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Annotatsiya: Ushbu maqola klassik mexanikada muhim o‘rin tutuvchi noinersial sanoq

sistemalari va ularda namoyon bo‘ladigan inersiya kuchlarining nazariy asoslarini chuqur tahlil
qilishga bag‘ishlangan. Inersial va noinersial sanoq sistemalari tushunchalari solishtirma tarzda
yoritilib, noinersial sanoq sistemalarida Nyutonning ikkinchi qonunini qo‘llashda yuzaga
keladigan muammolar asoslab beriladi. Mazkur muammolarni bartaraf etish maqgsadida
kiritiladigan inersiya kuchlarining fizik mohiyati, ularning matematik ifodalari va harakat
tenglamalaridagi o‘rni keng yoritiladi.Maqolada markazdan qochma kuch, Koriolis kuchi hamda
sanoq sistemasining o‘zgaruvchan tezlanishi bilan bog‘liq bo‘lgan inersiya kuchlarining kelib
chigish sabablari batafsil tushuntiriladi. Ushbu kuchlarning aylanuvchi va tezlanayotgan
sistemalarda jismlar harakatiga ta’siri aniq misollar orqali ko‘rsatib beriladi. Shuningdek, Yer
bilan bog‘liq noinersial sanoq sistemasi doirasida atmosferadagi havo oqimlari, okean oqgimlari,
snaryadlar harakati va texnik qurilmalarda kuzatiladigan jarayonlar tahlil qilinadi.Tadqgiqot
natijalari shuni ko‘rsatadiki, noinersial sanoq sistemalarida inersiya kuchlarini hisobga olmasdan
turib jismlarning real harakatini to‘g'ri tavsiflab bo‘lmaydi. Ushbu mavzu mexanika, fizika,
muhandislik fanlari hamda astronomiya sohalarida muhim nazariy va amaliy ahamiyatga ega
bo‘lib, maqgola oliy ta’lim muassasalari talabalari va yosh tadqgiqotchilar uchun foydali manba
bo‘lib xizmat giladi.
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AHHOTaumA: B faHHOUN cTaTbhe MpPOBeJEH YIrYyOJEHHBIA aHANU3 TEOPEeTHUYECKUX OCHOB
HEeMHepLUaA/JbHbIX CUCTEM OTCYETA U HHEPLUUOHHBIX CHUJ, 3aHUMAIOUIMX BaXXHOE MECTO B
K1accuyeckoi MexaHuke. [lOHATHS HHepLUaANbHBIX U HEWHEPLUUAJbHbIX CHUCTEM OTCYETA
paccMOTpeHbl B CpPaBHUTEJIbHOM aclleKTe, a TakKXe 060CHOBaHbl TPYJHOCTH MPUMEHEHMUs
BTOpPOro 3akoHa HblOTOHAa B HeWHepLUa/lbHBIX cUCTeMax OTc4yéTa. [l ycTpaHeHUs 3THUX
TPyAHOCTEH MNOAPOOGHO pacKpbiBaeTcsl ¢uU3UYecKass CYLHOCTb WHEPIMOHHBIX CHJI, HX
MaTeMaTU4YeCKHe BbIpaXKEHHUSI U pPOJib B YpaBHEHUsAX /[IBHXKeHUs. B cTaTbe JeTajbHO
OOBSICHAIOTCA TNPUYMHBI BO3HUKHOBEHHUS IeHTPOOEXKHOW CcuJbl, cuiabl Kopuosauca u
WHEPLMOHHBIX CUJI, CBSI3aHHbIX C IepeMEHHbIM YCKOPEHUEM CUCTEMbI OTCYETA. ByiMsiHMe JaHHBIX
CUJl Ha JBW)XXE€HHEe TesJ B YCKOPEHHBbIX W BpalAlOLUXCS CHCTeMaX OTCYETa MOKAa3aHO Ha
KOHKpEeTHBIX NpuMepax. KpoMe Toro, B paMKax HEMHEPLIUAJbHOU CUCTEMbI OTCUYETA, CBI3aHHOMN
¢ 3eMJ1E/, aHAIM3UPYIOTCS TaKKe MPOLECChl, KaK JBUKeHHe aTMOCPepPHbIX Macc, OKeaHUYecKue
TeYeHUs], [JIB)KeHUWe CHapsiioB M NPOIECChl, HabJJaeMble B  TeXHUYECKHUX
ycTpoicTBax.Pe3yibTaThl HCCA€[0BAaHUSI MMOKA3bIBAIOT, UTO 6e€3 y4éTa HHEPIUOHHBIX CHJI
HEBO3MOXXHO KOPPEKTHO ONHCaThb peajibHOe [ABMXKEHHE TeJl B HeMHepPIUaJbHBbIX CHCTeMaXx
oTcyéTta. PaccmaTprBaemMasi TeMa UMeeT Ba)KHOE TEOPETUYECKOe U MPAaKTUYeCKOoe 3HaYeHHUe J1Jisl
MexaHUKH, QU3UKH, UHXKEHEPHbIX HAayK U aCTPOHOMUM U MOXKET ObIThb MOJie3HA CTyAeHTaM
BBICLIMX Y4eOHbIX 3aBeJleHUI U MOJIO/IbIM UCCIe0BATESIM.
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KinouyeBsble c1oBa: HerHepuuaibHasg cucteMa OTCY€Ta, MHEpLHAJIbHAsA CUCTEMA OTCYETa,
MHEpPLHOHHbIE CUJIb], 3aKOHBbI HbI0TOHA, IIeHTpo6exHas cuia, cuiia KopuoJsrca, Bpaujaromascs
CUCTeMa OTCYETa, YCKOpPEHHasl CUCTEMA, MeXaHHUKa, KJaccuyeckass ¢U3MKa, BpalleHue 3eMJIy,
dusuyeckoe Moie/IMpPOBaHUE.

Abstract: This article is devoted to an in-depth analysis of the theoretical foundations of
non-inertial reference frames and inertial forces, which play an important role in classical
mechanics. The concepts of inertial and non-inertial reference frames are considered in a
comparative manner, and the difficulties associated with applying Newton’s second law in non-
inertial frames are substantiated. To overcome these difficulties, the physical nature of inertial
forces, their mathematical formulations, and their role in the equations of motion are thoroughly
discussed.The article provides a detailed explanation of the origins of the centrifugal force, the
Coriolis force, and inertial forces related to variable acceleration of the reference frame. The
influence of these forces on the motion of bodies in accelerating and rotating frames is
demonstrated through specific examples. In addition, within the framework of the non-inertial
reference frame associated with the Earth, processes such as atmospheric circulation, ocean
currents, projectile motion, and phenomena observed in technical systems are analyzed.The
results of the study show that without taking inertial forces into account, it is impossible to
correctly describe the real motion of bodies in non-inertial reference frames. The topic has
significant theoretical and practical importance for mechanics, physics, engineering sciences, and
astronomy, and the article can serve as a useful resource for university students and young
researchers.

Keywords: Non-inertial reference frame, inertial reference frame, inertial forces, Newton'’s
laws, centrifugal force, Coriolis force, rotating reference frame, accelerated system, mechanics,
classical physics, Earth’s rotation, physical modeling.

Noinersial sanoq sistemasi - bu tezlanish bilan harakatlanuvchi, ya'ni inersial bo‘lmagan
sistema (masalan, tezlanayotgan avtomobil, aylanayotgan Yer) bo‘lib, bu yerda jism harakatini
to‘g'ri tushuntirish uchun haqiqiy kuchlarga qo‘shimcha ravishda inersiya kuchlari (Koriolis kuchi,
markazdan qochma kuch) kiritiladi, ular aslida mavjud bo‘lmagan, lekin kuzatuvchining o‘zi
harakatlanayotganligi sababli «paydo bo‘ladigan» xayoliy kuchlar hisoblanadi. Inertsial
bo‘lmagan sanoq sistemasiinertsial sistemaga nisbatan tezlanishga duchor bo‘lgan sanoq
sistemasidir. Inertsial bo‘lmagan ramkada tinch holatda bo‘lgan akselerometr, umuman olganda,
nolga teng bo‘lmagan tezlanishni aniqlaydi. Harakat qonunlari hamma inersiya sistemalarida bir
xil bo‘lsa, noinertsial sistemalarda tezlanishga qarab har bir kadrda farqlanadi. Klassik
mexanikada ko‘pincha Nyutonning ikkinchi qonuniga qo‘shimcha xayoliy kuchlarni orqali
inertsial bo‘lmagan sanoq sistemalarida jismlarning harakatini tushuntirish mumkin. Buning keng
tarqalgan misollari Koriolis kuchi va markazdan qochma kuchini oz ichiga oladi. Umuman
olganda, har ganday xayoliy kuchning ifodasi inertsial bo‘lmagan ramkaning tezlanishidan olinishi
mumkin. Gudman va Uorner ta’kidlaganidek, F = ma har qanday koordinata tizimida mavjud deb
aytish mumkin, agar” kuch " atamasi ,teskari ta’sirchan kuchlar” yoki ,inertsiya kuchlari“ deb
ataladigan narsalarni oz ichiga olgan holda gayta ta'riflangan bo‘lsa, -umumiy
nisbiylik nazariyasida fazo-vaqtning egriligi ramkalarni mahalliy inertsial, lekin global inertsial
bo‘lishiga olib keladi. Egri fazo-vaqtning Evklid bo‘lmagan geometriyasi tufayli umumiy nisbiylik
nazariyasida global inertsial sanoq sistemalari mavjud emas. Aniqroq aytganda, umumiy nisbiylik




INNOVATIVE «Zamonaviy dunyoda pedagogika va psixologiya» nomli
ACADSNY ilmiy, masofaviy, onlayn konferensiya

nazariyasida paydo bo‘ladigan xayoliy kuch tortishish kuchidir. Yassi fazoda inertsial bo‘lmagan
ramkalardan foydalanishdan qochish mumkin. Inertsial bo‘lmagan sanoq sistemalari bo‘yicha
o‘lchovlar har doim inertsial tizimdan ko‘rinib turganidek, inertsial bo‘lmagan tizimning
tezlanishini bevosita o0z ichiga olgan inertsial tizimga aylantirilishi mumkin. Ushbu yondashuv
xayoliy kuchlardan foydalanishdan qochadi (u ta’rifi bo‘yicha xayoliy kuchlar mavjud bo‘lmagan
inertsial tizimga asoslanadi), lekin intuitiv, kuzatish va hatto hisoblash nuqtai nazaridan unchalik
qulay bo‘lmasligi mumkin Rayder meteorologiyada qo‘llanadigan aylanadigan ramkalar holati
uchun ta'kidlaganidek: Ushbu muammoni hal qilishning oddiy wusuli, albatta, barcha
koordinatalarni inertsial tizimga aylantirishdir. Biroq, bu ba'zida noqulay. Aytaylik, biz havo
massalarining bosim gradienti tufayli er atmosferasidagi harakatini hisoblamoqchimiz. Bizga
aylanadigan ramkaga, erga nisbatan natijalar kerak, shuning uchun iloji bo'lsa, ushbu
koordinatalar tizimi ichida qolish yaxshiroqdir. Bunga Nyutonning harakat qonunlarini inertsial
tizimdagi kabi qo'llash imkonini beradigan "hayoliy" (yoki "mavjud bo'lmagan") kuchlarni kiritish
orqali erishish mumkin.

Inersiya kuchi. Harakatdagi moddiy nuqta tezlanishiga qarama qarshi yo‘nalgan va shu
moddiy nukta massasi bilan tezlanishining ko‘paytmasi (G = tyu) inersiya kuchi deyiladi. Bu yerda
tezlanish inersial koordinatalar sistemasiga nisbatan olingan. Mas, matematik mayatnikda
markazdan ko’chma inersiya kuchi moddiy nuqta harakatini cheklovchi ipga qo‘yilgan bo‘lib, mv
ga teng; bu yerda v— moddiy nugqta tezligi, g— mayatnik uzunligi. Inersiya kuchi tushunchasidan
foydalanib, dinamika tenglamalari tuziladi, statika qonunlaridan dinamikada foydalanish
mumkin. Moddiy nuqtaning nisbiy harakati ko‘rilayotganda ham inersiya kuchi tushunchasidan
foydalaniladi. Inersiya markazi yoki massa markazi. Jismda yoki mexanik sistemada massa
tagsimotini ifodalovchi nuqta koordinatalari inersiya markazi deyiladi. Inersiya markazi,
ko‘pincha, massa markazi ham deyiladi. Inersiya markazi mexanik sistema dinamikasida katta rol
o‘ynaydi. Sistemaga tegishli moddiy nuqtalar harakat migdorlarining geometrik yig‘indisi sistema
massasi bilan inersiya markazi tezligi ko‘paytmasiga teng. Inersiya massasi sistema massasiga
teng moddiy nuqtadek harakatlanadi. Inersiya markaziga qo‘yilgan kuch sifatida tashqi kuchlar
bosh vektori olinadi. Inersiya radiusi — jismning biror o‘qqa nisbatan hisoblangan inersiya
momentini jism massasiga bo‘lgan kvadrat ildizdan chiqarishdan hosil bo‘ladigan uzunlik.
Inertsiya radiusi inersiya yelkasi ham deyiladi. Massasi jism massasiga teng bo‘lgan kovak silindr
radiusini inersiya radiusi deyish mumkin. Shar markazidan o‘tgan o‘qqa nisbatan inersiya radiusi
R =h0> 4L; R — shar radiusi.
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