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BBEJIEHHUE

OgaM W3  BaXHEWIIUX HWHCTPYMEHTOB YCKOPEHHS  HAy4YHO-
TEXHUYECKOTO MPOrpecca BCeX OTpacieil HApOIHOTO XO3IHUCTBA, B TOM YHCIIE
¥ aBTOMOOWJILHOTO TPAHCIOPTA, SBISETCS IMIHUPOKOE MPUMEHEHHUE METOJIOB
MOJICTTMPOBAHMSI IIPOU3BOICTBEHHBIX MPOIIECCOB U OCOOCHHO COBPEMEHHBIX
ONITUMU3AIMOHHBIX METOJIOB, C TTIOMOIIBIO KOTOPBIX MOKHO M30€XKaTh J0-
POTOCTOSIIINX IKCIIEPUMEHTOB TIPH PACCMOTPEHHUH BOIIPOCOB OpraHU3aIuN
paboThl aBBTOMOOMIIBHOTO TPAHCIIOPTA.

[IpakTrdeckasi IIEHHOCTh PacCMaTPUBAEMBIX B IpeJiaraeMbix pabdo-
Tax BOIPOCOB IMOATBEPKIAETCS TEM, YTO B COBPEMEHHBIX PBHIHOYHBIX YC-
JIOBUSIX Ba)XKHOE 3HAUCHHME MPHOOPETAIOT MAaTeMAaTHYECKUE METOJIbI OITH-
MU3AIUH, TTO3BOJIIOIINE HAPSTY C IPYTUMH METOJAaMH YCTaHABINBATh 3a-
BUCHMOCTh MapaMeTpOB ONTUMH3ALUU OT PA3IUYHBIX (PAKTOPOB, IPOTHO-
3UpOBaTh PAacCCMaTpPUBAEMbIE€ MPOIECCHI, HAXOAUTH ONTHUMAJIbHBIE pellle-
HUAL.

st ocBoeHust kKypca «ONTUMHU3AIMOHHOE MOJICIUPOBAHUE IPOU3-
BOJICTBEHHBIX TIPOIIECCOB aBTOMOOWIBLHOTO TPAHCIOPTAa» U TOTyYCHHUS
MPAKTUYECKUX HABBIKOB B PEIICHUM 3a/lady ONTUMHU3AIUU KaKIOMY CTY-
JIEHTY MpeJjIaraeTcs BBIMOIHUTD MIECTh Ja00PAaTOPHBIX padoT.

Kaxxnast pabota coaepXuT HEOOXOIUMBIH MUHUMYM T€OPETHUYECKUX
CBEJICHUM, MPUMEP BBIMOJHEHHUS, BAPUAHTHI 3aJJaHU U KOHTPOJIbHBIE BO-
npockl. B mpunoxennn nprBeeHa Tabiniia ¢ yka3aHUEM BapuaHTOB 3aja-
HUH TSl BBITIOJTHEHUS JTA00paTOPHBIX PaboT.

JlaGopaTopHbie pabOThl OOPMIISIOT B JOTMYECKON MOCIEA0BATEb-
HOCTH PEIIaeMbIX 3aja4, aKKypaTHO, B CXaToil ()OpMe B COOTBETCTBHUU C
['OCT 2.105-95 (o6mue TpeGoBaHUSI K TEKCTOBBIM JIOKYMEHTaM) Ha JIUC-
tax ¢opmara A4 (297 x 210 mMm). CokpalieHue CJIOB MPU HAMMMCAHUM pa-
00T He fomyckaeTcs 3a uckinoueHueM ycrtanoBieHHbIX ['OCT 2.316-89.



JlabGopaTopnas padora Ne 1

OIITUMU3ALUNA CUCTEMbBI TEXHUYECKOI'O
OBCJHY/KUBAHUA ITOABUKHOI'O COCTABA

Heﬂb paﬁoTbI: HN3YYUTH IIPOLCCC ONTUMHU3AINU CUCTCMbI TCXHHUYC-
CKOTI'O O6CJ'IY)KI/IBaHI/IH ITOABHWIXKXHOI'O COCTaBa aBTOMOOMJILHOTO TPaHCIIOPTA.

OO0wmume cBegeHu

HenpeppiBHOE yBEeNMYEHHE MOIIHOCTA M MPOU3BOJUTEIILHOCTH aBTO-
TPAHCTIOPTHBIX TPEANPUSTHI TPeOyeT pa3BUTHUS MaTEepPUATIbHO-TEXHUIECKON
0a3bl Ay oOciykuBaHusi aBToMoOmieil. [loatoMy Bompoc onTUMallbHON
MPOU3BOJICTBEHHOW MOIIHOCTU CHUCTEMBI TEXHUYECKOTO0 OOCTY>KUBaHUS U
PEMOHTa aBTOMOOUJIEH SIBISIETCS OAHUM M3 BAXKHEWIIMX B PEHICHUU MPO-
OJieMbl TIOBBIIIEHUST A(DPEKTUBHOCTH PAOOTHl ABTOTPAHCIOPTHBIX MPEa-
MIPUATUM.

B cucremax TexHHUECKOro oOOCIyXHWBaHUS COBPEMEHHBIX aBTO-
TPAHCIIOPTHBIX TPEANPUATUN HAXOIAT IIMPOKOE PACIPOCTPAHEHUE Clie-
JYIOIAE BapUAHTBI OPraHU3aIMU 00CITYKUBAHUS

1 — Ha yHHUBEpCaIbHBIX MOCTAX;

2 — IOTOYHOU JIMHUU C HE3aBUCUMBIM MEPEMEILIEHUEM aBTOMOOMIIEH
C MOCTa Ha MOCT;

3 — NOTOYHOM JIMHUM C OJJHOBPEMEHHBIM NIepeEMEILIEHIEM aBTOMOOIIEH.

Kaxnpiii 13 BapuaHTOB OpraHu3aluu oOCITy>KMBaHUS aBTOMOOMIIEH
MMEET CBOM MPEUMYILECTBA U HEJIOCTATKHU.

K nmocronHcTBaM TeXHUYECKOTO OOCITYKMBAaHUS HA YHUBEPCAIBHBIX
noctax (BapuaHT 1) cieayeT OTHECTH OTCYTCTBUE HEMPOU3BOIAUTEIbHBIX
MOTEPh BPEMEHU, CBSI3aHHBIX CO CTOXACTUYECKUM XapaKTEPOM MPOTEKAHUS
npoiiecca 00CTy>KUBaHUSI.

C TOYKM 3peHUsi TEOPUM MACCOBOI0 OOCITYXUBAaHUS 1O NIEPBOMY Bapu-
aHTy UMeeM cucteMy maccoBoro oociyxuBanusi (CMO) ¢ n-napajeibHbIMU
o0CIyKUBAIOIUMHU TOCTaMu. BpIOOp M3 odepeau Ha OOCIyXKUBAHUE U
pacnpeneneHre TpeOOBaHUM IO CBOOOJHBIM IMOCTaM MPOU3BOJAUTCS CO-
IJIaCHO MPUHATOW TUCHUIUIMHE OYEepeau, T. €. MEPBOE TPEOOBAHUE MOCTY-
IAE€T Ha TEPBBIN MOCT, BTOPOE — HAa BTOPOM U T. A. [locne 3anmonuenus mno-
CTOB TpeOOBaHUS B JaJbHEUIIIEM MOCTYMAOT Ha TOT MOCT, KOTOPBIN OCBO-
OO0JIUTCS TIEPBBIM.



Cucrema oOCIy>KMBaHUS Ha TIOTOYHOW NMUHUHM C HE3aBUCUMBIM IIe-
peMenIeHneM aBTOMOOMIIEH ¢ TocTa Ha MOCT (BapUAHT 2) UMEET MPEUuMy-
IeCTBa Mepes CUCTEMOM 00CTyKMBaHUS HA MOTOYHOW JIMHUU C OJHOBpE-
MEHHBIM TepeMelieHrneM aBTomoomneit (Bapuant 3). B cucremax oOciy-
KUBAHUs, OPraHU30BaHHBIX 110 BTOPOMY BapHaHTy, COKPAILAIOTCS HENpo-
U3BOJUTENIbHBIE TPOCTOM AaBTOMOOWJIEH M 00CIyXMBAIOUIEH CHUCTEMBI,
BO3HUKAIOIINE M0 MPUYUHE aCUHXPOHHOCTH IPOIIECCA, YTO BEJET K MOBBI-
[IEHUIO POU3BOJUTEIILHOCTH TPYIa.

Ipumeuanue. C NOHIATHEM HE3aBUCUMOE MEpEeMELIEHUE aBTOMOOU-
Jeil CBSI3bIBAETCS Takas KOHCTPYKIUS KOHBeHepa, KOTopas MO3BOJISET Ie-
pemMeniatb aBTOMOOUIIb C OJHOTO MOCTa Ha JAPYroil mo Mepe OKOHYaHMS
paboOThl Ha JAHHOM IOCTY U OCBOOOXKIECHHUS MOCIEIYIOUIET0 B UHANBUAY-
QIBHOM MOPSIIKE BHE 3aBUCUMOCTH OT MOMEHTOB BPEMEHH NEpexoja aB-
TOMOOWJIEH Ha JPyTrHe MOCThl MOTOYHOW JTUHHH.

MeToanka onNTUHMM3ANUH CUCTEMbI TEXHUYECKOT0 00CTyKUBAHUS

K ucxoIHbIM JTaHHBIM OPU ONTHUMHU3AIUUA CUCTEMBI TEXHUYECKOTO
00CITyKUBaHUS OTHOCST:

Ay, — CPEIHECYTOUHOE YMCIO TPeOOBaHMM HA TEXHMYECKOE 0O0CITy-
*uBaHue ((HaKTUUECKOE MU PACUETHOE);

to — CPEIHIOIO TPYIO0EMKOCTh EAMHUYHOIO 00CTYKUBAHMS, YEll.-Y;

k — ko3 PUIIMEHT, YUYUTHIBAIOIINI MOBBIIICHHE MPOU3BOJAUTEIBHO-
CTH TpyJa NpH MOTOYHOM METOJIE OOCTYKUBAHUS;

t; — 3aIaHHOE BpeMsl pabOThl CUCTEMBbI 00CITYKUBaHMUS, Y.

K ympaBnsieMbIM MapaMeTrpaM CHUCTEMbI TEXHHUYECKOTO 00CITyKHBa-
HUS OTHOCSIT:

Z — 4ucno JTUHUM (U151 IEPBOTO BapuaHTa — YUCIO MOCTOB);

N — 4HCJI0 TOCTOB HA JIMHUY;

P — xoM4ecTBO UCTIOJTHUTETICH HA MOCTY.

OnTuMH3aIysa CUCTEeMbl TEXHHYECKOTO OOCTY>KMBAHUSI CBOIUTCS K
TOMY, YTO IyTEM Nepedopa ynpasiaeHus nepeMeHHbiMu (Z, N, P) Haxoaum
ONTUMAJIbHYI0 MOIIIHOCTh CUCTEMBI OOCIYKUBAHUS C YU€TOM BBIOPAHHOTO
BapUaHTa OPTraHU3AIMU TEXHUYECKOr0 OOCIY>KUBAHUS MO 1eJIeBOM (DyHK-
1107071

W =t;—ty — min, (1.1)
rae W — 3nadeHne HeneBod QyHKUMH; fg, — (HAKTHIECKOE BpeMs pabOThI
CUCTEMBI, Y.



dakTryeckoe BpeMs paboThl CUCTEMbI TEXHHUECKOTO 00CTyKHBAHUS
onpeesiuM 1o GpopmyJie

Ay
fy =", 12
e (1.2)

rac }\«max — JIUMUTUPYIOIIAsA HHTCHCUBHOCTD O6CJ'Iy}KI/IBaHI/I}I
;\‘max = Mpmax o (13)
rgce W — MHTCHCUBHOCTD O6CJ'Iy>KI/IBaHI/I$I Ha ITOCTY.

[TapaMeTp Pmax — MAKCUMAIBHBIN KOA(PPUIIUEHT 3arpy3KH, XapaKTe-
pHU3YeT CTeNeHb UCTIOIB30BaHUM JIMHUM (T10CTa), BEIOUpaeTcs mo taou. 1.1.

Tabnuya 1.1. 3aBUCUMOCTb Ppax OT MPUHSITOTO BapuaHTa CUCTEMBI
00CITyKMBaHUS U YKCJIa IOCTOB HA JINHUU

Bapuant Yucro noctos
k
cucteMbl TC 1 7 3 4
1-i 1 1,0 1,0 1,0 1,0
2-i 0,75-0,85 1,0 0,667 0,564 0,515
3-i 0,75 -0,85 1,0 0,667 0,540 0,480

NHTEeHCUBHOCTH OOCITY>KMBAaHUSI HA TIOCTY BBIYUCISETCS MO COOTHO-
IEHUIO
_ NP
= T
rae N — 4uciio MoCTOB HA JIMHUM; P — KOJIWYECTBO WMCHOJHUTEIIECH Ha MO-
CTY; %, — CpPEIHAA TPYAOEMKOCTh €AUHUYHOIO OOCITYKUBAHHUS, YeIl.-4; k —

u (1.4)

KOA(PGUIIMEHT, YUYUTHIBAIOIINI TOBBIIIEHUE MPOU3BOIUTEILHOCTH TPyJa
IpU NOTOYHOM METO]Ie 00CITYKUBAHUSI.

Pacuem cymounoii npoepammul mexnuuecko2o 00CayHcueansl

[Ipu pa3sHbIx pexkumax padOThI MOABUKHOTO COCTaBa Ha JUHUU CY-
TOYHAs TPOrpaMma TEXHUYECKOTO 00CIyXKUBaHUs pazinyHa. OnpeaenuThb
CPEIIHIOIO0 MPOTPAMMY IO TEXHUYECKOMY OOCTYKMBAHUIO MPU PA3TIUYHBIX
pexuMax paboThl aBTOTPAHCIIOPTHOTO MPEANPUATHS IKCIIEPUMEHTATBLHBIM
METOJIOM HE IPEACTABISIETCS BO3MOXHBIM. Mcxons u3 3TOro cpemgHecy-
TOYHOE yucio Tpeboanuit Ha TO ompenennm ¢ TOMOIIBIO pacyera.

KomuuectBo TO-2 B CyTKM IpU YCTAaHOBUBIIEMCS PEXKUME PaOOTHI
aBTOTPAHCIIOPTHOIO MPEANPUSITUS IPUHSITO ONPENETATh M0 PopmyJie
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_ LcyT
Nto-2=7——,
TO-2
rae Leyr — CyTOUHBIM npoOer aBTOMOOMIEH, KM; Lto., — HOPMATUBHBIN

npober apTomoowmtst 10 TO-2:

(1.5)

L e (1.6)

rae Aqq — KOJIWYEeCTBO aBTOMOOMIIEH JTaHHOW MapKH Ha MPEANPUITUN; Ol —

cyr AcnaB

KOd(PGUIIMEHT BBIITyCKa aBTOMOOUWJIEH Ha JUHUIO; /.. — CPEHECYTOYHBIN
npoOer aBToMOOUIIEN JaHHON MapKu, KM.
Cyrtounas nporpamma 1o TO-1 onpenensieTcsi COOTHOIIEHUEM

L
2~ Nto-2 (1.7)
Lto-1

riae Lto.; — HOpMaTuBHBIN 1pooer aBTomoomis o TO-1, km.
B nensx uccnenoBanust BiusiHug pexxkuma padotsl ATII Ha uzmene-
HUE CYTOYHOU MPOrpaMMbl TEXHHUYECKOTO OOCTY>KHMBaHUS KOIPPUIIMECHT

Nto-1=

Oz MOKHO OpaTh paBHbIM 0,5; 0,6; 0,7; 0,8; 0,9. 9T0 MO3BOJIUT YCTAHOBUTH
ONITHUMATHPHYI0 MOITHOCTh 30HBI TEXHHUECKOTO OOCITYKUBAaHMS, COOTBETCT-
BYIOIIYIO 33JJaHHOMY pexuMy padoTel ATII. 3HaueHus CHUCOYHOTO KOJIU-
YeCTBAa aBTOMOOMJICH TT0 MapKaM A.; U CPeIHECYTOUHBIN TIpoder /.. OepyT
10 IaHHBIM KOHKPETHOTO MPEIPUSATHUA.

Jlnis ymipolieHus nporecca ontumuszaimy cucreMsl TO cpefHio Tpy-
JOEMKOCTb €IMHUYHOTO 00CITY>KMBAaHHUSI MOKHO BBIYUCIUTD IO hopMyJie

n
2 Ntodleikaiksi
o = 12! , (1.8)

n
> Nro.
i=1

IJI€ n — YHUCIIO MApOK aBTOMOOWJIEH Ha MpeAnpusituu; Nro,; — CYTOUHOE

YUCJI0 00CIIyKUBaHUM i-i1 MapKu aBTOMOOWIS; ¢,; — HOpMATHUBHAsI BEJIUYU-
Ha TPYIOEMKOCTH CIMHHYHOTO OOCTY)KHBaHUS i-i MapKH aBTOMOOWIIS,
4ell.-4; k, — kKoaPuiuueHT koppektrupoBanus Tpyaoemkoctd TO B 3aBUCH-
MOCTH OT MOJU(PUKALIMY TOJABMKHOTO COCTaBa M OPraHU3alliU €ro paboThI
(ko= 1,0 — 1,25); ks — xoapdunmeHT KOPpEeKTUPOBaHUS Tpya0eMKOoCTH TO
B 3aBHCHUMOCTH OT KOJHMYECTBa OOCITY>KMBAaE€MbIX aBTOMOOWJIEH Ha Mpei-
MPUSATUU U KOJUYECTBA TEXHOJOTUYECKH COBMECTHUMBIX TPYTI MOJBUKHO-
ro cocrana (ks = 0,8 —1,3).



Koaddumuentsr k, u ks onpenenstor no "llonoxxeHuo o TexHUYe-
CKOM OOCITy’>KUBAaHUU U PEMOHTE MOJBMIKHOI'O COCTaBa aBTOMOOHUILHOIO
TpancmopTa'.

Hcxonubie naHHbIe AJ1s1 BBITIOJIHEHUS JTa00paTOpHOU pabOThI MpHUBE-
neHsl B Tad. 1.3.

IIpumep BbINOJHEHHUS PAadOThI

OnTuMH3aIUsa CUCTEMbl TEXHUYECKOTO 00CITYKUBAHUSI TIPOBOJUTCS B
nBa stana. [lepBblid 3Tan npeaycMaTpuBaeT pacyeT CyTOYHOM MPOrpaMMBbI
TO aBTOMOOMIIEH, BTOPOM — HEMOCPEICTBEHHYIO ONTUMU3AIUIO CUCTEMBI
TO.

Jlyist mpoBeZieHusT TIEPBOTO dTana onTUMu3anuu cucremsl TO HEoO-
XOAUMO TTOATOTOBUTH UCXOJAHBIE TaHHBIE O KOHKpeTHOMY ATII cormacHo
Tabn. 1.2.

Tabnuya 1.2. icxonHbie TaHHBIE K PacUETy

Crncoy- Cpenne- | HopmaTuBHBIi THOPBSZLI/IIEZT; KoaddunmenTs
Mapka  |HOe KOJI-BO cyTouHbii | Hpooer /, km pyA KOPPEKTUPOBAHHUS
aBTOMO- aBTOMO- f, 9e.-4
owis owteit mpoter
4 lec, KM TO-1 | TO-2| TO-1 | TO-2 ky ks
31J1-4314 180 250 2400 | 9600 | 2,7 10,8 1,0 1,05

llepsuviii sman onmumuzayuu.
1. Ucnonb3yst ucxoaHbie JaHHbIe Ta0d. 1.2, MpOU3BOIUM ONTUMH3A-

uro TO-2.

2. PaccuntsiBaem cytouHyto nporpammy TO aBTOMOOUIEH:
a) konmuecTBo obcyxuBanuii TO-2 3a cyTKH:

Leyr =180 - 0,8 -250 = 36000 xm;

36000
Nrton =" =375=~4,0:
10727 9600
0) konuyecTBO oOciyxkuBaHuit TO-1 3a cyTKu:
36000
Nro_1=—-4=11;
10172400

B) BBIUHCIISIEM CPEIHIOI0 TPYJI0EMKOCTh €IMHUYIHOTO 00CITY>KHBaHHS:
tro-1=(11-2,7-1,0-1,05)/11 = 2,835 gen.-u;
tror=(4,0-10,8 -1,0-1,05)/4,0 = 11,34 uemn.-u.
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Bmopou sman onmumuzayuu.

1. Ilycte MBI ontummsupyem cuctemy TO-1. Bee obciyxuBaHus
MPOBOJASATCA HAa YHUBEPCAIbHBIX MOCTaxX (BapuaHT 1), Tak Kak JJisi MOTOY-
HBIX JTUHUN HeoOxoaumo 12 — 13 oOCiyKMBaHHI B CYyTKH.

Torna ATp = 11 obciyKuBaHUM, YUCIO TTOCTOB Z = N = 3, 4HCIIO HUC-
nojHuTeNnen Ha nocry P = 3, t;= 12 4, t;o.1 = 2,835 ven.-u, k = 1,0. Ilo

Tabu. 1.1 onpenenum Pmax = 1,0.
2. Haxoamm MHTEHCHBHOCTD OOCITYKHBAaHUS Ha TIOCTY

w=(1-3)/(1-2,835)=1,058.

3. BeruucisieM TUMUTHPYIOIIYIO HHTEHCUBHOCTh OOCITY KUBaHMUSI

Amax = 1,058 - 1,0 = 1,058.

4. dakTuyeckas MpoAOIKUTEIHLHOCTh padOThl CUCTEMBI OyI€T paBHA

tp=11/(3 - 1,058) = 3,46.

[Ipu 3agaHHON TPOAOIKUTEIBHOCTH PaOOThl CUCTEMbI OOCITY>KHUBA-
HUS t; = 12 9 MomHOCTh 30HbI TO-1 He ynoBIETBOPSIET TPEOOBAHUSIM I1e-
neBoit ¢pyHkmu. [lo3TOMy H3MEHUM HEKOTOPBIE TapaMETPHI.

1. ITyctb Arp = 11 oOcitykuBanuii, YMCIIO TOCTOB Z = N = 2, 4nCII0
UCIIOJHUTENeH Ha TocTy P =2, t, = 12 4, 17,1 = 2,835 wen.-u, k = 1,0. I1o
Tabm. 1.1 ompeaenum Pmax = 1,0.

2. HaxoiuM MHTEHCUBHOCTb OOCTYKMBaHUS Ha MTOCTY

uw=(1-2)/(1-2,835)=0,705.

3. Beruuciaum TUMUTHPYIONIYIO HHTEHCUBHOCTh 00CITY KUBaHMUSI

A max = 0,705 - 1,0 =0,705.

4. ®akTudeckas MpoJOKUTETLHOCTh padOThI CUCTEMBI OYJIET paBHa

ty=11/(2-0,705) = 7,8 u.

[Ipu 3agaHHON TPOAOIKUTEIBHOCTH PaOOThl CUCTEMbI OOCITY>KHUBA-
HUS t; = 12 14 MomHOCTh 30HbI TO-1 He ynOBIETBOPSIET TPEOOBAHUSIM I1e-
neBor QpyHkuuu. [loaToMy H3MEHUM HEKOTOPBIE MAPAMETPHI.

1. ITyctb Arp = 11 00cayKuBaHUH, YUCIO MOCTOB Z = N = 2, 4nCIo

ucnonHurene Ha nocty P =1, t;= 12 4, t;o.1 = 2,835 uven.-u, k = 1,0. 1o

Tabm. 1.1 ompeaenum Pmax = 1,0.
2. Haxoamm MHTEHCHBHOCTD OOCITYKHBAaHUS Ha TIOCTY
uw=(1-1)/(1-2,835)=0,352.
3. Berauciaum TUMUTHPYIONTYIO HHTEHCUBHOCTH O0OCITY KUBaHMUSI
A max = 0,352 - 1,0=0,352.



4. ®akTryecKas MpoJA0KUTEILHOCTh pa0O0ThI CUCTEMBI OYJIET paBHA
fp=11/(2 -0,352) = 15,625 u.
[Ipu 3amaHHON TPOJOIKUTETLHOCTH padOThl CUCTEMBI 00CITYKUBa-

HUA ;= 12 4. MontHOCTB 30HBI TO-1 HE ya0BIETBOPSET TPEOOBAHUAM IIe-
neBolt ¢pyHkuu. [lo3TOMy H3MEHUM HEKOTOPHIE TapaMeETPHI.

1. ITycts A, = 11 0OcmyKuBaHuii, 9uca0 mMocToB Z = N = 1, 4ncio
UCTIOJHUTENeH Ha ocTy P =2, t; = 12 4, tyo.1 = 2,835 ven.-q, k= 1,0. Ilo
Tabn. 1.1 onpeaenum Puax = 1,0.

2. HaxoiuM MHTEHCUBHOCTh OOCTYKMBAaHMS Ha MTOCTY

uw=(1-2)/(1-2,835)=0,705.

3. Beraucimm TUMUATHPYIONTIYIO HHTEHCUBHOCTD OOCTY >KMBaHUS

Amax = 0,705 - 1,0 = 0,705.

4. ®akTrdeckasi IpoJI0HKUTEILHOCTh PA0OThI CUCTEMBI OY/IET paBHA

fp=11/(1-0,705) = 15,602 u.

[Ipu 3agaHHON TPOAOIKUTEIBHOCTH PaOOThl CUCTEMbI OOCITY>KHUBA-

HUS t; = 12 14 MomHOCTh 30HbI TO-1 He ynOBIETBOPSIET TPEOOBAHUSAM I1e-
neBolt ¢pyHkuuu. [lo3TOMy HU3MEHUM HEKOTOPBIE TapaMETPHI.

1. ITycts A, = 11 00city)KMBaHUH, YKCIIO TIOCTOB Z = N = 1, 4nciio
ucrnojHuTeNne Ha nocty P =3, t;= 12 4, t;o.1 = 2,835 uven.-u, k = 1,0. 1o
Tabu. 1.1 onpenenum Pmax = 1,0.

2. Haxoanm MHTEHCUBHOCTD OOCITYKMBAHUS Ha TOCTY

nw=(1-3)/(1-2,835)=1,058.

3. Belunuciaum TUMUTUPYIONLYIO HHTEHCUBHOCTh OOCITY KUBaHMUSI

Amax = 1,058 - 1,0 = 1,058.

4. ®akTrueckasi IpoJI0KUTEILHOCTh PA0OThI CUCTEMBI OYIET paBHA

fp=11/(1-1,058) = 10,396 u.

Pesynbratel MogenupoBanus cucrembl TO-1, opraHn3oBaHHOW 1O
BapuaHTy Ne 1 mpu «; = 0,8, mpeacTaBieHbl HUXKE:

Z N P W
3 3 3 8,54
2 2 2 42

2 2 1 3,625
1 1 2 3,602
1 1 3 1,604
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Takum o6pa3zom, HauboJIee ONTUMATBHON MOIIIHOCTBIO OyAeT 00na-
nath 30Ha TO-1, cocTosimias u3 OAHOTO MOCTA C TPEMS PaOOUYUMU.

BapuaHTbI HCXOHBIX JAHHBIX K BBINOJHEHHUIO JIA00PATOPHOIi padoThI

Tabnuya 1.3. VicxomHble NaHHBIE JUISL BBITIOJHEHUS J1a0OpaTOpHOM
paboTHI

o B 3amanHoe CnoucoyHoe
23 Mapka CpennecyTounslii | Bpems pabo- | kommdectBo | Koadduiment
é § aBTOMOOMIIS mpooer, KM TBI CUCTEMBI, | aBTOMOOMIIEH BBIITYCKA Ol
M q Aen

1 31J1-4314 240 12 180 0,8

2 MA3-5335 190 12 145 0,8

3 31J1-5301 260 12 170 0,8

4 ITA3-5271 230 8 150 0,8

5 JInA3-5256 210 8 175 0,8

6 [TA3-4233 270 8 163 0,8

7 'A3-31105 420 10 320 0,8

8 BA3-21074 140 10 155 0,8

9 ['A3-2205 310 10 110 0,8

10 MA3-6422 190 8 185 0,8

11 I'A3-3307 196 8 162 0,8

12 YPAJI-4314 220 8 115 0,8

13 KaB3-4224 185 8 120 0,8

14 JInA3-6212 290 8 130 0,8

15 | KamA3-6512 160 12 150 0,8

KonTpoabHbie BOPOCHI

1. C kakoii 1IebI0 BBITOJHSAIOT ONTUMH3ALNIO CHCTEMBI TEXHUYECKO-
ro 00CITY>KMBaHHS aBTOTPAHCTIOPTHBIX CPEACTB HA TIPEATPUSITHH?

2. Ilepeuncnure BapuaHThl OpraHU3alUd OOCITYKUBAHUSI aBTOMOOHU-
JIE HAa COBPEMEHHBIX aBTOTPAHCHOPTHBIX MPEATPUATHSAX.
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3. Kakue ucxonbie faHHbIE HEOOXOUMBI JJIsI ONITUMU3AIUN CUCTE-
MBI TEXHHUYECKOTO OOCIYKMBAHUS aBTOMOOWJIEH Ha aBTOTPAHCIIOPTHBIX
NPENNPUATHSIX?

4. Kakue nmapaMeTpbl CUCTEMbI TEXHUUYECKOTO OOCTY>XKMBAaHUSI OTHO-
CST K YIIPABJISIEMBIM?

5. Tloscaute (U3MYECKUl CMBICI MapaMeTpa MHTEHCUBHOCTH 00-
CJIy’KMBaHHS aBTOMOOUIIEH Ha MOCTY.

6. HazoBute mpeunmyiiiecTBa MOTOYHOTO METOJIa OOCITY>KUBaHUS aB-
TOMOOUJIIEH.

7. KakoBbl KpUTepUM MPUMEHEHUsI IOTOYHOTO METOja OOCITy>KHBa-
HUS aBTOMOOMJICH Ha MpeanpusTun?

8. [lepeuncnute (HhakTOphl, OKA3HIBAIOLINE BIUSHUE HA BEJIMUUHY KO-
s uirenTa BbITyCcKa aBTOMOOUIIEH Ha JIMHUIO.

9. UTto XapakTepu3yeT mapameTp Pmax !

JlaGopaTtopnas padora Ne 2

PEIIEHUE 3AJAY MAPIIPYTUSAIIUU METOA0OM
JANHAMHUYECKOI'O ITPOT'PAMMUPOBAHUSA

esap padoThbI: U3yYUTh NPOLIECC MOCTPOECHUSI TUHAMUYECKOU MOJE-
JM BBIOOpA KpaTyalllero myTd Ha OPUEHTUPOBAHHOM CETH, a TAKXKE MOJIy-
YUTh NPAKTUYECKHE HABBIKY PELICHMS 3aa4 10 MapUIpyTHU3aL1u.

OO01Me 1moJ10:KeHus

Jlunamudeckoe nporpammupoBanue ([I1) mpeacrasnser coboit ma-
TEMaTHUYECKUN METOJ ONTHUMHU3ALNH, MMO3BOJSIOIINN OCYIIECTBIATh OINTH-
MaJIbHO€ TIJIAHUPOBAHUE MHOTOIIATOBBIX (MHOTOATAITHBIX) YIPABISEMbBIX
IIPOLIECCOB, U MPOTIPECCOB, 3aBUCAIINX OT BPEMEHH.

3anmauu, pemaembie Metogamu JI1, dopmupyrorcs criemyronmm o00-
pazoM. Mmeercs ynpasisiemMblii IpoLece, 3aaHbl €0 Ha4YaJbHOE U KOHEU-
HOE COCTOsHMA. TpeOyeTrcs ompenenuTh 3HaUyeHUE (PaKTOpPOB €ro COCTOS-
HUs1, 00€CIEUMBAIOIIMX IMOJyYEeHUE onTUMyMa (YHKIMHM Ipolecca B Ie-
JIOM.

Metonom JIIT ¢ ycnexoM MOKHO peliars 3a1a4u, CBOIAIIMECS K Ce-
TEBBIM MOJIEJISIM, TAKHE KaK TPAHCIOPTHBIE, 33/1a4M 3aMEHbI 000PYI0BaHUS,
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yIpaBIIEHUS 3a11acaMu U APyTrUe, B KOTOPBIX TpeOyeTcs HalWTHU KpaTyanmi
IIyTh HA OPUEHTUPOBAHHOMN CETH.

ITpouecc pemenus 3anaun 11 BKiroyaer ciaenyromue onepanuu:

1. Mccnenyemslii mpoiiecc pa3OUBAETCsl UCKYCCTBEHHO WJIM €CTECT-
BEHHO HA COCTaBHBIE JIEMEHTHI — 3TAIlbI.

2. Insg Kaxxaoro aTama BBOJAT (PYHKIMOHAIbHBIE XapaKTEPUCTUKU
(mapameTpbl UM MEPEMEHHbIE) Mpollecca U MX YMCIIOBbIE 3Ha4YeHUs. 3a-
TE€M BBIJCTSAIOT YIPaBIAIONINE (PAKTOPBI, C MOMOIIBI KOTOPBIX MOXHO
BIIMSITH HAa Pa3BUTHE MPOIIECCA.

3. Jlima KaxxJaoro stama yCTaHaBJIMBAETCS TAKOW YpOBEHb YIIpaBlie-
HUS, KOTOPBIN 00ecreunBaeT ONTUMAIBHOCTD (PYHKIIMOHUPOBAHUS MPOLEC-
ca B LIEJIOM.

[Tpunnuner u Metoasl JI1 paccMoTpuM Ha MpuUMeEpe 3aJadu BbIOOpa
KpaT4yaMIlero MapupyTa Ha TPAaHCIIOPTHOU CETH.

Ilocmpoenue ounamuueckoii mooenu vlb60pa Kpamuaniuie2o nymu
[lycTh 3a1aHa OpUEHTUPOBAHHAS CETh, coepxaniasi N Touek (y3J10B).
Haiitn kparuaiimuii myTh u3 Touku 1 B Touky N (puc. 2.1), ecnu 3agana
Mmarpuna (a;) pacCTOSHUN U3 TOYKH I B TOUKY J.

. . / N-1
Y - ; @ e
( v® ( : il Q « (
1"“ _,"" £ .-\‘h\-q-{i_'_b j f.’f’ r’! M
A 8 9. A /-—n
1,."“_ Lt . 1 ‘,' K s
.?.f' \ kS # P i -
-..____“&" '\.\ . # ._H\ P b F
‘_-“ _______ > f"’l\\ E - '_z’l
a L (] ° e Ay
Lod YA “se V-2
i
S{J

o
%]
o
L
Lo
=,
L

Puc. 2.1. OpuentupoBaHHasi CeTh

O0o3Hauum uepe3 W *j MUHUMAJIbHBIA MyTh U3 TOYKH [ B TOUKY N.
OnTuManbHbI MapUIPyT U3 JIFOOON TOYKHU I JOJDKEH 00JiajlaTh TEM CBOM-
CTBOM, YTO KakOB Obl HM ObUI CIIOCOO JOCTHKEHUS MyHKTA I, MOCIEIYIO-
1Iee PEeIICHHUE JOJLKHO OBITh ONTUMAJIBHBIM JIJISI YaCTH IyTH, HAYMHAOIIIE-
rocsi B TOUKe i (MPUHLINI ONTUMAIIBHOCTH).

[TycTh U3 TOYKHM i MOYKEM NIEPEUTH B TOKY j, pPACCTOSIHUE MEXKIY ITH-

MU TOYKaMHU PaBHO a;;. Touka j JoIDKHA BEIOMPAThCSA TAKUM 00pa3oM, 4TO-
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Obl IyTh U3 j B N ObUT 4aCThIO ONTUMaIbHOTO U3 i B N. O003HAYUM MUHHU-
~ . * .

MaJIbHBIN ITyThb U3 j B N uepe3 W ;. Torna i BeIOMpaeTCs U3 yCIOBUS MU-

HUMU3AIUU CyMMBI

a;+ W (2.1)
Takum 00pa3oM, monydaem ypaBHeHue bemnmana:
* . *
W, = mln{ay +W; } (2.2)
J#l

JIns peanuzanuu ypaBHeHuUs (2.2) pa3ienM YCIOBHO BCE TOYKH Ce-
TH HAa © MHO>KECTB IO YuCay maroB 1, 2, ..., n (cM. puc. 2.1). K mHOXecCT-
BY S) OTHECEM TOYKH, U3 KOTOPBIX MOKHO Momacth B N He 0OoJiee ueMm 3a n
1aroB, K S; TOUKe U3 KOTOPBIX MOKHO nonacTsk B N He Ooiiee uem 3a n — 1
1aroB U T. 1.
Ecnu i € Sk.1, To Oyaem cumrtath, uto j € S. Torma ypaBHenue (2.3)
MPUMET BUJT
* . . * 3
Wi (i) = min {ai]'+Wk+l(])}. (2.3)
i€ Sk
J € Sk
Tak kak Touka N eIMHCTBEHHAs! U OTHOCUTCS K MHOXECTBY S, TOT1a

%
W 1 (N)=0. (2.4)
MHOX€ECTBO S;,.] COCTOUT U3 TOYEK I, U3 KOTOPHIX MOKHO NONACTh B
N He 6omee yem 3a OJIMH I1ar, I03TOMY
W, (i) = min {a;,} = ajp, U,(i) =N (2.5)
ieS;—
rae U (i) — yCTOBHBIE ONTHMAJbHbIC YIIPaBIeHNs (PEIIeHHe) Ha /1-M Tie-
pexoje U3 TOYKH [ B N 10 KpaTyaulliemy Iy TH.
AHaNOTUYHO 171 TOYEK I € S),_o:
W,_1(i) = min {aij +W, (])} = min {al-j -|—ajN}, U, _1() (2.6)
ieS,_o ieS,_o
J € Sp—1 J € Sp-1
U T. 1. B utore ycioBHON ONTHUMHU3AIMU MOJYYUM COBOKYIHOCTH YCJIOB-

(v * .
HBIX ONTUMAJIBHBIX pemeHuit U (i), UCTIOob3ysl KOTOpbhIE TTOCIEeI0BaTEh-
HO OMPEIEIINM TOYKH, COOTBETCTBYIOIME ONTUMAILHOMY MapuIpyTy.
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IIpumep BbINOJTHEHUsS PadOTHI
Ha opuentrpoBaHHON ceTH HAUTU MaplIPyT ABWKEHUS U3 IIyHKTa B,
B NYHKT B3, COOTBETCTBYIOLIMK MAaKCUMAJIbHOM CTOMMOCTHU IIPOE3[A.
CronMOCTb IIpoe3/1a a;; U3 ITyHKTA I B IIYHKT j IIPOCTABJIEHA Y CTPEJIOK.

Puc. 2.2. OpueHTUpOBaHHAS CETh

I[J'IH TOT'O YTOOBI CTOMMOCThH mpoe3aa ObLIa MaKCHMaHBHOP'I, HYXKHO
OCYHCCTBIIATD IICPCBO3KHU 110 CaMOMY MJIIMHHOMY IIYyTH. Haiinem ero.

1. WsB11)=T7,
Ws(B12) = 8.

T+7 #
2. W,Bg)=<——+¢, W 4(Bg)=16;
4(Bg) {8+8} 4(Bg)

447 *
W4(B9):{m}, W 4(Bo) = 13;
T+7 *
W4(B10)={11+8}, W 4(Bio) = 19.

9+16 #
3. W.(B,)= , W 3(By) =25;
5(By) {10+13} 3(Ba)
11+16 %
W.(B:) = , W 3(Bs)=29;
5(Bs) {16+13} 3(Bs)
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18+13
2+19

8+13
8+19

6+25

10+29 * _
4, W5(B,)= , W »(By)=139;
»(By) EY 2(B2)

W3(B6)={ } W 3(Be) = 31;

W3(B7)={ } W 3(By) =27.

9+29

W, (Bs) = 161:2371 , W '5(Bs) = 42.

39+4
42+ 6

}, W (B)) = 48.
B,

|
I
e &) &) Gy (9
Puc. 2.3. OntumanbHas cxema ABUKEHUS aBTOMOOMIIA

Takum 00pazoM, mpoesn OyJAeT MaKCUMabHO JOPOTHM, €CIU OCY-
LIECTBIIATh NEPEBO3KU 110 MapuipyTy: B;—B3z—Bg— Bg—Bjx— Bj3s.
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BapuaHThl 3a1aHui 1JI BBINIOJIHEHHS JIA00PATOPHOH PadoThI

Bapuant Ne 1
Haiitn onTuManbHbI MapmpyT ABMKEHUS K3 ITyHKTa C; B MyHKT Ci3
Ha CEeTH, U300pakeHHOU Ha puc. 2.4. PaccTossHUEe MEXIy MyHKTaMH MpO-
CTaBJIEHO y CTPEJIOK.

Puc. 2.4. OpueHTUpOBaHHAS CETh

Bapuant Ne 2
Jlist oprueHTUpOBAHHOU ceTu (puc. 2.5) HAUTU MApUIPYT U3 IMYHKTA

Ap B MyHKT B, COOTBETCTBYIOIIMI MaKCUMaJbHON CTOMMOCTH MpOE3[a.
CTOMMOCTE IIpO€3/1a a;; U3 IyHKTA [ B ITyHKT j IPOCTABJIEHA Y CTPEJIOK.

Puc. 2.5. OpuentrpoBaHHas CETh
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Bapuant Ne 3
Haiigute onTHUMalIbHBIN MapIIpyT IBHMKEHUS M3 TOYKH A| B TOUKY

A13 U ceTu, U300pakeHHOM Ha puc. 2.6. PacCcTosSHUSA MEXTy MyHKTaMH
MIPOCTABJICHBI y CTPEIIOK.

Puc. 2.6. OpueHtrpoBaHHas CETh

Bapuant Ne 4
Haitnure xpatuaiimuii myTh U3 nyHKTa A B myHKT [ ayist cetu, uzo-
OpaxeHHOM Ha puc. 2.7. PaccTosiHUA MEXAy IyHKTaMHU IMPOCTAaBJIEHBI Y
CTPEJIOK.

Puc. 2.7. OpueHTupoBaHHasl CETh
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Bapuanr Ne §
Haiinure kpatyadiinii myTh U3 MMyHKTa A B yHKT /[ 17151 cetw, nso-
OpakeHHOH Ha puc. 2.8. PaccTossHUS MeX Ay MyHKTAMHU NPOCTABIICHBI Y

CTPEJIOK.
Bi C

Puc. 2.8. OprueHTupoBaHHasl CETh

Bapuant Ne 6
JInst opueHTHpOBaHHOM ceTu (puc. 2.9) HallTU MapuIpyT U3 MyHKTa A
B IIYHKT B, COOTBETCTBYIOIIMK MaKCUMaJIbHOW CTOMUMOCTH IIPOE3/A.
CTonMOCTB Ipoe3/1a a;; U3 IyHKTA I B IyHKT j IPOCTAaBJIEHA y CTPEJIOK.

A A4 A7
10 12

10 22

Puc. 2.9. OpuentrpoBaHHas ceTh
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Bapuanr Ne 7
Ha opuentupoBannoii cetu (puc. 2.10) HallTU MapuUIpyT JBUKECHHUS
U3 MyHKTa B B MyHKT B3, COOTBETCTBYIOIIMI MaKCUMaJIbHOW CTOMMOCTHU
npoe3na. CTOMMOCTh MPOe3Aa a; U3 IIYHKTA i B IIYHKT j IIPOCTaBJICHA Y
CTPEJIOK.

Puc. 2.10. OpueHTHpOBaHHAS CETh

KoHTpoJ/ibHBIE BONIPOCHI

1. Kakue 3a1aun aBTOMOOMIIBHOTO TPAHCIIOPTa PEUIAIOTCS METOIAMMU
JTUHAMUYECKOTO TPOrpaMMUPOBAHUS?

2. ChopmynupyiiTe o0mIyI0 3aa4y TUHAMUYECKOTO MPOTrpaMMHUPO-
BaHMUS.

3. [lepeuncnute NPUHIMITEI ONTUMH3AIMHU 33/1a4 JUHAMUYECKOTO TPO-
rpaMMHUPOBAHUSI.

4. 3anuiuTe OCHOBHBIE YPAaBHEHHUSI TUHAMUYECKOTO MPOrPAMMHUPO-
BaHUs (ypaBHEHHE belniMaHa) U MEpenuuInTe €ro COCTaBISIONIHE.

5. HazoBute 0cOOEHHOCTH MpeIBapUTENHLHOM (YCIOBHON) ONTUMH3AIINH.

6. Ilepeuncnure 0cOOEHHOCTH OKOHYATEIHHOU (0€3yCIOBHOM) ONTH-
MU3AIUH.

7. ChopMynupyiiTe 3aj1aduy 0 MapIIpyTU3ALIUH.

8. 3anuInTe MaTEeMaTUYECKYI0 MOJENb PEIICHUS 3aa4yi O MapIIpy-
TU3AIUA METOJIOM IMHAMUYECKOTO MPOTPAMMHUPOBAHUSL.

9. KakoBa nocineaoBaTeIbHOCTD PEIICHUS 3a1a49d O MAPIIPYTU3ALUU
METOJIOM JUHAMHYECKOT0 MpOrpaMMHUPOBaHUs?
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JlaGopaTtopnas padora Ne 3
PEHIEHUE 3ATIAY 3AMEHbBI ObOPYJIOBAHUA

Leab padoThI: U3yYUTh TPOLIECC TOCTPOCHUS MOJEIN PEIICHUS 3a-
a4 3aMeHbl OOOPYJOBaHHUS, a TaKXKE IMOJYyYUThb MPAKTUYECKHUE HABBIKU
pelieHus: 3ajad 3aMeHbl 00O0PYJIOBaHUS METOJIOM IUHAMUYECKOrO Mpo-
rpammupoBanus (JI1).

OO01mue moJI0KeHu s

Ilocmanoexa 3a0auu

OpmHoit u3 npobsieM, ¢ KOTOPOU MPUXOAUTCS CTATKUBATHCS MPHU Op-
raHu3aIuy padOThl MPEANPHUATHS aBTOMOOUIFHOTO TPAHCTIOPTA, SBIISICTCS
3aMEHa CTaporo 00OpyJ0BaHUS (CTAHKOB, arperaToB, MaIllMH) U aBTOMO-
Owieil Ha HOBBIE.

Crapoe 000py0BaHME M aBTOMOOWJIb UMEIOT (PU3MYECKUM U MO-
paNbHBIA U3HOC, B pE3YyJIbTAaTe YEro PacTyT MPOU3BOJICTBEHHBIC 3aTPATHI IO
BBITTYCKY TPOIAYKIIMHA HA CTAPOM OOOPYJTOBAHHUH, YBEIUUHUBAIOTCS 3aTPATHI
Ha €ro PeMOHT M OOCITy)XKMBaHWE, a BMECTE C TEM CHIDKAIOTCS €ro MpOH3-
BOJUTEIHHOCTD M INKBUIHAS CTOUMOCTD.

Hactynaer MomeHT, Korna crapoe o0opyaoBaHue (aBToMOOUIIb) 00-
Jee BBITOJHO MpoAaTh (3aMEHHUTh HOBBIM), YEM HKCILTyaTUPOBATh IIEHOU
OOJIBIIINUX 3aTpar.

Crparerust 3aMeHbl OOOPYIOBAaHHUS COCTOMT B OIPEIEICHUU OIl-
TUMAJIBHBIX CPOKOB 3aMeHBbl. KpUTepusiMu ONTUMAIBHOCTH TIPH OMNpeserie-
HUU CPOKOB MOTYT CIIYKHUTh JTUOO IPUOBLTH OT SKCILTyaTaIllH, KOTOPYIO Clie-
JyeT MaKCUMHU3UPOBaTh, THOO CyMMapHbI€ 3aTpaThl Ha SKCILTyaTaIUIO B Te-
YEHHE PacCMAaTPUBAEMOTO MPOMEKYTKAa BPEMEHH, KOTOpBIC MOMJIEKAT MU-
HUMU3AIUH.

YcaoBuMcs cuuTaTh, 4TO pelIeHre O 3aMeHe 000PYI0BaHUS MTPUHU-
MaeTcs MEePUOJANYECKH B Hadaye KaXIOoro MPOMEXYTKa (roma), Ha KOTO-
pbIil pa30UT IJIAHOBBIM MEPUO/I.

OcHOBHBIMU (DYHKITHOHATHPHBIMHA XapaKTEPUCTUKAMU 000PYI0BaHMUSI
SIBJISTFOTCSI:

t — Bo3pact obopynoBanus (1 =0, 1, 2, 3,..., n), rae t = 0 — UCIIOIB30-
BaHHME HOBOTO 000pyIoBaHwmsl, ¢ = 1 — UCHoIb30BaHWE 000PYIOBaHUS BO3-
pacTa OJTHOTO ToJia U T. I.;
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f(t) — crouMOCTh NPOAYKIMH (JJIs1 aBTOMOOMIISI — BBIpYUKa 3a TpaHC-
MOPTHBIE YCIIYTH), IPOU3BEICHHOM 3a roJ Ha 000pYyJA0BaHUU BO3pacTa f;

¥(t) — DKCILTyaTalMOHHBIE 3aTpaThl 3a ro/l Ha 00OPYI0BaHKUE BO3pacTa f;

((t) — ocTaToYHaAs CTOUMOCTh 000PYAOBaHUs BO3pacTa f;

P — 11ena HOBOTO 000pY/I0BaHMS;

fo — HayYaJbHBIA BO3pPACT O0OOPYAOBAHUS; 1 — MPOJIOKUTEIBLHOCTD
MJIAHOBOTO Mepro/ia (KOJIMYECTBO JIET B TIJIAHOBOM IEPUO/IE).

Cxema BO3MOXKHBIX COCTOSSHUM 0OOOpyJOBaHHUs IIpeJCTaBlIieHAa Ha
puc. 3.1, tae U © — COXpaHHOCTh ¥ IPOJOJDKMTEILHOCTE HCIOIL30BAHMUS
obopynoBanwust; U > — 3aMeHa 000pyI0BaHKS HOBBIM; S, — COCTOSTHHE 000-

PYZIOBaHMs, COOTBETCTBYIOIIEE BO3PACTY .

5 s,? \ Ue s’
2 >
f?; WUs
Je s Ue AN
1 Je e Ue <7\
Us “a T
| St st gt Us st
So" S:° S,° S,° s5,°
n k=1 k=2 k=3 k=4

Puc. 3.1. Cxema BO3MOXHBIX COCTOSIHUM 000pyA0BaHUS

Jlnst onpenesieHusl YCIOBHBIX ONTHUMAJIBHBIX PEIICHUM HEOOXOAUMO
cocTaBUTh (QYHKIIMOHAIbHOE ypaBHeHUE bennMana.

[TocTaBneHHy0 3a7a4y MOKHO paccMaTpUBaTh KaK 3aJady JWHAMU-
YECKOr0 MPOrpaMMHUPOBAaHUsI, B KOTOPOU B KAYECTBE CUCTEMBI S BBICTYIIAET
o0opynoBanue. COCTOSIHME ATOM CHUCTEMBI ompenensercs (aKTHYeCKUM
BPEMEHEM HCIIOJIb30BaHUS 000py0BaHUsA (€r0 BO3PACTOM) £, T. €. OMHUCHI-
BAECTCA €AUHBIM [IAPAMETPOM /.

Anroputwm pemieHus 3agauu merogom 1 peanuzyercs B qBa 3rtamna.

22



ITepbiii 3Tan. [lpu ABMKEHHM OT Haydajia n-TO roja K Hayany 1-ro
rojaa JJjisi KakJ0ro JOMyCTUMOI'O0 COCTOSTHUSI 000PYAOBaHUSI HAXOAUTCS YC-
JIOBHOE ONTUMAJIbHOE YTpaBiieHue (pemienue) — u(t).

Bropoit stan. [lpu nBuxenun oT Hayana 1-ro roga K Havamdy n-ro
rojila U3 YCJIOBHBIX ONTHUMAJbHBIX PEHICHUN COCTABIISIETCS ONTUMAIbHBIM
[LIaH 3aMEHBI 060PYIOBAHUS — U (7).

PaccmotpuM n-maroBslii mpoiiecc (cM. puc. 3.1), cuutas k-M marom
HOMEp k-TO TOoJla OT Hauvasa ’Kcrutyararuu (kK = 1, 2, 3, ..., n). YpaBHeHHE
Ha k- M I11are BIOMpAETCs U3 JBYX BO3MOXHBIX pelneHuii: U © — COXpaHHUTh
U [POJOJIKUTH HCIIONB30BaHUE CTaporo obopynosanus wid U ° — 3ame-
HUTH 000PYIOBaHKE HOBBIM.

CocrosiHue Si cucTeMmsbl B Hayase k-ro mara XapakTepu3yeTcs Ia-
paMeTpoMm ¢ — BO3pacT 000pyAOBaHUS, KOTOPHIH MOKET MPUHUMATh 3Ha4e-
ma0,1,2, ., k—1,1.e.t<k—1.

Ecnu x Havany k-ro mara cucrema HaXOJHUTCSI B COCTOSIHUM Sp; U
BO3pACT €€ paBeH ¢ rogam (Sy.; = t), To o BIUSHUEM ympaBienus U © B
KOHIIE A-TO Il1ara OHa MEpPENIeT B COCTOsIHUE S; C BO3pacToM 000pya0Ba-
Hus t + 1 (Sy =1+ 1) (puc. 3.1), T. e. Bo3pact 000pyJ0BaHUS YBEIUUUTCS
Ha oauH rox. Iloa BiusiareM ypaBHeHus U °, IPUHATOrO Ha k-M Iare, CHc-
TeMa MepenIeT B COCTOSIHUE C BO3PACTOM O00OPY0BaHUs, PABHBIM OJTHOMY
rojty. 3aMeHy IpOM3BEIN B Hauase k-ro mara (S; = 1).

OnpenenuM TpuOBUTL Ha k-M 1mare (1mmokazaresib 3()QGEKTUBHOCTH
k-ro 11ara), COOTBETCTBYIOIIYIO KaXJIOMYy U3 aJIbTEPHATUBHBIX YIIpaBlie-
auid U u U,

BeiGupast Ha k-M mare yrpasienue U °, MBI CMOKEM IPOM3BECTH
MPOIYKIIMIO CTOMMOCTBIO f(¢f) Ha cTapoM OOOPYIOBaHUU, YTO MOTPEOyeT
3atpar r(f), mo3TOMYy MIpUOBLIEL paBHa f(f) — r(f). O003HaUNM ee uepe3

W= f@)-r@. (3.1)

Ipu ynpasnennu U ° monydnm 10xox ¢(f) OT IPOJaxKu cTaporo 060-
pynoBaHUS (JIMKBHAHYIO CTOMMOCTH) M f(0) OT MpOM3BEACHHOW Ha HOBOM
000pyI0BaHUU TIPOYKIIMH, 3aTpaTtuB P pyOseit Ha npuoOpeTeHne HOBOTO
obopynoBanus, u »(0) — Ha coaepkaHue HOBOTO obopyaoBaHus. B aTom
ciiy4yae IpuObLIb COCTaBUT

W= o(t) + 0) — P — r(0). (3.2)

Tak xak Ha MOCIEeTHEM 3Tare TMporecca MIAHUPOBAHUS MBI MOXKEM
JIEHCTBOBATH 0€3 ydeTa MPeabIAyIUX 3TAlOB U CYNTATh, YTO ONTUMAIBHOE
yOpaBJIeHUE Ha TOCJIEIHEM 3Tare JO0DKHO O00ECTeYUTh MaKCHUMATbHBIM
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JI0XO0J1 32 TIOCTEAHUIA To/, TO (YHKIIMOHAIILHOE YpaBHEHUE, OTpa)karoliee
BO3MOYKHBIE PEIICHUSI, OyACT CICTYIOITUM:
. f(t)-r(t) npu U, = U°,
W, (t) = max (3.3)
¢o(t)+ f(0)—P—-r(0) npu U, = U>.

CpaBHHB 3TH JBE€ BEJIMYUHBI JUIsI BCEX BO3MOXKHBIX [ < A, TIOTYyYUM
sHauenue W, (f) ¥ COOTBETCTBYIOLIEE 3HAYCHHE ONTHMAIBHOTO yIpaBie-
aust U (1)

[Ipeamnonoxum, 4To AT BCEX 3HAUCHUH ¢ S; -TO COCTOSHUS CUCTEMBI
U3BECTHA MaKCUMaJlbHas MPUOBLIb, TTOTYyUYEeHHAs 3a 1 — k 1maroB ¢ k + 1-ro
10 7-¥ BKIIFOUUTENBHO. [103TOMY OCHOBHBIE pEKYPPEHTHBIE COOTHOIIICHHUSI
MO>KHO 3aITiCaTh B BHJIC

' f(6)=r(0)+ W (1+1) mpu Uy = U°,
W, (t) = max . (3.4)
¢(t)+f(0)=P=r(0)+W, (1) mpuU, = U".

B ypasrennu (3.4) Bemuumna W (1) — ycToBHAS MaKCHMaIbHAs
pUOBLIb, OJIYYEHHAsI 33 1 — k 11aroB, €ciu K Hadany (k + 1)-ro mara cuc-
TEMbI HAXOWIUCH B COCTOSIHUM S; ¥ ¢ = 1 (Bo3pacT 000pyIOBaHUSI COCTAB-
JISL7T OJTVH TOJT).

IIpumep BhINOJTHEHHUS PA0OTHI
CocraBuTh IJIaH 3aMEHBl OOOPYJIOBAaHUSA IO HCXOJHBIM JaHHBIM,
NpeACTaBICHHBIM B Taba. 3.1, rie 3HaYeHUs f(¢) W r(t) NaHbl B YCIOBHBIX
enuaUIaX. [lepBoHavaabHass CTOMMOCTH O0OpYIOBaHUS paBHA 15 ycioB-
HBIM euHuIaM (y.e.).

Tabnuya 3.1. VicxogHble TaHHBIC IS 3a0a4X ONITHMHU3ALMH

Bo3spact obopynoBanus ¢, T.
IToka3arenp
O | 1|23 1]4]|S5
CroumocTs NpoayKuuH f(2), y.e. 24 123 1222220 |19
DKcIuTyaTallMOHHBIE 3aTPaThI 7(2), y.€. I5{15]16 |17 | 18 | 19

1. PemieHne ucxoqHou 3aayM HAUMHAEM C OINPENIEIICHUS YCIOBHOTO
ONTUMAJILHOTO yHpaBjeHUs (pELIeH s ) AJIsl TOCJIEAHETO 5-T0 roja, B CBSI3U
C YeM HaXOJUM MHOKECTBO JIOIYCTUMBIX COCTOSIHUM 000pyJOBaHUS K Ha-
qajy JaHHOTO roja. Tak Kak B Ha4aJbHbII MOMEHT UMEETCS HOBOE 000pY-
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noBanue (1) = 0), To Bo3pacT 060pyIOBAHHS K HAYAIY 5-TO TOJA MOXKET
cocTaBiATh 1, 2, 3, 4 roga. [lo3TOMy HOIMyCTHUMBIE COCTOSIHUSI CUCTEMBI Ha
IaHHBIH Teprox BpeMenu TakoBsl: (47 = 1), (62 = 2), (° = 3), (1°) = 4).
Jlms KaxI0ro U3 3TUX COCTOSHUNM HAUAEM YCIOBHOE ONTHUMAJIbHOE pelle-
HHE U COOTBETCTBYIOIICe 3HadeHne pyukuun Ws((™).

Wcnonw3yss TMpuUBEICHHbIE paHEe YPAaBHEHHS M COOTHOIICHHE
We(f*D) = 0 (tak kak paccMaTpHBaeTCs MOCIESIHHIT TOI PACUETHOTO Ie-

proja), mojry4aem
) )
W, (t9) = max f@7)=r),
7@® =0)=r(® =0)-P.

5
[Toncrapmsist Teneps B 3Ty HOPMyTy BMECTO 4 ero 3Ha4YCHUE, paB-
Hoe 1, ¥ yunuThiBas AaHHbIe Ta0:. 3.1, HaxX0AUM

£ =1)=r(t® =1), } . {23 _15,

=8, U=U".
f(E =0)—r(® =0)-P. 24—15—15}

AGE max{

3HAYUT, YCIOBHOE ONTHMAJIbHOE PELIEHWE B JTAHHOM CIIy4ae — CO-
XPaHUTh 000PYIOBAHUE.

[IpoBenem aHaOrMYHbIE BBIYMCICHUS I IPYTUX JOMYCTUMBIX CO-
CTOSIHMI 000PYI0OBaHUS K Ha4Yally 5-ro roja.

W (t,) 22-16, 6, U=U°®
= max = . = )
N2 24-15-15.
22-17,
Ws(t,°)) = max =5, U=U°S,
24-15-15.
20-18,
Ws(1,°)) = max =2, U=U".
24-15-15.

[TonydyeHHbIe JaHHBIE CBOJUM B Ta0OI. 3.2.

Tabauya 3.2. BapuaHTbl YCIOBHBIX ONTUMAJIbHBIX PEIIECHUN

Bo3spact o6opynoBanus 3HaueHne QPyHKIUU YcnoBHoe onTu-
9, r. Ws(1Y), y.e. MalbHOe perienue U
1 8 U*®
2 6 U*®
3 5 U*®
4 2 U*®
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2. PaccMOTpyM BO3MOYKHBIE COCTOSIHMSI 00OpPYJIOBaHUSI K Havainy 4-ro
roga. O4YeBHIHO, YTO HOMYCTHMBIMH cocTostHuME sBisores (4 = 1),
6= 2), (Y= 13). 151 Ka)K10ro U3 STHX COCTOSHHI HANIEM YCIOBHOE OITTH-
MaJIbHOE PEILICHIE U COOTBETCTBYIOIIee 3HaueHue bynkimu Wy(1?), ncmons-
3ysl ypaBHEHHME ¥ faHHble Tabi. 3.1 u 3.2. Tak, B uactHocTH, s 4= | mmeem

S =1)=r@® =1+ =2),
f =0)=r =0)- P+, =1).
23-15+6,
=max
24-15-15+8.

3HAYUT, YCIOBHOE ONTHMAJIbHOE PENIEHWE B JTAHHOM CIIy4ae — CO-
XpaHUTh 000pPYJOBaHUE.

[IpoBenemM aHanOTWMYHBIE BBIYUCIEHUS I IPYTUX TOMYCTUMBIX CO-
CTOSIHMI 000pYyI0BaHUS K Havary 4-ro roja.

W, (t1(4)) = max {

}:14, U=U°.

W4(t2 ):maX :11, U:U ’
24-15-15+8.

W4(t3 )=maX :7, U=U".
24-15-15+8.

[TonydeHHble JaHHBIE CBOJUM B Ta0OuI. 3.3.

Tabnruya 3.3. BapuaHThl YCIOBHBIX ONTUMAJIBHBIX PEIICHUM

Y cinoBHOE oI TUMAJTB-

Bo3spact 06opynoBanus

3Hadenue QyHKIUU

9, r. W), y.e. Hoe pemieHue U
1 14 U°
2 11 U°
3 7 U*°

3. OnpenenuM yCIOBHOE ONTUMAJBHOE PEHICHUE IS KaXJAO0ro M3
JOMYCTUMBIX COCTOSIHUM 000pyaoBaHHs K Hadany 3-ro roaa. O4eBUIHO,
TakuMu coctostHusamE sBisiores (47 = 1), (6% = 2). B cooTBercTBHE C
ypaBHeHueM u Tabin. 3.1, 3.2, 3.3 umeem

AGDE max{
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}=19, U=U°.

f@ =D-r@® =n+w,(Y=2), |
F@® =0)-r(® =0)-P+w, ¢ =1).

23-15+11,
= max
24-15-15+14.



[ =2)—r(® =)+, (P =3), |
F@® =0)-r® =0)-P+w, ¢ =1).

22-16+7,
X
24-15-15+14.

[TonydyeHHble JaHHBIE CBOJUM B Ta0I1. 3.4.

W3 (6,"”)) = max {

}=13, U=U°.

Tabnuya 3.4. BapuaHTbl YCIOBHBIX ONTUMAJIbHBIX PELIEHUN

Bo3spact o6opynoBanus 3nadenne QyHKITUU YcioBHOE onTH-
(4) A3)
t,T. Wi(t), y.e. MalnbHOe perienue U
1 19 U*®
2 13 U°

4. B utore paccCMOTpPUM JONMYCTUMBIC COCTOSHHUS O0OpPYJIOBaHUS K
Ha4dally 2-T0 roaa. O‘IGBI/II[HO, YTO Ha ,I[aHHBII\/JI MOMCHT BPCMCHH BO3pPaCT
000pyI0BaHUS MOXKET OBITh PaBEH TOJILKO OJHOMY rojay. Torma umeem

2 _ 2 _ (3)
=) —r@ =)+ W =2),
W, (1) = max f( )—r( )+W3( ) _
f(? =0)—r® =0)- P+, (1 =1).
23-15+13,
= max
24-15-15+19.

[TonydeHHble JaHHBIE CBOJIUM B TaOI. 3.5.

}221, U=U°.

Tabnuya 3.5. BapuaHThl YCIOBHBIX ONTUMAJIBHBIX PEIICHUM

Bospact o6opynoBaHus 3HaueHne QYHKINH YcioBHOE ONTH-
9, r. WH({?), y.e. MajnbsHOe perenue U
1 21 U*®

5. CornacHo ycloBHIO B HayaJdbHBII MOMEHT YCTaHOBJICHO HOBOE
o6opynosarue (" = 0). [ToaToMy IPO6IEMBI BEIGOPA MEXKIY COXPAHCHH-
€M M 3aMEHOI 000pyJ0BaHUs HE CYIIECTBYET: 000pYy/I0BaHUE CIEAYET CO-
XpaHWTh. 3HAYUT, YCAOBHBIM ONTHUMAIbHBIM pelleHrueM sBisercs U °, u
3Ha4YCHHE (PYHKLINU

w6,y = £,V =0)—r(V = 0)+ W, ¢V =1) =24 -15+21=30.

Taxum 06pa3oM, MOKHO CIeNaTh BBIBOJ, YTO 00OpYAOBaHUE HA BCEM

MPOTSOKCHHUH TIEPHUOJIa IKCITyaTalliid MEHSATh HE HYXKHO.
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I'pad cocTosiHust cUCTEMBI ITPU BHIOPAHHBIX ONTUMAJIBHBIX yIIpaBJie-
HUSIX TIOKAa3aH Ha puc. 3.2.

Wi=30 W;=21 W;=13  W,=T W.=2

Puc. 3.2. OnTumanbHOE peleHne 3aaun 3aMeHbl 000py T0BaHHS

BapuanThl 3a1aHuil 1JI BBINIOJIHEHHS JIA00PATOPHOM Pad0ThI

Bapuant Ne 1
CocraBuTh ONTUMAIBHBIN TIJIAH 3aMEHBI O0OPYIOBAaHUS TIO MCXO/I-
HBIM JaHHBIM, IPEACTABICHHBIM B Ta0J. 3.6, T1i€ f(¢) U r(¢) NaHbI B YCIOB-
HBIX eauHuIax. [leppoHadanbHass CTOMMOCTE 000pyI0BaHUS paBHa 15 yc-
JIOBHBIM CJIHHHIIAM.

Tabnuya 3.6. UcxomaHble JaHHBIC IS 3aa49l ONTHMU3AIUN

IMokasareins Bospacr obopynosaHus ¢, T.
CTouMOCTh 4 ) ) ’ . »
npoaykuuu f(1), y.e
DKCITyaTaliMOHHBIC 5 s 6 - ) .
3arpatsl r(f), y.e.
Bapuant Ne 2

CocraBuTh MJIaH 3aMEHbl 00OPYJIOBaHUSA B TEUEHUE IATH JIET, IIPU
KOTOpOM 0011asi MpuObLIb B JAHHBIN NEpUOJ BPEMEHU MaKCHUMallbHa, €CIIH
3aTpaThl, CBSI3aHHbBIE C MPUOOPETEHUEM U YCTAaHOBKOM HOBOTO 00OpyAOBa-
HUSI, COCTABJISIIOT 35 ThIC. pyo.

HcxoaHble JaHHBIE ITPEICTaBIEHBI B Ta0. 3.7.

Tabnuya 3.7. cxomHble JaHHBIC IS 3aa4l ONTHMU3AIUN

Ioka3zaTenn Bospact obopynosauus 4, T.
Cronmocth 70 65 55 50 50 45
MPOYKINH f(1), y.€.
DKCIUTyaTallHOHHBIC 10 s 20 s iy i
3arpatsl 7(?), y.e.
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Bapuant Ne 3
CocTaBuTh ONTUMAIBHBIN TJIAH 3aMEHBI O0OPYIOBAaHUS 1O MCXO/I-
HBIM JaHHBIM, IPEACTABICHHBIM B Ta0OJ. 3.8, T1i€ f(¢) U r(¢) NaHbI B YCIOB-
HBIX enuHUIAX. [lepBoHavagbpHas CTOMMOCTh 000pyAOBaHUs paBHA 15 yc-
JIOBHBIM €IHHHIIAM.

Tabnuya 3.8. UcxomHble JaHHBIC IS 3aa4l ONTHMU3AIUN

[Tokazarens Bospacr o6opynosanus ¢, T.
CTouMocThb 15 30 . . > »
npoayKuuu f(1), y.e.
DKcITyaTallMOHHBIE 15 18 . 22 . -y
3aTpaTsl (%), y.e.
Bapuant Ne 4

CocTaBUTh ONTUMAIBHBIN TIJIaH 3aMEHBI O0OPYIOBAaHUS IO MCXO/I-
HBIM JaHHBIM, IPEACTaBICHHBIM B Ta0M. 3.9, rne f(¢) u r(f) naHbl B yCIOB-
HbIX enuHUIAx. [lepBoHayanbHas cTouMoCcTh 000pyAoBaHus paBHa 20 yc-
JIOBHBIM €IMHUIIAM.

Tabnuya 3.9. VicxogHbple TaHHBIC U1 3a0a4d ONITHMU3ALIT

ITokasarenn Bo3spact 0bopyoBaHus 4, .
CTouMOCTb 10 ’g . iy iy .
nponykuuu f(7), y.e.
DKCITyaTalMOHHBIC 18 0 ” 23 o .
3aTpartsl 7(f), y.e.
Bapuant Ne 5

CocTaBuTh ONTUMAJIBHBIM IIJIaH 3aMEHBI 00OPYAOBaHHUS IO HUCXOJ-
HBIM JIaHHBIM, TIPEeACTaBIeHHBIM B Ta0. 3.10, rae f(¢) u () n1aHbI B yCIOB-
HBIX eauHuIax. [leppoHadaabHas CTOMMOCTH 00opyaoBaHus paBHa 30 yc-
JIOBHBIM €IUHHUIIAM.

Tabnuya 3.10. Ucxomable JaHHBIC IS 3a0a4d ONTUMU3AINN

ToKasarers Bospact o6opynoBanusi ¢z, T.

0 1 2 3 4 5
CrouMocTh 50 45 43 41 39 38
OpOAyKIHH £(1), y.€.
OKCIUTyaTallMOHHbBIE 25 28 31 32 36 38
3aTpartsl r(1), y.e.
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Bapuant Ne 6
CocTaBuTh MIIaH 3aME€HbI OOOPY/IOBaHUS B TEUYEHUE ISITH JIET, MPU
KOTOpPOM 00111ast TpUOBbLIL B TAaHHBIN MIEPHOJ BPpEMEHU MaKCHMaslbHa, €CIu
3aTpaTthl, CBSI3aHHBIC ¢ IPUOOPETECHNEM 1M YCTAaHOBKOW HOBOTO 000pya0Ba-
HUS, COCTaBIAIOT 50 ThIC. pyo.
Ucxoaubie nanHbie pecTaBiieHbl B Ta0. 3.11.

Tabnuya 3.11. VIcxonHble JaHHBIC IJIS 3aa4id ONTHMHU3ALUN

TokasaTens Bospact 06opyi0Banus £, T.
CToumMoOCTh 90 o5 s o ” -
npoayKiuu £(1), y.e.
OKCIUTyaTallMOHHbBIE 30 15 40 45 “ "
3arpatsl r(f), y.e.
Bapuant Ne 7

CocTaBuTh ONTUMAJIBHBIM TIJIaH 3aMEHBI 00OPYAOBaHUS MO HUCXOJ-
HBIM JIaHHBIM, TIPEACTABICHHBIM B Ta0J. 3.12, rae f(t) u r(t) naHbl B yCIO0B-
HbIX enuHUIAX. [lepBoHavanbHasi CTOMMOCTh 000pyA0BaHUs paBHA 35 yc-
JIOBHBIM €JIMHUIIAM.

Tabnuya 3.12. VIcxomHble JaHHBIC IS 3a0a4d ONTUMU3AINN

ToKasaTess Bo3spact o6opyznoBanus ¢, T.

0 1 2 3 4 5
Croumocts 50 48 48 44 42 40
NPOIYKIHH f(1), y.€.
DKCIUTyaTallMOHHbIE 30 32 34 36 38 40
3aTpartsl #(1), y.e.

KoHTpoJibHBIE BONIPOCHI

1. Chopmynupyiite 3aa4y 0 3aMeHE 000pyA0BaHUSI.

2. YKaxxuTe OCHOBHbIE ()YHKIIMOHAJIBHBIE XapaKTEPUCTUKHU TEXHOJIO-
TMYECKOro 000pyI0BaHMUS.

3. 3anumuMre MaTeMaTUYECKYl0 MOJEIb PEIICHUS 3aaud 3aMEHbI
000PyI0BAaHUS METOJIOM JTHHAMUYECKOTO MMPOTPAMMHUPOBAHHSI.

4. KakoBa Mmociie/IoBaTeIbHOCTh PEUICHUS 33/1aud 3aMEHbI 000y 10-
BaHUsI METOJIOM JUHAMUYECKOTO MPOTPAMMHUPOBAHMS?

5. HazoBute 0COOEHHOCTH MpEABAPUTEIHHON (YCIOBHOM) ONTUMU3A-
MU TIPU PEILICHUH 3aa41 3aMEHbI 000PYI0BaHUA.

6. Ilepeuncnure O0COOEHHOCTH OKOHYATENIHbHOUW (0€3yCIIOBHOI) OIl-
THMH3AIIHY TIPU PEIICHUH 3aa91 3aMEHbI 000PYI0BaHUA.
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JlaGopaTopnas padora Ne 4

OIITUMMU3ALUA ITPOUECCOB TEXHUYECKOI'O
OBCJHYXUBAHUSA U PEMOHTA IIOJIBUKHOI'O COCTABA
1HO CETEBBIM MOJEJIAM

Heab pabdoThl: OCBOUTH METOJUKY MTOCTPOCHHUS CETEBBIX IPaPUKOB.

OO01mue moJI0KeHu s

CerteBbie MOJienH (ceTeBble TpapUKH) HAXOAST IIUPOKOE MPUMEHE-
HUE Ha aBTOMOOMJILHOM TpaHcropTe. OHU MO3BOJIAIOT BBIIBUTH CKPBITHIC
pECypChl BPEMEHU M MaTEPUATTBHBIX CPEACTB MPU BHITIOJIHCHUH MPOU3BO/I-
CTBEHHBIX MPOIIECCOB aBTOMOOMIIBHOTO TPAHCIIOPTA U 3HAYUTEIHHO MOBBI-
CUTh UX 3(PPEKTUBHOCTb.

HcxomHbIME TAaHHBIME TSI CETEBOTO TpaduKa CIyXKaT MepedeHb (CIH-
COK) paboT, a TakKe B3aUMHasl TOCJIEI0BATEIbHOCTh UX BBITIOJHEHUs. OCHOB-
HBIMH 3JIEMEHTaMH CETEBOT0 rpadrka SBISIOTCA: padoTa, COOBITHE U IyTh.

Kaxnas pabora, BXoasIiias B coctaB rpaduka, XapakTepusyercsi CBoen
POJIOJDKUTENBHOCTEI0. COOBITHE TPEICTABIsIET COOOM HAYalo WM OKOHYA-
HUe padoThl. HenpepbiBHAs MOCIen0BaTeIbHOCTh B3AaUMOCBSI3aHHBIX Pa0OT U
COOBITHM OT HAYAJIBHOTO 10 KOHEYHOTO, COOBITHS, KOTOpas UMeeT HauOoIb-
IO IPOJIOJKUTEIBHOCTh BO BPEMEHH, HA3bIBACTCSI KPUTUUECKUM ITyTEM.

VY ceTeBbIX MOJIeNIEN CleyIOIINUEe MPEUMYIIIECTBA:

- IaI0T YeTKOE MpeJcTaBiIeHrne 006 oobeme padoT;

- o0neryaroT pacnpezesieHue CpeacTB U pabodeil Cuilbl, UTO CO3JaeT
YCJIOBHS /111 HAWJTYYIIIETO UCTIONb30BaHUs PECYPCOB;

- TIO3BOJISIIOT COCTABIISATh ONEPATUBHBIC W TEKYIIHUE IUIAHBI, 4 TAKXKE
IPOTHO3UPOBATH CIOXKHBIE MTPOLIECCHI;

- o0ecneunBarOT HATJIATHOCTh TEXHOJIOTMUECKON IMOCIIEI0BATEIbHO-
CTH padoT.

Ipunyunsvr nocmpoenusi cemeswix epapuxos

[Ipu noctpoeHun ceteBoro rpaduka UCIoJb30BaHbl CIEAYIONINE OC-
HOBHBIE MPABUIIA:

1. CoObITHsI 0003HAYAIOT KPYKOUKAMHU, BHYTPU CTaBAT HOMEP COOBI-
TUS (BBLACIISIIOT Ha4YaJIbHOE, KOHEYHOE M TTPOMEKYTOUHBIE COOBITHS).
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2. CoObITHSl COENMHSIOT OPUEHTHUPOBAHHOW CTPENIKOM, KOTOpas Ha-
MpaBjieHa OT MPEJIIESCTBYIONIETO COOBITHS K TOCJIEAYHIIeMy (CTpelika
MpeJICTaBIISIET COO0M Ha ceTEeBOM rpaduke padoTy).

3. JIroObie aBa COOBITHS MOTYT OBITh COCIMHEHBI HE O0Jee YeM O/I-
HOW CTPEJIKOU.

4. B nayasibHO€ COOBITHE HE BXOAUT HU OJIHA CTPEJIKA.

5. Y3 koHEYHOTO COOBITHS HE BBIXOJUT HU OJIHA CTPEJIKA.

6. CoObITHs ceTeBOro rpaduka HyMepylOT Tak, YTOOBI JIJISl KaxAOou
paboThl HOMEDP HAYATBHOTO COOBITHSA ObLT MEHBIIIE, YEM HOMEP KOHEYHOTO.

7. Kaxnayro padoty xoaupytoT apyms nudpamu. Ilepsas nudpa o3-
HA4YaeT Hayajao pabOThl U COOTBETCTBYET HOMEPY MPEAIISCTBYIOMIETO CO-
OBITHSL.

8. [Ipo10KUTETEHOCTD PA0OTHI IPOCTABIISIETCS HAJ CTPEITKAMH.

9. HacTh paboT BBIMOIHSETCS MOCJIEN0BATENBHO. JTO O3HAYAET, YTO
HaYyaJio KaxJa0W Nocieayomend padoTsl 3aBUCUT OT OKOHYAHUS MPEIIIECT-
BYIOIIECH.

10. PaGoThl MOTYT HAUMHATHCS B OJIMH U TOT K€ MOMEHT BPEMEHHU C
HACTYILJICHUEM COOBITHS, HE 3aBUCSIT BO BPEMEHH OJIHA OT JIPYTOi U MOTYT
BBITIOJTHATHCS TTApaJLICIbHO.

11. ®uxTrBHBIE pabOTHl YCTAaHABIMBAIOT JIOTUYECKYIO B3aUMOCBS3b U
POJIOJKUTENHHOCTD UX paBHA HYJIIO.

12. Becb koMIUIeKe paboT 3aBeplIaeTcsi Kak TOJbKO OKOHYUTCS padoTa
Y CBEPIIUTCS TOCIIe/IHEE COOBITHE.

CocraBnieHue ceTeBoro rpaduka CMEHHO-CYTOYHOTO TUTaHa MepeBo-
30K CYUTAETCS 3aKOHUECHHBIM.

[Ipu pa3zpaboTke ceTeBbIX I'papuKOB HEOOXOAMMO YUYUTHIBAThH Clie-
IYIOIIHAE YCIOBHUS:

1. Hu onHO ycnoBre HE MOKET MPOU3OUTH 10 T€X TOp, Moka He Oy-
IyT 3aKJIFOUYEHBI BCE BXOSIINE B HETO PAOOTHI.

2. Hu onna pabota, BBIXOAAIIAS U3 COOBITHS, HE MOXKET HAUMHATHCS
JI0 T€X MOp, MOKA TAHHOE COOBITUE HE MPOU30MIET.

Ha ceteBoM rpaduke BBIACHSIOT KPUTUUECKUN MYTh JUIsl TTOCJIEAYIO-
el ero MUHUMU3auU. JJig 4ero onpenesnsitoT BpeMsi Haualla U OKOHYa-
HUS KaXJ0W omnepaluu, BpeMsl HACTYIUICHUS KaXKJIOTO0 COOBITHS, a TaKke
YCTaHABJIMBAIOT BO3MOXHOCTh U3MEHEHHUS 3THX MapamMeTpPoB C IIEJIbIO OIl-
TUMU3AIMN CETEBOU MOJICIIN.
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Pacuem napamempoe cemegou mooenu

JlaHHBIN pacueT BeAeTCs IS MOJHBIX MyTel, COOBITUHN U padoT.
Onpenensior Cienyoe mapaMeTphl:

a) IJIs TIOJTHBIX ITyTEeH ceTeBOTro rpaduka:

- t(L;) — IpOOJDKUTEIIBHOCTD JIF0OOTO IMOJTHOTO MYTH;

- #(Lyp) — IPOJIOJIKUTEIBHOCTD KPUTUYECKOTO Ty TH;

- R(L;) — onHBIN pe3epB BPEMEHH MYTH.

0) 11 COOBITHIA:

TP T-H < v .
- 1; , 1; — paHHUU U O3JHUU CPOKH CBEPIICHHUS cOOBITHS,

- R; — pe3epB BpeMeHU COOBITHS.
B) JUIsl paboT:

0 .
- tlg-pH), l‘lg-p ) _ pPaHHUI CPOK Hayajia ¥ OKOHYaHUs padoT;

) tlg.HH) , tzg'HO)

(m) .(cB)

- 1j 75 Tjj ~ — moNHBIA ¥ CBOOOHBINA PE3EPB BPEMEHH PAOOTHL.

— MO3HUM CPOK Ha4ajla U OKOHYaHUA pa60T;

IIpu pacdeTe 3TUX mapaMeTpOB HUCIOJIB3YIOT Trpaduyeckuii u Taod-
JIMYHBIN METOIBI.

Pacuet mpoaomKUTETBHOCTH TTOJIHOTO MY TH

1. JlaHHBIN pacyeT BBIMOJHSIIOT 10 (hopMyIie

L;
t(L)=>1,, (4.1)
TZie 1;;— MPOJOIDKATEIBHOCTD PabOT MEXKY i-M H j-M COOBITHSIMH.

L;
2. t(L,)=max ) 1, — NPOAOIKUTENLHOCTh KPUTHIECKOTO TTYTH.

3. IlonHBIN pe3epB BpeMEHU Ty TH
R(L) = Lyp) — (L. (4.2)
[ToBbIlIEeHUE CyMMapHOM MPOAOKHUTEIHLHOCTH BCEX padoT, Jiexa-
IMX Ha MyTH L;, Ha BenuuuHy R(L;) HE yBEeJIMYMBAET BPEMs HACTYTICHHUS
3aBEPILAIOIIETO COOBITHS.

Pacuem epemenu nacmynnenus cobvimuii

[Ipu rpaduyueckoM METO/E 3aMHCH PACUETHBIX MMAPAMETPOB BBIMOJ-
HSIIOT HETIOCPEJICTBEHHO Ha CETEBOM rpadukKe.
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JIJig 4ero Kaxaplil Kpy>KOK CETEBOIO rpaduka JIEisIT Ha YEThIPE 4acTh
(CeKTOpHI), B 3TUX CEKTOPAX 3aIMCHIBAIOT CleAyIolre JaHHbIe (puc. 4.1):

- BEpXHUU MpeAHA3HAYEH ISl 3alUCU HOMepa COOBITHS [}

- TIpaBBIA — JUIS 3aIIMCH PAHHETO CPOKa CBEPIIEHUS COOBITHS T} ;

- JIEBBIN — JIJIsI 3aITMCHU TIO3JIHETO CPOKA CBEpIICHHUS coObITus T ;

- HWKHUU — JUIs 3aIIMCH pe3epBa BpEMEHU COOBITUS R;.

Puc. 4.1. CeteBoii rpaduk ¢ ykazaHUEeM BPEMEHHU HACTYIUICHUSI COOBITUIMA

1. HaubGosiee paHHui CpOK HACTYIUICHUS i-TO COOBITUSI B CETH Zp ,
rnei=1,2,...,n;i— 0IHO U3 COOLITHI CETH.

T;'p — MHUHHUMAJIBHO HGO6XOI[I/IMOC BpEMA MCKAY HACTYIICHUCM Ha-

YJaJIbHOT'O U JaHHOI'O COOBITHS.

Jlns Ha4aIbHOTO COOBITHS Tlp = (0 — Haubosiee paHHHI CPOK paBEH

HYJI1O. HpI/I pacucTe T;-p MMOCJIICAOBATCIBHO IICPCXOOAT OT HAYAJIBHOI'O CO-

OBITHS K COOBITHIO, BCE OoJiee OT HEero yaajieHHomy. Torma mis aro0oro
JIPYToro COOBITHS j ATOT MOKa3aTelb Onpenesnsercs mno Gopmyie

TP = max[Tl.p +tl-]}, (4.3)

rae 7 — Hamboiee paHHMH CPOK HACTYIUICHHS COOBITHS I, IPEIIIECT-

BYIOILIETO COOBITHIO J; #;; — IPOAOKUTENBHOCTD paboTHI (7 — j).

JI71s1 KOHEYHOTro COOBITUS CEeTeBOro rpaduka Hanboaee paHHUM CPOK
€ro HACTYIUICHHsI PaBEH NPOIOHKUTEILHOCTH KPUTUYECKOTO MYTH U Ha-
3BIBAETCSl KpUTHUIECKIM BPEMEHEM CETEBOT0 rpaduka.

9 II
2. Haubosiee mo3IHUI CPOK HACTYIICHUS COOBITHS B ceTH 1; .

DTOT MOKa3aTelb PACCUUTHIBAECTCS OT KOHIA CETEBOro rpaduka K Ha-
qajy, T. €. B HalpaBJICHUH, OOPaTHOM OIpPEICICHUI0 HauOoJiee paHHETro
CpOKa HACTYIUICHUS COOBITHIA.
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JI71s KOHEYHOTO COOBITHS k JieNlaeTcsl MPEAIOIOKEHUE, YTO HauboJiee
pPaHHUI CPOK €ro HACTYIUICHUSI paBEH HanboJiee Mo3JHEMY CPOKY, T. €.

P 1
Ir =1 . (4.4)
JI7s1 KpUTHYECKOTO MyTH TAKKE BEPHO PABEHCTBO
_ I
T K% =T KD

Torna ans Hagansroro — 1] =0.

o II
Jlist npyrux coOwITHii ceTeBoro rpaduka 1;  ompenensgercs no ¢op-
MyJie

T = min[TJI-I _ tUJ 4.5)

II [
rac T j o~ Hauboee MO3JHHUHN CPOK HACTYINUICHUSA IMMOCICAYOIICTO COOBITHS

J; tij — IPOOJKUTENBHOCTD Pa0oOTHI (7 — j).

DTOT MoKa3aTesb ONpeAesieT HanboJliee J0MyCTUMOE BpeMs HacTyII-
JIEHUsI COOBITHUS, HE TPeOyIolllee YBEIUUCHHUSI BPEMEHHU Ha OCYIIECTBICHUE
BCET0 KOMILIEKCa pador.

JIOIyCTUMBIN CPOK HACTYIUIEHHS COOBITHS — 1 jﬂ :
p A I
Iy <T;<T;. (4.6)

JlaHHOE HEPaBEHCTBO MOKA3bIBAET, YTO JOMYCTUMBIA CPOK HACTYTUICHHS
COOBITHSI IOJDKEH HAXOUTHCA B IMANa30HE U3MEHEHUM OT HanOoJiee paHHEro
710 HarOoJIee TO3IHET0 CPOKA HACTYTIIICHUS JAHHOTO COOBITHSL.

JIJ1st KpUTHYECKUX COOBITUH

TP =T o =T (4.7)

Kp.C Kp.Cc =~ T Kp.C*
3. Pe3epBbl BpemeHU cOObITUH R;.

PaccunrtaB paHHUE U MO3JHHE CPOKM HACTYIUICHHS KaXXJ0ro COOBI-
THUS, MOXKHO OIPEACIIUTh PE3EPBBI BPEMEHU COOBITHH 10 PopMyie

R =T"-TP. (4.8)
Pe3epBbl BpeMeHU BCeX COOBITUI KPUTUYECKOTO ITyTH PaBHbBI HYIIIO.
R,-Kp = (. (4.9)

Pacuem spemenu gvinonnenust pabom
Pacuer mpoBOIAT HOCKE TOTO, Kak onpeaeiensl 17 u T, Ui BCEX
coObITHit (puc. 4.2):
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a) paHHuil cpok Havana pador (#;”") paBeH paHHEMY CPOKY HACTYII-
JIEHUs COOBITHSI, M3 KOTOPOTO MCXOUT AaHHAs paboTa, T.e.

=1, (4.10)

Ecnu 3Ty o11eHKY BBIPa3uTh Yepe3 XapaKTEPUCTUKU PadOT, TO MOKEM
3anucaTh

p.H _ p.H
OF ="+t 4.11)

e #;; — IpeaIIecTBYoImas padoTa; ¢ — mocieayomas padora.

CoOpbITHE i CoOsbITHE j CoOrbiTHE Ik
[IpoaomKUTENBHOCTD [IpoaomKUTETBHOCTD

(R ) I T L (TR O B

O,

Puc. 4.2. ®parmeHnT cereBoro rpaduka

0) paHHUI CPOK OKOHYAHUS PabOThI ONpenesaeTcs MyTeM npuodasie-
HUS K paHHEMY CPOKY Haudajia padOoThl IPOJOJIKUTEILHOCTH caMOil pabOThI
PO _ 7p pP.O_ _p.H .
i =17 +t; wm LT =t (4.12)
B) MO3JHUI CPOK OKOHYAHMS pabOTHI paBeH MO3IHEMY CPOKY HACTY-
IJIEHUS TTOCJIEIYIOIIETO COOBITUS
IL.O __ 10 n.o__,I.0
') MO3HUN CPOK Hadayia pabOThl HAXOAUTCS IMYTEM BBIYUTAHUS W3
NO3JJHEr0 CPOKa HACTYIUIEHUS MOCIEAYIOUIEr0 COOBITHS MPOAOIIKUTEb-
HOCTH padoThI, T. €.

ILH _ Il IL.H _ 1.0
tl'j _Tj _tij 150705 tl'j _tij _tl'j- (4.14)

1) TIOJIHBINA pe3epB BPEMEHU pabOThI TTOKA3BIBAET BPEMs, HA KOTOPOE
MO>KHO MEPEHECTH HAavyaJlo JaHHOM padoThl (MM YBEIUYUTH €€ MPOA0IKH-
TEJIbHOCTh), HE U3MEHSS IPU 3TOM JJIMHBI KPUTUYECKOTO MyTH, U OIpe/e-
asieTcst o (GopMyIaMm:
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n_ ,LH ,pH O _ I p

I[J'Iﬂ BCCX pa60T, JCKAINX Ha KPUTHUYICCKOM ITYTH,
II
i =0. (4.16)

€) CBOOOJHBIN pe3epB BpEeMEHU PabOThl — YACTh IMOJHOTIO pe3epBa
BpEMEHHU pabOThI, KOTOpAsi COXPAHSIETCS y Hee MPU yCIOBUH, YTO HaYallb-
HOE cOOBITHE PAOOTHI COBEPIIUTCS B CAMBIN TIO3IHHUI CPOK, @ KOHEUHOE — B
caMblil paHHHM CPOK U OIpeaensieTcs o Gpopmymnam:

Ing:rl-jr-[—Ri—Rj WIH I”,;B=TJP—TZ-H—ZU-. (4.17)

Onmumusayusi cemegvix mooenet

[Tocne Toro Kkak NOCTPOEH UCXOJIHBIN CETEBOM IpauK U pacCUUTAHbI
OCHOBHBIE MMapaMETPhl CETEBOM MOJENH, HEOOXOAUMO JIaTh OLEHKY MOJTy-
YeHHBIM pe3yJsibTataM. Eciu Kputnuueckuil myTh OOJbIIE YCTAaHOBJICHHOTO
CpOKa, MPEIOKEHHOTO PYKOBOJICTBOM, TO HEOOXOJMMO OCYIIECTBUTH OII-
THMU3ALMIO 110 BPEMEHHU.

Onmumusayusi cemegoeo 2pagura no epemenu

3aKI0YaeTCs B COKPAICHUM KPUTUYECKOIO IYTH U MPOBOAUTCS B
CIIEAYIOLIEM TTOPSAIKE:

1) m3yyaroTrcsi BO3MOXKHOCTH 3aMEHBI IOCIEA0BATEIBHO BBIITOJIHEH-
HBIX pa0OT MapauieIbHBIMU TaM, TJI€ 9TO JOMYCKAeTCS TEXHOJOTHEH, C
LEJIbI0 COKPALEHUS IPOAOHKUTEILHOCTH PadoT;

2) COKpAILIAaIOTCSl CPOKU BBIMOJHEHUS KOMILJIEKca paboT 3a CYET Mpu-
BJICUCHHUS JTOITOJTHUTEIBHBIX PECYPCOB, a TAKKE IMPUMEHEHHUS TEXHOJIOTHU-
YECKUX YCIIOBUI MPOU3BOJICTBA KOMIUIEKca padoT. Ecinu ucxoaHblil Bapu-
aHT CeTeBOro rpauka MMeeT MPOJOJIKUTEIBHOCTh KPUTHYECKOTO IYyTH,
COOTBETCTBYIOIIYIO TUPEKTUBHOMY CPOKY, WJIM HE MPEBBIMIAET ITOT CPOK,
TO OH CYMTAETCS ONTUMAJIbHBIM M MOXET ObITh PEKOMEHJIOBaH K yTBEp-
YKJIEHHIO U UCTIOJHEHHUIO.

Onmumuzayusi cemu no pecypcam.

OnTtumMuzanust cereBoro rpaduka no BpeMeHu 0e3 yueTa OrpaHuveHui
10 pecypcaM IMPeroaraeT, Yro NoTpeOHOCTh B pecypcax MOKET ObITh YOB-
JIETBOpEHa B HEOOXOMMBbIE CpOKH. OJHAKO TaKOW MOJIXO0/ K pa3paboTke ceTe-
BbIX Ipa)MKOB HE MCKIIIOYACT PEIICHUS 3a/layd HauOoJjee palMOHAIBHOTO
pacrpenesieHusl peCypcoB, MOATOMY ITOCIIE ONTUMU3ALUN CETEBOW MOJIENHN T10
KpUTEPUIO "BpeMEHHU" ITPOU3BOJUTCS €€ ONITUMU3ALIUS 10 PECYpCaM.
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IIpumep BhINOTHEHUS PAGOTHI

st aromoOuinis BA3-21074 coctaBuTh ceTeBol rpauk BBINOJIHE-
Hus padot TO-1.

CocraBuM TaOIUIly pErjIaMEHTHBIX PadOT TEXHUYECKOIO OOCITYykU-
Banusa TO-1 (tab6m. 4.1).

Tabnuya 4.1. llepeyeHb peraaMeHTHBIX padOT TEXHUYECKOTO 00CTy-
xuBanusg TO-1 aBromoowist BA3-21074

15911 Bun pabot Konx pa6or Tp };i?fﬁ;);“’
1 | OTkpeITH KanoT 1 0,8
2 | IIpoBepUTh COCTOSIHUE U T€pMETHY- ) 15

HOCTb CUCTEMBI OXJIAKICHUS ’
3 | [IpoBepuUTh COCTOSIHUE U T€PMETUY- 3 15

HOCTb CHCTEMBI CMa3KH1 ’
4 | IIpoBepUTh COCTOSTHUE U HATSKEHUE

pEMHS IpUBOJA BOJASHOTO Hacoca, BEH- 4 2.0

TUJIATOPA, TEHEPATOPA U OTPETYIUPO-

BaTh HATSHKEHHUE
5 | IlpoBepuTh COCTOSHKE, KPEIJICHUE 5 20

MPUEMHOMN TPyObI TITyLIUTENs ’
6 | [IpoBepuTh COCTOSAHUE, KPEIUICHHUE J10-

MTOJIHUTEJIBHOTO [IYIIUTENS, OCHOBHO- 6 2.5

'O TIYLIUTENS C BBIXJIOITHON TPyOOii B
cOope ¥ 3aKpenuTh

7 | IIpoBepUTh KPEIJIEHUE TOMTOTHUTEIb-
HOT'O [JTYIIUTENS], OCHOBHOI'O ITyIIUTE- 7 2,5
7151 B cOOpe K Ky30BY U 3aKPEIUThH

8 | IIpoBepuTh cOCTOSIHNE, TEPMETHUHOCTD
MPUOOPOB, TOIITUBOIIPOBOIOB CUCTEMBI 8 4,0
MMUATAHUS U TOIUITMBHOTO Oaka

9 | IIpoBepuTh U OTPEryIUPOBATH pabOTy
JIBUTATENsl HA MUHUMAJIbHO yCTONYH-

BYIO 4aCTOTY BpallleHUs KOJIEHYATOrO

Baja

10 | IIpoBepuTh AciicTBUE TPUBOIOB
yIpaBJeHus KapOropaTopoM, paboTy 10 1,5
JPOCCENBHON U BO3AYIIIHOW 3aCJIOHOK

11 | CHATh KpBIIKY OeH30HACOCA, (DUIBTPHI
TOILUIMBHOTO Hacoca M KapOroparopa,
OYUCTUTh OT OTJOXEHHUH TOJIOCTH
KPBIIIKHA U QUITBTPHI

11 3,0
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IIpooonocenue maoan. 4.1

/1

Bun pa6or

Kon pabot

TpynoeMKoCTs,
YeJl.-MUH

12

[IpoBepuTth paboTy G10Ka yrpaBieHUs,
MUKpOTIEpPEKITI0YaTeNs, CHCTEMbI
YIIpaBIECHUA DIIEKTPOMArHUTHOIO IIepe-
KJItoyaTenis xoaoctoro xona (JI1XX)

12

2,0

13

[TpoBepuTh paboOTy MEKTPOMATHUTHO-
ro kiamnana cuctemsl (DIIXX)

13

2,0

14

[TpoBepuTh repMETUYHOCTD 3aIIOPHOTO
KJIalaHa KapOroparopa U yCTpaHUTh
HEHCIIPaBHOCTH

14

2,0

15

CHATb KapOrOpaTOp, MPOMBITh, IPOIAYTh
€ro JIeTajiu, pu HEOOXOIUMOCTH OTpe-
TYJIUpOBaTh YPOBEHb TOILIMBA B IO-
IJIaBKOBOM Kamepe U MOCTaBUTh HAa Me-
CTO

15

5,0

16

OTpeFYJII/IpOBaTB HaTAXKCHHUEC LICIIN
MMpUBOJAA ra3opacupCACINTCIBHOIO MC-
XaHu3Ma

16

1,5

17

[IpoBepuTh 1 MpU HEOOXOAUMOCTH OT-
pEeryJIupoBaTh TETIOBHLIE 3a30PbI B
MPUBOJIC KJIaNaHOB

17

12,0

18

[IpoBepuTh COCTOSIHME U TEPMETHY-
HOCTb IIPUBOJA BBIKJIFOUEHUS CLIETIE-
HUS

18

0,5

19

[TpoBepuTh MOTHBINA U CBOOOIHBIN X0
TeTaan CIEIUICHUS

19

B canone 0,5

CHuzy 1,0

20

[IpoMBITH cucTeMy TUAPONPUBOAA Clie-
TUICHUSI, 3aJTUTh HOBYIO KHUJIKOCTh U
YIQIUTh BO3AYX U3 CUCTEMBI

20

B camone 24,0

CHuzy 6,0

21

[IpoBepuTh cocTosiHNE, KPEIUIEHNE U
repMETUYHOCTH KOPOOKH mepeay

21

0,8

22

ITpoBepuTh COCTOSTHUE, KPETIJICHHUE
Kap/laHHOT'O BaJa, (iaHIa KapAaHHOTO
Baja K (hIaHIly BeaylIeH [ecTepHu
IJIaBHOU Iepefayn 3aHEro MocTa

22

1,5

23

[IpoBepuTh COCTOSIHUE U TEPMETHY-
HOCTb 3aJIHEr0 MOCTa

23

0,8

24

IIpoBepuTh cocTosiHME NIEpeHEN O~
BECKH

24

1,0

25

IIpoBepuTh COCTOSIHUE, KPEIUIEHNE
CTOEK CTa0MIn3aTopa, NOayIIeK 1e-
penHeil noxBecku

25

3,5
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IIpooonocenue maoan. 4.1

Ne TpymoeMKoCTb,
Bun pa6or Kon pabot pyA
/1 YeJ1.-MHUH
26 | [IpoBepUTh COCTOSIHUE, TEPMETHY-
HOCTb, KPEIJIEHHE aMOPTHU3aTOPOB TIe- 26 1,5

peIHEeN NOIBECKHU

27 | IlpoBepUTh COCTOSTHUE 3aIUTHBIX YeX-
JIOB ILIAPOBBIX ONOP MEpeaHEN MmoaBeC- 27 1,0
KA ¥ HAKOHEUYHUKOB PYJIEBBIX TAT

28 | IIpoBepuTh KperieHne BEPXHUX U
HIKHUX PbIYaroB MepeaHeil NoIBECKU 28 2,8
K IIOBOPOTHBIM KyJIaKam

29 | [IpoBeputh KperieHHe nepeaHen mom-
BECKH K MepeaHel Oanke, /I 4ero OT- 29 4,5
BEpHYTb KOHTPralikKu OCeu

30 | IIpoBepuTh KpemIEHUE BEPXHUX pblYa-

N 30 2,5
TOB K IiepeaHei Oake

31 | IlpoBepuTh yroma pas3Baia KOJIEC, CXOXK-
JI€HUs KOJIEC, YTOJI TIOBOPOTA BHYTPEH- 31 20,0
HEro Kojeca

32 | [IpoBepHUTh COCTOSAHUE, KPEIJICHHE
NIPY’KHH 3aJHEHN MOJBECKU K KapTepy 32 1,5
3aJIHEro MocTa

33 | IlpoBepuTh COCTOSIHHUE, TEPMETHIHOCTD
U KpEIUIEHUE aMOPTU3aTOPOB 3aiHEN 33 1,5
MOJIBECKH

34 | IIpoBepHTh KperieHHe NePEeJHUX KO-
Jiec, UX COCTOSIHUE, TaBJIIEHUE BO3yXa
B IIMHAX, IPU HEOOXOIUMOCTH JJOBECTH
710 HOPMBbI

34 4,0

35 | [IpoBepuTh KpermieHue 3aAHUX KOJIEeC,
HUX COCTOAHUC, NABJICHUC BO3/1yXa B
mrHax, rmpu HGOGXOI[I/IMOCTI/I JOBCCTH
JI0 HOPMBI

35 4,0

36 | [IpoBepuTh cocTOSIHUE, AaBICHUE BO3-
JyXa B IIMHE 3allaCHOTO KoJieca, Ipu 36 1,0
HEO0OXOIUMOCTH JOBECTHU A0 HOPMBI

37 | IlpoBepuTh OCEBOI1 3a30p B MOAIIHUII-
HUKaxX CTYIUI] IEPEIHUX KOJIEC U OTpe- 37 9,0
ryJINPOBATh

38 | BImoaHUTH AMHAMUYECKYIO OanaHCu-
POBKY KOJIEC M IOMEHSTh UX MECTAMHU 38 11,0
COIJIACHO CXeME MePECTaHOBKH KOJIeC
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IIpooonocenue maoan. 4.1

Ne Bua paGot Kot pabor TpynoemMKocCTb,
/1 YyeJl.-MHAH

39 | IIpoBepUTH KpEMJIEHUE PYJIEBOM KO-
JIOHKH K TTAaHETTU TPUOOPOB

39 0,5

40 | IIpoBepUTH COCTOSIHME M KPETUICHHE
PYJEBOr0 MEXaHU3Ma K JIOHKEPOHY, 40 1,0
IpH HEOOXOIMMOCTH 3aKPEIUTh

41 | [IpoBepUTh COCTOSIHUE, KPETIICHUE
COIIIKH PYJIEBOTO YIIPABIICHUS, IPU HE- 41 0,5
00XOIMMOCTH 3aKPENUTh

42 | [IpoBepUTh COCTOSIHUE, KPETUICHUE Ma-
STHUKOBOTO pbIYara, €ro KpoHIITeHHa
Y YCTPaHUTH 3a30p B MIAPHUPAX HIIU
BTYJIKaxX

42 1,0

43 | [IpoBepuTh COCTOSIHME, KPEIUIEHUE PY-
JIEBBIX TAT, 3aLIUTHBIX YEXJIOB ILIAPHU- 43 3,0
poB

44 | IlpoBepuTh CBOOOIHBIN X0 PYJIEBOTO
KoJIeca U IpU He0OXOJUMOCTH OTpery- 44 1,0
JUPOBATh

45 | IIlpoBepuTh COCTOSIHUE, TEPMETUIHOCTD
THIPABIMYECKOrO IPUBOA paboueit B kabune 2,5

TOPMO3HOM CUCTEMBI, TJIABHOT'O IIWJIMH- 45
Jipa, BAKYYMHOTO YCUJIUTEN S, CUTHAJIU- B moTtop-
3aTOpa, pEryasTopa JIaBJICHHU, KOJIeC- HOM 1,5
HBIX [TUJIUHIPOB OTCEKE

46 | IlpoBepuThb M0JI0KEHNE TOPMO3HOIA T1e-

46 1,0
Jlalid U OTPETyJIUpOBaTh

47 | IlpoBepUTh COCTOSIHUE, TPOCOB, TSIT
MPUBOJIa CTOSHOYHOI'O TOPMO3a,
JIEACTBUE MPUBOJIA CTOSHOYHOI'O TOP-
Mo3a

47 1,5

48 | IIpoBepUTh COCTOSTHUE TOPMO3HBIX
0apabaHOB, IUCKOB, KOJIOJOK IEPEIHIX
Y HaKJIAJ0K 3aJJHUX KOJIECHBIX TOPMO-
30B, MMPU HEOOXOAUMOCTH 3aMEHUTh

48 24,5

49 | I[IpoMBITh CUCTEMY THAPONPUBOIA
TOPMO30B, 3JIUTh HOBYIO TOPMO3HYIO
KHUJKOCTh U YJAIUTh BO3yX U3 CUCTE-
MBI

49 63,0

50 | IlpoBeputsb 3(h(peKTUBHOCTD ACHCTBHS

50 5,0
TOPMO30B NEPEAHUX KOJec
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IIpooonocenue maoan. 4.1

» Bun pabor Kox pa6ot Tpynoemxocts,
/11 4eJI.-MUH

51 | [IpoBeputs 3P PEeKTUBHOCTH JEHCTBUS 51 50
TOPMO30B 3aTHUX KOJIEC ’

52 | [IpoBepHTh COCTOSIHUE, KPETUICHUE
dbap, ykaszareneii MOBOPOTOB, 33 JHUX
donapei, poHaps ocBeUICHUS HOMEP- 52 3,0
HOT'O 3HAKa, JIAMITbI yKa3aTelsl «TaKCH)
1 GoHaApS 3aHATOCTH aBTOMOOHIIS

53 | IIpoBeputs paboTy CTEKIIOOUUCTUTES, B xabune 1,0

CTEKJIOOMBIBATEIIS U (PAPOOUUCTHTEIISI 53
Cnepenu 0,5

54 | IIpoBeputh cocTosiHUE, pabOTy KOH-
TPOJIbHO-U3MEPHUTEIbHBIX IPUOOPOB,
COCTOSIHUE TIJIOMO TaKCOMETpa, ACUCT-
BHE€ BBIKJIFOYATEIIS 3QKUTAHNS

54 1,0

55 | IIpoBepuTh COCTOSHUE, ICHUCTBHUE BbI-
KJIto4aTeIss Hapy>KHOT'O OCBEIICHHUS, B xabune 3,0
MEPEKIIoYAaTENIs YKa3aTelsl IOBOPOTOB

u cBeTa (ap, BHIKIIOYATENS aBapUHHON
CHUTHAJIM3AIlNH, BRIKIIFOUYATEIIS CUTHAJIA 55
TOPMO>KEHHUSI, BBIKITIOYATENS KOH-

TPOJILHOMU JIAMIIBI CUCTEMBI TOPMO30B,
BBIKJIFOYATEIA JIAMITbI YKa3aTelsl «TaK-
c» U (poHaps 3aHATOCTH aBTOMOOWMIIS

Csepxy 0,5

56 | [IpoBepuTh YpOBEHB 3IEKTPOJIUTA B
aKKyMYJIITOPHOU OaTapee, TOJIUTh
JUCTUJUTMPOBAHHYIO BOJY U IIPOYHC-
TUTh BEHTWIALIMOHHBIE OTBEPCTHS

56 3,5

57 | O4uCTUTH MOBEPXHOCTh AKKYMYJISATOP-
HOW OaTapeu OT MBLTH, TPSI3U U JIEK-

TPOJIUTA, OYUCTUTH, CMA3aTh, IPOBE- 57 2,5
PUTH KpeIyIeHue HAaKOHEYHUKOB TPO-
BOJIOB K BBIBOJIHBIM IITHIPSIM OaTtapen

58 | IIpoBeputsb cocTOsIHUE Ky30Ba, 1BEPEl,
OTepeHusi, OOTUIIOBKU paguaropa, Ka-

110Ta, HOMEPHBIX 3HAKOB, KPBIIIKHU 0a- 58 2,0
rakKHUKa, IEPETHEr0 U 3aJHero Oamie-
POB, CTEKOI
59 | IlpoBeputs KpeluieHue, AeCTBUE 3aM-
Ka KPBIIIKH 0ara)kHWKa, OTPEryIHpo- 59 1,0

BaTh NMPaBIWILHOCTh (PUKCAIIMU 3aMKa

60 | [IpoBepUTh KPEIJICHUE U ICVCTBUE Ka-
MoTa, 3aMKa KaroTa, Mpyu HeoOX0IMMO- 60 1,0
CTH OTPETYJIUPOBATH €T0 MPUBOJ
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Oxonuanue maon. 4.1

/1

Bun pa6or

Kon pabot

TpynoeMKoCTs,
YeJl.-MUH

61

[IpoBeputh KperieHUE U ACHCTBUE
MIPUBOJIOB 3aMKOB JBEpEl U MEXaHU3-
MOB TIepEMEIICHUS CTEKOI

61

1,5

62

[TpoBepuTh COCTOSIHHE, KPETUICHNE
OOMBKH CajlOHa, CUACHUM, CIIMHOK, I1a-
HeJH PUOOPOB, MPOTHBOCOITHEYHBIX
KO3BIPHKOB, MTOPYYHEH, TIOJIOKOTHH-
KOB, 3epKaJl 3aJTHETO BHa, paboTOCIIO-
cOOHOCTB peMHEN 0e30MacCHOCTH

62

3,5

63

3amMeHUTh QUIBTPYIOITHI JIEMEHT
(GWIbTpa OYNCTKH Maclia ¥ Maclo B
KapTepe JBUTaTels

63

14,0

64

[IpoBepuTh YpOBEHB KUAKOCTH B CUC-
TeMe OXJIKICHUS, P HEOOXOAUMO-
CTH JIOBECTH 10 HOPMBI

64

1,0

65

[TpoBepuTh ypoBEeHb Macia B KapTepe
KOpoOKH Tmepenad, mpu HeOOXOTUMOCTH
JOBECTH 710 HOPMBI

65

2,0

66

[IpoBeputs ypoBEeHb Macia B KapTepe
3aJIHETO MOCTa, TP HEOOXOIUMOCTH
JOJIUTH

66

2,0

67

[TpoBepuTh YpOBEHB KUAKOCTU B OaUKe
THJIPaBIMYECKOTO MPUBOA CLICTIICHHUS,
IpU HEOOXOIUMOCTH JOJTUTh

67

1,0

68

OYHUCTUTH BEHTHIISIIHOHHBIE OTBEPCTHS
B IMPOOKaX HAMOJHUTEIHHOTO Oauka
TJIaBHOI'O NWJIMHAPA CUHCIIIICHUS

68

0,5

69

3aMeHUTh QUIBTPYIOLINI 2JIEMEHT
BO3yXOOUYUCTUTEISA

69

2,0

70

[TpoBepuTh YpOBEHB KUAKOCTU B OaUKe
OMBIBATEJISI BETPOBOTO CTEKJIA U MIPH
HEOOXOINMOCTH JOJIUTh

70

0,5

71

[TpoBepuTh YPOBEHD KUAKOCTH B Oauke
OMBIBATENIsl paccenBaTeneit hap u npu
HEOOXOIUMOCTH JIOJIUTh

71

0,5

72

[IpouncTuth camyHsl Ha KOpoOKe repe-
Ja4d ¥ peyKTopa 3aJHer0 MOCTa

72

1,0

Bcero

72

305,0

Jlanee ctpoum cereBoil rpaduk (puc. 4.3).
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BrImosTHUM pacdeT mapaMeTpoB CETEBOTO rpaduKa U CBEIIEM PE3YIib-
TaThl pacueTa B Ta0u. 4.2.

Tabnuya 4.2. PacyeT mapaMeTpOB CETEBOTO IpaduKa U OnpeeIeHUe
KPUTUYECKOTO IMyTH

Ne O603HAMCHIC Jnvna myrtu, Peseps,
n/m YyeJl.-MUH YeJl.-MUH
0-1-19,1-20,1-45,1-48-52-53-54-55-56-57-58-59-
! 60-61-62-63-64-65-67-68-69-70-71-50-51 102,8 40,3
5 0-1-2-3-4-9-10-11-12-13-14-15-16-17-18-34-35- 143.1 0
36-37-38-39-44-45,2-46-49-50-51 ’
3 0-1-5-6-7-8-19,2-20,2-21-22-23-24-25-26-27-28- 76.7 66.4
29-30-31-32-33-40-41-42-43-47-66-72-50-51 ’ ’
0-1-19,1-9-10-11-12-13-14-15-16-17-18-34-35-36-
4 37-38-39-44-45,2-46-49-50-51 65,2 7.9
5 0-1-19,1-20,1-20,2-21-22-23-24-25-26-27-28-29- 232 509
30-31-32-33-40-41-42-43-47-66-72-50-51 ’ ’
6 0-1-19,1-20,1-45,1-45,2-46-49-50-51 101,8 41,3

Pe3ynbrartel pacdera BpEeMEHHBIX MapaMETpPOB CETEBOro rpaduka

MIpeICTaBIICHBI B Ta0JI. 4.3.
Tabauya 4.3. PacyeT BpeMEHHBIX ITAPAMETPOB CETEBOTO TpaduKa

[Iponomxu- Havaso paGoTsr Oxonuanue padoter | [lomHbIi 3a-
Ne Kon TEJNBHOCTb | paHHEe | MO3JHee paHHee | MO3/HEe | [1aC BPEMEHM
n/m pa6OT qs;(_;s;;l{ tp.Hij: Tpi tH.Hij: Tnj‘tij tp.ol_j: Tpi+tz]' tn.oij_: Tnj Rij: tn.Hij_ tp.Hl_j
1 0-1 0,8 0 0 0,8 0,8 0
2 1-2 1,5 0,8 0,8 2,3 2,3 0
3 2-3 1,5 2,3 2,3 3.8 3,8 0
4 3-4 2,0 3.8 3,8 5.8 5.8 0
5 4-9 1,8 5.8 5.8 7,6 7,6 0
6 9-10 1,5 7,6 7,6 9,1 9,1 0
7 10-11 3,0 9,1 9,1 12,1 12,1 0
8 11-12 2,0 12,1 12,1 14,1 14,1 0
9 12-13 2,0 14,1 14,1 16,1 16,1 0
10 13-14 2,0 16,1 16,1 18,1 18,1 0
11 14-15 5,0 18,1 18,1 23,1 23,1 0
12 15-16 1,5 23,1 23,1 24,6 24,6 0
13 16-17 12,0 24,6 24,6 36,6 36,6 0
14 17-18 0,5 36,6 36,6 37,1 37,1 0
15 18-34 4,0 37,1 37,1 41,1 41,1 0
16 34-35 4,0 41,1 41,1 45,1 45,1 0
17 35-36 1,0 45,1 45,1 46,1 46,1 0
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IIpooonocenue mabn. 4.3

[Tpomomxu- Hauano paboTsr Oxonuanue paboter | IlomHbrit 3a-

Ne Kon TEIBLHOCTh | paHHEe O3IHEE paHHee MO3JHee | Mac BpEMEHU
/1 pa60T qg?i\(/);;H tp.Hij _ Tpi tn.Hij _ Tnj'tij tp'og/': Tpi+tij tn.oij: Tnj Rij: tn.Hij_ tp.Hi/
18 36-37 9,0 46,1 46,1 55,1 55,1 0
19 37-38 11,0 55,1 55,1 66,1 66,1 0
20 38-39 0,5 66,1 66,1 66,6 66,6 0
21 39-44 1,0 66,6 66,6 67,6 67,6 0
22 | 44-452 1,5 67,6 67,6 69,1 69,1 0
23 45,2-46 1,0 69,1 69,1 70,1 70,1 0
24 46-49 63,0 70,1 70,1 133,1 133,1 0
25 49-50 5,0 133,1 133,1 138,1 138,1 0
26 50-51 5,0 138,1 138,1 143,1 143,1 0
27 1-5 2,0 0,8 67,2 2,8 69,2 66,4
28 5-6 2,5 2,8 69,2 5,3 71,7 66,4
29 6-7 2,5 5,3 71,7 7,8 74,2 66,4
30 7-8 4,0 7,8 74,2 11,8 78,2 66,4
31 8-19,2 1,0 11,8 78,2 12,8 79,2 66,4
32 | 19,2-20,2 6,0 12,8 79,2 18,8 85,2 66,4
33 20,2-21 0,8 18,8 85,2 19,6 86,0 66,4
34 21-22 1,5 19,6 86,0 21,1 87,5 66,4
35 22-23 0,8 21,1 87,5 21,9 88,3 66,4
36 23-24 1,0 21,9 88,3 22,9 89,3 66,4
37 24-25 3,5 22,9 89,3 26,4 92,8 66,4
38 25-26 1,5 26,4 92,8 27,9 94,3 66,4
39 26-27 1,0 27,9 94,3 28,9 95,3 66,4
40 27-28 2,8 28,9 95,3 31,7 98,1 66,4
41 28-29 4.5 31,7 98,1 36,2 102,6 66,4
42 29-30 2.5 36,2 102,6 38,7 105,1 66,4
43 30-31 20,0 38,7 105,1 58,7 125,1 66,4
44 31-32 1,5 58,7 125,1 60,2 126,6 66,4
45 32-33 1,5 60,2 126,6 61,7 1281 66,4
46 33-40 1,0 61,7 128,1 62,7 129,1 66,4
47 40-41 0,5 62,7 129,1 63,2 129,6 66,4
48 41-42 1,0 63,2 129,6 64,2 130,6 66,4
49 42-43 3,0 64,2 130,6 67,2 133,6 66,4
50 43-47 1,5 67,2 133.,6 68,7 135,1 66,4
51 47-66 2,0 68,7 135,1 70,7 137,1 66,4
52 66-72 1,0 70,7 137,1 71,7 138,1 66,4
53 72-50 0 71,7 138,1 71,7 138,1 66,4
54 1-19,1 0,5 0,8 41,1 1,3 41,6 40,3
55 | 19,1-20,1 24,0 1,3 41,6 25,3 65,6 40,3
56 | 20,1-45,1 2.5 25,3 65,6 27,8 68,1 40,3
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Oxonuanue maba. 4.3

[Tpomomxu- Hauano paboTsr Oxonuanue paboter | IlomHbrit 3a-
Ne Kon TEIBLHOCTh | paHHEe O3IHEE paHHee MO3JHee | Mac BpEMEHU
/1 pa60T qg?(-sl\(/);;H tp.Hij _ Tpi tn.Hij _ Tnj'tij tp'og/‘: Tpi+tij tn,oij: Tnj Rij: tn.Hij' tp.Hi/
57 | 45,1-48 24,5 27,8 68,1 52,3 92,6 40,3
58 48-52 3,0 52,3 92,6 55,3 95,6 40,3
59 52-53 1,5 55,3 95,6 56,8 97,1 40,3
60 53-54 1,0 56,8 97,1 57,8 98,1 40,3
61 54-55 3,5 57,8 98,1 61,3 101,6 40,3
62 55-56 3,5 61,3 101,6 64,8 105,1 40,3
63 56-57 2,5 64,8 105,1 67,3 107,6 40,3
64 57-58 2,0 67,3 107,6 69,3 109,6 40,3
65 58-59 1,0 69,3 109,6 70,3 110,6 40,3
66 59-60 1,0 70,3 110,6 71,3 111,6 40,3
67 60-61 1,5 71,3 111,6 72,8 113,1 40,3
68 61-62 3,5 72,8 113,1 76,3 116,6 40,3
69 62-63 14,0 76,3 116,6 90,3 130,6 40,3
70 63-64 1,0 90,3 130,6 91,3 131,6 40,3
71 64-65 2,0 91,3 131,6 93,3 133.,6 40,3
72 65-67 1,0 93,3 133.,6 94,3 134,6 40,3
73 67-68 0,5 94,3 134,6 94,8 135,1 40,3
74 68-69 2,0 94,8 135,1 96,8 137,1 40,3
75 69-70 0,5 96,8 137,1 97,3 137,6 40,3
76 70-71 0,5 97,3 137,6 97,8 138,1 40,3
77 71-50 0 97,8 138,1 97,8 138,1 40,3

BapuaHTtsl 3a1aHui 1151 BBINOJHEHHS JIA00OPATOPHOI PadoThI

Bapuant Ne 1
Jliis cereBoro rpaduka, IpeacTaBiIeHHOro Ha puc. 4.4, BBIYMCIUTH
JUIMHY TIOJHBIX ITyTEH, BpEMsI CBEPUICHUSI COOBITUI U BPEMsI BBIIIOJIHECHHUS
padoT, NPOAOIKUTEIBHOCTh KOTOPBIX IIPOCTABIIEHA y CTPEJIOK.

7

®

Puc. 4.4. CereBoii rpaduk
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Bapuant Ne 2
Jlnst cereBoro rpaduka, MpeicTaBICHHOTO Ha puc. 4.5, BBIUUCIUTH
JUTUHY TIOJIHBIX IyTEW, BPEMsl CBEPIICHUSI COOBITUN U BPEMS BBINOJHECHUS
padoT, TPOJIOIKUTENBHOCTh KOTOPBIX MPOCTABIIEHA Y CTPEJIOK.

17 -

9

10 18

13

O ()

15

Puc. 4.5. CereBoii rpaduk

Bapuant Ne 3
Jlist cereBoro rpaduka, MpeaCTaBICHHOTO Ha pHC. 4.6, BHIYUCIHUTD
JUTMHY TIOJHBIX MyTeH, BPeMsi CBEPIICHUS COOBITUIM U BPEMs BBITIOJHECHHUS
paboT, MPOIOKUTEIBHOCTh KOTOPBIX MTPOCTABJICHA Y CTPEJIOK.

Puc. 4.6. CeteBoii rpaduk

Bapuant Ne 4
s cereBoro rpaduka, MpeacTaBIeHHOr0 Ha puc. 4.7, BRIYUCIUTD
JUTMHY TIOJIHBIX IyTEW, BPEMsl CBEPIIICHUSI COOBITUN M BPEMS BBIMOJHECHUS
paboT, IPOIOIKUTEILHOCTh KOTOPBIX MPOCTABJIEHA Y CTPEJIOK.
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Puc. 4.7. CereBoii rpaduk

Bapuanr Ne §
Jlnst cereBoro rpaduka, MpeicTaBiICHHOTO Ha puc. 4.8, BBIUUCIUTH
JUTMHY TOJHBIX MyTel, BpeMsi CBEpPUICHUSI COOBITUI U BPEMsI BBITIOJHEHHUS
paboT, MPOIOIKUTEIBHOCTh KOTOPBIX MTPOCTABJICHA Y CTPEJIOK.

ORMORNORNGY

Puc. 4.8. CeteBoii rpaduk

Bapuant Ne 6
Jliia cereBoro rpaguka, IpeacTaBiIeHHOro Ha puc. 4.9, BBIYMCIUTH
JUIMHY TIOJHBIX ITyTEH, BpEMsl CBEPUICHUSI COOBITUI U BPEMsI BBIIIOJIHECHHUS
pabdoT, NPOAOIKUTEIBHOCTh KOTOPBIX ITPOCTABIIEHA y CTPEJIOK.

15

Y

14

13 6
Puc. 4.9. CeteBoii rpaduk
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Bapuanr Ne 7
Jlnst cereBoro rpaduka, mpeAcTaBlIeHHOro Ha puc. 4.10, BBIUUCIUTD
JUTMHY TIOJIHBIX IyTEW, BPEMsl CBEPIICHUSI COOBITUN M BPEMS BBINOJHECHUS
padoT, MPOJIOJIKUTENBHOCTh KOTOPBIX MPOCTABIIEHA Y CTPEJIOK.

(o g

9 7 >
10
i 0.
10
6 6
3

~O—-0

Puc. 4.10. CereBoii rpadgux

15

KonTpoabHbie BOPOCHI

1. Ilepeuncnure 3a7a4u Ha ABTOMOOWIIBHOM TPAHCIIOPTE, pelracMblie
METOJIOM CETEBOT0 IIJIAHUPOBAHMUS.

2. HazoBuTe 31€MEHTHI CETEBBIX I'PaMKOB M MX OTOOpaKEHHE Ha
CETEBOU MOJIEIIN.

3. YTo Takoe «KpUTUYECKHUUN Iy Th»?

4. TlepeuncnuTe OCHOBHBIE MpaBUjia MOCTPOEHUSI CETEBBIX Ipadu-
KOB.

5. IlepeuncauTe 3Tanbl IOCTPOCHUS CETEBBIX IPAPUKOB.

6. HazoBuTe mapaMmeTpbl CETEBBIX MOJENEN ISl MOJHOTO IyTH H
CIIOCOOBI UX BHIYMCIICHHUSI.

7. Tlepeuuncnure mapamMeTphl CETEBBIX MOJIENEH sl COOBITUI U CIIO-
COOBI UX BBIYUCIICHUS.

8. Kakue mapameTpnl ceTeBbIX MOJENeil ajig paboT U CrocoObl UX
BBIYMCIICHHS BbI 3HaeTe?
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9. VkaxuTe NONMYyCTUMBIM CPOK HACTYIUIEHUS COOBITHSI U PE3EPB
BPEMEHHU COOBITHSL.
10. Hanumwmre pacuetHble GOpMyIbl AJid ONPEAEICHUs MOIHOTO U
CBOOOJITHOTO PE3EPBOB BPEMEHU PAOOTHI.
11. KakoBa cyuiHoCTh ONTUMHU3AIMKI CETEBOTO IpaduKa M0 BpEeMEHH
U 10 pecypcam?
12. Ilepeuncnute NperMyIeCTBa CETEBBIX MOIEIECH.

JlaGopaTopHas padora Ne 5

XAPAKTEPUCTUKHN ®YHKIHUOHUPOBAHUA CUCTEM
MACCOBOTI'O OBCJYXKUBAHUSI ABTOMOBWUJIEH

Leab paGoThl: 03HAKOMUTHCA C METOAMKON OLICHKH XapaKTEpPUCTH-
K1 (YHKITMOHUPOBAHUS CUCTEM MACCOBOT'O OOCITYKUBAHUSI.

OO0mue noJ10:KeHUSA

K cucremam maccoBoro ob6cmyxuBanus (CMO) aBTOMOOMIBHOTO
TPaHCIIOPTAa OTHOCSATCS PEMOHTHBIE MAaCTEPCKHE, CTAHIIMA TEXHHUYECKOTO
oOCTyKMBaHUs, MPOU3BOJICTBEHHO-TEXHUYECKINE KOMOWHATHI, aBTO3aIpa-
BOYHBIE cTaHIUU U T. 1. [Iporieccrl, nporekaronue B CMO, onuckIBaroTCs
TEOPHEN MacCCOBOTO OOCITY>KHMBaHMS, MIO3BOJIIONICH pemiaTh psiI 3a/1a4 aB-
TOMOOMJIBHOTO TPAHCIIOPTA, C MOMOIIbIO KOTOPBIX MOKHO:

- OIIPEIETTUTh KOJWYECTBO JUHUN wWin mocToB TO U peMOHTa aBTO-
MOOMIICH;

- OTIPEICTTUTh PAIMOHAIBPHOE KOJMYECTBO OOOPOTHBIX arperaTos;

- paccUHMTaTh KOJIMYECTBO MOCTOB MOTPY3KH, & TAK)KE MHOTUE JIPyTHE
3aJlayu.

CMO nogpa3zaensitorcst Ha B2 OCHOBHBIX BHJIa: CUCTEMbI 00CITYKH-
BaHMSI C OTKa3aMU U CUCTEMBI C 03KHJIaHUEM OOCITY>KUBaHUS (0OUepeablo).

B cuctemax ¢ oTkazamu 00CITyKUBAIOTCSI TOJIBKO T€ TpeOOBaHMS, KO-
TOpbIE€ MOCTYMAlOT B MOMEHT BPEMEHH, KOTJla XOTsl Obl OJMH M3 IMOCTOB
(yuacTtkoB) cB00OOJIeH. Eciu Bce MOCTHI 3aHATHI, TO TpeOOBaHUE (aBTOMO-
OWJIb) TTIOKUIA€T CUCTEMY HEOOCITYKEHHBIM.

B CMO c oxuganuem TpeOoBaHUE, MOCTYIUBIIIEE B MOMEHT, KOT/1a
BCE MOCTHI 3aHSTHI, KIET OCBOOOXKICHUS MOCTa 0OCITYyKUBAHUS, T.€. BCTACT
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B ouepenb (puc. 5.1). Ilpu 3TOM Ha IIMHY OYepear MOTYT ObITh HAJIOKEHBI
OrpaHUYEHUS, OTIPEACIIAIOIINE MAKCUMAIIBHYIO JUIMHY OYEPEIH.

Ouepens oxuIaAHHA ‘ | O6cnyKHBaKO-
| oBcrykuBaHKS A T 17 wee nocrsl
A s A AT {4 ]/ o
A | : | obCMyKEeHHBIX Tpe-
A E A d ! BoBaHMK )
Bxonso# notok L_______ B ___________________ e 5
TpeboBaHni '

[ToTOK OTKA30B

Puc. 5.1. Cxema cucteMbl MaccoBOTO OOCTYKIUBAHHMSI

[Ipu ananuze padotel CMO HE0O0X0AMMO 3HATH €€ OCHOBHBIE UCXO/I-
HbIE TApaMETPHI:

- YHCIIO TIOCTOB OOCITYKUBAaHUS 71;

- HHTEHCUBHOCTH ITOTOKA TPeOOBaHUI HAa 00CITYKUBAHHE A,

- TIPOU3BOJIUTEIILHOCTh KAXJOTO MOCTa OOCITY>KUBaHUsI |l (CpeaHee
4yuCIIO0 TpeOOBaHU (aBTOMOOMIIEH), OOCITYKUBAEMBIX IOCTOM B €IMHUILY
BPEMEHMU);

- YCIIOBHUSI, HaKJIaJbIBa€Mble Ha oOpa3oBaHue ouepeau. CrydaHbIi
XapakTep MOoToKa TpeOoBaHUI MPUBOJIUT K ToMy, 4To B CMO npoucxoaut
ciydaiiHbelii nportiecc. [ponece pynkumonupopanrus CMO MOXHO OnUcaTh
cucremMoil AudPepeHInaNbHBIX YPABHEHUN, a B MPEACIbHOM Clydae —
CUCTEMOM JIMHEHHBIX anreOpanyecKuX YpPaBHEHHH, PEIICHUEM KOTOPBIX
OMPENEIISIIOTCS XapakTepucTuku padotst CMO.

1. Cucmembl Maccoo20 0OCIYHCUBAHUSL C OMKAZAMU

[Tycth uMeem n-kananpHyto CMO c oTkazamu, B KOTOPYIO MOCTYyMa-
€T MOTOK TpeOoBaHMI (aBTOMOOWIIECH) HAa OOCITIy)KUBaHHWE C UHTECHCHUBHO-
CTBIO A, HHTEHCHBHOCTh OOCIY>KMBaHHUs OJHOTO KaHaja paBHa . Ompene-
JUM TIoKa3zaTesnu 3PPEeKTUBHOCTH pabOThl TAKOW CUCTEMBI.

[ToctpouM pa3zmedeHHbI rpad cocTosiHUM cuctemsbl (puc. 5.2), riae
COCTOSIHUS CUCTEMBI TPOHYMEPOBAHBI IO YUCITY 3aHATHIX KAaHAJIOB, T. €.

So — Bce KaHaJIbl CBOOOIHEI;
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S| — 3aHAT OAUH KaHaJI, OCTAJILHBIC CBOOOIHEIL;
S, — 3aHATHI ABa KaHaja, OCTAILHBIC CBOOOIHEI;

Puc. 5.2. Pazmeuennsrii rpad coctossHMiA

Ilo cTpenke cieBa HaAIpaBO CUCTEMY NEPEBOAMUT MOTOK 3asBOK C WH-
TEHCUBHOCTBIO A. [1o cTpenkam cripaBa HaJeBO CHCTEMY TEPEBOAUT MOTOK
00CTy’)KMBaHUN MHTEHCUBHOCTBIO k|, TA€ kK — YMCIIO 3aHATHIX KAHAJIOB.

J{ns BBIYMCIICHUN NPEAECIbHBIX BEPOSATHOCTENW COCTOSIHUM CUCTEMBI
P; 3anuiemM cucremy JMHENMHBIX YPaBHEHUH, CTPYKTypa KOTOPOM NOIYH-
HEHA OMNpPEJICTICHHOMY MPaBUITY:

-B JIEBOM YacCTU KaXXIOI'0 YPaBHEHHsI CTOUT MPOU3BOJHASI BEPOST-
HOCTb paccMaTpUBAEMOTO COCTOSIHUS;

- [IpaBas 4acCTh COJIEPKUT CTOJBKO WIEHOB, CKOJIBKO CTPEJIOK CBs3a-
HO C JIaHHBIM COCTOSIHUEM;

- KOKJBI YJIEH paBEH IPOM3BEICHUI0 MHTEHCUBHOCTH IEPEX0Ja,
COOTBETCTBYIOIIEH JAHHOM CTpeJIKe, YMHOKEHHOW Ha BEPOATHOCTH TOTO
COCTOSIHMSI, U3 KOTOPOT'O UCXOJUT CTPEIKA;

- €CJIM CTpeJIKa HampaBiieHa M3 COCTOSIHUS, TO COOTBETCTBYIOLIUN
YJIeH UMEET 3HAK «MUHYC», €CJIH B COCTOSIHUE — 3HAK «ILTIOCH.

CornacHo puc. 5.2 pacueTHbie GOpMYJIbI NpUMYT BU (TA0MI. 5.1).

PexyppeHTHOE BBIpaXXEHUE IJIsI ONPEIEIECHHUS] BEPOSITHOCTU COCTOS-

HUs OyJIeT paBHO
Pk o
=— 5.1
% -1k’ -1

rae o = A/u.
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Tabnuya 5.1. PacueTHbie GopMyIibl

k [lenmouka ypaBHEHU I BeposATHOCTh COCTOSIHUSI CUCTEMBI
o
1 APy = uP, A =1—!P0
2 AP, = 2uP p=2p o’ P
1= 2 =P =
2 2 1 20 0
o o’
3 7\.P2:3HP3 P3=—P2=—P0
3 3!
o a
4 7\,P3—4HP4 P4=—P4——P0
4 4!
o ok
k kpkl_kupk Pk__Pk—l__'PO
K!
a o’
n 7\¢Pn 1 I’l}an Pn __Pn—l ——'PO
n

3anumeM HOPMHUPOBOYHOE yCIOBUE

P0+P1+P2+ ....... +Pn: . (52)
Permrast ero coBMeCcTHO ¢ cUCTeMO# ypaBHEHHH Tabu. 5.1, momydum
1
Py = : 5.3
a OLZ 0L3 o (5.3)
o+
o2 3 n!
OcTaJibHbIE BEPOSTHOCTH COCTOSTHUM HalIEM U3 BhIpaykeHu# Tad. S.1.
3Has mpeaeabHble BEPOATHOCTU cocTtostHut Py, Py, P, ..., P,, BbI-

YUCIUM XapakTepucTuku pabotsr CMO.
BeposTHOCTHBIE XapaKTepUCTUKHU:
- BEPOSATHOCTH TOTO, YTO BCE MOCTHI 3aHATHI, OTKa3 B 0OCITYKUBAHUH

Py = Py (5.4)
- OTHOCUTCJIbHAA IIPOITYyCKHas CIIOCOOHOCTH
qg=1-P, (5.5)

KonnuecTBeHHBIE XapaKTEPUCTUKU:
- CpEIHEE YMCIIO 3aHATHIX TOCTOB

M, =0Py+ 1P, + 2P, + ... + nP, = o1 — Por); (5.6)
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- Cpe/IHEE YUCIIO KaHaJIOB, CBOOOIHBIX OT 00CITY KHBaHUS
N, 0o—n— M, ne
- a0CoMoTHAs MPOIYCKHAsi CIIOCOOHOCTh
A=M1-P,).
Bpemennsie xapakTepUCTUKU:
- cpeqiHee BpeMs 00CITy KUBaHMUS
tose = 1/ W.
KaudecTBeHHBIE XapaKTEPUCTUKHU:
- K03 PUIIUEHT 3aHITOCTH KaHAJIOB

K,=M,/n;
- K03 PUITMEHT MPOCTOST KaHATIOB
Kyp=1-K..

2. Cucmembl MaAcco8020 0OCIYHCUBAHUSL C OAHCUOAHUEM
OnuokananpHast CMO ¢ oxxugaHnmueM

(5.7)

(5.8)

(5.9)

(5.10)

(5.11)

[Tycte CMO mMeeT oauH KaHall, Ha KOTOPYIO MOCTYIAET MOTOK 3asi-

BOK C MHTCHCHBHOCTBHIO A. IHTCHCUBHOCTH OOCITY)KHBaHUS KaHajga paBHA
L. 3asBka, MOCTYNHBIIAs B MOMEHT, KOI/la KaHaJl 3aHST, CTAHOBUTCS B
ouepedb U OXKUJAeT oOciyxkuBaHus. [IpeanosioxkuM, 4TO YUCIO MECT B
o4yepenr paBHO m, T. €., €CIIU 3asBKa, IPULIEAIIAs B MOMEHT, KOrJa B O4e-
peau cTout m 3asBOK, nokuaaer CMO HeoOCTy KEHHOI.

bynem nymepoBate coctossHuss CMO no uuciy 3asBOK, HaXOIAIIUX-

So — KaHaJ cBOOOJIEH;
S| — KaHaJ 3aHAT, OUYepe/Id HET;
S, — KaHaJ 3aHAT, OJIHA 3asBKa B OUEPE/IH;

Sy+1 — KaHaJl 3aHAT, m 3asBOK B OUEPE/IU.

CocraBuM pa3MedeHHBbIH rpad cocTosiHUM cucTeMsl (puc. 5.3).

A A A A

Puc. 5.3. Pa3meuennslii rpad cOCTOSHUIA
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Cucrema nuddepenimanbubix ypaBHeHuit Konmoropona i 1aHHO-
ro Npolecca UMEET BU

dpflt(t) ==hoFy (1) + 1A (1); h

T (o) (o) AR () s (o)

(5.12)
chzﬁ(t) z_(K+H)P2(t)+K[31(t)+M}%(t); >

.....................................................................

#ﬂ=—upm+1(f)+xpm(t)' J

JlobGaBuM K 3TOM cucTeMe HaudaibHble yciaoBus. Hampumep, ecinu npu

¢t = 0 cucreMa HaxXOJUTCS B COCTOSTHUH ), TO HAYAJIbHBIE YCIIOBHUS IPUMYT BH/T

Py0)=1, Pi(0)=Px0)=...=P,1(0)=0. (5.13)

[IpounterpupoBas cucteMy (5.12) npu NpUHATHIX HaYaJbHBIX YCIIO-
BUSIX, TTOJIYYUM BCE BEPOSTHOCTH COCTOSHHM KaK (PYyHKIIUU BPEMEHH

Po(t); Pi(t); Py(1); ... Puui(2), (5.14)
KOTOPBIE B JTI000H MOMEHT BPEMEHH ¢ YJIOBJIETBOPSIIOT YCIOBUIO
m+1
> P(r)=1. (5.15)
i=0

Ecnu B cucreme nuddepeHunanbubix ypasHeHui (5.12) npeamnodio-
XKUTh, UTO BCE MPOU3BOJHBIE PaBHbI HYIIO (IpHU ¢ — o 3aBUCHUMOCTb OT
BPEMEHM MPOMNAAAET), TO OHA MPEBPAIIAETCS B CUCTEMY OOBIUHBIX JIMHEH-
HBIX aJIreOpandecKux ypaBHEHM, KOTOpasi COBMECTHO C HOPMUPOBAHHBIM
ycioBueM (5.13) naet BO3MOKHOCTh BBIUMCIUTH BCE MPEAEIbHBIE BEPOSIT-

HOCTH COCTOSTHHUMH.
dP:

I[Ipu —==0 umeem
PR

5
+
E
Il
L
+
5

(5.16)




[Tocne mpeoOpazoBanuii cucreMy (5.16) MOKHO 3anucatb B BUAE 1ie-
MIOYKH YpaBHEHU, KOTOpas MpecTaBlieHa B Tabi. 5.2.

Tabauya 5.2. PacueTHbie GOpMYIIbI

k Lenouka ypaBHEHHI

1 R =aF,

2 P,=0P; = OCZP()

3 Py;=0P, = OC3P()
m+1 P, =aoP,=o""'P,

OxoHuaTeNnbHOE BhIpAXKEHUE I Py UMEET BU/T

|

+
l+o+a”+..+0"
OcranbHble BEPOATHOCTH COCTOSIHMII MOKHO HaWTU 1o (opmyiiam
Tabin. 5.2.

P()= 5 1 (5.17)

Mmuorokanansaasgs CMO ¢ oXXuIaHusIMU

IIycte nmeeM n-xanansHyto CMO ¢ oxuaHneM, Ha KOTOPYHO IO-
CTyIaeT MOTOK 3asABOK ¢ HHTCHCUBHOCTBIO A, HHTEHCUBHOCTb OOCITyKHBa-
HUS OJIHOTO KaHajla paBHA [l, YHCIIO MECT B OYEPEAN OIPAHUYEHO 3aJaH-
HBIM YKCJIOM m. Beraucnuts ocHOBHBIE XapakTepuctuku CMO.

CocrtosHust cucTeMbl OyJileM HyMEpOBaTh MO YUCIY 3asBOK, CBSI3aH-
HBIX C CUCTEMOI:

So — Bce KaHaJIbl CBOOOIHEI;

S| — 3aHAT TOABKO OJMH KaHAa;

S» — 3aHATHI TOJIBKO JIBA KaHAaja;

S, — 3aHATHI BCE 7 KaHAJIOB.

Korgpa CMO naxoauTtcst B JIFOOOM M3 3TUX COCTOSHHUM, OUepeu eIlle
HeT. [locae Toro kak OyayT 3aHSITHI BCE KaHaJbl OOCITYKUBAHUS, a 3asiBKU
MPOJIOJIKAIOT TTOCTYIATh, 00pa3yeTcsi ouepeib. Toraa COCTOSHUS CUCTEMBI
OyayT clIeayIolIue:

S,+1 — 3aHSTHI BCE 77 KAHAJIOB U OJ[HA 3asBKa B OUEPE/I;

Sy+2 — 3aHATHI BCE 71 KAHAJIOB U JIBE 3asIBKU B OUEPE/IN;

Sy+m — 3aHATHI BCE 1 KAHAJIOB U BCE M MECT B OUEPE/IU.
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I'pad cocrosinuii cuctemsl peACTaBiIeH Ha puc. 5.4.

Puc. 5.4. PaameueHHsbI# rpad) COCTOIHUI

JIeHCTBUTENEHO, TTEPEX0]T CUCTEMBI B COCTOSIHHE C OOJIBIIIMMH HOME-
pamMu (cJeBa HampaBo) BBI3BIBAETCS TOJIBKO MOTOKOM 3asiBOK C MHTEHCHUB-
HOCThIO A. Ilo cTpenkam crpaBa HajJ€BO CHUCTEMY IIEPEBOAMT IIOTOK 00-
CIIy>KUBaHHS, NTHTCHCHBHOCTh KOTOPOTO paBHA |l, YMHOKCHHAsI Ha YHUCIIO
3aHATHIX KaHaloB. [lojHasgs MHTEHCUBHOCTH MOTOKa OOCIYKMBaHUS BO3-
pacTaeT ¢ MOJKIIOUYEHHEM HOBBIX KaHAJIOB BIUIOTh 0 TaKOIO COCTOSIHHS
Sy, KOI'Z1a BCe 7 KaHAJIOB OKaKyTcs 3aHAThIMU. C MOSBIEHUEM O4E€pENH UH-
TEHCHUBHOCTh OOCITYKUBaHUsI OOJIbIIIE HE YBEIUYMBACTCSA, TAK KaK OHA yKe
JIOCTHUTJIa MAKCUMYyMa, PaBHOTO (7[L).

He moBTOpsis COOTBETCTBYIOIIMX PACCYKACHUM, 3aIHIIEM Cpa3y B
OKOHYATEJIbHOM BHJI€ OCHOBHBIE (OpMYJIBI, oTpaxaroiiue padoty CMO ¢
OXKUJIaHUEM, BBEJIS JJIs YIPOIICHHS 3alUCH 0003HAYeHHUS A/|L = O — MPH-
BEJICHHAsI UHTCHCUBHOCTH; 0/n = 3 — Harpy3kKa.

Pacuernbie GopMybl Uil ONIPEACICHUS BEPOSTHOCTEH COCTOSTHUI
CHUCTEMBI 70 M TIOCJIE BO3ZHUKHOBEHUS Ouepear 0OCITyKHUBAaHUS TPEICTaB-
JeHbl B Ta0n. 5.3 u 5.4.

Tabnuya 5.3. PacueTHbie POpMYJIBI JJIsI OTIPEICTICHUS
BEPOSTHOCTH COCTOSIHUM CHCTEMBI /0 BOZHUKHOBEHUS O4epeIn

k | Ilenouka ypaBHEHUIt BeposTHOCTh COCTOSHUS CHCTEMBI
(08
1 }\,P() = ].,LPI Pl :FPO
a (12
2 7\1P1=2MP2 P2=—P1=—P0
2 2!
o 0.3
3 7LP2:3LLP3 P3=§P2=?PO
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Oxonuanue mabn. 5.3

k | llemouka ypaBHEHUM BeposTHOCTh COCTOSTHUS CUCTEMBI
a (14
4 7\1P3:4MP4 P4——P4—— 0
474 4
(04 (Xk
k APy = kP Pr=—Pr —? 0
a o’
n }LPn_l = I’ZLLP,, Pn __Pn—l ——'PO
n

Tabnuya 5.4. PacuetHbie POpMYJIbI JJIs1 OTIPEICTICHUS

BCPOATHOCTHU COCTOSIHUM CHCTEMBI IOCJIC BO3HUKHOBEHUS oucpcau

k | Llenouka ypaBHEeHUI

BCpOSITHOCTB COCTOAHUA CUCTCMBI

1 )th:nl.an+1

1 o
Pn+1:BPn :B Pn :BFPO

2 }\'Pn+1 = I’l!.an+2

n

2 2 a
Pn+2:BPn+1:B Pn :B FPO

3 AP, = nUP, 3

n

3 3a
Pn+3:BPn+2:B Pn:B 7PO

4 AP, = WP, 14

n
4 40
Pyta :BPn+3 =B P, =B 71)0

.........................................

1 APy = nUP, 4

n

[ [
Py :Bpn+l—1 =P P, =B 7P0

m ;Vpnﬁ-m—l = nuPn+m

n

o
Pyim :BPn+m—1 :BmPn :Bm 7130

Brruncium ocHOBHBIE XapakTepuctuku CMO, mig yero 3amuiiem
HOPMHPOBOYHOE YCIOBUE

P0+P1+P2+...+Pn+m:1 (518)
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H II0JCTaBHUM B HECTO 3HAYCHUA BepOHTHOCTeﬁ Pi, BBIPAKCHHBIC YCPC3 BC-
POATHOCTD P(), TOraa BEPOATHOCTDb TOI'0O, YTO BCC KaHAJIbI CBO6OI[HBI, OIIpcC-
ACISCTCA 110 BBIPAKCHHUTIO

1

= p (5.19)

n nom :
>y
k=0 k! n!i=

JIpyrue BEpPOATHOCTH COCTOSIHMM OIMPENENIAIOTCS 110 JaHHBIM TaOll.
53u54.

BepOﬂTHOCTB TOT'O, YTO BCC KaHAaJIbl U ME€CTa OXHJaHWA 3aHATHI U 3a-
SBKa MMOJIY4YaeT 0TKa3 B 0OCTYKMBaHUU

n

m o
POTK:Pn+m:B 7P0 (520)
OTHOCUTENBHAS MTPOMYCKHAs CIIOCOOHOCTH
q=1—Pyx. (5.21)
CpenHee 4KCiio KaHAJIOB, 3aHSATHIX O0CITYKUBAHUEM,
n m
M,= Y kP, +nY B, =aq. (5.22)
k=1 k=1
CpenHee 4ncio KaHAJIOB, CBOOOIHBIX OT OOCITYKUBAHMS,
n
Ny=3Y (n—k)P,=n-M,. (5.23)
k=0
CpenHee 4KCIio 3asBOK B HAKOIUTEIIE
m
Ay= 2 mP, (5.24)
m=
AOcooTHast MPOMYCKHAs CTIOCOOHOCTh
A=M\gq. (5.25)
Cpennee BpeMs OXKuJIaHUs 00CITyKUBaHUS 3asBKU B oUepein
— A
t, =—1. 5.26
0= (5.26)
Cpennee BpeMs peObIBaHUS 3asBKU B CUCTEME
— — 1
t.=t +—. (5.27)
C 0 },l

KoadpuumeHTt 3aHITOCTH KaHAJIOB
K, = M/n. (5.28)
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Koadduruent npocrost kaHaaoB
Kyp=1-K..
Hcxonubie naHHbIE AJIsI BBIMIOJHEHUS Ja0OpaTOpHOM paboOThI Mpe-

CTaBJIEHBI B TA0JI. 5.6.

IIpumep BhINOJTHEHHUS PAGOTHI
Jlana cuctemMa MaccoBOro oOCIy>KMBaHUs, XapaKTEePUCTUKU KOTOPOii

CBEJIEHBI B TA0II. 5.5.

Tabnuya 5.5. icxonuble TaHHBIE K paboTe

(5.29)

Bapuanr Yucio Uucno mect | UutencuBHoCTh | CpenHee Bpe-
IIOCTOB 1 B ouepeau m | TOCTYIUICHUS | Ms OOCITyXu-
aBTomoOusnen BAaHUS aBTO-
A, aBT./4 MOOUJIA Ha I10-
Ty lo6e = 1/ g
1 2 0 1,5 2,0

ITo ycnosuto 3amaun gana cucteMa CMO ¢ oTkazamu, pa3MeYeHHbBIN
rpad COCTOSHMIM KOTOPOM MoKa3aH Ha puc. 5.5.

2u=20,5=1,0

n=0,5

Puc. 5.5. Pazmeuennslii rpad cocTosTHUIA:
So — Bce MOCTHI CBOOOIHEL; S — 3aHAT OJIMH IOCT,
OCTaJbHbIE CBOOOIHBI; S» — 3aHATHI BCE IOCTHI

dR
Tt‘) =-ABy(¢) + B (?),

% = —(A+ )R () + 2uPy () + ARy (1),
dP.

7; =—2uB (1) + AR (0).
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% =—1,5B(t) +0,5R(t),

% =—(1,5+0,5)R()+2-0,5P(t)+1,5B(¢),
%:_z.o,spz(t)ﬂ,sa(t)

-1,5-F+0,5A =0,

—(1,5+0,5)F +1L,5F)+2-0,5P =0,
-2-0,5P,+1,58 =0,
B+A+P=10.

1 1

jo - -=0,1176,
MR U 15705 (1L,5/0,5)
2l It 2!
p=Mip 13054155 6 3509

1! 1!

2 2
P, = W;) B = (1’5/20"5) 0,1175=0,5295.

IIposepka: Py+P;+P,=1,0.
0,1176 + 0,3529 + 0,5295 = 1,0:
- BEPOATHOCTH OTKa3a B 00CITyKMBaHUU
Pow=P,=0,5295;
- OTHOCHUTEJbHAs MPOMYCKHAsl CIIOCOOHOCTH
g=1-P,=1-0,5295=0,4705;
- abCoN0THAs MPOIYCKHAsi CIIOCOOHOCTh
A=M1-P,)=1,5(1-0,5295)=0,70575;
- CpeJHee YHCIIO 3aHITHIX TTOCTOB
M(n)=0Py+1P\+2Ry+...nP,=0-0,1176+1 -0,3529+2 - 0,5295=1,4119;
- IIPUBEICHHASI THTEHCUBHOCTh
o =AMu=1,5/0,5=3,.
- cpeiHee BpeMs 00CTyKUBaHHsI aBTOMOOWIISL HA TIOCTY
toge= 1/ =2,0 .
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BapuaHTbI HCXOHBIX JAHHBIX K BHINOJHEHHUIO J1A00PATOPHOIi padoThI

Tabnuya 5.6. VicxonHble TaHHBIC JJ1s1 BEITIOJIHEHUSI JIA0OPaTOPHOM

paboThI
NuTencuBHocts | Cpegnee BpemMs
Yucno Yucno mect
Howmep NOCTYIUICHUSI | OOCTY>KMBaHUS
MOCTOB B o4epeau .
BapUaHTa aBToOMOOUJIEH Ha MOCTY
n m
A, aBT./a toge= 1/, @
1 2 1 1,5 2,0
2 2 2 2,0 2,5
3 2 3 2,5 2,0
4 2 3 3,0 2,5
5 2 2 1,5 2,0
6 3 4 2,0 2,5
7 2 4 2,5 1,0
8 3 2 3,0 1,5
9 3 2 1,5 2,0
10 3 3 2,0 2,5
11 3 1 2,5 3,0
12 3 3 2,5 1,5
13 3 2 1,5 2,0
14 3 4 2,0 2,5
15 3 4 2,5 3,0

KoHTpoJibHBIE BONIPOCHI

1. Hepqu/ICHI/ITe NpeuMymeCTBa UMUTAIIHOHHOT'O MOACIIMPOBAHUAA.

2. Knaccudumupyiite cucremMbl MacCOBOTO OOCITY>KUBaHUS aBTOMO-

OouJIei.

3. Kakue ocHOBHBIE TapaMeTpbl HEOOXOAMMO 3HATh 1711 aHam3a CMO?

4. KakoBa mociegoBaTeIbHOCTh PO3BITPHINIA WHTEPBaja BPEMEHH

NpUOBITHA 3a5BOK Ha OOCTY>KHBaHUE U BPEMEHU 00CITYyKUBaHUSI 3aBOK?

5. Ilepeuucnure 4YHCIOBBIE XaPaKTEPUCTUKH (YHKIIMOHUPOBAHUS

CTOA.

6. HazoBute o0coO€HHOCTHM MOJAEIUPOBaHUS (YHKIIMOHUPOBAHUS

CTOA merogom Monte — Kapuiio.
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JlaGopaTtopnas padora Ne 6

OIITUMMU3ALIUA YUNCJTA OBOPOTHBIX AI'PEI'ATOB
METOAAMU TEOPUU
MACCOBOI'O OBCJTY/KUBAHUA

Heﬂb paﬁoTbI: OIITUMU3UPOBATL YHUCIIO O60pOTHBIX arperaTtoB Mc-
TOdaMH TCOPHHU MAaCCOBOT'O 06CJ'IY)KI/IBaHI/IH.

OO01mue moJI0KeHu s

PanuonanpHOE ympaBie€HHE MPOU3BOJACTBOM M paclpeieiieHueM
obopoTHOro (OHJa 3amacHbIX YacTeW, Y3J0B U arperatoB, HCIOJIb3ye-
MBIX TPU PEMOHTE aBTOMOOWIICH, MMEET BaXXHOE MPOU3BOJICTBEHHOE
3HAYECHHE.

OaHUM U3 METOAO0B PENICHUS TOCTABICHHOM 3a/1a4ul MOKET CIIY>KUTh
MaTeMaTUYECKUH ammapat TEOpUHU MAaCCOBOTO OOCITY>KUBaHUS, OIHUCHI-
BAIOLIMU Mpolueccsl, mpoTtekatomue B CMO.

B cucremax maccoBoro o0ciyXKuBaHUsS TTOTOK TPEOOBAHUM SIBIISIET-
cs ciaydyaiiHbiM. CiiydaitHo U Bpemsi oociyxkuBanus. Pabora CMO mnpote-
KaeT HEepEeryJIIpHO: TO o0pa3yeTcsi o4yepe/lb Ha 0OCITy)KMBAHHUE, TO MPOUC-
XOJIUT MPOCTON MOCTOB (ammapaToB) OOCTyKMBaHUA. 3ajadya TEOPUU Mac-
COBOTO OOCIyKMBaHUS — YCTAHOBUTHh ONTHUMAIbHYIO (C MUHUMAaJbHBIMU
IIPOCTOSIMHM) 3aBUCUMOCTh MEXKIY XapakKTepoM MOTOKa TpeOOBaHUMU, YHC-
JIOM TIOCTOB U HUX MPOU3BOJUTEIHHOCTHIO (BPEMEHEM OOCIYKUBaHUA),
npaBuIaMu pabOThl CUCTEMBI OOCITYKUBAHUS.

Hanbonee yacto B KauecTBe KpUTEPHUEB — MOKa3areneil 3¢ pexTus-
HOCTH pabOTHI CUCTEM MAcCOBOTO OOCTYXKMBAaHHS — UCIIOJIB3YIOTCA MOKa-
3aTelil CPEHEr0 BPEMEHU OXXKHUJAaHUs TpeOOBaHHUs Hauyaja oOCIyXuBa-
HUS, CPETHETO pa3Mepa ouepeay Ha oOCTy)XHMBaHHE, BEPOSTHOCTH TOTO,
4TO B CUCTEME O00CIyKMBaHUsI OyJIeT HAXOJIUTHCS ONpPEEIECHHOE KOINYe-
CTBO TpEOOBaHUM, CpPEHEE YHUCIIO anmapaToB, 3aHITHIX WM CBOOOIHBIX
OT o0cCHyXuBaHus, U psia apyrux. OnHako Haubosee 1e1ecoo0pa3Ho Hc-
MOJIb30BaTh SKOHOMUUYECKHE MOKa3aTenu OlIEeHKU 3()(PEeKTUBHOCTU (YHK-
IIHOHUPOBAHMS CHCTEM MACCOBOTO OOCIYXHWBaHMS, KOTOpPHIC Tat0T 0000-
HIEHHYIO XapaKTepUCTUKY MPOU3BOJCTBEHHOTO MIpoliecca. B aTtom ciaydae
B KauecTBe kputepus dpdexktuBHocTH pyHKImonupoBanusi CMO o0bIu-
HO BBIOMpAIOTCS OOIIME ICHEKHbIC 3aTPaThl, CBA3aHHBIE C TPOCTOSIMU aB-
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TOMOOMJIEN B OKHMIAHUU OOCITY>KMBAHHUSI, U 3aTpaThl HA CO3/IaHUE U IKC-
IJTyaTaluio NOCTOB (anmnaparToB).

IIpumep. B aBTOTpaHCIIOPTHOM NPEANPUATHH, UMEIOIIEM OJHOMa-
POYHBIN MOJABMYKHOM COCTaB, NPUMEHSETCS arperarHblii METOJ PEMOHTA.
PeMOHT OCYIECTBISAIOT IyTEM 3aMEHBl HEUCIIPAaBHOI'O arperara Ha roj-
HBIM, B3ATBHIM CO ckiana. Ilpu orcyTcTBHM Ha CKIIane arperatoB aBTOMO-
OUJIb 0)KHUJAET PEMOHTA.

B nanHOM mpumepe BXOASAIMIMIA MOTOK TPeOOBaHUN OOpa3yrOT aBTO-
MOOWJIM ¢ HEWcCIHpaBHbIMHM arperatamu. OOCITyKMBAaOIIMMH anmnapaTaMmu
SBJISIIOTCSI OOOPOTHBIE arperarsl. JIMCIMIUIMHA 3aMEHbI arperartoB — B IO-
pSAKe MOCTYIUIEHUsI TpeOOBaHMI, a MpoliecC 3aMEHbl UX MOKHO paccMart-
puBath Kak CMO ¢ 0XXuJaHHEM.

3amady ONTUMU3AIMU O00OpPOTHOrO (POHIA arperatoB aBTOTPAHC-
NOPTHOTO MPEANPUITHS CBEAEM K OTBICKAHWIO MUHUMYMa LIeJIEBOU (PYyHK-
1805051

z=C, A, +CyA., (6.1)

OX“"H

rae Cox — UBIAEPKKU B PyOJIsiX, BBI3BIBAEMBIE MPOCTOEM OJHOTO aBTO-
MOOUIISI B OXKHUIAHUU TOCTYIUICHUSI OTPEMOHTHPOBAHHOI'O arperara B
TEUEHUE CYTOK; A, — CpeIHEE YMCIIO HEUCIIPABHBIX aBTOMOOUIIEH, OXKHU-
JAOMINX NOCTYMJIEHUS OTPEMOHTHUPOBAHHBIX arperaToB (Cpe/lHEe YHuC-
J0 aBTomMoOwier B Hakomnutene); Cy — U3AEPKKH, BhI3bIBa€Mble HEHC-
MOJIb30BAHUEM OJIHOTO OTPEMOHTHUPOBAHHOIO arperara B T€UEHHUE CY-
TOK; A. — Cpe/IHEee YMCJI0 HEUCTOIb30BAaHHBIX arperaToB (MPOJIeKABIINX
Ha CKJIaJe).

Cox 1 Cy ONpenenstoT MyTeM KaIbKyJsiuuu, A, u A, — MeTo1aMu
TEOPUHU MaCCOBOTO OOCHY>XMBAHUS JJI KOHKPETHBIX YCJIOBUU MPOU3-
BOJICTBEHHOU nesteabHOCTH ATII, 3aBUCAT OT yKciaa 0OOPOTHBIX arpe-
ratos N.

Ecnu aBTOMOOWIM MOCTYMAlOT Ha PEMOHT (3aMeHy arperara) ¢ WH-
TEHCHBHOCTBIO A, a cpe/iHee BpeMs BO3BpaTa arperara Ha CKJaJ| COCTaBJIs-
eT Tos = 1/W, TO g pa3oMKHYTOM CHUCTEMBbI MAacCOBOT'O OOCITY>KHUBAHUS C
OKHMJIAHUEM UMEEM CIICYIOININE PACUECTHBIE (POPMYJIBI.

Jlns ynpoierust GopMys MOKHO MCIIOJI30BAaTh BIPAKEHUS a = A/|L
uf=aln.
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BeposiTHOCTB TOTO, 4TO BCE 0OCITY>KUBAIOIIIKE aliapaThl (arperathl)
CBOOOIHBI,

1
= N—1 ak aN ) (6.2)
+
Z 0 TNa=p)

BeposTHOCTh TOTO, YTO BCE OOCIY’KHUBAIOILIUE allllapaThl (arperarsl)
3aHATHI,

P N
p=—02% (6.3)
NI(1-P)
Cpennee unciio TpeOOBaHMM (aBTOMOOMIICH) B HAKOTIUTEIE
P
A, =%. (6.4)
(1-p)
Cpennee uuciio CBOOOIHBIX 00CITYKUBAIOIINX alapaToB (arperaToB)
N-1
N-k
4= Y Z=a*=N-a. (6.5)
k=0

[TepBoHavaibHOE pacyeTHOE YMCIO OOOPOTHBIX arperaToB OIpese-
JIUM TI0 YCJIOBUIO a < N i .

C nomo1plo U3MEHEHUS YKCiia OOOPOTHBIX arperatoB OT Ny, 10 N
BBIYUCIIUM ONTUMAJIbHOE YUCJIO OOOPOTHBIX arperatoB W3 YCJIOBUS IIeJie-
BON pyHKIMHU z=Cy Ay +C A, >min.

HcxonHble maHHBIC 71 BBIIOJHEHMS Ja00paTOpPHON pabOThI mpe-
CTaBJICHBI B Ta0. 6.2.

IIpuMep BbINOJIHEHUsSI PA0OTHI
HUcxonHble nanHbIC:
- HHTEHCHBHOCTH 3aMeHBI arperata A = 1,0 arp./cyT;
- BpeMsl BO3Bpara arperarta Ha ckiana 1,;= 3,0 cyT;
- m311epKKU Coyi = 25,0 y.€.;
- m3nepxku Cy = 3,0 y.e.
Tos= 1/, =1/ Tys=1/3.
MuHMMaIbHOE YKCII0 arperatoB Ny, = A/ = 1/(1/3) = 3,0 arperara.
Ucnonp3ys caeayromye GopMyibl, BEIYUCITUM:

66



1 . N-1
N MZ, e ok'%)
u

Sy + a
(N -DI(Nu—2)

NAN—k (5 ' Wh A
N e ok
o k! \/M (N =DI(Nu—-2)\ u

P\
Ay =— Ac=ByFy.
_A 2
Nu( NM)

Pesynbrathl pacuera cBeieM B Tao. 6.1.

Tabnuya 6.1. Pe3ynbTaThl ONTUMU3AIMH YKCIa 0OOPOTHBIX arperaTton

19,4125 | 80,6875 | 0,04957 0,0376 0,04935 3,999 13,232

N Sk By Py Py An Ac z

4 13,0 26,5 0,0377 0,5094 6,1128 0,99905 155,81
5 16,375 42,875 0,0466 0,2361 0,8853 1,9979 28,126
6 18,4 61,275 0,04895 | 0,09914 | 0,19828 | 2,99994 13,955
7

8

19,8464 | 100,5339 | 0,04973 | 0,01294 | 0,018624 4,999 15,464

— MUHUMAJIbHOE 3HaUYCHHUE 11eTIEBON (DYHKITHH.

Crpoum rpaduk 3arpaT B CUCTEME MACCOBOTO OOCIYy>KHWBaHUS, HC-

MOJIb3Y4 JIaHHbIE Ta0J. 6.1 (CM. pUCYHOK).

LeneBas cdyHkuus

180
160
140

120 \

——

100 \ Cn Ac

80 —*—Cox AH '
—O—Z

60

40

20 — —
0 == 1 f

4 5 6 7 8

Yucno o60poTHLIX arperaTos, eg.
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BapuaHTbI HCXOIHBIX TaAHHBIX K BHINOJHEHUIO
JIa00paTOPHOIl PadOTHI

Tabnuya 6.2. VIcxoiHbIe JaHHBIE IS BBIMOJHEHUS JJAOOPATOPHOM padOThI

Homep | UntencuBHocTh | Bpems W3nepxku npeanpu- W3 nepxku npeanpu-
BapuUaHTa | 3aMEHBI arpera- | BO3Bpara ATHUS, BBI3BaHHBIE ATHUS, BI3BaHHbBIE HE-
Ta A, arp./cyT | arperara | NMpOCTOEM aBTOMOOWIS | HCIIONB30BaHHEM arpe-
Ha CKJIaJ | B OKMJAHMU arperata | rara 3a cyTkH Cy,y.e.
Tos, CYT 3a CYTKH Coy, Y.€.
1 1,0 3,00 25 3,0
2 1,25 2,50 27 2,5
3 1,5 2,00 30 2,0
4 1,25 1,50 32 1,5
5 2,0 1,00 35 1,0
6 2,25 1,50 37 1,5
7 2,5 2,00 40 2,0
8 2,75 2,50 42 2,5
9 3,0 2,00 45 3,0
10 2,25 1,50 47 2,5
11 2,5 2,00 50 2,0
12 2,75 1,00 52 1,5
13 2,0 1,75 55 1,0
14 1,5 2,00 57 1,5
15 1,25 2,25 60 2,0

KonTpoabHbIie BOPOCHI

1. Kakue Tumbl 3a7a4 aBTOMOOMIIBHOTO TPaHCIIOPTa I1e71eco00pa3Ho
pelarb METOJIOM CTaTUCTUYECKOTO MOJIETUPOBAHUS ?

2. IlepeuncnauTe OCHOBHBIE 3Tallbl CTATUCTUYECKOIO MOJIEIHPOBA-
HUSL.

3. Ilepeuuncnure ciaydaitHble (aKTOpbl, KOTOPbIE UMEIOT MECTO MPHU
IUIAHUPOBAHUU U YHIPABJICHUHM YPOBHEW 3allaCHBIX YaCTEW U arperaroB Ha
ckiagax ATII.

4. 3anumure UENeBy0 (PYHKUUIO U3IEPKEK NPEANPUATHS OT BEIU-
YUHBI HAYAJILHOT'O 3araca U Ha30BUTE €€ COCTaBJISIOIIHNE.

5. KakoBa nocnienoBaTebHOCTh MOJEIMPOBAHUS MOTPEOHOCTH TIpe/I-
NIPUSITUS B 3alIaCHBIX YaCTSIX U arperartax?
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