Banepuin NBaHoBu4 Ten 80296226637

I. KuHeMaTHKaA

1. OCHOBHbIE MOHAMUS]

JBuxymasics Touka 4
TpaekTopusi TOYKU 4 — JIMHUSA, IO KOTOPOM JBUKETCS TOUKA.

Pag!H!C-BeKTOQ — BCKTOp, OHI/ICI)IB&IOHJ,HFI PAaCIIOJIOKEHNE TOUKHA B

/ MPOCTPAHCTBE. OTo0 HaHpaBJ’IeHHLIfI OTPE30K, HpOBeHeHHLIfI M3 Hadajia
KOOPpAUHAT B TOUKY, ITOJIOKCHUC KOTOpOﬁ OH 3a1acT.

Koopavnara ToYku paBHa NPOEKIHUK PAANYC-BEKTOpa HA KOOPJIMHATHYIO OCh

CucreMa oTcueTa — =
I”y y

COBOKYITHOCTbB T€JIa OTCYETA;
CUCTCMbI KOOPJIMHAT, CB$I33H@’>
C TCJIOM OTCYCTA, U 4aCOB,

0

Tejo oTcuera — TEJ10, OTHOCUTCIIBHO KOTOPOT'O PACCMATPUBACTCS

\—_/ Y~ _“7BWXEHHE APYTUX TeIl.
ry=X

HCIIOJIBUXKHBIX OTHOCHUTCIIBHO
TCJa OTCUCTA.

CKOpOCTh TOYKH

Y AF - Ilepemenenne TOYKH — U3MEHEHUE PAIMYC-BEKTOPA _t/ Ar< Y AF dF .
-< ] (HarpaBIEHHBIA OTPE30K, IPOBEACHHBIN M3 HAYAILHOTO = V= iln’%)— = 7 =7'(1)
—>
TMIOJIOKEHHS TOUYKH B €€ KOHEUHOE ITOJI0KEHHE). At At 4

AF = 7-2 — ;71 S — IYTh, MPOIICHHBIH TOUKOH — ’ecnn U = const ‘ TlepemeleHne TOUKH 3a BpeMst At
JIMHA YYACTKA TPAEKTOPHHU MEKIY HAUATbHBIM
-7~ A Y P p o YcKopeHue TOYKH
- noJiockeHueM (1) 1 KOHEYHBIM TOJIOKEHHEM (2), / =
€CJIM TOYKa HE TIPOXOMT IO OJHOMY y4aCTKY r  Av. y A dD
X _ J . (% o _, —n
0 TpaeKkTopHH OoJiee OTHOTO pa3a (MHAYe MyTh a=— a=llm—=—=7 (z) =7 (z)
) Y ) HaXOMAT KaK CyMMY ITyTel Ha OTAENBHBIX At A0 At dt
IPOCKIMAA Ary=Ax=x,—x;
AF T p == YHaCTKaX). ’ ecin d = const ‘ 3MeHeHHe CKOPOCTH 3a BpeMst At
BEKTOpa [Ipoekius nepemMeleHyst Ha KOOPAUHATHYIO OCh P P
Ha ocb OX

paBHAa UBMCHCHUIO KOOPAWHATHI

CpenHnii BEKTOP CKOPOCTH
(cpemHssL CKOPOCTH TIEPEMEIIICHU )

Cpeonuit Mooyib ckopocmu
(cpenHsis myTeBast CKOPOCTB)

Cpennee ycKopeHue

N\ AT > ™S
YHCIICHHO — ~1
n a, =— I;E(I;;ZI{C?:IM \D’ _ Ar‘\BeKTop HepeMeIleHH s D= E‘
S oz = Ax At P At | Toukn 3a Bpems At
\ rpad v, (1) 3a Bpems At
v, _\‘_ IO BUIIG OCH £ ITyTs, mpoiinenusiii 3a Bpems ¢
— - INJIOIAIb HUXKE OCH [ v YHCIEHHO a,
/+\ t YHCIICHHO + SHOH =Av
_ Snoz[ = S1— t T rpad a() /+\ y
|
rpagp v(?) + - IUIOIIA/Ib BBIIIE OCH ¢ —
— - IUIOIAAb HUXKE OCH ¢
2. 3aKOHbI C/10)XXeHUs1 ckopocmeu U yCKopeHuu
— — — — CKopocTh «noaBmkHOW cucteMsl orcdera (IICO) otHOCH- |1y — 1 e
— | = —
Izm/Hco - lim/nco + vl‘ICO/Hco TenbHO «HenoasmxHOI» (HCO) (nepenocnas ckopocms) v 12 }) 1 /v 2

CkopocTb TOYKH (T)
OTHOCHUTEJIBHO

CKOpoCTh TOUKH (T)
OTHOCHUTEIBLHO «IOABHKHOM»

CKOpOCTb IEPBOI TOUKH
OTHOCHTEIBEHO BTOPOH

CKOpPOCTBH IEePBO# TOUKH

CKopoCTh BTOpOM
TOYKH

(B «HETIOABYKHOM
CHCTEME OTCYETa)

cucremsl orcyera ([1ICO)

(B «HETIOABM>KHOM
(omHocumenbHas CKopocmy)

CHCTEME 0TCUeTa)

«HETIOBUIKHOMN
cuctemsr orcyera (HCO)
(abcomomnas ckopocms)

_— Y CKOpeHHe «IOoABWKHOINY cucteMsl orcuera (IICO)

a =Qa + a/ OTHOCHTENBHO «HenoasmxkHOI» (HCO)
m/Hco m/nco rco/Heco
YckopeHue TOYKU B L\ (nepenocnoe yckopenue)
i Ecau I1CO o
CHCTIOABIKHOM ™~ YCcKOpeHHe TOYKH B «IIOABMIKHONY» CHCTEME OTCUETa
cucreme orcuera (HCO) | He spawaemcs, 08UIICEMCsL NOCMYNAMETbHO (I1CO)
(abconiommoe omnocumenvrno HCO
ycKopenue)

3. HopmanbHoOe U maH2eHUuUasibHoOe YCKOPeHUs

an — HOPMaJIbHOC YCKOPCHHUEC —

COCTaBJISIIOLIAs! TIOJIHOTO
YCKOpEHHS, IEPIEHIUKYIISIpHAs
BEKTOPY CKOPOCTH. DTO YyCKOpEHHE
XapaKkTepu3yeT OBICTPOTY
M3MEHEHHS HaIlPaBJICHHUs BEKTOPa

BexkTtop ckopocty Touku

BekTop ycKopeHUs («IIOJTHOE YCKOPEHUE») MPEACTABIIAIOT
KaK CyMMY JIByX BEKTOPOB (COCTaBISIOMNX ), OAWH U3

KOTOPBIX (quT ) mapaJsuieneH CKOpoCTH, a Ipyron (C_in )

nepreHMKyIpen ckopoctu: (A =0a_+d,

T
t_/ aT — TAHI'CHIHUAJIbHOE YCKOPEHUE — COCTABJIAIOIIASA ITIOJTHOTO YCKOPEHMA,

CKOPOCTH.
2 Paanyc KpuBU3HBI
v " napaJuleNbHasi BEKTOPY CKOPOCTH. DTO YCKOPEHHE XapaKTepHU3yeT ObICTPOTY
a,=— TPaeKTOPUH B TOH TOUKeE,
r< T7ie IMEET MECTO JITaHHOE _ dv
HU3MEHEHH MOAYJI BEKTOpA CKOPOCTH: |, = |[——
HOPMAaJIbHOE YCKOPEHHE. dt
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Banepun VBaHoBu4

II. AumamMmuka
1. Bmopou 3akoH HbromoHa
ma=F+F,+F,+..

B unepyuanpuplx cucmemax omciema (HCO)|

M — Macca MaTepualbHOM TOYKH,
d — ycKOpeHue 3TOM MaTepuanbHON TOUKH,

Ten 80296226637

F+F, +F+..=F, — cyvm7ma Beex cuil, ACHCTBYIOIIMX HA 3Ty

paBH

MaTCpHuaJIbHYIO TOYKY (/)[l()’ll()()(’l?(.‘l”()’\V'I()l,ll(,lﬂ (,‘lrl.'lll).

UCO — cucmempwi omcuema, ONMHOCUMENbHO KONMOPbLX nrobast mamepuanibHasl moiKa, c60000HAs1 OM OelicmeEus. CUJjl, He umeeni

YCKODEHUSL.

WuepunaiibHO# MOXKET PHOJIMIKEHHO CYUTATHCS:
e Cucrema 0oTcuYeTa, CBA3aHHAS C TOBEPXHOCTHIO 3eMIIH (€C/IM He TpeOyeTCsl YUUTHIBATh BpallleHHe 3eMJIIH U CHITBI

nputsbkeHus: K COJHILY U TJIaHETaMm)

Cucrema OTCUCTA, C HECHTPOM B LCHTPE 3CMJ'II/I, ocun KOTOpOﬁ HalpaBJICHbI HA 3BE31bL (CCJ’II/I HaJ0 Y4YCCThb BpalllCHUEC Semin

BOKpYT cBocH 0CH, HO Bpalll€cHHUEC BOKPYT COHHH& U MPUTSIKCHUC K COJ'IHIIy U IJ1aH€TaM MOXXHO HE qu/ITI)IBaTB).

BpAICHUE COJTHEYHON CUCTEMBI BOKPYT sI/Ipa TAIAKTUKH U MPUTSDKEHUE K JPYTHUM 3BE3/1aM).

Cucrema OTCYCTa, C HICHTPOM B LEHTPEC COJ'IHIIa, ocH KOTOpOi/‘I HaIlpaBJICHBbI Ha 3BC3bI (CCJ’II/I MOXKHO HC YUUTHIBATH

2. Teopema o OsUXeHUU UeHmpa Macc M et — Macca cHCTEMBI MATEPHANBHBIX TOYEK (Macca
— - BHEIIL - BHEIII - BHEIIL TEJ1a UJINU CUCTECMBI Teﬂ),
M_.a. . =F +F BT+ ~ )
CHCT " II.M. @ \;. — YCKOPEHHE LIEHTPa MacC 3TOH CHCTEMBI,

B HC F BHEML 4 F' SHEM 4 . — CyMMa BHELIHHX CHII
Brewnue cunbl — cuibl, Oelcmsylouue Ha meid, 6X005uue 8 CUCIEMY, CO . 2 y ’
CMOPOHBL Me, He BXOOAUUX 8 DINY CUCIIEMY. ACUCTBYIOIIMX Ha 5Ty CHCTEMY.

3. Tpemuii 3akoH HbromoHa s I =Fh
Ecau 00no meno (1) deticmeyem na dpyzoe meno (2) cunoii (F),), mo o Fy ™N F,

émopoe meno (2) oosizamenvio deiicmeyem na nepsoe (1) maxoi cunoi F,,, umo —>

; i

F2] "l" uzu

4. Cusibl , xotopbie MOTYT JI€HCTBOBATH /

Ha TeJI0, MOKHO Pa3/IeJUTh Ha JIBE IPYMIIbl: ——_ |

5. [pasumauuoHHas cuna

F - m,m, mF F,
r

e F, mF, — nexar na ogHoii npsiMoit
- e F, nF, — nmeror oxny npupony:
= —E 5 Hanpumep, eciu F|, - cuiia TpeHus, T0

F,| toxe cuna tpenus.

(meficTBHe yepe3 KOHTAKT).

CI/IJ'IBI, I[CI\/'ICTByIOH.II/Ie Ha TEJIO CO CTOPOHBI TCJI, CONPUKACAIOIIMNXCI C HUM

CI/IHBI, ﬂCﬁCTBy}OLHHC Ha TEJIO CO CTOPOHBI TEJI, HE COTTPUKACAIOINXCA C HUM

(meficTBHE Yepe3 CUIIOBBIE MOJIS: IPAaBUTALIMOHHOE, IEKTPUIECKOE HITH
MarHMTHOE) — IpaBUTAIMOHHAS, 3JICKTPUYECKasl MIM MarHUTHAs CHJIA.

F, =F,=F_ , — cuia rpaBUTAalHOHHOIO IPHTSDKCHUS MEXIY

rpaB

F — paccTosiHuE MEXy 3THUMM MaTepHUaIbHBIMUA

TOYKAMHU, WK yenmpamuy mapos (cdep).

m; ABYMsL WWOHHHMH apamu
= St P
TpaB y 2 j (C(l)epaMI/I), MacCChI KOTOPBIX 1111 U M) . m. e. meaamu, pamepol

KOMOPbIX NpeHebpedlcumo
Mabl N0 CPABHEHUIO C
paccmosaHuem mMexcoy HumMu.

Y — IpaBUTALMOHHAA IIOCTOSHHAS ly ~6,67-10™" H-Mz/Kl"zl — M3MEpSIETCS B CIICIUANIBHBIX SKCIIEPUMEHTAaX, OUYCHb Ba)KHAS

BennunHA ((pyHIAMEHTaTbHASI KOHCTAHTA)

~ — oI
DK F rpaBHAMOBEPXH. y 2
ﬁ Rnn

m=gm

IlepBasi KOCMHUYECKAs CKOPOCTh —

FTSDK: mg & FrpaB. Ha MMOBEPXH.

L

g - yCKOpeHHe
6 —_ 111

CBOOOIHOTO ——g=Y—

naJieHus Ha Rs

MTOBEPXHOCTHU

ILUIAHETHI

JT

Bec Tesia — cuia, ¢ KOTOPOH 3TO TeNo, 6Iaroaps HATMYHIO Y HETO MAacCHl,

JIaBUT Ha MOJCTAaBKY, HA KOTOPOM JIEKUT, WK JEUCTBYET Ha MOABEC, l}2
Ha KOTOPOM BHUCHT. m—=mg =
[Neperpyska — MpeBBILICHUE BECOM BEIHYHHBI /1Z. BO3HUKAET B pakeTax, Rm

CKOpPOCTb CITyTHHKA, KOTOPBI
BpaIllaeTcsl BOKPYT IUIAHETHI 10
KPYroBOI opOHTE MUHUMAJILHOTO

BO3MOKHOTO paauyca ¥ = Ry

Just rakoro ciiytHuka no 11 3akony HetoToHa: ma = Figy
YckopeHue CIyTHHKA — [EHTPOCTPEMUTETBHOE
ycKopeHHe (T. K. OH paBHOMEPHO JIBIKETCS T10
OKPY>KHOCTH) a = @, = Ur , CHIa TSKECTH Flyyye = mg.

YuuTteiBasi, 4TO ¥ = Ry, HOTYUUM:

Uy

:gR

T

mudTax v Op. Mpu IBMKEHUU C YCKOPEHUEM, HAlIPaBJICHHBIM BBEPX.
HeBecomocTs — cocTosiHUE, B KOTOPOM BEC PaBeH HYJIO (T. €. TEJIO HE JaBUT Ha IOJICTaBKY). HeBecoMOCTh MOKET BO3HUKATh HE TOJIBKO ITPH

OTCYTCTBUHU FpaBHTaIJ,HOHHOfI CHJIBI, HO U B J'II/I(I)TaX, CaMoOJICTaX, KOCMHYCCKHUX KOpaGJ’IﬂX " 11p., ABUXKYIIHUXCA C Zl = g .
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Banepun UsaHosuy Ten 80296226637
6. Cunbi, delicmeyroujue Yepe3 KOHMakm (Co CmMopOHbI NpuKacarouwUuxcsi meJsi)

6.1. Ecn Telry npukacactcsa TBEPAASA MOBEPXHOCTD , TO CO CTOPOHBI 3TOI MOBEPXHOCTH Ha TEJIO MOT'YT IEUCTBOBATH

JABE€ CHUJIbBI:
N -cuaa Cuia Tpenus - F
HOpPMAJILHOM =
F_ - mampapiena Beerza napamienabHO TOBEPXHOCTH,
Peakumnu R
N CO CTOPOHBI KOTOPOI AEHUCTBYET (10 KacaTeIbHON K
- HallpaBJicHa TIOBEPXHOCTH, €CJIM MTOBEPXHOCTh HE MJIOCKas).
BCeraa

Ora cuila MEIIaeT Tely CKOJIL3UTh M0 MIOBEPXHOCTH (MHOT/IA JeTaeT CKOIbKEHUE
COBCEM HEBO3MOKHBIM).

ITo cBoeit npupo/ie OHA SIBISIETCS PE3YJILTATOM B3aUMHOTO MPHUTSHKEHHST MOJICKYJT
TeJa ¥ OBEPXHOCTH, a TAKXKE 3allCTUICHUSI MUKPOHEPOBHOCTEH TeJia M TOBEPXHOCTH.

HNEPHCHANKYIIAPHO
K ITOBEPXHOCTH,

CO CTOPOHBI KOTOPOA
OHa JICHCTBYET.

Ota cuiia Meliaer Teny "MPOWTH CKBO3b Cua TpeHHUs: MOKET OTCYTCTBOBATE: I ™= 0, ecnn

MOBEPXHOCTE" (T. €. OTpaHHIHBAET 00JIACTh 1. B 3amaue ykazaHo, 4TO "MOBEPXHOCTD IiajKas".

BO3MOXKHOI'O IBHKEHHS TENA). 2. Teno "He CTPEMHUTCS CKONB3UTE", T. €. OHO HE CKOJIB3HIIO OBI 110 TIOBEPXHOCTH
ITo cBOEl NPHUpPOJIE OHA SIBJIAETCA CUIIOM JTaKe, €CIM OBl TOBEPXHOCTH BIPYT CTajla aOCOITFOTHO TIIAIKOU U CKOJIB3KOU.
YOPYTOCTH.

CTCTICHU IEPOXOBATOCTU

Fva < ,UN Eciu nem TeJa ¥ IOBEPXHOCTH,
cKonbocenus

Cuia HOpMaJIBHOH peakiuy AeHCTBYET BCETa,
p peaxinn 1 > A F = Ecnu W - koddduumenT Tpenus H
KOT'JIa MEX]y TeJIOM U TOBEPXHOCTHIO €CTh ™ = npoucxooum
MEXIY TEJIOM U IIOBEPXHOCTHIO.
KOHTaKT. CKOlbIICeHUE
OH 3aBHCHUT OT MaTepuarna,

a TaK)Ke OT CKOPOCTH Telia
OTHOCHTEJILHO ITOBEPXHOCTH ¥. (CM. rpaduk)

6.2. Ecu k Tey MpUKpervieHa HEPACTHAKMMAA HATAHYTAasA HUTH (Tpoc, BepeBKa U T. I1.), TO CO CTOPOHBI 3TOH HUTH Ha
Teno neicTeyeT CHJIA PeaKIIMN HUTH (CI/IJ'Ia HATsKCHUSA HI/ITI/I) TR o

-

T - cmna peakiiuy HUTH - HaIlpaBJIeHa BCEr/ia 10 HUTH (MJTU TI0
KacaTelIbHOW K HUTH, €CJIH HUTh HE MPSMOJIMHCIHA).

T - cuna, neifctByromas Ha
TIOTOJIOK CO CTOPOHBI BEPEBKH,

b IIPUKPEIUIEHHON K HEMY.
Ecny MBICIIEHHO pa3/ieNuTh HUTh HA JIBE YaCTH, TO CHJIA PEAKLIUH OyAeT Hepopmayus cuumaemces ynpyeotl,
JIEWCTBOBATh CO CTOPOHBI OHON YacTH HUTH Ha APYTYIO 9acTh 3TOH HUTH. (B aTOM ecnu nocie npekpaujerus 0etucmesus
cilyyae yarie ynoTpeOsioT Ha3BaHue "cuila HaTshKeHHUs: HUTH'.) oeghopmupyrowux cun meno
8038pawaemcs K Ha4aibHou gopme

6.3. Eciu k Teny npukacaercs | YIPYIo|1e()OpMUPOBAHHOE TEJ0 (NpyxKuHa, ynpymﬁ CTep)KeHb, PE3HHOBBIN IIHYD U T. I.),

TO CO CTOPOHBI YIPYTO AeOPMUPOBAHHOTO TeNa eiicTByeT CHJIA YIIPYTOCTH ( F ) Ha Tena, Melarolue eMy BEPHYThCS B

ynp
HeneGopmupoBaHHoe coctosinue. (Ecnu MpiciieHHO pacceds 1e(OpMUPOBAHHOE TEJIO HA YaCTH, TO CO CTOPOHBI OJIHOW YacTH Ha
JIPYTYIO TOXKE MOJKET AEHCTBOBATH CHJIA YIIPYTOCTH.)

[, - Onuna HededopMupoanHou (c60O00HOIL) NPYIHCUHDBL
- ONUHA HeOehOPMUPOBAHHO20 CIEPICHSL

Al =1 —ly - ynunenue npysxuHbl |Al| |l / |
(m@_ k - koo dumenT sxectrocTH %— £= - OTHOCHTEJIbHOE
%_ [, YIUIMHCHHE

a

7 TIPYXKUHBI

i

CTEepIKHSA

] - Onuna OehopMupoSaHRO npyXHCuHbLL | - Onuna depopMupoeanHo20 cmepaIcHs

— 71 |
P F, - cuna ynpyzocmu, oeiicmeyiowas co
Manvix ynpyaux oe@opmayusix F b 9 ,
21 cmoponvl yacmu "1" na wacme "2".

cuna ynpyeocmu, S
. - naowaos
Oeticmeyowas co CMopoHbl M F yip
2 = wacnmu 2" na wacmy "] " ONEPeUH020 cevenus o= - MEXAHUYECKOE
cmepacns (S L F
s saxona T'yka: P ( ynp ) HANpsDKEHUE, BOSHUKAIOLIIEE B
| A l| CTEPIKHE
TZEI_: Fynp :_|Al| Bakon ['yka:|c = E'g S P w— E - wonyms ynpyrocrn
0 pumanslxl (vopymns HOHra)

ynpyaux deghopmayusx] MaTepuana CTepIKH.

3HAYUT, I YIPYTOro CTePKHS Flyy, =
rie k= ES/ly - k03hHUIUEHT KeCTKOCTH YIPYTrOro CTEPXKHS.
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Banepuin MBaHoBu4 Ten 80296226637
4. Tunbl dguxeHuu
4.1. PagnomepHoe 08UNHCEHUE — NBUKEHYE, IIPY KOTOPOM TOYKa 32 JIFOObIE paBHbIE IPOMEKYTKH BPEMEHH MPOXOANT

(v = const) — oot OlMHAKOBBIE MyTH (BEKTOp CKOPOCTH He U3MEHAETCS 110 MOJYJII0, HO MOKET MEHSATHCS O
S= l{ T HAIIPABIICHUIO)
—— Moayiab CKOPOCTH

IyTh, IpoaeHHbIH TOYKOU 3a Bpems €

4.1.1 Pagnomepnoe npamonutennoe dgudicenue — JBMKEHHE, IPU KOTOPOM TOYKA 32 JI0ObIe PaBHBIE IPOMEKYTKU

(U =const) BPEMEHH COBEPIIAET OAMHAKOBEIE TepeMelenus. (Bexrop ckopoctu
(a=0) s=v-t X =Xo 1 Ux | He MeHsI€TCS HU 1O MOZIVJIIO. HH IO HATIDABJICHHIO)
0 Te— I——Hpoexum BEKTOpPa CKOPOCTH Ha KOOPIMHATHYIO OCh
0 B — KoopaunnaTa Touku B Ha4aJIbHBII MOMEHT ¢ = 0
X KoopauHara TOYKH B MOMEHT f

4.1.2 Pagnomepnoe Osudicenue no OKpylICHOCHuU
(pasnomepnoe epauienue — BIKSHNE TBEPAOTO TENA, IPU KOTOPOM JIF00ast €r0 TOUKa JIBIXKETCS 10 OKPY>KHOCTH,
[IPUYEM, LIEHTPBI BCEX 3TUX OKPY>KHOCTEH JIE)KAT HA OJHOM MTPSIMON NEPIEHUKYIISIPHOM IIJIOCKOCTU BpallleHus, 1 3a

JIF00bIE paBHbBIE IPOMEXYTKH BPEMEHH TEJIO IIOBOPAYUBAECTCS HA OJMHAKOBBIE YIJIBL.) U
(® = const) A _}— Yrou, Ha KOTOpBIii TENIO I0BOPAYMBACTCS 32 !
®= _(P Bpema At (yron usmepsiercs B paauaHax)
s=v-t At =<

—T—— 0 — YrJ10Bas CKOPOCTh (M3MepseTCs B paji/c)

HpI/I PAaBHOMEPHOM JABUKCHUU IT0
U = ® - R<—R — Paauyc oxpyxnocrn, OKPY’KHOCTH TOYKa 00JIagaeT
110 KOTOPOH JBUIKETCS TOUKA CKOPEHHEM, KOTOPOE B JIE000i
71 - Ilepuoa BpameHusi — BPEMs, [MOMEHT HAaIIPaBJIEHO K LIEHTPY
3a KOTOPOE MPOMCXOUT OJMH 9T0ii OKpyx)HOCTH. Takoe
QOHHHI;I 06OpoT. YCKOpEHHE Ha3bIBaCTCs
HEHTPOCTPEMUTEJIbHBIM.
t — BpewMs, 32 KOTOpOe
\ npoucxoaut N 060poToB Dt U - CKOPOCTB JBIKCHHS TOYKU
V - YACTOTA BPAIIEHUs — YHCIIO, g = = |- R — pajmiyc OKpyKHOCTH, 110
000pOTOB, IPOUCXOIAIINX 33 SAUHUITY BpeMeHH (32 1 CeKyHAy). YR KOTOPOH JBMIKETCA TOUKA

Uzmepsiercs B repuax. 1 I'u =1 o6opot/c

>_-) 4.2 ZIBMJIC@H”E C NOCMOAHHbBIM YCKOpDCHUECM v Ux, vy - IPOCKIIMY CKOPOCTH B MOMEHT t
(a=const) AV — U=0 +az<:=>l’x:”‘)”ai"t‘J
ou G = t a=— 0 — — 0y , Ay - IPOCKLIUU YCKOPEHHUS
pu a =const : At , Uy = oy + ay-t
. .
YHCJIEHHO * / Vox » Uoy - IPOCKIUH HAYaJIbHOU CKOPOCTH
— T. €. CKOPOCTH B MOMEHT [ = 0

n\ Y = Ax \Ax:v"+v0xt ( p )

I rpag v, (0) ) 5

| > —— Ax , Ay — u3sMeHeHHE KOOp/MHAT:

+ - IIOIa/b BBIIIE OCH ¢ — = U +U ‘

. U+U Uy Uy Ax=x-Xo; Ay=Y-Yo
~ - MIOWAE HIDKE 0CH £ AF =——0 <—>|Ay = Tt —— X, ) — KOHEYHbIE KOOPIUHATHI
2 /] ’
(KOOpIMHATBHI B MOMEHT [)
a2 2
2aAr =v° —v; <—> Dy -AX = U - onz Ve a t™
2 5 X =X T Upx-t+ L atz
2ay-AYy = vy - Uy 2 <= F =0 +—
dopMa TPAEKTOPUH 2 2
NpH JBMKEHUH C TIOCTOSHHBIM YCKOPEHHEM: = yo + Ut a,
Yy =X 0y 7 Xo , Yo — HAYaIIbHbIE KOOPINHATHI

. / -~ = \_/\j (xoopamHATH B MOMEHT ¢ = 0)
IIpamonuneinas mpaexkmopus (A U UV_napajjeibHbl)

Hapaﬁoﬂu uecKkasa mpaekmopus

4.2.1 Pasnoyckopennoe dsuscenue A MU 4.2.2 Pasnosameonennoe dsusicenue A U (A UV He napaLienbubl)
— _.,2
v=1y tat 261'S:Uz—U()2 V=1 —at 2a-s = 1 —U2
at? v+v, 3 at’ ALY
§S=Vyt+—— §=——1 S=V)t ——— BEE
2 2 2
1< toer = U()/Cl

4.3 F'apmonuueckoe dsuxcenue x = A-cos(ot + @), Uy = —A-0;sin(of + @), a, = —A-o>-cos(ot + @)
(81015 ocu 0X) Un =40 Ay = A’

X — KOOpJMHATa KoJieOomierocst teya (CMeleHre OT paBHOBECHOTO 5 S MakcHMalbHas S MaKCcHMalbHOE

TIOJIOKEHUSA ); (O — LIUKINYEecKas 9acToTa KojeOaHuH, 21 Ay =—0 X CKOpOCTh YCKOpEHHUC

A — aMmuTya KonebaHuil (MakCUMaIbHOE CMEIIEHUE) | () = ——

¢ = ot + @) — (Hasza xonedaHu, (o — HayanbHas dasa. T
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Banepun VBaHoBu4 Ten 80296226637

III. 3axoHBI cCOXpaHeHHA. PaGoTa H MOLIIHOCTB. 77

1. Umnynbc mamepuansHoli moyku | P = 11+ V| 11 - vacca varepuarsrofi Touxn
0 - CKOpPOCTh 3TOU MaTepHaIbHON TOUKU

2. Umnynbc cucmembl MamepuasibHbIX MOYEK pPaBeH BEKTOPHOU CyMMe HMITY/IbCOB BCEX
TOYCK, BXOISAIUX B 3Ty CUCTEMY.

= — — — IIpuMep: UMITYJIbC OJHOPOIHOTO JUCKA, BPALIAOIIErocs
Peyer =Py T Py To..t D, |  BOKpYr HemOmBIKHOM OCH, IPOXOIALICH YePe3 LIEHTP

ﬁmx]cx :ﬁl +p2 +ﬁ3 +p4 +"‘+pn :0
3. Teopema 06 usMeHeHUU UMMNyJibca MamepuasabHOU MoYKuU

— - —_ - _ - (v
— F Ap = P, — P, - U3MEHEHNE UMITYIIbCa MATEPUATIbHON TOYKH.
— WAVA = .
Ap ZF - CyMMa BCE€X CHII, IEHCTBYIOIINX HA MAaTEPUANIBHYIO TOUKY.
zﬁv = const Bvisooumcs uz Il 3akona Holomona: ma = ZF . Econ ZF =const, 1o d =const u
A D,-7, A )
At - Bpems neiicTBus cu. Q@ =—— =—"—— TJloacraBus B ypaBHEHUE | U, JOMHOKXUB 00€ 4acCTU Ha Af , IOJIy4HM ...

- At At
F' - At - ymnysnce cuner.
4. TeopeMa 06 U3MEeHeHUU umMnyrsibca cucmemMbl MamepualibHbIX MO4YeK

W3 . 2: @cnmz@l +@2 +.. '+@n :ZﬁN; ZF = ZFBHem +Zﬁﬁﬂyrp = zﬁsmm +0

T T L E F CyMMa BCEX CUII, ueﬁcmy}omux Ha BCC MaT. TOYKH CUCTCMBbI

M3 n.3: A}_ﬁl = ZFIAZ‘ s Aﬁz = ZFZAZ‘ S ZF — CyMMa BHEIIHUX CHJI, ICUCTBYIOIIMX HA BCE MaT. TOYKUA CUCTEMBbI
BHeEII

E F — CyMMa BHYTPCHHUX CHIJI, ,C[GﬁCTByK)UlI/IX Ha BCC MaT. TOYKHU CUCTEMBI
BHYTp

Z r BHYTP F_

||_ﬁm

i ..+i+i+...=0 — o 111 3axony HeloTona ﬁlz +F’21 =0, F’B +ﬁ31 =0,

||| =

F .
Ap At Z pHem —— CYMMa BHELIHUX CHJI, NIEHCTBYIOIINX HA BCE MAT. TOYKH CHCTEMbI
CUCT BHCHIH

At — BpEeM:A, B TCYCHUE KOTOPOTO JIEHCTBOBAIN CHJIBI.

BHEII

F = const A
pCHCT — NU3MCHCHHUC I/IMHyHBCS. CUCTCMBI MaTepI/IaHBHLIX TOYECK 3a BpeMH At

5. 3aKkoH coxpaHeHusi uMmnynbca:

I/IMHYJ'IBC CUCTEMbI MaTCPHUAJIbHBIX TOYCK COXPAHACTCA, CCIIN

— 1) CymMa BHeNIHHX CHJI, ISHCTBYIOIIMX Ha 3Ty CHCTEMY PaBHA HYJIIO.
p p 2) Bpems ASHCTBUS BHEIIHUX CHJI MAJIO TaK, YTO UMITYJIbC CUCTEMBI HE yCIIEBACT
CUCT CUCT CYILIECTBEHHO U3MEHUTHLCS - BBICTPETIBI, B3PBIBEI, COYIapEHMS, IIPU KOTOPBIX
BHEILIHKWE CUJIBI MaJIbI 110 CPABHEHHUIO C BHYTPECHHHUMHU CUJIAMH.

Ecmu, 1) z — Kpowme Toro,
BHEII o
3) coxpaHsercs NPOEKIHs MMIIYJIbCA HA TY KOODJMHATHYIO OCh, K KOTOPOU

2) At = 0 - ipu OBICTPBIX B3AHMOJICH- MEPIICHINKYIIIPHA CYMMa BHEIITHUX CHIL.
CTBHSX (B3pPBIBaX, BRICTPENAX, COyIApPECHUX), /

€CJIN BHCITHUE CUJIBI HE BO3PACTaroT 10

OOJIBIINX 3HAYCHHUM M OCTAIOTCS MaJlbl 11O pCI/ICT -_ pCI/ICT ecIIu E OX
X 9 BHC

CPaBHEHUIO C BHYTPECHHHUMHU CHIIAMH.

[ON©)

6. Paboma cunbl s F A - . . Aﬁ __ pabora cumt F X
Ennuuna uzmepenust }';'v - r = COS & -
pabotsl B CU C - Ar — nepeMelleHre MaTepUaIbHON TOUKH, Ha
S o 1 ABWO>KEHUE IO MPSIMOM, B -
Lk = 1Hm F = const £ KoTopyIo jeiicTByer cuna F .

HEW3MEHHOM HAIPaBJICHHH. ) a
A >0, ecnu oL — OCTPBIA YTON. < ——>F e,

AF Ol — yron mexay cunoit ' u nepemernenuem Ar .

A <0, ecnin o0 — Tynoii yrom kf g y y y y
— TOOBI HAUTH pa60Ty HE MMOCTOSIHHOUM CHUJIbI Ha/l TOUYKOH, KOTOpas ABUKETCA 110 IPONU3BOJIBHOU

= = 0 ﬁ \ — —
A4 =0, ecn M A TPAeKTOPHH, HaJI0 MBICIIEHHO Pa30HTh JBIKEHHE HA TAKHE Mallble epemewenns dry, dr,, ...,
. F, Ar 9TOOBI HA KA’KIOM M3 HUX C JIOCTATOUHOH TOYHOCTHIO MOYKHO GBLIO OBI CUMTATH JBIVKEHHE
1 dr. I i
2 o o —
g IPAMOJHHEIHBIM, a CHITY TIOCTOsHHO#. Torna A= Fidl’] + F 2 dr. 5t
i
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Barnepuin /1BaHo
7. MoulHG6g

HOCMb A
Enununna nzmepenust N _
MmotHocty B CU -

1 Br = 1]Ix/c t
N = const

8. MexaHuU4YeckKkasi aHepa2usi

Pa6ora. coBepiueHHas 3a Bpems [.

Eciu MOIIHOCTB HE TOCTOSIHHA, TO BBIYUCIIAETCS
Cpeaddgs MOIMHOCTD!

Kunernueckast sHeprus J

Otoil sHeprueit odnaznaiot ABMKYIIIHECS TEa.

11

Eyex = Ext Epe

N, =2

cp /

Ten 80296226637 1
F

—1* v

MI'HOBEHHAas MOHIHOCTLZ%

F dr
dt

=F-U

N=F-v-cosa

OTECHINUAJILHAY DHEPTUA — 3TOi SHEprueii 06IaaroT Tea, Ha KOTOPhIe
necTByoT KOHCEPBATUBHBIE CUIIBI: F Fop. F'

Koucepeamueubz, eCliu OHU HeU3MeHHbl 60 8peMeHU 0151 KaANCO020
NOJNOJACEHUA, UNU ABTIAOMCA 6HYMPEHHUMU 0I5l cCUCmembl.

CI/IJ'IBI, [2360Ta KOTOPBIX HaJ CHCTEMOU Ipu €€ NepeMCUICHNUN 3aBUCUT TOJBLKO OT

2 cucr __
E, mv LEk =E,+E,+.

Kunernueckas sHEprus

MaTepUALHON TOYKH MAcCoi 171, ABIKYIICHCS CO CKOPOCThIO U.

Teopema 0 KHHETUYECKOH

2 Kunerndeckas OHEPTUsI CUCTEMBI
MaTCpHUaJIbHBIX TOYCK.

Pabora Beex cwi,

DHEPIUu: AE P AB cex CHIT JIeICTBYIOIINX B

CHCTEME.
HN3menenue

KHHETHICCKOM OHEPIruu CUCTEMBI

9. Teopema 0 MexaHU4YeCKoU 3Hepauu

BCEX CHUIT KOHC HEKOHC. CHUIT

AE,. =AE +AE, = A . — Ao = A

AE'MCX = AHCKOHC I@

10. 3aKOH cCOXpaHeHUsI MexaHu4eckol aHepauu

HavyaJIbHOTO M KOHEYHOT'0 MOJIOXKEHHUH 3TOH cucteMbl. PaboTa KOHCEpBaTHBHBIX
CHJI HE 3aBHCHT OT TOT'0, KAKMM CIIOCOOOM (IO KaKOi TpaeKTOpHH) cucTeMa Oblita
MepeBeIeHa U3 HAYaJIbHOTO MOJIOXKEHHSI B KOHEUHOE.

OCHOBHOE CBOWMCTBO KOHCEPBATHBHBIX CHJI: pa00Ta KOHCEPBATUBHBIX CHJI
HaJl CUCTEMOM, COBEPILHUBILIEN IBMKEHUE 0 3aMKHYTON TPACKTOPUM
(rorma KOHEYHOE TOJIOKEHUE COBITAACT C HAYABLHBIM ), PABHA HYIIIO.

IloTeHnMAaAbHAsI JHEPTUSA — ATO TaKas (byHKIJ,I/ISI OT PacCIIOJIOKCHUA

CHCTEMBI, YOBUIb KOTOPOIi IIPH MepeMEIIeHHH CUCTEMBI paBHa padboTe

KOHCEPBATHBHBIX CHJI HA 3TOM TiepeMetieHut. |Ey — Ey = Agouerd
YT0OBI BEIYMCIUTL KOHKPETHOE 3HAYEHHE E,, , TOrOBAPHUBAIOTCS B KAKOM
nonoxenun cuctemsl "O" cuntats E,(O) = 0. Toraa B Iponu3BoIbHOM
nonoxeHuu "M" noTeHHanbHas 3Heprus cucTeMsl E,(M) = Aione M0

Ep(TSDK) = :l:mg hueHTpa Macc HaJl HyJIEBbIM YPOBHEM

kAL

==

E,=
h () J
®)

paboTy TOIBKO KOHCEPBATUBHBIC CHIIBI (A e =

E
Mexannueckas OHEPIrusia CUCTCMbI MATCPUAJIBHBIX MeX
TOYCK COXPAHACTCA, CCJIIN B CUCTCMC COBCPIIAIOT

Al
T E MeX

Ecmn Ayexonc =0 |

0)

11. QuccunamueHble CUsibl — HEKOHCEPBATHUBHBIC CHJIBI, pa00Ta KOTOPHIX COMPOBOXKIACTCS BhIICICHUEM

.
FTDeHI/lfl CKOJbKCHUSA 9 FCOHD. KUIK. U I Fﬂeynpyr. B3auMO/.

A = — () — He 3aBUCHUT OT CHCTEMBI OTCUETA ! _ F" = Q
sayrp. e = — O E Mex E Mex

12. MemoObI ebiqucsieHUs1 pabomael

Ecimu Ayexone =

ABHyTp. JIHC.

A, =F-Ar=F -

- COS O |F =const

A— Axonci2 = E, —FEp

ATSI)K =

mg(h, — hy)

TCIIa.

13. CpeOHsisi N0 epeMeHu cusia

—

<Fcp :A—£

CpenHss 0 BpeMEHH CyMMa

BHCHIHUX CHIJI,

UnceHHO "+" — ecnu rpaduK BbIIIE OCH X
n_n

— — ecnu rpaduK HIXKE OCH X

PenetuTtop no cmsunke B MunHcke

> AHGKOHC = MEX
A = (A12 Al)
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Banepuit \BaHoBKY TeeptRihBRZIRAZ 883 Bac s Teno,

IV CTaTH Ka H T APOCTaTKMpaCCTOHHHe MEX]Ly JIIOOBIMU JBYMSI
TOYKaMH KOTOPOI'O HE UBMEHACTCS C

1. Jlns paBHOBecHs meepdozo ména W CHCTEMBI TeJl HEOOXOIMMO OTHOBPEMEHHOE BHIOHEHHE TedeHHEM BpeMeHH (WIH MeHseTcs
JIByX yCIIOBUM: IPEHEOPEKUMO MAIO).
I yciioBue paBnosecusi: CymMma greiynyx Cull, I€ACTBYIOIIMX HA CUCTEMY, JJOJKHA OBITh PABHA HYJIO. Bpewmyumu HA3BIBAIOTCS CHITBI,
BHEII BHEII I[eﬁCTByIOHIHe Ha TCJia, BXOJAIIUC
F1 F2 cee — O B CUCTEMY, CO CTOPOHBI TCJI, HE BXOJALINUX B OTY CUCTEMY.

+...=0

II ycioBue paBHoBecusi: CymMMa MomeHn o6 BHEITHUX CHJI, JEHCTBYIOIINX HA CUCTEMY, M + M
JOJDKHA OBITH paBHA HYIO FBHem BHem
OTHOCHTEITFHO JTIF000# OCH BpalICHUSI.

2. BpamamumM MOMEHTOM cuIbl OTHOCUTEJILHO OCH BPAILCHUS HA3bIBAETCS B3ATOE CO 3HAKOM «1» HIIH «—» [IPOU3BEICHUE

o MOJIyJIsl OTOW CHUJIbI Ha €€ naeyo. [laedoM CHIIBI Ha3bIBACTCS JJTUHA MEPIICHANKYIISAPA, TPOBEICHHOTO
M S = i F . d < 13 OCH BpAILEHUs Ha JUHUIO ACUCTBUS STOU CHIIBI

F F
¥ ~
3Hak «+» Gepercs, ecnu cuna F

CTPEMHUTCSI TOBEPHYTh TEJIO
nPoOmMuUG 4aco80U CMpeKi,
3HAK «—» — €CIIH 10 YaCO80Il.

EEI/IHI/IHa W3MEPEHUS MBCU: 1 HMm WOH CHUJIBI — OTPHMLATCIBHOC YHCJIO: M]:" < 0

3. He BCerga OTHOBPEMEHHOC BBIIIOJIHEHUE Tull yCJ'[OBI/Iﬁ PaBHOBECHUA I'apaHTUPYET HEIMOABUKHOCTDH MEXaHUYECKOU cucTeMbl. [Tokoi crucTeMbl

3ameuanue.

IpuBeaeHHOE 31€Ch OIPE/ICIICHUE BPAIAIONIErO
MOMEHTA CIIPABETUBO JIUIIb JJIs CUII, JISKAIUX B
[UTOCKOCTH TIEPIICHANKYISIPHOW OCH BPAIICHHS.

HEBO3MOYKEH B MOJIOKEHUSIX HEYCTOMYMBOI0 PABHOBECHUSI (T.€. B TAKUX TOJOKEHHUSX, JTI000E GECKOHEYHO MAJIOe CMEIIEHHE U3 KOTOPBIX, IPHBO-
JIUT K TOMY, 9TO CyMMa BHEIIHUX CHJI (WJIM UX MOMEHTOB) CTPEMHTCS e1lie OOJIbIIe YAAIUTh CHCTEMY OT PAaBHOBECHOTO ITOJIOXKeHNs ). Peanm3oBans!

MOTYT OBITH TOJNBKO MOJOKEHHsI YCTOMYHUBOrQ0 PABHOBECHUS (T.€. TaKHe TTOJNOKEHHS, IF000e GECKOHEYHO MaJioe CMELICHHE U3 KOTOPBIX, IPUBOIUT
K TOMY, 9TO CyMMa BHEIIHHX CHJI (AT HX MOMEHTOB) CTPEMHUTCS BEPHYTh CHCTEMY 00paTHO B PaBHOBECHOE TTOJIOKEHHE) H MOJIOKEHUs 0e3pa3amy-
HOI'0 PAaBHOBECHS (T.€. ITOJOXKEHHUS, IPH OECKOHETHO MAJBIX CMEIIEHHAX M3 KOTOPBIX CyMMa BHEITHUX CHJI M UX MOMEHTOB OCTAETCsI paBHA HYJIIO).

4, IleHTpOM Macc cucrems MaTepHalbHBIX TOYCK M1, My, ... , My Ha3bIBaeTcs reomerpuueckas Touka (C), KoOpIUHATHI
KOTOpOU onpeelisitoTes GopMyiaMu:
_mMX tmyX, e M Xy _my tmyy, . tmyyy M Z myzy . M Zy
Xe = s Ve = » Zc =
m +m,+...+my m +m,+...+tmy m +m, +...+tmy

IleHTp TsizkeCTH (T. €. TOUKA MPUIIOKEHUS PABHOACHCTBYIOLIEH CUITBI TSKECTH) COBMA/IAET C IIEHTPOM MAacCC CHCTEMBI, €CJIH 9Ta

CHUCTEMa HaXOJIUTCS B OJJHOPOIHOM IPaBUTAIIMOHHOM M0JI€ (MJIM HANPSHPKEHHOCTD TOJIS TATOTEHUSI MEHSIETCS B PeieNiaX CUCTEMBI

HC3HAYHMTEITHHO) r(m.e. JHCUOKOCTNG HENOOBUNCHASL OMHOCUMENLHO CIEHOK €COCY0a)

5. Cuaa THAPOCTATHYECKOI'0 JJABJEHUSN — cujia, C KOTOPOH MOKOSIIAsACS KUIKOCTh ;[ei/'ICTByeT Ha NOTrpy>KCHHBIC B HEC TEIIa,
CTEHKH U THO COCYy/ia, B KOTOPOM JKHUAKOCTh HaXOAHTCs (0e3 ydeTa IOBEpXHOCTHOTO

ITo cBoeii mpupoae 3Ta cuna HATSDKEHUS ).
ABJIACTCS Cuna zudpocmamuueckozo 0agieHus
cunoit 00bEMHOM yIpyrocTu > | 6cez0a nanpasnena nepneHOUKyIAPHO K moii -
Ona BO3HMKAET, €CITH KUAKOCTh nogepxXHoCmuU, HA KOMOPYIO OHA OCTiCIEyen = N
ckaTa (HanmpuMep, NpHKaTa CHIoi (TIocKoNBKy crita 00BEMHOM YIIPYTOCTH HE MOXKET <— > Y
TATOTEHHS K BHYTPCHHEH HMMEThb COCTABIISAIOUIEN MMapalieIbHON OBEPXHOCTH, XN P
TOBEPXHOCTH HEIIOJABIKHOIO COCY/a) | nehopMUPOBAHHOTO TeNa, @ YPYTOCTBIO (hOpMbI T \
M 3aBHUCUT OT CTCIICHU CXKaTUs. JKHUJKOCTh HE 06J1az[aeT) l l

6. /laBj1eHHEM JKHIKOCTH Ha IUIOCKYIO TIOBEPXHOCTh Ha3bIBA€TCsI OTHOIICHHUE CHIIBI THPOCTaTHUECKOTO JaBJICHUS, AEHCTBYIONIEH
Ha 3Ty NMOBEPXHOCTbH, K IUIONIAIY TOBEPXHOCTH (IIPH YCIOBUHM, YTO CHJIA PACTIpPEEICHa 10 MOBEPXHOCTH PABHOMEPHO).

Ecnu cuna naBnenus HEPaBHOMEPHO pacIpeiCeHa 10 ITIOBEPXHOCTH, TO MOXKHO BbBIYUCINTE CPCAHCC NaBJICHHUC
o 7
p= _ TWAD. MaBlL. W naBneHHe B JIaHHOW TOYKE OBEPXHOCTHU /
S o THUJIp. TaBII.
d <«— 1 Cunia rTuaApOCTaTHYECKOTO JaBIICHUS, JEHCTBYIOMIAS P =
" ruap. nai. d °p S
Ha 6ECKOHEYHO MAIYIO IUIOMIAAKY dS
® [IOBEPXHOCTH IUIOCKAst ds
e JIaBJICHHE OJJMHAKOBO BO (\‘Hﬂoﬂlaﬂb OECKOHEYHO MaJIOH IIomaaKu MOBCPXHOCTDH IIOCKAs
BCEX TOUKAX MOBEPXHOCTH (aTa nnor_uam,udS Majla Ha CTOJIBKO, YTO nnorv_uazmy MOYKHO
C JOCTAaTOYHOM TOYHOCTHIO CYMTATH TIOCKON U
Ennnuna usmepenus nasaenus B CU: 1I1a=1 H/ ME. W3MEHEHUEM JABJICHU B IIpeaenax dS MOKHO IIpeHeOpedn)
7 i J1aBJI. p p ' S =
. JlaBleHrE B KaKOW-TMOO0 TOYKE KHUIKOCTH — 3TO JaBIICHHE Ha BOOOpaKaeMyro 1a cTeriy
0CCKOHEYHO MAITYIO IUIOMIAIKY, HAa KOTOPOH JICKHT 3Ta TOYKa. [IpndyeM, MOKHO JT0Ka3aTh, 9TO +
JTABJICHUE B TAHHOM TOYKE KUAKOCTH HE 3aBUCHT OT OPHEHTAIINU TOH BOOOpakaeMoit = M .S
0OCCKOHEUHO MAJIOH IIJIOIIAKH, HA KOTOPYIO MTPOU3BOIUTCS 3TO JIaBJICHUE. 2

T

JIaBIL.

.
A 4 Ha CTEHKY |
I[aBJ'IeHI/Ie B TOYKC ) KHJIKOCTH B

A,Lpl 2 P Pa=P1=P2=P3 | |f e
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BarepurlARaHoBAY
ephit-iGBaHoOBIAY

8 . B OHHGBBI[HOH HOKO?II.HGf/iCSI )KI/II[KOCTI/I 4— JKUJIKOCTh HETIOABUIKHA OTHOCHUTEIIBHO

CTEHOK cocy/ia (He TeUeT), a cocy [ He
JAABJICHUA B TOUYKAX, JICIKAIUX umeet yckopenus B UCO R P o). - - . Y (Y Y - -

B OJTHOH FOPHU30HTAITBHOM TIOCKOCTH (HA OJIHOM YPOBHE), OTMHAKOBEL| | 1 2
IUIOTHOCTB KHIKOCTH P = = =
OJIHAKOBA BO Beex ee Toukax  OTKPBITasA B arMocdepy, cBoboaHas PL=P2=P3 = P4

[IOBEPXHOCTh JKMIKOCTH T'OPU30HTAJIbLHA, FOPHM30HTANbHAS ITIOCKOCTh —
T. K. BO BCEX €€ TOUKax JIaBJICHUE OJIMHAKOBO U PABHO aTMOC(EepHOMY.

Ten 80296226637

IJIOCKOCTb, NEPIEHAUKYIAPHAs BEKTOPY &

QOK-BO: MEICIIEHHO BBIZAEINUM B )KUIKOCTH npﬂMoyronLHmﬁ napamienenunen 4,8,C.D\A,B,C.D;.

_ C -
[Tnomane A,B,C,D, Tak mMaia, 4TO BO BCEX €€ TOUKaX JaBjieHue oauHakoBo. Ctopona 4,4, ropu3oH- }7‘1 Bz L = & F
N N 4 D | Ié
TanpHa. BeigeneHHplit 00beM KUIKOCTH HaXOIUTCS B PABHOBECHH, [TO3TOMY CyMMa BCEX JIEHCTBYIOLINX —>L..'.\ ........... T — 2|5 D 2
. — — — — A 7 _ 2
Ha HeTo CUJI paBHa Hymo: Mg + F1 + F2 + F60K =0 (Cuma FGOK — CyMMa CHIl ! mg A

THIPOCTATHYECKOTO JaBICHUS Ha OOKOBBIE OBEPXHOCTH A (B ByA,, B\C\CyB,y, C\D\D,C,, D1A1A2D5.) o
B npoekuusax Ha TOpU30HTANBHYIO 0ch OX 3TO ypaBHeHHE uMeeT BUA: | — F, =0 = F|=F, Pa3zgenuB o0e 4acTu 3TOT paBEeHCTBA HA IJIOIMIAAb X
A,B,C\D,, nomyunm 4uto naenenus Ha miomanku 4,B,C,D; n A,B8,C,D, paBHel: P| = P> .

9. B 01HOPOTHOW MOKOSIICHCS KHUKOCTH AaBJICHUS B TOYKAX, JISKAINX HA PA3HBIX

TOPU30HTAJIbHBIX YPOBHSX, OTJIMYAIOTCSA HA P~ IUIOTHOCTB KHAKOCTH

¥
?pH — pB = p%}k—h — PacCTOSHHE MEKIy BEPXHIM
7 ¥l HIOKHUM YPOBHAMH

aBJCHHE B TOYKE, JICXKAIIei

\
Ha 6oJIee HU3KOM ypOBHE HaBJICHAE B TOKE, 2 — YyCKOpeHHe
nexarnelf Ha 601ee BEICOKOM yPOBHE CBOGOIHOTO MaCHMs

JLoK-BO: MBICICHHO BBIICIHM B XHIKOCTH HPSIMOYTOIbHEIN IapajuIeenue]] ¢ TOPU30HTAIBHBIMH OCHOBAHHSIMIL. - \II Y
Brigenennslif 06beM JKHIKOCTH HAXOJUTCSA B PABHOBECUH, TIO3TOMY CyMMa BCeX JSHCTBYIONIMX HAa HETO CHJI PaBHA HYJIO: [~

mg +F a T F s T F6m< =0 (Cuna F6m< — CyMMa CHJI THAPOCTATUYECKOrO 1aBJICHUS

Ha GOKOBBIC BEPTUKAIbHBIC IIOBEPXHOCTH ) h
B npoekuusix Ha BepTHKanbHyto ock OY 310 ypaBHenue umeer Bua: —mg + Fy— F, =0 = F,— F, =mg = pShg mg
(3mech Macca BbIIEIEHHOTO 00beMa XKUIKOCTH /m IIPEACTABIICHA KaK [IPOU3BEICHHE €€ IUIOTHOCTH P Ha 00beM V = Sh

Pa3,[(eIII/IB 00e 4acTH 3TOT PaBCHCTBA Ha IUIONIa/Ib OCHOBAHUA S , HOJTYIHUM: pH - pB = pgh

10. ApxumepoBa CUIa — erirankuBaomas (I0JbEMHAS) CHITA, ISHCTBYIONIAsA HA TENO, MOTPYKEHHOE E, o
P FiF B )KMJIKOCTb WU ra3. ApXMMeI0Ba CHJIA €CThb CYMMa BCEX CHJI TUAPOCTATUYECKOTO IABJICHUS,

apx =t JEWCTBYIOIINX Ha TEJO0, MOTPYKEHHOE B )KUAKOCTb HIIH I'a3 (KpOMeE TeX CIIydaeB, KOTa TeJI0 MIOTHO
+ o+ ﬁN HPYKATO K JHY WIN CTEHKE COCYJa TaK, YTO )KUAKOCTH (Ia3) He MPOHUKAET MEXIY TEJIOM U JTHOM

(cTeHKOH) — B ATHX CIy4asX CYMMapHYIO CHITy THIPOCTaTHIECKOTO JaBJICHHUS HE Ha3BIBAIOT
ANXUMENOBON CUITON)

Puc. 10.1

= F APX = mBLIT' g <l___yckopenue cBOOOIHOTO F APX p)K VHOFp g
Fl/’ /_/ MaCHAS N A
— o . €CJIH KUAKOCTh
F2 —j 2 5 My — Macca «BBITECHEHHOM» KHJIKOCTH — Macca TaKon oHOpoHa P — IUIOTHOCTb CPEJIBI
5 F4 JKe )KUJIKOCTH, KaK BOKPYT Tejla, KOTopas yMecTuiIach Obl B (’KHAKOCTH WK rasa),
00beMe MOrpy>KeHHON YacTH TeNta Voo B KOTODPYIO

IOrPYKEHO TEJO

Jok-B0o: CyMMa CHII THAPOCTATHIECKOTO [TaBICHHUSI F1 + F2 +...+F v = F Apx ° JIEHCTBYIONINX HA 00BEM Viorp HE 3aBUCHT OT TOTO, KAKOE BEWIECTBO

HaXOANTCS BHYTPH 3TOT0 00BbeMa (F1 , F2 , ... — CHIIBI yIIPyTOCTH, OHH 3aBUCAT OT Je(hopMaIiii KHUIKOCTH, OKpysKaromeil 00bemM

Viorp » @ HE OT COIEPIKMMOT0 3TOI0 00beMa). MBICTIEHHO BBIAETMM B MOKOSIIEHCS KUIKOCTH 00BEM, COBIANAIOIIMH C Viorp 1O
Puc. 10.2 APX (hopme 1 pacnionoxkennto (pucynok 10.2). Ha nero 6yayT 1eiiCTBOBATH TOUHO TAKME K€ CHIIBI THAPOCTATHIECKOTO JIABIECHHUS

Fi ) F2 , ..., KAK 1 HQ 00BeM HOI‘py)KeHHOﬁ YJacCTHu Tejia Vnorp . BeiienieHHbI# B )KUIIKOCTH o0beM HaXOJIUTCs B paBHOBECHU, 3HAYUT,

FApX +m,, g=0 = F APX — Meurg » UTO U TPeOOBATOCH JI0KA3aTh.

(B 3TOM 10Ka3aTENIBCTBE CUMTACTCS, YTO aTMOCHEPHOTO aBiIeHUs HeT. UTOOb! yuecTh ero Haluuue, MOKHO
- ——
F—= rgﬁ:?% -t paccmatpuBaTh Teso Ha pucyHke 10.1, kak miaBaroliee Ha TpaHMIlE pa3ziena IBYX cpell — JKUIKOCTH (P,) ¥ Bo3ayxa (p;))
1

F. 2 ~¢ }‘;’w > Ecnu Teno nnaBaeT Ha rpaHMIle HECKOJIBKUX CPell, INIOTHOCTSMU P1, P2, ... (Ha puc. 10.3 npumep, xorga
. ¢ CpEJL IBE), TO MAcCa BBITECHEHHOM KHAKOCTU My HAXOMUTCA Kak CyMMa My = P1V1 + p2Va +P. 103
(V| — obbeM Toii yacTH Tela, KOTOpas IIOrPyKeHa B IIEPBYIO CPEY, He- T
m,. g V3 — obbeM Toii yacTu Tela, KOTOpas IOrPyKeHa BO BTOPYIO Cpeay, H. T. 11.)
ApPXHMEJI0BA CHIIA B 3TOM ciiydae pasHa F APX — (p1 Vi+pahat..0)g P1
1 1 . Ecin CoCy € KUAKOCTBIO IBHUKETCS C YCKOPECHUEM Ei B I/ICO, TO B CUCTCMC OTCUCTA, CBSI3aHHOM C COCyIOM, Ha KaXAYyIO p2 /
TOYKY 3TOM JKHIKOCTH BMECTE C CHIION TSKECTH /Mg ACHCTBYET CHITA MHEPIIHH FHH = —ma . Eciu )UAKOCTh HENOABUKHA

OTHOCHTEJIBHO COCY/Ia, TO B CHCTEME OTCUYETa, CBA3AHHOM C JBIKYIMMCS COCYIOM, MOKHO HCIIOJIb30BaTh (GOPMYJIBI U3 ~ -
- — — — =/ = —
nyHKTOB 9 1 10, 3amMeHss B HUX g Ha g' =g—a. » g g FApx anorpg
P2~ D3 hf B, a
=no'h ] 3
pr—p2=pgh 151 |

—a
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Banepuin NBaHoBu4

V. TennAoBBI€ ABACHHS [, oo ion]

1. YpasHeHue MeHOeneeega-KnanetipoHa

JlaBaenue raza (B I1a)
1 atm =~ 10° [Ta ~ 760 MM.pT.CT.

OGbem rasa (B M)

la=103u’

k= RINs ~ 1,38:10 Jlw/K

noctrosiHHasa boabiiMaHa

Ten 80296226637

AGcomoTag Temneparypa |7 = (¢ °C + 273)E

pV = V{QFQ

YHuBepcanbHas ra3opas noc

—— KoJuinyecTBO BelliecTBa — YHCJIO MOJIb T'a3a.

TOSAHHAA

~ 8,31 JIx/(Monb-K)

1 Mosb — rpymma u3 ~ 6,02-10* mone

KYJI.

Yucio ABoraapo |NA % 6,02:10* Mo

— KOHLIEHTpaLus rasa -

p =nkT

2. 3akoH [JanbmoHa

YHCIIO MONIEKY B 1 M.

m
V =—RT
P M

paznenum o6e yactu Ha V-

p = m/V|— nnornocts raza.

p:

pCMeCH_pl +p2

P

- P Rrr
M

I[aBneHHe cMecH
HepearupyoIInx
ra3os.

P =

CMECH

7

cMecu

3. OcHogHoe ypasHeHue MK T\

EHOCT —
| 2

2
mOvKB — —kT

3
2

st upeanpHOTO ra3a|

M ~16-107 kr/monb —+ 15,9994 O

N —— Yucno Mosekyi rasa
v=—-
N, Uucno monexyn B 1 Moib
v = M —<—— Macca raza
M <— Macca 1 mons raza — MOJsIpHas Macca

8

Kucnonon

[laprmanbHOE 1aBICHUE TIEPBOTO U3 ra30B, BXOAANINX B CMECh, — T. €. IaBJICHUE, KOTOPOE CO3daBall OBI 3TOT

V,RT

ras, eciau Obl OH OJMH 3aHMMAaJl BECh 00bEM CMECH.

2
~nE,

P=3

II0CT

|
_%

v: |l

my, =—

M —<t—Macca 1 monb

L Yuciio MoKy
B | Mousb

N =

KB I

AN

CDGJ’IHSISI KHMHCTHYCCKasA SHCPIUi HOCTVHaTeHbHOFO JABHIKCHUA MOJICKYJI

2

2
myv,  myU,

myUs,

+—F .. —— 2 2
EHOCT: 2 2 2 :ﬂ Ul +U2+"'
g N 2

4. [a308ble 3aKOHbI

PV _ .V,
1, T,

v = const ,
ra3 uaeajbHbII

= v = const

ITnornocts raza P

N\

v

KB

Macca 0JHO! MOJIEKYJIbI

U2

CDeﬂHHﬂ KBajJpaTudHasad CKOPOCTb

N

14
Uz pV = VRT cnenyer, ato ecnu v = const, T0 P _ const

T = const

| oV =DV,

H3oTepMHuUecKHi MpoIecc,

rpaduk - H30TepMa.

'V = const
\n_n

p=const| — =—
11 T

M3zobapubii| 1 2

mnpoiece,
rpaduk - u3obdapa

v = const,
V' = const

n
L T,

HN3o0xo0pHbIii

P

mpoiiecc,
rpaduk - uzoxopa.

PenetuTtop no cmsunke B MunHcke
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Banepuin NBaHoBu4

5. MepebIli 3aKkOH MepMoOUHaMUKU

Ten 80296226637
PabGora ra3a

KoanuyecTBO TEIIOTHI, nonyuerHoe (Q > 0)

0 =AU+ Ay

Ara3a =

— AHa/:( ra3om

umn otaanHoe (Q < 0) cucTemoi. |

(DHeprus, momydeHHAas WIK OTAAHHAS CHCTEMOH B IIpOIecce
TEIUIONIepeIau, T. €. IPU OOMEHE SHEPTUAMH MEKIY

MOJICKVJIaMH — Ha MHKDOCKOITMYECKOM YPOBHE.)

0

C=—= Q=CAT
AT E—
TennoeMKocCTh Tena (CUCTEMBI)
c= 9 = Q=cmAT
mAT —
YenbHast TEIUIOEMKOCTD BEIECTBA
c, =2 — o=c AT
M M
MT VAT —_—
OJIIPHAs TEINIOEMKOCTh BEIIECTBA
AU
Ipu V' = const: “yp —
b AT
Ilpu p = const:
AU+ 4

C
b AT

6. AQuabamuyeckul npouecc

0=0= Ay =— AU

>CV

B Temnon301MpoBaHHO CHCTEME UITH IIPH OBICTPBIX MPOLIECccax

[Tpu aguadbaTHyeckoM paciiupeHnn (Ar,;, > 0) ras oxnaxkunaercs (AU < 0)
Ipu agnabatuaeckoM cxKaThuH (A, < 0) ra3 Harpeaercs (AU > 0)
Anunabara — runep6oina, uayimas 6osee "KpyTo" yeM u3orepmsl (¢ poctoM V yoriBaer 7).

HN3MeHeHHe BHYTPEHHEH
3HeQFI/I]{l CUCTCMBI

U= Ek TEII + Ep B3aUM

BHYTpeHHAT 1 eryrgeckan [oTeHuManbHAs
SHEPIHs
SHEPIHs SHeprHs
XA0THYECKOTO  papmomeiicTBUS
(Ternosoro) MOJIEKYJ JIPYT C
JIBIDKCHUS pyroM
MOJIEKYL.

B npeansrom rase Fy reny >> Ep B3auM » TOITOMY

i I
U= EkTeHH = EpV IEVRT

i =3 nnsa ogHoaromHbIX razoB (He, Ne, Ar, ...)
i =5 nnsa neyxaroMubix razoB (Ha, Ny, O, BO31yX, )
i = 6 1711 MHOTOATOMHBIX Ta30B (maps! HO, ...)

V' = const

Ara3a =

0

—

p = const

Araza = pAV 5 VRAT

\ ‘II/IICJ'ICHHO
¥

Araza == Snoz( rpad. p(V)

"+" — ecnu ra3 pacmmpsiercs
n

—" — eciu ra3 cXUMaeTcs

p

Vv

AU = §<p2V2 —p V) = %vRAT

Haczpesamens

THaF

J1st maeanpHOTO Ta3a |

AU = C,AT = ¢,mAT =C,,, VAT

JIst uaeabHOTO ra3a
B JIFOOOM IIpolLiecce

7. KO uuknu4yecko20 npouecca

(mennoeo20 dgu2amerisi)

Paobouee
eeuiecmeo

A 4ra3a B IIUKJIE

. QHO,IIB o ‘QOTB

=1-

num(na _

QHOI[B

QHOI[B

‘ QOTB
QHOI[B

Xonoounvnuk

T X0.J1

QHOHH. 3a [IUKJI = QHOZ[B + QOTB = Al]B LIUKIIE + Arasa B LIUKJIE
-+ -+

! H QOTB < O = QOTB =- | QOTB | AUB wuKIe UKOH - UHaq = O
5 E 4 _ | _
Q OB QOTB Arasa B LIUKJIE
A N — + S "+" — ecnu UK naeT "o 4acoBoii cTperke”
T'a3a B UKTC ? — OBHYTPY Wakta p(F) n_n _ €CJIM LIUKJT MIET ""MPOTHB YacoBOM
YUCIICHHO P—

6. HacblweHHbIl nap
p NneanbHas

T

Har

T

Har

-T

XO0J

T] nacan

—Tas, TabHEenIee N30TCPMHUYCCKOC CKATHUE UITU U30XOPHOE
OXJIAXKAECHUE KOTOPOT'O MPUBOAUT K MMPEBPAILIECHUTIO YaCTH 3TOT'O
rasa B KMJIKOCTb (TIPY HAJTUYUH [ICHTPOB KOHICHCAIIMH ).

n3orepma 9 &
\ —ra3, HaXOOAIIUHUCA B JUHAMUYCCKOM PaBHOBECHUHU CO CBOCH XUIAKOCTBIO, T. €. B COCTOAHUH, KOTJa YHUCIIO
Prac |- N
X
B~ VP

Kh[{ HUcaIbHOU TEILIOBOU
MaIllMHbI, pabOTAOIICH 1O
nukiy KapHo — MakcuManbHBIN
TeopeTnyecKu Bo3MOHBIN KITJ{

npu JaHHbIX 1, narp 1 Tyon

MOJIEKVII. IEDEXOIAIINX U3 ra3a B )KUAKOCTh paBHO YHUCITY MOJIEKYJI, MEPEXOAAIINX O6paTHO 3a TO XK€ BpEMH.
eaJIbHbIC U30TEPMBI: 00nacTh I - Boga

O6J'IaCTL 1I - BOJia B paBHOBECHHU C HACBIILICHHBIM
obnacte III - ra3

T - XpuTHUECKas Temneparypa, npu T > T, Ta3
HUKAaKUM C)KaTUEM HEITb3s1 IEPEBECTH B XKUAKOCTb.

YcaoBue KMNEHUA: Pyac = Pua nysmpex ~ Paru |

ABJICHUC HACBIIICHHOTI'O I1apa (a TaK>XE€ €Iro HJ'IOTHOCTB)
0JTHO3HAYHO ONPEACIACTCI TEMIIEPATYPOU K 0oJIbllIe HU

rapom

0T yero He 3aBHCUT (HU OT 00beMa, HM OT Macchl 1mapa).

OTHOCHTEIbHASI BJIAKHOCTh BO3yXa

pnapa B BO31yX€

p rapa B BO3JlyXe

(p:

PenetuTtop no cmsunke B MunHcke

JI71st BOZIBI Pyac (100 °C) =~ 10° IMa

puac. napa npu JJanHoi T’

(x100 %)

p Hac. rapa npu gaHHou 7'
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VI 3 Banepun NBaHoBu4 Ten 80296226637

AeKTpOCTaTHKa | ot
- ~9.10° 2 M_
1. 3akoH Kynona ‘ q ‘ k 4re, 9-10 K
Cuna F =k ! b
5IEKTPOCTATHIECKOTO 911 cr 2 €~ 8,85-10"° ®/M — anexrpuyeckas mocrosHHas
B3aMMOICHCTBIS | [~ ¥ — paccTostHIe MEXTy 3apsAIaMu ¢ ¥ g,
TOYGUHBIX 3apPSIO0B ¢ U ¢ T

€ — IMRIEeKTpUYecKas IPOHUIIAEMOCTh CPEIbl, B KOTOPOH HAXOAATCS 3apsambl ¢ U ¢

TOYEUHBIMHU CUNTAFOTCS 3apPsDKCHHBIE TEJa y .
P ’ (monaraercsi, 4To cpesia — Oe3rpaHuYHBIN, OJTHOPOIHBIN JUINEKTPHUK)

pa3Mepsl KOTOPBIX MPEHEOPEKUMO MaJIBI 110
CPaBHEHUIO C PACCTOSHUEM MEXy HUMHU.

= ] | 3apsabl IPOTHBOIMOIOKHBIX 3HAKOB ("paaHonMeHHLIe")

OPUTATHUBAIOTCA APYT K APYTY! {.. =y

€gosx ~ Cpakyyma

2. [MpurHyun cynepno3uuyuu

Q" F F, ©
Ecnu Ha 3ap;m ¢ IEeHCTBYIOT HECKOJIBKO 3apsnoB Oy, 05, ... , TO: o 2
— 3apsiabl 0AMHAKOBBIX 3HAKOB ("'ogHOMMEHHEIE")
}A? Ha g Ha q (Ql ) Ha ¢ (Qz ) s OTTAJIKMBAKOTCA APYT OT ApyTa:
— — + +
Cia, )JeﬁCTBy}omaﬂ Cuita, koTopast eiicTBoBana +C;\ 17“(_;1 gz—)ﬁ ]3(_%1 Q2_)F'
Ha 3PS ¢ CO 6b1 Ha 3apsi ¢ €O cTopoHbl < o 21 12 21 12
CTOPOHBI CUCTEMBI 3apsiia Oy, B OTCYTCTBHE _C___{:_} g F
3apsinos Oy, O, ... OCTaNbHBIX 3apaa0B ), Os, ... 0, \ 1
3. Anekmpuyeckoe nosie — ocobGas marepus, F=h+h
BO3HHUKAIOIIAs BOKPYT JIFOOBIX TEKTPHYESCKHUX 3apsI0B U JEHCTBYIOIIAS IEKTPUYSCKON
CHJIOH Ha JIIOOBIE AJIEKTPUYECKUE 3apsbl, MTOMABIINE B 3TO IOJIE.
XapaKTePpUCTUKH 3TEeKTPUYECKOT O MOJIA
E — nanpsskeHHOCTD 3mekTpuueckoro moss — CuioBas (0 — IDOTCHITHAJI MEKTPUYECKOTO MO — dHEepreTHdecKas
XapaKTepUucTUKa MoJisi. HanpskeHHOCTh YHCIICHHO XapakTepucTuka moust. [loTeHnnan YucaeHHo paBeH
paBHa cujie, KOTopasi IeicTBOBaNIa ObI HA SIUHUILY MOTEHIUATBHON SHEPIHHU, KOTOPYIO MMela Obl eIMHHULA
pOGHOTO 3apsna, MOMEIEHHOTO B IaHHYIO TOYKY PpOoOHOTO 3apsia, HOMEHIEHHOTO B JAHHYIO TOYKY MOJIS.
TOTA. ATPSDKEHHOCTD AIICKTPUYECKOTO = .
)| _' HOJI’II), CO371aBaEMOTO BT}r)oy”I TOYKE, I{V T = ABH'Haﬂ 9 = q ((P — (P )
Pty = 4ET fimmimayon™ |l |41 e
P P v SHCprud sapsna g, Pabota 31eKTpu4ecKux CHIiI HaJl 3apsiioM ¢
9HEKTPH‘IGCK3’I cuia, LO—— FHd “ M E | KOTOpEIH HaxoauTCs MPU €r0 MEePEMENICHUH U3 TOUKH C
JICHCTBYIOIIAsA Ha B TOKE, I'I€ BCE MOTEHIUAIOM () B TOUKY C TIOTEHIIUAIIOM (.
TOYEYHBIH 3apA. g CO OCTAJIBHBIC SAPANBL (110 repmpansl @) U @, CO3IAKOTCS BCEMH
CTOPOHBI HMCKTPHYECKOTO -0 (Kpome ¢) COBMAOT v, kpomee )
TOJISL. NE MOTEHIHAT .

Ha( )

3.1. Hal’[pﬂ?](eHHOCTb U NMOTEHHUHUAJ JNEKTPUUYECKOIo moJjsi, CO3TaHHOro OIHUM TOYCYHLIM 3apaAIoOM Q

\\{/ :kg g ¢=0mnHaoo

-E,, 0, =k

er’ er
M M
E ]> HaHpH)KeHHOCTL aﬂeKTpI/IquKOFO HOHH HOTGHHI/IEU‘I SHeKTpI/I'leCKOFO HOJ‘IH, CO3JaHHOT'O TOYCYHBIM
M

= CO3/AHHOTO TOHCHHEM 3ap51I10MVQ B 3apsaAoM Q B TOuke M, pacnonomeHHoﬁ Ha pacCTOSIHUHU 7 OT Q.
E HarpaslieH oT "+" 3aps0B TOuKe M, pacrnonaoKeHHOU Ha
" 3apsiam paccrosHuu 7'y ot Q.

3.2. Hanpsi:KeHHOCTb U MOTEHIHAJ JJEeKTPUYECKOro MmoJs,

CO3JAHHOTO CHCTEMOIN TOYeYHBIX 3apsaaoB Q, Q,, ...

J;M—E (0)+E,(0,)+... Q1= (1) + ¢1(Q2) + ..

HaHpH)I(eHHOCTL HanpspkeHHOCTB 3IIEKTPHIECKOTO MO, HOTCHHI/I&JIN— IloTeHuman >1eKTpHYECKOro MoJIs, KOTOpoe
MEKTPHIECKOTO KOTOpOE CO3/1aBasI ObI B TOUKe M 3apsiz smexTpudeckoro  COTABAT 051 B TOuKe M 3apsn Oy, B

TOJISL, CO3AHHOTO 01, B OTCYTCTBHE OCTANIBHBIX 3apsI0B Hons, cosanporo  O1CYTCTBHE OCTAILHBIX 3aps/IoB 05, 05, ...
cucremoii toueunsix 92 G35 - CHUCTEMOM TOUEYHBIX

3apsanoB Oy, Oy, ... 3apsanoB Oy, O,, ... B

B TOuke M Touke M
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Banepuit MedickyudHanpsakeHHOCTh M MOTEHHHAJ JJEKTPHYECKOT0 NMOJS, CO3/1aHE030296226637

* M PABHOMEPHO 3apsi’KEHHBIM 10 MOBEPXHOCTH IapoOM
+ L+
4 +
+
5 o
‘Qmapa (p — k Qmapa
EBHe mapa = k B BHE 11apa cr &
+ o+
grﬂo HeHTpa mapa JI0 LIEHTpa 1mapa 0
¢=0Haoo
E — O _ _ _ k Qmapa
BHYTpU 11apa (PBHyTpl/I - (Pnosepxx-x =¢ mapa R
Rmapa 510 uenrpa tapa 1uapa & mapa
3.4. Hanpsi’keHHOCTh M MOTEHNHMAJ OJHOPOJAHOIO 3JEeKTPUYECKOIro moJuas, Ruapa ‘nertpa
/‘ (CO31aHHOTO0 PABHOMEPHO 3aPSAXKEHHON NMIOCKOCTHI0O HJIH NJOCKHM KOHJIEHCATOPOM)
+
‘ G‘ q < Jist 1F000T0 OJTHOPOJHOTO JIEKTPUISCKOTO TOJIS:
Cc=—= -
— —_— — e —_ e —_
- E = > )y S ¢~ @, =E-AF_, = E-|AF,|-coso.= E, - Ax
— [NoBepxHOCTHAs U, Bexrop, p a
IUIOTHOCTD 3apsn * MIPOBEICHHBIN 13 i A7, Il OX]
. [Inockuit koHIEHCaTO TOUYKH | B TOUKY 2.
Bun cOoky il P | 3apsaa flosepxHOCTH HamnpspkeHe Yy 0 — @, = E (x X )
+ (Buz cOoKy B paszpese) D AMDAKCHHT 1 2 WAy = Ay
S S — TomAIBI0 S (pazHOCTB -

. 5 +h— G MOTEHIHAIOB) U=FEd <+—d — npoexius BeKTOpa
RS T+ E _ MeXay Toukamu 1 u 2 AF,_, Ha cutoByio
e~ - KOHJT c B OZJTHOPOJJHOM 2 o
—— ] 0 JJIEKTPUUECKOM IIOJIE. JTHHHIO.

+ p—
|
4. [lomeHuyuasibHasi 3Hep2usi cucmeMbl 3/IEKMPUYECKUX 3aps1008 | PR ' .
A7, |-cos

L'\’I/VCI/ICT = WB

)

HCII

——————— ]

B3anM

_|_

OHeprust B3aNMOACHCTBHS 3aPsI0B CHCTEMBI

C BHCHIHUM BJICKTPUYCCKUM IOJIEM

/4

B

BHCIII

HeEIIl = Ql(Pl + qZ(PZ

BHCIII

BHCIII

SapH,ZILOB qi1, 42143

—— OHeprusi B3auMOICHCTBUS
3apsA0B CHCTEMBI JIPYT C IPYTOM:
JUTSL CUCTEMBI U3 TPeX

JUIS CHCTEMBI
U3 IBYyX
3apsA0B ¢ U G

B3 _kql

4,

+k%'% -I-qu.%

"

23 T

(O} — MOTEHILIMAJI BHEIIHETO 87/12 8’13 er; 23

" _ cobct o
JJIEKTPUYECKOTO OIS B TOW TOUKE, TIe ;  NOTEHIWAN, CO3ABACMBIiL
PacrosIoKeH 3apsa ¢ ;. co6CT

/4

5. Anekmpoemkocmsb

DIIEKTPOEMKOCTh—>+
YEeIUHEHHOTO MPOBOHUKA

C

B3

iy

—Z

BCEMU 3apsggaMu CUCTEMbI, KDOMC qi ,

B TOUKE, I/I€ HAXOAUTCS 3apsia ¢ ;.

poB ™~ 3apsAa NIPpOBOJTHUKA

—

3apsij1 KOHJIEHCATOopa (3apsin ero "+" -

c 44—

— 3aps racTuHe 1"

—— INOTCHIMAJI IPOBOJHHMKA OTHOCUTCIIBHO OCCKOHEYHOCTH

TJTACTHHBI )

—— Jusaekrpuyeckas MpOHUIIAEMOCTh
BCHICCTBA MECKAY IJIaCTUHAMU

ai‘S

\Hnomam) MJIACTUHBI KOHJIEHCATOPa

IUIOCKOTO d
KOHJIEHCATOpa
— Pa3HOCTh NOTEHIIMAIOB e
Mexay rmactuHamu "1 u "2"

2

CU*> ¢ :qU

/4

3J‘I€KTDOGMKOCTI) Hanpsokenue —ly = E d 1 paccrommiic mexay KOHO 9 C 9
KOHACHCATOpa Ha KOHIEHCATOpE NJacTHHAMM KOHJAEHcaTopa
(paSHOCTI) IIOTCHIIMAJIOB HaHpH)KeHHOCTB 3JICKTPUYCCKOTO I10JIA SHBDI‘I/ISI DJICKTPHYCCKOT'O ITOJIA
Mexay "+" u "-" mIacTMHaAMu) MeXly IIaCTHHAMH KOHJIeHCAaTopa KoHJIeHcaTopa
apanneanoe COE€IMHEHHE KOHJICHCATOPOB + | (_HOCJIGIIOBaTeJ'H)HOG COCAMHCHHUEC KOHACHCATOPOB
— (KaXIplif KOH/IEHCATOP COEIMHEH OIHOM IIaCTHHOI ¢ (KaX b1 KOHICHCATOP COCMHEH OIHOH ILIACTHHOM ¢
"+"-BBIX0JIOM CHUCTEMBI, a APYTOH MIACTUHOH ¢ "—"-BBIXOJOM) G G NpEaBIAYIINM, a APYTON IIIACTHHOM C MOCIEAYIOMHM
U = U U = o KOHZIEHCaTOpOM 0e3 OTBETBIICHUI)
map o6 anpsHKEHUE MEXKY BBIXOJAMU CUCTEMBI noen _ 1 1 1
Com G+t — + +(_ : — Ugn =U, +U, +.. L _L, 1.
apsiJ IPOBOJIHYKA, COSIMHEHHOTO C "+"- BEIXOJOM
;l\ qoﬁm ql q2 PP A A CI/ICTCHMLI qnocn =q,=q, = C06m Cl CZ
oom ~ Y1 T Y2 T -
O01as eMKOCTh CUCTEMBI KOHIEHCATOPOB — eMKOCTh TAKOTO OJHOTO KOHIEHCATopa,

TP BKJIIOYEHUH KOTOPOTO BMECTO BCEH CHCTEMbI HE U3MEHSATCS HAMPSKEHNE MEXITYy BBIXOJAMU (Unﬁm) o o0mIMi 3apAn 4 oam

6. Ceolicmea npo8odHUKa 8 3JIEKMPU1YECKOM 1oJie

Ecnu npoBoaHUK 3apsikeH, TO
3apsj paclpenencH B

—

[IpOBOJHUK DKBHUIIOTCHIIHNAJIEH

=0

=

—

CunoBble TUHAHU BXOIAT B

OECKOHEYHO TOHKOM CJIO€ Ha
MMOBEPXHOCTH MPOBOIHUKA.

(O makcuManbHa BBIMTYKJIOCTSIX,

BHYTPH _ _ _ TPOBOJHUK U BBIXOIAT U3 HETO
(Pl - (PZ T oeee T (Pnposo;[Hm(a
TIPOBOJHAKA MEPIEHIUKYIIAPHO IIOBEPXHOCTU
Ecnu B NPOBOAHUKE HET TOKaAa

0COOEHHO Ha OCTPUSIX, I MHHUMAJIbHA
Ha BOTHYTBIX YYaCTKaX IIOBEPXHOCTH)
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DJIeKTPUYECKHUIl TOK - YIOPSI0OYeHHOE IBHKCHUE 3apSKCHHBIX YaCTHIL, T. €.

e
VII N I I OCTOHHHBIH TOK TaKO€ JBMIKEHHE, TP KOTOPOM Yepe3 MONEPEYHOE CEUCHHUE ITPOBOAHNKA
MIPOUCXOUT MIEPEHOC 3apsiia.

1. YnopsidoyeHHass cKopocmb Hocurenn Toka - 3apsbKEHHBIEC YaCTHIGI, IBUYKEHHE KOTOPBIX 00pa3yeT TOK.
OOBIYHO 3apsHKEHHBIE YaCTHIIBI B BEIIECTBE ABMKYTCS Oecropsaouno — "XxaoTuuno". Cpean HampaBlIeHUH IBYKEHUS DTUX YaCTHUIL HET
MIPEUMYIIIECTBEHHOT'O — BCE HAIPABIICHUS BCTPEUAIOTCS OJMHAKOBO YaCTO, TO3TOMY 4depes JTI000€e ceueHHe MPOBOIHUKA MMPOXOINT B 00€
CTOPOHBI B CPEJIHEM OJMHAKOBOE YHCIIO HocuTeneil. CpeHee 3HaUeHNEe BEKTOPa CKOPOCTH 3aPsKEHHBIX YaCTHUIL TIPU TAKOM JIBH)KEHUU B
UV, +0, +...+Vy
JIBIDKYIIIUXCSI HOCUTENIEH HAaUWHAET CMEIAThCs B KaKylo-1100 CTOpoHY (3TO Ha3biBaeTcs "aApeid'"), To Takoe ABMKEHUE CUUTAETCS
YHOPSIOYEHHBIM U 00pa3yeT dJIEKTPUIECKH TOK. B 3TOM citydae cpejiHee 3HadeHHe BEKTOpa CKOPOCTHU YK€ HE paBHO HYJIIO U Ha3bIBACTCS

= U, +0,+...+0, .
wm =U= N . Uy, HanpasieHa Ty/a, Ky/a CMCIIAeTCst Macca
XA0THYHO JBIKYIIMXCS YaCTHUIL - B CTOPOHY Jpeiidha. MokHO IpecTaBUTh ceOe TOK B MPOBOJIC TAK: HWIMHAPUYCCKUI COCYI, 3aII0JHCHHBIN
XA0TUYECKH JIBIDKYIIIUMUCS HOCUTEIISIMU TOKA, MEJIEHHO (II0 CPAaBHEHHIO CO CKOPOCTSIMH TETLJIOBOTO JIBUKEHHSI HOCUTEIIEH) epeMeIiaeTcst

1000 MOMEHT PaBHO HyNO: U = = 0. Ho ecnu, npostosmkas 6ecriops109HOE JIBUKEHHE, BCS 9Ta MACCA XA0THIECKH

CKOPOCTBIO YIIOPSJIOYEHHOIO ABVMYKEHUs] HOCUTEIEH: UV

Cropocth cocyna B 9T0i Mozenu - Uy, . Ecin cocyx MBICIGHHO paccedh HEMOABIKHOM MIOCKOCTRIO L Uy, TO 4epes 9Ty MIOCKOCTE Oyer

yn?

TMEPEHOCUTLCH 3apsa.

2. Cuna moka
Moaynb CUJIbI TOKa~]

Mopynb 3apsina,

MEPEHCCCHHOI'O Y€pe3 ; X /
ONnEpeIHOC CCYCHHUE n

Enununa o

HU3MEPEHUS CHUIIBI t HPOBOJHHKA 32 BPEMA f . o/:) o/ o\

Toka B CU: Y
I = const = -

1 A=1Ki/c Uyn

Ecnu cuna toka mensercs (I # const), To seraucusior

3. [1TOMHOCMb MOKa — BexTOp | , HATIPABIEHHE KOTOPOTO
MTHOBEHHEIE 3HAYEHMS CUJIBI TOKA (I KaKI0T0 MOMEHTA): =

7 COBIIAJIaeT C HAMPABICHUEM, B KOTOPOM
dq <——+dq - 3apsin, nepeHeceHHbIH yepe3 Moaynb BEKTOpa J A P . P
I=—"2=4q'(t) MEPEHOCHUTCS TIOJIOKUTENbHBIN 3apsi:
dt q MIOTIEPETHOE CEUEHHE TIPOBOIHMUKA 38 _ J<—cuia Toka yepes M5 NI
Takoe Manoe Bpems dt, 3a kotopoe cuna  |J = L fomeperrioe J Vyney > J Uy
TOKA HE YCIIEBAET CYLIECTBEHHO ceteHHe § CKODOCTE VIIODALOTCHHOro
H3MEHITECAL BO BCEX TO‘IKa)i CECUCHUS - e Y ynopsa c
: — n JIBHKCHUST HOCUTEIICH TOKA
S onMHAKOBBI | q 0 yi
4. 3akoH Oma 9na y4acmeka uenu, RN Konenparis
He coaepmameeo 3HC - N ( | HOCHUTEIJIEH TOKa
U ANPAKCHAC (PAasHOCTH 3aps1 0HOrO HOCUTEIS.
1 Monynb cuibl TOKa MOTEHIIMAJIOB) MEX/Ty KOHI[AMH
B [IPOBO/IHHKE ] — nposonka U= @) - @ , R
R (ecm Tox Tewer oT Touku I k1 —— 2
/ mokx
TOUKeE 2).
¢/ Comporupiiene nposoHmKa [Tiomaap MONEpeYHoOro CeueHus IPOBOA
V JIe/IbHOE COIPOTHBIICHHE __>p l Enununa n3amepenus COmpoOTHBICHHSI
p MarepHaia, i3 KOTOpOro R=— B CH: 1 Om = 1B/A
W3TOTOBJICH MIPOBOL. S ‘ Envnuna u3amMepenus yaensHoro
conpotusienus B CU: 1 Om-m
Po p= pO(l + o f) | — myimHa p
\T T TemnepaTypHslii K03 dULHEHT IpoBoja
[——Temneparypa npoBoasuka B °C. CONPOTHBIICHUS METAIITA
0°C HcToYHUK TOKA — NPOBOJIHUK, B
| KOTOPOM JICHCTBYIOT CTOPOHHHUE CHJIBI.
5. 3akoH Oma 9ns1 yyacmka uenu, codepxauwezo 34C I CTODOHHHE CHIIBI — JTIOOBIE CHITH HE
& | R | 3IIEKTPOCTATHYECKOTO TPOUCXOKICHMS,
] . R = (I)l - (I)2 ‘I‘ g °—|| I o MOHY’KJIaI0INe HOCUTEIIM TOKA K
T ? 1 2 YIOPSIIOUCHHOMY TBHIKESHHIO.
Hanpagnenue 06xo0a om 1— x 2 -
Cuia Toka, + chp )
rekyLIEro 1O osHoe CymmapHas | & > (), ecii MCTOUHHMK HANPABIISIET _|}i <::> —1 =
conporusienre DJIC Ha EF -
y4acTKy 1-2 —— TOK TT O6XOQY 152 crop (=)
ydactka 1-2 yaactke 1-2 oo !
ooxoc DJIC ucrounuka o
I> 0, ecu Tox T o6x0ny 152 & < (), eciv HCTOYHHK HAIPABIISET (amekTpo- \g Al_2
1<0, ec tox T 06xomy 152 — tox TV obxomy 12 JBIDKYIIAS CHJIA) = q
00x00

[
6. 3akoH Oma On1s1 nosIHOU (3aMKHymou) uenu PaboTa cTOpOHHUX CHIl HCTOUHMKA Hajl

Crina Toxa & F 3apsIOM ¢ NPH €TO MEPEMELIEHUN YEPE3
9 L
TeKymero uepes™\ &< Cymmapras S]1C nenu MCTOYHWK B HaNpaBJeHuu 06xoa 1—2
[=——o e ——-——_— I = ——— Toxmoe (cymmapioe) R
R - R + p+t" comorusrense nerm BHyTpeHHEe CONPOTUBIEHHNE HCTOYHUKA
NOJIH

PeneTtutop no cdusmke B MuHcke www.reshuzadachi.by
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7. [NocniedosamesibHOe cOeOQUHEHUE MPOB8OOHUKOB — coeauHeHue, IPU KOTOPOM 3apsijl OIHOCTBIO, Ge3
OTBQTBHQHI/II/I, NIEPETEKACT U3 npem)mymero IIPOBOJHHKA B

1,
a2y R o— R . —=b Igggln_ll =L=... CIEMYIONIHUIA.
+ - II .ﬂ_
u | U gg;H:Ul"'Uz"‘... Rogn = R +R, +
1
| 2 | Eciu Rl :R2 = ... :RN R TO R:ﬁo;n NR

Uso = @a = @» <— OBlriee HANpsKEHHE — HATPSKEHNE MEK/Ty BBIXOAMH CHCTEMBL.

o6y — OOIINIT TOK — TOK, BTEKAIOMIMH Yepe3 (+) BBIXO CHCTEMBI U BBITEKAIOIIUI Yepe3 (—) BBIXOI.

R =M _ ofmee CONPOTUBIEHNE — COMPOTUBIIEHUE PEIUCTOPA, KOTOPBI MOYKHO BKJIOUHTE

001y o
]OGHI OJIMH BMECTO BCE€U CUCTEMBI MEXIY €€ BbIXOAaMH, IIPU 3TOM Ioﬁm n U06Lu HC U3MCHSTCA.

8. [NapannensHoe coeQuHeHuUe NMPOB8OOGHUKOB — coeuHEHHE, P KOTOPOM KA Iblii TPOBOIHIK
NPHUCOCMHEH OJHUM KOHILIOM K (+) BBIXOJLY CHCTEMbI, a

R,

P J =7 1 + L+ 2 JPYTAM KOHIIOM K (—) BBIXOJT
Losu 06Lu Py Y-
e | e = Ul U2 _ +°—|—1 )J—1 }‘l—( )J_o
\ R2 o6m
Lot Y BemR =Ry=..=Ry=R 10 g - &
00111
Uoom R R R, N

9. Paboma u MoOujHocmb 3/1eKMPUYECKO20 IMokKa TeIIoBas MOMHOCTS (KOTHYSCTEO

Konn4ecTBo TEMIOTHI, TEIUTIOTHI, BEIICIIIONIEECS 33 SANHUILY
BBIICIIAIOLIEECS HA y4aCTKe |I[Jm y4yacTka, He conepskamero I1C | BpEMEHH )
U’ U’
2
1T4T0Ka Q [Ut_IRt_ Rt NTOKa_NZ)J'I_NTeHII_IU_IR_ R
I = const
Pabora Toka Pabora snekTpruueckoii CHIBI MoutHocTh Toka MOIIHOCTH 3JIEKTPUUECKON CHIIBI

|I[Jm y4acTka, copepxkauiero 3J1C | \

+ . . F
ATOKa - Aan - ]Ut N TOKa N amm o IU
_72 _ 72
Q_[Rt NTerm_IR
I = const
Pa60Ta CTOpOHHI/lX CHUJI UCTOYHHKA MOLLIHOCT]) CTOpOHHl/IX CHUJI UICTOYHUKA
10. KI14 snekmpuydeckol uenu _
U = @, - ¢p — HanpsikeHue Ha HArpysKe.
Er r4 11. Ycnoeue ebidesnieHUss MaKcumMasabHOU

— Ny U_ R MOU/HOCMU Ha Haz2py3Ke:

n:

I'Ipvl AaHHbIX 3HAYEHUAX I N g, MaKCcumaribHas
MOLLHOCTb BblgendeTcd npu ycnoBun, 4Tto

R=r

N. & R+r

ucT

b a
R<—_
ConpoTuBieHHE HarPy3KH (BHEIIHEE
COIIPOTHBIIEHUE)

12. 3akoH Papadesi 0151 IIKMPOSIU3a

MousipHas Macca MOHOB, BBIACIISIIOIIHXCS IIPU DJICKTPOJIN3E.

/ DIEKTPOXUMHUYECKUH DKBUBAICHT BEIIECTBA, BHIIEISIOIIETOCS
Z MOHOB T k{ k TIPH DJICKTPOJTH3E
m = t - (] <+ 3apsn, BeitenMBIIMIiCS HA DTEKTPOJIE TIPH SIMEKTPOITH3E.
ZeN | Cuita TOKa TPH SIIEKTPOITH3E
Uucno ABorazpo. 9
Moy 3apszia MIeKTpoHa HEprHs, 3aTpadeHHas Ha DIICKTPOIIH3
BajieHTHOCTh HOHOB i v KonnuecTBo TemioTsl,

BBIICIIMBIICECS B DJICKTPOJIUTE

Macca geinectsa, BBIJICIISIOLIUXCS TIPU l]Utl — |]2 Rtl + llg ti“\
10JI

BBUICTHUBILICTOCH HA | 5 yorcrponmse. A A DHeprus, 3aTpaueHHas Ha BbIIEICHHE
JNEKTPOJIe 3a Bpems [ [ [ \ BEILECTB Ha 3JIEKTPOIaX
Hanpsxenne  Conporusnenne
MEIK OJIC nonsipuzanuu 3IeKTpoIuTa
ny DJIEKTPOJIUTA
SIIEKTPOIAMHU
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VIII. MargsuHTHBIEC AIBACHHS

1. MazHUmMHOeE nosie — ocolasi MaTepusi, BO3HHUKAIOIIAS BOKPYT JIOOBIX IBIKYIIUXCS SJCKTPUUECKUX 3apsIIOB

(TOKOB).
JICHCTBYIOIAs MATHUTHBIMH CWJIAMH Ha JBIKYIIHECS 3apsiibl (TOKH).

!

Cuaa JlopeHna — cuna, seiictByrommas co CTOpOHbI Cuja AMinepa — cuna, AeicTByIOmAs CO CTOPOHbI
MOJIyJIb CKOPOCTH MATHUTHOTO TIOJIS HA OT/IEbHBIE E MarHUTHOTO TOJISL Ha IPOBOJI C
3apsia g JBWXKYIIHECS 3apsJibl. | TOKOM.

e : oL — yroiu 7> o F ]l é . 0L — YToI
—_— T — f— . V'
Fiop = gl UB:sIn o, SO ~ T
mexay VUuB  F,, v %v = -
— = N - [IpoBoJ OpAMONHHENHHBIH, B
— TOKOM U
1o , F B Mozyib Bektopa B — Bextopa HAXOIUTCS B OJIHOPOIHOM
HOP HOp MaFHI/lTHOﬁ HHAYKIIMHA MAIHUTHOM I10JIC. —IL]'H/IHa HpOBO)Zla
Bonpmioit nanen yka3plBaeT HallpaBJICHUE — c
- WiIa TOKa B
JleBas B i i K
JleBas .-""'f 1 Fnop , IeficTByIOmEl Ha (1) 3aps. FA 1 mo Yy npoBoje
pYKa — D’ - —
F E F AJ_B Bonbmioii masern
J0p .
R/ ® & yKasblBaeT Hanpasienue [, .
Hamsusr 1TV R & Jesan T
F <0 PYKa
- - .
—o \; |

v py

.. ST i = I'._ 3 "
©®© © Y
- < # g
— BXOJUT B JIaJIOHb
B 2\ oAl moK @ * Tox
= - — (manbier 77T TOKY)

Ecnu 3apsj NeTHT napamwiensno B, to F.,,=0 F,
Enuanna n3amepenus MmarautHou naaykmuu B CU: 1Tn B — BXOZAMT B Jaf0Hb
1Tn = 1H-c/(Ki-M) — WHIYKIHAA TAKOTO MAaTHUTHOTO E E F =0
10JIsI, B KOTOPOM Ha eIMHHMILY 3apsijia, JIBUKYIIErocst CO CJId TIPOBOJ € TOKOM Mapa/uICICH D, TO L1y =

CKOPOCTBIO 1M/C nelicTByeT MakcuMalbHas cuia JlopeHa

N 1Tn = 1H/(A-M) — HHIYKIUS TAKOTO OAHOPOJHOTO MAarHUTHOTO TIOJIS, B
1H. (Cuna makcumansHa pu oo = 90°)

KOTOPOM Ha MPsIMOM TIPOBO JUIMHOM 1 M ¢ TOKOM cuiioit 1A nelicTByeT
2. deuxxeHue 3apsi0068 8 Ma2HUMHOM rojje MAKCHMAIbHas cuia Amnepa 1H. (Cuina MmakcumaibHa 1ipu oo = 90°)

2.1 Eciu ckopocTs 3apgaa U L B | 1o ero Tpaektopus — OKpY>KHOCTb.

ITo II 3akony Hetotona: ma = F 10p (MACCBI ACTULL 0OBIYHO TAK MaJlbl, YTO CHIIOH TSKECTH MOKHO PEHeOPEb 10 CPABHEHHIO C Fygp)

F, V= alv=a= ayeurp™ V/R — LEHTPOCTPEMHTEIILHOE YCKOPEHHE. m % = |q|UB -sin90°
® & % ® Pajiyc OKpY>KHOCTH ,—L mu T s 2mR 2mm
— U 110 KOTOpOU )IB%)KGTCH _)R — v v |q| B
o © 4acTHIIA Maccoii M1, ‘ ‘ B Iepuox obpareHus:
®/ R I® ® 3apsiIOM ¢ B OJJHOPOTHOM q YaCTHUIIBI Maccoi M, 2mm
- MarHUTHOM HoJle HHAyKIuei B. 3apsIoM ¢ B " = ——
: F op : OJIHOPOJIHOM MAaTHHTHOM ‘6] ‘B
Q@ Q@ ® & nonue uHayknueii B
/ ! ne zasucum om cxopocmu!
R® ®.-® CKOPOCTb YaCTULbI U MPEICTABISAIOT KaK CyMMY JBYX
““““ - - BEKTOPOB U, U U|| (IICPIICHANKYISPHAS 1
2.2 Ecu ckopocTs 3apanall

napamenbHas B cocrasnsromue ckopoctn). B cuc-
TeMe oTcuera K', IBHKYIIEHCS CO CKOPOCTBIO U,
uacTuna OyaeT HMETh CKOPOCTh U, M JBUTAThCA IO

o6pasyer ¢ B npou3BosibHEII
yrox (ue pasusiii 90°, 0°,
180°), To ero TpackTOpuUs —
CIIMPATD.

muv |

q|B

BpAILICHHUIO TOOABIIICTCS IMOCTYATEIIEHOE ABIKCHHE

BJIIOJIb HAIIpaBJICHUSA B 3a oqun nonwwlit 000poT, T. €. 32 BpeMsl T — 2mum [K’'-CHCTEMBI B PE3YIIBTATE HOIYYaETCH IBUKEHHE 110
g|B  |ctmpamu (cm. puc.)

PenetuTtop no cmsunke B MunHcke www.reshuzadachi.by

OKPY>KHOCTH panyca R — (1. 2.1). K atomy

I
Llar CIIUpaJIn — PAaCCTOAHUEC, HA KOTOPOC CMCIIACTCA YacTHUla




Banepun VBaHoBu4

3. Pamka ¢ mMOKOM 8 Ma2HUMHOM rnoJie

Cunsl AMriepa pa3BOpadyMBaIOT PaMKy C TOKOM
TakK, 4YTO CO3/IaBAEMOE BHYTPH PAMKH

COOCTBEHHOE MarHUTHOE Tionie B
OKa3bIBAETCS COHAMPABIEHO C BHELIHUM

MareuTHBIM 11osieM. (ITone B,

TEKYIIUH B paMKe).

be

Bupn cBepxy:

en 80296226637

cober

coger CO3MAET TOK,

Bpamaromuii MOMEHT, JEACTBYIOIIUI Ha
aMKy B POU3BOJIEHOM TIOJI0KEHUH PaBEH:

M = [SBsinal

[ — cuna Toka B pamke

\)

S — 1Iomaas BHYTPH paMKH (paMKa IUTOCKast)
B — uHAYKIUs BHEIIHETO MarHUTHOTO 110JIs (OHO
JTOJDKHO OBITH OJTHOPOJIHO)

Ol — yroia Mexay BEKTOPOM UHAYKLIUY BHELIHETO
HOJISL ¥ MEPIEHIUKYIIIPOM K

4. MacHUMHbIe noJssi, co30asaeMble pa3iuYHbLIMU MOKaMu

BosbIloi Naliel yKa3blBaeT HalpasieHue B B 1ieHTpe KaTyuiku

6. SleneHue asilekmpomMa2HUMHOU UHOYKUUU

Ecmu B 3aMKHYTOM IIPOBOJALIIEM
KOHTYPC U3MCHACTCA MarHUTHBIN IIOTOK,

|-
TO 3TO MPUBOJUT K IOABJIICHUIO B 9TOM

koHType DJIC (D/C unyxin).

fI) = B-S-cosal

|7

Enunanua namepenust maruutHoro notoka B CH:

1 B6 = 1 Ta-m?

z - AP
At

Ecimun @ meHseTcs

[PaBHOMEPHO

KoHTyp muiockui,

none B oxHOpomHO
B TIpejieNiax KOHTYpa.

i

.}
b _Jl_a
ﬁ da i
da
E cober
bc
F,
—

MaruurTHble JUHHH —

bonbmoi
Tajer| o i]--ﬁ
TOKY ]

ITanpiel

=10 TOKY

KacaTeJibHas K TaKOW JJUHUM B
JIF000H TOYKE COBIIAAET IO

5. Bzaumoodelicmeue moKoe

-'.—R—-'-

ConanpaBjeHHbIe TOKH
NPUTATHBAIOTCS,
MPOTBOMOJIOKHO
HaNpaBJIeHHbIe TOKH —
OTTAJIKMBAIOTCS

[ e—
\__E‘u__- -

-'.—R—-'-

7. AeneHue caMouHOyKUuuU — BosnukHOBeHue DJIC

cobeT __
¥

B KOHTYPE BCIIEJICTBHE
N3MEHEHHS COOCTBEHHOTO

MAardmTHOTr'O IOTOKa 4Y€pe3

I
WHIYKTUBHOCTD KOHTYpPa — KOIQPUIIHEHT
MIPOTIOPIIMOHAIBHOCTH MEX/y CHJIOH TOKa B

KOHTYpPEC U COOCTBEHHBIM MarHUTHELIM ITIOTOKOM.

&;=vl-B
LI?

2

WKaT =
!

SHeprus MAarHUTHOTO HOJIs
KaTyLIKM MHIYKTUBHOCTH L,
1o KoTopoii TeueT Tok 1.

3TOT KOHTYD.

q)coGCT .
— — MAarHMTHBIA

MOTOK, CO31aBaCMBIit
MarHUTHBIM I10JIEM,
KOTOPOE TMOPOIHII TOK,

PeneTtutop no cdusmke B MuHcke
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gcaM =—L— gcaM =—-L—=-LI'(¢)
~— A \ dt
Ecmu [ Mensiercss | —
[PAaBHOMEPHO OJC camoMHAYKLMH

TEKYIIUI B KOHTYpE.
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IX. KoaneOaHHA H BOAHBI

1. KonebaHUSsIMU nassiBactcst TousOE HIA MpUOIMKEHHOE TIOBTOPEHNE KaKOT0-JIM00 Mpoliecca ¢ TeYSHHEM BPEMEHH!
(0OBIYHO TOBTOPEHUE OBIBAET MHOTOKPATHBIM ).

o <
B zaBucumoctu ot (I)I/ISI/I‘IGCKOI/I HIPUPOABI TOBTOPAIOIICTOCA IMIPOLECCa PA3TINYALOT!: >
9 ~ o
3.) MexaHuYecKHe KoJeOaHuss — TIOBTOPAIOMINUCS ITPOLIECC NMPEACTABIIACT c000I MEXaHUYECKOe ! ggg\é B
& ‘\

JBIKEHHE:
0) D1eKTPOMATHUTHBIE KOJeDaHUs — IMOBTOPSIOMIUIACS MPOIECC MPEACTAaBIIET COO0H

HU3MCHCHHC CUJIbI TOKA, HAIIPSIXKCHUA, 3apsia KOHACHCATOPAa B 3J'IeKTpPI‘I€CKOﬁ 1enu, BEKTopa E (HaHpH)KeHHOCTI/I

3JIEKTPMYECKOTO M0JIs), BEKTOpa B (MHAyKIMM MarHUTHOTO HOJIs).
B) /Ilpyrue kojiedaHnus — MOBTOPSATHCS MOTYT U JPYTHe MPOLECCHI, HATIPUMED, K3MEHEHUE TeMIIepaTyphbl U Ip.

KO.]'IeﬁJ'[lOI[lI/lMPICﬂ BCJIUMYNHAMM HA3bIBAKOTCS (1)14314t1ecx14e BCJIMYKUHBI, OTTUCBIBAIOINE ITPOLECC, HOBTOpHmmHﬁCH npu KOJ'le6aHl/I51X,
(I/IJ'II/I CHUCTEMY, C KOTOpOfI 3TOT OpoLece HpOI/ICXOZII/IT) 1 CaMH HCHBIThIBAOIINEC MTOBTOPAIOIINUCCA U3MCHCHUS.
B mexanuueckux xonebaHusIX KOJ'[C6J'IIOIIII/IMI/IC${ BCJIMYMHAMU MOTYT OBITh: KOOpAuHaTa, CKOPOCTb, YCKOPECHUEC U JPYTHUC BCJININHDI,
OIIKMCBIBAOIIUEC MCXAaHNYCCKOC IBHXKCHUC.
B INEKMPOMACHUNHBIX KoJIeOaHUIX KOJ'I€6J'IIOH.II/IMI/ICH BCJIMYMHAMU MOT'YT OBITh: cUIa TOKa, HAIIPSPKCHUEC, 3apsil KOHACHCATOPA,

E ., B u npyrue Beau4uHbI, ONMCHIBAIOIIME NEKTPHUECKUIA TOK U 3JIEKTPOMATHUTHOE
ImoJie.
IlepuoanMYeCKMMH Ha3bIBAIOTCS KOJIEOAHMS, IPH KOTOPBIX IPOMCXOAUT TOYHOE MOBTOPEHHE IPOLIECCa Yepe3 PaBHBIE MPOMEKYTKH BPEMEHH.

HeQI/IOg!OM NEPUOANICCKUX KoJIeOaHU HA3bIBACTCS MUHUMAIIEHOE BpEMs, 4EPE3 KOTOPOC CUCTEMA BO3BpAIIACTCA B ICPBOHAYAJILHOC

COCTOAHHE M HATMHACTCA ITOBTOPEHHUE IIPOLECCA. X — Kone6Iomascs BeIHUHHa (HaIpuMep, CHIIa TOKa B LCIIH,

[porece, TPOUCXOASIIINI 32 OJTUH IIEPHOJT KOJICOAHUH, HJIM KOOPAMHATA TOUKH)
Ha3bIBAETCS «OIHO TMOJHOE KOJICOaHue».
YacToToii meproandeckux KojaeOaHni Ha3bIBaeTCsI YMCIIO TOTHBIX { — BpeMs
Koyie0aHui 3a eqUHUILY BpeMeHH (1 ceKyHIy) — 3TO MOXKET \/ \/
OBITH HE IIETI0E YHCIIO.

T — nepuon KoseOaHuiA

1 Ilepron — BpeMst OJHOTO MOJTHOTO KOJIeOaHUs.
7V = UtoObI BEIYUCIUTE YACTOTY V, HAJO Pa3IenuTh | ceKyHIy Ha BpeMs 7 OOHOTO KoJeOaHus (B CEKyHIaX)
T U TIOJVIUTCSI YUCII0 KosleOaHuii 3a 1 CeKVHIV.

2. [apMOHUYeCKUMU KoJIe6aHUSIMU nasbiBaroTcs KoJIeOaHus, B KOTOPBIX KOJICOIIOIIMECS] BEIMYMHBI 3aBUCAT OT BPEMEHHU
10 3aKOHY CHHYCa, WM KOCHHYCA.

Konebmronasics penuyrna e Hauanbnas ¢a3a — 3HaueHue Gassl ( B
(KoopMHATa TOYKH, CHIIA —1 — MOMeEHT ¢ = 0.
P >-x = A-cos(wt + @
/ N 2

TOKA, HAIIPSDKEHHOCTD 0TI, W3mensis 3HaYeHHE () , MOXKHO IIOJIy4aTh
HIIM MHAS BEIIMYHHA) pa3nuuHbIC 3HAUEHUS X B MOMEHT ¢ = 0.

da3a kogedaHmii — apryMeHT GYHKIMH CHHYC WM KOCHHYC
B YPaBHEHHH 3aBHCHUMOCTH KOJICOFOIIEHCS
BEJIMYMHBI OT BPEMEHH.

AMILINTYAA KOJEeOAHUH — MAaKCUMaJIbHOE OTKIOHEHUE
KOJIEOJIIOIIEHCS BEJIMYUHBI OT
CpeIHETO 3a IepUO/] 3SHAYCHHS.

Ecmm cpenHee 3a mepuo1 3HaYCHUE KOJIEOMIOMICHCS BETMIHHBL ¢ = ot + 0o

paBHO 0, TO aMILTHTY/Ia PAaBHA MAKCHMAJILHOMY 3HAYEHH IO

K0J1e0/ 11011 elic BeJIMYNHbBI: A= Xm Ilukan4yeckas yacrora KojicOaHuii — CKOPOCTb U3MEHEHHS

X — KOJEOTIOMASCS BETHIMHA A(P a3kl ¢ TCUCHUEM BPEMECHH.
Al A ST W= At Wsmenenne (asbl, IPOU3OMIEAIIEE 3a
t — Bpemst @LAL
Ao T Ecnm Bpems At paBHO nepuoy konebanuii 7, To m3meHenue dasel A 3a 310 Bpems (7)
JOJKHO OBITh paBHO 27 (T. K. PYHKIUHM SN U COS MOBTOPAIOT CBOM 3HAUEHHS TIPU

3HayeHue X B
MOMEHT ¢ =0
OTIpeieNsaeTCs

T — nepuox xonebannit  M3MEHEHUH apryMmeHTa () Ha 27, a yepe3 BpeMsi 1’ 3HaueHHe KOJICOIIOMEHCS] BETMIUHBI
KaK pa3 JI0JDKHO IIOBTOPUTHCS).

BEJIMYUHON (. Taxum o6pazom, pu At =T Oyzmer A¢ =21 = ® = % = 271t o = 2n — v
Z — T —
T

Ecnn xonedanus rapMoHUYECcKHe,
T. €. KONIeOMIoIIasCsl Benunna X paBHa X = A-cos(wt + @p),

N y noacrasieHo 1/7=v
TO BTOPAs IPOU3BOIHAS KOJICOIOIICHCS BETUYMHBI II0 BPEMEHH X

OyZeT IpOoIopIHOHATEHA CaMOi KoJIeOomeiics: BeTmauHe (X): Ecim x — koopamuara Touku, IBikyerics aonb ocu OX , To:

X'(t)= —%-sin(mt + @) X'(f) = U, — npoekuus CKOpoCTH = — MaKcHUMallbHas
y 5 T CKOPOCTb.
X (t) =—0 X x'"(f) = —w*A-cos(ot + @g) = —m"-x x"(¢) = a, — npoexuys ycKopeHus = - MaKkCHUMaJIbHOE
~— M~ 4
K YCKOpEHHE.

9T(l) YpaBHEHHUE HA3bIBACTC I[I/I(bd)eDCHIII/IaJ'II)HLIM YPaBHEHUEM I'apMOHUYECKUX kosnebanuii. Eciiu kakas-nmn6o (1)H3I/I‘{GCK8.H BCJIIMYMHA X IIOAYHUHACTCA
YPaBHECHHIO TaKOTI'O BUAA, TO MOKHO YTBEPKAATh, YTO OHA 3aBUCUT OT BPEMCHHU 110 TAPMOHUYCCKOMY 3aKOHY (sin " COS), a npouecc, KOTOpLIfI OITMCBIBACT

BEJIMYMHA X, [IPE/ICTABISIET COOOM rapMOHUYECKUE KOJICOaHHS. .
eneTmTop no gumanke B MuHcke www.reshuzadachi.by
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3. [Ipocmetitiue KosrebamesnibHbIe cucmMeMbl
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i - IIpyKMHHBIH MasiTHUK
%@ am I’I’I<\ k
7 AT =21 z Macca M Tm
-
o KOJIeOJIIO-
Iepuon KectKocth  mierocs
CBOOOJHBIX  mpyXMHBI  Tpy3a
KoJiebaHuit
| B OTCYTCTBHUE TPCHUS
2 2 2 2
kx m vmax

423+ muv

=const =—X=

2\

A= Xmax

~Xmax

x = Al — ynnunenue npysxumbl

A = Xpax = Aljnax — aMIIMTY 12 KONeGaHyi
(MakcUMaNbHOE yIUTMHEHUE TIPYKUHBI)
Unax — MaKCHMallbHasi CKOPOCTb Ipy3a

v, = x(¢) = x,,0-sinwt

~ ‘ 3

x==4

U = Upax B MOMEHT, KOTa x = 0

B MOMEHT, korga v =0

MaTeMaTHUYeCKHMI MaAasITHUK

KonebaTeabHBIl KOHTYP

| < v = ZTC'\I LC
T=2n—| o .
/ Juaa Hepuon cBO6OIHBIX — I
Tepuon {g HUTH 3JIEKTPOMArHUTHBIX C
CBOOOIHBIX KoJIe0aHUM A
KoneGanumii Y CKOpeHHe cBOOOJHOro
najeHus — yCKOpeHHe, co3aaBaeMoe |MHIYKTHBHOCTD ONEKTPOCMKOCTh
CUJIOHN TSKECTH. KaTyILKH KOHZIeHCaTOpa qz
max
Ecinn kpoMe CHITBI TSKECTH Ha MasTHHK IEHCTBYIOT w2+ WM™ = const ‘L 2C
KOHJ, Kar A
JpyTHE NOCTOSHHBIE AKTHBHBIE CUJIBI, TO BMECTO & B 5 5 S 5
(bopMyI1y MOACTaBIAIOT MOLYJIb YCKOPEHHUS, CcU " — const = CcU max __ LI max
C0371aBa€MOT0 CyMMOH BceX aKTUBHBIX CHUII: 2 2 2 2
2 F z
aKT - -
acr — (aKTI/IBHBIMI/I Ha3BIBAIOTCS q j U HaIpsDKCHUE Ha KOHJCHCATOPE q €T0 3apsn

m

I— CHJIa TOKa B KaTyIIKE,

2
CHUJIbl, UMEIOIINE HEHYJIEBOU ¢ Gmax, Umax ¥ Iiax — MaxcuMansupie (ammm-
BpALLAIOLUiT MOMEHT i i TYJHBIC) 3HAYEHH 3aps/a, HAPSHKEHUS U cTI/:)J::;
=47 |— . B
OTHOCHUTEJIEHO TO‘-II)(I/I a,. I = —q(f) = g,o-sinot
MoJBECa MasTHUKA _
a Qm(ﬂ— Imax TN T 3T
MasaTHUK B Judre: ‘N7 1 T !
L \2_ 4
I NS
e aa
— Ta””q“a — %“"q"a 7 ::qm'c:o Swt;
G max \i 1 :/\
TRy A t
/ / 12 :
T=2n|— T=2n |—— ™\ ! /3T T
g+aﬂ"¢ g_anmb “Ymax ""Z'"_ : 4
ecn d - BBEPX ecin d - BHH3
g p nmugra I==] ,,,x B MOMeHT, Korja g = 0

q = *qumax B MOMEHT, Korma [ =0

4. BosiHa — pacmpocTpaHeHHe KOJIeOaTeIEHOTO MpoIiecca B IMPOCTPAHCTBE ¢ TeUeHNEM BpeMeHH. (Eciu B kakoii-To obnactu
MIPOCTPAHCTBA MPOUCXOAUT KOJIEOATENBHBIH MPOIIECC, TO 3TO MOXKET IIOPOIUTH aHATOTUYHBIC KOJICOaHUS B COCEIHUX O0JIACTAX MPOCTPAHCTBA.
HaHpI/IMep, eCJIM KaKasi- 100 TouKa pryFOfI Cp€Abl COBEPHIACT MEXAHUYCCKUEC KOJIe6aHI/I$I, TO IIPpU 3TOM OHA, KaK IpaBUJIO, 3aCTABJIACT KOJ1e0aThCs

IIpumep: Ha rnaakoil rOPU30HTAIBHOM MOBEPXHOCTH JISKHUT IITHY,
1 B HEKOTOPBIM MOMEHT €r0 KpaiHIOI TOUKY ¢ HAYMHAIOT JBUTaTh
BIOIH ocu OX 110 3aKOHY X = Asinmt
X Tz? BHJ] CBEPXV:
0] t=0
a d e
Xy L
y E E T
4 3 —
o * * =—
L 4
o
X : BOJ’IT{
4 : : : T
0 L=
A 2
P I A N
| ! v=0 = '
Ar: : On 3T
o1 t=—
—A
A
o
—A

Touka ¢ HaunHAET JABUIaTbCH,
P 3TOM €€ CKOPOCTb MEHSCTCA

10 3aKoHy Uy = x'= AMCOSM? ,
TaK 4TO B MOMEHT f = () CKOPOCTh

MaKCHMaJbHa U,, = A®.

K Mmomenrty ¢ = 7/4 Touka a cMme-
maercs B monoxenue x = A. Co-
CelTHME TOYKH IIHYpa JBHKYTCS
3a HEil, IOBTOPSIIOT €€ IBHKEHHE,
3aCTaBIIAS IBUTATHCS CIICTYFOIIIE
Touku. B MomeHT ¢ = T/4 BonHa
JIoIILIa 0 TOYKH b U OHA Hayayia
JIBUTaThCs (€€ COCTOSIHUE B MO-
MeHT ¢ = T/4 COBIAgaer ¢ COCTOs-
HHEM TOYKHM ¢ B MOMEHT ¢ = 0) B
JalbHENIIIEM BCE HOBBIE M HOBBIE
TOYKH OYyyT BOBJIEKATHCS B KO-
nebarebHOe IBUKCHHE, aHAJIO-
TUYHOE JBH)KEHUIO HCTOYHHKA —
TOYKH d.

coceiHUe, IpuIleraroIye K Hell Touku cpefpl. Te, B cBOIO ouepens,
HepelatoT KoJIeOaTelIbHOe JIBUKEHHE CIIEYOIINM TOUKaM U T. I.
Takum o6pa3oM, B KosieOaTeNbHBII NPOLIECC BOBIEKAIOTCS BCE
HOBBIE U HOBBIE 001aCcTH IpocTpaHcTBa. [pyroii mpumep —
3JIEKTPOMAarHuTHbIE Kosebanus. Ecnu B Kakoi-To TOUKe
MPOCTPAHCTBA (3Ty TOUKY Ha30BEM HCTOYHUKOM) IIPOHCXOJST

KOIeGaHHs HHAYKIHH MATHUTHOTO TIONs B3, TO 3T0 MOpOsKIaeT B
OKPY’KaIOIEM MPOCTPAHCTBE KOJIeOaH!s HANPS)KEHHOCTH

QJIEKTPHUYECKOI'O I1OJIA E , KOTOPBIEC, B CBOIO O4YEPEb, IIOPOKIAAOT

HOBBIC KONeOanuss B U T. 1. DIeKTPOMArHHTHEIC KONEOaHUs
PacIpoCTPaHSIOTCS OT HCTOYHHKA, T. €. HAUMHAIOT IPOMCXOAUTh BO
BCE HOBBIX U HOBBIX 00JIaCTSX MPOCTPAHCTBA)

DPOHT BOJIHBI — TOBEPXHOCTH OT/IEIISONIAst 001aCcTh
MPOCTPAHCTBA, B KOTOPOU y>Ke HAYaIHCh KOJeOaHus, OT
obacTh, T1ie KojeOaHus emie He MPoucxoaiT. OpoHT BOIHBI
TepeMeIaeTes 1o Mepe pacupoCTpaHEHUs BOJIHEL. (B
PacCMOTPEHHOM IPUMEpPE CO MIHYPOM (POHTOM BOJHBI B MOMEHT

t = T/4 sBnsieTcst Touka b, B MOMEHT ¢ = T/2 — TOYKa ¢, U T. 1I.)

CKOopoCTh pacnpocTpaHeHUs BOJHBI ('U — CKOpPOCTH

BOJIH )

IBIDKEHUS BOJHOBOTO (DPOHTA, a TaKXKe 000 qpyToi
ITOBEPXHOCTHU TIOCTOSHHOH (a3l (JIF000r0 «ropOay BOIHEI,
WA «BIIAJIHBDY).

Mexanndeckasi BOJIHA Ha3EIBACTCS HOHeEe‘-IHOﬁ, CClIr

HanpaBJICHUE ABUKCHUSL KOJ'Ie6J'I}OIJ_IPIXC${ TOYEK B HEH

MEPIEHIUKYIAPHO HapaBiaeHuo U

BOJIH

. Ecnnt ke konebmronyecss TOUKU ABUXKYTCS MapajluieibHO U

TO BOJIHA HA3bIBACTCS POAOJIbHOM.

BOJIH

(PaccmoTpenHas B mpuMepe BOJIHA B LITHYPE — MONEpeyHas, a 3ByK — IIPOJIONIbHAs BOJIHA.) DIEKTPOMArHUTHBIE BOJIHBI ABIAIOTCS MONEPEUHBIMY, T. K.

HanpaBJICHUEC KOJ'IG6J'IIOH.[I/IXC$I BEKTOPOB E u B B OTHUX BOJIHaX MCPIICHAU-
X

—

[

BOJIH

A

KOJICOIIOIIasCs

BEJIMYKMHA

KyJsipHo O,

I"‘: pacCcTosAHUuEC 10

) MCTOYHHUKA

Jiinna BoJiHbI (A) — MUHUMAIIbHOE PACCTOSIHUE MEXKIY TOUYKA-
. | Mm, komebaHus B KOTOPBIX MMPOUCXOIAT C PA3HOCTHIO (ha3 27.
(ITpm Takoit pa3zHOCTH (ha3 KOIEOTIOMIMECS BEIMINHEI B 3THX TOUKAX
HMCIOT OHO M TO K€ 3HAYCHHUC, TaK YTO }\. — PacCTOSAHUC MCIKIY
COCCIHUMH «I‘OpGaMI/I», WK COCCIHUMU «BIIaTUHaAMM) BOJIHLI)

A

X(r, 1) = A-cos(ot — 2T/A)r + @o)

7\, = UGOJZH'T: v@oxm/v
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X. OnTuKa

1. 3aKOH OMpaXxeHuUsl Jlyd najaromuii ¥ Iyd OTPaKEHHBIH JIEKAT B OJHOM IIJIOCKOCTH C HOPMAJIbIO, IIPOBEJEHHON K

Ten 80296226637

O’I‘pa)KaIOHICfI MOBEPXHOCTU B TOYKE MAJACHUS JTy4a. HpI/I 3TOM VI'0J HAJCHUIA PABEH VIJIV OTPAKCHUI.

Va

Yroa nagenns

Hopmans (nepneHauKysip)
K OTpakaroliei IOBEpXHOCTH

¥YroJ oTpaxkeHust

[Tamarommia i
1
Iy4 )

R

2. 3aKOH npesIoMJ/1eHUS

A

o=p

OTpakeHHBIH
ayd

I'na3

HaboaaTes

IIockoe 3epkano

S’— n300pakeHUe cBeTsLIEHCs TOUYKU S B

IIIIOCKOM 3€pKaJIiC€ — TO4YKa NE€peCceYCHUs

IIPOJIOJDKEHUH BCEX JIydel, OTpaskeHHBIX
OT 3epKajia — HaOJII0/IaTeNI0 KaXkeTcs,
4TO JIy4H, NONAJAI0IKE B €T0_I1a3

MPUXOAAT U3 TOUKH S’

)

7
W300pakeHre TOUKH B ITIOCKOM 3epKaJie JIeKUT Ha IepIeHINKYIILIpE,
IPOBEJCHHOM K 3€pKaily U3 9TOH TOUKH, IIpUyYeM,
PacCTOSIHUS 110 3epKaa OT TOUKHU U OT €€ M300paKeHHsT OINHAKOBEL.

H306pa9f€€HH€ npedmema CUMMEMPUYUHO CAMOMY npe()MemV OMHOCUMENIbHO NJI0OCKOCMU 3epKaia

[Ipu nepexoie U3 OAHOM MPO3payHOM Cpebl B IPYrYI0 CBETOBOH JIyd YaCTUUHO OTPa)aeTcsl OT I'PaHMIIbI pa3fielia Cpell, a YaCTUYHO MIPOXOAUT B
CJIeIYIOILYI0 Cpeay, PUYeM, B HOBOW CpeJie HallpaBlIeHUE JIyya MOXKET U3MEHHUThCA. Takol Jyd, M3MEHHUBILINN CBOE HAIPaBJICHUE TPHU IEPEX0/IC B

HOBY10 cpeny, HaspiBaeTcsa [IPEJIOMJIEHHBIM iryuom.

Ve

Yroa nagenns

N
o

Hopmans (nepreHuKymsp)
K TPaHHLE pa3ziena cpes

Jlyd nagaromuii u Jryd NpeJOMIICHHBIH JIeKaT B OHON IUNIOCKOCTH ¢ HOPMAJIbIO,
MPOBEJCHHOM K IPaHHMIIEe pasjerna Cpel B TOUKe maaeHus tyda. [Ipu stom
OTHOIIIEHNME CHHYCA YIJIA NMAICHUS K CHHYCY VIJIA HPEJOMJICHHUS

sin o

€CTh BECJIUYMHA NOCTOAHHANA NJIs TAHHBIX ABYVX CPE/

NpHU JAHHOM YACTOTE M3JYUYEHHS.

SIn o

(Y

=N =— =
SlnB / (UCBeTaZ

<
_

cBera l
K

n,

w/

nmokKasarteJib NpeJIOMJICHHUS
(HOKa38.TeJ'II: IpECJIOMIICHUA

BTOPO#1 Cpellbl OTHOCUTEIBHO

nepBoit)

OTHOIIEHHE CKOPOCTH
CBeTa B MIEPBOI cpelie K

CKOPOCTH CBETa BO BTOPOH

CpPel JHIIb YACTHIHO (C POCTOM OL 10T

A
Iagaomii i /4 N~ OTpaskeHHBIH Ty
ya 1/ (pe3ynbTar
YaCTUYHOTO
! OTPaKEHNS)
1
1
'\ .—TIpenomieHusbrit
ay4
B
Uro.n IpeJoMJIeHUs
m>n; o> m<n ; a<f
1 1
: (fg faax; i Cpeoda 1
a, n % (crexno)
] ]
p | n
)
i %\
: na ny
' '
! Cpeoa 2 Cpeda 2
(Boma) (BO31yX)

IIpu nepexone nyua B| [lpu nepexone yiyya B
oITHYECKH OoJee OIITUYECKH MEHEe
IUIOTHYIO Cpeny IUIOTHYIO Cpeay
(n2> ny) (n2< ny)

Iy IPUOIIHKACTCS K | JIyd OTHAJISETCS OT
HOpMaJTH HOpMaJTH
ny-sino = np-sinoy = ... = const

IIpu nepexoze nyua

B OITHYECKH MEHEe INIOTHYIO cpeny (M < 1y)

moxxet npousoiitu IIOJTHOE OTPAXXEHUE

sinf3

L — a0COJIIOTHBIN TOKa3aTelb

MIPEIOMIICHUA BTOpOﬁ Ccpeablt

a0COJTFOTHBIH ITOKa3aTelb
MMPEIIOMIICHUA HepBOfI Cpeabl

AO0COJII0THBII IOKAa3aTelb

npeJoOMJICHUS — IIOKa3aTeJib
TNIPEIOMIICHUS CPEJIbl OTHOCUTECIIBHO

BaKyyMa:
Yy c

cpenbl
CBeTa B cpeie

CKOpOCTb CBeTa B BakyyMe ¢ = 3-10° m/c

Ocgera B Bosnyxe ~ C, T. €. Hposyxa < 1

Jlyda OT PPaHHMIIBI pa3esa Cpel, €Ciu yroi

MafcHUs CIUIIKOM BEJUK: OL = (0.4}

Cpeoa 2 (Bozmyx) Mp<n; = a<f

<«— Op — YroJ nmoJJHOro BHYTPEHHEr0o OTPaKCHUA

ni

IIpH yTJI€ TaJeHus o = Ol n
yron npenomienus By = 90° = [sin A, = -+
n
. 1
sino,, =
n

Cpeoa 1 (Bona)

[Ipu yrnax mageHust MEHbIINX, YeM Olg,
JIyd OTpa’kaeTcsi OT TPaHHUIIbI pa3zena

OTPaXCHHOU 3HEPTHHU PaCTeT)

Ipn o > oLy myd

TIOJIHOCTBIO OTPAXKAETCs OT
IpaHMIbI pa3ziesia Cpes 1 He

€CJIM JIYY BBIXOJUT B
BO31yX WJIKX BAaKyyM U3
Cpe€anbl € IMoKa3aTejieM

IPCIOMIICHUS 1

BBIXOAHUT BO BTOPYIO Cpeny

MpOU3BEICHUE MOKA3aTeNsl MPEIOMIICHUS CPEe/ibl HA CHHYC YTJIa MEXIy JIy4OM M HOpMajblo B 3TOH cpefe
0CTaeTCsl HEM3MEHHBIM IIPH MIEPEXO/IE U3 OTHON CPEeAbl B IPYTYIO

4. JIuH3a — npo3pauHoe TeJI0, OTPAaHUIEHHOE ABYMS CHEPHUECKUMHU TTOBEPXHOCTIMH.

JInH3a cuuTaeTcs TOHKOMW, €Ciu ee TOJIMHA 4B Maia 110 CPaBHEHHUIO C paanycaMu Ry U Ry chepuueckux — —.e”—.ooooo .o 20
MOBEPXHOCTEH, OrPaHMYMBAIOIIMX JIMH3Y, a TAKXKE 110 CPABHEHHIO C PACCTOSHUAMH d U f OT JTUH3BI J10

TpeaMeTa ¥ OT JIMH3BI 10 H300pakeHHS.

JInm3a Ha3pIBaeTCS COOMPAIOIIEH, €CITH JTydH, MTAJa0IIre Ha Hee
MapajuIeNIbHO APYT APYTY, IOCIE PEIIOMIICHHUS CXOAATCS.

JInH3a Ha3bIBaeTCs paccenBaloUIeil, €CIIN JIy4H, IaJalole Ha Hee
MapajuIeNIbHO APYT APYTY, MOCIE MPETOMIICHUS PaCXOAATCS.

I'1aBHasi onTHYECKASI OCh JHH3bI — npsAMas,

R, u R, GepyTes co

i} ./ 3HAKOM «t», ecin
R, + cdepa BbIyKIIas,
«—» - eCIIM BOTHyTast
A

DoKYyCOM JMH3bI Ha3bIBACTCS TOYKa, B KOTOpOﬁ TOCJI€ MPEIIOMIICHHUA

NepeceKaroTcs JIy4yd, yIaBIlie Ha JIUH3Y HapaulesIbHO €€ TI1aBHON

OINTHYECKOM OCH (I/IJ'II/I MPOAOJLKEHHUA NMPEITIOMIICHHBIX nyqef/i, €Clin

JIMH3a PACCEHBAIOIIAN).

O06o3HaueHue TOHKOH cobupa-

FOIICH JTHH3BI /\/\

OnrTuyeckas CHJIA JMH3bI~ 1
M3MEPSETCH B IMOUTPHAIX: =

I oomp = 1/m = Im!

E

nJlI/[H3]>I -1

\ n cpe/ibl

1
+R

1

_

+ R,
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npoxosias uepe3 HeHTpsl O U O, chepruuecKux
MOBEPXHOCTEH, OrpaHUYUBAIOIINX JIUH3Y.

O603HaueHnEe TOHKOH paccenBa-
oL TMH3bI—___7\

——
E-p

: :

i DOKYCHOE PACCTOAHME~ ! J
i /| ITMH3BI — pacCTOSHUE OT ) 1 :
g N

JIUH3BI 10 (oKyca.

(//

B CH usmepsercs B MeTpax.

www.reshuzadachi.by



Banepuin NBaHoBu4 Ten 80296226637
5. N306pa)xKeHUe touxu S B aunse — 1o Takas Touka S’, B KOTOPOIi JTy4H, BBILICALINE U3 TOUKH S, IEPECEKAIOTCSI [OCIIE IPEIOMIICHUS B JIHH3E.

YUto0bl HOCTPOUTH N300pakeHHe S ' TOUKH S, HAIO 3HATH XOJ JABYX JIyUCid,
BBILIEINX U3 S ¥ MPEIOMJICHHBIX B IMH3E (T1e MepeceKyTcs 3TU JIydH, TaM
IepeceKkyTcs U Bce OCTajlbHbIe). Beerna u3BecTeH X0 Cleayromux JIyyuei:
___________ e JIy4, NMAJAOIIMKA Ha JUH3Y MMapauIcabHO TJIABHOM ONTHYECKON OCH,
MPETOMUBIINCE, IPOXOIUT depe3 (POKyC (€ciu JUH3a cOOUparoIas) i UaeT
TakK, YTO €T0 MPOJODKEHUE IPOXOIUT Yepe3 (PoKyc (eciu JTMH3a PaccenBaloIas)
e JIy4, MAJAIONINK Ha COOMPAIONILYIO JIMH3Y, [0 MPSIMOK, IPOXOAIeH yepe3 hokyc,
(J1y4, majaromuii Ha pacCeMBAOLIYIO JIMH3Y BAOJb NPSIMOM, IPOXOASLICH uepes3
<_/ (hoKyc, pacHONOXKEHHBIH C IPYTroi CTOPOHBI JIMH3BI) MTPEJIOMHBIIHCE, HICT

pasmep
npeaMera

TapajuleIbHO TJIaBHOW ONTHYECKOH OCH

Jy4, IPOXOJAIIMN YepPe3 ONTUYECKUN LIEHTP TOHKOW JMH3bL, 10CJIE NPEIOMICHUS

MIPAaKTHIECKH HE OTKJIOHSIETCS OT MPSAMOH, BIOIb KOTOPOH OH yIIal Ha JIHH3Y.
1 1 1 H ‘f‘ Ecnm nokasatens IpeoMIeHHsI Cpeibl OANHAKOB C 00ENX CTOPOH JIMH3HI, TO
‘d‘ + ‘f‘ = =— = onrryeckui neHTp (Touka O Ha PUCYHKE) — epeceyeHHe TIIaBHOH ONTHYECKOH

4 F‘ T h ‘d‘ OCH C INIOCKOCTBIO TOHKOM JIMH3BI.

- I,
dopmy.ia TOHKO# aun3bl  JInHeiiHOe (TIoTIepevHoe) yBeInYeHne — OTHOIICHHE pa3Mepa nzodpaxkenus (H) k pasmepy npeamerta (h),
KOT/1a IPEAMET — OTPE30K, NEPIEHANKYJIISIPHBIN TTIaBHOM ONTHYECKOH OCH.

f |
paccTossHue — > | d| | f| <—pacCcTostHue
OT JIUH3BI IO IPEIMETA OT JIMH3BI 10 U300paXKEeHUs

PaccranoBka 3HaKOB B
(hopmyne Tonkoii MUH3BL: [[epen HOKYCHBIM PAacCTOSHHEM | F | : «H» — ecnu mMH3a cOOMpArOIIast, «—» — €CJIM JMH3a PACCCHBAOIIA.
S/

Ilepen paccrosiHuEM | f | OT JIMH3EI 10 1/1306pa>1<eH1/151: «H» — eciu I/I306Da)KeHI/Ie JICUCTBUTENBHOE, T. €. JIyuu OT S
TOYE€YHOI'0O UCTOYHHKA ITOCJIC MPEJIOMIICHUS B JIMH3E CXOIATCH

«—» — ecny n300pakeHre MHUMOE, T. €. JIy4H OT TOUE€YHOT0 HCTOYHHKA s />0
L0 HEJb3A TIONYHHT] II0CJIE TIPEJIOMIJIEHUS B JIMH3€E PACXOIATCs. B 3TOM cityyae nzo0pakeHuem T N

TJ1a3 BUAUT MHUMOEC

Ha 9KpaHe, Kak . w oo

= CUYHTACTCS TOYKA IIEPECCUCHUS TPOJODKCHUH MPEIOMIICHHBIX Jiyded S ' (MIMEHHO ,
JIeWCTBUTEIBHOE . " n3o6paxkenue S
W306paKene B OTO# TOYKE BUAMUTCS UCTOYHUK CBETA IJ1a3y, B KOTOPHIA NONAAI0T MPEIOMIICHHBIC JTyUH) <0

Ilepen paccTossHEEM | d | OT JIMH3BI 10 IMpeaAMETa: «t» — ecnn npeameT g!eﬁCTBHTeHLHBIfI, T. €. JIY4d OT TOYEYHOT'O
HNCTOYHHKA MMaJIal0T HA JIMH3Y pacXOoJAIIUMCs KOHYCOM!

«—)» — ecliu OpeIMET MHUMBIH, T. €. TyYd OT TOUYEYHOTI'O UCTOYHHKA d>0
NajaroT Ha JUH3Y CXOJSIIMMCS KOHYCOM (3TO BO3MOKHO, HaIlpUMep, TS N\
€CJIY JTyYH MPEABAPUTENBHO MPOIILIH Yepe3 COOMPArOIIy o JUH3Y). o t----=—""""7" ]‘ MHUMBIH ITpeMeT
B sTtom ClIy4ae nmpeaAMETOM CHUTACTCA TOYKA NEPECCUCHUS HpOIIOJ'I)KeHHﬁ ﬂyqeﬁ,
YHaBIIMX HA JINH3Y. d<0

6. Bo3MOXHbIe criy4Yau pacrosioXXeHusi npeoMema:

6.1.d > o (1. e.d>> | F| ) B 5TOM cily4ae Jiyuu OT TOUEUHOrO MCTOUHHMKA UIYyT MPAKTHYECKU NAPAUIEIBHO JPYT APYTY.
f=F — u3o06paxeHne TOYEYHOTO HCTOYHNKA HAXOAUTCS B (DOKATBHOM TIIOCKOCTH.

62.de 2F;0) ¢ M3o6pasenue: 6.3.d=2F; f =2F
f e (F;2F) -y neticteurensHoe (f>0),
B oot S S

TIepeBepHyTOE,

2F F
(§ororpacpus) ymenbliernoe (|d| > [f| =T <1)

_Pasmep m3o0pakeHne paBeH
pasmepy npenmera (d=f, [ =1)

64.d e (F;2F) ﬁ HSOGPEDKCHI/IGZ .
fe@F:ix) THETETT QTR ﬁeHCEBH:IeiBHoe 7=0), 6.5.d=F; f > o -nyuu or ucrounuxa,

(xuHoO, : epenepryToc, d < 1 JIeKAIEro B (POKaIbHOM IIOCKOCTH, -
IrapHIbEM) ] ysemmsennoe (|d| < |f] = ) [IPEJOMMBIINCE, HAYT NApaJJIeIbHO.

6.6.d  (0; F) Wso6pakente: 6.7. PaccenBalomas Jun3a:

fe (=00 MHuMOe (f<0), Uso0paenue: ¢
- npsMoe, mHmMoe (f<0), | [l .......

(oryma) yBemmaennoe (|d] < |f] = > 1) npsivoe,

ymenbliensoe (|d| > [f| =T <1)

7. MHmepg)epeHuun — HAJIOXKEHHUE BOJIH, ITPU KOTOPOM 3TH BOJIHBI B OJTHUX TOUYKAX YCHIIUBAIOT JIPYT Ipyra,
a B IpyruX — OCHa0JISAIOT APYT APYra, TaK, YTO HHTCHCUBHOCTD PE3yJIbTHPYIOIICH BOJIHBI HE paBHA CYMME WHTCHCHBHOCTEH
cknagsBaromuxcs sond (I # I; + I,) HabnogaTe uHTEpGhEpSHIINI0 MOKHO TOJBKO MPY HAJIOKEHHH KOIePEHTHBIX BOJIH.

KorepeHTHBIMM Ha3bIBAIOTCA BOIHEL pasHocTh (a3 ((p2 - (pl) KOTOPBIX B TOYKE HAJIO)KCHUS HE MEHSICTCSI C TCUCHUEM BPEMEHHU.

npsmMoe

. . o, 2n ] 27 [ ONTHYECKAS PA3HOCTH X012
®daza rapMOHNYECKOH (MOHOXPOMAaTHYECKOI) BOJIHBL: @ = Of Tomr T @ . Jlo1sl KOTEPEHTHBIX BOIH: |, —(p, = —— A7 BOJIH OT HCTOUHIKA 110
. _ BaK _ 7\,
Uto0bI BOJHBI OBUIA KOTEPEHTHBI, HEOOXOMMO: ] = M Four - ONTHYECKAS UTHHA €CITH Poy = Poy " Meax TOUKH HAIOWKEHHUSI
y :S'-z ) M¥F ™\ 1ouka HATIOKEHHS BOJH OT Iy TH BOJIHBI OT HCTOYHHKA JIO TOUKH Jnina HaknaneBaromuxes Ay = Flonr — Fonr
d| 2 ¥ HcTOUHHMKOB S| U S, HAJIOXKEHUS BOIH: Fopy = Fyi1y + 1ony + ... |\ CBETOBBIX BOJIH B BaKyyMe m=1.2.3
5 Pa3HOCTb X0lla 9THX BONH: A =7y — 1, = d-X/L  YenoBue makcumyma: YcioBue MUHUMYMA: HOMep, (H’OP;I'K')'K)
I Iupuna uaTepepeHMOHHON noocsl: i = A-L/d A = m \—>7\,Bax / MHTEP(EPEHIIHOH-
(paccrosiHie MEK/y COCEIHIMU MAaKCHMYMaMH ) orrr — M Argax Aonr = (2m—1) HOTO MUHHMYMa
m=0,1,2,3,.|ecan ¢y = @y 2
8. ﬂUd)paKuUﬂ — OTKJIOHEHHUE OT HpﬂMOHHHeﬁHOFO HOMED (HOpﬂHOILW‘mHHHQHHQFQ MaKCHUMyMa | N
pacrpocTpaHeHHs BOJIH MPU OTHOaHUH MPEMSTCTBUH (TIPOXOKICHUN B MaKCHMyMBI ’ cj ‘SIN Ol = kA
ortBepcTuii). B pesynbrare audpakiuu cBeTa BO3HUKACT KapTHHA ne;r«zep o - . nepsoro nopsaaxa (k= 1) _nepro permeTku
YepeoBaHNs CBETJIBIX ¥ TEMHBIX II0JIOC, IIPUYEM CBET MOXKET —=—% EL—?— X/O—él— HEHTpaNbHBIH MakcuMyM (k = 0) Td= (10%/N) m
MONAacTh B 30HY reOMeTpI/ILIeCKOﬁ TCHHU. gn_(bpaKHHOHHaﬂ peunierka — = ::: 1 MaKCHUMYMbI —— — A
TACTHHKA C Yepe/Iy FOIMMEICS TPO3PAYHEIMH 1 HENPO3padHBIMI rotockaMi (~ 10° Ha 1 M) BTOpOTO Mopsika (k= 2) ! qncln ;’/I;ﬂp HXOB

H;
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