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O JN®PY3INOHHBIX CBOMCTBAX CXEMBI POMB 1JId P,-YPABHEHUN

A. A. ITTectakos
(POALI-BHUUTO®)

Haerca ananu3 auddysunonusx cBoiicTB cxembl POMB mia ypaBuenus mepenoca B Pi-
npubnnxkennn. [Tokazano, uro cxema POMB umeer acumnrornyeckuii qud dy3noHHBIH Mpe-
JedL.

Karuesvie carosa: cxema POMB, acumnrornuecknit quddy3uoHHbIi mpemes.

BBeneuune

Cucrema ypaBHEHUN MepeHOCa W3TYyUEHNS U YPABHEHUS SHEPTHUU MPEICTABIIIOT COOO0M CIOKHYIO Heln-
HEWHYIO CHCTEMY, 3aBUCAIIYIO B ODIIEM Caydae OT CEMH HE3aBHCHMBIX MEPEMEHHBIX. 1lodTOMY ee wacTo
pemarT B OoJjiee MPOCTHIX NpuOIUKeHnax. K TaKuM NpuOIUKEHUIM OTHOCATCA CUCTEMbI, TOJYIaeMble
¢ moMompio MeTona chepudeckux rapMmonuk [1]. B omroMeprOM citywae cioxkuble cdepudeckue DyHK-
nuu 3aMeHgaoTcd nogmHoMamu Jlexanapa. [loaumomer Jlexkamapa o0pa3yroT MOMHYIO CHCTEMY, MOITOMY
C ITaHHBIM DA3JIOXKEHHEM He CBA3aHO HUKAKUX NpubiamxkeHwit. Ho Ha mpakTuKe MPUXOAUTCH OTpPAHUYHU-
BAThCAd KOHEYHBIM YHCJIOM UJIEHOB, TO9TOMY IOJIYyYeHHBIH Pe3yabTaT Ha3bIiBaeTcd P, -npubanxkennem, eciau
passoxkenue mnpepbiBaerca Ha (n + 1)-m wiene. Jljis HeCTAIMOHAPHBIX 339 3TO NPUOJIMIKEHUE TPUBO-
IUT K runepboNndecKoil cCucTeMe ypaBHEHUH OTHOCUTEIBHO 12+ 1 MOMEHTa B Pa3JI0KEeHNN WHTEHCUBHOCTH
u3JydeHnd mo nojauaoMam Jlexanapa. g cTamumoHapHBIX 33149 MOXKHO NpeHeOpedh BPEMEHHBIMU MIPO-
M3BOAHBIMHE, W TUNEepOOIHYecKasd CHCTEMa B mpocreiineM Pj-npubiankenun mepeiiner B quddy3uoHHOE
ypaBHEHHE C JLIANTUIECKUM OMEPATOPOM.

Bropeiv gocronacTBOM P,-npUOINKEHUS ABISAETCA BBINOJTHEHRE C(hepruaecKoii cuMmmerpun (OTCyTCTBIE
ayqeBoro 3¢ derra). K coxamenuto, DS),-MeTO, IpUMEHIEMBIi 1JIs PellleHns] KHHETHIECKOTO Y PABHEHNS,
He 00ecrmeYnBaeT CHMMETPUN PEIIeHWd i OJHOMEpPHOH cdepudeckoil 3a7adu, MOITOMY AKTYaJIbHOCTH
P,-tpubnmxkeHusd mo-IpeKHEMY BBICOKA. VIHBAPUAHTHOCTH OTHOCHTEIBHO CHEPUIECKON CUMMETPHUU AT
TOJIBKO MeTOf, chepUuIecKuX TapMOHUK.

OxauM w3 TpeboBaHMi P MOCTPOEHUHN XOPOIleil Pa3HOCTHOW CXEeMBI [IJId YpaBHEHUS IepeHoca B P,-
OpuOINKEHUN SBJISIETCA BBIIOJIHEHUE CBOMCTBA acHMOTOTHYIECKOro auddy3uoHHOTO mpemena. llpu ero
HapyueHnu B AudPy3uOHHBIX 00JIACTIX MOXKHO MOJYUUTH HEBEPHBIN pe3yJabTaT Majke NMpH CUeTe 33739
HA CXOJMMOCTD (Ha OYeHBb MOAPOOHON PA3HOCTHON CETKE MO MPOCTPAHCTBY W BPEMEHH).

B pabore [2] npexncraBiaen ananmms auddy3uoHHBIX CBOHCTB OZHOMEPHBIX P,-ypaBHEeHU#l B aHAIATH-
JecKOil, a Tak»Ke B MUCKpeTHO# dopme s cxembl Pumana. Pe3ymbraThl aHamm3a MOKA3bIBAIOT, YTO
P,-ypaBHenus u cxema PumMana COXpaHSIOT JIHHEHHOCTD pEIIeHWs KaK MO YIIOBBIM, TaK U MO MPOCTPAH-
CTBEHHBIM nepeMeHHBIM. Ho, HecMoTps Ha 9TO, KaK MOKa3aHo B [2], crangapTHasa cxema Pumana He nveer
ACHUMIITOTAYIECKOTO TP DY3UOHHOTO IMPETEA.

Cxema Pumana mokazasia cBoio 3 (PEeKTHBHOCTH MpU PEIeHnn 337ad HA MPOXOXKJIEHWE JaCTHUI] depes3
onTwdeckn ToHKme obiactu [3—6]. B pabore [2| uccienyerca nosenenune srux cxem gisi P,-ypasHeHuit B
3amadax Auddy3noHHON NPUPOABI, T. €. B KOTOPHIX MpeodiamaeT paccesHue. B crammoHApHOM ciydae
9TH 33Ja9M ONUCHIBAIOTCI JIIUNTUIECKAM ypaBHeHuEM auddy3un, KOTOPOE ABIAETCH TPUOIUKEHUEM
yPaBHEHHS MEPEHOCA B IMpelesie aCHMITOTHIECKN MAJIOTO MOIJIONIEHAT W MAJbIX MCTOYHUKOB. XOPOIIO
M3BECTHO, 9TO HeCTarmoHapHad auddy3nus ONUCHIBAETCA MTapabOIUIECKUM YPABHEHUEM U UTO B OTIAYLE
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OT TUmepbOTUIECKUX 33729 MapabOInIecKe YPABHEHN XapaKTepu3yoTcad OECKOHETHON CKOPOCThIO pac-
IPOCTPAaHEHNA BO3MYIIICHUA. OHI/I TAK2KE XapaKTEPUIYIOTCA ﬂHCCHHaHI/Ief/'I 7 JAIOT IVIQJKUE PEIICHUA JTazKe
B CJIy49a€ HETJIQJAKUX UCTOYHUKOB W HAYAJIbHBIX JaHHBIX. B 9TOM U COCTOHUT HpO6JIeMa CXEeMBbI PHMaHa..
Cxema Pumana cuenmmanabHO CO3[aHa JJid pelleHns: runepboIndecKux ypaBHeHUM u He mMmeeT quddy3u-
OHHOTO TIPEIEIA.

AcuMmnToTndeckuit aHATN3 MOKA3BIBAET, ITO OCHOBHOM MPUYIUHON oTCyTCTBUSA MudDY3NOHHOTO MPeIesa
Ui cxeMbl PumaHa gBisieTcd Hajgudue B Hell YNCHeHHON MUCCHmANUU. ODTa AUCCUTAIUS, 3aBUCANIAA OT
pa3mepa CceTKu, HYXKHA JJs TOrO, 9TOOBI CIeJaTh CXEMY MPOTHBOIOTOKOBON W Te€M CaMbIM O0ECHEIUTH
TOYHOE (pU3UIECKOe ONMMCAHWE KOHEUHOW CKOPOCTH PACHPOCTPAHEHWS U, CJIEIOBATEIHHO, YCTONYIMBOCTS.
B pabore [2] npemnoxken meron, KOTOpbIi M03BOJSET COXpaHATH Mud@Y3NOHHBIH IPEFET € MOMOLIBIO
CHUCTEMATHIECKOTO YMEHBIIIEHUS YUCAEHHONW IUCCUTAIUU B 0DJIACTIX, TIe MpeobIagaeT pacCesHue.

Jlns pernenns ypapaenns nepenoca B P -upubaunxenuu 8 POAI-BHUNT® npumensercs cxema POMB
[7, 8]. B mannoit crarbe mpeacrasien ananmu3 qudy3nOHHBIX CBOHCTB 3TOii cxembl. [lokazaHo, 4To cxema
POMB uwmeer acumnrorudeckuii nudy3noHHBIN Tpemed.

Cxema Pumana gns ypaBueHusi nepeHoca B P, -npubankenun

Jlng mccnemoBanus acHMIOTOTHYIECKOTO MudHY3NOHHOTO Tpeesa W3I0KAM cxeMy Pumana mig ypas-
HeHus nepeHoca B Pp,-npubnnxenun, crexys pabore [2].
B pabore [2] P,-ypaBHeHus 3anucanbl B BeKTopHo—ManHquﬁ dopwme:

¢+ A¢——5¢+Q, (1)

rae Bce KoahdUuInenTs Pn—paB.TIO}KeHI/IH co6paHm B MaTpure A, Bce Ce9eHns B3aUMOJIEHCTBUS — B JUATO-
HasnbHOU Marpume S, diag (S) = (X4, X¢, Xy, - . .)T, Ya Koad)d)HuHeHT TOTJIOIIEHAS, Yp — Koad)d)HuHeHT
OCITABIEHNS; ¢ — CKOPOCTh CBETa; BEKTOp () = (Q/(24/7),0,0,. ) COEPKUT UJIeHBbl MCTOYHHUKA; ¢ =
= (v0,%1,...) — BEKTOpP YIVIOBBIX MOMEHTOB.
Pasnocrras anmpokcumanusa ypasreruii (1) cxemoit Pumana mo mpocTpaHCTBEHHOl TepeMeHHOi nMeer
BU]T . .
1%%‘ + A% —[A| <¢i+1 — 2 + %71) = —Sv¢i + Qi(?). (2)

Snecn
1 <« -
A = — '
Al 2A:ckzork|)\k|lk’

rae 7, l_;c — k-e upaBbiit u seBbIil COGCTBEHHBIE BEKTOPHI (HOPMHUPOBAHHBIE TaK, UTO l_;cf"k =1); A\p —
CO6CTB€HHI)Ie 3HAQUYEHUd MATPHUIIbI A I/IH,L[eKC k HaYUHAETCA C HYJIA, TaK KaK OH COOTBeTCTByeT HHﬂeKcy
| B chepryueckux rapMoHWKAX. Takas AUCKPETHU3AIUs SIBJIAETCA MPOTHBONOTOKOBOM MO KAXKIOMY XapakK-
TEPUCTUIECKOMY HAIPABIECHUIO CHCTEMBI W MEPBOr0O MOPAJKA TOIHOCTH II0 IpocTpaHCcTBY. Cxembl Ooiree
BBICOKOT'O TOPHAIKA MPUBOIAT K 3HAYUTEIBHO OOJiee CJIOXKHOMY BHIY ypaBHeHuHil. Takasd cxema OIHUCAHA,
Hampumep, B pabore [4].

YpaBHeHUE EPEHOCA UMeeT JaCTHhIE pPelleHus, KOTOPhIEe YAOBIETBOPSIOT 3aKoHy Duka, T. €. ABIIIOT-
ca aguddysuonabiMu. [lycTh, HampuMep, UMEETCd JUHEHHBI M0 MPOCTPAHCTBY MCTOYHUK () = qx, e
q — KoHcTaHTa. Torma crammoHapHad (PYHKIHG, JHHEHHAA [0 IPOCTPAHCTBEHHONW IIEPEMEHHOW T W IO
HAIIPABJILONIEMY KOCHHYCY yIJIa [, OyZeT pellleHneM ypaBHEHHUS IepeHOCa, KOTOPOe YIOBIETBOPSAET 3aKO0-
HY (DI/IKa. B.narogapﬂ STOMy CBOﬁCTBy openanosaraeTCd, 9To 9YuCJAC€HHAd CXE€Ma PEINEeHUA KUHETUIECCKOT'O
YPABHEHHS TaKKe IOJKHA CXOAUTHCA K STOMY PeIleHWIO, IO KpaiiHell Mepe B nud@dy3mMOHHOM Ipeje-
sge. Amajornuno, P,-ypaBHEHUS UMEIOT JUHENHBIE 10 MPOCTPAHCTBY CTAIMOHAPHBIE PEIIEHWS, KOTOPHIE
yIOBJIETBOPAIOT 3akoHy PDuka.

Mg uccnemoBanusd nudpdy3uOHHOTO Npenena Pp,-ypaBHEHUN M YMCIEHHLIX METOMOB UX PEIIEHUS IPO-
aHAJIM3WPYEM CJIydail CPepl, TIe PaccessHrue MPeodIagaeT HaJl NOMIOIEHneM, T. €. N > N, (X, = X —

;ﬁl 0. Hnsa

— ¥, — ko3 dunuenT paccesdHns), 1 U3MEHEHUEM 110 BDEMEHHW MOXKHO MPEeHEOpedh, T. €.
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0
9TOTO Pa3/esiuM Ys U Yy HA HEOOJBIIYIO MOJOKUTENbHYIO BEININHY € W YMHOXKUM Ha Hee Xg, Q u e B
pe3yJbTaTe MOy IuM
€0y 0 Q
-—+ — (B ex =e——
o o7 (B191) + eXatpo = 2ﬁ
9 81/)1 0
2ot o (A1t 1+Bl+1¢l+1)+ ¢l =0, I=1...,m
Ynt1 =0
3aTem 3aaiuM aCUMITOTHYIECKOE PA3JIOKEHUE P B BUJE
o0 .
Y~ S I (2,t), 0. (3)
j=0

B pabore [2| mokazaHa Teopema OTHOCHTENHHO aCHMITOTHYECKOTO MOBeJeHUs P,-ypaBHEHUii, B KOTOPOW
yTBepxnaeTca 9TOOBI ACHMIITOTHYECKOE pa3ioxkenue (3) ymosierBopsano P,-ypaBHeHuaM, HEOOXOIMMO,

9TOOBI ¢l = 0 mpu | > j. WNabimu cioBamu, ¢; = O (sl). Bosee Toro, a3To pemrenne ymoBieTBOpSET
zakoHy ®PuKa B CTapIiieM MOpIIKe:
(0)
W _ _ 4 9% 4
o = =45 @)
i}
19¢y” 8 AoB1L oWy Q

c ot  Ox T, O Zaf” N

[Mepeitnem x uccimemoBanuio cxeMbl PuMana Ha BBIMOJIHEHUWE CBOMCTBA auddysuonnoro npepena. CHa-
Jajla PacCMOTPHUM JHHEWHOe IO IPOCTPAHCTBY U HAIIPABJIAIONIEMY KOCHUHYCY pelleHHne, KOTOpOoe B Juc-
KPETHOM BHJIE 3aMHUCHIBAETCH KaK

qilAr q .
2%,\/7 25,531

Jnst sroro pemenust cpa3y ke mosydaeM, 9T (oi+1 — Yo,i—1)/(28z) = Q/(2Xav/7), (Yri+1 — Y1i-1)/
/(2Az) =0mnpul >0mu 1/_;”1 — 21/_); + 1/_);',1 = 0. Torma merko moxasaTh, YTO JAHHOE PEIICHNE ABILETCI
TOYHBIM PeIeHNeM IUCKPETHBIX Pp,-ypaBHeHuil cxembl Pumana.

Opxuako, HECMOTPS HA TO, YTO OUCKPETHBIE Pp,-ypaBHEHUS HUMEIOT 3TO TOYHOE peEIleHWe TUuma Jud-
dbysuonnoro (koropoe ymosmerBopgaeT 3akony PUKA), OHH HE YAOBIETBOPAIOT CBOHCTBY auddy3nOHHOTO
npegena. VIcnonap3ys BhIIEYKa3aHHYIO MPOIELyPY JJId £, 3allUCHIBAEM JUCKPETHbIE YDABHEHUS B BHUJIE

Yo, = Y1 =— Yri=0, [>1.

e, 0 0o ... £Q/ (2y/7)
c i — Vi b b 4 i (U o ... |. 0
AV (i — 204 ) = Je Py

0 0 Sy ... 0

C mcnomnp30BaHmeM aCHMITOTHYIECKOTO PA3JIOKEHHS 1] ; = Z el z/Jl ( ) B pabore [2] mokaseiBaeTcs, 9TO
]_

cxema, Pumana ve umeer quddysuonnoro npemena. To ectsb 1/}071. HE yIOBJIETBOPSAET AUCKPeTHOMY nuddy-

3MOHHOMY yPaBHEHHUIO, TAK KaK W3 ypaBHEHUd (2) moaydaeTcs 1/1((]?2 1 21,[1072 + 1#(()?271 = 0. DTO paBeHCTBO

CBUIETENBCTBYET O TOM, UTO UJIEHBI CTAPIIETr0 MOPAAKA SBIAIOTCA JUHEHHBIMU 110 TPOCTPAHCTBY U YIO-

BJIETBOPSIOT HEKOPPEKTHOMY ypaBHeHHIO nuddy3un V21/;(()0) = 0.
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Umenno mostomy B pabore [2] mpemyioxkena moamduuupoBaHHas cxeMa PuMana, B KOTOpPOii mpejia-

-1
2
raeTcsd yMHOXKUTb Marpuny auccunanuu |A| Ha Koadpdunuent |1 + (X;Az) ] . B arom cayuae, eciu
pasMep d4YeHKd MEeHbIE CpemHero mpobera pacCcedHud, JUCCUMANNS MPAKTUIECKH HE MEHSeTCs, a eCld
pasmep siueiiku GOJIbIEe CpeaHEro Mpobera paccesiHus, TO JUCCUMANMSA PE3KO YMEHBINAETC. DTa Juddy-
3UOHHGA NONPABKA CHUMAET NPobieMy, Tak Kak I03BOJIeT caenaTh |A| = 0(52) mpu £ — 0. Koacpbumuent
mepecueTa yIOBIETBOPIET YCIOBUIO

1 1, g — 00;

~ 2
1+ (S — e3a)?An? <
Y2Az?’

e — 0.

C ucnonp3oBarmeM 3roro KodddunnenTa ypaBHeHUs NOpsaaka 1/ nawor

P =0
mpu [ > 0. Ypasuenusa nopsaaka | garor
m__ 1 0 0
U = S (o —vi)

gro HanoMmwHaeT 3akoH Puka. U HaKkoHeN, ypaBHEHUSA MOPAIKA € JAIOT

ld‘/’(()[,)z‘) 1 ‘/’(()(,)i)+2 - 2%?2 + @b(()?i)a
c dt 3% 4Ax

Qi
2w

+ an[()[,)z) =

Do muckpernoe ypasrernue quddysun ¢ kosbdunnenrom auddysun D = 1/(3%;). Dddekt nepecuera
JUCCUTIAIIAA COCTOUT B TOM, 9TO IIPOTHBONOTOKOBAadA cXeMa PuMaHa, B KOTOPOii pa3Mep d9eeK CPABHUM CO
cpegHEM TPOBEroM WJIM MEHBIIE ero, CTAHOBUTCS CXeMOW B MEHTPAJIbHBIX PAa3HOCTSX.

Cxema POMDB ggia peineHusi ypaBHeHud nepeHoca B Pj-npubim>keHnn

B 3agagax mepeHoca TEmIOBOTO M3Iy4YeHUs MOCTATOYHO XOPOIIWE Pe3yJabTaThl malT yxe Pj- m Ps-
npubnuxkenns. PacCMOTPpUM OJHOMEDPHYIO CHCTEMY HEPEHOCA, JIyIUCTON dHepruu B Pj-upubinkeHunn:

15, 10U 5,5 -0
cdt 30z =

rae U ~ 1)y — IJIOTHOCTH M3JIy9YeHrs, yMHOKEHHAS HA CKOPOCTh CBeTa; S ~ 1)1 — MOTOK u3Jjyuenus; B —
dyukmua [Tnanka, yMHOXKEHHAA HA CKOPOCTH CBETA.

OxHOMepHAS CHCTEMA MEPEHOCA JIYIUCTON SHEPTUH B An(pDY3NOHHOM NPUOTUKEHUN OTINIAETCA YPaB-
HEHWEM JJId MOTOKA,

10U

3 0x

Cucrema pasaocTHbIX Pj-ypaBHenuii npu annpokcuMarnun mo cxeme POMB umeer Bug (qy1a ynpomienns
3aIUCH 3/IECh OMYIIEHBI MHJIEKCHI 10 IPOCTPAHCTBEHHO TepeMeHHOI B IIEHTPe Pa3HOCTHON a4eiiku ¢+ 1 / 2)

1 1 1

_Un+1 + _AiSn+1 + ZaUn+1 = _yn + EaBn+1;
cT h cT (7)
Lgmtp Lagmt psysnit = Lgn,

cT 3h cT
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rme 7 =t — 7 b = Tit1l — T
Cucrema ypasrernii (7) aBnagerca HesamKHyTOi. [ €e 3aMbIKaHWS HAJO 33aBAThH JIOMOJHATEIHHbIE
COOTHOIIIEHNS CBA3M MCKOMBIX BEJIMYUH B IIEHTPAX AYE€EK C UX AHAJOTAMH HA I'PAHAX. DTU COOTHOLICHUS
OIPEAENIIOT TOYHOCTh W MOHOTOHHOCTB CXeMBI. PaccmoTpum coorHomenua cBasu aiad U u S mo cxeme
POMB [7, 8]:
U=05(U; +U;11) +0A;S; S=0,5(S; + Sit1) + 0AU. (8)

[TapameTpsr 4, 6 BHIOUPAIOTCA U3 YCIOBUM YCTOXNIMBOCTH W ANMPOKCUMAIINY B BUJIE

-1 -1 -1
1 1 1 %12~ 212 T Givs)o
m * 3qh’ 1= T Oy 12h

 4m’
IMpu mammeix mapamerpax cxema POMB ycroitumBa, mmeeT mepBbIil MOPSIOK ANIPOKCUMAIWM TIO Bpe-
MEHH W BTOPOi MOPSA0K ANIPOKCHMAINK MO MPOCTPAHCTBY. B JuHelHOM ciydae mpu ¢ = const cxema
YIPOIIAETCs, TaK KaK OJUH M3 mapaMeTpoB obpaimaercs B Hyab (6 = 0).
Ncmons3ysa nporeaypy J0Ka3aTeabCTBA ACHMITOTHIECKOTO UMD Y3NOHHOIO Ipesiesia, 3aluChIBAEM Pas-
HOCTHBIe ypaBHernud (7), (8) B Buzme

1
—UM S A 4 B UM = U B, B
CT

CT

1 I
Sty AU 4 (224w, ) st = Sgm 9)
cT 3h € cT

U=05(U;+Ui+1)+6(e)A;S; S=0,5(S;4+ Sit1) +06(e) A;U.

B ornmuawme ot cxembr Pumana cxema POMB umeer Gosiee BBICOKUIT TOPSZ0K TOYHOCTH IO TIPOCTPAHCTBY
U MOHOTOHHA B AudPys3nonHoM npubdanxennn. OgHAKO KOIPOUIUEHTHI CXeMBI UMEIOT H0JIee CIOXKHYIO
CTPYKTYPY ¥ 3aBUCAT OT mapaMeTpoB cpeabl. llosTomy ananm3 mosydaercsa Oojiee CIOXKHBIA B CBI3HU C
TeM, ITO TIAPAMETD € MPUXOAUTCA BBOAUTEH B KO3 dunmenTs! J, 8. Koapdumnuentsr ¢, §, 6 umeror Buj

¥, h h 1 -1
R S R 5:L:o(g*1); o=A02 (=18, ) 5] =0(),
15 12 cT

= 4(1+ 3qh0)

CT

rae A(A) = (Aj_1/2 — 2454172 + Aiyz/2)/ h? — pa3HOCTHBI OmEepaToOp BTOPOH MPOM3BOLHOMN MO IPOCTPAH-
crBy. B numeitnoM ciaydae xosdduiumenTs §, § umeioT 60jee IpOCTOR BUI:

o (e,

1 1 —+f+sza):0(s—1); 6 =0.

CT

o0 . o0 .
IMopcrasue B Pj-ypaBHEHUs aCUMITOTHYECKHWE Dasjioxkenusa U; = Y. &’ Ui(] );Si = Y & Si(] ) u cobpas
j=0 J=0

YIEHBI TIPU €, U3 BTOPOrO ypaBHeHus (9) auis 1060r0 HHIEKCA i MOy InM SZ(O) + Sgi)l = 0. Tak xak 3T0

COOTHOIIIEHNEe CIIPaBeAINBO JJIT BCell CHCTEMBI, TO, UCKJIIOUNB SK30TUUECKHUH CIydail, KOrga IOTOK MeHdgeT

., . 0 0
3HAK B KaXKJO# TOYKE PA3ZHOCTHON CETKH, MOJLYITHUM Sz( ) = Sz( +)1 = 0. Cobpas unens npu £°, u3 mepBoro

0) _ o(0) _ ) _
ypasuerns (9) momywmm S;.'y — S;' = 0, OTKyZa ¢ yueToMm mpembIIymero shipaxenns ciexyer S; 0 = 0
1t mro6oro i. V3 Broporo ypasuenns (9) momyunm 3akon Puxa

1

@\t 1 ()"
(Si+1/2) - _3hzsAZ (U ) ‘ (10)
W3 coorHOIIEHNIT CBA3U C yI€TOM SZ.(O) = ( BBITEKAIOT COOTHOIIEHUS CBA3U JJIs Ui(i)l /2"
© _ © , ), 3hX ., ¢ _
Uit1/2 = 0, (Ui + Ui+1) T a5, Sit1/2 =0
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OTH COOTHOIIEHUS COBIAMAIOT C COOTHOIIEHUSIMU CBSI3W JJif IJIOTHOCTH W3MydeHUS B AudDy3MOHHOM
npubInKEHAN.

CobpaB 4jens! ipw €, ¢ yaeTom S © _ NOJIy9MM W3 MepBoro ypasaerus (9)

i

—(00:)" +78 (5) 43 ()" = = (U8))" + ZaBTH (11)
U3 sroporo ypasrernus (9) cnexyer 3axon ®Puxka
@ \*H 1 AN
(Si+1/2) - _3hzsAZ (U ) ‘
OTu ypaBHEHWs AHAJIOTUYHBI ypaBHEHUIM (4).
13 cooTHOmEHUi CBA3H C y9IeTOM S,L-(O) = 0 TOJyYHM COOTHOUIEHUS CBA3H A CICAYIONAX TICHOB

pa3joxkeHus:

3hX,
4

hA (Z71
A;5®). s — 05 (Sz(l)JrSz_(Jlr)l) +MAZ~U(°).

1 1 1
vb =05 (U0 + 0% + P12 12

i+1/2
OTH ypaBHEHUS COBIAAAIOT C COOTHOIIEHUSIMHA CBA3U JJIA TJIOTHOCTY U3JIyYEHUs W JAIOT COOTHOIIEHWS
CBA3W JIJIA MOTOKA M3JIydeHnd B AudDYy3HOHHOM NPUOIUKEHUMN.

(0)

Cobpas S (D 13 saxona Puxa (10) u ypaBuenue g U, (11), OKOHUATETHHO MOJYUUM CJIEYIOIIIe

i+1/2 i+1/2
YPaBHEHUS:
O n+1 © \**_ 1 (0 \" el
or (Ui+1/2) + EA'L' (5(1)) + X (Ui+1/2) T er (Ui+1/2) + % B H’
(1) n+1 . 1 n+1
(Si—l—l/?) - _3h—23Ai (U(O)) )

KOTOPbIE ABJIAIOTCA ammpokcuManueii muddepennuanbaoii cucremsr ypasaernit muddysuu (5), (6). o
cBUIETENhCTBYET 0 TOM, 4To cxema POMB mmeer acumnroruueckuit quddy3noHHBIH Tpegen B paMKax
OIHOI pa3HOCTHOM adueiiku. Tak Kak 3TO CIPaBEAJIMBO JJisd BCEX d9€€K, TO aCUMITOTHIeCKuil nuddy3n-
OHHBII TIpefes CyLUeCTBYeT A4 BCeil CHCTEeMBI.

JlanbHeliniee pacCMOTpPEHNE CIATAeMBIX IPU OCTATIBHBIX CTEIEHAX £ B IPOIEIype JOKA3ATEIbCTBA ACHMII-
ToTuaecKoro audy3nOHHOTO Mpeesia He HyKHO.
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