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obmiero xKypca (hM3MKU: KMHEMAaTHKa MOCTYMATEIBHOTO W BPAIaTeIbHOTO JBUKCHHS, TUHAMUKA
MaTepHUaIbHOM TOYKM W MEXaHWKa TBEPJAOTO Tella, 3aKOHBI COXPAHCHHS, TEPMOJIMHAMHMKA,
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KoJIeOaHUs M BOJIHBI, BOJTHOBAsl ONTHKA M KBAaHTOBBIC CBOMCTBa CBeTa. B Havane Kakaoro passieina
MIPUBEICHBI OCHOBHBIE 3aKOHBI U ()OPMYIIbI, HEOOXOAMMBIE JIJIS PEIICHUs 3a7a4, a TAKXKE MPUMEPHI
pEIICHUS TUTIOBBIX 3a/1a4 MPECTABIICHHBIX B 3TOM pa3Jieie.
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KNHEMATHUKA ITOCTYHATEJIBHOI'O 1 BPAITATEJIBHOT'O
JABUKEHUSA

OcHoBHBIE 3aKOHbI M (hOPMY.JIbI

Ocnosnoe VPABHEHUE KUHeMamuxKu nocmynamelbHoco 08uUdICeHUs. 8 BEKMOPHOM

guoe

Jlns pannyca-BekTopa:

J11s1 ckOpoCTH Tena:

V=V, +a-t.
3nech I pamuyc-BEKTOp, KOTOPBIH ONpeieNiseT IMOJIOKEHHE Tela B JaHHBIN
MOMEHT BPEMEHU;

I, - pPaaryC-BEKTOP, KOTOPBIH ONPEAEIIAET MOJIOKEHUE TENa B HA4YaIbHBIM MOMEHT

Bpemenu (t = 0);

—

V, - CKOpOCTh Tesla B HayalabHbI MOMEHT BpeMmenu (t = 0); & - yckopeHHe Tena.

OcnosHoe VYPABHEHUE KUHEMAMUKU nocmynamejlbHo2co 08UIICEHUS 8 NPOEKUUAX HA

ocU KOOPOUHAM

2 a, -t 12
t : y:yo+V0y't+yTa Z:Zo+V0z't+a22t

IIpoexyuu 8ekmopHo2o ypasneHus 05l CKOpOCMuU mea Ha OCU KOOPOUHAM.:

V,=Vo,+a,-t,V, =V, +a,t,V, =V, +a,-t

a

X

X=X, +Vp, -t +

3mece X, Y, Z - KOOPAMHATHI Tela B JaHHBII MOMEHT BPEMEHU; X,, Y,, Z, -
KOOPJMHATHI TeJla B HadaabHbIA MOMEHT BpemeHH (t = 0);

Vox + Voy» Vo, - IPOCKILIMH BEKTOPA HAYAIbHON CKOPOCTH V, na ocu OX, Oy u Oz.
a, , a,,a, - MpoeKIuu BekTopa yckopenus a Ha ocu OX, Oy u Oz,

Ocnosnoe VPABHEHUE KUHeMamuKu epauianieslibHoco 08uUDICeHUs.

Jlns yria noBopora:



£ -t?

P=@y+ @t
JI71s1 yrioBOM CKOpPOCTH Tena:
O=0y+¢&-t.
3ech ¢ - 3HAYEHHE yIila IOBOPOTA TeJla B JAHHBI MOMEHT BPEMEHH;

@ - 3HAYECHME YIJIOBOM CKOPOCTH Teja B TEKYIMHA MOMEHT BPEMEHH,

¢,- 3HAuYCHUE yIJa IOBOPOTA TeJa B HauaJIbHbIH MOMEHT BpeMmenH (t = 0);
@, - 3HAYCHHUE YIJIOBOI CKOPOCTHU TeNa B HadalbHbIH MOMEHT BpeMeHH (t = 0);

& - BHAYCHUC YIIJIOBOI'O YCKOPCHUA TCJId B TCKYI]_[I/Iﬁ MOMCHT BpPpCMCHHU.

Ces13b UHCUNBIX U Y2il06blX 6CJTUYUH.

S=R-p,v=0-R;

a=—=R-g,
dt

rac ar - TAHFrCHOHUAJIbHOC YCKOPCHHUEC, HAITPABJICHHOC 110 KacaTeJbHOM K TPACKTOPHUH,

rac an - HOPpMAJIBHOC YCKOPCHHUEC, HAIIPABJIICHHOC II0O HOpMAJIM K TPACKTOPHHU K

LIEHTPY €€ KPUBU3HBI.

Ilhan pewwenusn 3a0ay no KUHeMamuKe nocmynamesibH0o20 osudIcCeHUS

1. IlpounTtaTh ycJOBME 3a/aud, BbINHCATH JaHHbIE. [Ipu HeoOXomuMoOCTH
nepeBecTd JaHHble B cucteMy enunull CU: nmyTe — [MeTp], CKOpPOCTh —
[MeTp/cexyHaa], ycKkopeHue — [MGTp/CﬁKYHIIaZ], BpeMmsi — [CeKyHaa].

2. BbINOJIHUTH PUCYHOK, BEKTOPaMH MOKA3aTh U3BECTHBIE MO YCIOBUIO 33Ja4M

CKOPOCTH IBUKCHH:A TCJII U YCKOPCHUA.



3. 3agaTh cucTeMy KOOPAMHAT: HY)KHO CBSI3aTh CHCTEMY KOOPAMHAT ¢ 3emiiei
(ame Bcero) WM C KakuM-IMOO JpyruMm TenoMm (damie s 3adad Ha
OTHOCHUTENIBHOCTD JBMKEHMS). [loka3aTe HanmpaBiIeHUs] KOOPIUHATHBIX OCEH.

4. 3anucaTh ypaBHEHHUs ISl KOOPJAUHAT U CKOPOCTEN BCEX JBMXKYLIUXCS TEI B
BbIOpaHHOM CUCTEME OTCUETA.

S. 3amucarh 3HAYCHHS HAYaJbHBIX [AapaMeTpoB X,, Yy, Z,, a Takke Vi, V,, u

V,,.
Tak>xe He0OX0AMMO MOMHUTH, YTO
Sy =X—=Xy, WM S, =Y —Y,, WK S, =Z—Z,
— 3TO MPOWAEHHBIN MYTh BI0Jb KOHKPETHOW KOOPAUHATHOM OCH, T.€. Pa3HOCTh
MEXAy KOHEUYHOW Y HAaYaJIbHOU KOOPAUHATAMMU.

6. BBIpaSI/ITI) M3 MMOJTYYHUBIINXCA ypaBHeHI/Iﬁ HCU3BCCTHBIC BCIIMYUHBI.

Ipumepwvl peurenusn 3a0au

3agaua Nel. C xpalllid JoMa OTOpBaach MalleHbKas COCYJIbKa, KOTOpas 3a BpeMms
At =0,2 ¢ nponerena MuUMO OokHa BbicoToir h=1,5 M. OnpeaenuTs ¢ KakKoi BBICOTHI
OTHOCHUTEIILHO BEPXHEro Kpas OKHa ymaja cocyibka. CONpOTHBICHHEM BO3IyXa
npeHeopeyb.
aHo:

At=0,2cC

h=15wm.

OnpenenuTs:

H.

Perienue
1. JIBukeHHue COCYJIbKH MPSIMOJIMHENHHOE PAaBHOYCKOPEHHOE C YCKOPEHHWEM PaBHBIM
YCKOpEHHIO CBOOOIHOTO TajieHus. Havao oTcuera BbIOEpEeM Ha KphIlie. 3amuiieM

YpPaBHEHHS ISl JAHHOTO BUJIA JIBUYKCHUS:

10



Lo, at?

Fr=r+V, t+—
2

V=V, +a-t

a = const

HaHpaBI/IM OCh Y BCPTHUKAJIBHO BHHM3 U 3alIMIICM YPaBHCHHUA IBUXCHHA B IPOCKIINH

Ha ocb Oy nst Touku ¢ KoopauHatod Y = H (B MOMEHT MPOXOXKACHHUS COCYJIBKOM

BEPXHETO Kpasi OKHA):

2
=9

2
v, =gt

a, = g = const

L

rae y0=0, on=0.

Uckntounm Bpemst u3 ypaBuenu (1) u (2):

(1)
)

Takum oOpa3zoMm, Isi OmpeneNeHus HCKOMOW BbICOTHI H HeoOxommmo HalTH

CKOpPOCTBb COCYJIBKH Y BEPXHETO Kpasd OKHaA.

2. 3anuiiemM YPAaBHCHUEC ABHIKCHUA AJIA dTalla IIPOXOKIACHUA COCYHLKOﬁ OT BCPXHETO

710 HUKHETO Kpast OKHa. B 3TOM citydae cocysbka OyaeT UMEeTh Ha4allbHYI0 CKOPOCTb,

PaBHyIo v, .

11



Orcrona

h gAt
v, =—+-—.
YOAt 2

3. IloacraBnsis HalileHHOE 3HAYEHHE CKOPOCTH B YypaBHeHHe (3), 3amuiueM
OKOHYATeJIbHOE BhIpa)keHue A H:

2
H:i[L_g_At} .
20 At 2

IToncraBisis n3BEeCTHBIE 3HAUCHUS, HAHUIEM:

Hx22wm.

3agaua Ne2. Teno BpaimaeTcs BOKPYT HEMOABMXKHOM OCH MO 3aKOHY, BhIPaKaeMOMY
bopmyoii:

o(t)=35+t+4t".
OnpenenuTh BEJIMYMHY MTOJHOIO YCKOPEHUs TOYKH, HaXOAsMIencs Ha paccTostHUu 20

CM OT OCH BpalICHHU:A AJIsI MOMCHTA BPEMCHU t =2 c OoT Hayaja JABUKCHHA.

dHO!
o(t)=35+t+4t°,
t=2c,
R=20cm=0,2 M.

OnpeneanThb:

a

Penienue

1. BripaxxeHue AJis MOJTHOTO YCKOPEHUS MOXET ObITh 3alMCaHO Yepe3 HOPMAJIbHYIO U

TAHI'CHOHNAJIbHYH0 KOMIIOHCHTBI B BUC!:

12



a=y(a) +(a)"

rac

a=R-cua =0R.

2. Ins HaxXOoXACHUS HOPMAJbHOM COCTABISIONIEH YCKOPEHHS, BBIYMCIUM YTJIOBYIO

CKOpPOCTb:
a)(t) = ?j_gto =1+8t (pan/c).

3. Jlnsd HaxXOXXACHUS TAHTCHIMAJIbHON COCTaBISIONIEH YCKOPEHHUS, BBIYHCIHM
YTJIOBOE YCKOpPECHHUE:!

g(t)= Z—Cto =8 (paw/c’),

T.C. IMOJIydacM IMOCTOAHHOC 3HAYCHUC YITIOBOI'0 YCKOPCHMUA.

4. B MoMeHT BpemeHu t =2 C:
a)(Z) =1+8-2=17 (pan/c).
5. HopmanbHas cocraBnsromas yCKOpeHUs:
a =w’R=17%-0,2=57,8 (m/c?).
6. TanreHMaibHAas COCTABIISAIONIAS YCKOPEHUSI:
a=R-£=0,2-8=16 (m/c").

7. Takum 00pa3om, MOJTHOE YCKOPEHHE:

a=y(a,) +(a,) =(L6) +(57,8)° ~57,8(wm/c).
Ortser: a=57,8(m/c?).

13



3AJTAUM

Cpennsin ckopoctb. PaBHOmepeMeHHOe JIBHM:KeHHME BI0JIb TOPU30HTAJBLHOIO
HANPaBJIEeHUS

1. Benocuneauct mpoexal MEPBYHO IMOJOBUHY BPEMEHHU CBOETO ABUKEHHS CO
CKOpPOCTBhIO 18 KM/4, a BTOPYIO MOJOBHHY BPEMEHHU — CO CKOPOCThIO 24 KM/4.
BbIunciuth CpeIHIOI0 CKOPOCTh BEIOCUIIEAUCTA.

2. Benocunemuct mpoexan MEpBYIO MOJIOBUHY MYTH CO CKOpOCThIO 18 km/4, a
BTOPYIO MOJIOBUHY MYTU — CO CKOPOCTbIO 24 KM/4. BBIUMCIUTH CpeaHIO0
CKOPOCTb BEJIOCUIIEAMCTA.

3. ABTOMOOMIB IIpO€XaJl MOJIOBUHY IIyTM CO CKOpPOCThIO U, =50 km/4.
Crenyromuil 0OTpe30K ITyTH OH €Xall CO CKOPOCThIO U, =80 KM/4, a ocieAHnN
OTPE30K IyTH — CO CKOPOCTbIO paBHOW v, =60 km/u. KakoBa cpenHsas

CKOpPOCTh aBTOMOOMWJIS, €CIIM BTOPOM M TPETHH OTPE3KH MyTH MPOHIEHBI 3a
OJINHAKOBOE Bpemsi?

4. TpamBaii OTOIIEN OT OCTAHOBKH ¢ yckopenueM a=0,2 m/c’. JlOCTUTHYB
ckopoctu V =36 KM/4, OH B TeU€HHE 2 MHUH ABHUTaJCi PaBHOMEPHO, a 3aTeM,
3aTOPMO3UB, PaBHO3aMEUICHHO MPOLIEN [0 CJIEAYIOIIe OCTaHOBKU IyTh
S =100 m. OnpenenuTsh CpeaHIO MYTEBYIO CKOPOCTh TpaMBas Ha Y4YacTKe
MEK/y OCTAaHOBKAaMH.

5. CrymeHT mpoexan MOJIOBUHY NMYTH Ha BEJIOCHUIIEJE CO CKOPOCThIO 16 Km/d.
Jlanee MOJIOBHHY OCTaBIIErOCs BPEMEHHU OH eXal CO CKOpOCThio 12 km/4, a
3aTeM J0 KOHIa IYTH WIeN MEeHIKOM CO CKOpPOCThI0 5 kMm/4. OmnpenenuTsb
CPEIHIOI0 CKOPOCTh JBMXKEHUS CTYJIEHTa Ha BCEM IMTyTH.

6. Teno, mymieHHOE MO HAKJIOHHON IUIOCKOCTH BBEPX OT €€ OCHOBaHUS CO
cKopocThio 1,5 M/c, BO3BpaTWIOCh B TyXe€ TOYKY CO CKOpoCThio 1 w/c,
JBUTAsChb BBEPX M BHHU3 C IOCTOSHHBIMH ycKopeHusiMu. HaliTu cpeanioro

CKOpPOCTB 3a BCC BPCMA IBUKCHHUS.

14



7. B teuyenne Bpemenu 7 =10C CKOpOCTh Tela 3amaeTCsl ypaBHCHHEM BHJA
v=A+Bt+Ct?, (OSt ST), rne A=5, B=10, C =4. Onpenenuts CpeaHIO0

CKOPOCTb 3a MPOMEXKYTOK BPEMEHH T .

8. Paccrosinue mexay AByMs aBTOOyCHBIMH ocTaHOBKamu S = 1,5 kM. IlepByro
MOJIOBUHY 3TOT0 PACCTOSTHUSL aBTOOYC MPOXOAUT PAaBHOYCKOPEHHO, BTOPYIO —
PAaBHO3AMEIJIEHHO C TEM € MO MOAYIK YcKopeHueM. Hailtu yckopeHue
aBTOOyCca M BpeMs €ro JIBIXKEHHSI MEXKIy OCTAHOBKAMH, €CIIM MaKCHMallbHas
CKOPOCTb aBTOOYCa cocTapisiia 50 kM/4.

9. TpamBail aBmxeTca co ckopocTbio 36 km/4. Ilocne BBIKIIOYEHHH TOKa €ro
JIBM)KEHUE CTAaHOBUTCS pPaBHO3aMEIJICHHBIM, M TpaMBail OCTaHABIMBAETCS
yepe3 BpeMmsa t =20 c. Onpenenute 3HaueHHE yCcKOpeHus TpamBasi. Ha xakom
PACCTOSIHUM 10 OCTAHOBKHM HAJ0 BBIKIIFOUUTH TOK?

10. IToe3n, nBurasicb paBHO3aMEJICHHO, B TeueHue 60 ¢ yMEHBIIAeT CBOIO
ckopocTh oT 40 km/u 1o 28 km/4. Haiitu yckopeHue moes3aa u paccTosHue S,
IPOUIEHHOE UM 32 BPEMSI TOPMOKEHUSI.

11. Boautenpb JErKkoBOro aBTOMOOMIIS HAUMHAET OOTOH Tpeisiepa Ha ckopocTu 90
KM/4 B MOMEHT, KOTJ]a PacCTOSIHUE MEXKIy MamuHamu paBHO 20 M. 3aTeM OH
MEPECTPAUBACTCS B MPEKHUN PSAJ MPU PACCTOSHUU MEXKIY MallMHaMHu 15 M.
Onpenenutb BpeMsi MaHEBpa, €CIM CKOPOCTb Tpeisiepa 72 Km/4, AIuHA
JIETKOBOTO aBTOMOOWJIS 4 M, JUTHHA Tpeisepa 16 .

12. Ot aBwKyIIerocs moe3ia OTUEIUIAIOT ocieAHui BaroH. [loe3n mpogomxaer
JBUTATBCS C TOM )K€ CKOPOCThI0. CpaBHUTE IIyTH, IPOIICHHBIE TOE3I0OM U
BaroHOM K MOMEHTY OCTaHOBKHM BaroHa. ¥ CKOpEHHE BaroHa MOKHO CUHUTATh
MOCTOSTHHBIM.

13. Ilpu cxopoctu 20 kmM/4 TOpMO3HOUM MyTh aBTOMOOWIS paBeH 1,5 m. Kakum
OyzeT TopMO3HOM TyTh TpH cKopocTr 90 kM/4? YckopeHue B 000UX Cilydasx

CUMTaTh OJHHMM M TCM XKC€.
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14. ITaccaxup, CTOSBIIMI y Hayajaa 4€TBEPTOrO BaroHa AJIEKTPUYKH, ONpPEaeIIn,
YTO HAYaBIIMK JBUIaThCs BAaroH IIPOIIEN MUMO HETO 3a 5 C, a BCA DJIEKTpUUYKA

—3a 15,8 ¢. CKOJBbKO BaroHOB Yy 3JEKTPUUKHU?

I[BI/I)KCHI/IG B I0JIC CHJIBI THXKECCTHU

1. CKOpOCTHOIT TH(T OMyCKaeTCs ¢ YCKOPEHHEM 5 M/’ OTHOCHTEIBHO 3eMiid. B
HEKOTOPBIi MOMEHT BPEMEHH C TMOTOJKa JU(Ta HAUYMHACT NaAaTh OOJIT.
Bricota mudra 2,5 M. Onpeaenute BpeMs najaeHus 0oura.

2. Ilpu majgeHun KaMmHs B KOJIOJIELl €r0 yAap O MOBEPXHOCTh BOJBI JIOHOCHTCS
yepe3 t = 5 c. [Ipunumast ckopocTh 3Byka paBHOM 330 wm/c, ompenenuThb
IyOHHY KOJIO/IIA.

3. Teno magaet ¢ BeICOTHI 1 KM 0e3 HauyanbHOW cKOpocTH. OmnpenenuTb, Kakon
IyTh MPOMAET TEJNO 3a MEPBYIO M MOCIEAHIOK CEKYHIy CBOEro NaJeHUS.
CornpoTuBiieHHEM BO3/1yXa MpeHeOpeyb.

4. Tenmo mamaet ¢ BeicoTHl 500 M 6e3 HavabHOU cKOpocTH. OnpenennTh, Kakon
Kakoe BpeMs MOoTpedyeTcs H3TOMYy Tely [UJIsi MPOXOXKACHHUS TEPBbIX H
nocinenuux 10 m mytu. ConpoTHUBIEHHEM BO3AyXa NpeHEeOpeyb.

5. IlepBoe Teno OpolIeHO BEPTUKAIBHO BBEPX C HAYaJIbHOM CKOpocThio 5 M/c. B
TOT K€ MOMEHT BPEMEHU BEPTUKAIBHO BHU3 C TOW YK€ HAYaJIbHOW CKOPOCTBIO
M3 TOYKH, COOTBETCTBYIOIIEN MAaKCUMAJIBHON BEPXHEN TOUKE IOJIETA MEPBOIO
Tena, OpomieHo BTopoe Teno. Omnpenenutb, Ha KaKOH BBICOTE OTHOCHUTEIBHO
MOBEPXHOCTU 3€MJIH TeJIa BCTPETSITCS.

6. IlepBoe Teno OpoIIeHO BEPTUKAIBLHO BBEPX C HAYAJILHON CKOpOCThIO 3 m/c. B
TOT K€ MOMEHT BPEMEHU BEPTUKAJIBLHO BHU3 C TOM K€ HAYaJIbHOW CKOPOCTHIO
13 TOYKH, COOTBETCTBYIOILIECH MTOJOBUHE MAKCUMAJIBHOW BEPXHEU TOUKE IOJIETA
nepBoro Tena, OpomieHo BTopoe Teno. OnpenenuTh CKOPOCTH MEPBOIO U
BTOPOTO T€Jl B MOMEHT BCTPEUHU.

7. Teno, OpolIeHHOE BEPTHKAJIBHO BBEPX, MOJHSAJIOCH Ha BbICOTY h = 9 M Hap

TOYKON OpocaHHsl yepe3 MPOMEKYTOK BPEMEHH, PAaBHBIN MOJOBUHE BPEMEHU
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MOJAbEMA HA MAaKCUMAJIbHYIO BBICOTY. BBIUHMCIUTh MakCUMalbHYIO BBICOTY, Ha
KOTOPYIO MOAHUMETCS TeJNo NpH JBWKeHUU. CONpOTHUBIEHHEM BO3ayXa
npeHeopeyb.

8. CB00OOHO MagaroIee TeJNO MOCIEIHIO TPETh MyTH mpoxoauT 3a 1,1 c. Halitu
BBICOTY, C KOTOPOM MajiaeT Tel0, U CKOPOCTh Tejla Y TOBEPXHOCTH 3€MJIH.

9. Teno mamaer 6e3 HayaabHOM CKOpocTH ¢ BbICOTHI 20 M. Halitu cpenHioro
CKOPOCTB €r0 IaJICHNs Ha BCEM ITyTH.

10. Ctpena, myuieHHasi ¢ MOBEPXHOCTH 3€MJIM BEPTUKAIbHO BBEPX, yHajia Ha
3emutto yepe3 6 c. Beruncaure HayalnbHYI0 CKOPOCTh CTPEJbl I MAaKCUMAJIBHYIO
BBICOTY €€ NOIbEMA.

11. JlanbHOCTH mMoOJIETAa TEJa, OPOUIEHHOTO B TOPU30HTAJIBLHOM HAIpPaBJICHUH,
paBHa MOJOBHHE BBICOTHI, C KOTOPOIl OHO OpolieHo. YeMy paBeH TaHTeHC yriia,
KOTOPBIN 00pa3yeT ¢ TOpU30HTOM CKOPOCTb Te€Ja, MPU €ro MaJIeHuU Ha 3eMJTI0?

12. Teno OpoIIeHO TOPU3OHTAIBLHO CO CKOpocThio 10 M/c. OnpenenuTs 3HaUeHUE
cKopocTH Teia uyepe3 1 ¢ mocine Opocanus. [loag kakuMm yriiom K TOPH30OHTY
HalpaBJjieHa 3Ta CKOPOCTb.

13. C HEeKOTOPO# BBICOTHI TOPU3OHTAIBLHO OPOIIEHO TEJIO C HAYaJIbHOM CKOPOCTHIO
15 w/c. IlpeneOperasi CONPOTUBIEHHWEM BO3JyXa, OMNPENEIUTh PaIUYC
KPUBH3HBI TPAEKTOPHUU TeJla yepe3 2 ¢ Mociie Hayana JIBUKEHHUS.

14. C 6amau BbicoTOM 30 M B TOPHU3OHTAILHOM HAMPABICHUHM OPOIICHO TENO C
HavajabHOM ckopocThio 10 M/c. IlpeHeOperass compoTHBICHHUEM BO3yXa,
3aMUIIATE YPABHEHUE TPACKTOPUU Y(X) IJIsL 3TOTO Tea.

15. C xphllln MHOTOATaXKHOTO JIOMa BBICOTOM 45 M TOPHU30HTAIBHO OpOIICH
KaMeHb co ckopocThio 20 m/c. Onpenenuts: 1) kakoe Bpemsi KaMeHb OyAeT
HaXOJMUTCS B JBUKEHUU, 2) HAa KAaKOM PACCTOSIHUM OT OCHOBaHHMS JIOMa OH
ynajeT Ha 3eMIIIO.

16. C BepumHbl JepeBa BbICOTOM 20 M TOpPU30HTAIBHO OpOIIEH M4 CO
ckopocthio 15 M/c. Ompenenuth: 1) ¢ KakoW CKOPOCTHIO MY YMaJeT Ha
3eMIII0; 2) KaKOW yroJ COCTAaBUT TPACKTOPHUS Msda C TOPU30HTOM B TOUKE €ro

naacHusA Ha 3EMIIIO.
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17. Teno OGpoIIeHO TOPU3OHTATLHO C HEKOTOPOM BBICOTHI. Yepes 5 ¢ mocie Opocka
YIOJd MEXIy HalpaBiI€HUEM CKOPOCTH W YCKOPEHHUsS CTal paBHbBIM 45°.
Onpenenuts CKOpPOCTh Tela B 3TOT MOMEHT BpeMeHH. COoNpoTHBICHHE
BO3/lyXa HE YUUTHIBATh.

18. Teno OpocarOT B FOPU30OHTAIBLHOM HaIlpaBJIEHUU C BBICOTHI 20 M Tak, 4TO K
ITIOBEPXHOCTHU 3€MJIA OHO MOJJIETAET MOJ yIIIoM o = 45°K ropu3oHTy. C Kakoi
CKOPOCTBIO OpOIIEHO TeJO0, U KaKO€ PACCTOSHUE IO TOPU3OHTAIH OHO
pOJIETUT?

19. Kamenn OpoIiieH o1 TAKUM yTIIOM K TOPH30HTY, YTO CHHYC 3TOTO yIJia paBeH
0,8. Halinute oOTHOIIEHHWE IaJbHOCTH IIOJIETa K MAaKCHMAJILHOM BBICOTE
noJIbeMa.

20. I3 mmanra OwbeT cTpys Boabl co ckopocTthio 10 m/c mox yriaom 30° k
ropu3oHTy. OnpenenanuTe Maccy BOJIbl, HAXOASIIEHCS B BO3yXe, €CIIH MIONIalb
OTBEpCTUS 2 eM’

21. VI3 Touku, pacmonoKeHHON Ha BbICOTE 15 M Hax 3emuieid, OpocaroT KaMeHb CO
ckopocThio 20 M/c moxa yriaom 30° k ropusoHTy. Uepe3 kakoe BpeMsi KaMeHb
yHaaeT Ha 3eMI0?

22. Msiu OpollleH C HEKOTOPOM BBICOTBHI HaJ MOBEPXHOCTHIO 3€MIIM BBEPX MO
yriaoM o =60° K ropu30HTY ¢ HadaJIbHOM ckopocThio 20 M/c. 3a BpeMs nojera
BEpPTHKAIbHAS COCTABIISIONIAS €r0 CKOPOCTH MO BEJIMYMHE YBEIMUYMIIACh Ha
n=20%. IlpeneOperas CONPOTHBICHHEM BO3/yXa, OMNPEACIUTh C KaKOU
BBICOTHI OBLT OPOITIEH MSY.

23. Ilox yrnmom « =30° K ropu30HTY OpOIIEHO TEJNIO C HAYaJIbHOM CKOPOCThIO 15
Mm/c. OnpenenuThb, Yepe3 Kakoe BpEeMsl TPACKTOPHUS Tesa OyleT COCTABISTH C
TOPU30HTOM yron [ =45°.

24. Teno 6pomero nox yriaom « =60° K TOPU3OHTY ¢ HAYaIBHOU CKOpOCThIO 10
Mm/c. Ha kakoil BbICOTE KacaTeJbHOE M HOPMaJbHOE YCKOpEHHUs OyIyT UMETh
OJIMHAKOBBIEC BEIMYNHBI?

25. Ilog kakuM YIJIOM K TOPU30HTY HYXHO OpOCHTH IIapUK, YTOOBI paanyc

KPUBU3HBI HaYaja ero TpaekTopuu ObLI B 8 pa3 0osibliie, YeM B BEPILUHE.
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26. Kamennr Opocator mon yriaom « =60° ¢ BepHIMHBI TOpPHI, CKIOH KOTOPOH
obpazyet yron a =30° ¢ ropuzonToM. C KaKkoil HAYaJIbHOW CKOPOCTBIO HYKHO
OpocHuTh KaMeHb, YTOOBI OH ymall Ha CKJIOH TOpbhl Ha paccTossHuu L = 5 M oT
BEpPUIMHBI?

27. Kakyt0o HauMEHBIIYI0 HA4YaJbHYK) CKOPOCTh JOJDKCH IOJIYYHTh TPH yAape
byTOONBHBIA Ms4, YTOOBI MEpeNeTeTh uepe3 cTeHy BhicoTod H = 1,5 M,
HaxoJAILYOCA OT Msiua Ha paccTtosiHuu 10 m?

28. Jletsamumii cHapsimu ObUT OOHApy)XEH C TOMOINIBI0 Tpubopa HaOIIOACHUS,

KOTOPBIN OMpPEeNniI TOPU30HTAIIBHYIO KOOPAMHATY CHapsAaa X, ¥ BHICOTY h =

1655 m nag 3emuieil (cM. pucyHok). Uepe3 5 ¢ cHapsn ynaad Ha 3eMIII0 U
B3opBajics Ha paccrosHuun L = 1500 M oT Mecta ero oOHapy»KeHUs.
Bbluncnute Bpems mosieta  CHapsiia OT MYIIKM JO MecTa B3pbIBa.

ConpoTuBieHreM BO3yXa IIPEHEOPEYb.

cHapad
M

~

LY

hl “ npuGop
\ HabmodeHus
1
\
| S ——
L

29. Ha cnioptuBHBIX cocTsa3anusax B Cankt-IlerepOypre ciopTcMeH TONKHYI SLIPO
Ha paccrosiHue 16,2 M. Ha kakoe paccTosiHue MOJETUT TO e SAPO, OPOLICHHOE
C TOM ’X€ HAYaJbHOM CKOPOCTBIO W TOJ TEeM € YIJIOM K TOPH30HTY B
Tamkente? VYckopenue cBoOogHoro maneHuss B Cankt-IlerepOypre
g, = 9,819 m/c?, B Tamkente - @, =9,801 m/c’.

30. Kamensb, OporeHHslil co ckopocThio 20 M/c o yriaoM o =45° K TOPU30HTY,
ymaja Ha 3eMJII0 Ha HEKOTOPOM pAcCTOSHUM OT MecTa Opocanus. C kakoi
BBICOTHI HY’KHO OpOCHUTH KaMEHb B TOPH30HTAILHOM HAIPaBICHUH, YTOOBI TIPU

TOM 7K€ Ha4aJIbHOW CKOPOCTH OH yHal Ha TO K€ MECTO?
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Kunematuka BpamaTeJabHOro I1BHKCHUSA

1. Kpyrnas nuna umeer guamerp 600 MM. Ha och muiabl HacakeH IIIKWB
anamerpoMm 300 mm. KakoBbl sMHEHHass CKOPOCTh 3yObeB MWJIBI U HX
LEHTPOCTPEMUTENBHOE YCKOPEHHUE, €CIU Kpas NIkl HUMEIOT JIMHEWHYIO
CKOpocTh 12 M/c.

2. Onpenenure JIMHEHHYIO CKOPOCTh U YCKOPEHHE TOUEK 3€MHOM MOBEPXHOCTH B
Hwxuem HoBropoje 3a cuer cyrouHoro BpaieHusi 3emid. ['eorpaduueckue
koopauHatel Humxuero HoBropoga: 56° ceepnoil mmpotsi, 40° BoCTOUHOM
nosrotel. Paguyc 3emimu R =6400 kM.

3. Omnpenenute JIUHEWHYIO CKOPOCTh, C KOTOPOM JOJHKEH IBUTAThCS CaMoJIET Ha
HKBATOpPE C BOCTOKA Ha 3amaj, 4ToObl maccaxkupam 3toro camosiera CoiHie
Ka3ajaoch HenmoABWKHBIM. Pagnyc 3emnu R = 6400 km.

4. MarepuanpHasi TOUYKa U3 COCTOSIHUS MOKOS HAUMHAET JIBUTATHCS MO OKPYKHO-
CTH PagHycoM 25 CM C TIOCTOSHHBIM TAHTCHIMANBHBIM YCKOPEHHEM 2 cM/c.
Onpenenuthb: 1) MOMEHT BpeMEHH, IIPU KOTOPOM BEKTOpP YCKOPEHHsI 00pa3yer
C BEKTOPOM CKOPOCTH yroil « =45°; 2) myTh, OPOWIECHHBIN, 32 3TO BpeMs
JIBUKYILIEUCA TOUKOM.

5. Koneco HaumHaeT ABUTATHCS U3 COCTOSHUS MOKOS U Yepe3 2 ¢ IMOocie Haydala
JBUKEHUS BEKTOP MOJHOTO YCKOPEHMSI TOUKH, Jiexallel Ha 000/1e, COCTaBIISET
yron o =60° c BekTopoM ee JMHEHHOW cKopocTH. Ompenenure yrioBoe
YCKOPEHHUE 3TOU TOUKHU.

6. Bbluuciaure OTHOIIEHHME HOPMAJIBHOTO W TAaHIE€HIUAIBHOTO YCKOPEHUM st
TOYKH, Jiexanie Ha 000/e Bpalarolerocs Kojeca, s Toro MOMEHTa, Korja
BEKTOP MOJIHOTO YCKOPEHUSI TOUKHU COCTaBIiisAeT yroid « =30° ¢ BEeKTOpoM ee
JIMHEWHOM CKOPOCTH.

7. JluHeliHas CKOPOCTh TOYKH, HAXOJAIIeHcS Ha 000/ BpaIAIOUIerocs TUCKa, B
TpU pa3a OoJibllle, YeM JIMHEHHAas CKOPOCTh TOYKH, Haxoisielcs Ha 8 cM

omke K ero ocu. OnpenenuTh paauyc AUcCKa.
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8. Komeco BpamjaeTcsi ¢ TIOCTOSIHHBIM VIJIOBBIM YCKOpEHHEM 5 pam/c’.
OnpenenuTs paanyc Kojieca, €Cu uyepe3 2 ¢ Mocie Havyana JBUKEHUS TOJIHOE
YCKOpPEHHE KOJeca COCTABIAET 7,5 M/,

9. Komeco Benocuriena Bpamaercs paBHO3aMeIjIeHHO. 3a BpeMst t =4 MUH OHO
M3MEHIIO 4acTOTy Bpamenus ot 120 xo 30 mun™. Ompenenuts: 1) yrioBoe
YCKOpPEHHUE KoJjeca; 2) YHUCIO MOJIHBIX 000pOTOB, CAECIAHHBIX KOJECOM 3a 3TO
BpeMs.

10. Touka JBMXKETCS MO OKPYXHOCTH paguycoM R =25cM ¢ MNOCTOSHHBIM
TaHTeHLIUAJbHBIM YyCcKopeHreM. K KoHIy miectoro o0opoTa mocjie Hadaia
JIBYDKEHUS JMHEHHAs CKOPOCTh TOYKHM cTana paBHOW 18 cwm/c. Ompenenutsh
HOPMaJIbHOE YCKOPEHHE ATOM TOUkH yepe3 t =32 C mocie Hayana IBHKEHHUS.

11. Ha kpas wmkuBa jumHOW 70 cM, HacakeHbl JBa OJMHAKOBBIX JHCKa. Bces
cucteMa Bpamaercs ¢ yactotoil 1400 06/mMuH. Bioas ocu 1MIKMBaA JETUT MyJIs,
KOTOpasi mpobuBaet o6a Aucka. Onpeaenure CKOpOCTh IMyJH, €ClId U3BECTHO,
YTO OTBEPCTUE OT IYJX BO BTOPOM JUCKE OKAa3bIBAE€TCS CMEIECHHBIM
OTHOCHUTEJIbHO OTBEPCTHS B IEPBOM JIUCKE HA yroia 18°.

12. Komika O€XUT 3a MBIIIKONH MO OKPY>KHOCTH PAagUyCcOM 5 M C IMOCTOSIHHOM
ckopocThio 40 kM/4. Korpma paccTosiHue mo ayre Mexy HUMHU ObUTO paBHO 1/8
JUIMHBI OKPYKHOCTH, MBIIIIKa Hayaja yoeratb co ckopoctbio 50 km/4. Yepes
Kakoe BpeMs MBIIIKA yAAIATCS OT KOUIKM Ha PAcCTOSIHUE, PaBHOE MOJIOBUHE
OKPYKHOCTH?

13. CKopOCTh KOJIECHOTO TpaKTOpa TMOCTOSHHA W paBHA 5,4 kMm/4. Ompenenute
IMaMeTp KoJjieca TpaKTopa, €CIW YrioBas CKOPOCTh BpalleHUs KoJieC
COCTaBJIsCT 2,5 paj/c.

14. bapaban muametpom 0,8 M BpamaeTcsi Tak, 4TO 3aBUCHMOCTH yria TOBOpPOTa
pamuyca OapabaHa OT BpeMEHH 3amacTcs ypaBHeHmeM: @=2B+5t+t°,

B =const. Berunciure yrioByio U JMHEHHYIO CKOPOCTh TOYEK, JIKAIUX Ha

MOBEpXHOCTHU OapabaHa, uepes 4 ¢ Mocje Hayaia ero JBUKCHHUS.
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JIMHAMHUKA MATEPUAJIBHOM TOYKN

OcHOBHbBIE 3aKOHBI H (hOPMYV.JIbI

Hmnynvce (koauuecmeo 08uxcerust) mamepuaibHoU mouKu

p=m-o ,
rae m - macca rena, O - CKOPOCTb €ro ABUKCHUSI.

Bmopou 3axon Horomona

OCHOBHOI 3aKOH IMHAMUKH, KOTOPbI OTBEYAET Ha BOIMPOC: KaK U3MEHSIETCS
MEXaHUUYECKOE JIBUKEHNE MaTepUAIbHOM TOUKH (TeJa) o IeHUCTBUEM
MPUJIOKEHHBIX K HEH CHJI.

Bropoii 3akoH HplOTOHA TIJacUT, YTO CKOpPOCTH WM3MEHEHHUS WMIIyJbCa Teja

—

onpeaensaeTcs ASUCTBYIONIEH Ha Teso cuiion F :

- dp do ~
F= @ _ m—=ma,
dt dt
rae a - yCKOpEHHE Tela.
OcHosHyie cubvl
Cuia TKecTH — cua, F=mg Hamnpasnena k ueHTpy 3emiu.
C KOTOpOU 3eMiis
P g =9.8 m/c?
MPUTATUBAET TeEJA.
mg
Bec — 510 cuia, ¢ Harmpasnensl
KOTOPOM TEJIO JEHUCTBYET P - Bec Tena. MEPIIEHAUKYJIAPHO OIIOpE.
Ha OMOpY WJIM MOJIBEC. N
Cuiia peakumu onopbl N - cua peaKLyy
— cuJa, KoTopas OTIOpBI
o P
NENUCTBYET HA TEJIO CO
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CTOPOHBI OITIOPBI NJIN

ImoaBcEcCa.

Cuia Tpenust
CKOJIbKEHUS - CHUJIA,

BO3HHUKaromasa MCxXI1y

F =uN

mp

U - ko3 unment

Hamnpasnena npotus
JBH>KCHUS TETa.

L

COIIPHUKACAIOIUMHUCS

TpeHus (CM. B
TEJIAMHU [PH UX TabuLax)
OTHOCHUTEIBHOM
JBHKCHUU.
Cuiia ynpyrocru — Hanpasiena npotus
CuJia, BOZHHUKAOMIAs pu Fynp =k -AX CMEIICHMS.
CJKaTUM yNPYTUX TEIL ’KECTKOCTH .

x>0

(cMm. B TabnuIax)

AX - aOCOJIFOTHOE

x<0!
F,
yJIMHHEHHE/CoKaThe '\Ml' »
: L
x=0 x
Cuna Apxumena — Fa=0x9Vyyr ITpoTHBOIIOIOXKHO

BBITAJIKHABAIOIAs CHJIA,
JEeHUCTBYIOIIAs Ha TEJO
CO CTOPOHBI KHJIKOCTH

HJIK ra3a.

Py - IIOTHOCTh
JKUJIKOCTH,
Vn.q.r. - 00BeM

MOTPYKEHHON YaCTH

TCJA.

HarpaBJICHA CHUJIC TSAKCCTU.

—

F4

K

—

F‘mm
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Ipumepwvl peurenusn 3a0au

3apgaya Nel. JIBa rpysa maccamu m, =100 u m, =50 r coequHEHBI HEBECOMOH U
HEepacTsDKUMOW HUTHIO, MEPEKMHYTOH depe3 Jerkuil Omok. ['py3sl mpmxumarotcs
apyr k apyry ¢ cuioii F =1H. Kosddunuent tpenus mexny rpysamu g =0,1. C
KaKUMH YCKOPEHUSIMHU JIBIXKYTCS TPYy3bl, B TE€UCHHE BPEMEHH IOKa COMPUKACAIOTCS
apyr ¢ apyrom? Hutu Beptukanbhel. TpeHus B ocu 6J10Ka HET.
aHo:
m =100 r=0,1 xr
m, =50 r = 0,05 kr

F=1H
u=01
Onpenenurs:
4, a

Penienue
ITockoapky M3 > My, TO MEPBBIN I'Py3 ABUKETCS BHU3. Cleq0BaTeIbHO, BTOPOMl TPYy3
nBmketcs: BBepx. Cuiia TpeHUsl BCErJa HalpaBjieHa MPOTUBOIIOIOKHO HAMPABICHUIO

CKOPOCTH ABMIXCHHS I'Py3a U IPHUIIOKEHA K COHpHK&C&IOIHGﬁCH IMOBCPXHOCTH.

F N
TI/\—!- T
<_ I.Jt. 2
-
y ? B
> | € a
= = 2
| PR T
& T mp2 .o
! m]'gw v 33
b
X

1. 3anuiiem BTopoii 3akoH Hel0TOHA AJ1 KaXK10T0 U3 TPY30B.

1 rpys:
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ma=mg+T,+F, ,+F+N,
Ox:ma =mg-T -F,,,
rIe Fmp1 = uN,;
Oy:0=N,-F

Orcroma N, =Fu F, , = uF

Torna
ma, =mJg —T1 - ,ulF
2 rpys:
ma, =m,g+T,+F, ,+F+N,
Ox: -ma,=m,g-T,+F,,
Oy: 0=F-N,
Otcrona
N,=F u Fmp2 = uF.
Torna

—-m,a, =m,g —T, + uF
2. ITockosibKy HUTh HEBECOMA U TEpHUE B OJIOKE OTCYTCTBYeT, TO 1, =T, =T

ITockonbKy HUTH HEPACTSKMMA, TO &, =, =4a.

3. YuuThiBas paBEHCTBO HATSKEHUU HUTU M YCKOPEHUS TPY30B, OKOHYATEIBHO

3allMICM UX YpaBHCHHA IBUKCHUA!

ma=mg-T - uF
-ma=m,g-T + uF

ma+ma=mg-T—-uF-m,g+T - uF

(m +m,)a=(m —m,)g-2uF

_ (ml — mz)g —2uF .
m, +m,

a

a=1,94 m/c*.

Oteer: a=194 m/c?.
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3agaua Ne2. Ha HakIOHHOW TIIOCKOCTH, cocTaBisitonieir yron o =30° c
TOPU30HTOM, yIEPKMBAIOTCS JBa COMPUKACAIOIINXCSI OpyCcKa Tak, Kak IMOKa3aHO Ha

pucyHke. Maccsl OpyckoB M, =1kr, m, =2 kr. KoadduuuenTs! TpeHust 6pyckoB o
mwiockocts  paBHel 4, =0,25, 4,=01 coorBerctBeHHo. Haiitu  cuy
B3aMMOJICHCTBHS MKy OpyCKaMu, €ClId UX OTITYCTHUTb.
aHo:
o =30°
m, =1 xkr
m, =2 xr
u,=0,25
#,=0,1
OnpenenuTs:

R R,

Penienue

1. T.x. u,<py, TO Opycok 2 Bcerna Oyaer npuxar Kk Opycky 1. JIBurarbcsa oHu OyayT

KaK OIHO 1eJjoc, T.C. C OAMHAKOBBIMU YCKOPCHHUAMMU.

3anmmiem BTOopoit 3akoH HeroTOHA 117151 mepBoro Opycka:
ma=mg+N,+F, ,+R
[Ipoeuupyem Ha ocu:

Ox: ma=mgsina—-F,,

+R,rne F, = uN,

Oy: 0=—mgcosa + N,

26



N, =m,gcosa
Ho
Fmp1 =N, =mgcosa

Torma mosyuunm:

ma=mgsina — gmgcosa + R,
Bropoii 6pycok:

ma=m,§+N, + Ifmp2 +R,
Ox: ma=m,gsina—F, ,—R,,

Oy: 0=-m,gcosa +N,

ree F,, =u,N,, N,=m,gcosa.
F.p2 = 1N, = 11,M,g COS
Torna
m,a =m,gsina — y,m,gcosa — R,

2. T.x. Opycku OBUXKYTCS BMECTE, TO &, = a,.
ITo tperbeMy 3akoHy HerotoHa R, =R, =R kak cunsl B3aumoneiicteusa. C yueTom
ATOTO MOJTYUYUM:

ma=mgsina +R - mgcosa

{mza =m,gsina —R - u,m,gcosa

3. BrIlpazum B SIBHOM BUJIE UICKOMYIO CHIIY B3aUMOJICUCTBHUS:

m, _ mgsina - mgcosa +R
m, m,gsina—u,m,gcosa—R

mm,gsina — g,mm,gcosa =mm,gsina + MR+ m,R — zmm,gcosa
(M, +m,)R=mm,(z - 1,)gcosa

R = mm, (4 — #4,)9 COS e
m, +m,

R=0,85H.
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Otser: R=0,85 H.

3AJAYN

3axkoH BceMUpHOro TaroreHus. Cuia tskectu. Bec

1. Onpenenure cuidy TIpaBUTALMOHHOIO B3aumoneuctBuss 3emiun u  ConHia.
Heob6xoaumbie 1aHHbIE BO3BMUTE U3 TAOJIHII.

2. Bpluucaure, BO CKOJIBKO pa3 YMEHBIIUTCA CHJa TIPaBUTALMOHHOTO
NPUTSDKEHUST 3eMJIM M KOCMHUYECKOTO Kopaliisi, eciu Kopabiib yAaJlIuTCsS OT
IUTAHETHl HA PACCTOSIHUE, PABHOE YETHIPEM €€ PaJUuyCaM.

3. Ompenenute, Ha CKOJbKO OTIMYAETCS 3HAYEHUE YCKOPEHHs CBOOOJHOTO
najieHusl Ha TOJIoce 3eMJIM M Ha €€ 3KBaTope. OKBAaTOPUAIBHBIN paauyc
CUUTATh paBHBIM 6378,2 KM, NOJISAPHBIN paguyc — 6356,9 km.

4. Pagmyc turanetsl Mapc cocrtasiser 0,53 paamyca 3emuun, a macca — 0,11
Macchl 3emiid. 3Hasi CpelHee 3HAYEHHE YCKOpPEHHsS CBOOOJHOIrO MaJieHUsl Ha
3emiie, HaWTU YCKOpeHHe CBOOOTHOTO MmaieHust Ha Mapce.

5. Cpenusst miotHocTs Berepsr 5200 kr/m°, a pauyc mmaneTst 6100 km. Haiitu
YCKOpEeHHe CBOOOHOIO MaJIeHUs Ha MOBEpXHOCTH BeHepsl.

6. Ha BepxHem staxe HeGoCKpeba yckopeHue cBoGoxHOro magenns Ha 0,1 cm/c®
MEHbIIIe, YeM y ero ocHoBaHus. OmnpenenuTe, Ha CKOJIBKO YMEHbBILIAETCS CHIIa
TSKECTH, JEHCTBYIOIIAs HA YelloBeKa Maccoil 60 Kr, Mpu MoabeMe Ha BEpXHUI
ITaXK.

7. Kocmuueckuii kopalib, ABMKYIIUNUCS MO KPYroBOM OpOUTE BOKPYTr 3eMIH,
nepeien Ha HOBYIO OpOHTY, HA KOTOPOM CKOPOCTh KOPaOisl yMEHbIIWIACH B
1Ba pa3a. Bo CkoibKO pa3 npu 3TOM U3MEHUJIACh CUJIA TSHKECTH KOCMOHABTA?

8. B Barone moes3aa Ha NPYXUHHBIX Becax B3BEIIMBAIOT TEJIO MACCOM M =7 KT .
CkopocTh JABWXEHHS Toe3da mocTtosHHa W paBHa 108 km/u. Omnpenenwure
MOKa3aHWe TMPYKUHHBIX BECOB B cClly4ae, KOrja IO0e3[ MABUXKETCS TI0

3aKpyTJICHHOU TpaekTopuu paguycoM R = 600 m.
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9. Ompenenute, ¢ KaKOH CHIJION TOHIUK JABUT HA KPECIO TOHOUYHOTO aBTOMOOMIIS
IIPU MIPOXOKJICHUH BUPaXka C paanyc 3akpyrieHus poporu R = 50 m. Macca
romuka 70 Kr, CKOpOCTh aBTOMOOMIIS Ha BUpaxke coctapiisieT 200 km/4.

10. Beruucnuth, BO CKOJIBKO pa3 CUJIa aBJIECHHUS MUJIOTA HA KPECJIO caMoJieTa MpH
IPOXOXKAEHNN BUpaka paguycoM 400 M IpEBBIIAET €ro BEC B HEMOABHKHOM
coctosiHuM. Macca nuinoTta 75 KI, CKOPOCTh JIBMYKEHHUSI CAMOJIETA HA BUPAKE
450 xm/4.

11. Camoner penmaeT MHOBOPOT B TOPU3OHTAIBHON IUIOCKOCTH, JBUTAsICh C
noctosiHHOM ckopocThio 2000 km/u. [lpm kakoM paamyce KpUBU3HBI
TPACKTOPUM  JIETYMK OYJET HCHBITHIBATh MATUKPATHYIO TMEpPErpys3Ky
(oTHOIIEHHE BECa JIETYUKA K CHIIE TSKECTH)?

12. Jludpt omyckaercs BHM3 UM Tepe]] OCTAHOBKOHM JBIKETCS 3aMEJJICHHO.
OnpenenuTs, ¢ KaKoW cUJioi OyJeT MaBUTh Ha MoJI JudTa 4eiaoBek Maccon 60
KT, €CITH yCKOpeHHe Ti(Ta paBHO 4 M/c%.

13. Kabuna nudra ABIKETCS BBEPX C yCKOpeHHeM 2 M/c’. BbramciuTh pammyc
CTAJILHOTO IIWJIMHAPA, CTOSALLIET0 Ha MOy KaOWHBI, €ClIU €ro Bec cocraisieT 40
H. BeicoTy nunuHapa npuHATh paBHOU 15 cm.

14. C xakuM YCKOpPEHHMEM HaJ0 MOJHUMATh Ipy3, YTOOBI €ro BEC YBEIUYMUIICS
BABoe? C KAaKMM YCKOPEHHEM HaJ0 OIyCKaThb TOT K€ I'Py3, YTOOBI €ro BEC
YMEHBLIWIICS BABOE?

15. I'py3 Becom 98 H Bucut Ha Tpoce, NPUKPEIUIEHHOM K IOTOJKY JudTa.
N3BecTHO, 4YTO TpOoC BbLAEpkUBaeT Harpy3sky no 120 H. C kakum
MaKCUMaJbHbIM YCKOPEHHEM MOXXET JBUTAaThCsl JUEPT, YTOOBI TpPOC HE
obopsacs?

16. Ha skBaTope HEKOTOPOH IJIAaHETHI TEJIa BECAT BJIBOE MEHBIIIE, YEM Ha IOJIIOCE.
Cpennsis wioTHOCTH BemiecTBa IaHeTsl 3000 KI/M Onpenenuts nepUos
oOpallleHHs TIaHEThl BOKPYT COOCTBEHHOM OCH.

17. Kakoit mpogomKUTEeIbHOCTH JOJIKHBI OBITh CYTKU Ha 3eMile, JIIsl TOTO, YTOOBI

TeJla Ha SKBaTope ObLIM HeBecoMbl? Paauyc 3emiin npuHSTH paBHBIM 6400 KM.
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Cuna ynpyroctu

1. JIa Manbyuka pacTATMBAIOT PE3WHOBBIA IIHYp, MPUKIAIbIBas K €ro
koHam cuiel o 30 H xaxneiii. KakoBa >KeCTKOCTh IIHYypa, €CIU €ro
YIJIMHEHHE COCTaBUIIO 4 CM.

2. BeUuCINTh CWIBI, KOTOPBIE HY)XHO MPHJIOKUTh K KOHIIAM TPYKUHBI
xecTkocThio 400 H/m, uToOBI pactsaayTh ee Ha 10 cm.

3. JIse mnpyXuHBbl pa3sHOW IJUHBI, CKPEIUICHHbIE MEXIy CO00i OJHUMHU
KOHIIAMH, PacTIATHMBAIOT 32 CBOOOJHBIE KOHIIBI. V3BECTHO, UTO >KECTKOCTh
nepBoi npyxuHbl paBHa 200 H/M u oHa ynanuHuiack Ha 5 cM. Onpenenure
KECTKOCTh BTOPOM MPYKUHBI, €CIIU €€ YJITTMHEHUE COCTaBUIIO 1 cM.

4. YyrynHoe aapo Maccod 150 Kr moJHMMAIOT CO JHA 03€pa C MOCTOSHHOM
ckopocTbio. OnpenenuTb, Ha CKOJBKO M3MEHUTCA YUIMHEHHE Tpoca
xecTkocThio 1 kH/M mpu nepexoe u3 BoAbl B BO3IYX.

5. Manpuuk, cTpensisi U3 porarku, HaTSAHYJI PE3UHOBBIA IIHYp TaK, 4YTO €ro
yamHeHue coctaBiwio 10 cMm. C Kakol CKOPOCTHIO MOJETUT KAMEHb MAaCCOM
10 1, ecnu )KECTKOCTh pe3MHOBOTO MHYpa coctapisieT 800 H/m.

6. JIee mnpyxunbl kectkoctamu 400 H/m u 700 H/m coenuHeHbl
MOCJIEIOBATEIbHO W TOJIBEIICHbl BEPTHKAIbHO. BBIYMCINTH OTHOILIEHUE
MOTEHUUAJIBHBIX SHEPTUN ITUX MPYKUH, CUUTAsE UX MACChl MMPEHEOPEIKUMO
MaJIbIMH 10 CPABHEHUIO C MacCOM Ipy3a.

/. K KoHIIaM JBYX NapajuielIbHO MOJBEIICHHBIX MPY>XUH OAUHAKOBOW JJIMHBI
MIPUKPEINIEH HEBECOMBIN cTepkeHb JiuHOM 20 cm. XKecTtkocTe mnepBoit
npyxkunbl cocraBiger 300 H/m, a xectkocts BTOpoit — 500 H/m.
Onpenennth, B KAKOM MECTE CTEPKHS IO OTHOIICHHUIO K MEPBOM NPYKUHE
HY>KHO MOJABECUTH TPY3, YTOOBI CTEPKEHBb OCTAJICSA TOPU3OHTAIBHBIM.

8. BbluncnuTh, BO CKOJBKO pa3 HM3MEHHUTCS KECTKOCTb CHCTEMBbI U3 ABYX
OJIMHAKOBBIX TMpPYXUH IpPU IMEpPEXoJe OT HUX IOCIEI0BATEIBHOIO

COCAMHCHUA K ITapalJICIbHOMY COCANHCHHIO.
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9. K konmy pe3uHoBoro mHypa xectkoctbio 900 H/M mpussizan rpy3 mMaccoit
0,5 kr. I'py3 oTknosstoT Ha yros 60° u otnyckator. Haiith juimHy mHypa B
MOMEHT TPOXOXKJEHUS TIpPy30M IIOJIO)KEHUS PpABHOBECHS, €CIH B

HEpaCTSHYTOM COCTOSIHUM OH UMEET JJIUHY 25 CM.

TpeHue cKoOJIbKEHUA

1. Ha rmagkom crose ynexart aBa cBsizaHHbIX Opycka Maccamu 200 r u 300 r. K
OTHOMY W3 HHX mpuioxkeHa ropuszoHtanbHas cwia 10 H. Koaddumment
TpeHuss Mexay OpyckamMmu W moBepxHOcThio crona 0,2. Haligure cumy
HaTSDKCHUSI HUTH, €CIIM OHA MIPUJIOKEHA: a) K TIEpBOMY OPYCKY; 0) KO BTOPOMY
Opycky.

2. JlBa rpy3a maccaMu M, =1kxr u M, =2 Kr, CBS3aHHBIC IIHYPOM, JIEKaT Ha
ropu3oHTagbHOM nmoBepxHocTu. IlIHyp BeInep:xkuBaeT cuiy Hatskenust 35 H.
KoadduimenT Tperus Mex1y KaxIasIM Ipy30M U oBepxHOCThIO paBeH 0,3. C
KAKOM MOCTOSIHHOW CWJIOW F MOXHO TSHYTh MEpPBBIA Ipy3 MapauIeIbHO
HIHYPY, YTOOBI OH HE pa3opBayCcs?

3. [IBa rpy3a wmaccamu M, =700r wuw m,=1000r cBs3aHBl HUTHIO,
nepeOpoLIeHHONW Yepe3 HemoABMKHBIA Ook. C KakuM YCKOpeHHEM OyayT

JBUTAThCS TPY3bl, €Cid KOIPPUIUEHT TpEeHHS MEXKAYy NEPBBIM TPY30M H

ctoaoMm cocrtasiseT 0,37

m

m,

4. lea rpy3sa Maccamu M =400r wu m,=900r cBsA3aHBI HUTHIO,
nepeOpoLIEHHO uepe3 HEMOABMXKHBII HeBecoMblil Onok. Cucrema rpy3oB
HAXOJMTCA B II(TE, TBIKYIIEMCS BBEPX C yCKopeHHeM 4 m/c’. OmnpenenuTs
CUJIy HaTsDHKEHHsI HUTH, €CIU KOd()QUIMEHT TPEeHUsI MeXAy HEPBBIM IPY30M U

ctoaoM cocrtasisteT 0,27
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m

m,

UYepe3 HEMOABMKHBIA HEBECOMBIM OJIOK, YKPEIUIEHHBI Ha BEpIIMHE
nupamMubl, INEPEKUHYTa HUTh C I'Py3aMHM PAaBHOM MacChbl Ha KOHIAX. YTOI
a=30°, yron f=45°, xo3pduumeHt TpeHus MexAy Tpy3aMu H
MIOBEPXHOCThIO Ipu3Mbl coctaBiser 0,3. Haligute yckopeHue, ¢ KOTOPBIM

OyIyT IBUTaThCs TPY3bl, U CUITY HATSKEHUS HUTH.

m m

Teno neXUT Ha IEPOXOBATON TOPU30HTANBHON MOBEPXHOCTU. ONpeaennuTh, Ha
KaKOW yrojl OTHOCUTEIBHO TOPHU3OHTAIN HYKHO HAKIOHUTH IOBEPXHOCTD,
4TOOBl TENO Hayano cKojJbkeHue. KoaduuueHT TpeHus Mexay TeloM u
moBepXHOCTHIO 0,58.

I'py3bl coeamHEeHbl HEBECOMOW HUTBHIO, IMEPEOPOIICHHON Yepe3 HEBECOMBIN
omok. Cuiia HatspkeHus HUTH paBHa 10 H, a koagdunment tpenus pasen 0,2.

KakoBa macca Hm>xHEro rpysa, €ciiu Macca BepxHero rpysa passa 300 r?

m,

m,

CaHKuU TOJKHYJIM BBEpX MO JIEISIHOM ropke, coctapistomend yron o = 30° ¢
ropu3oHTOM. CaHKM BbEXalld Ha HEKOTOPYIO BBICOTY, a 3aT€M ChEXalld
obpatHo. Bpems cnycka B 1,2 pasza npeBbliaeT BpeMs noabema. OnpenenuThb
KO3 GUILIMEHT TPEHUSI.

JIBa uyryHHbIX Ipy3a maccamu M, = 750 r u m, = 1300 r cBsi3aHbl HUTHIO,

nepeOpOIIeHHOW Yepe3 HEMOABWKHBIM OlOK. Beuamcnure, Ha CKOJBKO
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IpalyCcoB Harpeercs MEpBbIA TI'Py3 IPHU CKOJBXKEHHH, €CIA OH MPOXOAUT
pacctosinue 1o croiy 1,2 M. YaenpHas teroeMkocTs uyryHa C = 540 JIx/kr,

IMPpUYCM I'py3 IMOJIYUACT IMOJIOBHHY TCILIA, BRIACIAIOIICTOCS IIPU CKOJIbKCHUH.

m

M,

10. Ha ropu3oHTaIbHOM Yy4acTKe JOPOTH OT PAaBHOMEPHO JBMXKYLIETOCS IOE3/a
Maccon M = 1000 T oropBasics mocieanuii Baron maccou 40 1, mpoexain
paccrostaue 200 M 1 ocTaHOBWJICS. BrluncianTe paccTosiHUE, KOTOPOE Mpoexa
MOE3]] 32 BpeMs TOPMO>KEHHUS BaroHa, CUuTas ero CKOpoCTh HEM3MEHHOM.

11. HenmoaBm>xHOE TEJIO Maccoll 2 Kr OMYCKaercs IUIAaBHO HAa MAaCCUBHYIO
wiargopmy (M > m), aBukyImLytocs co ckopoctbio 4 M/c. CKOJIBKO BpeMEHU
TeJ0 Oy/AET CKOJIb3UTh MO IIIATHOPME U KaKO€ PACCTOSIHUE OHO MIPOUIET 3a 3TO
Bpems? Koaddumuent tpenus pasen 0,2.

12. Ha xnuHe ¢ yriaom nipu ocHoBanuu o = 30° nmexut Opycok. Koadduiment
TpeHust Mexay Opyckom u kiuHoM 0,4, C KakuM YCKOPEHHEM JIOJKEH
JBUTAThCA KIIMH, YTOOBI OPYCOK HE COCKab3bIBaI?

13. HakyioHHasi MJIOCKOCTh COCTaBISIET yron o =45° c¢ ropuzoHToM. BBepx 1o

Hel naBuxkerca Tpy3 maccod M=0,5Kkr, K KOTOpoMy HpPWIOXKEHA Cuia
F =30 H, manpaBnennas mox yriiom [ =30° k HakKJIOHHOM TuT0cKocTh. Halitn

YCKOPEHHE, C KOTOPBIM JBUIKETCS TEJO0, ecii K03 duitmeHt tperus pasex 0,4.
14. Tuck Bpamaetcsi ¢ yactotoi 70 o6/mMuH. Ha xakom paccTOsITHUM OT LIEHTpa
JIMCKa HY>KHO TOJIOKUTH TeJIO, 4TOOBI OHO HE COCKOJNB3HYI0? Koaddumment

TpeHus MoKos Tena o guck 0,44,
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MEXAHHUKA TBEPJAOI'O TEJIA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

Momenm _cunbt — BeKTOpHasg (u3MYecKas BEJIMYMHA, paBHAs BEKTOPHOMY

MPOU3BEACHUIO PaUyC-BEKTOpa (MPOBEAEHHOTO OT OCH BpalleHUS K TOYKE
NPUJIOKEHUST CUJIBI — TI0 OINpPEeIeHHI0) Ha BEKTOP ATOM CHJIbI. XapaKTepu3yeT
BpalllaTeJIbHOE JIEUCTBUE CUJIBI HA TBEPAOE TEJIO.

M = [F X If},

—

rae I - paguyc-BekTop, F - mpuioxeHHas cuia.

Hanpaeﬂeﬂue MOMERMA CUJIbl

BCKTOp MOMCHTa CHJIbl BCCTAa NCPICHAUKYIAPCH IJIOCKOCTH,

—

obOpa3oBanHOW BekTopamu I u F, a ero HampaBieHHE
onpeoensiemcs Npasuiom npago2o GUHMA. HYXKHO TPaBbIM

BUHTOM JIOBEPHYTh [0 KpaTdaiiieMy MyTH BeKTop [ 0

—

BCKTOpa F , U TOrJla HAIIPpAaBJICHUC ABWKCHHUA BHUHTA YKAXCT ‘

—

HampasieHue Bekropa M .

Benuuuna momenma cusol

M=r-F -sina=F-d ,

rae @ - yron mexay Bekropamu I u F, d - mmedo cunbl F, T.e. kpartdaiiiee

pacCTOAHNUEC OT OCHU BpAlICHHA 10 JTMHUH ,Z[CﬁCTBPIH CHJIBI.

Momenm unepyuu — cxanspHas (usnueckas BETUUYMHA, KOTOpas SIBISETCA MEpOi
WHEPTHOCTH BO BpPAILlaTEJILHOM JIBH)KEHUU BOKPYT OCH, MOJOOHO TOMY, KaK macca
Tena SABIAETCS MEPOM €ro HMHEPTHOCTH B IIOCTYIIATEIbHOM  JBHKCHUMU.
XapakTepusyercs pacnpelleIeHUEM MacC B Te€J€: MOMEHT MHEPILUU PAaBEH CyMMeE

HpOI/IBBeI[eHI/Iﬁ BJICMCHTapHBIX MacCC Ha KBaI[paT ux paCCTOHHI/Iﬁ 10 OCHu BpaIHCHI/I}I.
2
szrdm,
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rae dm - ayleMeHTapHast Macca, ' - pacctostHre oT dM 0 OCH BpaICHHS.

Momenm unepyuu Mamepuaﬂbﬂod mo4Ku

2
J=mr
rac m - macca TOYKH, r - paCCTOHHI/Ie 0 OCHu BpaIHCHI/ISI.

Momenmbl uHepyuu HeKOMopPvIX CUMMEMPULUHBIX MET

OHHOpOHHbIﬁ AUCK OTHOCHUTCJIBHO OCH, J 1 mR2
- A )
HepHeHI[I/IKyHﬂpHOI?'I K IINIOCKOCTH OHCKa 2

¥ IPOXOJAILIEH Yepe3 ero HEHTP Macc. rae m - macca aucka, R - paguyc

JIMCKA.

Tonkun JUTMHHBIN OTHOPOIHBbIN J 1 me?
120

rae m - macca crepykus, { - JuIMHA

CTep:KeHb C CEeYeHHEeM JI000H (QopMmbI

OTHOCHUTCIBHO OCH, HpOXOI[}IIHCﬁ qcpe3

ero IEHTpP Macc. CTEPIKHSI.

TOHKOCTEHHBI NUJINHAP WIH 00PYY )
J=mR",
OTHOCUTEILHO OCH, MEePIEHINKYISIPHON
. rae M - Macca HMIHHIpa/oopyya, R -
WX TUIOCKOCTU U MPOXOJSIICH depes ux

IIEHTPhI Macc pazuyc umIHHApa/00pya.

Ilap oTHOCUTENBHO OCH, IPOXOIALIEH Jo 2 MR’
4yepes3 ero LEHTP. S

rae M - macca mapa, R - paguyc mapa.

Teopema [lImeunepa

MomeHT J505(510200%051 J OTHOCHUTEIILHO HpOHBBOHBHOﬁ OChU paB€H CYMMC MOMCHTA

UHEPUUH J, OTHOCHUTEIBHO OCH, IApAJIICIbHON JAHHOW U MPOXOAAIIEH Yepe3 LEHTP

MHCPIHUHU TECJIa, M IPOMU3BCIACHUI MACCHhI T€jaa M Ha KBaapaT paCCTOSAHUSA MCKIY

OCsIMMU.

J=J,+md?*.
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Kunemuueckas snepeus mena, 8pauiarouie20cs 60KpY2 HEeNnoO0BUNCHOL OCU

J,&°
W, = S

rac ‘]z - MOMCHT MHCPIUU TEJIa OTHOCUTEIIBHO OCH Z, @ - YITIOBast CKOPOCTH TEJIa.

Kunemuueckas IQHepcUs mead, KamiauiecocAa no njiocKkocniu 0e3 CKONbIHCeHUS].

2 2
w, _ +Jca) |
2 2

rge m - macca TeJa, U, - CKOpPOCTb LICHTPA MaccC TeJia, Jc - MOMCHT MHCPILMHU TCJa

OTHOCHUTCIILHO OCH, HpOXOI[}IHICﬁ qepe3 €ro uCHTp MacC, @ - yriioBasd CKOpOCThb TEJia.

Momenm  umnyibca  (MOMEHmM — KOAUYECMEd  OBUMNCEHUs)  meepoo2o  meid

OMHOCUMETIbHO OCU 6pAUIEHUA

L, :a)zn:min =J,0.

i=1
rac w - yrioBas CKOpPOCTb TEJa, mi - Macca i-TOﬁ MaTCpHaHLHOﬁ TOYKHU TBEPAOTO

Tena, R, - paccrosHue or M, g0 ocu BpameHus Z, J

i - MOMCHT HMHCPIHH TCJa

z
OTHOCHUTEIIBHO OCH Z.

Ocnosnoe ypaeHeHue OUHAMUKU epauiamelbHo2o 08UNCEHUS

_aL. MZ:dLZ:JZd—w:JZg,
dt dt dt

rac Mz - MOMEHT CHJIbI OTHOCHTECIBHO OCHU Z, ‘Jz - MOMCHT HHCpPHOHH TCJa

M

OTHOCHUTCIIBHO OCH Z, @ - YIJIOBas CKOPOCTH T€jIa, £ - YIJIOBOC YCKOPCHHUE TCIa.

Paboma npu epaweruu meaia

dA=M.,dg,

rae dg - yron moBopora Tena, M, - MOMEHT CHJIBI OTHOCUTENIFHO OCH BpAIlleHHs Z.

Ilpumepol peuwenus 3aoau

3apaua Nel. Yepes HEMOIBMKHBIN OJIOK B BUJIE OJHOPOJIHOTO CILIONIHOTO IMJIMHIpA

maccoil M =200 r mnepekuHyTa HeBecoMmas HUTh, K KOHILIAM KOTOPOU IMOJBELICHBI
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rpy3sl Maccamu M, =300r u m,=500r. [Ipenebperas TpeHuem B ocu 0JOKa,

OIIPEAEIINTh YCKOPEHHE IPY30B U CHJIbI HATSDKEHUSI HUTEH 1, U T, Irpy30B.

aHo:
M=200r=0,2 kr;
m, =300 r=0,3 kr;
m, =500 r=0,5 kr.
OnpenenunTs:

a; T; T,.

Penienue
I. BbINOJHUM PHUCYHOK, PacCTaBUM JACHCTBYIOIIME HA TeJa CUJbl W 3adaJuM

HAaIllpaBJICHUS KOOPJIMHATHBIX OCEM: OChb X HampaBUM BHM3, a OCb Y -
MIEPIIEHIUKYJISIPHO INIOCKOCTH YEpPTEXkaA, OT HAC.

M

M, ®u, Q7

'mzif
2. 3aHI/IHICM JJI1 KaXXI0T'0 U3 pr30B, I[BI/I}KYHII/IXC}I HOCTyHaTCJ'II)HO, BTOpOfI 3daKOH

Hprotona B npoeknusx Ha och X:
-, +mg=-ma
-T,+m,g=m,a

3nece T, u T, - cuibl HaTSHKEHUS HUTEH, HE PaBHBIC 10 BEJIIMYMHE. 3a CUET ITOTO

o0ecrnieunBaeTcs BpaIIaOIIUA MOMEHT, AEUCTBYIOUINI HA OJIOK.

3. HpI/IMCHI/IM OCHOBHOM 3aKOH AUHAMHWKH BPpaAlaTCIIbHOT'O ABUKCHUS K 6HOKy.
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M=J&,

rie M - cymmapHBI MOMEHT JIEHCTBYIOIIUX Ha OJIOK CHJI, £ - YIJIOBOE YCKOPCHHE
O0Ka.

Ha Oyox neicTBYIOT JBE KacaTelbHBIE CHIIBL: 'Ij’ 51 172’, KOTOpBIE O0O0YCJIOBJICHBI
HATSHDKEHUEM HUTH.

—

OTMeTuM, YTO MOMEHTBHI 3THUX CHJI NPOTUBOIIOJIOKHO HAIPaBJIEHBI: MOMEHT M,
cuibl T, HampaBieH MEPIeHIUKYISIPHO IUIOCKOCTH PHCYHKA K HaM, B TO BpeMsI Kak

MOMeHT M, cuibl T, HampaBieH MepIeHIUKYIIPHO IUIOCKOCTH PUCYHKA OT Hac.
CyMMapHbIif MOMEHT JACHCTBYIOIIMX CHIL:

M=M+M,,
WJIA B TPOEKIMU HA OCh Y !

M=M,-M,.
VYurem, 4T0 OJOK YCKOPEHHO BpAaIIaeTCsi MO YacOBOM CTpENKe, a 3HAYUT BEKTOP
YTJIOBOT'O YCKOPEHMS HAIlPaBJIEH BAOJIb OCH Y .

Takum 06pa30M, OCHOBHOC YpPAaBHCHHC IWHAMHWKU BpaAIlIaTCIBHOIO IBHUKCHHA B

IPOEKUHUH HA OCh Y IPUMET BHJ!
M,-M,=J-¢.
4. 3armmem MomenTs! M, 1 M, kacatensHBIX cut T, u T,
M,=T,-Ru M, =T, -R,
rae R - pagmyc 6110Ka, a TakkKe IIed4o CUII T1'1/1 T,.
5. IlocKonbKy HUTh HEBECOMA U HEPACTSKHAMA,
T, =T,uT,=T,, orkyna M, =T,-Ru M, =T, -R.

6. HOI[CTaBI/IM HaﬁI[GHHBIe 3HAYCHUA MOMCHTOB B OCHOBHOC YPAaBHCHHC JUHAMHWKH

BpaaTCJIbHOTO ABUKCHUS:

R(T,-T,)=J-¢.
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7. Ilo ycnoBuio 3a7aun OJIOK MPEACTaBISAET COOOM TUCK, KOTOPBIM BpaIaeTCsi BOKPYT
HETIOJABM>KHOW OCH, MPOXOAAIIEN yepe3 ero neHTp macc. [loaromy MOMEHT uHepuuu
OJoKa:

J ZEMRZ :
2

8. YuuThIBasg 3allMCAaHHOE BBILIE BBIPAKCHHUE JUJII MOMEHTAa WHEPLUH, a TaKkKe
M3BECTHYIO CBSI3b JIMHEWHOIO M YIVIOBOIO YCKOopeHusa a=¢&R, nomydnm
OKOHYATEIbHOE BBIPAXKEHUE U1l YPaBHEHUs TMHAMUKYU BPaLaTEIbHOIO JIBUKCHUA !

R(T,-T,) :%MRZ -%, 1w

(T2 —Tl) :%Ma .

9. O0beaAMHUM NOJIyYEHHbIE YPAaBHEHUS JJIS TPY30B U IS OJI0OKA B OJIHY CUCTEMY:
-T,+mg=-ma
—T2 +m,g =m,a

(T, —Tl):%Ma

10. Pa3pemass mNOJy4eHHYIO CHCTEMY YpaBHEHUM, HalJeM OKOHYATEIbHOE

BBIPAKEHUE [T YCKOPEHUSL:

a= mz_ml

_m1+m2+|\/I/29’

HOI[CTaBH}I}I HN3BCCTHBIC 3HAYCHHA MAaCC U YCKOPCHUA CBO6OI[HOFO ImaacHus;, HaﬁHCM:
a~22wm/c’.
11. Cunpl HaTSOKEHHS HUTEH BBIpa3UM W3 YpPaBHEHUW ISl MOCTYIATEJIBHOTO
JABUXKXCHUA pr30B:

T,=m/(a+g),

T,=m,(g-a).
Orcrona T, =3,6 H, T,=3,8 H.
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Orser: a=2,2 M/c’, T,=3,6 H, T,=3,8 H.

3amauya Ne2. YenoBek CTOUT B ILIEHTPE BpAIAIONICICS MO HHEPIMU C YACTOTOM

v, =0,5T'1 mnardopmel U IEPKUT B BBITAHYTBIX B CTOPOHBI pyKax rupu. Macca
KQXHA0M Trupu M=O5Kr, paccTOSHUE OT TIMPU JO OCHU BpAILEHUS COCTAaBISAET
¢, =70 cm. CymMMapHbIi MOMEHT MHEPLUH YEJOBEKA OTHOCHTEILHO OCH BPALCHUSA
coctapnster J, =3 kr-mM’. Onpenenutb, ¢ Kakoil 4YacTOTON CTaHET BPAIIATHCS

rmaT(bopMa, CCJIM YCJIOBCK IMPHUIKXMCET K cebe I'MpH TaK, 4YTO PaCCTOAHUC OT Ka}KILOI\/’I u3

HUX J0 OCH BpauleHus cTtaHeT paBHbIM [, =20 cm. Kakyio paboty mpu 3TOM

COBEPIIUT YEJIOBEK?

aHo:
v, =0,5Tmu;
m=>5 kr;

£, =710cm=0,7 m;
l,=20cm=0,2 m;
J, =3 kr M.

OnpeneanTsb:

v, , A.

Pemenue
1. Tlo ycrmoBuro 3amauu, Tuiatrgopma BpamiaeTcs Mo WHEPIUU, a 3HAYUT CyMMapHBINA
MOMEHT BHEUIHUX CUJI, IEUCTBYIOIIUX Ha Hee, OyAeT paBeH HYIIIO.
DTO 03HAYAET, YTO JaHHAS CHUCTEMa SIBJISIETCS 3aMKHYTOM, M TO3TOMY JJISl HEE€ MOXKET
OBITh 3amucaH 3aKOH COXPAaHEHUS MOMEHTA UMITYJIbCA:

Lzl = LzZ !
rae L,, - MOMEHT uMIynbca CUCTEMBI IS Clydasi, KOIrZla 4eJOBeK JEpKUT I'MpHU Ha

BBITAHYTBIX PYKax, a |_22 - MOMCHT HMMITYJIbCa CUCTEMBI AJId ClIydas, Korjga 4C€JI0OBCK

NpHKUMAET TUPH K cebe.
2. ITockobKY MOMEHT UMITYJIbCA MOXKET OBIThH 3aIMCaH KakK
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IMOJIYyYHUM PaBCHCTBO!

Ja0=3,,0,, (1)
rac le 41 C()l - MOMCHT I/IHepHI/II/I CUCTCMBI U yrHOBaH CKOpOCTB JJIA Cnyqaﬂ, Koraa
YCIO0BECK I[ep)KI/IT erI/I Ha BBITAHYTBIX pYKaX, a ‘]22 nu C()Z - MOMCHT I/IHepHI/II/I
CUCTCMBEBI U yrHOBaH CKOpOCTI) JJIA CHy‘-Iaﬂ, KOoraa 4€JIOBCK HpI/DKI/IMaeT FI/IpI/I K Ce6e.
3. 3anumeM MOMEHTEI HHCPIHUU CUCTCMbI IJIA obounx pacCMaTpuBaACMbIX CJIIYy4YacCB.
[Tpu 5TOM yuyTeM, YTO MOJIHBIA MOMEHT MHEPIIMH CUCTEMBI «UYEIOBEK + TUpW» OyAeT
CKIIaAbIBATBCA H3 MOMCHTA HMHCPHOUHU CAMOI'0 YCJIOBCKA ‘]O U MOMCHTOB HHCPIHHU
ABYX THUPb, KOTOPBIC MOKHO CUHHUTATb MATCPHAJIBHBIMHW TOYKAMH. Taxum O6p8,30M,
NMCECM.

J,=J,+ 2m€f ,

J,=J,+2me2,

4. U3 paBenctBa (1) BbIpa3uM HMHTEPECYIONIYIO HAC YACTOTY BpAICHHS C yU4ETOM
TOTO, YTO CBA3b YACTOTHI U YTIJIOBOM CKOPOCTU UMEET BUIl @ = 27TV

J '272'1/
71 1
27Z'V2 =

z2

UM OKOHYATCIIbHO

, :le.vlz(J0+2m€f)vl
2, J,+2me2

Orcrona nonyunm v, =1,16 I'x.

5. Pabora, coBepieHHas 4eTOBEKOM, paBHA H3MEHEHUIO KHHETHUYECKOH >HEpruu

CHUCTCMBI.

A= ‘]226022 _ ‘lea)l2
2 2

J
Boipaxas u3 (1) @, =—2 @, , monyuum:
z2
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2 2 2 ;
asdedi e Juel 3yl dn ] duelpy
2 32 2 2 |J, 2J,,

HOI[CTaBI/IM S3HAYCHUSI MOMCHTOB MHCPIINH:

N ar*vi (3, +2me3)
J, +2me?

am(6;-13) .

Otcroma A~103 JIx .
Otser: v, =116 I'u, A~103 JIx.
3AJIAYAN

1. OnHOpoaHBIM TUCK Maccoi 2 Kr u paauycoMm 30 cM HauMHAET BpaIlleHUE TO]]
nercTBueM mnoctosiHHOM cuiibl F = 50 H oTHOocUTENbHO OCH, MPOXOIAIICH
yepe3 ero reoMeTpudeckuil 1eHtp. OnpeaenuTh KOJIUYECTBO IMOJHBIX
000pOoTOB, KOTOpKIE crenaeT auck 3a 10 muH. TpeHuem npenedpeusb.

2. Komeco camoxkata maccoit 200 r u paguycom 10 cMm Bpamaercs ¢ 4acTOTon 5
00/c. OnpenenuTh 3HaYEHUE KACATEIbHOU CUJIbI, KOTOPYIO HY>KHO MPUJIOKUTH
K 0001y Kojeca, 4TOObI OHO OCTaHOBWIOCh 3a 3 c¢. Komeco cumrtarh
OJTHOPOJHBIM JTCKOM.

3. OIHOPOJHBIN CTEpXKEHb JJIMHOM 2 M MOXET 0e3 TpeHHs BpallaTbCsl BOKPYT
ocH, MIPOXOJAIIEH dyepe3 ero BepxHuid KoHel. CTepKeHb OTKIOHWIM Ha Yroll
45° n ornyctunu. OnpenenuTb CKOPOCTh HIDKHETO KOHIA CTEPKHS B MOMEHT
MIPOXO0KJICHUS TOJIO0KEHUS PABHOBECHS.

4. K ogHopomHoMy IMIMHAPY paguycoM 60 cM U MomeHTOM HHepuuu J = 60

Kr-M® TIPUIIOKEHBI CHIIBI F=30H, F,= 70 H, F,= 60 H . Onpenenurs

HAIIPaBJICHUC BPAIICHUA U YIJIOBOC YCKOPCHUC TUJIMHAPA.
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JIBa rpy3a MaccamMu M= 2 KT © M,= 3 KI' COEAMHEHBI HUTBIO, IICPEKUHYTOM

yepe3 610k maccoit M = 0,5 kr. Onpenenuts yCKOpeHHE, ¢ KOTOPBIM OYyAyT

ABUI'aTbCA T'PY3bl, 4 TAKKC 3HAUYCHUA CUJI HATSKCHUA HUTHU Tl 141 T2. biok

CUHUTATb OJHOPOIHBIM INCKOM, TPCHUCM Hp€H€6pqu.

IBa rpy3sa Maccamu M= 500 r m m,= 1300 r CBsA3aHBl HUTHIO,

nepeOpOIIeHHONW Yepe3 HEMOJBIKHBIA OJOK B BHAE OJHOPOTHOTO HCKA

maccoil M = 100 r. Onpenenuts pa3HOCTb MEX]y CUJIAMH HAaTSHKEHUS HUTH 1,
u T,, ecium KOIQOUIMEHT TPEeHHUs MEXKAY IEpPBbIM IPYy30M U CTOJOM

coctasnseT 0,3.

m

m,

Ha crnyomHol nmviMHApP HaAMOTaH WIHYP, K KOHIY KOTOPOrO IPHUBSI3aH TPY3
Maccoit 0,5 xr. BerancanTe Maccy LMWIMHAPA, €CIIH IPY3 M3 COCTOSHHS MOKOS
omyckaeTcsi BHU3 Ha 1,5 M 3a 2 c.

Ha omHOpOoAHBIN CIUIOMIHOW NWJIMHAPUYECKUN Bail paauycoM R = 20 cm u
M3BECTHBIM MoMeHTOM uHepuun J =0,2 Kr-M°, HaMOTaHa Jerkas HHTb, K
KOHI[y KOTOPOU mpHKpervieH rpy3 Maccod m=15 kr. Jlo Hauana BpauieHus
OapabaHa BbpICOTa rpy3a HaJ mojioMm cocTaBisuia 3 M. Ompenenuts: 1) Bpems
OMyCKaHWsl Tpy3a 0 MoJia; 2) CUIy HATSKEHUS HUTH; 3) KUHETUYECKYIO
SHEPIHUIO IPy3a B MOMEHT yJapa O MOJL.

C BepIIMHBI HAKJIOHHOM MJIOCKOCTU JJIMHOM 1 M U yriom nipu ocHoBanuu 30°
CKaTbIBaeTCad 0€3 MPOCKaIb3bIBaHUS CIUIOMIHON IMIIMHIAP paauycoMm 10 cm.
Onpenenuts CKOPOCTh LIEHTPAa MAacC LWJIUHAPA B KOHIE IJIOCKOCTH, ECIH

KOA(DPUITMEHT TPEeHUs MEXKIY LMJIMHIPOM U miockocThio 0,05.
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10. Koneco pamguycom R = 30 cMm 1 Mmaccoii M = 3 KT CKaThIBae€TCS 1O HAKIIOHHOM
IJIOCKOCTH JUIMHOM 5 M M yIJIOM HakjoHa 25°. OnpeaenuTs MOMEHT UHEPLIHH
KOJIECa, €CJIM €r0 CKOPOCTh B KOHIIE ABMKEHUS cocTaBiisiia 4,6 m/c.

11. ITonplii TOHKOCTEHHBIM HUWJIMHIAP KATUTCS BJAOJb TOPU3OHTAIBHOTO Yy4acTKa
JOpOTH €O CKOpocThio 1,5 M/c. OnpenenuTs mMyTh, KOTOPBIM OH MPOWUJIET B FOPY
3a CYET KWHETUYECKOW YHEPTUH, €CIIU YKJIOH TOPHI paBeH 5 M Ha Kaxasie 100 m
MyTH.

12. Ha miepoxoBaTyl0 HaKJIOHHYIO IUIOCKOCTh Y €€ OCHOBaHUSA MOCTaBUJIM
PacKpydeHHBIH 10 YIJIOBOW ckopoctd @ = 20 pam/c oOpyd, Bcs macca
KOTOpPOTO cocpefoToueHa B 0007€. YToJl HAaKJIOHA IJIOCKOCTH K TOPU30HTY
coctaBisieT 30°. OnpeaenuTs pacCTOSHUE, KOTOpOe MPONIeT 00pyd BBEpX MO
MJIOCKOCTH, ec ko3 uunent tpenus cocrasiser 0,3.

13. C HakJIOHHOM TIJIOCKOCTH JJIMHOM 2 M W YIJIOM Ipud OCHOBaHuU 45°
MOOYEPEHO CKATHIBAIOTCS 0€3 MPOCKAIb3bIBAHUS 00pYY, BCS Macca KOTOPOTro
cocpeoToueHa B 0007€e, U CIUIOMHONW HuianHAp. OnpeaenuTs OTHOIIEHHE UX
KMHETUYECKUX HHEPruil B KOHIIE CITyCKa, eclid KOA((OUIIMEHT TPEeHUS MEXITY
STHUMH TEJaMH H IJIOCKOCTHIO cocTaBisieT 0.4.

14. T'opuzonTaneHas miatrgopma maccod M = 25 kr u pamguycom R = 0,8 m
Bpalaerca ¢ yacrtorod 18 mua". B LIEHTPE CTOUT YEJIOBEK WU JEPKUT B
paccTaBieHHBIX pykax Tupu. Cumras miatrGopMy AWCKOM, OMPEICITUTH
4acTOTy BpaulleHusi MmiaTdopMbl, €CIM YEJOBEK, OMYCTHUB PYKH, YMEHBIIUT
CBOM MOMEHT MHepLuu oT J, =3,5 kr- M2 110 J,=1kr- M2,

15. Yenosek maccoit M =60 Kr, cTOSAIIMI HA Kpal0 TOPU3OHTATBHON MIIATHOPMBI

maccoit M =120 kr, Bpamaromeics MO HWHEPHUH BOKPYT HEMOABIKHON
9] 1 -1
BEPTUKAJILHON ocu ¢ yacToTol v, =10 MuH ~, nepexoauTt k ee LeHTpy. CunTtas

mw1aTGpopMy KpyTibIM OJHOPOJIHBIM JUCKOM, a YEJOBEKa — TOUEYHON Maccoil,

OIIpEeJIeNIUTh, C KAKOM 4acToTO! v, OyJeT Toraa BpamaThes miardopma.
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3AKOHBbI COXPAHEHUA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

Pa60ma, coseeputaemad NOCMOSHHOU CUNOU

dA=FdS =F -dS -cosa,
rae F - npeiicrByromas cuma, dS - saeMeHTapHOE IEpPEMEIEHHUE, & - YTOJI MEXIY
BeKTOPaMI/I CUIIbI U HepCMCHICHI/IH.

Meznosennas mownocmo

p_IA_gdS
dt dt

rjae o - CKOPOCTBh ABMIXXCHUS TCJIA, ¢ - YI'OJ MCXKAY BEKTOPAMHU CUJIbI U CKOPOCTH.

=Fo=F-v-cosa,

Cpeonsiss MowHoOCMb

Kunemuueckas IHEPUA 061/197‘0)/1/146200}1 meaa

2
Wk:ml) ’
2

rae m - macca teja, U - CKOpOoCTh €r0 JBHKCHHU .

Tlomenyuanvras dnep2usi mena 8 Noae Cuibl MAaXcecmu

W, =mgh,
rme M - macca Tena, h - BeICOTa MOAbEMa Tejla OTHOCHTEIBHO HYJIEBOTO YPOBHSI
MOTEHIUANBHOU AHEpruu. OTMETHM, YTO 33 HYJIEBOW YpOBEHb YAaCcTO MPUHUMAETCS
MMOBEPXHOCThH 3EMJIH.

3akon COXPAHEHUA MEXAHUYECKOlL QHEPp2UU

[TomHass MexaHW4YecKass DSHEpPrusi CHUCTEMBI, HA KOTOPYK JCHUCTBYIOT TOJIBKO
KOHCEPBATUBHBIE CUJIbI, OCTAETCSI TOCTOSIHHOM.

W, +W,, = const.

H3menenue mexanuyeckotui QHepcUuU Cucniembl
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[Ipy Hanuuum B CUCTEME CHJI, Ybsi paboTa OTpHIATENbHA, MOJHAS MEXaHHYecKas
SHEPrusl CUCTEMbl YMEHBIIAeTCS IMEepexoasi B HEMeXaHHYecKue (PopMbl IHEPrHH
(HampuMep, BO BHYTPEHHIOK SHEpruto). Takoi mporiecc Ha3bpIBaeTCs AMCCHMALMEH
(paccestHUeM) JHEPIMHU, & CWJIBI K OTOMY IPUBOJAIINE — IUCCHIIATUBHBI.

E,-E =A",
rne E, =W, +W,_,, u E,=W,, +W,,, - nonHasd MexaHn4ecKas 3HEPIUsl CUCTEMBI IS

JIBYX pa3JIMYHBIX COCTOSIHUM, A" - MexaHndeckas pabota HEKOHCEPBATHBHOMN CHIIBL.

Teopema 00 UsMeHeHUU KUHemuyecKkou dHepcuu

N3MeHeHne KUHETHYECKOW DSHEPTMM MEXAHWYECKOM CHCTEMBI  OMNPEIEISIETCA

CyMMapHOH paboTol BCeX IEUCTBYIONIUX CHJI.
*
W,-W,=A+A",
rae A - MEXaHU4YeCKast pabora KOHCEepBa

THBHBIX CHJI, A" - MexaHWU4YeCcKas paboTa HEKOHCEPBATUBHBIX CHIL.

3akon COXPAHEHUA UMNYVIbCA

CyMMapHbIil UMITYJIbC 3aMKHYTOW CUCTEMBI €CTh BEJIMYUHA ITOCTOSIHHAS.

n
p=> mo =const.

i=1

Ilpumepol peuuenus 3aoau

3agauya Nel. Chapsa, neTaIuil TOPU30HTAIBHO CO CKOPOCTBIO U, = /2 KM/4, pa3o-

pPBaJICA HAa IBAa HEPABHLIX OCKOJIKA. bonpmmi OCKOJIOK, MaCCa KOTOpOro CoCTaBJrijia
0,8 MacCChbl BCETO CHapsaaa, ImpoaoJKall ABUIaTbCd B IPEKHCM HaIpaBJICHHUHU, HO C

YBEJIMUEHHOU CKOPOCThIO U, =108 kM/u. HallTu CKOPOCTh U, MEHBIIEr0 OCKOJKA.

C‘-II/ITaTB, YTO MEHBIIMM OCKOJIOK ABWIKCTCA B TOPHU30HTAJILHOM HaAIIPaBJICHUU
IMPOTUBOIIOJIOKHO IBHKCHHIO OOJIBIIIETO OCKOJIKA.
daHO.

v, = 12 km/4 = 20 m/c;

v, =108 xkm/u =30 m/c;
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m, =0,8m,.

OnpeneanTsb:

L, .
Penienue

cHapad

\ -~
— O -, 83pbI8
/\

1. BuyTpeHHHE CuIbl, BO3HUKAIOIINE TIPH B3PBIBE CHApsAa, HAMHOTO MPEBBIMIAIOT
neiicTBUe JIIOOBIX BHEMIHUX cuia. CienoBaTeibHO, JUIS JAHHOM 3aJadyd MOKHO
CUMTATh CHUCTEMY 3aMKHYTOH W TIPUMEHSATH 3aKOH COXpPaHEHUsS WMITyJhCa B
BEKTOpHOU popme.
r’o = ﬁl + |32,
rae P, - UMIyJbC CHapsa 10 B3pbiBa, P, U P, - UMIIyJIbChI OCKOJIKOB.
2. CrpoenupyeM 3aK0H COXpaHEHHS UMITYJIbCa Ha OCh X :
Po =P — Py
583071
My, = Mo, — MU, .
3. Y4utem, 4TO 1O YCJIOBHIO 3aJlauyd Macca MepBOro ockojika coctapisger 0,8 macchl
BCETO CHaps/IA.
m, =0,8m,, 3maunt M, =0,2m,.
4. Tornma 3aK0H COXpaHEHHS UMITYJIbCa MOXKET OBITh 3alMCaH B BUJIC:
myv, =0,8myv, —0,2myv,,
v, =0,8v, - 0,2v,.

3. OTCIOI[a HCKOMas CKOPOCTb BTOPOT'O OCKOJIKA:
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_0,8v, — v,

v, =20 m/c.

Ortser: v, =20 m/c

3agaua Ne2. [llapuk moJBelIeH Ha JIETKOW HepacTsbKuMoW HUTH niuuHON / = 30 cM
TaK, 4TO TOYKa IojaBeca Haxoaurcs Ha Bbicore h=50 cm Han cronom. Illapuk
OTKJIOHSIOT HA HATSHYTOW HUTH J0 TOPU30HTAIBHOTO MOJIO0KEHUS U OTIyCKaroT. [1pu

JIBWKEHUHU IIApUKa HUTh O00OpBaliaCh B TOT MOMEHT, KOIJIa OHa COCTaBJsja yroi
0 .
a =60" ¢ Beprukanpio. HailiTu BBICOTY, Ha KOTOPYIO TOAMPBITHET IIAPHK IOCIE

abCoMIOTHO ynpyroro yaapa o croyi. ConpoTUBIIEHHEM BO3AyXa MpeHeOpeUb.

aHo:
(=30cmMm=0,3Mm;
h=50 cm=0,5 ™m;

a =60°
OnpeneanTsb:
H

Penienue

cmon
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1. JIBwKeHHe MIaphKa MPOUCXOAMT IOJ JCHCTBHEM CHIIBI TSOHKECTH MJ M CHIIBI

HaTsokeHnst HutH T . Cuna T TepreHauKyIapHa HAPaBICHHIO ABIKCHUS ITAPHKA,
M03TOMY OHa pabOThI HE COBEpIIAET.
2. BbluMciiUM H3MEHEHHME KHMHETHMYECKOM SHEpruu HIapuKa Ha YYacTKe MEXAy
cocrosHusiMU 1 m 2. CorjmacHO 3aKOHY 00 H3MEHEHUM MEXaHWYECKOW 3HEpIHH,
M3MEHEHHWE KWHETHYECKOM HSHEpPruuM IIapuka OyAeT paBHO paldoTe Bcex Cui,
JNEUCTBYIOLIUX HA IIAPHK.

AW, =W, =Wy = Ay — A

['ne
2

Wk1:O » Wi, :ﬂ'

3. 3anuiem BeIpaKeHUs ISl paOOThI CUIIBI TSHKECTH:

Ay = mgAh , rme Ah=/cosc .
4. C y4yeroMm TOro, 4yTO CHJIa HaTSHKEHUs HUTU paboTy He coBepmaet, T.e. A =0,

ITOJTYYHM:

mV 2

=mg/cos«a ,

rac CKOpOCTh IaprKa B MOMCHT OTPbIBA HUTHU
V =,/2¢g/cosax .

5. TlockonbKy CONMPOTHBIIEHHE BO3JyXa HE YUYHUTBIBAETCS, TO IOCJE OOphIBA HUTH
mapuk OyJeT JBUratbCsi TOJBKO TMOJ JIEUCTBUEM CHJIBI TSDKECTH, KOTOpas
HamnpaBj€HAa BEPTUKAIBHO BHU3. [OpM30OHTAIbHAS COCTaBIAIONIAS CKOPOCTH
U3MeHAThCs He OyneT. [Ipu abcomoTHO yIpyroM yaape CKOpOCTh IIapuKa U3MEHUTCS
TOJBKO 1O HampaBieHUIO. H3MEHEeHHE KOCHETCS TOJIbKO  BEPTHUKaJIbHOU
COCTAaBJISIOIICH.

B Touke 3 — BepxHEW TOUKE TPACKTOPUU IIAPUK HUMEET TOJIBKO TOPU3OHTAIBHYIO
COCTaBJISIIOIIYI0 CKOPOCTH, KOTOpasi paBHa TOPU30OHTAIBHOM COCTABJISIOLIEH
CKOPOCTH B TOUKE 2.

3
V,, =V cosa=4/2g/cos’a .
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6. [1o TeopeMe 00 U3MEHEHNN KUHETHYECKOW SHEPTHUH:

Wk3 _sz = Aﬂg
mV2 mV 2
Wk3 :Ts 1 sz = 2

A, =mg(h—/cosa—H)

V, =V, =+/2g/cos’ a

3
mZgzzcos a ngézcosa =mg(h—¢cosa —H)

mg¢cos’ a —mg/cosa =mg(h—£cosa —H)|+mg
(cos’ o —cosa=h—/cosa—H
(cos’a=h-H
H=h-/cos’a
H=0,5-0,3-c0s60=0,46 Mmuau H =46 cMm.

OtBet: H =46 cMm.

3AJAYN

3aKkoH coXpaHeHHMs UMILYJIbCA

1. Aptumnepuiickoe opyaue maccoilt M = 900 Kr BbICTpENIMBAET PAKETONW MacCoOu

m = 15 xr ¢ Ha4aIbHOU CKOPOCTHIO 320 M/C OTHOCUTEIHHO 3€MJIU MOJ YTIIOM

60° k ropu3oHTy. KakoBa CKOpOCTh OTKaTa MyIIKHU?

2. KaMeHb Maccoil M = 3 KI' COCKaJIB3bIBAET C JIEAIHOTO CKJIOHA BBICOTOM H =5 M

C YIJIOM HakJioHa o =45° K rOpU30HTY U MOMaJaeT B Tenexky maccon M = 10

kr. Koaddumuent tpennss kamusa o ckimoH u =0,3. Kakyro ckopocth Oyaer

HMCTDb TCJICIKKA CPa3y IMOCJIC IMOIIa/IaHNA B HEC KamHs?

3. CTpys Bombl cedeHneM S = 4 cM?, MyleHHas 13 OPaH/ICIIONTa, yIapseT B CTCHY

noj yriioM 60° K HOpMalld U MOJ TEM K€ YIJIOM YIPYro OTPakaeTcsi OT CTEHBI.



Ckopoctb ctpyn cocrasiser 20 m/c. Onpenenuth, ¢ Kakod cuiod F cTpys
JABUT HA CTEHY.

Pre10ax maccot m = 80 Kr HaXOIUTCA B HEMOABMXHOU 1o11Ke Maccor M = 300
Kr. PaccTositHue oT HOCa JOJIKM J0 €€ KOpMbI cocTaBisieT 4,5 M. Onpenenurs,
Ha KaKO€ PaCCTOSTHUE CMECTUTHCS HEITOJIBH)KHAS JIOJKA, €CJIM PhIOaK Mepeuier
¢ Hoca Ha KopMy. CONpOTUBIIEHHE BOJIBI TPEHEOPEIKUMO MaJIo.

JIBa uenmoBeKa CTOSIT HAa MPOTUBOIOJOXKHBIX KpasX HEMOJABUKHO CTOSIIETO
miora maccod M = 280 kxr. Macca omHoro ueiaoBeka M; = 70 kr, macca
npyroro yenoBeka M, = 100 kr, paccrosHue Mexay JroapMu 6 M. Onpenenurb,
KyJla 1 HaCKOJIbKO CMECTUTBCS HETOJIBHXKHBIN MIIOT, €CIIU JIFOJU MTOMEHSIIOTCS
MECTaMH.

CHapsiyt, snereBmuii Ha BbicoTe h = 40 M TOPHU30HTAIFHO CO CKOPOCTHIO

V, =100 m/c, pa3pbiBaeTcs Ha ABa paBHBIX OCKOJIKA. OIMH OCKOJIOK CIyCTS

BpeMs t=1C mamaeT Ha 3eMJII0O TOYHO NOJ MECTOM paspbiBa. Onpenenutsb
CKOPOCTh JPYTOTr0 OCKOJIKa cpa3y Imocie pa3pbiBa. CONpOTUBICHUE BO3/1yXa HE
YUUTHIBATb.

Yenoek Maccoit 70 Kr, CTOSI HA KOHbKaxX Ha JIbAY, OpOCAaeT B TOPU30HTAILHOM
HaIpaBJICHUU KaMeHb Maccod 1,5 Kr co ckopocThio 5 m/c. Beramcnurh, Ha
KaKo€ pacCTOSIHUE OTKATUTCS MPHU ITOM YENOBEK, eclii KOdDPUIIMEHT TpeHus
KOHBKOB 0 jiea 1 =0,02.

ManpurK, CTOS Ha HEMOABMKHOW TeNeXKe, OpocaeT B TOPU3OHTAIHLHOM
HampaBlieHWU KaMeHb maccod 1 kr. Temexkka ¢ Mamp4MKOM IOcie Opocka
NOKAaTWJIACh HA3aJ, U B IEPBBII MOMEHT BPEMEHH €€ CKOPOCTh cocTasisiia 0,2
M/c. Macca Tenexku BMecTe ¢ MalbuyukoM M = 35 kr. Beruncnure uMmynsc
OpornieHHOro KaMHs yepe3 Bpemsi t =1 C mociie Havyasia ero JBU>KEHHUS.

[Ilap Maccoi M. =5Kr JIBMXKETCI HABCTpPeuy BTOPOMY IIapy Maccou
M,. = 3,5 Kr 1 Heynpyro coynaapsiercs ¢ HUM. CKOpOCTH Tell HEOCPEACTBEHHO

nepen yaapoM COCTaBisiiu 2 M/c u 4 M/c cooTBeTCTBEHHO. OnpeienuTe, Kakoe
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BpeMsi OyAyT IBHUraThCsl 3TH Tejla MOCNe yaapa, eciu KO3 UIHEHT TpeHUs
u=0,2.

10. ABroMaT BhIycKaeT mymd ¢ wactoroii 800 mmu. Macca Kaxmoi myiu
m=4r, HayaneHas ckopocTh 600 M/c. HaliTu cpenHioO0 Cuily OTIaud MNpH

CTpeJboe.

Pa6ora, MOIIHOCTB, JHEPIrUs

1. HdepeBsiHHBIN gmMK Maccoil M = 20 Kr MOJHUMAIOT C YCKOPEHUEM 2 M/c? 1o
JeTHOMY CKJIOHY Ha BbicoTy h = 3 wm. [lpmnoxkenHnas cuna F HampasiieHa
BIIOJIb CKJIOHA W cocTaBisieT 150 H, xoadduiment tpeHus smmyka o CKIOH
paBen 0,5. Kakywo paboty coBepmaer cuwia F mpu momseme? Uemy paBHa
NIOJIHASl MEXAHUYECKasl SHEPIUs SIMKa HA BEPLIMHE rOpbI?

2. K rpy3y Maccoii M mpuiokeHa TIOCTOSIHHas BepTHKalbHAs CHIIA,
noJHUMaromas ero 3a Bpems t Ha BeicoTy h. Kakyio paborty coBepiimia cuia
3a 3TO BpeMmsi?

3. Kakyio MOIIHOCTH pa3BUBaeT CHOPTCMEH MPHU MPBDKKE B BBICOTY, €CIU €ro

Macca 71,4 xr u 3a Bpems t =0,5 C 1IeHTp ero TSHKECTH NOAHUMAeTCs Ha 2 M?

4. T'py30BUK MOJHMMAETCS BBEPX IO MOJOTOMY CKJIOHY CO CKOPOCTBIO 5 M/C U
CIIyCKaeTcs MO TOM ke opore co ckopocTeio 7 M/c. Kakyro ckopocTs Oyaer
UMETh TPY30BUK HAa TOPU30HTAIBHOM YYAacCTKE JIOPOTH, €CIM MOIIHOCTH €ro
JIBUTATEIISI BCE BPEMS OCTAETCS MMOCTOSTHHOM?

5. JlerkoBoit aBTOMOOMIIbL CIIOCOOEH yIEp)KaTbCsid HA Y4acTKe TOPHOM JTOpOTH C
MTOMOIIBI0 TOPMO30B, €CJIM HAKJIOH Jopord He mperbimaeT 30°. Onpenenutsb
TOPMO3HOM MyTh ATOrO0 aBTOMOOWJIS Ha TOPU3OHTAIBHOM Y4YacTKE JOPOTU C
TEM e TTOKPBITUEM ITPU CKOPOCTHU 72 KM/H.

6. Pasronssice ¢ mecta, aBTomMoOmIb Maccod M = 2.5 T Bbe3xKaeT Ha ropy ¢
ykiaoHoM 5 M Ha 100 m mytu. KosdduimeHt TpeHHs KojieC O TMOKPBITHE

noporu coctasisger 0,1. Ha ywactke mytu mmunor 200 M aBTOMOOWIB
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HabupaeT ckopocTh 90 KM/4. BIUHUCIUTE CPETHIOI0 MOIIIHOCTh, Pa3BUBAEMYIO
JIBUTATEIIEM.

7. YKJIOH ydacTka mocce paBeH 1 M Ha kaxasie 20 M mytu. Crmyckasch IMOJ
YKJIOH IpPH BKJIFOUEHHOM JIBUTaTelle, aBTOMOOWJIb JIBUXKETCS pPaBHOMEPHO CO
ckopocteio V =60 km/g. OnpeaenuTh MOIIHOCTh JBUTATEIs aBTOMOOWIIS,
MOJHUMAIOLIETOCA 110 ATOMY YKJIOHY C TOH K€ CKOPOCThI0. Macca aBTOMOOMIIS
m=15rT.

8. Ilox neiicTBMEM MOCTOSHHOW CHUJIBI BaroHeTka mnpoxoauT myTs 100 M u
npuoOpetaeT ckopocth 12 m/c. OnpenenuTs paboTy 3TON CHUIIbI, €CIM Macca
Baronetku 200 xr u ko3¢ dunment Tpenus kauenus 0,05.

9. Brpruucouth paboTy, KOTOPYIO HEOOXOJIMMO COBEPIIUTH, YTOOBI SIIMK MacCol
100Kr MOAHATH MO HAKIOHHO#M IUTOCKOCTH JUTHHOH 2M ¢ yckopernueM 1 m/c*?
VYxion mockocta 30°, koo durment tpenus 0,1.

10.Ins oOecnieuenust Boaou mocenka w3 1000 sxkuteneit HEOOXOAMMO HYKHO
MOCTPOUTH HACOCHYIO YCTaHOBKY, KoTopass OyaeT TmojaBaTb BOAYy B
BOJIOHATIOPHYIO OaIHio BbicoToi 20 M B TeueHue 16 4 B cyTku. M3BecTHO, 4TO
ko3 duimeHT nonesHoro nerctBus HacocoB 60%, a cpenHee moTpedieHHE
BOJIbI B CYTKH KaXKJbIM >KHUTelleM mocenka coctaBisier 30 s Onpexpenure
MOIIIHOCTbh HACOCHOM YCTaHOBKH.

11.TpakropHsblil ABUraTeNb UMEET KO uiueHT noiesHoro neicteust 40% u npu
TOM pa3BUBAET IMOJIE3HYIO MOIIHOCTHE 29,44 kBt. Omnpeaenuts 3HEpruro,
pacxoayeMyr0 B MHUHYTY: 1) Ha coOBeplIeHHE TMoJie3HOM paboTel; 2) Ha

HarpCBaHUC ABUTATCIIA.

3akoH coXpaHeHHMsI MEXaHHYECKOW JHepruM. Ympyrue M  Heynpyrue
CTOJIKHOBEHUS

1. B nmepeBsHHBI OpYyCOK, MOJBENICHHBIA HA JIETKOW HHUTH IJUHOW 1,5 M, m

UMEIOIIHA GopMy IIWIMHIPA PATUYCOM S5 CM | BBICOTOM 20 cM, TToTIaiaeT myJist
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U 3acTpeBaeT B HeM. Macca mynu 5 r, ckopocth 500 m/c. Onpenenuts yroiu
OTKJIOHEHHsI OpyCKa OT BEpTUKAJIH.

Ha kakyio riayOuHy Mor Obl MOTPY3UTBhCS YEJIOBEK, MPBITAIOIIMNA B BOAY C
BBICOTHI 15 M, eciau Obl CHJIBI CONPOTHBIICHHUS BO3JIyXa W BOJABI HCUE3NIN?
Macca genoBeka 70 kr, 00beM ero Teia 77 1.

CBuHIIOBas myJisi TPOOUBAET JOCKY, IIPU ATOM €€ CKopocTh maaaeT ¢ 400 m/c
a0 200 wm/c. Kakas wuactp mynmu pacraBuThesi? HarpeBanuem mocku
npeneOpeus. HauaneHyto Temnepatypy myiau npussTh paBHoi 30°C.
OnpenenuTte HaWMMEHBIIYI0 CKOPOCTh, KOTOPYK) HYKHO COOOLIMTH TEIy Ha
noJitoce 3emMiid, YTOOBl OHO MOKHHYJIO OKOJIO3€MHOE€ IMPOCTpPaHCTBO. Pammyc
3emiu cuutaTh paBHbIM 6400 kM.

BceneactBue HeneHTpaidbHOrO yhaapa OWIBAPAHOTO Iapa O  TakoMl ke
HEMOJIBM)KHBIM IIap, OHM Pa3JIeTaloTCA BCErAa IMOJ| OJHUM U TEM K€ YIJIOM.
Onpenenure BeTUYUHY 3TOro yria. CTOJKHOBEHHE IIAPOB CUUTATH YIPYTUM.
[Ilap maccoit m = 0,6 Kr, IBIKYIIHICS CO CKOpOCThio 20 M/c Hameren Ha
MOKOSIIIMICS ap, Macca KOTOPOro B 2 pa3a MeHblIe. B pe3ynbrare ynpyroro
COyAapeHus MepBbIil 1ap U3MEHUJ HampaBieHue cBoero npmwkeHus Ha 30°. C
KaKUMHU CKOPOCTAMH OyAyT ABUTATHCS IIAphI MOCTE yaapa?

JBa ynpyrux mapa maccamu 200 r 1 100 r moaBemeHsl psSaoM TakK, YTO UX
LEHTPbl HAXOAATCS HAa OJHOM ypoBHE. IIepBrlil map OTKIIOHSIOT Tak, YTO OH
NOJIHUMAETCs Ha BBICOTY 18 cM, U oTiyckaroT. Ha kakyro BbICOTY MOJIHUMETCS
KaXXIblid U3 IIapoB Mocie yaapa?

JIBa mapa maccamu 50 T 1 90 T moABENIEHBI HA HUTSX OJWHAKOBOU JJIMHBI U
HaxoJATCd B IMOKOE€. 3aTeM KaXIblii M3 HUX OTKIOHSIOT TakK, 4YTO OHH
noAHUMaroTcs Ha BbIcOTy 10 cMm m otnmyckaror. Cunrtas yaap LEHTPaJbHBIM H
HEYNPYTUM, ONPEACNIUTh, HA KAKYIO BBICOTY MOJHUMYTCS IIaphl MOCIIE yapa.
B map maccoit M = 50 r, BUCSIMII HA HEBECOMOW HEPACTSKUMOW HHTH,
MONaJaeT FOPU30HTAIBHO JeTsAas myJist Mmaccod M = 10 r u 3acTpeBaeT B HEM.
Onpenenutbs KOJIMYECTBO BBIICIUBIIEHCS TPU ATOM TEIUJIOTHI, €CIU IOCie

B3aWMOJICHCTBHSI C TyJIeH IIap MOAHSIICS Ha BICOTY h = 20 cM.
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10. [To HaKJIOHHOHW TUIOCKOCTH, COCTaBISAIONIEH ¢ TOpuU3oHTOM yron o =30°,
HAYMHAET COCKab3bIBaTh 0e3 TpeHusi Opycok maccoi 300 r. B ToT MomeHT,
Korja Opycok mpormien nmyTe 20 M, B HEro momajgaer myjs maccod m = 10 r,
CKOpPOCTh KOTOpPOW HarpaBlieHa Moj yrjioMm [ =45° K ropuszoHTy (BHU3) U
3actpeBaeT B Opycke. bpycok mpu 3Tom octaHoBuics. OnpenenuTtb, ¢ KaKou
CKOPOCTBIO JieTesa MmyJisl.

11. I'py3 maccoit M = 2 Kr, NaAarmuil ¢ BEICOTH h = 5 M, MpOHUKAET B MATKUN
IpyHT Ha ryomHy h; = 5 cm. OnpenenuTts CpPEeaHION CHITy CONPOTHBIICHHS
IpyHTA.

12. T'py3 maccoii 0,5 Kr magaeT ¢ BICOTHI N Ha TJIMTY Maccoi 1 KT, yKpeIIeHHYTO
Ha TIpykuHe KecTkocThto 980 H/M. VYaap Heynpyruit. OnpenenuTb
HanOOoJIbLIEE CKATHE MPY>KUHBI.

13. [IBa Tema Maccamum M =1kxr ©u M,=2Kr [OBWXKYTCI @O TIJIaJKOU

FOpHBOHTaHBHOﬁ IMOBCPXHOCTHU BO B3aMMHO MNCPHICHAUKYJIAPHBIX

HanpasieHusix co ckopoctsimu V,=10mM/c u V,=15m/c. B pesynbrare

a0COJIFOTHO yupyroro yaapa 1€pBo€ TEJIO0 OCTAHOBUIIOCH. Breruucaure

KOJIMYCCTBO TCIJIOTHI, BBIICJTIMBHICCCA IIPU yaapce.
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TEPMOJINHAMUNKA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

Yucno AGOZCI@DO - YUCJIO MOJICKYJ B OIHOM MOJIC BCIICCTBA.

N, =—* — =6,023-10® mom*,
M-m,

rae 4 - MoispHas Macca, M - MoJeKyJISIpHBIN Bec, M, - AaTOMHAsl €IMHUIIA MACCHI.

Ypasnenue cocmosnus UoeanbHo20 2a3a

ov =RT,
7

rae p - naeneHue rasa, V - o0bem rasa, m - mMacca rasa, /[ - MOJIIpHas Macca rasa,
Jx
R=8,31 ———— - yHuBepcaibHas Tra30Bas MOCTOSIHHAs, | - TemIeparypa rasa B
MOJIb - K
eAMHUIAX a0COIFOTHOM MIKaJbl Temmeparyp KenbpuHa.

3axon Janomona. JAaBJICHUC CMCCH HMCAJIbHBIX I'a30B IIPpHU IIOCTOSIHHOM TEMIICPATYpPEC

paBHO CYMMC IMapuuaJIbHBIX JIaBJICHUM ra3os, 06p33y10[III/IX CMCECB.
p=p+pP,+...+P,.

Brympennss snepeus U0eanbHo20 2a3a

u=_-"gr,
2 u

rae | - 4ucio crenenel cBOOOBI MOJIEKYIT ra3a. [y 0HOATOMHOTO Tasza i =3, s
ABYXaTOMHOTO Ta3a 1 =5 (mpu OTCyTCTBHH KOJIeOATEIHbHOM CTENIEHH CBOOOIBI).

Hepeoe HAudanlo meDMOOMHClMuKM

Q=AU + A,
rac Q - KOJIMYECTBO TCIIJIOTHI, COO6IHCHHOC TCpMO,IIHH&MPI‘ICCKOfI CUCTEME HJIN

ornanHoe e, AU - H3MEHEeHHWe BHYTPEHHEH »HHEPIruuM TEePMOJUHAMHYECKOU

cucteMsbl, A - paboTa TePMOIUHAMHYCCKON CHCTEMBI TPOTHB BHEIITHUX CHJL.
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Pa60ma, coeeputaemad mepmoduﬂamuqeacod cucmemou Hao BHEUHUMU MeaaMU

Vv,
dA= pdV wumm A:J. pdV ,

Vi
rne dA - smemeHTapHas paboTa, coBepinaeMas Mpu OECKOHEYHO MaJloOM M3MEHCHHUH
oobema dV, A - momHas pabora, coBepiaeMas TEPMOIUHAMHYCCKONW CHCTEMOM
MIPOTUB BHEITHUX CHIL.
Paboma eaza npu uzobapnom npoyecce

A=p(V,-V,)=pAV.

Paboma npu u30mepmudecKom npouecce

A="RTINY2,
H Vi

MO]Z}ZDHble menjioemKocmu ca3a npu noCnoOAHHOM obveme U NOCMOSAHHOM 0a6leHUU

C,=1R,C,='"2R.

Vpaenenue Matiepa

C,=C, +R.

Vpaseuenue aouabammuozco npouecca (ypasuenue I[lyaccona)

pV7 =const, TV’ =const, p’T*” =const,

C, i+2
rac y =—=—— - I10Ka3aTciib a,Z[I/Ia6aTBI.

C, [

Paboma npu aouabamuom npouecce

A: RTl m 1_(£jyl
y—1lu Vv,

rae T, - HadanbHas TeMIepaTypa rasa, V; u V, - HauanbHbII 1 KOHEYHbI 00bEM ra3a.

Kosddbuuuenm nonesnozo oeticmesus (K.n.0.) 0nsa kpy208020 npouecca (UWUKIa)

_A:Ql_Qz
o q
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rae Q, - KoJIMYecTBO TEIJIOThI, COOOIIEHHOE TepMOJMHAMUYECKON cucrteme, Q, -

KOJIMYECTBO TEILIOTHI, OTAaHHOE CUCTeMOM, A - paboTa, coBepiaeMast 3a IUKJI.
Kosdduuuenm nonesnozo oeticmesus (k.n.o0.) uuxkia Kapno

T,-T
n=-1 2.
Tl

rac Tl - TEMIICpATypa HarpeBarTcliAi, T2 - TEMIICpaTypa XO0JIOJUJIbHUKA.

Ipumepwvt peurenusn 3a0au

3agauya Nel. Azor maccoit m=100 r, Haxonsammiics npu temneparype T, =410 K,
CHayaja MOJBEPIIIM W30TEPMUUYECKOMY paclIMpeHHto a0 oovema V, =3V,, a 3atem
n3o0apHOMy cxkaTuio a0 oovema V, =0,5V,. Onpenenuts Juid KaXIOro M3 ITHUX
nporeccoB: 1) coBepiieHHYIO paboTy; 2) W3MEHEHHWE BHYTPEHHEW JSHepruu; 3)
KOJIMYECTBO MOTYYCHHOMN VI BBIJICITUBIICIHCS TETUIOTHI.

aHo:
m=100r=0,1 kr;
1 =28-10"° kr/Mo1B ;
T, =410 K;
V,=3V,;
V,=0,5V,.
OrnpenenuTs:

A; AU ; Q.

Penienue

1. TToctpoum rpaduku yKazaHHBIX B 3a/1a4€ MPOIIECCOB B KoopauHatax P,V .
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i %o ¥
2. HCHOHBS}’H ypaBHeHI/Ie COCTOSAHHA HUACAJIBHOI'O TI'a3a, HOJ'Iy‘-II/IM BBIpa)KeHI/Ie I

INEpBOHAYAIILHOTI'O oObeMa rasa Vl'

m m RT
pV,=—RT, , otkyna V, = : (1)
H H Py
3. PaccMoTpuM m3otepMuueckuil mnporecc. Pabora B 3TOM mporiecce BBIUMUCIACTCS
Kak
V,
A ,= RT In—=2.
Vl
Yurem 3amaHHYI0 10 YCIOBHUIO CBSI3b KOHEYHOTO M HAYAJIILHOTO OOBEMOB Ta3a
V,=3V,:
vV, m
A12=—RTI —L=—RT,In3
Vi, wu
[Toncrasiisis n3BecTHbIE 3HAUEHMS, noyunm: A , =13,4 xJIx .

4. JIns1 M30TEPMUYECKOTO MPOIIECCa U3MEHEHUE BHYTPEHHEN SHEPTUU
i m
AU, , =——RAT =0.
2 u

5. CornacHo nepBoMy Hayaiay TE€PMOJMHAMUKH, Uil M30TEPMHYECKOIo mpoliecca

KOJIMYCCTBO HOHBCHCHHOﬁ K ra3y TCIJIOTEI MOXKET OBITH BEIYMCIICHO KaK:

Ql—Z = AUl—Z + A1—2 = A1—2 ,

otkyna umeeMm Q, , =13,4 xJlx .

6. PaccmoTpum n3obapHoe cxxarue raza. Pabora B n306apHoM nporecce:

Ay =P, (Vs=Vs).

B 5TOM BBIpa)K€HMM HaM HEU3BECTHO JaBJICHHE raza p,. Hannewm ero.
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/. CHOBa paccMOTpUM H30TepMHUYeCKHil mporiecc. [T0CKONbKY sl JaHHOW MaccChl

raza T =T, =CONSt, U3 ypaBHEHUS COCTOSIHUS UI€ATBHOIO I'a3a MOXKHO MOJIyYUTh:
PV, = RT u p,Vv, RT Otkyna umeem pV, = p,V,
H ﬂ

3HA4YMT AABJICHHUE ra3a , !

_PV_ PV B
2 - - - .
vV, 3, 3
8. Temepp MOXHO 3amucaTh BbIpaK€HHE IS pabOThl B M300apHOM MpoIecce,

yuuTbiBas cBsa3b V, =0,5V,:

A= QW v,)=P(05v,-v,) =Pz,
3 6
Vurem cBa3b V, =3V, u Beipaxenue (1). [lomyunm:
A, __PM_ pp mRT, _ mRT,

2 2 pp opu2
A =6 kJIx.

9. Boruncnum u3MeHeHHe BHYTPEHHEN SHEPTUH MPH H300apHOM CHKATHU.

AU, , = ;SRU -T,).

VY nac T, =T,, 103TOMy HEM3BECTHOM OCTAaeTCA TOJIBKO Temreparypa T,. Halinewm ee.

10. 3anumem YPpaBHCHHUC COCTOAHUNA NACAJIBHOI'O Ia3a.

[VAYA RT , OTKyza T, = ﬁp3—\/3
,u m

R
Ho nockonbky npouecc n300apHelid, P, =P, = 2 :
3
Bwmecre ¢ Tem, V, =0,5V, = Evl.
Takum o6paszom,
_Hp3, a1

—— L pVv ==T.
' mR32" 2mell 21
11. Takum 06pa3om, U3BMEHEHNE BHYTPEHHEH YHEPTUM MPU U300aPHOM CIKATHH:
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AU, :LERKETI —Tl) = Mpr.
2u \2 4 u
AU, ,~-152 k/Ix.
12. CornacHo IIepBOMY Hadaly TCPpMOAUHAMUKH, KOJIHUYCCTBO TCIIJIOTBI IIpU

M300apHOM CXKATHH:

Q,, =AU, ,+A, ..
Q, ,=-212 xJIx.
OtBeT: A , =134 x]Ix, AU, ,=0, Q. , ~13,4 xIx, A, =6 xJIx,
AU, ,~-152 x/Ix, Q, ; =-21,2 x/Ix.

3agaua Ne2. TeroBas mamurHa, padoTaromas o nukiy KapHo, coBepiiaeT 3a oauH

nukn padory A=800 J[>x . Temneparypa Harpesarens npu 3toM paBHa 1, =600 K, a
temnepatypa xonogwibHuka T, =300 K. Onpenemuts k03(ppuULuEHT MONE3HOTO

I[CﬁCTBPI)I TCIUIOBOM MAIIMHBI U KOJIHWYECTBO TCIJIOTHI, OTAAHHOC XOJIOAWJIbHUKY 3ad

OJIMH IIUKJI.

dHO:

A =800 JIx;
T,=600 K;
T,=300 K.

OnpeneanTsb:

7 Q.

Penienue
1. 3anumem BbIpaXEHUE MJIs1 BBIYHCICHUS KO3(DHUIMEHTa TOJE3HOTO IeHCTBUS

uukia Kapno:
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[Toacrasnsis 3HaueHus: Temiepatyp, noiyuum 77 =0,5=50%.

2. C apyroii cTtopoHbl, KO3h(UIMEHTA MOJIE3HOTO JEHCTBUS JTI0O0TO IMUKIHYECKOTO

npouecca
_A
n= Q.
IIpupaBHsieM 3HaY€HMdA, U HAHIEM TEIIOTY, IOIy4aeMylO OT HarpeBaTels 3a OJIUH
LKL
A_T-T, o AT
Q B T | 1_T1_T2 |
3. C npyroii CTOpPOHBI, paboTa 3a OJMH IUKJI MOXKET OBITh 3aIIMCaHa KaK
A=Q-Q,,
OTKyJ1a HICKOMOE 3HaYE€HHUE
Q,=A-Q.
[ToncraBum croga BepaxkeHue s Q :
% = A_%: AT -ET :_TA—TZT |
1 2 1 2 1 2

Otkyna nonyuaem Q, =800 JIx .
Otser: 17=50%, Q, =800 Ix.

3AJTAUH

YpaBHeHue coOCTOsIHUSI HIeajJbHOro rasa. PaGora rasa. Ilepsoe Hayaso
TEePMOAHUHAMMKH

. . 2
1. B 6ak ¢ Bojio# BBICOTOM 4 M M IJIOIIAJbI0 OCHOBAHUS 2 M~ OPOCHIIA KPUCTAILIT
meaHoro Kyrmopoca CuSO,4 maccoit 10 mr. CriycTst [muTeNibHOE Bpemsi, n3 0aka
_ 3
3auepHHyJU CTakaH BOJbI, 00beMoM V = 150 cm”. Ompenennute KOJIMYECTBO
MOHOB MEJI1, OKa3aBIIMXCS B 3TOM CTaKaHe.

2. B zakporteiii 6amion nmomectwin S0 r Bomopona m 900 r kuciopona mpu
naenenun P, =5-10°Tla u HekoTopoil Temmeparype. Mexay 3THMH Ta3aMm
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MIPOUCXOJIUT PEAKIUs ¢ 00pa30BaHMEM BOISHOTO mapa. OnpenenuTs JaBjIcHUE

P,, KOTOpO€ YCTAaHOBUTCA B OanoHEe IIOCJIE €ro OXJIaXXKACHUsA 10

NEPBOHAYAJILHON TEMIIEpaTypbl, €CIM KOHJCHCALMM Iapa IpU 3TOM HE
IPOUCXOJIUT.

ABTOMOOMIBHYIO KaMepy eMKOCThI0 V=10 JI Hy’)KHO HakadaTb 0 JaBJICHUS 2
atM. OnpenenuTb, CKOJbKO KauyaHUM CIeyeT clenaTh HacoCoM, 3a0HparolieM
npu KaxxaoM kadanun Vo=500 cm® Bozmyxa u3 arMochepsl, eci kaMmepa Oblia
BHayayie 3aloJIHEHAa BO3AYXOM IPH HOPMaJIbHOM aTMOC(HEPHOM JaBICHUU
p0=10° ITa. VI3MeHEHHEM TEMIIEpaTyphI IPEHEOPEUb.

[{nHApUYECKU TOPU30HTAIBHO PACIIOIOKEHHBIM COCYX JIMHOM 1 M
paszlieeH Ha JBE YacTH TOHKHM JIETKMM IIOPIIHEM, KOTOPBIA MOXET
nepemeniaTbes 6e3 Tpenus. B oiHOI YyacTh cocya HaXOIUTCS KUCIOPO, a B
apyroit - yraekucnerid a3 (CO,) Toit ke maccel. Omnpenenutb, HaA KaKOM
pPAcCTOSIHUM OT JIEBOrO Kpas cocyda OyJIeT HaXOAMUThCS MOPIIEHb IMOCTe
JOCTUKEHUSI PABHOBECHSI.

B cranpHOM pe3epByape HaxXOAMTCS CKaTbld BO3AyX mpu Temieparype 23°C.
Ha pesepByape yCTaHOBIIEH MpEJOXpPaHUTENbHBIA  KJAMaH, KOTOPBIM
OTKpPBIBAETCS, €CJIM JABJIEHUE B pe3epByape yBeanuutTcs Ha 2 atMm. llpu
HarpeBaHuM pesepByapa 1o TemmepaTypsl 27°C u3 Hero Beiuio 77 =10%
macchl rasza. Ornpenenutb, Kakoe JlaBjieHHE ObUIO TEepBOHAYAIbHO B
pe3epByape.

JlBa GayyioHa, 00bEMbI KOTOPBIX COCTaBISIOT 2 J U 5 JI, cofepxaT Tas3bl Mpu
naeneHusix 5 Mlla u 3 MIla, coorBeTcTBeHHO. Temreparypa razoB B 000uX
OauioHax oauHakoBa. OnpeneiauTbh JAaBlieHHE, KOTOPOE YCTAaHOBHUTCA B
OaJIJIOHaX MOCJE TOTO, KaK UX COeNUHUIU TpyOKoH. CuuTaTh, 4TO U3MEHEHUS
TEMIIEpaTypbl IPU 3TOM HE MPOUCXOIUT, U Ta3bl B XUMUYECKYIO PEAKIUIO HE
BCTYHAIOT.

[To MarucTpalbHOMY ra3oIMpoOBOJY C IUJIOMIA/IbIO MONEPEUHOTO CEUCHUS TPYOBI

50 cm® tewer meraH (SH4) mpm masmenmu 2 MIla u Temmeparype 20°C.
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N3BectHo, yto 3a 1 yac mo TpyOompoBoay TpaHCHOpTHpyeTcs 96 Kr rasa.
Omnpenenutb CKOPOCTh IBMXKEHUS T'a3a 1o TpyOe ra3onpoBoja.
[unuaapuyeckoM cocyle Mo IOPIIHEM MAacCoM 5 KI M IUIOLIAABIO
rmonepedHoro cedeHmst 20 cM’ HAXOAUTCS KUCIOPOI IpH Temmeparype 17°C.
BpicoTa mopmHS 0OpU  JaHHBIX YCIOBUSX OTHOCHUTEIBHO JHA COCYyHAa
coctaBisieT 15 cMm. OnpenenuTs BBICOTY, HA KOTOPYIO MOJHUMETCS MOPLIEHB
nociie HarpeBanust kuciopojna Ha 50°C. ATMocdepHOEe IaBICHHE CUUTATh
paBHbIM 100 kIla, TpeHHEM MOPIIHS O CTEHKH COCy/1a MPEeHEeOpeyb.

B nmimHapuyeckom cocyie Moji JErKMM IMOPIIHEM IUIOMIAJbI0 MONEPEYHOIO
ceuenust 50 cM° HAXOXMTCA a30T mpy Temnepatype 7°C. BbicoTa mOpmHs mpu
NAHHBIX YCIIOBUSIX OTHOCHUTENBHO JHA cocyna cocraBiaser 10 cM. A3soT
HarpesatoT 10 Temnepatypsl 90°C u cBepXy Ha MOPILIEHb CTaBAT THPIO Maccoi
500 r. Ha kakoil BbICOTE OTHOCHUTEIBHO JIHa COCyJla IMpU ITOM Oyner
HaxXOJIUThCS TOPIIEHb, ecliu atMocdepHoe naBieHue coctaBiasier 100 xlla.

Tpennem nmopiIHs 0 CTEHKH COCy/1a MPeHeOpeyb.

10. B mununape ¢ momaapio ocHoBadus 100 cM? HaxoauTcs Bo3ayx. [lopiieHn

pacnosioxkeH Ha Bbicote 50 cMm OT nHa mwiMHApa. Ha mopmeHs knaayT rpys
Maccoit 50 kr, mpu 3ToM OH omyckaercs Ha 10 cm. Haittu temmnepatypy
BO3J/lyXa MOCJIE€ ONMYCKaHUs MOPIIHS, €CJIH 10 €r0 OIyCKaHWs JaBJeHUE ObLIO

paBHo 101 kIla, a Temneparypa 12°C.

11. Bo3aymnsiii 1map paaumycoM 1,5 M, umewnmmii cdepudeckyo Gdopmy,

HaAMoOJHAIOT renueM. Temmeparypa okpyskaromero Bosayxa 24°C, naBieHue
100 kITa. Kakyro Maccy DOmKeH uMeTh | M 000I0UKH mapa, YTo0BI OH CMOT
HOJHATBCA B BO3ayX? Pa3HOCTBIO naBieHMH BHYTPH M CHApYXH Iapa

npeHeopeyb.

12. OnpenenuTh Maccy BO3/lyXa B KOMHATE JUIMHOM 6 M, IIUPUHOMN 3 M U BBICOTOM

2,5 M, KoTophIi HaxoauTcs npu Temiieparype 20°C u naBineHun 760 MM pT. CT.

13. Jlnst HarpeBanust HeKOoToporo raza maccoii 2 kr Ha AT =5 K npu nocrostHHOM

JaBieHuH Tpedyercst KommuecTBo Ternotel Q, = 9,1 kK, a jist HarpeBaHus
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Ha Ty K€ TeMIIepaTypy IpU MOCTOSHHOM 00beMe — KOJIMYECTBO TEIUIOThl Q, =

6,5 kJ[>x. Onpenenuts MOJISIPHYIO MaccCy rasa.

14. Kakoe KOJMYECTBO TEIUIOTHI HYXHO COOOIIUTh 5 MOJSIM KHCIOpOJa,
Haxojsuerocs npu temmneparype 10°C, ytoObl B X0/1e M300apHOT0 HArpeBaHUs
€ro 00beM yBeIHUUIICs BTpoe?

15. B OUMIMHIPHYECKOM COCyAE ¢ IUIOmAmbi0 aHa 20 cM® IO IOBHKHBIM
MOPIITHEM Maccoi 4 Kr HaxoauTcs ra3. HaganpHblil 00beM Taza coctaBiisieT 4
n, temmeparypa 0°C, armocheprnoe mnmasinenne 100 klla. Omnpenenuth
KOJIMYECTBO TEIUIOThI, KOTOPOE HY>KHO COOOILIUTH ra3y MpHU JAHHBIX YCIOBUSX,
4T00BI ero Temmneparypa Bo3pocia Ha AT = 20 K. M3BecTHO, 4TO MOBBIIIEHUE
TeMrepaTypbl Ta3a Ha 3Ty K€ BEJIMYMHY MpPH 3aKPEIUICHHOM TOPIIHE
notpeboBano Obl KonmuuecTBa TerwioThl 120 JIx. TpeHue MopiiHsS O CTEHKH
COCyJla HE YYUTHIBATD.

16. B mmimaapudeckom cocyne Haxonutea 0,35 kr Bopopona. Lunuuap 3akpbIT
MOPIITHEM Maccoil 24 Kr, KOTOPBIA MOXKET mepememarbest 6e3 TpeHus. Kakoe
KOJIMYECTBO TEIJIOTHI HYXHO COOOIIUTh 3TOH CHCTEME, YTOOBI TOPIICHb
noansuics Ha 0,5 m? [poiecc cuutaTh H300apHBIM, TEIJIOEMKOCTBIO COCYJa U
BHEIIIHUM JIaBJICHUEM TIpeHEOpeyb.

17. B nunuaapudeckoM cocyae auamerpom 28 cM Haxoautes 20 r a3oTa, C:KaToro
JIETKUM MOpIIHEM, Ha KOTOPOM CTOUT TIpy3 maccou 75 xr. HawanpHas
Temriepatypa raza coctaisieT 17 °C. Kakytoo paboTy COBEpIIUT ra3, €CH €ro
n300apHo HarpeTh 710 250°C? TermnoeMKOCThIO COCY/la U BHEIIHUM JaBJICHHUEM
npeHeOpeyb.

18. OnpenenuTh U3MEHEHHE BHYTPEHHEW HHEPTUW TeNns, KOTOPBIH H300apHO
pacIIUpseTCs MPH COOOIIEHNH eMy KomrduecTBa TertoThl Q = 15 kJ[k.

19. Bonopon maccoit 7 kr Harpesnu 1pu nocrossHHoM aasieHun Ha 200°C. Kakoa
pabota pacmmpenus raza? CKOJIBKO Teria OH MOTydnuT?

20. Beluucnuth  paboTy, KOTOpasi COBEpIIAETCS TNpU  H30TEPMUUYECKOM

paciupCeHNH 20 T KHCJI0pOJda, €CJIM HU3BCCTHO, YTO MHABJICHHUEC IIpU I3TOM
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yMeHbIlIaeTcsi B 2 pa3a. TemmepaTypa Kuciaopoia B JaHHOM HIPOIIECCE
cocrasisger 17°C.

21. Ilpu pacmupeHur oJHOATOMHOro rasza ot 0,2 M mo 0,5 M° ero JTABJICHUE
pocio nuHedHo ot 04 Mlla mo 0,8 Mlla. BpeucIUTE KOJIHYECTBO
IIOJIBEICHHOM TEILIOTHI.

22. BBIUMCIUTE OTHOILIICHUE YIEIbHBIX TETUIOEMKOCTEN I'eJIus U HeOHa.

23. BpIUKCAUTD YAECTBHYIO TEINIOEMKOCTD a30Ta.

24. Bo3nyx HaxoauTes npu HadaibHOM AaBieHuu 0,4 Mlla u umeeT HavaabHBIN
ooweM 200 7. Ilocme aguabaTHOTO CKaThsA €r0 00BEM yMEHBITWICS B 4 pasa.
Haittu naBnenue Bo3yxa mocie CKaTusl.

25. B nByx Oamionax oOvemoMm 20 M KaKIbIA HAXOIUTCA OIUHAKOBOE
KOJMYeCTBO aproHa. HavanwHoe naBieHne B KaxaoMm OawtoHe coctaBiseT 0,6
MIIa. B nepBoM OaijioHE aproH HUCIBITHIBACT aJuabaTHOE pacIIupeHue, BO
BTOPOM OaJ/VIOHE — HM30TEPMHYECKOE pacIIMpeHue, mpu 3ToM 00beM Trasza B
KaXJIOM U3 0aJUIOHOB yBennuuBaeTcs B 2 paza. OmnpenenuTsb, BO CKOJIBKO pa3

JIaBJICHHUE aproHa BO BTOPOM OaJNIOHE OTJIMYACTCS OT JIaBJICHUS B TIEPBOM.
26. UneansHBIii ra3 pacmmpsieTcss Mo 3akoHy PV2=const u ero o6mem

YBEJIIMYMBAECTCA B TpU pa3a. HaliTn nepBOHAYAIbHYIO TEMIIEpATYpy Ta3a, €CIu

MocJe paciupenus ero remmneparypa pasia 100 K.

Huxaunveckue npoueccol. TenioBbie MAIMHBI

1. UneanbHblii ra3 B TEMJIOBOM JABUTATENE COBEPIIAET IMKJ, COCTOSIIUNA U3
CJIEIYIOLIUX IPOILIECCOB: M300apHOr0, aanadbaTuuYecKoro 1 U30TePMUUYECKOTO.
B pesynerate wuszobaphHoro mnpouecca ra3 HarpeBaercs or T, =300 K o
T, =600 K. Onpenenuts K.I1.4. 3TOr0 TEMJIOBOIO ABUTATEIS.

2. Kucnopon maccoit 500 r, Haxoasumiics nox nasieHuem P, =5 Mlla npu
temriepatype t=127°C, mnoaBeprim M30TEPMUYECKOMY PpACIIMPEHUIO, B
pe3ynbTaTe KOTOPOro JaBJIeHHE Ta3a yMEHbIIUIOCh B 3 pasa. [locne 3Toro ras
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MOJIBEPIIIA aara0aTHYECKOMY CIKATHIO 0 HAYaJIbHOTO JABIICHHS, a 3aT€M OH
ObUT M300apHO CXaT 10 HadyalbHOro oowveMma. IlocTpouTh rpaduk HuKIa U
OIPEICTUTh PabOTy, COBEPIICHHYIO Ta30M 32 IIUKJL.

W eanbHblii Ta3 B KOJMYECTBE 4 MOJIb M300apHO HATPEBAIOT MPH JABJICHUU 3 P

TaK, 4TO ero 00beM yBETMYUBAETCA B 3 pa3a. 3aTeM raz M30XOpHO OXJIaKIAIOT

710 TaBJIEHUs P, OCJIE YEro n300apHO CX)KUMAIOT JI0 NMEPBOHAYAILHOIO 00beMa
1 M30XOPHO HarpeBaroT 10 HadanbHOM Temnepatrypsl T, =250 K. M300pa3uts
[UKJIAYECKHI MpoIiece B KoopAauHarax P,V u ompenenants paboTy rasa B 3TOM

npolecce.
Temnepatypa HarpeBaTens WuAcadbHOM TermiaoBoM wamumubl 117 °C, a
xonoguinbHuka 27 °C. KonudecTBO TEMIOTHI, MOIYy4aeMO€ MAaIIuHON OT
HarpeBatend 3a 1 ¢, paBHo 60 kJ[x. Beruucnouts KII/[ mamumHbl, KOJIUYECTBO
TEIUIOThI, OTJABAEMOE XOJOAWIBHUKY B | C, 1 MOIIIHOCTh MAIlTUHBI.

NneanbHas TensoBas MaliuHa nogHuMaet rpy3 maccoit m =400 kr. PabGouee
TEJI0 MAaIIMHBI TOJlydaeT OT HarpeBarens ¢ Temmneparypoir t=200°C
KOJIMYECTBO TEIUIOThl, paBHoe &80 k/[k. Omnpeaenutrs K.II.4. JABUTaTeNs H
KOJIMYECTBO TEIUIOTHI, IEPEIaHHOE XONOAuIbHUKY. Ha Kakyro MakcUMalbHYIO
BBICOTY MTOJHUMET I'py3 3Ta TerjioBas MamHa? TpeHuem npeHeopeys.
Wneanpublil a3, coBepmaromuid nuki Kapno, otmaer xonomgmibHuky 60 %
KOJIMYECTBA TEIUIOThI, MOJYYEHHOH OT HarpeBareis. KonnuecTBO TEIIOTHI,
MoJy4yaeMoe OT HarpeBaress, paBHO 5 k/[k. Onpenenuts: 1) K.IL.J. nMKIa; 2)
paboTy, COBEPLICHHYIO IIPU MOJTHOM LIMKIIE.

NneanwsHbiii Taz coBepmiaeT nuki KapHo. M3BECTHO, YTO ra3 MOJy4Wsl OT
HarpeBaTeisi KOJIMYecTBO TemioThl 5,5 xJlk u cosepummn pabory 1,1 xJ[x.
Onpenenuts: 1) K., IUKIA;, 2) OTHOIICHUE TEMIIEpaTyp HarpeBarels u
XOJIOAUIbHUKA.

Uneanvublii a3 coBepmiaer 1uki Kapho, k.m.ja. kotoporo paBeH 40%.
Onpenenute padbOTy H30TEPMHUECKOTO CKATHUSI Tra3a, €Cld HW3BECTHO, YTO

paboTa uzorepmuueckoro pacmupenus coctasiset 400 JIx.
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9. Uneanbupiii ra3 cosepmaer unukia Kapao. Temmepatypa HarpeBartens
T,=500 K, xomomunbHuka T,=300K. PabGora  wn3oTepmuueckoro
pacmpenus raza coctapigeTr 2 k/[x. Onpenenuts: 1) K.m.a. uukia; 2) Ko-
JUYECTBO TEIUIOTHI, OTJAHHOE Ta30M MPU H30TEPMUYECKOM CHKATUU

XOJIOJUJIbHUKY.
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IQJIEKTPOCTATHUKA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

3axon Kynoua

If _ 0 'q22 8
Aree,r

ron€ q, u q, — BBaHMOﬂefICTBYIOIHHG TOYCYHBIC 3apsaabl, & — AUIJICKTPpHUUYCCKaA

IMPOHHUIACMOCTD CPCAbI, I — PACCTOAHUC MCIKAY 3apsadaMU.

Hanpsoicennocms s1ekmpuyecko2o nois

E=

o |

e =270

2 -6, — CuJIa KyJJOHOBCKOTO B3aUMOJIEUCTBUS 3aps0B Q U (.
7TEE I
0

2 r

3necy Q — 3apsj, B 0Jie KOTOPOTO BHECEH TOUEUHBIH 3apsaa ¢ . Takum oOpas3om, noa
HaNPSHKEHHOCTBIO AJIEKTPHUUECKOTO MOJIS, CO37[aBaeMOT0 3apsAaoM Q, Mbl IOHUMaeM
CHJTy, C KOTOPOH TOJie TaHHOTO 3apsijia JeMCTBYET Ha €AMHUYHBIN MOJI0KUTENbHBIN
npoOHbIN 3apsaa q. Heo0XoammMo oTMETUTD, YTO IPOOHBIN 3apsi HE TOJKEH 3aMETHO
UCKaXXaTh UCCIIEAyeMOe MOoJIe.

HanDﬂcheHHOCWZb noJisl mo4e4Hoco 361[7}1061

E--— 2 g

Aree,r’

Linomuocmu pacnpedeﬂeHHblx 3611?}2006

d .
X = d—ﬁ— JIMHEHWHAas MJIIOTHOCTh 3apsija,

d
o= %— IMMOBCPXHOCTHAA IINIOTHOCTH 3apAaa,

o= 3—3— o0BEeMHas TIOTHOCTH 3apsia.

N3 3TUX BBIpaKEHUN MOKHO ONIPEIETUTh 8eIUUUHY 3apA0a

Q=_[ZdL, q=IJdS,H q=IpdV.
L S \Y
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Ilomoxk sexmopa HanpscenHocmu

®=[E-dS=E,-ds.
S S

Teopema Ocmpoepadckozo-1 aycca: IToToxk BEKTOpA HaIpPsKEHHOCTH

QICKTPHUYCCKOI'O II0JIA YCPE3 3aMKHYTYIO IIOBCPXHOCTH OINPCACTIACTCA CYMMOﬁ
3apsAIOB, COCPENOTOYEHHBIX B 00BEME, OrpaHUYEHHOM JTOW MOBEPXHOCTHIO. T.e.
IIOTOK BCKTOpa E YCpe3 3aMKHYTYIO IMOBCPXHOCTH OIPCACIACTCA PaCXOIAUMOCTBIO
ATOTO BEKTOpa M3 paccMarpuBaeMoro oObema. dopmaibHas 3alUCh TEOPEMBbI
HpeI[CTaBHSIeTCﬂ B BHU/C:
Lo 1 Q

$E-dS=¢E,-ds=—3"Q

s 5 &€y iz
Jlns cnydaeB pacripeieneHHOTo 3apsiaa reopema Octporpaackoro-I'aycca 3anumiercs
B BUJIC:

- 1 1 1
qSE-dS:SBEn-dS:— p-dV=—"-[c-dS=—[y-dI.

S S

€&y y €803 €& |

AJZZODMI’I’ZM NPUMEHEHUA NMEOPEMbl OCWIDOZDCZOCKOZO'FCZVCCCZ ot pPEeULEHUA 3a0ay

Teopema mnpuMeHsIETCS TPU PEIICHUM SJESKTPOCTATHYCCKUX 337a4, B KOTOPBIX
pacrpeesieHue 3apsa0B 001a1aeT KaKonW-JIn00 CUMMETPHEH.

1. Ompenenuth  CUMMETPUIO  3amayd  (HampuMep:  IMJIMHAPHYCCKas,
chepudeckas).

2. TlpoBecTr 4epe3 TOYKY MPOCTPAHCTBA, B KOTOPOW HINETCS HANPSKCHHOCTD
AJIGKTPOCTATUYCCKOTO TIOJS, 3aMKHYTYHO TIOBEPXHOCTh. BuJ cuUMMeTpuu
YKa3bIBaeT Ha BHJI MOBEPXHOCTH, B KAXKJIOH TOYKE KOTOPOW HANPSHKEHHOCTH
1oJIsl HeM3MeHHa. B pe3ysbrare 3HauCHUE HANPSHKCHHOCTH TOJIS MOXKET OBITh
B JIAJIbHEHIIIEM BBIHECCHO H3-TI07] 3HAKa WHTErpaja W BBIYUCICHO B SBHOM
BUJIC.

3. BBIYHMCIUTH TOTOK BEKTOPA HAMPSHKEHHOCTH Yepe3 MPOBEACHHYIO 3aMKHYTYIO
MTOBEPXHOCTb.

4. BBIYUCIUTD 3apsijl, KOTOPBIA HAXOJAUTCS BHYTPH 3aMKHYTOH TOBEPXHOCTH.
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5. CornacHo QopmynupoBke Teopembl Octporpaickoro-I'aycca, npupaBHSTbH
MIOJIyYEHHBIE B M. 3 U II. 4 3HAUE€HMSI [TOTOKA U 3apsija, IOCJIE YEero BhIPA3UTH B
SBHOM BHUJIE HICKOMOE 3HAYEHHNE HAIPSPKEHHOCTH IOJIS.

Tlomenyuan nonsi moue4Ho20 3610}1()61

= —q .
Aree,r

Paznocme nomenyuanos M@DdeV OGVM}Z moy4Kamu 3J1eKmpu4ecKkozo noJjii

¢_¢)—é
1= %2 q’

rae A - paborta, KOTOPYIO HYKHO COBEPIINTH IS IEPEMEIICHNUS 3apsiia (| U3 TOUYKH

C IIOTCHIHUAJIOM @, B TOUKY C IIOTCHIIMAJIOM @, .

HOWZ@HMMCZJZ yeduneimozo I’ZDOGOOHMKCZ

(PZE ,

rae q - 3apsij, COOOLIEHHBIN YeUHEHHOMY MPOBOAHUKY, C - €ro 3JIeKTPOEMKOCTb.

aﬂeKMDOGMKOCMb nJloCKO2c0 KOHO@HCCIWZODCZ

&€ S

C= d° ,
rae & - JUDJIGKTPUYECKass TMPOHMUIIAEMOCTh CpeIbl MEXAYy IUIaCTHHAMU
KOHJIEHCATOpa, &, - DJIEKTpUYecKas TMOCTOsSHHas, S - IUIOIAAb IUIACTHH

KOHICHCATOpPA, d - PACCTOAHUC MEKAY IIJIACTHUHAMMU.

Hanpsoicennocms s1ekmpuuecko2o nojisi 6Hympu KOHaeHCClmODa

rae U - HanpsokeHue (pa3HOCTh MOTEHIIMATIOB) MEXAY MJIACTUHAMU KOHJIEHCATOpa.

9H€D2uﬂ VeauHeHHOZO SAPAHCEHHO20 I’ZDOGOOHMKCI

_Cu’ ¢ QU

2 2C 2

W
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Ipumepwvl peurenusn 3a0au

3agaya Nel. /IBa mapuka OAMHAKOBBIX paguyca M MacChl NOJABEIICHb Ha HUTIX
OJIMHAKOBOM JJIMHBI TaK, YTO MX MOBEPXHOCTH compukacarorcs. [locie coobuenus

mapukaMm 3apsaa =8 MKKIT oHM OTTONKHYIHCH APyr OT Apyra M pa3olnikch Ha
yron 90°. Haiftu Maccy M Ka)KIoro IIapuka, €ciu pacCTOSHUE OT LIEHTpa IIapuKa

JI0 TOYUKH moaBseca cocrasiieT 40 cm.

dHO!

g=38 MK =8-10"° Ku;

|=40cm =04 m;
a=90°.
Onpenenurs:

m.

Pewenue
1. BBIIONHMM pHUCYHOK C pAacCTaHOBKOM BCEX CHJI, JECHCTBYIOIIMX Ha OJUH U3
mapukoB. [lockonbKy 3a7aua CUMMETPUYHAsI, HA BTOPOM MIAapUK OynyT AeicTBOBAThH

TC K€ CHJIBI.

d

J«é
X
L

2. WTak, HA KaKIbIi IIAPHK ICHCTBYIOT: CHJa TSHKECTH M, CHIla HATSDKEHHS HUTH

—

T m cuna KYJIOHOBCKOT'O OTTAaJIKUBAHHA |E . HOCKOJ’IBKy IIOCJIE OTTaJIKUBAHUS
IIapruKHU HaXOJATCS B PABHOBCCHH, BCKTOPHAA CyMMa BCCX I[eﬁCTBYIOHIHX CHJI Ha
Ka}K,HLIﬁ N3 HUX PpaBHA HYJIHO.

3anuiieM BTOpoil 3akoH HbI0TOHA B MPOEKIHUSIX HA KOOPIMHATHBIE OCH:

X: F-Tsing=0,

y: Tcosp—mg=0,
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rne f=al?2.
3. 13 nepBOTO ypaBHEHUS BbIpa3uM CHITy HATSHKEHUS HUTH, & U3 BTOPOIO — UCKOMYIO
MaccCy Liapuka.
L
sing

_Tcosp

—

HOI[CT&BI/IM BBIPAXKCHUC JIsI CUJIBI HATSKCHUSA HUTU B BBIPAXKCHUC IJI51 MAaCChI:

__F cosp_F
sm,B g g

4. 3anumem BbIpakeHue 11t cuiibl KyoHa:

T =

ctgj.

2

F-_t1 3

Arg, 1’

rae I - pacCTOsHME MEXIy 3apspKeHHbIMU Iapukamu. Haiinem ero depes ninuHy

HHUTH M yTOJ:
Sinﬂ:r:—2 , OTKyna r =2lsinj.

HOI[CTaBI/IM IMOJIYUCHHOC BBIPAKCHUC B 3dKOH Ky.HOHal

2

_ 1 q
drg, H%sin® B

5. Takum 06p330M, OKOHYATCJIbHOC BBIPAXKCHUC JI1 MACChI IIapruKa IMIPUMCT BU!:

2

1 q
= Ct .
167&, gl*sin® B 9/

m~ 0,18 xr.

OtBer: M~0,18 kr.

3apgaua Ne2. Vcnonb3ysi IPUHITUTT CYTIEPIIO3UIIAN JIJIST DJIEKTPOCTATHIECKOTO TOJI,
HaWTU HaINpPsHKCHHOCTh IMMOJs1 OCCKOHEYHOM NPSMOJIMHEHHONW HUTH C JIMHEHHOM

IJIOTHOCTBIO 3apsiaAoB y .

Jlano: y.
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OnpeneanTsb:

E.

Penienue

1. 3agaua mnocraBieHa MJi1 OECKOHEYHOM HHUTH M HMEET LUJIMHIPUYECKYIO
CUMMETPHUIO. ODTO O3HA4YaeT, 4YTO HAIPSHDKEHHOCTH IOJSA B IPOM3BOJIBHOM TOYKE
HaOmoaenus (T.H.) He 3aBUCHT OT a3UMYTaJbHOIO yria, OTCYUTBIBAEMOTO BOKPYT
HutH. [lociaennee NpuBOAKUT HAC K TOMY, YTO HAIPSPKEHHOCTD IOJIS HE 3aBUCUT U OT
koopauHatel Z. CrefoBaTenbHO, HANPSHKEHHOCTh TMOJIE B TOYKE HAOIIOIACHMS
ABIIIETCS TOJBKO (PYHKITMEH ee pacCTOSHUS OT HUTH, T.€. pyHkuuen R. Takxe BUAHO,
YTO  HANPSDKEHHOCTh IO MMEET TOJBKO  KOMIIOHEHTY, HalpaBJICHHYIO
NEPNEHANKYJIIPHO HHUTH, T.€. IO paguycy, MOCKOJIbKY BCErja HalayTcs Ba
CUMMETPUYHBIX OTHOCHUTEIBHO TOYKM O 3yeMeHTa dl, KOTOpBIE NaayT B3aWMHO

YHHUYTOXAOMMECS KOMIIOHCHTBI dEZ I10JIA BJOJIb OCHU Z.

2. Beruncnoum no 3akony Kynona HanpspkeHHOCTD OT 3nieMenTa dl :

1 gdi

. 7

dE =
Are, I

TOFI[a SHCMeHTapHaH HaHpH)KeHHOCTB:
dE =dE - cosa,

OTKYJla PE3yJbTUPYIOIAsl HAIPSKEHHOCTh
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1 ]'i;(dlcosa.

2

E:IdE:IdE-COSa: :

4re,

—0
3. HaiineM 3HaueHue pe3yJbTUPYIOIIEH HANPSIYKEHHOCTH, YYHUTBIBAS, YTO

nepeMeHHbIe oL U | CBSI3aHBI MEXIY COOOM:

R R
cosq =—=

r JI2+R?

e_ X (_Rdl ¥R 2 4
47T80_OO(|2+R2)% 4ngy, R* 27g,R

4. Pe3ylbTUPYIONIYI0 HAPSIKEHHOCTh MOJII MOKHO HAWTH U MO-JIPYyroMy, repenis B

MOJBIHTETPAIIBHOM BBIPAXKEHUU K IEPEMEHHON MHTETPUPOBAHUS OL:
dl di di - r-da r-de

cosa=—, sinda=—=da=—,wmdl =r-da; coOSog =———=dl = .
dl r r dl CoSa

Torna HHTCTIpal 6y,Z[CT Oonee IMPOCT AJIsA BBIYMCIICHUS. OxoHYaTeIbHO BbIPAXKCHUC

JUTSL pE3YJIbTUPYIOIIEH HAMPSKEHHOCTH MPUMET BU/L:

T

NN

2
E= £ da __x jcosada:
R T

Amey o T AmeR %,
2 2

Z .
2me,R

Takum 06p330M, BCKTOp HAIPAKCHHOCTU  JJICKTPHUYCCKOIO 1IOJII B TOYKC

Ha6JIIOI[CHI/IH HaIrpaBJICH IICPICHAUKYIIAPHO HUTH:

—

g-_2 R
2ng,R R

3AJTAUM

3akon Kysnona. HanpsizakeHHOCTD 3JIEKTPUYECKOT0 MOJIst

1. JlBa pa3sHOMMEHHBIX TOYCUHBIX 3apsiia ( W —4( 3aKperuieHbl Ha PacCTOSHHH
a=20 cm gpyr ot apyra. Kakum nomken ObITh 3apsin (, ¥ A€ CIETYET €ro

PaCIIOJIOKHUTD, YTOOKI BCSI CUCTEMA HaxoanjacChb B paBHOBeCI/II/I?
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Tpu omunakoBeix opHouMeHHBbIX 3apsiga (=20 MxKn pacmonoxens: B
BEpIIMHAX PABHOCTOPOHHEro TpeyroiabHuka. Kakoit 3apsg Q  HyxHO

MOMECTUTh B I[EHTPE TPEYTOJIbHHKA, YTOOBI CHCTEMa 3apsioB HaXOAWJIACh B
paBHOBeCHUH?
B BepmmHax kBagpara HaXOASTCS YEThIPE OJMHAKOBBIX OJHOMMEHHBIX 3apsaa

q =—-6 MxKu. Kakoi#t 3apsig Q HyKHO MOMECTHTH B IIEHTP KBaapata, YTOOBI

CUCTEMA HAXOJUJIACh B PABHOBECUU?
B BepumHax MpaBWIBHOTO WIECTUYTOJIbHMKAa CcO cTopoHol a=10 cm
MOMEIIEHBl IPYT 3a ApYyrom 3apsiabl +(, +q, +J, —J, —(, —Q, paBHbIE 1O

moaynto 10 vHKn. Halitu cuiny, OEeWCTBYIONIYHO HAa TaKOW K€ IO BEIMYUHE

3apsan +(q, KOTOpBIﬁ HaxoAanuTCA B ICHTPEC MICCTUYTI'OJIbHUKA.

Cuna rpaBUTallMOHHOTO MPUTSHKEHUS ABYX BOJSHBIX OJUHAKOBO 3apsSKECHHBIX
Kaneiab paguycamu 0,1 MM  ypaBHOBEHIMBAETCS KYJIOHOBCKOM  CHIJION
orraikuBanus. Omnpenenuts 3apsa Kamenb. [lmotHocts Bomsl paBHa 1000
Kr/M°.

JIBa 3apsDKEHHBIX IIapUKa, IOJBEUIEHHBIX HA HUTIX OJMHAKOBOHM JUIMHBI,
OIyCKAIOTCS B KepOCHH IUoTHOCTBIO 0.8 r/cm’. KakoBa mo/KHA OBITH
IUIOTHOCTh MaTepuaja IapuKoB, YTOOBI yTroJI pacX0XKI€HUSI HUTEW B BO3/lyX€e U
B KEPOCUHE ObUT OJMH U TOT ke? JIM3neKkTpuueckas NpOHUIIAEMOCTh KEPOCHHA
E=2.

OnuHakoBble MAapUKU Maccoi 1o 0,2 T MOABEIIEHbI HA HUTH TaK, KaK TOKa3aHo
Ha pucyHke. Paccrosnue mexnay mapukamu BC = 3 cm. Hailitu cuity
HaTsDKeHWs HUTH Ha ywactkax AB wu BC, ecim mapukam cooOmmiau
OJIMHAKOBbIE 110 Moy 0 3apsabl o 10 HKi. PaccMoTpers cityuau: a) 3apsiibl

OJTHOMMEHHBIE; 0) 3apsiibl pa3HOMMEHHBIE.

m
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8. Ha nepactspkumoii HUTH BuUcUT mapuk maccor 100 t, mmeromuii 3apsim 20
MkKi. Onpenenute 3HaK M BEJIMYUHY BTOPOTO 3apsiia, KOTOPBIM HYKHO
MOJHECTH CHHU3Y K NEpBOMY IIapuKy Ha pacctosiHue 30 cMm, 4ToOBI cuia
HaTSDKCHUS: YMEHBIIWIACh BJIBOE; PACCMOTPETh CIydail HEBECOMOCTH;
yBeJInumuiach B 4 paza?

9. OnuHaKOBBIE METAITMYECKUE IAPUKH, 3aPSXKEHHBIE OJTHOMMEHHO 3apsaaMu (|
u 4Q, HaXxomATCS Ha PAcCTOSIHMU I Apyr oT apyra. Illapuku mpuBend B

CONpUKOCHOBEeHME. Ha kakoe paccTosHMe X Halo MX pa3BECTH, YTOObI CUIIA
B3aMMO/ICUCTBUS OCTAIACh MPEKHEN?

10. IBa 3apsna BeaumurHOM 1o 15 HKIT KaX b1, pacnoyioyKeHbl Ha pacCTosIHUU 24
CM Jpyr oT Apyra. OnpenenuTs, ¢ KakOW CHIION 3JIEKTPOCTaTUYECKOE I0JIE
ATOM CHCTEMBI 3apsAI0B AEHCTBYET Ha 3apsa 2 HKIL, momenieHHblid B TOYKY,
ynaneHHyto Ha 30 ¢M OT KaXKJI0Tro U3 3apsA/0B. PaccMOTpeTh ciiyyan CUCTEMBI
OJIHOMMEHHBIX U PA3HOMMEHHBIX 3apsJI0B.

11. BblYMCIUTh YCKOPEHHE, C KOTOPBIM JBUXKETCS SJEKTPOH B OJHOPOIHOM
AIIEKTPOCTATUYECKOM T10JI€ HanpsKeHHOCThIO 20 kKB/M.

12. OnpenenuTs HANPSHKEHHOCTh 3JEKTPOCTATHUYECKOIO OIS B TOUKE A,

pAcIOJIOKEHHON BJOJb MNpsIMOH, coeauHsAoomei 3apsaasl ¢, =20 MxKn u
0,=—16 mxKnn. Touka A HaxoguTcd Ha pPACCTOAHUU [=8cM OT

OTPULIATEIBLHOTO 3apsija, paccTosiHue Mexay 3apsaamu £ =20 cm .

13. Toueunsie 3apsiapl BenmuuuHoU no 0,8 MxKi pacmosioxkeHsl Ha paccTosTHUU 6
CM JApyr oT apyra. HauTtu HanpsKEeHHOCTH MMOJISE B TOUKE, YAAJIEHHOW Ha 5 CM
OT KaXJO0ro u3 3apsanoB. Pemmth 3Ty 3amady s ciiydaeB: a) oba 3apsia
MOJIOKUTEIbHBIC; 0) OJIMH 3apsi/l MOJOKHUTEIbHBIN, a IPYTroil OTPULIATEIbHBII.

14. Tpu o1MHAKOBBIX MOJOXKHUTENbHBIX 3apsia BeauunHou o 0,6 MxKi kaxiabIi,
PacCIIOIOKEHBl B BEPIIMHAX PABHOCTOPOHHEIO TPEYTOJBHHUKA CO CTOPOHOM
a=30 cm. Ompegenure BETUYUHY HANPSDKEHHOCTH 3JIEKTPOCTATHUECKOTO

IMOJIA TOYKE, JIC}KaH_ICﬁ Ha pacCTOSIHUM a = 30 cm ot KaXXa0ro mu3 3apsaa0B.
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15. /IBa Toueunsix 3apsana 0, =4 HKn1 u (, =—2 sKn HaxomsaTcs Apyr or apyra

Ha pacctossHuM 60 cM. OnpenenuTs HaNpsHKEHHOCTh 3JIEKTPOCTATHYECKOrO
noJisi B TOYKE, JIeXKalllel MmocepeuHe MEeXIy 3apsaamu. YeMy cTaHET paBHa
HaNPsYKEHHOCTb, €CJIM BTOPOil 3apsl OJOKUTEIbHBIN?

16. B Bepmmuax kBampata co cTOpoHOW 10 CM HaxomsTCs OJMHAKOBBIC
[OJIOKUTENbHBIE  3apsiabl  BenuuumHoM  2HKn  kaxapii.  OmnpenenuTsb
HaNpPsHKEHHOCTh 3JIEKTPOCTATUYECKOro Mojs: 1) B LEeHTpe KBajpara; 2) B
CepelMHE OAHOW U3 CTOPOH KBaJpaTa.

17. OnpenenuTes HAOPSYKEHHOCTb AJIEKTPOCTATUYECKOTO TIOJsS, CO3/1aBaeMOro

JUIONIeM ¢ JnekTpudeckuM MomeHToM P =107 Kin/M Ha paccrosHum

r =30 cM OT LIEHTpa JUMOJIS B HAIIPABICHUH, IEPIICHINKYIISIPHOM €T0 OCH.

18. OnpenenuTs HANPSHKEHHOCTb AJIEKTPOCTATHUYECKOTO TOJsS, CO3/1aBaeMOT0
IUIONEM C OJNEeKTpHueckuM MoMeHToM pP=2-10° Kn/M Ha paccrosuuu

a=10 cM OT 1eHTpa AUMOJS B HANIPABJIECHUH, COBIAJAIONIEM C HAIIPaBICHUEM
€ro OCH.

19. Konb110 U3 TOHKOM MPOBOJIOKH PAagUycoM R =5 cM paBHOMEPHO 3apsKEHO C
JuHENHON mioTHocThio ¥ =15 MxKn/mM. Onpenenutb HanpsKEHHOCTh
ANEKTPOCTATUYECKOIO TOJII B TOYKE A, HAXOASIIECHCS Ha OCH, KOTOpas
MIPOXOJUT Yepe3 LEHTP KOJbla MEPIECHANKYISIPHO €ro MIockocTu. M3BecTHO,
YTO TOUKa A yjaajieHa Ha paccTosHue a =20 cM OT LEHTpa KOJIblIa.

20. Hampsik€HHOCTh 3JIEKTPUYECKOTO TIOJISI Ha OCH 3apsSKEHHOTO KOJIbIIa UMEET
MaKCHMaJIbHOE 3HAY€HHE Ha pacCcTOSHUM L OT 1eHTpa Kojbua. Bo ckoyibko
pa3 HaANpsHDKEHHOCTb JJIEKTPUUYECKOTO TMOJIsi B TOYKE, PACHOJIOKEHHOW Ha
paccrostauu 0,5L oT meHTpa Kosbla, OyJeT MEHBIIE MAKCUMAaJbHOTO 3HA-

YCHUA HaHpH}KCHHOCTI/I?
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Ilorok  BekTOpa  HANPSUKEHHOCTH  JJIEKTpU4Yeckoro mojas. Teopema
Octporpaackoro-I'aycca

1. Onpenenutb MOTOK BEKTOpa HAMPSIYKEHHOCTH 3JIEKTPOCTATUYECKOTO OIS
yepe3 CQEepUyecKyr0 MOBEPXHOCTb, OXBATHIBAIOUIYI0 TOYEUHBIE 3apsiabl
0, =8 uKn u g, =—4 sKu.

2. Ha HexoTOpoM paccTOsSsHUM OT OECKOHEYHOM pPaBHOMEPHO 3apsKEHHON
IJIOCKOCTH € IOBEPXHOCTHOH mioTHOCThI0 o =0,1 HKn/cm® pacnonosxena
Kpyrjas 1iacTUHKa. IIIOCKOCTh IMJIACTUHKH  COCTAaBISIET C  JIMHUAMH
HanpsbkeHHOCTH yrodi 30°. OnpenenuTh MOTOK BEKTOPa HANIPSXKEHHOCTH YEPeE3
ATy MJIACTUHKY, €CIIU €€ paauyc I' paBeH 15 cm.

3. Ilone coznaercs 3apsaamu ¢, =10 MxKn u ¢, =—-16 mxKn, pacnonoxeHHbIMU

Ha pacctossHUM 30 cM. BBUMCINTD MOTOK BEKTOpa HAMPSDKEHHOCTH uepe3
MOBEpXHOCTh  nucka  pammyca  a=10cM,  TUIOCKOCTP  KOTOPOTO
NEePIEeHIUKYIIpHA JIMHUM, COENUHSAoOmEN 3apsabl. J[MCK HaxomuTcs Ha
paccTostHUM L =4 cM OT MOJI0)KUTETBHOTO 3aps/a.

4. Tlome co3maercss B BaKyymMe€ pPaBHOMEPHO 3apsDKEHHOW OECKOHEYHOU
MPSIMOJIMHEMHOW HUTBIO C JMHEWHOW TIOTHOCTBIO 3apsaa y =10 aKn/Mm.
BoruncnuTh MOTOK BEKTOpa HAIMPSDKEHHOCTH TIOJI  4epe3 TOBEPXHOCTh
KBajpata co cropoHoi a =20 cMm, MJIOCKOCTh KOTOPOTO MEpPHEHAUKYIISIPHA
HUTHU ¥ OTCTOUT OT Hee Ha paccTossare L =30 cm.

5. DnekTpocTraTH4ecKkoe TOJiEe CO3/aeTCs B BaKyyMe PaBHOMEPHO 3apsiKCHHOUN

nposoasmiei cdepoit, Hecymei 3apsg Q=20 MxKi. Berumciute morox

BEKTOpa HAMNPSHXKEHHOCTH 4Yepe3 MOBEPXHOCTh B BHUJE MOychepbl, UMEIOIEH
BTpO€ OOJBIINI paguyc, 4yeM 3apspkeHHas cepa. LleHTpsl 3apspkeHHOi cdepbl

U TI0JTyC(heprUIeCcKOi MOBEPXHOCTH COBIAIALOT.
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6. Ucnmonw3yst teopemy Octporpanckoro-I'aycca, BBIUUCIUTH DSIECKTPUIECKOE
1oJie, co37jaBaeMoe OECKOHEYHON 3apsKEHHOU IUIOCKOCTHIO C TTIOBEPXHOCTHOM
IJIOTHOCTBIO 3apsiioB o =0,6 uKi/cm? Ha paccrosauu a =10 cM OT Hee.

7. Ucnonw3ys teopemy Octporpaackoro-I'aycca, omnpenenuTh HaNpsKEHHOCTh
AIEKTPOCTATUYECKOTO TIOJIS TUIOCKOTO KOHJIEHCATOpa, OOKIAJAKH KOTOPOTO
PABHOMEPHO 3apsiKEHbI C MOBEPXHOCTHOM IUIOTHOCTBIO 3apsiioB +o U —O .
[TpocTpaHCTBO M€Ky HUMH 3aMOJTHEHO AUAIEKTPUKOM C IPOHUIIAEMOCTBIO &
. KpaeBbsim appextom nperedpedn.

8. Ucnonwizys teopemy Octporpanckoro-I'aycca, BBIUUCIUTH HANPSKEHHOCTh
ANEKTPOCTATUYECKOrO TOJISI CHAPYXU W BHYTPU MPOBOJSIIECH PaBHOMEPHO
3apsDKCHHOM cdepsrl paauyca I, Hecymiei 3apsin Q.

9. DneKkTpocTaTUYECKON MOJie CO3/1AaeTCsl B BaKyyM€ PaBHOMEPHO 3apsKEHHOU
OECKOHEYHON MPSIMOJMHEHHON HUTHIO C JIMHEHHOW IJIOTHOCTBIO 3apsna .
Ucnone3yss teopemy Octporpajackoro-I'aycca, BBIYHUCIUTH HANPSKEHHOCTD
ANEKTPOCTATUYECKOTO TIOJIS, CO3/]aBA€MOr0 A3TOM HUTHIO B JIIOOOM TOUKE
IPOCTPAHCTBA.

10. Ucnonp3yst Teopemy Octporpanckoro-I'aycca, BBIYHCIUTH HAMPSKEHHOCTH
ANEKTPOCTATUYECKOTO  MOJSA, CO3/1aBa€MOI0  PaBHOMEPHO  3apsKEHHOU
MMOBEPXHOCTHIO OECKOHEYHOTO ITUJIMHAPA paguyca 8 B HEOJHOPOIHOM Cpeie C

I[I/ISJ'ICKTpI/I‘ICCKOI‘/JI MMPOHULIACMOCTBIO & ( R) .

11. OgHOpOoAHBI AMAJIEKTPUYECKHA Iap paauyca a C JUIJIEKTPUYECKOM

MPOHUIIAEMOCTBIO &, 3apsbkeH 3apsyom Q. CHapyxu map OKpyxeH
HEOJHOPOJHBIM JAMAIEKTPUKOM C JUAJIEKTPUUECKON NMPOHUIIAEMOCTBIO &, (I).

Ucnons3ys Teopemy Octporpaackoro-I'aycca, HailTH mojie CHapy>Ku U BHYTpH
niapa.

12. B cdepuyeckom KOHJIEHCATOpE HA BHYTPEHHEW OOKJIaJIKe HAKOILIEH 3apsia (.
Buemnsis oOknanka 3azemiena. HMcnonb3ys Teopemy Octporpaackoro-Iaycca,

HalTH BeaMuKHy 3apsana Q Ha BHelIHEN OOKIIaIKe.
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Pa6ora B 3s1exkTpocTaTnueckom noJie. Ilorennuasn. Pa3HocTh NOTeHUMATOB

1. Boluncnuth paboTy, KOTOpash COBEpIIAETCS MPU IMEPEHECEHUH TOYE€YHOTro

sapsiga =20 HKJI U3 OeCKOHEYHOCTH B TOUKY, HAXOASIIYIOCS HAa PACCTOSHUU
Fr=2cM OT MOBEPXHOCTH Mmapa paauycoM R=1cm, 3apspkeHHBIM C

o 2
OBEPXHOCTHOM IoTHOCTRIO ¢ =10 HK/cM”.
I[log penrcTBUEM BJIEKTPOCTATHYECKOTO TIOJISI PABHOMEPHO 3apsKEHHOU

OeckoHeuHO# TockocTd Toueunblid 3apsia ( =10 MxKn mepemectusics Bmosb
CWJIOBOW JIMHUU Ha paccTositHue I =5 cM. M3BECTHO, YTO IMOBEPXHOCTHAs

2
IUIOTHOCTh 3apsja Ha IUIOCKOCTH COCTaBIsieT BeauuuHy o =5 MKKn/cMm”.
OnpenenuTh COBEPIICHHYIO MIPU ATOM padoTy.

[lapuk maccoit m = 20 Mr mmeer nonoxutenbHbI 3apsn (=10 HK1 u

IBWKETCS co ckopocThio v =10 M/c. Ompenenute, Ha Kakoe paccTOsHUEC I
ATOT IMIAPUK MOXKET MPUOIU3UTHCS K TIOJOXKHUTEIHLHOMY TOUYEYHOMY 3apsiTy

Beanuunoi Q =40 vKr,

C xakol cwioli F Ha €QUHHUIYy JIMHBI OTTAJKUBAIOTCSA JBE OJHOMMEHHO
3apsOKCHHBIE  OECKOHEYHO JIJIMHHBIE HUTH C OJWHAKOBOW  JIMHEHHOM

IIOTHOCTBIO 3apsana y =10 mxKi/m, Haxonsmuecs Ha paccTOSHUU I =5 cM
apyr ot apyra? Kakyto pabory A, Ha eIuMHMIly JUIMHBI HY>KHO COBEpILUTS,
4TOOBI CIBUHYTh 3TU HUTHU JI0 PACCTOSIHUS I, =2 cM ?

DIEKTPOCTATHYECKOE TI0JIE  CO3JAaCTCS  IMOJIOKUTEIBHO  3apsHKEHHOH ¢

) o 2 )
MOCTOSTHHOM TOBEPXHOCTHOM TWIOTHOCTBhIO O =25 MKKI/cM®  GeckoHeuHOi#
mwiockocTeio. Kakyio paboTy Hamo COBEpIIMTH IJIsi TOTO, YTOOBI NEPEHECTH
JIEKTPOH BJOJb JIMHUM HAIpPSHKEHHOCTH C  paccrosHus =4 cM 10

paccrostHuA I, =1 cm?

SHCKTPOCTaTI/I‘{CCKOC II0JIC CO31acCTCA ITOJIOKHUTCIIBHO Sap}I}I(CHHOﬁ

OECKOHEYHOW HMUTHIO C MOCTOSHHOW JIMHEHHOM TUIOTHOCTRIO y =20 MxKin/Mm.

Kakyro ckopocTh mpuoOpereT 3JIeKTpOH, MPUOIM3UBIIMCH TMOJA JEHCTBHEM
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HOJIi K HUTH BIOJb JIMHUM HANOPSDKEHHOCTH C PAcCTOsHUS I =3 cM 10
pacctostHuA I, =1 cMm?
7. Merammueckuii map paguycom 5 cm Hecer 3apsin Q =30 MxKi. Onpenenuts

MOTEHIHAJI 3JEKTPOCTATUUECKOTO ToJisi: 1) Ha MOBEpXHOCTU Miapa; 2) Ha
PAcCTOSIHUM & =5 CM OT €ro MOBEPXHOCTH.
8. Konbuo pammycom r=8cM HU3 TOHKON MPOBOJIOKM HECET PABHOMEPHO

pacrpeneieHHbId  3apsij Q =10 mkKur. OnpenenuTh  MOTEHIIHAI

ANEKTPOCTATUYECKOTO MOJisl: 1) B LEHTpPe KOJbla, 2) HAa OCH, MPOXOJAIICH
yepe3 LEHTP KOoJIbLa, B TOUKE, YAaJIEHHOHN Ha paccTosHue a=10 cmoT neHrpa
KOJIbLIA.

9. Tounprit map HeceT Ha cebe PaBHOMEPHO pacHpeesieHHbI 3apsaa. OnpeaenuTsb
paguyc Imapa, €ciad MOTeHIual B IeHTpe mapa paBeH 200 B, a B Touke,
JeXalle OT ero HUeHTpa Ha pacctossHuM I =50 cM, moreHuuan pased 40B.

10. Buytpu TOHKON MeTtamnuueckoi cheprl paaumyca R=20cm (cM. pUCYHOK)
HAaXOJMTCS METAJUIMYECKUI 1map paamyca =R/2, npudeMm meHTps mapa u
cdepsl coBnagaroT. Yepe3 ManeHbKOE OTBEpCTHE B chepe MPOXOAUT IITMHHBIN
IPOBOJI, C MOMOIIbIO KOTOpOro map 3azemiieH. Ha chepy momemaror 3apsn

Q =10 mxKn. Onpenenure ee noTeHIUAaIL

11. Jiga merammyeckux mapa paauycamu 20 cM u 48 cM, UMEIOT MOTEHIUAIBI,
cootBeTcTBeHHO, 240 B 1 150 B. Ilapsr coequnstor npoBoaom. Onpenenure
HNOTEHLMANbl 1IApPOB MOCIE UX COEIMHEHUS W 3apsi, Nepeleallnil ¢ OJHOrOo
miapa Ha Ipyrou.

12. lllecTHaauaTh OAMHAKOBBIX KaIlled pTyTH, 3apsLKEHHBIX 10 moTeHuuata 20 B

Kaxgasi, CJIMBArOTCs B OJJHY. OHpC,HCJII/ITB INOTCHO Al 06p8,30BaBIHCI>'ICH KaIlJiu.
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13. DneKTpoCcTaTH4ecKOe TOJIe CO3AaeTCsl PABHOMEPHO 3apsKEHHOU CheprudecKoi

OBepXHOCThIO pamuycom F=10cm ¢ ob6mum 3apsgom Q=15 uKu.

Onpez[eJme Pa3sHOCTb MOTCHHUAJIOB MCKAY JABYMA TOYKAMHM OTOTI'O IIOJIA,

JEKAIIMMU Ha PACCTOSIHUAX I} =5 ¢cM U I, =15 cM OT IOBEPXHOCTHU CREPBHI.
14. Illapuk ¢ maccoit m = 1 1 u 3apsgom (=10 uKin nmepemeraercst u3 touku 1,
noreHuuan koropoit ¢, =600 B, B Touky 2, morenuman koropoiigp, =0 B.

Haiitu ero ckopocTs B Touke 1, eciiu B ToUke 2 oHa cTana paBHoM 50 cM/c.

15. DyeKTpOH NEepPEeMECTUIICSI B YCKOPSIIOUIEM 3JIEKTPUYECKOM MOJIe U3 TOYKU C
norediaioM 200 B B Touky ¢ moreHuuasiom 300 B. HailTu KMHETHYECKYIO
DHEPrUI0  JJIEKTPOHA, M3MEHEHHE €ro MOTEHIMAJIbHOW DSHEPruu U
MPUOOPETEHHYIO CKOPOCTh. HavabHyI0 CKOPOCTH SJIEKTPOHA CUYUTATh PABHOM
HYJIIO.

16. B oxHOpOAHOM »AJIEKTpPUYECKOM TMojie HampshkeHHocThio 60  kB/m
nepemectiiin 3apsin 5 HKn. Ilepememienune, paBHoe mo Moayiwo 20 cw,
oOpasyet yron 60° ¢ HampaBjieHWeM CWJIOBOM nuHUM. HailiTu paboty moss,
M3MEHEHHE MOTEHIMAIbHON PHEPrUM B3aUMOJICUCTBUS 3apsija W MOJid, a Tak
e HaNpsHKEHHE MEXK]Ty HauallbHOM M KOHEUHOM TOUKaMU MepeMEeIleHHUS.

17. Pa3HOCTh MOTEHIMAIIOB MEXAY JABYMsI TOUKAMHU, JIEKANTUMU HA OJHOW JIMHUU
HaMpsHKEHHOCTH  OJHOPOJHOTO  AJIEKTPUYECKOro  Mojsi, paBHO 2 KB.
Paccrosinue mexny stumu Toukamu 10 cm. BeluuciauTe HanpsKeHHOCTb

QJICKTPOCTATUICCKOT'O I10JIA.

DJIeKTpUYecKoe MoJjie KOHJAeHcaTopa. JHeprusi KOHAeHcaTopa

1. Tnomaae KaXkaou IIIACTUHBI INIOCKOTO KOHAeHcaTtopa 200 cM. 3aps nacTuH
1,42 mxKn. BpramcinTe HanpsyKEeHHOCTh 3JEKTPUUYECKOTO MO MEXAY
IUIACTUHAMM.

2. Ilpu BBeAeHMM B TPOCTPAHCTBO MEXKAY IUIACTUHAMU  BO3IYLIHOTO

KOHACHCATOpa TBCPAOro AUOJICKTPHKA HAIPsSKCHUEC Ha KOHIACHCATOPC
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yMmenbimiioch ¢ 400 B no 50 B. Onpenenute 3HaueHHE TUAIEKTPUYECKOM
MIPOHUIIAEMOCTH TUAJICKTPHKA.

[Inomanpk Kakaoil IUIACTUHBI IUIOCKOTO KOHJAEHcatopa paBHa 520 cm?. Ha
KaKOM PacCTOSIHUU APYT OT JApyra HajJo0 PacloJIOXKUTh IJIACTUHBI B BO3IyXE,
yT0OBI EMKOCTh KOHJIEHCaTopa Oblta paBHa 64 nd?

T1T0CKHii KOHIEHCATOP COCTOUT M3 ABYX IUIACTHH Muromapio 100 cM® kaxas.
Mexnay mniaacTHHaAMU HaXOAUTCS CioW crekia. Kakod HamOombImmii 3apsia
MO>KHO HAKOIUTh HA 3TOM KOHJIEHCATOpE, €CJIM MPHU HAnpsbKeHHOCTH 1o 10
MB/m B cTekiie mporucxoauT mpo0oit KoHaeHcaTopa?

[IpocTpaHCTBO MEXAy IUIACTUHAMU IUIOCKOTO KOHAEHCATOpa 3aroJIHEHO
CTEKJIOM C JUAJIEKTPUUECKOW NPOHULAEMOCThI0 & = 7. PaccTosiHue Mexmy
mwiactuHamMu d =10 MM, pasHocTh moteHnmaioB U =1kB. Onpenenuts: 1)
HANpsHDKEHHOCTh MOJISi B CTEKJIE;, 2) MOBEPXHOCTHYIO IUJIOTHOCTH 3apsjia Ha
MJIaCTUHAX KOHJIEHCATOPA.

K mmactyHaM MI0CKOro BO3AYIIHOTO KOHAEHCATOpAa MNPUIIOKEHA Pa3HOCTh
norermanos U =500 B. ITiomans mwiactun S =400 cm?, PacCTOSIHHE MEXKITY
Humu d =2 mm. [locine oTKIIOYEHHSI KOHACHCATOpPA OT MCTOYHHMKA HAIpPsi-
KCHHMsSI B TIPOCTPAHCTBO MEXKAYy IUIACTHUHAMHU BHechHU mapapuH (&=2).
Onpenenuts pa3HOCTh IMOTEHIMAJIOB MEX]Y IUJIACTUHAMU TOCJI€ BHECEHMS
avdiekTpuka. Onpenennts Takke eMkocTd konaeHncaropa C, u C, 1o u nocie
BHECEHUS JIUAJICKTPUKA.

K mmactyHaM MI0CKOro BO3AYIIHOTO KOHAEHCATOpa MNPUIIOKEHA Pa3HOCTh

norerimanos U =2 kB. Thiomans miactua S =200 cm®, PaACCTOSIHHE MEXKIY
M 0 =4 MmMm. B mpocTpaHcTBO MeXIy IIACTUHAMU BHECIH mapadu
(5:2) HE OTKJIIOYas KOHAEHCATOp OT HampspkeHus. OnpenenuTs pasHOCTh
MOTEHIIHAIOB MEX/Ty IJIACTHHAMH TI0CIIEC BHECEHHS TUAIeKTprKa. ONpeaeanTh
TaKkxke eMKkocTH KoHaeHcatopa C, u C, 110 ¥ mociie BHECCHHS THAICKTPHUKA.

[l1ockuMii KOHIEHCATOP 3apsbKAlOT M OTKIIOYAIOT OT Oaraped. 3areM B

OPOCTPAHCTBO  MEXAY €ro  OOKJIaJAKaMd  BBOAST  AMDICKTPUK  C
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AUDJIEKTPUYECKON  MPOHUIIAEMOCThI0O & =2. Bplunciute  oTHOIIEHHE
CIEAYIOIIMX BEIWYMH JO U IIOCIE BBEACHUSA JUIIEKTPUKA: 3apsna

KOHJIeHCaTopa (], HampsbkeHuss Ha oOkimaakax U, HampsyKeHHOCTH

AIIEKTPUYECKOTO MOJIs B KOHAeHcaTope E, sHepruu konnencaropa W .

9. B miockwuii 3apsKeHHBIH KOHJIEHCATOP, KOTOPBIM MOCTOSHHO MOAKIIOUEH K
Oarapee, BBOJIAT AUDJIEKTPUK C AUDIEKTPUUECKON NPOHUIAEMOCTBIO & =3.
Beluncnure OTHOIIEHHWE CIEAYIOIIMX BEIWYMH [0 U II0CIE BBEICHMS

TUDJICKTPUKA: 3apsjia KOHJEeHcaTtopa (], HampspkeHuss Ha oOkmamkax U,

HaMpsHKEHHOCTH  AJIEKTPUYECKOro TMOoJsi B KOHJAeHcaTtope E, »sHeprum
koHjaeHcaropa W .
10. B m1ockoM TOPU30HTAIBHO PACIOJIOKEHHOM KOHJEHCATOpPEe, PACCTOSIHHE

MCKAY INUIACTUHAMH KOTOPOTO d=2 CM, HaxOoAWTCA 3apsKCHHas KallCJIbKa

maccoii M=2-10"r. B oTcyTcTBHE OSIEKTPHYECKOTO IIONS KarelbKa,
BCJIE/ICTBHE COIIPOTUBIIEHHUS BO31yXa, MAAeT C HEKOTOPOM MOCTOSTHHOW CKO-
pocTtbio. Eciin K TuilacTuHaM KOHAEHCAaTOpa NPHJIOKEHA pa3HOCTh OTEHIUAIOB
U =600 B, To kanenpka nagaeT BaBoe MeajieHHee. HaiiTu 3apsii KanenbKu.
11. Mexnay AByMsl BEPTUKAJIbHBIMH IJIACTUHAMHU, HAXOAAIIMMUCS Ha PACCTOSTHUU
d=1cM apyr OT Apyra, Ha HUTH BUCHT 3apsDKCHHBIH OY3WHOBBIA INAPUK
maccod M=0,2r. [locne mogauM Ha IUIACTHHBI PA3HOCTU IOTEHIMAJIOB
U =1 B HuTth ¢ mapukom oTkinoHunack Ha yroua 10°. Haiitu 3apsj mapuka.
12. B muockuif BO3AYIIHBIM KOHJEHCATOpP Yepe3 OTBEPCTUE B  HUKHEH
MOJIO)KUTEIBHO 3apsSHKEHHOW IIJIACTMHE BIIETAET D3JIEKTPOH CO CKOPOCTBIO

v, =350 M/c nmox yrnom « =30° k mIockocTH muacTuH. HampsbkeHne Mexay

wiactuiamu U =150 B, paccrosane d =5cm. Omnpegenure, Ha Kakoe
HaMMEHBIIIEe PACCTOSHUE MPUOIU3UTCS JIEKTPOH K BEpXHEH MiacTuHe, CUnTas

IIpH 3TOM PAa3MCPLI INIACTHH AO0CTATOYHO OOJIBIINMHU.
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13. B miockuii BO3IYIIHBIM KOHAEHCATOP BJIETACT DJEKTPOH C DHEPruei
W =2000 »B nox yriaoM «=15° K 1uockocTH miacTuH. JlnnHa
koHaeHcaropa (=10 cm, paccrosHue Mexay IiactuHamu O =1cMm.
Boluncinuth HampsixeHue, 10 KOTOPOro HeoOXOAMMO 3apsSauTh KOHAEHCATOD,
YTOOBI AJIEKTPOH BBUIETEN MapajlieIbHO €ro IIacTHHAM.

14. TIpoToH BieTaeT B IJIOCKHHA KOHIEHCATOP MapajuIebHO €r0 IUTACTHHAM CO
7
CKOpocThIO U, =7-10" m/c. [InuHa KOHAEHCATOpa, 3apsLKEHHOrO 0

Hanpspkenuss U =250 B, COCTaBIIIET (=5CM, pACCTOSHUE MEKIY
wiactuHamu 0 =10 mm. Haligure BenwuuHy W HANpaBlIEHUE CKOPOCTH
IPOTOHA B MOMEHT BbLJIETA U3 KOHAEHCATOPA.

15. Beruncnuth HauMeHbIIEEe HampsHKEHHE, A0 KOTOPOro HEOOXOIUMO 3apsSauTh
IJIOCKUU KOHJAEHCATOP JIMHOW ¢ =15 cM M paccTossHuEM MEXAy IaCTUHAMU
d =10 MM, 4TOOBI MyYOK 3JICKTPOHOB, YCKOPEHHBIA Pa3HOCTHIO MOTCHIIUAIIOB

U, =7 xB He BbUIETEN U3 HETO.

16. PaccrossHne Mexay IUIaCTHHAMHU IIOCKOrOo  KoHAeHcatopa d =6 cm.
DJEeKTPOH HAaYMHAET JIBUraThCsl OT OTPULATEIbHOM IUIACTUHBI B TOT MOMEHT,
KOI/Ia OT MOJIOKHUTENBHON IJIACTUHBI HAYMHAET JBUTAThCA MPOTOH. Ha kakom
PACCTOSIHUM OT IOJIOKUTENBHON MJIACTUHBI BCTPETATCS 3JEKTPOH U MIPOTOH?

17. DnexTpoH, NpoWs B TJIOCKOM KOHJEHCATOpE IyTh OT OJHOW IUIACTUHBI JI0

npyroii, mpuoGperaer ckopocth 0 =2-10° M/c. PaccrosHme MexIy
wiactuHamu d =4 cm. Haiftu pa3HOCTh MOTEHIIMAIOB MEXIY IJIACTUHAMH U
HaANPsHKEHHOCTh 3JIEKTPOCTATUYECKOTO MOJIsl BHYTPU KOHIEHCATOPA.

18. Kongencatop emkocthio C =20 Mx® 3apspkeH 10 pa3sHOCTH IMOTEHIIMAJIOB

U =150 B. HaiiTu sHepruto 3Toro KoHAaeHcaTopa.
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19. Ilnomane IUIACTHH IUIOCKOTO BO3AYIIHOTO KoHjaeHcatopa S =20cMm’,
pacctosiHre mexny Humud O =4 mm. Kakas pa3HOCTh MOTEHIMANOB ObLIa
MPHJIOXKEHA K TIACTHHAM KOHJ/ICHCATOPA, €CIIM U3BECTHO, YTO MPHU €ro paspsiie

Beieamioch Q =6,4 Mk temna?

2

20. Tlnomiaap MIacTMH IUIOCKOTO BO3AYIIHOrO KouaeHcatopa S =10cm”,
paccrostane Mexxay HuMu d =2 mm . K muiacTiHaM KOHJEHCAaTOpa MPHIIOKEHA
pasHocth noteHuanoB U =750 B. [Inactunel pa3nBuraiorcs 10 paccTOSHUSA

d,=20 mm. Hailitu sHeprum KoOHJEHcCaTOpa IO M IMOCJIE Ppa3JBIKEHUS

IUTACTUH, €CJM HMCTOYHHK HANpsDKCHHS IIepe] pa3[BHKCHHEM: a) He
OTKJIIOYAETCs; 0) OTKIIFOYACTCH.

21. TIimockuii KOHAEHCATOP 3aIlOJIHEH JAMAJICKTPUKOM M Ha €ro IJIACTHHBI TOoJaHa
HEKOTOpasi pa3HOCTh moTeHiuanoB. Ero sueprust mpu stom W =40 mx/Ix.
[Tocme TOro Kak KOHACHCATOP OTKIIOYMIIA OT HWCTOYHUKA HAIPSHKCHHUS,
JIUDJICKTPUK BBIHYJIN M3 KOHAeHcaTopa. PaboTa, KOTOpYyI0 Hamo ObLIO COBEp-
IINTh MPOTUB CHJI JJIEKTPUYCCKOTO MO, YTOOBI BBIHYTH JAHIJICKTPHK,

A =100 mx/>x . HaliTh [u3IeKTpUYECKY0 MPOHULAEMOCTh IUAJIEKTPUKA.
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3AKOHBI IIOCTOAHHOI'O TOKA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

Cuna u nromnocmo ANEKMPUHECKO20 MOKA

I :d_q : ]:d—lﬁ,
dt dS

rae ( - 3apsjl, NPOXOJSAIIUA Yyepe3 cedeHre MPOBOJHMKA, t - Bpems, S - IUIomaab
MONIEPEYHOT0 CEYEHUS MPOBOHUKA, 1 - BEKTOP HOPMAJIU K CEYEHUIO.

Conpomusienue 00HOPOOHO20 UUAUHOPUYECKO20 NPOBOOHUKA

|
R: 9
Ps

re p - YIOSNBHOE CONMpOTHBIEHWE (cM. Tabmuipbl), | - mmuHa mpoBomHUWKa, S -

mom@anab MonepeyYHoOro CCUCHMA IMpOBOIHHKA.

Dnexmpoosuxcywas cuna (2.J1.C.)

rae A, - paboTa CTOPOHHMX CHJI IIO IEPEHOCY 3apana (.

3axon Oma 02151 0OHOPOOHO20 YYACMKA Uenu

rac U - HaMps’KCHUEC HAa YIACTKC LICIIH, R - COIIPOTUBJICHUC ydaCTKa LCIIN.

3axon Oma 011 noanou (3aMKHYmMoU) uenu

E

| = ,
R+r

rge R - COIIPOTHUBJICHUE LICTIA, I - BHYTPCHHEC COIPOTUBIICHAC MCTOYHHUKA TOKA.

ConpomueﬂeHue I’ZDOGOOHMKOB npu Nnocie008amebHOM U napajlleslbHom coeouHeHuy

: 1 51
Rnoc.a _iz_llRi’ R—_;El

nap
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CVMMCIDHCI}Z emMKocmb KOHaeHCClmODOB npu NnoC1e008amelbHOM U napaiiejlbHom

coeounenuuy
f 1 i1
Cp=2.Cr =—=D —.
p 1 C
i=1 nocn i=1 Y
Paboma moka 3a epems t
U 2

Mowmnocms moxa

3axon covaa-Jlenua

Q=I1-U-t=1*-R-t,
rac Q - KOJIM4YCCTBO TCILJIOTHI, BBIACINBIICCCA HpH HpOTeKaHI/II/I TOKA B HpOBOI[HI/IKe

3a Bpems t.

IIpasuna Kupxecodha

1. AnreOpanueckas cyMMa TOKOB, CXOSIILIUXCS B KAKJOM Y3JI€ JIEKTPUYECKON 1IeTIH

paBHa HYIIIO

S

i=1

[Ipyu 5TOoM BTeKarOmMil B y3ed TOK MPUHATO CUUTATHh IOJIOKUTEIbHBIM, a
BBITEKAIOIIHI U3 y3J1a — OTPHUIATEITHHBIM.

2. AnreOpanyeckasi CyMMa MaJIeHU HaNpsKEHUN Ha BCEX BETBSIX, MPUHAJICKAIINX
mo0oMy 3aMKHYTOMY KOHTYpY Iienu, paBHa anreOpamdeckoit cymme D.J1.C. BeTBeit

ATOr0 KOHTYpa

Ecnu B paccmarpuBaemMom KoHType HET uctouHukoB 2.J[.C., To cyMMapHOe najieHue

HaNpPsHDKEHU paBHO HYJIIO.
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Ipumepwvl peurenusn 3a0au

3amaya 1. Y4acTok 11eny COCTOUT M3 CTaJIbHOM MPOBOJIOKH JJTMHOM 2 M U TIJIOIIA IbIO
nonepeyHoro ceuenus: 0,48 MMZ, COCIMHEHHOM IIOCJICIOBATEIHFHO C HHUKEJIMHOBOU
MPOBOJIOKOW IMHOM | M W 1omaapio nomnepeyHoro cedenus: 0,21 mm?. Kakoe
HaIpspKEHUE HaJl0 MOJIBECTH K YYacTKY, YTOOBI MOTYYUTh crity Toka 0,6 A?

aHo:
l,=2wm;
S,=0,48 Mmm° =4,8-107" Mm*;
l,=1wm;
S,=0,21mMm*=2,1-10" m°;
| =0,6 A.
Onpenenurs:

U

Penienue
1. Jlnst Toro, 94TOOBI BHIYUCIIUTH HAMPSHKEHUE HA yYACTKE IIETH, COCTOSINEH U3 JIBYX

ITPOBOJIOK, BOCITIOJIB3YyEMCA 3aKOHOM Owma AJI ydacCcTKa ICIun:

U
| :E , OTKyaa uckomoe Hanpsixkenne U =1 -R,

rae R - o01iee conpoTUBIICHHE YUacTKa.
2. COnpOTHBIJICHHE PACCMATPUBAEMOT0 yJacTKa IIeTIH:

R=R +R,,

I
rae R = plS—l - COIIPOTHUBIIEHUE CTaJIbHOM IPOBOJIOKH, R, = ,028—2 - COMPOTUBJICHUE
1 2

HUKEIUHOBOM IIPOBOJIOKH.

3. Takum O6p8,30M, OKOHYATCJIbHOC BLIPpAXKCHHUC AJIA HAIIPSAKCHUSA:

| |
U=I(R+R,)=1I ,018—1+,028—2
1 2
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p,=12-10"° OM M - yziesbHOE CONPOTHBICHHUE CTAJIK;
P, =42-10"° OM-M - yzeabHOE COMPOTHBIECHUE HUKEJIS.

Iloncrasnsas 3nauenus, Haiinem: U =15 B.

OtBer: U =15B

3agaya Ne2. B nsjektpuueckoil cxeme, H300paKEHHOM Ha PHUCYHKE, 3HAYCHUS
comporusieHul paBuel: R =50M, R,=300mM, R,=100m, R,=400mMm,
R, =15 Om. D.J.C. ucrounuka E =120 B. Bbluuciuth TOKH, TEKylIUe B KaxIOU

BETBU AJIEKTPUYECKON LIETIH.

R g
r— |I
| S | 'I
R [
R, R,
| | | |
| S | | S |
aHo:
R, =50Mm; R, =30 Owm;
R, =10 Om; R, =40 Owm;
R, =15 Owm;
E=120B.
Onpenenurs:
(PR PR I
Pemenue

1. 3apauy Oynem pemiath ¢ Ucnoiab30BaHueM rnpasui Kupxroda. s storo cHavana
HEOOXOJAMMO pacCTaBUTh HANpPABJICHHS TOKOB. OTMETUM, YTO B KaXKJOMl BETBH
ANEKTPUYECKON LENHU HAaIpaBJICHHE TOKa BbIOMPAaeTcs NMPOU3BOJIbHO. OIHAKO B
UTOT€ HE JOJDKHO MOJYYHUTHCS TaK, YTO B KAKOW-HUOYIb y3€J AJIEKTPUYECKOU LIeNH
TOKH TOJIBKO BTEKAIOT, UJIU TOJBKO BBITEKAIOT U3 HETO.

Nrak, 0603HaYMM Y3JIbl LIENHU U BIOEPEM HAIPABJICHUS TOKOB:
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2. 3anumem nepsoe npasuiio Kupxroda as yzna A:
L-1,-1,=0.

st y3na B 3anuceiBath nepBoe mpasmiio Kupxroda 6eccMbICIEHHO, TOCKOIBKY B
HETO BTEKAIOT U BBITEKAIOT TE€ YK€ TOKH, 4TO U B y3er A.

3. Ilpumenum BtOpoe mnpaBuiio Kupxroda. s »toro BbiOepem 000N U3
UMCIOIIMNXCSA B JJICKTPUYECKOM CXEME 3aMKHYTBHIX KOHTYpoB. Hampumep, KOHTYp
ABCD. YTo06bI paBWJIBHO PacCTaBUTh 3HAKU MPH 3alUCH alreOpandyeckor CyMMBbI
najieHusl HanpsbKeHUWH, NPOM3BOJBHO BhIOEpEM HampapiieHHe 00X0Ja B 3TOM
KoHType. OTMeTnM, 4TO meiiecooOpa3Hee BBHIOMpATh TaKOE HANpaBJICHHE 00XO07a,
KOTOpPOE COBMAJAET C HaIpaBJICHUEM OOJBIIMHCTBA TOKOB, TEKYIIUX B 3aMKHYTOM
KoHType. B Hamem cnydae HampamieHue o0Oxoma OyaeT BBIOpaHO MO YacOBOM

CTpEJIKE.

[Tagenne HampspDKEHUS MPOUCXOTUT HA AJIEMEHTax, 00JaalolIuX COMPOTHUBICHUEM.
Jns paccmarpuBaemoro koHtypa ABDC »stumm  synemMeHTaMu  SIBISIFOTCS

comporuBieHus R, R, m R,. OrMerum, 4TO mNajcHHMs HaNPsKEHUWH HA OTUX

COTIPOTUBIICHUSX MBI Oy/J€M CUWTaTh MOJIOKUTEIHHBIMHU, MOCKOJIKY HAINpaBiICHHE
TOKa 4Yepe3 HUX COBINAAAET C BEIOpaHHBIM HAMM HallpaBIeHHEM 00X0/1a.
Urak, anrebpandeckas cymMMma najeHuil Hanpsoxenust aias koutypa ABDC zanumercs
KaK:
LR+ LR, + LR;;
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B mpaBoii wactu Broporo mpaBuia Kwupxroda mpomkHa ObITh 3amucaHa

anrebpandeckas cymma 2.J[.C., neiicTByronmx B_paccMaTpUBaeMoM KOHType. B

koHtype ABDC ner Hu oanoro snementa J.J1.C., mosTomMy mjisi 3TOr0 KOHTypa
anrebpanveckas cyMMa NaJieHui HanpsoKeHuil OyIeT paBHa HYIIO.
OxkonuarenbHO, BTOpoe npaBuiio Kupxroda ais koutypa ABDC:
LR, + LR, +,R, =0,
l,(R+R,)+1,R;=0.
4. Teneps paccmorpuMm kKoHTyp ABEF. [Ins Hero takke BbIOEpeM HampaBiICHUE

00X0/1a TT0 YaCOBOM CTpPEJIKE.

AnreOpanyeckas cymMMma MNaJCHUN HANpsHKEHUW IS ATOTO KOHTYpa MOXET OBbITh
3anycaHa Kak:

I,R, + LR, — I,R;.
OTMmeTuM, 4YTO TAJICHUE HANpsDKEHUs Ha CompoTuBieHMu R, cuwmraercs

OTpULIATEIbHBIM, TIOTOMY 4YTO HallpaBJ€HUE TOKA, TEKYIIEero 4Yepe3 Hero,
MIPOTUBOMOJIOKHO BHIOPAaHHOMY HalpaBlIeHUIO 00X0/1a KOHTYPA.

Tenepr  3ammmiem  anreOpanueckyro cymmy O JI.C.,  nelcTByromux B
paccmatpuBaeMoM KoHType. B xontype ABEF ecth Tonmbko omun anement 3.J1.C.
YroObl MpaBMWIIBHO OMNPENEIUTh €ro 3HAK — YCIOBHO TIOJIOKUTENbHBIN WM
OTpULIATEIbHBIN, BOCIOIB3YEMCS MIPABUJIOM: €CJIM BHIOPAaHHOE HampaBiieHue 00Xxo0/a
B KOHTYpE TaKOBO, YTO 00XOJ COBepIIaeTcs OT moyokutenbHon miactuasl J.J1.C.
oTputiatenabHoil, To 3.J[.C. cunTaercs noaoxuTenbHoi. Eciin HeT — oTpUIlaTeIbHOM.
B namewm cirygae npu o6xoje koutypa ABEF mo wacoBoit ctpenke Mbl JBHXKEMCS OT
MOJIOKUTENBHOU MacTUHbI O.J[.C. K OTpULaTENbHON, 3HAUYNUT OHA MOJIOKUTEIIbHA.

OxkoHuarenbHO, BTOpoe npaBuiio Kupxroda mis kontypa ABEF:
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LR, +I,R, - LR, =E,
I3(R3 + R4)— I,R.=E.
5. Urak, Ha OCHOBE NpUMEHEHUs MepBOro u BToporo mnpaBui Kupxroda, mbl
MOJTYYUIIA CUCTEMY TPEX YPaBHEHUM, COAEPKAIINX TPU UCKOMBIX TOKA:
L-1,-1,=0,
l,(R+R,)+1,R;=0,
IS(R3 + R4)— I,R.=E.
Peinas nmony4eHHy0 cUCTEMY JIOOBIM METOJIOM, HailieM 3HaUeHUS TOKOB:
L=0,6 A, IL=-14A, I,=2A.
[TosrydeHHOE OTpHLATENBHOE 3HA4eHHE TOKa |, CBUAETEIBCTBYET O TOM, YTO

IMPOU3BOJILHO BBI6paHHOG HaMM HaIIPaBJICHUC IJIs1 HEIO OKa3aJloCb HCBCPHO — HaA

camoM Jeie Tok |, Oyzner Teds B Jpyryro CTOPOHY.

Otper: I, =0,6 A, I,=-14A, I,=2A.

3AJAYN

ConporusJjieHue. YaejJbHOe CONPOTHBIECHHE

1. Mennas mnpoBosnoka maccod M=500r wumeer comporuBiaeHue 65 Owm.
Beruncnure 1iuHy IPOBOJIOKHU M TUIOMIA/b €€ TIONEPEYHOTO CCUCHUSI.

2. Bo CcKOmpKO pa3 OTIMYAETCS CONPOTHBICHHE MEIHONM U alFOMUHHUEBOMN
TPOBOJIOKH OJIMHAKOBOM JJTUHBI U TUIOIA U MTOTIEPEYHOTO CEUCHUS?

3. Beruucnuthb COIMPOTUBJICHUC RO MCI[HOﬁ IMPOBOJIOKH, €CJIM U3BCCTHO, YTO IIPHU

YBEJIIMYEHUM €€ [UIMHBI Ha 4 MeTpa, CONpPOTHUBIEHUE BO3pacTaeT 3 pasa.
2
[1no1mane nonepeyHoro Ce4eHus NPOBOJIOKHU cOCTaBisAeT 1,7 MM,

4. BBIYUCIUTH COIIPOTHUBJICHUC RO CTaJIbHOM ITPOBOJIOKH, €CJIKM U3BCCTHO, YTO ITPHU

YBCIIMUCHHUN ILIOMIAAN €€ IIOICPCYHOI'o0 CCUYCHHA B 2 pa3a, COIPOTUBJICHUC

ymeHnbmaercs Ha 5 OM. [[nuHy MpoBOJIOKHA CUYUTATh PABHOM 4 M.
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5. HarpearenbHblil 3IeMEHT MPEACTaBIsAET COOON HEMPOBOMAAIIYIO KaTYIIKy, Ha
KOTOPYIO BUTOK K BUTKY HaBHTa MeJHAs MPOBOJIOKA. J(MameTp KaTyuiku
COCTaBIIET 5 CM, IWAMETP MPOBOJOKHA — 2,5 MM. Bpluuciaure, Kakoe 4uCio
BUTKOB HEOOXOJMMO HAaBUTh HA KaTYIIKY, YTOObI HarpeBaTENbHBINA JJIEMEHT
umen conpotusienue 13,6 Om.

6. Kpyrioe xomblio U3 MeaHOM mpoBosIokH AyiuHOM 80 cM u auamerpom 0,2 Mm

BKJIFOUCHO TAaK, KaK ITIOKa3aHO Ha PUCYHKC. Breraucnure COIIPOTHUBIICHUC IICIIN.

7. Kpyriioe KoapLo u3 CTaJlbHOW NpOBOJIOKH JIMHOM 60 cM u nuametrpom 0,1 mm
BKJIFOYEHO TaK, KaK ITOKAa3aHO Ha pucyHke. IIpu Kakodl IJIMHE MEHBIIErO

ydyacTtka AB = X conpotusnenue uenu coctaBut 0,4 Om?

A

8. BeumcnauTh  CONMPOTHBIICHWE  MPOBOJIOYHOW  (UTYPHI, CIAsTHHOM W3
OJHOPOAHOTO aJTOMHHHUEBOrO npoBoja auamerpom 0,4 mMm. /[nuHa cTOpOHBI

kBajipara 20 cM.

9. YroObl M3MEpUTH COMPOTHUBICHUE MPOBOJHHKA, €r0 BKIIOYAIOT B CXEMY,

cozepxairyro uctounuk Toka ¢ J9./[.C. = 15 B, ammepmerp conpoTUBICHUEM
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R,=010mM n Boapr™erp comportuBieHueM R, =50 Om(puc). Iloxazanus
amnepmerpa |, =150 MA, noxasanus BoapTMeTpa U, =7 B. Bsrunciure

COIIPOTUBJICHUC UCCIICAYCMOI'O ITPOBOJHHUKA.

=
I

O,

10. UToOBl M3MEpUTH COMPOTUBICHUE TMPOBOJHUKA, €r0 BKIIOYAIOT B CXEMY,
cozepxairyro ucrounuk Toka ¢ J9./[.C. = 10 B, ammepmMerp conpoTHUBICHHEM
R,=0,050M u BoapT™MeTp conpotuBieHueM R, =20 Ow (puc). Ilokazanus

amnepmerpa |, =90 MA, mnokazanus BoabTMerpa U, =5B. Bbruucaure

COMMPOTUBJICHUC UCCIICAYCMOTI'O ITPOBOAHUKA.

4

n
&

11. BeryuciuTh HauMEHBITIEE KOJUIECTBO PE3UCTOPOB, KOTOPOE TOTPEOyeTC s ISt
co3faHus 1enu o0muM conpoTuBieHrneM 6 OM U3 OJIMHAKOBBIX PE3UCTOPOB,
CONPOTHUBJIEHUE KAXKIOT0 U3 KOTOPBIX cocTaBiseT 10 Om.

12. Dnextpuyeckas LEIb, cocTosIas u3 CONPOTUBIICHUIN
R=R,=R.=R,=60M, R,;,=300M, R,=160M, mnoakmodeHa K
HanpsbkeHnto U, =24 B kak moka3aHO Ha pHUCyHKe. Bwlumciute cuiny Toka
gyepes pe3uctop R;.

R, R

o—
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13. [Ipu mnonmade Ha BXOA 3ueKTpuueckod uenu Hampsbkenus U, =100 B,
HanpsbkeHue Ha Bbixozne Oyner coctaBisate U, =40 B, npu stom uepes
pesuctop R, moinper Tok |, =1 A. Eciu ke Ha BBIXOJ 3TOM XK€ LIENH MOAATH
Hanpspkenne U, =60 B, To HanpsokeHne Ha BXoae OyIeT COCTaBIATh

U, =15 B. Breruncnure 3Hauenus conpoTusiennii R, R,, R;.

14. Beriuucnure o0IIee CONMPOTUBJICHUE IIEMH, COCTOSIIEH U3 OJIMHAKOBBIX

pesucrtopoB R, =5 OM (cMm. puc.).

TPL.TkL:

15. Beruuciure o0Imiee COMpPOTHUBICHUE IIEMU, COCTOSIIIEH €3 OJWHAKOBBIX

pesucropoB R, =6 Om (cMm. puc.).

H He

16. Beriuncnure oOiiee CONPOTUBJICHUE IIEMH, COCTOSIIEH U3 OJIMHAKOBBIX

pesuctopoB R, =8 OM (cMm. puc.).

Il
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17. Beruucnuth cOmpoTUBIICHHE Ky0a, COCTOALIETO U3 OJUHAKOBBIX MPOBOIHUKOB

COIIPOTHUBJICHUEM RO =40M un IMOAKIIFIOYCHHOI'O K CCTU IMPOTHBOIIOJJIOKHBIMUA

BEpILMHAMHU (CM. pHUC.).

Konaencarop B menu mocTosiHHOr0 TOKA

1. B 1utockuii BO3IyIIHBIA KOHIEHCATOpP C paccTostHueM O Mexay TUIaCTHHAMHU
BBOJSAT JBE TOHKME METAUNIMYECKUE IJIACTHHBI (CM. puc.). OnpenenuTs, BO

CKOJIBKO pa3 UBMCHHUTCA CMKOCTb 9TOT'O KOHZACHCATOPA.

2. B 1utockuii BO3AYIIHBIA KOHICHCATOP C paccTossHueM d MeXOy IUIacTUHAMH
BBOJST JIB€ TOHKHWE METAIJIMYECKUE IUIACTUHBI, COEIMHEHHBIE ITPOBOJOM (CM.

puc.). Onpenenuts, BO CKOJIbKO pa3 U3MEHHUTCS EMKOCTh 3TOT0 KOHIEHCATOpa.

a4 d/4

2
3. KoHaeHcatop COCTOMT M3 TpeX MOJIOCOK (POJIbIH, IJIOMIAJIbI0 6 CM® KaxKias,

pa3feneHHbIX ciosiMA cioasl TommmHoM d= 0,4 mm. KpaiiHue momocku
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bonbpru COeTMHEHBI MEXIY COO0M TTPOBOIOM (CM. PHC.). BEIYHCINTE €MKOCTH

9TOI'0 KOHACHCATOPA.

2
1 3

4. BpuuciuTe eMKOCTh OaTapeu KOHACHCATOPOB, M300PaKEHHYIO Ha PHC., €CIIU

C, =2 mMx®, C, =4 Mx®D, C, = 6 MxD.

q ot
—IITII—
—IILII—

5. Brruncnure e€MKOCTH 6aTapeH, COCTO}IH.IGI\/'I N3 OJWMHAKOBBIX KOHJICHCATOPOB

—o0

emkocThio C = 12 Mx® (cMm. puc.)

o

6. Onpenenure 3apsn Kaxaoro u3 konuaeHcaropos, ecnu C, =C, =C, =30 nd,

C,=120n®, a x Toukam A u B mnoaBeneHO NOCTOSHHOE HAINPSHKEHUE

U =200 B.

—i| 1
b
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/. Bpruncnute pa3HOCTh TOTeHIManoB Mexay Toukamu C u D, ecnm
C,=C,=50n®, C,;,=C,=100n®d, a k Toukam A u B mnoxseaeHo
noctostaHOe HanpsikeHue U =150 B .

C C C,

— ——|

C b c,
| —— —
—- [, S
A B

8. U3 npoBosioku caennaH Ky0, B Kaxka0e pedpo KOTOPOro BCTABJIEH KOHIEHCATOP
emMkocThlo C =20 Mx®. Ky0 mnoakitoueH K MLend MNpOTHUBOMOJIONKHBIMU
BepmmHaMu (cM. puc.). Ompenenute €MKOCTh TOJyYHMBIICHCS OaTapew
KOHJIEHCATOPOB.

\(—I

I
I
A

9. I[Ba OJIMHAKOBLIX IMApPaJUICJIbBHO COCAMHCHHBIX IINIOCKHUX KOHACHCATOpA

3apspkeHbl A0 HanpstkeHust 200 B u otkiatoueHsl oT uctounuka. Onpenenurhb
HanpsHDKEHUE HA 3TUX KOHJEHCATOPAaX, €CIM PACCTOSIHUE MEXAY MIIACTUHAMHU Y
OJIHOTO U3 HUX YMEHBIIIWIU B 4 pa3a.

10. /IBa mocienoBaTenbHO COEAMHEHHBIX KOHJAEHCATOpa HMEIOT EMKOCTH

C,=20mMxk® u C,=100mxd. Kaxnapli U3 HUX MOXKET BBIIEPKATH
Hanpsbkenne U, =140B wu U,=20 B, coorBeTcTBEHHO. Bpluncauts

HanOobIlIee HaIpsDKEHWE, KOTOpPOE MOKET BBIACpXaTh Oarapess W3 ITHX
KOHJICHCATOPOB.
11. Beruncnure €MKOCTh OaTaped OJWHAKOBBIX KOHJIEHCATOPOB EMKOCTBHIO

C =10 Mx® , n300pa>keHHOI Ha puUC.

o—T—u—l—n—T—n—l—o
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12. Beiuucnure eMKOCTh OaTaped OJMHAKOBBIX KOHJEHCATOPOB E€MKOCTBIO

C =5 Mk®d, n300pa>keHHO Ha puUC.

13. Beiuucnure eMKOCTh OaTaped OJMHAKOBBIX KOHJEHCATOPOB EMKOCTBHIO

C =30 mx®d , nu306paskeHHON Ha pUC.

oyt oy e

14. DnexkTpuyeckass LEeNb COCTOMT MX ULIECTH OAMHAKOBBIX KOHJIEHCATOPOB
eMkocThio C =15 Mx®. [Ipu pa3oMKHYTOM KiItou€ KOHAEHcaTop | 3apsixkeH 10

Hanpsokeansa U, =100 B, ocrampHple KOHIEHCATOpPBI HE  3apSDKCHBI.

Breraucnure HAIIpsZPKCHUC HA KAKAOM M3 KOHACHCATOPOB ITIOCJIC 3aMBIKAHUA

KJIro4a.

—||—/—_|_

_“T

15. Beruucnure KOJIMYECTBO TEMIOTHI, KOTOPOE BBIACIUTCS B LIENIU, COCTOSIIEN U3
TpeX OJIMHAKOBBIX KOHJEHCATOpoB eMKOCThio C =15wmk® (cm. puc.), npu
nepeBojie Kioua u3 mnonoxeHus 1 B nonoxeHue 2. KowaeHcatopbl
noakaoueHsl Kk J.J[.C. = 50 B. DHeprueil 371€KTPOMarHUTHOIO HU3ITyYEHHS

npeHeopeyb.
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IpaBuiaa Kupxroga aiis pa3BeTBiaeHHbIX Lemnei

1. B snektpuueckod cxeme, M300paKEHHONW Ha PUCYHKE, 3HAUEHMS] U3BECTHBIX

comporuBineHudl paBHbl: R =150m, R,=300m, R,;=100mMm. O3OIC

ucrtounnka E = 70 B, ero Buyrpennee conpotusieHue I =2 Om. Berancouth

3HaYeHue conporusicHus R,, eciu yepes Hero uner Tok | =15 A.

Rl
—
R, E.r R,
H—H—H
RE

2. B osrnextpuueckoil cxeMme, U300paXKeHHOM HA  PHUCYHKE, 3HAYCHUS
comporusieHuil paBHel: R =20 0m, R,=300m, R,=50mM, R,=250M,
R, =R, =40 Om. OJIC ucrounuka cocrasager E = 150 B. Beruncnuts

3HAa4YCHHS TOKOB B Ka}KI[Oﬁ BCTBU ,HaHHOﬁ IICIIN.

|

0
|

-

3. B onexktpuueckoit cxeme, HW300paXXe€HHOW HaA PHCYHKE, 3HAYCHUS

conporuBieHuil paBuel: R =20 Om, R, =100mMm, R, =250m, R, =60 Om.

Ol'[pCI[CJII/ITB 3HA4YCHUC QI[C HNCTOYHHKA, €CJIN YCPC3 BCTBb LCIIN, COI[Cp)K&HIGﬁ

UCTOYHMK, HJIET TOK | =4 A.
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4. B onexkTpuueckod cxeme, H300paKEHHOW Ha  PHUCYHKE, 3HAYCHUs

comporuBieHuil paBHbl: R =50M, R,=100mM, R;=8O0Owm, R,=150m,
R. =4 Om, R, =12 Om. DJIC ucrounuka cocraisier E = 30 B. Onpenennuts

3HAYCHUC TOKA, IIPOTCKAIOIICTO Y€PE3 BCTBL 1LICIIN, conepmameﬁ HCTOYHUK.

B snexkrpuueckoit  cxeme, HW300paX€HHOW HA  PUCYHKE, 3HAYCHUS
compoTtuBieHuil paBuel: R =250m, R,=300m, R,;=16 Om, R, =36 Om.
OJ1C neicTBYIOMIMX UCTOUHUKOB COCTaBIISIOT 3HaueHus: E; = 50 B, E, = 70 B.
Beruncnuth nmokazaHusi amrnepMeTpa, CUuTas ero BHyTpEeHHEe COMPOTUBIICHUE

MpeHeOPEKUMO MaJIbIM.

B onextpuueckoil cxeme, U300paXeHHOW Ha  PHCYHKE, 3HAYCHUS
comporuBieHuil paBHbl: R =R, =50 Om, R,=650m. OJIC nelicTByromux
MCTOYHHKOB cocCTaBigioT 3HaueHus: E; = 100 B, E;, = 60 B. Brrunciaurs

IIOKAa3aHUs BOJIBTMETPA, CYUTAsl €ro BHyTpeHHee conporuBiaeHue R, =70 Om.
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7. B snextpuueckoil cxeme, U300paXeHHOW HA PHCYHKE, 3HAYCHUS
comporusienuil paBuel: R =30 Om, R,=200wM, R,=250Mm, R, =10 Owm.
O/1C neiicTBYIOMMUX UCTOYHUKOB COCTABISIOT 3HaueHus: E; = 30 B, E, = 40 B.
BeluncnuTe NoKa3zaHus aMIIEPMETPa, CUUTAsI €T0 BHYTPEHHEE COIPOTUBIICHUE
R, =10 Om.

R R,

1

—] -

l'aabBanoMeTp, aMnepMeTp U BOJIbTMETP

1. Amnepmerp ¢ coocTBeHHBIM conpoTtuBieHHeM R, =0,4 OM MoOXeT U3MepsTh
toku 10 10 A. Kakoe compoTuBieHHE HYKHO B35iITh M KaK €ro BKJIOUYUTb,
9TOOBI ATUM aMIIEPMETPOM MOKHO ObLIO M3MEPSATH TOK 10 100 A?

2. BoapTMeTp ¢ cobctBeHHBIM conpotuBieHneM R, =500 Om npenHazHaueH
U1 u3MepeHusi pasHoctu noteHimanoB Ao 20 B. Kakoe comnpotusieHue
HY’KHO B34Th U KaK €ro BKIIIOUHUTb, YTOOBI 3TUM BOJBTMETPOM MOKHO OBLIO
U3MEpATh Hanpskenus 10 70 B?

3. TambBanoMeTp ¢ uwyBcTBuTenbHOCThIO 3-10°A Ha geneHue mKambl o

BHYTPCHHUM COIIPOTHBIICHUCM 60 Om HCO6XOI[I/IMO HCIIOJIB30BATh B KA4YC€CTBEC
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ammnepmeTrpa ¢ npeneiaom usmepenus 1o 100 MA. Paccuuraiite 3HaueHHe
HEOOXOUMOTro JJii 3TOTO CONPOTHBIICHUS IIyHTA, €CIU MIKajda mnpudopa

pazneneHa Ha 50 neseHui.

[agpBaHOMETp C dyBCTBUTENbHOCTBIO 2-107°A Ha JeleHHMe IMIKaTbl U
BHYTpeHHUM corpotuBieHrneM 40 OM He0OXOIUMO HCIIOJIb30BATh B KaueCTBE
BOJIbTMETpa ¢ mpenesnioMm wu3MmepeHus no 10 B. Paccuuraiite 3HayeHue
HEO0OXOIUMOT0 JIJIsl ATOr0 J00ABOYHOTO COMPOTHUBIICHHUS, €CIIH 1IKaja mpudopa
pazzaenena Ha 100 nenenwuii.

K rambBanomerpy ¢ coOCTBeHHBIM compoTuBiecHueM 250 OM NOAKIIOYMIN
myHT. [Ipy 3TOM 4YyBCTBUTEIBHOCTH TallbBAHOMETpA IMOHMU3UIACh B 5 pas.
Bpluncnuth  3HaY€HUWE ~ CONPOTHUBIICHHUS, KOTOPOE HYKHO  BKJIIOUYWTH
MOCJIEIOBATEIBHO C TAJIbBAHOMETPOM, YTOOBI 00I1II€e COMPOTUBICHUE LM HE
M3MEHUIIOCK.

MunnmmaMniepMeTp, pPacCUMTAHHBIA HAa MaKCUMaJbHBIM TOK 10 150 MA
HEOOXOJMMO WCIIOJIb30BaTh B KAueCTBE BOJBTMETPA, KOTOPBIM MOT OBl
n3MepaATh HamnpspkeHuss a0 50 B. Beruucnuth 3HaueHHe HEO0OXOIUMOIO
100aBOYHOTO COMPOTUBIIEHUSI, €CJTU U3BECTHO, YTO MPHU IIYHTUPOBAHUHU TOTO
Ke Muwuamiepmerpa compotuBiienueM 0,2 Owm, ero 1ieHa JAeJICHUSA
BO3pacTaeT B S pas.

lanbBanomeTp, uMeromwuii  cobctBeHHoe  compoTuBiaeHue 60  Owm,

3allyHTUPOBAH CONpPOTUBIEHHEM R, =2 OM u ucHonb3yercs B KadecTBE

aMIiepMeTpa. BBUHMCINTE TOK, KOTOPBIA IOTEYET Ye€pe3 TrajdbBaHOMETD IpHU

NOJKIFOYEHUH K Hanpsbkenuto U, =12 B.
Amnepmetp ¢ coOcTBeHHBIM conportuieHueM R, =0,2 OM 3amyHTHpOBaH
conporuBieHueM R =0,01Om. Haiinute nONHBIM TOK B IENU, €CIU

amriepMeTp nokasbiBaeT Tok | =10 A.

Bonbrmerp, umerommii  cobctBeHHoe — compotuBieHue R, =20 Owm,

nokasbiBaeT Hampspkenne U =3 B. Beiuucauth 3HaueHue 100aBOYHOTO
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COTIPOTUBIICHUS, TMpPHU MOAKIOYEHUH KOTOPOrO TIIOKa3aHUS BOJBTMETpA
yMeHbLIATCs B 2 pasa.

10. lns  ompeneneHWss ~ BHYTPEHHETO  CONpPOTHBICHUS  TajbBaHOMETpa
UCIIOJIB3YETCSl CXeMa, COCTOsIas U3 MUJUIMBOJIBTMETpA, TaJlbBAHOMETpAa U
MarasyHa COINpOTHBIEHUH (cM. puc.). HM3BecTHo, YTO TpU 3HAYCHUU

conporuBiaeHuss MarasuHa R, =500 OM, MHUIMBOIBTMETP IIOKa3bIBAET
Hanpspkenne U, =20 MB, a npu 3Hadennu conporusnenus R,,, =1500 Om -
HanpsbkeHne U, =45 mB. Bplunciure mo 3THMM [JaHHBIM COIPOTHBIIEHUE

raJlbBaHOMCTpPA, C€CJIM H3BCCTHO, YTO 3HAYCHHUC TOKa YCpPE3 HCIo B obounx

ClIydadax OANMHAKOBO.

11. DnexTpuyeckas cxema BKJIIOYAET B ce0si MUJUIMBOJIBTMETP, TAIbBAHOMETP U
Mara3uH CONpoTuBlieHHH (cM. puc.). HM3BecTHO, 4YTO TmpuU 3HAYCHHUH

comporuBieHuss MarasuHa R,,; =1500 OM, MUIIMBOIBTMETP IOKAa3bIBACT
HanpspkeHue U, =40 MB, a npu 3Hauenuun conporusnenus R,,, =2500 Om -
Hanpsokeane U, =75 MB. DBelumcaure mno 5TuM  JaHHBIM  TOK  4epes3

raJbBaHOMCTp, ¢C€CJIW H3BCCTHO, YTO ¢C€ro 3HAYCHUC B 000ux clry4dasiax

OJHMHAKOBO.

RM

12. DnexkTpuyeckuil KUMATWIBHUK paccyuTaH Ha Hampsbkenue 120 B, u ero
MOIIHOCTH 1pu 3ToM cocTasiisgeT 300 Bt. Paccuuraiite 3naueHne 100aBOYHOTO
COIIPOTHUBJICHUS, IPY MOAKIIOUEHUU KOTOPOTO KUMISATHIBHUK CMOXET paboTaTh

npu Hanpspbkenuu 220 B.
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PabGora Toka. MomnocTs. 3akon xxoyas-Jlenna

1. Dnexktpuueckas 1enb cocTouT W3 ucroyHuka Toka ¢ D.JI.C. E = 40 B u
BHYTPEHHHUM COMPOTUBJICHUEM r=20m, u JIBYX  PE3UCTOPOB

comporusieHussMu R, =10 Om u R, =34 Om (cMm. puc.). Beruuciute noaHyro

MOIIIHOCTb, TOTPEOIISIEMYIO PE3UCTOPAMHU.

Rl

o
—_—

2. CKOJBKO JIaMIIOYEK MOIIHOCThIO 25 BT Kkaxnmas W paccuMTaHHBIX Ha
HarnpspkeHue 5 B MOXHO MOAKITIOUHTH K akKymyJsiTopHoit 6atapee ¢ D.J1.C. =
24 B wu BHyTpeHHuM comnpotuBieHueM I =0,2 Om, 4TOOBI OHHU TOpEIH
HOPMAaJIbHBIM HaKajiom?

3. K nanexrpocern xBaptupsl (U, =220 B) nogkmtoueH oauH 3IEKTpUYECKUIL

npubop — JjamMma HaKaJlWBaHWA HOMHHaNBHOW MomHocThio 100 Bt. Ha
CKOJIBKO HM3MEHHUTCS HAaNpsyKEHUE Ha JTOM JlaMIle MpU JIOHNOJHUTEIBHOM
BKJIIOUEHUU B CETh JJIEKTpovailHMKa MoOIIHOCThIO 1 kBT, ecnm oOmiee
COTIPOTHUBIICHUE MOABOIALINX MPOBOAOB R =4 Om ?

4. K HekoTopoMy HCTOYHUKY TOKa MOAKIIOYAIOT JIBa  PE3UCTOpA

comporusieHusiMU R, =4 OMm u R, =16 OmM cHavana napamienbHO, a 3aTeM

MOCJEA0BaTEIbHO. BhIUUCINTh BHYTPEHHEE COMPOTUBICHUE UCTOYHMKA TOKA,
€CJIM U3BECTHO, YTO B 000MX CIy4yasX BbIACISIACH OJMHAKOBAS MOIIHOCTb.
5. K wHCTOYHMKY TOKa MOOYEpEeaHO  MOAKIIOYAKOT  JBa  PE3UCTOpa

comporuBieHusiMu R, =30OMm u R,=48 Om, npuuem B o00ouX ciyyasx
BBIJEIISIACH OMHAKOBas MOIHOCTh P =12 xBr. Beruucouts cuiny toka |,

P KOPOTKOM 3aMbIKaHWHW UCTOYHHKA.
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6. JIBe mammnouku MomHOCThI0 60 BT u 40 BT paccuntansl Ha Hampsokenue 220
B. Bbeluucnure mosiHyr0 MOTPEOISEMYI0 MOIIHOCTH MHPH IOCIEI0BATEIHLHOM
BKJIFOUEHUH 3TUX JIAMIIOYEK B CETh ¢ HanpsbkeHuem 220 B.

[. DIJIEKTpUYECKHII 4YallHUK UWMeEEeT [IBE€ HarpeBaTelbHbIX crnupaid. [lpu
BKJIFOYEHUH OJHOM W3 HHUX, BOJA 3aKUIIAeT 3a 15 MUH, a IpU BKIKOYEHUU
apyroit — depe3 25 MUH. BBIYMCINTH BpeMsi, HEOOXOAUMOE ISl 3aKUIaHUS
BOJIbI [IPY BKJIFOUEHHH 00E€UX CIUPAJIEN MOCIEA0BATEIBHO.

8. DnexkTpuueckMid YaWHUK WMeEeT JBE HarpeBaTelabHbIX crnupaiu. [lpu
BKJIFOYEHUH OJHOM W3 HMX, BoJAa 3akumnaer 3a 10 MuH, a mpu BKIIOYEHHH
apyroit — uepe3 20 mMuH. Bpruucauts BpeMs, HEOOXOIMMOE JIs 3aKUIAHUS
BOJIbI TP BKJIFOUEHUU 00EUX CIMpasiel mapaiesbHo.

9. InaBkuii mpeaOXpaHUTETh U3TOTOBIIEH U3 CBUHIIOBOM MPOBOJIOKU TUAMETPOM

d =0,5mm. M3BecTHO, 4TO MpH KOPOTKOM 3aMbIKAHWM CHJIA TOKA B IEIH
nocturna |, =20 A. Onpenenute, depe3 Kakoe BpeMsi IOCIE KOPOTKOTO

3aMbIKaHHMSI HAYHET IUIABUTHCS MPEJOXPAHUTENb, €CIM €ro HayajbHas
TeMIiepatypa coctanisiia 24°C.

10. B mpoBoanuke conporusieHueM 40 Om cuia Toka 3a 10 ¢ Bo3pociia JIMHEHHO
oT 5 A 10 25 A. BBIYMCIUTH KOJIMYECTBO TEILIOTHI, KOTOPOE BBIAECIWIOCH 32
3TO BpEM.

11. K ucrounuky Toka ¢ DJIC E = 220 B u BHYTpPEHHUM COINPOTUBICHHUEM
r=10mM noxakmoueHo BHewmHee conpoTtuBieHne R =30 Om. Beruucnurs
IIOJIE3HYIO MOIIHOCTB, IMOJHY0 MOIIHOCTH U KII/I 3TOM 351eKTprYeCcKOr LenH.

12. K UCTOYHMKY TOKa MOJKJIIOUYEHO BHEIIHEEe CONpPOTUBIIEHHE. V3BECTHO, UTO
HanOOJIbIIIasl MOIITHOCTh BO BHEIIHEH 11enu cocTarisieT 9 BT. [Ipu aTom B ienu
tedeT TOK 3 A. Bbruuciuts IJIC UCTOYHMKA TOKA W €ro BHYTPEHHEE
CONIPOTHUBJIEHUE.

13. Beruuciure, BO CKOJBKO pPa3 HYXXHO IOBBICUTh HANPSDKCHHE HA JIMHUH
AJIeKTpoIepeaaun, 4ToObl MpHU Mepeaade TOW K€ MOUIHOCTH MOTEPU B JIMHUU

ymeHnpminch B 400 pas?
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14. Ceno HaxomuTcsi Ha pacCTOSHUM (=8 KM OT OJJIEKTPOCTAHIIUH, TPHUEM
neperavya d3JIEKTPOSHEPTrUM Mpou3BoAuTcs mnpu Hanpsokenun U =60 xB.
O6mras nmotpediisiemasi MOITHOCTB B ceie coctabisier P =5 MBt. Beruuciauts
MUHAMAJIBHO ~ BO3MOXXHBIA ~ JMAMETP  MEAHBIX  MPOBOJOB  JIMHHH
AJIEKTpOIIepeaaun, €clid JOMyCTHMAas IMOTEpsl HAIpPSKEHUs COCTaBIsIeT HE
oonee 1%.

15. B mome, ymaneHHOM OT reHepaTtopa Ha pacctosaue (=50 M, TopuT iamma
HaKaJIMBaHMs. 3aTeM, OJHOBPEMEHHO C JIAMIIOM, BKIIIOUMIIM AJIEKTPOUYANHUK,
notpebsomuil Tok 5 A. BeruncnuTe, Ha CKOJIBKO MOHU3UIOCH HANPSHKEHUE
Ha JlamMIe, €CIM CEUYEHUE MEIHBIX MPOBOAOB JIMHUM JIIEKTPONEpEaaun

cocraBisier S =2,5 MM,

16. Ot snektpocraniuu ¢ DJC E = 1 kB tpebyercs mepenaTh SHEPrur0 Ha
paccrostaue £ =5 kM. [ToTpebnsiemass MOIITHOCTH TIpHu 3TOM cocTaBisieT 10 kBT.
Breruncnute MUHUMAIbHBIE TIOTEPH MOIIIHOCTH B CETH, €CJIM JUAMETP METHBIX
noaBoAsAImX poBooB d =0,5 cm.

17. Ot renepatopa ¢ OIC E = 220 B HeoOXoaumo mepeaarb SHEPIHI0 Ha
paccrostnue ¢ =100 m. [Torpebiisiemast MOIIHOCTB IPH 3TOM cocTaBisieT 1 kBT.
Beraucinth MUHUMABHBIA JUAMETP MEIHBIX TOJBOISIINX TPOBOIOB, €CIH

JOITYCTUMBIE IOTEPU MOIIHOCTH B CETH HE JOJKHBI IpeBbiath 0,5%.
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MATHUTOCTATHKA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

3axon buo-Casapa-Jlanaaca

1 1] d'xr ]

dFi - 3
dr r

rae dl — smemenT Toka |, F — paguyc-BeKTOp, MPOBEACHHBINA OT 3nmeMenTa dl 1o
TOYKM IIPOCTPAHCTBA, B KOTOPOM HINETCA HANPSHKEHHOCTh MarHutHoro mnoss, dH —

QJICMCHTAapHasA HAIPSKCHHOCTD MArHUTHOT'O IT0JIA, CO3aBacMas 3JICMCHTOM TOKa dl

Maecnummnoe none npsimo2o OEeCKOHEeYHO ONUHHO20 MOKA

I
~2zR’

rae R - Kparyaiiliee pacCTOSSHUE OT TOYKH IPOCTPAHCTBA, B KOTOPOW HILETCS
HaNpsYKEHHOCTh MarHUTHOT'O TOJIs, 10 ToKa | .

Ces3b MacHummou UH@VKUMU U HANPANCEHHOCMU MACHUNIHO2O0 NOJIA

8= s

rac B - maruwmTHas HHAYKOUA, H - HAIIpsDKCHHOCTb MAIHUTHOI'O IOJIA, 4 -

MarHUTHAs! IPOHHUIIAEMOCT CPetbl, L4, =47 -107" TH/M - MarHUTHAs TIOCTOSIHHASL.

HDMHMMI’I cynepnosuyuu OJ151 MACHUMHBIX NoJel

H=YH, K B=Y,.
=1 i=1

3axon Amnepa

dlle[drxé],

rne dF - anemenTaphas cuia Amrepa, kotopas neiictByer Ha smement dl Toka |,

—

MMOMEILIEHHBI BO BHEIITHEE MAarHUTHOE T0JI€ C UHAYKIMEen B.

MOOVJZb CUJibl Amnepa

110



dF =1-dl-B-sine,
rie a - yron Mexay Bekropamu dl u B.

Cuna Jlopenua

If:q[ﬁxé],

rae J - 3apsij, IBHKYIIHUICS CO CKOPOCTHIO U B MAarHUTHOM TI0JI€ ¢ MHIYKIHEeH B .

Moovyas cunvt Jlopenua

F=quBsina,

—

I7I€ @ - yroJ MeXay BeKTopamu U u B.

Ipumepwvt peurenusn 3a0au

3agaya Nel. Tok | Teder mo mpsAMOYroJIbHOMY MPOBOJHHUKY CO CTOPOHaMH 2a H
2b. BeraucnuTh HanpspKeHHOCTh MAarHUTHOTO TIOJSE B TIPOM3BOJIBHOM TOYKE Ha OCH,
NEPIEHANKYJIIPHOMN INIOCKOCTH MPOBOJAHMKA M MPOXOIALIEH Yepe3 NEPECECUCHHUE €ro
JUaroHajen.

aHo:

I; 2a; 2b.
OnpenenuTs:

H.

Penienue

1. BoinmoaHuM pUCyHOK

=]}

£
=
i
=

2a
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2. Kaxxgas U3 CTOPOH MPSMOYTOJBHOTO KOHTYpa MPEACTaBIseT COO0O0W MPOBOTHUK
KOHEYHOM JIMHBI, CO3JAI0ONINii MarHUTHOE MOJIe€ B BHIOpaHHOM Touke Ha ocu Z. B
OTOW CBA3M IS HAXOXKJIECHUSI MCKOMOM HAIPSIYKEHHOCTHM MAarHUTHOTO IIOJIS CHadasa
paccMOTpUM  3aady O HAaxXOXJICHWM HANPsDKEHHOCTH  MAarHUTHOTO — MOJIS,
CO3/1aBA€MOI'0 B BaKyyM€ TOHKUM IIPSIMOJIMHEHHBIM IIPOBOJHUKOM UIMHOW 2L, IO

KOTOPOMY MPOXOJUT TOK | .

Jliis penieHus MocTaBICHHOM 3aaun 3anuiieM 3akoH buo-Capapa-Jlamaca B oOuiem

BHJIE:
o L “'[0” XF]_ I J-singp-dl_ I Icosa-dl
4 - re Az r? A rr
R R 2 2 2
[pudeM cosq=—=—————, Te r’=R*+(z-2)?, a z, — TEKyIas KOOpJMUHATA

r R*+(z-7)*’
anementa dl. CrnemoBarenbHO, »JJIEMEHTapHas JUIMHA TIpoBojga dl  paBHaA
MPUPALICHUIO KOOPAUHATEI dz,, T.€. dl =dz,.
[ToncraBndas HaiiieHHbIE BeIWYUMHBI B 3aKOH buo-CaBapa-Jlamnaca u mepexoas K
VHTETPUPOBAHUI0 MO TEKyWIEd KOOPAMHATE, TMOJYyYUM HCKOMOE 3HAYEHUE

HanpsKEHHOCTH 1moJist B T.H..

oo T Rdz, o L-z  , L+z
B 2% ) 2 9 2
4”—L[R2+(zl—z)] 4rR \/R +(L-2) \/R +(L+2)
3. 3ameTuM, 4TO B Hallled 3ajade paccTosiHUS R, W R, 70 TOYKH HAOJIIOJEHUS OT
CTOPOH 2a U 2b BBIYHCIIAIOTCA TCIICPb COOTBCTCTBCHHO KaK
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R =vb*+z°u R,=+a’+7*.
Hanpsk€HHOCTh MAarHMTHOTO TMOJS OT JBYX CTOPOH JUIMHOM 2a BEKTOPHO
CKJIAABIBACTCA U3 IBYX BCKTOPOB Hl’ da HAIPAXKCHHOCTb MArHUTHOT'O IIOJIA OT ABYX
CTOPOH IMHOW 2b CKIaaplBaeTCs W3 JABYX BekTopoB H,. Torma, cormacHo

NPUHIIAITY ~ CYMEPHO3WIMKA Ui MarHUTHOTO TOJS, €ro  pe3yiIbTHPYOIIast
HaINpsH>KEHHOCTh Ha OCH OYJIET paBHa:
b 2H] a
=—21 cosf=—r=—.
b*+z> H; vai+1z°

4. Yurem TO, 4YTO OCb HAaXOJUTCA HAIIPOTUB CCPCAUH OTPC3KOB. HOBTOMy B

H =2(H,cosa + H,cos B), rue cosa =

OKOHYATENbHON (opMysie I MArHUTHOrO TMOJS OT NPOBOJHUKA JJIMHOW 2L
HE00X0AMMO MoJ0XKUTh z=0. Kpome Toro, nmonoxum L=a s OAHON Mapbl CTOPOH
u L=b gns apyroil mapel cTopoH. B pe3yinbrare NOJy4MM BBIPAXKEHUS IS

MAarHUTHBIX TTOJIEN OT KaXA0U Napbl CTOPOH:

I 2b
H, = - .
Az b? +7% Ja?+ 7% +b?
H, I 2b

Ara®+2° Nal+ 22 +b?
5. OKOHYaTENbHO HCKOMasl HaNpPsHKEHHOCTh HaIpaBji€Ha MO OCU Z U MOXKET ObITh

BBIYKCIICHA IO (popMYyJIE:

H lab 1 1
aat+ 22 +p2\at+2 bP+z?)

3agauya Ne2. Ilo nByM mnapajiebHBIM MNPSIMBIM IPOBOJHHMKAM JIMHOUW | =4 M
KaKIbIA, HaXOIAIUMCS B Bakyyme Ha paccrossuuun d =20 cMm ngpyr ot ngpyra, B
IIPOTUBOINOJIOKHBIX HanpasiaeHusX TekyT Toku |, =40 A u |,=70 A. Onpenenurs
CUJTy B3aUMOJIEMCTBUS TOKOB.

dHO.

,=40A; 1,=70 A;
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|=4m;

d=20cMm=0,2 m.
Onpenenursb:
F.

Penienue

1. BeinmoiaHum PHUCYHOK, YKa3aB HAIIpaBJICHUEC TOKOB W CO3JaBa€MbIX UMW MAarHUTHBIX

—

TIOJICH. OTMCTI/IM, 9qTO TOK |1 CO3Ja€T MArHuTHOC IIOJIC Bl’ KOTOpPOC ABJIACTCA

BHEIIHUM («4ykuM») mias Toka |,. Takxe crnpaBemmuBo m obOpatHoe — Tok |,

—

CO3Ja€T MAarHuTHOC I10JIC BZ’ B KOTOPOM HaXOIUTCA TOK |1. MarauTHoO€ I10JIE UMEET

3aMKHYTBIC CHWJIOBBIC JIMHUH, B K&)KI[OIZ TOYKC KOTOPBIX BCKTOP MarHUTHOM

VHIYKIHAH HAIIPABJIEH 10 KaCaTeJIbHOM.

—

Hanpasnenue cuit Amnepa F u F, 118 Kaxa0ro Toka Onpeneianm 1o IpaBuily JEBOU

PYKH.

2. 3anuiueM 3aKoH Amnepa Ui ToKa |, HaXOoAsIerocs B MarHuTHOM 1oje B, :

dF, =1,dl,B,sina ,

rae dl, - anement Toka |, o - yrosn Mexay BeKTopamMu dl, u B,.

B namem ciyuae a =90°, nostomy Sina =1.

3akoH AMIiiepa NpUMET BUJ:
dF, =1,dl,B,.

—

3. AnanorndHo 3akoH Ammepa Ui Toka |,, Haxoasmerocs B MarHUTHOM 1osie B, :
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dF, = 1,dl,B,.
4. MarHuTHO€ 10Jie IPsIMOro OECKOHEYHOTO TOKa!

I |
%:V%Z;d’ 2:/%2;d'

5. IloacTaBuM 3HAaYE€HHWS MArHUTHBIX WHIYKIIMHA B 3aKOHBI AMIepa IS KaxJaoro

TOKaA.

11 .1
dF, = u,—+2dl, dF, = L2 d]
1 [%2ﬂd 2 A%Zﬁd

3ameTnM, 4TO 3Ha4YeHUs cui coBmagamot, T.K. dl, =dl, =dl - snements 6eckoneuno

MaJIOH JIJIUHBI.

6. Takum oOpa3om, cuia B3aUMOJEHCTBUS OECKOHEYHO MaJbIX AJIEMEHTOB TOKA:

(N
dF = 12 d].
'u027zd

HNHTerpupys 3TO BBIpaKEHUE MO JUIMHE, HAWIEM UCKOMYIO CUIIY B3aUMOJCHUCTBUS:

|
.1 I
F = —12dl= L2,
'([IUOZﬂ'd 'u027zd
F=112 mH.

OtBet: F =11,2 MH

3AJAYN

3akon buo-Casapa-Jlamuiaca. Cynepno3unusi MATHUTHBIX IOJIei

1. Ilo npsamomy OeckOHEUHO JUIMHHOMY mpoBoay Teder Tok | =10A.
Bbraucnute Hanps»KeHHOCTh MAarHUTHOTO TOJIsI, CO3/1aBa@MOT0 STHM MTPOBOJIOM
Ha paccrossHu d =50 cM OT Hero.

2. OmpenenuTh MarHUTHYIO HWHIYKIHUIO TIOJIS, CO3[JaBaéMOTrO  OTPE3KOM
0eCKOHEUHO JUIMHHOTO MPOBO/Ia, B TOUKE, PABHOYAAJICHHOI OT KOHIIOB OTpe3Ka
U Haxopsmeiics Ha paccrostaud d =4 cM OT ero cepenuHsbl. [imHa oTpeska

nposozaa ¢/ =20 cm, a cuna Toka B mpooae | =20 A.
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OnpenenuTh 3HAYEHUE UHAYKIMU MArHUTHOTO MOJIA B LIEHTPE MPOBOJIOYHOU
KBaJPaTHON paMKHU CO CTOPOHOH 15 cM, ecnu o pamke TedeT Tok | =10 A.
OnpenenuTs MarHUTHYIO HHIYKIWIO B ILEHTPE KPYroBOTO IMPOBOJIOYHOIO
BUTKa paguycoM R = 10 cMm, o kotopomy Teuer Tok | =1 A.

OnpenenuTs MarHUTHYIO MHAYKIMIO HAa OCH TOHKOTO MPOBOJIOYHOTO KOJIbLIA
pamuycom R = 5 cMm, mo koropomy TeueT Tok | =10A, B Touke,
pacnonioxxeHHol Ha pacctossaur d =10 ¢cM OT IEeHTpa KOJIbIla.

Kpyrosoii Butok paguycom R = 15 cMm pacnonoxkeH OTHOCHUTEIbHO
OECKOHEYHO JJIMHHOTO TMPOBOJA TaK, YTO €ro IUIOCKOCTh NapajuiesbHa
npoBony. lleprneHIuKynsip, BOCCTABJIECHHBIA Ha MPOBOJ W3 LIEHTPAa BHTKA,

ABJIAETCSA HOPMAJIBIO K INIOCKOCTH BUTKA. Cuia Toka B nposoge |, =1 A, cuia
Toka B BuUTKe |, =5 A. PaccrosHue or ueHrpa BUTKa 10 mnposoxa 20cwM.

OnpenenuTb MarHUTHYIO MHAYKLHIO B LIEHTPE BUTKA.

beckoHEeYHO JUIMHHBIIA MPOBOJA, O KOTOPOMY TedueT TOK | =5 A H30rHyT Tax,
Kak M300paxkeHo Ha pucyHke. Pagumyc R nyrum okpyxsHoctu paseH 10 cwm.
Onpenenuts MHAYKIHMIO MarHUTHOTO IOJIA, CO3AAaBAEMYIO 3THM IPOBOJIOM B

Touke O, pacronoKeHHON B HEHTPE KPYrOBOrO BUTKA.

Ha pucynke wu300paxeHbl CEUYEeHHS] JABYX MPSAMOJIUMHEHHBIX OECKOHEUYHO
JUIMHHBIX TMPOBOJHUKOB C TOKAMH, TEKYIIUMU B IPOTHBOMOJIOXKHBIX
HanpaBlieHusiX. Paccrositnue Mexnay mpoBogHukamu AB = 10 cMm, 3HaueHud

TOKOB B mpoBogHukax cocrasmitor |, =10A wu |,=20A. Haiitu

HaIpPsHKEHHOCTH MarHUTHOTO TOJIs, CO3/IJaBaéMbI€ STUMH TOKaMHU B TOYKax M;
1 M, u M3, eciiu uzBecTHbI pacctossanst MjA =2 cm, AM,; =4 cm u BM3 = 3

CM.
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o M
—0Q O—
I, I

9. Ha pucyHke wu300pa’keHbl CEYEHUS JBYX MPSIMOJUHEUHBIX OECKOHEUYHO
JUIMHHBIX TPOBOJHHUKOB C TOKaMH, TEKYIIMMU B OJHOM HAaIlPaBJICHUH.
Paccrosune w™mexny mnpoBomamkamu AB = 30 cM, 3HaUYeHHS TOKOB B

nposoaHukax cocrasiustor |, =15A wu |,=5A. Hailitu nHanpsxeHHocTu

MAarguTHOT'O I10JIs1, CO3JaBaCMbIC OTHUMH TOKAMH B TOYKax M]_ )41 Mg 141 M3, €Ciim

M3BECTHBI paccTostHUS M1A = 8 cm, AM,; =12 cm u BM;3 =5 cwm.

A

M~ M M,
>/ \2/
I, I,

10. Ha pucynke wu300pa)keHbl CEYEHMSI TpeX MPSIMOJIMHEHHBIX OECKOHEUHO
JUTMHHBIX TPOBOJHMKOB ¢ Tokamu. Paccrosnus AB = BC = 5 cMm, Toku

I,=1,=1, I, =21 . Haiitu Touky Ha npsimoii AC, B KOTOPO! HaIpPSKEHHOCTb

MAarauTHOI'O I10JIA, CO3JaHHas 3TUMH TOKAMU, paBHA HYJIIO.

A B C
Y N

® ® On
I:' Iz I3

11. Ha pucyHke wu300pakeHBI JIBa MPSMOJIUHEHHBIX OECKOHEUHO JIJTMHHBIX
MMPOBOJIHUKA, PACIIOJIOKEHHBIE MEPIEHAUKYJSPHO APYr K APYry B OJIHOU
IIOCKOCTU. HallTn Hanpsi>KEHHOCTH MArHUTHOTO TOJIs B TOUKax M; u My, ecin

Toku |, =8 A u |, =2 A. Paccrosnus ot toka |, 1o Touexk M; u M, paBHO 2

cMm, 1 CM; = DM, =4 cwm.

M, 1'““ M,

i—
c D 1'2

12. Ha pucyHke wu300pakeHbl JBa MPSIMOJIMHEHHBIX OECKOHEUHO JIJIMHHBIX

MPOBOJIHMKA, PACHOJOKEHHbIE NEPNEHAUKYIIPHO APYr K Jpyry M Haxo-
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JAIIMecsT  BO  B3aMMHO  IIEPIEHIMKYJIPHBIX — IUIOCKOCTAX.  Hantwm

HaNpPsHKCHHOCTH MarHATHOTO 1oJisA B Toukax M1 n M2, ecim Toku |, =12 A u

|, =18 A. Paccrosinus AM; =3 cm, AM, =5 cmu AB =8 cm.

I,

M, A M1®I2

3akon Amnepa. Cuia Jlopenna

1. B ogHopoaHoM MarHuTHOM nojie ¢ uaykiued B =0,5 T HaxomuTes npsimoit
npoBogHuk umHOM (=30 cm, mo kotopomy Teuer Tok | =10A. Ha
npoBoAgHuK neiictByer cuna F =0,25 H. Onpenenuts yron o Mexay
HaIpaBJICHUSIMA TOKA U BEKTOPOM MAarHUTHOW UHAYKIIUU.

2. B BepTHUKaJIbHOM OJHOPOJHOM MAarHUTHOM mojie ¢ uHaykiued B = 0,5 Tn
MOJBECIICH Ha JBYX TOHKUX IIPOBOJIOYKAX TOPU3OHTAJIbHBIA MPOBOJHUK
Maccod M = 30 r u mmHoM ¢ =50 cMm. [lo MPOBOAHMKY MPOMYCKAarOT TOK
cunot | =1,2 A. Omnpenenure, Ha KaKOM yrojd OT BEPTUKAIU OTKJIOHSTCS
MIPOBOJIOYKH.

3. [llo nByM O€CKOHEYHO JIMHHBIM TapPAUICIBHBIM TPSMBIM IPOBOJIAM,

HaxoasmmmMmcs Ha pacctostHun d =20 cM apyr ot apyra, TekyT Toku |, =50 A
u |, =70 A. Beruncauth cuily B3aUMOJCHCTBUS TOKOB, MPUXOASIIYIOCS HA

€IMHUILY JUIMHBI IIPOBOJOB.

4. Tlo mpsAMOMY TOPU3OHTAIBHO PACHOJIOKEHHOMY MPOBOJY IPOMYCKAIOT TOK
| =8 A. Tlog HuM Ha paccrosHud 0 =2 CM HAXOIUTCS MapaUICIbHBIA eMy
ATIOMHHUEBBIA TIPOBOJI, IO KOTOPOMY IIPOMYCKarT TOK | =4 A. Onpenenurs,
KakoBa JIOJDKHA OBITh TUIONIAJbh ITONEPEYHOTO CEYCHHSI ATIOMHHHEBOTO

IMpoBOJa, YTOOBI OH YACP)KUBAJICA HE3aKPCIIJICHHBIM. [InoTHOCTH aMOMUHUS

p=2,1 r/em®.
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5. Ilpumensiss 3akoH Amnepa sl ONpPEAENICHHUsS CUJIbl B3aUMOJEUCTBHUS JIBYX

TOKOB. [Iony4nTh 3HaU€HNE MATHUTHOM ITOCTOSIHHOM L4, .

6. Mexnay momOcCaMd JJIGKTPOMarHuTa B TOPH3OHTAIBHOM — OJHOPOTHOM
MarHUTHOM Tioje ¢ wuHAyKnuen B=15Tna Haxoautcs NpsSMOJMHEHHBIN
npoBOJAHMK Maccod M = 50 r w gmHoM (=80 cM, mOABELICHHBIN
TOPU30HTAIBLHO HA THOKMX MPOBOAAX TMOJ MPSMBIM YIJIOM K MarHUTHOMY
noyro (CM. pucyHOK). Uepe3 MpOBOJHMK MPONycKaroT ToK. IIpu kakou cuie
TOKa MCYE3aeT HATSKEHUE MPOBOJIOB, MOJJACPKUBAIOIINX MPOBOJHUK? B

KAaKyH CTOPOHY JTOJKEH ITPU 3TOM UATH TOK?

B
X, X X X
X1 X X |X
Xl X X | X
X X X | X
Xﬁx

7. IlpssmoyronbHas pamka co ctopoHamu a =60 cm u b =20 cm pacmonoxeHa B
OJIHOM IUIOCKOCTH C OECKOHEYHBIM HPSMOJMHEWHBIM IPOBOJAOM C TOKOM
| =16 A Tak, YTO JJIMHHBIE CTOPOHBI PaMKH NapajuiesabHbl npoBody. Cuna
TOKa B pamke coctaBisieT 4 A. OnpenenuTs CHIbI, JEHCTBYIOINE HA KAXKIYIO
U3 CTOPOH paMKH, eciiu OmKaiiias K IpOBOAY CTOPOHA PAMKH HAaXOJIUTCS Ha
paccrosinuu € =10 cMm, a TOK B HEel COHaIpaBiIeH TOKY | .

8. Ilo ToHKOMY IpPOBOJOYHOMY MOJIyKOJIbLly paauycoM R = 50 cMm Teuer Tok
| =2 A. IlepneHAUKYISPHO TUIOCKOCTH MOIYKOJIbIIa BO30YKIEHO OAHOPOIHOE
MarautHoe nojie ¢ uaaykiued B =0,04 Tn. Halitu cuity, pacTAruBaroIlyro
NOJIYKOJBIO. JleWcTBHME HA MOIYKOJBLO MArHUTHOTO IIOJI IOABOJSILIUX
IIPOBOJIOB M B3aWMOJEHCTBUE OTIEIbHBIX JJIEMEHTOB IOJIYKOJbLA HE
YUHUTHIBATH.

9. I'opu3oHTaNbHBIE PENBCHl  HAXOAATCS B  BEPTUKAIBHOM  OJHOPOJHOM
MarHuTHOM nosie Ha pacctogHun ¢ =20cm. Ha HHX JI€XKUT CTagbHOU
crepkeHb Macco M = 300 r, mepneHAUKyIApHbIN penbcaM. Koadduiument
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TPEHUsT MEXAy CTepkHeM U penbcamu coctaBisieT 0,2. UToOwbl cTepkeHb
CABHUHYJCSI C MECTa, [0 HEMY HE0OXOJIUMO MPOMyCTUTh TOK cuiot | =40 A,
Onpenenure 3HaY€HNUE UHAYKIIUA MAarHUTHOTO TIOJIS.

10. DIEKTPOH BIETAeT CO CKOPOcThio U =5-10° M/C B OZHOPOZHOE MATHHTHOE
none ¢ wuHAyknued B=14Tn, npuyem ero CKOpOCTb HalpaBieHa
MEePIEHANKYJISIPHO BEKTOPY MAarHuTHOW wWHAYyKIuH. OmnpenenuTe paanyc
OKPYKHOCTH, 110 KOTOPOH OYJET ABUTATHCS DJICKTPOH.

11. [IpoTOH BIETAaeT CO CKOPocThio U =2,5-10° M/c B OAHOPOAHOE MArHHTHOE
noine ¢ wuHaykuweir B =0,8 Tn. CxopocTs »3yeKTpoHa HampaBiieHa
NEPHEHAUKYIIPHO BEKTOPY MArHUTHOM WHAYKUMH. Omnpenenute Mepuo
oOparieHus IpOTOHA BOKPYT MarHUTHOM CUJIOBOW JIMHUMU.

12. DnexTpoH HBWXKETCSI B OJHOPOJHOM MAarHUTHOM TIOJ€ C HMHIYKIHEH
B=0,2Tn mno oxpyxHocTd. OnpenenuTs YIiIOBYID CKOPOCTb BpallEeHUs
AJIEKTPOHA.

13. B HampaBieHuW, NEPHCHAUKYJISIPHOM JIMHUSIM WHAYKIIMH, BJICTACT B
MArHUTHOE MOJe JJEKTPOH co ckopocthio U =10° M/c. Haiiti ungyKuuio
MarHUTHOTO TOJIsA, €CJIU AJIEKTPOH OMHUCAN B 3TOM I0JI€ OKPYKHOCTh PaJInyCOM
I cm.

14. Dnextpon, obmamas ckopocteio 0 =10° M/c, Bieren B OmHOpOAHOE
MarHuTHOE TOJi€ TMEPNEeHAUKYJISIPHO JIMHUAM MAarHUTHOM  WHAYKIUU.
Nunykius wmarautHoro mnonss B=0,1Tn. Onpenenuts HOpMalibHOE W
TaHTEHITUATHFHOE YCKOPEHUS AJICKTPOHA.

15. 3apsbkeHHas 4YacTHIla JIBJKETCS B MArHUTHOM IIOJI€ 1O OKPYXHOCTH
paauycoM R = 4 cM cO CKOpOCTBIO v=0,5-10° m/c. Nuaykuust MarHuTHOTO
nonst B=0,3 Tn. Haiitu 3apsan ( 4YacTULbl, €CJIU U3BECTHO, YTO €€ DHEPTUs
W =12 k3B.

16. B ogHOpOAHOM MarHMUTHOM TII0JI€ TEPHEHAUKYJISIPHO JIHHHSIM MarHUTHOU

WHIYKIIMU ABWKETCS MpsAMON NpoBOAHUK JiauHOM 40 cMm. OmnpeaenuTs cUily
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JlopeHnnia, AEUCTBYIONIYIO Ha CBOOOJHBINA JJIGKTPOH TIPOBOJHUKA, ECIH
BO3HUKAIOIasg Ha €r0 KOHIIAX Pa3HOCTh NOTEHIMAIO0B cocTaBisieT 10 MkB.

17.1lpotoH W @-4acThlla BJIETAIOT B OJHOPOJAHOE MArHUTHOE IIOJIE
MEePIEHANKYJISIPHO JUHUSM MAarHUTHOM WHAYKIIUW. BBIYUCINTH OTHOIICHHE
paAnycoB OKPY>KHOCTEH, KOTOpbI€ OMNHCBHIBAIOT YACTUIIBI, €CIU Yy HHUX
OJIMHAKOBBI: a) CKOPOCTH; 0) SHEPTHH.

18. IIpoToH M @ -4acTHIla BIAETAIOT B OJJHOPOJHOE MAarHUTHOE T0JI€, HATIPABJICHHE
KOTOPOTO MEPINEHIUKYISIPHO K HAINpaBJIEHUIO MX JIBHXKEHHs. Bo CKoONbKO pas
nepuoj oOpaleHus: IPOTOHA B MAarHUTHOM T0Jie O0JIbIle eproa oOpameHus
o -4aCTHUIBI?

19. DnekTpoH, BJETAIOUIMNA B OJHOPOJHOE MArHUTHOE moJie moj yrioMm 60° k
HalMpaBJICHUIO TMOJs, ABMIXKETCS MO BUHTOBOM JMHUU PaguycoM 5 CM C
nepuogom obpamenuss 60 mxc. KakoBa CKOpOCTh 3JE€KTpOHA, HMHIYKIIHS
MarHUTHOTO TOJIsl ¥ I1ar BUHTOBOM JIMHUU?

20. Haiitu otnomenue (/M pm1a 3apsHKEHHOW 4YaCTHULBL, €CIM OHA, BIETas CO

ckopocTeio0 =10° M/C B OZHOPOZHOE MATHHTHOE MONE HAMPSKEHHOCTHIO
H =200 kA/m, nBuxercsa Mo Jyre OKpyKHocTH paguycoM R = 8,3 cwm.
Hampapienne cKOpOCTH IBMIKEHHUS YacTHIBI MEPHCHIWKYISIPHO K Harpas-
JEHUI0O MarHuTHOTO mojs. CpaBHUTH HAWJACHHOE 3HAYCHHE CO 3HAYCHHEM

/M ns 3aeKTpOHA, IPOTOHA M (f ~4aCTHUIIBL.
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IQJIEKTPOMATHUTHAA UHAYKIUA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

IToTok BEKTOpPAa MArHUTHOM MHIYKIIMUA Ye€pe3 IEMEHT NOBEPXHOCTHU dS

d®=B-dS=B-dS-cosa,

rae dS =dS-f - BekTOp, MOAYJIH KOTOPOTO paBeH (S, a HampaBlieHUE COBMAIACT C

—

HOPMAJIBIO 1 K IUTOIIAJIKE, @ - YIOJ MEXAy BekTopamu B u fi.

HOTOK BCKTOpa MaFHHTHOﬁ HMHAYKIIHUHW 9YCPE3 NPONU3BOJIBHYIO TIOBCPXHOCTH S
@ = j B-ds.
S

3aK0H JIEKTPOMArHuTHON MHAVKIIMA Dapajies

PR}
dt

rae & - O.J1.C. unnykuun.

Ilpumepol peuwenus 3aoau

3agauya Nel. [Inockuii KOHTYp € 3alaHHOM IUIOMIAABI0 S  BpAILIAETCS C YIJIOBOM
CKOPOCTBIO @ B OJIHOPOJHOM MarHUTHOM IIOJIE C MHAyKUuEH B Bokpyr ocw,
NEPNEHANKYISIPHOM MarHUTHOMY MOJt0. ONpeAennTh BO3HHUKAKOIIYI0 B KOHTYpE
2. J1.C. ungyKuuu.

aHo:

o;S,;

B.
OnpenenuTs:

&
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Penienue

1. CornacHo onpegenennto, O.J.C. HHAyKUMH ONpenensieTcss H3MEHEHUEM
MarHUTHOTO IOTOKA NoJisi B depe3 3aMKHYTYyH0 IOBEPXHOCTbh S CO BPEMEHEM:
do(t)

UHO dt

2. HaiimeM MarHuTHBIN OTOK:

®= | BdS = | BdScosa(t)= BScosa(t),

s(t) s
rae a(t) — YIoJI MEXIQy BEKTOpaMHU Buifi,rte. yIr'oJI IOBOPOTa a(t) =w-t.

3. Hoxacrapnds 3HauYeHHE yria MOBOpOTa B (OpMyIy JUisi MarHUTHOTO TMOTOKA, W
BBIYMCIIAS IPOU3BOAHYIO 1O BPEMEHM OT 3JTOIO0  BBIPAXKEHUS, MOIYYUM
oKOoHYaTenpHoe 3HaueHue J/]C nnaykumu:

& =w-BSsin(w-t).

Oteer: & =w-BSsin(w-t).

3agaua Ne2. JIBa mapauieNbHBIX METAJUIMUYECKUX CTEPKHS JIEKAT B OJHOPOIHOM
IJIOCKOCTH ¢ O€CKOHEYHBIM IMPSMOJIMHCHHBIM TOKOM | Ha paccTosHHMsSX a u b 1o
OJHY CTOpPOHY OT HETO (a<b). Bnonbs crepxkHEN CKOJIB3UT MEPHEHIUKYISIPHO
IPOBOIHUK AB €O CKOpOCTBIO U II0 HAIpaBICHUIO K CONPOTUBIECHUIO R,, Ha

KOTOPOC 3aMKHYTBHI CTCPIKHHU. HOKaBaTB, 4TO MOHIHOCTbL MHAYKIOHWMOHHOI'O TOKa B

koHType AR, B paBHa MOIIHOCTH CHJI, KOTOpPBIE HA/I0 PUIIOKUTH K IPOBOJHUKY AB

) yTOOBI OH ABUTAJICS PaBHOMCPHO BBCPX.
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dHO!

I:a:;b;
a<b;
R,
Iloka3ars:
P=P.
Pemenue
7]
R,
— 1
I
&y dS
Cﬁ#
A v B
[7)
b
S
x

1. TIlpoognuk AB JABWKETCSI B MarHMTHOM TIOJIE HAMNpsDKEHHOCThIO H,

co3naBaeMbiM TOkOM |. Ilockonpky turomans koHTypa AR,B npu stom

YMCHBIIACTCA, BOBHUKACT U3MCHCHUC MAI'HUTHOT'O IIOTOKA 9Y€PC3 SaMKHYTBIﬁ KOHTYD.

B pesymerate B kKoHType AR B Bo3mukaer O./[.C. MHAyKUMHM U IIOTEYET
MHAYKIUOHHBINA TOK |.. TakuMm oOpa3oM, Ha MPOBOAHUK C TOKOM AB, HaxOAsIUICS

B MarHWTHOM II0JIE€ IPSIMOro ToKa | OyzaeT nelcTBOBaTh cuiia AMIiepa.
2. HamomMHMM, 4TO MarHMTHOE I0JIE IPSIMOIO TOKa MOXET OBITh BBIYHUCIEHO IO
U3BECTHOMY BBIPAKEHHUIO!

|
" 27R’

3. CornacHo npaBuIIy JIEBOM pyKH, cuia AMIiepa, ACHCTByoIIas Ha MPOBOJAHUK AB,
HarpapjieHa IPOTUB CKOPOCTH JABUKEHHUS KOHTYpA.

Bennuuna cuibl AMHCpa OIIPCACIISACTCS BBIPAXKCHHUCM!
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b b
— — . ——— 1.y 4 In=
—ﬁ%hl[ Xdl] i ﬁ%hIF{ dx J ﬂozﬁln ,
rae |, - ”HOYKIMOHHBIN TOK, BO3HUKaOmuil B KoHTYpe AR B, H - HanpsskeHHOCTB

MAar"dMTHOTO I10JIA, CO3JaBa€MOI'0 TOKOM I , BEKTOpP dl HaIrpaBJICH BJOJb TOKa Ii .

4. Jlns Toro, 4yToObl MPOBOAHMK AB JBHUTAJICS PAaBHOMEPHO CO CKOPOCTHIO U,
AeiicTByromas cujga Ammepa JODKHAa OBbITh  ypaBHOBEIIEHAa  HEKOTOPOii

MeXaHu4eckoil cunoii F =F,, HamnpaBlIeHHOW B CTOPOHY JABHMKEHHS IPOBOIHMKA

(BBEpX).
5. MotHoCTh cuiibl AMniepa MOKeT ObITh BBIYUCIIEHA KaK:
.1V, Db
P=F, o=t "2
2 a

6. Haiinem BenmunHy MHIYKIIMOHHOTO TOKa |., TeKyiero B KoHType. 13 3akona Oma
CIIELYeT:

E=1-R,.
C napyroil CTOpPOHBI, BCJIEACTBUE HM3MEHEHUS MArHUTHOIO TIOTOKA BO3HHUKAET

QJICKTPOABUIKYIIAA CHJIA

dd(t
émd == ( ) )
dt
Haitnem MarauTHbIN OTOK YEPE3 KOHTYD:
®= [ BdS = Mol 05
27 4 R

S() S()
Onpenenum sneMenT miomanu B Buge: 0S =dX-dy. CnegosarensHo, MarHUTHBINA

IIOTOK

Y()b
,u dy dX I b

3Hasi MarHUTHBIN MOTOK, MOXHO Haiitu DJ[C kak

él’:_d;():’u_ol.mg.dy—(t):’u_ol.mg.u
dt 2« a dt 21 a

IJI€ U — CKOPOCTH ABMKECHHUS MPOBOAHUKA AB.
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I/ICHOHBBYH 3aKOH OMa, BbIYMCJIMM 3HAYCHNUC MHAYIIHUPOBAHHOI'O TOKA B KOHTYPC:

I
k
2r a
5. C y4eToM BBIYMCIIEHHOI'O 3HAYEHUS MHAYKIMOHHOTO TOKA, BBIPAXKEHHE ISl €T0
MOIIIHOCTH COTJIACHO 3aKOHY Jlxoyis-JIeHna nmeer BUa:
212,.2 2 212, .2 2
I “v b I “v b
P=1?R =20 [In=] .R,=£2 " [In2|.
(27[R0) a (27[) R,\ @
6. C apyroii CTOPOHBI, MOIIIHOCTh MEXaHUYECKON CHIIbI, IEHCTBYIOMIEH HAa KOHTYD:
2
212,.2 b
[“v°| In—= 2
Hy a) ,ng| 2,2 b

P= = > In
227 - R, (27;) R, a

7. Takum oOGpazoMm, P =P, uTto u TpeboBanoch J0Ka3aTh.

Otser: P=P.

3ATAYN

1. B oaHOopogHOE MarHUTHOE moJie HampsbkeHHOCThio H =100 kA/M momernieHa
KBaZpaTHasi pamka co ctopoHord 10 cm. IImoCKOCTh paMKu COCTaBIIET C
HaIMpaBJICHUEM MarHUTHOro mojs yron « =60°. OmpemnenuTs MarHUTHBIA
NOTOK, TPOHU3BIBAKOLIUN PAMKY.

2. B omHOll mocKOoCTH C O€CKOHEUHBIM MPSMOJIUHEHHBIM MPOBOJIOM C TOKOM
| =20 A pacnonioxeHa KBajapaTHas paMKa CO CTOPOHOM, JJIMHA KOTOPOM
a=20 cMm, npuyueM JIBe CTOPOHBI PaMKHU MapajuiebHbl IPOBOY, a PACCTOSTHUE
OT mpoBoJa 10 OimXkailliel CTOpPOHBI paMKH paBHO 5 cM. Omnpenenuthb
MAarHUTHBIN MTOTOK, MPOHU3BIBAIOIINNA PAMKY.

3. B marnutHOM moisie, uHayKuus kotoporo B =0,05 T, Bpamaercs crepx eHb
mmHoM 1 M. Ochk BpallleHHs, TPOXOoAsdIlas 4epe3 OJUH U3 KOHIIOB CTEpIKHS,
Mapajuie/ibHa HAIPABJICHUIO MAarHUTHOro noss. HaWtu marnutHbld noTtok O,

nepeceKaeMblil CTEPIKHEM MPU KaxX0M 000poTe.
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[TpsimoyronbHast paMka, cToponbl kotopord a=10 cm u b =15 cMm, Bpamaercs

B OJHOPOZHOM MATHHUTHOM II0JI€ C 9acToToif V =4 C ™. Och BpAIICHHS PAMKH
HaXOJMTCA B €€ IJIOCKOCTH M MEPHEHANKYIISIPHA K HAIPABICHUIO MAarHUTHOTO
nonst. HampsokenHocts  MarHutHoro moiss  H =80 kA/m. 3anumwre
3aBUCUMOCTh MarHUTHOTO MOTOKa P, MPOHU3BIBAIOIIETO PAMKY, OT BpEMEHH t
U OIpe/IeTINTe HanOoJbIllee 3HaYeHNE STOTO MATHUTHOTO TTOTOKA.

Konpio w3 adioMHHHEBOTO MPOBOAA IMOMEIIEHO B MAarHUTHOE IIOJIE
MEePIEHANKYJISIPHO JIMHUSIM MarHUTHOW WHAYKIUH. /[uamerp kosbima R = 30
cM, auamerp mnpoBoga D=2 wmm. Onpeneautb CKOPOCTb H3MEHEHHUS

MAarHUTHOTIO IOJI, €CJIM TOK B KoJbLe | =1 A.

KpyroBoii mpoBoiouHblii BHTOK mmiomagpio S =10 cM°  HaxomuTcs B
OJTHOPOJTHOM MAarHUTHOM Tiojie, MHAyKus kotoporo B =0,8 Tn. [Tnockocts
BUTKA MEPIEHANKYIISIPHA K HAIIPABJICHUIO MarHUTHOTO ToJisi. HaiiTu cpenHioro
O/IC mHAayKIMY, BO3HUKAIONIYIO B BUTKE MPU BHIKIIOYEHUU TIOJS B TCUCHUE
BpeMeHu t =15 mc.

B marauTHOE moJie, u3MEHSoIIeecs M0 3aKOHY B(t) = 0,5COS(4t), [IOMEIEeHA

KBaJpaTHas paMka co cropoHoid a=80cMm, mpuyeM HOpMaidb K paMKe
obOpasyet ¢ HampasienueM mojs yron o =30°. Onpenenuts DJIC uHAyKIIHH,

BO3HUKAIOIIYIO B paMKE B MOMEHT BpeMeHu 1 =5 C.

CrepxeHb jmuHOM 70 CM Bpamiaercss ¢ 4acTtotoii v =2C' BOKPYT OCH,
MPOXOJSIIEH Yepe3 €ero KOHEL M MNEPIEeHIUKYJISIPHOM K HalpaBIICHUIO
OJIHOPOAHOTO MarHuTHoro mnojs c¢ wuHAyknuer B=0,1Txa. Onpenenuts
BO3HHKAIOIIYIO Ha KOHIAX cTepxkHsa D/JIC naaykuuu.

['opr3oHTaNBHBIN CTEPKEHD JIMHOM ¢ =1 M BpalaeTcs BOKPYT BEPTUKAIBHOU
OCH, NMPOXOAAIIEH Yepe3 OAMH M3 ero KOHUOB. OCh BpallleHHs MapasuleiibHa
MarHuTHOMY NOJIIO, MHAyKUUs Kotoporo B =5wmTn. Ilpu kakoil uacrore
BpAlllCHUsI CTEP>KHSA Pa3HOCTh MOTEHIIMAIIOB Ha KOHIIAX 3TOTO CTEPKHs Oynaer

coctaBidaTh 1 MB?
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10. B ogHOpOAHOM MarHWTHOM II0JIE PAaBHOMEPHO BpAaIIaeTCs MPsIMOYTOJIbHAs

pamKka ¢ gactoroii v =600 MuH. AMIUIHTYa HHAYIHpyeMoii B pamke IJIC
cocrapnsier E = 3 B. Onpenennth MakCHMalbHBI MarHUTHBIN TOTOK 4Yepe3
pamKy.

11. TInockocTh MPOBONOYHOrO BUTKA Miomansio S =100 cM® u conpoTHBICHHEM
R =5 OM, HaxonsIerocss B OJHOPOIHOM MAarHUTHOM IOJI€ HANPSKEHHOCTHIO
H =50 kA/M, mneprneHauKylIspHAa JUHUSIM MarHUTHONM wuHAyKuu. [lpu
MOBOPOTE BUTKA B MAarHUTHOM TIOJI€, 3apsil, MPOIIEIIIHIA 110 BUTKY, COCTABIISET
Q =20 mxKun . Onpenennts yros moBopora BUTKA.

12. B ogHoponHoe wmarHutHoe mojie ¢ uHayknued B=0,3 Tm, nomemena
NpSIMOYTOJIbHAs paMKa C TIOJBMKHOW CTOPOHOMU, MiMHA KOTOpod ¢ =15cm.
Onpenenute 3/]C uMHAYKIMM, BO3HUKAIOUIEH B paMKe, €CJIM €€ MOJIBHXKHAas
CTOpPOHA TEPEMEIIACTCs TEPIECHANKYIISIPHO JTHHUSIM MAarHUTHOW WHAYKIIMH CO
ckopocTtbio v =10 cm/c.

13. /Iea mapainenbHbIX METAUNIMYECKUX CTEPXKHA Jie)KaT B OJHOPOJHOM
TUTOCKOCTH ¢ OECKOHEYHBIM NPSIMOJIMHEHHBIM TOKOM | =3 A Ha paccTosHUAX
a=10cm m b=30cm mo oany cropoHy ot Hero (cM. pucyHok). [To 3Tum
CTEP)KHSM CKOJB3UT MNpoBOoAHMK AB co ckopocteto v =15Cm/c 1o

HAMpaBJICHUIO K CONMPOTUBIEHUIO R, =4 OM, Ha KOTOPOE 3aMKHYTHI CTEPKHH.

Haittu cuity Toka B KOHTYpe AR,B.

RU
H Tl
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KOJIEBAHUSA U BOJIHBI

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

Ypasnenue capmonuueckux KoneOanul

x = Acos(awt +¢,),

r1e X - CMeIIEHHE KOJEOIIOMmelcss BEeIMUUHBI OT TOJIOKEHUS paBHOBecHs, A -

aMILIUTYy da KOJ'IC6aHI/I}I, @ - NUKJIMYECKasd 4acToTa, ¢, - HadaJIbHasl (‘pasa.

CK‘ODOCI’I’lb U YCKOPDEHUE moUKU, coeepma}omeﬁ CAPMOHUYEeCKue Konebanus

Codt dt  dt?’

dt
Kunemuueckas snepeus KO]Z€6JHOW€ZZC}Z MOYKU Maccou M

mUZ 2 2

m .
W, = > = 2a) sin’ (ot + ¢).

HOWleHuuaﬂbHaﬂ IHEePUs KO]Z€6]ZIOW€LR’)Z MOYKU MACcol M

2 2
W :mATa)cosz(a)H(po).

n

Tlonnas snepausi korebaowencs moyky maccon m

2 2
E=w, +w, =AY

ﬂu(bd)BDBHuUdJleOé VYpPAaeHEHUEe c680000HbIX 2APMOHUUECKUX

KoJlebanuil

MAMePUAIbHOU MOYKU MACCOU M

X+ w’x=0,
rne @=2x /T -49acrora konebanuid, T - mepuo KOJICOAHUH.

H€DU00 KOJIeOAHUL MAMEeMAMUYECKO20 MASMHUKA

T=2x L,

9

rae | - qmuHa MasiTHUKA, § - YCKOPEHUE CBOOOIHOTO A ICHHS.

Ilepuoo konebanui huzuuecko2o Masmuuxka
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T=2x J
mgd

rae J - MOMEHT WHEPIIMU MasTHUKAa OTHOCUTEIBLHO OCH KoJieOaHui, M - ero macca,
d - paccrosiHue OT TOYKH IOJBECa J0 IICHTPa MacC MasiTHUKA.

IIlpuseoennas onuna huzuuecko2o MasmHuxKa

_J
" md’

AMngumyda pe3viibmupyroue20 KOJZ€5CZHI/[}Z, BO3HUKAIOWEe20 npu_CJHloHCEeHUU deyx

2APMOHUHYECKUX KOoeOanuLl 00H020 HanpaeJjlerusi

A=A*+ A2 +2A A COSAQ,

rie A - amMIumMTyAa nepBoro kojeOaHus, A, - aMIUIMTyJa BTOPOro KojeOaHus,

Ap =@, — @y, - PA3HOCTb HAYAIBHBIX (Da3 CKIIAABIBAEMBIX KOJIECOAHUI.

Hauanvnas d)d&’(l pe3vibmupyroue2o Konebanus

_ Asingy, + A,sing,,

t .
e A cos g, + A, COS ¢,
llepuoo buenuii
T =27
Aw

rne Aw = m, — @, - pa3HOCTb YaCTOT CKJIAJbIBAEMbIX KOJIEOAHUI.
Amnaumyoa OueHull npu CloAHCeHUU 08yxX KOaeOaHul 0OUHAKOBOU aMNaumyosl A

A = ‘ZACOS%'[‘.

Ypasnenue mpaexmopuu 08UDICeHUs. MOYKU, VUACMBYIOUel 8 OGVX 63AUMHO

I’lel?l’leHauKV]Z}ZDHle KOJIeOAHUAX 0OUHAKOBOU YACHOMbl

2 2

X" 2X :
—2+—ycosA(p+y—2:sm2A¢,

A° AB B

rie A U B - aMIuIMTyzABl CKIIaABIBAEMBIX KOJe€OaHUU, A@ =@y, — @, - Pa3HOCTb UX

HaYaIbHBIX (a3.
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Ipumepwvl peurenusn 3a0au

3agaua Nel. Ousndeckuii MasSTHUK MPEACTaBIAET COOOM cTep:keHb aauHon | =2 M,

COBepIIAIONINKA KoJeOaHus BOKPYr ocH, oTcrosiieil Ha 30 ¢cM OT BepXHEro KOHIA

cTepkHs. OnpeaenuTs nepuoj KojiedbaHui MasTHUKA U €r0 MPUBEICHHYIO JITUHY.

aHo:
|=2wMm;
a=30cm=0,3 M.
OnpenenuTs:

T: 1

np*
Pemenue

1. Bemmosnnum pucyHok. O6o3Haunm paccrosinue AO OT BEpXHEro

KOHIIA cTepkHst 10 ocu moxseca (AO =a), OC - or ToukH moaBeca
1o tientpa Mace crepxast (OC =d).

2. Jlns ompenesieHus nepuoja KojieOaHW HEOOXOIUMO BBIUHUCIUTH
CHayajga MOMEHT MHEPLHH CTEPKHSI OTHOCUTEIIBHO OcH mojaBeca. Jliis

ATOro BocmojibdyeMmcs teopemoit LlTerinepa:

J=J,+md?,
1
rae J, :Emlz - MOMEHT WHEpPIIMU CTEPIKHS OTHOCUTEIIHLHO IEHTpa

MaccC, paCCTOAHNUC

d:AC—AO:IE—a.

Takum 00pa3oM, MOMEHT UHEPIIMU CTEPHKHS:

1, IV 1,
J=—ml*+m|——a| ==ml +ma(a—|).
12 2 3

3. [lepuox xonebanuii HpU3NMUECKOTO MAsITHHUKA!

T=2x L .
mgd
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[ToncTaBuM B BBIpaKeHUE JIJIS IEPHOA MOMEHT HHEPIIMH CTEPIKHS U paccTosiHue d !

1mI2+ma(a—I) 1I2+a(a—l)
T=2rx 3 =27 3

ol Vol

4. BpluncauM NpUBEACHHYIO JNIMHY MasiTHUKA:

T=22c.

;mlz+ma(a—l) ;I2+a(a—l)

| = J _ =
np_md_ I - I
ml - -a —-a
) e
Inpz1,18M.
OtBer: T~2,2¢c; | ~118m.

np

3agauya Ne2. Touka OJJHOBPEMEHHO y4acTBYET B JBYX B3aMMHO MEPHEHIUKYISIPHBIX
KOJICOAHMSIX, TPOUCXOISIINX 0 3aKOHAM:

X =cosrt,
y = COS =t
St

Onpenenuth ypaBHEHUE TPACKTOPUU TOUKH.
aHo:
X =cos rt,

y =cos’t.
2

OnpeneanTsb:

y(X).

Pemienue
1. Jlng Toro 4TOOBI ONPEACIUTHh TPACKTOPHUIO IABMIKEHUS TOYKH, HEOOXOIMMO U3
3a/IaHHBIX 3aKOHOB KoJieOaHWN UCKIIOYUThL Bpems. lIpeoOpasyem ypaBHeHUE
JBUKEHHUS BJIOJIb OCH X , UCIIOJIb3YSl TPUTOHOMETPUYECKOE BBIPAXKECHUE JJI1 KOCUHYCA

IBOWHOTO yria. Toraa noiyyum:
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T . T T T T
X = C0szt = C0s° —t —sin*=t =cos®* =t —| 1—cos®* =t |=2cos* =t —1.
2 2 2 2 2
T
2. B MHONyYeHHOM BBHIPAKEHHH HPUCYTCTBYeT uieH COS’ Et , HO BMECTE€ C TeM
T
y = COS Et , 3HAYNUT

2 2 T
=C0S" —t.
y 2

3. Bemomuss MMOACTAHOBKY, ITOJIYUHNM:

X= ZCOSZ%t—lz 2y*—1.Otkyna y = XTH :

OTtBer: Yy = XTH

3AJAYN

I'apmoHuyeckne KoIe0aHUSI MATEPHATbHOH TOYKH

1. KonebarenbHOE IBH>XKEHUE MATEPUATIBHOW TOUYKH 33J]aHO YPaBHEHUEM

x:25in£ t+1 .
2 2

Onpenenuts aMILTUTYAY, IEPUOJ], HAYAIbHYIO (pa3y, MaKCUMAJIbHYIO0 CKOPOCTh
1 MaKCUMAaJIbHOE YCKOPEHHE KOoJieOaHusl.

2. MarepuanpHas Touka Maccoi (.2 Kr coBepiaeT KojaeOaHusi mo 3aK0HY
/4
X = 0.08005(207zt + Zj :

Hanucatpe ypaBHEHHsI AJiE CKOPOCTHM TOYKH, €€ YCKOPEHHUS U JICUCTBYIOIIEH
CUJIBI, @ TAKXKE OMPEACIUTh AMIUIUTYAHbIC 3HAUCHUS ITUX BEJIMYHUH.

3. Marepuansnas Touka maccoii 0.1 Kr coBepiaet kojiebaHus 110 3aKOHY

X = 0.03cos(57zt + %j .
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Haiitn xnHETU4ECKYI0, MOTEHIMAIBHYIO U ITOJIHYI0 SHEPTUIO OCLHUILIATOPA.

KonebarenbHoOe ABMKEHUE MAaTEPUAIBHON TOUKH 334a€TCSl YPABHEHUEM

x:7ﬁn(£¢}
4

Onpenenuth, 3a Kakoe BpEMs MATEPUAIBHOW TOYKH MPOXOJHUT MYTh OT
TIOJIOKEHHS] PABHOBECHS JO MAKCUMAJIBHOIO CMEILICHUSL.
CkopocTh MaTepHabHOW TOYKH, COBEPIIAONICH rapMOHUYECKUE KOJeOaHus,
3a/1a€TCS1 YPABHEHUEM

L= —6Sin(27zt) :
3anucarb 3aBUCUMOCTb CMEIIICHUS 3TOM TOUKU OT BPEMEHHU.
MarepuanbHas TOUKa COBEpIIAECT KOJIeOaHUsI COTJIACHO YPaBHEHHUIO

X=Asinot.

B kakoli-TO MOMEHT BpeMeHU cMeleHue Touku X, =15 cm. Ilpu Bo3pacranun
¢da3pl KojeOaHMIl B JBa pa3a CMEILIEHHE OKa3aloCh PaBHBIM X, =24 cM.

Omnpenenuts aMIUTUTYAY KOJIeOaHMiA.

AMmunTyia KojaebaHui mMaTepuaibHOM TOYKM Maccod M = 20 r paBHa 5 cwM,
nepuoj; kojebaHuid paBeH 5 c¢. Hailtu 3HaueHHe CKOPOCTH, YCKOPEHUS,
BO3BpalIAIOLIECd CHJIbI U KUHETUYECKOW SHEPruy TOYKHU JJII MOMEHTa, KOTa
(haza konebanus papHa 60°.

MatepuanbHas TOUKa, COBEPILIAIONIAsi TAPMOHUYECKUE KOIeOaHUsI C 4aCTOTON
5 T'u, B MOMeHT BpeMmeHu t = 0 NOpPOXOAMUT IMOJOKEHHUE, OIMpPEAECIIEMOE

KoopamHaToli X, =15cM, co ckopocThio v, =25 cMm/c. Onpeneauts amii-
0 0

JTUTYTy KOJIEOaHUH.

MatepuanbpHasi TOUKa COBEpIIAET rapMOHUYECcKoe KosebaHue ¢ nepuogom T =
2 ¢, ammummtyaod A = 50 mMm, U HavanbHOM (azol paBHOW Hymwo. Haitu
CKOPOCTh TOYKM B MOMEHT BPEMEHH, KOTJa €€ CMEIICHHE OT IMOJOKECHUS

paBHOBecHUs OyIEeT COCTaBIATh 25 MM.

10. MarepuasibHasi TOUKa COBEPILIAET TAPMOHUYECKOE KosieOaHue ¢ mepuoom 24

C M HaudaJgbHOU (pa3oi, paBHOU Hyr0. Uepes Kakoe BpeMs, CUUTasi OT Hadaja
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JBYDKEHUS, BEJIMYMHA CMEIICHUS TOYKH OT TIOJIOKCHHS paBHOBECHS OyaeT
paBHa MOJIOBUHE aMILIUTY/IbI.

11. MarepuasibHasi TOYKa COBEpIIAET TApMOHMYECKOE KojebaHue ¢ HadajabHOM
¢azoii, paBHO#l Hymt0. M3BECTHO, UTO MPHU CMEIICHUM TOYKH OT TOJIOKCHUS
paBHOBecHs Ha 2,4 CM €€ CKOPOCTh COCTaBJsieT 3 cM/C. A TIPU CMEIICHUH OT
MOJIOKEHUST paBHOBECHsS Ha 2,8 CM CKOPOCTh CTaHOBUTCS paBHOWM 2 cM/C.
Onpenenutb aMILIUTY Ty ¥ TIEPUOJ] KOJIeOaHuUs.

12. Onpenenuth, 4epe3 Kakyw JOJI0 IMepUojia CKOPOCTh TOYKH OyAeT paBHa
MOJIOBUHE €€ MaKCHUMaJlbHOW cKopocTu. HadanpHyro (a3zy rapMOHHYECKOTO
KOJIeOaHUs IPUHSITH PABHOW HYIIIO.

13. B HayanbHBIN MOMEHT BPEMEHHU CMEILIEHUE YaCTUIIbI paBHO 4.3 CM, a CKOPOCTh
paBHa —3.2 M/c. Macca yacTuilsl 4 kr, ee nosHas 3Heprus 79.5 JIx. Hanucats
3aKOH KOJIeOaHUsI M ONPEICTUTh MyTh, POMACHHBIN yacTulei 3a 0.4 c.

14. HanmucaTh 3aKOH TapMOHUYECKOTO KoJieOaHMs, €CIU H3BECTHO, YTO
MAKCHMAalbHOE YCKOPCHHE MATEpPHAIbHON TOYKM cocTaBusier 98,6 cm/c’,
nepuoa kosniebanud T = 1 ¢, U B Ha4YaJIbHBIH MOMEHT BPEMEHU CMEIICHHE
TOYKH OT IOJIOKEHUS paBHOBecUs paBHO 20 cM.

15. Hanucath ypaBHEHHE TapMOHHYECKOTO KOJI€OaHWS MaTepUaIbHOM TOUKH C
ammuutyaou 15 cm, ecim 3a Bpems t = 80 ¢ oHa coBepmaer 200 MOJHBIX
konebanuii. MI3BecTHO, 4TO HavanbHas (a3a konebanwms 45°.

16. [lonHast sHeprusi rapMOHUYECKH KoJieOmromnieiics Touku paBHa 10 m/lx, a
MakKcuMalbHas cuia, JeWcTByromas Ha Touky, paBHa 0,5 H. Hamwmcars
ypaBHEHUE NBMXKCHUS 3TON TOYKHU, €CJIA TIEPHOJ] KOJieOaHU TOYKH paBeH 4 c,

a HayasibHas Qaza 30°.

MaremaTuyeckui M (pusHIeCKUl MAATHUKH

1. Marematuueckuii MasTHUK JiuHOM 30 cM OTKJIOHWIM Ha yroa 4° u
oTnycTiin. HalTh KUHETMYECKYI0 PHEPrHI0 MasiTHUKA U €€ aMIUIUTYJIHOE

3HA4YCHHUC.
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2. Marematnueckuii MasTHUK JyiMHOW 1 M konebnercs ¢ ammumrynoi 1 cm. 3a
Kakoe BpeMs OH MPOUJET MyTh B | CM, €CJIM HAYHET JBHKCHUE U3 MOJIOKEHUS
paBHOBecus? 3a Kakoe BpeMsl OH MPOUJIET: a) MEePBYIO MOJOBUHY ATOTO MYTH;
0) BTOPYIO MOJIOBUHY 3TOTO MyTH?

3. AMIUIMTYyAa TapMOHMYECKUX KOJEOAHMIl MaTeMaTH4YeCKOro MasiTHUKa 6 CM.
Kakyio wyacTe mnepuosa Tpy3 MasTHUKAa HAXOAUTCS HE Janee 3 cM OT
MIOJIOKEHUSI PABHOBECHS?

4, MareMaTH4eCKUM MasTHUK JUIMHOM 2 M COBEpIIAeT TapMOHUYECKOE
KonebarenbHoe aBvxkeHue. [lomnas sHeprusi ocmuiaropa paBHa 20 mJIx;
MaKCHUMallbHasi CuJja, JeWCTBylollas Ha Hero, paBHa 2 H. Hamucars 3akon
KoJieOaHus MATHHKA, €CITH HavajbHas (a3a koyiebaHuit coctasnser 7 /3.

5. Kak m3menutcs mepuoj; KoyieOaHWN MaTEMaTUYECKOTO MAasTHHUKA, €CIH €To
IMOMECTHTb B TH(T, IBIKYIIHICSA BEPTHKAIBHO BBEPX C YCKOpeHneM 4.9 m/c??

6. W3BecTHO, YTO JUIMHBI ABYX MAaTEMaTUYECKUX MAasSTHUKOB OTJIMYAIOTCS Ha 8§

cMm. IlepBblit MagTHUK coBepiaeT N, =10 koneGaHMii, a BTOPOH 3a TO ke BpeMs
N, =6 xonebanuii. Onpenenure JIMHBL 3TUX MAasITHUKOB.

/. VI3BeCTHO, UTO JUIMHBI IBYX MATEMAaTUYECKUX MAasSTHUKOB OJMHAKOBOW MacChl
oTnMyaroTcs B 2 pasa. llpu 3TOM MasSTHUKU COBEpIIAOT KOJIEOAHUS C
OJIMHAKOBBIMM YTJIOBBIMU aMIUIUTynamMu. Onpeaenute, Kakoil U3 MasTHUKOB
oOnaznaeT O0JbIIEH SHEPTUEH U BO CKOJIBKO pa3.

8. MasTHuKOBbIE Yachl UIYT Ha MOBEPXHOCTH 3eMiM ToyHO. Ha ckojbko OHU
OTCTaHyT 3a CYTKH, €CJIM UX MOJHATh Ha COTBIM 3Ta» BBICOTHOTO JoMa?
Bricora aTaxa 3 m.

9. Cros Ha BepIIMHE TOPHI, ATBIIMHUCT OOHAPYKWII, YTO €T0 MAsSTHUKOBBIE YaChl
3a yac OTCTAJIM Ha IATh CeKyH. Onpenenure BHICOTY, HA KOTOPOW HAXOIMUIICS
anpnuHuCT. Paguyc 3emiin npuHATh paBHBIM R = 6400 kM.

10. Ilepuon MasTHUKA, MOKOAIIETOCS OTHOCUTEIHLHO 36MHOW MOBEPXHOCTH, PaBCH
1.5 c. KakoB Oyner ero mnepuoj, €cid MOMECTUTh MAasSTHHUK B BaroH,
JIBWKYIIMHACS TOPU3OHTAIBLHO C YyCKopeHuem 4.9 M/c?? Ha kakoii yToJl

CMCCTHUTBLCA ITOJIOKCHUC PABHOBCCHA MasiTHUKa?
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11. J/IBa MaTeMaTH4YECKUX MasTHUKA JJIUHOU ¢ =1 M KaKIbIM CBSI3aHBI HEBECOMOM
npyxuHoit ¢ xectkocThio K =300 H/M. Ha pucyHke moka3aHo IMOJIOKEHHUE
paBHOBecUsI CHCTeMbl. MasTHUKU OTKJIOHSIOT B IJIOCKOCTH pPHUCYHKa Ha
OJIMHAKOBBIE YTJBI W OTIyCKalT. Omnpenenute MEpHoj] MaJbIX KOJeOaHMiA
CBA3aHHBIX MAaATHHUKOB, €CJIM MAaATHUKH OTKJIOHEHbI B OJIHY CTOpPOHY
(kosebanus B ofHOM (ase).

12. JIea MaremMaTH4eCKMX MAasTHHUKA [JIMHOM (=2 M KaKIbI CBSI3aHBI
HeBeCOMOW TpyKuHOU ¢ kecTkocThio K =800 H/mM. Ha pucyHke mokazaHo
MOJIOKEHUE PABHOBECUS CHUCTEMBI. MAaSsTHUKA OTKJIOHSIOT B IIJIOCKOCTH
pUCYHKA Ha OJIMHAKOBBIC YIIBI U OTHycKaroT. Ompeaenure MEpPHoJ Majblx
KOJIeOaHWl  CBSI3aHHBIX  MAsTHUKOB, €CJIM  MAasSTHUKU OTKJIOHEHBI B

MIPOTHUBOIIOJIOKHBIE CTOPOHBI (KOJIeOaHUs B MPOTHBOGA3e).

LU L

k

13. OnHOpOAHBIA  CTEpPKEHb JJIMHOW (=2 M KOJEOJeTCS OKOJO  OCH,
MIPOXOJISIIICH Yepe3 ero KoHem. HaiiTu mepuon koyie0aHWUi W TPHUBEACHHYIO
JUTMHY 3TOTO MasiTHUKA.

14. Onnoponnblii  guck auamerpom D =60cm konebnercs oOKoJio ocH,
MIPOXOJISIIICH Yepe3 cepeauHy ero paamyca. HaiiTu mepuopn kojebaHUi H
NPUBEICHHYIO UTMHY ATOT'0 MasTHUKA.

15. OgHopoanbiiit nuck paaumycoM R = 20 cM koiebaeTcs OKOJI0 TOPU30HTATBLHOM
OCH, MPOXOAAUIe Ha paccTosHUM ¢ =15cMm oOT meHtpa aucka. Onpenenutsb
nepuoja KojaebaHui AUCKa OTHOCUTEIFHO ATOU OCH.

16. Tonkuit 06pyu paguycom R = 50 cm mozBerieH Ha BOUTHIN B CTEHY TBO3/b U
KoieOneTcss B ITUIOCKOCTH, TMapauienbHONW cTeHe. OmnpenenuTts Mepuo

KoJebaHuii 0opyya.
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17. OgHOpOAHBIN CTEPKEHb KOJIEOIETCSl OKOJIO OCH, oTcTosime Ha 10 cM oT ero
BepxHero koHrma. [lepuon komebanuii 3TOoro mMastHuka paBeH 1.8 c¢. Haittu
JUIMHY CTEP>KHSI U IPUBEICHHYIO IJIMHY ATOTO MasTHUKA.

18. Tonkuii onHOpOAHBIN cTepxkeHb anuHoW ¢ =80cM MOXeT CBOOOIHO
BpalLlaThCsl BOKPYT TOPU3OHTAJIBHONW OCH, MPOXOJAIIEH Yepe3 BEPXHUN KOHEI

crepkHA. CTepaKeHb OTKIOHWIM Ha yron o, =0,01 pag u B MOMEHT BpeMeHU
t,=0 ornyctunu. Cumras KoyeOaHHS MalbIMU, OIPEACIUTh MEPUOJ
KoJie0aHuM CTepXKHS U 3amucaTh QyHKIUIO a(t).

19. ®usuyeckuii MaITHUK TPEACTABIACT COOOM TOHKUU OJHOPOIHBIN CTEPKEHB
mHOM 35 cM. OnpenenuTh, Ha KAKOM PacCTOSIHUM OT L[EHTpPa Macc JIOJLKHA
OBITh TOYKA MOJIBECA, YTOOBI YACTOTA KOJICOAHUN Obllla MAKCUMAILHOM.

20. duznveckii MasTHUK COCTOUT U3 CTEPXKHA AsmHOM 60 cM u Maccoit 0.5 kr u
IUCKa paguycoM 3 ¢M U maccoi 0.6 Kr, IPUKPEIIEHHOTO K HUKHEMY KOHILY
cTepkHsI. MasSTHUK COBEpIIaeT KOJeOaHUs OKOJIO OCH, MPOXOASIIEH dYepes

BEPXHUU KOHel cTepxHs. OnpenenuTs nepuoj KojedaHuii TaKoro MasiTHUKA.

_Cym

21. Mastauk coctouT u3 crepxHsi /=30cm, m = 50 r, HAa BEpXHEM KOHIIE
KOTOPOTO YKPEIUIEH MaJIeHbKHI IapUK - MaTepralibHasl Touka Maccoit m; = 40
I, Had HIJKHEM — IIapuK paguycoM =5 cMm u Maccoil M = 100 r. Onpenenursb
nepuo KoyiedaHus 3TOro MasiTHUKA OKOJIO TOPU3OHTAIBbHONW OCH, POXOASILEH

yepe3 Touky O B IEHTpe CTePHKHS (CM. pUCYHOK).
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Caoxenue kosieoanuii. buenus

1. JIBa OnMHAKOBO HAIPaBICHHBIX T'aPMOHUYECKUX KOJEOaHUS OJUHAKOBOTO
nepuona ¢ ammumtygamu A =4cv u A, =8cM wuMeT pa3HOCTH (a3
@ =45°. OnpeaenuTs aMIUIUTYly PE3yIbTUPYIONIEr0 KoJIeOaHusl.

2. AMIUTUTYAA pe3yJbTUPYIONIET0 KOJeOaHMs, MOJYyUYaroIIerocss MpU CIOXKEHUU
JIBYX OJIMHAKOBO HAIpPaBJICHHBIX TapMOHMYECKUX KOJeOaHU OJIMHAKOBOU
94aCcTOTHI, 00IaaroIMX pa3HOCThIO (pa3 @ =60°, paHa A=6 cm . OnpenenuTsb
amMIuuTyny A, BTOporo konebaHus, eciiu A =5 cM.

3. Onpenenuth pa3HOCTH (Da3 ABYX OAMHAKOBO HAMPABICHHBIX TapMOHHYECKUX
KoJIeOaHUN OJMHAKOBBIX YAacCTOThl M AaMIUTUTYABI, €CIH aMIUIUTyAa UuX
PE3yNBTUPYIOLIETO KOJeOaHUs paBHA YETHIPEM aMIUIUTYIaM CKJIaJbIBa€MbIX
KOJIeOaHu .

4. Pa3HocTh (ha3 ABYX OJMHAKOBO HAIPABICHHBIX T'APMOHUYECKUX KOJeOaHUU
OJIMHAKOBOTO mepuona 1 =4C u oauHakoBol amMmruTyasl A=16 cm
cocrapnsier 7 /4. Hamucarte ypaBHEHHWE MABHXKCHHUS, IOJNYYarOMErocs B
pe3ynbTaTe CIOKEHUS 3TUX KOJeOaHUi, eciii HadaidbHas (pa3a OAHOTO U3 HHUX
paBHa HYJIIO.

5. CH0XHUTh aHAJIUTUYECKH M C TOMOLIbI0 BEKTOPHOW JUarpamMMbl JBa
KoJeOaHus:

X, =3sin(6t+7/4) u x,=4sin(6t—xz/4).
Haiitu aMIunTy 1y CKOpOCTH pe3yIbTUPYIOLIETO KOIeOaHMUs.

6. CxiagpiBatoTCsi JBa TapMOHUYECKHX KOJI€OaHMsS OJHOTO HamlpaBiiCHUS,

OIHCHIBAEMBIX YPaBHEHUSIMU

x, =3cos(2zt) u X, =9cos(2zt + 7z /4).
Onpenenutsb Ui pe3yiabTUPYIOLIEro KoieOanus: 1) aMmunTyay; 2) HayaibHYyIO
¢dazy. 3ammcaTh ypaBHEHHE pPE3YJIBTHPYIOMIETO KOJCOaHUS W TIPEICTABHUTH
BEKTOPHYIO JHarpaMMy CIO0KEHUS aMIUIUTY.
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/. HaiiTu pe3ynbTUPYIOIIYIO aMIUIUTYAy U (pa3y CyMMapHOTo KoyieOaHus:
x = Acosot + ~cos| ot + 7 |+ écos(a)t +77) +Aeos| at+27 .
2 2) 4 8 2

8. Touka ydacTByeT OJHOBPEMEHHO B JIBYX KOJICOAHUSX OJHOTO HAIpaBIICHUS,
KOTOpPBIE IIPOUCXOIAT 110 3aKOHAM

X, =acoswt u X, =acos2wt.

Haiitn MmakcuManpHy0 CKOPOCTb TOYKH.
9. buenus nmomnydaroTcs MpH CIOKEHUU ABYX KOJICOaHHI:

X, =€0s49997tu X, =c0s5001xrt.

Haiitu nepuo GueHuid.

10. YacToTs! KOJI€OaHUH ABYX OJHOBPEMEHHO 3BYyYalIUX KAMEPTOHOB HACTPOCHHI,
COOTBETCTBEHHO, Ha 560 u 560.5 I't. OnpeaenuTs nepuoa OUCHUIA.

11. Tlpu croxeHUH [ABYX TapMOHMYECKUX KOJIEOaHHM OJHOTO HAampaBiICHHUS
pe3yAbTUpYIOIIee KOJeOaHNE TOUKU UMEET BUJ]

x = 2cos(2,1t)-cos(50,0t),

rie t — Bpemsa B cexkyHaax. HailTu KpyroBble 4acTOThI CKJIAJbIBAEMBIX
Kosie0aHui u nepuoj OueHu.

12. «3aitynk» KoJieOJaeTCs TapMOHHUYECKH C HEKOTOpPOW HEHW3MEHHOW YacTOTOM
OTHOCHUTENBHO IIKAJIBI, KOTOPas B CBOIO OYEPENb COBEPIIAECT FAPMOHUYECKHUE
KojeOaHusi MO OTHOIICHHIO K cTeHke. O0a koneGaHUs MPOUCXOIAT BIOJb

OJIHOTO U TOrO € HarpasyeHus. [Ipu yactorax konebanuii mkansl v, = 20 I'n
u v,=22 1 4yacrora OuMEHMI 3aliuMKa OTHOCHUTEIBHO CTEHKH OKa3bIBacTCA

onuHakoBou. Ilpum kakod dyacTtoTe Vv KoJieOaHMM MIKadbl 4YacToTa OWEHUM
3alYrKa CTaHeT BABOE O0bIIe?

13. Touka yd4acTByeT OJHOBPEMEHHO B JIByX TapMOHHYECKUX KOJICOAHUSX,
NPOUCXOJAIIMX BO  B3aMMHO  TNEPHECHAUKYJIAPHBIX  HAIMPaBJICHUAX U
ONMCHIBAEMBIX YPABHEHUSIMU

X=3coswt u y=4coswt.
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OnpenenuTh ypaBHEHHE TPACKTOPUU TOYKHA W BBEIYEPTUTH €€ C HAHECCHHEM
Maciraba.

14. Touka yd4acTByeT OJHOBPEMEHHO B JIByX TapMOHHUYECKHX KOJICOAHUSX,
MPOUCXOMSIUX BO  B3aUMHO  TEPICHIUKYJSIPHBIX  HAMPABICHUAX |
OIMHCHIBAEMBIX YPaBHEHUSMHU

x=3cos2wt u y=4cos(2wt + ).

Onpenenuth ypaBHCHHE TPACKTOPHHM TOYKH M BBIYCPTUTH €€ C HAHECEHHEM
Macirada.

15. Touka yd4acTByeT OJHOBPEMEHHO B JBYX TapMOHHMYCCKHX KOJCOAHHMSIX,
MPOUCXOSAIIMX BO  B3aUMHO  TCPICHIWKYJSPHBIX  HANpPABICHUAX U
OIMMCHIBAEMBIX YPaBHECHUSIMHU

X=Asinwt u y=Acos2wt .

Omnpenenuts ypaBHEHUE TPAEKTOPUU U HAUEPTUTh €€ C HAHECEHUEM MacIuTada.

16. Touka yd4acTByeT OJHOBPEMEHHO B JBYX TapMOHHMYECKUX KOJCOAHUSX,
[MPOUCXOMAIIMX BO  B3aUMHO  IIEPIEHIMKYJISPHBIX  HAIPaBICHUAX U
OIMUCBHIBAEMBIX YPaBHEHUAMU

X=Acos2zt u y=Acosxt.

Omnpenenuts ypaBHEHHE TPAEKTOPUU U HAYEPTHUTh €€ C HAHECEHWEM MacIuTada.

17. Touka yd4acTByeT OJHOBPEMEHHO B JIByX TapMOHMYECKUX KOJICOAHUSX,
MPOUCXOMSIIMX BO  B3aUMHO  IEPIEHAUKYJSIPHBIX  HANPABICHUAX H
OMUCHIBAEMbIX YPABHEHUSIMU

Xx=Asinwt u y=Bcosat.

rie A, B U ® — NOJOXUTENbHBIE NMOCTOsHHbIE. ONpenenuTs ypaBHEHHE
TPAaCKTOPUM TOYKH, BBIYEPTUTH €€ C HaHEeCeHHWeM Maciutada, yKas3aB
HaIIpaBJICHUE €€ IBUKECHHUS 110 TOU TPAEKTOPHH.

18. Touka y4yacTByeT OJHOBPEMEHHO B JBYX TapMOHHYECKHX KOJeOaHUAX
OJIMHAKOBOM YacTOThbI, HPOUCXOMASIIMX BO B3aUMHO NEPHEHAUKYJISIPHBIX

HarpaBJICHUAX U OIIMChIBACMbIX YPABHCHHUAMU
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x:Asin(a)H%j u y=Asinot.

Onpenenuth ypaBHEHHE TPACKTOPUM TOYKM U BBIYEPTUTH €€ C HAHECEHUEM
Maciitaba, yka3aB HalpaBJeHHE €€ ABMKCHUS 10 3TOI TPaeKTOPHUH.

19. Touka y4acTBYET B JBYX B3aUMHO IEPIICHIUKYJISIPHBIX KOJECOAHUIX
T
x=cos(zt) uy= cos(EtJ .

Haiitu TpaexkTopuio pe3yapTUPYIOLIEro ABUKEHUS TOYKH.
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BOJIHOBAS OIITUKA

OcHOBHbBIE 3aKOHBI U (hOPMYV.JIbI

Paznocmob d)d&’ OBVX KO2€EPEHNIHbIX 60JIH

27 21
o=—(L,-L)=—A,
ﬂo( L) 7

rie L=S-n - ontudeckas jymHa myTd (S - reoMeTpuueckasl AJIMHA IyTH CBETOBOM

BOJHBI B cpele, N - IOKaszarenb MpeloMieHus 3Tod cpenbl); A=L,-L, -
ONTUYECKasl PAa3sHOCTh XOJa JBYX CBETOBBIX BOJH, A, - JAJIMHA CBETOBOW BOJIHBI B

BaKyyMe.

Ycnosue uHmepd)epeHquHHblx MAKCUMYMOE

A=tmi,,tne m=1 2,3, ...

Ycnosue uHmeD(beDeHMMOHHle MUHUMYMOE

A:i(Zm +1)%,rz[e m=1 2,3, ...

MMDMHCI MHmeD&eDeHMMOHHOﬁ noJjiocsl

|
AX=—A,,
d%

rae d - paccTosiHEE MEXAY IBYMs KOTEPEHTHBIMH UCTOYHUKAaMU, | - paccTrosiHuE OT

STHX KOTEPEHTHBIX HCTOYHUKOB 110 oKkpana (1> d).

PCIOMVCbl ceenulblXx  KoJiey Hbviomona s ompdINCEHHOM _ceeme (meMHle KoJeu 6

npoxoosiuem ceeme)

ro= (m—%]lOR ,rme m=1, 2,3, ...

PaaMVCbl MEMHbIX KOo.Jley Hviomona_s ompdaNCEHHOM _ceeme (C6€I’I’lﬂblx Kojleuy 6

npoxoosiuem ceeme)

I, =yMA4R,roe m=1 2,3, ...

PCIOMVC gHeuHell cPpAaHuUbl M-HOU 30Hbl @DGHGJZ}Z onsl C&@DM’%@CKOIZ 60.JIHbl
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— a_bmi’
a+b

m
rae M - Homep 30HbI Dpenensi, A - IIMHA BOJHBI, & - PACCTOSHHE OT TOUYEYHOTO
UCTOYHHKA JI0 quadparMel C KpyribIM oTBepcTreM, b - paccrosHue ot auadparmer ¢
KPYTJbIM OTBEPCTHEM JO 3KpaHa, Ha KOTOpPOM HaOmtojaercss IudpakiMoHHAs
KapTHHA.

Ycnosus alxld)l?aKMMOHHle MAKCUMYMOE U MURUMYMOE Om 00HOU weju, Ha Komopyr

ceem naoaem HOPDMAJIbHO

asing =%(2m +1)§ , asing =+mA,

rne m=1 2,3,.., a - lUpuHa WEH, ¢ - yroi Judpakiuuu, M - TOpsIOK CHEKTpa,
A - IJMHa BOJIHBL.

Ycnosus enasnvix maxcumymos u O0ONOJIHUMEIbHBLX MUHUMYMOB dud)pakuszHozZ

pewenKu, Ha Komopyro ceem naoaem HODPMAJIbHO

dsinp=+mA, m=1, 2,3, ...
dsin(p:im'%, m=1, 2, 3, ... kpome 3naueHuii 0, N, 2N,...

3nech d - mepuos nuppakMOHHON pereTkd, N - YUCIIO MTPUXOB PEIICTKH.

Ilepuoo oudpakuuounol pewiemku

rae N, - 4ucno menei, NpUXOIAIIMXCsS Ha €IUMHULY JJIUHBI PELIETKH.

Cmenenw nojipuzayuu ceema

P — _max min
)
Imax - Imm
Trac Imax nu Imin - COOTBECTCTBCHHO MaKCHUMaJIbHAas1 U MHHHMAJIbHAas1 MHTCHCHUBHOCTHU

YaCTUYHO MMOJIPU30BAHHOT'O CBCTA, ITPOITYCKACMOI'0O aHAJIU3aTOPOM.

3axon Manoca

| =1,c08’
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rne | - HMHTEHCHUBHOCTH IIOCKOITIOJIAPU30BAHHOI'O CBCTA, HPOMICAIICIO YCPEC3
aHaJIn3aTop, |0 - MHTCHCHBHOCTH INNIOCKOIIOJIIPU30BAHHOI'O CBCTA, MAJAAOIICTO HA
aHaJiu3aTtop, « - YyYroid MCXKAY TJaBHBIMH IIIOCKOCTAMU 1IOJIsIpU3aTopa U

aHaJIm3aropa.

3axon bBprocmepa

tg Iy =Ny,
rae | ;- yrox bprocrepa, T.€. yroi naaeHus, Ipu KOTOpOM OTPa)KEHHBIN 1yY SABJIAECTCS

IIJIOCKOITIOJIAPU30BAHHBIM, n21 - OTHOCHUTEJIbHBIM OKA3aTeNb MMPCIOMIICHHUS.

Ilpumeput pewenus 3aoau

3amaya Nel. [110CKOBBINTYKIIasi IMH3A BBIMYKJION CTOPOHOW MPUKATA K CTEKISTHHOU
IJJACTUHKE W OCBEIAETCS MOHOXPOMATUYECKUM CBETOM C JIJIMHOM BOJHBI 550 HM,
MMAIAI0MKUM HOpMaJibHO. PaccrosiHue mMexay nepBbiMU ABYMsl KojbliamMu HbroTtoHa,
Ha0II0AaeMbIMH B OTpaKEHHOM cBeTe, paBHO 0,5 MM. OnipenenuTs paanyc KpUBU3HBI
JIVH3BL.

aHo:
A=550 M =55-10"° m;
Ar,=05MmM=5-10" M.
OnpenenuTs:

R.

Penienne
1. B ycnoBum 3amauM HE YTOYHEHO - MEXKIY JBYMSI NEPBBIMM TEMHBIMU WM
CBETJIBIMM KoJbllaMHu pacctosiHue coctraBisier 0,5 mM. OpgHako CpaBHEHHE
UHTEP(PEPEHIITMOHHBIX KaPTHH B OTPAXXKEHHOM U IIPOXOISAIIEM CBETE MOKa3bIBAET, YTO
B MEPBOM ciiydae KoJiblia HproToHa 00pa3yroTcss MUHUMYMaMU WHTEHCUBHOCTH, a BO

BTOPOM CJIy4ae — MAKCUMyMaMHU.
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OTpaxeHHbln [poxXoaawuin
CBeT cBeT

OTCIO,Z[a AcJIacM BbBIBOA, 4YTO B YCJIOBHM 3aJad4d YKa3aHO pacCCTOAHHC MCKIAY
IICPBbIMU NIBYMs TCMHBIMH KOJIbI[AMU.

2. Pa,Z[I/IYCBI TeMHBIX KoJjel, HproToHa B OTPa’KCHHOM CBCTC:

r =,miR.

Paznocth U3 pannycos:

Aty =T, —1,=24R - /AR = (ﬁ—l)\/ﬁ.
Orcrona
R—— A%
(V2-1)'
R~2,65Mm.

OtBet. R~ 2,65 M.

3apaua Ne2. Jluadparma ¢ KpyriblM OTBEPCTHEM OCBEIIACTCS MCTOYHUKOM MOHO-
XpOMaTHYECKOTO CBETa C JIMHOW BOJIHBI 648 HM. PaccTtosiHusi OT MCTOYHHMKA 0
nuadparMel 1 OT AuadparMel 10 SKpaHa, Ha KOTOpOM HaOroaeTcs AudpaKkiiuoHHas
KapTHHA, PaBHBI U COCTaBIAOT S5 M. OnpeneiauTb HAaMMEHBIINN panyC OTBEPCTHS,
Py KOTOPOM B ILIEHTpe AU(PPaKIMOHHOW KapTUHBI OyneT HaOI0JaThCi MUHUMYM
OCBEIICHHOCTH.

aHo:
A=648 um=64,8-10"° m;
a=b=5wm.

OnpeneanTsb:

r

min *
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Penienue

SKpaH
1. ECJ'II/I OTBepCTI/Ie I[I/Ia(l)pal"MBI OTKprBaeT M 30H (DpeHeJm, TO B 3TOM cnyqae
paauyc M-HOM 30HBI OYJET paBEeH paguyCy camoro OTBepCTus Auadparmsl. 3amuieM

BBIPKEHUS IS pajinyca M-HoM 30HbI DpeHens:

I, = a—bm/l.
a+b

2. [lo ycnoBuio 3aiauu, IEHTPAIbHBI MaKCUMYM, PaclojiOKeHHbIM B Touke P Ha
9KpaHe, IOJDKEeH OBbITh TEMHBIM. BOTHOBAs TOBEPXHOCTH Pa30MBAETCS HA KOJIBIICBBIC
30HBI TaK, YTO PACCTOSHHS OT KpaeB KaXKJOW 30HBI 10 TOYKU P oTiaudarorcs Ha A2,
[loaTomMy nisi cocemHuUX 30H Ppa3HOCTh (a3 paBHA 7, W MPOUCXOJUT TallICHHUE
kosneOanuii. Takum 0Opa3oM, eciid OTBEPCTHE OTKPHIBAET YETHOE YUCIIO 30H DpeHens

(m:2,4,6,...), B TOYKe P mpoucxoauT ramieHue KoyieOaHW, W B IICHTPE

TuGpaKkIMOHHON KapTUHBI Oy1eT HaOII0AaThCsI MUHUMYM OCBEIIEHHOCTH.

3. CornacHO BBIPaKEHUIO IS paauyca M-HOU 30HBI @penend, I =T

min » CCIIM IIPH
HpO‘-II/IX paBHBIX yCHOBI/I}IX m= mmin. B Hallicm cnyqae MUHUMAJIIBHOC KOJINYCCTBO
OTKprTBIX 30H.:

m=2.

4. Takum 00Opa3zoM, UICKOMBIF MUHUMAJIbHBIA PaJNyC OTBEPCTHSL:

r.=18-10" m.

Otger: I =18-10" ™
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3AJTAUM

HNurtepdepenuusa: OnbiT FOHra. 3epkana @peness

1. B ombite FOHra orBepcTusi OCBEHIAINCh MOHOXPOMATHYECKHM CBETOM C
mmHoi BoaHBl A =600 HM. Paccrosaume mexay otBepctusimu d =1 MM,
paccTosiHME OT OTBepCcTUM 10 3kpaHa L =3 m. HailiTu nonoxxeHue Tpex
MIEPBBIX CBETJIBIX MOJIOC HA IKPAHE.

2. B ompite lOHra mienu ocBemaroTcss MOHOXPOMATHUYECKUM CBETOM C JJTUHOU
BonHbl 0,5 MkMm. Paccrosame mexmy memsmu 0 =3 MM, a paccCTOSHUE OT
mieneit g0 skpaHa paBHo L =5wm. Onpenenuts: 1) monoxkeHWe NEpBOM
CBETJION MOJIOCHI; 2) MOJIOKEHUE TPEThEN TEMHOMN MOJIOCHI.

3. PaccrosiHue Mexay nByms miensimMu B onbiTe FOHra d =0,5 MM, ocBemaroTcst

MOHOXPOMATUYCCKUM CBETOM C I[J'IHHOﬁ BOJIHHI . . OHpCI[CJ'II/ITB pacCcTossHuC L

OT IIeJIel JI0 dKpaHa, €clid MUPUHA Ax UHTEPPEPEHIIMOHHBIX M0JIOC paBHa 1,2
MM.

4. B onsite KOHra paccrosiHue OT mieiedl 10 3kpaHa L=4wm. Onpenenurtsb
YIJI0BOE PACCTOSIHHME MEXAY COCEIHHMMHU CBETJIBIMU TOJIOCAMH, €CIH TPEThs
CBETJIas MOJIOCAa HA SKPAaHE OTCTOUT OT LIEHTpa MHTEP(EPEHIIMOHHON KapTHHBI
Ha pacCcTOSHUU 4,5 MM.

5. B onpite FOHra Ha nytu ogHOro M3 MHTEPHEPUPYIOIIUX JIydyel MOoMelaiach
TOHKas CTEKJIIHHAs IUIACTUHKA, BCJIEJCTBUE YEro LEHTpajbHAas CBETJas
1oJioca CMellajiach B IOJIOKEHUE, NMEPBOHAYAIBLHO 3aHATOE MATOM CBETIION
NoJIOCOM (He cuMTass UeHTpaibHOW). Jlyd mnajmaer mNepneHauKyIsIpHO K
MOBEPXHOCTH IUIAaCTUHKH. [lokazarenp mnpenomiieHUss IUIACTUHKUM n=15.
JlnuHa BOTHBI A =500 um . KakoBa Tonmmna h miactuaku?

6. B ombite IOHTa cTekissHHAS TUIACTUHKA TONIMUHON h=12 cv TOMEMIAETCS HA
NyTH OJHOTO W3 MHTEPHEPUPYIOMUX JIy9ed MepHneHANKYISIpHO K Jydy. Ha

CKOJIbBKO MOTI'YT OTJIHMYaTbCAa JAPpYr OT Jpyra IIOKasaTCiIu IPCIIOMIICHHA B
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pa3IMyYHBIX MECTax IUJIACTUHKH, YTOOBI M3MEHEHHE PA3HOCTH XO0Ja OT 3TOU
HEOJTHOPOJHOCTH HE MPEBBIIIANIO 3HAUCHUS A =1 mMkm ?
B ombite ¢ 3epkamamum  ®DpeHens  pacCTOSHUE  MEXIY MHUMBIMU

U300paXKeHUSIMU UCTOYHUKA cBeTa d =0,5 Mm, PaCCTOSHUE 10 3KpaHa L=5wm.

B 3enenom cBeTe Nogydmiinch HHTEPPEPEHIIMOHHBIE TTOJIOCHI, PACTIOI0KEHHBIE
Ha paCCTOSHUU |=5wmm Jpyr OT aApyra. HallTu mIMHY BOJIHBI A 3€JIEHOTO
CBeTa.

B onmeite ¢ 3epkanmamm  @PpeHens  pacCTOSHUE MEXAY MHUMBIMHU

U300pKEHUSIMU UCTOYHUKA cBeTa d =0,5 MM, PACCTOSIHME OT HHUX JI0 AKpaHa

L=5wm. B xenaToM cBeTe mmpuHa UHTEPPEPEHLUMOHHBIX TMOJIOC paBHA 6 MM.
OnpenenuTs JJIMHY BOJIHBI KEJITOIO CBETA.

VYcraHoBka ¢ 3epkanamu OpeHens OCBEIaeTcss MOHOXPOMATUYECKUM CBETOM
¢ anuHoi BojHBI 600 HM. PaccrosiHMe MeXIy MHUMBIMH H300pakKeHUSIMU
UCTOYHHUKA cBeTa d=1wmm. ONpenenuTs IOJOXKEHUE IEPBOr0 MAKCUMyMa
OCBEILIEHHOCTH, €CJIH PACCTOSTHUE OT MHHMMBIX MCTOYHHMKOB CBETa J0 IKpaHa

L=4wm.

10. Onpenenuth, BO CKOJBKO pa3 M3MEHHUTCS IIUPUHA HHTEPHEPEHIIMOHHBIX

MOJIOC Ha DJKpaHe B ombiTe C 3epkaigamu @Dpenens, ecau (UOIECTOBBIN

ceetounsTp (0,4 MKkM) 3aMeHUTH KpacHbIM (0,7 MKM).

11. Onpenenuth, Ha KakKoe pACCTOSIHHME Al CMECTUTCA TMEPBbII MaKCUMyM

OCBEIIICHHOCTH uHTEP()EePEHIIMOHHOMI KapTUHBI, IIOJIy4aeMOU c
UCITIOJIb30BaHueEM 3epkasl DpeHens, eCiy yIalauTh UX OT 3KpaHa Ha pacCTOsIHUE
AL=1m IIO CPABHEHHIO C MEPBOHAYAIBHBIM MOJIOKEHUEM. PaccTosinue mexny

MHUMBIMH HCTOYHHKAaMHU CBC€TA CHUTATb HCU3MCHHBIM.
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HNurepdepenums: koabna Hororona

1. IlnockoBbimyKJIas IMH3a PAJINYyCOM KPUBU3HBI 4 M BBIITYKJIOW CTOPOHOU JIEKUT
Ha CTEKJISIHHOM IutacTuHkKe. OnpenenuTs MJIWHY BOJIHBI  NAJAarOLIEro
MOHOXPOMAaTHYECKOIO0 CBETa, €CJIM paguyCc MSATOrO CBETJIOr0 Koiblia B
OTPaKEHHOM CBETE PABEH 3 MM.

2. YcraHoBKa J1s ody4yeHus kosel HpioToHa ocBeriaeTcs MOHOXpOMaTHUYECKUM
CBETOM, IMAJaIIMM [0 HOPMaJM K IIOBEPXHOCTH IUIACTMHKU. Panmyc
KpuBU3HBI JTUH3bI R = 8,6 M. Habmionenue Benmercss B OTPaXXEHHOM CBETE.
VY CTaHOBIEHO, YTO pPaaMyC 4YETBEPTOrO TEMHOTO KOJbLa paseH 4,5 MM
(LeHTpaJIbHOE TEMHOE MSATHO CYUTATh 3a HyseBoe). Hailtw jummHy BOJIHBI A
NaJaroLEero CBeTa.

3. IlnockoBbimykiias JIMH3a C MOKa3aTesleM MpesloMiieHHs N = 1.6 BBIMYKJION
CTOPOHOM JISKWT Ha CTEKJIHHOW IIacTMHKE. Paauyc Tperpero cBETIIOro
KoJiblla B oTpaxkeHHOM cBere (A = 0.6 mxMm) paBeH 0.9 mm. Onpenenutsb
(OKyCHOE pacCTOSHUE JIMH3BI.

4. TIockOBBITyKJIas JIMH3a PAINyCOM KPUBU3HBI R =2 M npHkara K CTEKISIHHOM
IUIACTUHKE M OCBEINAECTCS MOHOXPOMAaTHYECKMM CBETOM, MAJArOIIEM I10
HOpPMAJIM K €€ MOBEPXHOCTU. M3BECTHO, YTO paguyc MATHAALATOIO TEMHOIO
koiblla HpioToHa Ooiblie paauwyca AecATOro TeMHOro kosblia Ha 0.8 MM.
Habmroienue Beercs B OTpakeHHOM cBeTe. ONpenenuTh IIMHY BOJIHBI CBETA.

5. YcraHoBka s nosryueHus koser HproToHa ocBemaeTcs MOHOXpOMaTHYECKUM
CBETOM, MaJallUM 10 HOPMaJlu K MOBEPXHOCTU IulacTUHKU. HaOmronenue
BEJIETCS B OTPAKEHHOM CBETE. Paquychl IByX COCEHMX TEMHBIX KOJIEL] paBHbI
4,0 mm 1 4,38 mMm. Paguyc kpuBu3Hbl JuH3bl R = 6,4 M. Haiitu nopsnkoBsie
HOMEPA KOJIEL ¥ JUIMHY BOJIHBI A MaJaroIIero CBETA.

6. YcranoBka s noiaydyeHus kosen HpioToHa ocBeraeTcs MOHOXpOMaTHUYECKUM
CBETOM, IMAaJalIIMM @O0 HOPMAaJIM K IIOBEPXHOCTH IUIACTHMHKU. Panmyc
KpuBHU3HBI JUH3BI R = 15 M. HaOmroneHue BeneTcss B OTpaK€HHOM CBETE.
Haiitn paccrosiHue Mexay OAThIM M ABAALATh IATHIM CBETIBIMH KOJbLAMU
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Hprorona, ecnm ycraHoBKa OCBEHIAETCS MOHOXPOMATHUYECKHM CBETOM C
JUTHHOM BOJIHBI A = 675 HM.

¥YcraHoBKa U1 osrydeHus koseny HproToHa ocBemaercss MOHOXpOMaTHYECKUM
CBETOM, MaJalolUM 0 HOpPMajlu K MOBEpPXHOCTU MuacTuHKU. Halmronenue
BEJIETCS B OTPAKEHHOM cBeTe. PaccrosHMe MexXay BTOPBIM M JIBaJLIATHIM
TEMHBIMH KOJbLAMU cocTaBiseT 4,8 MM. HaliTu paccTosiHUE MEXAY TPETBUM U
IIECTHAALATHIM TEMHBIMU KOIblaMu HbroTOHA.

¥YcraHoBKa U1 osrydeHus kosery HproToHa ocBemaercss MOHOXpOMaTHYECKUM
CBETOM, MaJAI0IIMM 10 HOPMAJIM K ITOBEPXHOCTH IIIIACTUHKU. [Ipu 3anosHennn
IIPOCTPAHCTBA MEXKIY JIMH30M M CTEKJSIHHOM IUIACTUHKOW IPO3payHOMN
KUJKOCTBIO, PAANYChl TEMHBIX KOJEL B OTPA)KEHHOM CBETE€ YMEHBIIWIHNCH B
1,21 paza. OnpenenuTh MOKa3aTeNb MPEIOMIIEHUS KUIKOCTH.

YcraHoBKa U1 ostydeHus Kostelr HproToHa ocBemaercss MOHOXpOMaTU4ECKUM
CBETOM C JUIMHOM BOJIHBI A = 0.55 MkM, nmagaromuM HopMalibHO. OnpenenuTh
TOJNIIMHY  BO3AYLIHOTO  3a30pa, OOpa30oBaHHOIO  IJIOCKOIMApalIebHOM
IJJACTUHKOM M COIPUKACAIOLICHCS C HEU IUIOCKOBBIIYKIIOW JIMH30M B TOM

MCCTC, I'I€ B OTPAKCHHOM CBCTC Ha6J'IIOI[aeTC$I YCTBCPTOC TCMHOC KOJIBIIO.

10. YcranoBka TS MOJTy4YECHUS KOJIEI] Hrerorona OCBEIIaeTCA

MOHOXPOMAaTHYECKUM CBETOM C JJMHOW BOJHBI A = (0.6 MKM, THaJgaroIrM
HOpMaJIbHO. [IpOCTpaHCTBO MEXAy JMH30M M IUIACTUHKOW 3arllOJIHEHO
KUJKOCTBIO U HaOJIOICHUE BEJIETCS B IIPOXOISIIEM CBeTe. Pagnyc KpUBU3HbI
auH3bl 4 M. OnpenenuTs NoKa3aTelb MPEJIOMIICHUS KUAKOCTH, €CJIH PagnycC

BTOPOT'O CBETJIOrO KOJIbIIAa COCTaBIsET 1.8 MM.

11. YcranoBka ays mostydeHusi koJienm HbroToHa ocBemiaercsi O€lbIM CBETOM,

MaJaoNUM 110 HOPMAaJId K MTOBEPXHOCTH IJIACTUHKH. Paanyc KpUBU3HBI TUH3BI
R = 5 m. HaGmronenue Benetcs B mpoxojsiieM cBere. Halitu paauychl det-
BEPTOro CHMHEro KoJbla (A = 400 HM) U TpeThEro KpacHOro KoibLa (A, =630

HM).
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Ju¢ppaxuus @penens

1. Ha nuadparmy ¢ KpyriabiM OTBEpCTHEM JMAaMETPOM d=5wmm HaJaeT
HOPMaJbHO TMapajUIebHBI IMYy4OK CBeTa C JJIuHOM BoJHBL 600 HM.
Onpenenuts paccTOSHHE OT TOYKM HAOMIOACHUS N0 OTBEpPCTUSA, ECIH
oTBepcTHE OTKpBIBAET: 1) ABe 30HbI Openens; 2) Tpu 3086l DpeHens.

2. TodeuHblii MCTOYHWUK cCBeTa C MHONW BOMHBI 500 HM pacmoyioKeH Ha
pPacCTOSIHUM a=1wm Tepen AuapparMod ¢ KpyriblM OTBEPCTHEM JIUaMeTpa
d =2 mm. OnpenenuTs paccTosiHUE b OT Auadparmel 10 TOUKH HAOTIOACHUS,
€CJIM OTBEPCTUE OTKPHIBAET TPHU 30HBI DpeHes.

3. Hudpakiuonnass xapTuHa HaAOJIOAAETCS HAa PACCTOSHUM b OT TOYEYHOTO
MCTOYHHKAa MOHOXpPOMATHYECKOTO cBeTa ¢ MHOW BosHbl 600 HM. Ha

PacCTOAHUHA a=0,5mM OT HCTOYHHKA TIIOMEIICHA Kpyrjiasa HCIIpo3padyHasd

nperpaga auamerpoMm D = 1 cm. Haiitm paccrosHue b, eciau mnperpana
3aKpBIBAET TOJBKO LEHTPAIBbHYIO 30HY DpeHers.

4. Onpenenuth paanyc TpeTheil 30HbI DpeHens, ecau pacCTOSAHUSA OT TOUYEYHOIO
HMCTOYHHUKA CBETa ¢ MJIMHOU BOJIHBI 600 HM O BOJHOBOM MOBEPXHOCTU, U OT
BOJIHOBO# MOBEPXHOCTH JIO TOUKH HAOMIOIeHUs paBHbI 1,5 M.

5. Haiitu paguycel nepBbix 1ty 30H dpenens, ecinu paccTOsHUE OT UCTOYHHUKA
CBE€Ta JO BOJHOBOM IIOBEPXHOCTH a=1m, pPACCTOSHHE OT BOJHOBOM
[OBEPXHOCTU JI0 TOYKM HaOmojeHuss b=1wm. /[lnMHa BOJHBI CBETa OT
MOHOXPOMATHYECKOT0 UCTOUHMKA cocTaBigeT S00 HM.

6. CBeT OT MOHOXPOMATHYECKOr0 MCTOYHHMKA C JJIMHON BoiHbI 600 HM magaet
HOpMaJIbHO Ha JuadparMy ¢ IUaMeTpoM OTBEpCTHs d =6 mm. 3a auadparmon
Ha pacCTOSIHUM b =3 M OT Hee HaxoauTcs 3kpaH. Kakoe uncino 30H Ppenens
yKiaabiBaeTcsi B oTBepcTHHM nuadparmel? Kakum Oyner ueHtp audpak-
LIMOHHOM KapTUHBI Ha SKPAHE: TEMHBIM WU CBETJIBIM?

7. JludpakuroHHas KapThHa HAOIIOJAeTCsl HA PACCTOSIHUM b =4 M OT TOYEUHOTO
UCTOYHMKA MOHOXPOMAaTHYECKOIo cBeTa ¢ JUMHOM BoiHbl 500 HM.

[Tocepenune Mexay SKpaHOM M MCTOYHMKOM CBETa MOMeElIeHa auadparma c

152



KpymiibiM - orBepctueM. [Ipm  kxakom paaumyce R orBepcTus  meHTp
IUQPPAKIIMOHHBIX KOJell, HabI0JaeMbIX Ha SKpaHe, OyieT Hanbosiee TeMHbIM?

8. Cdepuueckas BOJIHA, pacIpoCTpaHAOIAsACs u3 TOYEYHOT O
MOHOXPOMaTHYECKOr0 UCTOYHHKA CBETa ¢ JIMHOW BoJIHBI 600 HM, BCTpeyaeT
Ha CBOEM IIyTH JKpaH C KpyrisIM oTeBepcTueM paauycom 0,4 mm. PaccrosHue
OT UCTOYHMKA JI0 3KpaHa paBHO a=1wm. ONpenenuTs pacCTOSHUE OT OTBEPCTHS
0 TOYKHM 3KpaHa, JeXalled Ha JIMHUU, COCAUHSIONIEN UCTOYHUK C LEHTPOM
OTBEPCTHS, Iie HAOII0AAEeTCI MAKCHUMYM OCBELLIEHHOCTH.

9. Ha skpaH ¢ KpyrjiasIM OTBEpCTHEM paauycoM 1,5 MM HOpPMaJbHO MajaeT
NapajuieIbHbI My4YOK MOHOXPOMAaTHYECKOro CBeTa ¢ JIMHOW BOJHBI 500 HM.
Touka HaOMIOAEHUS HAXOIUTCS HA OCH OTBEPCTUS HA PACCTOSIHUM b=1,5m OT
Hero. Onpeaenuts: 1) unciio 300 OpeHens, yKIaIbIBAIOIUXCS B OTBEPCTHH; 2)
TEMHOE WJIM CBETJO€ KOJIbLIO HAOMIoAaeTcs B IEHTpe Au(pakirOHHOU
KapTHUHBI, €CJIM B MECTE HAOIIOICHUS TOMELLEH SKPAH.

10. Ha mmadparmy c gmamerpom oTBepctusi 1,96 MM magaer HOPMAaJIbHO
IapaJuIeIbHBIA MIy4YOK MOHOXPOMAaTHYECKOr0 CBETa ¢ JUIMHOW BOJIHBI 600 HM.
[Ipu kakomM HauOOJIBIIEM PpACCTOSHUUM MEXAY AuaparMoidl M 3KpPaHOM B
HEHTpe AUPPAKIIMOHHON KapTUHBI erle OyneT HabaoaaTbCsl TEMHOE TMISITHO?

11. Haiftu paguychl MepBbIX HATH 30H DpeHens s ciaydyas IJIOCKOW BOJIHBI,
€CJId PacCTOSIHUE OT BOJIHOBOM MOBEPXHOCTU JI0 TOUKH HAOIIOJEHUS b=1m.
JUIMHA BOJIHBI CBETA OT MOHOXPOMATHYECKOTO0 HCTOYHUKA cocTaBiseT S00 HM.

12. Onpenenute paauyc TpeTbe 30HBI DpeHens s ciaydas IJIOCKOH BOJIHBI.
PaccrosiHre OT BOJTHOBOW MOBEPXHOCTH JI0 TOYKW HAOIOACHHS PAaBHO b=1wm,
JUIMHA BOJIHBI CBETa OT MOHOXPOMATHYECKOI0 UCTOYHUKA cocTaBisieT 600 HM.

13. Onpenenuth paguyc 4eTBEpTON 30HBI DpeHENs, eClIu paJuyCc BTOPOH 30HBI

®Openenst 1 IIIOCKOTO BOJHOBOTO ()POHTA PaBEH 2 MM.
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Ju¢ppaxuusa Ha mwenn. udpakunonsbie pelmeTku

1. Ha mens mupuHOW a=2wmkm MaJa€T HOPMAIbHO MNapaJIeibHBIA My4OK
MOHOXPOMATHYECKOTO CBETa C JJIMHOU BOJIHBI 589 HM. [lon kakumMu yrinamu ¢
OyayT HabmoaaThCS TU(PPaKIIMOHHBIE MUHUMYMBI CBETa?

2. Ha  y3kyo  menp  MIUPUHOU a=0,05mm nagaeT  HOPMAaJbHO
MOHOXPOMATHYECKHUI CBET C JUIMHOW BOJHBI 694 HM. OnpenenuTb, MoJ KaKuM
yriaoMm ¢ OyAer BuAHA BTOpas cBeTjdas AuQpakiuoOHHAs mosoca (1o
OTHOLIEHUIO K MEPBOHAYAILHOMY HAIIPABJICHUIO CBETA).

3. MoHoxpomaTH4YeCKUi CBET MajaeT Ha [JIMHHYIO MPSAMOYTOJbHYIO IIEhb
HIMPUHON a=12 mxm MOJ yIIOM ¢ =30° K ee HOopManu. OnpenenuTsb IJIUHY
BOJHBI MAJAIOLIEr0 CBETA, €CJIM HANpaBJIE€HWE HA NEPBbIA MHHHUMYM OT
HEeHTpaJIbHOTO (ppayHrodepoBa Makcumyma coctasisieT 33°.

4. Ha y3ky1o menb nagaeT HopMajabHO MOHOXPOMAaTUYECKUN CBET. MI3BECTHO, UTO
yeTBepTass TeMHas IUQpPaKIMOHHAs ToJioca BUAHA Toja yriaom 2° 12' mo
OTHOULIEHUIO K MEePBOHAYAIIBHOMY HampaBlieHHI0 cBeTa. OnpenenuTb, CKOJIbKO
JUTMH BOJIH YKJIaJbIBA€TCA HA IIUPUHE IIEIIH.

5. MoHoxpomaTuueckuii cBeT ¢ JiauHOM BoiHBI 600 HM magaeT Ha JIMHHYIO
IIPSIMOYTOJIBHYIO IIEJb IIMPUHOM a =12 Mmxm IIOJ YTIIOM ¢ =45° K €€ HOPMAaJIH.
OnpenenuTs yrioBoe IMOJOKEHHUE MEPBbIX MHUHHUMYMOB, PACHOJIOKEHHBIX I10
00€ CTOPOHBI IIEHTPaAIbHOTO (hpayHTodepoBa MaKCUMyMa.

6. Ha menp mupuHOil a=64 NaAaeT HOPMAIbHO MapalieAbHBIA IYyYOK
MOHOXPOMATHUYECKOI0 CBETAa C JMJIMHOW BOJHBI A. [loa kakum yriom ¢ Oyaet
Ha0MI0AaThCs TPEeTUN AUGPAKIMOHHBI MUHUMYM CBETa?

/. Ha menp mMpuHON a=20wmkm MaJa€T HOPMAJIBHO MNapaUieidbHBIA IMTy4OK
MOHOXpOMaTH4eCKoro cpera ¢ JIMHOM BosHbl 500 HM. Haiitu wmwmpuny
M300paKeHUs 1IeJIM Ha dKpaHe, yIaJIEHHOM OT ATOM IlIeNIM Ha paccTosiHue 1 M.

Mupunoit  u300pakeHHs]  CUUTaTh  PACCTOSHHE  MEXAYy  MEepBBIMU
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Tu(GPaKIMOHHBIMU MHHHUMYMaMH, DPACTOJOKEHHBIMA MO 00€ CTOPOHBI OT
[JIABHOTO MAaKCUMYMa OCBEIIEHHOCTH.

8. Ha menp mmpuHoit a=0,1 mm NagaeT HOPMAJILHO MOHOXPOMATHYECKUN CBET C
JIMHOM BOJHBI 600 HM. DKpaH, Ha KOTOPOM HaOJromaeTcs audpakiroHHas
KapTHHA, PACIIOJIOKEH MapaliesIbHO IIeJI Ha PAcCTOSAHUM | =1 M. Onpenenursb
paccTosiHue MEXAY  TNepBbIMU  AUGPAKIMOHHBIMU  MHUHHUMYMaMHu,
pacmojoKEeHHbIMU 1O 00€ CTOpOHBI ILEHTpaJbHOTO (ppayHrodepona
MaKCUMYyMa.

9. Ha nudpakuuonnyto pemetky aauHon 1,5 MM, conepxainieid 3000 mTpuxos,
MaJaeT HOPMaJIbHO MOHOXPOMAaTUYECKUN CBET € JUIMHOW BOJIHBI 550 HM. Onpe-
JEeNMUTh: 1) YUCIIO MAaKCMMyMOB, HaOJIOJAEMbIX B CIEKTpe AUGPaKIUOHHOM
peleTKy; 2) yroji, COOTBETCTBYIOIIUI MOCIEAHEMY MAKCUMYyMY.

10. Ha nudpakiimoHHy0 penieTky HOpMaabHO IMajaeT MOHOXPOMATHUECKHUI CBET
¢ mmHOW BojHbI 600 HM. Omnpenenuth HAMOOJBIIUNA TMOPSIOK CIEKTpa,
ITOJIyYEHHBIN C IIOMOIIBIO 3TOW PELIETKH, €CIIU €€ OCTOSIHHAA d = 2 MKM .

11. OnpenenuTh YUCIO WTPUXOB HA 1 MM TU(PAKIIMOHHON PEIIETKH, €ClId YTy
@ =30° COOTBETCTBYET MaKCUMYyM YETBEPTOTO nopsiiKa JUISt
MOHOXPOMAaTHYECKOr0 CBETA C JIMHOU BOJHBI 500 HM.

12. I3BecTHO, YTO TMOCJE MPOXOXKACHUS AUPPAKIIMOHHON PEHICTKA 3eJIeHas
JUHUS PTYTH C JUIMHOW BOJIHBI 546,1 HM HaOmoAaeTcss B CIEKTPE MEPBOro
MopsAAKa MO YIJIOM ¢ =19°8'. Onpez[eJme, KaKO€ YHMCJIO IITPUXOB HA CAUHUILY
JUTHHBI UMEET 3Ta Mu(PpaKkIIMOHHAS pEIeTKa.

13. Ha nudpakunoHHy0 peleTky HOpMalbHO MajaeT Mmydok cBeTa. Harpuenas
JUHUSI C JIJMHOW BOJIHBI 589 HM JaeT B CHEKTpPE MEPBOrO MOPSIKA Yroj

mubpakuun ¢, =17°8'. HekorTopas apyras JuHUSL [AaeT B CIEKTPE BTOPOTO
nopsiika yron gudpakiuu @, =24°12' . HailTu JyiMHY BOJHBI ATOW JIMHUM W

YHUCJIO IITPUXOB HA CAMHUIY MJIMHBI PCUHICTKH.
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14. MoHOXpOMaTHYECKHI CBET HOPMAJIbHO MaAaeT Ha TUPPAKIIMOHHYIO PEIIETKY.
Onpenenuts yroia Au@pakiuy, COOTBETCTBYIOIIMM MaKCUMyMy YE€TBEPTOTO
NOPSAJKA, €CJIM MAKCUMYM TPETHETO MOPsIIKA OTKJIOHEH Ha Yroi ¢ =18°.

15. Ha nudpakunoHHy0 peleTKy HOpMaibHO MaJacT MyYOK CBETa OT pa3psiiHOM
TpyOku. KakoBa momxHa OBITh MOCTOSIHHAA d JUGPAKIMOHHON pEIIeTKH,
4YTOOBI B HAIIPABJIEHUU ¢ = 41° COBNAAAIN MAaKCUMYyMBbI JIMHUH C JJIMHAMU BOJIH
656,3 am 1 410,2 am?

16. Ha IUGPAKIIMOHHYIO pelIeTKy HOPMAaJIbHO najgaeT My4O0K
MOHOXPOMaTHUYECKOT0 cBeTa. MaKkCUMyM TpeThero nopsiika HabarogaeTcs Mo
yIJIOM ¢ =36°48 kK HOpMayM. HalTy MOCTOSHHYIO d pElETKH, BEIPAXKEHHYIO B
JUIMHAX BOJIH MA/Ial0IIEro CBETA.

17. Ha nudpakiuimoHHYO peleTKy HOPMaJIbHO NaJaeT MOHOXPOMATUYECKUH CBET.
B cnektpe, mosiydeHHOM C TIOMOIIBIO ATOW JUPPAKIIMOHHOW pPEIIETKH,
HEKOTOpasi CHeKTpajbHas JIMHUS HAOI0IaeTCsl B TIEPBOM HOPSAKE MOJ YIJIOM
p=11°. OnpenenuTb HAMBBICUIMM MOPSNOK CIEKTpa, B KOTOPOM MOXKET

Ha6J'II-OI[aTBC}I oTa JINHHAI.

Honsipuzauus: 3akoH Maroca

1. Yron wMexny TriaBHBIMM IUIOCKOCTSAMHM MOJSpU3aTOpa M aHalIM3aTopa
cocraisier 30°. OnpenenuTs, BO CKOJIBKO pa3 W3MEHUTCS HWHTEHCHBHOCTH
IPOLIEIUIET0 Yepe3 HUX CBETA, €CJAU Yol MEXIy IJIABHBIMH IIJIOCKOCTSIMHU
CTaHET paBHBIM 45°.

2. IHTEHCHUBHOCTh €CTECTBEHHOTO CBETa, MPOLICAIIETO 4epe3 MOJsApU3aTop Hu
aHayiu3aTtop, yMmeHblmiach B 8 pa3. IlpeneOperas mnoriomeHueM CBeETa,
ONpEACTUTh YroJd MEXIy TJIAaBHBIMH IUIOCKOCTAMU TMOJIIpU3aTopa M
aHaJIN3aTopa.

3. Ompenenuts, BO CKOJIBKO pa3 O0CIabUTCS MHTEHCUBHOCTh CBETA, MPOLLIEAIIErO

qcpe3 MOJAPU3ATOP U aHAJIM3aTOP, PACIOJOKCHHBIC TAK, YTO YI'OoJI MCXKY HUX
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[JIABHBIMU TUIOCKOCTSIMH cOcCTaBiigeT 60°, a B KaxJI0oM U3 HUX Tepsercs 8 %
WHTEHCHUBHOCTH ITaJaf0NICr0 Ha HETO CBETA.

4. EcTecTBEHHBIN CBET MPOXOIUT Yepe3 MOJIAPU3aTOP U aHATIM3ATOP, YIOJ MEXKTY
[JIABHBIMU TUIOCKOCTSIMU KOTOPBIX paBeH « . [lossipu3aTop M aHamm3aTop Kak
oriomaT, Tak U otpaxaroT 10 % mapatomero Ha HUX cBeta. ONpeaeauTh
YIoJl « , €CJIM UHTEHCUBHOCTbH CBETA, BBIIIEAIIEIO U3 aHaIu3aTopa, paBHa 12 %
MHTEHCUBHOCTHU CBETA, MAJAlOIIEro Ha MOJIIpU3aToP.

5. EcrecTBeHHBIH CBET MHTEHCHBHOCTBIO |, MPOXOOUT uepe3 MNOJpU3aTop U

aHaJIM3aToOp, Yrojl MEXKAY IJIaBHBIMHU INIOCKOCTSIMH KOTOPBIX COCTaBIISIET « .
Ilocne mpoxokaeHus CBeTa 4depe3 3Ty CUCTEMY OH IaJaeT Ha 3€pKajlo H,
OTpa3HBIINCH, TPOXOIUT BHOBK uepe3 Hee. [Ipenedperas morionieHneM CBeTa,
ONpeeINTh HHTEHCUBHOCTh | CBETa MOCIE €ro 00paTHOTO MPOXO0KICHUS.

6. Ily4ok ecTeCTBEHHOTO CBETa IMaaaeT Ha CUCTEMY W3 IIECTH MOJISIPU3ATOPOB,
INIOCKOCTh IIPOITYCKAaHUSI Ka)XKIOro M3 KOTOPBIX MIOBEPHYTa Ha Yroy ¢ =30°
OTHOCHUTENBHO IIJIOCKOCTH MPOIYCKaHUs NPEAbIAYIIETo nojisipusatopa. Kakas
4acTh CBETOBOI'0 MIOTOKA MMPOXOAUT YEPE3 ITY CUCTEMY?

/. EcTecTBeHHBI CBET TMaJaeT Ha CHUCTEMY M3 TpeX IMOCIeI0BATEIbHO
pacHoJIOKEHHBIX OJAWHAKOBBIX MOJIIPOUAOB, IPUYEM IIOCKOCTh IMPOIYCKaHUSA
CpeaHero moJisIpousia COCTaBIJIICT YIrold ¢ =60° ¢ INIOCKOCTSMH IIPOIYyCKaHUS
IBYX ApyruX TojsapounoB. Kaxaeli monspoua oOJagacT MOTIOMICHUEM
TaKUM, 4YTO [pPU MNAJACHUM HA HEro JIMHEWHO IIOJSPU30BAHHOIO CBETa

MaKCUMaJIbHBIA KOA(pGUIUEHT MPOIyCKaHus cocTaBisieT r=0,81. Bo ckonbko

pa3 YMCHbIINTCA NMHTCHCUBHOCTB CBCTA I1OCJIC ITPOXOKIACHUA STOM CHCTEMBI?

MMoasipu3zaums: 3akon bprocrepa

1. Haiitu yron i, NOJHON NOJApU3ALMM NPU OTPAKEHHH CBETA OT CTEKJIA,

MMOKa3aTeJib NPEeJOMIICHUSI KOTOPOro n=1,57.
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IIpenenpHpIi yros IIOMHOTO BHYTPEHHEIO OTPAXKEHUSA I HEKOTOPOIo

BEILIECTBA i =45°. HaiiTu a1 3T0ro BemecTsa yroi i; IOJHOW MOJISIpU3aLUu.
[Toxg kakuM yrJIOM i, K FOpPH30HTY JOJDKHO HaxoAuThbCcsi COJIHLE, YTOOBI €ro

Jy4Yd, OTpaKEHHbIE OT TMOBEPXHOCTU O03€pa, ObBUIM Haubojee MOIHO
TIOJISIPA30BaHbBI?

[Ipu oTpakeHnWM CBETAa OT CTEKJIA OTPAKCHHBINA JTyd OKA3bIBAETCS MOJTHOCTHIO
NOJIAPU30BAHHBIM TpU yryie mnpejomiieHus A=30°. Halitu mnoxka3areinb
NPEeTOMJICHHUS N CTEKJIA.

[Iy4ok eCTeCTBEHHOTO CBETa MaJaeT Ha CTEKISHHYIO MPU3MY C YTIOM ¢ = 30°
(cM. pucynok). Omnpenenutb TOKa3aTeldb MPEIOMICHUS CTEKJa, €Clu

OTp&)KCHHI:Iﬁ JIYyY ABJIACTCS IMIIOCKOIIOJIAPU30BAHHBIM.

Cser, MPOXOJsl 4Yepe3 KUAKOCTh, HAIUTYI0 B CTEKJSIHHBIM COCY/]I (n:1,5),
OTpa)KaeTcsi OT JIHA, MPUYEM OTPAXKEHHBIA CBET IUIOCKOMOJIAPU30BaH IMpHU
naJieHuu ero Ha JHO cocyaa moj yriaom 41°. Omnpeaenuth: 1) mokazarenb
MIPEJIOMJICHUST JKUJIKOCTH; 2) YroJ TajeHWs CBeTa Ha JHO COCYAa, YTOOBI
HaOII0AAIOCH TIOJIHOE OTPAXKEHUE.

Il;mockuii IMy4oK €CTECTBEHHOIO CBETa C MHTEHCUBHOCTBIO |, mamaer mon
yriioM bprocrepa Ha mnoBepxHOCTh BoAbl. IIpu 3TromM p=0,039 CBETOBOIO

[IOTOKa oTpakaercsl. HaliTh HHTEHCHUBHOCTD MPEJIOMIIEHHOTO ITyUKa.
Ha moBepxHocte Bombsl 1moj  yriioMm — bproctepa  magaer  mydok
IUIOCKOMOJSIPU30BaHHOIO cBeTa. [lmockocTh KojeOaHuit CBETOBOIO BEKTOpa

COCTaBIISIET Yrojd ¢=45° ¢ IUIOCKOCThIO maneHus. Haittu kosd¢uuumeHt

OTpaKEHHUS.
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KBAHTOBBIE CBOMCTBA CBETA

OcHOBHBIE 3aKOHBI H (hOPMYV.JIbI

DHepaus keanma

E:hV:m,
A

rjae h - mocrosHHas [lmaHka, v - 9acToTa M3Iy4eHUs, A - JUIMHA BOJIHBI U3JIyYCHUS,
¢ - CKOPOCTh CBETA.
Vpasnenue Dunwmenna ons enewne2o homosdhexma

hv=A +W

BbIX kmax ?

rae hv- sHeprust (OTOHA, MAJAIOLIEr0 Ha TOBEPXHOCTh MeTaia, A, - paboTa

6blX

2
mo,
BBIXO/1A JIEKTPOHA U3 meramna, W, ., = 2”‘“ - MAKCUMaJbHasi KHHETUYECKAsl SHEPTUS

max

($hOTORIEKTpOHA.

«Kpacnas epanuuay homosddexma ons danno2o memaiia

A hc
v =—2% U A —_—

min max )
h 6blX

rac V., - MHUHHMAJIbHasA 49aCcTOTa HU3JIIYUYCHMHA, ﬂ'max - MaKCHUMaJbHas JJIWHA BOJIHBI

U3ITyYeHUs, PU KOTOPBIX e1lie BO3MOKeH (GoTodP(DeKT.

Macca u umnyiovc homona

m_E_hv p_hv
¢ C2 Cz’ ¢ C.

H3zmenenue OnumHbl _BOJIHbL PERMCEHOBCKO2O  U3JTVHUEHUA npu KOMHNMOHO6CKOM

pacceirnuu

A=A =2 (L-cosp) =24, sinZ%,

rme A u A' - JJIMHBI BOJIH MaJaroliero u PACCCAHHOTO HU3JIYUYCHUA COOTBCTCTBCHHO,

h . o
Ay =——= 2.4263-10° cm - KOHCTaHTa, KOTOpasi Ha3bIBACTCs KoMmnTtoHOBCKOW TIMHOMN
m

e

BOJIHBI DJIEKTpPOHA (M, - Macca JIEKTPOHA), ¢ - YIOJI PacCesHUsI.
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Ipumepwvl peurenusn 3a0au

3agauya Nel. [Ipu mageHun cBeTa Ha MOBEPXHOCTh HEKOTOPOrO MeTallia, paboTa
BBIXOJIa KOTOpOro paBHa 5,3 5B, ¢ororddext mpekpaniaercst mpu 3aAepKUBAIOIIEM
HanpsokeHun 4 B. Ecnu TOT ke CBET HanpaBHUTh Ha MTOBEPXHOCTh BTOPOTO METaJlIa,
To ¢oToddpdeKkT mnpekpamaeTcs Npu 3a7epkuBarolieM Hanpsbkenun 4,8 B.
Omnpenenuth paboOTy BBIXO/1a 3JIEKTPOHOB U3 BTOPOTO METaJlIA.

aHo:

A

6bIx1

=5,3>B=8,48-10" JIx;
U,=4B;
U,=48B.

OnpeneanTsb:

GbIx2 "
Penienue

1. 3anuimem ypaBHeHue DitHiTelHa 115 hoTorddekra:

mo?

max

2

hv=A +W

BbIX kmax >

rac kaax =

2. 3aiepKUBAIOIIMM Ha3bIBAETCS HAIPSIKEHUE, KOTOPOE HYKHO NPUIIOKHUTH IS
TOTO, YTOOBI (POTOTOK CTajl paBHBIM HYJt0. [Ipy TakoM HaNpSXKEHUU HU OJHOMY M3
AJIIEKTPOHOB, Ja)ke 00JaJaronieMy MpH BbUIETE HAMOOJBIIUM 3HAYEHUEM CKOPOCTH,

HC YyAACTCA MPCOAOJICTh 3aCPKUBAIOIICC I10JIC. HOBTOMY MOXKHO 3aIlIuCaThb.

2
MO _ oU
2 &

IZIe € - 3apsi]l JJIEKTPOHA.
3. Torga ypaBHeHuMe OWHINTEHHA I Ka)XJOr0 W3 pacCMaTpUBAaEMbIX B 3aJadye
CJIy4aeB IPUMET BUJ:

hv=A_,+eU,,

6bix1

hv=A, ,+eU,,.

6bix 2

4. HOCKOHLKY qaCTOTa HU3JIIYYCHHA OCTAaBaJIaChb HCHBMCHHOﬁ, IIpUpPaBHACM IIPABBIC

YacTHU YPaBHEHUHN U BBIPA3UM UCKOMYIO pabOTy BBIXOJA!
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A

6bix1

+eU, =A, ,+eu,,,

6bix 2

A6blx2 = A(fblxl + e(U Ex _U32) -

[loacTaBinsist U3BECTHBIE 3HA4YCHHA, HaWgeM:

A

6bIX 2

=7,2-10"Ix =4,5 5B.

OtBer: A ,=7,2-10"]Ixx =4,55B.

6bIX 2

3agaya Ne2. ®otoH ¢ aimuHo# BoyiHbl 100 M mipu 3¢ dexte Komrrona Ow11 paccesH
Ha yroia ¢ =180°. OnpeaenuTs S3HEPTUIO AIEKTPOHA OTAAYUH.
aHo:
A=100mm=10" m;
@ =180°.

OnpeneanTsb:

W.

Pewenue
1. CornacHo 3aKOHY COXpaHEHHS SHEPTUH, SHEPTUs AJIEKTPOHA OTHa4yu Oy/eT paBHA
Pa3HOCTH PHEPTUH MAJAIOLIETO U PACCESIHHOIO (POTOHA:

,_hc_hc_he(2'-2)
B A A

W=E-E'=hv-hy
2. V3MmeHeHue IJWHBI BOJHBI (DOTOHA B pPE3yjibTaTe pacCesiHUsS Ha CBOOOJIHOM
AIIEKTPOHE PACCUUTHIBACTCS KaK
A =A=22sin? 2.
2
[ToaTOMY BEIpa)K€HHE ISl SHEPTUU JICKTPOHA OTJAYM TIPUMET BUI:
hc .
W =24, —sin’ @
AL 2
3. YurtewMm, 4uTO

A'=22 sin2%+/1.

Torz[a OKOHYATCJIbHO IOJIYUHUM:
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2hed sin? 2 = 2he sint2

z(zszinz‘”Mj 2 losinz?. A 2
2 2 )

K

W =

KOHCTaHTBI, BXOIAIIUC B BBIPAKCHUC!
h=6,63-10" JIx-c, A, =2.4263-10" m.
HOI[CT&BJ'I?I?I HN3BCCTHBIC 3HAUYCHUAA, HOJ’IyT-II/IMZ
W =92-10" Ix .

Otser: W =9,2-10™" JIx

3AJAYN

Dotodppext

1. Onpenenutp MakKCUMaJIbHYIH)  KHHETHYECKYI0 SHEPIHMI0 M CKOPOCTb
(OTORIIEKTPOHOB, BBUICTAIOLIMX W3 METaula MoJ ACHCTBHEM ramma-iydei c
THOM BoHb! 0.3 A.

2. OnpenenuTh MaKCUMAJIbHYI0 CKOPOCTh (DOTORJIEKTPOHOB, BBIPHIBAEMBIX C

MOBEPXHOCTH cepebpa: 1) ynbTpadHuoaeTOBBIMU JIydaMHU C JIJTMHON BOJIHBI Aq
0,155 MKkwm; 2) y-y4amu ¢ IJIUHOM BOJIHBI Ay = 1 mM.

3. Haiitu suepruto, maccy U UMIyiasc GOTOHA yIBTPAPHOIECTOBOIO U3ITYUCHHS C
JUTMHOW BOJIHEI 280 HM.

4. OnpenenuTh, TPU KaKOM 3aJEPKUBAIOIIEM HAIMPSKEHUU TPEKPATUTHCS
AMUCCHUS DJIEKTPOHOB C II€3MEBOr0 KaTo/a, OCBEIIAEMOr0 CBETOM C JIJIMHOM
BOJHBI 600 HM.

5. Ilpu ocBemeHny KaToja CBETOM C JUIMHAMHU BOJIH cHavana 440 Hwm, 3arem 680
HM OOHapyX UM, 4YTO BETUYMHA 33]I€PKUBAIOILETO HANPSXKEHUSI 3MEHWIIACh B
3.3 paza. Onpenenuth pabOTy BBIX0/1a AJICKTPOHA U3 METAILIA.

6. Ilpu obnydenuu ¢hoTOKaTOa DJICKTPOHBI, BLIOMBAEMbI€ BUIUMBIM CBETOM IIPH
dbororddexte, MONTHOCTHIO 3aJIEPKUBAIOTCS OOpATHBIM HampspkeHueM 2 B.
N3BecTHO, UTO JIMHA BOJIHBI MAJAOIIETO CBETa Mpu 3ToM cocTaBisieT 400 HM.

OnpenenuTh «KpacHyro rpanuiy» ¢horosddexra.
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/. Kanmii ocBemaercss MOHOXpPOMAaTHYECKUM CBETOM C JJIMHOM BOJHBI 400 HM.
Omnpenenuts 3HaAUCHUE 3aJEP>KUBAIOLIETO HANIPSDKEHUS, IPU KOTOPOM (OTOTOK
npekpaTuThes. PaboTa BbIX0/1a AIEKTPOHOB U3 Kanus 2.2 3B.

8. Harpuii ocBemiaercs MOHOXpOMAaTHUYECKUM CBETOM C JUIMHOW BOJIHBI 40 HM.
OnpenenuTh 3HaUCHKE 3aEP>KUBAIOIIETO HAMIPSKEHUS, TPU KOTOPOM (HOTOTOK
npekparuthbes. «KpacHas rpanuinay gotodaddexra aist HaTpus 584 HM.

9. Ompenenuth paboOTy BBIXOJA JJIEKTPOHOB U3 BOJb(ppaMa, €CIU KpacHas
«rpanuna ¢otodddexra» Ayt Hero 275 HM.

10. «Kpacnas rpanuna» ¢otosddexra ans HekoToporo Meramwia pasHa 500 HM.
Onpenenuts: 1) PaboTy Bxoma »dJEKTPOHOB W3 JTOrO0 MeTaia; 2)
MakcumanbHyl0 CKOPOCTb 3JIEKTPOHOB, BBIPBIBAEMBIX M3 3TOr0 MeTajjia
CBETOM C JJIUHOM BOIHBI 400 HM.

11. 3agepxuBaroniee HampspKEHUE IS TJIATUHOBOM TUIACTUHKM (paboTa BBIXOAA
6.3 3B) cocraBuser 3.7 B. Ilpu Tex >xe yclnoBuUsIX IJIsl IPYroil MIACTUHKH
3aepKuBaroiee HampsbkeHue paBHo 5.3 B. Omnpegenuth paboTy BbeIXOAQ
BJIEKTPOHOB U3 3TOU IJIACTUHKM.

12. Tlpu ocBemieHnH KaTo/la BaKyyMHOTO (OTORIEMEHTa MOHOXPOMATUYECKUM
CBETOM C JMHOW BOJHBI 310 HM (OTOTOK Mpekpamaercs Mpu HEKOTOPOM
3aJICp>KUBAIOIIEM HarpspbkeHud. [Ipu yBenwdyeHud JJIMHBI BOJHBI Ha 25%
3a7iep KUBaroIllee HanpsKeHHe oka3biBaeTcsa MeHbIe Ha 0.8 B. Onpenenuts mo
ATUM SKCIIEPUMEHTAIbHBIM JIaHHBIM NOCTOSIHHYTO [1aHka.

13. OnpenenuTh, A0 KAaKOTO MOTEHIMANA 3aPSAUTCS YEIWHEHHBIN CepeOpsHBIM
MIapUK MPU OOJYyYEHUU €ro yAbTPadrOoJIETOBBIM CBETOM JUITMHOW BOJHBI 208
HM. PaboTa BbIxoza 2JIeKTPOHOB U3 cepebpa 4,7 3B.

14. TIpu ocBemeHnn BaKyyMHOTO (hOTORIEMEHTa MOHOXPOMATUYECKHM CBETOM C
IuHOW BOJIHBI (0,4 MKM OH 3apspKaercs 10 Pa3HOCTHM NOTeHUuaioB 2 B.
Onpenenutp, 10 KaKol pasHOCTH MOTEHLUAIOB 3apsIUTCA (POTOANEMEHT IPU
OCBEILEHUH €T0 MOHOXPOMATHUYECKUM CBETOM C JUIMHOW BOJIHBI 0,3 MKM.

15. [Inockuit  cepeOpsiHBIA  DJIEKTPOJ  OCBEIIACTCSI  MOHOXPOMAaTHYECKUM

M3JIYYEHUEM C JUIMHOW BONHBI 83 HM. Omnpenennutb, Ha KaKO€ MAaKCUMaJIbHOE
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paccTosiHue OT TOBEPXHOCTH AJIEKTPOJAa MOXKET YIAIUTHCA (POTOIEKTPOH,
€CJIH BHE OJJIEKTPOJAa HMEETCS 3a[EpKUBAIOIIEE DIIEKTPUYECKOE II0JIe

HaIpsKEHHOCTBIO E =10 B/em . «KpacHas rpanuna» ¢potoaddexra mis cepedpa

264 M.

dddext Komnrona

1. PeHTreHoBCcKHE€ Jy4yd C JJIIMHOW BOJHBI A, =70,8 1M  HCHBITBIBAIOT

KOMIITOHOBCKOE paccessHue Ha mnapadune. Halitu qmuHy BONHBI A

PEHTIC€HOBCKHUX JIy4ei, paCCESHHBIX B HAMPABICHUSX: a) ¢ =7/2;0) p=1r.

2. KakoBa OblIa JJIMHA BOJHBI /4, PEHTTEHOBCKOI'O W3IYYCHHS, €CJIM MpPU
KOMIITOHOBCKOM PAaCCESHUU ITOTO H3IYYCHHS TPAaQUTOM TOJ yIiIoM ¢ = 60°
JUTMHA BOJIHBI PACCESTHHOTO M3ITyYeHUs OKa3anach paBHOU A =70,8 i ?

3. PeHTreHoBckue JIiyud ¢ JUIMHOH BOJNHBI A, =200M  HCHBITHIBAIOT

KOMIITTOHOBCKOC paCCCAHUC I10J YITIOM (0=90°. Haiitn usmenenue AL JJINHBI
BOJIHbBI PCHTI'CHOBCKHX nyqeﬁ IIpHU PpaCCCIAHNMN, a4 TAKKC OSHCPIru0 U HUMITYJIbC
QJICKTpOHA OTIa4H.

4. V3kuit ITY4O0K MOHOXPOMATHYCCKOI'0 PCHTICHOBCKOI'O H3JIYUCHHA I1aJacT Ha
pacccuBaronicc BCIICCTBO. OKaSBIBaeTCH, 4dTO OJIMHBI BOJIM PACCCAHHOTO 11O

yriamu ¢, =60° u @, =120° uznmydeHus orauyarorcs B 1,5 paza. Onpenenutsb

JUIMHY BOJHBI TMAJAlOIIETO M3JIy4YEHHs, Mpearonaras, 4YTO pPacCEsHUE
ITPOMCXOJMUT Ha CBOOOJIHBIX 3JIEKTPOHAX.

5. ®OTOH C JJIMHON BOJHBI A=5mum HCHBITAI KOMITOHOBCKOE PACCESIHUE MO
yriaoM ¢=90° Ha TMEepBOHAYAIBHO TOKOUBIIEMCS CBOOOJHOM 3JIEKTPOHE.
Onpenenuth: 1) W3MEHEHWE JUIMHBI BOJHBI IPHU PACCESIHUM; 2) 3HEPTHUIO
AJIEKTPOHA OT/AAUM; 3) UMITYJIbC 3JIEKTPOHA OT/Ia4yH.

6. ®orton c sueprueit 0,25 M»sB paccesuicss Ha nepBOHAaYaIbHO TOKOUBILIEMCS
cBOOOAHOM 3yekTpoHe. OmnpenenuTh KHUHETUYECKYI0 HHEPrHi0 3JIEKTpOHa

oTAa4u, €CJIM JJIMHA BOJHBI PaCCCIHHOIO (I)OTOHa n3Mmenuiack Ha 20 %.
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7. ®oron c sneprueit 0,3 MaB paccesncs nmon yriaom ¢=180° Ha CBOOOJAHOM
anekTpoHe. OmpenenuTsh J0JI0 BSHeprud (OTOHA, MNPUXOIIIYIOCS Ha
paccesiHHbIN (HOTOH.

8. ®oton c¢ osHepruerr 100 k»PB B pe3ynpTaTe KOMHOTOHOBCKOTO 3ddexTa
paccesuics TpU COYJapeHHUU CO CBOOOIHBIM AJIEKTPOHOM Ha Yroia ¢=rx/2.
Omnpenenuts 3HEPTUIo (OTOHA MOCTIE PACCESTHUSI.

9. ®otron c¢ oHepruerr 0,25 M»dB paccesnca mnox yriioM  ¢=120° Ha
NEepPBOHAYAILHO  TOKOMBIIEMCA  CBOOOJHOM  3yiekTpoHe.  OmnpenenuThb

KNMHCTUYICCKYIO SHCPIUIO 3JICKTPOHA OTJa1u.
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