BBenenue

B nocnennee necsTuiieTre pa3BUTHE KOMITBIOTEPHBIX TEXHOJIOTHI BCTYIUIIO
B COBEPILIEHHO HOBYIO (hazy. BrrunciurenbHbie MallIMHBI PUILLTU BO BCE ChEphI
YeJIOBEUECKOM AesTeNbHOCTU. [IpakTiuecku kaxkaoe npeanpusTie, He 3aBUCUMO
OT cpepbl ACSITEIBHOCTH, TPYAHO MPEACTABUTH 0€3 KOMITBIOTEPHOU TEXHUKH.

[IIupokoe pacnpocTpaHeHHE MEPCOHATBHBIX KOMIIBIOTEPOB U
MUKPOKOMITBIOTEPHBIX pabOurX CTaHIMI B OM3HEece Hayaioch B Havaie 80-x
rojioB. B HacTosimiee BpeMst 3T0 000py0BaHUE MPEJICTABIISIET COOOM CTOJb Ke
HEOTHEMIIEMYIO MTPUHAIUICKHOCTH JIF0O0T0 oduca, Kak, Hanpumep, TenedoH. o
OTHOCHUTEITFHO HETAaBHUX MOP O(DHUCHBIE JIOKATBHBIC CETH TPEIOCTABIISIIH B
OCHOBHOM YCJIYTH COEMHEHUS] — OHU COEAUHSIIN MEPCOHATBHBIE KOMITBIOTEPHI U
TEpPMUHAJIBI ¢ MIUHPpEMaMU U CUCTEMaMH MPOMEKYTOYHOTO 3BE€HA, HA KOTOPBIX
paboTaay KOpIopaTUBHBIC MPUIIOKEHHUSI, a TAK)KE 00CCTICUNBAIA COSAMHEHUE IS
pabouux rpyIn Ha YPOBHE OTIEIOB WM 11eX0B. B 000ux ciydasx o0beMbl
MepeIaBacMBbIX IO CETSIM TaHHBIX ObUTH HEBEMKHU. Tpaduk B OCHOBHOM COCTOSUT
u3 (paiyioB U ANEKTPOHHOM NOUTHI. JIoKanbHbIE CeTH, TPeAHA3ZHAYCHHBIE IS
obOcnmyxuBaHus Mog00HOTO Tpaduka, a 370 B IepByto ouepeab Ethernet u Token
Ring, oTnuyHO MOAXOAAT AJIsE TAKOTO OKPY>KEHHUS.

B 90-e roap! poss nepcoHaIbHOTO KOMIBbIOTEpA (2 BMECTE C HEll U
TpeOOBaHMS K JIOKAIBHON CETH) U3MEHUIIACh 0JIaroaps JByM BaKHBIM
TEHJICHIUSIM:

- BeruncnuTenbHas MOIIb TEPCOHATBHBIX KOMITBIOTEPOB MPOJOIKAET
pazoBaTh SKCMOHCHITMAIBHBIM POocTOM. Bee Gostee MotiHbIE TIIaT(OPMBI
MOAACP>KUBAIOT MPUIIOKEHU S, UHTEHCUBHO UCIIONB3YIONINE TpaduKy, U BCe
yCIIOXKHSOMUEecs rpadudeckne nHTepGEnCh MOIL30BaATENS C OTIEPAIIMOHHBIMHU
CUCTEMaMHU.

- Opranuzanun, 3aHIMAIONTHEeCs aIMUHUCTPATUBHBEIMU HH(HOPMAIIIOHHBIMA
CHUCTEMaMH, YBUICIH B JIOKATBHBIX CETAX )KH3HECITOCOOHBIE M BAYKHBIC
BBEIYHCIIATENbHBIC TUIaT(GopMbl. Hauano 3To¥ TeHISHIINA TTOTOKUIN CHCTEMBI
«KJIMEHT-CEPBEP», CTABIIIME JOMUHHUPYIOIIEH apXUTEKTYpOil B I€JIOBOII cpefie, a
Takke 0oJiee HeJJaBHEE BESTHUE — TEXHOJIOTUSI HHTPAHET.

Pe3ynbraTom 3THX TEHIEHIUHN CTaa HEOOXOAMMOCTh OOECIICUEHHS pOCTa
Mepe1aBaeMoro 1o JOKaJIbHBIM CETIM 00beMa TaHHbBIX U, TaK KaK MPUII0KEHUS
ctanu 00Jiee UHTEPAKTUBHBIMU, YMEHBIIIEHUSI BPEMEHHU 3aJIEPKKHU MIPU Tepeiaue
JTAHHBIX.

Tak kak npu paboTe UCTIONB3YETCS HE OJIHA, & HECKOJIBKO
BBIYUCIIUTENIBHBIX MAIINH (B HEKOTOPBIX CIy4asix COTHU U JIaXKe
TBICSTYM), CYIIECTBYET OCTpasi HEOOXOIUMOCTh 0ObETUHEHUS UX B OJTHO
eanHoe HGOPMAIMOHHOE MPOCTPAHCTBO. DTY 3a7a4y C yCIEXOM
pelIal0T CETEeBbIE TEXHOJIOTHHU, MO3BOJISIONINE, B 3ABUCUMOCTH OT CEphI
NeATETLHOCTH, TeorpaduuecKoro MoJIOKEHUS U CTPYKTYPBI
MPEANPUATHS, TPEIIOKNATH AECATKU TOTOBBIX PELICHUM.



[Ipu MoaeIMpOBaHNH JIOKAJTbHBIX BEIYUCIUTEIBHBIX CETEH MHOTHE
CHEIIMATMCTHI HE YYUTHIBAIOT OYCHBb BaXKHBIE (DaKTOPHI, TAKHE KaK:
KOJIMYECTBO MAIIMH B CETH, YUCIIO TTOJIb30BaTEIEH, 00HEMBI
nepeaaBaeMoi HHPOpMAIMU. ITH HEIOUETHI, JOMYIICHHbIC Ha
HayaJIbHOM ATane MPOCKTUPOBAHUS, IPUBOJIAT K
HEYIOBJIETBOPUTEIILHOM pabOTe CETH, a MHOTAA U TTOJTHOMN
HEpabOTOCIIOCOOHOCTH U MOTEPH JaHHBIX.

Jlaxe npaBUILHO CIIPOEKTUPOBAHHASL CETh MOYKET MOCTEIIEHHO
BBIPA0OTaTh CBOU pecypc, BBUY CBOETO MOCTEIIEHHOTO PACIIUPEHUS U
yBEJIUYCHUSI Harpy3Ku Ha 000pyI0BaHUE.

B 3Tux yciaoBusix kpaliHe HEOOX0AUMO YCTPOMCTBO, KOTOPOE MOTJIO
OBl HE TOJILKO OIICHUBATh 1IEJIOCTHOCTh CETU U TOTOBHOCTD
000pyIOBaHMS JIS PEUICHUS MOCTABJICHHBIX 3a/1a4d, HO U MOTJIO
OLIEHUTbH PEAIbHYIO 3arpy>KEHHOCTh KaK BCEW CETH B LIEJIOM, TaK U
OTJICJIbHBIX €€ YUYAaCTKOB M JIaK€ KOHEUHOT0 000PYAOBaAHUS.

YuuteiBas 3Ty HEOOXOIUMOCTb, S pelnii B MOEM JUILNIOMHOM
POEKTE pa3zpaboTaTh Takoe yCTpoucTBO. [Ipu yeM, npuHUMast
TpeOOBaHUSI YHUBEPCATBLHOCTU 000PYI0BaHHUS, MOE YCTPOUCTBO JOJIXKHO
UMETbh CTaHIapTHBIE UHTEP(DEUCHI, ISl YCTAHOBKH B PacpOCTPaHEHHOE
o0opyaoBaHHE.



I'naBa 1

0O030p cymecTBYIOIIETO MOJIOKEHUSA
MHUKPONPOLECCOPHOM TEXHUKH U CETEBbIX TEXHOJIOT U

[TosiBneHue u pa3BUTHE MUKPOIPOLIECCOPOB 03HAMEHOBAJIO 000 Havyaso
HOBOM 3PbI HE TOJIKO B BEIUUCIUTEIFHON TEXHUKE, HO 1 B 00JIACTH CHCTEM
BCTPOEHHOTO YIIPABIEHUSI 000PYI0BAaHUEM — 3PBI BEICOKOIIPOU3BOIUTEIBHBIX U
HAJCKHBIX [IU(PPOBBIX, MUKPOIIPOLIECCOPHBIX CUCTEM YIIPABJICHHUS,
UHTETPUPOBAHHBIX B pabOUyI0 MAlIMHy, MEXaHU3M, IPHOOP, CTAHOK, POOOT,
CTUPAJIbHYIO MallIMHY, IPUHTEP, IJIOTTEP, paguoTenedoH, aBTOMOOUIb U T.J.

KoMmbroTepHas u cBsi3aHHasi C HEW MUKPOIIPOLIECCOPHAs TEXHUKA
Pa3BUBAIOTCS CTOJIb CTPEMUTEINIBHO, YTO IMPOU3BOAUTEIBHOCTD IPOLECCOPOB
yaBauBaercs Kaxaple 8-10 Mecs1eB npy 3HaYUTEIIBHOM POCTE CTEIIEHU
UHTETpaly, CHUKEHUH rabapuTOB, YHEPrONOTPEOICHUS U 1ICHBI.

PeBoutronyis B yNpasiIsroIien dJEKTPOHUKE COIIPOBOXKAAETCS PEBOIIOLHUEN U B
CHJIOBOM 3JIEKTPOHUKE, UTO MO3BOJISIET CO3/1aBATh MHI€TPAIbHO-TUOPUAHbBIE
WHTEJJIEKTYaJIbHBIE AJIEKTPOHHBIE MOYJIN, & TAKXKE KOHCTPYKTHUBHO
MHTErPUPOBATh B OJTHOM M3JI€TIMU pabOUHil OpraH MexaHu3ma, CHIIOBOI
npeoOpazoBarTenb, yCTPOMUCTBO yNPABICHHSI, UICTOYHUK MATAHUS U TATIUKH.

BerpoenHoii cucteMoil ynpaBieHusi OyzeM Ha3bIBaTh CUCTEMY yIIPaBIICHHUS,
KOHCTPYKTHBHO HHTETPUPOBAHHYIO B 000pyaoBanue. O0s13aTeIbHBIM
KOMIIOHEHTOM TaKOW CUCTEMBI SIBIISIETCSI HHTEPQEIC C CUCTEMO ypaBIeHUS
0oJ1ee BBICOKOW: ypOBHS (IPOMBIIUIEHHBIM IPOTPAMMHUPYEMBIM KOHTPOJIIEPOM
WJIM KOMITBIOTEPOM B ITPOMBIIIJIEHHOM UCIOJHEHUH), YTO TO3BOJISIET pelIaTh
3a/1a4M KOMILJIEKCHOM aBTOMAaTU3ALMK C UCIIOIb30BaHUEM 3aIaHHOTO YUCiIa
€IMHHUL TEXHOJIOTMYECKOT0 000py10BaHUS O0BEINHSAS 3TO 000PYAOBAHNE B
EAVHYIO PaClpEACIICHHYIO CUCTEMY YIIPABIICHHUS.

B 3aBHCHMOCTH OT CII0KHOCTH PEIIAEMON 33/1a4i BCTPOCHHAs CHCTEMa
YIPaBICHUS MOXKET ObITh OJHOIIPOLECCOPHON UM MHOTOIIPOLIECCOPHON
(MyJIBTUMUKPOITPOLIECCOPHOI ), OTHOYPOBHEBOW UIIM MHOTOYPOBHEBOM

JI1s1 MHOTOYPOBHEBBIX CHCTEM YIIPABIICHUS B HACTOSIIEE BPEMS YETKO
IIPOCIIEKMUBACTCS TCHICHIUS O(POPMIIEHHUSI CUCTEM YIIPABIEHUS CPETHETO YPOBHSI B
CaMOCTOATEIIbBHOM KOHCTPYKTHBEH JJIsI MOHTAXa B CTOMKH WJIA B IAHEU
YIPaBJICHHUS.

Bo3MoxkeH Takke BapuaHT HaCTOJIBHOIO WJIM HACTEHHOTO MOHTa)ka. Takue
yCTpOMCTBa yIpaBiieHUs OJYYMIN Ha3BaHUE WHIYCTPHUAJIbHBIX Pa0OUMX CTaHLUH,
WHYCTPUATIBHBIX KOMIIBIOTEPOB, ITAHEIBHBIX KOMITBIOTEPOB, TPOMBILUICHHBIX
IPOrpaMMHUPYEMBIX KOHTPOJUIEPOB. [Ipr 3TOM KOHTPOJUIEPBI HUKHETO YPOBHS
YIPABJICHUS MOTYT IOJKIIIOUATHCA K CHCTEME CPEHETO YPOBHS YIIPaBICHUSA
HECKOJIbKMMHU CIIOcO0aMu: Yepe3 CTaHAapTHbIE MOCIIe10BATENbHbIE HIIN
napasuieJIbHble HHTEp(ENChl; MyTeM YCTAHOBKM Ha CUCTEMHYIO ILIMHY B KaUeCTBE
CHEIMAIN3UPOBAHHBIX YCTPOUCTB CONPSHKEHUS ¢ 00beKkToM (Moayien Y CO).



NuaycTpuanbHble KOMIBIOTEPHI UMEIOT, KaK MPABUIIO, PA3BUTHII HA0OP
CTaHJapTHBIX YCTPOICTB conpsbkeHus ¢ oobekToM (YCO), nenaromuii ux
YHUBEPCAIbHBIMH CPEACTBAMU YIPABIICHUS IS IIMPOKOTO Kpyra IPUMEHEHHUH.
Tem He MeHee, Ha HDKHEM YPOBHE YIIPABJICHUS JBUTATEISIMU, CTATHYECKUMU
npeoOpazoBaTessIMU U Jp. TpeOyeTcs B OOJIBIIMHCTBE CIy4YaeB pa3padoTKa
BCTPOEHHBIX CHELMATU3UPOBAHHBIX KOHTPOJIEPOB, IPUUYEM 3Ty pa3pabOTKy
MOTYT BBIIIOJIHUTH TOJBKO CIIELUATMCThI B TaHHOM MPEAMETHOM 00J1aCcTH, XOPOILIO
pazoupatoiuecs: B 0COOCHHOCTIX 00BEKTa YIPaBICHHsI, CTIOCOOHBIC TIPETIOKHUTH
U pealin30BaTh BECh KOMILJIEKC HEOOXOAMMBIX aJIrOPUTMOB ONTUMAILHOTO
YHOPABICHUS O0BEKTOM.

K ycrpoiictBam conpsikeHUs OTHOCUTCS 1 000pyI0BaHUE ISl OpPraHU3aI|H
CBsI3M ¢ ynajd¢HHbIMU 00BbekTaMu. Ha cerogns yxe pazpaboTaHbl CHCTEMBI,
obecrneunBaronne HaAEKHYIO CBSI3b, TTIABHBIM 00pa30M — OECTIPOBOIHYIO.

['maBHOE OTIIMUME IPOMBIIUIEHHOTO KOHTPOJIIEPA OT HPOMBIIIJIEHHOTO
KOMITBIOTEPA COCTOMT B aJIallTAlllX A3bIKA IIPOIrPAMMUPOBAHMS 110 KOHKPETHYIO
obnacth npuMeHeHwus. Tak, O0IBIINHCTBO MPOMBIIIUIEHHBIX KOHTPOJIJIEPOB,
BBIMTYCKAa€MbIX TAKUMHU W3BECTHBIMHU (upMamu kak Alien Bradley, Simens, Fanuc,
ABB u ap. ABIMIOTCS IO CYIIECTBY MPOTPAMMUPYEMBIMH JIOTHUYECKUMHU
koHTpoJuiepamu (PLC) 1 UMEIOT BCTPOEHHBIE MHTEPIIPETATOPHI C SI3bIKA PEICHHON
aBTOMATUKHU WJIM s13bIKa ByneBol anre0psl, 4TO M MO3BOJIAET HECIIELUATIUCTY
IPOrpaMMUPOBAHUE CUCTEMBI yIPaBIeHHs. TakuM 00pa3oM, OJHOYPOBHEBbIE
CUCTEMBI BCTPOEHHOTO YIPABJIECHUS BBIMOIHIIOTCS IPEUMYILIECTBEHHO Ha 0ase
OJTHOKPHUCTAIIbHBIX MUKPO DBM-MuKpoKkoHTpoI1epoB. [IByx- 1 Oosiee ypoBHEBBIE
IPEAIOIAraroT UCIOJIb30BAHUE HA CPEHEM YPOBHE YIPABICHHS OJHO- U MHOTO
IUIATHBIX MUKpO DBM THIIa MPOMBIIUIEHHOTO IPOrPaMMHUPYEMOTr0 KOHTpOJIEpa
WJIM KOMIIBIOTEPA B IPOMBIIUIEHHOM HCITOJIHEHHH.

BcerpanBaemoe ynpasisironiee yCTpoMCTBO SBISIETCS MUKPOIPOLECCOPHON
CHUCTEMOM YIIpaBIIEHUs, B COCTaB KOTOPOH KPOME LIEHTPAJIBLHOTO IPOLeccopa Ha
0a3e OIHOKPUCTAIBHOI0 MUKPOIPOLECCOPA U MUKPOKOHTPOJIIIEPA BXOAST
HEOOXOMMbIE JOTMOJHUTEIBHBIC JIEMEHTHI TAMSTH U NepuQepuiiHbie
untepdeiicapie BUC ans opranuzanuy COnpspKeHUs ¢ JaTIMKaMU, 00bEKTOM
YIPABJICHUS U CUCTEMOM yIpaBJIeHHs 00Jiee BBICOKOI'O YPOBHSI.

OcHoOBHO# 6a30# AJ11 TOCTPOCHUS BCTPOCHHBIX CUCTEM YIIPABICHUS HIKHETO
YPOBHS SIBJISIFOTCSI UMEHHO OJHOKPHUCTaJIbHBIE MUKPO DBM 1 MUKPOKOHTpOJILIEDHI,
MOTYT IPUMEHSATHCS TAK)KE U 3aKOHUYECHHBIE OJTHOIUIATHBIE CUCTEMBI YIIPABIICHUS
Ha X OCHOBE, BBIITyCKaeMbI€ PsAOM (PUPM B KaU€CTBE KOHTPOJIEPOB-IIPOTOTUIIOB.
Jlonroe BpeMst B Halleil ctpaHe ObUTN JOCTYITHBI B OCHOBHOM TOJIBKO OCBOEHHBIE
OTEYECTBEHHOW ITPOMBILIIIEHHOCTHIO MIIAIIINE MOJIENHN 8-pa3psiAHbIX
MHUKPOIIPOLIECCOPOB U MUKPOKOHTpPOJIEpoB (pupMel Intel, coBmecTrmbIE €
mznemussmu MCS-80, MCS-48, MCS-51, a takxke 16-pa3psiaHbie TpoLeccCopbl
coOCTBEHHOM pa3paboTKH, cCCTEMa KOMaH/l KOTOPbIE COBMECTUMBIE
nporeccopamu Gupmel DEC (1816BM1, 1816BM2).

B nacrosiee BpeMsi cuTyalus pe3ko U3BMEHWIACh, U BCA caMasl mepeioBas
IPOAYKIHS BeIyIUX GUPM MUpa cTaja JOCTyTHA OTEYECTBEHHOMY Pa3pabOTUnKy
Y IPOU3BOJIUTEITIO.



Ceromus pa3paOOTYMKN BCTPOSHHBIX CHCTEM yMPABICHUS CTOST MEepe]
HENPOCTHIM BBIOOPOM: KaKO€ U3/eINE U KaKOH (PUPMBI UCIIOIb30BaTh B MPOEKTE.

Pa3paboTka MOIIHON MUKPOIIPOLIECCOPHOM CUCTEMBI YIIPABICHUS SIBISETCS
CJIOKHBIM AesIoM. J1J1 3TOro HeoOX0IUM IITAT BBICOKOKBAIU(UIIMPOBAHHBIX
VHXEHEPOB CXEMOTEXHUKOB U IIPOIPAMMHUCTOB, & TAKKE COOTBETCTBYIOIIIEE
00opy/10BaHKE, a UMEHHO KOMIUIEKT allapaTHBIX U MPOTrpaMMHBIX CPEICTB
pa3paboTku (KcTaTH, Ui KaKa0ro Habopa Mukporpoueccopusix BUC - cBoii).
CoBpeMeHHbIE MUKPOIIPOLECCOPHI 1 MUKPOKOHTPOJUIEPHI UMEIOT BBICOKHE
TaKTOBBIE YaCTOThI U TPEOYIOT HCKIIOYUTEIBHON THIATEIBHOCTH KAK IIPH
POCKTUPOBAHUHM ITE€YATHOM IUIATHI, BKIFOUYAsl Pa3BOJKY, TaK U IIPU €€
U3rOTOBJICHUH.

Kak n3BecTHO B HacTOAIIEE BPEMS OJHOM M3 CaMbIX OOJIBIITUX MPOOIEM B
AIIEKTPOHHOM NPOMBIIIEHHOCTH SIBJISIETCS PACIIMPEHUE pa3pbiBa B COOTHOILIEHUH
[[EHa/XapaKTEPUCTUKN MEXKIY BEHTHJIbHBIMU MaTpUIIaMU, IPOTPAMMHUPYEMbIMU
nosib3oBatesieM (BMIII) u cnenmamusupoanasivu UC (CnIC). Xots BMIII
OTHOCHUTENILHO HEOPOTHU AJIs pa3pabOTKH, OHU HE 00J1aAat0T ObICTPOIEHCTBUEM
CnlC. U xotsa CnIC X0opo11o MpuMEHSIIOTCS B CUCTEMaX C HEBBICOKUMH
TpeOOBaHUSIMU 1O MOIIIHOCTH, OJTHAKO €IMHOBPEMEHHBIE 3aTPaThl HAa UX
IIPOEKTUPOBAHUE YKE TOCTUIIIN ypOoBHs 20 MIIH. 10J1apoB. Bcero HECKOJIBKO JIeT
Ha3aJ 3Ty 3aTpaTsl cocTaBisuiv 100 Teics4 nosmapoB. 3aaady U3roTOBICHUS
OBICTPOJICHCTBYIOLIMX CXEM MPHU AOIMYCTUMON CTOMMOCTH IIPH MOHUKEHHBIX
pa3mepax naptuit noctaBunu pupmel IBM, NEC u LSI Logic. B apaky Taxxe
BCTyIaeT HOBUYOK, yacTHas ¢pupma Leopard Logic, ocnoBanHast pupmamu Acer
Technology n Acorn Campus. B suBape cero roga Leopard Logic o0bsiBuna 0
BBIITYCKE MPOTPaMMHUPYEMBIX Joruueckux nmpudopos Gladiator, koTopeie
npe3uaeHt ¢pupmbl K. Oununc Ha3Bam, Kak CICIHATN3UPOBAHHBIE CTaHJAPTHHIC
npuOOpkI, KOTOPbIE UMEIOT OBICTPOJCICTBHE B JIBA, YETHIPE Pa3a MPEBbIIIAIOIIEE
osicTponericteue BMIIII, a cTOUMOCTH COCTABIISIET OJJHY JIECATYIO CTOUMOCTH
CnUC. B apxurekrype ncnosib3yercsi KOMOUHaIMs JOTHKH, IEPECTPanBaeMOil ¢
UCIIOJIb30BaHUEM MacOK U OJIOKOB, IEPECTpanBaeMbIX ¢ Ucnoiab3oBanuem CO3Y.
CrpykTypa, nepectpanBaemas C IOMOLIBIO MACOK, KaK M JIOTHYECKask CTPYKTypa
cTpykTypupoBanHbix CniMC, nMeeT umneaanc MexcoeJMHEHUH, 10 T00HBIHI
UMIIEIAHCY BEHTHJIbHBIX MaTpull. Tunosas paboyas yacToTa MOACUCTEM B
CTPYKTYpE, IIEPECTPANBAEMON € MIOMOIIBIO MacoK, coctasiisieT ot 200 MI'x 1o 300
MTI'u. Hanmnuue Ha kpuctamuie BMIIII ctpykTypbl 03Ha4aeT, 4To 3HAYUTEIbHAS
9acTh KOHCTPYKIIMHA MOXKET ObITh peanu3oBaHa B Buae BMIIIL

[Mepssiit mpubop cepuu conepkut 42 K noruueckux 31eMeHTOB ¢ MaCOYHOM
nepectpoiikoi, 4K nornueckux snmementa ¢ nepectporkoit ot CO3Y, BCTpoeHHOE
CO3Y emxocthio 6onee 2 MoOut u 64 yMHOXHTENA-aKKyMyJsiTopa. CI0XKHOCTh
ATOTO MpUbOopa OJIM3KA CIOKHOCTU COBpeMeHHOM crapiieit moaenu BMIIIL. B
cepuu Leopard stoT npubop 3aiimeT cpeanee nosnoxenue. Cxema CoaepKUT
TUIIOBBIE TIepecTpanBaeMble ieMeHThl B/B, Ho He moanepxuBaer LVDS
(HU3KOBOJBTHBIE MU PepeHIaIbHbIe CUTHANIBI) U HE UMEET OJIOKOB
NapaJlyIeIbHO-TIOCIIEI0BATEIBHBIX U MTOCJIEI0BATEIbHO-I1APAUIEIbHBIX
npeobpazoBaresei.



B03MOXHO caMBbIM BaKHBIM apXUTEKTYPHBIM 2JIEMEHTOM SIBIISIETCSI CIIOCO0
COEIMHEHMSI CTPYKTYp. B TaHHOM cityyae ucnosib3yercs CIBOEHHas CTPYKTypa
ceTok. OiHa ceTKa 00CITyKUBAET BHYTPEHHUE MEKCOEIUHEHUS, IpyTras CeTKa
peannsyeT COeUHEHHsI MEKAY 00JacTsIMU KpUCTalia, HO 00€ 00eCeurnBaoT
peCypChl AOCTYMA K JIIOOOMY JIOTHUECKOMY JIEMEHTY. TakuM 00pazom, MOTYT
OBbITh OOECTIEUEHBl COTHU U THICAYU MEXKCOETUHEHUN MEXy CTPYKTYPOU JIOTHKH,
IIPOrpaMMHUPYEMOM NIOJIB30BATENIEM U CTPYKTYPOH JIOTHKH, IPOIrPAMMUPYEMOH C
ITOMOIIBIO MACKH.

Ha MuKpoapXuTeKTypHOM YPOBHE KOHCTPYKILIUS CXEMBbI Oa3upyeTcs Ha IBYX
dbynnamenTtanbHbIx pazpadoTkax BMIIII ¢pupmer Leopard. Oxna pazpaboTka
MPECTABIAECT COOOM COBMEIIICHHUE YEThIPEX BXOI0BOU TAOIUIIBI COOTBETCTBUS U
TpUITEpA.

Jlpyras pa3zpaboTka MpeACcTaBIseT COO0M cXeMy MEXCOSTMHEHNUN Ha Oa3e
MYJIBTHUILIIEKCOPA.

ApXUTEKTypa TaK’K€ COOTBETCTBYET MOCIEIHUM JOCTUKEHHUSIM B 00J1aCTH
crpykrypupoBanHbix CrilIC. Tak Bce Mob30BaTENBCKAE MEKCOEAMHEHUS
00BEIMHEHBI B OJIUH CJIOM, TaK YTO 37I€Ch MOXKET OBITh UCIIOJIb30BaHA OJIHA
3aKa3Has Macka. 3J1eCh TaK)K€ UCIOJIb3YETCs B KauecTBe 0a30BOT0 JIOTUYECKOTO
3JIEMEHTa Ta0JMIla COOTBETCTBUS ¢ porpammupoBanueM ot CO3Y, kak 3To UMeeT
mecto B BMIIIT Ho nmeercs otiimumne oT cereii BEeHTUIEN WUIIA MYJIBTIUIEKCOPOB,
UCIIOJIB3YeMBIX B CTpyKTypupoBaHHbIX CMC. Taxxe B oTimume ot
ctpykrypupoBanHoit CnIC ¢pupmer eASIC Corp., Te KaxXablil 2JIEMEHT MOXKET
OBITH IEpEnPOrpaMMHUPOBaH, B apxuTekType Leoprad ncnonb3yrores
¢dukcupoBaHHbIE OJOKH.

C TOYKHM 3peHUs MPOU3BOJAUTEIEN MUKPOIIPOLIECCOPHON TEXHHUKH BCE 3aa41
pelaeMblie CHCTeMaMH BCTPOSHHOTO YIIPABICHUS ETSATCS Ha Ba OONbIINX
KJ1acca: yIpaBJIeHUE COOBITUSMYU B PEAIbHOM BPEMEHU M YIIPABIIEHUE TTOTOKAaMHU
naHHbIX. Kakaplil Ki1acc 3a7au NpeIbsBIsSeT CBOU crelupuueckre TpeOoBaHuUs K
MHUKPOIIPOLIECCOPY WA MUKPOKOHTPOJUIEPY, UTO OTPAKACTCS, IIPEXKIE BCErO, B
Habope PyHKUMMH, peaanu3yeMblX Ha KPUCTAIIIE, a TAKXKE B CUCTEME KOMaH/.

K nepBomMy Kkiaccy OTHOCSTCS 3a1a4uu, TpeOyrolie ObICTPOi peakiuu
MUKPOIIPOLIECCOPHOI CUCTEMbI HA U3MEHEHNE BHEIITHUX YCIOBHM (Ha
cpabaThIBaHHE TEXHOJIOTMUECKUX TaTYMKOB, U3MEHEHHE MTapaMeTpoB U T.1.). Kak
IIPABUJIO, CUCTEMBI YIIPABJIECHUS PUBOLAMU, YJHEPTETUUYECKNMH YCTAHOBKAMM,
poboTamMu, a TaK)Ke CUCTEMBI pacTpeieIEHHOW aBTOMAaTH3AIMH OTHOCATCS K
CHCTEeMaM IMEePBOro Kiacca. JTH 3a7auu TPeOyIOT MPUMEHEHHS
MUKPOKOHTPOJUIEPOB C OOJBIITNM 00bEMOM HHTETPUPOBAHHON HA KPUCTAILI
nepudepun, BKI0Yas pealn3alyio Ha KpUCTaUIe MaMITH MPOrpaMM, MaMsITH
JAHHBIX M YCTPOMCTB BBOJIa-BBIBOJIA, YTO COKPAILAET armapaTHbIE 3aTPaThl U
YIAELIEBIIET U3/IeJIME CO BCTPOEHHOM cUCTEMOM yrnpasieHus. Yaie Bcero B
CUCTEMax YIpPaBJIEHUS ITOrO Kiacca Ul peajln3aliy aITOPUTMA YIIPABICHUS
TpeOyeTcsi MaMATh OTHOCUTENIBHO HEOOJbIIOro oobema (10 32 Koair).

Ko BTOpOMY Ki1accy 3ajjau OTHOCATCS 3aJa4, TpeOyroue ObICTpOi
00paboTKHU 3HaYUTENBHBIX 00eMOB HH(popMmaluu. Hanpumep, B
MUKPOIIPOLIECCOPHBIX CUCTEMAX MOAACPKKH KOMIIBIOTEPHBIX CETEH, B CUCTEMAX
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YIIPABJICHUS JIETATEIbHBIMU allapaTaMy, MOJABUKHBIM COCTaBOM, B CHCTEMAX
00paboTKHu BUIEO U300paKeHUH, KOTJJa BCTPOCHHBIN MTPOLIECCOP JT0KEH
BBINOJIHATH MHOKECTBO PA3JIMYHBIX BBIUMCIUTEIBHBIX ONIEPALIUil, B TOM YHCIIE
omnepanui ¢ riaaBarouiei 3anatoi. Kak nmpaBuiio, A pelieHus Takux 3a1a4d
TpeOyeTcsl y>Ke BBICOKOITPOU3BOAUTENbHBIN 32- uinn 64-pa3psnblii nporeccop. B
COOTBETCTBUM C YIIOMSIHYTBIMU BBIIIIE KJIACCAMHU 3a]1a4, BCTPOCHHBIE
MUKPOIPOLIECCOPHBIE KOHTPOJIIIEPHI MOTYT OBITh Pa3/IEJICHbI Ha CJIEITYIOITNE
TPYMIIBL:

* 8-OMTOBBIE MUKPOKOHTPOJIIEPHI IIEPBOTO

» CoBpeMeHHbIe 8-pa3psannbie MUKpokoHTpoJuiepsl (MCSR-51, MCSR-51,
MCSR-251).

* 16-pa3psgHBIC MUKPOKOHTPOJUIEPHI ISl YIPABICHUS B PEAJTbHOM BPEMEHU

[[Inpokoe pacnpocTpaHEHUE MEPCOHATBHBIX KOMITBIOTEPOB U
MUKPOKOMITBIOTEPHBIX pabourX CTaHIMI B OM3HEece Hayanoch B Havaie 80-x
rofioB. B HacTosiiiee Bpemst 3T0 000pyJ0BaHHE MPEACTABISAET COOOM CTOJIb Ke
HEOTHEMIIEMYIO MTPUHAIICKHOCTH JIF000T0 oduca, Kak, Hanpumep, TenedoH. o
OTHOCUTETFHO HEITaBHUX MOP O(UCHBIE JIOKAIbHBIE CETH MPEIOCTABISIIH B
OCHOBHOM YCJIYTY CO€UHEHHS] — OHU COEANHSIIN NEPCOHAIbHBIE KOMITBIOTEPHI U
TEpMUHAJBI ¢ MIHH(pEHMaMU U CHCTEMaMU MTPOMEXKYTOUYHOTO 3BE€HA, HA KOTOPBIX
paboTay KOpIOpaTUBHEIE MPUIIOKECHHS, a TAKKE 00ECTIeYnBaIN COSAMHEHUE AJIs
pabouux rpyIn Ha YPOBHE OTIEIOB WM 11eX0B. B 000uX ciydasx o0beMbl
nepeaBaeMBbIX IO CETSIM JIaHHBIX ObUIM HeBENMUKU. Tpaduk B OCHOBHOM COCTOSUT
u3 (paiyioB U ANEKTPOHHOM NOUTHI. JIoKanbHbIE CEeTH, TPEAHA3ZHAYCHHBIE IS
oOcyxuBaHus MoJ00HOTO Tpaduka, a 3To B mepByto ouepend Ethernet u Token
Ring, OTIMYHO MOAXOAAT AJISl TAKOT'O OKPYKEHHUS.

B 90-e roas! posib NepcoHaIbHOTO KOMITbIOTEPA (@ BMECTE C HEW U
TpeOOBaHUS K JIOKAIBHON CETH) U3MEHUIIACH 0JIaroiaps JBYM BaKHBIM
TEHJICHIUSIM:

- BeruncnurenbHas MOIIb EPCOHATIBHBIX KOMITBIOTEPOB MPOJIOKAET
pazoBaTh SKCMIOHEHIIMATBHBIM pocToM. Bee Oosiee MotHbie mi1aThopmbl
MOJICP>KUBAIOT MPUIIOKEHUS, ”HTEHCUBHO MCIOJIb3YIOIINE rpaduKy, U BCe
yCIIOXKHSOIUecs rpapudeckue nHTepEnchl MoIb30BaTENs C ONEePaAMOHHBIMU
CUCTEMaMHU.

- Opranu3anuu, 3aHUMAaroMeCs] AIMUHUCTPATUBHBIMU UH(DOPMALIMOHHBIMU
CHUCTEMaMH, YBUIETH B JIOKAJIbHBIX CETAX )KM3HECTIOCOOHBIE U Ba)KHBIC
BBIUMCIUTENbHBIC TIaTGopMbl. Hauano 3Toii TeHACHIINN MTOIOKUITN CUCTEMBI
«KJIMEHT-CEPBEP», CTABILINE JOMUHUPYIOLIEH apXUTEKTYpOil B 1€JI0OBOI cpefe, a
Takke O0osiee HeZjaBHEee BesTHIUE — TEXHOJIOTHSI HHTPAHET.

Pe3ynbraTom 3THX TEHIEHIUHN CTaa HEOOXOAMMOCTh O0ECIIEYEHHS pOCTa
Mepe1aBaeMoro 1o JOKaJIbHBIM CETIM 00beMa TaHHbBIX U, TaK KaK MPUII0KEHUS
ctanu 00Jiee UHTEPAKTUBHBIMH, YMEHBIIIEHUSI BPEMEHHU 3aJIEPKKHU MIPU Tepeiaue
nanHbIxX. [lepBeie mokonenus ceteit Ethernet, paborasiiue co ckopoctsio 10
M6ut/c, u cereit Token ring co ckopocTsio 16 MOUT/Cc mpocTo HE MOTIIU
COOTBETCTBOBATh HOBBIM TPEOOBAHUSIM.
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Hwxe nepedrcieHsl IpUMEpPBI, A1 KOTOPBIX MOTYT MOTPeOOBATHCS
BBICOKOCKOPOCTHBIE CETH:

- LlenTpanu3oBanHble cepBepHbIE pepMbl. BO MHOTHX MPUIIOKEHUSIX
HEO0XO0MMO MOJEPKUBATh BO3MOXKHOCTb 3arpy3Ku OOJIBIINX 00BEMOB JaHHBIX
[10JIb30BATEJIEM UJIM KIMEHTOM C MHOTOYMCIICHHBIX [IEHTPAIIN30BAHHBIX CEPBEPOB,
Ha3bIBa€MbIX cepBepHbIMU (hepmami (server farms). B kauecTBe npumepa MOKHO
Ha3BaTh U3JIATENIBbCKYIO PaOOTY € IIBETHBIMU N300paXXKEHUSIMH, KOT/1a CEPBEPHI
COJIepIKaT AECATKH TUTabaiTOB N300paKeHUH, 3arpy’KaeMbIX Ha paboyne CTaHIUH.
C Tex mop Kak MPOU3BOAUTEIHHOCTH CEPBEPOB YBEIMUNIIACH, Y3KUM MECTOM cTaja
ceTh. JTa MpobiieMa He MOXKET ObITh PEIIeHa IPH MOMOIIN KOMMYTHPYEMOM CETH
Ethernet, Tak kak mpomyckHast ClIOCOOHOCTh KaXKAOW JTMHUU CBS3H C KIIMEHTOM
orpannueHa 3Hauenuem 10 Mowur/c.

- Momnbie paboyre rpynmnbl. ITH TPYIIHI, KaK MPaBHIIO, COCTOST U3
HEOOJIBILIOT0 YKcia COTPYAHUYAIOLINX 0JIb30BaTEIeH, KOTOPBIM HEOOXO0IMMO
nepeMeraTh 1o CeTH MacCUBHbIE (paiiiipl JaHHbIX. Hampumep, 370 MOXeET OBbITH
rpymnmna pazpaboT4UKOB IPOrPaMMHOT0 OOECTIEUEHUsl, TECTUPYIOIIUX HOBYIO
BEPCHIO MPOTPaMMBbl, WJIK KOMIIAHUS, 3aHUMAIOIIAsICsl aBTOMATU3UPOBAHHBIM
npoektupoBanueM (Computer-Aided Design, CAD) u perymnsipHo 3amyckaroias
CBOM HOBbIE MOJIeNU. B Takux ciaydasx 6oJpiirie 00beMbl JaHHBIX pacpeieeHbl
10 HECKOJIBKUM pabouuM cTaHuusM. OHu 00pabaThIBatOTCS U OOHOBJISIOTCS Ha
OUYEHB BBICOKHX CKOPOCTSIX, TaK Kak Mporecc GoOpMUPOBAHUS MOJIETH TPeOyeT
MHOKECTBA UTEPaALIH.

- BricokockopocTHas jgokanbHas Maructpanb. [1lo Mepe pocta moTpedHOCTH B
00paboTKe JaHHBIX JOKAIBHBIX CETEH CTAHOBUTCS BCE OOJIbIIE, YTO TPeOyeT
BBICOKOCKOPOCTHOTO B3aUMOICHCTBUSI.

Kiro4 K TpOEKTUPOBAHUIO BBICOKOIIPOU3BOAUTEIBHBIX CETEH 3aKITI0YaeTCs B
CITOCOOHOCTH MOJICIMPOBATH M OLICHUBAThH IMapaMeTPhl MPOU3BOAUTEIILHOCTH.
PazpaboTunk q0/KEeH OBITH CITIOCOOCH HA OCHOBAaHWU HAOJIIOICHUHN OIIEHUTh 00BeM
U XapaKTepUCTUKHU Oymy1iero tpadguka. CTaTUCTUUECKHE XapaKTEPUCTHKU
TpaduKa BIUSIOT Ha Pa3HOOOPa3HBIC ACTIEKTHI TPOCKTUPOBAHUS
KOH(UTYPHUPOBAHHMS, BKIIFOYAs TPOTOKOJIBI MAPIIPYTU3AIIUH, IIPOTOKOJIBI
pe3epBUPOBAHUSI PECYPCOB, TUCIUILIMHBI o4epeiei B MapiipyTu3aTopax u ATM-
KOMMYTAaTOpax, a Takke pasMmepsl 0ydepoB. boiee Toro, moap30BaTeNb JOKEH
YMETh OXapaKTePU30BaTh INTAHUPYEMbIH TpaduK, 4TOOBI IPUHSATH BEPHBIS
perieHus B 00J1aCTH pe3epPBUPOBAHUS PECYPCOB.

Jlyist onrcaHus IOTOKA JAaHHBIX OOJIBITIOE 3HAYCHHUE TIPEACTABIISCT Pl
apamMeTpPOB.

¢ XapaKkTepruCTUKH MPOMYCKHON CIIOCOOHOCTH:

¢ Cpennss ckopocth. CpeHssi Harpy3Ka Ha CeTh, OKa3bIBaeMasi HCTOUYHUKOM,
MIPECTAaBIIACT COOOM KITFOUEBOM mapaMeTp B OIPeACIICHUH 00beMa peCypCcoB,
KOTOPBIE JIOJHKHBI OBITH BBIJICJICHBI TOMY UCTOUYHUKY. CpeHsIs CKOPOCTh
nepeayu JaHHBIX OMPEACIISET TOT MOTOK, KOTOPHIH HCTOYHUK MOYKET
MO//ICP)KUBATh B TCUCHHE JIUTEIILHOTO MEPHO/Ia BPEMEHHU.
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¢ [IukoBast CKOPOCTh. DTOT MapaMeTp OMpeneseT s CETH MaKCUMaIbHBIN
TpauK, KOTOPbI OHA B COCTOSTHUM MOJIEPKUBATh, TMOO0 BB
COOTBETCTBYIOIIHME PECYPCHI, INOO pe3epBUPYS JOCTATOUHBIA 00beM OydepHOro
IPOCTPAHCTBA JJIs CIIIAXKUBAHUS ITYJIbCALIUM.

¢ HepaBHomepHOCTb. [TuKOBast ckopocTh NpeAcTaBiseT co00i OANH U3
KpUTEPUEB HEPABHOMEPHOCTH. boiee TOUHBIM KpUTEpUEM SIBIISETCS
HEPaBHOMEPHOCTh MPOIMYCKHON cIOcOOHOCTH. HepaBHOMEpPHOCTH XapaKkTepu3yeT
HEMOCTOSTHCTBO TpaduKa UCTOYHHUKA U MIPEACTABISET COOON MHAMKATOP TOTO, JI0
KaKOW CTEMEeHH CTaTUCTHUECKOE MYJIbTHILIEKCUPOBAHHE MOYKET MCIIOJIb30BAThCS
JUTSL TIOBBITIEHUS 2PPEKTUBHOCTH.

¢ XapaKkTepUCTHUKH 3aACPKKU:

¢ 3azepkka mepefadd. JTOT MapaMeTp MPEACTaBIIET COOO0M 3aIEPKKY,
BHOCHMYIO CETBIO IIPH TMepeiaye TaHHBIX OT OTIPABUTEINS K IMOIYYaTeIIo.
MaxkcruManabHOE BpeMsl 3a€pKKU TaKKE MOXKET ObITh TpeOOBaHHEM, KOTOPOE
BBIJIBUTAETCS IPUIIOKEHUEM.

¢ Bapuanus 3anepxku. Bapuanus 3aaepKKu sIBISETCS BAXKHBIM I1apaMETPOM
IPUIIOKEHUH peabHOrO BPEMEHH, B KOTOPBIX JaHHbBIE, BOCIIPOU3BOISLINECS
[OJTy4yaTeseM, JOKHbBI IPUOBIBATH C TIOCTOSIHHON CKOPOCTBIO, PABHOIM CKOPOCTH, C
KOTOPOW OTIPABUTENb 3TH JIaHHBIE MT€pPEIacT.

OTu ¥ N0A00HBIE UM ITApaMETPbl OUEHb BaXKHBI AJI1 KOHPUTYpALIMU CETH U
yCTpOMCTBa MPOTOKOJIOB. J{71s1 mpuHATHS 3PPEKTUBHBIX PEelICHUH HEOOXOANMO
JIOBOJILHO TOYHO MOZEINPOBATH TPAPHK JaHHBIX.

AHanu3 odepeniel mpeacTaBiseT coO0W MPOCTOE U JIETKO HHTEPHPETUPYEMOE
CPEICTBO MOJYYCHHUS MOJIE3HBIX PE3YIbTATOB TSl YIIpaBiIeHUs paboToN 1o
IIPOEKTUPOBAHMIO CETEW. B TeueHne NecATUIIETHI aHAIN3 O4epPEIed OCHOBBIBAJICS
Ha MPEATNOI0KEHUN O COOTBETCTBUH THIa Tpaduka pacnpenenenuto [lyaccona.
3aTreM COBEpILICHHO HEOKUIAHHO UCCIIE0BATEIN U3 BOCTOHCKOTO YHUBEPCUTETA U
naboparopuu Bellcore onyOnnkoBanu ynuBuTeabHble pe3yibTaThl. Kak okazanocs,
10 KpaifHel Mepe B HEKOTOPBIX cllydyasix TpaduK OMUCHIBAETCS HE
pacnpenenenueM Ilyaccona, a siBisieTcs 10 CBOEH MPHUPOIE CaMONOAOOHBIM, WIH
¢paxTanbHbIM. [Ipu TakoM Tpaduke NpOM3BOAUTEIBLHOCTD CETH HE MOAYUHSETCS
aKKypaTHBIM (popMyJiaM aHaJlu3a ouepesield, a UMEIOT MECTO OOJIBLINE 3aACPKKHU U
CHID)KEHHE NTPOITyCKHOM crtocoOHocTH. C MOMEHTa MyOIMKAIMK 3TH Pe3yIbTaThl
OBUTM MHOTOKPAaTHO TIOJTBEPKAEHBI Ha TpadrKax caMbIX Pa3HBIX TUIIOB
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I'naBa 2

AHaJIU3 Ka4YecTBa 00CIY:KUBAHUA CETH
MoJIb30BaTeJIei

2.1 OcHOBHBIC MOHATHS METOA0JOTHYECKOr0 anmapara

2.1.1 Cay4aiinble nepeMeHHbIEe

Cnyuaiinas nepemenHas (random variable) npeacrasiusier coOoi
O0TOOpaKEHHE MHOYKECTBA BCEX BO3ZMOXHBIX COOBITUI B IPOCTPAHCTBE BHIOOPOK HA
POCTPAHCTBO BEIIECTBEHHBIX YUCEN. TakuMm 00pa3om, cilydaifHasi mepeMeHHast
CBSI3BIBAET C KAXKJIBIM COOBITHEM BEIIECTBEHHOE YMCIIO. DTa KOHIEMIUS HHOT/IA
BBIPAKAETCA B BUJE KCIIEPUMEHTA C MHOKECTBOM BO3MOXHBIX pe3ysbTaTtoB. [Ipu
ATOM ClTy4aiiHasi IEPEMEHHAsl PUCBANBAET 3HAYEHUE KaKIOMY PE3YJIbTATY.
Takum 00pa3om, 3HaUCHHE CITyYallHOW TEPEMEHHOM SIBISIETCS CIlydailHOM
BeTMIMHONW. MBI maguM cieayromee hopmanpHoe onpenenenue. CoydaiiHas
nepeMeHHast X IMpeacTaBisieT co00i (PYHKIINIO, CTAaBSIIYI0 B COOTBETCTBHE
KaXXJIOMY PE3yJIbTaTy B MPOCTPAHCTBE BHIOOPOK YHCIIO, YIOBIECTBOPSIOIIYIO
CJHEAYIOIIUM YCIOBUSIM:

MuoxecTBO {X < X} sIBIIsIETCA COOBITHEM JUISI KAXKA0T0 3HAYCHHS X.

Pr[X = °0] = Pr[X=-oc] = 0.

CnyualiHas mepeMeHHas SIBJISIETCSl HEMPEPhIBHOM (continuous), €ciu OHa
MOKET MPUHUMATh OECKOHEYHOE MHOYKECTBO Pa3IMUHbIX 3HaUeHui. CiydaitHas
nepeMeHHas sIBJsieTCs TUCKpeTHoH (discrete), eciam oHa MOKET MPUHUMATD
KOHEYHOE WJIM OTPAaHUYEHHOE MHOKECTBO PA3JIMYHBIX 3HAYCHUU.

DYHKIHUY pacOpeieNICHHs U TIIIOTHOCTH

HenpepriBHast cinyyaitHas mepeMeHHast X MOXKeET ObITh OmHcaHa 0o ¢
nomotibio GyHkiuu pacupenenenus (distribution function) F(x), mu6o c
noMoIbi0 QyHKIMY TIoTHOCTH (density function)f(x):

+ PYHEUHA pacnpeieleHHa:

F(xy=PrlX =x) F(—==)=1(
F(=o)= 1.

+ 'tl_"r'lliil"ll.IIH ILTOTHOCTHL

fxy= ii Fix):
[k
F(x) = [ f)dy;

_f SQndy =1,

JIns AMCKpETHOM Cily4aiHOM IEPEMEHHOM €€ PaclpeeIeHNE BEPOATHOCTH

XapaKkTEepU3yeTCs CAEAYIONMMHA YPAaBHECHUSAMH:
Px(k)=Pr[X =k);

Y Pk =1

Bee k
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HenpepriBHast cinyuaitHas mepeMeHHast X MOXKET ObITh OTHcaHa 0o ¢
nomoiblo pyHkiuu pacnpenenenus (distribution function) F(x), nu6o ¢
nomoIblo GyHkimu mwiotHocTH (density function)f(x):

YacTo Hac MHTEpECYeT He BCE pacipeiesieHne, a Kakas-HuOyIb OJ1Ha
XapaKTEPUCTHUKA CITyYalHON MepeMEHHON, HAITPUMED:

¢ CpenHee 3HaUCHHE (TAK)KE Ha3bIBAEMOE 0KUIAEMbIM 3HAUCHUEM, UITU
MEPBBIM MOMEHTOM )

E[X]=puy, = J- xf (x)dx —HenpepbIBHLI cyyail;

E[X]=Wy = 3, k Prlx = k]—anckpersiit cayqaii.

Bee &

+ Bmopodi moxenn:
[ -
|E[J{] =, = I:rfl{.rjrir—1|.|:1|.pepbnmmi'1 cayvaii
If-.'[}.,'] =W, = Z k Prlx = k] —nuckpernuil coyyafi
Beo &

* Hucnepcus: Var|X] = E[(X - px)] = E[X°?] — px
+ Cpednexsadpamuunoe omxionenue: g, = J’W

Hucnepcus (variance) U cpeHEKBaIpaTUYHOE OTKIOHEeHHe (standard
deviation) sSBSIOTCA MOKA3aTEISIMU PACCESTHUS 3HAYEHUN BOKPYT CpEeIHEH
BEJIMYMHBI. BhICOKOE 3HAUEHNE NUCIIEPCUU IEPEMEHHON 03HAYaEeT, YTO
IIEpEMEHHAs Yalle U JaJIbILIEe OTKIOHSAETCSA OT CPEAHET0 3HAYEHHUS, YEM
[IEPEMEHHAs ¢ HU3KUM 3HAaUYCHUEM Jucnepcuu. HecmoxkHo rmokasare, 4To s
7100011 MOCTOSTHHOM a CIIPaBEIJIMBLI CIIEAYIONINE YPAaBHEHUS:

ElaX] = aE[X]
Var|aX] = a®Var|X].

CpenHee 3HaYEHUE TAKKE HA3BIBAIOT CTATUCTUKOW MEPBOTO MOPSAIKA; BTOPOM
MOMEHT U IUCTIEPCHUS MIPEACTABISAIOT COOON CTATUCTUKY BTOPOro mopsiaka. M3
(GYHKIHY MIIOTHOCTH BEPOSITHOCTH TAK)KE MOYKHO BBIBECTH CTATUCTHKHU OoJiee
BBICOKHUX ITOPSIKOB.

Baxusle pactpeneneHus

B manHOM paszgene OymyT onmucaHbl HEKOTOPHIE PACTIPECTICHIS, UTPAIOTITHE
BAJKHYIO POJIb B TEOPUU aHAIIN3a OUYEPEIECH.

2.1.2 DkcnoHeHUMAJILHOE pacnpeieieHue

Hx)=1-e™,
flx) =hers
x20.

HNHTEpecHOe CBOMCTBO 3KCMOHEHIIMATBLHOTO PACIPEAECICHHS] COCTOUT B TOM,

4TO Cro CpcaHcC 3HAYCHUC PAaBHO CPCAHCKBAAPATUIHOMY OTKIIOHCHHUIO!
" 1
Elx]=0, = e
BKCHOHCHHHEUIBHOG pacinpcaciacHuc C rmapaMmecTpom X > O omnmuceIBaeTcs
CJIICAYIOIINMHU Q)YHKHHHMH PacpCaACICHUA U IINIOTHOCTHU!
B ClIydac IIPUMCHCHU:A K HHTCPBAJly BDEMCHH, HAIIPUMCP BPCMCHHA
06CHy>KI/IBaHI/IH, TAaKOC pacClpCacjICHNC NHOI'Id HA3bIBAIOT CﬂyqaﬁHLIM

PacipCaACICHUCM. DTO CBS3aHO C TCM, UTO CCJIM UHTCPBAJI BPECMCHH Y7KC HAYAJICA,
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TO OH MOXKET 3aKOHYUTHCS B TPOU3BOJIbHBII MOMEHT BPEMEHU C PaBHOM
BEPOSITHOCTHIO.

BaxHOCTB 3TOr0 pacrpeesneHnst B TEOPUU OYEPEACH CBSI3aHA C TEM, YTO MBI
4aCTO MOXKEM MPEANOI0KUTh, YTO BpeMsi 00CITYKHUBaHUS pacIpeieIeHO
HKCIOHEHLIMAJIbHO. B ciydae TenegoHHoro Tpaduka BpeMsi 00CITyKUBAHUS — 3TO
BpeMsi, B TEUEHHE KOTOPOTro abOHEHT 3aHMMaeT o0opyaoBaHue. B ceTu ¢
KOMMYyTalliel TakeToB BpeMs 00CITy>KUBaHUS MIPEJICTABISIET COO0M BpeMsl
nepeavn JaHHbIX, U IO3TOMY OHO MPONOPLUUOHANBHO JUIMHE MakeTa. TpyaHO AaTh
YEeTKOe TEOPEeTHUEeCKOe 000CHOBAaHUE TOMY, ITI0UYEMY BpeMsl 00CTyKMBAHUS JOJKHO
MMETh HKCIIOHEHLIUATIBHOE PaclpeesIeHHEe, HO BO MHOTUX CITy4dasX €ro
pacnpenenenne 0JM3Ko K dKCIIOHEHIMaIbHOMY. 1 9T0 X0po1o, Tak Kak 3Ha-
YUTEJIBHO YNPOIIAET aHAIN3 OYEPEHEH.

1,0 1 1,0
0,8+ 0,8+
D =
o L
] D.B-'i g 0,6
:1- i
x 0,4 = o
T % 04
0,2 0,24
0,0 T T T | T T T 0
0 1 2 3 4 0 1 2 3 4
3KcnoHeHUMansHoe 3xcnoHeHUnansHas
pacnpegenexsne BepoATHOCTM (A = 1) NNOTHOCTb BEPOATHOCTH (A = 1)
a 6
0,20 0.4-
¥
.
Im 0.1 QN-: 0,3+
2 Tl
I x | >
= 0,10 Iﬂll 0.2_
[ ]
< =
& 0,05 Ay
I j I_ II I ; I ! I ) 1
0 2 4 6 8 10 12 0 2 4 6 8
Pacnpenenenue I'lyaCCOHa (?. = 1) HopmMankHas NnoTHOCTh
BepoATHOCTU (L =4, 0= 1)
8 2

2.1.3 Pacnpenenenue Ilyaccona
Hpyroe BaxxHOe pacrpenenenue — pacnpenenenue [lyaccona ¢ mapamerpom

X > O, npuHuMaroiiee 3HadeHus B Toukax 0,1,...:

S )'.L' 5 i
PriX =k]= i 5 R =0,152.

E[X] = Var[X] = A.

Ecmu X < 1, Torma Pr[X=k] nocturaer makcumyma npu k = 0. Ecu X > 1, HO
HE sIBJIsIeTcs LebIM unciiom, Toraa Pr[X=k] nocturaer makcumyma npu k, paBHom
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HauOOoIbIIEMY LIETIOMY YHCITY, MeHbIeMy, ueM X. Eciau X mpencrasnser coboi
MOJIOKUTENBHOE 1IEJI0E YUCIIO0, Toraa y pyHkuuu pacnpeaenenus [lyaccona nsa
MakcumyMa rpu k = Xnk = X-A

Pacnipenenenue [lyaccona Taxxe npeacTapisieT BaXXHOCTh JJIs aHATIN3a
ouepesiei, Tak KaKk Mbl JOJKHBI IPENOJIOKUTh, UYTO YACTOTA NPUOBITHS TAKETOB
pacnpenenena no [lyaccony, uis Toro 4toObl BbIBECTH ypaBHEHUs ouepenei. K
CYACTBIO, MIPENIOJIOKEHHUE O TOAUYNHEHUH PaCIpeIeICHHs YaCTOThI
npuOBIBAIONINX TTaKeTOB 3aKOoHY [lyaccoHa oka3bpiBaeTcs CIipaBeITUBBIM.

Pacnipenenenue [lyaccona moxkeT ObITh MPUMEHEHO K YACTOTE MOTYUCHUS
cnenyrommmM oopazom. Eciu ajieMeHThI OCTYMaoT B 04epeb B COOTBETCTBHH C
pacnpenenenuem [lyaccona, 3To MOKeT OBITh BBIPAXKEHO CIIEAYIOIIUM 00pa3oM:

k
(AT) e
k!
+ E[uncno aneMenToB, NpuOLIBIINX B TeyeHHe nutepBaia I'] = AT,

+ Pr[k anemenTos npubsIBaIOT B Teuenue unTepBaia 1| =

+ cpeHsist CKOPOCTh NPUOBITIHA, B 9JIeMEHTAaX B CEKYHAY = A.

HaKCTBI, HpI/I6I>IBaIOIHI/Ie B COOTBC€TCTBHUHU C 3aKOHOM HyaCCOHa, qacToO
Ha3BIBAIOT CIIy4aliHO MPUOBIBAIOIIUMU. ITO OOBIACHIETCA TEM, UTO BEPOSITHOCTh
HpI/I6BITI/I$I IMaKETa B TCUCHNEC KOPOTKOI'O MHTCpPBaJIa BPEMCHHU ITPOITIOPHMOHAIIbBHA
JJIMTCIIBHOCTHU MHTCpPBaJIa BPEMCHU U HC 3aBUCUT OT BPCMCHH, IMTPOIICAIICTO C
MOMEHTa MPUOBITHS MOCIEIHETO MaKeTa. TakuM o0pa3om, eciu MpUObITHE
MaKeTOB MOAYHUHSICTCS pacnpeaencanio [lyaccoHna, maker ¢ paBHOI BEPOSTHOCTHIO
MOJKET MPUOBITH B TF0O0H MOMEHT BPEMEHH HE3aBUCHMO OT TOTO, B KaKHe
MOMEHTHI BPEMEHHU MPUOBIBAIOT APYTUE MAKETHI.

I[pyroe HHTCPCCHOC CBOMCTBO Imponecca HyaCCOHa CBA3aHO C €TI0
9KCITIOHCHIOHUAJIIBHBIM PACIIPpCACICHUCM. OKaSBIBaCTCH, 4TO MHTCPBAJIBI BPCMCHU
MCIKIAY HpI/I6BIBaIOHII/IMI/I B COOTBCTCTBHH C PACIIPCACICHUCM HyaCCOHa InHake€raMmn
PacpCaACICHbI OKCIIOHCHIUAJIIBHO!

PriT.<t]l=1-e™

1
E[T.]=5.

TaxuMm 00pa3oM, Kak U CIEI0BAIO0 OKUIATh, CPEIHEE BPEMS MEKIY
npUOBITHEM MTAKETOB MPECTABIAECT COO0M 0OpaTHYIO BETUYHHY OT YaCTOTHI
IPUOBITHSL.

2.1.4 HopmaJsibHOe pacnpeesieHue
HopmanbHoe pacripeneneHie uMeeT cieayomue GyHKIUI0 IIOTHOCTU U
GYHKIUIO pacripeesieHUs

1 N

(.X’) = e (x-p) /in:

b
. 1 * L

F(x)= et.ﬁrm/zad_

@=m! /
[Tpruem
E[X] =,
Var[X] = o
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bonpiioe 3HaueHue MNpCACTABIIACT HCHTPAJIbHAA NIPCACIIbHAA TCOPEMA,
YTBCPKAA0IaA, 4To CpCaAHAAd BCIIMUYUHA OT OO0JIBIIIOr0 KOJINYECTBA HE3aBUCUMBIX
CJIY‘-I&fIHBIX IMCPCMCHHBIX 6yz[eT pacipcacicHa HpI/I6JII/ISI/ITCHI>HO HOpMAJIbHO U
IMIOYTHU HC 3aBUCUT OT UX MHIAWUBUAYAJIbHbBIX paCHpeHCHCHHﬁ. OIIHO KIIFOYCBOC
Tpe6OBaHI/I€ 3aKIIIOYaCTCsA B KOHCYHOCTH CPCAHCTO 3HAUCHUA U JUCIICPCHUU.
HCHTpaJ'IBHaSI ImpcaciibHasa TCOpEMa UTpacT B CTATUCTHUKC KIIFOUCBYIO POJIb.

2.1.5 CroxacTnuyeckue nmpouecchbl

Croxactrueckuii mporiecc (stochastic process), Takke Ha3bIBACMBINA
CiTy4aitHbIM TiporieccoM (random process), IPEeACTaBIsSIET COO0H CEMEUCTBO
CIy4JaiHbIX TiepeMeHHbIX (X(£), t € T), UHAeKCUPOBAHHBIX MTapaMeTpoM t Ha
HEKOTOPOM MHOecTBe uHAeKkcoB T. Kak mpaBuiio, MHOKECTBO HHACKCOB
UHTEPIPETUPYETCS KAaK U3MEPEHUE BPEMEHHU, a X(t) siBisieTcss PyHKUKEH BPEMEHHU.
Jpyrumu cia0BaMu, CTOXaCTHUECKUN POLECC MPEACTABIAET COO0M CiydailHyro
NEPEMEHHYI0, SIBISIONIYIOCs (QyHKUIMENH BpeMeHU. HenpephIBHBIN BO BpeMeH!
CTOXaCTUYECKUi mpoiiecc (continuous-time stochastic process) — 310
CTOXaCTHUYECKUN MPOLECC, B KOTOPOM 3HAUEHHUE BPEMEHHU t U3MEHSIETCA
HENPEPBIBHO, KaK MPABUIIO, B/I0JIb OCH HEOTPULIATEIbHBIX BEILIECTBEHHBIX YNCEI
{x(t), O <t <T'}, XOTs HHOT1a OHO MOXET U3MEHSTHCS BIOJIb BCEH OCU
BEIIECTBEHHBIX YUCEIl. J[MCKPETHBIN BO BPEMEHH CTOXAaCTUUECKHI Mpoliecc
(discrete-time stochastic process) — 3T0O CTOXacCTUYECKHUI MPOIlECcC, B KOTOPOM
3Ha4YeHHE BPEMEHU t MPUHUMAET TUCKPETHBIE, KaK MTPABHUIIO, MTOJIOKUTEIbHBIC
uenblie 3Hauenus (x(£), t =1, 2,...}, XOTsI H”HOTJIJa OHO MOKET MPUHUMATh U LIEJIbIe
3HA4YEHHs BO BCEM MHTEPBAJIE OT -00 JI0 +00.

Bcenomuum, uTo cinyyaiiHas mepeMeHHas onpenenseTcs Kak QyHKIus,
npeobpasyroiias pe3yiabTaT IKCIIEPUMEHTA B HEKOTOPOE 3HAUCHUE. Y YUTHIBAS ATO,
BbIpakeHHe IS X(t) MOKET OBbITh HHTEPIIPETUPOBAHO MO-PA3HOMY:

Kak cemelicTBO pyHKIIMI BpeMeHU (TepeMeHHast t; Bce BO3MOXKHbBIE
pe3ynbTaThl).

Kak otnenpHas ¢pyHKIUs BpeMeHHU (IIepeMeHHas t; OJIMH pe3yibTar).

Kak cnyuaiinas nepeMeHHas (nepeMeHHas t PUKCUpOBaHHAs; BCE BO3MOKHBIE
pe3ynbTaThl).

Kak otaenpHoe uncno (nepemeHHast t pUKCUpoBaHHAs; OJUH PE3yibTar).

Konkpernast untepnpetarus x(t) 0ObIYHO SICHA U3 KOHTEKCTA.

Crenyer cka3aTh HECKOIBKO CJIOB O TEPMUHOJIOrMU. HenpeprIBHBIN 110
3HAUCHUSAM CTOXaCTHUECKHUH mporiecc (continuous-value stochastic process) — 310
CTOXaCTUYECKUI MPOIIECC, B KOTOPOM cllydaiiHas nepeMeHHas X(t) ¢
(UKCUpOBaHHBIM t (Cily4ail 3) NpUHUMAET HENPEPhIBHbIE 3HAUCHUS. [[MCKpETHBIN
o 3HAYCHUAM cToxactuuecknid mporecc (discrete-value stochastic process) — 310
CTOXaCTHUYECKUI MPOLECC, B KOTOPOM CllydaiiHas IEpeMEHHas B JIF000H MOMEHT t
IPUHUMAET KOHEUHOE UJIU CUETHO-OECKOHEUHOE KOJIMYECTBO 3HaueHu. 1
HENPEPBIBHBIN, U JUCKPETHBII BO BPEMEHHU CTOXACTUYECKUE MPOLIECCH MOTYT
OBITh KaK HEMPEPHIBHBIMU, TaK U JUCKPETHBIMHU 110 3HAYCHUSIM.

Kak aisa mo00oii cirydaitHol repeMeHHOoM, PYHKIHUIO X {t) ¢ (PUKCUPOBAHHBIM
3HAYEHHUEM t MOXKHO 0XapaKTepHU30BaTh (PYHKUUSIMHU paclpeaesCHUs
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BepOHTHOCTeﬁ " IINIOTHOCTH BCPOATHOCTH. I[JI?I HCTIPCPBIBHOI'O 110 3HAYCHUAM

CTOXaCTHUYCCKOTO IIporccca 3T (bYHKIIHH IMPUHUMAIOT CJ'I@I[YIOHII/Iﬁ BUA:
+ Qynxuus pacnpedenenus:

F(x; £) = Pr[x(?) < x];
F(-o0;2)=0;
F(oo; t) = 1;

*  (DyMKHLA IOMNOCTIN:

fxe) == F(x0)
dr

Fany = [ f(r0)dy;

T,f{y:r}dyﬂ.

Py, (k) = Pr[x(¢) = ).
Y Py(k)=1
Bee k

JIJIs1 IUCKPETHOIO 10 3HAYEHUSIM CTOXACTHYECKOTO MPOLECCa:

[TonHas cTatucTUYecKas XapaKTEPUCTHKA CTOXaCTUYECKOTO Mpoliecca
JOJKHA YYUTHIBATh IEPEMEHHYIO BpeMeHU. Vcnob3ys nepBblii BApUAHT
MHTEPHPETALNH U3 NPEIbIIYIIEro CIUCKA, CTOXaCTHYECKH mporuecc X(t)
BKJIFOYAET B ce0s1 OECKOHEYHOE KOJIMYECTBO CIIYYAHBIX IEPEMEHHBIX, 10 OJHOU
JUTSL KaxA0ro 3HaueHus t. UToObl MOJHOCTBIO ONMKCATh CTATUCTHUKY MPOIlEcca, HAM
noTpedyercs yka3aTh (DYHKIIHIO COBMECTHOM MIIOTHOCTH BEPOSTHOCTH
nepeMeHHbIX X(t1), X(£>), ..., x(£,,) s Beex 3HayeHui 1 (1 <1 < °°) u Bcex
BO3MOXHBIX OTCUeTOB BpeMeHnH (th t2 tn). Ho s 3amad Hammeit KHUTH HET
HEOOXOJUMOCTH YIIIyOJIAThCA B ATY TEMY.
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2.2 AHayiu3 ouepeaei

B o6mactu oOMeHa TaHHBIMU U KOMITBIOTEPHBIX CETEH BaM 4acTO MOXKET
MOHAO00UTHCS YMEHHE TIPEICKAa3bIBATh PE3YIbTAT OMPEICICHHBIX N3MEHEHUI B
CUCTEME, TAKUX KaK YBEJIMYEHUE HArPy3KH I JOPaOOTKa KOHCTPYKIUH.
Hanpumep, opranuszanus NoaJep>KMBaET ONPEAeIeHHOE KOJUYECTBO TEPMUHAIIOB,
NEPCOHAIBHBIX KOMIIBIOTEPOB U pab0UMX CTAHLIUN, TOAKIIOYEHHBIX K 100-
MeraOuTHOM JoKanbHOM cetu. [Ipeanonaraercs NOAKIIOYEHHUE K JIOKAIBbHON CETH
JOTIOJTHUTENBHOTO OTAENA B 3AaHUU. CMOXKET JIM CYILECTBYIOIIAs JOKaIbHas CETh
BBIJICPKATh YBEJIMUYECHHUE HArPY3KU WIIH JIYYIIE CO3aTh BTOPYIO JOKAJIbHYIO CETh U
COEIMHMTH €€ C IIEPBOM CETHIO MOCTOM?

BBIBalOT Ipyrue ciay4yau, B KOTOPBIX CETh €LIE HE CYLIECTBYET, HO HA OCHOBE
UMEIOIINXCSl TPEOOBAHUI HYKHO CO3/1aTh MPOEKT ceTh. Hanpumep, pykoBOACTBO
coOMpaeTcsi yCTAHOBUTh B HEKOEM OTJIEJIE IEPCOHATbHBIE KOMIBIOTEPHI U CO31aTh
U3 HUX JIOKAJIBHYIO CeTh ¢ (haiioBbIM cepBepoM. OCHOBBIBAsSICh Ha pe3ybTaTax
HKCIIEPUMEHTA B JPYTOM OT/EJI€ KOMITAHUH, Bbl MOKETE OLIEHUTh HArPY3KYy,
CO3J1aBaEMYIO KaXK/IbIM NIEPCOHAJIbHBIM KOMIIBIOTEPOM, U BBIYUCIUTH TPEOyEeMbIe
MOITHOCTH JIOKaJIbHOM CeTH U (hailioBoro ceprepa.

B kaxxaom ciaydae OCHOBHOM 3a00TOi1 SIBISIETCS MTPOU3BOIUTEIBHOCTD
cUCTeMbl. B MHTEpaKTUBHOM NIPWJIOKEHUHU WIN B IPUIIOKEHUN PEAIIBHOTO
BPEMEHH 3TO, KaK IIPABUJIO, O3HAYAET BPEMsI OTKJIMKA. B Apyrux ciayyasx riaBHbIM
BOIPOCOM SIBJISIETCS IPOIYCKHAs CIIOCOOHOCTb.

JJ1s OLIeHKU MPON3BOAUTEIBLHOCTH IPOEKTUPYEMOI cUCTEMBI TpeOyeTCsl
oIpezesIeHHbI MEXaHU3M MpeJcKa3aHuil. Perenne ceTeBbIxX mpodieM u npooiem
CBSI3M, @ TAaKXK€ MHOTHX JPYTUX NMPOoOJIeEM U3 peaibHOI0 MUpPa YaCTO MOKHO
MOJIYYHUTh C IIOMOIIBI0 AHATUTHYECKUX MOJIEJIEH, OCHOBAaHHBIX HA TEOPUU
ouepeac.

KonuvecTBO BONPOCOB, KOTOPBIE MOKHO PEIIMTH IIyTEM aHAJIU3a OuepeeH,
0eckoHe4uHO. Kpyr 3TUX BOIPOCOB OXBATHIBAET IPAKTUYECKU BCE TEMBI,
oOcyxaaembie B JaHHON KHUTE. TakuM 00pa3oM, yMeHHE MPUMEHSITH aHATTU3
KpaifHe BayKHO JIJIs1 pa3pa00TUYMKOB, 3aHUMAIOIINUXCS JIF000# U3 3TUX MPoOIeMm.

XO0Tsl MaTeMaTUYeCKas 4aCTh TEOPUU OUEpEEH CI0XKHA, IPUMEHEHHE CaMO
TEOPHH B LIEJISAX aHAIN3a IPOU3BOAUTEIEHOCTH BO MHOTHX CIIy4asiX OKa3bIBaCTCs
JOBOJILHO MpOCTHIM. Bee, uto nist aToro tpedyercsi, — 3TO 3HAaHUE 3JIEMEHTAPHBIX
CTaTUCTUYECKUX MOHATHH (CpeIHUX 3HAUEHUH U TUCIIEPCUIi), a TAK)KE TOHUMaHUe
B OOLIMX YepTax METO/I0B IPUMEHEHUs TEOPUH odepeaei. BoopykuBumce aTumMu
3HAHUSAMH, Pa3pabOTUMK YACTO MOKET BBIIOJIHUTH PAcUeThl HA KJIOUYKE Oymard,
UCIIOJIB3YS HECJIOKHBIE TaOIUIIBI OYEPEIeH, UITH C TOMOIIBIO TPOCTON
KOMITBIOTEPHOM MTPOTrpaMMBbl, 3aHUMAIOIIEH BCEr0 HECKOJIBKO CTPOK KOAA.

B 37011 ri1aBe npemiaraeTcs NpakTUYECKUN KypC aHaIn3a Ouepeiei.

IIpocToii npumep noBeeHUs ovepeaei

[Tpexxae ueM mepelT K AeTansM aHalIM3a Odepeield, pacCMOTPUM TpyObIii
puMep, YTOObI «IIOYYBCTBOBAThY TEMY JAaHHOU riaBel. PaccMoTpuM BeO-cepBep,
CIIOCOOHBIN 00CITYXKHBAaTh MHAUBUYaJbHBIC 3aMIPOCHI B cpeaHeM 3a 1 mc. UToObl
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YIPOCTUTH 33/1auy, MPEATION0KIM, 4TO CEpBEP 00CTYKMBACT KaXIbIHA 3apOC
poBHO 32 1 Mc. Eciu ckopoCTh OCTYIIIICHUS 3aIPOCOB paBHA OJHOMY 3aMpocy B
musucekyHay (1000 3ampocoB B ceKyHAY), TO, KaK KaXKETCs, MOKHO YTBEPK/IATh,
YTO CEepBEP CIPABUTCS C TAKOW HATPY3KOM.

[Ipeanonoxum, 4To 3aPOChl MPUOBIBAIOT C TOCTOSTHHONW CKOPOCTHIO C
uHTepBajoM poBHO B 1 Mc. CepBep oOpabarbiBaeT 3anpoc cpaszy, Kak TOJIBKO OH
npuxoauT. Kak Toibpko cepBep 3aBepiiaer o0paboTKy TEKYIIEro 3amnpoca,
MOCTYIIaeT HOBBIH 3apocC, U CEPBEP CHOBA MPUHUMACTCS 3a padoTy.

Teneps paccMoTpuM OoJiee peaTuCTHIHBINA BAPUAHT, B KOTOPOM CPETHSS
CKOPOCTH MOCTYTUICHUS 3aIIPOCOB COCTABIISIET TAKKE THICAUY 3alIPOCOB B CEKYHITY,
HO 3Ta CKOPOCTh HE MOCTOSIHHA. B TedueHwue mo00ro0 3a1aHHOT0 MUJUTHCEKYHTHOTO
WHTEpBajIa MOXKET HE TIOCTYITUTh HU OJTHOTO 3ampoca, MOCTYMUTh OJIUH 3apOC WITH
MOCTYIIUTHh HECKOJILKO 3aPOCOB, HO B CPEAHEM 32 KOKIYI0 MUJUTUCEKYHTY
MPUXOIUT OJIUH 3arpoc. B 3ToM ciyuae 3/1paBblil CMBICI TIOJICKa3bIBAET, YTO
cepBep crnpaButcs. B mepro/pl BBICOKON HArpy3KkH, KOTJa MOCTyIaeT 0oJIbIie
3ampocoB, YeM cepBep criocoOeH 00padboTaTh, CEPBEP MOKET XPAHUTD
n30BITOYHBIE 3aMTPOChl B Oy(epe. M0KHO cKa3aTh, UTO MOCTYMAIOIINE 3alPOCHI
CTaBATCS B 0Yepeib Ha 00paboTKy. B criokoiiHbIe EPHO/IbI CEpBEP MOXKET Ha-
BEpCTaTh YMyIIEHHOE U OYUCTUTH Oydep. B naHHOM ciydae BasKHBIN BOIPOC
MPOCKTUPOBAHUSI 3aKITFOUAETCS B TOM, HACKOJIBKO OOJBIINM JIOJKEH ObIThH Oydep.

Tabmumet 2.1-2.3 maroT rpy0oe npeacTaBieHrne O MOBEICHUHA TaAKOW CUCTEMEI.
B Tabu. 2.1 mbl npeanonaraem, 4to B cUCTeMy noctymnaet B cpeaHeM 500 3anpocos
B CEKYHITy, YTO COOTBETCTBYET IMOJOBHUHE TPOU3BOIUTEILHOCTH CEpBEpa. 3amucu B
TaOHIIC TOKA3BIBAIOT KOJUYECTBO 3aMIPOCOB, TPUOBIBAOIINX KAKIYIO CEKYH/IY,
KOJIMYECTBO 3alPOCOB, 00paOOTAHHBIX B TCUEHNE ATOW CEKYHIbI, © KOJIMYECTBO
M30BITOYHBIX 3aPOCOB, MIOCTABIICHHBIX B OYEPElb K KOHITY CEKYHTHOTO
uHTepBaia. B Tabnune comepikarcsi JTaHHbIE O COCTOSIHUU OYEPEIH Ha MPOTSHKEHUH
50 c. Cpennee no 50-ceKyHIHBIM HHTEpBaJIaM 3HAYEHHE YMCIIa 3alIPOCOB,
CTOSIIIMX B ouepeu, paBHseTcs 43. [lukoBoe 3HaUEHKE YMCIIa 3alPOCOB, CTOSIIUX
B ouepeu, cocrapiser 600. B Tabi. 2.1 cpenHsisi CKOpOCTh MOCTYIICHUS 3aPOCOB
yBeIr4deHa 110 95 % ot npon3BOIUTEIHLHOCTU CepBepa U cocTapisieT 950 3ampocos
B cekyHy. [Ipu aTOM cpeHee KOIMUeCcTBO 3alpOCOB, OKUAAIOIINX 00pabOTKH B
oydepe, yBenmuuuBaercs 10 1859. 310 MOXKET MOKa3aThCs YAUBUTEIHHBIM.
CKOpOCTh TIOCTYIUICHHS 3aIPOCOB YBEIMYIIIACH MEHEE YEM B JIBA pa3a, TOTJa Kak
cpeaHsia IauHa oyepenu Beipocia B 40 pa3. B tabma. 2.3 cpeansisi CKOpOCThb
MOCTYIUICHUS 3aIIPOCOB €I11€ HEMHOTO yBeJnueHa — 10 99 % ot
IPOM3BOJUTEIILHOCTH CEPBEPA, — B PE3YIbTATE CPEAHEE KOIMUECTBO 3aPOCOB B
oydepe BoIpocio 10 2583. Takum 00pa3oM, COBCEM HE3HAUYUTETHLHOE YBEITNUCHUE
CpeaHEN CKOPOCTH MTOCTYIUIEHUS 3alIPOCOB MPUBOAUT K ITOYTH 40-ITPOLIEHTHOMY
POCTY YHCJIa 3aIPOCOB, OKUJAIOIIUX B OUEPEIH.
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Tabnuna 2.1. [loBenenue ouepeay mpyu HOPMATH3OBAHHON CKOPOCTH
npuObITHS, paBHOM 0,5

Bpewmsa Bxon Brixon Ouepenb
0 0 0 0

1 88 88 0

2 796 796 0

3 1627 1000 627
4 51 678 0

5 34 34 0

6 966 966 0

7 714 714 0

8 1276 1000 276
9 494 769 0
10 933 933 0
11 107 107 0
12 241 241 0
13 16 16 0
14 671 671 0
15 643 643 0
16 812 812 0
17 262 262 0
18 218 218 0
19 1378 1000 378
20 507 885 0
21 15 15 0
22 820 820 0
23 1253 1000 253
24 307 559 0
25 540 540 0
26 190 190 0
27 500 500 0
28 96 96 0
29 943 943 0
30 105 105 0
31 183 183 0
32 447 447 0
33 542 542 0
34 166 166 0
35 165 165 0
36 490 490 0
37 510 510 0
38 877 877 0
39 37 37 0
40 163 163 0
41 104 104 0
42 42 42 0
43 291 291 0
44 645 645 0
45 363 363 0
46 134 134 0
47 920 920 0
48 1507 1000 507
49 598 1000 105
50 172 277 0
Cpexnnee 499 499 43
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Tabnuma 2.2. [loBenenue ouepeay npyu HOPMATH3OBAHHON CKOPOCTH
npuObITHS, paBHOi 0,95

Bpewmsa Bxon Brixon Ouepenb
0 167 167 0

2 1512 1000 512
3 3091 1000 2604
4 97 1000 1701
5 65 1000 765
6 1835 1000 1601
7 1357 1000 1957
8 2424 1000 3382
9 939 1000 3320
10 1773 1000 4093
11 203 1000 3269
12 458 1000 2754
13 30 1000 1784
14 1275 1000 2059
15 1222 1000 2281
16 1543 1000 2824
17 498 1000 2322
18 414 1000 1736
19 2618 1000 3354
20 963 1000 3317
21 29 1000 2346
22 1558 1000 2904
23 2381 1000 4285
24 583 1000 3868
25 1026 1000 3894
26 361 1000 3255
27 950 1000 3205
28 182 1000 2387
29 1792 1000 3179
30 200 1000 2378
31 348 1000 1726
32 849 1000 1575
33 1030 1000 1605
34 315 1000 921
35 314 1000 234
36 931 1000 165
37 969 1000 134
38 1666 1000 800
39 70 871 0

40 310 310 0

41 198 198 0

42 80 80 0

43 553 553 0

44 1226 1000 226
45 690 915 0

46 255 255 0

47 1748 1000 748
48 2863 1000 2611
49 1136 1000 2748
50 327 1000 2074
Cpennee 948 907 1859
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Tabnuna 2.3. [loBenenue ouepeay mpyu HOPMATH3OBAHHON CKOPOCTH
npuObITHS, paBHoit 0,99

BpeMst Bxon Brixon Ouepens
0 0 0 0

1 174 174 0

2 1576 1000 576
3 3221 1000 2798
4 101 1000 1899
5 67 1000 966
6 1913 1000 1879
7 1414 1000 2292
8 2526 1000 3819
9 978 1000 3797
10 1847 1000 4644
11 212 1000 3856
12 477 1000 3333
13 32 1000 2365
14 1329 1000 2693
15 1273 1000 2967
16 1608 1000 3574
17 519 1000 3093
18 432 1000 2525
19 2728 1000 4253
20 1004 1000 4257
21 30 1000 3287
22 1624 1000 3910
23 2481 1000 5391
24 608 1000 4999
25 1069 1000 5068
26 376 1000 4445
27 990 1000 4435
28 190 1000 3625
29 1867 1000 4492
30 208 1000 3700
31 362 1000 3062
32 885 1000 2947
33 1073 1000 3020
34 329 1000 2349
35 327 1000 1676
36 970 1000 1646
37 1010 1000 1656
38 1736 1000 2392
39 73 1000 1465
40 323 1000 788
41 206 994 0

42 83 83 0

43 576 576 0

44 1277 1000 277
45 719 996 0

46 265 265 0

47 1822 1000 822
48 2984 1000 2805
49 1184 1000 2990
50 341 1000 2330
CpenHee 988 942 2583
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2.3 MoaenupoBaHue o4epene K ceppepam

Iean ananusa ouepenen

Yacto ObIBaeT HEOOXOAUMO PAaCCUUTATh TPEOYEMYIO TPOU3BOUTENILHOCTh Ha
OCHOBE UMeroLIeicst nHpopMaluy 0 Harpy3Ke Uil Ha OCHOBE OLICHKM Harpy3ku B
HOBOM OKPYXEHUHU. J{J11 7TOr0 MOTYT IPUMEHATHCS Pa3IMYHbIE TOIXObI:

¢ BrinonHeHue aHanu3a Ha y»Ke TOTOBOM 000pyJOBaHUU Ha OCHOBE
(baKTHYECKUX 3HAYCHH.

¢ BrinonHeHue npocThIX MPOTHOCTUYECKUX PACYETOB HA OCHOBE
AKCTPANOJIALMH JTAHHBIX, MOJTYYEHHBIX HA CYIIECTBYIOIEM 000PYI0BAHHH.

¢ Pa3paboTka aHAIMTUYECKON MOJIENIM HA OCHOBE TEOPHUH OUYEPEIEH.

¢ Co3gaHue U 3aIyCK IPOrpaMMHON MOJEINH.

[TepBbiii BapraHT BOOOIIE HE SBISETCS BapUaHTOM. MbI IpocTo codupaeM
CHUCTEMY HayrajJ U CMOTPHUM, 4TO MOXy4nuTcs. Takol moaxo 1 MpUBEIET JUIIb K
NOSIBJIEHUIO HEJIOBOJIBHBIX IT0JIb30BATEIIEH U K HEPA3yMHOMY PacX0J0OBaHUIO
cpenacTB. Bropoii BapuaHT kaxkercs: 60jee MHOrooOeatoM. AHATUTUK MOXKET
3asiBUTh, YTO CIIPOrHO3MPOBATh Oyayline TpeOOBaHUS C KaKOM-TMO0 CTETIEHbIO
TOYHOCTH HEBO3MOXKHO. [I03TOMyY HET CMBICIIa 3aHUMATBHCS TOUYHBIM
MoJeIMpoBaHuEM. BMecTO 3TOro npocToi u rpyOblid MPOTrHO3 MO3BOJIUT MNOJTYYUTh
npUOJIMKEHHYIO OlleHKY. HeocTaTok Takoro moaxoaa COCTOMT B TOM, YTO
NoBe/IeHNE OOBIIMHCTBA CUCTEM MTPH U3MEHEHUH HArpy3KH OKa3bIBAETCS
JIOBOJIbHO HEOKUJIAaHHBIM, KaK ObUIO NTOKa3aHo B paznene 8.1. Ecnu umeercs
OKpY’KE€HHE, B KOTOPOM €CTh KOJUIEKTUBHO MCIOJIb3YyEMbIN pecypc (Hampumep,
CETb, JINHMS MepeJauu JaHHbIX WJIM CUCTEMA Pa3JeleHUs] BpEMEHH ), TOT 1A
IIPOU3BOAMUTEIILHOCTD TAKOM CUCTEMBI, KaK ITPaBUIIO, OTBEYAECT HA YBEIUUYCHUE
Harpy3KH 3KCIIOHEHIMAIbHBIM YBEJIUYCHUEM BPEMEHHU OTKIIMKA.

Ha pucyHke noka3aH COOTBETCTBYIOIINI TpuMep. BepxHsist TuHMS
JEMOHCTPUPYET YBEINYEHUE BPEMEHHU OTKJIMKA Ha 3aIlIpoC MOJIb30BaTENs K
o01iemMy pecypcy Ipu yBEJIMYEHUH Harpy3Ku Ha 3ToT pecypc. Harpyska
U3MEPSETCS B TOJSX OT MAaKCUMAJIBHOM ITPOU3BOAUTEIIBHOCTH pecypca. Takum
0o0pa3oMm, eciIi Mbl IMEEM JIEJI0 C MapLIPyTHU3aTOPOM, CIOCOOHBIM 00paldaThIBaTh U
nepenpasiATh 1000 makeToB B cekyHay, TO Harpy3ka 0,5 cOOTBETCTBYET cpeiHEN
ckopoctu noctyruieHus S00 makeroB B ceKyHAy. BpeMs OTKIIMKa MPEACTaBIISIET
coboii Bpems, TpeOyemoe JIJIsl IEPECHIIKU JTF000TO BXOIAIIETo MakeTa. HmkHss
JIMHUS WUTIOCTPUPYET SKCTPAIIOJISILIUI0 MHOTOWIEHOM TPETHETO OPSAIKa
HKCIIEPUMEHTAJILHOI0 Y4acTKa KPUBOM BPEMEHH OTKJIMKA, COOTBETCTBYIOIIETO
Harpyske ot 0 10 0,5 momHocTH pecypca. O0paTuTe BHUMaHUE HA TO, YTO JAHHBIN
CHoco0 KCTpanoassuu padotaeT Oosee Wik MEHEE YIOBIETBOPUTEIBHO JIUILb Ha
yudactke ot 0,5 10 0,7 0T MOIIHOCTH pecypca, a KOraa Harpy3ka HaunHaeT
«3amkanuBaTth» 3a 0,8 wim 0,9, HacTynaet Kpax CUCTEMBI.

Takum o06pazom, Tpedyercsa 0osiee TOUHBIA MeTO NpeAcKazanuil. Tperuit
BapUaHT 3aKJIFOYAETCS B MCIOJIb30BAHUM AHAIUTUYECKON MOJIEIH,
npejcTaBisitonie co0oit Habop ypaBHEHUM, KOTOPbIE MOTYT OBITh PEIEHBI IS
NOJTy4eHus: TpeOyeMbIX MapamMeTpoB (BpEMEHHU OTKINKA, TPOMYCKHON
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CIIOCOOHOCTH | T. 11.). AHaJTUTHUECKHUE MOJIETIN, OCHOBAHHBIE HA TEOPUU OUepeei,
o0ecrne4ynBaroT J0BOJILHO XOPOIlIee COOTBETCTBUE C PEAIbHOCTHIO B TAKUX
00JacTsX, Kak KOMIIBIOTEPHI, OTIEpallMOHHbIE cUCcTeMBI U ceTH. HegocraTok
TEOPHUH OYEPEIeH 3aKIF0YAETCS B TOM, YTO JUUIsl COCTABIICHHs YPaBHEHUN
OTHOCHUTEJIbHO MHTEPECYIOLINX HAC MapaMeTpOB MPUXOAUTCS IPUHUMATD Pl
YIPOLIAIOIIUX JTONYIIEHHH.

12—
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Harpyaka Ha cuctemy (B Buae AONK NPONYCKHO| CNocoBHOCTH)

dakTnueckoe BPCM: OTKIIMKA U OKCTPAITOJIAINA

[Tocneauuii MoAX0 MPEACTABIIAET COOOH YMCICHHOE MOIeIMpOoBaHue. B
JTAHHOM CJTydae MpH HATHYHUH JI0CTaTOYHO MOIIIHOTO ¥ THOKOTO
CIIEUATTM3UPOBAHHOIO SI3bIKA IPOTPAMMUPOBAHUS AHATUTUK MOKET OUYCHb
oAPOOHO CMOCIMPOBATH PEATHHYIO CUCTEMY, HE Tpruberas K MHOTOYHCIICHHBIM
JTONYIICHUSM, TPEOYeMbIM B TeOpHH ouepeei. OHako B OOJBITMHCTBE CIIyYacB
YUCJICHHAs MOJIeNIb HEe TpeOyeTC s UiIH, TI0 MEHBIIIeH Mepe, He PpEKOMEHIYeTC s Ha
IIEPBOM JTalle aHaIn3a. Bo-MepBbIX, 1 U3MEPEHUS CYIIECTBYIOIIEN CUCTEMBI, U
MIPOTHOCTHYECKHUE OIICHKHU OyIyIel Harpy3Ku COepkKaT ONpeaCcIICHHbBIS
nmorpentHocTr. Takum 00pa3om, HE3aBUCUMO OT TOTO, HACKOJIBKO XOpoIeh OyaeT
MO/IEJTb, KAYECTBO PE3YJIbTATOB OTPAHUYEHO KAYECTBOM MCXOJHBIX JaHHBIX. Bo-
BTOPBIX, HECMOTPS Ha TO YTO B TEOPHH OUepeel TpeOyeTCss MPUHATHL MHOKECTBO
JOMYIIEHUH, TIOJTydaeMbIe PE3YJIBTAThl YaCTO OKA3BIBAIOTCS JOBOJBHO OJM3KUMHU K
TeM, KOTOPbIE MOTYT OBITh TIOJYYCHBI TIPH 00JI€e TIIATEITHPHOM YHUCICHHOM
MOJICIMPOBaHUU. boiiee TOro, Ayl 4eTKO MOCTAaBJICHHOM 3a/]laud aHAJIN3 OUepeae
MOXET OBITh BBITIOJIHEH OYKBAJIbHO 32 CYUNTAHHBIC MUHYTBI, TOT/Ia KaK CO3aHue,
OTJIaJIKa ¥ TPOTOH MOJICJIUPYIOIIEH TPOTPaMMBbl MOTYT 3aHSTh IHU, HEAECU U
MECSIIIBL.

MIMeHHO MO 3TUM NMPUYUHAM aHAJTUTUK 00s3aH 3HATh OCHOBBI TCOPUH
oyepenen.
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Monean ouepeneit Quepenb K 0OJHOMY CepBepy

[Ipocreitmas cucteMa ¢ ouepebro nokasana Ha puc. 8.2. LlenTpanbHblii
3JIEMEHT CHCTEMBI MPEACTABIIAET COOOM cepBep, MPEIOCTABIAIOMINN APYTUM
3JIEMEHTaM CHCTEMbI HEKOTOpbIe yciryrn. Ha cepBep mocTymaroT 3anmpochl Ha
obciyxuBanue. Eciau cepBep HU4YeM HE 3aHAT, 3arpoc o0padaTeiBaeTCs
HEe3aMeUTUTEIHHO. B MPOTUBHOM ciy4yae MOCTYNMUBIINK 3alIpOC TTIOMEIIACTCS B
ouepenb. Korna cepsep 3aBepiaer 00paboTKy 3arpoca, NakeT ¢ 00paboTaHHBIM
3a1pocoM NOKHUAAeT cepBep. Ecan Ha 3TOT MOMEHT B ouepein UMEIOTCS
HeoOpaOoTaHHbIE 3aIIPOCHI, OJIMH U3 HUX HEMEAJIEHHO BHIOMPAETCS] CEPBEPOM.

O4epenpb Oucuunnvqa
MNocTynneHus aucnetyepuiaumn

| Otnpasnenus

[
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'

A — CKOpPOCTL

NOCTYNNeHUs >l
|

w— HYWUCNO OXKWOanLWnx 3anpocos Ts — BpemMmA DﬁCJ‘Iy}KMBaHHH
T, — BPeMs oXuaaHus P ~— KOA(POUUMENT MCNONbIOBaAHKA

|
!

——— -

r — YMCIO 3aNpocoB B CHCTEME € CHepeabio
T, — Bpems npebbiBaHua B cucTeme

CtpyKTypa U nmapameTpsl CUCTEMBI ouepeielt AJis1 Ouepeid ¢ OJJHUM CEpBEPOM

IMapaMeTpsl ouepeau

Ha pucynke Taxxe mokasanbl HEKOTOPbIE BaXKHBIE TTApaMETPhI, CBSI3aHHBIE C
MOJIENIBIO ouepeaeil. 3anpockl NpUOBIBAIOT Ha 0OpadaThIBaIOIIEE YCTPOIMCTBO C
HEKoeU cpenHeil ckopocThio X (3aka30B B CEKyHY). Cpeau mpumMepoB
MOCTYMHAIOINX 3aKa30B MOXHO HA3BaTh MAKEThI, MPUOBIBAIOIINE HA
MapuIpyTU3aTop, WK 3BOHKH, TOCTYMHAIOIINE Ha Teie(OHHBI KoMMyTaTop. B
JTr000M 3aJaHHBIE MOMEHT BPEMEHH OMPEICIICHHOE KOJIMYECTBO 3aKa30B (HOJb WJIH
Oonbie) Oyaet oxkuaaTh B odepean. CpeqHee KOJTUIECTBO OKUAAIOIINX 3aKa30B
paBHO W, a cpefiHee BpeMs okujanus B ouepean — Tw. Bpems Tw ycpennsercs
10 BCEM IOCTYHAIOLIUM 3aKa3aM, BKJIoUasl T€, KOTOpble 00pabaTsiBatoTCs 6€3
oxxunanus. Cepep oOpadaThIBaeT MOCTYNAIOIINE 3aKa3bl 3a CPEHEE BpeMs
oOciyxuBanus Ts. DTo HHTEpBal BpeMEHU OT Havyasia o0pabOTKH 3aKa3a
CEpBEPOM JI0 TOI'O MOMEHTA, KOorja 00paboTaHHBIN MaKeT MOKUAAET CEPBEP.
KoadunueHT ncnonb3oBanus cepBepa p 03HAYaET 010 BPEMEHHU, KOTOPYIO
cepBep 3aHAT paboToil. Hakonel, ABa mapameTpa IPUMEHSIOTCSI KO BCEW CUCTEME
B IIEJIOM. DTO I — CpPEHEE KOJIMYECTBO 3aKa30B B CUCTEME, BKITIOUAs
o0CTyKMBaeMbIii B JAHHBI MOMEHT 3aKa3, IUTIOC 3aKa3bl, *KAYIINE CBOCH odepea,
a Taxke Tr — cpenHee Bpemsi, KOTOpOE 3aKa3 MPOBOJUT B CUCTEME, BKITFOUAsI
OXUJaHHE B ouepean U o0paboTKy, Ha3bIBAEMOE CPETHUM BPEMEHEM MPEObIBaHNUS
B cucreMe (mean residence time).

Ecnun IMPCAIIOJIOKHUTL, YTO CMKOCTb O4YCPCOAU 6CCKOHC‘-IHEI, TOorga CHCTeMa
HHUKOIr'Ia HC TCPACT 3aKa30B. Hx O6CJ'IY)KI/IBaHI/IC IIPOCTO OTKIAAbIBACTCA HA Ooiee
IMO3JHCC BPCM4I. HpI/I YBCIMYCHHUHN CKOPOCTHU ITOCTYIICHUS 3aKa30B YBCIIMYHUBACTCA
KOB(i)(i)I/IIIHCHT 3aIrpy3Ku, a BMCCTC C HUM BCPOATHOCTD IICPCIPY3KH. O‘-ICpCI[B

27



CTAHOBUTCS JJIMHHEE, BpEeMs OKHUIaHMs B ouepean Bo3pactaer. [Ipu p = 1
HACTyTMaeT HAChIIIEHUE, TO ecTh cepBep padoraet 100 % Bpemenu. [loka
koadumment 3arpysku mensine 100 %, cepsep cnpasisieTcsi ¢ 00paboTKOM
MOCTYTAIOIIMNX 3aKa30B, TAKUM 00Pa3oM, CpEIHsIsi CKOPOCTh Ha BBIXOJIE CEpBEpa
paBHsIETCs cpeiHel CKOopocTH Ha Bxoje. Kak Tosibko cepBep HachIaeTcs,
CKOPOCTb Ha BBIXOJIE CEpPBEPa OCTAETCS MOCTOSIHHONW HE3aBUCHUMO OT TOTO,
HACKOJIbKO OOJIBIIION SBIISIETCSI CKOPOCTh Ha BXojie. Takum o0paszom,
TEOPETUUECKUI MAaKCUMYM BXOJIHON CKOPOCTH, TIPH KOTOPOM cucTeMa OymeT

ycreBaTh 00pabaThIBaTh BCE 3alIPOCHI, PaBEH:
1

Anar = 7
OpnHako mpu MPUOIMKEHUH K TOYKE HACKHIIICHHS OYEPEId CTAHOBSATCS OYCHb
JUTMHHBIMH U TIpU p = | HEorpaHWYEHHO pacTyT. M3 mpakTHIeCKuX cOOOpaKeHUH,
TaKuX Kak TpeOOBaHUS KO BPEMEHH OTKJIMKA WJIM OTPAHUYCHUS Ha pa3Mepbl
OydepoB, BXoIHAs CKOPOCTh, KakK MpaBuiio, orpannunBaercs yposaem 70-90 % ot
TEOPETHIECKOTO MAKCUMYyMa.

KirouyeBbie MOMEHTBI

[Toe3HO MpeacTaBUTh MIPOIIECCH, CBA3aHHBIC C OUepeasIMu, Ha mpuMepe. Ha
PUCYHKE TIOKa3aH MPUMEpP peaTu3aiuy mporecca GyHKIMOHUPOBAHUS OUCPEIH.
Ha rpaduke nzobpakeHa 3aBUCUMOCTB OOIIET0 KOJUIECTBA 3alIPOCOB B CHCTEME
OT BpEMEHH. 3aT€HEHHBIC 00J1aCTH 0003HAYAIOT TIEPHUOBI BDEMEHH, KOT/Ia CEPBEP
3aHsaT. Ha ocu BpeMeHu oTMedeHbI JBa TUMa COOBITHIL: MOCTYIUICHHE 3ampoca 1 B
MOMEHT BpeMeHU Al U 3aBeplieHue 00CTy>KUBAHU 3allpoca 1 B MOMEHT BPEMEHHU
Di. Bpewmsi, koTopoe 3ampoc 1 mpoBOAUT B cucteme, paBHo TRi = Di - Ai.
dakTruyeckoe BpeMsi 00cIyKUBaHUs 3arnpoca r obo3Havaercs kak Tsi.

-
>

TrR3

A1 AzD2A3 AsDy AsAg D3D4 D5DgA; Ag Dy AgDgAigDg D1g A11A12A13D11
Bpems

Wnmoctpanus nporecca GyHKIMOHUPOBAHUS OUepen

N W & W
T

(owupaowmx n oBenyRMBasMbix)
=

YHucno aneMeHTOB B cUcTEME

B nannom npumepe Bpems Trl, koropoe 3anpoc 1 mpoBoauT B cucreme,
TIOJTHOCTBIO COCTOUT M3 BpeMeHU oOcmykuBaHus Ts1, Tak Kak KOT/1a OH
pUOBIBAET B CUCTEMY, CUCTEMA TTyCTa U MMOATOMY MOKET He3aMEIJTUTEILHO
NPUCTYIUTH K 00CTy>)kuBaHuto 3arpoca. Bpems TR2 cocrout u3 Bpemenu, B
TE€YEHUE KOTOPOTO 3arpoc 2 ket oociyxuBanus {D\ - A2), u ero BpeMeHH
obcnyxkuBanus Ts2. CoorBerctBeHHO, TR3 = (D3 - A3) = (D3 -- D2) + (D2 - A3)
=Ts3 + (D2 - A3). OnHako 3anmpoc I MOXKET MOKUHYTh CUCTEMY, MPEKIE YEM
nocTynur 3anpoc 1 + 1 (nanmpumep, Ds < An), moatomy oO1ast hopmysia BbITIs-
aut kak Trn+1 = Tsn+1 + MAX][0, Dn - An+1].
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XapaKkTepuCTUKU MOIe/IHU

[Tpexme ueM BBIBOAWTH JTIOOBIC aHATUTHYECKHIE YPAaBHECHUS JIJIST MOJICTTH
odepezie, cleayeT BRIOpaTh OMpeaeICHHbBIE KITIOYEBhIE XapaKTePUCTUKH MOJICITH.
Hwxe npuBOIATCS TUIMMYHBIE XapaKTEPUCTUKH, KaK MTPaBUIIO, TPUMEHSIEMEIE B
KOHTEKCTE Tepejavyn TaHHbIX.

¢ CoBOKymHOCTH 3ampocoB (item population). [Ipeanonaraercs, 9To 3ampock
MOCTYIAIOT OT UCTOUYHHUKA COBOKYITHOCTH HACTOJILKO OOJIBIIION, YTO OHA MOXKET
CUUTAThCSl OECKOHEUHOM. Pe3ynbTaT 3TOro JOMyIEeHUs 3aKII0YaeTCsl B TOM, YTO
CKOPOCTb MOCTYTICHUS 3aIIPOCOB B CUCTEMY He u3MeHseTcs. Eciiu cOBOKYMHOCTh
KOHEYHA, TOT/Ia €€ pa3Mep YMEHbBIIIAeTCs M0 Mepe TOro, KaK 3apoChl MOCTYMAOT B
cuctemy. [Ipu 3TOM, KaKk MpaBuiI0, CKOPOCTh MOCTYIUICHHS 3aIIPOCOB MPOMOP-
IMOHAIBHO yMeHbIaeTcsi. OOBIYHO CETEBBIC U CEPBEPHBIC TPOOIEMBI MOTYT pe-
aThCS TIPH TOMYIIEHUN 0 OECKOHEYHON COBOKYITHOCTH.

¢ Pasmep ouepenu (queue size). [Ipennonaraercs 0€CKOHEUHBIN pa3mep
odepeu, TO €CTh OUYepPeIb MOXKET pacTH HeorpaHndeHHO. Eciu ouepenp KoHEeUHa,
HEKOTOPBIE 3aIPOCHI MOTYT TEPSITHCS CUCTEMON — KOT/1a O4epeh 3all0THCHA U
MOCTYIIAeT JOTOJHUTENBHBIN 3aMpPOC, CHCTEMa BRIHYXACHA OTOPOCUTH OJWH W3 3a-
npocoB. Ha mpakTuke Bcsikasi ouepeib KOHeUHa, HO BO MHOTHX CITy4asx 3TO He
OKa3bIBACT CYIICCTBEHHOTO BIUSHUS HA aHAIN3. MBI KpaTKO PAaCCMOTPHUM BOIIPOC
KOHEYHOCTH OYepe/v Jajiee B 3TOH riaBe.

¢ Jluctmmmaa gucnieruepusaruu (dispatching discipline). Korma ceprep
3aBepInaeT 00paboTKy OYEPEIHOTO 3aMpoca, a B 0UEPeId COACPIKUTCS OOJIbIIIE
OJIHOTO 3a1poca, T0HKHO OBITh MPUHATO PELIEHUE 0 MEXaHU3ME BbIOOpa U3
ouepeau cieayroniero 3amnpoca. [IpocTeimmii MeTo AucneTyepu3aum
npenacrasiget coboit Meroa FIFO (First in First Out — nepBbIM npuOBLI, IEPBHIM
obcmyxken). Kak mpaBmito, 3TOT METOI MPUMEHSETCS, KOTIa HCTIOIb3YETCS TEPMUH
ouepensb. pyroit Boamoxubiid Bapuant — Metoa LIFO (Last In First Out —
MOCJICTHAM TIPUOBLI, IEPBBIM 00CITykeH). OOIIHiA MOX0/T 3aKIIF0YaeTCS B
WCITOJIb30BAaHUH JUCIUTUIMHBI AUCTICTYCPU3AINH, OCHOBAHHON Ha OTHOCUTEIIBHBIX
npuoputeTax. Hampumep, MmapuipyTu3aTop MOKET YIHTHIBATh HHPOPMAITHIO O
KauecTBE 00CITyKUBaHUS.

Hwxe nepedrcieHbl HEKOTOPBIC MOJIE3HBIC TAPaMETPhI, BKITFOYAs
MOKa3aHHbIEC Ha pUC. 8.2, a TAK)KE HEKOTOpbIE Apyrue (MHTepeC, B YaCTHOCTH,
4acTo MPEACTABISIET BapUallMsl Pa3JIMYHBIX TAPaMETPOB, KOTOPAs BBIPAKALCTCS
CPEIHEKBAIPATUUYHBIM OTKJIOHEHUEM):

¢ A — CKOPOCTB IMOCTYIINICHUA, TO CCTh CPCOAHCC KOJIMICCTBO
IMOCTYIMAOIIHUX B CCKYHAY 3aIIPpOCOB;
¢ Ts — CPCOHCC BpCM:A O6CJ'IY)KI/IBaHI/IH KaXKa0ro 3arrpoca, B 9TO BpCM:1

HC BXOJUT BPEMA OKNIAAHUA B OUCPCIN,
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+ (TT\ — Cpe/lHeKBa/IpaTHYHOE OTKJIOHEHNEe BpeMCcHH 06(‘,-’I}-’H{I1HZLI!I1H;

+ 0 — koadypuienT HCTIOIB30BAHN; 101 BpeMeHH, KOTOPYIo cepBep (cepBephl)
3aHAT,

4+ ¥ — HHTEHCHBHOCTb TpahuKa;

+ r— cpeliee KOJMYECTBO 3alPOCOB B CHCTEME, 0KHAAI0IMX U 06CTYKUBACMBIX;

4+ R — KOJWYECTBO 3aMPOCOB B CHCTEME, OKHIAIONINX U 06C/IYKNBAEMBIX;

+ T, — cpeaxee BpeMsl, KOTOPOE 3alIpOC TPOBOAUT B CHCTEME;

+ Tk — BpeMs, KOTOpoe 3alpoc MPOBOJIUT B CHCTEME,;

+ O, — cpejlHeKBalpaTHYHOE OTKJIOHEHHE 7;

+ 0, — cpeaHeKkBaJpaTHYHOE OTKJIOHeHHe T}

+ w — cpejiHee KOIMIECTBO 3aPOCOB, ORUIAIOIIHX 00CIYKUBAHUS;

+ 0. — CpeHeKBaJPaTUYHOE OTKJIOHEHHE W,

+ T, — cpeaHee BpeMs OXKMIAHMA (BIITIOUAS 3al1POCH] ¢ HYJIEBBIM BpeMeHeM XK H-
JNlaHuA);

+ T,— cpenHee Bpems oxkuAaHMs (MCKIOUas 3a1TpOChl € HYJIEBLIM BpeMeHeM 03KH-

JaHug);

+ N — KOJMYEeCTBO CepBEPOB;

+ m(y) — y-1i NpoLEeHTNIb; 3TO 3HaYEHMe, HIKe KOTOPOTO BeJIMYIHA X BCTpeYaer-
€5l ¢ 4acToTOoIl Y.

Ouepeab K HECKOJIBKHAM CepBepam

Ha pucynke, a mokazano o0001eHne 00Cy)aaBIIeiicss paHee MPOCTOM
MOJIEJIN ISl HECKOJIBKMX CEpBEPOB ¢ 0o01Ieil ouepenbto. Eciu mpuobIBaeT 3anpoc u
cB00OICH XO0Ts OBl OJIMH CEPBEP, TOT/Ia ATOT 3aMPOC HEMEATIEHHO MEPEIaeTCs
aTomy cepBepy. [Ipeanonaraercs, 4To Bce cepBepbl UACHTUYHBL. TakuM 00pa3om,
eciii CBOOOHBIMU OJTHOBPEMEHHO OKa3bIBAIOTCS HECKOIBKO CEPBEPOB, TO BHIOOD
KOHKPETHOTO CepBepa He BIUAET Ha BpeMs 00cmykuBanus. Eciu Bce cepBepsl
3aHSThI, HAUMHAET (popMHUpOBaThCs ouyepeb. Kak ToIbKO OJJMH U3 CEpBEPOB
OCBOOOKIAETCSI, U3 OUEPEAN C UCIIOJIB30BAHUEM IUCLUILIMHBI AUCTIETYEPU3ALUN
BbIOMpAETCs 3apoC U MEPEaeTCsi CEpBEPY.

Bce napamerpsl, kpome ko3¢ uLMeHTa UCTIOIb30BaHMsI, TOKa3aHHbIE HA
PHUCYHKE, C TEM K€ YCIIEXOM IIPUMEHHUMBI K CIIy4ar0 HECKOJIBKUX cepBepoB. Ecim y
Hac ecTb N UJCHTUYHBIX CEPBEPOB, TOTAa p NPEACTaBIsIeT cO00H K03 PuireHT
UCTIONIb30BaHUs KaXA0T0O cepBepa, a Np MOKHO paccMaTpuBaTh Kak Koduiment
UCITOJIb30BAHUS CUCTEMBI B 1IEJIOM. DTOT TEPMHUH YaCTO HA3bIBAIOT
WHTEHCUBHOCTHIO Tpaduka (intensity traffic) u. Takum oO6pa3om, TeopeTnueckuit
MakcuMyM ko3 durrenta ucnonszoBanus cocrapusieT N*100 %, a
TEOPETUYECKUN MAKCUMYM JUIsl BXOJHOW CKOPOCTH PaBEH

Kak npaBuiio, KJII04eBbIE XapaKTEPUCTUKH, BEIOMPAEMBIE I OUEPEIU K
HECKOJIbKUM CEPBEpPAM, COOTBETCTBYIOT XAPAKTEPUCTUKAM OUEPEIN K OTHOMY
cepBepy. ITO 03HAYaAET, YTO MBI MpeIonaraeM 0€CKOHEUHYIO COBOKYITHOCTh U
OCCKOHEUHBIN pa3Mep OOIIeH I BCEX CEPBEPOB ouepen. 3a UCKIIIOUCHUEM
CIIEIUAJIbHO OTOBAPUBAEMBIX CIIYYaeB, JUCIUILUIMHA IUCIICTYEPU3ALINN
npeacTasiseT coboit mopsinok FIFO.
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cepBepy

Ha pucysnke 6, HanpoTuB, nMpeacTaBieHa CTPYKTypa U3 OTIETBHOM ouepenn K
KKJIOMY U3 HECKOJIBKUX cepBepoB. Kak OyaeT mokazaHo HUXKE, 3TO
HE3HAYUTEIbHOE UBMEHEHUE CTPYKTYPhI OKa3bIBAET CYIIECTBEHHOE BIMSIHUE HA
MPOU3BOJIUTEIIBHOCTD.

OCHOBHBIE COOTHOIICHUSI TEOPUH OUYEpeIeH

YT0ObI IPOABUHYTHCS JAJbIIE, MbI IOJKHBI IPUHSATH HECKOJIBKO
yropolinaromux aonyieHud. [lpuaumas 3Tu 1onyieHus, Mbl pUCKyeM CIeTaTh
MO/IENIb MEHEE COOTBETCTBYIOIIEH peanbHOU cuTyanuu. K cuactbro, BO MHOTHX
CIIy4asiX pe3yJbTaThl OCTAIOTCS JOCTATOYHO TOYHBIMHU JIJIs1 3a1a4 IJIAHUPOBAHUS U
MPOEKTUPOBAHHSL.

OpaHako CymecTBYIOT COOTHOIIEHUS, CIIPAaBeIJIMBbIE AJI 00IIero ciiydas. DTH
COOTHOIICHUS MpUBeACHBI B Ta0. 2.4. Camu 110 cebe OHU HE OYCHD IOJIE3HBI,
OJIHAKO MOT'YT UCMOJIb30BATHCS JJIsI OTBETOB HA HECKOJIBKO OCHOBHBIX BOIIPOCOB.
Bot npumep, B3atbiii u3 [154]. PaccMoTpuM mmnroHa U3 3aKyCOYHON
«Koponesckue ['aMOyprepbi», MbITAIOMIET0Cs BBIYUCIUTH KOJIMYECTBO JIOJCH B
3akycounoit McDonald's, pacrionoxeHHON Ha MPOTUBOIIOIOKHON CTOPOHE YITHUIIBI.
On He MOXeT Bech JIeHb cuaeTh B McDonald's, mosToMy qomKeH HAlTH OTBET,
OCHOBBIBAsICh TOJIBKO HA HaOmroaeHNH Bxoasammx B McDonald's 1 BeIxogsammx
ortyna roaei. [Iponabmronas 3a IBEPHIO0 KOHKYPHUPYIOMIEH (GUPMBI B TEUCHHE
JTHSI, OH OMPEAEIISET, YTO 3 4aC B CPEIHEM ITY 3aKyCOUHYIO MOCEHIAIOT 32
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nocetutena. OH TakKe 3aMEYaeT, YTO CPEAHUIM MOCETUTENh OCTAETCS BHYTPH 12
MuHyT. C nomotisto Gpopmyiel Jlurtaa (Little) mmuon onpenensieT, 4To B Kax bl
MoMmeHT BpemeHu B McDonald's naxoautcs B cpennem 6,4 nocetutens (6,4 = 32
nocetutens B yac * 0,2 yaca/moceTurens).

Ta6nuna 2.4. HekoTopble OCHOBHBIE COOTHOIIICHHS TEOPUH OUepeacit

0Obdwme OauH cepeep Heckonsko cepeepoB
; M,

r=AT, — popmyna JlutTna p=ATs p= T

r=AT, — dopmyna JlurTna r=w+p u=aTs=pN

Te=TutTs r=w+N,

Yrto06sb! NOHATH hopMyIibl JIUTTIA, pACCMOTPUM CIEAYIOIIMM IPUMEP C OJHUM
3anpocoM. Korja 3ampoc noctymnaer B CHCTEMY, OH OOHapyUBAET, YTO B CPEAHEM
W IpYTrUX 3apOoCcoB *KAYT B ouepeau Brepean Hero. Koraa 3amnpoc nokumaer
ouepesib, OTIPaBIASACh HA 00pabdOTKyY, 32 HUM B OYEPEIN OCTAETCS B CPETHEM BCE
T€ K€ W OKUJAIOLIUX 3aIPpOCOB. YTOOBI HarJIsAIHEE MTPEACTABUTH 3TO, 00paTUTE
BHHMAaHHE Ha TO, YTO MOKa 3aIpoc KIET CBOEH ouepen, ouepeb nepe HUM
YMEHBIIAETCS, a M03aau Hero pacteT. Korna 3anpoc nokuaaeT ouepeib, CpeIHee
KOJIMYECTBO 3alpOCOB N0331 HETO PABHO W, TaK KaK W, 110 OIIPEAEIICHNIO, PABHO
CpeIHEMY KOJIMUYECTBY 3alIPOCOB, KM IAI0IUX 00cmykuBanus. CpenHee Bpems
oXXKuJaHus oociyxuBanus paBHo Tw. [IockoabKy 3anpocsl TpUOBIBAIOT CO
CKOPOCTBIO A ., MBI MOXKEM CUUTaTh, YTO 3a BpeMs Tw noykHO moctynuth XTw
3anpocoB. Takum o6pazom, w = A Tw. [lyTem aHaTOTUYHBIX pacCykI€HUNH MOKHO
BbIBeCcTH (hopmyny r = A Tr,

Teneppb paccMOTpUM MOCIIEAHIOO (POPMYILY B IEPBOM CTOJIOLIE TaOJINLIBI.
Hecno0xHO BUIETH, UTO BpEMS, KOTOPOE 3aIIpOC MPOBOJUT B CUCTEME,
IpeCTaBiIsieT CO00 CyMMy BpEMEHHU OKUIAHHS U BpEMEHHU 00CITyKUBAHHUS.
Takum obpaszom, B cpeaueM, Tr = Tw + Ts. [locneanue popmMyiisl BO BTOpOM U
TPEThEM CTOJIOIAX MOKHO JIETKO MPOBEPUTH. B M000i1 MOMEHT BpeMEHH! YHCIIO
3allpOCOB B CUCTEME MPEICTABISET COO0H CYMMY KOJIM YECTB 0XKHMIAIOIINX B
ouepean 1 00CITyKUBaeMbIX 3aIIpocoB. JlJIsi 0THOrO cepBepa CpeAHEe YUCIIO0
00CITyKMBaEMBIX 3alIPOCOB PABHO P, HOITOMY I = W + p. AHaJIOrH4HO, st N
cepBepoB =w + Np.

Jonyumenus

Bxopanoii undopmanumeii 11t ouepen sSBIseTC:

4 CKOpPOCTb IIOCTYIUICHHS 3aIIPOCOB;

¢ BpeMs 00CITyKUBaHUS; ¢ KOJMUYECTBO CEPBEPOB.

dynaameHTanbpHAas 337a4a aHAJIM3a O4epeiei 3aKIF04aeTCcsl B TOM, YTOObI Ha
OCHOBAHUU TaKOM BXOJHOIN MH(OPMALIMH [TOJIYUYUTh CIIEIYIOIY0 HH()OPMALIHIO Ha
BBIXOJIE:

4 KOJIMYECTBO OXKUJAOIIUX 3alIPOCOB;

4 BpEMs OKUJAHUS;
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4 KOJIMYECTBO 3aMPOCOB B 0UEPEIIN;

¢ BpeMs HAXOXKJEHUS 3ampoca B CHCTEME.

UTo KOHKPETHO HaM HY)KHO 3HaTh 00 ATHX BenmnunHax? Bo-niepBhIX, HaMm
HYKHO 3HaTh UX cpenHue 3Hauenus (w, Tw, r, Tr). Kpome Toro, Obu10 061 110JI€3HO
KOE-YTO y3HaTh 00 MX M3MEHYUBOCTH. T0O €CTh HAM HY)KHO 3HATh
CPEeIHEKBaIPaTUUYHOE OTKJIOHEHUE KK 10 U3 3TUX BennyuH (or,6Tr,0r,6Tw).
Taxxe MOTYT OBITh OJIC3HBI U APyrUe BeIMUnHbL. Hanpumep, mpu
MIPOCKTUPOBAHUH Oydepa MapuIpyTU3aTopa Uik MYJIbTUILIIEKCOPA, BO3MOXKHO,
OyZeT moJie3HO 3HaTh pa3Mep Oydepa, BEpOSTHOCTh MEPETIOTHEHUS KOTOPOTO HE
npesocxoaut 0,001. Ipyrumu cioBamu, uemy paBHo N, Takoe, uto Pr[uucio
oxkuaaromux 3anpocoB < N|=0,999?

YtoOnl 0OTBEUATH Ha TIOIOOHBIE BOIIPOCHI, B OOIIEM CiTydae TpeOyeTcs OTHOE
3HAHHE PACIIPEACIICHUS BEPOSTHOCTH BPEMEHHBIX HHTEPBAIOB MEKITY
MOCTYIUICHUSIMU 3aIPOCOB (MHTEPBAIIOB BPEMEHH MEXKIY yCIICITHBIMA
MOCTYIIJICHUSIMU 3alIPOCOB) M BpeMeHH o0ciy)uBanus. boiee Toro, naxe npu
HAJIMYUH 3TON HH(DOPMAIIMH MTOTyJarOIInecs B pe3yabTaTe GopMyIIbl
OKa3bIBAIOTCS UCKITIOYUTEIHLHO CJIOKHBIMU. [109TOMY, 4TOOBI IBUTATHCS JAJBIIIE,
MBI JTOJKHBI IPUHATH HEKOTOPBIC YIPOIIAIOIINE TOMYIIECHUSI.

HaubGonee BaxxHOE U3 3TUX NOMYIIEHUHM KacaeTCsi CKOPOCTHU MOCTYILIICHUS
3anpocoB. [Ipenmnonaraercs, 4To HHTEPBAIBI BPEMEHU MEXKIY MOCTYIUICHUSIMHU
3aIpPOCOB PACIIPEACIICHBI YKCITOHEHITHATBHO. DTO PABHOCHIIBHO 3asIBJICHUIO O
MOTYMHEHUN YUCJIa TIOCTYTAIONINX 32 TIEPUO] BPEMEHH t 3aITpOCOB
pacnpenenenuto [lyaccona. J[pyrumu cioBamu, 3TO 03HAYAET, YTO 3aITPOCHI
MOCTYIIAIOT CITy9aifHBIM 00pa30M U HE 3aBHUCST APYT OT Apyra. ITO AOMYIICHUE
MPUHUMAETCS TIOYTH BCeraa. be3 Hero anamms ouepeneii OKka3pIBacTCs
HEBO3MOYKHBIM WJIH, B KpailHEM clTydae, JOBOJBHO CJIOXKHBIM. [Ipu Takom 10-
MYIIEHUH OKA3bIBAETCS, UTO, 3HAS TOJIBKO CpEIHEE 3HAYCHUE U
CPEIHEKBAIPATHUYHOE OTKJIOHEHHUE CKOPOCTH MOCTYIUICHUS 3aIIPOCOB, MOKHO
MOJIYYUTHh MHOTO TOJIE3HBIX pe3yiabTaToB. CUTYAIIIO0 MOKHO YIPOCTUTH €IIle
OO0JIbIIIe, €CITU TIPEINOI0KUTh, YTO BpeMsi 00CITyKUBAHUS TTOTUMHSIETCS
OKCMOHCHIIMATLHOMY PacIpeIeJICHUIO HITH TIOCTOSIHHO. [Ipr 3TOM MOTyT OBITH
MOJIy4€HBI elle 00s1ee TOUYHBIE PE3YNIbTAThI.

Js1s1 0603HaYCHNSI OCHOBHBIX JIOMYIIICHUH, TPHHUMAEMBIX MTPH
MOJICTMPOBAHUU OUepeie, Oblta pa3paboTaHa Tak Ha3bIBacMasi HOTAIHS
Kenpamma (Kendall's notation). Dta HoTamus umeet Bug X/Y/N, rae X o00o3HadaeT
pacmnpenesieHue HHTEPBAIOB BPEMEHH MEXKTY MMOCTYIUICHUSIMH 3aIpOCOB, Y —
pacnpeneneHrue BpeMeHn oocmyxkuBanus, N — konmdecTBo cepBepoB. Hanbonee
9acTO BCTPEUAIOIINECs pacipeesieHns 0003HaYar0TCs CIEAYIOIUM 00pa3oM:

G — Tpou3BOJIBHOE pacTpeielieHue NHTEPBAIIOB BpPEMEHH 00CITY )KHBAHUS 3a-
MIPOCOB WJIM MHTEPBAJIOB BPEMEHU MEK/y MOCTYIUICHUSIMU 3aIIPOCOB;

GI — npou3sBoJIbHOE pacnpeieICeHHe UHTEPBAIOB BPEMEHU MEXKITY
MOCTYIJICHUSIMU 3aIIPOCOB C OTPAHUYECHHUEM, 3aKITIOYAIOIIMMCS B HE3aBUCUMOCTHU
ITHX UHTEPBAJIOB,

M — oTpuiatenbHOe SKCIIOHEHITUATBLHOE pacipeiesieHUE;
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D — neTepMHUHUPOBAHHOE NOCTYIJIEHUE 3alIPOCOB, WU OOCTYKUBAHHUE
(UKCUPOBAHHOM JJIMHBI.

Taxum oOpazom, 3anuce M/M/1 03HauaeT MOAEIb C OJJHUM CEPBEPOM, B
KOTOPOM KOJIMYECTBO MOCTYIAOIINX 3alpOCOB pacrpeneneHo Ho Ilyaccony
(MHTEpBAJIBI BPEMEHHU MEXy TIOCTYIUJICHUSIMU pacipe/iesICHbl SKCIIOHEHIIMAIILHO),
U C DKCIIOHEHITMATBHBIM pacIpe/iesieHueM HHTEPBAJIOB BPEMEHHU O00CTY>KUBAHMUS.

Ouepenb K 0IHOMY CepBepy

Huxe npuBeneHsl HEKOTOpbIE (POPMYIIBI ISl OYEPEU K OJTHOMY CEpBEpY IpH
CJIEIYIOIINX JAONMYIIEHUSX:

4acToTa NMOCTYIJIEHHsI 3alpOCOB MOoAUMHsAETCs pacnpenenenuto [lyaccona;

JUCHUIUIMHA IUCTIETYEPU3aLMU HE aeT NPEJIOUYTEHHs 3a1pocam,
OCHOBBIBASICh
Ha BPEMEHHU O0CTYyKUBaHUS;

B (hopMyInax ajsi CpeTHEKBAIPATUYHOTO OTKIOHEHUS TPEANOoaraeTcs
nucneryepusanus FIFO;

3aIlpOChl HE BEIOPACKIBAIOTCS U3 OUYEPE/IH.

Jl51s mepBoOro ciay4asi 4acToTa MOCTYIUICHHS 3alPOCOB paclpeaesieHa mo
[Tyaccony, a mHTEpBaIbl BpeMEHH 00CTY>KUBAaHUS TTOTUMHSIOTCS TIPON3BOITHBHOMY
pacnpenenenuto. Mcnonp3oBanue k03ppuiueHTa MacTabupoBaHus A MO3BOJISET
YIPOCTUTH (POPMYIIBI AJI1 HEKOTOPBIX KITFOUEBBIX BBIXOJHBIX MIEPEMEHHBIX.
OOpaTtuTe BHUMAaHHUE Ha TO, YTO MACIUTAOUPYIOIUNA KOAP(ULIUEHT 3aBUCUT OT
OTHOIIECHHUS CPEHEKBAIPATUUHOTO OTKJIOHEHUS BPEMEHHU 00CITY)KUBAHUS K
cpenHemMy 3HaueHuto. Hukakoit apyroit uHpopmanuu o BpeMeHr 00CTyKUBaHUS
He Tpedyetcs. Mtak, popmyssl 41 MPOU3BOIBHOTO PacCHpe/IesICHUs] BpEMEHU
obcmyxxuanus (M/G/1):

j G

-+ |

2 l-f; Rk
/]

+ p‘r.\f‘ ‘
1-p

T, = pLe :
1-p
WHuTepec npeacTaBisoT 1Ba 0COOBIX citydas. Korna cpeqHekBagpaTtuaHoe
OTKJIOHEHHE PABHO CPEIHEMY 3HAUEHUIO, paclpeiesieHne BpEMEHU 00CTyKHMBaHUS
ABIIACTCS SKCIIOHEHIIMAIbHBIM (M/M/1). DT0 mpocTeiimuii cirydaii, B KOTOpOM
JIErde BCEro MOJYYNUTh Pe3yJIbTaThl. [{anee moka3aHsl yIpOIIEHHBIE BAPUAHTHI
(dbopMy s CpeAHEKBAIPATUYHOIO OTKJIOHEHUS T U TT a TakKe HEKOTOphIE
JIPYT€ UHTEPECHBIE COOTHOLIEHUS:
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Jlpyroi MHTEpECHBIN CIy4dai, KOT/1a CPEIHEKBAAPATUYHOE OTKIOHEHUE
BpEMEHU 00CITyKMBaHUSI PAaBHO HYJIIO, UYTO O3HAYAET MOCTOSSTHHOE BPEMS

obcnyxxuanust (M/D/1):
— p"’ 4
2(1-p)
R
- 21-p)
T = 1"}(2—;));
2(1-p)
_ o,
T 21-p)

T y pf

Ha pucyHnke noka3ansl rpaduku 3aBUCUMOCTEN CpEeTHUX 3HAUECHUH pa3mepa
ouepenr U BPEMEHU IPUCYTCTBHS 3aIpoca B CHCTEME I TPEX 3HAYCHH OTHOIIIE-
Hus aTs / Ts. [locneanss BenmunuuHa Ha3pIBaeTCA KOAG(GUIIMEHTOM H3MEHYUBOCTH
(coefficient of variation) u npeacrasisieT co00l HOPMaJIU30BaHHYIO MEPY
u3MeHunBoct. OOpaTUTe BHUMAHKUE HA TO, YTO JIydllasi MPONU3BOAUTEIHLHOCTD
JOCTUTAETCS MPH MOCTOSTHHOM BPEMEHU OOCTYXKUBAHUS, a Xy IIIasi — MpU
AKCIIOHEHIIMAIILHO pactpeeieHHoM. Bo MHOTHX ciy4asx MO>KHO CUUTATh
HKCIOHEHILIMAJIBHO paclpeeEHHOE BpeMs 00CITYKMBaHUS XyILIUM CITy4aeM,
M03TOMY KOHCEPBATUBHBIE PE3YJIbTAThl MOXHO MOJIYyUYNUTh IIyTEM aHAJIN3a,
OCHOBAaHHOT'O Ha 3TOM JIOTYIIEHUU. DTO OYE€Hb YI00HO, TaK KaK JUIsl Ciaydas
M/M/1 cyiiecTBYIOT TaOIUIIbI, B KOTOPBHIX MOKHO OBICTPO HAWTH HY>KHbBIE
3HAYEHUSI.
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KoadhduumeHT ucnonsaosaqus (p)
Cpe)JHee YHCJIO 3aIIPOCOB B CHCTEME I OUCPEAN K OTHOMY CEPBEPY

Kakoe otnomenune aTs / Ts MOxkeT BCTpeTUThCS Ha TTpakTHKe? Mbl MOkeM
paccMmaTpuBath 4eTbIpe 00JacTH 3HAUCHUI:
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0,2 04

KoathdpmumeHT ucnonsaosaums (p)
Cpe)JHee PEIUACHTHOC BPEMS IJIsI OUEPCANU K OTHOMY CEPBEPY

HyneBoe 3nauenue. 910 peakuii ciaydail IOCTOSHHOIO BPEMEHHU
oOciyxuBanusi. Hanpumep, K 3TON KaTeropuu MOXKET OTHOCUTBCS Cllydaid, Ipu
KOTOPOM pa3Mephl BCEX MEPEAABAEMBIX [TAKETOB OJUHAKOBBI.

OtHomenne Mesbie 1. [IockosIbKy 3TOT citydaid Jydiie, 4yeM
HKCMOHEHLIMAIILHOE paclpeiesieHue, ¢ MOMOoLIbIo hopmMy i cxembl M/M/1
MO>KHO MOJIYYUTh 3HAYEHUSI Pa3MEPOB OUEPEIHN U UHTEPBAJIOB BPEMEHU HECKOJIBKO
OobIMe, 4eM OHU JOJHKHBI ObITh. TakuM 00pa3zom, cxema M/M/1 no3BossieT
paccuuTaTh rpaHulbl 0€30MacHON 30HbI apaMeTpoB. K 3Toil kaTeropumn
OTHOCSITCS] PUJIOKEHHUS C 3aMOJTHEHUEM (HOPM.
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OTtHoteHne 6113K0 K 1. DTO T0BONBHO pacCIpOCTPAaHEHHBIN ClTydaid,
COOTBETCTBYIOIIMI KCIIOHEHIIMAIIBHOMY PaCIIPEIEIICHHUIO, KOT1a BpeMs
o0CIyKMBaHUS B 3HAUUTEILHOM CTENEHH SIBIISIETCA CiydailHbIM. PaccmoTpum
Clly4ail BbIBO/Ia COOOIIEHNH Ha ali(haBUTHO-LIM(PPOBON FKpaH KOMIIbIOTEpPA.
[TonHbIN SKpaH MOXKET BMECTUTH /10 1920 cHMBOJIOB, @ B COOOIIIEHUH MOTYT
HaxoauThes OoT 0 7o 1920 cumBosI0B. K 3TOM KaTeropun OTHOCSATCS TaKue
IPUIIOKEHUS, KaK 3aKa3 aBUaOMIIETOB, MOUCK (haiiIoB, KOJJIEKTUBHO
UCITIOJIb3yEeMbI€ JIOKAJIbHBIE CETH, & TAKKE CETH C KOMMYTAIIMEN MaKETOB.

Otromenne 6omnpine 1. [{mst aToro cnyyas yxxe HempuMmennma cxema M/M/1,
U HYXHO ucrnoiib3oBath cxemy M/G/1. HanGomnee pacrpocTpaHeHHBIM BapuaHTOM
JAHHOTO CiIyYasl sIBJseTCS OMMOJAIbHOE PAaCTIPEAEIICHHE C JAIEKO OTCTOSIIMMHI
JpyT OT Apyra nukamu. [Ipumep Takoro cirydas — cuctema ¢ OONbIIUM KO-
JMYECTBOM KOPOTKUX COOOIICHUH, OOITBIINM KOJIMYECTBOM JUTMHHBIX COOOIIEHUN
U IIPAKTUYECKU 0€3 COOOIIEHUI MPOMEKYTOYHOIO pa3Mepa.

Te ke cooOpaxeHHsI IPUMEHUMBI K CKOPOCTH MOCTYTIEHUS 3anpocoB. Eciu
4acTOTa MOCTYIJIEHUS 3alpOCOB paclpezeneHa 1o Ilyaccony, To nHTepBaibl
BPEMEHHU MTOAUNHSAIOTCS IKCIIOHEHIIMATIBHOMY PACIPEIEICHUI0, & OTHOLIEHUE
CPEIHEKBAaAPaTUYHOIO OTKJIOHEHHMSI K CPEITHEMY 3HaueHUI0 paBHO 1. Eciu nanHoe
OTHOILIEHUE CYIIECTBEHHO MEHBIIE |, TOTr1a MOCTYIIIIEHUS CTPEMSATCS K
PaBHOOTCTOSAILEMY BApUAHTY (C HEBBICOKUM YPOBHEM W3MEHUUBOCTH), U
npubamxenue [lyaccona nmo3BosisieT NOJIy4uTh OLIEHKY BEPXHUX I'PaHUL] pa3MEPOB
ouepenu U BpeMeHu oxxuganus. C Ipyroil CTOPOHBI, €CITU 3TO OTHOIIEHUE OO0JIbIIIe
1, TorAa 3ampockl MOCTYMAIOT OYeHh HEPABHOMEPHO U MPpoOiieMa eperpy3Ku
CTAHOBUTCSl OUYE€Hb AKTYaJbHOM.
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Ouepeab K HECKOJIBbKHAM CepBepam

Hwxe nepeuriciers! GOpMyIIbI 17151 HEKOTOPBIX KIIFOUEBBIX MTapaMeTPOB
Cly4asi HECKOJIBKMX CEPBEPOB. Psl OrpaHNMYEeHNI HAKJIAAbIBAECTCS B JOMYIICHUAX:

4acTOTa MOCTYIUIEHUS 3alpOCOB MOAYMHAETCS pacnpenenenuto [lyaccona;

3HAYEHHUS BPEMEHH 00CITY>KUBaHUS PaCIPENeSICHbl SKCIIOHEHIUAIBHO;

BCE CEPBEPHI 3aIPYKEHBI B PABHOU MEPE;

cpeHee BpeMsl 00CITyKUBaHUS BCEX CEPBEPOB OJAMHAKOBO;

ucnonszyercs aucneryepusanus FIFO;

3aMpochl HE BHIOPACHIBAIOTCS U3 OUEPE.IH.

J1y1st 9TOM MOIeNu TIoJIe3Hasi CTAaTUCTHKA Obljia MOJy4eHa TOJIBKO JIJISt CXEMBbI
M/M/ N, B KOTOpO# 3KCIIOHEHIIMAIbHOE pacIpeie]IeHe BpEMEHU 00CITy)KUBaHUSI

HACHTUYHO IJIs1 BCEX CCPBCPOB!
| ot ]
(Np)

0, =—= _fca—c)+ N(l—p) ;
T, N1 m\. [ ) ( 43

% = % Vep(1+p)-Cp;

Pr|T, =t] = g Yo-eieT .

I, I [ 1008 |

my (r) = N-1) nl. 00—

&

T

]

TN(-p)

o

Oo6patute BHMMaHue Ha npucyTcTBue C-QpyHKIMK DpraHra MpakTUYECKH BO
BCeX ypaBHEHMAX. OHA 03HAYaeT BEPOATHOCTH TOTO, YTO B JAHHBIA MOMEHT
BPEMEHHU 3aHSTHI BCE CEPBEPHI. pyrumu clnoBaMu, 3TO BEPOSITHOCTb TOTO, YTO
KOJIMYECTBO 3alpOCOB B CUCTEME (0KMIAIOIIUX U 00CTYKUBAEMBbIX) OOJIbLIE HIIN
PaBHO KOIM4YECTBY cepBepoB. COOTBETCTBYIOIIEE YPABHEHUE UMEET BUT
C(N.p) =),

1-pK(N,p)

3neck K — ¢ynkuus otnomenus [Tyaccona. [lockonbky Benmunna C
IpEJCTaBIsIET COO0M BEPOATHOCTD, 3TA BEIMYMHA BCET/1a HAXOAUTCS B IMANIa30HE
ot 0 1o 1. Kak M0O>kHO BUI€Th, OHA sIBJIsIETCS QYHKIUEH OT YnciIa CEPBEPOB U
KO3 pUIIMEHTA UCIIOJIB30BAHUS. DTO BBIPAXKEHUE YaCTO BCTpEUaeTcs MpH
pacuerax ouepezneil. MoKHO BOCIIOJIb30BAaThCsS TOTOBBIMM TaOJIMYHBIMU
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3HAYEHHUSIMHU WM KOMIBIOTEPHOI mporpammoii. O6paTuTe BHUMaHKUE Ha TO, YTO
JUISL CUCTEMBI C OJJTHUM cepBepoM 3Ta Gopmyna ynpougaercst 1o C( 1, p) =p.
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I'maBa 3
Onucanme CTPYKTYPHOH CXeMbl KOHTPOJLJIEPA

3.1 OcHOBHBIE JIEMEHTHI

LenTpanensiil npoueccop K1810BM86

Ml

INTR CPU A0 0
CLK AD 1
RESET ig g
READY =y
___ AD 5
TEST =
MM/ A
AD 8
HLDA A0 9
(RCGTT) AD10
HOLD ADTT
LY AD12
(RQVGTT) o
AD14
GMD AD15

GND A1BISTS

Uce A1TIST4

A1BISTS

A19ISTH

BHE/STT

L RD

WR(LOCK)

MAS(ST2)

DT/R(ST1)

DEN(STD)

ALE(DSD)

INTA[QST)

Muxkponponeccop cepun K1810 aBnsercsa nanpHeUIMM pa3BUTUEM
npoueccopa KP580. ITpoueccop K1810BM&6 siisercs 16 pa3psiaHbIM.

[Tpoueccop nporpaMMHO COBMECTUM € MTPOLIECCOPAMU MPEIbLAYIIUN CEPUH U
anmnapatHo coBMecTuM co BceMu BUC cepuun KP580

MakcumanbHblii pexxuM opueHTupoBaH Ha paboty K1810BM86 B coctase
MYJIbTUMHKPOTIPOLIECCOPHBIX CUCTEM, B KOTOPBIX, IOMHUMO HECKOJIbKHUX
HeHTpabHbIX npoieccopoB K1810BME6.

OnpenenuM 0oJiee YETKO BBEICHHBIC BBIIIE MTOHSITHUS:
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[{eHTpanbHbBIN MpoLIECCOP — MOAIEPKUBAET COOCTBEHHBI KOMAH/IHBIN IIUKJI,
BBITIOJIHSAET [IPOTpaMMy, XPaHSIIYIOCS B CACTEMHOM MaMsITH, 10 COPOCY CUCTEMBI
yIpaBJIeHHE, KaK MPaBUiIo, epeaaeTcs IEHTPATLHOMY MpoIieccopy (MU OTHOMY
u3 LTI, ecnu X HECKOJIBKO B CUCTEME).

Crienmanu3upoBaHHBIA IPOLECCOP — MOJEPKUBAET COOCTBEHHBIN
KOMAaH/IHBIN IUKJI, BBITOJHIET IPOrpaMMy, XpaHAULYIOCS B CACTEMHOM MaMSITH, HO
VHULIMAIU3UPYETCS TONBKO 1o KoMaHae LI1, mo okoHYaHuM BBITTOTHEHUS
nporpammbl coobmaet {11 o 3aBepmernn paboTHI.

Cornporneccop He MOAIEPAKUBACT COOCTBEHHBIN KOMAHIHBIN IIUKJI, BBITOJIHSIET
KoMaH 1bl, BeIOupaemsbie 1715t Hero LI u3 obmero nmoroka komana. [lo cytu nema
corpoueccop sBisaercs pacmmpernuem L1

BnyTtpennss crpykrypa

CrpykrypHasa cxema MII K1810BM86 npencrasnena Ha puc . MII Bkimrogaer
B c€0s TPY OCHOBHBIX YCTPOICTBA :

YO/ - ycTpoiicTBO 00pabOTKH JaHHBIX;

YCM - yCcTpOHCTBO CBSI3U C MAaruCTPaJIbio;

YVYC - ycTpoHCTBO yIpaBIE€HUS] 1 CUHXPOHHU3ALIHUH.

YO/I npenna3zHayeHo il BHIMOJIHEHUSI KOMaH/] M BKJItoUaeT B ceds 16-
paspsannoe AJIY, cucTeMHbIE peTUCTPhI U APYTHE BCIIOMOTaTEIbHbIE CXEMbI; 0JI0K
peructpoB (POH, 6a30Bbie 1 HHIEKCHBIE) U OJIOK MUKPOIIPOTPAMMHOTO
YIPABJICHUS.

YCM ob6ecnieunBaet dhopmupoBanne 20-pa3psaHoro GU3NIecKoro ajapeca
namsatu u 16-paspsaHoro aapeca BY, BEIOOp KoMaH 13 TaMATH, 0OMEH JaHHBIMU
¢ 3VY, BY, npyrumu niponieccopamu no Mmaructpaim. Y CM BKITIo4aeT B ce0s
CyMMaTop ajpeca, OJIOK pErucTpOB OYepeIr KOMaH M OJIOK CETMEHTHBIX
PETrUCTPOB.

YV C obecnieunBaeT CHHXpOHU3aLMIO paboThl ycTpoicTB MII, BeipaboTKy
YIPABJISIFOIIUX CUTHAJIOB U CUTHAJIOB COCTOSTHUS JUIsl OOMEHa C IPYTUMHU
YCTPOMCTBAaMH, aHAJIN3 U COOTBETCTBYIOIIYIO PEAKIINIO HA CUTHAJIBI APYTUX
ycrpoiicts MIIC.

MII moxeT paboTaTh B OJJHOM U3 ABYX PEKHUMOB - "MUHUMaIBLHOM" (Min) U
"MakcumaiabHOM" (max). MUHUMAaIBHBINA PEXUM MpeTHA3HAUECH VISl peaiu3aliuu
onHormpoiieccopHoit konpuryparmu MIIC ¢ opranuzanueit, mogoonoi MIIC Ha
0aze 18080, HO C yBETMYEHHBIM aJIPECHBIM IMPOCTPAHCTBOM, 00JIe€ BHICOKUM
OBICTPOJICHCTBUEM M 3HAUUTEJILHO PACIIMPEHHON CHCTEMOW KOMAaH/I.
MaxkcuManbHasi KOHQUTypanus MpeoiaraeT HaJuunue B CUCTEME HECKOIbKUX
MIT u criennansHOTO OJT0KA apOUTpa MarucTpaiy (UCTOb3yeTcs HHTepderic
Multibus).

Ha Baemnux BeiBogax MII K18 10BM86 mmpoko uenosb3yeTcst IpUHLHAI
MYJIbTUIIEKCUPOBAHUS CUTHAJIOB - Mepeada pa3HbIX CUTHAJIOB 110 00IIUM
JIMHUSIM C pa3JeJIeHUueM BO BpeMeHU. KpoMe Toro, OfHU 1 T€ € BBIBOJbI MOTYT
UCII0JI30BATHCS ISl TIEpejayyl pa3HbIX CUTHAJIOB B 3aBUCUMOCTH OT peXuma (min
- max).

Hwxe npuBoautcsa onucanue BHeIHUX BbiBO10B MIT K1810BMS&6. I1pu
ONMCaHUH BBIBOJOB KOCOM YEPTOW pa3/iesIeHbl CUTHAJIBI, MOSBIISIONINECS Ha
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BBIBOAC B Pa3HbIC MOMCHTbBI MAIIMHHOTI'O ITUKJIA. B KPYTJIBIX CKOOKax YKa3aHbI
CUT'HAJIbI, XapaKTCPHBIC TOJIBKO IJISI MAKCUMAJIBHOT'O PCKHUMA. Cumsoi \ mocne
HMCHH CUTHAJIA - 3HAK €T'0 UHBCPCHUU.

E A/D[15:0]
ﬁ[l?:lﬁ]fST[ﬁ:B]T“T

Eydep AD il
YcrpoiicTRo
A | i,
| YTIpaBIeHHR
L YCM | "
Cymmarop 1 CHHXP O HHI1A I[HH
ampeca : N
I
Ouepens ! BHE/ST7
KOMaH] E
CErMEHTHEE & Bafir : —=FB (Q50) I
PETHCTPH | INTA (QSH
CS, DS, 85, ES ! —>
—>
I
- ! W-LOCE) s
I -
————— [ === ==} === . M-IO (ST2) S
[ 1 | ORIP (ST1) :
I
YOR | DET0) |
2H | AH | TEST e
BEH EH AJE : EDY :
CH CH !
| CLR PR
DH DH I CLK
SP FLAGS : <
BP | INT [
51 ; — NI
- ] l >
DI :: Mﬂxponpoipam I HLDA ®Q-E1)
MHOE YCTpofAcTBO —
-~ 1
pEl YIpaBIeHHA | HLD (Rg-EH
- ! MIN-MAX
______________________________ 1

Puc.3.1. Buyrpennss crpykrypa nporeccopa K1810BM86

A/D[15:0] - mimammmue [15:0] pa3psiasr agpeca / TaHHEBIE,

A[19:16]/ST[6:3] - crapmme [19:16] pa3psas! anpeca / CUTHAIIBI COCTOSTHUS;

BHEVST[7] - pa3pemienne nepenayun crapiiero 6aiita JTaHHBIX / CUTHAI
COCTOSIHHS,

STB(QSO0) - ctpob aapeca (cocTosiHME OYEpPEaN KOMAH);

R\ - urenwue;

WV(LOCK)) - 3anuch (610KHpOBKa KaHaja);

M-IO\(ST2\) - naMATh - BHELTHEE YCTPOMCTBO (COCTOSIHUE IUKJIA);

OP-IP\(ST1\) - Bermaua-npueM (COCTOSIHUE 1IUKIIA);
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DE\(STO0\) - pa3pemienne nmepeaavyn TaHHBIX (COCT. IIUKIIA);

TEST\ - npoBepka;

RDY - rotoBHOCTB;

CLR - copoc;

CLC - TakTOBBI CUTHAI;

INT - 3anpoc BHeUIHEro mpephIBaHus;

INTA\(QS1) - moaTBepkaAeHUE TPEepbIBaHUs (COCTOSHHUE OYepeId KOMaH/);

NMI - 3anpoc HEMACKUPYEMOTO IPEPHIBAHUS;

HLD(RQVEDO) - 3anpoc TIJIT (3ampoc / moaTBepKACHUE J0CTyMHa K
MarucTpam);

NLDA(RQVE1) - moareepxkaenue [1/II1 (3ampoc / moaTBEpKIeHNE JOCTYTIA K
MarucTpaim);

MIN/MAX\ - moTenmman 3aganus pexkuma (1-min, 0-max).

Curnansl coctostHu ('cTaTyca'") UCIOJIB3YIOTCS AJI OTOOpaKEHUS
BHyTpeHHero coctosinust MII. HekoTopbie rpyniibl CTaTyCHBIX CUTHAJIOB
UCIIOJIB3YIOTCS TOJIBKO B MAKCUMAJIbHOM PEKUME.

Curnanst ST[2:0]\ onpenensitoT TUI TEKYIIETO MAITMHHOTO UK
(ananorununo PSW niist 18080), u popmMupyrorcst TOJbKO B MaKCUMaIbHOM

pexUMeE:
Ta6n.3.1

ST2 ST1 STO Tun ManmmmHEHOTO ITUKIIA

0 0 0 OO0cnyx1uBaHue
MpepbIBaHUS

0 0 1 Yrenune BY

0 1 0 3amnce BY

0 1 1 OctaHoB

1 0 0 H3Bieuenue xoaa
KOMAaH/IbI

1 0 1 Urenne 3Y

1 1 0 3amuch 3Y

1 1 1 ITaccuBHOE COCTOSIHIE

Pa3zpsinel cratyca 3..4 onpenenstoT CErMEHTHBINA PETUCTP, UCTOIb3YEMBbIH IS
BBIYHCIICHUS (PU3NYECKOTO ajpeca:

Ta6n.3.2
ST4 ST3 CerMeHTHBIN PETUCTP
0 0 ES
0 1 CS
1 0 SS
1 1 DS

ST[5] oTpaxkaet coctostHue (iara paspeuienus npepoiBanus [F, ST[6] Bcerna
ycranoBieH B 0, korga MIT oOmennBaercs nHpopmMaiieil o MarucTpaiu,
coctosaue ST[7] He onpeneneHo (3ape3epBUPOBAHO).

Curnanst QS[1:0] popmupyroTcst TOIBKO B MAKCUMAIBLHOM PEXUME U
OTPAXKAKOT COCTOSTHUE OYEPEIN KOMaH/I:
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Ta61.9.3

QSI1 QS0 CocTosiHue oueped KOMaH I
0 0 Hert onepannn

0 | Ouepenb OUnIIAeTCA

1 0 M3Bnekaercs nepBblid OANT

1 1 M3BnekaeTcst ouepeHOM OalT

[Tpaktruuecku Bce komanasl MIT K1810BM86 moryT paGoTaTh Kak co
cioBamu (2 Gaifra) Tak u ¢ 6aiitamu. [Ipu pabote co cnoBamu curnan BHE\
paspeniaeT nepegavy crapiiero 0Oairta cioBa.

Curnan STB ormeuaer Hanuune Ha muHusx A/D u A/S anmpeca.

R u W\ cTpobupytot nanusie Ha mmHe A/D cOOTBETCTBEHHO MPHU YTCHUU U
3aIKCH.

M-10\ u OP-IP\ onpenensitoT COOTBETCTBEHHO YCTPOUCTBO, C KOTOPHIM
pou3BOAUTCS 0OMeH (mamsiTh - BY) u Hanpasiienue nepegaun nuapopmMauu
(BBIBOJI - BBO/I) OTHOCHUTEIILHO MPOIECCOpA.

DE\ ctpobupyer BHemnuii Oydgep A/D npu nepegade JaHHBIX.

Bxon TEST\ npenna3naueH Jj1si CHHXpPOHHU3AIMHU ITPOTPpaMMBbI C BHEIITHUMU
npoueccamu. Komanna WAIT (oxumanue) nepeBoAUT MPOIECCOP B PEXKUM
O’KHJIaHUS, B KOTOPOM OH OYJIeT HaXOAUTKCS A0 TeX Mmop, moka Ha sxoae TEST\
yIEpKUBAETCS BBICOKUM ypOBEeHb curHana (Jor. "1"). [Ipu aTom Bce maructpainu
MII nepeBOASITCSA B BBICOKOMMITEJAHCHOE COCTOSTHHUE.

RDY - (roTOBHOCTH) aHAJIOTUYHO COOTBETCTBYIOIEMY BXxoy MIT 18080
o0ecrneynBaeT BO3MOXHOCTh ACHHXPOHHOTO MAITUHHOTO [UKJIA.

CLR - (c6poc) ycranaBnmupaet Bce peructpbl MII B 0, kpome CS, KOTOpBI
ycranaBnuBaercs B FFFF u ocymecTBisieT 3amyck KOMaHIHOTO UKIA. TakuM
obpazom, ctaptoBsiit aapec K1810BM86 - Bcerma FFFFO.

CLC - TakTOBBIW CHUTHAIL.

INT, INTA\ - COOTBETCTBEHHO 3alPOC U MOATBEPKICHUE BEITHETO
npepbiBaHus (moapodHee cM. paznen 7).

NMI - 3anpoc BHENIHETO HEMACKUPYEMOT0 MPephIBaHUS TTO GPUKCUPOBAHHOMY
BEKTOpY 2.

HLD, HLDA - cooTBeTCTBEHHO TpeOOBaHKE U MPEAOCTABICHUE MTPSIMOTO
JocTyma B aMsTh (padotaet anajmornyHo noacucteme [1/II118080). B
MaKCUMAJIBHOM pexxnmMe BMecTo curHanoB HLD, HLDA ucnone3yrorcs nse
neyHamnpasieHHbie TuHIN RQVEI\ - 3anpoc muHbl/pa3pemenne 1ocTyna, Ha
KOTOpbIE paboTaeT CreraibHasl MUKPOCXEMa - apOUTp IIIHHEI.

Mamunnaabsie MKiasl K1810BM86 B MUHIMaIbHOM U MaKCUMAJIIBHOM
pexuMax

Bpemennsie auarpammsl pabotsr MIT K1810BM86 B MUHUMATBHOM peKuMeE
npeacrasiaeHsl Ha Puc 3.2. u Puc. 3.3
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\

Puc.3.2. MuHMManbHbIA PEKUM — UK qTEHI/IE

T,

Tz

T
T3 l T4

| —

MIO ><

|77

BHE
AST | :><A[1‘5‘f

DO[15:0]

OP-IF

Puc.9.6. Munnmanshsiil pexxum — nuki 3AIINCH
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[ukn vaunnaetcs ¢ popmuposanus B T1 curnana M/10, onpenenstoriero
THUII yCTPONCTBA - MaMsATh Wik BY, ¢ KOTOpbIM OCyIlecTBIsA€TCS OOMEH TaHHBIMHU.
JlnurensHocTh curdHasia M/10 paBHa JUIUTETFHOCTH IIUKJIA IIIMHBI, U OH
UCIIOJNB3YyeTCs I celieKuuu aapeca yctpoctB. B T1 u B Hauane T2 MII Boigaer
anpec A[19:16] u A[15:0] u curnan BHE, koTopsiit BMecTe ¢ AQ onpenensier
nepeaayvy ciioBa uim ogHoro u3 6aitos. Ilo criaxy crpo6a ALE aapec
(buKcUpyeTCsl BO BHEITHUX PErHCTpax-3aliesikax.
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unusie popmuposarenu KPSS§OBAS6

AQ BO
A1 BD B1
A2 B2
A3 B3
A4 B4
A5 BS
AL B6
A7 B7

T Ucc
OE GND

Muxkpocxema KP580BAS86 npeacTasisieT co0oil 1ByHanpaBieHHBIN 8-
pa3psAIHBIN MUHHBINA (OPMHUPOBATEIH C BEICOKOM HArpy304HOM CLIOCOOHOCTHIO,
MO3BOJISIET OCYIIECTBUTH CBA3b MUKpOIIpoLieccopa ¢ nepudepuintHbIMu
yCTpOMCTBaMH BBOJIa/BbIBOIa MH(OpMAIUH.

Pesxxum paboter mukpocxembl KPS80BAS6 onpenensiercs ynpaBisiionuMu
curHanamu OF «Pa3pemenue Bxoga» u T «Hanpasnenue nepenaun». [lpu
noctyruieHuu Ha Bxoj OE curnasna BbICOKOTO YPOBHSI HH(OPMAIMOHHBIE BBIXO/IbI
A u B nepexonsr B coctosinue «Boikimouenoy. [lpu Hanuunn Ha Bxoge OF
CUTHAJIa HU3KOTO YPOBHS HAIMpaBJIieHNE TIepeaadn HHOOPMAIUU OTPEaesIeTCS
curHanom T. IIpu nomaye Ha Bxox T curaaia BBICOKOTO ypOBHS OCYIIECTBIISETCA
nepemada nadopmarmu ¢ kanaiaa A B B, mpu mogade Ha Bxoa T curHama HU3KOTO
YpOBHSI HA000POT, ¢ kKaHana B B kanan A.

Ha3nauenue BBIBOJOB:

AO-AT7 - llluna A (Bxoa/BbIXon);

OE - Pa3zpelnienue BbIX0/1a;

T - Hanpasnenue nepenauu;

BO-B7 - Illuna B (Bxoa/BbIX0).
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Pernctp KP58011P82

RG e
0o
D4

— D2 Qo —

— O3 1

— D4 oz —

— 5 o3 —

— b7 o5 —
Q5

—I0E o7 —

5THE

Muxkpocxema KPS80MP82 8-pa3psannbiil agpeCHbIA PETUCTp, PEIHA3HAYEH
JUJISL CBSI3U MUKPOTIPOLIECCOpa ¢ CUCTEMHOM MMHOM; 00J1a1aeT MOBBIIIIEHHON
Harpy3049Hoi criocobHocThi0. Mukpocxema KP5S80MP82 — 8-paspsinabiit O-
PErUCTp-«3alleNKay 03 HHBEPCUH U C TPEMSI COCTOSIHUSIMH Ha BBIXO/IE.
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Cratnueckoe O3Y K537PV12

— a0 AN %
— A1
W

— a3

— a4

— a5 [aln] —
— a5 iR —
— a7 I
— &9 L4
— Al0 LS —
— A1 DG —
— Adz EEE
—&Cs

—p0OE

—efaiisR

st opranuzanuu O3Y MIIC 6ynem ucnonb3oBaTh 0HY MUKpocxemy RAM
tuna K537PVY 12, umeromryto opranuzanuio 8K*8.

Hasznauenue yrpaBisitolux BXOA0B:

CS — BbIOOp KpHUCTaILIA;

OE pa3peunieHue ureHus;

WR - pazpemienue 3anucu.
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[Tporpammupyemsrii napaenpabiid nHTEpdheric KPSEOBBSSA

— SR [OF
— wR BAO —
—& mn Bal
—& 7= Az —
— a1 BAS —
— an BAd  [—
BAS  —
= BAE  —
AT —
— o
— o4 -
= BEO —
— b= pet —
o BEZ  —
: K] BE= L
Bl BEG  —
oy LE BES  |—
BEE  —
BEF  —
E—
B0 —
BCd —
Lz —
BCz —
o4 —
BCs | —
BCE —
BCy  —

Muxkpocxema KPS80BBS55A npennazHaueHa A1l napajuieIbHOM Mepeaayu
UH(pOpPMaIIMU MEXTy MUKPOIPOLIECCOPOM U NIepupepuitHbIMU yCTPOMCTBAMU U
COJIEP’KUT TpHU 8-pa3psANbIX KaHala BBOAa/BbIBoAA A, B, C.

Kanan C moxeT ObITh NIpeACTaBIIEH B BUAE ABYX 4-pa3psAHbIX KaHAJIOB
BBOJIa/BBIBOJIA, TOCTYI K KOTOPBIM IIPOU3BOJUTCS KaK K OT/AEIbHBIM HE3aBUCUMbIM
KaHajaMm, nepuQepuiiHple yCTpoiicTBa noAKIovaoTes K kananam A, B, C, cBsi3b C
MUKPOIIPOIIECCOPOM OCYIIECTBISIETCS C MOMOIIBI0 NHBI D uepe3 Oydep naHHBIX.
Kax et u3 kananos A, B, C cocTout n3 8-pa3psaaHoro perucrpa u
JByHaAIpaBJiIeHHbIX (POPMHUPOBATENEH, IMEIOUIUX HA BBIXOJI€ COCTOSIHUE
«BBIKITI0OUE€HO». Y CTPOMCTBO YIIPABIEHHUS COACPKUT PETUCTP YITPABIISIOIIETO
ciosa (PYC), B KOTOpBIil MpeABapUTEIHHO TPOU3BOIUTCS 3aMCh HHPOPMAIIHH,
OTIPECTISAIONICH PEeXUM padOThI KAaHAJIOB, U (POPMHUPYET CUTHAIIBI BBIOOpA KaHAIa U
ynpasieHus kaHaiaom C.

Mukpocxema MOXeT padoTaTh B OJJHOM U3 TPEX PEKUMOB: pexum 0 —
IIPOCTON BBOJI/BBIBOJI; PEKUM 1 — CTpoOUpyeMblii BBOJI/BBIBO; PEXKUM 2 —
JByHAIIpaBJICHHbIN KaHal. Pexum paboThl KaHAJIOB MOYKHO U3MEHSTh KakK B
HayaJie, Tak U B IpoIiecCce BINOAHEHUS porpammel. Kanansr A u B moryr
paboTaTh B pa3IMYHbIX PEKUMaX, a paboTa kaHasa C 3aBUCUT OT PEKUMOB PabOThHI
kaHajoB A u B. KomOuHMpyst pexxuMbl paboThl KaHAJIOB, MOYKHO 00ECIIEUUTh
paboTy MUKPOCXEMBI TIOUTH C JIFOOBIM MEepU(EPUNHBIM YCTPOMCTBOM.

B pexxume 0 ocyiecTBisieTcs MpoCTO BBOI/BBIBOI JAHHBIX 110 TPEM 8-
pa3psaHBIM KaHanam, nmpuyeM kaHail C MOXKET HCIOJIb30BaThCs Kak J1Ba 4-
pa3psaHbIX KaHasa. Kakaplid U3 KaHaJI0B MOKET UCIOJIb30BATHCS OTAEIBHO IS
BBOJa WU BeIBOAa nH(opmarmu. B pexxume 0 Bxoanast nundopmarnms He
3aIlIOMHUHAETCS, & BBIXOJHAS XPAHUTCS B BBIXOJHBIX PETMCTPAX A0 3alMCH HOBOU
uH(GOpMaIMU B KaHAJ WM JI0 3aIIMCH HOBOTO peXuMa.
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B pexume 1 nepenayda qaHHBIX OCYIIECTBIISIETCS TOJBKO Yepe3 KaHaibl A u B,
a muHUM Ka"ana C ciaykart JJis pUeMa U BblIa4l CUTHAJIOB yIipaBiieHus. Kaxxabrit
13 KaHaJoB A U B He3aBUCHMO JIpyT OT Apyra MOKET UCIOJIb30BATHCS 1Sl BBOIA
WJIU BBIBOJIA 8-pa3psiAHBIX JAHHBIX, IPUYEM BXOJIHBIEC U BHIXO/IHBIC TAHHbBIC
(bUKCUPYIOTCS B pETUCTPaxX KaHAJIOB.

B pexume 2 nns kanana A obecrieunBaeTcss BO3MOKHOCTh 0OMEHa
uHpopmarueit ¢ nepuepuitHbIMUA YCTPORCTBAMH 110 8-pa3psIHOMY
JIBYHAIpPaBJICHHOMY KaHaly. J{is1 opranu3amnuu oOMeHa UCTIOIb3YEeTC MTh TUHUN
kaHana C. B pexxume 2 BXOJHBIE U BBIXOJIHbIC JaHHbBIE (DUKCUPYIOTCSI BO BXOJIHOM
Y BBIXOJTHOM PETUCTPAX COOTBETCTBEHHO.
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[Iporpammupyewmsiii Taitmep K1810B1 54

—aCs DO
iRD PIT D1
—WWR D2—
D3
— A0 D4
—{ Al D5
D6
—{CLKO D7
—CLK1
—{CLK2 QUTO—
OUT1—
0 QuUT2—
1
52 Lcc
GND

[Tporpammupyemsiii Taitmep (I1T) K1810B154 npenna3znaueH s reHepanuu
BPEMEHHBIX (DYHKIIUI, MPOrPaMMHO-YIIPABIIIEMbIX BPEMEHHBIX 3aJI€PIKEK C
BO3MOKHOCTBIO TPOTPAMMHOI'0 KOHTPOJISI UX BBITOJTHEHUS.

[TporpamMmmupyemsbie TaiiMmepsl mpuMmensitoTcst B MIIC, BbITTOIHEHHBIX Ha 0aze
MIIK BH1C K580, K1810, K1821, ucrons3yeMsIx B 3a1a4ax ynpaBiIeHUs U
MU3MEPEHUS B PEATBHOM BPEMEHHU C TAKTOBOM 4acTOTOM 10 8 MIm.

KonctpyktuBHo 3tu IIT coBmectumsl ¢ IIT tuna K1810BU1S3, otnnuarores
OT HUX MOBBIILIEHHBIM OBICTPOJCHCTBUEM U PACIIMPEHHBIMU (YHKIIMOHATIBHBIMU
BO3MOYHOCTSIMHU.

[TporpamMMupyemslii TaliMep BKJIIOYAET B c€0sl 3 HE3aBUCUMBIX KaHaa,
KaXIbI U3 KOTOPBIX MOKET OBbITh 3alpOrpaMMHUPOBaH Ha pabOTy B OHOM U3
LIECTH PEKUMOB ISl JBOUYHOTO WM JBOUYHO-JECATUYHOTO CUETA.
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3.2 Unrepdeiic PCI

Wtak, nepexoaum K caMOMy UHTEpEeCHOMY. UTO e HaXOIUTCS Ha
CETOHANIHUHN JACHb BHYTPU OOJIBIMTMHCTBA HAITUX KOMIBIOTEpOB? EcTecTBEHHO,
mmaa PCI. lpyroii Bonpoc, moueMmy nMeHHO 3Ta mmHa. [lonpolOyem pazodpatscsi.

Urak, pa3padbortka mmabl PCI Hawanace BecHol 1991 roga kak BHyTpeHHUM
npoekT koprioparuu Intel (Release 0.1). CnenuanucTsl KOMIIAHUM TOCTABUITU
nepea coboii e pazpaboTaTh HEAOPOTOE pelIeHHEe, KOTOPOe Obl TO3BOIMIO
MOJIHOCTBIO PEaTU30BaTh BO3MOKHOCTH HOBOTO ITOKOJIEHUS IMPOLECCOPOB
486/Pentium/P6 (BoT yxe nmojoBuHa oTBeTa). OCOOEHHO MOAUYEPKUBAIOCH, YTO
pa3zpaboTka mpoBoaMIaACh ' HyIA", @ He ObLIa MOMBITKON YCTAHOBKH HOBBIX
"3amat" Ha cymectByromue pemieHus. B pedynbrate muna PCI nosiBunace B
utore 1992 roga (R1.0). Pazpabotunku Intel oTkazanuce OT HCTIOIB30BAHMS IIIMHBI
MPOIIECCOpPa U BBEJIU €lIe OJHY "aHTpeCcoIbHYI0" (mezzanine) MuHY.

[pougccop
F 9
[wre mpoueccopa I;?T"_"d' EHEIEEG
I3
(BrIcTpomeHicTE IO AT) bt
¥
oy A Fourponmep I'padmyeckmit CeTenoit
TRANAT H TLEHHET ATATITED AFATITED
< Joyamuas ra PCI >
Kowrpomnnep CroTx Hurepdedic nmme: Cnor B/
&l
SCS1 BB PACLLHPEHIA l I

APIHTEKTYPA KOMIBLIOTEpA ¢ LmHoH PCI

braromaps TakoMy pelIEHUIO IIMHA NOJY4YHIaCh, BO-IIEPBBIX, POLECCOPO-
He3aBUCHUMOH (B oiinume oT VLbus), a BO-BTOPBIX, MOTIJIa padoTaTh NapauieabHO
C IIKMHOM npoleccopa, He oOpalasch K Hel 3a 3anpocamu. Hampumep, npoueccop
paboTaet cede ¢ K3IIEeM UM CUCTEMHOM MaMsThIO, & B 3TO BPEMs 10 CETH Ha
BUHYECTep nuietcs naopmanus. [Tpocto 3n0poBo! Ha camom nene naumimu,
KOHEYHO, HE MOJIy4aeTCsl, HO 3arpy3Ka IIMHBI POLECCOPA CHUKAETCS 3JI0POBO.
Kpowme Toro, crangapt muHbI ObT 00BsBIEH OTKPHITHIM 1 Tiepenan PCI Special
Interest Group, koTOpas MpoAoJKUIIa paboTy IO COBEPIIICHCTBOBAHUIO IIUHBI (B
HacTosiiee BpeMs 1octyneH R2.1), u B 3Tom, noxanyi, Bropasi HOJJOBUHA OTBETA
Ha Bonpoc "nouemy PCI?"

OCHOBHBIE BO3MOKHOCTHY LIMHBI CIEAYIOLIHE.

CunxpoHHbIf 32-X uiu 64-X pa3psiHbIii 0OMeH JaHHBIMU (TIpaB/a,
HACKOJIbKO MHE U3BECTHO, 64-pa3psaHas 1IMHA B HACTOAILEE BPEMS UCIIOIb3YETCS
Tosibko B Alpha-cuctemax u cepBepax Ha 0ase nporeccopoB Intel Xeon, Ho, B
IpUHLINIIE, 32 Hell Oynyiuee). [Ipu 3TOM a1 yMEHbIIEHUS Yncia KOHTAKTOB (U
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CTOMMOCTH ) UCIIOIB3YETCS MYJbTUILIEKCUPOBAHUE, TO €CTh aJIpeC U JJAHHbIC
NEepENAOTCS IO OJTHUM U TEM KE JIMHUSM.
[Hopnepxka SV u 3.3V noruku. Pazpems! 1151 5 1 3.3V nat paznuyarorcs

PaCIIOJIOKCHUCM KJIIoueH

Fil L |
L
v 18

[a

Pareey 32-paspamaoil mHesT PCT ¢ HANPAECHHEY IMITaHmA SV

6k grd
19

FEEETT
LY Erd
L

Faohen 32-pazpammoi nEas PCT ¢ BanpaRement HTanmHa 3.3V

Cy1iecTBYIOT M YHUBEPCAJIbHBIE TUIATHI, MOJEP>KUBAIOIINE 00a HATTPSHKCHUS.
3ameTuM, uTo yacrora 66 MHz nognepxuBaercs Toabk0 3.3V JIOTUKOM.

Yacrora padotsr muabl 33MHz nmn 66 MHz (B Bepcun 2.1) mo3BosieT
o0ecnevynTh NIMPOKUIN AUAMa30H MPOMYCKHBIX CIIOCOOHOCTEH (C UCTIOIh30BaHUEM
MAKETHOTO PEXKUMA):

132 MB/cex nipu 32-bit/33MHz;

264 MB/cex nipu 32-bit/66 MHz;

264 MB/cex npu 64-bit/33MHz;

528 MB/cek npu 64-bit/66 MHz.

[Tpu aTOM 111 paboThI MKMHBI HA YacToTe 66MHz HeoO6xoa1MMo, 4TOOBI BCe
nepudepuitHbie yCTpOoCTBa padoTaly Ha 3TON YacToTe.

[Tonnas mogaepskka multiply bus master (Hanpumep, HECKOIBKO
KOHTPOJIJIEPOB KECTKUX AUCKOB MOTYT OJIHOBPEMEHHO padOTaTh HA IIMHE).

[Moxpnepxka write-back u write-through kama.

ABTOMaTHUYECKOE KOH(DHUTYpHUPOBAHNE KAPT PACIIUPEHUS TTPH BKIIOUCHUN
MTUTAHUS.

Crenmdukanusi MAHBI TTO3BOJISIET KOMOMHUPOBATH IO BOCBMH (DYHKITUIN Ha
OJIHOM KapTe (Hampumep, BUACO + 3BYK U T.1I.).

[IIvnHa MO3BOJISET YCTaHABIMBATH J10 4 CIIOTOB PACIIMPEHHS, OTHAKO
BO3MOkKHO ucnosibzoBanne mocta PCI-PCI qiis yBennuenus konmuecTsa KapT
pacIIMpeHus.

PClI-ycTpoiicTBa 060pya0BaHbl TAHMEPOM, KOTOPBINA UCIIONIB3YETCS IS
onpeeseH!s MAKCUMAJIBHOTO MMPOMEXYTKA BPEMEHH, B TEUEHUU KOTOPOTO
YCTPOMCTBO MOKET 3aHUMATh IIHUHY.

[Tpu pa3paboTKe MIMHBI B €€ apXUTEKTYPy ObLIN 3a7105KEHbI MIEPeIOBbIC
TEXHUYECKUE PEIICHHUS], TO3BOJISIOIINE MOBBICUTH IIPOITYCKHYIO CIIOCOOHOCTb.
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[[Inra mogmepKuBaeT METO Mepeavn TaHHbIX, Ha3biBaeMbIi "linear burst"
(MeTOoJ TMHENHBIX MaKeTOB). ITOT METOJ] MPEIOIAraeT, 4YTo NakeT nHopmauu
CUMTBIBAETCS (UITM 3aMUChIBAETCA) ""OJTHUM KYCKOM', TO €CTh ajjpec
aBTOMATHUYECKHU yBEJIMUMBACTCS JIJIs cienyroiero 0aira. EctecTBeHHBIM 00pa3oM
IIPU 3TOM YBEJIMUUBAETCS] CKOPOCTh NEepeiaun COOCTBEHHO JAHHBIX 3a CUET
YMEHBILICHUS YUCla NEPEIaBAEMbIX apECOB.

-INTR A,B,C,D - nuHuu 3anpocoB NpepbIBaHUS, HAITPABIIAIOTCS HA
noctynssle JInHuM IRQ BIOS komnberoTepa. 3anpoc no HU3K0My YpOBHIO
JOMYCKAaeT pa3iesisieMOe UCIIOIb30BaHUE JIMHUMN MTPEPhIBAHUS.

Clock - curnan cMHHXpOHM3AIMK HA TAKTOBOM YaCTOTE IIUHBI.

Test Clock, -TSTRES, TestDO, TestDI - curnans! 11 TECTUPOBAHUSA
amantepoB 1o uHTEpdeiicy JTAG (Ha cucTeMHOM T1aTe 0OBIYHO HE
3aJICICTBOBAHBI).

TSTMSLCT - nepeBof B peKUM TECTUPOBAHUSL.
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3.3 Pazpa0oTka me4aTHOM MJIATHI

Cy1iecTByeT TpyU OCHOBHBIX CIIOCO0A MPOEKTUPOBAHUS U MOATOTOBKHU
MIPOM3BOJICTBA MEUATHBIX TIaT. [IepBhIil crmocol mpeaHazHavYeH JIst
MPOEKTUPOBAHUS HanOoJIee MPOCTHIX IJIAT, AJIs OMMCAHUS KOTOPHIX HET
HEOOXOMMOCTH CO3/IaHUA IPahpUuECKOTO MM TEKCTOBOTO OMMMCAHUS CXEMBI
MPUHLIUNHAIBHOMN 35IeKTprudYecKoi. OCHOBHAs MOATOTOBKA BHITIOIHAETCS B
rpaduueckom penakrope PC-CARDS. CpencrBamu penakropa uzo0paxaercs
NeyaTHas IJ1aTta, Ha KOTOPOH B PyYHOM PEXKUME Pa3MEIIAIOTCS DIIE€MEHTHI
MOCaJI0YHBIX MECT U3 TeXHOJornueckon o6ndmmoreku daitno *.PRT. Crnucku
1ernen CBI3HOCTH (POPMUPYIOTCSI HEMTOCPEICTBEHHBIM YKa3aHUEM Ha KOHTAKTHBIE
BBIBO/IbI KOMITIOHEHTOB. [losydeHHOe onrcanue MokeT 00padaThIBaThCs
nporpamMmmon aBromarnyeckon tpaccuposkn PC-ROUTE.

Bropoii cioco0 npeaHazHayeH AJi1 TEKCTOBOIO ONUMCAHUS LENEel CBI3HOCTH U
KOMIIOHEHTOB. DTOT CI0c00 11esecoo0pa3Ho UCTIONb30BATh ISl dTana MOArOTOBKH
IPOU3BOJICTBA MEYATHOM IUIAThI, KOT/1a CXeMa JIEKTPUYECKasi MPUHLIUITHAIbHAS
OKOHYATEJIBbHO 3aBEPIIEHA U KOHCTPYKTOP- NoJIb30oBaresb cucteMbl PCAD, He
MO>KET BHOCHUTH B HEE€ U3MEHEHUs. B 3TOM cilydae cpecTBaMu TEKCTOBOTO
penaktopa coznaetcs (aitn Tuma *. ALT, koTopslit 0OpadaTeiBaeTCs MPOrpaMMoin
PC-NLT, u nony4yennsit gaitn tuna *.PKG MoxeT 6b1Th 00paboTaH mporpammoit
PC-PLACE nns pa3MeniieHuss KOMIIOHEHTOB Ha TIEYaTHOM MIaTe U 3aTEM
nporpaMmmoii aBromatuueckoit Tpaccupoku PC-ROUTE.

Tpetuii criocob 3aK0yaeTcsi B CO3/JaHUU TparuecKoro OnucaHus
AIIEKTPUUECKON CXeMBbI cpesicTBaMu rpaduueckoro penakropa PC-CAPS. Oror
croco6 sBIAeTCs HanbOIee MOHBIM U3 TPEX aHATU3UPYEMBIX CIIOCOO0B U MOXKET
BKJIIOUYATh B 3TAIbl MPOEKTUPOBAHUS Takue (pa3bl, Kak JIOTHYECKOE MOJICTUPOBAHUE
CXEMBI JJICKTPUUYECKON MPUHIIMITUATLHOMN, HEpapXUUECKOE MPOCKTUPOBAHUE U
aBTOMATHYECKYIO YIIAKOBKY JJOTMUECKUX IJIEMEHTOB B MUKpOCXeMbI. B mpoiiecce
MPOEKTUPOBAHMS BBIITYCKACTCSl CXEMa MPUHIMINATbHAS dJIEKTpUUecKas. ITOT
JIOKYMEHT CTAaHOBUTCS OCHOBOM JIJIs1 TPOEKTA U BCE MOCJICIYIOIINE ATATIBI
MPOXOXKIEHUS MPOEKTa, BKJIIOYAs TOMOJIOTHIO MEYaTHOU IJIaThl, MOTYT OBITh
aBTOMATHUYECKH CBEPEHBI CO CXEMOM € JUArHOCTUKON BO3MOKHBIX OIIHOOK.
[Ipumep pa3BeAeHHON NJIaThl MPUBEAEH HA PUC
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I'nasa 4
MopeaupoBanue kouTpoJuiepa Ha IIJINC

CAIIP «MAX+plus II» npencrapiser coO0i HHTErPUPOBAHHYIO CPEy IS
pa3paboTku UGPOBBIX YCTPONCTB HA Oa3e MPOrpaMMHUPYEMBIX JTIOTUYECKHUX
unTerpanbHbix cxem (IJIMC) pupmbl «Anbrepa» 1 o0ecredynBaeT BhITIOJIHEHNE
BCEX ITANOB, HEOOXOAMMBIX JJISI BHIITYCKA TOTOBBIX M3CIIHIA:

CO3/TaHHE MPOEKTOB YCTPONCTB;

CHHTE3 CTPYKTYP U TPacCUpPOBKY BHyTpeHHUX cBsa3en [IJINC;

MOATOTOBKY JIAaHHBIX JJIsl TPOTPAMMUPOBAHUS WU KOHPUTYPUPOBAHUS
[TJINC (KOMIUIISIIHIO);

BepUUKaIUIO MPOEKTOB ((PYHKIIMOHAIBLHOE MOJICIMPOBAHUE U BPEMEHHOU
aHalu3);

nporpaMmmupoBanue wim kongurypuposanue [IJINC.

HaubGonee nonnoe pupmennoe onucanne cucrembl «MAX+plus [»
COJICPKUTCS Ha caiiTe PUPMbI «AJbTepa», B KOTOPBIN BXOJUT yUEOHUK
(«Tutorial»). Ha pycckoM sI3bIKe JOCTATOYHO MOAPOOHOE ONTMCAHUE CUCTEMBI
«MAX+plus II». B HacTosie crarbe NPUBOAATCS B MUHUMAIILHOM 00BEME
CBEJICHUs, HEOOXOAUMbIE JUIsl HAYaJIbHOTO OCBOCHUS TEXHOJIOTHH pa3padOTKU
udpoBeix ycrporct Ha [IJIMUC pupmsl «Anbrepay. B kauecTBe mpumepa
PaccMOTpPEH IpoliecC pa3padOTKU YCTPOICTBA YIIPABIEHUS 7-CETMEHTHBIM
CBETOANOJAHBIM UHIUKATOPOM.

4.1 Ilpunoxenus cucrembl «K MAX+plus II»

B coctaB makera «MAX+plus II» BXOasT cieayronme CBI3aHHbIE MEKTY
co00¥1 MPUITOKEHHS, PEATU3YIONINE BCE MEPEUNCICHHBIE BBIIIE 3TAIbI pa3paboTKu
g poBbix yerpoiicts Ha [IJIMC dupmbl «AnbTepar:

[Tpunoxenus 11t BBOAA MPOEKTOB (PEIAKTOPHI MPOEKTOB)

«Graphic Editor» — rpaduueckuii penaktop, mpeaHa3HauYeHHBIN I BBOAA
IIPOEKTa B BUJE CXEMbI COETMHEHHI CUMBOJIOB JIEMEHTOB, U3BJIEKAEMbIX U3
CTaHIapPTHBIX OMOJIMOTEK MaKeTa TM00 U3 OMOIUOTEKH MOTH30BATEIIS.

«Waveform Editor» — penaktop BpeMeHHBIX 1uarpaMMm (HEKOTOPHIE aBTOPHI
Ha3bIBAIOT 3TO MPUJIOKEHUE CUTHAIBHBIM PEJAKTOPOM), KOTOPBIN BBITIOJIHSIET
JBOMHYIO (DYHKIIMIO: Ha ATale BBOJa 00ecreunBaeT BBOJ JJOTUKU IPOEKTa B BUJIE
uarpamm (3I0p) COCTOSHUN BXOJ0OB U BBIXOZIOB, @ Ha 3Tare MOJAEIUPOBAHUS
oOecrnieunBaeT BBOJ AMarpaMM TECTOBBIX (ITAJIOHHBIX ) BXOJIHBIX COCTOSTHUIM
MOJIEJIMPYEMOI0 YCTPOKCTBA U 3a/IaHHE NEPEUYHS TECTUPYEMBIX BBIXOJIOB.

«Text Editor» — TekcTOBBIN peakTop, IpeAHA3HAYEHHbIN IJIs CO3/1aHus U
penaKTUPOBaHUs TEKCTOBBIX (DAlJIOB, COIEPIKAIUX OMMCAHUE JIOTUKY TIPOEKTa Ha
s3bike onucanus ycrpoictB AHDL (Altera Hardware Description Language) wiu
Ha OyM3KuX K HeMy s3bikax Tuna VHDL, «Verilogy.

«Symbol Editor» — ciMBOIBbHBIN pegakTop, MO3BOJISIONINN PEIAKTUPOBATh
CYILIECTBYIOILIME CUMBOJIBI M CO3/1aBaTh HOBbIE. KcTaTu, 1000
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OTKOMIUJIMPOBAHHBIN TIPOEKT MOXKET OBITH CBEPHYT B CUMBOJI, TIOMEIIEH B
OMOTMOTEKY CUMBOJIOB U UCIIOJIb30BAH KaK 3JIEMEHT B JIIOOOM JIPYTrOM MPOEKTE.

«Floorplan Editor» — penaktop cBsizeil (moypoBHEBbIN MIIAHUPOBIIHUK),
KOTOPBIN Ha TUIAHE PACIIOJIOKEHHUSI OCHOBHBIX JIOTHUECKUX JIEMEHTOB MTO3BOJISIET
BpyuHYyto pacnpenensith BbiBoAbI [IJIMC (3akperisiTh BHIBOIBI 32 KOHKPETHBIMU
BXOJIHBIMU U BBIXOJHBIMH CUTHAJIAMH) U IepepacipeiesiTh HEKOTOPhIe
BHyTpeHHue pecypceol [IJINC.

[Tpunoxenus «MAX+plus IT Compiler»

DTO NPUIIOKEHUS, BXOALIME B TAKET KOMIMIIATOPA U NMPEJHA3HAYEHHBIE 151
CUHTE3a CTPYKTYPBbI, TPACCUPOBKHU CBSI3€, IPOBEPKH KOPPEKTHOCTH NPOEKTA U
JOKaIM3aluy omurOoK, GopMHupoBaHUS (PailyIoB TPOTPAaMMHUPOBAHUS WIIH
koHurypuposanus [1IJINC:

«Netlist Extractor» — npunoxeHue, odecreunBarolee N3BJIeYeHNE CIIUCKa
COEIMHEHUI U3 UCXOIHOTO (ailyia mpecTaBiIeHHs IPOEKTa, CO3AAHHOTO IIPU
BBO/IE IIPOEKTA.

«Database Builder» — npunoxxenue, npegHazHau€HHOE IJIs1 TOCTPOEHUs Oa3bl
JAHHBIX MPOEKTA.

«Logic Synthesizer» — npumnoxenue, odecreurBaroIiee NpoBEpKy
KOPPEKTHOCTH MPOEKTA MO (POPMaJIbHBIM MpaBUjIaM U CUHTE3 ONITUMAaJIbHOU
CTPYKTYpHI IPOEKTA.

«Partitioner» — mpunoxxenue, obecrneynBaroliee pa3oneHne MPoeKTa Ha YacTh
B T€X CIIy4asiX, KOI/Ia pecypcoB OJHOr0 KpUcTajlia (MUKPOCXEMBbI) HETOCTATOYHO
JUTS peajiu3aliy MPOeKTa.

«Fitter» — TpaccupOBUIMK BHYTPEHHUX CBSI3€H, 0OeceunBatonui
peanu3anuo CHHTE3UPOBAHHOW CTPYKTYPHI.

«SNF Extractor» — npusoxeHue, odecreunBaroiiee n3BlIeueHUe MapaMeTpoB
IPOEKTa, HEOOXOAUMBIX JUIsl PYHKIIMOHAIBHOIO MOJIETMPOBAHUS U BPEMEHHOTO
aHasu3a.

[Tpunosxenus A BepupUKaluy IPOEKTOB

«Simulator» — npuo)keHue, KOTOpoe COBMECTHO C PEIAKTOPOM BPEMEHHBIX
Juarpamm npeaHazHauyeHo s (yHKIIMOHATbHOIO MOJIETUPOBAHUS IPOEKTA C
LEJIbIO POBEPKH MPABUIBHOCTH JIOTUKH €0 (PYHKIIMOHUPOBAHUSI.

«Timing Analyzer» — npuioxenne, 00ecreurnBaroIiee pacueT BPeMEHHBIX
3aJIepKEK OT KaXKJI0r0 BXOAA JI0 KaXJA0Tr0 JIOTHYECKH CBSI3AHHOI'O C HUM BBIXO/1A.

«MAX-+plus II Programmer»

Haxkowner, nyist mporpammupoBanus win KoHGurypuposanus [IJINC
ucnosb3yercs npunoxenne «MAX+plus II Programmer».

[IporpammupoBaHue U MEPENPOrpaMMUPOBAHUE MUKPOCXEM, UMEIOIINX
BCTPOEHHYIO cucteMy nporpammupoBanus (ISP), MmoxeT ocyiecTBasThC
HEMOCPEICTBEHHO B COCTAaBE KOHEUHOT'O U3/EUs Yepe3 CrelallbHbIN KaOeb,
noaxroyaemsbiii 160 k LPT-nmopty (Byte Blaster), mu6o k COM-nopty (Bit
Blaster) komnbroTepa 1 TEXHOIOTHUECKOTO 10-KOHTAaKTHOT'O COETUHUTEIS
unrepdeiica JTAG, ycraHaBamBaeMoro Ha ruiare uzzaenus. Cxembl kademnei
MO’KHO HaWTH Ha caiite pupmbl «AnbTepa». Eciau Ha miare nznenus
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ycraHaBimBaeTcs HecKoabKo [IJIMC co BcTpoeHHBIMU cucTEMaMu
IPOrpaMMHUPOBAaHUs, TO BCE OHU MOTYT IMPOrPAMMHUPOBATHCS YE€PE3 OJIUH
TEXHOJIOTUYECKUU pa3zbeM. i1 aToM 1enu npuitoxenue «Programmer» uMeeT
pexum «Multi-Device» (k coxkaneHuto, OeCIruiaTHbIe BEPCUU MTAKETa STOT PEKUM
He noanepxkuBatot). Cxemsl nogxitouenus [IJIMC k untepdeiicy ITAG
NpUBOJATCS B JoKyMeHTannu Ha «Bit Blaster» u «Byte Blaster». J{ns
POrPaMMUPOBAHUS OCTATLHBIX MUKPOCXEM HEOOXO0IUMO JOTOTHUTEIBHO
MCIIOJIB30BaTh BHEIIHUI TPOTrpaMMaTop, KOTOPBIA TaKkKE MOXKET MOAKIIOUATHCS K
COM- wmm LPT-nopry.

CepBHUCHBIE TPUIOKEHUS

B cocras CAIIP, kpoMe TOro, BXOIAT TPU CEPBUCHBIX MPUIIOKECHUS:

«Design Doctory» — mpuioxenue, npeIHa3HauYeHHOE JJIsl TPOBEPKU
KOPPEKTHOCTH MPOEKTA C UCIIOIH30BAaHUEM IMITUPUUECKUX TTPABUIL.

«Message Processor» — nporeccop cooOuieHu, odecnednBaromui
00paboTKy, BEIBOJ HAa OTOOpaKEHUE U JIOKAIM3AIIo (YKa3aHHe MECTa B MPOEKTE,
K KOTOPOMY OHO OTHOCHTCSI) COOOIIEHUH TPEX TUITOB: COOOIIEHUM 00 ommoOKax
(«Errory), mpenaymnpexnennii (« Warning») u ”HQOpPMallMOHHBIX COOOIIEHUMN
(«Info»). [IpuurHy BBIBOJIA TOTO UM UHOTO COOOIIEHHS MOYKHO BBISICHUTH Yepe3
omuto «Help on Message» npornieccopa coobmennii. [1pu Hanmmaum cooOmieHni
00 ommOKax KOMIIJIALIMS MPOEKTa HEBO3MOKHA JI0 UX MOJIHOTO ycTpaneHus. [Ipu
HaJIMYUU TPEAYyNPEKICHUN KOMITUIISIIIUS YCIIEUTHO 3aBEPIIACTCS, OJTHAKO HATUYUE
peIypexICHNs CBUIETENLCTBYET 00 0OHAPYKEHUU TIPOOIEMBI, KOTOPasi MOKET
PUBECTU K HEBEpHOU paboTe ycTpoiicTBa. [loaToMy Bece mpenynpexacHus
JOJDKHBI OBITH TIIATEILHO MPOaHATM3UPOBAHBI ¢ UCTIOIBb30BaHueEM «Help on
Message», 10 BBISCHEHUS IPUYUH UX MOSIBIICHUS U TIOCJIEAYIOIIETO YCTPaHEHUS
ATUX NPUYHH (WUJIM UTHOPUPOBAHUSA NMPEIYIPEXKACHUS, YTO UHOTA ObIBAET
BO3MOXHO). NHpopMaIimoHHbie cooOIEeH s HY>KHO TOJIBKO MPUHUMATDH K
CBEJICHUIO.

«Hierarhy Display» — npusnosxenue, odecreunBaroriee 0030p uepapxudeckon
CTPYKTYPBI IPOEKTA, KOTOPBIN MOKET COCTOSITh U3 MHOKECTBA COCTABIICHHBIX B
Pa3IMYHBIX PEIaKTOpax U CBEPHYTHIX B CUMBOJIBI POEKTOB 00JIee HUZKUX
YPOBHEM, MPUYEM YKCIIO YPOBHEHN He orpaHnunBaeTcs. OCHOBHOM MPOEKT (MPOEKT
CaMOT0 BEPXHET0 YPOBHS) JIOJHKEH ObITh CO3/1aH B rpadMyecKoM peiakTope (eciu
MPOEKT UMEET TOJBKO OJIMH YPOBEHb UEPAPXUU, TO OH MOXKET OBITh CO3/IaH B
JTH000M pesaKkTope).

4.2 PaGo4ue KaTaJI0Tu CUCTEMbI

Bo Bpems MHCTa/UIALMK TAKeTa CO3/1at0TCs JIBa KaTajora: KaTajuor
\MAXPLUS2, KoTOpbIil COAEPKUT BCE MPHUIOKECHUA U OMOINOTEKN MTAKeTa, 1
karajgor \MAX2WORK, kotopsrit cogepxkut nogkaraior \CHIPTRIP co Bcemu
¢aitiamu yueOHOTO MpPOeKTa, paCCMOTPEHHOT0 B pykoBoACTBE («MAX+plus II
Tutorialy), u psig MOAKATATIOTOB, UCTIOIB3YyEMBIX SJICKTPOHHBIM CITPABOYHUKOM
(«MAX+plus IT Help»). B atom ke katanore \MAX2WORK cnenyet pazmeniath
U paboyue KaTaJoTH CO3aBaeMbIX MPOEKTOB YCTPOICTB.
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Heob6xomumMocTh co3anus OTACIbHBIX KaTaJloroB sl KaXI0TO
pa3pabaTbIBa€MOro MPOEKTa 00YCIOBIEHA TEM, UTO B Mpoliecce pa3pabOTKH
npoekta cuctemoir MAX+plus 11 cozgaércs u moaaepkxuBaeTcsi MHOKECTBO
(aiinoB, OTHOCSIIUXCS K TEKyILeMy MpoekTy. [Ipexae Bcero ato daiin npoekra
(«Project File»), HazBaHMe KOTOPOTO OIpEAENIAECT Ha3BaHUE MTPOEKTA B IIEJIOM.
OTOT (aiisl cCOAEPKUT OCHOBHYIO JIOTUKY M MEpapXUI0 IPOEKTa, 00padaThIBaEMyIO
komnuisitopoM. Kpome Toro, co3naércs psii BCmoMoraTelbHbIX (aiios,
CBSI3aHHBIX C IPOEKTOM, HO HE SBJISIOIINXCS YACTHIO JIOTHKH MpoekTa. bombiras
94acTh BCTIOMOTATENbHBIX (DAlIOB CO3MAETCS M aBTOMATHUECKH MTOMEIIAETCs B
KaTajor MPOeKTa B MPOIlecce BBOAA M KOMITUJISIIIUK MPOEKTa. ITO MPEXKIE BCETO
¢aiinbr HazHauenuit u koHpurypauuu (.ACF), daitner otaéroB (.RPT), daitnst
JTaHHBIX JJIs1 PYHKIIMOHATBHOTO MOJICTHPOBaHUs 1 BpeMeHHoro aHammn3a (.SNF),
daitnbl nanneix A nporpammupoBanus ((POF) u psa npyrux. Ha3zsanus stux
(aiinoB Bceraa CoBNaalOT ¢ Ha3BaHWEM IpoekTa. HekoTopsle BcriomMorarenbHble
(aiinbl co31ar0TCs MOJIb30BATEIEM: HAIPUMED, AJIs1 BBITIOJIHEHUS
dbyHKIHOHATBLHOTO MoJieupoBanus co3naércs daitn (.SCF), cogepkamnuit
ONMCAaHNE HAYaJbHBIX U TEKYIIUX COCTOSHUI BXOJHBIX CUTHAJIOB (BXOAOB) U
HepeyeHb BBIXOJIOB, JUIsl KOTOPBIX JOJIKHBI OBITh OIPEIEICHbI BBIXOIHbIE
curHaisl. [Toatomy nepen HauaaoM paOOThl HaJl HOBBIM IIPOEKTOM CJIETYET
co3aTh pabounii KaTajaor NPOeKTa, MPU 3TOM UMl KaTaJlora MOKHO BbIOMpPATh
MIPOM3BOJIBHO (T.€. UMS KaTalora MOXKET HE COBIMAIaTh C UMEHEM ¢aiiia mpoeKTa).

4.3 HauaJjio padoThI ¢ MaKeTOM
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Pucynok 4.1 Oxkno rpapuueckoro pegakropa «Graphic Editor»
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Jlna Havana, HCTIOb3ys CTaHAapTHBIE cpencTBa «BUHAOY3», cO30aaUM B
karanore \MAX2WORK pa6ounii katanor nog umeseM \MOD_IND. 3arem
CO3JaJIMM TMPOEKT CXEMbI POPMUPOBAHUS CUTHAJIA 3aMKCH B IOPT. bynem
co371aBath ero B rpaduyeckoM penakTope. Jiist 3Toro 3amyckaeM CUCTEMY
«MAX+plus II» u cozgaém HOBBII (aitnn (KpaltHU JEBBIM 3HAYOK MaHEIN
WHCTPYMEHTOB). B OTKpBIBIIEMCS TMATIOTOBOM OKHE «New» BBIOMpaeM MyHKT
«Graphic Editor file» u Haxxumaem kHonky «OK», mpu 5TOM aBTOMaTHYECKU
OTKPBIBAETCS] OKHO TPaduIecKOro peaakTopa.

OKHO pefaKTopa UMEET Psii JOTIOTHUTEIBHBIX MTYHKTOB OCHOBHOTO MEHIO U
NaHeNb MHCTPYMEHTOB PEAAKTOPA, PACTIOIOKEHHYIO BEPTUKAIBHO C JIEBOU
cTOpoHBI OKHA. CoxpaHUM HOBBIU (haiin mpoekTa (uepe3 MeHto «File > Save») non
umeneM WRITE PORT (pacmmpenue Oy1eT npuCBOEHO aBTOMAaTUYECKH) B
co3nanHoM katajore \MOD IND. Mwms daiina npoekra cieayer 00s13aTeabHO
pUBS3aTh K UMEHHU MTPOEKTA — ATO JIeJaeTcs Mpu BeIOOpe myHKTa «Set Project to
Current File» (B moamento «Project» mento «File» rimaBHoro meHto padboyero
OKHa).

Jlnst co3nanust rpadUyecKOro MpoeKTa MOKHO MCIOJIb30BaTh OMOINOTEKH
npumMuTHBOB (\MAXPLUS\MAX2LIB\PRIM), MakpodyHKIIHi1
(\MAXPLUS\MAX2LIB\MF) u napameTpu3npoOBaHHBIX MeTa(yHKITUI
(\MAXPLUS\MAX2LIB\MEGA LPM).

[TpuMHUTHBBI BKITIOYAIOT OOIBIION HA0OP OCHOBHBIX JIOTHYECKUX 3JIEMEHTOB,
TPUTTEPOB, 37eMeHTOB Bxojia u Beixoaa (INPUT, OUTPUT, BIDIR), a Takxke
BcrioMmorarenbuble 3eMenThl: GND (storuyeckuii Houb), VCC (Joruueckas
CIMHUIIA).

MakpoyHKIHH BKITIOYAIOT TJIABHBIM 00Pa30M 3KBUBAJICHTHI JIOTHYECKUX
MHUKpPOCXEM 74-1 cepumu.

62



4.4 PaGora B rpaduueckomM pegakrope

[Ipexxne yem nepeiTH HemoCPEeICTBEHHO K CO3/JaHHIO MPOEKTA CXEMBI
(bopMHpOBaHUS CUTHAJIA 3aIIUCH B IOPT, PACCMOTPUM HEKOTOPbIE OCOOEHHOCTH U
CBOIiCcTBa rpaduueckoro pegakropa cuctemsl «MAX+plus ID».
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Enter Symbaol

Symbol Hame: ]21 ML

begatsfizard Plug-In Manager.. ]

_Syml:u:ul Libraries:

C:hmarpluz? ~
c:vmasplus2iman2ibprim =
c:hawplus2hmas2libmf =

o

o hmaspluz2hmas2libmega_lpm

Directory iz chmaxpluz2

Symbol Files: Directaries:

[=r
[=r manpluz?

1B

(015

dcount
7400
7402
7404
7408
410 ! Diives

=r -]
Cancel

Pucynok 4.2 JlnanoroBoe 0KHO pa3MELEHUS JIEMEHTOB

JI71st pa3MenieHus 3JIEMEHTOB B OKHE PEAAKTOPa UCIIONIb3YETCs TUAIOTOBOE
okHO «Enter Symbol», koTopoe MOKHO OTKpPBITH Yepe3 MeHI0 «Symbol»
OCHOBHOT'O MeHI0 pefaktopa (myHKT «Enter Symbol»). Ognako ygo0Hee BbI3BIBaTh
ATO OKHO JBOMHBIM IIETYKOM JIEBOW KIJIABUIIW MBIIIH 110 CBOOOTHOMY
MIPOCTPAHCTBY OTKPHITOTO OKHA PEJIAKTOPA, MOCIE YeTO BHIOPAHHBIN 2JIEMEHT
OyzeT pa3MeniéH UMEHHO B 3TOM MecTe (TTO3UIIMOHUPOBAHUE dJIEMEHTA
MIPOU3BOUTCS 10 BEPXHEMY JIEBOMY YIUIy YCIIOBHOTO 0003HAUEHHUSI DJIEMEHTA).
BriOpaTh 11 ycTaHOBUTH HEOOXOAMMBIN AJIECMEHT MOKHO JABYMsI CTIOCOOAMMU:

Habpatp ums anemenTa (MpUMHUTHBA, METa- WM MaKpO(QYHKIIIH) B OKHE
«Symbol Name» auamoroBoro okaa «Enter Symbol» u Haxkath «OK».
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Bri6pats HeoOxoaumyto 6ubimoTeky B okHe «Symbol Librariesy
IuanoroBoro okHa «Enter Symbol» 1 1BOMHBIM IIETYKOM JIEBOW KJIABUIIN MBIIIH
OTKPBITh €€. 3aTeM aHAJIOTMYHBIM 00pa30M BeIOpaTh HEOOXOIUMBIM 3JIEMEHT B
okHe «Symbol Filey.

Y cTaHOBJIEHHBIN IEMEHT MOKHO IEPEMECTUTH B IPYrO€ MECTO OOBIUHBIM
npuémom «Drag&Dropy. [lepemerieHue 31eMEHTOB MOXKET MPOU3BOJIUTHCS 0€3
COXpaHEHUS UM C COXPAHEHUEM COEIMHEHUN, IPOBEAEHHBIX MEKY 2JIEMEHTAMH,
B 3aBHCUMOCTH OT cocTostHust On/Off kHOMOK «Rubberbanding Functionsy,
pPacnoJIOKEHHBIX B HUKHEHN YacTH MMaHeIu HHCTPYMEHTOB PEIaKTOpa.

BbIBOIbI CHMBOJIOB 3JIEMEHTOB MOYKHO COEUHUTH CUTHAIBHBIMU JTUHUSIMU
WJIM MIPUCBABAEMbBIMHU OJJMHAKOBBIMU UMEHAMH. {1151 MpOBEIEHUSI CUTHAIBHOU
JMHUY HEOOXOIUMO COBMECTUTH yKa3aTelb Kypcopa (KOHEL CTPENKH) C BBIBOJAOM
AIIEMEHTA, MPU 3TOM KypCOp aBTOMAaTUYECKHU MTPEBPAIIAECTCS B UHCTPYMEHT
PUCOBaHMS OPTOTOHAIBHBIX JUHUM (epekpectue). [locne aToro npoBoautcs
HeoOxoumasi JIMHUS (MpU HaXKaTol U yaepKUBaeMoM JIEBOM KHOIIKE MBIIIN). 3a
OJIMH ITPUEM MOKHO ITPOBECTH JIBa OPTOTOHAJIBHBIX OTpe3Ka. Eciu 3Toro
HEJ0CTaTOYHO, TO MPOLEAYPY MOXKHO ITIOBTOPAThH, HAYWHASI C KOHIIA POBEAEHHOM
JIMHUY WIH C BBIBOJA JPYTOr0O JIEMEHTA.

JlJ1g coelMHEHuUs 3JIEMEHTOB HEOOSI3aTEIbHO MPOBOIUTH CIUIOIIHBIE
COEIMHMTEJIBHBIE JINHUHA MEKy BbIBOJaMU. J[0CTaTOYHO BBIBOAAM, KOTOPBIE
JIOJKHBI OBITH COSMHEHBI MEXTy COOOH, MPUCBOUTH OAMHAKOBBIC UMEHA.
[TonmeHoOBaHHBIN BHIBOJ I€MEHTa Ha3biBaeTcs y3iaoM («Nodey). st mpucBoeHus
y3JIy UMEHH HEOOXOAMMO CHadaia MPOBECTH KOPOTKYIO CUTHAJIbHYIO TUHUIO. Tak
KaK 110 OKOHYaHUU PUCOBAHMS JINHUU OHA OCTAETCA BBICICHHOM (BbICIICHHbBIE
3JIEMEHTHI 0003HAYAIOTCSI KPACHBIM I[BETOM MJIM KPACHOM paMKO¥i), TO UMS y3J1a
MO>KHO BBOJIUTH cpa3y. Ecnu nuHUS He BblieTeHa (MMEET YEPHBIN LIBET), TO
HEOOXOJMMO BBLAECTUTH €€ LIEITYKOM JIEBOI KHOIKHU MBI B TOM MECTE, T
JOJKHO HAUMHATBHCS UMS y3I1a, 1 Ha0paTh Ha KJlaBuaType TpedyeMoe UMsl.

VY cTaHOBIIEHHBIE AJIEMEHTHI U TPYMIIbI JJIEMEHTOB (J1F00YIO BBIACIEHHYIO
00JacTh OKHA) MOXHO yJaJIsTh, IE€pEMEILaTh, IOBOPAUYNBAThH, KOMIMPOBATh U
Pa3MHOXaTh B IIPEAEIIax OKHA PEIaKTOPa, a TAKXKE IIEPEHOCUTH B APYTHE OKHA
yepes 0ydep oOMeHa. Bee aTu oneparyy MOXKHO BBINOIHSTH C UCIIOJB30BaHUEM
MyHKTOB MeHIO «Edit» (B OCHOBHOM MEHIO pelakTopa), MPeBAPUTEILHO BbIICIUB
TpebyeMyto 00J1acTh WU DJIEMEHT.

Brigenenune oTaenbHbIX 2IEMEHTOB, BKIIOYAs U COEMHUTEIbHBIEC IUHUH,
MPOU3BOAMTCS ILIETYKOM JIEBOW KHOIKHU MBIIIN HA U300pa’KEHUN CHUMBOJIA
aneMeHTa. BoieneHue o0aacT BO3MOXKHO ITPU HAXKATOM U yJIep>KMBAEMOM JIEBOU
KHOIIKE MBIIU. BeIienennas 00;1acth 0003Ha4aeTCsl paMKOW 4€pHOTO IBETA, a BCE
BBIJICJICHHBIE 3JIEMEHTHI — KPACHBIM L[BETOM.

JInst ynaneHus, KONUPOBAHUS, BBIPE3aHHUSI, IOBOPOTA U HEKOTOPBIX IPYTUX
ONEPALMN € IIEMEHTAMHU MOKHO MCIIOJIb30BaTh BBINAIAIOIIEE KOHTEKCTHOE MEHIO,
KOTOPOE BBI3bIBAETCS LIEITUYKOM IIPABOM KHOIKU MBIIIY 110 BEIOPAaHHOMY 3JIEMEHTY.
Jli1g mepeMelneHus BbIIEJICHHBIX 00JacTel B peesiax OKHA UCIIOJIb3YETCsl CIIoco0
«Drag&Drop», a 111 pa3MHOKEHUS BbIIEJICHHBIX 00JIaCTEH U 3JIEMEHTOB —
«Drag&Drop» npu HaxaToil u ynepxupaemoit kinasuiie CTRL.
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YacTp HHCTPYMEHTOB PEIAKTOPA, PACIIOIOKEHHBIX Ha BEPTUKAJILHOW ITAHENIH
C JIEBOM CTOPOHBI OKHa, PEHA3HAYEHA JUIsl CO3/IaHUM MOSCHAIOIIMX HAIIUCEH,
PUCYHKOB U TabJIUL, KOTOPBIE HE ABIISIOTCS YaCThIO POEKTA U HE
00pa0aThIBatOTCsl KOMIHIIITOPOM.

Coznanue cxeMsl MPOEKTa LeJaeco00pa3HO HAYMHATH C Pa3MELICHMs Y3JI0B
BXOJIOB U BBIXOJIOB ¥ IPUCBOCHHMSI 3TUM y3J1aM UMEH. B HameM cinyyae
HEO0XO0MMO pa3MeCTUTh BXO/bI afipecHbIX TuHUM A0Q...A15, BX0J cUrHaja 3anucu
/WR (HM3KHI aKTUBHBIN YPOBEHb) U OJIUH BBIXOJI CUTHAJIa 3aCH B MOPT
WR _PORT. Ucnonps3zyeM 1uist 370 1enu OMOAMOTEKY MIPUMUTUBOB, KOTOPAs
coaepxkut npuMuTuBbl INPUT (115 BxonoB) 1 OUTPUT (a1 BBIXOZOB).
Kaxnomy BBOAY AOIKHO OBITH NPUCBOEHO CBOE M. J[J1s 3TOro He00X0IMMO
JIBAX/IbI METKHYTH MBIIIBIO Ha T0JIE (BX0/1a/BBIX0/1a), B MTOSIBUBILIEMCS YEPHOM
psIMOYTOJIbHUKE HaOpaTh HOBoE UMs U HaxkaTh kinaBuiry ENTER. Ilepexon k
HaOOPYy UMEHU CIIEAYIOLIETO JIEMEHTA BBO/Ia MOKET OCYIIECTBISATHCS IO
Haxxaturo kiasu ENTER.

Jloruka pa3pabaTbIBa€MOI0 MPOEKTA TAKKE MOXKET ObITh PEATU30BaHa C
UCIOJIb30BaHUEM IIPUMUTHUBOB: ABYX 37eMeHTOB ORS (8-BX010BBIN JIEMEHT
«JIN»), oguoro anementa NOR3 (3-BxonoBsiii anement «JIM-HE») u ogHoro
unBeptopa NOT. B onrcaHHOM BbILIE MOPSIIKE pa3MeLIaeM TpeOyeMble 3IEMEHTHI
Y BBINOJIHSIEM HEOOXOIMMBbIE COEAMHEHUS.
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Pucynok 4.3 Co3nanue npoekra
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3aMeTHM, 4TO NPEAJIOKEHHBIA BAPUAHT PEATN3ALNHN JIOTUKNA YCTPOUCTBA — HE
€AUHCTBEHHBIN U HE CaMbIi JTy4IINi. 3aMHTEPECOBAHHBIN YATATEIIb MOKET
peann30BaTh ATOT MPOEKT € UcToib3oBaHueM si3bika AHDL (cambrit
MPEeANnOYTUTENbHBINA BapuaHT) i Meradpynkuuu LPM_OR.
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I'naBa 5
Texnuka 0e30naCHOCTH NPH pa3padoTKe
MEeYATHBIX IJIAT

Tak Kak B JaHHOM JIUIJIOMHOM IPOEKTE PacCMaTPHUBAETCS BOIPOC
pa3paboTKu yCTPOHUCTBA, CKOHCTPYHPOBAHHOTO Ha OCHOBE MEYATHBIX ILJIAT,
HEOOXOMMO OIICHUTh TEXHOJIOTHIO MPOM3BOICTBA MEYATHBIX IJIAT C TOYKU 3PEHUS
HKOJIOTUYHOCTH U O€30IIaCHOCTH JKU3HEAESATEIbHOCTH.

B nporecce npon3BocTBA eYaTHBIX AT (MIPU NalKe) TPOUCXOIUT
BbIICJIEHHE B aTMOC(epy TOKCHUYHBIX ra30B (OKCUJ yriepoaa, PTOpUCThIii
BOJIOPOJ) U a3p030Jiel (CBUHEL U €r0 COETUHEHUS ), KOTOPBIE TPOHUKAIOT B
OpraHM3M YeJIOBEKa IIIaBHBIM 00pa3oM uepe3 JIbIXaTeIbHbIe MYTH, a TAK)KE Yepe3
KOXY U C ITUIIEH.

[Ipu naiike ’neKkTponasabHUKOM MOITHOCTBIO 20-60 BT mponcxoaut
BbiziesieHue 0.02 - 0.04 mr Bpenubix BemiecTs 3a 100 maek.

BONBIIMHCTBO 3THX BELIECTB OTHOCUTCA K OITACHBIM U BPEIHBIM
IPOU3BOJCTBEHHBIM (PAKTOPaM, OCKOJIbKY OHU OKa3bIBalOT TOKCHUYECKOE
JIEMCTBHE HA OPTraHU3M UYE€JIOBEKa. DTH BEIIECTBA, XOPOIIO PACTBOPASICH B
OMOIOTHYECKUX Cpefiax, CIOCOOHBI BCTYNaTh C HUMHU BO B3aUMOJICHCTBUE,
BbI3bIBAsl HAPYILIEHHE HOPMAJIbHOW XKU3HEIEATENbHOCTH. B pe3ynbrare nux
JEHCTBHS Y UeTTOBEKa BO3HUKAET O0JIE3HEHHOE COCTOSTHUE - OTPABJICHHE,
OMacHOCTbh KOTOPOTO 3aBUCUT OT MPOAOJKUTEIBHOCTH BO3JIEHCTBHS,
KOHIIeHTpauu q (Mr/mM3) u Buaa Bemectsa. [lo xapakrepy Bo3aeicTBuUS Ha
OpraHu3M Y€JIOBEKa BPEHBIE BEIIECTBA MOAPA3IAEISIFOTCS Ha:

OOLIETOKCUYECKHUE - BHI3BIBAIOIIUE OTPABJIEHUE BCETO OPraHu3Ma (OKUCh
yriaepoaa, HUaHUCThIE COSAUHEHUS, CBUHEL, PTYTh, OCH30J1, MBIIIbSIK U €T0
COCIMHEHUS U JIp.);

pasapaxkarolue - BbI3BIBAIOLIUE Pa3IpaKEHUE AbIXATEIBHOTO TPAKTA U
CIIM3UCTBIX 000J0Y€EK (XJI0p, aMMHUaK, CEPHUCTBIH ra3, GTOpUCTBIA BOAOPOI,
OKHCJIBI a30Ta, O30H, alleTOH U JIp.);

CEHCHOMIHM3UPYIONINE - ACHCTBYIOIIHNE KaK ajljiepreHsl ((popmanbaerus,
pa3IuYHbIE PACTBOPUTEIH U JIAKM HA OCHOBE HUTPO - U HUTPO30COETUHEHUIN U
p.);

KAHIIEPOT€HHBIE - BBI3BIBAIOLME PAKOBBIE 3a001€BaHNs (HUKEIb U €r0
COEMHEHUSI, aMUHBI, OKUCJIBI XpOMa, acOeCT u Ap.);

MyTareHHbIE - PUBOSIINE K U3BMEHEHHUIO HACJIEICTBEHHOW HHpOpMauu
(cBHMHeE1, MapraHel], paJA0aKTUBHbIE BEILIECTBA U JIp.);

BJIMSIIOLINE HAa PENPOYKTUBHYIO (PYHKIUIO (PTYTh, CBUHEL, MAPTaHEll,
CTHPOJI, PAIMOAKTUBHBIE BELIECTBA U JP.).

Taxum oOpa3oMm, BbIIETSIOUIUECS NP NaiiKe a3p030JIM CBUHIA MOTYT Kak
IPUBECTHU K 00ILIEMY OTPaBJIECHUIO OPraHU3Ma, Tak U MOBJIUATH Ha
HACJIEICTBEHHYIO HH(OpMaLIMIO U PENPOAYKTUBHYIO (QYHKIIHUIO.
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[Ipenenvno nomycrumbie koHueHTpauuu (I1JIK) npumeceit. OcHOBHOI
bu3HUecKoi XapaKTepUCTUKON MpuMeceit arMocdephl SBISETCS KOHIIEHTpAIU -
Macca (Mr) BelllecTBa B eiMHuIle 00bema (M3) Bo3ayxa IpU HOPMAIbHBIX
ycnoBusix. Konuentpanus onpenenser Gpu3znieckoe, XUMUIECKOE U IPYTUe BUTIBI
BO3J/ICMICTBUI BEUIECTB HA YEJIOBEKA U OKPYKAIOUIYIO CPENY U CIIyKAaT OCHOBHBIM
napametpoM. [TJIK - 3T0 MakcumanbHasi KOHIIEHTpAIKs IpUMecH B atMocdepe,
OTHECEHHAsI K ONPEACICHHOMY BPEMEHU OCPEAHEHHUS, KOTOpas Mpu
MEePUOANYECKOM BO3ACHCTBUM WIIM Ha MPOTSXKEHUU BCEU JKU3HU YeI0BEKa HU
OKa3bIBAET HU HA HETO HU Ha OKPYKAIOIIYIO CPEly B LIEJIOM BPEHOTO JECUCTBUS
(BKJIFOYAsi OTAQJICHHBIE MOCIEACTBUS ). EC/IM BEIIECTBO OKa3bIBACT HA MPUPOTY
BpEJIHOE JCHCTBHUE B MEHBIIINX KOHIIEHTPAIMAX, YEM HA OpraHu3M YeloBeKa, TO
P HOPMUPOBAHUU UCXOASAT U3 MOPOTA IEUCTBHUS STOTO BEIIECTBA HA
OKPY>KaIOIyIO PUPOAY. Y CTAHABIMBAETCS KJIACC OMMACHOCTH BELIECTBA,
JOMyCTUMBbIE, MakcuMalibHas, pazoBas ([1/]IKmax) u cpegnecyrounas
koHuentpamus npumeceit (ITJKcc).

MakcumainbHas pazoas [IJIKmax - ocHOBHast XxapakTepUCTHKA OMTACHOCTH
BPEIHOTO BEIIECTBA. Y CTAHABJIMBACTCS JJIS IPEAYIIPEKACHUS peIeKTOPHBIX
peakiuii (OmIyeHre 3amnaxa, CBeTOBOM YyBCTBUTEILHOCTH U T.]1.) IPU
KpaTKOBPEMEHHOM Bo3elcTBuM npuMeceil. Cpeanecyrounas [11Kce
YCTaHOBJICHA JIJIS IPEYyIPEKICHUS 00IIETOKCUYHOTO, KaHIIEPOTEHHOTO,
MYTareHHOT'O BJIMSTHUS HA YEJIOBEKa.

[T1o I'OCT 12.1.005-76 ycTaHOBIEHBI IPEIEIBHO JOMYCTUMBbIE KOHIEHTPALIMHT
BPEIHBIX BEMIECTB (MK (MI/M3) B BO3IyXe paboueii 30HbI MPON3BOICTBEHHBIX
noMenieHnid. BpeaHbie BenecTna 1o CTeneHr BO3ACUCTBUS Ha OPraHr3M YEJIOBEKa
MOAPA3ACISIOTCS HA CIEAYIOIINE KIACChI: 1-1 - Upe3BBIYaHO OMACHBIE, 2-11 -
BBICOKOOIIACHBIE, 3-51 - YMEPEHHO ONACHBIE, 4-11 - MAJIOONIACHBIE.

Benuunna Kiacc ArperaTHoe
BemectBo
[TAK, mr/m3 OITACHOCTH | COCTOSIHUE
CuHeln 0,01 1 a’po30J1b

MeponpusaTus 1o 0310POBICHUIO BO3LYIIHONW CPEIbl

Tpebyemoe cocTosiHME BO3/lyXa paboueil 30Hbl MOKET ObITH 00ECIIEUEHO
BBITTOJTHEHNEM OIPEIAEIEHHBIX MEPOIIPUATUI, K OCHOBHBIM U3 KOTOPBIX OTHOCSITCS:

1. Mexanu3anus ¥ aBTOMaTH3alNsI IPOU3BOACTBEHHBIX MTPOLECCOB,
JUCTAaHIMOHHOE YIPABJICHUE UMHU. DTH MEPONPUATUS UMEIOT OOJIBILIOE 3HAYEHUE
JUTSL 3aIIMTHI OT BO3/IEHCTBHUS BPEIHBIX BEUIECTB, TEIJIOBOTO U3IYUCHH, 0OCOOEHHO
IIPU BBITIOJTHEHUH TSKENBIX paboT. ABTOMAaTH3aIMsI TIPOIECCOB,
COIIPOBOKIAFOIIMXCS BBIECIIEHUEM BPEIHBIX BEIIECTB, HE TOJBKO MOBBIIIAET
IPOU3BOAUTENIBHOCTD, HO U YJIyYlIaeT yCIOBUS TPYAA, OCKOJBKY pabouune
BBIBOJATCS U3 OITACHOU 30HBI.

2. [IpumeHeHne TEXHOIOTMYECKUX MPOIIECCOB U 000pY10BaHUS,
UCKJIIOYAIOIIUX 00pa30BaHKUE BPEAHbBIX BEILECTB WM MOMAJaHUE UX B pabouyto
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30Hy. [Ipy MpOEKTUPOBAHUH HOBBIX TEXHOJIOTMYECKUX MPOLECCOB U
000py10BaHus HEOOXOUMO JOOUBATHCS UCKIIOUEHHSI T PE3KOTO YMEHBIICHUS
BBIJICJICHHSI BPEIHBIX BEIECTB B BO3AYX IPOU3BOJICTBEHHBIX IIOMEILEHU. .

bonpiioe 3HaueHne U1l 0310POBJICHHS BO3AYLIHOM Cpeibl UMEET HAIeKHAs
repMeTu3anus, 00opy10BaHus, B KOTOPOM HaXOASTCs BpEAHbIE BEIIECTBA, B
YaCTHOCTH, HAIPEBaTEIbHBIX I€Yei, Ta30IPOBOJOB, HACOCOB, KOMIIPECCOPOB,
KOHBEWEPOB U T. 1. Uepes HEIJIOTHOCTH B COETMHEHMSX, & TAK)KE BCIIEACTBUE
ra3onpoOHUILIAEMOCTH MaTEPUAIOB MPOUCXOAUT UCTEUEHUE HAXOAIIMXCS 0T
JaBjeHueM ra3zoB. KonnuecTBO BHITEKAIOMIETO ra3a 3aBUCHUT OT €ro (PM3HYECKUX
CBOMCTB, TUIOLIAAN HEIUIOTHOCTEN U Pa3HHULIbI JABICHUI CHAPYKH U BHYTPHU
00opyIOBaHUA.

3. 3ammra OT ICTOYHUKOB TEIJIOBBIX U3ITyYEHHI. DTO BayKHO JJIsl CHUKEHUS
TEMIIepaTypbl BO3yXa B TOMEIIEHUH U TEILUIOBOTO 00JIy4YeHUs padOTaIOIIHX.

4. YcTpOoHCTBO BEHTUIISIIUU U OTOIJICHUS], YTO UMEET OO0JIBILIOE 3HAUCHUE IS
03JJ0POBJIEHUS BO3YIIHON CPEIbl B IPOU3BOJACTBEHHBIX TOMEIICHHUSIX.

5. IlpumeHeHune CpeicCTB MHAUBUIYATBHOU 3aIUTHI.

OpxHako 1ake IpU COBEPIIEHHON TEXHOJIOIMU U COBPEMEHHOM
000py/1I0BaHUU HE YAAETCs MOJHOCTHIO UCKIFOUUTD MONAlaHuE B BO3AYX
IIPOU3BOJICTBEHHOI'O IIOMEILIEHHSI BPEIHBIX BEIIECTB. B 3THX ciydasx s 3a1uThl
JIFOJIEN UCIIOJIb3YETCSI BEHTUIISILIMS.

CornacHo «Mex0oTpaciaeBbIM IPAaBUIIAM IO OXPaHe TPyJa MPU MIPOBEACHUN
paboT 1o Makke U JIyKEHUIO U3y, IPU MPOBEACHUH MOAOOHBIX padoT ¢
IPUMEHEHHEM OJIOBTHHO-CBUHIIOBBIX MPUIIOEM HEOOXOAUMO COOIII0IaTh
crenyromue TpeOoBaHus 0€30MaCHOCTH KU3HEACITEIbHOCTH:

IIpU MIPOBEICHUH pabOT MO MalKe W3IEINi ¢ MPUMEHEHUEM OJIOBSHHO -
CBUHIIOBBIX MPUTIOEB JIOJDKHBI BHITIOTHATHCS TPEOOBAHUS CAHUTAPHBIX MTPABHUII
OpraHU3alMH MPOLECCOB NaNKN MEJIKHUX U3JEIUM CIUIaBaMH, COAEPKAILUMU
CBHHEII.

cOOpKy, (hUKcalnIo, MOAKATUE COSAUHIEMBIX 3JIEMEHTOB, HAHECEHUE
npumnosi, Guroca U APyrux MaTepruaioB Ha cOOPOUHBIE JIeTald HE00X0IUMO
IPOBOAUTH C UCTIOJIB30BAHUEM CIIELIMATIBHBIX MPUCTIOCOOJICHUH WIN
MHCTPYMEHTOB, YKa3aHHBIX B TEXHOJOTHMYECKON JOKYMEHTALIMH.

aBTOMATBI JIJIS MAWKH CIIEAYeT KOHCTPYKTUBHO 000PYA0BATh BCTPOCHHBIMU
BBITSKHBIMHM BEHTHJISILITAIOHHBIMU YCTPONUCTBAMH.

IIPU Naiike Ha TOTOYHO - MEXaHU3UPOBAHHBIX U ABTOMAaTU3HPOBAHHBIX
JUHUSAX CIIEAYET NMPEayCMaTPUBATh MECTHBIE BBITSKHbIE BEHTHUIISILIMOHHbBIE
YCTPOWCTBA, BCTPOECHHBIE B KOHCTPYKLHUIO JINHUM.

naika U3AeJIMi B 3aMKHYTBIX TPOCTPAHCTBAX JAOJDKHA MPOBOAUTHCS HE MEHEE
4eM JIByMs paboTHUKaMH. [|Jis oCyIiecTBIeHNs KOHTPOJISI 0€301acHOTO
POBEJEHUS pabOT OJIMH U3 PAOOTHUKOB JJOJIKEH HaXOIUTHCS BHE 3aMKHYTOTO
o0bema. PaOOTHHK, HaXOAUIUICS B 3aMKHYTOM IIPOCTPAHCTBE, KPOME
CHEIOJECXK bl IOJKEH MPUMEHSTh: 3alUTHbIE KaCKHU (MIOJIM3TUIICHOBBIE,
TEKCTOJINTOBBIE WJIM BUHUIIJIACTOBBIE), AJIEKTPO3AIUTHBIE CPEACTBA
(IMAIEKTpUYECKUE MEPUYATKH, FaJIOIN, KOBPUKHU) U NTPEIOXPAHUTENBHBIN MOSIC C
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KaHATOM, KOHELl KOTOPOIO JOJKEH HAXOJUThCS Y HAOI0Aal0IIEro BHE 3aMKHYTOIO
o0bema.

naika u3JeJInii B 3aMKHYTBIX POCTPAHCTBAaX JI0J>KHA TPOBOJIUTHCS C
HEIPEPHIBHON pabOTOM MECTHON MPUTOYHOU U BBHITSXKHON BEHTUIISIUH,
VCKJIFOYAIOIIIEH HAKOIJIEHNE BPEIHBIX BEIIECTB B BO3AYXE BBIIIE MPEAEIBHO -
JOMYCTUMBIX KOHIEHTPALUUNA U MOIEP>KUBAIOIIEH COAEpKaHUE KUCIOPOIa 10
00bemy He meHee 19%.

MpU NaliKe UHTErPAIbHBIX MUKPOCXEM JOJIKHBI UCIIOIb30BaThCS ONTUYECKUE
puOOpPHI, MPEUMYIIIECTBEHHO OMHOKYJISIPHBIE CTEPEOCKOMTMYECKHE MUKPOCKOTIBI C
TEJIEBU3UOHHBIMU SKPAHAMHU.

YYaCTKHU TTAaKH OJIOBSIHHO - CBUHIIOBBIMU TIPUTIOSIMU JTOJKHBI OBITH
pa3MeIlEHbl B OTJEIbHBIX TOMEIICHUSX.

MPOU3BOJICTBEHHBIE TTOMEIIEHHUSI, B KOTOPBIX HAXOMSTCS yUYaCTKU MalKH,
JOJIKHBI OBITH 000PY10BaHbI TOCTOSIHHO JEHCTBYIOLIEH 00IIIE00MEHHON U
MECTHOM MPUTOYHO - BBITSHKHOW BEHTWISALIUEH C Pa3BOJKON MIPUTOKA B pab0UyIo
30HY.

Ha y4acTKax, I/Ie MPUMEHSIOTCS BEIIECTBA ITEPBOrO KIacca OMacCHOCTU
(OJIOBSIHHO - CBUHIIOBBIE MTPUTION, OEPUILITUIN U €T0 CIUIaBbI, (DIFOCHI U IpyTHE
COEIMHEHMSI ), CHCTEMbI MECTHBIX OTCOCOB JOJIKHBI BKIIOYATHCS O Hayaida padot
U BBIKJTIOUATHCS MOCIE UX OKOHUYaHUs. PaboTa BEHTUIISIIMOHHBIX YCTAaHOBOK
JO0JIKHA KOHTPOJIMPOBATHCS C MOMOIIBIO CBETOBOM M 3BYKOBOW CUTHAJIM3ALUH,
aBTOMATUYECKHU BKIIFOUAIONIEHCS PU OCTAHOBKE BEHTHJISLIUU.

pabouune MecTa pu NaiKe OJIOBSIHHO - CBUHIIOBBIMU MPHUIIOSMHU JTOJKHBI
OBITH 000PYIOBaHBl MECTHBIMH BBITSIKHBIMU YCTPOUCTBAMHU, 0OECIICUNBAIOITUMHU
CKOpOCTb JBHKEHMS BO3/1yXa HEIIOCPEACTBEHHO HA MeCTE Nalku He MeHee 0,6
M/CEK., HE3aBUCUMO OT KOHCTPYKITMH BO3yXONPUEMHHUKOB.

BenTuisanus kak CpeacTBO 3alMThl BO3AYIITHOW CPEbI MTPOU3BOJACTBEHHBIX
MMOMEIICHUN

3agaveit BEHTUIIALIMM SABJIIETCS 00eCTIeUeHUE YUCTOThI BO3AyXa U 3aJaHHBIX
METEOPOJOTHUYECKUX YCIOBUM B MPOU3BOJICTBEHHBIX MOMEIICHUSIX. BeHTHIsA UM
JIOCTUTAETCS YIAJIICHUEM 3arpsA3HEHHOTO WM HarpeToro BO31yXa U3 MOMEIICHUS U
MOJIA4Y€ B HETO CBEXKETO BO3AyXa.

[To crioco0y mepemernieHust BO3Ayxa BEHTHIISALUS ObIBa€T €CTECTBEHHOU U
MCKYCCTBEHHOU (ME€XaHMUeCKOi). BO3BMOXKHO Takke COueTaHUE €CTECTBEHHOMN 1
MCKYCCTBEHHOM BEHTWISILMU (CMENIaHHasl BEHTUJISLUSA ).

BenTtumnsius ObIBaeT MPUTOYHOM, BBITSHDKHON HITM IPUTOYHO-BBITSKHOW B
3aBHCHMOCTH OT TOTO, JUIsl 4ero CIIy)KHMT CHCTEMA BeHTHIIALMH, JUIS [OJa4H
(mpuTOKa) WM yAAJNEHUS BO3AyXa U3 MOMEIIEHUs UK (1) 1711 TOTO U IPYroro
OJIHOBPEMEHHO.

[To MecTy AelcTBUS BEHTHIISIMS ObIBA€T 00IIIEOOMEHHOM M MECTHOIA.
JleticTBue 00111€00MEHHOM BEHTUJISIIIMK OCHOBAHO Ha pa30aBieHUH
3arpsA3HEHHOr0, HArPETOT0, BJIAKHOTO BO3AyXa IMIOMEIIECHUS CBEKUM BO3LYyXOM 110
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MIPEAEITBHO JAOMYCTUMBIX HOPM. DTy CUCTEMY BEHTHJISIIMN HAauOOJIee 9acTo
MPUMEHSIOT B CITydasiX, KOT/Ia BpeIHbIE BEIIECTBA, TEIUIOTA, BlIara BhIACISIOTCS
PaBHOMEPHO 110 BceMy NomelneHuto. [Ipu Takoii BEHTHIIALMKA 00€CTICUNBACTCS
nojJiep>kaHue HeOOXOIMMBIX ITapaMeTPOB BO3AYIIHOM Cpe/ibl BO BCEM 00beME
MOMEIICHHUS.

Bo3ayxooOMeH B OMENIEHUH MOKHO 3HaYUTEIHHO COKPATUTh, €CIIU
yJIaBJIUBaTh BPEIHbIC BEIIECTBA B MeCTax MX BblaeneHHs. C 3TOU LETbI0
TEXHOJIOTHYECKOE 000pyI0BaHNE, SBIISIOMICECS UCTOYHIUKOM BBIICIICHUS BPETHBIX
BEIIECTB, CHA0XKAIOT CIEIUATBHBIMHA YCTPOUCTBAMH, OT KOTOPBHIX MMPOU3BOIUTCS
OTCOC 3arpsI3HEHHOTO BO3ayxa. Takas BEHTUJISAIINS HAa3bIBACTCS MECTHOM
BBITSKKOU.

MecTHas BEHTHIISAIHSI IO CPAaBHEHHUIO ¢ 00IIIe00MEHHO# TpedyeT
3HAYNTEITHLHO MEHBIIHMX 3aTPaT Ha YCTPONCTBO M IKCILTyaTaITHIO.

B npou3BoICTBEHHBIX MTOMEIIEHUAX, B KOTOPHIX BO3MOKHO BHE3AITHOE
MOCTYIJIEHUE B BO3/IyX paboueit 30HbI OOIBIINX KOJIMYECTB BPEIHBIX MAPOB U
ra3oB, HapsiIy ¢ paboueil MpeayCcMaTprUBaETCsl YCTPOMCTBO aBapUHHOMN
BEHTUWJISLIUU.

Ha nmpou3zBoacTBe 4acTo ycTpanBatoT KOMOMHUPOBAHHBIE CHUCTEMBbI
BeHTWISIUU (001IE0OMEHHYIO C MECTHOM, OOIIIEOOMEHHYIO C aBapUMHOM U T.11.).

st apdexkTruBHOM pabOTH CUCTEMBI BEHTHIIAIIMK BaXKHO, YTOOHKI €111e Ha
CTaJNH MIPOEKTUPOBAHUS OBLIN BBITIOJIHCHBI CJICTYIONTNE TEXHUUECKHUE
CaHUTApPHO-TUTHCHUYECKUE TPEOOBAHUS.

1. KommdecTBO MPUTOYHOTO BO3/AyXa JIOJDKHO COOTBETCTBOBATH KOJIMYECTBY
yAQIIeMOTo (BBITSKKH); PA3HHAIIA MKy HUMH JIOJDKHA OBITh MUHUMATBLHOM.

B psige cnmyyaeB HEOOXOAMMO TaK OPraHU30BATh BO3TyX000OMEH, YTOOBI OTHO
KOJIMYECTBO BO3yXa 00s3aTenbHO ObL10 GombIe apyroro. Hanpumep, mpu
MPOCKTUPOBAHUM BEHTHJIAIIMH JIBYX CMEXHBIX TTOMEILIEHU, B OJHOM U3 KOTOPBIX
BBIICJISIFOTCSI BpeAHbIe BellecTBa. KomudyecTBo yaanseMoro Bo3ayxa U3 3TOro
MOMEIICHHS I0JKHO OBITH 0OJIbIIIE KOJIMYECTBA MPUTOYHOTO BO3/1yXa, B
pe3yibTaTe Yero B MOMEIICHUH CO3/IaeTCsl HeOOJIbIIIOE pa3peKeHue.

Bo3MokHBI Takue cXeMbl BO3AyX000MEeHa, KOT/1a BO BCEM IMOMEIIEHUU
MOIJIEP>KUBAETCS U30BITOYHOE MO0 OTHOIIICHUIO K aTMOC(EPHOMY JIaBJICHHE.
Hamnpumep, B 11exax ayeKTpOBaKyyMHOT'O IIPOU3BOICTBA, JJII KOTOPOr0 OCOOEHHO
BaKHO OTCYTCTBHE TIBLIH.

2. [IpuTouHbIe U BHITSHKHBIC CHCTEMBI B TIOMEIIICHUH JTOJDKHBI OBIThH
MpaBUJILHO pa3MenieHbl. CBEXHA BO3IyX HEOOXOIUMO TI0/IaBaTh B T€ YAaCTH
MTOMEIICHHUS, TJI€ KOJIMYECTBO BPEAHBIX BEIIECTB MUHUMAJILHO, a YAAIATh, T/IC
BBIICIICHUSI MAKCUMAJTBHBI.

[TpuTOoK BO3MyXa JOJIKEH MPOU3BOIUTHCS, KaK MPABUIIO, B padOUyI0 30HY, a
BBITSDKKA W3 BEPXHEH 30HBI TOMEIICHHS.

3. CucTtema BEHTWISIIIMHU HE JI0JKHA BBI3BIBATH MEPEOXIIAKIACHUS WIIN
neperpesa paboTaroIIKX.

4. CucreMa BEHTUJISILIMU HE JOJIKHA CO3/1aBaTh IIIyM Ha pabo4ynX MecTax,
MPEBBIMIAIONINN MPEJETBHO JOMYCTUMbIE YPOBHHU.
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5. Cucrema BEHTHIISALIUY JOJKHA OBITH 3JIEKTPO-, TOKAPO- U
B3pbIBOOE30MacHA, TPOCTa M0 YCTPOMCTBY, Ha/IeXkKHa B 3KCILTyaTalluu U
s dexTuBHa.

EcTtecTBeHHass BEHTWIALMS

Bo3nyxoo0MeH npy eCTECTBEHHON BEHTHIISALIUN IPOUCXOAUT BCIEACTBHE
Pa3HOCTH TEMIIEpaTyp BO3yXa B IOMEILEHUU U HAPY’KHOT'O BO3yXa, a TAKXKE B
pe3yapTare JeUCTBUS BETPA.

EctecTBeHHass BEHTUIISIIINS MOXKET OBITh HEOPTaHHM30BAHHON U
OPTaHU30BAHHOM.

[Ipy HEOPraHM30BAHHOW BEHTWJISALIMM MOCTYILICHUE U YIAJIEHNUE BO3AyXa
MPOUCXOJIUT YEPE3 HEIUIOTHOCTH U MOPBI HAPYKHBIX OTPAKICHUN
(MHpUIBTpaLKS), YEPE3 OKHA, (POPTOUKH, CHEIIHATBHBIE TPOEMBI (a3panus).

OpFaHI/IBOBaHHaH CCTCCTBCHHA BCHTHILAINSA OCYILICCTBIIACTCA aapaulxleﬁ )51
I[C(bJICKTOpaMI/I, " IIoagacTCAa peryInpOBKCE.

Anspanus. OCcymecTBIsSeTCs B XOJOIHBIX 11€XaxX 3a CUeT BETPOBOIO JTaBJICHUSA,
a B TOPSYMX I1€XaxX 3a CUET COBMECTHOTO U Pa3/IeIbHOTO ICHCTBUS
I'PaBUTAIIMOHHOTO M BETPOBOTO JaBJieHUM. B ieTHee BpeMsi CBEKHUI BO3IyX
MOCTYTIaeT B MIOMEIICHUE Yepe3 HIDKHUE MTPOEMBI, PACIIOI0KEHHbBIE Ha HEOOIBIION
BBIcOTE OT moJa (1-1,5 m).

[TocTymnenne Hapy»KHOTO BO3TyXa B 3UMHEE BPEMS OCYIIECTBIISCTCS Yepe3
TIPOEMbI, PACIIOTIOKEHHBIE Ha BEICOTE 4-7 M OT 1oJ1a. BbicoTa mpHHUMAETCs ¢
TaKUM PacyeToM, 4TOOBI XOJIOIHBIN HAPYKHBIA BO3IYX, OITyCKasCh 0 pabouei
30HBI, YCIIEN IOCTATOYHO HATPETHCS 32 CUET MEPEMENIMBAHUS C TETUTBIM BO3TyXOM
noMenieHus. MeHsis MojiokKeHUue CTBOPOK, MOXKHO PETYIMPOBaTh BO3yX000MEH.

[Ipu 061yBaHUY 31aHUI BETPOM C HABETPEHHOM CTOPOHBI CO3aETCs
TOBBIIICHHOE JABICHIE BO3IyXa,  HA 3aBETPEHHON CTOPOHE Pa3pEekKEHHE.

[Tox Harmopom BO3yXa ¢ HABETPEHHON CTOPOHBI HAPYKHBIM BO3yX OyAeT
MOCTYyNaTh Yepe3 HIKHKUE MPOEMBbI U, PaCIIPOCTPAHSSACH B HUKHEN YacTH 3/1aHUS,
BBITECHSTH 00JIee HarpeThIil M 3arpsA3HEHHBIN BO3IYX Yepe3 MPoeMbl B (hoHApe
31aHus HapyXy. TakuM 00pa3oM, ACHCTBHE BETpa YCHIMBAET BO3AyX000OMEH,
MTPOUCXOISIIIIAN 32 CUET TPABUTAIIMOHHOTO JABJICHUS.

[TpenmytiecTBOM adpariu SABISETCS TO, YTO OOJIBIINE 0OBEMBI BO3TyXa
MOTAFOTCS M YAAISIOTCS 0€3 MPUMEHEHUS BEHTIISITOPOB M BO3TYXOBOIOB.
Cucrema adparuu 3HaYUTEIHHO JEMIEBIC MEXaHHUECKIX CHCTEM BEHTHIISIINM.

Henocrarku: B 1eTHee BpeMs 3PGEKTHBHOCTH adpallii CHUXKACTCS
BCJICJICTBHE TIOBBIIICHUS TEMITEPATypPhl HAPYKHOTO BO3AyXa; MOCTYIAIOIINNA B
MOMEIIEHHUE BO3yX He oOpabaThIBaeTCs (HE OUHMIIACTCS, HE OXJIAXKIaeTC ).

Bentunsiius ¢ momonisio aedaektopoB. [ledaekTopsl mpeacTaBisitoT coOoi
CrielMagbHbIe HACA/IKH, YCTAHABIIMBAEMbIC Ha BBITSKHBIX BO3TyXOBOAaX U
UCITOJIb3YIOIINE HEPTHUo BeTpa. JlediekTopbl NPUMEHSIOT AJI YAAJICHUS
3arpsiI3HEHHOTO WM MEPETPETOTr0 BO3AYyXa U3 IOMENIEHNUN CPABHUTEIBHO
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HEOOIBIIOTO 00BEMa, a TAKXKE JIJIsI MECTHOM BEHTUIISIIIUU, HATIPUMED, IS
BBITSDKKHU TOPSAYUX I'a30B OT KY3HEYHBIX TOPHOB, II€YEH U T.1I.

MexaHuueckas BCHTUJIAIIHA
B cucremax mexaHu4uecKou BCHTHJIIIHNH ABUKCHUC BO3AYXa OCYIICCTBILACTCA
BCHTHJIATOpPpAMHU U B HCKOTOPBIX CIIydasaX 2KCKTOPaAMMU.

CxeMbl MEXaHUYECKON BEHTHISIINH:

— MPUTOYHAS

— BBITSDKHAS

— MMPUTOYHO-BBITSKHAS

(1 — BeHTHIATOP , 2 — BO3AYXOBOJI, 3 — IPUTOYHAS Hacaaka (I1eJeBbIe
OTBepCTHs), 4 — MECTHBIN 0TCOC, 5 — BO3yXOHArpeBaTelb U YBIAXKHUTEb,

6 — BO3IYXONIPUEMHHUK, 7 — BBIITyCKHas TpyOa)

Bruitsoxnas BenTusiuys. [Ipu paboTe BBITSKHON CHCTEMBI YUCTHIN BO3TYX
MOCTYNAET B MOMEIICHUE YEPE3 HEIUIOTHOCTHU B OTPAKAAIOIIMX KOHCTPYKIUAX. B
pAlie clydaeB 3TO OOCTOSATEIIbCTBO SIBJSETCS CEPhE3HBIM HEIOCTATKOM JTaHHOM
CHCTEMbI BEHTWISILIMM, TAK KAK HEOPTraHU30BAHHBIN MTPUTOK XOJOJHOIO BO3IyXa
(CKBO3HSKH) MOKET BbI3BATh MPOCTY IHBIC 3a00JICBaHUSI.

[IpuTOYHO-BBITSKHAS BEHTWISIUS. B 3TOM cucTemMe BO31yX MOAAETCS B
MTOMEIIEHNE MPUTOYHON BEHTUJISALIUEN, & YAASETCS BBITSIKHOM BEHTUIISILIUEH,
paboTaroMMH OJTHOBPEMEHHO.

[IpUTOYHO-BBITSKHASI BEHTUJISILMS C PEHUPKYIISIUEN XapaKTEPHA TEM, UYTO
BO3/yX, OTCACBIBAEMbIN U3 MOMEIICHUS BBITS)KHOW CUCTEMOM, YACTUYHO ITOBTOPHO
MOJAIOT B 3TO MOMENIEHHUE YE€PE3 MPUTOUYHYIO CUCTEMY, COEIUHEHHYIO C BBITSKHOMN
CHUCTEMOM BO3yXOBOAOM. PerynmpoBka KOJIM4YECTBA CBEKETO, BTOPUYHOTO U
BBIOpachIBAEMOI0 BO3/IyXa MPOU3BOAUTCA KilanaHnaMu. B pe3ynbpraTe
HCTIOJIb30BAHUS TAKOM CUCTEMBI JJOCTUTAETCS SKOHOMUS PaCcXOAyEMOU TEIUIOThI Ha
HArpeB BO3/1yXa B XOJOJHOE BPEMS I'0Jla U HA €r0 OYUCTKY.

JII1s peuupKyIaun pa3peaeTcss UCII0JIb30BaTh BO3AYX OMEIICHUH, B
KOTOPBIX OTCYTCTBYIOT BBIJAECJICHUS BPEIHBIX BEIIECTB UJIN BBIACISIOMINECS
BEIIIECTBA OTHOCATCS K 4-My KJIaCCy ONACHOCTH, MTPUYEM KOHIICHTPALIMS ATUX
BEIIECTB B M10JJaBAEMOM B ITIOMEIIEHUE BO3/IyXe HE npeBbiaet 0,3 KOHIEHTpAIUU
ITJIK.

MecTHasa BeHTHISAUS

MecTtHasg BeHTHIALMS ObIBa€T MPUTOYHOM U BBITSKHOM.

MecTHast mpuTOYHAS BEHTHIIALNS CIYXKHUT JIJIs1 CO3/IaHuUs TPeOyeMbIX yCIOBUM
BO3YIIHOM CpPEelbl B OTPAHUYEHHOM 30HE MPOU3BOACTBEHHOrO noMemeHus. K
YCTaHOBKaM MECTHOU IMPUTOYHON BEHTUJISILIMU OTHOCATCS: BO3AYIIHbIE AyIIU U
0a3MCBI, BO3AYIIHBIC U BO3AYLIHO-TEIIJIOBBIE 3aBECHI.

Bo3znymiHoe nymmpoBanue NpUMEHSIOT B TOpSYMX LIeXax Ha pabodynx MecTax
0] BO3/ICHCTBUEM JIyYUCTOTO MMOTOKA TEIIOThl UHTEHCUBHOCTHIO 350 BT/M2 1
Oonee. BozaymHelii qymn npeacTasiser coOoi HalpaBIeHHbIN Ha padodero moTok
Bo3yxa. CKOpOCTh 061yBa COCTABISET 1 3,5 M/C B 3aBUCHMOCTH OT
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WHTEHCUBHOCTH 00ydeHUsI. D (HEKTUBHOCTD AYITUPYIOIMIUX arperaTos
MOBBIIIAETCS MPHU PACTIBIIICHUU BOJBI B CTPYE BO3/IyXa.

Bozayuiaeie 0a3ucel - 3T0 4acTh MPOU3BOICTBEHHOM TIJIOMIAIN, KOTOpast
OTJZIETISIETCS CO BCEX CTOPOH JIETKUMU NEPEIBIKHBIMU MTEPETOPOIKAMH U
3aMoJHAETCS BO3IYXOM 00Jiee XOJOAHBIM U YUCTHIM, YEM BO3AYX TTOMEIICHHUS.

Bozayuineie v BO31yIIHO-TEIJIOBBIE 3aBECHI YCTPAUBAIOT IS 3AIUTHI JIFOIEH
OT OXJIAXKJIEHUS TPOHUKAIOIIUM Yepe3 BOPOTA XOJIOIHBIM BO3yXOM,
MIPOHUKAIONUM Yepe3 BOPOTA. 3aBEChI OBIBAIOT ABYX THUITOB: BO3IYIITHBIC C
noiaueii Bo3myxa 0e3 mojgorpeBa U BO3AyITHO-TEIUIOBEIE C IIOJOTPEBOM
M0/1aBa€MOTO BO3/AyXa B Kanopudepax.

PaboTa 3aBec ocHOBaHa Ha TOM, YTO MOJAABAEMBII BO3yX K BOPOTAM BBIXOUT
4epe3 CenManbHbIi BO3AYXOBOJ € MIENBIO MO ONPEASIEHHBIM YTIIOM C OOJIBINOM
ckopocThio (10 10 15 M/c) HaBcTpeuy BXOAAIIEMY XOJIOIHOMY TTOTOKY H
cMmemuBaercsa ¢ HuM. [lomydyeHHast cMech OoJiee TEIIoro Bo3ayxa MmocTynaeT Ha
paboune Mecta wiH (IMpU HEAOCTATOYHOM HArpeBe) OTKIOHSETCS B CTOPOHY OT
Hux. [Ipu pabote 3aBec co3naercs TONOJHUTEILHOE COMTPOTUBIICHUE MTPOXOIY
XOJIOJTHOTO BO3/lyXa Yyepe3 BOPOTa.

MecTHas BbITsKHAs BeHTWIALMS. Ee mpuMeHeHne OCHOBaHO Ha yJIaBIMBAHUU
U yJIaJICHUU BPEIHBIX BEIIECTB HEMOCPEJICTBEHHO Y MCTOYHHMKA UX 00pa30BaHUsI.

YcTpoiicTBa MECTHOM BBITSKHOM BEHTUIISILIMM AEJIAK0T B BUAE YKPBITUM WU
MECTHBIX OTCOCOB.

VYKpBITHS C OTCOCOM XapaKTEPHBI TEM, YTO UCTOYHUK BPEIHBIX BBIICIICHUN
HaXOJUTCS BHYTpH HUX. OHU MOTYT OBITH BBITIOJTHEHBI KaK YKPBITHUS-KOXKYXH,
MOJTHOCTHIO MJTM YaCTUYHO 3aKIII0YAIOIe 000py10BaHue (BBITSDKHBIE MIKA]HI,
BUTPUHHBIC YKPBITHUS, KAOWHBI ¥ KaMephl). BHYTpH YKPBITHI cO3MaeTcs
paspexeHue, B pe3yJbTaTe 4Yero BPEIHbIC BEIIECTBA HE MOTYT IOTACTh B BO3IYX
nomernieHus. Takoi cnocod npeaoTBpalleHrs BbIJICICHHS BPEIHBIX BEIIECTB B
MOMEIICHUH HAa3bIBAETCS acriupaieil. ACMpalMOHHbIE CUCTEMBI OOBIYHO
OJIOKUPYIOT C MMYCKOBBIMH YCTPOMCTBAMHU TEXHOJIOTHYECKOTO 000PYIOBAHUS C TEM,
YTOOBI OTCOC BPEJIHBIX BEIIECTB MPOU3BOIUIICS HE TOJIHKO B MECTE UX BBIJICIICHUS,
HO U B MOMEHT 00pa30BaHUsI.

[TonHOE YKPBITHE MALITUH U MEXAHU3MOB, BBIICIIAIONINX BPEIHbIC BEIIECTBA,
HanOoJIee COBEPIICHHBIN U 2(PGEKTUBHBIN CTIOCOO MPEIOTBPAILIEHUS UX
MOTIATAHKS B BO3yX MTOMENICHHS. BaXHO ele Ha CTaJuu MPOSKTUPOBAHUS
pa3padaThIBaTh TEXHOJIOTHIECKOE 000PYIOBAHIE TAKUM 00pa30M, YTOOBI TaKHE
BCHTWJISIIHOHHBIC YCTPOUCTBA OPTAHUYECKH BXOIWIH ObI B OOITYIO KOHCTPYKIIHIO,
HE MeIIas TEXHOJIOTHIECKOMY MPOIIECCY U OHOBPEMEHHO TTOJIHOCTBIO periast
CAaHUTAPHO-TUTHCHUYECKHUE 3aJa9H.

3amuTHO-00ECTIEUTHBAIONTNE KOXKYXH YCTAHABIMBAIOTCS HA CTAHKH, HA
KOTOPBIX 00pab0TKa MaTepuaIoB COMTPOBOXKIAETCS MBLICBBICICHUEM U
OTJIETAHUEM KPYIHBIX YacTeil, KOTOpbIe MOTYT HAHECTH TPABMY. IDTO
nuQoBalibHbIE, 00 IUPOYHBIE, TOTUPOBATILHBIC, 3aTOYHBIE CTAHKU IO METAILTY,
nepeBooOpadaThIBAIOIINE CTAHKH U JIP.

BriTsxHbIE MIKadBI HAXOAAT IMHUPOKOE MPUMEHEHHUE MPU TEPMUUECKOM U
raJibBaHU4E€CKO 00pabOTKe METAIIJIOB, OKpACKe, pa3BecKe U pachacoBKE ChITyUUX
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MaTepUaJIOB, IIPU PA3IMYHBIX ONEPAIMIX, CBI3aHHBIX C BBIICIICHUEM BPEIHBIX
ra3oB M IapoB.

KaOuHbI 1 KaMepsl MPEACTaBASAIOT COO0M EMKOCTH OMPEIeTICHHOTO 00bheMa,
BHYTPH KOTOPBIX IPOU3BOMASITCS pabOThI, CBSI3aHHBIE C BBIJICICHUEM BPEIHbIX
BelecTB (MECKOCTpyHHas U JpodeMeTHas 00paboTKa, OKpacOYHbIE paOOTHI U T.11.).

BrITsKHBIE 30HTHI (CHIEIMaIbHBIE YCTPONUCTBA B BUJIE KOJITIAKOB) MPUMEHSIOT
JUIS1 TOKAJU3aluU BPEAHBIX BEUIECTB, MOAHUMAIOIIUXCS BBEPX, & UMEHHO MPH
TEIIO- U BIAroBBIJICIICHUSIX.

BcaceiBaroniue nanenu NpuMEHSIOT B TEX CIydasiX, KOT/1a MPUMEHEHUE
BBITSDKHBIX 30HTOB HEJIOMYCTHUMO IO YCJIOBUIO MOMAIaHKs BPEHBIX BEIIECTB B
OpTraHbl IbIXaHus padoTaromuXx. DPGEKTUBHBIM MECTHBIM OTCOCOM SIBIISICTCS
nanesib YepHoOepe:KCKOro, MpUMEHsieMasi PY TaKuX OTMepalusiX, Kak ra3oBas
CBapKa, mankKa H T.II.

[Ip11era30npueMHUKN, BOPOHKH MPUMEHSIOTCS MIPU MTPOBEACHUS MAKH U
CBapOUHbIX pa0doT. OHU pacnoiaratoTcs B HEMOCPEACTBEHHOM OJIM30CTH OT MecTa
MalKy WU CBAPKHU.

boproBeie oTcocsl. [Ipu TpaBieHHH METANIOB U HAHECEHUH
raJibBaHOIIOKPBITUI C OTKPBITON MOBEPXHOCTH BAaHH BBIJICISIOTCS APl KUCIIOT,
1es104eii, Y IMHKOBAHNH, MEIHEHHH, CEPEOPEHHH UpE3BBIYANHO BPEIHbIIT
IIMAHNCTBINA BOZOPOI, IPH XPOMUPOBAHMH OKHCh XpoMa M T.J1. JIs JTOKaIM3aIiu
STHMX BPEIHBIX BEHIECTB MCIOJIB3YIOT OOPTOBBIE OTCOCHI, IIPEACTABIAIOMINE COOOH
HIEJIEBUAHBIE BO3AYyX0BOAbI HMpUHOM 40 100 MM, ycTaHaBIMBaEMBIE 1O
nepudepun BaHH.

[TpuHIIMTT TEWCTBUS OOPTOBOTO OTCOCA COCTOUT B TOM, UTO 3aTATHUBAEMBIN B
1IeIb BO3/IyX, IBUTASICh HAJl TOBEPXHOCTHIO KUIKOCTH, YBJIEKAET C CO00M
BpE/IHbIE BEILIECTBA, HE JaBasi UM PacIpOCTPAHUTHCS BBEPX IO MOMEILICHHUIO.

Jns ynaBinuBaHUS M yJaJ€HUS] BPEAHBIX BBIICIECHUN HEMOCPEICTBEHHO C
MECT uX 00pa3oBaHus (IIpH MaKe NEYaTHBIX IJIAT) AOHKHA YCTPauBaThC MECTHAS
BBITSDKHAS] BEHTWIALIMSA. Y JaJ€HUE 3arps3HEHHOI0 BO3/yXa C €€ MOMOILBIO
OCYIIECTBIISIETCS BBITSIKHBIMU 30HTAMH, YCTAHOBJIEHHBIMU HETIOCPEACTBEHHO HAJl
MOBEPXHOCTHIO pab0YEro CTOJIA, UM BRITSHKHBIX MIKA(GOB, COSTUHEHHBIX C
TpyOOIIPOBOIOM BBITSHKHOM BEHTUJISILIUU.

J71st pacueTa Macchl BPEIHBIX BEIIECTB, 00pa3yIOIMUXCA P Maike
HEO0OXOMMO 3HATh KOJIMYECTBO MIPHITIOS, PACXOAYEMOTO Ha OTIEPAIINH TTANKH.
[Taiixa ocymectBuserca npunoem [10C-50.

OTHOCHUTEIBHOE KOJUYECTBO CBUHIIA B JaHHOM Mpurnoe (p) - 0,5

OTHOCHUTEJIbHOE KOJIMYECTBO CBUHIIA, UCMIAPSIONIErOCcs B BO3AYX paboyeil
30HBI ITpU 0AHOM maiike (1) — 0,0095

pacxon npunos Ha 1 maiiky (R) - 0,1 r

npuMeM KoiandecTBo naek B yac (N) paBabiM 60.

KosnruecTBo BbIIENSAEMOTO PU MaiiKe CBUHIIA PACCUUTHIBAEM IO CJIETYIOMIEH
dbopmyse:

Kc=p*r*R*N

Kc=0,5*0,0095*0,1*60 = 0,0285 r
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Pabodee MecTO MOHTa)KHUKA OPTAaHU30BAaHO B BUJIE MOHTXKHOTO CTOJIA.
Hcxonas u3 3Toro HaxoauM 00beM paboueld 30HbI, a8 UMEHHO MUpUHA - 1,5 M;
riyouHa - 1 M; BBICOTA, OMPEIEIISIONIAsCS BRICOTOM MOTOIKA 11eXa - 4 M.

[Tonyyaem o0beM V=1*1,5* 4=6m2.

[IpoBepuM (pakTHUECKYHO KOHIICHTPAIIMIO BPEAHBIX BEIIECTB B paboyeil 30He:

Kce=0,0285/6=4,75 mr/m3

ITK cBunia corinacao I'OCT 12.1.007-88 cocrasnser 0,01 Mr/m, mosTomy
HEO0OXOMMO TIPEAYCMOTPETHh MEPHI TI0O BEHTHJIAIINHA BO3IyXa.

BozaymiHelii 30HT IpeACTaBiseT cO00M METaNIMYECKUI KOJMAK,
PAaCIIOJIOKEHHBIN HAJl ICTOYHUKOM BPEIHBIX BblJIeJICHUN. CeueHne BCAChIBAIOIIETO
OTBEPCTHSI KOJIITAKA TOHDKHO UMETh (DOPMY, TECOMETPUUYECKH MTOA00HYTO
TOPU30HTATIBLHON MPOCKIIUU 3€pKaJia BPEIHBIX BBIACICHUM.

BT AaxHoi
ZOHT | e
e | |
r- ' |
! B oan
h : 1 g
: . ! epKano
¥ - I " Bbigenenus
X ; EREAHOCT ed

Pucynok 5.1 3011

Pazmep B kaxxmoii U3 CTOPOH BCACBIBAIOIIETO CEYCHUS KOJIMAKa OMPEASSIETCS
o opmyiie:

BJJLII=bAJL.II+2* 0,4* h, Tne

bJIJLII - pazmep cTOpoHBI (WK TUaMETp) 3epKaja BeIICICHUS BPEIHOCTEH,
M)

h - paccTostHEE OT TOBEPXHOCTH UCTOYHUKA BBIICTICHUS O IPUEMHOTO
OTBEPCTHSI KOJIIAKA, M.

Uem mensbie 3nayenue h, tem addextuBaee padbora 30HTa. MUHUMATBHOE
3HaueHue h onpezaensercs yro6cTBOM pabOThI MPU KOHKPETHOM TEXHOJIOTUYECKOM
npotecce. st paBHOMEPHOCTH BCAChIBAaHUS YTOJI PACKPBITHS KOJIIaKa Ha10
MpUHUMAThL HEe MeHee 60 TpaaycoB.

Pacuer reoMeTpuiecKux IJIUH BBITSHKHOTO 30HTA.

[IpoBenem pacyeT CTOPOH KoJilaka 30HTa. 3€PKajo BbIJCICHHS BPEIHOCTEH
IIPY BBIMTOJTHEHUS MOHTXXHBIX 1 COOPOYHBIX PabOT B HAIIIEM CITy9ae UMEET
PSIMOYTOJIEHYIO (DOPMY U HE TIPEBHIIIACT CASAYIOMNX PAa3MEPOB:

76



nauaa bJIJI - 1o 0,5M,
mupuHa bl - 10 0,3 M u BeicoTa - 10 0,2 M.
PaccTositnue h oT moBEepXHOCTH UCTOYHUKA BBIJCICHUS 10 IPUEMHOTO
OTBEPCTHUS KOJIIaKa onpeaenseTcs yao0cTBom padboTsl u paBHo 1,5 M. Otcrona

IMoJIiydacM, 4TO AJIMHA U IIUPHUHA KOJIIIaKa 30HTa:

BJUJI=bAJI +2* 0,4* b=0,5+2* 0,4* 1,5=1,7 m
BlI= bl +2* 0,4* b=0,3+2* 0,4* 1,5=1,5m
Jlns pacueta L3 (komuyecTBa Bo3ayXa, yAaIsIEMOro B TEUEHHUE Yaca 4epe3
30HT) HEOOXOIMMO omnpenenuTh F (mromnaae oTkpeiToro mpoema 3o0uTa): F = BIJI
* BT =1,7* 1,5=2,55m2.
KonmdecTBo BO3ayxa, yAaIsieMoro B TEUCHHUE Yaca Yepe3 30HT, M3/4,
onpeaesieTcs o hopmyiie:

L =3600*F *V

, TIe

F - miomans oTKpeITOTO MMpOeMa, M2;
V - cpenHsis CKOPOCTh BCAChIBaHMS BO3/IyXa Yepe3 30HT, M/C
ITpoBenem pacuet L3, pe3yapTarhl 3auilieM B TaOIuUILy.

CKOpoCTh BO3yXa
V, M/c

0,1

0,2

0,3

0,4

0,5

0,6

0,7

O0beM ynansieMoro
Bo3nyxa L3, M3/4

918.,8

1837,6

2756,4

3675,2

4594

5512,8

6431,6

[TpoBenem pacueT oObemMa BO3IyXa, KOTOPHIH HEOOXOIUMO yIaTuTh U3

paboueil 30HbI 32 €IMHUILY BPEMEHHU:

L = Kc/(Kmuk-Km)

K¢ — xonugecTBo MapoB CBMHIA, BBIACIIIOIUXCS B CAMHUILY BPCMCHU ITPH

naiike, r/4ac,

Knak — npenenbHO momyctuMas KoHieHTpanus napos cBunmna (0,01 mr/m3)
Kn — koHIIeHTpausi BpeAHBIX MPUMECEH B BO3yX€E, MOCTYNAIOIINX B
MIPOM3BOJICTBEHHOE TTIOMEIIeHHE (B TaHHOM pacuere nmpumeM, uto K = 0)

Takum 006pazom, Mogyyaem:

L =0,0285/(0,01*10-3) =2850 m3
Takum 00pa3om, cpaBHUBas NOJTy4eHHbIe 3HaYeHus1 L3 u L, MOXHO cienaTh

BBIBOJI, YTO B3ATHIN BBITSHKHOU 30HT CITOCOOCH yIAJIUTh BPEHBIC BEIIECCTBA,

BBIACIIIIOIMIUECA B IIPOLECCC IMMPOMU3BOACTBA IICYATHBIX I1JIAT. OI[HaKO JJIA 9TOIO
H€O6XOI[I/IMO 00€eCIIeYnTh CPCAHIOI0 CKOPOCTDh BCACbIBAHUA BO3yXa Y€PEC3 30HT HE

menee 0,4 m/c.
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I'taBa 6
TeXHUK0-29KOHOMHUYECKOEe 000CHOBAHHUE

B nocnenHue roapl B MUpE NOJYYUIIM OTPOMHOE PaCIpOCTpaHEHUE
Jloxanbubie Beruncnurensusie Cetu (JIBC). Celiuac 00BIIMHCTBO OpraHU3alui
aKTUBHO HCIIONB3YIOT B CBOEH paboTe y100CTBO, KOTOPOE MPUHOCHT
ucnonp3oBanue JIBC. [TosTomy cymecTByeT HEOOXOAMMOCTD OIEHKH Ka4ecTBa
00CTyKMBaHUSI 1 MOHUTOPUHT pab0OTOCIIOCOOHOCTH JIOKAJIBHBIX CETEN
I10JIb30BAaTEIIEH.

B nanHOM qUIUIOMHOM MpoeKTe OyayT pa3paOOTaHbl IBE BHIYMCIUTENbHbIE
cuctemsl (BC) pelatoniye 3a1auy OlleHKH KauecTBa 00CITy>KUBaHUS U
paborocniocoonocT JIBC ” - oqHa non Ha3BanueM “MukponporeccopHast
cucrema’” - MIIC, a Bropas — “KoHTposiep Ha 0JTHOM KpucTaiuie”.

[IpoexkTrpoBaHue NEPBOM BBIYUCIUTENBHOM cucTtemsl - MIIC
OCYIIECTBIISICTCS TPAAUIIMOHHBIMH METO/IaMU — Ha OJTHOM 00bETUHSIONIEH TI1aTe
OCYLIECTBIsIETCA MOHTaX BbIOpaHHbIX BUC.

Bropas BeluMcIuTEIbHAS CUCTEMA PEILAET TE K€ 3a7a4d YTO U MepBas, HO
MPOEKTUPYETCS APYTUMU alllapaTHO-IIPOrPAMMHBIMH CPEICTBAMH, UCIIONb3YsI
texHonoruto [ IJINC — nporpaMmmupyemsble JIOTUYECKAE HHTETPAIIBHBIE CXEMBI.

DTa TEXHOJIOTHUSA TO3BOJIAET PEIIUTH 337a4y METOAOM “KOHPUTYpHpPyEeMbIe
cUCTeMbI Ha KpucTaiuie”. Mes BecbMa IpocTa — NpOrpaMMHBIM ITyTEM
OCYIIECTBIISIETCS PEKOH(UTYpaI|s annapaTHOrO COCTaBa BHIOPAHHOTO KpUCTalIa,
nporpamma npoimbaercs Bo Flash mamsth, pa3Meri€éHHyI0 Ha TOM )K€ KpUCTaJe,
YTO MTO3BOJISIET U3MEHATh paHee MPOLINTYIO Iporpammy. HoBbII iporpaMMHbINA
IPOAYKT MOXKET OBITh IIEpeaH B KpucTasul yepes pazbéM JTAG HenocpeacTBEHHO
B KpUCTaJlJ1. TakuM criocoOOM MOTYT OBITh CO3/JaHbl Ha KPUCTAJUIE CTaHIapTHHIE
uaTepdericel tuma RS232, 120 (Input — Input- Output), a Takke XOpoIIo
W3BECTHBIE NTapaJuIeNIbHBIE U OcenoBarenbHbie opTel BB55 1 BBS51. [l
yI00CTBa MOJIb30BAHUS CYIIECTBYIOT CIICIHAIbHBIE OMOIHOTEKN Mera-(PyHKITUi
WIM IAPaMETPUBHPYEMBIX JIOTHUYECKUX MOJYJIel. B KOHEUHOM cueTe, MoTyqyaroTcs
HEKHE MPOrpaMMbl. MIX TpaHCIISILMSA OCYIIECTBISETCS B CIIEHUATU3UPOBAHHBIX
OTIIAJI0YHBIX CPEICTBAX, TAKUX KaK, Harpumep, nakeT MAX+plus Il pupmer
ALTERA.

TeXHUKO-3KOHOMUYECKOE 000CHOBAHHME JAHHOTO JUIIOMHOTO MTPOEKTA
COCTOUT U3 TPEX YaCTEW:

B nepBoli pacCUMTBIBAIOTCS TEXHUKO-3KOHOMUYECKHE ITOKA3ATENN
IIPOEKTUPYEMON MUKPOIPOLIECCOPHON CUCTEMBI, 4 BO BTOPOW KOHTPOJIJIEPA HA
oHOM kpuctasuie. OHM BKJIIOYAET B CEOs:

- OIIpPENICJICHNE EMHOBPEMEHHBIX 3aTparT;

- pacyeT ce0eCTOMMOCTH M3TOTOBJIEHHS U ONITOBOM LIEHBI;

- pacyeT nokasareseil HaJIe)KHOCTH.

B TpeTpell yacTh OCyIIEeCTBIISIETCS] CPABHEHUE M OLIEHKA S3KOHOMUYECKOM
3¢ (HEeKTUBHOCTH pa3pabOTaHHBIX BBIYUCIUTENbHBIX cucTteM - MIIC n
“KoHTpoJsuiep Ha OJTHOM KpHUCTaILIE .
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6.1 Pacuer TeXHHUKO-39KOHOMHYCCKHUX MoOKAa3arTeJen
NMPOEKTHPYEMOl MUKPONIPOLIECCOPHOM CHCTEMBI.

6.1.1 OnpenesieHne eTMHOBPEMEHHBIX 3aTPAT.

EIII/IHOBpCMCHHBIG 3aTpaThbl CBA3dHBI C IIPOCKTUPOBAHUCM. YCTPOI\(JICTBO
pa3pa6aTBIBaeTc51 HHXXCHCPOM-IIPOIPaMMUCTOM.

Tabmmma 6.1. Coxepxanue paboOT ¥ MX MPOTOTKUTEITHHOCTb.

Howmep | Conepxxanue srana Bpewms,
JTamna qac
1 | U3yuenue nurepaTypbl 40
) [ToaroTOBKa MaTepUaIOB U CIIPABOYHBIX JTAHHBIX JIJIS
pa3paboTKu 45
3 CocraBiieHre TEXHUYESCKOTrO 3aIaHus 60
4 | Pa3zpaboTka anroputma pabOThI yCTPOHCTBA 70
5 Pa3zpaboTka CTpYKTYpBI MPOTPAMMHBIX H aIllITapaTHBIX
CpPEICTB 90
6 | PazpaboTka anmapaTHbIX CPEACTB 280
7 Pa3paboTka MCXOAHOTO TEKCTA MPOrPaMMBbI, TPAHCIISIIIUS U
OTJIaJKa 110
2 CoBmecTHast OTNIaJKa anmnapaTypbl 1 TPOrPaMMHOTO
obecrieueHus 540
Hroro: 1235

EIII/IHOBPCMCHHBIC 3aTpaThbl UK 3aTPAThl Ha IIPOCKTUPOBAHUC!

E3=30CH.+ 3C.C. + 3H + 3JIMLL.IIO.

rac:

30CH. - ocHOBHas 3apaboTHas TIaThl PAOOTHUKOB;

3C.C. - oTYuCIICHHI HA COLMATbHBIC HYXK/IbI;

3JIULLITO. - 3atpaT Ha NPUOOPETEHHE JTUIIEH3UOHHOTO MPOTPAMMHOTO
o0ccCIIeUeHuS,

3H - HaKJTaJHBIX pacXo0B.

OcHoBHas 3apa60THa>1 I1aTa BBIYUCIEICTCA KaK IIPOU3BCIACHUC YacoBOM

CTaBKH Ha BpeMsl pabOThI IO TEME:
30CH.= 31 * TPAL.

rae:
31-

qgacoBasd CTaBKa.

TPAB.— BpeMs paboThI MO TEME.
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OTuncieHus Ha COIMaIbHBIE HYKbI ncUucisitoTes Kak 40,5% ot ponga
3apabOTHOM MJIaThl M BBIYUCIIAIOTCS 110 popMyJIe:

3C.C.=30CH.*0,405

BennunHa HaKJIaIHBIX PacX0J0B, UCUUCISIEMBIX TPOMOPIUOHAIILHO
OCHOBHOI1 3apab0THOI my1aTe pabOTHUKOB, paBHA:

3H=30CH*0,6

3arpaTsl Ha NPUOOPETEHHE JIMLIEH3MOHHOTO MPOrpaMMHOI0 00eCIIeYeH sl, B
naHHoM cirydae nokynku nporpammbel CAITP P-CAD 2002, cocTaBsT (1aHHBIC
HaWJIEHBI B TOMCKOBOMU cructeMe http://www.yandex.ru/ B Uarepuere Ha 10.03.04.):

3JIULL.ITO.= 299850 pyo.
Oo6mee BpeMst pabOTHI TIO TEME WHXKEHEpa-IporpaMMucTa paBHo 1235 gaca.
[Tpu yacoBoii ctaBke 50 py6./gyac. OCHOBHAs 3apabOTHAs TIaTa COCTABHUT:

30CH.= 1235 * 50 = 61750 py6.
OT‘-II/ICJ'ICHI/ISI Ha COIUAJIBHBIC HY Kbl PABHBI:

3C.C.=61750 * 0,405 = 25008,75 py0.
Haknanneie pacxonbl OyayT paBHBI:

3H=61750 * 0,6 = 37050 pyO.
B utore ennHOBpeMEHHBIE 3aTPATHI COCTABST:

E3=61750 +25008,75 + 37050 + 299850=423658,75 py0.
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6.1.2 Pacuer ce0eCTOUMOCTH U3rOTOBJICHUA U ONITOBOM I[€HLI.

B ocHOBe 11€HBI HOBOI TEXHUKH JIEKUT ITOJIHASA CEOECTOUMOCTD €€
M3TOTOBJIEHUS], KOTOPAsl CKJIABIBAETCA U3 CICIYIOIIUX SJIEMEHTOB 3aTPaT:

- IpsSIMBIE 3aTpaThl (MOKYITHBIC U3ACNUS U TTOTy(HaOpuKaThl, OCHOBHEIE U
BCIIOMOTaTebHbIE MaTepUaJIbl; OCHOBHAS 3apabO0THas TJIaTa MPOU3BOICTBEHHBIX
pabouux);

- KOCBEHHBIE pacxo/bl (HaKIaHbIC U BHEITPOU3BOICTBEHHBIE PACXO/IbI)

[Tonnas cebectonMocTh u3rotopieHus uzaenus C ucuucinsercs mo ¢popmyrie:

C=[M + IIA1 + 3IT * (1+aH)] * (1+B) , rae

M - cTOMMOCTB OCHOBHBIX M BCIIOMOTATENbHBIX MaTCpUaJIoB,
i

317 - OCHOBHas 3apa60THa51 ImiaTa Impou3BOACTBCHHBIX pa60‘II/IX;

aH - KOB(i)(i)HHI/IGHT, y‘-IHTI)IBaI-OIHI/Iﬁ BCJIMYNHY HAKJIAJAHBIX PACXOd0B,

B - K03 PUIMEHT, yUNTHIBAIONINI BETUINHY BHEPON3BOACTBEHHBIX
pacxomoB.

1 - CTOUMOCTH TMIOKYITHBIX U3AENIUi U Moy (hadpuKaToB;

Jlna onpenenenus ontoBoil nensl u3aenus 1O k cedbecroumoctu uzaenus
npubaBiseTcs miaHoBast peHtabenbHOCTh P B pazmepe 30%:

P

L,=C*1+ ﬁ)

Ha cranuu TeXHUUECKOTO MPOEKTUPOBAHUS U TOATOTOBKH TPOU3BOJICTBA
HOBOT'0 000pPYZOBaHUS €ro ce0ECTOMMOCTh MOXKHO ONPENEIUTh, 3Has TUIIOBYIO
CTPYKTYPY Y BEJIIMUUHY PACXOJOB MO OJHOMY U3 3JIEMEHTOB MPSIMBIX
MPOU3BOJICTBEHHBIX 3aTparT.

PykoBOICTBYSICH CTPYKTYPHOU CXEMOM yCTPOMCTBA, COCTABIISIETCS
crienuduKaIys MOKyMHbIX KOMIUIEKTYomuUX u3aenuit (Tabnuma 2). [Ipu stom
PaCCUUTHIBAIOTCS TPAHCTIOPTHO-3aTOTOBUTEIBHBIE pacXo/ibl B pazmepe 10%
CTOMMOCTH MOKYITHBIX U3/ICIIUH.

[{eHbI Ha MOKYITHBIE U3IEHS B3SITHl HA OCHOBAHUH COTIOCTABJICHUS OJIM3KUX
aHAJIOTOB OTEYECTBEHHBIX U 3apyOEKHBIX KOMIUIEKTYIomMX nu3aenuit Ha 01.03.04.
HaWJICHHBIX B ITOMCKOBOM cucteMe http://www.yandex.ru/ B UHTEepHETE.
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Tabnuma 6.2. Pacyetr cTOMMOCTH MOKYITHBIX U3AEIUi U MOy (hadpuKaToB.

Croumocth |CTOMMOCTH
No HanMmenoBaHue Kon-Bo |eauHmnnpl, |oOmias,
pyo. pyo.
1 KP58011P8&3 2 5 10
2 KP580BAS&7 2 6 12
3 K1810BI'88 2 5,5 11
4 K1810Bb&9 1 5,5 5,5
5 K1810I'd84 1 15 15
6 K1810BM86 1 20 20
7 K1810BH59A 1 45 45
8 KP541PVY2 1 25 25
9 KP580BI53 1 50 50
10 K155J1A2 1 1,55 1,55
11 Kgsapn 5 MI'it 1 10 10
Hroro: - - 205
TpancnoptHo-
3arOTOBUTECIIHLHEIC
- - 20,5

pacxonbl B pazmepe 10%,

UTOTO:
Bcero: - - 225,55

YKpynHEHHBIN pacyeT CyMMBbI 3aTpaT Ha MaTEepHaIbl 1 CYMMbI OCHOBHOM
3apIUIaThl MPOBOAT MO CIEAYIOMNUM (hopMyTam:

1l

— o
M = v,
11.4..
3 M iy
i y 3.11.
11.4.
rac:
M - CTOMMOCTB OCHOBHBIX M BCIIOMOTATCJIbHBIX MATCPHAJIOB,
11

1 - CTOUMOCTH TMIOKYITHBIX U3AENUi U Moy (hadpuKaToB;

317 - OCHOBHas 3apa60THa51 ImjiaTa Impou3BOACTBCHHBIX pa60‘II/IX;

VinsYsYsn.- y,[l@.]’[BHBIfI BCC 3aTpaT COOTBCTCTBCHHO HA ITOKYIIHBIC U3 OCIIUA

¥ noJ1y(padpHKaThl, MaTepUaibl U 3apIuiaTy.

V., =45%
v, =10%
V,., =45%

Koaddumuent %+, yauThIBatONIUil BETUUNHY HAKIaHBIX PACXOJIOB MPH
MEJIKOCEPUIHOM MPOU3BOICTBE, UCUUCIIIEMBIX TIPOMTOPIIMOHATLHO OCHOBHOM
3apa00THOM 11aTe paOOTHUKOB, PaBeH 2,6.
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Koaddurment B, YUYUTBIBAIOIINM BHEIIPOU3BOJICTBEHHBIE PACXO/IbI, PABEH
1,5.

TT0CKOJIbKY CTOMMOCT MOKYITHBIX H3enuii i moxydadpukatos /7 pasua

202,35 py0uneii, paccUnTbhIBaeM:
M=(225,55/45) * 10 = 50,12 pyO.

31=(225,55 / 45) * 45 = 225,55 pyo.

TOFI[a IIOJIHAs CG6GCTOI/IMOCTB HN3TOTOBJICHHUA N3 OCIUA C paBHa:

C = [50,124225,55 + 225,55 * (1 +2,6)] * (1 + 1,5)=2719 py6.

B xoneunom CUCTC, OIIPCACIIACTCA OIITOBAA LICHA ITPOU3BOACTBA U3ACTINAL

110 = 2182 * (1+30/100) = 3535 py6.
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6.1.3 Pacuer noka3arejieii HAAeKHOCTH.

OnHOM 13 BaXKHBIX XapaKTEPUCTHK IKCIUTYaTAllMOHHBIX KaueCTB
MIPOCKTUPYEMOI MUKPOTIPOIIECCOPHON CUCTEMBI SIBISIETCS €€ HAIC)KHOCTb.
OCHOBHBIMH TIOKQ3aTEISIMU HAJICKHOCTH SIBIISTFOTCSI CPETHSIS HApaOOTKa HA OTKA3 U
K02((PUITUEHT TOTOBHOCTH.

[Tpu pacuere OyaeM CUUTATh, YTO BCE DJIEMEHTHI CXeMbI pabOTaIOT B
OJIMHAKOBBIX YCIOBUAX U TPU HOMUHAIILHON Harpy3ke COOTBETCTBYIOT
TEXHUYECKUM YCIIOBUSM. DTO MO3BOJISIET UCIIOJIB30BATh JJI PACUETa BEIIUUUHBI
WHTEHCHUBHOCTH OTKA30B 3JIEMEHTOB, 3aITUCAHHBIC B TEXHUYECKHUX YCIOBUSIX Ha
JaHHbIe 371eMeHThl. CpeliHee BpeMs HapaOOTKH Ha OTKa3 OMpeesieTcs 1o

dbopmyse:

1
75 = K
Z )‘ini
i=1 ,
TIe
A

i - THTEHCUBHOCThH OTKA30B 1-TO 3JIEMEHTA;
" - KOIMYECTBO 1 AJIEMEHTOB (C OJIMHAKOBOW MHTEHCUBHOCTHIO OTKA30B);
K - xoMYecTBO IPYIIT JIEMEHTOB ¢ OJIMHAKOBOW MHTCHCHBHOCTBHIO OTKA30B.
JlaHHBIE 1T0 UHTEHCUBHOCTU OTKA30B PA3JIMYHBIX 3JIEMEHTOB U UX YHCIIO
npuBeeHsl B Tabmune 3.

Ta6J'II/I]_Ia 6.3. IHTEHCUBHOCTH OTKA30B Pa3INYHBIX 3JICMCHTOB U UX YHCJIO.

HaumenoBanue u Yucno ;107 2107
THIBI 3JIEMCHTOB 9JIEMEHTOB, | 1/4 , 1/
n
Mukpocxemsl 10 0,01 0,10
KBapn 1 0,15 0,15
Knomnka 1 0,5 0,50
Hroro: - - 0,75

Takum 00pazom,

K
D 2;-n;=0.75-107
i=1 1/g9,a
==
0.75 133333 wacos

KoaddummenTt roroBHOCTH MUKPOIIPOIIECCOPHON CHCTEMBI aBTOMATHYECKOMN
CUTHAJIM3ALMU ONpeaesieTcs o Gpopmyiie:
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K_TO
T+ T,

TB

, TJIe
- cpeHee BpeMsl BOCCTAHOBJICHUST pa0OTOCITIOCOOHOCTH yCTPONCTBA, .
[Torick HEMCTIPAaBHOCTHU U €€ YCTPaHEHUE HE MPEACTABIISAIOT OOJBIION
CJIOKHOCTH, TIOCKOJIBKY:
- BCE PAIMOAJIEMEHTBI CXEMBI PaCIIOJIOKECHBI Ha OJTHOH TIeUaTHOW IJIaTe U
JIETKO JOCTYITHBI I MOHTaXa,
- cama cxeMa 00J1a/1aeT BEICOKOH OJTHOPOJTHOCTBIO, UTO 00JIerdaeT MOnCK
HEUCTIPAaBHOCTH.

Hcxoas u3 nepeurciaeHHoro, IpUHUMaeM I, =1 4., TOTAA:
L= 133333 _ 999999
133333 +1

Takum 006pazom, MuKpoIrpolieccopHasi CUCTEMa UMEET OOJIBIION 3amac
paboTOCTIOCOOHOCTH.

Ta6J'II/II_Ia 6.4. PCBYJ'II)TaTBI pacducTa TCXHUKO-9KOHOMHNYCCKUX rokKazarejen
HpOCKTpreMOﬁ MHKpOHpOHGCCOpHOP'I CHCTCMBEI.

IToka3atens O06o3HaueHn Ennnuig Bemuu
e bl I3MEPCHUS | MHA
CebecTonMOoCTh C pyo. 2719
OrnroBas 11eHa 11O pyo. 3535
EnunoBpeMeHnHbIC 42365
3aTpathl Ha E3 pyo. R 75
IPOCKTUPOBAHUE ’
Cpennee BpeMst 13333
Hapa6opTI<I/I Ha OI;KaR, % ac. 3
Koaddurment X i 0,9999
TOTOBHOCTH g 92

85



6.2 PacyeTr TEXHMKO-IKOHOMHYECKHUX MOKa3aTeaen
NMPOCKTHPYEMOIl BBIYMCIUTEIbHOU cucTeMbl “KoHTpoJuiep
HAa OTHOM KpHcTajie”.

6.2.1 OnpenesieHne eTNHOBPEMEHHBIX 3aTPAT.

EnmHOBpEeMEHHBIE 3aTpPaThl CBA3AHbI C IPOCKTUPOBAHUEM. Y CTPOHUCTBO
pa3pabaThIBaeTCA HHKEHEPOM- IPOTPAMMUCTOM.

Tabmmma 6.5. Coxepkanue pabOT ¥ MX MPOTOTKATEITHHOCTb.

Howmep Conepxxanue 3rana Bpewms,
JTana Jac.

1 N3yuenue nureparypsl 35
2 [ToaroroBka MaTepuasioB U CIPABOYHBIX JAHHBIX

JUIs pa3pabOTKu 40
3 CocraBieHue TEXHUYECKOTO 3a/IaHHs 60
4 Pa3zpaboTka anroputma paboThl yCTpOHCTBA 70
5 Pa3paboTka CTpyKTyphl IPOrPAMMHBIX U

aIrapaTHbIX CPENCTB 90
6 Pa3paboTka amnmapaTHBIX CPE/ICTB 130
7 Pa3paboTka HCXOAHOTO TEKCTA MPOrpaMMBbI J1JIs

KOHTpPOJUIEPA, TPAHCIIILUS Y OTJIAIKA 110
2 CoBmecTHas oTiagKa annapaTypsl U

IPOrpaMMHOT0 00ecrieYeHUs 280

Hroro: 815

EIII/IHOBPCMCHHBIC 3aTpaThbl UK 3aTPAThl Ha IIPOCKTUPOBAHUC!

E3=30CH.+ 3C.C. + 3H + 3JIULL.ITO.

Tac:

30CH. -

OCHOBHasl 3apab0THas IIaThl PAOOTHHUKOB;

3C.C. - oTunCnIeHn Ha COUUAIIBHBIE HYK/bI;
3JIUILIIO. - 3atpat Ha MpUOOPETEHUE JTULIEH3UOHHOTO MPOTPAMMHOTO

o0OccIIeUeHuS,

3H - HaKJTaJHBIX pacXxod0B.
OcHoBHas 3apaboTHAas I1aTa BEIUMCISIETCS KaK IPOU3BEICHUE YaCOBOU
CTaBKU Ha BpeMsl pabOTHI [0 TEME:

30CH.=

rac:

31 * TPAB.

31— yacoBas cTaBKa.
TPAB.— BpeMs paboThI MO TEME.
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OTuncieHus Ha COIMaIbHBIE HYKbI ncUucisitoTes Kak 40,5% ot ponga
3apabOTHOM MJIaThl M BBIYUCIIAIOTCS 110 popMyJIe:

3C.C.=30CH.*0,405

BennunHa HakJIaAHBIX PACX0/10B, UCUUCISEMBIX MPONOPIIMOHATIBHO
OCHOBHOI1 3apab0THOI my1aTe pabOTHUKOB, paBHA:

3H=30CH*0,6

3arpaTsl Ha NPUOOPETEHHE JIMLIEH3MOHHOTO MPOrpaMMHOI0 00eCIIeYeH sl, B
JAHHOM CITy4ae MOKYNKHU mporpammbl Max+plus 2 1 HeoOXoIuMbIX OMOIHOTEK K
HEl, COCTaBAT (IaHHBIC HAMICHBI B TIOMCKOBOM cucTeme http://www.yandex.ru/ B
Hurtepnere Ha 10.03.04.):

3JIULL.I1O.= 240000 py6.
Oo1ee BpeMst pabOTHI IO TEME WHKEHEpa- MPorpaMMHCTa paBHO 815 dacos.
ITpu yacoBoii ctaBke 50py0./yac. ero OCHOBHAsl 3apa0OTHAas IJIaTa COCTABHUT:

30CH.= 50 * 815 = 40750 py6.
OT‘-II/ICJ'ICHI/ISI Ha COIUAJIBHBIC HY Kbl PAaBHBI:

3C.C.=40750 * 0,405 = 16503,75 pyO®.
Haknanneie pacxonbl OyayT paBHBI:

3H =40750 * 0,6 = 24450 pyO.
B utore entMHOBpEMEHHBIE 3aTPAThl COCTABSAT:

E3 =40750 +16503,75+24450 +240000 = 321703,75 py0.

6.2.2 Pacuer ce0eCTOUMOCTH U3rOTOBJICHHUS U ONITOBOM IE€HLI.

B ocHOBe 11eHBI HOBO TEXHHKH JICKHT MOJIHAA CEOECTOMMOCTD €€
U3FOTOBIICHHUSI, KOTOPAs CKJIaJbIBAECTCS U3 CIECIYIOUIUX 3JIEMEHTOB 3aTparT:

- TpsAMbIe 3aTpaThl (IOKYITHBIE U3ETUS U MOy padpUKaThl, OCHOBHBIE U
BCIIOMOTATEJIbHBIE MaTEpHUaJIbl; OCHOBHAA 3apa00THAs I1aTa MPOU3BOIACTBEHHBIX
pabouux);

- KOCBEHHBIE pacxo/ipl (HaKJIaHbI€ U BHEIPOU3BOCTBEHHBIE PACXO/IbI)

[TonHas cebecTonMOCTh M3roToBIeHU U3enus C ucuucisiercs no popmyie:

C=[M + IT1 + 311 * (1+aH)] * (1+B) , rae
M - CTOUMOCTB OCHOBHBIX U BCIIOMOTI'aTCJIIbHBIX MaTepI/IaJ'IOB;

11
3

1 - CTOUMOCTbH TMIOKYITHBIX U3AENUi U Moy (hadpuKaTos;
n - OCHOBHas 3apa0O0THas IJIaTa MPOU3BOJICTBEHHBIX paboyuX;
oH - koaddunmeHT, yunThIBaIOLINI BETNUMHY HaKIaIHbIX PACXO0JI0B;

B - ko3dPUIMEHT, yYUTHIBAIOIINI BEIMYUHY BHEIPOU3BOCTBEHHBIX
pacxo/0B.
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s onpenenenus ontooi neHsl u3aeaus 1{O k cedbecTtonMocTy n3Aeus
npuOaBiseTcs MaHoBas peHTtadenbHocTh P B pazmepe 30%:

Hy=C*(1+—)
100

Ha craguu TexHrnueckoro npoeKTUPOBaHUS U MOJITOTOBKH MPOU3BOJICTBA
HOBOT'0 000PYZOBAaHUS €r0 Ce0ECTOMMOCTb MOKHO OIPENETUTh, 3HAsI TUIIOBYIO
CTPYKTYPY U BEJIMYUHY PACXOJIOB MO OJTHOMY U3 DJIEMEHTOB MPSIMBIX
MPOU3BOJICTBEHHBIX 3aTparT.

PykoBOICTBYSICH CTPYKTYPHOU CXEMOM yCTPOMCTBA, COCTABIISIETCS
crienuduKaIms MOKyMHbIX KOMIUIEKTYomuUX u3aenuit (Tabnuia 6). [Ipu stom
pPacCUMTHIBAIOTCS TPAHCTIOPTHO-3arOTOBUTENIbHBIE pacxosl B pazmepe 10%
CTOMMOCTH TOKYITHBIX U3/ICIUN.

[{eHb! HA TOKYITHBIE W3/IETHS B3ATHl HA OCHOBAHUHU COTIOCTABICHUS OJM3KUX
aHaJIOTOB OTEYECTBEHHBIX U 3apyO0eKHBIX KOMIUIEKTYIoMmX u3aenuii Ha 01.03.04.
HalJICHHBIX B TIOMCKOBOM cucTeme http://www.yandex.ru/ B aTepHeTe.

Tabnuma 6.6. Pacder cTOMMOCTH MOKYIHBIX U3ACTHHN U T10J1y(haObpHUKaTOB.

N¢ HaunmenoBanue Ko Croum CrouMm
JI-BO OCTb OCTb
CIMHUIIBI, |00IIas,
pyo. pyo.
1 Max3000 ¢pupmbl 1 605.5 605.5
Altera
5 Pazwvem n npyrue 15
pacxoJIHbIC MaTEPHAJIbI
1 - - 620,5
TOTO:
TpancnopTHO-
3arOTOBUTEINIBHBIE PACXOABI - - 62,05
B pazmepe 10%, utoro:
B - - 682,55
cero:

YKpYIHEHHBIN pacdyeT CyMMBI 3aTpaT Ha MaTE€pUaJIbl U CYMMbl OCHOBHOM
3apIuIaThl POBOAT IO CIETYIOMUM (OpPMyIaM:

M=t sy
11.4..
i
3, =— %y
1 yH.H. 3.11.

rac:
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M - cTOMMOCTH OCHOBHBIX M BCIIOMOTaTENbHBIX MaTCpUuaJIoB,
11

317 - OCHOBHas 3apa60THa51 ImiaTa Impou3BOACTBCHHBIX pa60‘lHX;
yﬂ.H.’yM’y3

# - CTOUMOCTD TTOKYITHBIX U3IETUH U 1oy padbpuKaToB;

11.- yIeJIbHBIN BEC 3aTPaT COOTBETCTBEHHO HA MOKYIHbIE U3EIHUS
¥ noJ1y(paOpHKaThl, MaTepUaibl U 3apIuiaTy.

YV, =45%
v, =10%
V,, =45%

Koaddunuent %+, yauThIBatONUil BETUUNHY HAKIaHBIX PACXOJIOB MPH
MEJTKOCEPUIHOM MPOU3BOICTBE, UCYUCIIIEMBIX TIPOMTOPIIMOHATLHO OCHOBHOM
3apa00THOM 11aTe paOOTHUKOB, PaBeH 2,6.

Koaddurment B, YUUTBHIBAIOIIMI BHENPOU3BOICTBEHHBIE PACXO/IbI, PABEH
1,5.
ITOCKOJIBKY CTOMMOCTb OKYIHBIX H3/ienuii i nonypabpukatos 1 pasxa

682,55 pyOuieii, pacCUUThIBaEM:
M=(682,55/45) * 10 = 151,68 py0.

3n=(682,55/ 45) * 45 = 682,55 pyo.

TOFI[a IIOJIHAs CG6GCTOI/IMOCTB HN3TOTOBJICHHUA N3 OCIUA C paBHa:

C = [151,68+ 682,55 + 682,55 * (1 +2,6)] * (1 + 1,5) = 8228,53 py®.
B xoHeunom CUCTC, OIIPCACIIACTCA OIITOBAA LICHA ITPOU3BOACTBA U3ACTINAL

110 = 8228,53 * (1+30/100) = 10697,09 py6.

6.2.3 Pacuer nmoka3sarejieid HAJIEKHOCTH.

OnHOI 13 BaXKHBIX XapAKTEPUCTUK IKCIUTYaTAllMOHHBIX KaU4eCTB
MPOEKTUPYEMOM BBIYMCIUTENBHOM crucTteMbl “KoHTpoiep Ha olHOM KpucTamie”
ABJISIETCA €€ Ha/Ie)KHOCTh. OCHOBHBIMU MOKA3aTENIIMU HAZEHKHOCTH SIBIISIFOTCS
cpenHsisi HapaOOTKa HA OTKa3 U KOA(DPHUIIMEHT TOTOBHOCTH.

[Tpu pacuere OyaeM CUUTATh, YTO BCE DJIEMEHTHI pa0OTAIOT B OJIMHAKOBBIX
YCJIOBUSIX U IIPU HOMUHAJILHOW HArpy3Ke COOTBETCTBYIOT TEXHUYECKUM YCIOBUSIM.
DTO MO3BOJISIET UCIOJIB30BATH JJISl pacueTa BEIMYMHBI MHTEHCUBHOCTH OTKA30B
AJIEMEHTOB, 3alTMCAHHbIC B TEXHUUECKUX YCJIOBUSIX Ha JaHHBIC dJieMeHThl. CpegHee
BpeMs HapaOOTKH Ha 0TKa3 onpeensieTcs no Gopmyie:
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Ngls
R
=

i=1 , TIe

;ti - UTHTEHCHUBHOCTH OTKAa30B 1-TO DJICMCHTA,

" - KOIMYECTBO 1 AJIEMEHTOB (C OJIMHAKOBOW MHTEHCUBHOCTHIO OTKA30B);

K - konm4decTBO TpyII 2JIEMEHTOB ¢ OJIMHAKOBOW MHTCHCHBHOCTHIO OTKA30B.

JIaHHBIE 1T0 UHTEHCUBHOCTU OTKA30B PA3JIMYHBIX 3JIEMEHTOB U UX YHCIIO
npuBeieHbl B Tabmurie 7.

Ta6J'II/I]_Ia 6.7. UIHTEHCUBHOCTH OTKA30B Pa3JIMYHBIX 3JICMCHTOB U UX YHCJIO.

HaumenoBanue u Yucno 2,107 2107
THUIIBI DJICMEHTOB SJIIEMEHTOB, | 1/4 , 1/4a
n
Mukpocxemsl 1 0,01 0,01
Pazbem 1 0,3 0,3
Hroro: - - 0,31

Takum 00pazom,

K
Z Ao m,
i=1

5
1, =0 35581
0,31

> qacCoOB.

=0,31 *10-51/4, a

Koaddumment roroBHOCTH omnpenensiercs mo popmyiie:

TO

Ke=rir

0 B rne
TB - Cpeleee BpeMH BOCCTAHOBJICHUA pa6OTOCHOCO6HOCTI/I YCTpOI\/'ICTBa, 119 =1

4., TOraa.

322581

K, =—=2°0 09999969
322581 + 1

Takum 06pazom, MukporpoiieccopHasi CUCTEMa UMEET OOJIBIION 3amnac
paboTOCTIOCOOHOCTH.
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Tabmuia 6.8. Pe3ynbTaThl pacyeTa TEXHUKO-IKOHOMUYECKUX TIOKa3aTeei
MPOEKTUPYEMOM BBIYUCIUTENBHOM crucTeMbl “KoHTpoJsiep Ha 0OTHOM KpHUcTaie”.

IToka3zarenn O06o3Hauenue Ennuuiisl Beanunna
M3MEpPEHUS
CebecTouMOCTh C pyo. 8228,53
OnroBas 11eHa 11O pyo. 10697,09
EnnnoBpeMeHHbIE
3aTpaThl Ha E3 pyo. 321703,75
MIPOECKTUPOBAHUE
Cpenmee Bpes T, qac. 322581
HapaOOTKH HA OTKa3
Kospdmment K, i 0,9999969
TOTOBHOCTH
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6.3 Ouenka 3koHOMUYECKOU IPPeKTUBHOCTH
pa3padoTaHHBIX BLIYHCJINUTEIbHBIX CHCTEM.

OreHka Mpon3BOANTCA MTyTeM BEIOOpa Hanbosee 23PEeKTUBHOTO BapUaHTa
pa3pabOTaHHBIX CHCTEM.

Tabmuma 6.9.CpaBHUTENBbHAS Ta0IUIA TEXHUKO-YKOHOMUYECKUX TIOKa3aTeei
pa3pabO0TaHHBIX BEIYUCITUTEIBHBIX CHCTEM.

KonTtpomnep Ha

[Toka3zarenn MIIC
OJTHOM KpHUCTaJlIe

CebecTonMOCTh 2719 8228.53
(py6.)

OnroBas 1ieHa 3535 10697,09
(py6.)

EnnnoBpeMeHHbIE
3aTpaThl Ha 423658,75 321703,75

npoekTupoBanue (pyo.)

Cpennee Bpems

HapaOOTKHU Ha OTKa3 133333 322581
(uac.)

Koo dumment 0,999992 0,9999969
TOTOBHOCTHU

Bpewms pa3zpabotku 1235 815
(gac.)

Ha ocHOBe npuBEAEHHBIX TaHHBIX BUIHO, YTO Y BBIYUCIUTEIBLHON CUCTEMBI
“KonTtposiep Ha ogHOoM Kpuctaie” 1o cpaBHeHnto ¢ MIIC cymiecTBeHHO
CHU3UJIACh CTOMMOCTh €IMHOBPEMEHHBIX 3aTpaT HAa MPOCKTUPOBAHUE U BPEMS
pa3paboTKwu.

[Ipu nepexone Ha HOBYIO AnieMeHTHYI0 0a3zy — [IJIMC Takke ymydiminucek
TaKhe BaXHEHIINE TEXHUUECKUE NTOKA3aTeNn KaK CpeJlHee BpeMs HapaOOTKH Ha
0TKa3 ¥ K03(pPHUIIMEHT TOTOBHOCTH.
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