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BBenenue

3a1aun, KOTOpPbIE TOJIKHBI OBITh PEILIEHBI, ONPEEISAIOTCS TEXHUYECKUM 3aaHUEM C
OPUJIAaTa€MbIMU K HEMY TEXHUYECKUMH YCIOBHUSAMH, OIPENCISIONIMMU HEOOXOAUMBIE
napaMeTpbl, KOTOPbIE TOJKHBI OBITh BbIAEP KAHBI IPU POEKTUPOBAHUU.

B kypcoBoMm paboTe TEXHMUYECKHE YCIOBUS JAIOTCA B 3aJaHUM, BBIJABAEMOM
cTtyneHty. Hmwke mnpuBoasTrcs TeXHHYECKOE 3aJaHHE Ha BBIMIOJHEHUE pPabOThl H
TEXHUYECKHUE YCIIOBUA B BUE 00pa3La 3aJaHusl.

TexHnuyeckoe 3aganue

1. DBBbINOTHWUTE KHUHEMATUYECKUM CHUHTE3 CXEMBl LEHTPAIBHOIO KPUBOLIMITHO-
noyHHoro mexanusma (KIIM) mo 3agaHHBIM TEXHUYECKHM YCIOBHUSM, BKJIIOYAIOLIUM
CTPYKTYPHYK0 CXEMY MEXaHH3Ma, M OIPEIECIUTh KOOPAMHATBHI XAPAKTEPHBIX TOUYEK
IIOJIOYKEHHUS TI0JI3YHA.

2. lIpoBecT KHMHEMAaTHYECKHH aHaJIW3 IOJYYEHHOW CXEMbl AHAJIUTHYECKUM U
rpad0aHaAIMTUYECKUM METOIAMHU.

3. IlpoBectu cunoBOW aHaIM3 MOJYYEHHOM CXE€Mbl 0€3 yueTa COCTaBIISIOLIUX CHJII
TPEHUs, 3aBUCALIMX OT BEJIMYUHBI YCUIUM, NEHUCTBYIOIIMX B KHHEMATUYECKUX I1apax,
aHAJIMTUYECKUM U rpa)oaHaATUTUYECKUM METOaMH.

4. Onpenenuts BENMYHMHY YPAaBHOBEIIMBAIOIIETO MOMEHTa C HCIIOJIb30BAHHEM
OPUHIMIA BO3MOXHBIX IEPEMEUICHUN AHAIUTUYECKMM U  TpadoaHaTUTHYECKUM
METOJAMHU.

Kunematnueckuii M cuiaoBod aHanmu3 mnoiydeHHoMl cxembl KIIM wMoxxer ObITh
IPOBENIEH C MCHOJb30BaHUeM nepcoHanbHoro kommbioTepa (I1IK) tuna PC. Pacuetsl Ha
[IK mpoBoasATCS 1O rOTOBBIM MPOrPaMMaM, COCTABJIEHHBIM Ha aJTOPUTMHYECKOM SI3BIKE
®OPTPAH. B nocoOuu aaHbl yKa3aHus MO BBOAY MCXOJHBIX JAHHBIX M PacIIM(PpPOBKHU
pe3ynbTaToB pacuera. B mannom nmocobuu cunosoit ananu3 KIIM ¢ ncnons3oBanuem 11K
U3JIOKEH B JIByX BapuaHTax. B mepBOM y4MTBIBAIOTCS JIMIIB ITOCTOSHHBIE COCTABIIAIOIINE
CUJl TPEHHUs, a BO BTOPOM BAapUaHTE — W CWIbBl TPEHHUs, 3aBUCALLME OT YCUIIHH,
JNEUCTBYIOLIMX B KWNHEMATUYECKUX Mapax.

I[Ipu wucnons3oBanun [IK TexHHYeckoe 3agaHWE AOMOJHAECTCS CIEAYIOIIAMUA
TpeOOBAHUSIMHU.

1. Tloctpouts rogorpadsl cui, JEHCTBYIOMIUX B KMHEMAaTUYECKUX Iapax, ¢ y4eTOM
COCTaBJIAIOIIUX CUJI TPEHHUS, 3aBUCAIIUX OT JECUCTBYIOLIUX B HUX YCUJIMM.

2. Tloctpouth Tpadvku 3aKOHOB MABIDKEHHS 2-TO M 3-TO 3BEHBEB MEXaHHW3Ma B
(GyHKLIMU yTiia TOBOPOTAa HAYaJIbHOTO 3BEHA.

3. Tloctpouth rpaduk ypaBHOBEIIMBAIOLUIEIO MOMEHTa M CHJI, JEHCTBYIOLIUX B
IIOCTYIIATEIBbHOM I1ape.

O0Opa3sen 3aJ1aHus




Mexanu3Mm Ha puc. Bl npencrasnsier coboit nentpanbabiii KIIM, npeoGpa3zyrommmii
BpAILIATEIPHOE JIBUKCHHE KpHUBOIIMIIA | B BO3BPAaTHO-MOCTYNATEIBHOE JBUKCHUE
MoJ3yHa 3.

%4 [ /2 : ) e
z g
- -

Puc. B1. Cxema KPHUBOIIHUITHO-IIOJA3YHHOT'O MCXaHHU3Ma

MexaHn3M UMEET CIENYIOIMNE UCXOIHbIE JaHHBIE:

Xon mopurHs S 5=0,35 m.

Jnuna nopmHs  1,=0,22 m.

Jinna waryna AB - L,=1,4m. 1, =1,/2.

Yacrora BpameHusi KpuBommIa  n, =120 o6/muH.

Macca miatryna  m,=7 kr.

Macca nopmag =~ m,=10,5 kr.

[leperpy3ka ropuzontanbHast  1/,=1,0.

[TocrosiHHAs cuna TpeHUs B YIUIOTHEHUAX NIPU ABMKEHUM NOpWHA — F,,=60 H.

©ooNoOh WM E

Cuna conpoTuBIIEeHus, I€ICTBYIONIAsA HA IOPLICHb:
npu  xpg,... 300 H.

opu - Xp,, 300H.

npu  Xxg,.. 300 H.

10.Pagnyc mandsr  r =0.02 m.
11.Koa¢ppunuent tpenus B nange  =0,25.
12.KoadduimeHT TpeHus B nocTynarelibHOM KUHeMaThuuecko mape  f, =0,2.



1. KWHEMATUYECKU CHUHTE3 MEXAHU3MA W  OIIPEJEJIEHUE
XAPAKTEPHbIX TOYEK ITOJIOXKEHUA ITOJI3YHA

ITo U3BECTHBIM JaHHBIM — XOJy NOPIIHA S, U JUIMHE ImIaTyHa |, - HEOOXOAUMO
ONpEeAEIUTh IIUHY KpuBOlIMNa |, , a TakkKe KOOPAUHATHI JBYX KpallHUX U CPEIHETO
TOJIOXKCHUH HOPLWIHA  Xp. 0o Xpyin + Xpep -

OueBHHO, YTO:

l,=S,/2; (1.1)
Xguax = b +15; (1.2)
Xpyin =l =l (1.3)
XBep = XBmin T I1 = I2 . (14)

JIJist 3a4aHHOTO MEXaHW3Ma UCKOMBbIE 3HAUEHHS TApAMETPOB OYIyT CIAEAYIOIINMMHU:

l, =0,35/2=0,175 m;

Xpe = (0,175 + 1,4) = 1,575 u;

Xpin = (L,4—0,175) =1,225 m;

XBep = 1,4 M.

Ha puc. 1.1 npeacraBieHa B maciitabe cxemMa MEXaHU3Ma B BOCBMH IOJIOKEHUSIX
yepe3 45° u3MeHeHus yria ¢ .Ha cxeme mokaszaHbl TpaeKTOpUU ABWXKEHUS Touek A, B,
S,, The S, - HEHTP TSHKECTHU 3BEHA 2.

3a HayaJbHOE TIOJIO)KEHUE MEXAHM3Ma IMPUHATO TIOJOXKEHHE , IPH KOTOPOM
KPHUBOILUII PACIIOJIOKEH BJIOJIb IIOJIOKUTEIBHOM MIOJIYyOCH x , T.€. ¢, =0.

Ha puc. 1.1 ykazana pomnosiHuUTeNbHas Touka F, pacronokeHHass Ha OCH X, C
MOMOIIBI0 KOTOPOW 3a/aeTcsl mpu3Hak cOopku Mexanusma. Koopamnata xp =+1, eciu

NOJI3YH ciieBa OT TouykM O KpuBOIIMIA, M COOTBETCTBEHHO Xg= -1 IpPU NPaBOM
PaCIIONIOKEHUU TTOJI3yHA OTHOCUTENBHO KPUBOLIUIIA.

Puc. 1.1. Cxema Mmexanu3Ma B BOCBMH ITOJIOKEHUSIX



2. KHHEMATUYECKUI AHAJIN3 MEXAHHU3MA

CrpyxrypHubiii ananu3 KIIM no Accypy MO3BOJIIET NPEICTaBUTh MEXAHU3M B BHUJIE
COBOKYITHOCTH MEPBUYHOrO MexaHu3Mma (Beaymiee 3BeHO 1 u croiika 4) u
JNBYXIMOBOJAKOBOM  rpynnbl (3BeHbs 2 u 3). KuHemaTuueckuidi W CHJIOBOM aHaiu3
MEXaHHU3Ma MPOBOJAT B COOTBETCTBUU C €I0 CTPYKTYPHBIM COCTaBOM.

Kunematnueckuii anann3 KIIM MokeT OBITH BBIIOJHEH JIMOO aHATUTHYECKUM , JTU00
rpaoaHaIMTUYECKUM METO/IOM.

AHaIUTUYECKUM METOAOM JUIsI OJHOIO PAacyeTHOrO IIOJIOKEHUS MeEXaHU3Ma
ONPENEIISIIOTCS MOJ0KEHUS , CKOPOCTH M YCKOPEHUS 3BEHBEB 2 U 3, @ TAKXKE TOYKH S, .

I'padpoananuTuyeckuM METOJOM JUIsl TOTO € PACUETHOIO TMOJOXKEHHSI MEXaHU3Ma
ONPENENAIOTCS €ro KWHEMATHYECKHE IapaMeTpbl C IOMOIIBIO IIJIAHOB IOJOKEHUN
MEXaHHU3Ma, CKOPOCTEN U YCKOPEHHU.

Kunematuueckue mnapameTpbl, IMOJXy4YEHHbIE JBYMs CHOCOOaMH, HE JOJDKHBI
OTJIMYATHCS APYT OT JApyra Oosee yem Ha (5...10)%.

PacueTHoe monoxeHue MexaHu3Ma ClIeyeT BbIOMpaTh W3 paboyero auamna3zoHa €ro
paboTel. Pabouunii X0 MOJI3yHa ONpENesieTcss JBUKEHUEM €r0 B HAMPABIECHUUA OT TOYKU

O, 1O ecTh Mg COOpPKM MEXaHHM3Ma, OINpeAensieMol Kak Xp = -1 , pabouuid XoJ
COOTBETCTBYET JIMaNa3oHy MepeMelleHns Beayero 3seHa ot 180° no 360° , a 1y1st cOOpKU
Xp =+1 pabouuii X0 TMOJI3yHA OMpeeNsieTcs auana3oHoM yria ¢ oT 0 m0180°. Takum
00pa3zoM, pacyeTHbIM MOJIOKEHHUSIM MEXaHU3Ma COOTBETCTBYIOT YIJIbl ¢,=225° u ¢ =315

I Xg =-1UyIJIel ¢, =45 U ¢, =135 g Xg =+1.

2.1. AHATUTUYECKUU METOJI pacueTa

Cxema MexaHHM3Ma B MaclTade B pacue€THOM MOJIOKEHUU ( ¢, =315°) IpeAcTaBlieHa Ha
puc. 2.1, a.

N3 TexHWYeckoro 3ajaHvs M3BECTHBI: JUIMHBI 3BeHbeB | =l,,, |, =1,,, yrioBas
CKOpPOCTbh Ha4aJIbHOI'O 3B€HA (01=CONSt, pacIioiI0KEeHNE LIEHTPA TSIKECTU 3BEHA2—TOUKH S, .

Heobxoaumo omnpenenuTs KUHEMAaTHUYECKHE MapaMeTphbl 3BEHbEB 2 U 3 B (DYHKIIHMH
[OJIOKEHUS BEAYIIETO 3BEHA @ ¢,(¢), 0,(¢),& (), X (), 05(9,),85 (@), @ TakKe 3aKOH

JBUKCHHSI TOYKH S, ! X52(§01)’ y82(¢1)7082(¢)1)’a52(¢1)'
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Puc. 2.1. Cxema MexaHu3Mma B PaCUCTHOM ITIOJIOKCHHHU M OIIPCACICHUC ITOJIOKCHHUA
BCKTOpa CKOPOCTH

JUtst pemieHus 3a1a4i BOCIOIb3YEMCS METOJOM 3aMKHYTBIX BEKTOPHBIX KOHTYPOB.

JUiss  3TOro BOOJb KaXXAOTO 3BEHA, COCTABJSIOLIECIO 3aMKHYTBIA  KOHTYD,
HaIIpaBJIIETCS. BEKTOP. Ero yrioBoe MOJOKEHUE ONPEAEISIETCS YIVIOM, MOJIOKUTEIBHOE
HaIlpaBJIeHUE KOTOPOTO OTCUMTHIBAETCS B HAINPABIECHUU MPOTUB YacCOBOW CTPEIKU OT
MOJIOKUTENILHOM MOJTyocH abciucc.

Ha puc. 2.1,a nokazaHbl HarpaBJIeHHUsI BEKTOPOB TpeyrojabHuka OBA.

BeKkTopHOE ypaBHEHHE 3aMKHYTOIO TPEYTOJILHUKA UMEET BUJL
Lo + €1 =104

(2.1)
CropoekTupyem BEKTOPHOE YPAaBHEHHE HA OCU KOOPAUHAT X U Y

Xy +1{,C08¢0, ={,COSQ, 2.2)
0,sing, =0, sing, '

W3 BTOpOro ypaBHEHHS MOKHO ONPEAENTUTh Yroda ¢,. s mpUHSATBIX pacyeTHBIX
MOJIOKEHUH MeXaHu3Ma OH OyAeT

1
P2 =@ IpU xp =+1,

©, =T+ Q5 TIpH x; =1, (2.3)
TZIe @, - OCTPBIH yroJ, onpeaenseMblid u3 Tpeyroibarka OAB:
@, = arcsin(j—l-sin (/)1] ; (2.4)
2
N3 nepBoro ypaBHEHHs CUCTEMBI ONIPEAEISIETCS KOOPAUHATA TOUKH B
x, =—{,C08¢, +{,C0s¢, = x,(¢,). (2.5)

Jlist onpenenenusi ckopocTeld 3BeHbeB 2 U 3 npoauddepeHupyeM CUCTEMY IBYX
YPaBHEHUN 1O BPEMEHU



dﬁ—fzsingo2 do, _ /,sin 1%
dt dt dt (2 6)
do de '

(,CoSp, —==/(.CoSp, —=

2 ?, dt 1 (2 dt
Wy ¢ yuyeToM paBeHCTB

dXB d(p2 d(pl 7,

—L =p =0, —=0,,TIC &,=—",

dt % dt 2 dt 1 TG @ =754

OyZieM UMETh CUCTEMY

v, —,w,sing, :—fla)lsingol,} 2.7)

?,w,C08¢, = ,w, COSe,

N3 BTOpOro ypaBHEHUsI CHUCTEMbl YPAaBHCHUW IIOJIyYHMM BBIPAXCHUE IS ®,, A U3
MIEPBOTO — IS Uy !

@, =w151§%=w2(¢1); (2.8)

2 2

Ly =L,0,8INY, —L,0,5INP, =V, (@) (2.9)

[ToBTOopHOE mudPepeHIUpOBaHUE CHUCTEMBI YpPaBHEHUU MO3BOJSET MOJIYYUTh
BBIPAKECHUSA 11 YCKOPEHU 3BeHbEB 2 M 3. C y4eToM paBEeHCTB

do, dw, dw,

=a, —==£, —
dt 5 dt 2 dt *
O9THU BBIpa)KCHI/IH HUMCIOT BU]L

.w?sing, — 0 ,w?sin
_ L2®s D, 19y D, = ,(0,); (2.10)

(,Cosp,
ag =l,&,sing, +1,0? cosp, —,@f cosp, =a,(p,) (2.11)
YKCleHHBbIE 3HAYEHWS KMHEMATUYECKMX MapaMETPOB [UIS PACUYETHOTO MOJIOKEHHS
3aJJaHHOTO MEXaHU3Ma OYIyT CIIEAyFOIIMMH:

&

03 = arcsin(o’lljr5 -sin315°j =51";

¢,=180°+51°=1851°.
B pangunanHoi mepe

¢, =1851°/57,3=3,23 pax;

x, =—14c0s1851°+0,175c0s315° =1,518 wm;
w, =314*120/30=12,56 1/c;

0175 cos315°
1,4cos1851°
v, =1,4(-1,114) sin 1851°—0,175*12,56 sin 315° =1692 Mm/c;

1,4(-1114)%sin1851° — 0,175*12,56% sin 315°
2= 14*cos1851°

=-1114 1/c;

w, =12,

=-1389 1/¢%;

a, =1,4(-13,89)sin1851° +1,4(~1,114)* cos1851° —0,175*12,56% c0s315° = —19,517 m/c?.



Jlis onpeneneHus 3aKOHa JABM)KEHHUS LIEHTpa TSYKECTH 3BEHA 2 — TOUKU S, COCTaBUM
HOBBIN 3aMKHYTBII BEKTOPHBIA KOHTYp OS,A (puc. 2.1). BekTopHOE ypaBHEHUE €0 UMEET

BUI:
Zosz +ZSZA :ZOA. (212)
[TpoexTHpys ypaBHEHHE HA OCU KOOPIMHAT, IIOJyYMM KOOPAUHATHI TOUKU Sy
Xgy = ps, COSQ, +£lcos%} (2.13)
Yso ==L a2 SINQ, + £, Sing,.

IlepBass u BTOpas NPOU3BOAHBIE OT X;, U Y, O BPEMEHU JaqyT 3HAYCHMUS
COCTABJISIFOLUX CKOPOCTH U YCKOPEHUS TOUKH S,

xs2 =1 55,0, SiNQ, — {0, SINQ,; (2.14)
J.’sz = —{ j5,, COSQ, + (@, COSQ,; (2.15)
Xs2 = 0 ps2E, SINQ, + 1 o, % COSQ, — {07 COSQ;; (2.16)
;82 = 4»&, COSQ, +{ o, @5 SINQ, —(,} SiNg,. (2.17)

3HaueHHUs MOJTHBIX BEKTOPOB CKOPOCTU M YCKOPEHUS TOUKHU S, OyayT
2 o2

Vg, =\ Xs2+ Ys,, (2.18)
..2 ..2

as, =\ Xs2+ Vs, - (2.19)

[Toyto’keHMEe BEKTOpa CKOPOCTH OTHOCHUTEIBHO OCH X OIpEIEISICTCS YIJIOM oy (pHcC.
2.1,0):

a, = arctg & opu  Xsz > 0; (2.20)
Xs2

o, =arctg & +7 TpU Xs2 <0,
Xs2

AHaIOrnyHO OMpeAeNsieTcs MOJI0KEHNE BEKTOPA YCKOPEHHUS:

a, = acrtg & npu Xs2 > 0;
Xs2
(2.21)
a, = arctg XSZ +7 TIpU .)Zsz <0.
Xs2

HO}ICTaHOBKa B TIOJYYCHHBLIC BbIPAXKCHHUA YHCICHHBIX 3HAYCHU U ImapamMeTpOB

3aJJaHHOI0 IIpUMEpPA JaeT CIEAYIOIIEe PE3yIbTaThI:
x5, =—0,7c0s1851°+0,175c0s315° = 0,821 wm;

Vs, =—0,75in1851°+0,1755in315° = —0,062 w;

).csz =0,7(-1114)sin1851°—-0,175*12,56sin315° =1,623 w/c;



o, =-0,7(~1114) cos1851° + 0175*12,56c0s315° = 0,774 mc;

xs2 =0,7(~1389)sin1851° + 0,7(~1114)% cos1851° — 0175*12,56% c0s315° = 1952 at/c?;
';;32 =-0,7(-1389)c0s1851°+0,7(-1114)*sin1851° —0,175*12,56° sin315° = 9,757 m/c?;
Vg, = /1623 +0,774> =1,79 wm/c;

ag, =+/(-19.52)? +9.757> =21.82 m/c’;

o, arct 2774 asi

9’75572] +180° =-26,5°+180° =1535°.

a, = arctg(

2.2.Fpad)OaHaJIHTH‘{eCKHﬁ MCTOJ OIIPCACIICHNA KNHCMATHYCCKHUX ITaApaMCTPOB

I'paduueckne MeToAbl KUHEMATHYECKOTO HCCIEIOBAHUS MEXaHU3MOB 00J1a1atoT
HarJISAHOCTBIO, YI00CTBOM KOHTPOJISL.

I'padoananutuyeckuii  MeTOJ  ONpEAeiCHUS  KUHEMAaTUYECKUX  IapamMeTpoB
MEXAHU3MOB CBOJAUTCS K MOCTPOCHUIO IUIAHOB MX TMOJOKEHHUM, CKOPOCTEN U YCKOPEHHUI.

2.2.1. OnpeneneHue NoJI0KEHUN

[lnan mnonokeHWd MeXxaHu3Ma — OTO TpapUUecKoe H300paKEHHE B3aMMHOTO
pPacCIoJIOKEHUSI 3BEHBEB, COOTBETCTBYIOIEE BBIOPAHHOMY pPaCcUETHOMY IMOJIOKEHUIO
Ha4aJIbHOTO 3BEHA.

[1nan monoxeHuit MexaHu3Ma JUIsl yriia ¢, =315° mokasaH Ha puc. 2.1. MacmraGHsIit

KO3 ((PUIIMEHT M1aHa MOJOKEHUN K, ompenensieTcs Kak
l
K, ===, (2.22)
OA
rae /, - JeWCTBUTENbHAs JUIMHA 3BeHa 1; OA - JJMHA OTpe3Ka, M300pa)karoliero
3BEHO | Ha mIaHe MOJIOKEHU.

Torga oTpe3ok AB, COOTBETCTBYIOIIMUI [UIMHE 3BeHA 2, OyIeT
— /
AB =2, (2.23)
K,
[111aH OJIOKEHUH TO3BOJISET ONPEAEIUTH YTOJI ¢, U KOOPIUHATHI TOYEK B U S, :
xpz =K, -OB;xg, =K, -Xo0s2;¥5, =K, - ys,- (2.24)
Jl1si paccMaTpUBaEMOro MPHMEpPA YHCIICHHbIE 3HAUYEHMS MIPUBEACHHBLIX MapaMETPOB
OyIyT CleayroIme:
0175

, =——=0,01 m/mm™m;

10



— 14
AB = —— =140 mm;
0,01
@, =185 x, =0,01:152=152 M; x,, =0,01-82=082 M; y,, =0,01-(-6) =—0,06 M.
3HaueHHus Xz, @,, Xgp, Vg, C OOJBIIOH CTEHNEHBIO TOYHOCTH HPUOIMKEHBI K

3HAYEHUSIM, MTOJTYYCHHBIM aHATUTHUYECKUM CITIOCOOOM.
2.2.2. Onpenenenue CKOpocTei

MeTton ocHOBaH Ha rpaUYecKOM pEIICHUH BEKTOPHBIX ypaBHEHUU ABIMKeHus. Jlis
MOCTPOEHUSI TUJIaHA CKOpPOCTEH JOoKHAa OBITh — M3BECTHAa KHUHEMaTHYecKash cxema
MEeXaHMU3Ma, MOCTPOeHHAas B MaciuTade (puc. 2.2, a), ¥ 3a7iaH 3aK0H JABMYKECHUSI HAYaJIbHOTO
3BeHa (HampuMep, o, = const).

TpeOyeTcst HallTH JTMHEWHbIE CKOPOCTH TOYEK A, B U S,, a TakKe YIJIOBYIO CKOPOCTb
3BEHA 2.

ITocTpoeHne maHa CKOPOCTEH HAYMHAETCS C OINPEACIICHHS CKOPOCTHU TOYKH A
KpUBOLIMIIA

v, =l (2.25)

BekTop cKOpocTHM TOYKM A HaNpaBlIeH NEPHEHAMKYJISPHO KpuBommmy OA B
HaIlpaBJIEHUH €r0 BpalllCHHS.

11



Puc.2.2. Cxema mexaHu3ma, rjiaHbl CKOPOCTEH U YCKOPEHUH

CKOpOCTL TOYKHU B, HpHHaﬂﬂe}KaHleﬁ 3BCHY 2, MOXXHO MMpCACTAaBUTb KdK BCKTOPHYIO
CyYMMY CKOpOCTGfI IEPEHOCHOI'O U_Be U OTHOCHUTCJIIBHOTO U_Br JIBUKCHU

53 = l_)Be +l_)Br. (226)

HepeHOCHBIM JIBUOKCHUEM 3BE€HA 2 SIBJISICTCS IMOCTYIIAaTCIbHOC IBUKCHUEC Cro CO
CKOPOCTBIO TOUKH A

Vse =D,

a4 OTHOCHUTCIIbHBIM — BpallaTCIbHOC JIBHXXCHHC 3BCHA 2 BOKPYI' TOYKH A. Ecin
0003HAYUTH OTHOCHUTCIIbHYIO CKOPOCTDb Y€PE3 Lz, , TO

UBr = UBA.
OKoOHYATEIHLHO BCKTOPHOC YPAaBHCHUC JJII CKOPOCTHU TOYKH B 6y):[eT NMETHh BU

U_B=lﬁ+UBA.

Ilx L OA L BA

B 3TOM ypaBHEHMM BEKTOPBI CKOPOCTEH, U3BECTHBIE 110 BEJIMYMHE U HANPABIICHHUIO,
NOJIYEPKHYTHI IBYMSI YEPTAMH, & U3BECTHBIC JIUIIb 10 HAITPABJIECHUIO — OJTHOM YEpPTOM.

JUist onpezenieHHsl YKa3aHHBIX HEM3BECTHBIX BEJIIMYMH CTPOUM ILIAH CKOPOCTEH ¢
BBIOpAaHHBIM MacITaOHBIM KO3 puimenTom K,,

(2.27)

K, =2A % . (2.28)

Zv, | MM

L

31ech

Zv, - JUIMHA OTPe3Ka, H300paKaloNiero Ha IiaHe CKOPOCTh v, .

W3 npou3BoiIbHON TOYKM MOJIOCA IUIaHa ckopocted p, (puc. 2.2, 6) mpoBeaem
BEKTOp Zv,, MNepHeHAUKYISApHbIi Kpupomumy OA, COOTBETCTBYIONIMH Ha IaHe
CKOpocTell abCONIOTHOH CKOPOCTH va. M3 KOHIA BekTopa Zv, (TOYKAa @) TPOBOIMM
JNIMHUIO B HANPABJIEHUM OTHOCUTEIBHOM CKOPOCTH Ugpa, MEPIEHIUKYIAPHYIO AB, a U3
nojoca p, - IMHUIO B HANPaBIEHUH CKOPOCTH L, MapaiieibHylo OB. B mepeceuenuu
YKa3aHHBIX JIMHUH HaXomuM Touky b. BekTop Zv, M300pa)aeT cKopocTh vy TOUKH B, a
BEKTOp Zv,, - CKOPOCTb Lpa. BETMUMHBI JeHCTBUTENBHBIX CKOPOCTEH OMPENENSIOT IO
dbopmynam

|UB| :ZUB -K.i

Ugp = Z0ga K.

HanpapyeHne CKOPOCTH v, ONpeeNseTcs IpU MapalielbHoOM epeHoce BeKTopa Zvu,
B Touky B mMexanusma (puc. 2.2, a). T.K. BeKTOp vs B TOuke B MexaHuM3Ma HampasleH B
CTOPOHY MOJIOKUTEJIbHOM MOIYOCH X, 3HAK CKOPOCTH Ly OYIET MOTOKHUTEIbHBIM.

Moaynb yrioBoil CKOpOCTH 3BeHa 2 OyAeT

o =22 (2.29)

2
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HamnpaBnenue o, HaxoauTcs MO BEKTOpY Lg, . Ha puc. 2.2, a », HampaBieHa Mo

4acOBOM CTpEIIKE.
CKopoCcTh TOUKH S, OMpPEAEISAeTCs C MOMOIIBI0 BEKTOPHOT'O YPAaBHEHUSL:

Us2 = LA + Us2a (2.30)

L OALAS,
3,Z[CCI) CKOPOCTb OTHOCHUTCIIBHOI'O ABUWKXCHHUS TOYKHU 82 Ug,, HAXOAUTCIA MCETOAOM

MPOMOPIIMOHATILHOTO JIEJICHHUsS OTpe3Ka d6 Ha IUIaHEe CKOPOCTeH, H300pa)aroero
OTHOCUTEIBHYIO CKOPOCTh Vg,

as; = &(AS%B} (2.31)

HGI‘/'ICTBI/ITGJIBHEUI CKOPOCTb vg,, OIPCACIEICTCS KaK

Vg, = v, K

(2.32)

.
Jy1ist paccMaTpuBaeMoro rnpuMepa YuciaeHHOE 3HAYeHUE CKOPOCTH v, PABHO
v,=12,56*0,175=2,198 m/c ~ 2,2 m/c.

Ecnu Ha nmane ckopocTeii (prc.2.2,6) H3BECTHYIO CKOPOCTh A M300Pa3UTh OTPE3KOM

JJIMHOU 66 MM, TO MOJIyYUM:

22 1| Y%

, = ——= . Z0,=51 MM Zv,, =47 MM;
66 30| mm

UB

=51. 1 =17 m/c.
30

Tak Kak BEKTOp vy B TOuke B MeXaHM3Ma HANpaBieH B CTOPOHY MOJOKUTEILHOM
MOJIYOCH X ,3HAK OYJET MOJOKUTEIbHBIM:
vg=1,7 Mm/c
1 1,56
Uy =47-— =156 M/c;  |w,|=="—=1119 .
30 14

VYrinoBasi CKOpOCTh ®, HalpaBi€HAa MO YacOBOW CTpEJKe, MOATOMY HMMEET 3HakK
«MUHYC»:
o, =-1119 1/c;
1 1 1
ag, =—ag=—--47=235 MmM; v, =55-—=183 M/C.
2 2 30

CpaBHeHHeE ¢ pe3yJbTaTaMu aHAJTUTHYECKOTO METO/Ia pacyeTa J1aeT omKOKy He Ooee
3%.
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2.2.3. OnpeneneHue yCKOPEHH

HOCTpOCHHG IJ1aHa YCKOPGHI/Iﬁ IMO3BOJIACT OIIPCACINTD JIMHCHHBIC YCKOPCHHA TOYCK

A, B u S,, a Takke yIJIOBOE YCKOpEHHUE 3BeHa 2.
—n
YckopeHue TOUYKM A KPHUBOIIMIA CKJIAAbIBACTCS M3 CYMMbl HOpPMaJIbHOM AA W
—t
TaHTE€HIMAIbHONH AA COCTABISIONIMX

— —n  —t

aa =aa +aa, (2.33)

rae ay =/} ;a, =/,&,.

HopmaiibHble COCTABIISIIONIME YCKOPEHUN BCETJa HAPABICHBI IO PAAUYCy K LEHTPY
BpalllCHUA, da TaHI'CHIIUAJIBHBIC COCTaBJIAKOIIIUEC MNCPIICHAUKYJIAPHBI  paauyCy H

HaIIpaBJICHBEI B CTOPOHY YITIOBOI'O YCKOPCHHUA.
YCKOPCHI/IG TOYKH B, HpI/IHaIIJIe}KaHIeﬁ 3BCHY 2, MOXKHO IIPpCACTaBUTL B BHIC

BEKTOPHOM CYMMBbI YCKOPEHUN NIEPEHOCHOTO as. U OTHOCUTEIBHOTO asr JBUKCHUUN
as = ase + asr, (2.34)
I'IC dge = Aa,dpr = ABA.
OTHOCI/ITGHLHOG YCKOPCHHUC TOYKH B Tak>Xe COCTOMT U3 ABYX COCTABJIAOIITUX
- —n —t
dsa = dpa +asa, (2.35)

n 2.t
THE Ay =V ,005 Ay =1 ,&,.

do,
C y4eroM NpUBEICHHBIX BBINIE (OPMYJT H B Ciydae ngl =0 oKoHUaTenbHO
MOJTy4HM ap = ﬂ + & + atﬁ. (2.36)
Il x11OA/l AB_LBA

Kak u panbiie, ogqHOM 4YEpPTOM IMOMUYEPKHYTHI BEKTOPBI, M3BECTHBIE TOJBKO IO
HaIPaBJICHUIO, & MTOJIHOCTHIO U3BECTHBIE BEKTOPHI MOJUYEPKHYTHI ABYMS YEPTAMU.
[TocTpoenue mnaHa yCKOPEHUI HAauyWHAaeM C BBIOOpa MacmTaOHOro kKoddduireHrta

) ) ) n
iaHa yckopeHui K, mo jgt000il U3BeCTHOM BeIMYHMHE — 100 1o a, , 1100 1o 8, . [lycts

n

— aA
°oza)’

re Za) - JUIMHA OTpe3Ka, M300pakaloero yCKopeHue a\ .

K

(2.37)

Torga BennunHa OTpe3ka Zag,, M300paxarolliero u3BeCTHOE YCKOpeHue ag, , Oyaer

_ an
Zaj, = —BA, (2.38)
Ka
W3 mpou3BONBHONW TOYKM MOJIKOCA IJIaHA YCKOpeHUil p, (puc. 2.2, 8) OTKIaJbIBacM
— —t
OTpE30K Za, B HANPABJICHUMU K LIEHTPY BpameHus 3BeHa 1 — Touke O. Tak kak aar =0 u,

_ _
CJIEIOBATENILHO, aa =aa, OTPE30K p,a M300pakaeT MOJTHOE YCKOPEHHUE TOUKU A .
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N3 koHuma otrpeska p,a napauvielbHO BA 10  HampaBieHUIO K LIEHTPY

OTHOCHUTEJILHOTO BpalllcHHs 3BeHa 2 — TOYKE A OTKJIAAbIBAEM OTPE30K Zal, ¥ M3 €ro
KOHIIA MEPHEHAUKYISIPHO AB TpOBOAMM JIMHUIO JI€UCTBUSA TAHTCHIMAIbHOMN
COCTaBJISIIOLIEH OTHOCUTEJIBHOIO  YCKOPEHMs aj,. 3aTeéM M3 IoJIIoca IUlaHa p,
napajuienbHo OB MpOBOAMM JIMHUIO ACHCTBUS aOCOMIOTHOTO YCKOpeHUsl Touku B . Touka
b, monydyeHHas Ha HepeceYeHUM STHUX IIMHHMIA, OIpeneNseT KOHIBI OTPE3KOB Za., H

Za, = p,b, M300paXkaloIMX COOTBETCTBYIONINE YCKOPEHUS. BeNHUUHBI STHUX yCKOpEHHUit
OymyT

ag, = K, - Zay, ¥ [a|=K, - Za,.

Tak Kak BEKTOp YCKOPEHHs as HAIPAaBIEH B CTOPOHY OTPHIATENBHOM MOIYOCH X, TO
3HAK YCKOPEHUs ag OyJeT OTPHUIATEIbHBIM.

CoevHUB TNPAMON TOYKH ¢ M D TaHa yCKOpeHWH, MOTyd4HM OTpe3oK ab),
M300paKaroIIii IOJHOE OTHOCUTEILHOE YCKOPEHHUE asa. Ero BeanunHa Oyuer

ag, =K, -as.

BennunHa yrinoBoro yCKOpeHus 3B€Ha 2 ONPEAEISIETCS U3 YPABHEHUS

aBtA

“92‘:

(2.39)

2
—t
[lepeHecs BEKTOp YCKOPEHHUS asa B TOUKY B MEXaHM3Ma U pacCMaTpUBasi JBUKCHUE
TOYKU B OTHOCUTEJIIBHO TOUYKU A ,» MOXHO OHpe,Z[eJII/ITB HaHpaBHeHHe YCKopeHI/ISI g,

Y CcKOpeHHe TOUKU S, ONPENEIAeTCS U3 BEKTOPHOIO YPaBHEHUS

o

As2 =aa +as2a. (240)

/] OA// aga

BenuurHa OTHOCUTEINBHOIO YCKOPEHUS a,, HAXOIUTCS aHAJIOTMYHO CKOPOCTH ULg,, -

METOJIOM TIPOIIOPIIMOHATIBHOTO ACTCHUSI OTpe3ka ab, M300pa)KaromIero OTHOCHTEIBHOE
YCKOPECHUE ag,

ason = aBA(ASZJ (2.41)
AB

WJIM Ha puc. 2.2, 6

asz = ab AS .
AB

[TonHOE yCKOpEeHUE TOUKH Sy ONpeAesIeTCsl Kak
ag, =Zag, -K

(2.42)

Jli1st paccMaTpHBaEMOro IPUMePa PAaCcUEThl JalOT CIEAYIOIINE 3HAYEHUS [TapAMETPOB:
a,=ay =0175-1256* =27,6 m/c?;

a*

al =14(-1114)2 =172 m/c’.
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BosbMeM oTpe3ok Zap=82,8um, Torma mMacmraOHbIA Kod(QuIMEHT OyaeT paBeH

E mlc? (x _27,6_1 M/CZ)
3 um “ 828 3 um
OTpe30K, n300paXkarolnil U3BECTHOE YCKOPEHHUE ag,
= 172
Za), =——=52 um.
P13

Hckombie yckopeHust Oy IyT:
|lag| =1/3-58=193 wm/c?;

a,, =1/3-58=19,3 m/c?;
|, | =%=13,8 1/c%.

Tak Kak BEKTOp YCKOPEHHUS a, HaIPaBJEH B CTOPOHY OTPHUILIATEILHON MOJIYOCH X, TO

a, =-193 m/c?.
YTn0oBo€e yCKOPEHUE &, HAMPABJIECHO IO YACOBOW CTPEJIKE, MOITOMY
£, =-138 1/c?;

as, :1a6:1-59: 295 mwm;
2 2

a;, =66-1/3=22 mlc?.

CpaBHeHHE pe3yJbTaTOB pacueTa CO 3HAYCHUSIMHU, MOJTYUYECHHBIMH AHAIUTHYECKUM
METOJIOM, JIa€T MaKCUMaJbHYI0 OIUOKY He Oosee 3%.

3. CWJIOBOM AHAJIN3 MEXAHU3MA

3ajadeil CHIIOBOrO aHadW3a PhIYaKHBIX MEXAHH3MOB SIBISICTCS OIpPEISICHUE CHII,
JNEHUCTBYIONIUX B KMHEMATUYECKUX TMapaxX MEXaHH3Ma, YPaBHOBEIIMBAIOIICH CHIIBI WU
YPaBHOBEIIMBAIOIIETO MOMEHTA, KOTOPBhIE HAJ0 MPUIIOKHUTh K BEAYIIEMY 3BCHY IS
obecrnieueHUs TpeOyeMOTO 3aKOHA JBIKCHHS BEIOMOI'O 3BEHA.

CwiioBoif pacyeT MeXaHWM3Ma B JaJbHEUIEM II03BOJIUT PEIIUTh CIICAYIOIIHNE
WH)KCHEpHBIE 3a7add: 1) pacdeT 3BEHBREB MeEXaHHW3Ma Ha TPOYHOCTh, IKECTKOCTD,
W3HOCOYCTOWYMBOCTh M T.M.; 2) pacyeT TMOJBIWKHBIX COEAUHEHUN 3BEHBEB Ha
JOJITOBEYHOCTH; 3) BHIOOP MOIIHOCTHU JBUTATENS U T.1.

[Ipu mpoekTHpoBaHWK MEXaHW3Ma CHUJIOBOW aHAJIM3 BBIMTOJHACTCS B JBa 3Tama. Ha
MIEPBOM JTare OMPEACISIOT CHUIbl B KHHEMAaTHYECKHMX IMapax 0e3 ydera CHJI TPEHUS,
3aBUCANIMX OT YCWIMH B KHHEMATHYCCKUX TIapaX, YYHUTHIBAs JIMIIb ITOCTOSTHHBIC
COCTABJISIONTNE, 3aJaHHBIC B TECXHUYCCKUX YCITOBHUSX.

Hcronp3yst pe3yabTaThl TEPBOTO AdTama, OMPEICTSIOT CUJIBl M MOMEHTBHI TPCHHSI,
3aBUCAIIME OT CHJI PEaKIMid, U HAa BTOPOM JTalle C UX YUYETOM OIPEACNISIOT UCTUHHBIC
peaKIuy B KHHEMAaTHYECKUX Tapax.
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[Ipy wWCHnoNb30BaHWM KWUHETOCTATHYECKOTO METOJAa B YPAaBHEHUS pPaBHOBECHS,
Ha3bIBAEMbIE YPABHEHHUSIMU KUHETOCTATHKH, BXOASAT HE TOJBKO BHEIIHUE CHJIBI U
MOMEHTBI, CUJIbl B KHHEMATUYECKUX Napax, HO U CUJIbI 1 MOMEHTHI CHUJI UHEPLIMH.

JUIsI KMHETOCTaTUYECKOM ONPENEIMMOCTH IUIOCKMM MEXaHU3M HE JOJDKEH HMETh
U30BITOUYHBIX CBA3EH.

CuiioBoil pacyer MexaHuW3Ma NPOBOJSAT B COOTBETCTBUM C €ro CTPYKTYPHBIM
COCTaBOM, T.€. pacyeT HA4YMHAIOT CO CTPYKTYpPHOH TIpyMNIbl, HauOoyiee yNAJEHHOW OT
HAa4aJIbHOT'O 3B€HA, M 3aKAHYMBAIOT PACUYETOM IEPBUYHOIO MEXaHU3MA.

3.1 CunoBo¥ aHanu3 0e3 ydeTa CUJI TPEHHUS, 3aBUCSIIMX OT CHJ, JCHCTBYIOIIUX B
KMHCMATHYCCKHUX TIapax.

JI71s1 IepBOro dTarna CUJIOBOr0 aHaJIM3a MPOBEIEM pacueT HECKOJIBKUMU METOAAMMU:

1) nns pacueTHOro TOJIOKEHUST MEXaHu3Ma rpaoaHaTUTHUYECKUM METOI0M
ONPENEIIMM CHJIBI BO BCEX KHHEMATMYECKUX I1ApaxX M YPABHOBEIIMBAIOIIMI MOMEHT,
KOTOPbIN HEOOXOIMMO NPHIIOKHUTh K HAYAJIbHOMY 3€BHY ;

2) OCHOBBIBASICh HA METOJI€ BO3MOXKHBIX MEPEMEILECHUN, ONPEAETUM AHATUTUYECKUM
U rpaQoaHaJIUTUYECKUM CHOCOOaMU YpPaBHOBEIIMBAIOIIMA MOMEHT JJIi TOrO JKe
PAaCUYETHOIO IMOJI0KEHUSI MEXaHU3MA.

3.1.1. T'padoananuTryecKkuii METO] CHJIOBOTO aHAIN3a MEXaHU3Ma
JUis pacyeTHOro MOJIOKEHUS MEXaHHW3Ma HEOOXOIMMO ONpENeNIUTh BCE CHIIBI U

MOMEHTHI CHJI, ICMCTBYIOIIME HA 3BE€HbSI MEXaHU3Ma.
1. Cunbl TKeCcTH

G =-mg (i=23). 3.1)
2. Cunbl OT JE€UCTBUSI TOPU3OHTAIIBHON U BEPTUKAIBHOM MIEPETPY30K:
Fry =—M0ll ., Fpg =—mgllg. (3.2)

3. I'maBHBIC BCKTOPbI M TJIAaBHBIC MOMCHTBI HMHCPLHUMOHHLIX CHJI, K KOTOPBIM

HIPUBOAATCS CHJIbI MHEPIUH, ICHCTBYIOIINE Ha Ka)J10€ 3B€HO MecXaHu3Ma. J[Ji1 3BEeHbEB 2
u3

Fuz =—m,as2; Muz =—Js262; Fus =—m;ass =-m,as, (33)
IJI€ M, ¥ M,-MacChl 3B€HbEB 2 U 3; as2 U as3-yCKOPEHHUS LICHTPOB MAcCC 3BEHBEB (IS
3BeHa 3 TOYKa S, COBMAJAIOT C TOUKOHM B); &,-yrimoBoe yckopeHue 3BeHa 2; Jg,~-MOMEHT

WHEPUUU MacC 3BEHAa 2 OTHOCHUTEIBHO OCH, NPOXOASIIEH uYepe3 ILEHTp Macc H
MEPICHANKYJIIPHON TIIOCKOCTH ABUKEHUS 3BEHA, KOTOPBIN ONpeIeIsieTcs: o GopMyIie

Js, =012m,12. (3.4)
4. Cuna TpeHus Ha MOJ3yHE
Fra = _|FT3|Sign(UB)1 (35)
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. L
rae sign(v,) = —2
Vs
5. Cuna conpoTUBJIEHUS Ha MOJI3YHE:
nist Hepabovero xofa nomyna Fq; =0;

utst pabodero xoma  Fg, = —|Feqfsign(vy). (3.6)
31ech ‘FC3‘-MOILYJIB CHIBl COIPOTHBIICHHS, COOTBETCTBYIOIIUN PAaCUETHOMY

MIOJIOKEHUIO MeXaHu3Ma. J{Jis onpeziesieHus: 3HaUe€HUs! 3TON CUiIbl HEOOXOJUMO ITOCTPOUTH
npuOMIKEHHBI TpaduKk MapaboMYecKO 3aBUCHUMOCTH CHJIBI CONPOTUBICHHUS OT

KoopauHatel TOukH B F.5(xp) , ucmone3ys Tpu 3HaueHust QyHKomu F.; 11 Tpex
3HAYEHUH apryMeHTa X, JaHHbIE B 33JaHUU.

['paduk 3aBucumoctu F 5(x;) npeacrasnen Ha puc.3.1.

Fol #

300 S

200 L

100 [

0 o 2 [ %5 | .M
Xbmax XHC/J )(19/77//7 /\/pr Xbmax
| | @, epad
0 160 760

Puc. 3.1. 3aBUCUMOCTb CHJIBI COIPOTUBJICHUS OT MOJIOKEHHUS MOJI3YHA

3HaK «MHHYC» BE3[l¢  YUYUTHIBACT  HAMpaBIIEHWE CHJIOBOTO  TapameTpa,
IIPOTUBOIIOJIOKHOE HATIPABICHUIO COOTBETCTBYIOIIETO KHHEMATHYECKOTO IapameTpa.

UuciieHHbIE 3HAYeHHS CUJI U MOMEHTOB CHJ JUIsl PACUYE€THOTO TOJIOKECHHUS
paccMmaTpuBaeMoro MmexaHusma (¢, =315°) OyAyT cleayOIUMHU:

G,=-7-98=-686 H; G,=-105-98=-1029 H;

Foo=-686 H;, F;5=-1029 H,;, F;;, =F;;=0;
F,=-7-2182=-1528 H;  F,,=-105-(-1952) = 2048 H;

Jg, =012-7-1,4% =165 xe-m*;, M, =-165(-1389)=2287 H-x ;
F,, =—60 H; Fq3=-310 H(cm.puc.3.1); (Fpq+Fo3)=-370 H.
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ManbiMu BETMYMHAMU, KOTOPBIE COCTaBISIOT He Oonee (5...10)% ot makcuManbHOU
U3BECTHOM CHUIIbI, MOKHO MPEHEOPEYb.

CunoBoii pacueT MeXaHU3Ma CJIeIyeT HayaTh C ABYXIIOBOJKOBOM IPYIIIbI, COCTOSIIEH
u3 3BeHbeB 2 U 3. Cxema CTpyKTypHOW TpymIbl, H300paKEHHON B MacliTabe co BCEMU
NPUJIO)KEHHBIMU CHJIAMU, IpeJCcTaBieHa Ha puc. 3.2,a. OnpeaeneHuro Moajiexar CHIIbI
peakuyu F,, , F, 1 F,.

3aaya HaXOXKACHUS CWI U Iuleda h,, ABIETCSA CTAaTHYECKH ONPEACIIMMON 3ajayei,

IMOCKOJIBKY IJIA I'PYIIIbI U3 JIBYX 3BCHBCB MOXXHO COCTABUTH 6 ypaBHCHI/Iﬁ PaBHOBCCH:A, U
OIIPCACIICHUIO ITOIJICIKAT 6 HEU3BECTHBIX - BEJIMYUHBI U HallpaBJICHUA CHJI peaKuHﬁ BO
BpalaTCJIbHbIX KHHCMATUYCCKUX IMapax Amn B, BCJIMYMHA N TOYKA IMPHUIIOKCHUA CHUJIIbI F34

B TIOCTYNATEIbHOW KWUHEMATUYECKOM TMape IMOJ3YH — HEMOJBUKHBIC HAIMPABISIONIUE
II0JI3YHa.
Jlns ynoOcTBa mpoBeICHUS pacyeTa IJIaBHbI MOMEHT CHJI UHEPIIMU MOKHO 3aMEHUTh

napoi CuJi, MPUJIOKEHHBIX B TOUKax A u B 3BeHa 2. 3HaueHus cui OyayT

Fou, =M, /0, =%=1G,3 H.

[Ipu rpadgoaHanMTHUECKOM METOJIE pacueTa ClIeyeT HEU3BECTHYIO CHITY peakiuu F,
IIPEJOCTaBUTh B BHUJE JIBYX COCTaBJIIOIIMX: HOPMalbHOM  F,;, HAIlpaBJICHHOW BJOJIb
3BEHA, U KacaTelIbHOI F,, , HApaBJICHHON MEPIIEHANKYISIPHO 3BEHY.

Bce HensBecTHBIE CHIIBI pEaKIMU Ha puc. 3.2,a HaINpaBJIeHbI POU3BOJIBHO. Ecin n3
pacdera Kakas-1MOO CHJIa TIOJYYUTCS CO 3HAKOM «MHHYC», 3TO 3HA4YUT, 4YTO €€
JNEWCTBUTEIBLHOE HAIIPABIICHUE MPOTHUBOIIOI0KHO IIPUHITOMY.

JUtist cucteMbl cujl, ACUCTBYIOLIMX Ha 3BEHO 2, COCTABUM YPaBHEHHE MOMEHTOB
OTHOCHUTECJIBHO TOYKH B

S M, =0. (3.7)

Econ YCIOBHUTBCA, YTO MOMCHTBI, HAIIPABJICHHBLIC IIPOTHUB JacOBOH CTPCJIKH,
CUHNTAIOTCA ITOJIOKHUTCIIBHBIMHU, a I1O JacOBOH CTPCJIKC - OTpHUHATCIbHBIMH, TO YPABHCHHUC
MOMCHTOB 6yz[eT HUMECTb BUJ

MB(G2)+ M B(Fuz) -M B(FHFZ) +M B(FMuz)+ M B(thl) =0,

A€ HCU3BCCTHAA COCTABJIAROIIAA CHIIbI thl HaIlpaBJICHA IIPOMU3BOJBHO — BHH3 OT
TOYKHU A.

B pa3BepHyTOM BHE ypaBHEHUE NIEPENULLIETCS KaK

G,hey + Fiohyy = Fryp Dy + Foyp - AB+FL - AB =0,

OTkyna HeusBecTHas cuia F, Oyner
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(3.8)
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Puc.3.2. CxeMa K KHHETOCTATUYECKOMY PACUETY ABYXIOBOAKOBOM IPYIIIIHL,

BCAYLICIO 3BCHA U IJIaH CHUJI
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3neck 4epes h ¢ wunmekcamm 0003HAYEHBI IUIEYH COOTBETCTBYIOIIMX —CHII
OTHOCHUTENILHO TOUkM B . Kak BUIHO 13 hopmyisl ais Fy,, €YU CHUII MOTYT OBITh B3ATHI
HEMOCPEAICTBEHHO W3 pUCyHKa Tpynmbl (puc.3.2, a), HeB3upas Ha MacmTad ero
ITOCTPOCHMUS.

Crnenyer OTMETUTh, YTO MPHU ONPEIEICHUN YHCICHHBIX 3HAUEHUI CHJI pEaKlMil, Kak
F,,» TaK M IPYTUX, BCE CUJIBI CIeIyeT OpaTh MO MOAYIIO, TaK KaK 3HAK CHJIbl YKa3bIBAaeT Ha
€€ JCUCTBUTEIBHOE HAIPABJICHUE, @ HA CXEME MEXaHU3Ma 3HAK CWJIbl ObLI YUYTEH IpHU
1300paKEHUU €€ Ha PUCYHKE.

YucneHHOEe 3HAUEHUE KacaTeJIbHOM COCTaBJsIOIIEN F), Ui paccMaTpuBaeMoOro
npuMepa oyzer

FL = —686-69-1528-35+686-7-16,3-140 _ _849H

140

3HaK «MHHYC» O3HAadaeT, 4Yro cwia F, JokHa OBITh HampaBlieHA B
IPOTUBOIOJIOXKHYIO OT BHIOPAHHOTO HAIPABIIEHUS CTOPOHY, T.€. OT TOYKHM A BBEpX, UTO
MOKa3aHo Ha puc. 3.2,a.

(V) [ —n
Jns ompeneneHus BEIWYUH HOPMAJIbHOM COCTABISIIOIIEH CUJIBI B TOUKE A Fa H

cunbl  Fa  COCTaBUM BEKTOPHOE YPaBHEHHME pPABHOBECHUS CTPYKTYPHOM TpYIIIIHI,
CIPYIIIIMPOBAB CUJIBI 110 3BEHBSIM:

> F=0. (3.9)
2,3
N

@+(§+i)+l_:ms +Q+

@
@l

= = —t —=n
3+G2+Fmrz +Fuz +Fau +Fa1 =0.

1x I AB

B ypaBHeHUUM CuJbl, U3BECTHBIEC IO BEJIMYMHE W HAMPABICHUIO, TOAYEPKHYTHI JBYMSI
YyepTaMu, a U3BECTHBIE JIMIIb 110 HANPABICHUIO - OJJHOW YEPTOMU.

PemuM BekTOpHOE ypaBHEHUE TpaQUUYECKH - MyTEM MOCTPOEHUS MHOTOYTOJbHUKA
cun (puc.3.2,0). [ns »otoro HeoOxomumo BbIOpaTh MacIITaOHBIA  KOIPPUITUEHT
NOCTPOEHUS IJ1aHa cuil K., UCTIOJIb3Ys JII0OYI0 U3BECTHYIO CUITY, JIydIlle MAaKCUMAJIbHYIO :
y Hac (FC3 + FTB) '

— (FC3 + FTS)
Z(Fes +Fra)
Eciu Juis paccMaTpHBaEMoro puMepa oTpe3ok Z (Fe, + Fr,y) , H300pakaromuii cymmy
cun (F,, +F;)=370 H, BeIOparh paBHBIM 74 MM, TO MaclITaOHBIM KOA((ULUEHT IJIaHa

CHJI OYJIeT «yIOOHBIMY YUCIIOM:

Ke :31):5H/MM.
74

(3.10)

F

Torna oTpesku, n300paxaromye oCTalbHble U3BECTHBIE CHIIbI, OYIyT

Zo2=2Zr,, = 986 _137
Zo3 :ZF,”.3 =% =20,6 mm;
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_ 1528

204,8
ZFu2 =

=30,6 MM, Zfu3 = 41 wmwm;

ZtFZl =£5’9 =17 mm.

HOCTpOCHI/Ie CUJIOBOI'O MHOT'OYI'OJIbBHHUKAa HAYHCM C JIMHUHU I[GﬁCTBPIiI CHJIBI F34,

NepHeHANKYJIApHON ocu x (puc. 3.2, 0). M3 nmpou3BOJIBHON TOYKM a HA ITOW JIMHHH,
KOTOpasi ABJISETCS TOUKOM KOHIIA OTpEe3Ka, N300pakaroIIero BEKTOP CUIIbI Zr, TPOBEIEM
BEKTOP Z(F,, +F;;), M3BECTHBII 110 BEITMYUHE H HanpasJjeHnto. M3 KOHIIa 3TOro BeKTopa

IPOBENEM CIICAYIOIINM M3BECTHBIA BeKTOp ZF,, W TaK Jalice, COTIACHO BEKTOPHOMY

=t
ypaBHEHUIO cwil. M3 KOHIA MOCIEAHETO M3BECTHOIO BEKTOpPA Zrz IPOBOIUM JIMHUIO
NEUCTBUS CWIbl F,, napauieabHyto AB. [lepecedeHne B TOUKE ¢ 3TOM JIMHUU U TIEPBOM,

o = —n
MEPICHANKYJISIPHOM OCH X, OIPEIEISIET HUCKOMBIE OTPE3KU Zrx U Zrzn. M3mepuB ux
JUIMHBI, OIIPEIEINM 3HA4YEHUS CUIL:

Fy=Zru-Kg =27-5=135 H;

—n
Fp=Zrn-K.=42-5=210 H.
[lonHBIi BEKTOp CHIBI Fa paBeH TIeOMETPUUYECKOH CyMMe HOPMAlbHOH U
KAacaTEIbHOM €ro COCTaBIISIIOIINAX

Fa=FL+F} (3.11)
Bennuunna BekTopa:

F, =Zra - K..

F, =46-5=230 H.

Jist cunbl F,, HEOOXOOMMO OINpPEAENUTh TOUKY €€ MNpuiiokeHus. Bocmombzyemcs

ypaBHeHI/IeM MOMCHTOB J1JIs1 3BCHA 3 OTHOCUTEJIbHO TOYKH B
™M, =0. (3.12)
3
N
MB(G3) + MB(FCS + FT3)+ MB(FHF3)+ MB(FUS) + MB(F32)+ I:34 : h34 =0
Tak kak A paccMaTpUBaeMOro MpUMepa BCE OCTAJbHBIE CHJIbI MPOXOISAT uYepes
TOUKY B, TO U cuia F,, TakKe MPOXOIUT Yepe3 3Ty TOUKY | ee Tuiedo h,, =0.

g ompeneneHuss ycuius BO BpaAIIATEIbHOM KHHEMATUYECKOW Iape B  MOXKHO
paccMOTPETh PAaBHOBECHE OJIHOTO W3 3BEHBEB — 2 WJIM 3. 3alUIIEM YCJIOBUE PABHOBECHUSA
CHUJI, ICUCTBYIOIIMX HA 3BEHO 3

> F=0. (3.13)

Nm
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Fas+(Fcs+Fr3)+F s+ Fus +(i+E32 =0.

HeusBectHpiii BekTOp CHIIBI F3 omnpeAeauM ¢ TOMOLIBIO MOCTPOEHHOIO
MHOT'OYTOJIbHUKA CHJI Ha puc. 3.2, 0, COeIMHUB TOYKH D 1 C:

F, =Zr2 K. =54.-5=270H.

C noMo1po yCclIOBUSI paBHOBECHSI CUJI HA 3BEHE 2 MOKHO OBLIO ONpPEAEIUTh yCHIINE
F23, IPU 5TOM OYEBUJIHO, YTO

I_:23 = —I_:SZ .

PaccMoTpuM paBHOBecue HadaibHOTO 3BeHa | MexaHusma (puc. 3.2, g). Ha a3to
3BEHO JIeCTBYeT u3BecTHAs culla Fi, BO BpallaTebHON KMHEMAaTUYecKoil nape A :

l_:lZ = —I_:21 .

Tpebyerca onpenenuts cuily Fu B mapaupe O U ypaBHOBEIIMBAIOIIMNA MOMEHT M, .

N3 ypaBHEeHUS MOMEHTOB [ 3B€HAa | OTHOCHUTENBbHO TOYKM O OINpeaeauMm
YPaBHOBEIIUBAOIIUNA MOMEHT:

"M, =0. (3.14)

N

—F,l, cosy, + M, =0.

3nech /, - NEWCTBUTENIbHAS JUIMHA BEIYILETO 3BEHA; \, - YTOJ MEXAY 3BEHOM | H
NEPIEHIUKYJIIPOM, OIYIICHHBIM Ha HallpaBJIeHUE CHIIbI F, (OepeTcs u3 ueprexa).

HanpapiieHue HEW3BECTHOTO MOMEHTa M, B3SATO IPOM3BOJBHBIM (Y HAC IPOTUB
4acoBOM CTpesikv). I3 ypaBHEHHs OIpeneNnseTcss BeJIWYMHA YPaBHOBEIIMBAIOLIEIO
MOMEHTa

M, =F,¢, cosy;. (3.15)

Ecin w3 pacuera 3Hauenue M, Oyner cO 3HaKOM “MMHYC”, TO HAalPaBJICHUE

YPaBHOBEIIMBAIOLEIO MOMEHTA Ha puc.3.2,6 CleayeT CMEHUTh Ha MPOTUBOMOJIOKHOE.

Moment M, COBNAaJalOMMi II0 HANOPABICHUIO C IIOJIOKUTEIBHOW YIIIOBOM
CKOPOCTBhIO ®,, OyJeT TOJIOXKUTEIbHbIM, a HalpaBJIEeHHbII TPOTUB ®, OyIeT
OTPHULIATEIIHHBIM.

Jlg paccmaTpuBaeMoro npumepa
M, =227-0175-cos17° =38H - m

U SIBJISICTCS TTOJIOKUTCITBHBIM.

VYpaBHeHUe paBHOBECHS BEIYIIETO 3BE€HA NUMEET BH/T

|_:14 + |_:12 =0. (316)
Orcrona

l_:l4 = _I_:12 = I_:Zl .

Takum oOpazom

F., = 227H.
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3.1.2. OnpeneneHve ypaBHOBEIIMBAIOUMIETO MOMEHTAa METOJIOM BO3MOKHBIX
IIEpEMEILICHU I

CorznacHo IMPpUHOUITY BO3MOKHBIX HepeMeHIGHI/Iﬁ CyMMa JJICMCHTAPHBIX pa60T BCCX
ChUJI MW MOMCHTOB, IIPUIOKCHHBIX K CHCTCMC, H&XOI[?IHIGIZC?I B PAaBHOBCCHH, Ha

BO3MOJKHBIX TIEPEMENIEHHUAX CUCTEMBI PaBHA HYJIIO
D F -dg cos(F;  dg)+> Mdg, =0. (3.17)
1 1

JIist MexaHu3Ma BO3MOXKHBIMU TMEPEMEIIEHUSIMH 3BEHbEB U TOYEK MPUIIOKEHUS CHUII
OyayT HuX JACUCTBUTENbHBIC TMEpEMEIICHUs, SBISOMUEcs QYHKIUAMU TOJI0XKCHUS
HaYyaJIbHOTO 3BeHa. EcCiu MpUIOKUTh K 3BEHBSIM MEXaHM3Ma CHJIbl MHEPLUU, TO MOXKHO
paccMaTpHuBaTh €r0 B COCTOSTHUM JTUHAMHYECKOTO PABHOBECHSI.

Tak Kak CuJIbl, IEUCTBYIOIINE B KHHEMATUUECKUX Tapax, sIBJSIOTCS BHYTPEHHUMHU, TO
ypaBHeHue (3.17) mo3BoJiseT HAWTH BEJIMYMHY YPaBHOBEHIMBAIOIIETO MOMEHTA WIIU
YPaBHOBEIIMBAIOIIEH CUJIBI O€3 WX MPEBAPUTEIHHOTO OMPEICICHUS.

3anucanHoe Bblilie ypaBHeHHE (3.17) Heyq0OHO 7151 MPAKTUYECKOTO UCIIOIb30BaHUS,
MIOATOMY BO3bMEM CyMMY 3JIEMEHTAPHBIX pa0OT B €IUHUILY BPEMEHU; TOTJa, TPUHUMASI BO
BHUMAaHUE, YTO

% =V u % =,

dt dt

I[MOJIy4YUuM

IR |-bjcos(F ,v)+ Y M@, =0, (3.18)

1 1

31ech CyMMHUPOBAHHME MPOBOJMUTCS MO BCEM N CHUJaM MU m MOMEHTaM CHJ BCeX
3BEHBEB MEXAHU3Ma, a KaXJO0€ cjaraeMoe Npe/CTaBisieT COOOH MOIIHOCTh CHJIBI WIIU
MOMEHTA.

Tak Kak CKOpOCTH TOYEK MPHIOKEHHUS CHUJI U YTJIOBBIE CKOPOCTU 3BEHHEB M3BECTHBI
MO0 BEJIWYMHE M HANpaBJICHUIO W3 KUHEMATUYECKOr0 pacdeTa, TO €IUHCTBEHHBIM
HEU3BECTHBIM SBJICTCSI HWCKOMash BEJIMYMHA YPABHOBEIIMBAIOIIEIO MOMEHTa (WU
YpPaBHOBEIIMBAIOIEH CUIIBI).

Jlist paccMatpuBaeMoro npumepa ypaaenue (3.18) zanurmiercs

A

|Fc3 + FT3|'|UB|COS|:(FC3 +F3) ) UB:|+|FHF3||UB|COS(FHI‘3 , Vg)+

N A AN

+|Faf[vs | cOS(Fus , 05) +|Gslvs|COS(Gs , v5) +|Finrs |5 COS(Frry , 15,) + (3.19)

AN N

+|Fyallvsz| c0s(Fy, |, vs,) +[G,||vs,| cOSEG, | vs,) +

UZ,

+My, 0, +M, @ =0.
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3HauyeHue YPAaBHOBCHIMBAIOIICTO MOMCHTA AJIA paCUCTHOI'O ITOJIOKCHUS 6y,Z[GT2

M y = —(37O~1,69'00818O0 +102,9-1,69-c0s180° +

+204.8-1,69-c0s0° +102-1,69-c0s90° +

+68,6-1,8-cos155° +152,8-1,8-c0s52° +

+686-1,8-cos115° — 22,9-£ =—(-627-174+
12,56

+346-1119+1705-519-25,4)/12,56=37,7 H-m

VYTribl MeXay HampaBJICHUSIMH BEKTOPOB CHJI U CKOPOCTEM MOXHO B3ATh U3 IUIaHA
Mexanusma (puc. 3.3).Tak Kkak HampaBleHUE NPUIOKEHHOTO YpPaBHOBEIIUBAIOIIETO
MOMeEHTa M, B34TO Ha CX€ME MEXaHM3Ma IPOU3BOJILHO, TO IIPU OTPULIATEILHOM 3HAUYEHUH

My €TI0 HaIlpPaBJICHUC CIICAYCT USMCHUTDL HA IIPOTHBOIIOJIOKHOC.

/FL-’J *FU/ —

Puc.3.3. Cxema MexaHu3Ma i1 ONPEAEIEHUS YPABHOBEIINBAIOIIETO
MOMEHTA

3.1.3. OmpeneneHre ypaBHOBEIIMBAIOIICTO MOMEHTA C TIOMOIIBIO  phlYara
KykoBckoro

Peryar JXykxoBckoro siBisieTcss rpaduueckoi MHTEprpeTanued MeTo/la BO3MOXKHBIX
MepEMELICHUM.

H.E.)KykoBckuil mokazai ,4T0O €CJIi BEKTOPBI BCEX CHJI, MPUJIOKEHHBIX K PA3JIMYHBIM
TOYKaM 3BE€HbEB MEXaHHU3Ma, IEPEHECTH MapauIeIbHO CAMUM ce0e B OJJHOMMEHHBIE TOUKU
MOBEPHYTOTO Ha 90° TUIaHa CKOPOCTEH, MpUHAB (UTypy IUIaHa 3a KECTKUU pblyar, TO
MOMEHT KaXXIOW CHJIbI OTHOCUTENIBHO TOJII0CA IJIaHA CKOPOCTEW OyneT MponopiruoHalieH
ee MOUTHOCTH, a CyMMa MOMEHTOB BCEX YKa3aHHBIX CHJI OyJeT paBHa HyJto. [Ipu 3TOM Bce
MOMEHTBI, B TOM YHCJIC U YPABHOBEIIMBAIOIIHH, TOJDKHBI OBITH 3aMEHEHBI TTapaMu CHIL

IMapa cun F,,, 3aMeHsIOmIas ypaBHOBEIIMBAIOIIUI MOMEHT, PaBHA

Fy =M, /0,. (3.20)
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Poruar JKykoBckoro, nipeacrasieH Ha puc. 3.4, a. [1nan ckopocreil moBepHyT Ha 90°
IpOTHB 4acoBoii crpenku. Cuna F,, IMPOM3BOILHO HANIPABICHA BHU3 OT TOYKH ¢ ILIaHA.

d i = .
61}/ _/F[J FU/ 6‘10'2

s  ,
1 g fz — g
TR | =7
. 5 A Ne | b, '
. P\ Az
AN
N
< <
{ .
7
-2

5 My

Puc.3.4. Peruar )KyKoBCKOro ¥ cxema NepBUYHOTO MEXaHHU3MA.

28



CyMMa MOMEHTOB CHJI OTHOCHTEIIBHO T10JIF0ca p phiuara JKyKOBCKOTO UMEET BHUJT

> M, =0. (3.21)
W

(Fez + Ry + Fpps —Fis) pb—F 0, +G,hg, +

+F, -, +Fy,-ab+ FMy - pa=0.

Otcrona

Fu == (Fes + Frs + Fprs — Fig) pb+ Fyohy, —Gohg, — Fypohy, — Fypab]/ pa (3.22)

B 3TOM BBIpaK€HUM IIEYM CHJI ONPENEIAIOTCA U3 phlyara sKyKOBCKOTO IIyTEM HX

3amepa.
Kak BuaHO U3 GopMyIibl, BETMYMHA CHIIbI Fy, HE 3aBUCHT OT MAcIuTabda MmoCTPOEHUS

ppraara KyKoBCKOTO.
UucnenHoe  3Ha4eHWE  CHJIBl  OT  YPaBHOBEILIMBAIOLIEIO  MOMEHTa  JUIA
paccmMaTpuBaeMoro npuMepa oyner

Fu, = [ (371+102,9-2048)-68+1528-43—-68,6-31-68,6-64—16,3-62]/88=-219 H.
3HAaK «MHHYC» YKa3bIBaeT Ha IPOTHBOIIOIOXKHOE IPUHATOMY HAIIPABJIECHUE CUIIBI F,

Ha pbruare JKyKoBCKOro.

JUist onpenienieHus YpaBHOBEIIMBAIOIIETO MOMEHTa HEOOXOAUMO MOJYYEHHYIO CUITY
MEepPeHEeCTH MapajljieibHO caMoi cebe u3 pbryara JKyKOBCKOTO B TOYKY A TEPBUYHOIO
MexaHnu3Mma (puc. 3.4, 0), U Tor/1a ypaBHOBEIIMBAIOIINI MOMEHT OYAET MOJIOKUTEIbHBIM U
UMETh BU/I:

M, = Fy, s

Ero BenuunHa a1t paccMaTpruBaeMoro npuMmepa

M, =219-0175=383H -

4. PACUET HA OBM

[IporpamMmmel KMHEMaTHUeCKOro u cwioBoro aHaims3a KIIM cocraBieHbl Ha s3bIKE
®OPTPAH nns mepconansHOro komnetorepa tuna PC. BBugy Oosbmoro oObema
IPOrpaMM TEKCT UX HE MPUBOAUTCS, a NAIOTCS JIMIIb NOSICHEHUS 110 UX UCIOJIb30BAHUIO.

3HaueHus1 BCEX MapaMeTpoB 3anarorca B cuctemMe CU: nuHEHHbIE mapaMmeTpbl — B
MeTpax, CWJIbl — B HBIOTOHaX, MOMEHTBl CWJI — B HBIOTOH-METpax, Macchl — B
KWJIOrpaMMax. YTJbl OepyTcs B paJuaHHON Mepe.

KunemaTnueckue napameTpbl 3BEHbEB, KHHEMAaTUYECKHUX AP U XapaKTEPHBIX TOYEK
ONPENEIISIIOTCS B MPABOM CUCTEME KOOPJMHAT X, Y, HA4aJ0 KOTOPOU pacmnoiokeHo B T.0 u
OCh X HallpaBJi€Ha BOJb JUHUH I€UCTBUS MOJI3YHA.
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3a MOJIOKUTENIbHOE HAMpAaBIICHUE YTJIOB NPHUHATO HANpPaBJIICHHE MPOTHUB YacOBOU
CTpEJIKH.

4.1 Kunematnueckuii u cuinoBoil anann3 KIIM 0e3 ydera cuil TpeHUs, 3aBUCSIIAX OT
CWJI, IEUCTBVIOIIMX B KHHEMATHUYECKUX Mapax

4.1.1. Ucxongusle TaHHBIE

MaccuB UCXOJIHBIX JTaHHBIX JJI1 BBOJIA B KOMIIBIOTED IO MEPBOMY BapHaHTy pacuera
npejcTaBiieH B Ta6m.4.1.

Tabmuua 4.1
1, l, X Y, @, L s,
0,175 1,4 -1 0 12,56 0,7
m, m, I I, 11, [Frsl
7 10,5 0,22 1 0 60
x| Fes| p| Fes| | Fes
1,575 300 14 300 1,225 200
N KON
24 1

3nech (U (,- NJINHA 3BEHBEB 11 2;
Xe, Y - KOOPJWHATHI JOTMOJHUTEILHON TOUKH F, ompenensroniei mpusHaK COOPKHU
KIIM. Koopaunara y. i HEHTPAIBHOTO MEXaHMW3Ma BCErJa paBHA HYJIIO;

@, - YIJI0Bas CKOPOCTh BPAILLECHUS KPUBOIIMUIIA, ONPEAEIAETCS MO 3aJaHHOM 4acTOTe
BpalLlCHUS:
a, =, /30.
[TapameTp ¢, ONpEnEAET MOJTOKEHUE LIEHTPA TAKECTH IATyHA — TOUKH S, ;

m, ¥ m,- Maccel 3B€HbEB 2 U 3;
| ;- MHA O3y Ha.

3HaueHuss K03(GGUIIMEHTOB TOPU30OHTAIILHON [/, W BEPTUKAIBHOW [I, TEPErpy3oK
BBOJUTCS C Y4YeTOM HX 3Haka. [loJoKWTenpHBIC 3HAYCHHS OSTHX KOI(P(DUIIMCHTOB
COOTBETCTBYIOT UX HAIPaBJICHHUIO, COBIAJAIONIEMY C MOJOKUTEILHBIMU HaIpaBICHUSIMU
ocel koopauHaT. Ilpw 3TOM CHIIBI, BO3HHUKAIOIIME OT JCHCTBUS IEpErpy3ok, OyayT
HaIpaBJICHBI B MPOTHBOIOJIOKHYIO MEPErpy3KamM CTOPOHY.
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|FT3|- IMOCTOsAHHAsA COCTaBJIAIOIIAsA CHUJIbI TPCHHUSA, BOSHUKAIOIIAA B YINIOTHCHUAX IIPHU

JBHYKEHUU TOJI3YHA 3, B34Tasi 10 MOAYJIIO.

B Tpetbeli cTpoke TaGnMIIBI 3aIIMCHIBAIOTCS TOTIAPHO 3HAYEHHs] KOOPIUHAT TOUKH B,
ONpENENAoIMe JBa KpalHUX M CpeAaHee IIOJIOKEHUs TOuku B momsyHa, u
COOTBETCTBYIOIIME MM 3HAYEHMsI CUJIBI CONPOTHBIEHHsS F,, 11 pabodero auara3oHa

paboThl MexaHHu3Ma. Bce mapameTpbl B TpeTbell CTpOKE 3aJar0Tcsl B BUAE aOCONOTHBIX
BEJIMYUH.

JUIsl MONOKEHU MEXaHW3Ma, HE ONPEAENIAEMbIX 3TUMH TPEMsI TOYKaMH, 3HAUYCHHS
CHJIBI COIIPOTUBJICHMS JUIsi pabO4yero Xojaa IMOJI3yHa BBIYUCIAIOTCS B IPOrpaMMe IO
METOy NapaboInYecKO HHTEPHOJIALINH.

[Tapametp N B Tabi. 4.1 onpezenser 4uciao pacyeTHBIX TOYEK JUIsl BCETO JUarna3oHa
pabotel Mexanu3ma. Hazmauum N=24 (N, =8). Torga mo0oe W3 BOCBMH TOJOXKCHUH

MEXaHM3Ma, yKa3aHHbIX Ha puc.l.l, coBmanér ¢ ogHoi n3 N TOYEK, paCCUMTHIBAEMBIX 10
porpamMmme.

[Tapamerp KON — mporpammubiii mapametp. OH ompenenseT NPU3HAK KOHIA
BapraHTOB UCXOAHBIX ngaHHBIX. KON=1, ecin HaHHBIA BapHaHT SBJISCTCS IOCICIHUM
CpeIy HECKOJIbKMX BapUaHTOB HMCXOJHBIX JAHHBIX JTHOO €IMHCTBEHHBIM. B mpoTHBHOM
cryuae KON=0.

B Ta6m.4.1 npencraBneHbl KOHKPETHBIC 3HAYCHUS BCEX MEPEUNCIICHHBIX MTapaMeTpOB
IUIL PacCMaTPUBAEMOTO TIpUMeEpa.

4.1.2. Pe3ynbraThl pacuera

[Iporpamma ayis KuHeMaTH4ecKoro M cuiioBoro pacuetoB KIIM 6e3 ydera cun
TPEHUS, 3aBUCSIINUX OT YCUJIMI B KWHEMaTUYeCKuX napax, umeet mudp AN2.

OG6pazen pacnedatku pe3ysibTatoB pacuera Ha [IK mo nporpamme AN2 mpuBeneH B
MPUIOKEHUH 1.

B mepBbIx TpEX cTpoukax pacriedaTaHbl 3HAUYCHUS MMapaMEeTPOB TaOJMIIbI UCXOIHBIX
manablx 3a uckirodeHneM N u KON. Ileyarp HMCXOAHBIX MTAHHBIX ITO3BOJISIET
KOHTPOJIMPOBATh UX MPABUJILHBIN BBOJI B MAIIIMHY.

Jlanee cieayrOT 3HAUYEHHUS! YTJIOB MOBOPOTA KPHUBOIIWIA [Ji1 PACUETHBIX TOUEK M
COOTBETCTBYIOIIIME UM MAaCCHUBBI BBIBOJMMBIX MapaMeTpoB, pacredyaTaHHbIE B YETHIPEX

CTpPOUKaXx:
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cTpoka 1 Xg Vg ag ?, @, )

CTpoKa 2 X y . . - .
p 52 52 XS 2 yS 2 XS 2 yS 2
X y X y Ix Iy
CTpOKa 3 FZl F21 F23 F23 F34 F34
1 1
crpoka 4 Fx FY F F M, (Fes +Frs)

yFOJI IIOBOPOTAa KPUBOLIUIIA JIJIA Kaﬁ(ﬂOﬁ pvaeTHOﬁ TOYKH OIIPCACILACTCA KaK
0
¢1:i3%° i=0..N (4.1)

[Ipu umcne pacuerHsix Toyek N ymcio MaccuBoB B pacreyatke paBHoO N+2. Oto
CBSI3aHO C TE€M, UYTO JIBa KpaWHUX MOJIOKEHHUS IMOJ3yHA PACCUMTAIOTCS JBAXKIbl — IS
paboyero u XoJ0CTOro €ro X0/I0B.

4.1.3. KuaeMatuueCKu aHaJIns3.

AHQINTUYECKAM METOJOM C HCIIOJIb30BAaHUEM BEKTOPOB, CBSI3aHHBIX CO 3BEHBAMH
MexaHuzma (cm.puc.2.1), pacCUMTHIBAIOTCS KUHEMATUYECKHUE XapPAaKTEPUCTUKH 3BEHBHEB
MEXaHHU3Ma U TOUKH S, 111 BCETO UAIa30Ha €ro padoThI.

Ecnu HampaBieHus BEKTOPOB OyyT MPOTHUBOIOJIOKHBI IPUHATHIM Ha puc.2.1, To 310
HEOO0XOAMMO OYyJIeT YUeCTh NIPU CPAaBHEHUH NOJYUYEHHBIX 3HAUEHUN YTJIOB CO 3HAYEHUSIMH,
IIPUBEICHHBIMU Ha PACTIEYATKE.

Ha puc4.l mnpencraBieHbl KHHEMAaTHYECKHME XApAKTEPUCTUKU 3BEHBEB 2 U
3,10CTPOCHHBIE B (PYHKIIMHU MTOJIO)KEHUS HAYaJIbHOTO 3B€HA ¢, .

4.1.4. OnpeneneHue CUIOBbIX XapaKTEPUCTUK

IIpu pacuere ¢ mnomompro IIK mnomyyaroTcs 3HAYEHUsT YCWIMM BO  BCEX

KMHEMATUYECKHX Mapax B MPOEKLHAX HA OCH KOOPAUHAT X U Y M ypaBHOBELIMBAIOIIUH
MOMEHT Ha BEAYILEM 3BE€HE BO BCEM JMamna3oHe ero padoThl (cM. oOpasel] pacneyaTKu B
IpUIOKEHUH 1).

Kpome Toro, ast Bcex pacdeTHBIX TOUYEK B pacredarke JaeTcs CyMMapHOE 3HAUCHHE
CHWJI COTIPOTHBIICHUSI F., ¥ TpeHUs1 F,,, MPUIOKECHHBIX K MOI3YHY 3.

Ha puc.4.2 npuBeneHa cxema MexaHHU3Ma B PaCU€THOM MOJIOKEHUHU ¢ 0003HAUCHHUEM
CHUJI U MOMEHTOB, MPUJIOKEHHBIX K 3BEHbSIM MEXaHU3Ma, a TAK)KE CUJI, ACHCTBYIOIIMX B
KMHEMaTUYECKUX Iapax. 3A€Ch YCUJIME B MOCTYyNATENbHOW KHMHEMATHYECKOW mape F,,

IPEICTABJIEHO B BHE JBYX COCTABISIOIMX F,, W F, IPUIOKEHHBIX [0 KpasM IOJI3yHa,

KOTOPBIC PA3JIOKCHBI HAa TOPU3O0OHTAJIBHBIC W BCPTHKAJIBHBIC COCTABJIAIOIIUC. Takum

06pa30M, Ha IICPBOM 3TaIllC CUJIOBOT'O paCUCTa ITOJIHOC YCHUIINC F34 PaBHO
F.=F,+F,
T.K. oo o (4.2)
Fy, =F, =0,
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a IMMOCKOJIbKY 1140 cuiibl F,, hy, =0, TO OYCBHAHO, YTO
ly _ =y
F34 - F34 : (4-3)

a) &c7 Wy O2,pan

15+ 1,51 328 /v/ ?\\ ~
2

10 T 1,0 T 3,24

ARV AR YA N
W, /

0T 0T 3,16 A
5T 05T 302 s
i ANV A EIVARN

L

-10 T -1,0T 3,08

157 -1,57 3,04 \/ \ /

207 2,07 3,00

0)
aB,M/02 VB,M/C XM NN

30T 1,57 1,551 N

i 4. -
20 | 1,0 | 1,50 X;,\ a\B/ \ / \
10 05 1,45 \
o] o 1,40

0] 057 1,35 \ / \ / /

27T 107 4
20_ 1,0 | 1,30— s \% /
30| -1,5 1,25 i N b

40" 2,0 1,20 T
0 45 9 135 180 225 270 P1,rpan

Puc.4.1. KuHemaTnyeckne XapakKTEPUCTUKH 3BEHBEB 2 U 3
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Puc.4.2. CxemMa MexaHu3Ma C NPUIOKEHHBIMU CUIIAMH

Fz,y,/(/v’
270°
9 sl =
=] |45° Ol _+Z s L—1 1607 180°
. 03 52—_;/(;’: ; 03 776 a7 78| a9| "
~041-031-02]-0 -\&gbé . e 06| 07) 06) O
071
Puc.4.3. 'ogorpad cuisl F,,
y
Fa KH
| .
18P 04 1607 9r a1 oy P =0
e e L
1/94—# & /C2j, K
-06 2‘70° 03 ¢,:35‘0° 0 g1 | 45 03
_Q7

Puc.4.4. 'ogorpad cumsl F,,

CunoBble  XapaKTepPUCTUKH, TMOCTPOEHHBIE 1O  pe3ylbTaTaM  pacledaTkH,
npencraBieHsl Ha puc.4.3- 4.5. Ha puc.4.3, 4.4 nokasansl rogorpadsl cun F,, F,,
NeHCTBYIOIMX B KWHEMATHUECKHX Mapax A u B Ha 3BeHe 2. roforpadbl CHII TTOKa3bIBAIOT
M3MEHEHHE BENMYMHBI U HAMpABJIEHHS BEKTOPA CHMJIBI B 3aBUCHMOCTH OT TIOJIOXKEHHS
MexXaHn3Ma. IIpu TIOCTpOeHHH TrojorpadoB CHI MAacIiTaObl BEPTHKATBLHOH M1

FOpH3OHTaHbHOﬁ COCTAaBJIMIOIINX CHJI AOJI?KHBI OBITH OAWMHAKOBBIMH, W OTCYCT JBYX
COCTAaBAIOINNUX JOJDKEH HWATH OT HYJICBOI'O 3HAUCHMHA. B IIPOTUBHOM  CJIy4ac
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NEUCTBUTENILHOE HAMpaBIIEHUE BEKTOpa Cuibl Oyner motepsiHo. Ha romorpadax cui
yKa3aHbl 3HAYCHUSI YTIIOB ¢, , KOTOPBIM COOTBETCTBYIOT TOUKH rojiorpada.

Ha romorpadax mans yrioB ¢ =0°(360°) u ¢ =180° HabOmomaroTcsi ckauku cuii. OHU
CBSI3aHBl CO CKAUKOOOpPa3HbIM M3MEHEHHEM CUJI TpPEHMsI F,, U CONpOTUBIIEHUS F., MpHU
VU3MEHEHUH HAIPABJICHUSI IBUKECHHUSI 103y Ha.

Ha puc.4.5 mpencraBieHbl 3aBUCUMOCTH YPaBHOBELIMBAIOLIEr0O MOMEHTa M,
MOJIHOM CWJIBI peakuuu F,, OT yria moBOpPOTa BEIYIIErO 3BEHA.

[Tpu noctpoenun rpaduxa F,, =F,(¢) ClIeqyeT yuecTh, 4TO

Ry = |:3/4y + Fslz{y .

CpaBHeHue pe3ynbTaroB, noydeHHbIX Ha [IK, co 3HaueHUsIMM KMHEMaTUYECKHUX U

CUJIOBBIX [apaMETPOB JJI PACUETHON TOYKH PAcCMAaTPUBAEMOI0O IMpUMepa JaeT OMIMOKY B
npezenax 3aaHHON HOPMBI.

Fu i M H
B0 +~ 100
140 + 80 / \ ~

\ | N
w0 L
wl o N X

N\ 4
80 g 20 /\ \ //‘zl / v
/
60 + g
w4 2 \
20 -40 \ /
01

Puc. 4.5. I'pa¢uk ypaBHOBEIIMBAIOLIETO MOMEHTa My 1 cuiibl F,,

@, 2000

4.2. CAJ0BOM aHAINW3 C VUETOM TPEHUS, 3aBUCAIINETO OT CHWJ B KHHEMATHYECKUX
napax

[Iporpamma kuHeMarnueckoro u cuioBoro pacuera KIIM ¢ yderom TpeHus B
KMHeMaTH4ecKkux mapax umeeT mudp A2T. DToT BapuaHT mporpamMMBbl MO3BOJISET:

1) npoBectu cuiioBoM pacuer KIIM ¢ ydetoMm TpeHHs, 3aBHUCSIIETO OT CHJI B
KMHEMAaTUYECKUX apax;
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2) pacnioyioxkuTh KIIM Kkak ropH30HTAJIBHO, TaK M BEPTHUKAIBHO (HAmpUMep,
KIIM ponGexunoro cranka) (puc.4.7);

3) IEPEHECTU MapajIeIbHO OCH Y TOYKM HPUIIOKEHUS CUJIbl CONPOTUBIICHUS
F., (puc.4.7).

4.2.1. Meroauka pacyera

Hanuune TpeHMs WM3MEHSET BEIMYMHY W HAINpPAaBICHHE MACHCTBYIOIMX CHI B
KHHEMATHYECKUX T1apax, KaK BO BPAILATEIbHbIX, TAK U B IOCTYNATEIbHbIX.

TpeHue BO BpaIlaTeIbHOM KNHEMATHYECKO! nape V Kiiacca 3BEHbEB i, | yUUTHIBAETCS
B BUJIE MOMEHTA TPEHHUSI, IPHIIOKEHHOTO K 3BEHY | CO CTOPOHBI 3BEHA

My = (Mg, +1  |Fy)signay;, (4.4)

rae Mj;- TOCTOSHHas BEIUMYMHA MOMEHTa CHJ TpeHus; r- paauyc unandsr f-

koddduieHT TpeHus B namnde;

F;| - MOIyIb CHIIBI, NEUCTBYIOLIEH B KMHEMATHYECKOM
Tnape Ha 3BEHO | CO CTOPOHBI 3BEHA J; @, =@, — ;- OTHOCUTEJIbHAS YTIJIOBask CKOPOCTh 3BEHA
I.

Tpenue B TMOCTyNaTeIBHOH KHWHEMaTHYeCKOM Tmmape V Kiacca 3BEHbEB |, |

OIIPCACIIACTCA KaK
o n
FTij == FTij + fH‘Fij

)signu;, (4.5)
rne R - mocTrosHHas BeIMYMHA CHIBl TpeHus; f,- KodQQHUIUEHT TpeHus B

MOCTyTaTeNbHON mape; |F/

- MOAYJIb HOPMAJIbHOW COCTABJISIIONICH CHJIBI pPEaKIUU B

TIOCTYTIATEILHOW Tape Ha 3BEHE I, MOJydYeHHBIH W3 pacueTa 0Oe3 ydera CHII TPCHUS;
v; =U, —U;- OTHOCHUTEJbHAs JUHEWHAs CKOPOCTh 3BEHA .

Ecnu npeneOpeub MOCTOSSHHBIMU COCTaBIISIIOIIMMU CHJI U MOMEHTOB CHJI TPEHHUS, TO
NOJIyYrM (POPMYJIbI
My, =-r f ‘Fij‘signcoij (4.6)

Fry =— | FJ[signoy;, (4.7)

ij —
CuitoBO#l pacyeT phIYAKHBIX MEXaHU3MOB C YYE€TOM TPEHUS IMPOBOAIT METOIOM
uTepaluil (mociea0BaTeabHbIX MPUOIMKEHUN).
B nepBoii urepanuu ONpeNesstoTCs HEM3BECTHBIE CUJIBI B KHHEMAaTHYECKHX Iapax
IIPYU YCJIOBUM PaBEHCTBA HYJIIO CUJI | MOMEHTOB CHJI TPEHMSI, 3aBUCAILIMX OT CUJI B Mapax.
Bo BTOpOi1 uTepanuy ONPEAENSIFOTCS CUIIbI 1 MOMEHTBI CHJI TPEHUS B 3aBHCHUMOCTHU
OT CHWJ, ACHCTBYIOUIMX BO BCEX KMHEMATHMYECKHX MpaX, U KUHETOCTATUYECKUU pacyer
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IMPOBOJUTCA B TOM XK€ IOPAAKE, HO C YUYCTOM JOIIOJHUTCIBbHO ITPHUIJIOKCHHBIX CHJI H
MOMCHTOB CHUJI TPCHUA.

Crnenyronye uTepayy aHajJoTUYHbl BTOpOH. ONBIT MOKa3bIBAECT, YTO YXKE BTOPOE
NpUOIMKEHUE JACT XOPOIIUE PE3yIbTaThI.

Ha puc.4.6 npencraBinena cxema KIIM co BceMHM AEHCTBYIOIIMMU Ha 3BEHBSIX

MCXaHn3Ma CHJIaMH PCAKIIMU U CHJIaMHM U MOMCHTAMH CUJI TPCHHUA. OcTanbHBIC CHITBI HA
CXCMC HEC ITOKa3aHBbI.

Puc. 4.6. Cxema MexaHn3Ma € y4ETOM TPEHHUS B KHHEMATUYECKUX ITapax

31ech CUIIbl U MOMEHTBI CHUJI TPEHUSI ONpPEAEIIAIOTCS B COOTBETCTBHM C (popmysiamMu
(4.6) u (4.7).

3BeHO 3
FT/34 == fH‘F3’4y‘signu34 ;
FT/QA == fn‘Fslz{y‘SignUm ;
M:g, =1 | |Fy[signa,, .
3BeHO 2
MT23 = _MTSZ;
M;, =1 f |Fylsigne,,;
MT2 = MT23 + MT21'
3Beno 1
MT12 = _MTZl;

My =1 f |F14|Signa)14;
MTl = MT12 + MT14'
Iae vy, =vg,
Oz = W3 =W, =—,,

_ x \ ( y)2 .
Fs, = (Fsz) +\Fs) s

Wy =0, — O,
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®yy =0,
_ x \2 ( y)?- .
F, = (F14) +\Faz) s
M, 1 M, - CyMMapHble MOMEHTHI CHJI TPEHUS], IeHCTBYIOIME HA 3BEHbA 2 1 1.

BeprukansHoe pacnosioxkenne KITM
Ha puc.4.7 npencraBnensl cxembl KIIM ¢ BepTUKaJbHBIM  MOJIOKEHHEM

HanpaBJISIOIIEH MoJI3yHa 3 ISl IBYX MPU3HAKOB cOOpKU MexaHu3Ma ( X =-1 u X, =+1).
Ocp X HampaBlieHa BEPTUKAIbHO BBEPX U COBMAJAET C HANPAaBIIAIONIEH noa3yHa. Och

VY cocTaBisieT ¢ ocklo X MpaBylo CUCTEMY KOOPJIMHAT.

/\f-::—7

Puc.4.7. Cxema KIIM ¢ BepTHKaIbHBIMHA HAMPABIISIOMKAMU TOJI3yHA

B Touke D npunoxena cuia conpotuBienus F.,. Koopaunatst 1. D criemyrorue:

Xo=Xg; Vo

Paboumii X0 MOA3yHA JUIS IBYX CXEM MEXaHHM3Ma COOTBETCTBYET YIIy IIOBOPOTA
kpuBommna ot 0°m0 180° (v, <0). Ilpu 3TOM cuia conmpoTuBiEHHs Ha 3BeHE 3 F.,
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U3MEHSIETCSl TI0 3aKOHY, MPEACTABICHHOMY Ha puc. 4.8 (3aKOH CHpaBEeMJIMB TOJIBKO JJIS
KIIM c BepTUKaIBHOMN HAMPaABIIAIONIEH MTOJI3YHA).

BHCCB chmax- MAaKCHUMAJIBHOC 3HAYCHUC CHUJIbI COIIPOTUBJICHUI, SBmax_ X0 IIOJI3yHa,

a=0,1s, _;6=0,1F, .
/:[ )
3
B 4
-
(]
o !
A [
A [~
! ‘5}
a a Q
L 527/7717)( =

Puc.4.8. 3akoH U3MEHEHMS CHJIbI COIIPOTHUBJICHUA OJIs1 BCPTHUKAJIBHOI'O IIOJIOKCHUA
KIIM

Hakinon IIPpAMBIX AB u CD He 3a1aCTCA, a 3aBUCUT OT PACIIOJIONKCHHUA ABYX COCCIHUX

touek A u B wimu C u D mammuHOTO pacuera (ompeensercss YUCIOM PaCUeTHBIX TOUEK
N, 3amanHbIX 1J1 pacyeTa Ha DBM).

4.2.2. Pacuer Ha [IK no nporpamme A2T

Ucxonnbie nannbie 11 nporpammbl A2T npeacrasieHs! B Tad. 4.2.
Tabnuma 4.2

1, l, X, r-f| o, |,
0,175 1,4 +1 0,005 12,56 0,7
m, m, I e 11, m
7 10,5 0,22 0 0 0,2
ol | R[] F
1,575 1400 1,4 1400 1,225 1100
Yol Fo PRs
0 0 0
N KON
24 1

HoBble mapameTpsl B TaOuIe 00BEEHBI PAMKOM:
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rf- npousBenenue paauyca nandel u ko3 HUIMEHTa TPEHHUS BO BpalllaTeIbHOU mape
— OJIMHAKOBO JIJIs1 BCEX BpaIllaTeJIbHBIX KUHEMATUYeCKuX map V Kiacca;
f,, - KOO PUIMEHT TpeHHs B OCTyNATEIBHON Mape;

V- koopauHata Y Touku D Ha cxeme MexaHu3Ma,;
F

C3max

- MaKCHUMaJIbHOC 3HAYCHUC CHUJIbI COITPOTUBJICHUA,

PRé- npu3Hak BEpTUKAIBHOCTH, XapaKTEPU3YIOIIUK PACIIOIOKEHUE MEXaHU3MA: IS
TOpPU30HTAJIBHON Hampasistoniel nomsyHa PRe=0, a g BepTUKabHON HampaBIsOLIEH
noysyHa PRe=1.

JU1 BEpTUKAIBbHOTO PACIIOIOKEHNS MEXaHU3Ma BCE IaHHBIE CTPOUKH 3 paBHBI HYJIIO.

JI71s1 TOPU30HTATIBHOTO PACIOIOKEHUS MEXaHu3Ma napameTpel F.,  n PRe Bcerma

PaBHBI HYJIIO.
[Tapametp ¥V, MOXET NPUHUMATh JIIOObIE 3HAYEHMSI, KaK JUIsl BEPTUKAIBHOTO, TaK U

JUIS1 TOPU30HTAIBHOTO TIOJIOKEHUM MEXAHU3MA.

Pacuer nmo mporpamme A2T mpoBeneH il 3HAYEHUN IapaMETpOB, YKAa3aHHBIX B
Ta01.4.2. VicxoaHble JaHHBIC OTIMYAIOTCS OT JAHHBIX PACCMOTPEHHOTO BHIIIE MpUMEpa
IpU3HAKOM COOpPKH U CHIIOBOM Harpy3KoMu.

Ileuarts pe3yspTaToOB pacuera

B BapuanTte mnporpaMMbl CHJIOBOIO pacyeTa C Y4YE€TOM TPEHMs, 3aBUCALLETO OT
BENUYMHBI peakuui, (mmudpp A2T) Ha neyaTh BbIBEJAEHBI PE3YyJIbTAThI IBYX UTEpaIUil: s
[IEPBOM UTEpallMU HaredyaTaHbl 3HAYCHUS JIMIIb CUJ PEAKLUW, JJIs BTOPOW WTEpalUu —
3HAYEHUS [TApaMETPOB KHHEMATUYECKOTO U CHIIOBOTO PACYETOB.

1-s ureparus
cTpoka 1 Fa Fa F2 Fa |:3/4X |:3/4y

CTpOKa 2 Fx F,’ F Fo M,

2-g UTepanms

cTpoka 1 Xg Vg ag ?, @, &,
CTpoKa 2 X y . . - .“
p 52 52 XS 2 yS 2 XS 2 yS 2
X y X y /% Iy
CTpOKa 3 I:21 F21 I:23 I:23 F34 F34
cTpoka 4 Fo Y F F. M, (Fes +Frs)

OO6paszell pacrieyaTky MPUBEACH B MIPUIIOKECHUH 2.
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Ha puc4.9 u 4.10 npuBeaeHbl pe3yJbTaThl pacueTa CUJIOBBIX XapaKTEPUCTHUK

MeXaHHU3Ma: Troforpad Cuibl peakuu F,, U 3aBUCUMOCTb YPaBHOBEILIMBAIOIIETO MOMEHTA

M, OT IOJIOXKEHUM KPHMBOLIMIIA JUIA JBYX HMTepanuii. Kak ciaeayer u3 puCyHKOB, yder

nepeMeHHoﬁ COCT&BJIHIOHICﬁ TPCHUA B KMHCMATHYCCKHX IIapax IPUBOJIHUT K M3MCHCHUIO

3HAYEHUHN CUJIOBBIX MapameTpoB 10 30%.

0.=0 1807 0,260 FlLkH  20%
A fﬁ B~ 2 27 j
2&#\
x— — _Sp, - = ?é—_—:; Tl e P e e e e e M
B -16|{-14| A2 -10) 20806 |04 -g2| 0] 02| 04| 06
AN
\</ )Q \/ _02
qr 135°
=04
o - g umepayuq  ——<— - 2 -9 umepayus;
Puc.4.9. 'ogorpad cuinbl F,,
M. M

300

/N

s LA\
Y 74AN
PN/ SRR

100

\
A\

70 3

75

\D

0B w0 2

P oY

- [-9 umepayus;

b d

Puc.4.10. 3aBuCUMOCTh yPaBHOBEUIUBAIOIIETO MOMEHTA OT MOJIOKECHUS

KPHUBOILLINIA

¢, 2pad

—— - /-9 umepayus;
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5. OPOPMJIEHME KYPCOBOM PABOTHI

ConepxaHue KypcoBOM paboThl (KypcoBOW pabOTHI) MOJDKHO OBITH OTPAKEHO B
MOSICHUTEIHPHOM 3aMMCKe 1 Ha JINCTE BaTMaHa ¢opmarta Al.

TuTynbHBIN ~ JMUCT  TOSICHUTENBHOW  3aMHMCKH  OQOpMIISIETCS 10  00pasiy,
MIPUBEJICHHOMY B IPUWJIOKEHUH 3.

[TosicHuTenbHast 3amucKa JOJDKHA COJEpXkaTh MOJHYIO WHGOPMAIMIO MO pacyeTy
KIIM: TexHnuyeckoe 3aJjaHue; TEXHUYECKUE YCIOBUS, BKIIOYAIOIINE CTPYKTYPHYIO CXEMY
MEXaHU3Ma U TaOJIUIly UCXOIHBIX JAHHBIX; KHHEMATUYECKUNA CHUHTE3 CXEMbl MEXaHU3Ma;
OMHCaHHWE METOJI0OB KWHEMaTH4ecKoro u cuioBoro pacuetoB KIIM; dopmynsl u
MOSICHEHUS K HUM; PacueThl BceX TPeOyeMbIX KHUHEMAaTHYECKUX M CHUJIOBBIX MapaMEeTPOB C
3aMKMChI0 UX PA3MEPHOCTEN; aHAJIU3 PE3yJIbTAaTOB; PUCYHKH, WILTFOCTPUPYIOLUIUE PACUEThI-
CXeMbl ~ MEXaHu3Ma, IUIaHbl  CKOPOCTEW, YCKOPEHMH, CHJI, KHHEMaTU4YECKHE
XapaKTEPUCTUKH 3BEHbEB, TOAOTpadbl CUI U T.[., KaK 3TO MOKAa3aHO B y4eOHOM MOCOOHH;
pacrnedyaTka IporpaMmsl.

Jluct BaTMaHa OTOOpa)ka€T OCHOBHBIE JTalbl pacyeTa, MOBTOPSAsS YaCTUYHO
COAEPKAHUE OSICHUTEIbHON 3aIUCKH.

Ha nucre noykHBI OBITH MPEACTABICHBI CIEAYIOIIME PE3YyJIbTaThl: CXEMAa MEXaHU3Ma
JUIs1 8 TIOJIOKEHWM HAa4aJbHOTO 3BE€HA C TPACKTOPHUAMHU ABMKEHHM TOYEK A, B, S,; cxemsl
MEXaHU3Ma B PAaCYETHOM IIOJIOKEHUM, WJUIFOCTPUPYIOIIME KUHEMAaTUYECKHH pacyer
MEXaHU3Ma AHATUTHUYECKMM M TIpaUuecKuM METOJaMH, a TaKKe CHUJIOBOM pacyeT
MEXaHU3Ma; IUIaHbl CKOPOCTEH, YCKOPEHUH M CHII; KMHEMAaTHYECKHE XapaKTEePUCTHKHU
BBIXOJJHOTO 3B€Ha 3; roaorpad cuiasl peakuun F,; Tpa@uKk  HU3MEHEHHUd
YPaBHOBEIIMBAIOIETO MOMEHTA B 3aBUCUMOCTH OT yTJa ¢, .

JIuct noipkeH OBITh BBITIOJIHEH B cOOTBETCTBUU ¢ TpeOboBanusmu ' OCToB.

3AKJIIOYEHUE

JIns mpuMepa pacdeTa HOJIy4EHbI CIEIYIOIINE PE3yJIbTATHI.

1. BbluncieHbl  KMHEMATHYECKHME  XAPAKTEPUCTUKU  BEOOMBIX  3BEHBEB
MEXaHHU3Ma, ITO3BOJIIOLIME CETIATh BBIBOJ O PALMOHAIBHOCTH €0 NapaMeTPOB.

2. [lomydeHbl CWJIBI U MOMEHTBI CHUJ, JCHCTBYIOLIME HA 3BEHbS MEXaHU3MA,
IIO3BOJIAIOLIME CAETIATh UX PACYET HA POYHOCTH IIPU KOHCTPYHUPOBAHUH.

3. BbIABIEHO BIMSIHME CHJI TPEHHs B KMHEMAaTHYECKMX I1apax MeEXaHU3Ma,
MO3BOJIAIOIIEE OIIEHUTD ero Koddduiment noaesnoro aecteus (KI1/).

4, BpiuncineH  ypaBHOBEIIMBAKOIIAKM ~ MOMEHT, IIO3BOJISIIOLIMKA  OLIEHUTH
NOTPEeOHYI0 MOIIHOCTH JUJIsl €ro npuBoja. s mpuBeneHHOro mpumepa 0e3 yuera norepb
Ha TPEHHUE OHA OyJeT

N=M, w =38-1256=480 Br.
[Tpu monGope anexTpoaBuratens cienyet yaects KI1/[ mexanusma.
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[Tpunoxenue 1
OO6pa3er pacmeuaTku pe3yapTaToB pacueta Ha PC mo nmporpamme AN2

1750 1.4000 -1.0000 .0000  12.5600 .7000
7.0000  10.50000 .2200 1.0000 .0000  60.0000
1.5750 300.000 1.40000  300.0000 1.2250 200.0000

YTOJITIOBOPOTA KPMBOLIUITA = .000 TPAAYCOB

1.5750 .0000 -31.0577 3.1416 -1.5700 .0000
.8750 .0000 .0000 .0000  -29.3323 .0000
-419.7572 343350  283.1011 34.3350 .0000  68.6700

.0000 68.6700 -419.1011 34.3350 6.0086 60.6700
YI'OJI TIOBOPOTA KPMBOIIUIIA = 15.000 TPAAYCOB

1.5683 -.6376 -29.6597 3.1092 -1.5173 5.0319
.8687 .0226 -.6032 1.0616  -28.1629  -3.5726
-396.8919 26.6782  268.4214 16.9836 .0000  59.9943

.0000 59.9943  -396.8919 26.6782 22.4862  60.0000
YI'OJITIOBOPOTA KPUBOIIUIIA = 30.000 TPAAYCOB
1.5488 -1.2182 -25.6472 3.0791 -1.3623 9.7627
.8502 .0437 -1.1586 8518  -24.7778  -6.9017
-331.0651 16.1270  226.2909 4.2309 .0000 53.6179
.0000 53.6179  -331.0651 16.1270  31.4123  60.0000
YI'OJI TIOBOPOTA KPUBOIIUIIA = 45.000 TPAAYCOB
1.5183 -1.6921 -19.5437 3.0531 -1.1145 13.8881
.8210 .0619 -1.6232 7771 -19.5278  -9.7605
-230.1336 1.1795  162.1088 -.8331 .0000 51.0859
.0000 51.0859 -230.1336 11795  28.6235 60.0000
YT'OJI IIOBOPOTA KPUBOIIUIIA = 60.000 TPAAYCOB

1.4793 -2.0232 -12.0781 3.0331 - 7896 17.1104
.7834 .0756 -1.9634 5495  -12.9408 -11.9541
-105.7304  -17.4251 -83.8180 2.4162 .0000 52.7106

.0000 52.7106  -105.7304  -17.4251 14.4992  60.0000
YI'OJI TIOBOPOTA KPMBOIIUIIA = 75.000 TPAIAYCOB

1.4351 -2.1923 -4.1381 3.0206 -4093  19.1673
.7402 .0845 -2.1577 0.2844 -5.6416 -13.3331
28.7339  -36.7581 4447 12.0964 .0000 57.5507

.0000 57.5507 28.7339  -36.7581 -6.5220  60.0000
YTI'OJITIOBOPOTA KPMBOIIMUIIA = 90.000 TPAYCOB

1.3890 -2.1980 3.4781 3.0163 .0000 19.8751
.6945 0.0875 -2.1982 .0000 1.7391 -13.8034
160.3690  -52.6469 -79.5255 24.6928 .0000 63.8488

.0000 63.8488 160.3690  -52.6469 -28.0646  60.0000
YT'OJI ITOBOPOTA KPUBOIIMIIA = 105.000 TPAIYCOB
1.3445 -2.0539 10.1523 3.0206 0.4093 19.1673
.6496 .0845 -2.0885 -.2844 8.6487 -13.3331
278.8154  -61.0922  -149.6042 36.4305 .0000 69.7177
.0000 69.7177  278.8154  -61.0922 -44.3631 60.0000
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Oo6pa3er pacmeuatku pe3yiabTaToB pacuéra Ha PC mo nporpamme A2T

0.1750
7.0000

1.4000
10.50000

1.5750 1400.0000

0

0.0

1.0000
0.2200

0.0050
0.0

1.4000 1400.0000

0.0

12.5664
0.0
1.2250

YI'OJI TIOBOPOTA KPUBOULIUIIA = 0.0 TPAYCOB

1
-1535.2461
-0.0004

2

-1.2250
-0.5285
-1015.2449
126.2652

34.3350
-631.3279

0.0
0.0000
33.6875
-600.2239

1353.8923
-1532.2461

-24.1805
-0.0000
1653.98.11
-1815.2449

54.3349
54.3350

0.0
1.0994
34.9855
33.6875

0.0000
6.0086

1.5700
-25.9077
153.7340

21.2516

YI'OJI TIOBOPOTA KPMBOIIUIIA = 15.000 TPAIAYCOB

1
-1550.4880
-0.0004

2

-1.2362
-0.5506
-1821.8760
123.9239

-31.0537 1362.12430

-619.6214

-0.5004
0.0226
-40.8500
-583.7190

-1538.4888

-23.6967
-0.5345
1645.5119
-1821.8760

74.9602
-31.0537

0.0324
1.0621
84.4872
-40.8508

0.0005
64.4340

1.5101
-25.1950
159.4630

91.0015

YI'OJI TIOBOPOTA KPMBOULIUIIA = 30.000 TPAYCOB

1
-1545.5911
-0.0004

2

-1.2457
-0.5471
-1838.6009
124.8699

-93.0946
-624.3416

-0.9803
0.0438
-112.0152
-583.3176

1384.1565
-1545.5911

-22.1917
-1.0399
1677.1743
-1838.6089

113.4035
-93.0946

0.0628
0.9522
132.3242
-112.0152

0.0005
121.1303

1.3630
-23.0621
168.1505
159.3857

YI'OJI TIOBOPOTA KPMBOUIIUIIA = 45.000 TPAAYCOB

1
-1349.2106
-0.0004

2

-1.2700
-0.5733
-1856.5645
128.5779

-147.6787
-642.8916

-1.4170
0.0619
-173.4393
-506.7341

1412.7480
-1349.2156

-19.3271
-1.4060
1719.5269
-1856.5645

147.9560
-147.6787

0.0005
0.7775
175.7166
-175.4593

0.0006
173.4313

1.1151
-19.5340
178.7711
223.5909

[Tpunoxenue 2

0.7000
0.2000
1100.0000

768.6680

0.0
-0.0000
730.2112
1099.9973

797.3167

-5.0370
-3.5762
771.2112
1113.3093

840.7500

-0.7726
-6.9837
818.6467
1151.1440

893.8520

-13.0022
-9.7704
875.4553
1207.4426
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MununcrepcTBO 00pa3zoBaHus U Hayku Poccuiickoit @enepannu
JI® KHUTY-KAU

CHUHTE3 IINTAHETAPHBIX MEXAHU3MOB

VYuebHoe rmocodue s
BBITIOJTHEHUS KYPCOBOM pabOTHI IO KypCy
«Teopust MEXaHH3MOB U MAIITIH

Jlenunoropck 2016

46



Hacrosimue meToanyeckue ykazaHus NpeaHa3HAYEHbI 1Sl CTYJECHTOB,
BBITIOJTHSFOIINX PACYETHO-TPaPHIECKYO IIH KYPCOBYIO pabOTy 1O TEOPUU MEXaHU3MOB U
MAIIIVH.

JlanHbIe yKa3aHUs BKJIIOYAIOT B c€0s1 HEOOXOAUMBIN MaTepuan JJisi CHHTE3a PSIIOBbIX,

IUTAHETAPHBIX M KOMOMHHPOBAHHBIX PEIYKTOPOB, 3aKIIOYAIOLIETOCs B pa3OMBKe OOIIETOo
NEePeJaTOYHOTO OTHOUIEHUS 110 ABYM CTYIIEHSAM U IOJI00pE uncen 3yObeB KoJIec.

B moco6un u3noxeHbl METOJUKN CUHTE3a PEAYKTOpa ¢ MUHUMAIbHBIMU Ta0apUTHBIMU
pa3MepaMHl M KHUHEMATHYECKOrO0 aHaln3a BBHIOPAHHOIO BapHaHTA PEIyKTOpPa, a UMEHHO

OIIPCACIICHUC YUCCII O60p0TOB BCCX 3BCHBCB PCAYKTOpaA Fpa(boaHaJII/ITI/ILIeCKI/IM MCTOOOM.

1.Tumnel cryneHel, IpUMEHSEMBIX IIPU pacyeTe
Bunpl npuMeHsieMbIX MpU pacueTe CTyNEeHel n300paxkeHsl Ha puc.l — 9, a BO3MOKHbIE
JIMana3oHbl HUX MEpPeJaTOYHbIX OTHOLIEHWH NpuBeAeHbI B Talbn.l (B MOJPUCYHOUHBIX

MOAMHUCSAX B CKOOKaX — HOMEpa CXeM CTyIeHEeH B KOMOMHUPOBAHHOM PEIYKTOPE).

i’ e
& ST Z Zs
i i
(¥, T Q —
@, ) i
iy VA s
/ P
ij s
L
Puc.1. PsgoBas cTymneHs C Puc.2.PsipoBas cTyreHs ¢
BHEIIHUM 3arieruieHueM (Nel) BHYTPEHHUM 3arierieHreM (Ne2)
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Puc.7 IlmanerapHas cTyneHn Puc.8.ITnanerapHas cryneHp

co caBOoeHHbIMU catesutaMu (Ne7)  co caBoeHHbIMU catesuTaMu (Neg)
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Puc.9.1TnanerapHas CTyneHb

CO CIBOCHHBIMU caTeuuTaMu (Ne9)

HJIaHeTaprle CTYIICHU CO CABOCHHBIMHU CATCIUIMTAMHU MOTYT IIPUMCHATLCA B KAYCCTBC

PCOAYKTOPOB U MYJIBTHUIINIIMKATOPOB. HOZ)TOMy B TaoOi.1 I OTHX CTYHeHeﬁ YKa3aHbI I10

ABa BO3MOJXHBIX AWAIla30Ha IICPCAATOYHBIX YHMCCII. 3HaueHU NepeaAaTOYHbIX YHCCII,

IMPCBOCXOAAINX CANHUIY, OTHOCATCA K pCAYKTOPAM.

HpI/I BBI60pe KOHKPCTHOI'O IICPCAATOUYHOI'O 4YHCJIa IJIA CTYHGHGI\/JI CO CIBOCHHBIMH

caTcCilyiuTaMu HCO6XOI[I/IMO BBI6paTB CTro LCJIbIM, €CJIN CTYIICHb IIPUMCHSCTCA B Ka4CCTBC

PCOyYKTOpa, U ACCATBIMH OO0JIIMHU CAWMHHUILBI, CCIIN CTYIICHb IIPUMCHACTCA B KadYCCTBC

MYJIBTHIUTAKATOPA.
Ta6nuna 1
Homep cxembl | JHANA30H BO3MOKHBIX Homep cxembl JIHATIA30H BO3MOMKHBIX
CTYIIeHH TepeIaTOUHbIX YHCe CTYIeHH nepeIaTOUHbIX YHCe
1 3...7 5...30
2 3...7 ! 0,1...0,35
3 0,12...0,44 32...200
4 2,3...9 | 0,5...0,9
5 1,13...1,77 8...30
6 0,56...0,88 ’ 0,2...0,9

2.PacueTtHbie (hopMyIIbI IS IEPEAATOUYHBIX OTHOIICHUM CTYTICHEH
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@opMynbl AJig pacyeTra MepeJaTOYHbIX OTHOILIEHWW CTyNeHel, NMPUMEHSEMBbIX B

THUITIOBBIX 3aaHUAX OJIA KYPCOBBIX pa60T, MMpCaACTaBJICHLI B TabI1.2

TabOmuma 2
Homep cxembI ©opmyaa At pacyera Homep cxembI ®opmyJia st paciera
cTynenn NepeIaToYHOro crynen NeperaTouHoro
OTHOIIICHUA OTHOIIICHUSA
: Z : Zy-2
1 |12:__2 hH =1+ 4 72
i 237
7
i _ 2 : 737y
il Z3-21+124- 1,
H1= H1 =
4+ g 1-(24-22) (23-714)
. 4 _ 7.7
4 hH =1+—3 iy =1— 442
i Z3-7
5 iy, =14 L i 1
3H =7~ H1 =
z3 1-(24-2,) (23 71)
9
. Z3 _ 2,2,
6 IH3 e IlH =1 —
L +13 Z3-7;

3.Ilopsanok pacuera peAyKTOpOB

1.Onpenenenrie TUNOB CTyNIEHEW, TPUMEHSIEMBIX IIPU CUHTE3€ U aHAJIU3E.

2.Pacuer oOIero mnepenaToyHOro OTHOIIEHUS PEAyKTOpa MO 3aJaHHBIM YHCIaM

000pPOTOB Ha €ro BXO/JIE U BBIXOJIE.

3.Pa3buBka 00111ero nepeJaTouHoro OTHOLIEHUSI PEAYKTOpa MO CTYTEHSIM.

4.0npenencHue ynces 3yObeB KoJec.

5.00penenenue rabapuTHBIX pa3MepoOB PEAYKTOpA.

6.0mnpenenenue yrcesn 000OPOTOB 3y0UaThIX KOJIEC PELyKTOpa.
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Omnpenenenue yncen 3yObeB KoJiec JUIsl pAI0BOM CTyNEeHH BHeIIHero 3auersieHus (Nel)

IMPOU3BOAUTCA IIPpU YCIOBHUH OTCYTCTBHA ITOAPC3aHUA HOXKH 3y6a, KOTOPOC CO6J'II-0I[3.CTCH

npu 9uciie 3yobeB Kojieca Z >17.

[Ipu monxbope umcen 3yObeB y psIOBOM M IulaHeTapHOM mepedad (puc.10a,0) ¢

3yO4aThIMA TapaMH BHYTPEHHETO 3alleTUICHHUsI JOJKHO OBITh COOJIOJCHO YCIIOBHE

OTCYTCTBHS MHTepdepeHIun (nepecedeHne npoduieil U 3aKIMHUBaHue 3y0OBEB), KOTOPOE

BBIJICP)KUBACTCS TIPU OMPEACICHHOM COOTHOIICHHU 3yObeB kosiec [1]. CooTHolieHue

MEX]ly YHCIaMH 3yObEeB KOJIEC BHYTPEHHETO 3aLlEIUICHNS IPUBEAECHO B Ta0I1.3.

)

S .

6)
) z,

\-\ ——

\
/

ard
P

T

Puc.10.Cxembl 3y04aThIX map BHYTPEHHETO 3allCTIICHUS:
a — pAA0BOM nepeAaydr; 0 — 4acTu IUIAaHETAPHOM Mepeladyl cO CABOCHHBIMU

caTeIUINTaMH
Tabnuna 3
Yucno 3y0beB Yucao 3y0beB KoJeca Yucno 3y0beB Yucao 3y0beB KoJieca
1IeCTEePHHU ¢ BHYTPEHHUMH 3Y0ObAMHU 1IeCTePHH ¢ BHYTPEHHUMHU 3Y0ObSIMH

18 > 144 24 > 38

19 > 81 25 > 36

20 > 60 26 > 35

21 > 50 <(z,+8) 27...79

22 > 44 20

< >
23 > 41 = (22+7)
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OmHuM 13 METO/IOB MOJ00pa YHucen 3yObeB IJIaHETapHbBIX Nepeiay sSBISETCS METO]
COMHOKHUTENEH, TP KOTOPOM MOAOOP 3yObeB BEAETCS MO YCIOBHUSM, 00ECIECUHBAIOIIUM
MOJIyYEHHE 33JIaHHOTO MEPEJATOYHOIO OTHOIIECHHSI U COOCHOCTH, a MPOBEPKA MPOBOIUTCS

0 YCJIOBHUIO COOPKH.

I[JBI pPa3IMYHBIX CXCEM IIJIAHCTAPHBLIX IICPCaad YCIIOBHC COOCHOCTH MOKCT OBITH

BBIPKEHO PA3IMYHBIMU (HOPMYJIaMH, KOTOpbIE MPUBENEHBI B Tabi.4.

Tak Kak mepeaaToOuHOe OTHOIIEHUE KaXKIOW CTYIEHH MPEIBAPUTEIHHO ONPEIEseTCs

0 mojadopa uucen 3yObeB, TO OTHOIIECHUE YHUCEN 3yOheB ISl IUIAHETAPHBIX CTyIEHEH

MOXHO ONpENeNTuTh U3 QOopMyJ IJIs pacuera nepeaaToyHOro OTHolIeHus (cM. Tabi.2).

JIJIs pa3IMuHbIX TUTAHETAPHBIX CTYIEHEH 3TH OTHOIICHHS MTPEACTAaBICHBl B Ta0J.5.
Tabmuma 4
HOMep CXE€MbI (I)OpMyJ'Ia, Bblpa)l(alomaﬂ HOMep CXEMbI (I)OpMy.Tla, Bblpa)KalOIllaﬂ
CTYNEeHH YCJIOBHE COOCHOCTH CTYNEeHH yCJIOBHE COOCHOCTH
3-6 21+2:2;=13 8 21=2p=124—13
7 Zl+22:Z4—Z3 9 Zl+22:Z4+Z3

Tabnuma 5
dopmyaa s dopmy.Jia 1is
Homep cxembl pMy Homep cxembl pMy
onpeeseHUus1 OTHOLICHUS onpeaeJieHus1 OTHOLICHHUSA
crynenu yuces 3y0ObeB crynenu yuces 3y0beB
YA . Zy -2 .
3-6 Sy -1 8 o i S
1H 1H
Al I3
Zy -2 Zy -2 .
7 4 %2 . -1 9 42—+l
1H 1H
Z31 I3

y‘H/ITBIBaSI, YTO OTHOIICHHEC YHCCII 3Y6BCB MOJKET OBITh

BEJIMYUHON TOJBKO

MOJIOKUTEIIbHON, MPUHUMAEM BBIIIICYKa3aHHOE OTHOIICHHE 3YOhEB /I BCEX CTyNEHEH

PaBHBIM

hy —1.
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PaCCMOTpI/IM CYIIHOCTb 3TOro MeEToAa Ha IHIpUMEPEC INIAHCTAPHOTO MCXaHu3Ma C

I[BOﬁHBIM CaTCIININTOM, I/I306pa)KCHHOI‘O Ha puc. 9.

. . . . . Iy L
Tak kak Ly =l—|1|_é, TO I1H3 =1-hy, HO |1|_3|): e

23-4
BBI/II[y TOI'O qTo quciia 3Y6BGB HEHU3BCCTHEI, 3aMCHIACM quciia 3Y6B€B
COMHOXUTCIIIMHU
1 _DB
BT C.A

U3 YCI0BUA COOCHOCTHU
A+B=(C+D) «.

Torna
_A+B

" C+D

a

Ilocne moacTaHoBKH

AC+D)+B(C+D)=C(A+B)+D(A+B)

21 =4 + O); 23=C(A+B)vY;
Z,=B[D+C); 2,=D(4+B) v,

rae Y — aroboe Lesoe 4ucio.

PekomeHnnyercs mpuHUMATH:
IIPY BHELIHEM 3aleruieHuu Z >17;
IIPY BHYTPEHHEM 3alleIICHUH KOJIECO C BHEIIHUMU 3yObsiMu  Z >20);
IPY BHYTPEHHEM 3alleIUICHUH KOJIECO C BHYTPEHHUMH 3yObsAMH Z >85.
dopMmyJbl IS ONPENENICHUs Yncel 3yObEeB PAa3IMUYHBIX CTYNEHEW CO CIBOSHHBIMU
CaTeJUIMTAMU IIPUBEAEHBI B Ta0JI.6.

Tabmura 6

Homep cxembl

®opMmyJIbl 115 ONIpee/IeHus Yucel1 3y0ObeB
CTYIICHH PMYJIBLA ped y

2y =A4(D-C) 23=C(4 + B)
! 2,=BD-C)  z,=D(4+B)
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2, =AD—-C)  z,=C(A—B)
z,=BD-C)  7,=D(4-B)

2z, =A(D+C)  7,=C(Ad+B)
2,=BD+C) 7,=D:(4+B)

[Ipumep.

Heobxoaumo omnpenenuts uncia 3yObeB cTyneHu Ne7 cO CIBOCHHBIMHU CaTEIIUTaMHU
co0J1r0/1as YCIOBHE COOCHOCTH TPHU ilH = 10. OTHO1IeHUE Yncen 3yObeB PABHO:

Z,-7, D-B

I3 74 C-A

= IlH —1=09.

Tak xak Koyeco ¢ 4uClIOM 3yObeB Z, IO pasMmepy J0JUKHO OBITH Ooibine KOJIeca C

qpcioM 3yObeB  Z3 (puc.7), To uncno D nomkHo Toxe 6biTh Gonpine yncna C.

Onpenensiem myrem noadopa comunoxutenu A, B, C, D:

D-B —9=— E
C-A 1.1
Otcrona nMeeMm:

D=9, B=1,C=1 A=1

Yucna 3yObeB paBHBI:
z1=A-(D-C)=1(9-1)=8 z2,=B-(D-C)=1:(9-1)=8;
23=C-(A+B)=1-(1+1)=2; z,=D-(A+B)=9-(1+1)=18.

Yucna BY6BGB KOJIEC MOXKHO YBCIWYUTL HAa OAMHAKOBOC JIsI BCEX COMHOXXHUTEICH

L[E€JIOE YUCIIO, COXPAHsSA MPU 3TOM COOCHOCTH Kousec. JlJIsi maHHOro mpumepa BO3MOKEH
JPYroi BapyuaHT pa30MBKU HA COMHOXHUTEIIH:
D-B 3-3

:9:—
C-A 1-1
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OTtcrona nMeeMm:
D=3 B=3, C=1, A=1
Uwucna 3y0beB KOJIeC PaBHBI:
Iy=1-2=2, 1p=3-2=6,13=1-4=4,2,=3-4=12.
[Ipu nonbope yucen 3yObeB IUIAHETAPHBIX CTYNEHEH CO CABOSCHHBIMH CaTeITUTAaMU

JOJIZKHO OBITH CO6J'IIOI[CHO YCJIOBHUC COCCACTBA, 3aKIrodaromeccss B TOM, YTO psAAOM

PacroJIOKEHHbIE CaTEUIUTHI HE TOJKHBI KacaTbes Ipyr Apyra (puc.11).

Puc.11.Cxema pacnonoXxeHus CaTeJIJIMTOB

HpI/I 9TOM KOJHMYCCTBO CATCIININTOB OIIPCACIIACTCA U3 YCIOBUA!

kSZﬂ'/(Dmin,

rac gDmin — MHHUMAJIBHBIU YTOJI MCKAY CAaTCIIJIMTAMMU. 9T1O0T YTOJI paBCH:

da2

@min =2arcsin ,
wl T dW2

rne  dyp — MaMeTp OKpPYXKHOCTH BEPIIMH CATEIUINTA,;
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dyi, Oy — JAMamMeTpbl HavyaubHBIX OKPYXKHOCTEH LEHTPAIBHOTO Kojeca |

caTeiyiuTa COOTBETCTBCHHO.
]_IJ'I}I YCTPpaHCHUA BO3MOKHOCTHU TPCHUA IIPHU KACAHUHN HMUJIMHAPOB BCPINUH COCCIHHUX
CaTCIUIMTOB IIPCAYCMATPUBAIOT HAJIMINC MCKAY HUMHW MUHUMAJIBHOT'O TapaHTHPOBAHHOI'O

sazopa U > 0,5mm, Torma

. dy+u
@Omin =2arcsin —44——.
wl +dw2

B ClIy4dac CABOCHHOI'O CAaTCIIIINTA da2 6epéTCH JJIsA OOJIBIIIETO U3 HUX.

[Ipu ompeneneHun yucesl 3yObeB IIAHETAPHBIX CTYIEHEH HEOOXOAMMO YUYHTHIBATH
TaKXe yCJIOBHE COOPKH. Y CIIOBHE COOPKH 3aKITI0UAETCS B TOM, YTO 3yObsl BCEX CaTEIIIUTOB
JOJDKHBL OBITh BO BIAaJMHAX OTBETHBIX Kojiec. Ha puc.12 mokazaHo TOJIOXKEHUE

HCHTPAJIBbHBIX KOJIEC MEXaHU3Ma IIpHU YCTAHOBKC IICPBOI'0O CABOCHHOI'O CATCIIJINTA.

Puc.12.Cxema pacrnosioxeHusi 3yObeB caTeinTa
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27

IIpy BHIOPAaHHOM 3HAYEHUH YHCIIO CATEIUINTOB K yros Mexay HuMu @ = ——

k

Jlns Toro, 4ToOBl YCTAaHOBUTH IIpU COOpPKE BTOPOH CATEIUIMT IMOJA YIJIIOM () K

IIEPBOMY, IOBEPHEM BOJHMJIO HA YTOJI (0, , KOTOPBIM MOKET OBITh PaBHBIM

27
@, =P+27-p =7(1+k-p),
rae P — ar0o0e 1enoe Ynuco.

ITpu moBOpOTE BoAMIIA HA YTOd (,, IEPBOE KOJIECO MOBEPHETCS HA YOI

=@, 1y,
HHH TOTO, LITO6I:.I BTOpOﬁ CcaTcIJIuT MOTr 6BITB IIOCTABJICH HAa MECTO, KOTOpOG 3aHUMaJl
HepBLII?I a0 HOBOpOTa BOJAMJIA, HGO6X0,Z[I/IMO LITO6I)I HepBOC KOJICCO HOBepHyJIOCL Ha 1IcJIOoC

YMUCJIO YTJIOBBIX IHAroB, 4YTO H oOecreunBaeT OAWMHAKOBOC B3aWMMHOC PaCIIOJIOKCHUC

3yObeB IEHTPAIBHBIX KONEC Z1 U Zy, T.€.

C 27
4
IToncraBisiss nEpBOE M TPETHE BBIPAKEHUS BO BTOPOE MOITYUUM

27 21 ]
CE T +k-p)iy, .

OTKyJa

cz%(m. D).

W3 1moyry4eHHOro cieayeT, YTO €ClIM IpU KaKoM-THMOO 3Haue€HUHu [P BO3MOKHO

nosyyenue nenoro sHadenus C, To cOOpKa MeEXaHM3Ma BO3MOYKHA.
B npocreiimem ciayuae coopku npu P =0. Torna
c= Al

k

Ecnu vy ipu oiHoM 13 3HaueHuit [ 3nadenue C He Oy/IeT 1esbiM, TO cOOpKa TaKOro

MCXaHHN3Mad HCBO3MOJKHA U CIICAYCT MCHATDH k WM 9uciia BY6BGB.
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Jnsa mnanerapHbix ctyneHeil Ne3 — Ne6 mpu KOJIMYECTBE CATEJUIMTOB PABHOM JIBYM

YCI0BHC C60pKI/I BBIITOJIHACTCA BCCI'Ja. Hepe):[aToqﬂoe OTHOHICHHUC OT IICPBOTI'O KOJICCA K

BOJIMITY JUISl 3TUX CTYIIEHEW PABHO
L1+ 17
,

Toraa nenoe 4ucIo ONPENSNIUTCS U3 YPaBHEHUS

o (2 + 23)(1+2I0)_
2

hH

Tak xak uucno 3y0beB Z3 = Z; +2Z5, TO P HEYETHOM YHUCIIE Z] YHMCIO Z3 TOXKE
HEYETHOE, a IIPY YETHOM €ro 3HaueHuW Z3 — 4deTHoe. Cle0BaTeNbHO, cyMmma Zq + Z3

KpaTHa ABYM IIpU JI000M 3HAYECHUH YHCET 3Y6I>€B, a OTCroaa C ABJIACTCS I CJIBIM YU CJIOM.

3a rabapuTHbIE pa3MEpPbl PEyKTOpa MPU CUHTE3€ MPUHUMAETCS HAaMOOIBIINA pazMep

OJIHOM M3 cTymneHel unu ee yacrei (puc.13).

L - i Zs\
T Z R - - —:’-
Zz . TH N v Yy H [
— . i i e
- T :I: —r? Z
D, — Zy
e Z Zy Y T
a &

Puc.13.K onpenenenuto rabapuTHBIX pa3MepOB:
@ — KOMOMHUPOBAHHOTO PEAYKTOPA; O—CTYIIEHH CO CABOCHHBIMH CATECIUTMTAMHU.

Tak kak MOIyJIHd BCEX KOJIEC Uil KaXIOro pelyKTopa OJUHAKOBBI, TO rabapUTHbHIE
pa3Mepbl CTYIIEHEH MOYKHO OIPEIEIUTh Yepe3 COOTHOIICHHE YKcel 3yObeB. DopMyIIbl 1S

ompeeraeHus TabapuTHBIX Pa3MEPOB Pa3IMYHBIX CTyTNIEHEH MPUBEICHBI B TA0JI.7

TabOmuma 7

Homep cxembl \ Dopmy.Jbl Aas \ Homep cxemMbl ’ DopMylJibl s
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CTyIeHH onpeaeaeHUs1 ra0apuTHBIX CTyNIeHH onpeaeaeHus
pa3MepoB raGapuTHBIX pa3MepoB
1 21 +2-2, 2 Z,
3-6 Z3 ]
8
21 +2-2, Z4
2 +2-2,
7 Zy 9
Z,+2-2

M3 nByx BapuaHTOB PEAYKTOPOB B pacueTe BBIOMPACTCS PEAYKTOP C MEHBIIUMU

rabapuTHBIMU pa3MeEpaMH.

I[JBI pPCOyKTOpa ¢ MHUHHMAJILHBIMHU Fa6apI/ITHI>IMH pasMCcpaMu IIPOU3BOAUTCA PACUCT

yucen o00pOTOB BCeX 3BEHBbEB. Uuciia 000pOTOB 3y0UaThIX KOJIEC Pa3JIMYHBIX CTYIEHEH

OIIPCACIIAIOTCA AaHAIMTUICCKUM MCTOAOM II0 (bOpMYJ'IaM, KOTOPBIC ITPUBCACHLI B Ta6ﬂ.8, u

rpagu4ecKuM crocoooMm.

Tabmuma 8
Homep cxembl Dopmy.kr st Homep cxeMbl Dopmy.ibl 1S
CTVIIeHH onpeaeJeHus Tuces1 CTVIIeHH onpeaeJeHUus: YuceJ
Y 000poTOB y 00opoToB
n ¢ Z Z
1 Ny =—-+-% N =ny|1+=2
2 h = NH
3
n * Z Z
E 2 =NH
23 Z,
n n
Ny =—= N = 1
" Z3 3 242
1+— 1+ % ~¢
4 Z1 7 I3
Z z
n2=nH 1——3 n2:n3:nH 1__4
22 Z3
N3
0 Mg 8 n =Ny | 1+ 24722
1+ = Z3- 1,
Z3

59



Z4
n2 :n3 = nH 1—2—
3

N
H=7"7
472_1

I3

2 24
n2:nH 1+— n2:n3:nH 1+—
Zy Z3

O6o3HaueHus koiec B Tabs.8 cooTBEeTCTBYIOT puc.l — 9. YrioBas ckopocTh KoJjiec

MOXET OBITh Olpe/eieHa 1o hopmyie

rae N —yuciao o00poToB.

Yucno O60pOTOB HJIK YTJIOBAsA CKOPOCTH BBIXOOHOI'O 3BCHA PCAYKTOpAa HC JOJIKHBI

OTJIMYATHLCS OT 3aJJaHHOTO 3HAUYEHHS OOJIbIlle, yeM Ha =+ 5%.

4 .Ilpumep pacuera

HcxonHbie TaHHbIE JUIs pacyeTa:

1.CtpykTypHas cxema KOMOMHUPOBAHHOTO peaykTopa (puc.14).

2.Yucmno 000poToB Ha BXOAE peaykrtopa My =N, =900 00/MuH.

3.Yucno o60poToB Ha BeIxoze peaykropa Ng =40 006/mun.

4 Mopynb 3y04aThix Kojec nmepegayn M = 3 mM.
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4 Z 31
( it H e T
J’.F1 — cara
Z 2
Zy
T
Puc.14

Heo0XxoanMo BBIIOIHUTE CHHTE3 JJAHHOTO IIJIAHETapHOTO peyKTopa (HalTH Bee Zj)

obecnieunBaroIme paboToCcrocoOHOCTh U 3a/JaHHbBIC MTePEIaTOYHbIC OTHOIIICHHS.
Pemenue.

1.Pa30onBKa 0011ero nepegaTovYHOro OTHOUIEHHS M0 CTYIeHM (TiepBasi CTYIIEHb

IJIaHETapHas ilH ¥ BTOpasi CTYIICHb psnoBast Isg).

) n 900
i 1-_""_5

obw —

05 gy =hn -lsg.
ng 40 oo

OOGBIYHO JUIs TaKOM IIAaHETAPHOH CTyneHHu pekoMeHayercs npuanmats hy =5...30

(cm. Tabu.1). st wiwinHApUYecKoi 3yGuaroi mepenaun Isg = 3...7.

[TpuauMaem ilH = 15, Torma

odwy _ 50 _10
hy 15 3

Is6 =

2.1Toa0op unces 3y0ObeB IJIAHETAPHOT0 MEXaHU3MA
ITonGepem uncna 3y0beB IIaHETApHOH CTyINeHH, obecneunBaromue hy =15 u

COOCHOCTbH OCEii TTaHETAPHOU CTYIICHH IO BBIIIECU3I0KEHHBIM (hopMyiaM (cM. Ta0I1.6).
21=A(D-C) vy ; Z2,=B(D-C);
23=C(A+B)y;  74=D(A+B)Y.

i =1-ij,=1-15=—14.



OJIHOBPEMEHHO

. i Z
Zq Z3

Orcrona Bo3moxkHble BapuanTel 3HaueHnii A, B, C u D:

2_22_4:]_4:£=—314= =—BD
Z; I3 1.1 1.3 A-C

PaccmoTtpum 2 BapuaHTa mmoadopa uncen 3yObeB 3y0uaThiX KoJec.
Bapuasnr 1.
=1(7-1)-y=6y; Z=2(7-1)-y=12y;
Z3=1-(1+2)-vy =3y, Z,=7(1+2) -7y =21y.
C nmomomipro BEIOOpA COOTBETCTBYIOILETO Y yIOBIETBOPSEM PEKOMEHIALUU I10
BBIOOpY  Zj = 17.

ITpuarMaeM JUId BHEIMHETO 3aUCTNCHUS  Z;p, 0y = 20, 11 BHyTPECHHETO —

Ziguymp = 85. Tlpunnmaem taoke Y=7.
Torna
21:42, 22 284, 23=21, Z4=147.
Bapuanr 2 .

21=1(14-3)-y=11y, Z, =3 (14-3) y=33Y;
23=3(1+3)-y=12y; 7, =14 (1+3)-y=56Y.

[Tpuanmaem  Y=2.
Torna
11=22, 1,=66, 23=24, 7,=112.
W3 nByX BapHaHTOB BEIOMPAEM TOT, UTO UMEET MEHbIINE Ta0apUThI, T.€. MEHBIIYIO

cymMMy 3yObeB, KOJIEC ONPEEISIOIINX Ta0apUThl.

Bapuasnr 1.
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Zl+22 _4284_
2 2

63.

Bapwuanr 2.

Z+2, 22-66
2 2

44,

Bribupaem BTOpOIi BapuaHT.

: 10
OnpenenﬂeM qucia SY6BCB konec4usc ITOMOIIIBIO COOTHOIICHMA |56 =—.
3

ITpuanmaem Zg =18. Torma Zg = 60.

3.0npenesieHue YuCJIa CaTeJJINTOB

3 YCJI0BUA COCCACTBA OIIPCACIIMM BO3MOKHOC YHUCJIO CaTCIIIINTOB.

23X 4 2h;,
®@min :2arcsind¢:2arcsinu: 2arcsin =
dV\LL_dWZ L1+ 1y 22 + 66

— 2arcsin0,772 =101,198".

Yucio catemmuToB K oyner
2 360
k<2 = =3,56. Orcrona K= 3.
@min 101,98

4.1IpoBepKa BO3MOKHOCTH COOPKH.

Zy -1
Ycnosue c6opku umeer Bug C= % @L+k-p).

pu k=3 C=¥(1+3p)=110-(1+3p),

T.¢. Ipu JI00oM 1tentoM P unciao C  Gymer mesbIM YHCIIoM, T.€. COOpKa BO3MOXKHA.

S.KuHeMaTH4YeCKHil pacyeT peayKTopa rpadoaHaIuTUHYeCKUM METOI0M.
Pacuer penmykropa rpadoaHaTUTHYECKUM METOJOM BBIMOJHSIETCS B CIEIYIOMIEH

IIOCJIEA0BATCIIbHOCTH.

1.Bsi6op macmrrabHoro koaddunrenta K, mst moctpoeHns riiaHa MexaHu3Ma.
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2.ITocTpoenue miaHa MexaHu3Mma (puc.15,a).

i
MM
/16,
Puc.15.Kunematuyeckuii anaau3 MexaHu3Ma rpapu4eckuM MEeTOA0M

3.Boibop macmrabuoro kosddummenta K, mist moctpoeHus rpaduka JHHEHHBIX
CKOPOCTEM.
4 IToctpoenue rpaduka THHERHBIX CKOpocTel (puc.15,0).

5.Be16op macintabHoro kosdduimenta K, mis moctpoenus miana dncen 060poTOB

3y04aThIX KoOJIeC.
6.IToctpoeHwue miana uncesn o6opotoB (puc.15,8).
[Toctpoenne TuiaHa 3y04yaToro MexaHW3Ma HEOOXOJUMO HAYaTh C OIpPEICTICHHS
MacmTabHoro ko3 duimeHTa u3 paBeHCTBA
n m-z
Kp===—7,
I 2n
rae
M — MOAyJb 3alCIICHUS,
Zy —4ucIio 3yObeB IIEPBOIO KOJIECA;
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[ —uMHA OTpe3Ka, M300paXkarollero Ha IUIaHE MEXaHW3Ma Pauyc IepBOTO
3y04aToro KoJjeca.
Pa3Mepsl IpyruX OTPE3KOB, H300PaKAIOIUX PaJHyChl KOJIEC, PABHEI
o om-z
[=—-
2K,
[Toce mOCTPOEHN MUIaHA PEAYKTOpa 0003HAYMM HA YepPTEKEe TOYKHA KOHTAKTa KOJIEC,
ocu caremmros u konec (A, B,C,D,E n F).

Macmtabupiii  K03hGUIMEHT ISl MOCTPOCHUS TpaduKka JHMHEHHBIX CKOpOCTEH

onpcAcCIIMM U3 COOTHOICHUA

rac

VB1 — CKOpOCTh Touku B1 mepsoro 3yGuaroro koneca;

VB1 — JUIMHA OTPE3Ka, N300paXKarolero Ha rpaguke CKOPOCTh TOUKU Bi.

Cxopocts Touku B1 mepsoro koneca pasna

m'Zl'7Z"nl
60 ’

Vg =l -o =
rae
Ny — 4mciio 060pPOTOB NEPBOro 3y04YaTOro Komeca Z7.
I'paduKu TMHEWHBIX CKOPOCTEH TOUEK 3yOUaThIX KOJIEC IIPEACTABIEHEI Ha puc.15,0.
Jlunust pacmpenenieHus: CKOPOCTEM KaKJIOro Kojeca CTPOUTCS MO JABYM TOYKaM,

CKOPOCTH KOTOPBIX HM3BCCTHHI. Tak AJIsL TIEPBOTO 3B€HA M3BCCTHBI CKOPOCTH TOYKH B]_ )

BETMYMHA KOTOPON OMpENEeNseTCs IO BBIMIEYKAa3aHHOW (opMysie, W CKOPOCTh OCH

BpalleHus Kojeca paBHas HyJt0. [1o 3TuM AByM Toukam CTpOUTCS Trpaduk pacnpeneaeHus

OKPYKHBIX CKOpOCTGI)'I TOYCK IICPBOI'O 3BCHA 01.

Cxopocts Toukn C, nexanieil Ha TMHMM KacaHHWs HadaJbHBIX LIWIMHAPOB KOJEC I3 "

Z,, PaBHA HYIIIO, TAaK KaK KOJECO Z, HenoaBrxkHO. [IpoBomst npsamyro depes Touku B” u
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!
C' nomyunm muamio 6@,, wusoGpaxarouryro rpaQuKu pacupeneneHus OKPYKHBIX
CKOPOCTEH TOYEK CaTeJUIMTOB Zo U Z3. Ha 5To# nuHMM pacmonaraercs KOHeL OTpe3Ka
4 " (V) )
D'D” ckopoctu Toukn D, npunaaiexanieii reoMeTpHIecKoil 0CH BpalieHHs 3BEHbEB Z)

u Z3 otHOCUTENbHO Boauna. Coemunstst Touky D” ¢ Toukoit A, nomyuaem munuio Oy
rpaduka OKPY>KHBIX CKOPOCTEH TOUYEK BOJMIIA.

Ha muuuu Oy pacmonaraercs touka E” konua orpeska, msobGpakaromiero
OKPY)KHYIO CKOPOCTh TOUKM E , nexamiell Ha AMHMM KacaHMs Ha4ajbHBIX UJIMHIPOB

3y04aTeIX KojeC Zg M Zg, TaK KAaK YIJIOBBIE CKOPOCTH BPALCHUSA BOJIWIIA H wn 3Bena Zg

paBubl. IIpoBons mpsamyro uepes Touku E” m F' (oxpyxnas cxopocts Touku F,

nexanieil Ha ocu 3y04aTtoro kosieca Zg paBHA HyJI0) IodydaeM JuHHIO Of rpaduka
pacIpeseNeHus OKPY KHBIX CKOPOCTEH TOYEK Kojieca Zg.

[1naH yriioBbIX CKOPOCTEHN 3y0UaThIX KOJIeC peayKTopa NpuBeeH Ha puc.15,6.

Macmtabublii Kod()PUITUEHT I MOCTPOCHHUS MJIaHa YUCEeT 00OPOTOB OIMPEICIUM U3

paBeHCTBa

N 900 9 06 [ mun

n, 100 MM
rac

Ny — pasmep oTpeska, M300paKaloOIIEr0 Ha IUIAHE YHCEN OOOPOTOB MEPBOIO

3BC€HA, MM.

[TocTpoenue nnana yucea 00OPOTOB MOXKHO HA4aTh C OTJIOKEHHUS Ha TOPU3OHTAILHON

maann otpe3ka (1, COOTBETCTBYIONIErO 4YMCIy OOOPOTOB IEPBOro 3BeHa. Jlanee u3
KOHI[a 3TOr0 OTpe3ka (Touka 1) mpoBOIMM JIMHHIO TIapalieNnbHyo &) /10 epeceueHus ee ¢
BEPTHKAJIBLHOMN JIMHUEN, IPOBEICHHON 13 Havyana otpeska (u3 Touku (J). IMoaydum TOuky

IepeCceUeCHUst P. U3 or1oif TOYKM MPOBOIUM JIMHHWH, MapajjieIbHbIE JIHHHIM
pacrpeiesieHrs: OKPYHBIX CKOPOCTEH TOYEK 3BEHBhEB Ha TpaduKe JUHEHHBIX CKOPOCTEH.

Otpesok O1 nponopuroHaeH 4uciay 000pOTOB IEPBOTO 3y6UaToro Kojeca, otpe3ok (2
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— 4ucay 000pOoTOB BTOPOro Kojeca U T.1. Yuciaa 000pOTOB KOJEC MOXKHO ONPEAETUTh MO
bopmyiie
nl = O| : KI’] y
rae
Oi — nnuHa oTpeska, COOTBETCTBYIONIETO YUCITy 000POTOB | — 0 3B€Ha Ha IIaHE

guces 000pOTOB.

PacuetHo-rpadmyeckas wim KypcoBas paOOThI MO CHHTE3y 3yO4aToro MeXaHW3Ma
3aKaHYMBAETCA CPABHEHUEM JIaHHBIX, MOJYYEHHBIX TIpadoOaHaTUTHYECKUM METOJIOM, C

JaHHBIMH, YKAa3aHHBIMHU B 3a/IaHUH.

bubnuorpaduueckuii ciucok

1. Teopus MexaHW3MOB M ME€XaHHMKa MaluH: Y4eOH. 11 BTy30B/ @ponos K.B., [Tonos
C.A., MycaroB A.K. u ap. — M.: Beicu. mk., 2001. — 496 c.

2.BonmiikuH E.A. PacyeT U KOHCTpyHpOBaHHE MEXaHU3MOB MPHUOOPOB U CUCTEM. M.:
Bricmas mikona, 1980. — 458c.

Conepxxanue
1. Tunbl cTyneHeu, MPUMEHSEMBIX TIPH PACUETE. ... .euueeeenneeennneeennneeennneeanneennn
2.PacuetHbie (OpMYJIbI 1Sl IEPEIATOUHBIX OTHOIIEHUM CTYHEHEH. ...\vneeeneennenn.
R0 007529 (0):9 o T:Tole (5 & 8 0131 4 W U0 o10) : B PP
ZE 000 0 (5 T 0 X2 oL (i

1337 (0907 0y L2 11) 7 e (o103 20202 AW 1 (10 )

HononHeHune K y4eOGHOMY NOCoOMI0 NO BbINOSIHEHUIO KYPCOBOM paboThl
no AvcumniuHe «Teopusi MEXaHU3MOB U MaLUUH»

KnHemaTnyeckum n auHamun4eckum aHanus
KPUBOLLUMMHO-NOoN3yHHoro mexaHnama 8 APM Dynamics

3adaHue
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1. BbINOMHWUTL NOCTPOEHWE KMHEMATUYECKOW CXEMbl LIEHTPanbHOro KPUBOLLUMHO-LIATYHHOrO MexaHu3ma no
3a[laHHbIM TEXHUYECKUM YCITOBUSIM.

2. [lpoBecTun KMHEMATUYECKMI aHann3 nonyyYyeHHon cxemsbl (Puc. 1).

3. [lpoBecTn cMnoBon aHanm3 nonyYeHHoOM cxembl 6e3 yyeTa COCTaBnSLMNX CUN TPEHUSA B KUHEMATUYECKUX
napax.

4. TocTtpouTb rpadmkn 3aKOHOB ABWMXKEHUSA 2-r0 N 3-r0 3BEHLEB MEXaHN3Ma.

5. TloctponTtb rpadmk ypaBHOBELLMBAKOLLETO MOMEHTA M Y3MOBbIX CUI.

Puc. 1 Cxema KPHUBOMIINITHO-TIOJI3YHHOI'O MCXAdaHHN3MaA.

MexaHu3M UMeET CIEAYIOINE HCXOIHbBIE JAHHBIE:

Xon mopmHsa S ,=0,35 m.

Jnuna nmopmas  1,=0,22 m.

Jmmna matyna AB - 1,=1,4 M. 1,4 =1,/2.

YacToTa BpamieHus kpuomuna n,=120 o0/mMuH.

Macca miatryna  m, =7 K.

Macca nopmsts m,=10,5 kr.

[leperpyska ropuszonranbHas  I7,.=1,0.

[TocTosiHHAs cwila TPEHUS B YIUIOTHEHUSX NPU ABMKEHUHU nopmHsa  F,,=60 H.
Cuna conpoTHBIIEHUS, IEUCTBYIONIAS HA MOPILIEHD:

o mpu  xg,. 300H.
o mpu  Xxp, 300H.

o mpu  xgz, 200H.

Pamunyc nanger 1 =0.02 m.
Koadduruent tpenus B mande  1=0,25.
KoaddummenT tpenuns B moctynarenbHoi kuaematnaeckoi mape  f, =0,2.

O6wuti nopsidok pacvema

1. [llocmpoeHue modenu KpusowunHo-no3yHHo20 mexaHudma 8 APM Dynamics
1.1. Hacmpolika eQuHUY, U3MepPeHUs
1.2. Bbibop nnockocmu nocmpoeHus
1.3. Cos0aHue 6a308020 (Ha4anbHO20) y3na
1.4. [locmpoeHue cmepxHesol moderu
1.5. 3adaHue wapHUpos 8 y3nax
1.6. YcmaHoska orop
1.7. Cos0aHue 0ornonHUmMeIbHO20 y3ra Ha CmepXXHe wamyHa
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3adaHue ceyeHuli u mamepuarna
2.1. 3adaHue ceyveHuli
2.2. HasHauyeHue mamepuarna
3adaHue UHepUUOHHbIX napamempos 38eHLES
3adaHue ckopocmu epaujeHusi sedyuje2o 38eHa
3aepyxeHusi
Co30aHue KoMbuHauuu 3azpy»xeHull
3adaHue Hazpy30kK
7.1. Cunbl nepeapysku u mspkecmu
7.2. Cuna mpeHus 8 non3yHe
7.3. Cuna conpomuenieHusi 08UXXeHUS MoJi3yHa
7.4. 3adaHue epachukoes 0ns 3azpyxeHuli

Nogahkw

8. YcmaHoska damyukog u MoOKIr4YeHUe ux K MOHUmMopam

8.1. [amuyuk yena nogsopoma eedyuje2o 38eHa

8.2. [amd4uku nepemeuwjeHusi, CKOpoCcmu U YyCKOPEHUSs Mon3yHa

8.3. [amd4uk ypasHoseuwugaou,e2o MOMeHmMa
8.4. [Hamd4uku cun

9. Pacuem

10. Pesynbmamsi pacdema

lMpunoxeHue — 2pachuyeckoe npedcmasrieHue pe3ybmamos pacyema

1. TMocmpoeHue Modesiu KpU8oOWUNHO-MNO/3YHHO20 MexaHu3ma e APM Dynamics

1.1. HacTtponka eauHUL, u3amMepeHus

EovHuubl n3mMepeHuna OnnHbl OT06pa)KaIOTCﬂ B CTPOKE COCTOAHUA. Ons YCTaAHOBKM €OuHnl n3MmepeHund

BblbepeTe komaHay MeHio Bua /| EQMHMUBLI M3MepeHust unn HaXMuTe KHOMKY fe NnaHenn WHCTPYMEHTOB
YcTaHoBKU. B ananoroeom okHe «EanHuubl» BoibepeTe: OnuHbl — [MM], pagychl — [pag].

1.2. Bbl6op NNOCKOCTU NOCTPOEHUA

CosnaBaTb MOAenb MOXHO B MOGOM U3 YeTblpex
OKOH, MpW 3TOM OHa GyaeT aBToMaTU4ecku oTobpaxaTbcs
Ha Bcex ocTarbHbIX Buaax.

PaccmaTtpvBaemblii  Npumep  SIBMNSETCA  MIOCKAM
MexaHu3MoM. MocTpoeHne mexaHu3aMa yaoGHO BbINOMHUTL
B nnockoctn XY. BbibepeTe B KauecTBe akTMBHOro roboi

Bua, Hanpumep «Bug cnepegm», M HaOXMUTE KHOMKY F-T"'
MoBopoT BMAaa naHenu WHCTpyMeHToB BupoBas
nnockoctb (komMaHga MeHwo Bwupl/Moeoport...). B
nosiBMBLLUEMCS OuanoroBoMm okHe (Puc. 2) BBegute yron
Theta = -90 rpag., Phi = 0 rpag. u HaxmuTe KHonky «OKk».

HanbHelilee nocTpoeHne GyaemM BECTU B aKTUBHOM
BUae.

1.3. Co3pgaHue 6a3oBoro (HayanbHOro) yana

MNMosopoTt Buna

L.

= I'Ipocmopr.—

— Theta

I-EID _l? rpanoyc

— Phi
0

=

rpagyc
—YoTaHoeuTe Bug,
LCrepegu | LCneea | Ceep=y |
LCsanu | Cnpaea | CHuzy |
Ok OTreHa | Crpaeka |

Puc. 2 IToBopoT BuIA.

HOCTpoeHI/Ie mMmoaenn HavYnHaem c Toro, 4Yto B Npon3BOJIbHOM MeECTe Bbl6paHHOI'O OKHa CTaBMM Ha4asnbHbll

. | -
(6a3oBbIN) y3emn: HaXumaem KHOMKY M HoBbiM y3en naHenu uWHCTpymMeHTOB HapucoBaTb (MeHio
PucoBaHue/Y3en/llo koopguHaTtam) u uwenkaem JIEBOW KHONKOW MbIlWK B MNPOU3BOMbLHOW TOYKe MOMs

| .
BblOpaHHoro Buga. [Ans ygobcTea MOXHO 3adaTb TOYHble KOOpAMHaThl yana. Ecnv B pexumve | & HoBbii y3en
wenkHyTe NMPABOW kHONKOW MbIlWW MO y3My, TO B MOSIBUBLUEMCSI [OMANIOrOBOM OKHE MOXHO TOYHO BBECTU C

KnasuaTypbl kKoopanHaTtsl yana (0, 0, 0).

Bkntountb oTobpaxeHne Ha mMogenyM HOMEPOB Y3MOB MOXHO, HaXaB KHOMKY a Homepa y3noB naHenu
WHCTpYyMeHTOoB dunbTpbl BUAa (NaHens ®unbTpbl BUAa pacnonoxeHa B HUXHeN YyacTn okHa APM Dynamics).
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1.4. MocTpoeHue cTepXHEBON Moenu

Ona pucosaHnsa cTepxHa 0-1 kpusowwuna BbibepeTe KomaHay
F=l CtepxeHb no anuHe u yrny naHenu uHcTpymeHToB PucoBaHmue
(komaHga MeHw PucoBaHue/CtepxeHb/llo gnuHe n yrny) 3atem Hron. pan 0.00

LLEeSTKHMUTE NeBOM KHOMKOW MbILLX Ha yCTaHOBJ1IEHHOM paHee Ha4YalibHOM

JuHa, e 175
y3ne u nepemMectute Kypcop Tak, 4YToObl CTepXeHb MOTSHYyNcs 3a
Kypcopom. Haxmute TMPABYKO «knaBuwy wMmblun ans  BBoAa
napameTpoB CTepXHS (Yyron HaknmoHa u pgnvHa). B nosisuBwemcsi Ok I DTMW' E:”':"35"‘a|
ananoroBoM okHe (Puc. 3) 3agante yron HakmoHa W ANWHY, B
COOTBETCTBUM C PUCYHKOM. Puc. 3

Yron oTcuuTbiBAeTCs OT FOpI/I3OHTaJ'IbHOI7I ocn Bumaga npoTmB

. Jlnajgorosoe OKHO
4YaCcoBOW CTPESKN.

JI06aBUTH
CTCPIKCHb.

[Mocne oTpMCOBKN CTEPXKHS KOMaHAA OCTaeTCsl akTMBHOW. AHANormyHbiM obpasom nocTpomm cTepxeHb 1-2
waTtyHa: JIEBOW kHOMKOW MbILK NO nocnegHeMy nocTpoeHHomy y3ny 1, Haxumaem NPABYIO KHOMKy Mbiwimn 1 B
ananorosom okHe Beoaum: Yron — 0 rpag, OnunHa — 1400 mm.

1.5. 3apaHue wWapHMpPOB B y3nax

[na 3agaHvsa WapHUPOB HaXKMUTE KHOMKY = LLapHup BCcem
y3nam naHenu WHCTpymeHToB PucoBaHume (komMaHZa MeEHK
PucoBanue/lllapHup/B y3ne/Cospgatb Bcem). B noseuBliemcsA [ Mosopar Bokpyr ocu
AnanorosoM okHe (Puc. 4) oTmeTbTe «[1oBOPOT BOKpPYr ocu Z» u I™ Mesopor sokpyr ook ¥
HaxmuTe kHomKy «Ok». Ocb Z rnobanbHOM CUCTEMbl KoopAauHaT

HanpaeneHa Ha nonb3oBaTeNna neprneHankynspHo Buaa. LLapHupbl
OyayT aBTOMaTM4yecKku co3gaHbl BO BCeX Yyanax. Ecnu wapHupbl Tt |[Tnee |[Eo=a |
HeoOX04MMO YCTaHOBUTL He BO BCEX Y3rax CrefyeT BOCMONb30BaTbCS
komaHgon PucoBaHue/lllapHup/B y3ne/Co3patbh BblAeneHHbIM
npeaBapuTeNnbHO BbIAENNB HEOOXOAMMbIE Y3bl.

Puc. 4 Iuamgorosoe
OKHO
Hlapuup B Y3ie.

1.6. YcTtaHoBKa onop

[nsi koppekTHoM paboTel HeobxoaMmo 3aaaTth onopbl B yanax 0 n 2. [1Ns 3Toro HaXkXMmnTe KHOMKY 3 Onopa
naHenun uHcCTpymeHToB PucoBaHue (komaHga meHio PucosaHue/Onopa) v wenkHute no ysny 0. B nogsusLliemca
OManoroBoM OkHe «YcTaHoBKa onopbl» (Puc. 5) paspelumTe NOBOPOT TOMbKO BOKPYr ocu Z rnobanbHOn cuctemsl
KoopanHaT. 3aTeM LLernKHUTE Mo Y3y 2 1 paspelunTte nepemelleHne no ocu X n NoBopoT BoKpyr ocun Z (Puc. 6).

vcramoska onop:
Mepemewetmua— Mosopor—————— ~Mepemewstma— [~ Mosopor
v Zanper no ¥ 3anper Bokpur 3 [ Zanper no % v Zanpet sokpur &
¥ 3anperno'Y v 3anper sokpyr Y ¥ 3anper no'Y ¥ 3anpet sokpyr 'Y

v Zanper o Z [ ¥ Zanper no Z r

— Tun onope: — Cnocod sa0aHxa — TN onoped - Cnocod 3agaHwa

= Nofagurs = Nofagure
a A j & 3ameHTE a A j % JareHuTE
0k I OTreHa | g,qanmbl CnpaBKal 0k I OTreHa | g,qanmbl EnpaBKal

Puc. 5 Onopa B y31e 0. Puc. 6 Omnopa B y3ie 2.

1.7. Co3pgaHue oONOJSIHUTENIbLHOrO y351a Ha CTepXHe WwaTyHa
[na 3agaHus COCpeD,OTOLIeHHOVI MaccCbl, MOMEHTa UHEPLUNN N CUNbl TAXKECTU LLATyHa HeobxoQMMo co3adaTb

o *H

B LEHTPEe CTEepXHSA OOMNONHUTENbHbIN y3en. [Ona 3Toro BbibepeTe KomaHay ==| Pa3outb crepxeHb (MeHH
PucoBaHue/CtepxeHb/Pa3butb cTepXeHb), 3aTeM YyKaxuTe CTepxeHb watyHa. Konuyecmeo 3anemMeHmos
3agaeTcsi B AMaroroBoM okHe: 2.
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2. 3adaHue ceyYeHuli u Mamepuana

Mpu peweHun gdaHHOW 3agayn yaobHO MCMONb30BaTb COCPEAOTOYEHHbIE MacChbl U MOMEHT WHEpPUWW.
OpHako anst npoBefeHnst pacdeTa cedeHne U matepuan OOSKHbl ObiTe 3agaHbl. 3agagvMM cevyeHne 4OoCTaTovHO
Oonblon xectkocTu, Hanpumep «1000x1000» wn3 6Gubnuotekn «KBagpaTHble OGETOHHbIE» WM Martepuan co
CBOWICTBaMU CTanu, HO MIOTHOCTbLIO, 6Mm3Kon K O.

2.1. 3apgaHune cevyeHun
IOna 3agaHusa ceveHusi «1000x1000», Bbl MoxeTe wucnonb3oBaTb CTaHAapTHble OMONMOTEKM ceveHun,

nocraensiemble ¢ cucremonnr APM WinMachine. 3agagnum cedeHne BCeM CTEPXHAM. Haxmwute KHOMKY E
CeyeHue Bcem naHenu MHCTpymeHToB CBoMcTBa (KomaHaa meHio CBomctBa/CeuveHne Bcen KoHcTpykuum),
nocne aToro NOSABUTCS Ananorosoe okHo «bubnnoteka» (Puc. 7).

Ons 3arpysku Tpebyemon BMBnMoTekn HaxMuTe KHOMKY «3arpysmTb» M YKaxuTe NyTb K 3TOn Gubnuoteke.
CtaHgapTHble BMGNMOTEKN HaxoaATCA B nNarnke, rae ycraHosrneHa cuctema APM WinMachine. Mo ymonuaHuio aTto
C:\Program Files\APM WinMachine.... lNocne 3arpy3ku 6ubnuotekn Boibepete ceveHne «1000x1000» n HaxxmuTe
«Ok». MNocne aToro cuctema NpeanoxvT NOATBEPANTL 3a4aHne BCeM CTEPXKHAM BbIGpaHHOro ceyveHms.

BubnvoTeka: KeagpaTtHeie beTonnoie.slb E3

Hra ceveHmn — Mapamerpel ceveHua — Mpocraorp

anpat 10001000 Jr, [pird"4] B8.3296e+010
keagpar 200x200 -
ke aapar 2505250 Je, [rm 4] 3. 3296e+010
keagpar 300«300 Tetha, [pan] nra

350x350

Kanar 4004400 dru, [ 4] 833134010
keagpar 450x450 -
xeaapaT 5004500 Je, [rra"4] B.3278e+010
keagpar E00xE00 Jp. [rra”4] 1.6689e+0711
keaapar F004700 -
KBa0par 200800 JE, [MM 4] 1.4029e+011 P — |
kEaapar 300x300 LI F. [KB. ] 9.99992+005

Haanure cedeHue |

WHpoprauua. .. | Ok OTrieHa

Hogas... | LCnpaera |

OGreH. . |
Puc. 7 bubanoreka ceueHu.
2.2. HasHayeHMe maTepuana
HaxmuTte  KHOMKy ? MaTtepuanbl naHenu WHCTpymMeHTOB CBomcTBa (kOMaHZa MEHH0

CeownctBa/Martepumansbl). B okHe «MaTepuanbi» HeobOXOAMMO HaxaTb KHOMky «[oGaBuTb». B nosBuBLUIEMCA
[OMaroroBOM OkHe U3MeHWUTe 3HadeHue nons «lMnoTHocTb, kr/m3» Ha 0,01 (3TO MUHMMarbHasi NAIOTHOCTb, KOTOPYHO
MOXHO BBEeCTU) U Haxmute kHomnky «Ok». lMocne aTtoro Hoebii «MaTepmnan O» OGyger pobaBneH B CNUCOK
MaTepuanoB TekyLero gokymeHTta. BeibepeTte «Matepuan 0» B cnvcke n HaxXMuTe KHOMKY «3agatb BCEMD.

3. 3adaHue UHEPUUOHHbLIX Napamempoe 36eHbLEE

Ons 3agaHusa WHEPUMNOHHbIX napamMmeTpoB CocpeoTOUYeHHaA Macca
BOCMOMb3YyNTECH KOMaHAON "a Macca B y3ne naHenu - Macca
MHCTPYMEHTOB Hapucosatb (MeHI0 nox [kr] 105
PepaktupoBaHue/Macca B y3ne). 3ateM ykaxute ysen 2 u o'y [kr] 105
B MOSIBMBLLUEMCS [MANOroBOM OKHE BBEOUTE WHEPLMOHHble noZ [kr] 10.5

napameTpsbl (Puc. 8).

— MoreHT vHEpULK

11T

,D,J'IFI LUeHTpa Macc wWaTtyHa — Yya3na 3 aHanorm4Ho BOKpYr ¥ [kr™2] oo
BBeﬂl\VIA;eC((:);'I?I,qu;IIEI;rI/:Il.e7I/IHepLI,I/I0HHbIe napameTpbl: cokpur Y [kn2] oo

Macca no Y [KF] 7 Bokpyr 2 [krim”2] 0.00

Macca no Z [kr]: 7 ~ Cnocof saaHm9s

MomeHT nHepLmm Bokpyr Z [kr*m”2]: 1.65 @ e % BrneETE

{* 3aMEHMTE CYWEeCTEYRWHE

ak. I DTMEHal H,uanMTbl

Puc. 8 JIlnanoroBoe OKHO
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COCD@I[OTO‘I@HH&H Macca.

4, 3adaHue ckopocmu epaujeHus1 eedyu;e20 3eeHa
NS 3adaHnsl CKOPOCTU BpaLLeHVst He0GX0AMMO BbIAENUTL Beayllee 3BeHo BMecTe ¢ yanom 0. CaenaTb 910

poey

yno6Ho CEKYLLIEW pamkoi ¢ noMoLblo KoMaHabl B BuiGpatb Npynny naHenun mHctpymeHtoB HapucoBaTtb
(veHtio PepaktupoBaHue/BbiGpaTb rpynny 3nemMeHTOB). YkasaTenb MbiWW NpumeT opMy MpSMOYrofibHOM
pamkun. Beibop rpynmnbl 3aN1eMEHTOB NPOMCXOAWNT NOCPEeACTBOM BbIAEIEHNS NX PAaMKOW MPU HaXKaToOW JIEBOW KHOMKE
MbILLKX, NPUYEeM pe3ynbTaT BbINOMHEHUS 3TOW npoueaypbl 3aBUCUT OT TOrO, B KakOM HanpaBlieHUMU pUCYeTCs
pamMka.

OXBATbLIBAIKOLLAA pamka pucyetcss cneBa HanpaBo. Takol pamkon OyayT BblOereHbl BCE 3f1EMEHTHI,
kotopble NMOJIHOCTBLHKO B Hee nonaayT.

CEKYLLAA pamka pucyeTtcsa cnpaBa HaneBo. OTO 03HAYaeT, YTO BCE ANEMEHTbl MOAENW, Y KOTOPbIX B pamMKy
nonaget xots 661 OOVH Y3EJ, 6yayT BblaeneHsi.

Hanee akTnBupymnte KomaHgy fX  3akon pBuxeHus nanenm uHctpymeHtoB APM Dynamics. B
nosiBsusLLEMCH auanorosomM okHe (Puc. 9) BbibepeTte: Ckopocmsb, CTeneHb cBobOAbLl — Yasi08ast 80Kpye ocu Z; B
none «locTtosHHOe 3Ha4YeHne» BBeanTe 12.56 pag/c.

3aKoH ABMMEHHA E

. MNepereLeHHe ¢ MocToAHHDE SHAUEHHE |12.56 paafc

(o JaKoH AEH¥EHHA Sa0,aTE SaKoH |

" YrropeHHe AMIAHMTY.AHOE SHAYEHHE I ] maa)E

CTeneHs cEobok Ib’rnosaﬂ EOKPYT OCH £ 'I

O I QTMEHE | ¥aanuTe |

Puc. 9 /IlnanoroBoe OKHO 3aJIaHUs 3aKOHA JIBVKCHUS.

5. 3azspyxeHusi

[ns 3agaHna Harpy3ok B pasHble dasbl paboTbl KPUBOLLMMHO-NON3YHHOMO MexaHu3Ma Heobxoanmo co3gaTb
sarpyxeHus. KomaHga wmeHio Harpysku/3arpyxeHus...) Bbi3blBAaeT [MarnioroBoe OKHO pedakTypoBaHus
3arpyxxeHun (Puc. 10).

C nomouwblo kHOMku «[obasumsb...» cos3ganTe elle ABa 3arpyxeHus. [Ons penakTMpoBaHUs HasBaHUA
BblbepeTe 3arpyxeHne 1 HaxXMuTe KHOMKy «M3mMeHunTb...».

HazeaHme | M HOMMTENE COACT. .. | Bn/Brin |
G 0 ]
L Fr3 ] 7 HsmeHmTE. . |
1 o 0 "
Yaanure |
AETHEHEH |
OF. OTreHa |

Puc. 10 uanoeogoe 0KHO 3agpyxeHusl.
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6. Co30aHue KOMbUHayuu 3az2pyxeHul

,D,J'Iﬂ ydyeTa Bcex cun HeO6XOJJ,VIMO KomMOWHAWMA ZarpyHeeHMH

co3paTtb KOMOMHauuo COBMECTHO
OENCTBYIOLLNX 3arpy>KeHun.

KomaHpa KomO6uHauus
3arpyXeHum... MEHIO Harpy3ku
Bbl3blBaET COOTBETCTBYIOLLEE

Ananorooe okHO (Puc. 11). Y106bI
pobaBnTb 3arpyxeHume B KOMOBUHaLMIO
HY>XHO ero BblIbpaTb B BbinagawoLem
crnucke M HaxaTtb KHOMKy «[oBaBuTby.
Mo ymonyaHuio MHOXUTENb paBeH 1.

— 3anate KOoMOWHAUMIO

JarpyxeHue MHOMMTE MR

[ - | [1000

Fri 1.00000 ez
Fe3 1.00000

Hamer

Yaanu

QK. I OrtmeHa |

KomburHauus 3arpy>xeHum
npeacraenset cobom nvuHenHoe
coyeTaHue 3arpyKeHuii. Puc. 11 JluamoroBoe oxHo KomOuHaims

3arpy>KEHUMH.

7. 3adaHue Ha2py30kK

7.1. Cunbl neperpyskn U TAXecTu

MockonbKy cuna TsKecTu 3agaHa B [krc] yaoOHO BbibpaTb AaHHble e4uMHUUbI C MOMOLLLI KOMaHAbl E
EAanHUUbI naHenn nHCTpymeHToB YecTaHOBKM (MeHio Bua/EguHuub).

PaccmoTpum NPUHLMN 3apaHua
COCPEAOTOMEHHBIX CUIT  Ha MpUMepe  CUnbl
neperpyskun 1 THKECTU NonayHa.

Ona 3agaHua  cOCpefoTOYEeHHOW  CUnbl

aKTUBMpYyWTE KOMaHay 'I" Cuna Kk y3ny naHenu
nHcTpymeHToB Harpy3ku (meHio Harpysku/Cuna K
y3ny) U yKaxute MbiWwblo y3en 2 — nonsyH. B
NnosiBMBLLEMCS AManoroBom okHe «Cunay (Puc. 12)
HeobxoamMMo BbIOpaTh 3arpyxeHuve «G» 1 BBECTU
3Ha4eHus:

- cuna neperpysku — npoekumna X = -10.5 krc;

- cunbl THKecTn — npoekums Y = -10.5 krc.

AHanormyHo 3agamTe cunbl B LEHTpe

waTtyHa (y3en 3) ons sarpy>xxeHus «G»:

- cuna neperpysku — npoekuus X = -7 Krc;

— CWMbl TAXECTU — Mnpoekums Y = -7 Krc.

7.2. Cvna TpeHus B Non3yHe

SarpyseHue I G j
Wi I— " ClcTema KoopaMHaT

(* IDexaproea (" Copepuueckan
HHoekrc I dexapr

Mpoekgun——————————— Cheprdecke KODpOMHATE!

e |-1 ns Moaune, kre |1 05
v.xre 105 Tetha, paa [1-57073E3288
Z. krc IU Phi, pan |1 AFO07IR3268

Ok I QTMEHal ﬂ,uanmbl anaskal

Puc. 12 3amanve Cuiibl B y3ie.

MockonbKy cuna TpeHus u conpoTueBneHns 3agaHel B [H] yaobHo BbibpaTh AaHHble eguHKWLbl C MOMOLLbLHO

KOMaHbl E EauHuubl NnaHenu MHCTpYMeHTOB YcTaHOBKU (MeHio Bua/EanHuubl).
Cwvna TpeHunsa genctesyeT NPOTUBOMOMOXHO ABWXEHMIO Non3yHa. [MoaToMy ee 3ajaHue OCyLlecTBNSAETCS B
[Ba 3Tana — NpUIIoXXeHNe COCPEeLOTOYEHHOM CUMbl B OTAENBbHOM 3arpyXeHun u BBoOA rpadvka 3arpyXxeHust ot

BPEMEHM.

3aganTte cocpeoTOYEHHYIO CUMY C MOMOLLbIO KOMaHAbI ‘l" Cwuna K y3ny aHanoruyHo cune tshxectn. B
aunanoroBomM okHe «Cuna» ans 3arpyxeHus «FT3» BBeauTe 3HauyeHne Harpy3ku B HanpaerneHun X 60 H.

7.3. Cuna conpoTUBMEeHUA ABUXKEHUA Non3yHa
Cuna TpeHus OencTByeT TONbko B hase paboyero xofda nonsyHa. Mostomy ee 3agaHue, Takke Kak U CUIb

TpeHudA, oCyLllecTBNAEeTCA B ABa aTana.

3apaiiTe cocpedoTOUEeHHYH CUMYy C MOMOLLbI KoMaHAb "l" Cuna K y3ny aHamnorMyHo cune Tsxectu. B
okHe «Cuna» ans sarpyxeHusi «Fc3» BBeauTe 3HaYeHne Harpy3ku B HanpasneHun X -1 H.

ds

. de
ﬁ—;-x

Puc. 13 PacuerHas Mojiesp nociie 3aJlaHus Harpy3o0K.
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7.4. 3apaHue rpacdukoB ons 3arpyxeHun

KomaHga HDI Fpachmk Harpy3kum naHenu
Harpy3ku (meHio Harpysku/l'pacdmk Harpyskm)
BbI3biBaeT Ananorosoe okHo (Puc. 11). BbibepeTte
«[Ans kaxgoro 3arpyxeHus».

3agaTb rpadmk cnegyeT npexae Bcero ang
sarpyxeHun Fr3 n Fc3.

PaccmoTpuM 3agaHue rpadmka gna cunbl
conpoTtueneHus. BoibepeTe 3arpyxeHune FT3 1
HaxmuTe kHonky «3apaTtb rpaduk». [Mpyn aTom
3arpysuTcsa pegaktop dyHkuun (Puc. 15).

Haxatue kHonkn Tabnuua npuBoauT K
OTKPbITUIO AManoroBoro okHa ®@yHkyus (Puc. 16). B
3TOM OKHE nNepeynucrnieHbl Yy4acTKM  KYCOYHO-
HenpepbIBHON (PYHKUUN C YyKazaHUEM TrpaHUYHbIX
KoopauHar.

M PegakTop dyHKUMWA M=l

IpadrKK HArpY30K ANA 3arpyHEHHH [ x|
" ANA Brex sarpyseHai SaqaTe FpadiHie | Y AENHTE FRadHIE |
% N KakA0rD SArpKEHNS,
HazeaHne | CTaTyc |

=

Fr3

Fc3

KoMBHHALMA SarpyseHHiA

rpadHK He 3aaaH

rpadii 3asan Sa0aTE rpadive |
rpadmi 3asaH

rpadikk He 3a3a8aH ¥ L anHTE TRatH |

Ok I CTMeHa |

Puc. 14 3amanune rpadukoB JUIA

KQXKJ0I'0 3arpy>xXCHH .

0z 0.3

M 3| = =1 B R = el R R Tl R R ] EiSEENEEE

| |><: cek; - | 0499:-074
Puc. 15 PegakTop QyHKIUMA.
PDyHKLHA
O aKT |J'Ieaas| TOdKS 21 | iHoaese... |
it Boragume...
TMiHKA 0.25:1.0)
NMuHun 0.25;-1.0) HarEHUTE. ..

Yaanme |

0k

|

Crpaexa

o

Puc. 16 JuamoroBoe okHO OVHKIIMS ¢ Yy4acTKaMH rpaduka.

HaxmuTe kHONKy «[JobaBuTb...» B AMANOroBoM OkHe Q@yHkyusA. [oOaBUTb MOXHO No6oM 0B6LEKT (NMMHUIO,
CMMNavH UMM aHanuUTUYecCKyt (PYHKLMIO) M3 CMMUCKa, KOTOPbIA NOSABMASETCA B KOHTEKCTHOM MeHio (Puc. 17). MNpu
Bblbope obbekTa «JInHMSA» OTKPOETCH AMarnoroBoe OKHO ANs BBOAa KoopauHat aobaensemoro obbekta (Puc. 18).
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Onsa 3agaHWs MMHUKM JOCTaTOMHO BBECTW KoopAuMHaTbl ABYX Toyek. [pu BBOAE nocnegylowero yvactka NuHuS
ByneT npucoeamnHeHa K npegplayemMy u HeobxoanmMo BBECTM TOMbKO KOOPAMHATLI KOHEYHOW TOYKM B NONSX BBOAA
«[o». Mocne HaxaTns kHonkn «OK» aobaBnsieMbln 0Tpe3ok oTobpasnTca B none pegakropa gyHkuum (Puc. 19), a
cBefeHus o Hem ByayT fobasneHsbl B Tabnuuy okHa @yHkyus. MNocnegoBaTtensHo 3agante Tpu nuHuu (Puc. 16): ot
(0; 1) po (0,25; 1); ot (0,25; 1) po (0,25; -1); o1 (0,25; -1) no (O,5;j;

Mocne 3agaHusa BCcex y4acTKOB rpaduka HaxkmuTe KHonky | pegaktopa dpyHkumi (Puc. 19).

: |
:— MHHKE. . . # KooAMHaTa ' KOOPAMHATE
— CnnakH. .. or ID_ |1
—_ BHaNHMTHYECKas gvHELKHA, .. o I':'-25 |1|
— Haanire
— I (]S | OTrena Crpaexa
Puc. 17 KOHTEKCTHOE MEHIO 1 | | "
J106aBUTE. .. Puc. 18 JInanorosoe oxHo JIMHUS.
MEEEERE = ER R m R = EiSEERBEE
0 0.05 0.1 0.15 0.z 0.25 0.3 0.35 0.4 0.45 s
L T T T o o o o o I o o e
g
= $|
| |><: cek: - | 0.308: 1

Puc. 19 I'paduk geficTBUSA CUIBI TPDEHUS OT BDEMEHMU.

PaccmoTpuMm 3apgaHue rpadpuka cunbl conpotuBneHus. Boibepete B okHe (Puc. 14) sarpyxeHue Fe3 u
HaxXmMuTe KHONKy «3apaTb rpadwuk». lMMpu atom 3sarpysutca pepaktop dyHkumn (Puc. 15). padumk cunbl
COMPOTUBMNEHUSI COCTOUT U3 TPEX YYaCTKOB — ABYX NUHUIA U aHanuTu4eckon cyHkuum (Puc. 20).

DEvekT |J'Ieaas| TOYKA = iﬁaagéwt'...J
oo Bronasume...

NMiiHua 0.25; 0.0 e —
AHAAMT. B3 0.25; 200.0] HateHuTE. .

Yaamme |

b
1| | _;l_ll Crpaeka ||

Puc. 20 IuamoroBoe okHO DVHKIMS ¢ ydacTKaMu rpaduka.

3apaHve rpadumka ocyllecTBnsieTcsa B npefenax nons pefaktopa dyHkuun. Komanaa i Mpepensbl
BbI3bIBAETCS AMAroroBoe OKHO, B KOTOPOM HEOOXOAMMO 3afdaTthb ropusoHTanbHble (No X) u BepTukanbHblie (Mo Y)
npegensl rpacpuka (Puc. 21).
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HaxaB KkHoOMKy Tabnuua BbI30BUTE OKHO «DyHKUUA». B NOABMBLUEMCS OKHE HaXKMUTE KHOMKY
«Jobaeutb — JlnHusa...». lNocnegosatenbHo 3afante ase nuHum: ot (0; 0) go (0,5; 0); ot (0,5; 0) oo (0,5; 200).
3artem BblbepeTe «[JobaBnte — AHanuTuyeckass yHkuu4...». B none guanorosoro okHa BBeaute yHkumio (Puc.
22) v rpaHuubl ydacTtka no X. [laHHast aHanuTuieckas yHKUMsI NonyyeHa annpokcumaumnen rpaduka sagaHust.

Npaduk oTobpasnTecs B none pepakropa dyHkumm (Puc. 23). [Ins noaTBepXaeHnsa BBoga rpadmka HaxMmnTe

KHOMKY ﬂ pegakTtopa OyHKLUNA.

f ) = 2200728007300,

0T TouKkK
I InpeneauTe SETaMaTHYEoR ——— by IF [™ KoHEEpTWpOBATE B CRNakiH
Max IU.5 Max'y; 350 o Toukn TE—— I—
® IU.E
Min IU. bin 't IU.
' oK o C
I [0]:8 || | OTtaeHa || | Crpaeka || | || ‘ i H ‘ s ||
Puc. 21  JluajoroBoe  OKHO Puc. 22 BBOJ aHaIUTHYECKOU
[Ipenensl. GYHKIIHH.
Il PenakTtop dryHKLMA
I 3 =% = e = e e e I 2 (=] 2152
‘I 0.5 0.1 0.19 02 0.25 = 0.38 o 0.8 | >
i:; /—-' _'_"‘"--.,_H"
E_ ¥
g
'_'__EII!
|YeTaHoEmTE BERTHRANEHEE FRAHHLE) o cers - [ 0497 : 162

Puc. 23 I'paduk nelicTBUSA CUJIIBI COIIPOTUBJIEHUS OT BDEMEHH.

[N KOPPeKTHOW  COBMECTHOIi  paGoTe
Harpysok cnegyet 3agatb  rpadukm  ans
3arpyxeHun «G» n «KombuHaums sarpyxeHun». flx)=:

YpoobHo 3apatb rpaduvk  aHanuTU4Yeckomn fr—
dyHKUMER, HaxaB KHOMKY fﬁ%} Ha naHemnum b |U- I™" Koneepripasart & craaii
penaktopa dyHkumn. B okHe (Puc. 24) sBegute f(x) Jrmre
=1 X (0 0.5 lar guckpeTHEaLmUd I
=1 nuntepsanno X (0... 0.5). w05

| ak. |H OTreHa |H Cnpaeka H

Puc. 24 3apanve aHAIUTUYECKOU
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8. YcmaHoeka dam4ukoe u nodK/roYeHUe ux K MOHUmMopam

8.1. [laTuuk yrna noBopoTa BeayLlero 3BeHa

YTtobbl yCTAHOBWTL YIIOBOM AaTyuk Mexay y3namm 1-0-2 HeobGxogoumo, npexae Bcero, nocrnenoBaTesibHO
BblbpaTb Tpebyemble y3nbl. AKTUBUPYNTE KOMaHAy [ Bbi6op 1 ykaxute nocnegoBatensHo y3en 1, ysen 0 m

y3en 2, ygepxuBas Haxarton knasuwy Shift. [Janee HaxmuTe KHOMKY A HJatymk yrna noBopoTa naHenu
WHCTPYMEHTOB [laT4MKM U MOHUTOPbI.

Hron Memgy Tpema yznamu oK |
,D,J'Iﬂ COo30aHuA  MOHUTOpa And [gaTyduka
I Yron nosopoTa B&AYWEro 3EeHa fil &
HaXXMUTe  KHOMKY B

naHennm UHCTPYMEHTOB

[JaTtunku n MoHUTOpbLI. 3aTEM B OUaANOroBOM OKHE
(Puc. 25) Heobxoammo BbIOpaTb AaTyMk U HaxaTb
kHomKy «Ok». MNpy 3TOM cucTEMA NPELNOXNUT BBECTU
HasBaHwue rpaduka.

Tenepb 3agaauM AaTyvk yrna nosopota @,

ans  watyHa. [ns  3agaHua  JaHHOro  Aartyvka
cnegyeT nocnegosaTernbHO BbiAenuTb y3nbl 0-2-1 u

Puc. 25 3amanwe MoHHUTOpA
JIaTYMKA VIJIA.

HaXaTb KHOMKY A [aTtuyuk yrna nosoporTa.

Mocne 3alaHnAa aaT4yuka CO3D,8I7IT€ MOHUTOP. ¥rnoean cKopocTh 3NEMEHTA

Beeaute HasBaHMe MoOHUTOpa «Yrom mnoBopoTa
3BeHa WwarTyHa, fi2y.

. " OtHocHTensHo ooK

Ansa 3agaHusa fatynkos YrioBOW CKOPOCTU @, I %

, Bblgenute oguH u3 CTep)KHeVI waTtyHa U HaXMmute " AfcomoTHoe SHEIHBI-I;MB

" OTHOCHTENLHD OEM

OTtaeHa

\_H
=
x|

KHOMKY O Oatunk yrnosom ckopoctu. B B B AT T

AvarnoroBom okHe (Puc. 26) oTMeTbTe HanpaBneHue [Crepwens 0 =l
«OTHOCUTENBHO OCU Z».

Puc. 26 3ananue  garyuka
VTJIOBOM CKOPOCTH.
,ﬂaTqle yFJ'IOBOFO yCKOpeHI/IFl & 3agaeTcd aHallorm4yHo ﬂ,aTLII/IKy yFJ'IOBOVI CKOpOCTI/I @, C UCMNOJIb30BaAHUEM
2 2

KOMaHbl A2 AaTtuuk yrnoeoro yckopeHus. C MNOMOLLbIO KOMaHAbl b Co3paTb MOHUTOpP rpachuMKoB
noaKniounTe AaTYMKM K MOHUTOPAaM, UCMOMb3ysl B Ka4ecTBe HasBaHus rpadukoB «YrnoBasi CKOpOCTb LuaTyHa, W2»
1 «YrnoBoe yCKopeHue LaTyHa, eps2» COOTBETCTBEHHO.

8.2. [laTtumkmn nepemMeLleHnsA, CKOpPoCTU U YCKOPEeHUA NoJsi3yHa

UTBei  ycTaHoBMTh  AaTdMK  Mepemeliens

HeobxoAuMo, npexae Bcero, BolibpaTb Tpebyembli y3en.
ook |
Haxmute KHOMKy [:E‘ BbiGop naHenu WHCTPYMEHTOB
HapucoBatb 1 ykaxuTe MbllWblo y3en 2 nonayHa. [Janee F Moo Oena |
B

HaXMuTe KHOMKy | @ JlaTyMK CMelleHust yrna naHenu ™ AdconaTHoe sHaueHle
WHCTPYMEHTOB [laTYMKM U MOHUTOpLI. B nosiBuBLUEMCS [ DrHockrensHo ysna
aunanorosoM okHe (Puc. 27) otmetbTe «[lo ocu X» u
HaXXMUTE KHOMKY «OK». |5zen 0 [

Ona yana 2 ycTaHOBUTE aHaNoOrM4yHO [aTuyuMKu

G
CKOPOCTU U YCKOPEHUA UCMOMNb3ys KoMaHabl | ¥ [aTumk Puc. 27 3apanue parumka
El=

CKOpOCTU 1 = 8 [laTuyMK YCKOPEHMUS COOTBETCTBEHHO. NCPECMCIIICHHSL

C nomoLLbo KOMaHabI |5 Co3aatb MOHUTOP rpadmuKoB MOAKIMIOYMTE OATYUKM K MOHUTOPAM, UCMOMNb3ys B
KauecTBe Ha3BaHus rpadukoB «CmelleHne nonasyHa, XBy», «CKOpoCTb nonsyHa, VB» n «YCKopeHue nonsyHa, aB»
COOTBETCTBEHHO.

[nga ueHTpa waTtyHa — y3na 3 ycTaHOBUTE JaT4MKU CMELLEHUIN, CKOPOCTEeN 1 yckopeHui no ocam X n'Y (Puc.

28). C nomoLubio KomaHabl b Co3patb MoHuUTOp rpadmMkoB B crnucke BblbepeTe OBa AaTyvka yaepxusas
HaxaTon knasuwy Shift ana nogknioveHusa k ogHoMmy MoHuTopy (Puc. 29). HassaHua rpadukoB — «CmeLleHune
waTtyHa Xs, CmelleHue watyHa Ys», «CkopocTb watyHa Vxs, CkopocTb waTyHa Vys» u «YCcKkopeHue LuaTyHa axs,
YcKkopeHue LwaTyHa ays» COOTBETCTBEHHO.
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CHMELWEHHE ¥3Na E

V¥ Mooy

OTrieHa |

[ NoocuZ

[ AficonioTHoe sHaveHME

[~ OTHocKTenkHD y=na

IHsen ] j
Puc. 28 3agaHue  J1aTyhKa
repeMeIlCHHUS.

8.3. ,U,aT‘-IVIK ypaBHOBeLWMBawOLlero MomMeHTa

[nsa 3agaHvsa AaTymka ypaBHOBELLMBAIOLLErO
MOMEHTa HeobXoaMMO BbIAENUTb Beayllee 3BEHO

N HaXaTb KHOIMKY & [aTymK y3noBbIX yCUIUN.
Mpn aTOM Ha pacyeTHOW Mogenu oTobpasnTcH
nokanbHas cMctemMa KoopauHaTt cTepxHs. 3agante
napameTpbl y3NOBOro yCunusi B 4ManoroBOM OKHe
(Pnc. 30). VYsny 0 cooTrBeTcTBYeT Hauvano
rfiokanbHOWM CUCTEMbI KOOpAWUHAT.

KOMaHAbl b Cospatb
MOHMTOP rpadMKOB MOAKMOYUTE  JdaTyMK K
MOHWUTOPY, WCMONb3ys B KayecTBe Ha3BaHWSA
rpaduka «YpaBHOBELUMBAOLW N MOMEHT, My».

C nomouwbto

8.4. [laTumkmn cun

[ins 3apaHus fatuvkos cunbl F,; Bbigenute

CTEepXeHb LaTyHa U HaXMWUTE KHOMKY & Oatumnk
y3noBbix ycunuu. [lpu 3STOM Ha pacyeTHOMU
mogenn  otobpasuTcAa  nokanbHas ~— cucTema
KoopauHaT  cTepxHs.  3agavite  napameTpbl
y3MnoBOro ycunusa B auanorosom okHe (Puc. 31).
Yany 0 cooTBeTCTByeT Hayano nokanbHOW
CUCTEMbI KOOpAMHAT.

C nomowplo komangel B4 Cospath
MOHUTOp rpadhmkoB noakmniounte aatumkm FX,, u

Fy,, k ogHomy MoHuTOpY, Ucnonb3ys B kayecTse ﬁ_,x

HasBaHusa «Fx21, Fy21».
3agaHve JaTyMKoB U MOHWTOPOB ANS CUIb

F,; ananoruuHo.

Bribop AaTuvkoB Ana oTobpaseHHn

=] DKl

a

CrigleHMe yzna no ook - Haen 2
CropocTe y3na no oc9 ¥ - Heen 2

Uik
EI CiElw eHmHe WaTyHa ¥, CHewere waryHa vy

o

CropocTe y3na no ook Y - Heen 3
YekopeHue yzna no ocu X, - aen 3
YexopeHue yzna no ooy - Yeen 3

Puc. 29 3amanune MOHUTOPOB

JIATYUKOB.

Cunoeoil hakTop E

[ Cuna

V¥ MoreHT

[ MNokansHels KOOpOMHATE!
¥ TnofiankHele KOORAMHATE

¥ Uszenl
[~ Yszenl

[~ Ocei

ﬁ_’ ak I OTrieHa

(4l

[~ OceY
¥ Oce2

[~ Afc. sHaveHe

H

Puc. 30 3amanue natyuka
VDPABHOBENIUBAOIIETO0 MOMEHTA.

Cvnosoid hakTop E

v Cuna
[ Momerr

I- NokaneHeE KOOPAWHATEI

[w TnofankHele KOOPIHHATE

v Usenl

[~ Yszen

1 [V Oce

2] [V OceY

"I"_) [~ O Z
[~ Afic. sHaveHWe

ak. I OTrieHa

Puc. 31 3ajanue naTyvMka CUJIbI.

Bce partuvkn otobpaxatotca Ha Mmogenu (Puc. 32). Ona npocmoTpa BCeX AaTyvMKOB M MOHMTOPOB

BOCMOMb3YNTECH KOMaHAOM

Cnucok gaTt4ymkoB n MoHuTopoB (Puc. 33).

78



g
L H

Puc. 32 O6H1Hﬁ BUJ MOACIIM C YCTAHOBJICHHBIMH JAaTYHMKaAMMH.

JAAaTUMKH M MOHUTOPBI

Larduem MaoruTopel
AHUMEUMOHHEIR ceHoop TE.- O AHUMEUHOHHEIR MOHMTOp
AHWMaUWOHHEI ceHoop ged.- 0 Yron noBopoTa Beayuero 3EeHa fil
Yron mMexgy Tpema ysnarml Yron nosoTopa waryHa, fi2
Hron mexny Tpema yznardl YrnoEan ckOpOCTE WATYHE, W2
Yrnoean cropocTe £ - CTepseHs 2 Yrnoeoe yckopeHwe waryHa, epsd
Yrnoeoe yckopeHue £ - CTEpKEHR 2 CrigllgHUE NoNSYHa, XE
CrieweHMe yzna no ook - Yeen 2 CropocTe nonzyHa, Ve
CropocTe Yy3na no ocu » - aen 2 HeokopeHUe NonzyHa, ag
YegopeHue yzna no ocu % - Haen 2 CMeweHMe WaTyHa ¥z, CHewerye WwartyHa v's
CrigleHMe y3na no ocK » - Haen 3 CropocTe WAaTYHE Vs, CKOPOCTE WATYHE Wys
CrieweHme yzna no ock'y - Yeen 3 Yeropenue wartyHa axs, Yokopeduqe waryHa aps
CropocTe y3na no ocu » - Yaen 3 YHpaBHOEELIMEAMLL A MOrEHT, by
CropocTe yznano ocu 'Y - Yaen 3 Fu21, Fy2l
YegopeHue yzna no ocu = - Haen 3 Fu23, Fy23
YekopeHue yzna no ook Y - Yaen 3
Morert £ g yznelh
Cuna® B yznelb
Cuna™ e ysnel¥
Cuna® B yzneld
Cuna™ e ysne19

Puc. 33 Cincok 1aT4uKkoOB U MOHUTODOB.

9. Pacyem

Mepen BbLIMONMHEHMEM pacyeTa C MOMOLLbIO KOMaHAbl PacqET AUHAMHEY
E EavHuubl BbiGepeTe eavHuubl Ans oToOpakeHus Ha TP P p——"rd |
rpadpukax: yron [rpag], cuna [H], MOMeHT [H*M].

[ns BbINONMHEHUS1 KNHEMAaTUYECKOro U AUHaMUYECKOro Bpets pacéTa, ¢ ID-5
pacyeTa HaXMWUTE KHOMKY @ Hauyatb pacuyetr naHenu War pacuéra, ¢ |U-UUU1
WHCTPYMeHTOB [laTyMkMm M MOHUTOpbI. B nosiBuBLIEMCSA M2t cransHe aonyeTiman |—1e+mg
avanoroBom okHe (Puc. 34) BBegute napameTpbl B e, M3

COOTBETCTBUM C PUCYHKOM B U HAXXMUTE KHOMKY «PacyeT». Pacver | Oiena |

Puc. 34 [TapameTpsl
pacdera.

10. Pe3ynbmamsI pacdyema

PesynbTatbl pacdeta OOCTYNHbI HEMOCPEACTBEHHO MOCMNE 3aBepLUEHUs pacyeTa M npencTaBrieHbl B BuAe
rpacmkoB CO34aHHbIX MOHUTOPOB. [ns COXpaHeHus pac4yeTHOM MOAENN MexaHu3ma U pesynbTaToB pacyeTa
BOCMONb3ynTecb koMaHaon meHi Pann/CoxpanHutb (Ctri+S). Npyn NOBTOPHOM OTKPbITUM COXpPaAHEHHOro dhanna

rpadoukm OCTYMHbI NOCIE HAXaTUS KHOMKK E. PesynbTaTtbl NaHeny MHCTPYMeHTOB [laTYMKM U MOHUTOPbI.
padvkM 3aBUCUMOCTEN KMHEMATUYECKUX W OMHAMUYECKUX NapamMeTpoB yaoGHee BbIBOAWTbL OT BPEMEHM,
noaToMy npeAcTaBsieHa Tabnuua CoOOTBETCTBUS BPEMEHM 1 yrna noBopoTa BedyLLero 3seHa:

=, —ﬂt OTK,EI,at_ﬂ(D
O= 30 y n

1

Tabnuua cooTBETCTBUS yra NoBopoTa BEAYLLEro 3BeHa U BpemMeHu AswkeHus (npu N, = 120 06/MuH.)

Yron, rpag 0 45 90 135 180 225 270 315 360
Bpewms, ¢ 0| 0.0625 0.125 | 0.1875 0.25 | 0.3125 0.375 | 0.4375 0.5
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lMpunoxeHue — epaghuyeckoe npedcmaeneHue pe3ynbmamoe pac4yema

YrNoBEn CROPOETE WATYHE, W2 - pap/c

sssssss

YIMoBoe YeKopeHWe WaTyHa, eps2 - pan/cn2 CMeLLEHre NonayHa, X8 - M

BBBBBBB

sssssss
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CMELEHAE WETYHE X5, CMELLEHNE LIaTyHa ¥'s - M, M CHOPOCTE WETYHE Vs, CROPOCTE WaTYHE Vs - M/C, MG

e

\ / /'\\\

27755017

o

AN \V/,/ /

3HaueHuHe
L~
[

SHaueHHe

4
e
N

CHewenne yana no ocn X - Yaea 3, m  Crcuicnne yana no ocn Y - Yaen 3, m CkopocTe yann no ock X - Yacn 3. w/c CKopocts yana no ock ¥ - Yaen 3, wic

VEKOPBHUE LATYHA 8xS, YCKOPEHUE LIATYHA ays - WCh2, mich2 YPEBHOBSLINBAIOLLMA MOMEHT, My - H'M

3HayeHme
\
3Hayenme

I ¥ X-Yaena J. mic"2  Hokopewue yana no oon Y - Yaea 1 nfeo2 Bpemsa, ¢

Fa21, Fy21 - H, H F23, Fy23 - H H

3HaveHue

SHayeHue
™~
<
/
™~
~

ANEEWa
\ \
\

N N/

LX) @ CEl LKl

Cuna X o yanelb. H  Cuan Y o yanel7. H Bpems, ¢ Cuna X pyanctB. H  Cuan Y o yaneld H Bpems, ¢



3amanue Nel03

Ne N Ny Monys,

ILIL, 0o0/MuH | 00/MUH MM

1030 8000 90 7 3 5 6

1031 7000 80 7 zi T I

1032 | 6000 70 6 T =1
n,ﬂ,B —_ t '

1033 5000 60 6 ( » » S Ny

1034 | 4500 | 55 8 i L Lo

1035 4000 45 7 1 4

1036 3500 40 8 T T

1037 3000 32 7

1038 7500 80 7

1039 6900 70 8

3amanne Nel04

No N, ny Monys,

TLIT. 00/MUH 00/MUH MM

1040 | 20000 180 7 _ 3

2 <
1041 | 21000 170 8 N e 3 =
1042 | 25000 210 6 ( = 1 |7
i i” H]- . nH

1043 | 24000 220 6 1 — —

1044 22000 210 5 2' = pu -

1045 | 23000 210 4 - 4

1046 19000 230 7

1047 | 21000 250 8

1048 | 25000 230 6

1049 | 24000 210 7
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3amanue Nel05

Ne N Ny Monys,
L 06/Mun 00/MuH MM
1050 15000 200 2,5
1051 18000 120 3
1652 16000 150 3,5
1053 17000 110 4
1054 20000 90 4,5
1055 22000 170 5
1056 19000 70 5,5
1057 21000 130 6
1058 20000 140 7
1059 16000 190 8
3ananue Nel06
Ne Ny s | Moy,
L 06/Mun 00/MUH MM
1060 25000 410 4
106l 24000 370 4,5
1062 23000 330 5
1063 22000 270 5,5
1064 18000 230 4
1065 17000 210 5
1066 16000 130 3,9
1967 19000 170 4
1068 20000 110 4,5
1969 21000 190 5

4{' 2T _ 2
H2 :I: T > N,
H\éé& Y
m— = pr—— (
Crle
3 3 %
1
T _
4 5
2
ne —
( 7z 4 -‘- “3 &,m
- . P
gl
—T
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3amanue Nel07

Ne N Ny Moyb,
LI o6/Mun 00/MHUH MM
1070 1500 25 1,5
1071 2000 15 1,5 n. 2 3] L o
1072 | 2500 | 30 2 8 1

(—= 1 n
1073 3000 33 2,5 > » -‘- .
1074 2000 18 15 1 fcs A\ 78
1075 1500 23 1 e H
1076 2500 28 15 T

g il
1077 3000 33 2
1078 2000 23 2,5
1079 2500 29 2
3amanme Nel08

Ne N n, Monyib,
LI 66/Mun 00/MHUH MM
1080 | 20000 | 180 8 — F1°
1081 | 21000 | 190 7 . T 4
1082 | 22000 210 8 ne -‘-2-" »
1083 | 25000 | 230 7 ( 7] = M
1084 | 21000 170 6 3" ”"
1085 | 22000 160 5 T T <
1086 | 23000 170 4
1087 | 24000 190 6
1088 | 20000 130 7
1089 | 23000 110 5
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3amanue Nel09

Ne N Ng Monynb,
L o6/Mun 00/MuH MM
1090 | 22000 | 230 3
1091 | 21000 | 220 2 2: s
1092 | 19000 | 210 4 i 5
1093 | 18500 | 200 5 HABH T -‘-2' 2 'I:(
1094 | 19500 | 200 6 ( 7 N 7 J_ mnﬁ
1095 | 21500 | 230 3 ol & 7
1096 | 22500 | 210 2 - _
1097 | 17000 | 210 4 e
1098 | 17500 | 200 5
1099 | 21800 | 230 4

3aganne Nell0
Ne N Ne Monyib,
TLII. o0/MUH | 00/MHH MM 24:_ 3 4\-F 5
1100 40 200 3,5 Hir= [ H, =
1101 eo 200 2 n“‘; E » :[ kN
1102 100 280 3 ( > — L =
1103 75 300 4 1 6
1104 84 400 2,5 gl |
1105 28 100 3,5
1106 24 100 15
1107 56 200 4
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1108 180 600
1109 120 400
3ananne Nell3
Ne N Ng Monyb,
ILIL 00/MuH | 00/MuUH MM
1130 30 550 6
113l 20 380 5
1432 25 510 4
1133 30 370 3
1134 20 510 4
1135 30 530 2
1136 50 670 5
1137 40 630 6
1138 45 690 7
1139 20 370 3
3aganue Nel 14
Ne N Ng Monyib,

ILIL 00/MuH | 00/MUH MM
1140 50 140 7
1141 40 130 8
1142 55 140 6
1143 50 130 4
1144 60 160 5
1145 70 170 3
1146 60 130 4
1147 70 190 6
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1148 60 140 7
1149 55 160 5
3aganue Nell5
No N n, Monys,
ILII. 00/MuH | 00/MHH MM
1150 10 130 2
1151 5 100 2,5
1152 130 3
1153 20 240 3,5
1154 15 240 4,5
1155 10 190 4
1156 8 100 5
1157 5 90 6
1158 10 130 3
1159 15 180 4
3amanue Nel 16
No N, Ny Monyis,
ILIL 00/MuH | 00/MHUH MM
1160 4500 300 4
1161 4500 225 5
1162 4000 160 4
1163 5000 150 3
1164 4000 170 4
1165 5500 200 2,5
1166 4500 170 3,5
1167 3000 150 5
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1168 3500 170 4
1169 5200 200 6
3amanue Nell7
No N Ny Mosyb,
ILIL. 00/MuH | 00/MUH MM
1170 4500 350 3,5
1171 4500 540 4
1172 4000 400 4
1173 4000 350 3
1174 5000 480 3
1175 5000 550 3
1176 4500 200 3)
1177 5000 300 3,5
1178 6000 350 5
1179 6000 250 5
3aganue Nol 18
Ne N Ny Mopnyis,

ILIL 00/MuH | 00/MHH MM
1180 12300 950 3
1181 14300 1100 3
1182 14700 1050 3
1183 13750 760 2,5
1184 14000 1000 2,5
1185 13200 1150 2,5
1186 13800 1100 2,5

=

88



1187 12870 1000 2
1188 15000 1000 3
1189 14000 950 3

3amanue Nel21

No ny N Monyb,
ILIL. 00/MUH | 00/MUH MM
1210 30 2500 4,5
1211 32 2000 5
1212 35 3000 4
1213 30 3200 5
1214 50 4200 5,5
1215 50 4500 3
1216 50 4000 2,5
1217 35 2200
1218 62 5000
1219 55 4000
3amanue Nel22
No n, N Monyis,

TLII. 00/MuH | 00/MUH MM
1220 800 22,5 3
1221 680 20,3 3
1222 980 22,0 3
1223 700 21,0 4
1224 400 22,0 2
1225 140 40,0 2
1226 450 20,0 2
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1227 840 24,0 4
1228 950 25,0 4
1229 360 16,3 3
3aganue Nol23
0 n n
HNl; 00/ liI/IBHH 00/ l\iI/IH Mozye
1230 950 50 4
1231 950 80 3,5
1232 950 100 3
1233 1440 45 4
1234 1950 65 3,5
1235 1440 55 5
1236 1440 35 2,5
1237 1440 32
1238 840 28
1239 840 35
3ananue Nel24
No N Ng Monynsb,
ILIL 00/MuH | 00/MUH MM
1240 9500 125 3
1241 14400 150 3
1242 1440 170 3,5
1243 14400 140 3
1244 9500 120 3
1245 15000 180 2,5
1246 20000 250 2,5
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Fi.}.l\w

1247 18000 250
1248 10000 125
1249 8000 95
3aganue Nel25

Ne N Ng Monyb,
ILIL. 00/MMH | 00/MuUH MM
1250 2950 70 4
1251 2930 80 3
1252 2920 85 4
1253 2930 90 4
1254 2950 100 3
1255 2100 100 4
1256 2400 200 4
1257 1440 60 3
1258 1440 40 3
1259 2950 95 3

3aganue Nel26

Ne N Ng Monynb,
ILIL 00/MuH | 00/MHH MM
1260 1500 170 4
1261 1500 160 4
1262 1950 200 3
1263 1950 250 2,5
1264 1950 200 3

]
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1265 940 100 2,5
1266 740 80 3
1267 740 100 3
1268 740 90 3
1269 740 110 3
3amanue Nel29
No N N Monys,
ILIL. 00/MuH | 00/MHH MM
1290 14500 110 8
1291 14000 100 7,5
1292 16000 120 5,5
1293 17000 125 7
1294 15500 100 6,5
1295 14500 110 6
1296 16500 125 6,5
1297 14000 115 7,5
1298 15000 130 8
1299 16500 110 5,5
3amanue Nel30
No N N Monyns,
ILIL o0/MuH | 00/MUH MM
1300 22000 50 3)
1301 21000 40 6
1302 21500 45 5,5
1303 19000 35 6
1304 18200 35 3)
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1305 19800 40 45
1306 19500 50 3,5
1307 18500 40 4
1308 18400 50 45
1309 18600 60 5
3amanue Nel4l
Ne N Ng Mopyb,
IL.IL. 00/MuH | 00/MHH MM
1410 75 250 15
1411 44 220 2
1412 45 150 3
1413 25 78 2,5
1414 45 110 3,5
14 15 65 210 15
1416 30 90 2,5
1417 15 45 2
1418 20 60 3
1419 50 180 4
3amanne Nel42
Ne N Ng Monyb,

ILII. 00/MuH | 00/MHUH MM
1420 30 140 5
1421 46 230 6
1422 12 80 7
1423 25 120 4
1424 40 190 3
1425 25 130 2
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1426 70 360 6
1427 45 220 4
1428 12 65 3)
1429 20 90 7
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3amanue Ne 71. MexaHu3M TUpaBIddyecKOro Hacoca

Y .
A R o i i
F,FJ"H"'] ‘= 5, c3 F HOpI_HHCBOI/I FI/II[paBJII/I‘IeCKI/II/I HaCoOC
/ ,/— []p\ : u_._rl > npeaHa3HaueH Ul HalOPHOTO
[ { 0 ; ! Ij } X NCPpEMEIICHMS KUJIKOCTHA B THAPOCUCTEME.
== o R
<oy =
R | i i
] I e
Xs oo Ay
Ne HaumeHnoBanue O6o3nay. | Pasmepn BapuaHTbl
LI napamerpa ' PH- 7 1 2 3 4 5 6 7 8 9
1 | Xon nopuus Sk M 0,048 | 0,055 | 006 | 006 | 0064 | 0,064 | 0,075 | 0,075 | 0,08 | 0,08
2 | Aamna maryna 6 M 015 | 015 | 0,155 | 0,160 | 0,170 | 0,275 | 0,180 | 0,190 | 0,190 | 0,20
3 | lacrora Bpamenus N o6/MuE | 180 200 200 180 210 210 240 240 | 240 | 240
Kpl/IBOIIIl/Il'la
4 | Macca matyna m, K2 0,4 0,4 0,45 0,5 055 | 0,55 0,6 06 | 07 | 07
5 | Macca nopmmns ms K2 0,6 0,6 068 | 075 | 08 | 08 | 095 | 095 | 1,1 | 1.1
6 | Jutuna nopums {n M 003 | 003 | 0035 | 0035 | 004 | 004 | 0045 | 0,045 | 0,50 | 0,50
7 | Meperpyska e 2 2 15 | 15 10 10 | 20 | 20 | 30 | 30
rOpH30HTaJII>Haﬂ
8 Ileperpy3ka Mg
BepTI/IKaHLHaﬂ
Cuna, 1elicTBy0OIIas HA
9 “‘;p‘l‘;e“; T F'es H 40 52 72 80 104 112 160 168 | 224 | 240
HPH xB . F'es H 40 52 72 80 104 112 160 168 | 224 | 240
p B CP. =L H 36 42 58 64 83 90 128 134 | 180 | 192
npu X min
10 | YHcJIo pacyeTHBIX N 24 24 24 24 24 24 24 24 24 24




[ [ rouex | | | | | | | [ ]

Juamerp nand 0 =40 vy, kod3pduumentsr tpenns fu=0,2; fz=0,25.

3aganue Ne 72. MexaHn3M aBHAIMOHHOTO BO3AYIIHOTO KOMIIpECCopa

[lopuraeBOM KOMIIPECCOP OJJHOCTOPOHHETO
JNEUCTBHS MPEIHA3HAYEH JJIS1 COKATUSA U

5_1 I10JIa4M BO3/lyXa MO/ JaBJIICHUEM.

—— I:'E-

— " .
. l-rfa !
| XA 2 £
| : _':—E
Ne HanmeHoBanue O6o3nay. | Pasmenn BapuaHTbl
ILIL napamerpa ' PH- g 1 2 3 4 5 6 7 8 9
1 | Xon mopmns Se M 0,022 | 0,024 | 0026 | 0028 | 003 | 0,032 | 0034 | 0036 |0,036]| 0,04
2 | Jlinna maryna 0 M 0067 | 007 | 008 | 009 | 007 | 008 | 007 | 008 | 0,08 | 0,09
3 | Hacrora Bpamenus Ny o6/Muu | 2000 | 2000 | 2000 | 2000 | 1800 | 1800 | 1800 | 1600 | 1600 | 1600
KpHUBOLIMIIA
4 | Macca maryna ms K2 005 | 005 | 0055 | 0055 | 006 | 006 | 007 | 007 | 008 | 008
5 | Macca nopmmns ms K2 0,075 | 0075 | 008 | 008 | 009 | 009 01 01 | 012|012
6 | dauna mopmms {n . 0015 | 0,015 | 002 | 002 | 0025 | 0025 | 003 | 003 |0035]0035
7 | Heperpyska Ir 1 1 1 2 2 2 2.5 25 25 | 25
rOpH30HTaJIBHaﬂ
8 Ileperpy3ka Mg
BepTI/IKaJIbHaﬂ
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Cuuia, nelicTByomas
. Ha; Hzpm;*lbmax F'es H 240 | 240 | 320 | 360 | 400 | 440 | 480 | 560 | 600 | 640
p xB . F'cs H 240 | 240 | 320 | 360 | 400 | 440 | 480 | 560 | 600 | 640
npu 78 CH F'"e H 192 192 256 288 320 352 384 | 448 | 480 | 512
npu_ X min
10 | Tucro pacuerHbix N 240 | 24 | 24 | 24 | 24 | 24 | 24 | 24 | 24 | 24
TOYECK

Juamerp uand 0 =40 vy, ko3pduumentsr tpenns fn=0,2; fz=0,25.

3amanue Ne 73
MexaHu3M BO3AYIIHOTO KOMIIPECCOPa KUCIOPOIHO-A00bIBAIONICH CTAHIIUN

MexaHus3m MpcaHasHa4YCH IJI 3aCaCbIBaAHUA

F (3 b _ 1 aTMOC(EepHOro BO3/ayXa K CXKATHUs €ro J0

— =SS CONXTR N\ ) 18-22 MTla.

e e & ot ' e A

Frg b= M

£n |
Ne HanmeHnoBanue OGosnau. | Pasmepn. BapuaHTtbl
ILIIL napamerpa 0 1 2 3 4 5 6 7 8 9
1 | Xon nopums Se M 0,070 | 0,075 | 0,080 | 0,080 | 0,085 | 0,09 | 009 | 0,095 | 0,095 0,10
2 | Jimna maryna A M 0,175 | 0,175 | 0,18 | 0,185 | 0,185 | 0,190 | 0,290 | 0,20 | 0,20 | 0,25
3 | lacrora ppamenus N1 ob/mum | 1200 | 1250 | 1200 | 1200 | 1250 | 1250 | 1200 | 1200 | 1200 | 1200
KPHUBOLIMIIA

4 | Macca maryHa ma Ke 1,2 1,2 1,2 1,5 1,5 2,0 2,0 2,2 2,5 2,5
5 | Macca mopuHs ms K2 1,8 1,85 1,9 2,2 2,25 3,0 3,0 3,3 3,75 | 3,75
6 | Jiuna nopmms fu Iy 005 | 005 | 005 | 006 | 006 | 006 | 007 | 007 | 007 | 0,08
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Ileperpyska

7 IIr
TOPH30HTAJIbHAS

8 Ileperpyska s
BepTHKAJIbHas
Cuuia, nelicTByOIIast HA

9 H(ije}l; max Fles H 1 1 1,2 1,2 13 13 14 14 15 15
Hpn XB c F"cs H 0,9 0,9 11 11 1.2 1.2 13 13 | 14 | 14

p B CP F'' H 0,85 0,85 1,05 1,05 1,15 1,15 1,25 1,25 | 1,35 | 1,35

npu_ X min

10 | lucao pacueTHbIx N 24 24 24 24 24 24 24 2 | 24 | 24
TOYEK

Juamerp uang 0 =40 vy, ko3pduumentsr tpenns fn=0,2; fz=0,25.

3amanue Ne 74. CtaHok 3y004070€KHBIN

B xunemaTuyeckyo cxemy 3y00/10710€KHOT0 CTaHKa
BXOJIUT KPUBOITUITHO-TIOJI3YHHBIN MEXaHU3M,

A o
npeoOpa3yIonuii BpanareIbHOe JBHKCHUE B
[
=| BO3BPATHO-TIOCTYIIATETBHOE.
Ne HanmenoBanue O6o3nay. | Pasmepn BapuaHntbl
1.1 napamMerpa ' pH. 0 1 2 3 4 5 6 7 8 9
1 | Xoa nopuixs Sk M 0,2 0,25 0,30 0,1 0,15 0,2 0,25 0,3 0,35 0,4
2 | JauHa maryHa {> M 0,6 0,8 1,0 0,4 0,6 0,8 1,0 1,2 1,4 1,6
3 | ‘lacrora ppamenns n: ob/mMuE | 90 100 | 110 | 120 | 120 80 90 100 | 120 | 120
KPHBOIIHKIIA
4 | Macca maTyHa mo K2 3,0 4,0 5,0 2,0 3,0 4.0 5,0 6,0 7,0 8,0
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5 | Macca nopmns Ms K2 45 6,0 75 3,0 45 6,0 75 90 | 105 | 12,0
6 | JdauHa nopuHs n M 0,10 0,12 0,15 0,10 0,12 0,15 0,18 0,20 0,22 | 0,24
7 Ileperpyska My
FOpI/I30HTaJ1bHaH
8 Ileperpyska Mg
Bemeca.m,Haﬂ
Cuaa, neiicTByIOIasi Ha
o “‘;[plﬁe“;’( i Fes H 200 400 750 120 260 210 400 700 | 1400 | 1500
HPH xB . F'e H 200 400 750 120 260 210 400 700 | 1400 | 1500
P B CP F'* H 160 320 600 96 215 170 320 560 | 1100 | 1200
npu_ X min
10 | Tmer0 pacueTHbIX N 24 24 24 24 24 24 24 24 24 | 24

TOYCK

Tnamerp uang 0 = 40 M, ko>ppuumentor penns  fn=0,2; fz=0,25.

3amanue Ne 75. CraHok 3y00A070€KHbBIN

B xuHemaTnyeckyro cxemy 3y00/10710€KHOT0 CTaHKa
BXOJIUT KPUBOIITUITHO-TIONI3YHHBIN MEXaHU3M,
npeoOpa3yIonuil BpaareIbHOe IBUKEHUE B
BO3BPATHO-TIOCTYIATETHHOE

Ne

IL.II1.

HaunumenoBanue
napamerpa

0O003HAau.

Pa3mepH.

Bapuauntbl




1 | Xox mopurHsi Ss M 0,15 0,6 0,6 0,15 0,15 0,4 0,6 0,2 0,25 | 0,3
2 | JauHa matyHa {> M 0,30 0,90 1,50 0,60 0,40 1,20 1,80 0,50 0,70 | 0,70
3 | ‘lacrora mpamenis N o6/Mun | 60 70 90 90 100 | 100 80 80 | 120 | 120
KPHBONIMIIA
4 | Macca maryna mo K2 6,0 8,0 12,0 7,0 6,0 9,0 14,0 7,0 7,0 8,0
5 | Macca nopuiHst ms K 9,0 12,0 18,0 12,0 9,0 15,0 21,0 12,0 | 12,0 | 12,0
6 | JdauHa mopurHs n M 0,1 0,1 0,15 0,15 0,15 0,12 0,18 0,1 0,1 | 0,15
7 Ileperpyska e
rOPU30HTAJILHASN
8 Ileperpyska Mg
BEPTHKAJILHAS
Cuna, 1eiicTByOlIas HA
o “‘:Ip‘:;e“;’( A Fies H 22 120 | 640 | 100 88 400 | 480 96 | 240 | 280
ngn X: e F'a H 22 120 640 100 88 400 480 96 240 | 280
npu Xs min F'"es H 24 100 600 80 70 320 385 76 192 | 224
10 | ‘1meao pacternbIx N 24 24 24 24 24 24 24 24 | 24 | 24
TOYEK

Juamerp uand 0 =40 vy, kodadpduumentsr tpenust fn=10,2; fz= 0,25, xuamerp gondska 0,28 mm.
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