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1. MazHumHoe none — ocobas MaTepus, BO3HHUKAIOLIAA BOKpYTr MOOBIX JABKYIIUXCA 3NCKTPUYECCKUX 3apsAa0oB

(TOKOB).
JIefCTBYIOIIAsA MATHUTHEIME CHIIAMH Ha JBIOKYIIHECS 3apsial (TOKH).

Cuna Jlopenua — cuna, feficTByromas co CTOpOHBI Cunia AmMnepa — cuna, aeficTByiowan co CTOpoHb!
MOy /b CKOPOCTH MArHHTHOTO [ONISl HA OTAeNbHbie B MArHHTHOTO NIONIA Ha NPOBOJ C
3apaga g IBWKYIIHECS 3apATBL. TOKOM.

N D 7> 1 P o o— yron
— : o — yron . —
Frop = lgiUB:sin o SO R IIB-sin o ey
________________ ) mexay VU B F,, v = =
= I = - Mpoeox npamomaneiineit, ||| roxom u B
F iv, F B Moy Bextopa B — ektopa HAXO/IMTCS B OJHOPOIHOM
op nop MAFHUTHOl MHAYKLMHK MArHMTHOM rOJIE. Jinuna nposona
BonbLIOl Natel YKa3bIBaeT HaNpaB/IeHAE - - c
= Ha Toxa B
JleBas F,, » Aeiictayrolet Ha (+) sapaz, F A L moxy niposoze
DbyKa = 3] -~
: F B AJ_B Bonswoii nanen
nop .
. RS® @ yKasbiBaeT Hanipasnichue F, .
Namsuer TTU ® ® ;
g<0
— ® -

v

—
B ~— BXOJNT B AAaJIOHb

H = =3 TaJabLBl TT TO!
iLEcnu 3apsa TeTHT napaiiensHo B, To F,=0 ¢ )

Ejunuua usMepenus maruvrHol unxyxund 8 CH: 1Ta B — BXOLWT B JIa/IOHB
Pl = 1H-¢/(Kn-m) -~ HHIyKLUUA TAKOTO MATHATHOTO E E F =0
No/s, B KOTOPOM HA CAMHULLY 33PSaa, ABMXYLLErocs co CITH [POBO/L € TOKOM Napajlieyie 5, TO [, =

CKOPOCTBIO 1M/¢ aeficTyeT Makcumanbias cuna Jlopenua

TH, (Cyona Makcswanera mpi o = 90°) 1T = TH/(A-M) —— HHAYKINA TAKOTO OJHOPOHOTO MarHUTHOTO fONA, B
AC b HA =

KOTOPOM Ha NpAMOf IpoBoa A1HHOH | M ¢ TokoM cuno#t 1A aeficTryer

2. Jewxenue 382}1003 8 MacHUMHOM flofje MaxcHManunas cuna Amnepa 1H. (Crna makcnmansma npy o = 90°)
2.1 Ecnu ckopocts 3apana U 1 B, To ero tpaekropus — okpysxkHocTs.

o II 3akoHy Hrtotona: md = F,mp (Maccht HacTUIl OGEIYHO TaK MATEL, YTO CHOH TAKECTH MOKHO NPEHEGpetb N0 CPABHEHMIO € Fpqp)

f]wplﬁ = ali=a= Gueurpy™ #/R — uenTpocTpeMuTEbHOE yCKOpeHHe. m % = |q|uB -sin90°

B
- Paauyc okpyxHocTH ; s 2nR 2mm
® ® ® ® U 1o xotopoit HBK)I(CTCL — T= ; = v = |q| B
YacTHLa Maccoi M, Iepnoa obpaienns: -
®/ ® ® @ 3apsIaoM ¢ B ODHOPOTHOM YacTHibI Maccoil M, 27tm

; - | 3apAROM ¢ B
: F;lop ; OJIHOPOJIHOM MarHWTHOM
® ® @ ® none unayKimeii B
! ne 3asucum om cxopocmu!
A ® A® -Ckopocn YacTHUB! U MPEACTABMSMOT KaK CyMMY ABYX
- [BEKTOPOB ¥, M |} (IEPNICHANKYIAPHAS K
2.2 Ecnv ckopocTe 3apana ¥

i napaenbHas B cocrasnsioume cxopocth). B cuc-
p= 'u“T {TeMe otcuera K, ABKyIecs ¢o CKOPOCTBIO U,
uacTuia GyAeT HMETh CKOPOCTh U, ¥ JIBMraThCs Mo

obpasyer ¢ B npoussosnHerit
yron (He paeHsii 90°, 0°,
180°), To ero TpaekTOpHS —

mu,
cOupans.

q|B
(BPAILEHHIO 1]068811}!6’I‘Cﬂ NOCTYHAaTeNbHOE IBHKCHHS
BJIOJIb HANpaBIEHUS B 3a oqun nonueit 06OpoT, T. €. 33 BpeMi T = 2mm K- cuctemst B pe3ynbTaTe noytyyaeTcs ABIXEHHE 110

q|B ciupany (CM. puc.)

IOKpYKHOCTH pannyca R = (m. 2.1). K sTomy

r
llar CIIMpany — pacCTOSHHE, HA KOTOPOE€ CMEILAETCs YacTHLa
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4.1, Pasromeproe 08UIICCHUE — RBrkeHHe, IPH KOTOPOM TOYKA 38 JTKOORIE PABHEIC NPOMEKYTKH BPEMEHH TPOXOXHT

(v = const) -t OZMHaKOBBIE MyTH {BeKTOp CXOPOCTH He WAMEHSETCA IO MOAYITIO, HO MOXKET MEHATBCA MO
? - l{ HaNpaBIeHHIO)

. Mosyfh cKOpOCTH

Ilyxs, npolineHHsIil TOUKON 32 BpeMsa
4.1.1 Pasnomepnoe npamonuneiinoe dgudicenie — JIBIKXEHUE, IPH KOTOPOM TOYKA 32 TOGEIE PABHBIC POMEXKYTKH

(U =const) BPEMEHH COBEPIUAET OAMHAKOBbIE NIepeMeleHH . (BekTop ckopocTH
(a=0) S=v-t || XT X0+ Urf(| He MeHaCTOH HY IO MOZIVINIO. H 110 HANDARIEHKIO)
b Ry Ny TIpoekuus BeKTOpa CKOPOCTH HAa KOOPIAHHATHYIO 0Ch
BT . ~— Koopaunata TOUKH B HaYaJIbHbi#l MOMEHT ¢ = 0
X

KOOP}.IPIHZTa TOYKH B MOMEHT ¢
4.1.2 Pasnomeproe_dsudicenie no okpyjNcHocmu

(pasnomeproe spauienue — NBKCHUE TBEPIOTO TENa, NPH KOTOPOM Nt06as ero TOUKa ABHKETCA 110 OKPYKHOCTH,
HprHeM, LSHTPb BCEX ITHX OKpYKHOCTeH fexar Ha ORROI RPAMOR NepHeHRUMKYNAPHON NIOCKOCTH BPALeHYA, H 34
MoGbie paBHBIE IPOMEKYTKE BPEMESHH TENO TOBOPAYMBASTCH Ha ONUHAKOBBIE YIJIBL)

(m = const) 'Vron, Ha KOTOPBI# TeNo OBOPAYUBAETCA 32
Bpems Af (yron H3MepAeTcs B PanuaHax)
s=v-t
T ® — Yr10Bas cKopocTh (M3AMEPACTCS B paj/c) ; -
2n _ Tlpy paBHOMEPHOM ABHXEHHU [0 (.7 a \
o= — v=0-R<«-R— Pallﬂu)’c OKpYKHOCTH, OKpYXHOCTH TOUKa 06/1azaeT /\/ u ,‘
T 110 KOTOPOH ABHXKETCS TOUKA CKOpPEHWEM, KOTOpoe B JoGol !
T - Hepyon BpAIEHYS — BPEMS, [MOMEHT HATPABIEHO K LEHTPY //
1 t 32 KOTOpOE NPOUCXOOUT ONKH 9T0i okpyxHocTH. Takoe s
1 T= v HONHBIH 0GOpOT. YCKOPEHUE HASEIBARTCA i
T+ | A £~ Bpews, 38 koTopoe UEHTPOCTPEMHUTENIBHBIM. | . -~

npoucxoaut N 060poTos
V - 4acTO0Ta BPALIEHUA — HHCIIO,

G6OPOTOB, NPOUCXOAAMHX 32 6AHHNLY BpeMenH (32 | cexynay).
Hamepseres B repuax. 1 'u = 1 oopor/c

U~ CKOPOCTh ABMMCHAA TOUKH
R - paguyc oxpyxiocTs, no
KOTOPO# JBWKETCA TOUKA

4.2 Jeuxcenue ¢ ROCMOAHHLIM YCKOPEHUEM

(@=const) AG —> G, +ar <=
Hpu d =const: 9=~

Ty , Gy - IPOEKLIHK YCKOPEHNs

At y Ty
/ —— Upy , Uy - IPOEKIAN HANATBHOMN CKOPOCTH
i 7 T. €, CKOPOCTH B MOMEHT £ = ()
wox g ~_|ax= Uy U ( p )
pad v, (1) ; P 2

>.;/_/"‘—* Ax , Ay - n3ameseHHe KOOp/HHaT:

. D+, _ Yy Ty AX=x-Xo;3 AY=Y—Vd

— - IIOWa/lh HKXKE OCH ! AF = 2 1 <=> Ay = 5 t X, Y ~ KOHeuHBIe KOOPAHHATH!

{KOOpAHHATH B MOMEHT.{)

Saw g2 )2
20AF =V -V <= Rax-Ax = v - onz a,t™]
o A= v 7| X=X+ oxt 2 ... at
Ay BY = Uy - Uy <= F =Fy U+
Dopma TPAEKTOPHH PD 2
TpH ABKKEHNAH C MOCTOAHHBIM YCKOPCHHEM: = + .t + ay
Y= Voy 2 Xo , Yo ~ HaualbHpIE KOOPAHHATL
(xoOpIUHATE B MOMEHT ¢ = ()

Hpamonuncinag GEKMOPUR d “17 napaJjluieJbHbI

— Ilapaboauyeckan mpaexmopus
4.2.1 Pasnoycxopenrog dsugicenue 0 MU 4.2.2 Pasnosameonennoe Oguxcenue (1 N U (A UT ne napannensuer)

v=1w +at 2a~s=v2——vo2 1

ar? UtV
s=vUt+—2— =

4.3 Capyonuueckoe dsusscenue x = A-cos(of + @o), U = <4-0SIin(0r + Qo) , a; = <4 -0’ -cos(w! + ¢o)
(BRoab ocu OX) Un=A-® G = Aw"

X — KOOpA¥HATA KoneGmoterocs Tena (CMellieHHe OT paBHOBECHOTQ 5] MaKCHMATbHad L MAKCHMATIEHOE
OMOKEHNA); 0 — LMKINIECKAN YACTOTa KoNeGaHuii, Oy = —07x cKOpOCTH yCKopeHue

A — amMnnntyaa koneSanuii (MaKCHMAaAEHOE CMEIIEHNE)

© = of + ¢o — daza koneGauui, po — HauanpHad dasa.

nepyon koneGanii (BpeMs OHOTO MTOAHOTO Ko1eGaH )
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I . KI’IH eMaATHEAQ A /Tpaelﬂupm] TOYKH A — JIHHHSA, IO KOTOPOH JBHKETCH TOUKA,

1. OcHO8HbIe NoHAMUuUsA

Pannyc-BeKTOp — BEKTOD, ONHCHIBAIOIIMI PACTIONOKEHHE TOYKH B
NpOCTPAHCTBE. 3TO HANPABTICHHS!N OTPE3OK, MPOBE/ICHHBI H3 HAYANA
KOOPAMHAT B TOYKY, MOJICKEHHE KOTOPOH OH 3adaeT.

KoopnnHara 104k paBHa NPOSKIKH panuyc-BEKTOPA HA KOODIHHATHYIO OCh

Cucrema orcuera —
COBOKYITHOCTb T€/1a OTCHETA;

CHCTEMB! KOODJAWHAT, cBA3aHROH
€ TENOM OTCYETa, M HACOR, Tes10 oTCYeTa — TENI0, OTHOCHTEILHO KOTOPOTO PACCMATPHBAETCS

: /
HENOABMXKHBIX OTHOCHTE/IRHO - ABHXKEHHUE | THX TEeN.
Tena oTcueTa. W Py CKOpOCTE TOYKH

=y

Y AF - Tlepemeurenne Touxn — u3mMeHenue pamuyc-sexropa | ¥ AF- AF &F
- M = PR =1
- (Hanpas/eKHBIR OTPE3OK, NIPOBSHCHHBIA H3 HAYANLHOTO v= A U= 2—%? = d =F'(f)
. TIONOEHH TOUKH B €€ KOHEUHO® TIONIOXKEHHUE). LA / 4
AF = 72 - § — OyTh, OpofeHHbIA TOUKOH — ecmu U = const Tlepemeltienie TOUKH 3a BpeMa Af
ANHHA YHAcTKa TPASKTOPHHA MEKIY HAYaTbHBIM
- rnofioxkeHueM (1) B KOHEHHBIM NONOXEHREM (2), f\—'/ Yexopente To11kn

€CITH TOYKa He IPOXO/AUT MO OTHOMY YHacTKy ¥ AD A d‘Tl
o 'rpaek.'mpun fonee 0IHOTO pala (MHAYE My Th a=— a=lim— "(y) = "(t)
‘poeKuns Ax = HaXOJAT KaK CyMMy IyTell Ha OTAENBHBIX At &0 At

x 27 9acTKax). =

BEXTOpA AF TIpoeKIMS NepeMeIIeHNS HA KODDUHATHYIO OCh Ha KoO| ATHYIO OCh ¥ ) ecnu a = const H3meHeHHE CKOPOCTH 3a BpeMA At

Ha ock OX Ha HIMEHEHHIO KOO aThl

Cpegnee yckopenune

[cnsaio) N 7 ]
MOTCHHO, o 5cp = Ali Wamenenue lj _ Ar‘&FBemop nepeMerenus
+S = Ax At | cropocts T A
1oa At | Touku 3a Bpems At
\ pad v, (1) 3a Bpemst At L
[TyTs, npolieHHEI 3a Bpemsa

U +. nuomans BsIE OCH !
— = INOLIAAL HUXe OCH

HUCTICHHO

HHACTICHHO|

S

noy
rpad v(t)

+ - IIom@ae BeILE OCH
— - TUIOINA/b HIDKE OCH f

2. 3akoHbi cI0XKeHUsI cxopocmel U YCKOPeHUld
o 1-CkopocTs «NOABHKHOI cuctems! oTcdera (TICO) oTHOCH-

fvm/Hco v‘q,ji:vnco/ﬁco TEJBHO (HETIOHBHIKHOMHY (HCO)/newocm//vv\j

CKOpOCTh TOUKH (T, s
CxopocTh TOUKH (T) P (™ Ckopocts neppoit Touky

. Cxopocts BTOpO#
CopocTs NepBOil TOUKK  oyin

OTHOCHTENBHO (IOABWKHOM o
OTHOCHTEJILHO CHCTEMBI OTCUETA (?]CO) CTHOGHTENILHO BTOpOH (B «HEMOABIKHOMN»
(HEnONBIKHOR (omuocumenbnan ckopocmv) CHCTEMe OTcHeTa) (8 cuenonsiaciofhy
cuctemsl otcuera (HCO) CHCTEME 0TCHETa)
{abcomomuas ckopocmy) — — — Y ckopeHHE «TIOABIKHOI chcTeMsl oteera (TICO)
= OTHOCHTENBHO «HenoaamwkHOH» (HCO
am/Hco am/nco + al‘lCO/HCO A ( )
L (nepenocroe yekopenue)

YcKOpeHHe TOUKH B

«HETIOABHKHON» Ecnu 11CO
cHcTeMme orcyera (HCO) | He 6pawjaemcen, OBUNCEMCA NOCMYNAMENLHO

{abcomomnoe omuocumensio HCO
yekopenue)

3. HopmansHoe u maxnzeHyuanbHoe yCKopeHus
BexTop CKOpPOCTH TOHUKH

- {‘\____\L pd
@, — HOPMajIeHOC YCKOpCHHE a. - - BekTOp ycKopeRus («IOJIHOE YCKOPEHUE») PEACTABIAIOT
g

YCKOPCHHC TOYKH B ((l’lOﬂBH)KHOﬁ» CHCTEME OTCYeTa
I1co)

COCTaBIAIOLIAN MOJIHOTO 7,’-,’ ". 1% KaK CYMMY JIBYX BEKTOPOB {COCTARNFIOLINX), OXUH U3
z’:}':g;;’t’]‘;;;ﬁ:i’j‘g‘:;y ;:::::Hne & C—i K KOTOpBIX (A ) Mapaiienes cxop(ic-m: a leyjolﬁ a,)
XapaxTepusyer SbICTPOTY = ‘\ NEepneHANKYNApeH ckopoet: (A=A, +a,
H3MEHEHHA HafIpaBneH!s BEKTOpa a-c

CKOPOCTH. i 61 ~— TAHTCHOHATLHOE YCKOPEHHE — COCTAB/IAIOWIAA NOJTHOro YCKOPSHHA,

C KPUBH3HDI
v’ P SHE napamienbHad BEKTOpY CKOPOCTH. ITo yCKOPEHHE XapaKTepH3yeT GHICTPOTY
a,=— TPaeKTOPHH B TOH TouKe,
7 /1€ HMEET MECTO AaHHOE . a d v

H3MEHEHHs MOIYJIA BEKTOpa CKopocTH: |,
HOPMANLHOE YCKOPEHHE. dt
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1. Bmopoii 3akoH Hetomona m - Macca MaTepHalbHOH TOUKH,

— = = = Q — yCKOpEHHE 31Ol MaTepHalbHOM TOYKH,
ma=F+F,+F+.. c B o7 .

Fi+F, + Fy+..=F,,, — cymmascex cu, neiicTByIOUHX Ha 5Ty
MaTepHAIbHYIO TOUKY (pagHodeiicmsyiowan cung).

HCO — cucmemer omcuema, omHOCUMeNbHO KOMOPbIX NOGAL MAMEPUANLHAR MOYKA, CE0B00RAR OM Oelicmsus Cll, He umeem
VCKOpeH1L.

HHepumansHoit MOXKET IPAGTIDKEHHO CUHTATECS:
.

uHepyuanvubix cucmemax omevema (HCO,

CucreMa oTCUETa, CBA3RHHAN C IOBEPXHOCTHIO 3€MIHU (€CNH He TPelyeTca YUUTHIBAThL BPAIiCHAE 3eMIIH ¥ CHITBI
nputaxKeHns K CoHLy U IIaHeTaMm)

CucTeMa OTCHETa, © LEHTPOM B LIEHTPE 3eMIH, OCH KOTOpo#i HanpasieHs! Ha 3Be3/ibt (€C/H HANO Y4eCTh BPALCHHe 3eMIi
BOKpYT CBOe# ocy1, Ko spatenue Bokpyr ComnHua 1 npursskerre K COMHIYY M NiaHeTaM MOXKHO HE YYUTBIBATS),

CucreMa oTcueTa, C IEHTPOM B ienTpe ComHlia, OCH KOTOPOH Hanpar/ieHbl Ha 3B¢3/1bI (SCIM MOXKHO He YUUTHIBATh
BPALUCHHE CONHEYHOMN CHCTEMBI BOKPYT AHpa FAaKTHKH H MPHTAKCHHE K JIPYTUM 3BE3aM).

2. Teopema o deuxeHUU ueHmpa Macc

Meuer — Macca CHCTEMEI MATEPHANBLHEIX TOUEK (Macca

F BHeLI F, BHEIN F’, BHem TeJta WK CHCTEMBI Tel),
CHCT l.l M. "' A, . — YCKOPEHHE LIEHTPA MACC YTOMH CHCTEMBI,
Fprem 4 pven — CyMMa BHEWIHUX Ul
Brewnue cunet — cunei, delicmeyiowgue na mena, 6x008Mue 8 CUCMEMY, CO ! 2 4 >
CMOPOHb! Mel, He BX00AUX @ N CUCMEMY. ACHCTBYIONINX HA 3TY CHCTEMY.
_’ ]
3. Tpemuii 3akon HutomoHa s Fy=F,
Ecau 00no meno (1) deticmeyem na dpyzoe meno (2) cwroit (F,), mo o« F, N F,

smopoe meno (2) obasamensio deiicmeyem na nepsoe (1) maxoit cunoii Fy, wmo —>| ¢ F,, n F,, — nexar na ool npamoit

. Fu u F'n — HMEIOT OfIHY IPHPORY:

B ot : ﬁ;z F'21 = "Fiz HANPHMEP, €CITH F'u - CHIa TPEHHS, TO
21 Wy -
2 F,, roxe cnna tpenus.

CHIIH, neﬁc-myloume Ha TeJ10 ¢O CTOPOHBI TEI, CONPHKACAIOLUXCR ¢ HAM
(meiicTBHE Yepe3 KOHTAKT).

4. Cunbli , xotoprie MOTYT AeCTBOBATE /

Ha TENO, MOKHO PA3IE/UTH Ha IBG rpymmbl: ~——_ | CHUIBL, AeficTByIOIHME Ha TENO CO CTOPOHE! Tell, He CONPUKACAIOIIMXCS C HUM
(nei»’lc‘rsue Wepes CHUNIOBBIE NONA: IPaBUTAlHOHHOE, 3TIEKTPRYECKOE U
MBFHHTHOC) — IPaBUTAUMOHHAA, 3/ISKTPAYECKAA UK MArHUTHAA CUMa.

5. (pasumayuonHas cuna

F,=F,= F"m — CHWIA IPAaBHTALHUORHOIO MIPUTAKEHHA MEXILY

JBYMS HJTH O{HOPO/HBIMH [IapaMu
(crepanu), Maccsl KOTOPBIX #17| H M2 .

I ————
m. e menamu, pasmepst |
KOmOopuIX RpeRedpescumMo

I — pacCTOAHHE MEXKAY STHMH MaTepHANLHEIMH M6l RO CPABHERUIO ¢

TOYKAMH, MITH YeHmpamy wapoB (cep). PACCIOANUEM MEdNCOY HUMM.

G — rpaBuTanMoHHas octosHHas | G = 6,67-10"" H-M¥/kr?| — u3mepseTca B cCHeManbHbiX SKCTIEPUMEHTAX.

Hepnaﬂ KOCMHYECKasi CKOPOCTh —
CKOPOCTh CIYTHHUKA, KOTOPBIH
BpalacTcd BOKpYT IUIAHCTRI 110
KpYTroBoit opOyTe MHHHMANEHOIO

BO3MOKHOTO panuyca 7 & Ry

~ =
Fm)k Fmanuanonepxr-l. G ne Frp“. B nosepx.

8 - yekopeHue

ceoGoanoro

TaJcHuA Ha Jna takoro cythuka no I sakony HetoTona: ma = Frex
NOBEPXHOCTH YckopeHHe criyTHHKa — LEHTPOCTPEMHTETbHOE
IUTaHeTEI YCKOpEHME (T. K. OH PABHOMEPHO NBHXETCH MO

OKPYXKHOCTH) @ = dy, = VF/F , CUIIA TAKECTH Fiyy = mg.

Bec Tesa — cuna, ¢ KOTOPOH 3710 TeNI0, 6/1aroflaps HANM4HIO ¥ HETO MACCHL, VUUTBIBAS, 4TO F = Ry, OTyMHM:
, :

JIaBUT Ha OACTABKY, Ha KOTOPOH NEXHT, HAH AeHCTBYET HA OABEC, 2
Ha KOTOPOM BHCHT. v
po m—=mg =
Heperpysxa ~— MpEBHILICHKE BECOM BEeNMYMHLL Q. BoHuxaer B pakerax, R
T
nudrax ¥ op. IpH ABKKEHHUH ¢ YCKOPEHHEM, HanpaB/ieHHBIM BBEPX,

]

HesecoMOCTE — coCTOAHMe, B KOTOPOM BeC PABEH Hy IO (T. €. Te/0 HE AABMT Ha MOACTABKY ). HepecoMoCTs MOXET BOSHUKATE HE TONBKO NPH
OTCYTCTBIH IPaBHTALKOHHON CHIIBI, HO K B IMGTAX, CAMONETAX, KOCMHHECKUX KOPabIaX M IIp., IBHKYIIIHXCA C a=g.





[image: image6.png]6. Cunwby, deiicmeyrowiie Jepe3 KOHMAaKM (CO CMOPOHbBI NPUKACAOWUXCS mes)

6.1. Ecnu k Termy npukacaercss TBED/Iasi TIOBEPXHOCTD , TO CO CTOPOHE! 3T0# TIOBEPXHOCTH Ha TENO MOTYT AEHCTBOBATH
I(BE CHIIBI:

N -cmaa Cuna Tpenus -I':Tp

HOPMAJ/ILHOH E
peakuHu R

N CO CTOPOHEI KOTOpPO# AefiCTBYET (II0 KacaTeIbHOIM K
- HarpasjieHa TOBEPXHOCTH, €C/TH TOBEPXHOCTb HE IUTOCKAS).
Bcerga

HepneHIuKYIAPHO

K NOBEPXHOCTH,

€O CTOPOHBI KOTOPOH
OHa JeHCTBYeT.

Ota cuna Melnaer ey "HPOATH CKBO3b
[OBePXHOCTR" (T. €. OrpaHHYHBaeT ofnacTh
BO3MOXHOTO [BIXEHHSA TENa).

Mo ceoeii npupoae OHa ABRAETCH CHION
YIpPYIOoCTH.

CHta HOpMalIbHOM PEaKLHH JefiCTBYET BCETIa,
P peaxu i F — Eenu H - xoapduumenT Tpenns u
KOTZIa MEXIY TeloM U TIOBEPXHOCTEIO €CTh P npoucxooum
MEKIY TEJIOM H OBEPXHOCTBIO.

- HamnpasjcHa BCErAa NapayienbHo NOBEPXHOCTH,

Ota cana MeIaeT TeNy CKONL3HTD 110 MOBEPXHOCTH {(MHOTMA AENAET CKOIbKEHHE
COBCEM HEBO3MOXHbIM).

TTo cpoeii pupoae OHa KBIAETCA PEIYNLTATOM B3AUMHOIO NPHTSKEHUA MONEKY
TeNa M NIOBEPXHOCTH, 3 TAKXKE 3aLieTICHHA MHKDOHEPOBHOCTEN Tela H IOBEPXHOCTH.

Cuna TpeHus MOXeT oTcyTcTROBaTE: Frp = 0, ecnu
1. B 3aaaue ykazaHo, 4TO "IIOBEPXHOCTH I7IamKas".
2. Teno "He CTPEMUTCH CKONB3KTE", T. €. OHO HE CKOJB3WIO 05l 10 NOBEPXHOCTH
JI2Ke, €ClH Okl TOBEPXHOCTS BAPYT CTaa aGCOMOTHO MAAKOMN 1 CKOMBIKOM,

KOHTAaKT. CKObOICEHUE
- OH 3aBUCHT OT Mmarepuana,

CTETeHH WECPOXOBATOCTH

F_<uN
= prorre————  TENa ¥ NOBEPXHOCTH,
™ Ecau nem P :

CKONTbIHCEHUR

a TaKXke OT CKOPOCTH TeNa

OTHOCHTENLHO TOBEPXHOCTH V. (cM. rpadux)

6.2. Eca  Teny npukperiena HePacTAXKUMAA HATAHYTAasg HATE (Tpoc, BepeBKa H T. I.), TO CO CTOPOHBI HTOH HUTH HA
Terno feficTByer CHJIA PeAKIMH HMTH (CH/IA HATSXKEHUS HHTH) Ny

CHJIa peaKIIMK HUTH - HanpaBrneHa BCera o HUTH (MIH 1o

KacaTebHOH K HWUTH, €CJ/Id HUTH HE IPAMONUHEiHa). T - cuna, neficrsyromas na

TIOTONIOK €O CTOPOHBI BEPEBKH,
MPUKPEIVICHHOM K HEMY.

Ecnu MBICTEHHO Pa3fIENMTh HUTh Ha JIBE YacTH, TO CHJia peakuuu Gyaer Hedopmayus cuumaemen ynpy2ot,

NefiCTBOBATE CO CTOPOHBI OJHON 1aCTH HATH Ha APYTYIO 4acTb 9T0H HUATH. (B a1OM €cnu Nocae NPeKpAwenus oelicmeus

ciTy4ae yallle yrnoTpeGnsioT Ha3BaHHE "CHIIA HATAXCHHA HUTH" . Jdepopmupyroyux cun meno
s038pauaemcs K Ha1anenoil hopme

6.3. Ecan k Teny npukacaetcs inéiro AedopMUpOBaHNOe TeJIg (MpyxMHa, yIpYrHil CTEpKeHb, PE3HHOBBIH LHYP H T. IL.),

TO €O CTOPOHBI YNIPYTO AehOPMHPOBAHHOTO Tela AeficTByeT CHJIA YIPYIOCTH (Fy ) Ha Tena, Memarowuse eMy BEpHyTsCA B

Henedopmuposarnoe coctosuue. (Ecnu MeicneHHo pacceds 1eGOPMUPOBAHHOE TENO HA YACTH, TO CO CTOPOHE OJIHON HaCTH HA
JIPYTYIO TOXE MOXKET JefCTBOBATh CHAA yNPYTOCTH. )

Io- Onuna HeoeopMuUpoBanHoll (C60600HOT) HPYICUHb!

1, - OTUHA HEOEPOPMUPOSAHHOZ0 CINEPIICHA

Al =] -y - ynnunenue npyscnsst

4 NIREA
= - - OTHOCHTENILHOE
I0 l0 YAIMHeHHE
cTepxKHA

] - ORUKA OehOPMUPOBAHHO20 CIMEPIICHA

Fynp =

1Ipu F\, - cuna ynpyeocmu, deiicmeyowan co
Manbix ynpyaux dehopmanusx F Gl 12 his e o
21 1 cmoponust wacmu "1" na wacme 2",
'.'A\ cuna ynpyzocmu,
(‘x.x‘x.x 'y Qeticmeyiowasn co Cmoporst § - mowace F, yup

RONEPEsn020 CeHerusn o=

uacmu 2" na wacmp "1", - MEXAHUYECKOE

cmepoens (S L F,
PHCHA (i yip ) HANPKERHRE, BOSHAKAIOLIEE B

|Al| CTEPIKHE

=—{A1| s = E - monyns yapy
3axon T'yxa:jc = E-¢ MOJly/Ib YOIDYTOCTH
TTpu maneix {(Mozyns IOura)
ynpyeux degpopmayusx

MarcpHana CTepxKHA.

I/13 3aKoHa ['yka:

Y“P =1 F
S 1, yop
3HauMT, JIA YIPYTOTO CTEPHKHA Fypnp = k- |l s
rae k= ES/ly - ko3pUUHEHT JKECTKOCTH YIIPYIoro CTEPKHS.
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1. Umnynsc MamepuasnbHoil MoYku 1 - Macca MaTepHansHoH ToUKH P ™o

T - CKOPOCTB TOH MaTEPHANEHOM TOUKH

2. AMnynsc cucmembl MamepuanbHbIX MOYEK pPaBeH BeKTOPHON CyMMe HMITYJIBCOB BCEX
TOUEK, BXOAAIUMX B 3Ty CUCTEMY.

-y - = = TIpuMep: MMITYNTBC OAHOPOAHOTO JMCKA, BPALAIOLIErocs
2l N e T S 7 BOKPYT HenoABHKkHOH oCH, npoxoieii Yepes LeHTp

— =P +P,+P;+py+...+p, =0
3. Teopema 06 UsMeHeHUU UMNYNLCA MamepuansHoU MoYKU

AP = P, — D, - H3MEHEHHE UMITY 02 MATEPHALHOM TOVKIE.

=
p=> F-At

Ap - Z F - cymma peex cun, feficTBYIOMHX HA MaTepUATBHYIO TOYKY.

Z 1‘: =const

At - Bpema neficTBHR CHIL.

F-At- HMITYJIEC CHITBI.

Betgodumest uz I] saxona Heiomona: mad = ZF . Ecmu ZF =const, 10 d =CONSt u

d=——=-2—"L Moncranus & ypam—xe}meT M, IOMHOXHB 00€ 4acTd Ka Af , TONyuuM ...

sn: o = T e, 05, = T FA.. TF = sty = T a0 |

F = CyMMa BHEINHUX CHII, neﬁcmyloumx Ha BCE MaT. TOYKH CUCTEMB] Z F | — CYMMa BHYTPEHHUX CHIL, HC;ICT’BYIOIILHX Ha BCE Mart.
BHel BHYTP TOKH CHCTEMBL
ZF_W =Fy +Fy 4.+ By + Fy+. 4 Fy + Fyy +... =0 — o lll sakouy Helorona Fy, + Fy =0, Fy +Fy, =0,
T 2w R 7]

= .
- — ’ ﬁ t z FBHeu.l — CyMMa BHEILIHHX CHll, JleﬁC‘FBlelHHX Ha BC€ MAT. TOYKH CHCTEMBI
— .
Ap CHCT ,

At -— BpEMs], B TEHEHHE KOTOPOro JISHCTBORAIIH CHITHL.

Apc"c-r —— U3MCHEHHC UMIIYNIECa CHCTEMbI MATEPHANIBHLIX TOYEK 32 BpEMA At

5. 3aKoH coXpaHeHUs UuMnynnca: I/lMlllebc CHCTEMbBI MATCPHAJTILHBIX TOYEK COXPaHsieTCsd, €CITH
1) CymMa BHeHINHX CHJI, AeHCTBYIOMUX HA ITY CHCTEMY PaBHA HYJUO,

-y -y 2) Bpems neicTBMA BHELINMX CHII MAJIO TAK, 4TO H3MElEHHE HMNY.TbCA
p = p CHCTEMBbI HESHAMHTEIHHO [10 CPABHEHHIO ¢ HIMEHERMSIMH HMITY/ILCOB
CHUCT CHUCT BXOJALIUX B CHCTEMY TelT - BLICTDEb], BIPLIBbI, COYIADEHUS, IPH

= KOTOPHIX BHCHINKE CHJILI MAJIBL (10 CPABHEHHIV ¢ BHYTPEHHHMH CHIIAMIL
Ecmu, 1) ZF_HW =0 Kpome Toro,
3) coxpamseTcs MPOEKUKS UMITYIbCA HA TY KOCPAMHATHYIO 0Ch, K KOTOPOi

2) At = 0 - ipi GBICTPBIX B3aUMOJCH-
TEeRNeHIUKVIADHA CVMMa BHEIIHHX CHIT.

CTBHSX (B3pbIBaX, BBICTPENaX, COYNAPEHHAX),
€C/TH BHEIUHME CHIBI He BO3PACTAIOT A0

’ " - \
GONBLIMX 3HAYCHHIH H OCTAIOTCA MANKI 110 p CHCT,, = p cucr, , €CJIA F;HemJ'OX ﬁ
o X

CPaBHEHHIO C BHYTPECHHUMH CUIIaAMH.

& o

6. Paboma cunei 4

EQHEHIA U3MEPEHHA F A4 7 — patora can F

= F-AF = F:|AF]-cos o = F,Ax + F Ay + F Az =

patotel B CH: = -~

1 k=1 HwMm F = const F £ AF — TIEPEMELLEHHE MATEPHATILHOR TOUKH, Ha
HavaneHoe -
i c o = KkoTopyio aeficrsyer cwna F .
A4 >0, ecnit & — OCTPBIif yrom. <: u """’e“””f\@
’ ¥ = & noﬂoatceylﬁ\_jﬁ

O ~— yron mexay cunoli ' nepemenenem AF

- F .
A4 <0, ecny o — TYIOH yro™ A mouxu
A=0,ecnmna =90 F Uro6bt HaliTH paGoTy He MOCTOSHHOI Cuilbl HAjl TOYKOH, KOTOPas ABIDKETCA 110 NPOU3BOILHOM TPASKTOPHH,
- HaJ0 MBICIEHHO pa30HTE ABHKCHHE HA TAKHE MAJIbIC [ICPEMENISHUA + v+, YTOOBI HA KQXKOOM H3
AF pas6 e di‘; s d7'2, 61
~ F, 3on, T HHX ¢ AOCTATOYHON TOTHOCTBIO MOXKHO ObIIO Gbl CIMTATE ABIDKEHHE NPAMOMHEHHBIM,  CUITY NOCTOSHHOM.
! L Torza A=Fdf +Fdr,+... Hanpnmep.{i:md F'=constu Z(F;U)=a=const, To
dﬁ F, = F-coSQ. — NPOEKUMA CHITBI HA A =F-s-coso= F:'S » COE S — MyTh

HaNpPapIeHUE BEKTOPA CKOPOCTH




[image: image8.png]7. MowHocmb

Enunnua uaMepeHus
motuHocTd B CH
1Br = 1]Ix/c

F

A <+—— Pabora, cosepmennas 3a spem £.

i U

%

N="" _ .9 [N F-v-cosa

Ecau MOLWHOCTE He TOCTOAHHA, TO BBIYHCIAETCS
CpeAHA MOLIHOCTS: MIHOBEHHAA MOMHOCTE:

8. MexaHuveckas aHepausi
EMex = EK + Ep

KuHetnyeckas sHeprus
Oro¥ aneprueit oGnagator JBYKYIIAECSH TEJ1a.

EX =E +E,+...

Kunetuyeckan JHEPrusa
CHCTeMBbl MAaTEPHAIBHBIX TOYEK

HloTeHUNaNbHAA SHEPIUS — 3roif 3neprueli 061aaloT TeNa ¥ CHCTEMB! Tel, Ha
XoTophte fielicTsytor KOHCEPBATHBHEIE CHIBL: Frpay (Frand)s Fymps Fonexrp
(3mu cunbs KOHCEPEAMuUBHYS, ECU KANCOOMY NOTONCEHUIO Mena (cucmemsr)
COOMEEMCMEYem HeusMEHHOE 60 6PEMEHYU IHAYEN e IMUX Cunl.
Hanpumep, ecau smu Cunol A6IAI0MCA GHYMPEHHUMU ORISR CUCEMBI.)
Cunel, paboTa KOTOPBIX HaJl CHCTEMO# (TESIOM) PH ee fICpeMeIlleHHH 3aBUCUT
TONBKO OT HAYATBHOTQ ¥ KOHEYHOrO NOJIOKEHHH dTOM CHCTEMS (Tena).
PaGoTa KOHCEPBATUBHBIX CHII HE 33BHCHT OT TOTO, KakuM CocoboM (o Kakoi
TpaeKTopHH) cHCTeMa Gbinia MepeBReaeHa 12 HaYanbHOTO TOTIOKEHYA B KOHEUHOE,
OcHOBHOE CBOMCTBO KOHCEPBATUBHBIX CHII: paGOTa KOHCEPBATHBHBIX CHA
HaJl CHCTEMOH, COBEPIMBLIEH JBUKEHHE 10 3aMKHYTO#H TPAEKTOPHH
(KOraa KOHEUHOS NONOXKEHNE COBNAAAaeT ¢ HaYaNBHBIM), PABHA HYIIO.
oreHunaNbHas FHEPrAs — 3T0 Takad QyHKIMA OT PACHONOKEHHA
CHETEMBI, YOBLIE KOTOPOI NpH NMEpEMELUEHHH CHCTeMb! paBHa pabore
ore

KOHCEPBATUBHBIX CHJI Ha 5TOM nepememennn. | Fp) — Epp = A7)
Yro6h! BEIMHCIATE KOHKPETHOE 3HA4EHHE k, , IOrOBapHBAIOTCA B KakOM
nonoxeHuy cucteMsl "O" cuntats E,(O) = 0. Toraa B npoH3BONsHOM
NojI0KeHHH “M" NOTEHIMAIEHAS SHEPTHS CHCTEMBI Ep(M) = A e Mo

9. Teopema o MexaHu4eckol aHepauu Eo* -
= - = P
AE,, =AE, +AE, = 4 -A, =4

AEex =

Kuneruueckas sneprus

MaTepHaTbHOH TOUKH Maccoit 1, ABIXKYLEHCS CO CKOPOCTRIO U,

TeopeMa 0 KMHETHHECKOM

PaGora Beex cuin,
AEHCTBYIOMX B
CHCTEME.

S S
BCEX CHII

JHEPTUM: AE A

Hzmenenue
KUHETUUECKOH YHEPTHH CHCTEMBL

img huel-rrpa Macc HaJ HYJACBBIM

HEKOHC. CHIT

kAL?
ynp __
E@ E)" = 2

10. 3aKoH coxpaHeHUus MexaHuvyeckoil 3Hepauu

MexaHHUeCKast JHEPTHsl CHCTEMbI MAaTEPHAJILHBIX
TOUYEK COXPAHALTCH, €CJIH B CHCTEMe COBEPIIAIOT
paloTy TONLKO KOHCEPBATUBHBIE CHIABI (A, = 0)

AHCKOHC

!
EMeX

1
- E Mex

11. QuccunamueHble CUJIbl -— HEKOHCEPBATHBHEIE CHIIBI, paboTa KOTOPBIX COPOBOKAACTCA BhUIENCHHEM

F. s F. s F,
Tpennus ckoabxkenus 3 £ conp. kuak. u r.9 £ meynpyr. B3aumon.

Ecnn Ayeose = 0

TeIJia.
— ’ 7 —
Agyrp. que = — (. — He 3aBUCHT OT CHCTEMSI OTCHETa Mex — ex = Q
Ecau Anexonc = Amy—rp, InC.
12. Memodsi ebiyucnaeHus pabome! 13 Cpednnn no epemend cuna

1

const

A, =F -AF =F

-{AFI-cosoc F=

_' Ap “emer
S P At
Cpeaniis o BPEMEHR CyMMa

| KOHC = TI)K e
A- EPI EP2 mg (hl - hZ) HsmeneHue
BHEQIHHX CHJ, MIynsca
— HCTBYIOIMX Ha CHCTEMY
> = ACHCT! CUMCTEMSI 32
A HEKOHC Mex MareprabHEIX TOUEK

AY“P

o
A BCEX CUA

(Al2 AL)

A4, =18

F / noz rpaduxom F, (s)

«+» — ecy rpadyK BRILIE OCK s-[

ucneHno
«—» — ec/u rpadHk HIKe OCH §

s «—————TIPOIANCHHBI yTH

Bpems At

F. 4—’-1‘-: = F-cosot — IpOEKUUA CHJIEI HAa HANpPAaBJICHHE BEKTOpa CKOPOCTH
s
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IV. CraTHka H THAPOCTATHKA PaCCTORHHe NEY oGk A5YA

TOYKaMH KOTOPOIro HE H3IMEHAETCA C
1. Jlnn papHosecus meepdozo méia Wi CHCTEMBI Tell HEOBXOIUMO ONHOBPEMEHHOE BLIIONHEHNE  reermen BpeMCHM (T MEHASTCA

JBYX YCIOBHH: TIPEHEOPEXHMO Masto).
I ycnoBue papHoBecns: CyMMa gnediHux CHIL, ICHCTBYIOIMX HA CHCTEMY, IO/KHA OBITh PABHA HYJIIO. ™ Brewnumu HassIBAIOTCA CHBI,

F BHEW FBHem _ 0 AeHCTBYIOMIHME Ha TENA, BXOMALLHE

1 2 ey — B CHUCTEMY, CO CTOPOHBI TEJI, HE BXOAAIIMX B 3Ty CHCTEMY.

I YCa0BUe pABHOBeCHSA: Cymma MOMEHMOE BHCUWHHUX CHIT, neﬁc’rnylomux Ha CHCTEMY, + M _ 0
JIOIDKHA OBITh PaBHA HYTIO F!Hem me vl T

OTHOCUTENLHO TK060I 0CH BpallleH#s.
€HTOM CHIEl OTHOCHTENBEHO OCH BpALLICHHA Ha3bIBAETCA B3ATOC CO 3HAKOM «» WIF «—» NIPOU3BEACHHE
714 3TO# cUAbl Ha ee nrevo.  [laevom cuasl HA3BIBACTCS IUMHA NEPNeHAMKYNIApa, NPOBEAEHHOTO
AUICHUSA Ha JTHHUIO NEWCTRHA ITOR CHb

3ameuanHe.

[lpueeaeHHOE 3/ECH ONpeeNIeHUE BPaIIAIOLIEro
MOMEHTA CTIDABE;VIHBO AL U1 SHIL, NIEKAUMX B
-------- TUIOCKOCTH NEPNCHANKY IAPHOH OCH BPAILEHHA.

3uak «» Gepetcs, ecnn cuna F
CTPEMHTCH MOBEPHYTh TeJI0
NPOMUB 4ACOB0T CMPEKU,

IHAK «—» — ECITH 1O ¥ACO80I. F

s seperina A CH: 1 Ho Wﬁ CHIIBI — OTPHUATENLHOE YHCIIO; MF <0

3. He secerna oamospemenHoe BoinosHenne | v 11 yclosmit paBHOBECHS FAPAHTHPYET HETIOABIOKHOCTb MEXAHTICCKOMN CHCTeMbl. TTOKOH CHOTEMBI
HEBO3MOKEH B TIONOKEHIAX HEYCTOHYHBOI0 PABHOBECHS (T.¢. B TAKMX NONOXKEHMAX, MoGoe GeCKOHEYHO MAI0e CMEMIEHNE U3 KOTOPLIX, IPHBO-
JHUT K TOMY, 4TO CYMMa BHEUIHUX CHil (/K MX MOMEHTOB) CTPEMHTCH ellie Gobuie YAANHTh CHCTEMY OT PARHOBECHOIO NONoKeHUA). Peannsonansl
MOTYT GbiTh TOJEKO NOOXeHKHA YCTONYMBOTO DABHGBECHS (T.€. TAKME NOTOKEHM, M0G0e GECKOHEUHO MAJIoe CMELIEHHE K3 KOTOPHIX, IPUBOIUT
K TOMY, 4TO CyMMa BHEWIHHX CHUI (MITH MX MOMEHTOR) CTPEMMTCS BEPHYTh CHCTEMY OGPATHO B PABHOBECHOE IIOJIOKEHHE) M MOJIOKeHHT G€3pazimd-
HOI0 DABHOBECHS (T.¢. I0JIOKEHHs, IPH GECKOHETHO MATBIX CMEMIEHHUAX H3 KOTOPHIX CYMMa BHEIITHHX CHII M FIX MOMEHTOB OCTAETCA PABHA HYIIO).

4. IIeHTPOM MACC cHCTeMBI MATEPHATBHLIX TOUEK M1, M2, ... , My Ha3bIBAETCA reoMeTpuuecKas Touka (C), KOOPAHHATEL
KOTOPO#f onpeaenmorcs dopMytamu:
X _mx tmyx, A myXy my +my,+...+myyy 2 _mz+myzy +. A myzy
c s Yo s Z¢
mAm, +. oy mo+my .t my, mEm, . tmy

gem‘g THKECTH (T‘ €. TOUKa NPUIOKEHAA pazuo,ueﬁc’raylomeifl CHITBL TX)KECTM) COBTIAZACT C LEHTPOM MaCC CHCTEMBI, €CH 3Ta,
CACTEMA HAXOAMTCH B ONHOPOAHOM IPaBUTALIHOHHOM IOJIE (PUIH HanpsRKEHHOCTh NOJI TATOTEHUA MEHASTCA B Npe/ienax CUCTEMBI

HE3HAYUTEILHO) m.e. HCUOKOCME HENOOGUNCHAR OMHOCUMENBHO CIEHOK COCYOa)
5. Cujia rHAPOCTATHYECKOrO AABJICHHE — G, ¢ KOTOPOH NOKOALLALCS HHAKOCTS AEHCTBYET Ha IIOTPY/KEHHEIE B Hee Tena,
1 CTEHKH H JIHO COCYAa, B KOTOPOM XHAKOCTE HaxoauTed (6e3 yueTa NOBEPXHOCTHOTO
Ilo ceoeif mpupose 31a cuna HATHKEHAS ).
ABNASTCA Cuna 2udpocmamuueckozo dasnenus

CHIIOH 06beMHON YApYrocTH > | 6cez0a nanpasnena nepnenduryanpro x moii

Ona BO3HRKAET, eCIH XHAKOCTh HOGEpXHOCMU, Ra KOMOPYIO Ona deiicmeyem

€3KaTa (HanpuMep, NpyKara CUnoki (mockoNnsKy chita 06BEMHOM YIPYTOCTH HE MOXET

TATOTEHHA K BHYTpeHHER HMMETh COCTABIAIONICH NapainensHOH NOBEPXHOCTH,

TOBEPXHOCTH HEMIOABUIKHOTO COCYa) | nehopMUPOBAHHOTO TENE, 4 YNPYTOCTLIO GOPMBI

M 32RHCHUT OT CTENEHHU CHKATHA. KHIKOCTE He 06n1anaeT)

6. JaB1eHHeM HKHAKOCTH Ha IIOCKYIO HOBEPXHOCT: HAIEIBAETCA OTHOIIEHHE CHITB! FHAPOCTATHYECKOO IABICHHS, AeACTBYIOMEH
Ha 3TY TIOBEPXHOCTb, K ILIOLIAN TOBEPXHOCTH (TIPH YCIOBHH, YTO CHJIA PACTIPSIEIIEHa 110 NTOBEPXHOCTH PABHOMEPHO).

F Ecimu cruta aBIICHHS HEPABHOMEPHO PACTIPEAE/ICHA 110 TIOBEPXHOCTH, TO MOXKHO BBIMHCTHTS CPEJIHEE JIABIeHHE
p= _THap. faea. WM JaBneHue B JAHHOMN TOYKE [IOBEPXHOCTH /
S e A <———1~CHIta ruapoCTaTHYECKOTO ARTEHNA, ACHCTBYfOMAN —_nap.rasn.
[WD MABL | Ha GeCKOHEYHO MATYIO IIOaAKy dS r
* NIOBEPXHOCTH NITOCKas p= ds 4 anky s
 1aBEHHE OJHHAKOBO BO ~~——r—nnowazap GeckoOHEUHO Manol MIOIAAKH MOBEPXHOCTD MI0CKaA
BCEX TOYKAX ﬂoBeprOCTﬂ (3T8 oAy dS mana Ha CTOJIBKO, YTO MIIOWAAKY MOXKHO

€ BOCTATOYHOH TOUHOCTBIO CHKTATH TIOCKOH U
Eaunnna namepenyisa gapnenys B CH: 1Ta = 1 H/mM*  w3McHeHMeM naBrenus B Npefenax dS MOKHO NipeHeGpeds)

ann. = P §=

7. I(aaneﬂue B KaKo#-1THEO Touke JKHIOKOCTH ~— 3TO JABJICHNE HA Booﬁpa)xaemylo Ha cTenKy

GeCKOHEUHO MATYIO NICLIAAKY, Ha KOTOPOH EXUT 3Ta TouKa. [IpuieM, MOXKHO A0KA3aTE, 4TO

AaBlICHNE B ,[laHHOi:l TOYKE JKHAKOCTH HE 3aBHCHT OT OpHCHTALHH TOH Booﬁpaxcaemoﬁ
GeckoHeuHo Manoi NIOLWAAKH, HAa KOTOPYIO MPOU3BOAUTCS 3TO SaBJICHHE.

Pa=P1=Pp2=p3

Haenéune B Touke mmkow
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CTeHOK COCya (He Teder), & COCYS He
JaBJICHHS B TOYKAX, JEKAUX yeer yexoperms s ICO .

B OJIHOji FOPM3OHTATBHOM TIIOCKOCTH (HA ONHOM yPOBHE), ONMHAKOBBI.
TIOTHOCTS XKHAROCTH P ==, =
o/IMHAKOBA BO Boex ee Toukax  OTKPEITa% B atMochepy. cBoGosiHas P1=P2=Ps = Ps
IOBEPXHOCTE KHIKOCTH rOPUIOHTAILHA,
T. K. BO BCEX €€ TOUKaX JaRjieHHe OMHAKOBO H PABHO aTMOC(HEpPHOMY.

TOPH3OHTANMBHAA IIOCKOCTE ~—

gox—no: MBICHEHHO BBIAETHM B XHAKOCTH TIPAMOYTONBHBIH napaienenunen 4,8,C,D14:8:C:D,
Tlnowans A18,C1D; Tak Mana, 4o BO BCEX €€ TOYKAX AaBieHHe onuHakoso. CTopoHa 4,4, ropusoH-
TanbHa. BelIene I 06beM KUIKOCTH HAXOMHMTCA B PABHOBECHH, OITOMY CYMMA BCEX NEHCTBYIOLIMX
Ha HEFo CHN pasHa Hymo: Mg + FI + FZ + Fﬁox =0 (Cuna FGOK -~ CYMMa CHJ

FHAPOCTATHYECKOrO AABNEHHA Ha GokoBbie nosepxHocT 4,B18y4,, B,C\C,B2, C\D\D,C,, Dh1414;D,.) Q
B npoeKUHAX Ha ropH3OHTaIEHYI0 0ch OX 5To ypaBHeHHe uMeer Bul: F| — F2 =0 = Fy=F, Pasgenus o0e 4acTu 3T0T PABEHCTBA Ha MIOMIANE X
A,B,C\ Dy, nonyunm yto AapneHns Ha mnowanku 4,8;C\Dy u A;,8,C,D; papHnt: py =py.

9. B ofHOpoaHO# NOKOsIeHCs KUIKOCTH JaBACHHA B TOYKAX, JEXKAUIMX Ha PasHBIX
TOPH3OHTANIBHBIX YPOBHAX, OTIMYAIOTCA Ha p D= p h P — IIOTHOCTE MUAKOCTH
H B
JABNEHKUE B TOYKE, JIEKAINCH |~ 7

h — paccToAHKe MY BEPXHUM
1 HIKHUM YPOBHAMH
Ha §0JTee HUIKOM YpOBHE A@B/ICHHE B TOTKe,
nexameit Ha Gosiee BBICOKOM ypOBHE

£ — YCKopeHue

€BOGOHOTO NATEHHA
oK-B0: MuicieHHO BBLICTHM B KHIKOCTH NPAMOYTOABHBIH Napauienenunel ¢ FOpU30ORTANbHBIMK OCHOBAHHAMH.
BrigeneHHblH 06BeM KHAKOCTH HAXOAUTCA B PABHOBECHH, TIO3TOMY CYMMa BCeX AcHCTRYIOMIMX Ha HETO CHIT PABHA HYJIO:

mg+ F+F +F, = 0 (Cuna Fsm( —— CyMMa CHJI THAPOCTaTHYECKOTO AABCHAA

Ha GOKOBBIE BEPTHKANILHBIC TOBEPXHOCTH .)
B npoeximax Ha BepTHKAIEHYI0 ock OY 310 ypasHeHwe uMeeT s ~mg + Fy, — F,=0 = F,— F, = mg=pShg
(3pech Macca BreNeHHOro 00heMa XAAKOCTH m IpeCTaBlIeHa KaK POH3BeJeHte ee IIOTHOCTH P Ha 06beM V' =Sh
Pasjienup 06 4acTH 3TOT PABEHCTEA HA [IOMWIALS OCHOBAHUA § , NOMywM: Dy — Py = PZH.

10. ApxuMenoaa CWIa — BeITankusatowas (NOXbeMHasn) CINA, JeHCTBYIOLIAY Ha TEN0, NOrPYKEHHOE H o

B XKHAKOCTE WK ra3. APXHME/IOBA CHIa ¢CTh CYMMA BCEX CHIT THADOCTATHYECKOID AABNCHUS,
JEHCTBYIOLIMX Ha TENIO, MOTPYXEHHOE B KUAKOCTE WK ra3 (KPOMe Tex CMy4aeB, KOraa Telo MIOTHO
MPHIKATO K JHY WIH CTCHKE COCY.AA TaK, HTO KHAKOCTS (ra3) He NPOHAKAET MEKAY TEROM M AHOM

(CTEHKO#) — B 3THX CIIy4asX CyMMapHYO CITY FHAPOCTATHYECKOro JABIEHHA HE Ha3bIBAIOT
ADXHMENoBOH CHIOH)

FAPX;mBBIT'g("/yCKOPeHm cBoGonHoro FAPX = p;l(

1afeHua

Vnorp'g

o o | ecmH KMIKOCTE
Migyr — MAcca «BBITECHEHHOMY KHAKOCTH — Macca Takoi oAHOPONHa

e XUJIKOCTH, KAK BOKpYT Tella, KOTopas yMecTHIach Gbl B PO
o6eme NorpyeHHOR YacTH Te1a Voorp

p - ILIOTHOCTH Cpeabl
(KMAKOCTH WM I'a3a),
B KOTOPYIO
TIOrpYXKEHO TENO

Hox-Bo: Cymma cust ruAPOCTATHIECKOro AaBieuus F + F, +...+ Fy = F, , AelcTRYIOMHX #a 065eM Vo, HE 3ABHCHT OT TOIO, KAKOE BEIIECTBO

HAXOZWTCA BHYTpH 37010 ofbeMa ( F{, F, , ... — CHIIH YIIPYTOCTH, OHK 3aBHCAT OT Ae(pOPMALTUH KHIKOCTH, OKpYKaIOWeH 00beM

Voorp» @ HE OT COACPIKHMOTO ITOTO 06BbeMa). MBICTCHHO BEISTHM B OKOAMIEHCS KHAKOCTH 06BEM, COBTIAAIOMIHE C Veorp 1O
Puc. 10.2 Apx (hopme M pacnontoxeHuo (pucyrok 10.2). Ha nero 6yayT AeicTBOBATS TOHHO TAXHME K€ CHIIbI THAPOCTATHYECKOTO JABJICHHA

F|,F,, ..., xak 1 Ha 00beM NOTPYEHHOH HaCTH TeNa Fpor, . BHLACTCHHBIN B XWIKOCTH 0G5EM HAXOMMTCA B PABHOBECHH, 3HAUHT,

Fyutm,g=0 = F\px = Mg , UTO 1 TpEGOBANOCH 0KAIATS.

(B 3TOM 10KA3aTeNBCTBE CHMTAETCH, YTO AaTMOCHEPHOTO TaBleHuA Het. YToOB! yUecTh ero HalMie, MOXHO
PpaccMaTpUBATh Teno Ha pucynke 10.1, kak nmasalomee Ha FpaHANE pasiena ABYX cpe — KHAKOCTH (py) H BO3AYXa (P)))

Ecnu Teno niasaer Ha rpaHBle HECKOIBKHMX Cpefl, IIOTHOCTAMY P1, P2, ... (Ha puc. 10.3 npumep, xorna
Cpes JBE), TO Macca BBHITECHEHHOM KUAKOCTH Mgy HAXORNTCH KaK CYMMa Mgy = P1V1 + P2V +Pfa'c'
(V1 — ofbeM Toii acTu TeNa, KoTopas NOTPyXKeHa B NIEPBYIO cpey, '
& V3 — o6beM Toii wacTit Tena, KOTOpas NOTPYKEHa BO BTOPYIO Cpelty, . T. A.)
ApXMMEI0Ba CHJIA B 3TOM Cly4ae PaBHA FAPX =(p" +ptat..)g

103

11. Eom COCY /T ¢ MUIKOCTHIO ABMKETCH C yekopennem @ B MCO, 10 B cucTeMe 0TCHETa, CBA3AHHON C COCY/IOM, Ha KaXAYIO
TOUKY TOH JKHUAKOCTH BMECTE C CHNIOM TAKECTH mg JeHCTBYET CHNa HHEPLAH FuH = —ma . Ecan %uaxocTs HenoaswwkHa

OTHOCHTEMBRO COCYAR, TO B CHCTEME OTCHETS, CAATAHHON C ABHKYUIHMCS COCYHOM, MOKHO HCIIOb30BaTh GopMyIs! H2
~ YR,
mynkroB 9 v 10, samenaa s uux g Ha & = g—da.

Pr=p3
pr—p2=pgh
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5. Mepebltil 3aKoH mepModuHaMuKu /
Q - AU + Araga Araza - AHalI razo;\J
KoanyecTBo Tensorhl, nomyyensoe (Q > 0)

win oraarHoe (Q < 0) cucremoit. f
(DHeprus, nonyverHHas WM OTAAHHaA CHCTEMON B npoecce I
. €. eHe JH Me:
TervIonepesayy, T. €. IIpH ooM EPrHAMH MEXRY AHEDIHI CHOTeMbL
MOJIEKV/IaMH — H3 MHKDOCKOMHYECKOM VPOBHE.) JHeprun

Y U= Ek e T Ep B3aHM

3MeHeHHE BHYTpeHHe#

C=A_T:3Q=CAT p = const
_— BHyTpenuss Ki _ _
TennoeMkocTh T€NA (CHCTEMBI) 3HEprua Blil;i'l;lp;qecmx 5;1:;:;"8""’ Had Araza - pA V VRAT
Q XaOTHYECKOTO  paaymopeifcTera 5 v = const
€= = MA_T (rennioBoro)  yonexyn apyr ¢ 9HCACHHO
* mAT JIBHXEHHA ApyroM.
VaeabHas TEIOEMKOCTh BEIECTRA MOJIEKYIL. A = 4 S (V)
raza __ — Omon rpad. pi
CM — % - Q CMVAT B uneanpHowm raze Ek Tenn > Ep B3amM > I03TOMY N —— pﬁcmﬂpﬂﬂ‘?ﬂl
v = -2 """ _ eca ras oxmmMaeTea
Niomguaa TEMIOEMKOCTh BEILeCTBA U Ek Tern P 4 2 VRT
AU i =3 nnma ogHoaToMHBIX razoB (He, Ne, Ar, ...)
Tipn V' = const: AT 1 =5 A4 AByXaTOMHEIX Ta30B (H, Na, Oz, BO31YX, )
Tlpu p = const: i = 6 119 MHOTOATOMHBIX Fa30s (mapel Hy0, ...}
AU+ 4 1 1
¢, = AT >Cy AU—E(szz "prl)“EVRAT

6. Aduabamuyeckuil npoyecc Jlns upeansHoro raza
Q =0> A4 =— AU 1 AU = C;ATM; c,_mA-}' = C;V vAT

w €aTEHOTO T
B TENIOH30NHPOBAHHOM CHCTEME HIM 1P GEICTPBIX TIpoeccax Ans gul asa
TIpy anuaGaTHYecKoM PACHIHPEHHH (A 0 > 0) ras oxtaiaercs (AU < 0) [BAIO00M niponecce

TTpu anuaGaTHuECKOM CHKATHH (A s, < 0) ras Harpesaercs (AU > 0) T
Apuabara — runepGona, Hiywas Gonee "kpyTo" yeM usoTepmsl (¢ poctom V yGrisaer 7).

Le— 1/13()Tt,p'vlbl 7. K g Uurnu4ecKoz2o npouecca

— | (mennoeozo deuzamens)y >
- Qo-m QOTB

a3a B um(ne HOI(B

num(.na - = =1-"—
! Qno;m Qnomx Qnom;

!

Qﬂ()m-l. 3a LUK = QI'IOHB + QOTB = AUB LHKIC + Al"a38 B IIHKNE
+

Qo <0=> Qo = 1Ol Allsse = U= Usen =0 _ T.—T

g Qnom; - I Qom [: Ara3a . ! nmlean - T

=45 "+" ~ ecnu LpKn MaeT "Ho YacoBoi ctpenke” ' KIT/I naeansHoM TEIOBOM

rasa g u"“ﬁisw" unkita p(V) p_n _ €CITH LMK MIET "IPOTHE 4acoBoi MaIIHHEI, paGoTatolelt mo
HHCACHHO crpemki’ | npkny Kapko — MakcHManbHbIi

B €OpeTHYECKHN Bo3MoxHbIi KITJT

6. HacbiWeHHbIl nap — raz, nanbreiilllee HI0TEPMUIECKOE CKATHE HIM H30XOPHOE

p  Weansuas OXIZDKEHHE KOTOPOrO IPHBOHT K NPCAPAILIEHHIO 4CTH STOTO (I AHHEIX THarp n Txon
H3oTEpMa ra3a B XXMIOKOCTH (TIDK HANMYMH LEHTPOB KOHICHCALIHH ). m— Bt
r N\ —ra3s, HAXOARUMHACA B ANHAMUYCCKOM PABHOBCCHM CO cBOeH KHAKOCTHIO, T. €, B COCTOANNM, KOTAA YHCHO
s

MOJIEKVIL. NIEDEXONALUNX U3 Ia3a B KUIKOCTh PABHO HUCITY MOJEKYJ, IEPEXOAILMX 0GPATHO 3a TO XKe BPeMs.
V' PeanbHeie nzotepuer: obnacte 1 - Boga

obnacts 1I - BOJla2 B pARHOBECHH C HACBILLICHHBIM
obnacrte [II - ras napoM

(lapneHue HACHIEHHOrO Mapa (& TAKKE ero IUIOTHOCTD)
loAHO3HAYHO onpeaenseTcs TeMnepaTypoil i Goblue HU
loT ©tero He 3aBHCHT (HK OT 06BEMA, Hy OT Macchl 1apa).

OTHoCHTeRHAS BJIANHOCTD BO3AYXA

T - KpUTHUECKAS TeMnIepaTypa, npu 7> T ra3
HMKaKUM CXXaTHEM Helb3s [EPEBECTH B XKMIKOCT.|

 Pomssoe _ Prapsssoue
Yestopue wymerms: 0= = (x100 %)

V' Jlns Bomst pya (100 °C) = 105 Ma JrSp— R S ———
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4. [a308bie 3aKkOHbI U3 pV = VRT cnenyer, 110 ecau v = const, To pT = const

>y = const, V = V. VRT
y)=Y20

24 _szz T = const PN =Pl )
T - T M3oTepmuteckcnii mpouece,
1 2 rpadux - gzorepMa. T,>Ty
T

v = const ,
ra3 naeanbHpIiA
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TIPH BKTIOYEHHH KOTOPOTO BMECTO BCEH CHCTEMEI HE H3MEHATCA Hanpsxenne mexy shixogamu (Ug) 1 061 3aps1 Gosw Ecnu npoBoHHK 38psxeH, TO

6. Ceolicmea npogodHUKa 8 I/IeKMPUECKOM roJie 3apAA pacnpesenen B
6CCKOHC'-IHO TOHKOM CJIOC H&

- MM BXO,
E =0 Crnosbie iiH AAT B NOBEPXHOCTH MPOBO/IHAKA,
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ITorenuuan
3NMEKTPHIECKOTO
TI0JIH, CO3/IaHHOTO
CHCTEMO# TOYEYHBIX

3apanos O, Oy, ... B
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[image: image15.png]7. NocnedoeamenbHoe coeduHeHUe MPO8OOHUKOR — coeluHeHHe, IPH KOTOPOM 3apsl MOTHOCTEIO, Ge3
o-mmneﬂuﬁ, MEPETEKACT U3 NPEALIAY LICTO NPOBOJAHUKA B

al‘i“» R LR . b :;n_ f _]2 = .. cnenyiowi.
+ - nocr —

.—U_;?_L—ﬂh_ o= U+ Uy + ... LROGM Ri+Ry+ ...

& 2 Ecnn R =R, = ... = Ry=R, To R"=NR

Ustw = @2 — §» <— OBuiee HanpskeHUe — HANPSDKEHHE MEAKIY BEIXOXAMHA CHOTEMBL
o6 — o6HIMIA TOK — TOK, BTEKAIOIIMH yepes (+) BHIXOA CHCTEMBI 1 BRITEKAIOLULMI Yepe3 (=) BBIXOA.

Zobm . oflee COMPOTHRIEHME — CONPOTHBICHHE PE3HCTOPA, KOTOPBII MOXKHO BKITIOUHTE
I 6, ~OMMH BMECTO ECeit CHCTEMBL ME)KLY €€ BLIXOXAMH, TIPH 3TOM Jogy ¥ Ussy HE HIMEHSTCS.

8. MlapannenbHoe coeduHeHUe NPOSOIHUKOB — coeunenwe, IIPH KOTOPOM KKIbLE NPOBOAHHK
pHCOENMHEH ONHHM KOHLIOM K (+) BBIXOZY CHCTEMBI, 3

I a;:x =1 1 + 12 +... APYTHM KOHLOM K (—) BBIXORY.
U= =Uy=... + -

Roéul =

o6
L _ L, ! EemR=Ry=..=Ry=Ro g =X
Rew R R N
9. Pa6oma u MouwiHoCMIb 3/1I@KMPUYECKO20 MOKa TeruioBas MomHOCTS (KOAMHECTBO
KonuuecTro TemoTEl, TEIJIOTHI, BEIASAOILEECA 33 EAHHHLY
BBIIENIAIOLIEECA HA y4acTKe \'T Jlas y4acTka, He cogepxamero JJIC BPEMEHH)
2 ¥ 2
_ X _y2p, U _ _ Cr_gp U
Ay =Q=IUt=I"Rt="rt || Ny =N,y =Nogp, = IU=I"R==-
T 1= const /'V [
Pa6oTa Toka PaboTa snekTputeckoil CHIIBL MomHocTs Toka MOIIHOCTE SMeKTPHYECKOi CHTb
llml yuacrTka, conepxamero IJ4C \
Y —
Amka 311 =1Ut mea _Nan =IU
2 2
—_— = =
Q I"Rt N Tena I"R~
— J
Acrop_ &t N, crop 1z
1= const
PafoTa CTOPOHHHX CHIT HCTOYHHKA MOILIHOCTE CTOPOHHHUX CHJT HCTOYHHKA
10. KM anekmpuyeckoil yenu U=
= (g - (Pp — HANPAKCHUE HA HATPY3KE,
& r 7~ 11. Ycnoeue ebidenieHuss MaKcuUMalibHol
n= Ny U_ R MOU{HOCIU Ha Ha2py3Ke:
N g R+r Mpn AanHbIX 3HAYEHNsIX 1 &, MakcmanbHas
b a wer MOLYHOCTb BblAENAETCA NPU yCNOBUYU, YTO
R “— Conpornsnetne narpysxu (erewnee R=r
COTNPOTHBJIEHHE)

12. 3axoH Papaden dna 3nekmponusa
/ MOIDIQHM MAacca HOHOB, BRIACTIAOMNXCA NIPH 3J1e1(1'pon143e.
3J1€KFPOXHMPI‘{CCKH171 IKBUBAICHT BEUICCTBA, BRIACNAOWErOC
TNPH 3NIEKTPOIIH3e
3apsz, BBIIETUBLIKICA HA SJIEKTPOAE NPH SNEKTPOIIH3eE.
Cuna ToKa npH 3I1eKTpoNH3e

Yucno ABoragpo. 3
MOlIy.'lB 3aps/ia MeKTpOHa HEPrUsl, 3aTpaueHHas Ha 3CKTPOIn3

Konu4ectso Temiorsl,
— ? R+ If & P BBIJIE/HBILIEECS B HEKTPONHTE
T_ *1"0” OHeprus, 3aTpaueHHas Ha BBIICICHHE
BelIECTB Ha HNMEKTPOAAX

Hanpaxcerne  Conporusnenne 3/IC nonspH3aLMH SNEKTPONUTA
MeRIY INEKTPOIUTA
3MIeKTPOJaMH

BaneHTHOCTE HOHOB,
BBIICNAOMMUXCS IPH
INMEKTPONIN3e.

Macca BeuiecTsa,
BBIACTHEIIErOCs Ha

3MeKTpoae 3a Bpems [





[image: image16.png]3Jlel(TpH'iCCKHﬁ TOK ~ YHOPAROMECHHOC ABMXKCHHC 3aPAKCHHBIX YacTH, T. €.

VII N HOCTOHHHBIﬁ TOK T4KOE OBIKEHHE, IIPH KOTOPOM uepes NonepeyHoe cedeHHe NPOBOAHNKA

MIPOUCXOJHUT TIEPEHOC 3apana.
1. YnopadoyeHHasa ckopocmb Hocurean Toka - 3apsDKCHHBIE YaCTHUL], JBHXEHHE KOTOPHIX 06pasyeT TOK.
OO6bI4HO 3apAKEHHDIE YACTHLIBI B BEIIECTBE ABWKYTCA SecnopanouHo — "xaotuuno". Cpeiy Kanpas/ieHuii ABMKEHNA STHX YaCTH HeT
NpPEeUMyECTBEHHOTO ~~ BCE HANPAB/ICHHA BCTPEHAKOTCA ONMHAKOBO HACTO, OBTOMY Hepe3 Mofoe ceueHne NPOBOIHIKA IIPOXOAUT B 00e
CTOPOHLL B CPEHEM OMHAKOBOE UKMCNO HocuTeeH. CpeaHee 3HAUEHHE BEKTOPA CKOPOCTH 3APMAXCHHBIX HACTULL PH TAKOM ABIXCHAL B
D+, +...+0y
N
JIBHIKY LIMXCSL HOCHTENEH HAYHHAET CMELLATLCS B KaKy10-1MG0 CTOPOHY (310 HassiBaeTcs "apetih”), TO TaKOe ABMKEHUE CYHTAETCA
YIOPAROUEHHBM H 06pasyeT 3MeKTprYeCckii TOK. B 3TOM criyHae cpejiHee 3HaueHNe BEKTOPA CKOPOCTH Y)KE HE PaBHO HYJIIO H Ha3hIBAETCA
U +U,+... 40y -
———N—-—. Uy, HANpPABICHA Ty /8, KyJd CMEU@eTcs Macca
XAOTHUHO ABMXKYLUMXCA YACTALL - B CTOPOHY Apeiida. MOKHO NPeACTaBNTS Celle TOK B [IPOBOAE TAK: MMIMHAPUMECKHIL COCY/l, 3ANOIHEHHbIN
X20THHECKH ABIKYLWMMHC HOCHTENAMY TOKA, MEJUTEHHO (1O CPABHEHMIO CO CKOPOCTIMH TEMIOBOTO ABHXKEHHUS HOCHTENel) NepemMerlacTcs.

1000 MOMERT PaBHO HymoO: U= = 0 .Ho ©CJIH, TIPOAOIKAA 6ecnopnﬂoqﬂoe JIBXCHHE, BCA 3Ta Macca XaO0THYCCKH

CKOPOCTHIO YIOPANOUCHHOIO IBHMACHASR HOCHTECH! vyn =U=

CKOPOCTb cocyaa B 3TOH MOAENH - vyﬂ . Ecin COCy/l MBIC/ICHHO pacceyhb HEONBIIKHOM [10CKOCTBIO L 17

yn» TO UEPE3 3Ty NAOCKOCTH Gy ner

NEPEHOCHTRCA 3apan.

2. Cuna moka Mouyne 3apana,
Monym: CHNBI '1‘01(3}L q TICPEHECCHHOTO Hepe3
= —— | momepeyHoe CEUYeHHE

Enunnua
H3MEpEHUs CHITBI t TIPOBOIHMKA 32 BpeM3
Toka 8 CH:
I=const
I A= 1Kn/c

Ecrmu cuna Toka MenseTes (J # CONSt), To BEMUCAAKT

. 3. MnomHoOCMb MOKA — BekTop j , HANPAREHHE KOTOPOTO
MTrHOBCHHBIE 3HAYCHHA CHIIbI TOKaA (lUlH Kaxzaoro MOMeHTa).

. Fl COBMAAAET C HANPABICHHEM, B KOTOPOM
N MOJyJIb BEKTOpa | » B
I= fii =4'(t) g - 3apax, nepereceRHLI tepes TIEPCHOCUTCA MONOKHTE/LHBIA 3apsa:
dr q TonepeyHoe CCYCHHUE NMPOBOAHMKA 32 CHJIa TOKa 4epe3 = TT ~ = TTIT—
Takoe Manoe Bpems df, 3a KOTOpoe CHia [0Iepeuroe J Vyncry 5/ Yyn(-y
e S

TOKa He yCIIeBacT CYLICCTBEHHO
M3MEHHTBCA.

CKOpOCTh yNOPAAOUEHHOTO
ZIBHKEHUs HOCHTENei TOKa
Kouuenrpauus
HOCHTeneH Toka

3apsan OZHOro HOCHTENA.

BO BCEX TOUKAX CCHCHHA

S oNMHAKOBHL |

4, 3akoH Oma_Onsa yyacmka uenu, L
He codepxawezo 34C

I Mouyns CHIBI TOKA

U ) Hanpsxenwue (pasHocTs
MOTEHIAANIOB) MEXAY KOHLAMH

B IPOBOJIHUKE ] nposomuika U= @) - @p, ERZI
R (ecrmrok TeveroTTOoUKH 1k 1 —— 2
mox

TOHKe 2).

U ConpotBrienue NPOROJHHKA Tlnowmank MOTEPeYHOro CeueHH s MpOBOLa

Eminuua H3MEpeHiisA CONPOTHBIIEHRS

YaensHoe conpOTHBICHHE
p MarepHana, ¥3 KOTOporo R=— l{CMZ 10m=1B/A
H3rOTOBJIEH MPOBOA. S Euuuia H3Mepenus yAe bHOTO

conporusiens 8 CH: 1 Omm

Py, {— nnmna
TemnepatypHeiii koahGuLuenT nposoja
[~——Temnepatypa npoBoaHuka B °C. COMPOTHBICHHA METAIIA
0°C HlcTouHIK TOKR — NPOBOAHUK, B
KOTOpOM ueﬁc‘rnylm‘ CTOPOHHUE CHJIBL.
5. 3akox Oma dnsa ywacmka uenu, codepxawezo 3/1C ! CTOpOHAME CHTBI — MOBHIE CHITBI He

Z R SMEKTPOCTATHYECKOTO NPOMCXOKACHNS,
I'R= 01— Q2 + g ‘;—|l——|—__|——°2 TIOHYAAKOWME HOCHTENH TOK K
I

YNOpsaA0UCHHOMY ABVKEHHIO.

Hanpaenenue oboxoda om1—>x2

Cuna Toka, +
TeKymero 1o Tionxoe CymMapras | &> (), ecri ACTOHHHK HAIDABNAET __|’_ __|°‘:Emp(+)
ey 1 o3 CompoTuBnenke DTIC Ha — 1ok 1 ofxomy 152 P pd

YHACTKY yuacrka 12 ywacrke 1-2 | oo orop (=)
0600 DJIC uctounuka
I> 0, ecn rok 171 abxony 12 & < 0, ecru ucTOUHMK HanpasnseT (amexTpo-
1 <0, ecmn ox TV ofixomy 152 —— tox TV obxony 12 |  ABMXKyias cuna)
00x00
6. 3akon Oma dna monHol (3amkHymod) uenu PaSota cropormux it nCTOUHHKa HaR

3apAnOM  NpM €rO NEPEMELICHUH Yepe3
HCTOYHHK B HanpaslieHuu obxona 152

Cymmapras JJIC nenu
TNonuoe (cymMmapHoe) R
COMPOTHBICHUE LI

Zf Cuna Toka, ps

I= TEKYILETo uepes ™\ I = &
- K@KIbIH 3IeMENT -

R’la/”f uenu R + r

Bl-_x_y‘rpeHHee CONPOTHRJICHUE HCTOYHHKA




[image: image20.png]5. ”30623)K3HU8 TOUKH S B JIKH3E — TO TAKad TOUKA

', B KOTOPOH 7TyqH, BEIIEIIME U3 TOUKH S, IEPECEKAIOTCS [OCE PENOMIEHUS B THH3E.

YroGht nocTpouTs K306paxenue S’ To4ku S, HAL0 3HATH XOM ABYX JTyu4el,
BBIUCULUX U3 § ¥ NPETOMIEHHBIX B IUH3e (e MEePeceKyTCA STH Ty UM, TaM
nepeceKyTCs M BCe OCTabHbIe). Beeraa n3BecTel X0 CleAyOmuxX ayyeit:
- N B . [P * JIyY, NajAlOuMil Ha IMH3Y APAIeNsHO [VIARHOH ONTHYECKOH OCH,
TIPENGMUBIIHCH, IPOXOAMT Yepe3 (GoKyc (ecu a3 cofHpalowas) Wik uaeT
Tax, 4To €ro MPOJOIKEHHE NPOXORHT Yepe3 Gokyc (ecm TMH3a paccenBalomad)
* 1YY, NaJarouMii Ha cOGUPAIONIYIO NHH3Y, N0 NpsaMoii, npoxoaaielt yepes dokyce,
(nyw, nanaiolmii Ha PacCeHBAIOIIYHO THH3Y BJCJL IPAMOH, npoxoasmei depes
okyc, pacronoxeHHbI ¢ APYroi CTOPOHEI THH3bL) PENOMHBLINCH, ST

pasmep
npeameTa

paccrosuye |l A paccTosnne NAPALIENEHO PIABHOH onTH1eCKol 0cH 5
OT NMH3B! 0 MIPeaMeTa OT MH3BI 0 M30BPAKEHIA 1YY, IPOXOAAMIKH depes oNTHYeCKUi USHTP TOHKOM JIMHIBI, NOCIE IPETOMICHAA
PAKTHYECKH HE OTKJIOHAETCA OT PAMOH, BAOIb KOTOPOH OH ynan Ha JIMH3Y.
1 1 1 H ] f i Ecnu nokasatesis NpeNOMIICHAS CPe/Ibl OAMHAKOB ¢ 0GENX CTOPOH TH3bL, TO
—t = '=—=>— onTueckuit UeHTp (Touka O Ha PUCYHKE) — MEPecedeHHe MIIaBHON ONTHYECKOH
i |d| i |f| i |F| T h |di OCH ¢ IUIOCKOCTHI0 TOHKOM JIHH3bL.
& o .
@opmyna ToHkoit sup3el  JIHHeiiHOe (NonepevHoe) yBeInyeHHe — OTHOLICHKE pasMepa Hiobpaxenns (H) k paamepy npenmera (h),
PaccTanOBKA 1HAKOB B KOT/Ia TIPEIMET — OTPE30K, NEPICHAUKYIAPHBI I/TABHON ONTHYECKOA OCH.
dopmye ToHKolH JHH3BI Ilepen dboxycHeIM paccTogHHEM FJ: «+» — ecnu nunsa COGHpAIOIAL, ¢~ — €C/H IMH3a PACCEHBAIOIA.
P——Jg—,
Tlepen paccroauuem | f| ot num3st g0 uzoBpaxeHus: «+» — ecnu gzobpakeuye ACHCTBUTENBHOE, T. €. JTY4H OT Ry

TOYEYHOI'0 HCTOYHHUKA NOCHE NPENIOMIICHUS B JIKH3E CXOAATCA;

«—» — ecnn M300pakeHNe MHUMOE, T. €. JIyH OT TOYEYHOTO HCTOYHUKA 5
€I HeAB3A NONY 3U7) TIOCNE NMPENOMIICHHS B JIMH3¢ PACXOAATCA. B atoMm crryuae uiobpaxenvem T
Ha DKPaHe, Kak oot
CUHTAETCH TOYKA NEPECEYSHES TIPOIOIDKEHMI IPSIIOMIEHHBIX ydeii S ' (UMEHHO
AEACTBUTENLHOE

mo6paxeHne B 3TOM TOUKE BUINTCA UCTOYHMK CBETA IMa3y, B KOTOPBIH Nonagat NPEAOMIICHHBIC J'ly'-IH)

>0

123 BUANT MHAMOE
#306paxenne S’

f<0
Depex paccroanuem | d| ot mumzsl 1o npenmera: «+» —~ e IpeMeT AeHiCTBATENBHBIH, T. €. JIy4d OT TOUEHHOTO
HCTOYHHKA NAJAIOT Ha THH3Y PaCXOMALIMMCS KOHYCOM:
=) -— ec/ii IPEAMET MHHMBLH, T. €. JyHH OT TOYEYHOro HCTOMHUKA
MaJA0T HA MMH3Y CXORALIMMCA KOHYCOM (3TO BO3MOXHO, HanpuMep,
€CITM JTyu#l IPeIBAPUTENBHO MPOULTH YePe3 COORPAKOLLYIO JIUA3Y).

B 7TOM cryyae mpesMeToM CYHTACTCH TOYKA NIEPECCUIEHHA IPOIODKEHUH Ty e,
YUABUIMX HA JIHH3Y.

6. BoaMoxHble ciiyyau pacnosioxeHusi npedmema: S,

61.do>w(r.e.d>>Fl ) B atomM cimyyae Jyd# OT TOYEYHOTO HCTOYHHKA WyT IPAKTHYECKH TIAPATLIEALHO PYT APYTY.
f=F — u306paxeHne TOUEHHOro HCTOYHUKA HAXOAUTCA B hOKANBHOH! NIOCKOCTH.

62.de (2F; ) I/lzoﬁpg)xeﬂue: 63.d=2F; f=2F
fe (Fi2F) . 2F_ nefictautensroe (>0 ), runa
RS i

““neperepHyToe,

2F
ymenbmensoe (jd > |f| > T < 1)

1, -Pasmep w3o6paxenne pasen
_ pasmepy npeamera (d=/, T =1)

(gororpagus) 2F  F

64.de (F;2F) Hzo6paxenue: s
fe (2F; )" P S ﬁ:ﬁ:::uml;zzce >0). 6.5.d=F; f — ®© -nyam or HcTouHMKa,

(kutio, penepHy 2 d<lf|=T>1 AeKAEro B POKAIEHOM IIIOCKOCTH, -
anaduasm) T, YRCTHUCHHOS <1f1= ) TPETTOMHBINACE, HAYT MAPATENBHO.

66.de(0:F) % Wsobpaxcrnc: 6.7. Paccewpaiomas annza:

fe(-o;0) muuMoe (<0 ), Mzobpaxenue:
o L. npsMoe, muumoe (f<0), e

(ﬂ}’“ﬂ) yeennyersoe (|d <|f]|=>T>1) npsaMoe,

ymensiennoe (d > |f| =>T < 1)

7. MHmngpegengn — HAI0XCHHE BOJIH, IPH KOTOPOM 3TH BOJIHEI B OXHHX TOUKAX YCHIIMBAIOT APYT ApYTa,

a B ApyrHx — ocnabnaior APYr APYTa, TAK, YTO HHTEHCHBHOCTE Pe3yIbTUPYIOMIEH BOIHBL HE PaBHA CyMMe KHTEHCHBHOCTEH
npaMoe

ciotansisaommxes Bom (I 1 + L) Habmonats narepdepeHUMIO MOKHO TONBKO NPV HATOKCHNY KOTEDEHTHBIX BOTH, '

KorepeHTHBIMH naspiBaioTcst BOMHEL pasHocTh a3 (P — (1) KOTOPBIX B TOUKE HANOKEHHS HE MEHAETCS C TEHeHUEM BPEMEHH.

2n 2 .
5 - - b4 ONTHYECKAs PAsHOCTD X0
asa rapMOHHYECKOMN (MOHOXPOMATHUYECKOH) BOTHBL: ¢ = (O — Pom Ty JiN% KOTEPEHTHBIX BOJIH: @, -0, = _Af

- \ x ont| BOJIH O HCTOMHHKA JI0
Yro6Lr BOMHBI GEUTH KOrEpEHTHBI, HEOGXOAMMO: O] = @) Fone - OTINECKAS . | S5 902 = Qo1 wax TOUKM HAOKEHHST
y M¥F ™\ 1ouxa Hanoxenns BoIH oT NYTH BOIHB OT HCTOYHHKA JO TOYKY Jiniina HAKNaZbBAOUMXC Aoy = Fiopr — Faons

CBETOBBIX BOMH B BAKYyME

[F*  uerounmcos S, u S; HATOKEHHS BOIH: 7y = P11y + Ianp +
Yenosue MunuMyma:

PasHOCTL X012 3TUX BOMI A = | — 1 = dX/L  YepoBue Maxcumyma:
1lInpusa unrepepeHUMOHHOR nonocs: 4= A-L/d Aoms = 1A P
(paccTogHue MeXIy COCEQHMMH MaKCHMyMaMi) Tty Bak

m=0,1,23, lecnu Qg =¢p
8. Audbpakyuss — orxnonenve ot npamonmuelinoro

HOMED (MOPANOK) AHTEPPEPERIAOHHOTO MAKCHMYMa 7 —
pacnpocT}zaHeHm BOTNH NPH OrHGAHMM NPENATCTBHI (IPOXOKACHHH e MaKCHMY MBI d-sin o= kA
OTBEpCTRH). B pesysbTare (MpPaKUMH CRETa BOSHMKAET KApTHHA i P nepeoro nopsaka (k= 1) NepHOA PELLETKH

m=1,2,3,
HoMep (TIOpAIoK)
MHTeP(EPEeHUHOH-
HOTO MHHHMYMa

YepeIoBAHNA CBETILIX H TEMHBIX IOJIOC, IPUHEM CBET MOXET --+i UEHTPAILHBIH MakcuMyM (k= 0) E d=(10%M)
NOTIACT B 30HY reoMeTpuueckol TeHH. JudpakunonHas peme”rka — MaKCHMYMBb!

- 1 4HCio MITPHXOB
MIACTHHKA C YEPEYIOLIMMHUCH IPOIPAMHBIMU M HENPO3pAYHBIMK NoNockamu (~ 107 na 1 MM) BTOpOTC Mopsaka (k= 2)

| Ha 1 MM




[image: image17.png]3. PamKa ¢ moKoM 8 MagHUMHOM rone
Bun cBepxy:
Cunsl AMnepa pa3sBopaiMBaloT PaMKy ¢ TOKOM b
TaK, YTO CO3AABAEMOE BHYTPH PaMKH ¢

co0CTBEHHOE MarHUTHOE NoJe Bcoscr
OKa3pIBacTCs COHAMPABICHO C BHELIHUM

marnvTHEM noneM. (Tlone B ;. cosnaer Tok, ¢

TeKyLUMii B paMKe).
Bparnasomuit MOMEHT, JeHCTBYOIIMI Ha

aMKy B MPOH3BOJILHOM ITOJIOXKEHUH paBeH:
= [SBsinq,

! — cuma Toxa B paMKe
S — nnowamk BHYTPH PaMKH (PaMKa IUIOCKAA)

B — uHayKkuus BHELIHEr0O MarHHTHOTO HOMA (OHO
LOMKHO 65ITh OHOPOAHO)

Ol — yroa MEX/y BEKTOPOM MHIYKIUH BHEIIHETO
TOAIA H MEPEHAUKYIIPOM K
4. MaznumHbsie nonsi, cozdasaeMble Pa3NUYHLIMU MOKaMu

KacaTesbHadA K TaKoil IMHUH B
moGoit Touke COBMIAZAaeT Mo

Bonbmo#
nanei no

HanpaeneHmo ¢ B B oot

ConanpasJieHHBIe TOKH
TNPUTATHBAIOTCS,
TIPOTBONIOJIOKHO
HANPaBIeHHLIE TOKH —
OTTAJIKHBAKOTCH

TO 3TO NPHBOJIMT K TIOABICHHIO B 3TOM Kontyp nnocxuti, B

xontype DJC (OAC ruayxuun).
Eaunuua y3Mepedus MarHutHoro notoka 8 CHU:
| B6 = 1Tam

113

noJje B OOHOPOAHO

B MpeaeIax KOHTypa.

e R

AD
E=—~—1 &= _de -o'(r) 7. fleneHue caMOUHBYKUUY — sosHukHoBenue D]IC
At dt e B KOHTYPE BCIE/ICTBHE
[Ecnu @ Mensetcs ® H3MEHEHUs COOCTBEHHOTO
[PaBHOMEPHO . . MarHHTHOTO TIOTOKA Hepe3
® / e v _i)’ @_T_ Hggyncrusn’&:_-rs KOHTYpa — k03¢ duument ITOT KOHTYp.
&,=vl-B ® ol oz - 'l' &  NpONOPLMOHAIBLHOCTH MEXAY CHION TOKa B (Dcoﬁcr .
B F op —f KOHTYpE H COGCTBEHHbIM MarHHTHBIM TI0TOKOM. - Mal"HH’l‘HfIH
Al al NOTOK, CO3AaBaEMBIA
DHepria MarHUTHOTO (O gcam =-L— g caw =—L—=-LI '(f ) MarHUTHLIM TOREM,
KaTyLUKH HHIYKTHBHOCTH L ‘\At,\ki dr KoTopoe MOPOMI TOi
o ’ Ecnn | mensetca TEKyILIH B KOHTYpe.
o kotopoii Teuer Tok /. paBHOMEpHO DJIC camounyKuMM
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P = MNpyxHHHBIH MAATHHK
KB s 1 5

xonebmo-

Hepuon KecrkocTh  werocs
©BOGOAHBIX MpyKHHB  Tpy3a
koneGaHui
B OTCYTCTBHE TPEHHSA
2 2
o ? muv,

muv kA max
—2>+ = const = —2—\— T

X = Al — yanuxense npyxuibt
A = Xpax = Alyaxy — aMIIIHTY A KOTEGaH]
(MaKCHMAIbROE y//IMHEHUE TIPYKHHbI)
Umu — MaxkcAmanbHas CKOPOCTB rpy3a

v, = x{f) = x,,0-sinwz

U= Uyyx B MOMEHT, KOT3 X = 0
x=1A B MOMEHT, Koraa v=_0

[Ipocmeiiwiue konebamenbHbie cucmeMb!

MaTeMaTHYECKHH MasiTHHK

KonebaTenbHbIl KOHTYp

A T=2% |—| Lima Depuoy croBoaHBIX I
Hepuon & | uurn 3/MEKTPOMATHUTHBIX C
cBOGOIHBIX Kone6anuit
KoneGanuii Y CKopeHMe cpoGoanoro Jj
nNajeHns — yCKOPeHHE, co3taBacMoce |HAYKTHBHOCTD OneKTPOgMKOCTE
CHIIOH TSDKECTH. KaTyLIKK KOHJIeHCaTopa qzm
Ecmi kpoMe CRIBI TAKECTH Ha MAXTHHK (eHCTBYIOT fo:m PVK'::"‘ = const i 20
Ipyrue NOCTOSHHbIE AKTRBHBIE CHIIEL, TO BMECTO £ B
cut L cul, Lo
$OpMY Ty TIOACTABNAIOT MOJY b YCKOPERHA, 4 _ t max _ = max
€O34aBAEMOTO CYMMO# BCEX aKTHBHBIX CHIL! 2 =const = - 2
- S j
Z Fﬁlﬂ‘ 2 U- HATPAXKEHNE HA KOHAEHCATOpE g= CTO 3apaf
wr = (AKTHBHBIMH HA3bIBAIOTCA q g

1~ cuma Toxa B katyike,

2C
CUNIBI, IMEIOILE HEHyIEROH Ginax, Umax H Iax — Maxcumansusie (amnm-
Bpal!.lalol.l.llrlﬁ MOMEHT WHHHE) 3HAYCHUSA 3apA/ia, HANPDKEHAA H CHITBE
TOKa.
OTHOCHTENBHO TOYKH I=—q1{)=gu0sinof
TIOJIBECA MAATHHKA) -1
IO~ Imax
MasaTHHK B nudTe:
. 1 a i 7]
a a
angrra
= Lg - ra
! !
T=2n |—— T=2n|——
g+a,, E—dyy
CCMK Oy, - BEEPX eCHH d 4, - BHU3

I=4[ .« B MOMeHT, xora g =0
§ =Gmax B MOMEHT, Korga /=0

4. BonHa — pacapOCTPaHEHNEe KOIeGaTENbHOro NPoLecca B POCTPAHCTBE ¢ TeUSHHEM BpeMeHH. (Ecau B kakol-To obnacty
MPOCTPAHCTBA IPOHCXOAUT KONEGATEILHBIH NPOLECE, TO 3TO MOXKET NOPOANT: AHATOTHYHBIE KONEOAHNA B COCENIHAX 00NAacTAX IPOCTPAHCTBA.
Hanpumep, ecnu Kakag-mbo Touka ynpyroﬁ Cpeabl COBEPIUACT MEXAHHUECKHC xoneGaHm, TO IIPH 3TOM 0HA, KaK [PpaBHII0, 3aCTaBIACT KoneGaThen

BIOJB 0cH OX no 3aKOHY x = Asinw?

S =
—

O & X

l'lglmep: Ha IIajKo#t TOPH3OHTANLHOM MOBEPXHOCTH JIEXKHT 1UHY)
H B HEKOTOPBIE MOMEHT ero KpaiHiow TouKky d HaYMHAKT JBHIaTh

Touxka g naunHaeT ABUAraThCH,
TIPH 3TOM €€ CKOpPOCTh MEHACTCS

o 3aKoHy U, = X "= AWCOS®! ,
TaK 4TO B MOMEHT / = 0 CKOPOCTS
MaKCHMATHE U, = A®.

K momenty £ = 7/4 Touxa g cme-
waeTcs B nonokenne x = 4. Co-
CEIHNE TOMKH IIHY Pa XBUKYTCA
32 Hell, OBTOPAIOT €¢ ABHKEHHE,
3aCTABAAR ABHFATHCH CIEYIOIME
Touku. B moment ¢ = 774 ponua
JOLILIA IO TOYKM b ¥ OHA Havana
JIBHraThCA (€€ COCTOAHME B MO-
MeHT ¢ = T/4 coBnaaaeT ¢ cocTos-
HHUEM TOYKH g B MOMeHT {=0) B
JanbHefileM BCe HOBEIE H HOBBIE
TOUKH GYAyT BOBNEKATHCS B KO-
AeGaTeNbHOE ABIKEHHE, AHANO-
THYHOE JIBHKEHHIO HCTOMHHIKA —
TOUKH a.

TIepreHAKKY IAPHO Hanpasneruo U,

. Ecnn ke koneGmomuecs TOUKH ABHKYTCA NApaiensio U

COCEIHHE, IPUETAIOLIME K Hell TOUKH cpennl. Te, B caolo owepens,
nepesiatoT KonebaTensHOe ABHKEHHE CIEAYIOUIHM TOYKaM H T. 4.
Takum 06pasom, B koneGaTeNbHBIH NPOLECC BOBACKAIOTCA BCE
HOBBIE M HOBBbIC 06macTH npocTpaHcTea. Ipyroit npumep —
3NEKTPOMArHHTHREIE koneOaHud. Eciu B xakoii-To Touke
NPOCTPAHCTBA (3TY TOYKY HA30BEM HCTOYHUKOM) IPOHCXOAAT

KOMEGAHMT HEVLY KLHH MATHETHOTO 1o B, 70 5To nopoxaaer B
OKpYKAIOIleM NPOCTPAHCTRE KO/eGaHHS HANPAXEHHOCTH

IMEKTPUICCKOre nans E » KOTGPLIE, B CROIQ QUEPC/ib, NOPOKAAQT

HoBbie xoneGanma B ur. p. BNeKTpPOMArHUTHBIE KOneOaHus
PacHpPOCTPAHAIOTCA OT UCTOYHHKA, T. €. HAYHHAIOT HPOHCXOXUTH BO
BCE HOBBIX M HOBRIX 0ONTaCTAX MPOCTPAHCTBA)

QDpOHT BOJHLI — OBEPXKHOCTE OTACNAIOLAA obNnacTh
TIPOCTPAHCTBA, B KOTOPOH yxxe HaYanuch koneGaHus, oT
obnacty, rae KoneGaHMs elle He NPOUCXOAAT. GPOHT BOHEI
nepeMELIAeTCs N0 MEPE PacpoCTPaHEH s BOIHEL. (B
PECCMOTPEHHOM MPHMEpE CO LIHYPOM (GPOHTOM BOJIHSI B MOMEHT
t=T/4 spnseTca TouKa b, B MOMeHT £ =7/2 —TouKa ¢, U T. &)

CxopocTs pacnpocTPAHENHs BOAHL (D, . ) — CKOPOCT

HBHKEHUS BOHOBOTO (POHTA, a Tatoke Ho6oil apyroi
NIOBEPXHOCTH HOCTOAHHOHN a3kl (J11060ro «ropbay BOMHEL,
WM BHAIUHEBI»).

Mexanuyeckas BONHA HA3BIBACTCS ONEPEYHOM, eCiH
HaNpABICHAS IBIKSHUA KONEOMOWMXCS TOUeK B Hei

TO BOJIHA Ha3bIBACTCA NIPOAONLHOM.

BoH >

(PaccMOTpeHHas B IPHMEpE BOJIHA B IIHype — NOMepeHaz, 3 IBYK — IPOLOTLHaA BOTHA. ) DNeKTPOMArHUTHBIE BOJHbI ABJAOTCA HONEPEYHEIMY, T. K.

HanpaBicHne xonefmoumnxes BESKTODPOB E u

x A

xone6monlascs
BEIAYHUHA

B B 3TUX BONHAX Mepnesiv-

KYJISpPHO ‘Umm .

¥ — paccTosiHue no
HCTOYHUKA

Anuna 3oaHbL (A) — MHHAMATIBHOS PACCTOARNE MEKAY TOUKa-
MH, KOJIEGaHHS B KOTOPBIX IPOMCXOMAT C PasHOCTHIO $a3 2m.
(Ipwr Tako# pasHOCTH has KoNeGNIOWMEC BENMMMHBI B 3THX TOUKAX

WMEKOT OJIHO U TO XK€ 3HAYEHHE, TaK 4TO A— paccTosHHE MeX Iy
COCCAHUMH «rop6aMu», WK COCCAHHMH «BNAJHHAMEY BOHHH)

x(r\', t) = A-cos(wt — 2r/A)r + @q) |

A= vea/w'T = v«oﬂﬁ/v





[image: image19.png]IX. KoaeGaHHS H BOAHBI

1. Konebanusamu uassisaetca rounoe wm OPHEMIKEHHOE TOBTOPEHUE KAKOTO-THGO MPORECCa ¢ TEHEHHEM BpeMEHH

(06BIYHO NIOBTOPEHUE GBIBACT MHOTOKDATHEIM).
B 3aBucKMOCTH OT (pH3RUECKOM NPUPOMIBI MOBTOPAIOLIETOCA POLECCA PA3NHYAIOT:
a)Mexanudeckue KoefaHna — NOBTOPAIOMIMICA Npouece npencrapaser coboit MexaHHeckoe %
4

6) JAeKTPOMATHUTHLIE KOJebaHRA — NOBTOPSIOLIMIICA MPOLIeCC MPEACTABIAET COGOH

ABHKCHHEC:

H3MCHCHHUE CHJIBI TOKA, HANPAXEHH, 3apsiia KOHAeHcaTopa B BHEKTPH‘lCCKOﬁ UCMH, BCKTOpa E (Hanpmxeunoc’m

NEKTPHYECKOTO NOJIA), BekTopa S (MHIyKLHMA MATHHTHOTO NONS).
B) Ipyrue Kone6aHus — MOBTOPATECA MOTYT H APYTHE MPOLIECCH], HANPUMEP, H3MEHEHHE TEMNEPaTypE! U 1p.

Ko1e6. 110 MMHCH BeIMIHHAME HA3BIBAIOTCA (PU3MUECKHE BETMYRHBI, ONACHBAIOLIME IIPOLECC, MOBTOPSIOIIANCA NPH KONeGaHUAX,
(M CHCTEMY, ¢ KOTOPO#i 3TOT NPOLECC NPOHCXOMHT) M CaMU HCTIBITHIBAIOLIHE NOBTOPSIOLIHEC N3MEHEHHS.
B mexanuveckux xoneGaHnAX KoNeGMOIHMAICA BEJMYMHAMH MOTYT GEITh: KOOPANHATA, CKOPOCTE, YCKOpeHHe H APYTHE BeTHIHHbI,

OIMCHIBAIOL{}IE MEXaHUYECKOE JIBHKCHHE,

B INEKMPOMACHUMBBIX koneSaHuAX KONEOMIOUAMHCA BeJIMMHHAMH MoryT ObITh: chna TOKA, HANPSAIKEHKE, 3apsaj KCHIEHRCATOpa,

E N B ¥ ApyTrye BEJIMUHHLL, OMTUCHIBAIOLLIHEG BHCKTPH‘ICCKVIFI TOK H JJICKTPOMArHMTHOE

nojye.

HeE’ HMOAHYECKHMH Ha3bIBAOTCA KOHCG&HH}!, HpH KOTOPbIX NIPOHCXOAHT TOYHOE NOBTOPEHHE IIPOIECCA HEPE3 PABHBIC TIPOMEXKYTKH BPEMEHH.

HCEHO 10M MEePHOANIECKHX KONeOaHui HA3BIBAETCS MEHIMANIBHOS BpeM4, U€pe3 KOTOpOE CHCTEMa BO3BPALIACTCH B ICPBOHAYAIBHOE

COCTOSIHME M HAUHHAETCA TIOBTOPEHHE Ipolecca.

Tlpouecc, nporcxoaAIKil 3 OMMH NepHox KoneGaHuM,

Ha3pIBAETCH KOAHO ITOJTHOE xonebanue».

YacroToii MEePHOIHYCCKUX KOe0aHMH HA3BIBAETCA YUCTIO MOTHBIX
Kose6aHui 33 ¢IMHUIYY BpeMeHH (1 CeKyHILy) — 3TO MOXET
GbITh HE IeRoe YHCIO.

X — Kone6momasics BeTMTHHA (HalpHMep, CHIIA TOKA B LiENH,
HITH KOOPIHHATA TOUKH)

! — BpeMs

T — nepuoz koneGanui

TlepHon — BpeMA OQHOTO MOJHOTO KoneGaHus.

YroGbi BLIMHCANTB YACTOTY V, HAlIO pazeauTs | ceKyHAy Ha BpeMs T onHoro koneGanus (B cekyHIax)
o FIOJYVYHTCA YHCHO KoteOanuii 3a 1 cexvHay.

2. [ ApMOHUYeCKUMY Kos1e6aHUAMU nasipaioTca KoNeGaHuA, B KOTOPHIX KOEOIIIOLIMECS BeJIMUNHBI 3aBUCAT OT BPEMEHH
0 3aKOHY CHHYCa, HIH KOCHHYCa. '

Konebnionasgcs senuynna
{xoopauHAaTa TOYKH, CHIA
TOKa, HANPSIKEHHOCTD 10N,

L.x = A-cos(mf + 4
X ( ¢o)

Havanenag daza — snavenue ¢passl @ B

MoMenT ¢ = 0.
H3menss 3HaueHHe (po » MOJKHO NoJ1y4ath

WX HHaR Beﬂﬂ‘lHHa)

AMILIATYAA Kosebasini — MaKCHMAIbHOE OTKIOHEHNUE
KONEOIOLIENCS BETHYMHEI OT
CPeNHero 3a NepUOl 3HAUECHHA,

Ecnu cpenree 3a nepHo. 3HaYeHNe KoneOmoueiics BennIHHbI

paBHO 0, TO AMILINTYA3 PABHA MAKCHMAJILHOMY 3HAYEHHIO

Kone6aomeiics senmunAbl: A = X,y

X — KoTneGmomascs BeNiHHa

{ — Bpema

3HayeHue X B o
T — nepuon xoneGanui

PasIMYHbIC 3HAYEHNA X B MOMEHT ¢ = 0.

Daza konebaHuit — apryMEeHT GyHKUMH CHHYC WIH KOCHHYC
/ B YPaBHEHHH 3aBUCHMOCTH KoJeGmouencs

BCJIMYKHEI OT BpeMeHH.
©=0t+
_]!ﬂl(ﬂ"‘lecl(ﬂﬂ HacToTa KOHeSaHHﬁ —_ CKOPOCTB HN3MEHEHHA
A(p (ba:;bl ¢ TEYEHHUEM BpeMeHH.
==

At
At

Hamenenue hasbl, MpousolLeLIce 32

Ecin BpeMsa At paBHO niepuony koieGanuii T, To u3MeHeHue pa3st A@ 3a 510 Bpems (1)
JIOIKHO GHITH PaBHO 27 (T. K. (PYHKUMH SiNt M COS MOBTOPSAIOT CBOM 3HAUEHHS TIPH
H3MEHEHNH apryMeHTa () Ha 27, a uepe3 BpeMsi T 3HaYeHHe KoneGmolenics BeIHIHHBI

MOMEHT { = ()
onpenenserca KaK pa3 JOJKHO IIOBTOPHTBCS). A )
BEJTHYHMHOM (Po. Tawum obpazoM, npu At =T Gyaet A¢ =21 = = a¢_zm _ 2n =2
At T O =-——=27V
Ecnu koneGaxus rapMOHHYECKHE, T

T. €, kosebmowasca senuuuHa X pasua X = A-cos(w? + @o),
TO BTOpas MPOM3BOJHAA KONEGMIOLIEHCA BeTHYHHBL [0 BpeMeHu X'’
6yZet nponopLHoHaNbHa caMoif KoJeGmolneics BenanHe (x):

x"(f) = —0x

nozacraeneqo 1/T=v

Ecny x — KOOpAMHATA TOUKH, ABMXYILEHcA BAoNs ocu OX, T0:

x'(f) = —@_A)ﬂn(mt + @g) | X'(f) = Uy ~ MPOEKINA CKOPOCTH = |Upax = OA| — Maxcumanbhas
CKOPOCT.
x''(t) = —0A-cos(of + ¢o) = —ofx x"'(f) = a, — npoeKuus yCKOpeHus :[amx = 0’ A| - maxcnmansHoe
= YCKOpEHHUe.

370 ypasHeHne HassipaeTca auddepeHUHATLHBIM YpaBHEHEM TaDMOHHHECKIX koneBanuit. Ecnu kaxan-nmuGo guinueckas BETHYMHA X TIONUHHAETCH

YPaBHEHHUIO TAXOI0 BUJA, TO MOXKHO YTBEDKIATh, UTO OHA 3aBHCUT OT BPEMEHH M0 rApMOHHYCCKOMY 3aKOHY (Sil’l a COS), a mponece, KDTOpHﬁ ONMUCHBACT

BENIMUHHA X, IPEJCTABNACT COGOH rapMOHKuecKHe KoneGanus,



[image: image2.png]X. OnTHKa
1. 3akoH ompaxeHuUsa Jlys nanarouuii H nyy OTPAXKEHHBIH JIEKAT B OJIHOH MJIOCKOCTH ¢ HOPMANLED, IPOBEACHHON K
oTpaxalollleil NOBEPXHOCTH B TOYKE MAACHHA JMyya. [Ipy 5ToM YIOJ NaJeHus PABEH YIJIY OTPAXKEHUS.

i/“Hopmmg (repneHanKy 13p) rgikoe 3EPKATIO s S% =0S 5
X OTPAXAIOIEH TIOBSPXHOCTH g S’— uzobpaxenue creTALElics Toukn S B g *

Yroa orpaxenns

o=p

Yron nagenus

TITOCKOM 3epKane — TOYKa [epeceyeHus
NPOJOIXEHUH BCEX JIyHeid, OTpaKeHHBIX
oT 3epKana — HabmoaTemo KakeTcs,
YTO JIYHH, NONAJAKLIHE B €70 Ias,

OTpakeHHBIH ” MPUXOJAT M3 TOUKH S’
ya /
Tnaz Hzo6paxenne TOYKH B IUIOCKOM 3epKayie 1eXHT Ha IEPIIeHARKY Hpe,
wabniogaTens NPOBEACHHOM K 3EPKany U3 3TOH TOHKH, MpUEM,

PacCcTodHHA 40O 3epKana 0T TOHKH # OT €€ HSOGPB)KEHPDI ORMHAKOBEI.
H3z0bpavicenue npeomema CUMMEmPUSHO CAMOMY RPeOMemy OMHOCUMENbHO NIGCK!

2. 3akoH npesomieHUsn
TTpyu nepexose U3 0AHOM NPO3PAUHOH CPEIBI B APYTYIO CBETOBOH Myd HaCTHYHO OTPAXAETCH OT IPAHHLBI Pasjena Cpejl, 3 YACTHYHO NIPOXOIMT B

CAEAYIOUIYIO CPeay, NPHYEM, B HOBOH CPee HANPAB/ICHHE TYYa MOXET M3MEHHTLCA. Takol JIy4, M3MEHMBIIHIT CBOE HANPABNICHHAE IPH NEPEXOJie B
HOBYIO cpefy, HasbiBaetes [IPEJIOMJIEHHBIM nyuom.

' Hopwmaas (nepresanxymip)
: K rpaHULE pazfiena cpea
:
i

Jlyu nagaroluumii 1 Jryd npenoMICHHBIH JieXaT B OZHOH MIIOCKOCTU C HOPMAJIBIO,
NPOBEICHHOM K FPaHMIE pa3fena Cpex B ToUKe nageHus nyya. ITpu stoMm
OTHOLICHHE¢ CHHYCA VIAad HACHUA K CH A3 NPeJOMICHUNA
€CTh BEIHYHHA NOCTOSAHHASA I NAHHLIX ABYX Cpé€)

Yroa najenns

sinf8

/\__\ IPH AaHHOH YacToTe H3XYYEHHS,

4 OrpaskeHHbIH Ty aBGCOMOTHBIH NOKa3aTeTh
(pesynsTar 1 TIpEeNOMICHHS BTOPOH cpe/nt
YACTHYHOIO sma =n, = che’ral _ n2 6coMOTHUIH HOKa3H
otpaxenis) 1 T - zpce;!olmnenux ne‘;so;ecn;enm

- [Tpesiome HHbIH Sin B / ( vcgﬂa 2 nl it
—Ilp AGcomoTHbIH HoKalaTeNAb

Ope10MIeHAN — NOKA3aTeNb
TIpefIOMNIEHNR CPE/Il OTHOCHTETLHO

O1HoCHTeNEHE
noKa3lATe/Ib NPENOMICHHSA

OTHOINEHHNE CKOPOCTH
CBeTa B NepBOH cpesie K

¥ BaKyyMa:
(TOKa3aTeNh TIPETOMIIEHHA CKOPOCTH CBETA BO BTOPOiL c
m>n o a>p BTOPOH CPelIbl OTHOCHTENBHO e
B
' nepsoﬂ) vcxe'ra Bepene
! Cpeda 1 TIpu nepexoze nyua o
1 (RO3aYX) B ONIHYECKH MeHee IOTHYIO opedy (H2 < 1) CxopocTs cBeTa B Bixyyme c= 310" m/c |
n moxet npowsoittu NOJIHOE OTPAXXEHHE Uenera s sosnyxe ™ €, T- & Hyoyzyxa ¥
NyHa OT TPAHUHBI PasZiesa cpe, €CIH Yroa
o [AZeHMA CIHILKOM BEHK: OL > o «— Cp — YTOJI HOIHOrQ BHYTPEHHEr 0 OTPAXKEHHUA
LN TPH yrie nagesus o, = O
Cpeda 2 Cpedal (eozpyx) my<m = a<f yron npenomnesna §, = 90° ={sin oy = 2
n (sonay (B031yX) n
TIpu nepexozne ay4a 8| ITpu nepexoae nyua B | 1
onTHYecky Gosee ONTHYECKH MeHee sin oy ==
TNOTHYIO Cpeay IUIOTHYO Cpefy n
(> m) (< ) L ik S L : . €CIIM 7Ty BLIXOHT B
Sy pUGAIKAeTCA K [ JTyd oTAANAETCA OT TIpH yoIaX NAKEHMA MEHBIINX, SeM 0Ly, Tip & > atg syt BOIAYX ANK BAKYYM U3
HOpMann HOPMATH | vy rpaxacton oT rpaHMUM pasiena HOTHOCTEIO OTPKAETCA OT CPeJIBl ¢ TIOKa3aTe/eM
- Cpel MMLIb SACTHHUHO (C POCTOM OL XOAS  IPAaHMIIBI pasfesia cpelt ¥ He TpenoMIeHys 1
ny-sinoy = ng-sinaz = ... = const OTpaKEHHOH SHEPIHM PACTET) BBIXOJIUT BO BTOPYIO Cpedy
Ry m R, Gepyres co

TIpOH3BE/IERAE NOKA3ATENS NPENOMIICHUA CPe/bl Ha CHHYC YIIa MKy JyHOM H HOPMATIBIO B 3TOH cpeae
0CTAETCA HEM3MEHHBIM NPH NEPEXO/IE U3 OHOM CpelIbl B APYryIo

3HAKOM «+», ECIH
cthepa BrImyKITAA,

Ry

4. JluHsza — MPO3PAYHOE TENO, OTPAHHYEHHOE ABYMA CEPHUECCKUMHU TOBEPXHOCTAMH.
Jluy3a CIMTAETCA TOHKOM, ecu ee TOMIMHA 4B Mana No CpaBHEHMIO ¢ pAIHyCcaMi R) U R; cepuyeckux -
NOBEPXHOCTEH, OrPAHAYMBAIONIMX JIMH3Y, 2 TAKXKE N0 CPABHEHUIO C PACCTOAHMAMHE d H fOT NHH3BL 10

TPEAMETA M OT JIMH3LI A0 HBOGPWCHHX.

Jlun3a HasbiBaeTCA cobuparomieii, eciM Tyay, Nagaloliie Ha Hee
napaniensHo ApYT APYTY, HOCIE IPETOMIIECHHS CXOAATCA.

JInnza HasbiBaeTca paccenBaromiel, €ClTH My4H, NAJAIOUIHE Ha Hee
MapaensHo APYT APYTY, TI0CAE NPETOMICHHR PACXOAATCA.

(DOE!COM JIHH3bI Ha3bIBAeTCA TOYKA, B KOTOPO]?I TocCIe NPEJIOMIEHU R

[EPECEKANOTCA JTyYH, yHaBuike Ha TMH3Y MAPAMIEILHO e¢ TaBHOH
ONTUYECKON OCH (WIH NPOJOIDKESHHA MPEIOMIIEHHBIX JTyuel, eclu
NUH3A PACCEMBAOLUAA).

«=-» = €CIIM BOTHy Tast

O,

I'nasuas ONTHYECKAN 0CH ARHILI NpsMad,
rpoxonAman yepes ueHTpet O u O, cdepiueckux
TIOREPXHOCTEH, OTPAHMYMBAIOUINX JIAH3Y.

O6o3Ha4eHNE TOHKOM PaccenBa~

O6o3Hauenve TOHKOH cobupa-
10MEH THH3B

ToHIEH THH3B!

Doxyc nuH3K

OnTHYecKkast CHIa Jlllll:ﬂ:l\L _ 1 | — 1 1 + 1
H3MEPRETCA B AMONTPUAX: === -1 T
epacren s duomuns. | P TE tR  *R,)|Ez0 F<0
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