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OO01Me moJIoKeHus

BrinonHeHne KOHTPOIBHBIX PabOT CIOCOOCTBYET (POPMHUPOBAHUIO U Pa3BU-
THIO Y CTYJICHTOB HaBBIKOB HCIIOJIb30BaHUS MPUOOPETEHHBIX TEOPETUUECKUX 3HA-
HUW B pElICHUU MpaKTHUecKuX 3aaad. [Ipu aTom TeopeTnyueckuit Marepuan HEO0O-
XOJUMO M3Y4YUTh B O0JbIIeM 00BbeMe, 4eM OH ObUI MpeACTaBlIeH Ha ayAUTOPHBIX
3aHATHUAX, TOCKOJBKY 3aJ1a4ll KOHTPOJIbHOM pabOThl OXBATHIBAIOT HanOOJEe CIOXK-
HBIE pa3Jiesbl Kypca.

CryaenTtst 3aounoit hopmbl 00yueHus CK® MTYCHU usyqaroT JuCIUTIINHY
«Du3uKa» Ha MPOTSKEHUU HECKOJIBKUX CEMECTPOB, 3aKaHYMBAIOIIUXCS MIPOMEXKY-
TOYHOM arrectanued. [Ipu 3ToM corimacHO y4yeOHOMY IJIaHY BBITIOJHSIOT JIMIIb
OJIHY KOHTPOJIbHYIO paOOTy B 3aKJIIOYUTEIBHOM CEMECTPE OCBOCHHUS Kypca (hu3u-
ku. [loaToMy pekoMeHIyeTcsl peliarh 3aJadyd KOHTPOJIbHOM paboThl, BKIIOYAIO-
et pasznensl: «Mexanukay (1); «OnektpudectBo» (2); «Komebanust U BOJTHBI»
(3); «KBanToBas guzuka» (4) (B ckoOKax ykazaHbl IepBble HU(PHI HOMEPOB 3a-
J1av), IO MEPEe U3YUYEHUs KKJIOTO U3 MEPEUUCICHHBIX Pa3/IeoB.

[Ipu BBIMOJHEHUU KOHTPOJIBHON pabOTHI CTYIEHTY HEOOXOJIMMO PYKOBO/I-
CTBOBATBHCA CIAEAYIOIIHAM:

1. Heob6xoammo pemuTh JBEHAIIATh 3a/a4 TOrO BapuaHTa, HOMEp KOTOPOTO
COBMAJAET C MocienHel nudpoil Homepa ero CTyAeH4eCKoro Ounera.

2. TexkcT KOHTPOJBHOW pabOThl JOKEH OBITh HaOpaH Ha KOMIBIOTEpE |
pacriedataH Ha Juctax popmara A4 ¢ 0JHOI CTOPOHBI.

3.YcnoBus 3amad meperneyaThiBaTh MOJHOCTBIO 0€3 COKpalieHWi. 3agaun
HYMEPOBATh AaHAJIOTUYHO 33JJaHUIO.

4. TekcT, BKJIFOYAsi BCE 3ar0JIOBKH, IIeYaTaTh yepe3 MoaTopa uHrepnania. Mc-
nosib3oBaTh MpUPT «Times New Romany, pasmep mpudta —14 nt. [lons: neBoe —
30 mm, nipaBoe — 15 MM, cBepxy — 20 MM, cHU3y — 20 MM. AG3a1lbl B TEKCTE HAYH-
HAIOT OTCTYTIOM, PaBHBIM 1,25 cM (IISITH 3HaKam).

5. ®opmyibl xKenatebHO HAOUPaTh C UCHOJIb30BAHUEM BCTPOEHHOTO B TEK-
cToBbIil penakTop «Word» penaktop dbopmyn «Equationsy win OTACIBHYIO MPO-
rpammy, Hampumep, «MathType». BykBbel pycckoro m rpedeckoro andaButa U
U(PBI TUITYTCS MPSAMBIM MIPUGTOM, a OYKBBI JIJATUHCKOTO ai(aBUTa — KypCUBOM.
Pazmep ocHoBHOTO TIpUdTa B hopMynax JoJKeH ObITh paBeH 14 mT.

6. TlosicHeHUsT CMMBOJIOB M YHUCJIOBBIX KO3(puimeHToB B popmynax, eciu
OHM HE MOSCHEHbI paHee, IOJKHBI OBbITh MPUBEIEHBI HEMOCPEACTBEHHO MO (hop-
MYJIOM.

/. MaremaTtuieckue CUMBOJIBI 1g, const, min, max u T.J1. HAOUPaTh MPSAMBIM
mpudToOM.

8. Pemmenne kaxxaoii 3a1a4i HEOOXOIMMO HAYMHATH C HOBOM CTPAHULIBI.



9. B xoHIIE KOHTPOJIBHON pabOTHI YKa3aTh CIUCOK JIUTEPATYPHI, UCTIOJIb3Ye-
MOW IIPU PEIIECHUH.

10. BrimonHeHHas KOHTpojibHas pabdora pasmeniaercs B Iloprdonno cry-
JIEHTa — aBTOpa padOTHI.

11. Ecnu xoHTposbHAs paboTa JOMyIEHA K 3alluTe, HO PEIIEH3EHTOM yKa-
3aHO Ha HEOOXOIMMOCTh BHECTH KaKHWE-THOO JOTOJIHCHUS, TIOSICHCHUS WU HC-
MIpaBJICHUS B PEIICHUS 3a/1a4, TO BCE OHHU JOJKHBI OBITH BBIITOJTHEHBI 0 dK3aMEHa.

12. Ecnm pabota He IOMyIIEeHA K 3alluTe, TO €€ HE0OX0IUMO TIepeIeiaTh B
COOTBETCTBHUH C TPEOOBAHUSIMU PEICH3EHTa U BHOBb pazMecTuTh B [lopTdonno Ha
MOBTOPHYIO PEICH3HUIO.

13.3amuTa KOHTPOJIBHON PAOOTHI MPOBOAUTHCS Ha IK3aMEHE MO JaHHOM
TUCITUTUTIHE.

14. Dx3aMeHaTOpy MPEABIBISIOTCS TOMYIIEHHBIC K 3alIUTEe KOHTPOJIbHBIC
paboThl B OyMa)KHOM BapHWaHTE, TI0 KOTOPHIM CTYACHT JOJKEH OBITh TOTOB J1aTh
MIOSICHEHUS TI0 CYIIIECTBY PEIICHUS 3a/1a4.

15. be3 npeabsiBiaeHUS KOHTPOJBHOM padOTHI CTYACHT HE JOMYyCKaeTcs K
c/laue sK3aMeHa.

Pexomenpanum K PEC€IICHUIO 3a1aY

1. [Tocne cnoBa «aaHO» BBHIMTUCATH BCE BEIMYUHBI C X YMUCIOBBIMHU 3HAYCHH-
SIMU, KOTOpBIe OyyT MCIOJIb30BaHbI B Mpoliecce pelieHus 3a1aun. Yucnonsle 3Ha-
YEeHUsI, UCKIIIoYasi T€ Cilydau, KOrja OIpeaesstorTcs Oe3pa3MepHble OTHOIICHHUS,
TYT K€ nepeBoauTh B cucteMy CH, npoctapisisi psaoM COOTBETCTBYIOIINE HaUMe-
HoBaHMs. [lociie coBa «HAUTH»/«OTPENEIUThY YKa3aTh BCE HCKOMBIC BEIMYHHBI.
O6o3HaueHUsT (HU3MUECKUX BEJMYMH IPEACTABICHBI B CIPABOYHBIX MaTepUaIax
HACTOSIIETO ITOCOOHS.

2. 3anmucaTh T€ OCHOBHBIE 3aKOHBI U (JOPMYJIBI, Ha KOTOPBIX Oa3upyeTcs pe-
[ICHWE JTaHHOW 3aJaud, U MPUBECTU HUX CIOBECHYIO (POpMYIMpPOBKY. Pa3bsicHUTH
CMbICT OYKBEHHBIX 0003HAUEHUH, BXOAAIIMX B UCXOAHYI0 Gopmyny. Ecnu takas
dbopMyIa SBISETCS YAaCTHBIM cllydyaeM (pyHIaMEHTAJIbHOTO 3aKOHA, TO €€ HeoOXo-
JTUMO BBIBECTH M3 3TOTO 3aKOHA.

3. M300pa3uth cxemy (4epTex/rpaduk), MOSICHSIOIIYIO COACPKaHUE 3a1auu
(B TeX ciydvasx, Korjga 3To HeoOxoaumo). Ha cxeme JMOKHBI yKa3bIBaThCS 000-
3HAYCHUS BEIMYNH, UCTIOJIb3YEMbIX TIPH PEIICHUH.

4. Kaxxplii 5Tan peuieHust 3aa4u COMPOBOXKAATh KPAaTKUMHU U, BMECTE C TEM
JIOCTATOYHBIMHU TSI IPEICTABICHUS IOHUMAaHUS CMbICIIA PEIIEHUs, TOSICHEHUSIMU.

5. dusnueckue 3a7aund BeChbMa pa3HOOOpa3Hbl, U 1aTh €IUHBIA PELENT UX
pemieHus HeBo3MOXkHO. OHAKO, Kak MpaBuUiio, GU3NYECKUE 3a/1auu CIEAYeT pe-
m1aTh B OOIIEM BHJIE, T.€. BBIPA3UTh UCKOMYIO BEJIMYMHY B OyKBEHHBIX 0003Haye-
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HUSX BEJIMYHH, 33JIaHHBIX B YCIOBUU 3aJa4M, U B3SATHIX W3 TaOIHI] (CM. CIIPaBOY-
Hble MaTepuajbl). [Ipu 3TOM HE MPOM3BOAATCS BBHIYHUCIACHHS MPOMEKYTOUYHBIX BE-
JIYHH.

6. O1leHUTHh TPABUIIBHOCTD PEIICHUS 3a/1a4H, MOJCTAaBUB B pabouyto popmy-
Jy TOJIbKO HAaMMEHOBAaHUs 3aJJaHHBIX BEJIMYWH, BhIpaXXEHHBIX B enunuiiax CU, u,
MyTeM YIPOINAOIINX ACHCTBUN C HUMHU, YOSAUTHCS B BEPHOCTH HAWMEHOBAHUS
VMCKOMOM BEJTUYMHBI (CM. IPUMEPHI pELICHUS 3a/1a4).

7. lloncraButh B pabouyro (GOpMyTy YHCIOBBIC 3HAUCHUS, BHIPAKCHHBIC B
eAMHUIIAX OJHOM cucTembl, pekoMeHnayercs — B CH. Hecobitonenue 3Toro npaBu-
J1a IPUBOAUT K HEBEPHOMY PE3yIIbTaTy.

8. IIpou3BecTH pacueTHbIE ACHCTBHUS C BEJIWYMHAMM, IOJCTABICHHBIMHU B
pabouyto ¢opmyily, 3amucaTh B OTBETE YHMCIOBOE 3HAYEHHUE M COKpAIICHHOE
HAaUMEHOBAHUE €IUHUI] U3MEPEHUSI UCKOMOU BEJTMYUHBI.

9. Ilpu noacranoBke B pabouyro GopMyIily, a TAKKE IPHU BbIPAKEHUN OTBETA
YUCJIOBBIC 3HAUCHMS BEJIUYUH 3alUCHIBATH KaK MPOU3BEIACHUE JECATUYHONU JpoOU
C OJHOM 3Hauamen 1udpoi mepes 3anaTon Ha JECATh B COOTBETCTBYIOIICH CTEIe-
Hu. Hanpumep, Bmecto 3520 Hajgo0 3amnucaTh 3,52:10°, Bmecto 0,00129 3armcarts
1,29°10'3 U T.1. PekoMenayemas 3anuch YMCIOBBIX 3HAYCHHUH OO0Jerdaer pacyer-
HbIE JICHCTBUSI C HUMHU, SIBJISIETCSI 00JIe€ KOMIIAKTHOM M HATJISITHOM.

10. OuenuThs NpaBaoONoOg00HOCTh YUCIOBOIO OTBETA. B psine ciayyaeB Takas
OIICHKAa MOMOTaeT CBOEBPEMEHHO OOHAPYX HUTh ONIMOOYHOCTH IMOJYYEHHOTO pe-
3yJbTara U ycTpaHuTh ee. Hampumep, koddGuIiueHT nose3Horo AeHCTBUS TEIIO-
BOW MaIlIMHBI HE MOKET OBITh OOJIBIIE €AMHUIIBI, DJICKTPUICCKUHN 3apsi HEe ObIBaeT
MEHBIIIE HIEMEHTapHOro 3apsiga e = 1,6:10™ Ki, ckopocTh Telma He MOXKET mpe-
B3OHTH CKOPOCTH cBeTa B BakyyMme ¢ = 3-10° m/c u T.11.

11. Odopmienne 3a7a4 KOHTPOIBHOM PabOTHI CIEAyeT MPOBOIUTH IO aHa-
JIOTUM C PELICHUSIMU, TTPEACTaBICHHBIMU B pazzene «lIpumepsl penieHus 3aaau.



IIpuMepsI perieHus 3aaa4
Mexanuka

3aoaua 1. C BbIIKU OpoOIlIEH KaMEHb B TOPU30HTAIILHOM HAMpaBIIEHUHU CO CKOPO-
cthio 10 m/c. OnpenenuTb CKOPOCTh, TAHTCHIIMAIBHOE U HOPMAJIbHOE YCKOPEHHUS
JBIOKEHUS yepes 2 ¢ mociie ero Hayana. ConpoTUBIIEHUE BO3AyXa HE YUUTHIBATb.

Pewenue

JaHo:
v, =10 M/c
t=2c
g =10 m/c?

Onpenenurs:
0, d dp— ?

KameHnb, OpoIIeHHBI TOPU30HTAIBHO, OYIeT JBUTAaThCS BIOJIL ocu Ox paBHOMED-
HO CO CKOPOCTBIO U, =7,, @ BAOJNb 0cU 0y — C MOCTOSHHBIM YCKOPEHUEM CBOOOJ-

Horo najeHus a = g. [Ipu aTom ckopocts BAosb ocu 0y ornpeaensercs: COOTHOLIE-
HHEM U, = at = gt . Pe3ynpTupyiomias cCKOpocTb JIBUKEHUS KaMHS B MOMEHT Bpe-

Menu t HaxonuTes o Teopeme [Iudaropa:

_ 2 2 02 242
v—\/vx+vy—\/vo+gt :

[IpencraBum yckopeHue a= (0 B MOMEHT BpEMEHU { HODMAJIBHON @, W TaHTCHIIM-

aJIbHOM a_ cocTaBiOIMMU. Kak BUIHO U3 pUCYHKA:
a,=g-sina; a,=g-cosa.

YuuThiBasi, 4YTO OTMEUCHHBIE Ha PUCYHKE YTJIbl 0. PaBHBI KaK HAKPECT JIeXkKaIlue,
BBIPA3UM U3 TPEYTOJIbHUKA CKOPOCTEH TPUTOHOMETPUUECKUE (PYHKITUU:

] 0 (Y
sinaa=—: cosa=—~.
0 0

Torma



(0 (%
—_ X - — Yy
a,=g-—*ia,=g—.
v v
Breruucienus:

v, =10-2=20 (w/c); v= V102 + 202 = 22,4 (m/c);
a =10. 10 _ 4,46 (m/c%); a, _10..20 =8,93 (m/c?).
22,4 22,4

Oteer: v=22,4 (m/c); &, =4,46 (w/c); a,=8,93 (m/c?).



3aoaua 2. Jluck maccoit 50 Kr ¥ paguycoM 25 cM BpalaeTcsi BOKPYT HEMOIBUK-
HOHM OCH, MPOXOJIAIICH MEePICHIUKYJISIPHO TIJIOCKOCTH JUCKA Yyepe3 ero HeHTp, Je-
nas 8 06/c. K 060y nucka mpuxain TOpMO3HYIO KoJIoaKy ¢ cuior 40 H, mon neit-
CTBHEM KOTOPOM AHMCK ocTaHOBMiCS 4yepe3 10 c. Onpenenutb Ko3hPUIIUEHT Tpe-

HHUSL.
Pewenue

Jlano:

m = 50 kr If

R=25cm=0,25m —Y— o

n=806/c=8c" \

F=40H

t=10c

OnpenenuTs:

n—"?

CornacHo BTOpomy 3ak0oHY HbIOTOHA JIsI BpaIlaTeIbHOTO IBUKECHUS
M=Ip.

3nece M =F, )R — MoMeHT cuiibl TpeHHs, KOTOpasi CBsi3aHA C HOPMAIbHOW IpU-

YKUMAIOIIEH KOJoIKy cuiioit F cooTHoIeHnem:

Fmp =uF .

1
C yueToM MOMEHTa UHEPIMH qucka | = > mR? BTOpOM 3aKk0H HproTOHA nprHUMa-

eT BUJ]

uF-R=%mR2-B.

Bennuuna yrioBoro yckopeHus onpenensercs: hopMysion

® 27N
A

Takum 006pazom, KOd)PUITUEHT TpEeHUS

_mMR-27n _ 7n-mR

T 2F Ot F-t

u



[IpoBepuM pa3mMEPHOCTD:

2

Ke-M K2 M-C

[n]= = — Ge3paszMepHas BeJIUYHHA.
2

C-H-¢c ke -m-c

Briuncnenus:
_ nt-8-50-0,25

=0,785.
40-10

Otset: n=0,785.
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3aoaua 3. Kakyro paboTy HaJ0 COBEPIINTH, YTOOBI MOKOSIIIUIACS IIap MacCOU 5 KT

MOKATUJICS TI0 TOPU30HTAIBHOMY CTOJIy O€3 MPOCKaIb3bIBAHHUS CO CKOPOCTBHIO 1
m/c?

. Pewenue

JlaHo:

m=5kr CornacHo TeopeMe O KMHETHYECKOH sHepruu pabora
v=1wm/c YUCJIEHHO PaBHA N3MEHEHUIO KUHETUYECKOW SHEPTUU
OnpenenuTs: A=E,-E,.

A-7?

Tak kak HayanbHas KUHEeTHYeCKas sHeprus £; = 0, TO
paboTa YKCICHHO paBHAa KOHEYHON KMHETHYECKOW SHEPIHH, CKJIAIbIBAIOIICHCS U3
SHEPTUU MMOCTYNATEILHOTO U BPAIIATEIIbHOTO JIBUKECHUS:

2

mov® I
L
2 2
2 5
Y4YuTBIBAs MOMEHT HHEpIUH mapa | = ng , TZle M — ero Macca, R — pamuyc u

. V- . v
CBA3b YTJIOBOU B JIHHCHHOM CKOPOCTCHU (O = E, Inojrydacm:

mo* N 2mR*v* 1,

— 1Mo
2 2-5-R* 10

Breruucnenus:

7-5-1
A=——==35 :
10 ()

OtBet: A = 3,5 JIxk.
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3adaua 4. Onpenenutb U3MEHEHUE MOTEHI[MAIBLHON U KUHETUYECKON YHEPTUH 3a-
— 109 o _
psana g = 10”7 Ku pu ero ABWKEHUH IO ICUCTBUEM IOJISI TOYSYHOTO 3apsiga Q =
-6 .
10™ K u3 ToukH, yaajaeHHON Ha 3 CM OT 3TOTO 3apsjia, B TOUYKY, OTCTAIOIIYIO Ha
10 cM ot Hero?

Pewenue
JaHo:
q=10°Kn PaboTa cui 31eKTpoCcTaTHUECKOro MOJs IpH MepeMele-
Q=10°Kn HUU 3apA]a ( U3 NepBOil TOUKHU BO BTOPYIO ONPEAEISIETCS
r,=0,03 m COOTHOIIICHUEM
rh=0,1m
A=0(P1—¢2).
Haiiru:
AW, AE, —? Y4uuThIBas, YTO MOTEHIIMAN MOJsI TOYEUHOTO 3apsiaa Q Ha
PacCcTOSIHUU I OT HETro
Q
o=k T
e k=g—= 910 I;HM;
A=k Q4.9 qu(l 1)
h I I
Brruncnenus:

A=9-10°-10"°-10 (0%3 Ollj 2,1-10" ().

Pabota cuit 37eKTpOCTaTUUECKOT 0 MOJIS MOJIOKUTEIbHAs. Y UYUTHIBAsI CBSI3b PaOOThI
Y NTOTEHIUAJIBHOW dHEPTUN
A=—-AW,

MOJKHO 3aKJIIOYUTh, YTO IIOTCHIMAJIbHAasA 3Hepr1/151 YMGHBIJ_IaeTCSIZ
AW =-A=-21-10" JTxk.
CornacHo TeopeMe 0 KHHETUYECKOM SHepTuun
A= AE,.

CJ'IGI[OB&TCJ'IBHO, 3a CUCT pa6OTBI CHUJI SJICKTPOCTATHUYCCKOI'O ITIOJIA KHMHCTHUYCCKAA
QHCPIU:A IICPEMCINACMOI0 3apsaaa BO3PpacCTacT.

Oteet: A =0,21 m/Ix; AW =-0,21 mJI)x; AE,=0,21 mJIx.

12



DJIeKTPU4€eCTBO

3aoaua 5. JIpa ToueuHbIxX AnnekTpudeckux 3apsaa Q; = 1 aKin u Q, = -2 uKn Haxo-
ITCS B Bo3ayxe Ha paccrosiHum d = 10 cM Apyr ot apyra. OnpeneianTh HalmpshKeH-

HOCTh E ¥ MOTEHIHAI () TOJIs, CO3aBaeMOr0 dTHMH 3apsAaMH B TOUKe A, yaajacH-
HOM OT 3apsaa Q; Ha paccTostHUE 1 =9 cM 1 OT 3apsima Q; Ha I, =7 cMm.

JlaHo: Pewienue
Q,=1uKi1=10"Kn
Q,=-2uK1=2-10"Kun
d=10cm=0,1 M
r=9cm=0,09 m
rh=7cm=0,07w™m

o= 8,85-10™" Ki?/(H- M)

Onpenenuts: E 1 ¢

CornacHO NPUHUHUITY CYNEPHO3UIIMU JICKTPUUECKUX TOJIEH, KaXIbIA 3apsi

CO3J1aeT I0JIE HE3aBUCUMO OT APYTUX 3apsAnoB. HanpsskeHHOCTh E pe3ynbTUpyrO-
LIET0 NIEKTPOCTATHYECKOIO MOJSA B 3aJaHHON TOYKE A ONpPENeNsieTcs] BEKTOPHBIM

CyMMHPOBaHHEM HamnpspkeHHocTed F1 um Ep, co3maBaeMbIX KaKAbIM 3apsijoM B
OTACJIIBHOCTH:

E=E+E>.
Bemuuuna HaAIIPAKCHHOCTH IIOJIA CO3JaBaACMOI'0 KaXXIbIM 3apA10M OIIPCACIIACTCA
1o (opmynaM COOTBETCTBEHHO:

E= &2 ’ (l)
dreghy

Ey=—2 @
dmeghy

Hamnpasnenue BektopoB £1 u E) yka3zaHO ¢ y4eTOM 3HAKOB 3apsioB Q; u Q.

Monynb BekTopa E MOXHO ONpPeeanTh M0 TEOpeME KOCUHYCOB:

E=\E2+E3+2EE,cosa, 3)

I7Ie o — Yrojl MexXJy BekTtopamu £ u Ep, KOTOPBI MOXXHO BBIUYMCIUTH U3 Tpe-
yroJIbHUKA CO CTOPOHAMHU I, I 1 d:

13



2,2 .2
de— n—n
2nn
Bo n30exanue rpoMO3KHX 3allUCel B TaTbHEHIIEM, BBIYUCIUM COSOL:

coSo =

_(0.1)°—(0,09)*~(0,07)* _

cosa 2.0,00-0,07

—0,238.

CootHomenue (3) ¢ yuetom ¢opmyn (1) u (2) mpuHUMaeT BUI:

-COSQL . (4)
r14 r24 -

oo 1 JQf Q9

= +
47T80 2

IIpoBeprM NMpaBUIBLHOCTE HANMEHOBAHUS PE3YJIbTATA:

5 = Wi —.
Kn

1
[E]_H-M2 Kn’ )2 H-m* Kn_H B
M? Kn? m? Ku M
[IpoBenem BbIYUCIICHUS, TOJICTABUB B BhIpaKeHUE (4) YUCIIOBBIC 3HAUCHUS

BCINYHH:

1 \/ (10—9)2 N (2.10_9)2 4. 10_9 -2-10_9 (—O 238) —
2 )

" 4.314.88510 2\ (0,09 (0,07)* (0,09)2-(0,07)
=3,58-10° (B/m).

[To mpuHIHITY CYTIEPIIO3UIINN TTOTCHIINAI PE3yJIbTUPYIOIIETO OIS, CO3/IaH-
HOTO ABYMs 3apsiaamu Q1 u Q,, paBeH anredpanyeckoil CyMMe MOTEHINAIOB:
¢ =1+ 2. ()

YuuThiBasi, 4TO MOTEHIIUAI IJIEKTPOCTATUIECKOTO TOJI TOYEUHOTO 3apsiaa Q
Ha PAcCTOSIHUU I OT HETO ompeenseTcs mo Gopmyre

p=r22 6)

drgor’

COOTHOIIIEHHE (5) MPUHUMAET BU/I:

Q@ _ 1 (%gj.

¢= 4n80r1 47[80r2 B 47[80 n )

HO,Z[CT&BJ'ISISI YU CJIOBBIC 3HAUYCHMUA (1)I/IBI/I‘ICCKI/IX BCJIMYMWH, ITOJTYYHUM:

1 10° 2.107°
_4-3,14-8,85.10—12(0,09Jr 0,07 }——157(3).

¢

Otsert: E = 3,58 kB/™m, 9 =—157 B.
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3aoaua 6. Tonkuii crepkenpb HOM | = 20 ¢cM HeceT paBHOMEPHO pachpesielieH-
HbIN 3apsaa. Ha mpopomkeHun ocu CTepkKHsI, Ha paccTtossHuu a = 10 cMm oT OJu-
JKaWIllero KoHIa, HaxoAuTcsl Toueunbliit 3apsaa Qi = 40 aKi1, koTophiit B3auMoae-
CTBYET cO cTepxHeM ¢ cuioi F = 6 MxH. OnpenenuTs TMHEHHYO JIOTHOCTH T 3a-
psAlla HA CTEPIKHE.

Pewenue
JlaHo:
=20cm=0,2 M dr r B
a=10cm=0,1 M | dF
Q, =40 uKn=4-10° Kn 1 1. a Q
F=6mMcH=6-10°H

g0 = 8,85-10™" Ki*/(H- ™)

[To yciioButo 3a/1a4uul CTEPKEHB SBISCTCS
OnpeneTiTh: T MPOTSHKCHHBIM OOBEKTOM, CIIEOBATEIbHO, €TO0
3apsijl CYUTATh TOUCYHBIM HEJb3s, U 3aKOH
Kynona HemocpecTBEHHO TPUMEHUTD TAK)Ke HEJIb34.
OnHako MOKHO BBIJCIUTH Ha CTEpPXkHE (CM. pPHUC.) dJIeMEHTapHbIN (Oecko-
HEYHO MaJiblii) Mablii ygactok dr ¢ 3apsgom dQ = t-dr. DTOT 3apsa MOXKHO pac-
cMaTpuBaTh Kak TouewHbId. Torma cornacHo 3akony Kyona

-T-dr
dF =2 Tdr
dmeor
WuTterpupyst mpeCcTaBICHHOE COOTHOIICHHE B TPE/Ieax [UIMHBI CTEPXKHS OT @ 710
a+|, momyunm:

F:Ql-r Ig:Ql-r.(l_ 1 )_ Q -l
a a+l

~4ngg-a-(a+l)’

OTtcroa BbIpa3uM JIMHEHHYIO INIOTHOCTD 3apsijia CTEPKHS:

__4meo-a-(al)-F
_ 5 |

HpOBCpI/IM IMpaBUJIbHOCTh HAMMCHOBAHUS PC3YyJIbTATa:

_ Kn*M*H Kn
Hvm> KoM M

[IpoBenemM BbIYUCIICHUS:

o 4.314-8,85107%.0,1-(0,1+0,2)-6-10°
9-107°.4.107%.0,2
Otser: T = 2,5 K.

=2,5-10"° Kn/m = 2,5 uaKi/m
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3aoaua 7. Toueunsrit 3apsan Q = 25 uKun HaxoguTCs B moJsie, CO31aHHOM MPSIMBIM
OECKOHEYHBIM HUIUHAPOM paauycoM R = 1 cMm, paBHOMEPHO 3aps>KEHHBIM B I0-
BEPXHOCTHOM IUIOTHOCTHIO G = 0,2 aKi/em. Omnpenenuts cuity F , 1elcTBYIONIYIO
Ha 3apsiJl, €CJIM €ro PacCCTOSIHUE OT OCH LMJIMHIpa paBHO 10 cM.

Jlao: Pewienue

_ A E.1n8
Q =25uKn __22’5 107 K Benmnunna cunel F, nelictByro-
R=Tcem=10 zM . , meii Ha 3apax Q ompenenserca Mo
o =0,2 aKa/ecm”=2-10" Kii/m bopmyre:
r=10cm=10"m F=Q-E,

g0 = 8,85-10"% Ki*/(H-™m%)

rae E — HalpssKEHHOCTD MOJIS.
M3BecTHO, YTO HAIPSHKEHHOCTD IOJIS

Onpenenuts: F ’ P

OCCKOHEUYHO JJIMHHOTO PAaBHOMEPHO

3apsKEHHOTO LMJIMHApa

o1
2meor

(1)

rJ€ T — JIMHENHAS TIJIOTHOCTH 3apsiia.

Bripazum JIMHEHHYIO MUIOTHOCTH 3apsiia 4epe3 NOBEPXHOCTHYIO IIOTHOCTh
6. Jlyst 9TOr0 BBIACIUM 3JIEMEHT HUJIMHIApPA JUTMHOW | ¥ mpeacTaBuM HaXOASIIHACS
Ha HEM 3apsi]] ABYyMsl CIIOCOOamu:

Q=0-S=0-2nR"l,
Q=1-l.

[IpupaBHMBas MpaBbie YACTH MPEJICTABICHHBIX COOTHOIICHUMN, HAXOIUM:
t=21R-G.
C ydeToM moJIy4eHHOTO BhIpaxeHusi, hopmyna (1) mpuHUMaeT BUI:

R-c
E=or (2)

[ToncraBmnss (2) B uCX0IHYIO (GOPMYITY, HAXOIUM BEIMYUHY CUIIBI F, TeficTByO-
el Ha 3apsi Q:

Q-R-c
go-r '

F=

Beraucienuns:

E_ 25108.1072.210°°

~5,6510™*H.
8,851071%.1071

Otser: F=5,65-10" H.
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3aoaua 8. Haiitu cuiny B3aMMOJEHCTBHS TOHKOIO Kojbla paguycoM R= 9 cwm, He-
cymero 3apsn =2 HKi ¢ ToueunsiM 3apsiaoM Q = 8 HKI, HaxoasuMest B TOUKE
A Ha ocH KOJblla, MPOXOJAIICH Yepe3 LIEHTP KOJbIA, €CJIM KOHIBI ero Juamerpa
BUJIHBI U3 3TOM TOUKH IOJI YTJIOM (@ = 90°.

Pewenue
JlaHo:
R=9cm=9-10%m
q=2uKi=2-10° Kn
Q=8uKn=810°Kn
¢ =90°
go= 8,85-10™2 Ki?/(H-M?)

Havitu: F .

3apsi Ha KOJIbIC B JAHHOM CJIydae HENIb3sl CYMTATh TOYCUHBIM, TaK KakK pa-
IMYC KOJIbIIA SBJISIETCS BEJIMYMHON OJHOTO MOPSAKA C PACCTOSHHEM OT €r0 IICHTPa
1o 3apsga Q. ITosromy mpuMeHsTh HemocpeacTBenHo (opmyny Kysmona B pac-
CMaTpHBAaEMOM CiIydae HeJb3s. Pe3yapTHpyrolias Cuia B3auMOICHCTBUS HAXOINUT-
Cs1 BEKTOPHBIM CIIOKCHHEM DJIEMEHTAPHBIX CHJI MEXAY TOYSUHBIMHU 3apsiiaMu dJjie-
MEHTapHBIX y4acTKoB Kosbla dl ¢ ToueunsiM 3apsaom Q (cMm. puc.):

F=Fp = dF .
i

B cuny cumMerpun ya1o0HO pacCMOTpETh IBa dJIeMEHTapHBIX ydactka dl; =
dl, = dl, pacmomoskeHHBIX HA MPOTUBOIOIOKHBIX KOHI[AX AHaMETpa ¢ OJWHAKOBBI-
mu 3apsaamu dg = t-dl, rae T — nuHelHas MIOTHOCTH 3apsaa Konbla. OHa paBHA T
= g/l, tne | — nuHA OKPYXHOCTH. Pe3ynbTHpyOIIas OBYX DJIEMEHTAPHBIX CHII

dR +dF,=dF B creacrtBue cuMMeTpudHOro pacmoioxkenus ydactkos dl; u dl,
paBeHcTBa cooTBeTCTBYOMMX npoekiuid cuin dF, n dF,, #a ock Ox u mpoTrBoOIO-

noxHoro Hanpasienusa dF, u dF,,, no Mmoay:mto paBHa:

dF :dF1x+dF2x:2th:2dF1-cos%

BekTop pe3yapTupyromen Cuiibl HalpasJieH BAOJIb ocH Ox.
Ilepexoas OT CyMMHpPOBaHUsl K WHTETPUPOBAHUIO, ONPEACIUM MOAYJb pe-
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3YJbTUPYIOLIEN CHJIBI

F:de=2dex,

/1€ UHTEIrPUPOBAHKE ITPOU3BOIUTCA MO BCEU JJIMHE Koublia. [T0CKOJIBKY corimacHo

yCJIOBH}or=\/§R, a dq=1-dl, umeem:

dF, = d9-Q 150 TdlQ s

4n80-r2 2 8meg - R? 2

B pesynbrare nosyyaem:

1/2 R
F:JZT‘—Q?'COSQZM.Cosgj(ﬂ: gQ S.ﬁ.nR:\/E-—q-QZ.
87I80-R 2 87[ So-R 2 875 80'R 2 1675'80‘R
0 0
Brraucnenus:
—9 _9
J2-2107°-810 62610°H

" 16-314-8,85102.(910 2)2

Otser: F =6,26-10° H.
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3aoaua 9. JIse mpoBosme chepuueckre MOBEPXHOCTH, IICHTPHI KOTOPBIX COBIIA-
JarT, uMeroT paauychl Ry = 20 mMm 1 R, = 30 mM. Ha cdepax paBHOMepHO pac-
MpEAEIEHbl OJIMHAKOBBIC 10 BEJIMYUHE, HO MPOTUBOIIOJIOKHBIE 110 3HAKY 3apsibl,
paBHbI€ 4,2 10 Ko, npudeM 3aps cpepbl MEHBIIIETO pajnyca oTpullaTteiaeH. Bee
MPOCTPAHCTBO MEXAY CHEpUUECKUMH MOBEPXHOCTSIMH 3aMOIHEHO OJHOPOIHBIM
TUARIEKTpUKoM (g€ =7). HallT MOJylib BEKTOpa HANPSHKEHHOCTH SJICKTPUYECKOTO
noJist £, MOTyJIb BEKTOpa AJIEKTprIecKoro cmernieHus: D u moteHmman ¢ kak GpyHk-
IIUI0 PACCTOSIHUS OT IeHTpa chepudeckux moBepxHocTed. [locTpouts rpaduxu

byHKIHH Ezf(r); D= f(r) uo="f(r) mscayqaes: 1) r<R;;2) R <r<R,;
3) r>R,.

Pewenue

Jlano:
Ri=20 MM =-2-10%m I

2 n4| D
R:=30 MM =310 M ﬂ S
£=15; PN A
gy =-4,2 10° Kn
2 = 4,2 10° Kn
e=7

£0=8,85-10" Ki’/(H M%)

Haiitu: E=f(r); D=f(r); ¢ = f ()

PaccmaTpuBaeMoe 3JIEKTpOCTATUYECKOE I0JIE CPEPUUECKH CUMMETPUYHO.

Jlnst onpeneneHus BeKTopa D 31eKTpHUYecKOro CMEeHUsT BOCIIONB3YyEeMCs Teope-
Mmoit Octporpajckoro-I'aycca, BbIOpaB B KaUeCTBE 3aMKHYTOU MMOBEPXHOCTU cPepy
(puc. 1) pagrycom I' 1 TIOMABIO S:

<j§ DdScoso =2q. (1)
S

Tak kak BeKTOp HOpMaIK N1 K IOBEPXHOCTH MapaijieieH BEKTOPY dJEKTPHIECKOTO

cmenienust D, To yros o Mexxay HUMHU paBeH HYJIO U COSoL=1, a cooTHOIICHUE
(1) npuHUMaeT BU;

<j'> DdS =3q. (2)

Beraucium norok D yepes chepuueckyro moBepxHocTh S. Tak kak BeTU4HU-
Ha DJIEKTPUUECKOT0 CMEILIEHUs Ha BCeU MOBEPXHOCTH c(pephbl OJJMHAKOBA, TO

19



<j>Dds = D@ds =D-4nr?, (3)
S S

N3 cootHomenutii (2) u (3) cnenyer:
D-4nr’ =3q. (4)

[TockonbKy anreOpanyeckas cymma 3apsoB, 3aKJIFOUEHHBIX BHYTPU BBIOpPAHHOMU
MOBEPXHOCTH S, paBHa (; + (3, TO BeIpakeHHE (4) mpeobpasyeTcs K BUIY:

+
D= q;fnr(;I2 ' ©)

—> —

YuuteiBas, yTo cMemieHne D cBsA3aHO ¢ HampsHKEHHOCTBIO £ ayeKTpocTaTtnde-
CKOT'O IOJISI COOTHOLIEHUEM:

D=¢g-E, (6)

BbIpazuM u3 (6) u (5) HaNPSHKEHHOCTH TOJISI MPUMEHUTENBHO K paccMaTpuBaeMoMn
3ajaye:

E: q1+q2 2
dr-gpe-r

(7)

PaccmoTpum 3Hauenust D u E B Kak10i U3 3aIaHHBIX 00J1acTei:
1) r<R,. Tak kak BHyTpH cdepsl ¢ pagmycoM I <R 3apsasl OTCYTCTBYIOT
0:+q,=0, To cmemenune D; u HanpsKEHHOCTH £y 3JEKTPOCTATHYECKOTO TOJIS paB-
bl Hymo: D; =0; E; = 0.
2) R <r<R,. Tak xak BHyTpu cdepsl ¢ paauycoMm R <r <R, comepxurcs 3apsa
g1, To u3 popmyin (5) u (7) cnenyert:

E, = 4, .
dr-gpe-r
3) r > R,. Tak kak BHyTpH cepsl ¢ paguycom I > R, comepxxutcs 3apsin g;+(;, HO
9TH 3apsIbl PaBHBI [T0 BEIUYHMHE M MPOTUBOIOJIOKHEI 110 3HaKy, To 0= 0. Ciemo-
BaTenbHO, D3 =0m E3=0.
Jlnst moctpoenust rpadukoB E = f (r); D=1 (r) HEOOXOJMMO BBIYHCIIHTH

HECKOJIbKO 3HaueHui D u E, MeHss 3HaYCHHUS I' B 3aJIaHHBIX Mpeenax. Pe3ynbTaTsl
cBeJlieM B Tabsmiy 1.
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Tadmuma 1

r-10% m 2.0 2,2 2,4 2,6 2,8 3,0 3,2
E-10°,B/m 135 | -1,11 | -094 | -080 | -069 | -0,60 0
D-10°Kwm® | 836 | -690 | -580 | -494 | -426 | -371 0

ITo manHBIM TabaMIB], yanuThIBast, 4to ipu I <R D; = 0 u E; = 0, moctpoum rpa-

buxu (puc.2).

D,-107° K1/ m?
E,-10° B/m
A

. 20 2,2 24 26 28 3,0 3,2 r1.10_z:M

-1 —

) E=\f(r)

-3
-4 _—

f (1)

-5 P
_6 //Dzz
T
P 4

4
-9

Puc. 2

I[JIH HaXOXACHUA IMOTCHOHAIA (¢ JJICKTPOCTATHYCCKOI'O II0JII BOCIIOJIB3YyCM-
Cd COOTHOIICHHUCM MCIKAY HAIIPAKCHHOCTBIO IIOJIA W I'PaJHUCHTOM IIOTCHIMAJIA

E =—grado. Ina nons, coznaBaeMoro chepuyeckoil MOBEPXHOCTHIO, 3TO COOT-

d
HOIIICHUE MOYHO 3alucaTh B CKaJIsIpHOM BUje: E = —d—(p. Orcroaa nosy4yaeM:
r

do=—E-dr.

HNHTerpupyst moJiydeHHOE BBIPAKEHUE, HANAEM PA3HOCTH MOTEHUHUAIOB IBYX TO-
YeK, OTCTOSLIUX HAa PACCTOSIHUSAX 1 U I, OT LIeHTpa cdep:

_Td(P:]%E.dr: Td(p:]%E-dr: (pl—(pzzng-dr. (8)
P n P2 n n

[ToTeHiman B 6ECKOHEYHOCTH MPUHUMAEM PaBHBIM HYIIO ., = 0. Eciu B popmyie
(8) mOJIOXKUTH P2 = @, = 0, TO OHA NPUHUMAET BUJI:
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(p(r):TE-dr.

[TockonbKy 3HaueHUs: £ JUisl KaXJIOM M3 paccMaTpuBaeMbIX oOJiacTed pas-
JIMYHBI, IOJIyYUM BbIpaxeHus ¢ (I) 1UIsl KaXKA0ro ciydas B OTAECIbHOCTH:

1) r<R.
(p(r):]gE-dr:TEl-dHRfEz-dr+TEg.dr:TEz.dr_
r r R R, R,

371ech YYTEHO, YTO MEPBBIA U TPETHI MHTETPaIbl PaBHbI HYJIIO, Tak Kak E; =0 u E;3
= (0 (cM. epBYIO YACTh PELICHUS 33a]J]aUH).

T g q fdr g (1
o(r)= [ ——dr= [Z=—"— 2| =

~dr = =
R AT €8T Am-goep 17 Am-ge\ T

Tak xak (; <0, Tou @ (r) <O0.
2) R<r<R,.

(p(r):TE-dr:TEz-dr+TE3-dr=TE2-dr.
r r R, r

R R,
F . q q, 1 q (1 1
—[—M = || = ==
(P(r) j ' ( ]r 47’5'808(r sz

~dr =
" 4m-gpE-r 4r-ge\ I

3 r>R,.
3nech ¢ (r) =0, Tak kak £3 = 0.

st moctpoenust rpaduka ¢ () ciaenyeT BBIYUCIUTh HECKOJIbKO 3HAUCHUM (,
MEHSISI 3HaYEHUS PACCTOSHUH ' B 3aIaHHBIX TIpeeniax. Pe3ynbpTaTel 3aHeceM B Tao-

iy 2.
Tabauma 2
r-10% m 0 1.0 20 22 24 26 28 3.0 32
o(n,B -899 -899 -899 -654 | -450 277 128 0 0
¢,-10°B
A 10 20 22 24 26 28 30 5
0 I',-].CL=M
2 /(//
-4 2
-6 (/
-8 /
~10
Puc. 3
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3aoaua 10. DnekTpudyeckoe COMPOTUBICHHE R HEKOTOPOro ydyacTka MPOBOJHUKA
nmaon | = 0,6 M 1 ceuennem S = 1,5 MM? COCTaBHJIO 1,12 OM. OnpenenuTts TeI-
JIOBYIO YJICJIbHYIO MOIIHOCTb, BBIJICISEMYIO Ha YU4acTKE C HANPSHKEHHOCTBHIO dJICK-
Tpudeckoro nons £ = 0,56 B/m. [Ipeanonarast moie oAHOPOAHBIM, BEHIYUCIUTD KO-
JIMYECTBO TEIIOTHI, BBIJIENSIEMOE B MPOBOJIHUKE 3a 15 c.

Tlauo: Pewienue
|=0,6 m y _

) 6 2 JEJIbHAsA TEIJIOBAst MOIMIHOCTh TOKA — 3TO KOJIU-
S=15mM"=1,510"m YECTBO TCIUIOTHI, BBIJCIIOMICECS 3a CIAUHUILY
R=1,120m BPEMEHH B €IMHHUIIC 00BEMa MPOBOTHUKA
E=0,56B/™m
t=15c¢ w=y-E%

Haiitu:
w-"? VYenbHas 3I€KTpUYECKas MPOBOJUMOCTD Y CBS-
Q-? 3aHa C YJCJIBHBIM CONPOTHUBIICHUEM IPOBOJIHHUKA

p:
’Y:

p 3

KOTOpPOE B CBOIO OYEpEb BXOUT B (POPMYITy CONMPOTUBICHUS:

R=p—.
S
|
Takum 06pa3om, Y = ——— H, ClIeI0BaTCIIHHO,
R-S
| 2
W=—-F°,
R-S
Kosim4ecTBO TemnoThl, BBIJICIIEMOE B MPOBOIHUKE, OMPEACIUM IO 3aKoHy J[xkoy-
ng — Jlenna:
U 2
R L

Hanpsoxkenue U HaiiieM, BOCHOJIb30BaBIIMCh (POPMYJIONW €ro CBA3U C MOIYJIEM
BEKTOpa HANPSKEHHOCTH
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OKOHYATEIHPHO UMEEM:

E*.I°
R

Q= t.

HpOBGpI/IM IMPaBUJIBHOCTb CAMHUI U3MCPCHUA!

M-B° AB_Br

[W]:M2 oMM M M
B? -M*-c
Q=" gy = Bre=tbe

Brruucnenus:

0,6-0,56-0,56
W= 5
112-1,5-10

=11,2-10* (Bt/m);

B EZ-IZt_ 0,56-0,56-0,6-0,6-15

Q R 112

=1,51 (Jx).

Otser: W = 0,1 MBT/M°; Q= 1,5 (JIx).
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3adaua 11. KoHTyp C TOKOM MNPEACTaBISIET NETI0, OJHA YaCTh KOTOPOH — MOIY-
OKPYXHOCTh panycoM 16 cM, 3aMbIKarolas JB€ CTOPOHBI KBajpara, AHUAroHaib
KOTOPOT'O COBIAJIAET ¢ €e quaMeTpoM. HailTh MarHuTHy0 MHAYKIMIO B LIEHTPE Ta-
KOW METJIM, €CJIM MO HEM MpoTeKaeT Tok 32 A.

JlaHo: Pewenue
R=16cM=16-10"m
=32 A

o = 4n-107 Tu/m

Haiitu:

B -7

B HEHTPC MCTIIM MAarHUTHOC I10JIC CO31aCTC TPEM IIPOBOAHNKAMU C TOKOM, IIPC/I-
CTaBJLAIOIIIMMHU coboii ABC CTOPOHEBI KBaapaTa U IMOJIYOKPYKHOCTD. MarunuTHas UH-
AYKIOUA PE3YIbTUPYIOUICTO I10JIA COorJIaCHO IIPpUHOUITY CYIICPIIO3UIIUHU

B=B,+B,+B;. Bce BekTopsl B; B cooTBeTCTBHME ¢ IpaBWIIOM OypaByHKa
HAaIpaBJIEHbI OINHAKOBO, NEPIEHIUKYISIPHO INIOCKOCTU PUCYHKA OT HAOIIOAATENS.
ITosTOMy crOXKEeHHE BEKTOPOB B; CBOIUTCA K CIOKEHUIO UX MOIYJICH.

MaruutHas uaaykuus B, mosryokpyKHOCTHM paanyca paBHA NOJOBHHE MHIYKIMH

MAarduTHOI'O I10JIsA, CO31aBacMOI'0 B HCHTPEC KPYIroOBOIoO BUTKAa C TOKOM cunoi |

Kaxnpiii mpoOBOJHUK C TOKOM, SIBJISIFOIIMICA CTOPOHOW KBajapara, CO3[a€T B €ro

. I
LEHTPE MArHUTHOE MoJie ¢ UHAYKUuueu B,=B; =z—;-a(cosa1 —COSOLZ). CrenoBa-
TEJBHO,
2-u, |
B,=2-B,= -—(cosa, —cosa, ),
47 d

rZe, KaK CIEeLyeT U3 PUCYHKA, O, = 45° o, =135°, d =R-c0s O, . YUHUTBIBAs TaK-

ke, 94T0 —COSQL, = COSQL,, TIOTY4daeM:

B :2',"[0.

- ZCosocl:ﬁ-
4 R-coso, T

!
-
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Takum 00pa3om, pe3ybTUPYIONIAas UHIYKIIUS MArHUTHOTO MOJISl B LIEHTPE METIIN

B:m.'_+m.L:Ho_"(1+1j.
4 R n R R 4 =«

Breruucienus:

o _7,
B:“0—|(1+1j:M(O,25+0,32):1,43-10'4(TJI).
R \4 = 0,16

OtBeT: B = 1,43-10'4 To.
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KoJie0aHusa v BOJIHBI

3aoaua 12. MatepuanbHas TOYKAa COBEpIINACT TapMOHHUYECKOE KojebaTeabHOe
JIBWXEHHE ¢ niepuogoM 7 =4 ¢ u ammutygoi A = 12 cMm. OnpeaenuTs CKOPOCTh
v(t) u yckopenue a(t) B MomeHT BpeMenu t, koraa cmemienue x(t) = 4 cm.

JaHo: Pewenue
T=4c¢ VpaBHEHHE TrapMOHMYECKUX KojeOa-
A=12cm=0,12 M HUI UMEET BUJI:

x()=4cm=0,04 m x(t) = 4 cos(e t+a), (1)
Omnpenenuts: v(t), a(t)
rae x(t) — cMeleHre MaTepraibHON TOYKH B
MOMEHT BpeMeHH 1; 4 — aMIUTUTYy1a; ® — KPY-

roBsas 4aCToTa, 0 — HadaJIbHasi (1)333.

dx d?x
C yuetom cootHomienus (1) ckopocTs V:a 1 YCKOPEHHUE a:F , IPUHU-
MaloT BUJ COOTBETCTBEHHO:
V(t) = - 4 sin(o t+a), (2)
a(t) = —»°4 cos(w t+a). (3)
CpaBuenue popmyi (1) u (3) nokassiBaer, 4To
a(t) = —o'x(t) (4)

2

T dbopmyna (4) 1 yCKOpEHHS IPUHUMAET BU:

a :—(%jzx(t) | (5)

YuuTeIBas, 4TO0 M=

Jliist onpenieneHus CBsi3u CKOPOCTU U cMmelieHus ypaBHeHus (1) u (2) Bo3Be-
JIeM B KBaJIpaT U MPEICTaBUM B BUJIE:

x*()

> =cos? (ot +a)

2

() _ a2
=SIN“(ot+a

0’ A? ( )

CyMMHpYy$ MOJTy4EHHBIE COOTHOLIEHHUSI, HMEEM:

2 2
SOMCAONY
A oA
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Otcrona cienyer:

X (t)
o(t)==% A,/l 2

A X 2(#)
o

N OKOHYaTCJIbHO:

v(t)==

(6)

3HaKM IUTIOC, MUHYC B BbIpaxkeHHe (6) yKa3bIBalOT Ha TO, YTO CKOPOCTh MaTepH-
IPHOW TOYKH MOYKET MMETh JIBa Pa3IMYHBIX HAIPABICHUS IPH 3aJJaHHOM CMeEIIIe-
HUU — K ITOJIOKEHUIO PAaBHOBECHS U OT HETO.

Brruncnenus Beipakenuit (5) u(6):

a=— (Zﬂ 0,04~0,1 m/c3,

o(t)==

2
(2042 f (004)°
1—(mj ~i0,18 M/cC.

Otser: v = £0,18 M/c?, a = 0,1 m/c.
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3aoaua 13. MatepuanpHas TOYKAa OJHOBPEMEHHO YYacTBYET B JIByX IapMOHHYE-
CKHUX KOJICOAHMIX, MPOUCXOIAIINX BIOJIL OJHON mpsmoi. B eguaumnax CU ypas-
HEHMs caraemMbix kosie0anuii umeroT Bu: x1= 0,08cos2nt u x,= 0,06c0s(2nt+m/2).
OrnpenenuTs ypaBHEHHE PE3YJIbTUPYIOIIETO KOJeOaHUs U MOCTPOUTh BEKTOPHYIO
JarpaMmy KoJeOaHHil.

JaHo: Pewenue
x1 (t) = 0,08 cos(2nt)

[Tpu cnoxe ApPMOHUYEC
x5 (t) = 0,06 cos(2nt+n/2) pH CJIOKEHHH JIBYX TapMOHMYECKHX

KoJIe0aHUN C paBHBIMH YacCTOTAMH, IPOMC-
OIpeIeIuTS: XOJAIIUX BIOJIb OJHOM IPSMOM, PE3yNbTH-
x(t) = x1 () +x; (V) pyrolee kojiebaHue Takxe OyaeT rapMoHu-
YECKUM C TOM ke yacToToi. CieaoBarelbHo,

x (t) = 4 cos(2nt+¢) (1)

Pemienue 3a1aun CBOJUTCS K HAXO0XKICHUIO aMIUTUTY bl A M HayaabHOH (a-
3bl (0. VI3 Teopuu U3BECTHO, UTO 3TU (PU3NUECKUE BEIIMUUHBI ONIPEACIISIIOTCS MO 3a-
JTAHHBIM 3HAYEHUSAM A1, A, P1, P2 UCXOJIHBIX KOJICOAHUI:

A=\ A+ K +2AP5c08(92—01). 2)
_ _ Asingp+ Apsing;
p=arctg= A COSQy+ Ao COSP, ()
Brruncnaenus:
A:\/O,OSZ+0,062+2-0,08-O,06cosg =0,1 ™,
B 0,08-:0+0,06-1 _ a0
p=arctg 0.08150.06.0 =arctg0,75= 37" = 0,2n pan.
[IpeacTaBuM BEKTOPHYIO Jauarpammy (CM.
A, 1 prc.) ciaraeMsix KoxeGammii mist t =0. Bextop A

aMIUTATYbI TIEPBOrO KoJieOaHusi OyAeT HampaBiiCH
B0k ocu Ox, Tak kak HadanpHas ¢aza ¢ = 0, a

BEKTOp Ay aMIUTUTYybl BTOPOTrO KOJEOaHHs COCTa-

BUT ¢ ocbio Ox yroJii, paBHbII HauyadbHOU (aze @, =

n/2. I3 nuarpamMmsI clieayer, 9To A:\fAlZ +A22 ,a
@=arctg 4,/ 4. HetpynHo yOemuThesi B TOKIACCTBEHHOCTH 000X PEIICHHN.

Otser: x (t) = 0,1 cos(2nt+0,27) M.
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3aoaua 14. MarepuanbHas TOUKa y4acTBYET OJJTHOBPEMEHHO B JIByX B3aUMHO Iep-
NEHIUKYJSIPHBIX KOJICOaHUSX, ypaBHEHUSI KOTOPBIX B eaunuiiax CHU umeroT Bua x
= 0,05 cos nit m y = 0,10 sin nt/2. OnpenenuTh ypaBHEHUE TPACKTOPUHU JTBUKCHUS
MaTepualbHOW TOYKU, HAYEPTUTH €€ C COOII0/IEHHEeM MaciiTaba U yKa3aTh ee mpe-
nenbl. PaccunTtath U ykazaTh Ha yeptexe ckopocTh V(0) u yckopenue a(0) Touku B
HavaJIbHBI MOMEHT BpeMeHu t = 0.

Tano: Pewenue
x(t) = 0,05 cos nt VpaBHEHUE TPACKTOPUU JBHKCHUS Ma-
¥(t) = 0,10 sin nt/2 TEpUAIIBHOM TOYKM HAWJIEM, HUCKIIOYUB IIa-

aMeTp BPEMCHHU M3 3aJaHHBIX YpaBHCHHI.
Omnpenemuts: y(x), v(0), a(0) P P 5P s P
Bocronp30BaBIIMCh  TPUTOHOMETPHUCCKUAM

npeoGpasosanmeM 2 Sin” nit/2 = 1 — cos mt,

3aMeHUM COS 7t B iepBom ypaBHeHuu. Toraa:
x=0,05(1—2sin*nt/2). (1)

W3 BTOpOrO ypaBHEHUS HANIEM
.ty
Sin—==. (2)

[Toncrasinsst (2) B (1), momyuum:

2

— _o Y — ~102
x=0,051-25'57) = X=005-10)".

M oxoHYaTeIbHO:

I+

\/ 10
[TonyyeHHOe ypaBHEHHE SIBJISIETCA YpaBHEHHEM MapaloJibl, KOTOPYIO M300-
pazuM (CM. pHC.) B Ipeiesiax U3MEHEHHUS aMILTUTY/I CJIaraeMbIX KOJICOaHUN:

~0,05<x<0,05 u -01<y<0,1l

Ham HyXHO omnpeneiauTb CKOPOCTh M YCKOPEHHE MAaTepUaAIbHOW TOYKU B
MOMEHT BpeMeHH t =0. B 3TOT MOMEHT BpeMeHU, COTJaCHO UCXOHBIM YpaBHEHHU-
am, koopauHatel Touku x(0) = 0,05 m, y(0) = 0. CnegoBaTenbHO, B MOMEHT BpeMe-
HU t =0 MaTepuaibHas TOYKA HAXOIUJIach B BEPIIMHE MapadoJIbI.
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Bnauaine OIIpCACIINM CKOPOCTH M YCKOPCHHA MaTepHaJIBHOP'I TOYKH BAOJIb

ocen x u y:
Uy =%=—0,05T€-Sinﬂtt,
: (4)
_dy _010m __ mt

=T 0955

2
a, :d—§:—0,05n2 .COST,
dt _ (5)
_dy  010n° . mt
W "%

[Tpu t = 0 cootHomeHus (4) U (5) NPUHUMAIOT CJIEAYIONTUE 3HAUYCHUS:
0,=0; v,=0,16 M/c; a,=-0,49 m/c’; a,=0.

Bexropsl 9(0) u d(0) moka3aHsl Ha PUCYHKE, a UX BEJIMYUHBI PABHBI:

v=«fv§+v§ =v,=0,16 m/c; a:afa§+a§ —a, = 0,49 m/c?.

Otser: y=+,/0,005—0,1x ; v(0) = 0,16 m/c; a(0) = 0,49 m/c’.
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3aoaua 15. OnHopoaHbIid cTepkeHb uymHOH | = 0,83 M coBepIaeT cBOOOTHBIC KO-
nebaHus B BEPTHKAIBHOHN TIOCKOCTH BOKPYT TOPH3OHTAJIBHOW OCH, TIPOXOISIICH

. 1
yepe3 Touky O u oTcTosimeld Ha §I oT ero BepxHero koHma. CocraButh audde-

peHIIMaIbHOEe ypaBHEHHE KOJIeOaHWM CTEepKHSA, 3alUcaTh €ro pelieHHue, HaTH
MUKIIMYECKYIO YAaCTOTY M Mepuo]] Kosuebanuil. Tpenrem npenedpeub.

JlaHo: Pewenue
1=0,83 M

1
d—§|

Haiitu: a(t), oo, 7.

B npornecce konebanuii crepKeHb, KOTOPBIM MOXKHO paccMaTpuBaTh Kak pu-
3UYECKAN MasSTHUK, COBEPIIAET BPAIIATEIbHOE JABUKEHUE IO IECTBUEM MOMEH-
Ta CUJIBI TSKECTH

M =—mgasina. (1)

31ech a — pacCTOSIHUE MEK]ly TOUKOM MOABECa U LIEHTPOM Macc Teja, (¢ — yroi mo-
BOpOTA.
CornacHo ypaBHEHUIO TMHAMUKH BpaIaTeIbHOTO JBUKECHUS

d’a
M - IB: I —2 y (2)
dt
2
9IS B:F — YIJI0BOE€ YCKOpEHUE, | — MOMEHT MHEepUUU CTEPKHS OTHOCUTEIHHO

OCH II0/IBECA.

[TpupaBHsB npaBble yacTu BoipakeHuit (1) u (2) noxyyum:

2
IZ—g:—mgaSina. (3)

Y4uThIBasi, YTO MPU MAJBIX OTKIOHCHHUSAX MasTHHUKA SINQ~@, monxyuuMm audde-

PEHLUAIBHOE YPaBHEHUE KOJIEOAHUMN CTEPIKHSI:
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o
5 +®o0L = 0. (4)
dt
Ero pemenne nmeer BUL:
ou(t) =0, SIN(eot + o) - (5)
mga
3nech o, — aMIUTUTYyla U (g — HavajabHas (aza, wg= o coOCTBEHHAs ITHK-
JUYecKas 4acToTa TapMOHUYECKUX KOJICOAHUI CTEPIKHS.
1 1.1, 1
YuuteiBasi, 4ToO a:EZ—d ZEZ —§Z :61 u | onpenensercss B COOTBETCTBUE C
teopemoii llIteitnepa
1 2 2 1 1
| =—=ml“+ma“==ml", 6
12 9 (6)

BBIPAXXCHUC IJIA HHKHHHGCKOﬁ 4acCTOThI IPUHUMACT BUA:

_[mea_ 3@ o
Wy = |- Zg,anepHOILT—(DO.

Breraucnenus: @g = % =421 c'l; a mepuon T :4’—322 1,5c.

Otsetr: wo=421c¢: T=15c.
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3aodaua 16. DneKTpUYECKHUII KOHTYpP COCTOUT M3 MOCJEA0BATEIbHO COEAMHEHHBIX
karymku uHAykTuBHOCTH L = 0,04 ' 1 aByx konaeHcatopoB C; = 0,001 MkD u
C; = 0,009 mx®d, pazaeneHHbIX aKTUBHBIM corpoTuBieHueM R = 6,4 kOm. Cocra-
BUTb, UCXOJIsI U3 BTOporo 3akoHa Kupxroda, nuddepeHimanbHoe ypaBHEHHE KO-
JebaHuil 3apsaa B CHCTEME M 3allicaTh €ro pemenne. Halmu HUKIMYecKyro 4acTo-
Ty, KO3 (UIIMEHT 3aTyXaHHs U BpEM T peslakcalliy KoueOaHmil.

Jlano: Pewenue
L=0,04Tu=410Th L

C; = 0,001 Mk® =10° @ —AA—
C, = 0,009 Mx® =9-10° ®
R = 6,4 kOM = 6,4-10° Om Ci— . —C2

Haiitu: q(t), o, B, T L |

B xonType nercrByer ogHa OJ[C caMOMHIyKIMH, MOITOMY BTOPOU 3aKOH
Kupxroda MogHO npeacTaBuTh B BUJIE:

UQ+UCZ+UR:83i- (1)
_9 ye -9 ygog2Y9p o A dq
YuuteiBas, 4To UCl_Cl’ UCZ—CZ, UR_IR_dtR’ &i = Ldt_ Ldt2 , €O
oTHoleHue (1) MOkKHO 3anucaTh Tak:
dg .dg (1 1)
LF+RE+(€1+C_2)(1_O' (2)

N3 Beipakenust (2) moaydyuM OKOHYATEIbHBIM BUJ MU(PEpeHIINaTIbHOTO YpaBHe-
HUS 3aTyXaroUmXx KojeOaHui:

d’q, ,da, . _
rae B:% — KO3 PUIMEHT 3aTyXaHus, ®y — KBaJAPaT COOCTBEHHON IUKINYECKOM

4aCcTOTHI KOJICOaHUI
p_1(1 13 _ 1
(”O‘L(Cﬁczj‘u:' 4)

Pemenne muddepeHumnansHoro ypaBHeHus (3) 3aTyxaromux KoyieOaHHM HMeeT
BUJL:
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q(t)=0oe "' cos(w +@o). (5)

3nmech (o — HAaYaJIbHASI AMIUTATYQ, O B () — COOTBETCTBEHHO IUKINYECKAs YaCTOTa
1 HavasbHas (a3a konebanwmii. [Ipu sTOM:

Brruucnenus:

108 )2 1
1 (1 P j—( 6’410j :[2,78-1010—0,64-1010]2=1,46-1050'1;

W=
4_10—2 10—9 9.10_9 2410_2
3
p= 6’4102:0,8-10561; - 5= 1,25:107c.
2.410" 0,810

Oreer: = 1,46-10°c?; Bp=0.8-10°c"; 1=1,2510"c.
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KBanToBas ¢pusuka

3aoaua 17. Onpenenutrb MaKCUMAJIBHYIO CKOPOCTH (hOTORJIEKTPOHOB, BBIPHIBAE-
MBIX C MIOBEPXHOCTU cepedpa yIbTpaduoeTOBBIMH JIydaMU C JIJTMHON BOJHBI A =
0,155 MrmMm.

JaHo: Pewenue

A=0,155 mxM =1,55-10" m
Bocrnone3dyemcsi  ypaBHEeHMEM — OWH-

OnpenenuTs: Uma. mreitHa 1 Gotodddekra:
E(b = ABLIX + Tmax- (1)
hc
3mece Ey = — JHEpIVs MjAOWEro Ha mo-

BepxHOCTb PoToHa, re h = 6,63-10"* [k ¢ — mocrosiuas [lnanxka, ¢ = 3-10°m/c —
CKOPOCTb CBETA B BaKyyMe; Agyx = 7,5° 107 JI>x — paboTa BbIX0J1a DJIEKTPOHA U3

2
cepeOpa (CM. CIipaBOYHbIE MAaTepUaTbl); 1y =" ~ — MAaKCHMa/bHas KMHETH-

_ 31
yeckasi SHeprust GoTodJIeKTpoHa, rae m = 9,1-10™" kr — Macca JIEKTPOHA, Vmax —
MaKCHUMaJIbHasi CKOPOCTh (DOTORJICKTPOHA.

IToncraBuB B (1) npencraBiaeHHbIE COOTHOIIEHUSI, TIOTYUYHUM:

he MU e . 2)

OTcrona BeIpaKeHHUE JUIsl MAKCUMAIBHOM CKOPOCTH (POTOAIEKTPOHOB MpUOOpeTaeT
BU/
2 ( hc
Umax =.|—| —— A . 3
max \/m 7\‘ 8blX ( )

2 6,63-107°4.3.108
911073 1,551077

Breruucnenus:

Omax =

—7,5-10—19] =1,08-10° m/c.

OTBET: Upmax = 1,08-10° m/c.
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3aoaua 18. B pesynbrate 3¢ dexkra Komnrona ¢GoToH mpu coyaapeHun ¢ 3IEKTPo-
HOM OB paccesiH Ha yroi 90°. Oueprust paccessHHoro ¢orona E, = 0,4 M»aB.
Onpenenuts sHEPrUt0 PoToHA £ 10 paccesHus.

Pewenue
Jlano:

® =90°
E, =04 M>B

Onpenenuts: E;.

JUist onpesieNieHust SHEPruu MEPBUYHOTO (POTOHA BOCHOIb3yeMcs (HOpMYJIIOit

Kowmrmrona:
Ao—M _2 N in2® (1)
mc 2

IJie Ay ¥ Ay — I BOJIHBI (DOTOHA JIO M ITOCIIE paccestHust; h = 6,63-10'34 Jx-c — mo-
crosunas [lnanka; m = 9,1-10 kr — macca nokos 3JIEKTPOHA; ¢ = 3-10% m/c — cxo-
pPOCTh CBETa B BaKyyMe (CM. CIIPaBOYHBIC MaTEPUAIIBI).

Bripa3zuB niuHbI BOJH Aq U A, uepes dHepTruio GOTOHA, yUYUTHIBAs, YTO:

hc hc
EXKE

1, YMHOXKMB YHCJIMTEIb U 3HAMEHATE b MPAaBOM 4acTu Ha ¢, cooTHomeHue (1) npe-
oOpasyercs K BUAY:

hc hc £ 20
E, E 2mc2 "7 @

Coxparus (2) Ha hc, momydnm Gpopmyiry HCKOMOW SHEPTHH:

E> -mc?

E = g !
2

Fi=— Ea-Eq 3)

2@
—2FE;sin 2>

[IpoBeneM BbIYMCIICHHS, YUUTHIBAs, UTO SHEPTHS MOKOS JIEKTPOHA FEjy = mc?
=0,51 M»B:

mc? —2E;sin® =

E = 0,4-0,51 = 1,85 M»sB.

0,51-2-0,4- S|n2920

OtBeT: £1 = 1,85 M»aB.
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3aoaua 19. [lapannensHplil My4OK Jy4eil ¢ IIMHON BOJHBI A = 0,5 MKM majgaer
HOPMAJIbHO Ha 3aYCpPHCHHYIO IMOBEPXHOCTh, IPOU3BOMS JaBICHUEC p = 10° Tla.
OnpenenuTs: a) KOHIEHTpaIuio (OTOHOB B MOTOKE (YUCIO (POTOHOB B €IMHUIIC
o0bema), 6) urciio GOTOHOB, MAJAIOIINX HA SIUHUILY TUIONIATU B €AUHUILY BpeMe-

HH.
Pewenue
Jlano: ) K o
) a) Konnoenrpamuio (GpoToHOB B IIOTOKE
A=0,5MrkM=5-10" M P
P MOXHO ONPENCTUTh B pPE3yJbTare ICICHUS
P 10° 11 00bEMHOM TUIOTHOCTH SHEPTUU W Ha DHEPTHIO
= a.
P ojaHoro oToHA:
Onpenenuts: Ny, N;. w
pea 0, M No (1)

-
3nech E; =hv="C rre h = 6.6310% i I = 3108w/
neck By =hv===,rneh=6, JIx-c — mocrosaHas I1manka, ¢ = M/C —
CKOpPOCTh CBETa B BaKyyMe (CM. CIIPaBOYHBIC MaTepPHAIIbI).
O6T>€MHYIO ITIJIOTHOCTDH SHCPFI/II/I BBIpa3I/IM nu3 (bOpMy.HBI JAaBJICHHUA CBCTA HA
MOBEPXHOCTh C YYETOM TOT'O, YTO IO YCIIOBHIO 33Ja4l KOA((PUIMEHT OTpaKeHUs
p=0:

hv p
p:(l+p)TN =(1+p)W:> W:m: p. (2)
B pesynbTate cootHomenue (1) mpuHUMaeT BU/I:
_W _ph
Mo = E¢ B he (3)

0) YuutbiBasi, 4To (OTOHBI PACIPOCTPAHAIOTCS CO CKOPOCTHIO CBeTa ¢ (B
JTAHHOM cITydae B BaKyyMe), ONpeAesiuM YUCIO (POTOHOB, MAJAIOIINX HA €IUHUILY
IJIOMIAN B €IUHUILY BPEMEHH, B PE3YJIbTATe YMHOXKEHHUS YUCla (JOTOHOB B €H-
HUIIE 00BEMA, T.€. Ny Ha UX CKOPOCTH:

n=ng-c. (4)

[IpoBeprM MpaBUIIBHOCTH €UHUI] U3MEPEHUS (PU3NIECKUX BEIUYHUH B POP-
mynax (3) u (4):

[nO]:[pk}_ lla-m-c  H H 3

= = = =M
he | Morc-cm 32 Joie m?-H-m ’

[nl]:[no -c]: M]‘:’d-c =w 2.t

Brruuciaenus:
1075107

© 6,63-10%4.3.10°
OtBeT: Ng =2,51- 108 m3, n=75: 102t m2-ct,

=2,51-108% (m?®),  m=2,5110".310°=7,5-10% (m?-c?).

No
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3aoaua 20. DnexTpoH, HAYAJIbHON CKOPOCTHIO KOTOPOTO MOXHO MpeHeOpedyb,
IpoILeN YCKOPSIONIYI0 pa3HocTh noTennuanoB U = 51 B. Haiitu anuHy BOHEI e
bpoinsa st anekTpoHa.

Jaro: Pewenue
U=51B a1 JnvHa BONHBI Ae bpouis i 4acTULbI
m _19’61 '110919 IZ(F 3aBHCHUT OT €€ UMITYJIbCA P
e=1,6 1
h
Haitu: A. A :E ’ @)

-34

rae h = 6,63:10°" JIx-c — nocrossHHas [lnanka. MMmynbc 4acTHIBI ONPEICITUM,
3Hasl €€ KUHETUYECKYIO SHEPTUI0, KOTOpasi YUCJICHHO paBHA pabOTe CHII AJIEKTPO-
CTATUYECKOTO TOJISL:

2

Ei=4A= 2p—m=eU:> p=-2meU . (2)

[Toncrainsis (2) B (1), momyuum:

A= 3)

J2meU

[IpoBeprM NpaBUIBHOCTh €AUHUIL U3MepeHUs B (3):

1 1 1
g He ke | Jbxec _Jx?-c_(Hwm)?-c |kr-M-M |2
) I I " e
(xkr-Kin-B)2  (kr-A-c-B)?  (kr-/Ix)?2
Brruucnenus:
34
A 6,63-10 = 1,710 m.

J2:911031.1,610°.51

OtBer: A=1,7- 10" m.
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3aoaua 20. Onpenenmuts MHPUHY | MTOTEHIIMATBHOTO SATHUKA ¢ OECKOHEYHO BBICO-

KHUMU CTEHKAMU JJIs DJIEKTPOHA, €CIIA IIPU MEPEXOAE U3 BTOPOrO B TPETHE IHEPTE-
TUYECKOE COCTOSIHUE eMy cooOIaercs sueprus AE,3 = 36 3B.

Tatio: Pewenue
N, =2 Pemenne ypaBnenusa llpenunrepa ms
n; =3 YACTHIbI, HAXOMAIIEHCS B IIOTEHI[HAILHOM
AE>3=3605B = AMIMKE ¢ OECKOHEYHO BBICOKMMHU CTEHKAMH,
=5,76-10"° Ix MIO3BOJIICT OIPEICIUTh DYHEPTHUIO Pa3TUIHBIX
m=9,1-10% kr COCTOSIHUIA:
U@ =ud=0
n’h?

Haiitu: |. " emi2’

rje N = — HOMep YHEPreTUYCCKOTO COCTOSIHHS,

-34
h=6,63-10* x-c — mocrostaras [Tnanka, M — Macca 3JIEKTPOHA.

Pa3HoCTB SHEpPruil Mexay COCETHUMHU YPOBHIMU

h2

ALy =E;—E, :—2(n§—”22)-
aml

OTCIOI[a IMOJIYYHUM BBIPAKCHUC OJIA IIHUPUHBI IOTCHOUAJIBHOI'O AINKA:

Breruucnenus:

| =6,63-1073*.

12
2 2
Ny —Ny

8‘m'AE23

9-4 Ve

=2,310" m.

8.9,11073.5 7610718

Otser: 1 =2,3-10" m.
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3aoaua 22. 11oTok 3HEpPrun, U3My4aeMblid dneKTpudeckoi Jammoin, @, = 600 Br.
Ha paccrostHuu r = 1,2 M OT JamIibl MEPIEHAUKYISIPHO MaJAl0MIUM JIydyaM paclio-
JIO)KEHO KPYTJIOe TUIOCKOe 3epKaiblie auamerpoM d = 2 cM. OnpenenuTs Cuity cBe-
TOBOT'O JIaBJICHUS, pacCMaTPHUBas JIaMITy KaK U30TPOITHBINA HU3Ty4aTeb.

Pewienue
aHo:
'g 600 B [ToTok m3nydeHuss Ha pPacCTOSHUU I OT UCTOYHHUKA
= T
2 15 CBETa
r=12wm
j D,=W-S
d=12cm=0,12 ™ 2 r
c=310° m/c
rae S, = Anr® — mnomagb cheprl. OTcrona cienyer,
OnpenesuTs: YTO SHEPrus, Najarnas Ha €IUHUIY TUIOMAau Io-
E_9 BEPXHOCTH B €IMHUILY BPEMEHHU
W = ) = Py
S, 4nr?

Pa3I[€JII/IB MNpCACTABJICHHOC BBIPAKCHHUEC HA CKOPOCTh CBETA C, IIOJIYUYUM O6’beMHyIO
IIOTHOCTDb SOHCPIUur U3JIYyUCHUA:

I[aBJ'IeHI/Ie, HpOI/ISBOI[I/IMOC CBCTOM HpI/I HOpMaJ'II)HOM IMaJCHUU Ha HOBerHOCTB
p=w-(1+p).

YuuTsiBas, 4yTo JUIsl 3€pKaIbHOU MOBEPXHOCTU KOA(DOUIMEHT OTpaxkeHus p = 1,
IIOJTy4aeM:

TO CHJIa CBCTOBOI'O JaBJICHUA

2nrl.c 4 8.¢c-r?
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[IpoBepuM HaMMEHOBAHUE PE3yJIbTATA!

[F]:®3-d2 :BT-MZ-C:I[)K:H'M:H.

8.c-r? M- M2 M M
Brruucnenus:

600- (1, 2 -10—1)2
- 8-3-10°-(1,2)°

F =2,5-10°(H).

OtBet: F = 2,5-10_9H.



3aoaua 23. DneKTPOH HAXOIUTCS B MOTEHIIMAIBLHOM siuke mmpuHoi |. B kakmx
Toukax B uHTepBaie (0 <x <l|) mI0THOCTH BEPOSITHOCTH HAXOXKACHUS JICKTPOHA HA
IEPBOM M BTOPOM JHEPreTUYECKOM YPOBHSAX OAMHAKOBA? BBIUMCIUTH 3HAUCHHE
IUIOTHOCTH BEPOSTHOCTH JUISL 9THX TOUeK. Perienne nosicHUTh rpaduKoM.

Pewienue
JlaHo:
I A A
O<2x <| 2 |\P2|2
|\|’1| :|‘V2|
e,
OnpenenuTs: ! >
. 2 0 I X
Xy ‘\V(X)‘ -7 A
0 1 2 1 X
3 3

CoOcTBeHHBIC (PYHKIIMH JJICKTPOHA B TOTECHIIMATBHOM SIIIMKE UMEIOT BH/I:

\pn(x):\/lzsin$x,

rae | — mupuHa Amka; N — HoMep dHepreTudeckoro yporHs. 1o ycioBuio 3amaun
2 2
IJIOTHOCTH BEPOSITHOCTHU |\|/1| 151 |\|/2| OJIMHAKOBBI:

| =, = Ig-sinzlzx:lz-si#?x.
OTtkyna cienyer:
sinz%x=sin2$x:> sin2 2% x —sin2 " x 0.
N

. 21 . T . 21 . T
sme—sme . S|nTx+sme =0.
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Bocnonp30BaBIINCh W3BECTHBIMU MPEOOPA30BAHUSIMHU TPUTOHOMETPUUECKUX BBI-
pakeHU! B IPOU3BENICHUE, TOTYUUM JUIS KaXKI0M CKOOKHU:

.27 . T . 3m T _
SiIn— X +SIn—X=2SiIn—X-c0s—X=0;
I | 2l 2l

. 2T . T 31 . T
SINn—X—-Sin—Xx=2c0Ss—X-SIn—x=0.
I | 2 2l

[IpencraBuM perieHwus, yaoBieTBopstomre ycioue 3aaayun (0 <x <l), To ects ko-
OpAMHATHI TOYEK JISKAIME BHYTPH 3aJaHHOTO HHTEPBAJIa.

. 37 31 2
[TepBoe ypaBHEHHE paHO HYIIIO TIPH SInE X=0= —X=nt=> X = 5' .

2|
BTopoe ypaBHeHHE paHO HYJIIO IIPU COSB—TCX-E: 3—7tx—E:> X —ll
poc yp Y M p ol 5 ol 5 2= 3"

3HaueHHe NJIOTHOCTHU BCPOATHOCTHU IJIA OTHUX TOUCK
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3agaHus KOHTPOJILHOI padoThI

CTyleHT NOJDKEH pelIMTh JIBEeHAALaTh 3ajJad TOr0 BapHaHTa, HOMEP KOTOPOTo
COBIaJaeT C rnocieaHer mudpoi ero mudpa (Homepa CTyJAeHYECKOro Ousiera).
Pemmenne 3amad, OTMEUEHHBIX 3BE3/I0YKOM, 0053aTEIHHO COMPOBOXKIATh PUCYHKA-

MH.
BapuaHTtsl 3a1aHui
Bapu No/Ne 3anmau
-aHT

1 121* | 131* | 141 | 201* |211* | 251* | 301*| 311 | 321 |331* | 401* | 411*
2 122* | 132* | 142 | 202* |212* | 252* | 302 | 312* | 322 | 332 | 402* | 412
3 123* | 133* | 143 | 203* |213* | 253* | 303*| 313 | 323* | 333 403 413
4 124* | 134* | 144 | 204* |214* | 254* | 304 | 314* | 324 | 334 404 | 414*
5 125* | 135 | 145 | 205* |215* | 255* | 305 | 315* | 325* | 335 405 | 415*
6 126* | 136 | 146* | 206* |216* | 256* | 306*| 316 | 326* | 336 | 406* | 416
7 127* | 137* | 147* | 207* |217* | 257* | 307*| 317* | 327* | 337 407 417
8 128* | 138* | 148 | 208* | 218* | 258* | 308 | 318 | 328* | 338 | 408 418
9 129* | 139* | 149 | 209* |219* | 259* | 309 | 319* | 329 | 339 | 409* | 419
0 130 | 140* | 150 | 210* |220* | 260* | 310 | 320* | 330 | 340 | 410* | 420

ITPUMEYAHHUE:

B 3amauvax 211* — 220* Heo0Xxoaumo:

a) HaiiTu 3HaueHHs] BEKTOPOB HAIPSHXKEHHOCTH DJIEKTPUUYECKOTO TOJISI U AJIEKTPHU-
yeckoro cmenieHus E u D kak GyHKIUIO pacCTOSTHUSA I, OTCYUTHIBAEMOIO OT II€H-
Tpa WKW OCU CUMMETPHUH, VISl CIy4aeB, YKa3bIBAEMbIX B KaXKJ0M KOHKPETHOU 3a-
nayge.

0) I'padpuxu E=f;(r) u D=f,(r) pacnonoxuts Ha OTHOM PUCYHKE.

B) BhUMCINUTE pa3HOCTh MOTEHIIMATIOB MEXIY ABYMS TOYKAMH, YKAa3aHHBIMH B
KaXXJ0M KOHKPETHOM 3aj1aue.

Mexanuka

121*. Tlnarpopma B BUIE TOPU3OHTAIBLHO PACIOJOKEHHOTO JMCKAa MOXET Bpa-
1IaThCS BOKPYT BEPTHKAJIBHOM OCH, Mpoxojsuiell yepe3 ueHtp miargopmel. Ha
w1atopmMe HaXOQUTCS YEJIOBEK, KOTOPOro B YCIOBHMHM 3a/1a4l MOKHO pPaccMaTpu-
BAaTh KaK MaTE€pUAJIbHYIO TOUYKY. Pacxonom sHEpruu Ha IpEOIOIEHUE CHUIl TPEHUS
npenebpeus. YenoBek maccoit 60 Kr cTouT Ha kparo miatdopmbl Mmaccoit 120 kr,
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nenarorieit 3 06/muH. CKOIBKO 000POTOB B MUHYTY OyJIeT fenaTh miaTdopma, ec-
JIM YEJIOBEK MePeHIeT Ha CePeIMHY MEX/Ty KpaeM M LIEHTPOM IUTaT(HOPMBbI?

122%*, Havano ycnoBusi cMoTpute B 3aaade 121. YUenoek maccoit 60 Kr cTOUT Ha
kpato Tiardopmel maccoit 100 kr, nemaromieit 5 06/mMuH. CKOIBKO 000POTOB B MHU-
HyTYy OyzeT Aenats miatdopma, eCiid 4YeJI0BEK MepenIeT B EHTP IaTHOpPMBbI?

123*, Hagyano ycmoBus cMoTpute B 3aaade 121. Uenoek maccoit 70 Kr cTOUT Ha
HenoABKHOMU miatdopme maccoit 100 kr. YenoBek 00xoauT miatgopmy BIOIb e
Kpasi ¥ OCTaHABJIMBACTCA B TOM TOYKE TIATGOPMBI, OT KOTOpOi Hadan ooxoxa. Ha
Kakoi yro (B rpagycax) noBepHyiach miardopma?

124*. Hayano ycnoBusa cMoTpute B 3aaade 121. Yenosek maccoil 60 Kr cTouT Ha
Kpar HenoJBMXHOU miaT@opmbl. C Kakoll CKOPOCTBbIO (OTHOCHUTENIBHO TIaTop-
MbI) JIOJDKEH MOWTH YE€JIOBEK BAOJIb Kpas miuaTdopmbl, YTOObI OHA Hayaja Bpa-
IaThCsl CO CKOPOCTHIO, COOTBETCTBYIOMIEH 3,0 06/MuH? Macca rutargopmer 120 kr,
ee paauyc 2,0 M.

125%*. Havano ycnoBusi cMoTpute B 3aaade 121. Uenoek maccoil 75 Kr cTOUT Ha
Kparo miargopmel, Aenaromiei 3 06/MuH. C Kakoil CKOPOCThIO TOJKEH UITH Yes0-
BEK BIOJIb Kpas MmiaaTdopmbl, YTOObI €ro CKOPOCTh OTHOCHUTEIBHO 3€MIIM CTala
paBHoii Hy110? Macca matdopmer 100 kr, ee paauyc 1,6 m.

126*. YenoBek cTout Ha ckambe JKYKOBCKOTO M JIOBUT PyKOM Msiu maccoit 0,4 kr,
JETSUIMN TOPU3OHTAIBHO CO CKOpocThio 20 m/c. Tpaekropusi Maya MPOXOIUT Ha
paccrossuu 0,8 M OT BEpPTUKAJIBHOW OCH BpauieHus ckambu. C KakoW YIJIOBOM
CKOPOCTBIO HAa4YHET BpallaThCi CKaMbsi C YEJIOBEKOM, €CJIM CyMMapHbIi MOMEHT
MHEPLHH 9eT0BEKa U CKAMBHU PABEH 6 KI*M>?

127*. Yenosek, cTost Ha ckambe JKyKOBCKOTO, JIOBUT PYKOM M, JICTAUINM ropH-
30HTAJILHO CO CKOPOCThIO 16 M/c Ha paccTostHuM 0,7 M OT BEpTUKAIBHON OCH Bpa-
HICHHUS cKambu. HaliTu Maccy msiua, €Ci CyMMapHbId MOMEHT MHEPLUHA CKAMbH C
YEII0BEKOM paBeH 6 Kr'M°, a yIJI0Basi CKOPOCTh BpaIlleHUsI CKaMbH paBHa | paj/c.

128*. Hauano ycinoBus cMoTpute B 3afaue 121. UenoBek cUIUT HA HEMOABUKHOMN
maTpopMe U JAEPKUT B pyKax HaJ rojIoBOM KOHEIl IIHYpa, K APYroMy KOHILYy KO-
TOPOr0 MPHUBS3aH I'py3 Maccoi 2 kr. Halitu nepuos, ¢ KOTOpsIM OyJEeT BpalaThCs
wiatopma ¢ 4eTOBEKOM, €CIM YEJIOBEK MPUBEAET BO BpAIlEHUE LIHYP C TPY30M,
KOTOPBIH, fienast 1 060poT B cekyHay, OyaeT OMUCHhIBAaTh B TOPU3OHTAIBHOMN IIIOC-
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KOCTH OKPYXHOCTh paanmycoM 2 M. MOMEHT WHEepHHuH MIaTHOPMBI C YEJIOBEKOM
paseH 10 kr-m°. Maccoif IHypa U CHIaMU TPEHHS IpeHeOpeb.

129%*. Hauano ycimoBust cMoTpuTe B 3ajmaue 121.Yenoek maccoit 60 Kr cTOUT Ha
Kpato riardopmsl paguycoM 2 M u Maccoit 150 kr. HaliTi yrioByro cKopocTs, ¢
KOTOpoii OyzaeT BpamaThes miatdopma, eciu 4eloBeK MOWIET BAOIL €€ Kpas co
CKOpOCTBIO 1 M/C OTHOCHTENBHO TIaTGOpMbl. MOMEHT MHEpIIMU 4YeJOBeKa pac-
CUMTBIBATH KaK JUIsl MATEPUAIbHON TOUYKH.

130. B neHTp nepeBsiHHOTO Iapa pajnycoM 7 cM, JIEXKAIETO Ha CTOJIE, MOMa aeT
nyis maccoi 10 T, nersas ropu3oHTaIbHO cO CKOpocThio 350 M/c, U 3acTpeBaer
B HeM. Haiftu maccy mapa, ecnu oH mocie yaapa HOKaTuTcsl 6e3 CKOJIbXKEHHUS C
YIJI0BOM CKOPOCTHIO 22 paj/c.

131%*. Cuapsn maccoit 10 kr, seteBmuii co ckopocThio 200 M/c, pazopBajicst Ha JBe
yacTi. MeHbinasi yacTe mMaccoi 3 kr nonydwia ckopocts 400 M/c B mpexHeM
HarpasyieHUd. HaliTu cKopocTh mocie pa3pbiBa BTOPOM 4acTH CHapsiaa.

132*. CHapsin IE€TUT ¢ TOPU3OHTAIBHOM ckopocThio 600 M/c 1 pa3pbiBaeTCs Ha JiBa
ockoJika. OMH U3 OCKOJKOB OOJIbILIEH Macchl MaJaeT MO BEPTHKAIM, a JAPYroi
Maccod B JIBa pa3a MEHbIIIE MEPBOTO, ABMKETCA IOCIE pa3pbiBa mmoj yriaom 60° k
ropus3oHTy. KakoBa ckopocTs BTOPOTo OCcKoJIKa?

133*. CHapsi, JeTSIHi TOPU30HTAIBHO CO CKOpOCThi0 120 M/c, pa3pbIBaeTcsi Ha
JIB€ paBHbIEe YacTH Ha BbicoTe 80 M. O/IHAa 4acTh MaJaeT yepe3 2 CEKyHIbl Ha 3eM-
JII0 TOYHO MOJT MECTOM B3phiBa. ONpeaennTs BEIMYMHY U HalpaBJIE€HUE CKOPOCTHU
BTOPOM YacTH CHApAJa cpa3y MOCje B3phIBA.

134*. OnpenenuTh, HA KaKyr BBICOTY MmogHuMeTcs msid Maccoi 100 r, ecau oH
najaeT Ha Moj noj yriioM a=30°K rOpU30HTY U YNPYro OTCKaKUBAaeT 0e3 MOTepu
CKOPOCTH IPH YCJIOBUH, YTO U3MEHEHHE UMITyJIbca Msida paBHo 0,7 Kkr¥*m/c.

135. Teno maccoit 5 kr yaapsieTcs 0 HEMOABUKHOE TeJo maccoil 2,5 kr. Kuneru-
YyecKasi DHEPTHUs CUCTEMBI STUX JBYX TEJ HEMOCPEACTBEHHO MOCIe yaapa paBHa 5
Jx. CumTas ynmap IEHTPAIBHBIM W HEYNPYTUM, HAaWTH KHHETHUYECKYIO DHEPTHIO
NIEPBOTO TeJNa 70 yaapa.
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136. Temo mMaccoii 3 Kr IBUXKETCSI CO CKOPOCThIO 4 M/C M yapsieTcsl O HEMOABH K-
Hoe Tesio Maccoil 5 kr. CumnTasi ynap UEHTPaJIbHBIM U HEYNPYTMM, HAaWTH KOJU4e-
CTBO TeIlJIa, BbIICIMBIIEECS MIPU yIape.

137*. JIa rpy3a maccamu M;=20 kr 1 M,=10 Kr moaBemeHbl HA HUTSX JUTMHOU 2 M
TaK, YTO IPy3bl CONMPHUKACAIOTCSI. MEHbIINI IPy3 OTKJIOHEH Ha yroiy o= 60° u oT-
nyieH. Ha kakyro BBICOTY TOJHUMYTCA 00a Ipy3a Mocie Heynpyroro ynapa?

138*. Yenosek Maccoii 60 Kr, CTOSBIINKN HA HOCY JIOJAKH, TIEPEXOIUT HA €€ KOPMY.
Ha kakoe paccrosinue casuHetcs jgoaka? Macca noaku 120 xr, nnuna e€ 3 m. Co-
MIPOTUBJICHUEM BOJIBI IIpEeHEOPEYb.

139%*. CHapsn, aeTsaumii ropu30HTaIbHO co ckopocThio 100 m/c, pa3pbeiBaeTcs Ha
nBe paBHble yacTh. OJIHA U3 HUX HEMOCPEJACTBEHHO IOCJE pa3pbiBa UMEET CKO-
pocth 100 M/c, HampaBIEeHHYIO BEpTUKAIBHO BBepX. HailTh BenwumMHYy W Hampas-
JIEHWE CKOPOCTH BTOPOI YaCcTH CHapsa.

140%*. Msta maccoit 40 T majaeT Ha IO MOJ YIJIOM 0= 55° K TOPU30HTY U yIPYTO
OTCKakHUBaeT 0e3 MmoTepu cKopocTu. M3mMeHeHue umiynbca msiua Ap = 0,4 kr-m/c.
OnpenenuTs paJuyc KPUBU3HBI B BBICIICH TOUKE TPACKTOPUHU Msida (IIOCie MepBO-
ro OTCKaKUBaHUA).

141. Ha nokosinuiicss TMCK ¢ MOMEHTOM HHepuuu 8,0 KI*M> HaYMHAET JIENUCTBO-
BaTh BpalaloIInii MOMEHT, paBHbd 10 H'M, B pe3ynbpTare yero AUCK OpuXoauT BO
BpanieHue. OnpenenuTs paboTy, COBEpIIeHHYIO 3a nepBbie 10 c.

142. MaxoBuk, 00J1a1atoluili KWUHETUYECKON dHEPTrUeit 3,2'103 J>K, ocTaHaBIIMBa-
€TCsl MOJ] IEHCTBUEM TOPMO3SIIETro MOMeHTa, paBHoro 16 H-M. Ckoiapko 000poTOB
clieyaeT MaXxOBHK J0 ITOJIHOM OCTAHOBKH?

143. Ilap maccoii 0,25 Kr KaTuTcs MO TOPU3OHTAIHLHOW MOBEPXHOCTH 0O€3 Mpo-
CKaJb3bIBaHMs cO CKOpocThio 4,0 m/c. OmnpenenuTs ero MoJHYK KMHETHYECKYIO
DHEPTUIO.

144. ap ckarbiBaeTca 0€3 MPOCKaIb3bIBAHUS M0 HAKIOHHOM MJIOCKOCTH BBICOTOMN

50 cm. OnpenenuTh CKOPOCTh IIapa B KOHIIE HAKJIOHHOW muiockoctu. [lorepeit
SHEPrUH Ha MPEOO0JICHUE CUJI TPEHUS MpeHeOpeUb.
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145. lap maccoii 2 kr u paguycom 0,1 M Bpamaercs co CKOpocThio 2 00/C BOKPYT
OCH, IPOXOAIIeH uepe3 ero 1eHTp. Kakyro paboTy HaJo COBEpIINTH, YTOOBI YBE-
JMYUTH YTIIOBYIO CKOPOCTH BpAIlleHUS mapa BIBoe?

146*. Mstu maccoii 0,1 xr 6pocunu nox yriaoM 30° K TOPU3OHTY CO CKOPOCTHIO 2
M/c. HailTu KMHETUYECKYIO0 IHEpPIHIO MsS4a B BEPXHEH TOUKE €ro TPAeKTOpUU U
HauOoJbIlIee U3MEHEHHE €T0 MOTEHIIMATBFHON YHEPTHH, TpeHeOperast CONpOTHBIIE-
HUEM BO3]lyXa.

147*. Co ckaybl BbicOTOM 19,6 M B TOPU30HTAIBLHOM HaIlpaBICHUU OpPOCHUIIM Ka-
MEHb CO CKOpOCThbIO 36 KM/4. OmnpeaenuTh KUHETHYECKYIO U TMOTCHLHMAIBHYIO
AHEpPruro KamHs uepes 1,25 ¢ mocne Havana asmxeHus. Macca kamus 100 r. (Co-
IPOTUBIIEHHUE BO3/lyXa HE YUUTHIBATb. )

148. Onpenenuts paboOTy, KOTOPYIO COBEPIIAIOT CHUJIBI TPABUTAIMOHHOIO MOJIS
3emMiu, eclid TeJ0 Maccor | Kr ymajeT Ha MOBEPXHOCTh 3€MJIM C BBICOTHI, PABHOM
paguycy 3eMiIH.

149. Haiitu paboTy, KOTOPYIO HaJI0 COBEPIINTH, YTOOBI C:KaTh NpyKUHY Ha 20 cMm,
€CJIM U3BECTHO, 4TO noA aevictBueM cuibl 30 H npyxuHa cxxnmaercs Ha 1 cm.

150. TTo HaKIOHHOM MIOCKOCTHU BBICOTOM 1 M CKOJB3UT Teao Maccou 1 kr. [[nunHa
HaKJIOHHOW TuiockocTH 10 M. HaliTh KMHETHYECKYIO SHEPrUI0 Tela Y OCHOBAHUS
MJI0CKOCTH, eciu ko3 dutineHt Tperus pasex 0,05.

DJIeKTPUYECTBO

201*. JIa 0NIMHAKOBBIX 3apsHKEHHBIX MIAPUKA TOJIBEIICHBI B OJIHOM TOYKE HA HHU-
TSIX OAWHAKOBOM JUIMHBL. [Ipn 3TOM HUTH pazouumch Ha yroua o. llapuku norpy-
JKAIOTCS B MAcyIo INIOTHOCTBIO p=8-10° kr/m°. KakoBa IMAIEKTpHUIECKas IPOHMITA-
€MOCTh € Macja, €ClM yTroJ PAcXOXKICHUsS HUTEH NpH MOTPYKEHUU IIAPUKOB B
Macio ocTaercs HemsMeHHsIM? IITOTHOCT MarepuanoB mapukoB p= 1,6-10°
Kr/M°.

202*. Tonkoe momykoJbIlo paguycom R = 10 cM HeceT paBHOMEPHO pacrlpesiesieH-
HBIW 3aps]l C JIMHEWHOMN TIJIOTHOCTBIO =10 Ki/m. B LIEHTPE KPUBU3HBI MOJYKOJIb-
11a HAXOJIUTCS TOYCUYHBIN 3aps ( = 2-10° K. Onpenenuts CUITy B3aUMOACHCTBUSA
TOUYEYHOTIO 3aps/ia U 3apsHKEHHOTO MOIYKOJIbIIA.
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203*. Bapsa ¢ IMHEHHOH mIoTHOCTRIO T = 3-10° Ki/M paBHOMEpHO pacmpeeeH
10 TOHKOMY TOJIYKOJIbILY, B LIEHTPE KPUBU3HBI KOTOPOTO HAXOAUTCS TOYEUHBIN 3a-
psix @ = 5-:10™ Ki. Cuna B3auMOZEiCTBHS TOUYSUHOTO 3apsiia H 3apsHKCHHOTO MO-
JIYKOJIbLIA paBHA 5° 10 H. Haiitu paanyc IMOJyKOJIbLIA.

204*. Toueunstii 3apsy q = 3-10™ K1 HAXOAUTCS B LEHTPE KPHBH3HBI TOHKOTO T10-
JTyKOJIbLIa paguycoM R = 5cM, paBHOMEpPHO 3apsKEHHOTO € JIMHEHHOMN MIIOTHOCTHIO
7. Cua B3aMMOJENCTBHSI TOUEYHOTO 3apsia U 3apsyKEHHOTO IOJIYKOJIblia paBHA
6-10™ H. Onpenenuth THHEHHYIO TIOTHOCTH 3aps/ia MOTYKOIbIA T.

205*. Ha TOHKOM KOJIblle paBHOMEPHO pachpe/ieieH 3aps/ ¢ JIMHEWHON IIIOTHO-
cthio 3apsana 1= 20 uKn/cm. Pagumyc xonsua R = 5 cm. Ha mepnennukynspe k
MJIOCKOCTH KOJIbIla, BOCCTABIICHHOM M3 €T0 CEPEANHBI, HAXOIUTCS TOYCUHBIN 3apsi
g = 40 uKn. Onpenenuts cuity, I€MCTBYIONIYIO HA TOUYECUHBIN 3apsisl CO CTOPOHBI
3apsHKCHHOTO KOJIBIIA, €CIIM OH YAaJIeH OT IeHTpa Kobia Ha: 1) a;= 10 cm; 2) a,= 2
M.

206*. OnpenenuTh HANPSHKEHHOCTh IOJIsI, CO3JaBa€MOr0 3apsijioM, PaBHOMEPHO
pacnpeieIeHHbIM 10 TOHKOMY MPSAMOMY CTepHIO JiuHOU |= 10 cM, ¢ muHeiHOoN
mIoTHOCTRIO 3apsiga 1= 100 vKn/M, B Touke, jexalied Ha MPOJOTAKEHUU OCH
CTepkHsl Ha paccTosHuM a = 10 cM oT Omkaitiero koHua. OnpeneauTh Takxke
CUJTy, IEMCTBYIOIIYIO B 3TOM TOYKE Ha ToueuHbId 3apsaa = 10 uKo.

207*. Haiitu cuity B3auMOJECUCTBHUS MEXIAY TOHKONW O€CKOHEYHOW HUTHIO C JTMHEH-
HOM MIOTHOCTHIO 3apsaa T, = 0,278 uKi/m u ToHkum crepxkHem mauHoi | = 17,1
CM C JIMHEWHOM TJIOTHOCTHIO 3apsina T, = 0,4 uKi/M, ecnu ux ocu B3aMMHO Tep-
MeHIUKYJISIPHBI, a OJIM>KaWIIINM KOHEIl CTEPKHS, JeXKAIIero B paguaibHOMN MIIOCKO-
cTH, HaxoguTcs B 10 cM OT HUTH.

208*. Ilo ToHKOMY KOJIBITY paarycoM R = 6 cM paBHOMEpHO pacmpenesneH 3apsan Q
= 24 uKn. KakoBa Hanpsi»K€HHOCTbH IMOJII B TOUKE, HAXOISIIEHCS] Ha OCH KOJIbIla Ha
paccTostHMM 18 cM oT nenTpa konpua? HailTu Takke cuily, NEMCTBYIOIIYIO B 3TOU
TOYKEe Ha ToueuHsli 3apsn g = 0,5 uKo.

209*. Ogna yeTBepTas 4acThb TOHKOIO KoJjblla paguycoM R = 10 cMm HeceT paBHO-
MEPHO PACIIPE/ICICHHBIN 3apsi ¢ IHHEHHOH mioTHOCThI0 T = 2-10° Ki/m. B nen-
Tp€ KPHUBU3HBI KOJbLA HAXOJIUTCS TOUYECUHBIN 3apsan (| = 5-10"° K. Onpenenuthb
CUJIY B3aMMOJICUCTBHS TOYEYHOIO 3apsi/ia U 3apsyKEHHOM YacTH KOJIbLA.
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210*. JIBa momy0GecKOHEUHBIX, TOHKUX PAaBHOMEPHO 3apsKEHHBIX CTEPXKHS pacro-
JIO’KEHBI MEPIEHIUKYISIPHO APYT K APYry TaK, 4TO TOYKA IEPECEUEHMs] UX OCEl
HaXOJIMTCSl Ha paccTOsTHUM & = 8 ¢cM U b =5 cM 0T GikallIiMX KOHIIOB CTEPIKHEH.
Haiitu cuny, aerictByromyto Ha 3apsaa ( = 10 uKn, moMeneHHbiii B TOUKy rnepece-
YEHHUs OCEH CTEpIKHEH, NoJIaras JMHEUHYIO TUIOTHOCTh MX 3apsAI0B OJUHAKOBOM U
pasHoii T = 1,5 uKin/cm.

HPUMEYAHUE:

B 3amauax 211* — 220* nHeoO6xoaumo:

a) HaliTn 3HaueHHs BEKTOPOB HAIPSHKCHHOCTH JJICKTPUUYCCKOTO TOJISI M DJICKTPH-
yeckoro cmernieHuss E u D kak QyHKIHIO pacCTOSHUS I, OTCUMTHIBAEMOIO OT IICH-
Tpa WKW OCH CUMMETPHH, IS CIydaeB, yKa3bIBaeMbIX B Ka)KI0H KOHKPETHOM 3a-
Jave.

0) I'paduxu E=f;(r) u D=f,(r) pactosoxuTh Ha OJHOM PHCYHKE.

B) BBUHMCINTE pa3sHOCTh MOTEHITMATIOB MEXIY ABYMsS TOYKAMHU, YKa3aHHBIMU B
KaXXJ0M KOHKPETHOM 3aj1aue.

211*. Mexny nByMs OECKOHEYHO JJIMHHBIMU, KOAKCHAJIBHBIMU U PAa3HOMMEHHO
3apsSKEHHBIMU I[IJIMHAPUYECKUMU TTOBEPXHOCTSIMU MallbIX paauycoB R; =4 cm u
R, = 10 cMm HaxoauTes cloit AMAJIEKTpUKA (€= 3), MPUJIETAIONIECTO K IUJIUHIpUYE-
CKOM MOBEPXHOCTH OoJibliero paauycy R, . MeHblIni painyc IU3IEKTPUIECKOTO
cinosi Ry = 7 cM. JIuHeliHas MIIOTHOCTH 3apsiga MOBEPXHOCTU paauycoMm R; cocras-
asiet -3 HKi/M, a BHenHe#l noBepXxHocTu paaunycoM R, +3 uKn/m. [loctpouts rpa-
buku dynxuit f1(r) u f(r) g coyyaes: 1) r < Ry; 2) Ry <r <Rjy; 3) r> R,. Boi-
YUCJIUTh PA3HOCTh MOTEHIIMAIOB AP MEXAy TOUKaMu 1 =4 cM u I,= 9 cMm.

212*. 3apsiz 2,5-10° K paBHOMEpHO pacipesielieH Mo BCeMy 00bEMY OIHOPOLHO-
ro cepudeckoro audekTpuka (e=5) paguycom R =4,0 Om. IToctpouts rpaduku
dynkuuii fi(r) u fo(r) mis cnydaes: 1) r < R; 2) r > R. Beraucnute pa3HOCTbH I0-
TEHUUATOB AQ MEXy TOUKaMH 1 =2 cM U =9 cM.

213*. JIBa O€CKOHEUHO IJIMHHBIX IMJIMHIPUYECKUX IMPOBOJHUKA, OCH KOTOPBIX
COBIIAJIAl0T, UMEIOT paauychl R;=5 CMm u R; = 15 cm. [lunuHapsl 3apssKeHbl paBHO-
MEPHO PAa3HOMMEHHO C JIMHEWHOM MJIOTHOCTBIO 2,5-10'9 Ki/m, mpudem 3apsi 1u-
JUHJpa MEHBIIEr0 pajanyca OTpUllaTelieH. Bce mpoCcTpaHCTBO MEXAY LWJIHMHAPU-
YECKMMHU TOBEPXHOCTSIMHU 3arOJHEHO OJHOPOAHBIM JudjiekTpukoM (e= 3,0). Ilo-
ctpouth rpadpuku Gyuxuuii fi(r) u f(r) mis cmygaes: 1) r <Ry 2) Ri<r<R,; 3)r
> R,. BeluncnuTh pa3HOCTh NOTEHIHATIOB AQ MEXIy TOUKaMu Fy =2 cM u I,= 14
CM.
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214*. Toueunsrii 3apsx q = 1,6-10"° Ki1 HaxoauTes B HeHTpe wiapa pagnycom R=
0,04 M ¥3 OJHOPOIHOTO M3O0TPOITHOTO AWAICKTpHKA. ETo musnekrpudeckas mpo-
HUIlaeMocTh paBHa 2,5. [Toctpouts rpaduku Gyukuuii f1(r) u fo(r) mis ciaygaes:

1) r <R; 2) r > R. Beruuciauth pa3HOCTh MOTCHIIUAIOB AQ MEXIy TOUKaMH I = 2
CMHUIN=8CM.

215*. Cdepuueckas moBepxHOCTh paanycoM R; = 30 MM nMeeT paBHOMEpPHO pac-
MIPEICIICHHBIN 3apsi]l —5-10®° K. Ha BTOPOM chepruyecKOi MOBEPXHOCTU PATUYCOM
R, = 40 MM paBHOMEPHO pacIpeesieH TaKoW ke MO BEJIMYMHE, HO MOJIOKUTENb-
HbIM 3apsa. LleHTpsl cepruuecknx moBepXHOCTEH coBmaaaroT. Bee mpocTpaHCTBO
MeXAy cpepruyecCKMMH MOBEPXHOCTSIMHU 3aMOJHEHO OJHOPOIAHBIM JIUAJIEKTPUKOM
(e=5). [loctpouts rpaduku ¢pyukui fi(r) u fo(r) ma coyqaes: 1) r <Ry; 2) Ri<r
<Ry; 3) r > R,. Beraucnuth pa3HOCTh OTEHIMATIOB AQ MEKAY TOUKaMu 1= 20 MM
u r,= 60 MM.

216*. Mexny nByMsi O€CKOHEUHO JJMHHBIMU, KOAKCHAJbHBIMU U Pa3HOMMEHHO
3apsHKEHHBIMU ITWIMHAPUYECKUMHU TMOBEPXHOCTSIMH MaJIbIX paauycoB Ry =4 cM u
R, = 10 cMm HaxoauTCs CiioW AUANIEKTpUKA (€ = 3), MPUJIETatOIIEro K HUINHIpUYe-
CKOHM MOBEPXHOCTU MEHBbUIEro paauyca R;. BHemHui paguyc ciost JUAJIEKTpHUKa
Ro = 7 cM. JIuHeliHas IJIOTHOCTH 3apsijia MOBEPXHOCTH paauycoM R; cocrasmiser +3
HK11/M, BHenHe# nmoBepxHocTu coctapisier —3 HKi/m. [loctpouts rpaduku GyHK-
it f1(r) u f(r) mns cnygaes: 1) r < Ry; 2) Ry <r <Rjy; 3) r > R,. Beruucnuts pas-
HOCTh MOTEHUIHAIOB AQ MEXAYy TOUKaMH 1 =4 cM U I, =9 cm.

217*. 3apsg q = —5-107 Ki1 paBHOMEpHO pacIpeseNeH Mo BceMy 0OBEMY OIHO-
poaHoro cdepudeckoro audiekTpuka (€ = 3) paguycom R = 5,0 cMm. IToctpouts
rpaduku pynkuit fi(r) u fo(r) mist crygaes: 1) r < R; 2) r > R. Beruuciuts pas-
HOCTh MOTEHIHATOB A@ MEeXAy TOUKaMu 1 = lcm u I, = 8 cMm.

218*. JIBa OECKOHEUHO IJIMHHBIX IMJIMHIPUYECKUX IMPOBOJHUKA, OCH KOTOPBIX
COBIIAJIAl0T, UMEIOT paauychl R; = 6 cM u R, = 18 cM. L{unuHapsl 3apsiKeHbl paB-
HOMEPHO M Pa3HOMMEHHO C JIMHEWHOU IJIOTHOCTBHIO 5-10"® Ku/m, MpUYEM 3apsi
UMJIMHAPAa MEHBUIETO pajuyca MOJOXKUTENeH. Bece mpocTpaHCTBO MeXy LMIMH-
JPUYECKUMU TTOBEPXHOCTSMU 3aMOJTHEHO OAHOPOIHBIM AUAIEKTPUKOM (€ = 5,0).
[Moctpouts rpaduku ¢pyakmwmii fi(r) u fo(r) as coygaes: 1) r < Ry; 2) Ry <r < Ry;
3) r > R,. BeruuciuTh pa3HOCTh MOTEHITUAIOB A(Q MEXITy TOYKaMH 1 =3 cM U I, =
15 em.
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219*. Toueunsrii 3apsz q = -2,1-10"° Ki Haxourest B neHTpe 1mapa pagaycom R =
0,08 M U3 OHOPOIHOTO M30TPOITHOTO AMAICKTpHKA. Ero musnekrpudeckas mpo-
HuaeMocthb paBHa 1,5. IToctpouts rpaduku Gyukuuii f1(r) u fo(r) mis ciaygaes:

) r <Ry; 2) r > R,. BeIUHCINTS pa3HOCTh MOTEHIIHATIOB AQ MEXIY TOUKAMH Iy =
IS5ecmur,=7cwm.

220*. Cepuueckuii mpoBoJHUK pagnycoM R;= 10 MM OKpy’KeH MPUMBIKAIOIIUM K
HEMY CJIOEM OJHOPOJHOIO JTHUAJIEKTPUKA C HAPYKHBIM paguycoM R, =30 MM u 1u-
AIEKTPUUECKON MPOHUIAEMOCThIO €= 1,5. Ha moBepXHOCTH MPOBOJHUKA PaBHO-
MepHO pacrpeenet 3apsx q = 1,8-:10® Ki. ocrponts rpaduku Gyrkmumii f(r) u
fo(r) s cydaes: 1) r < Ry; 2) Ri<r <Rjy; 3) r > R,. BeIuucinTh pa3HOCTb MOTEH-
nuaIoB AQ Mexay ToukaMu ;= 8 MM U I, = 40 MMm.

251%*. TIlpoBognauk muHOM | = 1,4 M, o KOTOpOMY TedeT TOK | = 2,6 A, paBHOMEp-
HO Bpallaercsi B OJHOPOJHOM MarHUTHOM mosie (B= 0,1 Ti) Bokpyr ocu, mpoxo-
JUILIEN Yepe3 OJIMH U3 €ro KOHLOB U MapajuieabHoi BekTopy B. Ilepuon BpameHus
T'=0,2 c. Haiitu pa6oty, coBepiieHHyt0 3a BpeMms t = 40 c.

252*. Pamka, cogepxamas N = 1500 BUTKOB, miomansio S = 150 cM?, paBHOMEPHO
Bpaiaercs ¢ yactorod N = 960 06/MUH B MarHUTHOM T10JI€ HANIPSIKEHHOCThIO H =
10° A/M. Och BPAIICHHS JIGKUT B ILIOCKOCTH PAMKH M MEPICHANKY/SPHA JTHHHSIM
HanpspkeHHOCTH. Onpenenuts MakcuMalibHy0 J/[C MHIyKIHMM, BOZHUKAIOIIYIO B
pamKke.

253*. IIpoBoOYHBII BUTOK paguycoMm I = 14 cm u conportuienueM R = 0,01 Om
HaxOJUTCS B OAHOPOAHOM MarHuTHOM mone (B = 0,2 Tu). IlnockocTs BUTKA CO-
cTaBisieT yron ¢ = 60° ¢ nmMHUAMHA MHAYKOMH. Kako#l 3apsj MpOTEYET MO BUTKY
MIPU BBIKJIFOYEHUW MarHUTHOTO MOJIsA?

254*. B mpoBOJIOYHOE KOJIBIIO, MMPUCOSAMHEHHOE K OATMCTUYECKOMY TallbBaHO-
METpY, BCTaBWIN NpsMoi MarHuT. [Ipu aTom mo nenum mpormen 3apsia Q =10 mxKo.
OnpenenuTh U3MEHEHHE MAarHUTHOTO TOTOKa A@® Yepe3 KOJbI0, €CIIU COMPOTHB-
JieHue 1enu raibBaHomerpa R = 80 Owm.

255* . Pamka u3 npoBoga conporusiienueM R = 0,01 Om paBHOMEpHO BpamaeTcs
B OHOPOJHOM MarHuTHOM 1ose (B = 0,05 Tiu). Ock BpailieHHs! JISKUT B IIOCKO-
CTH PAMKH ¥ MEPICHINKY/SPHA TMHAIM HHAyKIuA. [lomans pamMkn S =160 cvm’,
Omnpenenuth 3apsn Q, KOTOpPBI MpOTEUeT 4Yepe3 paMKy MpU H3MEHEHHH Yyriia
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MEXKJly HOPMaJb0 K paMmke W JuHussMH uHaykuuu: 1) ot 0 go 30°; 2) ot 30° go
60°; 3) ot 60° 10 90°.

256*. Pamka tutommaaeo S = 220 cM? PaBHOMEPHO Bpamaercs ¢ yactoron N =10 ¢t
OTHOCHUTEJILHO OCH, JIeXKaIleld B MJIOCKOCTH PaMKHU U MEPHNEHIUKYISIPHONU JTUHUSIM
UHAYKIUU OJHOPOAHOro MarHuTHOro noist (B = 0,12 Tm). Onpenenuts cpennee
3HaueHue DJIC uHAYKIUU 32 BpeMs, B TEUEHHE KOTOPOr0 MarHUTHBIA MOTOK, IIPO-
HU3BIBAIOIINM paMKy, U3BMEHUTCS OT HYJISI 10 MAKCUMAJIBHOTO 3HAYCHUSI.

257*. ToHkul MPOBOJHUK C compoTuBieHneM R = 14 Om u mousoi | = 1,5 M co-
THYT B BHJIE KBaJIpaTa U KOHIIBI €ro 3aMKHYTHL. KBajpaT momerieH B OJTHOPOIHOE
MarautHoe nosie (B = 0,1 Ti) tak, 4To €ro MIoCKOCTh MEPICHANKYISAPHA JTUHUAM
nosisg. Onpenenuts 3apsaa Q, KOTOPBIA MPOTEUYET MO MPOBOJHUKY, €CIIM KBaJapar,
MOTSHYB 3a IPOTHUBOIOJIOKHBIC BEPIITUHBI, BRITSHYTH B JIMHHIO.

258*. B 0AHOPOIHOM MAarHUTHOM IoJyie HanpsbkeHHocThio H = 2000 A/m paBHO-
MEpHO ¢ yactotoud N = 10 ¢! BpalmaeTcsi crepykeHb jumHoi | = 20 cMm Tak, 4uro
IUIOCKOCTh €r0 BpalleHUs MEPIECHAUKYISIPHA JTUHUAM HaNpsKEHHOCTH, a OCh Bpa-
LICHUS MPOXOAMT 4Yepe3 OJHWH U3 €ro KOHUOB. Onpenennts MHAYLHPYEMYIO Ha
KOHLIaX CTEPKHS Pa3HOCTh NOTEHIIMAJIOB.

259*. B maraHuTHOM moJie 3eMJIM B TOPU30HTAIIbHON TJIOCKOCTH PaBHOMEPHO Bpa-
maercs npoBoaHUK JumHOW | = 1 M. [lpu kakoil yacToTe BpalIeHHUS W Pa3HOCTH
MOTEHIMAJIOB Ha €ro KoHmax A@ coctaBuT 1 B? BepTukanpHyl0 COCTaBISAIOLIYIO
BekTopa B mpunsaTe paBHOM 50 MKTn. Och BpallleHUS TPOXOAUT 4Yepe3 OAUH M3
KOHIIOB IIPOBO/THUKA.

260*. Conenoun conepxxut N = 600 ButkoB. CeueHue cepaeyHuka (M3 HEMarHuT-
HOTO MaTepuana) S = 8 cm?. TTo 06MOTKe TeueT TOK, CO3AIOIIUNA T0JIe C UHIYKIIH-
eit B =5 mTn. Onpenenuts cpennee 3Hauenne DJ[C caMOMHAYKIIMU, KOTOpast BO3-
HUKAeT Ha 32)KUMaxX COJICHOW[A, ECITH TOK YMEHBINACTCS MPAKTUYECKU 10 HYJIS 3a
Bpems At = 0,6 mc.

KoJie0anusa v BOJIHBI

301*. Karymka ¢ uaayktTuBHOCTBIO 0,002 ['H 1 KOHIEHCATOP COCTABISIOT HI€AIb-
HBIM AJIEKTPUUECKUI KoJieOaTeNbHbI KOHTYp. [lomans kaxmaon MmiaTUHBI TJI0C-
Koro konaeHncaropa 200 CMZ, paccrosiHre Mexay oOkmaakamu 0,5 MM, TUAJICKTPUK
- ctekiio (€ = 1,7). Ilonw3ysick BTopbeIM 3akoHOM Kupxroda, coctaButh nuddepen-
[[MaJbHOE YpaBHEHUE rapMOHUYECKHUX KOJI€OaHUN B KOHTYpE, 3aMucaTh €ro pelie-
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HUE, ONPEACTUTh HUKINYECKYIO YacTOTy U mepuoa konedanuil. Hackonpko oH u3-
MEHUTCS, €CJIU U3 3a30pa yopaTh CTEKIIO0?

302. 3anucarh ypaBHEHUE KOJECOAHUN CHIIBI TOKA B LEMHM UJCAIBHOIO JIEKTpUYe-
CKOTo KoHTypa ¢ uHAykTuBHOCTHIO L = 0,33 ' u emkocthio C = 0,46 Mx®D, eciu
KoJIeOaHMs 3apsa MPOUCXOAAT M0 3aKOHY CHHYCA ¢ aMIUTATYA0H (,, = 2,3 107 Kx
U C HadajbHOU (pa3oii /6. HaliTn 3HaueHne 3HePTUU MarHUTHOTO TOJISI KaTYIIKH B
HadalbHBI MOMEHT BpemeHu u jisi t = T/12, rne T — nepuon koneGanwmii. Yemy
paBHa MOJHAas SHEPT U ANEKTPOMArHUTHBIX KoseOaHuil B cucteMe?

303*. I'py3uk Maccoit m = 40 r coBepiaeT BepTUKAJIbHBIE KOJeOaHus: 0e3 TpeHUs
Ha nipykuHe ¢ kodhdunmentom ynpyroctu K = 0,16 H/cm. Mcxoas u3 Broporo 3a-
koHa HploToHa, coctaButh nuddepeHnnaibHOe ypaBHEHHE KoJieOaHWM rpy3a Ha
NPY>KUHE, 3aIUCaTh €ro PelIeHUE, ONMPEAEIUTh [UKINYECKYI0 YaCTOTY M TEPHOJ
KoJiebanuii. CuuTas, 4To B HEKOTOPHIII MOMEHT BPEMEHH CMEIIEHHUE TPy3a COCTaB-
JSI€T TOJIOBUHY OT MAaKCUMAJIbHOT'O, HAWTH OTHOLIEHHE KMHETUYECKOW U MOTEHIIU-
aJbHOM HEPTUIA TPy3a B 3TOT MOMEHT.

304. MakcumanbHOE 3HaY€HUE CKOPOCTH TapMOHUYECKU KOJICOJIOIIEcss MaTepu-
anbHOW TOYkM paBHO 20 cMm/c. BemnumHa MakCMMambHOTO ycKopeHus paBHa 4,0
M/c?. ONpesenuTh KPyroByio 4acToTy M aMIUTHTYIy KOIeOaHHMil. 3amucarh ypas-
HEHHME TaPMOHUYECKUX KoJjeOaHui B o01IeM BU/IE, MOJYYUTh U3 HErO 3aKOH KOoJe-
OaHMI CKOPOCTH M YCKOPEHUSI.

305. VYpaBHeHue W3MEHEHHMs TOoKa B KoJjebarenbHOM KoHType B CU
1(t)=0,02-sin(4007-t). NuayktrBHOCTH KOHTYpa paBHa | I'm. Ompenenuts eM-

KOCTh KOHTYpPa U MaKCUMAJIbHOE 3HAUYCHHUE YHEPIUH AJIEKTPUUECKOTO U MAarHUTHO-
ro IOJIEH.

306*. OgHopoaHbIH MarHUTHBIN cTepkeHb mauHOM | = 10 cm, maccoit m = 6 T,
MATrHHTHBIM MOMEHTOM p,, = 2,1:10° A-M* coBepImaeT rapMOHIYECKHE KOTeOaH s
B OJHOPOJHOM MAarHUTHOM MOJIE UHAYKUUEH B = 1,5-10'3 Tn. Ocp xonedaHumt
MEPICHANKYJIIPHA CTEPKHIO M TIPOXOJIUT Yepe3 ero cepeAnHy. B monoxxenun pas-
HOBECHS HAMPABJICHUS MAarHUTHOTO TIOJIT 1 MAarHUTHOTO MOMEHTA CTEP>KHS COBITA-
narot. OnpeaenuTh nepuo KoneOaHui CTepKHS U MUKJIMYECKYI0 9acToTy. [IpeHe-
Operasi MOMEHTOM CHWJI TpeHHUs, 3anucath quddepeHnnanTbHoe ypaBHEHHUE TapMO-
HUYECKUX KOJIeOaHW U eT0 pelieHUue C YUCIOBBIMU KOA(DOUIIMEHTAMH JIJIST yTII0-
Boro cMmemeHus ¢(t), BBIOpaB MPOM3BOJIbHYIO BEIMYMHY HA4ambHOU (ha3bl Koseda-
HUH 0, CYUTATh, UTO amIuIuTyaa ¢, = 0,17 pan.
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307*. OmnHopoausiii map auamerpoM 80 cM coBepiaeT KoneOaHusi BOKPYT TOpH-
30HTAJILHOM OCH, MPOXOJALIEH CKBO3b IlIap HA PacCTOSHUU a =16 c¢M OT ero IieH-
Tpa. OnpenenuTs Nepuo U HUKINYECKYI0 4acTOTy 3aryxawmux kojaedanuid. Co-
CTaBUTh JU((HEepeHIINATBHOE YPAaBHEHUE TaPMOHNYECKUX KOJIEOaHUI JUIsl yTII0BO-
ro CMEUIEHUs 111apa, MOJIb3ysCh OCHOBHBIM YPAaBHEHHEM JTMHAMUKHU BpPAILATEIbHO-
ro JBWKeHHUs (aHainor 2-ro 3akoHa HeroToHa) 1 3anucats ero peumenue. [1onoxute
aMILTUTYyAy KosieOanuii ¢, = 0,085 pan.

308. M3MeHeHue HampspKeHUs Ha OOKJIaJKax 3JIEKTPUYECKOTO KOHJEHcaTopa B
UJCATBHOM KOJe0aTelnbHOM KOHTYpE (OCHMIUIATOPE) MOTUUHSETCS 3aKOHY KOCH-
Hyca. AMmumntyaa HanpsbkeHus 60 B, coOcTBenHas yacrota 1,6 10° ', emMkocTh
KOHJICHCATOpa 107 ®. Haiitu MHAYKTUBHOCTH KATYIIKH, [OJHYK DHEPIUIO KOJIe-
OaHMIl B KOHTYPE U OTHOIIEHHE AJIEKTPUYECKOW U MAarHUTHOW 3HEPTUil CUCTEMBI B
MOMEHT, paBHbIN 1/4 nmepuoaa kosebaHui, eciii HavaabHas ux ga3a paBHa o= /6.
3anucaTh ypaBHEHHE KOJIEOAHUM C YUCITOBBIMHU KO3(PPULIMEHTAMHU.

309. B xonebarensHOM KOHTYpe 0e3 MOoTeph B HaualbHbII MOoMeHT t = 0 cuiia Toka,
MEHSIOIIETOCs 0 3aKOHY CHHYca, paBHa lg=1,2 A, HadaiibHas (a3a KojaeOaHuk Qg

= 1/3, yacroTta konebanuit 2,6 xk['1. HaliTn ammunryay xosnebaHuid CHIIBI TOKA B
Henu M 3apsjga Ha OOKJIaJKax KOHJEHcAaTopa, a TakXke 3HaueHue 3apsiaa (o B
Ha4aJIbHbII MOMEHT.

310. B HauaJIbHBII MOMEHT BPEMEHU CUJIA TOKA B UACATBHOM SJIEKTPHUUYECKOM KOH-
Type UMEeT MaKCUMaJIbHOE OTPUIATEILHOE 3HAUCHHE, MOJ0XKUTEILHOE 3HAUCHHE,

-2
paBHOE TIOJIOBMHE aMIUIMTYAHOTO, nocturaetcs yepe3 t=5-107c. Omnpenenutsb
YaCcTOTYy FAPMOHUYECKHMX KOJICOAHUI M MPUBECTH KaYeCTBEHHBIC TpaduuecKue 3a-
BucumocTH I(t) u g(t) ¢ yueTtoM ha3oBOro cBura Mexay HUMHU.

311. Teno maccoit 48 T coBeplIaeT 3aTyXawlline KojieOaHusi Ha MPYKUHE, MOrpy-
YKEHHOH B BSI3KYIO KUJIKOCTh. HailTh k03ppUIIMEeHT CONpOTUBIEHUS CPEbI I, €CIH
3a 2,5 ¢ xonebaTenbHas cucrema tepseT 80% cBoeit sHeprun. Onpenenurb, Yepes
KaKoe BpeMsl aMIUTUTY/]a CMEILIEHHUs TeJla YMEHbIIUThCS B € = 2,718 pas.

312*. I'py3 maccoit 360 r kosebiercss B Maciie Ha MPYKUHE C KECTKOCThIO K =
0,568 H/cm. Cuna conmpoTuBIIEHUS TPONOPLIHUOHAIBHA U 00paTHA MO 3HAKY CKOPO-
ctu rpy3a. Cuuras, yto KodhduimeHt nponopuroHanbHoct I = 1,44 H-c/m, co-
CTaBUTh Ha OCHOBE 2-T0 3akoHa HproToHa muddepeHnnansHoe ypaBHEHHE KOJIe-
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OanHwmii Tpy3a, 3aMucaTh €ro PEIIeHue B OOIIEM BHJIC U C YUCIOBBIMH KOI(PPHUITNCH-
TaMu. HaliTh IUKINYecKy o 9acTOTy U IEPUO/ 3aTYXAIOIINX KOJIeOaH!.

313. Jlo6potHOCcTh Q mocnenoBatenbHo L-R-C xonTypa cocraBmser 26,17. Uepes
CKOJIBKO TIOJIHBIX KOJEOaHW aMIUIMTyAa HamnpskeHHs ymeHbluutcs B 11 pas?
CunTast, YTO EPUO 3aTyXalOIUX Kojaebanu Ty, 3amucarh 3aKOH yObUIN aMILIH-
TyJIbI B O0IIIEM BUJIE, UCIIONIB3YIO0 YIOMSHYTHIEC TapaMeTphl.

314*. KonebaTenbHblil KOHTYp ¢ conpoTuBieHreM R = 40 OM U MHAYKTUBHOCTHIO
0,001 T'u conepxut 6atapero u3 10 mocienoBaTenbHO COSAMHEHHBIX KOHAEHCATO-
POB, EMKOCTb KakJ0ro u3 KoTopsix 0,8 Mx®. Onpenenuts nepuoi u Jorapupmu-
YECKHUM JIEKPEMEHT 3aTyXalollux KoneOaHuil B KoHType. HaliTu 3HaueHue KpuTu-
YECKOI'0 COMPOTUBIIEHUS, IPH KOTOPOM IPOIIECC CTAHOBUTCS AlIEPUOANYECKUM.

315%*. IlosHast sHEPTUS NEKTPUUYECKOTO KOJIEOATEIHLHOTO KOHTYpPA, COACPIKAIIETO
MOCJIEA0BATENBHO COEAMHEHHBIE KaTYIIKy ¢ MHIYKTUBHOCTHIO 1,8 MI'H, KOHIIeHCa-
TOp M aKTUBHOE comnpoTuBiieHue, 3a t = 0,2 Mc ymenbmmnacek B 80 pa3. Haiitu ak-
TUBHOE COIPOTHUBIICHHE 3TOr0 KOHTYpa. BO CKOJIBKO pa3 M3MEHUTCS aMIUIUTY]a
KOJIeOaHUM HAMPSHKEHUS B TAKOM KOHTYPE 32 BABOE MEHbIIIEe Bpemsi?

316. 3a 100 ¢ cucrema ycneBaeT coBepimiuth 100 Konebanuii. 3a TO K€ BpeMsl aM-
IUTyaa KosneOaHuid ymeHsblnaercss B 2,718 pa3. Uemy paBHa OTHOCHUTEIbHAs
yObLIL SHEpruK cucteMbl AE/E 3a nepuon kojeOanuii? KakoBa 100pOTHOCTh KO-
nebaTenbHON CUCTEMBI?

317*. TlocnenoBaTeNbHbBIN SJECKTPUUCCKUNA KOHTYP COJCPKUT JBE KATYIIKH WH-
nyktuBHOCTH Ly = 0,05 T'n u L, = 0,075 I'n, paznenennbix eMkocTbio 0,02 MkD u
conpotuiicHueM 800 Om, Takke COCIMHEHHBIX MocienoBaTenbHo. Mcxons u3 2-
ro 3akoHa Kupxroda, cocraButh auddepeHunanbHoe ypaBHEHUE KoJieOaHUM
AIEKTPUUYECKOTr0 3apsjia, 3aluCcaTh €ro PelIeHHe U ONPENeIUuTh HUKINYECKYIO Ya-
CTOTY W TIEPHO]I 3aTyXaromux Konebanuii. OnpeneanTs BpeMs, 32 KOTOPOE dHEP-
THS DJIEKTPUYECKOTO OISl KOHJIEHCAaTOpa YMEHbIUTCS B 7,34 pasa.

318. Haiitu 106pOTHOCTh MasiTHUKA, TIPEACTABISIONIETO COO0M MaJICHbKUH IIAPUK,
MOABCIICHHBIA Ha HUTHU JJuHHOU 0,5 M, eciu 3a Bpems HaOmogeHus t = 1,5 mun
€ro MoJjHas MEXaHW4YecKas dHEeprus yMeHbIIwiIach B 36 pa3. Paznmuuuem ydactor
COOCTBEHHBIX M 3aTyXaOIINX KOJIeOaHU MpeHeOpeyb.
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319*. OnHOpOAHBIN MarHUTHBINA cTepKeHb AMuHOM 10 cM, Maccol 6 T, MAaTHUTHBIM
-3 2
MoMeHTOM P, =2,1-107A4- »" coBepiaeT kojaeOaHUus B OJHOPOJHOM MarHUTHOM

nosie uapyknueil B =1,5-10"°7x. Ochb konebGaHuii nepneHUKyISpHA CTEPKHIO U

IMpOoXOoaUuT 4Y€CPC3 €ro CCPCAUHY. B nonoxenun PaBHOBCCHA HAIIPpABJICHUA MAIrHUT-
HOTO IIOJIAI 1 MAaIrHUTHOI'O MOMCHTA CTCPZKHA COBIIAIArOT. MoMeHT cui COIIPOTUB-

2
d KM
nenusa M. = —rd—(tp, rie r=3107—— — KOA(PGUIIUEHT MPOMOPLUUOHATBEHO-
c
do .
CTH, (D:E — yraoBas CKOpoCTh konebanuii. CoctaBuTh AuddepeHuanbHoe

ypaBHEHUE KOJICOaHUI CTEpXKHs, 3alIUCaTh €ro pPelleHne, HallTh NepUo 3aTyXaro-
IIMX KOJIEOAHUM, IUKIMYECKYI0 YacCTOTY M IOCTOSIHHYIO BPEMEHHU pEaKCaluu
mporecca.

320*. HomuHanbHbIE 3HAYEHUS MTAPAMETPOB MOCIEI0BATEIBHOTO IEKTPHUIECKOTO
L-R-C xontypa Takosl: L =0,04 ', R = 250 Om, no6potHocts Q = 80. Haittu
BpeMs pellakcallui KojieOaHuM B CUCTEME U 3HaY€HUE COMPOTHUBIICHHUS, IIPU KOTO-
POM HACTYIMAeT KPUTHUYECKUN PEXKUM KOJIeOaHUN — MPOIECC CTAaHET anepuoiuye-
CKHM.

321. AMnuTynsl M NEpUOABl ABYX OAWHAKOBO HAIIPABICHHBIX T'APMOHHYECKUX
KoJieOaHUM paBHBI, Pa3bl ke pa3inyaroTcs Ha 27m/3. YpaBHEHUE PE3yIbTUPYIOIIETO
kosiebanus B eaunniiax CU umeer Bug x = 0,2 coS(n-t+m). Onpenenuts ypaBHCHHS
cJlaraeMbIX KoJieOaHuM.

322. B nocnenoBarensHoM R — L —C koHType neiictByer nepuoguueckas I/C -

e(t) =e,Ccosot. 3Hauenns mapamerpo smementoB cuctembr: L =1,25-107 I,

C :2-10_7CD, R = 25 Om. OnpeaenuTs MakCUMAJIbHYIO BEJIMYHMHY AMIUIUTYbI
HaNpsDKEHUs Ha KOHJEHCATOPE M €€ 3HaYeHHME IPH 4acToTe ® =0,8 pe;, €CIU aM-
mnutyga DJC g =12 B.

323*. Ha nonBeleHHbI K npyXuHe rpy3 maccoit 0,1 Kr IeHCTBYeT BBIHYXJal0-
mas cwia ¢ ammumatyaou 0,4 H. KoaddunmenT cun conpoTuBieHus cpeasl paBeH
0,3 xr/c, koapdunueHt ynpyroctu npyxunsl 4 H/m. Haiitu yactoTy konebanuii
BBIHYKJIAIOIIEN CUJIbI, IPU KOTOPOW B CUCTEME HACTYMAET PE30HAHC, U BEJIUYUHY
aMIUINTY bl TIpY pe30HaHce. 3anucarh IuddepeHualbHoe ypaBHEHUE KOJIeOaHM
Ipy3a U €ro pelieHue B YCTaHOBUBILEMCS PEKUME.
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324. BreiHyX7aaromiee HampsbkeHue, NeUCTBYIOIIee B KojiebaTeabHOM KOHType (B
equaniax CH), mmeer Bux U (t) =40c0s10*nt . MupykruHOCTs KOHTYpa 10° TH,

emkocth 10° @, conporusienne 0,2 Om. OnpeeauTs ypaBHEHHE YCTAHOBHBIINX-
cs1 KojieOaHui 3apsAaa Ha OOKIaIKax KOHJEHCATOpa C YUCIOBBIMU KO3 HIIeHTa-
MU U 3anucath IuddepeHaibHOe ypaBHEHHE, ONMCHIBAIOIIEE YKa3aHHbIEC KOJle-
OaHus.

325*. MartepuanbHasi TOUKa y4aCTBYET OJHOBPEMEHHO B JBYX B3aWMHO MEpIICH-
JTVKYJSIPHBIX KOJeOaHUsX, ypaBHEHHUs KOTOpeix B eamHuiax CH ummeror Bun
Xx=0,4cosm-t u y=0,2cosn(t —0,5). Onpeneants TPAEKTOPHIO IBMKCHHS TOY-
KU U Ha4epTHUTh ee ¢ cobmroenneM Macirtada. Paccuntarh u ykasath Ha 4yepTexe
CKOPOCTh M YCKOPEHHE TOYKM B HaYaJIbHBII MOMEHT BpEMEHH U yKa3aTh HaIpaB-
JICHUE ee JBM)KCHUS 10 KpUBOH. Ecii TpaekTopus HE 3aMKHYTast, TO YKa3aTh IMpe-
JIeITbI IBYOKCHUSI.

326*. MarepuaiibHas TOYKa y4acCTBYET OJHOBPEMEHHO B JBYX FApMOHHYECKHX KO-
Je0aHusX, MPOXOAAIIUX BIOJIb OAHOM npsiMoii. B equnaniax CH ypaBHeHHs ciiara-
eMbIX  KojeOaHmii  3ammceiBaiorcst B Buge X, =0,1cosm(t+1/6) w

X, =0,05c0s7t(t +1/2). Onpenenutsh ypaBHEHHUE PE3YIBTUPYIONIMX KOICOAHUIA.

327*. Omnpenenuts a00poTHOCTH L-R-C mocmenoBaTembHOTO 3IEKTPUIECKOTO
KOHTYpa, cojepxaniero nepuogudeckyro IJ{C, eciii HHAYKTUBHOCTb KaTylmku L =
2,5 I'n, aktuBHOE compoTtuBieHne koutypa R = 0,125 Owm, a MakcumanbHOE 3HAYE-
HUE HanpshKeHUs Ha oOkiaakax kouaencaropa U, = 50 B nocturaercst mpu yacto-
te v = 9,28 I'l. Cunras 3aTyxaHue MalbIM, ONMPEAEIUTh PE30OHAHCHYIO aMILTUTYAY
KOJICOaHMIA.

328*. MarepuanbHas TOUYKa y4acTBYET OJIHOBPEMEHHO B JIByX FapMOHHYECKHUX KO-
nebaHusX, MPOXOAIIMX BIOJIL oAHOM nipsiMoit. B eqununiax CU ypaBHeHUs ciara-
€MBIX KOJICOAHUH  3alUCBIBAIOTCA B BHUJIE X =0,1cosm-t/2 151

X, =0,12cos i(t +1) / 2 . OnpenenuTs ypaBHEHUE PE3YIbTUPYIOLINX KOJICOAHUI.

329. Beiyxparomas cwia, 3agaHHas B eauHunax CHM ypaBHeHueM
F(t) =1,5sin 20t, meiicTByer Ha rpy3 Maccoil 0,3 Kr, MOABEIIEHHBIH Ha MPYKUHE.

Koaddumuent comporusnenust cpeast 0,18 kr/c, koaddUIMEHT ynpyroctu mpy-
xuHbl 2,5 H/cM. 3anucarh ypaBHEHHE YCTAaHOBHBIIMXCS BBIHYKIEHHBIX KojebOa-
HUI C YMCIOBBIMU KOA((DHUIIMEHTAMU U yKa3aTh, pelIeHneM Kakoro nuddepeHim-
AJILHOTO YPaBHEHUS OHO SIBIISICTCA.
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330. MaremaTuueckuil MasiTHUK JUIMHOM 80 CM B HaYaJbHBIM MOMEHT MMEET MaK-
CUMAaJIbHYIO CKOPOCTh, paBHYIO 28 cM/c. Onpenenutrh ypaBHEHHE TapMOHUYECKUX
KoJieOaHUM MasTHUKA. 3anucarh AuddepeHimaibHoe ypaBHEHUE KOJIeOaHUN MJis
JMHEWHOTO M YIJIOBOTO CMEIIeHHH. JIaTh CBS3b MEKy HUMHU.

331*. [Inockast 3MeKTpOMAarHUTHAsT BOJIHA, UMEIOIAsl MaKCUMAaJIbHYIO HaMpsDKEeH-
HOCTb 3JeKTprueckoro noius 20 B/M u yactory 10° I'y, pacnpoCTpaHsAETCs B BaKy-
yme. OnpeaenuTh ypaBHEHHE AJIEKTPOMATHUTHON BOJHBI C YHCIOBBIMU KO3 U-
UEHTaMH, BEIOpaB HauajibHbIe yciioBUs. HailTu nHTeHCMBHOCTD BONHBI. [IpuBectu
CHUMOK U OCLMJUIOIPaMMYy MOJ0OHON BOJIHBI.

332. Ot uctounuka konebanuii ¢ yacrotord 100 't BIOIB psIMOi pactipoCTpaHs-
eTcst BoJiHa co ckopocThio 330 m/c u ammumurygoit 0,50 Mkm. OnpenenuTs AIuHy
BOJIHBI, (ha3y ¥ YCKOpEHHE KoJieOaHUl TOUKH, yaaieHHoW Ha 0,33 M OT UCTOYHHUKA
KoJIeOaHMI B TOT MOMEHT, KOT/Ia OT Havajia Koyiebanuii ncrounuka nponuio 0,004
c. Konebanus npoucxoasaT o 3aKOHy CHHYyca; HadajbHas (a3a KoieOaHui UCTOU-
HUKa paBHa HYJIIO.

333. IInockas 37AEKTPOMArHWTHAas BOJIHA, UMEIOLIAs aMIUIATYAYy HaNps>KEHHOCTH
anekTpoMarautHoro nojs 0,150 B/m, pacnpoctpansiercss B Bakyyme. OnpenenuThb
DHEPIUI0, IPOHOCUMYIO BOJHOM 32 2 C CKBO3b PACIIOJIOKEHHYIO MTEPIICHINKYIISIPHO
K HaIlPaBJICHUIO PACIIPOCTPAHEHUS BOJIHBI TUIomanky 10 cm’ [Ipn pemennn 3ana-
YM CIEAYeT y4ecTb, UTO CpEIHEe 3HaueHUE KBajJpara CUHyca (Jub0 KOCHHYca) 3a
nepuoa paBHo 0,5.

334. B1oJb CTanbHOTO CTEPIKHS, IIIOTHOCTh KOTOPOro 7,8 r/cM°, pacpoCTpaHseT-
CsA MPOJOJIbHAsA ynpyras BOJHA CO CKOPOCTBHIO 5- 10° m/c. AMIUIATYIa KOJIeOaHui
paBHa 1 MKM, 1yTuHA BOJIHBI 5 M. OnipeieiuTh MaKCUMaIbHOE 3HAYCHHUE TIJIOTHOCTH
MOTOKA SHEPTHUH.

335. 3nyyaemasi TOU€UHBIM UCTOYHUKOM C(heprudecKkas dJIEKTPOMArHiuTHAs BOJHA,
ypaBHeHHE KOTOpol B cucteMe CH umeer BuA:

4
er.t) =221 Gin6-10°7 -t - 0,027 1)
r

H(r,t) :3—7$in(6-106n-t —0,021-1),
r

pacnpocTpansiercsi B Bakyyme. OnpenenuTb CpPeAHIO MOIIHOCTh HCTOYHHUKA
AIIEKTPOMArHUTHOW BOJHBL [lpu perenun 3agaud clieyeT y4ecTb, UTO CpelHee
3Ha4YeHUe KBajpaTa cuHyca 3a nepuoj pasHo 0,5.
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336. Ilitockas 3neKTpOMarHuTHas BOJHA, YpaBHEHUs KOTOpoi B enuHnnax CU
UMEIOT BH/I:

E(x,t)=140-sin(6-10°n-t - 0,027 - X),
H(x,t) =0,37-sin(6-10° -t — 0,027 - X),

pacnpocTpaHsieTcss B BakyyMe. ONpenenuTh CPEeIHIO MOIIHOCTh, IPOXOISALIYIO
CKBO3b MEPHEHAUKYJSIPHO PACHOJIOKEHHYIO K HAIPaBJIEHUIO PACIpPOCTPAHECHUS
BoNHEI Tiomanky 10 cm®. IIpH pemreHHy 3amaud CIeAyeT Y4ecTh, Y4TO CpeHee
3HauEHHUE KBaJpara CuHyca 3a nepuoj pasHo 0,5.

337. [1nockas 3ByKOBasi BOJIHA, ypaBHEHHE KOTopoii B equHuIax CU numeeT BU:
X
X,t)=2,5-10"°cos10%n(t — —),
y(x,t) ( 330)

PacnpocTtpansierca B Bo3ayxe, mIOTHOCTH koToporo (0,0012 r/em”. Onpenenuthb
DHEPIUI0, POHOCUMYIO BOJHOM 3a OJJHY MHHYTY CKBO3b IUIOIIAAKY 12 oM, nep-
NEHIUKYJSIPHO paclpOCTPaHEHUIO BOJIHBL. [Ipu pemenun 3agaun ciaeayer y4ecTb,
YTO CPEHEE 3HAUCHUE KBaIpara CuHyca 3a repuoji pasHo 0,5.

338. Ilnockasi »JeKTpOMarHWTHas BOJIHA, MHTEHCHUBHOCTh KOTOpOW paBHa 12
2 o 6
Bt/M°, pacmpoctpansiercs B Bakyyme. Yacrota kojebamwmii Bomuel 2-10° [y.

OnpenenuTh ypaBHEHHE SJEKTPOMArHUTHOW BOJIHBI C YMCIOBBIMH KOd(DpHUIuEH-
TaMu, TIPOU3BOJILHO BHIOpaB HavyalibHbIE ycnoBus. [Ipu pemenun 3amgaun ciemayer
y4ecThb, UTO CpEeJHEE 3HAUCHUE KBajipaTa cuHyca (1100 KOCHHYCa) 3a MEepPUoJI paB-
Ho 0,5.

339. IInockas 37AEKTpOMAarHWTHAas BOJIHA, UMEIOLIAs aMIUIATYAY HaNps>KEHHOCTH
anektpuueckoro noist 0,12 B/m, pacnpocTpansiercss B cpelie, IUAJIEKTpUYecKas
MPOHUIIAEMOCTh KOTOPOM € = 2 W MarHuTHas MpoHUIIaeMocTh | = 1. Onpenenursb
ypaBHEHHUE D3JIEKTPOMArHUTHON BOJIHBI C YHMCIOBBIMU KO3(PUIIMEeHTaMHu, MPOuU3-
BOJIbHO BBHIOpaB HauaibHbie ycinous. Yactora Bomubl 10° I'i. Ompenenuts cpes-
Hee 3HaueHue Bektopa [lonHTuHTa.

340. IInockas 3BykoBas BOJIHA, yactora kotopod 100 I'm m ammumtyna 5 MKw,
pacnpocTpansiercst co ckopoctbio 300 M/c B BO3yXe, MNIOTHOCTh KOTOPOTO paBHA
1,2 KT/M. OnpenenuTs UHTEHCUBHOCTH BOJIHBL. [Ipu pemieHuu 3agauu clienyer
y4ecTh, UTO CpeJHEe 3HAUCHHE KBajipaTa cuHyca (1nb0 KOCHHYca) 3a MepHo.I paB-
Ho 0,5.
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KBanToBas ¢pusuka

401*. Kakas nomns sHepruu ¢hoToHa npuxoautces npu dpdexre Komnrona Ha 311ek-
TPOH OTJIA4H, €CIIM paccesiHue GOTOHA MPOUCXOaUT Ha yroi 0 = 180°? Dueprus
dbotona no paccesaust E; = 0,225 M»aB.

402*. PentrenoBckue nyun (A = 0,1 HM) pacceuBaroTCsl IEKTPOHAMH, KOTOPHIC
MO>XHO CUHMTATh INPAKTUYECKH CBOOOIHBIMH. OINpeaesnTh MaKCUMAJIbHYIO JJINHY
BOJIHBI PEHTT€HOBCKHUX JTy4€ll B PACCEIHHOM ITyUKe.

403. Ha noBepxHOCTh MeTaJUIa MAJal0T MOHOXPOMATHUYECKUE JIy4H C JJTMHOU BOJI-
Hbl A = 150 M. Kpacnas rpanuiia porosddexra Ao =200 um. Kakast qosnst sHepruu
¢dboTOHA pacxoyeTcst Ha COOOIIEHNE ANEKTPOHY KHHETUYECKON IHEPTUun?

404. [lanenue P cBeTa ¢ IJTMHOW BOMHBI Ag = 600 HM, MMagaromero HopMajabLHO Ha
YEpHYIO MOBEpXHOCTh, paBHO 1 HIla. Onpenenuts uncio N HOTOHOB, MagarOIINX
3a Bpems t = 1 ¢ Ha wTomanp S = 4 cM 3TOif MOBEPXHOCTH.

405. JlaBneHnue cBeTa, MPOU3BOAMMOE Ha 3epKaIbHYIO TTOBEepXHOCTh, P = 1 MklIa.
OnpenenuTs KOHIEHTPAUO Ny POTOHOB, MAJAIOIIMX HA MMOBEPXHOCTD, CCIIU JIJIH-
Ha BOJHEI cBeTa A = 0,6 MKM.

406*. OnpeaenuTh Ha KaKOW yroji pacCerBaETCsl CBET HA MOYTH CBOOOIHBIX AJICK-
TPOHAX, €CJIM U3MEHEHUE ero JIuHbI BoJHbI B 100 pa3 Oosnblie, yeM mpu mo00-
HOM €r0 paccerBaHUU Ha MOYTU CBOOOJHBIX TPOTOHAX HA YTOJ 7.

407. Ha 3epkalibHY10 TOBEPXHOCTh TUIOMIAIbI0 S = 4 cM® Tmagaer HOPMAaJIbHO T10-
TOK m3nyuenust @, = 0,6 Br. Onpenenuts naBnenue P u cuity nasiieHus F ceera Ha
3Ty MOBEPXHOCTb.

408 Ha pacctosiauu r =10 M OT TOYEYHOTO MOHOXpOMaTu4eckoro (A = 0,6 MKkM)
M30TPOIHOr0 HCTOYHMKA pacrosoxkena miomanka Ni (S = 10 mMm%) meprenamky-
JSIPHO MafaronmM JiydaM. OnpeaenuTs Yuciao (OTOHOB, €KECEKYHIHO MaJarolIxX
Ha iomaaxky. Momuocts P uznyyenus pasaa 200 Br.

409*. B pesynbrate 3ddexkra KomnroHa Ha CBOOOIHBIX 3JIEKTpOHAX (POTOH ¢

sueprueii E; = 0,51 MaB 6su1 paccess Ha yro 0 = 120°. Onpenenuts sHepruto E,
paccestHHOTO (hOTOHA.
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410*. ®oton npu 3¢ ¢pexkre KomnToHa Ha cBOOOJHOM 3JIEKTPOHE OBLI paccesiH Ha
yroi 0 = w. Onpenenautb SHEPrUI0, MPUOOPETEHHYIO AIEKTPOHOM, €CIIU dHEPrus
dbotoHa 10 paccesHus 6puta £; = 0,51 MaB.

411%*. DnekTpoH HAXOAUTCS B MOTEHIMATLHOM simuke mupuHon 0,2 HM. Omnpene-
JIUTH B AJIEKTPOH-BOJIBTAX HAUMEHBIIYIO PA3HOCTh SHEPIETUUECKUX YPOBHEH DIICK-
TpOHa.

412. WUznydyeHue BO30YKJICHHOTO aToMa MPOUCXOJIUT B TeueHHe BpemeHu T = 10
HC, JJIMHA BOJHBI M3IydeHUs A = 663 M. OnpeaenuTh ¢ Kakoi HauOOJIbIIeH TOY-
HOCThIO (AE)/E MOXeT ObITh HaiiieHa SHeprus £ u3ydeHus.

413. Atom ucnyctun (HotoH ¢ anuHoi BoJHBI A = 600 HM. [IpogoIKUTEIBHOCTD
u3nydenus T = 50 He. OnpenenuTs HauOOJIBIIYI0 TOYHOCTh AA, C KOTOPOW MOKET
OBITh ONpe/eeHa AJTMHA BOJHbBI U3ITyUYEHHUS.

414%*. Cxonb 11enbIX BOJH A¢ bpoiiis ynoxuTcs Ha AJIMHE MSATOM OpOUTHI BO30Y K-
JIEHHOT'0 3JIEKTPOHA B aTOME BoAopoAaa?

415*. DHeprus BO30YXKJIEHHOTO DJIEKTPOHA, HAXOASIIErocs B MOTEHIMAIbLHOM
KBAaHTOBOM SIIIMKE HA YETBEPTOM SHEPreTHYECKOM ypoBHE, paBHa 0,86 3B. C ka-
KO HEONPEIEICHHOCThIO MOXKET OBITh YCTAHOBJIEHA CKOPOCTH AJIEKTPOHA.

416. Hcnons3ysd COOTHOIIEHUSI HEOMNPEACIICHHOCTEH, OLUEHUTh HAaUMEHBIINE
omnOkn A U B ONPEACICHHH CKOPOCTH BJICKTPOHA U MPOTOHA, €CIIM KOOPINHATHI

IIEHTPa MAacC JTUX YaCTHI[ MOTYT OBITh YCTAHOBJICHBI C HEOMPEIACICHHOCTHIO
A X=1mrm .

417. IIpoToH HAXOAUTCA B OJHOMEPHOM IMOTEHIIMAJIBHOM AlIMKe. Mcrnonb3ys co-
OTHOIIICHUS HEONPEICICHHOCTEH, OLICHUT MUpHHY | sAIuKa, eclim U3BECTHO, YTO
MHUHMMajbHasg sHeprusa E.;, nmporona pasna 20 M»aB.

418. HailTu oTHOIIIEHHE AJIMH BOJIH /i€ Bpoiliist 35IeKTpOoHa ¥ IPOTOHA, MPOIIEAIINX
OJIMHAKOBYIO YCKOPSIIOIIYIO pa3HOCTh oTeHanoB U = 90 B.

419. Tlonmp3ysCh COOTHOUIEHUEM HEONPEAEIICHHOCTEM, OLIEHUTE pa3Mepbl aToMma,

€CJI DJEKTPOH B HEM JBUIXKETCS CO CKOPOCTHbIO, OTBEYAIOLIEH IMPOXOKACHUIO
- 5

yckopstoniero norennurana U = 1,38-10° B.
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420. Vcmonb3ysi COOTHOIICHHE HEOMPEACICHHOCTEH, OICHUTh mupuHy | omHo-

MEPHOTO MOTEHIUAIBHOIO AIUKA, B KOTOPOM MHHHMMAalbHas dHeprus E. dmek-
TpoHa paBHa 1 OB.
CnpaBo4Hble MAaTepHAJIBI
I'peueckuii angaBur

A o anbda N v HIO

B B Oera = £ KCI

I v ramma O 0 OMHKDPOH

A ) JenbTa IT T nu

E € SICHJIOH P p po

Z o J3eTa by c curma

H n oTa T T Tay

® 0 TeTa Y L HTICWIOH

I ! Hora () 0] bu

K K Karira X Y XU

A A naMona b4 1 TICH

M u MIO 0 ® omera

IIpucraBku 17151 0003HAYEHUSA TECATHYHBIX KPATHBIX M 10JIbHBIX €IUHMI

Kparnsie JlonbHbIE
NpHCTaBKa | 0003HAYCHHUE | MHOXKHTEIb | MPUCTAaBKa | 0003HAYCHHE | MHOKUTEITh
JKca S 10™ —18
aTTo a 10
15
—
rera 11 10 (1) eMTO (1) 10 5
7 -1
Tepa T 10 MTUKO 1| 10
9 =9
TUra r 10 Hano H 10
6 =5
Mera M 10 Muxkpo MK 10
=3
KHJIO K 10° Munnu M 10
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I'eKTO r 10° Cantu c 10~
JeKa na 10° Jemm i 10~
Oo6o3HaueHus u exuHUIBI Ppusnyeckux Besauunn B CU
Bemrinta Envnuna usmepenus
Pexomennyemoe
HanmenoBanue Y HanmenoBanue O6o3HaveHME
0003HaYCHUE

Jnuna | METp M
[IyTh S METp M
Bpewms t CEeKyHI1a c
CkopocTb Y METP B CEKYHIY M/C
YckopeHnue a METp Ha CEKYyHIY M/c?

B KBaJipaTe
YacToTa BpalieHus n 000pOT B CEKYH]lY ¢
Yroa noBopora ¢ paauaH pan
VYraoBas CKOpOCTh ® paadad B CEKyHIY pan/c
VYrioBoe yckopeHue g, B pajiuaH Ha CeKyHIY paz[/c2

B KBaJipaTe
[Tepuon T CEeKyH1a C
Macca m KUJIOrPaMM KD
Cuna F HBIOTOH H
Nmirynsc p KHJIOTPaMM-METP KI-M/C

B CEKYHIY
MoOMEHT HHEepIUH I, J KUJIOTPaMM-METP KIM°

B KBajIpaTe
MomMeHT cuitbl M HBIOTOH-METP H'm
MoMeHT nummyJibca L KUJIOTPaMM-METP KIM°/C

B KBQJIPAaTE B CEKYH]Y

PaGora A JIKOYJTb Jx
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MoutHoOCTb N, P BaTT Bt

DHeprus E TKOYJTb Jx

DneKkTpudecKui g, Q KYJIOH Kn
]

3apsiz

HanpsoxeHHOCTH BOJIBT HA METP B/™m

AIEKTPUYECKOTO E

IOJIst

[Torenuuman snek- 0 BOJIBT B

TPUYECKOTO TOJIS

Cuia Toka l,J aMmIep A

ConpoTuBcHUE R r oM Om

Hanpsxenue U BOJIbT B

DIIEKTPOABIKYIIIAS e BOJIBT B

cuiia

DneKTpuyecKas em- C dapana o

KOCTb

MaruauTHas B Tecia Tn

WHTYKIHS

MarHuTHbBIN IMOTOK D BeOep Bo6

NHAyKTUBHOCTH L TeHpU I'n

OcHoBHbIE (pu3MUYeCKUE MOCTOSTHHBIE (OKPYTIJIEHHbIEC 3HAYCHUA)

dusnyeckas MOCTOTHHAA O0o3nauenne | YucnaoBoe 3HaUYEHHUE
Yckopenue cBOOOHOTO TIaACHUS g 9,81 m/c”
['paBuTaniOHHAsI TOCTOSIHHAS G 6,67-10'11 Mg/(KF*CZ)
DneKTpruYecKast MoCTOSTHHAS €0 8,85-107"* ®/m
MarunurtHas noCcTossHHas Lo 41107 Tr/M

3aps 2JIeKTpOoHa e 1,6:10°Kn

Macca snekTpoHa m 9,1-10'31 KT
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Macca npotona m, 1,67-107%" kr
3apsi IpoTOHA Jp 1,6-107" Kn
Macca anb(ha-4acTuIsl m, 6,68:107 kr
3apsn anbgha-4acTUIIbl Jo 3,2:10° Kn
CKopocCTh CBETa B BAKyyMe c 3,00-10% m/c
[Tocrossunas [lianka h 6,63-10 JIx-c
ITocrossunas Ilinanka, neiaeHHast Ha 2@ h 1,05-10° Jx-c
IocTosinnas Pundepra (i atoma R 1,097-10" m*
BOJIOPO/Ia)
Panuyc nepBoii 60poBCKOW OpOUTHI r 0,529-10" m
KomnronoBckas 1yIinHa BOJIHBI A 2,43-10™ 1 (2,431m)
AJIEKTPOHA
Marueron bopa v 0,927-10%° A-m°
DHeprus MoKos AJIEKTPOHA Eo 0,51 M»B = 8,16-10'14I[>1<
DHeprus HOHU3ALUU aToMa = 2,18:10™ Ik
BOJIOpPOJIA
ATOMHas eqUHHIIA MACCHI a.e.M 1,660-107% kr
ILs10THOCTH TBEPABIX TEJI
Marepunan [1moTHOCT®, Marepunan [1moTHOCT®,
kr/m° kr/m®
AnroMuHui 2,7-10° Menn 8,9-10°
Bbapwuit 3,5-103 Hukenn 8,9-103
Banauit 6,0-10° Caunert 11,3-10°
BucMmyT 9,8-10° Cepebpo 10,5-10°
Keneso 7,8:10° [e3mi 1,9-10°
JIutnit 0,53-10° [uak 7,1-10°
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ITnoTHOCTS KMAKOCTEH

Kunkocts IInoTHOCTS, Kunkocts IImoTHOCTD,
KT/M° KT/M°
Bona ipu 4°C 1,00-103 PryTh 13,6-103
['munepun 1,26-10° Crmpt 0,80-10°
Macio 0,9-10° Cepoyriiepon 1,26-10°

IL10THOCTH Ta30B (PU HOPMAJILHBIX YCJIOBHUSIX)

I'az [InoTHOCTS, I'az [ImoTHOCT®D,
KT/M° KT/M°
Bomopon 0,09 [enuii 0,18
Bo3myx 1,29 Kucmnopon 1,43
JAn3jiekTpuyecKasi NPOHUIIAEMOCThH
BemectBo IIponunae- Bemectso IIponunae-
MOCTh MOCTh
[Tapadun 2,0 Bona 81
Crekio 7,0 Macno tpaHc- 2,2
Crtona 6.0 dbopmaTtopHOE
YaeabHOe CONNPOTUBJIEHUE METAJLJIOB
YnenbHOE CO- Y nenbHOE CO-
Merann npoTuBieHue, | Mertann MPOTHUBJICHUE,
OM-M OMm M
Keneso 9,8:10° Mensb 1,7:10°®
Huxpom 1,1-10° Cepebpo 1,610
Boasdpam 5,510 Hukenun 4,0-10”
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PaboTa BbIX0/1a 3JIEKTPOHOB ABBIX

Metann JIx B

Kanuii 3,5-107" 2,2

Jlutui 3,7 1071 2,3

[InaTtuna 10-107* 6,3

PyGu auii 3,4-10"° 2,1

Cepebpo 7,5-107° 4,7

Le3nit 3,2:107° 2,0

Hunak 6,4-10%° 4,0

JHeprusi MOHU3ANUHU

BemecTBo JIx 5B
Boopox 2,18-107"° 13,6
Tenuit 3,94-10" 24,6
PTyTh 1,66-10"° 10,4
Turwit 8,62-:10™*° 5,39

69



OcHOBHbIE 32aKOHBI U (POPMY.JIBI
Mexanuka

Kunemaruka

1. F=X-i+Yy-]+z-k — paguyc-Bextop, Tae X, Y, Z — KOOpAMHATHI TeIa
2. |Fl=r=4Xx*+y?+2z* —Moaynb paanyc-BeKTOpa
3. r=r(t) wm x=x(t), y=y(t), z=2z(t) — ypaBHeHUSs ABMIKCHUS
4. Ar =r1, -1 —nepeMeleHue

. AF
5 7,= N CPEIHSISI CKOPOCTb MEPEMEIICHUS

S

6. v, = N CpemHsisi MyTeBas CKOPOCTh

. dr
7. v= Frie MTHOBEHHAsI CKOPOCTh
8. v _ & v _Y v _& — MPOEKIINU BEKTOPA CKOPOCTH

0T e T T paexep

9. v= \/vxz + vy2 +v,° — MOIYIb CKOPOCTH (CKOPOCTD JBIYKEHHS)

_ do
10.a = pralie MTHOBEHHOE€ YCKOPEHHE
11.a, = do, a, = % a, = do, _ MPOEKLIUH BEKTOPA YCKOPEHUS

S odt T Y dt Tt dt

12.a=, /af + a§ +a’ — MOMyJIb YCKOPEHHUSI

do
13.a_= o MOJYyJIb TAHT€HIIMATIBHOTO YCKOPEHUS

2
v
14.a, = — — MOZyJIb HOPMAJIBHOT'O YCKOPEHUS

r
15.@a=4d_+4d, — NoJHOE YCKOpEHHE
d
16. 0= d_f[p — YIJIOBast CKOPOCTh

17.8 = ((Jj_cto — YIJIOBOE YCKOPEHHE

18.T = E — TIEPHO/T BpaIllCHUS
o)

19. S =@-R — cBs3b AYTM OKPYKHOCTH U yIJia IOBOPOTA

20. v =®- R — cBs3b MMHENHHOM U YTIIOBOM CKOPOCTEi
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21

22,

23.

24,

25.

26.

21.

28.
29.

30.

31.

32,

33.

34,

35.

36.

37.

38.

39.

a_=p-R — cBA3b TAaHTCHIMATIBHOTO U YIJIOBOIO YCKOPEHUM

a =7’/ R=n’R — HOpMalbHas COCTABJIAIOMIAs YCKOPEHHUS

JInnamuka

Ifi — pe3yAbTUPYIOIIAs CUIIa

T
I
1=

I
—

P = M0 — uMIyJbC

- dp ~ .

F = P Ma — BTOpoil 3akoH HpIOTOHA J1sl HOCTYNATENbHOTO IBUKEHHUS

| oo = MR? — MOMEHT HHEPLHM MATEPHATBHON TOUKH K [OJIOrO LATHHIPA
— 1 2

| e = > R* — MOMeHT nHepIuH HcKa

M =F -h —MoMeHT cutb

L =1-® — MomMeHT umnyJibca
dL .

M = i I3 — BTOpOIi 3aK0oH Hpl0TOHA [171s1 BpalaTeIbHOTO IBUKEHUS

F, =—F, — tpernii 3axon Herotona

N
P= Zmiﬁi = CONSt —3aKOH COXPaHEHUs UMITYJIbCA
i=1

N
L= Z l,00; = CONSt — 3aKOH COXpaHEHHUsI MOMEHTA UMITYJIbCA
i=1
PabGora u 3Heprus
n
A, = J.F cosodr —paboTa CHIIBI

N
L)

A, = j M d¢ — pabora MOMeHTa CHITBI
¢

A
N = P Fovcoso — MouIHOCTh MpU NOCTYNATEIBLHOM JIBHXKEHHUH

dA

N = E =M ® — MOIIHOCTh MPH BpalIaTeIbHOM JABWKEHUU
mo?

K= — KMHETUYECKasi SHEPTHSI TIOCTYMATEILHOTO JBUKCHUS
|

K= 7 — KMHCTHYCCKas SOHCPIUs BPallaTCIIbHOI'O IBHXKCHU A
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40. A=K, - K, =AK —Teopema 0 KHHETUYECKOI SHEPrUU

41.U (h) =mgh — norenmuansHast Tena Ha BeicoTe h.

kx? y
42.U(x) = - - NOTEHIMAIbHAS SHEPTHS 1€(POPMUPOBAHHOM MPY>KUHBI

43. A, =U, -U, =—AU —paboTa KOHCEPBATUBHBIX CHII

44. E =K +U =const — 3ak0H cCOXpaHEHUsI MEXaHUYECKON SJHEPTrUU

DJIEKTPUY€eCTBO
DJIEKTPOCTATHKA
— 1 r
45. F =——- q1_C122 -— —3aKkoH Kynona
4re, er° r
- F
46. E = — — HampsHKEHHOCTH JIEKTPOCTATHIECKOTO TIOJIS
o
_, q r
47. E=K — +— — HaNpPsHKEHHOCTH II0JI1 TOYEYHOr0 3apsiaa
er- r

N
48. E = Z E, — npuHnun cynepno3unuu (1)1 Hanps>KEHHOCTEN )

49. D =¢-¢, - E — BexTOp 271€KTpOCTATUUECKON MHAYKIIUH

50.0, = J.E -dS - cos(o) — MOTOK BEKTOPA HAMPSKEHHOCTH
S

1 N
51. @, = _th — teopema Octporpaackoro—Iaycca

o i=1

52.E, = — HaMpPSYKEHHOCTh 3JIEKTPOCTATUYECKOTO TOJISI pABHOMEPHO 3apsi-

2¢gg,

JKEHHOUN 0ECKOHEYHOM IIJIOCKOCTH.

c
53. E, = —— — HanpsKEeHHOCTh DJIEKTPOCTATUYECKOTO MOJIA INIOCKOTO KOHAEHCA-
€€
0

Topa

54. (¢, —,)=U = A _ Pa3HOCTh NOTEHIIUATIOB
0

55.A1; = (91 — ¢2) — paboTa CHII IJICKTPOCTATHYECKOTO OIS

Aloo WH
56. @, = == = —~ — NOTEHIMAJ JIEKTPOCTATUIECKOTO MOJIS

do do

57.¢(r)=K a._ MOTEHIIMAI 3JEKTPOCTATUYECKOTO MOJIsl TOYEHUHOTO 3apsia
er
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N
58. () = Z:(pi (') — mpuHIUI Cynepno3uiuy (s MOTEHIINAIOB)
=

do
59 E = —W— CBiA3b HaHpH}KeHHOCTI/I U IMOTCHI MAJIa

U
60. E = E — CBA3b HAIIPAKCHHOCTHU U IMOTCHOHAJIA OJIA OAHOPOIHOIO IIOJIA IIIOC-
KOT'0 KOHJCHCATOpa

E y
6l.e= EO >1 — onpenenenue AUIIEKTPUUECKON MPOHUIIAEMOCTH

g

62.C=— — QJICKTPHUICCKAA CMKOCTb YCAMHCHHOI'O ITPOBOJHHKA
¢

63.C :g — 3JIEKTpUYECKasi EMKOCTh KOHJIEHCATOpa

€,ES

64. CnK = — QJICKTPHUYCCKAA CMKOCTD IINIOCKOI'O KOHACHCATOPA

N

65.C = ZCi — 3JIEKTPOEMKOCTD MapalIeIbHO COSAMHEHHBIX KOHICHCATOPOB
i=1

1 &1
66. —= ) — — 3IIEKTPOEMKOCTb IMOCJIEI0BATEIHLHO COSUHEHHBIX KOHEHCATOPOB
Cc =C
qg> CU® qu
67.W,=——= = — HEPTHs 3apSKEHHOT0 KOHJIEHCAaTopa
2C 2 2
W, DE
68.w, = v = - - MJIOTHOCTh DHEPTUU DJEKTPOCTATUUECKOTO TTOJISI
3aKOHBI MOCTOSIHHOTO TOKA
69. | :% — CUJIa TOKa

70. j= da TUIOTHOCTH TOKA
dS

U
71. 1 = E —3ak0oH OMa JiJ1s1 OTHOPOJAHOTO y4acTKa LEMH

|
72.R= pg — COMPOTHUBJIEHUE WIMHIPUYECKOTO MPOBOIHUKA
N

73.R= Z R, — conpoTuBIIEHUE NOCIEI0BATEIILHO COEAMHEHHBIX TPOBOAHUKOB
i1
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1 &1

74. — =) — — CONPOTHUBIICHUE MTAPAILIEITHLHO COSAMHEHHBIX TPOBOJHUKOB
R =R
75. | =y E — nuddepennmanpueiii 3akon Oma
A
76. £ = —< — BJIEKTPOJBIKYIIAS CUIIa
Jo

77.U, =(9p, —9,) +¢,, (B) — HampsDKeHUE B 37IEKTPUIECKON LIEIH

78. IR, =(p, —,) +¢&,, —3akoH Oma s yyactka nenu ¢ 3J1C

€ . .
79.1 = Rar 3akoH OMa J1J1d 3aMKHYTOMU (ITOJTHOW) 1enu
+r

2
80. A=1Ut = UFt = | ?Rt — paboTa 2J1eKTpHYECKOro ToKa

dA u?
8l.P=—=1U= Y = | °R — mose3Hass MOIITHOCTb JIEKTPHIECKOTO TOKA

dt
82.P,=1-e=¢’/(R+r)=1%(R+Tr) —3arpaueHHas MOLIHOCT

8311: A‘non — Pnon — R
Ay P R+r

3aTp

— K03 PUIIUEHT MOJIE3HOTO IEUCTBUS

DJIEKTPOMATHETU3M

dF
84. B = —"% — yHIYKIIUS MarHUTHOTO TIOJIS

o]
85.dF, = Idl - Bsina. —3axon Ammepa

86. F, =q-v-Bsina — cuna Jlopenna

87. R="Y
9B

— paguyc OKPYKHOCTH JABHKYILETOCS B MATHUTHOM I10JI€ 3apsiia

88. p,, =1-S -1 — MarHUTHBI MOMEHT TOKa
89. M = p_ Bsino — Bpamaronmii MOMEHT, ISUCTBYIOIIHMI HA paMKy C TOKOM B Mar-

HUTHOM IIO0JIC

Idl .
90.dB = HHo. —-SIna — 3akoH bruo-Casapa-Jlannaca
Y
91. H = —— — HanpsukeHHOCTh MArHUTHOTO TOJIs

Hi

I
92.B= % — UHYKLHSI MarHUTHOT'O TOJISI B LIEHTPE KPYTOBOI'O TOKA.

I
93.B = LZLM—OR — MHAYKIASI MArHUTHOTO TIOJISI IIPSIMOTO TOKA
T
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94, Cj} Bdl = (J) Bdl cosa — mupkynsnus BeKTopa MArHUTHOW WHIYKITUH
L L

N
95. Sﬁ Bdlcosa. = MHoZ |, — Teopema 0 IUPKYIALUH
L i=1

96. B = up Nl —HUHAYKIUSA MAarHUTHOTO MOJISI TOPOUAA/COIEHON 1A

97. &y = j B-dS -coso — moTok MarHUTHON UHIYKIIUH
S

98. qS BdS cosa =0 — reopema Octporpajckoro - ['aycca it MAarHUTHOTO TIOJIS
S

2
99. A, = L | -d® — pabora 1Mo nepemMenIeHr o MPOBOIHUKA C TOKOM B MAarHUTHOM

oJjie
DJIeKTPOMATHUTHASI MHAYKIMS

do

100. ¢, =- dtB — 3akoH Dapanes

101. &, =L-1 —10TOK CaMOMHAYKIUH

102. L=pp,n’V — HHIYKTHBHOCTH COJICHOM/IA

[
103. ¢, = —L% — 2JIC caMOMHIYKIIUH
104. @, =L, -i, — MarHuTHBIN IOTOK B3aUMHOW UHIyKLIUU
[
105. ¢, = —L21% — 3J1C B3auMHOM UHAYKITUH
Ul Nl
106. K =—=— —koaddunueHt TpanchopMauu
U 2 N 2
L1?
107. W, = - SHEPrusi MArHUTHOTO TOJII KOHTYpPa C TOKOM
dw,6 BH
108. w, = d—\/M = IUIOTHOCTb YHEPIMHY MATHUTHOIO MOJIS

KoJsie0anus 1 BOJIHBI

MexaHnuuyeckue K0J1e0aHusl 1 BOJTHBI
109. x(t) = X, Sin (a)t + (po) — YpaBHEHHE TapPMOHMUYECKUX KOJieOaHU I

27
110. ow=2nv= ? — CBSI3b LUKJINYECKON YaCTOTHI, YaCTOTHI M IIEPHOIa
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2
X
111. T +o’x =0 — muddepeHnuansHOe ypaBHEHHE COOCTBEHHBIX TapMOHMYE-

CKUX KoJicOaHui

m
112. T= 275\/% — TIepHoJ1 KoJIeOaHUM MPYKUHHOTO MasiTHUKA

I y
113. T=2xn OI — MepuoJI KoseOaHuil PU3nIecKoro MasTHUKA
mg

114. T =2xn /— — TIepUOo/1 KOJICOAHUI MaTEMaTHYECKOTO MasiTHUKA

2
115. E=K+U = B = CONst — 3aKOH COXpaHEHUsI MEXaHWYECKOW IHEPTUm co0-

CTBCHHBIX 'apMOHHUYCCKUX KoJIcOaHu I

2
X X
116. CCII? + 26% +o;X=0 — nupdepeHnnanbHOEe ypaBHEHHE 3aTyXaKOIUX KO-
nedaHuit

117. 6= ZL — K03 (ULIMEHT 3aTyXaHus
m

118. X(t) = A(t)sin (cot + (po) — pemenre audepeHnaIbHOr0 ypaBHEHUS 3aTy-
XaloluUX KoJieOaHu

119. A(t) = X, — amMIuMTYy1a 3aTyXaroImMxX KojieOanuii

120. o©=./o;—38° — NUKIMYECKas YACTOTA 3aTYXAOIINX KOIeOaHHil

121. == % — BpeMsl pellakcaiuu

t
122. 6=In # =0T — norapudmuueckuii JEKPEMEHT 3aTyXaHuUs

A(t+T)
d*x dx F
123. — + 20—+ w:X=—9 — muddepeHINaATLHOES YPABHCHIE BBIHYK-
dt? d " m-sin(Qt) Auppepent P Y

JIIEHHBIX KOJIeOaHui
124. X(t) = ASin(Qt + (pl) — pemenue nudpepeHINAIBHOTO ypaBHEHUS BBIHY K-

JIEHHBIX KOJICOAHMIA
I:O

125. A=
m\/(@g ~0?) +45°Q7

- aMINIMTYyJa BBIHYKJICHHBIX KoaeOaHuit

126. A =v-T — nuHa BOJHBI
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127. y(x,t)= ACOS(ZTC% — 275%) — YpaBHEHHUE OETYIEH BOIHEI

1
128. <w> = Ep(;)zA2 — CpeAHSS INIOTHOCTh YHEPTUH BOJIHBI

129. = <w>v — UHTEHCUBHOCTH BOJIHBI

JJIEKTPOMATHUTHBIE KOJIe0aHUs

130. q(t) =q,cos(w,t) — rapmonnueckue konebdaHus 3apsia KOHAEHcATOpa KoJie-

0aTenbHOTr0 KOHTYpa

131. U (t)=U,cos(myt) — rapmoHmdeckue KoneGaHus HAPSDKCHIS
132. i(t) =0u0,sin(w,t)=i,Cc0s(w,t —m/2) — rapmMoHHUECKHE KONEOGAHHS CUIIbL

TOKa B KOHTYpE

133. ®, = —=—= — HUKIMUYECKas 4aCTOTa COOCTBEHHBIX KOJIEOAHUI B KOHTYpe

JLC

134. T =2n\LC — nepuon coOCTBEHHBIX KOJNEOAHMUI B KOHTYPE

135. B= % — ko3 punmenT 3aryxanus

136. o= oaé - [32 — IIUKJIMYECKasl YaCTOTa 3aTyXaloIINX KoJIeOaHUMA

KBanToBasi pusuka

137. E =hv —sneprus ¢porona

138. m= h—\; = h Mmacca oToHa
c” AC
139. p=mc= hv = % — UMIyJbC (POTOHA
c

140. p=(1+ p)h—V N — naBnenue cBera
C

2
m,o o o
141. hv=A_ + % — ypaBHeHue DWHITeRHa A1 poTodddexra

2

m.o o
142. eZ =eU,, U, —3azxepxuBaromuii noTeHIHaN
_ ABLIXOZla
143. v = o KpacHas rpanuia goroaddexra
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144. A=Ak, +2X, Sing — KOMIITOHOBCKO€ YBEIIMYEHHE JIMHBI BOJIHBI PACCESIHHO-
0 U3JIy4eHHs

h .
145. A\ =— — mymHa BoJiHBI 1e bpoiinsa yacTuiibl

p

146. AX-Ap>h — cootHomeHnne HeonpeaeneHHocrTeil I eizendepra

2
147. |‘P(X,t)| — IUIOTHOCTb BEPOSTHOCTH NMPEObIBAHKS YAaCTHUIIBI B TOYKE X B MO-

MEHT BpEMEHU t

2
148. d d\lfgx) + izT (E-U(X))-w(x)=0 — ypaBuenue Illpenunrepa ajis cTamuo-
X
HapHBIX COCTOSHUI
2

149. (E-U(x)) = 2p_ — KUHETHYECKAast YHEPTHUS YaCTHUIIBI
m

. [ mNn
150. wy,(x) = ASIn(— Xj — cOOCTBEHHBIE BOJIHOBbIC (DYHKIIMHM YacCTUIIBI B TO-
a

TEHIIMAJIbHOM "g1uke"
2.2

151. E, =

> — DHEPreTUYECKME YPOBHHU YACTHIIBI B IIOTEHIIHAILHOM "sauke"

8ma

a' o " "
152. A, =— — uIuHa BOJIHBI ¢ bpoiiis yacTuilpl B IOTEHIMATIBHOM "SIIIUKE
n
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