBAHHBIE
MOMEHTBbI BpeMeHu (OTCTOslIMe Ha I[EepUOJ B JAHHOM [PHUMEpE). JTO OYeHb YIOOHO,
€CIM HAC He WHTEPECYeT NWHAMUKA CHCTEMBbI MEXKJY STUMU BHIOPDAHHBIMU MOMEHTAMU.
Takue cucTemMbl HOCAT HA3BAHUS CUCTEM C JIMCKPETHBIM BpPEMEHEM WJIM OTOOpAXKEHUH
(B cayuae ¢ ocumiisTopoM orobpazkenue JByMepHo). C TOYKM 3pEHUs MaTeMaTUKU
cBenienne nudHepeHITnaAIBLHOTO YPABHEHNS K OTOOPAYKEHUIO SIBJISIETCST BCETO JIUIITH TPY0O0i
anmpoKcUManueil mpou3BOAHON MO Bpemenu. C HAaIell, €CTECTBEHHOHAYYHOW TO3UIIUN
9TO BCEr[a MOXKHO CJIeJIaTh, KOJIb CKOPO Mbl MMEEM JI€JI0 C PeasIbHbIMU CHUCTEMAMU. B
HAIEM CJIy4Yae TAKWM IIaroM MO BPEMEHU MOXKeT ObITh BHIODAHO CpeHee BpeMs *KU3HU
KUBOTHOTO. Takwe cedeHwUsi, OPTOTOHAIHHBIE OCH BPEMEHHU, HABLIBAIOTCS CEUCHUSMU
Ilyarnkape m SBIAIOTCH OJNHWM K3 CAMBIX PACHPOYTIAHEHHBIX METOJIOB WMCCJIEIOBAHUS
cucreM CJHOXKHBIX guddepennnaababix ypaBHeHuit. Teneps Mbl 3HAEM KAK MEPEXOIUTH
oT cucreMbl audepeHnmuaIbHbIX ypaBHEeHnt K oToOpaxkenusim u obpatHo. Huxke Bce
BBIpaXKeHusI Oy/IyT UMETh BH, OTOOPAKEHNUIH.

Temeps paccmorpum Mozeab Boabrepphbl ¢ HEKMM KOHKPETHBIM HAOOPOM ITapaMeTpOB:

Pni1 = 0.98p, + 0.03 pyv, — 0.03p2 (1)
Vnt1 = 1.30v, — 0.02v,p, — 0.01v2.

®a30BBII TOPTPET 3TOi cucreMbl TpuBeAéH Ha puc.l m puc.la. Mwl BuanMm, B
JAHHOM OIHUCAHWK CHUCTEMa, YPE3BBIUANHO yCTOWYMBA W TamaerT B (OKyC 3a OdYeHb
MaJjioe OTHOCHTEeIbHOe BpeMms. BuaHO Tak:ke, 9TO 3TOT (OKyC — oOmmit 118 BCeX
TPAEKTOPUil W SIBJISETCS €IWHCTBEHHBIM TIOJIOXKEHNEM DABHOBECHSI B PACCMATPUBAEMON
cucreme. B neficTBUTEILHOCTH, TAKYIO CTAOMIBHOCTh CHCTEME 00ECIIeYnBAET HEJTUHONHOE
OTpAHWYEHHE [IJIsd XUITHUKOB. 3/I€Ch CYIECTBEHEH TOT (PAKT, YTO ITOT UIEH HEOTPDAHUIECH
mo abcomoTHON BemumunHe W IPPEKTUBHO AEHCTBYyeT MPHU OOJBIIAX HACETEHHOCTIX
oy XulHAKOB. C OIHOM CTOPOHBI TAKOE OTPAHWYEHWE BIIOJHE JIOTUYHO: TPHU
nepesacenéanocra "¢ dexkr rpynnb” IPUBOAUT K CHUXKEHHIO POXKIAEMOCTH U
YMEHBIIIEHUIO MOy Isuu. BaxKHO OTMETHTD, YTO JAHHBIN YJI€H ONUCHIBAET COOCMEEHHOE
OTpAHUYEHNE [JIs XWIIHUKOB, COBEPIIEHHO HE 3aBUCSINEE OT YHUCIAEHHOCTH TOMYJISIIAN
KepTB. B JaHHOM KOHTEKCTE, OIHAKO, JEHCTBHE HTOTO OrPAHWYUTENIS MPEICTABJISAETCS
TPUBUAJIHHBIM-TAKHE CHACTEMBl MATEMATHKAMHU W3y4aloTCs yrKe maBHO. Kpome Toro,
OTCYTCTBHE B CHCTEME HEYCTOWYMBLIX PABHOBECHI JI€Ia€T €€ HEMOJHOM.

Tenepsr paccMoTpUM B3amMoJeicTBUE BHUIOB. lIpexkae Bcero 3amedaeM, UTO OHO
JIOCTATOYHO €100 B TOM CMBICJIE, YTO UUCJEHHOCTH MOMYJISINS XUITHUKOB OKa3bIBAETCS
MaJjI0 YyBCTBUTEIBHON K KOJEOAHWSAM UUCIEHHOCTH KepTB. Takas CuTyanusi, O9eBUIHO,
HE BCETa MMEET MECTO B MPUPOJE, CKOpee HAa0OOPOT, B PEATbHBIX IKOCUCTEMAX CBSI3b
XUITHAKOB U YKEPTB JOCTATOYHO UyBCTBUTEIbHA, UTO SIBJIAETCS OJHUM U3 MCTOYHUKOB



ycToitunBocTr sKocucTeM (Beb Npu Cab0i CBA3U MBICIUMBI CIEHAPUHU, KO3 CHCTEMA
"mpockakupaer"110/I02KeHe PABHOBECHS U YXOIUT B 00/1aCTh HECTAOMJIBHOCTH Ha, CBOE
¢ a30B0# IIIOCKOCTH ¥ J1ajiee e€ IBUKEHNEe CTAHOBUTCS MH(DUHUTHBIM—CACTEMA YXOIUT HA
GECKOHEYHOCTD WJIW, N0 KpaiiHeil Mepe, JajleKo OT TOJIoKeHus paBHoBecus). Jlasee, Mbt
BUJWM, 9YTO B3aUMOIEHCTBUE BUIOB (DAKTOPU3OBAHO, & 9TO O3HAYAET, YTO €CJIN HAMUCATH
HEKOe BhIpazkeHnwue, sapisgomeecs pyuknneit [avmunbrona—Pames H 1jist JaHHON cucTeMe,
a takxke BBecTu "Temmeparypy" T Kak Mepy BIWSHHUS TEPMOCTATA—BHEIIHEH CPEIbI, TO,
KaK 3TO JABHO M3BECTHO, TAKOE B3aWMOICHCTBUE B HEKOM MPOU3BOISIIEM (DYHKIIMOHAJIE
cucremsl (npome rosops, B crarcymme Z = [ Dp, Dv,exp(—H/T)) cpaBHATETHHO JIETKO
pacueigercd (B TOM WJIM WHOM NPHUOJIUKEHUM — B TOM CMBICJIE, YTO OHO IIPUBOJAUT K
NOSBJIEHUIO TAK HA3BIBAEMBIX "BUPTyasIbHBIX" B3auMOMEHCTBHUI) ¢ MEPEHOPMUPOBKOW,
B0OGIIE rOBOps, Beex Ko duiuenTos B cucreme (1). MubiMu ciioBaMu, janHas cucremMa
pacnazaercs Ha JiBe HEeB3auMOJEHCTBYIOIIME MOACUCTMbL MOACACTEMY "XumHukos" u
noacucremy ":xkepTB". TlosTOMY, TIpEACTABIISET WHTEPEC PACCMOTPETH B3AMMOIEHCTBYE,
KOTOpOE B O0IIEM CJIydae He PACIEIISeTCsS HU TMPU KAKUX JOMYCTUMBIX TPUOIUKEHUIX.
CyuiecTBenHo, 4ro B3aumogeiicrsue B cucreme (1) He mogasisier (pOKycbl, YTO TaKKe
CBUJIETEJILCTBYET O €r0 KBA3WJINHEHHOCTH. DTO COOTBETCTBYET IJABHO W3BECTHOMY B
TEOPUHN HEJIMHEHHBIX MPOIECCOB TPABUILY: B3aMMOIEHCTBYE, He MOJaBJA0NEee (HOKYCHI,
Bcera nepenopmupyemo. Huzke Mbl pacCMOTPUM HENEPEHOPMUPYEMOE B3auMOIeHCTBIE,
npuuéMm OyJIeM HUCKATh €ro B KJIACCE OrPAHUYEHHBIX CUJILHO HEJIMHEHHBIX (DyHKIHU, T.e.
byHKIMIT, KOTOPbIE HE MOTYT OBITH JIMHEAPW3OBAHBI HU B KAKOW CYIIIECTBEHHON 00sacTh
U3MEHEHUsI HAIUX TePEMEHHbBIX.

B kiacce orpanwueHHBIX (DYHKIUN MbI 3HAEM BCErO HECKOJBKO 3JIEMEHTAPHBIX:
KOCUHYC, apKTaHT€HC ¥ BCEBO3MOXKHAE WX MOoAuduKaIimu. ApPKTAHTEHC SBJIAETCS
JIOBOJIbHO TIABHON (DyHKIHEH: OH MOXKeT OBbITh JIerKO JIMHEAPHU30BAH BE3/e KPOMe
OOIBINNX 3HAYMEHNI apryMenTa. [loaTomy, Ham ocTaéTcs BHIOPATH KOCUHYC, M €70 CTEIEHH.
31ech, OMHAKO, €CTh MTPOOJeMa, COCTOSINAsi B TOM, 9YTO BCE 3TH (QYHKIUU OyIyT
MEPUOINIECKUMU, W ITO CYIIECTBEHHO MOBJIUSET HA, YBOJIIOINIO CUCTEMBI, TAK KaK BHECET
B Heé "mapasuTHble" IEpHOobl, KOTOPBIE B Pse CIy4aeB MOI'YT HOJABUTH UM UCKA3UTH
€CTECTBEHHBIE IIWKJIbI CUCTEMBI. IJTON MpPOOJEMBI MOXKHO U30€XKATh, PACCMATPUBAA
dbyukimn Tuna sin(sin(x)). Takne KOHCTPYKIIMM CYIIIECTBEHHO HEJMHENRHBI W CONEPIKAT
B CBOEM cIieKTpe GOJIBINOE YHUCI0 TAPMOHWMK MPUMEPHO PABHOW aMILIMTYIbL, 9TO OYEHD
MOJIE3HO JIJI HAIMUX IeJel, TaK KaK CYNIECTBOBAHUE TAKOTO CIEKTPA TOBOPHUT O TOM,
9TO maHHas PYHKINSA XA0TUIHA. DTO TO3BOJISET UCCIIEI0BATH HOBBIE CBOWCTBA CUCTEMBI,
CBsI3aHHBIE C HAJIMYUEM B Hell Xaoca.

Urak, paccmorpum cucremy (1) ¢ KOHKPETHBIM B3aHOAEHCTBIUEM YKA3aHHOIO THUIIA:

Pnt1 = @ Py + BPpUn — Y Pnsin cosvi — S p (2)

_ 2
Upt1 = €Up — OV pp — L0,

3mechk a, 0, €, u-COOCTBEHHBIE AMIIINTYIbI JIJIsT KayKI0# momyssiuu, 3, v, §-KOHCTaHThI
CB$I13U, OTIPEIESIONINE B3aNMOOTHOIIEHNST BUIOB.

Bzaumoseiicrsue 31ech uMeer Buj Vo= sincosz?. Jlaa Toro, 4robbl yoeauThCH B
OTCYTCTBHH B HEM KaKON—THOO MEPHOTUIHOCTH, TOCTOpuM ero ®Pypbe—obpas. MubivMu
CJTIOBAMU, PA3JIOXKUM €r0 B PsiJI THIIA!

V(z) = Z V, einee,
n



O6parHoe mpeobpa3oBaHme:

Vi, — Z V(x) eTinwe,

CyMMupoBaHue 1o 1 U T BeIETCs 1O Bcell obyiacTu ux onpejeseHus. Eciau B crekTpe
V., Oyner QOMWHMPOBATH OJHA WJIA HECKOJbKO TapMOHWK, MbI MOXKEM TOBOPHUTH O
KBA3UTIEPUOIUIHOM (DYHKIIUU U BHIHYKI€HBI OyIeM €€ OTBEPTHYTh, €CJIN YKEe CIEKTP OyIeT
CO/IEPKATH MHOTO OJWHAKOBBIX TAPMOHUK, TO Takas (DYHKIWMS OyIeT [Jisi HAC BIOJIHE
npreMJieMa, TaK KakK OHA He OyaeT comepKarTh KAKOro—aubo OTHOTO SPKO BHIPAYKEHHOTO
nepuoa. Jjas Hamero B3amMOIEHCTBUS DPE3yJbTATHI PA3JIOKEHUS MPEICTABIEHBI HA
puc.2. Mbr BuauMm, 9TO [jisi PACCMATPUBAEMOTO B3aMMOIEHCTBUS DPEATU3YETCS BTOPAs
CUTyanus, MOITOMY JAHHBI KOHKDETHLIA €ro BUJ JJjsd HAC BIOJHE TPUEMIIUM.
Tak xak B3amMofeiicTBHE ecTh BemecTBeHHas GyHkmusa, ero Dypbe—pasnoxkeHue
00s13aHO OBITH 3€PKAJBHO CHMMETPUYHBIM OTHOCHTEJHHO OCH OpaumHAT. B  Hamem
CIy9ae 3TO AeMCTBUTESHHO TAK, YTO CBUIAETEIHCTBYET O MPABUJIBHOCTH MPOBEIEHHOTO
ananmm3a. Cpasy ke OTMETdy, YTO HECMOTPsi HAa JOCTATOYHO OECHOPSAIOYHBIN CHEKTD,
byHKIMSA B IeHCTBUTEILHOCTH HE SBJISETCA XaOTWIHOU. /Ipyrumu cioBamu, oHa Oyraer
BecTH cebsi KaK KBa3WNEPHOAMYECKas (DYHKIMS. ITO OTPA3UTCS HA Buie (ha30BOTO
[OpTpera CUCTEMbL. 37€Ch BAYKHO TO, 9TO TAPMOHWKM MOXKHO € OOJIBINONW CTENeHbIO
TOYHOCTH CYMTATh PACIPEIEIEHHBIMA B CIIEKTpE OECIOpsI0YHO, TOITOMY HHKAKOTO
JIOTIOJTHUTETHHOTO CUJIBHO BBIPAYKEHHOTO MEPUO/IA, CBA3AHHOTO C KOHKPETHBIM BBHIOOPOM
GbyHKIME B3aUMOJIEHCTBUSA, He BO3HUKHET. AOCOIOTHBIE YK€ 3HAYEHUs MEePEMEHHBIX B
KOHKPETHBIX 001acTsiX (Hha30BOii TJIOCKOCTH HAC, OYE€BUIHO, HE WHTEPECYIOT.

Bribpannoe B3muMomeicTBHE 00/1aJa€T €€ OJHWM BayKHBIM CBOCTBOM: OHO
OTPAaHUYEHO Tpu JIOOBIX 3HAYEHUSX IepeMeHHbIX. KEro BBejeHWe [eslaeT MNHIEBYIO
nenb o4eHb "Xpyunkoi", T.e. sr060e, CKOJIb YLOZHO MaJioe H3MEHEHUE YUCJIEHHOCTU
KEPTB CUJIbHO CKA3BIBAETCS HA YHUCIEHHOCTH TMOMYJISIUU XUIMHUKOB. Takum oOpaszoM,
YUCJIEHHOCTh XUITHUKOB OKA3bIBAETCS CUJIBHO 3aBUCHAIIEH OT HACEJIEHHOCTH IKEPTB.
Ilpu »3tOM, jgaHHAsi 3aBUCHMOCTH OKA3bIBAETCS ropas3ao 0Oojiee CHUIIBHON, HEXKen
B3aMMO/IEHCTBUS, PACCMATPUBABIIKNECS IO CUX TTOP.

Takast CBsi3b MeXKIy MOMyJIANUSAMY, KaK W3BECTHO, MOYTH BCETJA W WMEET
MecTO B mnpupoje. eficTBUTeNbHO, NPU YBEJIUYEHUH YUCIEHHOCTH YKEPTB MOIMYJIAINS
XUIHAKOB OyJeT CHadajia HapacTarb (CHHYC B HalleM B3auMOJAEHCTBAM Maj), a
3aT€M BCTYIST B CHJIy €CTECTBEHHBIE OrPAHWYEHUs] POCTA €€ YHCJIEHHOCTH KakK
TO OOJIE3HU, CHUXKEHUE POXKIAEMOCTH U3-3a IEPEHACEJEHHOCTH W T..., NPUIEM BCe
B3aMMOJIECTBUA, OYEBUJIHO, CUJIbHO HEJIMHEHHBbI, KAK M BCAKWIl peaJibHbIN MIporecc.
[Ipu 3TOM, ecim MBI pacCMaTPUBAEM OCOOM C JIOCTATOYHO OOJIBINON IIOZOBUTOCTHIO,
TO TpPH MAJOM YMEHbIIEHUH TMOMYJANANA JKEPTB YHCJIEHHOCTb XWIMHAKOB OBICTPO
BEpHETCS K PABHOBECHOMY COCTOsiHUIO. COBEPINEHHO OYEBHJIHO, 9TO PACCMATPUBAEMOE
B3aNMO/IEHCTBUE HE OTPAXKAET BCEX OCODEHHOCTEH yIOMSHYTOTO Tporiecca. B yactaocTu,
OHO HE COJEPKUT TEPBOHAYAIBHOE OBICTPOE TOBBINMIEHNE YHUCJIEHHOCTU XHUIIHUKOB,
KOTODOE BEeIET K MepPeHACeJEHHOCTH. 1eM He MeHee, OHO MOIEPKUT MHOTHE U3
YIOMSHYTHIX (DAKTOPOB OTPAHUYEHUS POCTA B TEPEHOPMHUPOBAHHOM Buje. llosTomy,
WCIIO/IF30BAHNE TAKOW CBSA3W MPEICTABJISETCS WHTEPECHBIM C TOUKY 3PEHUS MPUMEHEHUsI
K HEKMM 0oJiee TOYHBIM MOJIEJISIM, KOTOPBIE BCE K€ JIOCTATOYHO CJIOXKHBI, 9TOOBI OBITH
PEIEHHBIMU TOTHO.

IIpexo/isi OT IKOJIOTUIECKUX ACTEKTOB K MATEMATHIECKUM, HEOOXOIMMO CKA3aTh, UYTO
JIAHHOE B3aMMOJIENICTBHME, HECMOTPsI HA CBOIO OTPAHUYEHHOCTH, 3aMEYATEHbHO TEM, 9TO



addexkTrBHO TOmABISIET (HOKYCHI, 00YCIOBIEHHBIE COOCTBEHHBIM OTPAHUYUUTENIEM [IJIsi
XUIIHUKOB.

YHucneHHbI SKCIIEPUMEHT

Tlocne Toro, kak mMozensb chOpMyIUpPOBAHA, MEPEHIEM HEIOCPEACTBEHHO K YUCIEHHOMY
MozenupoBannio cucrembl (2). Hameil 3amaueil sBageTcs NTPOCIEIUTH IBOJIOIMIO
CHUCTEMBI TPU M3MEHEHWH TTapaMeTPOB 33/Ia9H.

Jna wagana ycranouMm obOmuii Buga ¢aszoBoro moprpera cucreMbl. C 370l 1eabio
paccMoTpuM HeKuit KOHKpeTHbIH Habop mapamerpos, Hanpumep: « = 0.98; = 0.03; v =
0.07; 6 = 0.03; ¢ = 1.30; § = 0.20; pu = 0.01. PesyabpTaTsl paccYéToB MPUBEICHBI HA
puc.3. Ha ¢daz0Boii mrockocTn mosBisieTcs MpeIebHbIA UK, KAaK y2Ke YIIOMUHAJIOChH
Bbime. Mbl BUAMM, 9TO TAKOE MOBEJAEHWE CUCTEMBI SIBJISIETCS yHUBEPCAJIBHBIM, T.€. Y
CHUCTEMBI HET IPYTHWX MMOJIOYKEHWil pAaBHOBECHS, KpoMme maHHOro. Ha pmc.4 m3obpaxkeHa
3BOJIIOINST CUCTEMBI B TTPOCTPAHCTBE HAYATBHBIX YCJIOBUH, T.e. Mpu mpoxoae oT 1 mo 4
HavajbHAae yCJIOBHS IOA0MPAIUCH, TAKUM 00pa3oM, 4To0bl "ipodecars" Bech npee/ibHBH
k. TpaekTopum, HAXOJANIMECT BHYTPH IMKJIA pPa3MaTBIBAIOTCS K HeMmy (cM. 1—
3), a TPAEKTOpUU, HAUABIIMECS BHE €0, HA0OOPOT, CMaWbIBAIOTCA MUKy (cM. 4), 910
CBHUIETEIHCTBYET O €ro abCOTIOTHOM yCTONINBOCTH.

Jlannasi CTpYKTypa TMOSIBIISICH BMECTO (DOKYCa, CYIIECTBOBABINETO B OTCYTCTBUU
Heymueiinoro unena (cm. puc.l). Kpome Toro, ucyesnosenue okyca, M0-BUIUMOMY,
TaK)Ke SBJISIETCS yYHUBEPCAJBHBIM sIBJICHWEM: IPHU JAaHHOM HAOOpe mapamMeTpoB OH He
MOSIBJIAETCS HU TPW KAKUX HAYAIBHBIX YCJIOBUAX. 10, 9TO MPEIEIbHBIN NHUKJI BO3HUK
Ha MecTe (DOKyca SBJISETCS TPUYUHON CTOJIb OBICTPOTO HAMATHLIBAHWS TPAEKTOPHUN HA
[MKJI, KaK 3TO BUAHO u3 puc.3, 4. Jlumb ecsim HAYATH TPAEKTOPHIO [AJIEKO OT IUKJIA,
OyIyT MPOUCXOINTH HEKME €€ Oy K TaHnsI.

PaccmoTpuM Temeph SBOJIONUIO MPEIETHLHOTO IMHUKJIA TPW W3MEHEHUU TIapaMeTPOB
3aJauM TO OTHomeHnio K <. lIpexkme Bcero ciemyer OTMETHUTBH, YTO HEJTUHEHHOM
B3aMMOJIEHCTBYE TIOJHOCTHIO TIOAABIIIET KBA3UINHEHHDbIN (PaKTOPU30BAHHBIN WieH. DTO
MPOMJIIIOCTpUpOBano Ha pwuc.5. Ilapamerp [ momarancs pasabim 0.06, 0.09 m 0.11
(B mpempimymux paccyxkiaenuax oH 0bu1 pased 0.03). Mol Bumum, 910 Buj (Ha30BbIX
TPAEKTOPUil KAYeCTBEHHO HEe MEHSIeTCsl U, TI03TOMY, 33 3 MOXKHO jajee He cieauTh. Huxke
s Oyny cuamrarh ero paBabiM 0.03.

Hanee, OymeM UK OKa3bIBAETCS WHBAPWAHTHBIM TIO OTHOIIEHUI) K W3MEHEHUIO
napamenpa 8 (Boime ou 6b11 0.2). ror dakr munocrpupyerca va puc.6 s 6 = 0.87 u
SIBJISIETCS OYEBUIHBIM, IIOCKOJIbKY CUCTEMA, ypaBHEHHUIA (2) sBJI€TCs B MU3BECTHOMN CTENeHn
CHUMMETPUYHON TP 3aMeHe XUITHUKOB Ha KepTB u HA0Oopot. [losTomy, HuKe mpumem 6
paBHbIM (.2.

Haxkower, paccMoTpuM m3MeHeHus TapaMeTpa d, KOTOPbIi BbIIe TPUHUMAJICS PABHBIM
0.03. Bynem nep:aTh BCe OCTaJIbHBIE TTAPAMETPLI TIOCTOSTHHBIMY, TIPWHUMAs 9 HUX
3HAYEHUsI, ONpEIeIEHHbIe Bhimie, B dacTHOCTH, 7 = 0.07. CoBepiieHHO OYeBUIHO, UTO
[PU MAaJIbIX 0 BHJ MPEIENBHOrO MUKJIA MEHATHCA He JIoKeH. Tak Ha camoMm Jeje u
npoucxomut. Ha puc.7 paccmorpen ciaydait 6 = 0.01 u npuBeneHbl pasjndHbie HAY.
ycnoBus. Kak u cjie10Bajio, yMeHbIeHre COOCTBEHHOM HEJTMHEIHHOCTH XUITHUKOB HE BEIET
K CYIIECTBEHHON NePeCTPONKe IUKJIA.



IMpu yBenwvenun ¢ TpENENBbHBIA UK PA3MbIBAETCS W CHCTEMA CTOXaCTH3YeTCs.
Ha puc.8 npusenennt dazopbie Tpaekropuu mias & = 0.2, 0.30.4. Bumnao, yro BCé
MPOCTPAHCTBO BHYTPH IUKJIA 3AIMOTHEHO, KAK U JOJIZKHO ObITh JJIs CHJIbHO HEJTWHEITHON
JUCCUTIATMBHON MOJIEJIN, HAXOAAIIENCT B peKnuMe Xaoca.

[Mpu MEHBINUX 3HAYEHUAX ¢ C IUKJIOM HUYErO OCOOEHHO WHTEPECHOTO HE MPOMCXOJINT.
3/1eCh BBIIESIOTCS, OMHAKO 3Hadenust, om3kue K 0.05. [Tpu a1ux 3HaveHusax npeenbHbii
[IUKJT TPU HEKOTOPBIX HAY. YCIOBUSX MMEPEXOIUT B (POKYC U MPOIECC STOT—TIEPUOIUIECKU
1Mo Had. ycjaoBusiM. QUEBUIHO, MOCKOJIBKY 3TO MPOUCXOIUT MPU KOHKPETHOM 3HAYEHUH O,
TaKOe sIBJIEHWE €CTh HMCKJIIOYUTEJHHO CBOICTBO PACCMATPUBAEMOI Mojesu. Pe3ynbrars
paccyéToB Ha 3Ty TeMYy IPUBEIEHBI Ha puc.9.

SaKJII0YeHne

B 3akmouenne, 6610 paccCMOTpEHO 0000ITeHne Moaen BoabTepphl ¢ TOMOIIBIO BBEICHUS
JOIOJHUTEIBHOIO HEJUHEHHOI0 B3auMOAEHCTBUA MeXKJy XUIIHUKOM U 2KEPTBOM.
Tlonydenast Momenb mMeeT Ha CBOei (ha30BOil IIOCKOCTH IPEeASTbHBIA MUK, YTO O3HATAET
KOJIEOQHUST YUCTIEHHOCTH O0ENX MOTMYJIANNi OKOJIO HEKOTOPOTO PABHOBECHOTO 3HAYEHWS.
JlaHHbBI TpeIe/bHBIN UK ABASEeTCS OY€Hb yCTONYMBBIM. 9TO TOBOPHUT 00 YCTOWIUBOCTH
[IOJIy9Y€HHON 3KOCUCTEMBI 110 OTHOLIEHUIO K BHEIIHUM BO3/1€UCTBUAM.



