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Aeoonin K. B., Illym A.M.,
Kuiscokuii nayionanvHuil ynigepcumem mexHo102iiu ma Ou3aiHy

HEIHEPHIAJIBHI CUCTEMM BIJJIIKY

Y pobomi pozensoaromecs neinepyianvhi cucmemu 8ioNiKy npu 008iIbHOMY 00EPMATbLHOMY PYCi
cucmemu KOOpOuHam. 3anponoHO8aHULl WLIAX OMPUMAHHA CRIBGIOHOWeHb Ol CUNl iHepyii ma memoo
BHAX0O0JICEHHS NApaAMempie K8a3iiHepyiaibHux cucmem ioaixy.

Knrouosi cnosa. Heinepyianouicms, cucmema, ionix, obepmannsi, cuid.

Beryn. V' OuibliocTi mipyyHUKIB 3 (I3UKM 1 TEOPETUYHOI MEXaHIKW, HalpHUKIal: B
po6orax [1], [2] Ta iHmUMX, TpW BUKIaAaHHI po3aury «HeiHepmiaibHI CHCTEMH BIIITIKY»
pO3IIIAJa€eTbCcd YAaCTMHHMM BHIAJIOK OOEPTaJbHOTO PyXy CUCTEMH KOOpAMHAT HEIHepliadbHOT
CUCTEMHM BIAJIIKY — OO€pTaHHsS HAaBKOJIO OJHIET oOcCi Z . Alle CKIagHUIl pyX JAeTanei peanbHHUX
MEXaHI3MIB HE OOMEXYETbCS TaKUM MPOCTUM BHIAIKOM. ToMy, BUKIAJACHMH Yy JHaHii poOoTi
PO3IJISLA CHIT THEPIIIT TPH CKIaJHOMY 00€pTaIbHOMY PYCl, MOKHA BUKOPUCTATH JJIS BAOCKOHAJICHHS
1 IONOBHEHHSI Y4OOBHUX MOCIOHMKIB, 1110 Oy/€ COPUITH MIIBUIIEHHIO SIKOCTI MIArOTOBKU (haxiBIIiB
THKEHEPHO-TEXHIYHOTO HAIIPIMY.

IMocTranoBka 3aaaui. /{5 onucy o6epTaqbHOTO PyXy CHCTEMH KOOPIMHAT HEeIHEPIIadbHO1
CUCTEeMM BLIIIKY OyaeMo KOpHCTaeMoChb TpboMma KyTramu Elinepa, mo3Hadaroud iX HAcCTyMHUM
YUHOM: | - KyT BJIaCHOTO OOepTaHHs; ¢ - KyT mpeuecii; ¢ - KyT HyTauii, ikl 300pakeHl Ha
pUCYHKY 1.

Koop/mHaTH MaTepianbHOI TOUKM BimHOCHO Hepyxomoi cucremu Bimmiky K  Gymemo
MO3HAYaTH 4epes: (X1 s Xy X3); KOOP/MHATHU BiTHOCHO pyxoMoi cuctemu K ' yepes: (Xl' s X; s X;)

3B’S130K MDK KOOpPAMHATAMH, BITHOCHO PI3HUX CUCTEM BIAJIIKY, MOKHA MIPEJICTABUTH Y BUTJISAIL:

3
X, =D, e (1)

3
! —
DI A (2)

Jle KOMIIOHEHTH MaTpulli C;; 3anexats Bif KyTiB Eifnepa HacTynHUM YuHOM:

¢,, =COSY/ COS @ +SIny cosIsing ; ¢, =siny cos@—Ccosy cosIsine ;
¢y =sInIsing ; ¢, =cosy sin@—siny cosIcosy ;

¢,, =sinysing+cosy cos 3cosp ; ¢ =—SINIcos ;

¢y =—sinysing ; ¢, =cosysing; ¢, =cos g (3)

Metoro poOOTH € OTpMMaHHs CHIBBIIHOIIEHb JJIsi CHJI 1HEPIi Ta METOJ 3HAaXO/KCHHS
napaMeTpiB KBa3ilHEPLIaJbHUX CUCTEM BIIJIIKY.
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Cunu iHepuii y BHIAAKY /JIOBiJIbHOTO 00epTaHHS cHUCTeMH KoopauHat. [l
3HAXO/PKEHHS MPOEKIIil MUTTEBOT KyTOBOT MIBHAKOCTI 0OepTanHs cucteMu K " Ha Bici KOOpAMHAT
cucremn K Tpeba MOKIIaCTH: x; = const , To0To, BBAXATH MaTepialibHy TOYKY HEPYXOMOIO
innocuo cucremu K' . Toxi, Oepyuu mepuly HoXigHy IO yacy Bi koopauHaT (1), 3Haxoaumo

TIPOEKIIii MUTTEBOT IIBHAKOCTI pyXy MaTepianbHOi Touky Ha Bici cucremu K :

X W,

N
0
¢ \
7
X,
P
Xl
Puc.1
3
S,
%=, 6% @)

[TincraBnsioun 3BOPOTHI MEPETBOPEHHS KOOPAUHAT (2) y PIBHICTH (4) Ta NEperpynoBy0un
JOJJAHKH Ma€eMO:

3 3
X, = ZZC'U.C,g.xk =Z Zc'l.jckj X, _ (5)

3
v, = Z Q,x, : (6)

OTtpuMaHa CyKyIHICTh BEIUYUH Q ik - 1€ TEH30p KyTOBOI IIBUIKOCTI, aHTUCUMETPUYHUI

TEH30p Apyroro panry. BukopuctoByroun Bupaszu (3) 0O0YMCIIOEMO KOMIIOHEHTH TE€H30pa KyTOBOI
IIBUJIKOCTI:
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Q,=Q, :Q33 =0;

;o Q, =—Q, =y +epcosI ;
Q.= = pcosy sin I+ Isiny :
Q,, =-Q,, =—¢sinysin9+Jcosy .
SIKIO BBECTH TIO3HAYECHHS:
w, = —@siny sin 3+ Jcosy
©, =@cosysind+9siny . @, =—y +pcosY | (7)

TO AaHTHCHUMETPUYHUN TEH30p Q ik Oyne eKBIBaJIGHTHUH BEKTOPY MMTTEBOi KyTOBOI

IBHAKOCTI (0 , Tmpoekmii skoro Ha Bici koopaumHar cuctemu K BU3HAYarOThCS

criBBigHOMIEHHAMH (7), 13aMKCaTh BEKTOP MUTTEBOT IBUKOCTI Uy BUIIISIII BEKTOPHOTO JOOYTKY
MUTTEBOI KYTOBO1 IIBUAKOCTI 1 pajilyc-BEKTOpa MaTepiajabHOI TOYKH, HEPYXOMOT BIJTHOCHO CUCTEMHU

K':
o=[a;7] (®)
. . ro.
BBaxaroum, IO MaTepialrbHa TOUKA PYXaeThcs BiMHOCHO cmcTeMu K & BisbMeMO IpyTy
MOXIJHY O Yacy BiJ nepeTBOpeHHs koopauHaT (1):

3
.o _ .o ' . . ’ oo,
= (8 +26,3 +¢,4)) ©)
Jj=1
Jlpyra moxigHa Mo 4acy BiJ KOOPJMHATH € MPOEKIIE€I0 MPUCKOPEHHS Ha BIANOBIIHY BICh

—

KOOpJMHAT, TOMY JIiBa YyacTMHA BUpa3y (9) ue mpoekiii BeKTopa NpUCKOpeHHs « pyXy TOUKH,

BigHOCHO cucremn K | Ha Bici koopmuHar cucremu K |, to610: X; = 4, .

OcCkUIbKM TpOEKUIi BEKTOpiB, MpH TNEepexoil A0 IHIIOI CHCTEeMHU KOOPAWHAT

MIEPETBOPIOIOTHCS TaK CaMO SIK 1 KOOpAWHATH, TO MPOEKIil BEKTOpa MpHUCKOpeHHs « Ha Bici

! . .
xoopauHaT cuctemn K | 3rinHo Bupasy (2), Z0piBHIOOTE:

3
, —
a, = Zcikai : (10)
i=1
[TincraBnsaroun nmpoekiii (9) y neperBoperHs (10) maemo:

3 3 (3 3 (3
a, = Z(Z%%]X.f + Z[Zéijct‘ijj + Z[Zéijciijj . (1
i=1 =1 \Ui=l =1 \Ui=l

3
J=1

BuxopuctoBytoun Bupasu (3), (5) 1 (7) 3Haxoaumo:
3
zcijcik :5jk ; (12)
i=1

ne o ik - cumBOJl Kponekepa,

3
;éijcz‘k =Q (1_5ﬂc) ; (13)
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3 .
2 EiCa =(-1)" ;0 +€2;, (1_5jk) : (14)
i=l1

[TincraBnstoun cmiBBigHomeHHs (12), (13) ta (14) y neperBopenHs mnpoekuiid (11)
- .. ! .
0JIep/KyeMO MPOEKIIii BEKTOpa mprckopenns @ mHa Bici koopmunar cucremu K . ITincraBmsodn

o . - 4
3HaiieHi mpoekii y po3kaaz (15) BekTopa d MO OXMHUYHIM Oa3HCHEM BekTopam cructemn K

- o ! o
a=ia/+ ja,+ka; | (15)
0JIEP)KUMO:
- — —~y - 2— - = - [
a=w-2[0";6]-0*F-[F;¢]|+a(aF) (16)
g}
—/ 1ot o ot — dr' - _ dv . .
ne: r=1x,+ jx,+ kx3 ; U= —— ; W = ——— _ paniyc-BeKTOp, IIBHJIKICTh
dt dt
Ta NMPUCKOPEHHS MaTepialbHoi Toukn BigHocHo cuctemu K'| @ =i, + j'o, + k'o, ;
. do
& :E — BEKTOPH, aHAJIOTIYH1 KyTOBIH MIBUIKOCTI 1 KyTOBOMY ITPUCKOPEHHIO.

[ToMHOXyr0uM 00MaB1 YacTHHU piBHOCTI (16) HA Macy M1 maemo:
= - - - 2 - . - -
mw=md+2m[0" ;0 |+ mo’F +m[F;&]|-mé (6F) . (17
3anpoBaguMO TakKi MO3HAUYEHHS JUISI CUJT:

il — ) . . . ’
F pien — MW —piBHOZIIHA cHNa, BITHOCHO CHCTEMH K"
F pien — MA —piBHONIIHA CHIIA, BITHOCHO CHCTEMH K ;
F.=2m[o";® o
c ~ > — cuna Kopiomnicy;

n — , . o . . .
F r=m [I’ , € ] — TaHTeHI[iaIbHA CUJIa iHepIii;

- 2=
F, =mo°r _aramua BiIIEHTPOBA CUIIA;

—

_ — — —y .
FS =—-—mow (a)r ) — CcHJIa 3MIlCHHS,
.. . . . ' ) )
Toxi piBHOIiHA cHIta, BiTHOCHO pyxomoi cucremu K ', nopiBHIoe cymi cui:
. - .
FpisH:Fpisn+FC+Fv+FT+Fs . (19)

TakuM 4MHOM, y BUNAAKY JAOBUIBHOTO OOEpTaHHS CUCTEMH KOOpIMHAT, BUPA3U I CHII
Kopionicy Ta TaHreHuianbHOi CWJIM 1HEpIIl CHIBHOAJalOTh 3 11X BHU3HAUYEHHSAM Y BUINAJAKY
OJIHOBUMIPHOTO O0EpTaHHS, a 3aMiCTh BIALEHTPOBOI CHJIM 3alPONOHOBAHO PO3IJISIATH /Bl HOBI
CWJIU: 3arajibHy BIIIEHTPOBY CHUIY 1 CHITY 3MIILIEHHS.

JUnst BUIa/IKy OIHOBHMIPHOTO 0GepTanHs Haskoyo oci Z : @O, = O, = 0, 0= |a)z

b

2

TOJ1 CyMa 3arajibHOi BIILIEHTPOBOI CHJIM 1 CUJIM 3MIILIEHHS JOPIBHIOE:

F,+F, =0’ -0’k' =0’ (f’x’ + ]'y')
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TaKuM 9HHOM, IpH 00ePTaHHI TIMBKK HABKOJIO oci Z , CyMa 3araibHOI BiALEHTPOBOT CHITH
1 CHJIM 3MILIEHHS AOPIBHIOE 3BUYAIHINA BIILEHTPOBIN CHIIL.
Ksasiinepuiaabni  cucremm  Bigmiky. Cucremy  Biuiliky OylJemMo  Ha3uBartu
KBa31HEPIIAIILHOIO, SKIIO BIIHOCHO HEi CyMma BCIX CHJI 1HEPIil JOPIBHIOE HYIIO. 3Bi/ICH BUIUIMBAE,
. . ! . — -
1o mpHcKopeHHs pyxy BigHocHo cucrem K i K Gynyrs piBaumun: W = @ . Skmo BBaxarn

PIBHSHHS pyXy, IIBHAKICTB Ta MPHCKOPEHHS MaTepiaabHOi TOUKH BigHOCHO cuctemn K 3amannmn,

TO WIBHAKICTH i PIBHSHHSA PyXy TOYKH BimHOCHO cuctemn K (i KBasiiHepmianbHOI crcTeMu
BIJUTIKY) MO>KHA 3HAMTU HACTYITHUM YHHOM:

3 ‘
v/ (1) = Z CE'?)UOI + J.Cji (t)a,(t)dt ¢ (20)
J=1 0
3 t T
x=> Cﬁ-?) (xo]- + Uojl)+JICﬁ (t,)a,(4)dtdr | 1)
J=1 00

TOMI, SIK BUILTUBAE 3 piBHOCTI (17), 1is 3HaXOPKEHHS 3aliexXHOCTI KyTiB Elfnepa Bix yacy
Ma€eMO IHTETrpo-audepeHIiiagbHe PIBHIHHS:

2[0";6 ]+ 0 F +[F';€]- 6 (67')=0 . (22)

. = .
[TomHOXyrOuM pIiBHSAHHA (22) CKaJIApHO Ha BEKTOp /' OJEPKUMO pIBHSAHHSA, SIKE HE
MICTUTh HOXIIHUX 10 Yacy BiJ MPOEKLIH KyTOBOi IIBUAKOCTI:

==, = 2 1\2 = =12
27 [U,a)]+a) (r) —(a)r) =0 (23)
3 piBHSAHHA (23) BUIUIMBAE, 1110 Y KBa31iHEPL1aJbHINA CUCTEMI BIUTIKY HE3aJIEKHUMU OyAyTh
TUIBKHU JB1 MPOEKLIi KyTOBOI HIBUAKOCTI, @ TPETS NPOEKLis BU3HAYAETHCS CIIBBIAHOLIEHHAM (23).

Posrisinemo HalimpocTiuii, YaCTUHHUN BUMAJ0K KBa3liHEpIIaJIbHOT CUCTEMH BIIIIKY, AJIS
SKOTO:
- - r_ ’ ’
a=w=0; x —A(t+b); X, :B(l‘+b); X =C(t+b),
1 Oy1eMO IIyKaTu MPOeKIlii KyTOBUX HIBUIKOCTEN y BUTIISIL:
D,
=—  gpe: D, =const ;b=const. (24)
t+b
VY 1poMy BUINAJKy ICHYBAHHS JIHCHUX PO3B’SA3KIB PIBHSAHHA (23) MOXJIMBE TUIBKU NPHU

i

BUKOHaHHI YMOBH:
[6;F7']=0 . (25)

3 cniBBiAHOLIEHS (23), (24), (25) onepkyeMo mpoekiii KyTOBOi HIBUAKOCTI:
" uB _ucC

Tin T A T A b))

o, ne: [ = const . (26)

be3nocepenHboro MiACTAHOBKOIO MOKHA MEPEBIPUTH, IO PO3B’S3KU (26) 3a0BOJIBHAIOTH
piBHsAHHIO (22) nns kytiB Eiinepa.

BucnoBku. ¥ po6oti OyB mokazaHuil LUISIX OTPUMaHHS BUPA3IB, SIKI BU3HAYAIOTh CHUJIU
iHepuii, o JII0Th Ha MaTepialbHy TOYKY IpPH JOBUIBHOMY OOEpTaHHI CHUCTEMHU KOOpPJIUHAT
HEeIHEepL1aJIbHOT CUCTEMH BUIJIIKY, KM MOXHa BUKOPUCTOBYBATH Y MOCIOHMKAX Ta MIJPy4YHUKAX 3
Kypcy (pi3UKH Ta TEOPETUYHOT MEXaHIKH.
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CmiBBinHomieHHs1 (16) m03BOJIIE 3HAXOIUTH TMOJE€ MPUCKOPEHb PyXy TOUYOK JeTajei
CKJIaIHUX MEXaHI3MIB, SIKE J1a€ MOXJIMBICTh MPOBOJUTH aHaJi3 BHYTPINIHIX MEXaHIYHUX Hampyr,
10 BUHUKAIOTH TIiJ] 4ac Pyxy.

OtpumaHi iHTErpo-audepeHuianbil piBHAHHA (22), fKi A8 KBa3liHEpLIaJbHUX CHUCTEM
BIJUTIKY BH3HAYalOTh 3aJIEKHICTh KyTiB Eiiyepa Bijg yacy Ta HaBeJEHHUM NpUKIaA iX YaCTUHHOTO
PO3B’SI3Ky y BHUIAAKY PIBHOMIPHOTO PyXy MaTepiajbHOI TOYKH BITHOCHO HEPYXOMOi CUCTEMH
BIITTIKY.
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Aeoonun K.B., Illym A.H. Heunepyuanvhoie cucmemsl omcuema.

B pabome paccmompenvl neunepyuanvhvie cucmemvl omcuema HpPU NPOU3BOTILHOM
BPAWAMENILHOM 0BUNCEHUU, OMHOCUMENbHO HEN0O0BUNCHOU mouku. [Ipednodxcen memoo nonyyerus
BIPANCEHUL, ONPeOeAUUX CUILL UHEPYUU, KOMOPBIL MOMNCHO UCNOIb308AMb 8 NOCOOUAX U
yueOHukax no Qusuxe u meopemuyeckou mexanuke. Ilokazano, umo 6 ciyuae NpouU3BOIbHO2O
8pawjeHuss, 8Mecmo YeHmMpOoOENCHOU CUlbl HeoOXO00UMO pacCMampuéams 08¢ CUbl UHEpYUl,
Komopuvle 0blIU HA38aHbl 00Uell YeHMPOOEIHCHOU CUNOU U CUTLOU CMEUJeHUS.

Ilokazano, umo 6 cnyyae O0OHOMEPHO2O BpPAUAMENbHO20 OBUNCEHUS CYMMA o00well
YEHMPOOEIHCHOU CUlbl U CUIbl UHEePYUU CMeweHUusi PAasHa OObIYHOU YEHMPOOEIHCHOU Ccuie.
Haiioennvie coomnowenuss 0ns cun uHepyuu no360J5A0M NOCMPOUMsb NOJe YCKOPEHUL 08UNCEHUS
MOUEK CIONCHLIX MEXAHUZMO8 U NPOBeCMU AHANU3 GHYMPEHHUX HANPANCEHUU, BO3ZHUKANOUWUX 8
npoyecce pabomoi.

Ionyuenvr unmezpo-ouppepenyuanvhvie ypasHenus 0N KEASUUHEPYUATLHBIX CUCHEM
omcuema, no380JAOUWUE HAXOOUMb 3ABUCUMOCMb Vel08 Diliepa om 8pemMetl, Hatl0eHO UX YaACMHOoe
peuteHue.

Knrwoueswle cnosa. Heunepyuanvnocms, cucmema, omcuem, 8pawjerue, Cuid..

Avdonin K., Shut A. Non-inertial reference system.

In this paper we consider Non-inertial reference system with any rotation of coordinate
system. We propose the ways to obtain relations for the forces of inertia and the method of
parameter non-inetial reference systems.

Keywords. Non-inertial reference system, rotation, force.
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