EJIEMEHTH KIHEMATHKH TA IHHAMIKH
3aoaui xinemamuku ma ounamiku. OCHOGHI NOHAMMA | 6U3HAYEHHA

B kinemamuui ma oOunamiyi po3riANalOThCS 3aKOHU PYyXy HECTUCIUBOI (KpaIrIMHHOI)
pinuau. OCHOBHa 3ajaya -BHU3HAUEHHS XapakTepy pyxy pIAMHM 1 TapaMeTpiB IbOrO PyXy:
MIBUAKOCTI, TUCKIB y OyAb-sIKId TOYIl 3aHATOrO MPOCTOPY, CHJ BIUIMBY PYyXOMOi DiIMHU Ha
MMOBEPXHI KaHATIB Ta T4, 1[0 3HAXOAATHCA B Hild, a TAKOXK HA HEPYXOMI 1 PyXOMi TIEPEIIIKOIH.

Touka mpocTopy — 1€ TEOMETPUYHMI o0pa3, M0 HE MaE PO3MIPIB; MOJOKCHHS TOYKH B
MPOCTOP1 BUBHAYAETHCSI KOOPIMHATAMH X, ), Z

Yactunka piguHu — 1e ¢Gi3uyHuil 00pa3; YacTUHKAa Ma€ HECKIHYEHHO Majy Macy 1 3aiiMae
HECKIHUEHHO MaJuii 00'eMm.

[IBuaKiCTe V pyXy 4YacTKA pPIJUHU, a TAKOX THUCK p Y HIM Yy KOXEH MOMEHT Yacy
BU3HAYAIOTHCS MOJIOKEHHSM ii B OTOIi, TOOTO KOOPAMHATAMH X, Y, Z 1 4acoM {.

Pyx pimuaum Moke OyTH CTamuM 1 HECTaJIMM, PIBHOMIPHUM 1 HEPIBHOMIPHUM, HaMipHUM 1
Oe3HamipHUM.

Ycranenuii pyx — 1€ pyX, NpU SKOMY MIBHJAKICTb MMOTOKY 1 TUCK y OyJb-sKii HOTO TOYII
HE 3MIHIOIOTBCS B Yacl, a 3ajJekaTh TUIbKM BIJ MOJOKEHHA B MOTOLI, TOOTO € (yHKLIsIMU
KOOpJIMHAT:

v=Fux, 4, 2); p=Fdx, y. 2).
(mpuKIIaz - BUTIKAHHS PIAMHU 3 OTBOPY pe3epByapa 3 MOCTIHHIM HAIOPOM (piBHEM)).
[Tpu HeycTaneHoMy pyci IBUAKICT 1 TUCK Y KOXKHINA TOYIIl HOTOKY 3MIHIOIOTBCS B 4aci, TOOTO
3aJIeXaTh HE TUIbKHU BIJl KOOPJMHAT, aJ€ 1 BiJ 4acy:

v=F(x, 4, 2. 1)y p=f2(x, y, 2, 1)
(BUTIKAHHS PIAMHU 3 OTBOPY B pe3epByapi Npy 3MiHHOMY Haropi (piBHi)).

PiBHOMIpHUM pyXOM Ha3MBaIOTh YCTAJICHHUH pyX PIAUHU, NPU IKOMY IIBUIKOCTI YACTUHOK Y
CXOXKMX TOYKAaX JBOX CYMDKHHMX MEPETHUHIB MOTOKY PIAMHU PIiBHI MK 00010 (pyX piauHH B
HWTIHAPUYHIA TPpyOi OCTIHHOTO TIEPETHHY ).

HepiBHOMIpHUN pyxX — 1€ PyX PIAWHHU, MPU SKOMY IIBUIKOCTI YAaCTHUHK Y BIJIMOBIIHUX
TOYKaX JIBOX CYMDKHHX TEPETHHIB MOTOKY HEOJHAKOBI 1 3MIHIOIOTHCS 31 3MIHOIO IMX TEPETHUHIB
(pyX piauHU B TpyOl1 KOHIYHOTO TIEPETHHY ).

Hamipuuii pyx — 1e pyx piiuHUA B TpyOax, Npu SKOMY MOTIK HE Ma€ BUIbHOI MOBEPXHI 1
IUJIKOM KOHTAaKTy€ 3 OOMEXYIOUMMH WOro TBEPJAUMH CTIHKaMH, a THUCK BIJIPI3HSAETHCS Bij
arMocdepHoro (pyx pivH y BOJAOIPOBIIHUX TPYyOax).

besnamnipuuii pyx — 11e pyX piIuHU, MPU SKOMY MOTIK Ma€ BUTbHY MOBEPXHIO, a TUCK Ha HEl
nopiBHioe atMochepromy (pyx BOIH B pikax, KaHaax, APEHAKHUX 1 KaHATI3aMIHHUX TPyOax.

JIist mOCHKeHHsI XapakTepy pyXy PIIMHM BBeJeHE MOHATTS iHii Tewii. JliHiero Tedil
HA3WBAETHLCS JIHISA, TIPOBENICHA Yepe3 Psii TOYOK yCepeauHl MOTOKY PIAMHU TaKUM YHUHOM, IO
BEKTOPH MIBUAKOCTI YACTUHOK PIAMHU U, IO 3HAXOASATHCS B JaHUW MOMEHT y IIUX TOYKaX, TOTHYHI
10 Hei. O4eBUAHO, 110 MPU YCTATIEHOMY PYCl PIAMHM JIiHIS Teuli 30Ira€ThCsl 3 TPAEKTOPIEID PYXY
YaCTOK PIJUHHU.

Axio B piguHi, MO PYXAETHCS, Y3SITH HECKIHUYEHHO MaMi 3aMKHYTHH KOHTYp 1 depe3 yci
HOT0 TOUKM MPOBECTH JIiHIT Teuii, TO YTBOPUTHCS mpyoKa meuii.



BBakaeTncs, 110 piiiHAa HE MOKE Hi BUTIKATH 3 MpPyoKu meuii., Hi HAAXOIUTH 10 Hei. MacuB
plavHU B TpyOIIi Teuli

HA3UBABETHCS €1eMEHMAPHOI0 CHIPYMUHKOIO.

Ilomik piounu CKIaJa€eThCs 13 CYKYMHOCTI €JIEMEHTAPHUX CTPYMHHOK, IO PYXaloThCs 3
PI3HUMH IIBUJIKOCTSIMH.

[ToHATTS, 110 XapaKTEepU3YyIOTh T1APaBIIYHI 1 TCOMETPUYHI €JIEMEHTHU MOTOKY:

HCUBUM NEPEeMUHOM EIIEMEHTAPHOI CTPYMHUHKU YW TMOTOKY PIAMHM HA3UBAIOTh MEPETHH,
MPOBEICHUM MO HOPMaJl JO  HaNpAMKY JIIHIM Tedii, TOOTO HOPMAaJIbHO 10 HANPSIMKY BEKTODPIB
MIBUAKOCTI €IEMEHTAPHUX CTPYMHUHOK; >KMBHH TMEPETHH MOTOKY MOXKE€ OOMEKyBaTHCS TBEPIAUMHU
CTIHKaMHM LIJIKOM (y Tpy0ax) 4 4acTKOBO (y BIIKPUTHX pyciax);

3MOUeHUull nepumemp - NOBXHHA YaCTUHU TIEPUMETPA KHUBOTO IMEPETHHY, MO SAKiH TMOTIK
KOHTaKTy€e 3 OOMEXYIOUMMHU WOr0 CTIHKaMH; MO3HAYMMO HOro Jiteporo L; mpu HamipHOMY pyci
3MOYEHUHN MEepUMETP 30I1raeTbcs 3 TEOMETPUUHUM, MPU OE3HAMIPHOMY — MEHILE T€OMETPUYHOIO,
TOMY L0 B OCTAHHbOMY BHUIAJIKy BUJIbHA ITOBEPXHS MOTOKY PIAMHU OyJi€ KOHTAaKTyBaTH HE TUIbKH 31
CTIHKaMH, a 1 3 TIOBITPSM.

BinHomIeHHs Mol XUBOTO NEPETHHY MOTOKY S 10 3MOYEHOro mnepumerpa L Haz-Thes
riApaBiIiyHUM pajaiycoM R

R =S/L.
[ToHSATTS «TeOMETPUYHUIA PaAlyC» 1 «T1IApaBIIYHUN pajiyc» HE olHO3HAuHI. JJis Kpyrioi Tpyowu:
S = ad®/4, L = ad, reomerpuunuii pagiyc r = d/2, a rigpasmiunuii pagiyc R = (2d*/4)/ zd = d/4.

Bumpama piounu. Cepeonsn wiguoxicms. Pienannua nepo3pusnocmi nomoky.

Butparoro piauHu Ha3WBAa€TbCS KUIBKICTh PIAMHH, IO MPOTIKAE dYepe3 KUBUM TMEPEeTUH
IOTOKY 33 OJMHHIIIO Yacy. BumiproeTscst B oxuHHISIX 06'eMunx (Q M°/c), BATOBHX
(Qg H/c) abo macoBux (Qm Kr/c).

VY rigpaBiniii HaiyacTiiie TPUXOAUTHCS MaTH CIPaBy 3 00'€éMHOIO BUTPATOIO, 1 HA3UBAIOThH 11
MPOCTO BUTPATOIO.

Butpara nmotoky piguau Q cKiagaeThCs 3 BUTPAT eleMeHTapHuX cTpyMHHK dQ = udS:

Q=/dQ = /uds,
7€ U — MBUJIKICTh YaCTUHOK PIMHU B €JIEMEHTApHIN CTPYMUHIT

JIy1st BUBHAUCHHS BUTPATH MTOTOKY PIAUHU TIO 1M1 (hopMysi HEOOXiTHO 3HATH 3aKOH PO3MOJILTY
IIIBUIKOCTEH IO MEePETUHY MOTOKY. YacTo 11e 3B'a3aH0 31 3HAYHUMHU TPYAHOILISIMH, 1 TO1 y dhopmyi
BUKOPHCTOBYIOTh CEPEIHIO MIBUAKICTh PYXY PIJIMHU B TMIEPETUHI.

CepenHbOIO MIBUAKICTIO MOTOKY - Taka YMOBHA IIBHJIKICTb, 3 SIKOIO YC1 YaCTUHKH PIIUHU
MOBUHHI Oyl O MPOXOJUTU Yepe3 >KUBUM MEPETUH MOTOKY, 1100 3a0e3MeUnuTd Ty K BUTPATY, IO
Mae MicIie TIPU peaibHOMY PO3MOJILIT IBUAKOCTEHN 1 MO3HAYAETHCS V-

v=({uaS)/s=0q/s.
)

: 3 . .
OTtxe, 00'eMHa BHTpaTa PiIMHU, BUpaXXKeHa B M°/C, BIIsT€ COO00 JOOYTOK CepeaHBOI IMIBUAKOCTI Ha
YKUBUM NIEPETUH ITOTOKY:



Butparta piguHu 1 cepeHio MBUIKICTh MOTOKY BUMIPIOIOTH CIICIiabHUMM MIpUIaaMu, o OyayTh
PO3IJISHYTI MI3HIIIE .
[ToHATTS BUTpAaTH PIAUHU JO3BOJIIE OTPUMATH PIBHSIHHS HEPO3PUBHOCTI PyXy €JIeMEHTapHOI
CTPYMHHK 1 IOTOKY P1AMHU

PosrnsiHemMo enemMeHTapHy CTPYMHUHKY 3MIHHOTO MEPETUHY MpPH yCTaJeHOMY PYCl PiTUHHU.

BubepemMo nBa MOBITPHUX MEPETUHU 3 TUIONIAMH TEPETHHIB dS1i dS2 1 meugkoctavu H1 i Uz .
JUJ1st KO’KHOTO 3 IIMX MEPETUHIB MU MO>KEMO HAIUCATU PIBHAHHS €JIEMEHTAPHOI BUTPATH PIIUHU:
dQ1: Uldsl, dQ2 = U2d82.

3 orminy Ha 3aKOH 30€peKeHHs PEYOBHMHHM 1 MPUMHATI paHille MPUITYHICHHS PO
HECTHUCIIMBICTh PIAMHHU, CYIUTBHICTh (HEPO3PUBHOCTD) 11 IOTOKY, a TAKOX BIJICYTHICTh BUTOKIB Uepe3
O14HI TTOBEpPXHi, MO’KHA 3pOOWTH BHCHOBOK, ITI0 €JIEMEHTApHI BUTPATH B PO3TJISHYTHUX MEPETUHAX
NOBHHHI OyTH piBHI Mixk coboto  dQ,=dQ, | U,dS,= u,dS,.

3 orjsay Ha Te, IO MEepeTHHH Oyiau BUOpaHI HAMU JOBUIHHO, PIBHSHHS MOXKHA TEpenucatd B
3araJbHOMY BH/II:

udS = const.

[le piBHSHHS Ha3UBAETHCA PIBHSHHAIM HEPO3PUBHOCTI a00 CTAIOCTI BUTPATH.
[lepexonsuu Bix eJeMEHTapHOI CTPYMUKH 1O HOTOKY PIAMHHU, LUIIXOM AHAJIOTIUYHUX MIPKyBaHb
OJIEP’KUMO PIBHAHHS HEPO3PUBHOCTI JUIsl TIOTOKY:
Q =uvS8 =const,

ke (HOpPMYITIOEThCS TaK: BUTPATA PIIMHU JIUIST OYIb-SIKOTO MEPETUHY MOTOKY MPH YCTAIEGHOMY PYC1 €
BEJIMYMHA TOCTIMHA. 3 pIBHSIHHS BUILTUBAE:
ViV, = S,/S;  abo, manpukiiag, Vq, = Vo(S2/S;).

OdeBuiIHO, 1O CepeAHl MIBUAKOCTI B TMOIMEPEYHHX TMepepizax MOTOKY Jis HEPO3PUBHOTO
PYXy HECTUCJIMBOI PITUHU TIPOIIOPIIIIHI TUIOIAM ITUX MePETUHIB.

JudepenuiajbHi piBHAHHSA PpyXy HeB'si3kol piaunu JI.Eiiiepa

Ha yacTHHKH pyXOMOi PiIMHU JIFOTh CHIIU TSDKIHHS 1 TUCKY (SIK 1 B CTaHI CIIOKOIO0) Ta CHJIU 1HEPIIil
(y HeB'sI3K1i1 piJIMHI CUJIU TEPTA BIICYTHI).

Hudepenmianshi pisasiaag JI. Eitnepa nis piavau, 1m0 3HaXOUTHCS B CTaHI CIIOKOIO, MAIOTh
BUTJISA]T
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3rigHo 3 npuHIunoM Jlanamo6epa audepeHiiaibHi pIBHIHHSI PyXy PIIMHA MOKHA OTPUMATH 3
PIBHSIHB TJIPOCTATUKH, SIKIIO Y BIMOBIHI pIBHSHHS BBECTH CHJIU 1HEPIIIi:

F=-ma,
ne ™ - vaca pinuHuy; . HPUCKOPEHHS.
3HaKk MiHyC O3HAyae, 110 CUJIa 1Heplli HanpaBieHa B 01K, MPOTUIICKHUM npucKopeHHIo. Cuia iHepIi

onuHuLi Macu: — & T F ./ M | - onuHMyHAa cuna iHepIi, MO JOPiBHIOE IIPHCKOPEHHIO 31 3HAKOM
MIHYC



. RSTRN, SN s I, .
ITpoexuii OMMHNYHMX CUII iHEPLIT HA KOOPAMHATHI OC1 ¢ &y Lz oo o npescTaBuTy i K

IMOX1IHI1 BiJ IIBUIKOCTI 32 YaCOM:
du du du
g, = —X: g o=—: g =-—1,
o Yoo dr C
Brenemo ix o npuniuny Jlanambepa, y piBHSIHHS T1APOCTATHKY 1 OTPUMAEMO TU(. PiBHSIHHS
pyxy HeB'si3ko01 piaunu JI.Eitnepa.
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PiBusinusa /(. bepHyJuii s eJieMeHTApPHOI CTPYMUHKH i1eaibHOI piiuHu
J71st 3py4HOCTI PYU BUKOPUCTAHHI BUKOHAEMO IHTETPYBAaHHS TU(EPEHLIAIBHUX PIBHSAHD PYXY
HeB's13koi piauau JI.Einepa

KosxHe 3 piBHSIHb IOMHOKHUMO Ha dx} '51'.}’ » dz BIJIIIOBIIHO:
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CKJIAJIEMO iX 1 OACPIKUMO:

(F dx + Fydy + dez)—
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MIPUIHSTH BIChH OZ BEPTUKAILHOIO, TO MPOEKIIIi CHIIN TSKIHHS Ha ocl €2 X Ta 0} 4 OynyTh

- MMPOEKIIii OAMHUYHUX MACOBUX CHJI TSKIHHS HAa KOOPAUHATHI Ocl. SIKII0

JIOPIBHIOBATH HYJIIO, a MPOCKIIisl OJMHUYHOI CHUJIU TSDKIHHS Ha Bich OZ Oye T0piBHIOBATH -8

.Ot1xe, F x '[]r £ ¥ = 0; F ;- & nc k- MIPUCKOPEHHS BUIBHOTO A iHHS.
Takum 4MHOM, TpUYJIEH
Fodx+ Fdy+ F dy = —gdz.

JIJIs cTaIlioHapHOTO PYXY TUCK € (PYHKITIEIO TUTBKH KOOPIUHAT: p = p(X, y, Z). Y IbOMY BHITa/I-
Ky APYTHI TPUUWICH SBISIETHCS] TOBHUM JTU(PEPEHITIATIOM THUCKY:



ép ap ap
dp= S dx+ “E dy + X g7,
? X +¢?y y+é‘z ?

CkJ1a710B1 TPETHOT'O TPUUJICHA PIBHSAHHS MPEICTABUMO y BUTJISIL:

dx dy dz

OueBHUTHO, mo_é; = Uy -d_i“ Uy, E = H2 ne 110
1HIIIe, SIK MPOEKIi HIBUAKOCTI Ha KOOPAMHATHI oci. ToMy TpeTiil TpuwieH MOXHA 3aIUCaTH y
BUTJISAL:

au au du
N 4 + y @ + Fd dz =

dr dt dt

= — (ﬂxdﬂt + u,diy, + uza'u:)
[lizcTaBUMO OTpUMaHI BUPA3U B PIBHSAHHSA 1 OAEPKUMO:

i S
gdz + —l-a'p + (utdux + uydu, + u:duz) = 0.
P

[IpoiHTerpyeMo 11e piBHSHHS:

i u2 H?.' u2
— 4 ..i.q__}__nr._z =C,
gZ+pP [2 7 2]

1e C- nocriiiHa [HTerpyBanHs,
Bpaxosytoun, mo Hx T Hy T Hy = H®, onepixumo:
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- piBasiHHS J[.BepHerni ansa eneMeHTapHoOi CTPYMHUHKY 171€aIbHOT PIUHU.

£ 1

I3 piBHSHHS BUTIKa€, MIO CyMa TPhOX BEIMYUH Eg Ul JAHOI €eJIEMEHTapHOI

CTPYMUHKHU
171eaIbHO1 PIAMHYU € BEJTMYMHA MTOCTIMHA.

Jlnst moOux ABOX Mepepi3iB eIeMEHTAPHOI CTPYMUHKH 1/1€aIbHOT PIIMHU 1€ PIBHSHHS MOXHA
3anucaT y BUTJISIIL:

4 2
zl+%+%=zz+—;%+%=fﬂﬂﬁf,

ne iHaexcu 1 12 € HoMepaMu JOBUIBHO BUOpaHUX MEePEPi3iB.



