BTOPA HACT
TEOPUSA 3A IBUKEHUETO HA BJIAKA

7. MPOLHEC HA JBH)KEHHUETO HA BJIAKA 11O PEJICOBUS BT

JIBIDKEHMETO Ha MaTepHATHHUTE Tejla € MeXaHWuYeH MPOLEC, MPHU KOMTO Te MPOMEHST CBOETO
I'bPBOHAYAIIHO TOJIOKEHHE B IPOCTPAHCTBOTO MOJI ACHCTBUETO HAa CHIIM, BB3HUKBALIHM MEXIY TSIX
U 3a00MKajsIaTa ra cpea.

Besiko Tamo (wm rpymia OT OTICIHM, 3APaBO CBBP3aHU MOMEXKTY CH Tela) MOxe aa Onie
MIPUBE/ICHO B JBMYKCHUE CaMO 10 JICWCTBUETO HA BHHITHA CHIa. BhTpenHnTe cmim (ako TakuBa
M300110 CHINECTBYBAT B TSUIOTO) MOTAT Jia MMAaT OTHOUICHHWE KbM HETOBOTO JIBHJKEHHE CaMO B
ciIydaii 4e mopaxkaar (B Ka4eCTBOTO Ha CBOM PEAKIIMH) BHHITHH 110 OTHOIICHUE HA TSJIOTO CHIIH.

3aroBa M KOJECHUTE TPAHCIIOPTHU CPEACTBA CHhC COOCTBEHO 3aJBMXKBaHE (KbM KOHWTO C€
OTHACST W JIOKOMOTHBHTE, U CaMOXOIHHWTE BaroHW) MOrar Ja c€ ABMXKAT IOCTHIATEIHO TOX
JICHCTBUETO HA HAMUPAIIIUTE C€ B TSAX JABUTATEIH TOTaBa, KOraTo OIMUPAT BbPXY PEIICHTE.

JIOKOMOTHBHTE, CAMOXOJHUTE BaroHW M BIIAKOBETE CE€ MPEMECTBAT IO .OMpPEIeeH MbT, KaTo
OT ChCTOSTHHE Ha TIOKOM CE€ YCKOPSBAaT, JBIKAT C€ C OIpeesieHa WM MPOMEHAIIA Ce CKOPOCT U
Hakpas crimpar. Cnell BCSIKO CITUpaHE ClieiBa BH30OHOBSIBAaHE HA JIBUKCHUETO, KATO MPOIECHT
OTHOBO TIPOTHYA IO ONTKUCAHATa cxeMa. B mporeca Ha JBIKEHHETO ChCTABbT IMPEJICTABIISABA €THO
U0 B KHHEMAaTHYHO OTHOUICHWE, ThH KaTro JIOKOMOTHBBT W BaroHUTE CAHOBPEMEHHO Ce€
YCKOPSIBAT U 3a0aBsT U €JHOBPEMEHHO JIOCTUTaT ONpeielieHa CKOPOCT Ha ABMKEHHUE.

JIBIDKEHHETO Ha ChCTaBa € TBBPJIE CIOXKECH MEXaHWYEH IMPOIEC, Thi KaTo MEXIy, OTJICITHHTE
€JIEMEHTH (BBIIPEKU €HAKBaTa MM CKOPOCT) HEMPEKhCHATO BH3HUKBAT PA3IMYHU U MOCTOSHHO
MPOMEHSAIIN CE B3aUMOACHCTBHA. Te ce m3pas3sBar B MOsiBaTa HA Pa3IMYHM 110 TOJEMHUHA U
MOCOKA CHJIH.

Taka Hanmpumep NpH JBUKEHUETO HA BJIaKa BBPXY PEIICOBHS BT OCBEH CHIUTE, KOWTO
OTIPENIEIIAT MOCTHIIATETHOTO PEMECTBaHEe, Bb3HUKBAT U PeauNa 100aBbYHH CHIIH, MEXIY KOUTO
ca: CWIIMTE Ha TPHEHE W HATHCK B OydepuTe; HATHCKBT, Ch3JIaBaH OT Macara Ha BaroHWTE M
NpeJaBaH Ha PENICOBUS BT TOCPEACTBOM PECOPHOTO OKauBaHE M OYKCHUTE Ha KOJOOCHTE,
yIapuTe, Bb3HUKBAIIN IPU IPEMUHABAHETO HA KOJOOCHTE HAJl MEXKITYPEICOBUTE ChEAMHCHUS, U
T.H.

Bw3aymHaTta cpena, KOSITO 3a00WKais Biaka, ChIIO OKa3Ba BIMSHUE BHpXy Hero. YemHara
MTOBBPXHOCT HAa JIOKOMOTHBA C€ BPs3Ba BHB BB3AyXa U HEMPEKHCHATO T'O M3TJIACKBA HANpE] U
BcTpaHu. ChIIEeCTBYBa TPHEHE MEXAY BATOHUTE U Bb3ayxa. [locokara Ha BITBpa, pecil. HOcoKaTa
HA BCHTUJIAIIMOHHATA CTPYSI B MOJ3EMHUTE PYJHHYHH YCIOBUS, CHIO OKa3Ba BIUSHHE BBHPXY
JBIDKEIINS ce Biak. M Tyk B3aUMOJEHCTBHETO CE W3pa3siBa B CHJIM, KOMTO BBH3HHKBAT MEXIY
BJIaKa U 3a00UKaISIIATa TH CPe/a.

[MocThmaTenHOTO JNBW)KEHUE Ha Biaka ce 00yciaBs OT OHE3W CWM (WM KOMIIOHEHTH Ha
CHJIN), YAETO HAIIPABJICHUE € YCIIOPETHO Ha 0CTa Ha PEJICOBHS IBT.

Cunurte, KOUTO ICHCTBYBAT B PABHUHU, MIEPIICHINKYJISIPHU HAa OCTa HA PEJICOBUS BT (KAKBUTO
ca HampuMep CWIHTE Ha TpUEHE MEXAy Oydeputre W CUiIHMTe, BH3HUKBAIIM OT yJapuTe Ha
KOJIOOCUTE TI0 MEXJIypEeJICOBUTE CHEIMHEHUS), KAKTO M B3aUMHO YPaBHOBECSBAIUTE CE CHIIH,
YUETO HAIPABJICHHUE ChBIIA/Ia C TOBA HA JIBMKCHHUETO (TaKKBa Ca OITBHHUTE CHJIU, JICWCTBYBAIU B
CIpSTOBETE, M HATHCKOBUTE CUJIM, JACWUCTBYBald B Oydepure), HEe BIMAAT TPSKO BBHPXY
JIBIDKEHHETO HA BIIAKa. 3aTOBA M TOJIEMHHHUTE, U XapaKTePhT HA U3MEHEHUETO Ha TE3U CHJIM Ca OT
3HAYEHUE CaMO 332 MEXaHHYHOTO Opa3MepsiBaHe HA OTJCIHHWTE SJIEMEHTH Ha BJIaKa, HO HE W 3a
M3y4aBaHE Ha IMOCTHIIATEIIHOTO JIBIDKEHUE Ha BJIaKa KaTo IS0,

Cunute, KOUTO HENOCPEACTBEHO BIUSSAT BHPXY HNOCTHIIATETHOTO JBWKEHUE HA BJIAKa, MOTaT
Jia ObJIaT CBEJICHU JI0 CIIEJHUTE JIBE OCHOBHU IPYIIH:

1) akTUBHU (IBUXKEIIN) CUIIH;

2) peakTUBHH (CHIPOTUBUTEIHH) CHIIH.
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KeM mbpBaTa rpyma ce OTHacAT CHWIMTE, YUSTO IIOCOKA ChBNAJa ¢ u30paHaTa IOCOKa 3a
IBIDKEHHE Ha BJaKa, a KbM BTOpaTa - CUJINTE, KOUTO €a C IPOTUBOIIOJIOKHA [TOCOKA.

AKTHBHHTE CWJIM ca I[pUYMHATa 3a TIOCTBIIATENIHOTO [BIKEHHE Ha CbCTaBa, JOKATO
PEaKTUBHUTE CHIIM Ca MPENATCTBUETO 3a OCHIIECTBIBAHETO HAa TOBA IBUKEHHE U Ca IPUUMHATA 3a
BPBLIAHETO HA ChCTaBa B ChbCTOSHUE HA IIOKOW NP U3Ue3BaHE HA AKTUBHUTE CHUJIM.

[lo HampaBieHNETO Ha IBHKEHHETO HA BJIAKOBHUS ChCTaB JACHCTBYBAaT KaKTO NMOCTOSHHH, Taka U
IIPOMEHJIUBH IO XapaKTep CUJIH.

C nocmosanen xapaxmep ca: TEIIWTIHATa CHWJIA HAa JJOKOMOTHBA (KOATO € OT KaTeropusAra Ha
AaKTUBHUTE CUJIM), KAKTO U CHIIPOTHBJICHUATA HA JBMKEHUETO M CIMpayHaTa cuja (KOUTO ca OT
KaTeropusTa Ha PEaKTUBHUTE CHJIN).

C npomennue xapaxkmep ca: KOMIIOHEHTaTa Ha CHJIaTa Ha TEXECTTa Ha CbCTaBa IIo
HaIpaBJICHUETO Ha ABWKCHHUETO, CWJIaTa Ha MHEpLUATAa M CUIaTa, Bb3HUKBAIlla B pe3yiTaT Ha
B3aMMOJICHCTBUETO MEXKAY ChCTaBa M BB3IyLIHATa cpeda. TsaxHa OCOOEHOCT €, 4Ye NpU EIHU
YCIIOBUSI Ha JBMKEHHE CE MPOSABABAT KAaTO AKTHUBHH, a MpPHU APYTH — KaTO PEaKTUBHU CHIIM.
CbBceM YCIIOBHO € IPUETO Te3U CUJIM Jja ObJIaT OTHACSIHU KbM ChIIPOTUBIICHUATA Ha IBH)KEHHETO
U B JHUTEpaTypaTra T€ ca M3BECTHH ChOTBETHO KaTo: “CBHIPOTHBIIEHHE OT HAKJIOHA Ha BT,
“IMHaMUYHO CBIPOTUBIEHHE” M “CHIPOTHUBICHHE OT BB3AylIHaTa cpena’. [[BoiicTBEHUAT
XapakTep Ha TE3M CHJIM C€ B3eMa Ipel] BUJ Ype3 O3HAYaBaHETO Ha TEXHUTE aOCOIIOTHU
CTOMHOCTHU CBbC 3HALUTE + WIM -, OIPEeAM IOCIEAHUTE Ja ObJaT aareOpudyHO CYMHUpPaHH CbC
CBIIMHCKUTE CHIIPOTUBIICHNS Ha ABM)KEHUETO. 3HAKBT + ce MpUEMa ToraBa, KOraTo IocokaTa Ha
CHOTBETHATa MPOMEHJINBA [0 XapaKTep cuiia € oOpaTHa Ha MOCOKaTa Ha ABMKCHHUE Ha BIIAKa, T.C.
KOIaTo cujara ce IposiBABa KaTO PEaKTHUBHA, a 3HAKbT -, KOraTo IIOCOKaTa ¥ ChBIIa/a C Ta3d Ha
JBUKEHHUETO U CJIEZIOBATEIHO CUJIaTa JEMCTBYBa KaTO aKTUBHA.

8. U3BBE)KIAHE HA OCHOBHOTO YPABHEHMUE 3A JIBUJKEHUETO HA BJIAKA

VYpaBHEHHETO 32 IBM)KEHUETO HA BIIaKa MPEICTaBIsIBAa MAaTeMaTHUCH U3pa3 Ha 3aBHCUMOCTTA
MEX]ly YCKOPEHHETO, KOETO BIIAKbT I10JIyyaBa IIPY IOCTHIATENHOTO CU JIBUKEHUE, U CUIIUTE,
KOHUTO 00yCIIaBsT TOBA ABUKCHHUE.

AKo pasriieiaMe IBIKCHUETO Ha Bilaka KaTo ABWKCHUE Ha Maca, KOHIEHTPUPaHa B TOYKA, TO
B ChblIaTa Ta3W TOYKa (T.e. B LEHTHhpPa Ha TEKECTTa Ha Biaka) Lie ObJaT NPWIOKEHH U
pe3yjITaHTHUTE Ha JBET€ OCHOBHM KaTeropuu cuid. [la o3zHauum ¢ F pesynrantHata Ha
aKTUBHUTE CWJIM, NEWCTBYBAIllM II0 HANpPABICHUETO HA JBIXKEHHETO, a ¢ 2W - Ta3u Ha
PEaKTUBHUTE CWIH, ACHCTBYBAIU 110 CHIIOTO HAmpaBieHUe. Thil KaTo ABETE PE3yJTaHTHHU ca
CHJIM ¢ O0I0 HampaBiieHHE, HO C Pa3iIMYHHU MOCOKH, ChCTOSHHETO Ha BJaKa IIe Ce ONpenels OT
TsaxHaTa pasnuka Q = F - ZW . Cumara Q o4yeBHIHO € paBHOJACHCTBYBalla Ha BCHYKHU
JEeMCTBYBAIlM Ha BJaKa CHJIM, KOUTO UMAaT OTHOLLIEHHE KbM HETOBOTO JIBUKEHHE.

3a W3BEXIAHETO Ha OCHOBHOTO YpPaBHEHME 3a JBI)KEHHETO Ha BJIaKa 1€ H3XOAMM OT
(dopmynara 3a KHHETUYHATA SHEPIysl, KaTo I1€ ChbCTABUM J[BE€ PAaBEHCTBA: €IHO 33 HAPACTBAHETO
Ha KMHETUYHATa SHEePrusl Ha BiaKa IpW MPEMECTBAaHETO My Ha Oe3KpaliHO MaJlkO pa3CTOSHHE U
BTOPO PaBEHCTBO - 3a paboTara, KOATO ACHUCTBYBAIIMTE Ha BllaKa CHJIM Ca WM3BBPLIMIM, 32 Ja
OCBILECTBST TOBA IPEMECTBAHE.

[Ipu HanucBaHeTO HA ypaBHEHUETO 3a KWHETUYHATA €HEeprusl TpsAOBa Aa ce uMa Ipes BU, ue
HSIKOM OT €JIEMEHTHTE Ha Biaka (KaTo KOJOOCH, 3bOHH KOJesia, POTOpPH Ha ABHraTeld U T.H.)
M3BBPIIBAT HE CaMO IOCTBIIATENIHO, HO ¥ BBPTEINBO IBIKEeHHE. ChCTABHOTO ABMKCHHE HA TE3U
€JIEMEHTHU 00yCJIaBs IOBUILEHA HHEPTHOCT Ha BJaKa KaTo ISUIO.

U taka enemeHTapHara paboTa, KOATO paBHOAeHcTByBamara cuia Q TpsiOBa na M3BBPLIM, 32
Jla IPUIBIIKYU BJIAKOBUS ChCTaB HA €JIEMEHTapHa AbJDKUHA OT IbTA d/, 11e Obae

dA = Qdl = (F-W)dl (I-1)

Or Apyra CTpaHa, KWHCTUYHATA CHEPIrus, KOATO BJIAKBT IPUTCIKaBa ﬂBH)KeﬁKH CC CBC CKOPOCT
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V, € paBHa Ha

E=E +E. = +§ i -2
! 2 2 =1 ( )
KBJETO

E e KHMHCTUYHAaTa CHEPTH:A, 3allaC€Ha B IIOCTHIIATCIIHO ABMIXKEIaTa CE Maca Ha BJIaKa,

E2, - KHHCTUYHATa CHCpFI/IH, 3ar1accHa BbB B'pr}IH_II/ITC CC CIICMCHTH Ha BJIaKa,
M - MacaTa Ha LICJIUs BJIaK,
i- HOJ'DIpHI/IHT I/IHepTCH MOMCHT Ha JaJacHa B’BpTSIH_[a C€ 4acCT,
(L)i - bIrjIoBaTa CKOPOCT Ha CbOTBETHATa BbPTAIIA CC 4acCT,
n- 00T OpO¥ Ha BHPTAIIUTE CE YACTH BHB BJIAKOBUS CHCTAB.
B ]
1] |
A4y 7 BN @,
) | @ .
OO N
R ) N 7 — /T\
] B T

@mr. 11-1

Ha ¢ur. II-1 cxematndHO ca TTOKa3aHW OCHOBHUTE BHPTAIIM CE YaCTH HA BIAKOBHUS CHCTaB (3a
OMPOCTSBaHE HA W3BOAA € MPHUETO 3aJBMKBAHEC HA KOJOOCHTE 4Ype3 ETHOCTEIICHHAa 3bh0OHA
mpenaBka). Kato ce B3eMaT mpex BUJ HAHECEHUTE HA cCXeMaTa O3HAYCHHUS, W3Pa3bT 3a
KHHETUYHATA HEePTHs, 3amaceHa BbB BBPTAIINTE CE YaCTH Ha BJIaKa, MOXeE Ja Ob/ie MpeACcTaBeH
IO CTIeTHUS HAYWH:

2

o, oy +J2.co12 RS +J4w§ J 0,
H 2 2 2 2

E, =ng,
KBJIETO

J| e monsApHUAT UHEpPUEH MOMEHT, Ha POTOPA Ha TATOBHS JBUTATE,
J, — moNApHUAT MHEPYEH MOMEHT Ha BOJAEIIOTO 360HO KoJeno (1);
J3 - IONApHUAT HHEPYEH MOMEHT Ha BOAMMOTO 3b0HO Komeso (2);
J,4 - monsApHUAT MHEPUYEH MOMEHT Ha JIOKOMOTHBHATA KOJIOOC;

Js5 - monsApHUAT MHEpUYEH MOMEHT Ha BarOHHATa KOJIOOC;

N - OPOSAT HA BOJEIIUTE JIOKOMOTUBHH KOJIOOCH;

N, - OPOSIT Ha KOJIOOCUTE B €IUH BaroH;

Z — OpOsIT Ha BarOHUTE B ChCTABA;

®1 - BIII0BaTa CKOPOCT HA BaJla HA JIBUTATEIIS,

®; - BIIIOBATa CKOPOCT Ha JIOKOMOTHBHATA KOJIOOC;

®3 - BIIIOBAaTa CKOPOCT Ha BarOHHATA KOJIOOC.

Thil KaTO BCHYKM €JIEMCHTH Ha BIIAKOBHUS ChCTAaB CE JBIDKAT C €HA U ChINA MMOCTHIIATEIHA
CKOPOCT V, TO IIPU HOPMAJIHO ThPKaJIsSTHE HA KOJIOOCHTE TIO PEJICUTE Ta3h CKOPOCT Lie ObJe paBHA
Ha mepudepHaTa CKOPOCT HA TOYKHUTE, PA3IMOJIOKEHH MO OKPHKHOCTTA HAa THPKAISHETO Ha
Kojenata. ToraBa BITIOBUTE CKOPOCTM Ha Te3W KOJeNa, KAKTO W BIVIOBUTE CKOPOCTH Ha
CBBP3aHHUTE C TAX JPYTH BBPTSIIM CE YaCTH MOTaT Ja ObJaT M3pa3eHU 4Ype3 MOCThIIATETHATA
CKOPOCT Ha JIBIDKEHHETO V TI0 CIICIHIS HaUMH:
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v

W, = R_ (I1-3)
5
W = (11-4)
4
W = pw, = p— (11-5)
1 2 R4 s

KBJIETO |l € IPEIABATEITHOTO YKCIIO Ha CUIIOBaTa MpeaBka, a Rs u Ry ca paguycute choTBeTHO Ha
OKPBKHOCTTA HA ThPKAISIHETO Ha BATOHHOTO U HAa JIOKOMOTHBHOTO XOJIOBO KOJIEJIO.
Crnen 3amectBaneTo Ha dopm. II-3, 11-4 u II-5 B m3pasza 3a KMHETUIHATA CHEPTHS, 3aaceHa
BBB BHPTAIIUTE CE YaCTU HA BJIaKa, CHIIHAT I JOOUE BHA
2 2
_v oo (J1+J2)+J3+J4 Js O
=5 Mex R tny 0 (1I-6)
[l 4 s [
Ot dopm. II-2 u 1I-6 cienpa, 4e yTOYHCHHUAT M3pa3 3a KMHETHYHATA CHEPTHS HA Baka IIe
GHE

zn,

>0 U +T,)+T 4T I, O
E=V_@‘/I+HB.KH (I 2)2 =+~ (I-7)
2 0 R; R5O

Bropusar u TpeTHAT WiIeH Ha 3aTBOpeHaTa B CPEIHHM CKOOM CyMa OT TOpPHHS H3pa3 MMar
HM3MEpEeHHE Ha Maca, 3aIl0To M0 AehUHHULIHS
— 2
J=mp~, (II-8)

KBJIETO

m e MacaTa Ha BbPTSIIaTa ce 4acT;

p - HHEPIIMOHHUAT Painyc Ha Macara, m

J - monApHUAT MHEPIIMOHEH MOMEHT Ha BBPTSAIIATA CE YacCT.
ToBa HM JJaBa OCHOBaHWE Jla U3pa3uM CIIOMEHATHUTE MO-TOpE JBA WICHA Ype3 MacaTa Ha IeNUs
BIIAK:

2
H (J1+J2)+J3+J4 Js
+zn, — =yM. (11-9)
R? “R? Y
B pesyarat popwm. I1-7 me ce mpeobpasysa 1Mo clieHus HAYHH:

gy

2 2
E, :%M(Hy):%an, (11-10)

KbaeTo M, = M(l + y) e ,,IpUBe/IcHaTa Maca" Ha ChCTaBa, a Y - ,,AHEPIIUOHHUAT KOSHUITUSHT

Ha BBPTAIIATE C€ MacH', KOMTO TMOKa3Ba KakBa 4YacT OT OOIIOTO yCHJIME, HEOOXOAMMO 3a
YCKOPSIBAHETO Ha BJIaKa; C€ U3pa3xo0/iBa 3a Ch3/jaBaHe Ha BIVIOBO YCKOPEHHUE HA TE3U MAaCH.

CownoctaBsneto Ha ¢popm. 11-10 ¢ u3pasza 3a kunernunara eneprus E; (popm. 11-2) mokassa, ye
ako gu3nyHata Mmaca M Ha Biaka ObJe yBenu4yeHa ¢ YM, TO KWHETUYHATa €HEPTHsl, KOSATO IIE Ce
HaTpyIBa B Ta3W yBEJIMYEHA Maca IPHU YUCTO MOCTHIIATENHO ABHKEHUE, 1€ € EKBUBAJCHTHA HA
KMHETHYHATa CHEPTHsl, KOATO CE 3aracsiBa BbB BIIaka IPU PEaTHOTO MY JIBHOKEHHE.

3a ma ompedenrM HapacTBAaHETO HAa KWHETWYHATa €HEPrusi MpH yBEIHYaBaHE CKOPOCTTa Ha
IBIDKEHUETO Ha BIlaka, me audepennupame paperacTro 11-10:

dE

P'?
d\/

OTKBJIETO
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dE =M ,vdv. (II-11)

Ot TeopeTHYHaTa MEXaHUKA € M3BECTHO, Y€ HAPACTBAHETO Ha KMHETHYHATA CHEPIHs € PAaBHO
Ha eleMeHTapHaTa pa0oTa, W3BHPILIBAHA OT JACHCTBYBAIUTE HAa MaTepHANHATa TOYKa CHIIH.
MoxeM cieJ0BaTeTHO a MPUpaBHUM MoiydeHuTe u3pasu 3a dA (popm. 1I-1) u 3a dE (popm. II-
11), B pe3ynTaT Ha KOETO IIIE MTOTYIHM

(F-=W)dl = M, vdv. (I-12)
Axo pas3acinuM ABETC CTpaHU Ha TOPHOTO PAaBCHCTBO HAa BECJIMYMHATA dl To e ,[[O6I/Ie BHUa
d
F-SW =anvd—\1], (1I-13)

TIOHEXE V = a , To opm. 1I-13 Moxe ma ObJIe IpeaCcCTaBeHA B CIICTHUS BU/I:

F-3W =anc(ll—‘t’. (I1-14)

I'opHHAT U3pa3 B CHUTHOCT € OCHOBHOTO YPaBHEHHUE 3a JABMIKCHHUETO Ha BJlaka.
9. TeraurejHa cuia

JIBU>KEeHHETO Ha JIOKOMOTHBAa € pEe3ydTaT OT B3aUMOJIEHCTBHETO MEXAY BBPTALIUTE Ce
BOJACIIM KOJIOOCH M HENOJBI)KHHMTE pEICH. 3a MOo-rojsiMa MpOCTOTa U MPENIETHOCT I
[IPOCIIEAUM XapakTepa U OCOOEHOCTUTE Ha TOBA B3aUMOJEUCTBHE IIPU €IHA OTAEIHA BOJEINA
KOJIOOC.

Ha ¢wur. 1I-2 ca o3HaueHW cuiuTe W BBPTALINTE MOMEHTH, JCHCTBYBAallM Ha KOJIOOCTA.
KunematuuHaTa Bpb3Ka MEXKAY MABUraTeNsd M KOJIOOCTa IMOPaAM ChIMUTE CHOOPaKEHUsS 3a
[IPOCTOTAa U IPErJIEJHOCT € O3HaueHa KaTo €JHOCTENCHHA 3b0OHa IpelaBKa, ChCTOALIA CE OT
BOJICIIO 350HO Koueno 1 1 BomuMo 360HO Koseno 2. [Ipu BKIIFOUBAHETO HA TATOBUS JBUTATEN TOU
pa3BuBa BBPTSI] MOMEHT M;, KOHTO upe3 3bOHaTa NpenaBKa cCe peaynupa B MOMEHT M,,
JeiicTByBaIll Ha KojoocTa. BkirouBaHeTo Ha ABUrartess obaue U IosBaTa Ha BbPTALIUTE MOMEHTH
M, u M, He ca AOCTaTh4YHO YCJIOBHE, 3a Ja C€ NPUABIKM KOJIOOCTa MO pejcara, 3amioTo
MOMEHTBHT M, € MOpOoAeH OT BBPTAIIMS MO OTHOIIEHHE HA KOJOOCTAa JBUTAaTENeH MOMEHT M,

pecI. OT BBTpEIIHATA CHJIA HAa 3allelBAHETO Ha TpenaBkata 1 =——- . H3BecTHO e, ue

1
IBIDKEHHETO Ha €IHO TSUI0 € BB3MOXKHO CaMO KOTaTo KbM HEero ObJe MPHIoKeHa JOCTAThYHO
rojisMa BbHIIHA cuia. [ToHexke KoJIoocTa MMa CHIPUKOCHOBEHHUE C HEMOAATIMBA Cpela caMo B
JIOTIMPHUTE TOYKW Ha OAaHJAKHUTE C PEJICUTE, OYCBUIHO €, Y€ BHHIIHUTE IO OTHOIICHUE Ha
JIOKOMOTHBA CHWJIM MOrar Ja ObJaT NMPHIOKEHH WMEHHO B Te3W TOYKU. [IpUIOXKEHHST KbM
KOJI0OCTa JBUTaTEIICH MOMEHT M, MOJKe Ja ce pasrieaa Karo epeKkT OT AeHCTBUETO Ha JABOHKa
cuiM ¢ romeMuHa F,, mpu KoeTo enHaTa cuia € MPWIOXKEHA B JOMUPHATA TOYKA Ha €IHOTO OT
XOJIOBHUTE KOJIeJa Ha KOJI0OCTa ¢ peicara (T. A), a ApyraTta - B IEHTHhpPa Ha CHIIOTO KOJEIO.
Cunara F, (T.e. TeruinTenHara cuiia Ha JIBUTATENs, MPUBEACHA KbM TepUQepHsITa Ha XOJ0BOTO
KOJIEJI0) ce onpeaes oT. PaBeHCTBOTO

2M, 2uM
F, =——2 =L, (1I-15)
DK DK
KbAETO [ = -2 € IIpeIaBaTeIHOTO YUCIIO Ha 3nr0HaTa npelaBKa.

1
CpIpoTHBUTETHUAT MOMEHT M' ce oOyciaBs OT pa3iHdHUTE MO BUJ W TPUIOKHA TOYKA
CBIIPOTUBUTEIHU CHUJIM, KOUTO C€ NPOSBSIBAT IMPHU JBIKEHUETO HA JIOKOMOTHBHATa KOJOOC.
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MomeHTsT M' ChIIlo MOXKe Aa OBbJIe TIPEACTaBeH KAaTo Pe3yJTaT OT JICHCTBUETO HA JBOWKA CHIIH C
ronemuHa W, , IPAJIOKEHN CHOTBETHO B JONHMpHATa TOYKAa A ¥ B IIEHTHpPA HA €HO OT XOJOBHTE
KoOJieJa Ha KOJI0OCTa.

Cunara W, e B CBIITHOCT NpUBEJICHATa KbM OaHIaKa Ha X0J0BOTO KOJIEIO pe3y/ITaHTHA Ha

dur.I1 -2

CBHIIPOTUBHUTEIHUTE CHIIM, JEUCTBYBAIlM BBPXY Koioocta. Hapwwa ce ome ,,TaHTeHI[MaTHA
CBIPOTUBUTETHA CUJIa” U CE OIMPEAEIsi OT PaBEHCTBOTO

2M'
W, =—. (I1-16)

D

K
OT 0OCTOATENCTBOTO, Y€ BalbT Ha KOJOOCTA paslpeleNss PaBHOMEPHO MEXIy XOJOBUTE
KoJella BhTPEIIHUTE MOMEHTH M, u M’ ciieqiBa, 4e BCEKH OT TSAX MOXE Jla ObJie TPEJCTaBeH U
KaTo pe3yaTar OT JCHCTBUETO Ha JIBE €THAKBH (IT0 €/THA 32 BCAKO XOJIOBO KOJIENIO) JBONUKU CHIIH,
M, M

BCSIKa, OT KOUTO ChOTBETHO 00YyCIIaBsl BBPTSAI] MOMEHT T u—.

2
AKO TpoLIEChT Ha B3aUMOJEIHCTBHE ¢ pesicaTa ObAe pasrielaH H30JUPAaHO 3a €IHO OT
KoJIeJaTa Ha BOJELIaTa KOJIOOC M aKO CHJIMTE HAa CIIOMEHATUTEe IO0-Tope IBOWKM Obaar
MPUIIOKEHU CHOTBETHO B TOUKa A U B LIEHTHpa Ha KoienoTo (¢ur. 1I-2), To ronemunaTta Ha Besika

K W
oT cwinTe B choTBeTCcTBHE C hopm. 1I-5 m 1I-16 me Obae: 7 - 3a TETJIHTEJIHATA W T - 3a
CHIIPOTHBHUTEIHATA.
BBHIIHM TIO OTHONIEHHWE Ha XOJIOBOTO KOJIEO Ca CHJINTE, NPWIOKEHH B TOYKAara Ha

P

KOHTaKTyBaHETO My ¢ pencara (T. 4). [Ipu ToBa omopHara peakuust R komnencupa cunara 70

(Py € ocoBoTO HaTOBapBaHE Ha JIOKOMOTHBA) M CJIEIOBATEIIHO HE BIIMSE BHPXY JABIKEHHETO Ha
T B

kojenoto. dakTopu B TOBa OTHOIIIEHHE OCTaBAT CHUJIUTE T , 7 Y CHJIaTa Ha CIETUICHUETo Z.

[Tonexe mocienHaTa B CHIIHOCT € CHJIaTa Ha TPHUEHE MEeXIy OaHmaxka Ha KOJIeJIOTO U pescara, TO

MOCOKaTa i BUHArW ¢ oOpaTHa Ha IMOCOKaTa, B KOSATO CE CTPEMHU Ja TPUILTB3HE €AHOTO OT

TpuemuTe ce Teiaa (B ciaydas - 0aHMaXbT Ha KOJIEJIOTO), a MakCUMallHATa W TOJIEMUHA Ce

OTIpesIeTIsl OT U3pasza
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P,
=—f, II-17
> (11-17)

KbIACTO fe KOC(I)I/ILII/ICHT’LT Ha TPUCHC MCIKIY 6aH):[a)Ka U pceicaTta.

Ilocokata Ha cwmiara VVvT (pecn. Ha cuiaara TT ) CC ompeacid OT IMOoCOKaTa Ha
CBIIPOTUBUTCIIHHUA MOMEHT M' 1 00EKTHBHO CBBIIAJIa C Ta3MW Ha CHJIaTa Ha CICIJICHUETO Z.
OT H3JI0KEHOTO OOTYK CJI€aBa, 4€ IIpU TATOB PEXHUM Ha 3aABMXBAHCTO Ha KOJIOOCTa

F

TCrJIMTCIIHATA CHJIa 71- , IPUIIOXKECHA BBPXY 6aHz[a>1<a Ha BCJIKO OT KoJi€jara, HMa 061110

W.
HaIpaBJIeHUE ¥ 00paTHA ITOCOKA ChC CHUITHTE TT u Z. (pur. 11-2).

VYcnoBue 3a HOPMaJHOTO THPKAJISHE HA KOJEJIOTO IO pelicaTa € JOMHpHaTa TOYKa MEXIY,
Te3W JBa eileMeHTa (T. A) &a CIIy’)kKM Ha MOMEHTCH IEHTHP Ha 3aBbPTaHE Ha IBUTIOTO KOJIEINO.
[Monexe T.A MoOXe Jla ce pasmiiekJa U KaTo Touka OT nepudepusiTa Ha BbPTANHSA ce OaHIaK,
M3HMCKBAHETO TS Jla OCTaBa HETOABIIKHA TIPY JOMIMPAHE C peicara MoXke Ja ce popMynupa 1 KaTo
M3UCKBAHE 32 B3aUMHO YPAaBHOBECABAHE HA MPUIIOKCHUTE B HEsl CHIIU, T.€

F W
T =7+—TL (II-18)
2 2
NIn
F —
Fr=-Wr (11-19)

2

lopHusT u3pa3 naBa Bpb3KaTa MEXAY MOMEHTHUTE CTOMHOCTH Ha CHIIM, 332 KOUTO €
XapaKTEepPHO CIEAHOTO:

a. MoMeHTHaTa CTOMHOCT Ha TaHTEHIMATHATA TETJIUTENHA cuia F; Moxke fa Oblie mpoMeHsHa
B TBBPJC LIMPOKHU TPAHUIM UYpe3 PErylHUpaHE Ha BHPTAMIMS MOMEHT Ha ABUTATENsd WM 4pe3
peryiupaHe Ha IpeaBaTeIHOTO YMCIO0 Ha CHIoBaTa npeaaska (Bx. ¢popm. 1I-15).

0. MoMeHTHATa CTOHHOCT Ha TaHTCHIIMATHOTO CHIIPOTHBIICHHE W, C€ M3MEHS HEYIPABIISIEMO
B 3aBUCHUMOCT OT YCIIOBUSITA Ha IBHXKCHUETO.

B. MoOMeHTHaTa CTOMHOCT Ha cuilaTa Ha CUEIUICHHETO Z cJeiBa U3MEHEHHTA Ha OCTaThYHATa

F;, - W
TaHIr¢HIyaJIHa TCIJIUMTCIIHA Cujia % , Ha KOATO (C’BFHaCHO 3aKOHa 3a ﬂeﬁCTBHCTO u

MPOTUBOACHCTBUETO) Ce SABsIBA peakuus. MakcuManHaTa CTOMHOCT, KOSITO TSI MOXKE Jla JOCTUTHE
IIpU TOBA, ce onpeaesst B cboTBeTcTBHE C hopm. 1I-17.
OT U3JI0KEHOTO JOTYK CIIE/Ba, Y€ 3a J1a C€ OCUTYPH HOPMAJIHOTO THPKAISHE Ha BOJCIIOTO
XO0JI0BO KOJIEJIO TIO pericara, Heo0X0IuMO € J1a ObJe CIIa3eHo YCIOBHETO
7 <7 ax (11-20)
B crorBerctBue ¢ dopm. 11-19 u 1I-17 ropaust uspa3z mMoxe nga Obae mpeoOpasyBaH IO
CJICAHUS HAYHH:

oW < B f, (I1-21)
2 2
karo f B cirydas 1ie 0b/ie KOe(pHUIIMEHTHT Ha TPUCHE TTPH MTOKOM.

[Ipu mapymaBanero Ha HepaBeHCTBOTO (II-21), T.e. IpHu ch3gaBaHETO HA MPEKAJICHO TOJIsIMA
nepudepHa TerIMTEIHA Cruila Ype3 (HOPCUPaHETO Ha IBUTraTeNs, paBHOBECHETO B T.A (Bxk. ¢ur.ll-
2) ce HapymaBa. ToraBa BMECTO 110 IIMKJION 1A TTOCTIETHATA 3aII0YBa J1a CE JIBMXKU 110 OKPBKHOCT -
KOJIEJIOTO OYKCYBa, MPH KOSTO pa3BUBaHATA TETIIUTEIHA CHJIa 3HAYUTEITHO HAMAJIsBa.

IIpu crazBaneTo Ha HepaBeHCTBO (I1-21) cunaTa Ha cuemieHHeTo Z yCIsBa Ja ¢ W3pPaBHU 110
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F;, -W
ToJICMHHA C OCTaTbYHATa TAaHI'CHIIMAJIHA TCIJIMTCIIHA CHJIa % H CJICJ0BATCIHO ABCTC CHUIIN

B3aMMHO ce KOMIIEHCUpaT. B pe3ynrar Ha ToBa BBPXY KOJEJIOTO (PEci. BbpXY KOJIOOCTa) OCTaBa
Ia jeificTByBa BTopara (IpHIOKeHaTa B HETOBHUS LIEHTHP) OCTaThyHA TeriurenHa cuia (dur. II-
2). Upe3 OykcuTe Ha KOJIOOCTa IEHCTBUETO i ce MpeHacs BbPXY JIOKOMOTHBHATA pama.

Ot ¢opm. (II -21) mMoxke nga ce u3BIEYE W HEPABEHCTBOTO, OCHIYPSIBALO0 HOPMAIHOTO
THhPKAJISHE 110 PEJICOBUS BT HA BOJEIIATa KOJIOOC KaTO IIsUIO0:

F, —-W, <Pf. 11 -22)

l'opHusT u3paz obade e BanuaeH caMmoO 3a CIydauTe, KOraTro JABETE XOAOBH Kojesla Ha
KOJIOOCTa KOHTAKTyBaT C PEICHTE MO OKPBKHOCTH CBC CTPOTO €IOHAKBH JHAMETPH.
HapymaBanero Ha TOBa ycioBHe (BCIIEACTBHE CTPAaHMYHOTO H3MECTBaHE Ha KOJOOCTa IIO
OTHOLICHUE Ha PEJICOBUS ITBT) IlI€ IPEAN3BUKA YACTUYHO IPUILTB3BAaHE Ha €IHOTO OT XOJOBUTE
Kosena cupsaMo pencata. OTYMTAaHETO MPH TOBA Ha TOJIEMUHATA HA CHJaTa Ha CLEJICHHETO 4pe3
koeduuuenTa f (kolito BB hopm. II-21 croTBEeTCTBYBa Ha TPHEHE IPH MOKOMW) 111e ObJIe HETOYHO.
Eto 3amo BBB dopm. 1I-22 xoedurmeHTsT f ciienBa ma ce 3aMEHH € APYT C MO-HUCKA CTOMHOCT
KOC(QULMEHT Ha TPHEHE, KOWTO ABPKHM CMETKAa 3a YaCTUYHUTE IPUILUIB3BAHMS HA XOJIOBHUTE
KoJIesa, KoraTo Te ca 00eAMHEHH B eHa KoJiooc. To3u HOB KOe(DUIIEHT ce Hapuya ,,KOe()UITUECHT
Ha CIIeTUICHHE” MEXIy XOJOBHTE KoJieia M PeliCUTe U ce Oenekn OOMKHOBEHO ¢ OykBara . B
CHOTBETCTBHE C HAIIPABEHUTE YTOBOPKU U YTOUHEHUS] HEPABEHCTBOTO, OCUT'YPSIBAIII0 HOPMAJIHOTO
THhpPKaJSHE Ha BOJEIIATa KOJI0OC MpH TAroB pexuM (popm. 11-22), nobusa Buga

F, -W; <PU. (11-23)
JlokoMOTHBHATa pamMa CyMHpa OCTaThYHHUTE TAHTCHIMAIHHU TCTJIIMTCIHH CHIIM Ha BOJCIIUTE
KOJI0OCcH (KOMTO KaTo MPaBHJIO ca eJHAKBH), Taka ue o0Inara TerauTellHa CHIIa, KOSITO IeHCTBYBa
BBPXY HES M KOATO 4pe3 CIpsra Ha JOKOMOTHBA MOXKE Ja ce MpeJaBa Ha BarOHHUS ChCTaB, I
Obae
F, =ngy (Fr - W;), (11-24)
KBJIETO Ny € OPOSAT Ha BOACUINTE JOKOMOTHBHHU KOJIOOCH.
AKO YMHOXHM C BEJIMYHMHATA Ny, JABETC CTPaHU HA HepaBeHCTBOTO 11-23 m B3emeM mpen BUL
¢dopmymna I1-24, me nomyynm
F, <ng, P,Y. (11-25)

Ot neduHHUIIUNATA 32 OCOBO HATOBapBaHE M CLEIHO Terjio Ha jjokoMoTuBa (popm. I-1 u 1-3)
cienBa, ue ¢opM. 11-25, koaTo M3pa3zsiBa yCIOBHETO 3a HOpMATHO (0e3 OyKCyBaHE) NBIKCHHE Ha
JIOKOMOTHBA B TATOB PEKUM, IIIe T00ME OKOHYATEITHUS CU BUJI:

F, <P, (11-26)

KbIETO Pcyy € CIenHOTO Terno Ha TIOKOMOTHBA.

Ot dopm. 1I-26 ciaenpa, ye MakCUMaJIHATa TETJIUTENHA CHJIA, KOSITO JIOKOMOTHBBHT MOXKE Ja
pa3BHe Ha CBOS CHPST, IPEIX 1a MPOOYKCYBAT BOACIIUTE KOJIOOCH, €

F e =P, W (11-27)

Ta3u cuia € U3BeCTHAa KaTo “‘MaKCHMAaJTHO JIOIMYCTHMAa TETJIUTEIHA CHUJIa Ha JIOKOMOTHBA I10
YCIIOBHETO 3a 3ala3BaHe Ha CIEIUICHHETO MEXIy BOJAeIuTe Koiena u pencure”. Tasm cuia
OTIpEe/IeTIsl TATOBUTE BH3MOXKHOCTH Ha JIOKOMOTHBA U 3aTOBa TS TPsAOBa Aa Obe TOIKOBA TONSIMA,
4e Jla OCUTYpSIBa ITBIIHOTO U3IMOJI3yBaHE Ha HErOBaTa MOIIHOCT.

Ot dopwm. 1I-27 cnenpa, ye yBenn4aBaHETO Ha CTOMHOCTTA HA F . MOXKeE Aa ObJie MOCTUTHATO
10 N1Ba Ha4yMHA: 1) upe3 yBeIUJaBaHE CIICITHOTO TETJIO HA JIOKOMOTHBA; 2) Upe3 yBEIMYaBaHE Ha
CIICTUICHUETO MEXKy KoJieiara U pejicure (T.e. Ype3 yBelnuaBaHe CTOMHOCTTa Ha KOC(UIIMECHTA
v).

Ot dopwm. I-1 cnenBa, ue yBemH4EeHNETO HA CIIETTHOTO TETJIO HA JIOKOMOTHBA € CBBP3aHO KaKTO
C yBelIMYaBaHE Ha HETOBOTO CIY)XeOHO Terjo, Taka W C yBeTWYaBaHe Opos Ha BOICIINTE
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KoJioocH. IIBpBOTO Ce OCHIMECTBSIBA Upe3 IMOCTABSIHETO HA JIOMBIHHUTEITHU TEKECTH ,,0amact" B
KOHCTPYKIUSITA Ha JIOKOMOTHBA, a BTOPOTO - 4pe3 CBEXJAHE JIO MHHUMYM Ha CBOOOJHHTE
JIOKOMOTHBHM KoJIoOCH. [lpw pynHUYHHTE JOKOMOTHBH BBH3MOXKHOCTUTE 32 JIOIBIHUTEITHA
,»0aJIaCTHPOBKA" HA KOHCTPYKIMATA Ca OrPaHWYEHU M 3aTOBAa KAaTO MPABWIO BCHYKHU
JIOKOMOTHUBHH KOJIOOCH Ca BOJICIIIH.

YBennuaBaHETO Ha CIEIUICHUETO MEKIY OaHJaKHTE Ha BOJACIIUTE KOJela M PEIICUTE Cce
OCBIIECTBSIBA Ype3 MOYMCTBAHE HA PEJIICHTE, IMOCHIIBAHE ChC CYX WM YUCT OT MPUMECH KBapIiOB
MSCHK, WM3MOJ3YBaHE HA EJEKPOMATHHTHH CHIHM. [lepHOJAMYHOTO TOYHMCTBAHE HA PEJICUTE B
PYJHHYHH YCIIOBHUS € HEOOXOIUMOCT, Thi KaTo T¢ OOMKHOBEHO Ca IMOKPUTH C MPAIICH WIH KaJeH
CJIOH, KOWTO 3HAYMTEIIHO HaMalsBa CICTUICHHUETO MKy KOJIeloTo U pencara. [loxcunBaneTo Ha
KBapIOB IISICBK IIpeJ] BOJCIIMTE JIOKOMOTUBHU KoJiela ¢ Hal-eQUKacHUAT W  Haii-
Pa3npOCTPaHEHHUAT HAYWH 32 MOJOOpsSBaHE HA CIEIUICHHETO. 3a IeNTa BCHYKU JIOKOMOTUBHU Cca
CHaOJIeHN C YCTPOWCTBAa 3a IOJACUIIBAHE HA ISACHK, KOWTO C€ 3aJCHCTBYBaT MO KOMaHIAa OT
MalIMHKUCTA. YBEIMYAaBAHETO HA CIEIUICHUETO MEXIy BOJCHIUTE KOJIeNa M PEJICUTE 4pe3
€JICKTPOMATHUTHH CHIIU TIPEIoJiara M3IoJI3yBAaHETO Ha CIICIUATHI, HAMAarHUTBAIIH CE KOJIIOOCH
C BTpaJicHH B XOJOBHUTE Koiesa 000uHN. Ch3aBaHOTO OT TSX MArHUTHO TIOJIE CE 3aTBaps Ipe3
JOTIMPHAUTE TOYKU Ha KOJellaTa C PeJICHTe.

B Tabn.1 ce mpuBeXAaT ONMHWTHO IOJNYYCHH (BH3 OCHOBA HA WM3CJICIBAHMSITA HAa CHBETCKUS
pod. C.A.BOJOTKOBCKMIT) TaHHU 32 CTOMHOCTUTE Ha KOSHHUITHEHTA Ha CICTICHHETO B MOA3EMHHU
PYIHUYHHU YCIOBUSL.

Tabnmma 1
Pexxum Bug Ha mopzemMHust pyIHUK
BBITUILIECH pyaeH
IoTternsHe ¢ MoACUNBaHE Ha MSCHK P=0,24 P=0,25
JIBIKEHHE C TTOACUIIBAHE HA IISICHK PY=0,17 Y =0,20
JIBmkeHue Oe3 MOJACUIIBAHE Ha IMSCHK PY=0,12 P=0,15

B Tabn.2 ce mpuBexaaT OMHUTHO TONYYCHU JTaHHM 32 KOCQUIIMECHTA Ha CICIUICHHETO MEKIY
KOJIellaTa U PEJICUTE B yCIOBHATA HA OTKPUTHUTE PYIHUITH.

Tabmnuma 2
Pexum Chcrosduue Ha 7
pencure

IToTersstHe ¢ MOJCHUIIBaHE HA TSICHK BBPXY MOCTOSTHEH PEJICOB ITBT CyXH 0,3006
[ToTernsHe ¢ mMoOACWNBaHE HA ISICHK BBPXY IMPEHOCUM (BpEMEHEH) CyXH 0,3087
PEJICOB BT

[ToTernsHe Ge3 MoaCHUIIBaHE HA TSICHK BHPXY MOCTOSHHU U MPEHOCHMH CyXH 0,2402
PEJICOBH TBTHUINA

JIBrkeHME ¢ TIOJCHUIBAHE Ha TSICHK BBPXY MOCTOSHHU W MPEHOCHMH CyXH 0,2217
PEJICOBH ITBTHUINA

JIBmxenue 0e3 MOACHUITBaHE HA TSICHK BBPXY .IIOCTOSTHHH M TIPEHOCHMH BIIQKHH 0,2010
PEJICOBH ITBTHUINA

JIBmxeHne 6e3 MOJICHITBaHE Ha TSACHK BBPXY MOCTOSIHHH W TPEHOCHMH 3aMbpPCEHU 0,1580
PEJICOBH ITBTHUINA

JIBrmxeHne 6e3 MOJICHITBaHE Ha TSACHK BBPXY MOCTOSIHHH W TPEHOCHMH 3aJICTICHA 0,1000
PEJICOBH ITBTHUIIIA
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10. CBIHOCT U KJIACU®PUKALIUA HA CUJIUTE HA CBIIPOTUBJIEHUETO IIPU
JABN/KEHUE HA BIAKOBETE

ChIpOTUBICHUETO HAa JBMXKCHUETO HA TPAHCIOPTHUTE CPEACTBA MPEACTABIsIBA CyMa OT
OTHIEITHH CHIPOTHBIICHMS, KOWTO BB3HHWKBAT TPH PA3IUIHUTE PEKUMH Ha IBIKEHHE U CE
MPOSIBSIBAT KAaTO PE3YyJITAHTHA CHJIA, KOSATO CE MPOTUBOIOCTABS Ha ABMXKEHUETO. TerauTenHara
CWJIa Ha JIBUTATelNs TPsOBa Ja ObJie Hai-MaJIKO paBHA WM IMO-TOJsMa OT CyMaTa Ha OTICITHHUTE
CHJIM, KOUTO ChCTaBAT CHIIPOTHUBIICHHUETO, 32 J]a MOYKE TPAHCIIOPTHOTO CPEACTBO JIa IPEMHHE OT
I10JIO)KEHNUE Ha TIOKOH B ITOJI0KEHHE Ha JBM)KCHHE.

lNonemuHaTa Ha CHWIIMTE HA CHIPOTHUBICHUETO CE U3MEHS B 3aBUCHUMOCT OT MHOTO (DaKTOpH:
npoduira U ChCTOSHUETO Ha BT, pagnyca Ha KPUBHUTE, CKOPOCTTA Ha ABMKCHHETO, Cpelara, B
KOSITO C€ U3BBPIIBA ABIKCHHUETO, U TIP.

OTaenHUTe €IEMEHTH Ha CUjaTa Ha ChIPOTHUBICHUETO BH3HUKBAT U JIEUCTBYBAT B Pa3IU4HU
TOYKH Ha ChCTaBa, 00aye Mpu W3y4aBaHETO MM Te Iie ObAAT pasriiejaHu KaTo CHIIU, IPUBEICHH,
KbM KpBra Ha THPKAISHETO HAa KOJIOOCHTE B TOYKHTE Ha TAXHOTO JOMHpAHE C peicure (T.e.
MIPUBEIICHUTE B TOYKATa, B KOSATO NEHCTBYBa TETVIMTEIHATa CHJIa Ha KojoocTa). Ilo To3m HaunH
e ce o0JIeKYM CPaBHSBAHETO UM C aKTHBHATA CHJIA HAa JJOKOMOTHBA, KaKTO M U3SICHSIBAHETO Ha
BIIMSTHAETO MM BBPXY pEKUMa Ha IBIKCHUETO.

CwnTe Ha CHIIPOTHRIICHHE, TIPOSBSBAIIN CE MPH IBIKCHUE HA BaKa IO TIPaB XOPHU30HTAJICH
y4acThK (IIPU OTCHCTBUE HA BATHP), 00pa3yBaT ‘“OCHOBHOTO CHIPOTHBIICHUEC HA IBUKCHUETO
(Wp), K0eTO HEU3MEHHO CHIIIECTBYBA IMPU BCHYKU PA0OTHU PEKUMHU Ha BJIaKa.

CwinTe Ha CHIPOTUBJICHUE, KOUTO BB3HUKBAT M ACHCTBYBAT CaMO IPH ONPEIEICHH YCIOBHS,
0o0pa3yBar “JAOMBJIHUTEIIHOTO CHIIPOTUBICHUE Ha TBMKCHUETO” (W 1on).

AnreOpuyHaTa cyMa Ha ChCTaBSIIIUTE HA OCHOBHOTO CHIIPOTHBIICHUE Ha JIBIDKEHUETO W Ta3d
Ha CBCTABSIIUTE HA JOIBIHUTEIHOTO CHIPOTHUBJICHHE HA IBHKCHUETO, B3ETH 3aCIIHO, JaBaT
“I'BITHOTO CHIIPOTHUBIICHHUE HA ABMKEHUETO (W):

W = Wo + Wion = Wot Wi = W, + W, + W, , (11-28)

KbIACTO Wi € JOMMBJIHUTCIIHOTO CbIIPOTHUBJICHHUC OT HAKJIOHA HA IIbTHA;
WKp - JOIIBJIHUTCIIHOTO CHIIPOTUBJICHUC OT KPUBUTC HA IIBTA;
Wj - JOIIBJIHUTECIIHOTO CHIIPOTUBJIICHUEC OT YCKOPECHUECTO HA BJIaKa,
Wn - HOII'BJIHUTCIIHOTO CHIIPOTUBJICHUC OT IMMOTCITIAHCTO HA BJIAKA.
IIsnHOTO CBIIPOTHUBJICHUC HA BJIaKa 1 HCTOBUTC CHCTABAIU CC NU3MCPBAa B HIOTOHHU.
TBi KaTo BIAKbT € ChCTABEH OT JIOKOMOTHB HJIM CAMOXO/JICH BaroH U IIpUKa4Y€CH TOBap -
BAaroHUTeE, IbJIHOTO CBIIPOTHUBJICHNEC HA ABMXKCHUCTO MOXKE Oa 6’5116 H3pa3CcHO U 110 CIICAHUSA
Ha4YuH:

W=W+W" (11-29)

KbJIeTo W' € 00III0TO ChIPOTHBIICHUE HA ABIKCHUETO HA MOJBIKHUS (TETTUTEITHUS ) ChCTAB;
W' - 00110TO CHIPOTUBIICHHUE HA IBIKCHUETO HA IPUKAYCHUTE BarOHU.

YcTaHOBEHO €, Ye Hall-xapaKTepHUTE M HaW-BaXKHUTE CHCTABSIIM HA CHIIPOTUBICHHUETO Ca B
Mpsika 3aBUCUMOCT OT TETJIOTO Ha JIOKOMOTHBUTE W Baronute. ETo 3amo 3a ymoOCTBO mpu
W3YUCIICHUATA, € IPHETO OOIIOTO CHIIPOTHUBIICHHE HAa JBM)KEHHUETO M HETOBUTE CHCTABSIIHU Ja Ce
n3pa3dBaT dYpe3 TErNIOTO Ha ChCTaBa. 3a IeNTa Cce BBbBEXKIAT T.HAp. “OTHOCHUTEIHU
CBIIPOTHUBIICHUS’, W3pa3sBalld OTHOIICHUETO MEXJy CHOTBETHATA CHJIA HAa CHIPOTUBJICHUC
(M3MepeHa B HIOTOHH) U TETJIIOTO HA ChCTaBa (M3pa3eHO ChINO B HIOTOHH).

Axko mpuemeM, 4e P e TernoTo Ha MOIBMKHES ChCTaB, a Q - TETJIOTO HAa MPUKAYEHHUTE KbM
HEro BaroHW, TO OOIIOTO ChIPOTHBIICHUE Ha Biaka (dopm. 11-29), nu3paszeHo upe3 OTHOCUTEITHHUTE
CHIIPOTHUBIICHUS, II[C UMa BU/IA
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(P+Q)w=Pw+Qw" (11-30)

KBIETO
W = € I'BJIHOTO OTHOCUTCIIHO CT:HpOTI/IBJIeHI/Ie Ha BHaKa;
(P+Q)
I
W’ = ? - II'JIHOTO OTHOCHUTCIIHO C’LHpOTI/IBJ'IeHI/Ie Ha TCTJIUTCIIHUA CbCTAaB,

n
n

= —— - II'bJIHOTO OTHOCHUTEJIHO ChIIPOTUBJICHUEC HA NIPUKAYCHUTEC BaroHu.

Ot (dopm. 11-30 cenpa, ge
_ Pwl + QW"
P+Q
OT CcBOS CcTpaHa OTHOCHUTEITHHTE CBHIIPOTUBICHWS W' W W” Morar na ObJaT yTOYHCHH (B
cpoTBeTcTBHE ¢ PopmM. [1-28), kakTo cnenpa:

W Wy W Wi kW W,

(I1-31)

!

W —_—
P P
70107
W=W,+W, + W W, (1I-32)
)4
n n n n n
"_W"_Wo +Wi +WKP +Wj +Wr|
YT Q
501051
n n n n n
n o
Wi =w, tw; tw, tw, twy (1I-33)

TYK W, Wi, W\ W H W', ca CBOTBETHO: OTHOCHUTEIHOTO OCHOBHO CBIIPOTHBIICHHE,
OTHOCHUTEITHOTO CBHIIPOTHUBIICHHE OT HAKJIOHA, OTHOCHTEITHOTO CBIIPOTHUBIICHHE OT KPHUBHTE,
OTHOCHUTEITHOTO CHIIPOTUBJICHUE OT YCKOPSIBAHE U OTHOCUTEITHOTO CHIIPOTUBJICHHUE OT MOTETJISTHES
Ha TErNUTENHHA CbCTaB, a W'y, W', W'gp, W'} I W"; ca aHaJOTHMYHUTE OTHOCHTEIIHU
CBIIPOTUBIICHUS Ha npukadeHuTe Baronn. Ot popm. 11-32 u 11-33 crmenBa, ye OKOHYATETHUAT BU
Ha popm. [I-31 me Obae
I 4 I I I n n n n n

P%‘Vo W, tw tw, twy Q—FQ%}VO tw, tw tw; twy

W = 570 (11-34)

11. OCHOBHO CBINIPOTUBJIEHUE HA JIBUKEHUETO

OCHOBHOTO CBHIPOTUBICHUE HAa JBUXKEHUETO € PE3yJITaHTHA Ha CICIHUTE OTICIHU
CBHIPOTUBICHUS:

1.Conpomusnenue Ha noogudicHu.si cvcmas. To 3aBUCHM OT THIA, KOHCTPYKTUBHHUTE
0COOCHOCTH U ChCTOSIHHETO Ha TIOJBM)KHHS ChCTAB M BKIIOYBA:

a. CbnNpoTuBreHne Ha TbpKansHe Ha KonesaTa, KOoeTo 3aBHCH: OT HATHCKa Ha Kolienara
BbpPXY OIIOpHATa MOBBPXHOCT, OT IUIOLITA Ha JAOMUPAHETO MEXIy KoJjenara U OIOpHaTra
MMOBBPXHOCT M OT AMaMeThpa Ha kojenara. Ha ¢ur. II-3 e mokasaHo KoJjeo, KOSTO Ce ThpKas
BBpXy penca. Criara Ha peakuusata O/, Bp3HMKBaIAa B TOYKaTa OT peJicara, KbAETO KOJEIOTO
HAacCTBIIBA, € MO-Majka oT peakiusaTa O, Bb3HUKBAIA B TOUKATa, KbJETO KOJEIOTO MOCTEIIEHHO
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ocBOoOOXKmMaBa pescarta. B pesynraT paBHOACHCTByBamara Ha aBere peakiuu (cmmata OA), ce
OTKJIOHSIBA OT BEPTUKAJHATA OC HA KOJEJIOTO M JaBa KOMIIOHEHTa TI0 HampaBJieHHE Ha
nerkeHneTo (Tosa e cuata Ob) ¢ mocoka, oOpaTHa Ha Ta3u Ha IBUKEHHETO. Ta3u KOMIIOHEHTA B
CBIIHOCT € ¥ ChIIPOTHBIICHUETO HA ThPKAJISHETO.

0. CbnpoTmBreHne Ha nnb3raHe. [Ibku ce TI1aBHO Ha HAITBJIHO HOPMAJIHOTO M HEM30e)KHO
MPU eKCIUIOATAIMOHHH YCJIOBHSI MHKPOOYKCYBaHE Ha KOJIeJaTa, KOraro KbM TSIX € MPHIIOKEHA
TErJUTEIIHA CWJIA; Ha MPUILTH3BAaHETO HA KoJjellaTa B Ipolleca Ha CHOUpaHe, KaKTO U Ha
MPUILTH3BAHETO WM Jake OYKCYBAaHETO Ha KOJIOOC BCIICACTBHEC Ha HECJIHAKBOCTTa Ha
JMaMETPUTE B KpPbra HA THPKAISHETO Ha Koienarta . M300110, KOraTo YMCTOTO ThPKAaJsHE Ha
KoJelaTa 1Mo eHa WM Jpyra NpUYrHA € HApPYIICHO M BB3HHWKBA MPUILTB3BAaHE, TO CHJIATa Ha
TPUCHETO, MOSBSBAIA CE MPU TOBA MPUILTH3BaHE, € UMEHHO CHIIPOTHBICHUETO HA IUTH3TAaHETO.
KbM TOBa chIpoTHBIIEHHE CIajia Olie ¥ TPUEHETO Ha peOopanTe Ha OaHAaXWTe B CTPAHUTE HA
perncure.

dur 17 4

dur.3 dur .4

B. CbnpoTtnBneHme, obycnaBssHO OT KOHMYHOCTTa Ha GaHaaxute. Bb3HuMkBaHEeTO Ha
TOBa CBHIPOTUBJICHUC CC AbJKM HAa KOHTAKTYBAHCTO Ha 6aH)Ia)Ka C peJiicaTta, KOC€TO BMECTO B
TOYKa C€ M3BBPIIBA B IJIOCKOCT C ompeneneHa mmupuHa a (BkX. ¢ur. 11-4). Ckopoctra Ha

MOCTHIATEIHOTO JABMKEHUE Ha KoyoocTa (V) IIe HA0XKH BIiIoBa CKOPOCT HA BEPTCHE W = v ,
2
KBJIETO 32 pa3TieXIaHus ciydaid R, e pamnychT Ha Kpbra Ha ThpPKAISIHETO, MHUHABAI TPE3
cpenara Ha otceukara 1—3 (Bxk. ¢wur.ll-4). [lepudepHure ckopocTH Ha OKPBKHOCTHTE Ha
ThpKaJIsiHe, MUHaBamy 1pe3 T.1 u 3 (T.e. B Kpauiiara Ha KOHTAKTHATa IUIOMNI U MPHUTEXaBaIlX
CBOTBETHO paauycu R; u R;), oueBnaHO 1Ie ce pasnudasar ot nepudepHara ckopoct Ha T.2 (T.e.
OT TIOCThIIATETHATa CKOPOCT Ha JBWXKEHHETO), Thii karo R; >R, >R;. C pmpyru nymm,
nepudepHaTa CKOPOCT Ha T.3 IIIe € MO-ToJIIMa OT Ta3u Ha T.2 ¢ BenmuurHaTa Av' = v; — v, = ©(R; —
R»), mokaro ckopocrTa Ha T.1 mIe € mo-Majaka oT Ta3u Ha T.2 ¢ BenmnmuuHaTta Av” = (R, — Ry). Ilpu
TOBa TIOJIO)KEHHE YHUCTO THhPKAISHE IIe CHIIECTBYBA CaMO IO OKPBHKHOCTTA HAa ThPKAISHE,
MpeMHUHABAIA TPe3 T.2, JOKATO M0 OCTaHallaTa JOMHPHA IUIOCKOCT (T.€. B ydacThiute 2 — 3 U
2—1) me BB3HUKHE IuTh3raHe. l[Ipm TOBa Ha cTpaHaTa Ha yBENIWYaBalIUsA ce paguyc (T.e. KbM
pebopra Ha KOJIENOTO) Ie BB3HWKHAT CHJIM, HACOYEHH NPOTHBOIIOIOKHO Ha IOCOKAaTa Ha
JBIKEHUETO, @ KbM CTpaHaTa Ha T.7 Il¢ Bb3HUKHAT CHJIM, HACOUYCHU IO IMOCOKA Ha ABUKCHHUETO.
PesynranTHaTa Ha TE3u JBE TpyNH CWIM OOMKHOBEHO € HACOYCHAa OOpaTHO Ha IMOCOKaTa Ha
IBI)KCHUETO W TPEJICTABIIABA B CHIIHOCT CHIIPOTHUBICHHUETO, 0OYCIIOBEHO OT KOHWYHOCTTA Ha
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OaHIaxXwuTE.

r. CbnpoTvBneHne oT TpUeHe Ha OCOBUTE LUMWKM Ha KONOOCUTE B narepute. 3aBucu
TJIABHO OT HATUCKA, TIPEIaBaH OT JIArEPHUTE YePYITKH BbPXY OCHOBHHTE IMUHKH, OT KOSQHIIMEHTA
Ha TpueHe B jarepa (¢,), OT KaYeCTBOTO M ChCTOSHUETO Ha CMa30YHHUTE MaTepUain (BUCKO3UTET,
TeMIrepaTypa, ae0eIimHa Ha CJIos U T. H.).

CHIPOTHRIICHUETO OT TPHEHETO B jJarepute (W) ce ommpeesns OT paBeHCTBOTO

d
W, =P,b, o (11-35)

KBJETO
P, e cunara, c kKosTO Upe3 Jarepa ce npenaBa BbpPXy MIKMKHKaTa Ha ocTa, N;
d — nuaMeTbpbT Ha MIKHKATAa HA KOJIOOCTa, Mm;
D — auaMeTbpbT Ha OaHAaXa Ha KOJIOOCTa, M.

Koepuunentsr Ha TpueHe (@,) ce H3MEHA B [0CTa LIMPOKH TPAHUIM U 3aBUCH OT
MHoroOpoiinu ¢akropu. I[lokasanute Ha ¢ur.ll-5 kpuBH HaBaT U3BecTHA MPEACTaBA 32 TPAHULIUTE
Ha M3MEHEHHE Ha ¢, B 3aBUCHUMOCT OT CKOPOCTTa Ha JBIKCHME Ha CbhCTaBa IpU JABaTa BHUIA
Jlarepy - IUTh3Talld M ThpKaAmu. ['opHUTE ABEe KpHBH 00XBalIaT E€KCIIOATAlMOHHATA 30HA HA
Jarepure

” -
a048
906 .
904
aos2 (
a0t r

aloag IZ;"II ﬁl‘l‘
qoa& YNKoGU nazep,

0,004 ' , L
008 |

/IdZé_’
0 20740 5080 10015 v nrofs

®ur. II-5

C TPUCIIU C€ MOBBPXHOCTH, KATO TOPHOTO OTPpAaHUYCHHUE CE OTHACS 3a MO-T'BCTH CMa3Kd U I0-
MaJKy Crelu(UYHH HAISTAaHWS Ha TPUCHIMTE CE MOBBPXHOCTH, a JIOJIHOTO — 3a IO-PEIKU
CMa3KH | TIO-TOJIEMH CTIIeIU(UYHN HATOBAPBaHUSI.

ChIPOTHBICHNETO HA THPKAISHE TMPH POJKOBHUTE JIAarepd € MHOT0 TO0-MalKO OT
CHIIPOTHUBIICHUETO HA TPUCHE MPH ILTH3TALIUTE JIATEPU U [TOYTH HE CE MPOMEHS B 3aBUCUMOCT OT
CKOpPOCTTa Ha JIBUKEHHETO.

IIpu mpecToit Ha NOJBMXKEH ChCTAaB, KOWTO € ChOPBKEH C IUIB3Tallld Jarepy, HaMmupaiiara ce
MEXJy JarepHUTE YEpYNKH W OCOBUTE INMUHKA CMa3Ka IIOCTEIIEHHO CE€ W3TIAacKBa W3BHH
JOTIMPHHUTE TUIOCKOCTH, B PE3yJTAaT Ha KOETO CMa3BallUsT CJIOH M3ThHsBA. [Ipy moTernsHe cien
TaKWBa IPECTOM KOCHHUIIMEHTHT HA TPUEHE ¢, € 6—8 IHBTH MO-TOJSIM OT HaW-HUCKAaTa CH
CTOMHOCT.

2. Conpomusenenue Ha nvms. TUITBT U CHCTOSHUETO HA PEIICOBHS BT CHINECTBEHO BIIHSSAT
BBPXY OCHOBHOTO CHIIPOTHBJICHHE HA IBIKECHHETO HA BJIaKa.

OCHOBHHUTE CHCTABIISIBAIIM Ha CHIPOTHBIIEHUETO HA ITBT Ca:

a. CbNpoTUBNEHME OT €NacTUYHOTO OrbBaHe Ha NMbTS. [lpu mpeMrHaBaHETO Ha BiIaka 10
pEJICOBUS BT TOW CE€ OI'bBA IMOJ XOJOBUTE KoJiena. Thil KaTo 3a OrbBaHETO HA PEJICUTE BIAKBT
W3BBpIIBa paboTa, TOBa HaMajisiBa HEroBaTa KHWHETHYHA C€HEPrus, T.e. TPOsBSIBA Ce
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CBIIPOTUBUTENICH S(EKT.

0. CbnpoTUBMNEHNE OT HEPABHOCTUTE HA NbTH. J[BUKEHHETO Ha TOIBIKHHS ChCTaB IO
pelicuTe ce MpuIpykaBa OT yIapy Ha OaHJIa)XuTe 10 PEJICOBUTE BPB3KH, YIapy Ha peOOpauTe Ha
OaHI@KHUTE 1O CTPAHUYHUTE CTCHW Ha pEJICUTE W T.H. BCeku TakbB yaap MpeIu3BHKBA
HamallsiBaHE Ha CKOPOCTTa Ha ChCTaBa. 3a Jia Cce BH3CTAHOBU IThPBOHAYANIHATA CKOPOCT,
HEOOXOJIMMO € Jia C€ M3BBPIINU JIOBIHUTEIHA paboTa, Mmopaju KOeTo yJAapuTe Ha KolelaTa 1o
peJicuTe MOTart Jia ce pa3riekaaT KaTo ChIIPOTUBIICHUE HA JBHKCHUETO.

3. Cvnpomusenenue na 6v30ywHama cpeda. CHIPOTHBICHUETO Ha BB3AYIIHATa cpela Ha
JIBIDKEHHETO HA ChCTaBa C€ M3pa3sBa C JIOMBIHUTEIHO HAJsiTaHE HAa BB3JyXa BHPXY 4YelHara
IJIOCKOCT HA JIOKOMOTHBA WU CAMOXOJHHS BaroH, KaKTO U B IMOSBaTa Ha CHJIU Ha TPUEHE MEKTY
BB3JlyXa ¥ CTPAHUYHUTE CTCHH Ha BJIaKa (TOBA CE OTHACS 3a CIIyYaWTe Ha JIBUKCHHEC Ha BIIaKa MPH
HETIOABMKCH BB3IYX).

[Ipu mombTeH WM HACpEIIEH BATHD CHIPOTHUBICHUETO HA BB3JAYIIHATA Cpella Ce HaMallsiBa
WJIM YBEJINYaBa B 3aBUCHMOCT OT CKOPOCTTA M MTOCOKATa Ha BATHPA.

ChIIPOTUBIICHUETO Ha BB3IAYyIIHATa Cpella 3aBHCH TJIABHO OT ToJieMHWHATa u (opmara Ha
YelrHaTa MOBBPXHOCT HAa TETIUTEIHUS ChCTaB, OT (opMaTa M KOMUYECTBOTO HA TPHKAYCHHUTE
BaroHW W OT OTHOCUTENHATa (TI0 OTHOIICHHWE Ha Bh3[yXa) CKOPOCT Ha JBW)KCHUE Ha BIIaKa.
Koraro tasu ckopoct He HaaBuimaBa 8—10 m/s, BB3AYNIHOTO CHIPOTHBIICHUE MOXE Ja Ce
npeHeOperHe (ToBa ce MpaBH TPU H3UYKCICHUATA HA PYIHHUYHHS JIOKOMOTHBEH TPAHCIIOPT,
KBJICTO CKOPOCTHUTE Ha JIBIDKEHHE Ca OIIIE MO-MAaJIKH).

lomsmoTo pa3sHOOOpa3ue © HEMOCTOSHCTBOTO Ha (DAKTOPUTE, KOUTO BIHSAAT BBPXY
rojeMruHaTa Ha OCHOBHOTO CHIIPOTHBIICHHE Ha JBHXKCHHUETO, TIOKa3Ba, Y€ IO IBTS HA YHUCTO|
MaTeMaTHYHUTE HW3BOJM IMPAKTUYECKH € HEBB3MOXKHO Jia ce u3Belar (OpPMYINH, JOCTATHYHO
TOYHU W TMPWIOKUAMH 32 PA3IUIHUTE CKCIUIOATAlMOHHU ycioBus. [1o Ta3u mpuyuHa OCHOBHOTO
CHIIPOTHUBIICHUE HA JIBIKCHUETO € MPHETO JIa CC M3YMCIISABA Ype3 ONpEICIICHUS M0 SMITMPUYHU
(hopMyH OTHOCHTENICH KOCHHUITUEHT W), KOUTO 0000IaBa BCUYKH KOMIIOHGHTH Ha OCHOBHOTO
CHIIPOTHBIICHUE.

EmnuprynanTte hopMysiu OOMKHOBEHO B3eMAT MPE BUT BJ'II/ISIHI/Ieﬁ Ha TpU OCHOBHHU (pakTopa -
THUIIA Ha MTOJIBM)KHUS ChCTaB, MacaTa U CKopocTTa My. Te umar Buja:

a. [pu BnakoBe 3a OTKPUTU PyaHULN

3a AByOCOBM BaroHu

: :

/] _ 0,5
w, = %,4 +0,02 + . g),om. (I1-36)

[l [l
U g [
3a 4eTNpPMOCOBU BaroHW (KOJIOOCHTE IPYIMUPAHU B JIBE TAJIHIH):
[Ipu aBM>KEHUE MO MOCTOSIHHUTE PEJICOBU IIBTUILA HA PYAHUKA

]

n +
w, =7+ 12503V 6 0002y EIL. (11-37)
o 0259 000
0 g 0

HpI/I ABHUKCHHUC 11O BPCMCHHU MMbTHIIA, [IOACUTIAHU C 6anaCTpa:

*
Twit kaTo hopMyNIUTE ca EMITMPUYHH, 33 J1a C€ MOy BEPEH pe3ynrar, choOpa3eH cbe cucremara CH, v

W — C€ 3aMeCTBAaT C IocOoUeHaTa M3BHHCUCTEMHA SAMHHMIIA, a PEe3yNTaThT ce yMHOkaBa ¢ 0,001.

g
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]

n +
w, = Eb,9 f 5404V G 0025y B L (I1-38)
0.259 (1000
0 25 0
0 g 0

HpI/I ABHKCHHUC IO BPCMCHHMU MIBbTHIIA, HA ITOJICHUIIAHU C 6anaCTpa:

]

n +
w, = %,1 17404V 6 0003y L (11-39)
q (1000
o 0253 0
0 g 0

3a eneKkTpoNnoKOMOTUBH:
IIpu T4roB pexum

v P 1
w, =R,4-0,007—+0,0013v* . (11-40)
Ol g 000
[Tpu ABMXKECHHUE IO UHEPITHSI
v P 1
w, =B -0,007—+0,0013v’ . (11-41)
Ol g 000
B te3u hopmynu
q ¢ obmaTa Maca Ha BaroHa (Ipa3eH Wid HaToBapeH), Mg;
g
V - cKOpoCTTa Ha aBmxenue, km/h;
P
— - CIIETHATa Maca Ha JIOKOMOTHBa, Mg;
g

P - cuenmHOTO TErJIO HA JJIOKOMOTHBA, N.

3abenexka.®opmymu (11-40) u (II-41) ce oTHAacAT 3a ABWIKCHHE HA JIOKOMOTHBHUTE IIO
HOpPMAallHU JKII. JIMHWW. 3a Jia ce OTYeTe IO-JIOIIOTO CHhCTOSIHAE HA PEIICOBUTE MBTUIIA B
OTKPUTUTE PYTHUIIH, HEOOXOAUMO € MOTyYSHUTE MO TAX CTOHHOCTH 3a W' J1a ObJaT YBEINYCHH C
20 — 80 %.

B oTkpuTHTE PYAHWIM PEIICOBUTE MBTUINA OOMKHOBEHO ca B TBBPJC JIOMIO CHCTOSHHE,
Mopajyi KOETO CKOPOCTHTE Ha JBMKCHHE Ha BJIAKOBETe ca Manku. [Ipu ToBa moOnOXKeHHE
BIIUSHUETO Ha CKOPOCTTa BHPXY OCHOBHOTO CHIIPOTHBIICHHWE HA JBMXKCHHUETO MOXE Ja ObJie
npeHedperHaro (ole mopeye ye pa3KkpUBSIBAHETO HA TS B TUIAH ¥ MPOGUIT U 3aMbPCIBAHETO MY
C TIOCUNajia ce OT BAaroOHWTE CKallHa Maca B 3HAYMTENHO IO-TOJIIMa CTENeH 3aTpyHSIBA
JBIOKCHHUETO). 32 TMPUOJIM3UTEITHA W3YHCICHUS OOINUAT OTHOCUTENICH KOS(UIIMCHT Ha OCHOBHO
CBIIPOTHUBIICHUE MOJKE Jia ObJic H30paH B ChOTBETCTBUE C TA0JI.3.

Tabnuma 3
OTHOCHUTEITHO OCHOBHO
Bun Ha perncoBus mbT CBHIIPOTHUBJICHHE Ha JBIKECHUETO (Wo)
3a HaToBapeH 3a mpa3eH BiIaK
BIIAK
HopMmanuu xn AuHHMH, CBBP3BALIM PYJHUKA C BBH-IIHU 0,002 0,003
00CKTH
ITocTostHHM peICOBY IBTHUIIA B OTKPUTHUS PYITHUK 0,003 0,0045
BpeMmeHHn pencoBH IIBTUIIA B OTKPUTHUS PYIUUK 0,004 0,006
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6. lNpn BnakoBe 3a noa3eMHW pyOHUUW. 3a pyIHUYHUTE TECHOJMHEHHH BaroHH
OTHOCHUTETHOTO OCHOBHO CBHITPOTUBJICHHUE (W(") ce preMa B 3aBHCHMOCT OT TOBapOITOJIEMHOCTTA
U CBCTOSHHETO Ha BaroHa (HAaTOBapeH WJIM MPa3eH), KaTo BIMSHUETO Ha CKOPOCTTa Ce
npeHeOpersa. IIpenmoppuBar ce ClIeIHUTE OPUCHTUPOBBYHN CTOMHOCTH 33 Wy

3a BarOHETKH €THOTOHHU TIPa3HU 0,011;
3a BarOHETKH €THOTOHHU HATOBapeHU 0,009;
3a BarOHETKU JBYTOHHU Mpa3HU 0,010;
3a BarOHETKH JBYTOHHU HATOBapCHH 0,008;
3a BArOHETKH TPUTOHHHU IPa3HU 0,009;
3a BarOHETKH TPUTOHHU HaTOBapeHU 0,007,
3a BarOHETKH ITCTTOHHHM MPa3HA 0,007;
3a BarOHETKH ITCTTOHHU HATOBAPEHHU 0,006.

l'opauTe naHHM ce OTHACAT 3a BAarOHH, CHOPBXKEHW C IUIB3raly Jarepu. llpum Thpkandmu
Jarepu croitHoctutTe Ha Wo' ca ¢ okoso 0,0015 - 0,002 mo-manku.

Ha 3ambpcenn u HenoOpe NOAAbpKaHU JIMHUK MOXKE [1a CE OYaKBa YBEJIMYEHUE Ha OCHOBHOTO
CBIIPOTHUBIIEHHUE Ha ABMKEHUETO 110 40 - 50% crpsMO MOCOYEHNTE CTOMHOCTH.

OTHOCUTENTHOTO OCHOBHO CBHIIPOTUBJIEHHE W' HAa PYJHUYHUTE TECHOJIMHEWHU JTOKOMOTHBHU €
PUOJIM3UTETHO OT IMOPAAbKa Ha OTHOCHTEIHOTO CBIPOTHUBICHHUE Ha OJM3KUTE IO TErIo
BaroHETKH.

12. JOIIBJIHUTEJIHO CBIIPOTUBJIEHUE HA IBUKEHUETO

OCHOBHHUTE CHCTaBSAIIM HA JONBIHUTETHOTO ChIPOTUBIICHUE HA ABM)KEHUETO Ha BIaka ca:
1. Cvnpomusnenue om Haxnona Ha nvmsA. ToBa € KOMIIOHEHTaTa Ha CHJaTa Ha TEXKECTTa Ha
BJIaKa, JeMCTBYBallla 110 HAIIPAaBJICHUETO Ha HETOBOTO JIBI)KEHHUE. XapaKTEpHO 3a Ta3u CUJa €, ue
T4 HE 3aBUCM OT THNAa M CKOPOCTTa Ha TOABW)KHHSA CBCTaB M HMMa IIOCTOSIHHA II0COKa,
ChJICHCTBYBAIIA 3 MPUABIKBAHETO HA BJIaKa HAJOIY MO HaKJIOHa.

AKO0 O € BI'BJIBT Ha HaKJIOHA Ha PEJCOBHA IBT CIPAMO Xopu3oHTa (Bxk ¢ur. 11-6), a P+Q e
TEIJIOTO Ha BJlaka, KOMTO ce ABMKU IO TO3M HAKJIOH, TO KOMIIOHEHTATa Ha CHjlaTa Ha TEXKECTTa o
HaIpaBJICHUETO Ha JBI)KEHHUETO 1€ Obae

S=(P+Q)sina. (11-42)

Jur. 11-6

[Ipu TOKOMOTHBHUS TPAHCIIOPT HAKJIOHUTE HA PEJICOBUS BT Ca MAJIKH, MOPaIH KOETO BMECTO
B Irpajlycu T¢ OOMKHOBEHO ce m3passiBat B “XwisimHu” (%o) T.€. Upe3 JCHHUBENAIMTA 1. (M3MEpeHa
B METpH), KOATO IHTAT ToiydaBa Ha pascrosaue 1000 m (M3MEpeHO MO XOpHU30HTajda) OT
mxoaHata Touka. Ot ¢wur. II-6 ce Bmwka, de

1
= ted . 11-43
1000 © (1-43)

Tpif KaT0 MAaKCHMATHO JOMYCTHUMHUAT HAKJIOH 32 MAarvCTPaTHUTE KIT JUHUU € 1 = 25 %o, a 3a
PEJICOBUTE MBTHUIA B OTKPUTUTE PymHUIM — 1 = 40 %o (Ha KOETO OTroBapsT bIVIM HA HAKIIOHA

25



crotBeTHO 1°30' 11 2°20"), TO 3a Te3W MaJKK 3HAYCHHS HAa HAKJIOHA Sind = tga.
Ot ropHoTO cienBa, ye Gopm. [1-42 moxke na Ob1e IpecTaBeHa BBB BHIA

S=(P+Q)tga = (P +Q)10100 .

OueBHUIHO KOMIIOHCHTAaTa S Ha CHjaTa Ha TE)KECTTa Ha BJaka IIMe TPEMATCTBYBa I IIIE
OJIaronpusTCTBYBa JBIXKCHHETO B 3aBHCHMOCT OT TOBa, KakBa € HEroBaTa IIOCOKa.
CrenmoBaTeNlHO, TIpEIEHsSBaHA KaTO CHIPOTHBICHHE OT MBIDKCHHETO IO HakiIoH W, Ta3u
KOMITOHEHTA III€ CE XapaKTepu3upa ¢ ABE CTOMHOCTH: TIOJIOKUATETHA - TIPH W3KadyBaHEe Ha BJIaKa 110
HAaKCJIOH, ¥ OTPUIIATENIHA - IPU CIIyCKaHe Ha ChIIUS M0 HAKJIOH, T.C.

(11-44)

1
W. =S =%(P + . 11-45
] ( Q)1 500 (I1-45)
OTHOCI/ITCJ'IHOTO C’BHpOTI/IBHGHI/Ie OT ABUXKXCHHUEC 110 HAKJIOH CbOTBETHO IIIC 6’5)16
W, +S i
= = =+ (11-46)

1
W (P+Q) (P+Q) 1000

2. Cvnpomusnenue om kpueume. Ilpy HaBnim3aHe Ha Bjaka B KpHBa TOW C€ CTPEeMH Ja
NPOIBIDKH CBOETO MPABOJMHEUHO NBIKEHHE, T.€. Ja CE JIBIKM IO TAaHIeHTaTa Ha KpHUBarta.
Bcenencrrue Ha EHTPOOCIKHUTE CHITH peOOpaUTE Ha KOJIellaTa HaTUCKAT BHHIITHATA pejica, YHSITO
peakiys € paBHa 10 rojieMHHA U MPOTUBOIOJIOKHA Ha IIEHTPOOEKHATA CUIa. Y PaBHOBECSIBAMKH
ce, JBETE CIIM IPEIU3BHKBAT TPUCHE Ha peOOpIUTE BHB BHTPEIIHATA CTpaHAa HAa BBHHIIHATA
penca. Ta3u cuiia Ha TPUEHE € €IHA OT ChCTABSIIUTE HA CHIIPOTUBICHUETO HA KPUBUTE.

pyra chcTaBsIIa Ha CHIIPOTUBIICHUETO, BE3HUKBAIIA TIPH ABIKCHHUE B KPUBH, € HAITHKHOTO
¥ HalPEYHOTO MPHUILTH3BAHE WU MOBJIMYAHE HA €IHO OT KoJiejaTa Ha BCSKA OT KOJIOOCHTE IPH
BIHCBAHETO U B KpuBaTa. [IpakTukaTa e mokasana, 4e ChIIPOTUBICHUETO HA JBUXKEHUETO B KPUBU
IIOYTH HE 3aBHCH OT CKOPOCTTA IOPaIX TOBA, Y€ C YBEeIWYaBaHE Ha CKOPOCTTa KOSHHUIIMCHTHT Ha
TPUEHE HAa TUTB3TaHE MEXKIY KOJIOOCOBHTE PeOOpPAM W PEIICHTEe HaMaysiBa. Y CTAaHOBEHO €, 4e
CBHIIPOTUBIICHUETO HA JBMKEHUETO B KpUBA 3aBUCH HAl-MHOTO OT paauyca R Ha kpuBara.

OTHOCHUTENHOTO CHIIPOTUBIICHUE HA JABMXKCHHUETO B KPUBHU CE€ U3YMCISABA MO CICAHUTE OMUTHU
hopmymu:

a. 3a enesonbTeH TPaHCMOPT C HOpMarnHa wupoynHa Ha nbTa (1435 mm) npu KpuBU C
R>200mm:

3a IByOCOBH BaroHu

., _ 0,750 _0,013.a°

w : 11-47
kP R " (11-47)
3a ‘{eTI/IpI/IOCOBI/I BaroHu
, 0,630 0,011.0°
Wip = = ; (11-48)
R 1KP
3a CMCCCHHU CbCTAaBHU
0,700 0,012.0°
Wi = =2 (11-49)

R Cp

KBJICTO
R e paanychT Ha KpuBara, m;
0’ - UEHTPAJIHUAT bI'bJ HA KpUBaTa, TPalycu;
lip - IBIDKMHATA HA KpUBATa, m.
OTHOCHUTEIHOTO CHIIPOTUBIICHHE HA JBIKCHHUETO OT KPUBHU (TP IIMPOYMHA HA PEJICOBUS BT
1435 mm) mo>xe a ObJie H3UMCIICHO U TI0 popMyJiaTa
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Wyp = O,OOIEBSO—aEB (I1-50)
RO RO
KBJICTO
S e TBBpAaTa 6a3a Ha MOABIKHHS ChCTaB (Pa3CTOSHHE MEXAY OCUTE Ha JBYOCOB BaroH,
PECII. MEXIy OCHTE BTAJIHUTHUTE), M;
R - paguychT Ha KpuBata, m;
a - xoepunueHT (3a ToBapHH Biakose a = 2000).
6. 32 TECHONMMHEeeH XM TPaHCMOPT (KaKbBTO € JIOKOMOTUBHMAT TPAHCIIOPT B MOA3EMHHTE
PYOHHIIN) C€ U3ION3YBAT CIECAHUTE (POPMYIIU 32 ONPEAEITHE OTHOCUTETHOTO CHIIPOTHBIICHHE HA
JBIKCHUE B KPUBH B 3aBUCHMOCT OT IIMPOYMHATA HA BT B:

3a B=1000 mm: _ 0,400 (II-51)
Ve TR 20

3a B=900 mm: _ 0,380 (II-52)
Ve TR-17

3a B =750 mm: _ 0,300 (II-53)
Ve TR-10

3a B = 600 mm: _ 0,200 (I1-54)
Wip = R-5

3a 7BYyOCOBHTE PYIHHYHH JIOKOMOTHBH OTHOCHTEIHOTO CBIPOTHBICHHE OT KpPUBHTE C€
ompeness o GpopMyiara

_0,158S+0,083.B
Wyp = R

(11-55)

KBJETO
S e TBBpHaTa 6a3a Ha JTIOKOMOTHBA, M;
B - — mmpouuHaTa Ha BT, m.
Ilpy npmxkuHa Ha Bnaka /g, IMO-roiisiMa OT Ta3W Ha KpuBaTta /., CBIPOTHBICHHETO OT

KpHBara JefCTByBa caMO Ha 4acT OT BaroHMTE. 3a Ja ce oryeTe ToBa (IPU TOYHH W3UMCIICHHUS),

M3YUCIIEHOTO 3a LEJHs BIAK CHIIPOTHBJIEHHE CE€ HAMAJSABa MPOIOPIHMOHAIHO HA OTHOIIEHHUETO,
T.€.

_ Lyp

Wip = Wip (P + Q)_

lg

3. Covnpomuenenue om yckopenuemo (IUHAMUYHO CBHIPOTHBJICHHE). TOBa B CBHIIHOCT €
cUJIaTa Ha WHEPIMATA Ha BJIAKa, KOSTO CE TPOSBSBA, KOTaTO HA HETO JICHCTBYBAT TOJOKUTEITHH
WIM OTPHUIIATECITHH YCKOpeHHWs. Ta3u cuia Ime ce MposBsiBa CICJOBATECIHO B TPEXOIHHUTE
(TMHAMUYHUTE) PSKUMU Ha Biaka (MIOTETJITHE, CMSHA Ha CKOPOCT, CITUPaHEe) M TPETHpaHa KaTo
CBIIPOTHBIICHHE, III¢ HOCH 3HAKA HA IMOPOJIUIIOTO S YCKOPEHHE.

Cunata Ha WHEPIUATA S, KAKTO € M3BECTHO, € IPaBO MPOIOPITHOHATIHA HA YCKOPCHHETO ],
KOETO BHHIITHUTE CHJIU CHOOIIABAT HA TSUIOTO, M HA MacaTa m. Ha CaMOTO TSJIO, T.C.

Sur =mj (I1-57)

W3BecTHO € ChINOo Taka, 4e MOpaj iy CBOSITa CHITHOCT CHJIaTa HA MHEPIMATA BUHATH CE CTPEMU
Jla 3ama3d IbPBOHAYATHOTO CHCTOSIHHE HAa TAJIOTO (MOKOW WIIM PAaBHOMEPHO IBHIKCHUE).
CrenoBaTelHO BHHITHUTE CHITH II¢ TIPOMEHST CKOPOCTTa Ha TSUIOTO Vi HA V, CaMO aKO M3BBPIIAT
n3BecTHa paboTa A 3a mpeojoisiBaHE Ha CWiaTa Ha WHeprmsara. JokaTo Tpae MpolechT Ha
HW3MEHEHUE Ha CKOPOCTTA, TAIOTO II¢ M3MUHE BT £ , & KHHETHYHATA My SHEPTH I1e C& U3MCHHU C

(11-56)
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BeJIMYMHATA
AE = %m . (I1-58)

HpI/I TOBa KHHCTUYHATA CHCPrud IIC CC HU3MCHHU C BCJIMYMHATA, paBHA Ha HU3BbpPHICHATA OT
BBHIIHUTC CHIIHN pa60Ta 3a MMpCoOA0JIIBAHE CHUJIaTa Ha MHEpUUATA:

AE=A=S /. (11-59)
Ot dopwm. II-57 u 1I-58 cnenga, ge

2 2
S = m(Vz—V') (11-60)
20
HampaBenuTte NOTYK pa3ChXKICHUS W H3BEIACHHTE pAaBEHCTBA C€ OTHACAT 3a CHiIaTa Ha
WHEpLUTa, MPOSBSABAIlA CE MPU MPOCTOTO MOCTHIATETHO ABMKEHHWE HA XOMOTEHHO TSJIO C
¢u3nuHa Maca m.
3a na Obae omperneneHa cuilaTa Ha MHEPIMATA, MPOSBSBAIIA CE TIPH IPEXOAHUTE PEKUMHU HA
JBIDKEHHE Ha TaKOBa CIOXHO TsIO, KaKBOTO € BJIAKOBHST CBhCTaB (Ta3W CWia yCJIOBHO Oe
HapeyeHa ‘‘ChIPOTHUBJICHUE OT YCKOPEHHETO”), B TOPHUTEC paBEHCTBA ClE[Ba Ja C€ BbBele
“npuBeneHa Maca” (M,,) Ha cbcraBa. M3BectHO € (Bk. § 8), ue MocpencTBOM Ta3M Maca ce
OTYUTAT JCHCTBUTEITHUTE NHEPLIMOHHN CBOMCTBA HA BJIAKA.
Torasa cpo0pa3zenuTe c Te3u cpoiicta paBeHcTsa (I[-57) u (1I-58) me nodusT Buga

S,. =Mppj=M(+y)j (11-61)

2 2 2 2
S, =M 5 (V2—Vl) = M(1 + y)(VZ—Vl) (11-62)
20 20

CopuelicTByBallki BWHArd 3a 3alla3BaHe IIbPBOHAYAIHOTO CHCTOSHHE HA TIOKOW WM Ha
PaBHOMEpPHO JBIKEHUE Ha BJIAKA, CWIWTE HA MHEPUUS OOEKTUBHO 1€ HPENsITCTBYBAT
JBIDKEHHETO TP TMOTETJISTHE UM YCKOPSIBAHE M CHOTBETHO IE OJIATOTNPHUAITCTBYBAT JIBMYKEHUETO
npu 3abaBsiHe. Clle10BaTeIHO, MPELCHSIBAHN KaTO CHIPOTHBICHUE HA IBIKCHHETO, TE WIE CE
XapaKTepu3HUparT ¢ JIBa 3HaKa: [IOJIOKUTEJICH - IPY YCKOPSIBaHE, U OTPULIATENICH - IIpU 3a0aBsiHe.

Ot ¢opm. 11-61 u 1I-62 cnenBa, 4e yCKOPEHUETO, KOETO ACHCTBYBA Ha BIIAKOBHSI CHCTaB IO
BpeMe Ha MPEXOAHUS PEKUM Ha IBUKCHUETO MY, 111e Obae
. V=V
], (11-63)

2/
KBJIETO
V| € CKOpOCTTa Ha ChCTaBa B HAYAJIOTO HA MPEXOAHUS MPOLIEC;
V, - CKOPOCTTa Ha CbCTaBa B Kpasi Ha IPEXOJHUS IPOLIEC;
{ - IBTAT, U3MHUHAT OT ChCTaBa MPE3 BpEME Ha MPEXOIHUS MPOLIEC.

Ot pasenctBo (II-63) cnmexma, ge korato v, > v (T.e. IpU yCKOpsiBaHE Ha Biaka), j>0 m
ciegoBaTeaHo U Sy, >0 (Bxk. ¢opm. 1I-61); xoraro v, < v; (T.e. pu 3abaBsiHe Ha Biaka), j<O0,
MOpajy KoeTo u Sy, <0.

OT U310XEHOTO NOTYK CJellBa, Y€ ChIPOTUBJICHUETO OT YCKOPSBAaHE Ha BJaka ChBIAJa He
camo I10 TOJIEMUHA, HO U IO 3HAK ChC CHJIaTa Ha MHEPLHATA, T.C.

W, =S, =tM(1+y)j, (I1-64)
K’BI[CTOj € abcoJIroTHAaTa CTOMHOCT Ha YCKOPCHHUCTO.
ITo I[C(I)I/IHI/ILII/IH OTHOCHUTCIHOTO CBHIIPOTUBJICHUC OT YCKOPCHUCTO HaA BJIaKa IIIC 6’[))16

W, S

]

W, = —— = 11-65
iTPrQ Mg (I1-65)
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KBJIETO
P+Q e o6moTo Terio Ha Bitaka, N;
M - pusnuHata Maca Ha Biaka, kg;
g - 3eMHOTO yckopenue, g=9,81 m/s”.
Ot dopwm. (I1-64) u (I1-65) cnenpa
+ (1 + y)j
g

OO6mwAT 3a 1enus Biak koeduiueHT (1+y) ce u34ucisaBa Bb3 OCHOBA HA PABEHCTBOTO

P(1+y’)+Q1§+y1"E+Q2§+y2"ﬁ+...+Qnﬁ+yn"E

(1+y)= P10 0 110 : (11-67)

W, =

(11-66)

KBJETO
P e TernoTo Ha NTOKOMOTHBA;
Y' - ”HEPLUMOHHUAT KOe(UIMEHT Ha BBPTAIIUTE CE MACH Ha JJOKOMOTHBA;
Q1, Qz,...Qy - TErIOTO HA OTHEIHUTE BarOHU, IPUKAYCHNU KbM JJOKOMOTHBA;
v1", v2",... Yo" MTHEPUHOHHUTE KOCPHULMNEHTH Ha ChOTBETHUTE BaroHu.
[To-nomy OpHMEHTHPOBBYHO C€ TPHUBEXKIAT NAaHHU 33 HHEPUUOHHHUTE KOCDUIMEHTH Ha
JIOKOMOTHUBHTE M BarOHHTE.

CaMOXOJHHU BaroHu v'=0,10+0,15
€IEKTPUICCKHU JIOKOMOTHBH v'=0,20+ 0,40
JIBYOCOBH TOBapHM BaroHW (3a HOpMaJjeH PEJICOB ITHT)
MIpa3Hu y"=0,10+0,12
HaTOBapeHU v"=0,04 + 0,05
UeTnpnocoBM TOMApHHU BaroHH (3a HOPMaJIEH PEJICOB ITBT:
Mpa3Hu v"=0,07+0,08
HaTOBApPEHU v"=0,03 + 0,04
TecHOMMHEWHN pYJHUYHU BarOHETKU
Mpa3Hu v"=0,10
HaTOBApPEHU v"=0,05

[Ipu HEOOXOAUMOCT OT TOYHO ONPEJACISHE Ha CHIPOTHBICHHETO OT YCKOPEHHE Ha BIlakKa
MPernopbhYBa CE U3YUCIIIBAHETO Ha MHEPIIMOHHUS KOS(HUIMCHT Jla CTaBa B ChOTBETCTBUE C (popM.
(I1-9)—s.

B penuna ciydan obade € H0CTaTh4HO M MPUOIU3UTENHOTO ompenensHe W; , opagu KOeTo
(oT croOpakeHHUs 3a OMPOCTABAaHE) ce MpUeMa eHa CpeHa CTOWHOCT 3a KoedummeHnTta (1+y),
BaUJIHA KaKTO 3a TpPa3HUTE, Taka W 3a HATOBapeHHWTE ChcTaBu. OOMKHOBEHO c€ IpHeMa
(1+y)=1,075. Torasa 3a Hy)XIUTe Ha MPUOIM3UTEITHATE W3UYNCICHUSI U3Pa3bT 32 OTHOCHUTEITHOTO
CBIPOTUBIICHUE OT ycKopeHue (dopm. 11-66) me modbue Brma

1,075
W, =+ j==0,110j. 11-68
i 981 J J (I1-68)

IMpu pyAHUYHHS JIOKOMOTHBEH TPAHCIIOPT OOMKHOBEHO CE€ M3IOJI3YBAT CICTHUTE MTyCKOBU
. 2
yckopeHus (j, , m/s”)

3a MMBJIHU TOBAPHU BIAKOBE 0,10—0,20
3a Mpa3Hu TOBAPHH BIIAKOBE 0,15—0,30
3a CaMOXOJHHU BaroHu 0,25—0,50
3a €IMHUYHU €JIEKTPOJIOKOMOTHUBHU 0,50—0,70

[Ipn ToBa moO-TOJEMHTE CTOHHOCTH 3a j, C€ OTHACAT 3a CIIydauTe Ha IOTErJIsHE Ha
XOPHU30HTAIHM IJIOMIAAKH, (TapH, Jera, pa3MHUHABKH), a MO-MAJKHUTE - 33 CIIy4auTe Ha IyCKaHe
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Harope 1o pPbKOBOJICIINS HAKIIOH.
IIpu ocobGeHO HEOMATONMPHUATHU YCIOBUSA (MOTETJISHE HArope IO MaKCHMAaJHHS HaKIIOH)
~ : . 2
MUHUMAITHO JIOTyCTHMAaTa CTOHHOCT Ha ITyCKOBOTO yCKOpeHHE Ha Biaka e j,—0,05+0,06m/s

W,

Wor
] - ‘No :7[1/1//

B -

LY

‘VMUH

$ur, 11-7

4. Covnpomusnenue om nomeeisiHe Ha 6laka. Bcwuku nocera wu3BelneHH (GOpPMYNH 3a
OCHOBHOTO W JIOMBJIHUTEITHHUTE CHIIPOTHBIICHUS CE€ OTHACIT 32 HAMHUPAIIUS CE B CHCTOSHHUC Ha
IBOKeHHE Biak. OmuThT obOaye € ToKas3all, Y€ OCBEH Te3W CHIIPOTHBICHUS B MOMCHTa Ha
MOTETJITHETO W B HAYAJIHWS MEPUOJ HA YCKOPSIBAHETO Ha BJaKa ce MPOSBABAT W IPYTH CHJIH,
HapedyeHH “‘ChIpoTHBIcHUE OT moterisaHe” W,. ToBa chIpoTuBiaeHHE ce 00yciaBs OT BHIAa Ha
JlarepuTe, OT BUJA U CHCTOSHHUETII Ha CMa3KaTa, KAKTO M OT MPOJBIDKUTEITHOCTTA Ha IMPECTOs,
MIPeIX0XKIAI TOTETIISTHETO.

Ha ¢ur.ll-7 e mnokasaHa kpuBaTa, KOSTO XapaKTepPH3UpPa 3aBUCHMOCTTa Ha IIBJIHOTO
CHIIPOTHBIICHUE Ha JBMKCHUETO Ha Biaka W, OT CKOPOCTTa Ha JBMKCHHUETO V. Bukna ce, ue npu
MOTETJISHE Ha Biaka W, OTHayajlo ps3KO HaMaisBa OT HavaimHaTta cTohHocT Wy, 70
MUHUMaTHATA Womin , CJE€J KOETO 3alovBa IUIaBHO Ja HapacTBa (IIPOMOPIMOHAIHO, Ha
HapacTBaHETO HA CKOPOCTTA), OJUUHSBAWKH CE€ HA HOPMAaJIHA EMITUPUIHA 3aBHCUMOCT.

To3u xapakTep Ha W3MEHEHHE Ha ITBJIHOTO CHIPOTUBIICHHWE HAa IBWKEHUETO CE OTHAcsd 3a
MTOJIBIKEH CHCTAB, YUUTO KOJIIOOCH Ca ChOPBKEHH C TUTH3TAIIH JIaTepH.

ChIIPOTUBIIEHNETO OT MOTETJITHE B CHITHOCT MPEICTABIABA pa3fKaTa
Wn = WOn + WOmin (11'69)

JlocTuranero Ha CKOpPOCTTa, Ha KOSITO CHOTBETCTBYBA OCHOBHOTO CHIPOTHBIEHUE Womin (Ha
¢ur.Il-7 TOBa € CKOPOCTTa Vi), (PaKkTWUecKkm cTaBa, clie]] KaTO CHOTBETHHST BAaroH HW3MHHE
obpBUTE 1—2 m IBT.

AKO BCHYKHM BaroHU Ha BJaKa CE MPUBEXK/Iaxa ¢THOBPEMEHHO B JIBIXKEHUE, ChITPOTHUBICHUETO
Ha TOTETJISTHE OT MSCTO O JOCTHTalo TBBPAE TOJIEMH CTOWHOCTH. B EHCTBUTETHOCT BaroHUTe
ce MPUBEXKIAT B JIBIKCHHE TOCITEIOBATEITHO MOPAJAH MMPOBHUCBAHETO HA TETVIMYHHUTE yCTPOWCTBA
(cpsiroBeTE) M HAIMYKMETO Ha XJAOWHW B CaMUTE TX. [Ipy IBJITH M TEKKOTOBAPHU BIAKOBE CC
npuOsATBa A0 MTHPBOHAYATHO BPBIIAHE Ha BJaKa Ha3ajJ C IEN J1a Ce pa3ABIDKAT Jlarepure Ha
I’BPBHUTE BaroHW, J1a C€ IMPeaN3BHUKa OTITyCKaHE Ha CIPSTOBETE M []a c€ Ch3/AafaT Mo TO3HM HA4YHUH
MO-0JIATOTIPHUSITHY YCIIOBHSA 32 MOTETJISIHE OT MSCTO.

OTHOCHUTEITHOTO CHITPOTUBIICHUE OT TOTETJITHE HA BJlaKa ¢ JJOCTAThYHA TOYHOCT MOXKE J1a ObJie
oTipeiesieHo Mo GopMyriaTa

w, =0,002+0,003.,, (I1-70)
KBJIETO i; € HAKJIOHBT, 10 KOWTO BIAKBT MOTETJIS, %o.

Benmnuunnara i, € BpBeaeHa BbB GopM.II-70, 3a ma ce oTyeTe BIMSHHETO HA HAKIOHA BBPXY
HATETHATOCTTA Ha TETJIMYHUTE YCTPOMCTBA.

Ot popm.II-69 crenBa, e OCHOBHOTO CHIPOTHBIICHUE MTPH MOTETIISTHE W, IIE CE OMPEACTH OT
PaBEHCTBOTO
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Won = Womin = Wy (II-71)

Axo pas3acinuM ABETC YaCTU HAa TOPHOTO paBCHCTBO Ha TCTJIOTO HA BJIaKa P+Q, 1 noJIyuYnm
Won = Womin + Wi (11—72)

KBJIETO
Worn € OTHOCUTEITHOTO OCHOBHO CHIIPOTHUBIICHUE IIPH MTOTETIISIHE;
Womin — OTHOCHUTEITHOTO OCHOBHO CBHIPOTHBJICHHE NPU CKOPOCT HA JBIKEHHE Viin (BXK.
¢ur.I1-7.). IIpueTo € Womin 1a Ce OIpPEeaeis 3a Vi, = 10 km/h.
[Ipy npUOIM3UTETHUTE W3YUCICHUS CHIPOTHUBICHUETO OT MOTETJISHE TOHSKOTa C€ OTYHTa
Ype3 IPUEeMaHeTO Ha CTOHHOCT 3a Wy, B CbOTBETCTBHE C U3pa3a
Wor = (1,3 + 1,5)wy (I1-73)
KBJIETO W( € TIpUeTaTa CTOMHOCT Ha OTHOCUTEITHOTO OCHOBHO CHIIPOTUBIICHUE OT JBIKEHUETO.
XapakTepHO 3a ChOPHKECHUETO C THPKAJISIIH JIATEPH BIAKOBE €, Y€ MPU TAX ChIPOTUBICHUETO
OT TIOTETJISIHE MPAKTHYECKH HE ChIECTBYBA.
Ot pasenctBa (II-14) m (II-64) crmemBa, 4Ye wu3pa3bT 3a IIBIHOTO CHIPOTHBJICHHE Ha
JBIOKCHHUETO Ha Bitaka (dopm. 11-27) me qodue caemuus BUI:

W=W W +W,, £ W, +W_. (11-74)
ITbTHOTO OTHOCUTETHO ChbIIPOTUBJICHUC HA IBUKCHHUCTO CbOTBCTHO IIIC 6’BI[e
WE=Wotw, tw,tw, twpy. (II-75)

13. CIIMPAYHA CHJIA

Crupayna ce Hapuya W3KYCTBCHO NpEIU3BHKAaHATA pErylHpyeMa BBHHIHA CHIIA, KOSTO €
HacouyeHa MPOTUBOTIOIOXKHO Ha MMOCOKATa Ha JBMKCHUETO HA BJIAKa U CIYXKHU 3a HAMaJsBaHE Ha
HEroBaTa CKOpOCT.

[To mpuHIMIT ciMpayHaTa CUila Ha Bllaka MOXe J1a ObJie Ch3/Ia/IcHa 0 CIICAHUTE HAUWHU:

1. Upe3 mpuTHCKaHe Ha CICHUAIHU YEIOCTH (KOJIOIKH): BhPXy OaHJaXWTE HAa KOJIOOCTA;
BBPXY CIICIUATHA, MOHTHPAHU Ha KOJIOOCTa IUCKOBE U OapabaHu; BEPXY CAMUTE PEIICH.

2. Upe3 ch3maBaHe Ha CHIPOTHBUTEICH MOMEHT B CaMHUsl JIOKOMOTHBEH JBUTaTeN (TpU
TATOBUTE CIICKTPOJBUTATEIN - YPE3 IOCTABSIHETO MM B TCHEPATOPEH PEKHM WIH B PEKUM Ha
MPOTHBOBKIIFOUBAHE; TIPU JTU3CIIOBUTE M ITHEBMATHYHHUTE JBUTATENN - Ype3 TIOCTABSHETO MM B
KOMITPECOPEH PEXKHUM H T.H.).

CrimpauHaTa cuia, Ch3aBaHa 0 MFPBUS HAYWH, CE€ Hapu4va “MeXaHWYHA CIUpayHa cuia’, a
yCTpOICTBaTa, KOUTO 5 Ch3[aBaT — ‘“‘MEXaHWYHHU CIUPAadku’ (CHOTBETHO: KOJIECHH, OapabaHHMU,
JIICKOBU M PEJICOBH - B 3aBUCHMOCT OT BHJIa Ha €IIEMEHTa, KbM KOMTO ce MPUTHUCKA YEIIOCTTA).
[Mpu MexaHWYHWUTE CNHUPAaYKd KUHETHYHATA CHEPrusi ce MpeBphlla B TOIUIMHHA paboTa Ha
TPUCHETO.

[Ipu eneKTpUUECKOTO CIMpaHe KWHETHYHATA SHEePrusi ce MPEBPhINa B EICKTPUYECKa, KOSTO
MOXe J1a OblIe OMOJI30TBOpEHA (TPH €BEHTYAIIHOTO W BPBINAHE B KOHTAKTHATa MpEXa) WA
M3MpaTeHa B TOBAPHO CHIIPOTUBIICHUE, KBACTO /1A CE IPEBbPHE B TOILTMHA.

[Ipu civpaHEeTO OCHIIECTBIBAHO YPE3 MOCTABIHETO HA OyTaTHUTE JJOKOMOTHBHU JIBUTATEIU B
KOMIIPECOPEH PEXHMM, KHHETHYHATA CHEPrusl ce MpeBpbhllla B TOIUIMHA, KOSITO Ce pasceiiBa B
TOILUTIOOOMEHHOTO YCTPOHCTBO Ha JIBUTATEIIS.

CrmpauHaTa Cuiia Ha ChCTaBa € pe3yiTar OT JCHCTBUETO HA CIHPAYHUTE MEXaHM3MH Ha
JIOKOMOTHBA W BaroHWTE, KOWTO MPU BKJIOYBAHE Ch3/IaBAT CITUPAYHH MOMCHTH BBPXY OCHUTE HA
CHa0/ICHUTE ChC CIIUPAYHH CHOPHKEHHSI KOJIENa H KOJIOOCH.

MexaHWYHUTE CIUPAYHHA CHIIH, KaKTO M CIIMPAYHUTE CHIIH, Ch3AaJCHU Ype3 JTIOKOMOTHBHHUTE
JBUTATEIIN, Ca PETYJIHPYEeMH B OIpPEICNICHH TPaHUIM ChOOPa3HO C XapaKTePUCTHKHUTE Ha
CIIMpPAYHUTE MEXaHW3MH W Te3W Ha JIOKOMOTHUBHHTE JBUTaTend W TyK, KakTO W MpH
peaNM3upaHEeTO Ha TETJIMTETHATA CUIIA, 33 Ch3aBaHETO HA CIIUPAYHO JICHCTBHE € HEOOXOAMMO Ja
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¥Ma BBHIIIHA 110 OTHOIIICHHE Ha ChCTaBa CUJIA.

Jla pasriename mpolieca Ha Ch3JaBAaHETO Ha CIIUpavHaTa cwia M (pakTopurte, ONMpeelsIin
HelHaTa MakCHMaJlHa JOMyCTUMa CTOMHOCT CaMo 3a €JlHa CIUpayvHa KOJI0oC.

C IpUTHUCKAaHETO Ha KOJIOAKUTE KbM BBPTAIIUSA Ce OaHmax, CIUpadeH AVCK WU CIIUpadeH
OapabaH, pecIl. C IMOCTaBIHETO Ha JIOKOMOTHUBHHS JIBUTATeNl B CIUpPAYCH PEXHUM, B Kpbra Ha
THPKAJISTHETO Ha OaHAaKUTe Ha KooocTta (Bxk. ¢wur. 11-8) me Obne ch3majaeH crimpadyeH MOMEHT
M,,KbM KOUTO IIie ce MprbaBu U 0OpaTHUAT MOMEHT AM,, IPOU3/IHM3aIll OT CHIIPOTUBICHUETO Ha

dur. 11-8

TPHUEHE B JIaTepUTe.

AKO BBPTSIIIIaTa CE€ KOJIOOC HE OTMHMPa BBPXY PEIICUTE, MOMEHTUTE M. m AM, I1ie Tpenu3BUKaT
CIUPAHETO Ha KOJIOOCTa, KaTO Ha pamara, KbM KOSTO TS € YKPEIeHa, He IIIe Ce NpeaaaT HUKaKBU
HaJUTEKHU (T.€. YCHOPEIHW Ha PEJICOBHS IBT) CHIM. AKO 00ade KOJ0OCTa C€ THPKAIA KbpPXY
pesicuTe, cuupadHuiaT MoMeHT M’ = M, + AM, Moxe ma Oble IpeCTaBeH KaTo Pe3ysTaT OT
JeficTBHETO Ha ABOMKaTa cuii B, u By, mbpBaTa OT KOMTO € MPUIIOKEHA B IICHTHPa Ha KOJIEJIOTO,
a BTOpara - B TOYKAaTa Ha JOMHpaHe Ha KoienoTo ¢ pencara (¢ur. 11-8). Beprukamaust ocos
HaTHCK Py e mpenn3BUKa 1mosBaTa Ha cujaTa Ha CIEIUICHHETO Z, KOATO € peakius Ha cuyaTa B'y
U 3aTOBa s ypaBHOBecsBa. HeypaBHOBeceHa octaBa cuiata By , KOSTO 1O TONEMHHA € paBHA Ha
B’ , HO TO TIOCOKa € TPOTHBOIIOJIOKHA HA TIOCOKAaTa, B KOATO C€ THpKais Kosoocra. Upes
OyKCHTE Ha KOJIOOCTa Ta3W CHJIA CE IIpe/laBa Ha pamaTa Ha JIOKOMOTHBA (BaroHa) M Mpeau3BUKBA
crupaHeTo. B ChITHOCT BBHHITHA IO OTHOIIEHHWE HA KOJIOOCTA € CHJIaTa Ha PeakIusaTa Ha PeJICuTe
Z, KOATO € €JHaKBa I10 TI0COKa ¥ rojieMuHa Ha cwiata B, (Bx. ¢wur. 1I-8). [Tocneqnara oT cBos
CTpaHa ce OTpeesisi B CbOTBETCTBHE C PABEHCTBOTO

T 2M 2M_, +AM

By =B, = <= ( £ C), (I1-76)

D D

K K

KbJIeTo D € IMaMeThphT Ha Kphra HAa THPKAISIHETO Ha OaHaxa.
AKO TIpeHeOperHeM CIUpaYHUs MOMEHT, Ch3/IaJICH OT CHJIUTE OT TPHUCHETO B JIATCPUTE Ha
KoJIo0CcTa (TOBa c€ JOITyCcKa, Thil KaTo obukHOBeHO AM, < (0,02+0,03) M.), paBerctBoto (II-76)

e nobue Buma

B, = ——<. (11-77)

MakcumanHo AoImycTUMaTa CTOMHOCT Ha ClIMpavHaTta cuja By ce onpeaens oT U3MCKBAaHETO 3a
OCHUT'ypsIBAaHE Ha HOPMAJIHO CIIMPaHE Ha KOJOOCTA.

CrmpaHero Ha KOJIOOCTa € HOPMAajHO, KOTaTo NPWIOKEHUAT CIHpadeH MOMEHT M, He
HapylIaBa Mpoieca Ha THPKAISHETO W mo pencure. M oOpaTHO, MpouechT Ha HOPMATHOTO
CIIUpaHe € HApYIIeH, KOraTo KOJ00CTa Mo JCHCTBUETO HA CIIUPAYHUSI MOMEHT M, mpeycTaHOBU
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BBPTEHETO CH, T.€. “Ojokupa”. B mMepBUS clydail CIHMpavyHUAT MOMEHT 3ara3Ba 3a7ajJcHara My
roJIeMHHa, Thi KaTo:

a. Ilpy MeXxaHWYHHTE CHUPAYKU MEXKTY KOJOJIKHUTE W CHOTBETHHS BBPTAIl CE CIHUPauCH
eneMeHT (OaHgax, MUCK WK O0apabaH) CHIECTBYBA IUIB3TaHEe, B PE3yJTaT Ha KOSTO ChIIECTBYBA
Y MEXaHWYHAaTa CIHpadHa CHUIa.

0. IIpu crnmpane upe3 apuratens (KOTaTo KOJOOCTa € BOJCINA) BBPTEHETO HAa KOJIOOCTA
o0yclaBsi BBPTEHETO Ha JIBUTATENS U 10 TO3U HAYWH TOH MPOSBSIBA CIIMPAYHOTO CU JCHCTBUE.

BbB BTOpHSA ciiydaum (T.e. TIpu OJOKHMpaHE Ha KOJOOCTA) CHINECTBYBAHETO HA MEXaHWJIHATA
cnmpavHa cuia B, pecn. Ha cimpadyHUs MOMEHT Ha JIBUTATENs, ce mpekpartsBa. KomoocTta obade
e MPOJBIDKHU JIa Ce IBUXKH C IIbP3aJITHE BBPXY PEJIICUTE, JOKATO 3ala3eHaTa B Hes KMHETUYHA
EHeprus He ce M3Pa3xoJiBa KaTo padoTa 3a MpeoI0sIBaHe HA CHIIPOTUBUTENHNATE CHIIM. 1B KaTo
3a pasryIeXJaHusl CIydail CHIIPOTUBUTEIHH Ca CHJIWTE Ha TNPHUILTB3BaHE MEXAY OaHIaXHUTE U
pencute (KOUTO ca 3HAYUTEIHO MO-MaJKH OT ClHpadHaTa cuia By), MpolechT Ha CIHpPaHETO ce
YIBIDKaBa U CE€ ChIIPOBOXK/IA C HEIKENATEITHO U3HOCBAaHE HAa OaHIaKUTE U PEJICUTE.

Karo ce mma nipes Buz, 9e B mpolieca Ha CIIMPAHETO ABMKEHHUETO HAa KOJOOCTa CE€ MOAAbpIKa
oT cunata Ha uHepuusara W; (Bx. ¢ur. 1I-8), n3uckBaHeTO 32 HOPMAJIHO CIIMPaHE CHBIAJA C
M3HMCKBAHETO 33 HOPMATHO THPKAISHE Ha KOJIOOCTA MO/ JCHCTBUETO HA Ta3H CHJIA.

W3BecTHO €, ye HOPMATHO THPKAJISHE HAa KOJIOOCTA MO peJicara Iie ChIIeCTBYBa, aKO TOYKATa
Ha KOHTaKTyBaHETO A CIyXH KaTo MOMEHTEH LIEHTHp 3a 3aBbpPTaHe Ha Kosoocrta. M3BecTHO €
CBI0 TaKa, Y€ Ta3W TOYKA IIE IOCIY>KM 32 MOMECHTCH IICHTBD Ha 3aBhpPTaHE CaMO aKo
MIPIJIOKEHUTE B HEs CHJIM B3aMMHO ce ypaBHOBecsT. [Ipu criupane B Ta3u Touka (Bxk. ur.ll-8)
NEHCTBYBAT CWJIaTa Ha CIEIUICHHETO 7 W TaHTCHIHWajgHaTa chupadHa cuia Bi. OdeBmmHO
HOPMAJTHO ThPKAJISHE Ha KOJIOOCTA MPU CIUPAHE U CJICJOBATEITHO HOPMAITHO CIIMPaHe Ha ChIara
e ObJ/Ie OCUTYPEHO TPH ClIa3BaHe Ha PABEHCTBOTO

B/=Z (I1-79)

Kato ce uma mpen Bua, e B, e perymupyemara cuia, a Z ¢ HEWHaTa peakius, 3a KOsATO €
XapaKTEepPHO, Y€ MPUTEKaBa TOPHA TPaHUYHA CTOHHOCT Zp,x , KOMICHCHUPAHETO Ha CIMpayHaTa
cuia, JeicTByBamma B T. A me ObIe OCHTYPEHO caMO akKO Ts TIOTydaBa CTOWHOCTH,
YAOBJIETBOPSIBAIIN HEPABEHCTBOTO

B, <Z._ =P,. (11-80)
Axo YMHOXUM ABETC CTPAHU Ha HCPABCHCTBOTO C 6p051 Ha CIIMPAYHUTE KOJOOCH N IIC
noJIy4yumM

B<P_u, (I1-81)

KBJETO
B =n.; B’ e cymapnara cnmpauna cuina;
P., = n, Py - ciupaunoTo Terno;
Y KOe(UIMEHT Ha CLEIUICHHE MEeKAY OaHIaXKUTe U PEJICUTE.

14. AHAJIN3 HA OCHOBHOTO YPABHEHUE 3A IBUJKEHUETO HA BJIAKA

[Ipn m3BekmaHeTO HA OCHOBHOTO ypaBHEHHE 3a IBIKEHHETO Ha Biaka (dopm. II-14) ¢ F
ycloBHO Oe 03HaueHa pe3yjTaHTHAaTa Ha BCHYKM ACHWCTBYBAIIM HA ChCTaBa aKTHBHU CHIIH, a C
YW - pe3yiTaHTHaTa Ha BCHYKH PEaKTHBHU cwid. ThH KaTo BHocienacTtBue (BX. 7) Oe mpuero
IIPOMEHJIMBUTE II0 XapakTep CUiIM (T.€. CHJIUTE, KOUTO NPH €IHU YCIIOBHUA Ca aKTUBHH, a IPU
JPYTH - CBIPOTUBUTENIHH) 1a ObAAT pa3IiieKAaHu KaTO KOMIIOHEHTH Ha IbJIHOTO ChIIPOTHUBJICHUE
Ha ABWKEHHETO W, CMUCBHIBT Ha YJICHOBETE HA OCHOBHOTO YpaBHEHHUE 32 JBM)KEHHETO Ha BIIaKa
TpsiOBa 1a OBbAC YTOYHEH, KaKTO CJICIBa:

F e pesynranTHaTta Ha TEIJMTENHUTE CHIH, CH3JaBaHU OT BOJCLIUTE KOJOOCH Ha
TETJIUTEHUS ChCTAaB;
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v
MI'IP —— - ChbIIPOTUBJICHUCTO OT YCKOPCHUCTO Ha BJIaKa Wj;
dt

XW - pe3ynTaHTHaTa HA CTATHYHUTE ChIPOTHBIICHUS HA ABIKCHUETO Ha BIIAKa.
ZW=W-W; =W+ W;+ W, +W, (11-82)

[IporiechT Ha IBMIKEHHETO HA BJIAKA C€ XapaKTEpPHU3Upa ChC CIETHITE TPU OCHOBHH PEXHUMA!
TETJICHE (TATOB PEKUM), CBOOOIHO IBHKCHHE U CITUPAHE.

a. TerneHe (tsroB pexum). [Ipu TO3M peXUM H3TOUYHHKBT HA JBHUTATEIHATA CHEPTUsl Ha
MTOJIBIKHUS ChCTaB (EJeKTprUYecKaTa eHeprHs MPH eJIeKTPOJIOKOMOTHBHUTE, MapaTa - MU MapHUTE
JIOKOMOTHBH, CTBCTEHHUAT BB3AYX MPHU MMHEBMATUYHHUTE JOKOMOTHBH M TOIUIMHHATA €HEPTHs Ha
XUMHYHOTO TOPUBO TIPU JU3EJIOBHTE JIOKOMOTHBH) CE IMPEBpbBINa B MEXaHWYHa paboTa U ce
M3pa3xoj[Ba 3a MOTETJIAHE, YCKOpsIBAaHE WM JBM)KCHHWE HAa BJaKa, MPU KOETO C€ MPEOJ0NIIBaT
CHOTBETHUTE CHIIPOTUBHUTEIHH CHIIH.

YpaBHEHHETO 32 JBMKCHUETO HA BIJIAKa MPH TO3M PEKUM UMa BHUJA

dv
F-) W=M(l+y)— 11-83
> (+y), (11-83)
HJIK PCIICHO 11O OTHOIICHUC HAa YCKOPCHUCTO!:
dv_F-) W
dt  (1+yM

M3MeHeHneTo Ha CKOpOCTTa Ha JIBMXKEHUETO Ha BJIaKa U3ISIO 3aBUCH OT pasziukara F — XW,
KOSITO C€ Hapuya “‘ocTaTh4Ha’ WITH “‘yCKOpsBama’ Cuia.

. (11-84)

Axo F-XW>0, u C(ll—: >0 ¥ JOKOMOTHUBBT Ie OBAC B CHCTOSHUE Ja YCKOPH BJaka W Ja
OCBIIECTBH 110 TO3M HAYUH MMOTEIITHE OT MSACTO WIIM YBEJIHWYaBaHE Ha CKOPOCTTA Ha JABMIKCHHUETO.

Axo F-XW<0, u % <0 u caemoBaTEIHO Ha BjlaKa IIe ce ChOoOIaBa 3aKbCHEHHE. AKO TOH ce €
HaMUpal B IBKCHHE, TOBA 1€ JJOBE/IC 10 HAMAJISIBaHE HA HETOBaTa CKOPOCT.

Axo F-2W=0, un d_\t] =0 ™ ClIeMOBATEIHO BIAKBT IIE 3ala3d HEM3MEHHA CKOPOCTTAa CH, B

CJIy4ail 4e ce JIBHXKU, HO He 1Ie ObJIc B ChCTOSHUE JIa TIOTETIIN, aKO € B IIOKOM.

6. CBobOoaHO ABwKeHme. [1pu To3u PeXKUM U3TOYHUKBT Ha ABUTATEIIHA CHEPIHS € U3KITIOUEH
u ciemoBatenHo F=0. J[BmkeHWEeTO Ha BiIaKka MPOABDKABA IOA ACHCTBHETO Ha CHJIMTE HA
nHepruaTa. HeoOxomumara paboTa 3a IpeoAossiBaHe Ha CHIIPOTUBUTEITHUTE CHIIA CE M3BHPIIBA
3a CMETKa Ha 3alaceHaTa BbB Blaka KUHETUYHA CHEPTHsl.

YpaBHEHHETO 3a IBIKCHHUETO Ha BJIaKa TPH TO3W PEKUM MMa BHIA

-5 W=M(1+ y)ﬂ (-85
dt
WIH
-y W
ﬂ = —L . (11-86)
dt M(l + y)
Ot pasenctsa (I11-86) u (I11-82) cnensa, ye
- +W. +
dV —_ (WO - Wl WKP) ) (11_87)

E_ M(1+y)

Anamm3bT Ha paBeHcTBO (II-87) mokaspa, 4e cCBOOOHOTO MBMKCHHE Ha Bllaka MOXeE Ja ObJle
PaBHOMEPHO, 3aKbCHUTEIIHO WJIU YCKOPUTETHO.
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CBOOOMHOTO NBIKCHHE Ie OBJIE PaBHOMEPHO, aKO BIAKBT CE€ CIyCKa 1O HAKJIOH M aKo
roJI€MHUHATa Ha TO3M HAKIIOH € TakaBa, 4¢ Wi=Wo+W,,

dv
ITpu ToBa nonoxkernue —(Wo—Wit W,,,) = 0 (Bx. popm. 1I-87) u E =0.

CB0OOIHOTO ABMXKEHME 1€ ObJie 3aKbCHUTEIHO, aKO BJIAKBT, C€ IBIDKU 110 XOPU3OHTAJICH
yuacTek (W;=0), ako u3kauBa HakjoH (T.e. W; > () mim ako ce cIycka IO HaKJIOH, YHUSITO
rojJeMuHa € TakaBa, y¢ Wi<Wo+W,

[Ipu Bcuuku Te3u cinydan yucautenar Ha paBeHcTBO (1I-87) me 6bpne <0 m cienoBaTenHO U

dv

— <0.

dt

CBOOOMHOTO ABMKEHHE e Ob/Ie YCKOPUTEIIHO, aKO BJIAKBT CE CITyCKa IO HAKJIOH C TaKaBa
dv

rosnemuHa, y¢ W>Wy+W,,. IIpn toBa nonoxenne —(Wo—Wi+W,,)>0 cnenosatenno d_ >0 (BXK.
t

dhopwm. 11-87).

B. CnvpaHe (crupaveHn pexum). [Ipy Hero W3TOYHWUKBT Ha JBHUTaTelHAa CHEPrusl Ha
MOJBMXXHUS CHCTaB € H3KIIOUCH (KaKTO IpU CBOOOJHOTO [BIKCHHE), a TOJIEMHHATa Ha
pe3y/TaHTHATa Ha CHIPOTUBUTEIHUTE CHIM H3KYCTBEHO C€ yBelM4YaBa 4pe3 Ch3IaBaHETO Ha
JOTBJIHUTENIHA PETyJUpyeMa CBhIPOTUBUTEIHA CHJIA Ype3 CIUPAYKWTE Ha BJaKa WA 4Ype3
JIBUTATEJTUTE HA TOJBIKHUS CHCTaB.

CrupayHusT PeXKUM Ce Hajlara B CIICHUTE CITyYau:

- IpY HEOOXOMMOCT OT MOJTbP)KaHE Ha OIpEJIeNieHa, TIOCTOSHHA CKOPOCT Ha JIBHXKCHHE Ha
ChCTaBa, KOraTo MOCIEAHUAT CE€ HAMHUPA B PSKUM Ha CBOOOIHO, YCKOPSBAIIO CE IBHKCHUE,

- IPY HEOOXOAMMOCT OT TMOHM)KABaHE CKOPOCTTA Ha JIBIKCHUE HA ChCTAaBa;

- IPY HEOOXOAMMOCT OT ITBJIHO CITUPAHE Ha BIIaKa.

YpaBHEHHETO Ha JBIKEHUETO HA BaKa MPH TO3U PEKUM MMa BHIA

(T w+B)=(1+yM % (I1-88)

nin

dv _ -(SW+B)_—(W, +W, + W, +B)

dt  M(+y) M(1+y)

(11-89)

KbJIeTO B e pe3ynranTHaTa crimpadyHa cuja Ha LIeNHs BIaKOB ChCTaB.

Ananu3bT Ha paBeHCTBO (II-89) mokasBa, ye OBM)KEHHETO MPHU CHHPAYCH PEKUM MOXKE 11
0bJic pABHOMEPHO, 3aKbCHUTEITHO U YCKOPHUTEIHO.

JBikeHueTo 1me 0be paBHOMEPHO, aKO BIAKBT CE€ CIIyCKa II0 HAKJIOH M aKo IoJIEeMHHATa Ha
crnupayvHarta cuia e Taka u3opana, ue Wi=Wy+W,+B.

dv
ITpu ToBa nonoxenune ~(Wo—Wi+W,,+B)=0 n cnenosarenno a =0 (popm. 11-89).

JlBmwkeHneTo mie ObJe 3aKBbCHUTEIHO, aKO BJIAKBT C€ JBYDKMA IO XOPU3OHTAJICH YYacThK
(W;=0), ako m3kauBa HakioH (W;>0) MK aKo ce CITyCKa 10 HaKJIOH, HO CIMpayHaTa Chja € Taka
u3bpana, ye Wi<Wy+W,+B. U npu Tpurte ciy4as Ha JBHKEHHE YUCIUTENAT HA paBeHCTBO (II-

dv

89) me 6b1e <0 U cIIeIOBATEIIHO U E <0.

JIBIKEHNETO TIPH CTIHpadeH PEKHUM I1e OblIe YCKOPUTEIHO, aKO BJIAKBT CE CITyCKa IO HAKIIOH
U aKo CIIMpayHaTa CHJIa Cé OKa3Ba C HEJOCTaTbuHA rojeMuHa, Taka ue Wi>Woyt+tW,.+B. B To3u

d
ciydait (Wo—Wi+W,,+B)>0 u cnepoBarenso d_: >0 (dhopm. 11-89).
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