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IIPABWIA BBIIOJIHEHHSI KOHTPOJBHBIX PABOT

I. BapyaHT KOHTpOIBHOH paGoThl, KOTOPYIO ACJDKEH BHIIONHHTH CTYIEHT,
cosmajaet ¢ nocaenued nHQpoii HoMepa ero 3aYeTHOH KHHXKKH.

2. Kaxayio KOHTPONBHYIO paboTy clleyeT BBUIONHSATH B OTACIBHOH TETpaau
WKOBHOTO THIIA.

3. Odopmienue xkaxmol 3aauM clleyeT HAaYHHATH C HOBOM CTPaHHMIibI, OCTaB-
NA8 [OJIA A7 3aMeYaHuil npenogasaTens.

4. TexcT ycnoBus 3aJayH HeoOXOOMMO MepenuCHIBATE MOJHOCTBIO, 0e3 co-
KpaitleHHii. K pelieHnaM 3apayd cneyer AaBaTh MOSCHEHHA.

5. Ecnu npu nposepke paboThl npenoaasateneM B Heil OOHapyXEHbl CEPHE3-
Hbie omMOKH U Ha paboTe caenaHa noMerka «Ha NOBTOpHOE peliCH3HPOBAaHHE»,
HY)XHO MCIIPaBHTh OIIMOKH H CHOBa NpeACTaBHTH pabory Ha mposepky. Mcnpagie-
HHA JeNnars B TOH e TeTpajiu, TONBKO B KOHLe paboTsl nmocie 3aronoska «Pabora
Haa olubKaMu».

6. [1pn ranuuny Busel «JlonyuieH k cobeceqoBaHuio» B KOHTPONIBHOM pabote
CJIEAyeT UCNPaBHTh OMWIMOKH, yKa3aHHBIEC TIperiojlaBaTelieM, H IPENCTaBHTh €€ Ha 04-
Hoe cofecesioBaHMe, KOTOpOe OCYLIECTBISeTcs BO BpeMs 5abopaTOopHO-3K3aMe-
HauuoHHol ceccuu. Ilo pesynsratam cobecenoBaHHA KOHTponAsHas paGoTra MoXer
OBiTh 3a4TEHA.

YKA3AHHWA K PEIIEHHIO 3AIAY

Ilpu pelienyy 3apa4 HaZO NONB30BATHCHA MPUBEACHHLIMH HHXE NPABHIIAMH M
cobmoaaTh yka3aHHYIO [TOCIEAOBATSILHOCTD NEACTBHIA.

]. 3amucaTe KpaTkoe YCIOBHE 3amaud (cpasy IOC/E 3alMCH MOJHOTO TeKCTa
YC10BHs), BBOAs OyKBeHHbIe 0003HaueHHs BeJIWYHH, YKa3aHHBIX B YCIOBHH 3aJayH,
H [IEPEBECTH 3TH BENIHYMHKI B cucTemy CH.

2. Cnenath (ecny HYXKHO) YepTex, NOACHAIOILNHA coepXaHHe 3aauu.

3. Ha3patp ¢pH3M4ecKHe 3aKOHBI M BEJIMYHHbI, KOTOphIE OMMCHIBAIOT SBIEHHA,
yKa3aHHbIEe B YCIOBHM 3a/1a4H.

4. Hcnons3ys MareMaTHYecKylo 3aruch 3aKOHOB, YCTAHOBJIEHHRIX B II. 3, co-
CTaBHTH ypaBHEHHE HJIM CHCTEMY YpPABHEHHIl, 3 KOTOPHIX MOTYT GLITH ONpeneneHsl
HCKOMBI€ BEJIUYHHEI.

5. W3 BINMCcaHHBIX YPaBHEHHH BBIBECTH pacueTHEie GopMysIsl.

6. IlpoBecTH BBIMHCHEHHA, COXpaHAs 3 3Havaille UMGPEL, YKa3aTh €OHHHLbI
H3MEpPEHH.



IIPOrPAMMA JTUCIUATIIAHLI
KOJIEBAHHSA

1. TloraTe o konebarenbHbIx npoueccax. apMornueckue koneGaHHA H HX Xa-
paxTepHCcTHKH. JJudpepeHinanpHoe ypasHEeHHe rapMoHuueckux konebannid. [Ipen-
CTaB/leHHEe rApMOHIYECKOro xonebanns B BUIE BEKTOPa, BPAaUAloIErocs Ha IIOCKo-
CTH.

2. CpoboaHeie rapMoHHYecKHe KonebaHHs B MEXaHHYECKOi cucTeme. Ynpyras
H KBasHynpyras KojeGaTeasHsIe CHCTEMEI: NIPYXKHHHBIH ¥ MaTeMaTHUYeCKHHA MasATHH-
xH. CMellleHHe, CKOPOCTH, YCKOPEHUE, S3HEprua Konebuomerocs rena.

3. Csobonneie rapMoOHHYeCKHe KONeGaHHa B 3JEKTPHYECKOM KOHTYpe. 3apsaa u
HalpsOKeHHe Ha KOHIEHCaTope, TOK B KOHTYpe, dHeprus konebauuii, @opmyna Tom-
COHa.

4. CBobonHble 3aTyxaloutie KonebaHus B MeXaHN4eCKOH CHCTEME H B JNIEKTPU-
yecKoM Kontype. [dudidepedinansioe ypaBuesue 3aTyxaomux konebaumii, ero pe-
weHne. KoadpuuHenT 3aTyxaHus, ASKPEMEHT 3aTyXaHus, JOrapHGMUYECKHH Aek-
PEMEHT, OOPOTHOCTS.

5. BelHyxneHHple KonebaHHA B MEXaHHYECKOH CHCTEME M B 3IJICKTPHIECKOM
konrtype. JuddepeHnnansHoe ypaBHeHHe BBIHYXIECHHBIX KoneGaHuii, ero peineHue.
3aBHCHMOCTE aMIUTHTY AR ¥ ¢a3bi BEIHYXIEHHBIX KoneGaHHil oT WX 4acToTel. Pe3o-
HaHC.

6. CnoxeHnne rapMoHHYeCKHX KoneGaHHil ondoro HanpaeineHns. Ciydail pas-
HBIX 4acTOT {MeToJ BeKTOPHLIX aMmavTy x). Cryyait Gnuzkux yactot (GueHus).

7. CnoxeHHe B3aUMHO NEePReHANKY IAPHBIX FAPMOHWYECKUX KONeOaHU.

BOJIHBI

1. Ilonste © BONHOBLIX npoueccaX. IlpononbHele # nonepevyHble BOIHBI.
Ypaenerne nnockod Oeryied rapMOHH4ecKkOH BOJNHBI. XapaKTCPHCTHKH BOJIHBIL.
HauHa BosnHbl. BoiiHoBo#H BekTop. Pa3zoBas ckopocTb. PpoHT BonHel. BontoBeie mo-
BepXHOCTH. JIyu.

2. KonebatenbHas cKOpPOCTh, OTHOCHTENLHAS AcPOPMALNS H HANPAKEHUHE B yIi-
pyroi Bonxe. Bonnopoe ypasuenue [lanambepa. CBase ckopocTH BOJIHBI C XapakKTe-
PHCTHKAaMH cpeibl.

3. Dueprust ynpyro#i soanbl. O0beMHas MIOTHOCTH 3ilepruv B BonHe. [Jotok
sHepruu. TLIOTHOCTE MOTOKA 3HEPruy 1 BekTop ¥YMoBa. MHTEHCHBHOCTS BOJIHBEL

4. YpasHenue cepuHecKoil BONHBI.

5. 3BykoBbIe BOIHBI. AKycTHKa. CKOPOCTh 3BYKa B raze. 3ByKOBOe JIaBlieline U
€0 CBS3b C HHTEHCHBHOCTBIO BONTHBI. BeICOTa, TCMOp, FPOMKOCTL 3ByKa H WX (pu3u-
YECKHE XAPAKTEPHCTHKH. YpOBEHb HHTEHCUBHOCTH 3Byka. [lopor cabluuMoctu u
nopor 60JIEBOIro OuULyILEHHUS.

6. Ddpext Jlornepa s yrpyrux BOoH.

7. DnexrpomarinThiie Bosiinl. Bosuwosoe ypasHenuc ans HieKTpoMartinTHOH
BOJIHLL. Y paBuyeHHe TIOCKOH Deryitel rapMOHUYCCKOR 2ICKTPOMArHHTHOH BOJIHBL.
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CKopoCTb 3JIEKTPOMAarHMTHEIX BOJH. CBA3b HANPSXKEHHOCTEH 3JIEKTPHYECKOro M
MarHHTHOrO 11ojie# B BonHe. O6peMHas IoTHOCTS 3HepriH, BekTop IloiinTuara, no-
TOK SHEPIHH H MX CPEIHKE 3a TIEPHOJ 3HAYCHHUA.

8. IlpuHuun cynepnosuumy (Hanoxenus) BonH. KorepenTHsie sonnel HHTep-
thepenna BonH. YCNOBHA BO3HHKHOBEHMA MAakCHMyMa M MHHHMYMa TpH HHTEpde-
DEHIIMH.

9. Crosune BOHLL. YpaBHeHHe CTOS4el BONMBL Y3insl B myyHocTH. CoGCTBeH-
HBIE 4aCTOTH! KoNeOaHHH HATAHYTOM CTPYHEI.

10. TTpunuun Cofirenca. OtpaxeHnye 1 nperoMleHHe BOJH Ha IPaHHLe pa3gena

cpea. Judpaxunsg BonH.

BOJIHOBAS ONITHKA

1. PazsuTHe npencTarnennit o npupone csera. OCHOBHBIE 3aKOHBI ICOMETPHYE-
ckofl onTHKH. [Nokazarens npenomnenns. OnTUYECKHH MYTh, ONTHYECKAs PA3HOCTh
xofa. [Ipununn ®epma. IToHATHE 06 OCHOBHEBIX SBICHHAX BOMHOBOH ONTHKH. Diex-
TPOMAarHuTHas MPHPOJIa CBETA.

2. Murepdepenuns csera. YcnoBusa 06pa3oBaHus MaKCHMYMOB H MHHHMYMOB
HHTCHCHBHOCTH NpH HHTepdepeHuuH. MATepdepeHuysa oT ABYX KOTepeHTHBIX HC-
TOo4HUKOB. HHTepdepenuua npH oTpakeHHH OT (UIOCKONAPAIIENbHOH IUIACTHHKH
(touxoit nnenkn). Konsua Hetotona. MHorony4enas uaTephepeHnus.

3. udpakuns ceeta. IIpunuun Noiirenca-Pperens. Meton 3on ®penens. J{u-
(pakuMs Ha KPYIJIOM OTBepCTHH. JIMPpaKuus Ha MIoCKolt LIENH B MapaulelsHBIX
nyuax. JluppakuvoHHas peineTka. YraoBas QHCTIEpCHA M paspeliawomas crnocob-
HOCTB AHGpakUHOHHOH peweTkH. JIudpakuus peHTreHOBCKHX ydeil Ha KPHCTalTH-
yecxoil peruerke. [ToHsATHE © roslorpadum.

4. [lonsipuzanua cBeta. EcrecrBennsiii u nonspusosauusiit cset. [oaspusaro-
pel. 3akon Mamoca. IMonspH3auus npH oTpakeHHH OT IPAHMIBI pasfela IBYX IH-
3neKTpHKOB. 3axkoH BpiocTepa. SIBnenue aBoiiHoro nydenpenomneHus. SpneHue
BpALUEHHA MIIOCKOCTH MOAAPU3ALMH CBETA.

5. Mucnepcus ceera. HopMmankHas M aHOMakHas JMCHEpCHA. DIEKTPOHHAA
'TeopHa nucnepcHd. Pa3oBas v rpyNNoBas CKOPOCTH CBETA.

KBAHTOBAA OIITHKA

1. TenoBoe usmyvernde. OcCHOBHbIE XaPaKTEPHUCTHKH TEINIOBOTO H3IIYHYEHHS:
NOTOK H3ITYYEHHsS, HHTErpanbHas (3HepreTH4YecKas) CBETUMOCTh, H3TydaTel/bHasd
crioco6HOCTh. [Tornomareasnas cnocobHocTs (koadduuuent mornowenus). Cepoe
Teno. AGCOMOTHO YepHOe Teno. 3akoH Mamydyenus Kupxroda. 3akonm Credana-
Bonbumana u Buna ans wisydenns abcomotHo yepHoro Tena. HeposMoxHocTs 065-
ACHEHHMA 3aKOHOB TEMJIOBOTO M3Ty4€HHA HA OCHOBE KJIACCHYECKON PH3IHKH.

2. KsanTosele runoress! Ilnanka u JiiHinreiina. GOTOHEL. 3Heprus, UMOYyakLC,
Macca H CKopocTh (poroHa. KopmycKy/spHO-BOJNHOBas ABOACTBEHHOCTH (Iyalnn3M)
3NMEKTPOMArHHTHOIO H3Ny4YCHHS.

3. Buemnuii dpotoaddext. Ypasuenue poroaddexra,
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4. Ceerosoe nasnenue. Ero o6nacHeHre Ha OCHOBE KBAHTOBOH TEOPHH.

5. CneKkTpanbHble 3aKOHOMEPHOCTH H3NlydeHHs aToMapHoro sogopoza. Ilocry-
natel bopa. Pacyet atoma Bosiopona cornacHo teopud bopa. DHepreTH4ecKHe ypoB-
HH aTOMa BOAOPOJA M MX CBA35 CO CIIEKTPAlbHBEIMKA cepusamHu M3nyueHHus. Henocrar-
Ku Teopru bopa.

KBAHTOBASI MEXAHHKA

1. T'unotesa ae Bpoiinsg. OneiTe o AU(PAKLHKA MUKPOYACTHIL.

2. CootHomesnus HeompeaenenHocte#t Ieitsenbepra. HpoTtmBopeunsa wmexny
KIMacCHYeCKHMH M KBAaHTOBOMEXAHMYECKUMH NpeAcTaBieHMIMH. Krmaccnueckas me-
XaHHKA KAK NpeAeNbHblil cliyvail KBAHTOBOH MeXaHWKH JUIA 4acTUl OONbIIOH MacChl.

3. Bonuosas ¢yuxuus. Ee dusndeckuit cMbicil U CBOHCTBA. YpaBHeHue lllpe-
nunrepa. HecrauuoHapHsle H CTallMOHapHble COCTOAHHMA. HavanbHbie W rpaHuvHble
ycnosus, CobcTBeHHble PYHKIMH H cCOOCTBEHHBIE 3HaAYEHHA.

4. YacTHila B OJHOMEPHOH OeCKOHe4YHO riTyGokoll NMpAMOYrofbHOH NOTEHHM-
anbHOM sAMe. DHepreTHYECKHE YPOBHU U pacnpejelieHiHe MIOTHOCTH BEpPOATHOCTH B
noTeHnuansHo# sme. [TpoxoxkaeHre YacTHUB! Yepe3 NOTeHUHMANbLHBIA Oapbep. TyH-
HeNbHBIHA 3¢ QeKT.

5. ATom Bogopoda B KBaHTOBOM Mexauuxe. KsantoBsie yucna. [pununn Ilay-
n.

6. CrioHTanHOe M BBIHYXReHHOoe H3nydeHHe. OnrTHuecKHe KBaHTOBBIC TeHepa-
TOPBI.

7. 30HHas TeopUA TBEPABbIX Tell. DIeKTpHYecKas MPOBOAUMOCTE METAIINIOB H M0-

NTYTIpOBOJHHKOB.
JIMTEPATYPA

1. Casensen M.B. Kypc obiieit dusuku. - M.: Hayka, 1998. - Kn. 1,2,4,5.

2. Tpodumosa T.1. Kypc ¢pr3nka. - M.: Boicwr. wk., 1997,

3. HUpogos U.E. Bonnosele npouecchl. OcHoBHBIC 3aKkoHBL. - M.: JlaGopaTopus
OasoBbIX 3HanH#H, 1999,

4. Uponos U.E. KeanToBas ¢pu3uka. OcHoBHble 3akoHbl. - M.: Jlaboparopus 6a-

308bIX 3Hanuit, 2001.
5. Jmutpuesa B.® ., lpokodser B.J1. OcHowl duzuku. - M.: Beicul. wix., 2001.



KOHTPOJIBHAS PABOTA 2

IIpumepsl peiieHnsa 3aaa4
KOJIEBAHHUA ! BOJIHBI

1. 3aBHCHMOCTh 3apsafa KonebaTelbHOI'O KOHTYpa OT BPEMCHH HMeEET BHA
g(t)=0,5sin(5-10° 7 1 + 7 / 6) MKKJ. EMKOCTh KOHJleHCaTOpa paBHa 0,04 mx®d. Haiitu
3aBHCHMOCThL OT BpPEMEHH HanpshKeHHs Ha KOHOECHCATOpe K CHIIBI TOKA B KOHTYpE,
SHEPTHH 3JIeKTPHYECKOro H MArHUTHOIO Mojieii KoyebaTelbHOro KOHTYpa.

Jlano: g(t) = 0,5sin(5-10° 7 ¢ + 7 /6) MKKn=5-107" sin(5-10° = + x / 6) Ko;

C=0,04 MKD =4-10" .

Haiitu: U@), 1), W), W, ().

B koHType mnpoxcxoaaT cBoboaHble rapMOHHYeCKHe koniebaHuA. 3aBHCH-
MOCTB 3apsja KOHIECHCATOpa OT BPEMEHH q(f) =g, sin(@ ! + @, ). W3 ycnoBust 3a1avu
HaxXOIHMM aMIIUTYXy koneGaHuii 3apsna g, =5-107 Kil, IHKIMYECKYIO HacTOTY KO-
neGaumii w, =5-10°x ¢, HavanpHyio Qasy konebanuit g, =7 /6 pan. I3 popmynsl
w, =1/JLC , cBa3pIBaIOLIEHl YacTory cBOGONHBIX KoneGaHUI KOHTYpa € ero mapa-

: = 3 12 - Y =10_SFH.
w!C (5-10°7)*-4-10

Hanpxxcenﬂe Ha KOHACHCATOpE CBA3aHO C €ro 3apiaoM

MeTpaMH, HaiiieM HHIYyKTMBHOCThL KOHTYpa L=

U(‘)=~(3!*éQ =q?"sin(wot+¢o)=l/,, sin{@yt +@,) .

IMoacTtabnis 3HA4YEHHA, NIONyYaeM
5-107
4.107*
Cuna Toxka B KOHTYpE

U= -sin(5-10°# + £/6) B=12,5-5in(5-10° = + #/ 6) B.

I=£d‘-j—=0,25z«cos(5-10’m'+7r/6) A.

AMIUTHTYJa KojieOaHHRil CHIIBI TOKA
‘ I =w,q, =0.257 A.
[Tonnaa sHeprus kosiebaTenbHoro XoHTypa W CKIAABIBAETCA W3 3HEPTHH
371EKTPHYECKOr0 TMOAA H 3HEPTHH MarHUTHONO (1071t KOHTypa: W =W, (1) + W), .

.. q: CcUl LI}
QOHa cBsizaHa ¢ aMIUITNTYAaMH KoieOaHHH ApyTHX BEIHYHH: = i =
IpoeeageM pacyerT:
W=LI212=10"°-(0,257)% /2=3,125-10"° XK.
DHeprus 3NEeKTPUYECKOro Nojis KOHTypa
2 2
W3(1)=M=M=W.Sin2¢(;), (l)

2 2C
rae @(t) = eyt + ¢, - pasa konedanui.



LI*(t)
2

JHEprus MarHUTHOTO MOJIS XOHTYpa W, )= =W -cos? g(7). (2)

IMoncrasnas 3navenne W B hopMynst (1) 1 (2), Haxonum
W5(0)=3,125-10" sin*(5-10°m + 7 /6) J0k, W, (r)=3125-10" cos?(5-10° mt + 7/ 6) JIk.
2. Y4acTOK IleN# COCTOMT M3 ABYX IOCIE0BATE/LHO COEJHHEHHBIX COMNpO-
THBNEeHWH Z, M Z, (puc.l), HanpsxeHUs Ha KOTOPBIX H3MEHAIOTCH 10 3aKOHY:
U, =20sin(10°t + 2/ 6) B, U, =30sin(10* ¢ + z/3)B. Hanucats ypaBHeHHe KonebGanuii
HanpsbkeHus U(t) Ha yuyacTtke nend. IToctpouts BE€KTOPHY1O AHarpaMMy CKJIAAbI-
BaeMbIX HaNpKEHMIA.
Aano: U, =20sinl0° 2t + £/6) B, U, =30sin(10’z + x/3) B. Haittu: U(t).
Hanpsixkenime Ha  yyacTke  penm
— — - U@)=U,(t) + U, (1) MOXXHO paccMaTpHBaTh Kalf
- | 7 CYMMY IBYX TapMOHHYECKHMX KojebGaHuii
' S 2 OJIMHAKOBOH 4YaCTOTHl M OOHOTO HAanpable-
u HHuA. PesyinsTaToM croxenus takux komeba-
HHUHA ABNAETCA rapMOHKHYECKOe KoslebaHue Toi
Ke YacToTelw =10°r ¢’
Uy=U,sin(at +¢,), (1)
amiuTylia U/, 1 HavankHas ¢aza p, KOTOPOro CBS3aHb! C aMIUTATYIaAMH
CknajgbiBaeMeIx konebanuii U,, =20 B, U,, =30B W ux HayansHpMH dazamu

Puc. 1

o =716, @, =7/3 COOTHOWIEHMAMH U,, = JUZ, + U2, +2U, U, cos(@o, — po1) »
tgo, = U, singy +U,, sing, ]
’ U, cos@y, +U,, cosg,,
IoncrapumM uncneHHbie 3HAYEHHS BETHYUH U MPOBEJIEM pacyeT:
U, :\/202 +30% +2-20-30-cos(z /3~ x/6) =484B; tge, = 2050 S BOROSS =111,
20-0,866 +30-0,5
HaitnenHoe 3nauenue tg @, COOTBETCTBYET @, = 48" = 0,837 paj.

- IMoacraBnsas snavenus U,,p, U @ B
~ e ypaBHeHue (1), monyvaem ypaBHeHMe Kosie-
' Gauuit HanpsHKeHHs HA PacCMaTPUBAEMOM
y4acTKe el :
U(r)=48,4 -5in(10" 7t + 0,837) B.
BekTopHas auarpamma ais MoMeHTa
BpeMeHH ! =0 nokasana Ha puc.2. Rexrtopa
X U, u U, NpeAcTasnsior CKAaAbIBAEMbIE KO-
nedauus U, u U, . JUIMHBI 3THX BEKTOPOB
Puc. 2 MPONOPUHOHANILHBI aMIIMTYNaM U, u U,
COOTBETCTBYIOIHX KONlebaHMii, a yribl Mex/y STHMH BEKTOPaMH U 0cbio X paBHBI
HadaneHeM hazaM konebanmii. Bexrop U npeacraenser pe3ynnTHpylollee Kone-
6auue. [lnuia 2T0r0 BEKTOpA NPONOPLUMOHANILHA AMINHTY J1e U, pe3yibTupylonicro




Kojie0aHus, a yron Mexy BektopoM U u ockio X pasen HauansHoi dase @, pe-
3YJITHPYIOIHETro KojebaHus,

3. MompocTh HCTOYHMKZ TapMOHHYECKHX 3BYKOBBIX COEpHYECKHX BOJH
P=1256 BT, yacroTa konebauuif v=2 xI'u. [ioTHOCTD BO3AyXa p=13 Kr/m’ , €ro
Temnepatypa r°=17"C, Macca omHoro Monst M =29 r/mons. Haiit ckopocts u
AJHHY BOJH, H3ITyYJaeMBbIX HCTOYHHKOM, nepHoj KoiebaHMil yacTHL cpeabl. Hamu-
CaTh YpaBHEHHE BCJIHLI. Hanm 3HEpryio, IEPEHOCHMYIO BOJHOH 3a O/IHY MHHYTY
4qepes rIomagky S =100 oM. Inomanka NEeprIeHAMKY A pHA HallpaBlEHHIO pacnpo-
CTPaHEHHA BOJIHLI M HAXOJUTCS OT HCTOYHMKA HAa PACCTOAHMH r,, Ha KOTOPOM YpO-
BEHE HHTEHCHBHOCTH BOMHEI L(7,) =70 ab. Onpese T IUIOTHOCTS 3BYKOBO# 3HEp-
PHH H aMIUIHTY Y aKyCTHYECKOro JIaBIECHHS HA 3TOM pacCTOSHHM.

Hano: P=1256 Br; v=2 k't =2-10° 'y; p=13 kr/™’; ¢° =17°C; T, =290 K;
M =29 r/Mone=29-107Kr/MONb; Af=1 MHH=60 c, S=100 CM2=10_2M2; L(r)=170
nb. Haittu: V, A, T, x(t,r), W, w(1,), p.u (1)

CKOpOoCTE 3BYKOBBIX BOJH B I'ase

_ R’ _ frp
G bt )

fAe y =C, /C, - OTHOILCHHE TETIOEMKOCTH ra3a NpH MOCTOAHHOM RABIEHHH K Tell-
JIOEMKOCTH MpH NMOCTOSHHOM oObeme; AN BosdyXa y =14; R=83 Jhx/(Monn-K) -
YHHBEpCaJlbHaA ra3oBas NOCTOAHHA%; T, - TeMIeparypa no wkaine Kenbsuna; p -
LaBIEeHU: rasa.

Pacyer no dopmyne (1) paer: V=J1,4-8,3-290/(2,9'10‘2) =341 m/c. Ilepuon
komeGaHMA  vacTHI  cpeal T =1/v=1/(2.10°)=5-10"c. [JliMHEa  BONHE
A=V -T=341-5-10" =0,17 M.

YpaBreHnue chepuieckoi Boarel

x(t,r) = %ﬂsin @t - ) = sm(ax kr), (2)

rae x(t,r) - CMEIEHHE YaCTHLL CPEbI OT HX MOOKEHHA PABHOBECHS B MOMEHT Bpe-
MCHH ¢ Ha PacCTOSHHH r OT UCTOYHHWKA BOJH, A(r)= 4, -r,/r - AMILUIATY/Ja BOJHBI,
4, - aMILIHTYi@a BOJIHBI HA FIDOK3BOJLHOM PACCTOSAHHM r, OT MCTOYHHKA, @ - LIMK-
Jyeckas JacTora, & - BOJIHOBOe 4yucio. Benuvuuna o(t,r)=w(t—r/V)=at -kr ua-
3biBaeTCsA ¢azoil BOIHBL.

UrobEl HanmcaTh ypaBHeHUe BONHBI, HAN0 MMCIEHHBIE 3HAYEHHA A,,r,, @,V
M k MOACTaBATE B paBeHcTBo  (2).  [luximdeckas  wacrtora
®=27v=27-2-10° =4z -10°c ~', BONHOBOe wMCHO k=27/A=2x/017=37 M. Vu-
TeM, YTO HHTEHCHBHOCTH CEPHUECKOH EOMHBI HA PACCTOAHHH 7 OT HCTOYHHKA

P
=—, : 3
1(r) py— (3)

Busr=r,=1m, nony4aeM I(r,)=1,256/(4x-1*)=0,] B1/m%,
HuMTeHCHBHOCTE CBA3aHa C aMILTUTYA0H 4 COOTHOLIEHHEM



i =% P AV, @)

AMomuryna A4, Ha  pacCTOSHHH 7, OT MCTOYHHUKA  paBHa
A =21 o V) 0= J2-0,1/(1,3-341) /(47 -10*) =1,69-10° M. TloacTaBHB HalieHHbIE
3HAYEHHA BEJIMIHH B YpaBHEHHE (2), OJly4aeM YpaBHEHHE BOJIHEI

. -6 : s -6
x(t,r) =221 inan 103 - Ly = 2E210T
r 341

sin(47 -10°¢ - 37r) M.
ypOBHeM HHTCHCHBHOCTH HA3bIBACTCA BeIIHYHHA

L=10lg Ii , (5)
0
rie I, =10™"? BT/M? - HHTEeHCHBHOCTH, COOTBETCTBYIOIIAS IOPOrY CABIIMMOCTH.
Orciona HaXOOUM HHTEHCHBHOCTD Ha PACCTOSHUM 7, OT HCTOYHMKA
I(r) =1, 105019 210712 .10™° =10~ Br/m>. (6)
HHTEeHCHBHOCTE - 3TO 3HEpPrHs, IepeHocHMas BONTHOH 3a €AMHULYY BpPEMEHH
Yepes eMHMILY TUTOWaAH, I03TOMY SHeprHs, repeHoCHMas BOJHOH 3a BpeMs At e-
pe3 NOBEPXHOCTE MIIOWIAARI0 S,
W=Ir)S-M=10"-102-60=6-10" JIx. 7
[TnorHoCTs 3BYKOBOI 3Hepruy w (3Heprus, 3aKIIOUeHHas B eHHHIE o0Be-
Ma) CB#3aHa C HHTEHCHBHOCTHIO BOAHEI COOTHOLUEHHEM
I=w-V. (8)
TI1OTHOCTH 3HEPIMH Ha PACCTOSHHH 7, OT HCTOYHHKA
wir)=1(r)/V =107 /341=2,93-10" [bx/m’.
AMIUIHNTY1a aKyCTHYECKOTO NaBJIEHHS p,, CBA3aHa C MHTEHCHBHOCTEIO BOJI-

Pu =2 -p-V. (9)

Ha pPacCTOAHHH 1, OT HCTOYHHKA

Puc(r)=21n)-p-V =2:107 -13-341=9,42 .10 *[Ta.

Hpnmeyvanne. B 3asauax ¢ nnocxumu sosiamu dopmynst (1), (4) - (9) coxpaHsSIOT CBO# BUIL.

Hbl

BOJIHOBASI OIITHKA

4. Jlyu ecrecTBeHHOro ceera nagaet nojg yrjioMm bpioctepa «, Ha nopepx-
HOCTBH gu3neKTpuka. OTpaxeHHbId ny4, KHTEHCUBHOCTb KoToporo f, =04 BT/CMZ,
NnpoxofuT yepes nosspusarop P (puc.3). [Tpu >ToM ero HHTEHCHBHOCTEL YMCHbBIIA-
eTcs A0 3Ha4veHus [, =03 Bt/cm®. Haittu YFORl @ MEXY IUTOCKOCThIO NAJIEHHA Y-
Yya Ha AHUINEKTPUK H MIOCKOCThIO MONAPHiIALUMH Ny4a (fUIOCKOCTBHIO, COAEpKalleH
JyY M HanpasseHue KoiebaHHi BEKTOpa HANPSXXEHHOCTH NIEKTPHHUECKOTO nos £ ),
BhIlEAIET0 W1 Hoaspuiaropa. [TotepsMu B nonapuzarope ipenedpeys.

Jlano: 1, =0,4 Br/cm =410 B'r/MZ; 1, =03 Br/cm®=3-10° Br/m>. Haiitu Q.



Ipu nazieduu ceeta nof yrioM bpiocTepa HanpaBieHHe KoneGanmid BekTopa
HapHKEHHOCTH 3/IEKTPHYECKOTO NONs E B OTpaXeHHOM JNyde MepheHMKYIApHO
IJIOCKOCTH NajieHus (puc.3).

HHTEeHCHBHOCTE [, MIOCKONOJSPHIOBAHHOIO Jy4a, NAJANOMIEr0 HA MONApU-
3a8TOp, CBA3aHA ¢ MHTEHCHBHOCTLIO [, JyYa, BHIIICALIETO M3 MONAPH3ATOPa, 3aKO-
HoMm Mamoca: .

1,=1 -cos’a, (1)
rue @ - yroja Mexay IUIOCKOCTBHIO IOJISpU3aliiH JIyda, NaJatoliero Ha nonsipu3arop,
M TUIOCKOCTBIO MOMAPM3al{MM Jiyda, Bhlliemiero M3 noaspusatopa. IocnemHas
IUIOCKOCTE HA3bIBACTCA TaKiKe IUIOCKOCTHIO TPOIYCKaHHA IoIApH3aTopa.

H3 paseHcTsa (1) Haxomaum
I, 3107 _ 3
COsSx = _|— —_
I, V4 1410 2
CnepoBatensHo, a=30" H ¢=90" —a=90" -30" =60".

I~ i
a 1]
5 |
% | F :
;E
P77 7777777777 /
Puc. 3

5. Ha sxpane D HabmonaeTcs HHTepdepeHIIHOHHAS KapTHHA OT JBYX Kore-
PEHTHBIX UCTOYHUKOB S, u S, (meneit) (puc.4). lllenn 1 3KpaH NepneHANUKYAPHE
MNOCKOCTH pHUCYHKa. PaccrogHue Mexny mensimd d, =0,8 MM, pacCTOAHHE OT Lie-
jlef o 3KpaHa £, =2 M, AAHHA BOIHBI CBeTa A =4000 A. Dkpan ynanwiu Ha pac-
CTOSHHe £, =3 M oT ueneit. Ha kakylo Benu4uHy AN H3MEHHIIOCH 9MCIO MHTepde-
PEHIMOHHBIX FIONOC Ha oTpe3ke a =1 cM Ha skpaHe? Kakoe paccrosnue 4, Hano yc-
TaHOBHTEL MEXAY LUEIAMH, YT0OB MIMpHHa HHTep¢EPEHIMOHHOH MONOCK OCTANACh
HpexXHeR?

Hano: 4, =08 MM =8-107"M; 1=4000 A =4.107"m; £,=2 M; £,=3 M; a=1
cm =1-10"M. Hailitu: AN, d,.



PesyneTupyromas UHTEH-
CHBHOCTh Ha DJKpaHe B
TOYKe HaOMoAeHHs ¢ KO-
OpPAHHATOH x 3aBHCHT OT
ONTHYECKOH Ppa3HOCTH

Si o x xoxa (puc.4). Korna no-
7 : K i/2 KasaTens  [peJioOMiCHHA
d :'__\( _________________________________ cpenpl n=1, onrH4yecxas
: 7 (6 P43HOCTh X0Jia COBMAafaeT
— S reOMEeTpHYECKO M pas-
2

Ha AL=r, -, =x-d/?,
rac x - KoopauHaTa TO4Y-

Puc. 4 2 KW HaOnwaenus OTHOCH-
TenpHo ueHrpa O uHTep-
QepennnonHo#t kapTunsl (puc.4). [Ipu AL=mA, THe m=0,+1,+2,.. , GyaeT UMeTh

MECTO MAKCHMYM HUHTEHCHBHOCTH.
CHBIIOB&TCHLHO, KOOpAUHATEI MAKCHMYMOB Ha JKpaHe YOOBJIIETBOPAKOT yCIIO-
BHIO

x, =m%{, m=0,+1,+2,.. (l)

Otciona nomyyaeM, 4To WIMPHHA RHTEpEPEHUMOHHOMN MONOCH! (paccTosHMe
MEX]ly COCEAHHMH MaKCUMYMaMH HIIM COCEIHHMH MMHUMYMAaMH )
am=2t 2)
d
CreloBatensHO, 10 EPEMELICHHS 3KpaHa Ax, =A-€, /d, =4-107 -2/(8-10%) =10~ m.
Hucno MiTepQepeHHOHHBIX MONIOC HA OTPE3KE WHPHHOH a PaBHO
N, =a/bx, =0,01/10" =10.

[Tocne nepemenieHns skpata Ax, =4-£,/d, =4-107 -3/8-10™)=1,5-10" M.
Ilpn 5TOM 4HCIIO MONOC HA TOM XKe OTpe3Ke 3KkpaHa N, =a/Ax, = 0,01/(1,5-107) ~6,7.

TakyM 0Opa3oM, YHCNO MON0C YMEHBLIHNOCH HAa AN = N, —N,=10-67=33
MOJIOCHI.

Kak BHIHO U3 paBeHCTBa (2), yBenHYeHHe pacCTOAHUA £ OT Liesieid X0 JKpaHa
NIPUBOJIUT K YBENMUYCHHIO Ax, 4 YBEJIUYEHHE PACCTORHHS d MEXAY IUCITAMH NPHBO-
OAT K yMEHbLIEHHIO HIHUPUHEL nosiockl. ClenoBarensHo, YTOOB! BO3BPATHTH TPEX-
HIOIO ITUPHHY [OJIOCH, HAJI0 YBEIHIHUTh PACCTOSHHE d.

YcnoBHe paBEeHCTBa WHPHHBI M10110C

A8, At
o d
W3 y1oro pascHcTBa HaxoiuM d, =d, -£,/¢,=8-10"-3/2=12-10"Mm.

6. OT To4e4HOro UCTOUHMKA CBeTa S Ha KpYIJIOe OTBEPCTHE PAAMYCOM r = |
MM flajiaeT MOHOXpOMaTHYecKas cdepuucckas csetosas BonHa (A =05 Mkm). Hc-
TOYHHK S HaxOAMTCA Ha OCH OTBEPCTHA Ha PAacCTOSHUM a=1 M OT Hero (pHc.S).
Touka nabmoacuns A cHavama HAXOMMIIACH HA PACCTORIIHM b = 0,5 M OT OTBCPCTHA,
oclie Hero ee MepeMCECTHIIN BiI0JIb OCH OTBCPCTHA 114 O4cHb GOJIbIIOE PacCTOSHHE
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(b, & ). Cxonsko pa3 (N ) npH Takom MnepeMellleHHH B TOUKe HaOIIOAeHNA HMen
MECTO MaKCHMYM HHTE€HCHBHOCTH cBeTa? HalTi paccTosHMA OT OTBEpCTHS OO TO-
YeK, B KOTOpbiX Habmonan-
cd MakCHMYM HHTEHCHBHO-
CTH.
A JaHo: r=1MM =107 M;
T A=0,5 MKM =5-10""M;
b \l a=1M; b =0,5M, b, >0,
>H< > Haiitu: N, b.
VInTeHcMBHOCTE CBeTa B
Puc. 5 TOUYKE HAGNIOACHHA 3aBHCHT
_ oT 4Hcaa 30H Dpenens, yk-
JaapBaloluxca B oTBepcTHY. Ecau HeTouHuk S chepudeckoll BONMHEI ¥ TOYKa Ha-
OnrofeHUs A HaXOAATCA HA OCH OTBEPCTHUS, TO YHCIO 30H DpeHens B OTBEPCTHH
2
. {(a+b) . (1)
A-ab
Hcexons uz npuHuuna [Noiirenca-@penens, 3oup1 PpeHeNs MOXKHO paccMar-
pHBATh Kak MCTOYHHKH BTOPHYHBIX BOJH. BonHbl, npuxoasume B TOUKy Habmone-
HHA A OT coceHHX 30H (PpeHens, HMEIOT Pa3sHOCTE XOAa, PaBHYIO A/2, M IIO3TOMY
racaT Apyr apyra. CneloBaTe/IbHO, €CJIH B OTBEPCTHH YKIAAMIBAETCA YETHOE YHCHO
30H OpeHend, To B Touke A Oyner MHHHMYM HHTEHCUBHOCTH (MHTEHCHBHOCTH Oy-
Jer Gimska x Hyn0). EclH ke B oTBepcTH¥ yKIAAsIBAaeTCsl HEUYETHOE YHCIO 30H
Ppexens, To BoJIHA, IPHX0LALad B TOUKY Habmoaenus ot oJHOR H3 30H, OCTaHETCH
HenoraleHHOHM U B Todke A 6yrer HaOMOAATECA MAKCHMYM WHTCHCHBHOCTH. Ecin
B OTBEPCTHH YKJIa[BIBACTCS HELEN0e YKUCIIO 30H, TO MHTEHCHBHOCTE B Touke A Oy-
AeT MPOMEXYTOYHON MEXAY MUHHMANTBHON U MaKCHMABLHOH.
B paccmarpuBaeMOM cny4dae I[IpH [IEpBOM TIOJOXKEHHH TOYKH A

m, =10°(1+0,5)/(5-107 -1.0,5) = 6. CnenopaTenbHo, B TOUKE A HMEET MECTO MHHH-
MYM HHTGHCHBHOCTH cBeTa. Koraa Touxka A yzamdeTcs JadeKo OT OTBEPCTHA
(6— ), Torna B uMcnuTene paBeHcTBa (1) BenW4HHOH @ MOXHO npeHebpeys Mo

CpaBHEHHIO ¢ BeIUMKHHOM b M (1) NpUHUMaeT BUA
2

m=— (2)

=
Yucno 304 PpeHenst B OTBEPCTAH B 9TOM ciiydae m_ =10 5-107 -1)=2. Ta-
KUM 0Opa3oM, ecnu Touka A Oyner faneko oT oTBEpCTHA, TO B Heil Oyaer Habimro-
JaTbCA MUHAMYM MHTEHCHBHOCTH.
Ilpyn mepeMelleHHH TOYKM A M3 Ha4alLHOTO MONOXKEHHA B KOHEYHOE UMeNH

MeCTO TaKHE PaCCTOAHHA b, NPH KOTOPHIX m, =5 U m, =3, ClieAoBaTeNbHO, IIPH He-
peMEILCHUH TOYKH A MaKCUMYMBl HHTSHCHBHOCTH HMeJIH MeCTO 2 paza: N =2.

Bripa3zuMm BenuuuHy b H3 paBeHcTBa (1):
2

b=—ot g __ (3)

m-A-a-r’
B cnydae m, =5 nony4aem b, =(107° -1)/(5-5-107 -1-107°) = 0,67 M.

7 "("“""“""""‘“
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B cnyvae m, =3 momy4aeM b, =(10°-1)/(3-5-107 -1 -10%)=2 ™.
KBAHTOBAS ®PU3IHKA

7. ABGCOMIOTHO YepHOe Tejlo ¢ MUIOLIARBIO NOBEPXHOCTH S, =10 cm® oxpyxe-
HO 3aMKHYTOR 000no4xoil. BHyTpeHHA NMOBEPXHOCTh 3TOH O0ONIOYKH MIOILAIBIO
S, =200 cM® npencraenseT coGoil cepoe TeNO ¢ IOTNOIIATENBHOM CMOCOOHOCTHIO
(xordduenTom nornomeHusn) a=0,1. Tena HaxonATCA B COCTORHHUH TEpMOAHHA-
MHYECKOr0 paBHOBecHsA. AOCONIOTHO HepHOoEe Telno 3a NPOMEXKYTOK BpEMEHH
At, =2 MHH. u3nydaeT 3Hepruro W, =68 kIbx. Halitu MOIIHOCTH, HM3/IydaeMylo
BHYTPEHHEH NOBEpXHOCTbI0 060noukH. OnpefeinTs JUIMHY BOJHBIL, H2 KOTOPYEO
APHUXOIUTCH MaKCHMYM H3ITyHaTelIbHOH CIOCOOHOCTH 3TOH NOBEPXHOCTH.

Hano: §, =10 cM? =107 Mm% S, =200cM2 =2-107%M%; a=0,1; At, =2 MHH.=120c;
W =68 xJIx =6,8-10° Ix. Haitru: P, 4.

CornacHo omnpefeneHMI0, HHTerpansHas (IHepreTudeckas) CBETUMOCTD JIIO-
boro Tena R=W /(S - Ar), Toe W - 3Heprus, Hillyyaemas ¢ IIJJomaav § 3Toro Tejaa 3a
rpoMexyTok BpeMeHH Ar. [loncrasnss snaueHuss W, ,S, u A, HaXO4HM HHTE-
IPajibHYI0 CBETHMOCTh aficoMOTHO 4YepHoro tena R, =6,8-10° /(107 -120)=5,67-10*

Br/M’.
Tlo 3axony Credana-bonbimana:

R, =0T/}, )]
rae o=567-10" BT/(MZ‘K4) - nocrosnnas Credana-bonsiMaHa, 7, - TeMIepaTypa
abconmoTHO YepHOro Tena.

Taxum o6pasom, T, = 4R, /o =4/5,67-10* /(5,67-10™) =1000 K.
Temnepatypsl Ten, HAXOAAWIMXCA B TEPMOAHHAMHUYECKOM paBHOBECHH, OJIH-
HakoBkl. CneioBatensHo, TeMnepatypa obonouxku 7T =7, =1000K.

H3nyuatensHas criocobHocTs r moboro Tena, B JaHHOM Clyyae BHYTPEHHEH
II0BEPXHOCTH 0DOJIOYKH, CBA3aHa C [OTJIOWATENLHOH CNOCOGHOCTEIO g 3TOrO Tela

¥ U3TyUYaTeNbHOR crIoCOGHOCTBIO 7, aBCONIIOTHO YEPHOro TeNla 3aKOHOM H3JTyYeHHs
Kupxroda

Lo ()

rie Bce TPH BENWYHHBI OepyTCcs NpH OAMHAKOBO AJIMHE BOJHBI M TEMIIEpaType.
Teno HassiBaeTCs CepbIM, €CNIM ero norioiarensHas cnocobHocTs a He 3a-

BHCHT OT [UJIHHBI BOJIHBEI, NGITOMY HHTCrpajsHass CBECTHMOCTH R= Irdﬂ. TAaKHX TEn
0

CBA3aHA C UHTErpalbHOH CBETHMOCThHIO abCONIOTHO YEPHOIo TeNa COOTHOLIEHHCM
R=ua R,. 3)
TakuM 06pa3oM, MHTErpalkHas CBETUMOCTE ODONOUKH
R=01-567 10" =567-10° Br/m’.
MoiHocTs, 3ny4acmas obostoukoit, P=R-S, =5,67-10-2:10 * =113,4 Br.
Jhis abCoINOTHO YCPHBIX ¥ CEPRIX TEJ BLITIONHACTCH 3aKOH cMmellenud Buna:
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