OBO3HAHEHMUSI
] - dopmyna ects B koaHHKATOpE - (GopMyITbl HET B KOI(HKATOPE, HO €€ MOKHO

[ ] — dopmynst ner B xonnduxarope,
€€ BBIBOJL HYKHO 0053aTeNbHO N0Ka3aTh

3anucarthk 0e3 BhIBOAA

HE thopmyna He BeTpeuaetca Ha EI'D, npusenena
JUISL PACUIMPEHHA KPYro3opa

MEXAHHUKA

BEKTOPBI B ®H3HKE

Bexrop — HanpaBieHHbIH OTPE30K, MMEIOUIHI HAYA/10 H KOHEL. Chaoxenne BeKTopoB

[Tpoekis BeKTOpa HA OCL — JUTHHA OTPE3Ka MEKIY NPOeKIHAMHU HAYana
1 KOHLIA BEKTOPA Ha 2TY 0Ch, B3ATaA CO 3HAKOM « +» HIH « —»,

A =+
¥ > b
=k a a
b =
| A cosa = — =
: a = :
y a+b
Fal
X . ay
sma = —
a, 4 a [Tpaeuno TpeyroabHUKa [TpaBuio napannesorpamMma

MexaHHueckoe JBRHKECHHE — U3MCHEHHE MTOJIOKEHHA Tena (H.I'IH €ro qacreﬁ) OCHOBHBIE OIl PE,}],E.HEI 115
B MPOCTPAHCTBE OTHOCHTENIBHO JAPYTHX TEJ C TCUCHHEM BPEMEHH, ABIACTCH .
OTHOCHTEJIBHBIM, T.€. IUIS ONHCAHHSA JABHKCHHSI HEOOX0AMMO YKa3aTh Tpaexropus — smHUA, BAONL KOTOPOH JBHKETCA TEIO.

OTHOCHTE/IEHO KaKOro Tella OHO paccMaTpHBacTCH. [TyTh — AIMHA yYacTKa TPACKTOPHH, TPOHIEHHOIO TenoM

MarepuanbHas Touka — Telo, pasMepaMi KOTOPOTro MOKHO NpeHedpeus B 3a JaHHBII NPOMEKYTOK BPEMEHH.
VCIOBHAX JaHHOH 3a1a4H.

[lepemeluenie — BEKTOp, COEIMHSAIOIINIT HAYAIbHOE
Cricrema OTCHETa — TeJo OTCYETa BMECTE € JKECTKO CBA3AHHOMN ¢ HUM 1 KOHEUHOE TIOTOMEHHE Tela.

cHCTeMOil KOOPAHHAT U YacaMH. 1

NPAMOJUHEMHOE PABHOMEPHOE JIBUKEHME (I1P)T)

3 Uy A Ay
TTP]1 MaTepnaneHoii TOYKH — JBHAKEHHE, IPH KOTOPOM TETIO 3a PABHBIC
MPOMEKYTKH BPEMEHH COBEPLIAET OJIMHAKOBhIE
nepemerieHns. TpaekTopua — npsaMas. U= o N
0 = > 0 >0 >
- 5 o » t t t
r(t) = r,+ot| —ypasHeHwe ABWkeHMS | oo oooos

MPAMOJINH EﬁHOE PABHOYCKOPEHHOE ABW/KEHHUE (ITPY]1)

¥ Uy ay
[TPY]] matepuaneroii TOUKH — JABHKEHHE C MOCTOSHHBIM ]E — const
BEKTOPOM YCKOPEHHS.
- 0 il N
ypaBHeHHe IBHKEHH : CKOPOCTS : POt ACHHDIH Y Th : 0 o i Vi : 0 :
=9 B D . (|
i 4 at ) vc -7 (v + vg)t \
)y =Foadte | =G rar g2 T 70| | X0 :
2 2a 2

[TPY]1 Oe3 HauaibHOI CKOPOCTH

© Mojyin nepemeieHuii 3a Bce BpeMs BO3PACTAIOT KAK Psi/L KBA/IPATOB YHCEL, 3a OfiHYy CCKyHILY

@ [lepeMerieHHe 3a onpese/eHH CEKYH BO3PACTAET KAK PAJ HEUETHBIX UMCel. . Sy  4¢ 99, 1fe. __ __~~~ =77
p P yio o P P 1 1 16 34 BCe BpeMs




MEXAHUKA

JIBHIKEeHHE MOJ YIVIOM K FOPH30HTY

y Ox: TIPIT - B moMeHT BpeMeHnt nazfeHus Ha semmo h = 0
R > Oy: IIPY]L Ox: TIP/L of? t=0
7, 8 ¥/ Oy : TIPY]L vosina-t-2— =0 2
= > lé’ 2 vusina:-t—?=0
"& _fiX_t h= % L = vyt |L = voxt Bpewms nonera Bpemsa noabema :
L \i’i\: Uy | Yox 3 2ugsina Ug Sina
(72NRN 2 HrT AT o _gt by = —— oy = ————
\ ’ vg 4 % h= U[)yf S— g
o) gt | /3 N ]
0 ¥ tga = . S 18 :90y Hypax '«
L x Yo ; % = v sin 2a
0 X vox_vuc?sa me =v{)cosa'tnm = U_
Lmax Uoy = Up SN 3

v= \/v§+v§ = \/v§+(gt)2

Hmax=vﬂsj-na'tnoﬂ_?—

gt?  vjsin’a

OTHOCHTEJILHOE JIBUWKEHUE

Ipasuio (3akon) ciaomenusi ckopoctei

CKUpUCTb TOMKH OTHOCHTEILHO HEIMOABHIKHOIH CHCTEMBI OTCHETA

paBHa REKTOPHOI CyMMe CKOPOCTH JBIAKYIIEHCA CHCTEMBI M CKOPOCTH

TOYKH OTHOCHTRIILHO JBHKYLLEIHCSH CHCTEMBL.

-3 = =
UV=U+T7T

>

© — abCoNTHAA CKOPOCTh

5

U — NIEPEHOCHAsA CKOPOCTh

>

¥’ — OTHOCHTEIbHAA CKOPOCTh

PABHOMEPHOE JBUKEHHUE MO OKPYKHOCTH

Kpusosnneiinoe 1sikenie — MeXaHHYeckoe JBHAKCHHE, TPACKTOPHS
KOTOPOTO — KPHBBIE THHHH C MPOH3BOIBHBIM YCKOPEHHEM H UpO}‘ISBOJ'IBHUII:]

CROPOCTRH.

JIpmsenne Tena 1o oKpyKHOCTH — YacTHBI ciydai
KpHBOﬂHHeﬁHO]"D JBHACHHA.

Vrnosas CKOpPOCTE @) — BEJIMYMHA, XapaKTepH3yrollas
CROPOCTEL BpallEHHA Ma'repna.nbﬂoﬁ TOYKH BOKpPYI
HEHTPa BPpallcHHA,

[Teproa obpaiienis T — BpeMs OJHOTO OIHOTO 000pOTA.

Yactora ofpamenna v — BeaHuMHa, obparHas nmepuody. Yactora
MOKa3bIBAET, CKOMBKO MOJTHBIX 000POTOB COBEPIIAET MaTepHalbHas
TOHKA 38 CEKYHILY.

24
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v = const
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7
¥
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5
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r
= noasuxkHag CO
- 0 x
R
0 uenonsmxHags CO
x
o
a T
5
Lo 2 [m] @
4 T C
5
2nR Uy
T=2"0 el
v
TaHreHIMaNTLHOE YCKOPEHHEe BO3HHUKAET,
1 €CJIH CKOPOCTh M3MEHAETCS 10 BETMUHMHE.
V= T [06/¢c], [Tu] HopmasnsHoe (LeHTpoCTpeMHTENTbHOE)

Casi3b THHEITHOI 1 yIII0BOiT

YCKOPEHHE BOZHHKACT, SCJIH CKOPOCTh
WIMEHACTCA MO HANPABISHHRO.

cKopocTed :
p v =wR

2 M -+ _ 2 -
i=| b= Anom = #y +a,




MEXAHHUKA

Hasgauue Ob6o3Hay. Dopmyna Hanpasnenne Korna nosensercs
2
[ -
HopwmaibHoe a, 4, = T a, L0, B LIEHTP OKPY/KHOCTH MEHsETCA HanpasieHne BeKTopa v
- T .
a; =v'(t) a, || v, no kacarenbHOl K TpaeKTOPHH a5
Av Eemot 2 MEHSIETCS MOIYIIb BEKTOPA T
TanrenunansHoe ar 4. = g ecnu @, — const T iF m % (MeHseTca 3HaYCHHE T)
Ecmovl: a Tlv
[Monnoe Aronn Anomn = Y ﬂ% a5 ‘11% BuyTpb TpaexTopuu -
3AKOHbI HBIOTOHA CWJIbI B INPHPOJIE
____________________________________ |
Iepsoiii 3akon Huiotona i Cuaa cyxoro Tpenms: ﬁ 5 MakcumansHas BenHdHEa |
| [ |
CYHIECTBYIOT TAKHE CHCTEMBI OTCUETA, HA3BIBABMbIC HHEPIUHAIBHBIMH, , ~moxos =+ CHTRTLIERAN T DARR
| — CKOJIBKEHMA F CHJIE TPEHHA CKOJIBIKEHHA. |
OTHOCHTENILHO KOTOPbIX MATEPHAIIBHBIE TOUKH, KOTJA Ha HUX HE ! P > !
i — KaueHus
JEHCTRYIOT HHKAKHe CHIIBI (HITH JIeTICTBYIOT CHIIbI B3aHMHO i :
I 5
YPABHOBEIEHHBIE), HAXOAATCA B COCTOAHMM MOKOS MITH PABHOMEPHOTO | i‘:l‘lzl [T_rpz:f” HED |
" I . |
IPAMOJTHHEHHOTO ABHIKEHMS. R R |
1 I
i CT— - | MOBEpXHOCTE; |
Bropoii 3akon Huworona T e s — e T |
{ ;
B uHepumanbHoOii CHCTEME 0TCUETa YCKOPEHHE JBHIKYILErocs N, ! Ten. nokowres pastoycrop.F 1
TeNa MPAMO MPONOPLUHOHAIEHO CYMME MPHIOKEHHBIX K HEMY |5 =1 Ko e N s e e s e |
CHIT M 0OPaTHO NPONOPLHOHAIBHO €ro Macce. R m | 0 rmmmmmmmmmm e m e )
Cuia yupyroceru: k

Tpernii 3akon HuioTona

Fyup = kx| = saxon I'yka |:’|rz
C k=ki+k
NpaBelivE THINbL NpH 1+ K| Ky ks

B nHepumansHoii cucTeMe oTcueTa JiBa Tea AeHCTBYIOT APYr HA Apyra
€ CHITAMH PABHBIMH 110 MOIVIIK H NPOTHBONOIOKHBEIMH 0 HATPABICHHID.

CHIBl BOZHHKAKT NONAPHO, HMEIOT OJIHY MPHPOLLY, NOABIAKTCA H MATBIX AedopMALIIX Tena. e
HCYE3al0T OJIHOBPEMEHHO. s = CHlla YIPYIOCTI — CHIlA, BO3HHKAIOWAS 1pH e
Fip = - Fy

MNPOTHBOMONIOKHYIO CMELICHHIO HAaCTHIL Telld B poliecce
AeopMariui.
Hedopmatis — n3menerde GopMbl H pasMepos Tela, OblBaeT

Cuiia THTOTEHHA: VIPYIoil H [1aCTHYECKOH.

Yinpyras fedopMaling NOTHOCTREO HCUe3aeT Mocile CHATHA

|
[
|
l
|
1
I
l
I
e |
YHpyrou ,D.e(])()pMaLlHH Tella W Hanpap/ieHHAad B CTOPOHY, l
|
|
l
I
|
l
I
|
I
[

3aKoH BCeMHPHOTO TATOTEHHA Mz BHEILHET0 BO3AEiCTBHA, KOTOPOE BhIZBAJIO AehopMaLiiio.

JlBe marepuanbHbie TOuKH Maccamu M 1 M nputarusarores E = Tl MIETH i e e v
ApPYT K OpYTY € CHIOH, NpAMO mponopuHoHameHolimx @~ 0 L———— 1 | ll - - - - - mm e e e e e e e e e e e e e e — -
MaccaM # oOpaTHO MPONopLHOHAILHOI KBaapaTy G=667-10" H_Mz

paccrosHus R Mexmy Humm. rpasuTamonsas KT Bec Tena — 9710 cuna, ¢ KOTOPOi Teno JelcTryeT Ha Onopy WK

nocToAHHAA nonsec. Bec npunoiken He K Teny, a K onope WIH MojBecy.

CHia THKeCTH — CHIa FPABHTALHOHHOIO NPHTHACHHA,

]
I I
|
I
|
) .
JeficTBYIONIAA Ha Tello co CTOPOHBI NIaHeTH : y N =2 ¥ ~ 2 :
Y10 p : . N a N a :
|
I
Ecan Teno Ha BricoTe [ Hal OBEPXHOCTERIO mM i = +1 i
TJIAHETE, TO JI1% CHITEI TAAKECTH : mg(h) = G : !
[ m§ m§ :
I
- 5 -+ 5 =2 1
--------------------------------------- : ta =mg+N Mg =mg+N |
[ ma =N —-mg ma = mg—N ;
i N =mg+ma N =mg—-ma |
|
I
. P =mg-a) '
I 5 |
i Bec Tena Gonblie cuibl Bec Tena MeHbIIE CHITHI I
: TSKCCTH. TAKECTH. :
I |
I 1

Ecima=g= P =0 = cocrosHiie HeBECOMOCTH.




CUJIbI B ITPUPOJAE
AHHU

JeiicTBYyeT co Touxa
Hazsanue cuibl Hanpasienne Dopmy.ana [pumep
CTOPOHBI NPHJI0KEHHS

| MaCCHBHOIO TE€/Ia | | MO NpAMOI, COelHHA —
[ | ILIEHTp Macc | o
Tpasuranuopsas P fOILEi Tena, B CTOPOHY

JaHHOIO Tena
NPHTATHBAKOLICTO TCIa

HEHTP Macc
JaHHOTIO Tena

MJIaHeThl 3eMIIs

neopmMupoBas — | TOYKA
HOTO YIIPYTOTO TeIaCONPHKOCHOBEHHS
I |

(npyHuHBI) , IPYKUHBI H TENA |

1 ]

NPOTHBOTIONOKHO
nedopmarnun Tera

agedopMupoBaH — | | BIO/b [I0ABECA, B
I
HOTO Tena CONMPUKOCHOBEHHMsI CTOPOHY YMEHBIIEHHA
I |
(HuTH) | HHTHH Tema |  €ro jaedopmanun
T

MEPIEHIHKYIAPHO

I
nedopMupoBaH — | |
I | MOBEPXHOCTH OMOPRI,
HOTO Tena COMPHKOCHOBEHHS
B CTOpPOHY YMEHBIICHHA

OTOpBHI | moBepxHocTeit
(omopa) ' P ee nedopMalmn

Cuna HopManbHoii
peaKIHy ONopsI

I

|

L

KHAKOCTH, B | HEHTp macc |
KOTOPYIO [IOTPYKEHO MOTPY/KEHHOH |
|
yacTH Tena

T

Tena, KOTopoe |

I

I

|

|

I

I

|

I

: MEKUT WIH BHCHUT NPOTHBOMOIKHO CHIIE
I

I

I

I

I

pearkliiH OTIOPhI

CHIIC HATAKCHHA

Ha omnope noageeca

T
JeopMHpoBaH — | NapaIcIbHO | PaBHA MO
(HOTO Tesa (OMophl) | 1 1e 1y, B TO‘lKaX: MOBEPXHOCTH, | BEJIMUMHE BHELIHE}
I 4 I I
(DU TOMBITKE €0 oo pnykocioeruss  MPOTHBOTIONOKHO | CHIE 1 HE
CABHHYTE pefictsyrouteii cue ' npesbiaer N

0 MPOTHBOTIONOKHO
COOPMUPOBAHHOID
HERORASD | K Tely, B TOuKax, CKOPOCTH IABHIKEHHsI

Cota g tena (onopsl) npu
I |

CKOJIBIKCHHA P P (CONPHKOCHOBEHHS TEJaa OTHOCHTECIIBHO
1

JIBHKEHUH : TOBEPXHOCTH

Heiicryer co Fouka

Hanpasienne Ipumep
CTOPOHKI NpHIGKEHHA

Ha3zgauue cnibi

Telna

| I | ] =
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. s | meHtp macc | BIOJIb JIMHMH, ‘ 2 "\?‘/ !
| [ | [ qQ i F
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MEXAHHUKA

JAKOH COXPAHEHHUS UMITVJILCA

Mnmryiiee — BEKTOPHAA BEIHUNHA, paBHas 3aKon coxpaHenns HMIYibea ABCcomTHO HEYNPYTHIT yaap

MPOH3BCACHHIO MACChl TCIA HA €T0 CKOPOCTD ! HmMmynbc 3aMKHYTOI CHCTEMBI Tell OCcTaeTcs i 5
— KT - M NOCTOSHHBIM C TEUEHHEM BPEMEHH NPH JIIO0BIX i; 7, =0 _“:__

B3aMMOICHCTBHSX TN BHYTPH JaHHOI my Q Q - MMy + 1y : :

Hniryise eniiel — BeKTOpHas (H3ndeckasn CHCTEMBL, [ :

BEJIMYMHA, PaBHAs NPOH3BE/IEHHIO CHIILI HA ,@‘ A0 yiapa nociie ylapa

BpeMs ee IeHCTBHA, Mepa BO3ACHCTBHA CHITbI 5w S )

Ha TENO 3a JIAHHbII TIPOMEIKYTOK BPEMEHH. v, U, 2 SHROR SNSRI

ADCoa0THO yupyraii yaap m];] + mza’z = (m; + mz};"

— ==
HMuyise cHeremb mlw M2 3 :
: _ . IO COSPRHEHINT MMILALCAS 3aKOH COXPAHEHHS IHEPIHI HE BRINOTHACTCA.
MATEPHANLHLIX TOYEK: A0 yiapa L, Mo + MU, = My, + 1, KuHetnueckas sHepris nocse yiapa MeHbIe
5 U g . KHHETHYEeCKOH IHeprun 1o yaapa.
Bropoii 3akon Hewrona 8 umnyascuoii popme le = am;s coxpaHzeHHx 3He2pr HHs "
ny E ) ! !' mvy MmaU5 myuy Mol
T Hamenenne umnynsca tena : 2 + I + 2
Ap = FAt|  pasno uMIyIBCY CHITBL nocne yaapa
3AKOH COXPAHEHMSA MEXAHUYECKOMW SHEPT'MH
2 2
mo Horenunansnas snepring — (U3HYECKas BEIHYHHA, NPEICTARIAIONIAA
E,=— = 2 [[Tx] — kunernueckas sHeprus i P @ i » TP ,m
2 2m c000if HacTh MOTHOI MEXAHHYECKOH YHEPrHH CHCTEMBbI, HaxoasmleHcs B

i i 1M0J1€ KOHCEPBATHBHBIX CHIL.
Ieopema 0 KHHETHYECKOH YHEPIHKM:

HM3veHeHHe KHHETHYECKOH YHepruu Tena pagHo padore, CoBeplLEHHOMN [ = | ‘i~ PerCHHEABHAL JHCHIAN TR
P P p ! S E, =mgH | [Jix] BOMH3N TOBEPXHOCTI 3eMIi
HPHIOKEHHBIMH K TEJY BHELIHHMH CHJIAMH 34 PACCMATPHBAEMBbII1

MPOMEKYTOK BPEMEHH. ‘AE — A n A T ‘ P. S. BBICOTy HE 06ﬂ33TeJIBHO OTCYHTHIBATE OT HOBEPXHDCTH FeMIIH.
r=A1+ A+

—NOTeHUHA/IBHAA IHEPIHA YHIpPYIo
[B'DK] .’lecpopx-mponmmoro Tena

Mexannueckas JHeprud — mMepa JBHMKCHHA H BBZ[HMOI[EﬁCTBHH
MeXaHH4ecKnX 00beKToB (MaTepHalbHBIX TOUEK, TBEPILIX Tel).

iy

K(}I-ICCpBa'I'HBIIIsiC CHIBL — CHIIBI, COXPaHAIOIIHE MEXAHHYECKYIO B = i
n=

! [ﬂ}K] —HNOTCHHHAIBHAH IHEPIHN
9HEPrHio 3aMKHYTOI cHcTeMbl Ted. He 3aBHcAT oT TpaekTopHu. | R

IPaBHTAIIHOHHOTO B3aHMOIC fAcTRHA

3aKon coxpaHeHHs MeXaHWYecKoil YHeprum:
Ecin B 3amxHyTOI cHeTeMe 1eiicTBYHOT TOJIbKO KOHCEpPBATHBHbIE CHIIbI, Mexanudeckas 9HepI1d CHCTEMBI TeJl PABHA CYMME MX KHHETHUYECKHX
TO MEXaHHYECKasIHEPrus cueTeMel coxpansiercs. [Ipu aTHX yciosuax JHEPrHii 1 NOTEHUHANBHOI IHEPrul UX B3aUMOICHCTBHA IPYT C IPYTOM :

MOTYT MPOHCXOANTE NI MPEBPAIIEHHS YHEPTHH © W3 KHHETHYECKOH B
W=E.+E,

MOTeHIHATILHYIO H HA000POT.

MEXAHHUYECKAS PABOTA. MOIIHOCTb

Mexannueckas pabota — (u3nyecKas BeIHUHHA, KONHYECTBEHHAA Mepa

- s -+ i I
pesyvisTara 1eHCTBHA CHIILL HA TS0 HITH CHIT Ha CHCTEMY Tell. F F ¢ o KoaxumumenT nonesHoro
55 5 o Jj;g 2 =0 ApicRsun;

I I
A=F-S=|P|-|S|-cosa\iﬂm] . A P
TITEsH TOTEsH
= a < 90° a = 90° a>90" |p=-—""=
MomnocTs — BeJHYHHE, XapakTepH3yloulas

N=%=Pvcosa [B1] A>0 A=0 A<0 Aviger Py

CKOPOCTH COBEpLISHHS padoThbL.




MEXAHHUKA

CTATHUKA TBEPJIOI'O TEJIA

MOMEHT CI/Ib OTHOCHTEITBHO OCH BPAILIEHHs — IPOH3BEIEHHE Yeaosust pasHoBecHs Tena:
1) PaBHa Hy/IIO BEKTOPHAS CYMMA BCEX CHJL, TIPHIOMKEHHBIX

CHITBI Ha TLIEY0. -M = FI
K Teny.

Tlieuo cniibl — KpaTHaiilee PacCTOSHHE OT OCH BPALICHHS 2) PaBHa HymO anrebpanyeckas cyMMa MOMEHTOB BCEX CHIT,
NPHIIOAKEHHBIX K TETY, OTHOCHTENBHO JaHHOI OCH BpallieHHs

J10 THHHN J1eficTBUSA CHITBL.
i mob0it Apyroi 0cH, napanielbHON JaHHOI.

Jlunus AeficTBIA CHILL — TIPAMAasi, NPOXOAIIAs Yepes BeKTop .

CHJIBL F 5 o -
F,+F,+..+F =0

MOMEHT CHITBI CUHTAETCA TIONOMHTETEHEIM, eCITH CHIA CTPEMHUTCS MOBOPAUMBATH TE0
IPOTHB YACOBOM CTPEIKH, M OTPHIATEILILIM, SCIH [I0YaCOBOIl CTpEJIKe. My+Mz+.. +M, =0

MEXAHUKA )KUJIKOCTEH U TA30B

3akon llackann
AB/ICHHE, OKA3bIBAEMOE HA JKHIIKOCTh MM ras, nepenaéres B
Jlapnenie — ckaasgpHas (PU3HYeCcKas BEIHYMHA, PAaBHAS OTHOIISHHIO CHIIB, A ’ 3 A 7 Tepeda
8 i g TM00YI0 TOYKY 9TOH cpeabl 0e3 H3MEHeHH 110 BCeM HANpPaBIeHHIM,
NeHCTBYHOLEH NeprneHInKyIIpHO NOBEPXHOCTH, K MIIOMIAAH IToi

Ciuia Jasnienns — cuia, noj jaeficTeiueM KoTopoil Teno aedopMupyercs.

= "
E. Tuapasamuecxuii npece -

MOBEPXHOCTH.
p= ngh —Ha [IHO COCyla YCTPOHCTBO, JIAKOLIEE BBIMIPEIL B CHIIE.
_ F| [Ma, mm.pr.cr.] 51 S, F S,
P= S| 1 o p. er. %133,3TTa p = P8 |y cremen cocyaa 2 2=
2 1 15
s e S Coobuialomuecs cocyanl -
. P1=pP2=pPs3 COCYIIBI, KOTOPBIE HMEIOT 001IHiT KaHan
Fi+F,+F BHH3Y.
_____ o 172k #F3 JE T
1 P1 S2 pa S3  ps b P2
3akon Apxumena YenoBus ILIABAHHA TeJ1
Ha norpyx€HHOe B JKWJIKOCTE WM 123 TeNo JeiicTryeT F ﬁq A
A Apx
N

BHITAITKHBAKOIAA CHITA, HAMPABICHHAA BEPTHKANLHO BBEPX
¥ paBHas BECY cpejlbl, 00bEM KOTOPOI paseH 00bEMY Tena. i |m |

8 = Fapx
) ] I
PApx = 048V, I__] mg
|

-
o g
Y mg  reno toner ¢ reno nnasaer TEJT0 BCTLTBIBAET

mg > Fap

U




Konebanns — 9T0 nosTopsionmecs
BO BPEMEHH H3MEHEHHS COCTOSHUA
CHCTEMBL.

IMonowenne paBHOBECHA — TaKoe
TMONOKECHNE CHCTEMBI, B KOTOPOM OHA

MEXAHHUKA

[lepuon konedanuii T — BpeMst OTHOTO

I'APMOHHUYECKHE KOJIEBAHWSA

MOAHOTO KoneOaHus.
Yacrora v — BenuyuHa odpaTHas

nepuony. [lokaselBaeT, CKOMLKO
MOAHBIX KoJ1e0aHuii coBepluaeTcs 3a

!x=Acosth

v =x =-Adsinot|

MOMKET OCTABATLCA CKOMB YTOAHO
Joaro (Gyayqu noMerenHoi B 9to
NMoJIoKeHHE B COCTOAHHH l'ICIKDS{).

HY CEKYHIY.

[T'u]

rﬁpMOHi‘I'-lECI(HE konebanua — KOﬂeﬁaHHH, MNpH KOTOPBIX
KOOPIAHHATA 3aBHCHT OT BPEMEHH MO FapMOHHYCCKOMY 3aKO0HY & ; !

Ja =0’ = —A®? cos ot |

‘ ]amnx = Aw?

‘x = Acos(ot + (pgﬂ [M]

A = avmziTy/ia koedanuil Tejla — BelMYIHA ero HAHOOMBIIErO OTKIOHEHH S OT
nonoxkeHus papHoBecns; (@F + @) — dasa xonedanuii; @y — HauaneHad dasa.

[ paﬂ]

c

Crobonnsle konedanms — KoneDaHMs CHCTEMBI, NpelocTaBleHHoll camoii cede
(pu MOCTOAHHBIX BHEMIHUX YCITOBHIX).

HHETHYECKad 4acToTa :

=[lepron koneGanuii 3Heprun B 2 pasa MeHeLIE MepHoIa
KoneOaHuii X, U u 4.
=KoneGanus E,,; 0 Eyyy MeHAOTES B 1poTHEO(AE, a

E non — NOCTOSIHHA,

MaremarnuyecKHii MAATHHK -
HeDO/IBIIOE TENO, MOJBEUICHHOE Ha
HEBECOMOH HepacTAKHMON HUTH.

I pyxunnbIi MAATHHE -
3aKperUIEHHBIH HA TIPYIKHHE TPYy3, CMOCOOHBII COBEPIIATE
KOneDaHus B TOPU30HTAILHOM HIIH BePTHKAILHOM HallpaBlIeHHH.

1| 3amomun:

T=2m |- ¢
T g JIBUKH }
Mon.| v 20 [ B Eaor Ion.| v g | E | Es ]
[m
1 0 |max| 0 | max 1 0 | max| 0 | max T=2n T
z max | 0 | max | min 2 |max| 0 | max | min 3anoMHn ; I
0 | max| 0 | max 3| 0 |max| 0 | max MaKapoHsl

[Ipespamenne YHEPrun npu Bomyaaennsie konedanus. Pesonanc

FApMOHHYECKHX Koedanusx

Briyuciennsie konedanns — konedanus, COBEpLIAIOLIHECH M0
ITpn rapMoHHUecKHX KoleDaHHAX NPOUCXOIUT NEPHOIHYECKOE BO3/elicTBHEM BHEIIHEl NepuoAnYecKo CHIbL.

MpeBpaLIeHHe KMHeTHYECKOH JHEPTHH B MOTCHINATBHYIO H

HaobOpOT.
R mv?  kx? MU %0 _ kA2 -
= S co

Pesonanc — uacTOTHO — H30MpaTe/LHBIIL OTKINK KonedaTenbHOH
CHCTEMBI HA NEPUOHYECKOE BHEIIHES BO3AEHCTBHE, TIPH KOTOPOM
MPOUCXONT PE3K0e BO3PACTAHHE AMMIITUTYABI CTAHOHAPHBIX
KoneOaHuii.

2 2 2

Habmonaercs npu npudnnkeHun
YaCTOTHI BHELIHEr0 BO3ACHCTBHSA K
onpeaenéHHbIM, XapaKTepHbIM 174
JIAHHOF CHCTEMBI 3HAYCHHAM.

T.e. BEIMOTHACTCA 3aKOH COXPAHEHHS MEXaHHUECKOlt 3HepruH.

JlnnaMuKa rapMoHHYeCKHX Koaebanuii

ma, = —kx

, e k = maw?




MEXAHHUKA

Bouiosoii nponece — 11000e H3MEHEHHE COCTOAHMS CIUIONIHOMN Cpelibl,
pacnpocTpaHIoIeecs O CKOPOCTHIO i HECYILIEE YHEPTHIO.

Jlmna posnsl A — paccTosHHe Mexkay AByMs OiKaifiumMn 1pyr apyry
TOYKAMH B IIPOCTPAHCTBE, B KOTOPLIX Konebanns MNpOUCX0IAaT B
O/IMHAKOBOH (ase. A

MDPOHT BOTHEI — ITO COBOKYTTHOCTE TOUEK, KOIeOMIOUMXCA B 0OHOI (aze,
JI0 KOTOPBIX B IaHHbIH MOMEHT BpeMEHH JI01LeN BOJIHOBOI npouecc.

HHTEP®EPEHIIUA BOJIH

Mutepdiepeniing — Takoe HAIOKEHHE BOMH, MPH KOTOPOM MPOHCXOONT
YCTOIUHBOE BO BpeMeHH MX B3aHMHOE YCHIEHHE B OJHHX TOUKaX
NPOCTPAHCTBA H OCAadIeHHe B IPYTHX, B 3aBUCHMOCTH OT COOTHOIICHHS
mexay (azaMH ITHX BOJH.

Heobxonnmbie yesosus Aas nadiuwonenus nurepdepenunn:

1) BONHBI JOKHBI HMETh OIHHAKOBEIE (MM GNIH3KHE) YACTOTEI, YTOOLI
KAPTHHA, MONYYAIoUIascsl B Pe3VkTaTe HANOKEHHS BOJIH, He MEHSJIACh BO
BpeMenH (KM MEHSIIACH HE 04€Hb BBICTPO).

2) BomHBI A0MKHEI OBITH OTHOHATIPARICHHEIMH (MTH HMeTh OIH3K0e
HANpaBICHNE) 11Be NEPHCHIAMKYIISPHBIC BOIHBI HUKOTA HE Aa1yT
HHTep(epeHLnn.

BCI.I'IHBI; A1 KOTOPBIX BBRINOIHAKTCA 3TH IBa YCI0BHA — KOIEPEHTHBIE.

[1pH HANOMKEHHH KOTEPEHTHBIX BOJIH BO3MOMKHBI JIBA NIPEEIBHBIX ClyYas..
VYenosne MAKCHMYMA © PpA3HOCTE X014 BOMTH PABHA LENOMY WHCITY IITHH
BOJIH (MJ11 YETHOMY YHCITY JUTHH TIOIYBOITH).

A =2m%, m=0,x1, +£2, £3,...

B paceMaTpHBagMyIO TOUKY BOJIHBI IPHXOIAT ¢ ONMHAKOBBIMH (aszamMu 1
YCHIIMBAIOT APYT Apyra. AMMINTYAA KonebaHuii 3Toil ToukH paBHa
VABOEHHO amIinTye.

Yenosue m HHHUMYMa © pasHOCTE X0/1a BOJTH paBHa HEYETHOMY YHCITY JUJIHH
NOayBOIH.

A
A:(2m+1)5, m=0,x1, £2, £3,...

Bo7Hp! IPHXOAAT B PACCMATPHBACMYIO TOMKY B MPOTHBO(A3E I TACAT IPYT
apyra. AMIUIHTYa KoneOaHHil JaHHOH TOYKH PaBHA HYIIHO.

[TpononsHad BO/IHA — BOJIHA, TIPH PaclpoCTPaHeHHH KOTOpOii
CMELIEHHE YACTHIL CPEJibl MPOHCXONT B HATIPABIEHHH

PacnpoCTPAHEHNUS BOJTHEL.

-
—_— 7

-

PacnpocTpaHAOTCA BO BCEX Cpeaax

TMpumep : 3ByKOBas BOTHA

[Tonepeutibie BONHL — BOJHBL, NPH PACIPOCTPAHEHHH KOTOPBIX
CMELICHHE YacTHL Cpeibl MPOHCXOINT B HAIIPABIICHUH,
NEPIEHJINKYIIAPHOM PACTIPOCTPAHEHHIO BOJIHBI.

AbAA 2 lPacr{pompaHm{m:ﬂ TONBKO B TBEPBIX Cpeax

vy

IMpumep : nexTpoMarHUTHasA BOTHA, BONHBI HA
HniHype

AUDPAKLINA BOJIH

Judpakung Bonn — ABIeHHE OTKIOHEHHA BOJIHBI OT NPAMOIHHEIHOIO
pacnpocTpaHeHHs H OrHOAHHs BOJIHOMN NPEnATCTRHA.

Ipy audypakumy MPOUCXOIUT HCKPUBIIEHHE MOBEPXHOCTH BOIHBL Y
Kpaes npensaTcTeug. OcobeHHO ABHO AH(PAKIHA MPOABIAETCH B TOM
ciyudae, ecliH pazMeps! MPenaTCTBHA CPABHIMBI C ATHHAMU BOJH.

[puauun l'ojirenca:

Kawnast Touka cpejibl, 10 KOTOPOH OO BO3MYILEHHE, cama
CTAHOBHTCH MCTOYHHKOM BTOPHYHBIX BOJTH.

Asnenune AHQPAKINE MOKHO OOBACHHTbL MPH MOMOLIM NPHHLIHTA
INofirenca, Tak kak J1H00YIO TOUKY NOJA BOIHBI CIIEAyeT
PACCMATPUBATE KAK HCTOYHHK BTOPHYHBIX BOJTH, KOTOpPBIE
pacmpocTpaHAOTCA MO BCEM HANPABIEHHAM, B TOM YHCIE H B
00/1aCTh I'eOMETPHYECKOI TEHH NPEnsTCTRHS.

3BYKOBLIE BOJIHbBI

3BYKOBBIE BOJIHBI B IIIPDOKOM CMBICIIE — BCAKHE BOJIHBI,
pacrnpocTpaHaionHecs B yIpyroii cpene.

33y1€01351e BOJIHBI B Y3KOM CMLICTIE — BOJIHBI B JHaNa3oHe 4acToT
ot 16 I't 10 20 k'L, BOCHPHHHMAEMBbIE YETOBEYECKHM YXOM.

Huske sTOro ananasoHa nexuT 001acTb HH(pa3Byka, BbIlIe —
olbnacte yiLTpassyka.

OcnoBubie XAPAKTEPHCTHKH 3BYKAZ

Ipomkocts — onpejenserca aMIIMTYA0#H konedaHuil naBneHUs B
3ByKOBO# BouHe. En. u3m. : ab (neuudenst).

Beicota — onpeneaneTca 4acTOTOH KonmeOaHHil : veM BbilIe yacrora,
TEM BhILIE KAKETCH 3BYK.

CropocTs 3ByKa:

CKopocTh 3ByKA B pasHbIX CPEIaX pa3ivyHa : 4yeM Dojee ynpyroi
ABJIAETCA cpea, TeM ObICTpee B Hell pacnpocTpaHaeTcs 3BYK.

B sKMAKOCTSX CKOPOCTD 3BYKa Bolblle, YeM B rasax, a B TBEP/ILIX
Tenax — 0o/blle, YeM B KIUIKOCTX.




2 MOJIEKYJISPHASL ®U3UKA. TEPMOJAUHAMUKA .

MOJIEKYJISPHO-KUHETHYECKAS TEOPUA

Hzonpoueccs:

HjieaibHblil ra3 —ra3, 4acTHILbl KOTOPOTO SIBASIOTCS He
maHMOﬂeﬁCTBleUJ,}‘IMH Ha pacCTOAHHH MATEPHAIBHEIMH

TOUKAMH H HUCTIBITRIBAIOT abCOMOTHO YOPYTHE COyIapeHHA
JPYT € APYTOM H €O CTEHKaMi COCYy/a.

1) Usorepmuueckuii (T = const) : pV = const —saxon Boitas — Mapuorra

v
2) W3obapusiii (p = const) : T = const —saxon I'eii — Jlioccaka

3) Wzoxopusiii (V = const) : % = const —3axou [llapns

Ocnosnoe ypasuenne MKT naeansnoro rasza:

Ennunust usmepenns : [p] = Ila — nackans
Cpeanssi CKOPOCTh TEMJIOBOT0 ABHKEHHSI MOJICKY.I:

IBo BCEX I'd30BbIX 3aKOHAX V = const|

1 - 2 1 .
p= gmgnvz ‘p = EnEk ‘p e gpv2

const

I T2
_ [3kT _ [3RT B T
i T >
0 0 0
5 v T
Cpennsisi KHHETHYECKAs YHEPIrUs =5
MOCTYNATE/ILHOT0 ABHKCHHSA E; = Mo? = §k'r
MOJTEKYJT: 2 2 P/ Vs P2>mP1 P
W
Jawon Jlantona:  |poyeq = pr+p2+.. +Pa § /Pl
1l
YpaBuenue cocToanusn 2 ,/’1"2
HICATBHOTO ra3a: e
pV=vRT = —RT| |p= —RT
M M
v
Koimuectro Konuenrpauus: " P § F4 Vs, >V,
BCIICCTEAL % V
N _m n=7 i / ‘
Na M ~ I/VE
'f
Eaninubsl usmepenns @ EAHHHLB H3MEpEHNs > >
[v] = moms [7] = 1/ 0 v 0 0 T
TEPMO/IMHAMUKA
BII}"T[)EIHIHH FHEPIHA OAHOATOMHOIO rasa: ”C])BUC HAYAN0 'I'CpMOﬂI‘IHﬂMI‘IKH:
i EVRT= §£k‘]‘= §ERT= ng Q=AU+A! , A —pabGora raza.
2 2N 2M 2
- a \ 3HaK Konmuectso HW3meHeHHe BHYTP. Pabora
H3menenne BHYTPEHHEH JHEPIrun BETHUHHBI Temiorsl Q seprin AU raza A
OEHDTIOMHOLD pass + ras fnojyuaer T1=AT>0 Vi=AV>0
3 3 KOJIHYECTBO TEIUTOTHI AU =0 A=>0
AU = ZvRAT| AU = ZA(pV) _ ra3 oTiaeT TI=>AT<0 | Vi=sAV<0
KOITHYECTBO TEMIOThI AU <0 A<0
Pabora rasa npu usobapnom npouecce: |4 = EAV} Ten100bmMena Het T —const = V —const =
PaGoTa A uncienHo paBHa MIoWAIN Mo 0 Q=0 AT=0=>AU=0 |[AV=0=2A=0
rpaukoM npouecca B koopauHarax pV. laauabaTHbLi MpoLece | H30TepMUY. MPOLIECC| H3IOXOPHBIIT MpoLece

AV=0

Pabora rasza npu u3obapuom npouecce: (A

raa = — Asnewenn |




A MOJEKYJISIPHAS ®U3UKA.

TEPMOJUHAMMUKA A" |

TEPMOJAUMHAMHUKA

[lpumeHenne nepeoro 3aKoHa TEPMOAHHAMHKH
K H30MPOHeccam:

Tennosas Mmamuna:

Inka Kapuo:

=HWsotepmudecknii npouece, T = const Harpesarens P4
AU=0,Q=A l l l
Bce nogsenennoe K rasy TCIIO HOCT HA COBCPIICHHE ]{HJI UMKIa KapHO .
razoM paboTel. pabouee) — = A e - e
=MWsoxopubiii npouece, V = const Tl ik n= e
A=0, Q=AU Q Q=0 Ty
Bce Tenno, nepenaHHoe rasy, MaeT Ha H3MEHEHHE T
€0 BHYTPEHHEI SHCPIHH. XonoanbHuK Quon il

0 :

=H3obapuslii npouece, p = const

Padora unkna:

Q=AU+pAV
- Ao = Qu = Ox 1 - 2 uzorepmuueckoe pacumpenne (T — const)
p = 2 — 3 annabarnueckoe pacumpenue (Q = 0)
Anuabarnerii npouece 3 - 4 wzorepmuueckoe cxarue (T — const)
Asnmabaribiii nporece nier Ges Kospduuunent noaesnoro 41 agpabarnueckoe cxarne (Q = 0)
TENI000MEHA € OKPYKAIOIHMHI aeiicrensn (KI1/1):
TeIaMH. WieanbHas TENIOBAS MAIINHA — TETUIOBast
T rmmp— _ Ay _ Qu-0Qx Matunna, paGoratomias no nukiy Kapao.
0 Q =0. QH QH
V' Anmabara — KpHBag, Mc3o00pa —
—, Mo0TeEMA Katouas Xo/ axuab. npouecca.
— aauabara
TEIIJIOBBIE SIBTIEHUS BO/JIAHOMU ITAP
OTHOCHTEIBHAS BI&KHOCTH BO3IYXA :
t, °Cc A VpaeHeHue Tenosoro 6ananea:

e

tlm

ITpoueccrl nuaBneHns, KHIIEHWA, KOHASHCALIHH,
KPUCTANIM3AINH POUCXOAT MPH ROCINOAHHOT TeMIIepaType.

KonuuecTro tennorel, HeoOxoaumoe KonudecTBo TemnoTel, HeoOXoaHMoOe
UIA HATPEBA / OXAKICHHUS | JU1A 1apoo0pa3oBanis / KOHAEHCALNH §

Q = cmAt]

Konnaectso Teriors!, Heodxoaumoe
A7 TOPEHHA &

KonmuecTro TennoTe, HeodXoauMoe

JTA NIIaBJICHHA _r! KPHCTAIIH3aLHH

IQ:Am

e s pBO-II.Ilap:l - Pw.napa

P

pHﬁC.I‘EZIPZl Puac,napa

[Tpu Temneparype 100° C nasnenne HaCHILIGHHOIO napa pasHo
100 xI1a.

,I[annemle HACBILICHHOTO Mapa 3daBHCHT TOJABKO OT TEMIICPATYPLI.




IJNEKTPOIUHAMUKA

SJEKTPOCTATHUKA

JneMeHTapHELl JMEeKTPHUSCKUil 3apia — DneKTpHUICCKOe NoJIe NPeAcTaBIseT coboil BEeKTOPHOE MONe, CYIIECTBYONIEe

3apsL AEKTPOHA. | e=16-10"0 Kn] BOKDYF T€J HJIM YacTHll, 00aatolee AEeKTPHUECKHM 3apA/ioM, a TaKkke
BO3HHUKAIOLIEE PH H3MEHEHHH MATHUTHOTO 110715 5

3akon coxpaHenusi MICKTPHUCCKOrO 3apsiia HanpskeHuocTs NIEKTPHYECKOT0 MoJisi: E= L [E] T oM HANETD

B 3aMKHYTOIl cHcTeMe Tell anredpanueckas cyMMa 3apsijion 4] M

OCTACTCA HEM3MEHHOI IIPH MOOBIX MPOIECcax, MPOHCXOAAIIX JIMHIH HANPS/KEHHOCTH BCEMId HAYHHAIOTCS HA MONOKHTENBHBIX 3apAaax |

C 9THMH TEJIaMH : 3dKaHYHBAKITCA Ha OTPHUATEIBHBIX.

g1+ G2 + ... +4, = const

OnHOPOAHOE WIEKTPHHECKOE MOTC — TAKOE TIOJE B NaHHOH o06nacTn
NPOCTPAHCTBA, JUIA KOTOPOTO BEKTOP HANpPAKEHHOCTH MO O/INHAKOB B
KaykI10# TOYKE 00IacTH.

Toueunnlii 3apsaii — 9T0 3aPAKEHHOE TENO, Pa3sMepPbl KOTOPOIo
MHOTO MEHBIIIE IPYTHX Pa3MEPOB, XAPAKTEPHBIX 11 TaHHOH

3ajaqH. ; . " = = - -
; Hpnuuun eynepnosuunii nodeii: [E = EHE gt +E
3axon Kyiona n
Cuia B3auMoIeHCTBHS JBYX HEMNMOJIBHIKHBIX TOUEYHBIX 3apa10B HEII[[]S!H\'@HIIOC’I'(» TOYEYHOI0 WIEKTP. 3apsia: 1 !ql
B BAKYYMEC NPAMO IPONOPUHOHATEHA TPOH3BEICHHIO — = Wnsie ) r_;_
abCOMIOTHBIX BETUUMH3APAIOR 1 U a H OOPATHO Hanpsexennoers Geckoneunoi =0 0
NPONOPUHOHAILHA KBAAPATY PACCTOAHUSA ¥ MEKIY HHMH. 3APSIKEHHON NIacTHHBI: | 2¢

1 lg111 g2l CBsi3b HANPSUKEHHOCTH H HANPSKEHHS

K 47’{60&' rz I OAHOPOAHOIO HOCTOAHHOIO IMOJIH:

Pabora et 2IeKTPOCTATHYECKOI0 10J15 o q
Ces3b emKocTn, 3apsaja 0 ganpsukennocru: (C = U [®] - dapan
PaboTa CHil 2IEKTPOCTATHYECKOTO NOJIs [IPH NEpPEMELLIEHHH
3apAaa M3 OAHOIl TOUKH MO B APYTYH HE 34BHCHT OT (DOPMBI Iliockuii KoHIEHCATOP — CHCTEMA U3 JIBYX
TPAEKTOPHH, A ONPEAENAeTCs TONBKO MON0KEHHEM HAUa/IbHOI 1 MIOCKHX MPOBOIALIHX MITACTHH,
KOHEYHOH TOYEK M BeIHYHHOMN 3apsa. PACTIONOKEHHBIX MAPANIeIbHO APYT E ‘L E; E,v
IPYTY Ha MAJIOM IO CPABHEHHIO C 2% 2%
a
PaGota cun agelgrpocramq;cxom TOMs MPH TepeMelieHIN PA3MCPAMH MIACTHH PACCTOAHI 1 E, = —
e e
3aps/ia noao0oii 3aMKHYTOH TPAEKTOPHH pPaBHA Y110, pa3eNIeHHbIX CIOEM JHEKTPHKA. E=0 i 0 .
E_ = —

PaGora noas no nepeMenicHHI0 ‘A T qu‘ EMKOCTB KOHZEHCATOPA: g g 2ee, g

. =ql¢1—p2) = - - :
JMICKTP. 3apsiaa: £€0S X x

1 q = d
TTorenumnan mojst To4EUHOIO 3apsia: (@ = n L -
TEQE T
' - [lapaanensHoe coeiMHeHue +q -1
r— = o KOHAEHCATOpoB: |Cos = Ci+Ca+... +C,

IMocienoBare/ibHoOe coeiMHEHHE

KOH/IACHCATOPOB: 1 1

DAekTpHUECKHil TOK — 3TO HANPaBIEHHOE IBHAEHHE
3APAAKCHHBIX YACTHUILL, TTPH KOTOPOM [TPOMCXOIHUT MEPEHOC gy 1
3apazaa U3 oaHUX obnacTeil mpocTpaHcTBa B ApyTHe.

Cuna toka: |[= ﬂ Conporusienne: |p — P_I
At S

Hanpsxenne:

IC: |&=

IMocaenosaresbHoe coeuHeHne: 3-u Oma ans ogHOpOAHOTO
I

{— YUaCTKa HenH:
o I,=L=15

e lUy=U+U
® Rog=R;+R;

2
MommuoctTs TOKa: [P = % =R =UI

Pabora Toka (Ko/i-B0 TenJ10Thl Ha pesncrope):

3-1 Oma st noAHOH uenn:

&

~ Rar

sakoH Jlxoyns — Jlenua Hapannensnoe coeuuenne:
I

1l
"




IJNEKTPOIUHAMUKA

MAT'HUTHBIE ABJIEHUWS

HceTousnKkn MATHHTHOTO OIS

,IIJ]R MAIHHTHOIO 1MOAs ONPEAS/ICHNA KaK TAKOBOIO HE CYIISCTBYET.

—IBHIKYLIHECH 3aPA/KCHHBIC YaCTHILG! (MONOKHUTENBHBIE H OTPHIATEbHBIC);
—MPOBOJHHK ¢ TOKOM (T. K. TOK — 3TO YNOPAAOYEHHOE JIBHKEHHE

3apAKEHHBIX YACTHIL);
—IMOCTOSHHBIH MarHur.

Ho y MarHHTHOIO N0 €CTh CBOHCTRA :
=MarHuTHOE nojae MATEPHAIBHO H CYIIECTBYET HE3ABHCHMO OT
HAC M HALLIMX 3HAHWIT O HeM;

= CYMIECTBYCT ABd THIIA MArHHUTHBIX MMOJKCOB — CeBCpH'bI[:I "
H0HBI (MPHHATO YCIIOBHO);

= MOaKCca Beeraa asa (HCBOSMO)KHO CO30aTh MArHuT, v KOTUpUl"O
ObI1 GBI TOTBKO OIHH TIOJTHOC);

= MAarHHTHOE M0JIe B3aHMOIEHCTRYET ¢ IBHKYLIHMHUCA 3aPAIaMH |
€CJIM 3apaj O4AHUH — CUIIOIT J'Iopenua, €CJIH IIPOBOAHHK C TOKOM —

4| HAHKATODBI MATHHTHOTO HOJIH:

(TO, YTO B3aMMOJICHCTBYET ¢ MATHUTHBIM MOJIEM)

—IBHAKYIINECH 3aPAKCHHBIC YACTHIIBI (HDJ’IO}K}‘ITEJ[LHBIE H OTpHuaTeJ'[I:HbIE),'
cuIloii Amrmepa; —NPOBOJHHK C TOKOM (T. K. TOK — 3TO YNOPAI0YEHHOE JIBHKEHHE

= CHIOBBIC JHHHH MArHHTHOTO MOJIA BCeria 'BEI.MKHYTBI H HE 3apﬂ}KBHHbIX '-IaC'mLI);

HMEIOT HH Ha4ana, HH KOHLIA. —MOCTOSTHHBIH MAarHHT.

CuioBbie JHHHH MATHHTHOTO MOJIS
CHIIOBBIE THHHH — 3TO rpacbuqecp:ax BH3YVAIH3alUHA CHI0BOIO MOJs.

CBOICTRA CHIIOBBIX THHHI MAarHUTHOTO MO

C CHJIOBBIE JIMHIH 3al0NHAIOT POCTPAHCTRO TAKHM 00PA30M, YTO KacaTelbHble K HUM B Kai/10ii Touke
MPOCTPAHCTBA COBMANAIOT 10 HATIPABICHHIO € BEKTOPOM MAarHHTHON HHIYKIIMH;

> CHJIOBBIE JIHHUM MATHHTHOTO MO BCEIIa HAYHHAKTCA HA « CEBEPE» M 3aKAHYMBAKOTCA HA « [Ore»
BHE MOCTOAHHOIO MATHUTA H MAYT OT <« I0Ta» K « CEBEPY» BHYTPH HErO;

= B OTJIHYHE OT CHITOBBIX JIMHMIT 3MeKTPOCTATHYECKOTO 04, CHIOBBIE IHHHM MarHUTHOTO 110715 BCeraa
3aMKHYTBI (MAPHHTHOE 1101 SBISETCS MOJIEM BHXPEBOIO THIIA);

O yepes KaskIyio TOUKY MPOXOIHUT TOMBKO OIHA CHIOBAsS JIMHKUA MAarHUTHOTO 1O (TO €CTh OHH He
fepeceKarTces).

IlpoBoanuk ¢ Tokom

2.2, [lpaeuio npasoii pykn

21 ”pa BHJIO Ilpﬂliﬂﬁ PYKH : JUTA 3AMEHYTOTO NPOBOIHHKA C TOKOM @

1. Mpaguno Gypasuuka (BHHTA) @

—

EciH HANpaBIeHHE MOCTYNATEILHOTO IBHKCHHS (a ED) B <y @ « K HaMm»
Oypapunka (BUHTA) COBNAJART C HANpPABICHHEM TOKA ®B
B MPOBOJIHHKE, TO HANPABIEHKHE BPALLEHHA PYYKH 2 TI @ « OT Hac»
6ypa31{mca COBNAaOaeT ¢ Hanpaanelmem Bempa
MardHTHOH HHIYKIHH N0/, CO3/1aBaéMOro 3THM ¥ e Ecnn obxBatnTh npasoii pyxoii KOHTYp, T0
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3aK0oH HPHMOJHHEIHHOI0 PACHPOCTPANEHNUS CBETA:

B npospauHoii 01HOPOHO cpe/ie CBETOBBIE JIYYH ABISAIOTCS TIPAMBIMH
JIMHUAMU.

3akon oTpaxkennn cpera:

1) MManarowmmii my4, OTPAKEHHBII Tyd 1 NEPIEHANKYIAP K OTpaKaouei

NOBEPXHOCTH, ﬂpOBeﬂéHH blil B TOYKE NajeHus, Jexar B OﬂHOf“i IIOCKOCTH.

2) Vron mazieHns paBeH YTy OTpaskeHMsl.

[TonHoe BHyTpeHHEE OTpakeHne — SBJIEHHE
OTP&KEHHA CBETA HA MOBEPXHOCTH pasaena ABYX
1pO3pa4YHbIX BELWIECTB, HE CONPOBOKIAAEMOE

npenomnennem.
2 My . M
sindy, = — &gy = arcsin —
m 1

3akonbl npe/loMIeHHA cBeTa:

1) Maparouuit my4, NpenoMIIEHHBII Ty4 1 HOPMaTb K MOBEPXHOCTH,
MpOoBeIEHHAA B TOUKE MAJEHNA, NeKAT B OIHOH NIOCKOCTH.

2) OTHOLIEHHE CHHYCA YIJIA NANEHHS O K CHHYCY YIUIa IPEIoMIeHHs 5
PABHO OTHOCHTENIEHOMY MOKA3ATEN MPETOMIICHHS CPE/Ibl H.

1 ABCOUTIIOTHRINI NoKAIATENL

1 y
I ,"! JAKOH npeloMIeHnN: NPETOMICHHA:
" X,
1 sing My o= ¢
—_— = — = Hgm abc —
iy \ sinff  m {4

L]
: € — CKOPOCTh CBeTa B BaKyyMe
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& — yTON MafieHNus, PaBeH YTy OTPaKeHH

B — yron npenomnenys

11 — abCOMIOTHBII MOKA3aTeNb NPEIOMICHHA NEPBOi CPeabl

M5 — abeoMIOTHBII NOKasaTelb [IPe/loMICHHA BTOPoii cpelbl

My — OTHOCHTEBHbII NOKa3aTe/ b NpeloMiIeHH:A

JIMH3bI

Jlursa — 9T0 ONTHUECKH MPO3PavyHOE OTHOPO/IHOE TENO, OrpaHHYEHHOE C ABYX
CTOPOH AByM#A cepuueckuMu (1in oaHoil cdepnueckoii 1 0IHOH MI0CKOi)

MOBEPXHOCTAMH.
JIun3a saBngeTca TOHKOMH, €CIH TONIIMHA IHH3BI MHOTO MEHBIIIE paiaHycos

KPUBH3HEI €€ chepHuecKHX TrpaHHLl U PACCTOSAHHA OT AMH3BI 10 MPEIMeTa.
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OIITUKA

[1710cKoe 3epKao — 3T0 YacThb MIIOCKOCTH, 3ePKaIbHO OTpakatolleii CBeT.

M300paskeHue npeiMera, 1aBaeMoe MI0CKHM 3ePKaioM, ABAseTcs MinvLiM. BereacTere 3akoHa
OTpasKeHHA CBETa MHHMOES HZOGPEDKEHHE npeiMeTra pacnoaraeTCACHMMETPHYHO OTHOCHTE/IBHO
3epKaNbLHOI NoBEpXHOCTH. PasMep M300pakeHHs paBeHpasMepy caMoro npeiMera.

XOJ1 JIVYEH B [TPU3ME

sin a [Ipn nepexonie U3 MeHee MIOTHON cpesl (Bo3ayx) B Gonee nioTHyo (CTeKno)
sin B YTOJI NPENoMIIEHHA MEHBILE YIIIA NaeHu.

% Ha nipaBoii rpanu jiyy Oyset nepexoauTh u3 Gosee 110THoil epeast (crexna)
smn.as B MEHee IUI0THY0 cpedy (BO3ayX), MO3TOMY yrol nageHus OyleT MeHblie
sin 8> YIUIA IPETOMIIEHHS!.

==

IMepexon MOHOXPOMATHYECKOTD CBETA o
B nroboii cpele CKOpOCTE CBETA H JUIHHA er'o BOJIHBI YMCHBIIAKOTCH, n /1 A
Hepes rpannny pazaeaa IByx =
o s o : [PH HTOM YACTOTA CBETA HE MEHSIETCA: V| = Vs =200

ONTHYECKHX cpex

c Av A
OTHOLIEeHNnEe CKOpPOCTH CBCTA B BaKYYME K CKOpOCTH CBCTA B OINTHYCCKOH cpeae: — = A— = A
1 1V 1

KPacHbIH A = nAq |- B onTHYECKO# cpesie NIHHA BOIHBL YMEHBIIACTCS,

Oenklii CBET

OpaHIKEBLIH

Jlucnepens creTa — 3aBHCHMOCTE CKOPOCTH U PACHPOCTPAHEHNS! CBETOBOI BOJIHEI B CPEJIE OT YACTOTHI
3e1eHbli cBETA V.
C yBeJIMUEHHEM YaCTOTRI CKOPOCThL CBETA B CPEJIe YMEHBIIACTCA, W, CIIe0BATENRHO, MOKas3aTelb
npenomiaeHus Bo3pactaet. [102TOMy CBETOBBIC BONHBI PA3IHYHBIX YACTOT NPEIOMIAITCA CTCKIAHHOH
OpH3MOIL N0 PA3HBIMH YTTIAMH,
beneii ceeT, comep:kainmii BOTHEI C HACTOTAMH OT KPacHOTo 10 (hHONETOBOTO 11BeT4, TPOXOIS CKBO3E
TPU3MY, pa3araercs B ClexT].

ronyooii
CHHHIT
(hHoneToBbIi

HHTEP®EPEHIINA CBETA

HuTtepdepeniig cBeTa — CI0KEHHE ABYX H G0Iee BOMH, BCACICTBHE KOTOPOro HadMIONAeTeA YCTOHYMBAA KAPTHHA YCHICHHS H ocnabienns
CBETOBBIX KoneOaHHil B pa3HbIX TOUKAX MPOCTPAHCTRA.

MHTepthepHpoBaTs MOTYT IHIIb KOTEPEHTHLIC — MMEKOLUIHE OJMHAKOBYIO UaCTOTY H MOCTOSHHYE BO BPEMEHH Pa3HOCTE ()a3 — BOJHBL
[Ipy HanONKEHHH KOTEPEHTHBIX BOJIH BO3MOJKHBI 1BA TIPEJIEIBHBIX Cy4as.

Venosue MAKCHMYMA : pEBHOCTb X0da BOIH panHa HC.TIOMy Venosue M HHIMYMZA © PasHOCTE X044 BOJIH PABHA HEHETHOMY
YHCITY JTHH BOJTH ( MM YeTHOMY YHCIY JUTHH MOMYBOJIH). YUCITY JUIMH MOJTYBOJH.

A
A=@m+1)7, m=0,£1,+2, 3,

B paccmarpuBaeMy1o TOUKY BOITHBI MPHXOAT ¢ OAMHAKOBLIMH BonHbI IPHXOAAT B PACCMATPUBAEMYIO TOUKY B IIPOTHBO(]A3E H racsat
hazamm 1 yCHIMBAIOT APYT Apyra. AMIUIHTYA KoneGaHui >Toi Jpyr Apyra. AMIIHATYAA KonebaHuil JaHHOH TOUKH PaBHA HYIIH.
TOUYKH paBHa YIBOCHHOMN aMILTHTY/IE.

JUDPAKLINSI CBETA

Jlndpakitis — cnocoOHOCTL BOIH OrH0aTh BCTpeUaloiHecs Ha HX [YTH NPENnaTCTBHA,
OTKIOHATHCS OT NPAMOJIHHEHHOTO PACHPOCTPAHEHHUSL.

Jnhpaionnas peneTka npeacTapnseT cofoif cucteMy napaniaenbHeIX PABHOOTCTOAIIHX
JIPYT OT JIPYra 1ieneii papHoil LHPHHBL, PAa3/IENeHHbIX HEMPO3PAUHBIMH NPOMEKYTKAMH.

[Mepuog petericn (d) — paccTosHue MEKIY IITPHXAMH.

Petnerka pasiaracTt CBET B CIEKTP H NO3BOJIAET TOUHO OHPEIE/INTE O1HHY BOIHBL.

d siné = +kA | - bopmyaa indpakunonnoii pemerkn




KBAHTOBAS ®U3UKA

. Hmnynee droTona :
OcHosubie cBoiicTBa POTOHA : Y P

—ABJIACTCA YACTHLIEH YIEKTPOMArHHTHOTIO _E_h _h
rosis; PR ™™
—IABHKETCA CO CKOPOCTHI) CBETA; €= CKOPOCTE CBETR B BAKYYMC
—CYUIECTBYET TOJLKO B ABHAKCHHH;
—0CTaHOBHTEL (JOTOH HEB3f : OH IHOO
doton — MarepualbHad, dNeKTPHYECKH HeﬁTpaanas JIBHIKETCS CO CKOPOCTBIO, paB}[oﬁ CKOPOCTH
YACTHIA, KBAHT MMEKTPOMATHHTHOTO MO (nepenocqmc ceerta, aubo He CYIICCTBYET;

AMEKTPOMATHHTHOTO B3aHMO}IEﬁCTBHH). —Macca MmoKos q)crro]-[a paBHA HYTHO. V= YACTOTa H3NYYCeHHA
h — noctoannan [nanka

I'unoresa [nanka — npeanojaoKeHne Toro, 4ro aroMbl
UCITYCKAKOT HIEKTPOMATHHTHYIO YHEPrHIO (CBET)
OT/EIBHBIMH MOPUHAMH — KBAHTaMH, a HE HEMPEPBIBHO.
Dueprus E KaiK10ii nopLUux OpsaMo MPONOPLHOHATBHA
YACTOTE H3TY4YEHHS.

Dopmya [Dnanxa :

DOTOIDPDEKT

Onwir Croaerosa no ororddexty 3aronsl Crojeropa (3aKons! BHemnero gotoderra):

1) I'epssiii 3akoH otosdderra : HOTOTOK HACKILIEHHS — MAKCHMAJIBHOE YHCIIO (JOTOIIEKTPOHOB,
BBLIPBIBAEMBIX M3 BELLICCTRA 33 CAMHHLYY BPEMEHH, — MPAMO MPOINOPLHOHATICH HHTEHCHBHOCTH Ma1at0Lero
H3NyueHs. YBeIHUeHHE HHTEHCHBHOCTH CBETA 03HAYAET YBEIHUEHHE YHCA NaJalomuX (OTOHOB,
KOTOPbIE BLIOHBAIOT € NOBEPXHOCTH MeTalL1a DOMIbIIE 3IEKTPOHOB.

2) Bropoii sakod dotosdiperta : MakcHMabHas KHHETHUECKAS YHeprus (POTOIEKTPOHOB HE 3ABHCHT OT
MHTEHCHBHOCTH NAA0ILEro H3IyUeHHs W JIMHEHHO BO3PACTAET ¢ YBEIIMYEHHEM YacTOThl 11a/a0Lero
H3IyYEeHHSL.

3) Tpernii 3axon (horondiperta : JUIA KaXIOrO BEUIECTRA CYLIECTBYET MPAaHHYHAsA YacTOTa Takas, 4To
H3/1yHEHHE MEHbBUICH YacTOT He BhizbiBaeT (poTor(derTa, Kakoii 6b1 HH GbUIA HHTEHCHBHOCTE NAJAKOLIET0
| h H3NYyueHIs. DTa MHHHMATBHAA YaCTOTa H3IIYUEHH HA3hIBACTCA KPacHOil rpanuieil hoTtoaddekra.

i i Boast-am NepHan XapakTepHcTHRa JaBHCHMOCTE IHEPrum
- — ypaBHeHHe DilHuTeliHa .
hv Aam_x t: E;:_ yp i3 (POTOIIEKTPOHOB OT HACTOTEI CBETA A = max
mu? v = min
MV, = Aygy | ~ KPpaCHaA rpaniua 2 KpacHbIii
otoaierta 2 | opankesbiii
= 3
ell iy — 3aIHpaIlee HanpsKeHie -g g
= | 3eneHsli g
EJ = rony0oi =
3anupatolee HalpsKeHHe — ITO HANPHKEHHE, Y =) cHHMil
[py KOTOPOM MpeKpatiaercs (pOToToK. [,, — TOK HaChIILEHNA > (hproneToBelit
U, = 3a/1epxKuBaloLIee HANPAKEHHE Vo v A = min
v = max
JABJEHHWE CBETA
KBaHToBas Teopusa ceTa 00bACHAEST CBETOBOE JaBICHHE KaK Pe3ylIbTaT nepenadn (JOTOHAMH CBOEro HMIY/IbCa aToMaM HIH MOMEKYIlaM BellecTBa.
AN
ITycTs Ha MOBEPXHOCTH aDCOMIOTHO MEPHOTO Tela MIOMaAbo S NepeHANKYIAPHO K Heil execexynaHo nagaeT N dpotonoe N = Tk
i hv ” 3 hv F  pAt
Kaxnsiii hoton o6nagaer nmmynscoM —. [lonHblil nMITyIIbC, MOTy4daeMblii TOBePXHOCTBIO Tena, papeH —N. CeeToBoe gaBneHue: P = 3 = 3
c (5

hvN | Tlpn nagennn ceeta Ha 3epKaibHYIO IOBEPXHOCTH Yi1ap (POTOHA CUMTAIOT a0COMIOTHO YNPYIHM, T03TOMY H3MEHEHHE HMIY/IhCa
Sc | ¥ maBnenue B 2 pasa Gonbiie, 4eM MPH NAJICHHH Ha HEPHYIO MOBEPXHOCTE (yaap HeynpyTHii).

JIBOMCTBEHHAS ITPUPO/IA CBETA

C 071HOii CTOPOHBI, ABNEHUA HHTephepeHnn, AN(PAKIHN 1 MOIAPH3ALHA CBETA, XapakTepHble AT 1100bIX BOJHOBBIX NPOLECCOB,
NOOTBEPAKIANT, YTO CBET HMECT BOITHOBYH) NPHPOLY, CBET — 3TO WICKTPOMATrHHTHAA BOJIHA,.

C apyroit CTOPOHEI, ABIEHHSA B3aHMOMCHCTBHA cBeTa i BemiecTra (poToadhexT, napreHHe CBETA) YKa3bIBAKOT HA TO, YTO CBET BEAET cedd Kak
MOTOK OTAEABHBIX HacTHIL DOTOHBI 001AKAI0T IHEPrieil 0 HMITY/IBCOM, YHACTBYIOT BO B3aHMO/ICHCTBHAX ¢ ATOMAMHU H NIEKTPOHAMH.

10 JA0Ka3bLIBAET, 4TO CBET HMEET KOPHYCKYIAPHYHO IIPHPOLY, CBET 3TO COBOKYIHOCTL q]OTDHOB, MUALIHXCA B [POCTPAHCTBE.

CeeT HMeeT JIBOHCTBEHHYIO, KOPIYCKYJIAPHO — BOIHOBYIO NPHPOTY.




KBAHTOBASA ®U3UKA

IVIAHETAPHASA MOJEJDb ATOMA PESEP®OPIIA

B oo oy Q 7L : 3apa10Boe YHCI0 7 — MOPAIKOBbI HOMEP XHMHHYECKOrO
/ @ £ 3 ! anemeHTa B Tabmuue Menneneesa. L . 3
b4 Y Maccosoe umcio A — obliee Yneio HyKI0HOB (IPOTOHBI + HEHTPOHBI) 1
LA ) 1 (®-omektpon B sape. JIMTHHA
%, % @t 4 @ - neiitpon Yucno H:ﬁT‘pOHDB B Ape pasHo (A — Z). 6,941
N S ot @ ~ npoTon 3anuce z X O3Ha4aceT, 4TO B A1pe JEMEHTA X COIEPIKHTCA A HYKJIOHOB,
T e P 13 KOTOPBIX Z SBIISIOTCSA NPOTOHAMH.

Hzotonw — 310 Pa3HOBHIHOCTH OJHOIO H TOTO 3KC XHMHYCCKOTO 3ICMEHTA, PAZIHYAIOIMIHECH YHCITIOM HBﬁTpOHGB B AOpe.

PLLL 8

ACCLT S

Macca n:060ro sipa BCeria MeHbIIe CyMMbI MACC BXOSIINX B €10 COCTAB MPOTOHOB U HEHTPOHOB (HYKIOHOB).
Jledexr mace paBeH pasHOCTH MEK/LY CYMMapHOIi Maccoil Bcex HyKJIOHOB f/1pa B ¢BODOIHOM COCTOSHHN M Maccoil suipa :

AmzZ-mp+(A—Z)-m,,—mu,,a[

Wexons us E = mc? npu o6pasosanny s1pa JI0KHA BBLIEATHCA ONpeiesiennas sHeprus. J{as pasjieNieHus 8/1pa Ha COCTABIAIOINE HEOGXOIMMO
3aBTPATHTH TAKYIO K€ JHEPIHI0. DTa IMEPTHst HA3BIBACTCA Heprieii cuasn a1pa. JdedeKT Mace SBAseTcs Mepoii IJHEPIUM CBA3ZH aTOMHOTO A71pa.

IHOCTYJ/IAThI BOPA

1) ATOMHAag CHCTEMA MOJKET HAXOAHWTHCS TOIBKO B 0C00BIX CTAUHOHAPHBIX COCTOAHHAY, KLKIOMY H3 KOTOPBIX

COOTBETCTBYET OnpeensHuas 3ueprus En. vy - min
2) TIpu repexoie aToMa M3 OJIHONO CTAIMOHAPHOIO COCTOAHMA ¢ Hueprueit En B apyroe crauponapuoe coctosnne  Eq Ay — max
C BHE}}THeﬁ Em H3TY4aeTcs HIIH NOIMOIAETCA KBaHT, SHEPrHa KOTOPOro pabBHa PasHOCTH 3HEPrHH CTAllHOHAPHBIX E3
COCTOSHHIA. Vo — max

hv=E,-E, E, Ay —min
Henpepuisiii (Cruomoii) crexTp 1aiT Tena, HaXOMIIMecs B TBEPAOM HITH KHIKOM COCTOAHMH, & TAKKE 1 (2 [3 [4 Ya—mmn
CHJILHO CKATBIE Ta3bl. Az —max
Jluneiiyareie crekTprl 1al0T BCe BELIECTBA B ra3000pa3HOM aTOMAapHOM COCTOSHHH, E, S
CI’ICKTP{U{BHBIﬁ AHAINS = COBOKYMHOCTH MCTOIOB KaUCCTBCHHOTO M KOIMYCCTBCHHOID ONIPCACIICHHA COCTABA ,’._4 .
00beKTa, OCHOBAHHAA Ha M3YYEHHH CIIEKTPOB B3aHMOACHCTBHA MATEPHH C M3TyUeHHEM. 4

~13.6 5B nornomnenie yHeprun : 3, 4
’ s
= = — CHEKT OBHEH PHEPIHH aTOMa BOIOPOOA
E, e 1,2,3,. P yp p 0poLL ehijienenye aneprun: 1, 2
PAJIMOAKTUBHOCTH
Jaron PATHOAKTHBHOIO
i ; acnajaa
JIEMEHTAPHBLIE MACTHIBI N p
PajinoaKTHBHOCTE — NPEBPAIEHHE aTOMHBIX sIEp : p B N
B APYTHE A1pa, CONPOBOKIAIOLIEECH MCIYCKAHHEM |  paspanme | 0603HAUYCHME ¢ \
Pas/IHYHBIX YACTHIL M AMEKTPOMArHHTHOTO \ N = uheno Hepacnapinxes
H3TyHEHHS. o —1acTula 2He siep depes Bpems
0 N,/2 N, — HauaneHOE YHCIO
IEKTPOH _ie
Ypasueuusi pacnajios P ! HepacTpInEXes ANCp
A-4 TO3UTPOH 0 N,/4 £~ mpe
a—pacnan: X — 75,Y +3He P +1€ N,/8 T — nepuoa nonypacnaaa
_"‘-\—\-—._
[ e s u
neKTporHsi B — pacnan: 7X — £, + Je+v, HEBTRHHG oV t
TMO3UTPOHHBIL § — pacrian : 12‘1 X - %—1 Y + gg +V, |aHTHHEATPHHO 32; [Tepuon nonypacnana — 370 Bpems, B TEHEHHE KOTOPOIo
o | A pacnagaerca nojI0BMHa Ha4allbHOI'O YHC]Ia PaIHOaKTHBHEIX
—pacnan: X — ZY + 0

y-p i ziTy oron oY aTOMOB.




SJEMEHTbBI ACTPO®U3UKHA -

4 dmualinme k Consuy ranetsl — Mepkypuii, Benepa, 3emns u Mapc — HasbelBarTCA
TIAHETAMM 3eMHOH TPy sl OHH 00141a10T BLICOKOH NIOTHOCTHIO.

V Mepkypus 1 BeHepbl HET eCTECTBEHHBIX CITYTHHKOB, Y 3eMJIH — OHH €CTECTBEHHbIH
cnyrhuk — Jlyna, y Mapca — aga — doboc u [leiimoc.

YeTtripe Gonee yaanenHsie o1 ConHua nnadetsl — KOnutep, Catyps, Ypan, HentyH —
rasopble ruranThl. OHH 001a1aK0T 3HAYNTENBLHO DONBIIMMH Pa3MepaMi U MaccaMu,
Gonee HU3KOI CPEAHEH MIOTHOCTBIO, OBICTPBIM BPALIEHHEM, d TAK/KE KOTbLAMH H
OO0IBILMM KOIMYECTBOM CITyTHHKOB.

; OCHOBHBIE NOHATHA 1 ®OPM VJIbI

1'0/1 = nepuon oOpauienns Bokpyr ConHua.

" . - " -
C}"TKH — TIEpHOJT BPAILEHHS BOKPYT OCH. |qu BhILLIC TEMHepaTypa, TEM K(}po"lﬂ AHHU3HCHHBIH HHK 3BC3bI

paamyc: 00BEM : TEMIIEPATYPA ITOBEPXHOCTH, K
Macea:
30 000 15 000 9000 7000 6000 50004000 3000 2500
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CMEHA BPEMEH I'OJIA

Yem Gmiske yron HaKIoHa ocw Bparmenns k 907,
TEM CHIIbHEE BRIPa/keHa CMEHa BPeMeH roja.
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ABCOJIIOTHAS 3BE3/HAS BEJIMUMHA

Ha Mepkypuu, Benepe, lOnurepe cMeHsl Bpemen
TOa HET, HA IPYTHX MIaHeTaX — ecCTh.
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CIEKTPAJIBHBIE KJIACCbI

Yem Oonblie HKCHCHTPHCHTCT OPOUTEL €, TEM

CJILHEE BRITHHYTA OpOUTA. KJIACCUO®UKALIUS 3BE3JL 110 PASMEPY
e =0 = kpyrosas opoura

0 < e <1 = snunTHyeckas opoHTa

D > 100D nna knaccos M, K, G
1. CeepxXruranTsl D > 30D¢ jns knaccos F, A, B, O
(rHTaHTOB B OTHX KJAcCax HeT)

CHEKTPAJIBHAS KJIACCHOHKAILHS 3BE3/]

HeTnanbrit
LIBET

2. I'urantsr 10Ds < D < 100Dg

3. I'napnas NoCIeJ0BaTeIbHOCTh
(Ro % 7-10° M To = 6000 K)

4. Benble Kapnuki 0,001Ds <D <0,1Ds

Knace | Temneparypa, K

0,1Ds <D < 10Dg

10 000 — 30 000

7500 — 10 000
6000 - 7500
5000 - 6000

Oeno — romyboii

Desibiil

JKEIITO — OenbIi

Connie — KeAThli KapauK
(Ro = 7-10%M To = 6000K)
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