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[TeuaraeTcs no pemeHnIo pelaKiHOHHO-U31aTeIbCKOro coera Bal'y

OnTUMH3aIHOHHOE MOJCITMPOBAHNE MPOU3BOJCTBEHHBIX ITPO-
0-60 meccoB Ha TPEANPHUITHAX aBTOMOOMJIBHOTO TPAHCIIOPTa . METO..
yKazaHus K JabopaTopHbiM paboram / Bmagum. roc. yH-T MMEHH
Anexcannpa ['puroppeBuda u Hukomnas I'puropbeBuda CTOJICTOBBIX |

coct. U. B. [lenucoB. —Bnagumup : U3a-so Bal'y, 2012. — 72.

[IpencraBiensl 1abopaTopHbIe PabOTHI, KaXaas U3 KOTOPBIX COJEPKHUT TEope-
TAYECKUI MaTepuall, MPaKTUYECKYI0 4YacTh, IPUMEPHI BHITIOJHCHHS, BapHaHThI 3aJ]1a-
HUMN, KOHTPOJIbHBIE BOIIPOCHI.

[Ipeana3znadeHsl 11l CTYJIEHTOB, oOyuaromuxcs mo HampasieHuro 190600.62
«IKCIUTyaTalds TPAHCMOPTHO-TEXHOJOTHYECKUX MAIIMH U KOMILJIEKCOB» BcexX (opm
o0ydeHus, a TakkKe ISl MHKEHEPHO-TEXHUYECKHX PAOOTHUKOB aBTOTPAHCIOPTHBIX
IPEATPUATHI.

PexomenoBano miist popmMupoBanusi TpodhecCHOHATHHBIX KOMIIETEHIIUNH B CO-
otBeTcTBUH ¢ PI'OC 30 1TOKOIEHHS.
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BBEJIEHUE

OmarM W3  B@XHEUIIMX HWHCTPYMEHTOB  YCKOPEHHUS  HAYyYHO-
TEXHUYECKOTO MPOTPecca BCEX OTPACICH HAPOTHOTO XO3SHUCTBA, B TOM YHCIIE
¥ aBTOMOOWJILHOTO TPAHCIOPTA, SBISETCS IMHUPOKOE MPUMEHEHNE METOJIOB
MOJICTTMPOBAHMSI IIPOU3BOICTBEHHBIX MPOIIECCOB U OCOOCHHO COBPEMEHHBIX
ONTHUMU3AIMOHHBIX METOJIOB, C TTIOMOIIBIO KOTOPBIX MOKHO M30€XKaTh J0-
POTOCTOSIIINX IKCIIEPUMEHTOB IIPU PACCMOTPEHHUH BOIIPOCOB OpraHU3aIuU
paboTHl aBTOMOOMIJIBHOTO TPAHCTIOPTA.

[IpakTueckasi IEHHOCTh PacCMaTPUBAEMBIX B IpejyiaraeMbix pado-
Tax BOIPOCOB MOATBEPKAAETCS TEM, UTO B COBPEMEHHBIX PHIHOYHBIX YC-
JIOBUSIX Ba)XKHOE 3HAYEHHE NMPHOOPETAI0T MAaTEMaTHUYEeCKHE METOJbl ONTH-
MU3aI1H, TO3BOJISIONINE HAPSLY C IPYTMMHU METOAaMU YCTaHABIMBATh 3a-
BUCHMOCTb MapaMeTPOB ONTHUMHU3ALMKU OT PA3NIUUHBIX (HaKTOPOB, MPOTHO-
3UpOBaTh pPacCMaTpUBAaEMble MPOIECCHI, HAXOAUTh ONTHUMAJIbHBIC pEIlle-
HUS.

Hnst ocBoeHust kypca «ONTUMHA3ALMOHHOE MOJEIUPOBAHUE IPOU3-
BOJICTBEHHBIX TIPOIIECCOB aBTOMOOWIILHOTO TPAHCIIOPTAa» W TOTyYCHUS
MPaKTUYECKNX HABBIKOB B PEIICHHWM 33]ad ONTUMHU3AIUU KaKIOMY CTY-
JIEHTY TPeJJIaraeTcs BBIMIOJHUTD MIECTh Ja00OPaTOPHBIX padoT.

Kaxpmas pabota co/iep>KUT HEOOXOAUMBIHE MUHUMYM TE€OPETUUECKUX
CBEJICHUH, MPUMEP BBIMIOJHEHHUS, BAPUAHTHI 3aJJaHU W KOHTPOJIbHBIC BO-
mpockl. B mpmiioxennyn nprBeneHa Tabauila ¢ yKa3aHHeM BapHUaHTOB 3aja-
HUH TSI BBITIOJTHEHUS TA00paTOPHBIX padoT.

JlabopaTopHbie paboThl O(POPMIISIOT B JTOTUUECKOW MOCIIE0BATEIb-
HOCTH pelIaeMbIX 3aja4, akKypaTHO, B CxaTol (opmMe B COOTBETCTBUU C
'OCT 2.105-95 ¢6mue TpeboBaHMS K TEKCTOBBIM JOKYMEHTaM) Ha JIHC-
tax popmara A4 (297 x 210mm). CokpallieHHe CJIOB IPU HAKCAHUH pa-
00T He JomycKaeTcs 3a uckioueHnem ycranosieHHbIx [[OCT 2.316-89.



JlaGopaTtopnas paGora Ne 1

OIITUMUBALUA CUCTEMbBI TEXHUYECKOI'O
OBCJHYXKXHUBAHUSA NNOABUXHOI'O COCTABA

Heanb padoTbl: U3y4UTh NPOIECC ONTUMU3AIUU CUCTEMbl TEXHUYE-
CKOTr'0 0OCITyKUBAaHUS MOJBU>KHOTO COCTABa ABTOMOOMIBLHOI'O TPAHCTIOPTA.

Oo0mme cBegeHus

HenpeppiBHOE yBeNuueHHE MOIIHOCTH U TMPOU3BOAMTEILHOCTH aBTO-
TPAHCHIOPTHBIX TPEANPHUSTHIA TPeOyeT pa3BUTHS MaTePUATHHO-TEXHUYIECKON
0a3bl 711 00CykMBaHUsl aBTomMoOwmieil. [loaTomy BOMpoc ONTUMaIbHOMN
IPOM3BOJICTBEHHON MOIIHOCTH CHCTEMBI TEXHHYECKOTO OOCITYKUBAHHS U
pPEMOHTA aBTOMOOMIICH SBISETCS OJHUM M3 BOXHEHIINX B PEIICHUH IIPO-
OJieMbl TOBBIIIEHUSI Y(PPEKTUBHOCTH PadbOTHl ABTOTPAHCIOPTHBIX MpeEa-
MIPUSATHM.

B cucremax TeXHUYECKOro OOCITY>KHBaHUS COBPEMEHHBIX aBTO-
TPAHCIOPTHBIX NPEANPUATUN HAXOAAT IIMPOKOE PaCHpPOCTPAHEHHE Clie-
TYIOIIME BapUAHThl OpraHU3alul 00CTYKUBAHUS:

1 — Ha yHUBEpCAJbHBIX MOCTAX;

2 — IOTOYHOM JIMHUU C HE3aBUCHUMBIM MEpPEMEIICHUEM aBTOMOOMIIEH
C 1MOCTa Ha MOCT;

3 — OTOYHO JIMHUM C OTHOBPEMEHHBIM MIEPEMEIICHNEM aBTOMOOHIIEH.

Kaxplii U3 BapuaHTOB OpraHu3alii OOCIIyKUBaHUS aBTOMOOMIIEH
UMEET CBOU MPEUMYIIIECTBA U HETOCTATKHU.

K nocronHCTBaM TEXHWYECKOTO OOCITYKMBAaHUS HAa YHUBEPCATBHBIX
nocrax (BapwaHT 1) ciieayeT OTHECTH OTCYTCTBHE HEMPOU3BOAMTEIHHBIX
OTEPh BPEMEHH, CBSI3aHHBIX CO CTOXACTUICCKUM XapaKTEPOM MPOTEKAHUS
nporecca 00CITyKHUBaHHUS.

C TOYKM 3peHUs] TEOPUU MACCOBOTO OOCITYKMBaHUS IO NIEPBOMY Bapu-
aHTy UMEEM CHCTeMy MaccoBoro oociykuBanust (CMO) ¢ N-napaieTbHBIME
oOCTyKMBAIOIMMU TIocTaMH. BbiOOop M3 odepenu Ha OOCTYKUBaHUE U
pacrnpezeiieHne TpeOOBaHUN MO CBOOOJHBIM IMOCTaM MPOU3BOJIUTCA CO-
IJIACHO MIPUHATON AMCIUIUIMHE OYepeaH, T. €. IepBoe TpeOOBaHUE MOCTY-
MaeT Ha MepBbIN MOCT, BTOpOe — Ha BTOpoil u T. A. [locne 3anonHenus mno-
CTOB TpeOOBaHUA B JAJIbHEHIIIEM MOCTYNAaIOT HA TOT MOCT, KOTOPBIA OCBO-
00IUTCS TIEPBBIM.



Cucrema oOCIy>KMBaHUSI HA TIOTOYHON MUHUU C HE3aBHCUMBIM TIie-
peMeleHeM aBTOMOOWIICH ¢ TIocTa Ha MoCT (BapHaHT 2) UMEET MpeumMy-
[IeCTBa Mepes CUCTEMOM 00CTyKMBaHUS HA MOTOYHOM JIMHUU C OJHOBpE-
MCHHBIM TepeMelieHrneM aBToMoOmiei (Bapuant 3). B cucremax ob6ciy-
YKUBaHMSI, OPTaHU30BaHHBIX 10 BTOPOMY BapUaHTy, COKpAIIAIOTCA HEMpo-
U3BOJIUTENIbHBIE TPOCTOM aBTOMOOWJIEH U OOCTY>KHUBAIOIIEH CHUCTEMBI,
BO3HUKAIOIIUE 110 TPUYMHE ACUHXPOHHOCTHU IPOIIECCA, UTO BEJET K MOBbI-
IICHUIO TPOU3BOIUTEIIBHOCTH TPY/IA.

Ilpumeuanue. C NMOHATUEM HE3ABUCHUMOE TEPEMEIICHUE aBTOMOOU-
JIed CBSI3BIBAETCA TakKasi KOHCTPYKIMS KOHBeiepa, KOTopasi MO3BOJISIET Tie-
peMelarh aBTOMOOUIIb C OJTHOTO TOCTa Ha JPYroM Mo Mepe OKOHYaHUs
paboThI HA JAHHOM IOCTY U OCBOOOXJEHUS TOCIEAYIOIIEr0 B UHIUBUIY-
ATbHOM TOPSIIKE BHE 3aBUCHUMOCTH OT MOMEHTOB BPEMEHHU IEepexoja aB-
TOMOOUJIEN Ha JPYTrUe MOCThI MOTOYHOM JIMHUMU.

MeToauka oNTUMH3ANMUMN CUCTEMbI TEXHUYECKOT0 00CTyKUBAHUS

K ucxXoAaHbIM JaHHBIM TPH ONTUMU3AIUU CUCTEMBI TEXHHYECKOTO
oOCTy’>KMUBaHUSL OTHOCST:

Ay, — CpenHeCyTOYHOE YHUCIIO TpeOOBaHUI HAa TEXHHYECKOE 00CIy-
*uBaHHue ((PaKTUUIECKOE MIIM PACUCTHOL);

to — CPEIHIOI TPYJOEMKOCTh €MHUYHOIO 0OCIYKUBAHUS, YEL.-Y;

K — ko3 dunmenT, yuuThIBarOmui MOBBIIICHHE MPOU3BOAUTEIHHO-
CTH TpyJa NpH MOTOYHOM METOJIE OOCTYKUBAHUS;

t, —3amanHOe Bpems pabOThl CUCTEMBI O0CITYKUBaHUS, Y.

K ympaBnsieMbiM mapamMeTpaM CHUCTEMBI TEXHHYECKOTO OOCITyKHMBa-
HUS OTHOCSHT:

Z —yaucio uHul (171 iepBoro Bapuanra — Z=1);

N —4nciI0 MOCTOB HA JINHUY,

P —xonuuecTBO UCTIOJIHUTENEH HA MTOCTY.

OnTuMH3aIs CUCTeMbl TEXHHUYECKOTO OOCTY>KMBaHUS CBOJIUTCS K
TOMY, 4TO IyTeM Iepedopa ynpasieHus nepeMeHHbpIMU (Z, N, P) Haxoaum
ONTHUMATHHYIO MOITHOCTh CUCTEMBI OOCITY)KUBAaHUSI C Y4€TOM BBIOPAHHOTO
BapuaHTa OpPraHU3alud TEXHUYECKOTO OOCIYyKMBaHUS MO 1elIeBOM (DyHK-
1002071

W=t—-1, - min, (1.1)
rae W — 3nauenue neneBoit gynkuuu; iy — daxrudeckoe Bpems paboOThHI
CUCTEMBI, Y.



dakTrueckoe Bpemsi pabOoThl CUCTEMbI TEXHUYECKOTO 00CITYKUBAHUS
oTpeneanuM 1o GpopmyIie

— P
ty =7, (1.2)
mMax
/1€ Amax — TUMUTUPYIONIAs HHTCHCUBHOCTD 0OCITY )KHBaHUS
Mmax = 1P max; (1.3)

rae L —HUHTCHCUBHOCTH O6CJ'Iy}KI/IBaHI/I$I Ha IIOCTY.

[TapamMeTp Pmax— MaKCUMaIbHBIM KOA(PPUIIMEHT 3arpy3KH, XapaKTe-
pPHU3YET CTEIEeHb UCIOJIb30BaHMM TuHUM (ocTa), BeIOMpaercs mo tadm. 1.1.

Tabnuya 1.1. 3aBUCUMOCTDh Pmax OT MPUHSATOrO BapUaHTa CUCTEMBI
00CITy’KUBaHUS U YKCIIa TIOCTOB HA JINHUU

Bapuanr Hucro nocToB
k
cuctemsl TC 1 2 3 4
1-i1 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] TIO COOTHO-
ICHUIO

_NP

= T

rae N — 4uciio mocToB Ha AMHUU; P — KOJIUYECTBO MCIOJHUTENEH Ha IO-

cTy; §; — cpenmHsis TpyJO0eMKOCTh €TUHIYHOTO OOCTYXHBaHUs, Yel.-d; K —

(1.4)

KO3((HUITMEHT, YYUTHIBAIOIMINK TOBBIIIEHNUE MPOU3BOIUTEILHOCTH TPYyJa
MIPU TIOTOYHOM METOJE 00CITyKUBAHUS.

Pacuem cymounoii npoepammvl mexnuuecko2o 006CyiHcu8anus

[Ipu pa3HbIx pexumax pabOThl MOJBUAKHOTO COCTaBa Ha JIMHUU CY-
TOYHAs MporpaMMa TEXHUYECKOT0 OOCTy>KMBaHUS pazindHa. OnpeaenuTh
CPEIHIOI MPOTPaMMy MO TEXHUUYECKOMY OOCIYKUBAHUIO MPHU Pa3IUUYHBIX
pexuMax paboThl aBTOTPAHCIIOPTHOTO MPEANPUATHS IKCIIEPUMEHTATbLHBIM
METOJIOM HE MPEACTABISIETCS BO3MOXKHBIM. Mcxons w3 3TOro cpemgHecy-
TOYHOE Ynciio TpedoBaHuit Ha TO ompeaeanM ¢ MOMOIIbIO pacyera.

KomudectBo TO-2 B CyTKu mpu yCTaHOBUBIIEMCS PEXKUME PaOOTHI
aBTOTPAHCIIOPTHOIO MPEANPUITUS IPUHSITO ONPENENATh MO PopmyJie
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L
. (1.5)
Lto-2

rae Loy — CyTOUHBIH mpoOer aBTOMOOMIIEH, KM, L1o.» — HOPMATHUBHBIN
cyT

Nto-2 =

npooer apTomooms g0 TO-2:
LcyT = AcnaBlcc 1 (1-6)
rae Aqq — KOJWYEeCTBO aBTOMOOMIIEH JTaHHOW MapKu Ha MPEANPUITUH; Oy —

KO3 PUITMCHT BBITyCKa aBTOMOOWJICH Ha JIMHUIO; | — CPEeHECYTOUHBIH
npoOer aBToOMOOUIIEH JTaHHON MapKu, KM.
Cytounas nporpamma no TO-1 onpenensieTcsi COOTHOLIEHUEM

L
P —Nro-2, (1.7)
TO-1

Nto-1= .
rae Lro.1 — HopMaTuBHBIN Mpoder apToMoouiist 10 TO-1, km.
B nensax uccnenoBanus BausHUs pexuma padotel ATII Ha uzmene-
HUE CYTOUYHOW MPOrpaMMbl TEXHUYECKOTO OOCIYXKHUBaHUS KOA()PUIIMEHT

O MoxHO Opath paBabM 0,5; 0,6; 0,7; 0,8; 0,910 MO3BOIUT YCTAHOBUTH
ONTHMAJIbHYI MOIIHOCTh 30HBI TEXHUYECKOT0 O0CIYKUBAHHUS, COOTBETCT-
BYIOIIYIO 3aJJaHHOMY pekumy padoTel ATII. 3HaueHHs CIIMCOYHOTO KOJIH-
YyecTBa aBTOMOOMJICH 10 MapkaM A.; U CPeIHECYTOUHBIH mpooer |, OepyT
10 JAaHHBIM KOHKPETHOI'O IIPEIIPHUATHS.

JIist ynpoIeHrst mporecca onTHMHU3aIuu cucteMbl TO CpeTHIon Tpy-
JOEMKOCTh €IMHIYHOTO 00CITY>)KUBAaHHUSI MOYKHO BBIYUCITUTD TI0 (hopMyJie

- 2Nroitika ks
fo = izl | (1.8)

n
> Nro
&

riae N — 4uciio Mapok aBTomoOwiend Ha mpeanpusitud; Nroj — CyTouHOE

YHCII0 OOCIY)KUBAHUM |- MapKu aBTOMOOWIIS; t,j — HOpMATHUBHAS BEINYH-
Ha TPYAOEMKOCTH EIUHHUYHOTO OOCIY)KMBAHMS |- MapKud aBTOMOOWIIS,
yell.-4u; K, — koapuimeHT KkoppeKkTupoBanus TpyaoeMkoctd TO B 3aBHCH-
MOCTHU OT MOJAU(UKAIIMN TOJABUKHOTO COCTaBa M OPTraHU3aIlMK €ro paboThl
(k2= 1,0 — 1,25)ks — k03 puIueHT KOppEeKTUPOBaHUs TpypoeMKocT TO
B 3aBUCUMOCTHU OT KOJIMYECTBA OOCITY>KMBAaE€MbIX aBTOMOOWJIEH Ha Tpea-

HOPUATHN U KOJUYECTBA TEXHOJIOTHUECKHA COBMECTHMBIX TPYIII IOABHKHO-
ro coctaBa (ks = 0,8 —1,3).



Koapdunmentor K, u Ks onpenensior mo "IlojokeHHI0O 0 TeXHUYE-
CKOM OOCIY>XMBaHWU W PEMOHTE IMOJBI)KHOTO COCTaBa aBTOMOOHMIHHOTO
TpaHcropTa'.

Hcxomubie qaHHBIC AJI BHITIOJHEHUS JIA0OpaTOpPHON pabOTHI MpUBE-
JeHbl B Tao0n. 1.3.

IIpumep BbINMOJIHEHUSI PA0OTHI
Ontumuzaius CUCTEMbI TEXHUYECKOTO 00CITY>KUBAHUSI IPOBOJIUTCS B
nBa stana. [lepBbIi 3Tan npeaycMaTpuBaeT pacyeT CyTOYHOW MPOrPaMMBbI
TO aBTOMOOUIEH, BTOPOU — HEMOCPEACTBEHHYIO ONTUMHU3AIUIO CUCTEMBI
TO.
Jl1s mpoBeeHUs MEPBOro 3Tana onTUuMu3anuu cuctembl TO HE0O-

XOJIMMO TIOJITOTOBUTH MCXOJIHBIE JaHHBIC M0 KOHKpeTHOMY ATII cormacHo
tabm. 1.2.

Tabnuya 1.2 VicxonHbie TaHHBIE K pacyeTy

Crcoy- Cpenne- | HopmaruBHblit EOp l\é:;iztii KoadpdpunmenTst
Mapka  |HOe K07I-BO cyrounpii | TPoOer |, km pyA KOPPEKTHPOBAHUS
aBTOMO- | aBTOMO- t, yenr.y
ouns ouneit npooer
4 lee, KM TO-1 | TO-2| TO-1 | TO-2 ko Ks
31J1-4314 180 250 2400 | 9600 2,7 10,8 1,0 1,05

Llepeuviti sman onmumuzayuu.

1. Vcionb3yst ucxoaHbIe JaHHBIE Ta0a. 1.2, MpOW3BOIUM ONITHMU3A-
uuro TO-2.

2. PaccunthiBaeM cyTO4HYIO nporpammy TO aBTOMOOUIIEH:

a) konmmuecTBO oOcyxuBanuii TO-2 3a CyTKH:

Lcyr = 180- 0,8- 250 = 3600Gm;

Nto-2 = SO,

960(
0) koauuectBo obciyxuBanuii TO-1 3a cyTku:

36000
NTO_l = m -4 :11,

B) BBITUCIEIEM CPCAHIOO TPYIOCMKOCTh CAMHUYHOI'O O6CJIY)KI/IBaHI/I$I:
tro.1= (11-2,7-1,0-1,05)/11 = 2,835en.-;
tyo-2= (4,0-10,8-1,0-1,05)/4,0 = 11,34en.u.

3/75= 40;
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Bmopoii sman onmumusayuu.

1. Ilycte Mbl ontumusupyeM cucteMy TO-1. Bce obGcmyxkuBanus
IPOBOJIATCS HA YHUBEPCATBHBIX MOCTaX (BapwaHT 1), TaKk KakK JUIsl MMOTOY-
HBIX JIUHUHN HeoO0xoaumo 12 — 1306ciyXuBaHUM B CYTKH.

Torna ATp = 11 obcnmyxuBanuid, ynciao noctoB Z =1, N = 3, gucmno
ucnojHuTeNnel Ha mocty P = 3,1, = 124, t;o.1 = 2,8354en.-4, kK = 1,0.11o
Taba. 1.1lonpeaenum Pmax= 1,0.

2. Haxonnm MHTEHCUBHOCTH 00CITY>KMBaHUS HA TTOCTY

u=(3-3)/(1-2,835) =3,175.

3. Berancisiem TUMATHPYIOITYH0 HHTEHCUBHOCTH OOCITYKUBaHUS

Amax= 3,175 1,0 = 3,175.

4. dakTryeckas MpoJI0HKUTEILHOCTh Pa00OThI CUCTEMBI OYIET paBHA

tp=11/(1- 3,175) = 3,46.

[Ipu 3amaHHO¥ TPOJOIKUTEILHOCTH PabOThI CHCTEMBI OOCTYKHUBa-
Hus t; = 12 9 momHOCTh 30HBI TO-1 He yIOBIETBOPSIET TPEOOBAHUSIM I1e-
neBor pyHkumu. [loaTOMY U3MEHUM HEKOTOpHIE TTapaMETPHI.

1.IIycth ATp = 11o06cnyxxuBanuit, arcyio moctoB Z = 1,N = 2, gucmno
ucnojHuTeNnen Ha mocty P = 2,t, = 124, t;o.1 = 2,8354en.-u, k = 1,0.11o

Taba. 1.lonpeaenum Pmax= 1,0.
2. Haxonnm MHTEHCUBHOCTH 00CITYKMBaHUS HA TTOCTY

u=(2-2)/(1-2,835) =1,411.

3. Berancimm TMMUTHPYIONIYIO HHTEHCUBHOCTh OOCTY >KUBaHUS

Amax=1,411-1,0 = 0,705.

4., ®akTuyeckast MpoI0JKUTEILHOCT Pa00ThI CUCTEMBI OyET paBHA

t,=11/(1-1,411) = 7,8u.

[Ipu 3amaHHO¥N TPOJOIHKUTEILHOCTH PabOThI CHCTEMBI OOCTYKHUBa-
Hus t; = 12 9 momHOoCTh 30HBI TO-1 HEe yIOBIETBOPSIET TPEOOBAHUSIM I1e-
neBor pyHkumu. [loaTOMY U3MEHUM HEKOTOpHIE TTapaMETPHI.

1. Ilycth ATp = 11 o6cmyxuBannii, uncio moctoB Z = 1,N = 2, qucmno
ucnojiHuTeNer Ha mocty P = 1,t;= 124, t;o.1 = 2,8354en.-4, K = 1,0.T1o

taba. 1.lonpeaenum Pmax= 1,0.
2. Haxonnm MHTEHCUBHOCTH 00CITY>KMBaHUS HA TTOCTY
u=(1-2)/(1-2,835) =0,705.
3. Beraucmm THMUTHPYIOITYIO HHTCHCUBHOCTD OOCITYKUBaHHUSI
A max= 0,705 1,0 = 0,705.



4., ®akTryeckast MpoI0JKUTEILHOCT Pa00THI CUCTEMBI OyET paBHA

tp=11/(1-0,705) = 15,625.

[Ipu 3agaHHON TPOMOIAKUTETLHOCTH PA0OTHI CUCTEMBI 00CITyXKHBa-
Hus t; = 12 9. momHOCTh 30HBI TO-1 He yaoBieTBOpseT TpeOOBaHUAM Tie-
neBo PpyHkuuu. [loaTOMy U3MEHUM HEKOTOPHIE MTapaMETPHI.

1. IIycts Ay = 11 06cmyxuBanuii, yucio nmocrtos Z = N = 1, yuncio
ucnojHuTenen Ha mocry P = 2,t; = 124, to.1 = 2,8354en.-4, k = 1,0.11o

taba. 1.lonpeaenum Pmax= 1,0.
2. HaxomM HHTEHCUBHOCTH 00CITY>KMBaHUS Ha ITOCTY

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

3. Beraucanm TUMUTHPYIOTYIO HHTEHCUBHOCTD OOCITYKUBaHMUSI

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

4. daktryeckas mpoJI0HKUTEILHOCTh Pa00OTHI CUCTEMBI OY/IET paBHA

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

[Ipu 3amaHHON MPOJOJKUTEILHOCTH pabOThl CUCTEMBI OOCTYKHUBa-
Hus t; = 12 9 momHOoCTh 30HBI TO-1 He yOBIETBOPSIET TPEOOBAHUSIM I1e-
neBoit pyaknmu. [lo3TOMy H3MEHUM HEKOTOPBIE MapaMeTPHI.

1. ITyctb Arp = 11 obcimykuBanui, ynciao mocros Z = N = 1, qucio
ucnojiHuTeNer Ha rocty P = 3,t; = 124, t;o.1 = 2,8354en.-4, K = 1,0.1T1o
Taba. 1.1lonpeaenum Pmax= 1,0.

2. Haxonum MHTEHCUBHOCTH 0OCITYKMBaHHUS HA MOCTY

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

3. Berancianm TUMUTHPYIOITYIO HHTEHCUBHOCTD OOCITYKUBaHMUSI

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

4. dakTrueckas MpoJI0HKUTEILHOCT Pa00OTHI CUCTEMBI OY/IET paBHA

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

Pesynbrarel MoaenupoBanus cuctembl TO-1, opraHu3oBaHHON TIO
Bapuanty Ne 1 npu o = 0,8, mpeacraBieHbl HUXE:

Z N P W

1 3 3 8,54

1 2 2 4,2

1 2 1 -3,625
1 1 2 -3,602
1 1 3 1,604
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Taxkum 00pazom, HauboJIee ONTUMAIBHOM MOIIIHOCTBIO OyeT 00J1a-
nath 30Ha TO-1, cocrosiias U3 0JHOTO TOCTa ¢ TPEMS PaOOUHNMH.

Bapl/IaHTbl HCXOAHbIX JAHHBbIX K BBINIOJIHCHHUIO ﬂﬂﬁOpﬂTOpHOﬁ paGOTbl

Tabnuya 1.3. Ucxonguble NaHHBIC IS BBIMOJHEHUS J1aOOpaTOpPHOMN

paboThI
« 3aga"nHoe CnoucoyHoe
§ c% Mapxka CpennecyTounsiii | Bpemsi pabo- | kommdectBo | Koabduiuent
é § aBTOMOOMIIS mpooer, KM TBI CUCTEMBI, | aBTOMOOWIIEH BBIMTYCKa Oy
A q Aen
1 31J1-4314 240 12 180 0,8
2 MA3-5335 190 12 145 0,8
3 31JI-5301 260 12 170 0,8
4 [TA3-5271 230 8 150 0,8
5 JInA3-5256 210 8 175 0,8
6 ITA3-4233 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

KoHTpoJibHBIC BONIPOCHI

1. C xako¥ 1eJbI0 BBITIOIHSIOT ONTUMHU3AIUIO CHCTEMBI TEXHHYECKO-
ro 00CITyKUBaHHS aBTOTPAHCIIOPTHBIX CPEACTB HA TIPEATPUITHH ?

2. [lepeuncnure BapuaHThI OPTaHU3AIUHA OOCTY)KUBAHHUS aBTOMOOU-
JIeil Ha COBPEMEHHBIX aBTOTPAHCIIOPTHBIX MPEIMPUATHSIX.
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3. Kakue ucxoHple JaHHbIE HEOOXOAUMBI JJIsI ONTUMHU3AIUU CUCTE-
Mbl TEXHHUYECKOTO OOCIIy’KMBaHUSI aBTOMOOWIEH Ha aBTOTPAHCHOPTHBIX
IPEANPUATHSIX ?

4. Kakue nmapamMeTpbl CUCTEMbl TEXHHUYECKOTO 00CITy>KHMBaHUS OTHO-
CAT K yIPABJISIEMBIM ?

5. Iloscuute ¢u3MYECKUd CMBICI MapaMeTpa UHTEHCUBHOCTH 00-
CIIy’KUBaHHs aBTOMOOWIICH Ha TOCTY.

6. HazoBuTe mpenmyiecTBa MOTOYHOTO METOJIa OOCTY>KUBAHHS aB-
TOMOOUIIEH.

7. KakoBBI KpUTEpUM MPUMEHEHHsI IOTOYHOTO METOJ[a OOCTYyKHBa-
HUSI aBTOMOOMJICH Ha MPEIPUATHAN ?

8. Ilepeuncaute (HaxTOpPhI, OKA3BIBAIONINE BIMSHUE HA BETUYHHY KO-
s duiirenTa BbITycKa aBTOMOOUIIEN HA TMHHUIO.

9. Uto xapakTepu3yeT MmapameTp Pmax ?

JlaGopaTtopnas paGora Ne 2

PEHIEHUE 3AJTIAY MAPIIPYTU3AIIUU METOAOM
JAAHAMMUYECKOI'O TIPOIT'PAMMMWPOBAHUA

Hean padoThl: U3y4YUTh MPOLIECC TOCTPOCHUS AUHAMUYECKON MO/Ie-
JM BBIOOpA KpaTyalIero myTd Ha OPUEHTUPOBAHHOM CETH, a TaKXKe TMOJIy-
YUTh MPAKTUYECKHE HABBIKU PEIICHMS 3a]1a4 [0 MApUIPYTU3AIUH.

O01mue moJ10KeHUs

Junamuueckoe nporpammupoBanue (/1) npencrabiser codoi ma-
TEMaTUYECKUI METOJ ONMTHUMHU3AINH, TTO3BOJISIONINNA OCYIIECTBISATh ONTH-
MaJIbHOE TUIAHWPOBAHHE MHOTOIIArOBHIX (MHOTOATAITHBIX) YIPABISIEMBIX
IIPOIIECCOB, U MPOTPECCOB, 3aBUCAIINX OT BPEMEHH.

3anaun, pemaeMblie Merogamu 11, popmupyroTcs cienyrommum 00-
pazoM. Meercs ympaBisieMblid MPOTIECC, 3aaHbl €r0 HavadbHOE W KOHEU-
HOE coCTOosiHMS. Tpebyercs ompenenuTh 3HadeHue (aKTOPOB €ro COCTOS-
HUSI, 00ECIIeUnBAIONIMX TOJYyUYeHHE OoNTUMyMa (PYyHKIMH TIpoliecca B Iie-
JIOM.

Metoaom JIIT ¢ ycriexoM MOXKHO peliaTh 3aja4yu, CBOISAIIMECS K Ce-
TEBBIM MOJIEIISIM, TAKHE KaK TPAHCIIOPTHBIE, 3a7a4M 3aMEHBI 000pYI0BaHUS,
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yIpaBJICHUs 3allacaMy U APyTrue, B KOTOPBIX TPEeOyeTCss HAUTH KpaTyanIimi
IIyTh HA OPUEHTUPOBAHHOM CETH.

IIpouecc pemenus 3anayun 11 BKIrogaeT ciuenyromuye onepanuu:

1. UccnemyeMbliii miporiecc pa3oMBaeTCsi UCKYCCTBEHHO WIIM €CTECT-
BEHHO HA COCTABHBIE DJIEMEHTHI — 3TAIIbI.

2. Ins xaxmaoro srara BBOJAT (DYHKIIMOHAJIBHBIE XapaKTEPHUCTUKH
(mapaMeTpbl WM MepeMEHHbIE) Mpollecca U UX YHCIIOBBIC 3HAYCHUS. 3a-
T€M BBIACISAIOT YNPaBJstoNue (aKkToOpbl, ¢ MOMOIIBI0 KOTOPHIX MOXKHO
BJIMSITH HA PA3BUTHUE MpOLIECCa.

3. Jlms kakmoro sTara yCTaHaBIMBAETCS TaKOW YPOBEHBb yIIpaBiie-
HUSI, KOTOPBII 00ecreynBaeT ONTUMAIbHOCTh (DYHKITMOHUPOBAHUS MPOIIEC-
ca B LIEJIOM.

ITpunnuner 1 Metoasl [I1 paccMoTpuM Ha mpumepe 3adadyu BeIOOpa
KpaT4aulliero MapuipyTa Ha TPAaHCHOPTHOM CETH.

TIlocmpoenue ounamuueckol Mooenu blOOpa Kpamuatiuie2o nymu
[TycTh 3aaHa OpUEHTUPOBAHHAS CETh, coaepkamas N Todek (y3/10B).
Haiiti xpaTdaiimumii nyte u3 Touku 1 B Touky N (puc. 2.1), ecnu 3amaHa
Mmarpuna (aj) pacCTOSHUHN U3 TOYKH | B TOUKY J.

g o s | n / N;l
( - ( > b e P bl
P ¢ o_\qj J )
e e " { N
Al #T A e ~
.'.._: ! “\ ’.-' et r»'
"'--‘L““ \',; .\\ »
T N, b "
f ko™ i >e A8, @
L o | % ®
I\ 3 4 '"_"-h. r.=
N-2
- o u o -
So Sy Ok Sk Spel S

Puc. 2.1.0OpueHTupoBaHHas CeTh

O6o3Hauum yepez W *j MUHUMAIBHBIA IMyTh U3 TOYKH | B TOUKy N.
OnTUMaJIbHBIN MapmIpyT U3 JIFOOOH TOYKH | JTOJDKEH 00J1aaTh TEM CBOWM-
CTBOM, YTO KaKOB Obl HH OBUI CITOCOO JOCTYOKEHUS MYHKTA I, MOCIIEIYI0-
iee pelieHne JOJKHO ObITh ONTUMAIBHBIM JIJISl YACTH MyTH, HAUUHAIOIIIE-
rocs B Touke i (IPUHIIUI ONITUMATBHOCTH).

[TycTh M3 TOYKHM | MOYKEM MEPEHTH B TOKY |, PACCTOSTHHE MEXKIY ITH-

MU TOYKaMH PaBHO ajj. TouKa j J0KHa BRIOMPAThCA TaKMM 00pasoM, 4To-
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ObI myTh 13 | B N ObUT wacThio onTuMaiibHOTO M3 | B N. O003HaYMM MUHH-
ManbHBIH TyTh U3 | B N yepes W *j. Toraa i BeIOMpaeTcs U3 yCIOBUS MH-
HUMHU3AIUN CyMMBI
Takum oOpazom, nonyyaem ypaBHeHue bemnmana:
* . *
W = m'!ﬂ{aj +VY}- (2.2)
J#l
Jlns peanuzanuu ypaBHeHHs (2.2) pa3aeiuM yCIOBHO BCE TOYKH Ce-
TH Ha N MHOXKECTB 10 4Kciy ImaroB 1, 2, ...,n (cM. puc. 2.1).K MHOMXKeCT-
By & OTHECEM TOYKH, U3 KOTOPBHIX MOXHO monacth B N He 6oJiee yem 3a N
IIaroB, K § TOYKe U3 KOTOPHIX MOKHO nomnacTh B N He Oonee wem 3a N — 1
I1aroB U T. 1.
Ecmm i € S¢1, To Oynem cuutath, uto | € S Torma ypaBHuenue (2.3)
IPUMET BHU]T
L . * .
W) = min {ay + W (i), (2.3)
I OSk—
J OSg
Tak kak Touka N eTMHCTBEHHAs M OTHOCHUTCS K MHOXKECTBY S, TOT/1a
W 1 (N) = 0. (2.4)
MHO0XeCTBO S,-1 COCTOUT M3 TOYEK |, U3 KOTOPBIX MOXHO IIOMACTh B
N He OoJiee ueM 3a OJ[MH 1Iar, MO3TOMY
*x . * H
W () = min {ain} = @n, Un() =N, (2.5)
| DSn_l
rae U "p(i) — yclIoBHBIC ONTHMAIIBHBIE YIIPAaBICHHS (PELICHNE) Ha N-M TIe-
pexoze u3 Touku | B N 1o kpaTyaiiiemMy myTH.
AHAJIOrU4YHO IS TOUEK | € S0
* . ] * . * .
Woa() = min {a+wWi (i} = min {g+au}. Ga() (26)
I USp-2 10 Sh-2
) USn-1 )0 Sn-1
U T. 1. B utore ycioBHOW ONTUMH3AIANA TIOJYYHUM COBOKYITHOCTH YCJIOB-
HBIX OonTUManbHbIX pemmenuit U (i), HCIONB3yst KOTOPBIE TTOCIIeI0BATEb-
HO OIPEJEIIAM TOYKH, COOTBETCTBYIOIINE ONITHUMAILHOMY MapIIpyTy.
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IIpumep BbINOJHEHUS PAdOTHI
Ha opuenTupoBaHHOM ceTH HAUTU MapUIPYT JBUKECHUS U3 MyHKTa Bj
B IMYHKT Bj3 COOTBETCTBYIOIIMI MAaKCUMAaJbHOM CTOMMOCTH ITPOE3Aa.
CronMoOCTh IIpOE3/1a ajj M3 MYHKTA | B IYHKT | IPOCTaBJICHA Y CTPEIIOK.

Puc. 2.2.0puentupoBaHHas ceTh

I[J'ISI TOTO YTOOBI CTOMMOCThH IMpoc3aa ObL1a MaKCHMaHBHOﬁ, HYXXHO
OCymCCTBIIATH IICPEBO3KHU 110 CaMOMY MJIMHHOMY ITIYTH. Haiinem ero.

1. W5(B]_]) = 7;

Ws5(B12) = 8.
2. W,y(Bg) :{g} W’ 4(Bg) =16;
W, (Bg) :{g:;} W 4(Bo) = 13;
W, (Byo) = {%} W 4(B10) = 19.
3. Wy(B,) ={190++1163}, W'3(Ba) = 25;
W;(Bs) = {%]]:Z}’ W*S(BS) = 29;
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18+ 13

W;(Bg) = {2+—]_9} W 3(Bg) = 31;

8+13 .
W5(B) :{8+—19}’ W 3(B7) = 27.

6+ 25

— 10+ 29 * — 20-
4. W,(B,)= , W »(B2) = 39;
2( 2) 3+ 31 2(B2)

9+ 29

Wo(B3) =1 -2, Wo(Bg) = 42.

5. Wy(By) :{%g} W'y(By) = 48.
B.

|

I
&9 &) &) Gy (9
Puc. 2.3.0ntumanpHast cxeMa ABHKEHHST aBTOMOOMIIS

Takum oOpazoM, mpoe3q OyJaeT MaKCHMalbHO JOPOTHM, €CIIH OCY-
LIECTBIIATh NEPEBO3KU 110 MapuipyTy: B1—B3z—Bg—Bg—B12—B13.
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BapuaHTsl 3a1aHui 1J151 BBINOJIHEHUS JIA0OPATOPHOI padoThI

Bapuant Ne 1
Haiitu ontumanbHb MapIpyT IBH>KeHUS U3 MyHKTa Ci B MyHKT Ci3
Ha ceTH, n3o0paxeHHON Ha puc. 2.4.PaccrosgHue mMexay MyHKTaMu Ipo-
CTaBJICHO Yy CTPEJIOK.

Puc. 2.4.0OpueHTupoBaHHAs CETh

Bapuant Ne 2
Jliss opueHTHpOBaHHOH ceTH (puc. 2.5) HaATH MapIIPyT U3 MyHKTA

Ap B myHKT B, COOTBETCTBYIOIIMI MaKCUMAJIbHOW CTOMMOCTH MpOE3/a.
CronMOCTb IIpo€3/1a ajj U3 MyHKTA | B MYHKT ] IPOCTaBJIeHa y CTPEJIOK.

Puc. 2.5.0OpuentupoBaHHas ceTh
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Bapuant Ne 3
Haiinure onTUManbHBIA MapIIPyT JBMKEHHUS W3 TOYKA A1 B TOUKY

A13 U ceTH, N300pakeHHOU Ha puc. 2.6.PaccTosHUA MEXIy MyHKTaMH
IIPOCTABJIEHBI y CTPENIOK.

Puc. 2.6.OpuenTnpoBaHHas CETh

Bapuaunt Ne 4
Haiigure kpaTuaiiuinii myTh U3 MyHKTa A B yHKT /I mis cetu, nu3o-
OpaxxeHHOW Ha puc. 2.7.PaccTosHUA MEXIy MyHKTaMU MPOCTaBIEHBI Y
CTPEJIOK.
B1

Ci
=0

10

Puc. 2.7.0pueHTUpOBaHHAs CETh
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BapuanT Ne 5
Haitgute kpaTtuaiiiumii myTh U3 MyHKTa A B MyHKT /I 1J1s1 c€TH, U30-
OpaxeHHOM Ha puc. 2.8.PaccTosiHUS MeX Ay MyHKTaMHU IPOCTABIICHBI Y

CTPCIIOK.

Ai B C
22

27

Puc. 2.8.0pueHntupoBaHHas ceTh

Bapuaunt Ne 6
Jlns opueHTHpOBaHHOM ceth (puc. 2.9)HaliTH MapuIpyT U3 MyHKTa A
B INyHKT B, COOTBEeTCTByMOIIMH MaKCHMaJIbHOW CTOMMOCTH TIpOe3/a.
CTOMMOCTB TpOe3/ia aj U3 IMyHKTa | B yHKT | POCTABJIEHA Y CTPEJIOK.

A A4 A7

Puc. 2.9.0puenTtupoBaHHas ceTh
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Bapuant Ne 7
Ha opuentupoBannoii cetu (puc. 2.10) HaliTH MapIIpyT JBHIKCHUS
13 NyHKTa B1 B MyHKT B13, COOTBETCTBYIOIIMN MaKCHUMaJIbHOW CTOMMOCTH
npoe3na. CTOMMOCTh Tpoe3Ja aj W3 MyHKTa | B MYHKT | MPOCTaBJIECHA Y
CTPEJIOK.

Puc. 2.10.0puentupoBanHas ceTb

KOHTpOJILHLIe BOIIPOCHI

1. Kakwue 3a1aun aBTOMOOHMIIEHOTO TPAHCIIOPTA PEIIAIOTCS METOIaMU
JTUHAMHUYECKOTO MPOTPaAaMMHUPOBAHUS ?

2. ChopmynupyiiTe oOlIyr0 3amady TUHAMUYECKOTO MPOTPaMMHUPO-
BaHUSI.

3. [lepeuncimTe MPUHIUIIBI ONITUMH3AIUH 33/1a4 JUHAMUYECKOTO TIPO-
rpaMMHPOBaHHSI.

4. 3anumuTe OCHOBHBIC YPaBHCHHS JUHAMHYECKOTO MPOTPaMMHUPO-
BaHus (ypaBHeHHE bemMana) 1 IepenuImTe ero CoCTaBIAIoNIHE.

5. Ha3oBuTE 0COOCHHOCTH MPEIBApUTEITLHON (YCIIOBHOM) ONITHMHU3AITUH.

6. [lepeuncimre 0COOCHHOCTH OKOHYATEIbHOW (O€3yCIIOBHOM) OITH-
MU3AIUH.

7. Chopmynupyiite 3aj1adyy 0 MaplipyTHU3aIUH.

8. 3anummuTe MaTeMaTHYECKYI0 MOJIEIh PEIICHUS 3a7a4i O MapIipy-
TU3AIUHA METOJIOM JHHAMHYECKOTO MTPOTrPaMMHUPOBAHUS.

9. KakoBa 1ociie1oBaTeIbHOCTh PEIISHUS 3a]]a4H O MapIIPyTU3AINH
METOJIOM TMHAMHYECKOTO TPOrPaMMUPOBAHUS ?
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JlabopaTopnas padora Ne 3
PEHIEHUE 3A/IAY 3AMEHBI ObOPYJOBAHUA

Ileanb paGoThl: M3YYHUTH TPOIECC TTOCTPOSHUS MOJCITU PEIICHUs 3a-
Jad 3aMeHbl O0OpYyIOBaHUS, a TaKKe IMOJYYUTh NMPAKTUYCCKHE HABBIKH
pelIeHns 3ajJad 3aMEHbl 00OpPYIOBaHHS METOJOM JIWHAMHUYECKOTO MpO-
rpammvupoBanus (JI1).

O01mme moJ1oxeHN st

Ilocmanoeka 3a0auu

OnHolt u3 npoOaeM, ¢ KOTOPOU MPUXOAUTCS CTAIKUBATHCA MPU Op-
raHu3anuu padoThl TPEANPUATHS aBTOMOOUIILHOTO TPAHCIIOPTA, SIBISETCS
3aMeHa CTaporo o0opyAoBaHMs (CTAaHKOB, arperaToB, MallWH) U aBTOMO-
Owieil Ha HOBHIE.

Crapoe o0opyaoBaHHWE W aBTOMOOWIb MMEIOT (DU3UYECKUM U MO-
paJbHBIN U3HOC, B PE3YJIBTATE YETO PACTYT IPOU3BOICTBEHHBIE 3aTPATHI 110
BBIITYCKY MPOJYKIUK HA CTApOM OOOpYJAOBaHUH, YBEIUUUBAIOTCS 3aTPAThI
Ha €ro PeMOHT U OOCHyKMBaHUE, a BMECTE C TEM CHIDKAIOTCA €ro Mpou3-
BOJUTEIBHOCTh U JINKBUAHAS CTOUMOCTb.

Hactynaer MoMeHT, Korja crtapoe o0opyaoBanue (aBToMoOWIIb) 60-
Jiee BBITOJHO TPOJaTh (3aMEHUTH HOBBIM), YeM SKCILIyaTUPOBATh IICHOM
OOJIBIIINX 3aTpart.

Crparerust 3aMeHbl OOOPYJOBaHUS COCTOMT B ONPEJCICHUU OIl-
TUMaJIbHBIX CPOKOB 3aMeHbl. KpuTepusiMu ONTUMAILHOCTH MPU OMNpeseie-
HUU CPOKOB MOTYT CITY>KUTb JIMOO MPUOBLIL OT SKCILTyaTal[iu, KOTOPYIO Clie-
JyeT MaKCUMHU3UPOBaTh, TM00 CyMMapHBIE 3aTpaThl HA AKCILTyaTallUI0 B Te-
YEHUE PACCMATPUBAEMOI0 MPOMEXKYTKA BPEMEHH, KOTOPhIE MOJICKAT MHU-
HUMU3ALIWH.

YcnoBuMcst cUUTaATh, YTO PEIICHHE O 3aMEHE 00OpYAOBaHUS PUHU-
MaeTCsl TMePUOJMUSCKH B Hadalle KaXIoro MpoMexyTka (roma), Ha KOTO-
phIi pa30UT IJIAHOBBIM MEPHUOI.

OcHOBHBIMU (DYHKIIMOHAJIBHBIMU XapaKTepUCTUKaMU 000pYI0BaHUS
SBJISIFOTCSL:

t —Bo3pact obopymoBanus (t =0, 1, 2, 3,...n), rae t = 0 — ucmosb30-
BaHME HOBOro obopynoBanus, t = 1 — ucnonb3zoBanue o0OpyI0BaHUS BO3-
pacra OqHOro roja  T. 1.;
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f(t) — croumocTh npoayKIKK (111 aBTOMOOMIIS — BBIPY4YKa 3a TPaHC-
TIOPTHBIE YCIIYTH), POU3BEACHHOM 3a roJl HA 000py0BaHUH BO3pacTa i;

r(t) — skcruTyaTalMoHHbIC 3aTPaThl 3a TOJ] Ha 000PYIOBaHKE BO3pacTa {;

¢ (t) — ocTaTouHast CTOMMOCTH 00OPYAOBaHUS BO3pacTa t;

P —ieHa HOBOTO 000PYIOBaHUS;

to — HaYabHBIA BO3pacT OOOPYIOBAHHS; 7 — TPOJODKUTEILHOCTD
TUTAHOBOTO Tieproia (KOJTUIECTBO JIET B IJITAHOBOM MTEPHO/IE).

Cxema BO3MOXHBIX COCTOSIHUM OOOpYy/JOBaHUS TMpEJCTaBlIieHAa Ha
puc. 3.1,tne U © — COXpaHHOCTh M NPOJOILKATENILHOCT HCIIOIB30BAHMS
obopymosanus;, U ° —3aMeHa 000pyIOBaHMS HOBEIM, S, — COCTOSHHE 000-

PYIOBaHUs, COOTBETCTBYIOIIEE BO3pacTy t.

v

Puc. 3.1.Cxema BO3MOXHBIX COCTOSTHUN 000pyI0BaHUS

Jlnst onpenesieHusl YCIOBHBIX ONTHMAJIBHBIX PEIICHUNH HEOO0XO0IUMO
COCTaBUTH (YHKITMOHATLHOE ypaBHEHHE bennmMana.

ITocTaBneHHyr0 3a7a4yy MOKHO pacCMaTpUBaTh Kak 3aJady JWHAMMU-
YECKOT0 MPOTPAMMHPOBAHHS, B KOTOPOH B KAU€CTBE CUCTEMBI S BBICTYIAET
obopynoBanue. COCTOSIHME 3TON CHCTEMBI OIpeensieTcs (PakTUuecKuM
BPEMEHEM HCIIOJIb30BaHUsI 000pya0BaHus (€ro Bo3pacToMm) i, T. €. ONHUCHI-
BAETCA €IUHBIM MapaMeTpom t.

Aunroputwm pemenuns 3aaauu Mmetoaom 11 peann3syercs B 1Ba 3Tamna.
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[lepBbiit sTan. [Ipu aBWKEeHMH OT Hadaia N-To roja K Havamy l1-ro
roja JUIs KaXJI0TO JOMyCTUMOTO COCTOSIHUSI 000PYI0BaHUS HAXOIUTCS YC-
JIOBHOE ONTHMAaJIbHOE yipaBienue (pemenue) — U(t).

Bropoit stan. Ilpu nBmwkeHun oT Havana 1-ro rojxa K Hayairy N-ro
rojia U3 YCIOBHBIX ONTHMAJIBHBIX PEIICHUN COCTABIIACTCS ONTUMAIbHBIN
ILIaH 3aMEHBI 060pyHoBaHus — U (t).

PaccmoTpum n-maroserit mpomece (cm. puc. 3.1),cunrtas k-m marom
HoMep k-ro roma ot Hawana skcrutyaranuu (K = 1, 2, 3, ...51). YpaBHEeHHE
Ha k- M mmare BeIOMpaeTca U3 IBYX BO3MOXKHBIX pemenuii: U © — coXpaHuTs
U MPOIOJDKUTH HCIONB30BaHUE cTaporo obopymoBanus win U ° — 3ame-
HUTH 000PYI0BaHHE HOBBIM.

Cocrosinue S; cUCTEMBI B Hauase K-ro mara xapakTepu3yercs ma-
pameTpoMm t — Bo3pacT 000py0BaHus, KOTOPBIH MOKET IPUHUMATh 3HaYe-
mna 0, 1, 2, .k—=1,r.e.t<k-1.

Ecmu k Havany K-ro mara cucreMa HaXOJHUTCS B COCTOSHUU S H
BospacT ee paseH t rogam (S¢1 = t), To mox BausHKMeM ynpasienus U © B
KOHIIe K-TO 1rara oHa mepeiieT B COCTOSIHUE & ¢ BO3pacToM 00opyIoBa-
Hus t+ 1 (§ =t + 1) (puc. 3.1),T. e. Bo3pacT 000pyI0BaHUS YBEIUUUTCS
Ha oxuH rof. Ilox BausaueM ypasaenust U °, npunsitoro Ha K-m mare, cuc-
TeMa TepeiieT B COCTOSIHUE C BO3PacTOM 000pYyI0BaHUS, PABHBIM OJTHOMY
roay. 3aMeHy npou3BeNn B Havane K-ro mrara (S = 1).

Omnpenenum mpuObUTE Ha K-M 1mare (mokaszarenb 3(pQGEKTHBHOCTH
K-ro 1mrara), COOTBETCTBYIOIIYIO KaXXJIOMY W3 aJbTepHATHBHBIX YIIpaBIIe-
anii U “n U°,

BriOupas Ha k-m mare ympasnenne U ©, MBI CMOXEM ITPOHM3BECTH
npoaykiuio crouMmocteio f(f) Ha crapom oOopynoBaHuM, 4TO MOTPEOyeT
3arpart r(t), moaromy nmpuosLTs paBHa f(t) —r(t). O6o3HauNM ee uepes

WS = (1) -r ). (3.1)

IMpu yrnpasnernn U ° momyunm goxon ¢(t) oT mpogaxku craporo 06o-
pynoBanus (MukBHIHYIO cTomMocTh) U f(0) oT mpon3BeeHHON HA HOBOM
000OpyI0BaHUU MPOAYKIIUH, 3aTpaTuB P pyOJell Ha MpUOOpETEHE HOBOTO
obopynoBanus, u (0) — Ha comepkaHue HOBOro oOopyaoBanus. B 3ToM
ciiyyae NpuObLIb COCTABUT

W’ = o(t) +f(0) —P —r(0). (3.2)

Tak kak Ha TOCIEAHEM 3Tare MIpolecca MIaHUPOBAHUS MBI MOYKEM
JeHCTBOBATh 0€3 ydueTa MPeIbIIYIIHX dTAlOB M CYUTATh, YTO ONTHMAIILHOEC
yIpaBlieHue Ha TIOCIEAHEM dTale JOJHKHO 00ECIeunuTh MaKCHUMAaJbHBIH
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J0XOJT 33 TIOCIIEIHUN TOJ, TO (PYHKIIMOHAIBHOE YPaBHEHHE, OTPaKAIOIIEe
BO3MOJKHBIC PEHICHHUS, OYJICT CIICTYIOIIHNM:
— C
W;(t) = max f(t) r(t) npu U, =U"~, (3.3)
o(t)+ f(0)-P-r(0) wpm U,= U">.

CpaBHMB 3TH JBE BEJIMYUHBI I BCEX BO3MOXHBIX | < N, MOJIy4YHM
snauerne W, () ¥ COOTBETCTBYIOIIEE 3HAYCHHE ONTHMAIBHOIO YIIpaBie-
aust U n(t).

[Tpeanoaokum, 4To Ui BCeX 3HAYCHMM | S -T0 COCTOSIHHUS CHCTEMBI
M3BECTHA MaKCHUMaJIbHasl MPUObLIb, MoTydeHHas 3a n — Kmaros ¢ K+ 1-ro
0 N-ii BKIIOYHMTEIbHO. [I03TOMY OCHOBHBIE PEKYPPEHTHBIE COOTHOIICHHUS
MOJKHO 3aITUCaTh B BUJIC

- + . + = c
W (1) = max f(t)-r(t) +Wea(t+1) * mpu U, = U, (3.4
o(t)+ f(0)-P-r(0)+W1 () npu U= U>.

B ypasuennu (3.4) Bemmunna W 1(1) — yciIoBHAsE MakcHMasIbHAS
npuObLIb, ITOJIy4eHHas 3a N — Kimaros, ecinu k Havany (K + 1)4o mmara cuc-
TEMBI HaXOIWJINCh B coCcTOosIHUU S u t = 1 (Bo3pacT 000pym0BaHMS COCTaB-
JISUT OJTUH TOJT).

IIpuMep BbINOJIHEHUsI PA0OTHI
CocTaBuTh IJIaH 3aMEHbl OOOPY/JOBaHUS IO HMCXOJIHBIM JAHHBIM,
npenacraBiacHHbIM B Tabn. 3.1, rne 3nauenus f(t) u r(t) mansl B yclIOBHBIX
equHunax. IleppoHavanbHas CTOMMOCTh 00OpyJ0BaHUS paBHAa 15 ycioB-
HbIM equHUIaM (y.€.).

Tabnuya 3.1.VicxomHble JaHHBIC IS 3aa4K ONTHMH3AIUN

Bo3spact o6opynoBanus t, T.
IToka3arenp
oOo|1} 2| 3| 4] 5
Croumocts npoayknuu f(t), y.e. 24| 23| 22| 22 20 19
DKcIuTyaTallnoHHbIe 3aTparthl f(t), y.e. 15| 15| 16| 17} 18 19

1. Pemenne UCXOTHOM 3aJ1aud HAYMHAEM C OIPEIEIICHUs YCIOBHOTO
ONTUMAJILHOTO YIIpaBieHus (pelieHus ) JuIsl MOCIeAHEero 5-ro roja, B CBsI3U
C YeM HaXOJUM MHOKECTBO JIONYCTUMBIX COCTOSTHUN 00OpYyAO0BaHUs K Ha-
qajy JaHHOTO roja. Tak Kak B HAa4aJIbHbII MOMEHT UMEETCsI HOBOE 000py-

24



JIOBaHHE (t(l) = 0), To Bo3pacT 000pyAOBaHMS K Hayaly 5-To roja MOKET
coctaBiATh 1, 2, 3, 4roga. [loaTOMy HOMYCTUMBIE COCTOSIHUSI CUCTEMBI Ha
IaHHBIH meprox Bpemenn takossl: (7 = 1), £ = 2), t:° = 3), ¢.°) = 4).
JIJIsl Ka)KI0To M3 3THX COCTOSHUN HaWJIeM YCJIOBHOE ONTHMAIbHOE pelie-
HUE U COOTBETCTBYIOIIEE 3HAUCHUE (PYHKITUN W5(t(5)).

Hcronp3yss TpUBEICHHBIE paHEe YpPaBHCHHS H COOTHOIICHHE
Ws(t**Y) = 0 (rak xak paccMarpuBaeTcs MOCIEAHMI TOJ PACYETHOTO IIe-

puoJIa), moxydacm
F(E®)-r¢®), }

{5y =
e max{f(t@:O)—r(t(S):O)—P

TloacTaBIsist Ternepb B 9Ty (GopMyiy BMecto to

Hoe 1, n yuuThIBas AaHHbIE Ta0d. 3.1,Haxoaum

5) =7y £ =
\NS(tl(S)):maX{f(t =b-re =D, }:mm{zg’_l‘c” }— 8,U=U°

€TI0 3HAYUCHUC, PaB-

£(t® =0)-r¢® =0)-pP 24-15-15[

3HAYUT, YCIOBHOE ONTUMAJIbHOE PEIICHUE B JJAHHOM CIIy4ae — CO-
XpaHUTb 000pPY/I0BAHUE.

[IpoBenemM aHaIOTUYHBIE BBIYMCICHUS JJISL JPYTUX JIOMYCTUMBIX CO-
CTOSTHUI 000pY/IOBaHUS K HA4YaIly D-TO Tojia.

22-16, .
=6, U=U°®,

W (£,>)) = max
5(527) {24—15— 15

22-17,
W () = max =5 U=U°
24-15- 15

20-18
W (t,®)) = max L L=
5(17) {24—15— 15}

[TomyuyeHnHble TaHHBIC CBOJIUM B Ta0d. 3.2.

2, U=U°

Tabruya 3.2.BapuadThl YCIOBHBIX ONTUMAJIBHBIX PEIICHUN

Bo3spact o6opynoBanus 3HaueHne QyHKITUN YcnoBHoe onTu-
t®) . W5(t®), y.e. MaibHOe pemenue U
1 8 u®°
2 6 u®°
3 5 u°
4 2 u*°
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2. PaccMoTprM BO3MOXKHBIE COCTOSIHHSI 00OPYJIOBaHUS K Havany 4-ro
roja. O4YeBHUIHO, YTO JIOMYCTUMBIMH COCTOSIHUSIMHU SIBJISTFOTCS (t1(4) = 1),
9= 2), ¥ = 3). l1st KX TOTO U3 THX COCTOSHMIT HANIEM YCIOBHOE OIITH-
MaJIbHOE PEIICHHE M COOTBETCTBYIOIICE 3HAUYCHUE (DYHKITUH W4(t(4)), HCITIOJb-
3ysl ypaBHeHHUe U JaHHble Tabs. 3.1u 3.2.Tak, B yacTHOCTH, 115 t1(4) = 1 umeem

Ft=0-re®=0+w; =2, |_
ft®=0)-r¢™®=0)-P+W 1™ =1).

23-15+ 6, c
= max =14, U =U" .

W, (%) = max{

24-15- 15+ 8

3HAYUT, YCIOBHOE ONTHMAaJIbHOE PEIICHHWE B JJAHHOM CJIydyae — CO-
XpaHUTb 000pPY/I0BAHUE.

[IpoBenemM aHaIOTUYHBIE BBIYMCICHUS JJISL JPYTUX JIOMYCTUMBIX CO-
CTOSIHUI 000pY/I0BaHUS K Hadaily 4-ro roja.

(4) 22_16+ 5, c
W, (') = max =11, U=U
24-15-15+ 8
(4) 22_17+ 2, c
W, (1) = max =7,U=U
24-15- 15+ 8

[TonydenHslie TaHHBIE CBOAUM B Tabu1. 3.3.

Tabauya 3.3.BapuaHThl yCIOBHBIX ONTUMAJIbHBIX PEIICHUN

Bo3spact o6opynoBanus 3HaueHune PYHKITUU VYcnoBHOE onTUMAITB-
t“ . W,(t%), ye. Hoe perrenue U
1 14 U°
2 11 u®
3 7 U°

3. OnpenenuM yCIOBHOE ONTUMAJIBHOE PEIICHHE I Ka)JI0To W3
JIOITYCTUMBIX COCTOSTHHI 00OpyIOBaHWs K Havaimy 3-ro rojaa. O4eBHIHO,
takumu cocrosHmamy seistores (5 = 1), & = 2). B coorBercrsun ¢
ypaBHeHueM u Taon. 3.1, 3.2, 3.3mmeem

f(t®=0-re®=0+w, =2, |_
f(t®=0)-r¢t™ =0)-P+w, (t*=12).

23-15+ 11, c
= max =19,U =U".
24-15- 15+ 14|

W, (43 = max{
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ft®=2)-r¢® =2)+w, t* = 3),
Ws () = max ( )71 )W ( .
f(t®=0)-r¢™=0)-pP+w, 1 =1).

22-16+ 7, c
= max =13, U =U".
24—-15- 15+ 14,

[TonydenHsie TaHHBIE CBOAUM B Tabi1. 3.4.

Tabruya 3.4.BapuadThl YCIOBHBIX ONTUMAJIBHBIX PEIICHUN

Bo3spact o6opynoBanus 3HaueHne QPyHKITUN YcnoBHoe onTu-
t“ . W5(t®), y.e. MaibHOe pemenue U
1 19 u*°
2 13 u*°

4. B utore paccCMOTpPUM JONMYCTUMBIE COCTOSHHSI O00OpPYJIOBaHUS K
Havyairy 2-ro roga. O4eBUIHO, YTO HA JAHHBI MOMEHT BPEMEHHU BO3PACT
000pyI0BaHUSI MOKET ObITh PaBEH TOJILKO OAHOMY roay. Torna umeem

f((?=0-r¢®=0+ws9=2), |_
f(t?=0)-r¢@=0)-P+w,t¥=12).

23-15+ 13, c
= max =21, U=U".

W, (42)) = max{

24-15- 15+ 19,

[TomyuyeHnHble TaHHBIC CBOJIUM B Ta0d. 3.5.

Tabauya 3.5.BapuaHThl yCIOBHBIX ONTUMAJIBHBIX PEIICHUN

BospacT obopynoBaHus 3HaueHue QyHKIUHU VY CII0BHOE OITH-
t“ . Wo(t?), ye. MaJibHOE perieHue U
1 21 u*°

5. CornacHO yCIOBHIO B HayalbHbII MOMEHT YCTAHOBJIEHO HOBOE
oGopyznosanue (1" = 0). [IoaToMy mpoGIEMEI BEIGOPa MEKIY COXPAHCHH-
€M U 3aMEHOI 000py/I0OBaHUs HE CyIIECTBYET: 000OpYyA0BaHUE CIIEIYET CO-
XPaHUTh. 3HAYMT, YCIOBHBIM ONTHMAJIbHBEIM perneHueM ssaserca U © u

3Ha4YC€HHE PYHKIUU
W (M) = £(Y =0)- rt,Y = 0)+ W, (tP = 1)= 24- 15 2E 3(
Taxum 06pa30M, MOKHO CA€JIaTb BBIBOJA, UTO 060py,Z[OBaHI/IC Ha BCEM
MNPOTAKCHUU TICPUOAA SKCILTYaTallu MCHATDb HC HYKHO.
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['pad coctosiHUs cUCTEMBI TPU BEIOPAHHBIX ONITUMAIILHBIX yIIpaBIie-
HUSX MOKa3aH Ha puc. 3.2.

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

Puc. 3.2.0ntumanbHOE perieHre 3a1aqu 3aMeHbl 000pyTOBaHHS

BapuaHTsl 3a1aHui 1J151 BBINIOJIHEHUS JIa00OPATOPHOI padoThl

Bapuant Ne 1
CocTaBUTh ONTHMAJIbHBIN IUIAH 3aMEHBI 00OPYIOBaHHS IO HMCXOJ-
HBIM JaHHBIM, MpeACTaBIeHHbIM B Ta0n. 3.6,rae f(t) u r(t) mansr B yciaos-
HBIX eanHuIax. [lepBoHayanbHass CTOMMOCTh 000pymoBaHus paBHa 15 yc-
JIOBHBIM €THHHIIAM.

Tabnuya 3.6. VicxomHble JaHHBIC IS 3aJa4H ONTHMH3AIUH

[TokasaTens Bospact o6opynosanus t, .
CTOMMOCTD 94 03 - i i "
npoxykiuu f(t), y.e
OKCIUTyaTallHOHHBIE 15 15 16 . s =
3atparsl I (1), y.e.

Bapuaunt Ne 2
CocTraBHTh IUIaH 3aMEHbl 00OPYIOBaHUS B TCUEHHE IATH JIET, TIPH
KOTOPOM 00I11asi MPUOBLTH B JIAHHBIN IEpHUOJ] BpEMEHH MaKCHMaJIbHA, SCITH
3aTpaThl, CBSI3aHHBIE C MPHOOPETEHHEM U YCTAaHOBKOK HOBOTO 00OpYyOBa-
HUS, COCTaBJISIOT 35Yy.€.
Wcxonaubie naHHbIe TIpeCTaBIICHBI B Ta0I. 3.7.

Tabnuya 3.7.VicxomHble JaHHBIC IS 3aJa4l O THMH3AIUH

IToka3zarenn Bospacr o6opynosanus t, .
CTOHUMOCTB . 65 - " ” .
nponykuuu f(t), y.e.
DKCIUTyaTallMOHHbIE 10 15 20 - . -
3arpartsl I(t), y.e.
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Bapuant Ne 3
CocTaBUTh ONTHMAJIbHBIN IUIAH 3aMEHBI 00OPYIOBaHHS IO HCXOJ-
HBIM JaHHBIM, MpeAcTaBieHHbIM B Ta0n. 3.8,rae f(t) u r(t) mansr B yciaos-
HBIX eauHuIax. [lepBoHayanbHass CTOUMOCTL 000pymoBaHus paBHa 15 yc-
JIOBHBIM €THHHIIAM.

Tabnuya 3.8.VicxomHble JaHHBIC IS 3aJa4 ONTHMH3AIUN

[Tokazarens Bospact o6opynosanus t, r.
CtouMOCTh 35 30 08 . " .
npoaykiuu f(t), y.e.
OKCIUTyaTallMOHHBIE 15 18 01 - 2 >
3arparthi (1), y.e.
Bapuant Ne 4

CocTaBUTh ONTHUMAJIbHBIN TUTAH 3aMEHbl 00OpPYJIOBAHHS 1O HMCXO]I-
HBIM JaHHBIM, MpecTaBieHHbIM B Ta0n. 3.9,rae f(t) u r(t) mansr B ycios-
HBIX enuHMIax. [lepBoHavanbHas CTOUMOCTH 00opymoBaHus paBHa 20 yc-
JIOBHBIM €IMHHIIAM.

Tabnuya 3.9.Vicxomasle JaHHBIC IS 3aJa4 ONTHMH3AIUN

ITokazarens Bospacr o6opynosanwus t, T.
CTOHUMOCTB 30 08 ”7 26 " »
nponykuuu f(t), y.e.
DKCIUTyaTallMOHHbIE 18 20 - ’3 o -
3atparsl I (1), y.e.
BapuanTt Ne 5

CocTaBUTh ONTHMAJBHBIA IJIaH 3aMEHBI 000PYIOBaHUSA MO HCXOJ-
HBIM JIaHHBIM, TipeacTaBieHHbIM B Ta01. 3.10,rae f(t) u r(t) mans! B ycios-
HBIX eauHuIax. [leppoHadanpHas CTOMMOCTE o0opynoBanus paBHa 30 yc-
JIOBHBIM €TUHHIIAM.

Tabauya 3.10.McxogHble JaHHBIC IS 3a0a4d ONITHMU3ALMT

T Bo3spacr o6opynoBanus t, T.

0 1 2 3 4 S
CroumocThb 50 45 43 41 39 38
npoaykiuu f(t), y.e.
DKCIUTyaTallHOHHBIE o5 28 31 32 36 38
3arpartsl (1), y.e.
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Bapuaunt Ne 6
CocTaBuTh MJIaH 3aME€HBI O0OPY/JOBaHUS B TEUYEHUE ISATH JIET, MPHU
KOTOpOM 00111asi MpUObLIb B IaHHBIN MEPUOJ BPEMEHU MaKCUMallbHa, €CIIH
3aTpaThl, CBSI3aHHbBIE C IPUOOPETEHUEM U YCTAHOBKOM HOBOTO 00OpyA0Ba-
HUs, cocTapistoT S0y.e.
Ncxonubie nanHble pecTaBiieHsl B Tadu. 3.11.

Tabnuya 3.11.Vicxonaple JaHHBIC IS 3a4a9d ONTUMU3AINN

ITokasarens Bospact o6opynosanus t, r.
CTonuMOCTh 90 a5 - 0 - -
npoaykiui f(t), y.e.
DKCIUTyaTallMOHHbIE 30 35 20 45 ” ”
3atparsl I (1), y.e.
BapuanT Ne 7

CocTaBUTh ONTHUMAJIbHBIN TUTAH 3aMEHbI 00OpPYJAOBAHHS 1O HMCXOJI-
HBIM JTaHHBIM, TIpecTaBiIeHHBIM B Ta0. 3.12,re f(t) u r(t) mansr B ycios-
HBIX enuHMIax. [lepBoHavanbHas CTOMMOCTH 00OpyaOBaHUs paBHa 35 yc-
JIOBHBIM €AMHHIIAM.

Tabnuya 3.12.Vicxonaple JaHHBIC IS 3a4a4d ONTUMU3AINN

[ToKa3aTeIE Bo3spact o6opynoBanus t, T.

0 1 2 3 4 S
CroumocTb 50 48 48 44 42 40
npoaykiuu f(t), y.e.
OKCIUTyaTallHOHHBIE 30 32 34 36 38 40
3arpartsl (1), y.e.

KOHTpOJILHLIe BOIIPOCHI

1. Chopmynupyiite 3a1a4y 0 3aMeHE 000PYI0BaHUS.

2. YKaXuTe OCHOBHBIC (YHKITMOHAIBHBIE XapaKTEePUCTUKH TEXHOJIO-
THYECKOTO 000PYIOBAHMUS.

3. 3anumuTe MaTEeMaTHYECKYI0 MOJENb PEIIeHHs 3aJaud 3aMEHbI
000pyAOBaHUS METOIOM JMHAMHYECKOTO MIPOTPaMMHUPOBAHUS.

4. KakoBa mocne0BaTeNbHOCTh PEHICHHS 3a7a4l 3aMEeHbl 000py/10-
BaHUs METOJIOM JHHAMHYECKOTO TPOTrPAMMHUPOBAHUS ?

5. HazoBuTe 0COOCHHOCTH MpeaBapUTENIbHON (YCIIOBHOM) ONTHMH3A-
IIUU TIPU PEIICHUH 33]1a4¥ 3aMEHBI 000PYI0BaHUSI.

6. Ilepeunciure 0cOOCHHOCTH OKOHUATENbHOW (0€3yCIOBHOM) OII-
TUMU3AIHAH TTPU PEIICHUH 3a7a91 3aMEHBI 000pYI0BaHHMS.
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JlaGopatopnas padora Ne 4

OIITUMUBALUA TPOLUECCOB TEXHUYECKOI'O
OBCJHNY/KUBAHUA U PEMOHTA ITOJABUKHOI'O COCTABA
1O CETEBBIM MOJEJIAM

eab paboThl: OCBOUTH METOJIMKY TTOCTPOCHUS CETEBBIX IPaUKOB.

O01mme moJ1oxeHN st

CereBble MOJenu (CeTeBbIe I'paHMKH) HAXOAAT IMIMPOKOE MPUMEHE-
HUE Ha aBTOMOOWJILHOM TpaHcmopTe. OHU MO3BOJISIFOT BBISBUTH CKPBITHIC
pPECypChl BPEMEHU M MaTepUATLHBIX CPEACTB MPH BBHITOJTHECHUH MTPOU3BOI-
CTBEHHBIX MTPOIIECCOB aBTOMOOMIFHOTO TPAHCIIOPTA U 3HAYUTEIHHO TTOBBI-
CUTh UX 3(PPEKTUBHOCTD.

WcXomHBIMU TAHHBIMH TSI CETEBOTO TpaduKa CITy)KaT IepedeHb (Cru-
COK) paboT, a TaKkXKe B3aUMHas IOCJICIOBATEILHOCTh UX BBINOJIHEHHS. OCHOB-
HBIMH JJIEMEHTAMH CETEBOTO rpaduKa SBISIFOTCS: paboTa, COOBITHE U ITYTh.

Kaxnas pabora, BxoasIas B coctaB rpaduka, XapakKTepu3yercsi CBoei
POJIOJDKUTENHHOCTEI0. COOBITHE TPENICTABISIET COOOM HAYalo WM OKOHYA-
HHE paboThl. HempephiBHAS MOCIIEIOBATEILHOCTh B3aUMOCBSI3aHHBIX padoT U
COOBITHH OT HAYAILHOTO JIO0 KOHEYHOTO, COOBITHS, KOTOpas IMEET HauboIIb-
TITYIO TIPOJIOJKUTEITFHOCTD BO BPEMEHH, HA3bIBACTCSI KPUTHUECKUM ITyTEM.

VY ceTeBBIX MOJIETIel CIeNyIomne MPEeNnMYIIeCTBA:

- JIalOT YETKOE MpeJicTaBieHue 00 oobeme pador;

- o0JeryaroT pacrmpeaesneHue CpeacTB U paboyeil CUilbl, 4TO CO3/1aeT
YCJIOBHSI JIJTsI HAWITYYIIIETO UCTIOIB30BaHUS PECYPCOB;

- TIO3BOJISIIOT COCTABJISATH ONEPATUBHBIC W TEKYIIHUE ITUIAHBI, 4 TAKXKE
TIPOTHO3ZUPOBATH CIIOKHBIC TTPOIIECCHI;

- 00€eCIeYnBaIOT HATJBITHOCTh TEXHOJOTUUECKOW TOCIe0BATEIHHO-
CTH padoT.

Ipunyuner nocmpoenus cemesvix epagpuxos

[Tpu mocTpoeHnM ceTeBoro rpaduka UCIOIb30BaHbI CIEAYIOIINE OC-
HOBHBIC TTPaBUIIA:

1. CoObiTHsI 0003HAYAIOT KPY>KOUKAMHU, BHYTPHU CTaBAT HOMEP COOBI-
TS (BBIACISIOT HAYAIbHOE, KOHEYHOE M TPOMEKYTOUHBIC COOBITHS).
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2. CoObITHUSI COCNUHSIOT OPUEHTHUPOBAHHON CTPEIKOW, KOTOpas Ha-
IpaBJIeHa OT MPEAIISCTBYIONIETO COOBITHSA K MOCIEAyoIIeMy (CTpeika
IPEJICTaBIsCT COOO0M Ha CETEBOM rpaduke padoTy).

3. JIroObie aBa COOBITHS MOTYT OBITh COCIMHEHBI HE OOJee YyeM OJI-
HOW CTPEIIKOU.

4. B HaualibHOE COOBITHE HE BXOJIUT HU OJIHA CTPEJIKA.

5. M3 KOHEYHOTr0 COOBITHS HE BHIXOJUT HU OJHA CTPEJIKA.

6. CoOpITus ceTeBOoro rpaduka HyMEpyIOT Tak, YTOOBI I KaXIOu
padOThl HOMEP HAYaJBbHOTO COOBITHUS OBLT MEHBIIIE, Y€EM HOMEP KOHEUHOTO.

7. Kaxnyio padoty koaupyroT AByMs Iudpamu. [lepsas uudpa o3-
HayaeT Havyajio pabOThl U COOTBETCTBYET HOMEPY MPEIIECTBYIOLIETO CO-
OBITHS.

8. [Ipo10mKUTENBHOCTD PA0OTHI IPOCTABIIICTCS HA/l CTPEITKAMH.

9. YacTp paboT BBHIMIOIHSACTCS TOCIEIOBATEILHO. DTO O3HAYACT, YTO
Hayajao KaXJI0M mocieayroleid paboThl 3aBUCUT OT OKOHYAHUS TIPEIIIECT-
BYIOILIEH.

10. PaboThl MOTYT HaUYWHATBHCSA B OJUH M TOT K€ MOMEHT BPEMEHU C
HACTYIIJICHUEM COOBITHS, HE 3aBUCSIT BO BPEMEHH OJHA OT JIPYTOM U MOTYT
BBITIOJTHSATHCS TTapaJlIeNIbHO.

11. ®ukTuBHBIC PaOOTHl YCTAHABIMBAIOT JOTHUYECKYIO B3aUMOCBSI3b U
MPOJIOJIKUTEIILHOCTh MX PaBHA HYJIIO.

12.Bech KOMIUIEKC pabOT 3aBepIIACTCS KaK TOJIbKO OKOHYUTCS padoTa
1 CBEPIIUTCS MOCJEIHEE COOBITHE.

CocraBieHue ceTeBoro rpaguka TEXHOJOTMYECKOTO Mpoliecca CUH-
TaeTCs 3aKOHYCHHBIM.

[Ipu pazpaboTke ceTeBbIX rpa)UKOB HEOOXOJUMO YUYUTHIBATH CJie-
JYIOIIHUE YCIIOBHUSI:

1. Hu ofHO yclOBUE HE MOXKET MPOU30UTH JI0 T€X MOp, MOoKa He Oy-
JTyT 3aKJIIOYEHBI BCE BXOJISIINE B HETO paOOTHI.

2. Hu oxgna paboTta, BRIXOSIAs U3 COOBITHSI, HE MOXKET HAUMHATHCS
JI0 T€X MOp, MOKa IAHHOE COOBITUE HE MPOU3OMIET.

Ha cereBoM rpaduke BBIACISAIOT KPUTHUECKUN TYTh ISl TIOCIIEYIO-
el ero MUHUMU3AIUK. JJIs 9ero onpenesnsoT BpeMsl Hadajla 1 OKOHYa-
HUS KaXJIOW omnepaliuu, BpeMsl HACTYIUICHUS KaXKJIOTO0 COOBITHS, a TaKke
YCTaHABJIMBAIOT BO3MOXXHOCTh M3MEHEHHUS 3THX MapaMeTPOB C IIEJIbIO OIl-
TUMH3AIMU CETEBOU MOJICIIH.
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Pacuem napamempos cemesou mooenu

JlaHHBIN pacyeT BeleTcs JJIs MOJIHBIX IyTel, COOBITHI U paboT.
OrnpenensiroT cieaynme napaMmeTpsl:

a) JUIs TIOJTHBIX IyTeH ceTeBoro rpaduka:

- t(Lj) — mpoI0JIKUTETBHOCTS JIFOOOTO MTOJTHOTO MY TH;

- t(L«p) — IPOIOIKUTENBHOCTD KPUTHYECKOTO ITyTH;

- R(Lj) —mosHBIi pe3epB BpEMEHH Ty TH.

0) 1151 COOBITHIA:

TP, T" 7 i 6 :
- I}, I’ —panHuit u mo3aHUIT CPOKU CBEPIICHUS COOBITHS;

- R — pe3epB BpeMeHHU COOBITHS.
B) JJ1s1 paboT:
- t(pH) t.(po) — paHHHI CPOK Havajaa U OKOHYAHHUS padoT;
(HH) 1-1(110)
(H) J(CB)

- T

— O3JTHUU CPOK Ha4ajla 1 OKOHYaHUA pa60T;

— MOJIHBIA U CBOOOTHBIN pE3epB BPEMEHU paOOTHI.

[Ipu pacuere 3TUX mapaMeTPOB HUCIOIL3YIOT rpaduyeckuii u Taod-
JIMYHBIA METOJBI.

Pacdet npo10mKUTENBHOCTH MTOJTHOTO MyTH

1. JlanHbIi pacyeT BHIIOIHSIOT O hopmylie

t(Li):itij ; (4.1)

rae tj — IPOJIOJIKUTENLHOCTD PA0OT MEXKLY I-M 1 J-M COOBITHSMH.

I-i
2. t(Lh) = mathij — IPOAOKUTCIIBHOCTD KPUTUYECKOTO ITyTH.

3. [TonHbIl pe3epB BPEMEHH MyTH
R(LY) = (L) —t(L). (4.2)
[ToBpIlIEHNE CyMMapHON NPOAOIKUTEIBHOCTH BCEX paldOT, Jexka-
mux Ha myTu L, Ha Bemmumnay R(L;) He yBenmuumBaeT BpeMsi HACTYIUICHUS
3aBEPIIAIOIIETO COOBITHS.

Pacuem 6PEMERU HACM)YNJIEHUA coovimui

[Ipu rpaduyeckomM MeETOJ/I€ 3aMUCU PACUETHBIX MapaMETPOB BHIMOJ-
HSIOT HEMOCPEJCTBEHHO HA CETEBOM rpaduke.
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JI71st 9ero KaKaplid KPY»KOK CETeBOTro rpaduka JAessT Ha YeThIpe YacTh
(cexTophl), B 3TUX CEKTOpAX 3alMChIBAIOT CleAytomme qanubie (puc. 4.1):

- BEpXHHIA IPeHAa3HAYEH IS 3alUCH HOMEPa COOBITHS |

- TIpaBBIA — JUIS 3AIIMCH PAHHETO CPOKa CBEPIIEHHUS COOBITHS T;7;

- JIEBBII — JUIS 3aITUCH TTO3IHETO CPOKA CBEPIICHUS COOBITHS T ;

- HIDKHU# — [T 3aIIUCH pe3epBa BpeMeHu coobiTus R.

Puc. 4.1.CeTteBoii rpaduk ¢ ykazaHHeM BPEeMEHHU HACTYIUICHHUS COOBITUIN

1. Haubosiee paHHHMI CPOK HACTYIUICHHUS I-TO COOBITHS B CETH 'ﬁp,
rael =1, 2, ...,n; | —0aHO U3 COOBITHI CETH.

-I_ip — MHUHUMAJIBHO HCO6XOI[I/IMO€ BpEMA MCKIY HACTYIIJICHUCM Ha-
HJaJIbHOI'O U JaHHOTI'O COOBITHS.

Jlnst magansHoro coObitust 1Y = O —Hambosnee paHHUN CPOK PaBeH

nymo. IIpu pacuere TP mocienoBarenbHO MEpeXoasT OT HAYATBLHOTO CO-

ObITHSL K COOBITHIO, BCE OOJiee OT HEro yaalieHHomy. Toraa Jjis Jar000ro
JAPYTOTO COOBITHS | ATOT MOKa3aTelb onpeaessercs mo Gpopmyse

— P4
TP =max T+ | 4.3)
rae Tip — HamOoJee paHHWK CPOK HACTYIUICHUS COOBITHS |, MpeIIecT-

BYIOIIETO COOBITHIO |; tj — MPOAOIKHUTENEHOCTD PaboTHI (i — j).

JInst KOHEYHOTO COOBITHS CETEBOro rpaduka HanboIee paHHUN CPOK
ero HACTYIUICHHUS PaBEH MPOJODKUTCILHOCTH KPUTHYECKOTO IMYyTH U Ha-
3bIBACTCS] KPUTHUECKHUM BPEMEHEM CETEBOTO rpaduka.

V) I1
2. HamnGouee o3aHUM CPOK HACTYILUIEHHS COOBITHS B CETH i .

DTOT MOKa3aTeNb PACCUUTHIBAETCS OT KOHIA CETEBOro rpaduka K Ha-
yajy, T. €. B HalpaBJICHUH, OOpaTHOM OIpPEIEICHUI0 Haubojiee paHHETro
CpOKa HACTYILICHUS] COOBITHIA.

34



JIist KoHe"HOTO COOBITHUS K teraercs mpennoioskeHue, 4To Hanbosee
PaHHUI CPOK €ro HaCTYIUICHUS paBeH HanboJiee MO3ITHEMY CPOKY, T. €.

— Tl
I[J'ISI KPUTHUYCCKOT'O ITYTHU TAKIKC BCPHO PAaBCHCTBO
— Tl
TK% = Tep-

Torna ans HauansHoro — 1 = 0.

o II
Jlns ipyrux coOBITHIA ceTeBoro rpaduka 1j ompenensercs mo Gop-
MyJie

T = min T - |, (4.5)

II o
rae Tj — Haun0oJiee MO3JHUN CPOK HACTYTUICHUS MOCIEYIONIETO COOBITHS

J; tj —IpomoInKHUTENEHOCTH PaboTHI (I — ).

DTOT moKazaresb ONmpeaeseT Hanbojee JOMyCTUMOE BpeMsl HaCTYTI-
JIeHUs1 COOBITHS, HE TPeOyIoIee YBEIHUEHHS BPEMEHU Ha OCYIIIECTBIICHHUE
BCEro KOMILIEKCa padoT.

JlomyCTHMBIH CPOK HACTYTUIEHHS COOBITHS — 1}
ij < TJH < Tjn . (46)

JlaHHOE HEpaBEHCTBO MOKA3bIBAET, UTO JIOMYCTUMbBIA CPOK HACTYTICHUS
COOBITHS JTOJKEH HAXOAUTHCA B JUAa30HE U3MEHEHUI OT Haubosee paHHEro
710 HanboJIee MO3/THETO CPOKA HACTYIUICHHUS JAHHOTO COOBITHSI.

JI71s1 KpUTUYECKUX COOBITUI

T =Tipe = Tipe- (4.7)

Kp.C Kp.C

3. Pe3epBrl Bpemenu coObITuil R

PaccuntaB paHHue W TO3JHHE CPOKH HACTYIUICHHUS KaXKIOTO COOBI-
THSI, MOXKHO OTIPEICTTUTh PEe3ePBhl BPEMEHH COOBITUH TT0 PopMmyJie

R=T"-T. (4.8)

Pe3epBbl BpeMeHH BCeX COOBITUN KPUTUYECKOTO ITyTH PaBHBI HYJIIO.

Rip = 0. (4.9)

Pacuem 6PDEMEHU 6bINOJIHEHUA pa60m

Pacuer mpoBOIAT MOCIIE TOTO, Kak onpeaenensl 7;7 u Ti" i Bcex
coObITHii (puc. 4.2):
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a) panHuii cpok Havana pador (t;"") paBen paHHeMy CpoKy HACTyI-
JIeHUs1 COOBITHS, U3 KOTOPOTO UCXOJIUT JaHHas paboTa, T.€.

tf =TP. (4.10)
Ecnu 3Ty o11eHKY BBIpa3uTh Y€pe3 XapaKTEPUCTUKU PAOOT, TO MOKEM
3alliCaTb
H _ 4 pPH
the =6+, (4.11)

rae tj — npeamecTByoomas padora; ty —nociaenyromnias padora.

CoOpITHE | CoOpbITHE | CoOpiTHe K
IIponoIKUTETBHOCTD [IpoAOIKUTENBHOCTD

L7 (ot D B VL "o { (el S I Ve

9

Puc. 4.2.®parmenT ceteBoro rpaduka

0) paHHHII CPOK OKOHYAHHUS PabOTHI OMPEACIACTCS MyTeM prOaBIe-
HUS K paHHEMY CPOKY Hauajia paboThl MPOJOJIKUTEILHOCTH CaMOi paboThI

tiﬁ)'o =T Py i wm ti?'oztiﬁjﬂ +tij . (4.12)

B) MO3JHHUI CPOK OKOHYAHUS pabOThI paBeH MO3THEMY CPOKY HACTY-
IJICHUS TIOCJIETYIOIIETO COOBITHS

G°=T" wm tj =t‘j{;° ~tjj . (4.13)

r) TO3AHUI CPOK Hayama pabOThI HAXOJIUTCS ITyTEM BBIYUTAHUS W3
MO3/THETO CPOKa HACTYIUICHUS MOCIEAYIOIIETO COOBITHS MPOIOJIKUTENb-
HOCTH palOTHI, T. €.

G =T - w0t (4.14)
1) TIOJIHBIM pe3epB BpeMeHU pabOTHI MOKA3bIBAE€T BPEMSI, HA KOTOPOE

MOJKHO MEPEHECTH HA4YajI0 JaHHOM pabOThI (MM YBEIUYUTH €€ IIPOI0JIKH-

TGJ'IBHOCTB), HC U3MCHA IIPU 3TOM AJIMHBI KPUTUYCCKOI'O IIYTHU, U OIIPCIC-

asieTcs o popmysiam:
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I’in :tiJH'H —tﬁ)'H WIn l’in :TjH —Tip - tj . (4.15)
Jli1st BceX padoT, JIexKalluX Ha KPUTHIECKOM Iy TH,
rKHpij =0. (4.16)

€) CBOOOIHBINH pe3epB BpEeMEHH pabOThI — YaCTh IOJHOTO pe3epBa
BpEMEHHU pabOThl, KOTOpas COXPAHSIETCS Y Hee MPHU YCIOBUU, YTO HaYallb-
HOE COOBbITHE PAaOOTHI COBEPIIUTCS B CaMbI TO3JHUN CPOK, @ KOHEYHOE — B
caMbIil paHHUM CPOK U ompeeIsieTcs 1o hopMyam:

i =G -R R =TT g (4.17)

Onmumuzayus cemesvix mooenel

[Tocne Toro Kak MOCTPOEH UCXOJIHBIN CETEBOM IpaUK U paCCUUTAHBI
OCHOBHBIE MMapaMEeTPhl CETEBOM MOJEIHN, HEOOXOAUMO J1aTh OLIEHKY MOJTy-
YeHHBIM pe3yJibTaraMm. Eciu Kputrdeckuil myTh OOJIble YCTAaHOBJIEHHOTO
CpOKa, MPEIOKEHHOTO PYKOBOJICTBOM, TO HEOOXOJUMO OCYIIECTBUTH OII-
TUMU3AIUIO 110 BPEMEHHU.

Onmumuzayus cemegozo epaguxa no epemenu

3aKIo4aeTcss B COKPAIIEHUU KPUTHYECKOTO MYyTH W MPOBOJUTCS B
CJIEYIOIIEM MOPSJIKE!

1) u3yyaroTcss BO3MOXHOCTH 3aMEHBI ITOCJICIOBATEIIBHO BBITIOJIHECH-
HBIX padOT MapasuieibHBIMU TaM, TJE€ 3TO JOMYCKAeTCs TEXHOJIOTHEH, C
LEBI0 COKPAIIEHUS TPOJIOHKUTEILHOCTU PadoT;

2) COKpAIIat0TCsl CPOKH BBITIOJTHEHHUS KOMITICKCa paboT 3a CUeT Mpu-
BJICUCHHUSI JIOMIOJTHUTEIBHBIX PECYPCOB, a TaKXKe MPUMEHEHUS TEXHOJIOTHU-
YECKUX YCJIOBUM MPOMU3BOJICTBA KOMIUIEKca padbot. Eciu ucxoausiil Bapu-
aHT ceTeBOro rpaduka UMeeT MPOAOJIKUTEIHLHOCTh KPUTUUYECKOTO MYTH,
COOTBETCTBYIOIIYIO JUPEKTUBHOMY CPOKY, WJIM HE MPEBBIIIAET 3TOT CPOK,
TO OH CYUTAETCS ONTUMAIbHBIM U MOXET ObITh PEKOMEHJIOBaH K yTBEp-
KIACHUIO U UCTIOTHEHUIO.

Onmumuzayusi cemu no pecypcam.

Ontumuzaiusi cereBoro rpaduka no BpeMeHH 0e3 ydyeTra orpaHuueHUi
10 pecypcaM Mperosaraet, 4To NoTpeOHOCTh B pecypcax MOKET ObITh YIOB-
JIETBOpPEHA B HEOOXO0AUMBbIE CpOKHU. OTHAKO TaKOM MOAXO0/ K pa3paboTKe ceTe-
BbIX Tpa)MKOB HE HWCKIIIOYAECT PEIICHUS 33a/1auyd HauOoJiee palliOHATBHOIO
pacnpeesieHus] pECypcoB, MOATOMY MOCIIE ONTUMH3AIMKU CETEBOU MOJIENH TIO
KPUTEPUIO "BPEMEHHU TPOU3BOJUTCS €€ ONITUMU3AIMUS 10 PeCypcaM.
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IIpuMep BbINOJIHEHUs1 PA0OTHI

s aBromoOuiist BA3-21074coctaBuTh ceTeBoil rpaduk BBITIOTHE-
Hus padot TO-1.

CocTtaBuM TaOIMIly perJaMEHTHBIX padOT TEXHHYECKOTo 00CTyKu-
Banus TO-1 (ta0m. 4.1).

Tabnuya 4.1.1lepedenp periaMeHTHBIX PabOT TEXHUUECKOTO 00CITy-
xuBanust TO-1 aBromo6uns BA3-21074

Ne Bun pa6or Kon pa6or Tpynoemxocts,
/i1 YeJl.-MUH
1 | OTKpBITH KamoT 1 0,8
2 | [IpoBepUTH COCTOSIHME U TEPMETHY- 5 15
HOCTH CUCTEMBI OXJIAKICHHS
3 | [IpoBepuTH COCTOSIHUE U TEPMETHY- 3 15
HOCTb CUCTEMBI CMa3KH1
4 | IIpoBepUTh COCTOSTHUE U HATSIKCHUE
PEMHSI IPUBO/Ia BOJITHOTO HAcoca, BEH- 4 20
THJISATOPA, TeHEpaTopa M OTPETyIUpPO-
BaTh HaTsHKEHUE
5 | [IpoBepuTh COCTOSIHKE, KPEIUICHUE 5 20
MPUEMHOM TPYOBI TITYIITHTEIS '
6 | [IpoBepuTh COCTOSIHKE, KPEIUICHUE 10~
MOJTHUTEIHHOTO TIYIIUTEIISI, OCHOBHO- 6 25

'O TJIYIIUTENS C BBIXJIOMHOM TpyOOii B
cOope U 3aKpenuTh

7 | IIpoBepuTh KpemjieHNE TONOJHUTEIb-
HOTO TUIYIIMTEJISI, OCHOBHOTO TJTYIIIUTE- 7 2,5
751 B cOOpe K KYy30BY M 3aKPEIHUTh

8 | [IpoBepuTh COCTOSIHHE, TEPMETHIHOCTh
MPUOOPOB, TOITUBOIIPOBOJIOB CHCTEMBI 8 4.0
IIUTAHHS U TOIIJIMBHOTI'O 6aI<a

9 | IlpoBepuTh U OTPETYIUPOBATH PAOOTY
JBUTaTeNsl HA MUHUMAJIBHO YCTOWYH-

BYIO YaCTOTY BpAIIEHHsI KOJICHYATOTO
BaJIa

10 | [IpoBepuTh nEMCTBUE PUBOIOB
yIpaBieHHUs KapOropaTopoM, paboTy 10 15
JIPOCCEIBbHON U BO3YIIHON 3aCIIOHOK

11 | Cuarp kpbllKy 6eH30Hacoca, PUIBTPHI
TOIUTUBHOTO Hacoca M KapOroparopa,
OYUCTUTH OT OTJIOXKEHUHA TIOJOCTH
KPBIIKA ¥ QUITBTPHI

11 3,0
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IIpooonocenue maon. 4.1

Ne Bun pa6or Kon pa6or TpynoemKkocTsb,
/it YeJr.-MUH

12 | IIpoBeputh paboTy OJIOKa yIIpaBIEHUS,
MUKPOTIEPEKITIOUaTeNsl, CHCTEMBI
yIpaBlIeHUs JIEKTPOMATHUTHOTO Tepe-
KIrogares xojoctoro xonaa (DI1XX)

12 2,0

13 | [IpoBepuTh pabOTy AIEKTPOMArHUTHO-

ro kianana cuctemsl (DT1XX) 13 20

14 | IIpoBepHuTh TEPMETUIHOCTH 3aAITOPHOTO
KJIalaHa kapOroparopa u yCTPaHUTh 14 2,0
HEHMCIIPaBHOCTH

15 | Cuarp kapOropaTop, NPOMBITh, IPOIYTh
€ro JeTaju, Mpu He0OXOIUMMOCTH OTpe-
I'yJIMpOBaTh YPOBEHb TOIUIMBA B I10- 15 5,0
IUTAaBKOBOM KaMepe U MOCTaBUTh Ha Me-
CTO

16 | OTperynupoBaTh HaTSHKEHHUE TICTTH
MIPUBOJIA Ta30pacipeIeIuTeILHOTO Me- 16 1,5
XaHU3Ma

17 | IIpoBepuTh U pU HEOOXOAUMOCTH OT-
PEryJIMpOBaTh TEIIOBHIE 3a30PbI B 17 12,0
MPUBOJIC KIIAIIAaHOB

18 | IIpoBepUTH COCTOSTHUE U TEPMETHY-
HOCTB IIPUBO/IA BHIKJIFOYCHHUS CIIETIIe- 18 0,5
HUA

19 | [IpoBepuTh MOJTHBIN B CBOOOHBIN X011 B camone 0,5

eann CLEIUIEHUS 19 Cauzy 1,0

20 | IIpoMBITh cHUCTEMY I'MIPOIIPUBOAA CIIE- B canone 24,0

IJIEHMS], 3aJIUTh HOBYIO JKMJIKOCTb U 20
YIAIUTh BO3AYX U3 CHCTEMBI

CHuzy 6,0

21 | IIpoBepHTb COCTOSHUE, KPEIUIEHUE U

21 0,8
repMETUYHOCTh KOPOOKH Iepeaay

22 | TIpoBepuTh COCTOSIHHUE, KPETUICHHUE
Kap/IaHHOTO BaJia, (yiaHIa KapAaHHOTO
Basia K (hJIaHIly BedylIeH MIeCTepHU
TJIABHOW TIepeIavyn 3aTHETO MOCTa

22 15

23 | [IpoBepHUTh COCTOSIHUE U TePMETHY-
HOCTb 33JJHETO MOCTa

23 0,8

24 | TIpoBepHTb COCTOSIHUE TIepeiHeil mo-
BECKHU

24 1,0

25 | [IpoBepuTh COCTOSIHHE, KPETUICHUE
CTOEK CTabmiIM3aTopa, MOIyIIeK Te- 25 3,5
peIHel MoABECKHU
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IIpooonocenue maon. 4.1

No TpynoeMKOCTb,
Bun pa6or Kon pa6or pyA
n/n Yes1.-MUH
26 | IIpoBepuTh COCTOSIHHE, TEPMETHY-
HOCTb, KpEIUIEHHE aMOPTU3aTOPOB Iie- 26 15

peaHel MOABECKHU

27 | IIpoBepHUTh COCTOSIHUE 3AIIUTHBIX YeX-
JIOB IIAPOBBIX ONOP MEpEAHEN MoABEC- 27 1,0
K{ ¥ HAKOHECYHUKOB PYJIEBBIX TST

28 | TlpoBepuTh KperieHne BEPXHUX U
HIDKHUX PBIYaroB MepeaHei MoIBECKH 28 2,8
K IIOBOPOTHBIM KyJIaKaM

29 | IIpoBepHThb KperieHHe NnepeaHei mo-
BECKH K TlepeiHel Oanke, s 4ero oT- 29 4,5
BEPHYTb KOHTPralKu OCeU

30 | IIpoBepuThb KpemieHHe BEPXHUX pblua-

N 30 2,5
TOB K TIEpeIHEH Oanke

31 | TIlpoBepuTh yroma pasBana KoJiec, CXOXK-
JIEHUS KOJIEC, YroJl TOBOPOTa BHYTPEH- 31 20,0
HETOo KoJjleca

32 | TIpoBepuTh COCTOSIHHE, KPETIICHHUE
MIPYXXUH U PHIYATrOB 33 JHEH MOBECKU
K KapTepy 3aJHeT0 MOCTa B Ky30BY
aBTOMOOWIIS

32 15

33 | [IpoBepuTh COCTOSIHHUE, TEPMETHIHOCTH
1 KpeIJIeHHe aMOPTHU3aTOPOB 3 THEH 33 15
MOJIBECKHU

34 | TIpoBepuTh KperieHne NePeTHNX KO-
JIeC, UX COCTOSIHHE, JaBJICHUE BO3AyXa
B IMHAX, IIpH HeO6XO,Z[I/IMOCTI/I JOBECTU
710 HOPMBI

34 4,0

35 | [IpoBepuTh KperieHue 3aHUX KOJIeC,
WX COCTOSIHHE, TaBJICHUE BO3/lyXa B
IMHAX, IPH HEOOXOAMMOCTH JIOBECTH
710 HOPMBI

35 4,0

36 | IIpoBepuTh COCTOSIHHE, TaBJICHNUE BO3-
IyXa B IIMHE 3aIaCHOTO KOJIeca, MpH 36 1,0
HEO0XOAMMOCTH JIOBECTH /10 HOPMBI

37 | [IpoBeputk OCEBOIt 3a30p B IMOLIHII-
HUKaX CTYIUI] IEPETHUX KOJIEC U OTpe- 37 9,0
T'YJIHPOBATh

38 | BemoaHuTh TUHAMHAYECKYIO OaTaHCH-
POBKY KOJIEC ¥l IOMEHSTh UX MECTaMHU 38 11,0
COTJIACHO CXEMe MEePECTaHOBKHU KOJIeC
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IIpooonocenue maon. 4.1

/1

Bun pa6or

Kon pabor

TpyrnoeMKoCTb,

YCJI.-MHUH

39

IIpoBepuTh KperieHue pyJieBou Ko-
JIOHKH K TTaHEJId TPUOOPOB

39

0,5

40

[IpoBepuTh coCcTOSIHKME U KPETUIEHNE
PYJEBOT0 MEXaHU3Ma K JIOHKEPOHY,
IIpU HEOOXOIMMOCTH 3aKPETUTh

40

1,0

41

[TpoBepuTH COCTOSIHKE, KPETUICHUE
COIIIKH PYJICBOTO YIPABJICHUS, IIPH HE-
00XOIMMOCTH 3aKPEMUTh

41

0,5

42

IIpoBepuTs COCTOSIHUE, KPEILJICHUE Ma-
SATHUKOBOT'O PblYara, ero KpoOHIITEHHA
U YCTPaHUTH 3a30p B IIAPHUPAX WU
BTYJIKaX

42

1,0

43

IIpoBepuTh COCTOSIHME, KPEIIIEHUE PY-
JIEBBIX TAT, 3ALUIUTHBIX YEXJIOB HIapHU-
poB

43

3,0

44

[TpoBepuTh CBOOOHBIN X0 PYJIEBOTO
KoJieca U IpU He0OXOIUMOCTH OTpETy-
JUPOBAThH

44

1,0

45

[IpoBepuTh COCTOSIHHUE, TEPMETHUHOCTD
TUIPaBIMYECKOro IpUBOa padboyeit
TOPMO3HOH CHCTEMBI, TJIABHOTO IHJINH-
1pa, BAKYYMHOT'O YCUJIUTENIs, CUTHAJIH-
3aTopa, peryJsropa 1aBJIeHHs, KOJIeC-
HBIX I[WJIMHIPOB

45

B xabune

2,5

B motop-

HOM
OTCCKC

1,5

46

IIpoBepuTh NOJI0KEHUE TOPMO3HOM I1€-
JlaJli ¥ OTPETYJIUpPOBATh

46

1,0

a7

[IpoBepuTh cocTOsIHUE, TPOCOB, TAT
MPUBOJa CTOSHOYHOTO TOPMO3a,
NeNCTBUE MPUBOJA CTOSHOYHOTO TOP-
Mo03a

a7

15

48

[TpoBepUTH COCTOSIHHE TOPMO3HBIX
0apabaHOB, TMCKOB, KOJIOIOK MEPEIHUX
Y HAKJIaJIOK 33THUX KOJICCHBIX TOPMO-
30B, IPH HEOOXOIUMOCTH 3aMEHUTh

48

24,5

49

[TpoMBbITH cucTeMy THAPOTIPUBOAA
TOPMO30B, 3JIUTh HOBYIO TOPMO3HYIO
KHUJIKOCTh U YIAIUTh BO3yX U3 CHCTE-
MBI

49

63,0

50

[TpoBeputh 3P PEKTUBHOCTH IEHCTBUS
TOPMO30B NEPEAHUX KOJIec

50

5,0
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IIpooonocenue mabn. 4.1

Ne
’ Bun pa6or Kox pabot TpynoemkocTs,
/1 YeJl.-MUH

51 | IlpoBeputh 3 (HEKTUBHOCTH ACHCTBUSA 51 50
TOPMO30B 33JIHUX KOJIEC ’

52 | IIpoBepHUTh COCTOSIHUE, KPEIUICHUE
dap, ykaszareneil TOBOPOTOB, 3aTHUX
dhonapeii, poHaps ocBeICHUS HOMED- 52 3,0
HOTO 3HAaKa, JIAMIIbl YKa3aTeNsl «TaKCch»
1 (OHAPS 3aHATOCTH aBTOMOOWIIS

53 | [IpoBepuTh pabOTy CTEKIOOUUCTUTEIS, B xabune 1,0

CTEKJIOOMBIBATENS U (HapOOUNCTUTEIIS 53

Cnepenun 0,5

54 | IIpoBepHTh coCcTOSIHUE, pAaOOTYy KOH-
TPOJIFHO-M3MEPUTEIBHBIX IPHOOPOB,
COCTOSIHHE TIJIOMO TaKCOMETpa, JeHCT-
BUE BBIKJIIOYATEIIS 30KUTaHHS

54 1,0

55 | [IpoBepuTh COCTOSIHHE, ACHCTBHUE BhI-
KIIFOYaTENs HapPYKHOI'O OCBEIIEHHUS, B xa0Ouhe 3,0
MEPEKITFOYATEINS yKA3aTeNs IOBOPOTOB

1 cBeTa (pap, BBIKITIOUATENS aBApUIHOMN
CUTHAJIW3AlMH, BEIKJIIOUATEIISI CUTHAJIA 55
TOPMOKCHH, BBIKJTFOYATCIIA KOH-

TpOJ’IBHOfI JIaMIIbl CUCTCMbI TOPMO30B,
BBIKJTHOYATCIIA JIAMIIbI YKA3aTCJIA «TaK-
cu» 1 (PoHaps 3aHATOCTH aBTOMOOMIIS

Caepxy 0,5

56 | [IpoBepHuTh YPOBEHB AIIEKTPOJIUTA B
aKKyMYJIITOpHOI OaTtapee, T10JIHUThH
JUCTUJUIMPOBAHHYIO BOAY U MPOYKC-
TUTh BEHTWISIIIMOHHBIC OTBEPCTHUS

56 3,5

57 | O4UCTUTH TOBEPXHOCTh AKKYMYJISITOP-
HOIi OaTtapen OT IBUIH, TPSI3U U JJICK-

TPOJIUTA, OYUCTHUTH, CMa3aTh, IPOBE- 57 2,5
PUTH KpeTIeHUE HAKOHEYHUKOB TIPO-
BOJOB K BBIBOJJHBIM HITBIPAM 6aTapeI/1

58 | [IpoBepuTh COCTOSIHHE Ky30Ba, IBEpEH,
orepeHusi, 0OJIMIIOBKY paauaTopa, Ka-

10Ta, HOMEPHBIX 3HAKOB, KPHIIIKHK Oa- 58 2,0
TKHUKA, IEPETHET0 U 3aIHEeTO Oamrie-
POB, CTEKOJI
59 | IIpoBepHThb KperieHHe, AICHCTBHE 3aM-
Ka KPBIIIKHA O0araXHUKa, OTPEryJIupo- 59 1,0

BaTh MPABWJILHOCTH (PUKCAIH 3aMKa

60 | [IpoBepuTh KperieHHe U JIeiicTBHE Ka-
10T, 3aMKa KaroTa, Ipyu HeoOX0IUMO- 60 1,0
CTH OTPETYJIUPOBATH €r0 IPHUBOJ
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Oxonyanue maon. 4.1

/it

Bup pabot

Kon pa6or

TpynoemKkocTsb,
Yye.-MHAH

61

[IpoBepuTh KperieHUE U ACHCTBUE
IIPUBOJIOB 3aMKOB JIBEpEU U MEXaHU3-
MOB TE€pEMEIICHUS CTEKOI

61

15

62

[TpoBepuTh COCTOSIHHE, KPETUICHNE
0OMBKH CajiOHa, CUACHUH, CIIMHOK, I1a-
HEJIH MPUOOPOB, TPOTHBOCOTHEYHBIX
KO3BIPHKOB, MTOPYYHEH, TIOITOKOTHH-
KOB, 3epKaJ 3aJIHETO BHJIa, pabOTOCIIO-
COOHOCTH peMHEH 0€30MacHOCTH

62

3,5

63

3aMeHUTh (PUIBTPYIOLIUI 3IEMEHT
(GuIbTpa OYUCTKH Maclia ¥ Maclio B
KapTepe ABUrarells

63

14,0

64

[IpoBepuTh YpOBEHB KUAKOCTH B CUC-
TeMe OXJIAKJCHUS, TPH HEOOXOTUMO-
CTH JJOBECTH J10 HOPMBI

64

1,0

65

[TpoBepuTh YPOBEHb Macja B KapTepe
KOpPOOKH Tiepenad, mpu HEOOXOIMMOCTH
JIOBECTHU J0 HOPMBI

65

2,0

66

IIpoBepuTh YypOBEHb Macia B KapTepe
3aJJHET0 MOCTA, MPH HEOOXOAUMOCTH
JOJIUTh

66

2,0

67

[IpoBepuTh YPOBEHB KUAKOCTH B OaUKe
THUAPABIMYECKOTO MPUBOJIA CIICTUICHHS,
pU HEOOXOIUMOCTH JIOJTUTh

67

1,0

68

OunCTUTH BEHTUISIIMOHHBIC OTBEPCTHUS
B IpOOKax HAMOJHUTEIBHOTO OayKa
IJIABHOTO IIMJIMHAPA CLEIUICHUS

68

0,5

69

3aMeHUTh (PUIBTPYIOLINI 3IEMEHT
BO31YXOO4YUCTUTEIIS

69

2,0

70

[TpoBepuTH YPOBEHB KUJAKOCTH B OaUKe
OMBIBATEJISI BETPOBOTO CTEKJIA M ITPH
HEOOXOINUMOCTH JTOJIUTH

70

0,5

71

[TpoBepuTh YPOBEHB KUAKOCTH B Oauke
OMBIBATeIsl paccenBaTelnieii gpap u mpu
HEe00XOIUMOCTH JIOJIUTh

71

0,5

72

[TpouncTUTh camyHbl Ha KOPOOKE mepe-
134 U peyKTopa 3aJHET0 MOCTa

72

1,0

Bcero

72

305,0

Jlanee ctpouM ceTeBoit rpaduk (puc. 4.3).
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BrImoTHUM pacdeT rnmapamMeTpoB CETEBOTO Ipadrika U CBEJEM pe3yJib-
TaThl pacyeTa B TabJ. 4.2,

Tabauya 4.2.Pacuer mapamMeTpoB ceTEBOTO Tpaduka M ompeaeneHue
KPUTUIECKOTO ITyTH

Ne O603HAuCHIC JnuHa mytu, Peseps,
/i Yell.-MUH YeJl.-MUH
0-1-19,1-20,1-45,1-48-52-53-54-55-56-57-58-59-
1 60-61-62-63-64-65-67-68-69-70-71-50-51 102,8 403
5 0-1-2-3-4-9-10-11-12-13-14-15-16-17-18-34-35- 1431 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- 6.7 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- 832 599
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

Pesynbrarel pacdera BpeMEHHBIX IMapaMeTPOB CeTEeBOro Trpadmuka
TpeCcTaBlIeHBI B Ta0I. 4.3.

Tabnauya 4.3.PacyeT BpeMEHHBIX ITapaMeTPOB CETEBOTO Tpaduka

[Iponomxu- Hagano paGotsr Oxonuanue padotel | IlomHbIii 3a-
Ne Kon TEJIBLHOCTL | paHHEe o3IHee paHHee MO3JHEe | I1aC BpEMEHU
w | paot qf;?;L’H Py = T [t = Tty | 2% = TP+ | 7% = T | Ry=t™- 27
1 0-1 0,8 0 0 0,8 0,8 0
2 1-2 15 0,8 0,8 2,3 2,3 0
3 2-3 15 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 15 23,1 23,1 24,6 24,6 0
13 16-17 12,0 24,6 24,6 36,6 36,4 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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IIpooonsxcenue maon. 4.3

[Tpomomxu- Havao paboTsr Oxonuanue pabotel | IlomHbri 3a-
Ne Kon TEIBLHOCTb | paHHEe Io3IHee paHHee MO3/HEe | Mac BpEMEHU
w/n padot qgj?:;’H Py = TP [ = Tty | 9% = TP+ | % = T | Ry=t™-
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 | 44-45,2 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 15 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 15 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 15 58,7 125,1 60,2 126,6 66,4
45 32-33 15 60,2 126,6 61,7 128,1 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 15 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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Oxonyanue maon. 4.3

[Tpomomxu- Havao paboTsr Oxonuanue pabotel | IlomHbri 3a-
Ne Kon TEIBLHOCTb | paHHEe Io3IHee paHHee MO3/HEe | Mac BpEMEHU
w/n padot qgj?:;’H Py = TP [ = Tty | 9% = TP+ | % = T | Ry=t™-
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 15 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 15 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

BapuaHTshl 3a1aHui 1J151 BHINOJIHEHHUS JJA00pPaTOPHOH padoThI

Bapuant Ne 1
1 cereBoro rpaduka, MpeacTaBiIeHHOro Ha puc. 4.4, BBIYMCIUTH
JUTMHY TIOJIHBIX IyTEW, BPEMSI CBEPILICHUSI COOBITUN U BPEMS BBIOJHECHUS
paboT, IPOJIOIHKUTEILHOCTh KOTOPBIX TPOCTABJIEHA Y CTPENIOK.

@ 1

5 .
15
16

15.

Puc. 4.4.CereBotii rpaduk

a7




Bapuant Ne 2
Jlns cereBoro rpaduka, MpeacTaBICHHOTO Ha puc. 4.5, BBIYUCIUTH
JUTMHY TIOJTHBIX MyTEW, BPEMSI CBEPIICHUS COOBITUH M BPEMsI BBITOTTHCHHUS
paboT, MPOAOIKUTETLHOCTh KOTOPBIX MPOCTABJICHA y CTPEIIOK.

17 -

10 9 13 ' 2

13

~

()

® (DT

15

Puc. 4.5.CerteBotii rpaduk

Bapuant Ne 3
Jlns cereBoro rpaduka, mpeacTaBiIeHHOTO Ha puc. 4.6, BEIYUCINTH
JUTHHY TIOJHBIX MTyTeH, BpeMsl CBEPIIICHUS COOBITUI W BPEMsI BBITIOJTHEHUS
padboT, MPOAOIHKUTEIIBHOCTh KOTOPBIX MPOCTABJICHA Y CTPENIOK.

OROEN0

10 4

™ |

Puc. 4.6.CeteBoii rpaduk

Bapuaunt Ne 4
1 cereBoro rpaduka, MpeacTaBIeHHOro Ha puc. 4.7, BBIYUCIUTH
JUTMHY TIOJTHBIX ITyTeH, BpeMsl CBEPIICHUS COOBITUN U BPEMS BBIITOJHECHUS
paboT, IPOIOHKUTEILHOCTh KOTOPHIX ITPOCTAaBJIEHA Y CTPENIOK.
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Puc. 4.7.CeteBoii rpadux

BapuanT Ne 5
Jlns cereBoro rpaduka, MpeacTaBICHHOTO Ha puc. 4.8, BBIYUCIUTH
JUTMHY TIOJTHBIX MyTEW, BPEMSI CBEPIICHUS COOBITUH U BpPEMsl BBITOJTHCHHUS
paboT, MPOAOIKUTETLHOCTh KOTOPHIX MPOCTABJICHA y CTPEIIOK.

Puc. 4.8.CereBotii rpaduk

Bapuaunt Ne 6
Jlns cereBoro rpaduka, mpeacTaBieHHOTo Ha puc. 4.9, BBIUHUCINTH
JUTHHY TIOJHBIX MTyTeH, BpeMsl CBEPIIICHUSI COOBITUI W BPEMsI BBITIOJHEHUS
padboT, MPOAOHKUTEIIBHOCTh KOTOPBIX MPOCTABJICHA Y CTPENIOK.

15 -

13 6
Puc. 4.9.CereBoii rpaduk
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Bapuant Ne 7
Jlns cereBoro rpaduka, npeactaBieHHoro Ha puc. 4.10,BeUUCIUTD
JUIMHY TOJHBIX MyTel, BpeMsi CBEpPIIEHUSI COOBITUI U BPEMsI BBITIOJHEHUS
padoT, MPOJAOIHKUTEIBHOCTh KOTOPBIX MIPOCTAaBJIEHA Y CTPENIOK.

(o -

5
9 7
10
s 0
10
6 6
3

—(O—=0

Puc. 4.10.CereBoii rpadux

15

KoHTpoJibHBIC BONIPOCHI

1. Ilepeuuncnure 3aga4u Ha aBTOMOOMJILHOM TPAHCIIOPTE, pelllaeMble
METOJOM CETEBOTO TUTAHUPOBAHMS.

2. HazoBuTe 37eMEHThI CETEBBIX I'pa)UKOB M UX OTOOpaKCHHE Ha
CETEBOU MOJICIH.

3. UTo Takoe «KpUTHYECKUUN MyTh>»?

4. TlepeuncauTe OCHOBHBIE IpaBUia MOCTPOCHHUS CETEBBIX Tpadu-
KOB.

5. TlepeuncnuTe TAnbl TOCTPOCHUS CETEBBIX IPadUKOB.

6. HazoBuTe mapaMeTphl CETEBBIX MOJCICH ISl MOJHOTO IMyTH U
CIIOCOOBI UX BBIYMCIICHHUS.

7. Tlepeuncnute mapamMeTphl CETEBBIX MOJIETEH ISl COOBITUH U CIIO-
COOBI X BBIYHCIICHHS.

8. Kakue mapameTpsl CETEBBIX MOJEICH I padOT M CIIOCOOBI MX
BBIYMCJICHUS BBl 3HAETE?

50



9. VkaxuTe NOMyCTUMBIM CPOK HACTYIUICHUS COOBITHS U pPE3EpB
BPEMEHU COOBITHUS.
10. Hanumure pacyeTHbie (GOpPMYIIBI ISl ONpPEACIICHUs TTOJHOTO U
CBOOOJIHOTO PE3EPBOB BPEMEHH PaOOTHI.
11. KakoBa CyIIHOCTb ONTUMH3AIMU CETEBOr0 rpaduka o BpeMeHu
U 110 pecypcam?
12. Tlepeuncnure MpEeUMyIIECTBA CETEBBIX MOJIEIICH.

JlaGopaTtopnas pa6ora Ne 5

XAPAKTEPUCTUKHU ®YHKIIMOHUPOBAHUA CUCTEM
MACCOBOI'O OBCJIYX KHUBAHUSI ABTOMOBWUJIEN

eab padoThl: 03HAKOMUTHCS C METOAUKOU OLIEHKU XapaKTePUCTH-
K1 QYHKIIMOHUPOBAHUSI CUCTEM MAaCcCOBOTO OOCTY>KUBAHUSI.

O01mue moJ1oKeHUst

K cucremam maccoBoro oocmyxuBanus (CMO) aBTOMOOMIIBHOTO
TPAHCIIOPTAa OTHOCSITCS PEMOHTHBIE MAacTEPCKHE, CTaHIIUU TEXHUYECKOTO
oOCIy)KMBaHUs, MPOU3BOJICTBEHHO-TEXHUUYECKNE KOMOWHATHI, aBTO3arpa-
BOYHBIE CTaHIMU U T. . [Iporeccel, npotekatomue B CMO, onuckiBaroTCs
TEOpUEl MacCOBOr0 OOCIyKUBaHUs, TO3BOJISIFOIIECH peliaTh psijl 3aja4y aB-
TOMOOHMIIEHOTO TPAHCIIOPTA, C TOMOIIBIO0 KOTOPBIX MOXKHO:

- ONPEeNETUTh KOJIMYECTBO JUHUM miau 1octoB TO U peMoHTa aBTO-
MOOUJIEH;

- ONPEeNETUTh PAlMOHAIBHOE KOJIMYECTBO OOOPOTHBIX arperaTos;

- paccuuTaTh KOJUYECTBO MTOCTOB MOTPY3KH, a TAK)KE MHOTHE JIPYTHE
3aJ1auu.

CMO nogpa3zaensitorcst Ha Ba OCHOBHBIX BHJIA: CUCTEMBI 0OCITYKH-
BaHUs C OTKa3aMHU U CUCTEMBI C O)KUIAaHUEM 00CITyKHUBaHUs (OYepeIbio).

B cucremax ¢ oTkazamu 00CITyKUBAIOTCS TOJIBKO T€ TPEOOBaHUS, KO-
TOpBIEC MOCTYMAlOT B MOMEHT BPEMEHH, KOT/Ia XOTs Obl OJMH W3 MOCTOB
(yuactkoB) cBoOomaeH. Eciau Bce MOCTBI 3aHATHI, TO TpeOoBaHHEe (aBTOMO-
OWJIb) TIOKMIaeT CUCTEMY HEO0OCTy>KEHHBIM.

B CMO c oxunanueMm TpeOoBaHUE, MTOCTYIUBIIIEE B MOMEHT, KOT/1a
BCE MOCTHI 3aHATHI, KIAET OCBOOOXKICHUS MTOCTa 00CTY )KHUBAHHUS, T.€. BCTACT
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B ouepens (puc. 5.1).I1pu 3TOM Ha IIMHY OYEpeId MOTYT OBITh HAJIOXKEHBI
OTpaHUYCHUS], ONPEICIISIONINE €€ MAaKCUMAIbHYIO JIJIUHY.

Ouepens 0xunaAHKA ‘ | Q6cnyxKHBalo-
| obcaykuBaHus A T 7 wue nocta
AT A A ACD A & | [ — 1
A i : | obcmyKeHHBIX Tpe-
A ! A g | BoBaHKi '
BXOIHOH MOTOK  _______ B ___________________ e 5
TpeboBaHnH '

[ToToK OTKa30B

Puc. 5.1.Cxema cucTeMbl MaCCOBOTO 0OCITYKUBaHHS

[Ipu ananuze padotel CMO HeoOX0AMMO 3HATH €€ OCHOBHBIE UCXO/I-
HBIC MTAPAMETPHL:

- YUCJIO NMOCTOB 00CIyXMUBaHUs I,

- UHTCHCUBHOCTb ITOTOKA TPeOOBaHMIA Ha OOCITYKUBaHUE A;

- MPOU3BOUTEIILHOCTh KKJOTO MOCTa 00CiyxuBanus | (cpemHee
YHCII0 TpeOOBaHUH (aBTOMOOMIICH), 0OCITY)KUBAEMBIX IIOCTOM B EIHHUILY
BPEMCHH);

- YCIIOBUSI, HaKJaJpIlBaeMble Ha oOpa3oBaHue ouepenu. CirydaHbIN
XapakTep MOTOKa TpeOOBaHUN MPUBOIUT K Tomy, 4To B CMO npoucxoaut
ciyvainHbeiid nporecc. [Iponece pynkunonuporanus CMO MOXHO OnUCcaTh
cucreMoil audPepeHManbHbIX YpaBHEHUN, a B MPEACIbHOM Cilydae —
CUCTEMOW JIMHEHHBIX aNreOpanvyecKuX YpPaBHEHUM, PEIICHUEM KOTOPBIX
oTpenensatoTcs Xxapakrepuctuku padotsl CMO.

1. Cucmemul maccoso2o 0b6CaYHCUBAHUS C OMKAZAMU

Ilycte mmeem N-kananpHyt0 CMO ¢ oTKa3amu, B KOTOPYIO MOCTyIa-
€T MOTOK TpeOoBaHMI (aBTOMOOWJCH) Ha 0OCIY)KHMBAaHHWE C MHTCHCHBHO-
CTBhIO A, MHTCHCUBHOCTH OOC/TY>KHBaHHUs OJHOTO KaHaja paBHa [l. Ompeje-
JUM oka3atesu 3PEeKTUBHOCTH pabOThI TAKOW CUCTEMBI.

[Toctpoum pa3MedcHHBIN rpad cocTosHME cucTeMbl (puc. 5.2), rae
COCTOSIHUS CUCTEMBI TPOHYMEPOBAHBI TT0 YUCITY 3aHATHIX KAaHAJOB, T. €.

S — Bce KaHaJIbl CBOOOTHEI,
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S| —3aHAT OMH KaHaJl, OCTaJIbHbIE CBOOOIHEI;
S, —3aHATHI IBa KaHaJIa, OCTAJILHBIE CBOOOIHEI,

Puc. 5.2.Pa3meuennsbiii rpad coctosHMiA

[lo cTpenke cieBa HaAMpPaBO CUCTEMY MEPEBOAMUT MOTOK 3asBOK C WH-
TEHCUBHOCTBIO A. [lo cTpernkaMm crpaBa HaJleBO CUCTEMY TIEPEBOJIUT IMTOTOK
00CITy’)KHBaHWUH MHTEHCUBHOCTBIO KU, T/1e K —9HCiI0 3aHATHIX KaHAJIOB.

Jns BBIYMCIICHUN NOPEACIbHBIX BEPOATHOCTEW COCTOSHUN CUCTEMBI
P; 3anumeM cuctemMy JNHHEHHBIX YpaBHEHHM, CTPYKTypa KOTOPOM TMOIUU-
HEHa OTPEeIeTICHHOMY TMPaBUITY:

- B JIGBOW YaCTH KaXJIOTO YPaBHEHHsI CTOWT MPOW3BOJIHAS BEPOSIT-
HOCTh PacCMaTPUBAEMOTO COCTOSIHUS,

- MIpaBas YacTh COJIEPKUT CTOJIbKO YJIEHOB, CKOJIbKO CTPEJIOK CBs3a-
HO C JIaHHBIM COCTOSIHUEM,;

- KQKIbIM YJIeH paBeH MPOM3BEICHUI0 MHTEHCHUBHOCTU MEpexoa,
COOTBETCTBYIOIIEH JaHHON CTpeNIKe, YMHOKEHHOM Ha BEPOATHOCTH TOTO
COCTOSIHMSI, U3 KOTOPOT'O UCXOJUT CTPEJIKA;

- €CJIM CTpeJiKa HampaBjieHa M3 COCTOSIHUSI, TO COOTBETCTBYIOLIUN
YJIeH UMEET 3HAK «MUHYC», €CIIM B COCTOSTHUE — 3HAK <ILITIOC.

CornacHo puc. 5.2pacuernbie popmyiibl mpuMyT Bua (Tadm. 5.1).

PexyppeHTHOE BBIpaxxe€HUE AJI1 ONpPEeNeNIeHUs BEPOSTHOCTH COCTOSI-

HUs OyZeT paBHO
Py _a
=—, 5.1
Ak—l Kk 61

rae o = AL
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Tabnauya 5.1.PacuetHbie POpMyIIbI

k [lenouka ypaBHEHHI BeposTHOCTh COCTOSIHUSI CUCTEMBI
_a
1 APy = Py P —ipo
2 APy = 2uP p, =2 —azp
1= 2 =—P=—
2 2 1 o 0
3 AP, =3P Py=2p —“3P
2= 3 =—Pp=—
3° 3"
4 A P3 = 4P P=2p _o
3= 4 =—bPp=—
4=, Fa=" o
o} oK
k )\Pk-l = kIJ.Pk Pk __Pk—l __|PO
K!
o a"
n n

3anumem HOPMHUPOBOYHOC YCJIIOBHEC
P0+P1+P2+ ....... +Pn:
Perrast ero COBMECTHO ¢ CUCTEMOM ypaBHCHI/Iﬁ TaOII. 5.1,1'IOJ'Iqu/IM

1

a o’ o o
I+ -+
r 20 3 n!
OcralibHbIE BEpOSITHOCTH COCTOSTHUI HalIEM U3 BhIpaykeHuM Tadu. S.1.
3Has TpeaeiabHbIE BEPOSATHOCTH COCTOsIHUM Po, Pi, Py, ..., Py, BBI-
YUCIUM XapakTepucTuku padotsl CMO.
BeposTHOCTHBIE XapaKTEPUCTUKHU:

- BCPOATHOCTDb TOI'O, 4YTO BCC IIOCTBI 3aHATHI, OTKAa3 B O6CJ'IY)KI/IBaHI/II/I

(5.2)

Py = (5.3)

Py = P, (5.4)
- OTHOCUTCJIbHAA IIPOITYCKHast CIIOCOOHOCThH
q=1-P, (5.5)
KomnunuecTBeHHrle XapaKTepI/ICTI/IKI/IZ
- Cp€AHCC YUCJIO 3aHATHIX ITIOCTOB
M,=0Py+ 1P + 2P, + ... +nPn:CX(1—POTK); (56)
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- CpeJIHEE YHCIIO KaHAJIOB, CBOOOIHBIX OT 0OCITYKUBAHUS
No =n—Mp;
- abcoroTHAs MIPOITyCKHAsI CIIOCOOHOCTh
A=A1-P,).
BpeMenHbie XxapaKTepUCTUKHU:
- cpeliHee BpeMs 00CTyKMBaHUS
toe = 14.1
KauecTBeHHbIE XapaKTEPUCTUKMU:
- KO3(pHUITMEHT 3aHATOCTH KaHAJIOB
K,= M,/n;
- K03 PUIUEHT MPOCTOSI KaHATIOB
Kyp=1-K..

2. Cucmemvt Macco8020 0OCIYHCUBAHUSL C OHCUOAHUEM
OnnokanaiapHags CMO ¢ oXKuIaHuEM

(5.7)

(5.8)

(5.9)

(5.10)

(5.11)

[Tycte CMO uMeer oMH KaHall, HA KOTOPYIO TIOCTYIaeT MOTOK 3asi-

BOK C MHTCHCHBHOCTHIO A. ITHTEHCUBHOCTH OOCTY)KWBaHUs KaHaJa paBHA
M. 3asiBKa, MOCTYNHBIIAs B MOMEHT, KOTJla KaHald 3aHAT, CTAHOBUTCS B
ouepellb U OXKHUJAET 00CHyXKuBaHUs. [Ipeanonoxum, 4To YHUCIO MECT B
ouepesld paBHO M, T. €., €CIK 3asBKa, IPUIIEAIIas B MOMEHT, KOrja B o4e-
penu ctouT M 3asBok, mokuaaeT CMO HeoOCTy)KeHHO.

bynem nymepoBats coctostHust CMO mno 4ucity 3asBOK, HaXOsIIIHX-

S —kaHai cBoOOIEH;
S, —KaHal 3aHAT, OYePEaH HET,
S —KaHall 3aHAT, OJHA 3a5BKa B OUEPE/IH;

Sn1 — KaHaJ 3aHAT, M 3asIBOK B OYEPE/IH.

CocTaBuM pa3MeveHHBIN Tpad) cocTossHu cucTemsl (puc. 5.3).

Nooor A

Puc. 5.3.Pa3meuennsliii rpag cocTosHui
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Cucrema auddepeHunanbubix ypaBHeHui KonMoroposa st JjaHHO-
ro Ipoiiecca UMEET BUJT

R — 2y gpy(1) +nR (1) )
d%gt):_()\+U)P1(t)+)\Po(t)+UP2(t);
BO__pgngoneny [
% = —qu+1(t) * KPm( t) ' ~

JloGaBuM Kk 3TOM cuUcTeMe HaudaiabHble yciaoBus. Hampumep, ecnu npu
t = Ocucrema HaXOIUTCS B COCTOSIHUH Sy, TO HAYAJIBHBIE YCIIOBHSI IPUMYT BHU]I
Po(0) = 1, P1(0) =P5(0) = ... =Pm.1(0) = 0. (5.13)
[TpounTterpupoBaB cucremy (5.12)npu NpUHATHIX HAYAIBHBIX YCIIO-
BUSIX, TIOJTYYUM BCE BEPOSITHOCTU COCTOSHUM KaK (DYHKIIUM BPEMEHHU

Po(t); Pi(t); Pao(t); ... Pma(t), (5.14)
KOTOpBIE B JTI000M MOMEHT BpEMEHH 1 yJIOBJIETBOPSIOT YCIOBUIO
m+1
> R(t)=1. (5.15)
i=0

Eciu B cucreme auddepeHimanbubix ypasuenui (5.12) npeamnoio-
XKHUTh, YTO BCE MPOM3BOJHBIC PaBHBI HYIIO (Mpu t — ©0 3aBUCUMOCTH OT
BPEMEHHU TPOMAJIaeT), TO OHA MPEBPAMIACTCS B CUCTEMY OOBIUHBIX JIMHEH-
HBIX alre0panvdecKux YpaBHEHHI, KOTOpask COBMECTHO ¢ HOPMHUPOBAHHBIM
ycroBueM (5.13) maeT BO3MOKHOCTh BBIUMCIIUTH BCE MPEACIbHBIC BEPOSIT-
HOCTH COCTOSIHUM.

dR
IMpu —— =0 umeem

dt
My =uh, )

MR +UR=AR+ R,
AR, +pR =AR+1AB; » (5.16)




[Tocne nmpeoOpazoBanuii cucremy (5.16)M0XKHO 3amucaTh B BUJE Iie-
MMOYKH YpaBHEHUM, KOTOpas MpejicTapieHa B Tad. 5.2,

Tabauya 5.2.PacueTHbie (POPMYIIBI

k [lenouka ypaBHEeHUI

1 F?]_ = U’PO

2 P, = aP; = a’P,

3 P;=aP, = C(3P0
m+1 P = 0Py, = o™ P,

OkoHuaTeIbHOE BRIpAXKEHUE ISl Py MeeT BHT
1
PO =
l+a+a“+...+a

OcranbHble BEPOATHOCTH COCTOSIHUI MOXKHO HaWTH 1O (popmysiam
Tabn. 5.2.

(5.17)

2 m+1°

MuorokanainsHass CMO ¢ oxxuganuaMu

Ilycte mmeem nN-xanansHyro CMO ¢ oxuaaHueMm, Ha KOTOPYIO I1O-
CTYIIAeT IMOTOK 3asBOK C MHTCHCHBHOCTBIO A, HHTCHCHBHOCTH 00CITy>KHBa-
HUS OJIHOTO KaHajla paBHA |, YUCJIO MECT B OYEPEAN OrpaHUYCHO 3ajaH-
HBIM 9uCcI0M M. BeaucnTh ocHOBHBIE XapakTepuctuku CMO.

CocrosiHUSI cUCTEMBI OyJileM HyMepoBaTh IO YUCIY 3asBOK, CBSI3aH-
HBIX C CHCTEMOM.

S — Bce KaHaJIbl CBOOOHEI,

S| —3aHAT TOJBKO OAWH KaHAI,

S —3aHATHI TOJLKO JIBa KaHAJIA,

S, —3aHATHI BCE N KAaHAJIOB.

Korga CMO nHaxoautcst B JIFOOOM M3 3TUX COCTOSIHUM, OUepeu eIlle
HeT. [locae Toro kak OyayT 3aHSATHI BCE KaHaJbl OOCITYKUBaHUS, a 3asIBKU
MPOJIOJIKAIOT MOCTYIAaTh, 00pa3yeTcsi ouepeb. Torna COCTOIHUSI CUCTEMBI
OyIyT cieayronue:

Si+1 —3aHATHI BCe N KAHAJIOB U OJTHA 3asBKa B OUCPE/IN,

Si+2 —3aHATHI BCE N KAHAJIOB U JIBE 3asIBKU B OUEPEIH,;

S].;.m — 3aHAThI BCC N KaAHAJIOB M BCC M MECT B OUYEPECIN.
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I'pad cocTosiHMIA cUCTEMBI TIPEACTaBIICH Ha pucC. 5.4,

Puc. 5.4.Pazmeuennsbiii rpad) COCTOSAHMIMA

JIeCTBUTENEHO, TIEPEXO/ CUCTEMBI B COCTOSIHUAE C OOJIBIIMMHA HOME-
pamu (CieBa HANpaBoO) BBI3BIBACTCS TOJHKO MOTOKOM 3asSBOK C MHTCHCHB-
HOoCcThIO A. Ilo cTpenkaMm crpaBa HaJIeBO CHUCTEMY IEPEBOJMT IOTOK 00-
CIIy’KUBaHMsI, THTCHCUBHOCTh KOTOPOTO paBHA |l, YMHOXKEHHAsI Ha YUCIIO
3aHATHIX KaHAIOB. [loJIHasT MHTEHCHWBHOCTH TOTOKA OOCITY>KHBAaHHS BO3-
pacTaeT ¢ MOAKIIOYCHUEM HOBBIX KaHAJIOB BIUIOTH JO TaKOTO COCTOSIHHS
S, Korja Bce N KaHAJIOB OKaXyTcs 3aHATHIMU. C MOSBICHUEM OYepeay UH-
TEHCHUBHOCTHh 00CITY)KMBaHUS OOJIbIIIE HE YBEIMYMBACTCS, TAK KaK OHA yKe
JOCTHIJIa MaKCUMyMa, paBHoro (NK).

He moBTOpsisi COOTBETCTBYIONIUX PACCYKACHHM, 3alHIIeM Cpa3zy B
OKOHYATEJILHOM BHUJIE OCHOBHbIE (POpMyIibI, oTpaxkaromiue padoty CMO c
OXKUJIaHUEM, BBEIIS IS YIIPOIICHHS 3alich 0003HaueHus A/l = O — mpu-
BeJICHHAs MHTCHCHUBHOCTD; o/N = 3 —Harpys3ka.

PacuetHbie GopMymbl Isi OmpenesieHus] BEPOSATHOCTEH COCTOSHHIA
CUCTEMBI JI0 M TIOCJIE BOBHUKHOBEHHS OUepeNn OOCITYyKMBAHUS MPEICTaB-
neHsl B Ta0n. 5.3u 5.4.

Tabruya 5.3.PacueTHbie POpMYJIBI )11 OTPEICIICHUS
BEPOSITHOCTH COCTOSTHMI CHCTEMBI 10 BOBHUKHOBEHUS OUepEIH

k | Ilemouka ypaBHEHHIA BeposTHOCTE COCTOSIHUS CUCTEMBI
_a

1 )\Pozl.lp]_ Pl—ﬁpo
2 AP, = 2uP py=Cpy =t

1= 2 =—P=—

2 2 1 21 0

3 AP, = 3uP _op 00

2= 3“ 3 P‘S_EP —a 0
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Oxonuanue maobn. 5.3

k | Ilemouka ypaBHEHHIA BeposTHOCTE COCTOSIHUS CUCTEMBI
4 AP = 4P py=Cpy = p
3= 4 =—bPp=—
a=,ra=",ro

o oK

k )\Pk]_:li.Pk Pk __Pk—l__PO
Kk k!

— o} a”

n n

Tabruya 5.4.PacueTHbie POpMyJIbI 1)1 OTIPEICIICHUS
BEPOSTHOCTH COCTOSIHUI CHCTEMBI TI0CTIE BOSHUKHOBEHUS OUepeau

k | Ilermouka ypaBHEHHI BeposTHOCTh COCTOSIHUSL CHCTEMBI
— 1 o
1 AP, = npPy. g Pher =BFy =B Ry = BF i
— 2 2 o
2| APra=niPro | Prp=pPra=p?Py =B LRy
— 3 z3a"
3 APhs2 = NP3 Ph+3=BPn+2=B"Pn =P FPO
— 4 40"
4 APnis = NP4 I:)n+4 =BPn+3 =B I:>n =B F PO
_ | o
APnsia = NPy Pn+) =BPn+1-1=B" Pn =P FPO
m m o
M| APnima = NUPhem Pnem =PPnim-1=P " Pn =P FPO

Beruncium ocHoBHBIE xapaktepuctuku CMO, s 4dero 3amuiiem

HOPMHUPOBOYHOC YCIIOBUEC
Po+Pi+Po+ ... +Pyin= 1
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U IIOACTaBHUM B HCT'O 3HAUYCHUA BCpOSITHOCTCI\/’I Pi, BBIPpAKCHHBIC 4YCPC3 BC-
POATHOCTD Po, TOT'Ja BCPOATHOCTDL TOT'O, YTO BCC KaHAJIbI CBO6OI[HBI, o1Ipce-
ACACTCA 110 BBIPAKCHHIO

P,= 1

k (5.19)

n q an m | '
)3 o +—> P
k=0 k ri =1
I[pyrI/Ie BCPOATHOCTH COCTOSSHUM OHPCACIIAIOTCA 110 JaHHBIM Ta6ﬂ.

5.3u 5.4.
BCpO}ITHOCTB TOT'O, YTO BCC KaHAJIbI U ME€CTA OKUAaHUA 3aHATHI U 3a-

sJABKa I1OJYy4YacT OTKaAa3 B 06CJ'IY)KI/IBaHI/II/I

n
o
P =Pym= BmFPO. (5.20)
OTHOcuUTeNbHAs IPOIMYCKHAsI CIIOCOOHOCTH
g=1-P,w. (5.21)
CpeliHee 4nClio KaHAJIOB, 3aHATHIX 00CTYKUBAHUEM,
n m
M,=> kR +nX R, =aq (5.22)
k=1 k=1
Cpennee 4nCiIO KaHAJIOB, CBOOOJIHBIX OT OOCITYKUBAHMS,
n
No=X (n-kfR=n- M. (5.23)
k=0
Cpennee 4ncIio 3asiBOK B HAKOTTUTENE
m
A= X MRy, (5.24)
m=1
AOcoII0oTHas! TPOITYCKHAasi CTOCOOHOCTD
A=AgQ. (5.25)
Cpennee BpeMs oxxugaHusi 00CITy>KMBaHUS 3a8BKU B OUepein
— A
t, =—. 5.26
0= (5.26)
Cpennee BpeMs NpeObIBaHUS 3asIBKU B CUCTEME
— — 1
tc :t0+_- (527)
1)
KoadduruenT 3anaTocT KaHAJIOB
K, = M,/n. (5.28)
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Koaddumuent npocrost kaHaaoB
Hcxomupie qaHHBIC AU BBITIOTHEHUS J1TAOOpATOPHON pabOTHI Mpe-

cTaBJIeHbI B Ta0J1. 5.6.

IIpumep BbINOJIHEHUS PA0OTHI
Jlana cucrtemMa MaccoBOIro OOCITyKHUBaHUS, XapaKTEPUCTUKU KOTOPOl

CcBeleHbI B Ta0u. 5.5.

Tabnuya 5.5.VIcxoiHbIe TaHHBIE K paboTe

(5.29)

Bapuant Yucno Yucno mect | MuTeHcuBHOCTh | CpeaHee Bpe-
IIOCTOB N B ouepeau M | TOCTYIUICHUS | Ms OOCITyXu-
aBTOMOOUIIEH BAaHMS aBTO-
A, aBT./4 MOOMJISI HA I10-
cTy tos. = 11
1 2 0 1,5 2,0

ITo ycnosuro 3amaun nana cucteMa CMO ¢ oTkazamu, pa3MeYEHHbIN
rpad COCTOSTHUM KOTOPOM MOKa3aH Ha pucC. 5.D.

A=15 o~ A=15
; (=) (=
L=05 \\/ép=2'0,5=1,0

Puc. 5.5.Pa3meuennsiii rpad cocTosHMIA:
S — Bce MOCTHI CBOOOHEI, S — 3aHAT OAUH IIOCT,
OCTaJIbHBIE CBOOOIHBI; S, — 3aHATHI BCE ITOCTHI

(dR

—¢ = AR® +HR(),
‘jj_Ft’ = —(\ + )R (1) + 2uPy () + A Ry(1),
LI
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%:—LSPO t)+ 0,3 ¢),

%z_a,a 0,58 €)+ 210,% (¥ 18 (
%:—2[@,532(t)+ L9 ¢).

(-1,5[R) + 0,53 = 0,

~(1,5+ 0,58 + LB+ 10,8 = (
20,5 + 1,9 = 0,

P+ R+ R=10.

Ry = ! = 1 =0,1176
Lo MU, /w? 15105, (1,5/0,5)
1! 21 1! 2!
R = )‘L“ R, = 1’51/|0’50,1175= 0,352¢

p, = /2*:)2 P = (1’5/2?’5)2 0,1175= 0,529

[IpoBepka: Py+P1+P, = 1,0.

0,1176 + 0,3529 + 0,5295 =1,0:

- BEPOATHOCTH OTKa3a B 00CITyKHBaHUU
Py..=P,=0,5295;

- OTHOCHTEJbHAs MPOMYCKHAasi CIIOCOOHOCTh

g=1-P,=1-0,5295=0,4705;
- a0CONI0THAs IPOITyCKHAsl CIIOCOOHOCTh
A=AN1-P,)=151-0,5295) = 0,70575;

- CpeHee YHCIIO 3aHSITHIX TTOCTOB

M(n) = 0Py +1P1+2Ry+...nP,=0- 0,1176+10,3529+2 0,5295-1,4119;

- NIPUBEICHHAS UHTEHCHUBHOCTh
a=Au=15/0,5=3.

- cpeHee BpeMs 00CTyKUBaHUS aBTOMOOWIISI HA TIOCTY

tose = 1/ = 2,0u.
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Bapl/IaHTbl HCXOAHbIX JAHHBIX K BBINIOJIHCHHUIO ﬂﬂﬁOpﬂTOpHOﬁ paGOTbl

Tabnuya 5.6.Vicxogapie TaHHBIC IS BBITOJIHEHUS 1a00paTOPHOM

padoThI
Wutencusnocts | CpeaHee Bpems
Yucio Ywucno mecT
Howmep HOCTYIUIEHHS | OOCIy)KHBAHHS
IIOCTOB B OUepeIH .
BapHaHTa aBTOMOOUIEN Ha IOCTY
n m
A, aBT./4 tose = 1M, a
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

KoHTpoJibHBIC BONIPOCHI

1. Ilepeuncnure npeuMyIIecTBa UMUTALIMOHHOIO MOJEIHPOBAHHUS.

2. Knaccudumupyite cucteMbl MacCOBOTO OOCITYKHBaHUSI aBTOMO-
ounen.

3. Kakue ocHOBHbIE ITapaMeTpbl HEOOXOIUMO 3HATH I aHanu3a CMO?

4. KakoBa MoOCIeqOBaTEIbHOCTh PO3BITPHIIA HWHTEpBajda BPEMEHH
npuOBITHS 3asBOK Ha 00CTY>KMBAHUE U BPEMEHU OOCITYKUBAHUS 3asIBOK?

5. llepeuncnure YHUCIOBBIE XapaKTEPUCTHKH (PYHKIHMOHHUPOBAHUS
CTOA.

6. Ha3zoButre 0COOEHHOCTHM MOAENUPOBAHUS (YHKIIMOHHUPOBAHUS
CTOA meronom Monte — Kapio.
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JlabopaTopnas padora Ne 6

OIITUMUBALUA YUCIIA OBOPOTHBIX AT'PET'ATOB
METOAAMU TEOPUH
MACCOBOI'O OBCJHYXUBAHUA

Heap padoThl: ONTUMU3UPOBATH YUCIO OOOPOTHBIX arperaTtoB Mme-
TOJaMU TE€OPUU MACCOBOT'O OOCTYKHBAHHS.

O01mme moJ10KeHN s

PannonanbHOE ympaBi€HHE MPOU3BOACTBOM M paclpeeiIeHUEM
o0opoTHOTO (hOH/A 3aMacHBIX YacTel, Y3J0B M arperaroB, HCIOJIb3ye-
MBIX MPH PEMOHTE ABTOMOOWIIEH, MMEET BaXXHOE MPOU3BOJCTBEHHOE
3HauYCHUE.

OpHUM 13 METOJIOB PEUIECHUs MOCTABICHHON 3a/1a4l MOXET CITY>KUTh
MaTeMaTUYeCKUM amnmapaTr TEOpPUM MacCOBOTO OOCITY>KHUBAHUSI, OIHUCHI-
BalOIIMM mporeccel, nporekatoiue B CMO.

B cucremax maccoBoro o0ciyKMBaHUs MOTOK TPEOOBAHUU SIBIISICT-
csi cnydaitabiM. CityualiHO U BpeMs oOciykuBanusi. Pabora CMO mpore-
KaeT HEPEryJapHO: TO o0pa3yercsl ouepe/ib Ha 0OCIyKHUBaHUE, TO MPOUC-
XOJIUT MPOCTOM MOCTOB (armapaTroB) 0OCTyKUBaHUs. 3ajadya TCOPHH Mac-
COBOT'O OOCITYXMBaHUS — YCTAHOBHTH ONTHUMAJIbHYIO (C MUHUMAaJIbHBIMU
IPOCTOSIMHU) 3aBUCHMOCTh MEXIY XapaKTepOM IOTOKa TpeOOBaHWM, YHC-
JIOM TIOCTOB W HX IPOM3BOJUTEIILHOCTRIO (BpEeMEHEM OOCITY)KMBaHUS),
paBUJIaMHu pabOThl CUCTEMBbI OOCTYKUBAHUSI.

Hanbonee yacto B KauecTBe KpUTEPUEB — MoOKazareneil a¢ppexTus-
HOCTH PabOTHI CUCTEM MACCOBOTO OOCTY>XKMBaHUS — UCIOJb3YIOTCS MOKa-
3aTelil CPEHETO BPEMEHU OXKUAaHUA TpeOOBaHMs Haudana oOCIIyX uBa-
HUSI; CPEJHEr0 pa3Mepa ouepe/ln Ha OOCTyXKUBaHUE, BEPOSITHOCTH TOTO,
4TO B CUCTEME OOCIyXKUBaHUS OyJ€T HAXOJUTHCS ONpPEAEIEHHOE KOIYe-
CTBO TpeOOBaHUI, CpEIHEE YUCIO allapaToB, 3aHSATHIX WJIM CBOOOHBIX
oT oOciy>KuBaHus, U psaj aApyrux. OgHako Haubosee 1enecooOpa3Ho uc-
M0JIb30BaTh SKOHOMUYECKHUE MOKa3aTeln OleHKH 3()PEeKTUBHOCTH (YHK-
IUOHUPOBAHUSI CUCTEM MAaCCOBOTO OOCIYXHBaHUs, KOTOPHIE J1at0T 0000-
HICHHYIO XapaKTepUCTUKY MPOU3BOJCTBEHHOTO Mpoiiecca. B aTom ciyuae
B KauecTBe kputepus rpdpextuBHocTH QyHKIHMOHUpOoBaHUusT CMO oO0bIu-
HO BBIOHUpAIOTCS OOLIME JACHEKHBIE 3aTPaThl, CBSI3aHHBIE C MPOCTOSMH aB-
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TOMOOMJIEN B OKHMIAHUU OOCITY>KMBAHUS, M 3aTpaThl HA CO3/IaHUE U DKC-
TUTyaTalMio TIOCTOB (aImapaTos).

[Ipumep. B aBTOTpaHCOPTHOM MPENNPUATHU, UMEIOIIEM OJIHOMA-
POYHBIN MOJBUKHON COCTaB, MPUMEHSAETCS arperaTHhI METOJ PEMOHTA.
PeMOHT OCyIIECTBIISIOT IMyTEM 3aMEHbl HEHCIPABHOTO arperara Ha rof-
HBIM, B3ATHIN co ckiaaa. [Ipu oTcyTCTBUM Ha CKJaJe arperaroB aBTOMO-
OMJIb 0KHJIA€T PEMOHTA.

B nanHoM mpumepe BXOMSIIHI MOTOK TpeOOBaHUM 00pa3yroT aBTO-
MOOUJIM C HeWucHpaBHbIMHU arperatamu. OOCHTYXKHBAIOIIMMHU allapaTamMmu
SIBJISIFOTCSL OOOPOTHBIE arperathl. JIucuumiHa 3aMeHbl arperaToB — B I0-
pAJIKE MOCTYIUICHUS] TpeOOBaHUM, a MPOIECC 3aMEHBI KX MOXHO paccMart-
puBath kak CMO ¢ o)xugaHueM.

3ajady onTUMHU3AIUK OOOPOTHOTrO (DOHJIA arperartoB aBTOTPAHC-
MOPTHOTO MPEANPUSATUS CBEJIEM K OTHICKAHWIO MUHUMYMa 11e71€BON (DyHK-
1107071

2= G A+ Gu A, (6.1)

rne Cox — UBJAEPKKHU B PyOJAX, BbI3BIBAEMbIE MPOCTOEM OJIHOTO aBTO-
MOOWJISL B OXHUJAHUMU MOCTYIUJIEHUS OTPEMOHTHPOBAHHOIO arperara B
TEUEHHUE CYTOK; Ay — CpEJHEE YUCIIO HEUCIIPABHBIX aBTOMOOUIIEH, OXKU-
JAIOIINX MOCTYIUICHUS OTPEMOHTHPOBAHHBIX arperatoB (CpenHee Ymc-
710 aBTOMOOMIEH B Hakomutele); Cn — M3IEPHKKH, BhI3bIBAEMbIC HEHC-
MOJIb30BAHUEM OJIHOTO OTPEMOHTHPOBAHHOI'O arperata B T€UYEHHUE CY-
TOK; Ac — CpeIHEee YHCIIO HEUCITOAb30BAHHBIX arperatoB (IposiekKaBIIuX
Ha CKJaje).

Cox 1 Cy ONPENENsoT MyTeM KalnbKyJsiuuu, A, 1 A, — MeTo1aMu
TEOPUU MaCCOBOTO OOCIYKMBAHHS JJI1 KOHKPETHBIX YCJIOBHUM MPOU3-
BoJjicTBeHHOU nesatrenbHOoCcTH ATII, 3aBUCAT OT ynuciaa 00OPOTHBIX arpe-
ratoB N.

Ecin aBTOMOOMIM IOCTYyHAlOT Ha PEMOHT (3aMEHy arperara) ¢ MH-
TEHCHUBHOCTBIO A, a CpeAHee BpeMsl BO3BparTa arperata Ha CKJaj COCTaBJIs-
eT Tos = 1/, TO 119 pa3OMKHYTOM CHCTEMBI MAaCCOBOTO OOCITYKHBAHHUS C
OKHJIAHUEM UMEEM CIIEYIOIINE PACUETHBIE (POPMYJIBI.

Jliis ynporierust popMyIT MOKHO MCTIONB30BaTh BRIpAKEHUS a = A/|L

u 3 =a/n.
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BepositHOCTB TOr0, 4TO BCe 00CTYKHUBAIOIIIKE amaparhbl (arperarhl)
cBOOOIHEI,

_ 1
Py = Nk AN (6.2)
S0k NL-P

BeposTHOCTB TOro, 4TO BCE OOCITYKMBAIOIIUE armaparbl (arperarsl)
3aHSITHI,

_ Ra"
"UONIL-B)
Cpennee unciio TpeboBaHuii (aBTOMOOMIICH) B HAKOIIUTEIC
_ R
1-p)*

CpemHee 9nciio cBOOOHBIX 00CITYKHBAIOIIMX aIlapaTtoB (arperaTos)

(6.3)

(6.4)

Ac=) —a =N-a (6.5)

[TepBoHAYAIPHOE pACUYETHOE YHCIO OOOPOTHBIX arperaToB OIpeie-
JIAM 110 yCJIOBUKO @< Npin -

C nomoIpo U3MEHEHHUs Yuciia 000poTHBIX arperaTtoB OT Nmin 10 N
BBIYUCIIUM ONTUMAJILHOE YKCJIO OOOPOTHBIX arperaTtoB U3 yCJIOBHS IIele-
BOoH pyHKMu z=C,,; A; +Cpn A; — Min.

Hcxonauble maHHBIC IS BBIIOJHEHHUS J1a00paTOpHON pabOTHI Mpea-
CTaBJICHBI B Ta0II. 6.2.

IIpumep BHINOJHEHHUSI PA0OTHI
Hcxonuble jaHHBIC.
- UHTCHCUBHOCTb 3aMeHbI arperata A = 1,0arp./cyT;
- BpeMs BO3Bpara arperara Ha ckiaf 7,5 = 3,0cyT;
- m3aepxkku Co = 25,0y.e.;
- m3aepxku Cy = 3,0y.e.
Tos= 10, u=1/Ty=1/3.
MunumanbHoe yrciio arperatoB Nyin = A/ = 1/(1/3) = 3,Garperara.
Hcnonb3ys ciaenyromue GopMYyITbl, BEIYUCITAM:
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H

(N =D!(Nu-A)

B

_11

al

= ok'
By = KR (AJN
(N=DY(Nu-A)\p)
Ac = BR.

Pe3ynbTaThl pacuera cBeneM B Tabd. 6.1.

Tabauya 6.1.Pe3ynpTaThl ONTUMHU3AIUMH YKCTia OOOPOTHBIX arperaTtoB

N X B Po P 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 1,9919 28,126
6 18,4 61,275 0,04895 0,09914 0,19828  2,99994 53,95
7 19,4125| 80,6875  0,0495Y7 0,0376 0,04935 3,99913,232"

8 19,8464 | 100,5339 0,04973 0,01294 0,018624 4,999 5,462

* — MUHUMAJIbHOE 3HAYCHUE 11eJIeBON (yHKITHH.

Crpoum rpaduk 3aTpaT B CUCTEME MacCOBOIO OOCIYKUBAaHUS, UC-

IOJIb3YS JaHHbIC Ta0JI. 6.1 CM. pHCYHOK).

LleneBas ¢pyHKumA

180
160
140
120
100
80
60
40
20

_

o—

5

6

7

Yucno o60poOTHLIX arperaTos, en.
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BapuaHTbI HCXOAHBIX JaHHBIX K BHINOJHEHHUIO
J1a0opaTopHOM padoThI

Tabnuya 6.2.VicxoaHble TaHHBIE 7151 BBITOJHEHUS J1TaO0OpaTOpHOM PabOThI

Homep | MHTEHCHBHOCTH Bpewms W3 nepxku npeanpu- N3 nepxku npeanpu-
BapHaHTa | 3aMEHBI arpera- | BO3BpaTa AT, BbI3BaHHBIE AT, BbI3BaHHBIC He-
ta A, arp./cyr | arperara | IpoCTOeM aBTOMOOHIIS | MCIOJB30BaHHEM arpe-
Ha CKJIaJ | B OXKMJAHUU arperata | rata3acyTtku Cy, y.e.
Tos, CYT 3a CYyTKH Coy, Y.€.
1 1,0 3,00 25 3,0
2 1,25 2,50 27 2,5
3 15 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 a7 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

KoHTpoJibHBIC BONIPOCHI

1. Kakue Tumbl 3ajja4 aBTOMOOUJIBHOTO TPAHCIIOPTA MEIECO00pa3HO

pematb MCTOAOM CTATUCTHUYCCKOI'O MOI[GHI/IpOBaHI/ISI?

2. HCpC‘-II/ICJII/ITC OCHOBHBIC JTallbl CTATUCTHYCCKOI'O MOJICIIMPOBA-

HUA.

3. llepeuncnure ciy4aiiabie (paKTOphl, KOTOPHIE UMEIOT MECTO TPH
IJJAHUPOBAHUU W YIIPABIICHUHM yPOBHEMN 3allaCHBIX YaCTEeW M arperatoB Ha
cxiaamax ATII.

4. 3anuiuTe 1eIeBY0 (DYHKIUIO U3IEPKEK MPEANPUITHS OT BEIU-
YUHBI HAYAJILHOTO 3aIlaca ¥ Ha30BHUTE €€ COCTaBJISIOIIHE.

5. KakoBa mocienoBareabHOCTh MOCIMPOBAHUS TOTPEOHOCTH TIPE/I-
NIPUSITHS B 3allaCHBIX YaCTSIX U arperarax?
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INPUJIOKEHHUE

BapuanTel 3a1annii 17151 BHINOJHEHNS JJA00PaATOPHBIX padoT

Howmep cryznenta | JlaGoparopras | JlaGoparopras | JlaGopartopuas | JlaGoparopuas | JlaGoparopnas | JlaboparopHas
IO CIIUCKY B aKaje- | pabdora Ne 1 pabora Ne 2 pabora Ne 3 pabora Ne 4 pabora Ne 5 pabora Ne 6
MHUYECKOM JKypHaJIe Bapuast

1 1 7 5 2 15 1
2 2 6 6 1 14 2
3 3 5 7 2 13 3
4 4 4 1 3 12 4
5 5 3 2 4 11 5
6 6 2 3 5 10 6
7 7 1 4 6 9 7
9 9 3 6 6 7 9
1C 10 4 7 5 6 10
11 11 5 1 4 5 12
12 12 6 2 3 4 13
13 13 7 3 2 3 14
14 14 6 4 1 2 15
15 15 5 5 2 1 5
16 1 4 6 3 2 6
17 2 3 7 4 3 7
21 6 3 4 6 7 11
53 3 5 6 4 9 13
24 9 6 7 3 10 14
10 7 1 2 11 15
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