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BBenenune

Meroanueckoe mocodre yYuThIBAET COBPEMEHHYIO TEHACHIUIO PA3BUTHUSL TEOPUU
MEXaHM3MOB M MAaIllUH U TpeOOBaHMS HOBOW MpOrpaMMbl Kypca — MEpexoll K
aHAIMTUYECKUM METOJlaM aHajliu3a M CHUHTE3a MEXaHW3MOB. 3aMeHa TpaduyuecKkux
METO/IOB pacyéTa Ha aHAJIMTUYECKHUE OOYCIIOBJIIEHA TEM, YTO Ipa@UUYECKUM METOJaM
MPUCYIa MaJiasi TOYHOCTh BBIYMCIICHUN U OOJbINas TPYIOEMKOCTh, a OCHOBHOE UX
JOCTOMHCTBO — HAIISIIHOCTh HUBEJIMPYETCS MPHU HCCIEAOBAHUM 0OO0Jiee CIOKHBIX
MEXaHU3MOB. AHAJIMTUYECKHE METOJbl O00JaJal0T BBICOKOW TOYHOCTHIO M HE
MPEJCTABIAIOT CJIOKHOCTH TMPU HCIOJIb30BAHUA COBPEMEHHBIX KOMIIBIOTEPHBIX
nakeToB nporpamm. CoBpeMEeHHbIE MTAKEThl POrpaMM, UMes XOopollre rpaduueckue
BO3MOKHOCTH, ITO3BOJISIFOT COXPAHUTh HAISAHOCTh PACUETOB M JAXKE 3HAYUTEIBHO
€€ MOBBICUTD.

JlanHoe  MeToauMyeckoe MocoOHMe  OpPUEHTHUPOBAHO HA  HCIOJIb30BaHUE
CTaHIapPTHOTO MaKeTa KOMIIBIOTEPHBIX porpamMm MATHCAD [1],
MpeHa3HAYEHHOTO ISl HAYYHBIX U MHXKCHEPHBIX PacuyETOB.

B Merommueckux ykazaHUsIX BCE€ Pacy€Thl PacCMaTPUBAIOTCS MPUMEHHUTENIBHO K
COOpHHMKY TPOEKTHBIX 3amaHuii [2]. Yka3aHHbIA COOpHHUK, JaHHOE IOCOOME U
koMIuIekT nporpamMm B cpene MATHCAD cocCTaBidOT €OUHBIA KOMIUIEKC JIS
KypcoBoro mnpoektrupoBanusi no TMM. Crnenyer OTMETUTh, YTO IPOTPpaMMbl MOTYT
OBITh JIETKO COCTaBJIEHbI HA OCHOBAHUU JIMCTUHIOB, TPUBEAEHHBIX B TOCOOUHU.

3ajada CHHTE3a KYyJauyKOBOTO MEXaHU3Ma OMNPENIeIEHHOrO0 THUIMA 3aKJII0YaeTCs B
OTIpENIETICHUN OCHOBHBIX €ro pa3MepoB W mpoduiis Kyjnadka M0 3aJaHHBIM
KMHEMaTHYE€CKUM U JTUHAMUYECKUM YCIOBUsM. PellleHre 3a1aun oCyliecTBIIsieTcs 1o
METOJIMKE, U3JI0KEHHOM B [3] 3a nBa 3Tana. Ha mepBoM 3Tame npou3BOAUTCS PaCUET
KMHEMaTHYECKUX MMapaMeTPOB TOJKATENsl B COOTBETCTBUU C 33JJaHHBIM 3aKOHOM €TI0
JBU)KCHUSI HA OCHOBAHHUM BHIOPAHHBIX MCXOAHBIX JAHHBIX.

[Io 3TUM UCXOJHBIM JAHHBIM MPOU3BOJUTCS PACUET MEPEMEIICHUS TOJIKATENs,
aHajora €ro CKOpOCTH M YCKOpPEHHUA. DTH PE3yNbTAThl 3aHOCITCS B 0a3y JAaHHBIX U

HCIIOJB3YKOTCA 3aTCM Ha BTOPOM JTallC — OIIPCACICHHA Pa3MCPOB MCXAaHH3MA.



Pe3ynbratel pacuéra MOTYT OBITh MPEJCTABICHBI TPAPUUECKH UIH B TAOJMYHOM BUIE
aMb0 MOTYT paccMaTpuBaThCS Kak MpPOMEXyTouHble. [IpuBenéHHbIE TUCTUHTH
MOKHO MCIIOJIb30BaTh B KaueCTBE 00pa3LoB IpU OPOPMIEHUH COOTBETCTBYIOIIETO

pazziena pacy€THO-IOSCHUTEIBLHOM 3aucKu [4].

1 Bb160p MCXOAHBIX JAHHBIX

Tun 3akoHa NBUKeHHs] — BHIOMPAECTCS B COOTBETCTBUU C HOMEpPOM 3ajaHus. B
samanmsx 1, 3, 4, 10 mpuBenaéH mnapaOoiMyuecKWii 3aKOH JABWUKCHUS, YCIOBHO
0003HaYeHHbIN OYkBOM — a. B 3amanuu 9 npuBeaéH TpEeyroJibHBIA 3aKOH JBUKCHHUS,
yCIIOBHO 0003Ha4YeHHbIN OykBoil — 6. B 3amanuu 8 mpuBenéH KOCHHYCOWIAIbHBIHN
3aKOH JIBUKEHUSI, YCJIOBHO 0003HaueHHbIH OykBOW — B. B 3amanum 2 npuBenéH
CUHYCOHUJAIbHBIN 3aKOH JIBIDKEHHUS, YCJIOBHO 00O03HaueHHbIH OykBo — 1. B
3amanusx 4, 6 mpuBenEH paBHOMEPHBIN 3aKOH JIBYKCHHSI, YCIOBHO 000O3HAYCHHBIN
OykBoii — aA. B 3amanum 5 mnpuBenéH kybomapaOoJuyecKWil 3aKOH JIBHKCHMUS,
YCIIOBHO 0003HAaYEHHBIN OYKBOH — .

Tun Mmexanusma — BLIOMpPAETCS B COOTBETCTBUU C HOMEPOM 3ajiaHus. B 3aganusax
1, 4, 6, 7, 10 uzo0paxkeHbl CXEMbl KYJIAQUKOBBIX MEXaHU3MOB C IOCTYIATEIbHO
JBYDKYIIUMCSI POJIMKOBBIM ToJIKaTeneM. B 3amanusax 3, 8 u300pa)k€HbI CXEMBI
KYJQ4YKOBBIX MEXaHW3MOB C BpPAIAIOIIUMCS POJIMKOBBIM ToOJIKaTejaeM. B 3amanusx 2,
5, 9. u300pakeHbI CXeMbI KYJIAaUKOBBIX MEXaHU3MOB C MMOCTYMATEILHO JABMKYITUMCS
IJIOCKUM (TapesibuaThiM) TOJIKATEIIEM.

h — xonx Tonkarens, MM (I MOCTYIATEIBHO JABHIKYIIETOCS TOJKATENS), TPaI.
(11 Bpalaromerocs: ToJIKaTes );

@1 — yroJ moabEMa ToJIKaTes, Tpajl.;

(0, — YTOJI JaJbHEr0 BBICTOSI TOJIKATEIS, TPasl.;

(3 — YTOJI CITyCKa TOJIKATENs, Tpal.



2 PacyéTr kMHEeMaTH4YeCKUX IapaMeTPOB BHIOPAHHOI0 32KOHA IBUKEHUS

TOJKATE/IA

Pacuérapie dopmynsl u mpumep pacu€ta JUIST KOKIOTO 3aKOHA JIBUKCHUS
TOJIKATEJIsl IPUBEACHBI B JIUCTUHTax. Ha pucynkax 1-6 npuBeaeHbl MPOTpaMMBbI IS
pacuéra KMHEMaTHYEeCKUX IapamMeTpoB JBW)XEHHUS TOJKATelsl Ha paboueMm yrie
MOBOpPOTa KyJauka Cc ImaroM mnoBopoTa 1 rpaayc. Ilpu coctaBieHHM pacu€THO-
MOSICHUTEIBHOM 3alMCKA MOKHO BbIOpaTh APYrod IIar MpHU BHIBOAE PE3YIbTaTOB

pacuéra, ucronb3ys cpencta makera MathCad .



7.1 Pacuét mapaMeTpoB IapadoMIdecKoro (a) 3aKoHA JBICKEHII ToIKATE T

Hexonuere maHHEIe:

hi=4 - ¥oJ TONMKATENA, MM (Thag,. )
b q =40 -YToJl YO aNeHHA TONKATENA, TPag.
hoo=8 ~YToJl BaNLHErS BEICTOA TONKATENLA, TPaf.
bg =40 -YToIl BOSERAIIEH A TONKATENA, TPaj,
T n m
Mithig 2T IERRE
2
by = §-¢ 1 -yToJl TOUKH Deperuba, rpaf.
2
b3 = §-¢ 3 -yToJl TOUKH Deperuba, rpapm.
bp=tqg+do+ds3 - pabodw A YIoa KyIauKa, TRaj.
5 .M
n = 3a0 1:=0.n CE e
b 120

7.1 Omnpepenerie mepeMeleHIA TOJKAT eI

5 = [h ) if 0524
LR
h- I—L-(l—ﬂ)z if ¢n1<¢li5¢1
$1-4n1 91

h if ¢1{¢i5¢2+¢1

b3 b0l
b1 1 - if ¢2+¢1<¢iﬂ¢2+¢1+¢3—¢n3

i b3t b3

(p-o)
Pt f= vl if ¢2+¢1+¢3—¢n3<¢i$¢1+¢2+¢3
P33

noif ¢2+¢1 +¢3<¢i“_:2"]t

S5 =Bl amsac’

00150034 006: 0094 01350184024 0304 0375 04541054 0634 07350244096

Pucynoxk 1 — JIuctuHr nporpamMmmsl
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Pucynor 7.1 Quarpamma DepeMel[e HEA TOMKATENLA

T2 Dl'l]]E,IlE.]IEHI/IE AHAJIOr A CKOPOCTH TOJKATeJIA

L
1}

= |2he
LEREN

2 (R
(b1 -0n1)b
noif ¢1<¢i5¢2+¢1
. ¢3_¢p+¢i

ifdq+doa=d, 2 +dat+dg-d
m 1 2 1 2 o n3

bt
-2-h- If¢1+¢2+¢3_¢ﬂ3£¢i£¢1+¢2+¢3

if 0,54

2-h

-2-h

P39 n3
nif ¢2+¢1 +¢3<¢i‘_:2“n

5" =P0 (04302501280 171912149 2,578 300213438 3,267 4207 4727 5.157 15586 6016 6446 6375

20

’ ‘_,/f B

.

| ]
=
=
5
=
i
L]
b
=
=
=
;
Y

-10

-20

Pucynor 7.2 Huarpamma agalora CEOpOCTH TONKATELA

Pucynok 1 (npogoimkenue) — JIMCTUHT TporpaMMBbl
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7.3 Onpepenerile AHAJOTA VCKOPeHIIA TOJKAT eI

1
RN

5= |2he if 02h <h 1

1 :
-2-h- if b g 2h
b=ttty o 1
noif ¢1<¢i5¢2+¢1
1

i d2+dq<hZo+dq+43-#n3
(b3-0n3)t3 "

it do+dqg+dg-dpg<dZhq+do+d3

-2-h-

2-h-
b3 n3

0 if ¢2+¢1 +¢3<¢i52"n

5" =B 24621 124621 124621 124621 124821 {24621 {24621 124621 124821 (24621 {34631 124621 124621 124621

A0

—50

Pucyuor 7.3 Muarpamma aganora yoEOpEHHA TONKATELA

7.4 Jarmice KIHeMATIHM e CKHX MapaMeTPoE B (hafln JaHHeIx

WRITEPRM[ "zaldS pm" ) = 5 WRITEPRM[ “zakdd pm" ) = 5 WRITEPRMN( "zatd3" pm" ] = 3"
' 180
EEI|(¢ p-T)

Pucynok 1 (okoHuanue) — JIMCTUHT TpOorpaMMBbl

WRITEPRN( “zaldfrprm® ) -



7.1 Pacuér mapaMeTpoB "TpeyTompHoro" (§) 3aKoHa JBIDKEHIIA TOMKATE A

Hexomsaeie gapmbIe:

=S
$q =10
$5 =20
45 =16
i, B
b =0 120

o= ok g

i:=0. 340

16
hi| s
3

1
he| 2=

f

3

|

b

- ®oJ TONKATENA, MM (Tpam. )

YOO FOANEHHA TONEATENA, Tham.
-YIOJ JanbBHED O BERICTOA TONEATENA, Tam.

-¥IoJ BOSBRAlIEHHA TONKATENA, Thal.

Gy g B,
¢2'¢2130 b3 ¢318EI

- pabounfl Yol Eynadka, Tpan.

2 3
: i + 2 i —E- i if ¢_1<:¢i53-¢1
1 b4 3 b9 4 4

3
L3
] 1—_) if E'¢1<¢i5¢1

b1

hoif ¢1<¢i£¢2+¢1

(1

¢p_¢i
$3

4 b3
if bo+td < Zba+dy +T

$:3
0 if ¢1 +¢2+¢3<¢i52'ﬂ

-, bo- 037 16 (o9 b3 3
p i 4 i [ i ;
+2 =il fogo+dqg+—<pShq+da+d
b3 ) ( b3 ) 3 ( b3 ) 2 1 a 1 2 a 3

3
6 fhp-Hl 3
_-h-( il ) T hq+0+ 20350501 +02+43

S =PD 0043.0341:1141:2443.4 555716850 765079578 % 8 8 8 8 i3 B .8

PucyHoxk 2 — JIuCTUHT TporpaMMel
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Pucyuor 7.1, Juarpanua nepenele HHA TONKATELA

7.2 Ol'l]]E',E[EJ'IEHI{E" AHAJIOrA CKOPOCTH TOJRKATEJIA

A b1
S = |6h | —) — i Dsps—
b1 by 4

]
A P LR ¢_1<¢is§-¢1
b9 ¢13 bq) by 4 4

16-h-1—qu 2-1 if 3-4: < b
beilw Al

noif ¢1<¢i5¢2+¢1

¢p_¢i2 fs = 93
-16-h-[1 - S P PEY XL P P
( '3 ) e 2 1 2 1 4

-h- —E-L + 16-
b3 by

b3

¢p_¢'i—16- ¢p_
b3

A 43 3
')-_ bt +—<hShq+ha+o0g

¢p_¢i2 1 . 3
-16-h- i HE b tdo+ = Eby +da+dg
b3 b3 -

o if ¢2+¢1 +¢3<¢i52'ﬂ

5" =W0  7334120335162338 94330 9167384339 62338129335 73340 0 0 0 0 (0 iD

100

=100

Pucyner 7.2 HQuarpamma aganera cECpoCcTH TOIKATENA

Pucynok 2 (nponomkenue) — JINCTUHT IpOrpaMMBbl
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7.3 OnpeneneHiie AHAJIOT A VCKOP@HHA TOJEKAT eI

LT $ 4
8= a5 i osp=
91
PRLIN PR ¢_1<¢i£-¢1
til12 L 4 4
h b L3
B 7 SN S QA B e P "
¢12( 4’1) a' 1

o if ¢1<¢iﬂ¢2+¢1

_32-L- 1_¢p—¢i ifodo+d<dZdo+dy +¢_3
b3 4

h bl | b3 3
16'—'(1—2' 23 ) ER gt gk =8 Sy tillo i g

bp- i 3
32-h- = If¢1+¢2+1'¢35¢i5¢1+¢2+¢3
b3

ooif ¢2+¢1 +¢3<¢i52'ﬂ

0 i24039%11681.10° 1 681.10° 24030810 240398 -1621.100 1 6%1.10° 24039%i0 0 IO

2000

5"

[=]
(=1
Ln
B
=1
b
Ln
[
(=1
LI
£
(=1
.
Ln

— 2000

Pucyuor 7.2 Huarpamma agamora YoKopeHHA TONKATENA

7.4 3armice KMHeMAaTIM e CKIIX IIApaMeTPoR B (hailn JaHHBIX

WRITEPRN{ "zakiS pm® | = 5 WRITEPRN( "zakS pm® ) = 5 WRITEPRN{ "aakid pm ) = 5"

P

WRITEPRN{ Mzakft prm? ) = .:ei|(¢ 18”)
PucyHnok 2 (okoHuanue) — JIMCTUHT TporpamMMel
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7.1 Pacuét mapameTpoB "KOCHHYCOHIaTbHOT0" (B) 3AK0OHA JBIDKCHITA TOKATE LA

Hcexomuere gaHHEIR:

h =40 - XoJ TONKATENA, MM (Tpag.)
hq =102 -yTON YOANEHHA TOIKATENA, Thal.
o = 60 -¥Toll albHET BRICTOA TONEATEN, Tial.
g = 162 -YTodl BOSBRAIIEHHA TONKATENA, Thaf.
b3 ks n
Tt et IERRE
) p = bqp+ba+ds - pabounil yrou Kynadra, rpag.
3 . X
1:= 0. 360 i T
b 120

7.1 Ol'l]_]E,E[E"JIEI—]I*IE IepenMellleHITA TOJKATeT1qd

; n 1 - cos fn-¢i if D=g =
I 2 ¢1 Sl 1

if ¢1<¢i5¢12+¢11

L
i
|

-

AP i 2+4 12030 +d2+03
3

=

if boa+d g +dgdzia

5 = B0 io436.107 0032 0085 0152 0237 0341 0463 060410763 094111137 1351 1582 1831 120971238

40 ——

- \___

1] 50 100 150 200 250 300

Pucymor 7.1 Muarpamma nepeMelle A TOIKATENA

Pucynok 3 — JIuctTuHT mporpamMmmel
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7.2 OHIZIEII;E.]IE'HI/IE' AHAJIOT A CKOPOCTH TOJKATeJIA

299 1
noif ¢1{¢i5¢2+¢1

ah
-———-5IN

g = ﬂ-sin([bl-qai) if D242

¢l-(¢p—¢i)} T do+d Sh2hq+do+b3
3

noif ¢2+¢1 +¢3<¢li52'ﬂ

3" =Rl

F1087 1217313257 14337 1541416485 17551 (8.600:0.650 1 10.7:11.73 11275113757 114752 115732

a0

T

1]

Pucymor 7.2, HuarpaMMa aganora CEOpOCTH TOMEATELA

7.3 OnpeneneHiie aHANOL A YCKOPeHIIA TOJEAT eJIA

ah n
5" = cos g | 0 0%4%4
24 4 (4’1 )
D if bq<hSdo+dy
n )
cos| S (bp - ) | b0 +dqShShq+iotd

0 if ¢2+¢1 +¢3<¢i52'7[

S =

62.284 162254 62 166 162012 {61 812 161 547 161 233 160,242 160 403 | 59 906 { 50 353 {52 743 | 52078 §

Pucynok 3 (nponoskenue) — JIMCTUHT TporpaMMbl
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Pucymor 7.3, Quarpamma aganora yoEOpeHHA TOIEATEIA

7.4 3armick KHHeMAaTHYeCKHY DApaMeTpoR B (b aill JaHHEBIX

WRITEPRN( "zakiS pm" | = S WRITEPRN{ "zakd® prm" ) = 5 WRITEPRN{ "zakd&" pm" ) = 5"

WRITEPRN({ "eakife pen" | = .:ei|(¢ -IED)

'y

Pucynox 3 (oxoHuyanue) — JIMCTUHT TpOrpamMMBbl
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7.1 PacuéT mapaMeTpoB "CHHYCOHIATBHOT0" (T) 3aK0HA JBILKEHI TONKATE A

Hexomaeie gapHLBIe:

hi=40 - XOJ TOJNKATENA, MM (Tpag. )
i 1= 102 -¥Toll ¥OAncHHA TONKaTenA, Tpal.
b =60 -yTodl DANEHET O EEICTOA TOIKATENA, TRad,
b q = 162 -YToJl ECSBRAlE HHA TONKATENA, Than.
¢11=¢1'I% ¢21=¢2'I% ¢31=¢3'%
¢P =hp+dg+tg - pab e HE YTON EYITATKEL, THaT,
i:=0.. 360 b, =i
120

7.1 Ompegememiie mepeMelle HIA TOEKAT &JIA

i b | T ;
8= [h| = - —sinf2- 24| if 04 Zp
py 2w By
h if ¢1<¢ii¢2+¢1
h-¢P_¢i-L-smz-l-(¢ N IR PR S PR R
P b kD Rt B R B Rl
o if ¢2+¢'1+¢'3<¢li£2-ﬂ

T 5 & £ g b g ? g b g 5 f b g
G 1] 52.48.10'45 1.983.10'356.685.10'3EEI.EIlrSEEI.EIEl 0.05310084:0125: 0178 024310532310 417 10,528 [ D 656
40 e
5 0 om N
0 50 100 150 00 250 300

Pucyuor 7.1 JuarpaMma DepeMeIeHHA TONKATENA

Pucynok 4 — JIucTuHT mporpamMmel
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7.2 OH]]E,EI;E'J'IEI—]I‘IE AHAJIOT A CKOPOCTH TOJIK AT e Id

g= [ 1-cos{284|) i 0,29,
LB L]
0 by<hShy+by
h m .
-_-1_cas[_-{¢p_¢i} i g +d < Shg+dg+dg
L L
0 pordy+dg<h,<2n

o

0 (00431017 i0383:0679 105711 5172057 1267413365 1413 4064 5884 16 828 1T 85 15028 110,058 ¢

A0

g e
e i T e i —NKS’U’/

=30

Pucyaorx 7.2, JuarpamMma aHamora CEOpoOCTH ToOMKATELA

7.3 OnpeneneHiie AaHANOL A VCKOPEHHA TOKATEIA

. E.n.h_sm(z_'“.q,i) if 0% %y
oy 101
0 if ¢ <, Zbo+d

z'n'h-si.n 2_-11_{¢p_ ¢1}

Fohg+d < Zha+rd+ds
b3

¢32
0 §o+dq+hpch <2

= =80 (AERTIOTAS {14573 110343124041 {38 647 133145 137 517 {41 747 (45810 140 716 {55 425 {56 932 160323 §

Pucynox 4 (nponomxenue) — JINCTUHT IPOrpaMMBbl
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Pucymor 7.3 HQuarpamMma aHanora YCEOPEHHA TOMKEATENA

7.4 3amicek KiHeMaTHY eCKHX apaMeTPoE B hafll JaHHBIX

WRITEPRN{ "zaltS prn ) =3 WRITEPRN( "zak® prn ) = & WRITEPRN( "zakd&" e’ ) 1= 50
. : 120

WRITEPRN( "zakft prn" ) = ceﬂ(d: )

Pra

Pucynox 4 (oxonyanue) — JINCTUHT TpOrpamMMBl
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7.1 PacuéT mapameTpoB "paBHOMepPHOTO" () 3aKOHA JBIDKEHII TOKATE A

Hexomaeie gapmsie:

h =9 - X0 TONKATENA, MM (Tpam. )
g = 102 -yTol YOANEHHA TONKATENA, Thaf.
$ o 1= 30 -YTOI JANEHErS BEICTOA TOMKATELA, Tha.
$ 5 = 162 -yT0I BEOSERALIEHHA ToNKaTelA, Thaf,
.l 2o Sl
P10 b2 =020 b3 =03
B p = bp+ho+idg - paboduH#E Yool KyIadKa, Thaf.
3 .M
1:= 0., 360 il
¢' 180

7.1 Ompepenemsie mepeMeneHIIA T 0K AT e

g [l 2-3 2 0= <4
i ﬂ ﬂ ==

hoif ¢1<¢i5¢2+¢1

¢p—¢i2 ¢p_¢i ;
i 13 =3 if ¢2+¢1S¢i5¢1+¢2+¢3
b3 b3

O if do+dq+dgad=2a

3001 0023100410063 0090121 0157 0,198 024310291 03440401 |0.462 0527

0 2578100

. ) , Pame N
i ey

] A0 o0 150 200 250

Pucyaor 7.1 Quarpamma nepeMeleHHA TONKATENA

Pucynox 5 — JIucTUHT mporpamMmsl
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7.2 OH]ZIE,I[E.]IE'HI/IE' AHAJIOL A CKOPOCTH TOJIK AT eJId

6-h, b;
S -(1 - _) it 02d =4y

i ¢12 ¢1

0 if ¢1<¢i‘_:¢12+¢1

6h (4 _¢'i $ _¢'i .
e )-(1— i ) T do+oq3hSby+ip+ié3
3

¢32
0 if ¢2+¢1 +¢3<¢i52'7[

5 =B i0.294:0 583 0866114314141 679193012193 1244 28521201813 149 13373350213 805¢

10

Pucynor 7.2 Quarpamma aganora CEOpOCTH TONKATELA

7.3 Onpegenesrie aHAIOra VCEOPeHHA TOJEATEIA

5" ﬂ-(pz-ﬂ) ETETY
'R b

noif ¢1<¢i5¢2+¢1

‘h bp-til
6_-(1—2- i ) i do+d1<hShq+do+d3
3

o if ¢2+¢1 +¢3<¢i52'ﬁ

if
5" = B 17.039 16705116371 16.037 15702 15368 15034 147 14366 14032:13.608 133641303 12606

Pucynok 5 (nmponomkenue) — JIMCTUHT IpOrpaMMBbl

19



20T

200 450

-ap L

Pucymorx 7.3 uarpaMma aganora VoEOpEHHA TOMKATENA
7.4 3armch KIHeMATHY e CKHX MapaMeTpoR B (paill JaHHBIX
WRITEPRN | "zakS.pm" ) 1= S YWRITEPRM( "zakd prn ) = 5 YWRITEPRN( "zaldd" pm" ) = S

WRITEPRM( "azalif prn ] = .:ei|(¢ p-@)
n

Pucynok 5 (okoHuanue) — JIMCTUHT TpOorpaMMBbl
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7.1 Pacuét mapaMmeTpoB "Kybomapadomrieckoro” (e) 3aKoHA JBIDKEHIIA TOMKATE A

Hexogaeie gammeie:

hi=40 - ¥OJ TONKATENLA, MM (THam.)
¢ 1 =20 -YTol YOATEHHA TONKATENA, TRam.
5 =60 -YToJ JalbHED: BEICTOA TONKATENA, Tham.
5 =102 -YTOI BECSBRAEHHA TOIKATENA, THag,.
" n "
¢. ::¢. ) ¢n :=¢- ) ¢| :=¢n P
: 1 120 . 2 120 2 3 120
e
R -yToJ TodkH Heperuba, rpam.
3
)
P 3 .=§-¢- 3 -¥Toll TOYKH NeperHba, Tpal.
¢'p =+ datda - pabou il Yrou KyIadKa, Ipam.
. .|
i:=0. 380 ¢, =i
: 120

7.1 Onpegenessie mepeMeleHIIA T0EKATe 1A

2 h 3 h 2 ¢
= o (#) o —{e) f 0=

5 ¢13 ¢12 2

2 h 3 30 h 2 3 h 9 1

_._.(cpl) _d b (‘PJ P T i <5

5 ¢13 5 ¢12 5 ¢y 5

hoif ¢y<p Sty

g h I % h Dl | ¢3

3'—3'(%"1’1)3-?'—2'(%‘¢i)2+?'¢—'(¢fﬂ'¢’i)'3'h if ¢2+¢'1<¢-15¢-2+¢-1+T
P ¢ 3 3

2 h 3 6 h 1 ¢3

3-—3-(¢p—¢i) +3-—2-{¢p-¢i) £ opptdrr—<$ 30y
3 ¢3

O i ot dp+ggid=dm

3

003100710128 0203 0207 0410544 0600 0275 107411206 1542 181312100

0 i7625.10°

Pucynok 6 — JIuctTuHT mporpamMmel
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40

N\

oy,

a0 100 150 200

Pucymor 7. 1. Juarpamua DepeMeIleHEA TOMKATELA

7.2 OnpegeneHiie AHAJIOTA CKOPOCTH TOJKATeJIA

4 h 2 12 h , P
R

S a 5 o) 2

4 h 2 60 h % Pl

B 0B g Py,

S e 5ol 5 ¢y 3

0 i ¢1<¢,SPg+d

.24 2 60 h W b ¢3

_—'(‘bp“i’i} +_'—'{¢p‘¢'i}‘—'— £ gg+dyigSpa+d+—
7 5 gt 5 ¢ 2

.34 h 12 h . $3

S et i SR R S,
i b3

Oif go+dy+¢aig=in

(088118052772 3782483415931 7.060 18.251 19.475:10.743 11205413 407 : 1480416 243117 726 1

100

S0

5.

1 R
— i T T m\ 330//'
-

11

- 100

Pucymor 7 2. MuarpamMua aganora cEopOCTH TOIKATENA

Pucynok 6 (nmponomkenue) — JINCTUHT IpOrpaMMBbl
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3 OHIIE,II;E'JIE"HI'IE AHAJOra ¥YCRKOPeHITd TOJIKATeJId

B flcp EL 1f|]<¢<¢21
¢'1 ¢'1
¢ 1
?Lﬁi'@i if _<¢- e
#q #q
0 if ¢ <d,Sdq+dy
¢
e P TR PRT PR
P ¢
¢
ﬁl(.ﬁ:p .;p) E%f¢2+¢1+_<¢.<¢.p
¢'3 ¢

O o+ +pgzip2m

S S W40 242 151704 54,166 56,628 1 59.091 161,553 64015 66477 63.930 171401 73863 76325 78787 81249}

200

Lo 0 :n//J 100 L.@\' 300

—200

Pucyuox 7.2 Juarpamma aganora yoEOpEHHA TOMEATELA

7.4 3amice KHHeMATHY eCEIIX DapaMeTpoR B dafin qgamHeix

WRITEPRN( "zak\S prn" ) =3 WRITEPRN( "zak\& prm" ) =& WRITEPRN( "zaki&" pm" ) 1= 5"

WRITEPRN( "zakife pra" ) = ceﬂ(¢ ; @)
n

Pucynok 6 (okoHuaHnue) — JIMCTUHT TporpaMMBbl
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3 OnpenelieHne pa3MepoB KyJ1a4KOBOI0 MEXaHM3MAa U KOOPAWHAT npoduis

KyJa4yka

Ha BrOopom »J3rame npou3BOOUTCS pacu€r TEOMETPUYECKUX Pa3MEpOB
KYJIAaUKOBOTO MEXaHH3Ma M KOOPAMHATHI TOYEK MPOQUIIsl KyJauka B COOTBETCTBUM C
3aJJaHHBIM 3aKOHOM €TI0 JBHKEHHUsI HA OCHOBAHUU CJICAYIOIUX UCXOAHBIX JaHHBIX:

0 — JIOIYCTUMBIM YrOJ JIaBJIEHUS B BBICHIEH KMHEMATHYECKOM Mape MEXaHHW3Ma,
rpa.

JIns MexaHn3Ma ¢ TJIOCKUM TOJIKATEJIEM YTOJI IABJICHUS CUATAETCA PABHBIM HYJIFO
Y B UCXOJHBIX JTAHHBIX HE 3a0a€Tcs.

JlanHble BBIOMpAIOTCS W3 3aJaHuUs, a 3aTEM 3aHOCSTCS Ha SKpaH MOHUTOpA B
nyHKT «/McxomHble HaHHBIE» IEPBOTO M BTOPOro IMOJpa3ferna CEeAbMOro pasjena
(Pucynku 7 —9).

B cooTBeTcTBUU ¢ 3TUM HAOOPOM AAHHBIX PACUET MPOU3BOJUTCS MO METOJIUKE,
m3noxkeHHo B [3]. Tlopsamok pacu€ra W pacy€THbIE 3aBUCUMOCTH JJIsI TEPBOTO
Ciay4dass NpPUBEAEHBI HAa PHUCYHKAaX. [IpuBe€HHBIE PUCYHKH MOTYT OBITh
MCIIOJIH30BaHbl B KauecTBEe 0OpasiioB MpH OGOPMIICHHU ITOTO pas3fesina pacdyEéTHO-
MOSICHUTEIBHOM 3anucku. B koH1Ee pa3nena HeoOXO0AUMO CIeNaTh BHIBOJBI M YKa3aTh
Kakue rpaduuecKkre MoCTPOSHUs BBIMOJHEHBI IO pe3yJibTaTaM pacyeTa.

Ha ocHoBaHUM pe3yabTaTOB MPOBEAEHHBIX PACUETOB BHITIOIHACTCS TPapUIECKOe
ITOCTPOCHUE KUHEMATHYECKON CXEMBI KYJJAYKOBOT'O MEXaHW3Ma JIJIsl 3aJaHHOTO YnCiia

PACYETHBIX MOJIOKEHHM.
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-2 lI-J-_1I-]:[-IT|E"'3 EKYJIAaYKOEOr 0 MeXamDMa C II0CTYIIAT eJIBHO JEIDEYINIMVCA DOJOIK OB BIM TOJKAT eJIeM
Hexopaeie naaueie:
Cpnay = 30 - MAKCHMAILHEIA YTOJ OaeJIcHHA B EBHCIIER EHHEMaTHYECKOH Iape
C":[I-ITI:..IB-E'II-]:[-I!?I JAHHEIX - ITapaMeTPOE 3aK0Ha JEIDKeHITA TOJKATeJId
5 = READPRN( "zakid pm" ) ' = READPRN("\zak\s" pm" ) & = READPRN("\zakia" pm" )

$ = READFRN( "\zalft pro" | .
0
i=0.4q k= ceﬂ(ﬁ] -1 k=124

7.2.1 Onpegenenme pagyca 0CHOBHOH OKPYAHOCTH KYIIAYEA

maE) = 35.29 Rp= — D) meE)

= Ep=41.124
tanl oy degl 2

7.2.2 Ompeneede KoopIHHAT TeopeTH™ecKoro IpodHiIa KVIadKa B I0JIAPHOA
CHCTeMe KOOPIHEHAT

. W -
R.=FRp+3 - pafuyc BEKTOR Pi= Pl TOTRREEITEN
i = b, 360 R0, = Fy 0. = j—
1=9%0- i BT e
H=0.12 lej = Rk-jj ﬁ'jj = ﬁk-jj
e 0 1 2 3 4 5 B 7 g 3

0141124147201 | 61.744 (75,904 (21124 | 81124 181124 | Y9634 | 73684 | 64.594

n 1] Of 26( 52| 788|104 (130|156 |182 | 208|234

an
120 all
30
f b0
al &0
330
240 - 300
270
Bi.]0;

Pucyuox 7.4, Teoperudeckuii mpoduis Kynadga

PucyHnok 7 — JIucTUHT porpamMmabl
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7.2.3 Onpegeneniie YI1a JABJISHIA B BEICINeIT KIEHeMATHY ecK ol Tape

3
i, Z=E-atan( ! )

n

i

Pucymor 7.5, Huarpamua yona TaeneHus

7.2.4 Onpegenernie pamyea KPHBIGHBL TeOPHTHYECKOr0 IIPodILIg KVIaYKa

15

oo LB+ 6]

(Ri}z * 2'{ '1}2 =8

2000
0 30 100 150 200 250 300 350
Py
-2000 i
-4000

Pucyuor 7.6, duarpamma pagHyca KpHEHSHEL Dp o HIA KyIaidKa
7.2.5 OmpegeneHiie pagiyca POJIIEa TOJEATeIA

- z BhIEIHpaEM HAaHMEHEBIIEE ZHAYEHHE padHyCa

1 o =07 min( pp) 1y =321

ee,=|

Pucynok 7 (okoH4yaHue) — JINCTHUHT TpOrpamMMBel
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7.2 Comre: KVIAaYKOEOI 0 MeXaHITZMA € BPallalImvICH poJOIKOoE BEIM TOJK AT eJIeM

Hexogaeie gaHHEIe:

[+ =45 - MAaKCHMANEHEH NIOod JAaEJICHHA B EBEICIIEH KHHeMATHYECKOH Iape

L =200 - ONHHa TOIKATENLA, ML

{:1‘{I-ITLIBHHI-IE' OJAaHHEBIX - ITIaPpaMeTPOE 3aK0H:A JEILKEeHITA TOJKATe I
{3 := READPRHN( "zakS prn" ) f 1= READPRN( "zak\' prm" ) & = READPRN( "\zakis" prn" )
¢ = READPRHN( "zak\fr.prn" )
. 1%
=0 ¢, ki=cell 2] 1 k=26
12

7.2.1 Ompegenedie pamgiryca 0CHOBHOH 0KPYAHOCTH KYJIAYKa

max B = 3520 Bt mef) _meld) Ry =53372
tan(o: max'dEg} 2

7.2.2 OnpepeneHie Ha4aIEHOT 0 VIJIA [I0JI0AEHIA TOJKATE A

maf) 7
Fo+lp—2 .
Dk 120

3 = atan 4 L Bin=—— =3l 62
i

It

7.2.3 OnpegeneHiie MesKoCeB0or0 Pacc TOAHII MeXAaHITIMA

= T = 234893
a.—w a = 2434

7.2.4 ¥VrodYHemmie pamyca 0CHOBHOI 0KPYAHOCTH KVIIAYKA

R :=Ja2+1T2—2-a-1T-cns(.B o) Rp = 123185

7.2.5 OnpegeteHIie KoOpIHMHAT IPpodIiid TeopPHTIMeCKOr o IpodIUIa KyIadYKa B [I0JIAPHOH

CHCTeMe KOoODIITHAT

Ri ::J&E + 1—1—2 o E-a-lT--:u:us(.B 0+ Bi-%) - pagHyC BEETODR

n

i =y 360 R0, =Ry jEIJ_ ::j-lgtI

1

Pucynok 8 — JIucTuHT nporpamMmsl

27



2 2 a 2 4 2
.m R) +a 17 Rp +a 17 y ., 120
Bo=i acos|~2 " |_acos| -+ - - DONAPHHE YT oI Blo=8
1 180 E-Ri-& E-Rn-a : Yo

ii=0.12 R.i=R Bl =8l

]
120 1]

150 30

120

|-#]-

200

210 330

240 300
270

Fyt,

Pucyuor 7.4, Teoperudeckuil mpoduie Kynadxa

7.2.6 OmpegereHne yIria JagIeHIA B BBICINeI KHHeMATIY e CK 0 [ape

i K
-3 +acos|ffp+3,—)-1
T 1150 {” i1g0) T

120

% a-sin(ﬁuﬂi%.-i)

i
-0 E3 ‘\ ms.i-—-/ 350

i

Pucyuox 7.5 Muarpamua yrna qaenesma

Pucynok 8 (npogoimkenue 1) — JIMCTUHT nmporpamMMBbl
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7.2.7 OnpegeneHite pagiyca KPHBIZHEL TEOPHTIMYecKOro podum Kyaadia

2 12
P=0. ¢, -1 R'i:—b PR R P p. = [{Ri} +{ 1}]

B -5 &

i+l By 1 {Ri}zJ’z'{ Ii}z'Ri'R"i

Pucyuor 7.6, Juarpamma paguyca KpHEHIHE TpoHIA Kyadka
7.2.8 Onpegeediie pagpyca PONEEA TOJIKAT e

rp1 =04Rg oy = 49.274
= BHEHP&EM HaHMEHEBINEE ZHAYEHHE palHyCa

ppi:=|pi| t o7 = 0.7 min( pp) o = 66.17

Pucynok 8 (okoHuanue) — JIMCTUHT TporpaMMBbl
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7.2 Coares KVIAaYKOBOT 0 MeXaHIT3Ma ¢ TI0CTVIIATeJIBHO TBEIDEVIONIIVICH TIIOCKIM TOJKaTeJIen

CypT BB aHITE AAaHHBIX - ITapanMeTPOoR 3aK0Ha JEIDKeHITA TOJKATe A

% := READFRN( "izakid pm" ) & = READPRM( “izaki& prn" ) S := READPRN( "\zakiS" pen" )

P
¢ = READPRN( "\zakifr prn" ) i=0. ¢, k::ceﬂ[_” -1 k =26
12

7.2.1 OnpegeneHiie pageyca 0CHOBHOH 0KPYAHOCTH KVIIAYK A

Ep =11 mag-5 - 5 Ep =24.3508

7.2.2 OnpegeneHiie KoopaHHAaT OpodIIa TeopHTHYeCKoro IpodiId KyIadKa B I0JApHo
CHETeMe KOOPIHEAT

&
- b E en ) <
R, = {RD + Si} + {S i} pPanHYC BEETOR B;: fi atan R Si) NONAPHEEA yToI
— - oo ST s s -
i=,. 360 RD =R s §=0.12 0 RyERy o By =R

24502 {30.T18 | 57 282 163 870 164508 {64 508 (64 508 {63,574 | 50633 1 52732 143 464133 230 {25 566 §

" 0

Pucyaer 7.7 llpodune xynadxa

Pucynoxk 9 — JIucTUHT mporpamMmmel
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7.2.3 Ompegenersie pagiryea KPHEIGHEL TeopeTIMecKoro Mpodiimg Ky TadKa

2 2
=R O - [R. + (R ]
PR, B L g e g g TRE ] = )+ (7

: BB B & : (Ri}z it 2-{ '1}2— R R

2000

= 2000 I

4000 —

Pucymor 7.5 Huarpamwua pagHyca KpHEHSHE IpodHIA ByTadKa

Pucynok 9 (okoHuanue) — JIMCTUHT TporpaMMBbl
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1 BeiGop UCXOMHBIX TaHHBIX
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