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BBEJEHUE

CucremaTuueckoe pelieHHe 3a7ad — HeO0OXOJMMOE YCIOBHE YCIEUIHOIO OCBOCHUS
Kypca (U3MKM — TIOMOTaeT YSCHHUTb CMBICT (PU3MYECKMX 3aKOHOB, 3aKpeIJIsieT B HaMsTH
(opMyIbl, IPUBUBAET HABBIKU IPAKTUYECKOTO UCIOJIb30BaHNUS TEOPETUUECKUX 3HAHUH.

Kaxnplii paszmen HacTosero mnocoOus HauMHAETCs ¢ IepedHs (OopMyl, 3aKOHOB,
OIpe/ieIeHNH, 3HaHME KOTOPBIX HEOOXOAMMO MJsl peIIeHUs NOocCieqylomuX 3anad. Paznensl
COCTOAT U3 OJIOKOB, COEPIKAIINX KPATKYIO TEOPUIO, IPUMEPHI PELICHU 33aa4 U, IOJOOHBIE UM,
3a1a4u I CaMOCTOSITENIBHOrO pemeHus. g MpoBEpKU IPABUIBHOCTH PEILICHMS BCE 3a7a4d
COZIepKAT YUCICHHBIE OTBETBHI.

BHMUMAHMUE! YpoBenb ocBOeHHUs pelIeHUs 3a/1ad, PaBHO KaK U OBJaJC€HUE, 3HAHUSIMH,
YMEHUSMH U HaBBIKaMU 110 BCEMY Kypcy (QHU3UKU IPOBEPSETCS] KOMITBIOTEPHBIM TECTHPOBAHUEM,
MOArOTOBKA K KOTOPOMY OCYHIECTBIIICTCS M Ha IPAKTUYECKUX 3aHATUAX. BOIpockl TecToB
aHAJIOTUYHBI 33Jja4aM, [IPEICTABICHHBIM B KaXK10M OJ0Ke mocoOusl.

PEKOMEHJAIIMHU K PEHIEHUIO 3ATAY

[Tpu pemenun 3a1a4 HEOOXOMMO BBIIOTHSTD CIEIYIOUIHE PEKOMEH /AU

1. Tlepen pemeHuem 3agad HYyHO BBIYYUTh (POPMYJIBI COOTBETCTBYIOIIEH TEMBI.

2. Ywuras ycnoBue 3ajaul, CTapaThCs MOHSITH €0 CMBICI.

3. 3amucarh mociie cioBa "JaHO'" KpaTKOe YCJIOBUE 3aJladd, MPEACTaBUB HCIOJIb3YEMbIE
3HaueHusl ¢usndeckux BenmmuuH B CH. Tlocne cnoBa "HallTu” BBIMHCATh BCE HMCKOMBIC
BEJINYUHBI.

4. HM3o0pa3uth cxemy, MOSCHSIONIYIO YCJIOBHE 3aJlaud, yKa3aB JCHCTBYIOIIME HA Teja CHJIBI,
HaIlpaBJICHUE YCKOPEHUM, CKOPOCTEN U UMITYJIbCOB TEJL.

5. CocTaBUTbH CUCTEMY ypaBHEHUH.

6. Pemmth cucreMy ypaBHEHMA — TMOJXYy4duTh pabouyio ¢opmyiny. s 3Toro uckomyro
¢u3nuecKkyro BEIMYMHY HAJ0 BBIPA3UTh uepe3 OyKBEHHbIE 0003HAUYEHUS BEJIHYUH,
3a/IaHHBIX B YCJIOBUU 33]1a4H.

7. Kaxnaplil aTan pemeHus 3a1a4i COPOBOXKAATh KPATKUMH MOSICHEHUSIMH.

8. IIpoBepuTh NMpaBUIBHOCTH PEIICHUS], TOJCTABUB HAUMEHOBAaHHUS (PU3NYECKUX BEJIUYUH B
pabouyto popmyiy, HOTYYUTH Pa3MEPHOCTh HCKOMOM BEIMYNHBI.

9. BblYMCIHUTH 3HaYEHUE UCKOMOM BETUYMHBI.

10. OTBeT 3anmcarh B BHUJE MPOM3BEACHUS ACCATHYHOW OpoOu, ¢ onHOW 3Havamied nudpoi
nepe 3amsiToil, Ha AecATh B cOOTBeTCTBYyroue creneHu. Hampumep, BMecto 3520 Hano
sanmcats 3,52-10%, Bmecto 0,00129 3ammcate 1,29-10° 1 T.1.



I. KHHEMATHUKA ITOCTYHATEJIbHOI'O U BPAIIATEJIBHOI'O IBUXXEHMUS1
1. Kunemamuxka nocmynameibHo20 08UMHCEHUS
1.1. Kpamkue meopemuueckue céedenus

[Tonoxxenune Tena (MarepuagbHONW TOYKM) B MPOCTPAHCTBE 33JAETCS PAIMYC-BEKTOPOM F WIH
TpeMsl KOOpANHATaMH.

Kunemamuueckue YpasHeéHUuxn O0GUIICEHUA — DTO 3aBHCUMOCTHU KOOpJAuHaT x, y,Z OT BPCMCHMU:

x=x(t), y=y(t), z=2(t),
TIO3BOJISIOLINE ONPENECIUTH MOJI0KEHNE TENA B JII0OO0MH 3aJaHHBII MOMEHT BPEMEHH.
TpaeKmopu}l — OTO JIMHHA, OIIMChIBacMas I[BI/I)KYH_H/IMCH TCIIOM.

Jnuna nymu AS — 310 cymMMa JUIMH BCEX YYacTKOB TPAEKTOPUH, MPOMIEHHBIX TEJIOM 3a

IPOMEXKYTOK BpeMeHU Af =t, —t,, I7ie {, — HavyaJbHbI U f, — KOHEYHbIH MOMEHTHI BPEMEHH.

Ilepemewenue Ar — 310 BEKTOP, COCTUHSIOMNN HAYATLHOE M KOHEYHOE MOJIOKCHHS TEJIa:
AF=F%—F.

Cpeonsasn ckopoCTb — 3TO BEKTOP, PaBHBIM OTHOILICHUIO NEPEMEIICHHS K MPOJAOIKUTEIbHOCTH
ATOrO MEPEMELLEHUS:
5 A
P OAtT

Mznosennasa ckopocms — 3TO NIepBasi IPOU3BOJHAS PAJIUYC-BEKTOPA 110 BPEMEHH:

77—limA—?—ﬁ
T a0 AF dt

Ilpoekyuu M2HOGEHHOI CKOpOCMU HA OCU KOOpOUHAm — HTO TIEpPBbIE TNPOU3BOJHBIE
COOTBETCTBYIOIIMX KOOPAUHAT MO BPEMEHHU

_dx o _dy

"(Jx—E, "(Jy=dt .

Mooynb mecrnosennoit ckopocmu onpenensiercs o reopeme [udaropa:

v=,/vI+0, .

Mznogennoe yckopernue — 3T0 BEKTOP, PaBHBIN MEPBO MPOU3BOAHON CKOPOCTH T, I BTOPOI
MPOU3BOJHOM paguyc BEKTOpa IO BPEMEHU:

Cdt d?

Ilpoexkyuu éexmopa yckopenus nHa ocu Koopounam.



dv, d’x dv, d*y

“a Ta T

Mooynv 6exmopa yckopenus |ﬁ| omnpeaensercs no teopeme [udaropa

d|=+/a +a} .

Tanzenyuanwvhoe ycKkopenue XapakrepusyeT ObICTPOTY U3MEHEHHUSI CKOPOCTH 10 BEJTMUMHE,
MOJyJIb KOTOpPOTO:
.
todt

Hopmansnoe yckopenue xapakrepusyeT ObICTPOTY U3MEHEHUsI CKOPOCTH HO HampabieHHo. Ero
MO/TYJTb:

vl
=R
rne R — paamyc KpUBU3HBI TPACKTOPHUH.
1.2. Ilpumep pewenus 3aoauu

VpaBHeHHs IBUKEHUS MATEPHAIbHOM TOUYKU MMEIOT BHA x(f)=A+Bt u y(t)=C+Dt—Et*, rue
k03hdurentol 4=2m, B=3m/c, C=1m , D=8m/c , E =2m/c2 3agansl B CU. JIBmkeHue

TOYKU PaCCMATPUBAETCS BO BPEMEHU OT ¢, =0 110 ¢, =5¢.
3adanue 1. ITocTpouTh TPACKTOPHIO B KOOpIMHATaX xOy 3a JaHHBIA MPOMEKYTOK BPEMEHH.

Pewenue. I3 ypaBHeHMI TBUKEHUS, KOTOPbIE C YUETOM 33aJJaHHBIX KOA(POUIIMECHTOB IPUHUMAIOT
BUL: x=2+3t , y=1+8¢—2¢ , ompenenurth 3HAUYEHMs X, p, 3a1aBasg BPeEMS B YKa3aHHOM

uHTEpBaJe (M. TabIuIy):

t@) 10]05[1[15]2[25]3[354]45]5
x(m) | 2[3,5(5(65[8[9511]125]14]155]17
y) | 1457 (85[9(85|7 |45 |1 |-35]9

Macwma6b 1o ocsiM X W y BBIOMpATh C YYETOM IMPEICIbHBIX 3HAYEHUH COOTBETCTBYIOIIMX
KoopauHAT (CM. Tabmuiy). Tak A X Xpin =2, Xmax =17 (M) U P! Yoin = =9, Ymax =9 (M).

Ilocmpoenue epagpuxa. HanecTn Ha KOOPIMHATHYIO CETKY TOUYKH MEPECEUCHUS 3HAYCHHUH X U Y
JUTSE KaXJIOTO MOMEHTa BPEMEHH, ykazaHHOro B Tabmuie. COeIUHUTh HAHECEHHBIC TOYKU
IJITABHOW JIMHUEH.

3adanue 2. Onpenenuts nepeMelieHUe A7 B UHTEpBAlle BpEMEHHU Af =t, —t, , yKa3aB Ha rpaduke

TPacKTOPHH.

Pewenue. Ilepemewerue AF =r,—F — BEKTOp, COCIMHAIOMINN HAYAIbHYI0 U KOHEUHYIO TOYKH
rpaduka (puc. 1.2), Mogyns KoToporo onpenensarces rmo Teopeme [udaropa:



2 2
Ar=y/(Ax)" +(Ay), 10-A¥
rne Ax=x,-x;, , Ay=y,—y, — U3MECHEHUE g /\
KOOpAWHAT. 3HaYeHus x; =2, y,=1 " x,=17, 6 \
¥, ==9 B3AThl U3 TaOMUIBI B MOMEHTHI BpEMEHH 4 / \
t,=0 u t,=5c¢ OTBEeTCTBeHHO. TakuM 00Opa3oMm, ) / \\T)
Ax=17-2=15(n) . Ay=-9-1=—-100) . | _ S \ >
Ar =15 +107 =18(n). NER 6 8 10 12 14\ 16 x
3adanue 3. OnpenenuTh CPeHIO CKOPOCTh T, B | ~4 Vep \\A?
MHTEpBallc BpeMEHU At =t, —t, . -6 N \
-8 \*
Pewenue. Ilo ompeneneHuo CpeHss CKOPOCTh | _sq.
Tep =i—': . C yderom 3HayeHMi Ar=18m u
At=5c¢ mnomny4aem v, =18/5=3,6m/c . HampaBineHue cpemHell CKOPOCTH COBIALAET C

HaIlpaBJICHUEM BEKTOpa MepeMeIleHUs A7 .

3aoanue 4. OnpenenuTh MTHOBEHHYIO CKOPOCTh U B MOMEHT BPeMEHH £ =3 c.

—

_ dr .
Pewenue. 110 onpeneneHn0 MrHOBEHHAsI CKOPOCTH U=E Y HaIpaBJICHA 110 KacaTeJIbHOW K

—

TpacKTOpuu. B MOMEHT BpeMeHH ¢=3c¢ BEKTOp ¥ SBISETCS KacaTeJbHOM B TOUYKE C

KoopauHaTamu (cM. Tabmuiy) x=11m, y=7m (puc.).
Monyne MrHOBEHHOM cKOpocTH ompenenarcs mo Teopeme Iludaropa: v=,/vi+v} , rme

ay d(1+8t-2¢%)
v,=—=——"=3 m/c =const, v, =E=T=(8_4t) — IPOEKIMH CKOPOCTH HA OCH

x u y. I MOMEHTa BpeMeHH f =3 ¢ MPOEKIMH CKOPOCTH MPUHUMAIOT 3HA4YEHUs: v, =3 m/c ,

v, =(8-4-3)=-4 (M/c) (3HaK MHHYC O3HA4aeT, YTO NPOEKLUHUs CKOPOCTH v, HalpaBieHa

MPOTHUBOIIOIOKHO OCH p). T.0., MOJYJIb MTHOBEHHOU CKOPOCTH v =+/3% +4* =5m/c .

3adanue 5. PaccuuraTh MONHOE @ TAaHT€HLUUAIBHOE @, U HOPMAIbHOE @, YCKOPEHHUS B MOMEHT

BpeMeHU f=3c.

Pewenue.
dou
IlonHoe yckopeHune a=.la:+a?, toe a, =—=
y p y 'H a dt
do,
a, == — TPOCKUHMU YCKOPCHNUsS Ha OCH X M .
VuureiBas, uto v, =3 U v, =8—4¢ (cM. 3aganue 4),
d(3)
OJIy4aeM: a, = =0 u
ya dt
d(8—4t
a,= (T) =—4 (M/cz) = const . ITonHoe




yCKOpeHHue a =~/0? +4? =4(m/c?).
JInst  OompeneNeHUs TAHT€HIHMAIBHOTO @, W HOPMAlbHOTO &, YCKOPEHHMH HE00X0IUMO

MPEJICTaBUTh CXEMY CKOpOCTeH (CM. puc.). 3/1ech e yKa3aThb IOJHOE YCKOpEHHUE, KOTOpoe
HaIIpaBJIE€HO BEPTHUKAJIbHO BHU3, IOCKOJBKY a, =0, a ay=—4(M/Cz) AMEET OTPULIATEIBHYIO

-

BCJIIMYUHY. TaHreHuHaanoe l_iT U HOPpMAaJbHOC a, YCKOPCHHA MABJIAIOTCA COCTABJIAOIIUMU
MOJIHOTO YCKOPEHHUS d W HAaNpaBieHbl COOTBETCTBEHHO BJOJb M MNEPIECHIUKYISIPHO BEKTOPY
MTHOBEHHOI ckopocTd ¥ (puc.). OTMeueHHbIe YIJIBI O paBHBI KaK HakpecT Jexamnue. U3

4 . v

noo0Usl BBIJCJIIEHHBIX TPEYTOJIbHUKOB CIEIYET, 4TO aT=acosa=a7y, U a,=asino=a—
(4

[TosicTaBUB 3HAYCHUS YCKOPEHHS W CKOPOCTEH IUIi MOMEHTAa BpeMeHH t=3(c): a=4(m/c?),

v, =3(m/c),

vy|=4(M/c), v =5(m/c) , TOITyIHM: ar=4-£=3,2(M/c2), a,,=4%=2,4(m/c2).

5

IIpoBepka: a =+/a? + a2 =+/3,2? + 2,4 =4(m/c?).

1.3. 3a0auu

1. YpaBHeHue nBuxkeHus MarepuanbHo Toukn B CH umeer BuA x(f)=0,15-0,1¢ +0,02¢° .
OmnpenenuTb 3HaUE€HHUsI CKOPOCTH U YCKOpEHUs B MOMeHTHI Bpemenu £, =0 u £, =5c, a Takxe
CPEIHIOI0 CKOPOCTh NIEPEMEIICHHS U CPETHEE YCKOPEHHE 3a NEPBBIC MATh CEKYH/ IBHXKCHHUS.

(Oteer: v, =0, v, =0,5m/c, a,=—0,2m/c*, a,=0,4x/c*, v, =0, a,=0,1m/c").

2. JIBmKeHue MaTepruaabHON TOYKH ONMUChIBAaeTCs ypaBHeHHsMU (B equHunax CU): x=3+5¢ u
y =4+ 3¢ . HaliTu CKOpOCTb U YCKOPEHHUE JBUKEHHUS TOUYKU.

3. JIBUJKEHHE TOYKH ONMCHIBAETCS ypaBHEHHMEM X =5+2¢+3¢ (B emunmnax CH). Haiitu
CKOPOCTb M YCKOPEHHE TOYKH B MOMEHT BpEMEHHU £ =3¢ .

(OtBet: v = 83 M/c; a = 54 m/c?).

4. JIBM>KeHMsI IBYX MAaTE€pUAIbHBIX TOUYEK OIMCHIBAIOTCS ypaBHEHMsAMHM (B exuHunax CU):
X, =20+4¢t—4t> u x, =10+2¢+¢*. B KkaKoii MOMEHT BPEMEHH CKOPOCTH 3THX TOYeK OymyT

OI[I/IHaKOBBIMI/I? OHpGI[eJII/ITB CKOPOCTHU U YCKOPCHUA ABUKCHHA TOYCK B 3TOT MOMCHT BPCMCHHU.

(OtBer: t =0,2 ¢c; v, =0, =2,4M/c; a; =-8 M/Cz; a=2 M/Cz).

2. Kunemamuxa epauiamenbHo20 0GUINCEHUS
2.1. Kpamkue meopemuueckue ceedenus

Bpawamenvnoe oOeujicenue — IBUKECHUE, NIPU KOTOPOM BCE TOYKHM Tela ONMCHIBAIOT
OKPYKHOCTH, [IEHTPBI KOTOPBIX JIEXKAT Ha OJHOM npsiMoii Q0" — ocu BpalieHus.

Kunemamuueckoe ypasnenue pawiamenbHozo 08u3ceHus — 3TO 3aBUCHMOCTb yIiIa IIOBOPOTA
OT BPEMEHHU:

o=9(),

MTO3BOJISIONIEE OMPEACITUTh TOJI0KEHHE Teja B IF0O0H MOMEHT 7 .



Yenoeaa ckopocms @ — 510 nepBas Mpou3BoOIHAS YIJIa TOBOPOTA MO BPEMEHU

do
O=—".
dt
Yzenoeoe yckopenue [ — 310 niepBas npou3BOAHAS YTIIOBOK CKOPOCTH IO BPEMEHHU
p=2
dt
Cé43b TUHEIIHOUL U Y2T106011 CKOPOCHU:
v=w-R.

Céa3b manzeHyuanbHO20 U 27106020 YCKOPEHUIL:
a,=f-R.
Cé:a3b HOpMAILHO20 YCKOPEHUA U 210601l CKOPOCHIU:
a,=o"-R.
2.2. 3a0auu

1. Temo Bpam@aercs BOKPYI HENOJBMKHOM OCH IO 3aKOHYy, 3aJaHHOMY YypaBHEHUEM
¢=10-2t"+¢’ pagx. B Kakoii MOMEHT BPEMEHH YIJIOBas CKOPOCTb BpalleHWs OyIeT paBHa
4pao/c? OnpenenuTs yrioBoe YCKOPEHHE B ’TOT MOMEHT.

(OtBer: =2 ¢, p = 8 pan/c?).

2. Jluck pagumycom 0,2m BpamaeTcs BOKPYT HENOABMKHOW OCH IO 3aKOHY, 3aJIaHHOMY
ypaBHeHHEM @=3-10t+5t" pad. Onpenenurs TaHI€HIHMAILHOE, HOPMAJILHOE U  IIOJHOE

YCKOPCHUSA TOUYCK Ha OKPYKHOCTHU JUCKA YCPC3 Ic nocie Hayana BpalICHUs.

3. YrnoBasi CKOpOCTh BpPAILlalOIIETOCs] BOKPYT HEMOJBUXKHON OCH KOJIeCa MEHSIETCS MO 3aKOHY
®=0,2¢ . HaiiTu monHoe ycKOpeHHe TOYKH Ha 000/e Kojieca B MOMEHT BpPEeMEHH 2,5 ¢, eciu

JMHENHAsE CKOPOCTh TOUKU B 3TOT MOMEHT paBHa 0,65 m/c.



I1. 3BAKOHBbI IUHAMUKHU ITOCTYITATEJIbHOI'O U BPAIIATEJIBHOI'O
ABU/KEHUSA. 3AKOHBI COXPAHEHUS B MEXAHUKE

1. lunamuka nocmynamensnozo 08UHCEHUA MAMEPUATLHOU MOYKU
1.1. Kpamkue meopemuueckue céedenus

Bmopou 3axon Hvlomona: yckopeHue d, IpuoOpeTacMoe TEJIOM, MPSMO POMOPIIMOHATIBHO

nercTBytomei Ha Hero cujie F 1 oO0paTHO MpONOPpIIMOHAIBLHO Macce m dTOTO Tela

_ F .
a=—= F=ma.
m
Cuna mancecmu F,— 3T0 rpaBUTAallIOHHAs CHJA, COOOINAOIIasi TeIy BOJIM3M MOBEPXHOCTU
3emii yCKOpeHUe CBOOOTHOTO TTa/ICHHUS:
FM)IJK' = mg *

3akon mpenus  ckoavycenuna Frp TPEnsATCTBYeT HUX  OTHOCUTEIBHOMY  JIBUYKEHHIO

COIIpUKACAOIIUXCA TCII
Frp = M N,

rae 4 — KOd(PPUIMEHT TPSHHS CKOJIBKESHHS, 3aBUCSIINUNA OT MaTepralia COMPUKACAIONTNXCS Te

—

u KadecTBa 0o0paboTkm ux moBepxHocTe. Cuna peakmuu omopsl N cormacHo III 3akony
HeroTOHa paBHa IO MOAYIIIO CUJIE HOPMATIBHOTO AaBiaeHus P, Tena Ha MIOCKOCTb:
P

nl-

N =

1.2. 3a0auu

1. Teno maccoil 2 ke HABWXKETCS TMPSAMOJIUHEHHO IO 3aKOHY x(t)=A—Bt+Ct2 -DF , Toe

C=2M/ ¢ u D=0,4M/ ¢ . Haiitu CUJly, NEWCTBYIOIIYI0 Ha TEJIO B KOHIIE NMEPBOM CEKYHBI

JIBUKCHHUSI.
(OtBer: F=3,2 H).

2. ABtomoOmne maccoit 1020 kr, nBurasch paBHO3aMEIJICHHO, OCTaHABIMBACTCS 4Yepe3 5 ¢,
npoiinsg myth 25 M. Haiitu HadanbHyI0 CKOPOCTh aBTOMOOMIIS M CHITY TOPMOKEHHSL.

3. Illaiiba, mymieHHasi MO TMOBEPXHOCTH JIbJa C HAa4albHOW CKOPOCTBIO 20.m/c , OCTAaHOBHJIACH

yepe3 40 ¢. Haiitu ko3 durimerT Tpenus maiosl o jex.
(OtBer: p=0,05).

4. Ha aBromMoOmib Maccoii 1 T BO BpeMs JBW)KEHHUS JACHCTBYeT cuia TpeHus, pasHas 0,1
JEUCTBYIOLIEH HAa HEro Cuibl TsbkecTH. Haltu cwily TArM, pa3sBUBAEMYI0 MOTOPOM, €CIIH

ABTOMOOWJIb JIBIKETCSA C YCKOPEHHEM IM/ ¢’ B ropy ¢ ykioHoM 1 M Ha Kaxzable 25 M myTH.
(OtBeT: Figry = 2,4 kH).
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5. K vutu moasemen rpy3 maccoit 500 r. Haiitu cuny HaTsDKEHHUS HUTH, €CJTH HUTH C TPY30M: a)
MOJIHUMATh C YCKOPEHUEM a=2M/ ¢*; 6) omycKaTh ¢ yCKOPEHHEM a=2M/ c*.
(OtBer: T=5,9H, T=3,9H ).

6. /IBe rupu coeqHEHHBIC HUTHIO, IEPEKUHYTON Uepe3 HeBecoMbIl 0J10K. Macca Goubiiel Tupu
1,1 kr. Kako#i mommkHa OBITH Macca MEHBIIIEH THPH, YTOOBI TUPU JBUTATHUCH ¢ YckopeHueMm 0,1g?
Tpenuem B 0510ke MpeHeOpeUb.

(OtBet: my = 0,9 kr).

7. HeBecomblii OJIOK YKpeIUIeH Ha KOHIIE cTona. J[Be rwpu paBHOW Macchl 1 KI' COECIMHEHBI
HUTbHIO, TIepeKuHyTON depe3 Onok. Koaddumnment tpenus mexay croioMm u rupeit pasex 0,1.
Haiitu yckopenue, ¢ KOTOpbIM JBHXKYTCS THPH, U CHITYy HATSDKEHUS HUTH.

(OtBeT: @ =4.,5 M/Cz, T=35,5H).

8. bpycok maccoil 0,2 Kr JIeXUT Ha TOPU3OHTaIbHOM IUIockocTH. IIIHYp, mpuBsi3aHHBIA K
OpycKy, mepeOpolIeH yepe3 HeNmoABMKHBIM Onok. Ha npyrom KoHIe mIHypa MOJABEILIEH Ipy3
maccoit 50 r. Onpenenuts HaTSDKEHUH HUTH, eciu Kod(¢uieHt tpenus pased 0,04. Maccoit
0JI0Ka ¥ TPEHUEM Ha ero OCH IpeHeOpeyb.

2. lunamuka epawyamenbHo20 08UIHCEHUA MAMEPUATbHOU MOUKU
2.1. Kpamkue meopemuueckue ceeoeHus

Momenm cunpl — Mepa CUIOBOTO B3aMMOJCHCTBHS TeJl IIPH BpalllaTeIbHOM ABM)KCHUU, paBHAas
IIPOM3BEICHUIO CUJIbI Ha ILJIEYO:
M=F-h.

Bmopoii 3axon Hetomona 014 epawiamensHozo 06U3HCEHUA:
B= M
T

Momenm unepyuu I — 510 Mepa UHEPTHOCTU Tejla BO BPALLATEIBLHOM JBUKECHUHU, 3aBUCAIIAS
OT MAcCBI TeNa U €€ pacIpeesIeHUss OTHOCUTENBHO OCH BpAILlCHHUS.

Momenm unepyuu mamepuanbHou mouku (KOIbia):

I=mR*.
Momenm unepyuu oucka
I, =%m ‘R*.

Momenm umnynbca paBeH MPOU3BEICHUIO MOMEHTA HHEPIIMHU TejIa HA €0 YIIIOBYIO CKOPOCTh:
L=1w.

OcHO6HOIl 3aKOH OUHAMUKU 6PAU{AMENIbHO20 O6UMNCEHUA: CKOPOCTb W3MEHEHHS MOMEHTa
UMITYJIbCA CUCTEMBI PABHA PE3YJIbTUPYIOLIEMY MOMEHTY BCEX BHELITHUX CHIL:

dL

E=M.
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2.2.3a0auu

OnHopoanslil guck paguycom 0,2 M 1 Maccoil 5 Kr BpalaeTcss BOKpYr OCH, MPOXOASIIEH yepe3
€ro LEHTpP. 3aBUCUMOCTb YIVIOBOM CKOPOCTH BPAILECHHS JIUCKA OT BPEMEHM J1ae€TCA YpPaBHEHUEM
®=3+8¢. HaiiTu KacaTenbHyI0 CUITy, IPUIOKEHHYIO K 00011y.

K o6oxy omnopomHoro aucka paauycom 0,2 M mpuiiokeHa kacarenbHas cuia 98,1 H. Ilpu
BpAIllCHUH Ha JUCK JAeHCTBYeT MOMEHT cui TpeHud 4,9 Hm. Halitu maccy aucka, eciii H3BECTHO,
YTO JIMCK BPAIAETCS C YIIIOBBIM ycKopenueM 100 pad/c’ .

Ha 6Gapaban paguycoM 20 ¢M ¥ MOMEHTOM HHepuud 0,1kz-m’ HaMOTaH INHYp, K KOHILY

KOTOpOro NnpuBs3aH rpy3 Maccoi 0,5 kr. Haiitu yckopeHue, ¢ KOTOpbIM OITyCKAaeTCs Ipy3.

JlBe tupu maccamMu 1 Kr U 2 Kr COCIUHEHbI HUTHIO, IEPEKUHYTON uepe3 0ok Maccoit 1 Kr.
Haiitu yckopeHue, ¢ KOTOpPBIM [ABHXKYTCA THpPU, U CHIIbBI HATSOKEHUS HUTEH. biok cuurarh
OJIHOPOJHBIM JUCKOM.

Juck maccoii 2 kr u paauycoM 10 cm Bpamaercs BOKPYI HENOJBMKHOW LIEHTPAJIBHOM OCH,
nenas 10 06/c. Uepes S ¢ nocie Havana TOPMOKEHUS TUCK OCTaHOBWIICS. OnpenenuTb MOMEHT
TOPMO3SIIIUX CHJI, CYUTAsA ABM)KEHUE JUCKA IPH TOPMOKEHUN PaBHO3AME JICHHBIM.

Juck maccoit 50 kr u paauycoMm 25 €M BpallaeTcsi BOKPYT HEMOIBUKHON LIEHTPAIbHON OCH,
nenas 8 06/c. K obony nucka mpukanu TOpMO3HYI0 Konoaky c¢ cuioii 40 H, mox neiictBuem
KOTOpPO# nuck octanoBuiics uepes 10 e. Onpenenuts K03)OUITUEHT TPEHUS.

(OtBet: n=0,8)

12



3. 3aKkon coxpaneHua umnyibvca
3.1. Kpamkue meopemuueckue ceedeHus

Hmnynvc mena — 5TO BEKTOpPHAsl BEMYMHA, paBHAsl MPOW3BEICHHIO MAcChl M1 Teja Ha €ro
CKOpOCTB:

OcHo6HOIL 3aKOH OUHAMUKU ROCHYRAMENbHO20 08UNHCEHUA MAMEPUATLHOU MOYKU: CKOPOCThH
M3MEHEHUs UMITYJIbca Tella paBHa JICHCTBYIONICH Ha HEro cuiie

dp _ &

—=F.

dt
3akon coxpanenusa umnyapca: UMIYIbC 3aMKHYTOM CHCTEMBI TE€Jl HE MEHSETCA C TEUCHHEM
BpEMEHHU

n
Zmﬂ?,- =const .
i=1

3.2. 3a0auu

1. Ha penbcax crout minardopma maccoit 10 T. Ha nimatdopme 3akpenieHo opynue mMaccoit 5 T,
U3 KOTOPOTO MPOU3BOJUTCS BBICTPE BIOJb PEIbCOB B TOPU3OHTAIHLHOM HampaBieHHH. Macca
cHapana 100 kr, ero HadanmbHasi CKOpPOCTh OTHOCUTENbHO opyaust 500 m/c. Haiitu ckopocTh
1aT(opMbl B IEPBBII MOMEHT IIOCTIE BBICTpENa.

(OtBet: v=3,3M/c).

2. VI3 pyxbs BbuIeTaET Iyss Maccol 15 r co ckopocthio 600 m/c. HaliTu cpeaHioo cuity oTaauu
pYXb4, ecnu myss Haxoauiack B ctBosie 0,001 c.
(OtBer: F,=9kH ).

3. I'panara, nersimast co ckopocthio 10 m/c, pazopBanachk Ha JBa OCKOJIKA. BoJbIIMN OCKOJIOK,
Macca Koroporo coctaBuina 0,6 Macchl TpaHarbl, MPOAOIKANI JBUraTbCd B IMPEKHEM
HaIpaBJIE€HUU, HO CO CKOpOCThIO 25 m/c. HaliThu CKOpPOCTH MEHBIIEr0 OCKOJIKA cpasy Mocie
B3pbiBa. (OTBET: v=12,5M/C).

4. OnpenenuTs Ha KaKylo BBICOTY moaHUMeTcs Msid Maccod 100 r, ecu OH MajgaeT Ha MO MOJ
yriom 30° K TOPH30HTY W yHPYro OTCKAKHMBAeT 0€3 MOTEPH CKOPOCTH IPH YCIOBHH, YTO
U3MEHEHHUE UMITyIbca Msiya paBHoO 0,7kz-m/c.

(OtBer: h=0,61m).

5. bunbsapaHelil 1m1ap HaneTaeT co ckopocThio 14,14 m/c Ha apyroil Takou e, HO MOKOSIIUNCS.
ITocse coyapeHus maphl pasjieTaroTcs noa yriaom 90, mpudeM mepsblii map JETHT MO YIIOM
30" K HanpaBJIEHMIO MEPBOHAYATLHOTO ABMKEHUS. HaliTH CKOPOCTH IIApOB MOCIE COyAapeHus,
€CIIU yAap SIBJISETCS a0COTIOTHO YIPYTUM.
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4. 3akon coxpanenus MOMEeHmMa UMnYbca
4.1. Kpamkue meopemuueckue ceedeHus

Momenm umnynoca meepoozo:
L=lw.

3akon COXPAHEHUA MOMEeHma umnyibca: MOMCHT UMITYJIbCa 3aMKHyTOﬁ CHUCTEMBI HC MCHACTCA
C TCUCHUCM BPCMCHU

n
ZL@ =const .

i=1
4.2. 3a0auu

1. I'opuzoHTanbHas 1waTgopma B BUAE OJHOPOAHOro nucka maccoir 80 kr u pamgmycom 1 m
Bpamgaercs ¢ yactoit 20 06/MuH. B nieHTpe miathopMbl CTOUT YEJIOBEK U JIEPKUT B BBITSIHYTHIX
pykax rupu. C Kakoi 4acToToi OyaeT BpamaTthes IiaTdopma, eCIM 4YelIOBEK, OIMYCTUB PYKH,

YMEHBIIWI CBOM MOMEHT UHEPLUHU OT 2,94 k2-m* 110 0,98kz-m”.

2. Yenosek maccoi 60 Kr cTouT Ha Kparo 1miaTdopmel B BUIe nucka Maccor 120 kr, nenaromeit
3 006/mMuH. CKoJbKO 000POTOB B MUHYTY OYJIET nenaTh miatdgopma, eclid 4eJIOBEK MepenieT Ha
CepeIMHy MEXIy KpaeM u IieHTpoM miatdopmsel? (OTBET: n, =4,806/ mun ).

3. Ha kpato ropu30HTaIBLHOIO AUCKA paanycoMm 2 M 1 Maccoit 200 kr cTouT yenoBek maccoil 80
Kr. BepTukanbHas oCh BpallleHUs] TPOXOJUT Yepe3 HEeHTp Aucka. C Kakoi YrioBOMl CKOPOCTHIO
OyZIeT BpamaThCsl JUCK, €CIH YeJIOBEK OyeT UATH BIOIb €ro pas co CKopocThio 2 mM/c? (OTBeT:
=044 c™.

4. Ha cxambe JKyKOBCKOrO CHIUT YEJIOBEK MU JEPKUT Ha BBITAHYTBIX PyKaX TIOPU30HTAJIbHO
pykax ase rupu Maccoil 10 kr kaxnas. PaccrossHue oT KakJ10il rMpu A0 OCH BpaleHus 75 cMm.
Ckamps Bpamaercst ¢ yactotoil 1 00/c. Kakoil craHeT yriioBas CKOpPOCTb BpallleHUsI CKAMbH,
€CJIM PACCTOSIHUE OT KaKJOW I'MpHU 10 OCU BpaLICHUs YMEHBIIUTCA 10 2 ¢M? MOMEHT MHEpLUuu
YeJI0BEKA M CKAMBH PAaBEH 2,5kz-m” .

5. 3akon coxpanenus snepzuu
5.1. Kpamkue meopemuueckue céeoenus

dnemenmapnan paooma dA cunet F Ha OCCKOHEYHO MajoOM IepeMelleHHH df — 93TO
NPOM3BEACHUE CHUJIbl HA BETHUNHY ITEPEMEIICHHS

dA=FdScosa .

Kunemuueckan IHep2us — OTO SHEPTUd ABUKYIICTOCA TCIA:

Teopema o Kunemuueckoii Inepzuu: padoTa BHEIIHEN CHIIBI paBHA U3MEHEHHUIO KMHETUYECKOM
SHEPTUU Tela:
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AIZ ZAK .

Homenyuanvnan snepzus 0eopmuposannoii nPyIcUmbL:
kx2
2 .

U(x)=

Ilomenyuanvnas Inepzus mena Ha0 NOBEPXHOCMbIO 3eMU
U=mgh .
3aKoH COXpaHeHUA MeXAHUYUECKOUl IHEPeUU:
E=K+U=const .
5.2.3a0auu

1. Manpuuk TsHET caHu co ckopocThio 1 M/c. Kakyro paboTy mpou3BOIUT Majbuuk 32 1 MHUH,
€CIIM Macca CaHOK 25 Kr, KoduuueHT TpeHus canok o cHer paseH 0,027 (Otser: A=300/Lx).

2. Kakyro paboTy Hamo COBEPIIUTH, YTOOBI MOCTABUTHh BEPTHUKAIBHO OIHOPOJHBIA CTEP)KEHBb
maccoii 40 kr u uuHoi 1m? (OTBeT : a=-5,2m/c?).

3. IIpu moxbeme rpy3a Maccoit 2 KI Ha BBICOTY 2 M Cuila Tsru coepuiaer padory 18,5 Ix. C
KaKHM YCKOpEHUE NOoJHUMacs rpys?

4. Kakyio paboTy Hago COBEpIINTh, YTOOBI 3aCTaBUTh MABIDKYIIEECS TEIO Maccol 2 Kr
YBEJIMUUTH CKOPOCTH OT 2 M/c 110 5 m/c?

5. KameHb, NyIIEeHHBIH 110 TOBEPXHOCTH JIbJIa CO CKOPOCTh 3 M/c, mpolen 10 ocTaHoBKU 20,4 M.
Haiitu koapduument tpenus kamus o nexa. (Otser : pu=0,02).

6. IIpn noAroTOBKE NMPYKUHHOIO IHUCTOJETAa K BBICTpENY HpYXKUHY C kecTkocTeio 800 H/m
cokamn Ha S5 em. Kakyioo ckopocth mpuobOperaer myns maccoil 10 r mpu BeICTpene B
rOpU30HTAIbHOM HamnpasieHun? (OTBeT : v=14m/c).

7. KonbpkobOexer maccoit 70 Kr, CTOs Ha JIbITy, OpOCcaeT B rOPU30HTAIIFHOM HAMPABICHUH KaMEHb
Maccoit 3 Kr co ckopocThio 8 m/c. Ha xakoe paccTossHME€ OTKATUTCS MPU 3TOM KOHBKOOEKETI,
eciu kodddurireHT TpeHust KoHbKoB o jen 0,017 (Otet: S=0,6m).

8. 13 opynusa maccoit 5 T BeuietaeT cHapsg Maccoi 100 kr. Kunetndeckas sHeprus cHapsna
nipu BeicTpene 7,5 k/lx. Kakyro KHHETHYECKYIO SHEPIUIO MOJYYUT OPYAUE BCIECICTBUE OTAAUM ?

9. Teno maccoil 3 Kr JBUIKETCS CO CKOPOCTHIO 4 M/C U yIapsSEeTCs O HEMOJABHKHOE TEJI0 MAacCOM
5 kr. CuuTas ymaap HEHTPaJbHBIM U HEYNPYTUM, HAWTH KOJWYECTBO TEIUIA, BBIICIUBIIETOCS MPU

ymape. (OtBer: Q=151 ).

10. Haiitu paboTy, KOTOPYIO HaJI0 COBEPIINTH, YTOOBI CKaTh MPYKHUHY HA 20 ¢M, €CJIH U3BECTHO,
yTo noA aevicteuem cuwibl 30 H npyxuna cxkumaercs Ha 1 em.
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II1. QJIEKTPOCTATHUKA.
1. Kpamkue meopemuueckue ceedenus

3akon Kynouma: cuna B3aUMOJICHCTBUS JIBYX HEMOJBMKHBIX TOUYEHBIX 3apsioB MPSMO
MPOMOPLMOHANIbHA POU3BEICHUIO MOJYJIEH 3aps0oB U OOpaTHO MPOIMOPLHOHAIbHA KBaapaTy
PacCTOSIHUS MEX1y HUMH

1 .
PO B
drney er
2 2
80=3,35.10—12KL — ajekTpudeckas nocrosHHas B CHU, nmm K= =9-10°Hﬂf -
H-m? dre Kn

kodpduuuent CU; € — nudnekTpuyeckasi IPOHULAEMOCTh CPEbl TOKa3bIBAET, BO CKOJBKO pa3
CHJIa B3aUMOJICHCTBUS 3apsI0B B BaKyyMe O0JIblIIe, YeM B JaHHOM JMIJICKTPHUKE.

Hanpsascennocmsy 31eKmpocmamuyecko2o nojisa — 3TO CUIIA, ¢ KOTOPOHl mojie AecTByeT Ha
SIMHUYHBINA MTOJ0KUTEIBHBIN MPOOHBIN 3apsi]l, TOMEIICHHBIA B TJAHHYIO TOYKY ITOJIS:

-
qo

Hanpﬂofcennocmb IdJIeEKmpocmamuu4eCcKo2o nojii mod4edHozo 3apﬂ0a q Ha pacCmosaHuu r:

1 q r
E= . —.
47[80 & r2 r
Ilomenyuan @ nona moueunozo 3apaoa:
1 ¢
$= dre, 1
Paboma 6 3nekmpocmamucxe:
Ay =¢I0(¢1 _¢2)-
Emkocmo niockozo kondencamopa:
& ES
C=—"—.
d
Ilpu napannenvnom u nocied0samenbHOM COeOUHEHUU KOHOCHCAMOPOE:
1 1 1
C=Ci+C,u s=—+——+
T8 eTe T,
DHepzus 3apAHCEHHO20 KOHOEHCamopa.
2 2
w4 _CU_qU
2C 2 2

2. Ilpumep pewtenus 3a0auu

16



JlBa OIMHAKOBBIX 3apsUKEHHBIX IIApHKa IOJBEIIEHbl B OJHOM TOYKE HAa HUTAX OJMHAKOBOU
JuHbl. [Ipu 3TOM HUTH pasomuchk Ha yrou o. Illapuky morpyskaroTcs B Macjiao INIOTHOCTBIO
p=8-102 ko/m’. Kakosa JUDJIEKTPUYECKasl MPOHULIAEMOCTh € Macia, €CIU YIroJ PacXOKICHUs
HUTEH NpU NOrPYKEHUM LIAPUKOB B Macjo ocTaercs Heu3MeHHbIM? [lnoTHocTh Marepuaia
mapukos p=1,6-10° ko/n’.

Pemrenue.
HaHo:

Op = Om;

pu = 8:10% kr/m’;

pm = 1,6:10° kr/m’;
£=8.85-10"7 Kn*/(H-m?)

€y -2

- -

Cuibl KyJIOHOBCKOTO OTTAJKHMBaHUS LIApUKOB B Bo3ayxe F, u B macne F,, paBHBI, T.K. Yol

pacxXoXKACHUs HUTeH OAMHAKOBBIA. O0O03HAUMM yrojl OTKJIOHEHUS Ka)XIO0M HUTH OT BEPTHKAIU
¢=0/2. Ha pucyHke yka3aHbl CHJIbI, JEHCTBYIOIIME HA KaKJbI IIapUK B BO3/1yXe — CJIEBA U B
Maciie — crpaBa. B Bo3myxe KaKIbli IIApUK HAXOAUTCA B PABHOBECUU MO JIEUCTBUEM TPEX

cui: TshkecTH mg , Hatsokenus HuTH T, u Kymona F, . Cuna KynoHa paBHa 1o MOIYJIO

PE3YJIBTHPYIOLIEN ABYX APYTUX CUll: Fy =mg-1g8¢ .

B Mmacnie k Tpem paHee NEHCTBYIOIIMM Ha HIApUK cuilaM J00aBisieTcs] BBITAIKMBAIOLIAS CHIIA
Apxumena F, . U3 pucynka cienyer, uro cuna Kynona, nelcrByromas Ha 3apsx B Macle
F, =(mg-F,)-1g¢,rne F,=p, -g-V . Bblpasum maccy mapuka yepes ero ooveM m=p,, -V .
CocraBuM cucteMy ypaBHEHUH c ydeToM 3akoHOM KyroHa, mosarasi, 4To IMAJIEKTpUYECKas
IIPOHUIIAEMOCTB BO31yXa €, =1.

1 q2
2 _5 o.V-t
F3=mg'tg(P 41’580 r2 pl[[ g g(P
F (mg F) tg(p: 1 2 )
= — . q
M A _,—zz(pm.g.V_pM.g.V)-tg(p
dre, €, -r
pm'g'V _ Pur

PasnenuB nieppoe ypaBHEHHE Ha BTOPOE, IIOIYYHM g,, = = .
Pu 8V =Py &8V Pu—Py

1,6-10°
Beraucnenus: g, = 3 =2
1,6-10° -0,8-10

Otser: ¢, =2.
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3. 3a0auu

1. B BepmmHax kBagpaTta co cTOpoHO 10 cM pacmosio’KeHbl YETHIPE 3apsiaa Mo 10® Ki. Haiitu
BEJIMYMHY U HANPSHDKEHHOCTD MOJIS B LIEHTPE KBaJIpaTa, €CJIM 3HAKH 3apsA0B YEPEAyOTCS Tak: +,
+9 R

2. OTpunarenbHbld U MOJ0XKUTEIBHBIN 3apsiabl 10 0,1 HKI pacnosnioxkeHnbl Ha pacCTOSHUU 6 CM
JIpyT OT Apyra. HailTu Hanps>keHHOCTh MOJIS B TOYKE YAAJIECHHONW HAa 5 CM OT KaXXI0T0 3aps/a.

3. B ogHOpOAHOM 3JEKTPUYECKOM T0JIe ¢ HampshKeHHOCThI0 1 kKB/M mepemectwiu 3apsm -25
HKJ1 B HanpaBiieHnn cuioBo JIMHUM Ha 2 cM. HaliTu paboTy moJis, i'3MEeHEeHHE TOTCHITHATIbHON
SHEPruu B3aMMOJEUCTBUS 3apsiia W TOJS M Pa3HOCTh IMOTEHIMAIOB MEXAY HadyajdbHOU U
KOHEYHOU TOYKAMH NEpCMCIICHUS.

4. Ha CKOJbKO M3MEHUTCS KHHETHYECKas SHeprus 3apsia 10° Kn MpU €ro JBWKEHUH MO
JIEUCTBUEM TOJISI TOYEHYHOTO 3apsiaa 10° K us3 TOYKH, YJaJ€HHOW Ha 3 CM OT 3TOro 3apsna, B
TOUKY, oTcTatrouyro Ha 10 cm oT Hero? HauanbHast ckopocTh 3apsifja paBHa HYJIO.

5. OnpeaenuTe CKOPOCTh IEKTPOHA, MPOUIEAIIEr0 YCKOPAOUIYIO pa3HOCTh noTeHnuanos 300 B.
HauanpHyro CKOPOCTB 21€KTpOHA IIPUHATH PABHOU HYIIIO.

6. OnpenenuTh CKOPOCTh, KOTOPYIO MPUOOpPETAET AJIEKTPOH, MPOJIETEBIINN B AJIECKTPUUECKOM

II0JIE OT TOYKHU C ITOTEHIIMAIOM 10° B IO TOYKH C HOTEHIMAJIOM 3 IOSB, €CJIM HavaJibHasA
8

CKOpoCTh 3eKkTpoHa 5 10° m/c.

7. IIpocTpaHcTBO Mexay OOKJIagKaMU IJIOCKOTO KOHJEHCATOPa, MOAKIIOUEHHOTO K MCTOYHUKY
HaANPSDKEHUS, 3aM0JIHIIN JUAIIEKTpUKOM € = 4. Kak n3MeHunach sHeprusi KOHAEHCaTopa.

8. ITnockuil KOHAEHCATOP C PACCTOSTHUEM MeXAy miacTuHaMu 0,4 MM 3apsiKeH 10 HanpsHKeHUs
12 B u otkioveH oT ucroyHuka. Kakoe HampspkeHue OyJeT MEXIy TUIACTUHAMH, €CIH HX
pa3aBUHYTH 110 4 MMm?

9. Tpu KoHIEHcaTopa OAMHAKOBON eMKOCTH 1o 0,2 MK® coeaMHEHBI CMENIaHHBIM 00pa3oM U
MOAKIIOUEHbl K UCTOYHMKY HampsbkeHuss 200 B. Omnpenenuts oOmmit 3apsig  Oatapeu
KOHJICHCATOPOB.

10. Bo ckoibKO pa3 M3BMEHUTCS SHEPTUS KOHJIEHCATOpa MPY YBEIIMUEHHUH €r0 3apsija B 1Ba pasza’?

11. EmMxocth omHOro KOHAEHCaTopa B 9 pa3 Oosbmie, yeM y gapyroro. Ha kakoi wu3
KOHJICHCATOPOB HAJ0 TOJaTh OOJIbIIee HAMPSIKEHHE M BO CKOJIBKO pa3 Ooibiiee, 4TOOBI MX
SHEPTHH CTAJIA OJIMHAKOBBI?

12. TInomaae Kaxa0M U3 IJIACTHH IJIOCKOro KoHaeHcaTopa 200 CM2, a pPacCTOSIHUE MEXITY HUMU
1 cm. KakoBa sHeprust mojst KOHJEHCATOpa, €CITM HapsHKeHHOCTH 1ot S00 kB/m?
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IV. HOCTOSTHHBIN TOK. 3AKOHBI OMA, KHPXT'O®A U JIKOYJIS-JIEHIIA.

1. Kpamkue meopemuueckue ceedenus

dnekmpuueckuii moK — 3TO YHOPSAOYEHHOE JBIDKEHUE 3apsiioB, OOYCIOBJICHHOE
IIEKTPUYECKUM TOJIEM.
Cuna moka — paBHa 3apsjay, NPOIIEIIIEMY dYepe3 IONEpeyHOe CEeYeHHE MPOBOJHUKA B

€IMHUITY BPEMCHHU:

=1
t
Conpomuenenue YUIUHOPUYECKOZ0 NPO6OOHUKA MHOW | W TUIOMIANBIO TIOMEPEYHOTO
cedeHus §
l
R=p~<,
rae p — YIEIbHOE CONPOTHUBIICHHE, 3aBUCAILIEE OT CBOMCTB MaTepualia MPOBOJHUKA H
TEeMIEpPaTyphbl.

Conpomu(menue npu noC1e008ameIbHOM U napauiejibHom coeouHeHuu npoeoduukoe:

1 1 1
R—R1+R2 u E—E+R—Z.

Hanpssicenue U — 310 cymmapHasi paboTa KyJTOHOBCKMX U CTOPOHHUX CHJI MPU MEPEMEIICHUN
€IMHUYHOTO TIOJIOKUTEIIBHOTO 3apsiia Ha JaHHOM y4dacTke 1-2 menu

U, =(¢1 _¢2)+312-

3axon Oma ona ywacmka yenu ¢ 3/C unu 3axon Oma 6 0006uennom uoe:

I= ((01 _(02)"'312
B R+r ’
Paboma moka
UZ
dA=1Udt =Tdt =I*Rdt .
2. 3aoauu

1. Onpenenutp 4YHUCIO SJIEKTPOHOB, MPOXOASAIIMX B CEKYHAY Yepe3 €IUHUIY ILJI0IIaau
MOTIEPEYHOT0 CEUEHUS JKETIE3HOU MPOBOJIOKH JiIMHON [ =10m W npu HaNpsHKEHUW Ha €€ KOHIIax

U = 6B . VyenbHoe conporusienue xenesa p=9,8-10°0m-cm.

2. Onement ¢ DJIC 1,1 B um BHyTpeHHHM compoTuBieHHeM | OM 3aMKHYT Ha BHEIIHEE
conpotuBieHrne 9 Owm. HaiiTu: cuiny Toka B 1ENH; NaJCHUE HANPSHKEHUS HAa BHEUIHEM
CONPOTHBIICHNY; MAJCHUE HAIPSDKEHHWs HAa BHYTPEHHEM CONpOTHBIEHHMH; ¢ KakuM KII/]
paboTaeT 3JIeMeHT.

3. Ilpu moxkmoyeHuu K Oatapee compotuBieHus 16 Om cuna Toka B menu 1 A, a mpu
noakiaroueHun 8§ Om — 1,8 A. Haittu D/1C u BHyTpeHHee COpoTUBIeHUE OaTapeH.
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4. JIBe 3JEKTpUYECKUE JAMIIOYKH BKJIIOYEHBI B CETh MapajienbHO. CONpPOTHUBICHUE TEPBOM
nammouku 360 Om, BTopoit — 240 Om. Kakas u3 nammnouek notpedser OOJMbIIyI0 MOIIHOCTh U
BO CKOJIBKO pa3?

5. DnexkTpuyeckuil 4ailHUK mMmeeT aBe oOMOTKHU. [Ipw monakitoueHWW OMHON W3 HUX BOJAA B
YallHUKE 3aKUIIaeT Yepe3 15 MHH., a Ipu NOAKII0YEeHUH apyroi — yepe3 30 muH. Uepes CKOJbKO
BPEMEHH 3aKUIUT BOJIA TIPH MMapajuIeIbHOM BKIIOYCHUH ABYX 0OMOTOK?

6. OJIC Oarapen 240 B, BuemHee comportuBiieHne Iiend — 23 Owm, BHyTpeHHee — 1 Owm.
Onpenenuth 0OIIYIO MOITHOCTh, TOJE3HYIO MOITHOCTh, KI1/] memnu.

7. Cuna taru 25ekTpoBo3a npu ckopoctu 13 m/c paBna 380 kH. Onpenenuts KII/] anexTpoBo3a,

€CIM HamnpsDKeHHEe B KOHTAaKTHOW cetd 3 kKB m cuima Toka B 0OMOTKE KaXXJ0TO M3 BOCHMH
nBurareneit pasaa 230 A.
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V. JIEKTPOMAT'HETHU3M.
1. Kpamkue meopemuueckue ceedenus
3axkon Amnepa: Ha 3JIEMEHT TOKa B MArHUTHOM TI0JI€ IEUCTBYET CUJia

dF,=1dl-Bsina

Ile @ — Yroj Mexnay BeKTopaMu dl ¥ MarHUTHOW MHIYKIMU B .
Bpawarowuit momenm, 1eiCTBYIOIUI HA KOHTYP C TOKOM B MarHUTHOM I10JI€:

M =1ISBsina,

-

rae S — MIomaab KOHTYypa, & — yroj MeX/y BeKTopamu # 1 B .

Cuna Jlopenya — cwuia, JEHUCTBYIOIIAs CO CTOPOHBI MAarHUTHOTO MOJI Ha JBHKYIIMMCS
DIIEKTPUYECKUN 3aps:

F,=qv-Bsina,

rae v =dl/dt — ckopocTb 3apsina §, @ — yroj Mexay BEKTOPaMH CKOPOCTH U M MarHUTHOM

—

UHAyKIuU B .

Paduyc kpueusznovt mpaekmopuu 4aCTULbL, IBIKYIIENUCS IIEPIICHIUKYIISIPHO JIMHUSAM UHAYKIIUU

IHlomox maznumnon undykyuu B CKBO3b KOHTYD
@, = BScosa.,

rae § — oAb KOHTYpa; ¢ — Yrojd MEXIy HOPMalbl0 K IUIOCKOCTH KOHTypa U
HalpaBJICHUEM MAarHUTHOTO TIOJISL.

Paboma no nepemeuienuro npo6oOHUKA ¢ MOKOM B MarHATHOM IIOJI€ paBHA IPOU3BEACHHIO
CHJIbI TOKa HA UBMCHCHUEC MArHUTHOT'O IMOTOKA, IPOHU3BIBAIOIICTO KOHTYP:

dA=1d®D; .
IIpu kOHEYHOM M3MEHEHUH NOTOKA OT PD; 10 @D, U NOCTOSHHOU CUJIE TOKa

A=I1(D,-,).
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2. IIpumep pewrenusa 3a0auu

Mexny mnonocaMd MarHuTa TOJABEIIEH TOPU30HTAIBHO Ha JIByX HEBECOMBIX HHUTAX
npsiMoit mpoBoAHMK, muHOM 0,4 M m maccor 10 r. MHAyKIMA OMHOPOJHOTO MAarHUTHOTO TOJIS
paBHa 0,05 Tn m mepneHIuKyaspHa K NpoBOAHMKY. Ha kakoil yroia oT BEpTHUKAIM OTKIIOHSTCS
HUTH, MOJIEP’KUBAIOIINE TPOBOAHUK, €CIIH 110 HEMY IPOMYCTUTH TOK 5 A?

Pewenue

Hano:
L=04m
m=0,01 xr
B=0,05Tn
I=5A

a-"?

Ha npoBoIHUK AEMCTBYIOT TPH CHUJIBIL:

mg —cuna TsHKeCTH,

—

T —cuna HaTsKEHUS HUTH,

Fy =1LB — cuna Awmnepa, aelicTByromas cO CTOPOHBI MArHUTHOTO MOJS HA MPOBOIHMK

niuuon L ¢ Tokom [ w HampapiieHHas NEPIIEHAUKYISPHO BEKTOPY MArHUTHON WHIYKIMH.
ITo ycnoButo paBHOBECHS B MPOEKIUAX HA OCh X:

Fr —Tsina=0=Tsino = Fy.

B IIPOCKLUAX HA OCh Y:
T coso—mg =0=T coso.=mg.

PaznenuB nepBoe ypaBHEHHE Ha BTOPOE, TIOTyIaeM:

_Fx _ILB
mg mg

ga

][L][B] _A-m-H-¢? _

[m][g] CKT-M-A-M :

Pa3smepHOCTB: [tg OL] =

[LB 5-04-5102
mg 107210

1 = a=45°.

Berancnenus: (g o =
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Omeem: o, =45° .
3.3a0auu

1. Y3 mpoBoioku yMHOM 20 cM cenaH KBaJpaTHBI KOHTYP U IIOMELIEH B MarHUTHOE I10JIE C
uaaykauend 0,1 Tin. Hopmans k KOHTYypy cocTaBisieT yroa 45° ¢ HampaBiI€HHEM TOJIS.
Onpenenuth Bpalalomuid MOMEHT, JEUCTBYIOIUKA MPU CHJIE TOKa B 2 A U paboTy, KOTOPYIO
HAJ0 COBEPIINUTh, YTOOBI PACHOJIOKUTH IUIOCKOCTh KOHTYpa NapauleIbHO HAIpPaBIECHUIO
MarHUTHOW UHIYKLIHH.

2. B npoBogHuKe C IIMHOM akTUBHOM vacTh 8 cM cuia Toka paBHa 50 A. OH HaxomuTcs B
OJTHOPOJTHOM MarHuTHOM Toie ¢ uHayknuei 0,02 Tin. Kakyio paboTy coBepiim HICTOYHUK TOKa,

€CJIM MTPOBOAHMK NepeMecTiiica Ha 10 cM nepneHAuKYISIpHO JIMHUAM UHIYKIUNA?

3. KpyroBoii KOHTyp MOMEIIEH B OJIHOPOJHOE MAarHUTHOE MOJIE TaK, YTO IJIOCKOCTh KOHTYpa
MEePIECHANKYJISIPHA CHIIOBBIM JUHUAM noJis. Manykuus marautHoro noist 0,2 Ta. Ilo koHTYypy
TEYET TOK Cuiion 2 A, panuyc KoHTypa 2 cM. Kakyro paboTy Ha/io COBEPIIUTH, YTOOBI TOBEPHYTH

KOHTYp Ha 90° BOKpyr ero auamerpa?

4. DNEeKTPOH, YCKOPEHHBIN pa3HOCThIO noTeHuanoB 1000 B, BieTaeT B 0AHOPOIHOE MAarHUTHOE
10JIe NEPIEHIUKYIAPHO CUIOBBIM JHHUAM. WHaykuus nons pasHa 0,001 Tun. Haiitm paguyc

KPUBU3HBI TPAEKTOPUHU NIEKTPOHA.

5. B omHopomHoe MarmuTHoe none ¢ uuaykmueid B =10 mMTn nepnenaukynaspHo IMHUAM

VHIYKIUM BIETaeT 3IeKTpoH ¢ kmHetwdeckoil sueprueit K =30 xoB. Onpenenuts paguyc

KPUBU3HBI TPAEKTOPUHU AJIEKTPOHA.

6. qaCTI/II_Ia, UMcerom@asa 3apsaa 3JCKTPOHA, BJICTACT B OAHOPOJHOC MArHUTHOC IIOJIC TTOA YIJIOM

450 K JIMHUSIM MAarHUTHOM HHAYKOUHU W JIBUKCTCA II0 BUHTOBOH JIMHMM C IIIarOM 2 CM.

OnpeaenuTh UMITYJIbC YaCTHIIBI, €CITM WHIYKIIHS TI0JIs paBHA 1072 Tn.

VL. QJJIEKTPOMATHUTHAS UHAY KLU
1. Kpamkue meopemuueckue ceedenus

Ocnognon 3axon 3nekmpomazHumuon unoykyuu @Dapadea: DJIC >1eKTPOMArHUTHON
WHAYKOHUU TOpOoNnopHruOHAIbHA CKOPOCTHU HU3MCHCHUSA MATHUTHOI'O IIOTOKA, IHCPCCCKAIOLICTO
II01Ia/lb KOHTYpa:

ddy
€= dt
Huoykmuenocmo conenouoa:
L=pp,n*-V,
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rac V —o0beM COJICHOHUJA; n —IIJIOTHOCTh BHTKOB, W — MAarduTHas INIPOHHUIAEMOCTbH

MaTepuaia cepeUHuKa.

INC camoundykuyuu:

dl
=—L=.
8st dt

nepzus maznummnozo noaa KOWmypa VHAyKTUBHOCTBIO L ¢ TokoM cuioif 1 :

LI’

WM=2.

Maznumnas unOyKyus é yeHmpe Kpy206020 moKa:

B:MMO. I

2 R

Maznumnasa undykyus mopouo, (conenouoa):
B=pp,nl,
rne n=N / 2R (n=N / [ ) — 4uCII0 BUTKOB HA €AMHUIIE JUINHBL

2. 3a0auu

1. Haittn 3/IC uHAyKIMu B POBOAHUKE C JUIMHOW akTUBHOM yacth 0,25 M, mepemeniarnemcs
B OJIHOPOJIHOM MarHUTHOM TOJie€ ¢ MHAYKIMEH 8 MTI co CKOpOCThIO 5 M/C MOJ yriioM 30° k
BEKTOPY MarHUTHOW WHIYKITUH.

2. [Ipsamoii mpoBoAHUK JIHHON 40 CM IBMXKETCA B OJHOPOJIHOM MAarHUTHOM IOJIE CO CKOPOCTBHIO
5 M/C TEepNeHIUKYISIPHO K JMHUSAM HHAYKIHH. Pa3HOCTh MOTEHITMAIOB MEXAY KOHIAMU
npoBoaHuka 0,6 B. BeryucianTe HHAYKIIMIO MAarHUTHOTO MOJIA.

3. Onpenenuth MakcuMaiibHOe 3HadeHue OJIC, KOoTOopas BO3HHUKAET B 3aMKHYTOM KOHTYpE
mwiomangeo 10 CMZ, PaBHOMEPHO BpalllalONIEMCsl C YacTOTOH 5 ¢! B MarmuTHOM mOJNIE
HaNpsHKEHHOCTHIO 10* A/m. Ocb BpAILCHUS JIEKUT B INIOCKOCTH KOHTYpA.

4. NHayKiuss MarHUTHOTO TOJIA MEXKAY MOJI0CaMU IBYXIOatocHOTo reneparopa 0,8 Tia. Porop
umeer 100 BuTKOB ruiomansio 400 cm’. CKOIBKO 000pOTOB B MHUHYTY JENA€T SKOPb, €CIIH
MakcuMaiibHOe 3HaueHue JJ]C unnykuuu pasuo 200 B?

5. HaliTu MHAYKTUBHOCThH COJIEHOMJA, MOJYYEHHOTO MPU HAMOTKE MpoBoja JiauHOM 10 M Ha
HWIMHAPUYECKUNA JKENEe3HbIM cTepxkeHb MIMHOW 10 cM. OTHOCUTENIBHYIO MarHUTHYIO
MPOHUIIAEMOCTH Xkeje3a NpuHATh paBHOU 400.

6. CKOJIbKO BUTKOB UMEET KaTyIlIKa, MHIYKTUBHOCTh KOTOpOM paBHa 1 mI'H, ecnu ipu Toke 1 A
MarHUTHBIN MOTOK CKBO3b OJMH BUTOK KaTYIIKX paBeH 2 MKBG?

7. OnpenenuTh HEPTUI0 MAarHUTHOTO TOJISL cojieHouAa, coaepskamiero 500 BUTKOB, KOTOpBIE
HaMOTaHbI HA KAPTOHHBIN KapKac paguycom 2 cM U JuiuHo# 0,5 M, eciii o HeMy Te4eT TOK 5 A.
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3. Cucmema ypasenenuii Maxceenna

1 YpaBHenuss MakcBesia sIBASIOTCS OCHOBHBIMU 3aKOHAMH KJIACCHYECKOM 3JEKTPOAMHAMUKH,
cOPMUPOBAHHBIMH Ha OCHOBE OOOOIICHUS BAKHEHUIIMX 3aKOHOB DJIJIEKTPOCTATUKUA U
AJIEKTPOMArHeTU3Ma. JTH YpaBHEHHS B HHTETPATbHOU (hOopMe UMEIOT BU/I:

[lepBoe ypaBHeHue MakcBera sBisieTcst 00001IIeHrEM:

BapuanTe! oTBeTa:
1) 3aKoHa 3JIEKTPOMAarHUTHON UHAYKIINY;
2) 3aKOHa MOJIHOTO TOKAa B CPEJIE;
3) Teopemsl OcTporpaackoro-I'aycca iis 31€KTpOCTaTUYECKOTO OISl B CPENIE;
4) Teopemsl OcTporpaackoro-I'aycca ajis MarHUTHOTO HOJIS.

Omeem: Nel.

2.
ITonnas cucrema ypaBHeHuil Makcseiuia IIpencrasnennas cucreMa ypaBHEHUM
JUTSL QIIEKTPOMArHUTHOTO TIOJISI UMEET BHL: Makcsemna:

s = OB Edl =0
?Edl =— ! 595 f
§ it =[G + Dy prar={is
(:Bﬁdf —SI $ DS = [ pav
= | pdV K 1%
;E d§—V0 éé'dgﬂ
. = S
S CIIpaBeIInBa JIJIA ...

Bapuants! oTBeTa:
1) cTaniMOHapHOIO AIEKTPOMATHUTHOTO I10JI B OTCYTCTBHE TOKOB IIPOBOJAUMOCTH;
2) NEepeMEHHOr0 3JIEKTPOMArHUTHOIO NOJs NpPU HAIUYMU 3aPSDKEHHBIX Tl M TOKOB
IIPOBOJIUMOCTH
3) cTaiMOHapHBIX JIEKTPUIECKUX U MATHUTHBIX MOJICH
4) cTaMOHAPHOI'O 3JIEKTPOMATHUTHOTO I10JI1 B OTCYTCTBHE 3apSKEHHBIX TEl
Omeem: Ne 3.
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[Tonuas cucrema ypaBHeHni MakcBesia IIpencraBneHHas cucreMa ypaBHEHHN

JJIA 3J'IeKTpOMaFHI/ITHOFO I10JII UMECT BU: MaKCBCHHaZ
$Edi = B 5 Edl =0
L S at £
= Hdl =(jdS
L. ¢~ 0D -
4'>Hd1 =j(j +%)ds 42 £

L § DdS = | pdv
¢ DdS = [ pav i) lp
> @E-a@:o
@B-dS:O s

s cnpaseanvBsa Ans ...

BapuanTs! oTBeTa:

1) cranroHApHBIX MEKTPUYECKHX M MAarHUTHBIX TOJEH MPU HaIWYWU 3apSDKEHHBIX Tel U
TOKOB IPOBOAMMOCTH;

2) mepeMEeHHOro HJIEKTPOMArHUTHOTO TOJS NPU HAJTUYUU 3apsDKEHHBIX Tel U TOKOB
IPOBOAMMOCTH;

3) cTalMOHAPHBIX ANEKTPUUYECKUX U MATHUTHBIX IMOJIEH B OTCYTCTBHE TOKOB MPOBOJIUMOCTH;

4) cTalMOHAPHBIX JICKTPHYCSCKUX M MATHUTHBIX IOJICH B OTCYTCTBHUE 3apSHKCHHBIX TEII.
Omeem: No 1.

[Tonnas cucrema ypaBHeHU MakcBeilia [IpencrapnenHas cucremMa ypaBHEHUH:
AJIA SJICKTPOMAruHuTHOr O oJist UMCECT BU: @E‘di _ aB d5
- B - R
¢ Edi =-| 9B 5 L s
L s of _ 0D
b  Hdi = -

¢ Hdl :j.(j+§)ds 3 s ot

L s ¢ DaS =0

¢ DdS = [ pdv s

$ v $B-dS=0

$B-dS=0 s

s CIpaBeINBa I IEPEMEHHOTO

AJNIEKTPOMATHUTHOTO TOJIS ......

BapuanTe! oTBeTa:

1) mpu HaJIMYKUK TOKOB MMPOBOJMMOCTHU U B OTCYTCTBUE 3apSKEHHBIX TE,
2) npy HaJTUYUHU 3apSKEHHBIX T€T U TOKOB MPOBOJIUMOCTH;
3) npu HaJIMYKU 3apSHKEHHBIX TEN U B OTCYTCTBHE TOKOB IPOBOJAUMOCTH;

4) B OTCYTCTBUE 3apsSKEHHBIX TEJI U TOKOB ITPOBOAUMOCTH.
Omeem: Ne 4.
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5. YpaBHeHnne MakcBeia, ONMKMCHIBAIOLIEE OTCYTCTBHE B MPHUPOJIE MATHUTHBIX 3apsA0B, UMEET

BHU]L ...
Bapuanrts! oTBeTa:
DPE,ds=0; 2)$B,dS=0; 3)PEdi=0; 4)B.dl=0.
Omeem: Ne 2.
VII. TAPMOHHWYECKHUE KOJIEBAHUA MEXAHUYECKUX CUCTEM
1. 'apmonuueckue Konebanusn
1.1. Kpamkue meopemuueckue cée0eHus

TI'apmonuueckue Konebanus — 5STO TPOLECCHl, MPU KOTOPbIX (U3MYECKas BEIUYUHA

HN3MCHACTCA CO BpCMCHEM 110 3dKOHY CHMHYCA WM KOCHHYCA:
x(t)=Asin(ot +¢,),

rie A — aMmmmMTyga KosieOaHuil, @ — UUKINYecKas (KpyroBas) 4YacToOTa, CBSI3aHHAs C
NEPUOOM U JIMHEHHOM YacTOTOM KOJeOaHU COOTHOILIICHUEM:

a)=27rv=2—”.

T
CKopocmb 2apmonuueckux Kojebanui
dx
v=——=wAcos(wt+¢,),
rae v, = ®A — ammmryia CKOpoCTH.
Yckopenue zapmonuueckux Konebanuii
d*x .
a=—7>=-w'Asin(wt+¢,),
dt
e 4, = ® A — aMIUIUTY/1a YCKOPEHHS..
1.2.3a0auu

1. Cucrema coBepuraer N =10 konebaHuii 3a Bpems ¢ =2 ¢. AMIUIMTYJa KojeOaHuid 4 =5 M,
HauanbHas ¢aza — @, =0 paa. Onpenenuts nepuon 7, 4aCTOTY V U IHUKINYECKYIO YACTOTY ®

Kojie0aHuM, aMIUIMTYAY CKOpPOCTHU Uy, aMIUTUTYNy YCKOpPEHHS @, , cMmelleHue x(t), cKopocTh

v(t) yckopenue a(f) B MOMEHT BpeMeHu ¢ =2 ¢. (X = Asin(of + @) ).

2. MartepuanbHasi TO4Ka COBepIIaeT KojebaHus 1o 3akoHy X = Asin(owf+@,), rae kpyrosas

gactota ®=T pad/c , wauanpHas daza @y =0pad . Uepes kakoe BpeMs mocie Hadaia
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JIBUKCHHS CMEIIICHNE MasATHUKA OT TIOJIOKEHUS PaBHOBECHS OyJIeT PaBHO IMOJIOBHHE aMILITUTY/IbI
KoJieOanuii?

3. MarepuaibHasi TO4Ka coBepiuaeT konedanus no 3akoHy X = Asin(of+ @), rae ammiuryna
A=10cm , xpyrosas wyacTora ®=T/2pad/c , wauanphas baza @y =7/2pad . Haiitu

YCKOpEHUE TOYKU B MOMEHT BpeMeHH £ =1c¢ .

4. MasTHHUK coBeplIaeT Kojebanus 1o 3akony X(f)=Asin(of+@,). B momeHnT Bpemenu ¢ =0
CMeEIlleHHE MasTHMKAa OT MoJoXeHHs paBHoBecus x(0)=5cm , a ckopocts v(0)=10cm/c .

OrmpenenuTh aMIUTATYY U HAYallbHYO a3y KoIeOaHHi, eClii KPyroBasi 4acToTa M =2 paa/ c.

2. Mexanuueckue ocyuiIAmopsl

2.1. Kpamkue meopemuueckue céedeHus

Hpyscunnviit. masamuuk — 3TO TEIO Maccoil m , Ha TpyxuHe *XecTkocThio k. Ilepwon
KoJie0aHu:
/m
T=2r,|—.
k
Qu3uyeckuii MaamHuK — 3TO TBEPJOE TEJIO Maccoi M, coBepliaroliee KojaeOdaHus BOKPYT

ropu3oHTanbHOU ocu O, pacmonaokeHHOH Ha paccrosiauu | Boimie rieHtpa mace C . Tlepuon:

I,
mgl

T=2rx

Mamemamuueckuii maaAmHux — MaTepUalibHasi TOYKA, MAacCOM M , TMOJBEIICHHas Ha
HEBECOMOM HepacTsHKUMON HUTH JutnHO# [ . Tlepron koneGanmii:

T=2rx L
8

2.2. 3a0auu

1. I'py3 maccoit m =100z xonebnercs Ha mnpyxuHe ¢ nepuogoMm T =0,1¢ u aMmumTyI0H

A =10 cm . HaliTi %KECTKOCTh IIPYKUHBI 1 MAKCUMAJIBHYIO CHITy, IEHCTBYIOILYIO HA IPY3.

2. ToHKOE KOJBLIO COBEpLIAeT KOJeOaHUs OTHOCUTEIBHO OCH, MPOXOJSIIEH Yepe3 BEpPXHIO
TOUKY KoJblia. OnpenenuTs paguyc Kojblia, eciu nepuox konebanuii T =1c.

3. MarepuanpHast Touka maccoil m =100z coBepmiaer kojebaHus MO 3aKoHY x = Asin(wt),
rae ammumTyga A =10 cm , kpyroBas dactora =10 paO/C. HaiiTn MakcuMallbHYIO CHUITY,

JIEHCTBYIOILYIO HA TOUKY.

28



4. OpHoponHbli  crepkeHb jumHOM [=0,83m coBepmraer CcBOOOIHBIE KOJIEOAHUS B
BEPTHKAIBHON TUIOCKOCTH BOKPYT TOPH30HTAJIBHOW OCH, HAXOASALICWCS HA PACCTOSHUU /3 OT

€ro BepxHero kKoHua. Haiitu nepuoa u 4acToTty KosiebaHui.
3. Cnoscenue 2apmonuyecKux Koaedanuil 00H020 HanpaeIeHuA U PA6HON YACHON bl
3.1. Kpamkue meopemuueckue ceedenus

Pesynbrupyromee konebanue OyAeT MPOMCXOAUTH BIIOJb TOTO K€ HANpaBiIeHUS U C TOHU ke
gacToTON. JIJIsi HaXOXACHHWS aMIUTUTYAbl M HadaJbHOW (a3bl pe3yJbTUPYIOMIMX KOJIeOaHMIt
BOCTIOJIb3YEMCSl METOJIOM BEKTOPHBIX JIMarpaMM, KOTOPBIA HpelCcTaBisieT coboi rpaduyeckoe
n300pakeHre TapMOHUYECKHUX KOJIeOaHUH TOCPEICTBOM BPAIIAIOILIErocsi BEKTOpPA.

Memoo eekmopHbIX Ouazpamm TO3BOJSIET ONPEACIUTh aMIUTUTYyy A W HadaibHyl (a3y @

PE3YNbTUPYIOLIUX KOJIEOAHUH.

A — —

y ,\w A=A, +A,

Ak Bexroper A; 1 A, — 3TO aMIUIUTYIBI ClIAaraeMbIX
T ’ OZHOHANPABJICHHBIX KOJIEOAHUH, YIIBI @ U @, C

A2 --7 . /, y2 o
( ’ ) ocbl0 OX — HavasbHbIe (a3bl 3TUX KOJICOaHUH.

\ \ ’ v [Ipn BpameHunm ¢ YIVIOBOM CKOpPOCTBIO, PaBHOM

HHKHHHGCKOﬁ 49aCTOTC @ , IPOCKIHH BEKTOPOB HAa OCh

Y| ox COBEPIIAIOT FTAPMOHMYECKUE KOJIeOaHHsI 1O

-« > > + x,(t)= A, cos(ot+ ¢,)

X 3aKOHY: X,(t)= A, cos(of +¢,).
= "~ x(t) = Acos(ot+0)

[Momyuynnu ypaBHeHHE PE3yIbTUPYIOIINX KOJICOAHUH, MPOUCXOIAIINX C TAKOW e YaCTOTOH, UTO
U UCXOJIHBIE KOJIeOaHMsl.

Hauanvnasn ¢haza pezyromupyowux Ko1edanuii HAX0IUTCS U3 COOTHOLICHHS (CM. PUC.):

i+, _ Asing, +4,sing,
X, +x, Acosg +A,cosp,

1gp=

Amnaumyoa pe3yrbomupyrouiux Koaieoanuil:
A=A} + A +2A4,A,c08(p, - ).

3.2. 3a0auu

1. MarepuanpHasi TOYKa OJHOBPEMEHHO Yy4YacTBYET B JIByX TapMOHUYECKUX KOJICOaHMSIX,
MPOXOSIIMX BAOJAL OAHOW MpSAMOW. YpaBHEHHs ciaraeMbix KojeOanwii B CU umeroT BuA
x; =0,08cos(2nt) U x,=0,06cos(2nt +7/2) . OmnpenenuTs YypaBHEHUE PpE3yIbTUPYIOLIUX

KOJICOAHUH U MOCTPOUTH BEKTOPHYIO JUArpaMMy KoJjieOaHHii.

2. MarepuanbHasi TOYKa OJHOBPEMEHHO YYacTBYET B JBYX TapMOHHMUYECKUX KOJICOAHUSX,
OPOXOAALINX BJOJb OAHOM mpsiMOW. YpaBHeHHs ciaraeMbiXx Kosnebanuid B CH umeroT BuA
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x; =0,1cos(t+1/6) n x,=0,05cosn(r+1/2) . OmnpenenuTh ypaBHEHUE PE3YIbTUPYIOUINX
KOJICOAHUH U MOCTPOUTH BEKTOPHYIO TUarpaMMy KoJjeOaHHii.
4. Coocmeennvie nezamyxaroujue Konedanus é KoaiedamenbHom KOHmype
4.1. Kpamkue meopemuueckue cée0eHus

Ce60000nble unu codcmeennble KOIeOAHNS TPOUCXOAUT B KOHTYpe npu ipu R=0.
Ha3bIBAIOTCS

Ilpespawienue snepzuu 6 KonedbamenbHom Konmype:

Ilepuoo konebanuii B KOHTypE:

T=2nVLC.

TI'apmonuueckue konebanusn 3apsina q (a), Hanpsbkenust U (0) Ha KOHJIEHCATOpE M CHJIBI TOKa [
(B) B KaTyIIKe UHAYKTUBHOCTH:

q(t)=¢qycos(t) ;

q 4
T.K. U =—=—cos(®,?), TO
c-cC (@)

U(t)=U,cos(®,f) ;

dq .
TK. I =——=w,q, sin(w,?
dt odo Sin(wy?)

I(t)=1,sin(w,?) |1(t)=1,sin(®,?)|

B)

3neck g, U, = q_C(’)’ I, = ®yq, — aMILIUTYyIHbIE 3HAYCHUS 3aps/1a, HAIPSHKEHUS U CUJIBI TOKA.
4.2. 3a0auu

1. Konnencatop emkoctero C=5mx® , 3apsokeHHbIl 10 Hampsokenus U =120B
paspsbkaercd Ha KaTylmky. MakcumanbHas cuia paspsaHoro toka I =0,4 A . Onpenenuts

HHIAYKTUBHOCTH KAaTYIIKH.

2. Konpgencarop emkocthio C =5 mx® , 3apsokeHHbIN 10 Hanpsbkenuss U =120 B, TOAKITIOYeH
K KaTyllKe HMHAYKTHUBHOCTH. MakcumanbHas cuia Toka I =0,4 A . Onpenenuts Nepuon

Kosie0aHui, cCunuTas NX He3aTyXaloIIHMH.
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3. KongeHcaTop eMKOCTBIO, 3apsiKEHHBIN 10 HanpspkeHuss U =120 B, MOKIIIOUEH K KaTyIIKe ¢
UHIYKTUBHOCTBIO L = 0,45 I'n . MakcumanbHas cuna toka I =0,4 A . Onpenenuts nepuos

Koe0aHui, cuuTas NX He3aTyXaroIIHMH.

4. YpaBHeHHEe HM3MEHECHHS TOKa B KosiebatenbHOM KoHType B CHU I(1)=0,02sin(4007-7) .

WHnykTuBHOCTE KOHTYpa paBHa 1 I'nm. OmnpenenuT €MKOCTh KOHTypa M MaKCHMalbHOE
3HAQYECHUE DHEPIUM DJIEKTPUYECKOr0 U MATHUTHOTI'O ITOJICH.

5. B HauvanpHBIE MOMEHT BPEMEHH CHJIA TOKAa B HMJICATHHOM KOJeOAaTeIhHOM KOHTYpE HMEEeT
MaKCHMaJbHOE OTPHULIATEIILHOE 3HAYEHUE, II0JIOKUTEIbHOE 3HAUYE€HUE, DPAaBHOE II0JIOBHUHE
aMILTUTYAHOTO, ocTuraetcs yepes 0,05 c. OnpeaenuTs 4acTOTy FapMOHMYECKUX KOJICOaHUH.

5. 3amyxarowue 3nekmpomaznummusle Koniebanus
5.1. Kpamkue meopemuueckue ceeoenus

3amyxarouwjue Konebanus — 3TO KOJICOAHUS, aMIUIUTYABI KOTOPBIX C TEUEHHEM BpPEMEHH
YMEHBIIAIOTCS U3-3a MOTeph HEepruu Ha HarpeBanue (R #0).

H3menenue 3apada npoucxoauT IO FTApMOHHUUECKOMY 3aKOHY

q(t)= A(t)-cos(mt) .

Yacmoma samyxarouiux KoJle0aHnuii MEHBIIIE YaCTOTHI ®, COOCTBEHHBIX rapMOHHUYCCKUX

KoJIeOaHUi B KOHTYpe 0€3 COMPOTHUBIICHHS

.1 2
31ech ®, — COOCTBEHHAs LMKIMYECKas 4acToTa KoJaeOaHui, —— =, , B — K0dhPUIUEHT
LC

3aTyXaHus %= 2.

Amnaumyoa 3amyxarwuwux Kojedanui yObIBaeT CO BpPEMEHEM IIO

SKCHOHCHHI/I&]’IBHOMY 3a1<0Hy:
A(t)=qge ™™
A(t) = q() ° e_Bt ’

rle ¢, — aMILIUTYJa B Ha4aJIbHbI MOMEHT BpeMeH £ = 0.

@)

. Bpema penakcayuu — BpeMs, B TedeHHE KOTOPOrO aMILIUTyZa

3aTyXaroumx KojueOaHui yMEHBIIUTCS B € pa3:
T =E .

Zlekpemeﬂm 3amyxanusa — 3TO OTHOIICHUC JIBYX IMOCJICAO0BATCIIBHBIX aMIITIUTY/] KOJICOQHMIA:
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A qpe™  gqe™

— eBT
- —B(t+T) — -Bt BT :
A@+T) g¢q,-e q,-e’e
Jocapugpmuueckuii 0ekpemenm 3amyxanus — BEIMYWHA, OOpaTHas 4YUCIy KojeOaHUU, IO
HCTCUYCHUHU KOTOPBIX aMILTUTYa YMEHBIIUTCS B € pas3:
A(t+T) T N
Jloopomnocms kommypa — uucino konebanuii N , YMHOXEHHOE Ha T , MO HCTCUCHUU
KOTOPBIX, aMIUTUTYJa YMEHBILIUTCS B € pa3:
T T
O=nN=—=—-.
A BT

JIoOpOTHOCTD yBEIMYUBAETCS MPU YMEHbBIIEHUH 3aTyXaHUs U Neproa KoJeOaHH.
5.2. Ilpumep pewenusn 3a0auu

Teno maccoit 48 2 coBepIIaeT 3aTyxaromiiue KojeOaHusi Ha TPYXKUHE, MTOTPYKEHHOW B
BA3KYI0 OJKUAKOCTh. Halith koaddumumeHT compoTuBieHus cpeasl r , eciu 3a 2,5 ¢
KosneOaTenbHas cucrtema TepseT 80% cBoeil sHepruu. Onpenenutb, depe3 Kakoe BpeMs
aMIUIMTYJIa CMEIICHUSA TeJla YMEHbIIUTHCA B e = 2,718 pas.

Pemenue.
Hano:
m=48 2=0,048 kz ;
t =25c; M3BecTHO, YTO aMIUITUTyAa 3aTyXaloUMX KoyeOaHun
1 >
AW YMEHBIIAETCS CO BPEMEHEM f 10 3KCIOHEHIUAIbHOMY
=80%; .
) 3aKOHY:
A©0) _ A=A,
A(t,)
rae A, — aMIUIMTYZAA B HAa4aJIbHBII MOMEHT BPEMEHNU
Haiitu: o
. 0 t=0. Torga sHeprus kone6aHU B MOMEHT BpEMEHU ¢
r;t, —?
? paBHa:
kA% (1)
W)= —

rae k — K03 UIUEHT YIPYTOCTH MPY>KUHBI.

Omnpenenum ko3¢GGUIMEHT 3aTyxaHus [, YUUTBIBas, YTO B MOMEHT BPEMEHU f, dHeprus W,
cucremsl cocraBisaeT 20 % ot HadyanbHOrO W, 3HaYeHUS:

W, kA (¢ 2¢~2Bh In0,2
Moo LW g, %=0,2: e 2020 —2Bt,=In0,2=> B=——=
W, kA%(0) Aje™P 2t,

r
VYuureiBasg, uyto B=—— , I[/A€ m — Macca KoJjeOmromerocs Teiaa, TO KOIPPHUIHEHT
m

COTIPOTHUBIICHUS CPEJIbI
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r=2[3-m=—2]n0’2~m=
21, 1,

Bpewmsi, B TedeHue KOTOpPOro amIuIMTyAa CMENICHUS Tejla YMEHBIIUThCS B e =2,718 pas3,
HA3bIBACTCSI BPEMEHEM peJlaKCalluy, CBSI3aHHBIM ¢ KOG (UIIMEHTOM 3aTyXaHUsI COOTHOIIEHUEM:

_1_ 24
B Im0,2°

Breruncnenust:

p=—CLOD 4 048-0,031%

.5 c
2.2.5
= — 2 = 1
e ¢
Ortser: r=0,031£; t=3,1c.
C

5.3. 3a0auu

1. Onpepenuts 100pOTHOCTH @ KOJEOATENBHOIO KOHTYpPA, COCTOSIIETO W3 KATYIIKU
uHAyKTUBHOCT L=2 wMIH, KoHzmeHcaropa eMmkoctbio C=0,2 wmMxk® wu pe3ucropa

conpotuiienueM R=1 Owm.

Pewenue.
T _ _2n |1 R
lQ—B—T Tk —ZB,T—;H(D LC 4L2, (O)
2
2. g=2® |1 _R
R-27\LC 4)?
Otser: Q =100.

2. YacroTa cBOOOAHBIX KOJIEOAHHI HEKOTOPOU CUCTEMBI ® = 65 pan/c, a ee 1oOpoTHOCTE Q=2

OmnpenenuTb COOCTBEHHYIO YacTOTy ), KojaeOaHUI 3TON CUCTEMBI.

Pewenue.
1. o=\o§—B* = wg=+/0’+p*.
T T 2n W
2. Q—ﬁ—T:> ﬁ—a T.k. T—;,TO ﬁ_Q'ZTC .

2
3. Wy = 032+(D—2.
40

Otset: ®,= 67 pan/c.
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6. Boanosasa onmuka
6.1. Hnmepgpepenyun ceema
6.1.1. Kpamkue meopemuueckue ceeoenus
Ypasnuenue nnockoit ceemosoii 6onnwl

E = Ecos(owt —kr),

rone £ — HAIMpPsPKCHHOCTD DJICKTPHUYCCKOr'0 IOoJisi BOJTHBI B MOMCHT BPEMCHU t Ha PacCTOAHNN

¥ OT UCTOUHMKA, Ej)— aMIuIMTyHOE 3HaUYEHHE HANPSDKEHHOCTH, @ = 277V — KPYyroBas 4acToTa

2n o o
BOJIHBI, k =5 BOJTHOBOE 4HCIO, (®f — kr) — ¢a3a koneOaHuil BOTHBI, A — JJTMHA CBETOBOM

BOJIHBI.

Yenoeue maxcumyma unmepghepenyuu: B TEOMETPHUUECKONM PpA3HOCTH XOJa JIOJKHO
YKJIAJbIBaTHCS 1EJ0€ YUCIO JJIMH BOJIH:

1z 5KDaH
! i U] N/ rae m=0,1,2,3...— TOPAIOK MaAKCUMyMaA.

' max

'S = A 2 Ycnoseue munumyma unmepghepenyuu: B reomeTpuuecKoil pasHoCTH
X0/J1a IOJDKHO YKJIa/IbIBaThCSl HEUETHOE YHMCIIO MOTYJIUH BOJIH:

SKDaH }\'
S, S |r2—r1|=i(2m+1)?

1 min

B osrtom caysae B Touke M Oyzmer HaOMIOAATBCA MUHUMYM

HMHTCHCUBHOCTH, T.C. TCMHOTA.

6.1.2. Ilpumep pewenus 3a0aqu

Paccrosinue mexny nByms mensMu B onbite FOura d=0,5 mm, paccrosnue 1o 3kpana L=
Im. Onpenenuth paccCTOSHUE MEXAY HWHTEP()EPEHIIMOHHBIMU TIOJIOCAMHU, €CIIA  MIeNn
OCBEILIAIOTCA MOHOXPOMAaTHYECKUM CBETOM C JJTMHOM BOJIHBI A; =500 HM 1 A, =750 HM.

Pewenue:

. L,
6=d-s1na—d-tga—df - lm=im§?».

d=*+mA —ycarosuemax

L
Al=1,.,-1, =El )
aKpan
S ) Omeem: Al = 1Ium,
2
Al,= 1,5mm.
1.3. 3a0auu
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1. /IBa KOrepeHTHBIX MCTOYHHKA KOJEOIIOTCS B OAMHAKOBBIX (hazax c¢ yactoror v =400 Iy .
CKOpOCTh pacrpocTpaHeHHsi Konebauuii B cpene v =1000m/c . Onpenenuts, mpM Kakoii

MUHHUMQJIBHOW Pa3HOCTH XOJa, HE paBHOW HYyI0, OyneT HaOmoaathcs: 1) MakCHUMallbHOE
YCUJICHHE KOJIEOaHU; 2) MaKCUMaJIbHOE OClIa0IieHUEe KOJIeOaHMiA.

2. JlBa KOTepeHTHBIX MCTOYHHKA IIOCBHLIAIOT TOMEpeYHble BOJHBI B OJMHAKOBBIX (pa3zax.
[epuoasl konebannii T =0,2 ¢ , CKOPOCTh PAaCHpOCTPaHEHHs BOJIH B cpere v =800 m/c .

Omnpenenuth, MpU KaKOH Pa3HOCTH XOJAa B CiIy4ae HaJIOKEHHs BOJH Oyner HaOmomatbes: 1)
ycusieHue Konedbanuit; 2) ocnabieHne KoiebaHui.

6.2. /lugppaxyun ceema
6.2.1. Kpamkue meopemuueckue ceeoeHus

ugppaxuua @paynzoghepa na y3koii wienu.

[Tnockas BosHa qMHOW A TajaeT Ha IUIACTUHY CO ILIENbIO IMUPUHON @, MHOTO MEHBILIECH ee JUTUHBI,
| — paccrosiHME OT IIENW JO 3KpaHa, @ — yron HaomoneHus touku M . Ecim a <, To
Pa3HOCTh XOJa JIyded OT KpaeB Ieau 10 Touku M S =a-sing . Eciin Ha wmupuHe wenu
YKJIaJIbIBAaeTCSI HeueTHoe uuciao 30H DpeHens, To B Touke M Halmomaercss AUPPaKIMOHHBIA
MaKCUMYyM

a-sing=x(2m +1)%,

rae m=1,2,3,...- mopsI0K MaKCUMyMa.

Ecnu Ha mupuHe wmenu 4eTHoe 4yucio 30H PpenHens, To B Touke M
Habmonaercs AMPaKIHOHHBI MUHIMYM

a-sin¢=ﬁm%.

Jlugppakyuonnaa pewiemka — cUCTeMa OJIMHAKOBBIX MAPAJUICTbHBIX WIENIC Ha IUIACTHHE,

P ——— pa3sfcineHHbIX ~ paBHBIMH [0  [IMPUHE  HENPO3PaYHbIMHU

vV VvV VvV VvV V¥ IPOMEXKYTKAMH.

N T T T | Yenosue ougppakyuonnozo makcumyma.
'¢ dsinp=tmAi

rae m =0,1,2,... — NOPSAIOK MaKCUMyMa.

/\/\/\/\/\ Ycnoeue Bynvgpa — Bprceos

-2 -1 m=0 1 2
3KpaH HOMepa MaKCMMyMOB

NO3BOJISIET  ompeAenuTts d 1o

peHTreH

TG PaKIUOHHBIM MaKCUMyMam
OTPa)KEHHBIX ATOMHBIMU TJIOCKOCTSIMU PEHTT€HOBCKUX JTyuei

2dsin@=mA . -

3nech ® — yroJ CKOJIBKEHHUS WK YroJl HAOJMIOACHUs M -T0 Makcumyma, m =1,2,3,...
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6.2.2. Ilpumep pewienus 3a0auu

Ha mens mupunoit @ =0,1mm nagaetT HOpMaaIbHO MOHOXPOMATHYECKUHM CBET C JJIMHOU

BOJHBI A =600mm . DkpaH, Ha KOTOpOM HaOMIOnaeTcs AUQPPAKIMOHHAS KapTHHA, PACIOI0KEH
napajuleJpHO 1enu Ha paccrosHun L=1m . Onpepenuts mupuHy b 1EHTPaIbHOTO
TU(PPaKLIHOHHOTO MaKCUMyMa.

Pewenue:
vy VY VY VY v [[IuprHa HEHTPAILHOIO MAKCUMyMa pPaBHA PACCTOSHHUIO MEXIY
a JIEBBIM U MIPABBIM OJIMKANIIMIMA MUHUMYMAaMHU.

. A
L VYcnoue audpakmoOHHOIO MHHHMYyMa a-sm¢=i2m7 . Ilpu

. A .
m=1 mony4yaem s1n¢=;. [Ipn maneix yrnax sing=#ge . 13

d

PHCYHKA CIICNYET, YTO IZP= .

o

S 2L
b 2 2L
T.o., ﬁ_;: b—Tﬂf .
2.3. 3a0auu

Ha nudpakunonnyio penierky HopMaiabHO MajaeT MOHOXPOMATHYECKHM CBET C JJIMHOM BOJHBI
A=600 uMm. OmpenenauTb HaWOOJBIIMKM MOPSIOK CHEKTPa, MOJYyYEHHBIH C TOMOIIbIO 3TOM
peLIeTKH, ecliv €€ NOCTOsIHHAs d =2 MKM.

Pewenue:

dsing=mA wm dsing,,,.=m, A .

Tx. sing,,. =1, 10 m,,.=d/A.
Otser: m,,,, =3 .

2. Ompenenutp YUCIO KM IITPUXOB Ha IMM JU(PAKIMOHHOW PEIIETKH, €CIH YTy (p=300

COOTBETCTBYET MAKCHUMYM YETBEPTOrO0 MOPSAKA JJISI MOHOXPOMAaTUYECKOIO CBETA C JUIMHOMU
BOJIHBI A=0,5 MKM.

Pewenue:
dsinp=mAi=> d=ml/sing. T.x. n=1/d =, 10 n=sing/m .

3. Ha nudpakunonuyro perretky amuaoi [=15mm, conepxanryro N=3000 mrpuxos, majgaet
HOPMaJIbHO MOHOXPOMATHYECKUH CBET C JIIMHON BOJMHBI A=550nm . Omnpenenuts YHCIO
MaKCHUMYMOB, HaOJII0/1aeMBbIX B CIIEKTPE AU(PPAKIIMOHHON PELIETKH.

Pewenue:

. !
YcnoBue MmakcuMyma uMmeet Bug dsinp=xtm) , rne d =N .
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Haubounpmmii nopsgok MakcuMyma JOCTUraeTcs npu sinp=1= m,,, =

x .

Ywucio MmakcumMymMoB n=2m,,,. . lnu n =13,—; =18.

4. Ha rpanp kpuctajia (KaMEHHOM COJIM) aAaeT NapajuleIbHbIA Ty4OK MOHOXPOMAaTHYECKOTO
o -10
PEHTT€HOBCKOTO U3TydeHus ¢ uTnHOW BosHbl A=1,5-10"" . . OnpenennTs paccTOSIHHE MEKITY

0 o
ATOMHBIMH TJIOCKOCTSIMH KpHCTaIUIa, eciii o yriom @=30" Habmromaercst qudpaKIiMOHHbIH

MaKCHMYyM BTOPOTO MOPAJIKA.

Pewenue:
2dsinp=m\ =
=m,—)”= 3-10"" m =3 anrcrpema.
2sin@

6.3. Ilonapuzayus ceema
6.3.1. Kpamkue meopemuueckue ceedenus
3axon bprocmepa: OTpaxxE€HHbBIN JIy4 MOJHOCTHIO MOJSPU30BaAH, €CITU
tgop=n,

TAC oy — Yrol MMOJTHOM IOJIAPHU3AIMH OTPAXKCHHOI'0 OT OUBJICKTPHKA CBCTA, B — IIOKA3aTClIb

MMPCJIOMJIICHUA.

3axon Mantwoca: AHTEHCUBHOCTH CBETA, MPOIIEAIIETO BTOPOM MOJISIPOUI:

ecm 2

cos’ o
2

6.3.2. 3a0auu

1. IIpu xakom yrie majeHusi COJHEYHBIN CBET, OTPa)asich OT MOBEPXHOCTU BOJbI CTAHOBUTCS
MJIOCKOTOJIAPU30BaHHBIM? YeMy paBeH MpH 3TOM YIroJl MPeIOMIICHHS ?

Pewenue:
. Jns rpanuibl Boga—Bo3ayx n = 1,33.
|
& iocg Bocrosb30BaBIick 3akoHoM Boroctepa, moydaem: oy =52,5".
|
OTpakeHHBI CBET TIOJIHOCTBIO TIOJNISIPU30BAaH, €CIH YIOJdl MEXKIY
iy MPETOMJIEHHBIM U OTPAXXEHHBIM JIy4aMU PaBEH 90° .

CnenoBarensHo, Oz +Y=90". OTCI0a HAXOUM YrOJI IPENTOMICHHSL:
1=90"-52,5'=37,5".
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2. EcrecTBeHHBI CBET MPOXOAUT 4yepe3 nBa mnoisiponaa. Ocb OAHOTO BEPTUKAIbHA, a OCh
JPYroro o0pasyeT ¢ BEpTHKaIbi0 yroa o.=60". HaiiTu MHTEHCMBHOCTH MpPOIIEAIIErO CKBO3b
MOJISIPOUIBI CBETA.

Pewenue:

HNurencusnocts 1, €CTECTBEHHOIO JIyda, IPOLIEALIETO IEPBBIA IOJIAPOUJ YMEHBIIACTCS

Bagoe, T.e. Iy=1,,,/2.

IIpn 3TOM CBET CTaHOBUTCS MOJSAPU30BAHHBIM B BEPTUKAJIBHOM IJIOCKOCTHU. VMIHTEHCHBHOCTH
CBETa, POLIEAIIEr0 BTOPOI MOIAPOUA, ONPEAEIIAeTCs 10 3aKOHY Maitoca:

I,=I,cos’ .

Takum o6pazom,

I”=I”%-c0s2a = %

VIII. KBAHTOBAS OIITUKA. KBAHTOBAS MEXAHUKA

1. Tennogoe uznyuenue
1.1. Kpamkue meopemuueckue cée0eHus

Tennosoe uznyyenue — W3JIydeHUE SJIECKTPOMATHUTHBIX BOJIH TEJlaMU 3a CUET BHYTPEHHEH
SHEPTHH.

3axon Cmedpana — Bonbymana: MHTETpaNbHAS MCITYCKATENBHAS CIIOCOOHOCTh R, abCOMIOTHO

YEpHOTO TeJla MPONOPIHOHATIbHA YeTBEPTOM CTENEHN aOCOMIOTHON TeMIIepaTyphl
R, =0-T*,
rae 0 =5,67-10"° Bm / (MZK 4) — noctosinHas Credana — bonbpimana.

3akon CMeu{eHuA Buna: gacrora v Ha KOTOpOﬁ IMPOUCXOAUT MAKCUMAJIbHOC H3JIYUCHHUC

max

SHEepruu adCOIOTHO YEPHOTO TeJa, MPOTIOPIMOHATIBFHA €ro a0COJTIOTHON TeMIepaType:

*

Viax =0 T .

B 3amauax waiie ONpeNeiseTcs IJIMHA BOJBI A Ha KOTOPOH MPOMCXOIUT MAaKCHMAaJIbHOE

max
H3nyquHe 3HepFI/II/I
Amax =01/T
ax b

rae b=2,9- 10~ m- K — nocrostHHast Buna, b* =c/b, ¢— CKOPOCTb CBETa B BaKyyMe.
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1.2. Ilpumep pewrenusn 3a0auu

JlliHa BOJHBI, Ha KOTOPYIO MPUXOIUTCS MAaKCUMyM SHEPrUU B CHEKTPE H3Ty4EHUS
a0COIIOTHO YEPHOTO TeNa, A, =580 HM. Onpenenuth >HEPreTUYECKYI0 CBETUMOCTh R

IMMOBCPXHOCTHU TCJIA.

Pewenue.
ITo 3akony Credana — bomprimana

R, =0-T*,
rae 0 =5,67-10" Bm/(m’K*).
Temneparypy BbIpa3uM u3 3akoHa Buna:

Amax =b/T ,

e b=2,9-10" u-K .

Takxum oOpazom,

eelit)

[TocTaBUB YKMCIICHHBIC 3HAYCHUS BEJIMYUH, BXO/ISIINX B KOHSUHYIO (DOPMYITy, TIOJyYUM OTBET.
1.3. 3a0auu

1. Ilpu HarpeBaHuu aOCONIOTHO YEPHOrO TeJla JUIMHA BOJIHBI, HAa KOTOPYIO HPUXOIUTCS
MaKCUMYM €ro uaiydarmomeil crocodnoctu, m3menunack ot 700 go 500 M. Bo ckonbko pas
YBCINMYMWJIACH ITPU 3TOM SHCPIrCTUYCCKAA CBETUMOCTD Tena?

2. Temmneparypa abCOIIOTHO YEPHOTO TeNa Mpu HarpeBanuu uzMeHmiack ot 1000 1o 3000 K. Bo
CKOJIBKO Pa3 YBEJIWYHIIACH IIPU ATOM €ro 3HepreTuyeckas cBeTuMocTh? Ha CKoIbKO M3MeHMIIach
IIPY TOM JUTMHA BOJIHBI, HA KOTOPYIO MPUXOAUTCS MAKCUMYM €r0 U3JTy4aTeIbHOU CIIOCOOHOCTH?

3. Halitu TemnepaTypy neuu, €ciau U3 OTBEPCTUS B HEM pasmepoMm 6,1 cM U3JIy4aeTcs. B OJHY
cexyHay 8,28 kan. M3mydeHne cuutaTh OJIM3KUM K U3ITYYCHHIO aOCOTIOTHO YyepHoro Tena (1 kan
=4,19 Ix).

4. Kakoe konn4ecTBO 3Heprun uznydaetr CoisHie B ogHy MuHyTy? M3nydenue CoJiHIla cCUUTaATh
OJIM3KUM K M3TYy4eHHIO aOCONIOTHO YepHOro Tena. Temneparypy nosepxHoctu CoiHIIAa TPUHATH

paBroit 5800 K, paxuyc Comrra — 6,95-10% m.

5. MomHocTh n3ny4yeHus: abcoyoTHO yepHoro Tena paBHa 34 xkBt. Haiitu Temmepartypy 3Toro
TeJa, €CJIM U3BECTHO, YTO IJIONIA/Ib €r0 MOoBepXHOCTH paBHa 0,6 M.
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6. Ha xakyio JUIMHY BOJIHBI NPUXOJUTCS MaKCHMYyM H3JIy4aTeNIbHOH CHOCOOHOCTH aOCOIIOTHO
YEepHOIo Tella, UMEIOIIET0 TeMIIEpaTypy, PaBHYIO TeMIIEpaType yeloBeueckoro tena (36,6°)?

2. ®omon u e20 xapakmepucmuxu
2.1. Kpamkue meopemuueckue cée0eHus
Auepzun ghomona nponopUUOHATbHA YACTOTE U3ITyUCHHUSL:

E=hv,

h=6,62-10"" /Ic-c — nocrosinnas ITnanka.

Macca ghpomona

Hmnynvc pomona
hv _

=mCc=——=
p c

h
R
2.2. 3a0auu

1. OnpenennuTs SHEPTUIO, MACCY U UMITYJIBC (POTOHA, €CIIM COOTBETCTBYIOIIAs €MY JAJIUHA BOJIHBI
paBHa 1,6 nm.

2. MOIIHOCTh UCTOYHMKA CBETA C JUTMHOM BOIHBI 663 HM paBHa 3 BT. CkonbKo (OTOHOB B
CEKYH/ly MCITyCKA€eT 3TOT UCTOYHUK?

3. UmMnynbe, MepeHOCUMBII MOHOXPOMATHYECKUM MTYYKOM (POTOHOB Yepe3 IIIOMAAKY 2 cM’ 3a
0,5 MuH., paBeH 3.10"* r-cm/c. Haitru st aToro mydka (POTOHOB SHEPTHIO, MAAIONIYIO Ha
€IMHUILY IUIOIAaU B enuHuIy BpeMeHu B CH.

4. Yemy paBHa camasi KOPOTKasl JUIMHA BOJIHBI PEHTT€HOBCKOI'O U31y4EHMsI, HCITyCKAaEMOI0 IIPH
COyZapeHUU 3JIEKTPOHOB C 3KPaHOM TEJIEBU30Pa, PA0OTAIOIIET0 MPHU YCKOPSIOIIEM HAPSKEHUN
30 xB?

3. Bnewnuit pomorppexm
3.1. Kpamkue meopemuueckue cée0eHus

Ypasnenue diinwmeiina ona pomorppexma:

2
m,v
hv:ABle+ 2 b
2
rae A,,, — paboTa BBIXOJA 3JIEKTPOHA M3 MaTepHala; 62 — KHHETHYECKash DHEPTHs,
COOOIICHHAs SIICKTPOHY.
3aoepycusarowguii nomenyuan U, — 510 oTpumaTensHOe 3HAYCHHWE HANPSDKCHUS, IIPU

KOTOPOM IpeKpanaercsi OoTOTOK:
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2 =eU0.
Kpacnaa zpanuuya ¢pomorgppexkma — HayMeHbIIasg 4acToTa V,;, CBETa, HWXKE KOTOPOU
dotordekra HeT
v _ ABblx
min — h :

3.2. IlIpumep pewienusn 3a0auu

Ha moBepXHOCTh MeTajula TaJal0T MOHOXPOMATHYECKHE Iy4H C JITHHOHN
A=150num . Kpacnas rpanuna ¢orodddexra A, =200 nm

pacxojtyercsi Ha COOOLICHHE AIIEKTPOHY KHHETUYECKON SHEPTUuu?

BOJTHBI
Kakas mons sHeprum Qorona

Pemenue.
Hano:
A=150 um=1,5-10" m;

hg =200 13t =2-107 w. Bocnonb3yemcst ypapHeHueM DitHITeHa 1715 hoTodddexra

Haiiru: E,=A, +T,,,
Tmax 9
E ) rae E, — oHeprus (OTOHA, MajarolIEro Ha MOBEPXHOCTH
¢
meramia; A, ~— pabora BbIxoma. Beipazum otcrona
MaKCHMaJbHYIO SHEPTHUIO (DOTOIIEKTPOHA
Tmax =Ez[1 _Asmx .
DHeprus (HOTOHA BRIUUCISAETCS TTO GopMyIie
hc
E,= 2
rne h — nocrosHHas I[lnanka; ¢ — CKOpPOCTh CBeTa B BaKyyMmMe; A — JUIMHA BOJHBI. Pabota

BBIXO/JIa CBsI3aHA C KpacHOU rpaHuLel porodddexra A, COOTHOLIEHUEM

Aaux = hc
)\‘0
OnpenenuM m0d0 dSHEpruu  (POTOHA, KOTOpas pPaCXOAyeTcs Ha COOOIIEHUE JIIEKTPOHY
KMHETUYECKOU dJHEPIUU
Tmax_E¢_A““x_ Asblx_ hC'x _ 7\.
E, E, E, A, -hc Ay
Brrancnenms:
T 1,5
max —1-—>==0,25.
E, 2
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T
OTBeT: —22 =(),25.
E,

3.3. 3aoauu

1. Kpacnas rpanuna ¢ororddexra mms cepedpa paBHa 0,26 mxMm. Haiitm pabory BbIXOna
($0oT037eKTPOHOB 117151 cepebdpa.

2. Pabora BbIXO/Ma I IIMHKA paBHA 5,6-10_19I[>K. Bosauknaer mu GoTodddekT B IUHKE MO
JIeficTBHEM cBeTa ¢ JIUHOM BOIHBI 0,45 MKM?

3. Kakyio MakcUManbHYH CKOPOCTh MOTYT UMETh (DOTOITIEKTPOHBI, UCITyCKAEMBIE U3 KaJus, PU
00JTy4eHHH €T0 MOBEPXHOCTH CBETOM C JTMHOM BosHBI 0,42 MkM? PaboTa BeIX0Aa 3JIEKTPOHOB
U KaJTUST 3,52-10_19I[>K.

4. Jlns mie3ust paboTa BeIXoAa 3J7eKTpoHa paBHa 1,9 3B. KakoBa MakcuManbHas jTMHA BOJIHBI
CBETa, KOTOPHIH CITOCOOEH BHIOMBATH U3 METAJIJIA JIEKTPOH ¢ KHHETHYECKOU dHeprueit 2 :B?

5. Ilpu mageHuu cBera ¢ JIMHON BOTHBI 230 HM Ha METAJUT TOK B LIETIH ¢ (DOTORIEMEHTOM IaaeT
10 HyJs TIpu oOpaTHOM HanpspkeHun 1,64 B. Uemy paBHa paboTa BbIX0/1a 3JIEKTPOHA M3 ATOTO
MeTtaaiaa?

6. HaiiTu 4acTtoTy cBeTa, BBIPHIBAIONIETO C IMOBEPXHOCTH METAJIa SJIEKTPOHBI, MOIHOCTHIO
3aziepKuBaromuecs: nmoreHuaioMm B 3 B. ®@otosddext mnsg 3Toro Meraymia HadyMHAETCS TPU
qacTOTE MaJalolIero CBeTa 6-10" I'o.

7. HaiiTu BeNWYMHY 3aJIep’KUBAIOIIEr0 MOTEHIHANa i (OTOIICKTPOHOB, MCIYCKaeMbIX HpU
OCBEIICHUU KalHs CBETOM, JJIMHA BOJIHBI KOToporo paBHa 330 HM. PaboTta BeIxo/1a 37eKTpOHA U3
Kanus paBHa 2 3B.

4. dhdhexm Komnmona
4.1. Kpamkue meopemuueckue ceedenus

I¢dhexm Komnmona — yBenuueHHE [UIMHBI BOJNHBI A PEHTTEHOBCKOTO H3JIy4eHUS,
PacCessHHOTO AJICKTPOHAMH BEIIECTBA!
o 2
A=y +2xsin %,
rae A, =0,0024 um=2,4-10"> M — KOMITOHOBCKAs JUIMHA BOJHBL; 7»0 — JJWHBI BOJHBI

Ma/IAlOLIET0 U3TYYCHHS; () — YTOJI PACCEesTHUSL.

4.2. IlIpumep pewienusn 3a0auu

1. PentrenoBckue nyuu (A =0,1nm ) pacceuBaroTCsl 3JEKTPOHAMH, KOTOpPbHIE MOYXHO CUHUTATh

IPaKTU4YeCKH CBOOOIHBIMHU. OmpenenuTh MakCUMAaJIbHYIO JUIMHY BOJIHBI A, PEHTI€HOBCKUX
JIy4el B paCCESHHOM ITy4Ke.
Pewenue.
Hano:
A, =0,1nm=10"" m;
Ao =2,43-10" m;
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Ay — 2
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W3BecTHO, Y4TO AJMHA BOJIHBI A, PACCESHHBIX PEHTT€HOBCKMX Jlydel yBennuuBaeTcs. CorimacHo

dbopmyne Komnrona
Ay, =M, +2A, -sinzg ,

rae A, =2,43- 10" M — KOMIITOHOBCKASI JTHHA BOJIHBI.

. .0
JlivHa BOJIHBI IPUMET MaKCHMAJIbHOE 3HaYeHHe A, =A,, TPH YCIOBHH, 4TO sin’—=1, TO eCTh

X

YTOJI pacceBanus I0JkeH ObITh paBen O =180". Torna
Apay =M +2A.

Boruucnenus:

A =107 +2:2,43-10™ =(1+0,049)-10™" =1,05-107"" 5 .

Otset: A, =1,05-10"" .

2. Ha nmoBepXxHOCTh MeTajia NMajal0T MOHOXPOMATUYECKUE JIYYH C IJIMHOW BOIHBI A =150 na .
Kpacnas rpanuna ¢orospgexra A, =200 nm . Kakasg nons sHepruu (poToHa pacxomyercs Ha

COO0O0IIIEHNE IIEKTPOHY KHHETUIECKOU YHEPTUU?

Pewenue.
Hano:

A=150 um=1,5-10" m;

; Bocnonb3yemcs ypaBHeHueM DifHiITerHa U1t GoTorddexTa
Ay =200 M =2-10" m.

Et]) :Asux +Tmax H
Hanu: rne E, — oHeprus (OTOHA, MAJAOIIEr0 HA IOBEPXHOCTH
Lo _ 9 meramia; A, — pabora BbIxoma. Beipazum otcrona
E
@

MaKCHUMAaJIbHYIO SHEPTHUIO (POTORIEKTPOHA
Tmax = Etp _Asbtx :

OHeprust poToHA BEIYHUCISIETCS IO GopMyIie

hc
Fo=7
rae h — mnoctosHHas [lnaHka; ¢ — CKOpOCTh CBeTa B BaKyyMe; A — JjuHa BOJHBIL. PabGota
BBIXO/JIa CBsI3aHA C KpacHOU rpaHuLel porodddexra A, COOTHOLIEHUEM
he
8bIX = }\‘_0 °

OnpenenuM A0 SHEpruu  (OTOHA, KOTOpas pacXoayeTcs Ha COOOIIEHHE JIEKTPOHY
KMHETUYECKON SHEPIUu

E,—A A .
max _ ¢ “"UC:l_ Bblx_l_ hC )\‘ _l_i
E, E, E, Ayrhe A,
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Breruncnenust:
T 1,5

Zmax _q_

E

=0,25.

OrTBerT: Lo =0,25.
E,
4.3. 3a0auu

1. OmpenenuTe Ha KakoW YroJl pacCeMBAeTCsl CBET Ha MOYTH CBOOOTHBIX AIJIEKTPOHAX, €CIIU
U3MEHEHHE ero JJIMHBI BOJHBI B 100 pa3 Gonblie, yeM NpU MOJOOHOM €ro pacCeMBaHUM Ha

IIOYTH CBOOOJIHBIX NPOTOHAX Ha yron z. (0, =27 0 ).

2. B pesynprare 3¢dpdexkra Komnrona Ha cBOOOIHBIX 37eKTpoHaX GoToH ¢ sHepruen E; = 0,51
M>5B 6bun paccesis Ha yron 6 = 120°. Onpenenuts suepruto E; paccesauoro ¢orona. (E; =
0,204 M>B).

5. I'unomesa oe Bpoiina

5.1. Kpamkue meopemuueckue ceedoenus

T'unomesa oe bpoiina: BCe MUKPOYACTHLIBI HAPSAAY C KOPIIYCKYJIIPHBIMU IIPOSIBIIIIOT BOJIHOBBIE
cpoiicTBa. Kax1oii yactuie, oOnasaronieil UMIyJIbCOM P = U , MOYKHO IIPUIHUCATH JAJIMHY BOIHBI

Py
D
5.2. 3a0auu

HaiiTn oTHOlIEHHWE JUIMH BOJIH A€ Bpoilns s1aeKkTpoHa W MpOTOHA, MPOILIEAIINX OJWHAKOBYIO
YCKOPSIOIIYIO pa3HOCTh MoTeHImanos U =908 .

Pemenue.
Jamno:
U=90B; IIpy 1poXOoXAEHUM 3apsHKEHHOM YacTULEH  pa3HOCTH
=0 1-107! sor-
me_zﬂz;go_z;‘n NOTEHIHANTOB U CHJIBI  DJIEKTPOCTATHYECKOTO  TOJIS
m, = . KT;
P coBepmialoT pabory A , KOTOpas UHCIIEHHO paBHa
Haiitu: KHHETUYEeCKOU dHepruu E , MpruoOpeTeHHOW YaCTHIICH:
A, )
. A=E , nin
P 2
mo
qu=—-,
2

rae ¢ — 3apsl, m — Macca M v — CKOPOCTb YaCTHIIbI.

Bripazum kuHeTHYECKYIO 3HEPTHIO E 4YacTHIlbI yepes e€ UMITYIbC P, yduThiBas, uto P =mv :
p?
2m

Otkyna nojiyqaem

P=\2mE =2mqU .
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h

h
P \amqUu’

JnmuHa BosiHbI e Bpoisia yacTuIlsl A =

roe h — nocrosHHasg Il1anka.

y‘II/ITBIBaH, 4TO BCJIIMYHMHA 3apdAd0B 3JICKTPOHA U MPOTOHA OAWHAKOBA, TO OTHOIICHUC JJIMH BOJIH
ne bpoiinisg a5ekTpoHa U MPOTOHA PABHO:

h_ _pP
= ,
?»p m,

0—27

rae m, = 1,67-1 K2 — Macca 1poroHa, m, =9,11. 103'ke — macca 3JIEKTPOHA.

A
Breruncnenus: —<

6. Coomnouwienue neonpeoenennocmeil

6.1. Kpamxue meopemuueckue ceeoenus

Coomnowenue neonpeoenennocmeit Ieiizenbepza: KOOpAVMHATY U UMIIYJIbC MHUKPOYACTHUIIBI

OZIHOBPEMEHHO M TOYHO OIPE/ICIUTh HEMb3s, MX 3HAUCHHS JIeKaT B MHTepBanax Ax u Ap_ :
Ax-Ap.>h.

Coomnowienue nHeonpeoeienHoCHel 05 IHepeuU U épemeHu: YeM OOJbIlIe BPEMEHU YacTHIIA
HAXOJUTCS B HEKOTOPOM COCTOSIHHH, TEM TOYHEE MOYKHO OTIPEIICIIUTh €€ SHEPTHIO:

AE -At>h,
rae AE — HeomnpeneneHHOCTh 3HEPTUH HEKOTOPOTO COCTOSIHUSL CHUCTEMbI B T€UEHHE BPEMEHU
At — BpeMs )KU3HH COCTOSHUS.

2.2. 3a0auu

1. TlonoxeHue NBUIMHKM Maccoil m=10" KIr MOXHO YCTaHOBUTh C HEONPEAEIEHHOCTBIO
Ax=0,1mxm . YuuTbBas, uTo mocrosHHas Ilmanka #=1,05-10"* Tk-c, HEONPEIEIEHHOCTh

ckopoctu Av, (B M/c) Oyner He MEHee. ..

Bapuants! oTBeTa:
1) 1,05-102*; 2) 1,05-107'%; 3) 1,05-107%'; 4) 1,05-107.

Pewenue.
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U3 cooTHOmeHus HeonpeneneHHocTel [eizendepra: Ax-Ap, =Ax-mAv, >h= Av,>h/Ax-m.

U Av, =1,05-107/107° =1,05.107"%.
Omeem: Ne 2.

2. Bpicokasi MOHOXPOMAaTHYHOCTD JIA3€PHOTO U3IYUYECHHUsI 00YCIOBICHA OTHOCUTENIFHO OOIBLIINM
BpEMEHEM JKM3HH DJICKTPOHOB B METAacTaOMJILHOM COCTOSHMM ~ 107 ¢ . VuuTeBas, 4TO
nocrosiuHas Ilnanka #=6,6-10"°9B.c , mmpuHa MeTacTaOWIbHOrO ypoBHS (B 9B) Oymer He
MEHee. ..

Bapuanrs! oTBeTa:
D 6610™"; 2) 1,5:107°; 3) 1,5-10°; 4) 6,6-107"7.
Pewenue.
U3 cooTHOWIEHU HEonIpeIeeHHOCTEN AE -At>h HaxoauMm

n
AE_E_

6,6-107" .
Omeem: No 1.
7. Yacmuua 6 nomenuyuaivhom ’auuxke”

7.1. Kpamkue meopemuueckue céeoenus

Ypasnenue Illpeounzepa ona cmayuonapuvix cOCMOAHUI TIO3BOJSIET ONPEIEIUTH BOJIHOBYIO
¥ dyukuumo:

d*y(x) 2m
), 20 - U() w(x)=0.
3necs m — macca dactuisl, i =h/2n, h — nocrosiuuas Ilnanka, E — nonHas u U(x) —

MOTCHIUAIbHAS DHEPTUs YACTHULLBI.
Pemennem ypaBuenuss Ilpenunrepa sBnsiorcss W(x) - (GYHKIMH, KOTOpHIE ITO3BOJISIOT

2 o
OIPENIETIUTh BEPOATHOCTD |\|;(x)| HAXOXKJICHHUS YaCTHIIBI BOIM3U JII000N TOUKH MPOCTPAHCTBA U

3Ha4YCHUS DHEPIUu.

Ilomenyuanvnviii ’awuk” — OJXHOMEPHBIH YYaCTOK MPOTSHKEHHOCTHbIO I , OrpaHHMYEHHBIN
OECKOHEYHO BHICOKMUMH Oaphepamu.

Ypaenenue Illpeounzepa B npenenax sAmsl, re noTeHuuanbHas sueprua U(x) = 0, umeeT BUA:

Pewienuem 31010 YpaBHEHNUS ABISAIOTCA COOCTBEHHBIE BOTHOBBIE (DYHKIIMU:
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rae oauna 6onnwl 0e bpoiina

JlnrHA BOJIHBI 7»” YaCTHUIbl B TMOTEHIUAIBHOM "sIMKE" MOXET MPUHUMATh TOJBKO Psij

JUCKPETHBIX 3HAUYCHUU # — TJIABHOE KBAaHTOBOE YHCJIO.

Ilocmoannaa A BONHOBOW (PYHKLIUU ONPEIEIISCTCS U3 YCIOBUS HOPMHUPOBKHU:

2
A=,[—.
l
T.o., coOcTBeHHBIC (DYHKITUN TPUHUMAIOT BHI:
Y, (x)=,/—sin| —x

3Hep2ll}l yacmuusbl 6 NOMEHUUATIbHOM AUUKE MOKCT MCHATHCA TOJIBKO AUCKPETHLIC 3HAYCHUA:

n’h’
= b
" 8ml
rae n=1,2,...00; h — nocrosiunas [1nanka; m — Macca 4acTHIIBI.
Keanmoswie nepexoost — 510 nsnydenue (mornoienue) ¢orona ¢ sueprueit hv=E, - F, ,

PaBHOM Pa3HOCTH SHEPTUI COOTBETCTBYIOIMX ypoBHEH k> n (k<n).
3.2. 3a0auu

1. YacTuia HaxXoAWTCS B NOTEHIMAJIBHOM SIIMKE MHUPUHOW L ¢ OECKOHEYHO BBICOKMMHU
CTEHKAaMH B OIIPEJIEICHHOM YHEPIreTUYECKOM COCTOSIHUU E, ¢ KBaHTOBBIM 4HUCIIOM i . M3BeCTHO,

E
4O EL"I=4. B sTOM Ciiyuae n paBHo...
n—-1

Pewenue.

CobcTBeHHast PHEPrUsi MUKPOUYACTHUIIBI B MOTEHLHAIBHOM sIIMKe MmHpuHOM L ¢ OeckoHEeYHO
BBICOKMMH CTEHKaMU MIPUHUMAET JIMILb ONpeeIeHHbIE JUCKPETHbIE 3HAUCHUS:

2312
nh 2 2

E, = sh” ~n”,
2mL

I7Ie h — IIeJI0€ YUCIIO, UMEIOIIee CMBICT HOMEPA YPOBHS SHEPTHH.

3 Enu _(n+1)’ E,u
Torma oTHOILIIEHHE 3HAYCHUN SHEPTUU = U 0 YCJIOBUIO ———=4,
Ep1  (n-1) B
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2
CrenoBaTenbHO, % Il 2
(n-1* n-1

OTcroga KBaHTOBOE YHCIIO n=3.
Omeem: 3.

2. DIEKTPOH HaXOAMUTCS B MOTEHLMAIBHOM SIIIUKE MWHUPUHOU 0,2 wm. OnpenenuTs B JIEKTPOH-
BOJIbTaX HAMMEHBIIYIO PA3HOCTh SHEPIE€TUUYECKUX YPOBHEHN 3JIEKTPOHA.

Tano: Pemenue.
1=0,2 um =2-10"; E, A
h=6,63-10" ZTxnc-c 29. E 3
31 3

m=9,1-10"" kr. 30.

31. E, 2
OnpenenuTsb:
AE,, —? 32 E, '

e OHeprus 0 ;] | omekrpona B
TOTEHI[UATTLHOM SIUKE TPUHUMAET
JIMCKPETHBIC 3HAYCHUS:
h2
E,=———>-n,
8-m-l

rae n=1,2,..00 — IJIaBHOE KBAHTOBOE YHCJIO, h — mocTosHHAs Ilmanka; m=9,1-10" ke —

Macca 3JeKTpoHa; | — mupuHa sumka. Pa3HoCTh 3HEpruil Mexay COCeTHUMHI YPOBHIMHU

h2
AEn =En+1 —En =m(2n+1)
OTCIO,Z[a CJIeayeTr, 4YTO0 HaMMCHBIIAAd pPa3HOCTbh JHEPICTUYCCKHUX ypOBHeﬁ QJICKTpPOHA
COOTBETCTBYET MUHUMAJIbHOMY 3HAYCHUIO n = 1 , TO €CTh MCXKAY IMECPBLIM U BTOPBIM YPOBHAIMU
Pa3HOCTh PHEPTUil OyIeT MUHUMAIIbHA:
3.1

Abwn =E2 =B =g 7

Braucinenud:
3-(6,62-10%)’

AE, . = —=0,453-10"" [, wm AE,, =0,453-1077.0,625-10" =28,3 58 .
8-9,1107" -(2-10-“’)

Otser: AE,,, =28,33B.

8. Amom eo0opooa
8.1. Kpamkue meopemuueckue ceedenus

11 OMEHUUAIbHAA IHeP2UA IJ1IeKmpoHa B 110JIC IIPOTOHA
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2

e
Ury=———,
) dngyr

TJI€ ¥ — PacCTOSAHME OT Apa JI0 JIEKTPOHA, €y — JICKTPUUECKAst IIOCTOSTHHAS.
Ypasuenue Illpeounzepa niis >1eKTpoHa B aTOME BOJIOPOIA

2m e
Ay + E + =0,
Ve ( 47c80r)w

r7ie m — Macca dJIeKTpoHa, E — moJtHasi SHEpTrHsl 3JICKTPOHA B aTOME.

Duepzun IneKkmpona, HaXOIAUIETOCS B TUNEPOOTHMUECKON MOTEHLIUAIBHOW «sIMe», TPUHUMAET
JUCKPETHBIE 3HAYEHHUSI, COOTBETCTBYIOINE KaXA0MY Pa3pEIIEHHOMY COCTOSHUIO:

4
me 1 1
E,=-—55—5=—Rh—,
8h'e, n n
rae n=1,2,3,... — r1aBHOE KBaHTOBOE YHCIIO, h = 6,62-107 /e - ¢ — noctrosinHas [1nanka,
4
me -
R=—35=3,29- 10" ¢! — nocrostanas Punbepra.
8h’e,

OcHOGHbIM yPO6eHb — YPOBEHD C HAUMEHbIIIEH dHEprueit (n=1):
E,=—Rh=-21,8-10" /e =—13,6 B..

Keanmoeuvie nepexodvt COPOBOXKIAIOTCS U3TydeHHEM (TOTJIoeHrneM) (JOTOHA C SHEepTrUen

1 1
hV:Ek—En:Rh —Z—F
n

@opmyna Banomepa — Puobepza no3BOIISET ONPEACTUTH YaCTOTY V HU3IIyUYEHHUS aTOMA.

8.2.3a0auu

1. Omnpenenuts MakcuManbHyto sHepruto E . ¢otoHa cepuun [lamena B crnekTpe u3TydyeHUS

aTOMapHOTO Boxopoja. HalTi HanOoNbIIyro A, W HAUMEHBIIYIO A _. JUTHHBI BOJH B CICKTpE

min

N3Ty4CHUA.

o

™

pe—
y 3- cepust

ITamena

S o

[RY

ey

N

EL__—1363B
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Penrenue.

JaHo:

N3nydenuss aromMa BOXOPOJA IPOUCXOMUT IIPU IEPEXOHE
Omnpenennts: 3JIEKTpOHA ¢ 0oJiee BBICOKOTO IHEPreTUYECKOr0 YpPOBHS Ha
Eox —% 6onee Huskuit. Cepus Ilamena oOycioBieHa nepexoaaMu Ha
Mpae — 75 TPETUH  DHEPreTUYECKH  YpPOBEHb U COOTBETCTBYET
Apin — 2 nH(ppakpacHOi oOnacTu crekrpa. DHeprus E =hv ¢oroHa

ompenenseTcs mo Gopmyie:

1 1
hV=Ek —En =Rh(?—F)

31ech yka3aH IEpexoJ]l ¢ IHEPreTHYEeCKOro YpoBHA k Ha YpPOBEHb n . DHEpPrus 3JEKTPOHA
E . >E,. h=6,63-10"* [fsrc-¢c — mnocrosmnas Ilnanka, R=3,29-10"¢™" — nocrosnnas

Punbepra, v — yacTtoTta U3i1ydeHHUs.

Wznyuennsiii goroH cepuu I[lameHa mmeeT MakcumanbHylo sHepruto E . mpu mepexone

3JICKTpOHA ¢ YpOBHSA k =00 Ha ypoBeHb # =3, TO €CTh

E = Rh(iz—l).
3 ©

Tak kak gacToTa 1 JJINHA BOJIHBI q)OTOHa CBsA3aHbl COOTHOIICHHUECM

TO opMyIIa IJIs ompeieNeHUs SHEpTUH (POTOHA IPEoOPa3yeTCs B BEIPAKCHHE:

£-R iz—iz , WA l=R’ iz—iz .
A n~ k A n k

3neck R'=1,10-10" »~' — nocrosiaHas Pundepra. OTKyma cieayer, 4to uis cepun [lamena

3?4
Ul ), 9
A min 3 o R’

Breruncnenust:

1
E_ =3,29-10".6,63-107" 9" 2,42-107"° JInec =1,51 5B ;
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Ay = ! =1,87-10°m =1,9mxm ; A, —L=8,18~10_7M=0,82 MKM .

max - 7
IRRTY Eeg L.1-10
9 16

Orser: E,, =1,519B; A, =1,9mKm; A, =0,82 mxm .

m:

2. Kgant sueprun (A = 1080 A) BHIOMBaeT 3MEKTPOH M3 aToMa BOJOPOJA, HAXOJAIIErOCS B
TPETHEM SHEPreTHUYECKOM COCTOSHHHM. OmNpeienuTb KUHETUYECKYI0 3HEPruio (B 3JIEKTPOH-
BOJIbTaX ) BBIOUTOTO JIEKTPOHA.

Pemenue.

Jamno:
A=1080 A =1,08-107 m; ©
n=3; i

+ >
c=3~108 M/c, r —:::_'/::_::7—7’,'.
R=3,29-10"¢7";
h=6,63-10"* Jpuc-c.

OnpenenuTsb:
T—2?

Kak HU3BCCTHO, SHCPrus 3JICKTPpOHA, HAXOAAMICTOCA B aTOMC BOAOPOAAd, IPUHUMACT NUCKPCTHBIC
3HAa4YCHUA

E =—Rhi,

n nZ
rIe R=3,29-1015¢:_1 — moctosiHHas PunGepra, h=6,63-10_34ﬂm~c — mocrosaHasa Ilmanka,

n=1,2,3,... — rmaBHOE€ KBAaHTOBOE YHUCIJIO.

Kunernueckas sHeprus T BHIOMTOrO M3 aroMa 3JEKTPOHA paBHA PAa3HOCTH SHEPruM (HOTOHA

hc
E » =7 W SHEPTUU CBA3U DJIEKTPOHA B aTOME, HAXOIALIEMCS B COCTOSIHUM n :

T=E¢_EC8'

1

OHeprus cBA3U paBHA aOCOIIOTHOMY 3HAUEHMIO 3HEPIHHU 3JIEKTpOHA B aToMe E,, = |En| =Rh—.
n

Taxum 006pa3om, moaydaeMm:

r=n_pnlon[E_R)
A nt A n?

3-108 ~ 3,29.10"
1,081077 3?

Boruncnenus: T =6,63-1074 . [ J =16-10""° e =10 9B.

OrBer: T=107B.

3. B o1HO3apsiIHOM MOHE Teus 3JIEKTPOH MEPELIEN CO BTOPOIO IHEPTETUUECKOIO YPOBHS HA
nepBblid. OnpenennuTh JJIMHY BOJIHBI 4 U3IY4EHUsI, UCX0s U3 Teopuu bopa.
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Penrenue.

Hano:
n=2;
m=1; +
zZ=2
OrnpenenuTsb: 3
_ 9
A—7? )
f\/vvvhv
1

ﬂJ'II/IHy BOJIHBI A HU3JTY4YCHUSA MOXXHO OIIPCACINTDE, BOCITIOJIB30BABIINCE U3BCCTHBIM

COOTHOIIICHUEM
e
A m- n
3nece Z — TOPSAIKOBBIL HOMEp BOAOpPOAONONO00HOTO aroma B Tabnuie MeHaeneesa;
R'=1,1-10" »™' — nocrosinHas PunOepra. YUuThiBas, 4TO [0 YCJIOBHIO 3aMauni m = 1 u n = 2,
MOJIy4aeMm:
1 4
—=§Z2R’2 )\.=ﬁ.
A4 3.Z°R
4 1
Boruncnenus: A=—5———-=0,303-10" .
3.-2°-1,1-10

OtBeT: A=3,03-10"nm.

4. U3 aTroma BoJ0po/ia, HAXOSIIIErOCs BO BTOPOM SHEPTETHYECKOM COCTOSIHUY, B PE3YJIbTATe
norJonieHus: OTOHA BBUIETACT AJIEKTPOH, KHHETUYECKas SJHEPTUs KOTOPOTO BJIATH OT sApa
paBHa 10 3B. Onpenenuts 3HEepTHIO POTOHA (B DIIEKTPOH-BOJIBTAX ).

JlaHo: Pemennue.
n=2; %
T=105B;
Omnpene : 3 .
Enp 8 fHTB fvvv\fhv
¢ T e 2 —————
1

Oneprus porona E, cxnanpiBaercs us sueprun E;, HeoOX0muMOM [ist BHIOUBAHUS DIIEKTPOHA

U3 aTOMa, U KUHETUYECKOU dHepruu T 3JIeKTpOHA BAAIU OT sApa:

3Hepr1/1;1 HOHU3AIIMKM YHCICHHO pPaBHA OJHCPIrUM JSJICKTPOHA, HAXOIAUICTOCsA Ha BTOPOM
SHEPreTUYECKOM YPOBHE aToMa:
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E,.=|E,,|=Rhiz,
n

roe R=3,29. 10%¢™ — nocrosmnas Punbepra; h=6,63- 107 /- ¢ — nocrossuHas Ilmanka.

Takxum oOpazom,

E, =Rhi2+T.
n

Breruncnenust:

1 1
E,=3,29-10".6,63-107*. —

22 'm+10=13,433.
’

OTBeT: Elp =13,49B.
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