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PA3PABOTKA A/ITOPHTMA ABTOMATH3HPOBAHHOI'O
ITPOEKTHPOBAHHHA 3/IEMEHTOB POTOJ3/IEKTPOHHBIX

AATYHKOB

M MKpPOKaHa/IbHbIe T/TaCTHHBI
SIB/ISIIOTCA  KOMITAKTHBIMM  Ba-
KYYMHBIMU  YCU/IUTEISIMA  [TPOCTPAHCT-
BEHHO-PaCMpe/ie/IeHHBIX TTOTOKOB  4ac-
il U uanydeHrd. KoHctpykuma MKI
npecTaBiseT co6OM AUCK U3 CBUHIIOBO-
CU/TMKATHOTO CTeK/Ia U COCTOUT U3 CIie-
yeHHoro BMecTe MHoxectBa (700-1000
IIT.) MAEHTUYHBIX MHUKPOKAHA/IbHBIX COT,
Kaxaass M3 KOTOPBIX B CBOIO odepenb
Brmouaer a0 5000-6000 wr. peryasp-
HO V/MOMKEHHBIX W CIIeYeHHBIX BMeCTe
WIGHTUYHBIX MHHMATIOPHBIX TPYOUaThIX
KaHa/1oB arvameTpoM oT 5 10 10 MrM B
3aBHCUMOCTH OT pa3HoBuaHoctH MKI'T.
[lpy npunoxkeHyy HarpsXeHus K
MeTa/l/TM3UPOBAHHBIM TOPLIAM IT/IaCTHHBI
B Ipoliecce eé 3KCI/yaTalliy 1O CTeH-
KaM Kazk[OrO M3 KaHa/lOB CTPYKTYPhI Te-
yéT TOK MPOBOAMMOCTH, CO3AAIOLUIVN B
HUX OZIHOPOIHOE 3/TeKTPUYECKoe To/e C
NWHEWMHO BO3PAaCTaloUIMM TOTEHIIMA/IOM.
Tarum o6pasoM, Bce KaHa/lbl [IpeBpa-
IQIOTCS B WIGHTUYHbIE BTOPUYHO-
SMUCCHOHHBIE ycunutenu. [ lepBUUHBIN
dOTO3M1eKTPOH, Hecymuii  HMHGpOpPMa-
110 06 06beKTe, UCTYIIEHHBIA POTOKa-
TOZOM U3AeNUsi IPUMEHEeHHs1, Hallprumep
3/IEKTPOHHO-OTITUUECKUM  TIpeoBpasoBa-
Tenem (DOI]), ucnbiThiBaeT y BXoda B
KaHa/l TlepBoe coyaapeHue U reHepypy-
eT orpe/ie/leHHOe KO/MYeCTBO BTOPHY-
HBIX 3/IGKTPOHOB XapaKTepHoe /sl BOC-
CTAHOB/IGHHOTO CBHHIIOBO-CHU/TMKATHOTO
crekna. [lanee BTOpPUYHBIC 3/1GKTPOHBI
IO B/MSHMEM YCKOPSIOIETro 3/1eKTpU-
YeCKOro To/sl KaHazla ABHKYTCS B CTO-

POHY ero BbIXOJa, MHOTOKpPaTHO OGOM-
Gapavpysi CTEHKH W BbIOWBasg HOBBIC
BTOPUYHBIC 3/ICKTPOHBI. TakuM 06pasoM
O KaHa/1y MPOXOIUT Pa3MHOKAOIIAsACS
sneKTpoHHas naBuHa. O6mmi Koadpdu-
LIMEHT YCW/eHWs CHrHaZla Ha BbIXOJe
MKIT moxet aocturats 10000.
[loBbieHre 3peKTUBHOCTH U CKO-
POCTU pellleHys 3a7a4u pa3pabOTKU HO-
Boix KOHCTpyKLMi MKII cBszaHo ¢ Ha-
MYMeM  COOTBeTCTBYIONIMX  CPe/CTB
CATIIP, 6asupyioluxcsa Ha MaTeMaTuye-
CKHX OIMMCaHUAX (PU3UUeCKHX IIpoLec-
COB, XapaKTepHBIX /1S sIB/ICHEUs Ka-
Ha/IbHOTO 37IeKTPOHHOTO YMHOKeHus. B
oblieM ciy4ae 3amadya UCC/Ie0BaHUs
3/1eKTPOHHO-OMNTHUECKOM CHCTeMbI
(30C) cBoautcs K onpeneneHuio dop-
MBIl 3/IGKTPOZIOB U HX T[IOTEHLMA/IOB,
obecrneurBaomrX POPMHUPOBaHUE MMYU-
Ka 3/IGKTPOHOB C 3a/aHHBIMU XapaKTe-
pycTHKaMu. M3BecTHO HeMazno cpeacTB
CAIP, nospornsommx MpoBOAUTb B UH-
TEePaKTUBHOM DeKHMe TMOWCK OMNTHMa/lb-
HBIX TeOMeTpHM pPacriO/IOKEeHUN 3/1eK-
TpoaoB D0C ¥ HampsXKeHUM Ha HUX
Q71 TIONYYeHHsl TpebyeMbiX XapaKTepH-
CTHK CHCTeM 3/IeKTPOHHOM OITHKU Ba-
KYYMHBIX ~ 3/IGKTPOHHBIX TPUOOPOB €
MMPOKHUMHU 3/IeKTPOHHBIMH TTYYKaMH, Ta-
KHUX KaK 3/IeKTPOHHO-/TyUeBble TPYOKH,
3MeKTPOHHO-OMNTHUECKUE MPeobpasoBa-
Tenu w ap. [1, 2].
CTpyKTYphl, 3aHMMAlOIIMeCs pa3paboT-
KOV U TPOM3BOACTBOM HM37e/UN C BTO-
PHUHO-3MUCCHUOHHBIM KaHa/IbHbIM YMHO-
JKeHWeM, B 3HAUYMTEe/IbHO MeHbIe CTe-
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reHd CHaOXeHbl COOTBETCTBYIOLINMU
CAIlP. 3amaua aBTOMaTH3UPOBAHHOIO
aHa/IM3a [IOBe/IeHHs 3/IeKTPOHOB B VC-
MIOBUSIX BTOPHUYHO-3MMCCHOHHOIO YMHO-
xutensi, 1 B Kadartax MKIT B uyactHO-
CTH, sABAsSETCA ropasao 6onee CrAoKHON
MOCKO/IBKY MpeaycMaTprBaeT He TOMbKO
pacyeT TPaeKTOPHH 3/IeKTPOHOB B YC/I0-
BUSIX OAHOPOAHBIX U HEOAHOPOAHBIX
37IGKTPUYECKUX TI07Iell W Pas/IAYHBIX
IPaHUYHBIX YC/IOBUM [0 B3aHMOICHCT-
BUS C INPOBOASALIMMU IIPEIATCTBUEM, HO
1 MOZeMUPOBAaHHEe BEPOSTHOCTHOIO SIB-
NIeHUsT SMHUCCUM W [a/IbHeHIero Ipo-
[BVKEHHSI B 3/IGKTPUYECKOM I1071e COOT-
BETCTBYIOILICTO KO/MYECTBA BTOPHUHBIX
371IeKTPOHOB.

CospaHvie cpeacTB  aBTOMATH3UPO-
BaHHOIO aHa/IM3a ITPOLIECCOB B KaHa/lb-
HOM YMHOMXHTe/Ie W MpU/Ierallx o6-
MacTiX M3le/nri IpHUMeHeHUs (BBICOKO-
BO/IBTHOM npoMexkyTke Mexay MKIT u
KaTOZOMOMUHECLIEHTHBIM 3KpaHoM 0I)
roApasyMeBaeT MOJeNUpPOBaHUe OAHO-
POAHBIX W HEOAHOPOAHBIX 3/IeKTpHUe-
CKHX T0/IeH, OT/IMUAIOIIMXCA PasHOMac-
TabHOCTbIO, B 0ObeMe KaHala C yye-
TOM T'PAHUYHBIX YC/IOBUM, a TakXke B 3a-
30pe IIaCTHHA-3KpaH; MOJe/1MpOBaHye
MOBe/IeHHs1 3/IGKTPOHOB B YC/IOBUAX
[AHHBIX TIO7IeH; MOAeMUPOBAHHE IIPO-
LIeCCOB  B3aMMO/ICVCTBUA  [EPBHUUHBIX
37IGKTPOHOB C PE3UCTUBHO-3MHCCHOH-
HbIM C7I0eM KaHa/ia M 3MHCCHM BTOPHY-
HBIX 3/1GKTPOHOB B COOTBETCTBHM C IO-
NIOXKEHUAMH TEOPHUM; CTATHCTUUYECKYIO
06paboTKY Pe3ynbTaTOB UCCIeA0BaHMUI.

O6mri Bua pa3paboTaHHOrO a/ro-
purMa CAIIP kaHa/bHBIX YMHOXKUTE/1er
npuBeaeH Ha pyc. 1. OH npeanonaraer
pellleHre TIOCTaB/IeHHOM 3azadu B 006-
PaTHOM TIOpAAKe, T.e. PaspabOTUHMKOM
Mpe/viaraeTcsi KOHCTPYKLMA MHWKpPOKa-
Ha/IbHOM I/IaCTUHBI W ee [apaMeTphbl
COITIacHO TexHndyeckomy 3agaHuio (T3),
KOTOphIE B AHa/ZIOrOBOM peXKMe Ioc/e-
noBaTennbHO BBoasaTcss B OBM. [lanee
OCYILIECTB/SCTCS TOC/1eI0BATE/TbHBIN
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pacyeT BaXHEMIINX XapaKTepHCTUK,
BBIBO/ZI MH(POPMALIMKM Ha MOHHTOD WK
reyaraioliiee YCTPOMCTBO, TIIOC/Ie Yero
creayeT  OlleHKa  pe3ynbTaToB  (3Tarn
«@Hann3»). Ecan npoekTHOE pelneHre He
IO/TYUeHO, SKCTIEPTHBIM METOAOM IIPO-
M3BOAUTCA UW3MEHeHNe 3/IeMeHTOB KOH-
CTPYKIIMK WM TlapaMeTpoB 3KCITIyaTa-
MU U3aenvsi B MpUOope TMpPUMeHeHUs
(aTambl cuHTE3a), OcyilecTBAsSETCA Mepe-
CUeT CHCTeMbl C Lie/Iblo ONTHMHU3ALIKH.
Takum obpa3om, MeToaOM TIOC/ea0Ba-
Te/IbHbIX l'IpI/I6III/I}K€HI/II\/’I AOOCTUraeTcd
COOTBETCTBHE [Ie/IeBbIX (PYHKIIMM  I10-
CTaBreHHbIM B T3 ycioBusiM.

Cpenyt yuuThIBaeMbIX TIpH pacueTax
3/1eMeHTOB KOHCTPYKLIMK U3a1e/11s Heob-
XOAVMMO BBIAG/UTh: Cpe[HUN AvaMeTp
KaHa/sa, OCODEHHOCTH ero CeueHus B
cyyae OTK/IOHEHUs OT KPYI/Ion pOpMbl
(3nAMNTUYHOCT, 3HAYeHUs OOMbIION U
MasIol Tonyocelt), AMHY KaHazia, cpea-
HHMI LIar CTPYKTYPhl KaHa/IOB, A/IMHBI K
OCOBEHHOCTH KOH(UIypaLUri BXOAHOM
Y BBIXOZHOM MeTa/l/I3alliid CTeHOK Ka-
Hasla, PacCTosiHMe TIaCTHHa-3KpaH B
v3zenui TNpyvMeHeHus. BBoaumble ma-
pamMeTpbl TAKOBBL: HaIpsXKeHUe IHUTa-
uuss MKII, comporunenvie MKII, pas-
HOCTb [IOTEHLMa/IOB MeKay BbIXOAHOM
[MOBEPXHOCTBIO T/IACTUHBI UM 3KPaHOM.
Pacuer npousBoanTcs B OAHO3IEKTPOH-
HOM pexume. LleneBbiMU PYHKIMAMEK
ABIAIOTCA:  KOI(P(PULIMEHT  YCH/IeHHS
MKII, auamerp KpyxKKa paccesHus.
CucremMa MoO3BO/IAET OCYLICCTB/IATh Mac-
CY MCCe/IOBaHUM CBSI3aHHBIX C B/WSHU-
eM pa3nuyHbIX (PAKTOPOB Ha YCHIM-
Te/bHYIO CIIOCOBHOCTL KaHa/IoB, SHepre-
THUECKOe M VIVIOBOE pachpeeseHre
3/1IGKTPOHOB, BbI/IETAlOIIMX B BBICOKO-
BO/IbTHBIM SKPAHHBIM MPOMERKYTOK, I10-
BefileHHe 3/1eKTpoHOB B 3a3ope MKIT —
3KpaH U Aap.

M3 anroprtMa BUAHO, YTO 4711 AOCTH-
JKeHHsl TIOCTaB/IeHHBIX Le/1ei HeOBGXOAMMO
pa3paboTaTh M peanr3oBaTh B BHAE TMPO-
IPaMMHOTO TIPO/AYKTa  MaTeMaTHUeCKYIO
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Puc.1. Aar OPHTM aBTOMAQTH3HPOBAHHOIO IIPOEKTHPOBaHHA YMHOKHTe/IA



Mofieqb 3/IeKTPHUUECKOro T071s B YCIOBU-
Ax o6beMa KaHa/sa C YJeTOM IPaHUYHBIX
YC/IOBHH, OIpesnenseMblX OCOOEHHOCTH-
MU M37enusi, a TakKe Mojesb IoBe/e-
HUS MepPBUYHBIX Y BTOPHUHBIX 3/1eKTPO-
HOB B KaHazne u npomexytke MKIT - k-
paH. [lpuBenem nanee BhIBOA MaTeMa-
THUUECKOM MOfIeNI 3/1eKTPUYECKOro Io/1s
KaHasia MKIT.

[aHHyI0O Mozenb HeOBXOANMO CTPO-
WTb Ha OCHOBe YpaBHeHHs [lyaccoHa
Q7151 3MIeKTPUUECKOTO T10/151 B BaKyyMe:

viu=-£ (1)
80

rae V2 — mndpdpepeHumansHbli ornepa-
Top /laniaca, dopMa KOTOPOro 3aBUCUT
OT BHIOOpPa KOOPAMHATHOM CHCTEMBH,
1/m2; U- notenuman nons, B; p — T710T-
HOCTb OGbeMHoro 3apsaza, Ka/m>. (cym-
MapHbIM  3/IeKTpUUEeCKUM 3apsad  BcexX
S/IeKTPOHOB B MMIIY/IbCE, B CAy4ae C
S/IeKTPOHAMU OH HMMeeT OTPULIATE/IbHbIN
3HaK, MO3TOMY IIpaBas YacTh YpaBHEHHUS
(1) cTaHOBUTCA MOMOKUTE/TLHOM).

VYpasuenue (1), omnuceiBaiolee B ae-
KapTOBOM CHCTeMe KOOpAWHAT [ofe,
obragarolee BpallaTe/lbLHOM CUMMETPU-
e, mprobpeTaeT BUA:

2 2 2
U, oV U _p @
ox- oy 0z g
rae X, Y, z- 3HaueHHsl KOOPAMHAT B e-
KapTOBOM CHCTEMe, M.

VYpaBuenve (2) sBaserca Modernbio
pacrpeneneHus 31eKTPUUECKOro ToMns B
KaHarie MKII u ero HeobxoanMmo pe-
umth. Haubonee ynoGHO ¢ Touku 3pe-
HUS TIOC/IeAYIONIe peann3alii MoJaenn
B BUJe MNPOrPaMMHOrO MPOAYKTa IPo-
M3BeCTH MNpUOIMKeHHOe (4MCIeHHOoe)
pellieHre AaHHOTO YpaBHEHWUs] MeTOAOM
KOHeuHbIX pasHocTeit. Ero ocHoBHble
TIPUHLIMITBE TAKOBHI.

HemnpepriBHOE pacripenenenue Io-
TeHLMa/la BHYTPY PaCCUMTHIBAEMOi 00-
nacTy 3aMeHsieTCsl  AWCKPEeTHbIM, T.e.
3HaueHys TOTeHLIMasa OrpeaesioTc B
HEKOTOPOM KOHEUYHOM MHOMXKECTBE TOUEK
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(y3r10B). COBOKYITHOCTb Y37I0B Ha3blBaeT-
Cl CETKOM.

[uddepeHimansHble YpaBHEHUs B
YaCTHBIX [MPOM3BOAHBIX 3aMEHSIOTCS CO-
OTBETCTBYIOIIMMH YpaBHEHUAMU B KO-
HEUHBIX Pa3HOCTHAX, KOTOPhIE IO/IYYaloT-
Csl 3aMeHOM IMPOUBBOAHBIX MTPUO/IHKEH-
HbIMM BBIpAXKEHUSAMU Uepe3 KOHeUHbIe
Pa3HOCTH.

PesynibTaToM pacuera pacrpenerne-
HUsA TIOTEHLIMa/la B KaHa/le METOAOM KO-
HEUHBIX Pa3HOCTEH SAB/AIOTCH 3HAUEHMs
[IOTEeHLIMa/IOB B fYeMKaX CeTKU, Pacrio-
NOXEHHBIX BHYTPY KaHa/la MPU U3BeCT-
HBIX 3HAYeHUsIX [MOTeHIIMa/la Ha TPaHuLIe
obnacti (Ha CTeHKax KaHaza), T.e. pe-
maetcs 3adada /lupuxne 18 ypaBHeHs
[lyaccoHa.

PaccmotpuMm cuctemy kaHama MKIT,
MpyBeseHHYI0 Ha puc. 2. Pasnenum
paccuuThiBaeMyio 06/1acTb MyTeM HaHe-
CeHMs Ha OObeM KaHa/la KBaApPaTHOM
cetkd. CTouT 3azaua HaWTH 3HAYEHWUs
[MOTEHLIMA/IOB, YAOB/ICTBOPSIOIIME YPaB-
vennio [lyaccona (2) B siuerkax ceTky,
PACIIONIOKEHHBIX BHYTPU OOG/IACTH, MPU
M3BECTHBIX TPAHUYHBIX YCIOBUSX, T.e.
NPy U3BECTHOM paclpeaeneHr TMoTeH-
LlMa/la B CTEHKaxX KaHa/la, a TaKXke Ha
ero BXo/e 1 BbIXO/Ie.

[luHuKM ceTKH LenecoobpasHO BbI-
Oparth COBIMAAAIOLIMMU C HallpaB/IeHHEM
KoopauHaTHbIX ocett X,Y u Z. llar cer-
KU cneayeT MPHHATh PaBHBIM 1 MKM T10-
CKO/MbKY: BO-TIepBhIX, KaHaziel MKII
uMetoT 6auskve rabapuThl, BO-BTOPBIX,
3TO0 06eCreuuT AOCTAaTOYHYI0 TOYHOCTD
[MPOM3BOAWMBIX  PACUYETOB, B-TPETbUX,
Kak OyaeT MoKas3aHO gaszee, B TaKOM
cy4ae 3HaAUMTe/bHO YITPOCTUTCH pellle-
Hue ypaBHeHus [ lyaccoHa.

O603HaUMM MMHWK CETKH (CM. puc. 2),
ornpeaensiolye npypalleHre BAOMb OCH
X uyepe3s i Baonb ocu Y yepes j BAOMb Z
yepe3s k. B 3ToM cnyuae Kaxaoi suerike
CeTKH OYAyT COOTBETCTBOBAaTb CBOM WH-
nekchl i, j, k. BeiGepeM mnporsBOIbHYIO
SUerKY C MHAeKcaMH i, j, kK (cMm. puc. 2).
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Ui j+, k
Ui j k+1
Uijk
Ui j k-1
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Puc. 2. Cxema kanana MKII: 1 - sueiika BHYTpY KaHaza (MOTeHLIMas B HUX He W3BeCTeH); 2 —

T'paHUYHbBIE fYerKU 3HaueHreM TOoTeHLMaia

Ecnu 3amaua pelieHa, TO TMOTeHLMa-
bl B fYeMKax CeTKU AO/MKHBI YIOB/e-
TBOPATH YpaBHeHuo [lyaccoHa, 3aru-
CaHHOMY B (popMe /151 ACKaPTOBOM CHC-
TeMbl RoopauHart (2). C rnomousio dpop-
Mmyrbl Terriopa, KoTopas Mo3BoAsAeT A/
M3BECTHOTO 3HaueHWst (PYHKIIMKM U eé
MIPOMU3BOAHLIX B TOYKE a, OINpele/vTh
3HayeHre PYHKLMY B COCe/IHeM TOUKe X,
OTCTOfIIeH OT Heé Ha Ma/loe PacCTosi-
HYe (x-a), paBHOe Iary CeTKH, MOKHO
3anycaTh TPUOIMKEHHbIe BBIPAXKEHUS
Q71 YACTHBIX TTPOU3BOAHBIX, BXOAAIINX B
ypaBtenre (2). Popmyna Tewnopa nme-
er Bua [3]:

f(a+(x-a))=f(x)=f(a)+——f'(a)=

2 n
(eay o (ea)
—2—!f (a)+..+——f" ' (a)+
(X— a)n +1 (
(n+1)!
rae 0 - uncrno, 3akmodeHHoe Mexay 0 u 1.
[Myctb (x-a) - war ceTky, 0603HAUNM
ero uepe3 h. T.K. maHHOe 3HaueHMe
Maso, TepernuiieM BhpaxeHue (3),
OrPaHWUMBLIMCH TPeMs TIePBLIMH U/le-
HaMU:

f(arh)=f(x)=f(a) ’(a)+2—! t1(a)
(4)

[puMeM 3a BenMuMHY a y3esn C HH-
[eKCaMH i U j, TorZa MOKHO 3allucath:

n+1)*[a+0(x—a)],
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oU hou
Ui—l,j,k = I,],k_h& ? aXZ 5
oU nou
Ui+l,j,k gui,j,k "rh&"‘zy,
2
Uij—lkE i hﬂ h_aLj,
o oy 2 oy
ou h o’U
UI J+1k hW-f_ 2 ayz : (5)
h8U h* 6°U
Vi g &
h@U h? 6U
U|1k+1 U Ay 7 62
CrnoXuB MOY/IeHHO TP TPYIIIbL, MOMYUHNM
h*o’U
Ui—l]k+U|+le—2U|Jk+ a 2 5
h26 0]
i,j—],k+U|]+lk:2U ayZ ; (6)
. ho’u
Ui,j,k—l+Ui,j,k+1:2Ui,j,k+ oz
W3 ypaBHenuit (6) crieayert:
aU UI l]k+UI+I]k Ui,j,k_
8y2 = h? >
6L2J _U.J lk+U|12+lk 2Ui,j,k; (7)
oX h
o’V ~ Ui,j,k—l +Ui,j,k+1 +2Ui,j,k
oz h '

[Moncrasnss Beipaxkenus (7) B ypas-
Henve [lyaccona (2), monyurm:

Ui—l,j k+U|+1 j.k +UIJ 1k+U| j+1Lk +U| j.k-1
+
h2
+Ui,j,k+1_26Ui,j,k :ﬁ (8)
h &

C yuerom TOro, uto h=1 MrM, BeanunHy
MOTeHLIMa/la LIeHTPa/IbHON fYelKU Yepes
MOTeHLIMa/Ibl COCeIHUX MOXKHO orIlpese-
TUTb U3 BbIpazKeHusd
U ..  +U .. +U. . +U. .
i-1,j.k i+1,j.k i,j—-1,k i,j+lLk
U, =( +

6 (9)

Briuvtaemoe B Bbipaxkenuu (9) yuu-
ThIBAeT CTeleHb BAWAHWA TPOCTPAHCT-
BEHHOTO 3apsaa, pOpPMUPYEMOro 3/1eK-
TPOHHOM /IaBUHOM B KaHa/le, Ha pac-
rpefeneHne 3/eKTPHUUeCKOro TMo/as B
veM. Cneayer uMeTh B BUAY, UTO B pe-
KVMe U3/e/Wi NMPUMEeHEeHHsl, B YaCTHO-
CTU B 3/IGKTPOHHO-OMNTHUECKUX MPeod-
pasoBarersix, Koacb(bldumem ycunerus
MKIT He npeebimaer 10° + 5*10° (npu
Umkn=700+800B), uto HemocTaToOYHO
[U11 PasBUTHsSL TIPOLIECCOB 3apsiZIOBOTrO
HachlllleHWe B KaHazie. 3apsaoBoe Ha-
ChlllleHWe — 3TO OrpaHUYeHHe pPasMHO-
JKeHHsl 37IeKTPOHHOM /1aBUHbBI, BC/IEACT-
BMe TOrO, YTO Ha BbIXOJE KaHa/la IIoT-
HOCTb TIOBEPXHOCTHOTO TO/I0KHTETbHO-
ro 3apsiia CTaHOBUTCS BecbMa 3Hauu-
Te/lbHOM Y HayMHAeTCs WCKamkeHue yc-
Ropsiomtero mnoss. KssectHo, urto oOb-
eMHbIF 3apsa BAWSET Ha 3/IeKTPHUECKOe
ro7ie KaHazia TpH YC/IOBMM, KOraa Ha-
npsikeHve Ha MKITI u ycunenve M aoc-
tatouno Bemvky (M=10% = 10° u Bbie).
CneayeT OTMETHTh, UTO TaKHE PeKHMbI
3HauMTennbHO 6o71ee KecTKHe, ueM Te,
YTO pPacCMaTPUBAIOTCH B faHHOM paboTe
[o3TOMY ypaBHeHve (9) MOXKHO Ieperny-
cath B Bue:

7Ui—1,1 k+U|+l j, k+U| N 1k+U| j+1k
i,j,k 6
U ., +U..
. i,j,k-1 i,j,k+1 (10)
6

Ecny nanee nns KaxkaoW BHYTpeH-
Hel f4YelKU CeTKH 3allkcaThb TaKoe BbI-
paxeHue, IMOAYUYUTCH CUCTeMa /IUHew-
HbIX anrebpanyeckux YpaBHEHUM, KO-
TOopas W sABAAETCA MaTeMaTHUecKOoM
MOJenblo 3/eKTPUUECKOro 0/ B Ka-
Hane MKI1. /[lnsa eé pemenus sdpdpek-
TUBHO MCIO/b30BaTh HTEPaLIMOHHBIM
MeTO/, CYIIHOCTb KOTOPOTrO 3aK/ioya-
ercad B IIOCNEAOBATE/IbHOM HEO/HO-
KpaTHOM [lepecueTe [OTeHLHa/IOB B
sluelikax CeTKM, IMPU U3BECTHHIX TI'pa-
HUYHBIX YCIOBUSX. KoanuecTBo wuTe-
paluil ornpesenseT TOYHOCTh pacueTa.



Pesyastrpylolilee pacripesneneHve cuu-
TaeTca AOCTOBEPHBIM, ec/ld pasHHula B
Be/IMUMHe TMOTeHIIMana OAHUX U TeX XKe
fueeK CeTKH COCeAHHX HWTepalnid
oueHb HeBenrka. OHa He JO/MXKHa Tpe-
BbILIATh 10/1e¥ BO/IBT.

['oBOps O TpaHUYHBIX YCAOBUSAX, He-
06XOANMO YUHTBHIBATh Creayrollee:

- IMaMmeTp U [/IMHY KaHa/a;

- pacnpegeneHyie TOTeHIIMasa BAO/b
CTeHKH{ KaHaa;

- TyOUHY MeTaslMN3allMu BO BXOAHOM
Y BbIXO/IHOM YaCTU KaHa/la;

- B/MSAHME BHENIHWX 3/1eKTPUUYECKHX
Mo7iel, B YaCTHOCTH B BBIXOAHOM YacTH
KaHa/za.

B 3akmioueHue creayeT OCTaHOBUTH-
CA Ha OCHOBHBIX pesy/bTaTax pPaboThl,
OHU TaKOBBI:

1. PaspaGoTaH aaropuTM aBTOMa-
THU3UPOBAHHOTO IMMPOEKTHPOBAHMA Ka-
Ha/bHOTO 3/IeKTPOHHOIO YMHOKUTe/ s,
Lie/1eBbIMU  (PYHKLIMAMU KOTOPOTO  fB-

ASIOTCA AMaMeTp KpYXKKa paccesHus
3/eKTPOHHOI0 M300paxeHus KaHazma U
yCUIrTenbHas ClIOCOOHOCTh KaHasa.

2. PaspaboraHa MaTemaTHuecKas
Moze/lb  YCKOPHAIOLIeIro  3/1eKTPHUUYeCKOro
nossi B ycnoBusax KaHazta MKIT ¢ yuetom
rpaHuYHBIX ~ YycrioBui. [ IpoBeneHHoe
YKC/IGHHOE pellleHHe AaHHOTO YpaBHe-
HUS TIO3BO/IA/IO TIO/YUHTH (POPMY OITHU-
CcaHHA OAHOPOAHBIX W HEOAHOPOAHBIX
nosey, YAOOHYIO A71f peasu3aliy B BU-
fie TIPOrPaMMHOTO TMPOAYKTA.

[lpencraBneHHass  MaTeMaTHyecKas
Mo/ierb 3/IeKTPUUYeCKOro Mo/l B KaHasie
MKII, kak mokasamu COOTBETCTBYIOIIME
pacyeTsl, UMeeT BBICOKYIO CTereHb aje-
KBaTHOCTM U B KOMIUIEKCE C a/rOPUT-
MOM, TpHBeAeHHBIM Ha puc. 1, ymoOHa
[7151 TIPOBe/IeHHsl MHKEHEePHBIX TeOPeTU-
YeCKUX WCC/Ie[IOBAaHUM, a Takke IpU
MIPOEKTUPOBAHMM KaHA/IbHBIX 3/1EKTPOH-
HBIX YMHOXMWUTe/IeM W APYIMX HW3aennvm
BaKYYMHOM 3/1eKTPOHUKHU.
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