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BBenenue

Juciumnza «Koppektupyromumii Kypc no (pusuke» OTHOCHUTCA K (PaKyJIbTaTHBHOM
yactu. Ee ocBoenue mpoucxonut B 1 cemectpe OIl BO mnoaroroBku OakanaBpa
HaIpaBJICHUS 08.03.01 «CTpOUTENBCTBOY. N3yuenue JTUCIIUTIIMHBI
«Koppextupyronid  Kypc 1Mo (U3UKe» SBISETCS BaXXHOM COCTAaBHOM YacThIO
€CTECTBEHHOHAYYHOTO 00pa3oBaHMsI B  TMOBBIIIEHHMM KayecTBa  IMOATOTOBKHU
OakanaBpoB JaHHOro HampabiieHus. Jucuumnuna «KoppekTupyromuid Kypce Mo
bu3KKe» MOMOTAIT Jy4lIeMy YCBOSHHUIO AUCHUILUIMHBI «Du3nkay, 0azupyercs Ha
3HAHUSX, MOJTYYEHHBIX B paMKax IIKOJBHOTO Kypca (DM3UKHU WM COOTBETCTBYIOIIUX
JTUCHIUIUIMH CPETHET0 MPOodecCHoHaIbHOI0 00pa30BaHMs.

ensto ocBoenuss auctuiinHbl  «Koppektupyommii Kypc 10  (GU3HKEe»
saBisieTcst  popMHpOBaHWE HabOopa MPOPECCHOHATBHBIX H  OOIIEKYJbTYPHBIX
KOMITeTeHIMH Oynymiero 6akanaspa no HanpasieHuto 08.03.01 «CtpoutenbcTBoy.

3amayamu ocBoeHMs AucUMIUIMHBL «KoppekTtupyronmii Kypc no (Qu3HnKe»
SIBJISIFOTCSL:

- H3yYECHHME 3aKOHOB OKpYXKalOIIEr0 MHpPAa B HUX B3aUMOCBA3U; OBJAJCHUE
GbyHIaMEHTAIbHBIMM TPUHIIMIIAMA W METOJaMHU PEIICHUS HayYHO-TEXHUYECKHUX
3a/1ay4;

- (hopMHUpOBaHNE HABHIKOB MO MPUMEHEHHIO MOJ0KEHUN (PyHIaMEHTATbHON (PU3UKH
K I'PaMOTHOMY Hay4YHOMY aHAJIM3y CUTyallud, ¢ KOTOPHIMU WHYKEHEPY HPUXOJIUTCS
CTaJIKMBATHCS MPH CO3aHUU HOBOW TEXHUKHU U HOBBIX TEXHOJIOTHUIA;

- OCBOCHHME OCHOBHBIX (PU3NYECKUX TEOPUM, MO3BOJIAIOIIMX OINUCATH SIBJICHUS B
OPUPOAE, U NMPEAEIIOB NMPUMEHUMOCTH ITHUX TEOPHM IJIsl PEIIEHHS] COBPEMEHHBIX W
NEPCIEKTUBHBIX TEXHOJOTHYECKUX 3ajad; (opMHpoBaHHE Yy CTYICHTOB OCHOB
€CTECTBEHHOHAYYHOUN KapTUHBI MUPA.

Hucimmuinaa  «Koppektupyromuii  Kypc 10  (QuU3MKe» HampaBieHa Ha
dbopmMupoBaHue CIEAYIONMX KOMIIETCHIIMN OakayiaBpa:

Wnneke | DopMyIHPOBKA: |

CrocobeH peuiate 3aaa4u HpO(l)eCCHOHaHbHOﬁ JCATCIIBHOCTH Ha OCHOBE HCIIOJb30BaHUA
TCOPCTUUCCKUX MW TMPAKTHUYCCKUX OCHOB CCTCCTBCHHBIX W TCXHUYCCKUX HAYK, a TaKXC
MAaTEMATUYCCKOr'0 ariapara,

OIIK-1

B pesynbrate ocBoeHus coaepxkaHus aucUMIUIMHBL « Koppektupyromuili Kypc
10 (PU3UKE» CTyIEHT TOIKEH:

[Imanupyemsie pe3ynbTaTel 00ydeHHUS MO MUCHUILIMHE (MOIYIIO), Xapakrepusyiouiue | GopMupyembie
9Tarbl GOPMHUPOBAHHS KOMITETSHIIUH KOMIIETEHLIUU

3HaTh: OCHOBHBIC (DM3MYECKHC SIBJICHHS M 3aKOHBI MEXaHHMKH, dJeKTpoTexHukH, | OITK-1
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TCINIOTCXHUKH, OIITUKU U H)Z[epHOP'I (1)I/I3I/IKI/I N UX MaT€MaTUYCCKOEC OIIMCAaHUEC; MCTO/bI
aHaJIn3a (I)I/I3I/ILICCKI/IX SIBIICHUH B TEXHUYECKUX YCTpOﬁCTBaX 1 CUCTEMAX.

YMeTb: OOBSICHUTh OCHOBHBIE HaOJIO/aeMble TPUPOIHBIE W TexHOTeHHbIe siBieHus u | OIIK-1
a¢dexTsl ¢ no3unuid (QyHIAMEHTAIbHBIX (DU3MUYSCKUX B3aMMOACUCTBHUI; paboTaTh ¢
npubopamMu U 00opyoBaHreM (PU3NUYECKOH T1a00pPaTOPHH.

Bnagerp: ecTecTBEHHOHAay4YHOH KyJlbTypoil B oOmactu ¢usmkm, kKak dacteio | OIIK-1

o0IIeYesIoBeYeckol M MpOecCHOHATBHON KyJIbTYphl, HABBIKAMH HCIIOIL30BAHUS
0a30BbIX 3HAHWUH O CTPOCHHM PA3IMYHBIX KIJIACCOB (PU3MUECKUX OOBEKTOB IS
MMOHUMaHUS CBOWCTB MaTEePHUaIOB U MEXaHU3MOB MPOLIECCOB, MPOTEKAIOIINX B MPUPOJIC;
HaBBIKAMHM TPAaBWIBHOW OKCIUTyaTallid OCHOBHBIX MNPUOOPOB U 00OpYyIOBaHUS
(m3ugeckol 1abopaToOprH; HaBBIKAMH OOpPAOOTKM W WHTEPIPETHPOBAHMS PE3yIbTaTOB
JKCIIEPUMEHTA.

Metoauueckie yKa3aHHs [0  BBIINOJHEHUIO IMPAKTHUYECKUX padboT
mucuuminHe  «KoppekTupyronuii Kype no (u3Huke» COCTaBJICHbI B COOTBETCTBUU C
TpeboBaHusMu DenepanbHOr0 rocylapcTBEHHOIO 00pa30BaTENbHOTO CTaHAAPTA
BbICIIEr0 0Opa3oBaHMs, pabouyMM YYEOHBIM IUIAHOM U paboyeil mporpammoit

JUCIUIUTNHBI «KOppeKTUPYIOUI KypcC M0 (PU3UKE».




TeMaTHyecKuil IAH NPAKTHYECKUX 3aHATHH

HaumeHoBaHue pa3aejgaoB U TEM IMCHUIIVIMHBI, UX KPaTKO€
COACPKAHUC

Oo0bem
4acoB

Tema 1. KunemaTtuka u JMHAMMKA MATEPUAJBbHOH TOYKH.
Kunemarnka noctynareapbHOro M BpamlaTEIbHOTO JIBHXKEHUS.
JInHaMuUKa MOCTYNaTeJIbHOrO ABHKEHUs. CHIIbI B IPUPOAE.

1,5

Tema 2. 3akoHbl coxpaHeHusi B MexaHuke. JImHammuka
BPalIATEJIbHOTO0 JBHMKeHHs. 3aKOHbI COXpaHEHHs. MexaHuKa
TBEPAOIO TEA.

1,5

Tema 3. Mouekyasipaasa ¢uzuka. DOu3MYeCKUe OCHOBBI
MOJIEKYJISIPHO-KUHETUYECKON TEOPUH. Cratuctnueckue
pacupenenenus. OcHOBbI TepMoguHaMuku. OOpaTuMmble H
HeoOpaTuMble npouecchl. PeasibHble rasbl.

1,5

Tema 4. Daekrpocraruka. OCHOBHBIE TOHSTHS M 3aKOHBI
ANEKTPOCTATUKHU. DJEKTPUYECKOE TI0JIE M €ro OCHOBHBIC
XapaKTEPUCTUKHU.

1,5

Tema 5. IlocTrosiHHBI JJiekTpUYecKHMid TOK. OCHOBHBIE
MOHATUSL MOCTOSIHHOTO 3JEKTPUYECKOTO TOKAa M 3aKOHBI, €ro
ONMCHIBAIOIIINE.

1,5

Tema 6. Marneru3m. MarauTHo€e 1OJIE U €r0 XapaKTEPUCTHKHU.
SIBneHHE DIEKTPOMATHUTHOW MHIYKIHUU.

1,5

Tema 7. DuexkrpomarnuTHOe  moJje.  llepemeHHbIN
JNEKTPUYECKUN TOK. OJEeKTpoMarHutHoe moJjie. OCHOBHbIE
XapaKTEPUCTHUKH TOJIS.

1,5

Tema 8. Ontuxka. BosHOBBIE cCBoOiicTBAa cBera. KBaHTOBEIE
CBOICTBA CBETA.

1,5

Tema 9. Aromuas ¢usuka. Mogenu aroma. Teopus bopa.
DNeMEHThl KBAaHTOBONW MEXAaHUKHU. OJIEMEHTbl COBPEMEHHOM

(bu3uKr aTOMOB M MOJIeKyJl. OCHOBBI (PU3UKHU ATOMHOTO SIApA.

1,5




Onucanue NpakKTHYECKUX 3aHATHHA

Pasznen 1. Mexanuka u monekyaapuas pusuka.

Ipakmuueckoe 3anamue 1.

Tema 1. Kunemartuka ¥ JAMHAMHKA MaTepuajbHON TO4YKH. KuHemaruka
IIOCTYIIaTE€JIbHOTO W BPAIATEIBHOTO [JBWKEHHA. J(MHaMHMKa IOCTYHaTeIbHOIO
nBrkeHus. CHilbl B IpUpOJIE.

Ilenv 3anamusa: VI3yunTb 3aKOHOMEPHOCTH JBWKEHHUS MaTE€pPUAIbHOM TOYKH.

PaCCMOTpeTB 3aKOHBI JMHAMHKHN MaTepHaanoﬁ TOYKH.

3nanus u ymenus, npuoopemaemole CHyoeHmMoM 8 pe3yibmane 0C60eHUA neMbl,
gopmupyemvle KomnemeHyuu:
3HAHUS - OCHOBHBIX 3aKOHOMEPHOCTEH IBIIKEHUS MaTepUATBHON TOYKH;

YMCHUA — IPUMCHATD ITOJIYYCHHBIC 3HAHUA IIPpU PCUHICHUHN 3aa4

AKmyansHOCmb membl 3aHAmMUA: JAHHAS TeMa SIBIIIETCS BeCbMa aKTyallbHOW, TaK
KAaK TO03BOJSIET M3Yy4yaTh 3aKOHbl KMHEMATHUKHU MOCTYIATEIBHOTO M BPAILATEIBHOTO
JBIKEHUSI B X B3aUMOCBSI3U, (()OPMUPOBATH HABBIKM NMPUMEHEHUS 3aKOHOMEPHOCTEHN
JNBW)KEHUSI MATEPUAJIBHOW TOYKHA K TPaMOTHOMY HAayYHOMY aHajv3y CHUTYyaluH, C
KOTOPBIMH TIPUXOJUTCS CTAJIIKMBATHCS TMPU CO3JIAaHUM HOBBIX TexHoJorui. Kpome
TOT0, OHAa CHOCOOCTBYET (POPMHUPOBAHUIO y CTYAEHTOB OCHOB €CTECTBEHHOHAYYHOM

KapTUHBI MUPA.

Teopemuueckuu mamepuai no meme

Ckopocru:
; o _AF_R-F
cpeoHsis = =

P A VAR S A

3 g _As s, -,
cpeoHsia nymeeas A

P 4 ©OAt -
. dr ds_
MCHOBEHHAs. UV="=-7

dt dt



rae 7 — paauyc-BEKTOp MATe€PUAIbHOM TOUKU, AF =7, - Ii- BEKTOp MEPEMEIIEHHS, §
— PAacCTOsIHUE BJIOJIb TPACKTOPUU IBHMKEHUS, As=s,- s, — INPONUIACHHBIA IIyTh, [ —
Bpemsi, At =1, — t; — BpeMs ABW)KCHUSA, T — CAUHUYHBIA BEKTOP, KacaTeIbHBIA K
TPACKTOPHHU.

Ycxkopenus:
5 . Av
cpeoHee a ,———,;
POAL’
. dvu
MCHOBEHHOE a=;
dt
. _dv._
maHneceHyuajlbHoe Clr -7,
dt
2
.U
HOpMAlbHOE a = fl’l,

- — — 2 2
noJamoe a =a.+a,, a =.la.+a,,

rie R — paguyc KpUBU3HBI TPACKTOPHUH, 4 — SAMHUYHBIA BEKTOP IIIaBHOW HOPMAJIH.

CkopocTts yriioBas:

Ay
cpeoHsis . =—;
p P AZ’ 2
dy
MCHOBEHHAs w=—-,
dt
rae ¢ — yrioBoe nepeMenicHue.
YckopeHue yriosoe:
0 £ _Aw
cpeonee = ;
p cp At b
dw
M2HOBEHHOoe £ =—-.
dt

Cssi3b MEKAY JMHEHHbIMH U YIJI0BbIMHA BCJINUMHAMHA

Ec/id TOYKA ABHKETCSI PABHOMEPHO:
nocmynamensHo s =vt .

8PAUAMENbHO @ =w-t,

Ecau Touka IBUKETCS PABHOYCKOPEHHO:



at2

nocmynamenbHo v=y,tat; s =yt +——;
2
— &t
8pawamenbHo W=+ &L, p=@t+—:.
NMnyabce (KOJIM4YECTBO IBUKEHUS) MAaTePUATIbHON TOUYKH P =mi,

TJIe 1 — Macca MaTepruabHON TOUKH, U/ — €€ CKOPOCTb.

OcHOBHOE YpaBHeHHE IMHAMHKHA MATEPUAIbHON TOUKH

. - d
(BTOpOi 3aKk0H Hbr0TOHA) F=—.
dt
[Ipu m = const, Bropou 3akoH HproTOHa mmeer BuA F =ma .
3aKoH coXpaHeHHUs UMITYJIbCA IS U30JIUPOBAHHON CHCTEMBI
3P =3 mi =const,
= _Z mr;
Paauyc-BekTop neHTpa mace ¢ _—Z .
.
1
CxopocThb YacTHull Nocje HeHTPAJIbHOT0 CTOJIKHOBEHHA:
mu, +m,v
= - 171 272
U J- 4 +2——=—,
m, +m,
npy202o . .
ki . . mu, +m,u,
, XU, 22—
ml + m2
L mu +myU,
HEYnpy2020 U =y =/
YIpYy mo+m,
rae U, u U, — CKOPOCTH YaCTHI[ IO CTOJIKHOBEHUS, 1) U M; — MACCHI YaCTHII,
Cuiia cyxoro TpeHusi CKOJIbKeHHU s ., =uk,,
riae u — koduimeHT Tpenus, F, — cuiia HOpMaJTbHOTO JaBJICHUS.
CuJia ynpyrocru F,, = kAl
rae k — ko3 HUIUEHT ypyrocTH (BKeCTKOCTb), Al - U3MEHEHHE JTUHBI.
m,m,

CuJjia rpaBUTallMOHHOI0 B3aUMOJAECTBUS Frp :G—2>

r
TJ€ M U m, — Macchl 4yacTull, G — rpaBUTAIIMOHHAs IOCTOSIHHAS, ¥ — PACCTOSHUE
MEXKy YaCTUIAMU.

IToreHnMaabHbIE IHEPIrUM:



_ k(A

ynpy2o 0egopmMuposanno2o mend 11 5

deii 0 n=-¢A%,

cpasumayuOHHO20 63AUMOOEUCMBUA 6yx uacmuy 5
r

mena 8 00HOPOOHOM 2PABUMAYUOHHOM NOJe IT =mgh,

I7Ie g — HaMpPSHKEHHOCTh TPABUTAIMOHHOTO MOJIs (YCKOPEHUE CBOOOTHOTO TAICHHS ),
h — paccTosiHHE OT HYJIEBOTO YPOBHSI OTCYeTa (OOBIYHO - MOBEPXHOCTH 3EMIIN).

GM,
(R, +h)*
rne Ms;—macca 3emun, R; — paguyc 3eMiu, /1 — pacCTOsTHUE OT MMOBEPXHOCTH
3emu.

HanpsizkeHHOCTh IPABUTAIIMOHHOTO MOJIA 3eMJIN g =

GM,

IHoTeHuMAa rPAaBUTAIMOHHOIO MOJISI 3eMJIH e Rk n
3

Ilpumepuvl pewienusa 3aoau
3agaya 1. CTygeHT npoexas MOJIOBMHY MyTH Ha BEJIOCHUIIENE CO CKOPOCThbIO ¢/= 16
KkM/4. Jlanee moJoBUHY OCTaBIIETOCS BPEMEHU OH €Xall CO CKOPOCThI0 ¥, = 12 km/4, a

3aTeM 70 KOHIIA TyTH IIeJ MEIIKOM CO CKOPOCThIO ¢, = 5 km/u. Ompemenute
CPE/IHIOI0 CKOPOCTh JBMKECHHS CTY/IEHTA Ha BCEM ITyTH.
Pewenue:

é'l el Sl = Ll S}L

v; \?2 ‘V}'

i‘1 I 2z Iy

J s

JlnmuHa mepBoit vact | | myta s;=vit; , BrOpOH
YacTH MyTH S>=Vab, TPEThEeH YacTH, S;=Vst;.

[To ycnoBwuto, s;,=s>+s3, a Bpems t,=t;. CpeqHsis CKOpOCThb

Sl + S2 + S3
(v)="—22,
L+t
TaK Kak $;- IOJIOBHHA ITyTH, TO BECh ITyTh PaBEH 2s;, BpeMsl ¢,=s,/v, , OCTaBIIeeCs
Bpems L, 1, = Torma
(v) = 2s, _ 2u (v, +vy)

s 25, 2u, +v, +u,
1 2 3

U, U, + U,

3agaua 2. BepTukaibHO najarponiee Teio nocieaaue 2 merpa mnposereno 3a 0,3 c.
OnpenenuTtk, ¢ KAKOW BBICOTHI AJAJI0 TEI0?



Jano:
h=2m
L, =0,3c

H=7?

h

Boicoty H nanenus tena (06e3 HaYaJbHOW CKOPOCTH) MOKHO ONPENETUTH 10

2

t
bopmyne H :gT. 3aeck t— nonaHoe Bpemsd nagaeHus. O4eBUAHO ¢ = t+ £, TAE 11—
BpEMsI IPOXOXKJEHUSI NMEPBOr0 y4acTKa; f, — BpeMs MPOXOXKICHUS MOCIEIHUX 2-X
METPOB IMyTH. 3alUIIEM YpaBHEHUE ABMKEHUS JJIA JABYX IMOCIEIHUX METPOB MYTH,

cunuTasa ABUKCHUC PABHOYCKOPCHHBIM:
2

2
h=ut, + &L
2
IIe ) — CKOPOCTh, C KOTOPOU TENO «BXOAUT» B 3TOT YYACTOK ITyTH.
2
h _ gtz
Crnie10BaTeNbHO, _ 2 _h_ g, . (1)

U =
)

[lepBbIil yyacTOK yTH TEJIO MPOXOAUT O€3 HayaabHOW CKOPOCTH, T.€. o= 0, a Tak

_Ut Y Y _h
Kak & = , To L =—. VYwuureBasg (1), nomyuum Lh=—"7.
4 g g, 2
Takum oOpazom, oO1iee BpeMsi IBUXKEHUS TeNla ¢ =+ t, paBHO
[ = h b +1 —i + L 2
gt, 2 ’ gt, 2 @)
[Toacrasnsist (2) B popMyity juist H, OKOHYATEIBHO, TIOTYYUM
2 2
_gph L) 10 2 030 sas
2\ gt, 2 2 110:0,3 2

3agaua 3. Teno OpolIeHO ¢ HAaYaIbHOU CKOPOCTHIO 0o = 20 M/c moj yriiom a = 30° k
ropu3oHTy. OnpeneanTs MaKCUMaJIbHYIO BBICOTY NOJbEMA, ajJbHOCTh IOJIETA, & TaK
€ TaHMCHLIHAIBHOE M HOPMAJIbHOE YCKOPEHHsS, paJuyC KPHUBU3HBI TPACKTOPHHU B
HayaJbHbIII MOMEHT BPEMEHH.

Jano:
00=20 m/c
o=30° y 4

?
2

h
S
a, =?
an=7?
R =7




Bocnone3yemcs NOpPUHOMIOM  CYNEPHO3WLIMM  JIBUKEHHUM: JBH)XKEHHUE TeEna
MPECTABUM KAK JIBA HE3aBUCUMBIX JBH>KEHUSI BJOJIb OCEH KOOpanHAT X u Y.
N3 TpeyrosibHUKaA CKOPOCTEN HAMIEM HadallbHbIE CKOPOCTH
U, =v, cosa | U, =U, sina (1)
Bnons ocu X  nBHKeHHE paBHOMEpHOE (IIPU OTCYTCTBHH COIMPOTUBIICHUS
JIBIKEHUIO, OPYTUX CWJ, NEUCTBYIOIIUMX BAOJb ocu X , HeT). [loatomy oy He
U3MEHSETCS, TO €CTh Ux= Dox.
Bnone ocu Y nBrKeHHE — paBHOYCKOPEHHOE 3a CUET CWibl TAroteHus. [lpu
NoAbEME Ha BBICOTY /4 CKOPOCTh 0y H3MEHSAETCS CO BPEMEHEM IO 3aKOHY:

U, =U,, - 8!, Cyuras, uTO B MaKCUMaJbHOM Touke nogbema U, =0, Haiinem Bpems

noabeMma f. v

oy

=gt,. YuutbiBas (1), nomyunm

;=Y sin 2
oz

W3 ypaBHEHUS IBU>)KEHUS BJIOJIb OCU y HAUAEM BBICOTY MOIbEMA

) . 7.2 7.2
gt; UpSING gl SIN° ¢ _ Uy sin” i

h=v, - =y, slna . =5M

g 2g 28
W13 ypaBHEHHs1 PaBHOMEPHOTO ABMKEHHS BIOJIb OCH X, HAlJIEM JAJIbHOCTh ToJeTa S:
S =v, -t =y, -cosa -t,

rjae ¢t- oOlee BpeMs ABMKEHUS, U3 COOOpaKEHUN CUMMETPHH, PABHOE YJIBOEHHOMY
BPEMEHM NOAbEMa, T.€. =2 t;. Torma

. 2 .
. sina _ v, sin2a
S =v, -cosa 2t, =2v,cosa -1, = =34,6m.

g g

dv
TaHreHnuanbHOE YCKOPEHHE, TI0 ONPEICIIEHUI0, d, :Z’ a TaKk Kak CKOPOCTh

_ [ 2,2 _ . [ >
U =4, +Uy , I U, =Uy, a Uy on gt, 3HaA4YUT U_\/on +(on- g[) .

_dl/ _d\/ij +(l}oy - gl‘)z (l}oy - gt) ‘g

T df df \/( on _ gl‘)z + UOZX

B nauanbHbIii MOMEHT BpeMeHu (=0,

CrnenoBaTeabHO a

11



v_-g v.,'g& v, sina - : 5
a, =———= = = =20 & =g -sina =5Mm/c”
U+ U U, Y,

“ox “oy

[lo/IHOE YCKOpPEHHE [BMKEHHUS TEJA, OYEBUIHO, DPABHO YCKOPEHHIO CBOOOIHOTO
nanenus g. [loatomy a =\/a’ +a’ =g .

Otkyza a, =g - a’ =8,66m/c”.

2 2
v U
ITo onpenenennto, a, :?. CnenoBarenbHo R =— =46,2 m.
a

n

3anaua 4. J/IBe maTepralibHbIE TOUYKH JIBUXKYTCSI COTJIACHO YPaBHEHUSIM

x, =At+ Bt +Ct’, x, =At + B,t’ + .t tne A1 =4 m/c, B =8 m/c?, Ci =—16 M/c?,
A>=2 m/c, B, =—4 m/c?, C; = 1 M/c’. B KaKkoif MOMEHT BPEMEHH ! yCKOPEHHE DTHX
Touek OyayT oguHakoBbl? Hailtu ckopoctu ¥ u U, TOYEK B ’TOT MOMEHT BPEMEHHU.

JaHo: JIns OMHOMEPHOTr 0 ABUXKEHUSI YCKOPEHHUE €CTh BTOPas
IIPOM3BOHAS OT KOOPIMHATHI, TO ecThb ¢ =d x/dt’
x, =At+ Bt +Ct’ VM TIepBasi IIPOM3BOIHAS OT CKOPOCTH TO ecThd =dv/dt .
x, =4t + Bt +C,t° | TlosToMy Hano, BHAUale ONPEIETHTh CKOPOCTH TOUEK:
Ay =4 w/e. 9 :f =(At+ B+ Y =4 +2B1+3C,1 (1)
!
A>=2 wc. v, :% =(At+ Bt +C’) =A, +2B,1 +3C,1° )
Bi=8wm/c*. Teneps HalieM YCKOPEHHSI.
d ,
Bi=-4m/c? . a, :77;1 —(A4 +2B1+3C1%) =28, +6(1 (3)
5 duv, N .
C=-16 m/c a, :_t =(A4, +2B,t +3Ct7) =2B, +6(,t (4)
C=1 M/C3
a, =a, [Ipupasuss (3) u (4), Haitnem t:
t=? U= U,=?
B - B - (-4
__B-8 _ 894 =0,235 ¢,

3(C,- G 3(1- (- 16))
Tenepp noacraBum 310 3HaueHue ¢ B (1) u (2):
v, =4+2:8:0,235+3 (- 16) <(0,235)" =5,1m/c,
v, =2+42(-4)-0,235+3 1 +(0,235) =0,286m/c.

33)13‘13 5. MaTepI/IaJIBHaH TOYKa ABHXKCTCA HaA IINIOCKOCTHU COIJIACHO YPABHCHUAM:
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T
x =4cos (g 1); X,y — B MeTpax,

T
y = 3sin (g 1); { — B CEKyH/JIax.

HaiiTu: 1) ypaBHEHUE TpaeKTOpUH;
2) KOOPAMHATHI TOYKH;
3) MOJIHYIO CKOPOCTH;
4) moJIHOE YCKOPEHHUE;
5) TaHTr€eHIMAJIBHOE ¥ HOPMAJIbHOE YCKOPEHUE;
6) paanyc KpUBU3HBI TPAEKTOPUH B MOMEHTBI BpEMEHHU #1=2 C U /=0 C.
Pewenue:
1. [Ins HaXoXAEeHHs YPAaBHEHHS TPACKTOPHUU (3aBUCUMOCTH OJTHON KOOPAUHATHI OT
JPYroi) UCKIIFOUYMM W3 YPAaBHEHUI IEPEMEHHYIO BEJTUUMHY f:

(.2
X JT xT J
RN B2 I
% T e T 43
—] Yoo
3 =sin( gl‘) = =sin’( gf)

\

DTO ypaBHEHHE AJUIMIICA C MTOTYOoCcsiMU a =4 M; b =3 M.

AY

A(2,2,6) B MmomenT #1= 2¢

x;=4cos

Tol= X, —4cosT =2 m
6 3

\ 4
e

¥, =3sin

T ol= y =3sinZ =2,6m
6 : 3
B(-40)

B MomeHT 6,=6c¢: X, =4cos(z) =-4m y, =3sin(x) =0m,

Takum oOpa3om, B MOMEHT BpemeHH ¢, = (0 koopaunHatbl Touku: 4 (x,))=(2, 2, 6);
B MOMEHT BPEMEHHU £, = 6 C KOOpAUHATHI TOYKH: B (x,y) =(—4, 0).

2. JInst HaX0XKAECHUS MOJTHOM CKOPOCTH HAWJIEM Uy I U, B MOMEHTHI ¢; = 2C U f, = 6C:

, _dx
DX:x _=

dt

4cos£ 't
6

2 |
=—sin| — ¢t
3 6




Dy1:%JZ'COS(6OO) =0,785m/c.

Duom 1=(- 1,8)” +(0.785)" =1,98 wc.

AHaNOTru4HO HaxoauM, 4TO

4 .
sin

Ux=-

z -6] =0wm/c, mf%;mos(;r) =-1,57m/c.

Dnonn.2™ 1,57 M/C.
3. JIns HaxOXJEHUS MOJTHOTO YCKOPEHUS dyom HAUAEM @y M @, B MOMEHTHI BPEMEHU
th=2cu bh=6¢:

4 2 , 2 . J

Ax = Uy = ~ —2.77 COS g -t » A=) =~ ?.72' Sin g -t

| s 1 5
Qg = - —7 cos| — 2| =-—a" -cos| —| =-0,55 m/c

9 9

i 1

ay1 = - —~ 2sin| 2 ~2] =- —’sin| —| =-0,71m/c’.

12 6 12

2 2 2
nomn1 = +jdy +a, =0,9M/c”.

ao="- L2 cos| Z '6] = L2 cos(n) =11 wic®.
9 6 9

ay, = - —’ sin(7) =0m/c’
12

Aunomn2 = 1,1 M/Cz.
2

. v
4. HalinemM HOpManbHOE (LIEHTPOCTPEMHUTENBHOE) YCKOPEHHUE: a, =—,
R

dv
TaHT€HIIUAIBHOE YCKOPEHHE A, ZE.
Haigem vnom.
\2 V2
22— T
Uom =AU YU, =/ || zasm| — || +| —acos| — 4 =
’ ) 6
51 8 . : T |
a7 —cos| — <t |sin| — f |- —cos| — ¢ |smn| —
dv 9 ) 6 6
= d E— . - ,
.
dt _ 4 ., ST
127 |—sin"| — -t |+—cos™| —
9
— 2
a , =0,22 m/c”.

Crie0BaTeNnbHO :\/a2 - a, :\/0,92 - 0,22° =0,87 m/c”.

IIOJIH
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T ak kax V,,,,, =1,98 M/C 10 pammyc kpuBHM3HBI B TOuKe A paBeH

2 2
R, =4 =198 g
@, 08l
257 cos(7)sina
a, = —0.
AHAJIOTUYHO; -

12 -18\/isin2(ﬂ) +lcosz(fr)
9 4

L3 ) 4w,

2 _
CnepoBarensHo d,, =a, =1,IM/c” = R, =

2

3agaua 6. Ha rmagkom cromne nexut 6pycok maccoit 3 kr. K Opycky npuBs3aHbl ABa
IIHypa, TMEpPEeKUHYThle 4Yepe3  HEMOJABIKHbIE  OJOKH, MpPHUKPEIJICHHbIE K
IIPOTUBONOJIOKHBIM KpasM cToJia. K KOHIIaM IIHYpOB IOJBELICHBI TUPU MACCAMU 11
= 2 xr u my= 3 kr. Haiitu yckopeHme a, ¢ KOTOPbIM IBMXKETCS Opycok u cwiy T
HATSOKEHUS KaXJ0ro M3 IHYpoB. Maccoil 010KkoB U TpeHueM npeneOpeub. Hypbl
CUUTATh HEPACTSKUMBIMHU.

Jano: . 7 .
m=3Kr [P T,
m; =2 KT oyt o T .

—_ "‘ -, B & fad & & &, x
my= 3 KT. E §J 2
. 4 -

T1 . TE‘
a - ? ? ? Gll_#:lr
T,-7? a.x M, ", L d
T,-? ; L
| mg m.g

Pacniumem cunbl, AeiicTByromue Ha Tena. BwidepeM cucTteMy KOOpAMHAT, Kak
yKa3aHo Ha PUCYHKE (Ha rpy3 m, Jexalluid Ha CToJie BOOOIIEe-TO JEHCTBYIOT €IlE JIBE
CHJIBL: CHJIA TSDKECTH Mg W cmia peakuuu onopsl N . Ho Tak kak TpeHHEM B 3a1ade
npeHeOperaercs, TO ACUCTBUE 3TUX CHJI U3 PACCMOTPEHUS Mbl HCKIIIOYAEM).

3anuuieM BTOpoil 3akoH Hbl0TOHA /1J1 KaXJ0r0 y4acTBYIOLIErO B ABUKEHHUH TEJIa:

ma =mg+T
myd =nm,g +T,

ma =T, +T,

(ITockonpKky IMIHYpPBHI CYUTAIOTCS HEPACTSIKUMBIMHU, TO BCE TeJla JBUKYTCS C
OJINHAKOBBIM YCKOPEHUEM a).

BriGupaem HampaBlieHHE YCKOPEHHs, KaK YKa3aHO Ha PUCYHKE (110 HaIpaBJICHUIO
yacoBoil crtpenku).  CopoenupyemM CHUCTEMY YpaBHEHUW Ha BBIOpAHHBIE OCH
KOOpJHMHAT:

15



“ma=mg-T,
mya =myg - T, 0
ma =T, - T,

W3 BTOporo ypaBHenus (1) BpluuTaeM nepBoe:
(m, +m)a =(m, - m)g-(1,- 1)

(m, +m))a =(m, - m,)g - ma

(m, + m, + m)ya =(m, - m,)g , Torna

_ = m

i @

m, +m, +m

IToncraBiseM YHUCIEHHBIE 3HAYEHHS:
a :ilo :E =1,25m/c>.
3+42+3 8
I, =mg+ma=m(g+a)=2(10+1,25) =22,5 H

T, =m,(g - a) =3(10- 1,25) =26,2 H

3agaua 7. Yepes 010K, yKpEIUICHHbIH Ha KOHIIE CTOJA, MEPEKUHYTa HEPACTKUMAS
HUTh, K KOHII[aM KOTOPOW MPHUKPEIUICHBI T'PY3bl, OIUH U3 KoTopbix (m; = 400 r)
JIBUKETCS IO TIOBEPXHOCTHU CTOJIAa, a Apyrou (m, = 600 r) — BHOJIb BEPTUKAINA BHU3.
Koaddumment f Tpennst rpys3a o cron paseH 0,1. Cunurast HUTh U OJJOK HEBECOMBIMH,
OnpenenuTh: 1) yCKOpeHUe a, ¢ KOTOPbIM ABUXKYTCSA T'Py3bl; 2) CUIy HaTskeHus T
HUTHU.
Pewenue.

BriOpaB ocu koopauHar (puc), 3amuiieM i KaXA0ro rpy3a ypaBHEHHUE JIBHXKECHUS
(BTOpOI# 3aK0H HbhIOTOHA) B TPOEKIMIX HA 3TH OCH:

m.a= myg-T

YuuTteiBas, 4To
, IOJIy4HM CUCTEMY YPABHCHUU:
ma =T - fmg,

Pxyl

P

mya =m,g- T,

S

OTKYyIda NCKOMOC YCKOPCHHUC:
o _my- fin)g
I?’ll + mz

‘\

.

SN

Cuity HaTsKEHUSI HUTH HAJEM U3 BTOPOTO YPAaBHEHUS CUCTEMBI:
T =m,(g- a)

16



Boruucnss, noayuaem: 1) a = 5,49 m/c*; 2) T=2,59 H.

3anaua 8. [Ipu nagenuu tena ¢ 6OJIbIION P
BBICOTHI €T0 CKOPOCTD ycr TIPU c o¢
YCTaHOBUBIIIEMCS ABWKEHUU JtocTUraeT 80
M/c. Onpenenuts Bpemsi 7, B TEUCHUE o gf" T T ;;;?'—
KOTOpPOI'0, HaUMHasg OT MOMEHTa Hadaja mg R e
NaJIeHUsI, CKOPOCTh CTAHOBUTCS PABHOM Vycqr/
2. Cuity CONpOTHUBIIEHUS BO3AyXa MPUHSATH
MPONOPIMOHAIBHON CKOPOCTH Tea.
Pemenue.

Ha maparomee Teno AEHCTBYIOT JBE
CUJIbI (pHC. a): CUJIA TSHKECTH mg U CUJIa COTPOTUBJICHUS BO3ayxa F-.

Cuiia CcONpOTUBICHUSI BO3JyXa IO YCIOBHSM 3aJadyd IPONOPLHOHATIbHA
CKOPOCTH TeJa Y MPOTUBOMOJIOKHA €U 110 HAMPABICHUIO:

F =-ko, (D)
riae k — kodphUIreHT IPOoNMOPIMOHATLHOCTH, 3aBUCAIINNA OT pa3MepoB, GOpMBI Tea
Y OT CBOMCTB OKPY>Karollen Cpepl.

Hamumem ypaBHEeHHME NBWIKEHHS Tejla B COOTBETCTBUM CO BTOPBIM 3aKOHOM

—

U _ — —
HrroTona B BekTOpHOI (opme: mz =mg +I,. 3amenuB F, cormacHo (1),

a) 6)

TOJTY UMM
dv . .
m— =mg - kv . (2)
dt
CropoenupyeM Bce BEKTOPHBIC BEJTMUMHBI HA BEPTHKAJILHO BHU3 HAIPABJICHHYHO
OCh Y HAITUIIIeM ypaBHEHHUE (2) I IPOCKITHUIL:
v
m— =mg - kv .
dt

[Tocne pa3aeneHus nepeMeHHbIX OIy4UM
dv _dt

mg-kv m’
BBIOJHUM MHTETPUPOBAHKE, YUYUTHIBASL, YTO NMPH U3MEHEHHUH BPEMEHH OT HYJIS

yeT

1
10 7 (MCKOMOE BpeMsI) CKOPOCTb BO3PACTaeT OT HYJIS J10 EU (puc. 1, 6):

2f dv _]dl; —l|ln(mg- kv)‘él"“ _r
m

- o k
J mg kv Jm
N3 mosy4eHHOTO BBIpaXK€HUS HailJIeM HCKOMOE BpEeMSI:
m m
me - lkv (3)
g 2 yeT

17



Bxomsimumii  croma  kKod(pPUIMEHT TPOMOPIMOHATLHOCTH Kk ONpEeAeIuM U3
cnenyromux coodpaxenuil. [Ipu yctaHOBUBIIIEMCS IBMKEHUH (CKOPOCTH MTOCTOSTHHA)
anredpanydeckas CyMma IpOSKINil Ha BEPTHKAIBHYIO OCh JCUCTBYIOIIMX HA TEIO CHJI

mg

Uyc i

paBHa HymO, T. €. Mg - kU, =0 orxyna k=

[ToxcraBum HaitnenHoe 3HaueHue k B hopmyiy (3):

mu
SN

mg ... LME,

& 2vu T

[locne coxpanieHni U yIpoIeHui noryyuM: 7 Zﬁln 2
g
IloncTaBuB 4YMCIIEHHBIE 3HAYEHUs, IOJTyYnM T = 5,66 c. [IpoBepka pasmepHOCTH
pe3yJibTaTa B IaHHOM cllyyae He 00s13aTellbHa, TaK KaK OHA OYEBMJIHA.

3amaya 9. Tups, mnojokeHHasT Ha BEPXHUM KOHEI[ CHHUPAIBHOW MPYKHUHBI,
MOCTaBJICHHOW HAa MOJICTABKE, CKUMAET €€ Ha X = 2 MM. HacKOJIbKO COXKMET NPy UHY
Ta e TUps, YIaBIIasi Ha KOHEI] IPY>KUHBI C BBICOTHI /1 = 5 CM OT NPYKUHBI?

Jano:

X =2mMMm Cucrema, cocTosiIas U3 TMPU U NPYKHUHBL, KOHCEPBATUBHA,
h=5cM=50MM | TO3TOMY COIIACHO 3aKOHY COXPAHEHUS SHEPTUH UMEEM
X1 = ? E=FE,.

I[O MNaaCHUA TUPH SHEPTUSA CUCTEMBI E\ — 310 TONBKO

MOTEHIIMAJIbHAS DHEPTUSI TUPH TIOJHSATON Ha BBICOTY /4, clieoBaTeabHO, E\= mgh.
[locne manpenust sHEprust CUCTEMbI FE,  COCTOMUT W3 TMOTCHUHAIBbHBIX SHEPIUU
IPY>KHHBI )KECTKOCTBIO k, C)KAaTOW Ha Xi:
11 P — kx 12/ 2
Y TUPH:
Il = —mgx,.
3HaK MUHYC TOBOPHUT O TOM, YTO 3a HYJIEBOM ypPOBEHBb NMOTEHIHAIBHOW YHEPTUU
ObLT MPUHSAT YPOBEHb BEPXHEro KOHIIA MPY>KHUHBI B HECXKATOM COCTOSIHHUU, a TOCIIE
CXaTHsl yPOBEHb MOTEHIMATBHON SHEPTUH CTal OTPUIATEIBHBIM, TOATOMY
Ez = —mgx + kx12/2.

Takum oOpazom, umMeem

2
1

mgh =- mgx, +

[Tocne HECTTOXKHBIX TPEe0Opa30BaHUI TTOTYIHM
2

mg(h ) =2, (1)

Hen3BecTHy0 KECTKOCTh NPYKUHBI K ONIPENETUM U3 CAEAYIOIIHNX COOOPaKEHHI.
I'mps, mexamas Ha IMOACTaBKE, CKUMAET NPYKHMHY 34 CUET CHJIbI TSDKECTH mg, U
KOMIIEHCUPYETCS CUJION YIIPYTOCTH MPYXKHUHBI, 110 3aKOHY ['yka paBHOU
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F=—kx.
CrnenoBaTeibHO, HMEEM
mg= kx, OTKyna
=8
X
N3 (2) u (1) nocne HecnoXHBIX MPE0OPa30BaHUM MOTYYUM KBaJAPaTHOE YPABHEHUE:
x7 - 2xx, - 2hx =0.
[loacTaBuB 4YMClIEHHBIE 3HAYEHHsS] B ATO KBAJApPAaTHOE ypaBHEHHUE, MOJIYyYUM JIBa
KOpDHS: TIOJIOKWUTENbHBIA W OTpULATeNbHbIM. OTpULATENBHOE 3HAYEHHE X

oTOpackiBaeM, Kak He UMeroIee (PU3NIECKOTO cMbIcia. B pesynbrare moiaydaem x; =
16,3 Mm.

)

3agaya 10. Onpenenuts padoOTy CHII ITOJIA TATOTEHUS [IPU NEPEMEILICHUH TEJa MacCOU
m = 12 Kr u3 TOYKM [, HAXOAAIIEHCA OT LEHTpa 3€MJIM HA paccTosiHuu 7 = 4R, B
TOUKY 2, HAXOASUIYIOCSl OT €€ LIEHTPa Ha PACCTOSAHUU 7> = 2R, rne R — paaunyc 3emiu.
Pewenue.

[TockonbKy CHJIBI TATOTEHUS] KOHCEPBATUBHBI, pad0Ta 3TUX CUJI paBHA U3MEHEHUIO

MOTEHIIMAJILHON YHEPTUU CUCTEMBI TE€JIO — 3eMJIsl, B3ITOMY C OOpaTHBIM 3HAKOM:
ALQZAH:H1_H2 )

rae /1, u I, — noTeHIMaIbHbIE YHEPTUU CUCTEMBI TEJIO — 3€MJII COOTBETCTBEHHO B
Toukax [/ u 2.

Tak kak I1I=- G (M — macca 3emin), TO
H]Z - G nu sz - G
[ToncraBuB 3TH BeipaxeHus B (1), momyuum:
1 mM
12 =—G——.
4 R

M .
quTBIBaH, qTo GF =&, IpUAEM K BBIPA)KCHHUIO IJI1 KICKOMOHU pa6OTBII

1
A =—mgR.
1 g

12

Boruucnss, nonyyaem A, = 187 M/Ixk.

Bonpocwt u 3a0anusa:
Bonpocuwi:
1. Mexanuueckoe neuxxenue. Cucrema oTcuera.
2. MarepuanbHas Touka. Tpaekrtopus. [lepemenienue u myTs.
3. CkOpOoCTh U YCKOPEHHUE, KaK TPOU3BOAHBIE OT PAANYyC-BEKTOPA 110 BPEMEHH.
4. TaHreHUaaIbHOE U HOPMAIBHOE YCKOPEHUSI.
5. Kunemaruka BpanmateibHOTO JIBUKECHUSI MATEPUAIBHOW TOYKH.
6. Y1Ii0Bas CKOPOCTh U YIJIOBOE YCKOPEHUE, KaK MPOU3BOJIHBIE OT yIJja
19



II0BOPOTA 10 BPEMEHU.
7. CBsA3b MEXY JIMHEWHBIMU U YTJIOBBIMU XapaKTEPUCTUKAMHU JIBUKEHU.
8. Ilepsslii 3ak0H HproToHa. NHEpLIMAIbHBIE CUCTEMBI OTCUETA.

9. BzaumopgeiictBue ten. Cuna, macca. UMmynbe (KOJTUYECTBO JBUKECHUS).
10.Btopoii 3akon HeroTOHA.

11.Tpernii 3akon HeroToHa. M301upoBaHHas cucteMa MaTepUaIbHbIX TEN.
12.3ak0H coXpaHEeHUs] UMITYJIbCA.

13.Buabl cril B MEXaHHUKE.

14.Cuiel ynpyrocTu.

15.Cunebl Tpenus.

16.Cubl Tarorenus. LleHTpanbHbIE CUTIBI.

17.11onsTHE O TIOJIE CHIL.

18.I"'paBUTALIMOHHOE TOJIE U €r0 HAIIPSIKEHHOCTD.

19.11one cuiibl TsKECTH BOJIM3H 3eMITH.

20.ITonsiTve 00 HEMHEPLUATLHBIX CUCTEMAX OTCYETA.
3aoanus:

1. JIBe MaTepuanbHbIE TOYKH IBHKYTCS COIIACHO ypaBHEHUAM X1 =A1+B1+Cif,

X2 = Ast+Bo+Cof, tne A\ =4 m/c; Bi= 8 m/c?; Ci=- 16 m/c*; 4,=2 m/c; B= -4 m/c?;
C, = 1 m/c’. HaliTu MOMEHT BpeMEHHM ! , KOTJa YCKOPEHHs JTHX TOYEK OyayT
OJIMHAKOBBIL. HaliTh CKOPOCTH v U ¥, TOYEK B 3TOT MOMEHT BPEMEHH.

2. Touka JABWKETCS IO MPSIMOI COTNIACHO ypaBHEHMIO x=At+Br, rne A= 6 m/c; B =
1/8 m/c’. HaiiTu CpeHIOI MyTEBYIO CKOPOCTh <0> TOYKHM B MHTEpPBAJE BPEMEHH OT
ti=2c 1o tL=6c.

3. JIBU3KEHUE TOUKH 110 TIPSIMOM 3a1aH0 ypaBHeHUeM x=At+B¢*, rue A=2 m/c; B=

= -0,5m/c’>. Ompenenurs CPEIHIOK IYTEBYK CKOPOCTh <0> JBMKEHUS TOYKH B
MHTEpBaje BpeMeHnu ot ¢, =0c 1o £, =3c.

4. Teno OpoiieHo ¢ OanKoHa BEPTHKAIBLHO BBEPX CO CKOPOCTHIO vy =10Mm/c. BricoTa
OankoHa Haja TMOBEPXHOCTHbIO 3emiu /1 =12M. HamucaTe ypaBHEHHE IBHKEHUS WU
OTIPEACTUTh CPEHIOI MYTEBYIO CKOPOCTh <> ¢ MOMEHTa OpOCaHHs 10 MOMEHTa
NaJeHUs Ha 3EMIIIO.

5. C GankoHa OpocHiIM MAYUK BEPTUKAIBHO BBEPX C HAYAJIBHOM CKOPOCTBIO 0 o =5
M/C. epe3 ¢ =2¢ MSYMK ynan Ha 3emiito. OnpeaenuTsh BRICOTY OaJIKOHA Haja 3eMIlei U
CKOPOCTh MSIYMKA B MOMEHT yJiapa O 3eMJII0.

6. Teno, OpolIeHHOE BEPTUKAIHHO BBEPX, HAXOUIIOCH HA OJTHOU U TOM K€ BBHICOTE

h =8,6M nBa paza c¢ unTepBagom At =3c. IIpeHeOperas CONMpOTHUBICHHUEM BO3ayXa,
BBIUMCIIUTh HAaYaJIbHYI0 CKOPOCTh OPOLIEHHOIO Tea.
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7. BepTukanbHO BBEpPX C HAaYaJIbHOM CKOPOCTHIO 0 (=20M/c OporeH kameHb. Yepes
7=1c mocne 3TOoro OpolIeH BEPTUKAIBHO BBEPX JAPYroil KaMeHb C TaKOW XKe
ckopocTbhio. Ha kako# BbicoTe /1 BCTPETATCS KaMHU?

8. Kamenp OporiieH BEpTUKAIBHO BBEPX C HAYAJIBHOM CKOpOCThIO 0o=20 M/c. Uepe3
Kakoe BpeMs KaMeHb OyJeT HaxXxOoAWThbCcs Ha BbicoTe A =15m? Haiitu ckopocth v
KaMHs Ha 5ToH BbicoTe. CONpOTHBIIEHUEM Bo3ayXa npeHebpeun. [Ipunsars g =10 m/c’.
9. Kamenp mamaer ¢ BeicOTh /4 =1200m. Kakoit myTe s mpoiiner KaMeHb 3a
NOCJIETHIOKO CEKYHAY CBOErO MaJaeHus?

10. C xaxoit BbicOTHl H ymano Teino, €Ciiv HOCIEeIHUN METP CBOETO IyTH OHO MPOIILIO
3a Bpems t = 0,1¢?

11. Teno OpomieHoO oA HEKOTOPBIM YIVIOM ¢ K ropu3oHTy. HaliTu Beau4HMHy 3TOro
yIia, €ClIM TOPU3OHTaJbHAs JaJIbHOCTh S IOJIETa Tejda B YETbIpe pas3a OoJblie
MAaKCHUMAaJIbHOU BBICOTHI H TPAEKTOPUHU.

12. CHapsiz, BBIIYILEHHBIM U3 opyaus o yriioM o = 30° K TOPU3OHTY, JBaXIbI ObLI
Ha OJHOM U TOM ke BbIcoTe A: cmycTs Bpemsa ¢ =10 ¢ u ¢ =50 c mociie BbIcTpena.
OnpenenuTs HaYaJIbHYIO CKOPOCTB U ¢ U BBICOTY /1.

13. Tlyns mymieHa ¢ HadallbHOM CKOPOCTBIO 05=200 M/c mox yriom a = 60° K
ropu3oHTy. OnpeaenuTb MaKCUMAIIbHYIO BBICOTY H Moabema, AJaIbHOCTh S MOJeTa U
panuyc R KpUBHU3HBI TPACKTOPUU MYJH B €€ HaWBbICHIEH TOUkKe. CONPOTHUBIECHUEM
BO3/lyXa MpeHeOpeyb.

14. Kamenp OpollleH € BBIIIKA B TOPU30HTAIHHOM HANpaBICHUH C HaYaJIbHOU
cKOpocThio 0p=30 M/c. OnpenenuTb CKOPOCTh v, TAHTCHLIIUATBHOE d; 1 HOPMAJILHOE
YCKOPEHHMSI B KOHLIE BTOPOM CEKYH/bI [TOCJIE Hayaja JIBHKECHHUS.

15. Teno 6pomeno mox yrimom o =30° k ropu3oHTy. HaliTu TaHreHUManbHOE d, U
HOPMAJILHOE @, YCKOPEHUS B HAYAJIbHBIA MOMEHT JABUKECHHUSI.

16. Huck pamuycom r = 10 cMm, HAXOJMBIIMKCS B COCTOSISHUM TOKOS, Hayal
BpalIaThCS C IOCTOSHHBIM YIJIOBBIM ycKopeHuemM ¢ = 0,5 pan/c’. Haiitu
TaHI'€HIUAIBHOE (7, HOPMAJIBHOE @, W MOJHOE d YCKOPEHHs TOYEK Ha OKPYKHOCTH
JIUCKa B KOHIIE BTOPOM CEKYH/IbI IIOCJIE HayaJla BpaleHUS.

17. quck paguycom » = 20 cM BpallaeTcs COINIACHO ypaBHEeHUIO ¢ = A+Bt+CF, rue
A=3pan; B=-1 pan/c; C=0, lpazl/c3. OnpenenuTh TAHTEHIUAIBHOE d;, HOPMAIIbHOE
d, ¥ TOJIHOE @ YCKOPEHUS TOYEK HA OKPYKHOCTH JIMCKa [ MOMEHTa BpeMeHH ¢ =10
C.

18. MaxoBuK Haudajl BpaulaThbCsd PAaBHOYCKOPEHHO W 3a MPOMEXYTOK BpeMeHU Af =
10¢ goctur wactorsl Bpamenus n = 300 mun'. OnpenennTh yrioBoe YCKOPEHHE &
MaxoOBHKa U 4iciio N 000pOTOB, KOTOPOE OH CJIeNall 3a 3TO BpeMsl.

19. BenocunenHoe Kojeco Bpamiaercs ¢ 4acToroit n =5 ¢'. Ilox medcTBueM cui
TPEHUs OHO OCTAaHOBWJIOCh uepe3 MHTepBasl BpemeHu Atr = 1 muH. Onpenenurtb
YIJI0BOE YCKOpPEHHE € M 4ucio N 000pOTOB, KOTOPOE CAENAET KOJIECO 3a 3TO BPEMH.
20. Koneco aBTOoMamumHbl Bpamaercs paBHOyckopeHHO. ChnenaB N = 50 monHbIX
000pOTOB, OHO M3MEHMIIO YaCTOTy BpameHus oT 7, =4 ¢ 1o n, =6 ¢’'. Onpenennuts
YIJIOBOE YCKOPEHHE € KOJIeca.
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21. CaMOJIET JETUT B FOPU3OHTAILHOM HAINPABICHUHM C yCKopeHueM a = 20 m/c’.
KakoBa neperpyska naccaxupa camoisiera? (Ileperpy3koil Ha3pIBa€TCsi OTHOLIEHHE
cuJibl I, MelicTByIOIIEH Ha MaccaXkupa, K Cuie TskecTu P).

22. ABTOIUCTEPHA ¢ KEPOCHHOM IBHXKETCA ¢ yckopenueM a =0,7 m/c’. Tloa xakum
YTJIOM @ K TNIOCKOCTH TOPU30HTA PACIION0KEH YPOBEHb KEPOCHUHA B IUCTEPHE?

23. bak B TeHnepe mapoBo3a mmeer jiuHy /=4 M. KakoBa pazHocts A [ ypoBHEi
BOJIbI y TIEPETHETO U 33JITHEr0 KOHIIOB 0Oaka MpH JABHKEHUU M0e3/a C YCKOPEHUEM a =
0,5 m/c*?

24. Karep maccoil m=2m Tporaercs ¢ MecTta u B TeueHue BpemeHu 7 =10 ¢ pa3BuBaeT
IpyU JABMKEHUM MO CIOKOMHOW Boze ckopocTh v = 4 M/c. Onpenenuts cuiy Tiaru F
MOTOpa, CYHMTas €€ IMOCTOSHHOW. [IpHHATH CHIIy CONpPOTHUBJICHUS £, IBHKEHUIO
IPONOPIIMOHATIBHON CKOPOCTH; K03 uirent conporusnenus k =100 kr/c.

25. HayanbHas ckopocTb vy Iysin paBHa 800 m/c. Ilpu 1BM>KeHHH B BO3yXe€ 3a BpeEMs
t = 0,8c ee cxkopocth ymenpmmnace 10 v =200. Macca m nynu paBHa 10 r. Cuuras
CUJIY CONPOTHUBIIEHUS BO3/1yXa MPONOPUMUOHAIBHOW KBaJApaTy CKOPOCTH, OINpPEHEIIUThH
ko3 uLeHT conpoTuBiieHus k. JleMCTBUEM CUIIBI TSXKECTH PEHEOPEUb.

26. MarepuanbHasi TOYKa MacCod m = 2 KI' JBUXKETCS MOJ JIEMCTBHUEM HEKOTOPOU
cunsl F cornacHo ypasHeHuto x=A+Bt+Cr+ Df, rne C =1 m/c*, D = - 0,2 m/c’.
HaiiTu 3HaueHus 3TON CUJIbl B MOMEHTHI BpeMEHU £1=2 C U /, = 5 ¢. B kakoili MOMEHT
BPEMEHM CUJIa paBHA HYJIIO?

27. HaxkiioHHasi IUIOCKOCTh, 0Opasyomias yroia o = 25°C IUIOCKOCTBIO T'OPH30HTA,
uMeer mmHy [ = 2 M. Teno, ABUrasch PaBHOYCKOPEHHO, COCKOJIb3HYJIO C 3TOM
IUIOCKOCTH 3a BpeMs ¢ = 2¢. Onpenenutb KodhGUIUEHT TPEeHUs U Tela O MIOCKOCTb.
28. Ha rmagkom crose nexxut Opycok maccoil m = 4 kr. K Opycky npuBsizaHbl J1Ba
IIHypa, TEPeKUHYThle Yepe3  HEMOABWKHBbIE  OJOKH, NPHUKPEIUICHHbIE K
MPOTUBOMNOJIOKHBIM KpasMm croja. K KOHLIaM HIHYpOB MOJBEIIEHbl TMPH, MAacChl
KOTOpbIX m;=1 Kr u m, = 2kr. HaiiTu yckopeHue a, ¢ KOTOPhIM JIBIIKETCS OPYCOK, U
cuity T HaTsHKEHUS KaXI0To U3 MHYpoB. Maccoil 6J10KOB U TpeHHEM MpeHeOpeyb.

29. lBa Opycka maccamu m=1 Kr U m, = 4Kr, COEAVMHEHHBbIE IIHYpOM, JEXKaT Ha
crone. C KakuM YCKOpeHHEM a OyAyT ABHUraThCsi OpYCKH, €CliM K OJHOMY M3 HHX
npunoxuts cuny F = 10 H, nanmpaBnennyto ropusonranbHo? KakoBa Oyaer cuna T
HATSDKEHUS IIHypa, coeAnHsomero opycku, eciu cuiny 10 H npunoxute k nepBomy
opycky? Ko Bropomy 6pycky? TpeHueM npeHeOpeysb.

30. K npyXuHHBIM BecaM MoJBeEIIeH 0JI0K. Yepe3 0JI0K NmepeBelieH WHYp, K KOHIaM
KOTOPOTO MpUBS3alIM Tpy3bl Maccamu m; = 1,5 kr u m, = 3 kr. KakoBo Oyzer
MOKa3aHKHe BECOB BO BpeMsl IBMXKEHHMsI rpy30B? Maccoii 010ka 1 mHypa npeHeopeyb.
31. JIBe mnpyxunbl ¢ xectkoctsasmu k=03 xkH/M u k=0,5 xH/M ckpeniens
MOCIIEIOBATENIbHO W PACTAHYThl TaK, 4YTO aOcoyfoTHas naedopmaius X, BTOPOM
PY>KUHBI paBHA 3 cM. Beraucnute paboTy 4 pacTsiKeHUS IPYKUH.

32. JIBe HpYyKHUHBI, KECTKOCTH KOTOpbiXx k=1 kH/M m k=3 kH/M, ckpereHs
napayuenbHo. OnpenenuTs MOTEHUUAIbHYK 3HEprut0 [/ [aHHOM CHCTEMBI IPH
a0COIIFOTHOM AehopMaIiuml Xx=5 CM.
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33. B npy>XuHHOM py>Xbe MpykuHa cxkara Ha x;=20 cM. [Ipu B3BOAE pykbs €€ CoKaln
emie Ha x,=30 cM. C Kakoil CKOPOCTBIO ¥ BBUIETUT U3 PYXKbs cTpena maccoil m=>50 xr,
€CJIM )KECTKOCTh NpY>KUHbI paBHa 120 H/m?

34. Baron Mmaccoi m=12 T pBuraics co ckopocteio v =1 wm/c. HamereB Ha
NpYy>XKUHHBIN Oydep, OH OCTaHOBWICH, CXaB MpyxkuHy Oydepa Ha x=10 cm. Haiitu
AKECTKOCTh k TPy KUHBI.

35. CrasibHOM CTepXEHb PACTAHYT TaK, YTO HAIpPSHKEHUE B MaTepHalie CTEepyKHS
0=300 MIla. Haiiti: 00b€MHYIO TUIOTHOCTh W MOTEHIIUAIBHOW YHEPTUU PACTIHYTOIO
CTEPKHSL.

36. IlpyxwunHa xectkocthto k=1 kH/m Obpina ckara Ha x1=4 cM. Kakyio HyXHO
COBEPIIUTH paboTy A, YTOOBI C:KATHUE MPYKUHBI YBEIMYUTH 10 X,=18 cM?

37. UcKycCTBEHHBINM CITYTHUK OOpaIaeTcsi BOKPYT 3EMIIH TIO OKPY>KHOCTH Ha BBICOTE
h =3600 kM. OnpenenuTs TUHEHHYIO cKOpocTh cnyTHHKa. (Pagmyc 3emmu R=6400
KM, YCKOpPEHHE CBOOOIHOIO MaJCHUsI g Ha MOBEPXHOCTH 3E€MIIM CUUTATh U3BECTHBIM).
38. Paguyc R Manoii miaHersl paBeH 250 KM, CpemHsis IUIOTHOCTH p=3 T/cM’.
OnpenenuTs yCKOpeHHe CBOOOAHOIO MaJIeHUs g HA TOBEPXHOCTH IUIAHETHI.

39. Pagmyc R nnmametsl Mape pasen 3,4 Mwm, ee macca M=6,4-10" kr. Onpenenurs
HaANpPsHDKEHHOCTh g TPABUTALIMOHHOTO TOJI Ha MOBEpXHOCTU Mapca.

40. Pakera, mymieHHass BEpTUKaJIbHO BBEpX, MOJHsIAch Ha BbICOTY A=3200 kM u
Havasia najgath. Kakoi myTh S npoiiietr pakera 3a nepByro CEKyH1y CBOETO NaJeHUs?

Pexomendyeman numepamypa:
Ochnoenas numepamypa:

1. Tpodumona T.U. Kypc dusuku.— M.: Beicmas mkona, 2012 r.

2. Tpodumosa T.U. , TlaBnoa 3.I. COopHHMK 3amady mo Kypcy (U3UKH C
peleHusaMHu. YueOHoe nocoOue i By30B — 4-¢ uzianue, - M., Briciias mikona,
2010 r.

3. Yepros A.I'. 3agaunuk no ¢usuke. — M., Beicmras mkoma, 2010 r.

/Jlononnumensvhan aumepamypa:
1. A.B.CuByxun. O6umwmii kypc ¢pusuku. M.: DUSMATIIUT. 2008 r.
2. I'pabosckuii P.U. Kypc duzuku. — CII6, 2005 r.
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Ilpakmuueckoe 3anamue 2.

Tema 2. 3akoHbI COXpaHEeHUS B MeXaHUKe. [[MHAMMKA BpaliaTeJibHOr0
JABHMKEHMsI. 3aKOHBI COXpaHeHHs. MexaHuka TBEPIOro Tena,

lle.flb sanamuna: paCCMOTPCTb 3aKOHBI COXPAHCHUS OSHCPIrMU W HMMITYJIbCA, 3daKOHBI

MEXaHUKH TBEPAOTrO TEA.

3HaHuA u ymeHus, npuodpemaemoie CHYOEeHmMOM 6 Pe3yibmame 0C60CHUs MeEMb,
dopmupyemovle Komnemenyuu:

3HaHUS - 3aKOHOB COXPAHEHHMSI SHEPTUU U UMITYJIbCA, 3aKOHOB MEXaHHUKU TBEPIOTO
Tena;

YMETh — IIPUMCHATD ITOJIYUCHHBIC 3HAHWA IIPU PCIICHWHA 3a/1av.

AKmyansHoCmb membl 3aHAMUA: JAHHAS TEMa SIBIIAETCS BECbMa aKTyallbHOW, TaK
KaK MO3BOJIIET M3y4aTh 3aKOHBI COXPAHEHUS SHEPTUU U UMITYJIbCA, 3aKOHBI MEXaHUKH
TBEPAOTO Tela B MX B3aMMOCBSI3M, (DOPMUPOBATH HABBIKM MPUMEHEHHS 3aKOHOB K
IPAMOTHOMY HAay4YHOMY aHAJIU3y CUTyalHi, C KOTOPbIMU MPUXOIUTCS CTAIKUBATHCS
IIPY CO3JaHUM HOBBIX TeXHOJIOTHA. KpoMe Toro oHa cmocoOCTByeT (hOpMHUPOBAHUIO Y

CTYyJICHTOB OCHOB €CTECTBEHHOHAYYHOW KaPTUHBI MUPA.

Teopemuueckuit mamepuau no meme:

Pabdora cniabl:

2/IeMEeHMAPHAs dA =Fdr ;
NOMHASA A= fF dr
d4 - _
MoIiuHoCTh N =— =Fv.
dt
2 2
. mv- _p
Kunernueckasi JHeprusi MaTepuajibHONH TOYKH T :T :2—.
m
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3aK0oH coXxpaHeHHs] MEXaHUYECKOW IHEePIruu

MoMeHT HHepLUU MATePUAJbHONM TOYKHU
IZie m — Macca TOYKH, ¥ — €€ PaCCTOSIHUE 10 OCH BpPaIlCHUS.

MoMeHT MHEPIU MU TeJIa OTHOCUTEIBLHO OCH,
NpOoXOoAsiled Yepe3 HEeHTP Macc
rae O — INIOTHOCTH Tena.

Ecau Teno umeer popmy:
a) MOHKOCMEHH020 YUIUHOpa (Koavya) paouyca R

0) cnrowmnozo yununopa (Oucka) paouyca R,
(ocu epawenus cosnaoarom ¢ 0cvio YuiuHOpos).

B) wapa paouyca R

T') MOHKO20 CIMEPHCHS ONUHOU [

( ocb 8pawenus nepneHOUKYIAPHa CMEPIHCHIO).

E =T + Il =const .

J =mr’,
J = (or’dVv
Jorar,
J, =mR?;
A :lmRz,
2
2
J, ==mR’;
5
J, Ziml2
12

MoMeHT MHEPIMHU TeJIa MacCoii M OTHOCUTEJIHLHO MPOU3BOJILHOM OCH (Teopema

I Teiinepa)

J =J, +md’,

rae Jo — MOMEHT MHEPIMUA OTHOCHUTEIBHO MAapaJUICIbHOM OCH, MPOXOAIIEH 4Yepes

LEHTpP Macc, d — pacCTOSHUE MEXKY OCSMHU.

MoMeHT cHJIbI M =r XF,
TJIe 7 — PaJyC-BEeKTOP TOUKUA TPUIIOKEHUS CHIIBL.
MomeHT uMIyJibca L=Ja.
-~ d
OcHOBHOe ypaBHeHHE THHAMHKH BPAlIATEJIbHOTO IBUKEHUS M 27 .
t
Ipu J =const, M =J¢.
3aKoH cOXpaHeHHs] MOMEHTAa UMITYJIbCA
TSI M30JTMPOBAHHOM CHCTEMBbI D L = D J.@, =const
Pa6ora npu BpamarteJibHOM ABUKEHUM:
971eMeHMAaPHAsL dA =M dg;
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HOAHASA 4= fM dg.

Kunerndeckasi JHeprusi Bpamawmerocsi TeJsa I =——=—.

Ilpumepul peutenus 3a0au

3apava 1. Caapsg maccoid m = Skr o06magan ckopoctbio 0= 300 M/c B BEpXHEH TOUKe
TpaekTopuu. B 3TON TOUKe OH pa3opBajcd Ha ABE 4acTH. MeHbInas 4acTb Maccou
m = 2 Kr, noixy4yuia ckopoctb ¢ = 500 m/c u mojerena Bmepexd moxa yriom 60° k
ropu3oHTy. Haiitu ckopocte ¥, mocie pa3pbiBa BTOPOM, OOJbLIEH 4YacTH, W MOA
KaKUM YTJIOM K TOPU30HTY OHa MoJieTena.

JlaHo:
m = 5kr B BerHCI\/’I YaCTHU TPACKTOPUH, CHAPAA ABUTAJICA TOPU30OHTAJIBHO.
v =300 m/c I'eomeTpruuecKkn 3aKOH COXpaHEHUSI UMITYJIbCA UMEET BUJI
v, =500 m/c = e
m1:2 K[ Y ug-;./—},/,./ R _
o E M ~
(pl o 60 /’/ P -
< e
_9 OCK P
@ = B S ~ ~
P =L + Bocrr Wi - mv =my, +m, (1)

Hcnonw3yst TeopeMy KOCUHYCOB, HailieM ‘ﬁocm‘
2 2
(P()cxz) =P +( P()c1<1) = 2P By, €08 (2)
Tak kak Poco = (m — m) ¥V, IOTYyYHUM, UYTO
P _\/15002 +1000° - 2 1500 1000 -cos60°

OCK2

m= m (5-2)

U, = =441 m/c.

—

Crnpoeuupyem Bektopa P, u F ., Ha Hanpasienue pP. Ilo Teopeme o
MPOEKIUHU CYMMbI BEKTOPOB, TTOJIy4YUM

P :Poc1<,1f’ +Poc1<.2f> , HO P()CK.IF’ :‘IDOCK,]‘ ‘COS@, a
Bockap :‘ﬁ 0CK.2 -cos( - %) , T.K. YTOJI ¢, JICKUT HUKE OCH P,
OTKy/a
P-Byey)) c0sg; 1500- 1000 -cos60°
COS(_ %) _ OCK.L L COS :0,756,

1322.,9

‘PO(‘K.E

3HAYUT -~ @, =arccos(0,756) =40,8", a @, =-40,%

DTy 3a7a4y MOKHO PEIIUTh U JPYTUM CIIOCOOOM.
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Bri6epem ocu KoopiMHAT, Kak Ha pUcyHKe. 3amucaB ypaBHeHue (1) B mpoeKusx Ha

OCH KOOpJIMHAT U, YUYUThIBas, uTo U=V u U, =0,

MOJIy4YuM
mu =mu, cos @, + m,, CoS @, » 3)
0 =m,y;sing, - m,v,sing,

U m,v, oS @, =muv - my, Cosq,, 4)
m,U, sin@, =my; sing

Bo3Bogs B kBagpar 00a paBeHCTBA, M CIOXHB WX, I[OCIE TPUBUAIBHBIX

npeoOpa3oBaHuil moiydyuM (Gopmyny (2) A BBIYHCICHHUS UMIYJIbCA U CKOPOCTH

BTOPOI0 OCKOJIKa. 13 BTOpOro ypaBHEHUs: cucTeMsbl (4) MojydyaeM BbIpaKeHHE

. m,v, sin

sing, =- —-1—*1 ¢

myv,

N3 KOTOPOI'O BBIYUCIIACM YI'OJI @,

3agaua 2. Ha npyxune xectkocthio k = 510° H/m moasemien 610k B hopme aucka
macco 5 kr u paauycom 0,2 M. Yepe3 010K MEPEeKUHYT HIHYP, K KOHIIAM KOTOPOTO
NPUBSI3aHbl TPY3bl m; = 2 KT U my =3 kr. Halitu: 1) yckopeHue rpy3oB U yrioBoe
yCKOpeHHe OJioKa; 2) CHJIbl HAaTsDKEHHUsSl IIHypa; 3) CUly YHNPYTOCTH NPYXUHBI H
yJIMHEHUE TPYKUHBL, 4) KHHETUYECKYIO SHEPTHUIO CUCTEMBI Yepe3 2 C; 5) U3BMEHEHHe
MOTEHIIMAJILHON PHEpruu OJI0Ka M TPY30B 3a 2 ¢; 6) HANTH yCKOpPEHHUE IIEHTpa Mace

Ipy30B.

Jano:

mo =15 KT VYkaxkeM Bce CHUJIbI, IEUCTBYIOIIME HA KAXK0€ TENO (CM. pHC.).

m; =2 Kr Hanumewm ypaBHenue Broporo 3akoHa HeroTOHA B BEKTOpHOM

m, =3 KT dbopme IS KaXK0To Tela, U TOM OJIOK COBEpIIaeT
BpaIareIbHoe

k=5'10° Hw™m JIBIDKEHHE. YUTeM, Takxke uto [ =m0r2 / 2u

r=02m @ =& I (mpoCKaJab3bIBaHUS HET ) U JIMHEHHOE

t=2c¢ YCKOpEHHE KpailHUX TOYeK OJI0Ka paBHO

a-7 g ? YCKOPEHHIO TOUEK IIHYpa. 3aMETUM, UYTO

1o TpeTbeMy 3akony Hetotona 7 '=T1u 1> "=T>.
JIns nmpoekunii cuil Ha OCh X TTOJIyYuM
CHUCTEMY YPaBHEHMIA:

( myg- 1, =mya

T~ mg =ma

< I . a (1)

Lor-1,r=—mygr -
. 2

" N +T, +mg- F =0.

CkrazapiBasi iepBbl€ TPU YPABHEHUS, MOTYyUYUM
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m,g - mg =a =

1
Emo +m, +m,

_ m2 = n/ll 10 . 3- 2
a g= —# :g Mm/c’ =1,33 m/c.

1 a=
5m0+m2+ml 7,5

E =

a L33 6661
r 0,2 C

113 nepBoro ypaBHeHus Haiinem: 1, =1, =m, (g-a)= 26,0 H.

3 Broporo ypasnenus Haiinem: 7, =7 =m (g +a)=22,7 H.

W3 yerBepTOro ypaBHeHus Hauiem F:
F =T +T, +myg=98,7 H.
VY nuHeHue npy>KuHbl HaliaeM u3 popmyiiel 3akoHa ['yka:

F=kar= Ax = =257 00197 w=1.97 ex.
k510

OTO yAJIMHEHUE MNpY>KUHBI [PU ABWXKYIIUXCSA rpy3ax. Eciam 3acronoputh OJOK, TO
F =( m, +m, +m0) 'g =100 H | uto BBI3OBET yanMHEHHWE TPYKUHEI TOUHO 2 cMm. C
HAYyaJIoM JABWKEHUS NPYXKUHA cokpaTuTcs Ha ~(0,3 mM. 13 cucremsl ypaBHenuii (1)
MO>KHO MOJIYYUTh (POPMYITY JUIsl PA3HOCTHU CUIIbI HaTsKeHuss AF=F, — F:
2
(m, - m,)

AF=T g,
5m0+m2+m1

WCIIOJIb3YSl KOTOPYIO MOYKHO OLIEHUTh N3MEHEHHUE PACTSKEHUS MPYKUHBI
Ax"=AF[k=0,27 mm.
UTOoOBI HAWTH KUHETUYECKYIO DHEPTHIO0 BCEH CHCTEMbI, HAWJIEM KUHETUYECKYIO
DHEPrUI0 IMOCTYIATEIbHOIO JBWXKEHUS TIPY30B K, U KHHETHYECKYIO JHEPIHUIO
BpaIIaTeIbHOTO ABMKEHUS 010Ka Koy

(m, +m,)0*

Kl‘p -~
2
) ) 2 2 . 2 .
Tak KaK o —af = K, =K, :(m1 +;7212)a t :5 1,33 4 ~17.7 T,
I’ _morzvz _

[ 9 Il)K

=" TakkKak @ =v/r, u I:morz/Z,TO K., = — =
2

4-r
Takum oOpa3om nosiHas kuHetuueckasi sueprust K= K, + Ko, = 26,7 JIx.

3amaya 3. JlBa CBUHIOBBIX IIapa MaccaMH m; = 2 KI' U m, = 3 KI MOABEIICHbI HA
HUTAX JymHOM [ = 70 cMm. IlepBoHa4yaibHO IIAPBI COMPUKACAIOTCS MEXKITY COOOMH,
3aTeéM MEHBIIUH IIap OTKJIOHWIH Ha yroil @ = 60° u ornyctunu. Cunras ynap UEHT-
pajbHBIM U HEYNPYTUM, ONPEAETUTh: 1) BBICOTY /4, HA KOTOPYIO MOAHUMYTCS IIapbl
nocJe yaapa; 2) a3Hepruto AT, u3pacxo/I0BaHHYIO Ha Je(OpMaIUIo IapOB IIPH yaape.
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Pewenue.
VYnap Heynpyruil, o3TOMy TOCIE yaapa IIapbl IBUXKYTCS C OOIIEH CKOPOCThbIO U,
KOTOPYIO HalJIEM U3 3aKOHA COXPAHEHUS UMITYJIbCA:
mu, +myv, =(m, +m,)v, (1)
e ¢ U U, — CKOPOCTM 1apoB 110 yaapa. CKOpoCTh ¢, Majoro mapa HauJIeMm H3
3aKOHA COXPAHEHUs MEXaHUYECKOU DHEPIUU:

_mlvl2
m gh = 5

OTKy/J1a:
v, :\/Zgh1 22\/2gl(1- cosr) 22\/Qsin%,
(ywru, uto h =I(1- cosa)),

N3 Beipaxenuid (1) wm (2) npwu
yCIIOBUH, YTO ¥, = (), MOIy4nM:

2)

2m lsing
o my TNERT 3)

m, + m, m, + m,

N3 3akoHa coXpaHEHU MEXaHUYECKON SHEPTUU UMEEM:

2

v
(m, + ) == =(m, +m,)gh.
OTKYyJda UCKOMas BbICOTA.

> 2mlsin’ “
h :L :72
29 m +m,
(yamu dpopmymy (3)).
DHeprusi, U3pacxoJoBaHHas Ha Je(popMaIvIo APOB MPHU yaape,
2
+
AT :mlUl _ ml m2 Uz, (4)

2 2

WM, oJcTaBuB (2) B (4), HAXOAUM:

AT :2glMsinzz.
m, +m, 2

Boruucsis, momyuaem: 1) 2= 5,6 cm; 2) AT=4,12 JIxk.

3apaya 4. MOTOLMKIIUCT €JIE€T 110 TOPU3OHTANIBHOM JTopore. Kakyro HauMeHbIIy1o
CKOPOCTb 0 OH JOJKEH Pa3BUTh, YTOOBI, BEIKIIOUMB MOTOP, IPOEXaTh MO TPEKY,
umeroeMy Gopmy «MepTBoi netan» paauycoM R = 4 m. Tpenuem u
CONMPOTHUBJICHUEM BO3yXa MPEHEOPEYb.

JlaHo:
R =4 M 3anuiiem ypaBHEHUE JBUKEHUS MOTOIUKIMCTA B BEPXHEH TOUKE

v=" «MEpPTBOU NETIIN:

mg + N =ma .

Tak Kak Mpu MUHUMAJIbHOW CKOPOCTH
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N=0, T0 a = v*/R, 1 cle0BaTEIbHO
s

:mga u Ul :VgR (1)9
R
rac ov;— CKOpOCTb MOTOIIMKJIA B BerHefI TOYKE «MCpTBOfI IICTIIN).

IIo 3dKOHY COXpaHCHHA OHCPIUM, IIOJIHAA OHCPIrHUdA MOTOLMKIIMCTA Ha
2

o o muv
TFOPHU3OHTAJIBHONU OOPOIc, paBHAd €ro KMHCTUYCCKOU SHCPIUH T ) 6y,IICT PpaBHA

IIOJTHOM OHCPIUHU B BerHeﬁ TOYKC ((MepTBOfI METIN», TO €CTh CYMMC HOTCHHI/IaJIBHOfI

2 2 2
o J
sHeprum mgh u xunerndeckoi 1. Taxum o6paszom mmeem Y —mgh LMY
2 2
2 2
W3 mociemHero paBeHCTBA MONy4YuM U~ =2gh+u;. Tak xak h = 2R , TO

U|2 =0’ - 4gR. TloxgcraBimsieM MOJIy4YE€HHOE BbIpaxkeHue B (1) HaligeM, 4To
v’ =4gR +gR =5gR, u v =45gR =0, 141 m/c = 14,1 cm/c.

3amaua 5. ['py3 maccoir m = 80 Kr MOAHMMAIOT BAOJb HAKIIOHHOW TIUIOCKOCTH C
yckopenueM a = 1 m/c®. JlnMHa HaKIOHHOM mIocKocTH [ = 3M, yron @ ee HaKIoHA K
ropuszoHty paBeH 30°, a koadduiment tpenus [ = 0,15. Onpenenurs: 1) padory,
COBEPILIAEMYIO TOJBEMHBIM YCTPOMCTBOM; 2) €ro CpeIHIO MOIIHOCTh; 3) €ero
MaKCHUMaJbHYIO MOIIHOCTh. HauanbHasi CKOpOCTh rpy3a paBHA HYIIIO.
Pewenue.

YpaBHeHUE TBUKEHUS TPy3a B BEKTOPHOU hopme: ma =F +F] +FZ +Ft3 +N
B npoeknusx Ha ocu x u y (puc. 16) 3To ypaBHEeHUE TPUMET BU/L
ma=F-F-F, 0=N-F, rtne [ =mgsina, I, =mgcosc, F, =fN =fmgcosa.
[ToaTomy

F =m(a+gsina+ fgcosa) .

Pabora, coBepiiaeMasi IOAbEMHBIM YCTPOICTBOM,
A=Fl =ml(a+gsina+ fgcosa) .

Y
CpenHsis  MOIIHOCTh, pa3BUBacMasl N 7
OJTLEMHBIM YCTPOWCTBOM,
A
<P> :7 .

rae t =\2//a - Bpems moabpeMa rpysa.

a
CnenoBarenbHo, (P) =4 2
MakcuMmanbHasi ~ MOIIHOCTb,  pa3BUBaeMas  IMOABEMHBIM YCTPONCTBOM:

b =Fuv, =Fat TlogcraBnss 3HadeHUs, ojydaeM P, =m~2al(a+gsina+ fgcosa).

max

Breruncnss, HaxomquMm: 1) 4 = 1,72 kJlx; 2) (P) =702 Br; 3) £, = 1,41 xBT.
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3apmaua 6. Ilapuk maccoit m = 300 r ymapwics O CTEHy M OTCKOYMJ OT HEeE.
OnpenenuTs UMOYIALC pi, TOJYYEHHBI CTEHOW, €CIU B ATOT MOMEHT IEpe] ylapoM
IapUK UMEJI CKOPOCTh
10M/c, HampaBlieHHYIO MOJ YIJIOM « =30'K TMOBEPXHOCTH CTEHBl. YHap CUYUTaTh
a0COJIIOTHO YIIPYTUM.
Pewenue:

[To ycnoButo 3agauu yyap aOCOIIOTHO YIPYTH, CJIeI0BaTEIbHO, CKOPOCTh IIApUKA IO
a0COJIIOTHOMY 3HAYEHUIO JI0 U MOCJE yAapa OJUHAKOBBL, T.€. U =,
[TpumeHnnM 3aKoH COXpaHEHHUs] UMITYJIbCa(B MPOEKIUAX HA OCU KOOPAUHAT):

y: Py, =0 Zm(voy - UJ,) zm(voj_ - UOA‘A) =0

Y
7
xX: P, =P :m(l’ox - (- on)) :zml/ox, 7
) v
rae v, =v,sina 9, %
p, =2my,smea ) 7/ H' ’ X
7 P
TOrIa Rz
. 0 El"m
P;=2"0,3ke 10m/c-sin30° =757 ¢ vy

3amaya 7. J[Ba CBMHIIOBBIX IlIapa MaccamH m; = 2 KI' U m, = 3 KI NOJABCIICHbI HA
HUTAX AauHo# / = 70cM. [lepBoHaYanbHO MIAPHI COMTPUKACAIOTCS MEXITY COOOM, 3aTeM
MEHBIIMNA Iap OTKJIOHWIM Ha yroi & = 60° u
ornyctiiid. CuuTas yaap UEHTPAJIbHBIM U
HEYIIPYTUM, OMPEICIUTh BBICOTY /4, HA KOTOPYIO
MMOAHUMYTCS IIAphI IIOCJIE yaapa W SHEPruro AT
U3PACXO/IOBAaHHYIO Ha JIe(QOpMaIMIO IIapOB TMPHU
yaape.

Pewenue.
Yz[ap HCYprFHfI, IMOOTOMY IIOCJIC ydapa Hapbl ABHUKXYTCS C O6H.ICfI CKOpPOCTBIO U,
KOTOPYIO HaﬁﬂCM M3 3aKOHA COXPAaHCHUS UMITYJIbCA:
mu, +myv, =(m, +m,)v, (1)
e ¢, U ¥V, — CKOPOCTU IapoB 10 yaapa. CKOpoCTh ¥, Majoro Imapa HalJieM u3
3dKOHa COXPaHCHUS MEXaHNYECKOU 9HCPIrUuu:

OTKYyJa:

v, :\/2gh1 22\/2gl(1- cos ) 22\/Qsin%, (2)
(ywmm, uto 7, =[(1- cosa)),
N3 Beipaskenuit (1) u (2) npu ycinoBuu, 4to ¢,= (), MOIy4nM:
. a
mu, 2m /gl sin—

v= = 2, 3)

m, + m, m, + m,

N3 3ak0Ha coXpaHEHU MEXaHUYECKON SHEPTUU UMEEM:
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2

(m, +m2)% =(m, +m,)gh,

OTKyJda MCKOMas BbICOTA:

a
2 2
> 2m;lsinT
v 2

h=—=— £
2g m, +m,
(yamm popmymy (3)).
DHeprus, u3pacxoJoBaHHas Ha JAe(popMaIvIo IAPOB MPHU yaape,
AT:mlz;lz_ m, +m, Uz, (4)
2 2
WM, NoJcTaBuB (2) B (4), HAXOAUM:

mm 5
AT :2gl#sin‘z.
m, +m, 2

Boruucnss, nonyuaem: 1) A= 15,6 cm; 2) AT=4,12 JTxk.

3apaua 8. IIlap maccoit m = 5 kr u paguycom R = 5 cM Bpalaercs BOKPYT OCH,
OpOXOJdIed uepe3 €ero LEeHTp. YpaBHEHUE BpallleHUs 1Iapa HMMEET BH/J

@p=A+Bt’ +Ct, tne A = 2 pan, B = 16 pan/c’>, C = —2 pan/c’. HaiiTn 3axoH
M3MEHEHUS MOMEHTA CHWJI, JEWCTBYIOIIMX HA IIap U ONpPENe]UTh MOMEHT cuil M B
MOMEHT BpEMEHHU ¢ = 2cC.

Jano:
m =5 Kr Tak Kak MOMEHT MHEPLMH [Iapa NOCTOSIHHBIM, OCHOBHOE YpaB-
R=510"m HEHUE JUHAMUKY BPAILLATEIBLHOIO ABUKECHUS UMEET BUL:
@ =A+Bt’ +Ct M =I (1)
A =2pan rae [ — MOMEHT uHepuuu, € — yrioBO€ YCKOpPEHUE Tela,
B =16 pan/c® M — MOMEHT CuJ1, JEUCTBYIOIIMUX HA HETO.

2
C=-2 pan/c’. JUist mapa MoMeHT uHepuuu [ =3 mR* . ()
t=2c

M(t) =2 M(Q2) =?
1o OIIPCACICHUIO YIJIOBOC YCKOPCHHEC €CTh BTOPAA IIPOMU3BOJHAA OT YIJIa
ITOBOPOTA Bpallaromcroc: TCJI 110 BpCMCHHA

I

e =G(t) =( 4+ B> +Cr*) =(2Br+3C1*) =2B+6(t. (3)

[Moacrasnss (2) u (3) B (1) 1 ucnonws3ys uncieHHbie 3Hauenust A, B u C Haiinem
3aKOH M3MEHEHHS] MOMEHTA CUJI, ACHCTBYIOIIMX HA IIap.

M(1) %mR2 {2B+6Ct) =(0,16- 0,06¢) H- m.

Jliis momenTa Bpemenu =2 c¢, M (2)=0,04 H- m.
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3apauva 9. /luck paguycom R = 0,5 M u Maccoit m = 50 Kr packpy4yeH /10 YaCTOTHI
Bpamenus n; = 10 ¢' u npengocrasnen camomy ceGe. Ilox nelcTBUEM CHII TpeHUs
MaxOBHK OCcTaHOBWJICA yepe3 60c. Hatu MOMEHT CHII TpeHus.

Hano: CoryacHO OCHOBHOMY YPaBHEHMIO JUHAMUKH BPalIaTEIbHOTO IBUKEHUS
R=05m dL, [dt =M (1)
m=50«kr | rae dL,— u3MeHeHHe MPOEKIUH Ha OCh X MOMEHTA MMITYJIbCa JUCKA,

ni =10 ¢’ | Bpamamerocs OTHOCUTEILHO OCH X, COBNAIAIOLIEN ¢ TEOMETPHIECKOM
t=60c OCBIO JIMCKA, 32 UHTEpBaji BpeMenu dt . M — npoexius Ha och X MOMEHTa
M=7? BHEIIHUX CUJI (B JAHHOM CJIy4ae CHJI TPEHHUsI), IEUCTBYIOIIUX Ha JHCK.
CuuraeM, 4TO MOMEHT CHJI TPEHHS CO BPEMEHEM HE U3MEHSIETCS, TOrAa
ypaBHeHue (1) MOXHO 3anmucaTh B BUJE:

AL =M At ()
N3MeHeHne npoeKIMu MOMEHTa UMITYJIbCa
AL =I -Aw, (3)

rae I = mR*2 MOMeHT WHEPLHUU JUCKA OTHOCUTEIBHO OCU X.
U3 (2) u (3), umeem:

M At =mR*[2 -Aw )
M3MeHeHune yrioBoi ckopoctu Aw =, - @, =27an, - 27an, =27(n, - n)).
Torna u3 (4) nomy4uum
_”mRz(nz - )
v At '
Tak xax A7 =t, a n, =0 (grCK OCTAaHOBHIICS) TO, ITOJCTABUB JaHHBIE, OJTYYIHUM, YTO

M

M= M,=654H-wm.
ITpoBepuM pa3MepHOCTh OJYUYEHHOTO PE3yJIbTaTA!

-1 2
KT -M°C K[ ‘M~ K[ M
= —=— M=H Xwm.
C C C

3apaua 10. Yenosek maccoit 60 Kr CTOUT B LIEHTpe cKkamMbU JKYKOBCKOTO U BMECTE C
Heil Bpamaercs mo uHepiuu. Yactora BpameHus n,= 0,2 1/c. B BHITAHYTBHIX B
CTOPOHY pPyKaxX YEJOBEK JIEPKUT IO TaHTENM Maccod 6 kr kaxknpas. PaccrosHue
MKy ranrensiMu 1,6 M. OnpenenuTs: 4acTOTy BPALLIEHUS 71; CKAMBHU C YEJIIOBEKOM,
IIOCJIE TOr0, KaK OH OITYCTUT PYKH, U PACCTOSHUE MEXKIY TAaHTEISIMHU CTAHET PABHBIM
0,4 m. IIpu pacuere MOMEHTOB MHEPLIMM YEJIOBEKA MPUHATH 3a LHWJIMHIP PagNyCOM
10 cm, a ckamblo cuutarb auckoM paauycom 0,4 m m maccoid 10 kr. Haiitu
M3MEHEHHE SHEPTUH Bpalllaloleics cucteMbl. TpeHneM npeHedpeys.
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Jano:

m= 60 kr ) .

rn=0,1m Ndp_.f a :

my= 10 kr ‘ ' '
r=0,4m : ; _ . -
m=02c’ ” -

=04 m _ [' “ 4,
12: 1,6 M -;W, = "' - mm‘_.'mmw L w,
e B S
AW -2 : ”

YenoBek BMECTE CO CKAMBEU COCTABIIAET 3AMKHYTYHO0 CUCTEMY, BPAIIAIOLLYIOCA
BOKPYT BEPTUKAJIBbHON OCH. JIJIsi TAKOW CUCTEMBI CIPABEIJIUB 3aKOH COXPaHCHUS
MOMEHTa UMITYJIbCA:

Lw=1 n, (1)
716 MOMEHTBI UMITyJibca [y, ¥ [, B Ha4YaIbHBIN U B JIIOOOU IPyroil MOMEHT
BPEMEHH.
3nech [ — MOMEHT UHEPIIUH, (0 — YTIIOBAsi CKOPOCTh. [; COCTOUT U3 MOMEHTOB
MHEPILMU CKAMbU I = mary*/2, uenoseka — I, =m ri*/2 (CKaMbsl M Y4eJI0BEK CUUTAIOTCS
CIUTOLIHBIMY LMJIMHAPAMH) U ABYX rantenei L=2ms(l/2)".

1 [
[TosTOoMy I, = Emzrf +§mlr12 +2m,| =

2

YrnoBasi CKOpOCTb @, =27rn,, AHaNIOrMYHO, JJI BTOPOTO MOJIOKEHHS TaHTEIeH
nMeeM

[ToacraBuB 3T BeIpaxkeHus B(1) momydum:
1

: : LY A I )
—m,1y + Eml;‘l' +2m, 2] 2an, :I Emzrg + 5’”1’”1' +2m, I 2‘] 27n, .
[i 10 -0,16+l 60 -0,01+12 -0,64 1 -0,2
2 2 1,756 00
LA 1 T s
[5‘10'0,16+5‘60 0,01+12 ‘0,04] ’ ©

Kunetnueckas SHEpIus BPaLIAIONIErocs Tejaa Beluucisercs no popmyne W=Iw?/2.
Loy 878,58 Lo} 1,58 48,7
22 N
AW =W, - W, =31,6 Ix.
3agaua 11. OnHOPOIHBII TOHKUU cTepkeHb Maccor m; = 0,2 kr u jumHou [ = Im

MO>ET CBOOOJIHO BpalllaTbCsl BOKPYI TOPU3OHTAIBHON OCH Z, MPOXOJSIEl dYepes
Touky O (cM puc.) B Touky 4 Ha cTepKHE MONagaeT IIACTUJIMHOBBIN IIapUK, MAacCOM

= =38,5 JIx;

=6,9 Jlx; W, =

34



m, = 10 T, JeTAMMI TOPU30OHTAILHO CO CKOpOCThi0 v = 10 M/c W Tpuiumaer K
crepxkHI0. OnpenenuTh YIIOBYKO CKOPOCTh CTEPKHSI @ B HAYalbHbIA MOMEHT
BpemeHu, ecnu a=A4A0=1/3.

V.o 4
JaHo: ®— “EEx
m;=0,2 xr
[=1m A
m,=10r=0,01 xr °H
v=10 m/c cH |
a =13
@ =7
Cunras cugremy Ten M3 IIApUKa M CTEP)KHSA 3aMKHYTOM, NPUMEHHUM 3aKOH
COXpaHEHUsI MOMEHTA uMIyJibca: Lo = L (1)
B HauvanbHBII MOMEHT yJapa YIJIOBas CKOPOCTb CTE€pKHS =0, MOITOMY €ro
MOMeHT umnyibca Lo = 0. Ilpu 3TOM neTsmuil mapuk nonanaer B TOYKY A,

CJIeIOBAaTEIbHO OTHOCUTENBHO TOYkM (O (OCHM BpamieHusi) o0JagacT MOMEHTOM
uMItyasca Lo = mayva, TA€ a — pacCTOSIHUE OT TOYKM nomnaaanus A0 Touku O. Takum
obpazom Lo= 0 + myva.

[lpwmmnmuii K CTEpXKHIO NMIApUK OyJIeM CUHUTaTh MaTEPHAIBHOH TOYKOM,
BPAILIAIOLICHCS C YIJIOBOM CKOPOCTBIO CTEPKHSA (W M, €M0 MOMEHT UMIIYJbCa PABEH
L,=ma’®w. o — MOMEHT HMITyJbCa CTEpXKHs, rae I — €ro MOMEHT HHEPLMH
OTHOCUTEJNIBHO OCH BpalleHus. Torma MOMEHTa HUMIIYJIbCa CUCTEMBI CTEPHKEHb—
mapuk Oynaer pased L, = Iw + mya’ . ToAcTaBiiss NPUBEICHHBIE BBIILE BBHIPAKCHUS B
(1), mosmyuum

myva = lw + ma*o.
o, = Mava
CnenoBaTenbHO, [+md (2)
UtoOb1 HaliTh / OTHOCUTENBHO TOUKH O, Bocmoib3yeMcs Teopemoit LlTetinepa:
I=I,+m(0C),
rae Io= ml’/12 — MOMEHT MHEPIMHU CTEPXKHS OTHOCUTENLHO Touku C (LEHTpa Macc).
Paccrosguune OC= [/2 — I/3= /6, Torna

I = | =
12 36 9
C yuerom (2) nonyuum
[
m,v— , . :
w= 3 = 3m,v _ 3-0,0110 =143 pax
ml” N myl=  (m +m,)l (0,01+0,2) 1 c

9 9
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Bonpocel u 3a0anua:

Bonpocuwi:

Pabora. PaboTa nmepeMeHHON CHUJIBI.

MOIIHOCTB.

KoncepBaTuBHbIE M HEKOHCEpBATUBHBIE CUJIBL. [lO0TeHIIMaNbHAS SHEPTHUSL.
CBs3b MEXy CUJION U MTOTECHIIMATIBHON YHEPTUEH.

DHeprus yrnpyro aepopMUPOBAHHOTO TeIa.

Kunernueckas 3Heprusi u €€ CBsA3b C pabOTON MPUIOKEHHBIX CHII.
[TonmHas MexaHWU4ecKasi SHEPTrusi CUCTEMBI TET.

3aKOH COXpaHEHUsI MEXaHUYECKOU SHEPIHH.

N S N A e

Juccunamust SHEPrUu.

10.ITonsiTie aGCONMIOTHO TBEPJOTO TEA.

11.ITocTynarenbHOE U BpalllaTeIbHOE IBUKEHUS TEA.
12.Yucio creneneii cBOOOIBI.

13.1lenTp nHepuu (Macc) TBEpAOro TeNa.

14. MOMEHT CHUJIBI.

15.MomeHT nHepuumn.

16.OCHOBHOM 3aKOH JUHAMMKHU BPAIATEIbHOTO IBUKEHUS.
17.MoMeHT umItysbca. 3aKOH COXpaHEHUSI MOMEHTa UMITYJIbCa.
18.PaboTa mo BpaleHuro Tena.

19.Kunetnueckas 3Heprus Telia, BpalllaloIerocs BOKPYT HEMOIBHXKHOM OCH.

3aoanusn:

1. CHapsin maccoit m = 10 kr obmagan ckopoctbio v =200 M/c B BepxHEH TOYKE
TpaekTopuu. B 3T0Ol Touke OH pa3opBajicsi Ha ABE YacTh. MeHbIasi Maccon m ;=3 Kr
noiyumna ckopoctb u; = 400M/c B mpexHem HampaBieHuH. Haiitu ckopocTs u,
BTOPOI1, OOJIBIIIEH YaCTH MOCIIE pa3pbiBa.

2. I'py3uk, nmpuBsS3aHHBIM K MIHYpY AIMHON [=50CM, OIHKCHIBAET OKPYXHOCTbh B
TOPU30HTAIBHOM MIocKocTH. Kakoil yrom ¢ o0pa3yer IIHYp C BEPTHUKAIbIO, €CIH
yacToTa BpalueHus n = 1¢™.
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3. I'py3uk, mpuBs3aHHBIA K HUTH JUIMHOW [ = 1 M, ONHCHIBAET OKPYKHOCTH B
TOPU30HTAIBHOW MIockocTU. Omnpenenuts mnepuon 1 oOpauieHus, €cid HUTh
OTKJIOHEHA Ha yroJy ¢ = 60° OT BEPTUKAJIH.

4. ABTOMOOWJIb MJIET O 3aKPYTJICHUIO IIOCCE, paauyCc R KPUBU3HBI KOTOPOTO PaBEH
200 M. Koadduruent Tpenus ¢ konec o mokpeitre aoporu paseH 0,1 (ronomnen). [Tpu
KaKOM CKOPOCTH v aBTOMOOWJISI HAUHETCS €ro 3aHOC?

5. Kakyro HauOOJBLIYI0 CKOPOCTb Umax MOXET DPAa3BUTh BEJIOCUIEAMCT, MpOe3kKas
3aKkpyrieHue paanycom R=50M, eciu KO3(QPUIMEHT TPEHUS CKOJIBXKEHUS U MEXITY
muHamMu U acanbtoM paBeH 0,3? KakoB yron ¢ OTKIOHEHHMS BEJOCHUIIEa OT
BEPTHUKAJIH, KOTJIa BEIOCUMEAUCT JBUKETCS MO 3aKPYTIECHUIO?

6. KamMeHb CKOJIB3UT C HauBBICIIEH TOYKH Modycdepsl, paguyca R. Kakoil nmuHbl
OyTy OINHIIET KaMEHb, MPEXKIE YEeM OTOPBETCA OT €€ moBepxHocTH? TpeHunem
npeHeOpeyb.

7. Pakera maccoil m=1m, 3amyllieHHass ¢ MMOBEPXHOCTU 3€MJIM BEPTUKAIBHO BBEPX,
NOJHUMAETCSl ¢ ycKopeHneM a=2g. CKOpoCTb v CTPYH T'a30B, BBIPHIBAIOLIUXCS W3
cormuta, papHa 1200 m/c. Hatitu pacxoa O Toprodero.

8. Iapuk maccoit m = 300 r ymapuics O CTEHYy U OTCKOYMJI OT Hee. OnpenenuThb
UMILYJIBC P, TIOJyYEHHBIM CTEHOM, €CIM B MOCIEIHUM MOMEHT MEpPE] yAaApOM HIapuK
MMEJI CKOPOCTh vy = 10 M/C, HAIPaBIEHHYIO MO yIIoM a=30" K IIOBEPXHOCTH CTEHEL.
VY nap cuutaTh aOCOJIIOTHO YIPYTHM.

9. Teno maccoii m=5 kr OpoureHo nox yrioM a=30" K TOPH30HTY C HadaIbHOU
CKOpOCTBIO vy = 20 M/c. [Ipenedperast CONpOTUBIICHUEM BO3yXa, HANTH: 1) HUMIYJIbC
cuwibl F', mefcTBYIOIIEH Ha TENO, 32 BpeMsl €ro 1mojieta; 2) u3MeHeHHe Ap UMITyibca
TeJa 3a BpeMs MoJIeTa.

10. MarepuanbHasi Toyka mMaccod m = 1 Kr, JBUTasCb PaBHOMEPHO, OIMCHIBAET
YETBEPTh OKPYXKHOCTH pammyca » = 1,2 m B TeueHue Bpemenu ¢ = 10 c. Haiitu
U3MEHEHUE Ap UMITYJIbCA TOUKH.

11. Y3 nByx coynapsirommxcsi abCONIOTHO YIPYTHX IIApOB OOJIBLINH 1Iap MOKOUTCH.
B pesynbrare mpsiMoro yaapa MEHbIIMHA map moTepsn 3/4 cBoeil KMHETHYECKOH
sHepruu 7). Onpenenuts OTHOLIEHUE k=M/m mMacc mapos.

12. [Tap maccoit m = 1,8 Kr cTajgkuBaeTcsi C MOKOSIIEMCs IIapoM 0oJbIIeit maccsl M.
B pesynberare npsamoro ymnpyroro ynaapa map notepsia 36% CBO€l KMHETHYECKOU
sHepruu 7). OnpenenuTs Maccy OOJIBLIETrO mapa.

13. Ilap maccoit m; = 200 r, ABWXKYIIUNUCS CO CKOpocThio v; = 10 wm/c, yaapser
HETIOJBIKHBIN 1m1ap mMaccoit m, = 200 r. Y nap npsiMoit, abconmoTHO yripyruit. Haittu
CKOPOCTH U] ¥ U> IAPOB Mociie yaapa?

14. MonoTtkoM, Macca KOTOporo m; = 1 Kr, 3a0MBarOT B CTEHY TBO3/[b Maccou m, = 75
r. Onpenenuts KIIJ[ # yaapa MooTKa py JaHHBIX YCIOBHSIX.

15. boek cBaiiHoro Monotra mMaccoit m; = 500 Kr majgaeT ¢ HEKOTOPOUM BBICOTHI Ha
cBato Maccoit m, = 100 r. Haitru KIIJ] # ynapa Ooiika, cuutas ygap HEyHpyTHUM.
M3MeHeHrneM NoTeHIMaNbHON SHEPTUH CBau MIPU yTIyOJlIeHUU ee mpeHeOpedb.

16. Monotr maccoil m; = 5 Kr ynapser HeOOJbIION KyCOK Xeje3a, Jekalluid Ha
HakoBaJibHE. Macca m», HakoBanbHu paBHa 100 xr. Maccoil Kycka xene3a
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npeHedpeub. Yaap Heynpyrui. Onpenenuts KIIJ[ # yaapa monora npu JaHHBIX
YCIOBUSIX.

17. Monekyna pacragaercs Ha ABa atoma. Macca OqHOTO M3 aTOMOB B 1 = 3 pasa
oonbie apyroro. IIpeneOperass Ha4aIbHOM KMHETUYECKOW PHEPTrUE€H U UMITYJIHCOM
MOJIEKYJIbI, OMPE/ICTIUTh KUHETUYECKHE dHepruu 1) u T, aTOMOB, €ClId UX CyMMapHas
kuHeTndeckas sHeprust 7 = 0,032 v/Ix.

18. KonbkoOexer, CTosi Ha Jibay, OpOCHJ BIEpel THUPK Maccod m; = 5 Kr U
BCJICAICTBUE OT/JAuM MOKATHIICA Ha3aJl CO CKOPOCThIO v, = 1 M/c. Macca KoHbKOOEXIIa
m; = 60 kr. Onpeaenuts paboTy A4, COBEPIICHHYIO KOHBKOOEKIIEM IPU OpPOCaHUHU
TUPH.

19. SImpo aroma pacmajaercs Ha ABa OCKOJKAa Maccamu m; = 1,6:10% kr u my =
2,4-10* xr. OnpenenuTh KUHETHYECKYIO SHEPTUIO 1> BTOPOrO OCKOJIKA, ECIIM SHEPIUS
T, nepBoro ockoJjika paBHa 18 H/[x.

20. ITpu BbIcTpene U3 opyausi cHapsan maccoil m; = 10 Kr nmoily4aeT KMHETUYECKYIO
sHepruto 711 = 1,8 xJlx. OnpenenuTs KMHETHYECKYIO SHEPrur0 1> CTBOJIA OpYAHs
BCIICJICTBHME OTJIa4M, €CIIU Macca m; CTBOJA opyaus pasHa 600 xr.

21. Yepe3 HenmoABWXKHBIM OyIok maccoit m = (0,2 Kr MEpEeKUHYT IIHYP, K KOHIIAM
KOTOpOTo oABeCHIM Ipy3bl Mmaccamu m;=0,3 xr u m»,=0,5 kr. Onpeaenuts cuisl 1 u
T, HaTshKkeHUs 1IHypa 1Mo o0e CTOPOHBI OJIOKa BO BpeMsl JIBHXKEHHUS TPY30B, €CIld
Macca 0JI0Ka paBHOMEPHO pacipeesieHa mo o0oy.

22. Yepes Onok, umeronuii ¢Gopmy naucka, nepekuHyT mHyp. K koHIam maypa
npuBsizasiu rpy3uku maccor mi= 100 r u m, = 110. C kakuM ycKOopeHUeM a OyIyT
JIBUTAThCS TPY3HKH, eciii Macca m 0jo0ka paBHa 400 r? Tpenue npu BparieHuu 6J10Ka
HUYTO>KHO MaJIo.

23. Ban maccoit m =100 kr u paguycom R = 5 ¢M Bpamaics ¢ yactotoi n = 8 ¢'. K
UMJIMHIPUYECKON MOBEPXHOCTU BaJla MPHKAIA TOPMO3HYIO KOJOJKY C cuioil F= 40
H, mon neiictBuem koTopod Basi octaHoBwics uepe3 ¢t = 10 c. Onpenenuthb
KO3 (PULIMEHT TpEHUs U.

24. Ha rOpu30HTAIbHYIO OCh Haca)KaHbl MAXOBUK M JIETKUI LIKUB paguycoM R=5 cM.
Ha mixkvB HaMoOTaH MIHYp, K KOTOpOMY IIpUBsA3aH rpy3 maccoit m = 0,4 kr. Omnyckasch
PaBHOMEPHO, Tpy3 mpoiien nyth s = 1,8 M 3a Bpemsa ¢ = 3 c¢. Onpeneautb MOMEHT
uHepuu J MaxoBruka. Maccy MIKMBa CYUTaTh TPEHEOPEKUMO MAJIOH.

25. ToHkuIl OFHOPOIHBINA cTepkeHb miuHou [ = 50 cm u maccoit m = 400 r
BpalIaeTCs C YIVIOBBIM YCKOPEHHEM & = 3 pan/c’ OKOJO OCH, IPOXOMISIIEH
MEPIEHANKYJIIPHO CTEPKHIO Uepe3 ero cepeauny. OnpeaennuTsh Bpallatonil MOMEHT
M.

26. Ilap maccoit m=10 xr m pagmycom R= 20 cm Bpamaercsi BOKpPYI OCH,
IPOXOJAMLIEH Yepes ero HeHTp. YpaBHEHUE BPallleHus mapa uMeet Bug p=A+Br+Cr,
rne B=4 paﬂ/cz; C=-1 paz]/cz. Haiitn 3ak0oH M3MEHEHHSI MOMEHTA CHUJI, AEHCTBYIOIIMNX
Ha map. Onpenenutb MOMEHT CUJI M; B MOMEHT BPEMEHMU f; = 2 C.

27. YenoBek CTOUT Ha ckaMbe JKYKOBCKOTO M JIOBUT PyKoW Msid Maccorl m=0,4 kr,
JIETSIIMA B TOPU30HTAJIBLHOM HAIPABJICHUH CO CKOPOCThI0 v =20 Mm/c. Tpaekropus
Ms4a MPOXOJIUT Ha paccTosiHuU » = (0,8 M OT BEpTUKAIBHON OCH BpalleHus ckambu. C
KaKOW yTJIOBOM CKOPOCTBHIO (» HAYHET BPAIATHCS CKaMmbs JKyKOBCKOTO C UEJIOBEKOM,
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MONMAaBIINM MSY, €CJIM CyMMapHbIi MOMEHT UHEPIUU J YeIOBEKa U CKaMbH PaBeH 6
Kr-M>?

28. Ilnardopma, umeromas HopMy TUCKA, MOXKET BpaIIaThCsS OKOJIO BEPTHKATHHOU
ocu. Ha kpato mmargopmbl ctout uenoBek maccort m=60 kr. Ha kakoi yrom ¢
NOBEpHETCs MIaTopma, €ciu YeJOBEK MOMAET BIOJb Kpas MmiaaTdopMbl U, 000Ws
€ro, BEpHETCS B UCXOJIHYIO TOUKY Ha ruiatrgopme? Macca m, nnatdopmsl paBHa 240
K. MOMEHT nHepuuu J 4el0BEKa paCCUMUTHIBATH KaK JJIsl MATEPUAIIbLHOW TOUYKH.

29. IInarpopma B BHJIe AUCKA paanycoM R=I1 M BpaljaeTcsi 10 MHEPUUHU C YaCTOTOU
n=6 mun"'. Ha kparo maaropMbl CTOUT YENOBEK, Macca m Kotoporo pasua 80 kr. C
Kakol 7 4vactoTol Oyaer BpamiaThecsi IuiaTgopma, €ciIM 4YeJIOBEeK MNepeiier B ee
uenrp? Mowmenr unepuun J maargopmel paBed 120 kr-m’. MOMEHT HMHEpIHU
YeJI0BEKA PaCCUUTHIBATH KaK JJIsI MAaTEPUATIbHON TOUKHU.

30. Ha ckambe JKyKOBCKOTO CTOMT YEJIOBEK M JIEPKUT B PyKaX CTEPKEHb JIMHOU
[=24 M u maccol m=8 KI, paCHOJOKEHHBI BEPTUKAJIBHO IO OCHU BpallCHUS
ckameiiki. CkaMbst ¢ 4eJIOBEKOM Bpamiaercs ¢ yactotoit n=1 ¢”'. C Kkakoi 4acToToii ns
OyZeT BpamaTbCsi CKaMbsi C YEJIIOBEKOM, €CIM OH IIOBEPHET CTEPXKEHb B
FOPU3OHTAIBHOE MOJI0)KEHUE? CyMMapHBI MOMEHT MHEPLMU J YEIIOBEKA U CKaMbH
paBeH 6 Kr-m’.

Pexomendyeman numepamypa:
Ochnognas numepamypa:

1. Tpodumona T.U. Kypc duzuku.— M.: Beicmas mkomna, 2012 T.
2. Tpodumosa T.M. , IlaBnoa 3.I'. COopHuMK 3amady mo Kypcy (U3UKH C
pemeHusIMu. YueOHoe nocodue s By30B — 4-€ uznanue, - M., Boicmas mikona,

2010,
3. YeproB A.I'. 3anaunuk no ¢usuke. — M., Boicias mxona, 2010 r.

Jlonoanumenvnas tumepamypa:
1. A.B.CuByxun. O6mmii kypc puzuku. M.: ©UIMATIIUT. 2008 r.
2. I'pabosckuii P.U1. Kypc puzuku. — CII6, 2005 T.
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Ilpakmuueckoe 3auamue 3

Tema 3. MoJiekyasipHas puszuka. usznyeckue 0CHOBBI MOJIEKYIISIPHO-
KMHETHYeCKOU Teopun. Cratuctuueckue pacrpeaeneHuss. OCHOBbI TEPMOIUHAMUKHY.
OO6paTtumble U HEOOpaTUMBbIE MpoLIeCChl. PealibHbIe ra3bl.

Ilenw 3anamusn: paccCMOTPETh OCHOBHBIEC 3aKOHBI M TIOHSTHS CTATUCTUYECKON (DU3UKHU
U TEPMOJMHAMHUKHU.

3uanun u ymenus, npuodopemaemple CnyoeHmom 6 pe3yibmame 0C60EHU NMeEMbI,
¢opmupyemvie kKomnemenyuu:
3HAHUS - OCHOBHBIX 3aKOHOB U MOHATUN CTATUCTUYECKON (DU3UKU U TEPMOJTUHAMUKH;

YMCHHA— HPUMCHSATH IMOJYYCHHBIC 3HAHUWSA ITPHU PCIHICHUHN 3a/1a4.

AKmyanpHocmy memvl 3aHAmMUA: JAHHAS T€Ma SBIIAETCS BEChbMa aKTyalbHOW, Tak
KaK MO3BOJISIET M3y4YaTh OCHOBHBIE 3aKOHBI W TOHSTHUS CTATUCTUYECKOU (DU3UKU U
TEPMOJIMHAMHUKHU B UX B3aHUMOCBSI3HU, (POPMHUPOBATH HABBIKM MPUMEHEHHUS 3aKOHOB U
MOHSATUM CTATUCTUYECKOW (UBUKM M TEPMOJAMHAMUKH K TPAMOTHOMY Hay4dyHOMY
aHaJIu3y CUTyalui, C KOTOPBIMH NPUXOJUTCS CTAJIKUBATHCS MPU CO3JIAaHUU HOBBIX
TexHoJorud. Kpome Toro oHa crnocoOCTBYyeT (POPMUPOBAHUIO y CTYJIEHTOB OCHOB

€CTECTBEHHOHAYYHON KapTUHBI MUPA.

Teopemuuecxuﬁ mamepuail no meme:

KouanuecTBo Bemecrsa (44CJI0 MOJICH) v =N :ﬁ,
N, M
rae N — yuciao Moiekys, Na — nmocrosHHas ABorajapo, m — macca BeuiectBa, M —
MOJIsIpHAs Macca.
YpasHenue Kianeiipona-MeHnaeseeBa pV =VRT,

IJie p — JaBJieHue ra3a, V' —ero o0beM, R — yHUBepcallbHasl ra3oBas OCTOSHHA,
T — TepMoAMHAMHUYECKAs TEMIIEPATYPA.
YpaBHeHHE MOJIEKYJIAPHO-KUHETHYECKOM
1

TEOPUH Tra3oB p :§n<€noc1'> :gmno <U.<B>2,
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rae 7n — KOHLEHTpauus MOJICKyJ'I,<5HOCT> — CpenHss KWHETHYECKas »DHEprus

IMOCTYIIATCIIbHOTO AIBHMIKCHHA MOJICKYJIBI, My — MacCcCa MOJICKYJIbI <UKB> — CpcaH:iaA
KBaapaTrnudHas CKOPOCTh.

CpeaHsisi SJHepPrusi MOJIEKYJIbI <£> =§kT ,

re i — YUCJI0 CTeneHel cBOOOIbI MOJIEKYJIbI, k — IMOCTOsIHHAs boibiMaHa.

BHyTpeHHsIs1 JHeprus UAeaJbHOro ra3a U :% VRT.
CkopocTb MOJIEeKYJI:
CpeoHsisl K8AOPAMUYHASL <UKB> Z\/3kT/m0 =J3RT/M;
cpeonsis apughmemuieckast <U> :\/ 8kT /(rm,) :\/ 8RT /(M).
HauboJlee 8eposImMHAsL Uy Z\/2kT /m, =J2RT /M.
2 -1
Cpennsist AJiMHA CBOOOHOT0 NMPoOdera MoJIeKy.JIbl </1> :( J2xd n) ,

rae d — 3pPexTUBHBINA JUAMETP MOJEKYJIbI.
9 2
Cpe/nee 4MCII0 CTONKHOBEHHIi MOJIEKY.IbI B eJHHHILY BpeMeHH (Z) =/27d n{v).

17
Pacnpenenenue MoJieKy/1 B IOTEHIMAJIBLHOM 10JI€ CHJI n=n,eXp| - ﬁ] )
rae /] — moTeHnuanbHas SHEPrusl MOJIEKYJIbI.
m,gh
bapomerpuueckas ¢popmyina D =D, €Xp| - 7 |
dp
YpaBuenne 1uppy3un dm =- Dd—det,
X

rae D — xoaddurment quddy3uu, p — MIOTHOCTh, dS — dJIeMEHTapHas IJIONIAIKa,
nepneHauKyJspHas ocu OX.

YpaBHeHHEe TEMJIOMPOBOTHOCTH dQ =- aeili—zdet,
I7ie & — TeIJIONPOBOIHOCTb.

Cuia BHYTPpEHHEro TpeHus dF =- 77d—ZdS,

rZie /) — IMHaMUYecKas BA3KOCTb.

Koy punuent nuddysnu D :%<U><ﬂ.>.
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Bsa3kocTh (ITMHAMUYECKAN) n :% ,0<U> <A> =Dp.

TenyionpoBogHOCTH &==Cy ,0<U></1> =nc,,

rac ¢y — yACibHas N30X0pHasd TCIINIOCMKOCTD.
MOJIS[pHaﬂ TCIVIOEMKOCTb HI€AJIBHOI'0 Ir'a3a

U30XOpHAs C, :5 R:

[+ 2
uzobapuas C, :(l 5 )R .
IlepBoe Ha4YaJI0 TEPMOAMHAMUKH dQ =dU +dA.

3pmecs dU =vC,dT - usmenenue BHyTpeHHeH sHepruu, dA =pdV — copepiiaemas
pabora.

Padora pPacliupeHmns ra3a nmpu nmpoueccax

usobapmom A=pV,- V) =vR(T, - T);
V.
U30MePMUYECKOM A=vRTIn=2 =yRT In 1,
4 P
ouat (=t - 1y =R ] el 1)
aouabamuom y - R =ET B ool I

rae ) — nokasarenb aauadarel: y = C,/Cy.

pV? =const,
Ypapuenns Ilyaccona TV =const,

v 1-y
T7p~" =const.

W:Q- Q() :T' T()
b
Q T
rae  — KOJIMYECTBO TEIIOTHI IMOJYyYEHHOE OT HarpeBarelis, TeMIiepaTypa KOTOpOoro

T; Qo — KOJIMYECTBO TEIUIOTHI MEPEJAHHOE XOJIOJWIBHUKY, TEMIIEpaTypa KOTOPOIo
7.

Kosddpunuent nmosesnoro aeiicreus uukia Kapuo

N3meHeHHe SHTPONUM NIPH Tepexo/ie

o
u3 cocrosinus 1 B cocrosinme 2 S,- 8§ = fl?
1

Ipumepwvt pewtenusn 3a0au
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3agaua 1. B O6amnoHe BMecTUMOCTEIO V' = 6,9 71 HaXOOUTCS a30T Maccoul m = 2,3 T.
[Tpu HarpeBaHWM 4acTh MOJIEKYJ AUCCOIMUPOBATN Ha aTOMBbI. CTETICHb AUCCOIUAIINH
(OTHOIICHHE YWCIa MOJICKYJI, PACIABIIMXCS HA aTOMBI, K OOIIEMY YHCITy MOJICKYJ
raza) a=0,2. Onpenenuts: 1) obuiee yuciao N, MOJIEKYJT U KOHLIEHTPALIUIO 711 MOJIEKYJI
a30Ta JI0 HArpeBaHWs; 2) KOHIEHTPAIMH /1, MOJEKYJT W 713 aTOMOB a30Ta IOCHE

HarpeBaHUs.
JlaHo:
V=6,91=6,9-10"M ITo onpenenenunto, KOHLEHTPALMS YaCTHI] ra3a €CTh
m=23r=2,3-10"kr OTHOIIICHHE YHCJIa ra3a K 3aHUMaeMOMY Ta30M 00beEMY:
N
a= 0,2 n=—
v
N1 = ? n = ‘?
1. Uucno monekys N, ra3za 10 HarpeBaHus HAlJEM U3
COOTHOILICHHS
m
I’lzz? }’13:? NIZV'NA:—'NA,
M

rae V' — KOJIMYECTBO BEHIECTBA; Na — MOCTOAHHAsE ABorajapo; M — MoJsipHas macca
(y asora M =28 107 kr/moub).
[loxcraBmsist YMCIEHHBIE 3HAYCHUS, [TOTYYUM

2,310
b0 28
23
" _N, _4,94 -192 e =7.16 .1025%.
Voo6,9:10° M
2. KOHHGHTpaHI/II/I MOJICKYJI ITOCJIC HArpCBaHusl HaﬁHeM U3 COOTHOLICHUA
. _N(-a)
V v
rae N; — 4iCi0 MOJIEKYJl, HE pacIaBLIUXCS HA aTOMbI. [loacTaBum yncioBbie
3HAa4YCHUA:

6,02 10 =4,94 10> momekym, a

494 10%(1-0,2)
n, = -
6,9 -10
Tak kak Kakaas MOJICKyJia TIOCJIe paciajaa JaeT ABa aToMa, TO KOHIICHTPAIIHSI
aTOMOB I1OCJIC HAarpeBaHus a30Ta OyieT paBHA

M> =573 10 v,

24,9410 0,2
6,9 107
3apmaua 2. B 3akpeitom cocyne npu temneparype 300 K u maBnenun 0,1 Mlla

Haxonarcsa 10 r Bomopona u 16 r renusa. Cuurtas ras3bl UICAIbHBIMU, OMPEACIUTH
YIACTbHBIA 00BEM CMECH.

3 25 -3
CrnenoBareinbHo, n, M~ =2,86-10"m".
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Pewenue.
CornacHo 3akoHy JlajibTOHa, AABJIEHHE p CMECH I'a30B PABHO CyMME MapLHaJIbHBIX
JTABJICHUU:
P=p+tp, (1)
N3 ypaBHenusa Knaneitpona — MeHaeneeBa nMeem:
m m
pV =—-RT y p,V =—RT
Ml M2
Haiins orciona pi v p, v noxncrasus B (1), momydnm:
m,& - m,
pV = -+ —=
M M

1 2

RT.

VienpHbIi 006EM CMECH:

m, . m;\.
(Fr+57) &7

= (M, +My P

Berumciss, nonyuaeM = 8,63 MY/KT.
3anaua 3.
Omnpenenutk, BO CKOJIBKO pa3 omnyatoTcs kodddurmentsl auddys3uu azora (M; = 28
'10” kr/mMonb) 1 ymekucnoro raza (M, = 44 *10° kr/momnb), ecau 06a raza HaXOAATCS
IIPY OJTMHAKOBBIX TEMIIEpaType U AaBICHUH. D(PPEKTUBHBIC THAMETPhl MOJICKYI 3THX
ra30B CUUTATh OJJUHAKOBBIMH.

Pewenue.
Koaddunuent muddysun raza:

D=t (1)

rae (v) :,/ﬂ - cpenHsis apudMeTHYeCKas CKOPOCTh €ro MOJekyrr; (/) -

aM ’ 2d%n
CpPelHsAs JUIMHA CBOOOAHOrO mpobera MojeKyil. Ilockonbky p =nkT | w3 ycioBus
sagaun (7= Ts, p1= p») CIEmyeET, uTO 11 = ny. [loxcrasus 3Ha4enus (v),{/) B popmymay
(1) m yunTbIBas yCclIOBHE 3aJ1a4H, HailieM

D
Beruuciisis, nomyyaem Fl =1,25.

2

3anaua 4. OHpC)IGJ'H/ITL YACIBbHYIO TEJIOEMKOCTh €y CMECH a30Ta U BOAOpOaAa, €CIIU

KOJINYECTBO BEIIECTBA T'a30B B CMECU OJMHAKOBBI U PABHBI V.
Penrenue:

VY enpHyI0 TeI0EMKOCTh CMECH MPU MOCTOSSHHOM 00beMe €y HailfeM u3
CHEAYIOIIUX COOOpaKEHUM:

44



1) TernoTy, HEOOXOIUMYIO ISl HATpeBaHUs cMecu Ta30B Ha AT MOXKHO
paccumTarh 10 GhopmyIie:

O =c,(m +m,) AT (1)
2) Ty e TEIJI0TY MOYKHO HAalWTHU U IPYTUM CIIOCOOOM:
0 = (Cv,ml +Cv3mz) AT, (2)

rae Cy, u Cy, — yJaenbHbIe TEIJIOEMKOCTH OTAEJIbHBIX Ia30B.
[TpupaBuuBas (1) u (2), noryuum
cv(m1 +m2) ‘AT =( Cy, M +cvzmz) ‘AT, orkyna

_Gym + Cy,m,

Cy = 3)
ml + m2
[ R : y
Tak kak ¢, :Eﬁ’ /i€ { — YUCIIO CTeneHeil cBOOOABI MOJIEKYJIbI.
[TockonpKy MOJIEKYJIBI a30Ta U BOAOPOJIa — IBYXaTOMHBbIE, TO [ = 5. Iloaromy
5 R 5 R

cy =— cy, =——.
Vl ’ V2
2 M, 2M,
[ToacraBnsst 3Tu BhIpakeHus B (3), MOTy4UM

5 m m
_R i 2 5 5 .
2 M, M, ER(Vl'H/z) ER 2v 5Ry 4)
C., = - = = =
X m, +m, m, +m, m +m, m +m,

KonnuecTBo Bemecrsa v :%, u m=v-M m,=v-M,,
B pesynbrate dhopmyina (4) npumeT BU
. S5Rv _ 5R
VoM v M, M +M,
[Toacrapsiem 9UCITOBBIC 3HAYCHMS:
JIx

¢, = 5_;8’31 — =1385 .
28 107 +210° kr -K

c

3apava 5. OnpenenuTs KOJIWYECTBO TEILIOTHI, ITOTJIoNaeMon Bogopoaom m = 0,2 xr
npu HarpeBaHuu ero ot temmepatypsl 4 = 0°C mo temneparypsl £ = 100°C mpu
IIOCTOSIHHOM JaBlieHMH. HaWTu Takke W3MEHEHHE BHYTPEHHEW JHEpPruM rasa u
COBEPILIAEMYIO0 UM padoTy.

Jlano:
m = 0,2 xr KonnuectBo TemioTsl O, NOTI0MaeMoe ra3oM pu
Hh=0C; T1=273K 1300apHOM HarpeBaHUM, ONPEACIACTCS 1Mo (hopMyIie

o _m
L=100°C; =373 K 0 = -C, AT (1)
0= AU=? rae C, — MoJIsipHasi TEIJIOEMKOCTh ra3a Ipu MOCTOSHHOM
A=7? JTaBJICHUU.
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I+2

Tak xkax C, = ‘R, 10 (1) nmpumer BuA
i+2 m
= —R AT
Q 2 M

[ToCKONBKY  BOAOPOJ — ABYXaTOMHBIA Ta3z (M = 2:107° Kr/Mojib), U 4YHCIIO
cTerneHel CBOOOIbI €r0 MOJIEKYJ [ = 5, TO
K
A K

Kri
=212 0’24 8,31100 =291 10* | Mot K
2 2107

0 =)Jlx| =291 k/[x .

MOJIb

I m
Buytpennsis sueprus U :EWRT , CJIIEIOBATEIILHO

AU =2 ™ RAT , torna
oM

JIx

5 00 kr—/——K
AU =7 8.31100 =208 10° | Mok KTk | =208 kIl

-3

MOJIb
Paboty pacmmpenus ra3za HailieM U3 BbIpAXEHUS JIJIs IEPBOr0 Havalia

tepmogunamukn: ¢ =AU + 4 orkyna
A=0- AU =231- 208 =83 k/]xk.

3apava 6. B nunuuape noj nopuHeM HaxoguTcs BoJaopoa maccor m = 0,02 kr npu
temriepatype 71 = 300K. Bomopon nauan aguabaTHO paciIupsiThCs, YBEITUYUB CBOM
o0BeM B 5 pa3, a 3aTeM ObUT CKaT M30TEPMHUUECKH, YMEHBIIIUB CBOW 00bEM B 5 pas.
Haiitu Ttemmepatypy 7> B KOHIE aauabaTHOTO pacmIUpeHuss u padoty A4,
COBEPILEHHYIO Ia30M.

Jano:
m = 0,02 xr N3 ypaBHenus Ilyaccona st aquabaTHOrO mpolecca UMeeM
-1 .

7, | N _it2

A Y=
T'= 300K 1 2 (1) , eo0e L' — nokasamenv aduabamor.
V,=5V, a V;=V;10 ycioBuro
=7 A=? Tak kak BOJOPOJ JIBYXaTOMHBIN ra3, To i =5Su y = 1,4.

»-1 1,4-1
s () 7, =1, - % =300 - 1 K =158K.
2

Paborta A4, raza npu anuabaTHOM paclIUPEHUH onpeesercs no Gopmye

m
% :ﬁcv (Tl B Tz)

>

rie C, :%R .
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CrnenoBaTeibHO,

A, :iﬁ}g(f1 -T) :2 : 0’022 8,31 {300- 158) JIx =29,5 xJIx.
2 M - 2107
Pa6ota A, ra3a npu U30TepMUUECKOM CKATUU BbIpaxkaeTcst popMyJsion
A, == RT, -ﬂlnﬁ =-8,31 158 - 0’02_; In5 =-21,1x/x
. MV 210"

3HaK MHHYC O3HA4aeT, YTO MPH CKATHH paboTa raza CoBepilieHa BHEIIHUMHU CHIIaMHU.
[Tonnas pabota
A=4 +4, =88 k/Ix.

3agaya 7. B mwmnHape nox nmopmHeM HaxoguTces Bopopoxn maccor m = 0,02 xr npu
temmneparype 71 = 300 K. Bogopon Hauan pacmupsatbes aanabaTHO, YBEIUYUB CBOM
o0beM B 5 pa3, a 3ateM ObLI CKaT U30TEPMUYECKHU, YMEHBIIUB CBOM 00BbEM B 5 pas.
Haiitu Ttemneparypy 7> B KOHUE aauabarHOrO pacuIMpeHuss u pabory A,
COBEPILIECHHYIO I'a30M.

Pewenue:
CornacHo ypaBHeHuto Ilyaccona ays aqunabarHoro nporecca
y-1
I, _|N
I\

(1)

i+2 . o
I7Ic Y — MOKa3aTelib aanadarel, ) :T ( =35, TK. BOJIOPOJ ABYXaTOMHBIN Fa3), T.€C.

542
=224
Y=7s

-~

~ |_“\

s (1) 1, =1

-1 | 1.4-1
] =300 [gJ I, =158 K.

S

Pabora A4, ra3a npu aguabaTHOM paCIIMPEHUH onpeeseTcs no Gopmye

4 ="c (1-T1)

I 5, , TO €CTh

I
rie C, :ER

_1m R(Tl- T) _5 0,02

- = ==. 8,31 {300- 158) Tix =29.5 -10° ik =29, 5k][x.
L 2M 22107 a t t

A

Pabota A4, raza nmpu U30TEPMHUUECKOM CHKATHUU BBIpaKaeTcst GopMysIoi

v
A = RL ez =-g.31 158 292
2 Mo 2

—1n5 =-21132 e =- 21xl{ne

3
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3HAK «-» MOKAa3bIBACT, YTO MPHU CKATUM padboTa raza COBEPIICHA BHEITHUMH CHIJIAMH.
[Tonnas pabora

A=A+ A, =85kl

3apaua 8. MneanbHblii ra3 coepmaeT uukia Kapno. Temneparypa 7' HarpeBarens
paBHa 470 K, temneparypa 7, oxnaautens paBHa 280 K. Ilpu m3zorepmuueckom
pacmmpenun ra3 copepiiaet padory 4 = 100 Jx. Onpenenuts TEPMUUESCKUN K.IL1. 77
LMKJIA, a TaKXe KOJIWYECTBO TEIUIOTHl (J», KOTOPOE ra3 OTHAET OXJIAJUTEN0 MpHU
M30TEPMUYECKOM CIKATHUU.

Pewenue:

0ad

TepMudeCKUAM K.11.1. TAKJIIA ONPEAETACTCS BbIpa)KeHUEM N =—
1

Ko/M4ecTBO TEIIOTH MepPeIaHHOe OXJIAIUTEIIO0 P H30TEPMUIECKOM carun (3- 4)
paBHO paboOTe COBEPIIECHHOM HaJl ra30M CTOPOHHMMH CHIIAMH

— 0 = d

4y, == 0, =VRT, hl?

2

v
O, =VRT,In—=
1

VYuuTtsiBasi, yTo paboTa raza npu U30TepMUYECKOM paciiupenu (1-2)

v, A
A =vRT ln7:> VR :41/
1 T;lniz,HMeeM.
1
A V. T
Q2 :—VTzln_Z :A_Z
Tin 2 4 I
4

3apaua 9. VneansHplii ra3, copepuaronuii mukia Kapno, npoussen padory 4 = 600
Ix. Temneparypa 7; nHarpeBarens paBHa 500 K, 7, xomomunbHuka — 300 K.
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Onpenenutsb: 1) Ttepmuueckuit KIIJ[ mukia; 2) KOJWYECTBO TEIUIOTHI, OTAAHHOE
XOJOJUIBHUKY 32 OJJUH LIUKII.
Pewenue.
Tepmuuecknii KII/] nukna Kapno
- T,
I

KomuuecTBo TCINIOTBI, OTAAHHOC XOJIOAWJIbHHUKY,

n=

Qz :Q1 - A (1)

rae O =4/7 — KonM4eCTBO TEIUIOTHI, MONYYEHHOM OT HarpeBaTels.
[ToactaBus 310 Bhipaxenue Q) B (1), Hailnem

0, :A[l-l].
7

Boeraucss, momyuaem: 1) 7 = 0,4; 2) 0> =900 Jx.

3agaua 10. MpaeanbHblii ABYXaTOMHBIM Ta3, COAEPXKAIIWM KOJIMYECTBO BEIIECCTBA
v =li i &i, naxonamumiics noxn aasienueM p; = 0,1MIla npu temneparype 71 = 300 K,
HArpeBaloT MpHU MOCTOSIHHOM oObeme 10 AaBinenus p, = 0,2 Mlla. Ilocne storo ras
U30TEPMHUUYECKU PACIIMPUIICS O HAYaJbHOTO JABJICHHS W 3aT€M M300apuyecKu ObLI
ckKar 710 HadaibHoro ooOwema V. Iloctpoutrh rpadux unukia. Onpenenurthb
TeMmrieparypy 7 rasa [uisi XapakKTEpHBIX TOUEK I[UKJIA U €70 TEPMUYECKHUN K.I1.1. 7.

Pewenue:

Tepmuyeckuit kg 7=— 5, tme 9 =9.,+0,; - KOJIMYECTBO TEILIOTHI,

HoJTy4eHHOEe ra3oM, (» — KOIMYE€CTBO TEILUIOTHI, IEPEIAHHOE OXJIaIUTEIIO.
1-2 — Uzoxopusiii, 4 = 0; 9, =AU,

s 2

0, =vCV(1,- 1) =2 wR(T, - T)

2-3 — U3orepmuueckuit, AU =0

V. V.
O,, =VRT, In—= =vRT,In =
o v -

1 1

W3 ypaBHEHUsI COCTOSHMSI HI€AJIbHOTO T'a3a BbIpa3uM 3Ha4eHHE V)
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RV, =VRT, = V; ==
i
2-3 — 3oTrepmuyeckuii mpoiecc =
b, _YRLE
By =01, =V, =21 =—3
R R
0 :ivR(ig - 7) +vRT, In2
| 2 2 1 2 P

3-2 — I/I306apHBII>'I P =const
i+2
Q3ﬂ2 :v—R(Y; - YI)
i
v+2

: P
LVR(T,- T) +VRT, In "2 R
2 2 p

1 — 1

P
(1,-T7) Iin=2- (1,-7)

7=

: P : P
LVR(T,- T) +vRT,In 2 T -T)+T,In 22
2 P P 27 P
Breraucnum:
2 10° 11,
1, =211 300k =600k
2 10°Ma
106
600K -11181?7]7‘1— (600K - 300K)
10° /la

n= 5
5 300K +600K In 20

77 =0,099: 1 =9,9%

3apaua 11. Haiitu u3meHenne AS 3HTPONHM MPU HArpeBaHUU BoAwl Maccor m = 100

r or temneparypel 1 = 0°C mo temmeparypel £, = 100 °C u mocuemyromiem
IPEBPAIICHUN BOJBI B TIAp MPHU TOU K€ TeMIeparype.
Pewenue:

OnpenenuM M3MEHEHHE PHTPONUM AS Kak CyMMY H3MEHEHHs SHTpomuu AS, mpu

HarpeBe BOAbI U UBMEHEHMS SHTpONUU AS, MpHu ee MpeBpalleHn! B nap:
AS =AS, +AS,

5=
T

ITpu narpeBanun dO =mc -dI' the ¢ — yaenbHas TEIUIOEMKOCTh BOAbI, ¢ =4200 i
KZ -

H3BecTHO, UTO

TOTOga

T
e - T
28, = [P o> =0,1 4200 10 20 =132 2%
T 7 273 K

T 1

[Ipu npeBpamieHny BOAbI B Iap TEMIIEpATypa HE U3MEHAETCS, 3HAYUT

1°? 0
AS, =— [dQ ==
T lf o T
riae O — KOJIMYECTBO TEIUIOTHI, IEPEJaHHOE BOJE AJIsl IPEBPAICHUS €€ B map,
O=r-m,
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TJIe ¥ — yleJabHas TEIIoTa mapooopa3oBaHus,

r=22,510° 22

K2

5
AS, :ﬂ:22,5 10° -0,1 —603 Lo . Torma
T 373 K
AS =132 4 603 22 =735 47
K K K
3agaua 12. OnpenenuTe W3MEHEHHE SHTPONUM AS MpH HU30TEPMHUYECKOM

pacmmupenun azora Maccod m = 10 1, ecnu JaBlIeHUE ra3a yMEHbIIMWIOCH OT p; = 0,1
Mlla no p, = 50 klIa.

Pewenue.
W3MeHeHne SHTPONUH, YUYUTHIBASI, YTO npouecc HgoTepMquCKHﬁ,

AS = J"Q fQ—— (1)

CormacHO MEpBOMY Hayajay TEPMOIMHAMHKH, KOJIMYECTBO TEIUIOTHI, IOJYYEHHOE
razom, O =4+AU | JIna u3orepmudeckoro mnpoiecca AU = 0, mostomy Q = 4. Pabora
ra3a B H30TEPMHUYCCKOM MPOIIECCe

V.
A=""RT 2 =" gy e, (2)
AT VRS

IToncraBus (2) B (1), HaiieM HCKOMOE U3MEHEHHUE SHTPOIUH:
m

AS =—RIn—
M p2

Breraucnss, nonygaem AS = 2,06 x/K.

Bonpocel u 3a1anus:

Bonpocuwi:

1. TepmoamHaMHUueCcKUi METOJA HCCIEIOBaHUSA. TemmnepaTypHble IIKaJbI.
WUneannHbIN Ta3.

2. T'a30BbI€ 3aKOHBI.

3. YpaBHEHUE COCTOSAHUS UICATBHOIO rasa.

4. OcHoBHoe ypaBHeHue M.K.T.

5. 3akoH MakcBemia O pacnpeiesieHUd MOJIEKYJd MAEaJbHOTO Ta3a Mo
CKOPOCTSIM.

6. bapomeTpuueckas gopmyna. Pacnipenenenue bonbimana.

7. dnuna cBoboaHOro mpodera Mosekyia. OnbIThl, noaTBepxkaatomue MKT.

8. SIBneHus nepexHoca.

9. BHyTpeHHSs SHEprusl.

10. 3akoHn bosbliMaHa 0 paBHOMEPHOM paCHPEIECICHUHN MOJIEKY L.

11.OcHOBHBIE 3aKOHBI TEPMOJUHAMHUKHU.
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12.IlepBoe HauamO TEPMOAMHAMUKH.

13.Pabora, coBepuraemas ra3oM pu U3MEeHeHUH o0bema. Pabora raza mpu
Pa3IUYHBIX MPOLECCaX.

14. Anuabatuueckuit nponecc. Ypasuenue Ilyaccona.

15.9uTponus. HepasencrBo Knaysnyca.

16. CraTucTyeCKO€E HCTOJKOBAHUE SHTPOIIUU.

17. Bropoe Hayano TepMOJUHAMHUKH.

18. Tennosoii neurarens. Teopema Kapho.

19. XononuibpHag MalInHa.

20. IMukn KapHo.

3aoanusn:

1. CkombKO MOJIEKYJ Ta3a COACPKUTCA B OalIOHE BMECTUMOCThIO V=30 1 mipn
temreparype 7=300 K v nasnenuu p = 5 Mlla?

2. B cocyne HaxoauTes cMech KHCIIOpoJa U Bojopoaa. Macca m cmecu paBHa 3,6 T.
MaccoBas nona o, kuciopoga cocrtasisier 0,6. OnpenenuTs KOJIUYeCTBA BEIIECTBA V
CMECH, a TAKXKE V| ¥ V2 Ka)XJO0ro raza B OTJAEIbHOCTH.

3. B Oamone BMECTUMOCTBIO V' = 3 11 HaxoAWTCS KHUCJIOpPOA Maccoil m = 4 KI.
OrnpenenuTh KOJIMYECTBO BEILIECTBA V ra3a U KOHLEHTPAIUIO 71 €r0 MOJIEKYJI.

4. Onpenennuts KOJWYECTBO BEIIECTBA V U YUCIO N MOJEKYJ raza, COAEpKallerocs B
K0J10€ BMecTUMOCTBIO V=240 cM’ mpu Temneparype 7=290 K u nasnennu p=50 xI1a.

5. Onpenenuth cpeaHee 3HAYEHUE < & > MOJHOW KUHETUYECKOW SHEPruu OJHOMU
MOJIEKYJIbI CIEAYIOIIMX Ta30B: TeJMs, KUCIOpOa U BOASHOTO Mapa Mpu TemIepaType
=400 K.

6. OnpenennuTs 94uciio N MOJIEKYJ PTYTH, COAEPKALIUXCA B BO3LyXe 00beMoM V=1 M’
B MOMEIIEHUH, 3apaKEHHOM PTYThio, Mpu Temieparype =20°C, ecnu AaBieHHE p
HACBIIIEHHOTO apa PTYTH NpH 3Tol Temneparype pasHo 0,13 Ila.

7. JaBnenue p raza pasHo 1 mlla, KOHUeHTpauus n ero Mosekysa pasaa 10" cm”,
Omnpenenuts: 1) Temmnepatypy 7 rasa; 2) CpeaHIO KHHETHYECKYIO HEPTHI0 < &, >
MOCTYNAaTENbHOTO JBUKEHUS MOJIEKYJI rasa.

8. B konbe BMecTUMOCTRIO V=240 cM’ HaxoauTcs ras npu temmneparype 7=290 K u
naeinennn p=>50 klla. OmnpenenuTs KOJMYECTBO BEIIECTBA V rasa M 4ucio N ero
MOJIEKY.

9. OmnpenenuTh KUHETUYECKYIO DSHEPrUI0, MNPUXOISAUIYIOCS B CpPEIHEM Ha OJHY
CTENeHb CBOOOJBI MOJIEKYJIBI a30Ta, mpu Temmeparype 7=1 kK, a Taxxke CpeaHIon
KMHETHYCCKYIO SHEPIruI0 < &, > IOCTYNATCIbHOI'O JABMKCHHUS, < & > BPAIIATCILHOI'O

JBYDKEHUSI U CpeJIHEEe 3HAUEHHE MTOJIHOM KUHETUYECKOM 3HEprun < & > MOJIEKYJIbL.

10. Cmecp renusa u aproHa Haxomutcs npu temneparype 71=1,2 kK. Onpenenuts
CPEIHIOI KBAaJPATUYHYIO CKOPOCTh < Dy > M CPEAHIOI KUHETHYECKYIO IHEPTHUIO
aTOMOB T'€JIUs ¥ aproHa.

11. Cpemnsis mmmHa cBOGOIHOrO mpodera (/) aTOMOB Telus IPH HOPMAIbHBIX
ycioBusix paBHa 180 am. Onpenenuts nuddysuro D renusi.
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12. Tuddysus D xucmopoma npu temmeparype ¢ = 0 °C pasuma 0,19 cm’/c.
OmpenenuTsh CPEIHION IIMHY CBOOOAHOrO mpodera (/) MOIeKys KUCIOPO/a.

13. Boruncnute auddysuto D azota: 1) mpu HOpPMAambHBIX YCIOBUAX; 2) TpHU
nasineHnu p = 100 I1a u temneparype 7'= 300 K.

14. Onpenenuth, BO CKOJBKO pa3 oTinuaercs quddysus D, ra3000pazHoro Boopoja
or auddy3un D, razoo0pa3HOro KHUCIOpOAa, €ciid 00a raza HaXOmSTCs MpH
OJIMHAKOBBIX YCJIOBUSIX.

15. Onpenenutb 3aBucuMOcTh AuGdy3un D ot Temneparypbl 1 mpu CIETyHOUIUX
nporieccax: 1) u3o06apHOM; 2) H30XOPHOM.

16. Omnpenenuth 3aBUCUMOCTh auddy3un D OT JaBiIeHUs p TPU CIETYIONIUX
npoleccax: 1) H30TepMUYECKOM; 2) N30XOPHOM.

17. BoIUMCIUTh TUHAMUYECKYIO BI3KOCTh Y1 KUCIOpOAa MPU HOPMAIIbHBIX YCIIOBHSIX.
18. Haiitu cpenHior miuHy cBoGOmHOro mpobera (/) MOIEKy/ a30Ta IPH yCIOBHHU,
4TO €ro JuHaMuueckas Bsi3kocth M1 = 17 mklla c.

19. Haiitu nuHaMuU4ecKyr0 BA3KOCTb 'l renus NpU HOPMAJIBHBIX YCIOBHSAX, €CIU
nuddysus D npu Tex xe yenosusax pasaa 1,06 ‘10 m*/c.

20. OnpenenuTs 3aBUCUMOCTh JTUHAMUYECKOHN Bsi3kOoCcTH M1 OT Temmeparypsl 1 mpu
cienyronmx npormeccax: 1) nzodapHom; 2) u3oxopHom. M300pa3uth 311 3aBUCUMOCTH
Ha rpadukax.

21. Cmech ra3oB COCTOUT M3 aproHa U a30Ta, B3SITHIX MPHU OAMHAKOBBIX YCIOBUSX U B
OJIMHAKOBBIX 00BeMax. OmnpeenTh oKa3aTenh aarnadaTel y TaKOW CMECH.

22. Hailtn nokazaTenb aauadaThl y NIl CMECH Ta30B, COAEpKalleil reauili Maccoit
m;=10 T 1 Bogopo1 Maccor m,=4 T.

23. CMech ra30B COCTOUT M3 XJIOpa M KPUITOHA, B3ATHIX NMPU OJUHAKOBBIX YCIOBHIX
U paBHBIX 00BbeMax. OnpeneauTs yAeIbHYI0 TEIUIOEMKOCTD ¢, CMECH.

24. OnpenenuTh yIEIbHYI TEIJIOEMKOCTh ¢, CMECH Tra30B, cojepsamied V=5 n
Bojopoaa u V>=3 n renus. I'a3pl HAXOAATCA MPU OAUHAKOBBIX YCIOBUSIX.

25. KakoBbl yJelnbHbIE TEIJIOEMKOCTU ¢y, U C, CMECH Ta30B, COAEpKalleil KUCIOPOT
maccoit m =10 r u a30T maccout m,=20r ?

26. OmnpenenuTh TMOKa3zarelb aauadatel Yy YAaCTUYHO JIUCCOLHUUPOBABIIETO
ra3000pa3Horo a3ora, CTeNeHb AUCCOLUUALUU o KoToporo pasHa (,4.

27. A3ot maccoil m=>5 kr, HarpeThlii Ha AT=150 K, coxpanun Henu3mMeHHbIi1 00beM V.
Haiitu: 1)  kommuectBO TemoThl (J, cooOuieHHoe Ta3y; 2) usMmeHenne AU
BHYTpPEHHEU 3HEpruu; 3) COBEPIICHHYIO ra30M padoTy A.

28. Bogopox 3anumaer o0beM V=10 m® npu nasnennn p;=100 kIla. ['a3 Harpenu npu
MOCTOSTHHOM 00Beme 10 AaBieHus p,=100 xlla. Onpenenuts: 1) msmenenue AU
BHYTPEHHEW HHEpruu rasa; 2) COBEpPUICHHYI0 ra3oM paboty A4; 3) KOJIHUYECTBO
TETI0THl (J, COOOIIEHHOE Ta3y.

29. OnpenenuTh YIEJIbHYIO TEIUIOEMKOCTh ¢y CMECH KCEHOHA W KHCJIOpPOJia, €CIIH
KOJIMYECTBA BEIIECTBA ra30B B CMECH OJIMHAKOBBI U PABHBI V.

30. Onpenenuth YyAEIbHYIO TEIUIOEMKOCTh C, CMECH KHCIOpPOJia M a30Ta, €CIH
KOJIMYECTBO BEIIIECTBA V; IEPBOrO KOMIIOHEHTA pPaBHO 2 MOJb, a KOJHMYECTBO
BEILIECTBA V; BTOPOTO PaBHO 4 MOJIb.
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31. Bo3ayx, 3ammmaBmmii oobem V=10 n npu paBnennu p,=100 xlla, Obun
agunabatuueckn cxar g0 oodwvema V=1 n. Ilom kakuMm HaBICHWEM p, HAXOJHUTCS
BO3/yX IOCJIE CKaTus?

32. B mwimHzape moj NOpmIHEM HaxoauTcs Bojopon wmaccod m=0,02 xr npu
temneparype 7:=300 K. Bomopon cHauana pacmmpuiics aauabaTUuecKu, YBEJIUYHUB
CBOM 00BEM B ISTh pa3, a 3aTeM ObUI CXAT M30TEPMUYECKH, IPUYEM OO0BEM rasa
yMeHbIIWICS B TATh pa3. Haiitu Ttemmnepatypy 7> B KOHLE aauabdaTHYeCKOro
paclmiMpeHuss ¥ TOJHYI0 paboTy A, coBeplleHHyl rasoM. M3o00pa3uth mnporuecc
rpauyIeCcKH.

33. Bomopoa npy HOPMaJIbHBIX YCIOBHAX Mea 00beM V=100 m°. HaliTu usmeHenue
AU BHyYTpeHHEW SHEpPruM Traza IMpH ero ajnadaTUYecKOM pacIIMpEeHUU J10 0O0beMa
V2:150 M3.

34. Tlpu agmabaTruyeckoM CXKaTUU KUCIOpoaa Maccoi m=1 Kr coBepiineHa padora
A=100 x/[x. OnpenenuTe KOHEUHYHO TeMIiepaTypy 7> rasa, €ciid J0 CXKaTHs
KUCI0pOJ Haxoauiics npu temneparype 71=300 K.

35. Pacmupsisicb, BojopoJ; copepiinil paboty A=6 kJ[x. OnpenenuTs KOJIUYECTBO
TEIJIOThl (), MOJBEJICHHOE K rasy, €cju mpoliecc nporekai: 1) uzobapuuecku; 2)
U30TEPMHUYECKHU.

36. T'oproyast cmech B JIBUTATelle AU3EIs BOCIUIaMEHsETCs npu Temmeparype 7>=1,1
kK. Hauanenas temneparypa cmecu 7>=350 K. Bo CKOJIbKO pa3 Hy»KHO yMEHBIIHUTH
o0beM CMecH TMpU CKaTUM, YTOObl OHa BocmlaMeHunack? (CxaTue CyuTaTh
agnabatuueckum. [lokazarens aanabatel y A1 CMECH MPUHATH PaBHBIM 1,4.

37. N3 6aiiona, coaepkaiiero Bogopo noa nasienueM p;=1 Mlla npu Temneparype
7'=300 K, BbIIyCTWIM IIOJIOBUHY HaxoAMBLIErocss B HeM rasza. Omnpenenutsb
KOHEYHYIO TeMIepatypy 1> U IaBJIE€HUE p>, CUATAS MPOLIECC aIUa0aTUYECKUM.

38. Onpenenuth padoTy 4 anuabaTUuecKOTro pacuIupeHus BOJOpOaa Maccoil m=4 r,
€cJIu TeMneparypa raza nonusunach Ha AT=10 K.

39. Azot maccoit m=2 r, umeBmui Temnepatypy 7:=300 K, 6b11 aguabaTudecku cxat
TaK, 4To ero o0beM ymeHbimics B n=10 pa3. Onpeaenutb KOHEUHYIO TeMIIepaTypy
T> raza u paboty A cxarus.

40. Kucnopon, 3anumaBmuii odbem V=1 n mnox nmaBiaenuem p;=1,2 Mlla,
agnabatuyecku pacmupuics 10 oobema V>=10m1. Onpeaenuts paboty 4 paciuimpeHus
rasa.

41. Haummensmmii o0bemM V; raza, cosepmaromiero uukia Kaphao, paBen 153 .
Onpenenute HauOonblIKd 00beM V3, ecnu 00beM V>, B KOHIIE M30TEPMHYECKOTO
pacimipeHust 1 00beM Vi B KOHLIE M30TEPMHUUYECKOIO CKATUSI COOTBETCTBEHHO PABHBI:
600 1 u 189 1.

42. WNpeanbHbli ra3, coBepumiaromuii nukil KapHo, MoJllyduB OT HarpeBaTens
KonuuectBo TemnoThl  (0=4,2 x/Ix, coepmmn padory A=590 JIx. Haiitu
tepmudeckuii KIIJ[ 7 storo nukna. Bo ckonbko pa3 temmeparypa 7 HarpeBartess
OoJbIIIe TeMIepaTypbl 7> OXJIaguTens?

43. NpeanbHslii ra3, copepmaer uukia KapHo. Temneparypa 7 HarpeBaTens B TpU
pasa Bblllle TemmepaTypbl 71> oxnagutens. HarpeBaTtenb nepenan rasy KOJIUYECTBO
terotel 01=42 x]JIx. Kakyto paboty 4 coBeprmi raz?
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44. VnpeanbHbiii a3, copepmatomuid mukia Kapuo, 2/3 konmdectBa Teriotel (i,
NOJIy4YEHHOIO0 OT HarpeBaress, OTHaeT oxyaaurento. Temmneparypa 7, OXJIaguTess
paBHa 280 K. Onpenenuts TeMnepatypy 77 HarpeBaTess.

45. neanbHplil MHOTOATOMHBIN T'a3 COBEPIIAT LUKJ, COCTOSIIUN U3 IBYX HM30XOp U
JBYX M300ap, mpyuyeM HamOoJIbIlIee JaBJICHUE ra3a B JBa paza 00Jibllie HAUMEHBIIIETO,
a HauOoJbIIMK O00BEM B dYeThIpe paza Oosibllle HauMmeHbliero. OnpeneauThb
tepmudeckuii KII/ n uukna.

46. NneanbHblid TBYXaTOMHBIN Ta3, COAEpIKalllMd KOJWYECTBO BellecTBa V=1 MOIb,
COBEpIIAET LHUKJ, COCTOSIIIMNA U3 JBYX M30XOp M ABYX M300ap. Haumensmmit 00bem
Viir=10 1, HamOompmmii Vi=20 JI, HauMeHblIee MJaBICHUE pmin—246 Klla,
HauOonpuee pmin=410 kIla. [Toctpouts rpadguk nukna. Onpenenutb temneparypy 7'
rasa Juis XapakTepHBIX TOUEK IuKJIa u ero repmudeckuii KI1JI 7.

47. Cosepiiasg 3aMKHYTBIM TpoIecC, Ta3 MOJY4YWJI OT HarpeBaTensl KOJIUYECTBO
terotel Q=4 x/Ix. Onpenenuts padoTy A rasza npu NpoTEeKaHWU LKA, €CIIU €ro
tepmuueckuit KII 7= 0,1.

48. UneanbHblil ra3 coBepiuaeT uukia Kapuo. Temneparypa 75> oxnagutens paBHa 290
K. Bo ckonpko pa3 ysemmuurcs KIIJ[ nukia, ecnu Temmeparypa HarpeBaTens
nossicutcs oT 7 1=400 K mo 7",=600 K?

49. UneanpHbii ra3 copepmaer nuki Kapuo. Temneparypa 7 HarpeBareins B 4eTbIpe
pa3a Bellle Temrepatypa 71> oxmagutens. Kakyio A07II0 @ KOJIWYECTBA TEILIOTHI,
MOJIy4aeMOro 3a OJIMH IIUKJI OT HarpeBaTelsl, ra3 OTAAEeT OXJIaIUTENI0?

50. WpeanvHbiii ra3 coBepumaer uuki Kapno. PabGota A, wu30TepMHUUYECKOro
pacmpenus raza paBHa 5 Jx. Onpenenuts padoTy A, U30TEPMUYECKOTO CHKATHS,
eciau tepmuaeckuii KII/I # nukna pasna 0,2.

51. Jlen maccoii m=2 kr npu temrepatype £, =0°C ObUT mpeBpaiieH B BOJIy TOW Ke
TEMIIEpATYphl C MOMOINIBIO Mapa, umeromiero temmneparypy £=100°C. Onpenenutsb
Maccy m, U3pacxoJoBaHHOro napa. KakoBo n3meHenue AS 3HTPONUU CUCTEMBI JIE —
nap?

52. Kycok nbaa maccoir m=200 r, B3aThIi npu Temneparype t,= - 10 °C, Obl1 Harper
no temnepatypsl L,=0°C u pacruiaBieH, Nocjie yero oOpa3oBaBiIasics Bojaa Obuia
Harpera g0 temneparypsl :=10°C. Onpeaenuts usmeHenue AS 3HTpONUU B XOJI€
yKa3aHHBIX IIPOLIECCOB.

53. Haiitu usmenenue AS HTpONUU MPU M300apHUUECKOM PACIIMPEHUH a30Ta MacCcon
m=4 r ot 00bema V=5 11 no oorema V»,=9 1.

54. B pe3ynbTaTe M30XOpPUUYECKOr0 HarpeBaHusl BOAOpOAa Maccoil m=1 T naBieHue p
ra3a yBeJIM4mjIoCh B JIBa paza. Onpeaenuts u3MeHeHne AS sHTponuu rasa.

55. Cmemann Bony Maccod m =5 kxr npu temneparype 7:=280 K c Bomoii maccoii
m,=8 kr npu temreparype 7>=350 K. Haittu 1) Temneparypy 6 cmecu; 2) usMeHeHHE
AS >HTpONUM, IPOUCXOASAIIUE TTPU CMEILIMBAHUU.

56. Kucnopom Maccoit m=2 Kr yBEeIWYWJ CBOH O00BeM B n=5 pa3 OAWH pa3s
MU30TEPMHUYECKH, IPYrol — aamabatndecku. HailTu M3MEHEHUs] SHTPOIMH B KaXKIOM
U3 YKa3aHHBIX MTPOLIECCOB.

57. Bonopon maccoit m,=100 r Obl1 M300apUUECKH HArpeT TakK, YTO OOBEM €ro
YBEIMYMIICA B n=3 pasa, 3aT€M BOJOPOJ ObUI M30XOPUYECKH OXJIAXKIEH TaK, YTO
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JABJICHHE €r0 YMEHBIIWIOCh B n=3 pa3a. Hailtu u3meHeHue AS >HTponuu B XOJi€
yKa3aHHbIX IIPOLIECCOB.

58. NpeanbHblld IBYXaTOMHBIN Ta3, COJEPIKAIIMN KOJWYECTBO BEIIECTBA V=1 MOJIb,
Haxomsmmiicsa oy pasinenueM p;=0,1 MIla npu tremneparype 7:=300 K, Harpesarot
IpU NOCTOSSTHHOM o0beMe 10 nasnenus pi=0,2 Mlla. ITocne 3Toro ra3 u30TepMUUECKH
pacHIMpuiIcs 1O HAuyaJbHOTO JABJICHHS M 3aTeM ObUT M300apHuecKH CXar [0
HavasbHOTO 0OBema V. Iloctpouts rpaduk nukia. Onpenenutb Temneparypy 7 raza
JUISL XapaKTEPHBIX TOYEK LMKIA U ero tepmuueckuid KII 7.

59. OnHoaTOMHBIN Tra3, cojeprKamuii konumdecTBo BemiectBa v=0,1 KMOJb, Mmox
nasnenreM p;=100 MIla 3anuMan oobeM V=5 m’. T'a3 cxxumaics n306apu4ecKku J10
o0bema V=1 M°, 3aTeM COKUMAJICS aaua0aTHYECKU M PACLIMPSIICS NP MOCTOSHHOM
TeMIlepaType 10 HayalbHbIX 3HauYeHU oObeMa M aAaBieHus. [locTpouTs rpaduk
nporecca. Haittu: 1) temneparyper 7i, 7>, o0beM V3 U pAaBiAeHUA p,, ps,
COOTBETCTBYIOIIME XapaKTEPHbIM TOYKAaM IUKJIA; 2) KOJUYECTBO TemIoThl (i,
MOJIYYEHHOE Ta30M OT HarpeBartensi; 3) KOJIMYECTBO TEIIOTH (J», MEpeJaHHOE T'a30M
oxJjaauTtento; 4) paboty A, COBEpPILIEHHYIO ra30M 3a Bech UK, 5) Tepmudeckuit KITJ]
1) LMKIIA.

60. UneanbHblii ra3z copepuiaet nuki Kapuo. Temneparypa 7 HarpeBarens paBHa 470
K, remniepatypa 7> oxnaautens paBHa 280 K. [Ipu nuzotrepMuieckoM pacliupeHuHn ras
cosepmaet padory A=100 /. Onpenenuts Tepmudecknii KIIJI 7 nmkia, a takxe
KOJIMYECTBO TEIUIOThl (J», KOTOpOE ra3 OTAAET OXJAAUTENI0 MPU H30TEPMUUYECKOM
CKaTHH.

Pexomenodyeman numepamypa:
Ocnosenas numepamypa:

1. Tpodumona T.U. Kypc dusuku.— M.: Beicmas mkona, 2012 r.

2. Tpodpumosa T.W. , ITlaBmosa 3.I'. COopHuK 3agad 1o Kypcy (QU3HKU C
peleHusaMu. YueOHoe nocoOue i By30B — 4-¢ uzmanue, - M., Bricias mikona,
2010 r.

3. Uepros A.I'. 3agaunuk no ¢usuke. — M., Beicmas mkoma, 2010 r.

Jononnumenvnan numepamypa:
1. A.B.CuByxun. O0umii kypc ¢pusuku. M.: DUSMATIIUT. 2008 r.

2. I'padosckuii P.U. Kypc ¢puszuku. — CII6, 2005 r.
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Pazoen 2. Inekmpuuecmeo u mazHemusm.

Ilpaxkmuueckoe 3anamue 4

Tema 4. duexrpocraruka. OCHOBHBIE OHATHUS U 3aKOHBI JJIEKTPOCTATUKH.
DNEKTPUYECKOE T10JIE U €T0 OCHOBHBIE XaPAKTEPUCTUKH.

lle./lb 3ansamus: PaCCMOTPETb OCHOBHBIC 3aKOHBI 3JICKTPOCTATUKH.

3uanun u ymenus, npuodopemaemple CnyoeHmom 6 pe3yibmame 0C60EHUA NeEMbl,
dopmupyemvie kKomnemenyuu:
3HAHMS - OCHOBHBIX 3aKOHOB 3JIEKTPOCTATHUKHY;

YMCHHA— NPUMCHATDH IMOJYYCHHBIC 3HAHUWSA IMTPH PCIICHUHN 3a1a4.

AKmyanbHocmbs memul 3aHAmMuUA. JAaHHAS T€Ma SIBISIETCA BECbMa aKTyaJbHOM, Tak
KaK MO3BOJISIET WM3y4aTh OCHOBHBIC 3aKOHBI JJIEKTPOCTATUKHM B MX B3aWMOCBA3U,
dbopMUpOBaTh HAaBBIKM IPUMEHEHHUS 3aKOHOB JJIEKTPOCTATUKH K TI'PaMOTHOMY
HAyYHOMY aHaJM3y CUTYallMi, C KOTOPHIMU MPUXOJUTCS CTATKUBATHCS MPU CO3IAHUN
HOBBIX TexHOJoruil. Kpome Toro, oHa crmoco6cTByeT (HOPMHUPOBAHHUIO y CTYJICHTOB

OCHOB €CTECTBEHHOHAYYHOW KapTUHBI MUPA.

Teopemuueckuit mamepuau no meme:

3akon Kynona

rac g1 U ¢> — BCJIMYMUHBI TOUCYHLIX 3apsAAa0B, & — IJCKTPUYICCKAA IMOCTOsAHHAA, & —
AUDJICKTPHUYCCKAA IMMPOHUIIACMOCTDL CPEALL, ¥ — PACCTOSAHUC MCKAY 3apsaJaMu.

. F
HanpsizkeHHOCTDb 3JIEKTPUYECKOI0 MOoJIst E=—.
q
HanpsizkeHHOCTB 110J151
F=_9 .
MoueuHo20 3apaoa = 7
dre er
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T

OecKOHeYHO ONUHHOU 3aPANCEHHOU HUMU E=———rij
27 E T
5 5 _ o
DABHOMEPHO 3aPAINCEHHOU OECKOHEeUHOU NA0CKOCMU E = e e’
0

Tac 7— JIMHEHHAs MIOTHOCTD 3apsaaa, o — IIOBCPXHOCTHAA INIOTHOCTL 3apsaia,
r — pacCTOAHNUC 10 HCTOYHHKA I10JIA.

JAnmoJbHBIH MOMEHT P =ql.

NHaykuus 3J1eKTPUYECKOro moJis (3JeKTpu4ecKoe cMeleHue) D =¢g,¢E.

Pa6oTa nepemeinenus 3apsjaa
B 2JIEKTPOCTATHYECKOM I10J1¢ A=q fE;dl =q(@ - @),

rie ¢4 u ¢, — NOTCHIIUAILI HayaJbHOM W KOHCYHOM TOYEK.

_ 9
IToTeHIUAJ TMOJIA TOYEYHOTO 3apsaaa =
e, er
dg
CBsi3b MeK1y NOTEHIIHAIOM U HANPSKEHHOCTHIO E, =- -
Cuiia npUTSKeHUs1 MexKAy ABYMsI Pa3HOUMEHHO 3apsisKeHHBIMU
_&,€E ) . q2
00KJI2IKAMH KOHIEHCATOpa F= = )
2 26, S
rae S — miomanb INIaCTUH.
DJIeKTPOEMKOCTh:
C = q .
VeOUHEeHHO20 NPOBOOHUKA =
@
£,ES
NIOCKO20 KOHOEHCamopa C= p ;
— EOS
COUCMO20 KOHOeHCcamopa C=,7
Zd 3
1 1
wapa C = 4JTEOER,

rae d — pacCTOSHHE MEX]y IUIACTUHAMHM KOHAEHcaTopa, d; — TOJIIMHA 1-T0 CJIOS
IUBIIEKTPUKA, & — €ro AU3JIEKTpUUecKas MPOHULAeMOCTb, R — paauyc mapa.

JIeKTPOEMKOCTh OaTapen KOHIEHCATOPOB, COeIMHEHHBIX:
napannenvHo C=)C;
1 ol
noC1e008amenbHo - —Z -
i

C
58



JHeprus moJisi:

C 2 2
3aPAHCEHHO20 NPOBOOHUKA W, =% -9 :@;
2 2C 2
|
3apPAACEHHO20 KOHOEHCAmopa W, :E £, eEV,

rae V — o0beM KOHJeHcaTopa.

O0beMHasi VIOTHOCTH YHEPruu
_eeE* D _ED
2 260 2

IEKTPUYECKOr0 MOJIst w,

Ilpumepuvl pewienusn 3a0au

3agaua 1. Tonkuii crepkeHb JIuHONU 20 CM HECET paBHOMEPHO PacIpeaeICHHBIN MO
JUTMHE 3apsj ¢ JuHeHHON mioTHocThio T = 2 MKKi/m. Ha paccrostaum 30 cm ot
crepxkHsl Haxoautcs 3apsa 20 HKi, paBHOyHaleHHbIM OT KOHIIOB cTepxkHs. Haiitu
CUJTY B3aUMOJICHCTBUS 3apsijia U CTEPIKHS.

Jano:

[=20cm=0,2 ™M

=2 mxKn/m = 2:10°Kn/m
ro=30cMm=0,3 M K
0 =20uKn=2-10*Kn

f 9
L 4

BelienuM Ha CTEepyKHE 2JIeMEHTAapHBI ydacTok AnuMHOM dl. 3apsan ero dQ =rdl
MOXHO paccMaTpuBaTh Kak TodeuHsll. Torma mno 3akoHy Kymona cumia
B3auMoiercTBUs Mexay O u dQ paBHa

1 T dl
dF = 9 —,
4, r
IJle ¥ — PacCTOSIHAE OT BBIAEICHHOIO ydacTka a0 3apaga () (cM. puc.). M3 pucynka
A rda
CIIEAyeT, 4To 1 = , dl= , TIIe ¥o — pacCcTosHUE OT (J) 10 CTEPHKHSL.
cosa cosa

[loacraBuB BbIpaskeHust s ¥ U d/ B HGopMymy sl CUIIbl dF TOyYuM, 4TO
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JF = I Ql’ Trda _ 1 Q v da _Qrda

dme, 1,

5 .
dze, 1, cOSU dre,r,

— COS
Cos” & Cos

DTO BEKTOPHAs BEIMUMHA; PA3I0KUM F Ha COCTaBISIOIINE:
NEPIIEHINKYIIIPHYIO CTEPXKHIO dF, u mapamienbayto emy dF,. OueBHIHO,
dF, =dF -cosa, dF, =dF -sina , torna

ercosa _Qrsina

dF, = da dF, =

9
dre,r, dre,r,

do

[TponHTErpUpyeM IOJYYCHHBIC BBIPAKCHUS JUIS CHII B IIpEIeiiax U3MCHCHHUS yIJia
a ot —f 1o p.

K
F = —ercosada = ar sine|| = o7 sin /3
: 47e,r, 4re,r, e 27,
00 0°0
s .
sz = Mda :-L |COSC¥ +/’ =0.
v, ATE T, 4me,r,
B pesynbrare nonyuum, utro £ =F = I sinff
27 1,
Bennuuny Sin £ ompenenuM U3 pPUCYHKA:
Z
sin ff = \/4 ;> M TIOJICTABHM B BEIPAKCHHE JILA CHIILI F.
\/r +— o ¥
_QOr 1 2107 210° ' 0,2

=0,76 10°H

4 , -12 2 2
275; 4i7 +1° 23,14 8,85 10"~ 0,3 \/4 {0,3)" +(0,2)"

3agaua 2. Toukuil ctepkeHb anuHoi / = 10 cM HeceT paBHOMEPHO pacipeieIeHHBbIMI
3apsag QO =1 HKn. Onpenenutrs noteHuuan ¢ 3JIEKTPUYECKOrO TONS B TOYKE,
JeXallleld Ha OCH CTEPXHS Ha paccTossHUU a= 20 cM OT OJIMKalIero ero KoHua.

JlaHo: < >le—»l

[=10em=01m | | ————— — +

O=1Kn=10"Kn ] )

a=20cm=0,2 M S D —
@ —?

BriienuM Ha cTepkHE 3JIEMEHTapHbIM YYacTOK JITMHOM dr. 3apsii Ha CTEpIKHE

pacnnpeaciicH paBHOMCPHO, CJICI0OBATCIIBHO, CT'O JIMHEMHAas MIOTHOCTb T :71/1 Ha
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y4acTKe JJIMHOM dr pasmemied 3apsan dQ =7 -dr Dror 3aps; MOXKHO CUMTATh
ToyeuHsIM. Tora MoTeHIMan HIeKTPHUECKOro 01 3TOro 3apsiaa B Touke A paBeH

dp="0¢ _wr _ Q dr ()

dre,r  Ameyr  Amel r

IJie 7 — PacCTOSIHUE OT DJIEMEHTAPHOTO Yy4YacTKa dr 10 TOUKH A.

W3 mpuHnmma cynepro3uiuu CileayeT, 4To OOIIUN TMOTEHIHAl paBEeH CyMMe
MOTEHIIUAJIOB BCEX AJIEMEHTAPHBIX 3aPAJIOB CTEPIKHS.

[TosTomy wunTerpupyem Bbipaxenue (1) mis de B npenenax usmeHeHus dr Ot a
1o [+a:

I+ l+a -9
‘__Jx _ di lni+‘a: 10 - -1110‘“0’2 3
4:{501 ro 4 f fré‘o a 4-3,14-885:10 0,1 0,2
3apmaya 3. Konpencatop emkocteio Co = 20 Mxk® 3apskarOT A0 pa3HOCTH

noteHuuanoB U, = 400B u moakmroydaroT K KoHJAeHcatopy eMkocThio C = 1 Mk®D, B
pe3yJibTare 4yero nocieaHuil 3apsikaercs. OTKIIOYMB 3TOT KOHACHCATOP, 3apsKAIOT
TaKHM K€ 00pa3oM BTOPOU KOHAEHCATOP ToH ke eMKocTH (C = 1Mk®d), 3aTem TpeTui,
YeTBEPTHIA W T.A. 3aTéM KOHJIEHCATOPbl COEIMHAIOT MocieAoBarebHo. Kakyro
MaKCUMAJIbHYIO Pa3HOCTh MOTEHIIMAIIOB MOKHO MOJIYYUTh TAKUM 00pazomM?

JlaHo:
Co =20 Mk®=20-10"°D HavanbHblii 3apsn KoHgeHcaTopa eMKocThio Cy Oyner
Uy=400 B paBHbIM (O = Cy- U.
C = Imx®d [Tocne nmoaxtOUeHUs: K HEMY KOHJeHcaTopa eMKOCThio C
3apsn Qo pacnpenensercs Mexay Co u C. Ilocnie oTcoeanne-
U=? Hust C ot Cy Ha 000UX KOHACHCaTOpax OyaeT OAMHAKOBas
Pa3HOCTh NOTEHIUAJIOB (T.K. UX COEAMHEHUE OBbLIO Mapai-
JIETBHBIM).
— 9 — G,
o +C G +C
GU,

Ha xonzencarope C, ocranercs 3apsin O, =C, ‘U, e ac
0

[Tpu mocnenyromeM MOAKIOYEHUH BTOpOoro koHaeHcaropa C Ha koHueHcatope Co
octanercs 3apsag 0= Cy- Un.

CZUZ — CO
0-

C,+C | C,+C
[ToBTOpsis 9Ty omnepamuio #n pa3, Mbl OyAeM HMeTh Ha0Op KOHIIEHCATOPOB,

n
G
C,+C
OOu1ee HanpspKEHUE TOCTE MOCTIeI0BATEILHOTO COSIMHEHHS BCEX /1 KOHJICHCATOPOB
OyIeT paBHO

IIpuuem U, =

sapsKeHHBIX 10 Hanpsukenuit Uy, Us, Us,..., U,(n=1,2,3,.) U =U,
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U=U+U+U 4. =D 1, G, G & |
2 T C,+C| C+C (O, +C) (C,+O)"

IIpocymMMHUpPOBaB NOJIy4YEHHYI0 OECKOHEYHYIO YOBIBAIOLIYIO F€OMETPUUECKYIO
IIPOTPECCUI0 HAWJIEM €€ CYMMY PaBHYIO MaKCUMAaJIbHOM Pa3HOCTHU NOTeHUUANIOB U:
U :COUO :20 107 -400

. o =8000B,

3apauya 4. bartapero, cocTosiy0 U3 JBYX KOHJIEHCATOPOB eMKOCTAMHU 4 u 5 MKD
Ka)KbIM, COeIMHIIIM TIOCEIOBATEIbHO U BKJIIOUMIIA B CETh ¢ HampsbkeHuem 220 B.
[ToTom GaTapero OTKITIOUMIIM OT CETH, a KOHACHCATOPHI Pa3beAUHWIA U COCTUHUIH
napayjieibHO OOKJIaJKaMH, WMEIONIMMHU OJHOWMEHHBIE 3apsiabl. Kakum Oymaer
HaIpsDKEHNUE Ha 3a)KUMax MOJTy4YeHHOU Oatapen?

JlaHo:
1=220B Tak Kak KOHAEHCATOPbI COEIUHEHBI NTOCIIEI0BATEIBHO, TO
Ci=4 Mx® =4-10°® |3aps KaXKI0ro U3 HUX U 0aTaAPEU B LEIOM OJAUHAKOBBI:
C2:5MK®:5'10_6(D Q1:Q2:....: Q
EMkocTh GaTapeu mociieoBaTelIbHO COSTMHEHHBIX KOHJICH-
U,=7 CaTOPOB BBIUMCIIACTCS 110 hopMyJie
1 i‘ 1
cC TC
— CICZ
EMKkocTh Oatapeu u3 IByX KOHJEHCATOPOB paBHA C _—C T C
1 2
C.C,
aux 3apag O =CU =——=U,
P 1 Cl + Cz 1

[Ipy OTKIIOYEHHMH KOHJEHCATOPOB 3aps] KaXIOro W3 HUX coxpaHutcs. llpu
napajjieIbHOM ~ UX COEJUHEHUU OyJeT paBeH CyMME 3apsiioB KOHJIEHCATOPOB
O =0, +0, =20, a emxocTs 6atapen 6yner paHa cymme emkocteiit C =C, +C,
OO011ee HanpsKEHUE CTAaHET PABHBIM
v =0 _9+0 _ 20
O C+(C GG
[Toacrapisist B mosiy4eHHOE BhIpakeHue Gpopmyiny misg O, MOIyIUM:
;20U 24 107" 5 107° 220
TG HG) (41045107
3agaua 5. Kakoe komnuecTtBO TemiaoThl () BBIACIUTCA MPU Pa3psaKe IIOCKOTO
BO3/IyIIIHOTO KOHJIEHCATOPA, €CIIM Pa3HOCTh MOTEHIIMATIOB MEXIy TUIAaCTUHAMHU paBHA
10 kB, paccrosue d=0,5 MM, a TIomankb S Kax 10 rmiacTuHkl pasaa 100 cm>?

=108,6 B
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Jano:
U=10 kB=10"B CornacHo 3aKOHY COXpaHEHUS SHEPrUH, KOJTUYECTBO
d=0,5 mM=5-10"m TEII0THI (J, BBIIEIUBUIEECS B KOHAEHCATOPE MIPH €ro
S=100 cm*=10"m? paspsAKe, paBHO SHEPTHHU 3aPSHKEHHOTO KOHIEHCATOPA
2
0-" 0="
2
EMKOCTB MJI0CKOT0 KOHIEHCATOpa orpeAensercs no Gopmye
£€,S
— 0
T

rlie € — TUAJIEKTPUYECcKasi MPOHUIIAEMOCTh Cpebl (Jis Bo3ayxa € =1). 3Hauut
_&,SU? _8,85-107" 1077 10°

0 =8,85 107" Jx=8,85 MJIk.
2d 2510
3agaya 6. [umons ¢ oanekrpuyeckuM MoMeHToM P=50 nKim'm cBoGomHO
kB
YCTaHABIIUBACTCS B OJTHOPOIHOM 3JICKTPHUECKOM IT0JIe HANpsDKEHHOCThI0 £ =30 —.
M
Haiitu paboty, He0OX0quMYI0 IS MOBOPOTA JUMOJIA Ha yroia a=30".
Jano:
P=50nKn'M=5-10" Ki-m| DsemenTapnas pabora npy HOBOPOTE JHUIOJS HA Yo do
kB B
E =30 — =3 10" — dA =M da,
M M
0=30° rne M =P -E sina - MeXaHW4YeCKUH MOMEHT CHJI, JICHUCT-
BYIOIMI HA JUIONb. O — yTOJ MEXIY BEKTOPAMH £ U P.
A=7? Takum ob6pazom dA4 =P -E sina -da.

[Tpu cBOOOTHOM MOJOKEHUH TUTIOND B 3JIEKTpUYECKOM Tosie ¢ =0, 3HAUHT MmoTHas
paboTa MOKeT ObITh paccuuTaHa 1o popmyie

o

A :fP -Esina -da =- PE -cosa
0

0
A=-510"310*(cos30" - cos0) =2 107 Tx=0,2 mxIx.

Bonpocwt u 3a0anua:

Bonpocwur:

1. DnmekTpudecknid 3aps U €ro CBOMCTBA. 3aKOH COXpPAHEHHMs 3apsaa. 3aKOH
Kyona.

2. HanpspkeHHOCTh  3JIEKTPOCTATHYECKOTO Toysl. JIMHMM — HanpsyKeHHOCTH
AJeKTpocTaTuYecKoro noiid. [IoTok BekTopa Hanpsy)KEHHOCTH.

3. ITpunuun cynepno3unuu. [Tone gumnosns.

4. Teopema I'aycca 1uist 3JIEKTPOCTATUYECKOTO TOJISl B BAKyyMeE.

5. Ilpumenenue Teopemsl ['aycca kK pacuery moJie B BaKyyMe.

6. Lupkynsiiusi BEKTOpa HAPSIAKEHHOCTHU 3JEKTPOCTATUYECKOTO OIS,

7. IloTeHnman 3JIEKTPOCTATUYECKOTO TTOJsA. Pa3HOCTH MOTEHIIMATIOB.
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8. CBsA3p MEXIy HANpPsLDKEHHOCTBIO M IOTEHUMAJIOM. BpluncieHue pa3HOCTH
IIOTEHLIAAJIOB 10 HAIIPSYKEHHOCTH MOJIA.

9. Imanexrpuku. Ilomsipu3zoBaHHOCTh IUANEKTPUKOB. HampspkeHHOCTH mosst B
JTUDJIEKTPUKE.

10. Teopema I'aycca mist monst B IUDJIEKTPUKE. Y CIIOBHUS HA TPaHUIIC pas3jelia
JIBYX JUDJIEKTPUUYECKHUX CPEL.

11. ITpoBOIHUKH B 3IEKTPOCTATUYECKOM IOJE. DIEKTPOEMKOCTh. CoequHeHne
KOHJIEHCATOPOB B OaTapewu.

12. DHeprus cucTemsl 3apsAJI0B U YEAMHEHHOTO MPOBOIHUKA. DHEPTHUS
KOHJIEHCATOpa. DHEPrus dJIEKTPOCTATUUECKOTO OIS
3aoanus:
1. [IBe OeckoHEUYHBbIE MapajyieNbHbIE IUIACTUHBI PAaBHOMEPHO 3apsDKEHBI C
TIOBEPXHOCTHOM MIOTHOCTBIO 01 = 10 HK/M* u 0> = -30 uKn/M*. Onpenenurs cuiy
B3aMMOJEHCTBHS MEXKY TUIACTUHAMH, IPUXOASAILYIOCS Ha IUIOWAns S, paBHyo 1 M.
2. JIBe mpsIMOYTOJBHBIE OJWHAKOBBIE I1apaJUICIIbHBIE IUIACTUHBI, [JIMHBI CTOPOH
KoTopbiXx a = 10 cM m b = 15 cm, pacnoiokeHbl Ha MajoM (IO CPaBHEHUIO C
JMHEHHBIMU pa3MepaMu IUIACTUH) PACCTOSIHUM ApYr OT apyra. Ha ogHoil u3 miactux
paBHOMEpHO pacnpeaeneH 3apsa O = 50 uKn, Ha apyroit — 3apsg O, = 150 vKu.
OnpenenuTp HaNpPsS)KEHHOCTh £ 3JIEKTPUYECKOTO MOJIS MEKY TIaCTUHAMM.
3. Ha orpeske TOHKOro mpsMOro MpoBOJHMKA JauHOW [ = 10 cM paBHOMEpPHO
pacnpeneneH 3apsA € JIMHEWHOM IUIOTHOCThIO 7=3 MKKi/M. Beraucnuth
HaIPsHKEHHOCTh E, CO3aBa€MyI0 3TUM 3apsA/IOM B TOYKE, PACIIONIOKEHHOW Ha OCHU
IIPOBOJIHUKA W YJIaJICHHOW OT OJMKaililiero KOHIIAa OTpe3Ka Ha PacCTOSHUE, PaBHOE
€ro JUINHE.
4. B BepmmHax KBajpaTa Haxonarcs oauHakoBble 3apsabl O = 0,3HKn kaxabid.
Kaxoit otpumnarensHbiii 3apsn (1 HY)KHO TOMECTUTh B IIEHTPE KBajApaTa, YTOOBI
CUCTEMA 3apsI0B HAXOJWJIACh B MOJOKEHUH PAaBHOBECHSA?
5. DIIEKTpUYECKOE NOJIE CO3AaHO0 ABYMs ToueuHbIMU 3apsanamu ()= 40 uKn u O, = —
10 uKn, Haxongmummuca Ha paccrossHuu d = 10 cm apyr ot npyra. OnpenenuTthb
HaIpsDKEHHOCTh £ TOJIsl B TOYKE, YJIAJEHHOW OT MEpPBOro 3apsAna Ha 7y = 12cM u oT
BTOPOIO Ha 7> = 6CM.
6. Tpu omunakoBbix 3apsana (O=1 HKn kaxzaplii pacmnosioxkeHbl MO BepIIMHAM
PAaBHOCTOPOHHEr0 TpeyrojpHHKa. Kakoil oTpunarenbHelii  3apsg (1 HYXHO
MOMECTUTh B IIEHTPE TPEYroJibHUKa, YTOOBI CHCTeMa 3apsjoB HaXOAWJIacCh B
MOJIOKEHUH paBHOBeCUsI? ByJIeT JiM 3TO paBHOBECUE YCTOWUYHUBBIM?
7. Tonkas HUTh JyIMHOU [ = 20cM paBHOMEPHO 3apsiKeHa C JIMHEWHOHN TUIOTHOCTBIO T =
10 aKn/m. Ha paccrossuuu a = 10cM OT HUTH, IPOTUB €€ CEPEIUHBI, HAXOIUTCS
toueuHbldd 3apsan O = 1 uKn. Beruucnauts cuity F, IeMCTBYIOLIYIO Ha 3TOT 3aps]l CO
CTOPOHBI 3apsKEHHON HUTH.
8. B BepmmHax mpaBWIBLHOIO MIECTUYTOJBHUKA CO CTOPOHOM a=10 C¢M pacrogokKeHbI
ToueuHele 3apsaabl O, 20, 30, 40, 50, 60 (0=0,1 mxKn). Haiitu cuny F,
JNEUCTBYIONIYI0 HAa TOYEUHBIM 3apsiag (), JekKalWil B IUIOCKOCTU IIECTUYTOJIbHUKA,
PaBHOYJAJIEHHBIN OT €T0 BEPILIVH U paBHbIN 3apsaay Q.
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9. ToHKMI JJIMHHBINA CTEPKEHb PABHOMEPHO 3apSKEH C JIMHEWMHOW IJIOTHOCTBIO T
3apsna, paBaoi 10 MmxKn/m. Ha mpogomxkenun ocu crepxHs Ha pacctossHun a=20 cm
OT €ro KoHLa HaxoautTcs ToueuHbld 3apan O = 10 vKn. Onpenenuts cuity F
B3aMMOJIEHMCTBUS 3aPSIKEHHOTO CTEPIKHS M TOYEHHOTO 3apsia.

10. Paccrostnue mexay aByms ToueuHbIMH 3apsaamMu O=1 MxKi nu (0> = - O paBHO
10 cm. Ompenenute cuny F, nedcTByromyro Ha TodeuHbld 3apan (=0.1 MK,
YAAQJIEHHBIN Ha 1= 6 CM OT IIEPBOIO U HA =8 CM OT BTOPOI'O 3aps0B.

11. ToHkue cTepkHU 00pa3yrOT KBaipaT CO CTOPOHOM JUIMHOU a. CTepKHU 3apsyKEHBI
¢ JInHeNHOo! m1oTHOCTHIO T = 13 HKi/M. Haiitu noteHuuan ¢ B ieHTpe KBajapaTa.

12. 3apsin pacripejiesieH paBHOMEPHO M0 OECKOHEYHOW MIOCKOCTH C MOBEPXHOCTHOM
wI0THOCTEIO ¢ = 10 HKi/M®. Onpenenurs pa3HOCTh NOTEHLIHUANOB AQ IBYX TOYEK
10JIsA, OJIHA U3 KOTOPBIX HAXOJIUTCS Ha IUIOCKOCTH, a JApYyTas HaXOJUTCS HANPOTUB U
yAajieHa OT IUIOCKOCTH Ha paccTtosHue d = 10cM.

13. JIBe OeckoHEUHbIE MapalieIbHbIe MIIOCKOCTH HaXoAsaTcs Ha pacctosHud d = 0,5
CM JOpyr or Japyra. Ha IJIOCKOCTSX paBHOMEPHO paclpelesieHbl 3apsibl C
HOBEPXHOCTHLIMU IIOTHOCTAMU o1 = 0,2 MkKi/M* u 0, = 0,3 MxKn/m?. Onpenenuts
pa3HOCTh NOTEHIMANIOB U MEX 1y IIIOCKOCTSIMH.

14. CTto OAMHAKOBBIX Kalejlb pPTYTH, 3apsDKCHHBIX 10 mnoreHnuana @=20 B,

CIIMBAIOTCS B OAHY 00JbIIYI0 Karuiio. KakoB moteHIuan ¢, o0pa3oBaBIIeiCs Karuin?
15. JIBe 6eckoHEeUHbIE TapaJljiebHbIC MIIOCKOCTH HAXOISATCS HA pacCTOSHUM d=1 cMm
apyr ot apyra. IITOCKOCTH HECyT paBHOMEPHO pacHpeeS€HHBIE IO IMOBEPXHOCTAM
3apaael ¢ miotHocTamMu 01=0,2 MxkKn/M®> u 06,=0,5 mxKin/m>. Haiitu pasHOCTB
noTeHuaioB U Mexy TUIaCTUHAMH.

16. beckoHEYHO IMHHAS TOHKAs MpsAMas HUTh HECET PABHOMEPHO PACIPENEIICHHBIN
N0 JJIMHE HUTH 3apsal ¢ JuHeHoW mioTHocThio 7=0,01 MkKn/M. Onpenenutsb
Pa3HOCTh MOTEHIMAIOB A@ IBYX TOYEK MOJIs, YAAICHHBIX OT HUTU Ha 1 = 2CM U 1, =
4cM.

17. OnpenenuTs NOTEHIMATBHYIO SHEPTHIO [/ CUCTEMBI YEThIpEX TOUEUYHBIX 3apsOB,
PacCIIONOKEHHBIX B BEpPUIMHAX KBaJpara cO CTOPOHON mnumHOM a = 10cM. 3apsiabl
OJIMHAKOBBI 110 a0comoTHOMY 3HaueHuto O = 100K, HO 1Ba U3 HUX OTPULIATEIBHBI.
PaccmoTpeTs 1Ba BO3MOXKHBIX CiIydas paclojioKeHUs 3apsiioB.

18. KakoBa moTteHuuanbHass sHEprusi [/ CUCTEMBbl YETHIPEX OJIMHAKOBBIX TOYEUHBIX
3apsiioB QO = 100K, pacnoyioxeHHbIX B BEPIIMHAX KBaJpaTa co CTOpoHOU a = 10cM?
19. Haittu noTteHuuanbHyt0 3HEprut0 I/ CUCTEMBI TpPeX TOYEUYHBIX 3apsijgoB (O =
10uKn, O, = 20uKn u Q; = —30 uKi1, pacnonoxeHHbIX B BEPIIMHAX PABHOCTOPOHHETO
TPEYTOJIBHUKA CO CTOPOHOM JIMHOU a = 10 cm.

20. BpiurciauTh MOTEHIMATIBHYIO SHEPTUIO [/ CUCTEMBI ABYX TOUYEUHBIX 3apsioB O =
100 uKn u 0> = 10 5K, Haxonsmuxcs Ha pacctossHuu d = 10 cM 1pyT OT Apyra.

21. IBa xonaeHcaropa snekrpoeMkocTsiMu C; = 3MKD u C; = 6MKk® coeauHEHBI
Mexay coboil u npucoenunensl k 6atapee ¢ 9JC E = 120B. Onpenenuts 3apsiabl O,
u (O, KOHAEHCATOPOB U pa3HOCTU noteHumanoB U, u U, Mmexay ux oOKIaiIkaMu, €Ciu
KOHJICHCATOPbI COEIMHEHBI: 1) MapasienbHo; 2) MOCieA0BaTeNbHO.

22. Konnencarop snektpoemMkocthio C; = 0,2Mk® Obul 3apsiKeH 10 Pa3HOCTH
noteHuuanoB U, = 320B. Ilocie Toro kak €ro COeIMHWINA MapajiIeIbHO CO BTOPBIM
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KOHJICHCATOPOM, 3apsiKEHHBIM JI0 pa3HoCcTU noteHuuanoB U, = 450B, nanpsbkenne U
Ha HeM n3MeHmIoch 10 400B. Beruucnuts eMkocTh C; BTOPOT0 KOHJIEHCATOPA.

23. Kongencarop snekrpoemkoctbio C; = 0,6 Mk® Obul 3apspkeH 0 pPa3HOCTH
noreHmanoB U; =300 B u coenuHeH co BTOPBIM KOHAEHCATOPOM 3JIEKTPOEMKOCTHIO
C, = 0,4 MK®, 3apspKEHHBIM 10 pa3HocTH noteHnuanos U, = 150 B. Haittu 3apsan AQ,
NEPETEKIINI C MJIACTUH MEPBOT0 KOHAEHCAaTOpa Ha BTOPOM.

24. Tpu OAMHAKOBBIX IUIOCKUX KOHAEHCATOpPA COEAUMHEHBI MOCJIEA0BATEIbHO.
Onektpoemkocts C  Takoil Gatapeu konaeHcaTopoB paBHa 89 nd. Ilnomaas S
Kaxx10# miactunbl pasua 100 cm®. J{uonekrpuk — crekino. Kakosa tommmna d crekna?
25. DnexTpuueckoe moie co3aano 3apstkeHHou (Q = 0,1 mxKu) chepoit paguycom R
= 10 cm. KakoBa sHeprust W mnosnsi, 3akiitoueHHas B 00beMe, OrpaHuueHHOM chepoil u
KOHIIEHTPUYECKOW ¢ Hel cepruueckoil MOBEpXHOCTHIO, PauyC KOTOPOW B JBa pasza
OombIIe paguyca cepsl.

26. Mexy nmiacTUHAMU IJIOCKOTO KOHAEHCATOpa HAaXOJUTCS IJIOTHO MpUJIEraroast
CTEKJIsIHHAA IIacTuHKa. KoHaeHcarop 3apsbkeH 10 pasHocTy noreHuuanos U, = 100
B. KakoBa Oyner pa3HoCTh NOTEHUHATOB U, €CIu BBITAUIUTh CTEKIISIHHYIO
IJIACTUHKY U3 KOHJIeHcaTopa?

27. DnexktpoeMkocTh C MUIOCKOro KoHAeHcatopa paBHa 1,5 mk®. Paccrosuue d
MEeXAy MjacTuHaMu paBHO 5 mMM. KakoBa Oynet anektpoeMkocTh C; KOHAEHCATOpa,
€CJIM Ha HUKHIOIO TUTACTUHY TOJIOKHUTH JIMCT Y00HUTA TOJNIIUHON d) = 3 MM?

28. B mockuil KOHAEHCATOP BABUHYJU IUIMTKY mapaduHa tommuHod d = 1 cwm,
KOTOpasi BIUIOTHYHO MPUIIETA€T K €ro IuiacTuHaM. HacKoJIbKO HYXKHO YBEJIHYUTH
PACCTOSIHUE MEXTY TUTACTUHAMH, YTOOBI TIOJYyYUTh MPEKHIOI €MKOCTh?

29. llap pagunycom R;=8 cm 3apsipkeH a0 noreHuuana ¢,=500 B, a map paguycom
R>=4 cMm - no norenmmana ¢>=300 B. OnpenenuTs NoTeHUHAN ( MIAPOB MOCIE TOTO,
KaK WX COCIUHWIM METAUIMYECKUM MPOBOJAHUKOM. EMKOCTBIO COEIUHUTEIBHOTO
MPOBOIHUKA MPEHEOPEYb.

30. Iap paauycom R=6 cM 3apstxeH a0 noreHuuana ¢;=300 B, a map paguycom
R>=4 cm — 5o norennmana ¢,=500 B. Onpenenuts nMoTEHIMAN ¢ MIAPOB MOCIE TOTO,
KaK WX COCIUHWIM METAUIMYECKUM MPOBOAHUKOM. EMKOCTBIO COETUHUTEIBHOTO
MIPOBOJIHUKA MPEeHEOPEYb.

31. Bpruucnouth 3Hepruto W 31eKTpOCTaTUYECKOTO TMOJiI METaUIMYeCcKOro Iiapa,
KoTtopomy coobtieH 3apsn QO = 100 aKi, ecu auametp d mapa pasex 20 cm.

32. IlnactuHy U3 500HKUTA TOIIMHON d = 2 MM 1 mromanpio S = 300 cM” moMecTuIu
B OJTHOPOJHOE DJIEKTPUUYECKOE MOJIe HanpsKeHHOCThI0 £ = 1 kB/M, pacnonoxuB Taxk,
YTO CWJIOBBIC JIMHWU MEPHECHIUKYISIPHBI €€ IJIOCKOW moBepxHocTu. Haiitu: 1)
IUIOTHOCTh O CBSI3aHHBIX 3apsiIOB HAa TMOBEPXHOCTH IUIACTHH; 2) 3Hepruro W
IIEKTPUYECKOIO I0JIs1, COCPEAOTOUEHHYIO B IUIACTHHE.

33. DnekrtpoeMkocth C 1uiockoro KonaeHcatopa paBHa 111 n®d. [lusnexTpuk —
dapdop. Konnencarop 3apsaaunu 10 paznoctu noreHuuanos U = 600 B u otkirounim
OT UCTOYHUKa HamnpspkeHus. Kakyro paboTy 4 HY>KHO COBEPIINTH, YTOOBI BHIHYTH
JTURJIEKTPUK U3 KOHJeHcaTopa? TpeHue npeHeOpexxuMo Majo.

34. Konpgencaropsl snektpoemMkocTsiMu C; = 1 Mk®, C;, = 2 Mk®, C; = 3 Mx®
BKJIIOUEHBI B 1enb ¢ HampsbkeHuem U = 1,1 kB. Onpenenuth 3HEPrUI0 Kaxjaoro
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KOHJIEHCATOpa B clydasx: 1) mociaegoBaTEIbHOTO UX BKJIIOYEHUS; 2) NMapauieIbHOrO
BKJIFOUEHUS.

35. Kongencatop »snekrpoemMkoctero C; = 666 nd® 3apaaunud 10 pPa3HOCTH
noteHuanoB U = 1,5 kB 1 oTKIro4MIM OT HCTOYHMKA TOKA. 3aT€M K KOHIAEHCATOPY
IPUCOEAUHUIN napajuiesIbHO BTOPOW, He3apsHKEHHBIN KOHJICHCATOP

anektpoeMkocTbio C; = 444 n®d. Onpenenuts SHEPrUI0, U3PACXOJOBAHHYKO Ha
o0pa3oBaHKE UCKPBI, MPOCKOYMBIIECH MPU COEAMHEHUN KOHIEHCATOPOB.

36. IInockuii BO3AYLIHBINA KOHAEHCATOP 3JeKTpoeMKOCThi0 C = 1,11 H® 3apsikeH 1o
pasHoctu noreHuuasnioB U; = 300 B. Ilocne oTkiIrO4YeHUST OT MCTOYHHMKA TOKa
paccTosiHME MEXAYy IJIJaCTUHAMU KOHJIEHCAaTOpa ObUIO YBEJIMYEHO B MATh pas.
Omnpenenuts: 1) pasHocTh moreHnuanoB U Ha 0oOKIajKax KOHJIEHCATOpPA IMOCITE UX
pasnBKeHus; 2) paboTy 4 BHEIIHUX CHUJI IO Pa3ABMKEHUIO TIACTHH.

37. Ilnockuil BO3AYIIHBIM KOHAEHCATOP COCTOMT W3 JBYX KpPYIJIBIX IUJIACTUH
pamuycom r = 10cm kaxnas. Paccrosinue d; Mexay miacTUHaMM paBHO 1 cMm.
Konpencarop

3apsiAWIIN 10 Pa3HOCTHU NMOTeHImManoB U = 1,2 kB U OTKIIOYMIM OT UCTOYHUKA TOKA.
Kakyto paboty A4 HyXHO COBEpIIMTb, YTOOBI, yAasisd IUIACTUHBI APYr OT Jpyra,
YBEJIMYUTEL PACCTOSHUE MEXKITY HUMU 10 d» = 3,5 cM*?

38. Cuna F' NpUTSKEHUS MEXKIY IUIACTUHAMU ILIOCKOTO BO3AYLIHOTO KOHAEHCATOpPA
paBHa 50 mH. Ilmomane S kaxmoi miactuHsl paBHa 200 cm’. HaifTu mioTHOCTH
SHEPIruM W IO0Js1 KOHIEHCATOopa.

39. Kakoe Koau4ecTBO TEIUIOTHl () BBIACIUTCS MPU pa3psiie IIIOCKOr0 KOHAEHCATopa,
€CJIM Pa3HOCTh MOTEHUUANIOB MexAy IactuHamu U = 10 kB, ausnextpuk — citona u
wIomanb S Kax a0 miactuel pasa 100 cm™?

40. Kakoe koaum4yecTBO TEIIOTHl () BBLACIUTCS MPH  Pa3psKe IUIOCKOTO
KOHJIGHCATOpa, €CJIM Pa3HOCTh MOTEeHIMaloB U Mexay IjaacTuHamu paBHa 15 kB,
paccTostHue d = 1 MM, IUAIEKTPUK — CIIIOJIAa U IUIOLAAb S KaXKJI0W IUIACTHHBI paBHA
300 cm?

41. ToueuHslid AUNONL C ANEKTpuueckMM MoMeHToM p = 100 nKn'm cBoGoaHO
YCTAHOBUJICS B OJHOPOJHOM JJICKTPUUYECKOM I0JI€ HaAmpsiKeHHOCThIO £ = 9 MB/Mm.
Jlumions MOBEpPHYJIM HAa MaJlbli yroia M NpeaocTaBuid camomy cebe. OmnpenaenuThb
YacTOTy V  COOCTBEHHBIX KOJICOAHUN NOUIOJNS B DJIEKTPUYECKOM Tojie. MOMEHT
VHEpUUU J JUNOJISI OTHOCUTEIBHO OCH, MPOXOIAIIEH 4Yepe3 LIEHTP AWMMOJISI, PaBEH
410" xr-m”.

42. lunions ¢ snekTpuuyeckuM MoMeHToM p = 100 nKirM cBoOOAHO ycTaHOBUIICS B
OJIHOPOJHOM DJJICKTPUYECKOM ToJie HampsbkeHHOCThI0 E = 10 kB/m. Onpenenuth
M3MEHEHUE MOTEHIUAIBHON dHeprur AT JUIOIs IIPU IIOBOPOTE €ro Ha yroia o = 60°.

43 Jlunionsb ¢ snexTpudyeckuM MoMeHToM p = 100 nKii-mM cBoO0oAHO ycTaHaBIMBaeTCs
B OJIHOPOJHOM 3JIEKTPUUECKOM T0JIe HampspKeHHOCThio E = 150 kB/M. Berauciauth
paboTy A, HEOOXOAUMYIO IS TOTO, YTOOLI TOBEPHYTH AMITOJb Ha yroa o = 180°,
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]
44.0OnpeieuTh HANPSHKEHHOCTh £ W MOTEHLMAN ¢ TOJs, CO3JaHHOTO TOYEUYHBIM
aurioneM B Toukax A u B. Ero anektpuyeckuii MomeHT p = | nKn'm, a paccrosinue r
oT ToueK A u B 110 nentpa aunosst paHo 10 cm.( cMm.puc).

45. Paccrosinue [ mexny 3apsgamu Q= +£3,2 vHKn aunons paBHo 12 cm. Haittu
HaIpPsHKEHHOCTh E W MOTEHIMAN ¢ TOJis, CO3JIaHHOTO JTUIIOJEM B TOUYKE, yJAAJICHHOM
Ha 7=8 CM KaK OT MEPBOro, TaK U OT BTOPOTrO 3apsa.
46. ]IBa TOYEUYHBIX JTUIOJS C JIEKTPUUECKUMHU MOMeHTamu p; = 1 nKnm u p, = 4
nKirM HaxomsTcs Ha paccTossHUM » = 2 cM JApyr oT aApyra. Hailtm cuny wux
B3aUMO/ICVCTBUS, €CIIA OCHU JUIOJIEH JIEKAT HA OJTHOM MPSIMOU.
47. JIBa TOYEYHBIX AUMOJS C DJIEKTPUUECKUMU MOMeHTamu p; = 20nKimm u p, =
50nKn-m HaxonsTcs Ha pacctostHuM ¥ = 10 cM Apyr OT Jpyra Tak, 4YTO UX OCH JIeKaT
Ha OJHOM MNpsMOM. BplUHCINTE B3aMMHYIO IOTCHUMAIBHYH) SHEPIUIO HUIIOJNEH,
COOTBETCTBYIOIIYIO UX YCTOWYMBOMY PAaBHOBECHIO.
48. Onpenenuts HaNPSHKEHHOCTh £ Y MOTEHIUAI (p TOJIs, CO3JaBAEMOI0 TOUYECUHBIM
JUIIOJNEM C JJIEKTPUYECKHMM MOMEHTOM p = 4 nKiM Ha paccrosHuu » = 10 cMm ot
IEeHTpa JWIONSA, B HAIpaBICHUH, COCTABIAIOIIEM yrol «a = 60°C BEKTOpOM
AIEKTPUYECKOTO MOMEHTA.
49. Onpenenutb 3iekTpoeMkocTh C  3eMiu, IpUHUMAs €€ 3a Map paguycoMm R =
6400 kM.
50. Mexnay nacTMHAMM IUIOCKOIO KOHJIEHCATOpA, 3apsHKEHHOrO0 10 Pa3HOCTH
noteHuuanoB U = 600 B, HaxoasaTcs ABa C0si TUAJIEKTPUKOB: CTEKJIA TOJNIIUHON d; =
7 MM 1 500HUTA TOIMMHON d> = 3 mM. [Imomane S Kaxxa0i MmIacTUHBI KOHAEHCATOPA
pasua 200 cm’. Haiitu: 1) snekrpoeMkocts C KOHIEHCATOPA; 2) DIEKTPHUYECKYIO
UHAYKIMIO (cMmenieHue) D, HanpsKeHHOCTh E 1ojis U majeHue moTeHnuana Ag B
KQXJIOM CIIO€.
Pexomenoyeman numepamypa:

Ocnoenas numepamypa:

1. Tpopumona T.U. Kypc dpuszuku.— M.: Beicias mikona, 2012 r.
2. Tpodumosa T.M. , TlaBnoa 3.I'. COopHHK 3amad mo Kypcy (u3UKH C

pemeHusMu. YueOHoe nocodue /sl By30B — 4-¢ uzmaanue, - M., Boicimas mikona,
2010 T.
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3. Yepros A.I'. 3agaunuk no ¢usuke. — M., Beicmras mkoma, 2010 r.
Jlononnumensvhan aumepamypa:

1. A.B.CuByxun. O6umwmii kypc ¢pusuku. M.: DUSMATIIUT. 2008 r.

2. I'pabdosckuii P.U. Kypc ¢pusuku. — CII6, 2005 r.
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Ilpakmuueckoe 3anamue 5

Tema 5. IlocTOSIHHBII 3J1eKTPUYECKUH TOK. OCHOBHBIE OHATHS IOCTOSTHHOTO
JJEKTPUYECKOT0 TOKA U 3aKOHBI, €T0 ONUCHIBAIOIIHE.

lle./lb 3anamus: PaCCMOTPETb OCHOBHBIC 3aKOHBI ITOCTOAHHOI'O TOKA.

3unanun u ymenus, npuodopemaemple CnyoeHmom 6 pe3yibmamne 0C60EHUA NeMbl,
dopmupyemvie kKomnemenyuu:
3HAHUSA - OCHOBHBIX 3aKOHOB MIOCTOSIHHOTO TOKA;

YMCHHUA — IIPUMCHATD ITOJIYYCHHBIC 3HAHWA IIPpU PCUHICHUHN 3a/1a4.

AKmyansHoCcmbs memsl 3aHAmMuUA: JaHHAs TeMa SIBIIIETCS BeCbMa aKTyallbHOW, Tak
KaK MO3BOJISIET M3y4aTh OCHOBHBIE 3aKOHBI MOCTOSIHHOTO TOKAa B UX B3aWMOCBSI3H,
dbopMupoBaTh HABBIKM MPUMEHEHUS 3aKOHOB IOCTOSHHOTO TOKAa K TI'PaMOTHOMY
HAay4YHOMY aHaJIU3y CUTYallHil, C KOTOPBIMHU MIPUXOIUTCS CTAJKUBATHCS MIPU CO3/IaHUU
HOBBIX TexHoJioruil. Kpome Toro, oHa crnoco0cTByeT (HOPMUPOBAHUIO y CTYJICHTOB

OCHOB €CTECTBEHHOHAYYHOW KapTUHBI MUPA.

Teopemuueckuii mamepuai no meme:

d
CuJjia ToKa ==L
dt
. dl
IL1oTHOCTH TOKA J=—.
ds
3akon Oma:
N - = E
6 ougpepenyuanvrol popme J =YE =—;
0
5 U
8 UHMe2panbHOU hopme 1 :E’

/1€ y — yAeJbHasi IPOBOAUMOCTb, p — YAEIbHOE cONpoTuBieHnEe, U — HanpsHDKeHUe Ha
KOHIIAX [IeNH, R — CONPOTUBIIEHUE LEMH, j— IUIOTHOCTh TOKA.

JJIEKTPOABMKYLIASA CHJIA E =——=
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rae A, — paboTa CTOPOHHMX CHUII 110 NMEPEMENIEHHIO 3apsia Ha 3aMKHYTOM yYaCTKE
uenu. O — BeJIMUUHA 3apsijia.

Hanpsixenne U, =n- o tE,
re % U ¢, — IOTeHIUANbI AByX Touek nern, E — DJIC yyacTka, U, — HalpspKeHHeE.

Pa6oTa ToKa dA =IUdt =I’Rdt Z%dt .
2
MOUIHOCTh TOKA P :CCZZ—I;I =IU =I’R :%,

rae [ — cuia Toka, U — HanpsbkeHue, R — CONPOTUBIICHUE.

IIpaBuia Kupxroga

1-e. AnreGpanyeckasi cyMMa TOKOB CXOISIIIMXCS B y3Jie pABHA HYJIIO: 2 =0,
K

2-e. AiredOpanyeckasi CcyMMa IPOM3BeAeHNH CUJI TOKOB /; Ha conpoTuBJIeHue R;
COOTBETCTBYIOIIMX YYACTKOB KOHTYpa paBHa ajredpandeckoii cymme DJICE ||

BCTPEYAIOIIHNXCH B KOHTYpe: Z LR :ZEi ,

re 1— HOMEp 3JIEMEHTA.

IlnoTHOCTL TOKA j, CcpenHss cxopocn,<v> YHOPSAA0YEHHOI0 JBHKEHHUS

HOCHUTeJIel 3aps/ia U MX KOHLUEHTPALMsl # CBSA3aHbI COOTHOLIEHUEM j =¢€ ‘7l <17> R
TJ€ e — DJIEMEHTAPHBIN 3apsi/Il.

3akon [Ixoyuas — Jlenua:

o dW g 2 E2
6 oughepenyuanvroll popme o =JE =yE” =—;
0
U2
8 UHMe2PAabHOU (hopme dQ =1Udt :?dl =I’Rdt.
p -
ConpoTuBJieHHEe 0JHOPOHOTO NMPOBOTHHKA R ZT,

Tac [ — JJIMHa IIPpOBOAHHWKA, S— jiomanab €ro nmomnepeyYHoro CCUCHUsI.

1
YaeabHast 3JIeKTPpHYecKasi IPOBOAMMOCTD y 2582 n 1)/ (mu),

I7I€ e U m — 3apsij U Macca 3JIeKTPOHa, 7 — KOHUEHTpAIUs JIEKTPOHOB, <l > - CpenHsist
JUTMHA UX CBOOOTHOTO TIpOo0Oera, u# — CpeaHsIsl CKOPOCTh UX XaOTUYECKOTO JABUKCHUSI.

Ak
3akon Bugemana—®panna —=35T,
y e
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/i€ A — TeIUIONPOBOJHOCTh, k — mocTosiHHas bonbimana, 7 — TepMoanHaMudecKas
TeMIeparypa.

3aBHCHMOCTD Y/I€JIbHOTO CONPOTUBJICHNS OT TeMIIEPATypPbl p =p,(1+at),

IJIe 0. — TEMIIePATyPHBIN KOA(DPUIIMESHT CONTPOTUBIICHUS, ¢ — TEMIIepaTypa IO IIKaje
Ienbcus.

TepMo03/1eKTPOABMAKYIASA CHJIa, BOSHHKAIOIMIMX B TepMonape E =« ( T - TZ) ,
rae o — yaenbHas TepmoI/IC, 71 — 7> — pa3HOCTh TeMIEpaTyp CIaeB TEpMOMaphl.

3akonbl j1ekTpoau3a @apanesn:

Ilepsvblii 3ak0H m=k -Q,
IJIe m — Macca BBIICTUBIIETOCS HA JJIEKTPOJIE BEIIECTBA MPHU MPOXOXKIECHUU UYepe3
AJIEKTPOIUT DIEKTPUYECKOTO 3apsiga (J, k — DICKTPOXUMUYECKUA HSKBUBAJICHT
BELIECTBA;
Bmopoti 3axon k Zi,
FZ
kK

rae F-mocrostanas @apanes (F =96,5 ), M — MomnsipHas Macca BeIlecTna,

MOJIb
/— BAJIEHTHOCTH MOHOB.

IMoaBu:KHOCTL HOHOB b —<U>/ E,
rae E — HanpssKeHHOCTD JIEKTPUUYECKOTO MOJIS.

3akon Oma Jisl 2JIEKTPOJIMTOB j =0 n{b, +b) E ,
rae O — 3apsa MoHa, n— KOHLECHTpAlus b+ U b- — MOJBMKHOCTH HOHOB.

IInoTHOCTH TOKA HACHILICHUS Jue =0 1y d
I Mo — YUCIO TMap MOHOB CO3/1aBa€MbIX TOJIEM B €IUHUIE O0beMa B EAUHUILY
BPEMEHHU, d — PACCTOSHHUE MEXY IEKTpoaamu (7 :W , Te N — 4ucio nap MOHOB,
V —o0bem, t— Bpems).

Ilpumepuvl pewsenusn 3a0au

3apaua 1. Jlanwr 12 snementoB ¢ O/IC E =1,5 B U BHyTpEHHUM CONPOTUBIICHHUEM
r=0,40M. Kak HYXHO COEIUHUTH 3TU D 1\,1_6;115_1,_?@1 MOJIYYUTh OT COOpaHHOU U3
HUX OaTapeu HauOOJIBIIYIO CHITYy TOKA BO BHEIIHEHN IENU, UMEIOIIECH COMPOTUBIICHUE

R=0,3 Om?| Omnpenenursb MﬂKCHM&HL}H{ﬁF) }GHHy—T{—)|Ka—Imlax.
Jano: - |
-]
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N=12

E =158

r=0,4 Om
R=0,3 Om

Imax = ?

[Ipenmonoxum, 9YTO COCAMHEHUE COCTOMT W3 m MapajuIEIbHO COEAUHEHHBIX
BETBEH II0 7 TOCIEI0BATEIbHO COCAMHEHHBIX JJIEMEHTOB B KaXJoW (CM. pucC.).
OueBunno, N =m -n , Ilpu nocnenoBarenbHoM coequHeHn DJIC 1 BHYTpEHHETO
COIPOTHBIEHHMS JIIEMEHTOB CKJIaabIBatoTCs; mosromy DJIC xaxmoi Beteu E; =nE |
a BHYTPCHHCC COIIPOTUBJIICHUE ' =71 1",

[Ipu mapamienbHoM coenuHenud E cucremsl paBHa E  oTnenbHOro anemMeHTa u

1 m 1
- = Z e Cnenosatensno, DJIC coenunenns pasna DJIC ornensHoii Betsu E . =E
c 1 i

r
d BHYTPCHHEC COIMPOTUBICHHUEC COCANHCHUS I/'(v ==L,

m
nr
Taxum o6paszom, mist 6Gatapeu snemenToB umeeME . =n E u r =—.
m
ITo 3akony OMa 17151 3aMKHYTOM LENH MOTyYrM
s EL »nE _nnE _ NE
re+RNC o nr+mRoonor+mR (1)
m
N
Tak kak N =m ‘n W n =— |, TO OKOHYATEIHHO IMOJTYyUUM
m
N E MNE m
= N “Nr+mR @)
—r+mR rem
m
Uccnenyem Ha skcTpeMyM (yHKUHIO [(m), IpecTaBIeHHYI0 (hopmyJioil (2).
) AE m " NE {Nr+m*R)- NE -m {2mR)
I'(m) = ,, ] = 3 (3)
Nr+m°R ( Nr+m2R)

NE (Nr+m*R)- 2NE -m’R
[IpupaBuuBas (3) K HYJIIO =

( Nr + mzR)2 ’
HaliIeM MaKCUMaJbHOE 3HaueHue m. B pe3yibrare 1noayyum
Ni 12 -0,4 12
:\/ I/': 2 :491/1 n:E:—::S
R 0,3 m 4
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Takum oOpazoM:
ME 12 -1,5
[11121)& — — :77 5 A
nr+mR 3-:0,4+4-0,3
OTBET: COEIMHEHNE COCTOUT U3 YETHIPEX BETBEM IO 3 MOCIEIOBATEIBHO
COCIUHEHHBIX DJIEMEHTOB, MAaKCUMAaJIbHBINA TOK 7,5 A.

3apaya 2. [lpu cune toka [,=3 A Bo BHeEmHeH menu Oarapen aKKyMyJsiTOPOB
BbIJIeNIA€TCA MouIHOCTh P1=18 Bt, npu cune toka L,=1 A — coorBeTcTBEeHHO P,=10
Bt. Onpenenuts 3JIC E 1 BHyTpeHHEE CONPOTUBIIEHUE 7 OaTapeH.

Hano:

=3 A Tak xkak MomHocTh P =1 U, To HanpsbKeHUE B IIEPBOM Cllydae
P P
P=18 Br | U, ==, aBosropom U, =—*.
I] ]2
. E
L=1A N3 3akona OMa jy1st 3aMKHYTOH 11enu - [ :R :
+r
P>=10 Bt | U3 npuBeneHHBIX BHIIIE PABEHCTB CIEAYET
E =?
i
r=7? E =/r+U, E =[r+—
= !
b
E =lr+U, E =lLr+—=
]2
Lr +ﬁ =Lr+ L r _ Lo Bl =20m
1, A [llz([l- [2) ’

P
u E zllr+[—‘:12B.

1

3angaua 3. [1o xxene3HoMy IPOBOJHUKY, 1MaMeTpoM d = 0,6 MM, TeueT Tok 16 A.
OnpenenuTs CPEAHIOI0 CKOPOCTh <U> HAIPABJICHHOTO JIBUKEHUS SJIEKTPOHOB,

cuuTast, 4TO KOHICHTPAlIHA 7 CBO6OI[HBIX 9JICKTPOHOB paBHAa KOHUOCHTPAIWH n’
dTOMOB IIPpOBOJHHKA.

| 2
Jlano: / D—> J@ﬁ*
d=0,6 MmM=6-10"M « =
’11=:12,A / o sl

()=

CpenHsisi CKOPOCTh YHOPSAJI0YEHHOTO JIBUKEHUS AJIEKTPOHOB

(1) = 0

t
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rJi€ ¢ — BpeMs, B TEYEHHE KOTOPOTO BCE CBOOOIHBIE SJIEKTPOHBI, HAXOIAIIUEC MEKLY
ceuenusaMu 1 u 2, mpolins cedenue 2 (cM. puc.), mepenecyt 3apan & =e -N | cosnasas
TOK CHJION

eN
=22 @
t !
I7I€ e — d3JEMEHTapHbIN 3apsa], N — 4UCII0 3JIEKTPOHOB NMPOBOJHUKA, [ — €ro JIMHA.
OueBUIHO YUCIIO JIEKTPOHOB N=nV=n-l-S
3)
rae V- oowvem, a S — mionaaes cedeHus npopoanuka. [lo ycinosuro, n=n’,
CJIeI0BaTEIbHO
, N N N, -
n=n = A = A ju— A p (4)
KTI M / /0 M ’
3 KT
rae N, —4ucio ABoraapo, p — IWIOTHOCTh xkenesa | 0 =7,87 10" — |,
M
3 KT

M — monspuas macca xeneza | M =56 -10

MOJTb

[Toncrasinss (4) B (3), a 3aTeM B (2), OKOHYATENHHO MOTYYUM
]:NA 0l -S e
Mt
/= IMt
OTKYyJia =
A N, pSe
2
zd
[loacraBum nostyueHHoe BbipaxkeHue B (1), cuuras, uro S =——,
[Tocne nmpeoOpazoBanus Hailem, 4TO
4IM 4165610 5 ,

<p> — = =42 10 "Mm/c =4,2 mM/C

ad’N, p-e 314{6107) 6.0-10% 7.87 10° 1.6 10°*

Bonpocwt u 3a0anusn:
Bonpocwt 01a camokonmpon:

1. ITOCTOSTHHBIN ANEKTPUUYECKHUII TOK M €ro XapaKTepUcTHKU. 3akoH Oma aJis
y4acTKa LemHu.

2. Croponnue cuibl. OnektpoaBwxkymas cuna (9JC). 3axkon Owma pns
3aMKHYTOH LIECTIH.

3. Pabota u MoiHOCTb TOKa. 3akoH J>koyis - JIeHna.

4. O0o006wmeHHbI 3akoH OMma. [IpaBuna Kupxroda.

5. DIIEKTPUYECKHN TOK B METAJIJIAX.

6. Kinaccuueckast Teopusi 3JIEKTPOIPOBOHOCTH. TepMO3JIEKTPOHHAS! YMUCCHSL.

7. Tok B rasax.

8. Tok B )KUOKOCTHAX.
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3aoanusn:

1. Tpu 6arapeu ¢ D1C E;=12 B, E;=5 B u E; = 10 B 1 onHaKOBBIMU BHYTPCHHUMH
COMPOTHUBJICHUSIMU 7, paBHBIMU 1 OM, COeIMHEHBI MEXIy CO0O0W OJHOMMEHHBIMU
nontocam.  CONPOTUBIEHUE COEAVMHUTEIBHBIX IPOBOJAOB HUYTOXKHO  MAlo.
Onpenenuts CUiIbl TOKOB /, UIYIIUX Yepe3 Kaxaylo Oarapero.

2. JlBe rpynmbl M3 TpEX MOCIEAOBATEIBHO COEAMHEHHBIX 3JEMEHTOB COEIWHEHBI
napamtensHo. DJIC E xaxmoro snemenTa paBHa 1,2 B, BHyTpeHHEe CONPOTUBIICHHE
r = 0,2 Om. [Tomyuennas 6atapesi 3aMKHyTa Ha BHEIIHee conpoTuBieHue R = 1,5 Om.
Haiitu cuny Toka / BO BHENIHEHN LIETIH.

3. BHyTpeHHee conpoTHUBIEHHE r OaTraped akKymyJsaropoB paBHO 3 Owm. CKoJbKO
IPOLIEHTOB OT TOYHOro 3HaueHus DJIC cocTaBisieT MOrpemHOCTh, €Cld, U3Mepss
Pa3HOCTh MOTEHIMANIOB Ha 3aKMMaXx OaTapeu BOJBTMETPOM C CONPOTUBIIEHUEM Rp =
200 Om, npunsTh €€ paBHor DC?

4. 3amyHTUPOBAHHBIN amriepMeTp usMmepsier Toku cuinol no I = 10 A. Kakyro
HauOOJBIIYI0 CHJIy TOKa MOXET H3MEpPUTh JTOT aMmIepMmeTp Oe3 IIyHTa, eclu
conporuBieHue R, amnepmerpa paBHo 0,02 OM u conpoTuBieHue R, UIyHTa PaBHO
5 MOM?

5. Cuna Toka B IPOBOJHHMKE paBHOMEpHO HapactaeT oT /o = 0 1o / = 3 A B TeueHue
BpeMend ¢ = 10 c. Onpenenuts 3apsa O, NpOILICAIINNA B IPOBOIHUKE.

6. ansr 12 snementoB ¢ DJIC E = 1,5 B u BHyTpeHHUM conpotuBicHueM » = 0,4 Om.
Kak Hy»XHO COEIMHUTH 3TH 3JIEMEHTHI, YTOOBI MOJYYUTh OT COOpPAHHON U3 HUX
Oarapen HaMOOJBIIYIO CHITy TOKA BO BHEIIHEH II€MH, UMEIOIICH COMpOTUBIIEHUE R =
0,3 OMm? OnpeaenuTb MAKCUMAJIbHYIO CHILY TOKA Imax.

7. Jea osnementa (E=1,2B, »=0,10Mm; E,=09B, »=0,30M) cocauHCHBI
OJIHOMMEHHBIMU TotocaMu. ConpoTuBieHUE R COEAMHUTENBHBIX IPOBOJOB PAaBHO
0,2 Om. Onpenenuts cuily TOKa / B 1IeNH.

8. OmnpenenuTs CHIy TOKa KOPOTKOIO 3aMbIKAHHMS HCTOYHHMKA TOKa, €CIU MpHU
BHeIIHEeM conpotuBieHnd R;=50 Om cwia toka B uenu /,=0,2 A, a npu R,=110 Om
cuna toka B nenu ,=0,1 A.

9. Karyuika u aMrepMeTp CO€IMHEHBI MOCIEI0BATENBHO U MOJKIIOUEHbI K UCTOUHUKY
Toka. K 3a)krmaM KaTylIKM NMPUCOEAUHEH BOJBTMETP CONPOTUBICHHEM R,=1 KOM.
[Tokazanus amnepmerpa [=0,5 A, BoapTMerpa U = 100 B. Onpenenuts
conporuBieHue R karymku. CKOJBKO TMPOIEHTOB OT TOYHOTO 3HAYEHUS
CONPOTHUBJIEHUSI  KATYIIKM COCTaBUT IOTPEUIHOCTh, €CJIM HE  YYWUTHIBATH
CONIPOTHUBJIEHUS BOJIBTMETPA?

10. K ucrounnky Toka ¢ 9J1C E=15B IIPUCOEIUHUIN KaTylIKy C COIPOTUBJICHUEM
R=0,10M. AMnepmeTrp nokaszan cuiy Toka, paBHywo /[1=0,5 A. Koraa Kk UCTOYHUKY
TOKA MPUCOEIVHWIN NOCIENOBATENBHO €€ OJWH UCTOYHUK TOKa ¢ Takou xe D/IC,
TO cuja TOKa / B TOM ke Karylmke okazanach paBHoi 0,4 A. Onpenennts BHyTpEHHUE
CONPOTHUBJIEHUS 7| U 7, IEPBOTO U BTOPOr0 UICTOYHUKOB TOKA.

11. ITo mpoBogHuKy compotuBieHueM R = 3 OM TedeTr TOK, Cuja KOTOPOIO
Bo3pactaeT. KonuuectBo TemnoTsl O, BblACNUBILEECS B IPOBOJIHUKE 3a Bpemsi T =8 c,
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paBHo 200 /x. OnpeaenuTs KOJIMYECTBO dJICKTPUUECTBA ¢,IPOTEKIIEe 3a 3TO BpeMs
[0 NPOBOJAHUKY. B HauanbHBIII MOMEHT BPEMEHM CUJa TOKa B MPOBOJHHMKE paBHA
HYJIIO.

12. Cuna Toka B mpoBOJHUKE conpoTuBieHneM R = 12 OMm paBHOMEpHO yOBbIBaeT OT
Iy = 5A no I = 0 B teuenue Bpemenu ¢ = 10 c. Kakoe komnuectBo TemioTel O
BBIJICJIIETCS B 3TOM IIPOBOJHUKE 32 YKa3aHHbBIN IPOMEKYTOK BpeMEHU?

13. Cuna toka B mpoBogHUKE conpotuBieHneM » = 100 OmM paBHOMEpPHO HapacTaer
oT Ip = 0 10 Inax = 10 A B Teuenue Bpemenu T =30 c. Onpenenutrb KOJIUYECTBO
TEII0THI (J, BBIIETUBLIEECS 32 3TO BPEMs B IPOBOJHUKE.

14. Ilpu cune Toxa /, = 3 A BO BHEIIHEH Ienu OaTapen aKKyMyJISITOPOB BBILACISATCS
MomHocte P = 18 BT, npu cune toxka I, = 1 A — coorBerctBenHo P, = 10 Br.
Omnpenenuts D/IC E u BHyTpeHHEE CONPOTUBIICHUE 7 OaTape.

15. OOMOTKa 3JIEKTPUYECKOrO KHUIATUIBHUKA MMEEeT JBe cekuuu. Eciau BKitoueHa
TOJIBKO TIEpBasi CEKIIMs, TO BOJA 3aKUIAET uyepe3 ¢ = 15 MUH, eclii TOJIBKO BTOpasi, TO
yepe3 £, = 30 muH. Yepes CKOJIbKO MUHYT 3aKUIHUT BOJIA, €CJIM 00€ CEKIIMU BKIIOUUTH
nocnenoBarenbHo? [TapamienbHo?

16. K 3axxumam Oartapenm akKyMylIsiTOpOB mpucoenuHen HarpeBarenb. JJIC E
Oatapen paBHa 24 B, BHyTpeHHee comportuBieHue r = 1 Owm. HarpeBatens,
BKJIFOUEHHBIN B 1I€Mb, MOTpedseT MomHocTh P=80 Bt. Borunciuth cuiny Toka [ B
uenu u KII/] # narpeBarens.

17. BDJAC E o6arapeu pasHa 20 B. ConporuBiienne R BHENIHeH memnu paBHO 2 Owm,
cuna Toka I = 4A. Haiitu KIIJ[ Oarapeu. I[lpm kakom 3HA4Y€HHH BHEIIHETO
conpotusieHus R, KIIJ{ 6yner pasen 99%?

18. K oOarapee akkymynstopoB, DJIC E xkoropoii paBma 2 B u BHyTpeHHEe
conpotuienue r» pasHo 0,5 OMm, npucoeanHeH mnpoBogHUK. Ompexnenuts: 1)
CONPOTUBJIEHUE R TPOBOJHUKA, NPH KOTOPOM MOIIHOCTb, BBIJENIsSEMasi B HEM,
MaKCHMaJIbHa; 2) MOIHOCTh P, KOTOpasi IpH 3TOM BBIIEISAETCS B POBOIHUKE.

19. BJIC Oarapen akkymynsaropoB E =12 B, cwia Toka / KOpOTKOTO 3aMbIKaHUS
paBHa 5 A. Kakyio HauOOJBIIYI0O MOIIHOCTh Puax MOXHO TOJYYUTh BO BHEIIHEH
1IETH, COeIMHEHHON ¢ TaKoi O6arapeeit?

20. JlamMmoyka M peocTaT, COEAUHEHHBIE IOCJIEA0BATENbHO, IPUCOECIUHEHBI K
UCTOYHUKY Toka. Hamnpsbkenme U Ha 3axumax Jamnodku pasHo 40 B,
conpotuBicHue R peocrara paBHo 10 Om. BHemHss memnp nmotpediseT MOUTHOCTH
P=120 Br. HaiiTu cuny TOKa B LIETIH.

21. B MenHOM NpPOBOAHUKE JIMHOW /=2 M U IUIONIaAbI0 S MOMEPEYHOr0 CEUYCHMUS,
paBHoii 0,4 MM*, uzeT TOK. IIpr 3TOM €XKECEKYHIHO BBIAEIAETC KOIMIECTBO TETLIOTHI
0=0,35 [Ix. CkoapKo 25IeKTpOHOB N IPOXOAMUT 3a | CEKyHIy uepe3 IOonepedyHoe
CEUYEHHE HTOTO MPOBOJIHUKA?

22. TIIOTHOCTD TOKA j B MEHOM IPOBOJHUKE paBHa 3 A/MM*. HaliTu HanpsHKEHHOCTH
E snexTpudeckoro nosst B IpOBOJHUKE.

23. TIIOTHOCTH TOKA j B AJIOMUHHUEBOM IPOBOjE paBHa 1 A/mm’. Haiith cpeaHiomo
CKOPOCTh <0> yHOPSIAOYEHHOTO IBUKEHUS AJIEKTPOHOB, MTPEAINOIIAras, 4TO YHCIIO
CBOOOIHBIX JJIEKTPOHOB, MPEAINOJArasi, uTo 4ucio CBOOOJHBIX 3JIEKTPOHOB B 1 cm’
AJTIOMHUHUSI PABHO YUCJIO aTOMOB.
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24. OnpenenuTth CPEIHIO CKOPOCTh < 0 > YHOPSAOUYEHHOTO ABUKEHUS SJIEKTPOHOB B
MEJIHOM MPOBOJHUKE Tpu cujie Toka [ = 10 A u ceyeHuu S NMpPOBOJHUKA, PaBHOM 1
MM”. [IpUHATE, YTO KaX bl aTOM MEIU IPUXOAUTCS JBA SJIEKTPOHA IPOBOAMMOCTH.
25. Cuna toka / B MeTauim4eckoM IpoBoaHuKe paBHa 0,8 A, ceyeHue MpoOBOAHUKA
S= 4 mm’. TIpuHUMas, YTO B KaXKIOM KyOMYECKOM CAaHTHMETPE METAILIA COMEPIKHUTCS
n=22,5-10 CcBOOOIHBIX DIEKTPOHOB, OINPEAEIUTh CPEIHIO CKOPOCTh <0> WX
YHOPSIZIOYEHHOTO JIBUYKEHUSI.

26. B MeaHOM NpPOBOJHUKE OOBEMOM V=6 CM’ [pU NPOXOKIECHHU IO HEMY
IIOCTOSTHHOTO TOKa 3a BpeMs /=1 MHH BBIIETUIIOCH KOJIMYECTBO TEIUIOTHI O=216 JIxk.
Boruucnuth Hanps>KeHHOCTH E 3IIEKTPUYECKOTO OIS B IPOBOTHUKE.

27. Metamumueckuii MPOBOJHUK ABUKETCA ¢ yckopeHueM a=100 m/c’. Hcnonb3ys
KJIACCUYECKYIO TEOPHUIO AIEKTPOIPOBOIHOCTH METaJIJIOB, ONpPEIETUTh
HaIPSKEHHOCTh £ 3JIEKTPUYECKOTO MOJISl B POBOHUKE.

28. Menupi muck paguycom R=0,5 M paBHOMepHO Bpamaercs (w=10* pan/c)
OTHOCUTEIBHO OCH, NEPHEHAUKYJIPHON MIOCKOCTH AMCKA U MPOXOJAIIEH Yepe3 ero
ueHtp. Omnpenenuth pa3HOCTh MOTEHUUANoB U MeXAy LEHTPOM JHUCKa M €ro
KpalHUMU TOYKAMH.

29. MeTtamumMueckuil CTEp>KEeHb JIBMXKETCS BJIOJIb CBOEH ocH co ckopocThio v=200 m/c.
Onpenenuts 3apan (), KOTOPbIA MPOTEUYET Yepe3 TajJbBAHOMETP, MOJKIIOYAEMbIN K
KOHIIAM CTEP>KHsI, IPU PE3KOM €ro TOPMOKEHUHU, €CIIH iuHa [ crep:kHs paBHa 10 M, a
COMpOTHUBJIEHUE R BCcel 1ienu (BKIIroYas 1erb raibBaHoMeTpa) paBHo 10 MOwm.

30. YaenbHas mpoBoguMocTh y MeTaiia paBHa 10 MCm/M. BerauciauThs cpenHioo
MHY < [ > cBOOOAHOTO MpoOera AIEKTPOHOB B METalie, €CIM KOHIGHTpAalUs 7
CBOOOIHBIX 3J€KTpoHOB paBHa 10% m°. CpeaHior0 CKOpPOCTb # XaOTHYECKOIO
JBUOKEHUS DIIEKTPOHOB IPHUHATEH paBHo 10° M/c.

Pexomenoyeman numepamypa:
Ochoenas numepamypa:

1. Tpopumona T.U. Kypc ¢puszuku.— M.: Beicias mikona, 2012 r.
2. Tpodumosa T.MU. , TlaBnoa 3.I. COopHHK 3amad mo Kypcy (H3UKH C

pemeHusMu. YueOHoe nocodue /sl By30B — 4-¢ uzmaanue, - M., Boicimas mikona,
2010 .
3. Uepros A.I'. 3agaunuk no ¢usuke. — M., Briciias mkosna, 2010 r.

ononnumenvnas numepamypa:
1. 1.B.CuByxun. O6mmii kypc puzuku. M.: ©UZMATIIUT. 2008 r.
2. I'padosckuii P.U. Kypc puzuku. — CII6, 2005 r.
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Ilpakmuueckoe 3anamue 6

Tema 6, 7. MardeTn3m. JJIeKTPOMarHuTHOeE 1oJie. MarHuTHOE IMOJIE U €ro
XapaKTEpUCTHUKU. SBIEHUE ANEKTPOMAarHUTHOM MHIYyKIMH. [lepemennbIi
ANEKTPUYECKUHN TOK. DIIEKTPOMArHUTHOE 1oJie. OCHOBHBIE XapaKTEPUCTUKH I1OJIS.

l[ €/lb 3aHAaAmusA. PaCCMOTPETL  OCHOBHBLIC  IMPOSBJIICHUSA  MArHUTHOI'O  ITOJIA
IMOCTOAHHOI'O TOKa, PaCCMOTPETL OCHOBHBLIC 0COOEHHOCTH SJICKTPOMArHuTHOI'O I10JIA
N €TO OCHOBHBIC XapaKTCPUCTUKU.

3uanun u ymenus, npuodopemaemple CnyoeHmom 6 pe3yibmame 0C60EHUA NeEMbl,
dopmupyemvie kKomnemenyuu:

3HAHUS - OCHOBHBIX XapaKTEPUCTHK MArHUTHOTO TOJI MOCTOSHHOTO TOKA, SBJICHUS
AJEKTPOMAarHUTHOM MHAYKIMU M 3aKOHOB TIEPEMEHHOrO0 TOKa, OCHOBHBIX
0COOEHHOCTEM 3JIEKTPOMArHUTHOTO TOJISI M €0 OCHOBHBIX XapaKTEPUCTHK;

YMCHHSA — MPUMCHATH IMOJIYUYCHHBIC 3HAHUS IIPU PCIICHUN 3aaa4.

AKmyansHoCmbs memul 3aHAmMUA: JAHHAS TeMa SIBIIAETCS BECbMa aKTyallbHOW, TaK
MO3BOJIIET U3y4aTh OCHOBHBIE XapaKTEPUCTUKNA MAarHUTHOTO IOJISI TOCTOSIHHOTO TOKa,
SIBJICHUE DJIEKTPOMAarHUTHOM WHIYKIWH, 3aKOHOB IEPEMEHHOIO TOKA M OCHOBHBIX
O0COOCHHOCTEM 3JIEKTPOMAarHUTHOTO II0JI, €r0 OCHOBHBIX XapaKTEpPUCTUK B UX
B3aMMOCBSI3H, (OPMUPOBATH HABBIKM NPUMEHEHUS OCHOBHBIX XapaKTEPUCTHUK
MAarHuTHOI'O IIOJS TIOCTOSIHHOTO TOKA, SBJIEHHS JJIEKTPOMArHUTHOW WHIYKLUH,
3aKOHOB NEPEMEHHOI0 TOKa U OCHOBHBIX OCOOECHHOCTEH 3JIEKTPOMArHUTHOTO MOJI,
€r0 OCHOBHBIX XApaKTEPUCTUK K TIPaMOTHOMY HAy4YHOMY AaHajlu3y CUTyalui, C
KOTOPBIMHM TPUXOJUTCS CTaJKUBATHCS MPU CO3JaHUM HOBBIX TexHosorui. Kpome
TOTO, OHA CIHOCOOCTBYET (POPMHUPOBAHUIO y CTYACHTOB OCHOB €CTECTBEHHOHAYYHOM

KapTUHBI MHPA.

Teopemuuecxuﬁ mamepuail no meme:

Cuia Jlopenua F =qU XB,

rac U — CKOpPOCTDb 3apsaa ¢, B— WHAYKOHUA MAarHUTHOTI'O I1O0JIA.
79



Cuiia Ammnepa dF =Idl XB,
rjae / — cuia Toka B MPOBOJHUKE, dl — 3JIEMEHT JUTMHBI POBOIHUKA.

MaruuTHbIH MOMEHT KOHTYPA C TOKOM p., =18,

rae S — miouaab KOHTypa.

MexaHu4ecKuil MOMEHT, ACHCTBYIOLIUI HA KOHTYP

C TOKOM B MAarHMTHOM I10J1€ M =p XB
 uuddl <7
3axon buo-Capapa-Jlaniaca dB :‘0‘4—3,
Tr

rac to — MarauTHasd 1oCTOosAHHAasdA, i — MAarHuTHas IIPOHHULIACMOCTDb CPC/bl, dE —
BCKTOD MarsuTHOM HWHAYKIHUH.

MarautHasi HHAYKIHUA:

ol
8 YeHmpe Kpy208020 moKxda =
2R
Loul
noJisi 0eCKOHeYHO ONUHHO20 NPIAMO20 MOKA B =—;
27ar
o
NOJIsl, CO30AHH020 OMPE3KOM NPOBOOHUKA ¢ mokom B = 1 (cosa, +cosa,),
T
oAl OeCKOHEYHO OJUHHO20 COJEHOUOd B =u,unli,

rae R — paanyc KpyroBoro TOka, » — KpaTdaiilee pacCTOSHUE JO OCH IPOBOJHUKA, O
U 0, — YTJIbl MEXIY OTPE3KOM IPOBOJIHUKA U JIMHUEH, COEUHSIONIEH KOHIIbI OTPE3Ka
MPOBOJHUKA C TOYKOM IOJIS, # — YUCJIO BUTKOB HAa €IMHUIY JJIMHHBI COJIEHOUA.

CuJia B3aMMO/IEHCTBHS ABYX NPSAMOJIMHENHBIX 6ECKOHEYHO JITHHHBIX
AMOAu]l [2
napajjieJbHbIX TOKOB HA eJHHHILY X JJIHHBI F=t0 2
2xr
TJIE ¥ — PACCTOSIHUE MEXAY TOKamu /i U .
Pa6oTa 1o nepemMeIeHnIo KOHTYpa ¢ TOKOM B MATHMTHOM H0JI€ A =IAD,

rae @ — MarHUTHBIN ITIOTOK 4€pe3 MOBEPXHOCTh KOHTYpA.

MarHMTHBIA MOTOK OHOPOAHOIO
MAarHMTHOIO MOJIS1 Yepe3 II0AAKY S @ =BScosa,
IZI€ 0. — YIOJl MEXy BEKTOPOM B 1 HOPMAJIBHO K IIJIOIIAJKE.

. do  dy
3aKOH 3JIeKTPOMATHUTHOM MHIYKIIUH E.=N ’ =- i
rae N — 4Kciio BUTKOB KOHTYpA.
IMoTokocuenIeHne KOHTYPa ¢ TOKOM Y =LI,
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rae L — MiHAYKTUBHOCTb KOHTYpa.

dl
DJIEeKTPOABMAKYIIASl CHJIA CAMOUHIYKIUH E, =- LE.
NHAYKTHBHOCTH COJICHOUA L =u,u n’v,
rae V' — o06beM CoJIeHOUIa 7 — YMCII0 BUTKOB Ha €AWMHUILY JUTMHBI COJICHOU A
MrHoBeHHOE 3HAYEeHHE CHJIBI TOKA B 1IN,
oOJs1aarouneii conporuBjeHueM R

_ Rt Rt

U UHAYKTUBHOCTHIO L I'=Iexp|-—|+—|1-exp|- T

LI’
JHeprusi MArHUTHOIO MOJISI /8 :7.

BH B’ U tH?
O6beMHAs ILIOTHOCTh YHEPrHM MATHUTHOrO oyt~ W = 5 = 5 = ,
Uy U
7704

Ilepuoxa kosie0aHmMil B JIEKTPUYECKOM K0J1e0aTeIbHOM KOHTYpe T =2x~LC,

rac L—- HHAYKTUBHOCTH COJICHOUIA, C — eMKOCTb KOHACHCAaTOopa.

CropocTh pacnpocTpaHeHHsl 3JIEKTPOMATHUTHOM BOJIHBI U= ,

A€ ¢ — CKOPOCTh CBETa B BAaKyyMe, & — JHDJIEKTPUYECKass U U — MarHUTHAas
MIPOHULIAEMOCTH CPEBL.

Bexrop IloiinTHHTa p =F XH,

rae [ U [ — HaOpsOKEHHOCTH DJIEKTPUYECKOrO U MArHUTHOTO IMOJIEH
3JIEKTPOMArHUTHOW BOJIHBI.

Ilpumepuvl pewienusn 3a0au
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3agaya 1. Ilo TOHKOMY mOpOBOIY, H30THYTOMY B BHJAE pPaBHOCTOPOHHETO
TpeyrojabHuKa, TeueT ToK cuioil [ =40A. JlinHa cTOpoHbl TpeyrojbHuka a =30 cM.
Omnpenenurs UHAYKIHIO B B TOUKE MEPECEUEHUs BBICOT TPEYTOILHUKA.

JaHo: MarHuTHy UHAYKIUIO B TOUke O
HaMJeM,

MCIIOJIb3Ysl IPUHLIMII CYNEPIO3ULUU IS
=40 A MarHuTHBIX nosteif: B = Z éi . B Hamem
a=30 cm=0,3m ®0 cily4ae BECh KOHTYpP MOXHO pa3OuTh Ha 3

OJINHAKOBBIX YaCTH, MHAYKIUS KKI0N U3
B =7 KOTOPBIX BI B Touke O umeeT

Puc. 1. OJIMHAKOBBIE BEJINYMHY U HAINPABIICHUE -

BEPTUKAIBHO BHU3 (OMpeesieMoe 1o MpaBuily IpaBoro BUHTA). [loaToMy WHIyKIHsS
B Touke O OyzeT paBHOM B=3B; 1 HanpaBJIeHHON BHU3 MEPIEHIUKYISIPHO pucC 1.
MaruuTHy0 MHAYKIMIO CTOPOHBI TPEYTrOJbHUKA B HaljeM HCHoib3ys hopmyiry
JUISL UHIYKIMY, OTPE3Ka MPOBOJHUKA TP CUMMETPUYHOM PACIIOI0KEHUHU €r0 KOHIIOB
oTHOCUTENBHO TOUKU O (puc.2). TpeyroJbHUK TOKOB PABHOCTOPOHHUI U €T0 BBICOTHI
SIBJISIFOTCSI

0 TAaK)Ke M MEJIHaHAMHU U
7T N ouccekTpucamu. Takum 06pa30M, NMEEM
AN
// | N u [
% | N B, =——cosg u, ¢=2 =30,
© N 271 2
/) | N\
|
Puc. 2 a _a 1
uc. 2. ry == — =
" T T
CnenoBartebHO,

w1l NE) Sul /
! rp 42 " 2za w B =3B, =—* =240 mxTmn.

Jz'i
2\/5 27a

3agava 2. DIEKTPOH IBUKETCS B OJHOPOJHOM MAarHATHOM I10JI€ C MHAYKIHUEN B =
0,03 Ta o okpyxkHocTH paauycoM =10 cMm. OnpeaenuTb CKOPOCTh JIEKTPOHA.

JlaHo:

B=0,03 Tn B MaruuTtHOM 11071€ Ha IBUXKYLIUKCS JIEKTPOH JIEUCTBYIOT CHJIa
=10 cm =0,1m Jlopenna. BenuuuHa 3TO# CUIBI paBHA

e=1,6- 10" Kn F =e v -B sina -
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m=9,1-10""kr  Tak KaKk TPAeKTOPHs JIEKTPOHA — OKPYKHOCTh, TO CHIIA

Jlopenua 0="7 ABJIAETCS UEHTPOCTPEMUTENBHOU CUIIOW, U YTOJl O =
/2.
CnemoBartenbsHO,
muv
= =evB
r
eBr
Otkyna nmeem v=—. (1)
m

[ToncTaBuB YMCIEHHBIE 3HAYEHUS, TIOJTYYUM

_eBr 161073107107 1,6
m 9 107" 3

To ecTb CKOPOCTH ¥ cpaBHHMA CO CKOPOCTBIO cBeTa ¢ =3 - 10° M/c. DT0 03HaYaeT, 4TO

IpH pacyeTax HEOOXOJMMO MCIOJIb30BATh AIEMEHTHI CIIEHUATbHON TEOPHH

otHocutenbHOCTH (CTO). @opmyrbl Kilaccuueckoi MexaHukd npumeHuMsl B CTO,

My
€CJIM CUMTATh, YTO MACCa TeJia 3aBUCUT OT €ro CKOPOCTH 110 3aKkoHy, ' _W’ rae

v 10%m/c ~0,533 -10°m/c .

my - Macca nokost Tena u f=v/c. IlogcrtaBum 311 Beipakenus B (1). [locne
HECJIOKHBIX MTPeoOpa30BaHUN MTOTYYUM PEIIITUBUCTCKOE BRIPAXKEHUE IS CKOPOCTH
v

anekTpoHa Y ~ I+ 5
J1+ /5

Takum 06pa3oM, peIATUBUCTCKOE 3HAYEHHE CKOPOCTH paBHO v ,= 0, 525 - 10° wm/c.

3apava 3. B marautHoM nosne ¢ unaykuuent 0,1 Ti Bpamaercs pamka, coaeprkamas
1000 ButkoB miomansio 150 cM® kaxkawii. Makcumansnoe DJ[C, uHAyHUpYyEMOE B
paMke paBHO 94 B. Onpenennuts 4acToTy BpalleHUs pAMKHU.

aHo:

B=(§f 1Txn ITo 3axkony @apaness s JIEKTPOMArHUTHOW UHIYKIIMU UMEEM
__dy
N=1000=10° B a, (1)
S=150cm’=1,5-10"M*| 1€ Y — HOTOKOCLEIJIEHHE.
E " =94B Y =N @,
rae @ =BS cosa — MarHuTHBII OTOK.
n="7 B ycroBusix nanHoi 3anaun & =27 ‘n t, TIE n -4acToTa

BpaleHus pamku. Takum o0paszom, 3akoH Dapanes (1),
nocJse npouenypsl 1uddepeHuupoBaHuss UMEET BUJ

E. =NBS2zn -sin(2zn ) -

1

U3 MMOJIYYCHHOI'O BBIPAKCHHUA CIICAYCT, YTO MAaKCUMAJIbHOC 3HAYCHHUC QI[C
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Eilex =NBS -27n,Bo3nukaer xkorga yron a =m/2. Orcrona uMeeM

n B ElMElX B 94 B
NBS 27 10’ -0,1-1,5-10" -2 -3,14

-1

3agaua 4.KonebarenbHblil KOHTYpP, COCTOALIMKA M3 BO3YLIHOTO KOHAEHCATOpa C
IJIaCTUHAMU Iuiomanpio S=100 ¢cM® M KaTymKM ¢ MHIYKTHBHOCTBIO L=1 MKI'H,
pe3oHHpyeT Ha BOJIHY AJMHOU A=10 M. OnpeaenuTs pacCTOSHUE MEXKY IIaCTHHAMU

KOHJIEHCATOopa.
Jlano:
S§=100 cM’=10" M’ EMKoOCTB M10CKOTO KOHZIEHCATOPA OIpeAenseTcs no hopmyie
£,ES8
L=1MxI'e=10°THn C= Od
£,6S

=10 m Cne10BaTeNLHo, d = OC (1)

d="? JliHa BOJTHBI CBSI3aHA ¢ TIEPUOJIOM KosieO0aHul 7 U CKOPOCTHIO
¢ DJIEKTPOMArHUTHBIX BOJIH COOTHOIIICHUEM

A=cT. (2)
ITo popmyne Tomcona T =2aLC .

Beipasus C u3 ¢popmynsl Tomcona, ¢ yuerom (2) u (1), momyuum
4reeciSL 4 314° 885107 {3.10°) 107 107

5

d .
Al 10°

Bonpocel u 3a0anua:
Bonpocuwi:

1. MarsuTHOE NOJIE U €r0 OCHOBHBIE XapaKTEPUCTHUKH.

2. 3akoH buno - Caapa - Jlannaca n ero npuMeHeHHe.

3. 3akoH Amrepa.- BzaumoelicTBre napamiebHbIX TOKOB.
4. MarnutHoe noJsie ABWxKyIerocs 3apana. Cuia JlopeHua.
5. JIBW>KeHME 3apsHKEHHBIX YaCTHUIl B MATHUTHOM TIOJIE.

=3,14 10" =3,14 MM

6. TeopeMa 0 UPKYISALUMUA BEKTOpPA B . MarHUTHBIE OIS COJICHOUIA U TOPOUJIA.
7. 1loTok BekTOpa MarHMTHOM MHAyKIMH. Teopema [aycca 1 MarHMTHOTO

TOJIA.
8. Pabora o nepemenieHno MpoBOJHIUKA B MATHUTHOM TIOJIE.
9. DnexTpomarouTHas UHAyKIus. 3akoH Dapajes.

10. IIpaBuiio Jlenua. Bpaiienrie paMku B MarHuTHOM ToJie. BuxpeBbie TOKHU.

11. UaaykTuBHOCTH KOHTYpa. CaMOMHIYKIUS .
84



12. Toku npu pa3MbIKAaHUH U 3aMbIKAaHUU LETIH.

13. B3aumHast HHIYKUUS.

14. TpancdopmaTopbl. DHEPrUsd MATHUTHOTO MOJIA.

15. MarnutHbIE CBOMCTBA BellecTBa. J(ua- U mapaMarHeTUKH.

16. MarnuTHOE 110J1€ B BELLIECTBE.

17. 3akOH MOTHOTO TOKA.

18. ®eppoMarHeTUKH U UX CBOMCTBA.

19.IlepeMeHHBII TOK, ET0 MPOMBIIUICHHOE MOJy4YECHHE.

20.IlepemMeHHBII TOK B LIENM C HHIYKTUBHOCTBIO, EMKOCTBIO M aKTHBHBIM
COIPOTUBJICHUEM, BEKTOPHAS IHMarpaMMa HalupspDKeHUM U TOKOB.

21.2nexTpuyeckue KojaebaHus B KoyebaTeIbHOM KOHTYpe, TuddepeHnanibHoe

ypaBHEHUE COOCTBEHHBIX DJIEKTPUUYECKUX KOJICOaHUI.
22.3aryxatomue konebanus. [[oOpoTHOCTH KOHTYpa. BeIHY X I€HHBIC KOJICOAHMS.
Pesonanc.
23.0neKkTpoMarHuTHas MHAYKUIUsA. BuxpeBoe 3JIeKTpudecKoe Imoe.
24.11epBoe ypaBHenue Makcgemna. Tok cmenieHus.
25.BTopoe ypaBHeHHEe MakcBea.
26.Cucrema ypaBHeHUM MakcBea.
277.2neKTpOMarHuTHbIE BOJIHBI. OCHOBHBIE CBOKCTBA JIEKTPOMArHUTHBIX BOJIH.
28. BonHoBOE ypaBHeHHeE. [10cKas 37€KTpoMarHuTHas BOJIHA.
29.CKopocTh pacrpeesieHus JIeKTPOMarHUTHBIX BOJIH.
30.2Heprust ¥ UMITYJIbC NEKTPOMArHUTHOTO 1oJisl. BekTtop YMoBa - [loitHTHHTA.
31. DKcrepuMEHTaNBHOE UCCIEA0BAHUE IIEKTPOMAarHUTHBIX BOJIH.

32.IIIxana 31E€KTPOMAarHuTHHIX BOJIH.

3aoauu 0131 camocmoamenbHo20 peuleHus

/ 1. Paccrosaue d Mexmy ABYMsl JUIMHHBIMU TMapauieIbHBIMU

- \\ IIpoOBOJaMH paBHO 5 cM. [lo mpoBogam B OJHOM HampaBICHUU

/ \ TeKyT OJMHaKoBble TOkM cwior [/ = 30 A xaxnaeid. Haiitu

// R\ HaNpsHKEHHOCTh /1 MAarHUTHOTO TOJIA B TOYKE, HAXO/AIICUCS Ha

/ N \\ paccTossHUM 7 = 4CM OT OJHOTO U 7> = 3 CM OT JPYroro
- IPOBOJA.

C S 2. JIBa MHHBIX TNapajuIeIbHBIX NPOBOJA HAXOIATCS Ha

- pacCTOsIHUM ¥ = 5 ¢M OAMH OT apyroro. Ilo nmposomam TekyT B

IIPOTHUBOITIOJIOKHEIX HAIIPABJIICHUAX OJWUHAKOBBIC TOKH cujou [ =
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10 A xaxnapiii. HaliTu HanpsokeHHOCTh H MAarHMTHOTO MOJISI B TOYKE, HAXOAAIIEHCs Ha
pPacCTOSIHUM 71 = 2 CM OT OAHOTO U > = 3 CM OT JIpyroro npoBoJa.

3. Ilo ToHKOMY mpoOBOIAIIEMY KOJbLy pamunycoM R = 10 cm teuder Tok cumnout [ = 80
A. HaiTu MarHuTHyr0 HHIYKIUIO B B TOUKE, PAaBHOYAAIEHHOM OT BCEX TOYEK KOJIbLA
Ha 7 =20 cm.

4. Ilo mpoBOJHUKY B BHJI€ TOHKOTO Kosbla paguycoM R = 10 cM teder Tok. Uemy
paBHa cuiia / 3TOro TokKa, €C’IM MarHUTHas MHIYKUUs B 1mosis B Touke A (puc.) paBHa
1 MmxTn? Yron B=10°

5. ITo ToHKOMY MPOBOASIIEMY KOJIBIY pagnycoM R = 15 cMm Teder Tok cwiioi 1 = 60
A. HailTu MarsuTHy10 MHAYKUMIO B B TOUKE, PpaBHOYAAJIEHHOW OT LIEHTPAa KOJIbIIA HA 7
=20 cm.

6. Ilo 1ByM OECKOHEYHO MJIMHHBIM MNPSIMbIM MapajuieIbHBIM MPOBOJAM TEKYT TOKH
cuinod 1 = 20 A u I, = 30 A B pOTHUBOMNOJOXKHBIX HampasieHusx. Paccrosnue d
MEXIy npoBofgaMu paBHO 20 cM. BplUHMCINTH MAarHUTHYH HHAYKUUIO B B TOUKE,
yIAJIE€HHOU Ha 71 = 25 ¢M OT nepBoro u Ha > = 40 cM OT BTOpPOro npoBoja.

7. Ilo AByM GECKOHEYHO JJIMHHBIM MapauieNIbHbIM MPOBOAAM TEKYT TOKH CUJION [, =
20 A u I, =30 A B ogHOM HampaBieHuu. Paccrosinue d Mexay npoBojiaMu paBHo 10
CM. BpUncCINTh MarHUTHYIO MHIYKIHIO B B TOUKE, yAAICHHOW OT 000MX MPOBOOB
Ha OJIMHAKOBOE paccTosinue » = 10cm.

8. Ilo KOHTYpYy B BHJI€ pPaBHOCTOPOHHETO TPEYrojbHUKA HJeT TOK cuiion [ = 40 A.
JliinHa a cTopoHsl TpeyrojibHUKa paBHa 30 cM. OnpeneanTs MarHUTHYO HHIYKUINIO B
B TOYKE IIEPECEUCHHUSI BBICOT.

9. Ilo xoHTYypy B BHjae KBaaparta uaer Tok cuinorl [ = 50 A. JlnumHa a CTOPOHBI
kBagpara pasHa 20 cm. OnpenennTh MAarHUTHYI0 UHAYKIHIO B B TOYKE NEPECEUCHUS
JuaroHajieu.

10. IIo ToHKOMY ITPOBOAY, U30THYTOMY B BHJI€ IPSIMOYTOJIbHUKA, TEUET TOK CHIION [ =
60 A. JInuHBI CTOPOH NpsAMOyrojibHUKa paBHbl a=30 cM u b=40 cm. Onpenenursb
MAarHuTHYIO UHAYKLIUIO B B TOYKE MEPECEUCHUS AUArOHAJICH.

11. ITo AByM OJMHAKOBBIM KBaJIPATHBIM KOHTypam cO CTOPOHON a=20 CM TEKyT TOKH
cunoit [ = 10 A B kaxaom. Onpenenuts cuily F B3aMMOJEHCTBUS KOHTYPOB, €CIIU
paccTosinue d MeX/1y COOTBETCTBEHHBIMU CTOPOHAMHU KOHTYPOB PaBHO 2 MM.

12. Ilo AByM TOHKHMM MPOBOJAM, U30THYTHIM B BHJIE€ KoJiblla paauycoM R = 10cwm,
TEKYT OAMHAKOBbIe TOKH cuiioit / = 10 A B xaxxnoM. Halitu cuny F B3auMoJelCcTBUS
ATUX KOJIEL, €CIU IIOCKOCTH, B KOTOPBIX JIEKAT KOJIbLIA, apAJIEIBHBI, & PACCTOSTHUAE
d MeXly LICHTpaMHU KoJiel paBHO 1 mMMm.

13. Tlo Tpem mnpsmMbIM MOapauieibHBIM MPOBOAAM, HAXOISIIMMCS HA OJAWHAKOBOM
paccrossanM a = 10cm apyr ot apyra, TeKyT oauHakoBble TOKM cuioit [ = 100 A. B
JIBYX IPOBOJAX HAIMPABIEHUS TOKOB COBNAAAIOT. BEIUMCINTE cUily F, NEUCTBYIOLIYIO
Ha OTPE30K JTMHOM / = 1 M KaKJI0TO IPOBO/IA.

14. Tlo AByM mapauienbHbIM MPOBOAAM JUIMHOW [ = 1 M KaXIbIi TEKYT TOKHU
onuHaKoBoM cwmibl. Paccrossnue d wMexnay mnpoBoaamu paBHo 1 oM. Toku
B3aUMOJEHCTBYIOT ¢ cuioit /=1 mH. Halitu cuny Toka / B mpoBojaax.
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15 Ilo nByM mnapaielbHBIM TPSMBIM TIPOBOJAM JUIMHOW | = 2,5 M KaXmbli,

HaxoAsmumMcsi Ha pacctosiHud d = 20 cM Apyr oT Apyra, TEKyT OJMHAKOBbIE TOKH

cunont / = 1 KA. BeIuucauTh CHIly B3aUMOAECHCTBHS TOKOB.

16. DnexTpoH ABMKETCS B OAHOPOJHOM MAarHWUTHOM NoJie ¢ HHAyKIuen B = 9 mTi o

BUHTOBOM JIMHUHU, paauyc R xotopoil paBeH | cMm u mar 4 = 7,8 cm. Onpenenursb

nepuol I' BpalleHUs IEKTPOHA U €r0 CKOPOCTH 0.

17. 3apspokenHas yactuia ¢ sueprueit 7'= 1 k»B ABWKETCS B OAHOPOIHOM MAarHUTHOM

IoJIE MO OKPYXHOCTH paguycom R = 1 mwm. Haiitu cuny F, NEWCTBYIOLIYIO Ha

YaCTHUILy CO CTOPOHBI MOJIS.

18. ITpoToH, npoieammi yCKoOpsIoyo pa3HocTh noreHuuanoB U = 600 B, Bieren B
OJHOPOJIHO€ MAarHuTHOE Tosie ¢ uHaykuued B = 0,3 Tn um Hayan ABUTATHCS 1O
OKPYXHOCTH. Beruuciuts ee paguyc R.

19. KBagpatHasi mpoBOJIOYHAS paMKa PACHOJIONKEHA B OJTHOM TUIOCKOCTH C JJIMHHBIM
OpsIMBIM TPOBOJIOM TaK, YTO JIBE €€ CTOPOHBI MapasuiesibHbl mpoBoay. [lo pamke u
NpOBOAY TEKYyT OJAWHAKOBbie Toku cwiod [/ = 1 kA. Onpenenuts cuiy F,
JNEUCTBYIONIYIO Ha paMKy, €CJIM Onmkaiiiasi K MpoBOy CTOPOHA PaMKH HaXOJUTCS Ha
pacCTOSIHUM, PABHOM €€ JJIMHE.

20. TIpamoii mpoBoa muHHOU / = 10 cM, Mo KOTOpoMy TeueT Tok cuiioilt I = 20A,

HaXOJUTCSI B OAHOPOJAHOM MarHMTHOM mosie ¢ uaaykuuen B = 0,01Tn. Halitu yron a

MEXK1y HalpaBJICHUSIMU BEKTOpa B W TOKa, €ciiu Ha MmpoBoj jeucTByer cuna = 10

MH.

21. B ogHOpogHOM MarHuTHOM Tosie ¢ uHaykuuet B = 0,01 Tn mHaxoguTcs npsiMoit

IPOBOJI JVIMHOM / = § CM, pacIOI0KEHHbBIN NEPIEHAUKYIISIPHO JIMHUAM HHAYKIMH. [To

npoBoay Teuet Tok cuiioi [ =2 A. [lox nelictBueM cuil moJist IPOBOJA IEPEMECTHIICS

Ha paccrosinue s = 5 cM. Haiitu paboty 4 cui mods.

22. Conenoun uHAYKTUBHOCTBIO L = 4 MI'H comepxkut N = 600 BuTKOB. OnipeaenuThb

MarHUTHBIN TOTOK @, eclu cujia ToKa /, MPOTEeKaoIIero mo oOMOTKe, paBHa 12 A.

23. C moMomipl0 peocrara PaBHOMEPHO YBEIMYMBAKOT CHIIy TOKA B KaTyIIKE Ha

AI=0,1 A B 1 c. UnnyxtuBHOCTB L Katymku pasHa 0,01 I'n. Haittu cpennee 3HaueHue

O1C camounykimu <E >.

24. ToHKHI MEIHBIA MPOBOA MAaccoll m = 1 T COTHYT B BUJE KBaJIpaTa, U KOHIIbI €r0

3aMKHYThl. KBasipat nmomenieH B olHOpoaHOe MarHuTHoe noiie (B = 0,1 Tn) tak, uyro

MJIOCKOCTh €r0 MEPIEeHAUKYJISIpPHA TUHUAM UHIYKUHUH ToJist. OnpeaenuTh KOJIM4eCTBO

aJieKTpuyecTBa (), KOTOpOE MPOTEUeT MO MPOBOJAHUKY, €CIM KBajpaT, MOTSHYB 3a

MPOTUBOMOJIOKHBIE BEPIIUHBI, BBITSHYThH B TUHUIO.

25. IIpoBonouHoe koabLO paguycoMm » = 10 cm nexurt Ha crone. Kakoe Konm4ecTBo

3neKTpuyecTBa () MPOTEUET MO KOJIbIYy, €CJIM €r0 MOBEPHYTh C OAHON CTOPOHBI Ha

npyryro? Conporusienue R kosbia paBHo 1 Om. BepTukanbHas conpoTHBIsSIONIAS

WHJYKIMUA B MarHutTHOro noJjs 3emiiv pasHa 50 MxTo.

26. MaruutHas MHOYKIUS B MO MEXAY IMOJIOCAMHU ABYXIIOJKOCHOTO I€éHepaTopa

paBHa 0,8 Tn. Potop mmeer N = 100 ButkoB miomaaso S=400 CMZ.OHpe,HeJII/ITL

4YacTOTy 7 BpalleHUsl SKOps, €ciau MakcumanbHoe 3HaueHne OJIC uHIyKuum

Ena=200 B.
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27. B OoaHOpOAHOM MAarHuTHOM Tosie ¢ uMHayknuer B = 0,35 Tn paBHOMEpPHO C
gactoroit n=480 muH"' Bpamaercs pamka, cogepxamas N = 1500 BUTKOB ILIOIIAIBIO
S=50 cm’. Och BpalIeHMs JIEKUT B IUIOCKOCTH PAMKH U IIEPHEHAUKYJISAPHA JTUHUSIM
uaayknud. Onpenenuts MakcuMmanbHylo JJIC  wHAYyKIuU E.., BO3HUKAIONIYIO B
paMKe.

28. Pamka twiomansio S=200 cm? pPaBHOMEPHO Bpalaercs ¢ 4actoroi n=10 ¢’
OTHOCHUTEJNIBHO OCH, JIeKallled B IUIOCKOCTH pPaMKHA M TMEPHEHAUKYISPHO JIUHUAM
WHIYKIUA oHOpoaHoro MarHutHoro noss (B = 0,2 Ta). KakoBo cpenHee 3HaueHue
OAC wmHaykmuun <E > 3a Bpems, B TeueHWe KOTOPOIO MArHUTHBIA IOTOK,
MPOHU3BIBAIOIIUN PAMKY, U3MEHHUTCS OT HYJISl 0 MAKCUMAJIbHOTO 3HAaUeHUs?

29. B OOHOPOJZHOM MArHMUTHOM moje ¢ uHAyknuen B = 0,4 Tin B 1I0CKOCTH,
NEPHEHIUKYJIAPHON JIMHUSM WHIYKIMU TOJIsA, BpallaeTcs CTepxeHb JuiuHou [ = 10
cM. Ochb BpalieHus MPOXOIUT Yepe3 OJIUH U3 KOHIIOB CTEPkHS. OnpeaeauTh pa3HOCTh
noTeHyanos U Ha KOHIIAX CTEPXKHS IPU 9aCTOTE BpalleHus n=16 ¢

30. IIpoBONOYHBIN BUTOK paauycoMm » = 4 cM, uMeromuii conporusienue R = 0,01
OM, HaxoauTcsi B OJHOPOJAHOM MAarHUTHOM Imoje ¢ uHaykuuein B = 0,04 To.
[Imockocth pamku coctaBiger yron a=30° ¢ auHuUAMH UHAYKUMHA nois. Kakoe
KOJIMYECTBO AJIEKTprUyYecTBa () MPOTEUET M0 BUTKY, €CJIM MAarHUTHOE T0JIE UCUE3HET?
41. Ilo oOmoTke coneHouna WHAYKTUBHOCTHIO L=0,2 T'm Tewer Tok /=10 A.
Onpenenuts 3HEpPruto W MarHUTHOTO MOJIsl COJICHOUA.

42. UanyktuBHOCTh L Karymku (6e3 cepaeunuka) paBaa 0,1 mI'H. [Ipu kakoit cuiie
ToKa / 3Heprust W marautHoro nois pasHa 100 mx/x?

43. Conenoup conepxkut N=1000 ButkoB. Cuna toka / B ero oOMOTKe paBHa 1 A,
MarHUTHBIA TOTOK @ uyepe3 MolnepeyHoe cedeHwe cosieHouaa paseH 0,1 MBO.
Berarcnute dHEprur0 W MarHuTHOTO I1OJI.

44. Ha »xeye3HO€ KOJIbIIO HaMOTaHO B oAuH cioil N=200 BuTkoB. Omnpenenutb
SHEPruto0 W MarHuTHOTO MOJs, €CIU IPHU TOKE /=2,5 A MarHUTHBIN MOTOK @ B XKele3e
paBeH 0,5 MBO0.

45. Ilpu HEKOTOpOU cuie ToKa / IIIOTHOCTh YHEPTHUH W MAarHUTHOTO MOJIsl COJICHOU 1A
(6e3 cepneunnka) pasaa 0,2 JIx/M’. Bo CKOJIIBKO pa3 yBEIUYUTCS ILIOTHOCTH SHEPTHU
IOJIS TIPU TOM e CUJIE TOKA, €CIIM COJICHOU T OyIeT UMETh KEJIE3HBIN CepICUHHUK?

46. OOMOTKa TOpOMIa C HEMarHUTHBIM CepJIcYHUKOM uMeeT #=10 BUTKOB Ha KaXKJIbIi
CaHTUMETpP MIHMHBL. ONpelenuTh MIOTHOCTh SHEPTUU W MOJIs, €CJIU MO0 OOMOTKE TE€YET
TOK /=16 A.

47. ObmoTka TOopouaa colepkUT n=10 BUTKOB HA KaXIbli CAHTUMETP JJIUHBIL.
Cepneunuk He MarHUTHBIN. [1pu kakol cuiie Toka / B 0OMOTKE MIIOTHOCTh YHEPTUH W
MarHuTHOro ouist paBHa 1 J[x/m>?

48. Katymka nHIyKTUBHOCTHIO L=1 MI'H 1 BO3AYIIHBIN KOHAEHCATOP, COCTOSIIUNA U3
JBYX KPYTJIBIX IUIACTHH AuamerpoM D=20 cM Kaxjas, COEIWHEHBbI MapajuieNIbHO.
Paccrossnue d wmexny miactuHamMu paBHo 1 cm. Omnpenenuts nepuon 7T
AIIEKTPUYECKHUX KOJICOAHUI B TAKOM KOHTYpE.

49. Konnencarop snekrpoemMkoctbio C=500 n® coequHeH napauielbHO C KaTyIIKON
anuHOM [=40cM 1 rutomaaeio S ceueHus, paBHoit 5 cm’. Karymka conepaxur N=1000
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BUTKOB. CepneuyHuk HemarHuTHbIN. Haittu mepuon T snmekTpuyueckux KojeOaHwil B

3TOM KOHTYDE.
50. KonebarenbHbIE KOHTYP COCTOUT M3 KaTyIIKM WHAYKTHBHOCThIO L=20 Mk['H u
KOoHJAeHcaTtopa anekTpoemMkocteto C = 80 HO®. BenuuumHa €eMKOCTH MOXKET
OTKJIOHSITHCS OT YKa3aHHOTO 3Ha4YeHUs Ha 2%. BpIUUCINTD, B KAKUX MPEIEIaX MOXKET

U3MEHSATHCS JJIMHA BOJIHBI, HA KOTOPYIO PE30HUPYET KOHTYP.

Pexomendyeman numepamypa:
OcHnoenas numepamypa:

1. Tpodumona T.U. Kypc ¢usuku.— M.: Beicmas mkona, 2012 r.
2. Tpodumosa T.M. , TlaBnoa 3.I'. COopHuk 3amauy mo Kypcy (uU3UKH C
pemieHusaMU. YueOHoe nocoOue it By30B — 4-¢ uzanue, - M., Briciias mikona,

2010,
3. YeproB A.I'. 3anaunuk no ¢usuke. — M., Boicias mxona, 2010 r.

/Jlonoanumensvnasa numepamypa:
1. 1.B.CuByxun. O6mmii kypc duzuku. M.: ©UIMATIIUT. 2008 r.
2. I'pabosckuii P.U. Kypc puzuku. — CII6, 2005 T.
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Pazoden 3. Onmuka u amomnasn gu3uka.

Ilpaxkmuueckoe 3anamue 8

Tema 8. OnTuka. BosHoBBIE CBOMCTBAa cBeTa. KBaHTOBBIE CBOMCTBA CBETA.

Heﬂb 3anamusna: pacCMOTPETb OCHOBHLBIC 3aKOHBI FGOMeTpI/I‘IeCKOﬁ OIITHUKH,

OCHOBHbBIC BOJIHOBBIC I KBAHTOBBIC CBOMCTBA CBETA.

3Hanusa u ymeHnus, npuoopemaemvie CMyOeHmoM 8 pPe3yjibmame 0C60eHUs meMbl,
dhopmupyemovie Komnemenyuu:

3HaHUA - 3aKOHOB T'€OMETPUYECKOM OINTHKH, OCHOBHBIX BOJIHOBBIX M KBAHTOBBIX
CBOMCTB CBETAQ;

YMCTh — IIPUMCHATD ITOJIYUCHHBIC 3HAHWA IIPU PCHICHUHA 3a1a4

AKmyanvHoCmb membl 3aHAMUA: JAHHAS TEMa SBIIIETCS BECbMa AKTYaJIbHOW, TaK
KAaK [O3BOJISIET M3Yy4aThb OCHOBHBIE 3aKOHBI T'€OMETPUYECKON ONTHUKH, OCHOBHBIE
BOJTHOBBIE M KBAHTOBBIE CBOMCTBa CBETa B MX B3aUMOCBSI3H, ()OPMHUPOBATH HABBIKU
IMPUMEHEHUSI 3aKOHOB T€OMETPUYECKON ONTHUKU, OCHOBHBIX BOJHOBBIX M KBAHTOBBIX
CBOWMCTB CBE€Ta K TIpPaMOTHOMY Hay4yHOMY aHaJIW3y CUTyalHuil, C KOTOPBIMH
MPUXOJUTCS] CTAIKUBATHCS TMPU CO3JaHUU HOBBIX TexHosiorui. Kpome Toro, ona
CrocoOCTBYET (POPMUPOBAHUIO Y CTYJECHTOB OCHOB €CTECTBEHHOHAYYHOW KApPTUHBI

MUpA.

Teopemuueckuii mamepuan no meme:

AOCOJIOTHBIN NOKA3aTe/b NPEJTOMJICHHUS CPebl n=

rae V- CKOpPOCTDB CBCTA B CPCAC, ¢ — CKOPOCThb CBCTAa B BAKYYMC.

3aKoHBI OTPAKEHU CBETA:
1. [Mamaromuii ayd, OTPAKEHHBIM JIyd W NEPHNECHAMKYJSP K TPaHUIE pa3jena JBYX
cpexn,

BOCCTAHOBJICHHBIM B TOUKE NAJEHUSA JIy4a, JIEKAT B OJHON IJIOCKOCTH.
2. Yron oTpa)x€HHsl paBeH yrily HaJcHus

o
I
™
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3aKoHbI IpeJIOMJIEHHS] CBETA:

1. ITaparomumii Jiy4, TPEIOMIIEHHBIM U EPIICHANKYJISIP K TPAHULIE pa3iena ABYX Cpell,
MIPOBEJICHHBIN B TOUKE MAJICHUSA JIy4a, JIEXKAT B OJTHOW MIIOCKOCTH.

2. OTHOLICHWE CHHYCOB YIJIOB MAJACHUA & WU NPEJIOMIEHUS 7 €CTh BEIWYMHA
MIOCTOSIHHAS, paBHAsi OTHOCUTEILHOMY MOKA3aTeII0 MPEIOMIICHUS IBYX Cpel

sine
. =Ny,
sinr
T€ My — OTHOCHUTENIBHBIM TMOKa3aTenb npesoMieHus (nx= mnm/ m, mi W ny —

a0COJIIOTHBIE TIOKA3aTENN PEIOMIICHUS).
3aKOHBI OTPKEHUS W TPEJIOMJICHUS CIIPABEIJIMBBI M MIPU OOpAaTHOM HaIpaBiIECHUU
X0J1a CBETOBBIX JIyYEH.

1 1
OnTryeckasi CHJIa JHH3bI D =—=(n, - 1) | —+—1,
f Rl R2
rine f — ¢GOKyCHOe pacCTOSHHE JUH3BI, R m R, — paanychl KPUBH3HBI 00EHX
TIOBEPXHOCTEH JIMH3BI (IUIsI BOTHYTOW JIMH3bI CUMTAIOIIHECS OTPHUIATCIIBHBIMU).

1 1

1

dopmMy.Jia TOHKOU JIMH3bI: 7 =+ 7
s

r€ § — pacCTosHHWE JI0 mpeaMera , d — pacCTOsIHUE N0 H300pakeHus. Y

paccemBarOmMX JHH3 (OKYCHOE pACCTOSHUE U PACCTOSHHUE O HW300paKeHHs

OTPULATCIILHBI.

YBejinueHue JUH3bI I'=B/G=s/d,
rae B — pasmep uzobpaxkenus, G — pa3mep npeameTa.

Ontuyeckas JJIMHA YTH B O[THOPOJHOI cpee L =nl,
riae [ — reomeTpuyeckasl JUIMHA IyTH CBETOBOM BOJIHBI, # — MIOKA3aTeNb MPEIOMIICHUS
Cpelibl.

OnrTuyeckasi pasHOCTh X012 A=L,-1L,
rae Ly 1 L, — ONTUYECKHE IIyTH JBYX CBETOBBIX BOJIH.

YcioBue uHTEP(PEPEHIMOHHBIX MAKCHMYMOB A =4mA, m =0,1,2,...;

ycaoBue nHTepdepeHnOHHBIX MUHHMYMOB A=H2m+1)A/2, m =0,1,2,...,
r1e A — JIMHA CBETOBOI BOJHBL.

Al
Ax =——,

d
r7e d — pacCTOsITHUE MEXJy KOTePEHTHBIMM MCTOYHMKAMH CBETa, [ — pacCTOSHHUE OT
HMCTOYHHUKOB JIO DKpaHa.

IIupuna uHTEepdepeHIIHOHHBIX M0J10C B onbiTe FOHra
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Onrnueckas PAa3HOCTH X014 B TOHKHUX IICHKAX:

6 npoxoosuem ceeme A =2d~n’ - sin’i;
_ . A
8 OMPAICEHHOM ceeme A =2d~n" - sin"i - PR
rie d — TONIIYHA [UICHKH, 7 — I0Ka3aTesb MPEeJIOMIICHUS TUIEHKH, | — YToJl MajeHHs
CBETa.

Paauycel cBet/ibix KoJiell Hol0TOHA B IpoXxoasiliiemM cBeTe
HJIM TEMHBIX B OTPaKeHHOM r.=~mAR; m =0,1,2,...;

m

U TEMHBIX KOJICII B IIPOXOAAIIEM CBETEC HJIN

CBETJIBIX B OTPA’KEHHOM CBeTe r Z\/(2m - DAR/2; m=12,...,
rae R — paauyc KpUBHU3HBI JIMH3BI, A — JUTMHA CBETOBOW BOJIHEI.

Panuycel 300 @peneis:

07151 chepuueckoli 80JHOBOU NOBEPXHOCU r :\/ mAab/(a +b), m=12,..;
0J151 NJIOCKOU 8OIHOBOU NOBEPXHOCMU r. =\mAb; m =1,2,...,

r7ie a — pajnyCc BOJIHOBOW MOBEPXHOCTH, b — KpaTyaiilliee pacCTOSIHHE OT BOJIHOBOM
MOBEPXHOCTH JI0 TOUKH HAOIOICHUS.

YcaoBue 1nppakimoHHbIX MAKCUMYMOB

OT O/IHOI HIeJu asing, = 2m+1)A/2; m=1,2,.;
H THPPAKIIHOHHBIX MUHUMYMOB asing, =tmA,m =1,2,...,
/i€ a — IIUPUHA IIeTH.

YcioBue riiaBHbIX MAKCUMYMOB
AU(PPAKIHOHHON pelIeTKH dsing_ =+mA; m =0,1,2,...,
r7ie d — MOCTOsTHHAS AUPPAKITMOHHON PEIISTKH.

A
Pa3pemapmas cnocoOHOCTh TUPPAKIMOHHOM pelIeTKH R :E =mN,
rne 44 — MHUHMMallbHas pPa3HOCTb [JJIMH BOJIH JIBYX, CIEKTPAJIbHBIX JIMHUM,

paspeniaemMbIX PeleTKo, m — MOpsSAOK cieKTpa, N — obliee YUCIIo Iiesied PemeTKH.

®opmyaa Byabda — bparros 2dsindg, =mA,m =1,2,...

rac d — paCCTOHHI/Ie Me>1<z[y ATOMHBIMHA ITIJIOCKOCTAMU KpI/ICTaHHa, Qm — erJ’I
CKOJIBKCHUA peHTFeHOBCKI/IX queﬁ.
_]max B [min

CreneHb MoJAPU3ALMU CBETOBOIO JIy4a p =7 47

max min

rac Lyox 11 1y — MaKCUMaIbHAs 1 MUHUMAaJIbHASI MHTCHCUBHOCTH CBETA.
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n
-2
3akon Bprocrepa 1gey =
1
rae & — yroy bprocrepa, 71 M n, — IOKa3aTeNu MPEIOMIIEHUS IEPBON ¥ BTOPOM CpeIbl.

2
3akon Mauroca [ =1,cos” a,

rac Iy u I — THTEHCUBHOCTh IIJIOCKOITOJIAPHU30BAHHOTI'O CBCTA, MIaJar0IICTO U
mpomeamero 4€pe3 nojsipu3aTop, COOTBCTCTBCHHO, & — YT'OJI MCKIAY IINIOCKOCTBIO
IMOJIPHU3alU IMaJa0ICro CBCTa U IJ1IaBHOM INIOCKOCTBIO I[MOJIsIpHU3aTOopa.

Yroa MOBOPOTA IVIOCKOCTH IMOJIAPU3ALIMH CBETA

8 KPUCAJLLAX U YUCIBIX HCUOKOCTISX @ :%1 5
6 pacmeopax @ :[ %] cl,
rae ¢, — IIOCTOSIHHasT BpalleHUS, {%} — yHOeJibHas IMOCTOSHHAs BpAILICHUS, C —
KOHIICHTpAIIMsl ONTUYECKH AaKTUBHOTO BEIIECTBA B pacTBOpe, [ — pacCTOsHUE,

HpOﬁI[GHHOG CBC€TOM B OIITUYCCKHN aKTHUBHOM BCIICCTBC.

c
da3oBasi CKOPOCTH CBETA v ==,
n

TAC ¢ — CKOPOCTb CBCTA B BAKYYMC, 7 — IIOKA3aTCJIb IIPCJIIOMJICHHUA CPCAbI.

dn
Ko3gdunueHr qucnepcuu Beniecrsa D :E.
e A dn
I'pynmnoBasi CKOpoOCTh CBeTa u=—|l+———
n ndi
c
Hanpagsienue usayuyenus Basuiosa-HYepenkona CoS =—,
nv
IJI€ 0 — CKOPOCTD 3apsiKEHHON YaCTHIIBI.
3akon Credana-Boabumana R =oT*,

rae R — sHeprermdeckas CBETUMOCTbh YEpPHOTO Tejla, 1 — TEepMOIUHAMHYECKAs
TeMrieparypa Tena, o — noctossHHas Credana-bonbpiiMana.

3akoH cMmelnenusi Buna A =7

TA€ Amax — JUIMHA BOJHBI, HA KOTOPYIO IMPUXOJUTCS MAKCUMYM SHEPIUU H3TyUCHHS
yepHOro Tena, b —mocrossHHas Buna.
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Bropoii 3akon BuHa: 3aBUCUMOCTh MAKCUMAaJIbHOUW CIIEKTPAIbHON IMIIOTHOCTH

_ 5
U3ITy4aTeIbHOCTH OT TEMIIEPATYpPhI (FM) =CT",

max

rme C=1,3107 Br/(v® K°) — nocrosmuas.

JlaBjieHne cBeTa MPU HOPMAJIBLHOM

1
MaJlecHuH HA MOBEPXHOCTh p=—(0+p)=w(l+p),
c

rae [ — UHTEHCUBHOCTh CBETa, p — KOIPPUIUEHT OTpakeHus, w — OObeMHas
IUIOTHOCTh YHEPTUU U3TyUEHUS.

he
Dueprus GoToHA & =hv AR
rae h — nocrosunas [lnanka, v — 4yacToTa CBeTa.
YpaBHenne JiiHIITElHA 17151 BHeIIHero porodddexra e=A+T,,.,

rae A — paboTa BbIX0/1a AIEKTPOHOB U3 METAINA, 1max — MAKCUMAJIbHASI KUHETUYECKAS
sHEprus POTOIEKTPOHOB.

h hc
KoMnTOHOBCKASI JJIMHA BOJHBI YaCTHIBI Agm=— =,
myc E,
TJIe Mo — Macca MOKOS YaCTHIIBI, Fy— SHEPrus MOKOS YaCTHIIBI.
H3MeHeHus1 JJIMHBI BOJIHBI H3JTYYeHHS
npu 3¢pdexte Komnrona AL =A"- A=A (l- cosf) =21 sin*(6/2),

rje A uA” — JJIMHA BOJIHBI MAJJAI0IIET0 W PACCESTHHOTO U3IYyUYCHHS, COOTBETCTBEHHO,
6 — yron paccesHusI.

Ilpumepul pewienus 3a0au
3agmaya 1. J[Be TUIOCKOBBINYKJIbIE JIMH3bI, CI0XEHHBIE IUIOCKUMU CTOPOHAMH,
oOpasytor ymH3y ¢ (QOKyCcHBIM paccrosiuueM Fi. Haittm dokycHoe paccrosiaue F

JIMH3BbI, KOTOpas IOJYYUTCA, CCJIN CIIOKUTb 3TU JIMH3bI BBIITYKJIBIMU CTOPOHAMH, 4
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IIPOCTPAHCTBO MEXIy HHMH 3arloJHUTh BojoH. Ilokazarenb mpemomieHHUs CTeKiIa
n1=1,66, BoasI n,=1,33.

Jlano
B nepBom cityuae Mbl IM€EM JBOSIKOBBIYKIIYIO JIMH3Y, ONTHYECKasI
Fi=10cm cujia KOTOpOU omnpezensieTcs no Gopmye
1 1 1
ni1=1,66 @1 — :(nl - ]) T T % | (1)
E 1 R2
n=1,33 rae Ry u R, — painychl KpUBU3HBI BBITYKJIBIX TTOBEPXHOCTEH JIMH3.
Bo BTOpOoM ciyyae kK JByM IUIOCKOBBIITYKJIBIM JIMH3aM J100aBIIsIeTCS
=7 TPEThsl JIMH3A (BOJsIHASL) C BOTHYTHIMH MOBEPXHOCTSIMH, C OTPHUIIATEIIb-
HBIMH paINyCaMHU KPUBU3HBI R; 1 R, U ONTUYECKOU CUIION
1 11
& =—=(n, - 1) |- —- —|. 2
Fo7 R R, @)
31ech 121 = N/ ni— OTHOCUTENBHBIN MTOKA3aTeNb MPEIOMIICHUS.
Onrtuueckasi CUila CJI0)KEHHBIX BIUIOTHYIO JIMH3
D, =D +@ L] + : 3
, =D, WIn FF F 3)
[ToacraBum B (3) Beipakenue (2)
1 1 1 1 1
—=—+(n,- D)= —|=—-(n,- 1) | —+—| =
}72 1 1 Rl E 1 RZ
| 4
| -1 1 1
= - (n,-1 " —
a ) n-1|R R
[ToacraBum B (4) neByro yacthb (1):
I 1 n-11_1 _ny -1 1 n-n,
F, N A n-1 F nl-l,
-1 1,66- 1 0,66
orkyma  Fa=— F =20 ="""110=20cwm,

m-n,  166-133 0,33

2

3agaua 2. Ha MbUIbHYIO MIIEHKY ¢ aOCONIOTHBIM TOKa3zaresieM mnpejomiieHus n=I1,3,
HAXOJISIIYIOCS B BO3yXe, MaJaeT HOPMaJIbHO My4OK Jyuei Oenoro ceta. [Ipu kakoi
HaWMEHBIIIEH TOJIIMHE IUICHKH d OTPa)KEHHBIH CBET C JJIWHON BOJHBI A=0,55 MKM
OKaXETCSl MAKCUMAJIbHO YCHJICHHBIM B Pe3yJIbTaTe NHTEePhEPEHITUH.
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Jano:
n=1,3 OnrHyecKkas pa3HOCTb XO/la B TOHKHX IUICHKAX B OTPAXKCHHOM CBETE
. A
4=0,55 MkM | ompezensercs o hopmyIe A =2d~n* - sin’i - ?O, (1)
rzie d — TOJIIMHA TICHKH, 71 — I0Ka3aTelb MPEIOMICHNUS TICHKH, | —
d="7 yToJI TIaJIeHUsI CBETa

Tak xak cBeT nmajaet HopMabHO, T0 [ =0°, 3HaumT sini =0, Torga (1) mpuMeT BHJ

A
A =2dn- = 2
5 2)

VYcia0BrE MAaKCHMYMOB HHTEHCUBHOCTH CBETa IIPH HHTEp(dEepEeHIINN
A=tmA;m=0,123.... 3)

MuHrManeHas pa3HOCTh X0Ja BO3MOXkHa nipu m = 0.

A
N3 (2) u (3) cnenyer 2dn - 5 =0, orkyna

d =——= =0, 1MKM.

3agaua 3. CKoJIbKO IITPUXOB HA KK MHUJITUMETP COACPKUT AU paKIIUOHHAS
pelnieTka, ecJiv mpu HabJI0ICHUU B MOHOXPOMAaTHYECKOM cBeTe (4=0,6 MKM),
MaKCHUMYM IISITOTO TIOPsJIKa OTKJIOHEH Ha yroi ¢ =18°?

JaHo: [Mocrosunas d nudPaKIMOHHON PEIIETKH, JJIMHA BOIHEL A H
/=0,6MKM | Yyroi ¢ OTKIOHEHHMS JIyueil, COOTBETCTBYIOLIMIA 7 - My
m=5 IU(PAKIMOHHOMY MAaKCUMYMY, CBS3aHbI COOTHOLIEHUEM
@=18° d -sing =mA,

mA
n=>7? OTKy1a d =——.

sing

Ywucio IITPUXOB HA MUJUIUMCTP

N, :l _sing _ sinl8 . :0,302 —103 um”!
d k-A 506107 310

3agaua 4. B ¢doTomMerpe OJHOBPEMEHHO paccMaTpHUBAIOT JBE IOJOBUHBI TOJIS
3pEHHUS: B OJTHOM BHJIHA TAJOHHASI CBETAIIASACS TTOBEPXHOCTH C SIPKOCTBIO L,=5 KK1/
M’, B APYrOHM — HCIBITYyeMas MOBEPXHOCTb, CBET OT KOTOPOM MHPOXOIUT depe3 2
HuKoJig. ['panuna Mexay oO0eruMH MOJIOBUHAMU TIOJISI 3pEHUS MCUE3aEeT, €CIIU BTOPOM

HUKOJb TOBEPHYTh OTHOCHTENIBHO IMepBOro Ha yroa o=45°. Hailtu spkocts L,
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UCIIBITYEMON TIOBEPXHOCTH, €CIHM M3BECTHO, YTO B KaXKJIOM M3 HHKOJICH
WHTEHCUBHOCTb IaJIal0IIEr0 Ha HETO CBETa yMeHbIaeTcst Ha 8%.

JaHo: MHTEHCUBHOCTB CBETA, IPOLIECAIIErO Yepe3 1-1 HUKOJIb
L,=5"2=5 1002 r=1r0-k),

M M 2
0=45° rzae [’ - THTEHCUBHOCTD BBIIIEAIIErO U3 HUKOJIA CBETA,
k=0, 08 I, — THTEHCUBHOCTH MAJIAIONIECT0 €CTECTBEHHOI'O CBETA,

k — oTHOCHTEIIbHAS TOTEPS] UTHTEHCUBHOCTH B HUKOJIE.

L =? IIpr 1DpoXO0kKAEHUM NOJSIPU30BAHHOTO CBETA 4Yepes3 2-u
HUKOJIb, C YYETOM MNOT¢PU MHTEHCHBHOCTU B HEM U3 3aKOHa Maitoca cienyer, 4uTo

WHTEHCUBHOCTH CBETa OyJIeT paBHA

L, =I"{1- k)cos’ & :%(1- k) I, cos’ .

1
Tak kak sipkocTh L :E’ rae S — IUIoIAAb MOBEPXHOCTH, Ha KOTOPYIO MAJaeT CBET,
0o/, =L S, a [,=L,-S, 10
1 2
L, -S=L, -S B {1- k) cos’ .

3
= b = 2910 a0 My R

1 (1- k)3 -COS” ¢ (0,92)3 .cos” 45 M

3agaya 5. MomHoCTh u3AydYeHUd mmapa paauycoM R=10 cM npu HEKOTOpOu
MOCTOAHHOM Temmeparype 1 paBHa 1 kBt. Halitu sty Temmneparypy, cuuTtas map
CepbIM TeJIOM ¢ KodduimeHToM yepHOTHI ar = 0,25.

Hano: DHepreTuyeckasi CBeTUMOCTh CEPOTro Tema
R=10cm=0,1 m R, =a, o T,
P=1xBt=10°Br | rie 0 =5,67 107 Br/(m* K*) - nocrosmmas Credana-
a.=0,25 boaemmana. Tak kxak R,=P/S U ciemoBaTenabHO,
=7 P=S-a -o0-T.

ITmomane miapa (cdhepsl) S =47R’, HOITOMY

P =4zR’ -a, -0 T",
Otkyna

r=f— 1 - 10 —867 K.
4R a, -0 \[4314(0,1)° 0,25 5,67 10"
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3agaua 6. MakcumarnbHasi CHEKTpaibHAs IUIOTHOCTh DHEPTETUYECKON CBETUMOCTH
(R, 7)max @OCOMIOTHO YepHOTO Tesa pasHa 4,16 - 10" Br/m*. Ha kakyro AuMHy BOJIHBI
Am OHA IPUXOAUTCS?
Jano:
(Ri,T)max=4,16 - 10" Br/M* | MaxkcumanbHas ClIeKTpaibHas ITIOTHOCTh
HHEPreTUYECKON CBETUMOCTH MIPOIOPIIMOHATBFHA

5-0i1 cTeneHu abCONIOTHOM TeMIepaTypbl
Am =2 (BTOpOI1 3ak0H BuHa), 3HAUUT

(RiD)max=C -T°, THe C=1,3-10° Br/(M’K°).

CnenoBaTenbHO,

CornacHo 3akoHy cMelleHus Buna

b
A Z?, rae b =2,9 10 mxk, TOrma
-3
= b = 2.9 10 — =1,45 -10"°m =1,45MKM.
5 (R)“’T)max 5 w
C 1,310

Bagaua 7. [ng  mpekpamenus — (GoTOTOKa,  BBI3BAHHOTO  OOJydYEeHHEM
yIbTpa®HUOIETOBBIM  CBETOM  IJIATUHOBOW  IUTACTHHKH, HYXHO  IPHJIOXKHUTH
3a/Iep’KUBAIOIIYI0 pa3HOCTh noTeHuuanoB U,=3,7 B. Eciau mmatuHy 3aMeHUTH
JPYTUM MaTE€pHAIIOM, TO 3aJCpPXKUBAKOIIAs PA3HOCTh NOTEHLUHATIOB MNPUAETCA
yBenn4uTh 10 6B. Onpenenuts padoTy BbIXOJA A> ANEKTPOHOB C IOBEPXHOCTH ITOTO
MaTepuaa.

JlaHo:

U=3,7B ITo Tabnuie HaxoauM pabOTy BBIXO/IA AJIEKTPOHOB C IOBEPXHOCTHU

U,=6 B mnatuesl: A; = 10,1 - 107" JIx. CornacHo ypaBHEHHIO DHHIITEHHA 1JIs
dboTodrddexra nmeem

A, =7 hv =A4+T_ .

I71€ Tmax — MAKCUMAaJIbHASI KUHETHYECKAs SHEPTUS (POTOIIEKTPOHOB,
BBIPBAHHBIX CBETOM C IMOBEPXHOCTU Matepuaia. [1o ycnoButo 3agaun
(GOTOTOK OTCYTCTBYET U3-3a 3aJIepKUBAIOIIEH Pa3HOCTU MOTEeHIMaNIoB U.
CnenoBatenbHO, Tnax =€ -U.

Tax xak 006a MaTepuasna 00Iy4aroTCsl OAHUM U TEM K€ CBETOM, TO

A4 +eU =A4,+e U,.

CnenoBaTenbHO,

A2:A1+€ (U1-U2) = 6, 42 - 10-19)_—[)1(.
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3agaya 8. MoHOXpoMaTHYECKOe H3IydeHHE C JIMHON BoaHBI A=500 HM magaeT
HOPMAJIBHO Ha IUIOCKYIO 3€pKaJIbHYIO IOBEPXHOCTh U JABUT Ha Hee ¢ cwiior =10 HH.
Omnpenenutpb yncio Ny (GOTOHOB, €KECEKYyHIHO MAJAIOUINX HA 3Ty TOBEPXHOCTb.

JlaHo:

=500uM=5-10"M | [laBiieHHE, TPOM3BOAUMOE CBETOM IIPH HOPMAJIBLHOM IaJICHUH,
E

F=10sH=10*H P==<(1+p) ,
c

t=lc

N =? rine E. — 001y4eHHOCTh IOBEPXHOCTH, € — CKOPOCTh CBETA,

p — K03(pGULHUEHT OTpaxkeHus (114 3epKabHOU moBepXxHOCTH p=1). Cuia cBEeTOBOTO
JABJICHUS HA TIOBEPXHOCThH paBHA

E S
F=pP.§=—

c
Tak kak E. - S= @, - NOTOK SHEPTUU U3IYUYEHHUS, MAIAI0NIEN Ha IJIOMAAKY S B

CAUHULYY BpEMEHU, TO D - ¢ =W- dHEprus U3JIlydyeHUs, [1a1arolas Ha 36pKaJIbHYI0
NOBEPXHOCTh. OUEeBUIAHO

(1+p).

w(l+p) Fect
F=——" orxyma W=
ct Y 1+ p0

Yucno ¢OTOHOB MOKHO HAaWTH KaK OTHOIIEHUE W K SHEPTUH OJHOTO (POTOHA & =
hv=hc/A:

W Feta _F-A+t _10°5107 1

=7 - ~ = - =3,77 10",
e hell+p) hll+p) 6,63-107°(1+1)

3agaua 9.

®dotoHn ¢ sueprueit € =0, 75 MaB paccesiicst Ha cBOOOTHOM 3JIEKTPOHE O] YTIIOM
6 =60°. (Cuuras, YTO KHUHETUYECKAs] DSHEPIHs U UMIYJIbC OJIIEKTPOHA JIO
B3aUMOJICUCTBHS C (DOTOHOM MPEHEOPEKUMO Majbl), ONpPeNeauTh: 1) sHepruro &'
paccessHHOTO  (oTOHA; 2) KUHETHYECKYH DJHepruio [ d3JIEeKTpoHa OTJayu;
3)HanpaBieHUE ero JIBHKEHUS.

Jano:
e=0, 75 M»B
0=60°

e'=?
7=
o =7

Bocnonb3yemcs Gpopmymnoit Komrnrona
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r h
A= A =——(1- cosb) ,
myc
rae A’ ¥ A JJMHBI BOJH PACCESHHOTO M MAJAIOIIETO U3IyUYEHHUs, COOTBETCTBEHHO, 711o-
Macca MOKOS JJIEKTPOHA, ¢ - CKOPOCTh CBETA.
Kax wm3BectHO, sHEeprus potoHa & =hv = hc/A. CnenoBatenbHo, A = hc/e n
dbopmyna (1) npeoOpeTaeT BU:
hc he  h
= (1- cosp) WM __

;o 2
£ £ myc E € myc

I 1 _1-cosb, )

BoCno1630BaBIINCH TEM, UTO Moc’= Eo —dHPrHs MOKOs dIeKTpoHa, panas 0,511 Mos,
OKOHYATEIbHO MOJIyYUM

& = £ - 0.75 ~0,43 M>3B

i(l- cost) +1 0.75 -(l - cosGO:) +1
E, 0,511

Kunernueckast sHEprus 371€KTPOHA OTAa4M MOXKET ObITh HaiiJieHa U3 3aKOHA
COXpaHEHUS PHEPTUU. Y UUTHIBASI, YTO KHHETUYECKAsI SHEPTUS BJIEKTPOHA JI0
B3aMMOJICUCTBHSI C JOTOHOM MPEHEOPEKUMO Majia, HUMEEM:

e= ¢+ T

CruenoBarenbHo, 17 = €- ¢'=0, 32 M»B.

Hanpapnenue nBMKEHUS dJIEKTPOHA OT/IAYM HAWIEM M3 3aKOHA COXPaHEHUS
UMITyJIbCa, PUHUMAs BO BHUIMaHHWE, YTO UMITYJIbC AJIEKTPOHA IO B3aUMOJICHCTBUS C
dboToHOM TIpeHeOpexumMo Mail. B pesynbrare umeem

P =P +muv,
riae P — uMnyise majgaromero GoroHa, P’ - UMIyJIbC paccesHHOro OTOHA,
MV — UMITYJIbC DJIEKTPOHA OTAaYH.
Yrox o (cM. puc.) onpeaenseT HapaBiIeHUEe JBUKCHHS SJIEKTPOHA OTAAUH.
N3 tpeyronbaukoB OCD u ACD(cM. puc.) cieayer, 4To

[ CD| CA| sind
o= =
s ]OD[ ]OA - ]CA‘ -cos
o = P’ sind _ sind
WU = . = ,
P- P -cosd E,_ c0s 0
P
P K fooy = sin®
Ho wummnynbesl potonos P =—,P =— rorma ¢ =% .
c c Jh cost
£ &
3 dopmyser (1) cnenyer, uro ~= :E(l +cosf) +1 | crienoBaTebHO, OKOHYATETBHO
0
HOJTyYUM
tgar = Esmf} _ - 7§1n60 ~0.70L
1+—|(1- cos®) [1+ 21 (1- cos60°)
) 0,511
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orkyma « =arctg(0,701) ~35°.

Bonpocwl u 3a0anun:

Bonpocwur:
1. OcHOBHBIE 3aKOHBI ONITUKH.
. IlomHoe oTpaxeHue.
. JIunzpl. ®opmyia JTUH3HL.

2

3

4. . KorpeHTHOCTh 1 MOHOXPOMATHYHOCTh CBETOBBIX BOJIH.

5. Hurtepdepenuus cpera.

6. Metobl HaOIOIeHNS UHTEPhEPEHIINY CBETA.

7. 1lonmocel paBHOI'O HaKJIOHA.

8. Ilonockl paBHOM TOJIIIUHBL.

9. Konbua Herotona.

10. Iudpakuus crera.

11. ITpunnun I'toitrenca-Openens.

12. Hudpakuus Openens.

13. Hudpakuus Opaynrodepa.

14. Tudpakuus Ha MPOCTPAHCTBEHHOU PEIIETKE.

15. Jucnepcus ceera.

16. Paznuuns B tudpakimOHHOM M MIPU3MATUYECKOM CHEKTpaXx.

17. HopmanbHas u aHOMAaIbHas TACIIEPCHSL.

18. Tlornomenue (abcopO1usi) cBeTa.

19. O dekr Jomnepa.

20. Ionspuszanus ceera.

21. EcTeCTBEHHBIN U MOJSPU30BAHHBIN CBET.

22. 3axoH Mamroca.

23. IlpoxoxkaeHue cBera 4yepe3 ABa nojsipuzaropa. llonspuszanusa ceera mnpu
OTPAKEHUU U IIPEJIOMIICHUH Ha TPAHULIE IBYX JUAJIEKTPUKOB.

24. KBaHTOBas MpUpOaa U3ITyUYCHHUS.

25. TennoBoe U3IyYEHHE U €r0 XapaKTePUCTHUKHU.

26. 3akonbl Kupxroda, Crepana — bonbnmana, Buna.

277. ®opmynsl Panes — JIxxunca u I1nanka.

28. TemnepaTypsl: paaualOHHAs, [IBETOBAS, IPKOCTHAS.

29. 3akonsl poTorPdekra.

30. /laBneHue cBeTa.
31. Odpdexr KomnroHa.

3aoanusn:
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1. TlnockoBbimykyasi TuH3a € (POKYCHBIM paccTosHUEM [ = | M JIeKHUT BBITYKIION
CTOPOHOM Ha CTEKJISIHHOM IuiacTMHKE. Paauyc mstoro temHoro xoneuna HeroTOoHA B
OTpaXeHHOM cBeTe 75=1,1 Mm. OnpeaenuTs ATUHY CBETOBOW BOJIHBI A.

2. Ontuueckas cuna @ obobekTHBa Teieckona paBHa 0,5 nntp. Okynsip nelcTByeT
Kak Jyna, naromasa ypeiauuenue /1 = 10. Kakoe yBenuuenue /5> 1aet Teneckon?

3. Jlyna naet yBenuuenue /=2. BIuloTHYIO K HEW MPUIIOKUINA COOMPAIONIYIO JIMH3Y C
ontuueckoir cunot @,=20 nntp. Kakoe yBenmuuenue /> OyJeT naBaThb COCTaBHas
ayna?

4. Ilpemenbl aKKOMOIAIAX Ta3a OIM30PYKOTO YeIoBeKa 0€3 OYKOB JICKAT MEKIY di =
16 cMm 1 a> = 80 cM. B oukax OH XOpOIIO BUIWT yJaJeHHbIE NpeaMeTsl. Ha kakom
MUHHMaJIbHOM PACCTOSSHUM ¢ OH MOJXKET Jep)KaTh KHUTY TMPU YTEHUU B OUYKaX?
Cunrarh paccTOsIHUE HAWITy4LIEro 3peHust D=25 cm.

5. YenoBek 63 OYKOB YMTAET KHUTY, pacrojiarasi ee nepej coooil Ha pacCTOSTHUM a =
12,5 cm. Kakoili ontudeckon cuiibl @ OYKH CIIETYET €My HOCUTH?

6. I'maBHOe (hoKycHOe paccTosiHMe f coOuparoliel JUH3bl B Bo3ayxe paBHO 10 cwm.
Onpenenutk, 4eMy OHO paBHO: 1) B Bojie; 2) B KOpPUYHOM Maclie.

7. KakoBO BO3MOXXHO€ HauWMEHbIIIEE pACCTOSTHUE [ MEXAy MPEeIMETOM U €ro
JEUCTBUTEIBHBIM HM300paKEHUEM, CO3/1aBa€MbIM COOMPAIONICH JUH30M C TJIaBHBIM
dboxycHBIM paccTostHuEM =12 cM?

8. Jlyu cBeTa mepexoAWT W3 CpeAbl C IOKa3aTelieM MPEIOMIICHUS 1; B CPedy C
MOKa3aTesieM MpesioMIIeHus1 1. [lokazarh, 4TO €cim yroia Mexay OTPaKEHHBIM H
PEIOMJICHHBIM W TPEJIOMJICHHBIM JIy9aMH pPaBeH 7/2, TO BBITIOJHSIECTCS YCIOBHE

n
1g¢, :n—z(ff | -yTOJI TIAZIEHUS]).
1

9. Ilydok mnapaienbHBIX JIyded MIUPUHOW @ NAaJaeT Ha TOJICTYH) CTEKJISHHYIO
IJIACTUHY NMOJ yriaoM & = 60° u, mpenomirsisace, nepexoguT B crekno. lllupuna a
nydka B Bo3ayxe paBHa 10 cMm. OnpenenuTs MUpUHY b MyyKa B CTEKIIE.
10. JIyu nagaet mox yriaom & = 60°Ha CTEKJIIHHYIO TUIACTUHKY TOMIIMHON d =30 mMm.
Onpenenuts OOKOBOE CMEIIEHHE AX JTyda MOCJE BbIX0/1a U3 INTACTUHKH.
11. Ha wmpuibHyto mieHky (n=1,3), Haxonsinyrocsi B BO3AyXe, MajgaeT HOPMaJIbHO
ny4yok Jydeil Oemnoro cBera. [lpm kakod HauMeHbIIEW TONIIMHE d IUICHKU
OTPKEHHBIH CBET C JUIMHOW BOJMHBI A=0,55 MKM OKaXeTcsi MaKCHUMAaJIbHO
YCWJICHHBIM B pe3ysibTaTe HHTep(epeHIUH.
12. Ilygyox moHoxpomaTudeckux (A=0,6 MKM) CBETOBBIX BOJH MaJaeT MOJ YIJIOM
£&=30° Ha HaxoAfIIyIOCA B BO3AyXe MbUIbHYIO IUIeHKY (n=1,3). Ilpu kakoi
HauMEHbIIEH TOJNIIUHE d TJIEHKA OTPaKEHHbIE CBETOBBIE BOJIHBI OyyT MaKCUMaIbHO
ocyiabnenbl uaTepdepenimeit? MakcuMaibHO YCUIICHBI?
13. Ha ToHKkwMii cTekassHHBIN KiuH (17 =1,55) nagaeT HOpMaabHO MOHOXPOMATUYECKHM
cBeT. /[ByrpaHHBI yroia a Mexay NOBEPXHOCTAMHU KIHMHA paBeH 2'. Omnpenenursb
JUIMHY  CBETOBOM BOJHBI A, eciau  paccTossHue b  MexXIy  COCeAHUMU
UHTEPPEPEHIIMOHHBIMU MAaKCUMYMaMH B OTPaXEHHOM cBeTe paBHO 0,3 MM.
14. JIByrpaHHblil yroj CTEKISHHOTO KiuHa paBeH 0,2'. Ha KJIMH HOPMaJIBHO K €ro
IOBEPXHOCTH IAJaeT IMYYOK JIydel MOHOXPOMAaTHYECKOIO CBETA C JJIMHON BOJHBI
A=0,55 mxMm. OnpenenuTs mupuHy b UHTEPHEPEHITMOHHON MOTOCHI.
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15. Ha TOHKMI CTEKJISIHHBI KJIWH B HAIlpPaBICHUH HOPMAJId K €ro MOBEPXHOCTHU
nagaeT MoHoxpomatudeckuii cBeT (A=600 um). Omnpenenuts yrom 6 MeEXIy
MOBEPXHOCTSIMU KJIMHA, eciu paccTosiHue b MEXITY CMEKHBIMU
UHTEPPEPEHIIMOHHBIMU MUHUMYMaMHU B OTPa’KEHHOM CBETE PaBHO 4 MM.

16. B omweite IOnra paccrosiuue d mexay mensmu paBHo 0,8 mm. Ha kakom
paccTostHUM [ OT 1MIeJed ClenyeT paclojoXUTh JKpaH, 4YTOObl ImHpuHA b
UHTEPPEPEHIIMOHHOMN TTOJIOCHI OKa3ainach paBHOU 2 MMm? (A=640 uM).

17. Paccrostnne d Mexay nByMms miensiMu B onbiTe FOHra paBHo 1 mwm, paccrosiHue [
OT mmene mo skpaHa paBHO 3 M. Omnpenenutb UIMHY BOJHBI A, HCIyCKaeMoii
HUCTOYHUKOM

MOHOXPOMATUYECKOIO0 CBETa, €CIU IIUpHHA b 1oyioc HUHTEephEepeHIMHU Ha DKpaHe
paBHa 1,5 MM.

18. Paccrosinue d mexay NByMsl KOTE€pPEHTHBIMHU HCTOYHUKaMH cBeta (A=500 HM)
paBHo 0,1 mm. Paccrosinue b mexy uHTEp()EpEeHIIMOHHBIME TIOJIOCAMHU Ha DKPaHE B
CpenHei yacTu HHTEPPEPEHIIMOHHON KapTHHBI paBHO 1 cM. OnpeaenuTb paccTosHUE
[ OT UICTOYHUKOB JI0 dKpaHa.

19 .Haiitu Bce anunbl BOJH Buaumoro ceta (ot 0,76 go 0,38 MkM), KoTOpble OyAyT:
1) MakcuManbHO YCHUJIEHBI; 2) MAaKCUMaJIbHO OCJIA0JIE€HBI MPU ONTUYECKON Pa3HOCTH
xoz1a A uHTepPepupyroumx BOJH, paBHOU 1,8 MKM.

20. Ha TOHKHMI CTEKJISHHBIA KJIMH B HAalPaBICHUU HOPMaJIM K €ro MOBEPXHOCTH
nagaeT MoHoxpomatudeckuii cBeT (A=380 um). Omnpenenuth yron 6 MeXIy
MOBEPXHOCTSIMU KJIUHA, ecim paccTosiHue b MEXKTY CMEKHBIMU
UHTEPPEPEHIIMOHHBIMA MUHUMYMaMHU B OTPa)KEHHOM CBETE PaBHO 6 MM.

21. Kakoe HammeHbIee YHUCIO Npin IITPUXOB JODKHA COMEPKATh MU(PpPAKITMOHHASL
pemieTka, 4ToObl B CHEKTPE 2-TO MOPSAKAa MOXKHO OBUIO BHJIETh Pa3/leibHO JIBE
KENIThle JTUHUHM HATpus ¢ JiuHaMu BOMH A4,=589 Hm u A,=589,6? KakoBa anuna /
TaKOW PEIIeTKH, €CJIM MMOCTOSHHAS PEIETKUA d=5 MKM?

22. JudpakimonHas pelieTka OCBellleHa HOpPMaJbHO aJaroM
MOHOXPOMATHUYECKHM CBETOM. B au(pakiimoHHOW KapTHHE MaKCUMyM BTOPOTO
MOPsAJIKA OTKJIIOHEH HA YTOJl @ 1 =14°. Ha kakoil yroia ¢ » OTKJIOHEH MakCHUMyM
TPETHET0 NOpsAaKA?

23. MudpakunonHas pemerka coaepxkut n=200 mrpuxoB Ha 1 mm. Ha pemerky
najgacT HOPMajJbHO MOHOXpoMarhyeckuii cBeT (A =0,6 MkM). MakcMMyM Kakoro
HauOOJBIIETO MOPSJIKA JIaeT HTa peeTka?

24. Ha nudpakinuonnyto pemerky, coaepxairyo n=400 mTpuxoB Ha 1 MM, mamaer
HOpMaJIbHO MOHOXpomaTudeckuii cBetT (A =0,6 wmxm). Haittm oOmee uwncmo
TU(GPAKIIMOHHBIX MAaKCUMYMOB, KOTOpOE JaeT 3Ta pemerka. OmpeaenuTs yroia ¢
nudpakIyy, COOTBETCTBYIOIIUHN MOCIEAHEMY MAKCUMYMY .

25. Ilpu ocBemienny TUPPAKIIUOHHONW PEIIETKH OEJIBIM CBETOM CIIEKTpPhI BTOPOTO U
TPETHEr0 MOPSAKOB OTYACTU MEPEKPBIBAIOT Apyr Apyra. Ha kakyio MJIMHY BOJIHBI B
CIEKTpE BTOPOro TOpsAKAa HakjiaabiBaeTca ¢uoneroBas rpanuma (A = 0,4 MKm)
CIIEKTpa TPETHETO MOPSAIKA.

26. Ha mudpakiuoHHyo pemerky, cojaepxkaiiyr 7=600 mMTpUXoB HA MHILITUMETD,
najgaeT HOpMalbHO Oenblii cBeT. CHEeKTp MPOoeHHupyeTcs  MOMENIEHHOW BOIM3U
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pelieTkl JUH30M Ha sKkpaH. OnpenenuTsh WUPHUHY b CIEKTpa MEepBOro Mopsaka Ha
AKpaHe, €CIIM PACCTOSIHUE OT JIMH3BI 110 3KpaHa L=1,2 M. ['paHulibl BUIMMOTO CIIEKTpa
Ay = 780HM, Ag= 400 HM.

27. CKOJBKO IITPUXOB HA KKl MUJUIUMETP COAEPKUT AUPPAKIIMOHHAS PELIETKa,
€CJI MpU HaOMIOIEHUH B MOHOXpOMaTH4ecKoM cBeTe(A=0,6MKM), MAaKCUMYM IISITOTO
HOPsAIKAa OTKJIOHEH Ha yroi ¢=18"?

28. Ha mens mupunoi a=0,1 MM najaeT HOpMaIbHO MOHOXPOMATHYECKHA CBET (A =
0,5 MxM). 3a 1menpl0 TOMelleHa coOuparoas JuH3a, B (OKAIBHOM IIOCKOCTH
KOTOpOH HaxoauTcss sKpaH. UYro Oyner HaAOMIOAAThCs Ha JKpaHe, €cld yroia @
mudpakuuu paseH: 1) 177; 2) 437,

29. Ha y3kyro Mmenp NagaeT HOPMAJIbHO MOHOXPOMAaTHYECKUH CBET. YTOI @
OTKJIOHEHHsI MyYKOB CBETa, COOTBETCTBYIOIIMX BTOPOH CBETIOW AM(PPaKIMOHHOU
noJioce, paseH 1°. CKOJIbKHUM JIJIMHAM BOJIH MAJAIOLIEr0 CBETA paBHA IIMPHUHA ILIETU?
30. Ha mens mmupunoi 0,05 MM magaeT HOpMaabHO MOHOXpOMaTHIecKuit cBeT (A=0,6
MKM). OnpelenuTs yroia ¢ MexJy NEepBOHAYAJIBHBIM HAIPABICHUEM IIyYKa CBETa W
HalpaBJI€HUEM Ha YETBEPTYIO TEMHYIO JUPPAKIIMOHHYIO TIOJIOCY.

31. Ilmockasi cBeroBas BOJIHA MAaJaeT HOPMAJIbHO Ha JuadparMy C KpYIJIBIM
orBepcTeM. B pesynbprare audpakimu B HEKOTOPHIX TOYKaX OCH OTBEPCTHUSA,
HaxXOJSIIUXCSl Ha pacCTOSHUAX b; OT €ro UEeHTpa, HaOJIIOJAIOTCS MaKCUMYMBI
uaTeHcuBHOCTH. 1) [lomyunts Bun ynkuuu b=f (¥, A, n), TIe r-paanyc oTBepcTus; A
- JUIMHA BOJIHBI;, n-4MclIO 30H DpeHens, OTKPhIBAEMBIX I JAHHOW TOYKH OCH
orBepctus. 2) Cphenath TO XK€ caMmoe JUIsi TOYEK OCH OTBEpPCTHS, B KOTOPBIX
HaOJI0JAI0TCS. MUHUMYMbI HHTEHCUBHOCTH.

32. TlocpenvHe MeEXIy TOYEYHbIM HMCTOYHUKOM MOHOXPOMATHYECKOTO CBETa
A=550 HM © DSKpaHOM HAaxXOIUTCS JAuapparmMa C KPYIJIBIM OTBEPCTHEM.
JudpakironHas kapTuHa HaOII0aeTcs Ha 3KpaHe, paclo0KEHHOM Ha PacCTOSHUU
5 M ot wucroyHuka. Onpenenure paadyc OTBEPCTUS, IOPU KOTOPOM LIEHTP
JU(paKIMOHHBIX KOJIel, HaOJt01aeMbIX Ha SKpaHe, Oy1eT HauboJjee TEMHBIM.

33. Ily4ok cBeTa, MAYIIKUNA B BO3IyX€, MAIa€T Ha MOBEPXHOCTh KUAKOCTH O]l YIIIOM
& =54°. Onpenenuts yroil NPEIOMIEHHS & IydKa, €CIH OTPAKEHHBIM Iy4YOK
MOJIHOCTBIO MOJISIPU30BAH.

34. Ha xakoil yIJIOBOM BBICOTE€ ( HaJ TOPU30HTOM JOJDKHO Haxonutbes CouHIe,
YTOOBl COJHEYHBIN CBET, OTPAXCHHBIH OT MOBEPXHOCTH BOJBI, OBLT TOJHOCTHIO
NOJISIPU30BaH?

35. Yron bprocrepa & npu naJIcHUU CBETa U3 BO3/yXa HA KPUCTAJI KAMEHHOW COJU
paBeH 57°. OnpenenuTbs CKOPOCTh CBETA B 3TOM KpHCTAJLIE.

36. IlpenenbHplil yron € MOJHOTO OTPaKEHMS ITy4yKa CBETA HA IPAHULE KHJIKOCTH C
BO31yxoM paBeH 43°. Onpenenuts yroa bproctepa €5 15 ajieHus Jiyya U3 BO3yXa
Ha IOBEPXHOCTb 3TON KUIAKOCTH.

37. Yron a Mexay IUIOCKOCTSMHM ITPOIyCKaHHMs MOJAPU3aTOpa U aHAIM3aTOPa PAaBEH
45°. BO CKOJBKO pPa3 YMEHBIUUTCS WHTEHCUBHOCTh CBETA, BBIXOMIAIIETO U3
AHAIIM3aTOPA, ECIM YIOJl yBEIUIUTCS 10 60°?

38. Bo ckonbko pa3 ocnalisieTcsi HHTEHCUBHOCTh CBETa, IPOXOSIIEro uepe3 JBa
HUKOJISA, TUIOCKOCTH MPOITYCKaHUsI KOTOPBIX 00pa3yroT yroia o =30°, eciii B KaXKI0M
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U3 HUKOJIEW B OTAENbHOCTH TepsieTcsi 10 % MHTEHCHMBHOCTM MaAaloller0o Ha HEro
ceera?

39. IlmacTuHKY KBapua TOJIIMHOM d\=2 MM, BBIPE3aHHYIO IEPIEHIUKYISPHO
ONTHYECKOW OCH, MOMECTUIN MEXK]y MapalieIbHBIMU HUKOJISIMH, B PE3YJIbTATE YETO
IIOCKOCTh TOJIAPU3AIMU CBETA MOBEPHYJIACH HA yron ¢ =53°. OnpenenuTh TONIINHY
d> TUTACTUHKH, TIPU KOTOPOW JAHHBI MOHOXPOMATHYECKUU CBET HE MPOXOJUT 4Yepe3
aHaIu3aTop.

40. Huxotun (4ucTas XUAKOCTH), COACPIKAIIMICS B CTEKISHHOW TPYyOKe IITMHOM
d = 8 cM, MOBOPAYMBAET IUIOCKOCTh MOJIIPU3ALMH KEITOTO CBETA HATPUS HA YroJl
@ =137°. Ilmortocts mukotmHa p© = 1,01-10° kr/M’. Onpenenuts yaeabHOE
BpallleHUE [ ¢y] HUKOTHHA.

41. Onpenenuts >HEPTUIO W, n3iyyaeMyto 3a Bpems =1 MHUH U3 CMOTPOBOI'O OKOIIIKa
IIOIAABI0 S=8 cM * IIIaBMJILHOM I1euH, ecii ee Temmeparypa 7=1300 K.

42. Bo CKOJIBKO pa3 HaJ0 YBEJIWYUTh TEPMOJIMHAMHUYECKYIO TEMIIEPATYPY YEPHOIO
Tena, 4TOOBI €r0 IHEPTreTUIECKas CBETUMOCTh R, BO3pociia B Ba pa3a’?

43. OmnpenenuTh OTHOCUTENbHOE yBenuueHue AR./R, 3HEPreTUYeCcKou CBETUMOCTHU
YEPHOTO TeNa NPH YBEJIMYEHUH €r0 TeMneparypsl Ha 1%.

44. Temnepatypa T BepxHHX ciioeB 3Be31bl Cupuyc paBHa 10 kK. Onpenennuts moTok
sHeprun D, U3JTy4aEMBI € MOBEPXHOCTH IUIOMAALI0 S =1 KM 9TOM 3BE3/IbL.

45. Yepuoe Teno Harpenu oT temnepatypbl 7:=600 K mo 7,=2400 K. Onpenenuts:1)
BO CKOJIbKO pa3 yBEJIMYUJIACh €T0 YHEPreTUyYecKas CBETUMOCTh; 2) KaK M3MEHUJIACh
JUIMHA  BOJIHBI, COOTBETCTBYIOIIAsl MAaKCUMYMY CHEKTPajJbHOM  IUIOTHOCTH
DHEPTETUYECKON CBETUMOCTH.

46. OnpenenuTh YCTaHOBUBIIYIOCS TeMIleparypy [ 3au€pHEHHOW MeETaIM4eCcKOn
IJIACTUHKH, PACIHOJIOKEHHOW TMEpHEeHIUKYJSIPHO COJIHEUYHBIM JydyaM BHE 3€MHOMI
atMocdepsl Ha cpeaHeM pacctossuud oT 3emun 10 Cosnnia. ComHeYHas TOCTOSTHHAS
C=1,4 xJIx/m*c.

47. IlpunuMas Ko3(pPUUUEHT YepHOTHI ar yriid npu temmneparype 7=600 K paBHbIM
0,8, ompenenutb: 1) 3HEPreTHUYECKyr0 CBETUMOCTh R, yrus; 2) sHepruto W,
M3Iy9aeMyIO ¢ TIOBEPXHOCTH YT IUIOMAAbIo S =5 cM” 3a Bpems ¢ =10 MuH.

48. C moBepXHOCTHU Caky ILIomanpn S =2 cm’ npu temneparype 7 =400 K 3a Bpems
=5 MuH uznydaerca 3Heprusi W=83 Jlx. Onpenenutb KO3PQGUUHUEHT YEPHOTHI dr
CaXU.

49. MydenpHas neuyb mnorpedisier MomHocTh P = 1 kBtr. Temmeparypa T ee
BHYTPEHHEHN IOBEPXHOCTH IIPU OTKPLITOM OTBEPCTHH ILIOIAALI0 S = 25 ¢cM® paBHa
1200 K. Cuuras, 4ro OTBEpCTHE TMEYM HU3Iy4aeT Kak aOCOJIIOTHO YEpHOE TEJo,
ONPEIEINTh, KAKasi 4aCTh (» MOIIHOCTH PAaCCEUBAETCSI CTEHKAMHU.

50. AOGcomoTHO uepHoe Teno umeer Ttemmneparypy 71:=500 K. Kakosa Oyxer
Temriepatypa 7, Tena, €clid B pe3yjibTaTe MOTOK U3ITyYEeHUs YBEIMUUTCS B n= 5 paz?
51. MakcumMyM CHEKTpajJbHOW IIJIOTHOCTH JSHEPreTUYECKOW CBETHUMOCTH (R).T)max
SPKON 3Be37bl APKTYp NMPHUXOAUTCS HA JUIMHY BOJIHBI A, =580 M. [IpuHuUMas, uto
3BE3/1a U3JIy4aeT KaK YEPHOE TEJIO, ONPEACIIUTH TeMIIepaTypy 7 TOBEPXHOCTH 3BE3bI.
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52. Omnpenenuts TeMieparypy 1 depHOro Teja, MpU KOTOPOM MAKCUMYM

CHEKTPAIbHON TIJIOTHOCTH SHEPreTUYECKOM CBETUMOCTH (R)1)max MPUXOJIUTCS Ha

KpacHyI0 TpaHUIly BUIUMOTO criekTpa (A = 750um); Ha proneToByro (A,:=380 uM).

53. Temneparypa BepxHux cinoeB ConHua paBHa 5,8 kK. Cuurtas CoJiHIIE YEpHBIM

TEJIOM, OINpPEACNIUTh JJIMHY BOJHBI Am, KOTOPOW COOTBETCTBYET MaKCHUMalbHas

CHEKTpaibHas TUIOTHOCTh U3TYy4aTeIbHOCTH (7.1)max COMHIIA.

54. Ha xakywo JIMHY BOJIHBI Ay MPUXOJIUTCS MAKCUMYM CHEKTPAJIbHOWU TUIOTHOCTH
SHEPreTUUECKOM CBETUMOCTH (R ;. 1)max YEPHOTO TENA U TeMHeparype ¢ = 0 C™?

55. Kpacnas rpanuna d¢oroddpdexkra a1 nuHka A=310 HM. Onpenenutsb

MaKCHUMAaJIbHYI0 KHHETUYECKYIO SHEPTHIO Tyax (OTODJIEKTPOHOB B AJIEKTPOH—BOJIBTAX,
€CJIM Ha [IUHK I1aJ1aeT CBET ¢ IMHON BOJHBI A =200 HM.

56. BcnenacTBue WM3MEHEHHS TeMIIEpaTyphl aOCONIOTHO YEPHOTO Tejla MaKCUMyM
CHEKTPATBHOU TUIOTHOCTH (R 1)max CMECTHIICSA ¢ A1 =2,4 MKM Ha A= 0,8 MmxM. Kak u
BO CKOJIbKO pa3 M3MEHWIACh YHEPreTUdecKkas CBETUMOCTh R, Tella U MaKCHUMallbHasl
CHEKTpaibHas TUIOTHOCTh YHEPTrEeTUYECKON CBETUMOCTH?

57. 1lpu yBeIMUYEHUN TEPMOAUHAMUYECKON TEMIIEpaTypbl I YEPHOTO TEja B JIBa pas3a
JUIMHA BOJHBI Am, HA KOTOPYIO MPUXOAUTCS MAKCUMYM CIEKTPAIbHOW TUIOTHOCTH
IHEPTETUYECKON CBETHUMOCTU (R) 1)max, YMEHbIIMIACh HAa AA=400 uM. OnpenenuTtsb
HAYAIBHYIO U KOHEYHYIO TemIiieparypsl 11 u 1.

58. DTajoH eauHUIIBI CWJIBI CBETa — KaHjela — IMPeJCTaBisIeT COOOW TMOJIHBIN
(M3Tyyaroluii BOJIHBI BCEX JUIMH) U3Ty4YaTelb, IOBEPXHOCTh KOTOPOTO IIOMIA b

S = 0,5305 mM®> MMeeT TeMepaTypy ! 3aTBEpAEBaHuUs IUIATUHEL, paBHyo 1063 °C.
Onpenenuts MOITHOCTh P u3ily4aTensl.

59. MakcumainbHas CIEKTpalibHasl TUIOTHOCTh DHEPTETUUYECKON CBETUMOCTH (R 1) max
uepHOro Tea pasHa 4,16 - 10" Br/m®. Ha xaKyro JyMHy BOJIHBI A, OHA MPOXOIUTCH?
60. Temnepatypa uepHoro Ttena paBHa 2 kK. Omnpenenuts: 1) CrnekrpaibHyro
IUIOTHOCTh YHEPreTUYECKON CBETUMOCTH (7r) Ui JIMHBI BOJAHBI A =600 HM; 2)
DHEPreTHUecKyr CBETUMOCTh R; B MHTEpBaje JUIHH BOJH OoT A; =590 HM 10 A, = 610
HM. [IpuHSTH, UTO CpeAHsisi CHEKTpalibHasl MJIOTHOCTh YHEPTETHUECKON CBETHUMOCTH
TEJIa B 9TOM WHTEpBaJie paBHA 3HAYEHUIO, HalIeHHOMY i BOJIHBI A= 600 HM.

61. Onpenenutb MaKCUMAJIbHYIO CKOPOCTh Vimax (POTORIIEKTPOHOB, BBUIETAIOMINX M3
MeTalia pu o0Iy4YeHuu ero y - otoHamu ¢ sHeprueit € =1,82 M»aB.

62. MakcumanbHasi CKOPOCTb Vinax (POTORIIEKTPOHOB, BBUIETAIOUIMX M3 METalla Mpu
o0nyueHuu ero y -poronamu, pasHa 291 Mm /c. Onpeaenurtb 3HEPTUIO € OTOHOB.
63. Onpeaenutb MaKCUMAIIbHYIO CKOPOCTh Vimax (POTORIEKTPOHOB, BBUIETAIONINX U3
MeTajlia pu o0Iy4YeHuu ero y - hoToHamu ¢ sHeprueit € =1,53 M»sB.

64. OnpenenuTb MaKCUMAJIbHYIO CKOPOCTh Vimax (POTODJIEKTPOHOB, BBUICTAIONIUX W3
MeTaia Mmoj IeUCTBUEM Y - U3IIYUYEHUS C JJIMHOM BOJIHBI A=0,3HM.

65. Omnpenenuts JJIMHY BOJHBI A yIbTPaUOIETOBOTO W3ITyYCHHs, MAJAIONIETO Ha
MOBEPXHOCTh HEKOTOPOTO METaJlIa, MPYU MAKCUMATBHOU CKOPOCTH (hOTOIJIEKTPOHOB,
pasHoi1 107 M/c. PaGoToli BBIX0O/1a DJIEKTPOHOB U3 METAJLIA IPEHEOPEYb.

66. Ha 1iuHKOBYIO TUTACTHHY TMaJaeT MOHOXPOMATUYECKUIA CBET C JUTMHOW BOJIHBI A =
220 uM. OnpenenuTb MAaKCUMAIBHYIO CKOPOCTD Vimax (POTORIIEKTPOHOB.
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67. Jlns npexpamenust pororddexra, BBI3BAHHOTO 00JTyUYeHUEM yJIbTPadUOIETOBBIM
CBETOM IUIATMHOBOM TUIACTUHKH, HY>KHO MPUJIOXKHUTH 3aJIEPKUBAIOLIYI0 PA3HOCTh
noreHuuanos U, = 3,7 B. EciM MUIAaTMHOBYIO IIIACTUHKY 3aMEHUTh JPYrou
IUTACTHUHKOM, TO 3aJI€PKUBAIOLIYI0 PA3HOCTh MOTEHLIUAIOB MPUAETCS YBEIUYHUTH 10 6
B. Onpenenuts paboTy A BbIX0Ja 3JEKTPOHOB C TOBEPXHOCTHU ATOM MIIACTUHKH.

68. Ha moBepxHOCTh IUTHA nagaeT MoHOXpoMatnueckuid cBeT (A =310 um). UToObI
IPEKPATUTh IMHUCCHUIO 3JIEKTPOHOB, HYKHO IPUIIOKUTH 3aJ€PKUBAIOIILYI0 Pa3HOCTh
noternuanoB U ve menee 1,7 B. Onpenenuts paboTy Beixoaa 4.

69. Kakas mons osHeprum (oTOHa W3pacxojoBaHa Ha pPAOOTy BBIPHIBAHUS
dboTodeKTpOHA, ecnu KpacHas rpanuia Gorodddexra Ay =307 HM ¥ MaKCUMabHAS
KHUHETHYECKast SJHEPTUsl Tma POTORNIEKTpOHA paBHa | 3B?

70. byner nu HaOmoaarbest GoTorhexT, eciii Ha MOBEPXHOCTh cepedpa HapaBUTh
yibTpadruoIETOBOE U3TyYeHHUE C JJIMHOU BOJHBI A =300 HM.

71. Omnpenenuth 3Hepruto E, mMaccy m U uUMIOyJIbC p (POTOHA, KOTOPOMY
cooTBeTCTBYET JytHA BOJHBI A = 380 HM ((puroneToBas rpaHuUIla BUTUMOTO CIIEKTPA).
72. Onpenenutb ATUHY BOJHBI A, Maccy m W UMIYJbC p QoToHA ¢ sHEeprueit € =1
M>5B. CpaBHUTH Maccy 3TOTo (POTOHA C MACCOM MOKOSIIETOCs 3JIEKTPOHA.

73. OmnpenenuTh IIUHY BOJHBI A (OTOHA, HUMIYJbC KOTOPOTO PaBEH HMITYJIbCY
5JIEKTPOHA, 00JIaaI0IIEro CKopocThio ¥ =107 m/c.

74. Onpenenutb AJIUHY BOJHBI A (oTOHA, Macca KOTOPOro paBHa Macce Mmokos: 1)
3JIEKTPOHA; 2) IPOTOHA.

75. JlaBneHue p MoHOXpomaTuyeckoro cBetra (A =600 HM) Ha YepHYIO MOBEPXHOCTh
pacloJIOKEHHYI0 MEPHEHIUKYJISIpHO mnajgarommuM Jaydam, paBHo 0,1 wxlla.
Onpenenuts unucio N (POTOHOB, MajgaroUX 3a BpeMs f=1 C Ha MOBEPXHOCTbH
momanpo S=1 cm?

76. CnytHuk B ¢opMme Iapa ABUKETCS BOKPYr 3€MJIM HAa TaKOW BBICOTE, 4YTO
MOTJIONIEHUEM COJTHEYHOTO CBeTa B arMocdepe MOKHO TmpeHeOpeub. Jumametp
cnytHrka d = 40 M. 3Has conHeunyro noctosHuy C=1,4 kJ[/M*¢ ¥ IPUHAMAs, YTO
MOBEPXHOCTh CIyTHUKA MOJIHOCTHIO OTPAXKAET CBET, ONPENEIUTh CUILY JaBJICHUS F
COJIHEYHOI'O CBETA Ha CIIyTHHK.

77. Ha 3epxainblie ¢ MIEAILHO OTPAXKAIOIIEH MOBEPXHOCTBIO IUIomanpo S =1,5 cm?
aJaeT HOPMAJIBHO CBET OT JJIEKTpUYecKoW nayru. Onpenenurs HMIYJIbC p,
NOJIYYEHHBI 3€pKaJIbLIEM, €CJIM MOBEPXHOCTHAsl IJIOTHOCTh IOTOKA HW3IyYEHHUS @,
IaJalouIero Ha 3epkaiblie, pasua 0,1 MBT/M?, IpOOIKUTENLHOCTE 00ydenus =1 c.
78. Ilotok sHeprum @., U3MydaeMblid AeKTpuyeckou jammol, paseH 600 Br. Ha
paccTostHUM » =1 M OT JamImbl NEPHEHAUKYJISAPHO MAJAIONIMM JIy4aM PacloOkKEHO
KpYTJI0€ MIOCKOE 3epKaliblie tuaMeTpoM d = 2 cM. [IpuHuMast, 4TO U3Ty4eHUE JTaMITbI
OJIMHAKOBO BO BCEX HAMpPAaBJICHUSIX M YTO 3€pKajblle IOJHOCTHIO OTpaKkaeT
NaJA0IIHI HAa HErO CBET, ONPEIETUTh CUITy F CBETOBOTO JABJIEHUS HA 3€PKaJIbLIE.

79. Onpenenuth IOBEPXHOCTHYIO IUIOTHOCTH [ TIOTOKA SHEPIMHM W3JIy4EHMS,
NaJarollero Ha 3€pKaJbHYI0 ITOBEPXHOCTh, €CIM CBETOBOE JABJIECHUE p IPHU
NEepHEHIUKYJIIpHOM Majaenuu gyyei pasao 10 mxlIla.

107



80. OmpenenuTh SHEPTETUYECKYIO OCBEIICHHOCTh (0OJYy4eHHOCTh) E. 3epKajbHOU
NOBEPXHOCTH, €CJIU JaBJIEHUE, IPOoU3BoANUMOE u3iyueHueMm, p =40 mklla. U3nydyenue
najaeT HOPMaJIbHO K IIOBEPXHOCTH.

81. PeHTreHoBCcKOE W3IydYeHHE JUIMHOW BOJHBI A=55,8 mM paccenBaeTcsl IUIUTKOU
rpadura (komnToH-3¢PexT). OnpeneauTs JIMHY BOIHBI A~ CBETa, paCCEIHHOIO IO/
yraoMm @ = 60° Kk HanpaBJIEHUIO MMAIAIOIIETO IMyYKa CBETA.

82. Onpenenutb MakCUMalbHOE W3MEHEHUE JJIMHBI BOJHBI NPHU KOMIOTOHOBCKOM
paccesiHuu: 1) Ha CBOOOAHBIX JIEKTPOHAX; 2) HAa CBOOOAHBIX IPOTOHAX.

83. Omnpenenutp yron 6  paccesHuss (POTOHA, HUCHBITABLUIETO COYJApEHHUE CO
CBOOO/IHBIM 3JIEKTPOHOM, €CJIM MU3MEHEHHE JJIMHBI BOJIHBI A/ MpPU paccesHUU paBHO
3,62 M.

84. ®oton ¢ suepruen ¢ =0,4 MaB paccesica nog yriom € = 90° Ha cBOOOIHOM
anekTpoHe. OIpeneauTb 3HEPTUI0 & paccesHHOro (OToHA M KUHETHYECKYIO

SHEPruo 1 3JIEKTPOHA OTJAYH.

85. OnpenenuTs UMITYJIbC p ANEKTpOHA oTAauu npu 3gdexre Komnrona, ecnu Goron
C DHEeprueH, paBHOW SHEPTUHU MOKOS JNEKTPOHA, ObLI paccesH Ha yroa 6 = 180°.

86. Kakas nons sHepruu porona npu >¢pdexre KomnroHna npuxoaurcs Ha 3JIEKTPOH
oTaauu, eciau GOTOH mperepren paccesHue Ha yroua 6 =180°? DHeprust ¢ ¢doToHa 110
paccesinus paBHa 0,255 M»aB.

87. ®otoH ¢ sneprueit € = 0,25 M»aB paccesusics Ha CBOOOTHOM 3JIEKTPOHE. DHEPTHs
¢’ paccessuHoro ¢otona pasHa 0,2 M»B. Onpenenutsb yroia paccesaus 6.

88. Yron paccesnust 6 dorona pasen 90°. Yron otmaum ¢ snekTpoHa paBeH 30°.
OrnpenenuTh SHEPTUIO € TaAaronero GoToHa.

89. ®oton (4 = 1 mMm) paccesuicsi Ha CBOOOJHOM 3JIEKTpoHE Tona yrioM 6 = 90°.
Kaxkyto momro cBoeit aHeprun (GOoTOH mepenal AIeKTPOHY ?

90. Jlniuna BoiHBI A (pOTOHA paBHA KOMITOHOBCKOW JIJIMHE BOJHBI A DJIEKTPOHA.
OnpenenuTs SHEPTUIO € W UMITYJIBC p (DOTOHA.

Pexomenoyeman numepamypa:

Ochnoenas numepamypa:

1. Tpopumona T.U. Kypc duszuku.— M.: Beicias mikona, 2012 r.
2. Tpojpumosa T.M. , IlaBmoBa 3.I'. COopHuK 3amau 1Mo Kypcy (GUBMKH C

pemeHusMu. YueOHoe nocodue sl By30B — 4-¢ u3mpanue, - M., Boicimas mkona,
2010 .
3. Uepros A.I'. 3agaunuk no ¢usuke. — M., Briciias mkosna, 2010 r.

ononnumenvnas iumepamypa:
1. 1.B.CuByxun. O6mmii kypc puzuku. M.: ©UIMATIIUT. 2008 r.
2. I'pabogckuit P.U. Kypc duzuxu. — CII6, 2005 r.
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Ilpakmuueckoe 3anamue 9

Tema 9. AtomHas ¢puszuka. Moaenu atoma. Teopust bopa. DneMeHTBI KBAHTOBOU
MEXaHUKU. DIIEMEHTbI COBPEMEHHOMN (hU3UMKH aTOMOB U MOJieKyd. OCHOBBI (PU3UKHU
aTOMHOTO s1Ipa.

Henvy 3anamua: paccMOTpeTb TEOpUI0 bopa W €€ NnpuMEHEHHEe, PacCMOTPETh

OCHOBHBIC IMOHATHA M 3aKOHOMCPHOCTHU COBpGMCHHOfI (1)I/I3I/IKI/I aTOMOB UM MOJICKYJI H

OCHOBBI (DU3UKU ATOMHOTO SI/pA.

3nanua u ymenus, npuodpemaemoie CHyOeHmMOM 8 pe3yibmame 0C60CHUs MEMb,
dhopmupyemvie Komnemenyuu:

3HAHUS — OCHOB Teopuu bopa m €€ mnpuMEHEHUs, OCHOBHBIX IIOHATHU W
3aKOHOMEPHOCTEW KBAHTOBOW MEXAHWKH, OCHOBHBIX IMOHSITUHA W 3aKOHOMEPHOCTEU
COBPEMEHHOM (PU3HKU aTOMOB U MOJIEKYJI U OCHOB (DM3UKH aTOMHOTO 5I]Ipa;

YMCHHSA — MIPUMCHATH IMOJIYYCHHBIC 3HAHUS ITPU PCIICHUHN 3aaa4
AKmyaJleocmb membol 3ansamus. JaHHasaA TCMa ABJIACTCA BCCbMa aKTyaHBHOfI, TaK

KaKk crmoco0cTByeT (OPMHPOBAHHUIO Y CTYIACHTOB OCHOB €CTECTBEHHOHAYYHOU

KapTUHBI MUPA.

Teopemuueckuii mamepuai no meme

®opmyaa baarsmepa-Pundepra

1
JJIS1 BOJIOPOAOINOA00HBIX ATOMOB 1 =Rz’

rje A — JUIMHA BOJHBI CIEKTPaIbHON JIMHUU, R — mocTtossHHas Punbepra,
Z — MIOPSAJIKOBBIN HOMED dnieMeHTa, n = 1,2,3,..., k=n+1,nt+2,... .

n

1 1
_2'?’

HepBin/'I l'[OCTy.]'IaT Bopa. ATOMBI MOFyT CKJIOJIb YFO}]HO A0JII'O HaxXOAUTHCA B
CTAaIMOHAPHBIX COCTOAHUAX, HC H3JIydad SHCPIUMU. CTaHI/IOHapHBIMI/I COCTOSHUAMHA
(Op6I/ITaMI/I BJIGKTpOHOB) ABJIOTCA TC, HAa KOTOPBIX BBIITOJIHACTCA YCIOBHC!

m-v, -, =nh (n=12,3,..),
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TJIe n — HOMEpP OpOUTHI (TIIaBHOE KBAHTOBOE YHCIIO), 7'y — PAANYC OPOUTHI, m - Macca

h

5JIE€KTPOHA, DU, — €ro CKOPOCTh Ha n-0il opbure paamyca, /1 22— — TOCTOSIHHAs
T
Hwnpaka.

Bropoii mocryaar bopa. [Ipu nepexone ¢ 01HON cTallMOHAPHOW OPOUTHI HA IPYTYIO
u3iy4aetcs (rmoryonjaercs) oauH (OTOH C IHEPrUeut

hv =E - E
rae E, n E, — 3HEpruu CTAaUMOHAPHBIX COCTOSHUM aToMa JI0 M IOCJIE W3JIYyYCHUS
(TOTJIONIEHUS), V — Y4acTOoTa U3IyUYEeHHOTO (TIOTJIONIEHHOT0) (OTOHA.

m s

Pannyc n-oii craumoHapHOi OPOUTHI JJIEKTPOHA
h-4me, ,
B BOJ10POA0NO00HOM aToOMe rn=——n, n=123,..)
mze
r7ie Z — HOPSIKOBBII HOMED JIEMEHTA; € — 3aps/l U m — Macca JIEKTPOHa.

&0 — DJICKTPHUYICCKAs IMOCTOSAHHAA.

1 Z’me’
DHeprus »JIeKTPOHA B BOIAOPOAONOI00HOM aTome £, =- ?W, n=1,2,3,...).
0
CrnexTpaJibHble THHUM XapPAKTEPUCTHYECKOT 0
2 1 1
PEHTTeHOBCKOI0 M3JIy4eHHs —=R(z-a)" | 5- |,
2 2
A n ok
1€ a — IOCTOSIHHASL SKPAHUPOBAHUSL.
. _h
Jdonuna BosHbI 1e bpoitis A==,
P
rjae i —nocrostHHas Ilnanka, p — UMIyJIbC YaCTHUIIBL.
CooTHouienue HeonpeneaeHnocrei I'eizendepra:
h
OJ151 KOOPOUHAMbL U UMNYTIbCA Ax -Ap, =h 22—,
T

Trac Ax — HCONIPCACIICHHOCTb KOOPAHWHATBI YaCTHIIbI, Apx — HCOIIPCACICHHOCTD

IPOEKIMU HMITYJIbCA YACTUIIBI HA COOTBETCTBYIOLIYIO KOOPJIMHATHYIO OCh;
h

0J151 IHEpeUU U BpeMeHU AE At >h 22— ;
T

rae AE — HeoNpeneaeHHOCTh SHEPTUU YaCTUIIbl B HEKOTOPOM COCTOSIHUU, Af — Bpems
HAXO0JICHUS YaCTHUIbl B 3TOM COCTOSIHUM / — mocTostHHas [upaka.

2
9

I1J10THOCTH BEPOSITHOCTH HAXOKIEHUS YACTUIIbI w :‘I/J

rac y — BOJIHOBAs (1)YHKLII/I}I qaCTHUILbI.
BepOSITHOCTI) 06Hapy>lcemm JacTUulbl B KOOPAUHATHOM
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X5 )
MHTepBaJIe OT X; 10 X; W= ‘ﬂZ/J(X)‘ dx
X

BosiHoBasi ¢QyHKuMS, ONUCHIBAKOIIAS COCTOSIHME 4YaCTHIbl B 0ECKOHEYHO
rJy0OKoid OJHOMEPHOHM NPAMOYroJbLHOW TNOTEHUHAJbHOW siMe (pelleHHe

ypaBHenus llIpexunrepa)

Y, = zsin—nﬂx
"\ [

rje /[ — upuHa SIMbI, X — KOOpAXHAaTa YacTUIlbl B siMe (0 <x <),
n — KBaHTOBOE uncio (n = 1,2,3,...).

JHeprusi 4acTulbl B 06CKOHEYHO I1y00K0il

. . n
O/THOMEPHOM MOTEHIIHAJIbHOH AAMe E = 5 n’,
8ml
TJ€ m — Macca YaCTHUIIbI.
HedexT macesl sapa Am =Zm, +(4- Z)m, - m,,
o A
r7Ie m, — Macca IpoToHa, M, — Macca HEUTpoHa, m, — Macca sjapa aroma , X ;
Z u A — 3apsii0BO€ U MaCCOBOE YMCIIA.
2
JHeprus CBSA3M AApPa E_ =c"Am,
I7ie ¢ — CKOPOCTh CBETa B BaKyyMe.
ECB
YaeabHasi JHepPrusi CBSI3H £, =—.
A
3aK0oH PagMOAKTHBHOIO pacnaaa N =N, exp(- A1),
rae Ny — HadaJabHOE YMCIIO PAAMOAKTUBHBIX sSI€p B MOMEHT BpeMeHH ¢ = (),
N — 4uCiI0 HEepacHaBIINXCS PATUOAKTUBHBIX sIIEp B MOMEHT BPEMEHU ¢,
A — TIOCTOsTHHAS PaIMOaKTUBHOIO pacliaja.
dN
AKTHBHOCTHPAJIMOAKTHBHOI'0 BEIIECTBA A =- 7 =AN.
3aKOH MOIJIOMIEHHsI TAMMA-H3JIy4YeHHsI BelleCTBOM I =1, exp(- ux),
rane Iy — WHTEHCHMBHOCTh TaMMa-U3JyYEHUHW Ha BXOJE B MOTJIOMIAIONIUNA CJIOH

BCIICCTBA, I — WHTEGHCHBHOCTH FaMMa—H3HyLIeHHﬁ IIOCJIIC  IIPOXOKICHHUA
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MOTJIOMIAONIETO CJIOST BEIIeCTBA TOJIMHOW X, (4 — JHHEWHBIA Kod(hUImeHT
MOTJIOIICHUSL.

o 2 r
JHeprus siIepHO peakuuu Q =c (m; +my, - Z m;),
T M U My — MacChl TTOKOSI YaCTHI], BCTYMAIONIUX B PEAKIUIO, Y m; - CyMMa Macc
MTOKOS 9aCcTHIl, 00pa30BaBIIMXCS B pE3yIbTaTe PEaKITUH.

Ipumepwvt pewtenusn 3a0au

3agaua 1. [lonyuuts hopMyny s paanycoB OpOWT 3JEKTPOHA B aTOME BOJOPOAA
U BBIYUCIHUTH pPaguyc IEepBOM OpOUTHI (HIEpBBIM OOPOBCKHI paauyc), a TakKke
CKOPOCTb 3JIEKTPOHA Ha 3TOM opoOuTe.
Pewenue.
N3 nepBoro nocrynara bopa nmeem
muvr =n—,
2
rJie m — macca dJIeKTpOHa, V - €ro CKOpPOCTh, ¥ — paauyc OpOUTHI, /1 — MOCTSHHAs

I 1anka.

h
Jlnst mepBoit opOUTHL n=1, U MO3TOMY mur 22— . (1)
T

Cuita KyJIOHOBCOTO TIPUTSHKEHUSI JIEKTPOH-AIPO ABISETCS HEHTPOCTPEMUTEIBHOM
CHJIOW, TIOATOMY M3 BTOPOro 3akoHa HeroTOHA nMeeM

2 2
1 e muv WIHu b I e , (2)
dre, r* 1 dme, r

rJ€ e — 3apsij JIEKTPOHA.
Pemrast coBmectHo ypaBuenus (1) u (2), Haliiem

_ 50/’!2 43,14 8,85 1072 1,05 107

_ 101
ame o110 Leao® 0

r

N3 gopmyet (1) momyanm, 94To

- ho 1,05-107*
- 2amr 911107 5,29 10"

=218 10°wm/c

3agavya 2. KuHeTndeckass HEPrysi IBHXKYILIETOCS MPOTOHA B YETHIPE pa3a MEHBIIE
€ro YHEPruu NOKOos. BeruncnuTe AeO0pOilNIeBCKYIO JUIMHY BOJIHBI TPOTOHA.
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JaHo: Jlnuna Bonusl ae bpoiins A onpepensatcs mo Gopmyiie
— 10
E, =1,50 10 e

h
A =9 T=E, /4 /1=;, (1)

rae h - nocrosinHas [1nanka, p - UMITYJIbC YaCTHUIIBI.

[To ycrnoButo 3agaun  KUHETUYECKAsi SHEPrUsl IPOTOHA
CpaBHUMA C €TI0 3HEPTHUEN MOKOS Eo, UMITYJIbC p U KUHETHYECKAsi dSHeprus 1 CBsi3aHbl
PEISATUBUCTCKUM COOTHOILICHUEM:

1
p=- T(T +2E,), 2)
TJIe ¢ - CKOPOCTh CBeTa B BakyyMe. YuuthiBasi, uto 1 = Ey /4 u3 (2) u (1) wHaiigewm,
4TO

4 he 46,6210 310°

3E Tis g0 L7710
0 5

3amaua 3. Macca IBHXKYILETocCs AJIEKTPOHA B TP pa3a 00JIbIIIe €r0 MaCChl MOKOS.
Uemy paBHa MUHUMAaJIbHAS HEOMPEIETIEHHOCTh KOOPAUHATHI JIEKTPOHA.

JlaHo:

m = 3mo CornacHo cOOTHOLIEHUIO HeonpeaeneHHocTH ['eiizenbepra:
h

me=9,1- 107" kr Ax -Ap, >— (1)
2T

Ax,, =7 rae Ax v Ap, HeompenesIeHHOCTH KOOPANHATHI M HMITYJIbCa

9acTHIIBI, /1 — ocTossHHas [lnanHka.

Tak kak umnyinsc P ="MV g Ap =mAU  rpe m — macca, U - CKOPOCTh YaCTHIIBI, &
€€ HeOoNpeNelIeHHOCT, AV, | He MOXET IPEBBIIIATL CKOPOCTH CBETA C B BAKYYME, TO
ects AU, = ¢, u3 coorHomrenus (1) momyumm:

h
Axmin — . (2)
2amc
CoriacHo ycloBHIO 7 =3m, , T0O OKOHYATEIBHO MOJIyYUM
h
Ax . =——-— 3
" 6amyce ()
[IpoBens BbIUMCIIEHNS, HAWIEM
-3
6,62 10"

Axmjn = 230 ] :1,28 107 131\/[.
63.14 09110 310

3apaua 4. CpegHee BpeMs KU3HU BO30YKJICHHBIX COCTOSIHHMI atoma coctasisieT 10
HC. BBIYMCINTH €CTECTBEHHYIO WIMPUHY CHEKTpalbHOH nuHuu (A = 0,7 MKM),
COOTBETCTBYIOILYIO IEPEXOy MEXKAY BO30YKICHHBIMU YPOBHIMH aToMa.

Jano:
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7=101c=10%  Ilpu mepexoe dIEKTPOHA U3 OJHOTO CTALHUOHAPHOIO COCTOSHHS B

A=710"m JIpyroe u3iydaeTcs (MIu MOTJIOIIACTCs ) SHEPT U, paBHAs:
hc
A/‘tmin :? 7 :EZ - El o (1)

rne E> u E) - o>HepreTU4ecKue ypoBHU aTOMa, € — CKOPOCTh CBETA B BaKyyMe, /1 —
nocrosiHHas [lnanka.

W3 Beipaskenus (1) mosyyaem, 4To HEONPEAEICHHOCTD JTUHBI BOJHBI A
V3JIyYCHUS CBSI3aHA C HEONPEAEIECHHOCTBIO SHEPTUM YPOBHEN E> 1 £ aToma
COOTHOUIEHUEM:

hc
?A/l =AE, + AL, (2
CortacHO COOTHOIICHHIO HeompeaeneHHocTu I eizendepra:
AE Atz 3)
2

rae AEn At — COOTBETCTBEHHO HEOTPEACICHHOCTH SHEPTUM U MOMEHTA BPEMEHH.

IIpn mnepexoxe aroma W3 OJHOTO CTAllMOHAPHOTO COCTOSIHUSA B Apyroe A ¢ He
MIPEBBINIAET CPEIHEE BpEeMs KU3HH aroMa T B BO30YXKJIEHHM COCTOSIHHH, TO €CTb,
nonaraeM, 4yto A ¢t = 7. Torna MUHUMaJIbHAsE HEONPEAECIEHHOCTh SHEPTUU YPOBHEW,

h
cornacHo (3), paHa: AE ; =—— CiienoBaTeiIbHO
2rt
h h
AE . =AE, =——— u AL, =AL, = . (4)
2xr, 2rr,

N3 (2) ¢ yderom (4) HaiineM MUHHMAJIbHYIO HEONPEACICHHOCTh JJIMHBI BOJHBI
V3JIy4YEHUS, KOTOPAsl Ha3bIBAE€TCSl €CTECTBEHHOM IMPHUHON CIIEKTPAIbHOW JINHUU:
A1 1
My =5 =+ — . (5)
2rc\ T, T,

J11s1 BO3OY X IEHHBIX COCTOSIHUI C OJIMHAKOBBIM BPEMEHEM KHU3HU T, =7, =T UMEEM

272
22 (7 107) »
A=l = _=5210" M
zer 314 3 10° 10
3agaya 5. Yactuma HaxoauTcs B O€CKOHEYHO TIyOOKOM  OJHOMEPHOM
NOTEHIIMAIILHON SIME IIMPUHON [ Ha BTOPOM SHEPreTUYECKOM YypoBHE. B kakux
TOYKAX SAMBI IINIOTHOCTH BGPO}ITHOCTI/I O6Hapy}KCHI/I$I qaCcTulbl COBIIa4a€T C

KJIaCCUYECKOM INIOTHOCThIO BCPOATHOCTH.

Hano:
[ Bonnosas pynkuus ¥, ONUCHIBAIOIIAS COCTOSHHUE YACTHUIBI B OECKOHEYHO
Wx = Wymac | TIIYOOKOH OJHOMEPHOM IMOTCHIIMAIBHOMN sIME ITUPUHOM [/, UMEeT BUJT
2 . nmx
n=2 Y, =—=sin—-, (1)
—] [ [
x=? r7Ie 1 — HOMEp dHepreTuyeckoro yposus (n=1,2,3 ...),

X — KoopjuHaTa yacTuiibl B ssMe (0 <x </).
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Kak wu3BecTHO KBajpaT MOIyJsl BOJHOBOM (YHKIIMM 1maeT W — TUIOTHOCTH
BEPOSITHOCTA OOHAPYKEHUS YACTUIIBI B TOUYKE C KOOPAMHATON X, TO €CTh

| =w. 2)
Tak kak yacThila HAXOJIUTCSI HA BTOPOM SHEPreTUYECKOM YPOBHE (n=2), TO
2 . 5| 27x
w, 27 Sin T (3)

B knaccuueckoit (hr3MKe HET HUKAKMX OIPaHWYCHUH JIJIST HAaXOXKJICHUS YaCTHUIIbI
B J1I000OM MeCTe MOTEHIIMAIbHON MBI, J[pyruMmu clioBa, MIIOTHOCTh BEPOSTHOCTH €€
MECTOHAXO0KJICHUS JIOJKHA PABHOMEPHO PaCIPESIUThCS 10 BCel MMpHHE [ SMBL.
CienoBaTeIbHO
|

WKJ]aC :7 ¢ (4)
[IpupaBHUBas Mo yciaoBuUIO 3a7a4u BeipaxkeHue (3) u (4), nomydum
sin’ 2ax) L 5
2ax T T
N3 pemienus ypaBuenue (5), umeeM N :Z izk ,npu k=0,1,2,3... u
X 4L +k |,k =0,1,2 6
7|5 k| k=012, (6)

B npenenax smpr (0 <x </ )rakux TOYEK 4YeThIpe (3HAYCHHS X MPU OTPUIETEIHLHOM k
BBIXOJISIT 32 MIPEAEIIbI SIMbI):

X =

Azﬂq
8°8°8°8 )

3amaya 6. Ilpu onpenenenun mnepuoja noxaypacnana 711, PaguoaKTUBHOTO
KOPOTKOHUBYIIETO M30TOIA UCIOIb30BaH CUETUYMK MUMITYJIbCOB. 3a BpeMs ¢ = |MUH B
Hayaie HaOmogeHus (=0) Obw10 HacuutaHo An=250 uUMIyIbCOB, a B KOHIIE
Habmonenust (¢ = l4d) HacumtaHo An, = 92 umnynabca B MuHYTY. Onpenenutb

MOCTOSTHHYIO PaJIMOaKTUBHOI'O paciajia A u nepuo/ noiypacmnana 7', U30Tora.

Jano:
=14 Yucno nMnynbcoB An, pETUCTPUPYEMBIX CUETUUKOM 3a Bpems A¢,
An=250 | nponopuMOHAIBHO YHUCIIy PACHaBIINXCS ATOMOB PaJIMOAKTUBHOIO U30TONA
An,=92 AN. Takum 006pa3om, Mpu NEPBOM U3MEPEHUU
— — A AL
2\ =2 An, =k ‘AN, =k -N, {1- ¢*) | 0
T\,=? rae Ni— KOJMYECTBO aTOMOB M3TOIA B MOMEHT IIEPBOrO0  HU3MEPEHUS;

k — k03P dULIUEHT TPONOPIIMOHATEHOCTH, IOCTOSIHHBIN JIJIs1 JAHHOTO
npubopa B JaHHOM €ro MOJIOKEHUH OTHOCUTEIBHO U30TOMA.
[Ipu BTOpOM M3MEpEHUN

115



An, =k -N,(1- &**) | (2)

rae N, — KOJIn4eCTBO aTOMOB PaJMOAaKTUBHOIO 3JIEMEHTA IPU BTOPOM HM3MEPEHUHU.
Paznenus (1) Ha (2) u yuutbiBas, 4To A¢ B 000UX CIIy4asiX OJUHAKOBO, a TAKXKE,
410 N 1 N> CBSI3aHBI COOTHOLIEHHUEM:

N, =N, ™',
MOJTyYuM A ="' 3)
y An M

I { — BpeMs MEXKy IIEPBBIM U BTOPBIM U3MEPEHUEM.

An
Jlorapudmupyst (3) mnomydum IHA—nl =Al | CnenoBaTenbHO
2

-1
A _! nl _1 'ln@ lu ',
t n, 92
[Tepuon moypacnaaa cBsi3aH ¢ MOCTOSSHHOW PaJMOaKTUBHOTO pacmajaa A
In2 In2
cooTHolIeHueM [’ 27. T :T =0,6934y =41,5 muH.

11
3agaua 7. Beranciuth neexT Macchl U SHEPTHUIO CBSI3H siipa aToma ; B.

Jlano
B JleeKT Macchl Sapa OIpeaeIuM 110 (GOpMYyIIE
Am=Z -m, +(A- Z) m - m,
Am=7?
E.=? Brruncnenue npouseaeM B a.e.M. s ISIB : /=5, A=11.
OcranbHble 3HaYeHUS Haiiem u3 Tadbmui, m,=1,00783 a.e.m.,

m,=1,00867 a.e.m., m,=11,00931 a.e.m.
Torma Am =5-1.00783+(11- 5) -1,00867 - 11,00931=0,08186 a. e. M.
DHEprus CBS3M fAJIpa ONPEEIICTCS COOTHOIICHUEM
E., =Am .
Ee Takke HaiizeM BO BHECHCTEMHBIX eqununax (M»B). IIpu stom BMecTO ¢’
MsB

a.€.M.
E., =931-0,08186 =76,2 MaB.

UCIIONB3YIOT K03 uimeHT mponopuroHantsaoctd 931

Bonpocet u 3a0anua:

Bonpocuwi:
1. Omnswitel Pezepdopaa mo paccessHuio o-4acTwil.
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2 Mopens atoma o Pezepdopmy.

3 Criextpsl uznyuenust atomoB. ®opmyna Pundepra.

4. [Toctynarsr bopa.

5 Teopust bopa Bonopo1onofo0HOro aroma.

6. OnsiT ®panka u ['epua.

7. KopnyCKyJISIpHO-BOJTHOBOM JTyajii3M CBOMCTB BEIIECTBA.

8. CoOTHOLIEHNE HEONIPEAEIEHHOCTEN.

9. Onrcanve MUKPOYACTHI] C IIOMOIIbIO BOJTHOBOU (DYHKIIMH.

10. Ypasuenue llIpeaunrepa.

11. Yactuua B 0IHOMEPHOI NPSAMOYTOJIbHON «IIOTEHIIMAIBHOM SIME» C OECKOHEUHO
BBICOKUMU «CTCHKaAMM».

12. TynnenbHbIN 2P deKT.

13. Bomopoionogo0HbIi aTOM B KBAHTOBOM MEXaHUKE.

14. Cocrag sjpa.

15. DHeprus cBs3HU sep.

16. S nepHble CUIIBL.

1'7. MarHuTHbIE U DJIEKTPUYECKUE CBOWCTBA SIEP.

18. S nepuble Mmoaenu.

19. PannoakTUBHBIN pacma v 3aKOHbI COXPAaHEHMUS.

20. ITpoxosxieHus 3apsKEHHBIX YAaCTHUIL U TaMMa-U3J1y4eHus: yepe3 BEIIeCTBO.
21. SAnepHble peakuny. PU3NUECKUE OCHOBBI SIICPHON DHEPIETUKH.
22. DneMeHTapHbIC YaCTUIIBI.

23. CoBpeMeHHas (pusnyeckas KapTUHA MHPA.

3aoanus:
1. Beraucnuth paguycel 7, U 73 BTOPOH U TPEThe OpOUT B aTOMe BOAOPO/IA.
2. OnpenenuTb CKOPOCTh v 3JIEKTPOHA HA BTOPOW OpOUTE aToMa BOJOPOIa.
3. Onpenenuth 4acToTy 0OpallleHus JJIEKTPOHA Ha BTOPOM OpOUTE aTomMa BOJIOPO/a.
4. OmnpenenuTe NOTEHUUANbHYI [, KuHeTH4YecKyr0 7 M TOJHYH £E >3Hepruu
AJIEKTPOHA, HAXOAUIErocs Ha IEPBOIl OpOUTE aToMa BOAOPO/IaA.
5. OnpenenuTs AIUHY BOJHBI A, COOTBETCTBYIOIIYIO TPEThEN CIIEKTPATIbHOM JIMHUU B
cepun banemepa.
6. Hailitu HamOOIBIIYIO Amax U HAUMEHBIIYIO Amin JJUHBI BOJH B TMEpPBOU
uH(ppakpacHoil cepuu criekTpa Bojgopoaa (cepuu Ilamena).
7. BeruncnuTh sHEpruo € (GOTOHA, UCIYCKAEMOT0 MIPH MEPEXoe AIEKTPOHA B aTOME
BOZIOPOJA C TPETHETO SHEPrETUYECKOTO YPOBHS Ha TIEPBBII.
8. OmpenenuTb HAUMEHBIIYIO Emin U HAUOONBIIYIO &max  OHEPrUM (OTOHA B
yIbTpaduOIETOBOM cepuu crieKkTpa Bojoposa (cepuu Jlaiimana).
9. ATomapHbIif BOAOPOI, BO30YK/ICHHBIN CBETOM OIPECIICHHON JJIMHBI BOJIHBI, PU
IIEPEXOJE B OCHOBHOE COCTOSIHHE HUCIYCKA€T TOJBKO TPU CHEKTPAJIbHBIE JIMHUH.
OnpenenuTs JUIMHBI BOJIH 3TUX JIMHUWA U yKa3aTh, KAKUM CEPUSIM OHU IPHUHAJJIEXKAT.
10. ®otoH ¢ sHepruert ¢ = 16,5 3B BbIOWIT 37IEKTPOH W3 HEBO30YKJIECHHOTO aTOMa
BoAopoaa. Kakyro ckopocTs ¢ OyJaeT UMETh 3JIEKTPOH BJAIH OT sApa aroma’?
11. Ansda-yactuiia HaxoauTcsi B  OECKOHEYHO  TJIyOOKOH  OJHOMEPHOM
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NOTEHIUAbHOU sAMe. UeMy paBHa mMpPUHA SIMBI, €CIM MHUHUMAJIbHAs SHEPrUs
yacTullbl cocTaisier 6 MaB?

12. DnexkTpoH HaXOAUTCS B OECKOHEYHO TIyOOKOM OJHOMEPHOM MOTEHIIMAIBHON AMe
mpuHOM 0,1 HM. BraMcnuTh IIMHY BOJIHBI M3JIYyYEHHUS MIPU MEPEXOJE DIEKTPOHA CO
BTOPOT'O Ha NEPBBIN SHEPIETUUECKUN YPOBEHb.

13. IlpoToH HaxoauTcs B OECKOHEYHO TIIyOOKOW OJHOMEPHOM MOTEHUMATbHOU sMe
mmpuHoit 0,01 M. BeruncnuTe 1iMHY BOJHBI U3IIYYEHUS IPU MEPEXOJE NPOTOHA C
TPETHETO HA BTOPOU SHEPTrETUYECKUIN YPOBEHbD.

14. YacTuna HaX0QuTCsl B OECKOHEYHO IIyOOKOM OJJHOMEPHON MOTEHIIMAILHOMN siMe
MIUPUHON [ B OCHOBHOM COCTOSIHMM. B KakuxX TOYKax sIMbl IJIOTHOCTb BEPOSTHOCTHU
0OHapy’KEeHMsI YaCTHUIIbI COBMAIAET C KJIACCUYECKOMN TUIOTHOCTHIO BEPOSITHOCTH?

15. Yactumia HaxoauTcss B OECKOHEYHO TUIYOOKOW OJHOMEPHOH MOTSHIIMAIBHOUN sSMe
IIMPUHOM [ B OCHOBHOM COCTOSHHHM. YeMy paBHO OTHOLICHHE IUIOTHOCTH
BEPOSATHOCTH OOHAPYKEHHUSI YAaCTULIBI B IEHTPE SIMbl K KJIACCHUECKON IUIOTHOCTH
BEPOSITHOCTU?

16. Yactuua HaxoauTcs B OECKOHEYHO TNTyOOKOW OJHOMEPHON MOTEHLHAIBHON siMe
IIUPUHOM /[ B IEPBOM BO30YXIEHHOM COCTOSIHUU. B Kakux TOYKax siMbl IJIOTHOCTh
BEPOSITHOCTU OOHAPYKEHUS YACTHUIIBl MAKCUMAaJIbHA, a B KAKUX — MUHUMAaJIbHA?

17. YacTuna HaxoAuTCss B OECKOHEYHO TJIyOOKON OJHOMEPHOM MOTEHIIMATILHOMN sSMe
MUPUHON [  HA BTOPOM DSHEpPreTuyeckoM ypoBHe. OmnpenenuTh BEpOSTHOCTD
oOHapy»keHHsl yacTulbl B ipenenax ot 0 mo /3.

18. Yactuiia HaxoauTcsa B OECKOHEUHO TITyOOKOW OJHOMEpPHON MOTEHIMAIBHON sSIMe
HMIUPUHON / B OCHOBHOM cOCTOssHMM. HailTh OTHOIIIEHHE BEPOSTHOCTEH HAXOXKICHUS
yacTulbl B ipeaenax ot 0 no / /3 u ot/ /3 no 21 /3.

19. Yactuma HaxoauTcs B OECKOHEYHO ITyOOKOH OJHOMEPHOM MOTEHITHAILHOM SIMe
IIUPUHON /. BBIYKMCIUTE OTHOIIICHUE BEPOSTHOCTEH HAXOXKICHUS YACTUIIHI B
npenenax ot 0 1o /4 nis nepBoro U BTOPOro 3HEPreTHUYECKUX YPOBHEM.

20. YacTtuia B 0€CKOHEUHO ITy0OOKO#, OTHOMEPHOUN NMPSIMOYTOJIbHOM MOTEHIUATbHOM
sIME IIUPUHON [ HaxOAUTCS B BO30YXKJEHHOM cocTosiHuu (n = 3). Onpenenutb, B
KaKUX TOYKaX SMbl IUIOTHOCTh BEPOSATHOCTH HAXOXKJEHUS YAaCTULIBI, HMEET
MaKCUMAJIbBHO€ U MUHUMAJIbHOE 3HAYECHUSI.

21. 3Has nocToAHHY0 ABOragpo Na, ONPEIECIUTh MACCY M, HEUTPAIIBHOTO aTOMa
yraepoza >C 1 Maccy m, COOTBETCTBYIOLIYIO YIIIEPOAHOMN €IUHUIIE MACCHL.

22. Yem oTIIMYAETCSI MACCOBOE YUCIIO OT OTHOCUTENBHOMN MaccChl siapa?

23. Xiop mpeacTaBiiser co00i CMECh JIByX M30TOMOB ¢ OTHOCUTEIHHBIMU aTOMHBIMHU
Maccamu 41=34,969 u A,=36,966. BelunCINT OTHOCUTEIBHYIO AaTOMHYIO Maccy A
XJIOpa, €CJIM MacCOBbIE JOJIM Wi U W, IEPBOTO U BTOPOTO M30TOIIOB COOTBETCTBEHHO
paBubl 0,754 u 0,246.

24. bop mpexacTaBisieT cob0i cMeCh ABYX H30TOINOB C OTHOCHUTEIHHBIMH aTOMHBIMU
maccamMu An=10,013 u A»,=11,009. Onpenenuts MaccoBble NOIW W; U W> IEPBOTO U
BTOPOI'0 M30TONOB B €CTECTBEHHOM Oope. OTHOCUTENbHAs aTroMHas macca A, Oopa
paBna 10,811.

25. Kakyro 4acTb MacChl HEMTPAJIbHOTO aTOMa IUTyTOHHUS COCTaBIISIET Macca €ro
ANIEKTPOHHOM 000JI0UYKHU?
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26. Onpenenuts Maccy siipa JUTHS, €ClIM Macca HEUTPAJIbHOTO aroMa JIMTHUS pPaBHA
7,01601 a.e.m.

27. YKaxuTe, CKOJIbKO HYKIIOHOB, IIPOTOHOB, HEUTPOHOB COAEPKAT CIEAYIOIIHE
spa: 1) yHe 2) B 3) ['Na; 4) Fe; 5) [JAg; 6) U .

28. Hanumure cumBoiMyeckre 0003HAUEHUs siep M30TOMOB BOAOPOJIa U HA30BUTE
uX.

29. VkaxuTe, CKOJIBKO CYIIECTBYET M300ap ¢ MacCoBBIM umciioM A=3. Hamummure
CUMBOJIMYECKHE 0003HAUEHUS SAEP.

30. Kakue u3oTomnsl cofepxat aBa HeWTpoHa? (aTh CUMBOJIMYECKYIO 3aUCH SEP.)
31. Ompenenutb AeexT mMacchl Am M 3HEPrUio CBsi3u E., sAApa atomMa TKEIOTro
BOJOpPOJA.

32. Omnpenenutb »HEpPrut0 FE., KoTOpas OCBOOOJAUTCS MHPU COCAUHEHUU OJIHOTO
IPOTOHA U JIBYX HEUTPOHOB B @TOMHOE SAJIPO.

33. OnpenenuTh YACTbHYIO 3Hepruio cBssn E sapa C .

34. Dueprus cBs3u E Allpa, COCTOSIIETO M3 JABYX NMPOTOHOB M OJHOTO HEUTPOHA,
paBHa 7,72 M»aB. Onpenenuts Maccy m, HEUTPAIBLHOTO aTOMa, UMEIOIIETO 3TO SAPO.
35. OnpenenuTs Maccy m, HEUTPAIBHOTO aTOMa, €CIU PO ATOTO aTOMa COCTOUT U3
TpPEX NPOTOHOB U JIBYX HEUTPOHOB U JHEPTHUS CBA3M E; Apa paBHa 26,3 M»aB.

36. AtomHoe sipo, nornotuBiiee y-poron (4=0,47 nm), npunuio B Bo30yKJACHHOE
COCTOSIHUE M Paclajioch Ha OT/IEJbHbIE HYKJIOHBI, pa3JI€TEBIINECS B PA3HbIE CTOPOHBI.
CymmapnHass kuHeTnueckas sHeprus 1 HykinoHoB paBHa 0,4 MbB. Onpeaenuts
SHEPTUIO CBA3U . sapa.

37. Kakyio HauMEHBIIYIO JHEprut0 E HYXHO 3aTpaTUThb, 4YTOOBI pa3lieUTh Ha
OT/eNbHBIC HYKJIOHBI simpa .Li u | Be? TloueMy s sxpa Gepuians 3Ta SHEprus

MEHbLIE, YeM IS SIApa JTUTHS?
38. Onpenenuts 3Hepruro E, KOTOpas BBIIAECTUTCS MPU 00pa30BAHMM U3 MPOTOHOB U

HEUTPOHOB siziep renust ,He maccoii m=1r.

39. Kakyroo HauMEHBIYI0 JHEpPrui0 E HYXHO 3aTpaTUTh, YTOObI OTOpPBATh OJHH
HEHTPOH OT siapa azota ;N ?

40. HaiiTu MUHUMAJIbHYIO SHEPTHIO E, HE0OXOAUMYIO JIs YJaJdeHUs OJTHOTO IIPOTOHA
3 sapa azora 5N .

Pexomenoyeman numepamypa:
OcHnogHnas numepamypa:

1. Tpodumona T.U. Kypc duszuku.— M.: Beicias mikona, 2012 r.

2. Tpopumosa T.M. , IlaBmoBa 3.I'. COopHuK 3amay Mo Kypcy (GUBHKH C
pereHusMu. YueOHoe nmocodue sl By30B — 4-¢ u3maanue, - M., Boicimas mikona,
2010 r.

3. UeproB A.I'. 3agaunuk no ¢usuke. — M., Bricmias mkosna, 2010 r.

Jlononnumenvnasn numepamypa:

1. A.B.CuByxun. O6mmii kypc puzuku. M.: ©UIMATIIUT. 2008 r.
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2. I'pabosckuii P.U1. Kypc puzuku. — CII6, 2005 T.
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CITPABOYHBIE MATEPHAJIBI 110 ®U3UKE

1. OcHoBHbIE hu3HUECKHE NOCTOSHHBIE (OKPYITIEHHBIE 3HAYEHMS)

Pusnyeckas NOCTOSTHHAS O6o3HaueHue 3HayeHue
YckopeHue cBOOOTHOTO
TaJIeHUs g 9,81 m/c?
I'paBUTAIIMOHHAS TOCTOSHHAS G 6,67-10"" m*/(kr-c?)
[TocTostHHas ABoraapo N, 6,02:10% monp™
VYHuBepcanbHas razoBas
MOCTOSIHHASA R 8,31 JIx/(mMonb-K)
MossipHBIi 00beM™* Vi 22,4-10° M*/Monb
[MocTosiHHas BonbuMaHa k 1,38:10% Ix/K
DleMeHTapHbIH 3apsi e 1,60-10" Kn
CKOpoCTh CBETA B BaAKyyMe c 3,00-10° m/c
ITocrosunas Credana-
BonbimMana o 5,67-10® B1/(M*K*)
[TocTosiHHAs 3aKOHA
cMmelneHus Buna b 2,90-10° m-K
[MToctosinuas I1nanka h 6,63-107* Ixk-c
[Tocrostnnas upaka h 1,05-10°* Ix-c
[Tocrosinnas PunOepra R 1,10-10" m!
[TepBhiit GOPOBCKUIA panycC a 0,529-10" m
KoMNOTOHOBCKAS JTMHA BOJIHBI y) 24310 m
Marueron bopa U 0,927-10% A-m*
DHeprus HOHU3ALUH aTOMa E;
BOJIOpOAa a.e.M. 2,18:10" Ix (13,6 5B)
AToOMHas eqUHHILIA MACCHI &0 1,660-10%" kr
DIIEKTpHYECKas MOCTOSHHAS o 8,85-10™" ®/m
MarauTHas NOCTOSITHHAs 4-107 Tu/m

*MonsipHbIil 00bEM UCANBHOTO Ta3a MPU HOPMAJIBHBIX yCIOBHSIX.
2. HekoTopble aCTPOHOMHYECKHE BEIUYMHBI

HaumenoBanue 3HaueHNUe
Paguyc 3emin 6,37-10° m
Macca 3emiu 5,98-10* kr
Pamuyc Connna 6,95-10° m
Macca Connna 1,98:10% kr
Pamuyc JIyHbI 1,74:10° m
Macca JIyHbI 7,33-10%* kr
Paccrosnue ot nenrpa 3emiu 10 nerrpa Connia 1,49-10" m
Paccrostnue ot nienTpa 3emun 10 1entpa JIyHsl 3,84-10° m

121




3. IL1OTHOCTH TBEPABIX TeJ

TBepnoe teno

[110THOCTB, KI/M’

TBepnoe Teno

[110THOCTB, KI/M’

AnroMUHUN 2,70-10° Menb 8,93-10°
Bapuii 3,50-10° Huxkens 8,90-10°
Banaauii 6,02:10° Caunen 11,3-10°
Bucmyt 9,80-10° Cepebpo 10,5-10°
Kenezo 7,88:10° Lle3nii 1,90-10°
JIutnit 0,53-10° [Tk 7,15-10°
4. I1noTHOCTB KUAKOCTEH

Kunkocthb [110THOCTD, KI/M? Kunkocthb [T10THOCTB, KI/M®
Boga (ipu 4 °C) 1,00-10° Cepoyriepon 1,26-10°
[nunepun 1,26:10° Crupt 0,80-10°
PryTh 13,6-10°

5. IlnoTHOCTH ra3oB (IPH HOPMAJIBHBIX YCJI0BHAX)
I'a3 [1noTHOCTB, KI/M’ Ia3 [InoTHOCTB, KI/M’

Bonopon 0,09 INenuit 0,18
Bo3nyx 1,29 Kucnopon 1,43

6. KooppuumeHT NOBEPXHOCTHOI0 HATSIZKEHUS KUAKOCTEN

Koadbdumuenr, Koadpumuenr,
Kunxocts wH/m Kunkocts wH/m
Bona 72 PryTth 500
MpeLibHas rieHa 40 Choupt 22
7. DddeKTUBHBIA AUAMETP MOJIEKYJIbI
la3 Hnametp, m l'a3 Huametp, M
Aot 3,0-101° Cenuit 1,9-101°
Boopon 2,310 Kucnopon 2,7-10°1°
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8. JAmdjekTpuyeckas NPOHUIAEMOCTh

BemiectBo [TponumaemMocTp BemniectBo [IponuaeMocThb
Bona 81 Crexno 7,0
Macno Carona 7,0
TpaHcopmMaropHoe 2,2 ®dapdop 5,0
[Tapadun 2,0 D00HUT 3,0

9. YaeabHoOe CONPOTHUBJICHHUE METAJLJIOB
YnenbHOE YnenbpHoe
Merann COIIPOTUBJICHUE, Merann COIIPOTUBJICHUE,
Om'M Om'M
Keneso 9,8:10°® Huxpom 1,1-10°
Menp 1,7-10°* Cepebpo 1,6:10°®
10.OHeprusi HOHU3AUHA
BemecTtBo E;, JIx E, »B
Bonmopon 2,18-10°"® 13,6
["enuii 3,94-10"® 24.6
JIutuii 1,21-10°" 75,6
PTyTh 1,66-10°" 10,4
11.IToaBUKHOCTH HOHOB B raszax, m*/ (B-c)
l'a3
ITonoxuTenbHbIC HOHBI OTpuniaTeabHbIe HOHBI
A3zort 1,27-10* 1,81-10*
Bozmopon 5,4-10* 7,410
Bo3ayx 1,410 1,9-10*
12.1Toxa3aTeb NpeJIOMJICHUSA

BemectBo IToka3zarenn BemectBo IToka3atens

Anmas 2,42 ['muuepun 1,47
Bonma 1,33 Crekiio 1,50
Macino 1,6 Cepoyriepon 1,63
KOPUYHOE
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13. Pa6oTa BbIX0/1a 3JIEKTPOHOB

Merann A, JIx A, 2B
Kanuid 35107 2.2
JIutuit 3,7-10°" 2,3
[TnaruHa 10-10°" 6,3
PyOuauit 3,410" 2,1
Cepebpo 7,5-10" 4,7
Iesnit 3.2:10" 2.0
o 6.4-10" 4,0

14.0OTHOCHTE/IbHBIE AaTOMHbIE MACCHI (OKPYIJICHHbIC 3HAYCHUSA) A,

U NMOPSAAKOBbLIE HOMEPaA Z HEKOTOPLIX 3JIEMCHTOB

OnemeHT | CUMBOJ A; 4 Onement | CuMBOI A V4
A3zoT N 14 7 Mapraserny Mn 55 25
AroMuHUA Al 27 13 Menb Cu 64 29
AproH Ar 40 18 MonnbaeH Mo 96 42
bapui Ba 137 56 Harpui Na 23 11
Bananuii A% 60 23 Heon Ne 20 10
Bonopon H 1 1 Huxkenb Ni 59 28
Bonbsdpam W 184 74 Onoso Sn 119 50
I'enuit He 4 2 IInatuna Pt 195 78
Kenezo Fe 56 26 PryTth Hg 201 80
30J10TO Au 197 79 Cepa S 32 16
Kanni K 39 19 Cepebpo Ag 108 47
Kanbuuii Ca 40 20 Yraepon C 12 6
Kucnopon O 16 8 VYpan U 238 92
Marnwuii Mg 24 12 XJop Cl 35 17

15. Macca u 3Heprusi NOKOsi HEKOTOPbIX YACTHIL

mo Ey

Yactuna
KD a.c.M. Jx M»B
DIIeKTPOH 9,11-10* 0,00055 8,16:10" 0,511
[IpoTton 1,672:10% 1,00728 1,50-10"° 938
Helitpon 1,675-10% 1,00867 1,51-10"° 939
Hevitpon 3,35:107 2,01355 3,00-10"° 1876
0-4acTHIIA 6,64-10% 4,00149 5,96:10" 3733
HeilrpanbHblii 2,16-10™"

T-ME30H 241102 0,14498 135
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16. Ilepuoasl moaypacnaga paaiioOaAKTHBHBIX H30TOIOB

Hsoron CumBon ITepuon nosypacmnana
AkTuHUMI 2 Ac 10 cyT.

o o 8 cyT.
KobGanbT PCo 53r
Marnuii Mg 10 Mun

Pauit R 1620 net

Pasion “2Rn 3,8 cyT.
CrpoHumii W Sr 27 ner

dochop op 14,3 cyr.

Lepuii KCe 285 cyT.
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17. Macchbl aTOMOB JIETKUX U30TONOB

N3oTon CumBon Macca, N3oTon CumBon Macca,
a.e.M. a.e.M.
;’B 9,01333
HeiiTpon o 1,00867 Bop "B 10,01294
\B 11,00931
lfC 10,00168
llH 1,00783 >
) C 12,00000
Bonopon H 2,01410 Yraepon 3
3 .C 13,00335
H 3,01605 "
6C 14,00324
jHe 3,01603 14
enuit A A3ot ;N 14,00307
H 4,0026
;’L 6,01513 '50 15,99491
Jlutni . Kucnopon "
JLi 7,01601 NGO 16,99913
Z Be 7,01693
bepunnuit ) Be 9,01219 dTop N 18,99840
) Be 10,01354
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18. Ten1ioBBIE CBONICTBA BEIIECTB.

127

TBEPJIbIE TEJIA
Y nenbHas VY aenpHas TemioTa
BemectBoO TEINIOEMKOCTb, TeMnepaTypOa IUTABIICHHUS,
kJx /(xr K) TaBIeHus, "C kJK/KT
AgroMuHHI 0,88 600 380
Jlen 2,1 0 330
Menn 0,38 1083 180
OmoBo 0,23 232 59
CBuHern 0,13 327 25
Cepebpo 0,23 960 87
KNJIKOCTU
Y aenbHas VY aenpHas TeminoTa
Temneparypa
BemecTtBo TETIJI0EMKOCTb, 5 napooOpa3oBaHus,
kJx/(xr K) Kumern, °C M JIx/xr
Bona 4,2 100 2,3
Pryth 0,12 357 0,29
Cnuprt 2.4 78 0,85
I'A3bI
Y nenvHas Temmeparypa
BemecTtBo TEIUIOEMKOCTb, | KOHJICHCAIIUH,
kJx/(kr K) °C
A3zort 1,0 -196
Bonopon 14 -252
Bo3nyx 1,0 -
Kucnopon 0,92 -183



CIIPABOYHBIE MATEPHAJIbI 110 MATEMATHKE

KopHu KBagpaTHOro ypaBHEHUS ax” +bx +c¢ =0

XI,Z

_- b +\b* - dac

2a

Teopema Buera:

X +x, =-—

b

b

XX, —

1772

sin &
tgea =

cosa

cosa
ctg o =—

smo

sin® o +cos” a =1
sec” @ - tgia =1
csc’ a - ctg’a =1
tga ctga =1
sina -csca =1
cosa seca =1

sin(a =f) =sin« -cos ff £cosasin f

cos(a =) =cos & -cos S Fsin asin

vy +to
to(ce 1) = 2O
lFtga tgp
oo ATl
cte(a =) _ctga ctgfF
ctgf fetga

sin3a =3sina - 4sin”
cos3a =4cos’ a- 3cosa

. : . a+pf -p
sina =1/4/1+ctg’a sma+s1n/)’=2sma2/) -cosaz/)
cosa =1/l +tg’a +/ - B

. . 8 sina - sin ff =2cos P sin& P
sin2a =2sina -cos 2 2
cos 2a =cos’a - sin’ « cos a +cos 5 =2cos ath cos & p
to D = 2tga 2

pu— + -
8 1- tg’a cosa - cos/)’=-2sina ﬁ-sinazﬁ
ctg’a- 1 : +
ctga = toa T _ sin(a £/)
Flgp =/
2ctga 8 e cosa €os 3
. 5 1- cos2a
sin“ o =
2 2sina -sin ff =cos(a - f) - cos(a + f3)
) 1+cos2a
cos a = > 2cosa -cos 5 =cos(ax- f)+cos(a+ f5)
G _1- cosa 2sina -cos f =sin(x - f)+sin(a + )
2 2
,a l+cosa
cos" — =————
2 2

sha =(e“-¢“)/2
cha =(e“+e “)/2

tha =(e“- e “)/(e“+e™ ™)

ctha =(e“+e “)/(e“-¢e“)
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CpolicTBa TPUTOHOMETPUYECKUX (PYHKIMIA.

sin(- x) =- sinx, sin(x + 27k) =sin x,

cos(- x) =cosx, cos(x +2xk) =cos x,

tg (- x) =-tg x, tg (x + 27k) =tg x,

ctg (- x) =-ctg x, ctg (x + 2xk) =ctg x,
rze k - 1r000e 1eoe YrcIo.

Tabanna 3HaAYeHUIT TPUTOHOMETPHYECKUX (PYHKINH HEKOTOPBIX YIJI0B.

Apryment &
()
YA 1 4 T T 3z
0 - - - — T —_

6 4 3 2 2
1

sin 0 — Q ﬁ 1 0 -1
2 2 2

cosa 1 ﬁ Q l 0 -1 0
2 2 2

tg o 0 ﬁ 1 NE) - 0 -
3

J3
ctg a - NE) 1 5 0 - 0

IIpumeuanue: CBsi3p MEXy I'PaJlyCHOM U paJluaHHON MepaMM U3MEPEHHUS yIJia:

a b c

TeopemMa CHHYCOB: » TJ€ a,b,c - IJIMHBI CTOPOH TPEYTOJIBHUKA.

sin  sinf siny
Teopema KocuHycoB: o  =b” +c” - 2bccosa.

Ypasuenue npsamoii: Ax + Bx+C =0, rae 4,B,C - mo6ble BEIECTBEHHBIE Ynucaa, A + B* #0.

Y =kx +b - ypaBHenue npsamoi ¢ yrioBsiM ko3 durmenToM k.
2 2
X Y
Kanonn4eckoe ypaBHeHHe JIJIMIICA: + =1, rae a,b - momyocH.

B
a b

a’-b> =(a- b)(a+b), (a +b)’ =a* +2ab+b°,

Pajjio:kenue Ha MHOKHTETH: ) . s s 7 s s
a *b" =(a £b)(a Fab+b"), (a=xb) =a X3a"b+3ab” £tb
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Tabauua npou3BoOAHBIX

OyHKIUSA [IpousBoanas OyHKIUSA [IpousBoanas
1/x -1/ 52 sin x cos x
- sinx
Jx 1/(2x) cos X 2
t 1/cos” x
xn nxﬂ-l gx 2
clg x - 1/sin” x
enx nenx . 2
arcsin x /1= x
X X
a a lna arccos x - 1/41- X
In x l/ﬁf ’ arctg x /(1 +x%)
u(x v - vu
(x) — arcctg x - 1/(1+x?)
v(x) v
uv vu'- v
Tabauua MHTErpasioB.
’,rr+1 dx
J‘x”dx = .n #1 ‘[ — =tg X
n+1 COS™ X
1 dx
Ia‘dx =4 ‘[ — =-ctg X
Ina sin” x
. dx
R
" =lnx — =arctg x
Ji Inx ‘[1 e g
Isinx dy =- cosx f 2dx . Zlarctg—
. a +x° a a
fcosxdx =sin x f e 1 e
I’[gxdx =- hl‘COSX‘ Y- a® 2a |x+a
, ' ‘+a
Jbtgxdx :ln‘smx‘ I fh —Lh T
a -x 2a |x-a
dx X
_r — =Injtg ; J‘dx —arcsin x
sin x = = ’
, V1= x°
dx X
f =ljtg) -+ 4 f dx —arcsin
Cos X TV -
11 @ - i
sin” x dx =—x- —sin2x dx >
I 2 4 =ln(x++x - 1)
-]

—_

1 .
Icosz xdy = x+ Zsm 2y

on \/;

Ie"l dx = 5

0

S

”:[x de 7’

¢ -1 6
0
xfdx_;*f
J\e"-l 15
0

=

J‘% =ln|x++/x? ik‘
J‘e“' dx =¢"
jJ“‘ _dx =2, 405

0

ﬁl dv=u v- J}; du
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HeKOTOpre MNOCTOSAAHHBIC YUCJIA U HpHﬁﬂH)lCeHHble (l)OpMy.]'lI)I.

IlocTosiHHBIC UKCIA

[Mpubnmxenusie Gopmynsl (mpu a << 1)

7 =3,141
7* =9.8696
Jr =1,7725
e =2,7183
lge =0,4343
In10 =2,3026

(1+xa)" ~1 xna
e’ ~l+a
In(l+a) ~a
sina ~a

cosa ~l- a’/2

tga ~a

HeKOTopLIe CBEICHHUA O BEKTOpaXx.

CkassipHOE MPOU3BE/ICHUE BEKTOPOB:

a-b :axb’\, + ayby + azbz

BekropHoe npou3sBeicHue BEKTOPOB:

i
[a B] - ax aﬁ‘ CI: :(a_rb: - a:b_r)? +(a:bx - axb: )j + (axbr - a_rbx)!;
bx b1 b:
a[bcl=b[¢a]=c[ab]
[d[b &) =b(d €)- é(a b)
i(* ):ﬂ.}.ﬁ i(g[;) :d_a]; *ﬁ
d dr  dt dt dt di
d . da_ da d - |da- db
—(aad)=—d+a— —lab]l=|—>b|+|d—
7 CD=y di il iy Ca
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Y4eOHO - MeTOAUYECKOEe 1 HHPOPMALIMOHHOE o0ecneyeHHne TN CIUIINHBI.

OcHoBHas JquTEpaTypa:

1. Tpodpumona T.M. Kypc ¢pusuku.— M.: Beiciias mkona, 2015 r.
2. Tpodumosa T.M. , TlaBnoa 3.I'. COopHHMK 3amad mo Kypcy (u3uKH C
pemeHusMu. YueOHoe nocodue /sl By30B — 4-¢ uzmaanue, - M., Boicimas mikona,

2015 .
3. Uepros A.I'. 3agaunuk no ¢usuke. — M., Briciias mkosna, 2015 r.

JonmosHuTEeIbHAA JIUTEPATYypA:

1. 4.B.CuByxun. O0muii kypc puzuxku. M.: ©DUSMATIIUT. 2014 r.

2. I'padosckuii P.U. Kypc ¢uzuku. — CII6, 2015 1.
IIporpamMHoOe o0ecnieyeHe U MHTEPHET PeCcypchl.

1. http://physics.nad.ru — hpu3nka B aHUMAITUIX.
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