Hucemumym eopnozo oena CO PAH, Hosocubupck

OF NCITOJIb30BAHNN METOJ0B HEAPXUMEJOBA AHAJIN3A
AJ1 OIIMCAHNUA JTUMHAMUMKH CPE]L CO CTPYKTYPOH

Penyxkenxo A.®.

The non-Archimedean variables which characterized by presence of scale level hierarchy are sup-
posed 1o use Jor description of dynamics of structural inhomogeneous media. The formal description of non-
Archimedean straight line is presented. A one-dimensional problem about shear wave propagation in the
medium with two scale levels is considered. It was shown that the wave propagation velocity on real scale
level can be essential lower then on microlevel.

3HauynTeNIbHOe MECTO B TpyZax mpodeccopa Uurapea Anaronus Biacosuda 3aHu-
MaeT HCCIICJIOBAHUE BOIPOCOB, CBA3AHHBIX C JWHAMUKOR CTPYKTYPHO-HCOZHOPOMHBIX
cpesi. OCHOBHBIE €T0 PE3YJILTATHL B HTOH 00JIACTH H3JIOKEHBI B QYHIAMEHTAILHOH MOHO-
rpaduu [1]. Bompochl AHBaMMKH CTPYKTYpHO-HCOTHOPOIHEIX Cpell #BJIAIOTCA BEChMa
BXHGIMH KaK B TCOPETHYECKOM, TaK W B mpukiagsom oTHomeHnu. CobcTBenHo, mobas
peaibHad cpena ABIASTCA CIPYKTYPHO-HEOQHOPOAHOH. Bech BoIpoc B CTeEHH NpHOTH-
KeHus, KoTopas 6piia OBl JOCTATOYHOM JIs pelleHHA [TOCTaBICHHBIX 3aja4. B psse 3amaq
JOCTaTOYHO HCIIOJIb30BATh TOMBKO OCPSIHEHHAIC XapaKTePACTUKY U, 3HAYHT, pelcTaBie-
Husl 0 HeKoTopol 3¢ ¢eKTUBHON CIUIONIHOU cpelie 0e3 c1pykTyphl. OHAKO Ipd HCCIEH0-
BaHHU IIEJIOTO psia TOHKUX 3(QEeKTOB mapaMeTpsl CTPYKTYDPH HEOOXOAMMO YUHTHIBATH
SBHO.

30ech YMECTHO OTMETHTH, UTO I0J00HBIE IpoOJeMbl BO3HUKAOT TAIOKe IIpH pelne-
HHHM CTaTHMHYECKUX 3aj(a4 TEOPUM IUIACTUYHOCTH M MEXaHWKH TOpHBIX nopoAd. OaHo U3 Ha-
NpaBlICHAUI B 3THX 00JIaCTIX OCHOBAaHO HAa BBEIACHWW BHYTPEHHHX NepeMeHHmIX. Hampu-
Mep, HapsJy ¢ IVIaJKUM IOJIeM NepeMeIneHu#, Julsi KOTOPOTro JIETKO BBIYHCIAETCS POTOp,
BBOJAUTCS LOTONHHUTENHHOE T10Jieé MHKPOBpAMICHHN, KOTOPOE OT POTOpPa YK€ HE 3aBHUCHT.
[Tpu 5TOM MHKpOBpamIeHHE TaK ke, KaK ¥ pOTOp ABJseTCA IMajkol ¢dyHKumel KoOpaAHHaT
(3a ucKOYeHHEM 0COOBIX MOBEpPXHOCTEH, KOTOPBIE PacCMaTPUBAIOTCA OTACIBHO). TakuM
o6pa3oM, Bce MOCTPOSHHS AENAOTCA B paMKaxX KOBIEMIHH chyomHo# cpeasl. Ocobo cne-
AyeT NOOYEPKHYTh, UTO 3[IeCh HE3aBHCHMEIC KOOPAMHATHI U BpeMs HpEeACTaBIsIOT coboi
BEICCTBEHABIE NepeMeBHbIe. CleloBaTeNbHO, OCH JAEKapTOBBIX KOOPAHHAT — 3TO OOBI4-
HbIE BEHIECTBEHHBIE IPAMEIE.

1. TlocnenoBaTensHOE pa3BUTHE MOAETICH ¢ BHYTPEHHHMM IICPEMEHHBIMH ITOKAa3bi-
BAET, YTO BHYTPEHHEH CTPYKTYpo# HEOOXOIUMO HalelNsTh CaMy HE3aBHCHUMYIO IIEpEMEH-
HYIO, a 3HAYMT, X CaMo0 IPOCTPAaHCTBO U BpeMA. OJHO U3 OCHOBHBIX CBOMCTB OOBIMHOMH Be-
IECTBCHHOH IPAMOM COCTOMT B TOM, YTO OHA YIOBJICTBOPAET aKCHOME ApxmuMena: s
MOOBIX BemecTBeHHBIX uncel O <o <P Bcernma Haiizercd HatypaibHOE uncno N Takoe,

uTo BenmurHa N - o mpep3oiter . MHBIME cioBaMH, akcHOMa ApXHMeZla 03Ha49aeT, YTO

€CNM MBI HAEM BAOJIb HPsIMOM € IIaroM o, TO TaKHM 06pa3oM MBI MOXKEM JOCTHYE JIHOOO0H
TOYKH Ha JaHHOH IpsMOH. B 3TOM CMBICIE BEMECTBEHHYIO HNPAMYIO MOXHO CUHMTaTh OJ-
HoMacmTabHOM. TloaToMy nepexoJi k MHOroMacITabHOH IPAMOH NOKECH OBITH CBA3aH C
OTKa30M OT OTPaHMYCHHH, KOTOpHIC NHUKTYIOTCS akCHOMOM Apxumena. DaxTydecky ak-
CHOMa Apx#MeZa 03Ha4aeT, ITO Ha BEICCTBEHHON MPSIMOM OTCYTCTBYIOT TOUYKH, KOTOpBIC
COOTBETCTBYIOT aKTyaJlbHBIM OCCKOHCYHO MaJIbIM MM OECKOHEYHO OOJNIBIIMM HHCIIaM.
CrenoBarensHo, Ha HeapXUMEJOBOM HPAMON MMEHHO TAKHE TOUKH JOJDKHBI GBITH ¥ HMEH-
10 ony GyAyT CHPCACIATD HEpapXrio MacmTabupix yposHeH npaMoil.

XOopoIlo M3BECTHO, 9TO BEIECTBEHHAS YHMCIIOBas MpsaMast SBieTcd cioumHoi. Ilo-
3TOMy Cpa3y HEHCHO, Kak IIa Hee MOXKHO IOMCCTHTh Kakue-TO HOBBIE YMCIIa. JlavHas npo-
Gnema pemaercs cnenyiommm o6pazoM. Touka, WM Ha YACHOBOW MPAMON — BELIECTREH-
HOE YHCII0 — 3TO OOBEKT, KOTOPHIH «He HMeeT dacTteii». [locnennee, oHako, BEpHO TONBEKO
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B cily4ae, KOrZfa MBI PacCMaTPHBAEM TOYKY €O CTENEHBIO Pa3peIleHMsA, KOTOPYIO Jaer
xnaccudeckuil ananu3. ECIM CTeNeHb pa3pelieHus YBSIUYUTE, TO MBI YBUIHM, YTO TOUKA
(BEImECTBEHHOE 9YHCJIO) MPEJCTABIAET OO0 MHOrOMepPHBIA map ¢ PasMBITON BHEUTHEH
rpaHuIieH.

Jina wimiocTpanyi KCIob3yeM crexyiomue obpa3sl. IIycTh BelecTBEHHON MpAMOoif
COOTBETCTBYET PAN IIApoOOpa3sHBIX TEN ., KOTOPHIE CONPHKACAIOTCS APYr ¢ APYTOM B
JMAaMETPabHO TIPOTHBOIMIONOXHEIX TOUKaX (PHCYHOK 1).

Ocyuy o

Pucynox 1

Mesxy mapaMu HHKaKuX 3a30pOB HET, IO3TOMY BCTaBUTh MEXTYy HMMH HHYETO HEBO3-
MoxHO. Ha 3T0M ocHOBaHUM OyleM cHUTaTh, YTO JAHHOE CBOICTBO COOTBETCTBYET CBOM-
CTBY HETIPEPHIBHOCTH BElleCTBERHOH npaMoil. Kaxmpii map ¥MeeT cBoe HHIAMBYLyaIbHOE
M. Taxyro KOHCTpYKIMIO Ha3zoBeM nmHefikoit 1. Ecim npu M3MepeHHH HEKOTOPOro OT-
pe3Ka JIeBBIH ero KOHeIl oMeIaeTcs B Ipenenax mapa 0, , a IpaBbli — B Ipefesiax Ia-
pa 1oy HUMEHEM L, TO MBI FOBOPHM, YTO JUIMHA OTpe3Ka paBHa o . JInHelika 2 mpe/icTaBid-
eT co0ofi TaKylo e KOHCTPYKIMIO, HO TOJBKO C IapaMy ropa3fio MEHBIIEro NuaMerpa.
Janxol nuHEHKe COOTBETCTBYET HeapxXUMEHoBas IpsaMas. 10T (akrT, UTO Maybie INaphl
TaKXe KOHTAKTHPYIOT MEXAY COOOH COOTBETCTBYIOT HEIPEPBIBHOCTH HEApXUMEIOBOM

upsiMoit. O U3 mapos nuHedky 2 HasopeM umeneM 0, . CoBMecTHM Teneps JBe JH-

HeHKH TaK, 9T00bI eHTp Manoro mapa 0. . MONaix TOYHO B UeHTP Gonpinoro mapa 0, ,

a OCTIbHBIE IMAphl PACIOIOXKILCH TaK, KaKk IOKa3aHO Ha PHC.l, T.e. KOHTAKT MEXIy
GOJNBINHEMH IIapaMy COBIIAN OBI C OJHUM M3 KOHTAKTOB MEXAY MaTBIMHK mmapamy. (3HauuT,
OTHOLIEHHE MAMETPOB MIapOB JOJDKHO OBITH YHCIIOM HEYETHHIM). ManeHbKUM mapaM Ml
OyZzeM JaBaTh yXe JjBa MIMCHH: IIEPBOE — 3TO HHAUBUAYATHHOE UM, OpUYeM Masbii miap,
KOTOPBIH HaXOJUTCA TOYHO B LEHTpe Goibmoro mapa o OyZeM Ha3bBaTh O ¥ — SApPOM
BEelIECTBEHHOI0 YhCna o. Bropoe ums — HEMHAUMBHAYaIHLHOS: €CJIM MaJIble Inaphl Iola-
JaroT B OOJIBIIOH IIap o, TO BCEM MM MPUCBAUBACTICH OJIHO U TO XK€ UMS O..

bynem Teneps u3MepsTh HEKOTOPHIA OTpe3oK nuHeiikoit 2. Ecnu MBI OyaeM 10130~
BaThCA MHAMBHIYANbHLIMH HMEHAMH, TO HONYYMM pe3yiIbTarT, 0oJiee TOUHBIH, YeM MpH
u3MepeHnHy JHelkol 1. OfHaKko eciid NONB30BaThCS HEWHIMBUAYAIHHEIME HMEHAMH, TO
pesyipTar 6yeT, 04EBHIHO, TEM Xe, 9T0 U IIPH U3MEPEHUH JIMHEHKOH 1.

Teneps ecrecrBenHo B3ATH MIHEHKY HOMED 2 1 YOAIUTH U3 Hee BCe MIApHI, KOTOPEIE
OKa3alliCh HE B UEHTPe OOIBIINX MapnB. Takylo KOHCTPYKIMIO MOXKHO Ha3BaTh JAHEHKON
1", ®dynxuponansHO OHa HHYEM He OT/IHYaeTcs oT JmHekkn 1. OfHAKO Temeps v Hee Ima-
PEI MeXay coGOH He KOHTaKTHPYIOT. II03TOMy MEXIy HHMH MOXKHO HOMEINarTh OPyTHE
TaK¥e e Maphl ¥ IOCTEIIeHHO M/ITH K JINHeHKe 2.

Iepeiinem Teneps K GopMaIBHEIM IOCTPOCHUSAM,

1 mar. CauraeMm, 9T0 BaTYpanbHbIC YHCIA B apudMeTHICCKUE ONepalui Hall HUMA
3ajaHbl M3HadatpHO. Ha 3TOM oOCHOBaHWM HaTypalbHBle M palliOHANBHBIC 4YHCIA
L,2,3...n,...;r OyieM Ha3HLIBaTh aOCONMIOTHBIMHE.

2 mar. O6pasyeM mociefoBaTENbHOCTH a0COMIOTHBIX DALMOHATBHBIX GUCEN 7.
HaHHbIe NOCIENOBATENBHOCTH CIIYXKaT HCXOAHBIM MAaTEPHATIOM JUIA IIOCTPOEHUS YHCEN KakK
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peNIECTBEHHOM, TaK M HEapXMMELOBOH NPSAMOH. BemecTseHHOE YHCINO 110 Kanropy [2] -
370 COBOKYIIHOCTb SKBHBAICHTHBIX nocnexosarensHocredt Komn r, . Jina takux nocneno-

parTenpHOCTEH s moGoro HatyparsHoro N Bcerzia CyuieCTBYeT Apyroe Harypanbhoe M
TaKoe, 910 I n,m > M uMeer {rn - rm{ <1/ N . Kpome TOro, HOCNER0BATENBHOCTH 7y, 7,

»KBUBAJICHTHBL, €CJTA 1A n > M
|r,—r)|<l/N.
JlauHas COBOKYIHOCTb 0003HauaeTcs Kak
a=limr,. M

n—yo0

Taxum o6paszom, uucno 0 u3 psma 0,1,2,... oTnmMdaeTcs OT BEMECTBEHHOTO 4YHMCJIA HYNb
IPUHIMIAAIBHO. B EpBOM CJIydae HyJIb — 5T0 abCOJIIOTHOE YMCIIO, PaBHOE PA3HOCTH PaB-
HBIX W3HAYATBHO 3aMaHHbIX yuceln (0, ). Bo BropoM ciydae 0, — 370 Kiacc nocnenoBa-

CU_

R ST S
peg = iM — = lim — = lim >—
n—>0p  nowopR n-»®o R

TCJIBHOCTeﬁ paoHaNbHLIX YHCCIT:
0

BribepeM OTCIOAA OCHEA0BaTeNBHOCTH 7, > 0. COBOKYIHOCTD 1OCIEI0BATENBHOCTEH 00~
paTHBIX K HUM 1/7, 0603HaYMM KaK o0, OCTABEB Wil pakTa oOBeAMHEHHS IpexHee 000-
3gayedue — lim:

w=limn=limn?=..= lim#n",.... 2
n->wO n—>@ n—>w

AHAIOTHYHO ompenesnsercs U 00BeKT (~ oo). OOBexTHl oo BKIIOYAIOTCA B COCTAB (pac-
ITHpEHHOMN) BEWECTBEHHOM! MpsiMoi. [laHHas mpAMast sBIACTCS OCHOBOM BCEro MaTeMaTH-
YeCKOTo aHaju3a.

3arasHeM Tereph BHYTPh BewnecTBeHHBIX uucel (1) u (2). Mbl BHAUM, YTO OHH CO-
CTOAT M3 OTACTBHBIX NOCIEeOBATENbHOCTEH abCOMIOTHRIX PalMOHANBHEIX YHucen. D10, OX-
HAaKo, CJIMIIKOM BBICOKAas CTeNeHbL paspeirenus. J[nsg Hammx nesneit ee HeoOXoAHMO
YMEHBIIUTh. Y MEHBLINM €€ CIIeAYIOMUM 00pazom.

3 mar. He Gynem pa3nuuath mocjieqoBaTeIbHOCTH, KOTOPhIE OTIHYAIOTCS APYT OT
Apyra KOHEYHBIM YHCJIOM CBOHX 4CHOB. DopManbHO 3T0 O3HAYAET cirenyroinee. [lycts

A= Lim r, — 3)

COBOKYITHOCTD IIOCJICAOBATEIIBHOCTH 7, H JPYTHX NOCNIEA0BATENRHOCTEH, KOTOpBIC MOTYT

OTIIUYATBCA OT 7, KOHEHHBIM YMCIOM 4ieHOB. SIcHO, 4To BemecTBeHHBE uucna (1), (2)

cocrosT U3 obobenuHenus oonsekToB (3). Ha atoM ocHoBaHuH 0OBexTH (3) HazoBeM 3ie-
MEHTapHbIMU YHCIIaMM. JleMeHTapHoe uucio 4 GyaeM cuuTarh OpefeioM (B CMbICIE
Lim) r,, a nocnenosarenbHOCTH 7, — npuOMmKeHuaMy A . PalnoHasbHBIe Yuca F OTO-

XaecteaseM ¢ Limr . ApudMeTHdyecKHe onepalldd ¥ YaCTHYHBIH HOPSAOK MEXAy Ie-
n

MEHTapHBIMH YHCIIAMH BBEJEM depe3 ux npubmmkenus. Yucno 0,
HOCTH 371eMeHTapHBIX YHCEN

g COCTOMT M3 COBOKYII-

7+
E ==Lz'm—1—>E2 =Lim—1—2—;...E-j= Lim-(—}l—-
n n nn n n

2

e j = Lim(~ 1)””. SlcHo, uTo JUIa oGoro paHoHanbkHoro r >0 umeeM E <r . 3naywr,
h

vieMenTaproe yucsio E— 3T0 akTyalbHOe OEeCKOHEUHO Maioe quciao. ToOYHO Takke YHCIIO
E=w= Limn>r- 6eckoneuno Gompmoe uncino. DneMEHTapHBIX YHCEI, OJHAKO, HEAO0C-
TaToyHo s nocrTpoerus aHanu3a. HeobxoauMo caenarth eilie HeCKONBKO LIaros.
4 mar. IIponosoxkuM HaTypanbHeIH paf B 061aCTE OECKOHEUHO GONBITHX YUCEN
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L,2,3..0,0+]. 000 v, ... 4)
5 mar. O6pazyeM IMOCHEOBATETFHOCTH JJIEMEHTAPHBIX YHCEN, 3aHyMePOBaHHBIE

yyciamu (4):

A, 4, Ay A A

TTocnenoBaTenbHOCT OyAeM cIMTaTh GYHAaMEBTANBHOM, eCTH JUI JI000r0 3/IeMEHTapHO-
ro yacna I' m3 (4) maiigercs A u3 (4) Takoe, 4yro jyis mobpix v,u > A Oynem mMmeTs

tA‘, ~Aﬁi<1/I‘. JlBe mocrienoBaTensHocTd A, A, CYMTacM 3KBHUBANCHTHBIMM, SCIH I

moboro I' u3 (4) cymectsyer A u3 (4) Takue, 910 }Av - A’V] <1/T opu v>A.
6 mar. COBOKYIIHOCTE MOCJIEOBATENBHOCTEH, B KOTOPYIO BXOJHUT (PyHAaMCHTANb-
Has TIOCHEN0BATeIbHOCTE 4, W [OCHCHOBATENbHOCTH, SKBHBAJICHTHBIE eH, OyJeM Hasbl-
BaTh CYIECTBEHHBIM YHCIOM U 0003HAYaTE Kax
o =limit4,. ®))

¥V
o cumTaeM npeaenoM 4,,a A, — upubmokeHuwsmu o . Onepanwu Hag uucnamu (S) M
JacTHUHREI Iopsfok B obnactd (5) BReneM uepe3 NpubmbKeHUs. DJIeMEHTapHbIe YHCia
(3) B obnactu B obsacTk (5) BXOJMAT 4epe3 NpoueIypy hrgut Lim r, . Jokazarenscrsa Kop-

PEKTHOCTH BCeX OlIpellesieHHH TPYAHOCTEH He IPeACTaBIsIoT.

Yucnosas 06macTs (5) SBRISCTCS HOJTHOM M JOCTATOYHON U TOCTPOCHUA HeapXuMe-
JIoBa MateMaTtudeckoro aHaiusza. Ilepeelil BoIpoc, KOTOPBI BO3HHKACT HA STOM IIYTH,
CBOJAMTCA K ClieAyloleMy: Kak OeCKOHEYHOMepHas YHCoBas 001acTh (5) COOTHOCHUTCS ¢
OTHOMEpHOH 00/acTBIO BEIECTBEHHHIX umcel? Bo3pMeM I IpuUMEpa BEINECTBEHHOE
quciao (1) ¥ nposomKuM 1ocaenoBarebHects Komy 7, :r(n) Mo CHAEAYIOIHUM IIpaBH-

nam. Ha mecto HoMep © = Limn moctasum wuciio Limr(n), Ha Mecto HOMEp ®+1 —
n

n

wucno Limr(n+1), ... ma Mecto HoMep @ — uucio Limr (nz) u T.1. B obuiem BHjie nan-
n

HOE TIPABAJIO BBITTIAAUT TakK:
#(v)= r(};imv(n)) = Limr(v(n)), (6)

rie v(n)» IPHOIMKEHNS V: v = Limv(n). 3anucsk (6) faeT OCHOBAHWC CKa3aTh, 9TO 37€Ch
HJET pedb O HENPEPHIBHOM IPOJOIDKEHUH (YHKIIMU r(n) C KOHEYHBIX apryMEHTOB # Ha
Oeckoneunble apryMeHTs! V. Jlerko foxasars, 9ro ans mooit nociegosarenbHoctd Komm
r(n) nocnenoBarenbHocTs (6) Oyner dyHnamenransuoit B cMmeicne (5). CymecTBeHHOE

YHCII0, KOTOPOE OIpefesiseTcs JaHHON NOCTe/I0BaTeNbHOCThI0 0003Ha UM yepes o . Ta-
KuM 06pazoM IMeeM
a=limr(r); o =limitLimr(v(n)). (7
n-—>0 v n
CymecTrenHOe YHCIO oL * HA30BEM SAPOM BEINECTBCHHOrO umeia o . Ecim ofparuteca K
ofpazy, mokazanHoMy Ha prc.l, To mpouesnypa (7) o3HauaeT MOCTPOSHHE B LEHTpe 50Mb-
HIOro Miapa ¢, KOTOPBIA HMECT COCTaBHBIE 9acTH, TOUKH O ¥, KOoTopas 4acTelk yxke He
HMeeT.
3)1ech YMECTHO HAIIOMHHTb, YTO JULI ITOCTPOSHHS MaTeMATHUYECKOTO aHalIN3a J0CTa-
TOYHO TOJBKO aKCHOMATHYECKOTO OIpe/ie/ICHUs MOJA BEHIECTBEHHBIX yHceln. [Ipu axcuo-
MaTH4CCKOM IIOJIXOJle ONpeJie/IieHHe BellecTBEHHOro uncna 1o Kantopy (map o Ha pu-
cyHke 1) npespaimaercs B OXHY M3 MONEJICH, Ha KOTOPOH pean3yeTcs VKazaHHad CHCTEMA
axcuoM. J{pe wiciossrie obnactu (7) m3oMopdHn Mexay coboit. [losToMy o * MOXKHO pac-

CMaTpuBarh KaK JPYTYIO MOJENE BEIIECTReHHEIX wreen. Ha mpaMoit OX mexay obbexta-
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M @ OOHApYXMBAeTCAd MHOXECTBO Bakancuil (cM. prucyHok 1). Teneps Bce rotoso, uro-
651 cAeNaTh CACHYIOUIHH mar.
7 mar. [lomecTM Ha HEapXHUMEROBYIO IPAMYIO YUCIIa BHJA
X=x_,0" +. . +x;+xE+..+x,E", 8)
THE X_,,,.-Xps...X,— SApa BEIICCTBEHHBIX uHcen. Hetpymro caenate o6o0mieHue, xoraa
cymMa (8) npeBpamaeTcs B psi ¢ GECKOHEYHEIM YHCIIOM ClIaraeMbIX.

2. B pabore [3] HeapxuMenOBbIC NEPEMEHHBIE HCHOML30OBATUCh I HMOCTPOCHHS
AByxMaciiTaOHo# Mozenu ropHo# nopoxel. B pamkax nagHoM Moznend ObUT pellieH Psn
zana4 © AeopMEpOBaHAY FOPHOTO MacCHBa BOKpYT BeipaboTok. Hmke pacemoTrpuMm mpu-
Mep JMHAMUYECKOH 3aa9h.

PaccMOTpuM mpenenbHO YIPOUICHHYIO OJHOMEPHYIO MOCTaHOBKY. OrpaHuumMcs
TOJBKO ABYMS MacCIItaOHBIME YPOBHAMH IIPOCTPAHCTBA U OHUM YPOBHEM BPEMEHH:

X=x+&, E=xE T=t1,
3€Ch X, X; H [ — fApa BEIIECTBEHHBIX YHCeNl. MacmrabHepi ypOBeHb NEPEMEHHBIX X, /
6yneM Ha3bIBaTh BEUICCTBCHHBIM YPOBHEM, a HEPEMEHHOH & — (IEePBBIM) MHKPOYPOBHEM.

BropbiM MHKpOypoBHeM OyJeM Ha3blBaTh MacmTal MepeMEHHOMH sz2 u 1.4 [lycrs
u=u (x,ég,t) — nepeMeleHHe BASIb 0CH, OpToronanbHOH K OX, TO eCTh paccMaTpHUBaeTCs
sonHa capura. /g QyHkumiH, OnpeaencHHbBIX Ha HEAPXHMEA0BOM IpAMOi, MOXKHO BBECTH
HOHATHS MPENENOB, NPOM3BOAHBIX U HHTerpajoB. Hike Bocmonb3yeMcs Olpeie/ICHUAMHA
[4]. IlycTs Ha MEKpOYPOBHE Cpeza BeneT cebs nuueHno ynpyro. Torna KacaTenbHbIe Ha-
NPSKEHNA CBA3aHbI CO CABHIOM JIMHEHHOM 3aBUCHMOCTRIO

(cgr) = p BB, ©
23
rae p = const — Monyib casura. Ilpeanonoxum, 410 Ha MEKPOYPOBHE OCHOBHOM 3aKOH
JUHAMUYKH MOKHO 3an#caTh TaKuM 00pasoM
ou (x, g, t) B *u (x, E, t)
P THTee
3neck mpexnonaraeTcd, 4T0 IUIOTHOCTh Ha MHKPOYPOBHE p IIOCTOSIHHA H, KpOME TOTO,
MacCCOBBIE CHIIBI OTCYTCTBYIOT.

OcnoBras npo6iieMa BO3HHKAeT IPH OINHCAHWH CBA3EH MEXY pPasjHYHBIMH Mac-
IWTaCHLIMH YPOBHsIMH Cpefbl. HampuMep, myCTh MBI HAXOAMMCS B TOYKEe X =a, TO €CTh
x=a,&=0. Ecan qeurarbcs B CTOPOHY yBeamueHHS X, 0CTaBaich Ha MHKPOYPOBHE, TO
AocTdys OONBINMX 3HAUCHWH X TakuM 00pa3zoM HeBozMoxHO. Hampumep, npu mare pas-
HoM E, yepez » maros MBI TIOTIAZIEM B Touky X =a-+nE. To ecTb NpOABUHYTHCS TIO BE-
IIECTBEHHOMY YPOBHIO IPAMOHN YKa3apHBIM CIOCO00M Heb3s. SICHO, 9ro 37ech Hy)KHA
Kakasi-1o IpolieAypa mNpeAenbHoro mepexona. OctaHOBMMCS Ha CIENyIOIIEM BapHaHTE.
[TpenmonoxuM, 4T0 B MOJOXUTENBHOM HAIpaBleHUH OT TOYKH & =0 MOXHO HpOJIBH-
HYTHCA TOJIBKO O 3HAYEeHHUS & =g, a B OTPHUIATE/IbHOM HANPABICHHH TOJIBKO [0 TOYKH

=-pi D,g>0,3anan8l, [ = p+q.YUncna p,q,] npusagiexar K NeppoMy MHKPOYPOB-
HIO npsiMoit, Hanpumep, p = S0E, g =100E; / =150E . CuuraeM, YTO BEIXOJ 32 yKa3aHHbIH
UHTEPBaJ 03HAaYaeT BCTYIUICHHE B O0JIACTH Mepexoa Mex Ay ABYMs MacCIITaOHBIMH ypOB-
HAMHU npsMoi. Bo3pMmeM aBe Onu3kHe TOYKM, NPUHAUICKAMME K BELIECTBEHHOMY Mac-
1mrTabHOMY YPOBHIO NpAMOM: x =g H X =a+1,. 3aeck L,— 4HCIIO BEIIECTBEHHOTO Mac-

wTabHOrO YPOBHA, 1 — HATypaibHBIA HapameTp. Torga obnacTe mepexona Oyner mpex-
CTaBJATh, coOOM HMHTEpBa (a+ p,a+lL, -q). JUiHa 3TOrO MHTEpBajia paBHA (Ln -l).

UYucna L, u | mpHHAIEXAT K Pa3MHYHBIM MacliTaOHbIM YPOBHAM, TaK YTO OTHOIICHHE
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L,/ nms moGoro n Oymer Benuduso#t OGecxomeuno Gompuod. Hampumep,

L,= 1—5-9; [=150E = 150-Lim—1— u L, /l= 2 _ guceio, Geckoneuno Gonboe npu moSom
n n n

n
n
¢uKCHpOBaHHOM # . Bocmoip3yeMcs NMpoueAypoii mpeJeibHoro nepexo]a TaK, yrobst me-
pexonHas oONAacTh CTAHyNAch K TOUKe (T.€. K KOHTAKTY MEXTy HABYMS MaciuTabHbIMH

YPOBHSMH HpsMoH): Lim (L,, -1 )= 0. Iins ynpomenus 3anuceli 6yaeM HCIIONB30BaTh 000-
n

3HAYEHUS CIEAYIOIEro BUAA:
Limu(x+L,,.)=u(x +1,..),

n

rae LimL, =1.

B Touke KOHTAKTa HanpsbKeHus HenpephIBHEL C yyeToM (9) 3To 06CTOATENBCTBO Na-
€T clefyioniee ypaBHeHHE:

oulx,q,1) _ Bu(x+1,-p,t)
o &
Jasiee, BeTHUrMHa IPOCKAJIB3BIBaHUS (pa3pbBa MepeMelileH s ) paBHa
u(x+l,——p,t)-u(x,q,t).
OrpasnuuMcs THHEHHBIM ciydaeM, KOrAa BEeJMYHMHA KAacaTeJbHOro HalPSHKEHUS Ha KOH-
TaKTe MPONOPLHOHATbHA IIPOCKAIB3BIBAHHIO:
p 24ba.) =Sl +L-p.)-u(x,q.0)].
of {
3neck G =const — NOCTOsiHHAas Marepuana. Takum 00pa3oM, MPHXOMUM K clexyroniei
cHcTeMe ypaBHEHHH:

o dulx.£,t) . Oulx.&,t)  oulx,q,t) _ou (x+1,-p,1)

3 2 5 y
FY, O ot oF 10)
»—@f%gi)=§-{u<x+z,~ )-ulx.q.0]

Cucrema npenctaniieT coboit TpH ypaBHEHHS OTHOCUTENBHO ORAHON (QYHKIMH, 3aBUCAIICH
OT TPEX NEPEMEHHBIX. YPaBHEHHS ABISAIOTCS muddepeHnaibHO-KOHETHO-PA3HOCTHBIMH.
Tounee, He «KOHEYHO», a aKTYaTbHO-0ECKOHEUHO-MAJIO-Pa3HOCTHBIMH, TaK KaK CABUIH IO
aprymentam B (10) paBHEI akTyaIbHO OECKOHEUHO MANbIM BEJTHUHHAM.

Ipexxae Bcero mns cucTeMbl HEOOXOAUMO NPOBEPUTH YCIOBHE COINAaCOBAHHOCTH.
HmenHo, ecM MHOromMacmtabHOCTh HeapXHMeOBOH NpAMOoH (GaxTHIeCKH He MPOARIILeT-
csl, TO CHCTeMa JOJDKHA HIepeXoauTh B oObrMHOE BOJIHOBOE ypaBHeHue. Ilpomepky snerko
caenats. IlpocrpancTBeHHas nmepemeHHas cyte X =x+&. Ecnu dysxums dakrtauecku

3aBHUCUT TOJILKO OT X M HE 3aBHCHT OTIENBHO OT ApryMmeHToOB Xx H (g, TO

u(x, €, z‘)= u(x+5_,, t). B sroM cnyyae nepBoe ypaBHeHHe (10) mepexomuT B oGBIYHOE
BOJIHOBOE YPaBHEHHE, a BTOPOE YpaBHEHHE YJIOBJIETBOPACTCS TOXIECTBEHHO. B TpeTheM
yPaBHEHHH HEOOXOIHMO NPHHATE, 4T0 G —> 0, TO €CTh MHKPOYPOBHS (PAKTHYECKH HET H
IOTOMY MHKPONPOCKANB3BIBAHUSA OTCYTCTBYIOT. IIpm G — o0 nemas wacTh TpeThero
YPaBHEHHUSI CTAHOBHTCS HEONPENCIICHHOMN (0 -0). CrieIoBaTeNBHO, CaMO YPABHEHHE HOBHIX
OrpaHMYEHHH Ha pellcHHe He HaKiaapiBaeT. TakuM obpazoM, nepexon ot cucteMsl {10) k
0OBIYHOMY BOJTHOBOMY YPaBHECHHIO — BBIIIOIHAETCS,

Hanee, HaTAYMe Pa3HOCTHBIX OIEPATOPOB IIPHBOJUT K TOMY, 4to cucteMy (10) Mox-
HO CBECTH K AUPGEPCHIMANLHBIM YPaBHEHHAM GeCKOHEUHO GONBIIOro nopsajaka. JuHamu-
YECKHE YPaBHEHHUS T0400HOro THIIA H3y4yalncs B [5]. Hike orpaHHYuMCS TOJIBKO IIEPBBIM
npuOIHXEHHEM, KOTIa MHOTOMACIITAa0HOCTD CPEABI COXPAHAETCS, HO BEIMYHHY | MOXHO
ycTpeMuTs y Hymo. [lepsoe ypasHenue naetr unrerpaist Janambepa:
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ulrt)=olrtter) ¢= %, (11)

re ¢ — HpOH3BONbHAS QYHKIWS, C; — CKOPOCTH MOTIEPEYHBIX BOJIH Ha MHKPOYPOBHE cpe-

16l Bropoe ypaBuenue npu / — 0 nepexosut B ToxAeCTBO. TpeThe ypasHeHue npeodpa-
3yeTcs K BHAY

au(x,(),t)___k@u(x,o,t)’ l=1+}.1'._ (12)
0¢, ox A G
JIOCTATOUHBIM yCIIOBHEM BhINOIHEHHS (12) ABAAETCS ClieiyoNiee NPeACTaBIcHHe
ulx,6,0)=ylx+r8,1), (13)
e ¥ — IPOH3BOIbHAs (GyHKIHA CBOUX aprymenToB. O6nemurss (11) u (13), mosydum
u(x,ﬁ,t)=f(x+k(§ic€l‘)) , (14)

rie f -yHKUMs cBOEro apryMeHTa, ofipesieiisieMasl HauatbHIMM YCIOBHAMHE. M3 petnenus
BUAHO, YTO CKCPOCTH MONEPETHBIX BOJIH Ha BEILICCTBEHHOM ypOBHe cpefbl Oy/eT paBHa

c,=h-c; = G [E (15)
S p+Gip

Takum 00pa3oM, ecnM KOHTaKThEI MeXay MacuItabHbIMH YPOBHAMH CpPEibl SBISIOTCH J10-
CTaTOYHO TOJATAMBBEIMH, TO eCThb (F <<, To BONHbI (14) MOTYT paclpoCTpaHATECA C

BECHMA MaJIBIMK CKOpocTsMu (15). Yuer cnenyromux npubmnkenu#t B (10) no3soaur onu-
cath 0ojice ToHKHE 3¢ (PEKTHI, CBI3aHHBIE C PACIIPOCTPAHEHHEM BOJH.

3. B sakmoucHHe oTMeTHM cieayioliee. Bompoc o paspemaromeil crniocobrocTH
MaTeMAaTHYECKOro aHajlu3a — 3T0 He CTOJIBKO BONPOC O CTENEHH TOYHOCTH IIONYUYEHHBIX
pe3yNbTaTOB, CKOJBKO BOIIPOC O MAaclTa0HbLIX YPOBHSX PEAIbHOCTH, KOTOPHIE MOXHO
OXBaTHUThH OpeUIaracMbiM MaTeMaTHHEeCKHM annaparoM. YucinoBblie pe3ysibTaThi, KOTOPEIE
JaeT KNacCHYecKui (apXuMeZIOB) aHANM3, MBI MOXKEM BBIYHCINTH C KONMYECTBOM 3Haya-
mpx uudp, paBHEM I0OOMY Haniepes 3aJaHHOMY HaTypajibHOMY uuciy. B Heapxmmeso-
BOM aHAIM3€ KONMYECTBO 3HAYANMUX Lni(p MOXET OBITh PaBHO HE TOJBKO JEOOOMY KOHEY-
HOMY YHCITy, HO H JIIOOOMY aKTyajbHO GecKOHeYHO GO0JIBIIOMY YHCIY M3 IPOJOTKEHHS
HatypanbHOTO psja. CaM 1o cebe 31oT (akT ocoboro 3HaueHns He mmeeT. [IpakTHuecku
BCETAa JOCTATOUHO OT OXHOW N0 NecATH 3Havamux mudp. IpHHIMOuansHOE 3HadcHHUE
nMeeT ApyroM daxT, MMeHHO, TOT $akT, YTO NMPOLECcCHl, KOTOPhIe MPOUCXOAAT Ha MUKPO-
YPOBHSAX, MOTYT BIMSTH HIAH — GoJiee TOTo -~ NOJHOCTHIO ONPEALIIATh OBEACHUE CHCTEMbI
Ha BEHIeCTBEHHOM MacurTabHoM ypoBHe. [103ToMy Hcnosib30BaHHe HEApXUMENOBBIX, MHO-
roMaciiTaOHbIX MEPEMEHHBIX paclIipAeT apceHal CPEACTB JUIS PEIICHUS DazlH4YHBIX 3a-
Jau, CBA3AHHBIX C Mepapxuell macuITabHBIX YPOBHEH peasibHbIX Cpesl.

PaGoTa BemosiHeHa 1ipu $unHancoBol nognepxke POOU (rpant Ne 10-05-91002) u
CO PAH (unrerpalttnoHHbIH npoekT Ne 69).
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