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ITPOIHO3 IIAPAMETPOB IIOJICICTEM
BbIYNCJINTEJIBHOV CUCTEMbBI 9KCA®JIOIICHOTO KJIACCA

FO. I'. Baprenes, FO. A. Bougapenko, B. @. Crupumnonos
(POALI-BHUNDD)

[IpuBoasaTCa OMEHKU BO3PACTAHUI IMPOMYCKHON CIIOCOOHOCTH KOMMYHHKAIIMOHHON CETH B
neaoM, 00beMa MaMsaTH BCEX YPOBHEH W HPOU3BOAUTENbHOCTH I'padhuieCcKOi MOICUCTEMBI B
3aBHCHAMOCTHU OT YBEJIMIEeHHUs UUCJIa, BHIYUCIUTENbHBIX Y3JI0B (CEPBEPOB) U POCTA MX MPOU3-
BOIMTEILHOCTH. B KadyecTBe MOJEIU BBIYHCIUTEIHHOrO AJITOPUTMA HCIIOJIH30BAHBI ABHBIE

Pa3HOCTHBIE CXEMBI JJIsT TPEXMEPHBIX 33129 ra30BO# AWHAMHUKH. lIpeamosaraercsd, 9To mpu
mepexoze OT cymecTByomeit 9BM K mpoekTupyemMoil BEIYUCIUTENBHOM cucTeMe dKCcadIonc-
HOT'O KJjIaCCa BpeMd CYeTa OIHHOIL/'I 3ada49d Ha BCEM BBIYHCJIIUTEJIBHOM IIOJI€ HE MEHAETCA.

Katouesvie crosa: cynepdBM, napaMerpsl BBIYUCIATEIBHOM CHCTEMBI, MacCIITAOUPOBaHUE
BBIYUC/IUTEIHHON CUCTEMBI, IPOIMYCKHA CIIOCOOHOCTH CHCTEMBI MEXKIIPOIIECCOPHBIX 0OMEHOB,

OpIcTpOEeiicTBIE U 00BEM ONMEPATHBHON M BHEIIHEH MaMATH, OBICTPOAEHCTBHAE CUCTEMBI I'Pa-
duueckoit 00pabOTKHU, TPEXMEPHBIE HECTAIMOHAPHBIE 33JaYd, ABHbIE PA3HOCTHBIE CXEMBI.

BBeneunne

OmnpeneneHnio mapaMeTpoOB MOACUCTEM (KOMMY-
HUKAIIMOHHOW, ONEepaTHUBHOU W BHENIHell IaMdATH,
rpadugeckoit 06paborkm) IBM npum pocre ee mpo-
U3BOAUTEIHLHOCTH BCETA YAENAIOCH JOCTATOTHOE
suumanue [1—4]. IIpexnaraemsiit B gauHO# pabo-
Te MPOTHO3 CTPOUTCS Ha OCHOBE (DOPMYJI I 3313
TPEXMEPHOTO MOJEJUPOBAHUSA, OTPAKAIOIIAX BO3-
paCTaHuEe KOJUYIECTBA BBIYUCJIEHUN Ha pacdeT ra-
30[IJMHAMHUIECKOTO IIPOIECCA IO SBHOM CXeMe IpHu
mOBBINIeHAn TOApoOHOCTH ceTku. OTMerum, d9TO
MOJIXOJ, K OIIEHKE XapaKTEPUCTHUK MEPCIEKTUBHOMN
9BM, ocHOBaHHBI HA MOJEIN BLIYUCIEHWH, aHA-
noruger moaxoxy U. JI. Codponosa [1].

Ilenp mamvON paboTsl — mgaTh pa3paboTdH-
KaM BBITHCIUTEIBHON cucreMbl (cymepdBM) sk-
caJIONCHOrO KJIAaCCa OPUEHTHUPHI HA, JJINTEJHHYIO
MEePCIeKTUBY MO HEOOXOAMMBIM IapaMeTpaM: IIPO-
IIYCKHOM CIIOCOOHOCTH KOMMYHHMKAIIMOHHOW IIOCH-
cTeMBbI, OBICTPOAEHCTBHIO MTOACUCTEM TAMATH, 00be-
My HOJCUCTEM MAMSITH U IPYTHUX MOACUCTEM B 3aBH-
CUMOCTH OT ObIcTpozeiicTBus cynmepdBM u ee BbI-
YUCJINTEJIbHBIX KOMIIOHEHTOB. O}KI/IILa,eTCH, 9TO ucC-
TOJTh30BaHUE TAKUX OPUEHTUPOB B BUIE MAaTEMAaTH-
YeCKUX COOTHOIIEHUU IO3BOJIUT IIPU IPOEKTHPOBA-
Hum MOIIHON cynepdBM 6osiee TouHO onpemenuTh
3aJa4u 10 ee pa3paboTke.

OO6bI4HO cumTaeTCd, 9YTO YKa3aHHbIE XapaKTepu-
CTUKHN 3aBUCAT JIMHEHHO OT OTPOU3BOAUTEIBHOCTHA
Berunciaurend. Ho 3To ompaBmawHO mpu HEOOIB-
IIIOM BO3PACTAHUUU MIPOU3BOAUTENHHOCTH. llpax-
THUKa ITOKA3bIBAE€T, YTO TaKad IMIPOCTad 3aBUCUMOCTDb
TeM OOJIBbIIE 3aBBIMIAET TOCTATOIHBIN myia ¢ dek-
THBHOTO KCIOJIb30BaHus cynepdBM yposenb Tpe-
OoBanwuit, uem Gosiee momHas cynepdBM cozmaer-
cd.

IIpu pemenwn 3amadm B OAHON m TOH Ke reo-
MEeTPUIECKOH O0JaCTH B OMHOM W TOM K€ HHTEp-
BaJie (PU3UIECKOTO BPpEMEHN MCXOMHAS MaTeMaTHIe-
CKad MOZIeJb (Mozgem) ABHOU Ta30BOIl IMHAMUKHU HA
CTPYKTYPUPOBAHHBIX CEeTKAaX, HAIPUMED, MTOCTPOEH-
masg no Meropuke JIST'AK [5]) maer cBepxiuueitnbie
(mesuneiinble B crenenu k > 1) 3aBUCHMOCTH KOJIH-
YeCTBa BBIYUCIEHUN OT 0ObeMa 0OpadaThIBAEMBIX
naHHbIX ¢ k = 4/3 (xybudeckas cerka), k = 5/3
(mumeapudeckas cerka) u k = 6/3 = 2 (cde-
pHUYeCKasd CeTKa) [MpH JINHEHHOW 3aBUCHMOCTH IIa-
ra IO BpEMEHU OT MUHUMAJIBHOI'O AUaMeTpa a9ei-
KU CeTKH (OH YMEHBIIAETCH JINHEHHO, KBAAPATUIHO,
KyOWYHO TpHU CTYUIEHUU yKA3aHHBIX CETOK BO BCEX
HanpasjeHnsax ). Mogens OTpakaeT XapaKTePHYIO
[T CEeTOYHBIX METOOB [TEKOMIIO3UIUIO TpPeXMep-
HOIi c9eTHOM ceTku Ha mopobsacru (mapaobsiacTn),
[IPENMYIIECTBEHHYIO CXeMY OOMeHA [TaHHBIMHU MEXK-
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Iy COCETHHMHE MapaobjaacTaMu, Iph KOTOPOH 00b-
eM mepeaBaeMoil Ha KaXKJ0M BPEMEHHOM Illare WH-
dbopmanuu mponopIUOHAIEH YUCITy g9eeK (U KOJIu-
YeCTBY BLIYHCJIEHHI) mapaobiacTa B cremenu 2/3.

[To-Bugumomy, momobubIe (BbINIE JUHEHHOI) 3a-
BHCHUMOCTH KOJIUYIECTBA BBITUCJIEHUN OT 0ObeMa 06-
pabarsiBaeMoit mHGOPMAIAK IPUCYIIA HE TOJIBKO
MeTOAUKAM dABHOU ra3oBOil AWUHAMWUKHU, HO U CBd-
3aHHBIM C HIMH METOAMKAM (MOJEJIH TEIIOIPOBOI-
HOCTH, NEPEHOCA IACTHI]), NCHOJIb3YOIMMAM AIIPOK-
cUMaIui0 UCXOAHBIX TuddepeHnnaJIbHbIX yPaBHE-
Hu#t Ha cerkax. (OOHOBpEMEHHOE C yBeJIHYeHU-
eM 00JIaCTH YBEJMYEHUE YNCIA SA9YEEK B Ta30.lH-
HAMUYECKOH 3ajade, yBeJIWUeHWE UHCJA YACTHUI]
IpU MOJIEKYJIAPHO- THHAMIIECKOM MOZETNPOBAHUT
0CJIA0JIIOT yKA3aHHBIE 3aBUCAMOCTH, BILUIOTH JI0
JIUHEWHON! 3aBHCHMOCTH IIIara IO BpeMeHU OT Ia-
ra mo cerke (WJIM OT 9YUCJA 9acTHL). Psan apyrux
dakTOpOB, HAOOOPOT, YCHIWBAIOT CTENEHb HEJIU-
mefinoctu. Hampumep, wucmosnb30BaHUE HEIBHBIX
CXeM, IPUBOAAIINX K DEINEHUIO CETOYHBIX ypaBHE-
Huil, JaCT AONOJHUTEJIbHBI MHOXKHUTEJIb HEJIMHEN-
HOCTH, TO-BUAMMOMY, HE MeHbIIe, deM Jorapudm
OT OTHOHICHUA YUCJIa A9€€K OABYX CETOK.

Bce sTu caywam, BKIIOYAd OpUEHTAIWIO CyIep-
9BM na cnenuduky npeBaIupyomIuX KJIacCOB 3a-
a4, paCYeTHbIC TEXHOJIOTMH W HUX HU3MEHEHHNE B
MEePCIeKTHBe, YIeCTh 3aTpyaHuTesbHO. llosTomy
rpyObie omeHkm mapameTpos cynepdBM momkHBI
YTOYHATHCA HA dTalaxXx CpeJHe- U KPATKOCPOYHBIX
3aaHUil HA TPOEKTHPOBAHIUE.

IIpemnaraemble HEXKe OIEHKH MPEIACTABJIEHBI B
Buge OpMyJI, KOTOpbIE HAIOT AWAMA30H BBEIOOpA
3aBUCHMOCTH M€Ky KOJIMYIEeCTBOM BBIYUCJIEHUII (B
dbaronax), n obbemom mamEBIX 3aa9n (B OaiiTax).
Nx MOXKHO Ha3BaTh COOTHOIIEHUIMU HOAOOMSA HIpHU
mepexoze ot oxaoii 9BM Kk mpyroii, coxpaHgomeM
mozcucreMbl BTopoit 9BM HacTosbko ke cbajaH-
CHPOBAHHBIMHU, HACKOJBKO OHU COAIAHCHUPOBAHBI B
nepsoit 9BM. B sTom guanazone us onpeneaeHHbIX
coobpazkeHnil yKa3bIBAIOTCA HAMOOJIee HAIEKHBIE C
TOYKHU 3pEHUd aBTOPOB COOTHOIIEHNH, KOTOPBIE a-
Jiee IPUMEHAIOTCA JId OIeHKH IIapaMeTpOB CyIep-
9BM c moBbIIIeHHO TPOU3BOAUTETHHOCTHIO.

Hedopmaawsno, cbararcuposaHHbmu XapaKTepu-
CTUKaMMU IIOACUCTEM (BbI‘-IHCJIHTeJII;HOﬁ, KOMMYHU-
KAIIMOHHOM, mamaTu u Ap.) cynepdBM 6Gynem Ha-
3bIBAaTh TaKHE€ XapPaKTEPUCTUKU, KOTOPHIEC TO3BOJILA-
FOT CYUTATh B MHOTO33Ia9HOM PEKUME BCE IIEJIEBBIE
KJIacchl 337a9 (1 06pabaThiBaTh PE3yJIbTATHI PAC-
9eTOB), B TOM 9YUCJIE OCHOBHBIE KJIACCHI 33149 C MC-
TOJIh30BAHUEM HE MEHee IOJIOBUHBI BBIIUCIUTEID-
HOTO pecypca, 3a HEKOTOPOe JOMyCTUMOe BpeMs C

IOCTATOYHOM g morpeburens 3HdEeKTUBHOCTHIO
pacmapasrenuBanuda. Jljs Gosbineit ompemeaeHHO-
CTH MOXKHO CKa3aTb, YTO Ha MIPEACTaBUTEJIBHBIX C
TOYKHU 3pPEHHus MOTPeOUTEd TECTOBBIX 3a/Ja9aX Xa-
PaKTEPHOr0 pa3Mepa JOJIXKHA, JOCTUTaThCsS MPOW3-
BOAUTEIBHOCTD HE HUXKE 33[AHHOM.

Bosee mogxonganium moka3aTesgeM saBIAETCH OM-
HOCUMEALHAA COGAGHCUPOBAHHOCTMb, yIUTHIBAIO-
m@ag OOBIT CYeTa Ha HEKOTOPO# CyllecTByIoIIeit
9BM. Eciu ee xapakTepuCTUKUA TPUHSATH 33 MPH-
emitembIit 3Tas0H b dexTuBHOCTH cuera 3ama4l, To
HoByi0o 9BM Oymem cumTarh cHaIaHCHPOBAHHOIM,
ecinu 3G PEeKTUBHOCTL CUeTa 337ad, COOTBETCTBYIO-
masg yBEJIXYEHHON BBIYUCIATEILHON €MKOCTH, Oy-
ZeT Takoil Ke, KaK Ha cymiecTByromeil (cmapoi)
9BM.

[Ipumensg mnpemmaraevble HOPMYIBI, MOXKHO
mpoekTupoBaTh HOByIO IBM cbanarcuposartvim
06pa3om, UCIOJIB3ys mapaMerpsl crapoit I9BM, ec-
i TapaMeTphl ee MOACUCTEM COAJTaHCHPOBAHBI.
Jlisg mpoBepkum npuUMEHHMOCTH (POPMYJ IJjId K-
cadutonicaoit. 9BM mnporrozupyembie mapamMeTpbl
CPABHUBAIOTCA C APYTUMHE CYIIECTBYIOIINMHA IIPO-
CHO3aMH.

MaremaTnueckasda MOIEJIb

MaremaTudeckad MoOziesb 6a3UpyeTca Ha CIIEMy-
IOIMUX ITOJIOZKECHUAX:

— OpHW yBeJIWYEHUW OObeMa JAHHBIX 3aJa9d HA
HoBO#t DBM orHOCuTENbHO cTapoit 9BM B D
pa3 BO3pacTaHWe KOJIMYECTBa BblumciaeHuil A
onpemenserca dopumytoir A = DF (paccmar-
pusatorca ciaydan k = 1, 4/3, 5/3, 2);

— cynepdBM cocTrouT u3 MHOXKECTBa, CBA3AHHBIX
KOMMYHUKAI[HOHHO! ceThio (6e3 ydera CTPYyK-
TyDPbI) BBIYUCJIMTEIBHBIX y3/0B (6e3 yuera mx
CTPYKTYDBI), Ha KaXKJOM U3 KOTODPBIX Da3Me-
IAIOTCA JAHHBIE OJHON MapaobiacTh 3a1a4u;

— obbeM o0bmenHol wHGOPMAIUKA OJHOTO 3aHU-
MaeMoro 3ajadeil BBIYUCIUTENIHHOrO Y3JIa Cy-
nepdBM (maHHBIX TpaHUYHBIX A9Ye€K mapaod-
JIACTH, KOTOPBIME OH OOMEHWBAETCS C APYyTAMHA
y37aMU) yBeJINYHBAETCs, Kak obbeM obpaba-
THIBAEMBIX 9TUM y3JI0M JaHHBIX B cTeneHu 2/3;

'Boobme roBops, yCaoxkHSAS U ymopoxas ManmHy, Gpop-
MaJIbHO MOKHO IIOJIy4aTh Oojiee BBICOKYIO 3 eKTHBHOCTH
cuera, OQHAKO 3aTPATHl HA €e CO3JaHNEe MOTYT He OKYIIUTh
NIPUPOCT PEAJIbHON MIPOU3BOLUTENILHOCTH, KOTOPBIA Orpa-
HUYEeH, B TOM 4NCJIE U AJrOPUTMUIECKON 3¢ deKkTUBHO-
CTHIO pachapaJule/IMBaHUsd peajbHBIX 3amad. llosTomy Bce-
Ia IPUXOLUTCS OCTAHABINBATHCH HA KAKOM-TO IIPUEMIIEMOM
ypoBHE 3D PEKTUBHOCTH PACIAPAJIIIEIUBAHNS.
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— dusndeckad MOZAEIb He MEHAETCs, KOJIUIECTBO
BBIUUCJIEHUN B OJIHOU d4elike Ha OJHOM IIa-
re IO BPEMEHU HE 3aBUCUT OT YHCJIA AYIECEK
CeTKH; COOTBETCTBEHHO KOJIUIECTBO BBITHCIIE-
Huit (B ¢ionax) Ha OJHOM IIare IO BpeMe-
HE BO3PACTaeT IPOHOPIUOHAIBLHO D (yBenude-
HUIO YHCJIa T9€€eK CeTKH), a 0DIee KOJIMIeCTBO
BBIYMCJIEHUH B 3ajJade Bo3pacTaer 3a cuer [
U yBEJIWYEHUs UUCJIa BPEMEHHBIX WIAroB (Iid
paccmarpusaemoit mogenn B DF! paz);

— pa3Mep oxHO# 3ammcu B BalIOBYIO CHCTEMY
moBoit 9BM yBenuduBaerca B D pa3; 3amada
Ha HOBOI DBM nemaer Takoe :Ke UHCIO 3aIM-
ceii (camTaeM, 9TO 3TO IUCIIO ONPEENAETCT Xa-
PaKTEPHBIMU TOYKAMU IBOJIONUHA MOJEIUpYye-
MOT'O IIPOIECCA W HE 3aBUCHAT OT HOAPOOHOCTH
CETKW) U 33 TO 7K€ BPeMs CYeTa, ITO Ha CTapOil
9BM;

— rpadudeckag cucrema HoBoi DBM obpabarsi-
Baer B D pa3 yBesmdeHHBIH 00beM JAHHBIX 3a
TO 2Ke BpeMsd, ITO Ha crapoit 9BM;

— O[IHA COOTBETCTBEHHO yBeJIWdIeHHasd OOJbImad
3aJla9a peuraeTCd Ha BCEM BBIYHC/IMTEIIBHOM
moste HOBOt DBM 3a TO ke Bpemd, 4TO Ha CTa-
poit 9BM (cumraem, 9TO 3TO OTHOCHTCH W K
CJIy9ai0 OJHOBPEMEHHOI'O CYETa MHOXKECTBA 3a-
lad — KaXK[asg COOTBETCTBEHHO YBEJIMIEHHOI'O
obbema).

IIycTb

T — Bo3pacTaHue BpEMEHU CUYeTa HA HOBOI DBM
OTHOCUTEJIbHO CTapOi;

N — YBEJIUYEHUE TUCJIQ BBIYUCJIUTEJIBHBIX Y3JI0B
(cepBepOB) BBIYUCIMTEIBHOTO MOJIA Ha HOBOH DBM
OTHOCUTEIbHO CTapOi;

p — BO3paCTaHWE HTPOU3BOAUTEIHLHOCTH BBITUC-
JIXTEIBLHOTO y3I1a;

P = np — Bo3pacranue npou3BOAUTEIHHOCTH HO-
Boit 9BM orHOCUTETBHO CTApPOIL;

§ — HeoOXOmMMOe BO3pacTaHWe OBICTPOmEHCTBHA
NaMATH BBIYHCJIATEIBHOTO Y342 (cepBepa);

b — HeobxonrMOe BO3pacTaHue MPOIYCKHOH CIO-
COOHOCTH BHEIITHEr0 KOMMYHUKAI[MOHHOTO HHTEp-
deiica BeraucauTenbHOTO y37a (cepsepa);

B = nb— Bo3pacranue npomyCcKHON CIIOCOOHOCTH
KOMMYHUKAIIHOHHOI CEeTH B IeJI0M?;

V — meobxommmoe yBenumdeHue ob6beMa MaMATH
BCeX ypOBHeil: oneparmsHOii, BremHel (dailtoBoii
HOJCUCTEMBI );

S — meobxomuMoe Bo3pacTaHue OBICTPOIENCTBUA
BCeX ypoBHel haiIOBOM IOICHCTEMEI;

G — HEOOXOZMMOEe BO3PACTAHUE IIPOU3BOANTENb-
HOCTHU rpaduIecKoil MOACUCTEMBI.

[Tposeng Boikimaaku (mogpobHO oHU manbl B [Ipu-
JIO?KEHWUM ), TIOJ[yIAM COOTHOIIEHWsI, OTPAZKEHHBIE B
Tabu. 1.

EcrecTBennoe mpenmnosoxeHne O HEN3MEHHOCTH
BpeMenu cdera 3amaun (I = 1, 4To mpuHEMAaeT-
ca masee) npu Bo3pacranusx A m P cooTBercTByeT
TOoMy, 4TO Oojee MmoimHadg cynepIdBM myxHa qma
permeHnd 60.}166 BBIYUCJIUTEJIBHOEMKHUX 3ada', KO-
TOPBIE HEBO3MOXKHO PEIINTD 33 Pa3yMHbIE CDOKH Ha,
crapoit 9BM. Kpowme Toro, ykazaunusie B Tabi. 1 co-
OTHOIIIEHUS 0DECHEINBAIOT COXPAHEHWE ITOCTUTHY-
Toit 3 dekTuBHOCTH CUeTa.

KaxapiM w3 yKa3aHHBIX COOTHOIIEHWH MOXKHO
OJIb30BATHCH B 3aBUCAMOCTH OT TOI'0, KAKOM KJIacc
3aja4d Oyzer mpeBagupoBaTh Ha cynepdBM. Ciy-
van k = 1 u k = 2 maroT KpaiiHne 3HAYEHUS B dTHX

Tabaruya 1
HapaMeprI SBM B 3aBHCHMOCTHA OT yBE€JIMYEHUA IIPOM3BOJUTEJIBHOCTU U YHCJIa BbI‘-II/ICJII/ITeJ'IbI?bIX
y3J10B
ITapamerp k=1 k=4/3 k=5/3 k=2
b plfl (3k),1/3—1/(3k) ﬁ p3 4,1/12 p4 5,2/15 ps 6,,1/6
T1/(3k) T1/3 T1/4 T1/5 T1/6
plfl/(Bk)nél/Sfl/(Sk) pz/sn p3/4n5/4 p4/5n17/15 p5/6n7/6
B =" i/ T T ST
S = (TP)/* TP (TP)>/* (TP)3/5 (TP)/?
V = (TP)Y/* TP (TP)*/* (TP)3/5 (TP)/?
G = (TP)/* TP (TP)>/* (TP)3/5 (TP)/?

*IIpeamosnaraeM, 9TO KOMMYHHKAIIMOHHAS CHCTEMA HOBOIL
9BM obecriequBaer Takoe Ke OTHOLIEHWE PEAJIBHOM IIpo-
IIyCKHOM CIIOCOOHOCTH K IIMKOBOM, Kak Ha crapoit 9BM.
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HEPABEHCTBAaX. '1eM He MeHee pdaJl 337ad MOXKeT
VIOBJIETBOPATEH dTUM ycjoBuaM. Hampuwmep, k =
= 1 Opu yBeJIMYEHUN YHUCJIA TICEK OJHOBPEMEHHO C
yBeJIMIEHHEM pa3MEPOB pacdeTHOl obmactu; k = 2
npu KyOMYecKo# 3aBUCUMOCTH IAra, IO BPEMEHHU OT
1Iara peryadpHOi CeTKH. IDTU Caydan OoTOpachIBa-
eM, He CYMTad XapPAKTEPHBIMHU JJid OOIeil Macch
3a1a9.

Torma ciemyeT UpUAEPKUBATHCA CJIELYIOIIETO
"kopumopa' 3HaAYEHUI XapAKTEPUCTUK HPHU IEPEXO-
e ot crapoit 9BM k HOBOI:

n1/12p3/4 <b< n2/15p4/5 u Hauboslee HaIEIKHBIE
b= n2/15p4/5 u B = n1/3P4/5;

P3/% <V < P3/* i nauGonee magexmoe V = P3/4;

P3/5 < G < P3/* u nauGonee magexnoe G = P3/4;

P3/5 < S < P3/% y nanbonee nagexnoe S=P3/4;

s > p (CKOPOCTDH BBHINOJIHEHUS Psfia AJTOPUTMOB
OrPDAHUYMUBAETCH OBICTPOZEHCTBHEM MAMSATH).

[IpokoMMEHTHPYEM  COOTHOIIEHWS,  KOTOPBIE
IpPEeJCTABIIAIOTCE aBTopaM Haubojlee HAJEKHBIMU.
@opMaJIbHO OHM COOTBETCTBYIOT HambOJI€e CHJIb-
HOMY YCJOBUIO (MAaKCHMU3HUPYIOIIEMY IIAPAMETP) B
yKa3aHHOM auamasome. Papencrso b = n2/15p#/5
GOpMaNBHO COOTBETCTBYET COOTHOIIeHWI0 A =
= D®/3 koropoe (me roBops yxKe 0 Gosibleil cTerme-
un A = D?) m3-3a "moporosusHL" B T MOKHO
OXKMIATh OT METOJOB W IPHUKJAIHBIX HOPOrPaMM,
mpegHa3HAdYEeHHBIX Aa cynepIBM skcadmoncHo-
ro kmacca. MoxHO ObLIO OB TPUAEPKUBATHCA
coorromennss A = D*3 x xoropomy mnpumsomsar
HEKOTOpble MeToAuKu cdera. (OmHAKO 37eCh He
yuTeH psan (paKTOPOB, HECKOJIBKO YCHIMBAIONIIUX
KOMMYHUKAIWOHHBIM TOTOK, KaK TO: KOJJIEKTHUB-
HBIE OIepamuu C HeDOJIbIIMM OOBEMOM TaHHBIX,
oOMeH JaHHBIMEA O pebpaM ¥ BEPIIHHAM SIEEK
mapaobyacTeif, MHOTOKDATHBIH OOMEH JaHHBIMEI
TPAHUYHBIX d9€eK HA OJHOM IIare M0 BPEMEHU B
nrepanuonabix pemarenax CJIAY u obOmen maHHBI-
Mu (He TOJBKO TPAHWYHBIME) Hapaobracreil mpu
IIOCTPOEHUU HEKOTOPHIX MpPeaodyCIoBIuBaTENEN,
oOMeH JaHHBIMF [PW BBIYUC/IUTENHHON OasaHcH-
poBke u np. llosTomy mig HaJEXKHOCTH MIPOTHO3A
MOJHUMAEM KOMMYHUKAIMOHHBIE TpPeDOBaHUS JI0
yposua A = D5/3.

C gpyroii cropossl, mig TpedyemMoro ObICTpOIEi-
crBud u oObema nepudepuiiHbIX CHCTEM HE CJIEY-
€T OPUEeHTHPOBATHCA HA CHUKAIOIIEE MapaMeTp Co-
orHomenne A = D5/3 BBuAy "amauTuBHBIX" 110-
6aBok. Hampummep, pacmpemesieHHAs MO BBIYKMCIIU-
TEeJHbHBIM y3JIaM OlepaTUBHAd MaMATh MOJKHA CO-
JIEpKATh B KaXKJOM y3Jji€ JAHHBIE CHCTEMBI yIIPaB-
sneHnda u Oydepa obmeHa mHPOpMAIHH, 00BEM KO-
TOPBIX HE YMeHbIIUTCA Ha HOBoU DBM; mHapany c

GonpuinMu 3azadaMu Ha HOBOH cymepdBM OyayT
CIMTATHCA 33Ja9u KJjacca crapoit 9BM ¢ Takum xe
00bEMOM MAMSTH, YHUCJIO KOTOPHIX, KaK MPABUIIO,
HE YMEHBIIAETCs; C YBEJIUIEHUEM YHUCJIa BBITHCIIN-
TEJIbHBIX y3JI0OB CHU2KACTCA HAAE2KHOCTD, BBI3bIBAIO-
1ad TOBBINIEHNE HATPY3KU HA (PAHIOBYIO cHCTEMY
[T 3aMUCHA KOHTPOJIBHBIX TOYEK; TAaKXKe€ OHA I0-
BBIMIACTCA U3-3a YBEJIUYICHUA KOJIUIECCTBA 3amucei
Ut boJiee TeTAabHOTO HCCJIEIOBAHUA MPOIECCa B
XapakTepHbIX Todkax. l[lodromy ma HamexHOCTH
MPOrHO3a MOTHWMAeM TpeOOBaHUA K O0ObemMaM ma-
MaTH 10 yposas A = D4/3.

CuenaeM HEKOTOPBIE HMOACHEHUS W BBIBOIBI.

1. OrHomenuns Bo3pacTaHuit obbeMa MaMLATH,
MIpOU3BOAUTENHLHOCTH (PaiiioBoit m rpaduieckoit
OOJCUCTEM K BO3PACTAHUIO HIPOU3BOAUTETHHOCTH
9BM c yBenumdenmem mnpousBoguTenbHOCcTH DBM
ymenbmatorca (mpu P > 1 momydaem S/P < 1,
V/P <1, G/P <1).

2. OrHomenne B/P Bo3pacTanus MNPOIYCKHOI
CIIOCOOHOCTH KOMMYHHUKAIMOHHON cucrembl 9BM k
yBEJIMYEHUIO mpousBoauTenbHocTn IBM, a rakxke
orHOIIeHre b/p BO3pacTaHUs MIPOIYCKHOU CIOCOD-
HOCTH KOMMYHUKAIIMOHHOTO HHTEPdEHCa BHIIUCIN-
TEJILHOTO y3Ja K YBEJIWIEHWIO MPOU3BOIUTEHHO-
CTH y3J1a BO3PACTAIOT IPHU YBEJIHMIEHWH UHUCJIA Y3-
JIOB €3 MOBBINIEHWS] WX NPOM3BOAUTENBHOCTH (IpH
p=1n>1uk=>5/3 nonysaem B/P = b/p =
=2/l 51y,

[Tpu BO3pacTanuu npoussomutenbHOCTH DBM 323
CYeT BO3PACTAHUS NPOU3BOJUTE]HHOCTH Yy3JI0B U
HEU3MEHHOM UX KOJUYIECTBE 3TU OTHOIIECHUA YMEHb-
matorcd (mpu p > 1, n = 1 u k =5/3 nonygaem
B/P=b/p=p 15 <1).

B obmem ciyaae

B/P _ b/p — p_l/(3k)n1/3_1/(3k),
u B/P =b/p=1mupup=nk
Hns k = 5/3 nonygaem

B/P =b/p = (n/p*?)*/1®,

u B/P =b/p=1npun = p*?2.

Ecnu anropurM pacmapasmienuBanus Tpebyer 00-
MeHa JaHHBIMEH BCeil mapaobmactu (ITO He CBOM-
CTBEHHO T€OMETPHYECKON JEeKOMIO3UIWU), a He
TOJIBKO OTHOCIIMMUCYA K TPAHUIIE, TO HY?KHO OpaTh
b = p. He menee cuibHOE cOOTHOIIEHHE TpedyeTcs
B ClIlydae yCKOpeHuWd cduera B P pa3 3amad Kiac-
ca crapoit 9BM, ocHOBAHHBIX HA T€OMETPUIECKOI
nexommosumuu (b = pnl/3). dpnserca au axry-
AQJIBHBIM CUET TAaKUX 33724 Ha Bceil cymepdBM 3k-
cadJIOICHOrO KJIACCa M B KAKOM 0ObeMe — BOIPOC
OTKpPBITHIH. MoXKeM TOJIBKO CKa3aTh, YTO PACCMOT-
peHHbIe 6osee caabble 3aBUCAMOCTHU IIPUTOMHBL JJId
IpOTHO3WpOBaHugA mapamerpoB DBM, opuenTupo-
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BAHHOI HA MAaCCOBBI# CUeT IITPOKOTO KJIacCa aKTy-
AJIBHBIX 33724, TPeOyomux dKCadIIONCHO! Tpon3-
BOAUTEJIBbHOCTH.

[Ipemgnaraemsie 3aBucumoctu b u B Ha camowm Je-
JIe He TaKue y¥XK Cjaabble, U UX JOCTUXKEHNEe TpedyeT
GOJIBIINX YCUIAA.

Bo-nepBsrix, 1iga Macchl 3a/1a4 JOCTATOIHA, OoJiee
cinabas 3aBUCHMOCTb.

Bo-BTOpHIX, €ciu KOMMYyHUKAnuOHHBIE TpebOBa-
Huga obecrneanBaioT 3(pHEKTUBHBIN CUeT 3aJa9d HA,
BCEM BBIYKCJIMTEIbHOM moJje IBM, To onu obecrre-
JaT He MeHee 3 DEKTUBHBIN cueT Hojee MEIKAX 3a-
ma4d Ha gactu DBM. Haunpumep, nposenenne omHo-
T'0 ¥ TOTO Ke YHCJIa pacieToB 33]ad KJIacca CTapoi
9BM ma mHOBO#l 9BM, mmerormieit B p pa3 MeHbIIe
y370B, Oymer Gosee 3dpdexTuBHBIM, U€M HA CTa-
poit 9BM?. BrrauciurensHO MeHee CIOXKHAS 3312~
4a (Ha Gosee rpy06oii ceTKe) HA MPOMOPIUOHAIBLHO
MEHBIIEM pecypce mocanraercs Gsicrpee?.

B-Tperbux, [mecaTuieTHee [ABUMKEHWE OT Te-
padaonca k meraduoncy (yBeawmueHme HTpPOU3BO-
murensrocTH cynepdBM B 1000 pa3) gano ycko-
peHne ABYXIIPOIECCOPHBIX Y3JI0B MPUOIU3UTETHHO
B 100 pa3 m pOCT HPOIMYyCKHOM CIOCODHOCTH UX
KOMMYHUKAINUOHHOTO nHTepdeiica npumepro B 40—
50 pa3. CormacHo popMyIaM IpenCcToAIIee yCKOpe-
Hue B 100 pa3 BeruuciurenbHbIx y3i0B u B 1000 pa3
Bceit 9BM TpebyeT He MEHBIETO YCKOPEHHA KOM-
myHrukanun (b = 50).

OTMeTI/IM, 9TO pacCCMaTpPUBACTCA MMEHHO BHEII-
Huit uaTepdeiic y3nos. Ecam yzen — cocmasmnot,
T. €. COCTOUT U3 M CBA3aHHBIX BHyTpeHHeﬁ CETHIO
y3JI0B C CYMMAapHBIM BO3PACTAHUEM UX IPOU3BO/IU-
TEJILHOCTH Py = P U CyMMapHBIM BO3PAaCTaHUEM
MPOMYCKHONW CIOCOOHOCTH WX KOMMYHHUKAIHOHHOTO
uaTepdeiica b, = bm, U Kak 1eI0e MMEEeT BHEII-
Hult uaTEepdeiic C APYTUMA TAKUME YK€ COCTABHBIMEI
y3JaMu, TO BO3PACTaHUE MPOILYCKHON CIOCOOHOCTH
BHeIrHero uarepdeiica by COCTABHOrO y3J1a CBI3aHO
¢ by, KaK

bo = b}1®,

ec/iu JIJaHHBIE COCTaBHBIX IapaobiacTeil pacmosia-
raThb CTPOTO KOMIIAKTHO Ha COCTAaBHBIX Yy3JIaX. OT-
MEeTHM, 9TO 3TO He 3aBHCHUT OT k B (popmyne A =

306bembr maHEBIX mapaobiacTeil BOPACTYT B p pPa3, UX
rpannr — B p2/ 2, a ckopocTs o6Mena — Gosee wem B p/° pas
apun > 1.

‘IIpu ymenpmennn B 8 pa3 cerku 3amaun (B 16 paz —
BBIYHUCJIEHNH) 1 B 16 pa3 — 4duciia BEIYMCIIATENBHBIX y3JI0B
BpPeMs BBIYUC/IEHUH Ha BPEMEHHOM ILIare BO3PACTAET B 2 pa-

3a, a BpeMs 06MeHa — TobKO B 22/ 3paza.

= D* 4ro cinexyer us P =const B dopmyie
b:p2/3P1_1/3k, (1)

KOTOpad MOJydaeTCd IPpU UCKJIIOYEHUU N U3 d)Op-
MyJbl gy b B Tabu. 1.

OTO JaeT OCHOBaHWE [Jid Pa3pabOTKU MepapXu-
9eCKOM CTPYKTYPbl KOMMYHHUKAIIMOHHONA CHCTEMBI
cynepdBM, e 60see KpynHbIE BEIYUCIUTENN AMeE-
IOT MEHBIIYIO YAEIbHYI (OTHOCHTENBHO MPOU3BO-
JITENHLHOCTH) TPOMYCKHYIO CIIOCOOHOCTH, 4eM 6o-
jlee MeJIKWe BBIYUCIUTEINH.

Koueuno, mydiie, eciiu KOMMYHUKAIIMOHHAA CETH
Oymer mMeTh OOIBIIYIO MPOIMYCKHYIO CIOCOOHOCTS,
vem mo ¢dopmynam. Ho BBuAy HemomHOro pac-
MmapaJlIeIMBaHNS BBIYUCIEHUH, 1rcOaIaHCa BBIIUC-
JIEHU{ B peaJbHBIX 33/[a9aX MOBBINIEHUE CKOPOCTHU
CBEPX JOCTATOYHON HE BCerja OIPABIAHHO (JOPO-
XKe, CII0KHee 6e3 JOJIKHON oTHadn).

CpaBHeHHE C APYyruMu IIPOTHO3aMU

CpaBHEM IPOrHO3 HA OCHOBE PACCMOTPEHHBIX CO-
OTHOIIIEHUA C MPOTHO3AMH XaPAKTEPUCTHK dDKCA-
dbroncuoit IBM, cmenannvimu 2K. lomrappa [2]
u A. Teiicrom [3|, myrem paccMmorpeHuss B Kade-
cTBe cTapoii cymepdBM BeramciuTeILHON CHCTEMBI
Jaguar, ycramosnennoit 8 ANL CIITA.

Kak Buguo n3 Tabi. 2, mpeamaraembie hpOPMYJIbI
B OCHOBHOM JAIOT 3HAYEHHUs, MOMAJAOININE B KOPH-
nop 3HadeHuit aBropos pabor [2, 3]. "Beibusaerca"
u3 Hero obbeM BHeITHEHl maMaTh, NOTPeOHOCTH B
KOTOpPO#i 06a aBTOpa OIEHWBAIOT HUXKE, 9€M aBTO-
pbl gaHHON cTaThu. BO3MOXKHO, BHEIIHAS HAMATh
Jaguar peanmsosana "c 3amacom". IIporuos, mpea-
JlaraeMbIil B TJAaHHOM cTaThe, HamboJiee OJIM30K Ipo-
ruo3y [lourappa.

IlpennoxkeHune mapamMeTpoB
skcadoncuoir DBM

IIporro3 ma 2020T. — IOBOJIBHO PEATUCTUIHBIHN
CPOK BO3MOXKHOrO co3jgaHus dkcaduoncaoit IBM
(paccmarpusaem Bapmant 1,3 Dduonc, arobbr mo-
ayautsb 1 Dduonc wa tecre Linpack) — B Poccun
BPdAJ JU [OJKEH OMUPATbCd Ha 0OoJjiee deM IBYy-
KpAaTHOE yBeJndeHne MPOU3BOAUTEIBHOCTH BBITHC-
JINTEIFHOTO y3J1a KaXKIble 2 rofja. DTO MPUBOAUT B
2020 r. k 15—30 Tdaomnc ¢ aBOHHON TOIHOCTHIO A
A€2K020 y3J1a, €CIIA C YKA3aHHBIM TEMIIOM MAaCIITa-
O6mpoOBaTh TPOU3BOAUTETHHOCTH CAMOTO IPOU3BO/IHU-
TEJILHOrO0 — THOPUIHOTO BAPUAHTA y3JIa.
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Tabauya 2
CpaBHeHmHe IIpeJjiaraeMoro nporaosa ¢ nporuosamu Jourappa u Teiicta
IIporuos
[Tapametp Jaguar
Honrappa Teiicta mpeIIaraeMblit
[MukoBasg npoussogurensHOCTs O BM 2,34 I1daonc 1 9duromnc 1 9duromnc 1,33 Dduromnc
O06mbem omeparuBHOil mamsaru JBM 0,3 IT6aiiT 32—64 I16aitT 10 I16aitT 35 [16aiT
[IpousBoauTEILHOCTD Y3718 125 'paonc  1,2—15 Tdmomc 1—10 Tmormc 15 Tparomc
BeicrponeiicrBue mamsaTu y3ia 25 I'6aiir/c 2—4 T6aiir/c  0,2—0,4 T6aiir/c > 3 T6aiir/c

[IponyckHasa cmocobHOCTH
KOMMYHUKAIMOHHOTO uHTEpdeEiica y3ia

18700
15 II6aiiT

Yucio y3108 B 9BM
O6beMm BHewmHeH namaru dBM

BricTpozneiicTBue BBOma-BBIBOIA D BM

3,5 6aiiT/c 200—400 I'Gaiir/c

0,2 T6aiir/c

50 I'Gaitr/c* 198 I'Gaiit/c

~ 10°—10° ~ 10° 88 887
500—1 000 II6aitT 300 II6aiir 1750 II6aiir
60 T6aitt/c 20 T6aiir/c 24 T6aitt/c

*Boawmoxno, [efict nmest B Bumy GbICTPOAEHCTBAE OLHOrO M3 IIECTH KAHAJIOB KOMMYTATOPa y3/1a, TaK KaK yKa3ajl aHaJlo-

raebi mapamerp B Jaguar 2009 r. paseemv 1,5 ['Gaiit/c.

B macrosmee Bpems Jerkumii ruOpPUIHBIR y3es
(~0,6—1,1 Tmonnc) — 3TO OOWH YHUBEPCAIb-
HBIA MHOUOAIePHBIA MHUKPOOPONECCOP W OAUH
COIPOTIECCOP-YCKOPUTEIb; JIeTKUH yHUBEPCAJIbHBIH
y3ex (~ 0,15 Tpaomnc) — 910 ABa yHEHBEPCAJIHHBIX
MHOTOSIIEPHBIX MUK POIIPOIECCOPA.

Hanexnee paccumreiBaTh B 2020r. Ha Makcu-
MAaJIbHYIO [IPOU3BOAUTENHHOCTh BBIYUCIUTEIHHOTO
yana, mocruraemyio B 2018r., — 15 Tpmone®. Dto
npuBoguT npubiusurensro kK 90000 y3mam, d9To
COMOCTABAMO C CAMBIMU OOJBIIMMHU IO YUCTY y3-
goB cymepdBM HacTodmero Bpemenm — Jaguar
(~19000) u Blue Gene (~70000), u 3naunT, KOH-
CTPYKIUS TAKOHM CIIO’KHOCTHU BIIOJIHE PEAIHU3YEMA.

Ha ocHOoBanwmm 3TUX BBIBOJOB, BRIBEJAEHHBIX (POp-
MyJI, OOBITa Pa3paboTKu u IKCIuryaranuu DBM,
IpPOBEJIEHNA PACIETOB U C yIETOM MHEHUd pPAaa
3apy0eKHBIX CHENUAIACTOB MOXKHO JATh CJIEIYI0-
@€ OPUEHTUPHI /I MaPAMETPOB MOACUCTEM OTe-
gecTBeHHON 3KcadaoncHot DBM:

— ObICTpOZIEiCTBUE OIEPATUBHON HAMATH Y3JIa

~ 2—4 T6aiir/c;

— IPOIYCKHAd CIOCOOHOCTH KOMMYHHUKAIMOHHO-

ro maTepdeiica y3na ~ 100—400 I'6aiit/c?;

— 0bbem oneparusHO namaTu IBM ~ 30 I16aii,

y3aa ~ 350—700 I'6aiiT;

Tlo mpormozam [4, 5] TMPOM3BOAUTENHLHOCTE BBHIMHCITH-
TenbHOro y3ia B 2018 r. cocrasur 10 Tdormc.

6400 I'6aiir/c, BeposTHO, "TOKPOET" BECh MBICIUMBIH Ha-
60p mpuoXKeHwmit skcakiacca 2020 r.

— obbeM mapasIeabHOR (PAMIOBOM  CHCTEMBI

~ 600 I16aiiT;

— 00beM CHCTEMBI IOJITOBPEMEHHOTO XPAHEHUS
ue 6osree 5000 [16aiiT;

— IOPOM3BOJAUTEIHHOCTh Trpaduaeckoil mopcucre-
bl ~ 2 [Idaomc.

YKa3aHHBIE 3HAYEHHUS IPEICTABIAIOTCI JOCTYII-
HBIMH TEXHHYECKU U JOCTATOUYHBIMHE I 3P Pek-
THUBHOTO CYeTa OOJIbIIMX 3ajJad — MOPUMEPHO C
10'2—10'3 gdeek ceTKW M HECKOTbKIMHE KHIObAMi-
TaMU JAHHBIX g Kaxkaoi gdeiiku. [lo-Bumumowmy,
qucio gaeek nopanka O (106) Ha OIHOM Yy3Jie Oymer
ABJSATHCA HUXKHHUM IpenesoM g 3PQeKTHBHOTO
pacnapaJiieIMBaHus Ha BCEM MHOMXKECTBE Y3JIOB.

Cozganue skcadioncuaoit 9BM u3 maoceaviz
BBIIUC/IUTEJIBHBIX Y3JI0B, HAIIpUMEDP COCTAaBHBIX Yy3-
JIOB, cozepxkamuXx 16 yHHBepCaJbHBIX MHKPOIPO-
IIECCOPOB M HUX COIPOIECCOPOB-YCKOPHUTEIEH, 00b-
€AMHEHHBIX BHyTpeHHeﬁ CETBHIO, ITO3BOJIAET IIOAHATH
MPOU3BOAUTENBHOCTD y3ja 10 ~ 250 Tdomnc. Ito
[IPUBOIUT K CJIETYIONIUM M3MEHEHUSIM:

— gucyao y3a0B ~ 5 000;

6uICTpOIeiicTBIE MaMATH

~ 40 T6aiir/c;
— IPOIyCKHAs CIOCOGHOCTH KOMMYHHKAITHOHHO-
ro unrepdeiica ysuaa ~ 0,75—1—3 T6aiir/c;

OoIepaTUBHOU

— obbem mamaru y3sua 6 Toair.

[Tosme3HOE CBOMCTBO YKPYNHEHUA Y3JIOB CBA3AHO
CO CHUKEHHWEM MPOIIyCKHOW CIIOCOOHOCTH KOMMYHU-
KaInmOHHOro mHTepdeiica y371a OTHOCUTENIHHO e/H-
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HUIBI TPOU3BOAUTEIBHOCTHA BBIIUCIAUTEIHLHOTO y3-
Jla U CHUXKeHueM O00beMa 0DOpYHIOBaHUS KOMMY-
HUKAIUOHHOW cern. Hampumep, mpu HOBBINIEHHH
TIPOM3BOAUTENHHOCT y37a B 16 pa3 IpOmyCKHYIO
crrocoOHOCTh mHTEpdEica TOCTATOYHO MOTHATH B
6,34 pasa (cormacuo dopmyue (1)).

Opnuako BapuaHT co3manug cynepdBM u3 Taxe-
JIBIX y3JI0B IPUBOJUT HE K PEIIEHUIO MPOOIEMBI, a K
ee mepepOPMYIUPOBKE, U KAK €€ PEIIaTh MPOIle —
ceffyac OKOHYATEIBHO He ACHO. llo-Bmammowmy, 6o-
Jiee IeJiecoOOpa3HO CHUXKATH TPEOOBAHUS HaA dJIe-
MeHTHI cynnepDdBM 3a cuer moBbileHUS €e CI0KHO-
cTu, 9eM Ha0DOPOT.

Kpome toro, rakoit BapumanT cymepdBM mo
CHX TOp NPHWBOAUI K WX YAOPOKAHUIO, IOCTE
2005r. Takme cynepdBM c¢ pekopaHOil TpOM3BO-
IATEeNbHOCTHI0 He cTpownuchk. (OnpHa U3 mocien-
Hux cynepdBM ma taxenbix ysmax ASCI White
(100 Tponc) cromma ~ 200 MiH mOITAPOB. JTO
00yCJIOBJIEHO TOBBIIMIEHNEM CTOMMOCTH Pa3paboTKu
TAKUX BBI9UCJ/IUTEJIBHBIX Y3JIOB (CepBepOB) " MEHb-
el BOCTPeOOBAHHOCTHIO WX HA DPBIHKE (IITYJIHBIH
TOBap).

3aKJiroueHue

Paccmorperable OpHEHTHPOBOYHBIE OIMEHKH JIJIS
mapameTpoB cynepdBM skcaduioncaoro kmacca mHe
MPETEeHIYIOT Ha 3aBEPUIEHHOCTh, U XOTEJIOCh ObI Ha-
IedaThCd HA OTKJWK B BHIE WX aHAJIu3a Ha Dase
MHBIX MOIeJiell BBIYHCICHUN dKCA]IIOMCHOTO KJIac-
ca. DTO CIOCOOHO IPUBECTH K YTOYHEHUIO TAPAMET-
pos cynepdBM wunn ux pasnoobpasuio Giaromaps
OpHWEHTAIUuU Ha Pa3Hble KJIACCHI AJITOPUTMOB.

ITpunoxxenune. BriBoa popmyn mogobus

[Tosgcaum mogpobuee BbIBOZ, HOPMyJI, TPUBEIEH-
HbIX B Tabu. 1.

B ocHOBe mpWBOAMMBIX 37€Ch paCCyKIEHUi Jie-
JKUT IPEJIIONOKEHNE, 9TO HA y3J€ (BBIYUCIUTENb-
HOM CepBepe C OOJIBIIUM YHUCIOM IIPOIECCOPOB HA
o0mieil mamMATH) PACCINTHIBAETCA CBA3HBI KyCOK
3a/a49u, TaK ITO BCE MEXKY3JI0Bble 0OMeHbI mHGOP-
Manueil MOXKHO paccMaTpHuBaTh, He BHHUKAad B OCO-
GEHHOCTH aJITOPUTMOB pacnapaJuieanBanns (Ha 06-
1ieit maMATH) BHYTPH y3Ja. Y3€el pacCMaTPUBAETC
KaK HE3aBUCUMBIH BBIUYUCIUTENb. KOMMYHHKAIH-
OHHAd CeTh B3aWMOMAENHCTBYET C y3JIOM TOJIHKO KaK
C HeJeJIMMOH eIuHAIEH U TeM CaMBIM ODecIleYnBaeT
obmen naMOpPMAIUEN MEXKITY y3/IaMU.

PaccmarpuBaerca gaBHBIM aaropuTM, THNHIHBIN
OJd HeCTAIIMOHAPHBIX 3aJad TPeXMEPHON ra3oBoOit

IUHAMUKY, B MPEIMOJOXKEHAH, ITO HUCIOIH3YeTCS
METOJ] TEOMETPUYECKON TEKOMIIO3UIIMK C HAPE3KOit
Ha mopobsactu (mapaobmacTu) ¢ TOmosOrmei co-
CeZCTBA THIA TPEXMEPHOI pemieTku (ecsau mpeHe-
OperaTh B3aMMOJAEHCTBUEM IO pedpaM U BEPIIUHAM
d9eeK — MOTOKY WH(MOPMAINH B [HATOHAJIbHBIX Ha-
IpaBJIeHudX depe3 pedpa U BepUINHbI CINTAEM IIpe-
HEOPEIKMMO MAJIBIMU 10 CPABHEHUIO C MOTOKAMU WH-
dbopmanum yepe3 rpaHH TUEEK).

Beegem obozHaueHWs, ONMCHIBAIOIINE TapaMeT-
PBI TPEXMEPHOU 3aJavn:

N — moJHOEe YUCIO TOYEK CETKW B 33/1a4E;

Ni, N — moJiHBIE YHCIAa TOYEK B TPEXMEPHOI
3amade A7 ctapoil u HoBoit 9BM coorBeTCTBEHHO;

Npqr — TIOIIHOE YHCIO TOYEK CeTKH B mapaobia-
CTH, PACCIUTHIBAEMOIT Ha OFHOM y3Je (cepsepe);

N1, Ng — MOJHBbIE YUCTA Y3JIOB IJId CTAPOR U HO-
Boit 9BM coorBeTcTBEHHO;

n = ng/ni — yBeawdeHuWe 4ucia y3i0B (cepse-
pos);

P — BO3pacTaHUe MPOU3BOAUTENHHOCTH OJHOIO
y3aa (cepsepa);

P = np — BO3pacTaHue MONHON TPOU3BOAUTED-
moctu DBM,;

C = N* (k = 4/3, 5/3, 2) — ycnosmag cmo-
uMOCMb TPEXMEPHOro pacdera (ducio apudmern-
YEeCKHUX OIepanuii C TOYHOCTHIO A0 KO3(MPummeHTa
TIPOMOPIIMOHATHFHOCTH PABHO MPOM3BEJAEHUIO TUCIIA
TO4YeK ceTKu N Ha YUCJIO NIArOB M0 BPEMEHU; TUCJIO
LIIArOB [0 BPEMEHN IIPSMO IPONOpuuoHaabao N /3
Iid Kyomdeckoil cerkm, [V 2/3 JJIS MOJINCTOBOU CeT-
KU C KBaJPATHOH ceTkoil B smcrax u N3/3 = N pua
cerku cepmaeckoro tuma)’;

T= Co/ P = (N2/N1)* = (N2/ )" — BO3pac-

Ci/P P,/ P P

TaHWE ACTPOHOMHUIECKOTO BPEMEHH HA PACHUET.

Orcrona momydaem:

D = Ny/N; = (TP)Y* = (Tnp)"/* — yemn-
YeHMe TMOJHOTO JHCJIA TOYEK CETKH B TPEXMEpHO
3ajade, win o6beMa TaHHBIX;

A = 03/C; = (N2/Ny)* = DF —

KOJINYECTBA BBIUYUCJIEHUN HA pac4eT;

BO3pacCTaHUE

Npar(2) N2/n2
= — YBE€IHMYEHUE YHUCJIa TOYEK
Npar(l) N1 /n1

CeTKM TPEXMEPHOW 3aJ]a91 HA OJHOM y3JIE.
Orcroma,

"Takue 3aBMCHMOCTH CBSI3aHBI C T€M, 9TO B SBHBIX CXe-
Max OOBIYHO IIAr MO BPEMEHMU IIPSMO IPOIOPIIMOHAJIEH MUHI-
MaJIbHOMY TeOMEeTPUIECKOMY pPas3Mepy S9IefKu CETKU U B CJIY-
Jae [IOJINCTOBOM ceTKy U chepuaecKoli ceTky BOII3M yeHmpa
¥ OCH CHMMETPHUHU 3aBUCUT JOIOJHUTEIBLHO OT YIJIa MEXKIY
JIMCTAMU U MeXKIY ChHEepUIECKUMHU CTOIOaMU COOTBETCTBEH-
HO.
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Npar(2) _ Nz/nz _ Ng/Nl _ (Tnp)l/k _
Npar(l) Nl/nl n n
(Tp)V/*

= —iT{jF — YBJMUEHHE [OJHOIO HHCIA TOYeK
n

CEeTKHM TPEXMEPHON 3aJadm B OFHON mapaobiacTh
(ra omHOM Yy3II€);

2/3
Npary) \** _ [(@p)* |77 _ (xp)P/eR
Noar() l—1/k n2/3—2](3k)

par
yBEJIMYEHUE ILIOIIAAN MMOBEPXHOCTHU MMapaobiacT,
T. €. KOJIu4IecTBAa MHGPOPMAINY, HEPECHLIIAEMON HA,
OJTHOM IIIare IO BPEMEHU OT OJHOTO y3J1a K JIPYTOMY;

Ny = C/N = N*¥! — nosnmoe umncio maros 1o
BPEMEHU B OTHOM TPEXMEPHOM PaCIeTe;

t = Nyp/Ny = (No/Np)E~1 = [(Tnp)t/*]* 7" =
= (Tnp)'~Y/* — yBenmuenme nomHOro wmcIa maron
[0 BPEMEHM B OJIHOM TPEXMEPHOM paCUerTe;

<Npar(2)>2/ P (Tp)¥/Ch (Tp)L—L/knl-1/k —
Noar(t) n2/3—2/(3k)
= (Tp)'~Y/Bk)p1/3-1/(3k) _ ypenmuenne kommue-
cTBa WHMOPMAIUHU, MEPECHLIAEMON OT OJHOTO y3JIa
K IPYrOMy 3a BCe BpeMd IPOBeJeHUA OJHOIO TPex-
MEpHOTO pacdeTa,;

b1, bo — IPOIyCKHBIE CIIOCOOHOCTH MEXKY3JIOBBIX
KAHAJIOB CBA3U MJid CTapoil u HoBo#t D9BM coorset-
CTBEHHO;

b = ba/by — BO3pacTaHme NPOIYCKHON CIOCOGHO-
CTH KAQHAJIOB CBA3M MEXKy y3JaMu (BHEIIHEro KOM-
MYHUKAIIMOHHOTO mHTEp(deiica y3/0B).

UcxomuM u3 mpeanoioKeHusi, 9TO MPU MTEPEXO0-
e K HoBOi DBM KosmuecTBO y35I0B, C KOTOPBIMEU
obmenmBaeTcd nadOpMannell TAHHBIA y3€J, He Me-
HeAeTCd (9TO HEKOTOpas NOCTOSHHAS, PABHAA IUCILY
reomerpudeckux cocezeit). Ilosromy morepu Bpe-
MEHU Ha MEeXKY3JI0Bble OOMEHBI 33 BCE BPEMs CUETa,
ONHOI TpexMepHOH 3a/Ia4’ BO3PACTAIOT B CIedVIO-
1ee 9ucyo pas:

(Npar(2)/Npar(1))2/3t _ (Tp)! 1/ BRIpl/571/(3R)

b N b '
[Torpebyem, aTo0BI BO3pacTaHWe IMOJHOTO BPEMEHH
Ha, MEXKy3JIOBble OOMEHBI OBLIO PABHO BO3PACTAHUIO
aCTPOHOMHUYECKOTO BpeMeHU Ha MOJHBIM CIeT 3a7a-
qu, T. e. T. D10 TpeboBaHNE MOXKHO HA3BATH T'UIO-
Te30it 0 ToM, uTo HOBag IBM Tak ke camocormaco-
BaHHA, KaK U cTapad. VI3 Hero moiayvaem ypaBHeHUE

(Npar(2)/Npar(1))2/3t (Tp)lil/(Bk)nl/?’*l/(Bk)
b - b
OTKy/Zla CJIEIYeT OIEHKA

=T,

(Tp)lfl/(:’”“)nl/?”l/(%) = T,

uin
pL1/(3k) p1/3-1/(3k)
T1/(3k)

[Iycts By, B2 — OpOmyCKHBIE CIIOCOOHOCTH KOM-
MYHUKAIMOHHBIX ceTell ctapoit u HoBoit 9BM coor-
BercTBeHHO; L1, Lo — MOJIHOE IUCIIO OMHOBPEMEHHO
EACTBYIOMNX KAHAJIOB CBA3UW KOMMYHUKAIMOHHBIX
cereii crapoit u HOBOM DBM coorsercreenno. Ilo-
jlaraeM, 9TO MOJHAY MPOIYCKHAA CIOCOOHOCTH KOM-
MYTAI[MOHHOM CEeTU PaBHA IIPOU3BEIEHUIO ITPOIYCK-
HOH CITOCOOHOCTHU OFHOTO KAHAJIA CBA3W HA IIOJHOE
9UCIIO0 OJHOBPEMEHHO MEHCTBYIOMIAX KAHAJOB, T. €.

Bj=b;Lj, j=1,2

HOSTOMy B = 32/31 = (bz/bl)(Lz/Ll) =
= b(L2/L1) — BO3paCTaHWE MPOILyCKHON CIOCOGHO-
CTH KOMMYTAIlOHHOH CETH B IEJIOM.

Jlist TpexMepHOR 3ajadu Ta30BON NWHAMHKHU C
reoMeTpUYIeCKOll NeKOMIIO3UIlneil B BUIIE TpexMep-
HOHM pemreTkw OZHOBPEMEHHO HA OJHOM IIare IO
BpeMeHun BaﬂeﬁCTBOBaHbI KaHaJIbl CBA3W, COOTBET-
cTByomue TpexMepHoii pemerked. KommaecTso Ta-
KX KaHaJIOB PaBHO (C TOYHOCTBIO IO MHOXKHUTEJIA,
OAMHAKOBOTO i CTapoii u HOBO# DBM)

b=

L; = ny, j=1 2.
IToaTomy

B L
B=22_p(22)=p(22) =

Bl L1 ny

pl—1/(3k) y4/3-1/(3k)
= bn =
Tl/(3k)
IIycte V' — yBenumdeHme maMdATH BCEX YPOB-

meit. Pacxomyemasd maMaTh OPAMO IPOMOPHAOHATD-
Ha TIOJTHOMY YHCJIy TOYEK CEeTKH B 3aJade, He3aBHU-
CHMO OT yBeJ‘[I/I“IeHI/Iﬂ qHuCJIa II1aroB IO BpeMeHI/I. HO—
TOMY

No

V =2 = (Tnp)Y* = (TP)'/*.
Np
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