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3AJAHUE HA KOHTPOJBHYIO PABOTY
Llenvio pabomer ABNACTCS 3aKPEIUICHUC 3HAHUH, IIOTYYCHHBIX CTYJICHTAMH TIPH
CaMOCTOSTCIILHOM H3yYCHHM TUCHUILTMHBL. KOHTpOJBbHAas paboTa COCTOUT M3 TPEX
3ama4. MicxonHbie JaHHBIC IS PEIICHUS 337a4 CTYCHTHI OCPYT MO JIBYM ITOCIICIHUM
mudpam yaeOHoTo mHdpa.

[Ipy BBIMOTHEHUH KOHTPOJIBHONW pabOThl HEOOXOJUMO PYKOBOJCTBOBATHCS
pexomenyemMon suteparypoid. KoHtposbhyio paboTy BBIMOMHSIIOT B TETPAAN C
COONIOIEHUEM YCTAHOBJICHHBIX MPABWJI M YKa3aHUEM CIHCKa HCHOJb3yeMOMn
JUTEPATYPHIL.

3amaua 1

IIporuo3npoBaHue 4YacTOTHI Pa3JIHYHbIX 3HAYEHUIl 00beMa padoThI U
omnpeeieHHe PACYETHOI0 BATOHONOTOKA HA IJIAHUPYEMBbIil Iepuos

N3BeCTHO CyTOYHOE NOCTYIUICHHE BarOHOB HA ITYHKT BBIIPY3KH 33 MCTEKIIWHU

roa. Ilpm 3ToM MakcUMalbHBIM BaroHOMOTOK COCTaBHI X a MUHHUMAaJIbHBIU

max 2

X . . llepepabarpiBaromas CcrnocoOHOCTh ITyHKTa BHITpy3ku paBHa [71. Ilpum

min

CHHUKEHUU CYTOYHOTO MOCTYIUICHHSI 10 BEAUUYMHBI 3 BarOHOB U MEHEE YacThb LITaTa U
MalluH MOXET ObITh M3bSITA W3 MPOW3BOJACTBEHHOr0 mpouecca. Ha miaHupyembiii
IIEPUO/L OKHUAACTCS POCT BarOHONIOTOKA HA g %. 3HAUCHUs [IEPECUUCIICHHBIX BEJIUYUH

MpUBEICHBI B TabauIe 1.

Tab6muma 1
IToka3aTeanb 4ncaa BATOHOB Bapuaut (mudgpa nepsoro paspsiaa yueonoro mmgpa)
0 1 2 3 4 5 6 7 8 9
X pox 100 95 90 8 8 75 70 65 60 55
17 80 75 75 68 70 60 58 55 48 45
3 40 44 41 35 33 30 20 25 18 15
X 22 17 18 13 14 15 8 5 6 1

TpeOyeTcst onpenenuTb, ¢ Kakoil 4aCTOTON IMyHKT BBITPY3KH OyJieT paboTaTh:
1. B 0OBIYHBIX YCIIOBHUSX.

2. B ycnoBusix npeBbliiieHuss 00beMa paboThl €To nepepadaThIBaroIIeit
CHIOCOOHOCTH.



3. B ycnoBusix, korma pabota MOXeT ObITh BHITIOHEHA MEHBITUM KOJTUYECTBOM
TEXHUYCCKHX CPCICTB H INTATA.

Ol'[pCI[CJII/ITB pvaeTHBIfI BaAaroHoIIOTOK Ha HJIaHI/IpyeMHﬁ IICpHo g Xp JJIsA

YCTaHOBJICHHSI TOTpeOHOM TmepepadaThiBaiomell COCOOHOCTH IYyHKTAa BBITPY3KH,
pacyeTa KOJUYECTBA TEXHMUECKHWX CPEACTB W INTaTa IOPU YCIOBHUHU, YTO POCT
BAaroHOIIOTOKA OKHMJIaeTcl Ha g% H© pacuyeTHBI BaroHONOTOK HE JOJDKCH

NPEBBIIATHCS (PAKTHUECKUM C BEPOATHOCTBIO « (TabiI. 2).

Tabmuma 2
[Moka3aTesnnb unciia BapuanT (mudpa Broporo paspsjaa yueoHoro mudppa)
BAroOHOB 0 1 2 3 4 5 6 7 8 9
Pocr Barononoroka na
TUIAHUPYEMBIN TIEPHO/I, 4 5 6 7 8 9 10 11 12 13
g %
BeposatrocTh

OCZP(X,-SXP) 095 093 092 095 088 086 084 082 0,79 0,76

MeToaudecKue yKa3aHus K pelueHnio 3aga4uu 1

[lepen Tem, kak TPUCTYNMUTH K PEMICHUIO STOW 3ajadyd, CICAYyeT H3YYHTh
MaTtepua miaBsl 4 yaeOHOTO ocobus [1].

BennunHa CyTOYHOrO BarOHOMOTOKA, MOCTYNAKOIIETO B IMepepabOoTKy  Ha
CTAHLIMHM, HA IIYHKTBbl BBIIPY3KH, SBJIACTCS BCIMYMHOW IICPEMCHHOM, HA KOTOPYIO
BJIMSIET OOJIBIIOE YHCIO (PAKTOPOB, W 3TO BIMSHUE HPUMEPHO PaBHOBEPOSATHO 11O
3HaKky. IlosToMy KoJsieOaHHMs TiepepadaTbIBAEMBIX CYTOUYHBIX BaroHOIIOTOKOB
NOTYUHSIOTCS HOPMANbHOMY WM ONM3KOMY K HEMY 3akoHy pacmpeaeneHus. llpu
DTOM CPEJTHECYTOYHBIN BATOHOIIOTOK

X . +X

X =~ max min

cp 2

O,[[HO U3 CBOMNCTB HOPMAJIbHOI'0 3dKOHA-IIPaBHJIO TPEX CUIM, COIT1IaCHO
KOTOPOMY CPCAHCKBAAPATHICCKOC OTKIIOHCHHUEC




Otcroga MOxeT ObITh onpezeneH Ko3pPUIMEHT BapUaIiu

Koa¢durment Bapuarmu 6osee cTabuieH, 4eM X, U o, ¥ IPH UX YBCIHICHUH

NI YMCHBIICHHUH OH N3MCHACTCA HC3HAYUTCIIBHO.

YacTota TOro, 4YTO IMEpEeMCHHAas BeIWUUMHA X OyAeT MEHbBIIE KaKOTo-TO
3HAUEHHUSA x,, PEJICTABIAET OO0 (HhYHKIIUIO pacTpeesiCHus, T.€.

P(X <x,)=F(x,).

JIns HOPManbHOIO 3aKOHA pacMpeNeSCHUs COCTaBJICHbI TAOJMWIIBI 3HAYEHUS
(ynkunii pacnpeneneHnst npu 3HaueHusIx X, =0u o =1. Obosnaunm ee D(x;).

OtuMu TabauUaMd MOKHO BOCHOJIB30BaThCs, NMpeoOpaszysi 3HAUCHUS MEePEeMEHHOM

X, —X

&
BEJIMYUHBL X; B HOBYIO [IEPEMEHHYIO f, = u

p— anst kotopont ¢, =0u o, =1, T.e.

F(x,)=®(t,) = @in—chj .
(o2

Tabmuma 3
3HayeHus HOpMAJIbHON PpyHKIUM pacupeeenus D(t)
t JlecaTsie 10aU ¢
0 1 2 3 4 5 6 7 8 9

-2 0,023 0,018 0,014 0,011 0,008 0,006 0,005 0,004 0,003 0,002
-1 0,159 0,136 0,115 0,097 0,081 0,067 0,055 0,045 0,036 0,029
-0 0,500 0,460 0421 0,382 0,345 0,309 0,274 0,242 0,212 0,184
+0 0,500 0,540 0,579 0,618 0,655 0,691 0,726 0,758 0,788 0,816
1 0,841 0,864 0,885 0,903 0919 0,933 0,945 0955 0964 0,971
2 0,977 0982 0,986 0,989 0,992 0,994 0,995 0996 0,997 0,998

C momoupto TaOaUIBl 3 MOKHO HAMTHU YacTOTY MPOU3BOCTBEHHOM CUTYaIIUY,
Korja padoTa Ha MYHKTE BBHITPY3KHA MOXKET ObITh BHIMOIHEHAa MEHBIIIMM KOJTUYECTBOM
TEXHUYECKUX CPEJ/ICTB M IITATA, T.K. TOCTYIUICHUE COKPATUTCS /IO BETMUUHBI MEHEE 3
BAaroHOB.



3-X,
PX<3)=F3)=0| —2|.
o
Ecnu B mecsne 30 cyTok, TO Takoi pa3Mep MOCTYIIeHHs OyeT Ha MPOTSHKEHUN
30x P(X < 3)cyTokK.

YacToTa MOCTYIICHUS HA TyHKTHI OT 370 [/ BaroHOB, KOTJa MyHKT OyaeT
paboTath B OOBIYHBIX YCIOBUSX, PaBHA

n-x, 3-X,
P3=<X<IH=0 —F |- —% |, T.€. B cpenHeM
o) o)
30x P(3 < X < II)cyTok.

YacToTra mOCTYIICHUS HA TTYHKT BBITPY3KH OoJice // BATOHOB B CYTKH

(H—ch]
PX~IN=1-PX <IH=1-0o| ——2 |
(e

B mecs ato 6yner B cpearem 30x P(X > I1) cyTok.

CpenHecyTOUHBIM BaroHOIIOTOK Ha IUIAHUPYEMBIH IEPHOJ IPH pocTe Ha g %

ONpPENENUTCS U3 BhIpakeHus X =X (1 + %) .

PacueTHOe 3Ha4YeHHE BarOHONOTOKA HA MJIAHUPYEMBIA MEPHOA X, MOXKET OBITH

OMpCACIICHO NCXOOs M3 SaI[aHHOfI BCPOATHOCTHU €TI0 HC IPCBBLIIICHUA (1)3,KTI/I‘IGCKI/IM

BaroHOIIOTOKOM X;

a=PX; <X ,)=F(X,)=d(t,),

I7
X p X cp
. 3a/laHHOE 3HAuYCHHE a OEpeTcs U3 TAOMUIBI 2 U MO HEMY U3
o
I7

rne t, =
TaONHIBI 3 HAXOUTCA .
HckoMmbIil pac4eTHBIM BArOHOMOTOK HA TIAHUPYEMBIN IEPUOJ PABEH

v
X, =X, ,1+t,V).



3axauya 2

Orlpe):[e.JIeHne noxkasareJjied MCIoJIb30BaHUS I'PY30BLIX BaArOHOB

Tpebyetcs

1. OnpenenuTs yCcKopeHHE 00OpOTa BaroHa IMpH pealu3allid OJHOM U3 Mep,
NPEAYCMOTPEHHBIX — 3aJaHUEM:  YBEJIMYEHUE CKOPOCTH, BaroHHOIO  ILiea,

COKpalCHUEC IMPOCTOA BAIOHOB Ha CTAHIOUAX, YMCHBHICHHC ITOPOXKHCEIO np06era
BaroHOB.

2. OnpenenuTh COKpAIlEHUE MOTPEOHOCTH B BArOHHOM MapKe Ha MOJIUTOHE CETH
YKEJE3HBIX IOPOT B pe3yJbTaTe YCKOPEHHs 000poTa BaroHa.

3. Onpenenuts CTaTUYECKYH) W JHHAMHYECKYHO HArpy3Ky, Bpemsi 000poTa
BaroHa, €ro CpeAHECYTOUYHBIM NPOOEr, MPOU3BOAMTEIBLHOCT W pPabOYUi Mapk
I'PY30BBIX BarOHOB Ha 33JJaHHOM MOJIMTOHE CETU KENE3HBIX JOPOr.

Tabnauua 4
HcxoaHble TaHHBIE JJIS pacyeTa NMoka3aTejed HCNo1b30BAHUA BATOHOB

[TokazaTenn [n¢pa mepBoro paspsiaa yaeOHoro mudpa

0 1 2 3 4 5 6 7 8 9
CyTouHas norpyska 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
BArOHOB
Cyrounas Beirpy3ka 2000 2100 900 1000 800 1100 1200 1300 1900 700
BAaroHOB
CyTouHBIl TpHEM 1500 1300 700 900 400 1100 400 1000 500 200
IPYEHBIX BATOHOB
Cytounas macca 104 98 82 96 81 119 94 129 112 105
IIEPEBE3CHHBIX TPY30B,

TBIC. T

I'pyxeHnslii pelic, kM 300 310 320 330 340 350 360 370 380 390



METOJINYECKUE YKA3ZAHUA K PEINEHUIO
3AJIAYH 2

OO06opOoT BaroHa B CyTKH OTMPEIEISIOT 110 opMyIie

| [
Op=—| —+—1, Tt K,L
p bl
24 Vy L.
rae L,,. - BATOHHOE IIIEY0, KM;

! ey - IPOCTOM BaroHa Ha OJHOM TEXHUYECKOM CTAHLIMH, Y,

[ - TIONHBINM pEiC BaroHa, KM:

[ = Zzp 1+ anop)
[,, - TPYXCHBII peiic BaroHa, KM;
A ypp = KOOPOUIMCHT IOPOKHETO 1IPODCIa;

V, - y4acTKOBasi CKOPOCTb, KM/4.



TloxazaTtenn

Texunveckas

CKOPOCTB, KM/

YuacTroBag

CKOPOCTB, KM/

[Ipocroit BaroHa:

Ha 1 TexHUYeCKOHI

CTaHIIMHU, 4

Mo MOTPY3Koi, 4

MOJT BBITPY3KOH, 4

Ha BCCX

40

3,5

10

20

30

12

15

[n¢pa BTOpoOro paspsaaa yueoHoro mmdpa

45

2,5

13

17

44

14

16

35

(52}

46

4,5

15

17

10

18

50

17

19

38

18

20

Tabmuua 5

19

21



ITPOMEXKYTOUHBIX 6 - 2 - 4 - 2 5 - 3

CTaHIIHAX, Y

Koadpdutment 0.3 0.4
MOPOKHETO Mpodera 0,2 0,45 0,2 0,3 0,2 0,15 0,25 0,35 0,40 0,30
145
Baronnoe mievo, kxm 100 110 120 130 140 150 160 190 170 180

HpI/IMC‘IaHI/IC. Hp}IMOYFOJ'IBHI/IKOM BBEIACJICHO 3HAUYCHUC TokazaTelreit A0 U ITOCIIC pealIn3alilui MEP TI0 YCKOPCHUIO o6op0Ta BaroHa. YUCJIUTCIIb —
A0 peain3allii, 3HaMCHATCJIb — ITOCIIC PEATIN3AlIUH YKA3aHHBIX MEP.



B Tex BapmaHTax, rae 3ajaHa T€XHUYECKas cKopocTe V, , B GopMyie oboporta

BaroHa BMCCTO 3HAUCHH V_ , OIIPCACIIIOMICTO HAXOXKICHUC BAaI'OHA HAa YY4CTKaX B
y

)
nmoe3aax, CiacayeT nNOJACTABUTL BLIPAKCHUC V— + Ztnp.cm .

m
B 3TOM BBIpa)K€HHH

X1,y cm - OOILIEE BPEMs IPOCTOS BArOHA Ha BCEX MPOMEXYTOYHBIX CTAHLIHSX.

IIpocToii BaroHOB B 4acax, NPUXOMSIIMKCS HAa OJIHY TPY30BYHO OIEpPaLUI0
t,, (TIOTPY3Ky MIIM BBITPY3KY), H KOI(PHUIHEHT MECTHON paboThl K, ONpPEIesioT 1o

dhopmynam:

t xU, +t, xU U +U
ta — n n 8 6‘; KM: n 8
? U,+U, U

B stux dopmynax:

t,, 1, - COOTBETCTBEHHO IPOCTOM BArOHOB IT0J IIOIPY3KOM U BBIFPY3KOH, 4,

n?
U,, U, - COOTBETCTBEHHO KOJIMYECTBO IIOIPYKEHHBIX U BBIIPYKEHHbBIX BAIOHOB;

U - paboTa nojaMroHa CeTH B BaroHaX, paBHas CyMMe IIOIPYXEHHbIX U, , u

MIPUHATBIX TPYyXKeHbIX U C APYTUX MOJIMTOHOB.

np.ep

Pabouwmii mapk BaroHOB 7,M CPEAHECYTOUHBIH MPoOer S, OMPEReNSIOTCS MO

dbopmynam:

n =0 U,

p 8
S, =1/0,.
[anee ompenenstor:

CPEIHIOI0 CTATUYECKYIO HAarpy3Ky BaroHa:

Pcm = E m >
U esacon

10



rae 2P - cyroyHas Macca nepeBE3CHHBIX IPY30B.
JTUHAMHYECKYIO HArpy3Ky BaroHa padbodero mapka

pp _ 2Pl, m
8 >nS sacon

U IUHAMHYECKYIO HATPy3Ky IPYKEHOTO BaroHa

XPI

PP = H .
I[ 3
>nS p 642OH

m

B stux dopmynax:

2Pl - CyTOYHBIC TOHHO-KHJIOMETPBI HCTTO, UX MOXKHO OIPCICIHUTL C YYETOM

CYTOYHOM MacChl IEPEBE3CHHBIX T'PY30B M CPEIHECYTOYHOTO MpoOera rpyKEHBIX

[
BaroHos XP[, = EP%;

XnS,, - MpoOer rpy»KEeHBIX BArOHOB 32 CYTKH,

ZnS =2XnS , (1+a,,,) - 00umii Ipobder rpy’KeHBIX U MOPOXKHUX BArOHOB 3a CYTKH,

nop

OH MOXET OBITh pacCUnTaH Ha OCHOBC 3aBUCHUMOCTH MCEKIAY pCﬁCOM BaroHa M

paboToi.
/- nS ,
U
OTCIOZa >nS =1U,;
ZnSIp = leU .

JlnHamMuueckas Harpys3ka BaroHa paboyero napka v rpy’»kKeHoro BaroHa CBs3aHbI
MEXIy OO0 3aBUCUMOCTBIO

p
PP = Pa
g .
1+0¢rIOp

HpOI/ISBOI[I/ITCJ'H)HOCTB BaroHa B TOHHO-KHJIOMCTpaxX HETTO B CYTKHU MOKCT OBITh
OIIPpCACICHA U3 BbIPAXKCHUA

w, = 2Pl wm W, =S P}
p

11



B 3amaue cTyaents! onpenenstor 000poT BaroHa 1o 1 Mocie pealn3annyd Mep 1o
€ro  YCKOPCHMIO. 3aTeM  ONpeAciiAloT  COKpalllecHue  pabouero  Imapka,
MIPECAHA3HAYCHHOTO I BBIMIOJNIHCHUS TpebyemMoro o0bheMa MEpeBO30K. BEHIMOIHUB
pacyeThl, CTYJACHT YKa3bIBAE€T KOHKPETHBIC MEPBI, peaid3alusi KOTOPBIX I103BOJIUT
M3MEHUTD 3HAaYCHHE 3a1aHHOTO MOKA3aTeNs, BIUAIOIMEro Ha 000pOT BaroHa.

3agaua 3
OnpenesieHue nmoka3areJiei UCMOJIb30BAHNSI MIOE3THBIX JIOKOMOTUBOB

3amaHn y4acTOK OOpalleHrs TMOE3HBIX JOKOMOTHBOB, KOTOPBIA OTpaHWYEH
OCHOBHBIM U OOOpPOTHHIM Jemo. B ero mpenemax uMeeTcs OJUH TMYHKT CMCHBI
JIOKOMOTHUBHBIX Opurana. Mcxomgneie nanHbic 00 ydacTke OOpaillcHUs U O pazMepax
I'Py30BOTO JBHKCHUS MTPCICTABIICHBI B Ta0JL. 6 1 7.

TpeOyercst onpeaenuty 060pOT JOKOMOTHBOB, UX paboO4yuil mapk JUIsl ydacTka
oOparmicHusi, CpEIHECYTOYHBIN MPOOET U IPON3BOIUTEIEHOCTD.

Tabnuma 6

Hcxoanbie JaHHBIE AJIs1 pacueTra nokasareJieil HCIoJiLb30BaHUA
JJOKOMOTHBOB

ITokazaTtenn [udpa nepBoro pazpsaaa yuedHoro uudpa

JnuHa yyactka
OOpallleHus1, KM 460 440 420 400 380 390 410 430 450 470
CpenHsisi yqacTKoBast

CKOPOCTh, KM/4 39 41 43 45 46 47 44 42 40 38

Bpemsa HaxoXIeHUs JOKOMOTHBA
Ha CTaHLIMHU B 4:

OCHOBHOTO JIETIO 30 29 28 27 26 25 24 23 22 2]
0060pPOTHOTO JICTIO 5 14 13 12 1,1 10 1,5 14 13 1.2
CMEHBI IOKOMOTHBHBIX OpHUTraz

0,50 0,55 0,60 0,65 0,70 0,50 0,55 0,60 0,65 0,70

12



Tabmuma 7

I/ICXOIIHLIC JAaHHBIC IJIA pacucTa noxkasareJjiel MCNoJIb30BaHHA JIOKOMOTUBOB

[MTokazaremns Hudpa BTOpOro pa3psaa yuedHOro mudpa

CyTouHbIe pazMepsl
JBUKEHUSI TPY30BBIX MOE3/10B
B HaIpaBlIeHUU:

38 40 36 34 32 28 24 22 26 30

HCUCTHOM

35 36 34 31 32 27 26 25 29 29

YCTHOM

Cpeansii  Macca TIpy30BOTO
10e3/1a, T, B HAIIPABIICHUMN:

HCUYCTHOM

4000 3200 4400 3600 3900 3000 3800 4500 3400 4200

YETHOM
4300 3400 4200 3600 4100 3500 3900 4200 4000 4100

METOAUYECKHUE YKA3AHUS K PEHIEHUIO
3AJJAUYM 3
Bpems 06opoTa moe3qHOro JIOKOMOTHBA IS 3aJaHHOTO ydacTkKa OOpameHus

MOXET OBITh OIPEJICIICHO 110 (hopMyJIe

2L

O, =—+t,, t1t,; +2,,,
Vy

rae L - nynvHa ygacTtka oOparieHus, KM;

V, - CpenHsis y9acTKOBasi CKOPOCTh, KM/,

t BpeM:A HaAxXOXICHHA JOKOMOTHBA Ha CTaHIHHKM COOTBCTCTBCHHO

OCH ? t06 > tCM

OCHOBHOTIO ACIIO, O60pOTHOFO ACIIO 1 CMCHbBI JTIOKOMOTHBHBIX 6pnraz[, .

I/ICXOI[H H3 PasMCPpOB ABUKCHHUSA Ha TATOBOM YHACTKE ONPCACITAIOT HOTpe6HOG
KOJINYCCTBO MMOC3AHbBIX JTJOKOMOTHBOB!

13



®Jl
4 N(1+5),

M =

rae N - pasMepbl IBHKEHUA HA YYaCTKE B MTAPKAX MOE3/10B.

_N'+N”+AN
2

bl

N

rae N’ - KOJIMYEeCTBO MOE310B B HEUETHOM HaIlpaBJICHUMH,

N> - TO )€ B UETHOM HaIIPABJICHUH;

AN - KOJIMYECTBO PE3EPBHBIX JIOKOMOTUBOB, PABHOE PAa3HOCTH MEXIY

KOJIMYCCTBOM HCUCTHBIX N YCTHBIX ITIOC310B;

[ - ouepaTWBHBIA PE3CPB JIOKOMOTHBOB, CBSI3aHHBIH C HCPABHOMCPHOCTHIO
JBIKCHUSA, MOKHO TIpUHATE 5 =0,15.

3aTteM OIpeaeaoT CPeAHECYTOYHBIN Mpooder, KM/CyT:

_(N"+N”+AN)L

S]l
M

U IIPOM3BOIUTCIBHOCTD JIOKOMOTHBA, TK-M OpYTTO/JIOK:

y NOENO
M

b

rae (,0”- cpeaHssi Macca MOE3A0B COOTBETCTBEHHO B HEYETHOM M YETHOM

HarpaBJICHUH.
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