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NPEJUHCIHOBHE

B nacrosieii MHCTPYKLMH NpuBeJeHBl YKa3aHusl 10 OIl-
pellesieHHI0 THHAMHYECKHX HArpy3oK OT CTAllHOHADHBIX Ma-
IIMH, pa3MellaeMblX Ha MEPEeKPLITHAX U M0JaX MepPBBIX 3Ta-
JKell IPOMBILIJIEHHBIX 3/laHUH.

OTH Harpy3KH HeoOXOAHMBI JJISI NPOEKTHPOBAHUS U JH-
HAMHYECKOTO pacyera HecylIMX KOHCTPYKIHH 3MaHH# H A
IPOEKTHPOBAHHS BHGDPOH3OMSLHH MaLIHH.

Wucrpykuus paspaborana B pasButue mm. 3.4, «6» u 3.8
raasel CHull 11-A.11-62 «Harpysku u BosneiictBus. Hopmbl
HPOEKTHPOBAHHSIY,

Wayuenue u yrouHeHue IMHAMHYECKHX HATPY30K OT Ma-
IIHH NPOM3BEI€HO JJIsi BO3MOMKHOCTH pas3MelleHuss o60pyao-
BaHHs ¢ OOJBIIHMH AMHAMMYECKHMH HarpyskaMu B MHOTO-
3TaXKHbIX IPOMBILIIEHHBIX 3aHUSAX XHMHUECKOH, KOKCOXHUMH-
4ecKOH, MAIIHHOCTPOUTEJNBHOH, JIETKOH M JPYTHX oTpacied
NPOMBITLIEHHOCTH.

Kaxk npaBuio, iuHaMuyecKHe Harpy3KH OT MalIWH, yCTa-
HaBJMBAaeMblX Ha NMEPeKPHITHSIX, AOJIKHBI ObITh YKa3aHbl B
TEXHOJIOTHYeCKOM 3aJaHHU HAa IIPOeKTHpOoBaHHe. B Tom cay-
yae, KOrja JAHHaMHUyecKHe Harpy3ku B TE€XHOJOTHYECKOM 3a-
INaHH{ OTCYTCTBYIOT, a TaKXe B HEAAX KOHTPOJsSt JHHAMHYe-
CKHX Harpy3ox OHHM ONpeAessIOTCS] MNPOeKTHBIMH H CTPOH-
TeJbHBIMH OPraHU3alHsIMH MO HacTosillell MHCTPYKUHMH.

HMuerpykuus, npeiHasHavyeHHasi 1J1s1 NPOEKTHBIX H CTPO-
UTeJIbHbIX OPTaHW3aluil B KauecTBe nocoOust NpH onpene.ae-
HUM JHHAMHYECKHX HArpys3ok, He HCKAI0YaeT BO3MOXKHOCTH
IpUMEHeHHs! APYruX, 6osiee TOYHLIX CIIOCOSOB ONpejeleHHs
JHHaMHYECKHX HArpy30K, 060CHOBAHHBIX Pe3yJ/JbTaTaMHU 3KC-
NepPHMEHTOB HJIH aHAJHTHUYECKOTrO pacyera.

Huerpykuns paspaGorana JaGopaTopuell JHHAMHKH
LleHTpasbHOrO  HAYUHO-HCCAEAOBATENLCKOTO  WHCTHTYTA
. CTPOMTENbHBIX KOHCTpyKnuii uM. B. A. Kyuepenko (KaHZ.
TexH. Hayk B. M. CpicoeBbiM npu ofllel pelakuuu pyKo-
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Boautess Jadoparopuu npod. B. I'. Kopenesa). Pazpennl
7—9 paspaborann JaGopaTopued AUHAMUKH XapbKOBCKO-
ro [lpomcrpofinuunpoexkta (kKaHa. TexH. Hayk B. I'. ITlo-
JLOJIBCKUM) .

WHcTpyKUKHS paccMOTpeHa M 0J400peHa ceKuuel CTPOH-
TeJbHOH Mexanuku ydenoro cosera LITHUMCK um. B. A. Ky-
YepeHKo.

PenakrtupoBanue HHCTPYKIMH TpoBexeHo wuHx. A. H.
kunessim 1 A. 3. KpaBuenko.

Hupexyus
LHHHHCK un. B. A. Kyuepenko



1. OBIIHE YKA3AHHUY

1.1. Hacrosiiyas uHCTPYKIHS COAEPIKUT YKA3AHUS MO OIl-
pelesieHHI0 JAMHAMHYECKHX HATpy30K HA MEXAY3TaxKHble
NePEKPBITHSL H IOJIbl MePBBIX 3TaKeil NPOMBILITEHHBIX 3/a-
HHUH OT CTallUOHAPHBIX MAUIHH:

C KOHCTPYKTHBHO HEYpPaBHOBEIICHHBIMH JIBHXKYLIHMHCS
yacTAMU (MAUWIMHB ¢ KPUBOLIUITHO-IIATYHHBIMHA ¥ KPUBO-
[IMTHO-KYJUCHBIMH MeXaHHM3MaMH: MOpPIIHEBbIe KOMIpPecco-
PBI, MeTassooGpabaThiBaolliHe CTPOrajbHble, IJIOCKOIIIHN-
thoBaJbHBIE U TOMY IOAOOHBIE CTAaHKH, APOOUJIKH, BUOpa-
IHOHHBle IIeHTPU(YTH, TKalKHe CTAaHKH, IITaMIMalIHHBI,
MOPIIHEBbIE HACOCH], MJIOCKONeUyaTHble THIorpadckue Malll-
HBl H T. 1)

C HOMHHAJBHO YPAaBHOBEIIEHHBIMH, a (aKTHUECKH He-
YPaBHOBELIEHHBIMYM ABHKYLUIHMHCS dacTsIMH  (LeHTPH)YTH,
TPOXOTH, MeTadnooOpadaTeiBalollyie TOKapHbIE, TOUHIbILIE,
maugoBaabHble U TOMY N0J00HbBIe CTAHKH € BpalllalOUUMHU-
¢l INHHAESIME B KaMHSIMU, BEHTHJSATOPE H T. IL.).

B npusiokeHHsIX K MHCTPYKIHH TNIPUBETEHBl YKa3aHus 00
ONpeJeNeHHH NOJNOKEHHS] IEeHTpa TSKECTH W MOMEHTOB
WHEPLUH MallHH.

WucTpykiua He paccMaTpuBaeT Harpy3KH OT Ky3HEUHBIX
MOJIOTOB, TIPOKATHOTO 06OPYAOBAHUS W APYTHX MAaUIHH, YC-
TaHaBJHBAaeMbIX Ha OTAEJbHBIX (DyHZaMEHTaX.

1.2. JIluHaMHYeCKHe HATPY3KH OT JAaHHOH MALIMHBI IOJ-
HOCTBIO ONpEe/eNEeHbl, eCJu H3BECTHBLI HANpaBJCHUs AefcT-
BHSl H 3aKOHBI H3MEHEHHs] BO BPEMeHH HX IJIaBHOTO BEKTOPa
i TJTaBHOTO MOMEHTA.

Junamuueckue HArpys3ku [Jisi GOJIbIIHHCTBA MAalUMH H3-
MEHSIIOTCSI 10 FaPMOHHYECKOMY 3aKOHY H TOJBKO B OTHAE/b-
HBIX CJIy4YadX BbIPaxKaloTcs HEKOTOPHIMH IEPHOJHYCCKHMH .
HErapMOHHYECKHMH (YHKIHSIMH BpeMeHH. DTH (YHKLUHH
pasnaraloTcsl B TPULOHOMETPHUYECKHe PAAbl, H3 KOTOPLIX
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AJ1s [eJiefl IMHAMHUYeCcKOro pacyera HCIob3yIoTces nepBble, a
MHOTZA ¥ BbICIIME TADMOHUKH.

JuHaMHyecKue CHJIBI 1 MOMEHTH BHIUHCJSIOTCS KaK reo-
MeTPUYECKHEe CYMMBI CHJ H MOMEHTOB CHJ HHEPIHUH ABHXKY-
HIUXCSl YacTell, YCKOPEHUS KOTOPBLIX ONpeesiioTcsl KHHeMa-
THKOH Me€XaHHM3Ma MalUIuHEL

Ecau MamuiHa uMeeT HOMHHAJLHO YpaBHOBEIIEHHbIE, a
(haKkTHYeCKH HEYPaBHOBEIIeHHBIE JBUKYUIHECS YaCTH, TO IH-
HaMPUecKasi Harpyska 3aBUCHT OT 3KCUEHTPHLUHUTETOB Bpa-
IAJOUHXCSl YacTel WM OT PA3HOCTH BECOB BO3BPATHO-NO-
CTYyNaTeJbHO IBHKYLIHXCH YacTell, HOMHMHAJbLHO ypaBHOBE-
UIHBAIOWHX APYT Apyra.

1.3. Pazauuarorcss HOpMaTHBHBIE W DacUeTHBlE JHHAMH-
yecKHe Harpy3KkH, pas3BuBaemple MampHaMmu. HopmarupHble
JIMHaMUYeCKHueé Harpy3kH onpejessioTcsl corjacHo n. 1.4, a
pacuerHble — corjacHo M. 1.5 Hacrosille## HHCTPYKIUH.

1.4. HopMaTuBHasi nuHaMHuecKasli Harpyska pas3BHBaeT-
Csl MAlUWHOH B €e HOPMAaJbHOM COCTOSIHHH, OTBedalolleM
TeXHHUYECKHM TpeGOBaAHUSIM IO JKCIJIyaTallud MAaIIUH.

AMnaTya IMHAMHUYECKOH CHJIBI, H3MEHSIOLeHCcsT 0
rapMOHHUECKOMY 3aKOHY, olnpefessercst no GopmyJe

R = mew?, (1)

rne R —HopmaruBHAsT aMIVIUTyZa AMHAMHYECKOH
CHJIB;
m— Macca BO3BPATHO-NOCTYNATENbHO JABHUXKY-
IMUXCA UK Bpalaromuxcs yacTeid MaluHbI,
onpenessiemas 1no GopmyJie

m=S (@)

e— aMIUINTY/Ja TlepeMellleHHs UeHTpa Macc,
paBHasl paguycy 3KCHEHTPHKA, IIOJOBHHE
X0Jla B MAlIHHAX C BO3BPATHO-NMOCTYIATE/b-
HBIM JIBUXKEHHEM MAaccChl, HOPMaJbHOMY
3KCUEHTPULUUTETY Bpaulalomecss Macchl B
POTAUMOHHBIX MalllMHAX HJIM HOPMAJbHOMY
NPUBEIECHHOMY SKCUEHTPULIHUTETY IIPH CJIOK-
HOM JIBHXKEHHH yacTei;

2 :
© = ——N~— Kpyropasi yacTora BpAUIEHHs IVIABHOTO Ba-

Ja Mamuus B cex”!, rne N — uncso o6opo-
TOB TVIABHOTO Bajla MAlIUHbI B MUH;
(G — HOMHHAJIBHLIH BeC BO3BPATHO-MOCTYHATE/b-



HO JBHMXKYLIHXCS WJIH BpalAIOUUXCA yacTel
MaIlUHBL;
g — YCKOPEHHE CHJIBI TSIXKECTH.

J1s1 MalwuH ¢ KOHCTPYKTHBHO HEypaBHOBEIIEHHBIMH /IBH-
KYUWHMUCA YacTAMU Belu4YuHbl G U e U3BECTHBI (Hanpumep,
B MallMHAX ¢ 39KCIUEHTPUKOBBIMH Mexauuamamu G paBHO
CyMMe BeCOB JABHIKYLIMXCA yacTeil, a e — pajuycy 3KCUEeHT-
pHKA).

JIJ1 MaluH ¢ HOMHHAJbHO yPABHOBEIIEHHBIMU BpaLlalo-
WIMMHCS YacTAMH (LeHTPU(]YTH, BEHTHJIATODLI U T. I.) BeJH-
yuna G npeacrasaser co0of NOMHbIH Bec BPaLLAIONUXCs ya-
crefl (Hampumep, B IeHTpudyrax — Bec OapabaHa u Baja
BMecTe ¢ 3aloJIHeHHeM), a BeJHYUHA € — SKCLEHTPHIHTET,
paBHLI pacyeTHOMY CMELUEHHIO EeHTPa BpaLlAIoLHXCs Mace
OT OCH BpalleHHS.

[TpuBesenAHbIH SKCUEHTPULUUTET /51 BHIUMCIEHHS HOpMa-
THBHOI aMIJIUTYABl JUHAMHUCCKOH cujbl o ¢opmyse (1)
IIPHHUMAETCsl COrJIacHO yKazaHuaMm pasjenoB 4, 5, 6, 10 u
12 nacrosiiell HHCTPYKIHH.

BosMymamomas cuja R OT POTALHOHHBEIX MAIIHH, Olpe-
aenseMas no gopmydae (1), mocTosiHHA 1O BeJHYHHE H Bpa-
laercs ¢ yrJjoBof CKOPOCTLbIO » B IJIOCKOCTH, MHEPIEHAHKY-
JSIDHOH OCH BpalleHHd W NPOXoAsulefl yepes LeHTp TaxKe-
cTu Bpamalouxcs yacredl. OHa MoxkeT ObITh PasyoxkKeHa 10
JIOOBIM ABYM HEMOABHKHBIM B3aUMHO INEDHICHAUKYJISPHBIM
OCSIM, PACHOJIOKEHHBIM B 9TOH IJIOCKOCTH W HMeIOUINM Haua-
JIO KOOPAMHAT HAa OCH BpallleHHusl, Ha cocTaBJsiionyie Rsinwt
i Rcosof.

1.5. PacuerHas nunamuueckass Harpyska BBIUHCIsIETCS
yTeM YMHOXKEHHS HOPMATHBHOH JHHAMHUECKOH HATPy3Ku
Ha KO3 (PUIHEHT meperpy3Kn Ky, NpUHUMAEMBIH 1Js1 Ma-
WHH 1o TabJ. 1.

B oraenbHBIX caydasiX, yKa3aHHBIX B TEKCTe HHCTPYKIHH,
KO3(D(pHUIMEHT Meperpysku NpHHUMAaeT NPOMeXKYTOUHOe 3HA-
yeHue MexKay 3HadeHusivu 1,3 u 4.

Ta6anma |

3Hayenua koaddHUHeHTa neperpy3ku
Kosdduuuent
Tun ManiHHel Meperpysku

pid

Mamunpr ¢ KOHCTPYKTHBHO HEYPAaBHOBEILUEHHBIMH JBHXKY-

IAMACHE T2 CTAMUMNEE b T Bl £ i LRt S AT A 1,3
MaiumHe ¢ HOMMHAJIBHO YDABHOBelEHHBIMH, a daxkTudecku
HeypaBHOBEIICHHLIMH JBHKYIIHMUCA YACTAMH . . . . . . . 4




Cxema JeHCTBUS Ha KOHCTPYKLHIO

HaunmeHoBanue nokasatesieit

Tumnet

HHEPUHOHHBIX CHJ MalIMH

Tabauna 2

KunemaTtuyeckasi cxema
Mald

A~ B—0Cb 3JleMeHTa KOHCT~

PYKLIUH

Hanpasienne u TOuKa
NPHJIOKEHHS HHEPIHOHHOH
cuntel R

s i

MaluHuy

Q —»

; y
A b a
Cxema JeHCTBYIONUX Ha - A R 5 -
KOHCTPYKIHMIO YCHJHI NpH | T - =
OIUPAHHH MALIKHBL B JABYX :
TOYKAxX
R(-E)  RG R2
Cxema JeHCTBYIOIUX Ha
KOHCTPYKIHIO YCHIHE TpH A 5
CIJIOMIHOM ONHPAHHH Ma- P 4, (£ 6
a |3 . - -
UIFHBL - WIH TIPE —~ <0,2 1 . i S
R

({ — mposer)




Koaddunuenr neperpysku BBeJeH B CBS3H C Te€M, UTO
(haxTHUecKkass AMHAMHYECKAsT HAarpy3ka MOXKET MPEBHIIATh
ee HOpMaTHBHOe (cpenHee) sHauenue (n. 1.4) BeaencrBue
BO3MOKHBEIX OTKJOHEHHH BeJWUHH (G U e OT X HOPMAaJbHBIX
3HaueHuil (B 0COGEHHOCTH GOJIbIIME OTKJIOHEHHS] BO3MOMNKHBI
B BeJMYHHE € JJIsT MallldH C BPallaIOU[UMHCH YaCTSIMH), 4TO
CBSI3aHO C U3MEHEeHHeM pexuMa pabGoThl MAIUHHBI, YBeJH-
ueHHeM 3a30pOB B MOALIMIHHKAX NPH UX JJIUTEIbHOH pabo-
T€ U T. 1.

1.6. B MHCTpYKUMH OIpee/sioTcst AHHAMUYECKHE CHJIbI
1 MOMEHTB], BO3HUKAIOLIHE B MallUHe, KOTOPhle MPH Pas/nu-
HOM ONHPAaHUH MalIWHbI Ha TepeKpbITHe OYAYT OnpejeseH-
HBIM 00pa3oM pacrpeeasaTbes M0 ONopaM.

Ilpu cocpenoToueHHOM ONHPAHHM MAUIHHBEI HA MEepPEKpHI-
THE CYHTAETCS, UTO AMHAMHUECKHE CHJIBI MPHJOXKEHBl cocpe-
JIOTOUEHHO B TOUYKAaxX OMHUPAHUs COLJIAaCHO cxemaMm Tabua. 2;
OpH 3TOM ecJi OTHOLIEHHEe PACCTOSIHHSI @ MEXIy ONopaMu
Mamuael o aaune (I) sjgeMeHTa mnepekpubITHS K AJaHHE [
Menbile 0,2, TO cocpeOTOYEHHBIE B MeCTaX ONHpPaHUs Ma-
UIMHBl CHJILI MOTYT OBITh 3aMEHEHBI CHJIOH U MOMEHTOM, TIPHU-
JIOXKEHHBIMHM B TOYKe, SIBJSIOUIelicH NpOeKUHed TOYKH IpH-

" JIOXKEHUST HHEePIHOHHOH CHJTBL R.

Ilpu cnsomHoM onmMpaHHM MAIUIWHBL HA TEpPEeKpLITHE, a
TaKxKe MpU JI060M ONHPAHHH MAUIMHBI HAa JIOCTAMEHT M-
HaMHUeCKWe CHJBl H MOMEHTBI CUHTAIOTCS MPUJIOKEHHBIMH K
NEepeKPBhITHIO COCPEOTOUEHHO B OJHOH TOUKe, SIBJsIONIEfCS
npoekureil TOUKM NPUJIOKEHHs HHEPUHOHHOH cuibl R, cor-
aacHo tabu. 2.

J7s1 BUGPOU30NUPOBAHHBEIX MAIIHH AWHAMHYECKHE CHJIB!
fIpHHUMAIOTCS TPUJIOXKEHHBIMH K [ePeKpPBITHIO M0 yKa3aH-
HBIM CXeMaM, MPH TOM NOJ ONOpAMH MAIUUH MOHHMAIOTCS
BUOPOH30ATOPEl. Ha KOHCTPYKIHIO NMepefaercsl JHINb He-
KOTopasi A0J5 OT JAMHAMHYECKHX CHJ, BO3HUKAKOUIIHNX B
MallMHe, a OCTa/bHAs YaCTb YPABHOBEIUHBAETCS CHJIAMHU
HHepIMY, BO3HUKAIOIIUMH NpPU KoJeOGaHUsX BUOPOH30JUPO-
BaHHON ycraHOBKH. COCTaBJISIOUIME aMIIHTYAbl AHHAMHYe-
CKOH CuJBI, epeJalolleiicss B KaxKA0H ONope Ha KOHCTPYK-
IUI0, PABHBI NIPOU3BEAEHHSIM aMIIUTY KoJeGaHUi cTaHH-
HBEI, ONpeJleIeHHBIX B MECTe PAacHOJIOKeHUS 3TOi ONOpHI, H
JKecTKocTell BUOPOHU3OAATOPOB, B3ATHIX B COOTBETCTBYIOLIUX
HaNpaBJIeHUsX.

1.7. Ecnu paGouee yucjo 060POTOB IVIABHOrO BaJja Ma-
LIMHBl MOXKeT H3MEHSThCS B HEKOTOPBIX INpejesnax, TO MpH
BLIUMCJIEHHH aMILTHTYZ AHHAMHYECKHX HArpy30K HeoGXOIH-
MO NPHHUMAThL MAaKCHMaabHOe UHCI0 OBOPOTOR TJIABHOIO
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BaJia, a NpH YCTAHOBJEHHH YaCTOTHI H3MEHEHHS JHHAMHUe-
CKHX Harpysox ¢ LeJbl0 IPOBEPKH CTPOUTENbHBIX KOHCTPYK-
LHH Ha pe3oHaHc HeOOXOAHMMO NMPHHHUMATh TOJOCY H3MeHe-
BHS UaCTOTHI OT MHHMMAJLHOTO A0 MaKCUMaJbHOrO 3Haye-
HHS, COOTBETCTBYIOIUUX MHHHMAJbHOMY H MaKCHMAaJbHOMY
3HAUYEHHIO yHcaa 060POTOB NJIABHOTO BaJa.

1.8. B mHcrpyknun jparorcs AMHHAMHUYECKUE HATPY3KH OT
HeHCTBHS OJHOH MauUHBL. [IpH COBMECTHOM Pacio/IOKeHHH
HECKOJMbKHX MalUUH HX CyMMapHoe BO3JelicTBHE omnpeje-
JsieTcst AeHCTBYIOLUME HHCTPYKUHSIMH [0 NPOEKTHPOBAHHIO
U pacyery HeCyHX KOHCTPYKLMH 3JaHuil ¢ AUHAMHYECKHMHU
HarpyskaMu. Ecsn pacuerHast quHaMuueckas Harpyska ofl-
penessieTcsl He MyTeM YMHOMKEHHsT HOPMATHBHOH JUHAMHYE-
CKOH HAarpysku Ha Ko3(QQHUIHEHT NepPerpy3KH, a u3 YCJAOBHUS
aBapuHHOro pexkuma paboThl MALIMHBL (KaK, HApUMep, IO
MOJIOTKOBEIM APOOHJIKAM), TO B TAKHX CJydasix pacuer Be-
JYT HA HOPMATHBHYIO HArpy3Ky OT M—M MAallWH U Ha pac-
YeTHYIO Harpysky Or m MalluH, pacroJiaras IocJeJHHE Ha
KOHCTPYKLHH HEeBHIrOAHEHWw UM crocobom. Uucsno m npuHY-
Maercsi paBHbiM | npu n=1-10, 2 mpu n=11+ 20
HT. I

2. MALLIMHBI
C KPUBOWHUIHO-MATYHHBIMHA MEXAHU3ZMAMHU

2.1, OCHOBHBIMM AMHAMHYECKHMH HArpy3kaMd MAaUIHH C
KDHBOILMIHO-IIATYHHBIMY MeXaHH3MaMu (Au3esel, nopliue-
BBEIX KOMIIDECCOPOB M HACOCOB, 1IPECCOB, JECONUAbHBIX paM,
BUODALMOHHEIX LEHTPHGYT U T. M.) SABJISIOTCT HEypaBHOBE-
LIEHHBIE CHJILI H MOMEHTBl CHJI HHEPIHH [ABHXKYLIHXCA Ya-
¢Tell KPUBOLINIHO-IIATYHHBIX MEXaHH3MOB, NPEeICTaBAsIEMbIE
B BHJE CYMMBl FADMOHHK, NepBasl U3 KOTOPBIX HMEET 4acTo-
Ty BpallleHHs IJIaBHOTO BaJjid, BTOpast — YJABOEHHYIO YacTOTY
BpallleHHs TJIABHOTO BaJjla W T. . DTH CHJL U MOMEHTH! Ha-
3bIBAIOTCA AMHAMHYECKUMH HarpysKamil MEpBOro, BTOPOTO
U T. 1. IOPSIAKA.

AMIIUTY A AMHAMHYECKHX HATPY30K BLICOKOTO IMOPSIKA
[0 CPAaBHEHHIO ¢ aMIVIUTYJaMH JUHAMHYeCKHX Harpysok
NEepPBOro W BTOpPOro mopsajaka Mansl. I[lostomy onpenenexue
AMIJIMTYJ BLIHYXKIEHHBIX KoJeGaHUH CTPOHTENbHBIX KOHCT-
PYKIHi, Ha KOTOpble ONUPAIOTCHd MAlIMHBL ¢  KPHBOILIHAIHO-
IIATYHHEIMH MeXaHH3MaMH, OOGKIYHO HPOUSBOAAT TOJBLKO C
yueToM IHHAMHUYECKHX Harpy3oK IepBOro H BTOPOro MOPSA-
Ka, npeHebperasi BJAUSHUEM AMHAMMYECKHX HArpysok Oouee
RBICOKOTO IOPSIAKA.
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Jlnnamuyeckue HArpy3Ku MHOTONHJIMHIAPOBBIX MaIIHH
paBHBI eOMETPHUYECKOH CyMMe [JHHAMHUYECKHX Harpysoxk,
pPasBHBAEMBIX KaKAbBIM HHIHHAPOM (MU Kaxk/JIbIM KPHBO-
IIMITHO-IATYHHBIM MEXAHU3MOM ).

[lpu ompeieneHun AMHAMHYECKHX HACPY30K IJIaBHLIH
BEKTOp M TJIABHBIA MOMEHT AMHAMHYECKHX CHJI IIPUBOJSITCH
K TOUKe, OTHOCHTE/bHO KOTOpOil Bpamaercss KPHBOUIHI Mep-
poro upauHApa. B sty Touxky nomemaercss mnauvaso mpsiMo-
YTOJIbHBIX KOODAHHAT, OCb X HalpaBRJsercsl BJ0Jb OCH KO-
JIEHYATOrO BaJa, OChb Y — FOPU3OHTAJNbHO B NEepPNEHIUKYAAP-
HOM HanpaBJdeHHH H OCh Z — BEPTHKAJIbHO.

Brraucaenue AHHAMHYECKHX HarpysoxK B cJjaydae, Korja
oTAeJ/bHbIE MeXaHH3MbI HOMHHAJIBHO ypaBHOBEIHI/IBa}OT leyF
Apyra, HpoH3BOAHTCH HCXOLd U3 TOro, YTO HOMHHAJbBHO OIU-
HAaKOBble BeCa OAHOHMEHHBIX JABHXKYUIHXCs yacrel Kpl/IBO-
IWWHIOHO-IIATYHHBIX MEXaHH3MOB (baKTquCKH OTJINUAIOTCHA
JPYT OT ApyTa; 3TO OTJIHUYME YUHTHIBAETCSH KOI(DPUIIMEHTOM &,
IHpHHUMAaeMBbIM I10 T86JI. 3 B 3aBUCUMOCTH OT Beca MaluHHbl
n yycJia lLI/IJIHH,[IPOB.

Ta6auuma 3

3uavenus koadppuuuenta k

Bec MalumHN B T Ynca0 wHaHAPOB k
Ilo 1 v 2 u Goablie 0,1
Boaeuwe 1 go 5 %Tonimﬂéoss 8:%"
» 5 » 10 Bonbi?ue 2 8:3
» 10 » 20 C;STomz)uf:(SG 8,3
Boabute 20 ggﬂZmAeo 88 8:?3

2.2, Kos(pduuuenr mneperpysku k; INpHHUMAaercs pas-
HbiM 1,3.

2.3. JJoist aHanuTHYECKOTO ONpeieseHust JHHAMUUECKHX
CHJI, Pa3BHBAaEMBIX Ka)KJbIM KPHBOUIHMHO-UIATYHHBIM Mexa-
HH3MOM, HeOOXOAUMBI CJeAYyIOL e JaHHble:

N — uncno 060poOTOB IIABHOTO Baja MAIIHHBL B M-

HYTY;
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r —rT pPajuyc KPUBOIINIIA;
ri —+ paccTOsIHHE OT OCH BpAILUEHHS A0 IEHTPa TAKECTH
| KPHBOLIHIA; ~

L — nnuna mwaryHa;

L, — paccrosiHHe OT IIeHTPa TSKEeCTH LaTyHa A0 MaJjblia
KPHBOLINIIA;

fn— paccTosiHde OT OCH BpallleHHs A0 LEHTPa TSXKeCTH
IIPOTHBOBECA;

(G — Bec KPUBOILHNIA;

Gy — Bec BO3BPATHO-TIOCTYNMATENbHO JIBUKYIIHXCS dYa-
crel;

G3; — Bec warTyHa;

G, — Bec npoTHBOBECA.

e
-
7/
/
/
/
I 6
¢ co
Puc. 1. Cxema kpuBownn- \ 7
HO-IIATVHHOTO MeXaHuaMa )
! — KPHBOLIKT; 2 —- 1IaTYH; > N
3 — rpehnxond; 4 — LITOK; ~

6 — NoplIeHb; 6 — NPOTUBOBEC

13



1
CxeMa KDHBOIIMIHO-IIATYHHOTO MeXaHU3Ma npuBe;LeHa Ha
puc. 1.

2.4. IyHaMuuyecKHe CUJIbI, pPa3BUBAaeMble KaxKJAbIM I[H-
JIMHJIPOM, MOTYT ObITh Pa3/l0kKeHbl B MJIOCKOCTH JeHCTBHUSI
KDHBOILIMIHO-UIATYHHOrO MeXaHW3Ma Ha cocrarJsomue Q
IO HAMPAaBJEHHIO CKOJIb2KEHUS NMOPUIHS U P mepneHauKyasp-
1O eMy, onpejeJsisieMble N0 GopMyJaam:

Q, =ro?] (my, + my ) cos (ot + ;) + o, m, cos2 (ot + 8 (3)

P, = re?m, sin(of + B), 4)
rae {— HOMEep UMJAHHApPa (MM KPHBOIIHMHO-LIATYH-
HOTO MeXaHu3ma);
{— Bpewmsl;
o
O = N— yraoBast yactora BpallleHUsi I'JIaBHOro BaJa

MallkHbBl B CeK™};
mg — Macca yacredl KPHBOLUMMHO-IIATYHHOrO Me-
XaHH3Ma, NpHUBeJeHHAaA K NaJbly KPUBOIIHU-
na, onpejedasieMas Mo ¢opmyJie
1 r L r
my=— [ G (1= )G 6] ©®
g — yCcKOpeHHe CHJIbL TAZXKECTH;
m,— Macca yacrell KpHBOLIMOHO-IIATYHHOIO Me-
XaHW3Ma, [puBeJeHHasT K Kpedmgondy
(WM K TMOPIIHEBOMY MaJjblly), onpejesse-
Mas o gopmyJe

mbz—é—(62+%03>; (6)

8; — yroJ 3ak/JHHHBaHuA (B pajHaHax) [-ro Iu-
JUHApPA, T. €. Yroa Mexjy KPHBOUIMIOM
MepBOTO IMJIHHAPA H KDHUBOWIMIOM pac-
CMAaTpHBAeMOro {-ro UHJIHHADA, OTCUMTHLIBA-
eMblil 110 HanpaBJeHHI0 BPAIEHHS KoJel-
aTOrO Baja;

r
a; =T — XaPaKTepHUCTUUECKOe UYNUCA0 KPHBOIIUITHO-

IIATYHHOrO MeXaHH3Ma. :
2.5. CocrapJjsiioliye rJIaBHOTO BeKTOpa AHHAMMYECKHX
CHJ OT MAlUMHBI C JIUHEHHBIM PAClOJIOXKEeHHeM 7 HHJIHHADOB
paBHBl a/JreGpanuecKoii CyMMe COCTABJISIOMHKX CHJ OT KaxK-
Jioro uunmmpa i onpeneasiores no gopmyaam (7) u (8):

Q = re? 2 [(m4, -+ my,) cos (of 4 B)) + a;m,, cos 2 (ot 4-8)]; (7)
=]

14



n
— ro2 N\ i
P=ro Z Mg, sin (of - 8;). )
i=l
2.6. B ciyuae eciu Bce JIHHEHO pPacCHO/IOXKeHHbIE IIH-
JIMHADPBl HOMHHAJIbHO OJHMHAKOBBI, COCTABJISIIOUIHE TJIABHOTO

BEKTOPA JHHAMUUECKHX CHJI ONpejessiorces no (Gopmysaam
(9) u (10):

Q=ro? | (m,+ my) D (1 + k) cos(wf +8) 4

i=]

tam, Neos2(ut+5) | 5 ©)
i=l
P =re’m, 2 (1 -+ &) sin (of 4-8)). (10)

i=l1

ITpu stoM Kosdduuents £y, Ry, . .., &;,..., Ry IpHHMAIOT
3nauvenusi 0 wau k no pasauudbiM couetanusim. M3 Bcex co-
n

74
YeTaHU, YHCJO KOTOPBIX PABHO ECn , BBIOGHpAlOTCST Takue,
i=1
IIPH KOTOPBIX MOJyualoTess HauGosblIe aMIIUTY/ bl COCTaB-
JSIOWUX IHHAMHUECKHX CHJI H MOMEHTOB M COOTBETCTBYIO-

mpe UM (pa3oBbie YIIHL.

2.7. T'naByplil BEKTOP JHHAMHUECKHX CHJI, PA3BUBAEMBIX
MallHHOH C YIJIOBBLIM PacroJioKeHHeM UHJIWHIPOB, pasJa-
raercsl Ha cocraBasiouie Ry, Ry, ¥ R, no Hamnpas/eHHIO
KOOPJMHATHHIX Ocell X, Y, 2. [LJisi Bcex CYIUECTBYIOLMX Ma-
mun Ry =0,R, ¥ R, onpegensitorcs no popmyaam (11)
u (12):

n
R, = ro? 2 (14, + M) cos (o + B; — ¢;) -+ @, m, cos 2 (of +

=l

+ By~ sing, — ro? ¥ my, sin(of + 8, — ¢) cos ¢;5 (11)
i=l

8 —ro? 2 [(mq, + my ) cos (of + B, — @;) + @, i, cos 2 (vt -

i=l
n
+ B; — ¢l cos ¢+ ro? 2 My, sin (of + B; — ¢;)sin ¢, (12)
i=l1
rjpe ¢; — yroqa oOcH i-ro [HJAHHAPA C BEPTHKAJLIO. dTOT
15



yroa JJst BCeX IHJIMHAPOB OTCUMTBIBAETCSH B HA-
NPABJEHHH BpAllLleHUsI KOJEHYaToOro BaJja.
2.8. B cayuae, ecqu Bce IHJIHHJAPHI HOMHHAJBLHO OJIHHA-
KOBHI, cocTapJsiiomne Ry M R, 1MHAMHYECKHUX CHJI OTpejie-
Jaswores no gopmysaam (13) u (14):

Ry = ro*[(m, + my) ¥ (1 + k;)sine; cos (of + B; — ¢;) +

i=l

n
+am, Z sing, cos 2 (of + B, — @) —

i=l

. ma‘nv(l + k) cos ¢, sin (of + B, — ¢))]; (13)

i=l1

R, = re?[(m, + m,) E‘(I—Ha)coscplcos (of 4 B;— @)+

=

+am, ? cos ¢, cos 2 (of -+ B =9+

z—l

n
+ m, 2(1 + k) sing;sin (of + 8, — ¢)]. (14)
i=l1
ITpu 3TOM KO3(PUIHEHTHl 2; NPHHUMAIOT TAK XKe, KaK R
NpH JIUHEHHOM PAacloJOXeHHH HUAUHAPOB (cM. m. 2.6).
2.9. Pasjnaras Ha cocrtaB/silollHe TIJIaBHBIE MOMEHT [H-
HAMHYECKHX CHJI OT MAIIHH C KPUBOLUIMIHO-LIATYHHBIMU Me-
XaHu3MaMu, 0603HAUUM ST MAUIMH ¢ JHHEHHBIM pPacroJo-
JKeHHeM LHJIHHJPOB uepe3 M; MOMEHT, BEKTOpP KOTOPOIrO
HAIpaBJeH [MepHeHAuKYJISIPHO IJIOCKOCTH PAacloJ0KeHHUs
ocell LUJIHHAPOB, uepe3 My — MOMEHT, BEKTOp KOTOPOro Ha-
mpapJeH BROJb OCeHl LMJIMHIPCB, U uepe3 [; — paccTosiHue
MEXKAY OCAMH j-ro u j+ 1-ro nuaurapos. Kpowme Toro, s
Jiloboro THna MawmuH oGosnaunm yepes M, u M, MOMeHTH
OTHOCHTE/JIbHO Oocell y u 2. MomenTtol M, u M 6y,ELYT paBHbI
COOTBETCTBEHHO MoMeHTaM M| u M, Jmﬂ MallHH ¢ BEpPTH-
KaJBHBIM paCloJoKenneM LHIHHApoB U My, u M, nasma-
LIHH ¢ TOPU30HTAJbHBIM PaCHOJOXKEeHHeM IHJIUHIPOB.
CocraBJisiollHe TJaBHOI'O MOMEHTa JHHAMHUECKHX CHJI
OT MAlIHH ¢ JHHEHHBIM paclosoXkKeHneM LIHJIHHAPOB Olpe-
neasiiorest o popmyaam (15) u (16):
3 n

M, = re? E {[(ma,. +my) cos (ot + 8)) +
=2

16



i—1
oy, cos 2 (of -+ B) ] Ezj}-, (15)
s e
n i—1
. U
My=rot 3 [muism(mt +8) ¥ z,.]. (16)
=2 j=l
COCT&BJIHIOI_U,I/IG [VIaBHOT'O MOMEHTa JUHAaMHUECKHUX CHJ
OT MAalWIHH ¢ YIJAOBLIM pacnoJOXKeHueM HUAUBAPOB Onpeae-
Jasiiores no gopmyaam (17) u (18):
n

M, =re ¥ {[(mai + my,) cos (o + 8, — ¢ +
i—1

-+ oimy, cos 2 (wf - f; — ;)] cos ¢, 2 l; } +
=1

i—l1

o+ ro? E [maisin(wt 4B — ¢)sin CPiEIj]; (17)
j=1

i=2

My=raf (1, -+ my) cos (ot -+ B — ) +
- i—1

+ o, my,, cos 2 (of + B, — ¢;)] sin <P,-2 lf'} -
=1

n i—1
2 ) i i
— ro Z [maism (of + B; — @;) cos cpiz l,-] . (18)

i=2 j=l1
[Ipumevanue YacTHble ciayyan OnpefeseHdss JHHAMHYECKHX

HarpysokK ©OT MAallHH ¢ KPUBOWIHIIHO-IHATYHHBIMH MEXaHU3MaMHU IIPH JH-
HeHHOM i YrJ0BOM pAacnoJiozKeHHH UHJIMHJPOB JaHbl B MNPHJIOKEHHH L.

3. MAIIWHBI
C KPUBOIMUITHO-KYJHCHBIMH MEXAHU3MAMH

3.1. KpuBowunuo-Ky/JIHCHBIE MeXaHu3Mm (puc. 2) cocro-
MT U3 KPHBOLINIA, KYJHCH, Cepbrd H moJasyHa. [Ipu Bpalie-
HUH KpHMBOWMIA KyJUCA COBepLIaeT KauaTesbHble ABHMKE-
Hysl, Tepefalolluecs ¢ IOMOLBIO CepPbrH Ha MOJ3YH, COBep-
WalHl NpAMOJHHEAHbIE BO3BPATHO-NIOCTYIATENbHBIE JBH-
JKEHHSI ¢ HEOJHHAKOBOH MaKCHMaJ/bHOH CKOPOCTBIO X0ja 3a
KazK/ple CMEeXHble M0JI-060poTa BpallleHHs KpUBolIUMa. 3a
LoJ1-060poTa, obecneynBarlie padounil Xoj MoJsyHa, CKO-
pocTh HMIKe, YeM 3a NocJedylolie 10/-000poTa, BO BpeMs
KOTOPOT'O COBEPIIAETCS XOM0CTOH XOL.

S, b2y 17




OCHOBHBIMH JAHHAMHYECKHMH HATPY3KAMH MAaIlMH C KPH-
BOIIUIHO-KY/IHCHBIMH MeXaHH3MaMH (IIONepPeuyHO-CTPOraJb-
HBIX, KOPOTKOCTPOTAJbHBIX, BHYTPUILIH(OBAJILHBIX H LOJ-
GeKHBIX CTAHKOB, KOMIpPECCOPOB H T. I.) SIBJSIIOTCS

Puc. 2. Cxema KpUBOIIMIIHO-KYJIHCHOTO
MexaHu3Ma
1 — kpupowun; 2 — KyJuca; 3 — cepbra; 4 — MOJA3YH

HeypaBHOBEIIEHHbIE CHJIbLI H MOMEHTHI CHJI MHEPUHH ABHKY-
[HXCS YacTed KPHUBOLIMIHO-KY/JIHCHBIX MEXaHH3MOB, TIpe.-
CTaB/deMble B BHJe CYMMbl TapMOHHK, MepBas U3 KOTOPBIX
HMeeT YacTOTy BpallleHHs IVIABHOT'O BaJjia, BTOpas — YABOEH-
HYIO YacTOTy BpalleHHs IJIaBHOI'O BaJja, TPeTbs — yTPOeH-
HYIO 4acTOTY BpalleHHs IVIABHOTO Baja u T. . DTH CHJIBI H
MOMEHTBI Ha3bIBAIOTCH AMHAMHUECKHMH Harpy3kKaMH MepBoO-
0, BTOPOTO, TPEThEro U T. JI. MOPSAKA.

AMDUIIHTYBl THHAMHUECKHX HArpy30K BBHICOKOTO MOPSiAKA
10 CPaBHEHHIO ¢ AaMIUIUTyJaMH [IHHAMHUYECKHX HArpy3oK
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[iePBOTO H BTOPOro MOPSAAKA CPaBHUTEeNbHO MaJgbl. [lostomy
pacuer aMIVIHTY] BBIHYKACHHBIX KOJeGaHHH CTPOHTENbHBIX
KOHCTPYKIUHH, Ha KOTOpPble ONHUPAIOTCS MAIUMHBL ¢ KPHBO-
IIUMHO-KYJIHCHLIMH MeXaHH3MaMH, PeKOMEHYETcsl MPOU3BO-
JUTb C Y4eTOM TOJbKO AHHAMHUECKHX HArpy3oK HepBOro H
BTOPOro Mopsijika, npeHedperasi BAHSAHHEM JHHAMHYECKHX
11arpy30K 0oJiee BLICOKOTO MOPSI KA.
JlunamMuyeckHe Harpysku OT MAUIMH ¢ KPHBOUIHMHO-KY-
JIICHBIM MEXaHH3MOM OIIPEAeJsIIOTCS  BO3BPATHO-MOCTYNA-
TEJbHBIM JABHKEHHEM IN0J3YHA H KauaTeJbHBIM JABHKEHHEM
KYJIHCHI.
JunamMuueckue Harpy3kd MallldH, MUMEIOIHX HECKOJIbKO
KPUBOLIHUIIHO-KYJHCHBIX ME€XaHH3MOB, paBHBI I'€OMeTpHue-
CKOH cyMMe NMHAMHYECKHX Harpy3ok, pa3BHBAaeMBbIX KaX-
JBIM KPHBOIIUIHO-KYJIUCHBIM MEeXaHH3MOM.
3.2. Koa¢pduuuent neperpysku k; MNpPUHEMAETCH paB-
HbBIM 1,3.
3.3. st aHanuTHYeCKOrO OMNpejeseHus THHAMHYECKHX
CWJI, Pa3BHBaeMbIX KaKJAbIM KPHBOLIMIHO-KYJHCHBIM Mexa-
HH3MOM, HEOOXO/AUMBI CieyIolHe JaHHbIe:
N — yncio 060pOTOB IVIABHOrO BaJjia MALIMHBl B MH-
HyTYy;

r — pajuyc KpUBOILIUIA;

h — paccrosiHue OT OCH IVIaBHOTO BaJja J0 OCH KayaHHs
KYJIHCHI;

H — paccrosinie OoT ocn KauaHusl KyJHCHL 0 LiEHTpa TS~
JKECTH T0J/I3yHa;

d — JUIHHA KYJIHCH;

d; — paccTosiHMe OT OCH KauyaHWs A0 LEeHTPa TSKeCTH
KYJIHCBL;

b — anuHa cepbri;

G| — Bec NoJ3yHa C cepbroii;

Gy — Bec KyJIHCHI.

3.4. Cuyia uHepuuu P nmossyHa, NpUJIOKEHHAs B IEHTpe
TAXKECTH MOJI3YHA, ¥ COCTABJ/AAIONIAS CHIILI HHepI U Py KyJH-
Chl, MPHJIOXKEHHAs B LEHTPe TSAXKECTH KyJAHCDHI, AeHCTBYIOLIHE
B HalpaBJeHWH ABHUXKEHHS MOJN3yHA, U COCTABJISIIOULAsT CHIIbI
HHepuuu Q KyJjuchl, AeHCTBYIOIlasl B HANpaBJeHUH, NepleH-
JUKYJISPHOM HaMpaBJ/IeHUIO JBUXKEHHS MOJ3yHA, onpepess-
1orcst no popmyaam (19), (20) u (21):

Py = 0,02 dimy; p; [sin (of +B;) — 2a;sin2 (ot + 8)1; (19)
Py=a0tdy; V' 1 — o my, [sin (of + B) — 23;sin (of + B)]; (20)
Q = a? w2 dy, mysin (of -+ 3), (21)
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rne [ — HOMEp KPUBOILUUITHO-KY/JHCHOr0 MeXaHU3Ma;
t— Bpewms;
2%
e N — yraoBass  yactora BpallleHHs — MAaMIHHbI
B cex; .
M1, — Macca noJi3yHa ¢ Cepbro#;
My— Macca KyJHCHI;

r
o = —h—-xapaKTepHCTqucxoe YUCJIO0 KPHBOLIUIIHO-

KYJHCHOTO MeXaHHu3Ma;

B,— yros 3akjJuHHUBaHHUS (B pajHaHax) i-ro Me-
XaHH3Ma, T. €. YroJ MeXJAy KPUBOLIHIOM
epBOr0 MeXaHH3Ma W KPUBOIIHMIIOM pac-
CMaTPHBAEMOro (-r0 MexaHH3Ma, OTCUUTHI-
BaeMblil 10 HalpaBJEHHUIO BPALLEHHsT KOJIeH-
YaTOro BaJa;

u— KO3 (PUIIHEHT, YUUTLIBAIOULIUH BJIHIHHE CEPb-
I'H KaK KHHEMaTHUeCKOH CBfI3H, oIpejeJsie-
MBI 1o popmyJie

o (H—dV1—a2)
g o @
b Y= -‘/1_(”__—‘”;1_“2 )2

3.5. CocraBasioniye JUHAMHUECKOH CHJBLI U JUHAMHUE-
CKHII MOMEHT, Pa3BHUBAaeMble KaXKIBIM KPHBOLIHIHO-KYJHC-
IIBIM MEXdHH3MOM, NPUJIOXKEHHbIe B TOUKE, pacloJoKeHHOoH
Ha OCH BpallleHUs1 KPUBOUIHIA B [JIOCKOCTH KPHUBOIIKMIIHO-
KYJMCHOTO MeXaHu3Ma, PaBHbL:

R, = a; w28, [sin (ot + B,) — 2a,sin 2 (of + B);  (23)
Q, = o} w2 my,dy, sin (of + 3); (24)
M; = o, 023, [sin (of 4 8,) — 2a,sin 2 (of 4 B8,)],  (25)

rie
Sy =mydp 4 myd, V1 — o (26)

Sy=mydp(H —h)+myd, (d+hYT—a2).  (27)

B ¢dopmynax (23) — (27) R, Q u M — cocrasasioiue
IJIAaBHOTO BEKTOpA H MOMEHT TNapbl CHJI, JeHCTBylOLHE B
IJIOCKOCTH KPHBOLUMIIHO-KYJHCHOTO MeXaHW3Ma; R JedcTBY-
€T 110 JIMHHH, MEePNEeHAHKYJISPHON OCH BpallleHusi KPUBOLIHMA,
B HallpaBJieHUU JBHKEeHHs NoJ3yHa, Q — 1o JIMHMH, NepreH-
JUKYJSIDHOH OCH BpalleHus KPHUBOIIMNA M HPOJOJBHOH OCH
noj3yHa, M — OTHOCHTENBEO OCH BpAIEHUSI KPHBOMIKIIA.
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3.6. Cocrapasiiouine rJ1aBHOTO BEKTOpPa JHHAMHUECKHX
CHJI M TVIaBHOTO MOMEHTA OT MALUUHBLI C JHHEHHBIM PaciloJo-
JKEHHEeM 71 KDUBOIIUIIHO-KYJHCHBIX MEXaHU3MOB paBlibl adi-
re6panuecKol cyMMe COCTaBJSIIOLUX CHJI M MOMEHTOB OT
Kazk[0ro MexaHu3Ma U onpejeasaioTcs no GopmyJaam:

n

R = o0? E o, By, [sin (of -+ B;) — 2a;sin 2 (wf + B)I;  (28)

i=l

n

Q = 02N o my, dy, sin (of + B,); (29)
i=1
n

M, = o? Z o, 8y, [sin (wf + B,) — 2a;sin 2 (of + B)];  (30)
i=l
n i—1

M, = o? 2 [a? Mydy,; Z l]' sin (of + 81, @31

(=2 i=1

raie R — cocraB/sionias [JIaBHOIO BEKTOpa, JAEHCTBYIOILAS
B IJIOCKOCTH HEPBOr0 KPUBOHIMOHO-KYJIHCHOTC
MexXaHH3Ma [0 JIMHHM, NepHeHJUKYJASdpPHOH oOcH
BpalleHHs KPHBOIUUIIOB, B HANlPaBJeHHH JBHIKeE-
HUST HOJ3YHa;

Q — cocraBasonas IJ1aBHOTO BEKTOpa, AeHCTBYIOILAS
B IIJIOCKOCTH [E€PBOT0 KPUBOILUIHO-KYJIHCHOIO Me-
XaHU3Ma M0 JHHUM, I[epIeHIUKYJsapHOl ocu Bpa-
IleHHUs] KDUBOUIHUIIOB U NPOJOJBHOH OCH MOJI3YHA;

M,— MOMEHT napsl CuJI, AEHCTBYIOUlEH B MJIOCKOCTH
NepBOro KPUBOUIMIHO-KYJHCHOTO MeXxaHH3Ma OT-
HOCUTE/JIBHO OCH Bpall€HUsI KPUBOIIHIIOB;

M,— MOMEeHT mapel cuJs, JACHCTBYIOLLEH B IJIOCKOCTH,
IPOXOAsAILeH yepe3 ocb BpalleHHs] KPHBOIIUIOB H
OCb KauaHusl KyJHC, OTHOCHTEJIbHO OCH, HaXOMAs-
nieficsa B IVIOCKOCTH NEPBOTO KPHUBOLIKITHO-KYJIHC-
HOTO MeXaHW3Ma U NEePHeHAMKYJASPHOH ocH Bpa-
{IleHHs KPHUBOLIUIIOB;

[ j— paccTosinHe MexAy OCAMH j-ro H j+1-ro mexa-
HU3MOB.

3.7. B cayuae, ecsn Bce JIHHEHHO PACHOJIOXKEHHBIE MeXa-
HH3Mbl OAMHAKOBBI, COCTABJSIOLLHE TVIaBHOIO BeKTOpa jAHHA-
MHUYECKHX CHJI ¥ IVIABHOTO AMHAMHYECKOrO MOMEHTA ompeje-
JSI0TCA N0 GopMyaaM:

AL o
R = 00%, 2 [sin (of 4 B,) — 20sin2 (of 4 8,);  (32)
i=1
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Q = a2v®m, d; 2 sin(wt 4+ 8,); (33)

i=1

M, = oo, 2 [sin(of 4 B;) — 2asin 2 (0 4 B,)];  (34)
i=l

n i—1

M, = 2o mydy [sin(wt 1 8) Ez,]. (35)
=2 j=1
4. TPOXOThHI

4.1. OcHOBHBIMH THHAMUUECKUMH HATPY3KAMH OT I'POXO-
TOB sIBJIAIOTCSI BeDPTHKAJ/IbHbIE H HANPaBJEeHHBIE BAOJIb IPOXO-
Ta TOPU3OHTAJLHblE HHEPUHOHHbLIE CHJB, AeHCTBYIOLIHE B
BePTHKAJbHOH NJIOCKOCTH, NPOXOAslliell 4epe3 EHTD HHEp-
IHH JBHXYLIMXCSl YacTed mapaJ/ijielbHO HaNpaBJeHHIO HX
JIBHXKEHHMsI, 1 UMeIOLlHe YacTOTy BpallleHusl IJIaBHOTO BaJja.

I'poxoTsl AensiTcs 10 KOHCTPYKIHH Ha ABe TPYINB: Ka-
yapolpecs 0 BuOpanuoHHsle. Kauaomuecsa rpoxoTsl pasje-
JISIOTCA HA I'POXOTH ¢ NPSMOJHHEHHBIMH KayaHUSIMH KOPO-
6oB (puc. 3) (THXOXOmHBIE ¢ yHCIOM 0O60poToB 100—300 B
| mun uw nomyGeicTpoxoauble ¢ uucaoMm oboporos 400—600

Puc. 3. CxemMa HAKJIOHHOTO Kaualolerocst rpoxotra ¢ OpsiMO-
JIMHEHHBIMH KauaHUsIMH
I — Kopo®; 2 — CHTO; 3 — NMOABECKH; 4 — WaTyH; &5 — KPHBOLUHI

B | mMux) ¥ Ha rpoOXOTHl rHpalHOHHBIE (PHC. 4) ¢ KAYaHHSIMH
B BEPTHKAJBHOHN IJIOCKOCTH MO OKPYXKHOCTH HJAH JPYTHM
3AMKHYTHM KPUBBIM (ABYXBaJbHBIE THXOXOAHbIE M OAHO-
BaJibHble OBICTPOXOAHBIE C yHcaOM 06opoToB 475—1350 B
I mun). BuGpanHoHHbIe TPOXOTHEl PA3AEAAIOTCS HA HHEPILH-
OHHbIe (pHC. D) OLICTPOXOAHBIE € YHCJIOM 000poTOB 900—
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3000 B | mun u pe3oHaHCHEIE ¢ KHHEMATHUECKHUM IPHUBOJOM
(puc. 6).

Puc. 4. CxemMa 0[HOBa/JLHOTO THfalH-
OHHOTO T'POXOTa

1 —kopo6; 2 -—-cuto; 3 — KpHBOLIAN; 4 —
ynpyrue oIopet

Puc. 5. Cxema uHepLuHOHHOro (BHG-
PAIHOHHOTO) TPOXOTA € TNPOCTHIM

nebarancom
1 — x0pob; 2 — cHuTO; 3 — BuGpaTop;
4 — yupyrHie oInopsl

Puc. 6. CxeMa pe30HAHCHOro I'POXOTA € KHHEMAaTHUECKHUM
NPHBOIOM

I — pama; 2 — kopo6; 3 — cuTO; 4 — WATYH; 5 — KPUBOWHN; 6, 7,
8 — ynpyrue CcBsi3H; § — BHOPOH3OJSITOPHI
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B kadamomuxcs rpoxorax KopoG coBepiuaer BbIHYZKIEH-
uoe ABHXKeHHe OJarojapst HaJHuMI0 KECTKOH KuHeMaTHye-
CKOH CBfI3M MEXKAY ABHXKYLIMM MEXAHH3MOM (uallle BCEro
IKCIEHTPHKOM), ONHPAIOLUIMMCS HA HEMOJBHXKHOE OCHOBA-
uye, 1 KopoGoM, HMEIOIIHM OJHY CcTeleHb cBoOoAbl. Beaunuu-
Ha X0fa Kopoba U TPAeKTOPUH OTAENbHLIX TOUEK SIBJISAIOTCA
BIIOJIHE ONPEJEe/JCHHBIMH, He 3aBUCSLIMMH HH OT CKOPOCTH
BpallleHHsI KCIEHTPHKA, HH OT HAarpy3Kd rpoxora.

B BuOpalHOHHBIX TPOXOTax KOpoO, UMEIOIHI OAHY HJIH
HECKOJIbKO CTelleHeH CBOOOJbI, COBEpIIAeT BhIHYXKIEHHOE
JBHXKEHHE TMOJA JeHcTBHeM TMpPHBOJA € KHHEMAaTHUECKOH
CBA3BIO MJIH PACIONO0KEHHOro Ha HeM BUOpaTopa. AMILIHTY-
Ja xoseGaHHi KopoGa W TPaeKTOPUU OTJEJNbHBIX TOUEK MO-
YT H3MEHATHCS B 3aBHCUMOCTH OT HM3MEHEHHS CKOPOCTH
BpalleHus BUOpaTOpa U HArpy3KH I'pOX0Ta.

B cyuecTByomuX IPOXOTaX OYEHb YacTO COUYETAIOTCS
IPU3HAKH KaK KaualolluXcsl, TaK U BUOPALLHOHHBIX IPOXOTOB.
OtrHecenne UX K IepBOH WJIH BTOPOH Tpynne MPOH3BOJUTCS
[0 JOMHHHDPYIOLIHM INPU3HAKaM. B coBpeMeHHBIX I'DOXOTax
HHEPIUOHHDBIE CHJIBI B KAKOH-TO CTeNEHH YPaBHOBEIIHBAIOTCS
HJIH NIPUMEHEHHEeM [POTHBOBECOB, HJH COOTBETCTBYIOLIHM
pacnoJ/ic:KeHneM ABUKYLIUXCS Macc.

3arpyska rpoxora, MpeJcTaB/ssi COO0H HEKOTOPYIO Chl-
Iy4yylo cpeay, He CBs3aHa KEeCTKo ¢ KopoboM, a No ycJo-
BUAM pa0OTHI [POXOTa JBHXKETCS OTHOCUTEJbHO HEro, HCIbl-
TbIBAsl TPeHHe W yaapbl o cuTo Kopoba. Ilpu ypaBHOBelln-
BaHUHU MHEPIHOHHLIX CHJ IPOX0Ta BIHAHHE 3arpy3KH NPHHH-
MaeTcsl BO BHUMaHUe,

B kauamuuxcsi rpoxoTax ¢ npsMoJHHEHHBIM KauaHHEM
BO3HHKAIOT IVJIaBHBIM 00pasoM HHEpPLHOHHbIE CHJBI OT BO3-
BPATHO-IIOCTYNATEAbHBIX JBHKEHHH KopoOoB. B kauarouux-
Csl THPALHOHHBIX POXOTAaX BO3HUKAIOT HHEPLUOHHBIE CHJIbI
CT KPYroBbIX KayaHu# KOPOOOB B BEPTHKAJbHOH IJIOCKOCTH.
B BUOpalHOHHBIX I'POXOTAX BO3HHKAIOT HHEPIHOHHbIE CHJIBI
0T Kose0aTebHbIX JBHKEHHH KOpoGOB, MepepalolliHecs ye-
pes yrnpyrue onophl Ha OCHOBAHHe.

4.2. Kosthduupenr mneperpysku Ry MPUHUMAETCS PaB-
HBIM: JIJIsl KaualolUXcsl TPOXOTOB Ge3 npoTHBoBecoB — 1,3 U
¢ MpoTHBOBeCaMU — 4, A1 BUOPALHOHHBIX IPOXOTOB — 2%,

4.3. Jlna onpeneneHust AMHAMHUECKHX CHJI TPOXOTOB He-
OOXOMUMEI CJeYIolHe JaHHbIE:

* Kosdduuuent neperpysku s BHOPOHHEPUHOHHBIX TPOXOTOB
NPHHAT PABHBIM 2 HA OCHOBAHHM KCIIEPUMEHTAbHbIX JalHblX XapbKoB-
ckoro IlpomcrpoiiHuunpoekra.
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N— yucno 060poTOB TIJ1aBHOrO BaJa MaUIMHBI B
MHHYTY;
ey U e, — NpUBEJEHHDbIE SKCUEHTPHIHUTETH ABHKYIIHXCS
yacTell COOTBETCTBEHHO B TOPH30HTAJbHOM Ha-
IIpaBJEHUM BJOJb I'DOXOTA X M B  BEPTHKAJb-
HOM HaNpaBJeHHH Z,;
G— Bec ABMKYLIHXCA yacTeil.

4.4. I'naBHBLIH BEKTOD AMHAMHUECKHX CHJI TPOXOTOB pasJa-
raeTcsl Ha BEPTHKAJbHYIO R; M TOPH30HTAJNbHYIO BIOJDL I'po-
xora Ry cocraBisiollue CHJBL, INPHJIOXKEHHble B I[EHTpe
liHEPLIUH JBHKYIIUXCS yacred. AMOIIMTYAB (T R, U Ry
CNpefensiores no gopmye

— me 20)2, (36)

Ox,z X,
2r
rjpe (D:'TO‘N-‘— yFJIOBaﬂ JacTtoTa BpallleHusl rJlaBHOTO BaJa

MAalIUHbL B C€K !,
Mm— Macca JABHKYIIHXCH JacTed.

[TpuBeneHHbBIE IKCUEHTPUIIHTETHl 2y, JBHKYLIHXCS Ya-
CTEeH OmNpefejsiloTcsl JJs T'POXOTOB € KOHCTPYKTHBHO He-
YPABHOBEIIEHHbIMH JABHKYUIUMHUCS YACTIMH 110 KHHEMaTH-
YEeCKMM CxXeMaM MeXdaHH3Ma poxoTa, Ui FPOXOTOB ¢ HOMH-
HaJIbHO YPaBHOBEIIEHHBIMH YACTAMH NPHHHMAIOTCS PABHBIMU
/5 oT aMmnuTy el KosleGaHu#i  KOPOGOB B COOTBETCTBYIOIHX
nanpasJenusx.

IIpu BBHIUMCIEHHH AMHAMHYECKHX HATPY30K IOJKHO YUH-
THIBATLCS BJHMSIHHE MaTrepHasa, Haxoasilerocsi Ha CHTax
I'DOXOTa, IyTeM BKJ/IIOUEHHSI B COCTaB JABHXKYILIUXCH yacTel
259% Beca MarepHaJ/a, 0JHOBPEMEHHO HAXOMSIUIErocs HA CH-
TAaX rpoxora.

5. IPOBHJIKH

5.1. OCHOBHBIMH JIHHAMHYECKHMH HATPY3KAMH OT ApOGH-
JIOK: II€KOBLIX (YEJNIOCTHEIX), THPALLUOHHBIX  (KOHYCHBIX) H
MOJIOTKOBBIX, SBJAAIOTCS HeypaBHOBelLeHHLIE CHJBl H MO-
MEHTBI CHJI HHEPUHH ABHXKYILIUXCS YacTed, H3MEHSOUHecs ¢
YacCTOTOH BpalleHusl Baja MalluHEI.

Jl19 Beex IIEKOBBIX IPOGUIOK OOILHM SIBJASETCS HAaJHUHe
TAKHX KHHEMAaTHYeCKHX Iap, KOTOpble moJ06HO LIATyHHO-
KPHBOIIMIIHOMY MeXaHM3My CO3/Al0T HeypaBHOBelleHHble
CHJIBl MHepIHH, MepeMeHble BO BpeMenu. HauGonee pacipo-
CTPaHeHHBIMY KHHEMATHUECKHMH CXeMaMH MeXaHH3MOB Iie-
KOBHIX 1pOOHJIOK ABJSIOTCS TaKue, IBHKEHHE KOTOPHIX obec-
li€UHBaeTcs TONBLKO TaK HA3BIBAEMBIMH HH3UIHMH NapaMu
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BpallleHHs], T. €. TAKHMU NlapaMHd, B KOTOPBIX CONPHKOCHOBE-
UHe 3BeHbEB MPOHCXOAHUT MO MOBEPXHOCTH.
B rupanuoHHbIX ApofuJKaX pasjaBiuBaHue MaTepuasa
IIPOHCXOMUT MEXKAY ApoOsiledl ToJOBKOH TINIaBHOrO BadJa,
COBEpIIAIOLLEro MPenecCHOHHOe ABUKEeHHe, U HEeMOABHKHOH
yactblo. IIpu npereccun BOKPYr ocu APOOHIKH ApOoOsLUHUil
EOHYC NOJA JEHCTBHEM CHJI TPEHHS O MAaTepHaJs mpuobperaer
YIJI0BYIO CKOPOCTD, OJH3KYIO K YIJIOBOH CKOPOCTH MpPELeCcCHH,
HO IPOTHBOIOJIOKHYIO [0 HampasJ/eHuio. B pesyibrarte Ha
OCHOBaHHe MAIIMHBl KDOME HHEPLUHOHHBIX CHJ AeHCTBYIOT
IMPOCKOTIMUECKHE CHJIbl, BEJHYHHBl KOTOPBIX BCJEICTBHE
CPaBHUTEABHO HEOOMBIION CKOPOCTH BpallleHUST HEBEJAHKH 10
CPaBHEHUIO C HHEPLLMOHHBIMH CHJIAMH.
B mosoTKOBBIX ApoOuaKax ApobiaeHHe mMarepuaia Ipo-
H3BOJAMTCS yAapaMH MOJIOTKOB, IUADHHPHO HJIH KECTKO MPH-
KpeIlJIeHHbIX K POTOpY, BpalllaiolieMycsi BOKPYr TOPH30H-
TaJpHOl ocu. Ilpu aToM ApoGJenne KyckoB Marepuasa Mpo-
M3BOAMTCS HA YIAapHBIX (OTGOHHBIX) IJIHTAX, PaCHOJIOXKEeH-
HBIX B BepXHel yacTH APOOHJKH, KPOLIeHHe HX — Ha KoJIoC-
HHKOBOH} pelleTKe, PACNOJNOXKEHHOH B HUKHEH 4acTu ApO-
Guakd. OCHOBHBIMH JIHHAMHUYECKMMH HArpy3kaMi MOJOTKO-
BBIX JPOOHJ/IOK SIBJSIOTCS] HHEPIHOHHBIE CHJILI H MOMEHTBD
WMHEPIHOHHBIX CHJI JXBUXKYLHXCA yacTedi, MMeEIOLINe 4acToTy
Bpaienusi poropa. OHH BO3HHKAIOT H3-3a HETOUHOCTH H3IO-
TOBJIeHHs jerasedl. PeakTHBHBIE CHJIBI, BO3HHKAIOL[HE IpH
yAape MOJOTKOB U [epejaiouinecs 4yepes TOUYKH mojgseca Mo-
JIOTKOB C YacTOTOH, paBHOH YHCJy O00OPOTOB POTOpPA, YMHO-
JKEHHOMY Ha YHCJO PSIOB MOJIOTKOB, HEBEJHKH H yuyeT HX
ne o0s3aTeNeH.
5.2. Kos(p¢unuenr mneperpysku k; NPHHHMAETCsS paB-
HBIM: JUIST IMEXOBBIX H THPALHOHHBIX ApoOuJIoK — 1,3, s
MOJIOTKOBBIX APOOHIOK — 4.
5.3. nst aHasuTHUECKOro ONpejeseHus] JAHHAMAYECKHX
Harpy3ok oT JApoOMIOK HeOOXOUMBI CJeAYIOHe AaHHble:
a) 1O UIEKOBHIM (UeJIOCTHHIM) [ POOHAKAM;.
N — yucao 060pOTOB IJIaBHOrO BaJa MallHHBl B MH-
HYTY;

r — 3KCIEHTPUIUTET (PACCTOSIHHE MEKY OChIO IJ1aBHO-
ro BaJjla M OCbl0 LIAapHHPA IIATYyHA WU PACCTOSHHE
MeXK1y OCbIO IVIABHOTO BaJla H OChIO 3KCLEHTPHKA),
NPUHUMAaEMBIH 0 cxemMaM APoOUIOK;

ry— pacCTosiHHe OT OCH BpalleHHs N0 LEHTPa TAXKECTH
IIPOTHBOBECOB;

G\ — Bec MOJABHKHON APOOSIIEH MIIHTH;

Gy — Bec skeuentpuka uam 50% Beca kpuBowIHIE;
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G; — Bec 1aTyHa;

Gy — oOULHE BeC IPOTHBOBECOB;

6) 1O rHpPAllMOHHBIM (KOHYCHBIM) JPOOHJIAKAM:

N — uicao o60pOTOB IVIABHOrO BaJja MAalIHHBL B MH-
HYTY; .

r — paccTosiHHe OT OCH JPOOUJKH O HEeHTpa TSKECTH
IJIaBHOT'O BaJjia ¥ JPOOsIIerc KOHyca;

r1 — PacCTOSIHHE OT OCH JPOOHJIKH IO IEHTPA TSKECTH
BaJla SKCLEHTPHKA U APYIHX COEJIMHEHHBIX C HHUM

~ 9JIEMEHTOB (IIecTepeH, IIPOTHBOBECOB U T. 1.);

G, — Bec IVIaBHOTO BaJjla U COEJUHEHHOrO ¢ HHUM JIpoOs-
11ero KOHyca;

G, — Bec Basla SKCIEHTPHKA W COEJAHHEHHBIX C HHM 3Je-
MEHTOB;

B) 10 MOJIOTKOBBIM APOGHIKAM:

N — uncio 060poTOB IJIaBHOTO Baja MallHHBl B MH-
HYTY;

r — paccTOsIHHE OT OCH IJIaBHOTO BaJa Jo LeHTpa Ti-
JKeCTH MOJIOTKA; i

G — Bec OJHOI'O MOJIOTKA;

d — paccrosiHHe MeXAY OCSIMH MOJAIIHIIHUKOB POTOpPA;

d, — paccTosiHMe MeXIy KpafHHMH pPsiiaMHd MOJIOTKOB.

5.4. JluHaMHYecKHe CHJIB OT IEKOBBIX (UeJIOCTHBIX) APO-
GHJI0K MOT'YT OBITh Pa3JIOKeHBl B MJOCKOCTH JAeHCTBUS Mexa-
HH3Ma APOOUJKH Ha BEPTHKAJbHYIO R, H TOPH30HTAJILHYIO
R, cocraBisiolfe CHJBI, IPHJIOKEHHBIE K OCH IVIABHOTO Ba-
Ja. Bemnupunt R, u R, onpenensiorcss no ¢opMysaam
(37) —(64) Tabs. 4 B 3aBHCHMOCTH OT KHHEMATHYECKUX CXeM
MeXaHH3MOB, H300paKeHHbIX Ha pHUC. 7.

B dopmynaax (37)—(64) npuHATH cienyioline o6o3Ha-
YEHHSsI: '

t— BpeMs;
2
0 = TN_ yrJoBasi UYacTOTa BpalleHHs MaLIHHbI
B cexl;

my, My, Mg ¥ M,— Macca COOTBETCTBEHHO MNOJIBHKHON ApO-
Osimedt mJMTHl, SKcuentpuka Han 50%
Macchl KPHBOIIHIA, LIATYHA H MPOTHBO-
Beca;
g— YCKOPE@HHE CHJIBI TSHKECTH.

5.5. BesnunHa paBHOAeHCTBYIOILEH BceX AMHAMHUECKHX
CHJI OT THPAIHOHHBIX (KOHYCHBIX) APOOHIOK

R =(myr — Myry) ®2, (65)
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Tabanua 4

Cxema
npo-

GUIKH

coryac-

HO
puc. 7

HeypaBHOBeLIEHHbIE CH/IBI HHEPUUA LIEKOBLIX APOOHJIOK

HE HMCIOLHX NMPOTHBOBECOB

¢ NpOTHBOBECAMH

R, = (mg 4 mg)ro2sinwt (37)| ,

Ry = [(my + ma)r —

C— 2sinw £ 3
@ IR (a0, 8ms) r ot coswt (3| n mletsimet (39)
R,=0,25 myre2cosw ¢ (40)
R, = [(my+ ma) r —
R, = (my 4+ my) rw?sinw ¢ (41) —my rple?sinot  (43)
6 Ry=(0,5myt+my)rw2coswt(42) R, =1[(0,5 my + my)r—
—my rpletcoswt  (44)
R,=(my~+0,7 ms) r w2 sin w £ (45) R.=0 (47)
8 Ry = (0,5 my + my 4 Ry =[(0,5 my+ my +mo)r —
- mg) r w2 cos ot (46)] —m,  r Jo%cosot (48)
R, = (mg+ ma)r obsinws (g)| T WMt ma)r—
2 = dh, rn]m‘lsmmt (51)
R,=(my+0,8 mg) r w2 cos o £ (50) i
R, = 0,25 myro2coswt (52)
R,=(my+0,7 mg) r o2sinw { (53) R,=0 (55)
J Ry = (0,5 my +my+ Ry =1[(0,5 my + my 4 mg) r —
7} mg) r w2 Cos w ¢ (54) —my rple?cosot  (56)
[ LoEE
R,= (0,5 my -t my + R, =[(0,5 my + my + ms) r—
- ms) ro?sin o ¢ G7)| T My Tpletsine s (39)
i Ry= (0,5 my~+my+  |Ry=[(0,5m+my+0,7ms)r —
40,7 m3) rw2coswt (58) —my rylo?cosof  (60)
R R,=[(my+mg)r—
— . 2
» R, = (my + mg)ro2sine ! (61) A oS b 63)
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R,=0,25myroe2coswt (64)
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Puc. 7. CxeMbl MeXaHH3MOB LUEKOBBIX (Y€MIOCTHBIX) APOGUIOK



2n
rue ('):FG'N"— yI‘JIOBaﬂ qaCTOTa BpalleHud riaaBHOro paJia

MalllMHBl B cex1;

m— Macca IJaBHOrO BaJja U COEJUHEHHOro C
HUM KOHYCa;

My— Macca Basa KCUEHTPHKa U COeJHHEHHBIX C
HHM 3J1€MeHTOB.

PaBHopeficTBytonmiasgs R IMHaMHYECKHX CHJI MOCTOSIHHA MO
BeJIUYHHE H ACHCTBYeT B I'OPU3OHTAJBLHOHN IMJOCKOCTH, B KO-
TOPOH BpaliaeTcs ¢ NMOCTORHHOR YIJOBOH CKOPOCTBIO O.

PagrnosefictBylolias R npusiokena: B ApOOUIKAX ¢ Kpy-
TBIM KOHYCOM [OCepeJHHe IJIABHOrO BaJja, B APoOHJIKax C
MOJMOrUM KOHYCOM B HENMOABUKHON TOUKE Macchi M.

5.6. BesuyuHy HOPMATHBHOH AMHAMHUECKOH CHIBL R OT
MOJIOTKOBBIX APOOHJIOK pPeKOMeHayeTcs onpenessitb 1no ¢op-
myse (1), B KOTOpOH# 3KCUEHTPHUMTET € NPHHUMAETCA paBs-
HBIM 1 aum®,

3a pacueTHYI0 JHHAMHYECKYIO CHJIY OT MOJIOTKOBBIX JPO-
OUJIOK DEKOMeHIyeTcs TPHUHHMMATh yBeJWueHHyIO B k, pas
Harpysky, BOSHHKAWUIYIO NIPH OTPBIBE OAHOro MOJOTKA, a
HMEHHO:

— 2
Ry = kymyro?, (66)
rae k, — KoapUIHEHT Meperpy3kd, NPHHUMAaeMbill paB-
z 4 ’
HbIM 4.

BreneHne YeTHIpEXKpaTHON Neperpy3kl HeoOXOoAUMO A
yueTa OTpbiBa HECKOJbKHX MOJOTKOB, UTO HMMEET MecTO B
JEeHCTBUTEIbHOCTH.

Hunamuueckue cuiabt R A Rpacy NOCTOSIHHBI MO BEJH-
UHHE W JEHCTBYIOT B BEDTHKAJNLHOH MOJOCKOCTH, B KOTOPOH
BpAllaOTCA ¢ NOCTOAHHOH YIJIOBOH cKopocThio . Touka
NPUJIOKEHUS CHJ HAXOAUTCA B Npefenax pPaclooXeHus
OMOPHBIX NOAWUITHUKOB POTOPA.

J19 BBIYMCIEHHS HOPMATHBHOIO AHHAMHYECKOIO MOMEH-
Ta npu pafoueM. pexume APOOUIKH ClefyeT GpaTh TJEY0
cujibl R, paBHOE TOJOBHHE DACCTOAHHT MEXIY OCAMU MOA-
UIHIHUKOB POTOpA; IJIS BLIYHCJIEHUS PACUETHOro JHHAMHUe-
CKOr0 MOMEHTAa B aBapHiHOM pexume padoThl ciegyeT Npu-
EMMaTb IJIEYO CHJBL, PABHOE MOJOBUHE DACCTOSHHS MeXAy
KPaNHUMU PSAJAaMH MOJOTKOB.

* DKCUeHTPHUHUTET B 1| MM IAS MOJOTKOBLIX APOGHIOK TNPHHAT Ha
ocopauuy onpitoB XMHUKC (xana. texw. nayk B. . Pymmuk u unmk.
A. A, JKykos).
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6. LEHTPH®YI'U

6.1. OCHOBHBIMH AHHAMUYECKUMH Harpy3KaMu LEHTPHU-
$byr SIBIAIOTCS LUEHTPOOEKHBIe U OCeBble HHEPIUHOHHbIE CHIIb
U MOMEHTBI HHEPIUOHHBIX CHJ ABHXKYLIUXCA YaCTeH, HMeElo-
LL{He 4acTOTy BpallleHHs POTopa M YacTOTy OCeBbiX BHOpaLHUi
poTopa.

B neutpugdyrax meHTpoOekHble HHEPUHOHHLIE CHJbI BO3-
HUKAIOT I'IaBHBIM 006pa3oM H3-3a HePABHOMEDHOrO pacipe-
nesenuss obpabaTelBaeMOro Martepualjga B DPOTOpe, a TaKxKe
K3-3a 3KCLEHTPHUYHOCTH POTOpa, 3a30pOB B MOAIIMNHHKAX H
usruba Baja poropa. OHH OEHCTBYIOT B MJIOCKOCTH, MEPIIEH-
JHKYJSDHOH OCH BpalleHHs.

6.2. Kosdduument neperpy3kd R, TpuUHHMAETcH pas-
HBIM: OJA Bpaljawmuxca Mace —4, LA Mace, COBepuiaw-
LIHX BO3BPAaTHO-MOCTYyNaTe/bHble ABHKeHHs, — |,3.

6.3. [la4g onpeneneHus JHHAMHYECKHX HATPY30K OT LLEHT-
pudyr HeOOXOAUMBI CAeYIOlLe AaHHbIE!

N — uucs10 060pPOTOB IVIABHOI'O Bajla MAIIMHEI;

N; — uncsio IBOHHBIX XOJOB BO3BPATHO-MOCTYNATENBHO

JBHXKYIIHMXCA YaCTeH;
¢ — NPHBEJEHHBIH  9KCUEHTPUUUTET  BpallalOIUUXCH
Macc;

r — pajuyc KPDUBOLIMIA MeXaHu3Ma BO3BPATHO-TOCTY-

naTesbHO ABHKYUIUXCS YacTeH,

G — nosubIfl Bec BpalAOUIHXCS YyacTel (poTopa ¢ rias-

HBEIM BaJIOM U 3arpy3KoH);

G —Bec BO3BPATHO-NOCTYNATeNbHO JBHXKYILHXCS Ya-

cTel;

d — pnuHa portopa.

6.4. BeqnunHy aMILIHTYABl AMHAMHYECKOH CHJBI OT LEHT-
pHQYT, He HMEIOUHX BO3BPATHO-NOCTYNATENLHO ABHKYIIUX-
¢ yacTeH, peKoMeHAyeTcsl onpenendars no ¢gopmynae (1), B
KOTOPOH NPHBEJEHHDBIA 3KCIEHTPHIIUTET ¢ MPHHUMAETCs paB-
HBIM !/i000 AMaMeTpa poTopa.

Hunamuueckas cHJIa ¢ aMIVIMTYAOH R MOCTOsSIHHA MO Be-
JHYHHE H JEeHACTBYeT B IJIOCKOCTH, NEpIeHAuKYJISPHON OCH
BpallleHHs IVIaBHOrO Bajia, B KOTOPOH BpalllaeTcs ¢ MOCTOSH-
HOH YTJIOBOH CKOPOCTBIO (.

Touka npu/oKeHHs CHJIBI HAXOAUTCS B Npefenax AJTHHbBI
poropa.

JInsg BHIUMCJAEHHS JMHAMHUECKOTO MOMEHTa  CJefyer
GpaTpb WJIe4o CHJIBl R, PaBHOe MOJOBHHE AJHHBEI POTOPA.

6.5. BenuunHa JHHAaMHYECKOH CHJIBI OT LEHTPUGDYT, UMe-
IOUIHX BpallaoIuecs ¥ BO3BPATHO-NOCTYIATENbHO IBHIKY-
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muecst yacTH, onpeaeadercs CAeAyIOIuM 06pa30M. I_IGHTpO~
CeXKHble CHJbI HHEPUHUH OoNpeAeadoTcd COIJIaCHO II. 64, aM-
[VIHTYJa IPOAOJLHON HHEPUHUOHHON CUJIB!, BHI3BAaHHOH AeHcT-
BHEM BO3BpaTHO-NOCTYNATEJIbHO ABHXKYILIHXCSH uaCTeﬁ, onpe-
apedqsercd o gopmyse (1), B KOTOpoil BeJHYHHA € NPHHUMA-
eTcA PaBHOH 1.

[Tpumevanue JuHamuuecKde HarpyskH OT UeHTpHdyr cylue-
CTBEHHO 3aBHCAT OT (PHU3HUECKHX CBOJiCTB nepepabaThiBaeMOro NpOAYK-
ta. [lostoMy B nanbHelilieM pEKOMEHJAUHU To ONpefeJNeHMI0 AHHAMH-

YeCKHX HAnpy30K OT pAas/MUHbIX LEHTPH(Yr Ha OCHOBE pe3yJbTaTOR
ONbITOB 6Yy/yT YTOUHEHB.

7. BECIOPIMIHEBBIE OTCAAOYHBIE MAMIWHDI

7.1. BecrnopuiaeBasi orcafouyHas MAaUIMHA COCTOHT U3
HECKOJbKHX CeKUHH (pHc. 8), Kaxkaas u3 KOTOPBIX NpejicTaB-
Jsier co6ol 3anonHeHHbI KuAKocThi0 U-oGpasHelil  cocya,
pasjieseHHbIl NeperopoiKoi Ha ABa OTAENEHHA: BO3AYUIHOE
1 cutoBoe. CUTOBOE OTJeNeHHe OTKPBITOE, a BO3AYLIHOE —
3akphIToe. Hepes 30J0THHKOBOE YCTPOHCTBO BO3AYIIHOE OT-
Jiejledye coobluaercs NoNepeMeHHO ¢ peCHBepOM MalUHHE,
U3 KOTOPOro B OT/@JEeHHe NOCTyNaeT CXKaThlil BO3AYX, U C aT-
mocepoit. Ilynapcauus pgaBieHuss BO3AyXa B BO3AYIUHOM
oTAeJleHun BO30YyXKAaeT NepuoAnuecKre KoJebanus KHULKO-
CTH B COCYIe.

OCHOBHBIMH JHHAMMYECKHMH Harpy3kamu OecropluHe-
BBIX OTCAJOYHBIX MAllUH ABJAIOTCA HeypaBHOBEIIEHHBIE CH-
JIbl HHeDUUH ABUKYLIEHCA XKUIKOCTH, NpeACTaBJ/seMble B BU-
A& CYMMBl TapMOHHK, NepBasf U3 KOTOPBIX UMEET YacToTy
BpallleHusl 30JOTHHKOBOrO Baja, BTOpas— YABOEHHYIO ya-
CTOTY BpalleHusi 30JOTHHKOBOTO BaJga, TPeThbd — YTPOEHHYIO
YyacTOTY BpalleHUs] 30JOTHHKOBOTO BaJja M T. 1.

JlunamMuyueckye Harpy3ku ONpPeNessiloTCs OT KaxKI0H cek-
LUK MaluHbl. Eciid 30J0THUKOBbBIE YCTPOHCTBA psAfa CeKLHH
HMeIoT OOLIui NPUBOAHOH BaJ, TO B3aUMHOE HanpaBJeHHe
Harpy3oK OT CeKLUH ycTaHaBJUBAETCA N0 CABHTY (a3 30J0T-
HUKOBBLIX YCTPOHCTB. B Tex ciyyasx, KOTZa OTCYTCTBYIOT
RaHHble O ClBHrE (has, npuHUMaeTCs, YTO HArpy3KH OT BCeX
CeKUHH OQHON MalUMHBI COBIALAIOT MO HANPaBJeHHIO.

7.2. Kospduuvent neperpysku %k, NDpHHHMAaeTcs pas-
KbIM 1,3

7.3. Jlnsi aHAJAUTHYECKOTO onpeueﬂeﬂuﬂ BO3MYWAIOLIHX
Harpy30K, Pa3BHBAEMBIX KayKHLoH CeKUHueH OTCaLouyHOH Ma-
UIHHBI, JO/KHBI 6BITh 33 4aHbL:

"N — uncsno o60poTOB Basa 30J0THUKA B MUHYTY;
p — JaBJieHre B pecdBepe MaliuHbl (H36BITOYHOE) ;
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fB — [JIoa/Ab MOBEPXHOCTH XKHUAKOCTH B BO3AYIUHOM OT-
JeJIEHHH CEKIIHH, ’

fc— MJa0oUIaAb MOBEPXHOCTH KUAKOCTH B CHTOBOM OTHAE-
JIEHHH CEKIHH,

Ly— paccrosiHue MeKAy OCAMH CHTOBOLO ¥ BO3AYLIHOTO
OT[eNeHuN;

=

~ ' ﬁ

e | R

[Lﬂll 1000 O O

|
| = im
- e

I

|
kL

Puc. 8. Cxema ycrpoficrza GecrnopllHEBOR OTCafoO4HON Ma-
HHHBL

I — Bo3AylIHOe oOTAe/eHHe; 2 — CHTOBOE OTAeNeHHe, J — 30J0THHKO-
BOE YCTPOHCTBO

~ o = y&eﬂbeIf/‘I BeC XKUIKOCTH;
o
0 — yroJ noBopoTa BaJia 30JI0THHKa, Ha NPOTAXKEHHH

2 3ax. 962 33



KOTOPOro BO3JYLIHOE OTAEJEeHHe COOGIlaeTcs € pe-
CHBEPOM MallHHbl; YKA3aHUsI O BbIOOPE BeJHUMHBI
yraa o JJis TeX cjayuaeB, Korja oHa He 3ajaHa,
NpUBORATCS B 1. 7.4 u 7.6.

Kpome mepeuncieHHBIX BEAHUHH JJs pacueTa Harpysok
HeoOXOAUMO 3HaThb TPODUIb NPOTOYHOHR YACTH CEKIMH U NPU-
BA3KY Npoduss (o BEPTHKAIH) K IJIOCKOCTH ONOpP MaILUHHBI.

7.4. IlunaMuuyecKHe HATPY3KH OT CEKIMH OTCAN0YHON Ma-
IWHHBI NIPUBOJAATCH K ABYM COCTABJSIOIIUM; TOPH30HTAJBHON
1 BepTHKaJbHOM {BLOJMb oceft x H z (puc. 8)], KoTOpble Mo-
ryT GBITb MpEACTaBIEHBl B BHAE pHILOB colepKalliux rap-

MOHHKH C yacTtoTamu (o (i=1, 2,3 .
o) e :
= sin (ot — 22 ) 67
Ryi= 2 Qs (16— Tr g (7)
S ;o {a° :
R.= Y Q,sin (imt ST %). (68)

=1
AMOIUTYABl rapMOHHYECKHX COCTaBJSIOWIHX BBHIUHCIAAIOT-
€q1 1o popMysaaMm:

Q=4 sin =, (69)
Q.= 4 1% En sin ‘7 , | (70)
e il e Bl , (71)

" YRRl P

rie L — npuBedeHHast K BO3AYIIHOMY OT/JeJEHHIO

JUIMHA cpefHeH JIMHUM TOKa AJA  TPOdHIIs

NPOTOYHOH YaCTH CEKLHH MAILHHBI;, CHIOCO0

BBLIYHCJACHHS BeJHYHHBl L npuseneH B.7.5;

f— K03 (DHLUEHT THAPABJIHYCCKUX COMNPOTUB-

JICHUH, BeJIMUMHY KOTODOTLO PEKOMEeHIyeTcs
NPHHUMATL PaBHOH 3 cek;

2
N— yrJjoBas 4acTtoTa BpallleHUs TJIaBHOrO BaJa

Y="%0
MallHHBl B CeK™!;
g — YCKOpEHHE CUJIBI THKECTH.

Da3oBbie YIIbL ¢; BHIYUCAAIOTCA MO QopMmydie

S
L f 115
¢, = arctg = fBC : (72)
= — | — 202
Fli %
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B rtex cayuasix, Korga BennuyuHa yraa o He 3ajaHa, ee
CACAYeT IJsl pacyeTa NPHHHMATh TAKOH, 4TOOBI JHHAMHYe-
CKO€ BO3JeHCTBHE HA HECYIUHE CTPOHTENbHbIE KOHCTPYKIHH
0Kas3asoch HauBoJbluM. L1 3TOro HYXKHO, YTOOBl aMIJIH-
TYyAbl TdDMOHHYECKHX COCTABJAIIMX CHUJ C 4acToTaMd,
GJ/IM3KHMH K 4acTOTaM COOCTBEHHBIX KoJeBaHHH HecyIIHX
KOHCTPYKUHH, 0Ka3aJUCh HAUOOJBUIHMH IO MOJYJIO.

Benuuuua yrsia ¢ MOXKeT nNpuHHMaTh 3HadeHue oT O
Jo m. Tak kKak Ha peficTBue CUJIbl R, MPOBEPSIOTCA KOHCT-
PYKIHH Kapkaca 3JaHus, a Ha AeHCTBHe cuJbl R, — KOHCT-
PYKIHH NEePeKPBITHS, TO BEJHUYUHBL yrja a° [P BBIYHC/JIEHHH
aMIJIMTYZ COCTABJSAIOLWIUX 3THX CHJI MOI'YT INIPHHHMATbCA
Pas3IHYHBIMY.

ITpu BBIUHCIEHHH TAPMOHHMUECKHX  COCTABJAILIHX CHIII
R, BEJMYHHY yTia a° c/AeAyeT NPUHAMATD!

a’=g, ecqd cOGCTBEHHAs YacToTa 34aHus 6/JM3KA K 4Ya-
cToTe oaﬂoﬁ 13 HeYeTHHIX TaPMOHUK CHJIBI, H

a’= — 2 , €CJIH cOOCTBEHHAs yacToTa 3/aHus GJH3Ka K ya-

CTOTE OJHOH H3 YETHBIX FAPMOHHK CHJIBL.

ITpu Bbmucnenym FapMOHHYECKHUX COCTABJSAIOLHX CHJ Rz
BEJIMUHHY yraa o clefyer NPpUHUMATh:

a°=1t, eCJHM YaCTOTa OJHOH H3 HEYETHHIX TrapMOHHUK Ha-
XOJHTCs B [IpeLeNax 4acToT OJHOH U3 IPyNn MEepekphiTUs, U

J

1+j )
HaxOAUTCA B NpeAesax YacTOT OJHOH H3 TPYMI NepeKphiTUd
(j — HOMep rapMoHHYECKO#l COCTaBASIIOIEH, YacToTa KOTO-
po# jo HaxoAUTCs B npefesax 4acToT OAHOH U3 rpynn iepe-
KDBITUSA) .

7.5. Bennuwna L onpepensercs caefywouum oGpasou.

Ha BbluepueHHOM B onpefeneHHOM MacuiTabe npoduie
IIPOTOUHOR YACTH CEKLHH MAIIMHBI CTPOHTCS CPEIHsIs JIHHUSA
ToKa (puc. 9), mnpencrasssiouwlas co0OH TreoMeTpHYECKOe
MECTO LEHTPOB OKPYXKHOCTEH, BIMCAHHBIX B NPODHIb.

Cpenusisi nunus pasGuBaercs Ha k yuactkoB (B> 10).
Hamepsiercss gaupa kaxgoro yuactka AS; (j=1, 2, 3...k)
W pajuycH BIHCAHHBIX OKpyxHocreft r; (j=1, 2, 3...k).
cpeJHue 115 Kaxaoro u3 yuactkos. [IpuBenennas pauua co-
CTABHUT;

a’= 7T, €CJIM 4YacToTa OJHOH H3 UYEeTHBIX FapMOHHK

k
r
£ E I1 hS5, (73)
% r;
]‘1
rpe r;— LUHPHHA IIpOTO'—IHOH YacTu B BO3AYLIHOM OTAe/Ie-
HHH CEKIIHU MAalluHuHbI.
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7.6. JuHaMuueckHe Harpysku OT CEKUHH pPaBHOMEPHO
pacnpenesenn no ee AnuHe (BAOJAL ocH y). [TaockocTs ael-
CTBHS FOPH3OHTAJbHbLIX HATPY30K COBMNAJAET C [JIOCKOCTHIO
ONOp CeKLHH,

Puc. 9. Tocrpoenne cpeanell aunuu Toxa

ITrnockocTn JeHcTBUSA BEPTHKAJNBHLIX HATPY30K CMelleHa
0T OCH MalllkHbl B CTOPOHY CHUTOBOI'O OTALJIEHHUA HAa PAacCTOA-
Hye 4
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i ==be Ty (74)

2n

Cnoco6 BbIUHCJEHHS BeJauudHbl F rnpusBefed B n. 7.7. B Tex
cayvasix, Korga yroJa o He 3ajaH, B popmyse (74) pekomell-
JyeTcsl IpUHUMATh
— =0,b.
2n )
7.7. Beauunna F onpegessieTcs cielylomiHM 00pa3oM.
KpuBonuneiinbie yuacTki cpefHell JHHHU TOKA, MNOCTPO-
€HHOHl MO CNocoBy, U3JM0XKEHHOMY B M. 7.5, 3aMeHATCH XOp-
aamu (puc. 10). M3 touku A nepeceueHHs OCH CEKUHH C

Puc. 10. Oupejlesnetne BeAnyunsl F

HpSIIVIOﬁ, Jexauled B MJOCKOCTH OIlIOp CeKUHH, OnycKalTcHd
NEPNEHANKYJAAPLl Ha NpAMbie, ABJASIOUIHECA NPOAOJIKEHHEM
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xopa. [To ueprexy u Macmrady onpeﬂenmoTcﬂ JUTHHBL XOD

AS; u otpeskos neprneHaukyaspos h;(j=1, 2...k). Benu-
unila F BbIMHCAAETCH KaK cyM\rxa npousse,leﬁnn AS hj
e EASJ i (75)

Ilpu BHluHCAeHUH TIO Q)opmyne (75) mOMXKHBL  YUHTHI-
BaThCsl 3HAKHM BeJHYMH fi; . 3HAK Onmpene/sercs NoJoKeHHEM
COOTBETCTBYIOLLEr0 NepneHIUKYJsipa OTHOCHTENLHO yraa f,
06pa30BaHHOrO ABYMS KacaTeJbHBIMH K CpelHeH JUHHH
TOKa, NpoBejeHHbIMH U3 ToukKn A. OTpesku h; nepneHauky-
JSpOB, PACHOJOXKEHHBIX BHE yrja f, CUHTAIOTCH MOJOXKH-
TeNBHBIMH; OTPE3KH MepHeHAUKYJSpPOB, pacloJOXKeHHBIX
BHYTpH yria §, CUHTaloTCs OTpHIaTe/bHbIMHE. Ecyin Touka A
HAXOIUTCA C BOTHYTOH CTOPOHBI CpefHeld JIHHHH TOKa, TO
BCe OTPE3KH /7; MOJIOKHUTENbHBI.

8. CKPEBKOBBIE TPAHCIIOPTEPbDI

1. CkpeGroBniii Tpancmoprep (puc. 11) cocrout us
CKpe6KOBOIl LEeNu ¥ ABYX 3Be3/0UeK: NPHBOJHOH H HATAXK-
HO#. Llenb umeer GoJsbllloe KOJHYECTBO 3BEHEEB C YKPEIJIEH-

1
L_.A_.I_Zl_.l_ DY SDY RSy WEPY WY H
R R

M~ T the—p——re—r =]

. = = x

N

3 s ’ ¥
[ 2] [ e e e s |

[ratad s s e .
[ e e e o s

Puc. I1. Cxema ckpeGkoBOro TpaHenoprepa

I — 3Be3anouky; 2 — ckpe6koBas Lenb;, 3 — HECYIHIl 3JeMeHT
fiCPEKPBITHHA

HBIMH Ha HHUX cKpeOKamH. 3BeHbs LleMH COeNMHEHBI MEeXK/y
co60oi wapHUpamMu. B BepTHKaJbHOM HanpaBJeHHH BETBH
llenyu MOJAeprKHBAIOTCS HanpapasiouruMu. Omopbl  3Be3s10-
qeK ¥KeCTKO CBS3AHBI C NEePEKPHITHEM.

JuHamuyeckye Harpy3ku Ha CTPOHTENbHblE KOHCTPYK-
LUHH OT CKPeOGKOBBIX TPAHCIOPTEPOB BO3HHKAIOT BCJEACT-
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e NePUOAHYCCKHX M3MEHEHHH CKOPOCTH IellM B MOPH30H-
raibHOM HanpaBJieHHH ¥ YHapOB 3BEHLEB IENU N0 3BE3/10Y-
KaAM. ;

JuHamMuyeckKne Harpysku nepenaiorcs yepe3 ocu obeHx
3pesfouek. Ha Kaxayio ocw melictByer Tropu3oHTaJbHAS AH-
HaMHyeckas cuia R ¥ BepTHKaabHbi uMnynasc S. Cuanl R,
NPUJIOKEHHBIE K OCAM 3Be3/l0UeK, 3aMBLIKAITCS 4Yepe3 KOH-
CTPYKLUHMH MePEeKPLITHSl M3-3a MaJoi JKECTKOCTH paMbl
TpaHCNoOpTepa.

8.2. Koa(puuuenr neperpysku k£, NpUHHUMAaeTcs pas-
EbIM 1,3.

8.3. s aHAJUTHYECKOTO ONpeleseHUs] AMHAMHUECKUX
HATPY30K, BO3HUKAIOUIUX B KaxkKJ0H 3Be3J0UKe TpaHCIOpTe-
pa, LOJIKHBI OBITh 3a/[aHBI:

N — yncs10 060POTOB IVIaBHOTO BaJja MalUHHBl B MHHYTY;

k — uucsio rpadeit 3Be310YeK;

G — Bec ckpeBKOBOI LEIH;

L — wrar nenu (paccrossHHe MexAy LUAPHHPAMH);

g — Bec Llelli Ha JJIMHE ee [1ara.

8.4. Hacrora ropusoHTaJbHONH CHJABI H YAaCTOTA HMIIYJb-
COB B 2y:

Nk
fezt. | (76)

8.5. AMNIUTY/HOE 3HAUEHHE TOPU3OHTAJNbLHOM CHJbI Ol-
peneasiercs no dopmyae (77):

R=05 _Z_ (2_; )2 L, (77)

rje g — YCKOpPEeHHe CHJIbl TsKeCTH.

[Tpu nBHXKeHHH CKPeOKOBOMH leny BO3HMKAIOT WHEPIUOH-
Hble CHJbl C BHICLIMMH YaCTOTAMM, KPaTHBIMH NEpPBOH Ha-
CTOTE, HO BCJEACTBHE TOFO, YTO aMILIWTYABL BBEICIIHX COCTaB-
JSAIOMUX MaJjbl O CPABHEHHIO ¢ aMIVIMTYAOH CHJBL NepBoil
TAPMOHHUKH, YUeT UX He oOA3aTe/eH.

8.6. BenuunHa BEPTHKAJbHOTO HMIYJibCA

S (it € Loy TN L (78)
g 60

rfne e — KO3(@PHUUKHEHT BOCCTAHOBJGHHS INpH YyAape; And
OOB{YHO BCTPEUAIOLINXCH Ha INPaKTHKe CJydaes
(coynapenue CTajbHBIX TeJ IIPH HOPMAaJbHOH HJH
TOHUKEHHON TeMnepaType) MOKHO INPHHHMATh

g=0,5.
8.7. T'opusoHTanbHas cH/Ia BO BPeMEHH H3MEHsIeTCsl J0-
CTATOUHO MEeIJEeHHO (70 CPaBHEHHIO C BCTPEYAIOUIMMHCH HA
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NPAKTHKE YacTOTAMH COOCTBEHHBIX KoJeGaHWil Mepexpbl-
Tuit). TlosTomy B pacuerax CTPOUTEIBHBIX KOHCTPYKUMH JH-
HaMuueckKull XapaxTep TOPH3OHTAJNLHOH CHJIbl MOMKHO HE
YUYNTHIBATh. AMIIUTYIbl KOJEGaHWil JOnycKaeTcs onpeje-
JIATH KaK CTaTHYeCKHe [1POrHObl, 3 aMIIHTYIbl BHYTPEHHUX
OHHAMUUECKUX VCHAHA B SJeMEeHTax — KaKk CTaTHYecKue
YCHJIHS, OTBEUALHEe aAMIJIHTYAHOMY 3HAUEHHIO [OPH3OI-
TanbHOH cuabl R. )

9. KOBLWOBDLIE 3JIEBATOPbHI

9.1. KoBLIOBEIH 34€BaTOP COCTOMT W3 KOBILOBOfi LemnH,
nepeMellaolleicsd 10 HANPaBAAIOIWHM BHYTPH KOpnyca aJe-
Baropa, BeLylleH 3Be3J0UKH KOBINOBOH [eMH W NPHBOAA,
ABUraTeqb KOTOPOTO COEJHHEH CO 3BE3JOYKOH UEmHOH
nepegavefi. Belnomass 3Be3fgouka LENHOHW Iepefauyd 3a-
K/JAMHEHA Ha OfIHOM Bajy ¢ BeAyliell 3Be3I0UYKGH KOBLIOBOH
neny. [logwknsUKKH 3TOro Bajla 3akpersieHsl Ha Kopmyce
snesatopa. PyHIaMeHT NPHBOLA YKECTKO CBSI3aH C BEPXHHM
omopHLIM nNepexpeitueM. Kopnyc sneBaropa onupaerca Ha
nepeKpLITHSL. :

OcHoBHble AMHaMUYECKHE HATPY3KH OT KOBLIOBBIX 3Jje-
BATOPOR BO3HUKAIOT BCJAEACTBUE H3MEHEHHS HaTSKEeHHd
BelyHlell BeTBU NPHBOLHON LeMH.

Cxema IHMHaMHyecKuX HArpysok (puc. 12) Bk/aodaer B
ceGs FOPH3OHTANBHYIO cuay P, , IPUIOKEHHYIO K Baly Be-
oyulefl 3Be3[04YKy UeNnHoll nmepemayu, CBS3aHHOH ¢ ¢yHIa-
MEHTOM INpHBOJA, H BepTHKaJbHbBle CcUIBl Pp,y, Po, U Py,
NPUJIOXKEeHHble K NePEKPEITHSIM B MEcTax KpemjeHusd Oornop
saeBaTopa. Ha ropusoHTtaabHbIil 3/ieMeHT BeEpXHell OMmophl
ajleBaTopa JeicTBYyeT FOPH3OHTAJNbHAST AHHAMUYECKas CHJA,
paenas Pp.

9.2. Kospduusenr neperpyskd k&, npuHUMaercsi pas-
HEBIM 2.

9.3. Huig aHaJHTHYECKOTO OlpefeseHusl JIHHAMHUECKHX
HArpy30K OT 3/1eBatopa JAOJKHB ObiTh 324aHBL:

Myp-— cpenusisi BeJIHUAHA KDYTSIIEr0 MOMEHTA HA
BaAy Beayuweld 3Be340UKU KOBIIOBOH Lenwu;
D— puamerp BeAOMOJ 3BE3JOUKH LenHOH nepe-
naqu;

a, b, I, h— pasmepnl, ykazaxHble Ha puc. 12,

9.4. Hnast pacyera CTPOHTEJbHBIX KOHCTPYKLUHE HA OUHA-
MHUECKHE HATPY3KU OT 3JeBaTopa 3afalotcd CHabl P, usmMe-
LSIIOUIMECST BO BPEMeHU MO 3aKOHY, H300paxKeHHOMY Ha
puc. 13. Cuna P Bospacraer no uHefHOMY 3aKoHy 32 0,1 cex
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ot 0 mo BeauuuHbl R, a 3aTeM B IIPOAOJIKEHHH JOCTATOYHO
JAJUTENLHOO BPEeMEHH OCTAeTcs MOCTOSIHHOH. Benuuuna R
NpUHUMAaeTcs:

: o1 02 03t
Puc. 12. Cxema
KOBILLOBOTO  3J€Ba-

TOPa

Puc. 13. T'paduxk usMeHeHHHT
BO BpeMeHdH cuasl P

IS cudibl P,

10 Mg
Ri=—5"-7p . (79)
IJs cuiel Py, , a Takke JAJad CyMMbl cudl Pp, + Py,
10 My, hb
Ry, =R, +Ry =—7  —p - [atb) (80)

Cymua cun Py, +Pp, pacnpesesnsiercss MexK/1y HHAKHUM H
HPOMEXYTOYHBIM MEPEKPHITHAMH  NPONOPUHOHAJNLHO HX
JKECTKOCTSIM.

B dopmynax (79) u (80) yurena BO3IMOKHOCTbL HaJlOXKe-
s KoJeOaHHH KOHCTPYKIMA OT HECKOJbKHX MOCJ/el0Ba-
TEJIbHBIX PE3KHX H3MEHEHHH HaTKeHHA BelylieH BeTBH
IIPUBOJIHON L €NY 3/1eBa‘Topa.
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10. METAJUIOPE)XYILHE CTAHKH

10.1. OcHOBHBIMH AHHAMHYECKHMH HArpyskamu OT Me-
TaJNOPeKYIIKHX CTAaHKOB (TOKApHBIX, CBEPJMJbHBIX, CTPO-
rajbHblX, 3y60n0106eXKHbBIX, 3y0Ope3HelX, IIIH(GOBAIbHBIX
M T. I.) SIBJASIOTCS LEeHTPOGEMKHbBIE W NPOAOIbHbIE HHEPIHOH-
HBIE CHJBl IBHKYIIUXCS YacTel, HMejOUIMe YacTOTy Bpalue-
HHS TJ1aBHOTO Ba/ja, 4 MHOTJAA M YABOEHHYIO, YTPOEHHYIO H
T. [. YaCTOTYy BPAUIEHUS TIJABHOrO Baja CTaHKa. DTU CHJbI
Ha3bIBAlOTCs BO3MYLIAKOIHMH HArpy3KaMHu NepPBOro, BTOPO-
ro, TPeThEro 1 T. A. MOPSIAKA.

B TOKapHBIX, CBEPJAHIBHBIX U T. II. CTAHKAaX H3-32 JKC-
LEeHTPHYHOCTH Bpawlaoliuxcsl gertajell craHka, o6pabarbl-
BaeMbIX Jetajell U npucnocoOseHHil  BO3HHMKAIOT TJaBHbIM
o6pasom uenrpobexknble cusbl. OHE JEHCTBYIOT B IJIOCKO-
CTH, NePNeHAUKYJSIPHOH OcH BpallleHHsl. B cTporajbHbIX,
3y06080516€KHBIX, 3y00De3HbIX, HAHDOBANALHEIX U T. M. CTaH-
Kax BO3HHKAKT HHEPIHMOHHblE CHABI OT BO3BPATHO-NOCTYyIA-
TeJbHBIX NBHXKEHHH peTajel craHka. Hanpasiaenue makcu-
MaJIbHON COCTaBJAKIIEH 3TUX CHJ COBIAJaeT ¢ HalpasJe-
HHEeM [IBHKEHUS JeTaseH.

Juast  MeTassopexylWuX CTAHKOB C TUAPOTIPHBOAOM
(puc. 14) npuHEMaercsi, UYTO HM3MeHEHHE JUHAMHUECKOH
Harpysku MpH Pas3roHe M TOPMOMKEHHH MNPOHUCXOAMT IO CH-
HYCOMaJbHOMY 3aKOHY.

2

4

Puc. 14. Cxema asuxkymuxcs yacTefl B THI-
poQUUHPOBAHHOM LAH(OBAMTLHOM CTaHKE

/—c¢TON W JApyrHe BO3BpPaTHO-MOCTYNaTeJbHO

JBMM(YULHECST MacTH; 2 — cTaHHHA; J — THAPO-

LHAHHAD; 4 “— PeBePCHBHBIN S0JOTHUK (THAPOKO-
pobka); § — rHApOTOPMO3

10.2. KospuuneHr neperpysku k, NpUHHMaeTcs pab-
HBIM: JUJISI CTAHKOB ¢ BO3BPATHO-MOCTYNATEIbHBIM ABHAKEHH-
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eM uacted — 1,3; AJg CTAaHKOB ¢ BpalliaTeJbHBIM IBHIKE-
HUeM yacrei — 4.

10.3. Ins onpefeseHusi BO3MYILLAOMHKX CHJI OT MeTaJ-
JIODEXKYIINX CTAHKOB HEOOXOAHMEI cJeNylollHe AaHHbIe:

a) IO TOKAapHLIM, CBEPJUJABHBIM H T. M. CTAHKAM:

N — umucyiio 06OpPOTOB rJaBHOrO BaJja MalllHHbl B MHU-

HYTY;

E—HpI{BeILEHHbII/I SKCUEHTPHIKMTET BPALIAIOMIHXCA Ua-

creil;

G — noJHBIH Bec BpalaloWKXCst yacTed;

6) no MeTaJJIOpeXYINUM CTAHKAM C TMJIPOIPHBOAOM:

N — uucji0 IBOHHBIX XOLOB IOJABHMKHON YaCTH CTAHKA B

MHUHYTY;
p — [LaBjeHNe B THAPOCHCTEME;
f— miomans NOpLUIHS MEAPONHAUKADE;
Q — NpoM3BOAUTENBHOCTL  HAacoca  THADOMPUBOAA B
Almun;

(G — Bec BO3BPATHO-NOCTYMATENbHO JBMXKYUIHXCS 4Ya-

cTell.

10.4. BennuuHy JMHAMUYeCKO# CHJBL TOKADHBIX, CBEp-
JWUJBHBIX W T. T. CTAHKOB peKOMeHIYeTcsl OnpelesisiTh N0
dopmyse (1), B KOTOPOH 3SKCUEHTPHLHUTET € NPUHHUMAETCA
paBHBIM !/|, fMamMeTpa nerasu’.

Hunampueckas cusia R mocTOsIHHA MO BeJHudHe U JeHCT-
BYeT B MJIOCKOCTH, MEPNEHAHKYISIPHON OCH BPaLUeHHs LUIHH-
JeJsid, B KOTOPOH BpallaeTcs ¢ [OCTOAHHOH YrJOBOH CKO-
POCTBIO ®.

Cuna R npusoxeHna K OCH BpallleHHs LINHHIENS B LEHT-
[e TAXKeCTH Bpalllalollixca yacTed.

10.5. ['opusonrasbHasg AHHAMHUECKad CHJIa MeTajJo-
PEXYLIMX CTAHKOB ¢ TMAPONPUBOAOM Ha HHTEPBaJie BpeMe-
Hu ot 0 no T onpepnensiercs no GopMyiaam:

R,=0 npu 0 t<<1—i>§;

Rx=2pfsin%wt >><1—%> . t<(1+ ﬂ)%;
Rl - "9 (1+—“ﬁ->%<t<<3__>% (81)

™

R, = — 2pfsin luu/fnpu (3_ i>l<t<
a i 4 ,)

! Beayxos K. WM. Odyupamentsl MeTananopexyliux CTaHKOB.
Caepiyiosek — M., Mawrus, 1947,
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a\ T )

< <3 + T) T; !
R.=0 npu <3+ J —Z—<t<T, 1(81)

rje . )
a'l 0,07 89 o (82)

f*p
T= iﬁ — MepHOJ BO3BPATHO-NOCTYNATENbHBIX ABUHXKE-
HUH;

© = ~§+ N— yrioBast wactora BO3BPAaTHO-NOCTYNATENb-

HbIX ABUIKeHuUH B cex k.
dyukuua, onpenesnsemMas popmyaamu (81), Moxer GBITh
pasjaoxena Ha HHTepBaJse BpeMenu ot 0 1o T B TPUTOHO-
METPUUYECKHH PSIA:

R.=b,sin of | bysin 3ot + bysinbwt . .., 83)

rae
8
banpr = pf X (84)
(j‘_ i) .(HL L]sin{i_(n _1>_a_]
Cos[a—”_z;ﬁT 2)_2 P \"T o) s
X p -
. — —2n—1 :
oL ( Li~i( L)i}
‘cos[(a ,n——4)7c— n -4 2>2]51n[4—|-n—{—2 9
' L on 1

npH (%)2 — (2n -+ 1)2
"

boni1 =2 — pf [cos a2 s —TM] (85)
= 2 2

A s el

n (=m0, .

1. TKALLKUE CTAHKH

11.1. OcHOBHBIMU AMHAMHUYECKHMH HArpy3kaMu TKalKHX
CTAHKOB ABJAITCA HeypaBHOBeUIEHHbIE CHJbl HHEPIHH ABH-
KYUMXCH uacTeld GAaTaHHOrO MexaHuaMa TKaLKoro craHka,
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npeacTaBiasieMble B BH/le CYMMbl TapMOHHK, OepBasi U3 KOTO-
pBIX HMeeT 4acTOTy BpalleHHsl IVIABHOIO BaJja, Bropad—
YABOEGHHYIO UACTOTY BpAILEHHs TVIABHOLO Baja U T. I. DTH
CHJILL HA3BIBAIOTCS BO3MYLLAIIIMMHE Harpy3kaMe IIepBOro,
ETOPOTO M T. 1. NOPsIKA.

Barannetit Mmexanusm (puc. 15) COCTOHT H3 KPHBOLIHUIOB,
WaTyHoB W GaraHa. [HlaTyHbl LIApDHUPHO CBA3aHBI ¢ GAHOHN

L
z
P L
HAT R A TN - ' 1/6: bl x
/

// A{ ‘.t G, \ ? c
' 4
L) =l [
\ - /
\ B /
o e
~ -~

— i e =

Puc. 15. Cxema 6aTaHHOTO MeXaHM3Ma TKaLKOro cTaHka
I — kpuBolInn, 2 — watyH; 3 — 6araH

CTOPOHBI C KPHUBOILIHIAMU, ¢ APYrod CTOPOHBEL ¢ OAaTaHOM.
KpupBoiunel cosepuialoT BpalllaTeIbHOE JBHKeHHE OTHOCH-
TEJbHO OCHM [VIABHOIO BaJja, WATYHbl COBEPIUAIOT CAOKHOE
[EePHOJHUYECKOe NBHXKeHHe M 0aTaH — KavyaTesabHOe JBHXKe-
HHe OTHOCHUTeNpHO ocH GaTaHHOro BaJja. DaraHHBIH Mexa-
HHM3M paccMaTpUBaeTcs Kak IJIOCKad CHCTeMa.

B Tkankux craHkax M3-3a HeypaBHOBeILUEHHBLIX CHJ MHEep-
I1H, BO3HHKAKOLIHUX NP uxX padoTe, HaOJ0AAeTCA - HEKOTO-
pas HepaBHOMEpHOCTb XoJa. V3meHenune ckopocTH Bpalie-
HHA Baja CTaHKa [POHMCXOAUT C JABOHHOH 4acToToll, T. €. 3a
OIHH 060POT TViaBHOrO Bajia CKOPOCTh ABaXKAbI MeHsieTcsa OT
MaKcuMyMa A0 MHHHMyMa. MakcumanabHadg yrjioBasg CKO-
POCTb COOTBETCTBYET MPOXOXKIEHHIO 0OaTaHoM IepejHeH H
3aJHell MepTBLIX ToueK. M3-3a HepaBHOMEPHOCTH X0Aa CTaH-
Ka BO3HUKAMOT JHUHAMHUYECKHE HAaTPY3KH BHICOKOI'O NMOPALKA.
Binsnue HepaBHOMEDHOCTH XO4a CTAaHKA Ha AMHAMHUYECKHe
HarpyskHM He3HAUHTEJIBHO.

AMONUTYAB THHAMUYECKUX Harpy30K BBICOKOTO MOpALKA
IO CPABHEHHUIO C AMIUIMTYAaMH JAHHAMHUECKHX Harpysok
MIepBOTO H BTODPOTO [OPSAKA CpaBHHTebHO Madbl. [TosTomy
pacueT aMIJIUTYA BBIHYXKAEHHBIX KoJeOGaHUH OOBIYHO mpO-
H3BOJAT TOJBKO C YUETOM AHHAMHUECKHX HArpy3oK NepBOro
H BTOPOro Nnopsijika, npedefperas BJAHSHHEM HepaBHOMEpPHO-
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CTH XO04a CTaHkKa H RJAWAHUEM [JHHAMHUYECKHX Harpysok
6oJiee BBICOKOTO nopapka.

11.2. Koapduuuenr neperpyaku &y IpHHKMAETCS pas-
HeIM 1,3,
11.3. Jlus aHanuTHYECKOro ornpejeseHusl AUHAMHUYECKUX
CHJI, PA3BHBAEMBIX TKALKHM CTAIIKOM, HEOOXOMHMDI CJACAYIO-
L1e JaHHblE:
N —yucno o6OpOTOB rJIaBHOTO BaJjia MAaUIMHBI B MH-
HYTY;

r — pajHyC KPUBOILHIIOB;

ry — PAcCTOAHHE OT OCH BpallleHusl A0 LeHTpa TAXKeCTH
KPUBOLUKNOB;

L — pjuHa LIATYHOB;

L} — paccTosiHHe OT LE€HTpa THAKECTH LIATYHOB AO MaJib-
L[eB KPHUBOIUHIOB;

s —jaauHa 6aTtaHa (paccTosiHHe OT TaJblieB JonacTH

faraHa 10 UeHTpa 6aTaHHOrO BaJja);

§; — paccTosiHHe OT UEHTpa TAxecTH 6aTaHa L0 LEHTpa

6aTaHHoro BaJa;

G, — BEC KPHBOLIUIIOB;

Gy, — Bec Garana;

G3 — Bec LIATYHOB.

11.4. JuHaMuyecKHe CHJbl, pa3BHBAEMBIE TKALKUM CTaH- -
KOM, MOTYT GbITb Pa3JIOKEHBl B NJAOCKOCTH, NephneHgnKyaap-
110¥1 OCH ITaBHOTO BaJjla H NPOXOAAILEH yepe3 LEeHTP TAKECTH
0aTaHHOrO MEXaHU3Ma, Ha TOPU3OHTAJABHYIO R, , HaNpaBJeH-
IIyI0 MeplneHAHKYJSPHO OCH TJ1aBHOCO Baja, M BEePTHKAJb-
liylo R, cocraBpJjsiollne, onpefesasemMse 1o GopMmyaam:

R, = ro?[(m, + m,) cos ot + arm, cos 20t}; (86)
R, = ro?m,sin wt, (87)

Lae t — Bpems; Tona L
w = % N — yraoBasi wactora BpalleHus TVIABHOTO BaJa

MaLIUHBL B ¢eK!;

m, — macca uyacted 6aTaHHOrO MexaHu3ma, Opu-
BejleHHass K [aJblly KPHBOUIMIA, ONpeje-
JsieMas 1o gopmyJe

ma:_;‘[“rrl—Gl‘F( T —)Gs] (88)

£ — YCKOp&HUE CHJBl TAKECTH,;
m,— Macca yacted 0aTaHHOTO MEeXaHu3ma, NPUBEACHHAN
K Najblly JonactiOartaHa, onpejenasemas no Gpop-
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1 S1 Ll .
mbz_(ﬂ (;2+~03), (89)
g \'s L
:
a==—7T—-——XapaKTepHCTquCKOG qHCJO aTaHHoro Mexa-
HHU3MA.

12. BEHTUJATOPHI

12.1. OCHOBHBIMH JHHAMHUUYECKHMHM Harpyskamu OT BEH-
THASTOPOB SIBJAIOTCA LEHTPOGEXKHEIE CHJbI H MOMEHTbI
LEeHTPOGEXHBIX CHJI BPAIIAIOLIKXCA YacTed, UMelollHe 4a-
CTOTY BpalleHHs Baja MaUIHHbL

PaGouee K0J1ecO BEHTHIATOPA (puc. 16) cocrTouTt U3 AHUC-
Ka, Kosplla 1 Jonactedl. JIHCK SABJIAETCA Haubosee TKeN0H
YACTBIO, TAK KAK OH HMEET BTYJKY, C MOMOLLBIO KOTOpOH pa-
poyee KOJIECO KpEnuTCcs Ha BaJy.

T

)
4
N AL i EVRGAT
Puc. 16. Pa6ouee Ko- / §
JiecO BeHTHJAsITOpa 4 4
1/ — KoNblUO; 2 — IHCK,

3 — JnonactH; 4 — BTYyJKa
JHCKa

Lo

- b

B HacrosueMm pasnese onpenesiioTcess IUHaAMUYeCKHe Ha-
TPY3KH OT BEHTHJATOPOB, HMEIOLIUX TOPH3OHTAJBHYIO OCb
BpalleHUs.

ViHepLHOHHbBle CHJBL OT BEHTHJISATOPOB BO3HHKAIOT IJIAB-
HbIM 06pa3oM H3-3a 3KCUEHTPUYHOCTH pabounx Kogec. OHH
?EHCTBy}OT B INIOCKOCTY, TEPNeHAUKYyJASpHOH OCH Bpalle-
U

Caenyer pasauuath Bemmmopu AMHAMHYECKH oTOa-
JAHCHPOBAHHBIE H CTAaTHYECKH oTGasaHcHpoBaHHble. CudTa-
eTcs, 4To Tpu AHHAMHUECKOH GaJaHCUPOBKE OCTaeTcs He-
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YPABHOBEUIEHHOCTh, NPUBOAALLAS K NOSABJEHUIO LieHTpobex-
HOHU CHJIbI, TPU CTaTHUYeCKOH OaJlaHCHMpOBKE ocTaetcst GoJiee
CJO0KHAs HeYpaBHOBELIEHHOCThb, NPUBOAALIAS K TNOSBJIEHHIO
LeHTPOOEKHOH CUJIBl U MOMEHTa OT LEHTPODeKHBIX CHJl.
LlentpoGeKHble CHIIbl ¥ BERTOP MOMEHTa LEHTPOGEKHBIX
cuJl 6y1eM CUHTAThb MPUOACHHBIMU K UGHTPY TsXKecTH pa-
fouero kKoJeca.
12.2. Kosdbdunwenr neperpysku k, TpUHHUMAeTcs pas-
HBIM 4.
12.3. Jli1s onpeneneHua AMHAMHUYECKUX HATPY30K OT BEH-
TUASTODOB HEOOXOHMBI CAEAYIOLLHE JaHHbIE:
N — yucsao 060pOTOB IV1aBHOTO BaJla MALLUHDL
D — nramerp pabouero KoJjeca;
b — wupuHa pabouero KoJjieca;
€ — NpHUBeJeHHbIH SKCUEHTPUUMTET BpaillalollHXCs Mace
nocse JHHAMHYeCKOH GadaHCHpPOBKH Jpabouero Ko-
Jleca BeHTUAATOPA;
€; — NPUBCAEHHBIH  3KCUEHTPHUUUTET  BPALLAIOLIMXCS
Macc Iocje cTaThueckoll 6asaHcUpOBKH pabouero
KoJleca BEHTHJSITOPA;
G — Bec BpallaIoIUXCs yacTel;

KpoMe Toro, npu onpeneseHud AHHAMHUYECKHX HArpy3ok
CT BEHTUJSITOPOB LOKHO OBITb M3BECTHO, KakKoH GaJjlaHCH-
pPOBKe — NHHaMHYeCcKOH HJAH CTaTH4ecKOH -— MOJBepraJjocs
pabouee KoJIeCO BEHTUASTOPA.

12.4. BeqnyuHy AUHAMHYECKOH CHJ/bl BEHTHJIATOPOB, pa-
Goune KoJjeca KOTOpPbIX MOABEPrasJuch JAHHAMHYecKoil Oa-
JIaHCHPOBKE, PeKOMEeH1yeTcs Omperefsth no opmyle (1y,
B KOTOPOH 3KCLEHTPHLUTET ¢ NPUHHMAaeTCs paBHbIM 0,5 M,
Ilpu pasMelleHHH BEHTHJATOPOB B MeX(EPMEHHOM MpOCT-
PaHCTBE U Ha MOKPBITUAX 3[0aHHHA 3KCUEHTPHIUTET e peKo-
MERJAYeTCsT IPpHHUMAaTh paBHbiM 0,8 ma.

JyHaMuueckas cusia NOCTOAHHA MO BeJUYHHE U NeldCTBY-
€T B MJIOCKOCTH, NepPHeHAHKYJASPHOH OCH BpallleHHs I'1aBHO-
ro Bajla, B KOTOpPOH Bpauiaercst ¢ NOCTOSAHHOH YyIJOBOH CKO-
pocTeio ‘©. OHa NpuaoKeHa K OCH IVIABHOT'O Basia B HEHTpe
TAXKECTH BPaALLAIOIIUXCA yacTeil.

12.5. AMNIHTYAY DTAH2MHUECKOr0 MOMEHTAa BEHTHJSITO-
poB, pafiouue KoJjeca KOTOPbIX NOABEPrajHCh JUIIbL CTAaTH-

yeckoH GaffaHCHPOBKE, PEKOMEH/YeTCs ONPefedaTh o (Gop-
MyJie
M, = me, 0*b, ' (90)

B KOTOPOH 3KCUEHTPHIHUTET €; NPHHHMAETCH PABHBIM:
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e, = 0,3 4 0,001D", 91y

rae D L0/KHO GBITh BLIPaXKEHO B MM.

BekTop IMHaAMHYECKOr0o MOMEHTA IIOCTOSIHEH 10 BeJIH-
upHe U AeHCTBYeT B IJIOCKOCTH, TepPHeHTHKYISPHOR OCH Bpa-
1IleHHs TJaBHOTO BaJa, B KOTOPOH Bpailaercs ¢ MOCTOSHHOH
YIVIOBOH CKOPOCTBIO (. DTOT BEKTOP NMPUJIONKEH Ha OCH TJIaR-
HOro BaJa B LEHTPe THAXKeCTH Bpallalouxcd dYacTed Mac-
CHI /M.

B BerTuasitopax, paGoyue KoJeca KOTOPLIX MojaBepra-
JMCh JMIIbL CTAaTHUeCKOH OaflaHCHPOBKe, OJHOBpPEMeHHO ¢
BO3MYIIAIOLIHM MOMEHTOM AeHCTByeT BO3MYILAioulast CHJa,
OpHHMMAaeMas COrJiacHo 1. 12.4.

13. MJIOCKOMEYATHBIE THNOTPA®CKUE MALIHHBI

13.1. OCHOBHBIMH AMHAMMKYECKUMH HATPY3KaMH OT MJIOC-
KomeuaTHeIX THNorpadexkux mawwd (tuna ATT, T11, ATIM,
MIT u 1. n.) ABAAIOTCS TPOJONbHBIE HHEPUUOHHBIE CHIbI
ABHKYLIHXCS yacTeH, npeacTapiaseMble B BUje psijla rapMo-
HHYECKHUX COCTaBJSAIIIMX ¢ YacTOTOH, KpaTHOM OCHOBHOMH
4acToTe BPpallleHHs IJ1aBHOrO BaJa.

OaHOH M3 OCHOBHHIX 4YacTedl IMJOCKONEeUaTHBIX MallHH
SIBJAETCS TaK HasblBaeMblll Tasep, NPeACTaBAAIOLIMH coOOH
MAaCCHUBHYIO IVIUTY, COBEPIIAIOULYI0 BO3BPATHO-NMOCTyNaTeb-
Iible JBUXKEHUS B TOPU3OHTAJBHOM HanpaBiaeHHdu. Kunema-
THKAa OTAEJbHBIX TUIMOB 3THX MalUHH OTJIHYAETCS APYr OT
Apyra BCJAEJACTBHE pas/MUHOTO YCTPOHCTBA MEXaHH3MOB,
LipUBOAALIMX Tajep B ABWKeHue. [ToaToMy 3aKoHBI H3Me-
HEHHS BO BPEeMEHH AHHAMMUECKHX HATPY30K OT STHX MALIHH
Pa3HUHbIL.

Mamunst Tana JIIT w 1] gaBasiorca AByXoGOPOTHBIMU H
HMEIOT CXeMy MeXaHH3Ma, NPHBOASLLEro B ABUXKEHHe TaJep
3THX MalluH, u306paxkKeHHywo Ha pHuc. 17.

HenpepwiBro Bpauiatomuiics mnevyaTHoli UOHJAMHID [ 3a
ONMH JBOHHOH X0& TaJjepa 2 coBepluaeT nBa o60poTa: OAUH
o6opoT BO BpeMs pabodero xoja Tajepa NpPU NedaTamus H
ETOpOit 06OPOT BO BPEMs XOJOCTOTO XOAa, MHPHIOAHHMAACDH
Haj ABMXKYILeHcs MoJ HUM TnedyaTHOH dopmol. 3ybuarbie
pefikn 4 pa3Melledbl B Pa3HbIX BePTHKAJbHBIX NJIOCKOCTAX.
Kyauce 5 cauyxar [1/1s nmepeMelleHus TaJjepa Ha yyacTKax,
KOTJa IIecTepHs 6 He clenjeHa ¢ 3yGuaThiMU pelikamu. ba-

* Qopmyna (91) moayuena Ha OCHOBAHMH 3KCMEPHMEHTAJbHBLIX Ma-
Tepuanos CaHTeXNPOEKTa MO 3aMepaM TEeXHONOTMYECKHX AHc6anancos
BenTuaATOpoB Ne 3-18 1/2 (ucnoanireas M. H. Koakuun).

49



paGaHHble KyJauKu 8 CaAyKaT AJs Nepe/BUIKEHUs IIeCTePHU
B0 CBOel ocH. Benyiuaa uniecrepHss 6 BpallaeTrcs € paB-
1{OMEPHOH CKOPOCThIO, Aesasl 3a OAMH JBOHHOM XOJX TaJjepa
Tpu obopora. 3a BpeMs OAHOr0 OGOPOTA ILUECTePHS HAaXo-

2% me oo
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Puc. 17. Cxema MexaHusma mawmuu tuna JIIT u TTJL
I — neuaTHBIi UMAWHAD; 2 — Tanep; 3 — KapeTka; 4 — 3y6uaTble pefiku; 5 —

KYJHCH; 6 — BeAYINas WIeCTepHs; 7 — nanaell seayuied mectephu; 8§ — Sapabau-
Hble KyJanuku; 9 — ToaxaTelnd; [0 — MOpuIHH; [l — LHIHHADDI

IIUTCST B 3allelJIeHHH C BepxHel 3ybuyaTod peillkod 4 Ta-
Jiepa, KOTOPBIH, clef0BaTe/]bHO, IBUKETCA Ha 3TOM y4acTKe
C NMOCTOAHHOK CKOPOCTDBIO BIIpaBo. 3aTeM LIeCTePHS BBHIXOAHT
13 3auelyieHdsl ¢ BepXHel pellko#, a maJjen 7 BXOLHT B 3a-
Lenjedye ¢ NpaBoit KyJaucod 5. 3a BpeMs caeiyioliell noJo-
BHHbl 060poTa lLIecTepHH TaJjep 6Jarogaps KyJUCHOMY
MEXaHH3MY IBHXKETCA MO CHHYCOHAAJLHOMY 3aKOHY, 3aMel-
JISISl CBO€ JIBH2KEHHE 10 HYJEBOH CKOPOCTH, H3MEHSsl Hanpas-
JleHUe [IBUXKEHHUS H 3aTeM YCKOpPHAfA CBOe.[BHXKEHHE N0 Hau-
GoJbliell CKOpPOCTH. B MoMeHT H3MeHeHHs HampaBJ/eHHd
JIBHXKEHUS Tajlepa MOBOpauuBaercd MpaBbli GapabaHHBIA
Kyjaayox 8, 6marofaps uemy npaBbifi ToJiKaTeab 9 nepenBu-
raer mecTepHIO BAOJB CBOEH ocH. B KoHIle paccMaTpHBaeMo-
ro nojyoGopoTa IIeCTEPHH ee majell 7 BHIXOAMT M3 3alen-
JleHds ¢ NpaBol KyJaucoll & W llecTepHA BXOAMT B 3allelie-
HHe ¢ HUXKHel 8yOuaTo# peiikodl 4 Tanepa. B TeueHue cie-
Jlyloiero o6opoTa IecTepHH TaJjep ABHXKeTcsa BJeBO ¢ M0-
CTOSIHHOH CKOpOCTBIO. 3aTeM ILeCTepHs BLIXOAUT H3 3a-
LenaeHuss ¢ BepxHel peikol, a maJjel 7 BXOAUT B 3allelie-
HEe C JIeBOH Kyjaucolt 5, KoTopas MoL0GHO NpaBoft KyJuce &
MPOH3BOAUT peBepCHpOBaHMe Tasjepa. B MOMeHT H3MEHEeHHSs]
HAIpaBJeHHs IBHXKEHHS TajJepa NosopauuBaeTcs JeBblil Oa-
paGaHHBIH Kysnauck 8, Grarofaps ueMy JieBblil ToakaTenp 9
lepelBUraeT IIeCTEPHIO BIOJb CBOeH OcH. 3aTeM Bce IOBTO-
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psietcst B ToM ke nopsiake. Iopmun 10 cayxar ans obecne-
YeHHs PABHOMEDHOrO ABHKEHHA BpallaiolUXCA yacrel Ma-
JHHBI, MOCKOJbLKY KHHeTHYecKasi SHeprust Tagaepa 3a 1mep-
RYIO MOJIOBHHY peBepca NEPEXOAMT B NOTEHLHAJNBHYIO HED-
FHIO CJKATOTO BO3JyXa, a 3a BTOPYIO NOJOBHHY peBepca Io-
TeHILHANbHAA SHEPTHS CXKATOr0 BO3AYXA MEpPeXofHT B KHHe-
THUCCKY{O S1epruio radepa. [Ipy 3ToM cHJIbI HHepLWH Nepe-
JAloTCsl Ha CTaHMHY He Yepe3 mnaJell LIeCTePHH, a vyepes
CXKAaThlil BO3AYX B LHaAuHapax /7.

Maiunet Tuna AIIM  gaBasiloTcst OAHOOGOPOTHBIMH U
MMEIOT CXeMy MEXaHM3Ma, NPUBOASAILEro B ABH)KEHHEe Tajep
3THX MALIMH, H306pakeHHYIo Ha puc. 18.

10

Puc. 18. Cxema MexaHusMa Mawun Tuna AIIM

1 — neyaTHbifi HUAMHAD; 2 — Tanep; § — OUPAHMUYEHHO MOABHKHAA pelika; 4 — nol-

BHXXHA4R Deiika, 5 — NOABHMIKHAA LIeCTeDHST;, 6 — KPUBOLINIMHO-IIATYHHBIH MEXAHHU3M;

7 — IBYXKPHBOLIHNHBIH UYeTbIPeX3BEHHBIH MeXaHH3M; 8 — Bejaylmas ilecTepHs; 9 —

MaJjiel, KPHEOLUMMNA 4YeTbIPEX3BEHHOTO MeXanuaMa; [0 — KOPPeKTHPYIWHA KyJadko-

BE'd MeXxaHH3M; [/ — ay6GuaThie CeKTopa; f2 — 3yGuaTeie peHKH Tanepa; I3 — pojiu-
KOBble TeJeXKH . h

HenpepsiBro Bpauaowuniica neyatHelil LuAnHAP [ 32
OdUH ABOKHOM xom Tajepa 2 coBepluaer oaud oGopoT. Bo
BpeMs nepBoil NoJoBHHLI 060pOTAa MNPOUCXOLUT [euaTalue,
BO Bpemsl BTOpOI 1oJoBHHBEL OOOPOTa TaJjep BO3Bpalllaercs
B- HCXO/IHOE MON0XKEHHe, coBepuias xoaoctolt xox. CKopocTh
LBHXEHUS Tajepa npu paGoueM H XOJAOCTOM XOJ€e HeOAHHa-
KOBa: npu paboueM Xoje (BO BpeMs NeUaTaHHs) CKOPOCThH
JBHKEHUS MeHblle, ueM npu xosoctoM. lllecrepus 5 menaer
DOJIHBI! 0OOPOT 3a OAMH HuKJ paGoTel MawuHbel. [lasel 9
KPHBOIIKNA YeThIPEX3BEHHOTO MEeXaHH3Ma yKpereH B TOD-
Ue urectepHu &, paBHOMEPHO Bpalllaiollelicss OT NPHBOAHOTO
Bajla MOCPeACTBOM Ilepejayd, cocToAlled U3 UHIHHADHYE-
CKux mecreped. KOppeKkTUPYIOIUA Ky/J1auKOBBIA MeXaHH3M
10, ynpaBasiioliuil JBHIKeHUEM HHMXKHEH DPEelKH, CIYXKHUT,
BO-NepBLIX, A7 ofecrneyeHHss paBHOMEDHOIO JBHXKEHHS Ta-
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Jlepa co CKOPOCTBIO, PaBHOR OKPVIKHON CKOPOCIH MeYyaTHOro
UWMJIHHADA, Ha UHTepBaJe, HEeCKOJALKO OoJbuleM, YeM HHTEep-
BaJ NedyaTH, u, BO-BTOPDIX, AJA oOecrneyeHusl NjaaBHOro yBe-
JHUYEHHA CKODOCTH MpU Pasrode  IJaBHOrO YyMeHbLIEHHS
CKODOCTH NIIPH 3aMel/]eHHu B nepuon padouero xoja Tajaepa.
Ha yuactke xosoctoro xofa Tajepa KOPPEKTHPYIOLIUH Me-
XaHU3M B paGoTe He y4aCcTBYET U, CACHOBATENbHO, HHKIAH
pefika He mepeMelnaerca. Tasep onupaercss Ha POJNHKOBHIS
TeJeXKH I3, KaTALlMecs NO POJHKOBBEIM IMyTSIM, pacroJfo-
JKeHHBIM HA CTaHHHE, U NPHBOLWMBIE B JBHXKEHHE OT OCH
l0ABH>KHOK ecTepHu 5. CKOPOCTb POJIMKOBBLIX TeJEKeK B
IBa pasza MeHbilie CKOpocTH Tajepa. [lleyaTHnlél UHJIHHAD
IPUBOJUTCA BO BpalleHre OT cHcTeMBl luecteped. s 60db-
el onpefeneHHOCTH COBMECTHOTO JBMXKEHHs Tajepa H LH-
JUHADPA HA WHTEPBaJe, HECKOJIbKO OOJbINeM, ueM HHTepBaJl
neyatd, 3ybuaTbie CEKTOPL // meuaTHOTO UH/IMHApA Haxo-
JATCA B 3allelVIeHHH ¢ 3ySuaTeiMu peftkamu 12 ragepa. Oaun
JBOHHOH XOX Tasepa AeNUTCH HA YeTblpe dTana:

| — pasron, korpa Tajep ABUKETCS YCKOPEHHO MO KOCH-
HYCOHAAJBHOMY 3aKOHY;

2 — IBUXKeHHUe C MOCTOAHHONH CKOPOCTBIO, PABHOH OKPYXK-
HOH CKOPOCTH MeUaTHOro LHJAMHApPA (YacTb 3TOTO 3Tamna 3a-
EUMaer MevyaTh);

3 — 3aMejUIeHIe, Korja Tajep ABHKETC 3aMefJIeHHO IO
KOCHHYCOHJAJMbHOMY 3aKOHY;

4 — nBUXKeHHEe C MepeMeHHO# CKOPOCThbIo, ONpeneseMon
KPUBOLIMMHO-IIATYHHBIM MEXaHH3MOM M JABYXKPHBOLUMIHBIM
UeThIpeX3BEHHbIM MEXaHH3MOM.

Mamynel Tuna MI1  gBASIOTCS  CTOMUUJIHMHIPOBBIMH U
HMEIOT CXeMy MEeXaHH3Ma, IPHBOASLIEr0 B JABHIKEHHE TaJjep
3THX MalUWH, H306paKeHHyIo Ha pHe. 19,

Puc. 19. CxemMa Mexanusma Mawuu turna MIIT
| — nmedaTHBI LHAMHAD; 2 — Tajep; 3 — HEMOABMIKHAA DeliKka;
4 — noABKHKHas pelika; 5 — NOABMIKHASA IeCTepHs; 6 — Ae3aKCH-
ANbHBI KPUBOLIHIHO-ATYHHLIN MexaHusM; 7 — KPHBOWIHNHAs
LWEeCTepPHs; & — LeCTepPHH MNeHaTHOrO YHAHHADa; 9 — 3yGuaThie
pefiku tanepa; [0 — ponukoBssle TENEKKH



ITeyatHplft uuauHAp [ Bpallaercsd NPEpPBIBHCTO: COBEP-
IIMB OJKH MOJHBIA 000pPOT BO BpeMsi paGouero ABHIKEHMSN
rajepa 2 (npu NedaTaHuM), LHJHHAD OCTAHABJIUBAETCS, OC-
TaBasCh HENONBHXKHBLIM IIPH XOJOCTOM [ABHKEHHH TaJjepa.
TTeuaTHbl UUAHHIDP OJYy4YaeT HayaJbHOe ABHIKEHHE OT ABYX
KyJaKOB C POJIHKAMH M JIOBSLIEH BUJKH, HE YKa3aHHBIX HA
cxeMe. JlBuxkeHHe Me4aTHOro LHUJIHHJAPA OT KyJaKOB HMeeT
MECTO TOJNLKO B MOMEHTEI, KOrJla LlecTepHU 8 MevyaTHoro Iu-
JUHIpa He UMEIOT clielyieHusa ¢ pefikamu 9 Ttanaepa. B oc-
TaJbHOe, 0oJlee NPOAOJ/KUTENBHOE, BpeMs [edyaTHBId IHU-
JIUHAD NMPHBOAUTCS B JABHXKEeHHe OT TaJjepa IOCPEACTBOM
peek 9 v wwectepeH 8. Yaep:KuBaHKHe MEYATHOTO LUJAHHIAPA B
HeMOABHAKHOM I[0JOXKEHHH BO BPeMS XOJOCTOrO XOja Taje-
pa oCyUlecTBJSAETCA JOBAILEH BHIKOM.

13.2. KoatpduumeHT neperpysku k; mpuHumaercs pas-
HbIM 1,3

13.3. as onpenenenusi TMHAMHUYECKUX CHJ OT MJIOCKO-
MeyaTHLIX THNOrPa(pCKHX MaLIMH HeoOXOAMMBL CJeylomne
JaHHbIE:

a) no malumuHam tuna JIT u TTI:

N — uuc/0o ABOUHBIX BO3BPATHO-NOCTYNATENLHBIX JABH-

JKeHHH Tajiepa B MHHYTY;
G — Bec BO3BPATHO-NMOCTYNATENBHO JIBHKYIIHUXCSA YacTed
(Tanepa, dopMel, HaGoOpa H T. 1.) ;

7 — 3KCLUEHTPHUIIUTET [a/blia BEAYLUeH LIeCTepHH;

6) no maluruHam THa ATIM:

N — uxciio 060poTOB riaBHOrO Basda Bokpyr ocu O

(puc. 20); '
(G — Bec BO3BPATHO-NOCTYNATEJIBHO ABHIKYILUXCS UaCTel
(ranepa, dpopmsl, HaGopa u T. 1.);

Puc. 20. PacueTHas cxeMa MexanusMoB Maiuud tuna AlIM
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r— pajuyc KPUROIIUNA KPHBOIIHMHO-IIATYHHOTO
MEXaHH3Ma;
L— nauHa matyHa;
e, p, ¢, h— nuBEBl 3JeMEeHTOB YEeTHIDEX3BEHHOIO Mexa-
HH3Ma (puc. 21); ;

Puc. 21. O6o3HauenHe pa3sMepoB 3JIEMEHTOB MeXaHu3-
MOB Maiuyn Tuna AIIM

d — paccTosiHHE OT OCH BpAalleHHsi KPUBOWIMIA
KPHBOLIMNHO-IIATYHHOTO MEXaHH3Ma AC OCH
niepeMellleHHs NOJBUIKHOH IIeCTepHH;

b — yros MexXIy KPHUBOLIMMOM KPHBOIIMMHO-IIA~
TYHHOT'O MEXaHH3Ma M BeJIOMBIM KDHBOILUH-
IOM YeThpex3BeHHOro mMexanusMa (puc. 20);

T— yroj, Ha KOTOPHI HeoOXOJUMO [OBEPHYTh
KPHUBOIIWMHO-ATYHHbI Mexanuam O,C’D’
(cM. puc. 20) BMecTe ¢ MOABHKHOHN ILIECTEp-
Heit BOKpYTr ocH Oy, AJS TOTO YTOOBI OCHOB-
HOH WIAPHUPHBIH MEXaHM3M NpPHUBOAA TaJjepa
Mor ObITb TNpeACTaBJeH B BHAE CXEMb,
u306paxKeHHOH Ha pHc. 21;

B) Mo MmalnpHam Tdna MIT:

N —uucsno o60opoTOB IMIaBHOTO BaJja MallHHBI B
MHHYTY;

r — pajayyc KPUBOLINIA;

‘L — pinHa matysa;

G — Bec BO3BPATHO-NIOCTYMATE/NBHO JBHAKYIIUXCS
yacTell (Tanepa, dopmbl, Habopa 4 T. 4.);

d — paccTosiHHE OT OCH BpAalUEHHs] KPHBOILUHINA
JIO OCH MepeMelleHHs MOJBUNKHON LIECTePHHU.

13.4. TopusoHTanbHas AHHAMUYECKAs CHJa, NPUJIOKEH-
Hasl K UEHTPY TAXKECTH BO3BPATHO-NOCTYNATENbHO JBHKY-
[LHXCA YacTel, onpefenseTcs no Gopmyaam:

a) nas marnu tana JTIT w T1]0
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i35 1
R, = 21V3 pre® | — sinof -+ — sin 3of — —sin ot -

4x 9Y3 2

nmw nw
1 . 16 cos 7% sin *2— }
— sin7ot —,.,. — ————— " sinnet 4+ ...4§, (92
e Fisiay s 2 (92)
rae t— Bpewms;

2r ) .
W= —p— N — kpyroBasi yactoTra BO3BPATHO-IOCTYNATE/Nb-
HBIX JBHXKEHHH Tajsepa B cexk;

Mm— Macca BO3BPATHO-NOCTYNATENbHO JBHKY-
LIUXCS yacTeH;
6) mag Mauipd tuna A[IM

R, = Opoap-t 2000 (93)
q dt

Q I(@t) Ly VCOIS—(O()Z iﬁﬁi:j:)wt)z (sin d—ak cos B %sin 2 5), 94)

8,==arccos (A— B cos wf),
hsin of ——
8,= arcsin ————— — aresin -~ Ll wmm
V' €+ Dcoswi V' C + D cos ot
95
d=8+4—, (%)
&4 —n?—p? hp 2
T 3 RN B2
5 2Zeq ? e eq '’ C=k : P
D = 2hp, !
gAL t— Bpems;

2r
©=——N — Kpyroas. 4acToTa BO3BPAaTHO-IIOCTYN4-

TEJNBHBIX JABHKEHHH TaJjepa B cexl;
M — Macca BO3BPATHO-MOCTYNATENbHO IBHXKY-
LIUXCS YacTel,

r
5y WG XapakKTepUCTHUECKOE UYHCJA0 KPHBOLLLHIIAO~

IAaTYHHOTO MeXaHn3Ma;



k = ——d——nesaxcam KPHBOUIHITHO-IIATYHHOTO M€~
r

XaHU3Ma.

dynxuua Q (of), onperensemas Qopmynon (94), mo-
KeT ObTb pasjokelia Ha WHTepBaJle BPEMEHH, PABHOM OL-
lIOMY TepHoAy, B TpuroHoMerpuueckuil pax Pypwve. Kosd-
GbUIHeHTl PAga B AAHHOM CJaydae BHIYHC/AIOTCS YHCJICH-
HBIMY METOJaMH TI0CJ€e 3aJaHis UCXOAHBIX MAHHBIX IO Me-
XaHU3MY;

B) Aad mawuH tana MIT

R, = 2rw?m (cos wt + aksin ot + a cos 2wt), (96)
rae - BpeMd;
w = g—gN— yraoBasg 4acroTa BpalIeHHs TJ1aBHOTO

BaJa Maludel 8 cex™!;
M— Macca BO3BPATHO- HOCTyHaTeJIbHO JBUKY-
HIUXCs yacreil;

o = —[———XapaKTepI/IICTI/H@CKOE UHUCJIO0 KPUBOIIUTIHO-
LIaTYyRHOTr0O MEXaHH3Ma,
k= dr — Ae3aKCar> KPHBOUIUNHO-UWIATYHHOIO  Me-
. XaHA3Ma.

14. WUTAMIIMAIOHUHbBI

14.1.  OCHOBHBIMM  AHHAMMUYECKHMH HArpy3KaMmu OT
WTaMIMAWKH (KPHBOILMIHBIX M JKCHEHTPUKOBBIX HEABTO-
MATHYECKHX MPOLECCOB, NPECCOB-aBTOMATOB U T. 1.), ABJA-
I0TCSl HeyDaBHOBEIUEeHHbIE CH/Abl HHEPUMH ABHXKYUIHXCA Yac-
TeH MEXaHH3MOB WITAMIOMALIHH U HMIYJbCHl CHJ M MOMEH-
TOB, BOSHUKAIOUIHE TIPH PA3JIHUYHBIX Ipolieccax paboThl 3THX
MauIuH,

Pa6Gota mtaMmMalinH XapaKkTepH3yeTcs BO3MOKHBIM He-
YCT2HOBUBIIHMCS PEXKUMOM IITAMIOBAHHSA H TIOABJACHHEM
HKECTKOro yAapa TIpH COCAHHEHWH Baja MeXauwu3Ma HeapTo-
MATHYECKUX [MPEcCOB € BaIOM HeNpPEPHIBHO BPaillaloerocs
MaxoBuka. Kpusomuntele (puc. 22) U SKCLEHTPHKOBBIE He-
aBTOMaTHYECKHE TIPeCCHl MMCIOT B KaYeCTBe OCHOBHBIX JBH-
KYLUXCA YacTeH KPHBOUIHITHBIN BaJ HJIH SKCLEHTPHK, wIa-
TYH U TIOA3YH, TIPECChi-aBTOMATEL (puc. 23) — KpUBOUIMNHBIH
BaJ W WATYH € OLHOH CTOPOHEI M MOA3YH, KOJOHKY M TPaBep-
Cy — < ApYro#.
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JuHaMuuyeckHe HArpy3Kd OT WTAMIMAIIHH Pa3iessioTcs
Ha CaeLyIoliHe BUIbL:

a) 'MOMEHT OT BHE3aNHOro MPHCOSAMHEHHA K MaXOBHUKY
JONOJIHUTEJbHBIX Macc (B Mpeccax-aBToMaTax 3TOT MOMEHT
HEeHOJABUIOHK ¥ BO3HHKAET TOJNBKO TIPH NYCKe MallMHBI B X01);

6) MOMEHT OT 3aMefJIeHHs BPalleHUA MaX0OBHKA IIPH Bhl-
MMOJIHEHHH WTAMIOBOYHOH omepauuy (s mpeccoB-aBTOMa-
TOB 3Ta Hanpy3Ka yacTo fBJSETCS OCHOBHON H3 BCeX YKas3aH-
HbIX BHIOB);

“ Puc. 22. KuneMmartyueckas cxeMa KpPHBOLUMI-
HOro mpecca

I —craHMHa; 2 — MaXOBHK; 3 — 3NEKTPOMOTOp; 4 —

NPUBOJA; & — KDPHBOLIHIM; 6 -—— MEeXaHH3M BKJIOUECHHSA;

7 —martyH; 8 — nonsyH; 9 — TopMo3; [0 — 3KCUeHT-
PHK AAS PeryJHpOBAHHS XOHA TNOJA3YHA

B) MOMEHT, BO3HHKAIOUHE TP TOPMOKEHHH OTKJIOUEH-
HOTO KPHBOUIMITHOTO HVIH 3KCUEHTDPHKOBOTO Basa (B npeccax-
aBTOMATaX 3TOT MOMEHT He BO3HHKAeT);

) BepTHKAJILHAS CHJIA, BOZHHKAIOULAS TIDH ABHXKESHUH He-
YPaBHOBEWIEHHBIX Mace (AJs MNPeccoB-aBTOMATOB 3Ta Ha-
rpy3Ka yacTo fBJAeTCA OCHOBHOH U3 BCeX YKA3aHHBLIX);

J) TODU3OHTAJBHAA CHJIA, BOSHHKAIOULAS NPH ABHKEHHH
HEeypaBHOBELIEHHBIX MACC;

B) MOMEHT U BEeDPTHKAJbHAd CHJIA, BOSHHKAIOUIHE BCJAE-
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cTBUE 0CBOGOMKAEHUS MyaHCOHA OT ‘PeaKluH JeTanu B KOHUE
IITaMIIOBOUHOH onepaniu (AJas BCEX BHAOB IITaMIMAIIHH
5TH HATPy3KH YacTO SBJAIOTCA HanOOJNBLUIMMH H3 BCEX yKa-
3aHHBIX BHIOB).

14.2. KoshduuueHt neperpysku £, NpUHUMaercs pas-
npiM 1,3.

[N

10
N ]
] ] ch —
1
il i
b5 | T
L 1/ 7 J/f \
; 7] fl 2] \
\ 7 \
1 : \
| | | - 2 \
U | )
Y v
I I /: J-!'--J/# 3\\
|| | & = Hﬁ
J st
=

Puc. 23. KuHemaruueckass cxeMa [pecca-aBTo-
Mara

| — cTanuHa; 2 — MaxoBHK; 3 — 3NE€KTPOMOTOP; 4 — NpH-

BOM; 5 — KPHBOIUHMHBIA Bajl; 6 — MeXaHH3M BKJIOUEHHS;

7 —umwaTyH; 3 — noasyd; ‘9 — koJOHKA; [0 — TpaBepca;
1l — npyxuHa

14.3. [lns onmpenenedus OHHAMUYECKHUX CHJI OT IITAMIMA-
IIHH HEOOXOJUMBI CJAEAYIOLIHe JaHHbIE:
N — uucsno 060poTOB raBHOTO Bajda MAaUIHHBI B MUHY-
TY; ;
P — MaKcumanbHOe yCHJ/IMe ITaMIMALIHHBL



I, — MakcuMa/bHBII MOMEHT WHepuuM uvacre#t (xpH-
BOLIWMHOTO Baja, IaTyHa, ToJA3yHa), BHE3alHo
IPUCOSAHHSIOMNXCA K MaXOBHKY, I PUBEIEHHBIA
K OCH MaXOBHKa;

! — MOMEHT HHepuHH BCeX ABHXKYIIHXCsS vacTedl, mpu-
BeJJeHHBIH K BaJy MaXOBHKA;

o — YTOJl MeXIY BepTHKAJbIO U JWHHeH, coennHAUIeH
OCb BaJia C OCbI0 JKCUEHTPHKA, TIPH BCTpeue
MyaHCOHA WITaMMIa ¢ AeTaJblo;

W — MolHOCTh BHraTeNs B KHIOBATTAX;

Sy — HOMHHAJbHOE CKOJNb)KEeHHe NBUraTess;

k — oTHOUIEHHE BENIHYMHL MAaKCHMAJIbHOTO MOMEHTa
Ha BaJy ABHraTeNd X HOMHHANbHOMY:

t — pajHyc KDHUBOUIHNA WAH IKCUEHTPUIUTET 2KC-
IIeHTPHUKA}

ry —'paccTostHHE OT ‘OCH BDalLeHUsd IO LEHTPa TAXKECTH
KDUBOILLUNA;

L — nawHa waTyHa;

L, —paccrosiHHe OT UEHTPAa TSXKECTH IWIaTyHa O
TMajbla KPUBOLIKIA;

G — BeC KPHBOIIHIIA,;

G2 — BeC BO3BDPATHO-IIOCTYNATENBHO NBHKYILHUXCSA dac-
Teh;

G3 — BeC uIaTyHa.

14.4. [TunaMuyecke CHJIBI, PA3BUBAEMbie HITAMMMALIHU-
HOH, MOTYT OBbITh BHIYHCIAEHB CAEAYIOIIUM 06paszom™:

a) MOMEHT OT BHe3aNHONo NPHCOENHHEHHS K MaXOBHKY
JLOTIOMTHUTENBHBIX YacTel

M, = L , (97)
t

rae o= %—N—yrnvosan CKOPOCTb BpalleHHs MaXOBHKa
B cexV;
fj— BpeMsd, B ‘TeUEHHE KOTOPOI'O MPOUCXOLUT
npUcoeUHeHne JONOJHUTENbHBIX yacTed
K MaXOBHUKY.
TIpu #,<<0,02 cex onpenensercs UMIyALC MOMeHTa Sp,,

paBHBIH ‘
SM, = /10); (98)

6) MOMEHT OT 3aMelJIeHHs BpalleHuss MaXOBHKa TpH
BBINOJIHEHHU LITAMIOBOUHOM OMepauu

* JKypH. «CrpouTe/lbHAs MEXaHHKa M pacyer CoopymeHui», 1963,
Ne 6.
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M, = Prsina — 974 % ; (99)

BpeMs, B TeYeHHEe KOTOpPOro AeicTByer MoMmeHT M,, eciu

MPUBOJ Mpecca OCYLIECTBJASETCS OT aCHHXPOHHOrO JBHra-
T,

o 8=,
M, 1 — Sy

rie Sk — KPHTHUECKOE CKOJNbXKEeHHe jIBHraTess, KOTOpoe
MO2KHO BBIYHCJUTH MO (HOPMYJIe

Sc=Su(k+VEE—1); - 1on

B) MOMEHT, BO3HUKAIOUIHH MIPH TOPMOXKEHHH OTKJ/IOYEH-
HOro KPHUBOLUMMHOTO HJH HKCUEHTPHKOBOrO BaJfd,

f, = A ] (100)

My =202 o (102)
_ ts _
rie f3 — BpeMs TOPMOKEHHS;

I‘) BEPTHKAJAbHAA CHJIA, BO3HUKAOULag TNPH IABHXKCHHH
HeYDaBHOBEIICHHBIX qa‘CTeﬁ,

R, = rev?m, cos wt, (103)
rae Mm, —mMmacca yacTelf, Y4YaCTBYIOIUHX B BEDPTHKAJbHOM
JBHXKEHHH, OnpesenseMas no Gopmyne

m, — I_(L Gl—l—Gz—[—Gg); (104)
g \r

\

g — YCKODEHHE CHJIbI TSKECTH; _
1) FOPH3OHTaNbHAs CHJA, BOIHUKAIOLULAS TPH JBHKE-
HUH HeypaBHOBELIeHHbIX yacTeil,
R, = ro?m, sin wf, (105)

rae m, —macca yacTell, yIacTBYOUIUX B NOPH3OHTaJbHOM
IBHKEHUH, onpefesasemas 1o (opMmyJse

1 L
Me= o (Gﬁ Tl Gs); (106)

e) MOMEHT W BepTHKAJbHAadA CHJa, BO3HHKAIOUIHE BCJE/ -
CTBUE OCBOOOXKIAEHHS MyaHcoHa OT peakKiuH AeTaJidi B KOH-

e LITaMIIOBOYHOH omepaunn, A0JXKHBI ONPENeasiTbCS 3KC-
nepuMenTaJlJibHO.



[TPHJTIO)KEHHI |

YACTHBLIE CNYYAW ONPEINEJIEHHUA
AUHAMHUYECKHUX HATPY30K OT MAIWIHWH
C KPUBOWUNHO-IIATYHHBIMH MEXAHU3MAMHU

TIpunoxenue 1 sBadgercd pasBUTHEM pa3fena 2 HHCT-
PYKUMH M JaeTcsi /s 00JerueHdst TOJb30BaHHA WHCTPYK-
uuen.

OGo3HaueHus, NpUMeHsieMble B MDUIOKEHHH |, COOT-
BETCTBYIOT 0603HaUeHUsAM pasjena 2.

Juneiinoe pacnoaoxcerue yuauHOpos

l. Ongouuauuaporasa wMawunHa., CocraBasio-
1Me [VIABHOTO BEKTOPa AHHAMUUCCKHX CHJI:

Q = rw?[(m, -+ m,) cos ot + am, cos 2 wt]; (1.1)
P = re*m,sin «f. (1.2)
2. IByxuuauHapoBas MalluHa.

a) O6muit cayual fo=f. CocraBasiiolne TJaBHOTO BCK
TOpa AHHAMUYECKUX CHJ:

Q = ro?[A, cos (of + ;) -+ A; cos (20t + §,)]; (1.3)

P = re?A,sin (of + by), (1.4)
rie

Af = (Mg, + My, ¥ + 2(mq, -+ mp, ) (Mg, + mMs,) cos -} ?
+ (Mo, -+ myp, % l

2 2 2 2 2
Ay = oy mp, - 204 @y my, my, cos 28 + a3 my,;

I} (1.5)
l
J

2 2 2
A3 = myg, 4 2mg, mg, cos B -+ my,;
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(mg, + my, )sinf ) )
mg, +my + (mg, +my, ) cos B’

apmy, sin 23

tgd, =

tg g, = (1.6)

’
aymy, - agiy,, €O 28
mg, sinf

’

tg by =

My, + My, €08 8

COCTABJAIOUIHE [JIABHOTO MOMENTA
M, =ro? [[(mg, +mp,)cos (of + B) + a5 mp, cos 2 (ot G (1.7)

My = re?lmg, sin (of 4 §). (1.8)
EcAM KPUBOILMIHO-IIATYHHblE 'MEXaHH3Mbl ONMHAKOBDI,
TO
Q = 2re? [(ma -+ m,) cos % €os (wt + —S—) +
-+ am, cos § cos 2 (mt + %)] ; (L9
P = 2re? m,cos % sin (mt e —2—), '(1.10)
M, = ro? [ [(m, 4 m,) cos (of + B) 4 am, cos 2 (ot + B)]; (L.11)
M, = re?m,sin (of + B). (1.12)
6) KpuBOWUNLI HANpPaBJIeHb B O&HY CTOPOHY. B aTOM

cayuae B=0.
Cocrapasiollye TJAaBHOrO BEKTOPA AHHAMHYECKHX CHJ:

Q = ro?{(mg, -+ Mq, + Mp, My, ) cos of -
+ (o mp, - agmy, ) cos 2 of]; (1.13)
P = ro? (my, + my,)sinof; (1.14)
COCTABAAIOILHE [IABHOTO MOMENTa
M, = re? [[(mq, - Mp, ) cos of + oy my, cos 20t];  (1.15)
M, = rotl mg, sin ot. (1.16)

Ecnu KPUBOLIUMHO-IIATYHHBIE MEeXaHH3MbI 0IMHAKOBYI,

1O
Q = 2rv?((m, + m,)coswt 4-am,cos 2w tl;  (1.17)

P = 2re?m, sin wf, (1.18)

T. €. COCTaBJSIOUHE TNIABHOrO BEKTOpa JAMHAMHUYECKHX CHJI
YyBEJIUUMBAIOTCS B 2 Paza N0 CPaBHEHHIO C COCTABJSIOLIUMY
AHHAMHYECKHX CHJI B KaXKAOM LHJIHHIpE.
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CocTaBasiiolllHe IMIAaBHOrO MOMeHTa MOT'YT ObITh BbIYMC-
geunl mo ¢opmyaam (1.15) u (1.16), B KOTOPHIX TOJALKO
HY)KHO ONMYCTUTh 3HAUKH TPH Mg , My U a.

B) Kpupowuno HanpasseHwl nojg yraom 90°. B arom

caydae ,3:75—. [Monyuaem:

Q = re? | V (ma, + my, )2 + (ma, + mop, )? cos(w‘ +

+ arctg - ma2ﬂ> + (ay mp, — 2y mp, ) cos 2 ot ] - (1.19)
ay mbx
P = rv? ]/mfzl -+ mgsin (wt + arctg Z”z ); (1.20)
ay

M, = rl [ (Ma, + s, ) o8 (ml‘ + %) 0, My, COS th]; (1.21)

M, = re¥lmg, sin (wt—i— %) (1.922)

Ecnu KPDUBOIIXITHO-IHATYHHBIE 'MEXaHH3MbI OH\HHaKO:BbI,
TO

Q = V2 rv2(m, -I- m,) cos (UJL‘ - %); (1.23)

(1.24)

’

P = ’V'frm2m[lsin (mt - %)

T. €. COCTABJIMOLIHE TJIABHOIO BeKTOpPa JAHHAMWUYECKHX CHJI
MepRoro MopsAgKka yeeiuuusaioicst 8 ) 2 pasa 1o cpaBHe-
HHIO € COCTaBJ/ISIOUIMMH AHHAMHUECKHX CUJ [IE€PBOrO Mo-
pAlKa B Ka)K/IOM LHJHHJpPE, a COCTABJAIOLIME TIJaBHOTO
BEKTOpa JAHHAMHUYECKHX CHJ BTOPOro NopsAika YpaBHOBe-
LIeHbl. .

CocraBagmoolluyie rj1asHoro MOMEHTa MOTYT ObIThb BBLIYHC-
Jgenwl mo dopmyaam (1.21) u (1.22), B KOTOpBHIX TOJLKO
AYXKHO ONYCTUTb 3HAUKH NIPH Mg , My ¥ a,

r) Kpusomnnel HanpassaeHsl mon yraom 180° apyr K
apyry. B atoMm caygae f=g. Iloayqaem:

Q = rv?[(mg, — mg, + my, — mp, ) COs 0f +

+ (oy mp, + g 11, ) COS 2 wt]; _ (1.25)

P = ro?(m,, — mg,)sin ot (1.26)

My = — re¥l [(mg, + myp, ) cos of - a5 my, cos 20t];  (1.27)
My, = — ro?lm,, sin ef. (1.28)
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Ecan KpUBOLINIHO-WIATYHHBIE MEXaHU3Mbl HOMHHAJbHO
OJUHAKOBHI, TO

Q = re? [k (m, 4 m,) cos of 4 2am,cos 2 wt];  (1.29)
P = krw?m,sin ot 5(1.30)

T. €. COCTaBAAOULME IVIaABHOTO BEKTOPA JHHAMUUECKHX CHJI
NIepBOTO TOPSIAKA TIPUHAMAIOTCS PaBHBIMH £ OT COCTaBRJSIO-
IUMX AHHAMHYECKOH CHJBI B OJIHOM M3 LMJIHHADPOB, a COCTaB-
JALIASA TJIABHOIO BEKTOpPA AMHEMHYECKHX CHJI BTOPOro MO-
PAAKa yBeJHUHBAETCH B [[BA PA3a 10 CPABHEHHIO ¢ COCTAB-
JA0WIEeR JHHAMHYECKHX CHJ BTODOTO NMOPAAKA B KarKIOM
ILHJIHHADE.

CocTraB/IsIOlLHEe TJAABHOIO MOMEHTAa MOTYT ObITh BHIUHC-
Jgednl mo dopmyaam (1.27) u (1.28), B xOTOpBIX TOMABLKO
HYXKHO ONYCTUTb 3HAUKH TIDH M, , My H O,

3. Tpexuunuupgposas Maumuua OOGbUHO KpU-

BOWIMMB! B TaKHX MalIHHAX PaCHOOXKEHDbl TOL YIIOM 120°
2
Apyr K Apyry. B stom cayuae §;,=0, b= =— =, B3 = —

3
[Tonyuaem:

Q = re?[A; cos (of 4 §)) + Ay cos (20f -+ ¢,)];  (1.31)

P = ru? Agsin (et 4 ), (1.32)

rape
AL = (Ma, + my, ) (Mg, 4 My, — Mg, — my,) +

+ (Mo, -+ my, ) (Mg, + My, — mg, — my, ) +
+ (Mo, +my, ) (Ma, + My, — Mg, — my, );

A = oy My, (0ymy, — 35 mp, ) 4 o1, (szbz oMy, )+ | (1.33)

—+ﬁ as mbs ( "3 mbq 7 a2 mbz )ﬂ
A3 = ma, (May, — Ma,) + Ma, (M, — mg,) +
= Ma, (Mg, — Mg, ).

Mg, - My, — My — iy,

gy, = V'3 p )
’ﬂal + mbl o n-iaz - mbz - Iﬂas - mbs

tg g, = V3

ag My — oy,

21 My — %ol — aghy, ’ (1 -34)
My, —m

tg‘P3‘ V3 9 & ’

mg I?’ta2 — I’I’ta3

!

My = rw? By cos (ot + Xl) + By cos (2wt + y,)]; (1.35)
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M, = ro? Bgsin (of + 13), (1.36)
rie .
Bf = I} (ma, + mp,)2 — L (b + L) (M, + mo, ) (ma, +
+ mp) + (s + L) (Ma, + me,)
Bj = Ii o5 mbz Ly (L - 1) o ag my, my, 4 }(1.37)
+ L+ 12)2 ag mlgsi
32 = ll maz — L+ 1) Mg, Mg, + (2 -+ ly)? m?zs-
ﬁ (I 1e) (g, + my ) — L (g, + my, ) :
iy (ma, + my D) 4 (- ) (ma,+mb3)
5 liogmy, — (L1 +12) og my,
t ;
gra=1V3 sy, b+ la) o, (1.38)

= (L4 m, — a
tgys =13 e
& Ls V L mg, + ({1 1) mg,

tgni=

lm

Ecau KpUBOIMNHO-IIATYHHBIE MeXaHU3MBl HOMHHAJBHO
0lHHaKoBw H L;=1, =1, 10

Q = kr w2 (m, + m,;) cos (of + b); (1.39)
P = kro?m,sin(wf + b) (1.40)
(b =0, g HJIH gﬁ ),

T. €. COCTaBJsIOLIHE TJNABHOIO BEKTOPA AHHAMHUECKUX CHJ
NEePBOro MOpsijiKa NPUHUMAIOTCS PaBHBIMH B OT COCTaBJsIO-
UMX AHHAMHYECKOH CHJBI B OAHOM H3 IUJMHAPOB, a COC-
TaBJAKLIHE TJIaBHOIO BEKTOPA AMHAMHYECKHX CHA BTODPOrO
NopsAAKA IPUHAMAIOTCA PAaBHBIMH HYJIO.

CocTaBasgolye IJIAaBHOMO MOMEHTA:

=13 ro¥ [(ma + m,) cos (wz‘ + %) 4
-+ am, cos (2 w it %—)], | (1.4D)

M, =V3re?lm,sin ((nt + %) . (1.42)

4. UerTnpeXUUHJHHAPOBAsS MallHHa.

a) KpuBournmsl HamnpasJeHbl non yrjom 90° apyr K Apy-
ry. B stom cayuae B; =0, B, = 2 , Ba=m, Ba=
[Tonyyaem:
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Q = rw?[A; cos (of + by) + Ay cos 2 of]; (1.43)

P = rw? Agsin (of + 9y), (1.44)
rae
AT = (Mg, 4 My, — My, — My V2o (ma, 4y, —ma, —my)?;
Ay = aymy, — gy, - ag My, — agmy, ](1 .45)
Ay = (Mg, — Mo + (Mg, — ma, .
tgyy = T T e T e ey M May (1.46)
Mg, —]—mb1 — My, — My, My — My,
M; = re?[B; cos (of + %) + Bycos 2w £); (1.47)
My = ro? Bgsin (of + y,), (1.48)
Tae

B? = [l {ma, + me, ) — (I + L + L) (Ma, + mp, )2 - ]
+ (4 )2 (Mg, + mp, )%
B, = lyogmp, — (I, + L)agmp, 4 (L 4 1y + L3) ay me, s } 1.49)
B = Uyma, — (L + L+ 1 s) M, P+ (L + L2 maw }|
(ll‘l‘lz‘[*la)(m +mb4)“ll(m + my,, )
(U + 12) (mg, + my )
(1L 45) my, — 0y mg,
Uit L) mg,

Ecau KpHBOWINMMHO-MIATYHHBIE MeXaHH3Mbl HOMHHAALHO
OAHHAKOBEI U §; =, = I, = [, TO

Q= kY 2re(m, -+ m,)cos (vt + ¢); (1.51)
P=Fk V2 re?m,sin (ot + {) (1.52)

= I— HJH %), _
T. €. COCTaBJAKILIHE TIJIABHOI'O BEKTOpa AMHAMHUYECKHUX CHUJI

MepBoOro  MopsiKa NPUHHMAIOTCS PaBHBIMH R/ 9 o1 co-

CTaBJlHIOLLU/lX JHHAMHYECKOH CUJBI B OJHOM W3 UHIAUHADOB,

a COCTa’BJIF{IOU_Laﬂ IIdBHOTO BeKTOpa AUHaAMWYECKUX CH

BTODOro NOpAAKA NPpHHUMaET DEIIBHOH HYJIO.
COCTa\BJIHIOLLLHe INIAaBHOTO MOMEHTA:

M| = 2re?/ [V.‘Z (my + my,) cos <wt + %) —

— am, cos 2 of; (1.53)

tg v =

tgx. =

(1.50)
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My =2 V'2re?lm,sin (wuri), (1.54)
4 .

6) Kpusowinnel HampasieHel TakuM ofpaszoM, uTo §;=0,
fo=m, B3 =m, B = 2m.

ITonyuaenm:
Q = ro? (A4, cos wf + A;cos 2 wt); (1.55)
P =rotAssinet, (1.56)
roe
Ay = mg, 4 my, — Mg, — my, — Mg, — My, Mg, + My, ;
Ay = aymy, + ay my, -+ ogmp, + oy mp,; (1.57)
Ay = My, — my, — Mg, + Mg,
M, = re? (B, cos o t + B, cos 2 wt); (1.58)
M, = re? Bysinof, (1.59)
rie

By = — Il (ma, + mp, ) — (i + L) (Mo, + me,) +

+ (+ b+ L) (ma, + mp,);
By =—lyoy my, + (L + L) agme, + (I + Lo + l5) ag mp,;
By=—1limy, — (L + L)ymg, + (L + L+ 5 mg, .

Ecii KPUBOWWIHO-IIATYHHBIE MeXaHH3Mbl HOMHHAJBHO
0MHHAaKOBLl U [ =l,=I3={, TO

(1.60)

Q = 2re? [k (m, + m,) cos wf 4 2am, cos2 w t]; (1.61)
P = 2kro* m,sin of, (1.62)

T. €. COCTaBJAAIOWHE [JIABHONO BEKTOPa AMHAMHUECKHUX CHJ
MepBoro MOPSANKA TPHHHMAIOTCS DaBHBIMH 2R OT cocTas-
JASIOWHX IHHAMHUECKOH CHJbl B OLHOM U3 UW/JAWHADOB, a
COCTABAAOLIAA TJaBHOTO BEKTOPAa  AUHHAMHYECKHX 'CH.I
BTOPOro MOpPSAKa YBeJIHYWBAETCA B YeTbile pasa Mo cpas-
HEHUIO ¢ COCTABAAIOUIMMY - AHHAMHYECKHX CHJ BTOPOro Mo-
pSIAKA B KasKAOM ILHJIMHIDE.
CocTtaBJasiolHe T1aBHOI0 MOMEHTA

My = 3re?l[k(m, + m,)coswt + 2am,cos2wt; (1.63)
M, = 3kre?im,sino . (1.64)

5. Hlectuunauaapopas mMawuua OOblYHO B
TaKHX MAallHHaX KPHUBOUIHMBI PACIHOJIOXKEHH Takum ofpa-
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4 8 8 10
soM, uto P =0, B = 5 =, By = 8= T,
2 4 4
Pe = 4m mm B, =0, B, ==, By = =™ B4 =™ By =

8
== —-T,3=47 1 KPHBOLINIHO-IIATYHHbIE MEXAHH3MBI HOMHU-

HaJbHO OAHHAaKoBbI. [Tomyunm:

5

Q = 2kro?(m, + my)cos (ot + - = ); (1.65)

Py
(V%)

P = 2kre® m, sin (mt + % 7:) , (1.66)

T. €. COCTaBJAWIIHE [JABHOrO BEKTOpPa JHHAMUYECKHX CHIl
MepBOro MOPSAKA TIPUHMMAIOTCS DaBHBIMH 2R OT cocTas-
JSIOUIHX OWHAMHYEeCKOH CHJIBI B OLHOM W3 LUJAHHAPOB, a
COCTARNAIONAN TJABHODO BEKTOPA AUHAMHYECKHX CHJ BTO-
pOro MopsiaiKa MPUHHMAETCS] PABHOM HYJIIO.

CocTaBasiiolye rMaBHOro MOMEHTa NpU [y = ly=[;= I, =
=/;=] paBHH:

M, = Bkr 0?[(m, + m,) cos (of + y); (1.67)
M,y = 5 kre?Im,sin (of + ¥) (1.68)

(X:O, 1w —E)-fr)
3 3

6. Bocobmuuuauuaposas Mamwuua OOLYHO B
TAKHX MallMHaX KPUBOLIKMNBI PacIloNoKeHdsl TakHM obpa-

som, uto Py =0, f =, @3:%": b=

:%“a B; = om, s =6m man B=0, B==x, B3 =m, B, =2r,

7 By = 7"’%@62

5 7
8 = - Bs =5 T B, = 5 Be :%TEHKpHBOHJI/IHHO-

[HaTyHHble MEXaHU3Mbl HOMHHAJBHO OJHHAKOBDLIL. HOJIyLIPIM:
Q =2k V2 rv? (m, + m,)cos (of 4+ b); (1.69)
P=2kY2rotm,sin(ot +10), - (1.70)

T. €. COCTaBJ/IdIKke TJAaBHOr0 BeKTOpa AHMHAMUUECKHX CHJI

NepBOro MOpAAKA NpUHUMaloTcs pasHbMu 2k} 2 or coc-
TaBJAAOIUX IHHAMHYECKOH CHJBI B ONHOM W3 LHJIHHIDOB,
a COCTaBASIOLLASl IVIABHOTO BEKTOpPA JUHAMHUUYECKHX CHJ
BTOPOrO MOPAAKA TPHHUMAETCH PaBHOM HYJI.
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CocTaBasouie T1aBHoro MoMenTa npu = =1 = l,=
=l;=[g=I;=1 paBHmBL

M, =Tk V2 ro2l(m, - m,) cos (ot + b); (1.71)

M, =Tk V 2r wlm,sin (ot + ) (1.72)

(q;:i‘— HJH %w)

Yenosoe pacnosoxcenue yUAUHOPOS

1. IByXuuJuyaApoBass Mallu"a. Yrio 3a-
KJAMHUBaHHA KpuBownnos B;=0, Py=p, yrasl oceit nH-
JMHHIAPOB C BEPTHKANBIO ¢ H ¢z. CoCTaB/s0lHe TJ1aBHOTO
BEKTOPA ITUHAMHYECKUX CHJI

R, = rv?[— Aysin(of — ;) + Ay sin (2 of + by)]; (1.73)
R, = ro?[Assin(o ¢+ dg) + Agsin (2o £ 4], (1.74)

rne

My,

A2 :[(m + 0 ) Sin 2 ¢; — 1ma, sin (B — 2¢s) -+

2
+ 1y, cos (B — @,) sin %] + [, €08 2 9y —
—mip, SN2 @3+ Mg, cos (B—2¢,)+mp, sin (B—¢,) sint ¢, 3
Al =0y Mp, €OS 2 @y SiN @y 1M, €05 2 (B — @) sin o2+
+ [oarmp, sin 2 @y sin gy — aymp, Sin 2 (B — @,) sin @y

(1.75)
A3 = [y, €08 2 ¢, +- mp, COS? @y + g, cos (B — 2¢,) +

s,

+ me, cos (B — ;) cOs ¢p]* + [(ma + ) sin2 ¢y —

2
— o, Sn (B 26—, sin (B — ) o5 5, |

Ai:[al Mp, COS 2 @) COS ¢+ 0ty 111, COS 2 (B—P5) COS o]* 4
+ oy mp, SIN 2 @y COS @y —ay Mp, SIN 2 (§ — @z) €OS @2

N
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m
(,mal e %) sin2¢; — mg, sin (3 — 2 ¢4) -

— inz
malc052<pl my, sin® g +

tgd; =

-+ 1y, oS (8 — o) sin g,
+ my, cos (B—2p2) + m,_sin (B —oy)sings’

ay my, €os 2 ¢y sin gy 4 ap my cos2 (B— 92) sing, .

tg by =
oy, sin 29 sing; —ay 1y, sin 2 (B — o) singo ’ (1.76)
1M, €082 ¢y + my cos? ¢ + m, cos B—29,)+
tg b = my -
(mal + T) $in 2.1 — my,_sin (f— 2¢,) —
+ my, cos (3 —¢z) cos gy
— my, sin (3 — 93) cos gy
| oy my, cos 2y o8 ¢y I+ ag m, €os 2 (B — o) COS Py
tg by =

aymy, Sin 2 ¢y €os ¢y — ag My, $in 2 (3 — ¢g) oS 9p )
Cocrasasiolye T1aBHOTO MOMEHTA:
M, = — ro2[[Bysin (of — 1) + Bysin (2w £ — yo)l; (1.77)
M, = — re?l[Bgsin(wf — yg) -+ Bysin (2w ¢ — 3)],  (1.78)
re ‘

B = [a, ¢05 (3 — 2 ¢2) + ms, cos (B — ¢5) cos el
+ [, sin (B — 2¢,) -+ my, sin (8 —p,) cos ¢,]%;

By = 0, my, cos o,
B} = [ma,sin (B — 2¢) — mp, cos (B — @5) singa)’ 4+ 1
-+ [ma, cos (B — 2 @3) 4 me, sin (B — ¢,) sin @,]%;

By = a,my, sin o,.

Mg, €08 (§— 299) + my, cos (8 — ¢5) cos gy

(1.79)

t ' ==
g/-l I‘T'la2 sin (3—2?2)—[—]71[)2 Sin(ﬁ_f{»‘z) C0S 93 )
tgy, = ctg2 (B — o) (1.80)
— m,, sin (B—2 S
: tg Yy = mg, sin (¢ ¢2) + my,  €os (8 — @) sin g,

m, cos (B—29,)+ my, sin (B — @) sin ¢, o

v

Ec/M KPUBOLIMITHO-IIATYHHBIE MEXAaHM3MbI HOMHHAJLHO
OJHHAKOBH, —@; =¢,=¢ 1 §=0, To

R, =2ro?[(m,cos2¢ — m,sin?¢)sinwt —
—am,sinesin2¢sin2wf]; (1.81)
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R,=2rw?[ — (mycos 2 ¢ 4 m,cos? ¢)cosw t +
+ am,cospcos2sin2 wil; (1.82)

M= —rw%[ \/ (m, cos 2 o, cos? <p)2—l—(ma—1— mj’f sin? 2 ¢

Xosin(w i 4-y;) +am,cososin(2of 4 y)l; (1.83)
M,=—rov?l [ ‘/<ma -+ ’%”)%in@q%—(ma cos 29—m, sin®p)? X

X sin (of + yg) 4 a my sin ¢ sin(2 ot 4 yo)], (1.84)

rae
Mg cOS 2¢ - mycos? ¢

(ma —l—m—;> sin 2¢ -

tgy =

my .
(ma—{——2 )sm2<p
tgy, =ctg2¢;  tgys=

(1.85)

Mg €0s 2 ¢ — my sin? cp.
2. Tpexuuauunaposag MalluHa. YrJaul 3akiu-
HHUBAHHS KPUBOIIUIOB f;=fo=Ps=0, yIVIbl OCCH UUIAHAPOB
C BepTHKadbl —¢;, (p2=0, @;. CocTaBadgIONHe T[IABHOIO
BeKTOpa JHHAMRUECKUX CHJI:
Ry =rw— Ajsin(ot 4 ;) — Ay sin (20 £ —,)]; (1.86)
R,=—ro?[Assin(ot—dg) + Agsin (2ot — )], (1.87)
rae

At =(mo, + ") si , :
1= (Mo, + 5 Sin2 ¢y — (Mma, + 5| sin2¢z| +

+ (Mg, cOS 2 91 — myp, Sin? ¢y -+ Mg, +
+ Mg, C08 2 pg— my, SiN% og)%

AL = (ay Mp, SIN @ COS 2 @) — ag 1My, SIN @5 COS 2 93)% +-
-+ (oq 1y, Sin @y SIN 2 @) - ag My, SiN@gSin 2 ¢g)?;
A= (Mg, €0S 2 @1 - my, COS% @y | Mg, + Mp, + (1.88)

- Ma, €08 2 @5 + mp, COS* @g)* +

my, m . 2
+ (mal—}— 2‘) sin 2 ¢; — | mgy, + 2"’ sin2 ¢g] ;
A} = (0q mp, COS 01 COS 2 @y 4 o M, -+

+ ag 1y, COS @5 COS 2 ¥3)% +-
+ (5 My, COS ¢y SIN 2 @y — ag M4, COS Py sin 2 @g)?.
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My, \ .
my + —5 | sin2¢ —
m, €082 ¢y — my sin® ¢; - my +

My Y .
—\my + g | sin2gg
- mg, cos 2 g3 — my, sin2 g *

tgo, =

—.

—

tgy a1 My SiN ¢y cos 29y — ay My, SN 93 €os 2 g
2= - . . .
ay my, Sine1sin2 @y 4 ag My, Sin¢3sin2 ¢,

1.89
Mg, COS2 ¢y + my, cos? ¢y + My, + My, + N ( :

tgdy =

my N\
mg + 9 ) sin2¢—

R + m, cos 293 + fmy, €os? og .

my,,
—\m,, + 5 sin 2 g3

tg 4, — aj My, €0S ¢1C0S 2 g1+ ay My, + ag My, C€OS 9308 2 g
4

oy My, COS ¢18IN2 ¢ —ag 1My, €oS 9g5in 2 ¢g

CocraBasiourye TVIaBHONO MOMEHTA:
M, =ro?[B;sin (ot + X)) + Besin (2o ¢ + y,)I; (1.90)

M. = r o [— Bysin (0t —y,) 4+ Bysin 2w £ + y)], (1.91)

rre

Bl=[(rmg,+my) L+ (ma, €08 2 egtmy, cos? gg) (f+H) P+
m 2
+ (m + 2"8) (L4 L) sin?2 g

Bi = fog my, Iy + ag iy, (Iy + L) €os @308 2 g2 -
+ o} mis (hh + L)? cos? vgsin2 2 g (1.92)

2
B = (e, + T2 (- e st 24,
+ [a, Iy + (M4, cO8 2 03 — M, Sin® og) (4 + 1L,)1%
B4 = dg mba (ll + 12) sin Pge
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(mgy, + my) 11—}—(maa 08 2 931y €os2 ¢s) (L1+13) )

tg Xl = mb ’
(ma: + 23 ) (l1+12) SinQ(Pg
t ag My I + ag My, ({1 -+ 1) cosggcos2q9g
8% = agmy, (I + [2) cos9ssin2 g ’ (1.93)
My, .
(ma5 + D) (I + 1) sin2 ¢g ]
tg L3 = mg I+ (mg, cos 2 g5 — my, sin? ¢z) ({1 + la) ’
tgx, = ctg 2¢;.

Ecin KPHUBOUIMIIHO-IIATYHHbBIE MeXaHH3Mbl HOMHHAJLHO
ONUHAKOBEI, — p1=¢3=¢, {,=I[,=I, TO

Ry=—ro? {[ma(l + 2cos 2 ¢) — 2m,, sin%¢] sinwf —
—2ambsin<psir12cpsir12u>t}; (1.94)
R,=ruw? {[ma(l+2c052<p)+m,,(1+2cos‘4cp)] coswt 4

+am, (1 4+ 2cos¢cos 2 o) sin2mt}; (1.95)

My =ro?l[Bysin (ot -+ )+ Bysin (2 o £ 4 y,)]; (1.96)
M, =—ro?l [Bgsin (0t —y,) — Bysin (2wt 4 y,)], (1.97)
rae
B =[m, (1 +2cos2¢)+ m, (I +2co? @)+ |
M\ in2 9 o
+4<ma+ 5 ) sin® 2 ¢;

B3 =a?mj (1 + 4cosecos 2o -+ 4cos?g); -

(1.98)
Bi =4 (ma +%)2 sin?2 ¢ |
+ [m, (1 + 2 cos 2 ) — 2m, sin? g2,
By =2am,sine. )
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tgxl: ma(1+2C052<P)+mb(1—{—2cos2<p) .
2(m,z+ﬂ\sin2cp ’
2 )

1 4 2 cos 2
tgy, — $cos2q
2 2cospsin2e (1.99)

2 (maﬁ—%) sin2¢
mgy (1 +2c052<p)—2mbsin2zp s thél =Ctg2<p.

tgx3:

3. Hernipexuuauugponas Mawuyga Kpuso-
WIANHO-IIATYHHBIE  MEXaHU3MbL  HOMHHAIBHO OJUHAKOBDI

pl:n(gzzoy'@a:ﬁzl:“» N=P3=——9, ¢o=93=9 ul=1 =Al<

b =L Cocrasnsioune r1aBHoro Bekro
CHJL; Pa IMHAMHUYECKHX

R, =rw?[A4;sin (04 dy) + Aysin 2w 4] (1.100)
R, =rw?[— 4,sin (0t —ty) — Agcos 2w £, (1.10D
rae
Ay = 4o m,sinesin 2¢9; )
A4:4ambcoscpC082cp, } (1.102)
a3a A ud anHHMaIOTC H
" 3HAUEHHIO Hsszusyx Benmmﬁ anoomLmte no a6comomovmy
, )
A =2k (ma +%) sin2 ¢ wnmu

Al = 2% (m,cos 2 o — m, sin? @)

’

. 1.103
As =2k (m, cos 2 @+ mycos?¢) wuan ( :
Ay = 9% (m +%) sin 2 g,
npuuem
s y ,
‘PI—P?—?, P = by = 0. (1.104)

CO‘CTEIBJIHIO[LIHG FTaBHOTO MOMEHT]:
My = ro?[—B,cos t + Bysin (2wt L 1) (1.105)

MZ:ro;2[Bssinwt~|~B4Sin (20)1‘—[—12)], (1.106)
74 .

rne
By =2+ Al) (m,cos2 ¢ - m,cos? ¢); i
By =4do2mycostg[(l + 2A N2 cos? 29 + AL sin2 o]; '}
By =20+ Al) (i, cos2 ¢ — m,sin?¢);
Bl =4o02mpsin?¢[Al2cos? 24 + (I + 2 A2 sin?2¢].

(1.107)

{+24/
tgy, = ——— cig2¢; tgy,=—"— ctg2¢. (1.108
g%, i, ce2e ey, = o clg2e. (1108)
4. MMecTHuUuNHHEAPOBAsK MalluHa KpuBomnn-
1O-LIATYHHblE ~ MEXAHW3Mbl ~ HOMHHANBLHO  OJMHAKOBDI,

B1=B=0s=0, Bi=Bs=0=7, ¢1=0y=—9, P3=9=9, 9=
=0, =0, f,=b=1=l=Al<l;=I.
CocTaBagolue TJIaBHOr0 BEKTOpPa AMHAMUUECKUX CUJ:
Ry =ro?[Assin (0 f+ ) + Aysin20f];  (1.109)
R, =ro?[Azsin (0! 4+ b)) + Agcos20t],  (1.110)
rae
A, =4am,sinosin2o; i
: prIES N EY (L111)
Ay =2am, (1 + 2cos¢cos2e),

a 3a A, u A; npuHnMaioTes HaubOblIe 0 abCoI0THOMY
3HAUEHHIO H3 ABYX BEJUYHH:

o 2] ]

A=k [m, (1 +2cos2¢)— 2m,sin?¢];

A=k {m, (1 +2cos2¢) 4 m, (1 -+ 2cos?¢)] wuau (1.112)
A = |m gt 4 (g - S sine2 ]
apuuem ‘
tg o1 =<2+ e ) sin2¢, o) = 0;
et (1.113)

apé:%, tggs =

[ ——

2 <ma + ﬂ) sin2 ¢
2
CocTaBjdAmILME VIABHOTD MOMEHTA!
M, =re?[—Bycoswt 4 Bysin (20t 4 %)) (1.114)
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Mz:rwz[Bssinwt+B4sin(2wt+XQ)], (1.115)
rue= (C+2A0 [m, (1 +2cos2 ¢) +m, (1 42 cos?)];
Bi = amy [(I + 4 A1) (1 + 2cos 9 cos 2 v)? +
+ 16 A2 cos? ¢ sin? 2 ¢];
By=([+2Al) [m, (1 + 2c082¢) — 2m, sin ¢];
B§:4z12m§[4Al2 sin? ¢ cos?2¢ 4
+ (0 + 4 A1)? sin? ¢ sin? 2¢).

{44A1 1 - 2cos¢cos2o

tgy, =~ 22 . 1 2cosgcos2y . ]
11 447 cos¢sin2e

oA t(1.117)

5 BOCOMHUUIHHAPOBAS MAamHUHa, Kpuso-
UIMOHO-IIATYHHbE MEXaHM3Mbl HOMHHAJBHO ONHHAKOBDI,
u1—52~ﬁ3—ﬁ4—0 Ps=Bs=Br =05 =, PL1=P5 =—9, Po=0¢g=
= :, P3=P1= s Pa=Ps=¢, 11_12—13—15—16—17—A1<14—
=/ (n—nonommenbﬁoe YHCJIO).

Cocrapafoliie [VIABHOrO BEKTOPA AMHAMHUECKUX CHI:

R, =ro?[4;sin (0f+4¢;) 4+ A,sin20 1] (1.118)
R, =rw?[4;sin (0f 4 ¢g) 4+ A cos 2w £, (1.119)

(1.116)

tae
A, =4om, <slncpsin2<p—}— sin £ sin ﬂ);
n n
) (1.120)
Ay=4am, (COS(pCOSQcp—]-—COS 2 cos 2¥ ),
n n

a3a Ay u Az npUHAEMAIOTCS HAHGOMBIIME 10 abCoJTIOTHOMY
BHAUSHHIO H3 ABYX BEJIHYUH:

A = 2% ( a—]—T) (sm2<p+sin ﬁ) HJH
n
A = 2k [ma (cos?qo—i—cosﬁ) +m, (sin2qo+sin2 i)]

As = 2k [ma (cos2 ¢--cos —* ) +m, (0032 ¢-+cos2 ¥ )} (1.121)
n
HJIH

A;:Qk(ma—]—%) (Sin2cp+sin ﬁ>,
n

76 «

npuueM
q,izq,;:%, b= Gy =0, (1.122)

CocTaBJsiioliue rIaBHON0 MOMEHTA:
M, =ro*[—Bcoswt 4 Bysin (2wt 4 ) (1.123)
M, =ro?[Bgsinot + Bysin (2o f+y,)],  (1.124)

rae

n

31:2(l+3A0[ma (Cos2<p—|—cos 2—“’)+
+ m, (coszgo —+ cos? %)];
B — da2m} [(z+ 6A 02 X

[{ Qe \2
X(cosgocos2cp+cos icoswf—> +

n

+ AL (331n2cpcos<p—{—sm—l cOs % 1 (1.125)
2e

c)

By=2(+3A) [m (c052@+co

— 1y, (sinch -+ sin? 7)],

, , .
Bz=4a2m?, [AF <3c052cpsin<p+cos%sln * +

n

. 20 2
-{—(l+6Al)2(sincpsin2cp—|—sm % sin =+ ]

n
D s 28
[+647 CO$ 9 €os 2 ¢ - cos n €0s —, _
tgx, =737 2¢ 9’
3sin 2 ¢ cos ¢ --sin o cos
X . (1.126)
. ? .
) Al 3cos2¢sing 4 cos — = sin — -
gxy = : 20 -
Lteal sin g sin 2 ¢ 4 sin %sm—n



MNPHJIOXKERHE 2

TEXHUYECKHE XAPAKTEPHUCTHKH
H BEJHWYHHDBI AUHAMHYECKHX HATPY30K
MO HEKOTOPbBIM MALIHHAM

B rtafa. 5—14 mpuBeneHbl TeXHHYECKUE XapaKTEPHCTH-
KH MO HEKOTODHIM THIAM JUHENHBIX U YIJIOBBIX KOMIIpPecco-
poB, I'DOXOTOB, LEHTPHDYr M METaNNOPEXKYILHX CTAHKOB.
B uuca0 3THX XapakTepHCTHK 10 HEKOTODBIM MallHHAM
BXOJAT AMHAMHUYECKHE HArPY3KH.

J15 KOMIpeccopoB H METAJJIOPeXVIIHX CTAHKOB JAHHA-
MHYECKHe Harpy3KH BHIUHCAeHB O (opMmyaam 2-ro u 10-ro
PasaenoB HWHCTPYKLUUH U NPUAOKeHHsT I.

B rtaba. 15 npuBeneHnl CBeAeHHs N0 BEHTHJATODAM,
Jawuiye BO3MOXKHOCTh BBIUHCJAHTL JHHAMHUECKHE HATPY3KH
no dopmysam 12-ro pasgena uHCTPyKuHH. B Taba. 16
NpUBEAEHBl CBELEHHS NO BecaM JBHXKYUIMXCHA dacTell Ijoc-
KOMeYaTHbIX THOOTPaCKHX MaulihH. DTH CBeJeHHs B CO-
YeTaHHH ¢ AaHHBIMH, HMELIHMHCA B [aclopTax MJA0CKO-
TMeYaTHLIX MAallWH, AAl0T BO3MOXKHOCTh BBIYHC/AHTL AHHAMH-
YecKue Harpysku 1o dopmynam [3-ro pasgena HHCTPYKUHH.



Ta6auyua b

TexHuueckHe XapaKTEPUCTHKH HEKOTOPHIX JIMHEHHBIX MOPUIHEBBIX KOMMPECCOPOB

XapaKTepHCTHKA KOMOpeccopa (YMCao CTyme-
HeH CXAaTHs, OJUHAPHOTO MJIH JBOHHOrO

Bec¢ kommpec-
copa C OnopHoH

Bec ajekTtpo-

Mapka o Yucno pamoit, 3JeK-
eHCTBHA, pacnojoxe - TOBHTEIb Apurarens
KoMnpeccopa A HasHa,qer;mCen, CTau:g:a;l:SEHﬁ(ﬁga’ 8asoa-u3ro LMJAHHZAPOB |TPOABHTATENEM B K2
nepeBHHON ) U MaxOBHKOM
B K&
200 B-10/8 JIBYyXCTYyIeHYaTRIi, OAHHAPHOIO Aeil- MeanTonoabCKHl  Ha- 2 2 950 1 350
CTBUSl, BeDTUKAJbHBIH, BO3AYUIHBIH, CTa- | COCHO-KOMIIPECCOPHLIH
LHOHAPHBIH
2Cr-4 OnHocTynenuaThiif, JABOHHOrO jei- MockopckHit «Bopenys 2 10 400 1 800
CTBHfA, BEePTHKAaJbHBIH, BO3NYIWHBIH, CTa-
HHOHAPHBIH
2BC JByxcTynenuathifi, JABOHOrO jeli- Mockogckuit «Komnpec- 2 44920 13600
CTBHS, TOPH3OHTaMbHHIH, BO3AYLIHLIH, | cop»
CTallMOHaPHBIA
BK-3-6 OpxocTyrnieHyaTslil, OJMHAPHOrO jei- Epesatckuii  Kommnpec- 1 1120 400
CTBHfl, BePTHKaJbHbIN, BO3AYWIHBIH CTa- | COpHbIH
LHOHapPHbIH
2CA-8 JlByxcTynenuarsiii, JBoffHoro peii- Mocxosekuit «boper» 2 2200 1080
CTBHfl, BepTHKAJIbHLIH, BO3AYIUHBIH, CTa-
LMOHAPHBIH




08

IIpodoiscenue tabr. 8§

XapaKTepHCTHKA KOMIpeccopa (UHCJO CTyTe- Bec xommipec-
Mapka Hell CXaTHsl, OLHHAPHOrO MJIH JBOHHOIO copa ¢ ONopHOH| Bec saexrpo-
« gc a REHCTBHS, PACHOJIONEHHE LHJMHAPOB, 3aBOJ-U3rOTOBUTEND Huciro PaMoH, SJeK- ABHraTenst
oMmpeccop HA3HAYCRUE, CTAHOHADHLIA HJH [\HIHHAPOB | TPOABHTATC/IEM B ke
TlepeBUIKAOH ) H MaXOBHKOM
B K2
B-300-2K OnxocTyneHuaThlii, BepTHKATbHBL, Kpacuwomapckuit  Kom- 2 9420 5600
BO3AYIWIHBIH, CTALUOHAPHBIH npeccopHbli
$B-20 Ogpsocryneduarsifl, OfgHapHOro neii- UUTHHCKAN MaLIMHO- 2 805 140—125
CTBHfA, BEPTHKAJbLHBIH, (PEOHOBLIH JJs1 | CTPOUTEMbHEIH
XOJIOMJIbHOH MaIlMHbLI, CTALHOHAPHBI
DB-85 OnuocTyneHuaThiil, ofunapHoro aeki- Mockosekuii «Komnpec- 2 1625 400—230
CTBHSl, BEPTHKAJbHBIH, (hpeoHoBHIT AN | COp»
XOJIOAWIbHOH MAIUHHEl, CTAUMOHAPHLI
AB-100 OxHocTyneHyaThlll, OaMHapHOro meii- To xe 2 1625 400—-230
CTBHS, BePTHKAJbHBIN, aMMHauHBIH /5
XOJIOAMIBHON MALIHHEL, CTALMOHAPHBIH
D
Ta6auuna 6
CBeleHHst 0 Becax W pa3mepax IBHXKYIUMXCH 4YacTed HEKOTOPHIX JMHEHHbIX
MOPUIHEBBIX KOMHPECCOPOB
o . é PasMepr U Beca uyacTei KPHBOIIKHITHO-IWATYHHBIX MEXaHH3MOB
[<} [=3 &
&, a a = E [ = N
=4 @ = .5 23] .5 '
B a 2 & 58 s S2| a8 ¢ &3 .
= X © 3 “ o 2 SEaq| 2%3 m =
= ® © & % O oR R Z 5 © =]
= B o By < B ) o - = & - 18] = ©
= I =4 SN E R g 3| ocga (6] o% @ «
Mapka m = £q B z E ©3m = =g o5 o - | o o
KOMIIpeccopa 2 = =8 s e o 5z - < spg| 5z =] 22 o e
g = | ES | ES | B~ | 2 55| > | es5| e8| B | EER | g | ¢
] & o N ] & 2,8 s £38| =032 3 gim z =
33 g Fo 5o za = ZRE 3 gz2] Z=3 £ 2 o £ S
3 =} P 8 ® o ® g ® oS = "3 Iy o s o
oX S = Q o= > ow3 < Soa| 2%= g 2z g 5
2 £ =0 53 CE % | B=3 = c8x| OFE " -
g8 o | 25 | 25 | 2 | £% e85 = | g3s)g83| ¢ g5 8 g
Fa 2 >3 > g &5 8a | 85 = 3% | &49& a BEG 2 2
200 B-10/8 720 I 0 0 37 100 52 406 | 132 94 | 24,39] 33,19 9,72| 12,35
I 180 0 100 52 406 | 132 94 | 24,39 24,62.] 9,72| 12,35
|
I 0 0 125 — 600 | 240 — — | 148,08 | 67,35 —
2CT-4 85 | ;m |90 | of ¢ 125 | — | 600|240 | — | — | 148,08 |67,35| —
I 0 90 275 — | 1225 | 408 — — | 1203 270 —
2BI" 167 1I 90 90 300 975 . 1225 | 408 _ — 680,5 270 —
BK-3-6 730 I 0 0 — 85 — 425 | 134 | 180 — 33 9,5 | 14,6
o




a8

je.s)
W

Ipodoascenue Tabr. b

Pasmepsl H Beca yacTed KPHBOLIMIIHO-WATYHHBIX MEXAHH3MOB

g |, |
2 = ! N
2 : | |3 S I - Y-S B :
= = © g o% B &5 FER m i
= ® «© > ® 3 = Eo® ® X 1) 2 Q:
z = | = & g3 | E oS 2 | 8Ny Bga| & E @ o
Mapka @ = S =g 2 S °gm ~ =g °a s < =) o o
KoMnpeccopa 2 = =3 E8 =0 2 6z o g 52| 55, £ 2% © 3
& = =0 ::SIN ® g q)o':)fm el 0 SE 0TS =] £z © 3
o 9 5a 2 =2 =3 E s 98| =09 3 Saam z =
\8: ] gm_ 59_ =8 X R 3 1:2 ZRQ a:: quy:(«u Z g
- £ I g 8= ) 3«3 o Sbx| oxa a 90 g &
=S £ 59 52 5E Tz | 523 z So&| GEE = N
£ P 28 ] ES ST A = %5«: gs8 3 932 3 3
Fa 2 w3 > 2 = o 85% = sex| adce o = @ -
I 0 0 85 — 450 150 — — 60,7 25 —
2CA-8 480 11 | g0 | o | 5 | & | — |450 [150 | — | — | 436 | 25 | —
I 0 0 150 | 75 650 | 217 177 | 69,7 | 224 100 | 82,4
B-300-2K 330w e | o ! 180 |75 |650 |217 | 177 | 69,7 | 192 100 | 82,4
855 ,93 1,28
®B-20 ﬁﬁ{o I 0 0 " 35 | 33,4 | 200 |66,7| 52 3,96 0, 0
960 1I 180 0 | 35 33,4 | 200 | 66,7 | 52 3,96 0,855 | 0,93 1,28
$B-85 960 wu| I 0 0 8 65 | 56,8 | 380 |126,7 | 10l 16,35/ 10,13 | 9,84 | 11,3
u AB-100 720 I 180 0 65 56,8 | 380 [126,7 | 101 16,35 10,13 | 9,84 | 11,3
IMpumeuvanue B xoMmnpeccopax 2CI-4, 2BT, BK-3-6 m 2CA-8 cuJa uHeplLiHH, Da3pHBaeMas KPHBOWIM/IOM, YDaBHOBEHIHBAETCH
NpPOTHBOBECOM.
Ta6auua 7
JuHaMuyeckue HATPY3KH OT HEKOTOPBIX THMOB JUHEAHBIX MOPWHEBBIX KOMMNPECCOPOB
dbazobbie yr.nb.l B pajHaHax Anst TPHIOHO-
Mapka R!(/I) R;I) RL”) R(ZII) MA(/I) M;(:I) Mz(J“) Mé“) MeTpHUYeCKOH GyHKUHM NpH o
KomIlpeccopa : —~ ]~ = = —1
B K2 B K2 B Ke B X2 | B Kem | B K2 B KM B KM ,3\ EN :\ENEEEN EQEN cex
a:" x || xS |=|=S
200 B-10/8 88 | 496 0 | 914 |—=759 |—164 147 0 0 0 |—|0]O0 0|—| 75,38
2CT-4 1064 | 5670 | 0 0 |4010 /| 7521| 677 I 0 % % — = % _} 0|—| 38,22
2BI' 15016 | 2180 | 1002 | 0 | 4626 |24424 0 |—4434| 0,573 ,’4‘_ 0|— _;i —72‘_ —| 017,48
BK-3-6 329 | 2151 0 344 0 0 0 0 —_ — === |=—|—=|—] 76,43
7
2CA-8 516 | 2403 0 71 826 201 | —118 0 ~Z— 0,675 —| 0 %‘-2‘ 0{—| 50,26
B-300-2K 13 | 6475 | 0 | 135 (42750 80 4| —969 ¢ | 0 | T |o721—]0 51510 |~] 34,87
®B-20 20 30 0 33 |—442 |—33 3 0 0 0 |—|0|0]0]0|—]150,77
OB-85 n. 44 | 224 0 | 308 |—313 |—62 35 0 0 0 |—]0]0]|0|0]|—1100,51
AB-100
|

TIpumeuanue. 3nauku (I) uan (II) npu Ry’ RE,M

BOM M BTOPOIl FapMOHMK.

y

H Mz OTJIHYAIOT APYD OT ApYra aMiJHTYIAbl AHHaMHYeCKON Harpysku nep-
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TexHUyeCKHE XAPAKTEPHCTHKU HEKOTOPBIX

Tabanuua 8

YIIOBBIX MNMOPUIHEBbIX KOMIIPECCOPOB

Bec koMnpec-
. Yucao [copa ¢ ONOpHOH
Mapka XapaKTePHCTHKA KOMIPeccopa (MMC/IO CTENeHed CxarTHs, Lu- pamoii, sJex- | BEC 9EKTpO-
KoMmmpec- ONHHADHOr0 HAH JABOHHOTO ZeHCTBHS, DPACIOJIOXKEHUE 3aBof-U3rOTOBUTEb SRS Tponsp{raTeneM ABHraTesNst
copa LUJIMHAPOB, Ha3HAYEHUE, CTAUMOHADHBIA KM fePefBHNKHOM) pos M KOHZeHCa- B K2
TODOM B Ke
PYY-80 OpHOCTYNEeHYaThId, OIHHAPHOTO NEHCTBHS, Beepo- UUTHHCKHI MalLMHO - 8 2305 400—360
0o6pasHblfi, (PEOHOBBLIH NJS XOJOAMJIbHOH MALIMHBI, | CTPOHTENBHbIH
CTalHoHapHbIH
QY-40 OpHocTyneHyaTHil, ofuHapHoro peficteus, V-06-| To xe 4 1325 230—205
pasublii, GPeoHOBRIl 1Jis XOJOMMIbHOH MAlUHHBEI, CTa-
LIMOHaPHBIH
JIAY-80 JlByxcTyneHdaThlil, OJMHAPHOIO HefcTBHA, V-06-| Mockosckull «Kom- 4 8700 1700
pasHplli, aMMUauHbld AJS XOJOAMIbHOH MAIUMHEL, CY- | Ipeccop»
JOBOH
L AYY-90 OpHocTyrneHuaThll, OJHHAPHOrO JEHCTBHA, BEEpO- KpacuopapckHit koM- 8 2140 970—360
00pa3HbId, aMMHauHBlil a8 XOJOAWILHOH MALUMHEL, | TPEeCCOPHBIH
CTalLMOHAPHLIH
AY-45 Onuocrynenuathil, ofuHapHoro aeicrsusi, V-06-| To xe 4 1145 205—140
pasHelfi, aMMHAuHBI{ /8 XOJOAUJIBHOH MallHHEL, CTa-
LMOHaPHbIH
IIpodosscenue taba. 8
Bec komnpec- |
. Uucs10 |copa € ONOPHOIN| B
Mapka XapakTepucTHKa KOMIpeccopa (4YHCJO CTeleHeH CXaTHd, oH- paMmoil, 3JeK- €C 3JIEKTPO-
Komrpec- OJIMHADHOrO WJIM JIBOHHOTO REHCTBHSA, DACIMOJNOKEHHE 3aBOK-H3rOTOBHTENb JIMHE- | TpopBHraTeney| ABHIaTens
copa LHJHMHAPOB, Ha3HAUEHHE, CTAUMOHKAPHBIA WM NEPeXBHKHOH) poB H KoHAeHCa- B K&
TOPOM B K2
OYY-350 OpuocryneHuaTeil, 0JMHaPHOrO JEHCTBHSA, BEEPO- Mockosckuit  «Kom- 8 4080 1360—1155
06pa3ublii, GpeoHOBHl JJs XOJOJAHIbHOH MAaILUMHBL, | IPECCOD»
CTalMOHaPHLIH
OY-175 OpHocTyneHyaTHil, ofuHapHoro neficrous, V-06- To xe 4 2800 970—665
pasubiif, PPeOHOBHIA A XOJOAUIbHOH MALUHHBL, CTa-
IHOHAPHBIH
AYY-400 OpHOCTyNenuaTsIH, OJMHADHOTO AEHCTBHA, Bee- » 8 4080 1360—1155
poobpa3unll, aMMHAYHBIN 1Jsi XOJOJUJIbHOH MAIUMHSL,
CTalHOHAPHKI
AY-200 OnuocrynenyaTslil, ofiunapuoro Aeficrsus, V-o6- » 4 2800 970—665

g8

pasHblil, aMMHAYHBIH AJA XONOMHJIBHOM MALUHHEI, CTa-
UHOHAPHBIH
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Tabavua

NOPIIHEBBIX KOMIPECCOPOB

Cpeflenus 0 Becax M pasmepax JBHXKYIUIHXCS 42CTell HEKOTOPHIX YIJIOBBIX

]
o 5] o~
! : ] Te]
2% a 0 eoddgogurodu 238 o — . " © XK S
. 2y & D eosmoaniodu dad o ™~ —
< N
oQ [se} 2] O
g 2y a *n enkiem d2d =2 =5 m
= < < 8 2y 9 °p endLem dod % %
Y . -
g 3 s = = =
o | 2x g %n (sumdoun) pald ® 0 3| 5
Z 1 -en ©3XWINAKMEY OHAWDL 2 2 g E - a © « -
#% -BUALOOU-0OHLeddgod 038 = = M ] 2y 9 tp AM:E m..: HoLd > o >
4 S = -Bh KOXHWIMAXHEY OHQIrRL ™~ - -
2 S| % | -eudLoou-oniedgsos odom - - -
[ — ™ S| 3
s | ey 4 "D eunmoguds 294 - © [l - = )
3 - o > > — bl
S 51 ex g 'n euumosndy dom = o o~
& g
= = I}
: ]
5 lww « Y, esesosnsodu nuo 2 Q m
2 .mﬁm...:mmﬁw:ooamww:uowm Epw Y, eosoansodu nio © 1984 3
=l -
& red Ho HHEOLD S | -9EBL ediHAY OY BHHOmM =2 «©
. £ | -eda moo 1o sumsoroded
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IIpodoascenue Taba. 9

:§ = . s Pa3Mepbl M Beca yacTe#l KDUBOLIMIIHO-IIATYHHBIX MEXaHU3MOB
=~ Q. T L = '
o = 2 Q = A A ' q-.)§ © . I
Sl 8| o |5 | . |BEF| 3| oEi &l | I |ame :
b4 = = g &3 53 © =5 . o £g” =5,.= - E'é“ 2 o
S = z = ) 53 g gar Q .3 | 88 © 2z @ ©
é § = Foi® im gu: 2 l—%g @ «Z g e EQ = éi; IS 2
: 2|z (B3| Sn sy SRR ORI ER R s lERE| %@
g | £ | E5 | =2 | 53| % |88 | 5 |25 |sef | B | ER:| | £
: e | B | fe| o |25 gy | Bz | o |BB3lge | B 85| 5|8
& | S | 88| 8¢ |9z | 5% | 832 | £ | SEF S c | o |efm ) oo | @
b5 5 2 | m8 | 8E | &% | 2. | £5B % | SEg | 285 2 | &85 2 S
dYY-350 960 I 0 |—67,5 7
H HIH 11 0 |—22,5 7
AYY-400 720 111 0 22,5
V| o] 675 o
) v | 180 ——67'5 28 65 [~69,6 380 | 126,7 105 |~25,3/ 10,13 19,84 | 22,5
VI | 180 |—22,5 | 7
VII | 180 22,5 7
) VI | 180. | 67,5
"DY-175 960 I 0 |—45
” wm | I 0 45 9 | 65 |~50.7 | 380 | 196,7 | 100 | 16,66 10,13 | 9,84 | 16
AY-200 720 11 180 |—45 | 7 V% , ) s -3, .
v 180 45
w3
Ta6aunma 10
JluHaMuyecKHe HArpy3KH OT HEKOTODPHIX THMIOB YIJIOBbIX MOPUIHEBBIX KOMIPECCOPOB
= = = 2 Qa3opble Yranl B pafHaHax JAisi TPUrOHOMET-
o ] 2 ¢ 8 3 & g pHYecKOH (yHKUHH DU
Mapka X = : $ < @ @ 1
KoMIpeccopa @ a | 5] " e I ISR R ~ 1=~ - 1 = —~ |o b ocex
RNR W R | TR | R RR|TEY T
dYY-80 38 38 | 61 | 25,4{—53 |—53 | 5,5(12,5|0 1,571 O 0 0 (0 (1,2052,961| 150,77
OY-40 57 |—b7 | 47 0 [—191—1911 5,611,571{0 0 0 01010 0 150,77
IIAY-80 309 |—403/470 |—164{—537{—268|46,5| 113]1,571(1,571] O 0 010 (1,014]0,045 75,38
AYY-90 63 63 102 | 42,4{—89 |—89 | 9 21 10 1,571 0O 0 010 (1,2052,961] 150,77
AVY-45 48 |—48 | 78 0 |—22—22 11 5,4(1,571]0 0 0 01010 0 150,77
dYVY-350 u 360 | 360 |569 |235 |—882|—882|88 202{0 1,571 0 0 010 11,2052,961} 100,51
AVYY-400
(DY-1758 —180|—180(435 0 |—315]—315] 2,2| 7,6|0 1,571} 0 0 0100 0 100,51
AY-20
[0}
O




16

06

Ta6auua Il

TexuuuyeckMe XapakTePUCTHKH 0 HEKOTOPBIM CPOXOTaM
Mapka rpoxoToB
- o | § | «

XapaKTePUCTHKA MALIHH X & ¥ & aQ n = = | =& - < £ Q|2
Sleleldl clal @881 %o |28 ¢ |88
ElelzlEl e || 8 g |E|a|E | & |8 E|B|G

Bec mMammnnl Ges ajexr-

poasuratens B k2 . . . .| 7098 |2145 | 2583|9543 | 3595 [1758 | 8980 | 4687|6056|7075|10 339|16 563(2888|19 608

7300(6100

Bec  2seKTpOABHraTeJst ‘

I 200 | 158 | 158 | 248 | 158 | 105 | 360 [ 200 200 248 238 238 158{ 292

Bec peuxymuxcs uacteit

(kopofoB) Mammuml B k2 .| 2272 |1600 | 1931|3500 | 1698 | 779 | 7492 | 2800|3466|3393| 3753 | 3500 {2500, 3958 {3700|3095

Uucao o60poToB IJ1aBHO-

« TO BaJa B MHHYTY 8560—| 900 | 900| 400| 900 { 840 [ 700 | 400/ 450/ 500,700— |700— | 900|600— | 875| 800
900 v 800 | 800 830

Cpepssis  cKOpocTe  Ha-

= pactakud 0B6OpOTOB  NpH

nycke B 06/cex? .|He on-|1,5—| 3,6 |I,1—| 5,3—16,4—| 3,9— He onpenensnace 1,1{3,7— | He on-
pene- |1,65 6,7 | 7,7 |7 5,1 5,1 pexe-
JIS/1aCh JIs1ach

[1podoancerue taba. 11
Mapka rpoxoTos
S|« -

XapaKTePHCTHKa MAlHH 'T. § 8 :f & a3 E é‘ S S( - 5 =] Q3
O E | B o) £ e ; elel=] o | o 8| = | 213
Elelzl Bl E ] 8 Z |z &8 |E|E BB

Cpeausisi cKopocTh  yGsl-

BaHus 00OPOTOB NPH OCTA-
.HOBKe B 06/cex? . . . . .|Heon-{ 0,6 | 0,7 |0,37—0,33—|1,2—0,52—1,5—] He onpeneastiace  10,53|1,2— [He oupe-
: pexe- 0,48 10,63 |1,3 (0,59 |1,7 1,6 |measiach
Js1ach
Amniutyia  xoseGauuit
KopoGoB B MM . . . . . 6—10| 2—3|1,5— 10 3 3 5 (10 |10 {10 [5—10(6—10( 3 (8—I12( 4 4,5
3
Pac/cro;mm{ MEXAY oA~
BECKAMH B MM:
BAOMb TpPOXOTA — | 2700} 2725 — |3380—| 1400| 3100 | — |— [— | — —  ]3200) — |3730|3500
3600
nomepeK  » — | 1430] 1434 — 2505 | 1830| 2166 | — |— |— | — — ]2282] — |1840[1650
JKecrkocTb BHGpOH3O/IA-
TOPOB B BePTHKAJLHOM
HATIPABJICHHH B K2/CM 2720 | 2800 2090| — — — | 1880 | — |— [— |11520[10800| 264(11 200(1920|1920
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. Ta6bauuma 12
TexHHuecKHe XaPAKTEPUCTHKH MO0 HEKOTOPHIM THIAM HeHTpudyr
Mapka neHTpupyr

° o X

XapakTepucTHKa MalHH =3 3 2 o L
v S 2 4 ' I = 3
) a % a 2 5] S r
= | E| E| E| £ | % | = 2
T T T T < < < T

Bec Mammuel ¢ JABHratedem,

MacJOM U 3arpys3Kkoll B ke 2800 3500 4850 7000 4270 7900 13700 3680*
Bec potopa Bke . . . . . . 226 566 887 1336 517 1050 2745 203
Bec ryaBHoro Baja B Ke 606 587 284 224 Het cBe- 275 499 306

JeHud
Bec szarpysku B k2 . 30 60 80 110 100 300 1000 2300
Bec BosBpaTHO- nocryna're.nbﬂo

IBHXKYIIHXCH yacTell B K2 134 230 933 — —_ — — 229

Uneso 060poToB poTopa B Laun | 1000 1000 700  |865, 1000, 1700 (800, 1000{ 720, 600 420

A 1200

% Yucao asoitHsix xonoB B 1 mun | o 25 o 25 Ho 22 Ho 25 — — — 1600—1800
Cpepusist CKOPOCTb HapaCTaHUs

060poTOB NpH MycKe B 00/cex? 0,17 0,21 - 0,12 0,14** | 0,19 0,14** | 0,06 2,3
CpenHsin CKOpOCTb  YObIBAKHS

" 060pPOTOR NIPH OCTAHOBKe B 06/cex? 0,31 0,08 0,047 0,031** 0,035 0,028** 0,0043 0,13
JKecTRoCTh BUGPOH3OIMSTOPOB B

BEpPTHKAJ/bHOM HANPaBJACHHH B K2/CM — — — — e — — 12><1164g8(—)=

* Bec ykasau 0e3 3arpyskH.

** JlaHHbIE OTHOCATCA K YHCJIY OGOpPOTOB B MHH)TY pasHoMy 1000 «
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Ta6auma 13

TexHuueckue XApAKTEepUCTHKH MO HEKOTOPHIM METANJNOPEXKYIUM CTaHKaAM

TCaGapuTHble Yneno
Bec pa3mMephl 06opoTOB
HauMenoBay#e MaluHHBI 3aB0OJ-H3rOTOBHTENDb MaUIHHBL (anuHa, MmH- nBurarens
B Ke PHHA, BbLICO- B 1| mun
Ta) B MM
Y HABepCANbHO-3aThIJIOBOYHBIN CTAHOK  AJIs Mockoscxuii crankosasop, «Kpacuuiit | 10 100 4590 980
UepBsUHO-MOAYJIbHEIX ¢pe3. Mogens 1813 IpoJIeTapHit» 1588
1425
YHuBepcanbHbll BHYTPRUIUGOBANLHEIH CTa- CapaToBCKHI CTaHKO3aBOX 3900 2800 1410
HOK. Mojesr 35250 1435
1900
KpyraomwnudosaneHelit  cranok. Mogens XapbKOBCKHI CTAHKO3aBOX 4 000 3370 1440
3 1670
' 1700
TlnockomnndoBanbHblt CTAHOK €  TpSIMO- MockoBckuil craHko3aBox uumdo- | 17 000 5900 1450
YrOMbHEIM CTOJIOM U BEPTHKAJbHBIM INNHHAE- | BAJBHBIX CTaHKOB 2505
neMm. Mogeas 3724 2840
[TnockomnudopalpHeli  CTAHOK C  TPAMO- To xe 4500 3505 1440
YTOJIbHBIM CTOJIOM H TFOPH3OHTAJbHBEIM LIHHAE- 1845
Jgem. Mogens 3726 2135
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I podoascenue Taba. 13

? . TaGapuTHbie Yucsio
Bec pasMepl 0GopoTOB
HauMeHoBaH"e MalIHADBI 32B0A-H3FOTOBHTENL LEIRL L (manHa, 1M~ ZBUraTens
B K2 pdHa, BHICO- B 1 Aun
Ta) B MM
10muuenuiudosanshslil  craHok.  Mogzesb MockoBCKHH cTaHKO3aBOJ MIAHDO- 8 500 6230 2880
3453b BaJbHBIX CTaHKOB 1775 -
1752
lnuueunugopansubli  ctaHok. Mogeas To xe 6 300 6000 2880
3451A 1425
1765
Tlonepeyno-cTporanbHeiit craHox. Mo- OpeHOGYpreKuil CTaHKO3aBOJ, 2 080 2335 1440
Jeab 7B35 : 1355
1540
Tlonepeuno-cTporansbHbIi cTaHok.  Mo- To xe L 800 2135 1500
nean 7A35 1270
. - 1470
Ilonepeywo-crporanb Hblit CTaHOK.  Mo- » 580 1135 2800
aenab 73[1 670
1350
HonBexupifi cranox. Monean 7A420 » 2120 1980 950
1260
2175
. <o
Tab6nuuna 14
JIMHaMHuYecKMe HArpys3kdH M0 HEKOTOPBIM THNAM METAJNJOPeMYLIHX CTAHKOB
§'§ Paccrosigue oT § o~ é_(
5 2 LeHTpa THKE- 2 2 §(z o BN J—
Haumeropanue manm npcn vacren momnds | e [“onvmcreine | Ee o83 |EoES|  mecpuonson
° E ® OCHOBAHHSA % 3 g x~ |& 5EQ CHABL B Ke
R | MHEE B A (=3 Tia |[NE2e
. 274 gn?
YV HuBepcanbHO-3aTHIIO- OrGofinass mumra c| 310—408 850 7,5—30 {1,36—23 | — —.
BOYHBIH CTAHOK JIJ 4ep- | CynnopToM g a?
BSIUHO - MOAYJIbHBIX  (bpes. 13
Mogean 1813 “:2 W
27 )
3
YuusepcasbHbil  BHY- Cron u mwudoBas- 590 890 250 10 8—10 780—1200
TPRITHPOBAIBHBI CTaHOK. Has Gabka
Mogpeas 36250 .
KpyraouwsndopaJib Bl Cron 1 u3jeane 750 ~ 1000 520 4,82 ‘ 10 ‘ 640—1000
craHok. Mopens 3161
TTaockowdoBaabHbLH Cron, sJaexkTtpomar-| 3245 1059 150—1150| 7,18 Her 1985
CTaHOK C MPSIMOYTOJbHBIM | HATHAA TUIMTA H H3Je- cBe-
CTOJIOM H FODH3OHTAJILHEIM | JIHE neHul
wnuugeaeM. Mogeas 3724

g6
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ITpodorscerue Taba. 14

S || 3| g R
) 58 - S m =) o~ Za, A
Hanvenosanse wamun vt P I SN Gt ot o - <5Y 15283 wncpumonnon
° 2 8 OCHOBAaHHUA e s S 55 =3 CHJIBI B K2 -
by 3 ~
BE, | MomMEH DM S0 5Ea |XE2a
[NnockonnpoBanbHbL Cro, saektpoMar-| 1563 1160 100—550 13,62 10 1435
CTAHOK C  TPAMOYrOJbHEIM | HHTHas WJUTa W H3je-
CTOJIOM H TODH3OHTAJbHBIM | JIHE
mnudaaeneM. Mojeas 372b
HlnunenmugonansHeL Croa, nepepuss Ga6- | 2711 Het ceepe- |100—1168| 4,28 15—20{ 1660
craHok. Mojens 34536 Ka, npubop TOpaBKH Hui
Kpyra, 3ajudsa 6a6ka,
JIIOHET, YCTaHOBOYHBIH
mabyoH H H3Jeue
To ke, mogeab 3451A Croa, nepejHss 6ab- | 1843 To xe 100—800 6,25 |16—20| 1200—1880
Ka, 3ajiHAg 6abka, yc-
TAHOBOUHBIH [WabJoH H
H3JlesHe
Ilonepeyno-cTporass- Tonsyn 200 1100 0—250 {12,3—138| — 1065
HBIA cratok. Mogesnb 7B35
To xe. Mogens 7A35 | » 200 | 1100 | 0—9263 [12,3—130] — | 1120
To xe. Mogems 7311 | > 35 | 1050 | 5—100]| 50—197] — 152
. JonGexxHLIE  CTAHOK. Jon6sik 75 1330—1530 | 0—100 | 40—163] — 326
Mopenbp 7A420




HEKOTOPBIX BEHTHASTOPOB M HX 4HCle 0GOpPOTOB

Tabaumya 15
CgeJleHHAl 0 Becax W pasMepax ABHIKYIMHXCS yacTeii ;

Bec Juametp Uncso obopo-
Mapka Ne ucron- | Ne BeHTH- paGouero pabouero TOB Baja
BEHTHJIATODA HEeHHsA JgTopa KoJieca KoJeca BEHTHJATOPA
B Ke B MM B MHHYTY

2,5 2,7 250 1300—3000

3 2,96 300 1300—2900

4 6,5 400 800—2000

l 5 12,3 500 600—1600

6 25,5 600 500—1300

8 55 800 500—1400

[i4-70 10 62,4 1000 340—1100
8 55 800 500—1300

6 10 62,4 1000 500— 1400

12 117,1 1200 300—1080

5 13,9 500 700—2600

117-40 6 8 71.2 800 400—1600
3 4,38 300 600—2600

119-57 6 4 8,79 400 600—2000
(CTO-57) 5 16,55 500 500—1600
6 26,92 600 400—1300

4 3ak. 962 97




Ta6auuma 16
CBeleHHS 0 Becax ABHXKYUIHXCH YacTell NAOCKONEYATHBIX MallMH

HauMenoBanHe MamuHBH (Mapka) B;: :aﬁ:' lzle)lc g)ofge.
AR THER TR RS (U PR B AP 150 50
«Buxtopust dpponts SA . . . . .. ... L. 122 48
» > SB . s v e i 190 70
» » 1 e I ST 480 160
«BuncGpayr» SCA . . . . . . . .. .. ... 520 120
T A 1040 246
M o e s wr NI YR EA T Ehah 450 100
A, ATIM JT20 0 o niap vaid @ @i oo s or v 750 170
JHOTME & & i 00 gy T e s 500 120
Mepeemeek | L L, . i 4 e v 4 e e oo s 80 33
«Mune-Beptkamb» . . . . . .. . . .. .. . 66 29
CMBNACDIG ¢ Sedorom . |. 525000 « 4 SBUEIER. 5 135 60
197 e (7115 E R S B P, L e | 115 55
ML PNBRTASE. L, i piem o iy § e i 1460 370
«[Twonep» . . . . . . I IR - S N 650 150
damemant 1 . S0 f Al L L m, L] 1060 260
L2177 0 el ST A R SR (SR, N 65 28
LIDRAveaRi0 (o | oS e L8 ol B 93 30
ePexeyr V0, L, L AR 1 e L B ) 150 55
PRIMEMEDIC .0 . o200 ) Bl L R L 175 60
..................... 550 150



[TPHJOXEHHE 3

ONPENEJIEHHE NONO)XEHUSA LEHTPA TS)KECTH
U MOMEHTOB MHEPLIMH MAIIHWH

KOOp}lH»HaTbI HEeHTpa TAXKECTH Hedﬂ,H-OpOﬂHOFO Teaa:
5‘ pxdo j pydv : 5‘ pzdv
. Vo

X = — zc:V—_.
gpdv Spdv
14 v

= Y= . (3.1)
j pdo
14

MOMEHTBl HHEPUHHM HEOAHOPOAHONOG rejia OTHOCHTEIbHO
KOODAHHATHBIX OCeil: :

l, = f L (g + 22) dv, 1, =§ L (224 2% do,
Y g v g

¢=Y§w+wm. (3.2)
v

B ¢opmynax(3.1) u (3.2):
p— o6beMHbIl Bec Marepuasa (Bec egMHHUbl Ofbe-
Ma);
g§— YCKODEHHe CHJBl TAXKECTH;

p

g — TWIOTHOCTh MaTepHaia (Macca enuHHUBl OGBEMa);

X, Y, Z— TeKyllHe KOODAHHATH 4acTHI Teaa;
V— o6wvem Tena.

B cayuyae, ecau MaunruHel H3rOTOBJIEHH! M3 OMHOPOLHOTO
marepuana, B popmynax (3.1) u (3.2) o6bemublli Bec p He
Gyner 3aBuCeTb OT KOODAMHAT M, CAEJOBATEJbHO, MOMKeT
ObITh BHIHECEH H3-TIOJ 3HaKa WHTErpana.

‘99



Ha mnpaktike B OGOJBIUHHCTBE CJAY4aeB INPHXOAHTCA
HMeTb NeN0 ¢ MallHHaMH, COCTABJEHHBIMH H3 HECKOJbKHX
TeJ, UMEIOLIHX TpaBUJbHYIO TeoMeTpuueckyio ¢opmy. B
TaKUX CAyvyadax MOJOXKEHHe UEHTPa TAXKECTH M MOMEHTHI
HilepIHU Onpefensiiorcss 6e3 BbIUMC/AEHHS HHTErpajoB ¢ Io-
MOLIBIO CJAEAYIOLIUX IPHEMOB.

Ecau onHOpOgHOE TeNO UMEeT NJIOCKOCTb CHMMETDHH,
TO LIEHTP TSXKECTH €r0 PAClOJIOXKeH B 3TOH mjocKoctu. I1pu
HAJMHMUYHH IBYX IJIOCKOCTEH CHMMETPHUU LEHTP TAxecTu OY-
JleT HaXOAUTbCSl Ha MpSIMON HX TepeceueHud. B cayuae Tpex
MJIOCKOCTEH CHMMETPHM LEHTP TSKEeCTH COBMAajaeT C TOU-
KOIl nmepeceyeHHs ITHX TIOCKOCTEN.

Ecnau omuoponumifi o6beM V MoxeT OwITh Pa3zbHT Ha
Heckonbko ofbemos Vi, Vo, . . ., V,, KoOopauHaTe UeHT-
POB TSXKECTH KOTOPBIX H3BECTHBI, TO KOODAWHATHI IIEHTPa
TsKecTH oO0bema V:

n’ n
Z Vl xg‘[) 2 Vi ZE[)

) :
M Vig®

i=l1 =1

TR S BN L SIS | SN )

’ o Ye W ¢ s (3.3)

rne xﬁ” ,yﬁ”,zé”—— KOOpIWHATHl TEHTpPa TsXKEeCTH obbeMaV;
=12, ..., o).

MoMeHTHl HHepIHH MAIIHHBl, COCTaBJIEHHOH U3 n reo-
METPHYECKH TIPaBUABHBIX TEJ:

e = Ly +m (g7 420
i=]

n

I, — I, + m, ( +2); (3.4)

-
I

L, + m, (%] + yi),

R~
N
I
4=

)

4

rae I, 1, I,—MOMeHTH WHEPUWH MaIUMHE OTHOCH-
TEJBbHO €ee I.leHTpaJIbelX oceﬁ;
-, !y[, IZI—MOMeHTbI HHepPIMH TreOMeTPHUUECKH

i
MPaBUJALHBIX TeJ, U3 KOTOPBHIX COCTaB-
JeHa MallMHa, OTHOCHTEJNbHO CBOHX
IEeHTpPaNbHBIX  OCeH, napaJJieJbHHX
ocaM x, y, 2 (i=1, 2, 3,..., n);

100 W

S ——

m;— MaccChl Ten;
X, Y, 2;— KOODJIHHAThl LUEHTPA TANKECTH Ted.

B cayuae, ecau 149 coctasieHus o6beMa V HekoTOpble
U3 cjJaraeMblx o6beMOB HY)XHO BblUECTb (T€NO C NMYyCTOTa-
MH), TO DEKOMEHIYyercs MOJb30BAThCA TeMH e dopmyda-
mu (3.3) u (3.4), HO caaraeMsie, COOTBETCTBYIOLLHE OTOpPa-
CchiBaeMbIM OOGbeMaM, HYXHO ©OpaTb € OTPHILATENbHBEIMH
3HAKaMH,. '

DOopMYyJIbl JJIsI BulYHCAEHUS 06DbeMOB, KOODPLHHAT HEHT-
POB TSIXKECTH M MOMEHTOB HHEpIUHH OLHODOLHBIX TEOMEeTpHU-
YeCKH NPaBHJIbHBIX TeJ, NOBEPXHOCTeH, Miaollanell H JUHUA
npuBeneusl B taba. 17 u 18, B KoTOpbIX uepe3 m 06o3Ha-
yeHa Macca TeJa. :

O6beMHbIH BeC Pas3JHUHBIX MAaTEPHAJOB, NPHMEHsSEeMBIX

B MAalIMHOCTPOEHHH M B CTPOHTENBCTBE, MpHBENAEH B
Taba. 19.

5 3ax. 962



Monoxenue LUEeHTPa TAXKEeCTH H

HaumeHoBanue n BHJ Tena

O6bem V 1 Gokosas
NOBEPXHOCTE S

} 4
V= 3—7:R3;

S = 4nR?

2
V= '3-1tR2h

ulapodou ceemeHm

- z i
e
\ /

\ | /
R
\I/
\
)LX
Y

102

S = 2nRA

Ta6auuna 17

MOMEHTbI MHEPLHH OJHOPOJAHBIX TeJ

KoOopAuHATHl U EHTPA TSHKECTH

MoMeHThl WHEPIHH OTHOCHTEJBHO LeHTPaJib-
HbIX ocCeif

Yo=Y =2=0

2
Ixc = l)’c = Izc = —5— mR?

Jlns GokoBOM NOBEPXHOCTH WIapa

2
¢ 12¢=—3-mR2

I.,=1,

¢

Xe=Yy,=0;

zc=%(l+cosa)R=

m
[xc = [yc =735 (12R? + 84Rh —13h2);

A
3 =m— (3R—h
—2 er—n) IL,=m—g BR—h)
A
x, =y, =0; IXL‘:]yc:m%X
3 (2R — h)e
2 — SER—hE 4R (60R% — 55RA - 18h2) — 93
4(3R—h) X ;
(BR—h)e ’
. _h(4R—h) | gk 20R:— 15RA -3k
2e="21(BR—h) e = Mg 3R—h
Jlnst GOKOBOM NMOBEPXHOCTH | [t GoKOBOH NOBEPXHOCTH IMIAPOBOTO
mapoBOro cerMeHTa cerMeHTa
X =Ye=0; [ 6R? — 3Rh - h?
iR 8 Iy =y = e ————
LY 2422 l 6
5= = N —— — 2
‘T a4+2V B+ om _[ (R—h) V2R—h+(2R—h)V4R—-h] l
N Vor—h+ 2V 4R—n

 VoR—h 42V 4R—h

5

mh

L= (3R—M

103



HauMenoBan#e u BHE Tesa

Wapodod cou
2

lonwa Wwap

04

O6vem V 1 6okomag
OBEepXHOCTL §

Ilpodornenue raba. 17

KOODJZHHZTH UeHTpa TAXeCTH

MOMEHTH HHepPUHH OTHOCHTEJbHO LEeHTpasib-
HBIX ocel

= —é— nh(3a2 +- 3b2 -
)
4
V= 3 T (R8— 1)

4
=7 © abc

Yc=y.=0;

2a% - 462 + h2

%= {3 2

h

2

o« [ 10(a*+a262+b4)+h2(15a2+3562+7h3)

: m
Iy, =1y, =—7 X

.

5 (3% + 3 b2 )
(202 4 462 422 ]
(3a® + 362 + J2)e ] :

m
IZC=T0—X

10 (a4 + @22 + b4) +-5h% a2 b) -+
x 3a2 I 302 1 A2

—h2

X=Y,=2,=0

b2 4 c2 a?+ ¢
Ixc_m 5 v Ay, = 5
a?® -} b2
lzczm 5



HauMeHoBaHHe W BHA Tena

Obvem V U GokoBast

NOBEPXHOCTL S

[Tpodoascenue taba. 17

" Menysnpuncoud
’ Z

v 2
= 3< TEVGbC
~X
¢ b
Jnuncoudamingi oxmanm
.
V= 5" abc
y
' ‘ﬂapadanoao’ R
, . 2
1 Reh
V = ) b
X
Yy
wh

106 .

KoOpAHHATE! EHTPa THKECTH

MOMEHTHI HHEDIUH OTHOCHTENIBHO IEHTPANb-
HbIX oceli

19m
leg= 330 @+

m
Le,=1y,=1g 3R+ h2);

¢

xc_yc= k)
R:+22 4
=Rt 3

m (R4 4 R22 -} r
Ixc:h’c:—ﬁ_{ R I r2
h? 2r2 (9R2 + 2r2)
Pl
/ m R4+R2r2+r4
%=73 " RLrm

107



ITpodoasicenue taba. 17

MoOMEHTE HHepUHH OTHOCHTEJBHO UEHTPaib-
KoopanuaT IenTpa TSKEeCTH A
HbIX Oce
HanMeHoBaHWe W BHA TeJsa Obnem V u  Goxosas
NOBEPXHOCTL S

h2 i
I, = 5 +F |;
NoAnas npusma llﬁél yunundp e m( 12 + F )

h? iy
ch =m (—l_f + —F—)’

E

iy
]zc=m F i ix iy iy — MOMeHTH

MHepuun mJomafn ceuenuss F oTHocu-
TeJBHO ocelt x, Y, 2

Npsrou Kpyensit uusurgp
2
R2
“ b [Zc =m—3
= 2h: —_ = () N
Vi=r Rk ¥e=Ye=5 2= Jlns 60KOBO TIOBEPXHOCTH MPSIMOrG
b S=2x Rh KPyrJoro UMJMHADA .
: T6R? Lh2
—X ]xc:l-"c:mLT;
Y ‘ Izc =mR?

NPERMOU aunmuvecKul quIuHdp
4

I

V = nabh *e=yc=0;

™N
o
I
w] =
~
‘e
i
.h\ 3
P
Q
(%]
+
oa\ =
\w/

<

105
108



HauMeHOBaHHE K BHA TeJa

O6vem V u GoKoBas
MOBEPXHOCTh S

[Tpodorscenue taba. 17

Goyxa napadenuyecxad
Z

=h
=5 (BR*+4Rr4
+87) ¢

KoopauHaThl IeHTpa THAXECTH

MOMEHTH! HHEDIHH OTHOCHTENBHO LEHTPAND-
HbIX ocel

KORoYo ¢ cevenuen cummempu M
OmMHOCUMEnsHO Ocu Z , napannests-
nod ocu pawenus Z. Ocs X npoxodum

vepes dewmp mAxecmu cevenus.
4 z

4

¥ — R

V=2 RF

Yo=Yy =0 z,=

w\:-

m
Ixc = [yc == 2_8 X
2R2 (23R2 + 18r2 - 4h2)
4RCRFr) +3r
| ARr (2R 4-312) + 1572 (12 4 I3
4R (2R +1) F 3r

m
L= T2 X%

4

46 R4 4 8RS 1 36R2r2 - 1574
8RT ¥ 4Rr 31

R2 3i, i
’xc=’yc=m(7+2—ﬁ+%);

3i,
[zc=m( R2 FZ )

iy, ;' — MOMEHTH WHEpUMd TIOUWALN
F orHocureabHo oce#t x, 27

Konouo xpy208020 ceverus

.

o
e

O

E

-

V = 2n2 Rr2

RONMOKO 2ANUTMUVESKO0 COUENUS

3

aq

{1
o

<Q 4

7 *

110

/ i

V = 2=2 Rab

Xe=Ye=2=

m 5
o=t = g R+ )

Izczm( Rz—l—%fz )

o=y, =2,=0

I1



HaxnMeHOBaHHe M BHJ TeJa

OfbveM V H GokoBas
noBepxHocTe S

[Ipodormenue Ttaba. 17

Kepyo npRMoyeonsHoe) cevenus

KoOpAHHATB! UEHTEA TSAXKECTH

MOMEHTHL HHEPUUH OTHOCHTEJBHO LEHTPANb-
HbIX ocell

Z g
f :
:I'_N
|43
/ 712
y
' Npamag nupamuda unu Kowye
Z )
< Fh
= —3
L x
y F
NPaBUNEHAR MHOLO2DANHEA NUPaMUsd
Z n - yucng
epaned
nha?
< V= -
121g 7

112

Xe=Yc=2,=

m 3
I*‘c = ]yc =: ﬁ<6R2_|_ -5 b2 4 hz);

b2
Izczm(Rz—l'T)

>

x£=y£.=0; ZC:T

3h2 3i,

Le,=m{ 55 5F )
3h2 3iy

ye =M\ 780 5F |’
Bm i
l:o="5 F

g, £y, {; — MOMEHTHl HHEPUUH TLIOMIA-
I ocHoBauHs F OTHOCH-
TeJLHO Ocel x, y, 2

12tg n ;
P S I
Lz, =m 80+ a

l2tg — _
LA
80 _I_ a2
12tg —
P
n . P
Lp=m—g,— "

{y, iy, i — MOMEHTBI HHEpUHH TIOLLA-
JH OCHOBaHHS OTHOCHTE/b-
HO ocelt x, y, 2

113



JTpodoasenue taba. 17

HaumeHoBanue BUJ Tena

O6beM V u Goxosast
MOBEPXHOCTL S

Nparas VF/Wb/ﬂé’XégaHﬂaﬂ nupamuda

h
V= 3 Al

1
V= Tnﬂh

S=mRV R4

KOOPAHHATE! LEHTPa TAKECTH

MomeHTH HHepUHH OTHOCHTEJBHO LEHTPab-

HbIX oce#

4a? - 3h2
[ey=m—%5—;
. 40?—}—3/12.
ye=Mm"7gy =

h

Xe=Yc=0; 2=

Jlas 6oKOBOi MOBEPXHOCTH
IPSIMOrO KPYTJOro Kosyca

h

xe=Yc=0; z,="3

Jns GOKOBOH MOBEPXHOCTH MPAMOro
KpYyrJoro Konyeca

m
Ixc = ch = T (9R2 + 2h2),

Rz
lfg=m3

‘c

N1pAN0U YCLYENNBIL KDL 280 KONYE

114~

[

1
V= = mh (R24-r2+-Rr)

S=x(R+n)V (R—r)r-+h2

xe=Y.=0;

h R2 4-2Rr + 3r2

Jnst 60KOBO#l MOBEPXHOCTH
IpSIMOrO YCeYEHHOTO KpYIJo-

ro KoHyca
Xe=y.=0;
ok R+ 2r
=73 "R+r

=7 ' RtR+r

3m[R—r5 R
Gﬁ”n=§6htﬁ+4 %

Rt +rt — 12Rr (R® + r)—6R2r2
(RE+Rr o2 ’
3m Rb—r5
I.=10 " R=m

Hast 6oKoBoH MOBEPXHOCTH NPSMOTO
yCEUEHHOro KPYrJIOro KOHyca

m
Iy, =1y, =35 X

><{ 3(R2+r2) (R4r)? [3(R—r)2 +2h2]

(R2 — r2)2
4k (R—r)? (R42)2) R24r?
T ®—pp =Ty
{15



[Ipodoarcerue taba. 17

MomeHTsl HHepLUHUH OTHOCHTEJIBHO IeHTPalb=

Haumenosanne u Bug Tena O6veMm V u  Gokosas KOOpAUHATEl LUEeHTPa THAKECTH HBIX Ocefl

MOBEPXHOCTL S

NpAMOd anaunmuyeckui konye 3m
2 Ley= —55 (””’T);

hH
<<
)
eo| =
=1
g
=
Al =
"
=
o
+
N

fe=Yc=0; 2z, =

3m
1, 50 (@2 +6?)

c=

m | a34etb)(2a;+b)
lve=7%0 " U Qatop
Kum : ; 242 [ty + 2b)3a, + 61}
(2a, + b)? ’
Xe=y, = ‘m (2a,+b)[4ai—b(5al—b4)]

o= 40 { (a1 — b)*(2a, 1 b)?

2e= . e | 286} bt e e o)

x (a1 — b (20, T 6

p ! 4a? (af—]—ag)

40 {(a; — b)%(2a;, + b)
b[5a{—b*)a?al] )

~ o R 1) |

+

h
s V="t Qa+b)a

»

\.
j

[q,=m—5

o
)
-+~
)

p V = abe Xe=Yc=0 z,=-5 Iy =m-

o

116 ' 117




118

NonoxeHne ueHTpa THKECTH U MOMEHTHl HHEPUHH

HanmeHoBaHHe W BHJ Tesa Dnomwans S unu gauna L
|
Tpeyeonsrun
: S =
V4a2b2—(a2+b2—c2)2
= 2 =
ah
2
I4
ApamMoyeonsrHux
4 a
o S=ab
I4
4
PabBrobedpennas mpaneyus
Y
i 3
¢ .f h ’
S=—(a+b)
< 2
X
a

Ta6aunua 18
OJHOPOZHBIX MaTepHAJbHbIX Miowajged H AHHHI
K . MOMEHTBl MHEPUHUH OTHOCHUTENBHO
OOPJAHHATBl UEHTPa THMECTH LeHTPaNbHbIX OCel
/ 4a2b2_(a24|,b2_02)2 h_Z ]
f= 2R E o= 7902 TR
_ 6a 2a2 (a2—b%+ c2) -+ (a2} h2—c2)?
- [y =m =
_a+V Br—h ¢ 72q2
3 ! —m @+r—hr—aV i2—hr |
_ Vaarbr—(a?fbr—c)E 18
Ye= 6a - az-1-b2---c2
l,=m————— =
b, s
R g @tr—a Y R
18
b2 a2
a b Pro=m g b= g e
K= i Ye= i 2 =0 @i
12
h? a?+-4ab-+ b2
Iy =m— —————;
¢ 18 (a+-b)2
a2_{_b2 )
a h a+t2o Tye=m =5
Xe == 9 Ye = ? b ;
a4 ; B adabt ot
2=0 O TR R
a2+ b2 “
24

119



ITpodorxcenue Taba. 18

HawMeHopanve M BHE Tesa

IMaouage S uiu gauHa L

KoopaHHaTbl ueHTpa TxecTH

MOMEHTBl MHEDIMH OTHOCHTENbHO
UEHTpaNbHBEIX ocell

Npabunersii MHOLOYEDACHUK

. v - y/
a ] ,
Xp —omleX( ’
1 X

Z

Kpyé

S=rnR2

120

S=Rza

a ™
Xe= —— csc —
2 n .
g
, LI
X, =— ¢ ;
¢ 2 n

R2 R2
x=Yo=2,=0 lxc=[yC=mT, [zc_mT
I, :m_Ri(l_SinQa);
¢ 4 2a
‘ 2 in2
2 Rsina Iy =m—R—(1 S
xc=?-—a—' ¢ 4 24
2 =0 lGSin2a).
Ye c= ——Qaz )
R2 8sinza
1z0=m—2‘(1————97—)

121



Hansmenosaune u BHJ Tesa

IMaowane S uan anauHa L

IIpodoascenue taba. 18
KoopaunaTbl LEeHTpa. TAKECTH

Mor\fleﬂ'rbl HHEPUHH OTHOCHTENbHO

UEHTPaNBHBIX OCeit
Kpyaobou mpeyeansiur

Liy=1y,=Amr2; I, =2 Amr;

9nt—84n 4176 _ o oo
36 (4—mz

R2
[, =m
ceemanm

2 cosfasin2a
3 2a—sin2

Fe
(16 — 21 a) sin?a
9a (20 —sin2a)

64 sind a ] :
T 9(2a—sin2a)2

RZ
[zC:m—2‘|:1—

3a-cos?asin2at(16—21a)sin2a

9a (20 —sin2a)

64 siné a
9(2a—sin2a)2
KpyeoBoe xansuo

B

4 R sin%a
el

N

2 - - 2a—sin2a’
(Za—sin2aq) v Ye=2,=0

R2+r2
R Xo=Y,=2,=0 Ixc=IyC=12‘—m
S== (R?—r?)

. ES
¥

122

123



HaumeHOBaHHe H BHR Tena

Nuomage S uan anuna L

IIpodorscenue 1aba. 18

Yacme xpy208020 Kanoya

KoopauHaThl wenTpa TadecTu

MoMeHTEI HHEPUHH OTHOCHTEABLHO
LEeHTPasbHLIX Ocel

S=ua ( R2—r?)
Innunc
Y

S=rab

Z
danunmuveckud x8adpanm
__J )
- ‘

/ - 6 = ab
{ X - 4
\ (/]

124

e 2 R—r* sing
73 R—p o
Yo=2,=0

m sin2a
,rﬁ=T(R2+r°)(l~ 2a );
R2+r2 .
c=m -8a— (2a--sin2a)—

4(R® — r3) sinZa
T 9ar(R—_ 22 ];
R2 + r2
/zé = m{———z —
4 (R —r?) sinZa
- 9 a2 (R2_.r2)2 ]

Xe=Yo=2p=

Ixc = Bmb2; ch = Bma?; I, =

= Bm (a2 -+ 02);
2 __
B=2m=8 5 o607
36 =2

125



Haumenosande ¥ BHE Teja

‘ IMnomapae S wau ganna L

Innunmuveckud  mpeyeonbHUK

S— (1 — %) ab=0,215 ab|

. DaauntudecKoe Koabyos g

S = n (ab— mby)

Napadonuvecruu Cummempuyrbii 0OMENM

126

IIpodoancerue taba. 18

1

KoOpAHHATH ‘LEHTPa THANKecTH

MOMENTBl HHEPUMH OTHOCUTENbHO
LUEHTPaJbHBIX Ocel

X, = 2 e 0,777 a;
3 ¥ 4—= :
: 2 b
= =0,777 b;
: Ye 3 4—m

Ly, ="Amb%; Iy = Amaz; I,=

= Am (a® + b);
_ 9m—84n 4176
T 36 (4—n)pe

= 0,0368

m ab®— alb'f’ A

I

L= =g,
TR =gz =0 = Py,
4 ab — a)bh,
;o_.m ab(@+ ) —aby (@? + 6D
\ e 4 ab— aib,
b2 . 12a2

3
; xc=-5—a; Ye=2=0

Leg=m o7y =M "5

L% 19a 4 358

127



HaumeHnoBanue ¥ BHA Teda

Mnowtage S uau gauna L

ITpodosncenue Taba.

flonobuna nNagadonuvecKgeo CuMmempuiHoLs

cezmenma

Napabonuweckud mpey2anshuk

Yl -

| Q

- X
/\
N
~

n
i
c»lw

(3a—"b)

KoOpAHHATH LeHTpPa TAKEeCTH

MOMEHTH HHEPUMH OTHOCHTEJBHO
UEHTPanbHEIX ocel

AuHug

L=2aR

Lyea oxpywcnocmu
-
g
y ~N
/

/
|-
\

AR

128

129

5 ,vzﬁmbg.,,=Lmaz.
Xp= — @ Yo=—"0b; Te 320 P e 175 ’
5 m [ 192 12 a2
2=0 1"6=?( 64 35 )
5a—3h 9
lx"zmbz[S(fia—b)_I_G];
; _,‘mz[ﬂ—_b 1}.
Kom g g= e =M 7Ga—8 " 100’
10 4 76% (5a2—3b)+5a2 (Ta—b)
2=0 Izc=m['" 35 (a—b) -
36 a2 + 295 b2
- 400 ]
_ Rsina Y I, :mﬁ(l_sinQa);
[ e e T ¢ 2 2a
. R? sin2a  2sin2a
_ (l_sma>; ch:m—2—<l+ o7 T = );
¢ sin2 a
Yo=2,=0 [zc=mR2 (1_ a? )
T 21
Ixc:mE:ml—Q'
& 2
¥e=Ye=2=0 1),c=mE=m—12 ;
241 &
ETM Ty Ty



O6bemHblil BEC MaTepHanos

Tabauna 19

MaTtepHana

O6beMHBIN BEC

AnMas . ... ..
AmoMuHul JdTOR .

by npokar .
AcGectr . . . . . .

AcGecToBbtit KapTOH
AcGecrosast 6ymara
Ba6bur . . . . ..

Bakemur . . . ... .

Beron . .. ...
-Bepeaa cyxas . . .

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

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

Bepesa CBeXecpyG/IEHHAA . v « v , « + o 0 ¢ 4 4 o .

Bponsa aJiOMHHHEBad .

%  OJIOBAHHCTAA
Banaguit . . . . .
Buemyr o .. ...
Bomepam . . . .
FetuHake . . . . .
Hy6 cyxott . . . .

D I S T R T S

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

» CBeXeCpyGMeHHBIH. . . . . . . . . « . . .. ..

JopanoMHRHE .. ..
Enp cyxaa . . . .
» cBexecpy6renHas
Kenmeso . .. . ..
Kenesoberon . . .
3om0T0 . . ... .
Hupap . . . . . .
Kap6onut autoft . .
Kayuyyk . . . . . .
Kaen cyxoff . . . .

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

»  cBexecpyGJeHHBIH . . . . . . . . . . P

KoGampT . . . . .
Koucranran . . . .

Jatyne . ... . T
Marmut . .. . ..
Meab snras . . . .

» TpoKaT . . .
Momubpen . . . . .
Haxpgak . . . . .
Hukemun . . . . .
Hukemp . . . . . .
Oaoso Gesoe. . . .
OuioBo cepoe . . .
Tlemsa . . .. ..
Iratva . . . . .
Tlnekeuraiac (axpuiar)

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

MoGegur . .« . v . & v « v .. e e e .

130

B m/M3
3,4—3,6
2,6 .
2,7—-2,73
2,1-2,8
1,2

0,5
713
1,4

2—2,3
0,5—0,6
0,6—1,1
7,7
7,4—8,8
5,6

9,78
19,1—19,3
1,3—1,4
-0,7—1
0,8—1,3
2,85
0,4—0,7
0,5—1
7,88
2,1-2,4
19,3

8.4
1,16—1,47
0,93
0,5—0,8
0,6—1,2
8,7—8,8
8,8—8,9
3,9—4

. 8,5—8,6

1,74—1,75
8,6—8,9
8,9—9
10,2

4

8,11

8,8

7,28

5,7

0,4
21,45
1,18
14

Tpodornenue Taba. 19

Marepuan

O6beMubIll Bec

B m/nd

TIpoBKa . . . . . . . . . . e e e e e e e 0,1—0,3
Pesusa . . . . . . . . .. .00 1—2
Pryte . . . . Lo e 13,596
CeuHer, JuTolt . . . . . . .. ... e 11,34—11,37
CocHAa CYXaT . .« « v h e e e e e e e e e 0,4—0,7
. »  cBexecpybienHat . . . . . . . ... .. .. 0,5—1,11
CepeBpo . . . . . . . .. ... .. e 10,6—10,6
Cmopa . ... ... ... e e e e 2,6—3,2
Cvoma . . . . . .. e e - 1,07—1,1
Comas Bypa . . . .. . . . ... Lo ... 9,7
Cramib MPOKAT . & « v v v v v o e v e e e 7,85
CrasnpHOe JIUTbE B ¢popMax . . . . . . e 7,8
Crekao . . . . . . . . .. e e e e e e e 2,4—2,8
CYpUK CBHMHUOBBLIH . . . . + « « « « . . . . R 8,6—9,1
Teepasie cmaaser (BK) . . . . . . . . S 14,4—14,9
Toxke (TK) . . . . . . . . .« . oo . 9, 12,4
Tekcromur (IITK, NT, NT-3) . . . .. .. .. ... 1,3—I,
YPaH © v v v v v v e e e e e e e e e e e e e 18,7
Pubpa . .. L Lo e e 1,28
XpoM . . . L L e e e e e e - 6,7—6,92
Hemny ona .« w v v v v v v o e e e . 1,3—1,4
Iuak KoBaHel . . . . . . . . . . ... e e L 1—7,2

» JmTol . .. .. . ... e e e e e e e e 6,86
Yyryd aas geramefi . . . . . . .. ..o .o . 7,1-7,3

» KOBKHH . . . . . . . . .. .. e e e 7,2—7,6

» Cepull . .. ... .. e 6,6—7,8
BOOHHT » . v v v v v e e e e e e e e e e e e e 1,15—1,8

> P) oo e [,25

» (S) Lo e e 1,45
OMEKTPOH v & v v v v v v v e e e e e e e e e e 1,6



COLEP)XAHHE

Crp.
[Ep R I OB MR . 5 e i hapiaie s mory by s liese 3
1. O6une ykasaHus . . . S N ET e PR ITL S R 5
2. MaumyHbe ¢ KPUBOIUKITHO- maTyHHm\m MeXaHusMamu . . . 11
3. MawmuHbl ¢ KPHBOLUWMHO-KY/JAHCHBIMH MEXaHH3MaMu Rihe, o 17
4. I'poxoTbl R I ] S VL B RO e S RS o 7 22
BYMIIOORRETRIEY .- o2 o) & e W LR o T et e 25
6. LlentpHoyru s SR TP R S R S e, 31
7. BecnopluHeBbie OTC&,‘IOqule MAUIMHBL . .+ @ & o & . 32
8. CxpeGKoBble TpPaHCIOPTEPHI s M 38
9. KoBuioBHIE 3/1€BaToOpHl . . . . S el AT B 40
10. Metanaopexylliye CTaHKH NSRRI o 0 Ll g 42
11. Tkauxue cTadkH . SRS Bl i e 2, N 44
12. Beurnasatoper . E R TR 47
13. IMaockoneyarnsie mnorpa(bcxue Maumnbx T N 49
14. lllTaMnMalInabl - 3 S A P R W o = (O 56
INTPHJIOKEHHE 1. YactHble cayyau ONpeJejeHHst JHHaAMHye-
CKHX HAarpy3ok OT MAllHH ¢ KPHBOWMMHO-WIATYHHBIMH MeXa-
HU3MaMH . . . : St RN O R R T < 61
HIPHJIJIO)KEHHE 2. Temuqecxue XapaKTepHCTHKH W BEJHYHHbBI
JHHAMKYECKHX HArpy3oK [0 HEKOTOPHIM MaluHHaM . . . . 78
[IPHJIO)KEHHE 3. OnpenesieHne MNOJOXKEHHS] LEHTPA TAXKECTH H
MOMEHTOB HHEpUHM MAaWHH . . .+ .« . . . o« « 99

IIHHH cTpoHTENbHBIX KOHCTPYKIHH
uMm. B. A. KyuepeHko
FoccTposa CCCP
HHCTPYKLUUMI
10 OINIPEAEJIEHHIO AHWHAMHWYECKIX HAIPY30K OT MAIIWH,
YCTAHABJIMBAEMBIX HA TIEPEKPHITHSAX TIPOMBIMIJIEHHBIX 3JAHUPV
* % 8
Crpoiiusdar

Mockea, Tpervakosckuil npoesd, 0. l
* * X

Penaktop Hspatensctea I. A. Herunka
Texnuueckuit pegaktop T. . Hxontosa
Koppektop JI. C. Pcockosa

Cnano B nabop 27/X11—1965 r. TloanucaHo K meyatu 13/V—1966 r.
T-08004 Bymara 84y 1081/,,. Bym. n. — 2,062. Yeca. ned. J. — 6,93
(Yu.-usa. 6,58 o)

Tupax 15.000 3k3. Manp. Ne XI11-—59. 3ak. 962. Ilena 45 kom.

[Mononbckaa tunorpadusa Taasnonaurpacdnpoma
KomuTtera no neuatu npu CoeeTe MUHHCTPOB CCCP
r. Mopoabck, ya. Kupoea, n. 25.




CF LT LA O K

§§ rpg(;g??‘r%’o,(a Hane'-xa'raﬂo Caenyer yuTaTh
35 2 cHu3Y try 2ry
67 | 16 ceepxy By = —l; 9y my + By =1, a, my, +
~+ ity - my,
70 5 cBepxy P il Al E )
71 14 csepxy Ry =ro?[ —4, Ry =ro?[4;
72 5 CHU3Y B% Bg =
110 Tponomxk. I
Taba. 17, _.mh Ve wh
1 crpoxa LS T
CBEPXY ¢
111 ITponox. ;
G 2R? (23R* [ 2R? (23R® |
agecnga X TARGR XL THRER e
Ba, 2— :
CTPOKH A S + i. D il
CBEPXY 4 32 ’ 43 |’
112 Ipopoixk. f i
rp;é)gﬂ.cxigé — 2 nRbh V = 2 nRbh
Ba, | u 2 = f_h_ V= ﬂl_
CTPOKH 3 3
CBEpXY
113 Ipononx.
Taba. 17, !
rpada i e
cnpasa, @2 a2
4 cTpoka
CHHU3Y
TlonpaBka.

Ha ctp. 128 pucynok «Jlunusi» oTHocutest k Gopmyne L _t'
HOK «Jlyra okpyxHoctu» K ¢dopmysne L =2 R,

prcy-

3ak. 962



	Иструкция.pdf
	Содержание
	Опечатки
	Предисловие
	1. Общие указания
	2. Машины с кривошипно-шатунными механизмами
	3. Машины с кривошипно-кулисными механизмами
	4. Грохоты
	5. Дробилки
	6. Центрифуги
	7. Беспрошевые отсадочные машины
	8. Сребковые транспортеры
	9. Ковшовые элеваторы
	10. Металлорежущие станки
	11. Ткацкие станки
	12. Вентиляторы
	13. Плоскопечатные типографские машины 
	14. Штампмашины
	Приложение 1
	Приложение 2
	Таблица 5
	Таблица 6
	Таблица 7
	Таблица 8
	Таблица 9
	Таблица 10
	Таблица 11
	Таблица 12
	Таблица 13
	Таблица 14
	Таблица 15
	Таблица 16

	Приложение 3
	Таблица 17
	Таблица 18
	Таблица 19





