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BBEOEHUE

N3yyeHuto ycTponcTBa U METOOOB MPOEKTUPOBAHUSA 3IEMEHTOB 3KUMAX-
HOW 4acTW 3MeKTPOBO30OB MOCBsILLEeHa AucumninunHa «MexaHudeckaa 4acTb
3NEKTPONOABMKHOIO cocTaBa», B MporpamMme KOTOpOW MpedyCMOTPEHO Bbl-
MOSIHEHWE KYPCOBOro NPOeKTa A5 MPaKTUYECKOro peLleHns HeKOTopbIX 3a4ad
NPOEKTUPOBAHNA 3KUMAXKHOW YacTU SNEKTPOBO3a 1 pacyeTa ee Ha NPOYHOCTb.

B KypcoBOoM npoekTe HeobxoaumMo onpeaenuTb OCHOBHbIE TEXHUYECKME
AaHHblEe 3MIEeKTPOBO3a, OCYLLUECTBUTbL MPOEKTMPOBaHME W pacyeT Ha Mpou-
HOCTb 3JIEMEHTOB 3KUMa)XXHOM YacCTu 3IIeKTPOBO3a: CUCTEMbl PECCOPHOro
noaBeLUNBaHNA, TENEXKN 3NeKTpoBo3a U T. A. Bce pacyeTbl JOMKHbI BbINOs-
HATbCA B CTPOroM COOTBETCTBUW C MPUBEAEHHOM METOLMKOM C obsi3aTenb-
HbIM MCMNOSIb30BaHNEM PEKOMEHAYEMOW NUTEpPaTypbI.

B kayecTBe MCXOOHbIX OaHHbIX ONA BbINOSIHEHUS KypPCOBOro npoekTa uc-
NONb3YKTCA crieayoLlmne napameTpsbl:

1) poa cnyx6bl (rpy30BON UM NACCaXXUPCKN);

2) TOK (NOCTOSAHHLIN UNW NEPEMEHHbLIN);

3) ocesas opmyna;

4) Harpy3ka OT korfiecHow napbl Ha penbcbl 211, kH;

5) TN TAroBOro anekTpoaBuraTens;

6) nogBelunBaHne TAroBoro Asuratesnisa (onopHoO-oceBoe UM ONOPHO-paM-
Hoe);

7) KOHCTPYKLMOHHas CKOPOCTb anekTposo3a V., kM/u.

[Mpy BbINOMHEHNN KYPCOBOrO MpOeKTa C WUCMNOoSfb30BaHWEM MapamMeTpoB
yKa3aHHOro B 3aflaHnUM CEPUMHOIo 3SIEKTPOBO3HOIO TArOBOro ABuraTens cry-
AEHT OOSMKEH Hay4nTbCs onpenenaTb OCHOBHbIE TEXHUYECKME AAHHbIE dJ1eK-
TpoOBO3a, pa3spabaTbiBaTb 3CKU3HbIN MPOEKT MEXaHNUYECKOWN YaCcTu ANEKTPOBO-
3a, COCTaBnATb YMNPOLEHHYK BECOBYK BeOOMOCTb, OMpefensaTb Harpysku
paMbl TENEXKN U NPOM3BOAUTL OLIEHKY ee CTaTU4eCKOM U yCTaroCTHOW Mpoy-
HOCTU. B KypCOBOM MnpoeKkTe LMPOKO MCMOSb3YHTCHA TEXHUYECKME XapakTe-
PUCTUKN CEPUMHBIX 3NIEKTPOBO30B U 311IEMEHTOB NX MEXaHUYECKOW YacTu.

[MpoeKkT pekomeHayeTCHa BbIMOMHUTL C NPUMEHEHUEM SNEKTPOHHbIX Tab-
nuy, nporpammbl Microsoft Excel n odopmuTe ¢ npumeHeHneM pepaktopa
Microsoft Word B BMAe NOACHUTENBHOW 3annCKK, B KOTOPOW NPUBOAATCS pac-
YeTHble (hopMyrbl C HEOBXOANMBIMU MOSICHEHUAMMW, PacYETHbIE CXEMbI, rpa-
doMKKM, 3MOpbl MOMEHTOB, pe3yribTaTbl pacvyeToB U BbIBOAbI.

Mpn opopmneHnn NOSACHNTENBHOM 3anUCKMU N BbINOSNTHEHUU rpadonyecKou
YacTun NnpoekTa Heobxoanmo cTporo cobntogaTe TpedosaHus FOCT 2.105-95.

3afaHne Ha BbINOSIHEHME KYPCOBOro MpoeKkTa BbldaeTcs npenojasarte-
fiemM C yKkasaHMeM CpoKa BbIMOSIHEHMS.

[Mpu 3awWwmTe KypcoBOro Npoekrta CTYOAEeHT OOMMKEeH 3HaTb METOAWUKY Bbl-
NOSIHEHNA pacyeToB, OCHOBHbIE OMNMpeaeneHns U NOHATUSA, OCHOBHbIE HOpMa-
TVBbI, UCMNOSIb3YyEMblE B pacyeTax, a TakkKe AaTb OTBETbl HA KOHTPOSbHblE
BONPOCHI.



B pe3ynbTaTe BbINONMHEHNS] KYPCOBOrO NPOEKTa CTYAEHT AOIMKEH

3Hamb:

e MeTOAbl pacyeTa reoMeTPUYECKUX U MPOYHOCTHBLIX XapakKTepUCTUK
3NEeMEHTOB paMbl TENEXKM SNEKTPOBO3a;

ymMems:

e BbIMOMHATb pPacyeTbl FEOMETPUYECKMX M MPOYHOCTHLIX XapakKTepUCTUK
3NEeMEHTOB paMbl TENEXKM 3NEKTPOBO33a;

es1adems:

e HaBblkaMy NPOEKTUPOBAHNSA N MPOYHOCTHOIO pacyeTa aNeMeHTOB paMbl
TEeneXKn aNeKTpoBo3a.



1. ONPEAENEHUE OCHOBHbIX TEXHUYECKUX
OAHHbIX JIEKTPOBO3A

B KypcoBom npoekte HeobxoaMmo onpeaenuTb Crneaylolmne OCHOBHbIE
TEXHUYECKNE OaHHbIE:

e CLIEMHY0 Maccy 351eKTpoB03a;

e repenaTtoyHOE YMCIIO TArOBOKW 3ybyaTon nepenayu;

® MOLLHOCTb, CKOPOCTb W CWUIly TAMM 9NEKTpoBO3a B 4aCOBOM U HOMU-
HanbHOM peXumax;

e npeaBapuTesbHble 3HAYEHUS ANNHbI ANIEKTPOBO3a NO OCAM aBTOCLIEMNOK
N XXeCTKOoM B6asbl AN1EKTPOBO3a;

¢ BbIMOMHUTb MPOBEPKN PaCCUUTAHHLIX NapamMeTpoB.

Ha nepsom aTane pac4yeTta c ucnosnb3oBaHnem Tabn. 1 npun. 1 Bblbupa-
IOTCA TEXHMYECKME [aHHble TAroBOro ABuratens 3feKTpoBo3a, KoTopble He-
obxoanmo npeactasuTb B hopme Tabn. 1.1.

Tabnuya 1.1
TexHu4eckune AaHHbIe TAroBOro ABuUratens
(Tvn TAroBoro aBurarens)
YucneHHble
MapameTpbl TAroBoOro gpuratens
3Ha4YeHn4

MoLHocTb aABuraTens, kBT:

— B YacoBom pexume P, .

— B HOMWHanbHoM pexumve P,
YacToTa BpaweHna akopsi, 06/MuH:
— B 4acoBoMm pexume N,

— B HOMUHanNbLHOM pexume N, .
— MakcuManbHas Ny

Macca (Bec) asuratena M, ,, T
LleHTpanb gsuratens I/, Mm
MonepeyHasa anuHa octosa {

oc+ MM

PaccTosHne mexay Todkamu noaselumBaHus ¢
Tvn nepegaymn

noo » MM

CuenHas macca anekTpoBo3a M, €CTb Macca BMOXEHHbIX B KOHCTPYK-
LU0 MaTepuanos ¢ 2/3 3anaca necka u paccumtbiBaeTcs no popmyrne

211In
MCI/; :9—8701, (11)



rae N, — 41CrOo KOMecHbIX nap, onpegensemoe no opMyre XoOoBbIX Yac-

TEWN, yKazaHHOW B 3aaHNN Ha KYpPCOBOW MPOEKT.

[MepegaTtoyHoe 4ucno 3ybvaTon TAroBoM nepenaym OOSMKHO obecneuyun-
BaTb [BWXEHWEe 3reKTpoBo3a C 3aJaHHOW KOHCTPYKLMOHHOW CKOPOCTbIO.
[MpeoBaputenbHoe 3Ha4YeHWe nepedaTodHOro Ymcna TAroBow 3ybyaTtonm ne-
pefayun L paccuyntbiBaeTcs no opmyre

h=0189 D, =X, (1.2)

K

rae DK— AnamMmeTp Kosreca no Kpyry KataHud, peKomMmeHayeTcCcAa NpuHATb 3Ha-

yeHne 1250 mm.

Ha crnepyowem aTtane paccyuTbiBaeTCH Bpawjalolwnm MOMEHT Ha Bany
TArOBOro Asuratens B HOMUHaNbHOM peXumMe (3a HOMUHAaSbHLIN PEXUM NpK-
HUMaeTCs NPOAOIPKUTENBHbBIA PEXUM paboThl), KH-M

P

M5 = 9,545 222 (1.3)

HOM

Mogynb 3yb4yaTtoro 3auenneHnsa saBucuT oT Tuna nepegaym (npssmosybas,
kocodybas, OQHOCTOPOHHSASA, OBYXCTOPOHHASA) U BENMYNHBI BpaLLaoLwero Mo-
MEeHTa Ha Bany Tarosoro asuratens [3].

Mo paccunTaHHoMy 3HayveHwo M, yCTaHaBNMBAIOTCHA rPaAHUYHbIE 3HA-

YeHns Moayns 3yb4yaTtoro 3auensneHus:
e NS NPSAMO3Y6bIX (OAHOCTOPOHHMX) Nepenav:

My =1378 M, +801, (1.4)
Min =1378 M, +641; (1.5)
® NS KOCO3YbbIX (ABYXCTOPOHHUX) Nepeaay
Mmax =1378 M, /2 +6 41, (1.6)
Mmyin =1,378 M,,,,/2+511. (1.7)

PacueTHOe 3HaveHune MoaynA 3y6anoro 3auenneHnda m Ha3Ha4aeTcsd B
coOoTBETCTBME C YCJ1IOBUEM

Myin <M <M (1.8)

a 3aTeM NPUHMMAaETCs paBHbIM cmaHOapmHOMYy 3Ha4eHur no CT COB
310-76 (Tabn. 1.2), KOTOpOEe UCNONb3yeTCs B AaNbHENLUMX pacyeTax.



Tabnuuya 1.2
Moaynu 3y64yatoro 3auensneHus no CT C3B 310-76

1psn| 8 10 12 16 20 25
2pan| 9 11 14 18 22 28

Moagynb m, mMm

lNpumeyaHue:

1. MNMpwn BbIGOPE CTaHAAPTHLIX 3HAYEHUM MOAYNs NpefnodYTeHue crnefyeT oTAaBaTb
nepeomMy pagy.

2. B TexHu4eckn OBOCHOBAHHbLIX ClydYasx MOryT MCMOMb30BaTbCA HeCTaHOapTHbIe
3HayeHus moaynen.

ﬂmameTpu aennternbHbIX OprH(HOCTeIZ 3y6an0|7| LHeCTepHn mn 3y6anoro
Koneca TAroBou nepenadyun paccymTbiBarOTCA Mo cpopmynaM:

Da2 - 2 %, (19)
Dy =2 (U - %) (1.10)

3HauyeHve anametpa D,; Heobxonmmo npoBepuTb Ha BbINOSIHEHWE Mpe-
6o0eaHull czabapuma nodeu>kHoO20 cocmaea (2]

D, <D, —2(b+A), (1.11)

roe b — knupeHc 3yBuaton nepenaun, T.e. pacCTOSIHUE OT YPOBHSI FOfOBKY
penbca [0 HU3a Koxyxa 3ybuarton nepegaum, b = 120 Mm; A — paccTosiHie oT
HM3a KoXyxa 3ybyaTon nepegayun OO AENUTENBHOW OKPY>XHOCTM 3yb4aToro Kone-
ca, A = 20+25 mm. Ecnn HepaBeHcTBO (1.11) He BbINOMHSETCS, TO HEOBX0ANMO
YMEHbLLNTb 3Ha4YeHne L 1 NOBTOPUTL pacyeT, HaumMHas ¢ doopmyrnbl (1.9).

Ha cnepytolwem atane paccumtbiBaloTCa Ymcna 3ybbes 3yb4aToro koneca
N WecTepHU No hopmynam:

D

Z,=—2, (1.12)
m
D

Z,= ?""2 (1.13)

YTOYHEeHHOe 3HayeHne nepeaaTovyHOro 4vucra TAroBoW nepenayn ornpe-
nenseTcs Kak
Z

=3 (1.14)

)



Ymoy4yHeHHOe 3Ha4YyeHue rnepedamo4yHo20 4ucsia O0JIKHO obecneyu-
eamb 8bINoJIHeHUe yC/108Us

V. <0189 D, Dmax (1.15)
V)

Ecnn ycnosue (1.15) He BbINOMHAETCS, TO TAroBbIM NpUBO4 He obecneyun-
BaeT [BWXEHNEe 3NeKTPOoBO3a C 3a4aHHOM KOHCTPYKLUMOHHOW CKOPOCTbIO, Ta-

KUM 06pa3om, HeobX0AMMO BbINOMHWUTL KOPPEKTUPOBKY Yncna 3ybees Z;, Z,

N NOBTOPUTb pacyeT, HaunHas ¢ BblpaxeHus (1.14).
O PeKTUBHbIE MOLLHOCTU 3NEKTPOBO3a B YaCOBOM M HOMUHANbHOM pe-
XUMax paccyuTbiBalOTCS Mo popmynam:

P

2.4ac

:nap

yac?

(1.16)

P

3.HOM

:nap

HOM?

(1.17)

rae na — YMCNO TAroBbIX ABUraTenen AJTIEKTPOBO3a.

CKOpPOCTU ABMXKEHUS 3MeKTpoBO3a B YaCOBOM M HOMWHANbHOM peXxmnmax
onpeaensaTcsa no dopmynam:

V,,, =0,189 D, Muac, (1.18)
L
V, . =0189 D, nTM (1.19)

na onpegeneHna Cunbl TArm anekrposo3a B 4acoBoM M HOMUHalIbHOM
pexnmax Heob6xoaMmo paccynTaTtb NogBOONMYIO K TAroBOW nepengayve MoLl-
HOCTb B 3TUX peEXNMaX:

P
Prvac = P’fi -100%; (1.20)
HOM
P
By o = PHOM -100%. (1.21)

HOM

Kng sybuaTon nepenaym onpegenseTtca B PyHKUUM NOABOAMMON MOLLHO-
ctn [3]. cnonbaysa paccuntaHHble no dopmyrnam (1.20) n (1.21) 3HaveHus,
onpegensemM kng 3yb4aTon TAroBoW nepegayym B YaCoOBOM M HOMWHANbHOM
pexunmax. Tak Kak nogBogmMmasi MOLWHOCTb AN HOMUHANbHOIO pexuma Bce-

roa paBHa 100 %, To 3HayYeHWe Kng TAroBOW nepenayun M., ,.,,, MOXHO ornpe-
aenuTb no tTaon. 1.3.



Tabnuua 1.3

KoadchcpuumeHT nonesHoro aencreua syoyatomn nepepayvm
B 3aBMCUMOCTM OT NOABOAMMON MOLLHOCTU

P,% | 22,5 | 40 60 80 | 100 | 120 | 140 | 160 | 180 | 200
N,, 10,915/0,958|0,974/0,9/8/0,978|0,974/0,970|0,968| 0,966 | 0,965

Kng TaroBow nepegayn Ans 4acoBOro pPeXxuMma paccuyuTbiBaeTcst No dop-
myne

-0,825+5,38-10°-p, ... —6,55-10™ - p>, . +
+3,29-107" -, —5,93-1077 - py (1.22)

n3n.qac

[Mocne aToro Heobxoanumo ornpegenntb BpaLLl,aPOLLI,VIIZ MOMEHT Ha Bally T4-
roBoro asurartend B 4acoBOM peXxunume, KH-m,
P

M,,. =9,545 —ac (1.23)
n

uac

a 3aTtemM — CUny T4arm 3nekTposo3a B 4HaCoBOM U HOMUHAJIbHOM peXnmax, KH:

2M,,. nn
FK.llaC = qg = Nsnvac (1.24)
K
2M,,,, nn
I:K.HOM = H(I):/; = Nsn.rom - (1.25)

K

Cwuna 1arun cosgaetcsa Ha oboaax Konec KonecHblx nap (kacatenbHasi cu-
na T4aru) saBnsieTca cneacTBMEM nepefadn Bpallaroulero MoOMeHTa apurare-
nen 4Yepes TAroBYyl nepedady K 0CAM ABWXKYLLMX KOMECHbIX Nap U Nno asuxe-
HWIO 3MEKTPOBO3a.

CuenHyro maccy asilekmpoego3a, paccyntaHHyo no copmyne (1.1), He-
o6xodumMo npoeepumb Ha 6bINOJIHEHUEe coomeemcmeyruje2o poody
cJ1y>k6b1 351eKMpPoB80o3a ycI108US:

e CLenHas macca rpy3oBoro filOKOMOTMBA SABSISIETCA CyMMapHOW Harpys3kow
Ha OBWKYLUMECS KOJIeCHbIE Mapbl N XapakTepu3yeT ero CrocobHOCTbL pa3BMBaThb
Heobxoammyto cuny Tarm 6e3 6okcoBaHWsl. 3HaYeHne CLEMNHOM MacChbl AOSMKHO
obecneymBaTtb OBWXEHNE MO PaCYETHOMY MOLBEMY C YCTAHOBMBLLEWCS CKOPO-
CTbto 6e3 6okcoBaHUA, ANsa Yero Heo6xoaMMO BbINOSIHEHME YCITOBUS:

e >0 P , (1.26)
4 9’8 \‘VK ne VHOM



rae 1M, — KoadpduUMEHT NCMONb30BaHNA CLENHOro Beca, KOTOpbl PEKOMEH-

ayetca npuHuMath B npefdenax ot 0,85 go 0,92 [1]; y, — KoadpduumneHT

cuenreHus Koneca c pesibCoM, KOTopbIW onpegenseTtca no opmynam [2]:
— ONA 9NeKTPOBO30B NMOCTOAHHOIO TOKa

3
~0.28+ _0.0007 V. . : 1.07
Vi 50420V o (1.27)
— Aand SﬂeKTpOBO3OB I'IepeMeHHOI'O TOKa CO CTynquaTHM peryJ'IMpOBaHVIeM
A
_028+— 2 00006V,  : 1.28
Vi 5046V, o (1.28)
— Aand SﬂeKTpOBO3OB I'IepeMeHHOFO TOKa C nnaBHbIM peryJ'II/IpOBaHI/IeM
42
~0294+ 2 000063V, 1.29
Vi 50+6V o (1.29)

e cLenHaa MaccCa MacCaXMpPCKOro 3JIEKTPOBO3a AOOJIXHa obecneymBaTtb
3alaHHOE NyCKOBOE yCKOpeHune U yaoBrneTBopATb clieayolemMy YCIOoBUIO.
M (o,+o, +i +®,)
M" > = =, (1.30)
cy
9,8:10% v, m,

rae M, — macca naccaxmpckoro rnoesga, pekomeHgyeTcs B npegenax ot 950
no 1200 T [1]; ®, — OCHOBHOE yaenbHOe CONPOTMBMEHME ABVKEHUIO noesaa,

— gonon-

H/T; ©,,,— YAENbHOE COMPOTMBIEHNE NpU TPOraHU C MecTa, H/T; 1,

HUTEJIbHOE COoMnpoTuMBIIEHNE OT YKIIOHA, H/T; (Dy — yAelrbHOoe ConpoTusrieHne ot

yCKOpAoLwero ycunus, H/T. PeKOMeH,EI,yeTCFI npuHMMaTb BeEJIMHYUHY NMOJIHOIo
yOernbHOro conpoTtmuBiieHnAa OABUXEHUIO B MOMEHT TPOraHusd ((1)0 +(Dmp +i0),

pasHyto 80 H/T [1]. BenuunHa © , onpeaenseTcs no dopmyrne
o, =a,/\, (1.31)

roe a, — NyckoBOe yCKopeHue noesfa, pekomeHayetcs B npeaenax ot 1200 go

1800 km/4*, A — yOenbHOe MycKOBOe YCKOpeHue, cornacHo [1] mpuHumaercs
12,2 km-T/ 4?H;

Ecnn cootBeTcTBylOLlEe poay Crnyxbbl 3MeKTpoBO3a yCnoBue He BbIMof-
HAeTCs, TO He0H6X0AUMO BbIMOMHUTL B JOMYCTUMbIX Npeaeniax KoppeKTUpOBKY
BXOOSALWMX B HEFO NapameTpoB, UMn, OTKOPPEKTUPOBAB N0 BO3MOXHOCTM Be-
nnyvHy 21, noBTOpPUTL pacyeT ¢ popmyrbl (1.1).

10



Ha cneayowem atane pacyeta onpedensietcs MUHUManbHas AnvHa arek-
TPOBO3a MO OCAM aBTOCLIEMNOK U3 YCITOBMS MPOYHOCTU MYTEBbLIX COOPYKEHWIA

98 M,
Ly min = [q,] , (1.32)

roe [q, ] — nonyckaemasi Harpyska Ha eAUHULY ANVHBI NYTU, NPUHUMaEMasi B
cooTBeTcTBUM C [1] paBHON 88,5 KH/Mm.

Ha HayanbHOW cTaguu 3Ha4YeHue OfMHbI 3NEeKTPOBO3a MO OCSM aBToCLe-
nok L, npmHumaeTtcs paBHbIM OAHOMMEHHOMY NapaMeTpy CepUAHOro anek-
TpOBO3a C Y4e€TOM 3afaHHbiX (POPMYnbl XOO4OBLIX YacTen, poaa cnyxbbl
(tabn. 2 n 3 npun. 1). Mpu atom BbIOpaHHOe 3HadveHne L, gomkHo 6bITb

bonblue MWHMMAanbHOM AnWHbI nokomotmea L, . . koTopas orpaHuveHa

MNPOYHOCTLIO NYTEBbLIX COOPYXEHUN U paccudnTaHa no gopmyne (1.32).

XecTtkaa Gasa fokoMOTMBA €CTb PaCCTOAHWE MeXAY LUKBOPHAMU WU
reoMeTpuyeckumMm LeHTpamMu KpanHux Tenexek. [peaBaputernibHoe 3Hade-
HWe XecTKkon ©asbl ANEeKTPOBO3a pacCyYUTbIBAeTCs Ucxoas u3 BblGpaHHOro
3HaveHust L, no dopmyne

L6 = 1 y (133)

rae Ne — 4Y1cno Cekuuii anekTpoBo3a, onpeaenseMoe no 3agaHHon dopmyrne

XOA0BbIX YacTten; e — KoaddPuUUeHT, npuHumaeTcsa paBHbiM 0,5+ 0,54 npu
L, <20 m unn 0,55+0,6 npu L, >20 m.

O¢hopmsieHue waza no pasodeny 1

1. pedcmasumpb mabnuyy ¢ mexHu4yecKkumu OaHHbIMU 3adaHHO20 mMs20-
8020 0suezamers (mabn. 1.1).

2. Onpedenume cuerHyo maccy ariekmpoeosa rno ¢gopmyne (1.1). Tou-
Hocmb pacdemos — 00 UesibiX.

3. Onpedenumpb npedsapumeribHOe 3Ha4dYeHue rnepedamo4yHo20 4ucra
mseogol 3ybyamou nepedayqu no ¢gopmyne (1.2). ToyHocmb pac4emos 00
mpex 3HaKoe riocsie 3arnsimod.

4. Onpedenume gpawarowut MOMeHm Ha earsly ms2oeo20 0guzamersisi 8
HOMUHarnbHoM pexume o ¢gopmyne (1.3). Pesynbmam okpyernsemcsi 00
d8yx 3HaKoe rocJsie 3ansimodu.

5. Onpedenumes 2paHU4HbIe 3HavYeHUs1 MOOyrisl 3ybyamozo 3auersieHus o
gopmynam (1.4), (1.5) unu (1.6), (1.7). PekomeHOyemcsi Onsi rnaccakupcKoao
ariekmpoeso3a 8blbupame 0OHOCMOPOHHIOK repedady, Orsl 2py308020 — 08yX-
cmopoHHtot0. NpuHamMb MoQyrib, ucronb3ys ycrosue (1.8) u mabsn. 1.2.
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6. Onpedenumeb Ouamempbsl OenumeribHbIX OKpyXHocmel 3yb4yamol
wecmepHU u 3ybyamozo Kosieca msezoeou rnepedayu rno ¢popmynam (1.9) u
(1.10) ¢ mo4yHOCMbIO OO0 Mpex 3HaKoe riocrie 3arnsamod.

7. BbinonnHums niposepky ycrnosus (1.11).

8. Onpedenume 4ucna 3ybbes 3yb4yamoeo Kosreca u wecmepHU no ¢op-

mynam (1.12) u (1.13). 3HaveHuss Zy u Z, okpyensromcs 00 yerbix.

9. Onpedenumb yMOYHEHHOE 3HadeHue repedamoyHo20 Yucra mszoeou
nepedadyu ro ghopmyrie (1.14) ¢ moyHocmero 00 MpPex 3HaKoa8 rocsie 3ansmodu.

10. BbinonHume riposepky ycriosus (1.15).

11. Onpedenumb 3ghghekmueHble MOWHOCMU 371IeKmMpo8o3a 8 4acosoM U
HOMUHarbHOM pexxumax ro ¢gpopmyrnam (1.16) u (1.17) ¢ moyHocmero 00 UESbIX.

12. Onpedenumb ckopocmu O8UXXEHUS 3/IeKmpo8o3a 8 4aco8oM U HOMU-
HarnbHoOM pexumax rno ¢opmynam (1.18) u (1.19) ¢ moyHocmbo 0o 00HO20
3Haka riocrie 3arnsmod.

13. Onpedennumb no08OOUMYIO K msieo80U repedadye MOWHOCMb 10
gopmyrnam (1.20) u (1.21) ¢ moyHocmbeo 00 0OHO20 3HaKa riocrie 3ansamod.

14. Onpedenumpb Knd 3ybyamoul nepedayu 8 4aco8OM U HOMUHaslbHOM
pexumax, ucronb3ys mabn. 1.3 u popmyny (1.22). ToyHoCcmb pac4yemos o
gopmyrie 00 mpex 3HaKo8 rocsie 3ansimodu.

15. Onpedenums spawarouull MOMeHmM Ha earsly ms208020 dguzameris 8
yacosom pexume o ¢gpopmyrie (1.23).

16. Onpedenumpb cuny msiau 351eKmpoeo3a 8 4aco8OM U HOMUHaslbHOM
pexumax rno cpopmynam (1.24) u (1.25). ToyHocmb pac4yemos — 00 yersibix.

17. BbinonHume rposepky cyernHou maccel ro ycrnosuro (1.26) unu (1.30).

18. Onpedenumb MUHUMarbHyrO OfIUHY 351IEKMPO8O3a Mo OCsIM asmocue-
rnok rno ¢popmyrie (1.32) ¢ moyHocmbto 00 08yX 3HaKO8 riocrie 3arsimodl.

19. Ucnionb3yss mabn. 2 unu 3 npusn. 1, npuHAMs 3HadyeHue OJIUHbI 3J1eK-

mpoeo3sa ro OCsiM aemocuerioK Lﬂ.

20. Onpedenumb xecmkyro 6a3y anekmpoeosa o copmyne (1.33) ¢
mo4yHocmbto 0 08yX 3HAKO8 rocsie 3arnsmod.

2. ONPEAENEHUWE OCHOBHbLIX PASMEPOB
AKUNAXHOUN YACTU U TEOMETPUHECKUX XAPAKTEPUCTUK
CEYEHUU PAMbI TEJNEXKHU

2.1. OnpeaneneHne OCHOBHbIX pa3MepoOB TENeXKU
M 3KMNaXXHOW YacTu

Ha nepBoi ctagumn pa3paboTKy 3CKM3HOro NpoeKkTa MexaHU4YeCcKon 4Yactu
3M1eKTPOoBO3a HEOHXOANMO ONpeaennTb OCHOBHbIE Pa3Mepbl TENEXKMW:

— XecTKyto 6a3y Tenexku (pacctostHme mMexagy OCAMM KpamHUX KOSECHbIX
nap Tenexku);
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— OJIVHY, LWMPUHY U BbICOTY TENEXKY;
— pa3mepbl 6anok, obpasyrLmx pamy TENEXKN.
OCHOBHbIE pa3mepbl TENEXKN NokasaHbl Ha puc. 2.1.

B O D B, D la By

A
C
A
Y

A
\4

i iy i i /11
€n00+A _ ‘ fnoa-i-A _
- fl | Zam | (1 R
- gm

Y

Puc. 2.1. PacyeTHasa cxema ans onpeneneHns OCHOBHbBIX Pa3MepoB TerNexXKu

Kectkasa 6asa Tenexkm npu nbom cnocobe noaBeLUMBaHUSA TArOBbIX
arnekTpoaBuraTenen paccumtblBaeTcs no popmyrne

2a, =2/0,,,+ B, +2A, (2.1)

rae /,,, — paccTtosHne mMexay Toukamu NoABeLUVBaHUS TArOBOro ABUraTens
Ha pame Tenexku, m (tabn. 1.1); B, — wunpuHa cpegHen nonepeyHon 6anku
pambl Tenexku, M. Pasmep B, npuHumaetca B nHtepsane ot 0,5 no 0,65 wm;

A — 3a30p MeXay OMOPHbLIMM KPOHLUTEMHAMU M nonepeyHon 6ankon pambl,
3aBucAWMIA OT cnocoba nogselumMBaHnsA TAroBbIX ABuraTtenen, m. Npu onop-
HO-OCEBOM MoABeLInBaHUN TAroBbIX Asuratenen A pekomeHgyetcs ot 0,02
no 0,025 m, a npun onopHo-pamHom nogsewumsaHmm — ot 0,04 go 0,05 m [5].
[nameTp Koneca KonecHoOn napbl MO OKPYXHOCTU rpebHs paccuYnTbIBaAET-
cq no opmyne
D =D, +0,06. (2.2)

PaccTtosiHne oT reoMeTpuyecKkon OCu KOfecHoM napbl 4O Topua KOHUEBOW
nonepeyvHon 6ankm paccumTbiBaeTCA Nno popmyrne

D
61274‘624‘81, (23)
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rae Bl_ LLIMPMHA KOHLEBbIX nornepeYvyHbixX banok paMbl TENEXKN, peKOMEHOY-

eTcs npuHATb B MHTepeane ot 0,1 go 0,25 m; ¢, — pacctosHne mexay rpeb-

Hem GaHOaxa n nonepeyHon KOoHLEBOM Bankon pambl TEMEXKN, PEKOMEHOY-
eTcs NpuHATb B uHTepane ot 0,05 go 0,3 m.
[AnvHa pambl TENEXKN paccynTbiBaeTcs no gopmyrne

Em =2€1+2am. (24)

BbICOTY Tenexkn oT ypOBHS FOfOBKM penbca A0 BEPXHEN rOPU3OHTaNbHOW
MSIOCKOCTU paMbl hm peKoOMeHayeTCs NPUHATL B MHTepBarne ot 1,16 ao 1,215 wm,

ad WMNPWHY paMbl TENEXKN NO OCEBLIM JIMHUAM OoKoBUH bm — B UHTEepBarne ot

2,100 2,2 m.

Tak kak 6OKOBMHbI paM ABYXOCHbIX TENEXeK MMEKT pasfndHyt0 BbICOTY
CEeYEHUN KOHLIEBbIX YacTeEN N cpedHen YyacTu, To AN AanbHENLINX pacyeToB
HeoOXoaAMMO onpenenuTb AfMHbI 3TUX YacTeEN, a Takke ASIMHY nepexogHblX
yacTen 60KOBUHBLI.

[nvHa KoHLEeBOW YacTn BOKOBMHbI paccynTbiBaeTca No hopmyne

ls=001+012) 7, (2.5)
a AnuHa cpegHen Yactn BOKOBUHbI — No oopmyrne
(..;=(023+0,26) ¢, . (2.6)

Torua OJIMHa nepexon,Hoﬁ yacTn OOKOBUHbI MOXET ObITb onpeaeneHa rno
doopmyne
/ _gm_gcqé_ZEKtﬁ
nu6 — 2 .

2.7)

[Mocne BbINOMHEHHbIX OprFJ'IeHI/Il7| HeO6XOLI,VIMO YTOYHUTb OJINHY paMbl
TEenexkun no gopmyne
gm :2€Kll6 +2€l’l‘l5 +€Cll5' (28)
,D,J'IFl NoBbIWEHNA NMPOYHOCTU KOHCTPYKUUN paMbl TEJTIEXXKU B Cpeﬂ,HeVI 4acTu
OOKOBUHbI K BEPXHEMY FOPU3OHTAlIbHOMY JIUCTY MOXET MNnpuBapumBaTbCA YyCU-
nvBaloLLas Haknagka. [AnnHa ycunvearoLLen Haknagkm paccunTbiBaeTCa Kak

¢, =(0,45+0,47) ¢, . (2.9)

Mocne onpeaeneHnss OCHOBHbIX PasMepPOB TEMNEXKU paccyYUTbiBaeTcs U
COCTaBNSAETCA KOMMOHOBOYHAS CXeMa 3KMMaXXHOW 4YacTu 3MekTpoBo3a (Mnu
CEeKLMM ANs MHOTOCEKLIMOHHbIX 3NEKTPOBO30B) C UCMOSb30BaHNEM puc. 2.2.
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Puc. 2.2. KOMNOHOBOYHbIE CXEMbI 3KUMAXXHOM YaCcTu 3M1EKTPOBO30B

[nvHa pambl Ky3oBa areKTpoBo3a (Cekuun) onpeaenseTcs no dopmyrne

L
0, =—2_-122. (2.10)
n

C

PacctosHue mexgy CMeXHbIMU Ternexkamu 3reKTpoBo3a (Cekuuun) — mo

doopmynam:
e 7151 ANEKTPOBO3a (CEKUUN) C ABYMSI ABYXOCHbLIMU TENEXKaMM

64:€K_2€3_2€m; (211)
® NS 9N1EeKTPOBO3a (CeKUnn) ¢ TpeMsa OBYXOCHLIMU TeNexKamm
0, —20,—-3/
(4 =—% 23 m (2.12)

rae {3 — paccTosiHue OT TOPLIOB paMbl Ky30Ba O TOPLIOB paM KpanHUX Te-
NEeXEK ANEKTPoBO3a (CeKkumm) pekomeHayeTcs NpuHATL B MHTepBane ot 1,42
no 1,55 m.

PaccTtosaHue /4, paccumtaHHoe no dopmyne (2.11), no ycnoBuam KOMMo-
HOBKM XOA0BbIX YacTen He OOMMKHO BbITb MeHbLle 2,5 M; 9TO e pacCTosiHue,

paccuntaHHoe no cdopmyrne (2.12), He AOMKHO BbITb MeHbLUe 2 M. Ecnn co-
OTBETCTBYIOLLEE YCIIOBME HE BbINOMHAETCHA, HEO6XOAMMO YMEHbLUNTL MO
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BO3MO>XHOCTU 63 nin, ecrqin ymeHbolleHmne 63 HEBO3MOXHO WUJ/IN HE Oa€EeT pe-

3ynbTtata, ysenuuntb L, 1 noBTopuTh pacyet, HaunHas ¢ opmynbl (2.10).

[Mocne pacyeta napameTtpoB no gopmynam (2.10) u (2.11) wnm (2.10) n
(2.12), HeobxoamMmo onpedenuTb YTOUHEHHYIO XXECTKylo Basy anekTpoBo3a Mo

doopmynam:
e NS 9NEKTPOBO3a (CeKUnmn) ¢ BYMS ABYXOCHbIMU TernexKkaMmm

e 154 3N1eKTpoBO3a (CeKLI,VIM) C TpemMAa OABYXOCHbIMU TEJTEXKaMN

2.2. OnpegeneHve reoMmeTpu4yeCcKnx pasmeposn
ceyeHuUn Ganok pamMbl TeNeXKU

PacyeT reomeTpuyeckmux pasmepoB ceveHun 6anok pambl TENEXKN C UC-
nonb3oBaHnem puc. 2.3, a, 6 HeobxoamMmo npeactaBuTb B Buae taon. 2.1,
CTPOro NpuaepXXmBasiCb ykazaHHOW pasMepHOCTU napamMeTpoB.

B, 5

Puc. 2.3. CeueHusa 6anok pambl TeNEXKn: a — cevyeHne 6e3 ycunmeato-
lWen Haknagkn; 6 — cedeHne C ycunmBarolen Haknagkon; 1 — BEPXHUN
rOPU3OHTAamNbHbLIN JIUCT; 2 — HWKHUW FOPU3OHTalnbHbIA NNCT; 3 — NeBbIN
BEpTUKANbHbIN NUCT; 4 — NpaBbI BepTUKANbHbIA NUCT; 5 — ycunueato-
Las Haknagka

Brp. 2, 3, 8,91 10 Tabn. 2.1 npuHMmaloTCs:
— pasmep B Ons KOHUEBOW M cpedHen Yyacten 60KOBUHbI OAVUHAKOBbLIM B

nHtepsane ot 0,18 go 0,22 wm;
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— pa3vep H ans koHueBbIX nonepeyHbix 6Ganok U KOHLEBbLIX YacTen 6o-
KOBWHbI 0aAnHakoBbiM B MHTepBane ot 0,18 o 0,2 m;
— BbicoTa H ans GokoBUHBI B cpeHen ee YyacTu 1 cpeaHei nonepevHom
6anku B uHTepsane ot 0,35 0o 0,45 m;
— TOSLWMHa NUCToB, 0bpa3yloLLmx cedeHne, 01, 0o U O3 B UHTepBasne oT
0,01 oo 0,016 m.
Tabnuya 2.1

Pasmepbl n pacyeTHbie AaHHbIE cevyeHun pPaMbl TEJIeXKUN

OnemeHT pambl Bg, I__Ig’ hg’ t_)g’ hO 0 %ﬁ M 03,
107-m|107-M| 107 m[10°M| 103 m|103m|10°m| 103 M| 103 M
1 2 3 4 5 6 7 8 9 10
KoHueBas none-
B
peyHasa banka
KoHueBas 4actb
OOKOBUHBI
CpefHsda 4YacTb
OOKOBUHBI
CpepnHsa nonepeu-
B,
Haa Oanka

CnenyeT OTMETUTb, YTO TOMLUHA BEPTUKANbHbLIX Y FOPU3OHTaNbHbIX NNC-
TOB MOXET ObITb Kak OAMHaKOBOW, TaK U PasfiMYHON, NPy 9TOM rOpU3OHTarb-
Hble NUCTbI crieayeT BbioupaTb 60MbLLIMMK, YEM BEPTUKArbHbIE.

MapameTpbl B Ans koHUeBOW n cpedHeln nonepeyHbix Ganok pambl Te-

NEXKN NPUHMMAIOTCS paBHbIMK paHee NpuHATeIM B n B, cootBeTcTBEHHO.
MapameTpbl B rp. 4,5, 6 n 7 Tabn. 2.1 onpegenatoTca:

— pacyeTHas BbiCOTa BEPTUKAIIbHOIO fiucTta Ans cevyeHun 6e3 ycunueato-
LLier Haknagkun no popmyne

h: H —281, (215)
a N5 CeYeHus C yecunuBeatoLen Haknaakom — no popmyne
h:H—281—63; (216)

— paccTosiHMe Mexay BHYTPEHHMMU MOBEPXHOCTAMU BepTMKanbHbIX NC-
TOB, 0OpasyLKNX ceveHne, no popmyne

b:B—ZSZ—ZAl, (217)

rae A; — BbINET KOHLOB FOPM30HTanbHbIX NINCTOB MOA CBApHOW LUOB, KOTO-
pbI MOXXHO NpUHATL 0,02 ™m;
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— BbICOTa Ce4vYeHunda no cpeaHnmMm JnMIMHNAM COCTaBIAKWNX €ero 3JyieMeHTOB
anga cevyeHumn bes ycnnmBarwwnx Hakrmagok no cbopmyne

h, =h+9, (2.18)
a Anga cevyeHus C ycunmueatoLen Haknagkon no goopmyrne
h0:h+81+83/2; (219)

— WMpHUHa cevyeHnd no cpegHnMMm nnMHNAM COCTaBITAOLWNX €ro 3JfieMeHTOB
AN BCEX CeYEHUN paMbl TEJTEXKHU MO cbopmyne

b, =b+3,; (2.20)
— pacyeTHas LWMprHa ycunusearoLLen Haknagkm no gpopmyne
B,=B-2A, (2.21)

roe B — wwupuHa ceyeHuss cpedHelt yacTu GOKOBUHBLI, onpeaensemMasi no
Taon. 2.1.

2.3. PacyeT reomeTprMUYeCKUX XapakKTepMUCTUK CE4YEeHUN paMbl TenexKu

Heobxogmmo onpegenutb criefyloume reoMeTpuyeckme XxapakTepucTuku
ceyeHun:
e MOMEHTbI MHEpPUUM Npn n3rnbe B BEPTUKANbHOM NNOCKOCTU IX;

* MOMEHTbI MHEPLMK Npu 13rnbe B ropmaoHTansHou nnockoctu |, ;

® MOMEHTbI MHEPLMK NpK KpydeHun |y ;

* MOMEHTbI CONPOTUBIEHNS Npu n3rnbe B BepTukaneHon nnockoctn W, ;
* MOMEHTbI COMPOTUBIIEHWS! NPy 13rnbe B ropuaoHTankbHoi nnockoctn Wy ;

® MOMEHTbI COMpoTUBIIEHNA MNMPU KPYHEHUN Wk'

PacueT ykasaHHbIX reOMeTPUYECKNX XapaKTEPUCTUK ANS CeYEeHUS KaXKao-
ro afieMeHTa pambl TESEXKN BbINONHAETCA B TabnmyHon dpopme. Ecnn ceve-
HUSA 3NIEMEHTOB paMbl TEMNEXKN BbINOMHEHbI 6e3 ycunueatroLwen Haknagkm, To
ANs pacyeTa McnonbayTcs TabnmyHble oopmbl MO ob6pasuy Tabn. 2.2, npu
3anofiHEHNUN KOTOPbIX HEOBXOAMMO CTPOro NPUAEPXKMBATLCS yKa3aHHOW B
HWUX pa3MepHOCTH.

[nowanm BepxXHero n HWXKHEro ropu3oHTanbHbIX JIMCTOB pacCYNTLIBAIOT-
cq no opmyne

a nnowiaaun neBoro 1 NpaBoro BepTuKasbHbIX JIMCTOB — No oopmMmysie
F3’4 — h 82 . (223)
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Tabnuya 2.2

BcnomoratenbHble napameTpbl
Aana (HammeHoBaHUe 3fieMeHTa paMbl)

. ) ) 2 2 '’ r
AneMeHT ceyeHuns Fl’ Zl’ XI | £ |:i X F| , X1 Zi
10*m? |103m|10°3m| 10%.m* | 108.m* | 208-Mm* | 10°-m*
1 2 3 4 5 6 7 8

BepxHuii ropusoHTanbHbii nveT | Fp |z | X

HwkHWiA ropusoHTanbHbiv nueT | Fy | Z5 | X5

NeBbIN BepTUKanbHbIA NUCT Fs | Z3 | X3

[paBbIt BepTUKanbHbIA IUCT Fo | 24 | X4
CYMMA

OpAnHaTbl COBCTBEHHbLIX LIEHTPOB TSXKECTU rOpU3OHTasbHbIX JIMCTOB On-
penenstTcs no opmyne

roe 3Hak «+» OTHOCUTCA K BEPXHEMY FOPU3OHTAlNlbHOMY JIUCTY, a 3HAK «—» —
K HUWXHEMY. ,D,J'Iﬂ BepPTUKalribHbIX JIMCTOB OpAuHATHI COOCTBEHHbIX LEeHTPOB

TSXKECTU paBHbl HYMiO, T. €. Zg4 = 0.

Abcumnccbl cobCTBEHHbIX LEeHTPOB TAXeCTWU ONnA ropmn3oHTalribHbIX JNMNCTOB
PaBHbl HYIO, T. €. X5 = O, a Ond BepTUKalibHbIX JIMCTOB PaCcCHUTbIBAKOTCA

no coopmyne
X4 3= ib0/2, (2.25)

roe 3Hak «+» OTHOCUTCS K MpaBOMYy BePTUKaNibHOMY JIUCTY, @ 3HaK «—» — K
nesomy.

Ha cnegyowem atane paccymtbiBaloTCs napamMmeTpbl rp. 5 n 6 tabn. 2.2
C MCNonb3oBaHMEM [AdaHHbIX rp. 2, 3 U 4, BbIYUCIIEHHbIX MO OopMynam
(2.22)—(2.25).

MoMeHTbI nHepumn Npun n3rnbe Ans COCTaBMSALINX CeYeHNEe SNEMEHTOB
paccynTbLIBAOTCA MO creayroLwmnm oopmMynam:

® 1151 FTOPM30HTasbHbIX JIMCTOB

B &3
| =—"1. 2.26
x= 15 (2.26)
B3§
! = 1. 2.27
1= 1, (2.27)

e NnA BEepPTUKalribHbIX JINCTOB
19



_62h3.

1 T (2.28)
3
|;=%. (2.29)

Ha nocnegHem aTtane BbIYUCIISAIOTCHA CyMMbl YMcen no rp. 2—8 ¢ y4eToM ux
3HaKOB U 3anucbiBaloTCs B CTPOKYy «Cymma» Ttabn. 2.2. AHanorn4yHo no ¢op-
Me Tabn. 2.2 paccuuTbiBalOTCA reOMeTpUYecKne XxapakTepucTukn apyrux ce-
YeHUN, He uMerLmMX ycunusarLlen Haknagku. [pn pacyete reomeTpuyec-
KUX XapaKTepPUCTUK AN ceveHus cpeHen YyacTu BOKOBMHbI B criyvae npume-
HEeHUs ycunmeatoLLen Haknaakm ncnonbdyetca tadn. 2.3.

Tabnuya 2.3
BcnomMoratenbHble napameTpbl AN cpegHen YyacTtuy
GOKOBMHbI paMbl TENEXKU C YCUNMBaKOLLLEN HaKNaaKou

. ! . : 2 2 ' r
AnemMeHT cevyeHus Fl’ Zl ' ZI' XI' Z; |:| X I:i X1 Zi

10*m?| 103%™ | 10°3m | 103 M |10°8-m*| 10°8.m*| 208-M* | 208 m*

1 2 3 4 5 6 I 8 9
BepxHW1 ropnsoHTanbHbIn E 7! iy | W
nmcT 1 1o\ |
HWKHWIN ropn3oHTanbHbIN '
nmcT Rl || X%

IeBbit BepTuKanbHbIi nuct | F3 | 23 | Z3 | X3

MpaBbii BepTuKanbHeit uct| B4 | 24 | 24 ﬁﬂ%

Yeunveatolas Haknagka Fs | z5 | Zz5 | Xg
CYMMA

[nowann ropusoHTasnbHbIX U BEpTUKArNbHbLIX NIMCTOB AN CeYeHUda cpea-
Hen YacTn GOKOBMHbBI pambl TEMEXKN paccyHnTbIBaOTCS No dopmynam (2.22)
n (2.23), a nnowaae ycunmearoLen Haknagkm onpegendercs no oopmyne

OpavHaTbl COBCTBEHHbIX LIEHTPOB TSHKECTU FOPU3OHTANbHbIX FIMCTOB B
3TOM Cryyae onpeaensaTcs no popmyne

21 , =x(h+8)/2, (2.31)

rae 3HaK «+» OTHOCUTCS K BEPXHEMY FOPU30HTAIbHOMY JIUCTY, @ 3HaK «—» — K
HWXHeMyY. [INs BepTUKanbHbIX NINCTOB OpAMHATbLI COOCTBEHHbIX LLEHTPOB paB-
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Hbl Hymto, T. €. Z34 =0. OpanHaTa COBCTBEHHOrO LieHTpa TSXECTU yCuu-
BaloLLIE HAKMNaAKN paccYnTbiBaeTcs no oopmyne

2e =h/2+8;+85/2. (2.32)

Ha cnepywouwem atane pacyeta HeobxoguMmo, npeasapuTenbHO BblYMC-
nMB cymMmy 4ducen rp. 2 t1abn. 2.3, onpefenuTb opavHaTy LeHTpa TAXeCTu
BCEro ceyeHuns cpegHenm 4Yactn BOKOBMHbBI C YyCUNMBAIOLWEN HaKagkown, Uc-
NONb3ys ANSA 9TOro AaHHble rp. 2 1 3 yKasaHHOM Tabnuvubl:

N !
.z K
_

7 (2.33)

c n
>R

1

OpJJ,I/IHaTbI LEeHTPOB TAXECTN COCTaBIAKLLNX CeYeHne aremMeHToOB OTHO-

CUTENbHO HeWTparbHbIX OCEeN Bcero ceveHus (rp. 4 Tabn. 2.3) paccyntbiBa-
IOTCA OJ1 KaXJoro afieMeHTa C UCnonb30oBaHMEM COOTBETCTBYIOLLEro yucna

U3 rp. 3 yKasaHHOW TabnuLbl 1 3Ha4YeHUs Z. no opmyne
-
i = Zj — . (2.34)

Abcumccbl COBCTBEHHBIX LIEHTPOB TshkecTu (rp. 5 1abn. 2.3) ansa ropmusoH-
TanbHbIX JIMCTOB W ANSt YCUNMBAIOLLEN HaKNaaKvW paBHbl HYMo, T. €. X1, =0 u

Xs =0, a ans BepTUKanbHbIX NUCTOB paccuuTbIBaoTCs o dopmyne (2.25).

Ha cnepyrowiem atane ¢ Ucnonb30BaHWEM OaHHbIX Ip. 2, 4 n 5 paccunTbl-
BalOTCS 3HAYEHUs napameTpoB Ans rp. 6 u 7 Tabn. 2.3, nocne 4ero no popmy-
nam (2.26)—(2.29) onpenensoTca 3HadeHnsa napameTpos rp. 8 u 9 ykasaHHOW
Tabnuupbl ANs ropmM3oHTarnbHbIX U BEPTUKAmbHbIX NNCTOB. MOMEHTbLI MHepuUmn
npu n3rmbe Ans ycunuearLLen Haknagkm paccynTbiBatoTca no oopmynam:

3
|}, = 81283, (2.35)
3
- 51_253 (2.36)

N 3anNUCbIBAOTCA B COOTBETCTBYOLWME rpadbl Tabn. 2.3.

Ha nocnegHem aTtane BbIMUCAAOTCA CyMMbI Yncen no rp. 3—9 ¢ y4etom unx
3HaKOB U 3anucbiBaloTCcsa B CTPOKY «Cymmay» tabn. 2.3.

MoOMeHTbI uHepuumn npu n3rmbe M KpyvyeHuu O5s rnonepeydHbiX CevyeHun
Ka)XOOro 3aremMeHTa pambl TENeXKn pacCyYUTbIBAKOTCA C MCMNOMb30BaHUEM
Tabn. 2.2 n tabn. 2.3 (Npy Hanu4Mn ycunmealoLen Hakragku) no creayro-

LM cpopmynam [7]:
21



n 2 n ,

Ix:%(zi Fi)"‘%lxi; (2.37)
n 2 n ’

|z=§(xi Fi)"‘%lzi; (2.38)

ho b 8, 8,

| = .
H& +Bd, -8 —85

K

(2.39)

PacyeT MOMEHTOB COMPOTUBNEHUS NMpu n3rnbe gns cedveHun 6e3 ycunu-
BatoOLLen HaKagKku BbIMOMHAETCA No oopMysiam:

(2.40)
(2.41)

a on4a ceveHusd ¢ ycunuearowen Haknagkou — rno popmyne
l (2.42)

Wy=—"7""—"—
z.+0,5H
n popmyrne (2.41).
MoMeHTbI CONPOTUBNEHUS NPU KPYYEHUN OS] BCEX CEYEHUN dNeMeHTOB
paMbl TENEXKN onpeaensoTca no popmyne

W.=2h, b, §. (2.43)

PesynbTaTtbl pacdeTtoB no opmynam (2.37)—(2.43) ceogarcsa B 1abn. 2.4
c cobntogeHneM ykazaHHON B HEN pasMepPHOCTN.
Tabnuuya 2.4

MomeHTbI MHepuun 1 MOMEeHTbIl CONpPoOTUBIIEHUA
AJNIeMEeHTOB pPaMbl TeNeXKn npu n3rnde un Kpy4YyeHunu

OnemMeHT pambl

o X

10°m*|10°-m*
1 2 3
KoHueBasi nonepeyvHasa banka
KoHueBas YacTb OOKOBUHbI
CpepaHsasa YacTb 60KOBUHbI
CpepaHasa nonepeyvHasa banka
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2.4. OnpegeneHne Macchbl 351IeMEHTOB 3KUMAaXXHOW YacTu
M cocTaBneHue BeCoOBOMN BeAOMOCTHU

OnpeneneHne Maccbl OTAENbHbIX 3IEMEHTOB MEXaHUYECKOW YacTn arek-
TPOBO3a, a Takke MacCbl TENEXEK N Ky30Ba B COOpe MMEET BaXHOe 3Haue-
HWE He TONbKO ANS NOCNeAyLWNX pacyeToB NPOYHOCTU U HAAEXHOCTU 3TUX
3MIEMEHTOB, HO U ANS BbINOMHEHUSI CTaTUYEeCKON pa3Beckn nokomoTuea. lNoa
CTaTU4YEeCKOW pas3BeCcKOW MNOHMMAlOT paBHOMEPHOE pacnpederieHne Macchbl
FTIOKOMOTMBA MO OTAENbHbLIM KOSIECHbIM Napam u Koriecam nyTeM COOTBETCT-
BYIOLLEro pacnosiokeHns obopyaoBaHus. PasBecka BNUSIET Ha TAroBble
CBOMCTBa NNOKOMOTMBA, TaK Kak pasHuLa Harpy3oK KONeCHbIX nap NpMBoauT K
CKINOHHOCTM HaUMEHEE Harpy>XeHHbIX KONTECHbIX Nap kK OOKCOBaHMIO.

[Mpn BbLINONHEHMN CTAaTUYECKOW pa3BECKM COCTaBNsieTCA BecoBasi BeOO-
MOCTb JFIOKOMOTMBa, npeacTaenswowas Tabnuuy c¢ ykasaHMem Maccbhbl OT-
AeNbHbIX 3NeMeHTOB 060pyaOBaHUS, ero KONMyecTBa U pacnosioXXeHns LeH-
TPOB TSXKeCTU. B KypcoBOM MpoekTe Heobxoammo paccumTaTb YMNPOLLEHHYHO
BECOBYI0 BEAOMOCTb, MPUMEPOM KOTOPOW OS5 rPY30BOro 3f1IEKTPOBO3a SABMA-
eTca Tabn. 2.5, a ansa naccaxupckoro — 1abn. 2.6.

Tabnuya 2.5

yﬂpOI.I.l,eHHail BecoBasd Be4OMOCTb rpy3oBOro 3J5ieKTpoBo3a

Macca egmHuubl | KonundectBo Macca 06onv-
HanmeHoBaHne obopynoBaHusa obopynoBaHus, eanHuL, Py
JoBaHus, T
T obopyaoBaHusg
1 2 3 4
[MepeaHasa nonepeyHaa 6anka
pambi M Kno N, an Kno
CpepnHsaa nonepeyHas 6anka
pambl M cnb Ny, Ny M cno
3agHas nonepeyHas 6anka
pambl M Kno Ny, Ny M Kno
BokoBuHa pambl M, 2n,, 2n,,M;
KpoHLITENHbI KpenneHus M
n n M

NOBOJKOBbIX BYKC KKnb m m " KKkno
Pama Tenexku B c6ope AV — n, M pince
YHUgmympoBaHHasa KonecHas
napa c ABymsi 3ybuartbimMu M., N, n,M..
Konecamm
Tarosblit ABuraTens \Y [ N, N, M 00
NoBogkoBas bykca M Gy 2n,, 2n,,M 6yKce
3ybuaTasi wecTepHs M, 2n,, 2n. M,
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OKkoHYyaHue mabn. 2.5

Macca eguHuubl | KonnyectBo
Macca obopy-
HanmeHoBaHne o6opyaoBaHus obopynoBaHus, eavHnL
JoBaHus, T
T obopynoBaHus
1 2 3 4
KpOHLUTENH NOABECKM TATOBOro
aBuraTens M Kno Nyen Nyn M Kno
Koxyx 3ybyaTon nepegaym M., 2n,, 2n M,
KonecHo-MOTOpHbLIN GNOK
B c6ope M KMbO Nyen Nin M KMo
NucToBas peccopa M, 2n,, 2n,,M ,,
LinnnHgpuyeckas ogHopsiaHas
NPY>XUHa Moy ANy ANy M.y
lNMepBasa cTyneHb peccopHOro M
n n., M
noaBelnBaHUA B coope opn Kn rn 1 opn
Topmo3Hoe o6opyaoBaHue M., n, n,M,,
YCTpPpOMNCTBO CBA3U C KYy30BOM Mmy n, N, M.,
NMHeBMaTNYECKUN MOHTaX M, n, nM,
M npoume getanm
Tenexka B c6ope M, n,, n,M,
KysoB ¢ o6opyaoBaHuem M../n, n, M.
3neKTPOBO3 B LIENIOM M, /N, N, M.,
Tabnuya 2.6
YnpouieHHas BecoBass BeAOMOCTb NaCcCaXUPCKOro afieKTpoBo3a
KonnyectBo
Macca eguHuLbl Macca ob6o-
HanmeHoBaHne obopynoBaHus eanHuL, obo-
obopygoBaHus, T pygoBaHug, T
pyaoBaHNs
1 2 3 4
[MepeaHasa nonepeyvHada 6anka
pambl M Kno Ny, Ny MKn6
CpegHsasa nonepeyvHasa banka
pambl M cno Ny, Ny M cno
3apHsas nonepeyHas 6anka pambl M...s n, n,M..s
BokoBrHa pambl M, 2n,, 2n,, Mg
KpoHLITENHbI KpenneHus M
n n M
NOBOJKOBbIX BYKC KKNO m m " kKNG
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OKkoHyaHue mabis. 2.6

Macca KonunyectBo
Macca o60-
HanmeHoBaHue o6opy,uoaaHV|$| eanHunubI eaunHuny, obo-
pyooBaHusA, T
obopyaoBaHus, T| pyaoBaHus
1 2 3
Pama Tenexku B c6ope A — n, W7
KonecHas napa ¢ agByms M S arey
3ybyaTbiMK Korecamu Kn Kn P i
TaroBbIn ABuratenb M,..o N, n.,M, .,
n.,M
Mopsecka TAroBoro Asuratens M,, N, kn Tino
M no
TAroBbI peaykTop M., N, N, M,
[MepenaToyHbI MEXaHN3M M n n.M
TArOBOro MOMEHTAa nu Kn K== nm
KonecHo-MOTOpHbIN GNOK M n_M
lNMepBas cTyneHb peccopHOro M n
noABeLIMBaHUA B c6ope opn Kn
Topmo3Hoe o6opyaoBaHue M mo n,
YCTPONCTBO CBSA3MN C KYy30BOM R n,
NMHeBMaT4YeCKMN MOHTaX U M
n
npo4yuve getanu nnee m
Tenexka B coope M., n,,
Ky3oB c o6opynoBaHuem M. /n, n,
3neKTPOBO3 B LIENIOM M, /N, n,

PacyemHbie ¢hopmyrbi Onsi 2py308020 3siekmpoeso3a (mabi. 2.5)
Maccbhl KOHLUEBbIX nonepeyHbix 6anok pamMmbl TEMEXKM pacCUYMTbIBAOTCSA

MKI’Z6 =Ye (bm - B) FKI’Z6’
roe y.— obbemMHas macca cranu, npuHnumaeTcsa 7,8 /™M B- LnpuHa danku,

no oopmyne

onpepensiemas no tabn. 2.1, m; F -

(2.44)

nnowangb cevYeHns KOHL,eBOW none-

peuyHol 6anku, M°, onpeaensemas no ctpoke «Cymma rp. 2 Tabn. 2.2.
Macca cpegHen nonepeyHou 6Ganku paccyuTbiBaeTcsl MO aHanormyHou

dopmyrne

Mcn6 =Ye (bm _B) Fcn6'

(2.45)
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roe F... — nnowaab ceyenns cpeaHein nonepeyHomn 6anku, M°, onpeaense-

Masi no ctpoke «Cymma» rp. 2 Tabn. 2.2.

Tak kak OOKOBMHA paMbl TEMNEXKN UMEET CIOXHYH KOHAUIypaunto no Bbl-
COTe, TO ee Macca OonpenensieTca Kak COBOKYMHOCTb MacC OTAESbHbIX CO-
cTaBnsoWmMX Yyacten. Macca KoHLeBOM 4YacTn BOKOBUHbLI onpedenseTcs no

dopmyne
MK145 =Y €Ku6 FKtt6’ (2.46)

rae F.,; — nnowaab ceyeHns KOHLEBOM YacTy GOKOBWHBI, Onpeaensiemas no
ctpoke «Cymma» rp. 2 Tabn. 2.2, v-.

Macca cpegHen Yyactn 6OKOBUHbBI paccumTbiBaeTCcsa No popmyrne
Mcq6 =Ye Ecu6 Fcu6’ (2.47)

rae ch5 — nrowaab cev4eHnd Cpeﬂ,HeVI YacTu OOKOBUHBI, M2, onpegendemas

no ctpoke «Cymma» rp. 2 Tabn. 2.3 3a BbIMETOM NIOLLIAAM MONepeYHoro ce-
YeHUs yeunuearoLLieln Haknaaku, no opmyrne

n
FCU6 - Z Fi - F5, (248)
1

n
roe > F — cymma nnowapgei oTaenbHbIX 3NeMEHTOB, COCTaBMSAOLLMX ceYe-
1
HWe cpegHen YacTu 6OKOBUHBLI.
Macca nepexogHoun YacTn 60KOBUHbI onpeaensdeTcs no gopmyne

hcu _hKll
Mnu6 =Ye gnu6 Bgl+2£nu6 (%j 82 +

2 2
+B 81 \/&146 + ch6 o HKlt6 jl d (2.49)
roe B — wupuHa cpegHen yactu 6GokoBUHbLI, onpeaensemas no taén. 2.1, m;
N.u: Neys — 3HAYEHMSI pacyeTHON BbICOTbI BEPTUKAIbHbLIX NUCTOB CEYEHUN

cpeaHen 1 KOHLEBOW YacTen BOKOBUHbI COOTBETCTBEHHO, onpeaensiemMbie no
Tabn. 2.1, m; H_;, H, ;- 3Ha4eHns BbICOTbI ceveHnin cpedHemn n KOHLEeBOM

yacTten 6OKOBUHbLI COOTBETCTBEHHO, onpeaensiemsie no tabn. 2.1, m.
Macca ycunuearowen Haknagku paccumtbiBaeTcda no goopmyne

M, =y, 0, Fs. (2.50)
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Macca 60KoBUHbI paMbl TESNEXKN B LLEeNoM onpeaensieTcs no gpopmyne
M6:2MI<1¢6+2 an5+Mcq5+MH' (251)

Macca KpOHLUTENHOB ANS KpenneHusi NOBOAKOBbIX OYKC, NPUXoasLLascs
Ha OHY TeNeXKy 3NeKTpoB0o3a, onpeaensieTcs no opmyne

MKKn5 %0,7 M5' (252)

Macca paMbl TEJIEXKN B 060pe npeacraBlidAeT cobown CyMMYy MacCC CO-
cTaBndrwwnx ee afnieMeHToB N pacCHUTbIBAETCA MO cbopmyne

M e =2 Mg + Mg +2 Mg +M 005 - (2.53)

pmc

Uuncno Tenexek ANEKTPOBO3a nm N OCEN KOSNECHbIX nap nKn onpegendet-

CA B COOTBETCTBMM C 0CeBOM POPMYIION, YKa3aHHOM B 3aJaHUN HaA KypCOBOM
NPOEKT.
PekomeHayeTcsa NpuHATL Maccel [6, 7, 9.

— YHUdMLUMpPOBaHHOW KonecHow napbl M
ThbIX Konec 2,623 T;
— Tarosoro Asuratens M, 5 B cooTBeTcTBMM C napameTpamu 3afaHHO-

ro TO[M;
— nosogkosoit 6ykcel Mg,,..= 0,311 T;

., C Y4eTOM Maccbl AByXx 3ybya-

— 3ybyatou wectepHn M, B nHTepsane ot 0,011 go 0,018 T;
— KpPOHLUTENHA NOABECKM TArOBOro ABuraTerns Mma =0,04 T;

— koxyxa 3ybyaTon nepegaum M., B uHTepsane ot 0,08 go 0,15 T;
— IINCTOBOM peccopsbl M, B MHTepBane ot 0,135 000,19 T;

— NpyuHbl M, B uHTepsane ot 0,021 o 0,04 T;

— Topmo3Horo obopynosaHus M, , B uHtepsane ot 0,95 no 0,985 1 B

pacyeTe Ha OOHY TENEXKY;
— TArOBOro YCTPOMUCTBA (CBA3W Ky30Ba C TESIEXKON) M,,,= 0,188 T B pac-

yeTe Ha OHY TENEXKY;
— MHEBMAaTUYECKOro MOHTaXa u npounx menkux aetanein M
Te Ha ogHy Tenexky 0,08 T.
Macca konecHo-moTopHoro 65ioka B cbope paccuntbiBaeTcs no gopmyne

My =Min + Mpao +2Mgpee +2 My + My +2 My, . (2.54)

nuee B PacHe-

Macca komnnekTa GyKCOBOro pecCcopHOro rnoAaBellvBaHMs B pacyeTe Ha
O[HY KOMNEeCHYyo napy onpeaensieTcsa no popmyre
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Mepn =2 M, +4M,,. (2.55)
Macca Tenexku B cbope paccuntbiBaeTcs no popmyne

M,,=M _..c.6 +2M,,,56+2 Mépn + Mo + My, + M0 - (2.56)

m — "' pmc
Macca ky3oBa ¢ obopynoBaHMeM M5 9NeKTpoBO3a B LEeroM onpenens-
eTcs no goopmyne

My =M, =Ny M, (2.57)

PacuyemHbie ¢hopmynbi Onisi naccaXkupckoz20 asiekmpoeo3a (tabn. 2.6)
Maccel M5, M5, Ms, M-, M pmce PACCHATBLIBAIOTCS TakKe, KaK U

ANA rpy30BOro 3rekTpoBo3a, no opmyrnam (2.44), (2.45), (2.51), (2.52) n (2.53).
PekomeHayeTcsa npuHATL Maccebl [10, 11]:
— KonecHo napsl M «n C Y4€TOM Macchl 3ybyatbIx Konec 2,57 T,
— Tarosoro gsuratens M, , B cooTBeTCTBMM C mapameTpamu 3aJaHHO-
ro TOM;
— noasecku Tarosoro asuratend M 0= 0,06T;
— TAroBOro penykropa Mmp= 1,15 T;

— nepeaaToYHOro MexaHuama Tarosoro momeHta M, | = 0,12;
— NepBON CTYNeHN peccopHoro noaBelunBaHus B coope M4, = 0,2 7.

Macca KonecHo-MOoTopHOro Grioka B cbope AN NaccaXMpCKoro anekTpo-
BO3a paccyuTbIBaeTCs no popmyne

My =M + Mo + Myy + My, + My, (2.58)

Maccel M,,,, M M

mys Mpee, My, M BbIOMpaOTCS M paccunTbIBAOTCS

aHanorn4yHo rpy3oBoMy a51eKTpoBo3y no oopmynam (2.56), (2.57).

OghopmneHue waza no pasodeny 2
lNodpasden 2.1

1. B nosicHumersibHoOU 3ariucke rpedcmasumb pac4yemHyto cxeMy mersiex-
Ku (puc. 2.1), Ha Komopou yKa3amb 8ce paccyumeleaeMble pasMmepbl.

2. Paccqumamb xecmkyto 6a3y mersnexku no ¢gopmyne (2.1) ¢ moyHo-
cmbto 00 08yX 3HaKO8 riocrie 3ansmod.

3. Paccyumams no ¢gpopmyne (2.2) Ouamemp Koreca KornecHou napbl o
OKpPY>XHOCMU 2pebHs ¢ mMoYHOCMbo 00 08yX 3HAKO8 riocrie 3arsmodl.

4. Paccqumame paccmosiHue (4, no ¢opmyne (2.3) ¢ moyHocmbio 00

mpex 3HaKos8 riocrie 3arnsamod.
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5. Paccqyumamb OnuHy pambl mesnexku ¢, no gopmyne (2.4) ¢ mo4yHo-

cmbto 00 08yX 3HaKO8 riocrie 3arnsamod.

6. [puHAMb, UCnonb3ys pekoMmeHdauuu, 8bICOmMy U WUPUHY MenexKu.

7. Paccyumampb OnuHbl y4acmkog8 GOKOBUHbI paMbl MENIEXKU, UCMOMb3ys
gopmyribi (2.5)—(2.7), moyHocmb pacdemos — 0o 08yx 3HaKo8 riocsie 3arsimodu.

8. Paccyumame ymO4YHEHHY0 OflUHy pambl menexku rno gpopmyrie (2.8) ¢
mo4YHocmbio 00 08yX 3HAKO8 rocsie 3ansimodu.

9. Paccyumame OnuHy ycunueatowieu Hakrnaoku o ¢popmyre (2.9).

10.pedcmasume KOMIMOHOBOYHYI CXEMY 3KUMaxXHoU 4acmu 351eKmpo-
g803a 051 00HOU cekuuu 8 coomeemcmeuu ¢ 3adaHHoOU ocegoli ¢hopmynod,
ucrnonb3ys puc. 2.2. Ha cxeme ykaszamb 8ce paccyumbleaeMble Usu rnpuHs-
mbie pa3mepsl.

11. Paccyumams OnuHy pamMbl Ky308a ariekmpoegosa o ¢popmyre (2.10) ¢
mo4YHocmbto 00 08yX 3HAKO8 rocJsie 3arnsimodu.

12. Paccyumamse pasmepsi {4 no ¢popmynam (2.11) unu (2.12) ¢ eblinorn-

HEeHUeM yCcri08Us, MOYHOCMb pacyemos — 00 mpex 3HaKoe rocrie 3ansamod.

13. Onpedenumb yMOYHEHHYIO XecmKyto 6a3y Ky3oea 35iekmpoeosa o
¢gopmyrne (2.13) unu (2.14), moyHocmb pacdyemos — 00 08yx 3HaKO8 riocrie
3arnsmod.

[Nodpa3den 2.2

14.lpedcmasumb mabn. 2.1, 8 komopodu 8 ep. 2, 3, 8, 9 u 10 napamem-
pbl PUHUMaKMCs 8 coomeemecmeuu ¢ peKkomeHlauusmu, a e 2p. 4—7 pac-
cyumsigaromcesi rno ¢gpopmynam (2.15)—(2.20) coomeemcmeeHHo.

15. Paccyumame wupuHy ycunuearouw,el Haknadku rno ¢popmyrie (2.21).

[Nodpa3sden 2.3

16. Paccyumamb rnapamempsbl 8 mabs. 2.2 0rsi KOHUEBbIX 0rnepeyHbIX
6arnok rno cpopmynam (2.22)—(2.29).

17. Paccyumamb rokazamesnu 68 mabn. 2.2 ons cpedHel rnoriepedyHol
6ariku, ucronb3ysi popmyrbil (2.22)—(2.29).

18. Paccyumamsb napamempsl 8 mabn. 2.2 0ns KoHyesbix Yacmeu 60Ko-
8UHbI 110 chopmynam (2.22)—(2.29).

19. Paccyumampb napamempbl 8 mabn. 2.3 0ns cpedHel Yyacmu 60Kosu-
HbI, ucronb3ys ¢hopmyribl (2.22)—(2.36).

20. Paccyumame rniapamempbi 8 mabi. 2.4, ucriornb3ys ¢popmyrbi (2.37)—(2.43).

lNodpa3zden 2.4

21. B nosicHumersibHoU 3ariucke rpueecmu YrpouieHHY 8ecosyro 8e00-
MOCmb 8 coomeemcmeuu ¢ 3adaHHbIM POOOM Cr1yXbbl 35ieKmpoeo3a rno gop-
me mabin. 2.5 unu 2.6.

22.Mpoussecmu pacyem napamempos ep. 2 mabn. 2.5 unu 2.6, ucnorsib-
3ys pacyemHble (bOpMyribl U peKoMeHOauuu, yKa3aHHble Huxe mabruy.
Maccbl omoOeribHbIX 31IeMEHMO8 paMbl MEEXKU Orpeodesisiiomcs ¢ MoYHOC-
mbro 00 mpex 3HaKoe riocsie 3ansmodl.
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3. PACHET PAMbI TENEXKU HA CTATUYECKYIO
N YCTANNIOCTHYIO NPOYHOCTb

3.1. CoctaBneHne pacyeTHOM CXeMbl paMbl TENEXKU
M onpegeneHne BeNIMYNHbI AeNCTBYIOLWMX Harpy3oK

B KypcoBOM nNpoeKkTe Npomn3BOANTCS pacHeT pambl TENEXKN HA MPOYHOCTb
npn OENCTBMM OOHOIO M3 BMAOB 3KCMNyaTaUMOHHbIX HArpy30K — CTaTU4EeCKOM
BepTUKanbHOW (BeCOBOW) Harpy3ku. [1pu ykazaHHOM BUAE HaArpysku pama Te-
Nexkn npeactaBnsieT cobor cTtaTMdeckn Heonpeaenumyto cuctemy, Ans
pacyeTa KOTOpPOM MCNosb3yeTcs TPaauLMOHHO NMPUMEHSIEMbIN B 3N1EKTPOBO-
30CTpoeHnn meTon cun [5, 6, 9].

PacuyeTHas cxema pambl TENEXKN, C y4ETOM CUMMETPUM KOHCTPYKLUKN OT-
HOCUTENbHO NPOAOSILHOM OCU, MOXET BbITb NoMy4YeHa NyTemM YCrOBHOIMO pas-
pesa pambl N0 yKasaHHOW OCWU, C 3aKpenryieHneM (XKecTkasa 3afenka) cpeaHeu
nonepeyHon 6ankun. lNpn 3TOM B MecTax paspes3a KOHLEBbIX NonepeyvHblix b6a-
NOK NpUKNaabiBaloTCs HEN3BECTHbIE CUIOBbLIE BO3AENCTBUS.

PacueTHas cxema pamMbl TENEXKM rPy30BOro 3rieKTpoBo3a Npu OMNOpHO-
OCEBOM MNOABELLUMBAHUM TArOBbIX ABUraTenenm umeeT By, MOKa3aHHbIM Ha
puc. 3.1.

PacueTHass cxema pambl TENEXKN MNacCakMpCKOro 3feKkTpoBo3a UMeeT
BWA, NOKa3aHHbIN Ha puc. 3.2.

HeunsBecTHble CUoBLIE BO3OENCTBUA Xl n X2, M306pa)KeHHble B MeCTax

pa3pesa KOHLIEBbIX nonepeyHbix 6anok Ha puc. 3.1 n 3.2, npeacTaBnsatoT Co-
6on cocpeaoToyeHHble n3rnbarome MOMEHTHI.

UncneHHble 3Havenus cun Py, P,, P;, Py, R (puc. 3.1) onpegensiotcs

MO HWXe npuBeaeHHbIM doopmMyam.
Harpyska P, ecTb Bec nepeaHen koHueson Ganku n 4acT 6OKOBUHbLI U
onpegenseTcd Kak

\Y +M6+M;<Kn6 M, +M6pn 93, (3.1)

P =
L 2 4 4 2

roe M,,; — macca koHueBoii nonepeyHoii 6anku; M; — macca GOKOBUHBI;
M

oaHy Tenexky; M,  — macca TOpPMO3HOro 060pyaoOBaHUs B pacyeTe Ha OfHY
TENEXKY; M5pn — Macca 6yKcoBOro peccopHOro noAaBeLLUMBaHMS B pacdeTe

«kn6 — Macca KPOHLUTEMHOB KpenneHus noBOAKOBbIX ByKC B pacyeTe Ha

Ha OfHYy KOMeCHYy napy.
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Puc. 3.2. PacyeTHasa cxema pambl TENEXKN NAacCaXMPCKOro a51IeKTpoBo3a
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Harpyska ot kysoBa P,, nepenasaemasn Ha 60KOBMHY pambl TENEXKN Ye-
pes3 onopbl Ky30Ba, onpeaenseTtcsa no opmyne

98M

m

roe N, — KonnM4ecTBO Temnexek anekTpoBosa; M, — macca Ky3oBa, T.

Harpy3|<a P3 CKImaablBaeTCA U3 Harpy3km ot cobCcTBEHHOW MaccChl cpeu,Hel7|

nonepeyHon 6anku u Harpysku oT noapeccopeHHon maccbl TOM n onpenens-
eTcs Kak

P3 :9v8(Mcn6 +Mm30)’ (3.3)

roe M ,,; — macca cpefHeii nonepevHon 6anku; M,,,, — macca TArooro
apuraTens.

Harpyska P, B cuny cMmMmeTpun KOHCTPYKLMW pambl TENEXKM OTHOCWU-
TeNbHO OCY cpeaHen nonepeyHon Garnku YMcneHHo pasHa Harpyske P .

Tak Kak KonecHble napbl ABJIAKOTCA NOABUXHBIMU OMNnopaMun TeJ1EXKN, TO B
TO4YKEe KpersieHnA CUCTemMbl 6yKCOBOFO peccopHOro noasewmBaHnAa K pame
nepenarnTcda peakunn onop, paBHblE

2P +2P, + P+ 2P,
2 .
[Mpn onopHo-pamMHOM noaselmBaHum TOL NOMHOCTLIO NOAPECCOPEHLI U

XXEeCTKO 3aKpernseHbl Ha pame Tenexku. [NoaTtomy pacyeTHad cxema pambl
MMEeEeT aHanormyHbin BUA, YTO U AN ONOPHO-OCEBOro noasewumsaHna T3L,

HO ¢ fobaBneHvem cunbl P5, koTopas AercTByeT Ha KOHLEBYIO NOMNEPeYHyto
6anky ot BTopoun onopbl TA[ (puc. 3.2).
Harpyskn P,—P, (puc. 3.1) onpenensoTcs aHanormyHo, Kak u Ans onop-

HO-0CeBOro noaselumsanus [popmynel (3.1)—(3.3)].
Harpyska P5; onpenensietca no gpopmyne

R

(3.4)

98M
P = 9BM g (3.5)
2
Peakumm onop npu onopHo-pamMHoM noasewnsaHmm TOL onpeaensitoTcsa Kak
2R
R” - R| +?5 . (36)
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PacyeTHble TOUKM Ons onpeaenieHnst n3rnbaromx n KpyTawmx MOMEHTOB B
3MIEMEHTax pamMbl TEMEXKN N HOMEpa CEYEHUN AN pacyeTa HanpskeHun oT
NPUNOXXEHHOW Harpy3kn HasHa4aloTCsl B COOTBETCTBUN C OOLLENPUHATLIMU Npa-
BUNamu [7]:

1 — cepeanHa nepegHen KOHLEBOW nonepevyHon banku;

2 — KOHeLl, nepeaHen KOHLEBOW nonepevyHon danku;

3 — KoHeL, OOKOBUHBI;

4 — KPOHLUTENH KpenneHns ByKCoBOro NoaBeLUNBaHMSA K paMe TENEXKM;

5 — cepeauHa nepexogHom YacTtn GOKOBMHBI;

6 — KPOHLUTEWH KpenneHnsa 6yKCoBOro noaBeLLUMBAHUS K pamMe TENEXKN;

7 — cepeagnHa BOKOBUHBbI;

8 — cepeanHa BGOKOBUHBbI;

9 — KPOHLUTEWH KpenneHna ByKCoBOro noaBeLLUMBaHUS K pamMe TENEXKN;

10 — cepeanHa nepexogHon YacTu 6OKOBUHBI,

11 — KPOHLUTENH KpenneHust BYKCOBOro NogBeLLMBaHNSA K paMe TENEXKU;

12 — KOHeL, DOKOBUHbI;

13 — kOHel, 3agHen KOHLUEeBOKW nonepeyHon banku;

14 — cepeanHa 3agHen KOHLEBOW nonepevyHon banku;

15 — koHel, cpeaHen nonepevHon danku;

16 — cepeauHa cpegHen nonepeyvHon banku (kectkasa 3agernka).

PaccTosiHua mexay pacdeTHbIMM ToYkamMu Ans cxembl puc. 3.1 onpege-
NA0TCSA Mo cneayrwmm opmMynam:

ly=b,/2; (3.7)
ls=1,/2-B/2; (3.8)
l3="Lyus—B1/2+ L,45/2; (3.9)
ly="Vls—2a, /2+L/2; (3.10)
l,=1V5—2a,/2—-L/2. (3.11)

PacctosHnsa /1—{5 mMexay pacHeTHbIMM TOuKaMu Anst cxembl puc. 3.2 onpe-

penstotca no dopmynam (3.7)—(3.11), a pacctosHne (g (pacyeTHas AnvHa
KPOHLUTENHA NOABELLMBAHNA TArOBOro anekTpoasuratens) — no gopmyne

g6265_(6n00+A+BZ/2)' (312)

OnunHy peccopbl L rpysoBoro anekTpoBo3a MNPUHATb B MHTepBane oT
1+1,4 M, 4ng naccaXxXmpckoro anekTposo3a pasHbIM 0,65+0,75 m.
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3.2. MNocTpoeHue eAUHUYHbIX 3MOP N3rnbaroLwmnx
M KPYTALWMX MOMEHTOB

CornacHo meTtoay cun, Ha aHHOM 3Tarne pacyeTa Hen3BeCTHble MOMEH-
Tol X1 1 X, HEobxoaMmO NpupaBHATb eauHuue, T.e. X; = X, =1 kH-m.
[Mocne 3TOro pacyeTHasi CXema pambl TENEXKN rmocsiedoeamesibHO Harpy-
KaeTcs eAMHUYHBbIMU MOMeHTamn X n X,, a ocmasibHble Cusibl (BHELLHSS

Harpyska) ycsio08Ho omb6pacsbiearomcsi. B 3ToM criydyae pacyeTHble CXEMb
paMbl TEMEXKM FPY30BOro M NacCaXXMpCKoro arekTpoBO30B OLMHAKOBbI, Crie-
aoBaTenbHO, MemoduKa pacyema u rnocmpoeHusi eQUHUYHbIX 3P He
3aeucum om poda cnyx6bl asilekmpoeo3a.

Mpn pacyeTe U MNOCTPOEHUM 3MOP U3rMbBaOLWNX N KPYTALWMX MOMEHTOB
NPUHATO criegyloLlee npasunno 3Hakos [9]:

e 3a MoJsioKumeJsibHbIU u3a2ubarowuli MOMeHm c4yumaemcsi MOMeHm,
pacmsizuearow,ul 8 eepmukKasibHoOU MNJ1I0OCKOCMU HUXXKHUE 80J1I0KHa;

* 3a roJsioKumeJsibHOe HarnpaeJsieHue Kpymsu,e2o MoMeHma rpuHu-
Maemcsi MOMeHm, HarnpaeJsieHHbIU Mo YacoeoU cmpeJiKe.

anopa nsrmbatoLLmMx MOMEHTOB CTPOUTCSI CO CTOPOHbI PACTSIHYTOrO BOSIOKHA.

[Mpn Harpy>XeHun pacyeTHOM CXeMbl pamMbl TEMEXKN eANHUYHBIM MOMEH-
ToM X, Aedopmaumio n3rnba ncnbiTbiBalOT NEPEaHNAA KOHLeBas nonepeyHas

6anka (y4actok 1-2) n cpegHss nonepeyvHas 6anka (yvactok 15-16), a ge-
dopmaumio KpyveHnsa — neeasi Yactb 6OKOBUHbI (Y4acTok 3—7).

N3rnbatowme MOMEHTbI B 3TOM Criydae onpenensoTcs crnegyowmm ob-
pa3oMm:

MWD =1 kH - m; MY =1 kH-m;
M%L =1 xH-m; MB =1 kH-m.

KpyTawmin MOMEHT Ha BOKOBUMHE M,%)_7 =1 kH-m.

[Mpn Harpy>XeHun pacyeTHOM CXeMbl pamMbl TENEXKN €ANHUYHBIM MOMEH-
ToM X, Aedopmauuio n3rmba MCnbITLIBAOT 3a0HAA KOHLEeBas nonepeyHas
6anka (ydyactok 13-14) n cpegHaa nonepedvHas H6anka (ydactok 15-16), a

AedopmMauuio KpyvyeHnss — npasas YacTb 60KOBUHBI (y4acTok 8—12).
B atom cny4dae uarmbarowine v KpyTAaWwmUmM MOMEHTbI onpeaensatoTcs cre-
Ayroumm obpasom:
ME = _1xH-M; M@, =-1xH M.
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MoCTPOEHHbIE eAMHMYHbIE 3MIOPbl U3rMBaLWMX U KPYTALUX MOMEHTOB
npeacTasneHbl Ha puc. 3.3 1 3.4 COOTBETCTBEHHO.

—1xkH-™Mm

Puc. 3.3. EQMHWYHbIe anopbl n3rnbatoLmx MomMmeHToB oT X, 1 X,
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—1xkH ™M —1xH-M

Puc. 3.4. EQuHWYHbBIE 3MOpbl KPYTALMX MOMEHTOB OT X; 1 X,

3.3. PacyeT u nocTtpoeHue anopbl N3rudéarowmx MOMEHTOB
OT BHELUHEeWN Harpy3Kku AnA rpy30BOro 3fieKTpoBo3a

BHelHss Harpy3ka Ang pacyeTHOM cxembl puc. 3.1 npeacrtaBneHa co-
CPEeAOTOYEHHBIMU CUMNaMK, MPUNOXKEHHBIMU MO OCEBOW NUHUN OOKOBWHBI,
CUMMETPUYHBbIMU OTHOCUTENBHO CpedHen nonepeyHon 6anku, KoTopble Bbi-
3bIBAlOT TONbKO Aedopmauunio m3rmba. [ns pacyeTa anopbl M3rnbdaroLwmx
MOMEHTOB pacyeTHas cxema puc. 3.1 Harpyxaetcsl TONbKO 8HewHel Hae-
py3kou, a momeHTbl X, U X, ycsoeHo omb6pacskiearomcesi. Varnbatowive

MOMEHTbI B pacYeTHbIX TOYKaxX pamMbl TENEXKU ONpeaensitoTCa creaytoLmnm
obpasom:

Ms=-P; 05; (3.13)
Mys=—P1l3+R, ({3-03); (3.14)

Mus =—PLly+Ry ({4—103); (3.15)

M, =Py ls+ R, (l5— L)+ Ry (fs—14); (3.16)
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Mu8:_P4 £5+R| (£5—€2)+R| (65—£4); (317)

Myg =—Py l4+Ry ({4—13); (3.18)
Mo =Py l3+R, ({3-03); (3.19)
M, i =—P, ly: (3.20)

M, o= (4R, - P,— Py~ P,) /5. (3.21)

Bo Bcex ocTtanbHbIX pacyeTHbIX Toukax (1, 2, 3, 12, 13, 14, 15) usrnbato-
LLIEe MOMEHTbI PaBHbl HYMIO.

Tak Kak YNCMEeHHble 3Ha4YeHnsa n3rndarowmx MOMEHTOB B pa3nnYHbIX TOY-
Kax MOryT CYLLECTBEHHO pasfimyaTbCs, TO LOMYCKaeTCa NOCTPOEHNE 3Mopbl B
NCKakKeHHOM MacwTade unun ¢ paspbiBoM. [py 3TOM Ha antope OOMKHbI ObITb
yKasaHbl YNCIIEHHbIE 3HAYEHMUSI MOMEHTOB B PaCYETHbIX TOYKaX.

Bua sntopbl n3rnbarowmx MOMEHTOB NpeacTaBneH Ha puc. 3.5.

v Mu?

Puc. 3.5. Ontopa nsrmdaromx MOMEHTOB
OT BHELUHEW Harpysku A4ns rpy30BOro afiekTpoBo3a
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3.4. PacyeT u nocTpoeHue aniop M3rMbarLmx U KpyTawmx MOMEHTOB
OT BHeLUHeW Harpy3ku Ans naccaXupcKoro 3y1eKTpoBo3a

BHewHAs Harpy3ka anga cxembl pyc. 3.2 npeacTaBneHa He TONbKo cocpeno-
TOYEHHbIMU CUNamMu, NPUNOXKEHHBIMU MO OCEBOM NNMHUM BOKOBWHBLI, 1 CUMMET-
PUYHBIMW OTHOCUTENBHO CpeaHen nonepevyHon 6anku, HO U COCPEeAOTOYEHHbI-
MW cunamu, NPUIIOXKEHHbIMKU K KOHLIEBLIM NonepeyvHbIM 6ankam co cMeLLeHneMm
OTHOCUTENBHO MX OCEBbIX NIMHMW. B pesynbTaTe BHELLHAA Harpyska nns pac-
cMaTpuBaeMoun pac4eTHOM CXeMbl BbI3bIBaeT Aehopmaumm nsrnbda n KpyvyeHus.

[ns pacyeTta anop n3rnbatoLmnx N KpyTALWMX MOMEHTOB pacyeTHasa cxema
puc. 3.2 HarpyxaeTcsi moJsibKO 8HewHel Ha2py3Kkol, a MOMeHTbl X n X,

ycJ108HO ombpacbiearomcsi.
N3rnbatoLime MOMEHTbI B pacyeTHbIX TOMKax pambl TENEXKN B Npeanosno-

XeHun, uto 3 > L > {5, onpenensioTcs cneayloLMMmn BblpaXXeHUAMMU:

Mo == P (1/2; (3.22)

M, 3="Ps5ls/2; (3.23)

M4 =P5lg/2—Py {5 (3.24)

M,s5=Pslg/2—P l3+Ry ({3—05)—P5(l3—10g)/2; (3.25)
Mg=P5 lg/2—Py L,+Ry ({g—1lp)—P5({y—Vg)/2; (3.26)

M7 =Ps lg/2—- Py L5+ Ry (U5 —L3) = Ps (L5 —Lg)/2+ Ry (£5—14); (3.27)
Mg =Ps5 lg/2— P4 ls+Ry ({5 — L) —P5 (l5—g)/2+ Ry ({5—1{4): (3.28)

Myg=P5lg/2—Pylyg+Ry(Ly—105)—P5({y—1g)/2; (3.29)
M 1g=P5 lg/2—Py L3+ Ry ({3—105)—P5(l3—10g)/2; (3.30)
M, 11=P5lg/2— Py ly; (3.31)

M0 =P5 lg/2; (3.32)

M1z =—Ps5 (1/2; (3.33)

M6 =(4 Ry =Py — Py = Py) ly; (3.34)

Bo Bcex ocTanbHbIX pacyeTHbIx Toukax (1, 14, 15) narnbarome MOMEHTDI
paBHbl Hynto. MNpu cobniopaeHnn ycnosust 3> /(g >/(,, B COOTBETCTBUM C

NPaBMIOM NapannenbHoro nepeHoca NHMK aenctems cun, cunsl Ps /2 npo-
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eKTUPYHTCA Ha BokoBMHY Mexay Todkammn 4 n 5, 10 u 11. Ecnn yka3aHHoe
ycnoeue He eblnosiHsiemcs, 10 npoekuun cun P / 2 Ha 6okoBuHYy 6yayT

pacnonoxeHbl Mexxo0y Opya2umMu mo4kamu. B atom cnyvyae Heobxodumo
omKoppeKkmuposampe COOTBETCTBYHOLLUM 0b6pasom dopmynbl (3.22)—(3.33).

Bug antopbl n3rnbaromx MOMEHTOB OT BHELUHEWN HAarpy3ku NpeacTaBrieH
Ha puc. 3.6.

Ps

Muﬁ\ / Mu9
\./ Mu?

Puc. 3.6. Ontopa narmdaroLmx MOMEHTOB OT BHELUHEN Harpy3Kku
ANS NAacCaXXMpPCKOro 3NeKTpoBo3a

KpyTalime MOMEHTHI ANS y4aCTKOB pacyeTHOWM CXeMbl pambl TENEXKN Or-
penensaTca creayrLmum o6pasom:

M, o =—P5lg/2; (3.35)
M,3 7 =—P5(q/2; (3.36)
Mig12 = P5 (1/2; (3.37)
M,1314 = Ps5 (g/2. (3.38)
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[ns cpegHen nonepe4vHon 6ankm (y4actok 15—16) KpyTALWmMA MOMEHT pa-
BEH HYm, TaK Kak BCE BHELIHWEe CWUSlbl CUMMETPUYHbI OTHOCUTESTbHO 3TOW
Banku Kak no pacrnosioXeHuto, Tak 1 No BennymHe.

Bua antopbl KPpyTAWMX MOMEHTOB OT BHELLUHEW Harpy3ku npeacraBneH
Ha puc 3.7.

fnoa-l-A €n00+A

A
N
v

Puc. 3.7. Ontopa KpyTSALWMX MOMEHTOB OT BHELLHEN Harpy3ku
ANsi NaccakMpcKoro aneKkTpoBo3a

3.5. PacyeT eAMHUYHBIX U rPY30BbIX NepeMeLLeHNN,
onpepeneHne YMCreHHbIX 3Ha4eHU MoMeHTOB X; U X,

Ha atom aTane pacydeTa paMbl TEJTEXKN METOOOM CUJ1 HeobxoaMmo onpe-

AEennTb NepemeLLeHns], Bbi3BaHHble AENCTBUEM €AUHUYHLIX MOMEHTOB Xq U
Xo,. 3TV nepemelleHnss HasblBalTCA eQUHUYHbLIMU 1 0603HavalTcs B 06-
lem Buae 4epes 6”, roe i nokasblBaeT HanpabfieHWe MnepeMeLLeHmns,
a j — Homep cunoBoro akTopa, Bbi3blBalOLLEro nepemelleHune. [ina onpege-
NeHus eANHUYHbIX nepeMeLleHnn ncnonbsyetca popmyna Mopa—Makceen-
na [7, 9], koTopas npMMeHUTENbLHO K paccMaTpMBaeMOMYy Cryyak pacyeTta
paMbl TENEXKN Ha CTaTI/Il—IeCKyPO BepTMKaanyro Harpy3ky UmeeT BUA;:

.

VA K
roe I\/Im-, Muj — (PyHKLUMM €OUHNYHBIX 3NH0P 13rnbaroLMx MOMEHTOB OT i-ro U

j-r0O eAVHWYHBIX Hen3BecTHbIX cooTBeTcTBeHHO; M, M,; — dyHkuum ean-

HUYHbLIX 3MOp KPpyTALWNMX MOMEHTOB OT i-ro u j-I'O €aANHNYHbIX HEU3BECTHbIX
COOTBETCTBEHHO, 0 — OJIMHa y4dacCTKa KOHCTPYKUMAU C NOCTOSAHHOW XECTKO-
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CTblo (MOCTOAHHBLIM ceveHuneM); E — moaynb ynpyroctu nepsoro poga; G —
MoZynb casura (Moaynb ynpyroctu BToporo poaa); |,, |, — MOMeHTbI nHep-
LM cedeHunii npu narmbe n KpyveHun cootsetcteeHHo; E |,, G | .— xecTko-

CTWU 9NIEMEHTOB KOHCTPYKLMN NPU N3rnbe n Kpy4yeHnm cCoOoTBETCTBEHHO.

[Ons ynpoweHna pacyeTtoB no gopmyne (3.39) ncnonblyetcsa meopema
BepewazuHa, KoTopas NO3BOSISIET NOMNYYUTb U3 YKa3aHHOM (popMmyrbl crie-
AyloLlee BblpaXeHue:

Sui huj n Sk‘i th
El, Gl,

) Sm' — nnowaan eanHNYHbIX 3Np narnbatomx n KpyTAaAWNX MOMEH-

§ij=2 , (3.40)

roe %
TOB OT i-r0 HEM3BECTHOIO; huj, th — opAuHaTbl €aMHUYHBIX 3np mnsrndato-
LLNX N KPYTALWMX MOMEHTOB OT j-TO HEUM3BECTHOrO, B3ATble Mo LEHTPOM TS-
KeCTN COOTBETCTBYHOLLMX AMNOP OT i-r0 HEM3BECTHOTIO.

[lna pacyeTHbIX cxeM pambl Tenexkun (puc. 3.1 n 3.2), konuyecmeo 603-
MOJXXHbIX €OQUHUYHbIX NMepemMeweHuUll onpeaenseTca B 3aBUCMMOCTM OT KO-

Jludecmea Heu3eeCcmHbIX MOMEHMOS. TakK Kak KONM4YEeCTBO HEN3BECTHbIX
MOMEHTOB paBHO 2 (X1 1 X,), TO KONIMYECTBO BO3MOXHbIX €ANHUYHBIX Ne-
pemelleHun GyaeT paBHo 2°, T. €. 4, a ux 0603HadeHns ByayT uMeTb cre-
Aytowmin BUA: 011, 012, 021, 02 5. lNpn 9TOM, cornacHo CBOMCTBY B3aMMHO-
CTV NepeMeLLeHnit, 01 =0y 1.

PaccmoTpuM npouecc cocTaBneHns pacyeTHon popmynbl Mo Teopeme
BepeluarmHa Ha npumepe eAMHUYHOrO NepemeLLeHns H@ Onsa Bblymcnexns
3TOr0 nepemeLleHns HeobXxoanMO MPOU3BECTU MEPEMHOXEHWe nnolaaen
€OVHWUYHBIX 3Mop M3rnbalroLmMx MOMEHTOB OT X; Ha OTAEeNbHbIX yyacTkax

pacyYeTHOM CXeMbl pambl TENEXKN HA opaMHaTbl eAMHUYHBIX 3Mop nsrnbato-
LLMX MOMEHTOB OT Xj, B3ATble NOA LeHTpaMu TSHXECTU YKasaHHbIX MoLLa-
el Ha OTAenbHbIX yYacTkax. AHaNornM4yHyo onepauuio HeobxoaumMo npouns-
BECTU U C €AMHUYHBIMU 3MoPaMmn KPYTALLMX MOMEHTOB OT X4 W pe3ynbTarThl

3TUX NEPEMHOXEHUN CcyMMUpoBaTb cornacHo ¢gopmyne (3.40). B KOHeYHOM
nTore nosiydaem crefyoLlee BolpaxXeHue:

(MPT IMZ Pl MG TP (s —5)  IMs1* s
Gl

YTEL, Gl

. (3.41)
Kxcub E Zcnb

KK4O

rae 6. 17006 — MOMEHTBI MHEpPLUMKU NpK M3rnbe oTHOCUTENbHO ocu Z Ans

KOHLEBOW nonepeyvyHon BGanku u cpegHen nonepedHon 6ankm pambl TEMEXKN

COOTBETCTBEHHO, | | — MOMEHTbI MHEPUUN NpUn Kpyd4eHUn AOJ1A KOH-

kkub ' 'kcub
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LEBOW YacTn OOKOBUHbI U cpeagHeEn 4YacTu BOKOBUHbI COOTBETCTBEHHO. Mo-
MEHTbI MHEPLMU Npu n3rnbe n KpydyeHnn ans ykasaHHbiX 6anok onpenenstoT-
cs no tabn. 2.4.

AHanNorMyHbIM 06pasom MOXHO MNoMyYnTb hopMynbl ANS pacyetTa eau-

HUYHBIX MepemelleHnin 0;,(d,1) u 3,5, NepemHoxas B MepBoM crydae

€0MHNYHbIE 3Ntopbl OT X4 Ha eaVHWYHbIE 3Mopbl OT X,, @ BO BTOPOM CIy-
4ae — eIMHNYHbIE 3Pkl OT X, Ha eANHUYHbIE 3Ntopbl OT X!

1 2
Mb(tl)S Mb(tl)S fl .

019 =071 = (3.42)
E Ich6
2)12 2 2 2 2 2)12
5, = Musl” (1 M 1" (g M ] (s =La) | IMsI" a5 40
E IZKn6 GIKK‘L!6 G Ikcq6 E Ich6

B dopmynax (3.41)—(3.43) YMCrEHHblE 3HAYEHUS1 PacCTOSHUA NoacTaBs-
nawTcs B MeTpax (M), nsrmbarwmx n KpyTawmx MOMEHTOB — B KUSTOHbIOTO-
Hax Ha meTp (KH-M), MOMEHTOB MHEPLMM NPU N3rMbe 1 KpydeHnn — B MeTpax
B 4-i1 ctenenn (M%), mogynen ynpyroct £ n G — B kmunonackansix (kMa):

E =206-10° kMa; G =8-10 kMa.
Ipy3oebie nepemeweHuUsi (NepemMeLleHnsi, Bbi3BaHHble BHELUHEN
Harpyskon), Takke KaK W eOuHW4YHble, pacCcyuTbiBalOTCA No dopmyne

Mopa—MakcBenna, koTopasi NPUMMEHUTENbHO K paccMaTpuBaemMoMy pacuyeTy
nveeT BUA:

A :lew dg+zljw d/ 3.44
P E I Gl ’ (3.44)
0 4 0 K

UIn, ncrnosib3oBaHmMem TeopemMbl BepemarMHa,

A =ZSW iz +ZSKi i , (3.45)
P El Gl,

I\/IKp— DYyHKUMM B3NP M3rMbaoLWmMX N KPYTALWMX MOMEHTOB OT

roe Mup,

BHelwHew Harpysku; h . h._— opgouHaTbl aniop marnbamowmx u KpyTALWMX
y up

Kp
MOMEHTOB OT BHELLUHEW Harpy3ku, B3siTble Nog LEeHTPOM TSKECTU COOTBETCT-
BYIOLLIMX 3MHOP OT i-r0 HEM3BECTHOTO.

Ecnun pacyeT eQuUHUYHbIX nepemMeweHuUl Ans 2py308020 U naccaxupc-
KO20 3NeKTPOBO30B Mpou3eooumcsi no OOHUM U meM e ¢opmynam
(3.41)—(3.43), TaKk Kak eQUHUYHbIe 3ropbl (CM. puc. 3.3 1 3.4) onsa ykasaHHbIX
9NEeKTPOBO30B 0QUHaKoebl, TO ¢hopMyrbl Onsi pacdema 2py308bIX rnepeme-
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WeHuU 0ns 9TUX 9NEKTPoBO30B ByayT passiudHbIMU. 3TO 0ByCrnoBreHo pas-
JsluqueM 8 3nopax usza2ubarowux U Kpymswux MOMeHmoe om eHewHeu
Haepy3ku (cM. puc. 3.5-3.7) rpy30BOro 1 Naccaxmpckoro 3r1eKTPOBO30B.

Ans epy3oeoz2o annekmpoeo3a B pes3ynbTarte NepeMHOXeHUs euHnY-

HbIX 3ntop OoT X; Ha anopy U3rmbdaloLLMX MOMEHTOB OT BHELLUHEN Harpy3Kku rno
TeopeMe BepewarmnHa dopmyna (3.39) npuHumaeT BuAa;
1)
My1s Muis /1

= , 3.46
Lp 2E Ich6 ( )

ad B pe3yﬂbTaTe nepeMHoXeHna eanHNYHbIX 3P OT X2 Ha 3n|'0py N3rm-
6aloLLMX MOMEHTOB OT BHELLHEN HarpysKku —
(2)
M, 15 M6 41

Ay = . 3.47
2P 2E Ich6 ( )

Ansi naccaxupckoao asiekmpoeo3a B pesyrnbTaTte NepeMHOXEHUS ean-
HUYHbIX 3MOP OT X4 Ha 3Mopbl N3rMbatoLLMX MOMEHTOB M KPYTALLUX MOMEH-

TOB OT BHeLLHel Harpysku no tTeopeme BepelarnHa dopmyna (3.45) npuHu-
mMaeT BUA;

1
MO M, by MY 2 M, 37 /4 N

wP 2E IZKn6 G IKK'{6
1
N M3 7 Mya 7 (s ls) M35 Muge oy (3.48)
G Ikcq6 2E Ich6

a B pe3ylibTarte nepeMHoXeHnAa eJnHNYHbIX 3Mp OT X2 Ha 3Mpbl narmnbato-
WX N KpyTAWNX MOMEHTOB OT BHELLHEN Harpy3kun —

2
MEIM 4500 MG, Mg g, (3

2p = + +
P 2E IZKn6 G IKKtt6
(2) _ (2)
Mg '\CA;KI8—12 (f5—13) + M215E|\|Au16 1. (3.49)

Kcub Zcnb

[Mocne pacyeTa eaUHUYHBIX U FPY30BLIX NepeMeLLEH HeoBXxoanMo CcocTa-
BUTb CUCTEMY KaHOHMYECKUX YpaBHEHUM MeToda Cuil 4SS pacYeTHOM CXEeMb
paMbl TENEXKM MPU CTaTUYECKON BEPTUKASTbHOM Harpyske, MMEKLLYIO Ccrieayto-
LM BUA;:

43



811 X1+81,2 X2 +A1,p :O

(3.50)
62’1 X1+62’2 X2 +A2,p :O
PeweHne cuctembl (3.50) nossonseTr onpenenntb UCTUHHbIE 3HAYEHUS

HEN3BECTHbIX MOMEHTOB Xl n X2. Cne,u,yeT OTMETUTb, YTO YUCJIeHHbIe

3Ha4YeHuss MOMeHmoe X; n X, [OMKHbl OblTb 0QUHaKoEbI, TaK Kak pac-

YeTHble CXeMbl paMm Tenexek (CM. puc. 3.1 u 3.2) cuMMempu4YHbI OTHOCK-
TenbHO cpeaHen nornepeyvyHom 6arnkn Kak B OTHOLLEHUM KOHCTPYKUMK, TaK U B
OTHOLUEHUN AEUCTBYIOLLNX HArpy3okK.

[Nocne onpeaeneHns UCTUHHBIX 3HaYeHUIA HEM3BECTHLIX MOMEeHToB X; 1 X,
HeobXxoAMMO paccymTaTb Y NOCTPOUTL 3MNOPbI N3rMBAOLLMX U KPYTALLMX MOMEH-

TOB OT 3TUX CUIOBbIX BO3OENCTBMI. [1Nnsi NOCTPOEHMS antopbl n3rmbatoLmx Mo-
MEHTOB HeobX0aAMMO epaghuyecku cymmuposampb eOQUHUYHbIE 3MopPbl U32u-

6arowux MmomeHmos ot X; n X, (cm. puc. 3.3), a 3aTem nonyyeHHsle opdu-
Hambl pe3ynibmupyroweli 3Mopbl YMHOXXUMb Ha coomeemcmeyroujee
yucneHHoe 3HayeHue X, unn X, . o 3aBepLueHnio aToi onepauum nosyyaem
criegytoLme 3HaueHNs pesynbTUPYHOLLIMX N3rnbdatoLLMX MOMEHTOB:

=Xy MY (3.51)

vo =Xy M (3.52)

s =Xo ME): (3.53)

114 =Xo MG (3.54)

s =X1 Mg+ X, MGL; (3.55)
e =Xy M+ X, M), (3.56)

Mo pesynbTatam pacyeToB CTPOMTCA pe3ynbTupyrowas anopa narnbato-
LLMX MOMEHTOB OT X; 1 X, (puc. 3.8).

[na NocTpoeHna antopbl KPYTALWLMX MOMEHTOB HEODX0AMMO epaghuyecku
cCyMMupoeamb €OUHUYHbIE 3MIOPbI KPYyMAWUX MOMeHmos ot X, n X,
(puc. 3.4), a 3aTtem MonyyYeHHble opOuHambl pe3ysibmupyrouwiell 3Mnopbi
YMHO)XXumb Ha coomeemcmeyroujee YucseHHoe 3HadeHue X, vnn X,.

Mo 3aBepLieHnn aTomn onepauun nony4vyaewm cnegyrwme 3Ha4eHnAa pe3yrbTn-
pPyrOWnNX KpyTAWNX MOMEHTOB!
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Mg 7 =X, MG (3.57)

Mg 1o =X, M3 . (3.58)
116
e

/ /
, / /
ul5 / //

‘/15 /10 11

o

14
u2
Puc. 3.8. PesynbTupytoLas anopa nsrubaroLimx MoMeHToB oT X; n X,

Mo utoram pac4yeToB CTPOUTCH pe3ynbTUpylolas anpa KpyTAWMX Mo-
MeHTOB OT X; n X, (puc. 3.9).

/
/10 11 12

!/
x8-12

Puc. 3.9. Pe3synbTupytoLas anopa KpyTawmx MOMeHToOB oT X; n X,
[Mpy NoCTpoeHUN pesynbTUPYIOLLMX 3MOP U3rMbarLWmx U KpyTAWMX MO-
MEHTOB OT UCTUHHbIX 3HaveHun X, n X, crneayet obpaliaTb BHUMAHUE Ha

TOT pakT, 4To nNpu peweHun cuctembl (3.50) HEM3BECTHbIE MOMEHTbLI MOTyT
NMeTb oTpuuaTernbHoe 3HaveHne. B aTom crnyvyae HeobxoguMMo BHECTU Kop-
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PEKTUPOBKY B COOTBETCTBYIOLLME 3MOPbI U3rMBaOLLNX U KPYTALLMX MOMEH-
TOB. Hanpumep, ecnim X; n X, MMET OoTpuLATENbHOE 3HaYyeHue, TO Ha

KOHUEBbIX MonepeyvHblx 6Gankax B pacyeTHOM CXeMe pambl Tenexkm Ha
puc. 3.8 anopa n3rnbarLmx MOMEHTOB A0SMKHa OblTb NOCTPOEHa CO CTOpPO-
Hbl BEPXHUX (PacTAHYTbIX) BOMIOKOH, @ Ha cpegHen nonepevHon 6anke — co
CTOPOHbI HWXHUX BOSIOKOH. Jniopa KpyTALWMX MOMEHTOB ANSA NEBOM 4acTu
6okoBMHbI Ha puc. 3.9 gomkHa ObiTb OTNOXEeHa BHM3, a AMS NpaBoOl YacTu

GokoBMHbI — BBEPX. [Mpn 3TOM HanpaBneHue BekTopoB X; M X, AnS
puc. 3.8 n puc. 3.9 nameHaeTca Ha NPOTUBOMOSOXHOE.

3.6. PacyeT U nocTpoeHne cyMMapHbIX 3M0p
ANA rpy30BOro 3fIeKTpoBo3a

CymMmmapHas antopa narnbarLlmnx MOMEHTOB NS paMbl TENEXKN rPy30BO-
r0 9NneKkTpoBO3a paccyUTbIBAETCA NyTem rpadouyeckoro CyMMMpPOBAHUA arto-
pbl U3rnbarLLMx MOMEHTOB OT BHELUHEN Harpy3ku (cMm. puc. 3.5) ¢ pesynbTu-
pytoLLien anopo nsrnbarolmx MomeHToB ot X; n X, (puc. 3.8). 13 conoc-

TaBMneHMs yKasaHHbIX 3Mp BUOHO, YTO CYMMWPOBAHWUIO MoasiexaT TONbKO
3MNOPbl HA KOHLUEBLIX NONEpPeYHbIX bankax n Ha cpegHen nonepevHon darke,
a onst 6OKOBMHbI CyMMapHble narnbatome MoMeHTbl B Toukax 3—12 yncnen-
HO paBHbl N3rnbarLLMM MOMEHTaAM B 3TUX TOYKaX, BblI3BaHHbIM BHELLUHEN Ha-
rPy3KOM U paHee paccymTaHHbIM no gopmynam (3.13) — (3.20). CymmapHbie
narmdaroLme MOMEHTbI AS1s1 PaCYETHbIX TOYEK Ha KOHLIEBbIX U CpeaHen none-
peyHbIX bankax paccunTbiBaloTCA No opMyam:

1=M/ (3.59)
w2 =M, (3.60)
Mias = Myas; (3.61)
s =M a4, (3.62)
w15 = M15; (3.63)
w16 = Mi16 + M 6. (3.64)

[MpyMepHbIN BUL CyMMapHOM aMopbl N3rmbatowmx MOMEHTOB ASsi paMbl
TENEeXKN rpy30oBOro anekTpoBo3a nokasaH Ha puc. 3.10.
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szﬁ\\ / 29

%

Puc. 3.10. CymmapHas antopa n3rnbaroLmnx MOMEHTOB
OS5 TPY30BOro 951eKTpoBo3a

c
ut

Tak Kak @HeWwHss1 Ha2py3Ka B paMe TENexXKu rpy3oBOro 3reKTpoBo3a
He ebi3bieaem OeghopMayuu Kpy4YeHusi, TO CyMMapHas anopa KpyTsawmx
MOMEHTOB aHanornyHa pe3ynbTUPYIOLLEN aMnope KPYTALLMX MOMEHTOB OT X;

n X, (puc. 3.9).

3.7. PacyeT u nocTpoeHue CyMMapHbIX 3nop
AN NaccaXUpPCKOro afekTpoBo3a

CymmapHasa antopa marnbatomx MOMEHTOB ANSA pambl TENEXKW nacca-
XXMPCKOro 9NeKTpoBO3a paccynTbiBaeTCa nyTeM rpadpmyeckoro CyMmmMmMpoBaHus
anopbl n3rnbaroLnMx MOMEHTOB OT BHELLHEW Harpysku (CM. puc. 3.6) ¢ pesyrnb-
TUPYIOLLIEN 3MOPOo N3rnbatroLLMx MOMEHTOB OT X; n X, (cMm. puc. 3.8).

3 conocTtaBneHnst ykasaHHbIX 3M0p BUOHO, YTO CyMMUPOBAHWUIO noanexar
TONbKO 3MIOPbl HA KOHLEBbLIX NoMepeydHblX Bankax n Ha cpeaHen nonepeyHom
Ganke, a ons GOKOBUHbI CyMMapHble m3rMbarouwme MOMEHTbl B Toykax 3—12
YUCMNEHHO paBHbl N3rMbAaOLLIMM MOMEHTaAM B 3TUX TOYKaX, BbI3BaHHbIM BHELL-
HEeWn Harpy3kom 1 paHee paccyuTaHHbIM Mo popmynam (3.22)—(3.34).
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CymMMapHble nsrmbatoLme MOMeEHTbI Anga pacyeTHbIX Todek 1 1 14 Ha KoHue-
BbIX nonepeyHblx 6ankax n ons pacyeTHon Toukn 15 Ha cpegHer nonepeyHom
Barnke paccuntbiBatoTcs No oopmynam (3.59), (3.62) n (3.63) COOTBETCTBEHHO.

CyMmapHbie nsrnbarome MOMEHTbI 4SS pacyHeTHbIX ToYek 2 1 13 Ha KOoH-
LeBbIX nonepeyvHblx 6ankax u onda Todkn 16 Ha cpegHen nonepeyHon Hanke
onpeaensitoTcs No crneayowmm dopmynam:

w2 =My +M,;,; (3.65)
M,13=M3+M ;3 (3.66)
w6 =M1+ M 6. (3.67)

[MpyMepHbIN BUL CyMMapHOM aMopbl N3rmbatowmx MOMEHTOB AS1s pambl
TEeNeXKn NacCaXXMpCKoro ariekTpoBo3a nokasaH Ha puc. 3.11.

/10 11 12

M ull
M ul0

M ul?

MuG\.\ /./Mu9
VoM,

Puc. 3.11. CymmapHas antopa 13rnbaroLnx MOMEHTOB
NS NacCaXXMpCKoro arnekTpoBo3a
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CyMMapHas antopa KpyTAWmUX MOMEHTOB AS1S paMbl TENEXKN naccaxupc-
KOrO 3rIeKTPOBO3a pacCyYUTbIBAETCA MNyTeM rpaduyeckoro CyMMMUPOBaHUS
3MOpbl KPYTALWMX MOMEHTOB OT BHELLUHeWl Harpysku (puc. 3.7) ¢ pesynbTu-
pyoLLiel 3MIOPON KPYTALLMX MOMEHTOB OT Xq M X, (puc. 3.9).

N3 conocTtaBneHus ykasaHHbIX 3rop BUOHO, YTO CYMMWUPOBAHUIO nogre-
XaT ToNbKo antopbl HAa BOKOBMHE, a ANA KOHUEBbLIX MnonepeyHblx 6anok cym-
MapHble KpyTawme MOMEHTbI Ha yyacTkax 1-2 n 13—14 yncneHHo paBHbl Kpy-
TALMM MOMEHTaM Ha 3TUX yvacTKax, BbI3BaHHbIM BHELLHEN Harpy3kon N paHee
paccumnTaHHbIM rno dpopmynam (3.35) n (3.38).

CyMmapHble KpyTswme MOMEHTbI ans ydactkoB 3—7 u 8—12 Ha 6okoBUHE
paMbl TENEXKN ONpeaensanTca No cnegyowmm dopmynam:

w37 =Mz 7+M,3 7; (3.68)

w812 =Myg 10+ M,g 15. (3.69)

[MpuMepHbIN BNL CYMMapHOM 3MNOPbl KPYTALWMX MOMEHTOB A4 pambl Te-
NEeXKU NaccaXxnpCcKoro anekTpoBo3a nokasaH Ha puc. 3.12.

Mi13-14
b5 Ps
2 2
1 / / 14
/e s T
/ My, / ) / /
< / // > K8—12// P,
/s /

c
k37

Puc. 3.12. CymmapHas antopa KpyTALWmnX MOMEHTOB
ANA NaccaXXMpCKoro 3neKkTposo3a
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3.8. PacyeT HanpsXXeHU B CeYEeHUAX paMbl TENEeXKU
M OLleHKa CTaTU4YeCKOMN NMPOYHOCTU

OnpepgeneHne HanpsbkeHUM B PacyETHbIX CeYEeHUSX (pacHeTHbIX To4kKax)
paMbl TEMNEXKN BbINOSTHAETCS C UCMNOSMb30BaHMEM CYMMAapHbIX 3Mop u3rnbato-
LLIMX N KPYTSLMX MOMEHTOB (4518 rpy30BOro anekrtpososa — puc. 3.9 u 3.10, ans
naccaXnpckoro anektpososa — puc. 3.11 n 3.12). lNpu 3TOM NCNOMb3YOTCS
paccynTaHHble paHee B Tabn. 2.4 MOMEHTbI COMPOTUBIIEHNSA CEYEHUI NPU U3-
rmbe n KpyyeHun.

PacuyeTt HanpspkeHUn pekoMeHayeTca BbINOoSHATL B hopme Tabn. 3.1.

Mpn 3anonHeHun Tabn. 3.1 HeobxooMmo cmpoz2o npudepxusambcCs
YKa3aHHOU pa3MepHocmu.

B rp. 2 n 3 3anucbiBatoTCA 3HA4YEHUS N3rmdaroLmx N KpyTAWMX MOMEHTOB
COOTBETCTBEHHO 41151 BCEX PACYETHbIX TOYEK C yHETOM 3HaKa, onpeaensiemMble
NO CymMMapHbIM antopam. B rp. 4 n 5 ykasblBatoTCA YMCIIEHHbIE 3HAYEHUS MO-
MEHTOB COMPOTUBIIEHUSI CEYEHUST NMPU U3rMbe N KpydeHUn COOTBETCTBEHHO,
onpegensiemble no tabn. 2.4. lNpu aToM HeobxoaMmMo nNpeaBapuUTESibHO On-
pefnenuTb NPUHaLNEeXHOCTb pacCcMaTpMBaeMOro ceYeHns COOTBETCTBYIOLLE-
MY SN1IEMEHTY paMmbil.

Tak, Hanpumep, ceyveHuns 1, 2, 13, 14 npuHaanexar KOHUEBLIM nonepey-
HbiM 6ankam; cevyenms 3, 4, 11, 12 — KOHLUEBbIM YacTAM OOKOBUHbI; CE4YEHUS
6, 7, 8, 9 — cpeaHen Yyactn BOKoBUHbBI, a cevenna 15, 16 — cpeaHen nonepeu-
Hown Oanke. [ns cepeanHbl NepexoaHon YacTn GOKOBUHbBI, T. €. AN CEYEHUN
5 1n 10, MOMEHTLI COMPOTUBIIEHNSA MPU U3rMBE N KPpydeHUM onpeaensarTca
cneaylowmm obpasom:

W, , +W

Wys =Wyo = %i (3.70)
W, +W

WK5 :WKlO - % (371)

HanpspkeHus B ceYeHusx pambl TENEXKN Npy n3rnbe n KpydeHun paccum-
TbIBAOTCA N0 hopmynam:

G, = M,; .10°; (3.72)
Wui

T, = M 103 (3.73)
W..

K1

N 3anucbiBatoTCcA B rp. 6 1 7 Tabn. 3.1.
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Tabnuua 3.1

Pacuet Hal'lpﬂ)l(eHVIﬁ B CeYEeHUAX paMbl TEJI€XKHAN

CymmapHbin | CymmapHbin | MOMEHTbI CONPOTUBIIEHNS HanpsikeHuna

Homep u3rnbatoLLmi KpYTALAN npu nsrmbe |npu KpyvyeHun | o T 0
ceuenmns | momeHt M, | moment M, W 2| W 1008 |l | K]
x> 107M7 Wy, 107M° | Mna | MMa | MNa

KH-Mm KH-m

1 2 3 4 5 6 7 8

1 Mul MKl le WKl Gu1| T 831
16 M.16 M6 Wiie Wiie | Ou1e]| k16| 916

OKBMBamneHTHble HanpskeHusa (rp. 8), ucnonb3dyemble ONA OLEHKU CTaTu-
YeCcKkoM MNPOYHOCTU, ONpedenstTCA COrnacHo TpeTbenh Teopuu MPOYHOCTU
(Teopuun HaMbonbLUNX KacaTernbHbIX HaNPsXXeHUn) no popmyrne

| 2 2
63i - Gul+4 TKi .

|_|pl/l OLUEHKEe CTaTU4eCKOW NMPOYHOCTU pPaMbl TEJIEXKU Heo6xoaMMO Bbl-
6paTb MapKy cTanu gna ee U3roToBfiEHNSA, N CPAaBHUTb HaNpsXeHusa J6,; ¢ Ao-

MNyCKaeMbIM HanpsbKeHeM O51s1 NPUHATON MapKku cTann. Pambl COBpEMEHHbIX
SNEKTPOBO3HbIX TENEXEK N3rOTOBIAKTCA N3 MasioyasepooucmabiX VNN HU3-
KoJsliecupoeaHHbIX cmariel [3], MapKn KOTOopbIX NpuBeadeHbl B Tabn. 3.2.

(3.74)

Tabnuuya 3.2
OcHOBHbIe MexaHn4YecKkue CBOUCTBA cTaneun
Mpenen Mpenensl BoiHOCnIMBOCTU, Mla
Mapka cTanm TEKYHECTU | bn cummeTpuyHom | MPU NynbCupyio-

o, MMa UVKne ¢_q LLEM LMKIe G
Yrnepogucras 0ObIKHOBEH-
HOro Ka4ecTBa:
B C13cn5 (TOCT 380-71) 250 170 260
cr16 (TOCT 6713-75) 235 195 300
Yrnepoauncras H1U3Koneru-
poBaHHas:
oorag (roCt 19282-73) 310 210 320
ooracp (roCt 19282-73) 330 220 340
15XCHA (FTOCT19281-73) 350 220 340

B kypcoBoM npoekTte HeobxoanmmMo KpaTko 06OCHOBaTb M paclumndpoBaTtb
BbIBpaHHYO MapKy cTtanu, NPUBeCTN ee OCHOBHbIE MEXaHNYECKME CBOMCTBA.
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CTtaTudeckass MPOYHOCTb cYMTaeTCA O0OecrneyeHHOW, ecnu Ansa Kaxaoro
pPacyYeTHOro ceYeHnss pambl TENEXKM BbINOMHAETCS YCroBme

5, <0550, (3.75)

rae oy — npeaen Teky4yecTu BolbpaHHo mapku ctanu, Mra.

Ecnu ycrnosue (4.75) He ebinosiHsiemcsl, To Heob6XxoaAMMOo caenaTtb BbIBO/,
O TOM, KaKne napameTpbl paMmbl TENEXKN TPEOYIOT KOPPEKTUPOBKN.

3.9. MpoBepkKa pamMmbl TeENEXKU Ha YCTaNIOCTHYIO NPOYHOCTb

Pama Tenexku B akcnnyaTtauuu, Hapsgy ¢ AENCTBMEM HArpy3oK ctatude-
CKOrO XapakTtepa, WUCNbITbiBaeT AencTBne OuHamMu4deckux (nepemMeHHbIX)
Haz2py30K, BO3HUKAIOLLNX MPU OBWKEHUN 3NIEKTPOBO3a BCIeACTBMUE HEPOBHO-
CTEN NOBEPXHOCTEN KaTaHNA penbCcoB U 6aHOaxen KonecHbIX nap. B pesynb-
TaTe 9TOro B CEYEHMAX paMbl TENMEXKM BO3HUKAOT QUHaMu4ecKue Harnpsi-
JKeHUSs1, YTO Bbli3blBaeT HEOOXOANUMOCTb, KPOME OLIEHKM CTaTUYECKON MPOYHO-
CTW, NPOU3BOAUTL NPOBEPKY yCemMasioCmHoU rMpPoYHOCMU CeYeHU pambl.

B anekTpoBO30CTpoeHUN AN NPOBEPKU YCTANOCTHOW MPOYHOCTU Hecy-
LLINX 3r1EMEHTOB MEXaHU4YeCKon 4acTu, B TOM YUCIEe U paMbl TENEXKN, LLUMPO-
KO ucnonb3yetca metoguka LHUWN MIC (BHUWXKT) [3, 10], npegnonarato-
Wwasa paboTty pambl 6€3 yCTanoCTHbIX NOBPEXAEHUN B TEYEHNE BCErO pacyeT-
HOro cpoka crnyx6bl anektposo3a (30 ner).

Tak Kak B KypCOBOM MPOEKTE BbIMOMHAETCA pacyeT pambl TENexKu npu
AEVUCTBUM TOJSTIbKO OOHOM CTaTUYEeCKOW BepTUKaSIbHOW Harpysku, TO Mpu OT-
CYTCTBMM MHJOPMaLMK O OPYrnX BUOaX Harpy3ok cpefHee HarpshkeHue Lnk-
na paccyntbiBaeTca no popmyre

Gy =M, (3.76)

roe 80 — MakcUMarbHOe 3HaYeHNEe SKBUBANIEHTHOTO HAMPSHKEHWS B NPOBE-

psieMoM pacyeTHoM ceveHun, MlNa, onpeaensemoe mn3 rp. 8 Tadn. 3.1.

KoathdomumeHT gnHamukn, oTpaxalowmn COBMECTHOE BIUSIHUE HA CIOX-
HO€ Hanps»XEHHOE COCTOSIHNE paMbl TESIEXKM COBOKYMHOCTU BEePTUKaIIbHbIX U
rOPM30HTarbHbIX YCUNUIA, Pa3BMBAlOLLMXCA NPU OBWKEHUM ISIEKTpOBO3a C
KOHCTPYKLMOHHOW CKOPOCTbLIO MO NMPAMOMY Yy4acTKy NyTU, pacCYUTbIBAETCA NO
amnupuyeckon dpopmyrne C.C. 3onbHukosa [10, c. 63]:

K, =600 A4+16/A4. (3.77)

IMnnpuyecknn koadppunumeHt 4, sxogdawmmn B dopmyny (3.77), onpeae-
nAeTcHd n3 BblpaXeHus
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A N (3.78)

10194 5% f_

roe V.. — KOHCTPYKLMOHHas ckopocTb, kM/y; f ., — cymmapHbIi cTaTuyeckuii

npormb cucTtembl peccopHoro nogselunBaHusi, Mm. OnbIT 3KcnfyaTauum, a
Takke NPOBEAEHHbIE IKCMNEPUMEHTAsIbHbIE U TEOpPETUYECKME MCCenoBaHMs
NoKa3bIBalT, YTO Ans obecnevyeHms 3HaYEeHUN NNaBHOCTU X04a CyMMapHbIN
CTaTU4eCKM Npormb peccopHOro noABeLLMBaHNS MOXET ObITb YMCMEHHO pa-

BEH KOHCTPYKLUMOHHOI ckopoctn V., km/y, T.e. T =V,
Ecnn 3HayeHue K, paccuntaHHoe no dopmyne (3.77), meHbwe 0,3, TO

ANA fanbHenwmx pacyeTos npuHumaemces K, = 0,3.

AMNNUTYOga HanpsbkeHust uukna npu OTCYTCTBUW 3KCMEepUMEHTamNbHbIX
AaHHbIX onpeaensaeTcs N3 BblpaXXeHUs

BennunHa koadpdumumeHTa, xapaktepusyrowero 4YyBCTBUTESIbHOCTb Me-
Tanna K acuMMmeTpun uuKna, onpegenaeTca no gpopmyne

206_1—0
Y= £ -1 >0 (3.80)
Go

rae G_; — npenen BbIHOCNMBOCTW CTanu npu cuMmeTpudHoMm uukne, Mlla;
G — Npeaen BbIHOCMMBOCTM CTanu npu nynscupytowem uukne, Mlla.

AP P EKTUBHBIN KOIPDULMEHT, YUNTbIBAIOLLMA MOHMKEHNE BbIHOCIMBOCTU
aetanu, onpenensaeTca U3 BolpaxeHus

K=p, L2

Yy m

m, (3.81)

rae B, — 9ddeKTUBHBIN KOS(PAULMEHT KOHLEHTPALMMN HANPSHKEHUA, YUUTbI-
Balowun opmy getanu; K; — KoapdMLUMEHT HEOOHOPOAHOCTN MaTepuana
netanu; K, — KOOMMULMEHT BNUAHMUA BHYTPEHHUX HaNpsKeHui B Aetanu,
Y — KO3(MULUMEHT BNUAHUA pasMepHoro gakropa; M — KO3(PPUUMEHT CO-
CTOSIHNA NOBEPXHOCTU AeTanu; 1 — KOIMPPULIMEHT BO3MOXKHOIO OTKITOHEHWS

OT TEXHOJOIUMN.
Onsa 6ankn kopob4yaToro cevyeHusi, CBapeHHOM N3 4YeTblipex OTAEeNbHbIX

nuctos, 3,,=1,1; npu npvBapke K ropu3oHTarbHOMY nUCTy 6anku ycunu-

Barou4e|7| HaKnagku C BbITAHYTbIMU KOHLUaMu nnn ﬂ3bIKOO6pa3H0|7|
B, =1,5+1,7 [10, Tabn. 12].
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Tak Kak n1cTbl MeTanna, obpasytoLume ceveHns oTaenbHbIX Banok pambl Te-
NIEXKM, M3roTOBMEHbI NMPoKaTHbIM crnocobom, To K; =1,1[3, c. 137], [10, c. 55].

UncneHHoe 3HaveHne koadpdpuumeHta K, 3aBUCUT OT YMCIEHHOTO 3Ha-

YyeHus Hanbonbluero n3 pasmepon (B unun H) npoBepsiemoro ceveHusi, onpe-
pensemoro no tabn. 2.1. MNMpn nameHeHMn ykasaHHoro pasmepa ot 0,25 go
1,0 m koadbpuumeHt K, nuHeuHo usmeHsiemcsi ot 1,0 oo 1,2 [3, c. 137],

[10, c. 55] n ero pac4yeTHOe 3HadeHue AOS19 NPOBEPSIEMOro CeYeHusi onpene-
naeTca UHTepnonsumen.
[na cevyeHnn, nmerowmnx Hambonblnn pasmep meHee 0,25 M, koapdu-

uveHt K,=1,0.

UuncneHHoe 3HaveHne koaddumumeHTa Y pekoMmeHayeTcs NpMHMMaTh paB-
HbiM 0,6+0,76 [3, c. 137], [10, puc. 21].

YuncneHHoe 3HadYeHne koadhduumeHTa m nocne rpybon ctaHo4Hon obpa-
BOTKM NOBEPXHOCTU NINCTOB pekoMeHayeTcs npuHumMmaTtb pasBHbiM 0,8+0,85
[3, c. 137]. KoadpbduumneHt m, cornacHo pekomeHgaumam [3, c. 137], npuHu-

MaeTcs paBHbIM 1,0.

Koaghgpuyuenm 3anaca ycmasiocmHou npoyHocmu Onsi NpoBepsemMo-
ro cedeHuss onpegensetca no dopmyne CepeHceHa—KuHacoweunu
[3, c. 136], [10, c. 19]:

G1
n=
Ko, +vyopq

>20. (3.82)

Ecrnn ycnoeue ycmanocmHou npo4YHocmu no dopmyrne (3.82) He ébli-
nosiHssemcs, To HeobxoAMMO caenaTtb BbIBOA4 O TOM, KakMe napameTpbl pambl
TENeXKn TpeOylT KOPPEKTUPOBKW; MPOaHanmM3npoBaTb BIUAHWE pPasfnYHbIX
napamMeTpoB TeNeXKN, MexaHN4yeckne CBOUCTBA CTasien, napameTpoB peccop-
HOro MOABELLUMBAHUS U CKOPOCTU OBWXEHUS Ha KO3(UUMEHT 3anaca ycrano-
CTHOW NPOYHOCTN.

OghopmneHue waza no paszdeny 3
[Nodpa3sden 3.1

1. B nosicHumersibHoOU 3ariucke rpedcmasumb pac4yemHyto cxeMy mersiex-
Ku (05151 2py308020 371IeKMpPo8o3a — puc. 3.1, 0ns naccaxupckozo — 3.2).

2. Paccqumamb 4YucrieHHble 3Ha4YeHusi Cusl, Moka3aHHbIX Ha cxemax, o
gopmynam (3.1) — (3.4), Onss naccaxxupckoz2o arnekmposo3a O00rnosIHUMEIbHO
paccyumame Haepysku Ps u R, no ¢popmynam (3.5) u (3.6) ¢ moyHocmbio
0o 08yx 3HaKo8 riocrie 3arsimodl.

3. Paccyumamb paccmosiHusi Mexoy pacyemHbIMU moykamu rno ¢ghopmy-
nam (3.7)—(3.11), OornonHumMeribHO Ori1sl naccaxupckKoao areKkmposo3a pac-
cyumams paccmosiHue {g ¢ moyHocmbto 00 mpex 3HaKoe rocrie 3ansmod.
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lNodpa3zden 3.2

4. [Mocmpoums 3rmopbl u32ubarwux U Kpymsawux MOMEeHmos om edu-
HUYHbIX MOMEHMOo8 X; N X, , ucronb3ys pekomeHoayuu nodpasdera 3.2.

[Nodpa3sden 3.3 u 3.4

5. Bbiqucnumsb u3aubarouue MOMEHMbI 8 PACYEMHbIX MOYKax pambl me-
nexku no ¢gopmynam (3.13)—(3.21) 0ns epy308020 3ariekmpoeosa, no ¢op-
myrnam (3.22)—(3.34) — Ons naccaxupckoeo. Tak e Oris naccaxupckozao
ariekmpoeo3a HeobxoduMo paccyumame Kpymsiuue MOMeHMbI 1o ¢ghopmy-
nam (3.35) — (3.38). TouHocmb pacdyema — 00 08yX 3HaKo8 riocrie 3arsimod.

6. Mocmpoumb anopy ulaubarowux MOMEHMO8 om 8HEeWHel Hazpy3Ku
Ornsa 2py308020 arieKkmpogola (rnpumep — puc. 3.5) Ong naccaxupckozo
3/71eKmpoeo3a, Kpome aropbl usaubarowux MOMEHmMOoS8, nocmpoums 3rpy
Kpymsauwux (npumep — puc. 3.6 u 3.7).

lNodpa3sden 3.5

7. Paccyumame edQuHuU4YHbIe repemeuwieHus rno ¢gpopmynam (3.41)—(3.43).

8. Paccqyumamb 2py308ble nepemeweHuUs 051 epy308020 3/1eKmMpPo8o3a
rno gpopmynam (3.46) u (3.47), 0na naccaxxupckoao ariekmposo3a — o ¢op-
mynam (3.48) u (3.49).

9. llpusecmu cucmemy KaHOHU4YeCcKux ypasHeHuU — (3.50).

10.B cucmemy ypasHeHul (3.50) noOcmasume paccHumaHHble eOUHUY-
Hble U 2py306ble nepeMeuleHus U paccqumame Heu3secmHbie Xi U X,,

ucrionb3ys yHkuyuu MOBP() u MYMHOXK() anekmpoHHbIx mabnuy Excel
npedsapumersibHO M0020moeu8 Mampuubl 3Ha4eHUlU eOUHUYHbIX U 2py308bIX
nepemeuweHud.

11. Paccqumampb 3Ha4yeHusi pe3yrnbmupyrowux usaubaruwux MOMEeHmMos8
rno ¢gpopmyrnam (3.51)—(3.56), a pesynbmupyrowiux Kpymsuwux MOMeHmMos —
rno ¢gpopmyrnam (3.57) u (3.58).

12.locmpoums aropbl pe3ynbmupyrowux usaubarowux u Kpymsuux
MomeHmos (npumep — puc. 3.8 u 3.9).

lNodpa3sdernbi 3.6 u 3.7

13.Ipoussecmu epagbuydecKkoe crioXXeHue arp om eHewHel Haz2py3Ku C
pe3ynbmupyroueti antopol usaubarowux momeHmos om X, u X, (0514 epy-
308020 — puc. 3.5 u 3.8, 0nsA naccaxupckoao — puc. 3.6 u 3.8), ucronb3ys
pekomeHOayuu rnodpasdesna 3.6 (unu 3.7).

14.Nocmpoumse cymmapHyto aropy (npumep — puc. 3.10 — 0518 epy308020
3f1eKmpoeo3sa, puc. 3.11 — 0519 naccaxupckoa2o 3/1IeKMPoeo3a).

15./1ns naccaxupckoao 351IeKmpoeosa rnpoussecmu 2paghudeckoe cym-
MUpO8aHUE 3rpbl KPYymMsuwux MOMEHMO8 Om 8HeWwHel Hazpy3Ku C pe3yrib-
mupyroujeli 3ropol Kpymsaujux MomeHmos om Xy u X, (puc. 3.7 u 3.9).
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16./[n1s naccaxupcko20 3/71eKmpogo3a nocmpoums CyMMapHYHK 3Py
Kpymsiuwux MoMeHmoe (rpumep — puc. 3.12).
[Nodpasden 3.8

17.lpedcmasume mabnuuy rno ¢popme mabn. 3.1 0na 16 pacyemHbix
moyeK pamMmbl mesiexku.

18. 3anonHume ep. 2 mabn. 3.1, ucrosnib3yss CyMMapHble 3ropbl U32u-
barowux MomMeHmos (015 2py308020 ariekmpoeo3a — puc. 3.10, 0ns nacca-
XKUPCKO20 ariekmpoeosa — puc. 3.11).

19. SanonHume ep. 3 mabn. 3.1, ucronb3ysi CyMMapHble 3rpbl Kpyms-
wux MmomeHmos (011 2py308020 ariekmpogo3a — puc. 3.9, 0515 naccaxxupcKo-
20 351lekmposo3a — puc. 3.12).

20. 3anonHums 2p. 4 u 5 mabn. 3.1, ucnonb3ysa paccyumaHHble 0aHHble
mabs. 2.4, yqumsieasi rnpu 3mom, 4ymo 0s1s 5-U pacyemHoOU mMoYKU MOMEHMbI
cornpomusrieHusi onpedensomcs no ¢popmynam (3.70) u (3.71).

21.p. 6-8 mabn. 3.1 paccyumsiearomcs o ¢popmynam (3.72)—(3.74).

22.Bbibpamb MapkKy cmarnu, ucrnonb3ys mabn. 3.2 u npedcmasums ee
napamempsl.

23. BbirosiHUMb npoeepKy cmamudeckou rpoYyHocmu — ebipaxkeHue (3.75).

[Nodpa3sden 3.9

24. Mo mabn. 3.1 (ep. 8) onpedenume S?axu 3arnucams ebipaxkeHue (3.76).

25. Paccyumamb koaghgbuyueHm OQuHamuku, ucriosib3ysi ¢popmysbi (3.77)
u (3.78) u pekomeHdauyuu.

26. Onpedenums amrnumyOy HanpsxeHus yuknia rno ¢popmyre (3.79).

27.Paccyumamb KoaghhuyueHm dyscmeumesisHocmu Memarsnna K
acummempuu yukna ro ¢popmyiie (3.80).

28. Paccyumamp ahgbekmueHbIlU KO3ghghuyueHm rMoHUXXeHUS 8bIHOCIIU-
gocmu o gpopmyrie (3.81), ucronb3ysi npueedeHHbIe peKoMeHOayuU.

29. Paccyumame KoaghguyueHm 3arnaca ycmasiocmHou rpoYHocmu u
8bINOSTHUMb rPo8epKy ycrosus (3.82).

30. COerramb KOMIIeKCHbIE 8bI800bI 10 8CeEM pasdesiaM Kypco8020 MPOEK-
ma u rnpedcmasumb UX 8 3aK/To4YeHUU.
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KOHTPOJIbHbIE BOINPOCbHI

[Mpun 3aWwmMTe KypcoBOro Npoekta CTYAEHT OO/MKEH YMEeTb AaTb TOYHbIE U
NOSHbIE OTBETHI Ha CrieyloLne BONpoChl.

1. YTO Ha3bIBaeTCA CLUEnHOM MacCcon aNeKkTpoBo3a?

2. Kaknm obpasom paccuuTbiBaeTcsl AnamMeTp Koneca KonecHom napbl no
Kpyry kataHma?

3. OT Kaknx napameTpoB 3aBUCUT BeENUYMHA Moayns 3yb4aToro 3auense-
HNA?

4. YTo HasblBaeTCcH KNMpeHCcoM 3ybyaTon nepegayumn?

5. Kakas npoBepka OOfMKHA BbINOMHATLCA ONA AnameTpa LenuTenbHOM
OKPY>KHOCTM 3ybyaToro koneca?

6. BbINOSTHEHNE KaKOro ycrnoBus OOMKHO obecnednBaTb YTOYHEHHOE 3Ha-
YeHne nepegaTovHoro Ymcrna Taroson 3ybyaTton nepegaydn?

7. YTto HasbIiBaeTCcA 9P HEKTUBHON MOLLHOCTbBIO 9SIEKTPOBO3a?

8. BbINomnHeHWe Kakoro ycnosusi gormkHa obecneumBaTb cuenHasi macca
rPy30BOro 3s51eKTpoBo3a?

9. BbINOMHEHNE KaKoro ycnosusi JormkHa obecneumBaTb cuenHasi macca
MacCaXXMpCKOro anekTposo3a?

10. 13 Kakoro ycnosusi onpegensaeTca MMHUMarbHasa aAnvHa 35ekTpoBo3a
MO OCAM aBTOCLIENOK?

11. YTo HasbiBaeTCs XeCcTkon 6a3on anekTpoBo3sa?

12. Y10 Ha3bIBaETCA XXECTKOM Ba3omn TeNexKn?

13. Kakme napameTpbl OTHOCATCH K reOMeTpuyYecKMM XapakTepucTukam
ceyeHnn?

14. Kakum obpasom onpenenseTcs macca pambl TENEXKN?

15. Yto cobon npeacraBnseT BecoBasd BE4OMOCTb 3NeKTpoBo3a?

16. [Ina 4yero npefHasHayeHa cucCTemMa peCCOPHOro NoABeLUNBaHUS dNeK-
TpoBo3a?

17. Kakne TtpeboBaHus nNpeabsBnsOTCS K CUCTEME PECCOPHOro noase-
LUMBAHWUS 3I1EKTpoBO3a?

18. Kak ycTtaHaBnMBaeTCcsd MUHUMAISIbHO AONyCTUMas BenuyuHa craTuye-
cKoro npornba cuctemMbl peCCOpPHOro NoAaBeLLMBaHUA?

19. M3 kakmx cocTaBnAlLMX CKragblBaeTCca HenogpeccopeHHas macca,
NPUXOAAWAACS Ha OAHY OCb MNPM OMNOPHO-OCEBOM MOABELUMBAHUU TArOBbIX
asuratenen?

20. 13 kaknx cocTaBnsowmx ckragbiBaeTcs HenogpeccopeHHasi Macca,
NpuUxoasaWasacs Ha Oo4HYy OCb MNPU OMNOPHO-pPaMHOM NOABELUMBAHUN TArOBbIX
asuratenen?

21. [1ns yero npegHa3sHa4vyeHa pamMa Tenexkn afekTpososa?

22. Kak KOHCTPYKTUBHO BbIMOSIHAETCA pama TeNexKn?

23. Kak Ha3bIiBaOT NpoAosibHble Bankn Tenexku?
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24. Kak nogpasgensatoT nonepeydHbie 6anku Tenexkm?

25. Kakne Bmabl Harpy3ok B aKcrfyatauuMm UCMbITbIBAeT pamMa dfekTpo-
BO3HOM TESEXKN?

26. YTO Ha3bIBaeTCA pacyeTHOM CXEMOW paMbl TESNEXKN?

27. lMovyemy OOKOBMHA pambl TENEXKW B CPedHen 4YacTu ycunmBaeTcs
Kragkon?

28. B yem 3aknioyaeTca uenb pacyeToB Ha MPOYHOCTb ANIEMEHTOB 3KU-
NaXHOW YacTn?

29. Kakme ocHOBHbIE aTanbl COAEPXUT pacyeT Ha NPOYHOCTL?

30. YTo Takoe cTatnyeckn HeonpeaenumMmas cuctema?

31. YT0 Ha3bIBaeTCs CTENEHbIO CTaTUYEeCKON HeonpeaenMMocTn?

32. Kakne meToabl MPUMEHSAIOT NS pacyeTa CTaTUYeCKn HeonpeaeMmblX
cucrtem?

33. B yem 3aknovaeTca CyLWHOCTb MeToaa cun?

34. Kakme npaBuna 3HakoB NPUHATLI NPpU pacyeTe N NOCTPOEHNN NP N3-
rmbarowmx n KpyTALWMX MOMEHTOB?

35. Kaknm obpasom paccunTbiBalOTCS CyMMapHbIe antopbl MOMEHTOB ANs
paMbl TESNEXKN?

36. Uem onpenenseTcsa KONMYeCTBO BO3MOXHbIX €ANHUYHbIX U FPY30BbIX
nepemMeLLeHNn B pame TENEXKN?

37. B yem cmbicn Teopembl BepelarmHa?

38. Kaknm obpasom onpeaensitoTca HanpsbkeHUst B CEYEHUsIX paMbl Te-
NEeXKN Npu narnbe n KpydeHnn?

39. Kakum obpasom onpenensatTcs SKBMBANeHTHbIE HAMNPsKEHUs1 B ceve-
HUAX paMbl TENEXKN?

40. N3 kakux ctanemn n3rotoBnsaTCA COBPEMEHHbIE paMbl TENEXEK?

41. Kaknm obpasom opMynnpyeTcst yCroBme cTaTUY4EeCKOW MPOYHOCTU
ANs1 CeYEHUN paM Tenexek?

42. Kakass meToguKka MCrosib3yeTcs AN NPOBEPKU YCTanNOCTHOW MPOYHO-
CTW paMbl TENEXKN N B YEM €€ CYTb?

L [lna noarotoBkM MO KOHTPOSIbHbIM BOMpPOCaM PEKOMEHAYeTCs WUc-
nonb3oBaTtb nutepatypy [12 n 13].
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3AKNOYEHUE

B meToamyeckom nocobuu npuBedeHa MeToamka pacydeTa pambl TENEXKN
Ha CTaTUYEeCKyr M YCTanoCTHYH Npo4vHOCTb. [Mocobue cogepxuTt Heobxoau-
Mble pacyeTHble POPMYIibl, pPEKOMEHAAUNM MO TOYHOCTM BbIMUCIIEHUI U Bbl-
Oopy cTaHAApPTHbIX 3HAYEHWUA BENUYUH, AOMYCTUMblE 3HAYEHUs PaACCUUTLI-
BaeMbIX NapameTpoB, NpaBuna NOCTPOEHNI pacYeTHbIX 3aBUCMMOCTEN.

Mocne kaxaoro pasaena nNpeacTaBneH NopsAoK BbINONHEHUS B BUAe Lia-
roB Nno AaHHOMY pasaeny.

Ncnonb3oBaHue nocobusi npu KypcoBOM NPOEKTUPOBaHUKN MO AUCUUNNNHE
«MexaHun4yeckas 4acTb 3NEKTPONOABMXKHOIO cocTaBa» MO3BONUT obGnerynTb
ero ocbopmMrieHme 1 NoAroToBKY K 3aluuTe.
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NMPUNOXEHUE 1
CMNPABOYHbLIE OAHHbLIE T3
N OCHOBHbIE XAPAKTEPUCTUKU JJIEKTPOBO30B

Tabnuya 1
TexHU4Yeckune AaHHble TAroBbIX ABUraTesrien 3yIeKTPOBO30OB

MowHocTb | YacToTa BpalLe- Mone- Pacctos-
TO[, kBT |HuA sakops, 06/MUH B Hue mex- | Cepus
ec | UeHT- | peyHas
Tun Ay TOYKa- | anek-
T34, | panb, | anuHa
TR P Piox n n n KT MM | ocTosa,| '/ MOA- | TPOBO-
qyac yac HOM max MM ) BelLuuBa- 3a
HUA, MM
BJ160,
HB-412K | 775 | 675 | 850 | 895 [1680|4850| 617,5 | 1090 1270 601K
HB-415 650 | 595 | 1050 (1080|1940 |3800| 575 1080 1200 BI182
HB-418K6 | 790 | 740 | 890 | 915 [ 1960|4350 | 604 1080 1160 BJ;ISSK’

HB-504A | 790 | 755 | 865 | 910 | 2040|4300| 604 1060 1180 B80T

HB-4206 | 700 | 635 | 905 | 935 | 2030|4500 | 604 1090 1180 BJ182

HB-4076 | 755 | 720 | 760 | 770 | 1640|5000, 636 1090 1160 BJ182M

HB-413 775 | 695 | 920 | 970 | 2050|4300 | 600,9 | 1090 1200 BJ180B

HE-4145 | 810 | 740 |1030 | 1100|2250 |4000| 594 | 1085 | 1170 | oro%
HB-420A | 700 | 635 | 885 | 900 | 2000|4500 | 594 | 1090 | 1180 | B0
HE-514 | 835 | 780 | 915 | 935 | 2040 4300| 604 | 1000 | 1170 | 210

HB-507A | 950 | 890 | 625 | 665 |1570|4800| 604 1170 1200 BJ184

HB-501 815 | 775 | 980 | 995 |1765|3400| 612 1150 1160 Srl
T11-2K 650 | 560 | 780 | 825 | 1690|4760 | 617,5 | 1080 1180 %JJ]ITI%
TJ1-3b 760 | 700 | 770 | 810 |1690|5000| 617,5| 1090 1180 BJ115
HB-520B | 800 | 750 | 1030|1050 |2020|3500| 616 874 1703 a1
OTK-800 | 825 | 735 | 975 |1000|1780|3850| 663 852 1125 AlN2K
HB-5146 | 817 | 781 | 920 | 940 | 2040|4300 | 604 955 1131.5 | 23C5K
HTA-1200 | 1200 | 1170|1295 |1295| 2680 | 2600 | 602 848 1690 Q1o
OAr-810 | 810 | 755 | 750 | 770 | 1800|4600 | 617,5| 970 1168 23C6
CTA1200A| — [1200| — /113829002410 |590,5| 780 1655 23C10
30153Y1 | 800 | 720 | 945 | 980 | 1720|3850 |662,72| 852 1125 Q2K
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MpopornxeHue npun. 1

Tabnuya 2
OCHOBHbIe TeXHu4Yeckue AdHHble
AINEeKTPOoBO30OB NepemMeHHOro Toka
ONEeKTPOBO3bI
lNokasaTtenu B8O
KT.C.p BJ160k BI185 BI165 20C5K | Sr1 Ik
. YHMUBEP- | rpy3o0- .
Poga cnyx0bl rpy3oBoW CanbHLI BOi naccaxmpckui
OceBas dopmyna | 2(20-20) | 30-30 [2(20-20-20)| 20-20-20 |2(20-20)| 20-20 | 20-20-20
CuenHada macca, T| 184/192 | 138 276 138 192 84 132
Harpyska oT Kko-
necHom napbl Ha | 225/235 | 225 225 225 235 206 215,6
penbcbl, KH
Rnmnano ocam 1 550,0 | 50800 | 45000 | 22500 | 35004 |18940| 22500
aBTOCLIENOK, MM
MoluHocTs Haco- | geon | 4590 | 10000 4750 | 6560 | 3220 | 4700
BOro pexuma, KBt
MowHoCTb npo-
JOMKUTENbHOIo 6160 4070 9400 4450 6120 | 3040 4400
pexuma, KBt
Cuna Tam B 4aco-| ./, | 395 726 245 464 | 154 | 230
BOM pexume, kKH
Cwuna Taru B npo-
OOIMKNTENBHOM 400 259 660 225 423 139 210
pexunme, kKH
Ckopocte B 4aco- | g4 ¢ 52 49,1 68 499 | 77 70
BOM pEXUME, KM/Y
CkopocTb B Npo-
OOMKNUTENbHOM 53,6 55,6 50 70,2 51 79 72
pexmnme, Km/u
CKOPOCTL KOHCT- | 445 | 1 110 120 110 | 160 | 140
PYKUMOHHAas!, KM/4
lNopBelunBaHne
T30 OnopHo-oceBoe OnopHo-pamHoe
3ybuaTas 1-cto- | 1-cTO-
nepenaya POHHSISA,| POHHSS,
[IBYXCTOpPOHHAA KOco3ybasn nepeaaya NPSIMO-| LIEBPOH-
3ybas Hasi
MNepepaToyHoe
yucno 3ybyaTton 4,19 3,826 4,19 2,893 4,19 2,96 3,269
nepenayu
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OkoH4aHue npun. 1

OCHOBHbIe TeXHU4YeCckune AaHHble
AJNIeKTPOBO30B NOCTOAHHOIO TOKa

Tabnuya 3

Mokasatenm OnEeKTPOBO3bI
BN10 | BM11 | BN15 [BN82M| 23C4K | 23C6 [23C10| 3n2K
Poa cnyxobl "py3oBow Macca-
Xnp-
CKNN
OceBas popmyna | 2(20-20) | 3(20-20) 2(20-20-20) 2(20-20)| 2(20-20) | 2(20-20)|2(20-20)| 30-30
CuenHast macca, T 184 276 300 192 192 200 200 135
Harpyska oT ko-
necHon napsbl Ha 225 225 245 235 235 245 245 22,5
penbcol, KH
Anua no ocsm 32840 | 42260 | 45000 | 32840 | 35004 | 34000 | 34000 | 21700
aBTOCLENoK, MM
MowrocTs 4aco- | 5545 | 7800 | 9000 | 6040 | 6400 | 6440 | - | 4800
BOro pexuma, KBt
MowHoCTb npo-
JOMKUTENbHOIo 4500 6750 8400 | 5760 | 5920 | 6000 | 8400 | 4320
pexuma, KBt
Cuna TAM B 4aco- | 397 | 581 | 675 | 415 | 434 | 4 | _ | 1028
BOM pexume, kKH
Cwuna Taru B npo- 538
OOMKNTENbHOM 314 470 620 392 392 418 ﬁ 167,4
pexunme, kKH
CropocTb B uaCo- | 475 | 473 | 486 | 51 | 52 | 492 | - | 878
BOM pexume, KM/
CkopocTb B npo-
OOMKNTENBbHOM 50 50 49,9 51,6 53,4 51 57 91
pexumme, KM/
CKopoCTb KOHCT- 100 | 100 | 100 | 110 | 120 | 120 | 120 | 160
PYKLMOHHAsA, KM/Y
MoaselwwmBaHune ONOpHO-0CEB0E OnopHo-
T34 pamHoe
3ybuaTas nepe- OAHOCTOpPOH-
fava [1ByXCTOpOHHSAS KOco3ybas nepegava HAA NPSMO3Y-
Gas nepegava
lNepenaTtoyHoe
yucno 3ybuarton 3,826 | 3,826 | 4,19 3,38 4,19 3,44 | 6,29 | 2,447
nepegayu

lMpumeyaHue. B ynucnutene gns anektpoo3a 23C10 ykasaHa cuna Tarn npoaosiKu-
TEeNbHOro pexuma npu ckopoctn 55 km/u, kKH, B 3HameHaTene cuna Tarnm NpoAoIKUTENb-
HOro pexwuma npu ckopocTtun 80 Km/u.
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