«TakuM 0Gpa3oM, COBEPLIEHHO U3MEHAETCS CTapas TeJIEOJIOrNYECKast TOYKa 3PEHMS.
CoxpaHsisi CTapoe CJIOBO LieJlecoo6pa3HOCTb, Mbl NPULAEM €My HOBBIN CMbIC/L He B BHEY
U He B OXHJAaHUH [OJIb3bl CO3UOAIMCh BCE 3TU COBEPILEHHBIE OPraHbl U LieJible Opra-
HU3MBbI, @ CaMa MNonb3a co3fjana ux. BMecTo npegnonaraeMoii Lenyd Mbl MMeeM AeiCcTBU-
TeJIbHYI0 npuyiily. COBEPLLEHCTBO OPraHMYECKOr0 MMPa He eCTb BO3MOXHas rajarejibHas

1eJib, a Hen30eXKHbiii pOKOBOI1 pe3yslbTaT 3aKOHOB NPUPOMbI».
«Hekoropbie 0CHOBHbIE 3aja4l COBPEMEHHOTO E€CTECTBO3HAHMA».

K. A. Tumupsses.

BO3MOXHA{ POJIb
KOJIEBATEJIbHBIX ITPOIIECCOB B 3BOJIIOIITNA

Monuarnos A. M.

Joopranuyeckas ssoaouus. Teopus [Japsu-
HAa MMEJIAa pelwanlnee 3HaAYCHHE g oObIcHeHus
MPHHUMIIOB 9BOMIOUMH B XuBoif mpupone. Ceituac
HAaKOfIJICHO, TMO-BUAMMOMY, HeMano ¢akTos, mo-
3BOJISIOIIMX YTBEPXKIATh, YTO 3TH OOIIME PHHIIM-
DBl MPUJIOXKME! ¥ K JOOPraHMYeCcKOM BOIIOLHH,

MBuicab 0 TOM, YTO 3BOJIIOLMS XXKUBOTO SIBASCT-
€S IpOJONMXEHUEM (M yCKOPDEHHEM) IBOJIOLMH He-
XKHBOTO, HE IBJSETCS, Pa3yMEETCs, HU B Maneiuei
Mepe HOBO#M. Hempocro, ogHako, chopMyanpoBaTh
B TepMHHAX (PM3UKKM M XUMHHU (3 B UAEAJIE — B Ma-
TEMATHYECKMX TEPMHHAX) TAaKHE MOHSTHS, KakK
«ECTECTBEHHEI OTOOP», «HMHIUBHI>.

B craTtbe penaercs monbiTka chOpMyTHPOBATH
HEKOTOPHIE BaXHBIE MOHATHUS 3ROJIOLMOHHOM TEO-
PMH HAa MaTreMaTHYECKOM S3HKE, TOYHee,— Ha
s13bIKe TeOpuH auddepeHIHaNbHMX YPaBHEHHIL.

910 MOXeT ObiTh ODLIEr0 Y TEOPHH IBOJIO-
uvM ¢ auddepeHunaibHBIMH ypaBHEeHUAMU? Bos-
HHUKA€T ECTECTBEHHBI BONPOC, Mouemy BOOOmIE
HYXHO (OpMY/IHPOBATh 3TH NOHSATUS HA SI3HKC,
HMEIOWEM, Ka3aa0ch Obl, BECbMA MAJjI0€ OTHOIUE-
HHE K paccMaTpHBacMou Teme.

Teopus 3BoMOLKHK MMEEST HEJI0 MPEXIE BCETO
¢ TakHMM TICHATHAMU, KaK MHAUBHMA U BuA. Cymie-
CTBYIOT JIM Ha s3bike qudxpepeHnaapHbBIX ypaBHe-
Hui coorsercTByromue noHsatus? Ilocrapaemcs
CHauaja (B MaKCHMAaJbHO abCTPAKTHBIX TEPMHUHAX)
chopMyIHPOBATH NOHSATUE HHAMBHIA.

Wupusun. Wuomsng — 370, MO-BHAUMOMY,
TakoM OObEKT (COBEPLIEHHO HE 00A3aTENBbHO XH-
BOM), KOTOPBIH MOXHO BBIIEJIMTb U3 OKPYXEHHs,
MPOTHBONOCTABHTE CPEAE, H3YYaTh B KAKOM-TO Me-
PE€ HE3aBMCHMO OT BCETO OCTAJIbHOIO, «MHAMBHMAY-
ansHO». Ha mepBhiil B3rasgn Kaxercs, YTo 3710 CO-
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oteercTBYeT G1MXK€ BCEro (PU3NUECKOMY MOHSATHIO
«3aMKHyTas cucteMa». OQHAKO 91O He Tak.

B ueM Xe OTJIHYHTEIBHOE, ONpENECASIOmee
cBoiicTBO muauBuaa? BecbMa rpaBponopo0HO BbI-
VISAMT HPCHHNOJNIOKEHHE, UTO TAKMM ONpPEHEISIO-
MM CBOMCTBOM HMHOMBHUAA siBAsieTcs UHGOpMaLm-
OHHAaAg 3aMKHYTOCTb CUCTEMBL.

D710 0O3Hauaer ciexylomee.

WuguBug MoxeT (M mokeH) oOMEHMBAThCH
SHEpruey M BEmECTBOM € OKPYXAIOWIEH Cpenoi, Ho
3TOT OGMEH B OCHOBHOM OMNpEREASETCS BHYTPEH-
HHM COCTOSHHEM CaMOTO MHAMBH/A, @ HE COCTOSTHH-
€M OKPYXaIomel Cpennl.

CocrogsHMe MHAMBMaa. Vaausup obOnapaer
HEKOTOPHIM MHOXECTBOM COCTOSIHHM, MpHYEM Te-
PEXOn U3 OMHOIO COCTOSIHMS B APYTO€E ONMpeneaAsIeTcs
TOJBKO €r0 COOCTBEHHHIM WJIM €0 MPENECTBYIO-
LIMM COCTOSHMSMHM. MHOXECTBO COCTOSTHHIM, KOTO-
phie BO3MOXHBI /11 MHANBHAA, MOXET OBTb OYEHb
BEJANKO (OHO 3anaeTrcd GOJBIUMM YHCJIOM TEPEMEH-
HHIX) /s CIOXKHEX cucteM. K cuacrbio, mepeMen-
HBI€ OOGBIYMHO YCTPOSHB MEPAPXMYHO. JTO 3HAUMT,
YTO COCTOSIHME B OCHOBHOM OmpeneaseTcs HeGob-
UMM YHCJIOM IVIABHBIX NMEPEMEHHHX, a OCTaJIbHbIE
ONMMCHIBAKIOT JIMIUb MEHEE CYmECTBEHHBIC AETAJIH.
Bosee Toro, €C/IM COCPEAOTOUNTh BHUMAHKME HA Ka-
KOii-HHOynb AETAIH, TO OHA B CBOK OYEPEAb ONpe-
neaserca HeGOMbIIMM UNC/IOM NMEPEMEHHBIX, 4 OC-
TaJbHBIE — MYCTh M B OOJBIIOM KOJHYECTBE —
CHOBAa MaJIO CYIIECTBEHHBL.

Cxa3aHHoe no3BOJMET CYMTATh, YTO AJIST MHO-
IMX 33034 BIOJIHE JOCTATOYHO ONMMCAHMSA HHAMBUAA
CHCTEMOI HEeBOABINOTO YNC/ia OOBIKHOBEHHHX aug-
¢epeHIaNbHBIX YPABHEHUIA:



dx _
d—t—A (x).

PazGepem HexOTOpHIE U3 BO3MOXHEIX BO3pa-
KEHU MPOTHB TAKOM MMOCTAHOBKH BOMPOCA.

Ilepsoe Bo3paxenue. WuauBugoM MoXer
ObITh ABTOMAT , MOBEOEHHUE KOTOPOTO OMUCHIBAETCS
He cucremoit nuddepeHManbHBIX YpPaBHEHHMH, a
OUCKPETHOM CXEMOIf, aITOPUTMOM.

JAuckperHoie Moaeau. Ecau peub umer o pe-
QJIbHONM MawWHHE, PU3HYECKN PEATM30BAHHOM aB-
TOMAaTe, TO COBEPUWICHHO SCHO, YTO AJITOPHTMHUYE-
CKO€, IUCKPETHOE ONHCAHNE ECTh HE YTO HHOE, KaK
ynoOHas pa3pbiBHAsi MACAJIM3ALUs HENpPEPHBHBIX,
HO BEChbMA PE3KHMX HM3MCHCHHI, MPOHCXOASIOHX B
TakoM mpubope.

Ecim xe anroput™ 3anaH aGCTpakTHO, TO
BechbMa mpasgononobHa, XoTd, NO-BHAMMOMY, HU-
KEM HE JOKa3aHa, TeopeMa O TOM, uTo JIFoGOM Ta-
KOH aJAropuTM MOXET ObITh MHTEPNPETHPOBAH KAaK
QNTOPUTM UMCJSHHOTO PEmEHHS AJIs HEKOTOPOTO
mucdepernuanpHOr0 ypapHeHus. IlosicHUM Ha
MPOCTOM HpHMEpe 3T0 npexmoaoxeHue. ITycTs aB-
TOMAT MMEET N COCTOAHMMK Si, ... Sn, KOTOpEIE OH
MPOXOAUT LIMKJAMYECKH Sk -+ Sk+1, Sn - S1. Torna
TaKoOi aBTOMAT €CTb YacTh aBTOMAaTa, peaju3ylo-
LIETO Pa3HOCTHYIO CXEMY AJIS YPABHEHUIT raPMOHHU-
YECKOro OCLIMJLIATOPA:

X=-y,
y=x.

PaccMorpum tenepp oGmuit aBromaT. OH 3a-
AAeTCsh KOHEUHBIM MHOXECTBOM COCTOSIHMI, COenu-
HEHHBIX CTPEJIKAMHM, KOTODHE NOKAa3bIBAIOT Iepe-
xonsl. ITOUTH OYEBHMAHO, YTO MHOXECTBO MOXXHO
PacnooXuTh B MPOCTPAHCTBE M JOMOIHUTD OO HE-
TIPEPHIBHOTO BEKTOPHOTO IMOJS BO BCEM MpPOCTPaH-
CTBE, T. €. BKJIIOYMTh B HEMPEPHBHYIO AMHAMUYE-
CKYIO CHCTEMY”.

XoTs ¥ HE BMOJHE TOYHO, HO MOXHO CKa3aTh,
YTO AWCKPETHHIE ABTOMATHl PACHOJIOXEHBI CPEOM
OOBIKHOBEHHHX nud¢epeHuuanbHbIX YPaBHEHUM
TaK Xe€, KaK pauHOHaNbHBIE YHCJIA CPEON NeHCTBH-
TEJIbHHIX.

ITamaTe. BTopo€ BO3paX€HHE — HHIHMBHI
MOXeT 061agaTh namsaThio. Ero nmosegenne Moxer
ONMPERENATbCH HE TOJBKO COCTOSIHUEM B JAHHHIHA
MOMEHT, HO M MPEALECTBYIOIAME MOMEHTaMHU, T.
€. ero ucropueii. IIpumMep Takoro mosexeHUs MOne-

1" Agromar no uibu (uubu. Beenenve b kubepreruxy. I, 1960).

JupyeTcs MHTErpo-aucepeHUHaNbHBM YypPaBHE-
HUEM:

d—x=

1
n S Ko dr.

0

B 3tOM Ccayuae noBem€HHMC CHCTEMH C TNa-
MSATBHIO 9KBUBAJICHTHO MOBENEHHUIO CHCTEMH 0€3 na-
MSATH, HO Gosiee 1WHpPOKOM. JleicTBUTEIBHO, 0003-
H3YMM MHTErpaja B IPaBOi 4acTH OaHOM GYKBOWM:

t

J K@) dr=vy.
o

Torna cucreMa 3anMCcHBAacTCI B BUAC:

dx _

t -
dy _

at K(x)

ITo-BupuMOMY, npu JIO0OM pasyMHOM Ompe-
OENEHNH «IaMSTH» BKJIIOUEHHME NaMSATH B «AMHA-
MHUYECKME NEPEMEHHBIE» CHCTEMBI MOpOXaaer 6o-
JIEe WHPOKYI cHCTeMY §€3 mamsaTH M C JETEPMHU-
HUPOBAHHBIM noBepeHuemM. C Touku 3peHus guc-
¢hepeHUMANBHEX YPaBHEHHMIi, 3TO YTBEPXACHHE
6/143K0 1O AYXY (HBOWCTBEHHO) K YTBEPXACHMIO O
TOM, YUTO CHCTEMAa YPaBHEHHH BBICOKOTO MOPSAKA
MOXeT OHTb CBEAEHA K CHCTEME MEPBOrO MOPSAKA
YBETHYEHHEM YHMC/IA MEPEMEHHBIX.

MaTeMaTHk MOr OB NpPeATOXHTb (BO3paxe-
HHUE TPETHE M YETBEPTOE) MOAE/Ib «HHAUBUIA»>, KO-
TOpast OMMCHLIBAETCS PAa3HOCTHHIMH YPABHEHUSMU
WM YPaBHCHHMSMH C 33aMas3ablBAIOIIUM apryMeH-
TOM. DTH BO3paXEHHUSI €CTh NPOCTO BAPUAHTH Mep-
BBIX IBYX BO3paxXCHUI.

PacnpeneneHHpie nmapaMmeTpbl. Boapaxkenne
MATOE COCTOMT B ciaenyroomem. Cucrtema MoXer
HUMeTh GECKOHEUHO 00/IBLIOE YMCJIO CTENEHe#H CBO-
6onel. Torma g OMMCAaHUs €€ MOBEACHUS MOTYT,
Hanpumep, noHanobuThca muddepeHmaabHbIE
yPaBHEHHS B YaCTHbIX MpPOM3BOxHBIX. OG 3TOM B
CYIIHOCTH yX€ ULJa peyb BHILIE, KOrna pas3éupascs
BONPOC O MHOXXECTBE COCTOSAHUIM MHANBHAA.

B MaTeMaTHke OCHOBHBIM MPHEMOM PELICHHS
3anau ¢ GonpmuM (U naxe GECKOHEUHBIM) MMCIOM
cTeneHeit cBOOOAb IBASETCS ANNPOKCHUMALUS 3a0a-
YU 3HAJIOTMYHOM,— 3a7ayeil ¢ MEHbLIMM (HeGoMb-

2 Bo3MOXKHOCTB 00paTHOro BrJroYeHUs (MpUOAMIKEHHONO, KOHEYHO) N0KA3bIBAETCS EXEAHEBHO OMbITOM MHOTHMX NPOrPaAMMUCTOB, MH~
Terpupyommx auddepeHimanbhbie ypaBHenusd Ha 3AeKTPOHHbDIX BbIYHMCAUTENbHBIX MAIIMHAX, SBASIOWMXCS KJIACCUYECKUM PUME-

POM AMCKPETHONO aBTOMATa.

3 Apxuit npumep — «cobaka 1 aBTOMOOMIL» — CONEPXKUTCS B WMTHPOBAHHOM Bhiiie kKuure D1ubu (cTp. 168).



OIMM) YMCJIOM CTerneHei cBoboanl. Pasnoxenue mo
coGCTBEHHBIM (DYHKUIUSM, pa3oXeHUEe B PSIH,
OTHICKAHHE MAPAMETPOB B BAPUALMOHHBIX 3aJayax,
Pa3HOCTHBIE CXEMB — BCE 3TO B CYLIHOCTH €CTh ari-
npoxcumanusa «GeCKOHEeYHOMEDHOI» 3afauu Gonee
MPOCTOM KOHEYHOMEPHOIA. YCIex STHX METOIOB IO~
Ka3HBAET, YTO ONMpPEACIYIOMMX MapaMeTpoB ObiBa-
et 0OBIYHO HEMHOIO. B Tex Xe cayuyasx, Koraa pas-
HOIPpaBHHIX MApaMeTPoB B CaMOM JeJie MHOTO, 9TO
Hepeako 03HAYaeT, YTO 3a7Jaya IUIOXO IMOCTaBJeHa
H, BBOAS TapaMeTpbl MHAYE, MBI OMIITh-TAKU BHIZE-
JIseM HeGO/BIIoe YMCIO ONpeResSIomUX mepeMeH-
HBIX. TUMMYHBIN IPUMED TAKOM CUTyauuu — JBU-
XeHue GOIbIIOro YMCIa OMUHAKOBHIX YACTHL,, KOT-
Ja BBeaeHue (BMECTO HeoOO3pMMOro KOJWYECTBa
MEPEMEHHBIX — KOOPAMHAT M UMITYJIbCOB YACTHII)
pasyMHBbIX O0IIMX BEJIMUNH — AABJIEHUS U IJIOTHO-
CTM — TO3BOJSET MPOCTO OTBETUTh HA OCHOBHbBIE
BONPOCH O MOBEACHUU TAKOM CUCTEMHBI B LIEJIOM .

PasHonpasue mMoneneil. CaenoBarenpHo, XO-
TS ¥ CYMECTBYIOT BEChMa Pa3INyHbIe MATEMATHYE-
CKME MOAENH TMOBEAEHWS MHAMBHMAA (XUCKPETHHIE,
HENpepHIBHHE C NaMaThio, C KOHEUHBIM ¥ 0ecko-
HEYHbIM YMCJIOM CTEmeHel CBOOOAB U T. A.),— BCE
OHM, [O-BMAMMOMY, SKBUBAJIEHTHH B TOM CJIyyae,
Korga o0yl M3 HMX MOXHO anmnpoKCHMMHPOBATh
KaKko#i yrofHO Apyroil ¢ 00l CTeneHblo TOUHO-
cru. ITooToMy 3a OCHOBY MOXHO BHOpATth Ty, KOTO-
pas Gosbiue Mo BKyCy. Pazinuus MexXay HUMH MO-
ryT UMETh peluaromee 3HauyeHue MpH MCCIENoBa-
HMH KOHKPETHHIX 3aJa4, HO BECbMa MaJjo CyIIecT-
BEHHHI IIPH METONOJIOTHYECKOM aHaiuse. Bcrony B
JanpHEMIIEM MpPUHSTA MOKEAb OOBIKHOBEHHBIX
nuddepeHUMANBHEIX YPaBHEHIH.

AGCTpakTHas CXeMa M peajibHblii OOBEKT.
Urtak, nycTh moBefeHWe HMHOUBMAA OMMCHIBAETCH

CHCTEMOM 06HKHOBCHHHX2 mncddbepeHaabHBIX
yPaBHEHH:
dx
—=A (x).
dt (
3mech x — BEKTOp, MMEKMMUA HECKOIBKO

KOMMOOHEHT, a ¢yHkuus A (x) — BekTopHas ¢yH-
KIS BEKTOPHOrO apryMeHTa”. CMBICT KOMIOHEHT
BEKTOpPAa X MOXeT OBTh OuEHb Pa3HBIA U pEmaro-
muM 00pasoM 3aBUCHT HE TOJIBKO OT TOIO, KAKOM

MHIUBUA M3Yy4YaeTcs, HO M OT TOTO, C KAaKOH TOYKH
3peHMs 4 JaXe OT TOro, Ha Kakux Macmrabax Bpe-
MEHM MPOMCXOAMT U3yUeHHEe.

HomycTuM, 4TO peub ueT O XHUBOM CyIIEeCTBE,
HanmpuMep, MiekonutTawweM. Eciu Hamre paccMoT-
peHMe OrpaHM4YeHO HeCOoAbIIMMM BpeMeHaMmH (1o-
PAAKa HECKOJIBKUX MUHYT), TO IMIABHBIMHU SIBJISIOT-
cs anixaHue u pabota cepaua. Ha Taxux uHTepBa-
JlaxX BpeMeHHM octasibHble yHxkuuu (B usmnosorn-
YECKOM CMBICJIE 3TOrO CJIOBA) MOXHO, ITO-BUAUMO-
My, CUHUTATh NOCTOSHHBIMM (B MaTEMAaTHYECKOM
CMBICJIE 3TOIO CJIOBA), MHAMBUI AOCTATOYHO XOpPO-
110 MOAEJUPYETCS CEPALEM M JIETKUMM, U3YYaEMBbl-
MM M30IMPOBAaHHO. B Hamry 3agauy He BXORMT cei-
yac 06cyXeHne BOImpoca O TOM, KaK AaJibIle CTpo-
uTCH pusnyeckas, a 3aTeM ¥ MaTEMaTHUECKass MO~
ReNb CEpALa — COMUTEMCH Ha KJIacCHueckue pabo-
o Ban gep INons ¥ ero mociegoBaTeneil. 3aMeTUM
TOJBKO, YTO B JAHHOM CJIyuae BHIJEIEHHUE CymecT~
BEHHBIX MIEpEeMEHHbIX WHAUBMAA UMeeT MOpdoro-
THYECKUH CMBICJI.

OpraH-monens. Cepaue JOKaJin30BaHO He
TONBKO (DYHKIMOHANIBHO, HO M TEOMETPHYECKH.
IMocnendee, pasyMeEETCs, COBEPLUIEHHO He o0s3a-
TenapHo. Ecu peus uper o ra3aooOMeHe, TO CETh Ka-
MWLISPOB IBJGETCS OPraHOM — M COOTBETCTBEHHO
MOJENbI0 MHAMBUAA B JAHHOM OTHOIIEHUM,— JIO-
KAJM30BaHHBIM TOJMBKO (DyHKIMOHAJIBHO, HO OT-
HIOAb He 0ObEMHO.

Ecnu usyuate mnoBedeHUe XKUBOTHOINO Ha
Go/bIIMX OTpEe3Kax BpeMeHH, HAanpuMep MOpsiKa
CYTOK, TO B HepBOM NPUOIMKEHNH Onpeesomu-
Mu OyayT napaMerphbl, OTHOCSLIMECS K AESITEIbHO-
CcTH OpraHoB mumeBapeHus. Ha takux BpemeHax
JlyvyImiass MOZEJb XHBOTHOIO — >XeJIyAok. Jpyrue
¢hyHKIIMH OpPraHu3Ma MOryT CUMTATbCH MOCTOSHHBI-
MM TIpU 3TOM PacCMOTPEHMH.

BecbMa m000NBITHO CPABHUTh MPAMO TPOTH-
BOMNOJIOKHBIC MPUUMHEIL, II0 KOTOPHIM MOXHO HeE
yUMTHIBATh pPa3NuHbE OTNpaBiaeHus. «Jloarome-
puomuueckue» YHKuMH (Takue, Hanpumep, Kak
pa3MHOXEHME) , UMEIOMME MAaCUTa6H BpeMEHH IMo-
P9AKa I'OAA WIM MECSUa, He YCneBaoT CyueCTBeH-
HO U3MEHUTRCS B Mpefenax CyTok. Jpyrue, «ObICT-
peie», Kak-TO ABIXAHUE, MEHIIOTCH CTOJb OBICTPO,
YTO UMEIOT 3HAUEHHUS TOJBKO CpEAHME MO OObIIO-
My UHCIY UX COOCTBEHHBIX nepuonon4.

1 IleHa, KOTOPYIO Mbi IJIATUM 3a TAKOE NOCTPOEHUE,— O0TKA3 OT PACCMOTPEHUA NOBEACHUS OTAEbHbIX YAaCTULL,— MOXET 0Ka3aTbCs

CJIMILIKOM BBICOKOM B HEKOTOPbIX BAXHBIX C/Tyuaax.
2

Ypamleuuﬁ, npasbie 4aCTU KOTOPLIX HE COAEPXKAT ABHO BDEMEHHU, HOCAT BbIDA3UTEJIbHOE HA3BAHUE «aBTOHOMHbBIX».

A (x), B 94aCTHOCTH, MOXeT GbiTb JIMHEsHOM dyHKUMEN 1 Torna A = JA (x) /3X — eCTb KBAApaTHas MATPHLA.

TIpuMep U3 ApyroM 06nacTy: mycTb UHAUBKMA — 3TO FeH3EpP, PACCMATPUBAEMBII HA BPEMEHAX NOPAAKA HECKOJIIbKUX U3BEDKEHMIL.

Torna ycnosus, B KOTOPbIX OH paboTaeT,— ceueHMe U JUTMHA MUTAIOILETO KaHaJia, TEMNEPaTypa Ha BXOAE, aTMOCHEPHOE AaBIEHUE
Ha BLIXOAE U T. Al.— MOXHO CYMTATh NOCTOSHHBIMU. OcpenHeH e 1o GbICTPbIM M3MEHEHUAM AABJIEHUS U APYTUX NEPEMEHHDBIX PUBO-
ZMT K NPOCTOM PENIaK CaLIMOHHO#M MOAEJH reitsepa. SICHO, YTO B NPUHLMIE MEXaHU3M paboThi reit3epa TOT e, UTO M Y HEOHOBOI aM-
Tbl, XOTsl COBCEM HENPOCTO YCTAHOBUTh COOTBETCTBUE MEXXY NAPaMETPaMHU ITHX MOAE/EN.

120



HexoTtopbie BrIBObI. Berblit aHanus, mpose-
IEeHHBIH BHILIE, TPUBOJUT K CAEKYIOUIUM MOME3HHIM
uaesaM.

1. Xopomeit Moxenbo HHAUBHMAA YACTO ABJIS-
eTcst ero coGCcTBEHHBIIt OpraH.

CnoBo «OpraH» CJieAyeT mOHMMAaTh B ero ob-
meM, TaK CKasaTh, «KMOEpHETHMUECKOM» CMHCIIE.
Hanpumep, MOTOp IBISETCS OXHHUM M3 OPraHOB aB-
TOMOOWIS, CTAHOK — OPraHoM lexa, apudpmeTnye-
CKO€ yCTPOMCTBO — OPraH BHUMCANTEIBHOM Mallu-
HH, Weab a9 MOHET — OpraHoM TejedoHa-aBTo-
Mara.

2. OguH M TOT Xe peabHBN HHAMBHI MOXET
MOZENHPOBATHC COBEPIIEHHO Pa3HBIMH MOREAIMH
pH N3yYeHUH ero Ha pasJMuHBIX Macmrabax mpo-
CTPAHCTBa M BpEMEHHU.

Tak, B HeGecHOM MexaHuKe 3eMas — mare-
pHAJIbHAA TOYKA, & MPU U3yUEHUHM CEHCMUYECKUX
CBOMCTB — IIap WIM AaXe NOJyNnpoCTPaHCTBO.

ATOM B 37IeMEHTAPHOU KMHETHYECKOM TEOPHH
rasoB — TBEpAHIM MIAPUK, & B TEOPUHM B3aMMOHECH-
CTBUS BEMIECTBA C U3IyueHUEM — KBAHTOBAd CHC-
TeMa, OMUCHIBAeMAas ypaBHEHMSIMH B YaCTHBIX MpO-
M3BONHBIX.

3. CymecTByOT MHOMBUABL, NPEACTABASIOLINE
coboif mepapxuio koneGaTenbHBIX CHUCTEM, <«BJO-
JKEHHBIX» APYT B APYTa, MO KPaiHel Mepe B CMBICIE
macmrabos Bpemend. IIpu MoOneMpOBaHUH TAKMX
CHCTEM HeOOXORMMO CHpamMBaTh Cels, «O0 KaKUX
Macmrabax BpeMEHM MAET peun?», U yUHTHBATh
TOJIBKO T€ MepeMeHHBbIe, MePHOAbl KOTOPhIX CpaB-
HUMH C U3yyaeMHM MacmraboMm. Memnesnsie ne-
pEMEHHBIE MOXHO CUNTATh MOCTOSHHBIMM, a OT ObI-
CTPHIX OCTAHYTCS TOMBKO MX CpETHHUE 3HAUECHMS .

Y CTOIHYMBOCTb, HEYCTOMYMBOCTb U KOJe0a-
Hust. Eciu cuuTtate yOexuTenhHBIMH apryMEHTH B
MOJb3Y TOIO, UYTO KAXAOMY MHAUBHAY COOTBETCT-
ByeT Mopeaupylomias ero cucrema auddepeHLm-
aJBHBIX YpaBHEHUU, TO HUIOTKYAA HE CIAEQYET, UTO
m1060i1 cUCTeMe OTBeYaeT HeKui MHAMBHA.

PaccmoTpuM, Hampumep, cuctemy ypaBHe-
HMH, Y KOTOpOM €CTh OHHO-eAMHCTBEHHOE COCTOSI-
HHe paBHOBeCHs M MpUTOM ycroitumsoe. Kaxercs,
YTO 3TO MpUMeEP XOPOIIEi MOAEIH XOPOLIO YPaBHO-
BEIMEeHHOro HHANBUAA. OAHAKO ecyIM BAYMAThCS MO-
ray0xe, TO OKaXeTcd, YTO Takas CUCTEMA He OTBe-
YyaeT HaleMy MHTYUTUBHOMY IIPEACTaBJIEHHMIO 00
HHOMBHAE. BeAp MHOMBUL UYTO-TO HEAAET, ¢ HUM
YTO-TO IPOMCXOAMUT, OH MEHYET CBOE COCTOSHHUE.
Ecnu Xe OH MpUXOAMUT B OHO-eAMHCTBEHHOE COCTO-
SHHME, TO MHTYUTUBHO 5TO BOCHPUHUMAETCS KaK TH-

Genb cucteMbl. CHCTEMA MPUXOAUT B COCTOSTHUE YC-
TOHYMBOIO PABHOBECHS W meEpecraer OWTh CMCTe-
MOit, CTIOCOOHOM k ABMXeHHio. Jpyroif, MpoTHBO-
MOJIOXHBIM CJy4ail,— KOraa CUCTeMa HeyCToHuu-
BAa, TAKXe He OTBEYaeT MpeACTABACHHIO 00 MHIH-
Buze, M00 O3HAYAET B CYMIHOCTH MPOrpecCHpyo-
IIYI0 HECOBMECTUMOCTD YaCTEM CMCTEMBI, IPUBOAS-
WYIO ee K pacmapny.

Jlyume Bcero mpencraBieHMIO 00 MHAMBHIE,
KaK 0 CHCTeMe, KOTopas, C ORHOM CTOPOHHI, COXpa-
HYEeT CBOE CTpPOeHWe, a C Opyroit — cmocofHa K
BHYTPEHHEMY HBMXKEHMIO, OTBEYAIOT IIO3TOMY KO-
JneGaTeNbHble CHCTEMBL.

Boabuiue npoMexyTku spemenn. Mtak, cuc-
TEMBI, OIMMMCHBAIOIINE MHANBHU/, HOJXHH OHTh KO-
nebaTenbHEMM CHCTEMAMH. ODTO YTBEpXAEHHE
MOXHO IOHATH ewe CAeAyomuM 00pasoMm.

IlycTh KOraa-To JaBHBIM-AABHO CYMIECTBOBA-
au pasHooOpasHeie o0bexTH. C Tex mOp Mpouuio
MHOrO BpeMeHH, NPOTEKIU MuwLHapaH jet. Kakue
00BEKTHI OCTANUCH C TEX AABHMX BPEMEH, KTO BHI-
OepXaJa UCOBITaHHE BpeMeHeM?

Ycroitunpsie? Het, Tak kak OHM AaBHO ypaB-
HOBECHJIMCh, CTAJIM YaCThIO Cpexkl. BCcnoMHuM, uTo
OTHOCMTEJIBHOE NOCTOSHCTBO SBJISETCH OTIMYHU-
TeJbHOM YepTOid MMEHHO Cpensl.

HeycroituuBrie? Her, Tak xax oHuM pacma-
JIACH.

CrnenoBaTenpbHO, UMEIOT IIAHC «BBHIXKUTB», CO-
XPAHUTBCI TOJMBKO KosieGaTesbHBIE CUCTEMH, MpO-
LECCH M OOBEKTHL.

DTOMy YTBEPKAEHHUIO MPOTUBOPEUUT HA IEep-
Bbilf B3IVIAH HECOMHEHHOE CylECTBOBaHME He-
YCTOMUMBHIX OOBEKTOB. SIPKMM NpUMEPOM aKTHB-
HOro, HeyCTOWuMBOro OOBEKTa sBIgETCHS CBOGOA-
HbI xucaopox arMmocdepsi. Ho Mb 3HaeM2, Yro
KHCJIOPOZ — HE YTO MHOE, KaK NMPOAYKT XHU3Hexe-
SITeTPHOCTH MOPCKHX Bogopocaeir (Ha 909%,) u Bo-
o0ie 3eseHBIX pacreHuit (Ha 10%,).

ITo-BupuMOMy, B TakKOM cpefe, KaKk 3emusd,
KOTOpas rpoMagHOE KOJMUYECTBO BpEMEHH Haxo-
AUTCH B COCTOSHMHM C/1a00IepEMEHHOTO «ITPOTOYHO-
ro» (u3ayyenue CosHua!) pasHOBeCcHS, HEyCTOM-
uyuBEE OOBEKTH MOTYT CymieCTBOBATh TOJBKO KaK
NOCTOSTHHO BO30OHOBJISEMBIN MPOAYKT AESTEIBHO-
CTH HEUTPaJbHBIX KOJEOATENbHEIX CHCTEM.

YTounenue. IlepemenHble ¥ napametpbl. B
MATEMATHYECKOM MOLEIN MHAMBMIA €r0 MOBEEHUE
BCerga OAMHAKOBO M HM OT Yero He 3aBucut. Ho mo-
BeleHHE PEaJIbHOro MHANBMAA OyfeT pasjMuyHBM B
PasIMYHBIX cpenax. MOXHO NOMBITATBCH YYECTh

' Cratuctuueckue cxemsr BO3HUKAIOT, KaK NPABWIO, DU 0TOPACHIBAHUU GHICTHBIX nepeMeHHbIx. IT03TOMy Bcerna MoXHO rOBOPHTH
npsaMo 06 «ocpeaHeHUn» o Mepe B Ga3oBoM NPoCTpaucTee, Uaberas Gosiee 4eM ABYCMBICIEHHORO U AMCKPEAMTUPOBAHHONO GHIMCOD-

CKUMMU CNEKYAIUUAMU TEPMUHA «BEPOSTHOCTD».

2 «®usnka u gamus xusum», W, 1960, crp. 34. Temn so306HOBIEHUS 107432 roz1. DT 3HAUMT, YTO 32 BPEMs CYLIECTBOBaHMS GOTO-
cunreaa (107 net) sBonopocnu 100 ThiC. pas ynpaMo BOIBPAIANHU B aTMOChEDY KaXaYI0 Mostekyay 02.
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9TO OGCTOSTENBCTBO, BBOAS 3aBUCHMMOCTDH MPaBHIX
YyacTed OT JONOJHHUTEJIbHBIX ITEPEMEHHBIX Mapa-
METPOB:

dx _
dt = A (xa a)-

ITapameTp & nOROOHO MEPCMEHHOMY X SIBJSi-
€TCS BEKTOPOM, YUCJIO KOMIOHEHT KOTOPOro, BOOG-
e rOBOPY, HUKAK HE CBA33HO C YUCIOM KOMHO-
HEHT BeKTOpa X. ECTeCTBEHHO CUMTATh, YTO MHIM-
BHJ HE ne{)ec'ran OBITh MHAMBHMAOM U MPUTOM TEM
Xe CaMBIM WHIMBUAOM, eCJTM MapaMerpbl HEMHONo
usMeHwincs. Ob6oiineM MoMuYaHUEM BECEMaA IMIEKOT-
JIMBHIH BOITPOC O TOM, YTO TAKOE «HEMHOIO», U pas-
6epem noppobHee CMBICA M POJIb MTAPAMETPOB (1.

Muausua v cpena. byaem moMewate MHpu-
BUJ B pasauunbie cpefasl. Jo Tex mop, moKa OH BO-
o0me B COCTOSAHMM paboTaTh KAK MHIUBHA, CPENHI
KNacCU(PUUMpPYIOTCS TOJBKO MO PE3yJabTaTaM HX
BO3AEiCTBUY HA MHAMBUA. [loka u3yuaeTca JaH-
Hbl{ MHAUBUA, 00beM ¥ dopMa uHGPOpPMAMH, He-
o6xonuMOit A Npencka3aHus MOBeneHus HHUBH-
Ha, OMpEeRensioTcd TONBKO CTPOEHUEM HWHAMBHUAA U
HuyeM Goneine. Ecau, B 4aCTHOCTH, Cpelia TakoBa,
yTO ee BO3AEHCTBME HA MHAMBHJ HE MEHSET napa-
MeTpa {, TO TaKylo Cpeay CJiefyeT CYMTATh MOCTO-
gHHOI. BoasMeM Taxo# K1acchyeckuii mpubop, xax
TepMOMeTp. B ueM CMBICT M3MepEHUS TeMmepaTy-
pHi? B TOM, MO-BMOMMOMY, UTO 3HAYEHUE TEMIIEPA-
TYpH IO3BOJNIET MPEACKA3aTh KaKMe-TO SBJIECHHMS.
Tak, ecu TeMreparypa HUXe HyJd, TO BOAA 3a-
Mep3aeT, a ecJI BhIIIE HyJad, TO jJex TaeT. CTOuT
MOXYEPKHYTh, UTO MPEACKA3HIBAIOTCS TOMBKO (hU-
HaJbHHE COOBITHS, a HEe JEeTaau INepexOasuero
npouecca.

Hanpamusaerca ecrecTBeHHOE 0000menme.

Ecau umeemca nobod uHousud, mo cmaiyuo-
HapHble 3HaueHus ezo0 napamemposd QO caedyem
paccmampusams Kak 0BGOOUWLeHHYIO «meMHhepamy-
py» cpeobL.

Takoe cnoBoynorpelbieHHE NOJUEPKUBAET
OBa BaXHbIX o6cTosTeNBCTBA. [lepBoe — OOHUYHAS
TeMrepaTypa XapakTepusyeT HE TOJBKO H He
CTOJIBKO CPERY, CKOJIBKO MOBEAEHHUE OUEHD MPOCTHIX
«CKaJIIpHbIX» CHCTEM B 3TOM cpeae. Bropoe — uem
CIOXKHEE H3yyaehbih HHANBUA, TeM Oosiee CIOX-
HOM 9BJSETCH «TEMINEPATYPa», XapaKTepu3youmas

ero pasHoBecue CO cpemoit. Tak, Hanpumep, npu
3alaHUd XMMHUYECKOM CHCTeMbl HYXHO 3a/JaBaTh
He TOJIBKO TEMIEPATYPY, HO M XUMHYECKUHN MTOTEH-
uast,

Heo6X0aMMOCTh pa3HOOOPa3HBIX «TEPMOAU-
HaMUk»., CKazaHHOE MPUBOMUT K BHIBOAY, YTO TEP-
MORMHAMHUKA (HA pPeAKOCTb HEYAAuYHbId TEepMHH,
3HAYMUTENBHO TOYHEe ObLI0 OBl — «TepMOCTaTH-
Ka») eCTh HayKa O paBHOBECHBIX Cpefax A Makx-
CMMAJIBHO IIPOCTHIX MHAMBHMAOB, MMEIOIMX ONUH-
€IMHCTBEHHHII MapaMerp — BHYTPEHHIOI JHEPIHUIO.

B 3TOM cMEIC/IE OOHYHAS TEPMOTHMHAMHMKA SB-
JseTcs, KOHeyHo, Haubosiee yHMBEPCAJILHONH Teo-
puei, HoO MMEHHO TI0 3TOil npUYKMHe OHa nouTty Gec-
MOJIE3HA IS M3YUEHUS CKOJIBKO-HMOYAb CIOXHBIX,
CUCTEM”, OHA JJIS TAKOIO U3yUYeHHUs MPOCTO-HAMpo-
cTo caMmxkom rpy6a.

C U3M0XeHHHX NO3WIMI IIpeACTaBAIETCS M0-
3TOMY 3apaHee o6peyeHHOM HA Heyaauy nobad mo-
OBITKA 00BSICHUTD IPUHLIMIAMH THIIA «<MHUHMUMYM I10-
TOKA SHTPONUM», MOBENEHUE HE TONBKO XUBHIX, HO
Aaxe CKOJIbKO-HUOYIh COXHBIX HEXHUBBIX CHCTEM.

CNOXHBIE CHCTEMBL HE XaPaK TePH3YIOTCS TOMb-
KO 3HTponMed Wik BooOLE OOHMM (KAKHM YTOIHO)
YHC/IOM MMEHHO MOTOMY, YTO YXXe 3agaHue paBHO-
BECHHIX Cpen® TpebyeT 3ajaHNs BCeX NapaMeTpoB d.
PasymeeTcs, B UMC/IO 3THX MAapaMeTpPOB BXOOAT M
TEeMIEepaTypa, ¥ XMMHUYECKHI ITOTEHIMaA, HO MO-
Xet OBITH €me M MHOTO ApYTHMX NMapaMeTpoB.

Pe3iomupyeM. ParHOBecHe MHAMBHMAA CO Cpe-
OOl XapaKkTepu3yeTcs 3HAUEHHSMH ero BHYTpPEH-
HUX napametrpoB . Ilpocreiimme (3HepreTHye-
cKMe) cHCTEMBI TpeOylor AJAS CBOEr0 OMMCAHMS
TOJBKO OMHOTO mapaMeTpa — TeMmrmepaTyphl. Bosee
CJIOXKHEIE CHCTEMBI CopepXaT Hapsaay ¢ TeMnepary-
poit ¥ Apyrue mapaMeTphl, a B Haubosiee TOHKMX
CJIyuasix SHEepreTMUeCKHe MpeaCcTaBaeHHs H, B yac-
THOCTHM, 3HTPONMS MOTYT OKA3aThCS BTOPOCTEmeH-
HBIMH.

Y4er cpeasl B MaTeMaTH4YeCckoi Moaeau. Bewo
«INTEpaTypHYIO» MOAEJb MHAMBMAA B Cpeje, Ha
KOTOPYIO MCTPAuY€HO HECKOJBKO CTPaHHUI, MOXHO
«YXaTh» A0 ABYX CTPOYEK YpaBHEHUIL:

dx _

dt "'A (x’ a)9
da

rT EB x, Q).

TosopsT, Npasaa, YTo B NPOLLIOM BEKE OAUH GPaHUY3CKHIt XYA0XHHKHK u3o0pasun JIyu-dwimnna B Buae nepespesllet, rOTOBOM

ynacve rpyum. TIpecras nepen CyaoM, OH ¢ HENOCTHXXMMOH BbICTPOTO# HaOpocan CeMHaALATL PUCYHKOB, CAMBIN JIEBbII U3 KOTOPBIX
6bu1 HecoMHeHHbI Jyn-Dwimnn, a caMbiil nPaBblil — CTOJIb Xe HECOMIEHKAd rPYLLa, M TONPOCW CYZL TOUHO YKa3aTb eMy, T
UMEHHO HaIIeXkKa0 OCTAHOBUTLCA, Na6bt M3bexaTh ockop6renms BemuecTsa.

KakK SHTPONMS HE 3HAET «rae jeso, a rae npaso».

CywecTByIOT COEAMHEHUS, CTEPOM3OMEDB! KOTOPBIX 10BMThI. HMKAaKOE BbIUMCIEHHE FHTPOMIHU HE MOMOXET y6epeuncs oT 9aa, Tak

ITonuepkHeM, peub UAET O paBHOBECHOM CPeae, T. €. O MOCTOAHCTBE NAPAMETPOB & , @ HE 0 PABHOBECHUM (T. €. NOCTOSHCTBE X) MHAUBH-

1a, TaK KaK, C HaL1eH TOUKU 3PEHUs, PaBHOBECHE MHAMBHIA PABHOCWILHO €ro rubenu.



Dra 3amMch BeChbMa COXEPXATENbHA. 31eCh
MPUBEAEHO YETKOE pasfe/ieHUue MepeMeHHbIX HHAN-
BHAA M ero mapamerpoB. Cxa3aHo, YTO TaKoe pas-
JEJEHUE UMEET TOYHBIA CMBICI TOMBKO npd € = 0,

a MpHU MaJbIX £ OHO HOCHT TOMBKO aCHMIITOTHYE-
ckuit xapakrep. Hannmumue Masoro mapameTpa nop-
YEepPKUBAET IVIABHOE: BJAUSHME Cpefbl eCcTh ITPOIECC
3HAUNTENBLHO GOJiee MEAJIEHHHI, YeM BHyTpEeHHUE
U3MeHeHUa UHAUBUAA. B Takoi MOAEIM npeanoao-
JXEHA MOBOJILHO BHICOKAd CTEmeHbh OOMHOCTH; BJIH-
SHHUE CPexbl 3aBUCUT OT COCTOSHUS MHAMBMAA, Tax
KaK mpaBas 4acTh ypPaBHEHUS VIS & 3aBMCHUT M OT
Q, ¥ OT X. ITO MOXET NPUBOAUTH K MOSBJIECHUIO
MpEATIOYTHTENBHEX COocTOsHMI. Bosnee mompoGHO
9TOT TOHKMH BOIPOC 37eCh pa3bupartscs He OynmeT.
OnHako ogMH BaXXHH aCleKT CJexyeT pa3obpats
yXe ceryac.

B mpocreiimmx caydyasx, Hanpumep IpH yc-
TOMYMBOM ITCPHORUYECKOM peXume OBICTPHIX JBH-
XeHUH x(t), MOXHO MOKAa3aTh, YTO BMECTO mapa-
MeTpa & JOMyCTMMO BBECTH HOBHII mapameTp § no

dopmye:
B=a+¢P (x, a8,

mocyie Yero CMCTeEMy MOXKHO 3armucath B BHAC!

dx _
E~A(x,ﬁ),
@B _..
il B @,

T. €. yOpaTh GHICTpHE mEpeMeHHBIE X M3 CHC-
TEMBl OJId MENJICHHBIX IMEPEMEHHBIX, 3‘1‘0 BECbMa
BaXHbIM (PaKrT.

Mepa MHIMBHIAYAaNbHOCTH HMHauBUaa. Qop-
Myna ans 3 0coGeHHO BHPa3UTENBHO MOAYEPKHUBA-
eT nmpuO/IMXKEHHBI XapakTep MPOTABONOCTABIEHHU
nmapaMeTpoB MHAMBHMAA €r0 «BHYTPDCHHMM» Imepe-
MEHHBIM, ILOBO}[BHQ SICHO, UTO 3TO MPAMO OTHOCHUT-
€S K IVIABHOMY BONPOCY O CaMOil BO3MOXHOCTHU BHI-
HesieHWs MHAMBUAA U3 cpenbl, ONHAKO ceifuac MHL B
COCTOSIHUM M3BSCHATLCH yXe Gosee TouHO. Masblit
napameTp € Haer KOAMYeCTBEHHYI0 Mepy TOUHOCTH,
C KOTOpOit MOXKHO TOBOpUTH 00 MHAMBHAE. DTOMY
mapaMerpy MOXHO mnpuaath Goliee HAMISARHBINA

————

1
CMBICJI, 3aMETHB, YTO N = : JAeT mo MOPSAKY Bean-

YMHBE YMCIO TEPUONOB COOCTBEHHHIX KoseGaHuid,
3a KOTOphiE MPOMCXOAST CYMIECTBEHHBE (MOPAAKa
€IUHUI[H) U3MEHEHUS TapaMeTpoB. ITO YHMCJIO JO-
BOJIBHO TOYHO COOTBETCTBYET IOHATHUFO <100pOT-
HOCTb» B PAHOTEXHMKE, THE OHO, K CJIOBY CKa3aTh,
oOnyHO uMeeT Beauuuny mopsgaxa 10°. Taxum o6-
pasoM, «Mepa HeHHIMBHMAYAJABHOCTH» £ eCTh 00-
paTHas BeJMYMHA <«IOOPOTHOCTH». JIIOGONBITHO
CPaBHMTh HOOPOTHOCTh TAKMX MHIMBHMAOB, KaK ye-
JIOBEK, 3eMis M 3JIEKTPOHHAY BHYMCAUTEIbHAS
MalMHa. B xauecTBe OCHOBHOIO Mepuona BO3bMEM
Guenue cepaua, ORMH FOX M BPEMS BHITOJHEHUS
37IEMEHTAPHON omepanuu; a 3a 60BIIOH MHTEPBA
BHIGEPEM CPERHIOK MPONOIKMTENBHOCTh XU3HH,
BpeEMS CymieCTBOBAHUS 3eMAU ¥ BPeMS MEXAY ABY-
Msa cGosmu. ITonyuaercs, uto 3emns umeeT Ho-
6poTHOCTR 1010, YesI0Bex 109, a mammua 105, Ca-
MoOe TJIABHOE, YTO BCE 3TO OUeHb GOMbIIME YHCIA.

BepHeMmca k cucteMe ypaBHeHuil. Bo MHOrmx
BOMpPOCAX MHTEPECYIOTCHS TOJMIbKO M3MEHEHMeM Ia-
paMeTpoB MHAMBUAA. B 3THX Cayyasx eCTeCTBEHHO
OCTaBMThH TOJLKO ypaBHeHue [is f:

4% _p
d‘r w),
BBES, KOHEYHO, MEIJIEHHOE «3IBOJIOIMOH-

HOE» BpeEMI:

T=E-1t,

TaK KaK BpeMd 1, CBI3aHHOE ¢ GhICTPHIMH ITe-
PEMEHHBIMM X, HE XapaKTEpHO AJiS MEAJIEHHBIX W3-
MeHeHHit napamerpos. [IpousonLio pacmensieHue
CHCTEMBI, BBIICACHUE HE3aBUCUMOMN CHCTEMBL IS
MENJIEHHBIX MEPEMEHHBIX. DTO pacmeniecHue, nMe-
omee MpYHIUIHAIBHOE 3HAUEHHUE, YACTO IBAIETCH
HUCTOYHHUKOM TEPMUHONIOrMYECKON MyTaHMUH. Tax,
HanpuMep, TOBOPSIT O CTAUMOHAPHEIX, A4 eme yc-
TOWUMBHIX® COCTOSHMSX MHAMBMAA. Ha camoM xe
Iene peub MAeT O CTALMOHAPHBIX 3HAYEHUIX Napa-
METpOB (X, a BOBCE HE O CTAIMOHAPHBIX 3HAYECHUSX
X, YTO 03Hayano 6H rubesp HHOUBUAA.

CN0XHOCTb CHCTEMBI M KOJle6aHus. BaxHyio
ponb KonebaTeapHbIX CHCTEM MOXHO TMOHSTh U C

1 Bo usbexanme HEA0pa3yMeHUIt 3aMETHUM, YTO 30€Ch TEPMHH «IBOJIIOLMA» OTHOCHTCS K MEJUIEHHKRM M3MEHEHUSIM MHAMBMAA (HanpU-
Mep, BO3paCTHbie UBMEHEHUS) . O CBA3M IBOIONMM MHAUBUAA U BUAA CM. HHXKE.

2

Hepenky CHUCXOQHTENbHBIE YCMELIKU IO MOBOAY TeX, KTO HE NOHUMAET, UTO «B NPUPOAE PEANU3YIOTCH TOABKO YCTOMUUBBIE COCTONA~

UUS». ABTOP CMMPEHHO CO3HAETCH, YTO OTHOCHUTCS K YMCITY EPeTUKOB, MOIaralommx, YT0 MHOAUBUAY HET PELIUTEILHO HUKAKOM HanoG-
HOCTH MAXORUTBLCS B «yCTOMUMBOM» COCTOSHMU. ViHausuAy Kyna 6onslie cMbICA CAENATh YCTOMYMBBIMU KaK pa3 TAKME 3HAYECHUS

BHELIMMX (TaK CKa3aTb «3aUIMTHBIX») NAPAMETPOB @ , IPH KOTOPbIX OH UMeEJ Obi MAKCUMaNBbHYIO BHYTPEHHIOKW CBOGO
HEH BUAETD B KOJMUECTBE HE3ABUCUMbIX YaCTOT, KOTOPbIE MMEIOT BHYTPEHHEE ABHIKEHUE, MEDPY ITOM BHYTPEHHEN CB

CJI0>XXHOCTH Opraun3al MM MHAUBUAA.
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Hamie# HOBOW TOYKH 3peHud. Bynem moMewars un-
OUBMA B pa3JTMYHBIE CPEAHL, T. €. MeHaTh O&. Cucre-
Ma auddepeHUMaNbHBIX YpaBHEHUM nBHXEHNs
UMeeT OOBIYHO MOIOXKEHUE DPABHOBECHS, T. €. TOUKY
X0, A koropoi A (x¢0) = 0. XapakrTep crauuoHap-
HOM TOUKH 33aBHCHT, KOHEYHO, OT nmapameTpa . B
YAaCTHOCTH, BEJMUYMHBI JEHCTBUTENBHBIX YaCTel
cOOCTBEHHHIX 3HAUEHUI JTMHEApM3UPOBAHHOM CHUC-
TeMBI® TaKxe G6ynyT dyHKuMaMu mapameTpoB Q.

IIpupaBHseM Hya0® OfHY M3 AEeHCTBUTENBHBIX Ya-
cTei:

p @ =Rel (@ =0.

IHaxe ecam mapaMeTrp & BCEr0 ORUH, 3TO
ypaBHeHue, BooOmie roBops, umeet pemrenue. Kop-
HHM YpaBHEHMS OMIpeNeasioT KPUTHYECKHe 3Haue-
HMYI MapaMeTpa, MpH KOTOPhIX CUCTEMA MOXET IT0o-
nanarh B xoJeGarenbHBe PeXUMBI, TaK KaK cobcr-
BEHHHE 3HaueHus OyAyT uMCcTO MHMMBIMH. Ecam
mapaMeTpoB ¢ He ORMH, a JBa, TO MOXHO pacCyM-
THIBATh HA MOMyYEHHE OBYXYACTOTHHIX KoebaHmit
U T. A.

Hrak, B MpOCTPAaHCTBE MapaMeTpOB UMEIOTCH
MOBEPXHOCTH (MEHBLIETNO YUC/IA U3MEPEHHH) , KaX-
nas TOYKA KOTOPHIX OIMpefesseT CUCTeMy, o0iana-
Oy CAOXHBM, B YAaCTHOCTH, KOJe0aTeNbHHM
ABMXXeEHMeM. SICHO, uTO moBegeHue HMHAMBHUAA Oy-
net reM GoJsiee CA0XKHBIM, YeM GOMBIINM KOMMYECT-
BOM BHYTPEHHHMX IapaMeTpOB OH pAacCloJiaraert.

Bosuukaer ciefgyomas kapTuHa. B mpo-
CTPaHCTBE MMAPaMerpoB CyIIECTBYIOT TOUKH, KOTO-
PHM COOTBETCTBYET OUEHb MPOCTOE MOBEACHUE MH-
HNUBMAA — Hanpumep, rubesb, TaK KaK COOTBETCT-
ByIOIas CHCTEMA ypaBHEHUH 00Jamaer ogHuUM yc-
TOHYMBHM COCTOSTHUEM.

CymecTByer, OQHAKO, TOBEPXHOCTh, Ha KOTO-
poit BosHuKaeT KonebaTenbHOe moseneHune. B tou-
Kax, 6aM3KMX K ITO# rpaHuie (CO CTOPOHH rube-
JIM), MHAMBHMA XOTH ¥ rMOHET, HO 3TO NMPOUCXOMMT
mo TNy xosiebarenpHOro paspsama. Uem Giumxke K
rpaHMIle, TeM AOJbIIE AISTCH KonebaHus, IOKa,
HaKOHeN, Ha CaMOM TpaHMue OHM HE CTAHOBATCH
YUCTO MEPUORUYECKHMA.

MexaHn3mbl ycnoxHennd. [Tepexonx cucteMst

yepe3 KPUTHYECKYIO IDAaHUIly MMEEeT MPUHIUIH-
aynbHOe 3HayeHue. CTaHOBUTCS SICHBIM IIpeXHe BCe-
T0, YTO pasfe/ieHHe mepeMeHHBIX Ha ImapaMeTphl U
BHYTPEHHHE IepeMeHHble MMEET TOJBKO aCHMIITO-
THUYEeCKHI (pemenbHBIil npu € » 0) cMmbica. Bosee
TOrO, MOJIYUYAeTCsd, UTO B MATEMAaTHUECKOi MOAEIH
yXe 3aJI0)KeHa BO3MOXHOCTh YCJIOXHEHUS HHAU-
BMAA.

B camoM pesie, mpu nepexofie uepe3 Kpuruue-
CKYIO TPaHHILy CHCTEMA NMPUOOPETAET JIMLIHIOK KO-
nebaTesibHyI0 cTereHb CBOOONH, TaK KaK OgHO U3
nmepeMeHHbIX, MMEBIIUX paHee CBOMCTBO Iapamer-
pa (OHO CTPEMMIJIOCHh YPABHOBECUTBCH) , CTAHOBUTCS
TEMEph PaBHOMPABHBIM BHYTPEHHUM KOsieGaTens-
HBbIM TEpeMEHHBIM.,

Bosiee BHUMAaTe/AbHHIH aHAJM3 MPUBOJUT K
BHIBOAY, UTO ypaBHEHHUS MOACKA3BHIBAIOT IO Kpai-
Hell Mepe ABa MEXaHW3Ma YCJIOXKHEHMS, KOTOpHIE
MOTYT MMETh BOJIOLMOHHOE 3HAUEHHUE,

«bropesoHaHc». IlepBbiil U3 HUX COCTOMT B
TOM, YTO MHAUBUJ NONANAET HA rPAHUILYy YyCTOWUHU-
BOCTH MO OJHOMY M3 CBOMX 3BOJIIOIMOHMPYIOMIMX
napameTpoB. QueHb COO6Ia3HUTEIBHO UHTEPIPETH-
pOBAaTh 3TOT MEPEXOX KAaK IoMajaHue MHANBUAA B
«TPYAHBIE” YCIOBUSI»,

Ho ecnu Bce npenrinymee BepHO, TO BO3HMKA-
eT CIeAyowas yBaeKaTeNbHAas BO3MOXHOCTb.

Cawmblit pakT nonanaHug B TPyaHbIE YCIOBUS
MOXeT CO03]1aBaTh MPEeANOChIIKU AN Npeoaose-
HHUS 3TMX TPYAHBIX ycaoBui. B camom xene, ecam
HECKOJBKO MHAMBHAOB IONMAJM B KOJEOATENBHBIH
peXHUM, TO CO3JAHBI yCJOBUS /IS BO3SHMKHOBEHHUS
pE30HAHCa, NMPUYEM BO3HHUKAKOMEE OOBERUHEHHE
HMeEET, TaK CKa3aTh, MHOTOKJIETOYHBINA XapakTep.

KoHeuHO, Tako#l pEe30HAaHC He 0043aTesIbHO
O3HauaeT yCcaoXHeHUe opraHusanuu. Moxer ciy-
YUTHCS, YTO U3 ABYX «PE30HUPYIOLIMX» HHIUBHIOB
ONMH MpPOCTO CYWECTBYeT 3a CYET APYroro: Ipouc-
XOOMT, HampuMep, HeoOpaTuMas mepekayka SHep-
MM U3 OAHOIO MASTHUKA B APYIOH.

Ho Moxet cayunTscs U Tak, YTO B pe3y/IbTaTe
nomyuutca Gosmee ciaoxHas opraHusanus. OueHn
HHTEpeCHA MaTeMaTHyecKasd 3agaya — BBISCHUTH
yCJIOBHS, TP KOTOPHIX B MOJEIM MOXET IIPOMCXO-
OMTh 3TO 3aMeEvaTe/bHOE ABJIEHUE.

«Mexanuueckas» npusbiuka! Ciieiosano 6bi FOBOPUTH 06 ypaBHEHUAX NOBEAEHUS.
IpuMeuanue ans HeMaTEMaTUKOB. DTU TPH POAMTENbHBIX NAAEXKa NOAPAA COOTBETCTBYIOT (UMTATh HAaO C KOHUA!) TpEM «obpsanam»,

KOTOpbie COBEPILAIOTCA NMPU UCCAEA0BAHUM HAa YCTOMUMBOCTE: 1) CHCTEMY JIMHEAPM3YIOT; 2) BLIUMCASIOT COGCTBEHHBIE yucna; 3) Ge-
PYT AEVCTBUTENILHBIE YACTU ITUX coGCTBEHHBIX umces. TTocse TOro Kak 3TO POAEsIaHO, OTBET MHOMA NOJYYaeTcs, MHOra He nojyva-

erca.
3

4

HO HEe nyTaTh 2THU ABa THUMNA NEPEeMEHHbIX.
A

70 KaK pa3 TOT CAyuait, 0 KOTOPOM B NPEALIAYILEN CHOCKE GbUIO CKA3aHO <MHOrAA HE NOAYYAETCH»
3aMeTuM, YTO TOUKE B NPOCTPAHCTBE NapaMeTpoBa  OTBEUYAET TPAEKTOPHA (MOBEAEHHE) B POCTPAHCTBE COCTOAHMI X. OUEHDb BaX-

MO>HO AiyMaTh, 4TO PACCMOTPEHUE NPOTOUHBIX CHCTEM NPUBEAET K YTBEPKAEHUIO, UTO MPU A0BOABHO LIMPOKUX NPEANONOXKEHUIX

YBEJIUUCHUE «HArPY3KU» HA NMPOTOYHY K0 CUCTEMY Bbi3biBAET NOABJIEHUE KOeGaTenbHbIX PEXHUMOB.
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PenakcauuoHHble kOnedaHns. Ecte mpyras
HHTEPEeCHad BO3MOXHOCTh BOIOIMOHHOIO yCIOX-
HeHAs opraHusanuu. IIpencraBuM ceGe cuctemy
THIIA XMMMUYECKOM, XH3HENEATENbHOCTh KOTOPOiA
MOAABJSETCS KOHEYHBIMHM MPOJYKTAMU ITOM XKH3-
HepeqaTenbHOCTH. Ilycrh, Aasiee, eCTh Apyras CHC-
TeMa, IS KOTOPOH 3TH IMPOXYKTH SBJASIOTCH MC-
XONHBIM MaTepuasioM, yCJIOBHEM ee paGoTHL.

B sroM cayuae sBJIeHHS pa3BUBAIOTCH, TaK
CKa3aTh, B 0OpaTHOM MOPSAKE.

CHauasia BO3HUKAIOT pE3KHE pEeJaKCAIHMOH-
Hble Koe0aHus, TaK KaK UCIOMb30BAHUE «CBSA3YIO-
LErO» MPOAYKTAa HOCUT CJIyuaitHei xapakTep. ['py-
60 roBOps, BTOPOU MHAUBHUL «TAE-TO GpPOAUT» MOTO-
My, HanpuMep, YTO IEPBHI BBIAAET ewe CAUIKOM
MaJjIO MPONYKIMM M «C Hee CHIT He GyAemb».

3aTeM cucremMa HajNaXWBAETCI M PEe3KHE KO-
nebaHus CraaXuBaloTCd, Iepexofs, B upeane, K
POBHOI1 cTaMOHAPHO# pabore.

OnuH uHauBKI My 1Ba? BHuMaTenbHBIN Un-
CTaTesb yXe 3aMeTHJi, BEPOSITHO, UTO COBEPILIAETCS
Hexul «ofMaH» — BCe BpeMs peub [UIA TOJBKO 00
OQHOM MHAMBHAE, a CEYac UX OKa3ajoch yXKe IBa.
OpHako, B (OpMaabHOM MATEMATUUYECKOH CXeme
HUKAKOrO MpOTMBOpEYM HET. DTa CXeMa OKa3hbiBa-
eTCd JOCTaTOYHO GoraToit M rubKoM, YTOOB BKJIIO-
yuTh B Ce0g Ha paBHHIX MpaBax ofe CXeMBI: ¥ MO-
CJIEAOBATENBHONO U NApaJIIENBHOTO 00beqUHEHMS.

MareMaTHYECKH 3TO BHITISOUT TAK: €CAN y
HAC eCTh «N» HHAUBUAOB COPTA X W CTOJIBKO X€ UH-
OMBUJOB COPTa Y, TO MBI OOBSIBASEM «KOMMAYHJ-
UHAMBUAOM» MPOCTO mapy z = (X, y) U ypaBHEHUS
IS Zy 3AMMCHBAIOTCH BIOJIHE aHAJIOTHYHO ypaBHE-
HUSM JAS Xg.

ITosTOoMy, KOrAa B MaTeMaTHUYECKOHX MOMENH
O0XHMIAeTC BO3HUKHOBEHHE HOBOIO MHOMBHAA W3
OBYX CTaphIX, MOXHO CUMTATh, YTO BCE BpPeMs €CTh
OOMH CJIOXKHBI MHAMBUA. TONBKO B OXHHMX Hpe-
IOEJbHBIX YCAOBHSIX (HATIPMMED, NPH t + — o) €OU-
Has CUCTEMA pacHnafaeTcd Ha ABE HE3aBMCHUMBIE, a
B HPyTUX (mpuU t - + ) MOXET NOTEPSTh CMBICJ
pasOueHne CUCTEMBI Ha YacTH.

Takoif mpueM H3yuyeHHS CJOXHHX CHCTEM
JOABHO U3BeCTeH B (pu3uKe. XOpoIuii TOMy IpUMep
— MeTOox aKTMBUPOBAHHOIO KOMIUIEKCA B KBAHTO-
BOM XUMMH.

3argarusanve cpenbl. Beixox MHaMBHMAa Ha
KPUTHUECKYIO TPAaHHIy HE3aBMCUMO OT TOrO, Kak
HMEHHO 3TOT BHIXOH NPOUCXOOAT, MOXET HMMETh
elle OAHY MHTepnpeTanyio. Mel pasnuyaeM BHEmI-

HUE U BHYTpeHHME nepemeHHBIe. [Ipu KxauecTBeH-
HOM CKauKe, KOTJa MHOMBUA CTAHOBUTCS APYIUM,
YacTh OHBIINX BHEIIHMX MApaMETPOB CTAHOBUTCH
BHYTPEeHHUMH napamerpamu. Takum ofpasom, HO-
BB MHAMBHMI MOXHO pacCMaTPUBATh KaK CTapBIi
UHAUBM], PUCOENUHUBIIMIA® K Cebe 4acTh CpegH.
Takoe 3akpeIuieHHe ONMTUMAJILHON CpeAbl — Bellb
BecbMa O0OIOROOCTPas: XHUTh CTAJIO Jierye, HO 3aTO
Teneps HEOOXOAUMO 3amMHUmATh 3TO Graronpuobpe-
TeHHe., ITa HEOOXORUMOCTh MOXET CTAaTh CrUMY-
JIOM HOBOM 3KCHAHCHWH, M Tak — AO TeX NOp, MoKa
ueHTpolexHbie PAaKTOPH He yPaBHOBECAT LEHTPO-
CTPEMUTEJILHEIE,

Mopdonorns M kuHetvka. B 3axkioucHue
Gersio KOCHEMCS MHTEPECHOr0 BONpPOCA O CBS3H
CTpOeHHs ¥ PYHKUMOHUPOBAHMUS.

KoneGaTensHble  CHUCTEMBI,  SIBASIOLIMECS
NpeaMeTOM PAaCCMOTPEHMsi, KAK IPaBWIO, KaK-TO
«YCTpOEHbI». Y HUX €CTh OOBIYHO MPOCTPAHCTBEHHO
pa3sgefcHHble CHeNUAJIM3UPOBAHHBEIE 4YacTH. ToOT
Xe reifzep UMeeT NOABOASLIMil KaHAJ, ITOJIOCTh, THE
NpOMCXOAAT BCKUMAHME M BHIXOX B atMocdepy —
ABHAS MPOCTPAHCTBEHHAS TETEPOrEHHOCTh, KOTO-
pad ¥ SBASETCS NPUUMHON KoIeOaHmiA.

HecoMHeHHO, 4TO ceityac mpuuMHa KoJeba-
HHA — reTeporeHHocTh. Ho uTo mocayXwno mpu-
YMHOM TO™BJEHHS caMoil rereporeHHocTu? Bens
reitzep caM cebs ycTpous. BeiTekasia ropsuas BoAa,
OXJIaXAanach, MONafas Ha NOBEPXHOCTh, BHIMAAa-
JM OTJIOXKEHHS, KOTOpble W CO3Halu CTPYKTYpPY
relisepa.

Ecnu paxe Takas «MOHOTOHHAs» KMHETHUKA
crioco6Ha K CO3MAHMIO CTPYKTYP, TO KAaKOBa Xe
dopmoobpasyomas poab KoaebaTeJbHBIX XuMHYe-
CKUX peaKIuii?

HanpammuBaercs BEIBOA: HbIHEWIHI S CTPYKTY-
pa — ciaeaCTBHME BYepallHeH KuHeTHKH. Buosoru-
4YecKHe CTPYKTypbl ecTb Mopdoaornyeckoe 3a-
KpenjeHne KMHETUYECKHX CBOMCTB GOJbILMX MO-
Jexyn”. ®opMa 3TOro BBICKA3BIBAHMS, BO3MOXHO,
u3mumHe KareropnyHa. OgHAKO, CyTh Aeaa COCTO-
UT B TOM, YTO B 3BOJIOIIMOHHOM aCMEKTE U3yUueHHe
KHHETHKH €CTh BMECTE C TeM M3yueHue Mopdosio-
rux (uam HaoGopor). CoBceM HEMpPOCTO, KOHEUHO,
B KaXJOM KOHKDETHOM CJIyyae YBHMIETb, KakK
HMEHHO KWMHETHKAa MOPOXAAET CTPYKTYpy, HO OT
3TOro 3agavya He CTAHOBUTCS MEHee BAXHOM.

YTo Xe cka3aHo B ctathe? BrygsuHyTO mpen-
HONOXEHHUE, UTO B TEOPUH HEMHENHBIX KoaeGanuit

1 A Brinaer on ee mano MOTOMY, UTO €F0 BOBPEMS OT Hee He OCBOGOXKAAIOT.

2 3aTarvBaHUe CPEfbl HE eCTh BBIAYMKA MaTeMaTHKa. Ilpusenem nsa untepecHnix npumepa. KpoBb )XMBOTHBIX RO CONEBOMY COCTaBy
6113Ka MOPCKO¥ BONE — MWUIMAPA JIET HOCUM Mbi B Ct0e poaMMYI0 CTHXHMIO. Jpyroi nipuMep — TepMUThH, KOTOphie, R0OpasIMCh 10
CPEAHMX WMPOT, AOTAUMIM B TEDMUTHHUKAX TEMIIEPATYPY U BAAXXHOCTb TPONUYECKOTO Nosca.

3 Bonbume MOJIEKYJIbI B CBOIO OUePeab NPEACTABASIOT CO00/ MATEPHANM30BAHHYIO KMUHETUKY MabiX MOJIEKYJI.

4 Hanpumep, BOIHYIOma9 324242 0 GHINOIOTUYECKOM 3HAUEHHMH KOHGDOPMALMOHHBIX IBUXXEHM I HEPMEHTOB.



CyIIECTBYET 3anaya, oueHb Giuskas Mo Jyxy K 06-
UM 3aJa4aM 5BOJIIOIMOHHOM TEOpHH.
D10 — 3amaya o MOBEAEHUHU HA 6OJBIIHMX Bpe-

1 .
meHax (t ~ : WM faxe 6osbmie) pemeHui cucre-

MBI YpaBHEHUH BH7a:

%=Ao x) +€+ A1 (x, 8).

OCHOBHAS YACTh CTaThM MTOCBAMIEHA MEPEBOXY
HA 93HK yPaBHEHUH BAXXKHEUIIUX MOHATHH TEOpUH
sposmonM. CMBICT 3TOM HedaTeNbHOCTH aBTOp BH-
JMT B TOM, YTO KaXJAO€ IepeBeiecHHOe TaKuM o0pa-
30M MOHSTHE BHIPBAHO TEM CAMBIM M3 IENKUX 00b-
aruil «Guosoruueckoi crenuduku». 3a HUM Cpasy
BHICTPAMBAETCH BEPEHHMIA (PU3MYECKHUX, XMMHUYE-
CKHX M JaXe SKOHOMHUYECKMX OOBEKTOB, KOTOPHIE
OKAa3BIBAIOTCH «'OMOJIOTHYHBIMH» MATEMATHYECKOM
Monen,

CymecTBYIOT NpIMO NPOTUBONOMOXHbIE TOU-
KU 3PEHMS HA TO, KaK HAJIEKO MOXET GHITh NpoaBU-
HYT aKCHOMAaTHYECKUN METox B U3yueHud Guoso-
ruyeckux apaeHui. OgHH CUMTAIOT, YTO MOXHO
NPOMOJENUPOBATh BCE, JPYTME — YTO HHYETO.
Touxka 3peHHs aBTOPAa COCTOMT B TOM, YTO «BCE»
MOJENMPOBATh HEBO3MOXHO Aa U HE HYXHO, a BOT
«IJIABHOE» HYXHO CTPEMHTBCH aKCHOMAaTH3MpO-
BaTh.
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Ecid mOHMMATh MO «TIABHBIM» IOBEACHUE
CUCTEM B KPUTHUYECKUX CHTyauMsax, TO OOBIYHO
OKa3blBAETCS — E€CJAM YFOAHO, B 3TOM M COCTOMT
«CHUMBOJI BEphI»,— UTO MOBENEHHUE CUCTEMH OHBAET
KPUTHYECKMM IO HEGOJIBIIOMY YHCHy IepeMeH-
HEIX, KDUTMYECKME SBJIEHHUS MOrYT OHTH XOpOLIO
OIMCAHHBI JOBOJBHO MIPOCTHIMM MOJEISIMH.

C 3aKII0UYMTETBHEIM 3aMEeYaHUEM COracaTcd,
BEpOGTHO, ¥ CTOPOHHMKH MAaTEeMaTHYECKOH «Heo-
MUCYEMOCTH» XMBBIX CHCTEM.

Yem pansmwe Oyamer npogsuHyTa paboTta mo
MOJE/NMPOBAHMIO, TEM ICHEE Mbl OyEM MOHMMATH,
YTO XE €CTh «MCTHHHO GHOJIOrMYECKOrO» B XKHUBBIX
CHCTEMAX, TAKOIO, YTO HE MOAAAETCH YK HUKAKOMY
XMMHKO-MaTEMAaTHYECKOMY OMUCAHUIO.

C6opuuk: KonebaTenbHbie npoueccht 8 6MONOrMuecKmx u
XMMHUYECKUX cucTemax. Mocksa, «Hayka», 1967, ctp. 274—
288.

Monuasos AnsbepT MakapbeBuy,

JOKTOp (pM3MKO-MATEMATHUECKUX HAYK,
mpodeccop,

mupextop HABL AH PO, ITymuso,
AIpOpeKTOp Mo HayuHoit pabore IymuHCKOrO
TocymapcTBeHHOTO YHMBEPCUTETA.



