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Kirish

Mexanizm va mashinanalarnazariyasi fani umumiy mashinasozlikda
ishlatiladigan mexanizm va mashinalarnio & r g .a $Hairdng uchun birinchi
navbatdaular hagidagitushunchalarga o @ xd catl a i z

Mexanizmi bir yoki bir nechtaqgattiq jismlarningtartibli harakatiniboshqga
gattig jismlarning kerakli harakatigaaylantirib beradigansuniy yaratilgantizim.
Bu yerdaqattiq jism absolyutgattig emas balki deformatsiyalanadigab o & | i s
hammumkin

Mexanizmlarningasosiy vazifalari esa bir turdagi harakatniuzatish yoki
harakatni boshgaturga aylantirishdit Masalan aylanma harakatniilgarilanma
harakatgayoki aksincha

Zamonaviymashinalardaexnologik jarayonnibajarilishinit a 6 mi n| ay c
turli xil harakatgonunigaegab o @ | ngeganizmlarg o @ | | .avViexamizankri
mashinalarningsosinitashkil etadi

Mashinaniumumiyholdaquyidagicha a 6 r mudmkia s h

Mashinabu mexanik qurilmab o & Mmexdnikfoydali ish bajarishgahamda
bir turdagienergiyanboshqgaur energiyagaylantirishgamo & | j a mexaniang a n
yoki mexanizmlarmajmuasidir Mashinas o &rantsuzchamachine va lotincha
machinas o @ z | dingand a @ inshootdeganma 6 nbddiradi.

Mashindarni taraqqiy etishi natijasidajuda katta sifat o @ z g a rsodir h | a
b ol mdgadaa mashinainsonning mehnatunumdorligini oshiradiganva
g o & bagaeadiganishlarini yengillashtiradigamimexanik tizim sifatida garalgan
Hozirgi kundainsonniishlab chiqgarishjarayoni bilan b o g @loidd maagdya n
faoliyatdagi ishlarini ham bajaradigan hamda gisman fiziologik vazifalarini
bajarishgahizmatgilmoqda

Akademik X.X.Us mo n x o tojGazd w adabgotlarida akademik
|.I.Artobolevskiyning mashinalar taraqqiyotit o @ g 6 rquedagl agda z | ar
yozgan

fHagigatan shu kungachabarchamashinalarniasosanenergetik transport

vatexnologikguruhlargab o &d @ i tio I6 dpraliigkdaesabu yetarlib o & | ma y
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goldi. Hozirgi nazoratboshqaruvch{informatsior) mashinalathamdaqurilmalar,
matematik va kibernetik mashinalar hayotimizga kirib bormogda Nazorat i
boshgaruvch{informatsior) mashinalai mashinalatizimi majmuasidanahsulot
ishlab chigarishda gatnashayotgano b Olark thazorat gilish va boshgarish
ishlarini, matematik mashinalaresa turli logik operatsiyalarnibajaradj ammo
kibernetik mashinalarinsonningb a 6organlariningishini ham bajaradj y a 6 n i
protez moslamalar s u n gurak, s u n duysak vazifasini bajaadigan va
obrazlarnipaygaboladiganmashinalashularjumlasidandio .

Yugqoridagilardarkelib chigib, mashinagajuyidagicha a deramiz

Mashina i inson tomonidan yaratilgan tabiat gonunlari asosidaq o @ |

mehnatini va aqgliy mehnatini yengillashtirishva odamni t o @ybka gisman
fiziologik hamdamehnatgilish funktsiyasinibajaradigargurilmadir.

But a 6 r matatialogdi z g a sifatidamaxsulotlargashlov berish gayta
ishlash yuk tashish va boshqalar tushiniladi Axborot o Gz garesa r i
ma 0 | tharm saqglashishlov berish uzatishva hakozolardir

Hozirgi kunda mashinalarni 1-rasmda keltirilgan guruhlarga ajratish
mumkin

Energetikmashinalari har gandayturdagi energiyanimexanikenergiyaga
yoki aksinchao @ z g a r hizmatigigdi. @@ turdagi mashinalargaguyidagilar
kiradi, y a 0 alektrodvigatellar trubinalar ichki yonuv dvigatellari b u g 0
mashinalarva elektrogeneratorlar

Texnologikmashinalari qattig suyuq va gazsimonmateriallargaishlov
berishva gaytaishlashuchunxizmat giladi. Bundamateriallarningo @ | ¢ h,a ml
shakllari va xossalario @ z g a r. Bu turdadji mashinalargametallargaishlov
beradiganstanoklay t o O qaskinalari gadoglashmashinalari gishlogx o & j a | |

mashinalarvashungao @ x s maslsnalakiradi.



Energetik Transport Texnologik

\/

MASHINALAR
Tekshiruv va Logik Kibernetik
boshqaruv (mantiqiy)
1-rasm

Transportmashinalar 7 turli xil yuklar va insonlarnitashishuchunxizmat
giladi. Bu turdagi mashinalarga avtomobi| poezdlay samolyot vertolyot
k o 0t lranlariwatransportyorlakiradi.

Informatsionmashinalari har xil turdagi(sonli, matnli, grafikli, ovozli va
boshq) axborotva ma 6 | u mod & & g a rishlovrberishhuzatish nazorat
gilish va boshgarishuchun xizmat qgiladi. Bu turdagi mashinalarga hisoblash
mashinalarik o mp 6 y ,wyaleatodaweositalari datchiklarva hakozolarkiradi.

Kibernetikmashnalar i insonningfiziologik vazifalarinigismanyokit o & | i «
bajarishgaxizmat qgiladi. Bu turdagi mashinalarga manipulyatorlay robotlar,
S u nyaurnakhamdabuyraklarvashungao @ x s hlaradh | ar

Mashina agregati - bitta yoki bir nechta mashinalarniketma-ket yoki
parallel biriktirish orgali hosil gilingan va ma 0 | hir mazifalarni bajaradigan
mexaniksistemadir Odatda mashinaagregatienergiyamanbai(dvigate), uzatish
mexanizmi va ishchi gismdaniborat b o & | Hozirgi kunda mashinaagregati
tarkibiga informatsion va kibernetik mashinalar ham kiritiimogda (2-rasnj.
CHunki, texnologik jarayonlarnibajarilishidainson ishtiroki kamaytiriimogdava

jarayonlaravtomatlashtiriimogda



Birinchi texnologik
Jjarayonni
bajaradigan mashina

A

¥ — : Tekshiruv va

Energetik Uzatish Ikkln;f:;ifgsl.l(?g ik > boshgawv .

mashina | mexanizmlari ” | Jardy _ < mashinalari
bajaradigan mashina

A
\ Uchunchi texnologik |
Jjarayonni

bajaradigan mashina

2-rasm

Mexanizmlarmashinadaenergiyanibir turdanboshqgaturgao & z igshda t
masulotlar va axborotlargaishlov berishda energiya manbaidanuzatilayotgan
harakatnishchigismlargauzatishuchunxizmatgiladi. Mashinabilan mexanizmni
aralashtiribyubormasliklozim, chunkibirinchidanmashinadanexanizmva ishchi
gismlarniboshgariskqurilmalarimavjudb o @ Ilkkinichidan shundaymashinalar
borki ularda mexanizmb o & | mUlgrdhi energiyamanbait o & g & roiddyad
ishchigismlargaulanganb o &1 a d i

Har gandaymexanizmq o 0 z g vad ontlazsg 6 B 0 & g 6 htadhlalr d a
topadi B o d dzvanni bir yoki bir nechtadetallarningg o & z g iskmasiais
Masalanavtomobilg 6 i | ,dal, o @ ghatuntishlig 6 i | whboshgatar

Qo 0 z g 6lad dmgné@&kanizm mahkamlanganasosdir Qo &Gz gdal uv
b o & g Gesanytalechi (kirish) va ydaklanuvchi(chigish)ga b o & | .iYetakdahii
b o d glaiakatni mexanizmning boshga b o & g 0 talad etgam harakatga
aylantirib beradi Yetaklanuvchib o d gagnanmexanizmmo & | j a lhalalkaimig a n
amalgaoshiradi

Kinematik juftlik 7 ikkita b o & g 0 ibinbwriganngsbatanqo @&z g6 al uv
birikmasidir. Masalan ichki yonuv dvigatelining tirsakli vali bilan g o & z g 6 a |
podshipnikning birikishi yoki porshen bilan tsilindrning birikishi. Har ikkala
b odgoi nbir-kirrgan uringan sirtlari, chiziglari yoki nuqtalari kinematik

juftning elementlaridir Kinematik juftning elementlaridoimo urinib turishi uchun



ular doimo geometrik(b o @ g 0 ishakli lsisobigg tarzdayoki dinamik(o g 6 i r |
kuchi hisobiga prujinakuchihisobigavahokazgt a @stidab o & llozis. h i

Kinematik zanjir 7 bir nechtab o & g 6 ikinematik mftlar vositasida
birikishidan hosil bo &l adgg@ng o al sistemddia n Yuqorida
t aod ki dl ,achky yonuv diigateliningtirsakli vali g o & z g gpadshipaiks
bilan bitta kinematik juft hosil giladi. SHatuntirsakli val bilan ikkinchi kinematik
juftni, porshenshatunbilan uchinchikinematik juftni, porshenbilan tsilindr esa
t o & r tkinematik juftni hosil giladi. Bu kinematik juftlarningt o & p €sa mi
kinematik zanjirni tashkil etadi Demak mexanizmasosim kinematikzanjir tashkil
etarekan Lekin, hammakinematikzanjirlarhammexanizmb o ¢ | av.er may d

Mexanizmlar va mashinalar nazariyasi fanini asosan uchta gismdan
iboratdir.

- mexanizmlarstrukturasiva klassifikatsiyasi

- mexanizmlakinematikasj

- mexanizmladinamikasi

Mexanizmlar strukturasi va Kklassifikatsiya gismida har qganday
mexanizmlarni tuzilishi mumkin b o & | @&sesiy elementlari mexanizmlarni
klassifikatsiyasiva yangi mexanizmlarnihosil gilish gonuniyatlario @ r g a Bu | a «
gismdamexanzmlarni strukturaviyanaliziva sinteziberiladi

Strukturaviy analizida mexanizmlarni strukturaviy sxemalari y a 0 n i
b o & g &vakmeématikjuftlarni shartlibelgilanishlariyordamida ularni geometrik
o @ | ¢ h aimobatgacimaganholdagrafikk o dighlario G r gani | adi

Strukturaviy sintezda esa mexanizmlarning strukturaviy sxemalari
strukturaviyshartlarniinobatgaolganholdaloyihalanadi

Ikkinchi qgism, y a 6 mrmiexanizmlar kinematikasida - mexanizm
boagoi nharakatit a detnghikuchlarnihisobgaolmasdanvagtgab o g 6 | i
holdao & r g a Bugisnaddmexanizmlarningkinematikanaliziva sinteziamalga
oshiriladi

Mexanizmlar analizi yetaklanuvchib o @ g 6 i nhlarakatmgonantarini

aniglashbilan s h u g 6 u. Kiheaatila sihtezdaesamexanizntarning kinematik
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sxemalarikinematikshartlarniva ularninggeometriko @ | ¢ h ainobasgaoigani
holdaloyihalanadi

Mexanizmlardinamikasigismida mexanizmb o & g 0 i nhbrakatit @i0o 1S ¢
etuvchi kuchlarni hisobgaolgan holdao @ r g a Bu disenah mexanizmlarning
dinamikanaliziva sinteziamalgaoshiriladi

Mexanizmlarning dinamik analizi b o & g 6 i n hagigiyn iharakat
gonunlarinianiglashbilan s h u g 6 u. Dihamik asirdezdaesamexanizmlarning
dinamik sxemalardinamik shartlarniinobatgaolganholdaloyihalanadi

Yugqoridagilardarkelib chigib aytish mumkinki mexanizmlarva mashinalar
nazariyasasosarguyidagiikki masalebilans hu g é u:l | anadi

1. Mexanizmlaranalizi i mavjud mashinava mexanizmlarnistruktruraviy
kinematikhamdadinamikjihatdantekshirish

2. Mexanizmlar sintezi 1 biror-bir texnologik jarayonni bajarish uchun
mo G | ] a méxanizrgzaenolariningharakatgonunlaridarkelib chiqib, berilgan

harakatgonunlariniamalgaoshiradigarmexanizmyaratish



[-BOB. KINEMATIK JUFTLAR VA ZANJIRLAR , MEXANIZM TURLARI
1.1.Kinematik juftlar vaularning klassifikatsiyasi

Jismlaning harakatini va istalgan paytda ularning fazodagi vaziyatini
tasvirlashdaerkinlik darajalarisoni degantushunchékiritiladi. Jismningfazodagi
holatini aniglashgamkon beruvchibir-biriga b o g dloitdd mikattplklar soni
uning ekinlik darajalari soni deyiladi Jismning fazodagi vaziyati uning uchta
koordinata y a 6> (abtsissd, y (ordinata) va z (applikatdd o & q lomailii
aniglanadi Erkin jism fazoda6 ta harakatgeegab o & Uulardanuchtasix, y va z
o 0 q Ibardiyilgaailanma uchtasi esa aylanish shu o @ q atrafrda aylanma
harakatdin(1.1-rasm

1.1-rasm

Muayyan sharoitda erkin jismning harakati cheklanganb o @ | has h |
mumkin Masalan bilyard sharininingharakatiniolib garasaku fagatbilyart stoli
ustidaharakaftiladi va uningistalganpayitdagivaziyatiikkita koordinatao @ xjva
u orqgaliifodalanadi(1.2-rasm).

SHundayygilib, bilyardtoshizo & Iy © d yfdgatdylanmaharakatniamalga
oshiraoladi.

Demak obsolyut gattig jism harakatigahech gandayt o & s qyokn | i k
cheklanishb dn@asabu jism x, y va z o & g Ib @ & iyoltita bharakatniamalga
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oshirar ekan Agar shu erkin jism boshgabiror-bir jism bilan kinematik juftlik
hosil gilsa, uning nisbiy harakatigama 0 | darajpdachekq o & y valbwactieklar

b o g 6 | shartiarsdeyiladi Kinematik juftlik hosilb o @ | uchsirnrcheklarsoni

oltitadan oshmasligikerak Agar cheklar soni oltida b o @, lu ©i@da kinematik

juftlik xususiyaty o & g @ ® @ b g ¢gissnbarndasibgoladi

1.2-rasm

Agar erkinlik darajasiN, b o g 0 | shartlarssbnini S bilan belgilasak

quyidagitenglikni hosil gilamiz
S+N=6 (1.1)

(1.1)tenglikdank o & r i knenthiikjufilik tarkibidagib o @ g 6 nisbily a r n
harakatiningb o g 6 | shartiarsbilan erkinlik darajasil dan5 gachab o & | g a
oraligdao @ z g anumksékan

SHundayqilib, kinematik juftliklarning turlari bilan tanishib chigamiz
Kinematik juftliklarning klassifikatsiyasi tarkibidagi b o 6 g 6 i nnishiy n i 1
harakatiningo o g 6 | shartlarisohibilan belgilanadi

Tekislik ustida shar turgan b o @, usmda tekislik bilan shar birgalikda
kinematikjuft hosilgiladi (1.3-rasnj.



)
J

Y=

://’/
|

1.3rasm

4/40

SHar tekislikda3 x, y va z 0 & q kteofida 3 ta aylanmaharakat x va y
o 0 g b a @ y2tadghrilanmaharakatgilishi mumkin

SHarz o G lg o & yplastaghharakatqgilolmaydi, chunki uning harakatiga
tekislikt o @ s gjilad. SHaknizo Glgo & yylugarigak o & t waramag/d aks
holda sharbilan tekislik orasidab o g 0 | bazladisarkkinematikjuftik b o & | ma y
goladi Natijadg sharbeshtaharakatniamalgaoshiradi. Bu kinematik juftlikning
b o g 0 | shartlarisohiniquyidagichaaniglaymiz

S=6-N=6-5=1.

Demak sharbilan tekislik I-sinf kinematikjuftlik hosil giladi.

Agardatekislik bilan tsilinr kinematik juftlik hosil gilsa (1.4-rasm), bunda
tsilindr z va x o @lari atrofidaaylanmaharakat x va u o @ari bo yab ilgarilanma
harakani amalgaoshira oladi. TSilindrning x o & & io & yaylantmava z o @ q i
b o & yilgaailanma harakatni amalga oshirsa kinematik juftlik y o & q ,oshwa d |
sababli bu harakatlargacheklar god y i |. &lai@ada tsilindr t o & harakaii
amalgaoshiradi Bu kinematik juftlikning b o g 0 | shamtlarssdnini quyidagicha
aniglaymiz

S=6-N=6-4=2.

10
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1.4rasm
K o & chigilgankinematikjuftlik 11-sinf kinematikjuftlikka kiradi.
Sferik qobiq bilan shar kinematikjuftlik hosil gilsa (1.5rasn), bundashar
sferik qobiq ichida x, u va z o @ g htefrda aylanmaharakatniamalgaoshiradi
SHarning x, u va z o @ q Ilbaraiy ilgaritalma harakatigachek go ady i | g
Natijadg sharuchtaaylanmaharakatniamdga oshiradi Bu kinematik juftlikning
b o g 6 | shartlarisohiniquyidagichaaniglaymiz
S=6-N=6-3=3.

\ Z

A
™

AL/
\A
Vo=

1.5rasm

Demak sferik gobigbilan sharlll -sinf kinematikjuftlik hosil giladi.

11



G 6 o usdiridr bilan o @ ztsilikdr kinematikjuftlik hosil gilsa (1.6-rasm),
bundag 6 o usdiridr ichida tsilindr x o & q lateofida aylanmava ilgarilanma
harakatiamalgaoshiradi uvazo & q b a & y haakatanishigghekq o dy i | g
Natijadg tsilindr ikkita harakatni amalga oshiradi Bu kinematik juftlikning
b o grishshartlarisoniniquyidagichaaniglaymiz

S=6-N=6-2=4.

AZ

R
TN
Y =

1.6rasm
G 0 o usdifdr bilano @ ztslikdr IV-sinf kinematikjuftlikni hosil giladi.
Hozirgi zamon mexanizm va mashinalaridajuda k o Guehraydigan
kinematikjuftliklar, bu V-sinf kinematikjuftliklardir. V-sinf kinematikjuftliklarga
faqatilgarilanmayoki aylanmaharakatgila oladigankinematikjuftlar kiradi (1.7-
rasnj.
Bunda kinematik juftlik tarkibidagib o & g Obir-birlga nmisbatanx o @ q |
b o & yaylamrbaharakatniamalgaoshiradi x, uvazo & q b a @ y iigarilmrana
hamdau vaz o @ g b a & yalylantmaharkatlanishigachekq o & y i Natgadan
tsilindr bitta harakatni amalga oshiradi Bu kinematik juftikning b og o6l ani
shartlarisoniniquyidagichaaniglaymiz
S=6-N=6-1=5.

12



1.7-rasm

D
T
Yy =

Demak bu kinematikjuftlik V-sinf kinematikjuftlikka kiradi.

Yuqorida k o @ chigilgan kinematik juftlik bir-biriga b o g ®loidd ma g ¢

nisbiy harakatlarniamalgaoshirishi mumkin Lekin mashinava mexanizmlarda

shundaykinematik juftliklar borki, ular tarkibiga kiruvchi b o & g 6 i misbgyr n i

harakatlaribir-biriga b o g 0bloi &id Madalan vintli uzatmalardabir vaqtning

o @ z lhath aylanmaharakatva ixtiyoriy ilgarilanmaharakatmavjud (1.8-rasn),

lekin bu harakat h=f(/ ) tenglamasibilan b 0 g 6 | & 0 § & Buni iV-sinf

kinematikjuft debhisoblaymizva quyidagitenglamag& o tharakatiladi

h=h&/—
2p

—
—

f/’

%

1.8-rasm

S\

Yugqgorida Siz bilan kinematik juftliklar tarkibiga kiruvchi b odg6i nl a

nisbiy harakatigaq o & y icheklaa (b o g 0 | shartiark Ja erkinlik darajasiga

k o Gkiassifikatsiyalanishibilan tanishib chigdik. Bundan tashgari kinematik

13



juftiklar b o @ g 6 i nolGazrdna gyl & o 0 ¥ igigyihva oliy kinematik
juftliklargab o a1 .i nadi

Agar kinematik juftlik elementlari bir-biri bilan tekislik yoki sirt orgali
b o g 6 ] bardayjaftlik quyi kinematikjuftlik deyiladi Masalan 1.9rasmdal-
b od dian2f o & gekislikdabir-biri bilanb o g6 l.an gan

1.9rasm
Agar kinematik juftlik elementlaribir-biri bilan nuqta yoki chiziq orqgali
b o g 0 ] bandasyjaftlik oliy kinematikjuftlik deyiladi Masalan 1.1Grasmdal-
b o & dgian2fb o & K duqtadabir-biri bilanb o gd l.an gan

1.10rasm
Kinematik juftlik tarkibidagib o & g édoimolbaorg 6 | abno Gsl bictiseh i

ularning elementlari bir-biriga tegib turishi lozim. Kinematik juftliklar
elementlarinidoimiy tegib turishini ikki y o Gilant a 6 mi ny aadkimahatik
(1.9-rasm va kuch yordamida(1.10rasn) Kinematik juftlik elementlarinidoimiy

tegib turishini kinematiky o Gilant a 6 mi nkbnatsikistyasiorgali kinematik

juft yopiladi. Tegib turishini kuch yordamidat a 6 mi ndsa e dhdi&uchii k
prujina va boshqga vositalar orgali amalga oshiriladi Kinematik b o g6 1 ang

juftliklar kuchbilanb o g 0 | jaftliktp@an afzalroqdit

14



1.1-jadvalda kinematik juftliklarga tegishli b o & | shatin belgilanishlar

keltirilgan.
1.1-jadval
T/r Belgilarning nomlari SHartli belgilar
1 2 3
Bir tomonga t o @ g ohizigli s
1 |ilgarilamnaharkat yoki
—
5 T o & gldizigii ilgarilanmagaytmal —
harakat
2 O & atrofidabir tomongab o & | a 7 Nyoki ¥ )
aylanmaharakat
O & atrofida b o & | a tkhragnrag
, |C0@ Q) N\
harakat
LLLL
5 | Tayanchlar S yok A
Polzunni godzgyd —
6 lyoanal tihamakat hi d TS
. IkKi bodgoi ngnoidinzgg ¢ f\|
birikishi 2
I-sinf oliy aylanmakinematikjuftlik
8
o ll-sinf quyi aylanma kinematik J)
juftlik )
10 lIl-sinf quyi aylanma kinematik
juftlik
[l -sinf quyi aylanmava ilgarilanma —
1 quylray g ==

kinematikjuftlik

15



1 2 3
IV-sinf quyi aylanma kinematik
12
juftlik
IV-sinf quyi aylanmava ilgarilanma L
13| L |
kinematikjuftlik
V-sinf quyi aylanma kinematik
14 1 iuttik
V-sinf quyi ilgarilanma kinematik Z
15 juftlik
16 | V-sinfvintli kinematikjuftlik Z I A
A

17

Ikki  bo & g 0 iVreinfi aylanma
kinematik juftlik orgali birikishi

(sharnirl

18

Ikki b o @ g &Ghanti sharnir orgali
birikishi

19

Bazislib o & g 6 iV4simf ayhaigmal
kinematikjuftlik orgalibirikishi

:u*-u

20

Krivoship2 niqg o @ z g Malarg
1 bilan V-sinf aylanmakinematik

juftlik orqalibirikishi

21

Qo dz g6 albwwigh2 nni
g o & z g Obaol dnghdkilan sharli

sharnirorgali birikishi

22

SHatun2 bilan polzun 1 ni V-sinf
aylanma kinematik juftlik orqali
birikishi

16




1 2 3
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1.2.Kinematik zanijir va uning turlari . Assur guruhlari .

Bir nechtab o @ g 6 i nkinenmatik ijuftliglar vositasida birikishidan
kinematik zanjir hosilb o @ | iyusmdidaaytio o & t gdk iKinematik zanjirlarni
tuzilishi va b o & g 6 i kmématik quftiklarga birikishiga k o & %.ld-rasmda

keltirilgan klafikatsiyanituzishmumkin

Kinematik zanjir

k.

A

Kinematik zanjir tarkibiga
kiruvchi bo*g’inlarning

Y

¥

Kinematik zanjir yopiq
yoki ochigligiga ko‘ra

birikishiga ko‘ra

k4 ¥

-
= = = =
= g = =
= = E =
D - = D D
= = == = = = =
2 < = = 3 2 3
> N E N - N o N
= - = [=8
= = o =)
o E o =

1.11-rasm
Agar kinematik zanijir tarkibigakiruvchib o @ g 6 i bili fagatikkitadgn
kinematik juftga kirsa bunday zanjir oddiy deb (1.12-rasn), kinematik zanijir
tarkibidagib o & g 6 i miti &kkitadanorgg kinematik juftga q o & s,tbuntay a
zanjir murakkabzanjir debataladi(1.13-rasn).
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1.12-rasm 1.13rasm

1.12-rasmda oddiy kinematik zanjir k o @ r s atoi&llupidgnl va 3-
bodgoi AlaDrelementlgrierkin elementlardir 1.13-rasmdaesamurakkab
kinematik zanjirk o G r s @toidllugirgd, 4va5b o adgdi M RvaGi ng
elementlarierkin elementlardir Sxemadark aidadiki murakkabkinematik zanjir
tarkibida bazisli b o @ gbda dnl handda u uchta yeridankinematik juftlikka
birikishi mumkin

1.11-rasmdagiklassitsifikatsiyadark o @ r i kinendatikikzanjirlar ochiqva
yopiq kinematik zanjirlargab o & | .i1rd2avd 1.13-rasmdaoddiy va murakkab
ochiqg kinematik zanijirlar keltirilgan. Agar kinematik zanijir tarkibigakiradiganhar
bir b o & gedgikamida ikkitadan kinematik juftga biriksa bunday zanjir yopiq
kinematikzanjirb o @ (laddrasm).

1.14-rasm

Yopig kinematik zanjirdab o & g Obir-hiriga misbatan harakatlanadigan
o0 0 z g a r yopiq Kordun hosil b o @ | Gclig kinematik zanjirda esabunday
konturb o & | may di

Kinematik zanjirlarnining strukturaviy nazariyasigarus olimi professor
P.l.Somov asossolgan Uning fikricha kinematik zanjirningg o &z go6 al u v c

darajasiN va kinematikzanjir tarkibidagib o & g GoniKldebgabulqgilib hamda
18



turli sinfdagi kinematik juftlari orasidagi b o g 6 | a n anigllash @umkin
Ma 0 | u kirlematik zanjir tarkibika kirishi lozim b o & | m@dng 6arkml| ar
b o & | gqularnirty&ar birining erkinlik darajasioltiga tengb o & .| Derdak K ta
b o & d¢idematik juftliklarga birikishidan avval umumiy erkinlik darajasi6K ga
tengb o 0 lAgaiK tab o @ g Otuzrgdnkinematikzanjir tarkibidal I, II, Il IV
vaV sinf kinematikjuftlar b o &Ja glarningsoninimosravishdaP;, P,, P, P4 va
Ps belgilabolsak u holda kinematikzanjirningumumiy erkinlik darajasiquyidagi
ifoda orgali aniglanadi

H=6K-5Ps-4P,-3P;-2P,-P;, (1.2)
bundaK-kinematik zanjir tarkibidagib o & g 6 i mrhumiy soninPgkinematik
zanjirdagi V-sinf kinematik juftliklar soni (ularning har biri bittadan erkinlik
darajasigaegg; Ps-kinematik zanjirdagilV-sinf kinematikjuftliklar soni(ularning
har biri ikkitadan erkinlik darajasigaegg; Ps-kinematik zanjirdagi Il -sinf
kinematik juftliklar soni (ularning har biri uchtadanerkinlik darajasigaegg; P--
kinematik zanjirdagill -sinf kinematik juftliklar soni (ularningharbirit odr t t a
erkinlik darajasigaegg; P:-kinematik zanjirdagiI-sinf kinematik juftliklar soni
(ularningharbiri beshtadamerkinlik darajasigagg.

Kinematik zanjir tarkibigakiruvchi biror-bir g o & z g & a I& g asbatana

bir yoki bir nechab o & gnoidymtartibdaharakatlangawaqtdazanjirning golgan
b o & g 6hamnrhaad ltartimdaharakatqilsa bundaykinematik zanjir mexanizm
deyiladi Bu t a 6 r kefibdchigib, kinematik zanjir tarkibidagib o @ g6i nl a
birini g 0 & z g @ebharatsmu holdag o & z g 6 abl oudvgcdhmanmiy aonini
K-1 deb garah (1.2)ifodani quyidagichayozamiz

W=6(K-1)-5P5-4P;-3P5-2P5-P, (1.3)
bundaW-bittab o & gqgbo dnzi g d a |& kdgematik zanjirningerkinlik darajasi
vau W=N-6 gateng

Agar K-1=n debqgabulgilinsa u holda(1.3)ifodani quyidagichayozamiz

W=6N-5Ps-4P,-3P5-2P>-Py, (1.4)
bundan-bitta b o & ggpa tnz g deolGnlapematik zanjirdagig o @z g6 al u\
bodg&onnl| ar

19



(1.4)ifodabittab o & ggdoi tnzi g @ a |G kagematik zanjirningumumiy
holdagistrukturaviyformulasib o & SambwvMalishevformulasideyiladi
Kinematik zanjirlardan mexanizmlar hosil qilishni birinchi marta
L.V.Assurquyidagicha a o6r i. f | agan
Har gandaymexanizm yetakchib o & gyakibno & g diland aa&@ z g 6 a |
b o & g 6giondigzag 6 a | darajashnalgaltenckb o & | kpemik zanjirlarni
ketmaketq o @ s horgalihosilgilish mumkindebt a dergar
Agar mexanizmningy o & z g 0 a | dargjasihirgatdng(W=1)b o &, b s a
holdauning yetakchib o & ghambitta b o & | agadikkita (W=2) b o &, ursng
yetakchib o & grohiamikkiea b o & Vadhakozo
LV.Assuro Gz i na @ lgi kmerhaitikdzanjirlarni sinf va guruhlarga
b o ddhigdb
Agar yetakchib o @ doitan quno & z g & a0 |dgmdikibv-sinf kinematik
juftlik hosil gilganb o &, lu buai shartli ravishdal-sinf 1-tartibli mexanizmdeb

atadi(1.15-rasm a, b, v).

] IS aad

1.15rasm

1.15rasm a da 2-b o & ggoo dnz g 6baol dngdésilan V-sinf aylanma
kinematik juftlik hosil gilgan Bu yerdag o & z g 0 3-b @ & gqdoiidire g 6la | m«
b o & g tnishatgnar, burchaktezlik bilan aylanmaharakatniamalgaoshiradi
(1.4) ifodagaasosanbu kinematik juftlikning strukturasinitekshirib chigamiz U
holda bu kinematikjuftlikda I, II, Il va IV-sinf kinematikjuftliklar mavjudemas
shusababliP;=0, P,=0, Ps=0 va P,=0 b dadi. Kinematikjuftlikda fagatginabitta
V-sinf aylanmakinematik juftik mavjudb o & Ps=1bb o & | Sdd hilan birga
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ikkita b o & gnavjudb o & ulardanbiri q o @ z g 6 aDemakgdidrz g6 al u
b o & g &Gonim+1.ayugoridagilarniinobatgaolganholda
W= 6 -A B41A0A20A08:6-5=1.
Demak bu kinematik juftlikning erkinlik darajasil ga teng va u bitta
yetakchib o & g &gan g a
1.15rasm b da 2 va 3-b 0 & g 6 nd zag 6bad dngdébilan V-sinf
aylanmakinematikjuftliklar hosilgilgan Bu yerdag o & ki 2va3-b o G g 6 i n
g o @ z g d-b lo 6 @ $nisbatgnmos ravishday, va ¥3 burchaktezliklar bilan
aylanmaharakatniamalgaoshiradi Bu kinematikjuftlikning strukturasiniekshirib
chigamiz U holdg bu kinematik juftikda ham I, I, 1l va IV-sinf kinematik
juftliklar mavjudemas shusababliP,=0, P,=0, P;=0 vaP,=0 b o & .| Kamnematik
juftlikda ikkiti V-sinf aylanmakinematikjuftlik mavjudb o & Ps¥2bhamdauchta
bodgmavjud b o luladan bii oGz gb6abDemals dpdizgdal u
b o 0 g Gonim#2.ayugoridagilarniinobatgaolganholda
W= 6 -8 242A30A20A06:6-5=2.
Demak bu kinematik juftlikning erkinlik darajasi2 ga teng va u ikkita
yetakchib o & g @&gan g a
1.15rasm v da esa2-b o & gqboiGrnz g Gbaol Gngkdsio 1@ goiban W-sinf
llgarilanma kinematik juftlik hosil gilgan Bu yerdaqgo Gz go 2b o ghbi
g o & z g 61abl ondiagsdnisimagraV, chizigli tezlik bilan ilgarilanmagaytma
harakatniamalgaoshiradi Kinematik juftlikning strukturasinitekshirib chigamiz
Ushbu kinematik juftlikda V-sinf ilgarilanma kinematik juftlikdan boshga
kinematikjuftliklar mavjudemas shusababliPs=1 b o & | S&lwbilan birgaikkita
bodgmavjud b od lulardan bii qodzgdéabDemals qopéizgdal u
b o & g &Gonimt1l.aruqgoridagilarniinobatgaolganhoda
W= 6-A P41A30A20A05:6-5=1.
Demak bu kinematik juftlikning erkinlik darajasil ga teng va u bitta
yetakchib o & g Ggarn.y Assurningmexanizmlarninosil gilisht a 6 rki of ¢ rgaa

1.16-rasmdakeltirilgan guruhlargaqg o & g 6 a | Warajakirolyd tengb o G |1 g a
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kinematik zanjirlarni ketmaket g o @ s @rgals rhexanizmhosil gilish mumkin

ekan
B A
3
B
B 3
C ¢ O A\ g
A 3 4 , B 1~ -
4 4

Il -sinf 2-tur guruhi Il -sinf 3-tur guruhi

Il -sinf 4-tur guruhi Il -sinf 5-tur guruhi
1.16rasm

1.16rasmdakeltirilgan Il-sinf Assur guruhlarining A va C elementlari
b o Gsanalih shuelementlarnboshqaelementlargdiriktirish orgali mexanizmlar
hosil gilish mumkin Bu kinematik zanjirlar ikki povodokli Assur guruhlari deb
hamataladi

1.17rasmdagb o Geteimentlariuchta y a GAnkva G b o & |kigeanatik
zanjir Il -sinf Assur guruhidir. Bu kinematik zanjir uch povodokli Assur guruhi
debhamataladi

T o & rbtotdag Vi Vrsinf kinematik juftliklari b o & | ypmgnkonturli
kinematikzanjir Assurt a 6 | b anto yt INV-sirif guruhi hisoblanadiBu kinematik
zanjirdaA vaE larb o Getermentlaisanaladil1.18rasn)j.

©

DS

N

1.1/-rasm 1.18rasm
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SHunday qilib, Assur guruhlarini bir-biriga biriktirish y o dbllan turli
sinfdagi guruhlarni hosil gilish mumkin ekan Bu guruhlarni bosH an g o6
mexanizmlargebiriktirish y o dilam turli sinfdagi mexanizmlarnihosil gilinadi.

Agar hosil gilingan mexanizmtarkibida l, I, 1ll va IV-sinf guruhlarib o @ bws a

mexanizmsinfi tarkibidagiengyuqori sinfli guruhsonibilan nomlanadi

1.3. Tekisvafazoviy mexanizmlarni strukturaviy tahlili. Mexanizmlarning

klassifikatsiyasi

Mashinalarni ishlash jarayonlarida asosiy vazifalarni ularning ishchi
gismlari bajaradi Masalan generator yordamida mexanik energiya elektr
energiyasigaaylantiriladi va bu energiyaishchi gismarga uzatish mexanizmlar
orgali uzatiladi Ishchi gismarga masalan tikuv mashinasiignasi paxta terish
mashinasshpindelj yer gazishmashinasii kovushi(kuragi va boshgalardir

Bizgama 6 | umaxanizmlarnihosil gilishdabirinchi sinf birinchi tartibli
mexanizmgag o & z g 6 a | davajadhnalgaltandcb o & | Assunguruhlarini
g o & s hi Mashinasozlikda ishlatilayotgan barcha mexanizmlarning

konstruktsiyasigaarabasosanquyidagiturlargab o & mungih(1.19rasn).

Richagli Kulochokli Tishli
(mushtli)
iktsi Vintli va
Gidravlik va Egiluvchan bo‘g’inli
pnevmatik a) tasmali Elektr
b) zanjirli
1.19rasm

Yuqorida Kkeltirilgan mexanizmlarningb o @ g 0 i twrli atekisliklarda

harakatlanishigak o ¢ iklka turga tekis va fazoviy mexanizmlargab o & |.i n a
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Mexanizm tarkibidagi barchab o & g Ohir riekislikda yoki bir-biriga parallel
tekisliklarda harakat gilsa, bunday mexanizm tekislikda harakatlanuvchitekis
mexanizmdeyiladi Agar mexanizm tarkibidagi b o & g 6 i muggalarntekis g
b o dl maagkdonyalar chizib yoki o & z arallel b o & | magegishuvchi
tekisliklarda joylashuvchi traektoriyalar chizib harakatlansabunday mexanizm
fazoviymexanizndeyiladi

Barcha mexanizmlarma 6 | tarkibdagi gismlardany a 0 bo &g o6i nl a
tuzilganb o & IBaodiig 6 iquyibagilargeb o & munskih

1) tuzilishigak o & r a

- gqattigb o d g théexanizmishlashdavridahargandayelastikdeformatsiya
inobatgaolinmaydi

- qgayishgoq b o d g dnexanizm ishlash davrida elastik deformatsiya
inobatgaolinadi, y a @omjinayoki ressor

- egiluvchanb o d g inexanizmo dvazifasinibajarishidab o & g Ghakl | a r
vao @ | ¢ hoatnmtigpaladi, y a Gasmava zanijir;

- suyugb o d g égquwehanlikxususiyatigaega suvyoki moylar,

-gazk o dr i $ loiddj é@apuwchanlikkusiyatigaega gazyoki xavo.

2) konstruktsiyasigk o & r a

- oddiyb o d ¢1&0anb, v-rasn);

- murakkabb o h@1@0g, d-rasnj.

3) bajaradigarvazifasigak o & r a

- bosh(etakch) b 0 d 1&20anb-rasn);

- yetaklanuvchb o d 1&@0vng, d-rasn).

4) kinematikholatigak o & r a

-qodzgolmd dga@tenb, v, g, d-rasm;

-qo0dz g ®daldkERdyerasn).
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/ A
[O]
A 4 —
a b \Y;
B B
0]
A ¢ /é;r
A C
g d e
1.20rasm

Richaglimexanizmlathozirgi zamonmashinava mexanizmlaridguda ko @
ishlatiladi Masalan to tug stanoklarida suv nasoslaridahamir gorish mashinasi
tarkibidava ikkita krivoshipib o & Imgxamzmlarsuvnasoslaridashlatiladi

Richagli mexanizmlarningeng oddiy k o & r i nli25krdsindakeltirilgan.

Bu mexanizmikkita b o @ g 6iboratdia h21a-rasmdagmexanizmg o 6 z g 6 a |
b o @ d vabin yelkali richag2 daniboratb o @, l.81&-rasmdagimexanizmesa

go dz g baldmadakk yelkali richag2 daniboratdir.

1.22-rasm
Richagli mexanizmlarningbundan ham murakkabrogayrim turlari bilan
tanishib chigamiz Bu mexanizmlarb o & g 6 birrbiri abilan beshinchi sinf
aylanma kinematik juftlik (sharnijlar yordamida b o g 6 |.aMexam@izmning
sharnirlarixarflar bilan, b o & g éesaradlamlarbilan belgilangan 1.22 a-rasmda

t o 6 o &t gi&ki kmioshipli richagli (parallelogrammpmexanizmkeltirilgan. Bu
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mexanizmdal-b o & gq@idre g @ & gn@iar-b o & g &iivoshi@a(360° ga
t o Gaylangoladiganb o @ j &b ;nd ggashatun(murakkabharakatgiladigan
b o & pdeb nmmlanadi 1.22 b-rasmdakeltirilgant o @& o © g Mexanixanizm
krivoship koromislolimexanizmdebnomlanadi CHurki, mexanizmtarkibidabitta
krivoship va bitta koromislo mavjud Bu mexanizmdal-b o & ggboitnz g 6 a |
boag2édiort grivasmip 3-b 0o & ggashatunva4-b o & &dramislo(ma 6 | u m
burchakostidatebranmaharakatqgiladiganb o & 6. Karomisloli mexanmzmlar
pichana g 6 d amashirsasidamatot o G eqnashidalaridak o & t kranlargldva

boshgasohalardagmashinalardashlatiladi

1.22rasm

Ma 6 | unmekanizmtarkibidagib o & g GAichtaHammkatniamalgaoshirishi
mumkin y a Oaylanma ilgarilanmagaytmava murakkab (bir vaqtningo & z i d a
aylanmava ilgarilanmaqgaytmg harakatlardir Yugoridab o & g 6 aylanmava i
murakkab harakat giladigan mexanizmlarnik o & chiqtik 1.22rasmdagi4-

b o & g(krivoship (a) yoki koromislo (b)) ni g o & z gs6bad dmeEda ny | a
harakatlanaoladigan polzun bilan almashtirsak u holda krivoship polzunli

mexanizhosilb o & (1&2&rasn).
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Krivoship polzunli mexanizmlarhozirgi kundagi mashinalardguda k o @ p
uchraydigan mexanizmlar sanaladi Masalan ichki yonuv dvigatellari
kompressorlampresslarnasoslava boshgamashinalarda

1.23rasmdakrivoship polzunli mexanizmningikki k o & r ikaltirilgam i
b o & lularkaksil (a) va dezaksial(b) mexanizmlardir Mexanizm tarkibidagi
polzuny o & nal t i rxxchizighékiisoshipningaylanisho & @.idano & fus a
holda bundaymexanizmaksial krivoship polzunli mexanizmdeyiladi (1.23 a-
rasm). Agar mexanizm tarkibidagi polzun y oG nal t i r xxvachii zsii g
krivoshipningaylanisho & @iidano & t maholdabundaymexanizmdezaksial

krivoship polzunlimexanizmdeyiladi(1.23b-rasn).

X

S

€«

>

1.23rasm
Agar mexanizmtarkibidagishatuny o & n a | varifasinNbajahsau holda
bunday mexanizm kulisali mexanizm deyiladi (1.24 a, b-rasn). Kulisali
mexanizmlarrotor nasoslaridatikuv mashinalaridapoligraf mashinalaridatikuv
mashinalaridarandalashmashinalaridoaboshqgasohalardk o @p d |l l.ani | a
Kulachokli (mushtl) mexanizmlartarkibidao & z g a r egw abibichi yuza
(tekislik) k o @ r i n olig Kinendadkgiftlik elementlaribb o & Inmgxaamzmlardir
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Kulachokli mexanizmlarodatdakulachok va turtkichdaniborat b o & .| 1a28 a-

rasmdatekis kulachokli mexanizmsxemasikeltirilgan. Bu kulachokli mexanizm
tarkibigao @ z g a r egwyazalikulachokl hamdau bilanoliy kinematikjuftlik

hosil gilgan rolik 2 kiradi. SHu bilan birga oliy kinematik juftlik elementlarini
doimob o g 6 | abna sl biothsatturtkich 3 bilan g o & z g daoldnyaEEsiga
prujinao @ r n a Bu ptujmakaoch yordamidakulachokl bilan rolik 2 ni doimiy
bogol atnaiésnhiinnliay d i

A

(881

1.24rasm

Kulachokli mexanizmlartekis emasbalki fazoviy ham b o & | muskni

1.25b-rasmddazoviy kulachoklimexanizmningsxemaskeltirilgan.

28



Bu turdagi mexanizmlar yordamida yetaklanuvchb o & g 0 iistalyann g
harakatgonunini olish mumkin SHuning uchun bu mexanizmlarmetall kesish
stanoklarida avtomat mashinalardanushaolish qurilmalarida avtomobillarning
gaz tagsimlash mexanizmlarida turli elektrik apparatlarda tikuvchilik va
t oG qi maadinaldridakhamda asbobsozlik sanoatiningturli mashinava

mexanizmlaridkenggo &l l.ani | adi

1.25rasm

Kulachokli mexanizmlar hozirda rivojlanayotgan avtomat va yarim
avtomatlashganmmashinalardaturli funktsiyalarni boshqarish ishchi gismlamni
ishgatushirisht o @ x toldindanddigilabq o G y ivaziglarminsonishtirokisiz
bajarish imkonini beradi Kulachokli mexanizm asosan yetaklanuvchi
b o g 6i ndiliahr masofasilgchik b o & | hgirakatlarniamalga oshirishda
godl l.ani | adi

Tishli mexanizmlarharakatniyetakchib o @ g6 i ndan lyed kil m
ilashish hisobiga uzatadi (1.26rasn). Tishli mexanizmlardagi ilashuvchi

bodgotsmilgadri | d ideyidadi| Tashli mexanizmlar tarkibidagi tishli

g 01 | dbirsbia kilaneolly kinematik juftliklar hosilqgilsas q o & z g daldmga g
(tayanch bilan esaasosank o Gaylanmayoki ilgarilanma kinematik jufliklarni
hosil giladi. Tishli mexanizmlartishli g 6 i | d i ilashikhltusiga k o Gtashgi
ilashmali(1.26a-rasn) yoki ichki ilashmalib o & (1&2@birasm).
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1.26rasmda tishli mexanizmlarningeng sodda k o & r i nkelsrilgdna r i
b o § ikkitabl va2tishlig 6 i | dhamdakd taz g ® @ 6 g diborad a n

T

1.26rasm

Tishli mexanizmlar hozirgi mashinava mexanizmlardakeng k o & | a md
g o dl | a mexXamzdsagaadi Bu mexanizmlarasosammashinaagregatlarida

uzatish mexanizmlari sifatida q o & | | .a Maxdnianthing asosiy b o g 6 i
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hisoblangan tishli g 6 i | d ibroadkrlareggln tishlar va ular orasidagi
chuqurchalardarnborat b o & | Ikkithitishli g 6 i | ithshmahdsil giladi. Bunda
bitta tishlig 6 i | d i tishaikkimghirtighli g 6 i | d i ikkitaKishinimg@rasiga
kirib, yon tomonlaribilant a 6 s i rvd rereKatgakleltiradi. Agar ilashmadagi
tishli g 61 | di r larikimgaradiusi mheksizlikka intilsa, u holda bunday
mexaniznmreykali tishli mexanizndeyiladi

Tishli mexanizmlardabir paytningo @ z ichkiava tashqiilashmalarham
b o & Imurakm{1.27rasm.

1.2/rasm

Texnikaningtaraqqiy etishiturli mashinava mexanizmlarng o @l | an i |
olib keladi SHugatorivintli va ponalimexanizmlarnham

Mexanizm tarkibiga kiruvchi ayrim b o & g 0 vintsimenrharakatqilsa,
bundaymexanizmlawintli mexanizndeyiladi Vintli mexanizmtarkibigakiruvchi
b o & g ovintfi [kinematik juftliklar yordamidab o g 6 |. 4.B8aadnndavintli
presslashgurilmasiningsxemasikeltirilgan. Bu qurilmadagivintlarning biri chap
ikkinchisi esao @ megbalidir Agar 1-b o & gaglanmaharakatniamalgaoshirsa
vint 2 lar o & z hkirrbioiga nisbatanilgarilanmaharakatniamalgaoshiradi Bunda
2-b o & g Obir-biriga yaginlashsa5-b o & ggboi dnz g Gbaol Gingadgaqmlgsaib

presslasharayoniniamalgaoshiradi
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1.28rasm

Bo &g 0 ifaghtailgarlanma (t o & gahieigl) harakat qiluvchi
mexanizmlarponali mexanizndeyiladi 1.29rasmdaponali mexanizmkeltirilgan
b o & bundagiyatekislik 1b o & ygloailz g 6 abl oudvgdbaattmnmagaytma
harakat qilsa keyingi oGz go6aba&gdhlieamvertkal oG Qodyl a

ilgarilanmaqgaytmaharakatniamalgaoshiradi

1.29rasm

Mashinalardashundaymexanizmlarborki, ular ishgalanishhisobigaish

bajaradi Ishgalanistkuchlariyordamibilan harakatg&eluvchiyokit o G x t at i |
mexanizmlar friktsion mexanizmlar deyiladi (1.30rasn). Masalan 1.30 a-
rasmdagilkkita siliq yuzali tsilindrsimong 6 i | Hva 2 larkir-birigao & z g a r m:
burchaktezlikdagi aylanmaharakatnitegib turgan(o @ z & a 6 s)i yuzdlaridai

hosilb o & | aighgalgrastkuchihisobigauzatadi
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Friktsion mexanizmlar yordamda yetaklanuvchib o & g 6 ibaorchakn g
tezligini p o g 6 o moalash naumkin bunday mexanizmlartezlik variatorlari
deyiladi Masalan 1.30b-rasmdakeltirilgan friktsion mexanizmda yetaklanuvchi
b o & gloningy burchaktezligini o & z g adebrgalsul gilib, uni aylanisho & q i
b o & ysiljitasé yetaklanuvchb o @ @ dingburchaktezliginip o g 6 osozdAashi z
yokio 0 z g a r erishishmantkig a

) |
\('!)1A C ;)2/ .
| .

a
VA o
LLLL «—> 7774
7777 \ 7777
[ I
,—5(4)2 2
b
1.30rasm

Tarkibida ikki yoki undan k o dlpo & g 6 | nd zaharakatlarini
t admi nl egyudchag b o & g(@rgonlar tasmalay zanjirlar, troslar va
boshgdlar b o & | mexanizmlar egiluvchan b o d g dnexarizmlar deyiladi
Hozirgi zamon texnikasida egiluvchan b o & g @nexanizimlarkeng k o @ | a md
ishlatiladi

1.31-rasmda egiluvchan b o @ g @nexanizmningeng sodda k o dr i ni
keltirilgan. Bu mexanizmtishli va friktsion mexanizmlardanfarqgli o ¢ | al- o g

b o & g 02-naddagrylammgaharakatniO; va O, lar orasidagimasofay a 6 n |
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0 0 g | enasefakaitab o & |hgldaonzatishimkonigaega Bundaymexanizmlar

egiluxchanb o & @ dingturigak o &asmaliyoki zanjirli uzatmalargd o @ | .i n a d

1.32rasm

Egiluvchan b o & g dmiexarizimlar avtomobil t o & q i maqeshiog | i k
x o0 & ] ashlab gchigarishj o g 6 industrial sanoati mashinalarining uzatish
mexanizmlariday old@niladi.

Agar mexanizmdaharakat uzatish gattiq jism va suq yoki gazsimon
vositalarning o & z & ra@® satijasida amalga oshirilsg bunda mexanizmlar
gidravlik yoki pnevmatikmexanizmladeyiladi

Gidravlik yoki pnevmatikmexanizmlaravtomobillarda traktorlardg b u g 0

gozonlaridavaboshqalardg o a1 |l.ani | adi

1.32rasm
Avtomatlashgan tizimlarning rivojlanishi bilan mashinalarni elektrik
qurilmalar yordamidaboshqgarilmoqdayoki sozlanmoqdaElektrik qurilmalarning
ishchi gismlarini gattig suyuq va egiluvchan muhitlar tashkil etadi Harakatni
magnit yoki elektr maydoni yordamida uzatadigan mexanizmlar elektrik

mexanizmladeyiladi Elektrik mexanizmlariorgali jarayonlarnitezt o & xyola t i b
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tezyurgizishmumkin Elektrik mexanizmlarinazarotshlaridavaturli jarayonlarni

yozib olish ishlaridasamaralinatijalarberadi

N

SMANNNN

v,
L
4

1.33rasm
Kinematik zanjirning strukturaviy formulasi b o & | quadagi Somov
Malishevformulasibilan tanishgaredik
W=6n-5P5-4P,;-3P;3-2P,-P;.
Bu formulayordamidafazoviy mexanizmlarnstrukturaviytahlil etiladi.
Misol. Besh b o & g fazowy richagli mexanizmningerkinlik darajasi

aniglansin(1.34rasm)

1.34-rasm

Bu mexanizm tarkibida beshtab o & gndavjud b o & lularbi t o & r t t
godzgobal, yadnmrd Qditrz g 6kmad dngbdan d-b o G gBL onG g O |
bilan 2-b o & g2ébiond difam 3b o & gr@d4-bno & doidam qno & z g dhaldmgad s
beshinchisinf aylanmakinematik juftliklar hamda3-b o & doitan 4tb 0 & gegai n
uchinchi sinf aylanmakinematik juftlik yordamidab o g 6 |, ahugng@ achun

mexanizmdd&s=4 vaPs=1b o adl a d i
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Mexanizmningerkinlik darajasiquyidagigateng
W=6n-5P5-4P4-3P5-2P,-P;=6 @-58-3d-=1.

Tekis mexanizmlarni strukturaviy tahlil etishda ularning tarkibidagi
b o & g &Goninkineanatikjuftliklar sonivaturihamdaq o G z g 6 a | dargjaan a n |
aniglanadi

Tekismexanizmlarningy o & z g 6 a | dargjasihianiglashuéhunbirinchi
b o 61869¥lda akademikP.L.CHebishestrukturaviyformulanitaklif etgan

CHebishevformulasib o @ y qugidagitassavurlarnaytishmumkin' Y a g n i
tekis mexanizmtarkibida k ta b o & ghamdaPs bitta erkinlik darajasigava P,
ikkita erkinlik darajasigaega b o G | Ignematik juftliklar mavjud b o &.l s i
B o & g 0 kinenmagkrjuftliklarga kirishidan oldin, har biri tekislikda uchtadan
erkinlik darajasigeegab o @, U lwldaktab o & g 6 i onhueiy enkinlik darajasi
3k ga teng b o & . Hadhitta beshinchisinf (Ps) kinematik juftlik ikkitadan
t o & r sinf (P4 Wittadanerkinlik darajasiniy o & q .0Qtoafidzig 6baol dngegsi n
uchta ekrinlik darajasiniy o & q oUW hollla mexanizmninggo&dz gd al u v c
darajasiquyidagichaaniglanadi

W=3k-2P5-P4-3=3(k-1)-2Ps-P4 (1.6)
yoki
W=3n-2Ps-P,, (1.7)
bundak-1=n-q o d z g 0lad wgy &anim | ar

Misol. Tekis tarelkali kulachokli mexanizmningstrukturasinio & r g a n i
(1.35rasn).

Qo @ z g 6 & lo ut\g @donnikkiear(n=2), 1-b o & gkulachok aylanma
harakatniamalgaoshiradj 2-b o & tarkich) esailgarilanmagaytma harakatni
amalgaoshiradi Bu mexanizmdauchtakinematik juftlik mavjud bod |, uldrdan
ikkitasiq o tkipamatikjuftlik, y a dinnchisikulachokbilango G z g b@lGdma® 3
sharniryordamidab o g 0 |, akkinghashesaturtkich bilan g o & z g daoldngads
ilgarilanma kinematik juft yordamidab o g 6 |.aSkgg lailan birga turtkich
kulachokbilan oliy kinematikjuft hosil gilgan Q o dkynematikjuftliklar bittadan

oliy kinematik juftlik esaikkita erkinlik darajasigaega U holda Ps=2 va Ps=1
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b o & | Yagbridagi giymatlarni CHebishevformulasi(1.7) gaqg o @,yquyidagini
aniglaymiz

W=3n2Ps-P,=32221=1.

I

1.35rasm

Mexanizm tarkibida bitta yetakchib o & gr@avjudb o & bu Hamb o G| s a
kulachokdir

Misol. Turtkichida roligi b o & | kglachokli mexanizmningstrukturasini
odr g élrbasgakn).

Qo @ z g 6 @ lo ut\g édonnikkitar(n=3), 1-b o & gkulachok aylanma
harakatni amalga oshiradj 2-b o & g(lik)n tekis parallel (o & @ & atrofida
aylanma va turtkich bilan birgalikda ilgarilanmagaytmg harakatni amalgan
oshiradj 3-b o & g d&sa iflgarilanmaqgaytma harakatni amalga oshiradi. Bu
mexanizmdat o & kihetatik juftik mavjud b o & lulardan uchtasiq o G vy i
kinematik juftlik, y a ohirinchisi kulachok bilan g o & z g 6baol dngabsirnim
yordamidab o g 6 |, akkinghasnrolik bilan turtkich aylanmakinematik juftlik
uchinchisi esa turtkich bilan g o & z g 6bad Gnoglgsirilanma kinematik juft
yordamidab o g 0 |. &HHudoiéam birga rolik kulachokbilan oliy kinematik juft
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hosilgilgan Bu yerdaoliy kinematikjuftlik hambitta erkinlik darajasigeega(t o & | a
dumalashjarayon). U holda Ps=4 va P,=0 b o & | Mugoridagi giymatlarni
CHebishevformulasi(1.7) gaq o @, yuyitaginianiglaymiz
W=3n-2Ps-P,=3 3-2@-0=1.

Mexanizm tarkibida bitta yetakchib o & gr@avjudb o & bu Hamb o G| s a
kulachokdir

Mexanizmlar strukturasinio & r g a,nulamihgdharakatlarini xarakteriga
t a Gesnaydiganrerkinlik darajasivab o g 6 | shamtlarigdaluch kelish mumkin
Bundayerkinlik darajasii ortiqchaerkinlik darajasi b o g 6 | shantiesai lpassiv
b o g 0 | shantlaridéyiladi

Misol tarigasidaquyidagi 1.36rasmdakeltirilgan tekis richagli mexanizmni
ko @ r chitpamiz Mexanizm b o @ g 6 | ond laa h auyidawirshartlar bilan
berilgan 0;A=0,B, AD=CD=0,0,, O,C=AC va O,D=BD. Bundank o dar i ni
turibdiki, O;ABO, shakldoim parallelogrammhamdaC va D nuqtalarniorasidagi
masofadoim bir xil b o ddoladbva 0,0, yoki AB masofalargaengb o & IUada i
harakatharakterinio @ z g a r tholdam & @ &G® i(yoki AB) ni olib tashlash
mumkin, chunki C va D kinematik juftliklar bilan bog o6 l,sbn adgodi
harakatgagy o & s h b g 6 bshantinig & y meaqrdmmssvb o g 6 ldem i s

atashmumkin

1.36rasm

Xuddi shu mexanizmningd-b o & g &avam ettirib, biror-bir E nugtasida

rolikli shtok bilan kinematik juftlik hosil giladi (1.37rasm ortigcha erkinlik
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darajaliva passivb o g 0 | shartimsvjudb o @ | ngexamzm). Rolik 50 dad q

atrofidaerkin aylanmaharakatgilsavab o @ @ bilanrE nugtaddV-sinf kinematik
juftlik orqgalib o g 6 | =olday elikni o & @ & ajfrofida erkin aylanmaharakati
ortigcha erkinlik darajasini keltirib chigarmogda SHuning uchun harakatni
xarakterinio @ z g a r tholdamoékgi ali tashlashmumkinva 4-b o & g ®-i
b ot golantho & g & roiddyainf kinematik juftlik orgali b o g 6 kit
(1.38rasm ortigcha erkinlik va passiv b o g 6 | ahartidanhholi b o & |
mexanizm. SHu y o Gilan mexanizmni yetakchb o & g 6 i harakatgonugini

oldingi mexanizmnindharakatgonunidarfargqib o @ | may d i

1.38rasm
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Mexanizmlardagiortiqcha erkinlik darajasini ularninggq o &z g6 al u v c

darajalarini hisoblashdainobatga olish lozimdir. U holda SomovMalishev va
CHebisheviormulalariquyidagichak o @ r oladii s h
W=6n-5Ps-4P4-3Ps-2P»-P1+( (1.8
va
W=3n-2Ps-P4+q, 1.9
bundag-ortigchab o g 6 | asoni s hl ar
Oliy kinematikjuftli tekis mexanizmlarnstrukturaviyva kinematk jihatdan
o O r g a,nulasnimgl tarkibidagi oliy kinematik juftliklarni quyi kinematik
juftliklarga almashtirish magsadga muvofig sanaladi Bunda strukturaviy
ekvivalentlik sharti buzilmasligi lozim, y a 6 mMexanizmning oldingi
g o & z g 6 al darajasisaglanibgolishivab o & g 6 i wriyanisbiy hamagati
xarakterlario & z g a r lozansMasatam 1.39a-rasmdakki aymanmakinematik
juftli A va B hamdabitta oliy kinematikjuftli (1-2) uchb o & g t@kisméxanizm
keltirilgan. Oliy kinematikjuftlik haosil giladiganb o & g 0 i prbfiaelemeéntiag
markazlariAvaV b o & lagamadanborat 2va3-b o g 6 i o b a @gisbilm

turgan nugtasi S mexanizmningharakativagtidaxuddi g o & z g &ekislikdags

singarielementprofilida o dholatinio & z ghaturadiiLekin markazlararanasofa
AB=R;+Ry=const.




SHu sababli bu mexanizm O;A, AB va BO, uzunliklari 1.39 a-rasmda
keltirlgan mexanizmdagi xuddi shuo & | ¢ h aterigbd o § &tgoadorotd g 6 i n
sharnirlimexanizmgaekvivalentb dadi (1.39b-rasm).

Misol. Egiluvchanb o @ g richaglilmexanizmberilganb o & (1<1@-rawsnj,
uni ekvivalentsharniri mexanizmgaalmashtirilsinva strukturaviy jinatdan tahlil

etilsin.

1.40rasm
Agar egiluvchanb o & gcohiond z ihanmdads \v&a B nuqtahr orasidagi
masofao @ z g alr amals fr@da egiluvchanb o & g &hatumshkiviarni esa
krivoship sifatida garashmumkin (1.41-rasm). Bu mexanizmnitekis mexanizm
deb qaralh uning qo & z g 6 al wWarajakia .L.CHebishev formulasi
yordamidaaniglaymiz
W=3n-2R- P, .

1.4%-rasm
1.41-rasmdakeltirilgan mexanizmnirichagli mexanizm deb garasak u
holdab o & g doir-lirl balan O,, O,, A va B nugtalardabeshinchisinf aylanma
kinematik juftliklar yordamidab o g 6 |.&Huwsabablj bu mexanizda n=3,
Ps=4vaP,=0b o & Unindpg 0 & z g 6 a | dargjasugicdagiah&eng

W=3@3- 2G4- 0=1.
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Yugqoridakeltirilganlarniinobatgaolib, tavsiyaetilgantishli-richagli tasmali
uzatmaning almashtirilgan mexanizm sxemasini quyidagicha tuzamiz Bunda,
taranglashroliklarini inobatga olmagan holdg egiluvchanb o & g Ghatumva

shkivlarnikrivoshipdebqgabulgilamiz (1.42rasn).

1.42rasm

1.42rasmda Kkeltirilgan olti b o & g 0 riahdgli  mexanizmning
goazgo6al davaadinaPrl ICHebishevformulasi yordamida aniglaymiz
Bundgq o @ z g 6 la b @ g &dnim+5abeshinchisinf kinematikjuftliklar soni
Ps=7vaP,=0b o & Unindpg 0 & z g 6 a | dargjasugicdagiadh&eng
W=33G- 20- 0=1.
1.42rasmdakeltiriigan mexanizmniAssur guruhlargaajratamiz L.V.Assur
t adl i ko @ haggandaymexanizmqg o & z g GbaolGngladean b 0 g 6 1 a n g
yetakchi b o & g 6g onGgzag 0 a | dava@direoigd teng b o & | lgnanmatik
zanjirlarni ketmaket g o @ $drish bilan hosil gilinadi. SHu sababli yetakchi
b o @ ig n éngurogdajoylashgand va5-b o & g 6 i ibdratbr oddal kipeamatik
juftlikdan boshlaymiz(1.43rasn). Bu kinematik juftik Assurt a 6 | b en@ y ii c h
2-sinf 1-tartibli guruhsanaladi
1.43rasmdakeltirilgan kinematik juftlikning g o @ z g 6 a | dagj&sinia n |
aniglaymiz Bunda q o @ z g 6 b b & g Gsbnnnk2a breshinchisinf kinematik
juftliklar soniPs=3vaP,=0b o & LUningpg o & z g 6 a | darajasiquyidalich&
teng
W=3Q2- 23- 0=0.
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1.43rasm
Keyingi o G r i2nvd 8b o 6 g 6 i ibdrad b d @ Inkghamatik juftlikni

ajratib olamiz (1.44rasmn). Bu kinematik juftlik hamAssurt a 6 | b on@y 8- c h a
sinf 1-tartibli guruh sanaladi 1.44rasmda keltirilgan kinematik juftlikning
godz g6 al damjasmianmglayimk Bu yerdahamgo @z g6 ol g & c h i
soni n=2, beshinchisinf kinematik juftliklar soni Ps=3 va P,=0 b o & luninl
go &z g 6 aldarajashugidadigatkng

W=32- 2@3- 0=0.

1.44rasm

Yuqorida ajratilgan Assur guruhlarining ikkisini hamqo Gz gb6al uv c
darajasinolgatengdit T a 6 r K d dgmexanizmdagolgankinematik juftlikning
goGzgo6al danajastbigatenigl o d | lozim lfli45rasn). CHunki, 1.42
rasmdakeltirilgan olti b o & g richaglilmexanizmningy o & z g 6 a | dargj&sih a n
birga tengdir Qolgang o & z2mgsvad o & z g 6 b b @ g © hibdraabr oddal ng a |
kinematik juftik Assurt a 6 | b @ vy iL-sinfi &tartibli mexanizm sanaladi
1.45rasmda keltirilgan kinematik juftlikning g o 6z g 6 a | wWaraabkid n | |
aniglaymiz Bu yerdaham g o & z g 60 & lo @ g ©&donin h=4& rbeshinchi sinf
kinematik juftliklar soni Ps=1 va P,=0 b o & uningg o & z g 6 a | danajash a n

quyidagichaeng
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W=30- 20- 0=1.

1.45rasm

Yugoridagilardan kelib chigib, barcha mexanizmlar quyidagicha

klassifikatsiyalanishmumkin
1) g ol@nilish sohasiva bajaradigarvazifasigak o & r a
- uchishapparatlarmexanizmlar;
- stanoklarmexanizmlar
- presslastvatemirchilik (b o | g ¢ raashanaldriningnexanizmlar
- ichki yonuvdvigatellarimexanizmlar
- robotlarningmexanizmlarimanipuyatorar);
- kompressorlarningnexanizntari;
- hasoslarningnexanizntari;
- kombinatsiyalashgamexanizntar.
2) uzatishfunktsiyasig&k o & r a
- doimiy (o @ z g a uzatishfsinktsiyalimexanizntar;
-0 G z g a r uratishfanktsiyali mexanizntar.
3) tuzilishigak o @ r a

- tuzilishio & z g a r mraexatizngaa n

a
- tuzilishio & z g a r mexanihndan
4)b o @ g 6 i nekisliklardajoylasbishigek o & r a
- tekismexanizmlay
- fazoviy mexaniznfar.
5) harakatuzatishturigak o & r a
- yetakchib o & g 6 ayfammahaigkatini yetaklanuvchb o & ga@ylanma

harakatarzidauzatiladi
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- yetakchi b o & g 0 i aylanma barakatini yetaklanuvchib o ©

ilgarilanmaharakatarzidauzatiladi

- yetakchi b o @ g 0 iilganlanmay harakatini yetaklanuvchib o &

aylanmaharakatarzidauzatiladi

- yetakchi b o @ g 0 iilganlanmay harakatini yetaklanuvchib o &

ilgarilanmaharakatarzidauzatiladi
6)godzgobaldargjaskadt a k
-q o0 Gz g 0 a |l dargjashirgatehgb lo & Imgxamzmlay
-q o0 Gz g 0 aldargjashirdamiatialk o & Imgxamzmlar
7) kinematikjuftliklarning turigak o & r a
- oliy kinematikjuftli mexanizntar,

- g o &kiypamatikjuftli mexanizntar.
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II-BOB. MEXANIZMLAR KINEMATIKASI

2.1.Mexanizmlarni kinematik tahlili . Masshtab koeffitsienti. Mexanizmlar

kinematikasini grafik usuldatekshirish

Mexanizmlarnikinematiktahlil gilishdanmagsadi mexanizmlarkinematik
parametrlarininggiymatlari y o & n a | via ® & & @ egonuntadni aniglashdan
iboratdir.

Mexanizmlarningkinematiktahlili vazifalarigaquyidagilarkiradi:

1) Mexanizmb o & g 6 i nblerdganivant ichidagi holatlari (chizigli va
burchaksiljishlari) traektoriyalarinianiglash

2) Mexanizm b o & g 0 i nXarakterli nuqgtalayining chizigli va nisbiy
tezliklarini hamdazvenolarningourchaktezliklarini giymatlarinivay o @ nal i s h
aniglash

3) Mexanizm b o @ g 6 i nxarakterli nugtalayining chizigli va nisbiy
tezlanishlarini hamda zvenolarning burchak tezlanishlarini giymatlarini va
yod@nal amglashar i ni

MexanizmlarningkinematiktaHili usullart

Grafik usul - bu usulanchasoddab o & hAnigima 0 lotlarralib b o &G | ma vy c
Mexanizmlarkinematikasinibu usuldatahlil gilingandao @ r t gayroatlaaolinadi.

Grafo-analitik usul - (tezlik va tezlanishlarrgalari usuli) bu usulda grafik
usulga nisbatananiqrog ma 6 lotharmolinadi. Tezlik, tezlanish burchaktezlik va
tezlanishlarningqgiymatlari bilan birgalikda ularningy o @ n a |l harama @ Ir u m
bodal adi

Analitik usul - bu usul formulalar yordamidaamalgaoshiriladi. Usul ancha
murakkabb diliy anigma 6 lotlarnolish mumkin Komp 6 grra ¢ o & Itahlifnib
amalgaoshiriladi.

Mexanizm tarkibiga kiruvchi b o & g éuchnxil andagi harakatniamalga

oshiradjy a 6 n i
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1. O & gtrofida aylanmaharakat(krivoship, koromislg tishli va friktsion
g O iraklaf).

2. llgarilanme-qaytarmaharakat(polzun kulisava boshqalay.

3. Murakkabharakat(shatun toshvaboshgalay.

Harakatnio @anarekanmiz uning absolyutyoki nisbiy ekanligigae 6 t i b o
berishimizkerak

Tabiatdaabsolyutharakaimavjudemas lekin mexanizmlarningjo Zig 6 a | ma
nugtasiganisbatanolingan harakatniabsolyut qo &t g 6 a | luov&c datishatan
olingan harakamni nisbiy deb gabul gilamiz. Masalan t o rotd g &harnidli i
mexanizmdagabsolyutva nisbiy oniy markazlarinitekshiribchigam.

Klassik mexanikadanma 6 | uqatkig jism nugtalarining traektoriyalari
ma O l|takistikkaparalleltekislikdayotsa bundayharakatekisparallel yoki tekis
harakat deyiladi SHuning uchun qattiq jismning tekis harakatinitekshirishda
uning q o 0 zamgHtekislikka parallel gilib olingan biror qirgim yuzasining
harakatini tekshirish kifoya. Qo & z g 6 @ & gmwefida aylanuvchi gattiq jism
(b o & miag harakatitekis harakatningxususiyholidir. SHu sabablj mashinava
mexanizmlab o & g Otekis Hakat gilganligi uchun tekis harakatkinematikada
muhimo & rtutad

Tekis harakatdaggattiq jism bir holatdaboshqgaholatgak o & ¢ h,gi@ng d a
aylanish markazj biror R nugtab o & | Jsm ketmaket bir holatdanikkinchi
holatga k o @ ¢ h i aylanisld emarkalari ham tegishlicha o & zolatlarini
0 0 z g a.rAylanishandrkaziharondaboshqgab o & | guchut u ogiy aylanish
markazi Ry deyiladi Bu markazgamos kelgan burchaktezlik esaoniy burchak
tezliky debataladi

Tekis mexanizmlarning b o & g 6 i n lorayr aylamish gnarkazlarini
aniglashdaichtaoniy markazlateoremasidafydalanishqulayhisoblanadi

Teorema Mexanizmtarkibidagiuchtab o @ g 6 inisbly harakatdagoniy
aylanishmarkazlaribirt o & chizigdayotadi

Tekis mexanizmlardanisbiy aylanma harakatdagioniy markaz kinematik

juftliklarning sharnirlari sanaladi Yuqoridagi teoremagaasosan 2.1-rasmda
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keltirilgant o & o ©@ g Bchaglil mexanizmnitekshirib chigamiz Bu mexanizm
quyidagi b o & g 6 i narkid rtopgam O,0,-q 0 & z g 6 lmd ImEB, O.A-
krivoship (1), AV-shatun(2), BO,-koromislo (3). Krivoship 1 ning oniy aylanish
markazi O; b o @ IRio lbilan belgilangan Bunda krivoship 1 O; nugtada
g o & z g halamEadrofida aylanmaharakatqgilganligi uchunPyo ni absolyut
harakatdagoniy aylanishmarkazideb ataladi Xuddi shunday koromislo2 ham
O, nugtadag o & z g & a |6 @t oida tebranmaharakatqgilganligi uchunRsg
ni absolyutharakatdagioniy aylanish markazideb ataladi Demak krivoship 1
hamkoromislo3 hamq o & z g da & gri@ga nisbatanharakatgilmogdaekan
Lekin, shatun2q o Gz g 6 b b @ g 6 hyna Genwvoghap 1 va koromislo 3 ga
nisbatanharakatlanadi SHatunningnisbiy harakatdagioniy aylanish markazlari
mosravishdaA va B nuqgtalarb o & P.iivé Ps; lar bilan belgilangan Teoremaga
k o & shatun2 ning g o & z g Obaol Gngadsisbatgreabsolyut oniy markazini
topish uchun O;A va BO, kesmalarniA va B nugtalarningtraektoriyalariga
o 0 t k a mormlalgheziglar deb gqabul gilib, ularni o @ z kesishgunichadavom
ettirsak gandaydir C nuqtadakesishadi SHu ikki normal chizigni kesishgan
nugtasini P,y belgilaymiz va bu nugta shatunningabsolyut harakatdagioniy

aylanishmarkazib o 6| a d i

2.1-rasm

Oniy markazlarganosravishdaabsolyutharakatdagoniy aylanistda uchta
Y10, ¥ 20 VA ¥ 30 burchaktezliklar va nisbiy harakatdagoniy aylanishdauchta<y s,
¥ 13 va ¥ 3, burchaktezliklarb o & | Ikkichib o & g 6 bunchaktezbklari orasida

b o g 6| iuzptishlaknmshati deb ataladi Masalan krivoship 1 va koromislo 2
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larning q o @ z g & @ |6 p@ategishlib o & |Pg @3, aylanishmarkazlariga
nisbatarmys 1o va ¥ 3o burchaktezliklari nisbatlarinik o @ chigamiz Krivoship 1 va
koromislo3 larningnisbiy harakatdagoniy aylanishmarkazj absolyutharakatdagi
oniy aylanishmarkazlariP1p va P3o larni tutashtiruvchikesmaO,0;, bilan nisbiy
harakatdagoniy aylanishmarkazlariP,; va Ps, larni tutashtiruvchikesmaAB ning
kesishgamugtasiP;3dab o & I Mexknizmninghar bir holati uchunnisbiy oniy
markazi har xil nuqtadab o & | Agal ishu oniy markazlarnitutashtirsak oniy
markaztraektoriyasihosil b o & .| Ba ttaektoriyaesa tsentroidadeb ataladi Ry3
nugtadaP;o va P3o nugtalaraylanishmarkazlarib o ¢ llgva &b o G goi nl a
tsentroidalarkesishadiBu tsentroidalarbir-biriga nisbatansirpanmasdadumalab
harakatgilsa ularningtezliklari P1znugtadebir giymatgaegab o @ |yadin i
Vp1= ¥o(P10P13) = 30(R30P13),
bu yerdan

%:[3@[13

Wao  Tiolas - (2'1)
(2.1) ifodadan aytish mumkinki, 1 va 3-b o & @raingrolirchak tezliklari

nisbiy harakatdagioniy aylanish markazi P;3 dan absolyut harakatdagioniy
aylanishmarkazlariP1p va P3o largachab o @ | nipsofalargaeskariproportsional
ekan

Yuqoridat a 6 ki d | a,gn@exanizmiamikirekatik tahlilining asosiy
vazifalari etib, b o & g 6 i nXarakterli mugtalgrining berilgan vaqt ichidagi
holatlari va traektoriyalarj tezlik va tezlanishlarini aniglashdaniborat deb
belgilangaredi.

Mexanizmtarkibidagib o & g 6 i wxdra&kterlmugtal@griningberilgan vagt
ichidagi holatlari va traektoriyalari aniglashdanavval uni berilgan masshtabda
chizishkerak Buning uchunmexanizmningkinematiksxemasvab od g 6i nl a
o 1 c h amaglba rail shast IMashinalartarkibida shundaykatta yoki kichik
geometriko & knaliimexanizmlatborki, ularniberilgano & | ¢ h a chizishdavad a
loyihalashda noqulayliklar t u g & i SHandhg uchun ma 6 | befgilangan
masshtablardehizishgat o & kpladi i
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Quriladigan mexanizmni kinematik tahlil etishda masshtab (masshtab
koeffitsientini) tanlashbilan tanishib chigamiz Masshtabkoeffitsienti deh fizik
kattalikning sonli (haqiqiy) giymatini chizmadagikesma uzunligining giymati
nisbatigaaytiladi. Masshtabkoeffitsienti € harfi bilan belgilanadiva u quyidagi
ifoda orgali aniglaradi

_ haqiqiy o'lcham
kesmadagio'lcham - (2.2)

Masshtab koeffitsientining indeksidagi harf kesmada gaysi parametr
tasvirlanganligini anglatadi Masalan uzunlik, tezlik va tezlanish masshtab

koeffitsientlariquyidagichabelgilanadi
adsg adgcg ads/ c’

mee—0 Maee —;

m@—
ci3ds ‘¢ dsds TE d3ds:
Mexanizmbo @ g 6 i n hadatini amizish gchun kinematik juftliklarning

ADOL

g o @ z g Glementlarmingchizmadaberilgankoordinatalarb o G y joytashesh
vaziyatlari belgilanadi Yetakchi b o & g 0 i berdgannvgziyati k o & r s.at |
Masalan krivoship, korimislo, kulisa kulachok yoki boshga bir b o & g 6 i
g o & z g Ooadlamoéida aylanmayoki tebranmaharakatqilsa uning istalgan
nuqtasining traektoriyasi aylana yoki yoydan iborat b o 0.1 Agdrib o & g 0 i
g o &z g O6yad dmaas!| tbiorduw Wasalat gilsa, uning traektoriyas t o d g 6 r
chizigdaniboratb o & | Muihkkab harakatgiluvchib o & g 6 i muqtlariesan g
murakkahtraektoriyahosil giladi.

Misol. T o dbrota g éksial Kriioship-polzunli mexanizmberilganb o & | s i
(2.2-rasm. Uningb o & g 6 i nukualik o dnli & lyquyndagicha krivoshipning
hagigiy uzunligi 10=100 mm=0,1 m; shatunning hagiqiy uzunligi [,=400
mm=0,4 m; shatunningd g 6 imarkazi® nuqtadarB nuqtagachd o d |masofa
lce=250 mm=0,25 m. Mexanizm bo d g 6 i n A aB van € mggtalarini

traektoriyalarianiglansin
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0 —

X

2.2-rasm
Traektoriyalarnichizishtartibi:

1. Mexanizmnisxemasiningizunlik masshtabkoeffitsientie, tanlanadi

= lon
= oA

bunda OA i krivoshipning q o g 6 @lazdishi lozim bo & luguwmligib o &1 i b
gog®ddaia c h qganabtgnéanadi Biz bu o & | ¢ hGAn26 mm tanlab olib,

uzunlik masshtabkoeffitsientinianiglaymiz

m= 01 _ o,oo4ﬁ_
25 B d:

Demak g o g 6 o @adb&r gym uzunlikka 0,004 m haqiqgiy uzunlikt o & g 6 r
keladi

2. Nugqtalar harakatiningma 0 | traehktoriyalari chiziladi. Krivoship 1 O
nugtaatrofidat o Gaylanmaharakatgilganligi sababliaylanachiziladi. Mexanizm
aksialb o & | g\a pdizun@ ilgarilanmaharakatgilganligi uchunB nuqgtava O
nuqtadano dt uwv o @ ghizigio Gt k a 20a&mikza z ioldgghhzigda x-X
yo & nal tkiorGu vscahtii | ad.i

3. Aylanadacheksiznuqtalarb o & | g uchuhA myqtaningaylanasiteng
botl alkd @Ir.iBe & d ibrodgid ra kKiivashighiaghir holatib o s h| an g
holatdebbelgilabolinadi. Masalanisoddalashtirisimagsadidaboshlan g 6 holath
sifatida polzunning eng chetki holatini tanlab olamiz U holda O nuqgtadanB
nugtagachd o & lugualikquyidagigateng

[ 1=] ¢+ ¢ 1=25+100=125d30.

4. B nugtaningb o s h | aholgianigargandas o @ ABguzunlikkateng
b o &l rpdaue bilan A nuqgtaning golgan holatlaridan x-x t o & gliziqda
kesishtirishusuli bilan yoylar chizilib, B nugtaninggolganholatlarini beglilaymiz
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SHundan s o ¢ rmmgglangan A va B nugtalarning holatlarini mos ravishda
birlashtiramiz

5. SHundans o GBiymgigtadanBC uzunlikkatengb o G | radimgbilan AB
kesmalardar€ nugtaningholatlarini belgilabchigamiz AB kesmalardaniglangan
C nugtaningholatlarini ketmaketlikda birlashtirib, ularningharakatraektoriyasini

hosil gilamiz (2.3-rasn).

2.3rasm

Yugoridamexamzmlar kinematiktahlilining uchtausulinisanabo & t edé n

Ular grafik, grafo-analitik va analitik usullardir Sizlar bilan grafik usul bilan
tanishibchigamiz

Mexanizm kinematikasini tekshirishdaasosiy shartlardanbiri yetakchi
b o & g 6 aytamshsongo & z g akattaligds, y a gasonst n=mn/30.

Masalan mexanizmning yetakchb o & ghan rnutdan marta aylansa
uning bir aylanishiuchunketganT vaqgt (mexanizmdavri quyidagichab o | a d |
yaoni

T=2.
n

Demak mexanizm tebranmaharakat qilsa, uning (T) tebranish davri
topiladi. SHuninguchunhambir martato la aylanishidaayrimb o & gugiagining
harakatlanisigonunlarinibilish kifoya, chunki T davrdankeyingi harakatlathuddi

shuharakatlarningakrorlanishidanboratbo ladi.
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Grafikaviy kinematikadaikkita grafik o i@aniladi Bulardanbiri yo ldva
ikkinchisi oraliq grafigidir (2.4-rasm). Y o Iogarfigi davrichida ko t@rilab boruvchi
grafik bo lib, ikkinchisi ma 6 | vagitdanso g o Zivaziyatigagaytuvchigrafikdir.
Bunday grafiklarni chizish uchun dekard koordinatalar o @ini ordinatasiga
mexanizmb o @ kgrd aymm nuqtalarningo t@an yo ltari abtsissalaro giga esa
yetakchibo @ 6 i nbirimarg@to la aylanishiuchunketganvaqt qo yiladi. Ikkala
kattalikhamma 6 |masshtabdalinadi.

2.2-rasmda keltirilgan aksial krivoship-shatunli mexanizm polzuni B
sharnir markazining traektoriyasi to @ 6 rchizigdan AB shatundagibiror C
nugtaning traektoriyasi esa CoC4,Cg yopiq egri chizigdan iboratdir. Bu ikkila
traektoriyaOA krivoshipning A, vaziyatidanboshlah bir martato la aylanganda
hosilbo Igan(2.3-rasm).

B va C nugtalarningshu mexanizmdavri ichidagi harakatqonuninibilish
(yo layoki oraliq grafigini hosil gilish) uchun yetakchib o & @8yivaziyatdadeb
gabulgilamiz, (T) vaqgto t@achyanao Ziholatigagaytibkeladi

S/;
Hp
S=S(1)
Il
4/ - YI)’
3 =35 :
[
2' ¥ 6'
' Y '
A Y. ! ' Yy 4
Y, Y (0) Xr
0 / 2 3 4 5 6 7 8§ u
X
2.4-rasm
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SHudavrichida yetakchb o & go@ krimoship cheksizvaziyatlarinibosib
o0 O t. ddrakat gonunini topish uchun krivoshipning A nuqtasi hosil gilgan
aylanani teng b o & | a Kloairl gvan shia nuqgtalani boshga b o & @rdii n
holatlarini topib chiqilsg nugtalarningraektoriyaskelib chigadi

Grafik usulni tushuntirish uchun biz aylanani teng sakkizga bo laylik.
Demak krivoship bir davr ichida OA, vaziyatidanboshlab OA;, OA;, ... OAg
vaziyatlarinio & thgyanaOAg yoki OAy vaziyatigagaytib keladi Krivoshipning
A nugqtasiA, vaziyatdan A; vaziyatgao t&a krivoship 45° ga burilgan bo ladi:
t;=T/A (bu yerdax=8).

SHuvaqtichida polzundagiB nugtao fining By vaziyatidanB; vaziyatiga
o tib, BoB; masofai bosibo t@di. Bu BoB; oraligning hagiqiy kattaligini Sg; bilan
belgilasak bu kattalik shakldagi ByB; ning mexanizm masshtabiga
ko @aytirilganigatengb o @ | yaaddsin 4€BoB1. Agar krivoshipningA nuqtasi Aq
vaziyatdanA, vaziyatgao t8a u holda B; nugta B, ga ko €¢hadiva B;B, oraligni
bosibo t@di. Oraligni By viziyatdanhisoblasakBoB,=8,B; BB, bo ladi. ByB, ning
haqigiykattaligini Ss,debbelgilasak Ss=¢/(BoB.B:1B) b o a1 a d i

Krivoship shu tarzda aylanishni davom ettirib, uning A nuqgtasi As
vazyatiga o @ { B naqta Sz3=¢,BoBs yoki €(BoB;#B:1B,+B:Bs) va A nuqtaA, ga
kelgandaB nugta Sss=¢1BoB4=¢(BoB1 #B1B.+ B,Bs+ B3Bs) maksimaloraligni bosib
o G t. ®amak krivoship OAy vaziyatdanboshlabl 8 @dJaylansa B nuqgta By
vaziyatdan B, ga k o & ¢ makbmal oraligni bosib o & t ekan Buholatda
mexanizmningOA\B, vaziyati sokin vaziyat dely By, Bs vaziyatlar mexanizmB
nugtasiningchekkavaziyatlaridebataladi

Krivoshipning OA, vaziyatdan boshlab aylanishda davom ettirsak
mexanizmning ,nuqgtasi 4 vazyatdano & nogiongayura boshlaydi SHu tarzda
mulohazandavomettirib

Ses = MB,B; = m(ByB, - B,B;),
Sge = MByB; = M(ByB, - B,Bs - B;B;),
Sg7 = mMByB, = m(B,B, - B,B; - B;B; - BB,),
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Sge = MBB; = mM(B,B, - B,B;) .
ekanliginik o & giyinsemasy a &5p=Szs=0 b o0 G (2&8-thsm).

Demak krivoship bir marta t o Gaylanishida nugta Ss1, Ss2, ... Ses
oraliglarini bosib o & telean Agar bu oraliq juda katta yoki juda kichik b o &1 s a
yoxud chizma q o g 6 oszii ggGanukarsegs masshtabkichik yoki katta gilib
chiziladi. Nihoyat koordinatalaisistemasimg ordinatalaro & q 8sggn@asshtabd®
nuqgtaningo r a | ,ialgstsissalao @ q esgeamasshtabdaavrniq o & y @radick
grafigi debataluvchiSs-t grafigihosilb o a1 a d i

Masshtabnquyidagichaanlaymiz
_ mB,B,

Yimax

X kesmaabtsisskar o 6 g g 9 & vy iixtiyorig rkesmab o ¢ Imexknizm

Mg (2.3)

davrini ifodalaydi Krivoshipning A nuqtasitraektoriyasisakkizgab o & | i n g at
uchun x kesmani ham sakkizga b o @ | .aSHakida oralig va y o dgtafik
tasdiglanganOraliq grafigi O danboshlal 4-vaziyada uning ordinatasimaksimal
giymatiga erishadi Keyingi vaziyatlardaordinatalari pasayibh 8vaziyatdayana
nolgatushadi

Y o @gréfigidaesaO danboshlanibdoimooshibboradi

S-t grafigini differentsiallasaktezlik va tezlanishgrafiklari hosil bo l@ad.
Buninguchunquyidagiuchuslubdarfoydalanishmumkin

1. Urinmalarusul..

2. Vatarlarusuli.

3. Ordinatalarortishi usuli.

Urinmalar metodi bilan S-t grafigini differentsiallashuchun (2.5-rasnj,
grafigidagi tegishli 1Nj 2N\j... 7Njnuqtalarga urinmalar o tkazamiz Funktsiya
hosilasining geometrik va fizik ma 6 n loos iFunktsiya hosilasini geometrik
ma 0 nsauwsegri chiziq nuqtasigao tkazilganurinmalarningabtsissalao @i bilan
hosil gilganburchagitangensinifoda qilsa fizikaviy ma 6 ntexlgdaniboratdir.

Y o ldanvaqgtganisbatarolinganhosilatezlik bo Iganidan
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ds..

S = Mg Yair U=11%
ekanligie 6 t i dlsak g a

_ mgdyy, _ mgtga
Vg = = 2.4
" mdx m (2.4)

kelib chigadi

Oraliq grafigi Ss-t dantezlik grafigini hosil gilish uchunshu grafik ostida
vg-t koordinatalarsistemasinichizamiz So riigra O-t o @ining chap tomonidan
ixtiyoriy H;=OONmasofaniolamiz ONpugtadanSs-t grafigidagi T,, T, € Ty
urinmalargaparallel chiziglar o t&azib, ularning ordinalar o @ bilan kesishgan

nugtalariO,, Oy, € Oy larni olamiz(2.5rasm).
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SHu ordinatalarniN; bilan uchrashtirsaktgai, tga., ... tgar lar kelib
chigishiniko iGsh giyin emas SHundayqilib, ixtiyoriy | nugtauchuntga; =OOMN;
bo ladi.

Demak

_m OO0 _
Vei mH, mY.. (2.5)

Xuddi shu yo labilan vg-t grafigidan tezlanishlargrafigini hosil gilamiz.

Buning uchunyuqoridagik o & r s a t, iteklig grafigidég tkgishli nugtalarga
urinmalaro & t k ,auminiltainldéb olingan H,=00" masofadagiOO" nugtalarga
parallel k o & c,hordinatalo & dpilan kesishgannuqtalarini olamiz Bu bilan
urinma usulida differentsiallash grafigini hosil gilamiz. Bu tezlanish urinma

tezlanishb o a1l a d i

o _dv_ mdy, _ mQga,

al i dt - md)ﬁ /7? , (26)
tga, = ©9 . (2.7)
H2

(2.7) ifodani inobatga olsak u holda urinma tezlanisini quyidagicha
ifodalaymiz
atJ = nZo[ o(i - nzloq (28)
H2

Demak tezlanishgrafiginingmasshtalkoeffitsientiquyidagichaaniglanadi

m
mH,
(2.8) ifodadank o @ r turibdikib OO ordinatabiror-bir €, masshtabdag;

m= (2.9)

tezlanshninggiymatini anglatadi
Demak Ss-t oraliq grafigidan hosil gilingan vs-t va ag-t grafiklardan V
nugtaningtezlik va tezlanishlaritegishli ordinatalarnimos ravishdamasshtablarga

k o0 p ay b ibilanasidglanadi
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Vatarlar yordami bilan differentsiallash usulida grafikdagi kichik egri
chiziglar t o @ ghizig-vatar bilan almashtiriladi O1INj1I2N;j... egri chiziglarni
vatarlar bilan almashtiramiz Abtsissadagioraliglar ganchak o o & angylék
shunchaoshadj chunki oraliq kichraygansari yoy vatargayaginlashibboradi Bu
esa tezliklarni aniglashdagi xatoliklarni kamaytiradi (2.6-rasm). Vatarlar

yordamidao O r ttelk io&i tezlanishlarnblamiz

V, = Ddst = ”jgs. =ﬁtgai_ (2.10)
AgartgU ning giymatini (2.10)ifodagaq o & y wshalda
v, =299 - roq
1
ni hosil gilamiz.
S\ kg m/mm

I ) 1 I 1
1'"1 2"2 3'"3 4 4 55 H s/mm

2.6-rasm
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CHizmadak o @ r suahun ke&drdinatalaro & g i ohamt@monidan H;
masofaniixtiyoriy tanlabolamiz va O; nuqtadanOINjLI2);j... vatarlardanparallel
nurlar o d t k a zBa murlarni ordinatalar o & doilan kesshgan nugtasidan
gorizontal chiziglar o & t k alarming tegishli oraliglar o & r t atgshirdgam
vertikallarbilan kesishuwnugqtalarinil, I, ... bilan belgilaymizhamdabu nuqgtalarni
bir-biri bilan birlashtirishorqali tezlik grafigini hosil gilamiz.

Vatarlar usulidadifferentsiyallashbilan urinmalarusulidadifferentsiyallash
orasidafarqy o clunkiegri chiziglar ustidaginuqgtalarorasidagimasofacheksiz
yaqginlashtirilsa ikki nuqgtani tutashtiruvchivatarni urinma sifatida gabul qgilish
mumkin

Ordinatalarniortirish usuli bilan diffirentsiallash yordamidaham o iiacha
tezlikni topish mumkin Biror St grafigi €s va €; masshtablardaberilganbo I&in
(2.7-rasm). Bu grafikni tengb o & | a k b @ ¢higamiz(1, 2,3, .77 o dar t act

tezlik

_DS _mDy, _ m

V/\tg_ [)yi,
Dt mDx  mDx
V/\tsz myvi
ekanliginie 6t 1 dlilor g a
=M py
Yo ﬂsztnzDM (2.11)

ni hosil gilamiz.

Demak tezlik ordinatasiy,; ni oraliq yoki y o @rafigidagi orttirma (qoy)
orgali topishmumkin ekan Bu ordinataorttirmalarini aniq o l@habolish hamjuda
oson

Ko & p i, NS¢ hgeafigining tuzilishiga garah grafik differentsiallash
usullaridanbiri tanlanadi Hammavagqt orttirmalar usuli bilan differentsiallashda
masalaanigroq yechiladi

(2.11) tenglamadagkes, €, P vae, 0 0 z gakatmlk b o dl ganl i

ularni C bilan belgilaymiz u holda(2.11) ifoda quyidagichayozilad..
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Yy =eDy, . (2.12)

Bunda

Demak St grafikdagiordinatalarortirmasinibiror o & z g aSkattalikga
k odpaydiir t siezliknang €, masshtabdagordinatasichiqar ekan Masala

ordinatalarkattaligini aniqlashdayoladi xolos
Orttirmalar kattaligiga qarah o & z g a3 koeffgsientni tanlab olamiz

Agar SS1 b o @ lyws@. b o a1 Qddz g a $ koeffgsiento & | sihkattalik
hisoblanadi
Tezlik grafiginingmasshtabdagirdinatalariquyidagichaopiladi (2.7-rasm)
Yoo = (Y- o) = CDY,,
Ya = (Y2~ V1) =cDy,,

Yo7 = C(Ys - Y7) =" CD)’? .
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2.7-rasm

Orttirmalar hisoblab chigilgach ularning o @ z g a € nkaeffitsientga
kodGpayt tegishlhorakqlhrao G r t g o O gheglramiz (2.7-rasnm). Agar
ordinatalarortirmasimusbatb o &, 8i &t koordinatasidagabstsissalao & q i ni n
yugorisiga orttirmalar manfiy b o &, bbsitsissalap @ q i pastigag o & y.aSmi z
grafigining maksimalva minimal nuqtalaridatezlik nolgatengb o & IMashlan S
t funktsiyasi a dan boshlanib yegachao & shorladi ye nugtadanboshlab
funktsiyaning kamayib borishi shakldan k o & r tunbdi.b SHuning uchun
nugtanirg ye vaziyatidagi tezligi nolga teng b o @ | Budnuqta funktsiyaning
maksimumdan kamayish nuqtasi b o ¢ |funidsiyaning minimum nugtasidan
o 0t k awinmalguecimaginolb o & IBanddynuqgtadehamtezlik noldir.

Agar tezlik grafigidan differentsiallashy o obilan tezlanishgrafigi olish
talab etilsg u holda yugorida keltirilgan usullar analogiyay o @bllan tadbiq

etiladi.
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2.2.Mexanizmlar kinematikasini analitik usulbilano @ r gani s h

Mexanizmlarnikinematiktahlil etishninggrafik usullarisoddava qulayligi
uchunhar xil murakkablikdagimasalalarni yechishd@ada q o Eeladi Lekin, bu
usuldaolingannatijalarninganiglik darajasinisbatanpastb o @ .| Aaiglik darajasi
yuqgori b o @ | talap étilgan masalalarni yechishganalitik usuldanfoydalanish
talab etiladi. Kinematik tahlil etishninganalitik usuli yordamidamexanizmning
xarakterli nugtalariningharakattenglamalarituziladi, s o & negabuatenglamalar
ikki marta differentsiallanip bu nugtalarningtezlik va tezlanishlarinianiglash
imkonini beradiganifodalar olinadi. Bu usul k o dbpo & g éhéexanizlaruchun
anchaginanoqulayb o @ |ammmiaokamb o & g @exaniznmlaruchunjuda yaxshi
natijalarberadi

Misol tarigasida krivoship-polzunli mexanizmning kinematik tahlilini

amalgaoshiramiz(2.8-rasm).

vV A

oy
o

BHGI \© B'o X
S S S

0 S

a B -

2.8rasm

B nuqgta bilan shatunningo g 6 i markazmla joylashgan C nuqgtaning
harakatinik o & ¢higamiz Polzun3 ilgarilanmaqgaytmaharakatgilganligi uchun
uning harakatiB nugtaningharakatidaifoda etiladi. Bu ikki B va C nugtaorqgali
butun mexanizmning kinematik holatini aniglash mumkin Yetakchi b o & g 0 |
hisoblangankrivoship 1 ning harakatqonuni bizgama 6 | @QHuanki, krivoship
0 0 z g avr bu@haktezlik bilan aylanmaharakatniamalgaoshiradi
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Polzun 3 ning chetki nugtalarini grafik usulda aniglash mumkin y a 6 n i
markaziyO nuqgtapolzun3 ning harakatc h i z i lgel@ilaghlarkiritsak, u holda
Bhjnugtadar+l, BNjNugtadaesal-r b o @ | Ba gerdar-krivoship 1 ning uzunligi
(OA), I-shatunninguzunligi (AB).

Demak polzun3 ningy o &slquyidagigateng

S, =B, B",=0B,- OB",=r +| - (rcosa +| cosb) =

=r(1- cosa)+I(1- cosb). (2.14)
OAD va ADB uchburchaklar orgali 4 burchakni U burchak orgali
ifodalaymiz
AD =Isinb =rsina,
bundan

. r.
sinb =I—S|na )

Belgilashkiritib olamiz

— =
|
~

U holda

sinb=/sina,

cosb =+/1- /?sinfa . (2.19

(2.15 ifodadagi cosb ning giymatini (2.14) ifodaga q o @ yuyidagini

olamiz

S, :r(l- cosa)+|(1- V1- lzsinza). (2.19

Krivoship 1 ning burilish burchagiU ga b o g érdvishda (2.16 ifoda
yordamda B nuqtaniy o a | amqgigigngatini topish mumkin SHu bilan birga
(2.16 ifodani vagtb o @ y differerdsiallabB nuqtaningtezlik va tezlanishlarini
aniqqgiymatlarinitopishningimkonini beradiganfodalar olinadi.

(2.19 ifodadagi ildizni y o & g o maqgsadida Nyuton binomidan

foydalanamiz
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1
cosb =+/1- /?sinfa :(1- /Zsinzav)E =1- %/Zsinza- %/4sin“a-
- l/“’sine’av- (2.17)
16

Qulaylik uchunbelgilashlarkiritib olamiz
1 . 1 . 1 :
Elzsmza = ¢ é/“sm“av = ¢,; 1—6/65|n6a = ¢,.
U holda
cosb=1- ¢,- §,- ¢,- ... (2.18
(2.18 ifoda, shubilan birga(2.17) ifoda hamcheksizhadlargaegab o & |1 i b

birinchi haddantashqgaribarchahadlari birdan kichik son hisoblanadi Nechta

hadni qoldirish kerakligini baholash uchun hadlarni hisoblab chigamiz

1 .
Hisoblashlardérivoship 1 bilan shatun2 ning uzunliklari nisbatini / = L va sinU

ni esaengkattagiymatigai birgatengdebgabulqilib olmiz. U holda
1, . 1 1
==/*sifa==—
%=5 2° 32
birning 3 % ni tashkiletadi

1 : 1 1
=—/'sinffa="-=—"—
%, 2° 2 204¢
birning 0,05 %ni tashkiletadi
1

1 ¢ . 1
=—/°siffa=—=—"—
o, 2* 2% 6400C

birning 0,002 %ni tashkil etadi
Odatdatexnik hisoblarninganiglik darajasil %ni tashkiletadj shusababli
(2.17) ifodadaikkita hadnigoldiramiz

cosb =1- %/Zsinza , (2.19
le#=r ani inobatgaolib, (2.19 ifodadagicosb ning giymatini (2.14) ifodaga

g o @ yana&ginihosil gilamiz
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~

S, =r&- cosa +%/ sirfag, (2.20
(; -
V nugtaning tezligini aniglash uchun (2.20 ifodani vaqgt bo dy i c h

differentsiallaymiz

A :%—%zr%inaz—i+%/23ina cosa Z—ig, (2.2)
bu yerda
da _
dt
U holda
Vg = rwléa@ina +%/ sin2a8_ (2.22

V nugtaning tezlanishini anigash uchun (2.22 ifodani vaqgqt b o dy i ¢ h
differentsiallaymiz

q:%:rwf(cosa +/ cos2a). (2.23

Krivoship-koromisloli mexanizmni k o & r a2®rasn). Krivoship 1
berilgano @ z g aw; mackaktezlik bilan aylanmaharakatniamalgaoshiradi
Krivoship 1 ning holati g o & z g 6baol ng@bdsing 0.0, kesmabilan hosil
giladigan U, burchakbilan aniglanadi SHatun2 va koromislo 3 larning holatlari
esa mos ravishda0;0, kesmabilan hosil giladigan U, va U; burchaklarorgali
aniglanadi 0,0, kesmax o @ ¢ maptshadi va u bilan U, burchakhosil giladi.
Bo &g oi nuzankklarininkbglgilaymiz y a 6 @:1A=l1, AB=l;, BOx=l; va
0,0.=l..
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2.9rasm
Bu mexanizmni O;ABO, yopiq kontur deb garab (2.10rasn), shu onda

vektorlarmuvozanatdd o @, U loldavektorlary i gdi@inatgatengb o & Jyadin i

yoki
(2.29
O,
2.10rasm
(2.24) vektortenglamankvauo @ g | proektsyyalaymiz
él,cosa, +1,cosa, +l,cosa, +1,cosa, =0 (2.2

%Ilsinal +1,sina, +1,sina, +1,sina, =0.
0.0, kesmabilan x o & grasidagiburchak (,=180° bofl | g a uchun g |
sin)=0 va selh=-1 b o & . SHdining uchun (2.25 tenglamalar sistemasi
quyidagicha&k o & r oladii s h
él,cosa, =1, - |, cosa, - |;cosa, (2.2

. _ : :
il,sina, =-1;sina, - I;sina,.

Qiymatianigb o @ Ikaftaliklargabelgilashlaikirib olamiz
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eQ=I,- 1 cosa,
:'U =1;sina,. (227
U holda(2.26 tenglamalasistemasguyidagiche&k o & r oladii s h
él,cosa, =Q- I;cosa,

%Izsina2 =-U - I;sina,. (228

(2.28 tenglamalar sistemasining ikkala tenglamasini ham kvadratga
k o @t oca d dabordmiz U holda

|7 =Q%- 2Ql,cosa, +U? + Ul sina, +12. (2.29
(2.29 ifoda ustidaamallar bajaribh quyidagiholatgakeltirib olamiz
2_M2_112_12
Esinav3 - cosa, = - Q-U- : (2.30
Q 2Ql;

Krivoship 1 ning burilish burchagiU ni berilgan giymatini (2.30 ifodaga
q o & Kkaromislo 3 ning burilish burchagi U; ni aniglash mumkin Yugorida

bajarilgan amallar yordanida (2.28 tenglamalarsistemasidarik y o & g @ mii
aniglaymiz U holda

12 =Q°- 2Ql, cosa, +U? +2Ul,sina, +I2. (2.30)
(2.3]) ifoda ustidaamallarbajarily quyidagiholatgakeltirib olamiz

2 2 2 2
—sina, - cosa, = - Q -U- 1, : (2.32
Q 2Ql,

Bu ifodadan( ni aniglashmumkin

SHatun2 va koromislo3 ning burchaktezliklari ¥, va ¥ 3 ni aniglashuchun

(2.26 tenglamalasistemasiningenglamalarinvaqtt b o & y differbnssiallaymiz

£ |,sina, —= =1, sina, —* +I3S|na3%
| 2.3
11, cosa da, _ |,cosa, —*- |,cosa 9a, (259
TZ 2 dt 1 1 3 3 dt '

da, _ da,_ da

Agar — =W, — S, d_t3 =w; ekanligini inobatga olsak (2.33

tenglamalasistemasiquyidagich&k o @ r oladii s h
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é- l,w,sina, =l,w;sina, +1,w, sina,

:’|2W2 cosa, =-|,w cosa, - L, cosa,. (239
(2.34) tenglamalar sistemasidagi birinchi ikkinchi tenglamagab o & | i L
yuborib, quyidaginihosil gilamiz
sina, _ lysina, +l;u;sina,
cosa, lwcosa, +lmcosa,
yoki
l,w sin@, - a,) =lLs(sina, - a,),
bu yerdan
- l,w; sin@, - a,) (2.39

l,(sina, - a,)
(2.39 tenglamalasistemasidarmr;y o & g hi aniglaymiz U holda

— |1W15in(al' as)
l,(sina, - a,)

(2.36

2

SHatun?2 va koromislo 3 ning burchaktezlanishlari3 va Us ni aniglash

uchun (2.34 tenglamalar sistemasining tenglamalarini vaqt t b oyigha

dw
differentsiallaymiz Bunda n; =constb o & | g—gt—ln=@’13? O ekanliginiinobatga

olamiz
g 1,1z cosa, - 1,6,sina, =1,uf cosa, +1,1W4 cosa, +1,e, sina,
{1,u2sina, - | = -2 sina, - 1uZ sina, +| (237
il,u2sina, - l,e,cosa, =-,u/sina, - W4 sina, +1,e, cosa,,
bu yerdaes = &, va % = ¢
uyerda—==6 va—_ = 6.
y dt 27 dt

(2.37) tenglamalarsistemasiningirinchi tenglamasiniikki tomonini codl,
ga, ikkinchi tenglamasinikki tomoniniesa(-s i Jiddk o @ p a, g b & mqpldias h |
yuborib, quyidaginihosil gilamiz
Lesina,- a,)=1,u? +lufcoda, - a,)+|,utcoda, - a,). (2.39

(2.38 ifodadankoromisloningburchaktezlanishinianiglaymiz
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— |2W22 "'|1W12 Cos(al' az)+|3W32 COS{H3 - 622)

%= ,sina, - a,) ' (239

(2.37) tenglamalasistemasidati y o & q@ni a@niglaymiz U holda
e = I1W12 Coial - 33)+|3W32 +|2W22 Coiaz - 83)
i |28ir'(a3 } az) .

Kulisali mexanizmnik o & r @.hlrasn). Krivoship 1 berilgano & z g a r m:

(2.40

¥ 1 burchaktezlik bilan aylanmaharakatniamalgaoshiradi Krivoship1 ning holati

q o & z g dbaol ng@AEN10.0, kesmabilan hosil giladigan U burchak bilan,
kulisaning holatini esa 6 bilan aniglanadi B o & g 6 i n uzantikiaiinh g
belgilaymiz y a 6(hA=r, O,B=l va 0;0,=a. Birinchi navbatdakulisa 3 ning
siliish burchaginianiglaymiz y a ayuyidagicha

q)u: rsina 24
[, a+rcosa (2.49

tgb =

2.11k-rasm

Kulisaning burchaktezligini aniglashuchun(2.41) ifodani vaqttb o @ y i ¢ h
differentsiallaymiz

db da , ., da
e (a+rcosa)cosadt+r sifa”
cogb (a+rcos,ﬁv)2 ' (2.4

da
Agar E: W va E: W, ekanligini inobatgaolsak u holda kulisaning

burchaktezligi quyidagigatengb o & | a d i
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i T
(2.43 ifodadabitta o & z g a parametigdlishinit a 6 mi ucHuracest

ni U orgali ifodalaymiz Buning uchun (2.41) ifodani inobatgaolib, quyidagini

hosil gilamiz

1 _  (r+acos)

cos b= — = =
1+tg°b a“+2arcosa +r

(2.4

cogb ning (2.44) ifodadagigiymatini (2.43 ifodagaqg o @, guyitaginihosil
gilamiz
r +acosa

W, = Wir .
Y a?2+20 cosa +r?

(2.49
Kulisaning burchak tezlanishini aniglash uchun (2.45 ifodani vaqt t
b o & y differangsiallaymiz

dug _ (a2 - rz)sina
dt ' (a?+20cosa +r?)

(2.49

KulisadagiB nugtaningchizigli tezligini aniglashuchun kulisaningburchak
tezligi ¥z ni uninguzunligil gak o & p a kifoyadirjyald n i

r+acosa

= wyl = wyrl :

e T T 20 cosa + 17 (2.47

B nugtaningumumiy chizigli tezlanishiquyidagigateng

tashkiletuvchilarininggeometriky i g 0 bo diy $ c h a
Q=ag+a;, (249

tashkiletuvchilariningmodulib o dy i ¢ h a
n 2

a, =/(e0f +(abf . (2.49

B nugtaning umumiy chizigli tezlanishini tashkil etuvchilari quyidagiga
teng
normaltezlanish
ag =4l (2.50
urinmatezlanish
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a=el. (2.59)
2.3.Polyar planlar usulida mexanizmlar kinematikasini tekshirish

Mexanizmlar kinematikasinitekshirishning eng qulay usullardanbiri bu
polyar planlar (rejalar) usulidir.

Polyar planlar usuli tezlik va tezlanishlarplanlarini tuzishgaasoslangan
bo @ ] kindmatikanalizningikkinchi va uchinchimasalasini yechishgaaratilgan
Tezlik va tezlanishlarplanlari masshtalkoeffitsientigamos ravishdaquriladi va
mexanizmning xarakterli nugtalarini tezlik va tezlanishlarining vektor
tenglamalaringrafik usulda yechishgasoslangan

Ma 6 | umakhinava mexanizmlartarkibidagib o & g duchmuidagrtekis
harakatniamalgaoshiradi Bular,g o & z g ® d&ddrafidasyylanmaharakatt o & g 0 r
chizigli ilgarilanmaqgaytma harakat va tekis murakkab hakaratdir Nazariy
mexanikakursidatekisharakat o @ g oquyidagichdteoremakeltirilgan.

TeoremaQattik jismning hargandaytekis harakatinibir ilgarilanmava qutb
deb olingan biror ixtiyoriy nuqta atrofidagi harakatlardaniborat deb garash
mumkin (Dalamberteoremas).

Bu teoremaquyidagichaisbotlanadi Qattiq jismning holati uning ikki
nugtasiyoki bu nugtalarnitutashriruvchikesmabilan aniglanadi Ana shunuqtalar
AvaBb o & (29 2rasn).

2.12rasm
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Qattig jism avval AB holatdan A;B; holatga ilgarilanma harakat qilib
k o @ c b @ & hBs halatdaA nugtaningk o @ ¢ h urs arclthholatlari AA
kesmadaB nuqgtaningk o @ ¢ h uns Banchalelatlari esaBB; kesmada o a1 a d |
Teoremaganuvofig, gattiq jismning tanlabolingan A va nugtalarningistalganini
gutb (oniy aylanish markaz) deb garashmumkin A; nugtani A, nugtaga B;
nugtaniB, nuqtagak o @ ¢ bchisollatdab o & |murskiniBirinchisi, A;B; kesma
ilgarilanmaharakatgilib A;B, holatg o @ c. kkldangdhisi, A, nugtaB; (qutb) nugta
atrofidaUb o & r ke budlik A; holatgao @ t, 8 d & rBgnugtaA; (qutb) nugta
atrofida U b o & r ¢ hualib IBaholatgao @ t. &chinchisj avval B; nuqta A
(qutb) nugtaatrofidaUb o & r c budlik Bydolatgao @ t, 8 d & nAgnugtaB;
(qutb) nugtaatrofidaUb o & r ke buslitk A, holatgao @ t. a d i

Oniy aylanish markazinj y a 6qutb uchun gaysi nugtani tanlamaylik
hammavaqtburilish bir tomongagarabamalgaoshadi

Teorema asosida AB qattiq jismni b o & gdifaticla garalh uning B
nugtasining k o & ¢ h iargghashning imkonini beruvchi ifoda bilan tanishib
chigmiz A; nugtaninglgarilanmaharakatdagk o & c Jektosirt ra, B nuqgtaning
A; nuqtaatrofidagiaylanmak o & c h i v Bymugtaningumumiyk o & ¢ hi s h
r; bilanbelgilasak u holda

ri=ra+re. (2.52)

ra vektorb o & g 0 banchanugtglariningA bilan birga gilganilgarilanma

harakatiniva B nugtaningk o & ¢ hharakatinitasvirlaydi ri ¢ B nug@aningA ga

nisbatannisbiy harakatiniva r B nugtaningmurakkabharakatinitasvirlaydideb
garaladi

Agarb o & g @idmhizigliiharakatgilsa, u holda har ondashundaynuqgta
topiladiki, uning tezligi nolgatengb o & | Taztigi nolgatengb o & | ngamashu
nuqgtaoniy aylanishmarkazideyiladi

Oniy aylanishmarkazima 6 | buond, (2$52 ifoda yordamidaB nuqgtaning

tezligini topamiz Buninguchun tengliknivaqgtt b o & y differbnésiallaymiz
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dr; _dra dres
= +
dt  dt dt ’ (2.53

dri; _- dra _-
bundad—tj=VB - B nugtaningtezligi, m/s; d_tA=VA -b o & g 0 ilgaritannmag

dr -
harakatiniifodalovchi A nugtaningtezligi, m/s; d—? =Vey - B nugtaningA nugta

atrofidagiaylanishtezligi, m/s.
U holdg quyidagikelib chigadi
Ve =Va + V. (2.59
Tezliklarning ustidagi chiziglar ularning vektor kattalik ekanliklarini
anglatadi
B nuqtaningaylanishtezligi ves ning AB kesmagatik (perpendikulyay
y o & n a | gnebatgaolgpk umiiquyidagichaifodalaymiz

\_/B¢ = dt¢ =Wy, (2.55

A nugtaningtezligi aniglashuchun(2.54) tenglikdanfoydalanibquyidagicha
yozamiz
Vo =Vi +Vpe. (2.5
A nugtaningaylanish tezligi Vo | ning AB kesmagatik (perpemlikulyar)
yo 0 n a | g iaabdtgaotsak mni hamquyidagichafodalaymiz

\—/ _qu”_;l/f_ 25
1= = 1. .
YT ’ (259

(2.54) va (2.56) tengliklardagivi ¢ va Ve tezliklar bir-biriga tengb o & 1 i b
ularfagatgaramagarshitomongay o & nnayl agban i
Vo 5= - Ver.
SHunit a 6 q ikerdklg 8 mugtaningA nuqta atrofidagi aylanmatezligi
bilan A nugtaningB nuqtaatrofidagiaylanmatezligi bir-biri modulb o & y terg h a

b o G Ifagah ular antiparallel vektorlardit Demak w;¢ I=wl ¢, bundan
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w=w,=w; b o & .|Aaal (2.59 tenglikni AB ga prektsiyalasakquyidagikelib
chigadi

f {5(Ve) = NPy (Va) + NPup(Ven) . (2.59
Buyerdavea™ ¢ b o & | guehuth i g i
npAB(\_/BA) =0.

SHuninguchun

f [5(ve) = NPap(Va) .

Demak tekis harakatgilayotganb o & g 6 i r1kki augtasiningepzliklarini,
shu nugtalardano & t utv @ & ghizigdagi proektsiyalaribir-biriga tengb o @ | ar
ekan

SHuniyoddatutishkerakki b o & g 0 A va B rauqtalaro & r moshlypakki
nug@ni olsak ularning chizigli tezlik vektorlari boshgachd o & I Lakih,i qaysi
nuqtaniasosiyqilib olmaylik burchaktezliklari bir xildab o @ .| a d i

Bizgama 0 | uburkhiaktezlik burchakningo & z g a rbiosghblagded g a
kattalik sanaladi 2.13rasmda A nugtani B (qutb) nuqtaganisbatnama 6 | u m
burchakkaburilishinik o @ r s axemakadtinlgan. Sxemag&k o dBAgb o & g 0 |
BAs holatgao & t g, & Aoava Aoz nugtalarmosA, A, va As nugtalargal, » U
va (s burchaklarostidak o & ¢ (Rd3lairasn). Bu yeada burchaklarorasidagi
munosabatjuyidagicha

a,=a,=a,=a.

Bu tenglikdan kelib chigadiki demak b o & g 0 ibarcha mugtalarni

burchaktezliklari hambir xil b o ddkamy a 6 n i
WM=w,=w=Ww.

Aylanma harakat gilayotgan b o & g 6 ihar diandgy nuqgtaning chiziqli
tezligi aylanisho & g i sduanangtagacha o & | ntasofagaproportsinalb o &1 a d |
Agar BAos b 0 & gBonugta atrofidao @ z g aw boectsaktezlik bilan aylanma
harakatilib Ao1, Aoz va Ags nugtalarmosA;, A; va As nugtalargk calisa(2.13b-
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rasm), u holda Ao, Aoz va Az nuqtalarning chizigli tezliklari quyidagicha
ifodalanadi

V%lzv"pblpl’ v 2 =MA)2A2’ v 3:'/”’%3'63-
4

2.13rasm
Bu tezliklar g o & z g GBanugtaatsofidagi aylanmaharakadagi chizigli
tezliklar bulganligi sababli ular absolyut tezliklar deb ataladi Bu tezliklar
orasidagmunosabatjuyidagichab o & | a d i
Vo Ny &, .
Demak aylanmaharakatgiluvchib o & g 6 bunchaktezkpi bilan burchak
tezlanishib o & g Achiaigljtezlik esab o @ g 6 nuqgtalarigetggishliekan
Mexanizmlar tarkibida shundayb o & g Obiorki,| ukar fagat ilgarilanma
gaytma harakatni amalga oshiradi llgarilanmagaytma harakatni amalga
oshiradigarb o & g 6 hamakatinik @ @& ahigamiz
Agar biror-bir A b o &@ ggad dnz g 6yad dhmmaas| t(tekislik)\vicdha y | a
ilgarilanmaharakatniamalgaoshirib I-holatdanll-holatgak o & c(21st@smn), u
holdaA b o & g 6 ihar qamdayguqgtasiningtezligiq o & z g yaldmad t i r u
parellelvabir-birigatengb o & Jyaadin i

=V

, rT———™7
v VS 4_‘[2 V"i? N I
b o—> b o
A; Vg |

T777 7777777777777
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2.14rasm

Demak ilgarilanma harakatqiluvchib o & g @idm mgia mningb dai r |
markazining tezligini o & r g akifioyas bhunki b o & g 6 iongndii markazk
0 g 6 igroldiy kndgtgsamalih shub o & g diadir.g a

Vektor tenglamalarnihosil gilishni richagli mexanizmlarmisolidak o & r i b
chigamiz bunda harakatlanishturiga k o Gxarakterli nugtalarni ikki guruhga
b o ddlamia

Harakatningbirinchi k o d r i lkkita silgtabittab o & g degishigva bir-
biridan gandaydirmasofagagjratilgan

Bundayholatlar, krivoship-polzunli (2.15 a-rasm) va krivoship-koromisloli
(2.15b-rasm mexanizmlauchunxarakterlisanaladi

A nugta krivoship 1 larga tegishli b o & (2.01%a, b-rasn), uning tezlik
vektoriqg o @ z g & a |0 Padiag @; nugtasiningezlik vektori bilan A nugtaning
O: q o & z g 6 rauftaga rasbatan aylanma harakatidagi tezlik vektorining
geometriky i g 6 1 nedg G, ingi@aq o & z g daol Gngadsgishty & holda
uningvektortenglamasguyidagicha

Vo =Vi, +Ve g .

Bu yerda\_/lltezlik godz g baladnXyategishlib o & | gucuh u g i

nolgatengb o @ |S&lwhinguchun
Vo =Voy.

A nugtaning g o & z g 0 @ | nocgaga nisbatan aylanma harakatining
traektoriyasi aylaradan iborat b o & lbu dylananingradiusi krivoship 1 ning
uzunligigateng

fiNazariy mexanik® kursining fKinematikad b o @ | i nmaddal nu mk
nugtaningaylanmaharakatdagiezlik vektori uningtraektoriyasigairinmab o & | a d |
ACHizma geometriy@ kursidagi ma dmotlarga k o Gesaaylanagao &t k a z i
urinmauningradiusigaperpendikulyardir

Yuqorida keltirilgan ma 6 | u mdktol@# nagy@ningnisbiy harakatdagi
tezlik vektorikrivoship 1 gaperpendikulyab o & K2d%kaj b-rasm),y a 6 n i
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Vos N0 4§

SHatun2 gategishlib o & | Bghagtaningtezlik vektori (2.15a, b-rasnj, A
nuqtaningtezlik vektori bilan B nugtaningA ga nisbatanaylanmaharakatidagi
tezlik vektorininggeometriky i g 0 i tewnigb s & fyadin i

Vi Ve +V) .

Bunda A nugt shartli ravishdaq o & z g 6ded garaladi (\_/¢ =0) va

shatungaegishlib o & IS&luwhinguchun

Vi =V .
\/L 40,
N A
1 B4
V a
B/ >
o, __%_“_///x—x
X X
0 ////l/////

2.15rasm

B nugtaning g o & z g 6 A Inugiaga nisbatan aylanma harakatining
traektoriyasiaylanadanboratb dildy aylananingradiusi shatun2 ning uzunligiga
teng

B nugtaningnisbiy harakatdagitezlik vektori shatun2 ga perpendikulyar
b o & (2d%kaj b-rasn),y a 6 n i

vio™ 1 d.
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Polzun3 gategishlib o & | Bghagtaningtezlik vektori B; nuqgtaningtezlik
vektori bilan x-x y o @ nal t i fgarNacntaihatakagtezligining geometrik
yi goi reagiysaiogma

Vi =V, Vo
BundaB; nugtag o & z g b @ Idmagmhum(\_hlg D)
Vi =Var.

Polzun3 gategishlib dgan B nugtaningnisbiy harakatdagtezlik vektori x-

Xy odanal t parallel o & l2gl8atrasn),y a 6 n i
varllB- A

Koromislo 3 gategishlib o & |Bdealik vektoriq o & z g (b a |G nPadimgn
O, nuqgtasiningtezlik vektori bilan B nugtanng O, q o & z g Ghaqtagarkisbatan
tebranmaharakatidagitezlik vektorining geometriky i g 6 i netg G;inggta
g o dz g o a |t madegighlglhholda uningvektortenglamasguyidagicha

Vi =V, tVig

Bu yerda\_/lztezlik god z g 6 ablomagxya tegishlib o & | gucuh u g i

nolgatengb o @ |S&luhinguchun
Vi =Vig.

B nugtaning g o & z g 6 @ | noggaga nisbatan tebranma harakatining
traektoriyasiyoydan iborat b o @ bu ybyning egrilik radiusi koromislo 3 ning
uzunligiga teng Uning nisbiy harakatdagitezlik vektori koromislo 3 ga
perpendikulyab o & (2dl%birasn),y a 6 n i

vighlof.

Harakatning ikkinchi k o d r i likkitas rfugta bitta turli ikki b o g 61 n
tegishli va bir-biriga mos keladi Bunday holatlar kulisali mexanizmlarga
tegishlidir.

A nugta krivoship 1 ga tegishli b o & luning tezlik vektoriqg o &z g 6 a |
b o & P&iINgO; nugtasiningtezlik vektori bilan A nuqtaningO; go & z g 6 a |
nuqtaganisbatanaylanmaharakatidagitezlik vektorining geometriky i g 6 i nd i
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teng O; nugtaq o & z g Gzeehogedegishli U holda uning vektor tenglamasi
guyidagicha
Vo =Vp, +Ve .
Bu yerdaham \_/iltezlikq 0 0z g & a |G paategishlib o & | guehuh i g i
unolgatengb o & .|S&aluwhinguchun
\_/¢ :\_/¢°(1.
A nugtaning g o @ z g 6 @;| mugtas nisbatan aylanma harakatidagi

traektoriyasiaylanadanborat b o @ | Aandqgtaningnisbiy tezligi krivoship 1 ga

perpendikulyardif2.16rasm,y a 6 n i
Vos N0 .

2.16rasm

Agar B nugtapolzun2 gategishlib o @ ursngtezlik vektori A nugtaning
tezlik vektori bilan B nuqgtaning A ga nisbatanharkatidagitezlik vektorining
geometriky i g 0 i tewnigh s O fyaadin i

Vi =Vo +Vi 6.

Bunda A nugqta shartli ravisikda q o & z g 6ded garaladi (\_/¢ =0) va

krivoship 1 gategishlib o & ISauwhinguchun
Vi =V

Nisbiy harakatdagiezlik vektorikulisa3 gaparallelb o & |yadin i
Vi oll { 0.
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Agar B nuqgtakulisa 3 gategisti b o &, unsngtezlik vektori O, nugtaning
tezlik vektori bilan B nugtaningO, q o & z g Onagtagaaisbatanharakatidagi
tezlik vektorininggeometriky i g 0 i tewnigbh & & fyadin i

Vi =V, VL

Bu yerdaham vy, tezlik go & z g 6lmd dn@ Gaitegishlib o & | guchulh i g i

u nolgatengb o & .|S&luwhinguchun
Vi =V,
B nuqgtaning g o & z g 6 @l nuagtas nisbatan tebranma harakatidagi

traektoriyasi yoydan iborat b o @ | B duigtaning nisbiy tezligi kuslisa 3 ga
perpendikulyardir(2.16rasm,y a 6 n i
vig M.

Ma 6 | ubmér-bir jismning tezlanishini aniglashuchun uning tezligini
vaqtb o @ y differendsiallanadiBiz hamtekis harakatdagb o & g 6 kanakterlin g
nuqtasiningtezlanishini aniqlash uchun, shu nugtaningtezlik vektorini vaqtga
nisbatandifferentsiallaymiz Bunda(2.56)va (2.57) ifodalarniinobatgaolib, 2.17
rasmdakeltiriigan b o & g 6 A mugtasitezlik vektori tenglamasiniquyidagicha
yozamiz

Vo =Vi + UM as. (2.59

A nuganing tezlanish vektorini aniglash uchun (2.59 ifodani

differentsiallaymiz

— dvy dvi dw- —dras
aa = = +——T s+ W
"TTat T dt dt 0 dt (2.60
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2.1Frasm
(2.60 ifodaning tomonidagi hadlarning har biri bilan alohda tanishib
chigamiz

v _g

1-had at Q -B (shartliravishdagod z g 6 pnugtaaisgtezlanishj

dw- -
2-had ErAB = Ohs -A nugtaning B nuqgta atrofidagi aylanmatezlanishj

dw -
y a aurnmatezlanishdebataladi Bu yerdaa = e-burchaktezlanishvektori.

Urinmatezlanishvektori Ghe ¢ 1 b o & &garbarakattezlanuvcharb o & | s a

Vas bilan bir xil y o0 & n a,l harakatdekinlanuvchanb o & lgasaanagarshi

y o & n ab o & .Huahdmiyholdg urinmatezlanishquyidagichafodalanadi
5t¢ 1= erABsin(EE'r—AB) =d,s.

—dras _=n
3-had Wd—;\B=aAB-normal (markazga intilma) tezlanish deb ataladi

Normal tezlanish vektori Eia /I 1] bo & lAinbgtadanB nugtagay od nal a

Umumiy holda normaltezlanishquyidagichafodalanadi
5-11 = Wy,
SHundayyilib, tekis harakatqgilayotganb o & g 6 A nugtasimiggezlanishi
guyidagitengekan

- = —t —n
Ay —as taas tans.
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Demak tekis aylanma harakatgilayotgan b o @ gnagtasiningtezlanishi
g o & z g 6ded olmgan nuqta tezlanishigateng b o @ | ilgaailanma harakat
tezlanishj tekshirilayotgannuqgtaningq o @ z g onaqgtamteosdagi aylanmava
markazgantilma tezlanishvektorlariningy i g 6 i tenigb e bidanr

Nazariy mexanika kursidan ma 0 | umadtaning gandaydirma 6 | hirm
koordinatalarsistemasiganisbatantekshirilad. Birogq bu sistemaningo & ham
boshqgabiror bir koordinataganisbatangandaydirharakatgilishi mumkin U holda
nugtaning harakatiq o & z g Osstenmagasisbatan murakkab harakatb o &1 a d |
Nuqgta harakatlanayotgasistemaningharakatidaishtirok etayotgahgi uchun u
bu sistemabilan birgak o & c. Brudinguchun nuqtaningbu harakatik o @ ¢ hi r |
harakatdeyiladi Nuqgtaningharakatlanayotgasistemaganisbatanharakatinisbiy
harakatdeyiladi

K o & ¢ hharakatdanuqgtaningtezlanishiikki xil b o & Imurskin.i

Birinchisi, k o @ ¢ hharakatglgarilanmab o & | ngueakkab harakatdagi
nuqgtaningabsolyuttezlanishik o & ¢ hharakat&ezlanishibilan nisbiy harakat
tezlanishininggeometriky i g 6 i tendgiysaidoga

A =as +a¢ 1= s +aas +ans.

Ikkinchisi, kK 0 @ ¢ hharakaiggarilanmab o & | mm@muyaikabharakatdagi
nugtaningabsolyuttezlanishik o & ¢ h misbiynea g o & s h itentemibh&rining
geometriky i g 0 i tengiysaidga

ap=as+ag+acs.

Bu yerdagiq o & s h teztamishioriolis tezlanishib o & U birinchib o & | 1 &
frantsuz olimi GaspatGyustav De Koriolis tomonidan aniglangan Koriolis
tezlanishiquyidagichafodalanadi

ac s & 2wsin(i) = 2mv .

Demak koriolis tezlanishik o @ ¢ hharekathurchaktezligi bilan nisbiy

harakattezligining aylanisho & @ tikgtuzuvchisik o @ p a y t mikkilaagan n i |

giymatigatengekan
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Koriolis tezlanishhagidagima 6 | u m ganddamydinlashtirishmaqgsadida
kulisali gurunmisolidak o @ahigamiz(2.18rasn).

xop ‘ xop

€

;_43_42{ 4l o , TV_-I}-IE

%

2.18rasm
Agar kulisa aylanmaharakatgilsa, u holda polzunning umumiy tezlanishi
yugoridat a 0 ki d | ,auchgaatezlantsleyki g 6 i n itbaras b d @,nyaad n |
polzunningkulisa bilan birgak o & ¢ hhiarakm@agtezlanishi(5¢3), polzunning

kulisaga nisbatan tezlanishi (5¢2¢3) va koriolis tezlanishi U quyidagicha

ifodalanadi
ay, =@y, +as,, +acs.
Bu yerdakoriolis tezlanishiquyidagigateng
acsE 2W g, sin(?v§/¢2¢3) _

Tekis harakatgiladiganb o & g 0 i mugtalariningmsgiy tezlik vektorlari
bilan b o & g 6 iburchaktezlygi vektori bir-birigatik y o & n a | wlun tlar g i
orasidagiburchak9e® tengdir SHuninguchun sinM&v,e,)=1 b o & | Uaholda

koriolis tezlanishquyidagichafodalanadi

ag s 2VVV¢2¢3 )
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Yuqoridak o & r ihdragadlardartashqgarikulisa B nugta bilan birga va
uning atrofida aylanma harakatdab o & | musnkin U holda kulisaning bu

harakatdagkulisaningtezlanishiquyidagichafodalanadi
Ay, =ay +ag +ag, .

Koriolis tezlanishigaysitomongay o & n a | gbdish lughuyn pateunnirg
nisbiy tezlik vektorini, kulisaning burchaktezligi aylangantomongagaratib 90°
aylantiriladit. Masalaniyaxshirogtushunishuchunquyidagit o & molkathig o & r i b
chigamiz(2.19rasn).

Bu yerdakulisa 3 ragamibilan, uning burchaktezligi ¥ 3 bilan belgilangan

Toshesa2 ragamibilan, uningkulisa 3 ganisbatartezligi Ve, belgilangan

2.19rasm

Birinchi vaziyat i nisbiy tezlik (\_/BZBS) A nugtadanO nugtagatomonga
kulisaning burchaktezligi (¥3) esa soatstrelkasiyuradigantomongay o i n a |l g ¢

Koroiolis tezlanishiningy o @ n aab vektdrni b uchini a atrofida ¥3; tomonga

garab 90° burchakkka aylantirish y o dbilan hosil gilinadi (E‘l s®d ¢ yoki

@ % Vg ) (2.19a-rasn).

Im. M. uMdBBsdzrn Ay Ojo. [ jRrOddL g .90 @iy tcs1ld@@BL1Qted v i d .
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Ikkinchi vaziyat T nisbiy tezlik (\_/5233) A nugtadanO nugtagatomonga
kulisaning burchak tezligi (¥3) esa soat strelkasi yuradigan tomonga teskari
y 0 & n g2.18berasn).

Uchinchi vaziyat i nisbiy tezlik (ves ) O nugtalan A nugtagatomonga
kulisaning burchaktezligi (¥3) esasoatstrelkasiyuradigantomongay od nal g
(2.19v-rasn).

T o & r tvaziyatihnisbiy tezlik (\_/5233) O nugtadanA nugtagatomonga
kulisaning burchak tezligi (¥3) esa soat strelkasi yuradigan tomonga teskari
y 0 & n 42.19grasn).

Ayrim  mexanizmlarni grafo-analitik usulda kinematik tahlil qilishni
misolllardao & r gchigamia

Misol. 2.20rasmda tarkibida bazisli b o & g 6biondil giehagli
mexanizmningoerilganholati uchuntezlik vatezlanishlamplanituzilsin.

Berilgan 0:;A=0,25 m, (E120°, p;=50 aylmin, a=3@:A=0,75 m,
b=3,5€,A=0,875 m, AB=50,A=1,25 m, CE=4@,A=1,0 m,
AC=BC=2,6€;A=0,65m.
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2.20rasm
Echish. Berilganmexanizme; masshtabdahizilgandebgabulqilib (2.21a-
rasm), O,A krivoshipningburchaktezligi ¥ 1 ni aniglaymiz

oy =P _314G0_ o) 60
30 30 fg

Aniglangan ¥; inobatga olib, krivoshipning A nugtasining tezligini

guyidagichaaniglaymiz
v, = w, D, A=523®,25= 130%3.

Mexanizmningberilganholati uchuntezliklar planini tuzishuchun tezliklar

planiuchunmasshtalkoeffitsieti €, ni aniglaymiz

= Va ~1308_ 1 36M/S
tca 30 mm

Bu koeffitsienttuzilgantezliklar planidahar bir mm da gancham/s haqiqiy
tezlik borligini bildiradi.
Tezliklar planinituzishdaixtiyoriy biror-bir nugtaniqutb nugtadebolib, uni
r bilan belgilaymiz r nugtadanO,A krivoshipgatik gilib va uning burchaktezligi
y 0 & n d@oimgngagarab30 mmuzunlikdagira kesmanichizamiz(t ® [,¢).
B nuqtabazislib o & dpitan tekis parallelva polzunbilanx-xy o dnal t i r
b o & yilgaailbnmaqgaytma harakatdagatnashadi SHuning uchun B nugtaning
tezligini aniglashdajuyidagichavektortenglamalasistemasintuzamiz
f?\_/B =Va +Vea
TVe = Vi x +Varx,
bunda va-krivoship A nugtasiningtezligi (shuondaqg o & z g § & |- rhazisli
b o & g 6 BmudtanigdA nuqgtaganisbatarharakatidagtezligi (O B ¢ E); vx x-X-X
yodnal t i rteziigc h\.n=0)n gvi «-polzundagi B nugtaning x-x
y o & nal t misbaiavilgahlangaharakatidagtezligi (ts &/x- x).
Tezliklar planidagira kesmaninga nuqtasidanAB b o & g Gnisbatgnak

(perpendikulyart o & ghizig va r nugtasidanesax-xy o @G n al t nisbatanc h i
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parallelt o & chizigqo & t k a Buechwilganikki t o & ¢hiziglarningkesishgan
nuqtasidéb hosilb o a1 a d i
S nugtaningtezligini aniglashuchunquyidagivektortenglamalasistemasini
tuzamiz
ﬁ\_/u = \_/A + \_/u A

1- - -
[Va =V +Vuy,

bundav. ~ bazsli b o & g 6 BmugtaniggA nugtaganisbatanharakatidagtezligi
(®wu q);v.,- bazislib o & g 6 iICmagmngB nugtaganisbatanharakatidagi
tezligi (B o E).

Tezliklar planidaA va B nugtalarningezliklari ra varb lar topilgan SHura
varb kesmalarnin@g va b nuqgtalaridanrmosravishdaAC va BC larganisbatantik
t o G chiiglaro d t k a Buechidilganikki t o @ chi&iglarningkesishishidars
nugta hosil b o @ | Hosllib o & | sgnagtani qutb nugtar bilash tutashtirib rs
kesmanhosil gilamiz

D nugtaning tezligini aniglash uchun quyidagi vektor tenglamalar

sistemasintuzamiz

Vo = Ve +Vou
Jf\_/D =Vp, + Voo,

bunda vo. - kulisadagi D nugtaning S nugtaga nisbatan harakatidagi tezligi
(dfiy* Du ); voo, - kulisadagiD polzun5 ganisbatanilgarilanmaharakatidagtezligi
(dd,//DC).

Tezliklar planida C nuqtaningtezligi rs topilgan SHu rs kesmanings
nugtasidanDC nisbatantik va parallelto & gabiziglaro & t k a Buacmzilgan
ikki t o O ghiiglarning kesishishidand nuqta hosil b o @ | Hosilib o & 1 dg a n

nuqgtaniqutb nugtar bilashtutashtiribrd kesmanhosil gilamiz.
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P

2.21-rasm

Kulisagategishlib o & | g augtanmgtezligini o & x s h sesrdmasigh
binoanproportsiyatuzishy o @ilan aniglaymiz

dc ce dc(@CE
= 1 Ce:
yoki DC

DC CE
ce uzunlikdagikesmanitezliklar planidagidc vektoriy o & n a loiéid fcihdae

g o @ y aanyerugtanianiqlaymiz Natijada, 2.21 b-rasmdakeltirilgan tezliklar
planihosilb o a1 adi
Tezliklarning haqigiy giymatlarini tezliklar planidagitezlik vektorlarining

uzunliklarini o @ | ctéelklbr masshtabikoeffitsientigak o & p a gniglaymiz b
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Yadnva=paOn:; ve=pbOg: vc=pcOy; vo=pdOy; Vv =abOny;
Vac =acOn ; Vec =bcOng ; voc =dcOx ; Ve = ceOx
Tezlanishlar planini tuzishdan oldin 2 va 4-b o @ g 6 i nburahakn i n

teziklarini aniglabolamiz

Vas va w, = \@ .
AB CD

Endi, 2.21rasmda keltirlgan mexanizmning berilgan holati uchun
tezlanishlarplanini quramiz Krivoshipning aylanmaharakatqilganligi uchun A
nugtaningezlanishinormalva urinmatezlanishlardarboratbo & |. a d |

Krivoship 1 gategishlib o & |Agquagtaningnormaltezlanishiniquyidagicha

aniglaymiz

aos =i (D A=684m/ 2.

Krivoship 1 ning normaltezlanishiA nugtadarO; nuqtagagaraby o ¢ n,al a
tangentsiatezlanishiesakrivoshipl gatik b o &1 a d i

Krivoship o & z g aburdlalstezlik (¥;=cons) bilan harakatlanganligi

uchununingburchaktezlanishinolgatengy a 6 n i

va

SHuninguchunA nugtaningtezlanishifagatnormaltezlanishdanboratdir.
Tezlanishlaplani uchunmasshtatkoeffitsieti €, ni aniglaymiz

_a, _684_ m/ s°

Tezliklar planinituzishdaixtiyoriy biror-bir nugtaniqutb nugtadebolib, uni
" bilan belgilaymiz ~ nuqtadanO,A krivoshipgaparallelqilib va A nugtadanO,

nugtagagarab30 mmuzunlikdagi” a kesmanichizamiz(po// [ ,6).
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Bazislib o & gashatungaegishlib o & |Bgqagtaningtezlanishinitopish
uchun B nugtanitezlanishiniA nugtava x-x y o @ na |l t i tezlamighlarigan i n

b o g 6| agyyidagyektortenglamalasistenasinituzamiz
FQ =0 +Ga+ G
1[5)3 = O x + o + i
B nuqgtaningA nuqtaganisbatamormaltezlanishiérc]%A ni aniglaymiz
aea = w5 OAB.
Bu tezlanishningchizmadaguzunligi quyidagichaaniglanadi
a,ﬂB_

an=—28
m

Tezlanishlarplanidagi “a kesmaninga nuqtasidanAB b o & g Gishatgna

parallel gilib, B nugtadanA nugtatomon ap; kesmanichizamiz Bu kesmaning
uchidanAB gatik urinmat o & chitig (ass) 0 & t k a Y umonidagitenglamalar
sistemasiningkkinchi tenglamadaig axx=0 va 53( xx=0 bod@l gahuhi gi
qutb” nugtadarx-xy o & n a | t paralielgikibh io g @higig(as.)0 Gt k az am
But o & ghizig (ias..)ni urinmat o & chiziq (ias.) bilan kesishgamugtasinib
bilan belgilaymiz

Bazislib o & g Gegishigbao & | Cgnagtaningtezlanishinitopishuchun S
nugtani tezlanishini A va B nugtalarningtezlanishlarigab o g 6 | aquyidag a n

vektortenglamalasistemasintuzamiz
Fé' = _O\ + _d] At ét, A
- _  _, _
i@ =@ +Qs +Qe.

C nugtaningA nuqtaganisbatamormaltezlanishi@:. # Ni aniglaymiz

Bu tezlanishningchizmadaguzunligi quyidagichaaniglanadi
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oy B
e

C nugtaningB nugtaganisbatamormaltezlanishi @, ni aniglaymiz

Tezlanishlarplanidagi“a kesmaninga nuqgtasidanCA ga nisbatanparallel
gilib, C nugtadarm nugtatomonap, kesmanichizamiz Bu kesmaningichidanCA
ga tik urinmat o @ ghizig i(éL ») 00t k a zShlundan s o § meglanishlar
planidagi” kkesmaningb nuqtasida CB ga nisbatanparallelqilib, C nugtadanB

nugta tomon bps kesmanichizamiz Bu kesmaninguchidan CB ga tik urinma
t o & ghizig (a.s) 0 & t k a ;@ wai bps kesmalarninguchlarigao &t k a z i |
urinmat o & chiziglarni kesishgamudgasini s bilan belgilaymiz Hosilb o & Isg a n
nugtaniqutbnugta” bilantutashtirib” s kesmaniosil gilamiz.
D nugtaning tezlanishini aniglash uchun quyidagi vektor tenglamalar
sistemasintuzamiz
Féb =Q +én)c +a>c
I - ot - et
TQ :Qo"'d?Do'F@Do-
D nugtaningC nugtaganisbatamormad tezlanishiésA ni aniglaymiz
anc = ﬁ/g dcC.
Bu tezlanishningchizmadaguzunligi quyidagichaaniglanadi

n

B
m

Koriolis tezlanishininggiymatini quyidagichaaniglaymiz

cn, =

—k — =
appo = 2Wa Qp.

Koriolis tezlanisining chizmadaguzunligi quyidagichaaniglanadi
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ﬁ:%_
m

Tezlanishlarplanidagi " ¢ kesmaningc nugtasidanDC b o G g disbatgna
parallel gilib, D nugtadanC nugtatomon cp,; kesmanichizamiz Bu kesmaning
uchidan DC ga tik urinma t o & qldiziqi (asc) 0 & t k a zTenglanzalar
sistemasiningikkinchi tenglamadagigloO =0 bod,) chuhkiu qodadzgbal
b o & g Gtegishyj &Koriolis tezlanishi vektorining y o @ n a laniggashiuchun

relyativ tezlik vektori Vo i kulisaningburchaktezligi Wa y odn a@loidsy®dc h a

ga burib topiladi. aooo relyativ tezlanish vektori kulisaga parallely o d n,al a
giymati esatezlanishlarplanini chizishy o dilam topiladi. SHundans o @ qutp
nugta” dan & kesmanjy a &aoriolis tezlanishinianiglangarny o & n a IDCgah i d
tik gilib chizamiz Bu kesmaningichidanDC gaparallelgilib t o & chiaiq (oo, )

ot kaDa@mka z ol ghiin (as.)ni urinmat o & ghxig (asc) bilan
kesishgannuqgtasini d bilan belgilaymiz Hosil b o & | dgnagtani qutb nuqgta”
bilashtutashtirib” d&esmanihosilgilamiz.

Kulisagategishlib o & | g mugtaniMgeezlanishinio & x s h ee@dmhbsigk

binoanproportsiyatuzishy o @ilan aniglaymiz

de_ce yoki ce= J0LE
DC CE DC
ce uzunlikdagi kesmani tezlanishlar planidagi dc vektori y odnal i s

o O | cghoadby aranye muqgtanianiglaymiz Natijadga 2.21 v-rasmdakeltirilgan
tezlanishlaplanihosilb o &1 a d i
Tezlanishlarning hagigiy giymatlarini tezlanishlar planidagi tezlanish

vektorlarining uzunliklarini o & | ¢ kedadmishlar masshtabi koeffitsientiga
k o & p agniglaymiz ¥ a 6 @i=paln; & =m0n; & =mxln; & = on;
Ore =abOn; Onc =acOn; G =bcOn; G =dcOn, Qe =celn,.

Xulosa o & r nshudiaytish mumkinki, mexanazmtarkibidagi tezlik va

tezlanishlarinolgateng nuqtalarkutb debtanlabolingan nugta(r va “)da yotadi

Har doim qutbdanchiqib tashqarigagaraby o & n avékwpréamabsolyuttezlik va
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tezlanishlardir Qutbdan chigmasdan absolyuttezlik va tezlanishlarniuchlarini

birlashtiruvchivektorlarnisbiy tezlik vatezlanishlardir

94



[l -BOB. MEXANIZMLAR DINAMIKASI
3.1.Mexanizmlar dinamikasi. Mexanizmb o & g 6 i th & @esuvicig lkaichlar.

Inertsiya kuchlari va momentlari

Kinematikab o @ | im@xarmdzanlarningharakatinit a 6esuvcini kuchlarni
inobatgaolmasdan uni geometriknugtai nazardano & r g aedilg Maxanizmlar
dinamikasida kuchlar t a 6 s | mexadiargar harakatigadoir gator masalalar
oQ0r ga rYialgangxanizmlarb o @ g 0 i nd @etadliggrekuchlarnit o d g 0 r
tagsimlashhisobiga mashinalaruchun dolzarb b o @ | ngagbnl ish rejimlarini,
energiya va resurstejamkorkini t a 6 mi, yuqai ssh unumdorlikka erishish
yob@loldamgiani | adi

Demak mexanizmlar dinamikasi ham harakatni o & r g akara Bizga
ma 0 | u mashinalar mexanizmlardantuzilgan b o &1 @muman olganda
mashinalarnindnarakatikki turganb o @ | :ibagarorlashmagawabargaror

Bargarorlashmaganharakatning asosiy xususiyati shundaki unda kinetik
energiyaningortib ketishi yoki kamayib ketishi kuzatiladi Bargarorlashmagan
harakat muvozanatlashmagarkuchlar t a 6 s paydo d @ ¢ Ibunda harakat
davrining barchagismlari (3.1-rasm 0-4, 13-16)da bajarilganishlarningy i g 6 i n d
nolgatengb o dolmaydi

Har gandaymashinaningishlash davrini uch davrgab o & Imurskiml1-
yurgizish davri (3.1-rasm 1); 2-barqaroryurish davri (3.1-rasm 1l); 3t o d xt a ¢
dawvi (3.2-rasmlll).

Mashinani yurgizish va t o @ x t davrlaridahhamda yuklanishlarni
o0 0 z g ava mashinanirostlash(sozlash vaqgtida muvozanatlashmagakuchlar
t a Oegadi rSHularning hisobiga mashinabarqgarorlashmagaharakatniamalga
oshiradi Masahn mashinaningyurgizish davridg agar aylanmaharakatqilsa,
yetakchib o & g 6 bunchaktezlgyi noldanmaksimumgiymatigachaortib boradi
Burchak tezlik maksimum giymatiga yetganidars o dom@s i st hodiaxnvea y d |

mashinaningkinetik energiyasiningortishi ham barhamtopadi SHundans o G n g
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mashinaning bargarorlashmaganharakat davri tugaydi va bargarorlashgan
harakatddb o 01 a d i
Ew

b YUK

)

S oy SN

|

|

|

|

|

' >
2 3 4 5 6 7 8 9101112131415 16 4
! i sl 1] >l

3.1-rasm

Bargaror harakatning asosiy xususiyati shundaniboratki, unda kinetik
energiyaningrtib ketishiyoki kamayibketish kuzatilmaydi

Bargaror harakat ham ikki turga b o @ | :i muaakanatlashganva
muvozanatlashmagan

Mashinaning muvozanatlashganbargaror harakatida uning yetakchi
bodgoi lburchmk ezligi o & z g a (domaiyy b o &1 Bumday harakat
muvozanatlashgarkuchlar t a 6 s paydo d @ & |hardkat davrining barcha
gismlari(3.1-rasm 4-13 (a))dabajarilganishlarningy i g 6 nalgdtengbio & .| a d i

Mashinaning muvozanatlashmagarvarqgaror harakatida uning yetakchi
b o & g 0lburchaktgzligi, o @ z i o & n gaynatiao r a | itgph@anadi e
tsikllar davomida o d r t aiyrhahh 0 & z g a rqatily Bunday harakat
muvozanatlashmagakuchlart a 6 spaydobdoad | lekid harakatdavrining har
bir tsikllarida bajarilganishlarningy i g 0 inolgaterggyb o & .| (& krasm 4-13
(b))

Mashinalar ish jarayonida taxminan shunday muvozanatlashmagan
bargarorharakatniamalgaoshiradi SHu sababli muvozanatlashmagaloarqaror
harakatnio 0 r g dimamikahingasosiymasalaridarnisoblanadi

Yuqoridagilardankelib chigib, mashinalarva mexanizmlardinamikasj

asosarguyidagimasalalabilans hu g oé ul | anadi
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1. Mashina va mexanizmlarkinematik juftlaridagi reaktsiya kuchlarni
inertsiya kuchlarni hisobga olgan holda aniglash Muvozanatlovchi kuch va
momentlarinitopish Bu dinamikanikinetostatikgismigakiradi;

2. Mashinava mexanizmlardaberilgan energiyaningtargalishqonuni va
foydali ish koeffitsientlarinitopish

3. Mashina va mexanizmlardagiayrim bo @ g 6 i n lokir ma dngyo i
nugtalariningoerilgankuchlart a 6 s thagigighargkatjonunlarinitopish

4. Mashinava mexanizmlaharakatiningoir tekisdabo Ishinit a 6 mi. n | a ¢

Mashanalarningharakatidavridg uning har gandayb o & g dquyidagi a
tashgikuchlarvamomentlaib o & Imiurakhi

-bodg6i mlga® nkachimdgkuch vektori hammavaqt yermarkazi
tomony odnal gan

- b o & goGdi zng a r tezlilc hlanrharakat gilsa inertsiya kuchi hosil
boda)] adi

- b o & goddi zng a r texlik bilannmurakkab harakat gilsa inertsiya
kuchidantashgarinertsiyamomentihamhosilb o @] a d i

- mexanizmb o & Ilgrd bir#biri bilan kinematik juftlar orgalib o g 6 . a n a
SHuninguchun mexanizmningharakatvagtidashu kinematik juftlarda reaktsiya
kuchlarihosil bo ladi;

- kinematikjuftlardahosilb o & | aishgalgrasikuchlari
- tashgimuhitningqgarshilikkuchi.

Mexanizmlarga t a 6 stayotgan barcha kuchlarni quyidagi beshta

guruhlargab o dd & rbg enagsaddganuvofigdir (3.2-rasnj.

Mexanizmga ta’sir
etuvchi kuchlar

Harakat- Foydali Zararli . -
. Og’irlik Inertsiya
[ lantiruvch ] [ qarshilik ] [ qarshilik ] [ g’irli ] [ ]

3.2-rasm
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Harakatlantiruvchikuchlar. Mashinaningboshb o & g Oti anGesly ami
harakatga keltiruvchi  kuchlarga harakatlantiruvchi kuchlar deyiladi
Harakatlantiruvchikuchlarningy o @ n ahbarakatyr o & n abllan lsirbhil b o & | i b
ularharakaty o @ n ailam osdht bkirchakhosilgiladi,y a 6 n i

o' ¢t A)<90 .
SHusabablj ularni elementabajarganshlaridoimomusbato o & |yadin i
dA= PXdScosl([ fv).

Foydali garshilik kuchlar. Foydali ish bajarish uchun sarflanadigan
kuchlarga foydali garshilik kuchlar deyiladi Bu kuchlar mashinaningish
jarayonida texnologik yoki boshga sabablargak o dpaydo b o & | Foydali
garshilik kuch hamma vaqt harakatgateskariy o @ n ald ogdalularbharakat
y 0 & n ilamostht i buackakhosilgiladi,y a 6 n i

o <(t, V)¢ 180 .

SHusabablj ularni elementabajarganshlaridoimomanfiyb o & Jyaadin i
dA= PwdScos(t W”v).

Zararli garshilik kuchlar. Mexanizmning kinematik juftlarida va tashqi
muxit garshiligi hisobiga hosil b o & | a idhigagaaishkuchlaridir. Ishgalanish
kuchlariham asosamrmanfiy ish bajaradj lekin hozirgikundat o & x t (otmk2 ¢ h
tizimlaridaulardansamaralifoydalanilmogda

Og 61 rklichik Og 6 i rklchldi mashinaning harakati vaqgtida
harakatlantiruvchikuch yoki zararlikuchb o @ ImurekiniY a @ Iror-bir yukni
h masofagak o 0 t a raradi Hugh&rishdaesa harakatlantiruvchikuch b o &1 a d |
SHuninguchun uningbajarganishi quyidagicha

A=°1 h.

Inertsiya kuchi Mashinava mexanizmarningb o & g 0 i egrl chiziglin i
yokio & z g a r harak@lériaragtidainertsiyakuchipaydob o a@ | a d i

Inertsiya kuchi hagida anigrog ma 6 | u negd g @ & | nnagshdida
quyidagichasoddarogmisolni k o & chigamiz Tik o & ajrofida aylanayotgarG

simon jismning A uchigaingichkaip orgali B metall sharchaosilgan (3.3-rasn).
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Agar G simonshakldagiism tinch holatdab o & B sharchaosilganip tik holatda

y a ound & q ppeallel b o @ |(ijpnd ik holati 3.3-rasmdauziq chiziglar bilan
kodr slata Ishpraimg o g 6 i kulchi kpning taranglik kuchi bilan
muvozandashgan Endi G simon shakldagijismning u o & qtiofida ¥ burchak
tezlik bilan aylanmaharakatgaeltiraylik. Tabiyiki, G simonshakldagigattiqjism
bilan B sharchahamu o & gtrofidaaylanmaharakatgaeladiva natijadasharo @ z i
osilganip bilan birgabiror-bir Uburchakkao g 6.a d i

VA
e

3.3rasm
3.3rasmda keltirilgan qurilmani yonida turib kuzatadiganb o @ ] B a k
sharchaaylanishjarayonidaR radiusli aylanab o & yhkrakbtgiladi (3.4-rasn).
Agar B sharchanp & z g ayrborehaktezlik bilan aylanmahar&at gilmoqdadeb
garalsau holdafagatmarkazgantilma tezlanishbilan harakatlanadly a 6 n i
Q =w'R.

Bunda ¥-sharchaningaylanma harakatdagio & z g abunmchalstezligi, 15, R-
sharchanin@ylanishradiusi m.
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3.4-rasm

Demak B sharchagamarkazgaintiima kucht a Oefadiva u quyidagiga

teng
F =mw’R.

Bundam-sharchanassasikg.

Bundatashqgari ushbukuch ipning taranglik kuchi R; bilan B sharchaning
0 g 0 ikuchiR, Ringtengt a Gewnichisidiry a 6 n i

t=ts+te

Agar 3.3rasmda keltirilgan qurilma bilan aylanayotgan sharchani
kuzatuvchisifatidagarasakB sharchagajandaydirkucht a Gesbj urgandaydirU
burchakkao g 6.arcaio stadigankuch aylanisho & g idanradusR b oy | al
tashgarigay o & n a | tafayln Wini ntaikazdargochmakuch yoki inertsiyakuchi
deyiladi Inertsiya kuchi son jihatdan markazgaintiima kuchgatengb o & | i b
y 0 O n giHatdasmumngaqgaramagarshib o & |yadin i

F=-mwW'R=-ma,.

Demak aylanmaharakatdagib o & g Gdgishg la o & | barehanugtalar
noinertsialdir

Inertsiyakuchinimexanizmlarningayrimb o & g 0 i knol Gatigaaiza

Mexanizm harakati vagtida b o 6 g 6 i payda biod & a chertgiya n
kuchlari k o @ r i | darakatngng xususiyatiga b o g 6 Kineqatik nuqgtali
nazardanharkatlarninguch turga b o @ | iedi g/ arbilgarilanmg aylanmava

murakkabtekis parallel
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llgarilanma harakat giladigan b o d g 0 i nnrerésiyadkacglari. 3.5 a-
rasmdakeltirilgan ikki krivoshipli mexanizmnik o @ chigamiz Umumiy holda
egri chizigli ilgarilanma harakat tekis ilgarilanma harakatning hususiy holi
sanali3, undab o @ g 6 iom ii madkazilgandaydiregri chizigli egri chiziq
b olabk oG c (3.a&@rasn) .Bo & geab & z | ABiori g papklelk o & c.h a d
Kinematikadanma 6 | ubomilayhollardaAB b o & g Ghiarmandagnuqtasining
tezlik va tezlanishlarigeometrik nugtai nazardanbir-biri tengb o @ | SHdning
uchun elementar inertsiya kuchlari ham o @ z air-lwriga parallel b o &1 i b

b o & g 0 inertsiyiakuapio g 6 imarkazikdano & t va ulquyidagigateng

{q=-ma.

N 12

0

3.5rasm

Amaliyotdat o & ghiglii ilgarilanma harakatqgiladiganb o & g gudan | a |
ko & puchraydj masalan dvigatellar va kompressorlardagi porshenlarning
harakatlari Ulardagi inertsiya kuchlarini topishda tezlanishlarini aniglab
massalarigk o & p a y vauningyno tzn dekzlanshgajaramagarshib o a1 a d i

Aylanma va murakkab tekis parallel harakat giladigan b odg 6i nl a
inertsiyakuchlari hamdamomentlari 3.6-rasmdakeltirilgan krivoship-koromisloli
mexanizmnk o Gaahigamiz

Krivoshipning inertsiya kuchini aniglash O;A krivoship O; atrofida
o @ z g a¥vn bumhaktezlik bilan aylanmaharakatgiladi. O:Ab o & g gudak @ & p
nugtalarb o & | gsababljbigribir dm massangjratib olmiz. Bundaymassalar
hamb o & g gudakdoadKmematikadanma 6 | uayl&nmaharakatgilayotgan
b o & g Oburohiakterjigi shub o & g degishlgeanliginiinobatgaolsak ajratib

2], 0. 5Hddz, f.].) BORgOMso vigszON ddg) OW VS BWOs. 1977.
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olingan dm massaO; nuqta atrofida ¥, burchaktezlik bilan aylanmaharakat

giladi debgarashmumkin (3.7-rasnj .

3.7-rasm

d ~ . .
Bu yerda w =cons! va elzd—'/:lzo b o &l gchunldm massaning

aylanishvaqgtidaquyidagiinertsiyakuchlaripaydob o & | a d i

dt ;2 =- 8,dm va dt ., =0,
bunda df },-dm massaningnormal inertsiya kuchi b o ¢ Inorrbal tezlanishga
garamagarshiy o @& n a dt g-dnn massaningurinma inertsiyakuchib o & lui b
nolgateng chunki dm massairinmatezlanishgaegaemas

Krivoship massasbutunhajmb o & y birxildeatagsimlangardebqaralsa

u holdanormalinertsikuchiquyidagichédb o & | a d i
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ta=-may.

Koromisloninginertsiya kuchini aniglash O,B koromislo O, atrofida ¥ 3
burchak tezlik bilan tebranmaharakat giladi. O,A b o tndadham juda k o G p
nuqtalar b o & | g aabdbli lgiror-bir dmz massani ajratib olamiz Bunday
massalarham b o & g GudankdcadKnematikadanma 6 | uaylainmaharakat
gilayotganb o & g O0hkunchaktezligi shub o & g &dgishly ekanligni inobatga
olsak y a Gabreanmaharakataylanmaharakatningcususiyholib o & | guchuy i g i

ajratib olingan dm, massaO, nugta atrofida ¥3 burchaktezlik bilan aylanma

harakatgiladi debgarashmumkin (3.8-rasn) .

dP?’f

t u3
dPIrS
y dm,

t3
dM”j Up3
3
&3
()2 3

3.8rasm
Agar bodg 6 ma 0 | outiagrofidatebranmaharakatgilsa va bu harakatda
burchaktezligi ¥s hamdaburchaktezlanishit b o & L Bollainertsiyakuchi va
inertsiyakuchiningmomentiquyidagichab o & |yadin i
dt b, =-a.dm =-wO,Bdm,
dt ;s =-a,dm =- 0,Bdm,
dM,, =d ;0,B=- e0,B*dm,.
Agar koromisloningmassasbutun hajmb o & y bircxilda tagsimlangan
deb garalsa u holda normal va urinma inertsiya kuchlari hamda inertsiya

kuchiningmomentiquyidagichab o & | a d i
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[33 =-ma;=- Wzoan‘%’
{4 =-Mma,=-€e0,Bm,
M =1 lt,l3OZB =" 630282”5 =-&Jd;.

Koromisloningt o dtdzlangshiningskalyarmiqdori

Q :‘\/(Q3)2 +(Q3)2 =], \/V'é1 ""932

b odl guhuhti ogdinertsigakuchiningskalyarmiqdoriquyidagigateng

te=vR) +(RLf =mo,Bnt + € .

SHatunningnertsiyakuchinianiglash ASBshatunmurakkabtekis parallel
harakat giladi (3.9rasm). SHatunning harakatini ikkita elementar harakatga
bo@ miumkihy aéni

1) o g 6 imarkari%kbilan birgalikdagik o & c hlgarilanmaharakat

2) 0 g 0 imarkaeidtrofidaginisbiy aylanmaharakat

M,y T |

3.9-rasm

Birinchi harakaturigak o dslhatunningnertsiyakuchiquyidagichab o 6| a d i
w2 =-Mas.
Ikkinchi harakatturiga k o dineatsiya kuchining momenti ham hosil
bod]Jyadini
M,, =-6&Js.

Bazi bir hollardainertsiyakuchi R; va ineritsiyamomentiM; bir kuch bilan

ifodalashgat o @ kefadi Buning uchun e= '\;I)“ shartdarkelib chigib, inertsiya

u

kuchi R gaparallelvabir xily o & n a b 0 & Hkgclannye(e=H-h) yelkagateng
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b o & Imgsofagk o & ¢ Hozim.iAyammaharakatddu kuchtebranishmarkazi
K nugtadaro & t (&.X0rasm).

3.10rasm
O g 0 i mdrkazkva tebranish markazlari orasidagi masofa quyidagicha
aniglanadiy a 6 n i

—_ ‘]S
mBS’

(3.1)
Kuchlarorasidagmunosabatlarmguyidagchayozamiz
f J(tq):tqh""]sey (3.2)
Bunda h-inertsiya kuchining yelkasi (h=BSsin/ ); Jsb o & g 6 i ocngnd inrgl

markaziga nisbatan inertsiya momenti (J,=ms2) ; -b dJ& g 6 i bumshialn g

_ a' _agsin/
tezlanishi(e=—= .
ezlanishi(e=g~="g5")

Yugoridagiparametrlarning3.2) ifodagaq o & y wshalda

2 . -
mr aBSSsm/ “PH.

u

Ity =maBSsiry +

Demak b o & gnarakkabharakatgilsa undagishundaybir K nugtanitopish
kerakekanki shunugtadark kuchningboshvektorio & t lozemh i

3.2.Mexanizmlarni kinetostatik hisoblash Jukovskiy richagi

Mexanizmningkinematik juftlaridagi reaktsiyakuchlarini topishuchunavval
mexanizmni Assur guruhlariga ajratamiz  Mexanizmlarni kinetostatikasini

o @ r g a,remgexirgil Asssurguruhlaridarboshlanib boshb o & gy6ai 6retakchiy
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b o & g 0 ikinetostatilgasio & r g éitan gakunlanadi Y a @ mexanizmning
kinetostatikhisoblashkinematikhisoblashnindeskaritartibidabajariladi

Har ganday mexanizmni statik va kinetostatik y o & |bilaa hisoblash
mumkin

Statik y o Gilan hisoblashfagat sekin harakatlanuvchimexanizmlaruchun
tadbig qilinsa kinetostatik y o thilan esa tez harakatlanuvchimexanizmlar
hisoblanadi Kinetostatik y o dilan hisoblashda asosanDalamber printsipidan
foydalaniladi Bu printsip quyidagichat aflamadr b o & g & iardepeavchi faol
kuch va b o g 0 | reaktsiy@kuchi t a 0 s harakatthauvchinugtagahar onda
inertsiyakuchini q o & y Buailchlar o @ z enuvazanatdaleb garashmumkin,

yaoni

Agar erkin jism boshqabiror-bir jism bilan kinematikjuftlik hosil gilsa uning
nisbiy harakatigama 6 | dammjadachek q o @ y iva buscheklarb o g6 1 ani
shartlari ekanligi biz ma 6 | Bunbb o g 6 | shartlargilb o & g &kiomigea at ad
t a 0 saimashtinuvchkuchreaktsiyakuchideyiladi.

Kinematik juftlikdagi b o & g @rnkim jism deb garashuchun b og 61 an i
t a 6 srneaktsiya kuchi bilan almashtirish mumkin Kinematik juftliklardagi
reaktsiyakuchlarininggiymativay o @ n a Ig io € ly ifabligughwvab o 6 g 6 | an
tartibi bilan aniglanadi B o g 6 | r@aktsiysmkuchlari hagidaanigroqtassavurga
egab o @ uchuduyidagima 6 | u mkettirb@a 6 h a mi z

Agar 1-b o & gboar-lnirqg o & z g @-& b tng &\ inugtgdaurinib tursg 2-
bodgoilbo g greakisgyasiumumiy holda ikki gismdaniboratb o 6| a d
(3.1%rasn)j.

1-gism lkka b o & gsi@tlarining urinib turganA nuqtasiorqalio dt ka z i |
normalbilany o & n d&lregkésigakuchipaydob o a1 a d i

2-gism Ikkila b o & gsidtlarining urinma tekisligida yotuvchi F reaktsiya

kuchipaydob o & hadbuwkuchishgalanishkuchidebataladi
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3.1krasm

Kinematik juft elementlarisirti siliq qilib ishlanganb o &, lisegalanish
kuchini inobatgaolmasaham b o @ .| W libida tayanchreyaktsiyakuchi fagat
b o g 61 eeakisigahkuchidan iborat b oafil Normal reaktsiya kuchining
y o 0 n a | aniglésshda ikinematik juft elementlarining o & z ageametrik
joylashishiniinobatgaolgan holda urinish nugtayoki sirtlariganormalo d r k a z i
lozim. Normalreaktsiyakuchiumumiynormalb o & yloan & lodgid ra d

Dalamber printsipini t a 6 r 1 fkifitigan hmdnaozanattushunchasishartli
tushunchadirAslida, faol kuchlarvab o g 6 | r@aktsiyakhchlarit a éetyotgan
nugtagainertsiya kuchini quyishningimkoni b o & | mRajahber printsipining
mohiyati shunda iboratki, har onda inertsiya kuchini nugtagaq o & y idéhg a n
muvozanatntekshirishdamrmaqgsad dinamik masalani yechishdstatik muvozanat
tenglamalarifoydalanishdir Bundg dinamik masalani yechishdahaklan statik
masalalarni yechishdeeltiriladi. SHuning uchun bu usulkinetostatik(harakatdagi
statikg usuldebyuritiladi.

Biror-bir kinematik zanjirni kinetostatik hisoblashda u statik aniqg masala
b o & | sharthStatik anig masalalarn o ma 6 parametrlar soni muvozanat
tenglamalar soniga teng b o @il #Mdsalan tekis kinematik zanjirlarda

bodgoi sohiatalna &ihgwezanatenglamalarningoni3n,y a 6 n i
ax=0, ay=o0, am=o0.
Quyi kenematikjuftliklar soniPs n 0 ma oreéaktsmyalarsoni 2Ps- beshinchi

sinf kinematik juftliklardagi reaktsiya kuchlari ikki n o ma 0 | agarbgaad | a d |
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Bunda 2Ps=3n kinematik zanjirning statik aniglik sharti hisoblanadi SHuning
uchun Assurguruhiningtuzilish tenglamasinguyidagichayozamiz

3
R=3n.

Demak assur guruhlarini statik anig kinematik zanjir deb gabul gilish
mumkinekan

Assurguruhlariningkinetostatikasbilan tanishibchigamiz

Texnikadaasosarll-sinf k o @ghraydi SHuninguchunll-sinf mexanizmni
tashkiletuvchill -sinf Assurguruhlariningturlarini kinetostatikhisoblaymiz

II-sinf 1-tur Assurguruhiningsxemasi3.12 a-rasn) €, masshtabdahizilgan
Uning 2-b 0 @ g 6 G,,nA,, gMa hamda3-b o & g 6 Gs3,nH;, dvia kuchlar bilan
momentt a Gwmdi $Hukuchvamomentlart a 6 shi oganA, B va C kinematik
juftlik laridagireaktsiyakuchlarinitopamiz(3.12b-rasm).

l-bodgohod gdiarkgchini R;bilan,2-bod goéBhodggi n
t a okachimi Ry; bilan hamda4-b o @ g 6 i3-b np & g & iardkmehimni esaRy3

bilan belgilab olamiz

3.12rasm

Kinematik juftliklardagi b o g 0 | raeaktsiy@Kkuchlari akst a oOkschlariga

tengliginiinobatgaolsak u holda

R.=- R, Rz =- R, Riz = - Ryy.
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Kinematik juftliklardagi b o g Glh reaktsiyakuchlarini normal va urinma

tashkiletuvchikuchlargaajratamiz u holda
R,=R +R va R;=R +R.

Assurguruhidagi2 va 3-bo @ g 0 kuchlaraarmomentlart a 6 s shuonds a
muvozanatdaebqarasakguruhtarkibigakirganharbir b o & dn@mmovozanatda
b o & | S&#ahinguchun harbir b o & g nuvozanatdadelh B nugtaganisbatan
momentlatenglamasintuzamiz

2-b o @ gidhun momentlatenglamasquyidagichab o a | a d i
a:[ J(Rlz)zol
R1t2|AB_ MB(GZ)' MB(RJZ)+MUZ =0,

MB(GZ)+ MB(R,IZ)- MuZ _

IAB

R, =
3-b o & gdhunmomentlatenglamasquyidagichab o d | a d i
ar, (rRy)=0,
Ridsc - Ms(Gy)+Mg(Rs)- My =0,
2 = Mo(G)- Mo(Ra)+M,,

IBC

Kuchlarning muvozanapaytdagishartigabinoan2 va3-b o @ g 6 i tashkd r d &

topganguruhuchunquyidagivektortenglamasinyozishmumkin y a 6 n i
_é;BP=0; Ri2+Ri+Gs +Puz+Gs + Pus + Ris+ Ris = 0.

R"» va Rz kuchlarningt a 6yso drn a | masohl | shonsababli ularning
skalyar giymatlarini aniglashuchun kuchlar planini tuzamiz Bundakuchlarning
Ixtiyoriy masshtabegr ni tanlal har bir kuch kesmauzunligini aniglaymiz Kuch
planini tuzishda ixtiyoriy nuqtadarkinematikjuflikka t a Getmyotgarkuchlarning
har biriga parallel ravishdak o & c,lbarchakbchlarningkesmalariniketmaket
gobGshamiz

R'1> kuchning boshlanishnugtasidan2-b o & g oparallgl gilib R"1> kuch
y 0 & n a,| Riysskbichning boshlanishnugtasidanesa3-b o & g &arallg ailib
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R4 kuch yodnal i st kna z@dni ka zbul tgad gcbiziglarning
kesishishidanhosil b o & | kgsanalarR", va R%3; kuchlarningegr masshtabdagi
miqdorini beradi Kuchlar muvozanatdd o @ luchanlyapiq konturhosilb o a1 1 s |
kerak SHuninguchun R, kuchningboshi bilan R, kuchninguchini hamdaR;
kuchningboshibilan R"43 kuchninguchini birlashtiribt o Gebkasiyakuch R;, va
R4z larini aniglaymiz

3-botgdibroriig 6 t A ¢ @aktsiya kuchini aniglash uchun Assur
guruhdagi3-b o & g dikram rajratb olamiz SHundans o @ @-lgo & g 0 iIBn n i
nugtasideB-b o & g 6 P-m o G o & ia egechireaktsiyakuchiRs;sniq o & y.a mi
U holdg 2-b o & g 6 imavozamatghartigamuvofig, barchakuch vektorlarning
y i g 0 nailgdtengbi o & llozim,ly & 6 n i

Rz +Pu2+G2 +Rs2 =0.

Bu tenglamag& o GkudhlarplanidagiP,, kuchninguchi bilan R;; kuchning
boshinibirlashtirib, Rs; kuchninger masshtabdagniqdorini aniglaymiz SHundan
S 0 @ hogil b o & | 3gl2mrasmdakeltiriigan kuchk o & p b u r dolgdalgnibd a n
ularnng skalyar migdorlarini aniglaymiz Reaktsiya kuchlarning skalyar
miqgdorlariniquyidagichab o & | a d i

R, =m(ha); Rz=m(jh); R,=m(hb); Ry=m(hf); R, =m(hd).

3.13 a-rasmda keltirilgan [I-sinf 4-tur Assur guruhini k o @ rchigamiz
Ikkinchik o @ r i n Assurgurdhanmgb o & g 0 i Ay vaaPi inggtayahamda
Gz vaGsz 0 g O ikuchlarikilan My, va Mz momentlart a éetmyotgarb o &.IBa i n
Assur guruhi g, masshtabdeachizilgan (3.13 a-rasm). Kinematik juftliklardagi
reaktsiyakuchlariniquyidagitartibdaaniglaymiz y a @4 io & g 6 A sharnirigay
t a GetayotganR,, reaktsiyakuchini ikki tashkil etuvchi normal R";, va urinma
R'1» largaajratibolamiz BundanormalreaktsiyakuchiR", ni 2-b o & g darafiey a
urinmareaktsiyakuchi R, niesa2-b o & g @ik gililgcpo G y. &b @d g o k> ni t
yod@nal t itk gilbwe meakisigakuchini g o @ y.aBuikachningt a 6 s i
nugtasin o0 ma obl oudnh g wchulh unigxtiyoriy joygaq o & ymurakim. Barcha

kuchlarnimuvozanashartigak o dguymlaginiyozamiz
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2-b o & gidhunmomentlatenglamasquyidagichab o & | a d i
é—I J(R12):Ol
R s - MB(GZ)' MB(RJZ)+MUZ =0,

MB(GZ)+ MB(RJZ)- MuZ _

IAB

R, =

3.13rasm
Kuchlarningmuvozanapaytdagishartgabinoan2va3-b o @ g 6 i tashkdl r d &

topganguruhuchunquyidagivektortenglamasinyozishmumkin y a 6 n i

aprP=0

i=0

; ﬁ2+§?2+62+5u2+63+5u3+§43:O.

Bu tenglamadagn o ma OR"uvan Ry3 kuchlarning giymatlarini kuchallar
planini tuzishy o dilanm anaglaymiz SHuning uchun 3.13 b-rasmdakeltirilgan
kuch k o 0 p b u r cfoy@datanibdutaming skalyar miqdorlarini aniglaymiz
Reaktsiyakuchlarningskalyarmigdorlariquyidagicheb o & | a d i

R, =m(ef); Ry;=m(dg; R,=m(ej); Rs=m(eh.

Etakchi b o & g 0 ikinatostatikpsibilan tanishib chigamiz 3.14rasmda
keltirilgan krivoshipga Ry; reaktsiya kuchidan tashgari P,, G; kuchlar va M;
momentt a Ogslsiny SHu kuchlart a 0 sstida va Ry; reaktsiya kuchi bilan
krivoship muvozanatholatidab o & | muvakanatdab o & | uchsirhP, kuch
yoki M, momentiniqg o & y i dohim (Bil4rasmn). Muvozanatlovchikuchning

g o 0 y mugtasigaly o 0 n anlashisahuzatishmexanizminingkonstruktsiyasiga

111



b o g 6 | Mugodanaiovchi P, kuchninggiymatini aniglashuchunkrivoshipning
O nugtasiganisbatanrmomentlartenglamasintuzamiz
PMh+ MO(Gl) - MO(Pl) - Mo(R21) -M,; =0

bundan
p = Mo(R)* Mo(Ry) + M, - Mo(Gy)
h
S
Py
a ROI
G,
b d
Ry Ry
C
a b
3.14rasm

Nomaum reaktsiya kuchi Ry; ni topish uchun muvozanat vektor
tenglamaini tuzamiz
aP=0; §21+61+E’1+F’; +Ro1=0.
i=0
Ma 0 | masshtabd&uchlar ko @ Ipurchagiqurib (3.14 b-rasm)., u orgali
n o0 ma GRb; ektsiyakuchinianiglaymiz u holda
Ror = mp(df).
Misol: 3.15rasmdakeltirilgan kulisali mexanizm berilgan b o & .| Wngan
t a Gemyotgarkuchlarsxemad& o G r s .&Kulisali @exanizm2 ta Il-sinf 2 va
3k o @ r I nAssutguuhlgridanborat
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Rys
m Py C )
\\\ : 2 X \© X

\
‘M. Mfm
O; i

Ps

3.15rasm

Kinematik juftliklardagi reaktsiya kuchlarini topish uchun oxirgi Assur
guruhidanboshlaymiz Bu kinematik juftlik ikki povodokli Il-sinf 1-tur Assur
guruhi b o & (3il@a-rasn), unga P, va Ps kuchlart a 6esmogda B va C
kinematik juftliklardagi reaktsiyakuchlari bilan Rys rektsiyakuchini aniglaymiz
Kinematik juftlikdagi Rs4 reaktsiyakuchini R"s4 va R34 tashkil etuvchilargaajratib
olib, 4-b o & g & ianmeavchi kuchlarnirg S nugtaganisbatanmomentlarining
y i g 0 i mohatemgligidanfoydalanibtenglamauzamiz

af a(ti):O,

Agarda R34 ning giymati manfiy b o 6, lusirg y o & nad G zschar, t i r
musbatchigganaesay o G n a lahpkclmadgoldiriladi.

Rr34
B
R”_M R34 a
4 d W‘ R
34
Roj Roj N P4
b < ’ c b
— Do Ps
P
a b
3.16rasm.
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Assurguruhinimuvozanatdaeh muvozanashartiniquyidagichayozamiz
Ris + Ras + Py + Ps + Ros =0,

P4, Ps, Rss kuchlar bizga ma 6 |, B'ynva Rys kuchlarning esa fagatgina
y 0 & n anha Gslhulanning skalyar migdorlarini kuchlar k o @ p b u orgalh a g i
aniglashmumkin

Buning uchun @, masshtabgabul gilib, shu masshtabda@nammakuchlarni
y 0 & n @loids paaleleavishdag o & ghizdmiz SHundarns o Gabcge yopiq
konturli kuchlarplanihosilbod | @é3dLéb-rasn).

3.16b-rasmdakeltirilgan kuchlarplanidangquyidagilarnianiglaymiz

Ry, =m(da), R =m(cd), Rs=m(db).

Endi2va3-b o & g 6 i tashkil topgaalirsinf 3-tur Assurguruhigao &t a mi .
(3.17a-rasm).

Bu guruhgaRs; kuchvaMs;moment a GetsnogdaBundantashgariB nugtada

R43 kuch, O, nugtadaRy; kuchva C nuqtadaR,; kuchmavjud O, nugtaganisbatan
hammakuchlardarmomentolib, R,; kuchnitopamiz

af ,[2([ i)zO’
Roshkos - 02(P3)+ Moz(R43)+ M, =0,

M
R, = Moz(Ps)' Moz(R43)' Msl

hR23

3.17rasm
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Muvozanatshartigaasosan
Ru3z+ Ros + P3 + Rz =0.

Bu tenglamanigrafik usulbilan yechamizy a &nmasshtalmabulgilib, shu
masshtabdahamma kuchlarni yo & n a |biosilyiipardlled ravishdaqo Gy i b
chizamiz SHundans o Gabogl yopiq konturli kuchlarplani hosilb o & I(3aldbr
rasnj.

3.17b-rasmdakeltirilgan kuchlarplanidanRy; kuchniquyidagichaaniglaymiz

Ros = M (bQ) .

Etakchib o & &krivosinipga R, reaktsiyakuchit a éetadi Bu kuch giymati
jihatidan Rs, kuchigatengb o & haramagarshitomongay o & n a®; guajtada
g o & z g Obaol Gingdsbshipga Roy:1 reaktsiyakuchi orgali t a Oetadi rUning
giymatihamy o @ n @amnommia 6 | u m

R+ Ry =0 yoki R, =- Ry

B o & g 0 imuvwozamaghartiningo & r g éhigsakbungaR.; kuch va m-m
berilganchizigb o & yyl oadbn &P}, mwvoranatiovchkucht a Getadi (3.18 a-
rasm

af ll('[i):O,
Puhy - M01(R21):Os
PM :M01(R21)

h,

Ro1 reaktsiyakuchini topishuchunmuvozanatenglamasintuzamiz u holda

Rzl' PM +R01:O.

3.18rasm
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Bu tenglamanigrafik usulbilan yechamizy a &nmasshtalmabulgilib, shu
masshtabdahamma kuchlarni y o Gishialh o & y ipardiled ravishdaqo Gy i b
chizamiz SHundans o Gabayopiq konturli kuchlar plani hosilb o & I(3al8 -
rasnj.

3.18b-rasmdakeltirilgan kuchlarplanidanRy; kuchniquyidagichaaniglaymiz

Ro. = m(bo).

Prof. N.E.Jukovskiyteoremasorqali muvozanatlovchkuchlarnitopish bilan
tanishib chigamiz Mexanizmga q o @ y i kuahlar rorasidagi munosabatlarni
Jukovskiyning yordamchi richagi yordamida aniglash mumkin Jukovskiyning
yordamchirichagi deb g o & z g Ghagtasmatisdajoylashganva absolyutqgattiq
jism deb gabulqilingan, burilgantezliklar planigaaytiladi. Jukovskiyteoremasini
quyidagicha a 0 r mdmkim s h

Agardamexanizmga a Oetayotgankuchlar ostidamexanizmmuvozanatda
b o @, Ishal mexanizmuchun tuzilgan tezliklar planini istalgantomonga90® ga
burib, gattiq jism deb garalh unga hamma kuchlarni g o @ ychigsak ushbu
tezliklarnihammuvozanatdd o & .I1Ba wsulmumkinb o & Ik gpairc grintsspiga
asoslanadiy a Oigeal b o g 6 | enexgnamgaq o & y iklchladantashgar,
inertsiya kuchi hamq o & y i Ibg lkuchldraing bajarganishlariningy i g 6i nd

nolgatengb o @ lyadin i
611 RS codp%ds)=0. (3.3)
Agar (3.3)tenglamaningkki tomoninidtgab o Gyubotsaku holda
4 v codp™)=4 N, =0, (3.4)
i=1 i=1

bunda Pi-qod y i | kgcalax, vi-kuchlar g o @ y i nuggakaming tezliklari; N;-
g o & y kuchjamingquvvati
Misol tarigasida biror-bir mexanizmning3.19 a-rasmda keltiriigan AB
b odg &iordohigamiz ABb o & g 6 EmuqtasigaB kuchq o @ y ib lo gidamn b
bub @@ muwvozanatdalebgaraymiz U holda AB b o & g 6 temlikiar plagini
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90° ga burib P kuchni ¢ nugtagaolib kelinsg tezliklar plani ham muvozanatda
b o & (3a@birasn).
N quvvatniP kuchorgali quyidagichafodalaymiz
Pv, cosa = Ppam cosa = Phm,
bundah-r qutbdanR kuchningt a & shii rz itughirilganperpendikulyar -rdva

h orasidagburchak

3.19rasm
AgardaP kuchnib o & g &altinlgamkuchdebqgaraydigarb o & | ushalda

(3.4)tenglamaniquyidagichayozishmumkin
aN =ma Ph =0, (35)
i=1 i=1
Bundag,/ Onobatgaolsak u holda
a Ph =0, (3.6)
i=1
Agar mexanizm b o & g 0 i n laa reiaygptgan kuchlarning hamda
aniglanishilozim b o @ | kgcAningqg o & y nuqtalaikay o & n a | bergganl a r
b o & Jukoaskiyusulini g o & | rhagsadgamuvofig sanaladi Dinamika nuqgtai
nazaridangaraydiganb o & ] nsemaakizmquyilgankuchlart a 6 s muwozathada
b odl ma&aKuwhing uchun mexanizm tarkibidagi b o @ g 6 i ndaysidim i n
nuqgtasigamuvozanatlovchikuch q o @ ytalab btiladi. Jukovskiy teoremasidan
foydalanih mexanizmningxtiyoriy b o & g 6qi onéi yginalvgzanatlovchkuchni
topishmumkin Odatda mexanizmning yetakcth o & g dmuvozagafovchkuch
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g o @ y.i AHanHi i har ganday energiya yoki harakat yetakchb o & goégalin
uzatiladi Mexanizmlarni dinamik tahlil etishda masalani soddalashtirish
maqsadidat a 0 etayatgan kuchlarni bitta b o & g Okelmilgaa kuch bilan
almashtirishmumkin Keltirilgan kuch migdor jihatda muvozanatlovchikuchga
tengvagaramagarshiy o @ nnd lo gt dUshalda
a?th+PMhM =0, (3.7)

Masalayanadaushunarlib o & luchanh3i2Grasmdakeltirilgan mexanizmni
k o @ahigaimiz

Mexanizm C va D nuqtalarigamos ravishdaq o @ y iP} \@ @ankuchlar
t abdsb od.ldavarP; kuchlar2 va 3-b o & g 0 it nal desayargankuchlar
hamdainertsiya kuchlariningtengt a 6etuvchisisanaladi Bu kuchlart a 6 s i r |
mexanizmnimuvozanatholatigakelirish uchunmexanizmninggaysidir nuqgtasiga
muvozanatlovchi kuch Py yoki kuch momenti My ni g o & y loanh
Muvozanatlovchikuch Py g o & y i nugtpasifatida yetakchib o & g 6 iAn n |
nugtasinitanlah uningy o @ n a IO4A galperpendikulyag o G y.a mi z

3.20rasm

SHundans o @ mexanizmningberilgan vaziyati uchuntezliklar planining

9(° gab o & m holatinieguramiz Qurilgantezliklar planiningc, d va a nuqtlariga
mos ravishda mexanizmda tasvirlangan P,, P; va Py kuchlarni t a 6 s i |
yot@nal ipardle¢lla o & g laiBuraatezlklar planini richag sifatida gabul
qilib, P,, Ps va Py kuchlart a d@a muwvazanatdadeb qaraymiz Tezliklar plani

kuchlart a 6 s muvozashadab o @, lu adda qutb nugtaganisbatanmomentlar
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tenglamasini tuzamiz Bunda momentlarning ishoralari harakaty o nal i s
b o g @ loid dqUeholda
- B,hy - Bh, +Rh, =0,
Bu tenlanadanmuvozanatlovchkuchniquyidagichafodalymiz
P, = Pghth; P,h, |
Agar muvozanatlovchikuchni hisoblaganimizdauning giymatini ishorasi
manfiy chigsa y o & n ar a tsddagldnganb o &l @ doldayodnal i s
garamagarshi tomonga almashtirsh lozim. Ishorasi musbat b o @, | denaak

yob@ndloidghiengarb o &l adi

3.3.Mexanizmlarni dinamik modeli. Keltirilgan kuchlar va massalar. Kinetik
energiyava differ entsial tenglamak o & r i nmashimanidgharakat

tenglamasi

QoG zgobal Wargasi aN=L iblo 0 | mexanizm vaziyatini bitta
koordinataorgali aniglanadi Bu koordinataumumlashgarkoordinatadir Demak
umumlashgarkoordinatadely mexanizmningazodagivaziyatini aniglaydiganva
magsadga muvofiq ravishda tanlab olingan bir-biriga b o qgéb o & | ma g &
kattaliklargaaytiladi. Umumlashgarkoordinatalamg( i 1 bilarPbelgiléhad)
Ko&zgoal wargadsiaantd iblo & | bsl anexanizmning vaziyati n ta
umumlashgarkoordinataorgali ifodalanadi Umumlashgarkoordinatalarsifatida
ixtiyoriy fizik kattaliklar tanlanishimumkin Masalan burchak uzunlik, tezlik va
boshqalar

Aylanma harakatda umumlashgankordinata sifatida odatdab o d g 6 i n i
burilish burchagiolinadi. Bu holatdadinamik model3.21-rasmdakeltiriigan sxema

kodri bosshiada

119



W=y

901 = me

Ken
‘]Z

3.21rasm
Sxemadakeltirilgan belgilashlarquyidagilarnianglatadi / 1=/ ,rmodelning
umumlashgarburchagi ¥:= ¥%-modelningumumlashgarburchaktezligi; § ¢*-
keltirlgan momentlarningy i g 0 i(umdmlashgarkuchh-mexanizmgag oGy i | g
barcha kuchlarga ekvivalent kuch); J¢ ‘-mexanizmninginertliligiga ekvivalent
b o & lkgtiailganinertsiyamomentlarningg i g 64 ndi s i

SHunga e 6 t idgaratish lozimki, almashtirishlarda mavjud kuch va
momentlart a 6 s i mexadianginghaqigiy harakatgonunio & z g aqgolmla y
lozim.

Umumlashgankuchni aniglashda shu kuchning bajarganishini mexanizm
botgdi gbay ihaggsy nkuch va momentlarning bajargan ishlariga
tengligidanfoydalaniladi Ular orasidagimunosabatjuyidagichao & | a d i

{ d 83 RdScosa, +g Md/ ;. (3.8)

Mashinava mexanizmlarnazariyasikursida umumlashgarkuch keltirilgan
kuchdeyiladi Vaziyatiumumlashgarkoorditanaorgali aniglanadigarb o @ g<ai n
keltirilgan b o d gdéyiladi Keltirilgan kuchni R harfi bilan belgilab va (3.8)
ifodaniikki tomonini dS gab o & brgasamiglaymiz

teapScom +am 7L 39)

Bu yerda



U holdg (3.9)tenglik quyidagich&k o & r oladii s h

L 24 RYcos +4 M, -, (3.10)

bundav-keltirilganb o & g 0 tezligi.i n g
Ayrim masalalarni yechishdeeltiriigan kuch o @ r rkeltiglgan momentdan
foydalanishqulayb o @ |Kalttiigan momentningoajarganshi quyidagigateng
[ *df =34 PdScosa, +§ M,d/ ;. (3.11)
Keltirlgan momentni (3.11) ifodani ikki tomonini d/ ga b o & lorgalih

aniglaymiz
[eies R?cos&ﬁé M, —1. (3.12)
Bu yerda

d/ dt dt w df dt dt w’
U holdg (3.9)tenglik quyidagichek o & r oladii s h

ISRRE-1 .—cosa +a M, V:/ (3.13)

Ma 0 | uharkgandaymashinafoydali ish bajaradi Foydali ishni bajarishi
uchun esa mashinatarkibidagi mexanizmlarma 6 | tartibda harakatniamalga
oshirishi lozimdir. Harakatesaenergiyabilan b o g dloidd jayayandir SHu
salabli harakatdagenergiya yanikinetik energiyabilan tanishibchigamiz

Bizga ma 6 | u mmgkanizm tarkibidagi b o & g 6ucmturdagi harakatni
amalgaoshiradj y a dilgarilanmag aylanmava murakkabtekis parallel Harakat
turigak o droal g 6 i hkinetk energiyalgriquyidagichaaniglanadi

- ilgarilanma harakatqgiladiganb o & g 0 kinatik aengrgiyasiquyidagicha

ifodalanadi
(e (314)

- aylanma harakat giladigan b o & g 6 kinetik negergiyasi quyidagicha

ifodalanadi
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(e, (3.15)

- murakkab tekis parallel harakat giladigan b o @ g 0 kinetik ergrgiyasi
guyidagichafodalanadi

2
s, o7 (3.16)
Mexanizmning umumiy kinetik energiyasi mexanizm tarkibidagi
botgoi kinekenergiyadyiningy i g 0 i tengb s fibad.i
Kinetik energiyaningo & z g ajonungldnfoydalanib mashinaningharakat

tenglamasini tuzish mumkin Kinetik energiyaning o & z g a gomusiyati

quyidagichafodalanadi
[g'[co:éq), (3-17)
2
bunda =8 mZV -mashinaning s o 0 nvagiyatdagi kinetik energiyasi (m-

mashinaningumimiy (keltirilgan) massasi v-mashinanings o 0 wagiyatdagi

2
tezligi): [ =4 mz"o -mashinaningb 0 s h | avaziyatidagikinetik energiyasi

(vo-mashinaningboshlam 6 i vaziyatdagitezligi); § ¢ =¢.- ¢, - ¢, -mashinaga
g o @ y ikuch sanmomentlarningbajarganishlarini algebraiky i g 0 i(AR-d i s
harakatlantiruvchikuchlarning bajarganishlari; As-foydali garshilik kuchlarning
bajarganshlari; A;-zararligarshilk kuchlarningbajarganshlari).

Mashinaning harakat davrlari uchun kinetik energiyaning o d z gar i
gonuniyatlarinik o &ahigalmiz

Mashinaningyurgizish davridauningb o s h | ateelggionolga teng (vo=0)
b o & IUaholda

[ o =0.
SHuninguchun(3.17)tenglik quyidagichek o & r oladii s h
(¢ =A-A- 0, (3.18)

bundan

Oz =[c+A +,. (3.19)
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(3.19)tenglikdank o @ r i, maskinamyurgizishdavridaharakatlantiruvchi
kuchlarning bajarganishlari foydali va zararli qarshilik kuchlarning bajargan
ishlaridan katta b o & | shastlekan chunki q o & s h iramghélaanashinaning
harakatlanuvchiqgismlari kerakli tezlikka erishishlari uchun g o @ s h iismc h a
bajariladi

Mashinaningbarqgaror yurish davridg uning tarkibida ilgarilanmaqgaytma
harakatgiluvchi b o @ g 6bi ondl | afmgay aylanmaharakatqgiluvchi b o @ g 6 i n
b o & lushalda tezlik o & z g a (vawmavs=0) b o & | Kndtik energiyaning
o O z g quyidagidina

(¢ [0 =0. (3.20)
U hold&3.17)tenglik quyidagichek o & r oladii s h
A-A -6 =0. (3.21)
bundan
0 =A +¢,. (3.22)

(3.21) tenglikdan k o @ r i, n mabhinlani barqgaror yurish davrida
harakatlantiruvchi kuchlarning bajargan ishlari foydali va zararli garshilik
kuchlarningbajarganishlariningy i g 6 i tewnigb & tdanr

Mashinaningt o & xdawidghmashinaningoxirgi tezligi nolgateng (v1=0)

bodal adi
(.=0.
SHuninguchun(3.17)tenglik quyidagichak o @ r oladii s h
“lc=A-A- b, (3.23)
bundan
G:=A +0 - [ - (3.24)

Mashinaningt o & x daaridah(3.24) tenglikdagi A=0 va A=0 bodal ad]
SHuning uchun A=E, b o & .| Bechak t o & p | enargya rararli garshilik
kuchini yengishgaarflanadi

Mashinadagfoydali va zararli qarshilik kuchlarini birgalikda garshilik kuchi
sifatidaqarah ularningbajarganshlariniy i g 0 i qugidagichafodalaymiz
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¢Q :AVW +¢L' (325)
U holdg kinetik energiyaningp & z g gonunigatiniquyidagichayozamiz

E-lo=—F-—F"=A- 0. (3.26)

Agar kuchlar, momentlarva massalarnbitta nugtagakeltirilsa, (3.26)tenglik
quyidagich& o @ r oladii s h
m W mtaE S

S
5 ' 5 = 2®dS- i ¢ ‘(B)dS, (3.27)
S S

bunda  mmexanizmning  Keltirilgan massasi 1 - *(®)-keltirilgan

harakatlantiuvchi kuch t ¢ ¢()-keltirilgan garshilik kuchi; S-keltirish nugtaning
kotGc.hi shi

(3.27) ifoda mashinaning energiya k o @ r i n i harbkatdengjamasi
hisoblanadi

Agar kuch va massalamugtagaemas balki b o & g &eltinlgp,au holdabu
bodgdiizrg ar kekirdkgananertsiyamomentiJ® hamdamexanizmga a 6 s i
etuvchimavjudkuch va momentlarnialmashtiriruvchikeltiriigan momentM e lar
t a 0 shiordildaad i

Keltirilgan inertsiyamomenti J*¢, harakatlantiruvchkuchlarningkeltirilgan
momenti % ‘() vagarshilikkuchlariningkeltiriigan momenti{ ¢ ‘@) keltirlgan
b o & g 6 bunlishiburapaginingunktsiyasihisoblanadi

Bunday hollardg mashinaningenergetikk o & r i n hasakattengjamasi
quyidagichab o @ | a d i

WL R s :ﬁ S (3.28)

Jo

bunda/ o-keltirilgan b o & g 6 ib @ 5 ih h @vaziyétdagildurilish burchagj / ;-
keltirilgan b o & g 6 itanlanganbgo s h | avazg@dagbhrilish burchagj ¥ -
keltirilgan b o @ g 6 ibrorsihd g vagyéatdagi burchak tezligi; ¥i-keltirilgan
b o &g 0 tamlamgam @ s h | avaziyaidagbirchaktezligi.
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Mashinaning differentsial tenglama k o & r i n ihardkat teraglgmasini
tuzishda kinetik energiyani o & z g agonurdyhtiga asosan massa kinetik
energiyasinig differentsiallangamiymati ungat a @Gtenichrikuchlarningbajargan
elementaishigatengdiry a 6 n i

dE=dA. (3.29)

Bitta q 0 & z g 0 a | darajasigaegalbiokd | ngeranizmningkeltirilgan
b o & g dkuchviamassdeltiriigandaquyidagitengliklaro & r b ond li a d i
JCI

E= X
2

¢=fﬁ i (3.30)

(3.30)tenglikniinobatgaolib (3.29)tenglikni quyidagichayozamiz

2 1€
d%gz—ﬁg dﬁVI”d? M€ il (3.31)
(; - Jo
yoki
daJswo . ..
- M4
yE oM (3.32)

Yugorida enegiyanio & arigh gonuniyati yordamidamashinalarningharakat
tenglamalarintuzishbilan tanishibchiqdik.

Agar sistemamashinaagregatisifatidagaralsa u holdamashinaagregatining
harakatenglamasindifferentsialtenglamak o & r i hamgoasabdoad .| Banihg
uchun harakatlantiruvchikuchni R, va qarshilik kuchini Ry deb belgilab olib,

quyidaginiyozamiz

P=P-PR. (3.33)
Kinetik energiyanio & z g a rkuchknh bajarganish orgali quyidagicha
ifodalaymiz
dA=PdS=dE. (3.34)
U holda
-28- (3.35)

bundadA-keltirlgan kuchning bajarganelementarishi; dSelementarsiljish; dE-

kinetik energiyaningelementan 6 z gar i s hi
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Yugqoridagilarniinobatgaolib, keltirilgan kuchniquyidagichafodalaymiz

dém”\}zé avo
SN 2 2 mzc 28, v anf
=t ds ds 2 ds

v, v dm”dzmuqzv vZ dnt 4
dS 2 dS dt 2 dS

Agar keltirilgan b o & gaanmaharakatqgilsa u holdatenglamanimoment

—m

(3.36)

orqgaliifolalashmumkiny a 6 n i

y
dw, wd)

M=M,-M =]’ — .
) dt 2 ds

(3.37)

Barqaror harakatda¥ = ¢ o masl= ® o & | g achun {3@7) ifodaning
birinchi hadi nolgatengb o & | Baodsih | ahagléatdard0 vaUl Bo & lus a
holdaifodaningikkinchi hadinolgatengb o &l a d i

Demakb o s h | ahargkétdac h

M. . =- J¢ JQ_M/
s dt 1
bargaromharakatda
__wdr
B Otc 2 d/'

Umumiyk o @ r i quyidadicth gozamiz
M +MB sh J'- BOEO
Harakat tenglamani(3.32) ni inobatgaolib, (3.37) ni quyidagichayozish

mumkiny a 6 n i

J I 3SR
if - 9 =——- =

> . (3.38)

Jo

(3.38)ifodadanburchaktezlikni aniglaymiz

2 7, .
W:\/Fl];ﬂ: o Jd W
Jo

Agar keltirlganmomento @ r kaltigigankuchk o d r i b o & b daa

2 S
v, = HP P)dS+VZ .
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IV-BOB. TISHLI MEXANIZMLAR

4.1.Tishli mexanizmlar va ularning turlari . llashmaning asosiygonuni

Tishli mexanizmlarharakatniyetakchib o @ g6 i ndan lyed kil m
ilashish hisdbiga uzatadi Tishli mexanizmlardagiilashuvchi b o & g Otishti | ar
g 01 | ddeyiladkTislalimexanizmlatarkibidagitishlig 6 i | d birtbia kilhna r
oliy kinematikjuftliklar hosilqilsa, g o @ z g & @ |G mjtaysnaoh bilan esaasosan
k o 0 gylanma yoki ilgarilanma kinematik jufliklarni hosil qiladi. Tishli
mexanizmlartishli g 6 i | d i ilashighltudga k © dtaslagiilashmali yoki ichki
alashmalb o &l adi

Tishli mexanizmlartishlig 6 i | do @ @ k & aadr nj@ylaghishigak o & r a
uchturgab o @Babily a o6tsilindrsimon konussimorva giberboloidli

TSilindrsimon tishli mexanizmlari tishli g 61 | di r @ Kilg doirzmai r no
parallel tishli mexanizmlardir Bunday mexanizmlardatishli g 6 i | tishlaria k
tsilindr yasovchisi b o & y ijogldsteadi SHuning uchun ularni tsilindrsimon
uzatmalardeyiladi TSilindrsimontishli mexanizmlarnlashishiturigak o Gtasta
ichki vareykaliilashmalib o & (4&-thsn).

Tashqi ilashmalardatishli g 61 | di r ayladma hamakabhygo d nal i s |
garamagarshi b o @il (&41da-rasn). Ichki ilashmalardatishli g 6i | di r a k |
aylanmaharakaty o & n a |bir-lsirigd neostushadivabirxily o nabo @ hdd
(4.1 b-rasn). Reykali ilashmalarda ilashishdagibitta b o & gaglanma harakat
gilsa ikkinchi b o & gilgdrilanma harakatni amalga oshiradi (4.1 v-rasm).
llashmadagtishlig 6 i | d i miankng radiusicheksizlikkaintiladi.
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4.1-rasm

Tishli g 6 i | d tishlark jbylghishigak o ¢ tr @ & gsblir (4.2 a-rasn)
giya tishli (4.2 b-rasn) va shevron tishli (4.2 v-rasn) b o & | Taala gtighh |
goi | di tishlatirunimgg & q ipayadlel Qiya tishli g 61 | d i tiskhldcini n
tsilindrdagi vint chiziglari buyicha joylashadi G6 i | d i 0 & k mighatgn
tishningqgiyalik burchagib=(10- 15y (11.2b-rasm). Qiya tishli uzatmalarddishlar
giya joylashganligisabablio & qd & yy @ & m aydklgraahosilb o & I1Cegddii r
yuklanganuzatmalardag o @ s h iyuklanisredangochish magsadidaikkilangan
giyatishli uzatmalardarfioydalaniladj ularni shevrontishli uzatmadeyiladi (4.2 v-
rasm). Bunday tishli g 6 i | di rawdlaskaqgiymib o & | g aabdbli kgm
ishlatiladi T o & g Gordourchaklarichidagi fixo belgilar tishli g 6 i | dvalgaa k n

g o @ z g dnahkam&rsganliginbildiradi.
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4.2-rasm
Konussimontishli mexanizmlari tishli g6i | di r akilgdaairma rng
kesishuvchitishli mexanizmlardir Bunday uzatmalardatishli g 6 i | tshlaria k

kesik konus yasovchilarib o @ y joytakhadj shuninguchunularni konussimon
uzatmalar deyiladi G0 i dkdbidrg | a kesishishdurchagi har xil bo &l i s |
mumkin kK o & p ibo lutckak9 O datengb o & 1 4aBdasmdak o 6ir sat i | g
konussimonuzatmalarnik o @ p ikesik koausk o & r i nasvgldnaddCQidingi
holatdagidek shaklidagi fixo belgilar g 6i | diwvalgak miodz g6 al
mahkamlanganinbildiradi. Konussimonuzatmalart o & gsélic giya tishli va
yumaloqtishli uzatmalargab o & | .iTrod djighli g 6 i | tkhlari kekik konus
yasovchilarib o @ y joydabhadj giya tishli esakonusdavint ¢ h i zbodgybiic h a
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yumaloq tishlar rejada aylana b o @ y ichizitedi (tish yasashdagitexnologik
jarayonni gisqartirish maqsadida bunday tishlar yumalog kesuvchi asbobda

yasalad).

4.3rasm

GO i | didrgdaggash (giperboloidl) mexanizmlatbunday uzatmalarda
g ifirak tishlari giperbolaaylanishidagiyasovchibuyichajoylashadi Giperbola
aylanishquyidagigayasaladi Agar podshipnikdgoylashgano @ q(4.4a -rasm)
boshqaekislikdajoylashgarreykaniq o & z g dnahkam&arssaabug o &z g 6 a |
sistemanio & ajrdida aylantirilsg reyka fazodaiz qoldiradi shuizda giperbola
g 61 | dshlariajdylashadi Mos ravishda bunday uzatmalarni giperboloidli
uzatmadeyiladi

Tishlig 0 i | yé&sashmHungiperbolaningalohidagismlaridanfoydalaniladi
Agartishli g 0 irak wthungiperbolaaylanishiningo @ misna olinsa(4.4 a-rasnj,
uholdabug 6 i | dvintli aizatimanixosil kiladi (4.4 b-rasm. Ko & p i bnnddy a
uzatmalardavalning aygashburchagi9 Oglatengb o & k 0 & t laurchagiih4 5 A
ga teng tishlar vint chiziglarida joylashadi Bu g 6 i |lad giyaaishli giyalik
burchagi katta tsilindrik g 61 | di pak bk dbeodgd Gdaiil di kichkni n

enidangiperbolayuzasiningegriligi bilinmaydi.
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4.4rasm

Agartishlig 6 i | uchunggp&rbolaningchetki gismi olinsa (4.4 a-rasm, u
holdabug 6 i | d gipoidlikuzatmahosil giladi (4.4v -rasn). Ko & p i, bucdhya
uzatmadaoldingi holatdagidek aygashburchaklar9 0 gatengb o & | Gipdidli
uzatmaningg 06 i | d iqiyaatighli konusimonb o & fishring o g 6 buschagi
kata b o 0| @igerbola yuzasining egriligi bilinmaydi. Gipoidli uzatmalar
avtomobilva traktorlardab o s h | agndgi 0l i dci Hvoshkiziatenasitateda yuqori
odQt i svatlurkghd v a b mkushurdoydalaniladiGo6 i | d @ q aygash
uzatmalargacherwakli uzatmalarhamkiradi (4.4 g -rasm). 1-chervyaki bu bir
kiruvchi vint. CHervyaklig 6 i | & nimgatighlari ma 6 | bunchakor al i g o
chervyaknigamraboladi. CHervyakliuzatmalakattauzatishnisbatigaegab o & | i s |
mumkin, lekin ishqgalanish kuchi katta b o & | g aabdbli kgtia quvvatlarni

uzatishddoydalanishchegaralangan
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Tishli mexanizmlaro 6 q | amio@izg® al u wolbidkkal turgai g a
ajratiladt g 6i | dodrgallaa @z gowal maébin godi | doidrgalka r
g o @ z g 6 a Binneht khaadshidagiimexanizmdastoykaganisbatang 6 i | di r
odqo &z gpyakkmas leranlarsirigreduktori avtomobillarninguzatmalar
qutisi, metall kesuvchistanoklarningezliklar qutisiva h.k. Ikkinchik o @ r i ni st
tishli mexanizmlardab a 6larig 6 i | aning e & tgio & z g 6 a Bunday h a r
mexanizmlarni planetar mexanizm deyiladi ular planetar reduktor
konstruktsiyasiningasosinitashkil etib, asosantransportmashinalaridaxususan
samolyot va vertolyotda harakatni dvigateldanvintga uzatishdava boshqgarib
sistemalariddoydalaniladi

Istalgan murakkabtishli mexanizmkonstruktsiyasiningasosinioddiy tishli
mexanizmlartashkil etadj ularni uzatmalardeyiladi (a n i g tisbliguaaimala).

Umumiy holda tishli uzatmalarnindurlari 4.5-rasmdakeltirilgan.

@ o @

TISHLI
MEXANIZMLAR
VA UZATMALAR

Yulduzsimon

tishli
Giperboloid
g’ildirakli

Globoid

L.Novikov
uzatmasi

nzatmali

4.5rasm
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llashmaning asosiy gonunini ifoda etuvchi Villis teoremesi Ikki tish
profilining ilashgan nugtasidano d t k a zumdmgyanormal] o d gl ar or a.
masofaningkkigab o & | , alar bukchaktezliklargateskariproportsionab o &l a d i
Teoremanisboti. O nuqtadao & z arinadiganikkita richagberilganb o & .| s i
Richag1l O; markazatrofida soatstrelkasiy o & shiabl oi & y ay@rimaharakat
gilib, richag 2 ni harakatgakeltiradi. Bundarichag 2 O, markaz atrofida soat
strelkasiy o & n a | garanmgaigha tomonga aylanma harakat giladi. Urinish
nugtasi O dan umumiy normal chizig o & t k a zaabm narmal chizig 0,0,
markazlarkesmasiniP nuqgtadakesib o & t. 8w yerdaO;P va O,P masofalar
burchaktezliklargateskariproportsionakkanliginiisbotlashiozim,y a 6 n i
dat
d ol

Isbotlashuchunrichaglarningurinish nugtasi O ni aylanishmarkazlariO,; va

u 4.1
e (4.1)

O; lar bilan tutashtiramiz Bundg O;0 ni r; bilan belgilaymiz bu richag1 ning
urinish nugtasiningaylanishradiusi OO ni r;, bilan belgilaymiz bu richag?2 ning
urinish nuqtasiningaylanishradiusib o & | Hardkiaty o & n aloiGsylaylarfish
radiuslariga perpendikulyar ravishda vi va v, tezliklarni o 6t k a xaalmi z
tezliklarni umumiy normal NN va umumiy urinma TT chiziglardagi tashkil
etuvchilargaajratamiz(4.6-rasm).

Tezliklarni umumiy normal chizigdagitashkil etuvchilarinivi" va v," bilan,
umumiy urinma chizigdagi tashkil etuvchilarni vi* va v, bilan belgilaymiz
Tezliklarningnormaltashkiletuvchilarivi" va v," lar bir-birigatengb o & llozim. h i
Agar Vv,", vi" dankattab o @, prefibyoylariningilashishdauzilishb o ¢ |Ba esa
tishli ilashmalargaxos emas Aksinchav;", v." dankattab o @ tickaay 1 richag?2
gabotishi kerak bu esadeformatsiyayoki buzilishgaolib keladi SHuninguchun
vi"=v,"b o & llozim. h i

Tezliklarning urinmatashkil etuvchilariv,' va v2! fargb o @ | murakim.iBu

farglar, ilashuvchiyoylar orasidagisirpanishhodisasbilan tushintiriladi

3p. 0. [ONCe. ujstedw @&f§ @MYL dso iy KOOGS BzO, 1971.
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4.6-rasm

Aylanish markazlari O; va O, lardan umumiy normalga O;A va O.B
perpendikulyarlaro & t k a zParpendikulyarlarninguzunliklarini O,A=}; va
0O,B=}, bilan belgilaymiz

0O:0A va Owv," uchburchaklarning o &@ x s h a s h | foydalarar i d
quyidaginiyozamiz

_1:£
Vl rl .

<

(4.2)

SHu bilan birga, OOV va OwV," uchburchaklarningp @ x s has h |l i k
foydalanih quyidaginiyozamiz

v 1, .
v, T, (4.3)
(4.2)va (4.3)ifodalardanquyidagilarnianiglaymiz
Vs A
v == vav, =22 (4.4)
r-1 r2

Yuqoridat a 6 k i d | ,dealiglaanngndrendtashkiletuvchilaribir-biriga
tengb o & lkerakdeganshartgek o G r a

(4.5)

CHizigli tezliklarni burchaktezliklar orqali ifodalaymiz
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Vi=wr, o va vV, =W, (4.6)
(4.6) ifodaniinobatgaolib, (4.5)ifodani quyidagichayozamiz
Wr = wsr,. (4.7)
(4.7)tenglikn proportsiyako @ r i ryozanhzd a

r, _w
r—z = Wj . (4.8)
O:AP va O,BP uchburchaklarning & x s h a s hfbydakahigaquyidaganin
yozamiz
=T

e
{0 Lot

yoKi
r _du
ry dat
(4.8)va (4.9)ifodalarniinobatgaoganholdaquyidagni keltirib chigaramiz
[t _w
P

SHubilan teoremasbotlandi

4.9)

Villis teoremasiasosidashuni hulosa gilish mumkinki, uzatish nisbatini
0 0 z g ab on@ kuclsuh urinish nuqgtasigao & t k a zarrhay mankazlarni
tutashtiruvchichizig bilan doimo bir nugtadakesishikerakekan

Normal chiziq bilan markazlarnitutashtiruvchichizigni kesishgannuqtasi

ilashishqutbi deyiladi

4.2.Evolventava uning xossalari TSilindrsimon tishig 6 i | di r akni

geometrik parametrlari

Evolventaningyasalishini quyidagichatasavvurgilish mumkin Barabanga
(4.7-rasn) soatstrelkasiharakatidap o @lgan Bu ipni uningtarangliginisaglagan
holatdabo €hatamiz 4.7-rasmdaipni g 6 a | t ba &€dtiahprotsessining holati

ko i&atilgan Ip oxiri egrilik yasaydj uni evolventadeyiladi Boshgachagqilib
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garalganda evolventa deb to @ o r chizigni aylamada sirpantirmasdan

harakatlantirilgandaningbiron bir nugtasning qoldirganiziga aytilad..

Tayorlash
chizig’ini

O'ng evolventa

Chap evolventa

Asosiy
aylana

4. 7-rasm

Soat strelkasigateskaribarabandanp b o @ s h a tundag a rewplaenta
hosilb o @ | bardlab o & | (ag ialkd i a carkshi loyihglanadi Agar ip soat
strelkasigateskario d r a |, gaatrstielkasib o @ y b © ik & h,aunda lcham |
evolventayasaladitishni chaptomoniloyihalanadi

T o & ghizig harakatgilganaylanaevolyutayoki asosiyaylanadeyiladi

Yuqoridagima 6 | u moKelib ehiqgit, ayfanaevolventasinyasashnmisol
tarigasid&k o G ahigamiz

Misol. Diametrid=100 mmb o & lagamaningevolventasinyasalsin

Echish. Berilgandiametrgad=100 mn) k o 6aylamachizibtengb o & | a,k | a
yablzibodal &k K & a8Bmiyezdaevolventan aniglik darajasinik o Gt ar |
uchunk o & pbroodqd alk ¢ @ hagmabmkinBo G| a k b & I gyagadah,

2, 3, ... 12nuqtalarnosilb o @ ISaodiinhgsiibao & 11 g2a3n... 12wqtalarorgali
aylanagaurinmalaro @ t k a BuaunmmalargamosravishdaOl, O2, O3, ...012
aylananing radiuslari perpendikulyarb o & 1 @xdgi, y a 0 X2inuqta orqgali
o &t k a wrintaglanaylana uzunligi (( d @3 14 garemg b o & | IgZaIn2 %
kesmanio @ | ¢ h.®@% mc b &4 A gkdskanitengl2b o & |, la l6laRil X , 1
2X 3 X, .gahb o all 1&Hunda%s o G aylgnadagil, 2, 3, ... 12nuqtalardan
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o 0t k awinmalgrgamosravishdal 2 1 X, 122 X keshala®@Xg | c¢c h a
g o & y avanbbuaurunmalardal 1 X X, 2 2 X X, kes@aBarssil b o & l. a di
Topilgan 0, 1 X X, 2 X X nuqgtaBadhidkekalo yordamidd.o2o4zxhimashtirib

chigsak berilganaylananingevolventasinhosil gilamiz (4.8-rasm).

md=314 mm

4.8rasm

Evolventaniquyidagi xossalaridartishli ilashmalarniloyihalashjarayonida
foydalanishmumkin:

1. Evolventadagistalgannuqgtaningnormalc h i zasogiyaylanagaurunma
bodal adi

2. Evolventadagiistalgan nugtaning egrilik radiusi shu nuqgtadanasosiy
aylanaga @ t k awinmaggzanhgigateng

3. Evolventadoimoasosiyaylanadarboshlanil uningtastgarisidayotadi

4. Evolventaningshaklifagatasosiyaylananingadiusigab o g 6 | 1 ¢

Tishli g o6i | di rgeoknetrik npgrametrlari standartlashtiriigan Bu
parametrlarnnormaltsilindrsimontishlig 6 i | duchuaké& b @higamiz

TSilindrsimon tishli g ddiraklarning asosiy geometrik parametrlariga
quyidagilarkiradi (4.9rasn): rao-tishlig 6 i | d i tishekkllagi ustglano dt u v c I
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aylanaradiusi r¢-tishlig 6 i | d i tishegkon il my o gséidano &t uaylan@ i
radiusi r-b o & | awanahadiusi r,-asosiyaylanaradiusiry-b o s h | aaplan® i ¢
radiusi (bu aylanailashishiqutbidano & t, anthg radiusiilashish qutbidantishli

g 601 | di aylanismmarkagzigachamasofagatengb o @ ); l.-tish kallagining
balandligi hi-tish o y 0 g 6 batandhgg h-tishning umumiy balandligi r-tish
gadamij Stishninggalinligi; Utishningprofil burchagi

4.9rasm

Yugorida sanabo a t i dJegnatnko & | ¢ h a mhuadaytiann tanlash
kerakki u qolgano @ | ¢ hkalanb a g 6 |, atandaatlashtirishgenos va uning
giymati tishni gandayb o & | iasidtashnazim. Bungak o & p itishcghdami
t o G gefadi iTish gadamidel g o @ sikkintishning bir xil nugtalari orasidagi
boshl aaylgndb edy b @ h a h masgfeayamytiladi va u p harfi bilan
belgilanih quyidagichaaniglanadi

p=2P" (4.10

Bo dl uaytarmaiuzunligi gadamning tishlar soniga k oG paytir
giymatiggy a 0 n i
| = pz.
Demak aylanauzunligi quydagichehamifodalashmumkin
pd = pz.
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Bundanbod | u aytahadiametriniquyidagichaaniglaymiz

d="PZ
o,

Birog, tish gadamininggiymatini aniglashifodasigap irratsionalsonkiradi,
u o @ nkasrda cheksizlikka ega SHuning uchun gadamni standartlashtirib
bodl ma godini gatnashtirmsdanbu ifodani bir gismini standartlashtirish
mumkin SHuninguchun tishlig 6 1 | d i rgedmetako @1 o § aaniglash i n |
va standartlashtiislichuntish moduli m degankattalik kiritilgan. Uni quyidagicha

ifodalaymiz
m=<, (4.11)

Modul tish giymatibilanb o g 6 |, & a grdulsongiymatib o & y tislt h a

kallaginingbalandligigateng
m=h,. (4.12

Modul standartgiymat hisoblanip mmdao @ | ¢ h shanaguchuntishli
goi | dihamrkam it h ¢ h @&mb daroid | ¢ h Standadtgaasosangator
mavjud modullar millimetrning yarmidan 100 mm gachagiymatni gabul giladi.
Modulningb a @i giymatlart m=0,5; 1; 1,5; 2; 2,5; 3; 4; 5 ... 10@¢m. Tishli
g 0 i | deometrikparametrlariuning tishlar soni standartmodul va standart
profil burchagia=20° larnib o g 0 | formutalarguyidagichab o @1 a d |

Bo &l wyaodnadiusi

_mz

= (4.13
Tishlig 6 i | d itish&atlagiiustidano G t uaylanbradiusi

r,=r+m. (4.14
Tishlig 61 | d itisha ly o igstidguno & t uaylanbradiusi

re =r-125m. (4.19
Asosiyaylanaradiusi

r,=rcosa. (4.19

Tisho y o g 6halandligig
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h, =1,25m. (4.17)
Tishningumumiybalandligi

h=h, +h, =2,25m. (4.18
Boal wyaod io & y tiskcghdami

h=pm. (4.19
Bo &l wayaod io O y tislcghlialigi

-P
S= 5 (4.20
Bu ifodalardan k o & r tunbdikp, standart normal tsilindrsimon tishli

g 0 i aknthghammageometriko & | ¢ h aaniglashuchanikkita parametrning

giymatini bilish kifoya, y a & tishlarsoniva m tish modul..
4.3. Evolventali ilashmava uning xossalari

llashmahosil giladigantishlig 6 i | d i r paokillaratsikioidan ayolventa
va vintli chiziglar yordamidayasaladi Mashinasozlikdeengk o @m & | | ani |
tishili g 61 | d,iewvotvénta grofilli tishli g 6i | di.r Evdversarhdgida
gaplashganimizdaio @ z xogegrichizigekanliginit a 6 k i etlik a g a n

llashmalardagitishli g 6 1 | d i r tstkkdrodillarn gamdgyegri chizigdan
yasalishi hagida asrlar mobaynidaolimlar bosh qotirib kelishgan Bu maslani
birinchi b o @ XMllIb asrningikkinchi yarmida RossiyaFanlar akademiyasining
akademigiLeonard Eyler hal qildi. U tishli g 6 i | d i r @dfillara evelventag
b odl dishingdoai | d birtekidddaydanishimumkinligini anigladi

Evolventa profilli tishli ilashmaniloyihalashnik o @ chigdmiz Birinchi
navbatdailashmadagevolventaprofilli tishlig 6 i | dloyihadakhhilan tanishib
chigamiz Buning uchu O markazdanr b o s h | aaylgnaradiubki bilan yoy
chizib olamiz OP vertikal chiziqo & t kRanmqgtadarr gatik qilib T-T T urinma
chizigni o @ t k a Stunuiinma chizigga U = 2 Burchak ostida (normal tishli
ilashmalarninglashishburchag) NN normalchizigni (yoki tashkil etuvchichiziq
nj)o at k a(2d.z20nasny.
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i Hpo@ILT

4.10-rasm
S o & nQymaekazdarNN gatik chizigo & t k aning NN bilan kesishgan

nugtasiniA bilan belgilaymiz S o & nOg\srray a @Gsosiyaylanaradiusibilan yoy
chizamiz Endi AP kesmanitengb o & | alk ¢ @dtamia(1', 2', 3', 4', 5', 6', 7..),
A nugtadan boshlab asosiy aylanani ham xuddi shundayb o & | a lboloa&d ¢ &
chigamiz (1", 2", 3", 4", 5", 6", 7..). Evolventaning xossasig asosan
evolventaningistalgan nuqtasigao a t k a egrilik gadiusi evolyutagaurinma
ekanligidanfoydalanih evolventagismini quramiz NN normal chiziq evolyuta
ustigas i r g 6 a nfagat ywhalanishi natijasida y a 6 1 nugta 1" ustiga
tushgandd"1=1'1, 2' nuqta2" nuqtaustigatushgand&"1=2'2, 3' nugta3" nuqta
ustigatushgand&'1=3'3, 4' nuqta4" nuqtaustidab o & | gtd+d, &' nugtab”
nugtaustidab o & | godlnbth,a6' nugta6” nuqtaustidab o & | g6d+6'é wa
nihoyat7' nugta7" nuqtaustidab o & | g'dsvdlao d.l adi

SHundayqilib, 1, 2, 3, 4, 5, 6, hugqtalarnibirlashtirsak4.10-rasmdagi
evolventaegric h i z hagiiganb o G | . &wolventaningl nuqtasievolyutada
(asosiyaylanada b o @ | SdHunugtaniO markazbilan birlashtiramiz SHakldagi
evolventani tish shakliga keltirish uchun tish parametrlaridan foydalanib
simmetriyay o ®ilan qolganyarminiqurishqiyin emas

Tishlarning barcha o & | ¢ h abnol sahrli a tsigndrdao hyoki uning
ortogonal proektsiyasib o s h icha aylgnadanhisoblanadi Tishli g 61 | di r a

o 0 n gaglepgaaylanishimumkin
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Tish profilini yasashuchun foydalanadiganevolventa asosiy aylanadan
boshlanih bosh aylanadikesiladi Evolventaningbu qgismi a profil burchagidan
aniglanadi Bu b o & | uaylanhning bitta nuqtasidanb o & | uwva casosiy
aylanalarga @ t g a winmalgrarasidagiburchak Standartishlig 6 i | whun a k
a=20°.

Mashinasozlikdava samolyotsozlikdaham kengqg o & | | a nnolinchid i g
evolventalitishli ilashmalarnio & r g a. Bandayiashmalarikkita nolinchi tish
g 6 i | d tashkilkopganmusbatva manfiydanfarglio & | akomatitdab o & | a d
yoki ilashuvchig 6 i | ddeyiladkBug 6 i | d bitta e nddalgahamdaz; va
2z, tishlarsonigaega

4.11-rasmdabundayilashmako @ r s g binn¢hgtishng 6 i | © kichila k
ikkinchisi esai katta llashishdagkichik tishlig 6 i | alatdashdsternyakattasi
esatishli g 61 | deyiladi Kt1l-rasm b o O y iharakad shesternyadartishli
g 01 | duzatiladk k a

4.11-rasm

llashgantishlig 6 i | d i shankadyaylandlarborki, ular bir-biriga tegib
turadi va ish jarayonida sirpanmasdanyumalaydi Bu aylanalarry i va ry 2
radiuslargaegava b o s h | aaylgnalardéyiladi Nolinchi uzatmab o & | g a
holatdatishlig 6 i | lmbshlarapk a@ylanaradiuslarib o & | awacaradiuslariga
tengb o G |yaadiin=ri vary =r,. Birinchitishlig 6 i | tosh kallagkaylanasiva
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ikkinchig 0 1 | tsh oryaokgylanasiorasidagimasofacmi radialoraliq deyiladi,
s-esaradialoralig koeffitsenti. Standaruzatmalardz=0,25gateng

Evolventali tishli g i@irak kontakt nuqtasi oliy kinematik juft bo ladi. Bu
nugtadan(4.11-rasmdau markaziychizigda yotadi evolventaxossasigasosarva
ilashuvchi tish evolventasigaumumiy normal o Gazigh mumkin bu normal
ilashuvchitishli g i@iraklarningasosiyaylanalargairinmabo ladi.

Bu urunma va markaziy chizigga o & t k a perpergliutyar orasidagi
burchakU, ni ilashish burchagi deyiladi Standartnolinchi uzatmalaruchun bu
burchakberilgankonturning profil burchagigaeng y a 6U=U=20°.

llashuvchitishlig 6 i | aylanislantarkaziorasidagia, masofanio dql ar a
masofadeyiladi

Tishli uzatmalarnishlashjarayonida urinishnugtaharxil holatniegallaydi
biroq istalganholatdatish yon yuzasigao d t k a rormialgvalventaxossalariga
asosanasosiyaylanagaurinmab o @ | llastish jarayonidaurinish nugtaasosiy
aylanagao & t g a umumiguammab o @ y siljoydh, sshuninguchunbu urinma
evolventaliilashmaningilashishc h i zhisablnadi SHundayqilib, evolventali
ilashmaning ilashish ¢ h i z mayk@aiiy chizigga ilashish burchagi ostida
o0t k aag & abiaoualir.

llashish chizig ibnazariy va amaliy chiziglargabo linadi. Nazariy ilashish
chizig iébu asosiy aylanalargao @azilgan urinma chizigning urinish nuqgtalari
orasidagiAV kesma(4.1l-rasmda. Tish evolventastishli g ifirak boshaylanalar
bilan chegaralanganligsabablj tishning yon yuza urinishi ab amaliy ilashish
chizig id bo yicha o f&di, u nazariy chizigni bosh aylanala kesishgannugtasi
Evolventaliilashmalarda4.1l-rasmdako &atilganidek tishli g i@irakni aylanish
yo tGalishi asosidaurinish nugtasi amaliy ilashish chizig i6bo yicha a nugtadan b
nugtagachasiljiydi, y a 6annugtada tishlar ilashistga kiradi, b nuqtada esai
ilashistdan chigadi. Bu yerda nazariyilashishtirgishsiz hisoblanadiy a aishlar
orasidagiyon tirgish bo ltnaydi. Birog, real ilashmalardayon tirgish bo ladi va

uninggiymati g ifirak tayyorlashninganiglik darajasigaog loq bo ladi.
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Tishli uzatmalardakkita sifatk o @ r s mavjkdb o 4 ¥ a eometrikva
kinematik Geometrikk o & r siabu & @ @ Ih masefahisoblanih u quyidagicha

ifodalanadi

_ _mz , mz
=r +r, = A+-22.
ay=nTr, 5 5

Kinematikk o & r s labu lzatishhisbatidir Uzatishnisbatiyetakchitishli
goi | di buackak tedigini (yoki aylanishlar sonj) yetaklanuvchi tishli

0 i | d ibureh&kiezligigg(yoki aylanishlarsoni) nisbatigatengb o & |yadin i
i :%:ﬁ.
12 w, n,

4.12-rasmda tashqi ilashmali tsilindrsimon tishli uzatmaning kinematik
sxemaskeltirilgan. Ushbukinematiksxemadatashqgiaylanasb o s h | aaylan® i ¢
sifatida keltirilgan. Tishli uzatmaningish jarayonida aylanalar bir-biri bilan
sirpanishsizilashadi SHuning uchun urinish nuqtasiA ning chiziqli teziigi va
tishig 6 i | di rikkiki bcAunhainbirgil b o & |lyaadin i
W =1l,

bundan

4.12-rasm

Demak uzatishnisbatinigeometriko & | ¢ hoagalilhamifodalashmumkin

ekany a o ni
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i T _dy
Yo od
Agar tishli goi | di r &bk bk at aaygsi catiuslarini r =mz
ekanliginiinobatgaolsak u holda
ilzzé'

4
Uzatishnisbatlariningshundayxususiyatiborki, ungak o tagaauzatmadagi
yetakchi va yetaklanuvchi tishli goi | di Qamaknégarshi yodnal i s

aylanayotgarb o @ (masalantashqgiilashmad® u holda uzatishnisbati manfiy

b o &l 4l@nasmda keltirilgan tishli uzatma uchun haqgiqiy uzatish nisbati

guyidagichafodalanadi
|12:- r72:- d2 - Z7:- Wl - ﬁ
n d z w n
Agar uzatmadgi yetakchiva yetaklanuvchitishli g 6 1 | d ibir a&lk | a

y o0 & n a laylapdyatganb o & (n&salan ichki ilashmad® u holda uzatish
nisbatimusbat o & I4d3drasmdakeltirilgan tishli uzatmauchunhagqiqgiy uzatish

nisbatiquyidagichafodalanadi

413rasm
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Uzatish nisbatidan tashgari uzatishlar soni degan tushuncha mavjud
Uzatishlarsoni dely ilashmadagitishli g 6 i | d i r lkatkasinengtishlansgnini
kichigining tishlar soniganisbatigaaytiladi. U quyidagichafodalanad

j= %,
Z,
bundaz-kattatishlig 6 i | d itishdsoni zglkachik tishlig 6 i | (dhiesteenypa
ning tishlarsoni

Uzatishlarsoniuzatishnisbatidanshubilan farq giladiki, u doimo musbatva
birgatengyoki kattab o &1 a d i

Uzatishlarsonibilan uzatishnisbatifagatginaichki ilashmalardanoskelishi
mumkin Tashgqiilashmadaesa umumanmos kelmaydi chunki uzatish nisbati
manfiy, uzatishlarsoniesamusbath o a1 a d i

Tishli uzatmalardeharakatuzatishravon va uzluksizb o @ |talab dtladi.
SHusabablijbuk o @ r s gopldnish&deffitsienti bilan belgilanadi 4.14-rasmda
bir juft tish b nugtadailashmadarchiggachikkinchi juft tish a nugtadaillashmaga
kiradi, s o aikkigchi juft tish ilashmadanchigadi ilashmagaesauchinchi juft
kiradi va h.k. Harakatnibunday uzatishdauzilish va tishlar orasidazarb hosil
b o & I mummkimiZarbdangochishmagsadidehamdaharakatniuzluksiz va ravon
uzatishda quyidagi shart bajarilishi kerak bunda ikkinchi juft ilashmaga
kirmaguncha birinchi juft ilashmadanchigmasligi kerak Bu shartni goplanish
deyiladi y a 6ganchak o @ipjuft tish boshqgasbilan amaliyilashishc hi zi g 6
ilashsa shunchaizatmaningshi uzluksizvaravonb o I a d i

Qoplanish hodisasiqoplanish koeffitsienti bilan baholanadi 4.14-rasmdag
tishning burchak gadamj |-amaliy ilashish chizig iding uzunligi. Evolventa
xossasigasosanilashishc h i z ikepdauzlirdigi asosiyaylanadagyoygateng
bu yoylar esamarkaziyburchakkaproportsiongl tagsimlanis mumkin, dtamaliy
ilashishc h i z iugn&h ndggasiningsiljishigamoskelgang 6 i | d i burdighn i n
burchagj p, esaasosiyaylanab o @ y tislitgadami Qoplanishkoeffitsientii bu d
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burchakni g tishning burchak gadamiganisbati yoki amaliy ilashishchi zi g 6

uzunliginiasosiyaylanab o @ y olirgdnash gadamiganisbatigateng

e=

QI

L
Py
Bu yerdapb = p cosa =p mcosa hi hisobgaolsak u holda

(4.21)

4.14-rasm

Nazariyqoplashistkoeffitsientigiymati bir vaikki o r a | iyagadiiardadda

esa
12¢e¢18,

Yuqoridagikuzatishlardanilashishjarayonidauzluksizikki juftli ilashmalar
ketmaketligi mavjud b o &, w @ ® vagtning bir qgismida ikki juft tishlar
ilashmada vaqtning bir gismida esabir juft tishlar ilashmadab o & | Natgada
ikki juftli ilashmadatishli uzatmaorqgali uzatilgan hammayuklar ikki juft tish
orasidab o @ |, binjudt dshli ilashmadaesahammayuklar bir juft tishgatushadi

Qiya tishli uzatmadabir juft tishning ilashib turish vaqti (tishning giyalik
burchagib 1)@ o & tisbliruzatmagagaragandgtishning giyalik burchagib =)0
ziyoddir. SHu sababligiya tishli uzatmaningjoplanishkoeffitsienti3 t o & tsldlir i
uzatmaning goplanish koeffitsienti U ga garagandakatta b o & | va duydagi

formulagaasosarhisoblanadi

e, =ete, (4.22)
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Ushbuy i g 6 i Ugdidid a i(4.20) vfaddga asosaraniglanadi ikkinchi

g o & s h iesagquydagimunosabatgasosaraniglanadi

B
e, :E, (4.23
bunda B 7 tishli g 61 | dalinligh B=ym, y 1 tishning mustahkamligiva
yeyilishga chidamliligi shartigak o @Gbelgilanadigantishli g 6 i | d i gqalmlkn i n

koeffitsienti, mrilashish moduli, m.), m; pstishningo dyo & n a | igadami d a ¢

B vap, ni (§ ni aniglashifodasigaq o & yshbhnihosil gilamiz

. b
€ =V Sm;. (4.24)

(4.22) va (4.24) tenglamalardart o & g & roiGdgadni r turibdikh giya
tishli uzatmaning qoplanish koeffitsienti (b )0t o & gishlr uzatmaing G
goplanishkoeffitsienti (b =)0gya qaragand&attadir Bu esaqiya tishli uzatmaning
afzalligidir.

415rasmdat o & gv@ miya tishli g o6i | di r dashisla yogining g
yoyilmasi keltiriigan. Bu sxemagak o G goplanish koeffitsienti quyidagicha
anigangan YaQrniodgishhr goi | di bakhl aagyldaibolyi ch
o @ | ¢ hikmshighgayining yoyilmasit o & chiziq deb garalgandayuyidagicha

ifodalanadi
ab=ry . (425
Bundaytishlig 6 i | d i qopdakighkoeffitsientiquyidagichab o & | a d i
e=— (4.26)

bundaa'b'- ilashishyoyining yoyilmasininguzunligi.
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| | p_\‘[
AWARAY

4.15rasm

4.15rasmda keltirilgan sxemagak o ¢ giya tishli go6i | di pyajkl ar

b o &l g sabablitisplani ilashishdab o & Ivaqs kho @ pdavmm etadi Qiya
tishi goi | di b @akimli aaglgndb c & y o & h a h dashglayoyining
yoyilmasit o @ ahigigdebgaralgandauyidagichafodalanadi

aibii=r/ i (4.27)

Yuqoridagilardan kelib chigib, qiya tishli g6 i | di r a@dplanesh n i

koeffitsientiniquyidagichafodalaymiz

_ abii _ aibi  bibi _ 1 th
5 6 = (4.28)

el

k

SHundayqilib, kinematik nisbatgagaragandauzatmaqoplanish natijasiga
garab ravon ilashishni tanlab olish mumkin Tishli uzatmalaryuklanish ostida
ishlasauzluksizb o & |xasdsiyholda tishli uzatmadarhosilb o & Islgoagmbu
uzulishningnatijasidir Ravonishlashnioshirishuchunva shovginnikamaytirish
magsadidagiya tishli uzatmalardarfoydalaniladj bunda goplanish koeffitsient
t o & gsblir uzatmaganisbatankatta b o & | mumkini Ikki juftli va bir juftli
ilashmaningilashish vaqti foizini aniglash metodikasib o & y hisolblaamganda

masalan e=1,25da40%vaqto r a | iikigi quft ithshisho & regalaydj 60% da
esabir juftli; agare=1,7 daikki juftlii 82%,bir juftlii 18%b o a1 a d i

44.Tishlig 6i | di tagydrlashusulari. Tishligoi | di rakl ar

korrektsiyalash. Reykali ilashma
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Tishlig 6 i | d i taygoRakhaiikknxil usulimavjudb o & ular rushalash
va gamramausullaridir. Nushalashusulidagadamitengb o & | itishliggaon | di r a
tayyorlanadj bunda asbob shaklidan nusxa olinadi, uning yordamidag 6 i | di r
zagotovkasidatishlar or a | i gbboi édsahglkasitadi akro & p gholatlarda
kesuvchiasbobsifatida modul diskali yoki barmoqlifrezalarq o & | | 66 | a d
rasm.

Frezalarnimodulli deyilishigasabab har bir frezag 6 i | zhgotok&sidan
anig modulli ikki tishor a | 1 § 0 b ddilytashlanadiBirog bir xil modulli

tishformasiharxil b o @ Imumkmi

SapuoraIu
ppeza

4.16rasm
Har xil modulli tishlardatisho r a | i ghakli liaan gas ravishdahar xil

b o & |Saluhdayqilib, bir xil modulli frezalarsoni mosravishdashumodulli har
xil tishlarsonigamoskeladi Frezalarsoninikamaytirishmaqgsadidatish shakliva
soniga yaqin tishli g 6 i | d i biraxl | neodulh ifrezada yasashdab a éir i
xatolikkay o @ ¢ & ymumskim SHuninguchun modulli frezalardamodulva freza
bilan kesilishimumkinb o & ltighlagnd i | thlarsankbelgilabolinadi.

Birog, bu nusxalah usuining yagonakamchiligi emas Bitta chugurlik
kesilgandanso 1ig, tishli g i@irak zagotovkasinibir burchak gadamgaburish
kerak undakeyingi chugurlik kesiladi va h.k. Hammatishlar kesilib bo Igunga
gadardavomettiriladi. Bunday usuhing aniglik darajasiyuqgori bo Igani bilan ish
unumdorligipast SHu sabalj hozirgi paytdanusxalashusulidatishli g i@iraklarni

kesibtayyorlashamaldakamqo Itaniladi.
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Ommaviy ishlab chigarishdatishli g 6 i | d i tagdlash qupma va
shtampovka (gishlog x oadikf mashinasozligida asbobsozlikda hamda
avtomobilsozlikda y o dHilan tayyorlangang 6 i | d i maxsus kesugchi
golovkalaryordamidatishni shaklichigariladi

Hozirgi paytda tishlarni tayyorlashda asosan gamrama usulidan
foydalaniladi Bu usuldaturli xil tishlig 6 i | d i mazakyjihatdan aniq gilib
tayyorlash mumkin SHu sababli gamrama usul keng targalgan b o G| i b
konstruktorlare 6 t i k o & ptantado

Qamramausuldatishlig 6 1 | yhsaladig&rxom-ashyohamdatish shakliga
egab o & | grquvchi dastgohdabir-biriga ilashadigangilib harakatlantiriladi
bundailashishjarayoniyuzagakeladi Asbobgailashishharakatidartashgari yana
texnologik girgish harakati ham beriladi Bunda asbobninggirquvchi qgirralari
harakatc h o g Gshlidsat shaklini chizadi Bu sirt yasovchisirt deb ataladi
Yasovchisirt yasaluvchitishning yon yuzasinigamragarholda harakatlanganligi
uchunbu usulgamramausuldeyiladi

Agar yasovchi sirtni tish girgilayotgang 6 i | o & g gd&pendikulyar
tekislik bilan kesilsa u holda kesimdab o s h | ayagp@échi kohturni hosil
gilamiz. B o s h | ayagpechilkomturni tish girgiluvchi g 6 i | tishining kon
sirti bilan ilashmasigadastgohilashmasideyiladi Reykali dastgohilashmasini
y a bnois h | ayasguahikentur tishli reykashaklidab o & lilgslammanik o & r i b
chigamiz

4.17rasmda evolventali tishli g 6 i | d tayyarllshda foylaniladigan
standartreyka k o @ r s ,aunii blerdgannprofilli instrumental reyka deyiladi
Bunday reyka yordamidaistalgantishlar sonigaegab o & | agig@modulli tishli
g 6i | dtayyal&nisramumkin Reykatrapetsiyak o @ r i n tishlérgadga g i
b o & luming yon tomoning bosh va oyoq gismi galtel yumaloglanishyoyi
yordamida birlashtiriigan Bosh va oyoq qismidan o & t u gh&ziglarni mos
ravishdabosh va oyoq chiziglari deyiladi yon profilida chegaralangat o & g 0 r
chizig gismini chegarat o d g & r edeydadii Tish balandligireykaningo @ r t a

c hi zyordpmidatengikki gismgab o l.i nadi
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Chegara to ‘g’ri chizig’i
-

A
A i
YN

crmy , Chegara to ‘g ’ri chizig’i

bosh chizig'i

"

ovoq chizig’i

revkaning o ‘rta chizig’i

4.1/rasm
O & rchizagvachegaat o @ g 6 ir xoragidagimasofaiimdo modulgateng
Galtelbalandligiy a &megara o & @ o ir zilagb®shyoki chiziglari orasidagi
masofanism radial oraliq deyiladi bundas 1 radial oralig koeffitsienti Ratlial

oraligdo nomitishlig 6 i | dilashsHddbiag 6 i | d i tishabkshivankginchi

g 6 i | dioyogdismidanadialoraligbilanb o g6 l.an gan
Har xil k o & r i n dastdohldidaghmanik o & chigdmiz 4.18rasmning
o @ rqgismida normal g 6 i | d iinstrarkehtal reyka bilan dastgohli ilashma

k o & r s.aBuihdlatgdaraykaningo & rctha zkesguchitishlig6i | di r al
bodl uaylana t hi z bilghéustmaust tushadi Reyka chapdano d n g g a
harakatlanaditishli g 6 i | dsaq @& z g Onaailkanatrefida soat strelkasiga
teskari y o Gish@al aylanadi Kesish harakatf y a 6 chizma tekisligiga
perpendikulyatekislikdareykailgarilanmaqgaytarilanmaharakatlanadi
Reykaashyodagit o @chugurlikni birdanigakesmaydi y a 64ri&rasmda
k o 0 r s aholathi doiadaniga egallamaydi reykaga radial harakat berish
yordamida sekinastakesiladi G6 i | dbaosh agl&nasiva reykaoyoqc hi zi g

or a | ihaydbimdhdialoraliqsmqoladi(4.17-rasn).
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Musbat Nol Manfiy
g’ildirak g’ildirak g’ildirak

4.18rasm
Agartishlig 6 i | dkesislad&reykaningo & rctha zgiég d iMoo @ lakv c
aylanac h i zbilag @stmaust tushmasdangandaydirmasofagasiljitigan b o & | s a
(4.18rasmdachapd®, u holda obkatkadamusbattishli g 6 i | yasatad Bu
holatda reyka tishli g 6 i | charkaadintashqaritomonga siljitigan b o &l a d |
Musbattishlig 6 i | atdamoduWk tishlarsonivab o @ | aywacatadiusinolinchi
tishlig 6 i | ddgandayb @ & bu@ahamshundayb o & Jtehd g 61 | di r al
tish o y o,gkéllagi radiuslari va musbattishli g 6 i | d i tiska profii map
ravishdanolinchitishlig 6 iakad Ir ¢ h a rfarqailadi. d a n
Reykaninolinchi holatidantishli g 6 i | w©harkazad&ntashqgarigasiljitilsa,
asbobnmusbatsiljishi deyiladiD (4.18rasn), bunda
D=xm
bu yerdax 1 musbatsiljish koeffitsienti
Agar tishli g 6 i | d kesishda reykaningo @ rctha ztishd @i6 i | di r
b o &l wwaodtih i zbilag ésimaust tushmasdangandaydirmasofagatishli
g 0 i | wharkazatdmon siljitiigan b o & (4.48aasmdao & n)g w heolda gamrov
usuli bilan manfiy tishli g 6 i | gtasaladi Bu holatda reyka tishli g 61 | di r
markazi tomon siljitiladi. Manfiy tishli g 61 | d i madklltishtadsani va
b o & | uaylandradiusi nolinchi tishli g 6 i | d gandaybday, Ibsnda ham
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shundayb o G ITesldig 60 i | d itisha ky ro iadlagi radiuslari va manfiy tishli
g 01 | d itishgrefii hohnghitishlig 6 1 | @ Ir atka rMdrqajiladi. d a n

Reykaninolinchi holatidantishli g 6 i | markazadmonsiljitilsa, asbobni
manfiysiljishi deyiladiD (4.18rasn), bunda

- D=-xm,

bu yerdax 1 manfiy siljish koeffitsienti

Nolinchi, musbatva manfiy tishli g i@irak tish profillari orasidagifarq 4.19
rasmdako @atilgan

Musbat
gildirakming tishi

Manfiy
g’ildirakning tishi

Nol
/ g’ildirakning tishi

—-—
4.19rasm

Nolinchitishlig 6 i | d itishgy&nisbatarghusbattishlig 6 i | thining k
asosiy o 0 gboddéinkallak gismi esaingichkarogb o & | Yardprofilini yasashda
evolventaningeng giya uchastkasifoydalanilgan Bunday tish nolinchi tishli
g o1 | ditisheagk msbatagmustahkamb o @ | Siddninguchun musbattishli
g 60 i | dengoagkdlukdanishladafoydalaniladi

Manfiy tishli g 6 i | d iishi adknchatishli g 6 i | tishiga midbatantish
asosiingichkab o ¢ kallakgismiy o & g 0 lo o @ |Badiaytish nolinchi tishli
g 0 i | tdhganisdatarmustahkamligpastrogo o & IMardiytishlig 6 i | di r a k
tayyorlashdaxatolik kam b o @ | kuzatiladi chunki tish yon profilini hosil
gilishda evolventaningtikrog ketgan uchaskasidarfoydalaniladi Manfiy tishli
g 60 i | d nadinghigh misbatananiqgrogb o & | g achuno @ | casbmharida

k o foydalaniladi
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Instrumentalreyka siljish koeffitsienti giymati standartlashtirilgaiva kerak
paytdama 6 | u mo t n dismiad Gir |ddisirlaa dom va ishlash sharoitiga
garabtanlabolinadi.

B a 6 zxollardg siljish koeffitsientini tanlash uchun texnologik
chegaralanishriisobgaolish kerak y a dmusbattishlig 6 i | d i kallakkgisnii n g
uchastkasidaish galinligining kamayishiniva manfiy tishli g 6 i | dsbsmiagk
galinligini oshishikuzatishmumkin

Reykaningmusbatsiljishi ganchakattab o ¢ Ehsirechatish asosiy o @ g 6 o
boshqgismi ingichkab o @ | Baadohollarda tishni boshgismio &t k i ketishis h i
mumkin bunday holatga tishni mustahkamligi nugtai nazaridany o @lod y i b
bodl maydi

Reykaningmanfiy siljishi ganchakatta b o ¢ lassidashunchaingichka
b o & IBaaddhbz holatlardainstrumentakeykatishining boshgismi tish asosidagi
evolventaqgismini kesib ketadi4.18rasmningo & migmidak o & r s at.iBl g ar
holatda ham tishni mustahkamlik nuqtai nazardanevolventa gismini kesilib
ketishigay oG o Glyo &1 may di

Tishli g 6 1 | dtish grdisk paytidareykaningo @ rctha zxong ashyoni
burilish aylanasidasirpanmasdardumalasahosil b o & |tighi g 6 i | dormala k
(nolinchi) tishlig 6 i | lol @ @ .laT#stdar sonikamb o G Itighh g 6 i | d shu a k |
usulda qgirgilsa tishning oyoq qismi girqilishi mumkin Kichik diametrli tishli
go6i | di tsh lasosi miggilmasligi uchun minimal tishlar soni zyin
guyidagichaaniglanadi

llashishningaolc h i Ninugjtddaro & n g d a(#.208asn), qirqilish sodir

bodal maydi
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4.20rasm
Qirgilmaslik shartiquyidagicha

PNz BP. 4.23
BundagpN O &an
PN = POQina :%Zsina , (4.24)
DBF dan
PF
BP=——
sina (4.29

(4.24) va (4.25) larni inobatga olsak, u holda (4.23) ifoda quyidagicha
k odr oladii s h

mZ .
—sSIina 2 —
2 sina (4.26)
Agar AP=h,m va FA=xmdebgabulgilib olsak u xolda4.20rasmge&k o d r a

PF = PA- FA=h,Gn- x@n=m(H, - X) 4.27)

bu yerdaha-tish kallagi balandliginingkoeffitsienti x-reykanirg siljish koeffitsienti

m-tish moduli
(4.27)ifodaniinobatgaolsak(4.26)ifodaquyidagich&k o & r oladii s h
sina 2 —m(ha =)
sina—— (4.28)



Bundan

2(h, - X)
Z 2 —2 =
min Slnza (429
Agarx =0, ha=D,082:4@F20
(4.29 formuladanquyidagiifoda keltirib chigaramiz
Z ., .
—sin“fa? h, - x
5 h, (4.30)
sirta =2
Parametrlarningugoridagigiymatlaridanfoydalanib(4.30) ifodadan Zoin i
aniglaymizu xolda
L= Z
X2 min
ha Zmin
yoki
_17-Z
17
TSilindrsimon tishli uzatmaar tashqiilashmali va ichki ilashmalib o & | i s

mumkin SHuningdektashgihamdaichki ilashmalaro r a | iilaghbiruvdhaeykali
ilashmanihamk o G o & tdozisnhOddiy tishli uzatmatishlig 6 i | d i nbar&t| ar
b o & likgita marakatlanuvchp o & g 6 diahigaoladi..

Agarushbutishlig 6 i | d i mbiankg tiahtadsanimiyoki hammaaylanalar
radiuslarinicheksizravishdaoshiraborsak u holdaz = fetgandehammaaylanalar
t o O ghi&iglargaaylanadj tishning evolventali profili esat o & ghiziglii profil
b o ddoladp bu esajuda kattaamaliy ahamiyatgeega  zlb=dba | dishinrdyka
hosil b o & | (42)-fasm). Reyka tishining t o @ gldzigli gismining istalgan

nugtasidaprofil burchagbir xil vaUgatengb o &. a d i
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p=am

p2 p2

4.21-rasm

Reykatishining galinligi botiglik galinligiga y a dqadamningyarmigaaniq
darajadaengb o & | it & I® imm inU-Uotvocdhghizigh o & | ehizggbh o G| uv c
chizig deyiladi B o & | whizgdpparallelb o & listplgamt o & chizigbh o Gy i c h
o 0 I ¢ hrmaykagishlarininggadamibir xil p = * gqiymatgaega Reyka profiliga
odt k aN-Nromgnallm o & y o & Ih @ hraykagjadami’ mc ogatéhgy a n i
moduli reykaningmoduli kabib o & Itighaqd i | d iasosiyaylanasig o @y i c h
o 0 | ¢ h am tshkigadaraigeeng

45.Qo0 @ z g 6ad gkdisizatmalarning kinematikasi. Planetar va

differentsial mexanizmilar. Villis formulasi

Hozirgi zamon mashina mexanizm va qurilmalarida tishli g 61 | di r a
muhimo & rtutadi Katta yuklanishdaishlaydiganmashinalardadishlig 6 i | di r a
bir valdanikkinchi yoki uchinchivalgaaylanmaharakatuzatishanchamurakkab
Tishli g 6i | d ionasad&gl vzatish soni shu tishli g6i | di rtazkghma r d
mexanizmlarturiga garabaniglanishibilan tanishibo & t gd& nMasalan 4.22
ragnda tishlari soni z;, z, z b o & | ughgarishli g 6 i | d i riterdatloa&rgd an
g o & z g Otighli mMmaxanizmk o & r s .aBundhygreexanizmmgadqatorli tishli

uzatmadebnomberilgan
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4.22-rasm
Bu yerdaO,, O,, Os lar tishlig 6 i | d i r raakkazan bndildinbginchi
tishlig 6 1 | Wlanwudchikchitishlig 6 i | arasidagilkzatishnisbatitopishlozim

b o @ quyidagichashtutamiz
-znvaztishlig 6 1 | dorasidaguzatishnisbati

. __ 5

I, =- —= 4.3

2=, (4.30)
-zpvazgtishlig 0 i |lat orasidalgiuzatishnisbati

. b

Iy =~ —. 4.3

27, (4.32

Birinchi tishli g 6 i | Oilanr uehinchi tishli g 6 | | drasidagikuzatish

nisbatini aniglash uchun (4.31) va (4.32 ifodalarni bir-biriga k od pay.t i r

Natijadaquyidagiifoda kelib chigadi
... a 0.3 0
13:|12®23:é£ %gcé% %+:+%. (4.33

(4.33 ifodadani;z ni musbatekanliginianiglashgiyin emas SHundaygilib,

gatorli tishli uzatmauchtatishli g 6 i | d iiboratk @ & h, bedkiyt o G tishlit a

g 61 | diboralk a @ imsumiyuzatishnisbatini quyidagichaaniglashmumkin

8% 8% 4= 439

Agar qgatorli uzatmadagtishlig 6 i | dsomimtad e U lsola birinchi
tishlig 6 i | Wlann atikhlig 6 i | arasidagikzatishsonini quyidagichatopish

mumkin
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R " n-1_ Z, n-1
lin =2 CD23---CD(n-1)n(' 1) _Z(' 1) : (4.3H
Qo @ z g 6oadl gk sizatmalargatorlib o & |, ma g 6 o dillHans h |
mumkin (4.23rasm). U holda z tishlig 6 i | kilanzdidhli g 6 i | arasidagik

uzatishnisbatiquyidagichaaniglanadi

Z]

4.23rasm
-zvaztishlig 6 i | dorasidagilzaishnisbati

I, =- %; (4.36

-zzvaztishlig 6 i | dorasidagilzaishnisbati

gy =- —. (4.37)

Birinchi tishli g 6 i | Hilanrtackd r ttishing & i | drasidagikuzatish
nisbatini aniglash uchun (4.3 va (4.37) ifodalarni bir-biriga k od pay.t i r
Natijadaquyidagiifoda kelib chigadi

L o 2, gy
|14_|12®34_+ Zj_ (%

4.23rasmdank o & r i, myadmakarakatl valdanz, z, z va z tishli
g 6 i | dorgalallkvh [H wallargauzatiladi Bu yerdaharakatuzatishdaz;, z va
zs, z¢ juft tishlig 6 i | dyordamkdauaatiladi Agar juft tishlig 6 i | dsomim k | ¢
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tab o G Vallaasonin+l b o & Kiatshlig 6 i | wthunuenkmiyuzatishnisbati

guyidagichaaniglanadi

i +1(n+1) =1y, ®34 C"DSG""i(k-l)k @ 1"

yoki
. 2,2, Q....2 = .,
by = = Q1" 4.3
M) 72 &, Gz (4.39
Agar tishli g 6 i | d konuaskmord ro &, lbusm@ay mexanizmmuchun ham
umumiyuzatishsonitsilindrik tishlig 6 i | di r akixashaidkhia da

Ayrim  mashinalardaish jarayonining xususiyatlaridan kelib chigib,
g o & z g 6 a b qtshlia mexanizmlar ishlatish talab etiladi. Tarkibida
goGzgbabdgqtsiliagné i | dbi or Gal ggslalin mexanizmlar epitsiklik
mexanizmladeyiladi

4.24 a-rasmda epitsiklik mexanizmningsodda turi keltirilgan. z tishli
g 6i | datelitad&b nomlanadiva uning o & dazoda harakatlanadi z tishli
g 6 i | quyoshgoki markaziytishlig 6 i | delbnonalanadivaningo & artofida
satellit aylanma harakat giladi. H b o & guvddilon deb nomlanadi va unda

satellitningo @ jgylashgan

a

\LLLLL LLAA//H

4.24-rasm
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Murakkabtishli mexanizmlardair nechtasatellit markaziytishlig 6 1 | di r
vavodilo b o & | mummkimi4.24b-rasmdaikkita satellit z, va zs;, ikkita markaziy
g 6 i | # varzahamdabitta vodilodaniboratb o & Itgoa@w i | dpitsiklek | i
mexanizmkeltirilgan.

Vodiloning aylanisho & doimomarkaziyg 0 i | ad lojlaa kostushadiva
u mexanizmningnarkaziyo d debataladi

Epitsiklik mexanizm tarkibida satellit markaziy g 6 i | da vodiddan
tashgariboshgqab o@ignhb @@ | mAgardobshqgaturdagi b o & g 6rmawud a r
b o & lu sp#siklik mexanizmemas balki tarkibida epitsiklik mexanizmb o & | g a
kinematikzanjir hisoblanadi

Epitsiklik mexanizmlaplanetava differentsialmexanizmlargd o @ | .i na d |

Qo & z g 6 aik Waragaki dirgd teng b o & | epidsiklik mexanizmlar
planetarmexanizmladeyiladi

Qo Gz g6 al dava@dikardah yudori b o 4 | epitsiklik mexanizmlar
differentsialmexanizmladeyiladi

Masalani anigroq tushunishuchun 4.25rasmni k o & chigédmiz Bunda
asosiydtab o & dpdidruchtlasizy, 2z, zztishlig 6 i | d,it rodk It @asaNc h i

vodilodir. Bunday mexanizmlarham CHebishevningtuzilish formulasi asosida

analizqilinadi.
Zy > Z3
| W] (Ozl- | @3
[ - S
0,1 O;; Os; /H
B 6y - —— - ___ [4) Yep— 1 ___ Gy ——— - D)

N

D

<
N
]
(%}

4.25rasm

4.25rasmdagmexanizmningkki holini k o & ahigamiz
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1. Planetar mexanizm - bunda z tishli g 6 i | dmarkazig g 61 [)d i r

30w,

g o & z g &(rad0)nbaosd, N ivdalilo minutigap, (n, = ) martaaylanadi z

va zz lar satellitlarb o @, ular murakkabharakatqgiladi. Bug 6 i | d vodila k | a
bilan birga, O, o & ajrofida aylanadiva o @ & g I(Ca vaiOs) atrofida nisbiy
harakatkiladi. Bundg q o @ z g 6 abh @ & g dsiamp=3, rV-sinf kinematik
juftliklar soniPs=3, IV-sinf kinematikjuftliklar soniPs= 2.
CHebishevning tuzilish ~ formulasiga k o @ mplanetar mexanizmning
g o dz g0 aldamajaskuyidabich&aniglanadi
W=3n- 2R, - 1P, =33- 2Q3- 2=1
Demak planetamexanizmningy o @ z g 0 dik daraj@asVé=d b o & ¢kanr
2. Differentsial mexanizm- bundaN vodilo O; atrofida minutiga p, marta
aylansa z, markaziy g 6 i | @;iatradida (markaziy o @ ajrofidg minutiga pa
martaaylanadi Satelit deb ataluvchiz, z tishlig 0 i | lat murakkabharakat
giladi. Bundg g o 6tz g 6 ab o & g dsamng=4 ¥-sinf kinematik juftliklar
soniPs=4, IV-sinf kinematikjuftlar soniR,=2.
Mexanizmningg o & z g 6 a | damajasimiguyidlagi¢haaniglaymiz
W=3n- 2R, - P,=3&- 2&- 2=2.
Demak ushbudifferentsialmexanizmningy o & z g 6 a | darajaskva2n | i
b o ddkanr
Differentsial mexanizmlar ochiq va yopiq b o . Bular vositastda
catellitning reversiv harakatlarini olish mumkin Ichki ilashmali differentsial
mexanizmlardamexanik foydali ish koeffitsienti tashqi ilashmagaqgaraganda
kattab o & | Bazdjuyidafagatplanetarva differentsialmexanizmlakinematikasi
bilantanishibo &t a mi z
Markaziy tishli g 6 i | doatisteelkasi yuradigantomongaminutiga p;
marta aylanih vodilo xuddi shu tomon minutiga p, marta aylanayotganb o & | s i
(4.26rasm). Biz rasmdak o & r s anéxanizigdagb o & g 6 i hdmenasinbikn g
sistemadeb garalh butun sigemani O; o @ gtrofida soat strelkasi yuradigan

tomongateskaritomon minutiga p, martaaylantirsak vodiloning chastotasnolga

1O



tengboGbbllhgoGzgodal maydijageardishlyg 6 1 | Wlanza k
tishlig 6 i | diaylanksimsom gy ta kamayadj y a &t i=n;-ny differentsial
mexanizmoddiy ilashmalint,=n,-ny mexanizmgaaylanily ularningaylanishsonlari

n,vanb,bbodl adi

4.26rasm
Bundayholda oddiy tishli g 6 i | dmexamizkmuchunz g 6 i | hilanrza k

g 0 i | atasidagukatishsoniquyidagichafodalanadi
an _nh-ny, _ wW- W
i hn wow (4.39

2

=)

zy tishli g6i | doilan aktishli g 6 i | doiasidadd uzatish soni
guyidagichafodalanadi

i :1::;::"':”/1-WH. (44(»

I
13 H
oo Wam W

3

Planetar mexanizmlar uchun umumiy uzatish soni vodiloni fikran

t 0 0 x tusltbilas dniglanadi
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Agari;z<O b o @, 11 gaa-tishlig 6 i | d birbaigalteakaritomonlarga
aylangarbb o al a d i

Agar i13>0 b o @, lharakkala tishli g 6 i | dli via &kbir tomonga
aylanganbb o a |l a d i

Agaroxirgib o @ g 0 iragamikrbg @, foemallaniumumiyk aidishda

guyidagichayozishmumkin

iH — n — n - N, 4.4

Ilk nl|<_| nk- nH ( . :D
yoki

N, :_&+nH 1- _i). (4.42

1k Ilk
(4.42 ifodada planetar mexanizmlarninguniversal formulasi yoki Villis
formulasidebatalad.
Agardaplanetarmexanizmda3-g 6 i | @ o & & & §4a2bnasa)s n;=0, u
holda

iH= e BT oy Ty
® n-n, O0-n, n, o
Umumiyk o @ r i quyidadictagozishmumkin
ik =1-i" i o1 1
H ! H1 M{ |1kH 1- |1|_k|

Planetarva differentsial mexanizmlar avtomobillarda qgishlog x o & a | i

mashinalaridavaaviatsiyad&kengg o a | | .ani | adi
4.27-rasmdaa, b, v, g shakllardatexnikadak o @ @ & | | a planetarvg a n
differentsialmexanizmlarnkinematiksxemask o & r sat i | gan

4.27 a - rasmdabir p 0 g 0 achkailashmaliplanetarmexanizmsxemasi
4.27b - rasmdakki p o g 6 &hkialashmaliplanetamexanizm4.27v - rasmda
ikki p 0 g 6 aahigthshqiilashmaliva 4.279 - rasmdaikki p o g 0 &ashgivVai
ichki ilashmaliplanetamexanizmlarsxemaskeltirilgan. Ular vadilo H, saalitlar
Zy (yoki z,, z xmarkaziyg 0 i | d z; vaazldan#arat SHu kinematiksxemaga
k o @ turk holatlari uchun uzatish sonini aniglashni 4.1-jadval k o @ r i ni s

keltirilgan.
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T -
‘Zg . \Zh
———+
== ~H ->Zg NH ;f
ar— S a’ T~ [
2
-z, [z,
| ] |
a) b)
--\Zcr = <
—_ _ L z,
N = T NZ
% Zb =
—t ~NH
AAMNNAY S
1 \H ey a7 "R m‘b
— .
BAANANNY (S -
a’ ﬁ‘b
_:Za _:Zb -I:
V) 9)
4.27Frasm
4.1-jadval
h : b + H H
IHa Iga I:H IaH Iba Iab
s ! Z, Z, Z, Z,
a) Z, Z, | = | 12 = -
1+-2 1+-2
. 2, Z, z, Z, z,
b) 1 1 1- % Qb 1. % Q" %, % Qb
V) Za Qb Za Qf Zf Qb Za Qf Zg Za Qf
1- z, Q& 1- z, G,
1 ! 1+ 2% 1420 Qb A % %
0) z,Q, z, ) z; G, z, &, z, z, &,
1+z Q 1+z,Q,

Villis formulasidan foydalanib bir necha k o & r i n idifehedtsiag) i
mexanizmlani uzatishsoninianiglaymiz
1-Masala 4.28rasmda keltirilgan diferentsial mexanizmlarda yetaklovchi

b o & d,0etaklanuvchi vodilo b o & | Mexamnizmikki gismdaniborat birinchi
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gism differentsial mexanizmb o & 11,2, 3- g 6 i | d varvadkodaa iborat

Ikkinchi gism3, 4va5-g 6 i | di nbar&kt|l ar dan

w=1 wW=2 w=1
2 2 3 4 5 2 ¥ 3 § 3
R NN Y
——+ x —t I%
1 l J. = / L ! =
w L - J% bl |
|
L S r |
a b Y
4.28rasm
Villis formulasiniquyidagichéb o a | a d i
W, - W,
UH =1 H
13 VV3 WH
Suratva maxrajni yetaklanuvchb o & g 0 burchaktezigi vy gab o @ | i L
yuboramiz
Mg
W,
H —
U13 V;
2.1
WH
bundan
— H ~
Uy =Ui @y, - D+1 (4.43)
hosil gilamiz.
Bu yerda
a z,08z,0 7,4
U =Up, @, =g =2g@8=28=- =22, (4.44)
G 1+ C&2 ~+ Z sz'
y a 7,08z.0 Z
Us, =U35=U35=U3.4CDJ45=£—48 _58:'_5- (4.45)
o 3~ Cea T 3



(4.44)va (4.45)ifodalarni(4.43)ifodagag o d y s a k
= 22?23?25 +Zzlc._23 +1
7z, @, z7Q,

hosilb o 6l a d i
2-Masala 4.29rasmda yetdkvchi b o & gléguvmat4-4'g 6 i | d blokidak | a r
yabdbni yewgdkl a@mnuwkmadh iar dan

;T

3 s g

[ 2
-

| I
4.29rasm
- . . Ho_ W - W
Bunda ham Villis formulasidan foydalanamiz Uiz = W surat va
3~ YWH
maxrajini yetaklanuvchig 6 i | dburchralkkterligiga b o & yubobsak formula
quyidagik o & r oladii s h
W W
H_ W, W, :U14' UH4
U13 W w
3 _H U34 - UH4
Wy W,
bundau,, ni topsak
U14 _U1|_1|3(U34 UH4)+UH4
Bu yerdan
Ub=Ul @ =g 2gEg=- 2,
C 1+ G2+ 1
Z Z
Uy =Ug, =- 7, Uy =Ugy =- -
ZS
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Xammasinio @ r g io @ geasalkani yechimyuyidagik aidishgakeladi

U, =-2g =4- 24g- =4 = - A
H zl? z, 72,2 z, 2@, z7,&, Z,
3-Masala 4.30rasmda berilgan Davit planetar reduktorj tishlar soni

2,=2,=50, Z,=49, Z,=51b o &.ITspishkerakU ;.

/l:___: J_TLT

o LK

VA \
1/L N
4.30rasm
U Mo 1 _ 1 1 .1 _ z& _ 5080 _,...
"oowmoUy U Luj@ 2 2,@,-7,&, 5080- 49G1
2,&,

Universal formula yordami bilan planetar mexanizmlar kinematikasini
o O r g analitiksubuldeyiladi

Planetarmexanizmlarnichizigli va burchaktezliklarini topishdaanalitik va
jadval usullaridan foydalanish k o & p i mogulayab o & .| Budday hollarda
grafoanalitik usuldan foyddanishgat o & d&eladii Bu usul o & z i gaggolg
k o O r ivaayrsgsa burchakva chiziqli tezliklary o @ nal i sydgbodigi i n i
bilan afzaldir. Amaliy ishlarda bu usulda kichik xatolar b o @ | | garamay a
undanunumi foydalaniladi

4.26-rasmdagi differentsial mexanizm g, masshtabdachizilgan 1-tishli
go6i | di trstdaki sonim @ o & Imindtiga aylanishsoni p, dir. Vodiloning
minutiga aylanish soni p, berilgan Agar 2- va 3-tishli g 6 i | tshlariairg
soniz, zz b o G Isleuéshli g 6i | di r @dtdlitaming bar gninut ichida
aylanishsonlarinitopish kerak Masalagrafoanalitikusulda yechiladip; va pn

lar soat strelkasi yuradigan tomon aylanadi Masalani yechishuchun
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vodiloning Oz nugqtasi bilan 1-tishli g 61 | d i A ankigtaaiggi chizigli

tezliklarini topamiz

v, =P =P (4.46)
30 30 2
V,, :’?8 Q, :p;('; (r,+2r,+1,). (4.47)

Tezliklar masshtabintanlaymiz

= VA
A A (448)
osio;-’:v—;;. (4.49)

Mexanizmga (4.26 a-rasm yaqinroq joydan vertikal u-u chizigni
chizamiz va bu chiziggamexanizmdagiasosiyO, A, O, B, O3 nuqtalarning
proektsiyalarinitushiramiz O; nuqtadanOs'O3" vektor kesmanio & rognonga
garab olamiz O3" ni O;' bilan tutashtirih O;,'O3" chizigni hosil gilamiz. Bu
chizigni N bilan belgilaymiz Ana shu H chizig vodiloning tezliklarc hi zi g 0
beradi A" danA'A" vektorkesmaniq o @ y .8Afmi @;' bilan tutashtirih A"O;' ni
hosil gilamiz va uni 1 soni bilan belgilaymiz Bu chiziq 1-tishligd6i | di r a'l
teziklar c h i z ibeyadliiOp danO5'O3" gaparallelchizigo &t k avaammg z
N tezliklarc h i zbilag kiesishuvnuqtasiniO," bilan belgilaymiz O,'O3" kesma
€y masshtabdans ni berish bizgama 6 | A"nbilan O," ni tutashtirih hosil
b o @ | chizgmi davom ettiramiz B' dano & t k a garidomahahiziq A"O,"
ning davomi bilan kesishih B" ni hosil giladi. A"O;"B" chiziq 2-tishli
goi | diteziklare ih m g ibega@ljium 2 sonibilan belgilaymiz

B" ni O3" bilan tutashtirip O"B" ¢ h i z ihagsiogilamiz. Bu chiziq 3-tishli
goi | diQ;atrbfidaaylagishidagtezliklarc h i z ibega@ljium 3 sonibilan
belgilaymiz u-uc hi z i ga@isn ir mxpgydriy d augtanitanlabolib, undan
X-X gorizontal chizig o 0 t k a. ZPadan pastrogdaPS ixtiyoriy masofadaS
nugtanitanlabolamiz SHu S nugtadanO A" ga parallelo & t k & Xxasrbanj
0,'03" gaparallelSHkesmani A'B" ga$; kesmaniO;"'B"ga parallel S; kesmani
hosil gilamiz (4.26-rasn).
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4.26 b-rasmdagigrafik differentsial mexanizmningchiziqli tezliklar
uchburchagi 4.26 v-rasmdagichizma esaburchaktezliklari yoki aylanish

sonlariningplanidir. g©0,'0;1'0O3" £pP SdHd x s h a gghyidagilprdpartsiyani

tuzamiz
PN _ 0,0, . _ Vo ngGDO _m
=tg/ ,, , — @y,
PS 00, Y "= 10,0, m®Oo, m "
yoki
m PN .
=" =m,QPH . 4.50
W, mGp—PS m, (4.50)

w="efL e, 451

W ﬂ?OP_S nZ/ ( )

w="18%= (4.52)
m PS

SHundayqilib, PH kesmag, masshtabday ni, P1 kesmag, masshtabdar;
ni va P2 kesmag, masshtabdar, ni berishiyugoridagi(4.50, (4.51) va (4.52)
formulalardark o & rtarilodi. b

SHuningdek 4.26 v-rasndagi chizmaburchaktezliklari planib o & Unddyi
x-x 0 @ q yowehiPl, P2, P3, PHkesmalake, masshtabdeegishlib o g 6i nl a
burchaktezliklarini berarekan

4.26 v -rasman tegishlib o & g 6 i mminatigaraylamigh sonlarini topish

mumkin Buninguchunquyidagiifodalardanfoydalanamiz

w=P" yoki n:%)C"W (4.53)

(4.49), (451) va (4.52) ifodalarni (4.53) ifodagaqg o & guyidag ifodalarni

hosil gilamiz

n, :%O(")mCPH = mPH (4.54)
30 .. .. ..

n1=;O7zVCP1=ngCP1, (4.55)
30. . ..

n, :FOmCPZ:ngCPZ. (4.56
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Demak P1, P2, PH kesmalar g, (ayl/min@m masshtabdategishli
botgoi mhugaayiamsigsonlariniberarekan

Yuqorida aytilganlardan ma 6 | u rnelgishli b o &G g 6 i nluehak i n
tezliklarini yoki aylanishsonlarinitopishuchun ularningplanlarinituzib,s o 6 n g r
€y va €, masshtablarniopish kerak Ammo burchaktezliklari va aylanishsonlari
planidanfoydalanib(4.26 v-rasm), €, €, masshtablarnhisoblabo & t i, tegrsaly
bodg6i rburehaknezliklayini yoki aylanish sonlarni quyidagicha topish

mumKin
w, P2, P2,
R | M/Z_M/l ’
w, Pl P1
w, _ P3, _ -P3
— = Wy =W, .
w, Pl P1

w _ P2 w, =, F2
w, PH PH
%:E’ %:WHGE_
w, PH PH

Proportsiyaniaylanishsonlariorgali tuzib, tegishlib o &@ g 6 i min&igan i n

aylanishsonlariniquyidagichaaniglaymiz

n, P2 _ P2
P n,=n

n Pl P1
n, _PS n, =n, o3
n Pl P1

n;, Ny berilganligiuchun quyidagichgproportsiyalatuzsanamb o a | a d i

n P2 o, =n, P2
n, PH PH
n _ P3. 0 =n, &3
n, PH PH

Planetar mexanizmlarning kinematikasini grafoanalitik usul bilan
tekshirishdab o & g 6 i rburéhaktezlikiag, aylanish sonlari va nuqgtalarning

chizigli tezliklari musbatva manfiyb o & | iesbh ibgpiahkerak Agar chizigli
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tezlik mudat b o & lureing masshtabvektor kesmasivertikal chizigningo @ n g
tomoniga manfiyb o & shavartikal chizigningchaptomonigagaratibg o @ y.i | a d

Burchaktezliklar bilan aylanishsonlariningplanidan(4.26 v-rasn) quyidagi
goidagak o dularaingmusbatyoki manfiyb o @ | bili lolishmumkin

a) agarburchaktezligi va aylanishlarsoninik o & r s aPtlL,uP2,cPHi,i ...
kesmalamu-uo @ g i nd moegonidayotsg musbat

b) agarularu-uo @ q i amaptongonidayotsg manfiyb o a1 a d i

Planetar mexanizmlarmg kinematikasining grafonalitik y o Gbilan
o G r g a,kiodtpd mexahizanningorofil proektsiyasinichizish (90° gaburilib
proektsiyalash anchaqulaylik t u g 6 d Masadadi ravshanrogtasavvur gilish
uchun4.26 a-rasmdagimexanizmningprofil proektsyasivertikalt o & chizigda
b o dlA] B, O,0; nugtalarningchizigli tezliklari proektsiyalari esa nugtaga
aylanadi Bundan buyon masalani yaggol hal etish uchun planetar
mexanizmlarning profil proektsiyalarini chizib, tegishli nugtalarning chizigli
tezliklarini soat strelkasi yuradigantomon 90° ga burib tasvirlaymiz Masalani
yanadachuqurrogo G r g enagsadidmuyidagimasalank o @ ahigamiz

Misol: 4.26-rasmdak o & r s glanetargexanizmdal yoki 3 markaziy
goi | di riankd ad z g @esdk mlaokiabu kinematikzanjir bitta erkinlik
darajasigaegab o @ | Ba dildagi mexanizmlarnireduktor yoki multiplikatorlar
sifatidaq o & Ibloadsl aa d i

Vodilo H aylangandanisbiy harakatdagsatellit2 (oundamarkaziyg 6 i | di r
3 g o dz g pundadummdaydi va satellitningb o s h | aaglanésidagistalgan
nuqtasiepitsikloidayoki gipotsikloidachizadi

Harakatniaylantirishusuliniq o & lguyidaginianiglaymiz

uf :W:: _W- Wy
31
Wf W - Wy
yoki
uH :M/l- W :i
31 H -

Agar¥s;=0b o @, Ulda



h_ow-w 1
U3 = -~ TH
- W Us;
yoki
W 1
up =1- Lt =— (4.57)
WH u3l
H_ow-wy 1 , . ,
bundayi/ ¥=Uin Uj = R planetaruzatmaningizatishnisbati
37 WH 31

uiy (4.57) ifodagaq o @, planbtaruzatmaninguzatishnisbatinianiglaymiz
us =1- u (4.58)
yoki

1
1- ul

Bu yerda berilgan mexanizmt o trotd g &memadtik zanjirdan iborat

(@}

bodl guwhuhquyglagib o g 6 | goransztomladi

azzocg |

Bu b o g 6 1 aVilliissforgudasi deyiladi uning umumiy K o @ r ijni s

H
u13_

EI\H%

go0i | gdo ®adk ma & Iplaretaruzatmalauchunquyidagicha
Wy =1- . (4.56)
Grafoanalitikusuldaplanetaruzatmalarniekshirish4.26-rasmdakeltirilgan.
GO i | d nimg dukchaktezlik giymati shutishlig 6 1 | d i aylanknatazligigi
aniglashimkon beradi
Va= Gy
Masshtale, tanlah v, tezlikni Aavektork o G r i OO, gdpermeradikulyar
gilib g o & y .aamugianiO markazibilan birlashtirib, uchburchakOAa ni hosil
gilamiz. Bu uchburchaki tishlig 6 i | uthumtezliklarning tagsimlaniskgonunini
beradi Tishli g 6 i | d R waa2kAitta b o & gsatellimi tashkil etgani uchun
satellitga tegishli b o & | By augtaning tezligi nolga teng chunki 3-b o d g 61
markaziy tishli g6 i | diod a lg 6 a SHoairg dichun a nuqgtani B bilan
birlashtirib, uchburchakAaB ni hosil gilamiz. Bu uchburchaksatellitlar uchun
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tezliklarning tagsimlanishgonunini beradi Satellitning o & % ga H vodilo
biriktirilganligi uchun satellitgategishli b o & | @y augtaningtezligi H vodilo
tezligigateng. SatellitdagiO, nugtanitezligini aniglashuchun(4.26 b-rasm da O;
nugtadanAa tezlik vektoriga parallel o & t k @ckburthakAaB dan h nuqgta
aniglanadi O;h vektor O, nugtaningtezligidir. h nugtanimarkazbilan birlashtirib
O,hO uchburchaginihosil gilamiz. Bu uchburchakvodilo H uchuntezliklarning
tagsimlanishgonuniniberadi

Burchaktezliklar planini qurishuchun(4.26 v-rasnj ixtiyoriy P qutbdanOa,
Oh, Banurlargaparallelchiziglaro ¢t k az a mi z

Ular I=Py tanlangammasofadaro & t k a @ @iadhg aznikegighibd,ad va
2 nugtalar hosil giladi. Burchak tezlik planining masshtabkoeffitsientini €
differentsial mexanizmlardagimasshtabkoeffitsientlarini aniglashgaasoslanib
aniglanadiey= ( ¢ Satellitvodiloningburchaktezliklarini aniglaymiz

w, = m k2 va w,=m0H,

Qurilgan tezliklar tasviri va burchak tezliklar plani yordamida planetar
mexanizmningstalganb o & g dtegishlibgcad Inggtalarningchizigli tezliklarini
vab o & g 0 i burchakterlik giygnatinivay o & n a hnigedmmumkin

Planetartishli uzatmalarnikinematik sintezgilish

Berilgan uzatishsonini ganoatlantiruvchplanetarmexanizmlarnitishlar sonini
tanlashni o @ g wavilmiy adabiyotlardaturli usullarni k o @ r s a(2,410)g a n
Optimal variantini topish uchun turli parametrlarnio @ z g a orgali topilgah
variantlarnisolishtirishkerak Bundaasosamexanizmlarnigabarito @ 1| ¢ h a ml &
eng kichigini tanlanadi Tanlab olingan keraklio & | ¢ h aplamk&rgnexanizm
quyidagitalablarg javob berishikerak

a) Berilganuzatishsoniniganoatlantirishi

b) Markaziyg 6 i | d i or&agkl Ireastushishj

c) Y i g Gailalkirbajarilishi

d) Satellitlarningg o & s h nshactihibajarilighi

175



e) Harbir juftlik t o & ighmagéirishi.

Tishlar soniva nisbatinit o @ rdashmexanizmniixcham massaskichik va

ishlashqgobilyatini yaxshilashishigalib keladi

4.27-rasmdaplanetarmexanizmlarnasosiytiplari keltirilgan.

1va3-markaziytishlig 61 | d;i rakl ar

2 va 2'- satilitlar:

H-vadilo.

ilashmali mexanizmniAJ (4.31 b-rasnj;

Ikkita tashqiilashmalimexanizmniAA 4.31-rasm bitta tashgiva bitta ichki

ikkita ichki ilashmali mexanizmniJJ

(4.32 a-rasn) va bir p o g 6 achkailashmali (4.32 b-rasn) mexanizmni J deb

belgilangan

AA
ﬁ._—_: [\ 2*
== T I,
T ]
PSNNNNA\SN ANNANN W
TR H AN
11
a
4.31-rasm
JJ

4 32-rasm
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Od q | @ir-biriga tushish sharti
AA, AJ, JJk o & r i nplasetasnaxgnizmlaruchunbu shartquyidagicha

bodl adi

Ay = o1
yoki

(o)

— (o]
M w2 = Twa rwzl_

J-birp 0 g 6 plamatdmexanizmuchun

fa T Tz = s - rW21
bundarwi, rwa fws fwz -b 0 s h | aaglap@amradibslariformuladagii + shora
tashgiilashmauchun -0 horasiesaichki ilashmauchun
Qodashneharhi | i k

Bu yeddao & g fazpda harakatlanadigarg 6 i | d satelitlariniagrbir-
birigategmasdarrkin harakatlanalishit a 6 mi nl anad |
in180> Z,+2f, |

K Z°Z,

bundaf, T 2-tishlig 6 i | dkallagabkondi y balandlmikoeffitsienti

Ikkinchip o g 6uchura

S

_180_ 7, +2f,
In > | |
K Z3 ° ZZi

S

f,5-20- tishlig 6 i | d i kallagkbnoi énydalartulikkoeffitsienti; K-satilitlar soni
f, = f.a= hay (bundahy b o @ lcihsihzbh @@y itish kadlagining balandlik
koeffitsientt Normal tishli g 6 i | di thyalk kesilgad fashli g 6 i | di r a Kk
ha=0,8)
Yi g Ghadih
Bu shart satellit o &@ q | a markaziyro gt @ mjsbatanbir xil burchakda

joylashuvinihamdasatellitlarningmexanizmgaerkino @ r n a ttialdins hnil naiy d
P 1+ R =B,
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bundak i satelitlarsoni p i vadiloningt o Galylanighlarsoni B-ixtiyoriy butun
son

Bu shartni bajarilishi shundaki agar birorta satellit o &@ r ndirigantdan
s 0 0 o @ s Vaayatda keyingi satellitni o &@ r n aichuns/ddiloning quyidagi

burchakkaburishkerakb o @ | a d i

360
S

Tashgiilashishnihosil giluvchig 6 i | duchuazk.¥1& nOL7b o & /K b

buttnsonb o &l adi

1+ pk)

Ichki ilashmahosil giluvchi hamdatishlari ichkaridajoylashgang 6 i | di r a

uchunz,i;=85,zz85b o &l a d i
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V-BOB. KULACHOKLI MEXANIZMLAR

5.1.Kulachokli mexanizmlar, ularning turlari . Kulachokning faza
burchaklari . Kulachokli mexanizmlarning tahlili, bosimva uzatish

burchaklari . Turtkichning harakat qonunini tanlash

Kulachokli mexanizmlar yordamida yetaklanuvchb o @ g 0 iistalyann g
murakkablikdagi harakat qonunini olish mumkin Masalan ish jarayonida
turtkichning ma 6 | vagh davomidatod x tt aobd xharakétlanishi Kulachokli
mexanizmlar hozirda rivojlanayotgan avtomat va yarim avtomatlashgan
mashinalardaturli funktsiyalarni boshqarish ishchi gismlarni ishga tushirish
t o & x,t @dindas belgilab q o & y i vazgatami inson ishtirokisiz bajarish
imkonini beradi Kulachokli mexanizm asosan yetaklanuvchb o dg6i nl a
silish masofaskichik b o @ |hgrakatlarnamalgaoshirishdag o d | |.ani | ad i

Kulachokli mexanizmlarningquyidagi kamchiliklari mavjud Y a § katta
solishtirmabosim mavjudligi va kulachokningyuzasiningtez yeyilishi SHuning
uchun kulachokni tayyorlashdayuqori sifatli materiallar talab etiladi. Bundan
tashqariayrim hollardg kulachok bilan turtkich kinematik juftlik hosil gilishi
uchun prujinayordamidag o @ s h kuohbdrishtalabetiladi.

Turlanishi b o & y ikuwlabhakli mexanizmlay fazoviy va tekis b o &l a d |
Fazoviy kulachokli mexanizmlardakulachoklar odatda o & y i q cbhoadl lagrai
tsilindrsimon shakldab o ¢ loid ly i q c huatkicaning rdli&lari harakatlanadi
(5.1 a-rasn).

Tekis kulachokli mexanizmlarningkulachoklari ilgarilanma (5.1 b-rasn)
yoki aylanma (5.1 v-rasn) harakatni amalga oshiradi Kulachoklari aylanma
harakat giladigan tekis kulachokli mexanizmlartexnikalardakengg o | |.a n i

SHuninguchun quyidatekis kulachoklimexanizmlaibilan tanishibchigamiz
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5.1-rasm

Kulachoklari aylanmaharakatqgiladigan tekis kulachokli mexanizmlardagi
turtkichlarning harakatigak o dikkiaguruhgab o & Imunskim Birinchi guruh'i
turtkichlari ilgarilanma harakat giladigan kulachokli mexanizmlar Bunday
kulachoklimexanzmlaraylanmaharakatnilgarilanmaharakatgaylantirib beradi
Ikkinchi guruht turtkichlari tebranmaharakatqgiladigankulachokli mexanizmlar
Bundaykulachoklimexanizmlay aylanmaharakatnitebranmaharakatgaaylantirib
beradi

Kulachoklari aylanmaharakatqgiladigan tekis kulachokli mexanizmlarning
b odg i ntdzibshi varharakatturigak o Oklassifikatsiyasinituzib chigamiz
(5.2rasm. Yuqorida Kkeltirilgan guruhlardagi kulachoki mexanizmlarni
yetaklanuvchb o & g 0 ituzilismgaln @ duchaurgab o @ | :il)ypaid ukhii; 2)
rolikli ; 3) tekis.

Turtkichlari ilgarilanma harakatgiladigan kulachokli mexanizmlarnio @ z i
ham ikki turgab o @ | :imardadiy (aksia) va markaziyb o cabam(dezaks3l
Markaziy kulachokli mexanizmlar dely turtkich harakaty o @ n a | ios@hgiin |
kulachokningaylanisho & markazidano @ t a dnexgna&mgaaytiladi. Markaziy
b o &l meugcaokli mexanizmlardely turtkich harakaty o G n a | iosdhgiin
kulachokning aylanish o @ gmarkazidan biror-bir ye masofadano &t adi g

mexanizmgaytiladi. Bunda yemasofadesaksiaimasofadeyiladi(5.3-rasm)
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5.3rasm
Kulachokli mexanizmlard&ulachokningprofili turli egrichiziglardaniborat
b o &l Kuthchok profillarining turlicha b o & | | gafamay aillar umumiy
parametrlargagab o &l a d i
5.4rasmdaprofili t o & yoydanaborat b o & | kglacimok keltirilgan. Bu
yoylar quyidagilat y a dnmarkaziO,; b o @ |1AB yoyy markaziO, b o & 1AG yon
markaziO; b o & | Gpayay va markaziOX » o @ | DB goy. Kulachok asosiy

o 0 | c h sanaladiKulachokningasosiyo @ | ¢ h quyndagilardit

5.4-rasm

Kulachokningminimal radiusi (ro)-kulachokningaylanish markazidanuning
profiligachab o & lemgggagin masofantutashtiruvchradiusvektori.

Kulachokning maksimal radiusi (rmay-kulachokning aylanish markazidan
uningprofiligachab o & leggazogmasofantutashtiruvchradiusvektori.

Turtkichningsiljish masofasih)-kulachokningmaksimalradiusibilan minimal

radiusiorasidagifarg.
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Kulachokning yaqinlashish burchagi ( §)-kulachokning minimal radiusi
chizganAB yoynig burchagi Kulachokprofilining shugismidaturtkich harakatsiz
boddbd & biemgguyidolatini egallaydi

Kulachokningk o d t ahwurchiagi (sdirkulachokningminimal radius chizgan
yoy bilan maksimalradiusichizganyoylaring engchetkinuqgtalarinitutashtiruvchi
AC yoyning burchagi Kulachok profilining shu gismida turtkich eng quyi
holatidanyuqorixolatigak o 6t ar i | adi

Kulachokning uzoglashish burchagi ( §- kulachokning maksimal radius
chizgan CD yoynig burchagi Kulachok profilining bu gismida ham turtkich
harakatsi2 o 6 @ b i emgyuqgri holatini egallaydi

Kulachokning gaytish burchagi ( §-kulachokningmaksmal radius chizgan
yoy bilan minimal radiusichizganyoylaring eng chetki nuqtalarinitutashtiruvchi
DA yoyning burchagi Kulachok profilining shu gismida turtkich eng yuqori
holatidanquyi xolatigagaytadi

Kulachokningishchi burchagi ( ifikulachokningk o & t a wzoglashishiva
gaytish burchaklariningy i g 6 i ntehg ® o & & lpuechmk U quyidagicha
aniglanadi

Jq=l et vt/

Kulachokningbarchaburchaklarinigy i g 6 B6¥datengb o & Ishag h i

yaobni
Jq= et ot o=/ ¢*/ . =360

Kulachokli mexanizmlarnormal ishlashinit a 6 mi jndh lkaalahamiyatga
ega Normalish sharoitinit a 6 mi nasasanturtkithibilan kulachokprofilining
urinish nugtasigao @ t k a wrinmadgilanrturtkichy o @ n eolasidagibirchakka
b o g @BlU hugchakuzatshburchagideyiladiva o harfi bilan belgilaymiz

Kulachokli mexanizmlarning asosiy parametrlari kinematik va dinamik
shartlardaraniglanadi Mexanizmnibelgilanganharakatgonuninit a 6 mi,ihd a s |
kinematikshartsanaladiHarakatqonuninit a 6 mi n tagshgah yadigomFIK iga
egab o & | ivastirtkiahning kulachokdagadalibgolmasligit a 6 mi dinénaks h
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shartlarsanaladi Kulachokli mexanizmlarningp & | ¢ h atamnlashdayuqoridagi
shartlar gandayt a Oedishini aniglash uchun 5.5rasmda keltirilgan kuchlar
t a 6 s ikulachbkanig b 6 ahigamiz

b Vdy-y

5.5rasm

Agar turtkich bilan kulachok orasidagiishqalanishkuchi inobatgaolinmasa
masalanik o @ chigish osonlashadiU holdg kulachogdarturtkichgaberiladagin
harakatlantiruvchP; kuch kulachokprofilidagi A nugtagao & t k a M-N riogmal n
bodyliyolia ald ggbal Radlielogrammaqgoidagiga asosan bu P; kuchni
turtkich b o @ y va urgdiik tashkil etuvchilargaajratib olamiz Tashkil etuvchi
kuchlarnibirini P, bilan, ikkinchisini P bilan belgilab olib, P; kuchniquyidagicha
ifodalaymiz

ti=te+ts,

Kulachok bilan turtkichning umumiy urinish nuqtasiA dano 6t k a®-N| g a
normalchiziq bilan u-u chiziq (turtkichningharakaty o @ n adrasigagiburchak
U bosimburchagideyiladi Bosim burchachiU bilan uzatishburchagio orasidagi
munosabatjuyidagicha

0 =90.

HarakatlantiruvchP; kuchnio & g | paoekgsigalabuyidaginihosil gilamiz

t,=t,cosa

[3:t18ina.
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Bu yerda P, kuch turtkichni k o d t a rva ¢+ kychmng foydali tashkil
etuvchisj P; kuch turtkichni o @ rtagmongasuradiganva P; kuchning zararli
tashkiletuvchisihisoblanadi

5.5rasmdank o & r i, asioh bukchagiU ni ortishi bilan harakatlantiruvchi
P1 kuchning zararli tashkil etuvchisiPs kuchn ortib borishini va foydali tashkil
etuvchiP, ning kamayibborishinikuzatishmumkin

Demak U ni ortib borgan sari kulachokli mexanizmning ishlashi ham
yomonlashibborar ekan hamdama 6 | gqiymmatga yetgand&ulachok turtkichni
harakatlantiralmayqgolad, y a @adalibqoladi

Amalda uzatish burchagining minimal qiymati 9mi,  kulachokli
mexanizmlarning turlariga k o @ bbelgilanadi Masalan turtkichi ilgarilanma
gaytma harakatgiladigan kulachokli mexanizmlaruchun 3,;;=50°-60°, turtkichi
tebranmaharakatqiladigan kulachokli mexanizmlaruchun 3,;;=40°-45°, uzatish
burchagining bundan kichik giymatlarida turtkichi rolikli b o @ | kylachokli
mexanizmlag ol I.ani | adi

Yuqoridat a 6 ki d | ,&kuaghokii meka&nizmlaryordamida yetaklanuvchi
b o & g 6 hanqandaymurrakablikdagiharakatgonunlariniolish mukmin, lekin
bu nazariy jihatdan Amalda esa kinematik va dinamik shartlarni
ganoatlantiradigankulachokli mexanizmlarg o @ | | .aTurtkichaidgi harakat
gonunini kulachokning t o & rxaraktarli fazalari uchun k o @ rchidamiz
Kulachokning xarakterli fazalari quyidagilar k o & t albuicHagi Gakas) U,
uzoglashishburchagi (fazas) Gy, gaytish burchagi (fazas) (4 va yaginlashish
burchagi(fazas) Gy.. K 0 & t awva igdytishsfdzalaridaeng oddiy harakatgonuni
$=Sy( 1} chizigli gonuniyatdir Burchak (; mos ravishdady, UGy, Uq va Uy, lar
b o & Imurakim {5.6-rasn).
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5.6-rasm
Turtkichning t o tkload t a h itehgi TRuttkichning harakat gonunlarining
analitik ifodalarininyozamiz

Turtkichning k o dlisha fazasidagi harakat qonunining analitik ifodasi

guyidagicha
SZC:-ﬂjl
PR
Turtkichning gaytish fazasidagi harakat gonunining analitik ifodasi
quyidagicha
S :/%(/ /1),

Kulachokningtezlik analogik o & t afazasidaqwyidagigateng (Nugtaning
tezlik analogi 1 shu nugtaning aylanish radiusvektoridan umumlashgan

koordinataganisbatanolingan birinchi tartibli hosilasidir
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e = ? —/— =cons!
1 ¢
Kulachokningtezlik analogiqaytishfazasidaguyidagigateng
Ve -d—s?g =- — =consf
d7, /¢

Demak turtkich harakatiningtezlik analogihar ikki fazadao & z g aekama s
Tezlanish analogi esa shu fazalardanolga teng b o & | (Mudtaning tezlanish
analogii shu nugtaningaylanish radiusvektoridanumumlashgarkoordinataga
nisbatanolingan ikkinchi tartibli hosilasidir). a, b, cva d hollardaesatezlanish
analogicheksizb o G| a d i

5.6-rasmdakeltirilgan grafikdagia, b, cva d nugtalardaurtkich gattiq zarbaga
uchraydj y a 6lmo & g 0 i tnd Getungitd kuchlarning giymati cheksizlikka
intiladi. Amalda tezlanish analogi a; k o @ r s ahollardagleeksizlikka teng
b odl maludki kulachok bilan turtkich absolyut gattiq emas balki
deformatsiyalanishxususiyatigaegadit Turtkichi uchli b o & | tggdimda ham
bo&goi méfeamatsiyalargshsabablikulachokli mexanizmlarningtezlanish
analogicheksizb o & | hamsurdkich bilan kulachokorasidaurilish hodisasir o @ vy
beradi SHuninguchunk o @ t ava qaytishf&zalaridachiziqli harakatgonunlari
g o @ | | .aJminihgabdshlanishiva oxiri egri chizigdaniboratb o @ | lozis.h i
Bunday hollardg kulachokbilan turtkich t o & ghi&iglii harakatgonunidanegri
chizigli harakatqonunigao & t a y paytdgyamshoqzarbagauchraydi Bunday
amallarni bajarish kulachokli mexanizmlarniloyihalashdaruxsatetiladi. Oa t i s h
egri chiziglari, evolventa aylana parabolava boshgaegri chiziglardaniborat
b o & | mumkini Zarba hodisasini bartaraf etish magsadida ayrim kulachokli
mexanizmlardajayishqocelementlardamoydalaniladi

Kinematika b o @ | i onti rdgaa n dels rurtkiclhning harakat gonunining
silish s,=s,( {j grafigini ikki martadifferentsiallashnatijasidaturtkichning tezlik

vatezlanishanaloglariningdiagrammasinhosil gilamiz.
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5.2.Rolikli va tekis turtkichli kulachokli mexanizmlarning minimal

radiusini aniglash va profilini loyihalash

Kulachokli mexanizmlarnioyihalashningasosankki usuli mavjud Bulardan
biri, kulachokli mexanizmlarnikinematik loyihalashb o @, likkirechisi dinamik
loyihalashdir Kinematik loyihalashda yetaklanuvchy o & g 6 iharakatgomgini
va profilining shakli aniglanishilozim b o & | kglacmokningeng kichik radiusi
bilan turtkichningmaksimalk o & t aorrial lbersgld Agar turtkichningharakat
gonuni a-t (tezlanish grafigi bilan berilgan b o &, lorslig (St) grafigini olish
uchun a-t ni ikki marta integrallashlozim b o & | Agyar iturtkichning harakat
gonuniasosidaoyihalanishilozim b o & | kgleeehokningminimal radiusiuzatish
burchagi (o) ni hisobgaolinib aniglansava aniglanganminimal radius asosida
kulachok profilining shakli tuzilsa bu usuldaloyihalashdinamik loyihalash deb
ataladi Dinamik loyihalangankulachokli mexanizmlarkulachokninghar ganday
tezlikdagi harakatidaham normal ishlay oladi. Agar uzatish burchagi hisobga
olinmasdanloyihalangankulachokli mexanizmlarb o &, lu icdda kulachokning
aylanishijarayonidaturtkich o iyzo @ n a | t orasigatigdith gqokshi mumkin,
bundaymexanizmlamn o t o i@htpydr Buningogibatidaesasinishihammumkin

Kulachokli mexanizmlarni kinematik loyihalash uchun kulachokning
minimal radiusi (ro) bilan turtkichning har&at qonuni tezlanish(a-t) tezlik (v-t)
yoki oraliq (St) grafigi shaklidaberilishi lozim. Agar harakatqonunia-t grafigi
shaklidaberilsa uni ikki martaintegrallash v-t grafigi shaklidaberiganb o @, |
bir martaintegrallashy o dilam St grafigini hosil gilish, mumkin. 5.7-rasmda
St grafigi berilgan Kulachokningshakini tuzish giyin emas Buning uchun
kulachokning minimal radiusi bilan aylana chizib, uni teng (8, 12, 16, 26)
bota!| ak b @ &ingrafzgi abstsissasidagioraligni hamxuddi shunchaeng
bodl abba@alk.gmi z

St grafigidagi abstsissalaro & g kutlachokning minimal radius ro i
aylanasigaurinma qilib o &t k a za shu grafik ordinatalarini kulachok

turtkichigaproeksiyalaymiz undagitegishli nugtalarniminimal radiusr, li aylana
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radiuslarining davamiga proektsiyalab shu nuqtalarni o & z autashtirsak
kulachokprofili hosilb o & .I5&-thsmdaS-t grafigini ganoatlatiruvchi ro asosida

loyihalangaraksialkulachoki mexaniznk o &dr sat i | gan

K Y

5.7-rasm

Kulachokli mexanizmnikinematik loyihalangandagikulachokni minimal
radiusi ro ning giymati mexanizmnidinamika nuqtai nazaridanloyihalanganda
mutlaqo yaroqsiz b o & | musnkin CHunonchi turtkich va kulachok orasida
vujudgakelganishqgalanishkuchi kulachok sirtining ma 6 | bur gismidaxaddan
tashgariortib ketishi xattoturtkich bilan kulachok o & z gadabbqolishi mumkin
Bundayxodisalarbosimburchagigeb o g ® lo it 4Baadhrllardabosimburchagi
kattab o atur&iehuchigarollko dr nat i | adi

Kulachoklarningminimal radiuslarinianiglashdaroldin bosimburchagibilan
bogol ikgd d chigémiz Bosim burchagi U ni kulachokli mexanizmning
asosiyparametrlariorgali ifodalaymiz 5.5rasmdakeltirilgan turkichi ilgarlanma

harakatgiladigankulachoklimexanizmlamisolidak o @& ahiganiz Buninguchun
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A nugtadanN-N normalo G t k lutladhdkva turtkichlarningnisbiy harakatidagi
oniy aylanishlammarkaziB ni aniglaymiz UchburchakABD dantgUni aniglaymiz

_BD _BO+0D
DA DK +KA" (5.1)

tga
(5.1) ifodanitashkil etuvchilarnis.5-rasmgamuvofiq quyidagichaaniglaymiz

dh
BOZVAy—y = _d/ ’
1

OD=e

DK =,/r2 - €°

KA=h
bundae-kulachokningaylanisho & q itwltkachningyo @ n a |l t i r ubvocdhl i gsai
eng qgisqa masofa (dezaksial, rmir-kulachokning minimal radius vektori; h-
turtkichningsiljish masofasi
Parametrlarni yugorida aniglangan giymatlarini (5.1) ifodaga qo Gy i b
qguyidaginihosil gilamiz

dh
—+e
dj,

m+h. (5.2)

Dezaksiale masofanioldidagi musbatishora uni O markazidano @ n g d a

tga =

(5.2) ifodadank o & r i, naal@hgakharakatgonuni s,=s,( 4 (bu yerda
h=s, ekanligini inobatgaolish zaru) va kulachokninge o @ | ¢ kuachokning
minimal radiusvektorib o @ y chizilpaaaylanaorgalianiglanadi

Kulachokning minimal radiusi rmin gqanchakattalashibborgansari bosim
burchagikamayibboradi lekin kulachoklimexanizmning & | ¢ h katiabshadji
bu esamexanizmningfoydali ish koeffitsientini kamayishigaolib keladi Agar
mexanizmdaturtkichning y o & n a | t kuftachegkaoiigiaanish markazidan
o O tysaatenOib o & Ulwlda(5.2)ifodaquyidagichak o @ r oladii s h
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5.8rasm

Rolikli turtkichli kulachokningminimal radiusinianiglashuchun kulachokili
mexanizmharakatiningbutun davri uchunbosim burchagininggiymatini s, va v,
largab o g 6 | gmafiginisgbrib olamiz Qurilgan grafik nosimmetrik hisoblanali
(5.8rasm. Os, o @ g wshbatan bosim burchagining maksimal giymatiga teng
b o & I bgrehakostidaqurilgan grafikning ikki tomonidanurinmalaro @t k a z a m
Urinmalarnigrafik bilan urinish nuqtalariA va B, o & z kesishgamugtasiniesa
O; bilan belgilaymiz. Urinmalarningo & z &esishgannuqgtasiO; kulachokning
aylanishmarkazib o & bu nbgatdankoordinataboshigacha o @ | ntpsofaesa
kulachokning minimal radiusi ro hisoblanadi Grafikning assimetrik holatidan

silish masofasesa yalizaksialmasofad.
Agar dezaksialmasofa y&masofaberilganb o & Vasuai o &8z gar t i r

ruhsatetiimasa u holdaOs; 0 & q d ¥masofaed | cOse0l qparallelt o & g 6 r
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chizig o Gt k a Ba mb @ ghizigni Ov, o & lpilan kesishgannuqtasini CA
nugtalardaro & t kaa arinmaubilan kesishgamugtasiniO*bilan belgilasalk COX

kesmahosil b o @ | Kaldchokningaylanishmarkazinishtrixlanganyuzaninghar

gandaynugtasinitanlashmumkin Agar A nugtadano & t k a arinnhadpilamS
nugtadano & t k a 2 io & grlizigii kesishgan nuqgtasi OX ni kulachokning
aylanishmarkazidebolinsa u holdabu kulachokningminimal radiusire® o &1 a d i

Agardg markaziy kulachokli mexanizm loyihalash talab etilsg

kulachokningaylanishmarkaziOs, o @ qydtighilozim.

Agar B nugtadaro 8azilganurinmabilan Os, 0 & ckesishgamuqtasioXnf

kulachokning aylanish markazi deb olinsa u holda bu kulachokning minimal

radiusireX%o & | a d i

Yuqorida k o @ chigilgan holatlarning barchasidakulachokningmarkaziy
profilining minimal radiusini aniglash mumkin Kulachok profilining hagiqiy
minimal radiusni aniglash uchun markaziy profilining minimal radiusidan
rolikning radiusiniayrib tashlasHozim.

Tekis turtkichli kulachokli mexanizm kulachogining minimal radiusini
aniglashbilan tanishib chigamiz (5.9-rasn). Bu holatdaharakatlantiruvchikuch
bilan turtkichningharakaty o @ n anlostushladihamdatekis turtkichli kulachokli
mexanizmlardabosim burchagi nolga teng b o & | kemk SEHuning uchun
kulachokningminimal radiusiboshgachasuldaanlanadi

Tekisturtkichlarkulachoklimexanizmlard&ulachokprofili gabarigb o 6 | 1 s |
lozim. SHu sabablj bunday turdagi kulachokli mexanizmlarni loyihalashda
kulachok profilining barchagismini gabarigb o @ luchento & z g a r egeilik h a n
radiusij doimomusbatb o @ .| Ba dsa kulachokminimal radiusinianiglashning
sharti hisoblanadi Minimal radius giymatining ortishi bilan kulachok profilining
egrilik radiusininggiymati hamortib boradi Bu esa kulachokprofilining gabariq

bodl taBmninl aydi
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Agar kulachok profilining egrilik markaziningurinish nugtasiP b o &, lus a
holda egrilik radiusi PB b o & | Adndhsghtiriigan ORV® mexanizmuchun OPb
tezlanishlaplaninituzamiz U holdg 5.9rasmdark o d r i nadi ki

r=0+r+h
bunda a-turtkichning keltirilgan tezlanishj ro-kulachokning minimal radiusi h-
turtkichningk o @ t anmrasoflas(ysohg | i

Yuqorida aytganimizdek kulachok profilining egrilik radiusi } doimo

musbat o & llozim,ly &2 6 n i
r=0+r,+h>0 (5.4)

(5.4) ifodaningo & mogiondagig o & s h i lichidadahatginakeltirilgan

tezlanishmanfiy b o & | mumkini Bunda kulachok profilining egrilik radiusi }

doimomusbath o @ luchgntguyidagishartbajarilishilozim

@<r,+h
yoki

L >[@- h (5.5)

I

™




a va h kattaliklarkulachokningburilish burchaginingunktsiyasihisoblanadi
va ularning analitik ifodasi anig emas shuninguchun(5.5) ifodani grafik usulda
yechamiz Buning uchun C nugtadanchaptomongaqgarah keltirilgan tezlanisha
uzunligiga teng b o & | @Eakesma chizamiz va E nuqtani O nugta bilan
tutashtiramiz U holda ECO t o & @uvchakli uchburchakhosil b o & | ECO i
t o & lpucchakliuchburchakningatetlariES=a va OS=rot+h. AgarES=OSb o & | s a
b=4&EX0Sboth s@AWMESOSboahb s415o &.|Derdak (5.5 shart
bajarilishi uchun b <4 B o & I lozenhekan Yugoridagilardankelib chiqib,
kulachokningminimal radiusinigrafik usuldaaniglaymiz Buning uchun berilgan
kinematik grafikka k o s wa a larning b o g 0 | grafiginii ghramiz Bunda
turtkichningkeltirilgan tezlanishiniabstsiss@ & q, tudgkechningsiljish masofasini
ordinatao @ q joydgahtirimiz Grafikning chaptomonidanOs, 0 & g4®°durchak

ostidaurinmao 0 t k a Gafikka zrinish nugtasiniA, Os; o G lglan kegshgan
nugtasiniO*bilan belgilasak u holdaAO*esmahosilb o & (5a@rasn).
Agar kulachokning aylanish markazini OX deb belgilasak u holda

kulachokningro minimal radiusiOO*gatengb o & Jyaadin i
O=r,+h

0 f a
450
o W
(o]} X

5.10rasm
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Demak kulachok profilining egrilik radiusi profilning gaysidir nuqgtasida

nolga teng b o & | ba dsia shartni ganoatlantirmaydi SHuning uchun minimal

radiusnitanlashdauningo & | ma@OXkesmauzunligidankattarogolish tavsiya
etiladiYa o ni
ro=00%l.

Bu yerdh, | odatda5-10mmo r a | ib @ @ iltaivssydetiladi.

Kulachokning profillarini loyihalashda uning harakatqonunlariva asosiy
konstruktiv parametrlari berilgan b o & | ikeydk i Berilgan parametrlar
mexanizmning~.1.K. ni yugorib o @ | ivaskblacholni turtkichgagadalmasligini
t aomilozZimas hi

Etaklanuvchi b o & g 0 i harakatmanunlari grafik k odr i ny & &n id
yetaklanuvchib o @ g 0 isiljishi dimgrammasi yetakchb o & g 6 ibarfish n g
burchagiga b o g o6funktgjyada yoki analitik k o & r 1 rberisstn dramkin
Kelgusidagrafik va analitik usuldakulachoklarniloyihalashnik o & ahigamniz

Turtkichi ilgarlanmagaytmaharakatgiladigan va harakatqonuni s,=s,((;)
diagrammak o & r i herilgah kdilachokli mexanizmlarningkulachogi profilini
loyihalasimi k o & chigdmiz Grafikda kulachokningt o @il martaaylanishiga
moskelganturtkichningharakatfazalarik o & r s étlirdsm).a n

A
52

A
Y

5.1 rasm

‘9. 0. JONCse . ujittedw fjdhdgEd:L ditseh 1d2 hdEDM4Adrde SO, 197 1.
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Kulachokning minimal radiusi yuqoridak o & r s aisuldd agidanih O
markazdarshuradiusb o @ y aylarhchizamiz Bundakulachokl bilan turtkich 2
ning urinish nuqtasidaturtkichning b o s h | a molgtd B; snbgta aniglanadi
Kulachokning profilini qurish uchun aylantirish usulidan foydalanamiz (5.12
rasm). Buning uchun kulachok va turtkichga giymati jihatdan kulachokning
burchak tezligiga teng b o 0 | g a @ n adsa usdaiteskariy o & n a(tyg a n
umumiy burchaktezlik beriladi Bundakulachokaylanishdart o & x vaaugtketh
ilgarlanmaqgaytma harakat gilishdan tashgari yana kulachokning aylanisho @ q i
atrofidaaylanmaharakathamgila boshlaydi

Kulachokning minimal radiusi bilan chizilgan aylanada turtkichning
bos hl| aholgtéB rudta bilan kulachokning O markazini birlashtirib, shu
nugtadano d t k a ®B hugdanboshlah -¥; y o @ n a lturtischnth@ faza
burchaklariliy, , Gy niibelgilaymiz(5.12rasn).

5.12rasmda s,=Sp((i;) diagrammasidank o & t a va Raytshh faza
burchaklariganchatengb o & | a k 0 @ I g @adigburchaklarinishunchaeng
bodal akloat.gAgar ekstsentrisitetb o & | fea® #&urtkich o & glaimo
kulachok markazidano & t. Agari yd Ob o & kuskiah o & bolatlardakulachok
aylanishmarkazidan yeadiusbilano & t k a aylanagaaimmab o & |Saodiin g r
$=S,(U;) diagrammadaturtkichningk o & t avagaytishfazaburchaklaiga mos
kelganordinata2-2 X-3 X-3,X.darnio & | ¢Sildarbsml, 2, 3, 4 ..nuqtalardan
o0t k aaurldrgggaand y aanundal X X, 2. X Yauqgtal8redbelgilaydhix X
Bunda kulachokningmasshtalkoeffitsienti mi=mp b o & | kerakhHiosilb o G |1 g a
1 XX, 2 KudtalarnBegtixchizig bilan birlashtirib, kulachok profilini hosil
gilamiz. Eng uzoqdaturish burchagidakulachokningprofili rmis+h radius bilan
aylanayoyi b o @ y chieilada Yaginlashisifazaburchagity, esakulachokprofili
rmin radiusb o @ y chiziladd Agar turtkich uchigarolik o & r n ,aralik radsusi
00,4 fmin Va r,@0,7 rmin Shartidantopiladi. Bu yerdarmir- kulachokningnazariy
profilining eng egri gismining egrilik radiusidir Turtkichgarolk qo dy i s h d

magsad kulachok profilini yeyilishini va oliy kinematik juftda ishqgalanishni
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kamaytirishdir Rolik radiusi kulachokdagi profil chiziglarining od z ar o
kesishmaslikshartidartopiladi.

Egrilik radiusinitopishuchunprofilning engegri gismigaradius4-6 mmga
tengb o @ | dahiaiglarni bir-birining aylanishmarkazidano @ t u wclutdaylana
o at k a(gliztasnpvaularningo @ z lesisbismuqtasitopiladi.

5.12rasm
Aylananing kesishish nugtasidanvatarlar orgali nurlar o ¢ t k autarni i b
kesishishnugtasi S ni belgilaymiz Ana shu S nuqtani egrilik markazib o @1 a d |
Nazariy profilning ish burchagigamos keluvchi gismida har 3-5 mm masofada
olingan nugtalarni aylanish markazi qilib rolik radius rp bilan aylanalar
o 0t k a Bwaylanalargachki tomondanurinma egri chizigo & t k anazariy k
profilga ekvidistantb o & |pigpfd-ishchiprofil hosilb o & I Kalachokningishchi

profilini galinlashtiribchizishkerak
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Agar turtkichi roliksiz b o @ |kgjaehoklimexanizmkulachoginingprofilini
loyihalashtalabetilsg nazariyprofil ishchiprofil o @ r igabulgginadi.

Turtkichi tekis tarelkali kulachokli mexanizmlar kulachogining profilini
loyihalash bilan tanishib chigamiz Bunday kulachokli mexanizm 5.9-rasmda
keltirilgan b o @ fturtkichning harakatgonuni s,=s,((i;) diagrammak o & r i ni s
berilgan(5.11-rasn).

Kulachokprofilini siljish diagrammasg,=s,(l;) ning masshtalkoeffitsienti
mexanizmsxemasiningmasshtabkoeffitsientigatenglik shartidankelib chigadi
Bu holatdahamyuqgoridat a 6 k i d | ,&ulaghekprofdine gurishdaaylantirish
usulidanfoydalanamiz Kulachokningminimal radiusiryin ni aniglal ixtiyoriy O;
markazdarr mi, radiusbilan aylanachizamiz Bu aylanadamarkazidarmo 6t utk ¢ h i
chizignibelgilah shuchizigdanboshlabkulachokningfazaburchagity, u, Uy ldimni
belgilab chizamiz hamdalix va (g burchaklarnitengb o G| ak b & t.gli z
chiziggaturtkichning harakatgonuni s,=s,((;) diagrammasidar2-2 X 3 X 31.X 4
kesmalarnimos ravishdak o & ¢ h ,j hosd ailingan nuqtalar2 X , 3 ¥rgali 4 X,
markaziO b o & | qdikayoylaro & t k a haabirinzqtamosravishdao @ z i ni r
nurlari bilan kesishadi Bu kesishgamugtalarnimos ravishda2 X X, ... Bil&nX ,
belgilah O markazbilan birlashtirilib hamdashunugtalardamurlargatik chiziglar
o O t k tarichdarelkasiningholatlarinianiglaymiz S o @ ntigtkich tarelkasiga
urinmaegrichiziglaro a t kkalachokprofilini hosilgilamiz (5.13rasn).

Kulachokningeng uzoqdaturish burchagil, ga mos kelgan profili rminth
radius bilan chizilgan Kulachokning gaytish burchagiga mos kelgan profil
k o 0t abunchagidagnprofiiga o & x s h éhiziladi. iYdxinlashish burchagiga

moskelganprofil ry, radiusbilan chiziladi.
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5.13rasm

5.3.Turtkichi tebranma harakat qgiluvchi kulachokli mexanzmning minimal

radiusini aniglashva profilini loyihalash

5.15rasmdakeltirilgan turkichida roligi b o @ | kglachokli mexanizmni
k o & rchigamiz Harakatlantiruvchi P kuch rolik bilan kulachokni urinish
nuqtasidano d t k a N-NIngmahb o @ y t a bamdi rRolikning B nugtasi
markaziO, b o @ |UdJgay b o & y hamkatanadiTebranmaharakaty o & n a | i
yoygao a t k a arinnhagaanos tushadj y a 6B®O4i ga perpendikulyarP va T
kuchlar orasidagiU burchakbosim burchagidir Bosim burchagiU ni keltirilgan
tezlik vg gab o g 6 uiclhug dlmashtiriiganmexanizmOO,BO; uchunkeltirilgan
tezliklar plani OO,b ni tuzamiz Turtkichning B nugtasigaOb gatengva parallel
b o & | gasmmagarshiy o & n aB bgk&smani chizamiz Bu B b Kesmani B

nugtaningkeltirilgan tezligidir. B b Résmaninguchini (b Xugtan) kulachokning
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markaziO bilan tutashtiramiz SHunda Ob B Ipafallelogrammhosilb o & | Ba d |
parallelogrammdabB va Ob Xar bir-biriga parallel b o & .| Bosinn burchagini
aniglash uchun keltirilgan tezlikni uchin kulachokningaylanish markazi bilan

tutashtirish yetarlhisoblanadi

5.14rasm

Maksimal bosim burchaginiva kulachokning minimal radiusini aniglash
uchun esa keltirilgan tezlik bilan siljish masofasini(vs-S) b 0 g 0 | grafiginii k
g o @ rlokzim. hekin, turtkich tebranmaharakatqilganligi sabablj kulachokning
minimal radiusini aniglash uchun burchak tezlikni burilish burchagi (¥-/) ga

b o g 6 Igrafigitiafokdalanamiz5.15rasn)j.
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5.15rasm
Grafik asosihisoblangarx; maxni tengb o @ | a Ik da@nie Flasalan sakkiz
bodl|l ak&bho & hugtaldrideordinatalaro 6t k aaz a mi z
SHundars o @ irrigoriy joygaturtkich OB ning yugoriva pastkiholatlarini
tasvirlaymiz (tebranish burchagi ). Turtkichning yuqori va pastki holatlarini
tutashtiruvchiradiusiOB gatengb o & |ygyamzamiz Bu yoyni X; max Ni nechta
bodl dloldd ad) shankhab o & | dskkkizzd b o d |.aBroidzl i n g
bodl akl,a&r 3 a.g8nugtalarningbarchasiniaylanish markazi O bilan
tutashtiribchigamiz SHundans o @ trtkichning tebranmaharakatidagholatlari
tasvirlanadi Har bir holatb o & y turtkichauchining keltirilgan tezliginiqo Gy i b
chigamiz 5 nuqgta misolida k o & chigédmiz Bunda ordinatauysni o a1 ¢ h a't
burchak tezlikning masshtabkoeffitsienti ex ga k o d/tpila, quyidagini hosil
gilamiz
W = B,5m,.
Agar burchaktezlik ¥s ni turtkichning uzunligigak o @ p a y u holdas a k
turtkichning5-holati uchunB nuqgtaningv gXezligini topamizy a 6 n i
V'gs = I2,.m0OB.
Keltirilgan tezlik vg ni aniglash uchun absolyuttezlik v g#i kulachokning

burchaktezligi¥kb o & keragyha 6 n |
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V.. = Vs — 7,:m,0B
c we

Aniglangan keltirilgan tezlik vgs ni 5 nuqtadanturkichning davomiga
mexanizmningmasshtabib o & y guyitalax,s kesmahosil b o & | kKaeldriigan

tezlikning chizmadagkesmauzunliklari x,, quyidagichaaniglanadi

o iz,mOB

bundauy-(¥-/ ) grafikdagiordinata e¢-burchaktezlikning masshtalkoeffitsient;
OV-turtkich uzunligi; ¥-kulachokning burchak tezligi; €-uzunlik massktab
koeffitsienti

(5.6) ifoda yordamida yuqgoridagiamallarnibarchaholatlar uchunbajarily
kesmauzunliklarini hisoblab aniglaymiz va vg-s,; grafigini hosil gilamiz (5.16

rasm)

5.16rasm
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Agar ¥-/ grafik simmetrikb o @, V%, @rafigini qurishdaturtkich uchining
keltirilgan tezligining manfiy va mustabgiymatlarini gaysitomongag o d y i s h n
ahamiyatib o & | pchunlkdularningmodullaribir-birigatengb o &1 a d i

Agar ¥-/ grafik asimmetrikb o @, Ivessagrafigini qurishdaquyidagicha
yondashiladi Yad n iturtkichning tebranma harakati kulachokning aylanma
harakatigagaramagarshi tomongay o & n abl ogdalunsh@lda keltirilgan tezlik
kesmasiturtkich uchining davomigaq o @ y.i Agaadd iturtkichning tebranma
harakati kulachokningaylanmaharakatibilan bir tomongay o & n abl ogdalins a
holdakeltirilgan tezlik kesmasturtkich aylanishmarkazitomonqg o G y.i | a d i

Tanlab olingan beshinchi nugtadagi bosim burchagini aniglash uchun
aniglangarb KugtanikulachokningaylanishmarkaziO; nuqgtabilan tutashtiranz
hamdashunuqtadarb -® gaperpendikulyat o dchi@zigo dt k a@amkazi |
chiziglarorasidagiUburchakbosimburchagib o &1 a d i

Bosim burchagining maksimal giymatini aniglash uchun kulachokning
aylanishmarkaziO; danengchetki4 ¥a 1l 2nMqgtahrgaurinmao d t k alm@adai z
shu nugtalardanturtkichga perpendikulyart o @ gloziglar o & t k a zZvVesSni z
ravishdao & t k achiziglargrasidagiburchakUyaylar maksimalbosim burchagi
bodal adi

Agar kulachokningminimal radiusinianiglashdauning aylansh markaziO;
ham n o ma 6 b o @nl us twlda turtkichning keltirilgan tezligi maksimum
giymatigaerishadigard Xa 1 2r¥qtalardabosim burchagiUyex ostidaurinmalar
odt k azWimmalar kesishgan nuqtani O; bilan belgilaymiz Bunda
kulachokningro minima radiusikulachokningaylanishmarkaziO; danrolikning
aylanish markazi B nuqtaga b o & | masaofa O.B kesmagateng b o a1 a d |
Kulachokningaylanishmarkazisiftida shtrixlanganyuzaningixtiyoriy nugtasini
tanlashmumkin

5.14rasmda keltirilgan kulachokli mexanizm kulachogining profilini
loyihalashnik o & chigdmiz Turtkich (koromislgning harakatgonunib = by G
diagrammak o @ r b.Xrrasmdakeltirilagn, bu yerdab- koromisloningtebranish

burchagi Kulachokningminimal radiusi rmiz ni aniglashbilan yuqorida tanishib
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chiqdik. Bundg berilgankoromisloninguzunligi BO;,=I va kulachokbilan turtkich
o @ q brasidagimasofaOO, orasidagib, burchakaniglanadi5.16rasn). Rasmda
OBO; uchburchakkdengvao @ x s irchbsrthaknalohidayasal OB=r i, radius
va OO=l; radiusb o & y ay@rmalarchizamiz Aylantirish usulidanfoydalanih
koromisloning tebranish markazi O; nuqta kulachokning markazi O atrofida

aylanmaharakatgiladi debfarazgilamiz (5.18rasn)j.

)8}\
50 5
4 \ )
3
5
1 2 3 4 5 6 Q1
< ggf\-. ol ¢‘L 3
=21
5.17rasm

Koromisloning markazi O; va kulachok markazi O lardan nur chizamiz
Odt k a nurdanbeshlaby; y o & n a kulashbkdiragishchi faza burchaklari
U, u, Uq i belgilah nurlaro @ t k a Skundars o § B.gfrasmdakeltirilgan
b = by diagrammasidak o & t avaiqhytish faza burchaklari gancha teng
bodl akoatl ibadg drE8aasmdaham kulachokningfaza burchaklaridy,
va (g larni hamshunchaengb o & | alk 6 @ Ir. §laijadaOO,, OO, 00", €
lar hosilb o @ | KardmisloningB nugtasiningtebranishidagholatlarini y a @p i
B., Bs, ... nugtalarni aniglab olamiz O markazdananiglanganBi, B, Bs, ...
nugtalargamos ravishdayoylar o & t k a kkinehi tomondanQ';, Oy, Q"' ...
markazdanmos ravishdaB;O,=l, radius bilan yoylar chizilib, ularni kesishish
nuqtalariBX, B 2B 2X... larni hosil gilamiz. Hosilb o G IB¥, B 2B 2¢é nuqgtalarni
egri chiziqg bilan birlashtirib k o & t afaza dunchadidakulachokningmarkaziy
profilini hosil gilamiz.
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Qaytish faza burchagidakulachokning profili shungao @ x s lguailadn
Uzoglashish va yaginlashish faza burchaklaridan kulachokning profili O
markazdano G t u ayrmaiyoylari b o 4 y ichizihedi. Kulachokning haqiqiy
profili markaziy profilda rolikning radiusi b o 0 y iaytahataro &t k ,ashu | i |
aylanalarningichki gismiga urinma egri chiziglar o & t k ay o idtdldin hosil

gilinadi.
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VI-BOB. ROBOT VA MANIPULYaTORLAR

6.1.Sanoatrobotlari va manipulyatorlar t o & g 6 rumsemiyd a g i

tushunchalar

Ishlab chiqgarishjarayonlariniavtomatlashtirismatijasidamashinadetallarni
mexanikishlashday o & s h vamzellaraiy i g annabahnibajaruvchiprintsipial
yangi mexanizmva mashinalaryaratiimogda Ishlab chigarishjarayonlaridainson
bilan o @ ralmashuvchiasosiyva yordamchivazifalarnibajarishgano é | j a,I | a
manipdyator va uning harakatlariniboshgaradigardasturlashgamurilmalardan
iboratb o & laganatikmashinagasanoatrobot debataladi

Robotlar tayyorlangandetal yoki zagotovkanibir joydan ikkinchi joyga
k o & ¢ hyokrbiros dismgao & r n, anateriallérm yuklashva tushirish mashina
gismlariniy i g ,0metallarnibir-biriga payvandlashuskunalarniishgatushirish
yoki ajratish kabi amallarni bajaradi Robotlarasosanmanipulyatoy programma
boshqarish sistemasi dvigate| xarakatlantirish mexanizmlari qayd etish va
tekshirish bloklari (datchiklar) telekamerava boshgaboshgarishgismlaridan
iborat

Robot turli-tuman mexanik operatsiyalarnibajara olishi bilan bir gatorda
vujudga keluvchi mantigiy masalalarningna 6 | bur gisminn mustagil ravishda
yecha oladiganyuqori darajadagtexnik sistemadir

Mashinava boshqgaruvchiEXMning birgalikda ishlashinio & r g ,akarakls h
algoritm hamda dasturlar asosidaolib boriladi. Dastur bilan boshqgariladigan
avtomatik manipulyatorlar yordamida yuklarni tashish ulami ishlovchi
mashinalarganaxkamlashvab o & s had Hyepikh tekshirishvao d | cKala s h
k o @ pighiamiamalgaoshirishmumkin

Robotlarni ishlab chiqgarish jarayonlarida q o & | | aasasily ijtisndyi
masalalarni yechimb o & | md g § amson haydi uchun zararli sohalardava
jismoniy o g dhvamdaoddiy monoton(takrorlanuvchi ishlarnibajarishdgudaq o @ |

kelmogda
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Sanoarobotlariquyidagibelgilari orgali klassifikatsiyalanadi

1. Texnologik jarayonlarni bajarish xarakterigak o @& asasiy yordamchi
universal

2. Ishlab chigarishdagivazifasigak o @ metall quyuvchi payvantlovchi
presslovchi (€ &z L dzff tedet) fi);is anexgnik ishlov beruvch; yi goéu v cl
b o &y oyukiowchitushuruvchitashuvchi

3. Manipulyatorg o & | koordimaglarsistemasig k o & tr @ & Quéchakli
(teki9); tsilindrsimon sferk.

4. YukkoGtaruvkbam@ati a@ i; glaM gachg; yengil (100 N
gachd; o & r(20@0 N gachd; o g &(A0@00N gachg; o & b g I0GO0N dan
yuqori).

5. Yuritma turiga Kk o ¢ retekt, mexanik; pnevmatik gidravlik;
kombinatsiyalashgan

6. Asosiningg o & z g 60 a | uk @ drmeohil;Istatganag a

7. Dasturlash turiga k o @ o & z g a dastarls gayta dasturlanadiggn
adaptatsiyalanadigas u n iotellgktli.

Inson g o &flnktsiyasini bajaruvch, richagli mexanizmlar va uzatish
tizimlaridan tarkib topgantexnik qurilmagamanipulyatordeyiladi Manipulyator
quyidagilardantashkil topadi teleboshgarish boshqgarishpulti, EXM, uzatish
mexanizmiva boshgalardan

Har gandaysanoatrobotlariningmexanik g o tloid | Maxdipulyator biror
jismni ushlabo b 6 e kzatighachunhizmatgiladi va gisqavaqtichida mingdan
ortig harakatniamalgaoshirishi mumkin Manipulyatorlar tekislikda va fazoda
harakatlanuvchib o & | musnkin Agar tekislikda harakatlana tekis agar u
koordinatao & q b @ & Iy siljgb htsdlindr shaklini chizsa tsilindrik, agaru shar
shaklinichizsasferik koordinatalaisistemasidashlaydiganlargdb o @ | .i na d i

Turli tashishishlarini (buyumniyuklash siljitish, olish va hakozg bajarish
uchunmo @ | | ahamdao @ 2 g aprognarenad o & y ishtayd@anmashina
avtomatlardaq o & | | a n val avtdmagkahboshqariladigan manipulyatorlar

avtooperatorlardeyiladi
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Sanoatrobotiningmanipulyatorjo @ z i belgilanganvazifasigak o Giunga
bogdb | angan vy étodlglodamodagimeigilanganharakatinit a 6 mi n | a
lozim. Richagli mehanizmlardantashkil topgan manipulyator talablarnit o & | a
bajarishiuchun uningg o @ z g 6 a | dasajasiolitadank&m b o G | maas | |
barchasiboshqariladiga b o & I lozisv.hQltita g o & z g 60 a | danajasigaegal i k
b o @ | sgreatroboti murakkab tizimdir. Bunday tizimni tayyorlash ham uni
ekspluatatsiyagilish ham murakkabdir SHuning uchun sanoat robotlarning
mavjud konstruktsiyalaridaasosanq o @ z g 60 dK dava@ad alttadan kam
b o & | ngeganizmlarg o & | | .eéSodddmardpulyatorlarningg o @z g6 al u v c
darajalariuchtg ayrim hollardaikkita b o & .| Bardlaymanipulyatorlartayyorlash
va ekspluatatsiyayilish jihatdanigtisodiy samaradoisanaladi Lekin, texnologik

jarayonnit o Obhjarilkshinit a 6 miolmdydi y

6.2.Sanoatrobotlarida g o @ | | a mangoulygtarlarni strukturasi va

funktsional sxemalari

Uchta qo @ z g 6 a |l davamdigaega b & & | mamipulyatorli sanoat
robotining strukturaviy va funktsional sxemasinik o & chigamiz Manipulyator
g o dl mexanizrgig o 6 z g ® hamdag e & z g 6 all Ava3dhoamg 61 n | a
tashkiltopgan(6.1-rasm).

5.19rasm

Keltirilgan manipulyatorning mexanizmi tsilindrsimon koordinatalar

sistemasigamos keladi. Bu sistemadal-b o & gOéiord g dnisbatgraylanma

harakatgila oladi, 2-b o & d-b io & g isbatanik tekislik b o & yildaaldnma
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gaytma harakatqiladi va 3-b o & gedai2-h o & g Gnhishatgngorizontal tekislik
b o @ \ldadldammagaytmaharakatiladi.

Manipulyatorish davomidao b 6 eyoki liror jismni ushlabturishi uchun
3-b o & g 6 iuchiga mogjlamayoki changalo & r n a b o & ghaadipulyator
asosinitashkil etganrichagli mexanizmb o & g 6ad on2 aehtaerkinlik darajasi
birgatengb ogankinematikjuftliklar (bitta aylanmaA va ikkita ilgarilanmaV va
S yordamidab o g 6 | bha @ blar b b 6 e fazodagiharakatiniboshqarishsiz
t a 6 mi .™Mbangpylyétorbu uchtanisbiy harakatlarnihar birini amalgaoshirishi
uchun u yuritma bilan ta 6 mi n | baondgldomenh y a 6 divegatelreduktor
hamda gaytma alogali datchiklar tizimi. O b 6 e k tharakati lgerilgan harakat
gonuniasosidd a 6 mi nBurdag teich harakatdasturinisaglaydigarva buyruq
beradigandastur tashuvchiqurilma bilan t ai@dlanganb o & | lozenh Dastur
tashuvchigurilmasifatidaturli disklar, fleshkartalay magnittasmalava boshqgalar
b o & I nnusikini Berilgan harakatdasturini bajarishda dvigateldagiboshqgaruv
signallari boshgaruvtizimida amalga oshiriladi Bu tizim tarkibiga dasturlay
ragamli almashtirgichlar kuchaytirgichlarva boshqgakerakli vositalardaniborat
b o & | EXK rkiradi. Boshqgarishtizimi yuritmaning ish bajaruvchi kismlariga
berilgandasturgamosravishdabuyruglarnikerakli shaklu; gaaylantiradiva uzatib
beradi Zaruratt u g 0 i, Ibagilgamigugruglarniqx signallari yordamidagaytma
alogavositasidagaytak o & ahigabli

6.2-rasmdasanoatobotiningfunktsionalsxemaskeltirilgan.

Tuzilish formulastmanipulyator tarkibidagi kinematik juftliklarning
gobGzgobal wwodlgd nnhasdyl duangard bazaviykoordinatao d g | ar i

nisbatararakatlarno Gichigaolganstrukturaviysxemasinmatematikifodasidir.

209



Yempoticmeo yrpacienia Manunyarmop

————————————————————————————————————————————————————————————————————————————————————

SZ0R0MNSTI ASIMoWATEIE oEZm-nz=m

2000~3oc3zzmE azzInao@emas pEsew=Oma

6.2-rasm

Manipulyatoryordamidaharakatnt a 6 miqgayidaggalgéb o & I :i na d i

global(asosi harakatlanuvchi robotlar uchur) mexanizm o d | ¢ h a mi
kattalashtiruvchmanipulyatorasosiningharakat

regionatmexanizmo & | ¢ h & ond@ igeladiganmanipulyatorningbirinchi
uchtab o & gyoki gnoi dilant a 6 mi n | lemalkatd i g an

lokal-mexanizm odt | ¢ h a mancHaakichik b o & | manipulyatorning
b o & g Oyordamidaanmalgaoshiriladiganharakati

Bu harakat klassifikatsiyasib o & y ikieematik zanjirni ikkita har xil
funktsiyali gismlargaajratishmumkin q é@ovd fichangab mexanizmlari

Manipulyaorning fig o & tleganda M nugtani harakatinit a 6 mi nl ay
gismi tushuniladi (ushlashningregional harakatj . CHdangab degandaesa
ushlashnit a 6 mi nbl oodvg@kinematik juftlik tushuniladi(ushlashnindokal
harakat).

Odamningq o @nkxanizmigato @ g lKeladigan manipulyator strukturaviy
sxemasink o @ ahigamiz(6.3-rasm).

Bu mexanizmuchtagq o & z g 6 ald audvgdhiemakinematik juftlikdan
tashkiltopgan Ikkita uch harakatlisferik Asny Ssiywva bir harakatliaylanmajuftlik
Bip. Manipulyatoning kinematikjuftliklarini nomi yoki kinematikjuftlik (0/1,1/2,
va x.k) xosil giladiganb o & g 6 ilotntha woshharflar (A, B, Cva x.k) bilan
belgilaymiz
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Sanoatrobotlarining manipulyatorlariniishlash gobilyati k o & p itexrukh a
k o 0r s a tbkan ddigllaaadii Ularga avvalo manipulyator ish doirasining
o 0 | c h,shakli haraktchanligixizmatk o & r $wahagisalxizmatk o Gr s a't

koeffitsientilarikiradi.

1-elka 2-elkaoldi, 3-changal
6.3rasm

Manipulyatorlarningochiq kinematik zarjiri changalgagandaydirhajmdagi
turli holatlarniegallashgamkon beradi

Manipulyatorlarningish hajmi dely changalningegallashimumkinb o & 1 g a
holatlarini o & r tardovchi sirt bilan chegaralangarhajmiga aytiladi. Ish xajmi
manipulyatorningengkattatashqio @ | ¢ h aifmdalaydii n i

Manipulyatorning harakat erkinligi W- changalning fazodagi holatini

belgilaydiganumumlashgakoordinatalaisoniquyidagichaaniglanadi
5
w=6n- g (6-i)P
i=1
yoki ochigkinematikzanjiruchun
W :5 iP
i=1 )
Manipulyatorning harakatchanligM-manipulyatorningchangaliniushlagan
holatidagiharakatchanligi

I =w-86,
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Manipulyator ish doirasining har bir nugtasi uchun gandaydir fazoviy
burchakxizmatk o & r $wrdahagimdvjudvauninggiymati
y =1l
fc1 3 - zvenoniC nugtasinichizgansferik yuzasj l¢n+3-zvenoniuzunligi.
Xizmat k o @ r sbartchagsily ni 4 “ga nisbati servis koeffitsienti yoki

xizmatk o & r kaeffitsientideyiladi

K:y_

y

6.4-rasmdak o & r s aanipdyajcauchunharakaterkinligi
W= &8-8&-5A)=18-11=7.
Harakatlanganligi
[ =7-6=1
Tuzilish formulasi

W = (Cho + le + y10)+ j21 + (q32 + j32 + y32)

6.4-rasm

Manipulyatorning kinematik zanjirining strukturasi o b 6 e Karzodagi
berilgan qonun b o & y i harakatini t a 6 mi nkeraks Buning uchun
manipulyatorning changali minimal oltita koordinata b o & y i harbkatni
t a 0 mi kerdalaysahdaichiachizigli va uchtaburchakkoordinatani

Ob 6 e bazaviy(q o & z g P lkodrdmatasistemasiOxgyoZo b 0 @y Mc h a

nugtaniradiusvektoriva A birlik vektoriniholatinit a 6 mi.n |l ay d i
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Matematikadanugqtani holati fazoda uchta koordinat sistemasib o @ y i ¢ h
belgilangany a 6 n i

t o O luihaklidekartkoordinatasixy, Yw, 2v ;

tsilindrik koordinatarsw, Y, Zv:

sferik koordinataru, rv, rv .

O b 6 e flazodagiharakatiA vektorini bazaviykoordinatao @ g bilanrasil
gilinganburchaklariU , vablar berilgandebgaraymiz

6.5-rasmdaoltita harakatliaylanmakinematik juftli monipulyatsiyao b 6 e k t
sxemaskoordinatalarbilan berilgan
Tom

/|

/ ™ Yo
/,;/
/

Yar
6.5-rasm

Manipulyatorni strukturasini sintez gilishda quyidagilarni hisobga olish
kerak

Manipulyator uzatmasio @ izhiga dvigatel va tormoz moslamasinioladi,
shuninguchun manipulyatorsxemasidaodatdabir harakatli kinematik juftliklar
ishlatilad: aylanmayoki ilgarlanma

Manipulyator changaliniberilgan harakatinisaqglashdartashqar kinematik
juftik o & g | laotati xzmat k o & r sdairasi ferhasini saglabqgolishi hamda
harakatinioddiy va qulay dasturlashtirishgankoniyatyaratishikerak

Kinematik juftliklarni holatini tanlashdauzatmalarnijoylashishini hisobga
olinishi hamdab o & g 6 iom 16 a mmMuvopanatlashusulini ham xisobga olish

Zarur
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Birinchi shartni bajarish uchun bir nechaharakatli kinematik juftliklarni
ekvivalentkinemadik juftliklarga almashtiriladi

SHunday b o g 6 | a n i b#ih sifatidad Ge6masmda sferik b og o1 ani
keltirilgan.

CHangalnifazodagi harakatinit a 6 mi uchuadadimgi uchta kinematik
juftliklarni koordinatalarinibirortasiningo & q maglashtiramiz bunda koordinat
sistemasio & q tamlashdamanipulyatorq o & lva xizmat k o & r szanasgins h
k o @ r ihalgilaglih i

GOST 2568583 b 0 & y b.&rasendamanipulyatorg o @ Ikaondinatalar
sistemasinik o & r i rkeltsilpah. 8u yerdamexanizmnistrukturaviy sxemasi
koordinata sistemasigamos ravishdaberilgan Manipulyatorlardag o a1 | an a d

changaimexanizmnstrukturaviysxemalar6.8-rasmdakeltirilgan.

i
ff

Sferik kinematikjuftlik Ekvivalentkinematikb o g 6 | a

6.6-rasm

T o & duchakli(dekar) TSilindrik
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6.8-rasm
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Q o dmlexanizminichigishb o & g 6k and rgsaahamngalrgexamizmlarini
ulab, real sanoat robotlarida g o @ | | a n judaakda Ggpampulyatorlarni
strukturaviysxemashosil gilinadi.

Manipulyatorstrukturasinianiglashtirishdaizatmanigaerigajoylashtirishga
ham b o g 6 Agarda uzatmalar kinematik juftliklarga joylashtirilsa u holda
manipulyatorlardagig o & z g 6 ab w & g d inaEsasigazatmaningmassasi
ham g o & s h UzZatmabatushadiganumummy yuklama va ularni quvvati
k o & p a lekadrmanipulyator massasinifoydali yuklamaganisbati kamayadi
SHuning uchun robotlarni loyihalashda katta quvvatli va katta massaliq o & |
b o & g 0 irobbtai asbsigayaqin joylashtirishgaharakatgilinadi. Uzatmalan
harakatnib o & g @zatmslgdag o @ s h kimemdtikezanjirdanfoydalaniladi(6.9-
rasm.

ASEA firmasini ishlab chigarish robotini manipulyatoriniq o xemasini
k o @ chigdylik Bundauchb o & g imexaniznnangulyarkoordinatasistemasiga
ulanadi Uzamaning2-b o i g4 iS5mai2 b o & g 6 i tashlal todgam oddiy
kulisali mexanizmdir

Uzatmani3-b o & giodkulisali mexanizm(6,7 va8 b o & g § va shiarairti
t oo & grdexamikm(8,9,2va3bodg®hi nl ar

SHundaygilib manipulyatormexanizmiq o Kinematikzanjiri(b o @ g @, n |
2 va 3) va uzatmakinematikzanijirlardantashkiltopgan

Uzatmalar asosgao @ r n a tmanipwdyatorlardamexanizmlar anchagina
murakkabb o & I Lakthib o & g 6 ivankinematik juftliklarning sonik o G p ay i ¢
manipulyatorniharakatlanuvcham o & g 6 i massaswaiinerisiyamomentlarini
kamayishibilan kompensatsiyalanadBundantashgariberk kinematik zanjirlar
mexanizmnianiqligi va bikirligini oshiradi Umumanolgandamanipulyatorlarda
kombinatsiyalashgamholda uzatmalarn joylashtirilishi (bir gism uzatmaasosda
yana bir qgism harakatlanuvchanb o @ g 6 ), ndnergettk ava dinamik
xarakteristikalarini yaxshilanishiga hamda katta aniqglikka ega bo a1l i s h |

tadmi.nl aydi
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K o & rchigbgan manipulyatorlarningkinematik sxemalala b o 6 g 6 i n |
0gOi ruzatmkatlag o @ s h yuklamalkosilb o & | iobblkelagliaSKILAM
firmasidaishlabchigilgan6.10-rasmSANCIO robotidauzatmaningrab o d g 6 i n |
o g 6 i r kinerkakikguftliklarga tushih dvigatel momentigafaqat ishgalanish
kuchi orgali t a Oesiladr Bunday mexanizmnistrukturaviy sxemasikinematik
juftliklarni o @ | ¢ h a kattalshishmitalab etadi ammo energetikva dinamik
kodGr s ab b it ganchagmautuggaerishildi.

Bundaymanipulyatorlarningatsionalsxemasi tanlashdab o & | murskimi
b o & Ibgréhamkoniyatlarnio Gichigaololmaydi SHuninguchunsharoitgamos

b o & Istgulturaviysxemanitanlashmaqgsadganuvofigb o &1 a d i

M
3
A B C
L
WS
YaniV 4
n=9 p~12 W=3 n=4 p~ W4
6.9-rasm 6.10-rasm

Manipulyatorningasosiyxislatlaridanbiri harakat davomich mexanizmning
strukturasinio @ z g a bui hadida mexanizm strukturasinio & r g a naytis h d e
o Ot i Rapannish dasturi yoki tsiklogrammasigak o @ b a Obm kinematik
juftliklar tormoz moslamasini o & rhiga oladi. Bunda mexanizmni ikkita
b o @ g 6qodnzi gndi agllibm Airsbiriga birlashtirib, bitta b o & ghosil gilinadi.
SHundamexanizmnistrukturaviysxemasidditta kinematikjuftlik vabittab o & g 0 |
y o @ ¢ @ | chadgalmexanizminingharakatlarisoni kamayadi(odatdabittagg.

Ish bajarishdavomida(misol, y i g §oki pdyvandlastoperatsiyalaridachangalni
manipulyatsiyasipaytida tashqi jism bilan b o g 0 | kenematkk juftlik hosil
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gilganda mexanizmningstrukturasio & z g.aMemadizmningkinematik zanjiri

b o g 6 |, lrarakatonikamayadiBu holalardazanjirdaortigchab o g 6 I kalih i s h
chigishi mumkin Manipulyatorlarni ushbu stukturaviy holatlarini sanoat
robotlariniishchidasturlaridehisobgaolish zarur.

Sanoatrobotlarini tez ishlashj mnipulyator changalini markazini chizigli
tezligini maksimal giymatigab o g 6Samogtrobotlarini kichik (Vm <0,5 m/q,
o ar twa&atteaVy >1 m/o), tezliklardaishlaydiganturlarga ajratish mumkin
Hozirgi zamonsanoatrobotlariasosaro @ r t tezliktliaadagat20 % yaqini katta
tezlikdaishlaydi

Sanoatrobotlari manipulyatorlarini anigligi changal markazini egallashi
kerakb o @ |hgladi orasidagichizigli absolyutxatolik bilan xarakterlanadiSanoat
robotlariquyidagiguruxlargay a &ichik (Dv<l mm),o & r t (@ JrimaD u<l1
mm) vakatta(Dv<0,1 mm) aniglikdagiguruhlargsb o a I .i na d i

6.3.Manipulyatorlarni mexanik masalalari

Manipulyatorlarniasosiymexanikmasalalarigajuyidagilarkiradi:

ish bajaruvchi mexanizmlarini sintez va analiz usullarini ishlab chigish
(uzatishmexanizmlarinhamn);

manipulyaorni harakatinidasturlashtirish

kinematikjuftliklardagi reaktsiyava boshqaristkuchlarinihisoblash

manipulyatomexanizmlarinmuvozanatlash

boshgamasalalar

Bu masalalarnifazoviy k o tharakatli mexanizmlarsistemasinistruktura
geometriya kinematika va dinamikaniumumiy izlanish usullaridanfoydalanilgan
holda yechiladiHar bir k o & r i | raagatatagi@ondagiusullardanfoydalanib
mexanizmnianalizyoki sintezgilish mumkin

Analiz masalasidamexanizmni holat funktsiyasini topishda berilgan
b o & g 0 iabsalyunhygki nisbiy koordinatasib o &y icligistab o G g 6 i nn

absalyutkoordinatasino & z g gonunianiglanadi
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Teskarimasaladgsinte i changalniberilganqonunb o G y uzatmhaalagi
bodgoi kobrdinatasini o @ z g a rchizeglh iyoki burchak tezlik va
tezlanishlarini o & z g aqgonusiyatlari topiladi. Sintez masalasini yechish
anchaginamurakkabrog chunkimasalak o G p vy eegalb io i ¢ rausikiniva
ularniichidanoptimal yechimntopishkerak

Kinematik sintez masalasidachangalb o dngirdgitezlik va tezlanishiga
garalh manipulyator uzatmasidagib o & g 0 itezlik ava meklanishlarini mos
ravishdao @ z g a topishKenakiio G| a d i

Dinamik sintez masalasidauzatmaningboshgarishkuchi va momentini
o 0 z g ggonuns dhiqish b o & g 6 ibeilgan manuninit a d mi n | x@lgad i ¢

aniglashkerak
6.4.Manipulyator mexanizmini kinematik analizi

Kinematikani birinchi va asosiy masalasiholat funktsiyasini aniglash
Fazoviy mexanizmlaruchunbu masalani yechisieng magbulusuli, bu vektorlar
usuli va koordinatalarnio & z g a wsuli Judalk & &kgordinatalarnio @z gar t i
usullari mavjud ular bir-biridan lokal koordinatalarsistemasio & q | &nmlash i
bilan farglanadj manipulyatorlaruchun k o thpllarda Denavit va Xartenberg
usullaridan foydalaniadi. Bu usuldan foydalanib manipulyatorni fazoviy
mexanizmini kinematik analiz gilamiz. Buning uchun ikki usuldagi matritsani
yozamiz

matritsaM, g o @ lorig 6 prasldagikoordinatalarsistemasinnisbatini
aniglaydi

matritsa T, mexanizmni har bir b o 6 g 6q i@ ;g 0yaKi Mezaviy
koordinatalaisistemasidagdhnolatinivao @ zturgamholatini aniglaydi

Fazoviy birlik koordinatalaridanPR® foydalanamiz bu yerdagiR® evklid
maydoninichiziglik o & r 1 abwdgiisakd a

r=M.r. m- i ir=M.r;| "
i ij’; M-matitsani f; ”(‘:‘OOOJJ-
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Buo &z g ar evklid magdonideo & z g aft=u,§4bi [ R yaodni
3x30 G| ¢ h &Updaditganio & g i r i Ihigodgedlganholdagio @ z g avat i s |
o a1 c baonti Ibgrilganb vektorniparallelk o & ¢ h i bildiradi. s hi n i

Birlamchifazodaginugtaniharakatini3 tax, y, zemasbalkio & rxtXt, avay X,

t Xa | c hgaywbhgkro & r i gqanoatlardiradi

t t-

X:X y
t'
Odatdat =X teng gilib olinadi. Aylantirilgan U; matritsaU; elementiyangi
o digvaj o Garasidagiburchaknikosinusiniy o @ n a | t hisoblawvadi Wekter i
b=(x, y, z} ucho @ | c¢ kektanlyangikoordinatalaisistemasini ni eskisistemg
dagib o s h | aholgibbi octhl @Qddqg | @ylashtirishni tanlash yechilayotgan
masalageb o g 60ekaydva Xartenbergusuliniq o & | | kacsdmatao & g | ar i
tanlashdajuyidagiqoidalargaamalqilish kerak
1.B o & g @chuno azni zveno(i+1) bilan hosil gilgan kinematk juftlik
oGlgoayyathma kedrak r i s hi
2. O ni z; vaz odql arditka amumy perpendikulyar
y 0 & n a |biosiH loztkehAgardao G q 4.;ava z bir-biriga mos tushgandax;
0 O g ularga perpendikulyarva y o @ n aiktiyosyhb o & | @lat ikinematik
juftlikni markazidakesishsa unda koordinatani boshlanishikesishgannuqtada
olinadi, 0 dxgniy o O n akzixz; hektoriqonunib o dyy atma |l (o oz i |
ni z. birlashadiganeng gisga aylanishi x;, o 0 q bxiridan garalgandasoat
strelkasigagarshib o @ ). a d i
3.00 ¢ nishundayy o & n a | tkoordindtakardisteknaso G n g & | 1 s |
kerak
Manipulyator mexanizmini analiz gilishda changalni holatini va unga
b o g obl ol dgl kpadmnatalar sistemasi Myaynzn NI ham q o & z g Obaaamya s
koordinatsistemasKoy00 ganisbataraniglabolish kerak
Buni navbatbilan i b o & g 6 koordinatalarsistemasidan-1 b o g 61 n

koordinatalar sistemasigao & t k a zolda daaniladi Qabul gilingan usul
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b o aylhacblr @ & tti osthnatakatm o Gichigaoladi.: ikkita aylanishva ikkita
parallelolibo a t i &.bhlirammk o & r s a tamalgaoshiridhkeyak

x 0 @ atrofidai sistemanii; burchakkaz vaz.;.0 @ q | paralielp @ &1 gunc
buraladi(x; 0 G Iy © & y soatstredkasigaeskar);

i
Iy

@) M

6.11-rasm

koordinatalarsistemasinboshlanishiO; ni o dxgb o & y & kattabkkato b
X va z, o @ q | kesishgannugtasigachasiljitiladi (hisob x, o d dpio &Gy X c h a
nugtanivaz.; o Gbdan kesishishholatigachg

koordinatsistemasinboshlamshi O, ni z.; o Glgo & y skatthliska O
koordinatasistemaso @ lojlan mostushgungayadarsiljitadi;

0 Oz ni G; burchakkax vax;.1 bilan parallelbo o & | ghuraladi{zzo & g i n i
uchidangaragandaoatstrelkasigaeskariburalad).

Odatda manipulyatorlarda bir q o & z g 6 a b-klas &ylamma yoki
ilgarilanmakinematikjuftliklar g o @ | | @.h2trdsrg.d i

O sistemadanO;; sistemagamatritsalarnio & t i quigidagiahayozish
mumkin

M, =M7 17 O O/ ,

bunda M?-matritsani x; o @ ajrofida d burchakkaburilishi; M°-matritsanix; o @ q i
b o & y & gakilpshi; M°>-matritsaniz., o0 dlgo @ y $ siljishg M’/ -matritsaniz_;
o Gadrofidal burchakkaburilishi.
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Bu matritsalardas va g siljishlarb o @ g 0 i kinematikjuiftliklayni nisbiy
siljishiga mos tushadi hamdamanipulyatorniumumlashgarkoordinatasib o & | i b
mexanizmnholatini aniglabberadi

s va g silishlar manipulyatorb o & g 0 i kohstuktsiysida hisobga
olinganb o & harakatdavomidao & z g agolada y

Ixtiyoriy M nuqtanixolati i b o & g &dordimatalarsistemasida, vektori
bilan belgilansa (i-1) b o & g &oordinatalar sistemasidary,.; vektori bilan
belgilanadi Bu radiuslar bir-biri bilan M; koordinata matritsasida quyidagi
tenglamaorqalib o g 61 angan

M., =M, Q,
bunda
cog, - cogy @in/, sin/,Bing a @oy,
M. = sin/, cogy @og, -cog,Qing a Giny,
0 sing cosy S
0 0 0 1

matritsanii koordinatsistemasidafi-1)o &t i s h i
Mexanizmlardan ta q o & z g 6 alouwwvgddtb io d lamuaniy holda
changalnifunktsiyasni quyidagichayozishmumkin
fou =Te A=1 (0, Gy, Gn)

bundaqi, o,  €ntpnipulyatorninggmumlashgalkoordinatalari

¥z

C I/'
ij'z \53
SRR R o}
X2
Xy E s
y.;ﬁ ,.x”I/‘\Z’-S
E X5

E e J"i_
“Tmm .

X2

6.12-rasm
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Kinematik analizda manipulyatorning changalini chizigli va burchak
tezliklari va tezlanishlarini aniglanadi CHangalni M nudgasini kinematikasini
o 0 r g a miirg blidgan tenglamalarnidifferentsiallabtezlik va tezlanishlarni

olish mumkin
6.5. Manipulyator mexanizmini kinetostatik xisoblash

Manipulyatorlarni kuchga hisoblashdamexanizmni berilgan qonuniyatni
bajaradigantashgaridart a éesuvchikuchlarnitopishva kinematikjuftliklardagi
reaktsiyakuchlarini hisoblashdanborat (6.13-rasm). Kuchgahisoblashdaasosan
Dalamberprintsipigaasoslangatkinetostatikanusullaridanfoydalaniladi Bu usul
bilan mexanizmb o & @riga qd & y itdshgiducth va momentlarigainertsiya
kuchlarini ham g o @ s h buhda dgistemadakuch muvozanatihosil b o & | i b
harakatlanuvchisistemani kvazistatik holatda deb garash mumkin Kuchga
hisoblashddoydali yuklamaF, berilgan b o & g 6 ihamkaagonurlarias va U
(kinematik analizdantopilganva b o & g 6 imaskaam vaiinertsiyamomentJs;
larni aniglaymiz

Mexanizmnihar bir b o & gughumboshkuch vektorlar F, =- ma, va bosh

momentlari M, =- J,e;ni aniglaymiz Ochiq kinematik zanjir uchun xisobni
yetaklanuvchi b o & gliangaldanboshlaymiz Bo & g 1@ ibilan b o & géli n
bogo!l awma mamentlarni kinetostatik vektor muvozanat tenglamalarini
tuzamiz
G, +G,+F,+F,+F, . +F =0,

M(G,) +M(G,) +M(F,)) + M(F,) + M, +M(F,, ) +M(F) =0,
bunda M, 1 kinematik juftikdagi moment vektori (bu vektori z oG gi g a
proektsiyasiuzatmaningkinematik juftlikdagi harakatlantiruvchikuchni beradj

y a VRl n1y=Mgn, n1).-
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6.13rasm

Vektor tenglamanikoordinatao & q | proektsiyalab sistemauchunoltita

algebraiktenglamaolamizva shulardaroltitan o ma 6 topamiz i
F F F

x(n,n-1) , y(n,n—l)’ z(n,n-1) ,

M M M =M

x| Mymngy Manny =Mgany-

SHundags o Gbnogt a-& mi muvozanatink o & ahigalniz Uningb o & g O |
n ga ulanish joyiga b o @ gnédamchiqgan reaktsiyani giymatini quydagicha
aniglab

F

x(n-1),n ,

F F M

z(n-1),n , z(n-1),n , x(n-1),n , My(n-l),n , I\/Iz(n-l),n ,= Md(n,n-l)

y 0 O n a teskarigilib g o & y .&8hundaygilib mexanizmnintab o @ gudhum i

navbatmanavbatmuvozanatenglamasintuzib, n o ma dudichlamitopamiz
6.6.Sanoatrobotlarini faolligini hisoblash

Robotlashtiigan kompleksni ish unumini robotlarning detallarini
harakatlantirishtsiklini vaqti belgilaydi SHuning uchun robotlarni faolligiga
g o @ y talalgudakatta

Robotlarni texnologik operatsiyalarni tez bajarishni tashqi kuchlarni
(harakatlantiruvchiva garshilik kuchlarin) o & z g @onunkrgava mexanizm
bodgoi mdrtsiyasigalh o g 6 Bashmarish kuchlarini o &@ z g agonurs h
go &l | an iuzatmglarni tgriganva boshqarishsistemasinituriga b o g o6 | i
Amaldaqg o @ | | a n iobodasniaguzgptenalarigidravlik, pnevmatik elektrik va
kombinatsiyalashgarhollarda b o & | Waddia tsikl, pozitsiyalik yoki konturli

boshqaristsistemasg o & | | anad i
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TSiklik boshqgaristsistemalibiror-bir uzatmalisanoatobotinifaol ishlashini
k o dahigalik

6.14-rasmda uch harakatli sanoat robotini manipulyatorini kinematik
sxemasikeltirilgan (1, 2, 3-harakatlanuvchab o & g 0O-qnd taz g baolbrgadg n
Bu yerdat o & ghizig ibilan buyrugni boshqarishtsiklogrammasiva sanoat
robotini ish tsiklogrammasipunktir chiziq) keltirilgan. TSikIni umumiy ish vaqti
Tts berilganxolllardat o & hurish aqti (tsiklogrammada o & Xurish vaqti t
gorizontal o & q ppeallel t o & ghizig)iva b o & g 0 iberilgantbin holatdan
boshqgasiganisbiy harakatlanishvaqti tpx va o0 & @ Giganqaytish vagti tox
(diagrammada g 6 tma & chiziq).iOddiy holatdat o & xutishJuaqti texnologik
jarayongab o g O6Robotarni harakatlarnibajarish vaqtini uzatmalarnidinamik
xarakteristikasva manipulyatorning harakatlantiruvchhamdagarshilik kuchlari

massalarvab o @ g 0 inertsiymmomentlarianiglabberadi

2z S22 &, 3
,_‘_l_ I —— l_i N
T | | . N
—I |_ Hyy

4

Iszx Y

A

>
[ Pro

Sanoatroboti uchun buyruq berishtsiklogrammasi

—=.
F el
P1e / e A
O
.Sz; ,’ “u
- hx
#
f
’
-
o

L, .

6.14-rasm
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Pnevmouzatmalmanipulyatorningg o @drakatiniishini k o & chigdmiz
(6.14-rasn). Buyruq berish apparatidarkelgansignal b o & vy ftsilintireingo @ n g
tarafidan qgisilgan havo beriladi bunda porshengaFp;=PxS kuch bilant a 6 s i
giladi, bu yerdaP-xavo bosimi S-porshenningfaol yuzasi SHukucht a 6 s i r i
porshenva q o @lo & z g atezlamish va o & s u tezlikh Vs, bilan chapga
harakatlanadi(6.15 a-rasm). Porshenharakatini cheklashqgattigt o & s ypki ¢ h
dempferlit o & sogyalianhalgaoshiriladi

F3JH Fg,H

{ : Fy; Fyz
[ > Sim 0 T 8 M

Fc.?

& Vi, we L V3, wie

At

poh—|

i, 830, M

H; Hj -

LA ]

ol -
ot ! -

Dempfersiz o 6 s gi ¢ hdempferlit o s gi ch
6.15-rasm

Dempfersizt o & s gqgalctho & x t ebgaimg8ai tezligi bir zumda
kamayib oxirgi nol giymatgatushadi Bundaytezliknitezo & z g a rneelanishasd a
cheksizlikkaintiladi. B o & g dundayti o & x ta#ig 2arbadeyiladi U holda
mexanizmb o & g O&kattadingnak yuklanisht a Getsshikuzatiladi Manipulyator
real holada gayishqoginertsionsistemab o & | g saabliikughlarb o &@ Bdii n
t t oG s gkes&im shaciishigahamda butun mexanizmni tebranishigasabab

b o & I GHdnigalberilgan oxirgi holatiga nisbatantebranmaharakatqiladi. Bu
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jarayonnit o & xvag B; (6.15 a-rasn). Sanoatobotlariniish tezligini anchagina
pasaytiradi

Bunday tebranishlarnikamaytirish yoki umumany o ogidish, t o d x t at i
zarbasiz o @ bilanetshishmumkin

V,,, =0, ag,, =0,

bundaVs,, asoni t 0 O hxpayaidaginisbiytezlik vatezlanish

Biroq bundayholatgaerishishfagatboshqariluvchuzatmalarmorgali konturli
boshgarilsdb o G| a d i

Bundantashqarizarbasizt o @ x t yacs@xiwda nisbiy tezlik nolga yaqin
b o &l &Hlming uchun changalni kerakli holatiga kelish vagti anchagina
k o & p aSHanthguchunt o & x yuanshoggalbaorqgali, y a Gishiytezliky o & |
oxirida V32=0 tezlanishesaruxsatetilganchegaradas,~=[a] b o & | ce@shilada
TSiklli boshgariluvchimexanizmlardayumshoq zarba haraka rejimi dempferli

t o & sogdircnha t,q & @ lakmetimemnergiyasins o @ n digalit s dmi nl an
6.7.Manipulyatorlarni muvozanatlash

Ko & p ¢ hmahipulgatorlarning kinematik sxemalaridagi uzatmalar
b od g 0 ionlo auchlari grgali statik yuklamalarnigabulgiladi. Bu uzatmani
dvigatelini quvvatini va tormoz moslamasinimomentini oshirishini talab giladi.
Bularni oldini olishi uchunuchtausuldanfoydalaniladi

Manipulyatorning kinematik  sxemasidan foydalaniladj  undagi
bodgoi mlg® ikmchlariinematik juftliklardagi podshipniklarzimmasiga
tushadi Bunday yechimdaizatmaniva tormoz moslamasidaggquvvatgao g 6 i r |
kuchlari fagat kinematik juftliklardagi ishqalanishkuchlari orgali t a 6etadir
Misol tarigasidaSCARA robotini sxemasin(6.16-rasnj keltirish mumkin Bunday
usulnikamchiligi podshipniklardago dbgo @ yhbsébbo & | aydkiamgadardir
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6.16-rasm
Manipulyator b o & g 6 i n Imagsalanni rkagrektirovka yordamida
muvozanatlash Bunda b o & g 0 i nmagdsa markazlari korrektirovka qilish
yordamidamassalakinematikjuftliklarning markazlarigasuriladi (6.17-rasn). Bu
usulning kamchiligi manipulyator massasiva uning b o @ g 6 i indrtgya i n i

momentlarisezilarlidarajadaortadi

6-17-rasm

Manipulyatorningo g 6 i kudhini kmuvozanatlashdagayishqoq elementli
moslamai prujinali yumshatuvchiyoki muvozanatlovchilaryordamidaamalga
oshirish

Bunday moslamalar uzatmalardagi o g 6 i rkuchlakining t a d s i r |
bodg i mibbay hatakagni hammaholatida hamt o tkhneytira olmaydi
SHuning uchunbundaymoslamalarnkonstruktsiyalard&ulachokli yoki richagli
mexanizmlar g o @ | | ,aular prajidalarni qovushqgoqlik xarakteristikalarini
bodgoi nloagrdon irkuchl&ini  muvozanatlovchi xarakteristikalariga
moslashtiradi Bunga misol tarigasida 6.18-rasmdaq o & hentikal harakatini

t a6 mi nluaainthdagrgima va kulachok profili Arximed spiralib o @y i ¢ h
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tayyorlangan kuchlarni yumshatuvchi mexanizmli sanoat robotini sxemasi
keltirilgan.

Sanoatrobotlari
Manipulyatorlariningharakaini anigligi changalnuqtasini(M nuqtg vaziyatining
hatolik xarakteristikasva changalniburchakaniqgligi bilan aniglanadi

6.18-rasm
Vaziyat hatoligi manipulyator b o @ g 6 i o & b ¢ h a rexmlogikn i
jarayondagi hatoliklar hamda boshqgarish sistemaidagi va orgaga uzatish
datchiklaridagihatoliklargab o g SManigulyatorlarnipasportlaridachangalniM
nugtasinimexanizmegallashimumkinb o @ |hglalardarruxsatetilganmaksimal
09O besilpanb o a1 ad i

Hatolik natijasidaM nugtafazodaellipsoida chizadi bunio g 6 ellipsbidasi
deyiladi(6.19-rasn).

6.19-rasm
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TESTLAR

SHatunnima?

a) Detal

b) Mexanizmzvenosi
c) Kinematik zanjir
d) Mexanizm

Sirpanishpodshipnikiva val nima?
val

podshipnik

a) Kinematikjuftlik
b) Kinematik zanjir
c) Detal

d) Mexanizm

Sxemadanimak odr sati | ga

a) Kinematikjuftlik
b) Mexanizm

c) Kinematik zanjir
d) Zveno

Bu gandaymexanizn?

a) Richagli
b) Ponali

¢) Kulochokli
d) Prujinali

Bu gandaymexanizn? (agarda4-zveno
tebranmaharakatgilsa)

a) Ikki krivoshipli

b) Ikki koromisloli

c¢) Krivoship polzunli

d) Krivoship koromisloli
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