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BBE/JIEHHUE

Llenpt0o  maHHOM  KypcOoBOW  pabOThl  SIBISIETCS  MCCIEAOBaHHE U

IIPOEKTUPOBAHKUE PHIYAKHOTO MEXaHU3MA.

HpOGKT COACPKUT 3adavdu I10 UCCIICAOBAHUIO, IIPOCKTHPOBAHUIO U CHHTC3Y

IPOCTBIX B CTPYKTYPHOM OTHOHICHHHN MCXAHHU3MOB TAaKHX KaK INAPDHHPHO —

PbIYa’KHBIX, KYJIAUKOBBIX, 3Y6anI>IX.

KypcoBoe mnpoekTupoBaHHE CHOCOOCTBYET 3aKpEIIEHUIO, YTiayOJIeHUI0 U

000OIIIEHUIO TEOPETUICCKUX JAHHBIX, @ TAKXKE IO MCCICAOBAHHMIO ATUX 3HAHUU K

KOMILICKCHOMY PCIICHHUIO KOHKpGTHOﬁ HH)KGHGpHOﬁ 3aJa4n 110 HMCCIICJOBAaHHUIO U

pacqéTy MCXaHMU3MOB H MaAlIWH, KPOMC TOI'O PAa3BUBACT HABBIKHM HAYYHO —

UCCIIEIOBATEIBCKON paOOTHI.

B cocras IMPOCKTHLIX BaﬂaHI/Iﬁ BXOIAT, KPOMC HMIAPHHUPHO — PBIYAXKHOI'O

MEXaHU3Ma, KyJauKOBbIM M 3yOyaThlii, MpeAHa3HAYEHHBIM I Tepenayu

JIBUKEHHS K UCITOJTHUTEIIBHOMY OpPTaHy.

HGJ'IB KYPCOBOI'O IIPOCKTHUPOBAHMHA PpPa3BUBATb HABBIKHM HCIIOJIb30BaAHUA

O6H_[I/IX MCTOJOB IHPOCKTUPOBAHHA M HCCICAOBAHNA MCXAaHW3MOB JUJIA CO31aHUA

KOHKPETHBIX MAaIlIMH B TPUOOPOB pa3HOOOPA3HOTO HA3HAYCHUSI.

KypcoBoe npoexkTrnpoBaHue CTaBUT 3aJa4H:

1.

[IpoexkTupoBaHue 3y04yaToro wmexaHu3mMa W pacuéT ONTUMAIbHOU
r€OMETPUHU 3y04aToro 3areruieH s,

AHaJIU3 CTPYKTYpHOU CXEMbl MEXaHW3Ma M OTJEIbHO KMHEMaTUYECKHUX
nap;

AHaIIN3 CTPYKTYPHOM M KHHEMATUYECKON CXEMBbI PbIYaXKHOTO MEXaHU3Ma
rpaduyecKuM Crocooom;

CuiioBoOii aHanM3 MEXaHW3Ma C YYETOM T€OMETPUHM MacC 3BEHBEB IpU
JBIDKEHUU X C YCKOPEHHEM;

[IpoexkTrpoBaHue KyJa4yKOBOIO MeEXaHW3Ma U IOCTpOeHHE pabouero

npod st KyJayka

[lenecooOpa3HOCTh MPUHSTHS KOHKPETHBIX PEHICHU MpHU MPOEKTUPOBAHUU

MEXaHH3MOB 000CHOBBIBAIOTCS Q)YHKHI/IOHEU'IBHBIM HAa3Ha4YCHHUECM I[aHHOI‘/JI MallINHHEI.
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3amanne 1 — I'eoMeTpUYECKUIl CHUHTE3 W MPOEKTUPOBAHHE MPSIMO3y0Oro

9BOJIBBCHTHOT'O 3alICIIIICHUA

Henb: Jlms 3agaHHBIX IMapaMeTpOB MWJIMHAPUYECKOW 3yOuaTtol Iepenayu

IIPOBECTH

F€OMETPUYECKHM PACUYET H  BBINOJHUTH YEPTEXK SBOJIBBEHTHON

HHHHHHPHIIEECKOfI BY6an0ﬁ nepcaad BHCIIHCTO 3alICIIIICHHA.

1.1 NcxoaHble JaHHBIE

z4 = 14, 7z = 21 — 4yucna 3yObeB KOJIEC;

m = 4 MM - MOAYJb 3y0UaToi nepeaauu;

fa = 1 —x03pduUIUEHT BHICOTHI TOJIOBKH 3YOBI;

c* = 0,25 — xorhpuIMeHT paguanbHOTo 3a30Pa;

a = 20° —yron npodus KICXOAHOTO KOHTYPA;

1.2 OnpeneneHune reoMEeTPUUECKUX Pa3MEPOB KOJIEC

1. Omnpenenum paanyc JeNUTEIbHON OKPYXHOCTH IIECTEPHU U KOJieca

'y

I

2. Koapdummentsr x; u

m-z, 4-14
T2 2
m-zs 4-21
T2 2

= 28 MM,

= 42 MM,

X, CMCIICHHUSA HMCXOJHOIo KOHTYpa OIpCACIIMM B

3aBHCUMOCTH OT YHUClia 3yObeB Z, U Zs (10 Gopmysiam 1SO):

Uwucno 3yobeB Kojec

Koadpunment cmenienus

X1

X2

71 < 30,(z, +2,) =60

X1 = 0,03(30 - Zl)

X2 == _X1

7, < 30,30 < (z; + 2,) < 60

X1 = 0,03(30 - Zl)

Xy = 0,03(30 - Zz)

(Zl + Zz) <30

X1 = 0,9 ZZ/(Zl + ZZ)

Xy, = 0.9 — X4

3. CwmenieHue uCX0JHOTO KOHTYpa

y mectepHu X; *m = 0,48 -4 = 1,92 mm.
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y kojieca X, *m = 0,27 -4 = 1,08 MmmM.
4. OnpenenuM pagnychbl OCHOBHBIX OKPYKHOCTEH
Tp1 = 11 ° €0s 20° = 28 - cos 20° = 26,311 mm,
Ty =Ty * €c0S 20° = 42 - cos 20° = 39,467 mm.
5. Ompenenum yroJ 3alieriieHus 3y04yaToi rnepeaadu

, . +2-Zx-tan20°_, 200_|_2-0,75-tan20°_0031
inva,, = inva itz = inv 12771 =0,

Hcrionp3ys TaOIUIIEI HHBATIOT HAXOIUM YTOJI 3areruieHus a,, = 25,3°

6. OnpenenuM paanychl HAUATBHBIX OKPY>KHOCTEH IIECTEpHU U KoJieca

m-z, 4-14
__ 2 _ 2 _
'wi = TCosa — cos20° — 29,103 MM,

Cosayy cos25,3°
m-z, 4-21
2 2

'w2 = 053 = cgs 20° = 43,654 mMMm.

Cosay  cos25,3°
7. Onpenenum AeIUTEIIBHOE MEXKOCEBOE PACCTOSIHUE
m'(Z4+Z5) 4‘(14‘+21)

8. Ompenenum MeX0OCEBOE PaCCTOSHHIE

m'(Z4+Z5) 4(14+21)

0 MM

_ 2 _ 2 _
ayw = oS3 =" os20° - 72,757 MM.
Cosayy, cos25,3°

9. Ompenenum K03(PGUITUESHT BOCTPUHIMAEMOTO CMEIICHUS
ay—a 72,757 —40
m 4

y= = 0,6893.

10. Onpenenum kK0dHPUITUEHT CYMMBI CMEIIICHUS.
Zx — X, + X, = 0,48 + 0,27 = 0,75.

11. Onpenenum KO3(pPUIIUEHT YPABHUTEIBHOTO CMEILIEHUS.

Ay =xy —y =075~ 0,6893 = 0,0607.
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12. BeicoTa IeMTeIbHOM HOXKKH 3y0a (BBICOTA TOJIOBKH):
Y mecrepHu

hyy =m-(f; +x;, —Ay) =4-(1+ 0,48 — 0,0607) = 5,6772 mm,
VY koneca

hy, =m- (£ +x, — Ay) = 4- (1 + 0,27 — 0,0607) = 4,8372 MMm.

13.BricoTa nenuTebHOM HOXKKY 3y0a (BHICOTA HOXKKH):
hy =m-(ff+c*—x;) =4-(14+0,25-0,48) = 3,08 MM,
hep, =m-(f; +c¢*—x,) =4-(1+0,25—-0,27) = 3,92 mm.

14. OnpenenuMm paanychl BEpIIMH 3yObEB IECTEPHH U KoJieca!

Zy 14
a1 =m-(?—f§ +x,—c)=4-( (7— 1+0,48—O,25) = 33,67 MM
Zs 21
Iap = m.(f_f; +x,—c)=4-( (7— 1 +O,27—0,25) = 46,83 MM
15. Oxpy>KHOU JENUTENbHBIN II1ar:

p=mn-m=3.14-4 = 12,56 MM

16. TonmuHa 3y6a 1Mo AeNIUTeIbHON OKPYKHOCTSIM IIECTEPHU U KOJieca:

T 3,14

Slzm-<5+2-x1-tana) =4-( > +2-0,48-tan20°>=7,68MM
Tt 3,14

Szzm-(i+2-x2-tana) =4-( > +2'0,27'tal’120°)=7,06MM

17. Yrael npoduns B TOUKE Ha OKPY>KHOCTU BEPIITHH:

I'p, 26,31
ay; = arccos|— | = arccos( ) = 38,64°

Ta, 33,67
B Ip,\ (39,46) — 3264
a,, = arccos . = arccos 2683) = 3%

18. Oxpy>xHas TonmKHa 3y0a Ha OKPY>KHOCTH BEPIIHH:
51

7,68
Sa, =2 Tg, - (— + inva — invaa1> =2-33,67" (? + inv20° — inv38,64°)

dy
= 1,81 MM,
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MM.

19. KoappuumeHTs TONMIMHBI 3yObEB 1O OKPY>KHOCTH BEPIIUH:

=ta LB e
“m 47

Sa, 27
S =—==—=10,675
2 m 4

20. Onpeaenum pagnychl OKPYKHOCTEH BIAIAUH:

r, =1, —hyy = 28 — 3,08 = 24,92 MM

17, =1, —hg = 42 — 3,92 = 38,08 mm

21. JIns  TOCTpOEHUs  DBOJIBBEHTHI  CJIEAYEeT  BOCHOJIb30BAaThCS
OMPENICICHUEM HBOJBBEHTHI, 0 KOTOPOMY HBOJLBEHTY OIMCHIBACT Jt00ast
TOYKA HEPACTSHKMMOM HUTH MPU pa3MaThiBaHUU €€ OKpYKHOCTH. [IycTh Touka
O — KOHEel HUTH, HAMOTAHHOW Ha OKPY>KHOCTH TI',. byzieM pa3marbeiBath €€ 1o
KyCcOYKaM, Ha KOTOpbhIX XopAa Onu3ka K OKpykHOcTH. OTJIOXKHUM Ha
OKPYKHOCTH HECKOJIbKO OTPE3KOB U MOJy4YuM TOYkH 1, 2, 3, 4, 5. B xaxmoi
TOYKE TIpoBeAEM KacarelbHyto. I[lo 2TuM KacaTeabHBIM HalpaBicHA
pa3MartbiBaemasi HUTh. M3 Touku 1 OTJIOKHM OOWMH OTPE30K, U3 TOUYKH 2 JBA
OTpe3Ka, U3 TOYKHU 3 — Tpu U Tak janee. [lomyyaembie Touku 1°, 2°, 37, 4°, 5’
Jexar Ha 3BoJibBeHTE. COECIMHUB UX, ITOJTYYUM BOJIbBEHTY.

[Ipu mocTpoeHnn IBYX 3yObEeB, HAXONSIIMXCS B 3alleIJICHUH B
noitoce P, HEOOXOMMMO TPOBECTH dYepe3 ATOT IIOIIOC JBE COMPSDKEHHBIC
3BOJIbBEHTHI. [locie10BaTeIbHOCTD MOCTPOCHUS CIIETYIOIIAs:

e OmioxuTh Ha 4YepTexke MexoceBoe paccrossuue 0,0, u
MPOBECTH JIBE OCHOBHBIC OKPYKHOCTH PAIUYCAMH Iy H T,

e  OTIOXHUTHh OT MEXOCEBOW JIMHUU YIJIbl 3alCIUICHUS @, WU
MIPOBECTU PAUYCHI JI0 MEPECEUCHUSI C OCHOBHON OKPY>KHOCThIO. O003HAYUTh

TOYKH nepeceuenus N; u N,.
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o Coenuuutrh mnpsMod JuHMer Toukn N; u N, (nMuHUA
3anemienns). OHa JoHKHA MPOMTH Yepes3 Modkoc 3auerieHus P.

e  PasbuBaem otpe3ok N;P Ha 5 wacreil u, HamMmaThIBast ITOT KyCOK
HUTU Ha OCHOBHYIO OKPY>KHOCTB, moJiyuuTh Touku 0, 1, 2, 3, 4, 5.

e B Toukax l...5 npoBenem KacaTeiabHbIE NPSIMBIE U OTJIOKUM Ha
HUX COOTBETCTBEHHO 1...5 orTpe3koB. IloaydnM TOYKM 3BOJNBBEHTHI U
COEJIMHUM HX JIEKAJIO.

e AmnajgormyHo pazouBaem oTpe3ok N,P Ha 5 wacteit wu,
HaMaTbIBass HUTb HAa OCHOBHYIO OKPYXKHOCTb, noiiydaeM TOYkH 0...9 misa

OKPYKHOCTH I'p, .

L B PaHCC YVIIOMAHYTBIX TOYKAX IIPOBOJIHNM KACATCIIBbHBIC IIPAMBIC

aHAJIOTMYHBIM CITOCOOOM CTPOHUM 3BOJIBBCHTY COIIPAKCHHOI'O HpO(bI/IJISI 3y6a.
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3anaya 2 — KuHEeMaTH4eCKUil U CUJIOBOM aHaJIM3 PhIYaKHOIO MEXaHU3Ma

2.1 XapakTepucTuKa UCIOTHUTEILHOIO MEXaHU3Ma

B ucCnoiHUTENHbHOM MEXaHW3ME BXOJHBIM 3BEHOM SIBJISIETCS 3BE€HO |1,
BBIXOJHBIM — 5 3BeHO. [Ipum pabore mMexaHuM3Ma MPOUCXOAUT MpeoOpa3zoBaHUE
BpallaTeIbHOTO JBUXKEHHUS BXOJHOIO 3B€HAa B BO3BPAaTHO MOCTYyHATEIbHOE
JIBW)KCHUE  BBIXOJHOTO 3BeHAa. Ha BBIXOJHOE 3BEHO JICUCTBYET CHIIA
COMPOTHUBJICHUS, BO3HUKAIOIIAS IIPU COBEPIICHUU PaOOTHI BHIXOJAHBIM 3BEHOM Hajl

MIOJIE3HOM HArpy3KOH.

2. 2 CTpyKTypa MEXaHU3Ma, MOJIBUKHOCTh
Jns  mpoBeAeHUsT CTPYKTYpHOTO aHaIM3a MeEXaHHW3Ma, HeoOXO0IUMO:
ONpENEUTh TOABUKHOCTh MEXAHU3MA, OMNPEICIUTh MEXaHU3M, Pa3IoKUTh

MCXaHHU3M Ha CTPYKTYPHBIC I'PYIIIIGI.

Puc.1 Cxema mexanusma.

[Tponymepyem 3BeHBS MEXaHH3Ma, MPU 3TOM HYJIEBBIM 3BEHOM O003HAUMM
HEMOJABM)XHOE 3BEHO (CTOMKY). Tak Kak 3BeHbs] MEXaHU3Ma COBEPILAIOT ABUKEHUS
[1apajuIesIbHO OJHOU IIJIOCKOCTH, TO €r0 MOYKHO OTHECTH K IUIOCKMM MEXaHU3MaM.
OnpenenuM MOABMKHOCTh MEXaHU3Ma, UCTIONb3ys hopmyny Ueodsimena I1. JI.:

W=3n—2"ps— pa, (2.1)

I7I€ N1 — KOJIMYECTBO MOJBUKHBIX 3BEHbEB,

Ps — KOJIMYCCTBO KMHEMATUYCCKUX IIap IATOI'O Kjacca,
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P4 — KOJTMYECTBO KHHEMATHYECKHX Tap YeTBEPTOro Kiiacca.
[TocunTaem KOTMYECTBO KHHEMATHIECKHX TIap IMATOTO Kiacca.
0-1 BpamarensHas napa,
1-2 BpamarenpHas mapa,

2-4 BpamartenabpHas mapa,

1

2

3

4. 3-0 BpamaTtenbHas mapa,

5. 3-4 BpamatenbHas mapa,

6. 4-5 BpamaTenbHas mapa,

7. 5-0 mocTtynarenbHas napa.

Takum oOpaszom, n =5, ps =7, py =0. TlogctaBum 5T 3Ha4YEHUS B
dbopmyny YeObimena I1.J1.:

W=3-5-2-7-0=15-14=1.

[TomyueHHbIi pe3yapTaT O3HAYAECT, YTO 3aJaHHOE JBM)KCHHE OJIHOTO 3BEHA,
OJTHO3HAYHO OIpeIesieT IBIKEHUE BCEX OCTAIbHBIX 3BEHBEB.

B kauecTBe mepBUYHOrO0 MexaHH3Ma (BXOJHOTO 3BE€HA) MpuMeM 3BeHO 1. 3a
00O0OILIEHHYI0O KOOPJAMHATY B 3TOM CJIy4ae MOXXHO MPHUHATH YroJl MOBOPOTa
NEPBOIO 3BeHA. 3BE€HbS] MEXaHU3Ma OyIyT COBEpPIIATh CIEAYIOLINE ABHKECHUS:

3BeHO 1 — KpHWBOWIMN, COBEpUIACT BpalIaTEIbHOE JBUKEHHE BOKPYT
HENOIBWKHOMN TOYKH,

3BEHO 2 — ATyH, COBEPIIAET MIIOCKOE IBUKEHUE;

3BEHO 3 — KOpPOMBICIIO, COBEPIIAET BO3BPATHO BPALIATEIILHOE JIBUKCHUE
BOKpYT TOuku D;

3BeHO 4 — IaTyH, COBEPLIAET IUIOCKOE ABUKECHUE;

3BeHO 5 — MOJ3yH, COBEPIIACT BO3BPATHO MOCTYIMATEIBHOE JBIKEHUE BIOJb

HanpapJIAIOIEeH IBUKESHUS TOUKH F.

10
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2pynna Accypa 3bexes 2-3
nepbas b nopsdke
npucoeduxenus 2 kaacc 1 6ud

D
3
C 2
B
zpynna Accypa 3bexss 4-5
bmapas 6 nopadke
npucoedurerus 2 knacc 2 Bud /75’ /0 ﬁ nam /U MEXHIIIM
£ ! knacc

Puc. 2 CtpykTypHa MeXaHU3Ma.
Paznoxenue wexanusma mnpuBeneHo Ha (puc.2). Kiacc wmexanmsma
OTPENIECNIACTCS M0 HAUBBICIIEMY KJIACCYy CTPYKTYPHON KOMIOHEHTHI BXOJSIICH B
cocTaB MexaHu3Ma. Takum oOpa3oM, Kjlacca MexaHu3ma 2, Tak Kak B €ro COCTaB

BXOJUT CTPYKTYpHAs TPyIIla BTOPOTO KJacca.

2.3 OnpenenieHre KpalHUX MOJIOKEHUI MEXaHU3Ma
OnpenenuM KpailHUE TOJIOKEHWE MEXaHM3Ma, COOTBETCTBYIOIIME Haydaly U
KOHITy pabouero xoja Mexanusma. KpaiitHue moyioKeHus ONpeeIisieM M0 BepxXHEi
W HUXKHEW MEpPTBOM TOUKE BBIXOJHOIO 3BeHa (3BEHO 5 mopiieHb mpecca). s

ATOTO BOCHOJIB3YEMCS TEM, UTO CKOPOCTh TOUKHM F OyzieT paBHA Hy/IO TOTJa, KOT/a

11
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ckopocTh ToYkn E Oymer paBHa Hymro, Tak Kak 3BEHO 3 COBEpIIAET BO3BPATHO
BpallaTebHOE JBUKEHUE.

OnpenenuM KpaifHHe TOJIOKEHHs Uil 3BeHa 3. [l 3TOro BOCIOJIb3yemcst
TEM, YTO 3BEHO 3 3alMET KpaiiHee MmosoxkeHue Toraa, korna touku ABC Oymyt
JIe)KaTh HA OJHOW IIPSMOM.

Hcnonb3yst KpailHHE TIOJIOKEHUST MeXaHW3Ma U HalpaBiICHUE CUJIBI
CONPOTHUBJICHUS, ONPEAEIUM HaAIpaBJICHUE YIJIOBOW CKOPOCTHM KPHUBOLIUIIA.
Pabounii X0/1 COOTBETCTBYET 0OJIbIIIEMY YTITy TOBOPOTA KPUBOULIUIIA TIPH ITEPEX0JIe
OT OJHOTO KpailHEero moJioKeHus K BTopoMmy. HampapiieHue BpalieHus BXOJHOTO
3B€HA (3B€HO | KpUBOIIUIT) YKa3aHO Ha YEPTEXKE.

VYribl pabodero v X0JI0CTOro Xoa OyAyT paBHBI:

q)pHG.XOA = 1990! (pxo_ﬂ_xoﬂ = 1610

2.4 IlocTpoeHue miaHa MEXaHU3Ma U IUIaHa CKOPOCTEMN
s IIPOBEICHUS KMHEMaTUYECKOTO VCCIIEIOBAHUSL  MPOCTPOUM
COBMEUIEHHBIM  IUIAH  MEXaHW3Ma, T[pPUHAB 32  [EPBOE  IOJIOKECHUE
COOTBETCTBYIOILIEE Hayary paboyero xoja.

Bri6epem maciiTad ruiana MexaHru3Ma paBHBIM:

" S54mMM S54mMmM MM

28]

Tor):[a OJIMHBI OTPE3KOB COOTBCTCTBYIOIIMX 3BCHBAM W MCXdHHU3MaA H

PACCTOSIHUSIM MEXKITy TOUKaMH KpEeTuIeHHs OyayT paBHBI:

lpe 0,53 0,35

BE =2 = =" = 212 mum; D, =2= = 140 MM
W 00025 w 00025
! 0,52 x 0,18

EF = £ = = 208 MM; D, === = 72 MM
W 00025 W 00025
! 0,44 x 0,39

BC =2 = = 176 MM; E,=-*%= = 156 MM
W 00025 W 00025
! 0,25

DC =2 = = 100 MM;
W 00025

[Ipy moCTpoeHUU COBMEIICHHOTO IJlaHAa MEXaHHW3Ma BbIOEpEM IMOJI0KEHHUE
TOYKA A Ha 4YepTexe, Jajee U3 MOJYyYEHHOM TOUKM A MPOBEIEM OKPYNKHOCTb

paguycom 1 = AB = 54 mM. Iloctpoum monoxxenus Toukun B Ha deprexe,

12

am

Aucm|  N° dokym [lodn. | Aama




dama

[lodn

MHB. N° dyon

Baam uHb N°

dama

[loon

b N° noan

HayMHas C KpalHEro COOTBETCTBYIOLIEMY Hayaly padodero xoja MEXaHH3Ma,
BBIMIOJIHUB Pa30uBKYy Ha 12 MOJOXEHW B HANpaBlICHUW BpPAILEHUS YTIOBOMH
CKOpOCTH TmepBoro 3BeHa. Ompenenum mnosoxeHue Touku D Ha wyeprexe
WCIIONB3ysl 3aJaHHbIE €€ KOOpAMHATHI. I3 IMOJy4YeHHOW TOYKM IPOBEAEM YTy
OKpy)kHOCTH pamuycoM 1 = DC = 100mM. U3 Ttouek B cpaemaem 3aceuku
paguycom r = BC = 176 mM Ha npoBeac¢HHoil gyre C. CoequHuB MeXIy cOOOM
nosyuyeHHele Toukd B u C ompenenum mosiokeHHE BTOPOTO 3BEHA B MpoIlecce
JBH>KCHUSL.
Jlanee a1 Kakaoro M3 MOJ0KEHUH OTMETHM MHOJ0XKEeHUS Toduek E Ha 3BeHe
BC. BoccranoBum mnosokeHue Hampasiisitoled aBuxeHus Touku F. Jlns storo
MIPOBEAEM BEPTHUKAJIBHYIO MPAMYIO0 HA PACCTOSIHUM Xp 10 TOUYKM A KakK yKa3aHO B
3aJaHUM U CHEJNaeM Ha HeW 3aceuku Ayrod pammycomM 7 = EF =208 MM c
LHEHTPOM B cooTBeTcTBytomMX Toukax E. Ilomydennele Touku F u Oynyr
ONMCBHIBATh IIOJIOKEHUsSI 3aHUMAEMble TIOJ3YHOM B MPOLECCE IBHKECHUS
kpuBomuna AB.
IlonoxeHus HEHTPOB MacC JIMHEUHBIX 3BEHBEB IIPUMEM B UX CEPEAUHAX.
Jns  omnpeneneHus KUHEMATHYECKUMX IMAPAMETPOB, ITOCTPOUM  IUIAHBI
CKOPOCTEN U YCKOPECHUM.
[Ipy moCTpoeHMM TUIaHA CKOPOCTEM  BOCIIOJIB3YEMCS  CIEAYIOIIMMU
COOTHOILLIECHUSIMU:
1. PaccmarpuBas rpymimy Accypa, 3BeHbs 2-3 3aMuIIeM:
Vo=V + Vo 22
L :
Ve =Vp +Vep
rae Vg = w; - [y —ckopocTh ToukH B;
Vp = 0 — ckopocth Touku D (paBHa HyI0, TaK KaK TOYKA HEMOABUXKHA);
Vcg — ckopocTh Toukn C npuHAJIEKAIEH BTOPOMY 3BEHY OTHOCHTEIIBHO
TOYKM B Kak TOYKH, MpUHAJIEkKAILEN BTOPOMY 3BEHY.

2. PaccmatpuBas rpynmny Accypa, 3BeHbs 4-5 3anuiiem:
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— e P e—
VF = VE + VFE
Vg = Vg, + Vip,
rae Vi — ckopocTh TOukH F;

Vg — ckopocthb ToukH E;

Vg, = 0 — ckopocTh TOYKM F Kak TOYKH, NPHHAJJIEKANIEH CTOMKE
(HyJI€BO€ 3BEHO);

VF.F, — CKOPOCTb TOYKH F Kak TOYKM, NpUHAJUIEKANIEH MATOMY 3BEHY,

OTHOCHUTEJIIBHO TOYKH F KaK TOUKH anHaz[JIencameﬁ CTOMKH.

Hckmrodas VC) B cucrteme (2.2), a B cucreme (2.3) VI; MOJTy9IUM

ypaBHEHMUS:
Vg + Ve = Veps (2.4)
VE + VFE - Fl;Fo' (25)

[Tpu sTOM ckopocTh Touku E, BXozsiiyro B ypaBHeHHe (2.5), ompeaenum,

UCIIOJIB3Ys To1001eE:

Yeo _ Ve
lec e
OTtkyna onpenenum:
V bc
Ve =2'ZBE — be = -— " Ipg

lBC

Onpenenum cKOpocTh TOUKHU B:
M
Vg = w1 - lug = 23,980,135 = 3,24 -

Bri6epem maciitad miaHa CKOpoCTe paBHBIM

—VB—003809 -
’uv_85_ ’ C*MM

OTpe3oK COOTBETCTBYIOIIMU CKOPOCTH TOUkM B Ha miaHe ckopocTed paBeH
85 MM.

[TocTpoenne TmuIaHa CKOPOCTEH HAYHEM, BBIOpaB TMOJIOC, TOouka p,. U3
MOJTY4YEHHOU TOYKHU P, OTJIOKUM OTPE30K P, b B HANPABJICHUU CKOPOCTH TOYKU B.

C KOHIIa BEKTOpa CKOPOCTH TOYKU B (M3 moIydeHHOM ToukH D) MpoBeaéM npsmyro
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NEPHEHANKYJAPHYIO 3BeHy 2. JlanpHeWlne MOCTPOECHHUs BEAEM U3 IOJHOCA,

MPOBEAEM MPSIMYIO TMEPHEHIUKYISPHYIO 3BE€HY 3, OINpeIenB €€ TOYKY

IIEPECEUCHHS ¢ paHee MPOBEIEHHOM MPsAMOi U3 ToukH b HaiiIéM TOUKY C.
Ompenenum oTpe3ok be, kak mpumep:

JJIs1 0-T0 TOJIOKCHMUS .

pe =26 =82 053 - 102mm,
lpc 0,44
J1st 5-r0 MoJI0KEeHUS
pe=25.1, =% 053=78wum.
lpe 0,44

JIns HaxoKIEHWS CKOPOCTM TOYKM E Ha IUIaHe CKOPOCTEM OTIIOKUM
HalIEHHBIN OTpe30oK De u3 Toukm b ma mmaHe ckopocteit Bmoib orpeska be. U3
MOJY>)KEHHOW TOYKM € TPOBEAEM NPSMYI NEPHEHAUKYJIAPHYIO 3BeHY 4.
JlanmpHene NOCTPOEHUs MPOBOAUM W3 IIOJIKOCA, IMPOBEAS BEPTUKAIBHYIO
MPSAMYIO, ONPEACIUM €€ TOUKY IEPECEYEHHUs] C paHee IPOBEAEHHOM MNPSIMOU U3
TOYKH €, Haiasa TeM camMbiM TOuky f. OTpe3ok p,f W OymeT COOTBETCTBOBAThH
CKOpocTH Toia3yHa JS. HampaBieHuss HaWIEHHBIX CKOPOCTEH, pPACCTaBIISIEM
COTJIACHO TPABWIIY CJOKEHHUSI BEKTOPOB, UCIOJB3Ysl MPU ITOM ypaBHEHUS (2.2),
(2.3), (2.4),u (2.5).

Jns  ompeneneHuss CKOpPOCTEM LEHTPOB MacC 3BEHBEB MEXAHU3MA,

BOCIIOJIB3YEMCs CIICAYIONIMMH BEKTOPHBIMHU YPABHCHUSIMU .

Vs, = Vg + Vs, 5, Vs, = Vs.p,
Vs4 = VE + VS4E' VSS == VF'

Jist onpenenenus ckopoctei Vs, g, Vs, g BOCIONB3yeMCs TOX00UEM:

Vep _ Vs,B _ Igs, * Vep _
I S;B =" 1
e Igs, lpc
Ve _ Vs,p . Ips, " Ve .
- SgD - 4
Ibc  Ips, Ipc
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Vre _ Vs,E _ lES4 Ve
T S4E = T 1 -

lerp lgs, ler
CrnemoBaTebHO, OTPE3KHM Ha IUIAHE CKOPOCTEH COOTBETCTBYIOIIHME 3THUM

CKOPOCTSIM TaKXe OyayT paBHBI:

bs, = le;'Cbc : (2.6)
l “PyC

byS3 = %; (2.7)

€S, = tesy'ef (2.8)

lgF

Hanpumep nns nonoxkennii 0 u 5 noyyum:

ITonoxenue O:

lBSZ - bC _ 0,265 * 85

= = 1
bs, ™ 044 51 MM,
. = Ips, -pvc= 0,125-0 0 wm
PoSs = 0,25 ’
os =lES4-ef:0,26-12 -
4 lpp 0,52 '
ITonoxxenue 5:
lBS ' bC 0,265 ' 65
b = 2 = = 39 ,
2= 0,44 MM
le3 - va 0,125 * 49
= = = 2
Poss = - 0,25 > MM,
es =lE54'€f:0,26'34: 7MM
4 lpr 0,52 '

Jna  HaxoXAeHus CKOPOCTHM LIEHTpa BTOPOrO0 3BEHA  OTJIOXKHUM
HAWJICHHBIA OTPE30K bS, U3 TOYKH D BIoib oTpe3ka be. [Momydennyro Touky
S, COCOUHUM C TIOJIFOCOM IUIAHA CKOPOCTEM, HAWIEHHBIM OTPE3OK P,,S-
COOTBETCTBYET CKOPOCTH LIEHTPA MACC BTOPOI0 3BEHA HA TUIAHE CKOPOCTEM.

JIns HaxoKIEHHS CKOPOCTH ILIEHTPa MacC TPETHErO0 3BEHA OTJIO0XKHM
HAUJCHHBIA OTPE30K P, S3 M3 MOJKOCa BAOJb OTpe3ka p,C. IlomydeHHyro
TOYKY S3 COCIMHUM C MOJIFOCOM IUIaHA CKOPOCTEU, HAUJIEHHBIA OTPE30K P, S3

COOTBCTCTBYCT CKOPOCTU ICHTPA MACC IIATOI'0 3BCHA HA IIJIAHC CKOpOCTeﬁ.
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JIns HaxoXKAEHUsI CKOPOCTU IIEHTPa MacC YE€TBEPTOrO 3BEHA OTJIOXKHUM
HaWJICHHBIA OTPE30K €S, U3 TOYKHU BI0JIb OTpe3ka ef. IlolydeHHYI0 TOUKY S,
COCMHUM C TMOJIIOCOM IUUIaHA CKOPOCTEW, HAWJICHHBIM OTPE30K P,,S,
COOTBETCTBYET CKOPOCTH ILIEHTpa MacC YETBEPTOrO 3BEHAa Ha IUIaHE
CKOPOCTEH.

Moaynu CKOpOCTH M LIEHTPOB Macc 2-5 3BEHBEB OMPEIACINUM, UCTIONIb3YS
ITIOCTPOECHHBIN IVIAH CKOPOCTEM:

Iomoxenue O:

M
Vs, = PuS2 "ty = 34-0,3809 = 1,3 o

VS3 = p,S3 - U, = 0-0,03809 =0 =

M

Vs, = PuSs~ty = 13-0,03809 = 0,5 =
M

—pvf U, = 11-0,03809 = 0,42 =

Ilomoxenue 5:

M

V = pySy Uy = 58-0,3809 = 2,21 =
M

V = p,S3 - U, = 25-0,03809 = 0,95 =
M

Vs, = PpSy U, = 40-0,03809 = 1,52 =
M

Voo = Duf "1y, =35-0,03809 = 133

VYIia0Byr0 CKOPOCTb BTOPOIO, TPETBETO M YETBEPTOrO 3BEHBEB
ONPENEIUM, UCIIONb3ysl HaWJICHHbIE JMHENHbIe CcKopocth Vg, Vo m

VrE COOTBETCTBEHHO:

i, = Ve _ bc-,uv;
e lgc

g Ve PcCr iy
Ipc Ipc

e Vie _ef " Iy
lep ler
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Hanpumep nnst nonoxkennii 0 u 5 nosryyum:

IMTonoxenue O:

_ bc-p, 85-0,03809

= = =736c71,
@2 = 0,44 ¢
L _PuCpy_0-003809
7 e 025 ’
ef - 12-0,03809
w, = Lt _ ~0,88¢™;
ler 0,52
[Tonoxxenue 5:
bc-u, 65-0,03809
= = = 5,63 _1,
@2 = 0,44 ¢
o _PuCiiy 49003809
3 lpc 0,25 ’ ’
ef - 34-0,03809
w, = Lt _ — 249 ¢ 1.
lgr 0,52

HanpaBiienue  yrJIOBBIX ~ CKOPOCTEH  OIpeneisieM,  HCIOJIb3Ys

o o o _—> _—> _—
HaMpaBJICHUs] HANAEHHBIX JTUHENHBIX cKopoctenl Vip, Ve u Vpg mbICaeHHO
nepenecs ux B Touku C, C u F onpenenuB mnpu 3T0M HampaBieHUE BpalleHUs

BOKpyT Touek B, D u E cooTBercTBEeHHO.
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2.5 Pe3ynbTaThl KHHEMATHYECKOTO MCCIICIOBAHUS

Tabmuia 2.1 — Pe3ynbpTaThl KHHEMATHIECKOTO UCCIICIOBAHUS

O6paz | Pasm| O 1 2 | 3 4 5
OTpe3ku Ha IJ1aHe CKOPOCTEn
cb MM 85 23 5 25 44 65
pPvC MM 0 67 87 87 73 49
pve MM 17 64 88 88 74 49
fe MM | 12 3 22 42 47 34
pof MM 11 65 89 82 59 35
PuS2 MM 34 74 86 85 75 58
Py S3 MM 0 34 44 44 37 25
DySa MM | 13 64 88 82 62 40
JIuHelHbIE CKOPOCTH
§ Veg m/c|324| 088 | 0,19 | 095 | 1,68 | 2,48
= V. m/ic| o | 255 | 331|331 ]278 | 187
£ Ve | m/c|065]| 244 [ 335335 282 | 187
Vig m/c| 046 | 011 | 084 | 16 | 1,79 1,3
- Vi m/c| 042 | 248 | 3,39 | 3,12 | 2,25 | 1,33
S Vs, m/ic| 1,3 | 2,82 | 3,28 | 3,24 | 286 | 2,21
% Vs, m/ic| O 1,3 | 168 | 1,68 | 1,41 | 0,95
S Vs, m/c| 05 | 244 | 335|312 | 2,36 | 1,52
- YTr10BbIE CKOPOCTH
N w3 c’* | 736 1,99 | 043 | 2,16 | 3,81 | 563
T
g W3 ¢! 0 10,21 (13,26 | 13,26 | 11,12 | 7,47
- W, ¢ 11088 | 022 | 161 | 3,08 | 3,44 | 2,49
=}
=
S
S
S
S
> 19
&
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O6pa3. | Pa3zwm. 6 7 8 9 10 11 12
OTpe3ku Ha M1aHe CKopocTen
cb MM 81 85 83 60 1 99 158
byC MM 19 0 12 44 84 129 113
pbveé MM 24 17 20 42 84 145 142
fe MM 9 7 17 41 64 57 9
Pof MM 22 16 12 10 61 144 139
pys, | MM | 39 | 34 36 | 56 85 103 68
p,s; | MM | 10 0 6 22 | 42 65 57
p,s, | MM | 23 17 14 | 23 66 141 | 140
JInHelHbIE CKOPOCTH
Vee M/ c 3,09 3,24 3,16 | 2,29 0,04 3,77 6,02
Ve M/ c 0,72 0 0,46 | 1,68 3,2 4,91 4,3
Vg M/ c 0,91 0,65 0,76 1,6 3,2 5,52 541
} Ver | M/c | 034 | 027 | 0,65 | 1,56 | 2,44 | 2,17 | 0,34
§ Vi M/c 0,84 0,61 0,46 | 0,38 2.32 5,48 5,29
- Vs, M/c 1,49 1,3 1,37 | 2,13 3,24 3,92 2,59
r§ Vs. M/c 0,38 0 0,23 | 0,84 1,6 2,48 2,17
Vs, M/c 0,88 | 0,655 | 0,53 | 0,88 2,51 5,37 5,33
- VYToBbIE CKOPOCTH
LS —
= w, ¢ | 701 | 7,36 | 7,19 | 519 | 009 | 857 | 1368
< ws ¢ | 28 | 0 | 18 | 67 | 128 | 1965 | 1722
> W, ¢c™ | 066 | 051 | 125 | 3 | 469 | 418 | 066
E
5
xQ
S
S
S
S
S
S
> 20
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2.6 TlocTpoeHnue muaHa yCKOpeHHi
JIns mocTpoeHMsl IJIaHa YCKOPEHHWH BOCIIONB3YeMCS CIEIyIOIMMHA

BCKTOPHBIMH COOTHOIICHHUAMM.

- __ = n T
ac =ag t+acg +acg (2 9)
o n T '

rjae a. — yckopenue Touku C;

ap = ap = w? - 1,5 —yckopenue Touku B;

alp = w5 lgc —HOpManbHOe  yckopenwe ~Toukn C  Kak  TOYKH,
IIPUHAJIEKANIEH BTOPOMY 3BEHY BOKPYT TOUKH B;

a¢g = & * lgc —TaHTeHIManbHOE  ycKopeHume Toukn C  Kak  TOYKH
IIPUHAJIEKAIIEN BTOPOMY 3BEHY BOKPYT TOUKH B;

alp = w%-lpc — HOpMmambHOe yckopeHMe Toukn C  Kak  TOYKH
IpUHAJIeKAIIEH BTOPOMY 3BE€HY BOKPYT TOUKHU D;
agp = &3 * lpc —TanrennuanbHoe  yckopernme ~— Toukn C  Kak  TOYKH

IIPUHAJIEKAIIEN BTOPOMY 3BEHY BOKPYT TOUKH B;

2. Paccmotpum rpynmy Accypa 4-5:
—_— _— n T
aF = aE + aFE + aFE
g (2.10)
ar = Qp, T AF.F,
I'7€ A —yCKOpeHHE TOUKH E;
arp = i ' lpp —HOpManbHOE  YCKOpPEHHEe TOYKM F  Kak  TOdYKH,
IIPUHAJIEKAIEN YETBEPTOMY 3BEHO BOKPYT TOUKH E;
Afp = & * lpp —TaHTEHCANIBHOE  YCKOpPEHHWE TOYKM F  Kak  TOYKH,
MpUHAJJIeKAIIEH YETBEPTOMY 3BEHY BOKPYT TOUKH E;
ap, = 0 — yckopeHue TOYKM F Kak TOYKH, NPHHAIJICHKAIICH CTOMKE, PaBHO
HYJII0, TaK KaK OHA HEMO/BM)XHA,
ap.p, = 0 —yCKOpeHHE JBIDKCHUs TOYKM F Kak TOYKH, NPHHAJIEKAIICH

MATOMY 3BEHY, OTHOCUTEJILHO TOUKH F, mpuHaiexarieit cTomke.

Hckmouas B cucteme (2.9) u (2.10) yCKOpeHUs a; U Ay HOIYyYUM ypaBHEHUE:
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ag + acg + acg = acp + agp

(2.11)

- n T — T
ag + apg + app = Qg f,

Wcnone3ys ypaBHenwe (2.11) @HOCTpoMM IUTaH YCKOPEHHH, IIPH 3TOM
HEOOXOMMMO YYeCTh, 4YTO IIOJHOE YCKOPEHHWE ag OIPEAEIMM, HCIIONb3Ys
BLIpa)KeHI/IeZ

I[J'Iﬂ OIIpCACICHUA Arp, BOCIIOIB3YEMCA COOTHOIICHUEM, KOTOPOC CICAYCT M3

MOJI00U:

Torma mumMHa OTpe3ka COOTBETCTBYIOIIEIO YCKOPEHUI0 QApp Ha IIJIaHe
YCKOpEHH OyIeT paBHa:

bc-l
be = —EE

Igc

CrnenmoBarenbHO, MOCTPOMB YacTh IUIaHA YCKOPEHHM 1O ypaBHeHHIO (2.11)
ONpENEIUM YCKOPEHUE dp, YTO JacT BO3MOXKHOCTh HCIIOJIb30BaTh BTOPOE

ypaBHEHHE cucTeMsbl (2.11) nis mocTpoeHus: OCTaBIICHCS YacTH IJIaHa YCKOPEHUH.
— 2 _ 2 _ M
agp = wi " lug = 23,98“-0,135 =77,63 =z

Ornpenenum U3BECTHBIE YCKOPEHUS JIJIsl KCCIIEAYEMBIX MoJIoKeHui 0 u 5:
ITomoxxenue O:
als = w3 lge = 7,362 - 0,44 = 23,83 Cﬂz
aly, = w? lpc =0%2-0,25=0 %
aly = wi - lgr = 0,882-0,52 = 0,4 Cﬂz

Bri6epem macmraOHbIN K03 GUITUEHT TIaHa YCKOPEHUN PaBHBIM:

M

77,63 —
g = —2-=—"¢=0913

"~ 85 MM 85 MM e

M

Torga OTpe3kM Ha IUIAHE YCKOPEHUW COOTBETCTBYIOIIUE W3BECTHBIM

YCKOPEHUSIM OYIyT paBHBbI:

ITomoxenue O:
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Pa® =" "= 0,013 o> MW
_ afs _ 23,83 _ .
= u, 0913 ’
en —a?E= 04 = (0 MM
fe ™ u, ~ 0,913 ’
ag 0
PaNe = — = = 0 MM
t, 0913
ITonoxxenue 5:
b= ap 77,63 _ gt
Pa® =1 "= 0913 O>M"
a; 13,95
b = = = 26 ,
fleb =7 " 70,913 MM
ene, = il = 3,22 = 4 MM
fe = ., 70,913 ’
_a? 13,95 .
panc_ua_0,913_ MM.

JlJis moCTpoeHHsT YCKOPEHUH BBIOEpPEM MOMIOC P,. OTIOKUM OTpe3oK p,b B

HalpaBlIEHUH YCKOPEHHS Og, U3 MOJYYEHHON D TOYKM OTIONHM OTpe3oK bn., B

—

HaIpaBJICHUH YCKOPEHHUs Ay (B HampasieHun oT Touku C k Touke B mapamnensHo
BC m©Ha coBMmemeHHOM IUTaHE MEXaHWU3Ma s KaXJIoro mojoxkeHus). U3

MOJTyYEHHOW TOYKH M., MPOBENEM MpsiMyro neprneHaukyisipuo BC (Bmonb sToi

—_—
IPSIMON HANpPaBJIEHO TAHICHIAJIBHOE YCKOPEHHUE Afp). JlaibHelme mocTpoeH s

—_—

IPOBOANM U3 TIOJIFOCA, OTJIOKHUM OTPE30K P, N, B HANIPABICHUH YCKOPEHUS Ay, (B
HampaBiaeHun oT Touku C k Touke D mapamtensHo DC Ha COBMENIEHHOM TUIaHE
MEXaHHM3Ma I Ka)XXJ0Tro MOJoXeHus1). M3 MONydyeHHOW TOYKM 7, MPOBEIEM

npsamyro  nepneaukyiaspao  DC  (Bmonp  3TOM  mpsMOW  HAmpaBJICHO
TaHTEHIMAIBHOE YCKOpeHHe aj/p). OmnpemenuB TOYKY IEpECcedeHUs C paHee

MIPOBENEHHON NIPSMOW, HAMAEM OTPE30K P, C, KOTOPBIA COOTBETCTBYET YCKOPEHUIO

Touku C Ha MJIaHE YCKOPEHUM.
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Hcnonp3yss MOCTPOEHHYIO 4acTh IIJIaHA YCKOPEHUU ONPENENIMM YCKOPEHHE
Touku E, ¢ momombto Beipaxkenus (2.12). st nonoxenunid 0 u 5 nosrydynm:

Iomoxenue O:

bc-l 167-0,53
be = —EE = = 201 MM,
lgc 0,44

Ilomoxenue 5:

bel 420,53
be = —5E = = 51 MM.

lgc 0,44

Jisi HaxOXKIECHUs YCKOPEHMHM TOYKM E Ha IU1aHe YCKOPEHUW OTIIOXKHUM
HalJICHHBIN OTpe30K be w3 Toukw b Ha maHe YCKOpPEHHWH BJIOJIb OTpe3ka DcC.
HalineHHyr0 TO4YKa € COECIWHHM C IIOJIOCOM IUIaHA YCKOPEHWW, TOTa OTPE30K
Dg€ OyIeT COOTBETCTBOBATH YCKOPEHMIO TOUKHU E Ha miaHe yCKOpeHU.

JlanpHeHIMe MOCTPOCHUST MPOBOIMM M3 TOYKH E, OTJIOKHB OTPE30K eng,

_
napasuiesibHo oTpe3ky EF B HanpaBiieHHH ycKOpeHUH ajp. 13 mOoIMy4eHHON TOYKH

Nfe TPOBENEM NPAMYIO NEpHeHIUKyApHO EF (Bross 910l npsiMoii HanpasiieHO

YCKOpPEHHE a—pr)). Janee w3 moytoca NPOBEIEM BEPTUKAIBHYIO MPAMYIO
(mapajielbHO — HaNpaBJSOIIEH  JBJKEHHSI  TOJI3yHA), ONPEIEIUB  TOYKY
MepeceyeHrs ¢ paHee MPOBEACHHOW MNPSMOW HAWIEM TOYKY MNfr.. HalimeHHbIN
OTPE30K P, COOTBETCTBYET MOJHOMY YCKOPEHUIO TOUKH F.

[ns  ompeneneHus: yCKOpPEHU LEHTPOB MacC 3BEHBEB MEXAHU3MA,

BOCIIOJIB3YEMCsl YPaBHCHUSIMM.

_— —

a5, = ag + g, + a5, 5 = ap + A, p;

— - - — —_

as, = ap +ag,p + ag.p = ap + A, p;
—_

_—) n T _—) _—,
as, = ag t ag,p + a5 p = ap + A, B,

JUia  omnpeneneHuss OTPE3KOB Ha IUIAHE YCKOPEHHUH COOTBETCTBYIOLIMX

YCKOPEHUSMU Ay, g, Ay, U A, g BOCIIOJL3YEMCS OJO0HEM:

as,p Qcp Qcp * lBSz
= —ds,p = ——F

)

lss, lac Isc
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AszD __ acp __acp'lpss
- — Udg,p = )

l l 3 l

DS3 cD cD

As,E _ QFg __arg'lgs,

P ) - B —

les, leF ler

Bocnonp30BaBIMIMCE NOCTPOSHHBIM INIAHOM YCKOPEHHM, ITOJTyYHM:

bC'lBS
bs, = 2582
Ipc
__ DPaClps;
paS3 - l ’
DC
_ eflgs,
es, = —*,

lgF
Jns monoxennii 0 1 5 MOJIyYUM CIEAYIOIIME 3HAUECHUS

Iomoxenue O:

__beilgs,  167-0,265

bs, = = = 101 MM,
lgc 0,44
PaClps 198:0,125
PyS3 = —= = = 99 MM,
Ipc 0,25
oS, = ef-lEg4 — 47-0,26 — 24 MM"
4 ler 0,52 ’

[Honmoxenue 5:

_ belgs,  42:0,265

bs, = = = 25 MM,
Ic 0,44
PaC'lps 55-0,125
PgS3 = ——= = = 28 MM,
Ipc 0,25
ef-lgs 40-0,26
es, = 2 = = 20 MM.
lEF 0,52

JIns HaxOoXKIOEHWs YCKOPEHHs LEHTpa MacC BTOPOTO 3BEHA OTJIOKHM
HaWJIEHHBIA OTPEe30K bsS, W3 TOYKH D Bmonb orpe3ka bC. [lonydeHHYIO TOYKY
S,COEIUHUM C TIIOJIOCOM IUIaHA YCKOPEHWM, HAWJICHHBIM OTPE30K P, S
COOTBETCTBYET YCKOPEHHIO LIEHTPA MAacC BTOPOIO 3B€HA HA IUIAHE YCKOPEHUM.

JIns HaxoXIeHus YCKOPEHHsI ILEHTpa MacC TPETbEro 3BEHA OTJIIO0XKHUM
HaWJICHHBIA OTPE30K P, S3 U3 MOJIOCA BAOJb OTpe3Ka P, C. [loydeHHYI0 TOUKY S3
COCMHHMM C T[OJIIOCOM IUIaHA YCKOPEHUW, HaWIEHHBIA OTPE30K P,S3
COOTBETCTBYET YCKOPEHHUIO LIEHTPA MAcC TPETHETO 3BEHA HA IIJIaHE YCKOPEHUM.

JIns HaxOoXIeHUs YCKOPEHHMs LEHTpa MAacC YETBEPTOrO 3BEHA OTJIOKHM

HalICHHBIN OTPE30K es, W3 TOYKU e BIoJb oTpe3ka ef. [lomydeHHyo TOUKy S,
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COCIMHMM C TIOJIOCOM IIJJaHA YCKOPEHWH, HaWJCHHBIA OTPE30K  P,Sy
COOTBETCTBYET YCKOPEHMIO LIECHTPA MACC YETBEPTOr'O 3BEHA HA IIJIaHE YCKOPEHUM.

OnpenenuM 3Ha4EeHMs] YCKOPEHHH LIEHTPOB MAacC, HCIIOIb3Ys ITOCTPOCHHBIC
IJIAaHBI YCKOPEHUH, HAITpUMep Uil oJ1okeHn! 0 1 5, mosrydum:

[Tonoxeunue O:
A5, = PaSz " Hq = 141-0,913 = 128,73 ﬂz
Gs, = PaS3 " He = 990,913 = 90,39 =,

s, = PaSs " Mg = 212-0,913 = 193,56 ﬂz

M
c?’

as, = Pof " Ua = 215-0,913 = 196,3
Ilomoxenmue 5:

Ag. = PgSy - g = 66 -0,913 = 60,26 =

2

As. = PgS3° fg = 280,913 = 25,56 —

3

s, = DaSq " o = 420,913 = 3835 =

'
c2

M
as. = Paf " Uq =35-0,913 =31,96 2

Onpenenum  yrjaoBble  YCKOPEHHMSI 3BEHbEB  MexaHu3ma. Mcmonb3ys
MMOCTPOCHHBIN IJIaH YCKOPEHUM 7151 MOJIoKEHU 0 1 S, moJTy4uM:

Iomoxenue O:

T
__afp _ NcpCUg _ 164:0,913 9
& =1"=", = o - 372,73 ¢4,
BC BC ’
. = agp _ NcCHg _ 1980913 _ 797 -2
37 Ipe Ipc 0,25 :
g, = af;E — NfeClg _ 47-0,913 — 90 38 C_Z_
L. . 0,52 ’ :
ITonoxenue 5:
e = atg _ NebCla _ 39:0913 88 64 -2
27 Igc lgc 0,44 ! ’
e, = agp _ NcCHa _ 530913 212 -2
37 Ipc Ipc 0,25 :
ar NeeCU 40-0,913 _
g4=—FE= fe a= =76,92C2.
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HamnpaBnenue yrioBeIX yCKOPEHUH ONPEAEISIEM, WCIOJIb3ys HaIPaBICHUS

HallICHHBIX JIMHEHHBIX YCKOPEHHMH Q(p, Afp U (Afp MBICICHHO IIEpCHECS U3 B

touku C, C u F, onipeaenus npu 3ToM HampaBlieHUE BpallleHus: BOKpYyT Touek B, D,

n E coorBercTBEHHO. I[JIH OCTaJIbHBIX IIOJ0XKCHUI PE3YJIbTAaThI BBIYHCJICHUI

MpeCTaBICHbI B Ta0uIe 2.2:

Tabnuna 2.2 — Pe3ynbTaThl BEIYUCICHUA YCKOPEHUH

Pe3ynbTaThl BEIYUCIEHUN YCKOPEHUH, TT0JI0kKeHNE ()

am

Jucm|  N° dokym

flodn. | ama

HanmenoBanue Y cKOpeHHUs XapaKTEpHBIX TOYEK
BEJIMYHH ag acs acg ag ag ac ag agg arg ar
bar (o) 0,913
OTpesok, (MM) 85 26 164 0 198 | 198 [ 230 0 47 215
3Havenus,M/c? 77,63 23,83 | 149,77 0 180,77 | 180,77 | 210 0,4 42,91 196,3
YckopeHust HEHTPOB Mace VYTI10BBIE YCKOPEHHUS
- as, s, s, s &2 €3 &4 - -
OTtpe3ok, (Mm) - 141 99 212 215 - - - - -
193,
S} 3nauenns, M/c? - 128,73 | 90,39 196,3 | 372,73 | 792 | 90,38 - -
S 56
US)
]
~ Pe3ynbTaThl BEIUUCIEHUN YCKOPEHUM, TTOJIOXKEHUE |
HanmenoBanue YcKkopeHus: XapaKTEPHBIX TOUEK
<
% BEJIMYUH ag acs agg ag ag ac ag agg arg ap
= tar (o) 0,913
2
= Otpesox, (Mm) 85 2 76 29 71 76 83 0 17 85
> 3uayenus,Mm/c? 77,63 1,74 69,39 | 26,1 | 64,82 | 69,39 | 75,8 0,03 15,52 77,61
Q
S Y ckopeHus IEHTpOB Macc VYrnoBsle yCKOpEHHUs
=
§ - as, s, s, As, &2 &3 &4 - -
Otpesok, (M) - 71 38 87 85 - - - - -
S| 3navenus, M/c? - 64,82 | 34,69 | 794 | 77,61 | 172,73 | 284 | 32,69 - -
S
U]
§
=
S
Q
=
= 27
Q
<




Pe3ynbTaThl BEIUMCIEHUN YCKOPEHUM, TTOJIOKEHUE 2

HaumeHnoBanue Y cKopeHust XapaKTepHbIX TOUCK
BEIIMYUH ag acs acg ag ag ac ag apg arg arp
M
Har (Z2) 0,913
Orpe3ok, (MM) 85 0 164 48 14 50 45 1 45 13
3nauenus,M/c? 77,63 0,08 | 37,43 | 439 | 12,78 | 4565 | 41,1 | 1,35 | 41,09 11,87
VCKOpEeHUs LICHTPOB Macc VIJI0BbIE YCKOPCHUS
- as, as, as, as, & &3 &4 B B
Otpe30ok, (MM) - 63 25 27 13 - - - - -
3nauenus, M/ c? - 57,52 | 22,83 | 246 | 11,87 | 93,18 | 56 | 90,38 - -
Pe3ynbTaThl BEIYUCIEHUN YCKOPEHUH, TIOJIOKEHNE 3
HaumenoBanue VCKOpeHUsI XapaKTePHbBIX TOYCK
BEJIMYHH ag acs acg ag ag ac ag agg arg ar
bar (o) 0,913
Ortpe3ok, (MM) 85 2 35 48 15 50 43 5 27 34
3nauenus,M/c? 77,63 205 | 31,96 | 439 | 13,7 | 4565 | 39,3 | 4,93 | 24,65 31,04
YckopeHust HEHTPOB Mace VYTr10BBIE YCKOPEHHUS
S
r§ B s, s, s, s &2 €3 &4 - -
< Otpe3ok, (Mm) - 64 25 38 34 - - - - -
S 3nauenus, M/ c? - 58,43 | 22,83 | 34,7 | 31,04 | 7955 | 60 | 51,92 - -
S . o
S Pe3ynbTaThl BEIUUCICHUN YCKOPEHUH, TTOJI0OXKEHUE 4
=
< HaumeHnoBaHme VcKopeHHs: XapaKTePHBIX TOUCK
= BEJIMYUH ag acs acg ag ag ac ag agg arg ar
[S) M
= Har () 0,913
5 OTtpe3ok, (Mm) 85 7 39 34 37 50 50 7 9 50
S
Q 45,6
3Hauenus,M/c? 77,63 6,39 | 3561 | 30,9 | 33,78 | 45,65 . 6,15 8,22 45,65
S VCKOpeHUs LIEHTPOB Macc VTIII0BbIE yCKOPEHUS
S
A - s, s, s, s &2 €3 &4 - -
<
”§ Ortpe3ok, (MM) - 63 25 54 50 - - - - -
3nauenus, M/ c? - 57,52 | 22,83 | 49,3 | 45,65 | 88,64 | 148 | 17,31 - -
S
Q
<
= 28
<
<
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Pe3ynbTaThl BEIYUCIEHUN YCKOPEHUM, TTOJIOKEHHE S

HaunmenoBanme VCcKOpeHust XapaKTePHbBIX TOYEK
BEIIMYUH ag acs acg ag ag ac ag apg arg arp
Har (o) 0,913
Ortpe3ok, (MM) 85 15 39 15 53 55 51 4 40 35
46,5
3uavenus,M/c? 77,63 13,95 | 35,61 | 13,9 | 48,39 | 50,22 6 3,22 | 36,52 31,96
YckopeHus IEHTPOB Macc YT10BBIE YCKOPEHHUS
- as, as, as, as, & &3 &4 - -
OTtpe3ok, (MM) - 66 28 42 35 - - - - -
38,3
3nauenus, M/ c? - 60,26 | 25,56 . 31,96 | 88,64 | 212 | 76,92 - -
Pe3ynbTaThl BEIYUCICHUN YCKOPEHUH, TIOJIOKEHUE 6
HaumenoBanue YckopeHus: XxapakTepHbBIX TOUEK
BEJINUYHH ag acg acg ag ag ac ag agg arg ar
Har (7o) 0,913
Otpe3ok, (MM) 85 24 21 2 59 59 54 0 50 18
§ 3nauenus,M/c? 77,63 21,62 | 19,17 | 2,09 | 53,87 | 53,87 | 49,3 | 0,23 | 45,65 16,43
=
VCKOpEeHUS IIEHTPOB Macc VTIII0BbIE YCKOPEHUSI
<
oS
S - as, as; | Qs, | G € €3 & - -
OTtpe3ok, (Mm) - 69 30 30 18 - - - - -
S 27,3
5 3HaueHus, M/c2 - 63 27,39 9 16,43 4773 236 96,15 - -
=
S
<
>
<
S
>
S
S
S
]
=
S
Q
=
> 29
<
<
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Pe3ynbTaThl BEIYMCIEHUH, TIOJIOKEHUE 7

HaunmenoBanme VCcKOpeHust XapaKTePHbBIX TOYEK
BEIIMYUH ag acs acg ag ag ac ag apg arg arp
Har (o) 0,913
OTtpe3ok, (MM) 85 26 0 0 59 59 54 0 49 19
3uavenus,Mm/c? 77,63 23,83 0 0 53,87 53,87 | 49,3 0,14 44,74 17,35
VCcKOpeHHs IIEHTPOB Macc VTIII0BBIE YCKOPEHHUS
- as, as, as, as, & &3 &4 B B
OTtpe3ok, (Mm) - 69 30 30 19 - - - - -
27,3
3nauenus, M/ c? - 63 27,39 9 17,35 0 236 | 94,23 - -
Pe3ynbraT BEIYMCIEHUN YCKOPEHUN, TTOJIOKEHHE 8
Haumenosanme VCKOpeHust XapaKTePHbBIX TOYEK
BCINYHUH ap aE'lB aEB ag az' ac ag a;'lE a;E ar
Har (7o) 0,913
Ortpe3ok, (MM) 85 25 17 1 59 59 55 1 48 25
3unavenus,M/c? 77,63 22,75 | 1552 | 0,84 | 53,87 | 53,87 | 50,2 | 0,81 | 43,82 22,83
<
r§ VCKOpeHHs IIEHTPOB Macc Vri10BbIE YCKOPEHHS
< - as, as, as, as, & &3 €4 - -
oS
S Otpesox, (MM) - 69 30 34 25 - - - - -
31,0
3nauenus, M/c? - 63 27,39 A 22,83 | 372,73 | 792 | 90,38 - -
<
'S
S
=
S
<
>
<
S
>
S
S
S
]
=
S
Q
=
> 30
<
<
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Pe3ynbrar BEIYMCIEHUN YCKOPEHUH, TIOJIOKEHHE 9

HanmenoBanue Y cKOpeHHUs XapaKTEpHBIX TOUEK
BEITHYHH ag acs atg ag ag ac ag agg abg ag
tar (o) 0,913
OTtpe3ok, (Mm) 85 13 75 12 67 69 75 5 47 64
68,4
3navenHus,M/c? 77,63 11,85 | 63,48 | 11,2 | 61,17 63 g 4,68 42,91 58,43
Y cKopeHus HEHTPOB Mace VYTIJI0BBIE YCKOpPEHUS
- aSZ a53 a54 aSS EZ 83 84 - -
OTtpe3ok, (MM) - 66 35 70 64 - - - - -
3navenus, M/c? - 60,26 | 31,96 | 63,9 | 58,43 | 170,45 | 268 | 90,38 - -
Pe3ynbTaT BEIYMCIEHUN YCKOPEHUH, TTOI0KEeHHE 10
HanmenoBanue YcKkopeHus: XapaKTEPHBIX TOUEK
BEJIMYHH ag acs acg ag ag ac ag agg arg ar
bar (o) 0,913
o OTtpe3ok, (MM) 85 0 156 45 86 98 126 13 32 138
S
S ) 115,
3HaueHus,M/c 77,63 0 142,43 | 40,9 | 78,52 | 89,47 04 11,44 | 29,22 125,99
]
= Y cKkopeHust HEHTPOB Mace YT10BBIE YCKOPEHHUS
- asz a53 a54 ass &y &3 &y - -
S Otpe3ok, (Mm) - 53 49 146 | 138 - - - - -
S
> 133,
. 3nauenus, M/c? - 48,39 | 44,74 125,99 | 354,55 | 344 | 61,54 - -
I 3
AN
>
Q
S
S
S
S
S
§
=
S
Q
=
= 31
Q
<
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Pe3ynbpratr BEIYMCIIEHUN YCKOPEHUH, ooxkeHue 11

HanmenoBanue VCcKOpeHust XapaKTePHbBIX TOYEK
BEIIMYUH ag acs acg ag ag ac ag apg arg arp
Har (o) 0,913
Orpe3ok, (MM) 85 35 203 106 64 124 165 10 79 140
96,5 150,
3Ha‘leHI/I$I,M/CZ 77,63 32,32 | 185,34 3 58,43 | 113,21 6 9,09 71,13 127,82
YckopeHus IEHTPOB Macc YT10BBIE YCKOPEHHUS
- as, as, as, as, & &3 &4 - -
OTtpe3ok, (MM) - 44 62 143 140 - - - - -
130,
3nauenns, M/c? - 40,17 | 56,61 56 127,82 | 461,36 | 256 | 151,92 - -
Pe3ynbTaT BEIYMCIEHUN YCKOPEHUM, TTOJIOXKEHHE 12
HaumenoBanue YckopeHus: XxapakTepHbBIX TOUEK
BEJINUYHH ag acg acg ag ag ac ag agg arg ar
Har (7o) 0,913
Otpe3ok, (MM) 85 90 34 81 158 178 197 0 105 192
S 741 179,
S 3unauenns,M/c? 77,63 82,34 | 31,04 3 144,25 | 162,51 86 0,23 | 95,87 175,3
S
S VCKOpeHHst IIEHTPOB Macc Vri10BbIE YCKOPEHHS
- as, as, as, As, &2 €3 €y - -
S OTtpe3ok, (Mm) - 140 89 210 192 - - - - -
5 191,
= 3nauenus, M/c? - 127,82 | 81,26 13 175,73 | 77,27 | 632 | 201,92 - -
<
<
>
<
S
S
9
S
S
]
=
S
Q
=
= 32
<
<
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2.7 OnpeneneHne aKTUBHBIX CHJI, CHJI 1 MOMEHTOB CHJI MHEPIIMHA 3BEHLEB
MEXaHU3Ma
OrnpeneneHue cuibl TSHKECTU 3BEHBEB MEXaHU3MA!
G,=my-g=>53-98=5194H,
G, =m,-g=17,6-9,8 =172,48 H,
Gz =m3-g=14-98=137,2H,
G,=my-g=21-98=2058H,
Gs =mg-g =105-9,8 = 1029 H.

[Ipu ompeneneHnn Cul HHEPUUH, YYUTHIBAEM YTO BpAIAOLIEECS IEPBOE
3BEHO YPAaBHOBEIIEHO M €r0 LIEHTpPa TSLKECTH PACIIONOXKEH HA OCH BPAILICHUS.
Hcnonb3yd MOCTPOCHHBIN IUIAaH YCKOPECHWH, ONPEAECIUM CHJIBI U MOMEHTBI CHII
WHEPIIMY, JEUCTBYIOIIME HA 3B€HbS MEXAHU3Ma B MPOLIECCE ABUKCHUA

[Tonoxenue 0:

E, =m,-as, = 17,6+ 128,73 = 2265,65 H,

E, =m;-as, = 14-90,39 = 126546 H,

E,, =m,as, = 21-193,56 = 4063,76 H,

E,. =ms-as, =105-196,3 = 206115 H,
M,, = I, & = 037837273 = 128,63 H " m,

M,, = I, - &5 = 0,097 792 = 70,14 H " m,
M,, =1, &, = 0,473-90,38 = 39,03 H " m.

4

[Tomoxenue 5:
E,, =m;-as, =17,6-60,26 = 1060,58 H,
F,, =ms3-as, = 14-25,56 = 357,84 H,
F,, =my-ags, =21-38,35 =805,35H,
E,, =ms-ag, = 105-31,96 = 3355,8 H,
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M,, =1, & =0,378-88,64 =30,59H "M,
M,, =1, & =0,097-212 =18,78H - ™,
M,, =1, & =0473-76,92 =33,22H" M.

HampaBneHusi cuii 1 MOMEHTOB CUJT MHEPLIMU OTPEJICTUM C IMOMOIIIbIO MJIaHa
YCKOPEHHH (CUJIbI MHEPLUU MPOTUBOIIOIOKHO HAIPABJICHBI YCKOPEHUSIM ILIEHTPOB
MacC 3BEHBEB MEXaHW3Ma, a MOMEHTBHl CHJ WHEPIHUHA MPOTHUBOMOIOKHO
HaIlpaBJIeHbI YTJIOBBIM YCKOPEHUSM 3BEHbEB MEXaHU3Ma), U TIEPEHECsS UX Ha CXEMY

MexaHu3Mma. Pa3o0beM €ro Ha 4acTH COIVIACHO IPOBENEHHOMY CTPYKTYPHOMY

aHaJIn3y.

2.8 CwtoBoii pacuet rpymibl Accypa (4-5)
PaccMoTpuM BTOpYI0 B MOpSAAKE NPUCOCAMHEHUs rpymnmny Accypy 4-5.
CocTaBUM ypaBHEHHE CYMMBI MOMEHTOB OTHOCHTEIHHO TOUKH F.
[Tonoxenue 0:
YM(F)=Ri; lgp —E, " hy, ty+ Gy hy py— M, =0.
OTKy/a onpeeum:

R,y =Gy hy g+ M,

RZZ - l
EF
4064,76-10-0,0025 - 205,8-21-0,0025 + 39,03
= = 249,7 H.
0,52
Paccmotpum rpynny Accypa 4-5, cocTaBUM ypaBHEHUE CYMMBI CUIL:
Y F;=Rgo+Gs +F, +Q+G,+F, +RL,+R},=0. (2.14)

—_—

e —
B ypaBHenue (2.14) Hew3BeCTHBI MOAyIH CHI Rsou Rj,, MX MOXHO
OTNPEIENNTh, IOCTPOUB IJIAH CHUJIL.

Macmmtabnbiii K03hOUIMEHT M1aHa CUJT PABEH:

Fi, 33558 ___ H

Hr = bc 275 MM

Tor)1a JAJIMHBI OTPE3KOB COOTBCTCTBYIOIIMX HM3BCCTHBIM CHJIAM Ha ITJIAHC CHJI

OyAyT paBHBI:
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Q 0
ab =—=—=0wMM,
urp 75
F 3355,8
bc = =5 = = 45 MM,
UF 75
Gs 1029
cd ===—""=14 MM,
UF 75
F 4064,76
de = —2% = = 54 MM,
UF 75
G 205,8
ef =—=="=3MM,
UF 75
R} 249,7
fg=—=2=—""=3uMm.
UF 75

W3 nmana cunn onpeaenum:
Rso = ka-yu; =55-75=4125H,
R}, = gk -y, =318-75 = 23850 H,
Ry, = fk-pu, =318-75 = 23850 H.
Paccmotpum rpyrimy 3BeHbeB S5-0 U COCTaBUM ypaBHEHUE CYMMBI CHJL:

Y F,=Rso+Q +F,_ +Rsy +Gs = 0. (2.15)

dama

[lodn
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Baam uHb N°

dama

[loon

b N° noan

B ypaBHenuu (2.15) HensBecTHA IO MOJIYJIIO U HAIMPABICHUIO CUJIA R_54>. Tak
Kak, B ypaBHeHUHU (2.15) nBe HEU3BECTHBIC, TO €0 MOKHO PEUIUTh, TOCTPOUB IIJIaH
cui. VMcnonp3ysi MOCTPOCHHBIN IJIaH CUJI IO ypaBHeHHUIo (2.14) onpenenum cuity
Rcy:

Rs, =dk -y, =267-75 = 20025 H.
[Tomoxenue 5:
YXM(F) =—Riy lgp + By, ~hy, "ty — Gy hy -y — M, = 0.
Omnpenenum R, :

Fyu, oy, U1—Gahy pj—My 805,35-48:0,0025—-205,8:2:0,0025—-33,22
RE, = ~au = = = 119,99 H. (2.16)
EF ’

PaccmoTrpum rpynny Accypa 4-5, cOCTaBUM ypaBHEHUE CYMMBI CHJI:
Y Fi=Rso+Gs+Fy+G+G+F, +R, +R3; = 0. (217)

RN _—
B ypaBuenuu (2.17) HensBecTHBI CHIIBl Rsy U R),, UX MOXHO OIPEICIUTS,

IIOCTPOUB ILJIaH CUJIL.
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Fup _ 33558 ___ H

Hr = bc 275 MM

Torz[a JJIMHBI OTPE3KOB COOTBCTCTBYIOIIUX H3BCCTHBIM CHJIAM Ha IIJIAHC CHJI

OyIlyT paBHBI.
Q 23220
ab == = = 310 MM,
UF 75
F, 3355,8
bc =—= = 45 MM,
UF 75
Gs 1029
cd ===—""=14 MM,
UF 75
F, 805,35
de = —% = =11 MM,
UF 75
G, 2058
ef =—=="2==3wmMm,
UF 75
R} 119,99
fg="2=—""—=2Mm.
UF 75

W3 niana cui onpeaenuMm:
Rso =ka-pu, =7-75=525H,
R}, = gk -y, =239-75 = 17925 H,
Ry, = fk -y, =239-75=17925H.
Paccmotpum rpymimy 3BeHbeB 5-0 1 COCTaBUM ypaBHEHUE CYMMBI CHJL:
Y F,=Rso+Q +E,_ +Rss +Gs =0. (2.15)
B ypaBHenuu (2.18) HensBecTHa MO MOJYJIIO M HANPaBJICHUIO CUJIa R_54>. Tak
Kak, B ypaBHeHUHU (2.18) ABe HEU3BECTHBIE, TO €M0 MOKHO PELIUTh, TIOCTPOUB IJIaH

cui. VMcnonp3ysi MOCTPOCHHBIM IJ1aH CUJI 10 ypaBHeHHUIo (2.17) onpenenum cuity

Rcy:
Rsy, =dk -y, = 251-75 = 18825 H.
2.9 CumnoBoii pacyeT rpyIibl 3BeHbEB 2-3
PaccmoTtpum mepByro B mopsiake mpucoeauHeHus rpynny Accypa 2-3. Ilpu
OTOM YYHUTBIBas, 4TO TM = —R—42). 3anumeM YpaBHEHHE CYMMBI MOMEHTOB

OoTHOCUTENHbHO TOUKU C /114 3BeHbEB 2 U 3:

Jl1s 3BeHa 3.
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YM(F) = E, 'hu3 " — Gz hs - M,, — R3¢ " lpc = 0.
Otkyna onpeaenum R3,:

_ Fu3 'hu3 ',U.l—G3'h3',U.l—Mu3

R = — , (2.19)
1265,46-50-0,0025 —137,2-50-0,0025 — 128,63
RE, = —= = 283,57 H

Jlns 3BeHa 2.
ZM(FL')=Fu2'huz'#l_Gz'hz'Hl_R24'h24'#l+R§1+lBC =0,

Otkyna onpeaenum RJ;:

—Fy, hy, li+Garho i+ R4 hog g
T _ “fupluy
5 = l , (2.20)
BC
—2265,65-49-0,0025-172,48-52-0,0025-128,63—23850-22-0,0025
31 = 513t = 2693,77 H.

3anuiuemM ypaBHEHHE CyMMbI CUIT JUIsl TPYIIbl Accypsl 2-3:
Y F; = Ry + RS + F, +Gs + Ry + F,, + G, + R}, + R}, = 0. (2.21)
B ypaBuenun (2.21) HeHW3BECTHBI [0 MOAYIO CUibl R3, u R}, moctpoum
IUIaH CWJI, OTKY/Ia U onpeaeauM Ry u Ry, .

JlnuHy oTpe3ka s peakuuu R,, mpumem paBHO de = 159 mmM, Torma

MacmTabHbIA KO PUIHEHT 11aHa cuil OyAeT paBHBIM:

R,s 23850 H
=== = 150 —.
Hr de 159 MM

Toraa oTpe3Ku COOTBETCTBYIOIINX U3BECTHBIX CHII OyIyT paBHbI:

R3; _ 269377

ab = = 18 MM,
UF 150
G 172,48
bc === = 1 MM,
UF 150
F, 2265,65
cd = =22 = = 15 MM,
UF 150
R 23850
de = 22 = = 159 MM,
1252 150
F 1265,46
ef === = 8 MM,
Ur 150
G 137,2
fg====—"==1wmMm,
Ur 150
R 283,57
gk =—=2=—"—=2um.

Ur 150
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[TocTpouB maH cuil, onpeaesieM:
2 =ky-pur =229-150 = 34350 H,
Ry = gy ur = 229-150 = 34350 H,
M =ya-ur =330-150 = 49500 H,
Ry =yb-up =330-150 = 49500 H.
Paccmotpum 3BeHO 2 rpynnbl Accypsl 2-3, 3an1caB ypaBHEHHE CyMMBbI CHUL
Y F, =Ry +F, +G,+Ry3=0. (2.22)
B ypaBHeHun (2.22) HeusBecTeH MOJyJb M HaIpaBICHUE CHIbI R,s.
OnpenenuM, NOCTPOUB IUJIaH CUIL
Ry3 = ye - up = 229150 = 34350 H.
[lonoxenue 5:
JIns 3BeHa 3 moJryduM CyMMY MOMEHTOB!
XM(F)=—F, hy, =Gz hy-p+ M, +R3Ipc=0.
Ortkyna onpeaenum R3,:

T _ Fug'hug'ﬂl+G3'h3'ﬂl_Mu3

30 = ] ; (2.23)
DC
357,84-48:0,0025+137,2:26:0,0025—30,59
g = = 132,32 H,
30 0,25

Jns 3BeHa 2 moJiyduM CyMMY MOMEHTOB:

ZM(FL')=_Fuz'huz'#l_Gz'hz'#l"'Muz+R§1'ZBC_R24'h24'.Ul=0

Otkyna onpezensieMm R

v _ Fuyhuy it Gohy =My, +Roghog ity
21 — -

lgc
1060,58:27-0,0025+172,48-56-0,0025—-30,59+17925-29-0,0025
0,135

= 3240,66 H,
3anuinemM ypaBHEHHE CyMMBI CHJI JUIsl Tpymbel Accypa 2-3:

Y F; = R}, + RS +F,_ +Gs + Ryy + F,, + G, + R, + R}, = 0. (2.25)
B ypaBuenun (2.25) HeM3BECTHBI 10 MOIYIIO CHIBI R3o U RY,. Onpenenum

9THU CUJIbI, ITIOCTPOMUB ILJIaH CHII.
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Jnmuny oTpeska mia peakuuu R,, mpuMeMm paBHOM de = 239 MM, TOoTHa

MacIITaOHBIA KOA(PGUIIUEHT I1aHa CUJl OyAET paBHBIM:

R 17925 H
24 _ _ 75

Hr = de 239 MM

Torz:a OTPC3KHU COOTBCTCTBYIOIIHNEC N3BCCTHBIM CHUJIAM 6y,ZIYT PaBHBI.

R3; _ 3240766

ab = = 43 MM,
UF 75
G, 172,48
bc === = 2 MM,
UF 75
F, 1060,58
cd = =2 = = 14 MM,
UF 75
R 17925
de = 2 = = 239 MM,
UF 75
F, 357,84
ef === = 5 MM,
UF 75
Gs 1372
fg====—"==2wmM,
UF 75
R 132,32
gk == =—""==2mm.
UF 75

[TocTpouB maH cui, onpeaesieM:
R}, = ky-up =226-75= 16950 H,
Ryo =gy ur =226-75= 16950 H,
R}, =vya-ur =101-75=7575H,
R,y =yb-ur=110-75 = 8250 H.
PaccmoTpum 3BeHO 2 rpymnbl Accypsl 2-3, 3anucaB ypaBHEHUE CYyMMbI CHUI:
Y F, =Ry +F, +G,+Ry3 =0. (2.26)
B ypaBuenun (2.22) HeusBeCTE€H MOJyJib W HampaBieHUE CHIBI R,3.

OnpenenHM, IIOCTPOUB ILJIaH CHUJI.

R23 = ye *Urp = 229 ) 75 = 17175 H.

2.10 CunoBoii pacu€r BelylIero NepBUYHOI0 MEXaHU3Ma
Paccmorpum Begymiee 3BeHO. CoOCTaBUM YpaBHEHHME CYMMbI MOMEHTOB
OTHOCUTEJIBHO TOUYKH A

ITomoxenue O:
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XM(F) =Ryp hyp iy — My, = 0. (2.27)
BeIpaxxaeM ypaBHOBEUIMBAIOIIWA MOMEHT, IOJCTABIIAsA 3HAYCHUS, YYUTHIBAs,
YTO IO MOAYNIO R, = —Ryq:
My, = Ry3 * hyp -y = 49500-2,9-0,0025 = 358,88 H - m.
3anuiieM ypaBHEHUE CyMMBI CHJL:
YF, =Ry, +G, + Ry =0. (2.28)
B ypaBHenun (2.28) HeusBecTHa IO MOAYJII0 U HaNpaBlICHUIO cuila Rqg.
OnpenenuM 3Ty CUILy, TIOCTPOUB IIJIAH CHUII.
Jnuny otpe3ka st peakuuu R,, mpumem paBHou ab = 330 mm, Torma

MacmTaOHbIA KOA((PUIMEHT IJ1aHa Cuil OyAEeT paBHBIM:

Ry, _ 49500 H
=—=== =150 —.
Hr =20 = 330 MM
Torga oTpe3ku COOTBETCTBYIOIIME U3BECTHBIM CHIIaM OyIyT paBHbI:
R 49500
ab = 22 = —— = 330 MM,
UF 150
Gy _ 5194
bc ==+ =——=3MM.
1252 150

[TocTpouB maH cuiI, ONpeaeseM:
Rip =ca-up =327-150 = 49050 H.
[Tonoxenue 5:
XM(F;) = —Ryz-hyp -y + My, = 0. (2.29)
OnpenenuM  ypaBHOBEIIMBAIOIIMNA  MOMEHT, TMOJCTaBIIAsl  M3BECTHbHIE
BEJINYMHBI:
My, = Ry * hyp -y = 8250 - 45,9 - 0,0025 = 946,69 H - m.
3anuiieM ypaBHEHUE CyMMBI CHJL:
YF, =Ry, +G, + Ry =0. (2.30)
B ypaBuenun (2.30) Heu3BecTHa MO MOJIYJIO M HaNpaBJICHHUIO cuia Ryy.
Onpenenum 3Ty CUITY, TOCTPOUB ILJIAH CHUII.
JlnuHy oTpe3ka nansi peakuuu R, npumeMm paBHod ab = 198 mwm, Torma

MacmTabHbIA KO3 PUIIMEHT M1aHa cuil OyAeT paBHBIM:

Ry, 8250 H
=—==—=250 —.
Hr =" 198 MM
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Toraa oTpe3ku COOTBETCTBYIOILINE U3BECTHBIM CUJIaM OYyTyT PaBHBI:

R 8250
ab =+ =— =198 MM,
1252 250

G 519,4
bc=—=—"-=2
UF 250

[TocTpouB naH cuil, onpenenum Ry q:

Ryo = ca- pp = 196 - 250 = 3750 H.

2.11 OrmpeneneHre ypaBHOBEIIMBAIONIEH CHIIy C TOMOIIBIO pbluara
KykoBckoro

Br16epem macmraOHbIi KO3QGUUUEHT U1l TOCTPOCHHUSI IJIaHa CUIT:

VB
_ 85 _ 003809 _ M
py =2 = =——=0,019045 —,

ITonoxenue O:
CoOOTBETCTBYIOIIME MOMEHTBHI CHJI MHEPIMU PaA3JIOKUM Ha mapel cui. Jlis

MoMeHTa M, , BTOpOTo 3BeHa 2, Iuist MOMCHTa My, ISt 3BeHA 3, AJIsi MOMEHTA CHIT

uHepunu M,,, 3BeHa 4. Onpenennm 3Ha9eHUsT CHIT [T KaXKIOTO M3 3BCHBEB!

F, =Ywe 12863 _ 5455y
Mu2 lpr 0,53 ’ '
M. 70,14
F, =-%=7%%_ 58056 H,
us lpc 0,25
F, =Yua 3908 _ oogey
My, lEr 0,52 ’ '

OnpenenuM CyMMy MOMEHTOB CHUJI Ha IUIAHE CKOPOCTE OTHOCUTEIBHO
TIOJIFOCA, TIOJTYYHUM:

ZM(Fi):_FMyp'pvb+G2'h2_Fu2'hu2+FMu2'be+G3'h3_Fu3'
hu3_FMu3'va_G4'h4+Fu4'hu4+FMu4'ef_GS'pvf'l'FuS'pvf_Q'
pvf = 0.

OnpenenuM ypaBHOBEIIHUBAIOLIYIO CHITY FMyp:

FM =

yp

Gz 'hz _Fuz 'huz +FMu2 'be+63 'h3 —Fu3 'hu3 —FMu3 ‘PyC

1294
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_G4'h4+Fu4'hu4+FMu4'3f_Gs'pvf+Fu5'pvf_Q'pvf _

pyb
172,4-8'50—2265,65‘4—7+24—2,7'205+137,2'0—1265,4-6'0—280,56'0+
170
—205,8:23+4064,76-22+75,06:24—1029-214+20611,5-21-0-21
= 2644,81 H.

170

YpaBHOBEIIUBAIOIINUNA MOMEHT OYJIET paBeH:

=F, -l =264481-0,135=357,05H" m.

M yp

yp

Ilomoxenue 5:
COOTBETCTBYIOIIME MOMEHTBI CHJI MHEPIMU PA3JIOKUM Ha mapel cui. Jlis

MoMeHTa M, , BTOpOTo 3BeHa 2, Iuist MOMCHTA My, ISt 3BeHA 3, JJIsi MOMEHTA CHIT

uHepunu M,,, 3BeHa 4. Onpenennm 3Ha9€HUs CHIT TSI KaXKIOTO M3 3BCHBEB!

M 30,59
Fy =-—2=30_g775y,
uz lpe 0,53
M 18,78
F, =-2=1878_ 7512,
us Ipc 0,25
F = Muy _ 3322 _ 63.88 H
My, lEF 0,52 ! '

OnpeznenuM CyMMY MOMEHTOB CHJ Ha IUIaHE CKOPOCTEH OTHOCHUTEIIBHO
T0JII0CA, HOTYYHM:

YM(F) = FMyp "pyb + Gy hy + E, - hy, —FMu2 “be + G3-hy + F,, -
hy, + Fy,, " PuC + Ga hy + By by, + Fy, ef +Gs pof + B pof —Q-
pof = 0.

Onpenenum ypaBHOBELINBAIOIIYIO CHITY FMyp:

FMyp -
Gz hy+Fy,hy, —FMu2 ‘be+G3'hs +Fu3-hu3 +FMu3 “DypC

pyb

Gy hatFy, My, tFmy, ef +GsDof +Fugpof—QDof
pvb B

172,48-:10+1060,58-:66—57,72:156+137,2:25+357,84:47+75,12-98
N 170 B
205,8:71+805,35-47+63,88:68+1029-71+3355,8:71—-23220-71

— = 7000,96 H.
170

YpaBHOBEMUBAOMIUNA MOMEHT My, Oy/IET paBeH:
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M

vo = Fu,, " lag = 7000,96 - 0,135 = 945,13 H - .

2.12 OnpeneneHue MOrpenrHOCTH CUIIOBOTO pacueTra
OnpenenuM TOTPEMIHOCTh CHJIOBOTO  pacuéra, BBINOJHUB CpPaBHEHUE

YPaBHOBEIIUBAOIIETO MOMEHTa M

Vp> HaWJICHHOTO IByMs CITIOCOOaMMu:

Iomoxeunne O:

A= Mypoxyi) ~Myp 100% = |357,05—-358,88|
Mypoxyx) 357,05

+100% = 0,51%.

Ilomoxenue 5:

A= Mypokyi)~Myp 100% = |945,13-946,69|
Mypoiyx) 945,13

= 0,17%.
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3amanne 3 — KHHEMaTHMYeCKUMl CHUHTE3 U MPOEKTUPOBAHHUE KyJIAaYKOBBIX

MCXaHHU3MOB C POJIMKOBBIM TOJIKATCIICM

I[J'IH OOHOI0 M TOTIO K€ JABHXCHHSA BBIIIOJIHUM CHHTC3 ABYX KYJIAYKOBBIX

MCXAaHHU3MOB C POJIMKOBBIM ITOCTYIIATCIIbHO ABHIKYIICMCS TOJIKATCIICM.

3.1 Tabauna UCXOIHBIX JTaHHBIX

Taomnuma 3.3 — McxoaHble TaHHBIE

Jlomyckaemsle
@da30BbIC YIUIBI KyjlauKa
YIJIBI
MakcuMalbHBIX
Yron ®aza
XapakTepUCTUKA | XOJ TOJKATEIS Yron Yron daza
JaJIbHETO OIYCK
S max moabeMa | ONYCKaHH:A MOJIBbEM
CTOSIHUS aHUs
Pn Po a Ymin
(pa.c. Ymin
3HaueHue 0.117 60° 60° 8° 22° 22°

VYT0J1 HUKHETO BBICTOS .

Pup = 360° — Oy — P — <p,q.c. = 360° — 60° — 60° — 8° = 232°.

3.2 IlocTpoeHne KHUHEMATUYECKUX AUArpaMM rpaguueckumM MeTo10M
st paGodero yria MOBOpOTa Kyjadyka CTPOMM 33JlaHHYIO JUarpammy
aHajyiora ycKkopeHus Toyikatens a = f (@), 3a1aBasich 3HaUCHUE!
a; = 90 MM,
a, = 60 mm.
[To ocu abcmucc oTkiaanbiBaeMm ¢a3oBble YIJIbl KyJauka. MacitaOHbIi

K03 PUIIMEHT MO ocH ¢ OyAET paBEH:

60°+60°+8°-
Hy = ———— =10,008725 =2
255,9-180 MM
Jlns monydeHus: quarpamMmbl aHanora ckopoctu Tosikarens V(@) = f (@)
UarpamMmy aHajora yCKopeHus: a = f () UHTErpupyeM METOI0M XOP/I.

Jl1st aTOrO:
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- Pa3OuBaem (a3oBbie yribpl B Mpefenax OJHOTO 3HaKa Ha paBHBIC
MHTEPBAJIBI. Ha y4acTKax noabEMa @, 1o 8° 1 9°. Ha yyacTkax onyckaHus
@, no 8°n 9%

- Haznawaewm nomtocnoe paccrosuue H, = 50 Mmu;

- W3 cepenuHbl Kaxa0ro MHTEpBaja MPOBOAUM BEPTUKAIBHYIO JIMHUIO 10
nepeceyeHus ¢ rpauxkom;

- IlomyyeHHyI0 TOUKY FOPU30HTAIBHO MPOEUPYEM HA OCh OPAMHAT;

- HaiinenHylo Ha BepTUKAJIbHOW OCH TOYKH COEIUHSAEM C TIOJIOCOM
WHTETPUPOBAHUS;

- [lomyuyeHHble OTpe3KH NapaJICIbHO MEPEHOCHM Ha HOBBIA Trpaduk B
npefenax CBOEro HMHTEpBaja, COCAWHSAA IOCIEIOBATENIBHO KOHEI
NpeabIAyIIEro OTpe3ka € HayajoMm cienyiomero. B wurore mnoiydaem

qUarpaMMy aHajora cKopoctu Tonkatens V = f(¢).

Jlyis monmy4yeHus: AuarpaMmbl IepeMENIeHus TonkaTens S = f (@) auarpamMmy
aHaimora ckopoctd Tonkatens V = f(@) wuHTErpupyeM METOJIOM XOp/I,
npojenbiBas Te ke AeicTBus. [Ipu 5TOM MONIOCHOE pAcCTOSHUE MPUHUMAEM
paBHbIM H,, = 114,6 MM.

st pacdera macmtaOHOTO KOd(pPUITMEHTA (g OMpeessieM Ha JuarpaMmme

S = f (@) MmakcumansHOe 3HaUeHUE R,y 4, = 45 MM,

Smax __ 0117 M

hmax 40 MM

s = = 0,002925 %

MacmtaObuble  KO3(Q(QUUUEHThl CKOPOCTH, YCKOPEHHS M UX aHaJIoroB

MOJICYUTHIBAEM 1O POpMYyJIaMm:

Us 0,002925 M
Uds = = = 0,002925 —,
T MeHy, 00087251146 MM
M% __0,002925

2. = =
,u% foHg 000872550

= 0,0067 —.
MM
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Tab6muma 3.4 — [lepemenieHrne TOJIKATEISI

[Tepemenienue Ha daze moabéma

0603. pasm. | O 1 2 3 4 5 6 7

Si MM 0 1.7 | 7.2 16 | 265 | 34 38,5 40

hy=pg-S;-10% | mm | O 5 | 21 | 468 |77,51|9945]|112,61| 117

[Iepemernienue Ha OIyCKaHMs

0603. pasm. | 8 9 10 11 12 13 14 15

Si MM 40 38,5 34 | 26,5 | 16 7.2 | 17 0

h; =ug-S;-10% | mm | 117 |112,61|99,45| 77,51 | 46,8 | 20,8 | 5,2 0

dama

[lodn

MHB. N° dyon

Baam uHb N°

dama

[loon

b N° noan

3.3 CuHTE3 KYJIaUKOBOTO MEXaHU3MA C POJIMKOBBIM TOJIKATEIIEM

OmnpenenseM OCHOBHBIE pa3Mepbl KyJAdyKOBOI'O MEXAaHHM3Ma C POJIUKOBBIM
TOJIKATENEM (T iy, — MUHUMANBHBIN paguyc KyJlauyka U € — HKCLUEHTPUCUTET) U3
yCIIOBUSI OOECIE€UYEHHs YIJIOB Mepelayd JIBMXKEHHS MPU MOAbEME M ONYyCKAaHUU

TOJIKATEeJIs OOIBIINX, YEM JIOMYCTUMBIE 3aIaHHBIC YIJIBL Yy U Yy -

Tomin'#s _ 196:0,002925
127,4 127,4

MacmtabHbIi KOAPHUIUEHT [; = = 0,0045 M—I\;

Jl1st aTOTO:!
- CTpouM JuarpaMmy 3aBHCHUMOCTH TICpPEMEIICHHs TOJIKATENs OT aHayora
ckopoctd S = f(¢). OCHOBHBIM TPEOOBaHMEM TOCTPOCHUS TAHHOUW JHArpaMMBbI

SBIISIETCS PABEHCTBO MACIUTAOHBIX KOA(P(MHUIMEHTOB 10 00€UM 0CAM Ug = Uds . [0
dt

ocu abcuucc OTKJaapiBaeM 3HaueHue V, a mo ocu opauHat — S. IlomyueHHbIe
TOYKHU MEPECEUEHUS COCIUHAEM IUIAaBHOM JIMHUEH,

- K kpailHuM Touykam auarpamMmbl HPOBOJIUM KacaTelbHbIE MO YIJIAMHU
nepeaaun ABUKEHUS Vy,in- 1OUKY MEPECceUeHUsT KacaTelbHbIX 0003HAYUM OyKBOM
P;

- OnpenensieM MUHMMAaJIbHBIN paguyc KyJiauka Kak pacCTOSHUE OT TOYku P

A0 HadaJla KOOpaAuHaT JuarpaMMBl.
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Tomin = PAp " s = 196 -0,002925 = 0,5733 m = 573,3 mM;

-  DKCIEHTPUCUTET KYyJAYKOBOTO MEXaHHM3Ma HaXOAWM KaK KpaTdauiiee
PacCTOSTHUE MEXKJy OChIO OpJMHAT M TOYKOH IEepeceycHUs] KacaTeIbHBIX
(otpesok AK).

e =0.

CtpouM OKpYKHOCTb paauycoMm T,. Pa3buBaeM e€ Ha ¢azoBble YIJIbI
O Por Prcr Pup, W YIIbI, COOTBETCTBYIOIIME MOJIOXKEHUAM Tonkarens 0, 1, 2,

3...15 w3 unenrtpa okpyxsHoctu. OT paguyca 71, B TOYKaXx IEPECEUCHUSX
OTKJIaJIbIBAEM OTPE3KHU h;, paBHbBIC IEPEMEILIEHUIO TOJIKATENS B COOTBETCTBYIOLEM
nosiokeHnuu. CoeuHsIeM KOHIBI OJIYYeHHBIX OTpe3KOB. [lomyueHHbIi npopuib —
TEOPETUUECKUM MPoUiIp Kyadka.

OnpenenseM MUHHUMAIBHBIA paguyc KPUBHU3HBI IMOJIYYEHHOTO Mpoduis B
30HE HauOoJblIed KpUBU3HBI C Yyu€ToM Macmrada. Jlns sTtoro B Mecrte
HanOOJIbLIETO 3aKPYTEHUs B OJM3IIekKAIINX TOYKAX IPOBEAEM JIBE KacaTeIbHbIE K
npouiIto, anee BOCCTAaHABIMBAS K HUM MEPHEHIUKYISIPB ONPEIEIUM UX TOUKY
nepeceueHusi. HaiinenHas Touka OyJeT 1EHTPOM KPUBU3HBI HAWJICHHBIM
rpaduyuecku, a paccTosIHUE 10 TOYKU KacaHUs paHee MPOBEAEHHOW NpsiMOil OyeT

paguycoM KPUBHU3HBI.
Pmin = 67 - 0,0045 = 268 MM.
OHpeHCHHCM paanyc poJihKa 13 YCJ'IOBI/ISI:

Rpon = 0,7 p, . =07-268 = 187,6 My,

Ryon = 0,41 = 0,4-573,3 = 229,32 Mm.

[punumaer Ry, = 80 MM,

R 0.08
Ha ueprexe R),, = —— = ~ 17,7 MM
p U 0,0045

JU7ist KaXK0T0 TIOJIOKCHUST TOJKATENSI CTPOUM OKPYXHOCTh PanyCcoM Ry, €

IIEHTPOM Ha TeopeTudeckom mpodune. I[IpoBoguM BHYTPEHHIO KPHUBYIO,
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KacaTelbHYI0 KO

BCEM

OKPYXXHOCTSIM Ry,

MPaKTUYECKUM NMPOPUIb KyJlauka.

[Tomyuennslii  npoduib

am

/lucm
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CIIMCOK JIMTEPATYPEI

1. Aptobonesckuit U.1. TMM [/ U.HN. Aprob6onesckuii 1975. TMM.
KypcoBoe npoektupoBanue. Yueonoe nocoone — M. UHOPA-M. (b® MAJIN).

2. Umwuies B.I1. TMM: yuebHO — MeToaudeckoe mocobue / B.I1. Ummis —
3-¢ u3a. crep — CII6: Jlans.

3. ['y3zeB H.B. Meronnueckue ykazaHusi K KypCOBOMY IIPOECKTUPOBAHUIO
o TMM: yueonoe nocodue / H.B. I'y3es, A.H. ABy3a, B.T. I'pumakum.

4. KypcoBoe mpoektupoBanne no TMM. Meroandeckue ykazanus /

Kapenuna M. 10. Yepennuna T.1O. u np. MAJIN (I'TY) — M. 2016 — 40 c.
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