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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Nenodn

BBenenue

[lenpro 1aHHOM KYypCOBOW pabOTHI SIBISIETCS UCCIIEIOBAHUE U MPOEKTUPOBA-
HUE PHIYAKHOTO MEXaHU3MA.

[TpoeKT CoepKUT 3a7a4u 10 UCCIEIOBAHUIO, TPOCKTUPOBAHUIO U CUHTE3Y
MPOCTHIX B CTPYKTYPHOM OTHOIIICHUHA MEXaHU3MOB TaKUX KaK IIAPHUPHO - PhIYaK-
HBIX, KyJQUKOBBIX, 3yOUaThIX.

KypcoBoe mnpoexktrpoBaHue CIOCOOCTBYET 3aKPEIUICHUIO, YIiayOJeHUI0 H
00OOLIECHUIO TEOPETUUYECKUX JAHHBIX, & TAKXKE MO MCCIETOBAaHUIO ATHX 3HAHUU K
KOMILJIEKCHOMY PEIICHUI0 KOHKPETHON MH)XEHEPHOM 3a/1ay MO MCCIIEIOBAHUIO U
pacuéTy MeXaHW3MOB U MallliH, KPOME TOTO, Pa3BUBAET HABBIKMA HAYYHO-UCCIIEI0-
BaTEJIbCKOU PabOTHI.

B cocTaB npoeKTHBIX 3a/1aHui BXOAAT, KPOME IMAPHUPHO - PHIYaKHOTO MeXa-
HU3Ma, KyJIauKOBBIN U 3y0UaThIil, IpeIHa3HAYCHHBIN J1JIs1 Iepejauu IBUKEHUS K UC-
MOJIHUTEITLHOMY OpTaHy.

[lenp KypcOBOTO MPOEKTUPOBAHUS PAa3BMBATh HABBIKK HCIIOJIB30BAHUS 00-
IIMX METOJOB MPOCKTUPOBAHUS M UCCIEIOBAHUS MEXAaHU3MOB /I CO3J]aHUSI KOH-
KPETHBIX MAIlMH U IpHUOOPOB pa3HOOOPA3HOTO HA3HAUECHMUS.

KypcoBoe npoexkTupoBaHue CTaBUT 33a4u:

1. TlpoextupoBaHue 3y04aTOoro MexaHW3Ma M pPacy€T ONTHUMAIbHOU
reOMETPUH 3y04aToro 3alerieHus;

2. AHanmu3 CTPYKTYPHOW CXEMbl MEXaHW3Ma U OTAEIbHO KMHEMATHYEeCKUX
nap;

3. AHanu3 CTpYKTYpPHOU M KHHEMaTUYECKOW CXEMbI PHIYaKHOTO MEXaHN3Ma
rpadugeckumM crocooom;

4. CunoBoil aHalIM3 MEXaHHM3Ma C Y4eTOM I€OMETPUHM MacC 3BEHbEB IPU
JBIDKEHUHU UX C YCKOPCHUEM;

5. IlpoekTtupoBaHHe KyJIadKOBOTO MEXaHHW3Ma M IOCTPOEHHE pabouero

npoduiis KyJauka
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lNodn. u dama

lo

B3am. uHs.

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

[{enecooOpa3HOCTh MPUHATHUS KOHKPETHBIX PELIEHUN MPU MPOSKTUPOBAHUU

MEXaHN3MOB 00OCHOBBIBAIOTCS (bYHKL[I/IOHaJIBHBIM HAa3Ha4YCHHUECM I(aHHOfI MalllMHBI.
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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Nenodn

1 TeoMeTpuYecKHil CHHTE€3 ¥ TNPOEKTHPOBAHUE MPSAMO3YyOOro

IBOJIBBCHTHOI'0 3allCIIJICHUA

[lenb: nig 3aJaHHBIX TapaMeTPOB HUJIMHIPUYECKOM 3yOdUaToi mepenadu
MPOBECTU FT€OMETPUUECKUIN PACUET U BBITTOJIHUTH YEPTEK SBOJbBEHTHOMN IMJIMHIPHU-

YeCcKoM 3yOuaToi rnepeayu BHEIIHETO 3alleTICHUSI.
1.1 UcxonaHble JaHHBIE.

z, = 14, zg = 36 — uncna 3yObeB KOJEC;

m = 8 MM — MOJyJIb 3yOuaToO nepenayu;

f* =1 —ko3¢ddunreHT BHICOTHI TOJIOBKH 3yOHI;
= 0,25 — k03P dUIIMEHT pauaIbHOTO 3a30Pa;

a = 20° — yron npodusis HCXOTHOTO KOHTYpaA.
1.2 Ompenenenne reOMETPUIECKUX Pa3MepOB KOJIEC.

1. Omnpenenum panuyc AeTUTEILHON OKPY>KHOCTHU IIECTEPHU U KOJeca:

mz, 814
T, =—=—=>56MM;
2 2
mzs 836
e = — = — = 144 Mm.

2 2

2. KoaddummeHTs x, U X5 CMEIICHHUS HCXOAHOTO KOHTYpPa ONPEACIIUM
3aBUCHUMOCTH OT YHucia 3yObeB Z, U Zg (110 popmynam [SO):
[lpnz, =14 <30u 30 <z, +zz = 50 < 60:
x, =0,03(30—-2,) =0,03-(30—-14) =0,48;
xs = 0,03(30 —z5) =0,03-(30—-36) = —0,18.
3. CwmelieHne UCXOIHOTO KOHTYpA:
y mecrepau — x,m = 0,48 - 8 = 3,84 mm;
y koneca —xsm = —0,18 -8 = —1,44 mmM.
4. OmnpenenuM paanychl OCHOBHBIX OKPYKHOCTEH:
Tpa = Ty - cos(a) = 56 - cos(20°) = 52,62 mm;
Tps = 15 - cos(a) = 144 - cos(20°) = 135,32 mm.

Jlucm
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[Modn. u 0ama

B3am. uHs. Ne

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

5. Ompeaenum yroJi 3aleryieHus: 3y0uaTo nepenayu:

2:(x4+x5)tan(a)
Z4+ZS

inv(a,,) = + inv(a) =

_ 2:(0,48+(-0,18))tan(20°)
o 14+36

+ inv(20°) = 0,0193.

Wcnonp3yst Tabiuiiel MHBATIOT, HAXOAUM YToJI 3alleluieHus: a,, = 21,72°.

6. Omnpenenum paguychl HAUYaIbHBIX OKPY>KHOCTEN IIECTEPHH U KOJeca:

cos(a) ] cos(20°)

Twa =T " cos(ay,) o cos(21,72°) - 56'64 MM,
_ .. . cos(@) _ . _cos(20°)
Tws =75 s = 144 — 2 = 145,66 M.

7. OHpCIIGJII/IM JCIUTCIBHOE MEXKOCECBOEC paCCTOSAHHUC.

Z4+Z 14+36
a=m-=+—=8- = 200 MMm.
8. OmnpenennM MeX0CEBOE PACCTOSIHHE:
Z4+7Z cos(a) 14436  cos(20°)
a, =m-——2- =8- - = 202,30 mm.
2 cos(ay) 2 cos(21,72°)

9. OmnpenenuMm K03 HUITMEHT BOCIIPUHUMACMOTO CMEIIICHHUS .

ay—a _ 202,30—200
m

y = = 0,29 mMMm.

10. Omnpenenum K03hHUIMEHT CyMMbI CMEIICHHUS:
Yx =x4+x5 =048+ (—0,18) = 0,30 mMMm.
11. Omnpenennm K03PGHUIUESHT yPaBHUTEIBHOTO CMEIIICHNUS
Ay =Yx—-—y=030-0,29 =0,01 mm.

12. BeicoTa aenuTenbHON HOXKKHY 3y0a (BhICOTA TOJIOBKH):
hga=m-(ff +x,—Ay)=8-(1+0,48—-0,01) = 11,74 mm;
heys =m-(fy +x5—Ay)=8-(1+(-0,18) — 0,01) = 6,46 MM.

13. BricoTta genuTenbHON HOKKH 3y0a (BBICOTA HOXKKH):
hey =m: (fy +c*—x,)=8-(14+0,25-0,48) = 6,16 MmM;
hes =m-(fy + ¢ —x5) =8+ (140,25 - (—0,18)) = 11,44 Mm.
14. OmnpenennM paanychl BEPIIMH 3yObeB IIECTEPHU U KOJeca:
Taa =Ty + hyy =56+ 11,74 = 67,74 Mm;
Tas =15 + hys = 144 + 6,46 = 150,46 mMM.
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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Nenodn

15. OxpyXHO1 HeTUTENbHBINA [IAT:
p=n-m=3,14-8 = 25,13 mm.

16. Tomnmuua 3y0a 1o IeIUTeIbHON OKPY>KHOCTSIM IIECTEPHU U KoJeca:

S, =m- (g +2-x,- tan(a)) =8- (ﬂ +2-0,48- tan(20°)) = 15,36 MM;

55=m-(§+2-x5-tan(a))=8 (£+2 (—0,18) - tan(20° ))_1152MM

17. VYrael npoduss B TOUKe HA OKPY>KHOCTH BEPIIHH:
r 52,62
@4 = arccos (ﬁ) = arccos( ) 39,03°;
Tas 67,74

135,32
150,46

Ags = arccos( as) = arccos( ) = 25,93°.

18. Oxpy>kHas ToNIIMHA 3y0a HAa OKPYKHOCTH BEPIIUH:
Sqa =2 Tgs- [ZS—; + inv(a) — inv(aa4)] =

= 267,74 [15j +inv(20°) — inv(39,03°)] = 3,06 MM:

Sgs =2 Tgs * [;—is + inv(a) — inv(aa5)] =

—2-150,46 - [ﬂ + inv(20°) — mv(25,93°)] = 6,39 MM.

19. KoadduimeHTs! TOMMHUHEI 3y0ObeB M0 OKPY>KHOCTH BEPIIIHH:

Saq =2 = 22 =0,38;
Sas =222 = 22 = 0,80.
20. OmnpenenuM paanychl OKPY>KHOCTEH BITaJIUH:
Ty =Ty — hgy = 56 — 6,16 = 49,84 Mu;
Tps = 15 — hps = 144 — 11,44 = 132,56 MM,
21. Beraucnasem ko3P PUITUEHT TEPEKPHITUS:

zy-[tan(ag, )—tan(ay)]|+2z;[tan(ag, ) -tan(ay)]

2T

Ea =

__ 14-[tan(39,03°)—tan(21,72°)]+36-[tan(25,93°)-tan(21,72°)]
o 2:3,14

= 1,422.

Jlu | Usm. Ne dokym. loon. | Ham
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[Modn. u 0ama

lo

B3am. uHs.

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

1.3 IlocTpoeHue 3arerieHus.

J1J1st MOCTPOEHHUSI BOJIBLBEHTHOT'O 3alleTNIEHUs BHIOMpaeM MacIITaOHbIN KO-
b GUIUEHT ITMH ¥ TIEPEeBEIeM BCE TEOMETPHUECKHE TTapaMeTPhl 3y0UaThIX KOJIeC
B 3TOT Kod(punment: M2,5:1.

[TepeBoanm Bce 3HaUEHUS Yepe3 MacCIITaOHbIN KOG OUIIMESHT UTHH U; U pe-
3yJbTaThl 3aHOCUM B Tabnuiy 1.1.

Ta6nuna 1.1 — Pa3mepsl 3a1ierieHus B Macitade, MM

[Mapamertp 3anensieHus 7 Twa Tha T4 Taa Sy Saa

Bennunna mapamerpa, M 56,00 | 56,64 | 52,62 | 49,84 | 67,74 | 15,36 3,06

Bennuuna nmapamerpa B
Maciitadbe, MM

140,0 | 1416 | 1316 | 1246 | 1694 | 384 7,7

[Tponomkenue Taduuupl 3.1
[Tapamerp 3auen-

f— ay Ts Tws Tbs Trs Tas Ss Sas
Bemramna — mapa- | o0, 30 | 144 00 | 145,66 | 135,32 | 132,56 | 150,46 | 1152 | 6.39
METpa, M

Benmnunna — mapa-
meTpa B macmrabe, | 505,8 | 360,0 | 3641 | 3383 | 3314 | 376,2 | 28,8 16,0
MM

[To BBIUKCICHHBIM TMapamMeTpaM MPOEKTUPYEMYIO 3yOuaTyio mepenady

CTPOMM CJICIYIOIINM 00pa3oMm:

1. OrtkiagpiBaeM MEXOCEBOE PACCTOSHUE d,, U TPOBOJANM OKPYKHOCTH:
HAYAJIBHBIC T}y 4, Tyys5; ICTUTEIBHBIC Ty, Ts U OCHOBHBIC 134, 1353 OKPY’KHOCTH BEPIITUH
Ta4r Tas ¥ BIIAIMH 774, Trs. HadanbHble OKPYKHOCTH TOJDKHBI KACAThCS B MOJIHOCE
3arerieHus. PaccrossHue Mexay IeauTeIbHBIMIA OKPY>KHOCTSIMHU IO OCEBOM JIMHUHU
pPaBHO BOCIIPUHIMAEMOMY CMEIICHHIO Yym. PaccTosiHre MeX Ty OKPY>KHOCTSIMU BEp-
IIIMH OJTHOTO KOJieca W BITAJIMH JIPYroro, U3MEPEHHOE 0 OCEBOW JIMHUH, JTOJHKHO
OBITH PAaBHO paguaTIBLHOMY 33a30py C M.

2. Uepes moitoc 3alernyieHus KacaTelIbHO K OCHOBHBIM OKPYKHOCTSIM KOJIEC
IPOBOMM JIMHUIO 3arierieHus. Touku kacanust N, 1 N5 Ha3bIBarOTCS MpeIeIbHBIMU

TOYKAMHM JIMHUM 3aneruieHus. JInaus 3anerienns oopasyeT ¢ MeprneHAuKyIspoM,

Jlucm
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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Nenodn

BOCCTAHOBJICHHBIM K OCEBOM JIMHUM B IOJIIOCE, YToJl 3aleruieHus. bykBamu a u b
OTMEYEHa aKTHBHAsl JIMHUS 3aLEIUICHHUS.

3. Ipodunu 3yOneB miecTepHU MEPEHOCATCS HA YEPTEK MPOSKTUPYEMOH Tie-
penayu co cXeMbl CTAHOYHOTO 3aLIETIIIEHHSI ¢ TIOMOIIBIO 1I1A0JI0OHA; SBOJIbBEHTHYIO
gacTh npoduiis 3yda Kojeca CTpOUM OOBIYHBIM 00pa3oM, Kak TPAeKTOPHIO TOUKHU
IPSIMOI1 ITPU MEPEKATHIBAHNUH €€ IO OCHOBHOM OKPYKHOCTH KOJieca 0€3 CKOIbKEHUS
U NIEPEHOCUM B TOUYKY KOHTakTa 3yObeB P Ha nuHMIO 3aueruieHus. llepexoqnyro
4acTh Mpo@uiist 3yda CTpOUM MPUOJIMKEHHO. Y OCHOBaHUS 3y0a JenaeM 3aKpyriie-
Hue. OT MoCTpoeHHOTo Nnpoduiis 3y0a OTKIaAbIBaEM TONIIUHY 3y0a MO JEIUTENb-

HOM OKpPYXKHOCTH U MTPOBOJIUM aHAJIOTUYHBIN MPOPMIIH IPYTrOil CTOPOHBI 3y0a.

Jlucm
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2 KunHemaTuyecKuii U CHJIOBOH aHAJIN3 PHIYAKHOT0 MEeXaHU3MAa

2.1  CrpyKTypHbIil aHATTU3

2.1.1 Cxema MexaHu3Ma

3amaHHas cxeMa MexXaHu3Ma MpeicTaBiIeHa Ha pucyHke 2.1.

Pucynok 2.1 — Cxema MexaHu3ma

2.1.2 Knaccudukanus KHHEMaTUYECKHUX Map MEXaHU3Ma

B Tabnune 2.1 npeacrasiena kinaccudukaiys KHHEMaTUYECKUX Tap 3a1aH-

HOT'O MCXaHH3MaA.

®©
S
3 Tabnuna 2.1 — Knaccudukarus KHHEMaTHUYECKUX T1ap
=)
. Howmep 3BeHbEB, 00- ITonBuxk- Bricmas
S Ne i/ p OO6o3HaucHue HasBanue A
g pa3ymoluX napy HOCTb /HU3IIast
1 0-1 A BpamarensHast 1 H
= 2 1-2 B BpamarensHas 1 H
o
I
3 3 2-3 Cc Bpamarensnas 1 H
s
©
@ 4 0-3 D BpamarensHas 1 H
5 5 34 C BpamrarensHast 1 H
>
o]
2 6 4-5 E Bpamarensnas 1 H
o
< 7 0-5 E [ToctynaTtensHast 1 H
g UccnenyemMblii MEXaHU3M COCTOUT TOJIBKO M3 OJTHOTIOIBMYKHBIX KUHEMAaTHYe-
©
(o]
=] CKHUX IIap, IO3TOMY P41 = 7 — 4uCII0 OAHOIIOABMI)XHBIX KHHEMATUYCCKUX I1ap B MC-
S
(o)
2 XaHu3Me, p = 7 — o0I1ee 4rciio KHHEeMAaTUIeCKHX Map B MEXaHU3ME.
=
(o]
o
=
2 flucm
g
< 10
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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Neniodn

2.1.3 Knaccudukaiys 3BeHbEB MEXaHU3Ma

Knaccudukanus 3BeHbeB MEXaHU3Ma IIPEICTaBlICHa B Tabnule 2.2,

Ta6nuna 2.2 — Knaccudukaiiusi 3BeHbEB

Ne /i Howmep 3Bena Haszpanue JIBr>xeHue
1 0 Croiika OTtcyTCcTBYET
2 1 Kpuomun BpamarensHoe
3 2 atyn CnoxHoe
4 3 Kpupommmmn Bpamarensnoe
5 4 atyn CnoxHoe
6 5 [Tonzyn [MoctymarensHoe

2.1.4 OmnpenensieM MOABIKHOCTH CIIOKHOTO MEXaHU3Ma

CDOpMYJIBI JJIsT OIIPEACIICHUA ITOJABHKHOCTH MEXaHHM3Ma.

W=3n_2p1_p2,

rac W — IIOABMXXHOCTHb MCXaHHU3MaA,

N — 41U CJI0 NOABUKHBIX 3BCHBEB MEXAHU3MA,

p; — YMCIO0 KHHEMATUYECKHX Iap [-TOU MOJBUKHOCTH.

[ToncTaBuB AaHHBIC, MONyYEHHBIC BbINe (n =5, p; = 7, p, = 0), Haiigem

IIOABUXXHOCTD 3TOI'O CJIOKHOI'O ME€XaHHu3Ma.

W=3-5-2-7=1,

2.1.5 TIpoBoaum kinaccupUKAINIO CTPYKTYPHBIX TPy

Knaccudukanust cTpyKTypHBIX TpYIN IpeacTaBieHa B Tadnuie 2.3 u Ha pu-

CyHKe 2.2.
Tabnuua 2.3 - Knaccudukanusi CTpyKTYPHBIX TpyIII
Ne mi/m Howmep 3BeHbEB, 00pa3yOINX TPYIIITY Kuacc, nopsimok, Buj
1 0-1 Mexanusm | knacca
2 2-3 Il kmacc 2 mopsinok 1 Bup
3 4-5 Il xitacc 2 mopsmok 5 BuJ

Jlu

UN3m. Ne dokym. loon. | Ham
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lo

B3am. uHs.

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

Pucynok 2.2 — CTpyKTypHBIE TPYIIIBl MEXaHU3Ma

2.1.6 OmnpenensieM KJ1acc CI0XHOTO MEXaHU3Ma
Mexanu3Mm otHocuTes Ko |l kmaccy.
2.2 IlnaH moONOXEHUIM MeXaHU3Ma

[Inan monokeHut MexaHu3Ma — 3T0 rpaduueckoe N300pakeHUEe B3aMMHOIO
pacnosokKeHUsl 3BEeHbEB MEXaHW3Ma 3a pacCMaTpUBAEMbIN MPOMEXKYTOK BPEMEHH,
BBINIOJIHEHHOE B ONPEIEICHHOM MACIITAOHOM KO3 (ULIUEHTE.

[TocTpoeHne muIaHa MOJOXKEHUS HAYMHAIOT C HM300pakeHUs HIIEMEHTOB
CTOMKH, T.€. IAPHUPHO-HEMOABWKHBIX OINOP W Hampasistomux. Jlanee nocienona-
TENHHO M300paKaIOT BEAYIINE 3BCHbSI B 3aJaHHBIX MOJIOKEHUSAX U CTPYKTYPHBIC
rpynmnbl 3BeHbeB. [lookeHne MOABMKHBIX XapaKTEPHBIX TOUYEK OIMpPENesoTCs C
MIOMOIIIBIO METO/Ia 3aCECUCK.

J1J1s TOCTPOCHUS KHHEMAaTUYECKOM CXEMBI TUTOCKOTO PHIYa)KHOTO MEXaHU3Ma
BBIOEpEM MAaCIITAOHBIN KOIPPUIIUEHT AJIUH [ .

Macutabubiii KO3 PUITMEHT ITUH:

_ lap _ 01 _
U = 48] = 2t 0,004 M/MM,

riae lyp — nefcTBUTENbHAS JJIMHA KPUBOIIIUIIA, M;
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|AB| — mpon3BoJIbHO BBIOpaHHAsS JJTMHA KPUBOIIHUIIA HA YEPTEXKE, MM.
Jlanee mepeBOAMM JUTMHBI OCTABIIUXCS 3BEHHEB B MM U€Pe3 MaCIITaOHBIN KO-

a(PUIMEHT IJIUH, UCTIONB3YS PopMyITy:

l:
il =

rje i — 0003HaYeHUE 3BEHA, JIJIST KOTOPOTO BHIYUCIISIETCS JIJTMHA HA KHHEMAaTHIECKOU
CXeMeE.
PesynbTarsl 3aHocuM B Tabnuity 2.4.

Tabnuna 2.4 — I[IpuBenéHnnie pa3Mepbl MEXaHU3Ma, MM

|AB|

|BC|

|CD|

|CE]

| Xpl

Yo

25

32,5

40

187,5

12,5

10

[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Neniodn

[To mosyyeHHBIM 3HAYEHHUSM B BBIOpAaHHOM MacIITaOHOM Ko3dduimeHTe

CTPOUM TIJIaH MOJIOKEHUI MEXaHU3Ma.
2.3 Kunemartnueckuii aHajau3 peYa)KHOTO MEXaHU3Ma
2.3.1 Omnpenenenue CKOPOCTEH 3BEHFEB MEXaHU3Ma

OnpenenuM CKOPOCTh BCeX 0003HAYEHHBIX TOYEK MEXaHHW3Ma C IMOMOIIBIO
IJIaHA CKOPOCTEM.

YrnoBasi CKOpOCTb KPUBOLIUIIA!

nym _ 114-3,14
30

Wy = = 11,94 pan/c.

CxopocTb TOUkH B:
VB = wq- lAB = 11,94 ' 0,1 = 1,194‘ M/C.

Bri6upaem macmrad ckopocTeid:

_ Ve _ 1194 _ :
W= = s 0,025 m/(c- Mm).

BekTop ckopoctu Touku B mpencraBisieT coOOM T€OMETPUYECKYI0 CyMMY
BEKTOpa CKOPOCTU TOYKH A M CKOPOCTH OTHOCUTEJIBHOI'O BpalaTEIbHOIO JBUKE-

HUS TOYKH B BOKpYT Touku A:

I_/)B = I7A + I—/)BA'

Jlucm
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[Modn. u 0ama

o

B3am. uHs.

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

CKOpOCTbh TOUKH ‘7,4 paBHa HyI10. CKOpPOCTH VB 4 TIepIICHAUKYJIsIpHA 3BeHy AB
Y HAIPBJICHA B CTOPOHY BpaIieHus 3Toro 3BeHa. OTKIaapIBacM OTPE30K Py b.
CxopocTb ToukH ('
Ve=Vg+V,
_)C _)B _)C B - (2 1)
VC = VD + VCD

- —
Ckopocts Vy HaMm u3BeCTHa, BEKTOP CKOPOCTH V-p HaIpaBieH MEepHIEHINKY-

asipHO 3BeHy BC. CkopocThb I7D paBHa HYJIIO, BEKTOP CKOPOCTH I_/)CD HaIpaBJIeH Iep-
neHuKyJspHo 3BeHy CD. [TosTomy B ypaBHeHuu (2.1) 2 HEM3BECTHBIX, ISl KOTO-
pBIX MBI 3HaeM HampaslieHue. Pemraem ero rpadudecku. M3 Touku b miaHa cKopo-
CTEH MPOBOAUM MPSMYIO MEPHEHAUKYISApHO 3BeHY BC. U3 montoca py, npoBogum
npAMYIO NepHneHANKYISIpHO 3BeHy CD. Touka nepecedeHus 3TUX MPSIMbIX J1acT UC-
KOMYIO TOUKY C.

Cxopoctb ToukH E':
— — —
VE == VC + VEC' (22)
— —
Cxkopocth V- HaMm H3BeCTHA, BEKTOP CKOPOCTH V- HaIpaBIICH MEePIECHINKY-

nsipHO 3BeHy CE, a BEKTOpP CKOPOCTHU I7E HaIpaBJICH NapajjleIbHO HAITPABIISIOIIUM
noszyHa 5. [ToaTomy B ypaBHeHHH (2.2) 2 HEM3BECTHBIX, JUISI KOTOPHIX MBI 3HaeM
HamnpasyieHue. Pemaem ero rpadguyecku. M3 Touku e miiaHa CKOpOCTE MPOBOAUM
NpsMYI0 NepneHAuKyIsipHO 3BeHy CE. U3 nomtoca py mpoBOauM MNpsAMYRO Hapai-
JIETIbHO HaIpaBJISIONMM No3yHa 5. Touyka nmepeceyeHrs 3TUX NpsIMBIX aCT UCKO-
MYIO TOUKY €.

[To Teopeme no00Ms HalfIeM CKOPOCTH LIEHTPOB Macc 3BeHbeB. OTMeuaeM
TOYKH S,, S3 U S, Ha ceperHaxX OTPE3KOB bC, py,C U C€ COOTBETCTBEHHO U COEIU-
HSIEM UX C IIOJIFOCOM Dy, .

3amMepuB JIMHBI MOJYYEHHBIX OTPE3KOB, YMHOXKAaeM UX Ha MacCIITaOHBIN KO-
s dunment. [lomyyaem 3HaueHUsT CKOPOCTEN TOUEK MexaHu3Ma. Pe3ynbpraTel n3me-
peHuil npeacrapieHsl B Tabnuie 2.5. Pe3ynbTaThl pacu€ToB NpeacTaBlIeHbl B Ta0-

e 2.6.
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Tabnuna 2.5 — Pe3ynbTarsl H3MepeHui

TonoskeHne BekTops! Ha mIIaHe CKOPOCTEH, MM
MEXaHHI3Ma pvb bc bvc ce bve bvS2 PvS3 PvSa
0 47,8 198,4 | 2353 235,3 0,0 137,8 117,7 117,7
1 47,8 359 81,0 49,4 73,2 64,0 40,5 73,1
2 47,8 22,9 65,8 10,5 67,2 66,3 32,9 56,3
3 47,8 22,7 60,8 16,9 55,1 53,5 30,4 57,4
4 47,8 25,7 56,6 36,0 38,1 50,8 28,3 44.8
5 47,8 30,7 51,9 45,3 21,1 47,5 26,0 32,5
6 47,8 37,2 47,1 46,3 6,8 43,7 23,6 24,4
7 47,8 41,4 44,6 44,6 0,0 41,3 22,3 22,3
8 47,8 44,6 43,2 42,9 4,3 39,7 21,6 22,0
9 47,8 53,0 42,2 38,7 13,7 36,5 21,1 24,7
10 47,8 63,8 47,0 35,8 25,8 35,1 23,5 334
11 47,8 83,9 66,3 31,2 52,9 39,8 33,2 58,0
12 47,8 140,7 135,3 22,0 138,2 73,1 67,7 136,3
Tabmuma 2.6 — Pe3ynpTaThl pacu€ToB CKOpoCTei
] TonosKenue CKkopocTH TOYEeK MEXaHHU3Ma, M/C VF;ZZB;Z;K;&(;ETH
g MO | v | Ves | Ve | Vee | Ve | Vo, | Vs | Vs, | @2 | @3 | o,
E 0 1,194 | 4,960 | 5,883 | 5,883 | 0,000 | 3,445 | 2,941 | 2,941 | 38,15 | 36,77 | 7,84
€ 1 1,194 10,898 | 2,025 | 1,235| 1,830 | 1,600 | 1,013 | 1,828 | 6,90 | 12,66 | 1,65
N 2 1,194 | 0,573 | 1,645 | 0,263 | 1,680 | 1,658 | 0,823 | 1,408 | 4,40 10,28 | 0,35
%5 3 1,194 | 0,568 | 1,520 | 0,423 | 1,378 | 1,338 | 0,760 | 1,435 | 4,37 | 9,50 | 0,56
§ 4 1,194 | 0,643 | 1,415| 0,900 | 0,953 | 1,270 | 0,708 | 1,120 | 4,94 | 8,84 | 1,20
cn- 5 1,194 0,768 | 1,298 | 1,133 | 0,528 | 1,188 | 0,649 | 0,813 | 5,90 | 8,11 | 1,51
§ 6 1,194 0,930|1,178 | 1,158 | 0,170 | 1,093 | 0,589 | 0,610 | 7,15 | 7,36 | 1,54
i; 7 1,194 |1,035|1,115|1,115| 0,000 | 1,033 | 0,558 | 0,558 | 7,96 | 6,97 | 1,49
> 8 1,194 |1,115|1,080 | 1,073 | 0,108 | 0,993 | 0,540 | 0,550 | 8,58 | 6,75 | 1,43
© 9 1,194 | 1,325 | 1,055 | 0,968 | 0,343 | 0,913 | 0,528 | 0,618 [ 10,19 | 6,59 | 1,29
,§ 10 1,194 |1 1,595|1,175| 0,895 | 0,645 | 0,878 | 0,588 | 0,835 (12,27 | 7,34 | 1,19
S 11 1,194 | 2,098 | 1,658 | 0,780 | 1,323 | 0,995 | 0,829 | 1,450 | 16,13 | 10,36 | 1,04
: 12 1,194 | 3,518 | 3,383 | 0,550 | 3,455 | 1,828 | 1,691 | 3,408 | 27,06 | 21,14 | 0,73
2 Jlucm
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[Modn. u 0ama

lo

B3am. uHs.

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

3Has TMHENHbIC CKOPOCTH OIIPCACIUM YIJTIOBEIC:

_ Vea. _Vc. _ Yec
W2 = W3 T, ¥ T
BC CD CE

Jlis onpenenenrs HalpaBiIeHUsl YTJIOBOM CKOPOCTH 3BEHA, HEOOXOAMMO Ha
IIJJAHE CKOPOCTEM B3SITh BEKTOP OTHOCUTENBHOU CKOPOCTH 3B€HA Y MBICJIIEHHO II€pe-
HECTH €T0 B BEIOMYIO TOUKY 3B€HA Ha IJIaHE MOJIOKEHUN (TOUKY CTOSLIYIO IIEPBOii
B MHJIEKCE), & BTOPYIO TOUKY, CTOSAIIYIO B MH/IEKCE YCIOBHO OCTaHOBUTH. Hanpas-
JIEHUE BpallCHHs 3B€HA MPHU 3TOM OyJIEeT XapaKTEpH30BaTh HAIPaBJICHHUE YIJIOBOM
CKOPOCTH 3BE€Ha.

Pe3ynbTarhl pacuéra yriaoBbIX CKOPOCTEH MpeCTaBIeHbI B Tabnuie 2.6.

2.3.2 OmnpeneneHre yCKOPEHU 3BEHFEB MEXaHU3Ma

[Topsnok mocTpoeHus IIaHa YCKOPEHUM aHAJIOTUYEH IUIaHy CKopocTer. To
€CTh, MOCTPOUB IUIAH YCKOPEHUHN BEAYIIETO 3B€HA, CTPOMM MOCIEA0BATEIIBHO TIJIaH
YCKOPEHHUM ISl BCEX CTPYKTYPHBIX Ipynn Accypa, BXOASIINX B COCTaB MEXaHU3MA.

Yckopenue Touku B

ag = ap, = (01)? - L = (11,94)?-0,1 = 14,25 m/c?.

Boeruucnsiem macmrab ycKOpeHHil:

- U1 moJiokenun 1-11:

_ aB;A _ 14,25 — 2. .
.ua - Dab - 57,0 0725 M/(C MM)!

- g nonoxkenwnii 0,12:

_ a,;A _ 14,25 — 2.
Ha =70 =5 1,5 m/(c* - Mm).

BekTop yckopenus Touku B npeactaBisieT coO00i T€OMETPUUECKYI0 CyMMY
BEKTOpa YCKOPEHUSI TOYKUA A U CKOPOCTHU OTHOCUTEIBLHOIO BPallaTeIbHOTO JBHKE-
HUS TOYKUA B BOKpyT TOukHU A:

dg = Gy + dpy = dy + djs + dfs = dpy.

Vekopenus dy (CTOMKA HEMOABMKHA) U g4 (KPUBOLIUII JBMXKETCS C IIOCTO-

SHHOM YIJIOBOM CKOPOCTBIO) PAaBHBI HYJII0. Y CKOPEHHE A4 TIapAILIENbHO 3BeHy AB

Y HAIPaBJICHO K LIEHTPY BpallleHUs 3TOro 3BeHa. OTKIaibIBaeM OTPE30K P, b.

Jlucm
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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Neniodn

Yckopenue Touku B:
dr =dg + dcp = dg + drp + A’
{ C B CB B CB CB (2.3)
aC=aD+C_l)CD=C_l)D+(_1)gD+C_l)E-D

BennunHa HOpMaIbHBIX YCKOPEHUM:

n
n  _ ] 2. _ 4cB.
acg = lpc " (w3)%; bn, = g
2 a?D
n _ . . _
acp = lep - (W3)%; panz = Uy

VeKopeHue dp HaM U3BECTHO, YCKOPEHHE dpp NapaienbHo 3BeHy BC u
HalpasJeHo OT TOYKU C K Touke B (BeaMuMHa M3BECTHA), a dgp HAIPABJIECHO IIEP-
NEHIUKYJISPHO 3BeHy BC (BeJaMYMHA HE M3BECTHA). YCKOPEHHWE dp PaBHO HYJIHO,
YCKOPEHUE dpy, MapauiensHo 38edy CD u HampasieHo oT Touku D k Touke C (Be-
JIMYMHA U3BECTHA), a (gp HAMPABJICHO MEPHEHANKYIISAPHO 3BeHy CD (BelUurHA He
u3BectHa). [loaTomy B ypaBHeHHHU (2.3) 2 HEM3BECTHBIX, JUII KOTOPBIX MbI 3HAEM
HampaBieHue. Pemraem ero rpadudecku. M3 Toukn b miiaHa yCKOPEHHA OTKIIAIbI-
BAaEM OTPE30K bN,, M300paKalOIMii Ha TUIaHe YCKOPEHHE dpg. V3 €ro KoHI@a mnpo-
BOJMM IIPSMYIO IEPIIEHAMKYJIAPHO 3BeHY BC. M3 montoca p, OTKIIaAbIBa€M OTPE30K
Do N3, M300PAKAIOIIUI Ha TIJIaHE YCKOPEHHE dyp,. M3 €ro KOHIA IPOBOIMM HPSAMYIO
NepHeHANKyYJIIpHO 3BeHy CD. Touka nepecedeHus 3THX NPAMBIX 1acT UCKOMYIO
TOUKY C.

Yckopenue Touku E':

dp = d¢c + dge = d¢ + dpe + dfc. (2.4)

BennunHa HOpManbHBIX YCKOPEHUM:

agc

agc = leg - (W4)?; cny = e

Vcekopenune d, HaM M3BECTHO, YCKOPEHHUE dp. TapajuienbHo 3Beny CE u
HampaBJIeHo OT TOUKU E k Touke C (BeIMYMHA M3BECTHA), @ dr, HANPABIEHO MEp-
HEHIUKYJIAPHO 3BeHy CE (BenM4KHa HE U3BECTHA), & BEKTOP YCKOPEHHMS dg HAIpaB-
JICH MapaJlJIe)IbHO HAMpaBJISIONKM rmosyHa 5. [Toaromy B ypaBHenuu (2.4) 2 Hens-

BCCTHBIX, JJII KOTOPBLIX MblI 3HACM HAaIIPaBJICHHC. Pemaem ero Fpa(bI/I‘IeCKI/I. U3

Jlucm
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TOUYKHM C IJIaHA YCKOPEHUI OTKJIAaIbIBAEM OTPE30K €My, N300pakaroIuii Ha IJIaHe
YCKOpEHUE dp.. V3 ero KoHIa IPOBOAUM MIPAMYIO EPIIEHAMKYJIAPHO 38eny CE. U3
IIOJIFOCA Py IMPOBOAUM MPAMYIO IApaJUIEIbHO HAIPABIAKOLIIMM IOa3yHa 5. Touka
NIEPECEUCHHUSI ITUX NPSIMBIX JACT HICKOMYIO TOUKY €.

ITo Teopeme nmonoOust HaliIeM yCKOPEHUS LIEHTPOB Macc 3BeHbeB. OTMedaeM
TOYKU S,, S3 U S4 HA CEPEUHAX OTPE3KOB bC, P,C U C€ COOTBETCTBEHHO U COEIU-
HSIEM HX C IIOJIIOCOM Py, .

3aMepuB AJIMHBI TOJIYYEHHBIX OTPE3KOB, YMHOKAEM MX Ha MacIITaOHbBIN KO-
s ¢punuent. [lonyyaeM 3HaueHHUs CKOpOCTeN TOUEK MeXaHu3Ma. Pe3yinbTarsl u3me-

peHull npeacTaBieHbl B Tabuuue 2.7. Pe3ynbTaTsl pacu€ToB NpeaCcTaBIEHbI B Ta0-

Jlu

U3m. Ne dokym. Moon. | Ham

nmre 2.8.
Tabnuua 2.7 — Pe3ynbTarsl U3MEpeHUi
Tonosxkenye BekTopsl Ha TUIaHE YCKOPEHUM, MM
MEXARIBMA | b | by | nac | pang | M3 | paC | €Ny | M4e | Pa€ | PaSz | PaSs | PaSs
0 95 [126,2| 82,1 |144,2| 69,1 |159,9| 30,8 | 69,1 |174,9| 84,6 | 80,0 |163,3
1 57,0 | 24,8 | 79,6 |102,5| 81,4 |130,9| 8,1 |131,4| 17,8 | 919 | 65,5 | 66,3
© 2 570|101 | 75 | 67,7 | 155|694 | 04 | 70,9 | 19,6 | 63,2 | 34,7 | 36,7
g
'§ 3 570| 99 | 40 | 578 | 95 585 | 1,0 [ 539|349 |575293 ]399
’é 4 57,0 12,7 | 9,2 | 50,1 | 10,0 | 51,0 | 43 | 324|403 |535 255|430
5 57,0 | 18,1 | 13,2 | 42,1 | 11,1 | 436 | 6,8 | 10,7 | 36,4 | 49,5 | 21,8 | 39,6
2 6 57,0 | 26,6 | 16,0 | 34,7 | 104 | 36,2 | 7,1 | 42 | 286|451 |181 | 324
o
I
; 7 57,0 (330|171 (311 86 [322| 66 | 86 | 245|424 | 16,1 | 28,1
©
d 8 570383178292 | 63 | 298| 61 | 98 | 22,3 |40,3 | 149 | 2577
§ 9 57,0 | 54,0 20,7 |278| 28 | 280 | 50 | 83 | 223|343 |140|248
el
2 10 57,0 783|308 |345 221|410 | 43 | 55 | 371|264 | 205|389
o)
I
S 11 57,0 |135,4| 69,5 | 68,7 | 77,3 |103,3| 3,2 | 25,0 |101,8| 34,3 | 51,7 |101,8
o 12 95 | 635|373 |47,7 472|671 | 0,3 | 558 |50,7|306 | 336 | 525
8
3 3Hast TMHEHWHbIE YCKOPEHUS ONPEJEIUM YTIIOBBIE:
=
e}
S £, = aEB; £y = arﬂ; £y = aEc_
lec lep lce
S
g
2 flucm
g
< 18




Jlis TOro, 4ToObl HATH HANpPaBJIEHHUE YIJTIOBOIO YCKOPEHMs 3BEHA, HEO0XO-
JUMO Ha IJIAaHE YCKOPEHHUW B35Th BEKTOpP TAaHT'€HIIMAIBHOIO YCKOPEHHS 3BEHA U
MBICJIEHHO NIEPEHECTH €T0 Ha IUIaH MOJIOXKEHUI B MEPBYIO TOUKY, CTOSLIYIO B UH-
nekce. Bropyto TOUKy MBICIEHHO OCTaHOBHTH. HampaBiieHue BpallleHus 3B€HA MpU
3TOM OYJIEeT XapaKTepu30BaTh HAMPABICHUE YTIIOBOTO YCKOPEHHUSI.

Pe3ynbrarhl pacu€ToB npeacTaBieHbl B Tadauie 2.8.

Tabnuna 2.8 — Pe3ynpTaThl pacuéToB YCKOpPEHUN

TonokKenye VY CKOpEeHHs TOUeK MEXaHH3Ma, M/c?
MExaHH3Ma ap agy acg agp acp ac agc
0 14,25 189,24 123,15 216,27 103,65 239,85 46,14
1 14,25 6,20 19,90 25,63 20,35 32,73 2,03
2 14,25 2,52 1,88 16,91 3,88 17,35 0,09
3 14,25 2,48 1,00 14,44 2,38 14,63 0,24
4 14,25 3,18 2,30 12,51 2,50 12,75 1,08
5 14,25 453 3,30 10,52 2,78 10,90 1,71
6 14,25 6,65 4,00 8,67 2,60 9,05 1,79
7 14,25 8,24 4,28 7,77 2,15 8,05 1,66
o 8 14,25 9,56 4,45 7,29 1,58 7,45 1,53
&
3 9 14,25 13,50 5,18 6,96 0,70 7,00 1,25
3
5 10 14,25 19,57 7,70 8,63 5,53 10,25 1,07
o
= 11 14,25 33,84 17,38 17,17 19,33 25,83 0,81
o 12 14,25 95,18 55,95 71,51 70,80 100,65 0,40
@
E ITponomxkenue Tabauupl 2.8
3 VCKOpeHHs TOYeK MEXaHNU3Ma, M/c2 YIJI0BEIC yCKOPCHHS
: Honoxenue p ’ 3BEHBEB, pajy/c’
< MEXaHU3Ma T
S Agc ag as, As, as, ay) w3 Wy
(o)
2 0 103,65 | 262,41 | 126,90 | 119,93 | 244,95 | 947,31 | 647,81 | 138,20
@
< 1 32,85 4,45 22,98 16,36 16,58 | 153,08 | 127,19 | 43,80
2 17,73 4,90 15,80 8,68 9,18 14,42 24,22 23,63
®©
§ 3 13,48 8,73 14,38 7,31 9,98 7,69 14,84 17,97
E 4 8,10 10,08 13,38 6,38 10,75 17,69 15,63 10,80
o
= 5 2,68 9,10 12,38 5,45 9,90 25,38 17,34 3,57
S
2
2 flucm
g
s Jlu | Usm. Ne dokym. loon. | Ham 19




[Modn. u 0ama

B3am. uHs. Ne

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn

[Tponomxkenue Tabauib 2.8

YCcKOpeHHs To4eK MEXaHu3Ma, M/c? YIIOBEIE yCKOCHHS
[Tonoxxenue p ’ 3BEHBEB, pajy/c’
MeXaHHu3Ma z
AEc ag as, as, as, W2 W3 Wy
6 1,05 7,15 11,28 4,53 8,10 30,77 | 16,25 1,40
7 2,15 6,11 10,60 4,03 7,03 32,88 | 13,44 2,87
8 2,45 5,58 10,08 3,73 6,43 34,23 9,84 3,27
9 2,08 5,58 8,58 3,50 6,20 39,81 4,38 2,77
10 1,38 9,28 6,60 5,13 9,73 59,23 | 34,53 1,83
11 6,25 25,45 8,58 12,91 2545 | 133,65 | 120,78 | 8,33
12 83,70 76,05 45,90 50,33 78,75 | 430,38 | 442,50 | 111,60

2.3.3 IlocTpoeHne KUHEMATUYECKUX TUArpamMM JBUKEHUS pab0overo 3BeHa

Haynem mnoctpoenue rpaguka yrioBoro NnepeMmelleHus Moi3yHa S5 Sp =

f@).
CTpOI/IM OCH KOOpJIHWHAT WM Ha OCH a6CIII/ICC OTKJIaJAblBaA€M OTPE30K X =

240 MM, KOTOpBI oTOOpaxaeT Bpemsi T 0JTHOTO MOJIHOTO 000pPOTa KPUBOILIUIIA!

T=1=2_ 0,526 cek.
n, 114

Omnpenensem mMaciitad ocu abCIUCC:

T 0526 _ .

pp=-=——= 0,002193 cek/MM;
2m 2314

Hp=—=—"—= 0,026 pan/mwm.

[To ocu opauHAT MaciiTab BeIOMpaeM paBHbIM Ug = 0,004 M/MM.

OTkrapIBacM MOJIOKEHUS Moyi3yHa B MacinTabe. [locnie morydeHHbIe TOUKH
COEMHSIEM IUIABHOM KPUBOM.

JIJIst TOCTpOEHUST THarpaMMbl CKOPOCTEH ToUku C TTPUMEHUM METO/ rpadu-
yeckoro auddepeHmpoBaHuss METOIOM XOP.

JIJist moCTpOeHUST TuarpaMMbl CKOPOCTEH B CEpPeIMHAX KaXKJIOTO y4acTKa op-
nuHaTHbIC JIMHUHA. COeTMHSIEM TIOCIICIOBATEIIBHO XOpIaMU BCe TOYKHA KPUBOH JHa-
rpaMMmbI riepemenieHni. Kaxayro xopay napauieabHO MEPEeHOCUM TaKUM 00pa3oMm,

YTOOBI OHA IepeccKkaaachb C FOpHSOHTaHbHOﬁ OCbI0O B TOYKC Ha paCCTOSAHHNU kl oT

Jlucm
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[Modn. u 0ama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Neniodn

Hayaia orcuera. Yepes TOUKY MepecedeHus 3TOi MPsIMO ¢ OChI0 OpIUHAT MPOBO-
JTUM TOPU30HTAIBHYIO TIPSIMYIO JI0 TIEPECEUEHUS C COOTBETCTBYIONICH CepeMHHON
opAuHATHOM MuHUE. CoeMHsAEeM NOJyUYEeHHbIE TOUKH IIJIABHOM KpUBOH. 3aMepsieM
BEJIMUMHBI MOJIyYUBIIUXCS OTPE3KOB B KaXKIOW MCKOMOW TOYKE M YMHOXAaeM Ha
MacIITaOHBIA KOAPDUITUECHT.

JInist moCcTpoeHus AuarpaMMBbl CKOPOCTEH BhIOEpeM OTpe3ok ki = 45,6 MM,

TOr/1a MaciTad aHajgora CKOpocTel OyaeT paBeH:

0,004
fy = = = 0,04 M/(MM - C).
ueks 0002193456

JU1st nocTpoeHust IuarpaMMbl YCKOpPEHU Touku C MPUMEHUM METOJT rpadu-
yeckoro AuddepeHupoBaHusi METOJIOM KacaTelbHBIX.

JIns 1OCTpOEHUsT auarpaMMbl YCKOPEHHM B KaXXJIOW TOYKE KPUBOW JHA-
rpaMMbl CKOPOCTEl HEO0OXOIMMO MPOBECTH KacaTeiabHyro. Jlanmee kaxayro Kaca-
TEJIbHYIO MapajuieIbHO MEPEHOCAT TaKuM 00pa3oM, yToObI OHA TIepeceKanach ¢ ro-
PHU30HTATBLHON OCHIO B TOUKE Ha pacCTOSIHUU Kk, OT Hadasna orcueTa. OTpe3oK MEeXIY
TOYKOM NIEPECEYEHUS IEPEHECEHHOW KACaTEeIbHOW C BEPTUKAIBHOW OChEO M HA4aJI0M
KOOpJIMHAT rpadudecky n300pakaeT aHAJIOT CKOPOCTU B JaHHOM ToyioxkeHuu. Co-
€MHSIEM MOJYYEHHBIE TOUKH [JIABHOM KPUBOU.

JIJist moCTpOeHHST AMarpaMMbl YCKOPEHUN BbIOEpeM OTpe3ok k, = 12,2 MM,

TOr/1a MacTad aHajora yCKOpeHui OyAeT paBeH:

ny 0,04

— _ _ .
Ha = pek, 0002193122 1,5 pan/(mm - ¢%).

Crnenyetr OTMETHTbB, YTO TOUHOCTH MOJYUYEHHUS YCKOPEHUSI METOAOM Ipaduye-
cKoro nuddepeHpoBanns 3HAYUTEIBHO HIXKE IO CPABHEHUIO C TUIAHOM YCKOpe-
HUM.

Pe3ynbTaThl pacuéroB 3aHocUM B Tabuiry 2.9.
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Tabnuna 2.9 — Pe3ysbTaThl KHHEMAaTHUYECKOTO pacyéTa

oo- Meton miaHoB Merton rpadukoB TorpermHocTs,

KEHUE CxkopocTh VYckopenue CxopocTb VYckopenue %

Mmexa- 3B€Ha 5, M/c 3BeHa 5, M/c? 3B€Ha 5, M/c 3BeHa 5, M/c?

HHSMa Vg ag Vg ag Sy 8a
0 0 262,41 0 252,30 0 3,85
1 1,830 4,45 1,860 -4,50 164 | 112
2 1,680 4,90 1,664 -4,80 0,9 | 2,04
3 1,378 8,73 1,372 -8,40 0,40 | 3,72
4 0,953 10,08 0,952 -9,75 0,05 | 3,23
5 0,528 9,10 0,528 -8,70 0,09 | 4,40
6 0,170 7,15 0,172 -6,90 1,18 | 3,50
7 0 6,11 0 -6,15 0 0,61
8 0,108 5,58 -0,104 -5,40 3,26 | 3,14
9 0,343 5,58 -0,344 -5,40 0,44 | 3,14
10 0,645 9,28 -0,660 -9,45 2,33 1,89
11 1,323 25,45 -1,388 -26,55 4,95 | 4,32
12 3,455 76,05 -3,340 -72,30 3,33 | 4,93

2.4 CwioBO#l aHAJIN3 MEXaHU3Ma

2.4.1 OmpenencHue CHIOBBIX (DAKTOPOB

Bec 3BeHbeB onpeaenum no Gopmyie:

Gi=m;- g,

rae g = 9,81 kr/ c? — YCKOpEHHE CBOOOTHOTO MaICHHUSI.

Cunel UHEPITUY JUTS 3B€HBEB MEXaHU3Ma OTpeiesisieM 1Mo (popMyIie:

FUi =m;" aSi.

MomeHT mapbl CHJI UHEPITUHU OTpeensieTcs o Gpopmyiie:

Mui =]Si ' gi'

PesynbTarsl pacu€ToB cBoAMM B Tabnuity 3.1.
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Ta6nuna 3.1 — CusioBble mapaMeTphl MeXaHHu3Ma

Howmep 3BeHa

[TapameTp

1 2 3 4 5
Macca 3BeHBEB M, KT 9 14 18 55 1260
Bec spernes G, H 88.29 | 137,34 | 176,58 | 539,55 | 00
BenuunHa BekTOpa yCKOpEHUs A, m/c? 0,00 14,38 7,31 9,98 8,73
Benuunna cunel unepuuu Fyy, H 0,00 201,25 | 131,63 | 548,63 10983’5
MOMEHT UHEpIUHM 3BeHa [, KI-M? - 0,2 0,038 2,2 -
BenuuuHa yriioBoro yckopeHus &, pazl/c2 - 7,69 14,84 17,97 -
WuepuunonHsiii MoMeHT My, H'M - 1,54 0,56 39,53 -

2.4.2 CunoBo# ananu3 rpynmsl Accypa 4-5

BrruepunBaem otnensHO rpynny 4-5 B macirade. CBsA3b 3TOM IpyHIibI CO 3Be-
HOM 3 ¥ HaIpaBJISIFOLIMMU IOJI3YHA 3aMEHsIEM CHIIaMU R34 U Ry5 COOTBETCTBEHHO.
[IpuknanpiBaem K rpyIine BCe BHEIIHUE CUJIbL: cuna (4 B TOUke S, ; cuna G5 B TOUKE
E; cuna F, B Touke E. IIpexe yem cOCTaBISITh YPAaBHEHHE CTATHKH, HEOOXOAUMO,
Ha OCHOBaHWM mNpuHuuna /lanambOepa, ypaBHOBECUTh CHUCTEMY C MOMOIIBIO CHJI
WHEPLIMH.

Ilepennném K onpeneaeHnIo peakuii B KHHEMaTUYECKUX Tapax.

2 Mg (4) = —R3, " [CE| + G4 - |hy| - Fy, - |ha| + MU4/#1 = 0;

t _ Galhq|-Fy,lha|+My, /i

_ 539,55:91,8—548,6346,5+39,53/0,004
o 187,5

= 180,81 H.

YpaBHeHre paBHOBECHUS OYIET UMETh BH/I;
_):1),14+ﬁ§4+64+ﬁ[]4+55+ﬁu5 +F2+§05 = 0.
JI1st IOCTpOCHMS TUTaHa CHJI BeiOMpaem Macitad: up = 40 H/mm.

Pa3zmepsl BEKTOPOB CUIT HA IUIAHE:
|G4| = G,/up = 539,55/40 = 13,5 mm;
|Fu,| = Fu,/ur = 548,63/40 = 13,7 my;
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|G5| = Gs/up = 12360/40 = 309 mMm;
|Fu.| = Fy./up = 10993,50/40 = 274,8 mu;
|F,| = F,/up = 4000/40 = 100 Mm;
|R%,| = R%,/up = 180,81/40 = 4,5 Mm.
CTpOI/IM BaMKHYTLIfI MHOT'OYT'OJIbHUK CHUJI COT'JIACHO BCKTOPHOMY YPaBHCHHIO.
[Tomyuaem:
Ros = |Ros| - up = 347,6 - 40 = 13904 H;
Rus = Rsy = |Rys| - pup = 179,0 - 40 = 7160 H;
Rz, = |R3y| - p = 188,240 = 7528 H.

2.4.3 CwunoBo# ananu3 rpynmsl Accypa 2-3

BrruepunBaem otaenbHo rpynmy 2-3 B Maciitade. CBs3b 3TOM MPyIIIbI CO 3BE-
HbAMH 1 U 4 u cTOMKOU 3aMeHsieM cuiiaMu Rq,, R43 U Ry3 coorBercTBeHHO. [1pu-
KJIAJIbIBAEM K IPYIIIIE BCE BHEIIHHUE CUJIBL: cHiIa G, B TOUKE S,; criia (3 B TOUKE Ss.
[Ipexxne 4yem cocTaBiisATh ypaBHEHUE CTATUKH, HEOOXOJUMO, HA OCHOBaHUM IPHH-
nuna JlanamOepa, ypaBHOBECUTh CUCTEMY C ITOMOIIBIO CUJI HHEPLIUH.

ITepennném K onpeneaeHnIo peakuii B KHHEMaTUYECKUX Tapax.

2 M¢ (2) = Ri, - |BC| + Gy - |hy| = Fy, - |ho| = My, /i = 0;

t _ —Galhil+Fy,lha|+My, /i —137,34-8,1+201,25-14,1+1,54/0,004
12 |BC| 32,5

X Mc(3) =Rg3 - |CD| — G3 - |hs| — Fy, * [hgl — My, /1y = 0;

r _ Gz'lhsl+Fyy|hel+My,/m  176,58-5,4+131,63:3,2+0,56,/0,004
03— lcD| - 40

= 64,92 H;

= 37,89 H.

YpaBHeHUe paBHOBECHUS OYIET UMETh BH/I;
RY, + RT, + Gy + Fy, + G3 + Fy, + Ryz + Ro3 = 0.
JInist IOCTpOCHMS TUTaHa CHJI BeiOMpaem Maciutad: up = 30 H/Mm,
Pa3mepbl BEKTOPOB CUJT Ha TIJIaHE:
|G,| = G,/up = 137,34/30 = 4,6 MmMm;
|Fu,| = Fu,/up = 201,25/30 = 6,7 mMy;
|G5| = G3/up = 176,58/30 = 5,9 muv;
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|Fu,| = Fu,/up = 131,63/30 = 4,4 My
|Ras| = Rys/up = 7528/30 = 250,9 mm;
|R12| = Riz/up = 64,92/30 = 2,2 Mmum;
|R§s| = Rés/up =37,89/30 = 1,3 mm.
CTpouM 3aMKHYTBI MHOTOYTOJIBHHUK CHJI COTJIACHO BEKTOPHOMY YPAaBHEHHUIO.
[Tomyuaem:
Ros = |Ro3| " up = 332,6 - 30 = 9978 H;
Ry3 = R3, = |Ry3| - up = 317,6 - 30 = 9528 H;
Ri5 = |Ri2| - up = 318,230 = 9546 H.

2.4.4 CwuioBoii pacy€T BeIyIIero 3BeHa

BrruepunBaem otaensHO 3BeHO 1 B Maciirade. CBsi3b 3TOr0 3B€HA CO 3BEHOM
2 ¥ CTOMKOM 3aMeHsieM crtaMu R,; 1 Ry; cooTBeTcTBeHHO. [IpHrKianpiBaeM K 3BeHY
BCE BHEIIHWE CUIIbL: cuita G B Touke A; cuna Fy;, B Touke B.
OnpenenuM BeIMYNHY YPaBHOBEIIMBAOIIEH CUJIBI:
X Mu(1) = Ryq - [1q] - Ey- |AB| = 0;

|| 22,8

F;,p = R21 ) m = 9546 - E = 8705,95 H.

Benuunny onopHoit peakuuu Ry, onpenenseM U3 ypaBHEHHS CTaTHKU:
Y F =Ry + G, +Ep+Roy = 0.
JI1st IOCTpOCHMUS TUTaHa CHUJI BeiOMpaeM Maciitad: up = 40 H/Mm.
Pa3mepsl BEKTOPOB CHIT HA TIJIaHE:
|G1| = G1/up = 88,29/40 = 2,2 mm;
|R,1| = Ry1/up = 9546/40 = 238,7 mMMm;
|F,p| = Ep/1p = 8705,95/40 = 217,6 Mm.
CTpouM 3aMKHYTBI MHOTOYTOJIBHUK CHJI COTJIACHO BEKTOPHOMY YPaBHEHHUIO.

[Tosyyaewm:

R01 - |R01| *Up = 99,2 - 40 = 3968 H.
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2.4.5 Onpenenenne ypaBHopemmatouei cuiibl MetogoM H. E. XKykoBckoro

BrruepunBaem B MpUHATOM MaciiTade TUIaH CKOPOCTEeH MexaHU3Ma, OBep-
HyThIi Ha 90°. B COOTBETCTBYIOIIMX TOYKAX IUIaHa CKOPOCTEH MPUKIAIBIBAEM 3a-
JAHHYI0 BHEUIHIOIO HAarpy3Ky M MHEPLMOHHbBIE CHIIBI 3BEHbEB. B Touke A mpukia-
JBIBAEM YPaBHOBELIMBAIOIIYIO CHUITYy. MOMEHTBI CHJI THEPLIMH, IPUJIOKECHHBIE K I11a-

TyHY ¥ KPHUBOIIIHUITY, 3aMEHSEM MapamMu CU U npukiaasiBaeM K peraary H.E. XKy-

KOBCKOTI'O:
My 1,54
F, =2v2 _ L5% _ 15 40 H:
2 lgc 0,1
My 0,56
FM3 =l—3=m=4,34H;
DE ’
My 39,53
F, =2s 3958 _5oo0,
4 lce 0,75

CocrasisieM ypaBHeHus paBHoBecus pbiuara H.E. JKykoBckoro.

XM= F;g “|pyb| — Gy * k] — Fy, |ha| — G3 - |hs] — Fy, |yl —
—Gy  |hs| — Fy, * |he| — (FU5 - Fz) “lpvel + Fu, * [bcl + Fu, - [pycl —
—Fy, * |ce| = 0;

Ep = (Gz “|hq| + Fy, - |ho| + Gz - |hs| + Fy, - |hy| + G4 - |hs| +
+Fy, |hel| + (FU5 - Fz) ‘|pvel — Fy, - |bc| — Fy, - lpyc| +
+Fy, - |ce])/Ipybl = (137,34 - 88,7 + 201,25 - 21,6 + 176,58 - 33,0 +
+131,63-19,7 + 539,55 - 33,0 + 548,63 - 148,0 + (10993,50 — 4000) X
X 220,3 —15,40-90,9 — 4,34 -243,3 + 52,70-67,5)/191,2 =
= 8711,94 H.

OHCHI/IBaeM PACXOKIACHUC MCKY B HAXOKJICHHUN ypaBHOBeHII/IBaIOIHeﬁ CHJIBI

JBYMSI CITIOCOOaMH:

A= | B —Fypl 100% = 18711,94—8705,95]
—_ —}K 0 —
EX 8711,94

-100% = 0,07%.
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3 KuHemarHyeckHMid CHHT€3 M TPOEKTHPOBaHHE KYJAYKOBBIX
MEXaHM3MOB C POJIMKOBBLIM TOJIKaTeJeM
3.1 UcxonmHble faHHBIE

Hcxoanble JaHHbIe peACTaBIeHbl B Tabuie 3.1.

Taomuma 3.1. Ucxonaele naHHBIE

da3oBbIe YIIIbl KyJlauka, Ipaj . MakcumanbHbIH
Honyckaemblit
YT U, Tpaa XOJI TOJIKATES
Pn Do Po " Smazx> M
110 15 110 20 0,025

3.2 JluarpaMMbl 3aBUCHUMOCTEH aHAJOrOB CKOPOCTH U YCKOpPEHHUS U

AuarpaMma 1nepeMcEIiCHus OT yIJjla IIOBOPOTA KyJIladKa

CuHTe3 KyJIauKOBOIO MEXaHHW3Ma HAUYMHAETCS C TMOCTPOCHUS JUarpaMMbl
JIBMOKEHUS BEIOMOTO 3BE€HA TOJIKATEIIsI, UCXO/Is U3 3aJaHHOM quarpaMmMel S ().
Ppas = Pu T Pz + P, = 110 + 15+ 110 = 235°.

JIJ1st MOCTpOEHHMSI IMarpamMMbl 3a1aIUMCSI MACIITAOHBIMU KO3(PPULIUEHTaMHU:

(P a 2350 .
o = %6 == 1 rpag/mum;
Hp = 220 = EELEDI _ 0175 pan/mm.

OmpenenuM AJIUHBI OTPE3KOB HA OCH (P, COOTBETCTBYIOIINX (ha30BBIM yIJIaM

(pl'[’ (/)BB’ (pO
|, =%=$= 110 mwm;
Y
BB 15 .
|¢BB| = (Z(p = 7 = 15 mm;

|, | =%=$= 110 mm.
P

CTpouM uarpaMmy aHajaora yCKOpEHH.
Janee unrerpupyem kpuByto S’ = f(¢) u nonydaem kpusywo S’ = f(¢).

Macmtab 06erx KpUBbIX CBSI3aH PABEHCTBOM:

Mgt = Hy g " Ugr,
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rae H; — noJitocHOE pacCcTOsIHUE.

AHanI0ru4HbIM 00pa3oM CTpOUM KpHuBYI0 S = f(¢), MacmTad KOTOpOil CBS-
3aH ¢ MaciTaboM kpuBoit S’ = f (@) cleayrommuM paBeHCTBOM:

us = Hy "ty - Ugr,

rae H, — noirocHoe paccTosTHUE.

B namem cnyuae H; = 12,1 mm; H, = 45 mm.

[Toctpous kpuByto S(¢) 3amepsieM 3Ha4eHUE Ly, = 125 MM. Onpenensiem
MacmTabHble KO3(P(ULIKUEHTHI IEpEMENIEHUS, CKOPOCTH U YCKOPEHUS TOJKATEN U

HX aHaJIOI'OB:

e = Smax = 2925 _ 6002 m/mMM;

lmax 125

_us _ 00002 :
Ugr = Hyiy — 500175 0,000255 M/mMm;

Kg' _ 0,000225
Hy'mp  12,1:0,0175

U = = 0,00121 m/MM.

3.3 Ompenenenre OCHOBHBIX pa3MEpPOB MEXaHU3Ma

3amavell TMHAMUYECKOTO CHHTE3a B JAHHOM CIIydae SIBJIACTCS OMpeIeCHHe
TAKOTO MUHHMAJIBHOTO paJNyC-BeKTOpa IpOoQHIIsa KyJauka R, IpH KOTOPOM Iepe-
MEHHBII yToJl 1aBlieHHs ¥, HU B OJJHOM ITIOJOKEHHH KyJadyKOBOIO MEXaHH3Ma He
Oyzet 6ombiue 9. JIyist 5T0ro HeodbxoauMO mocTpouTh Auarpammy S = f(S'), npen-
CTaBISIIONIYIO COOOM M3MEHEHHE TepeMeleHus Tonkareias (S) B 3aBUCHMOCTH OT
ero ckopoctu (S'), rpaduuecku UCKIIOYKUB OCh @ U3 auarpamm S = f(p) u S’ =
f(@). Ilpu oToM Ha momyyaemoii auarpamme S = f(S') macmradbl Ha 00EHX OCIX
JIOJDKHBI OBITH MEXKIY COOOM paBHBI, CIIEI0BATEIBHO, TP MOCTPOCHUH JHATPAMMBI
HEOOXOIUMO MEpecUYnTaTh STH MACIITaObl B KaKoW-mn00 oauH. IIpuHumaeM pg =
Us' = 0,0004 mM/MMm. Pesynbrathl nepecuéra pa3mMepoB B 3TOT MacuiTad mpeacras-
JIeHbI B Ta0mune 3.2.

K mocTpoenHo# quarpamMmMe npOBOJIUM IPEAEIbHBIE KacaTeabHbIE ¢ — t MOJ
yriom ¥, K Ocu OpuHAT. DTH KacaTeslbHble NPOJOIKAEM JI0 MX B3aUMHOIO Iepe-

ceueHus B Touke 0.
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Ta6nuna 3.2 — K pacuéry paauyca KyJjauka

[Tonoxenue Kynauka 0,33 1 2 3 4 5 6 7
Ckopocts §* B macurabe 0 32 | 128 | 288 | 51,1 | 735 | 895 | 99,1
Ug', MM
ﬁi(/lopOCTBS B Macitade y;, 0 01 0.2 0.5 0.8 1,2 1.4 16
lepeemenne § 8 macwmade || 6o | 13 | 44 | 104 | 200 | 326 | 47.0
Us, MM
[Tepemenienue S B Macmrade 0 01 0.7 22 5.2 100 | 163 | 235
Uy, MM
[Tpogomxenue TadauIb 3.2
[TonoxxeHue Kymnauka 8 9 10 11 12 13 14 15
Ckopocts §* B macurabe 1023 | 991 | 895 | 735 | 511 | 288 | 128 | 32
Hs', MM
ﬁ;"pOCTBS BMacmrade w, | 45 | 96 | 14 | 12 | 08 | 05 | 02 | 01
Eepmeme‘mes BMmacTade | o5 | 760 | 924 | 1050 | 1146 | 120,6 | 123.7 | 124.8
Sy
Iepememenne § B macrabe | 49 4 | 390 | 462 | 525 | 573 | 603 | 618 | 624
Hy, MM
[Tpomomwkenne TabauIs! 3.2
[Tonoxenue Kynauka 16,17 18 19 20 21 22 23 24
Ckopocts S° B maciuTabe 0 | 32 |-128|-288|-51,1|-735|-895 | -99,1
Kg', MM
g Ckopoctb S’ B Mmacmitabe p;, 0 01| 02| -05]|-081-12| -14 | -16
3 MM
3
< Eepmeme‘mes BMacWITabe | o5 | 1948 | 1237 | 1206 | 114,6 | 1050 | 924 | 78,0
o S»
c
Iepememenne § B macmrade | o5 | 654 | 618 | 603 | 573 | 525 | 46.2 | 390
Hy, MM
g [Tpomomxkenue Tabauib 3.2
; [Tonoxxenne Kynavyka 25 26 27 28 29 30 31 32
®©
[32] !
@ Ckopocts S* B macumabe | 1653 | 991 | -g95 | -735 | -51.1 | -288 | -12.8 | -3.2
. fs', MM
[y !
% CxkopocTts S’ B macmtabe 16 16 | <14 | .12 | -08 | -05 | 02 | -01
5 Uy, MM
g Hepemernenne 5 mac- 625 | 470 | 32,6 | 200 | 104 | 44 | 13 | 02
X mrade g, MM
Hepememenne S B mac- 313 | 235 | 163 | 100 | 52 | 22 | 07 | 01
S mTabe Y;, MM
[0
g 3aHITpI/IXOBaHHaSI O6J'I3.CTB, OHpCI[CJ'ISICMa}I HCpCCC‘{CHI/ICM Hp@I[GJIBHLIX Kaca-
=
(o)
S TENbHBIX t — t, IBNIAETCS 00JIaCThIO LIEHTPOB BPAILICHUS KYJa4KOB.
S
S
2 flucm
L
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MuHUMaIbHOE 3HAYEHHUE R iy TOTYUUTCS B TOM Cliydae, €ClId IIEHTP Bpa-
IIEHUS KyJadKa PacioIOKUTh B TOUKe O .
[Mpuaumaem [R,| = 150,5 MMm.
Ry = |Ry| - 4y = 155-0,0004 = 0,062 M = 62 MM.

3.4 Cunres npoduiis Kyjgauka

B oOpaimeHHOM IBMKEHWU KyJAa4OK BpallaeTcsl C YIiIOBOW CKOPOCTHIO, pa-
HOU: W, + (—w;) = 0.

[Topsimok mocTpoeHus.

Ha cBo6o1HOM MecTe BbIOMpaeTCs MPOM3BOJIbHAS TOUKa O, ABJISIONIASICS LIEH-
TPOM UCXOJIHOTO KOHTYypa KyJnauka. [[puarumaem macitaOHbIi K0dQGUIIMEHT JJIUH

Us = 0,001 m/MMm.

Ry _ 0,062
|Ry| = = =—— =62 MM.
w 0,001

Ctpoum oKpy»)KHOCTh |Ry| = 62 MM C nieHTpoM O. OKpykHOCTH |R| pa3ou-
BaeM Ha YIJbl, COOTBETCTBYIOIIME yriaM MOBOPOTA KyJjauka Ha JuarpaMmax rnepe-
MELIEHUS U aHaJIora CKOpOCTU. Yepes MOoIyYEeHHBIX TOUYKH IPOBOAUM JIyYH U3 LIEH-
Tpa okpyxHOCTH 0. TOUKHM MepecedeHust TUX Jydel ¢ OKPYKHOCThIO |R| — Toukun
By — B33. OT 3THX TOYEK 10 COOTBETCTBYIOLINM Jy4aM OTKJIAJbIBAEM OTPE3KHU, PaB-
HbIC TIEPEMEIIICHUIO TOJIKATEIsl B COOTBETCTBYOIIEM NojioxkeHnu (Dy — D;) — momy-
yaeM Touku Cy — C33. CoeauHsaeM KOHIBI ITOIYUYEHHBIX OTPE3KOB IJIABHOW JIMHUEH.
[Toy4yeHHbBIN TPOPUITH — TEOPETUUECKHMN MPODUITH KyTadKa.

Jiist moctpoenus padodero npoduisi HEOOXOIUMO 3HATh PAARYC POJIUKA TOJI-
karens. T.K. OH He 3aJaH, TO €ro BbIOUpaeM U3 KOHCTPYKTHUBHBIX COOOpakKeHU:

Toon = 0,4- Ry = 0,462 = 24,8 mm.
IIpuHumMaem 1,,, = 25 MM.

n 0,025
[fon| = 2 = —— =25 Mm.
w 0,001
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l1odn. u dama

B3am. uHs. Ne

UHe. Nodvbi.

l1odn. u dama

UHa. Neniodn

Bri6paB paaunyc poiuka, u3 JJI0ObIX TOUEK TEOPETUYECKOro Mpoduls KyJiauka

(4eM yarle, TEM JIyIle) MPOBOJAT JyTH OKPYKHOCTU T = 7;, BHyTPEHHUM 00pasoM.

[TpoBens orubaroniyto kK Ayram, noixydaem padbounii mpoduis Kynadka.

Jlucm

Jlu
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[Modn. u 0ama

lo

B3am. uHs.

WHe. Nedvbéi.

lNodn. u dama

UHe. Nenodn
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