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BBenenue

B npouecce nzyyeHuss 1uCUUIUIMHBI « PU3HUKa» CTYIEHTHI BBIIOJHSIIOT YETHIPE
KOHTpPOJIbHBIE PabOThI ( JBE HA MEPBOM KypCE€ U JBE Ha BTOPOM), OCHOBHOMW LIEJIBIO
BBIMIOJIHEHHSI KOTOPBIX SIBJIAETCS BBIPA0OTKA MPHUEMOB M HAaBBIKOB PEIICHHS
KOHTPOJIBHBIX 3aJad W3 pa3HbIX oOyacteil (U3MKH, TO3BOJSIOMIMX MPOBEPUTH
CTENIEHb YCBOEHHMSI OCHOBHBIX pAa3elioB TEOPETHYECKOrO0 Kypca, NOMOTAIIUX B
JAIBHENIIIEM CTYAICHTaM peIlaTh MH)KCHEPHBIE 3aa4H.

1. O0mue Tpe6oBaHUA K 0POPMIICHUIO KOHTPOJIBHBIX PadoT

[Ipu odopmiieHHH KOHTPOJIBHBIX padOT yCIOBUSA 3a7a4 B KOHTPOJBHBIX
paboTax MepenuchIBaAlOTCS MOJHOCTHIO, 0€3 COKpaIlCHUM.

Pemienust 3a1a4 JOJKHBI CONMPOBOKAATHCA KPATKUMU, HO MCUYEPIBIBAIOIIUMU
MOSICHEHUSIMU € 00f3aTeNbHBIM  UCIIOJIb30BAHUEM  PHUCYHKOB, BBITIOJHEHHBIX
YePTEKHBIMU UHCTPYMEHTAMH.

Jlns 3ameuyaHuid mpernojaBaTeisi Ha CTPaHUIAX TETPaayd OCTABIISIOTCS MOJIA U
MHTEpBaJIbl MEXKY 3a1auaMu (HE MeHee 5 CM).

B koHI1€ Ka)K710¥1 KOHTPOIBHOM pabOThl HEOOXOAUMO YKa3aTh, KAKMM y4eOHBIM
MOCOOMEM TOJIH30BAJICS CTYJEHT (Ha3BaHue y4eOHOTo MOcoOus, aBTOP, TOJ1 U3TAHHUS).

Pemenue 3a71a4 PEKOMEHIyETCS BBINIOJIHATH B CIEAYIOLIEN
MOCJIEA0BATEIbHOCTH:

1. BBectu OykBeHHbIe O0O3HAYEHUSI BCEX MCIOJB3YyeMbIX (U3HUECKUX
BEJINYHH.

2. Tlon pyOpuxoit "JlaHO" KpaTKO 3ammcarth YCJIOBHE 3aJa4d C IMEPEBOIOM
3HAYEHMI BCEX BEIWYMH B cuctemy eaunui] CU.

3. Cpenath (eciii 5TO HEOOXOIUMO) YEPTEXK, IMOSCHSIOMMUNA COAepKaHUE
3a/1a44 U XOJ PEILICHHUS.

4. ChopmynupoBaTh (PU3MUECKHUE 3aKOHBI, Ha KOTOPHIX 0a3UpPyeTCs pelIeHUE
3a/1a4u, 1 000CHOBATh BO3MOKHOCTh UX MCIIOJIb30BaHMUS.

5. Ha ocHoBe c¢opMyIUpOBaHHBIX 3aKOHOB COCTABUTh YypaBHEHUE WJIU
CUCTEMY YpaBHEHMI, pelliasi KOTOPYIO MOKHO HAUTH UCKOMbIE BEJIMUHHBI.

6. Pemmth ypaBHEHME W MOJYyYUTh B OOIIEM BUIE pacyeTHYIO (opmymy, B
JIEBOM 4aCTU KOTOPOM CTOUT MUCKOMAsl BEJIMYKMHA, 4 B MIPABOM - BEJIMYHUHbBI, JTAHHBIE B
YCJIOBUU 3a/1a4H.

7. IlpoBepuTh €AVHUIBI WU3MEPEHMUS IIOJYYEHHBIX BEJIMYMH II0 PACYETHOM
dbopmysie ¥ TEM CaMbIM MTOATBEPAUTD €€ MTPABUILHOCTD.



8. [IpousBectu BhiunCIeHUsA. Jig 3TOr0 HEOOXOUMO BCE 3HAYCHUS BEJMYMH B
enuHunax CU mozacraBuTh B pacdyeTHYH (OpMyJy U BBIIOJHUTH BBIYUCIEHUA (C
TOYHOCTBIO He OoJiee 2-3 3Havammx nudp).

9. Ilpu moacraHoBKe B pacyeTHYO (OpMylly, a TaKKe IpU 3allUCU OTBETa
YHUCJIOBBIC 3HAYCHUS BEJIIMUYMH CIIEIYET 3alMChIBaTh KaK IPOU3BEACHUE IECATHYHON
Apodu ¢ OJHOW 3Havamed HUQPOI nepesa 3amiaToil Ha COOTBETCTBYIOLLYIO CTENEHb
necstu. Hanpumep, Bmecto 2170 Hago 3anucathb 2,17'103.

BrinmonHeHHBIE KOHTPOJIbHBIE Pa0OTHI CAAIOTCS HAa PELEH3UI0 MPENoaBaTENIo
HE TO3JIHEee, YeM 3a OJIHYy HEelNto J0 dk3aMeHa nmo ¢usuke. [locne peneHsupoBaHus
BHOCATCA MCIPAaBICHUS B pEHIEHUWE 3a7a4 B COOTBETCTBHUM C 3aMEYAHMSIMHU
npenojasaresiss. VcnpaBieHHbIE pEIICHHS MOMENIAlOTCd B KOHLE TETpaaud C
KOHTPOJIbHBIMU pa00TaMu, KOTOPBIE CIAIOTCS HA MOBTOPHYIO PELIEH3UIO.

3ader MO KaXXJAOW KOHTPOJIbHOW paboTe MPUHUMAETCS MPEenojaBaTelieM B
npouecce cobeceoBaHMsl [0 MPaBWIbHO PEUIEHHOM M IPOPELeH3UPOBAHHOU
KOHTPOJILHOM padoTe.

B xaxxoit KOHTpOJIBHOM padoTe cieAayeT penuTh mecTh 3aaa4. Homepa
3aJa4  OMNpEAENsAIoTCA 10 TabJlMlaM BapUAaHTOB K KOHTPOJBbHBIM paboTaM B
COOTBETCTBUM C HOMEPOM CBOETO BapHaHTa.

Bbi6op 3amay OpPOU3BOAUTCS MO TaOMUIE BAapUAHTOB K KOHTPOJIBHBIM
paboTam: mepBble 4YeThbIpe 3aJa4¥ BbIOMPAIOT 10 BApPHAHTY, HOMepP KOTOPOIO
COBIIA/IaeT ¢ nocjaeaHe nudpoi yuedHoro mudpa, a nATyI0 4 IECTYI0 3a1a4M —
¢ npeanocJjeanei nudpoi mmdpa.

Hanpumep, nas mugpa 1110-Cc-1238 — nepBbie 4 3agauu OepyT u3
BOCHMOI'0 BAPMAHTA, NATYIO U IECTYI0 — U3 TPEThero.

KoHTposibHbIE pabOThl BBINOJIHSIOTCS B TETPaad, Ha OOJOXKKE KOTOpPOH
MIPUBOJASATCS CBEACHUS O CTyneHTe (daMuius, uMms, OTYECTBO, (pakyinbrer, mudp,
HOMEp CHEUAIBbHOCTH), a TaKK€ HOMEpP KOHTPOJIbHON paboThl, HOMEp BapHaHTa U
HOMEpa BCeX 3a/1ay KOHTPOJIbHOU paboThl.



3AZJAHU A HA KOHTPOJIBHBIE PABOTBI

KonTpoabnas padora Ne 3
«Kosebanus u BosiHbl. KBanTOBasi puzuka»

MeToauvecKkue yKa3aHusl K BbINOJHEHUI0O KOHTPOJIbHOI padoThl Ne3

B xonTtposnbHyto paboty Ne3 BkimodeHbl 3amaum 1o temam: «KomebGanus u
BOJIHBD», « KBaHTOBass MEXaHUKaY.

Tema «Konebanust W BOJHBD) NpPEACTaBICHA 3aJadaMd IO TEMaM
«MexaHnyeckne KojaeOaHus» (pacueT rapMOHUYECKUX KOJEOAHHI C ONpeaesieHHEM
UX OCHOBHBIX XapaKTE€PHUCTHK); «ONEeKTPOMAarHuTHbIE KoJieOaHus» (3agauu
pematotcss ¢ npuMeHeHneMm  (opmyinbl  ToMcoHa s 3JIEKTPOMArHUTHOTO
K0J1e0aTeNbHOIO KOHTYpa); «MeXaHH4YeCKHEe W DJIEKTPOMArHUTHBIE BOJHBDY (B
KOHTPOJIbHYIO pa0OTy BKJIIOUEHBI 33/1a4U 110 pacyeTy XapaKTEPUCTUK MEXAHUYECKUX
yIPYTuX BOJH, a TAaK)K€ AJIEKTPOMArHUTHBIX BOJIH), «BOJHOBBIE CBOMCTBa cBETa»
(«UuTepdepennusny, «Andpakuusny, «[lomaspusamms»);

Tema “TennoBoe wuznydenue. KBaHTOBBbIE CBOMCTBAa CBETa” MPEACTaBICHA
3aJlayaMy Ha TeMbl: «3aKOHBI TEIJIOBOTO HU3IydeHUs», «DPotorddexry», «laBieHue
cBetay, « ¢ ekt Komnronay.

Tabauua BApUAHTOB K KOHTPOJILHOM padore Ne 3

Bapuant Howmepa 3amau
0 300 310 320 340 350 360
1 301 311 321 341 351 361
2 302 312 322 342 352 362
3 303 313 323 343 353 363
4 304 314 324 344 354 364
5 305 315 325 345 355 365
6 306 316 326 346 356 366
7 307 317 327 347 357 367
8 308 318 328 348 358 368
9 309 319 329 349 359 369

PEKOMEHAYEMAS{ JIUTEPATYPA

OcHoBHas JuTEparypa
1. Tpodpumona T.U. Kypc dbusuku. - M.: Beicmias mkomna, 2003.
2. Tpodpumona T.U. Kparkuit kypc ¢usuxu. — M.: Beicias mxomna, 2004.
3. Tpodumona T.!. ®uzuka B Tabnunax u popmynax. — M.: [lpoda, 2002.
4. SBopckuii A.A., letnad b.M. CnpaBounuk no ¢pusuke. — M.: Hayka, ®uzmatiur,
2003.
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JlonoTHUTEILHAS TEMIIEPATypa
5. Coopuuk 3amay no ¢uszuke c pemeHusmu s BTy30B / E.M.HoBoaBopckas,
O.M. mutpueB. — M.: O0OO «M3narenbckuit gom «OHUKC 21 Bex»: OO0
«M3patenbctBo «Mup u O6pazoBanuey, 2005.
6. Nzsepruna E.H., IletpoB H.M. Bce pemenus k «COopHUKY 3ajay 1o oOuemMy
kypcy duzukn» B.C.Bonbkenmreitn. — M.: Onumn, 1999.
7. YeproB A.I'., BopoOreB A.A. 3anaunuk no ¢usmuke. — M.: Beicias mikona, 1997

OcHoBHbIe equHUNBI cucTembl CU

MeTtp () — nivHA yTH, TPOXOAMMOTO cBeTOM 3a 1/299792458 c.

Kusorpamm (x2) — Macca, paBHasi Macce MEXTyHapOIHOTO MIPOTOTHIIA
Kujiorpamma (IJIaTHHOMPUIUEBOTrO MWIMHAPA, XpaHsasics B MexX1yHapoIHOM
otopo mep u BecoB B Cepepe, 0mu3 [lapuxka).

Cexkynaa (c) — Bpems, paHoe 9192631770 nepuoaam U3nydcHus,
COOTBETCTBYIOIIETO MEPEX01y MEKY ABYMSI CBEPXTOHKHUMHU YPOBHSIMU OCHOBHOTO
COCTOSIHUA aToMa Tie3usi-133.

Amruep (A) — cuila HEU3MEHSIOIIETOCS TOKAa, KOTOPBIN NP MPOXOXKIAECHUU MO
JBYM TapajuieJIbHbIM MPOBOJHUKAM OECKOHEYHON IJIMHBI M HHUYTOXKHO MAajoro
MIONEPEYHOr0 CEUYEHMSI, PACIIOIOKEHHBIM B BaKyyMe€ Ha pacCTOSIHUM | M OJUMH OT
JAPYTOro, CO37acT MEKIy STUMH ITPOBOJAHUKAMH CHITY, PaBHYIO 2-107H Ha KaXJbli
METp IJTUHBI.

KeabBun (K) — 1/273,16 TepMOAMHAMUYECKON TEMIEPaTYpbl TPOWHON TOYKH
BOJIbI.

Moab (Monb) - KOJIMYSCTBO BEIECTBA CHUCTEMBI, COJEPIKAICH CTOJBKO Ke
CTPYKTYPHBIX 3JIEMEHTOB (aTOMOB, MOJIEKYJ, MOHOB M JPYTHX YACTHI]) CKOJIBKO
aTOMOB HaxoauTcs B Hykiuae “C maccoit 0,012 xe.

Kanpena (k0) - cuia cBera HCTOYHHKA B 3aJaHHOM HaIlpPaBJICHUH,
HCITyCKAFOIIEeTO MOHOXPOMATHYECKOE U3TyYCHHEC 4acTOTOMI 540 -10% Iy ,

1 Bm
QHCPIrCTUYCCKas Chujia CBE€Ta KOTOPOIro B 9TOM HaIIpaBJICHHUH COCTABJIACT —— —.

3 cp



JlonotHUTENbLHBIE eTUHUIBLI cucTeMbl CU

Pamnan (pao) - yron Mexmay ABYyMs paauycaMH OKPY)KHOCTH, JIJTMHA JYTH
MEK]ly KOTOPBIMU paBHA PagNycCy.

Crepaguan (cp) — TeJNECHBI Yrojd ¢ BEPIIMHOW B IEHTpe Cdephl,
BBIPE3AIONINI Ha TMOBEPXHOCTU cdepbl IUIONIA/lb, PABHYIO IJIOMAAM KBaapaTa Co

CTOPOHOM, paBHOU paguycy chepsl.

HpOl/I3BOI[HbIe (107030700001 (l)H3H‘IeCKI/IX BCJINYHUH (CI[I/IHI/II_[BI TCOMCTPHUUICCKUX
N MCXaHNYCCKHX BCIIMYWH, CAMHUIBLI TCIINIOBBIX BCIIMYUH, CAMHHUIBI 9JICKTPUICCKHUX U
MardmMTHBIX BCJIMYUH, CIWHHIBI BCJINYHNH BHGPFGTI/I‘-IGCKOﬁ (bOTOMCTpI/II/I N CBCTOBBIX
BCJINMYHWH, CIHWHHUIIA paﬂHaHHOHHOﬁ BCJII/I‘-II/IHBI) O6p213y}OTC$I U3 OCHOBHBIX H

AOIIOJIHUTCJIIBHBIX CAUHUIT U3MCPCHUA.

duszuka KoJae0aHu M BOJH
OcHoBHbBIE 3aKOHBI U ()OPMY.JIbI
MexaHndecKue KoJ1e0aHus ¥ BOJHbBI

1. IuddepenimanbHoe ypaBHEHHE TAPMOHUYECKUX KOJICOaHHUI MaTepuaibHOU

TOYKHA Maccoi m

N . 2
X4+—-X=0 wm X+ o, °X=O,
m
rae M —Macca MaTepuajbHOM TOYKM; @,- KPyroBas 4acToTa; X — CMEIICHHE

MaTepUaIbHOW TOYKHU OT MOJIOKEHHUS pABHOBECHS; K — yIIpyrocTh.

2. a) Kunemartmueckoe  ypaBHEHHE  TapMOHHYECKHUX  KoJieOaHUU
MAaTEPUAIbHON TOUKHU
Xx=Acos@-t+¢ |
rae X — cMmenienne; A — aMIuIMTya KojieOaHul; @ — Kpyrosasl 4acToTa; ¢ —
HauajbHas ¢aza.
06) CkopocTh U YCKOpPEHHE MaTepuaIbHOM TOYKH, COBEpIIAOIICH
rapMOHUYECKHUE KOJIeOaHuUs
v=—Aosin@-t+¢ ;
a=-Ao’cos@ t+¢ .



3.  Ilepuon xoneGanwuii:

a) TCJa, IIOABCHICHHOI'O HA IIPYKUHC

T=27Z'\/E,
K

rIe M — Macca Tena; K — )KECTKOCTh MPY>KUHBL;
0) MaTeMaTUYECKOTO MasSTHUKA

T=27r\/z,
g

rae /— IjuHa MasTHUKA; § — YCKOPEHUE CBOOOHOTO MaICHHUST,;
B) (hU3UUECKOTO MasSTHUKA

TzZﬂ'\/E:Zn /—J ,
g mga

rae J — MOMEHT UHEPLUHU KOJIEOIIOIIErocs Tejla OTHOCUTENLHO OCH BpalllEHUS;
a — pacCTOSIHUE IIEHTPA TSHKECTU MAsTHUKA OT OCH BPAlCHHUS;
J
L=— — mpuBeACHHAS JJUHA (U3UYECKOTO MasTHUKA.
ma
4. CnoxkeHre TapMOHUYECKUX KOJIEOaHHUI OJTHOTO HANPABJICHUS U OJUHAKOBOM
YaCTOTHI:
a) aMIUIUTYa Pe3yIbTUPYIONIETO KoJieOaHus

A=A+ A +2A - A, COS(p, - ;) ;
0) HauanbHas ¢daza pe3yIbTUPYIONIETO KoJIeOaHus
A sing, + A, sing,
A cosg, + A, cosg,

@ = arctg

5. TpaeKTOpHs TOYKH, YIACTBYIOMICH B IBYX B3aHMHO MEPIIEHANKYISPHBIX
xonebanusx ,(x; = 4, coswt, y = A, cos(at + @) )

a) y=(A,/A)x, (eciupasHoctb pa3 Ap=0);

0) y=—(A4,/A)x, (ecmu pasHOCTb pa3 Ap+r);

B) x* /Al +y*/ A} = -1 (ecnu pasHocTh ha3z Ap=+7/2)

6.Cuia, IeficTBYIOIIAs Ha KOJIEOIONLYIOCS MaTePUATbHYIO TOYKY MacCoi M

F=-maoix,
TI€ o, - KPYroBas 4acToTa; X — CMEIIEHHE TOUYKH OT MOJIOKEHUS PAaBHOBECHSI.

/. Kunernueckasi SHeprusi TOUKH, COBEPLIAIOIICH MPSIMOIMHENHBIE
rapMOHUYECKHUE KOJIeOaHus,
2 2 2
mv? mA’e," ., ~ MA’w)} ~
T=——=— i bt+¢/:Tl—00326)0t+goA,




rje M —Macca MaTepUaIbHOM TOYKH; @, - KpyroBas 4acToTa; V — CKOpOCTb
MaTepHaIbHON TOUKH; A — aMIUTUTY/1a KoJeOaHuil; ¢ - HadaybHas (a3a.

8. [loreHuuanbpHast SHEPTUs TOUYKH, COBEPIIAIOIICH MPSIMOIUHEIHHBIC
rapMOHUYECKHE KOJIeOaHus,

Ml x?

x X mA®; ~
e —deX = jma)(fxdx = - 40)0 I-cos2€t+o
0 0

rae M -—macca MaTepUualbHON TOUKH; @, - KPYroBas 4acTOTa; X — CMEIIEHNE TOYKU OT
MOJIOKEHUS! PaBHOBECHS;; 4 — aMIUIUTyAa KoJieOaHUM; ¢ - HadaibHas (asa.

9. MexaHunueckasi SHeprus
mA’w?
E=T+I=—"2
10. CBs3b pazHoctH a3 Ap kojieOaHHM C paCCTOSTHUEM MEXKTy TOUKaMHU

Cpelibl, OTCYNTAHHBIM B HAMPABICHUU PACIPOCTPAHEHUS KOIeOaHMil:

27 - AX
Ap=T2X
=7

rae A — JUIMHA BOJIHEL

11.CBsi3p  MeXIy JUIMHOW BOJIHBI A, mepuojgoMm 1 KojeOaHu# u
4acTOTOU v !
A=vul, v=Av,
r7ie v - CKOPOCTh paclpoCcTpaHeHus KoeOaHuil B cpese
(dazoBast CKOPOCTH).

12. BonHOBOE YHCIIO
_r_2x_o
A ol o

rjae A — JJIMHA BOJHBL, v - (ha30Basi CKOPOCTh; 1 — IMEPHO KOJIeOaHUH.

13. YpaBHeHuE TIIOCKON Oerymieil BOJIHbI
X
=A4cosm|t—— |,
g ( 9)

r7ie Y — CMEIIEeHHE JTF000M M3 TOYEK Cpebl ¢ KOOPIMHATON X B MOMEHT {;
L — CKOPOCTh PacTpoCTpaHCHUS KOeOaHUl B cpe/ie.
WA .
y = Acos €t —kx + ¢,
re Y — CMEIIECHHE TOYCK CPEe/bl C KOOPAMHATON X B MOMEHT BPEMEHH {;
A — aMIUIATY1a BOJIHBI; @ - IUKJIMYECcKas (Kpyropas) 4actora; K — BoHOBOE
YUCJI0; ¢, - HadaJibHas (a3a KoJieOaHuM.



14. ®azoBas (), u rpynnoBasi (U ) CKOPOCTHU U CBSI3b MEXKIY HUMU:
b=2, u=92 Y-y 92,
k dk di

rlie o - MUKInYeckas (Kpyropas) 4actora; K — BOJHOBOE 4KCIIO; A - JUIMHA
BOJIHBI.

15. YpaBHEHUE CTOSTYEN BOJTHBI

y = 2A003277[- X-coswt = 2Acoskx-coswt .

16. KoopauHaTbl Iy4HOCTEH U Y3JI0B CTOSIYEH BOJIHBI:
X, :w_{m+—jg (m=12,..).

17. Dddext [Homnepa B akyCTHKE:
vtuv,,

V=—-—7"7725YV,,
vtv

ucm

rac v - 4aCToTa 3ByKad, BOCIIpHMHHMACMaAsA ABHIKYIIHUMCA IIPUCMHHUKOM;
vV, - 4aCTOTa 3ByKa, NOChIIIaCMOT'0O UCTOYHUKOM;

v,, = CKOPOCTb JIBUKEHHS IPHEMHHKA 3BYKa,
U, -~ CKOPOCTD JIBUKECHUS UCTOUYHUK 3BYKQ;
v - CKOPOCTb 3BYKa.

Bepxuuii 3Hak Oepercs, eciy NMpu ABUKEHUU UCTOYHUKA UM IPUEMHHUKA
MIPOUCXOJUT UX COJIMKEHUE, HUKHUI 3HAK — B CIy4ae UX B3aUMHOIO YAAJICHHUS.

IIpuMepsI pelieHus 3a/1a4 10 TeMe
«MexaHu4ecKkue K0Je0aHUs U BOJHBD)

3agaua 1. K HeBecomoli mpyxuHe, koddduiment ynpyroctu kotopoi 200
H/m, mpukpernen rpy3 maccoir 1 kxr. I'py3 cmemen Ha 10 cM OT mMONOXKeHUS
paBHOBecHs, TIOCIIE YEro mpefocTaBieH cebe. Omnpenenuth HauOoIbIee W
HaWMEHbIIIee YCKOPEHUs Tpy3a. TpeHneM mpeHeopeys.

Jlano:

k =200 H/™m
m=1«xe
Ao=10em =0,1m
amax - 71 Amin - 9

Pemienue.



[lon peiicTBMEM CHIIBI  YOPYTOCTH TpPy3  COBEpLIAeT  CBOOOJHOE
rapMOHHMYECKOE KoJieOaHHe, ypaBHEHUE KOTOPOIO 3alMILIEM B BUJE:

X=Acoswt . (1)

rae Ao— aMIuIUTyaa KojaeOanusl, @ — MUKINYecKast 4acToTa.
[Iponuddepennmpora BbipakeHue (1) Mo BpeMeHH, ONPEIEIUM CKOPOCTb

rpys3a

dx
=—=—A,coswt 2
v o A ot (2)

nocie qudGepeHIIPOBAHNS CKOPOCTH TI0 BPEMEHH OIPEISIINM YCKOPEHUE:

do
a=—=—Aw’cosot =-a’X, (3)
dt
Tak kak
, K
ot =2, 4)
m
TO:
2 k
a=-0’X=-—X. (5)
m
YckopeHHe HMMeEeT MaKCHUMallbHOe 3HaueHWe mpu X = Ay , T.e. IpH
HaMOOJIBIIIEM OTKJIOHEHUH OT MOJIOKEHUSI PABHOBECHS:
k
|amax| = E Ab ' (6)

B nonosxennu pasHoBecust mpu X = 0 yckoperne a=0,
IIpoBepka pa3MepHOCTH pacyeTHOU QPOPMYIIBIL:

Hwm xemm wm

M- Ke CZ‘M'KZ CZI
[ToacTaBisist yMcIOBbIE 3HAYEHUS B BhIpaKeHUE (6), TOIYUYHUM:

|amax| =¥-O,l=20(M/CZ).

OTtBeT: HaubobIICE YCKOPeHUE rpy3a paBHO 20 m/c®, HauMEHbIIIee
YCKOPEHHE IPy3a PaBHO HYJIIO.

3agauya 2. MarepuanbHass TOuYKa Y4YyacTBYeT OJHOBPEMEHHO B JBYX
NEPHEeHAUKYIIPHBIX TAPMOHUYECKUX KOJIEOAHUSIX, YPAaBHEHUSI KOTOPBIX:
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X = Acosayt (1)
y = Acosm,t (2)

rne Ai=1lcm; w1=mn c'l;A2=2CM; o= /2 ¢t

Haiitu ypaBHeHue TpaeKTOpuu TOUKH. [[0CTpOUTH TPAEKTOPHIO C COOIIOIEHUEM
MaciTada v yKa3aTh HallpaBJICHUE ABM)KEHUS TOUKH.

Jlano:
X = Acosamyt :
y = Acosm,t

Ar=1cm=0,01m;
A =2 cm=0,02M;
o =mc’

@ = T/2 ¢t
y=/(x)?

Pemennue.
UToOBI OnpenenuTh TPAaeKTOPHUIO TOYKH, UCKIIOYMM BpeMsi U3 ypaBHeHu# (1) u

(2). 3amerus, uto Y = ACOSw,t, npumenum dopmyny KocHHyca MOIOBHHHOIO
yria:

cos(%)zi\/(l+cosa)/2. (3)
HMcronb3ys 3TO COOTHOIIEHHUE U OTOPOCHB Pa3MEPHOCTHU X U Y, MOKHO HAIUCATD:

ot _, Jl+cosot

= 2C0S =
y 5 5 ;

X =cosat,

OTKyZa

y=22/1+x)/2 wm Yy=%J2X+2 . 3)

Boeipaxkenue (3) ectb ypaBHEHHE MapadOJibl, OCh KOTOPOH COBIAAAET C OChHIO
OX. Kak noxkaspiBatoT ypaBHeHust (I) m (2), amminurtyna kosneOaHUA TOYKH TIO
ocu OX paHa 1, a mo ocu OY - 2. CnenoBareibHO, aOCIIMCChI BCEX TOYEK
TPAaeKTOPUM 3aKJIOUEHbl B mpenenax oT -1 mo +1, a opauHatel — ot -2 10 +2. Jns
IOCTPOEHUSI TPAGKTOPUU HalieM IO ypaBHEHHUIO (3) 3HaYEHUs Y, COOTBETCTBYIOIINE
psLy 3HAYEHHMIT X yIOBIETBOPSABIINX yCIOBHIO |X| <1:
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X Y=+V2x + 2 X Y=+V2x + 2

-1 0 0 +1,41
-0,75 +0,71 05 1,73
-0,5 +1 1 +2
A
o Y
I
1
1 1 > X
-1
I
2
Puc.

HaueptB koOopauHAaTHBIE OCH U BBIOpAB EAMHMIY JJIUHBI - CAHTUMETP,
noctpouM Touku. CoOeIWHHMB WX TIUIABHOM KPUBOM, IMOJYYHM TPAECKTOPUIO
PE3YJAbTUPYIOIIETO KOJeOaHUs TOYKH, Ta MPEACTaBiseT cOoO0OM yacTh mapalosibl,
3aKJIFOUCHHOW BHYTPH MPSIMOYTOJIbHUKA aMILTUTY.

Jlanee ompenenuM HampaBieHUE IBWKEHUS Touku. M3 ypaBHenuit (1) u (2)
HaxoJUM, YTO MEPHOJ]l KOJeOAaHUN TOYKW MO TOpU30HTaIbHOW ocu T, = 2 ¢, a Mo
BepTHUKanbHOM ocu 1), = 4 c.

CrnenoBaTenbHO, KOTJIa TOUYKA COBEPUIAET OJHO MOJHOE Kojebanue no ocu OX,
OHa COBEpUIACT TOJIbKO MOJOBHHY MoJHOro Kojebanus mo ocu OY. B HauanpHbIN
MoMeHT (t = 0) umeem: x = 1, y = 2 (Touka HaxoauTcs B nosioxkenuu 1). Ilput=1c
nomyyuM: x = -1 m y = 0 (Touka HaXxoauTCs B BepimHE mapadoisl). [Ipu t = 2 ¢
noyyuM: x = 1 uy = -2 (To4ka Haxoautcs B mosioxeHuu 2). [locne aToro ona oyaer
JIBUTATHCSI B 00pAaTHOM HAMPABJICHHUH.

OTBeT: ypaBHCHHE JBMKCHUS TOUKH Y = £+/2X+ 2 eCTh ypaBHEHHUE MapadOJIbl;
TPACKTOPHS IBMXKCHHS TOUYKHA U300pakeHa Ha PUCYHKE.

3anaua 3. [Inockast BojHaA pacmpoCTpaHsIeTCs B YIIPYToi cpeie CO CKOPOCTHIO
100 m/c. Haumensbliee paccTOSHME MEXIy TOYKAaMHU cCpenbl, ¢a3bl KoueOaHUil
KOTOPBIX MPOTUBOIOIOXKHBI, paBHO L. OnpenenuTs nepuo KoieOaHui U 4acToTy.

12



Jlano:
v=100Mm/c;
Ax =1wm

T-? v=?

Pemienue.

Touxn, Haxojsmuecs JApYr OT Jpyra Ha PacCTOSHUM, PaBHOM JUIMHE
BOJIHBI, KOJEOIIOTCS ¢ pa3HOCTBIO (pa3, paBHOU 27. TOUKM, HAXOAAIIUECS JPYT OT
Apyra Ha JItoOOM PacCTOSHHUH, KOJEOIIOTCS C pa3HOCTHIO (a3, paBHOM

Pemas sto PaBCHCTBO OTHOCHUTCIILHO 7\., ImoJrydacm:

A =2mAx / Ap (2)
ITo ycnoButo 3anauu A = .

[loacTasusisi 3HaYEHUsI BETMYMH, BXOJSAUIMX B BbIpaXKeHUE (2), MOTYyUUM:

=271 o0,
T

CKOpOCTh L paclpoCTpaHCHUS BOJIHBI CBSI3aHa C JIJTMHOM BOJIHBI A M TICPHOIOM
KoJieOanuii 7 OTHOIIIEHUEM:

A=v-T=v/v, (3)

r7Ie v — 4acToTa KojieOaHui
N3 Beipaxkenus (3) onpenensieM 4acTOTy KOJICOAHUM:

1Y)
v=—,
A
ITepuon xonebanuii
rol
y

IIpoBepka pa3MepHOCTH pacyeTHBIX (HOPMYIT:
1 1
v =——=Z=qy,; [T]l===c.
—=_=Ty [T]=5

100
Boluucienne: V= - 50(1y);

OrtBet: yactoTa Konebanuii paBHa 50/ iy, nepuos xkonedbanuii pasex 0,02 c.
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3agaua 4. Tonkoe KoiblO paguyca R coBepiiaeT manbie KoiaeOaHHUS OKOJIO
touku O (puc.). Hailtu nepuoj kosjebGaHuii, eclii OHU MPOUCXOAST B IIOCKOCTH

PHEVHER e

Jlano: R - paguyc kKomblia o)
T-?
J Ol
y mg
Puc.
Pemenue.

IIpr OTKJIOHEHHWM LIEHTpPa KOJbLIA OT BEPTUKAIIM, MPOXOASANICH Yepe3 TOUKY
nojBeca (puc.) Ha HeOObIION yron ¢ (¢ <<1) Ha KOJNBIO ACHCTBYET MOMEHT CHIIBI
TSDKECTH, BO3BPAILIAIOIIUHN €r0 B MOJIOKEHNE PABHOBECHS.

M = -mgRsin ¢ = -mgRe. (1)

OcCHOBHOC YpaBHCHHE TUHAMUKH TBEPJIOTO TEJIa BHINJISIIUT B IAHHOM CITydac
CICAYIOIIMM 00pa3oMm:

-M, (2)

riae M - MOMEHT CHIIbI TSDKECTH, J — MOMEHT MHEPIIMU KOJIbIIa OTHOCUTEIHHO
Touku O .
CornacuHo Teopeme lIteitHepa
J=1J,+ma’ (3)
rme J, =MR? — MOMEHT MHEPLHH KOJIbIA OTHOCHTEIHHO OCH, IPOXOMSIICit
yepes3 ero HEeHTP Mace NePIEHANKYIISIPHO IIOCKOCTH Koubla; a =R,

CrenoBaTelibHO,
J =2mR?
(4)

[Moacraemsas (1) u (4) B (2), monyyum:

2

2mR2-:|¢+nggp=O, (5)

t2

14



OTKYda IIPUXOIUM K YPABHCHUIO MaAJIbIX KoJIeOaHMi KOJIb11a.

d’p
iz @0 =0, (6)
rIe
27 g o
@y = T =\2R KpyroBasi 4acToTa KoJjeOaHuH. (7)

N3 dbopmyiel (7) BeIpaxkaeM rmepuo;i KojaeodaHus KoJblia:

T=2x /Z—R .
g
2
[TpoBepka pazmepHoctu: [T]= WIM'C =c
M

OTBeT: niepuo Koiaebanuit kojpua T = 27 /E
g

3amaya 5. HaOmronarenb, CTOSIIMN HA CTAHIIMM, CIBIIIUT TYJIOK MTPOXOISIIETO
anekTpoBo3a. Korma »5ekTpoBO3 MpUONMKAETCS, YacTOTa 3BYKOBBIX KOJIeOaHUM
ryJiIka paBHa v,, a KOrja ygansercs - v,. [[puHuMas, 94To CKOpoCTh 3ByKa M3BECTHA,
OTIPENICNIUTh: 1) CKOPOCTh v, IICKTPOBO3A;

ucm

2) COOCTBEHHYIO YacCTOTy v, KOJeOaHul ryka.

Jano:

v, - 9aCTOTa BOCIPUHUMAEMOT0 CUTHAJIa TIPH MPHUOJIMKSHUH 3JICKTPOBO3a;
v, - 4aCTOTa BOCIIPUHUMAEMOT'0 CUTHAJIA IIPU YIAJIEHUH DJIIEKTPOBO34;

v - CKOPOCTb 3BYKa.

1) chm - ?
2) Vo - ?
Pemienue.

CornacHo (hopmyiie, BEIpaKaIOMIeH 4acTOTy v BOCIPUHIMAEMOT'O CUTHAJIA B
addekre Jommepa:

y=—-""r= (1)

rac v - 4acTtoTa 3ByKa, BOCIIPHHUMACMas IBHXXYIIUMCA IIPUECMHUKOM;
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Vv, - 4aCTOTa 3ByKa, OCHLJIAEMOI0 UICTOYHUKOM;
v,, = CKOPOCTb JIBUJKCHHUS IIPHEMHUKA 3BYKa,
U, = CKOPOCTB IBWJKCHUS UCTOYHUK 3BYKQ;

v - CKOPOCTbH 3BYKA.

IIo YCJIOBHUIO 3ala4 CKOPOCTh IPUCMHHUKA v, , = 0, ClIEIOBATEIILHO,

vv
v = 0
vtov

ucm

vV,
———2— (9NEKTPOBO3 MPUOIMKACTCS K HAOJIIOAATEINIO);

ucm

192 %
=——2— (3MEKTPOBO3 yIAAISICTCS OT HAOIIOAATEIS).
U + chm

N3 ypaBuenuii (3) u (4) BelpakaeM CKOPOCTh HICTOYHUKA 3BYKa:

V=V,

ucm = V.
v, +V,

Vi—V,

OTBeT: CKOPOCTH AIIEKTPOBO3A v, = ——= -V,
vV, +V,

2v,v,
Vi +V,

COOCTBEHHas 4acToTa KoJieOaHu TyJKa v, =

DJIeKTPOMATHUTHBIE KOJIe0AHUS U BOJHBI
OcHOBHBbIE 3aKOHBI M (POPMYJIbI

1. CoOcTBeHHas yacToTa KojebaTeIbHOTO KOHTYpa
1
Wy = —F—,
vLC

()

)

(4)

()

(6)

(7)
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rae L — MHAyKTUBHOCTH KaTYIIIKY;

C - 3IIEKTPOEMKOCTh KOHIACHCATOPA.

2. JuddepenmanbHoe ypaBHEHHE CBOOOHBIX TAPMOHUYECKUX KOJIeOaHUN
3apsifia B KOHTYpE U €r0 peIICHHUE:

.. 1 h
Q+E'Q—01 Q_QmCOS(oot-i-(D/,

rie Q, - aMIuIMTyna KojeOaHUM 3apsiia; o, - COOCTBEHHas 4YacToTa

K0JIeOATEIHLHOTO KOHTYpa.
3. Cumna Toka B KoJjieOaTelIbHOM KOHTYPC U HAIIPSIKCHHUC HAa KOHIACHCATOPC B
ClIy4ac rapMOHHNYCCKUX SJICKTPOMArouTHBIX KOJICOAHMIA:

I =Z—?=Q=—a}0Qmsinﬁ)ot+¢)} ImCOS(a)Ot+¢)+%j;

U= % = %cos(oot +g0:= U, cos,t +(ﬂ:,

rae |, =0,Q, - aMIIIUTyJa CUJIBI TOKA;

Qu

u,= < aMIJIMTYyJa HaIPSDKCHUS

m

®, - COOCTBEHHAs 4aCTOTa KOHTYypa.

4. ®opmyna TomcoHa, ycTaHaBiIMBaromiasi CBA3b MEXAy nepuogom 7T
COOCTBEHHBIX  KOJICOAaHMH B  KOHType 03 aKTUBHOTO  CONpPOTHBIICHUS,
WHIYKTUBHOCTHIO L 1 anexkrpoemkocThio C,

T=27zJLC.

5. OddextuBHbIE (OEHUCTBYIOLIME) 3HAYEHHUS] HANPSDKEHUST W CHJIBI
MEPEMEHHOr0 TOKa!

c

U,=-=o,
2

Iﬂ— Iﬂ:ﬁ y

rae Uy u |y, — amMmuTyiHble 3HAaUEHUS HANPSKEHUS U CUJTBI TOKA.
6. 3akon Oma JJig LenH MePEeMEHHOTO TOKa, COACpIKaIleH MOCae0BaATEILHO

COCIMHEHHBIE PE3UCTOpP COMPOTUBICHHUEM R, KaTylmKy WHIYKTUBHOCTHIO L
KOHJIEHCATOp €eMKOCThIO C :

rac Z - TOJHOE COIIPOTHUBIICHUEC LCIIN:

Z = RE+(X - X)*;
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XL - MHIYKTUBHOE CONPOTUBJICHUE!

XC - CMKOCTHOC COIIPOTHUBJICHUC!

@ — KPpYyroBas 4acToTra IICpeMCHHOI'O TOKaA.

HpI/I 9TOM CABHUT ¢)a3 MCIKAY HAIIPAKCHUCM U CHJIOM TOKa OIIPCACIIACTCA U3
YCJIOBHA.

L Xc R
tgp=——— WIH COSp =—
R Z
7. CpenHsisi MOIITHOCTb, BbIAE/IsIeMast B IIEMU IEPEMEHHOTO TOKA:
<P>=1,-U,-cosg,
rae @ — caBUr (a3 MeXIy HAIPSKECHUEM U CHIION TOKA.

8. Koaddurmuent momaocTn
R

R? + {a)L - 1}
(«C)

rae R — akTuBHOE CONPOTUBIICHUE;
oL - PEaAKTUBHOE MHIYKTUBHOE COMPOTHUBIICHUE;

Cosgp =

_C - P€aKTHUBHOC CMKOCTHOC COIIPOTHUBIICHUC.
()

9. BoytHOBOE ypaBHEHHE AJIEKTPOMArHUTHON BOJTHBI

.~ 1 0%E
AE:F'&tz’
- 1 0%H
AH:?'atz’
2

0 o 0?
rae A=— +— +— -oneparop Jlamnaca,
ox° oy° oz

v - (ha3oBasi CKOPOCTb AINEKTPOMATHUTHOMN BOJIHBI.

10. dazoBasi CKOPOCTH PaCHPOCTPAHEHUS IEKTPOMArHUTHBIX BOJIH B Cpejie:

c

T

D=

18



8
rae ¢ =3-10° M/C - CKOPOCTb ANEKTPOMArHUTHBIX BOJIH B BAaKyyMe.
11. YpaBHeHHE IOCKOM 3JIEKTPOMAarHUTHON BOJIHBI

E=E,cos@t—kx+g¢

H=H,cos@t—kx+¢
rnie  E, u H, - COOTBETCTBEHHO AaMIUIMTYIbl  HANPSKEHHOCTEH

QJICKTPHUICCKOT'O U MAIrHUTHOI'O oJIeu BOJIHBI,
@ - KpyroBasa 4aCToTa,

[0
k = — - BOJIHOBOE€ YHCJIO;
¥

¢ - HauanbHas (pa3a konebaHUil B TOUKE C KOOPAUHATON X =0.

12. CBsi3p JUIMHBI AJIIEKTPOMArHUTHOW BOJHBI C TEPUOAOM 1 W YaCTOTOM v
KoJeOaHui:

A=V wm A=v/vV.

13. B m1ockoi 31eKTpOMarHuTHOM BOJIHE

Eyes, = Hyuu,
riae g, =8,85-10®/ x - dyeKTpUUECcKas MOCTOSHHAS,
ty =47-107" I'n/ m - MAaTHUTHAS TTOCTOSTHHAS;

€ u u - AUDJIEKTPUUYECKas U MAarHUTHAs MPOHUIIAEMOCTHU CPEIbI.
14. O0beMHas MIOTHOCTh SHEPTUHU ANEKTPOMATHUTHBIX BOJH

1 ~ E'H
0)25608152 +,U01UH2/:505E2 = ptoH* =E-H- 5ogﬂoﬂ:T

rae E - HampsiKEHHOCTh JJIEKTPUUYECKOTO MOJISL BOJIHBI;

H - Hanps>KEHHOCTh MAarHUTHOTO T10JISI BOJIHBI,

v - (pa3oBas CKOPOCTH AJIIEKTPOMATHUTHOMN BOJTHBEI.

15. BekTop MIOTHOCTH MOTOKA SHEPTUHU SJISKTPOMATHUTHOW BOJHBI — BEKTOP
IToviTunra: i

Il =wb= E, H K

rae o - 00beMHas IIIOTHOCTh SHEPTHUH DJICKTPOMArHUTHBIX BOJIH;

v - (pazoBask CKOPOCTH AJIEKTPOMATHUTHOM BOJIHBIL;

E - BEKTOp HANPSKEHHOCTH DIIEKTPHUUYECKOTO TIOJIS BOJIHBIL;

H - BEKTOP HAIPSHYKEHHOCTH MArHUTHOTO TI0JISt BOJIHBI

Monyne Bexktopa [loTHHTa paBeH IJIOTHOCTH SHEPTUU JJIEKTPOMArHUTHOM
BOJIHBI.

IIpumeps! pemieHus 3a1a4 10 TeMe
«DJIEeKTPOMATHUTHBIE KOJIe0AHUS U BOJHbD)
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3agaya 1. Pa3HOCTP TOTEHIMAIOB MEXIy OOKIagKaMH KOHAEHcATopa
emMkocThio 0,5 MK®D B K01€0aTEIIEHOM KOHTYPE U3MEHSIETCS CO BPEMEHEM 10 3aKOHY
U = 100 sinl1000#t [B]. Omnpenenuts mepuoOJ COOCTBEHHBIX KOJICOAHHH,
WHIYKTUBHOCTH, IOJHYIO YHEPTUIO KOHTYpa M MAaKCHMAJIbHYIO CHITY TOKA, TEKYIIIETO
0 KaTyIIKe WHIYKTUBHOCTH. AKTUBHBIM COIPOTHBIICHHEM KOHTYpa MPEHEOPEYb.

Jlano:
C=05uk®d=05 -lO_GCD;
U, =100 B;

o =10°1 pao/c

T=20=?1,=?2L="

Pentenue.
HarnpsixkeHune Ha KOHAEHCATOPE U3MEHSIETCS 110 TAPMOHUYECKOMY 3aKOHY

U=U_sinat, (1)

rae Uy, - ammiTyiHoe (MakCMMalibHOE) 3HAaUYCHUE HAMPSHKEHUS Ha OOKIIaIKax
KOHJICHCATOpa;

® . coOCTBEeHHAas KpyroBas 4aCToTa KOHG6&HHI?I, KOTOpasd CBA3aHa C IICPUOAOM

COOTHOIICHHEM -2, (2)
w
OTtcroa HaxO M.
27
T= =2-103(c).
10°z ©

[Tepuon coOCTBEHHBIX KoOJi€OaHUN B KOHTYpE ormpeiaensercs 1o dopmyre
ToMmcoHa:

T =2zJLC. (3)
CrnenoBartesbHO,
T 2
L=—8. 4
47*C ( )

[TpoBepka pa3sMepHOCTH pacyeTHOMN (HOPMYJIBI:
CZ
- pao’ - @ B

Brruucnenue:
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(2-107%)?

- —0,2(I) .
4(3,14)°0,5-10°° (1)

ITonnas OHCPI'UA KOHTYpa CKIIAAbIBACTCA U3 S9HCPIUU SJICKTPUYICCKOI'O ITOJIA Wa
KOHIACHCATOPA U SHCPTHUHU MAIrHUTHOTO I10JIA WM KaTylIKHU:

CU? LI?
+—. (5)
2
HOJ]HaH 3H€pl‘I/ISI KOHTypa paBHa MaKCHMaHLHOﬁ 3HepFI/II/I BJIGKTpI/I‘{eCKOFO
T10JI4A KOHI[eHcaTOpaZ

W :W9 +Wa¢ =

_cu? ©)

3ma>< 2
WA MaKCUMaJIbHOM SHCPruM MarHUTHOIO ITOJIA KAaTYIIKH.

L1?
WMmax :T. (7)

[IpoBepka pa3MepHOCTH PACUETHBIX (POPMYII:
2
IN =In- A _Bed =B-A-c= [l
- A
[Ipou3sBeieM BBIYMCIICHHE:

~0,5-10°-100°
2

W =2,5-103(/Jorc) .

3Has TMOJHYIO SHEPTrHi0, MOXHO OMNPEIEIUTh MAKCUMAJbHYIO CHIIy TOKa,
MPOTEKAIOLIETO MO KaTYIIKe HHAYKTUBHOCTH:

2W
| =,|—, 8
o=y ®)
Brruncnenue:
-3
I :ﬂzo,la(,«)_
0,2

OtBeT: Tmepuoa COOCTBEHHBIX KoOJicOaHMH KOHTypa paBeH 2-107°c;
WHJIYKTUBHOCTh KaTymku paBHa 0,2 ['H; monHas 3HEPrusi KoJyieOaTeIbHOTO KOHTYypa
paBHa 2,5-10° [lxc; MaKCHUMalbHas CHJa TOKA, TEKYIIErOo 1O KaTyIIKe paBHA

0,16 4.

3agaua 2. /[nuHaA SIEKTPOMArHUTHOM BOJIHBI B BaKyyMe, Ha KOTOPYIO
HAaCTpOEH KoseOarenbHbli KOHTYp, paBHa 12 m. IlpeneOperass aKTHBHBIM
COINPOTUBIIEHUEM KOHTYpPA, ONPEICIUTh MaKCUMAJIbHBIM 3apsn Q, Ha IUIaCTUHAX

KOHJ€HCaTopa, €CJIM MaKCUMaJIbHas CHja TOKa B KOHTYype |, =1A
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Penienue.
CornacHo 3aKOHY COXPaHEHUs SHEPTUr

2 L2
o @

Q.

rac z - MaKCUMAJIbHAA SHEPTHUA JJICKTPHUICCKOI'O ITOJISI KOHACHCATOPA,

2
m

- MaKCUMAJIbHAA SHEPTUA MAaIrHUTHOT'O ITOJIA KaTYIIKH.

JInHa IEKTPOMAarHUTHOM BOJIHBI B BAKYYME

A=cT, (2)

rae ¢=3-10°m/c - CKOPOCTh PacHpOCTPAHEHUsS JICKTPOMArHUTHOW BOJIHBI B
BakyyMme; T — nmepuo| KoseOaHus.

KonebarenbHplii  KOHTYp HAcCTpOEH Ha  JJIEKTPOMATHUTHYIO  BOJIHY,
CJIeIoBaTeIbHO, COOCTBEHHAs] 4acTOTa KOJeOaHWil KOHTypa JOJDKHA COBMAAaTh C
YacCTOTOM  AJIEKTPOMArHUTHOM BOJIHBI, TO3TOMY TIEPHOJl BJIEKTPOMArHUTHBIX
KoJieOaHWi B KOHTYPE JIOJDKEH OBITh PaBEH MEPHOYy KOJIEOAHUHN AIIEKTPOMArHUTHON
BOJTHBI.

[To dopmyne Tomcona nepuos KoseOaHUl B KOHTYPE

T=2z/JLC. (3)
N3 (1) umeem:
Q 2
LC = | . 4)
[ToncraBum Beipaxkenue (4) B hopmyiy (3), moTyduMm:
Q
T=27""1,

m

[ToactaBuM Beipaxkenue (5) B popmyity (2), HOTyUnM:

Z:c-Zﬂ-?—m. (6)

m

N3 dopmynbl (6) BeIpasuM BEIMYMHY MAaKCUMaJIBHOTO 3apsjia Ha IJIaCTHHAX
KOHJICHCATOpa:

m

Al
Qn = 27
[IpoBepka pa3MepHOCTH pacueTHON (POPMYJIBL:
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Brruncnenue:
12-1

=5 31a.3.10° = 037 107 (K.

o

OTBeT: MaKCUMAaJTBHBIHN 3apsi)T Ha TUIACTHHAX KOHJACHCATOpa paBeH 6,37 -10° K .

BoaHnoBble cBolicTBA cBeTa
OcHoBHBIE 3aKOHBI U ()OPMY.JIbI

1. CxopocTh cBeTa B cpefe

v=—,
n

IJI€ ¢ — CKOPOCTh CBETA B BAKyyM€; N — MMOKA3aTENb MPEIOMIICHUS CPEIBI.
2. OnTryeckast IyTMHA TMyTH CBETOBOW BOJTHBI

L=n-1I,

rae / —reoMeTpuueckas JJIMHa IMyTH CBETOBOM BOJHBI B CpeJie € MoKa3aTesieM

peoMyIeHus N .
3. OnTryeckast pa3HOCTh X0J1a IBYX CBETOBBIX BOJIH
A=L-L,.

4. 3aBUCUMOCTbH pa3HOCTH (ha3 OT ONTUUYECKOW Pa3HOCTH X0J1a CBETOBBIX BOJIH

Ap =21(A/ ),
rae A — JJIMHA CBETOBOMW BOJIHBI.

5. YciioBre MakCUMaIbHOTO YCUJICHUS CBETa IIPH MHTEP(DEPEHITUN

AziZK%ziKﬂ, (k=0,1,2,...).

VYcaoBue MakCUMaJIbHOTO OCJIa0JIeHUs CBETa TPU UHTEep(EepeHLINH

A=i(2;<+1)% (k=0,1,2,...).

6. OnTHueckas Pa3HOCTb XO04a CBCTOBLBIX BOJIH, BO3HHKAIOIIAA IIPU OTPAKCHUN

MOHOXPOMATHYECKOTI'0 CBETA OT TOHKOM IIJICHKHU
- A
A=2d,/n” —sin®y +=
2
158)0%1
)
A =2dncosi, +—,
272

rae d — TonmuHa MICHKK; N — MoKa3aTellb IPeIOMIICHHUS TICHKH;
11 — yroja najicHus; I — yroJl NpeJoMIJICHUS CBETA B IJICHKE.
JloGaBo4yHass pa3HOCTh XoAa  A/2 BO3HMKACT TPU OTPAKCHHH CBETA

oT

23



ONTHYECKHU 00JIee TUIOTHOU CPEIbl.
7. Pagmyc cBeTbIX Kosenl HploToHa B OTpakeHHOM CBETE

- /% (k=1,2,3,...),

ric Kx — HOMCP KOJIbLA, R — paanyC KpHUBHU3HBI JHMH3BI, N — IIOKa3aTCib
IMPCIIOMJICHUS CPCIHI, Haxoz[;nueﬁcs{ MCIKOY JINH30M U CTEKJISHHOM MJIACTUHKOM.
PaI[I/IYC TCMHBIX KOJICI] HeroTona B OTPAKCHHOM CBCTC

N % (K:(), 1,2,...).

8. Panuyc x-oii 30ub1 Openens
a) 1715t c(hepruIeCcKOil BOJHBI

r, = /a—b/i :
a+b

I7le @ — pacCTOsIHUE MEXIy fuadparMoil ¢ KpyribiM OTBEPCTHEM M TOUEUYHBIM
HMCTOYHUKOM CBETA,

b — paccrosaume Mexmy amadparmMoii M SKpaHOM, HAa KOTOPOM BEAETCS
HaOMoAeHne TU(PPaKIIMOHHON KapTUHBI; K — HOMEp 30HbI DpeHerns;

A — IUTHHA BOJIHEL.

0) JJIs TITTIOCKOM BOJTHBI

r. =/bxa .

9. Hudpakuus cBera Ha OIHOM IIENM NMPU HOPMAIHLHOM TAJECHUU CBETa
(mudpaxius OpayHrodepa).

YT01 @ OTKIOHEHHUS Jy4ei, COOTBETCTBYIOIIUX MHHUMYMY WHTEHCHUBHOCTU

CBETA: asing = $2k% =kA (x=0,1 2, ..),

rIe a — NIMpUHA HIeNU; K — TMOPSIIKOBBI HOMEp MUHUMYMA; A — IJIMHA BOJIHBIL.
YTos ¢ OTKIIOHEHUS JTy4€eil, COOTBETCTBYIOIINM MAaKCUMYyMYy HHTEHCUBHOCTH

asing = 2k+1% k=0123,... ,

r7Ie (@ — NPUOIKEHHOE 3HaYeHUe yria Tu(paxiuu.

10. Judpakius cBera Ha AUGPAKUUOHHON pEIIETKE MPU HOPMAIbHOM
MMAJCHUU JTyYEH.

VYcaoBue riaaBHbIX MAKCUMYMOB UHTEHCUBHOCTH:

dsing =+kA k=0123,.. ,

riae d — mepro (MOCTOSIHHAS PEHISTKH ); K — HOMEP TJIaBHOTO AU(PPAKIIMOHHOTO
MaKCUMyMa B CJIy4ya€ MOHOXPOMATHYECKOTO CBETa WJIM MOPSIAOK CIIEKTpa B Cilydae
0emoro cBera; @ — YroJl OTKJIOHEHMs JIy4el, COOTBETCTBYIOUIMI MaKCHUMyMy
MHTEHCUBHOCTHU.

11. Pa3pemaroriasi cnocoOHOCTh TU(PPAKITMOHHON PEIICTKH
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— ﬂ' —
===
rne Al — HauMeHbINasi Pa3HOCTh JUIMH BOJH JIBYX COCEIHUX CIIEKTPaJIbHBIX
maand (A m A + A4 ), npu KOTOPOH 3TH JMHWH MOTYT OBITh BUIHBI Pa3icibHO B
CIIEKTpE, TOJYUYECHHOM IOCPEIICTBOM JNaHHOH pemeTkr; N — MONHOe YHCIIo IHeneit
pELICTKY.
12. ®opmyna Bynsda-bpoarra:

kN,

2dsin@=kA4,
rjie @ — yrojl CKONIBKEHHS (Yroa MEKIy HallpaBJICHUEM MapaljIeIbBHOTO IydYKa
PEHTIC€HOBCKOTO W3JIyYCHHS, MAJAroNIero Ha KPUCTAUI, © aTOMHOW IIOCKOCTBIO B
KpUCTaILIC);
d — paccTosiHHEE MEX Ty aTOMHBIMH IIJIOCKOCTSMHU KPHCTAJLIA.
13. 3akon bprocrepa:
tgiEp =Ny

II€ I, — YION NajcHUsA, IPU KOTOPOM OTPA3UBILMKICA OT AMIJICKTPUKA Tyd
MOJIHOCTBIO MOJISIPU30BaH;

n,, =%— OTHOCHUTENIbHBIM ~ TIOKA3aTelab MPEJOMIIEHUS BTOPOW  CpPEIbI

1

OTHOCHUTEJIBHO TIEPBOM.

14. 3akon Mamntoca:

I =1,co08’ &

rae lp — MHTEHCHMBHOCTH IJIOCKOMOJISPU30BAHHOTO CBETa, MAJAIOLIEro Ha
aHaAJIU3aTop;

| — MHTEHCHBHOCTB 3TOTO CBETA MOCJIE MIPOXOKACHUSI UM aHAIU3aTOPa;

¢ — Yrojl MEXIy HalpaBiIeHUEM KojeOaHUM 3JEKTPUYECKOrO BEKTOpa CBETa,
MaJarolero Ha aHajau3aTop M IUIOCKOCTBIO MPOMYCKaHUs aHaiau3aropa (eciu
KOJIeOaHUsI AJIEKTPUYECKOTO BEKTOpa MAJarolIero CBETa COBMNAJAIOT C  3TOU
MJIOCKOCTBIO, TO aHAJIM3ATOP MPOIMYCKAET TaHHBIM CBET 0€3 ociabyieHus).

15. Yroa noBopoTa MI0CKOCTH MOJIIPU3ALM MOHOXPOMATHYECKOTO CBETA MpHU
MPOXO0KJIEHUU YEPEe3 ONTUYECKH AKTUBHOE BEIIECTBO:

a) p=ad (B TBEPBIX TEJAX),

rac & — noCTOsAHHAas BpalllCHUA,
d-— JJIMHA ITYTH, HpOﬁlICHHOFO CBC€TOM B OIITUYCCKH aKTHUBHOM BCIIICCTBEC,

0) p = p= a pd (B pacTBOpax),
rae [a] — yaenbHoOe BpalieHue;
p — MaccoBas KOHIIEHTPAIUs ONTHYECKH aKTHBHOI'O BEIECTBA B PACTBOPE.

IIpumeps! pelieHnst 32124 10 TeMe
«BoJIHOBBIE CBONMCTBA CBETa»
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3apava 1. PaccTosiHue Mexly 1ByMsI KOTEPEHTHBIMUA UCTOYHHMKamu paBHoO 0,9
Mm. VICTOUHMKH, HCITyCKAIOUIME MOHOXPOMATUYECKUH CBET C JUIMHOM BOJIHBI 640 Hum,

PAacCIIOJIOKCHBI HAa PACCTOAHUU 3,5 M OT 2KpaHa. OHpe,Z[eJII/ITI) YHUCJIO0 CBCTIIBIX ITOJIOC,
paciojaraBuinxcsa Ha 1 cm JJIMHBI 9KpaHa.

Hano: A =640 um = 64-108 M,
d=09mm=910"u;

L=35m.
L
X
Pemenne.

B touke O Ha 3kpane (puc.) Oyner MakcUMalbHas OCBEIIEHHOCTh: Touka O
paBHOYyJajIeHa OT 000MX UCTOYHUKOB S'; U S';, MOATOMY pa3HOCTh X0Ja BOJIH, S'; O U
S, O pasHa Hymo. B npousBoiapHON Touke 3KpaHa O, MaKCHUMyM OCBEIICHHOCTH

6y,Z[CT Ha6HIOIIaTI>C5[, CCJIM OIITHYCCKasd pasHOCTb XOJa KOI'CPCHTHBLIX BOJIH pPaBHA
OCJIOMY YHUCIY JJIWH BOJIH:

A=S,-S, =kA (1)

rae Sp;, S; — onTHyYecKue MyTH UHTep(EpPUpPYIONINX BOJNH;, A — AJTUHA BOJHBI
NaJarollero CBETa; K — HOMEp CBETJION MOoJIOCHl (LIEHTpasibHas CBETJIas IoJioca
MIPUHSTA 32 HYJIEBYIO).

OnTtnueckas Pa3HOCTb X014 BOJIH

xd
A=—, (2)
L
II€ X — PACCTOSIHUE OT LEHTPAJIbHON CBETJION IOJIOCHI IO K-M CBETJION IOJOCHI.
Ok
~
Sl 'C|5
S 1 el =
R = O™~ T
_________ o~
~~~~~~~~~ =
d __________________ 2 i imimimim 'O: e R =+
________ <
S ===_ : _________________________ O2 -
L
Puc.
VYuutsiBas Beipaxenue (1), nomyunm:
xd
A=—=xrA (3)
L

N3 BeIpaxkenus (3) omnpeaenseM YHCIIO CBETJIbIX MHTEP(PEPEHIIMOHHBIX
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ITIOJIOC HAa CIMHUIY NJIMHBI:

K d
X LA
[Tpou3BeneM BBIYHMCICHUS:

K 9.10*m

X 3516410 °m

=400m°",

CrnenoBaTesbHO, YKCIO CBETJIBIX MOJIOC, paclojaraBmIMXcs Ha 1 cwm IITUHBI
JKpaHa, paBHO 4.

OTtBert: Ha OJHH CAHTUMCTP 3KpaHa IIPUXOIUTCA 4 cBETIBIC MOJIOCHI.

3amaua 2. JIns ycTpaHeHUs: OTpaKEHUsI CBETa OT MOBEPXHOCTH JIMH3bI HA HEE
HAaHOCUTCS TOHKAsl TUIEHKA BEIIECTBA C MIOKa3aTeleM npeaomiieHuss 1,26, MeHbIINM,
yeM y cTekia (MpocBeTiieHre onTHkU). [Ipu kakoil HauMeHbIeW TONIIMHE TUICHKU
OTpaXeHHE CBeTa ¢ NJIMHOM BoJHBI 0,55 mxm HEe OyneTr HaOMOIaThbCs, €CIU yroJ
MaJeHUs JTydeit 30%?

Hano: _ 1
n=1,26; ' 2
A =0,55mxm=5,5-10" m
i, =30°

d="? Ny K d

Penienue.

Onrtuueckas pa3HOCTh XOJa JIydeil, OTPAXKEHHBIX OT BEPXHEH M HUKHEU

MMOBEPXHOCTEN TIJICHKH (pHC.)
A =2dn’ —sin®i , (1)
rae d — TOJNIIWHA MJICHKH; N — MOKa3aTelb MPEIOMJICHHUS TUICHKHU; | — YroJ
MAJCHUS JTyUYEH.

B Belpaxkenuu (1) yuTeHo, 4TO OTpa)keHUE Jyuyeld Ha BEpPXHEW M HUKHEH
MOBEPXHOCTAX MJICHKU MPOUCXOJUT OT ONTHUYECKU 00Jiee TUIOTHOM Cpebl , TOITOMY
MOTEPHU MOIYBOIHBI B 000UX CIIydasiXx KOMIEHCUPYIOT IPYT ApYTa.

YcnoBue nHTEpPEPEHIMOHHOTO MUHUMYMa

A=(2k+ 1% )

N3 (1) u (2) naxonum:
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g, = (2k+12

Ry
4\n” —sin” i,

ITonaras x = 0,1,2,3...., HOAy4YuM psii BO3MOXKHBIX 3HAYEHUU TOJIIUHBI
MIeHKH. MUHUMATBEHOHM TOJIIIMHE TUIGHKH COOTBETCTBYET K = 0.
[TogctaBuMm B pacuetHyio QopMyny (3) UYHCIOBBIE 3HAYCHUS BXOMSIIAX
BEJINYUH U MPOU3BEJIEM BBIUUCIICHHUS:
- 5510 " m

4/(1,26)? —sin?30°

(3)

=12-10" m=0,12mKm |

OTBeT: HaMMEHBIIIAs TOJIIMHA 1IeHKd paBHa 0,12mkm .

3amauya 3. Paguyc BTOpOro teMHoro koiiblia HblOTOHAa B OTpaKEHHOM CBETE
0,4 mm. OnipenenuTsh painyc KPUBU3HBI TIOCKOBBITTYKJION JIMH3bI, B3ATOM IS OIbITA,
€CJIM OHA OCBEIIAETCI MOHOXPOMATHYECKUM CBETOM C JUIMHOM BOJHBI 0,64 Mm.

HaHo: 1442
r =0,4wnu=04 073w
A =0,6mxm =0,6-10"°% m.
k=2
Konsiia Hetorona — kosbiieoOpask ‘CUMYMBI U
MHHUMYMBI, TOSABJISIONIUECS BOKPYT TOYKI BBIMTYKJION

JVMH3Bl W IJIOCKOIAPAJUIENbHOM IUIACTUHBI IPU NPOXOKICHUU CBETA CKBO3b JINH3Y U
miactuHy (puc.). Ilpoctas mHTEepepeHLMOHHAs KapTHHAa BO3HHMKAET B TOHKOM
IIPOCIIOMKE BO3AyXa MEXAY CTEKISIHHOM IUIACTUHOM M IIOJIOKCHHOM Ha Hee
IJIOCKOBBIMMYKJION JIMH30M, cepuueckas MOBEPXHOCTh KOTOPOM HMeeT OOJbIIOoN
paanyc KpUMBHU3HBI. JTa MHTEp(HEPEHIIMOHHAS KapTHHA UMEET BHUJI KOHUEHTPUUYECKUX
KOJIELL, ITOJIy4YMBIINX Ha3BaHUe Koabpla HeroToHa.

Bomna 1 (puc.) mnosiBasercss B pe3yJbTare OTPAXKEHUS OT BBIMYKIOU
MMOBEPXHOCTU JIMH3bl HAa TPAHUIIE CTEKJIO — BO3JYyX, a BOJIHA 2 — B PE3yjibTaTe
OTPaXKEHUS OT IUIACTHHBI HA TPAHUIIC BO3IYX — CTEKJIO. DTH BOJHBI KOT€PEHTHBI, TO
€CTh OHH HUMEIT OJMHAKOBYIO JJIMHY M TOCTOSHHYIO pa3HOCTh a3, KoTopas
BO3HHUKAET M3-3a TOr0, YTO BOJIHA 2 MPOXOAUT OOJbIIMKM MyTh, yeM BosiHa 1. Eciu
BTOpas BOJHA OTCTAeT OT MEPBOM Ha LIEJIO€ YMCIO JJIMH BOJH, TO, CKJIAJbIBASCH,
BOJIHBI YCUJIMBAIOT ApYT JApyra. HampoTus, eciu BTOpasi BOJIHA OTCTAeT OT MEPBOM Ha
HEUYETHOE YHUCIIO TOJYBOJIH, TO KOJIeOaHUs, BhI3BAHHBIC UMHU, OyAYT MPOUCXOIUTH B
MIPOTUBOMOJIOKHBIX (pazax W BOJHBI racat Apyr apyra. [Ipu 3ToM paamyc TEMHOTO
KOJIbIIA
r,=vk-R-1, (1)

m
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rne R— pamuyc kpuBm3HBI TUH3BI, K=0, 1,2, ...; A — IIMHA BOJHBI CBETa
B BaKyyMe;

N3 popmysl (1) BeipaskaeM pagnyc KpUBU3HBI JIMH3BI:

R=—"—. (2)
[IpoBepka pazMepHOCTU pacueTHON (HOPMYJIBI:

k=2 -
M
HpOI/I3BeI[eM BBIYMCIICHUC.

-3\2
R= % — 04133() ,

OTBeT: painyC KPUBU3HBI TIOCKOBBIMYKJIOM JUH3BI paBeH 0,133 .

3apaua 4. Ha nudpaxknuonnyio pemietky mimHod 10 mm, umeroimryro 400
MTPUXOB Ha 1 Mmm, MajaeT HOPMAIBHO CBET OT pa3psaHoi TpyOku. [lomemiennas
BOJIM3U PEIICTKH JIMH3a MPOCHUpyeT MUMPAKIMOHHYI0 KapTUHY (PHUC.) HA TUIOCKUN
AKpaH 3, yJIaJ€HHbIN OT JIMH3bI HA paccTosiHue 1M. Onpenenurs:

1) mmpuHy cnekTpa MepBOro MOPSIKA, €CIM TPAHUIBI BUIUMOTO CIEKTpa
coctaBisitoT 780 nm (kpacHbIi kpait ciektpa) u 400 v (pUOSIETOBBIN Kpail CIIeKTpa);

2) 4YUCIO CHEKTPAIbHBIX JIMHUM KPAaCHOTO I[BETA, KOTOPHIE TEOPETUUECKH
MO>KHO HaOJII0AaTh C MOMONIBIO JaHHOU TU(PAKIIMOHHON PEIIEeTKH;

3) B CHEKTpe KaKOro Mopsiika 3Ta pelieTka MOXET pa3pelluTh ABE JIMHUU C
nuHOU BOJIHBL, paBHOM 500 #yv u 500,1 1w

EEEEEEEEEEE

)
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Puc.

Hano: /o= 10 mm = 102 m :
N= 410>
L=1wm;
Mo =780 une = 7,8 107 u;
Ay =400 un = 4107 u;
A1 =500 mn =5107
A, =500,1 ru =5,001107 m.

=%k =? k=7

Pentenue.

Yron ¢ OTKIOHEHUs Jy4yed, COOTBETCTBYIOIIUNA MAaKCUMyMy (PHOJIETOBOTO
1BeTa npu AU(pakiiui CBETA HAa PEIIETKE, ONPEAEACTCS U3 YCIOBHUS:

dsinp=k4, (1)
k=1, cleI0BaTeIbHO,

A
sing, =F¢’. (2)

AHanoru4Ho, it AMGPaKIMOHHOTO MAKCUMyMa KPacHOTO [BETA MOy YHM:
) A
sing, = f : (3)

W3 pucynka cienyer, 4To pacCTOsiHUE OT IEHTpa AUPPAKIIMOHHON KapTUHBI 10
(h10JIETOBOM CHIEKTPATHHOM IMHUU PABHO

l,=L-t9¢,. (4)
COOTBETCTBEHHO, ISl KPACHOM CIIEKTPaNIbHOMN JINHUU
|, =L-tgo, (5)

[upuHa crnekTpa nepBoro nopsiaka oyaer
Al =1, -1,

unu ¢ yuetom (4), (5):
Al = L(tgp, —t9¢,) (6)

B cnywae manbix yriioB ¢ 4 CIEKTpa MEPBOro MOPSIKA CHPABEIJIUBO
BBIPAKECHUE:

tgp~sing .
[ToaTomy, moactaBuB BeipaxkeHus: (2) u (3) B ¢opmyny (6), MOTydnM:
L

3nas yncno wtpuxoB N Ha 1 wm pelreTku, Hali1eM NeproJl PEeIIeTKU:
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|
d=—
N b (8)
[ToxcraBmss (8) B popmyiry (7), momydnm:

a=tNg¢ ~ 2y

I Kp

rae N =4-10° - 9YKCII0 MITPUXOB, MPUXOAIINXCS Ha 1 METp peIIeTKH
[Ipou3BeeM BBIYHMCIICHUS:
Al =1-4-10°(7,8-107 —4.107) =1,52-10 *(m) =15, 2cm

I[J'ISI OHpGI[CJIeHI/IfI qucCila CIICKTPaJIbHBIX JIMHUU KpaCHOI'O IBCTa HaﬁﬂeM
MaKCHMMAJIbHOC 3HAUYCHUC Ky, HCXOOSA H3 TOI'O, 4YTO MaKCHUMAaJIbHBIN yIoi

OTKJIOHEHHMS JIydel He MOKeT npessimaTh 90° (Sin90° =1).

N3 popmyisl (1) nmeem:
dsing
k=—", 9
o ©)
CnenoBaTesbHO,
kmax = i
;Z'Icp
C yuerom (8), mosyqum:
K = — = -33.

"™ na, 4-10°-7,8:107
Tak Kak 4YUCIO K, JOJDKHO OBITH 00S3aTENBLHO IEIBIM, TO Kmi—3. BlIEBO 1
BIPABO OT IIEHTpa KapTUHBI OyJeT HAOIIOAaThCA OJJMHAKOBOE YUCIIO CIEKTPATbHBIX
JUHUM, PABHOE 2K, 1aKuUM oOpa3oM, OOIee YMCIIO CIEeKTPAIbHBIX JUHUU PaBHO
2K pax = 6.
Tak kak pazpermiaromnias CrrocoOHOCTh TUMPAKITMOHHON PEIICTKH

A
R=-""=kN, 10
. (10)

TO MHUHUMAJIbHAA pasHUla JJIMH BOJH JABYX CICKTPAJIbHBIX HHHHﬁ, pa3pCuiacMbIX

. A
pelIeTKoi A=A = AL = - (11)
JIBe crieKTpaibHbIC JIMHUN Pa3pelIeHbI, €CITU
A
A, = = -~ (12)
[ToncraBnsist (11) B (12) 1, yuutsiBasi, 4T0 A = Ay, IOTy4YaeM:
A
A, = A = E] (13)

N3 Beipaxenus (13) cnenyer, 4To cHeKTpajdbHbIEC JTUHUH
pa3penieHbl B CIEKTpax ¢ MOPSAKOM

k> H (14)
(24 )N
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HpOI/IBBeI[eM BBIUNCIICHUA .
S 5107
(5001 —-5)-107 - 1077 -4 -10°

Tak kak x - 1eJI0e 4uClIo, TO B CIEKTpe NOpsAAKa k>2 yka3zaHHas pelIeTKa
MOXET pa3pelunThb IB€ JUHUM C JirHaMu BoH 500 #yv 1 500,1 .

OtBer: 1) mmpwuHa criekTpa mepBoro mopsijaka pasHa 15,2 cwu;
2)4NCII0O  CIEKTPAIbHBIX  JIMHHA  KpPAacHOro  IIBETa, KOTOpPHIE
TEOPETHUYECKH MOKHO HAOJII0JAaTh C MOMOIIBIO JaHHOW MU(PAKIIMOHHON PEIIeTKH,
paBHO 6;
3) pelreTka MOXKET pa3penIuTh 1Be JUHUM ¢ aiuHamMu BoiaH 500 wwu u
500,1 #m B ciekTpax, MOPsIOK KOTOPBIX K> 2.
3agaua 5. Bo CKOJIbKO pa3 yMEHBIIUTCS UHTEHCUBHOCTh €CTECTBEHHOTO CBETA,
MIPOIIEIIETr0 Yepe3 JABe Mpu3Mbl HUKOIS, TJIaBHBIE OCH KOTOPBIX COCTABIISIIOT YIOJ
60° ITotepu cBeTa B Kaxj0ii mpusMe cocTasisior 10% (puc.).

A l1 / /e
IR NEYE %Lﬁ%?’\q
L ' /fo>J" " TA\ 7 \

A B
N, N,
Puc.
Jlano: o = 60°%
k=0,1.
L _,
I,
Pemenue.

B pesynbpraTe 1BOMHOIrO JydenpesoMIIeHNs €CTECTBEHHBIN JIyd CBETA, I10I1a1ast
Ha mepByto mpusMy Hukosst (monspusarop), pa3aBanuBaeTcsl Ha OOBIKHOBEHHBIHN (0) U
HEOOBIKHOBEHHbI  (e) syun. OO0a J5yya MOJSIPU30BAaHBI  BO  B3aWMHO
NEPIEHIUKYIAPHBIX IJIOCKOCTAX. OOBIKHOBEHHBIM JIyd, TMOAYMUHAACH 3aKOHY
MPEIOMIICHUS, TIPEJIOMIISIETCS U, MOAONIS K CIOI0 KaHaJACKOro Oaib3aMa B MpU3Me
(rpanuna AB), WCHBITBIBAET IMOJHOE OTPAKEHHWE U TMOTJIOMIAETCS 3a4yepPHEHHOU
OO0KOBOI rpaHbl0 NpuU3Mbl. HEOOBIKHOBEHHBIN JTyd MPOXOIUT 4epe3 mpuMy. Takum
oOpa3oM, Ha BBIXOJIE€ NOJIAPU3ATOpA MOIYYAETCs IUIOCKOMOJSIPU30BAaHHBIN CBET,
MHTEHCUBHOCTh KOTOPOTO C YYETOM MOTEPh HA OTPAXKEHHE W MOIJIOLICHUE CBETa
MOJISIPU3aTOPOM PABHA!

1= 11, )
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rae lo— MHTEeHCHBHOCTb €CTECTBEHHOT'O CBETA, MMA/IAIOIIET0 Ha MOJISIPU3ATOP; K
- KOd(ppUIMEHT, YUYUTHIBABIIMI IMOTEPHU HA OTpakeHue W mnorjiouieHue. Ilinocko
NOJIAPU30BAHHBIA JIyd CBeTa, Najas Ha BTopylo npusMmy Huxons (anamuzatop),
TaKKe pacuierigercs Ha  OOBIKHOBEHHBIM M HEOOBIKHOBEHHBIM JIyYH.
OOBIKHOBEHHBIM JIyd MOJHOCTHIO Torjomaerca npusmMoil. HeoObIKHOBEHHBINH 1y
npoxoauT depe3 npusmy. [locne nmpoxoxaeHus aHaIM3aTopa UHTEHCUBHOCTh CBETa
YMEHbBIIIAeTCs KaK 3a CUET OTPAKEHUS U MOTJIOMICHHS CBETa aHAJIM3aTOPOM, TaK U U3-
32 HECOBMHAJCHMS IUIOCKOCTH TMOJISIpU3alMd CBE€Ta C IJIABHOM IUIOCKOCTBIO
aHanu3aropa. B cooTBeTcTBHM € 3aKOHOM Maittoca ¥ ¢ y4eTOM NOTEPh Ha OTPAKEHHE
Y TIPEJIOMJIEHUE CBETAa MHTEHCUBHOCTh paBHa:

I, =1,(1-x)cos’ a, (2)
rne « — Yrol MEXIy IUIOCKOCTAMH TOJSpHU3alii Tojspu3aTopa |
ananu3aropa. [loacrasisis Beipaxkenue (1) B (2), umeeM:
1
[2=5[0(1—K)2COS2Q : (3)

OTHOCUTENIPHOE YMEHBIICHUE HHTEHCUBHOCTH CBETA MIPU MPOXO0XKIEHUU CBETA
yepes 2 npuszMbl Hukons paBHO:

I, 2
=2 = : 4
7, (1 - x) cos’ a @
[logcraBuB B pacuetHyio Gopmyny (4) 3nauenue x = 0,1; a=60",
MOJTY4YHM:
Lo _ 2

=9,88.

12 (1-0,1)* cos® 60°
OTBeT: UHTEHCUBHOCThH €CTECTBEHHOI'O CBETA YMEHBIITUTCS B 9,88 pas.

3amaya 6. Jlyu cBera, maymuid B CTEKISIHHOM COCYJE C TJIMLIEPUHOM,
oTpaxkaeTcsi oT JHa cocyna. IIpu kakoM yrie majeHus OTpaKeHHBIA Jyd CBETa
MaKCUMAJIbHO MOJISIPU30BaH?
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2

Puc.

Pemienue.
CornacHo 3akoHy bproctepa, JIyd cBeTa, OTPOKEHHBIA OT AMAJICKTPUKA,
MaKCHUMaJbHO MOJIIPU30BaH, €CIIU:

tgi;, =Ny,
OTHOCHUTENBHBIN [TOKA3aTEIb MPEIOMICHUS

: 1,5
tg|6p = m :1,02,

i,, = arctg(1,02) = 45,58’
OTtBer: yron najgeHus paBeH 45,58

TensioBoe u3inyyenue. KBaHTOBBIE CBOMCTBA CBETA
OcHoBHbBIE 3aKOHBI U (P OPMY.JIbI

1. 3akon Credana-bonbsiiMana
4
R =0oT",
rae Re - sHepreTrueckasi CBETUMOCTh (M3JIy4aTelIbHOCTh) aOCOIIOTHO YEPHOTO

Tela,

s B
o =5.67-10"° ﬁ - nocrosinHas Credana-bonenmana,

T — TepMoaHaMUYECKas TeMIiepaTypa no mkaie KenpBuHa.

2. [1epserii 3akoH Buna (3akoH cmenienns: Bruna)

34



rae A, - JUIMHA BOJHBI, HA KOTOPYIO NPUXOAMTCS MAKCHMyM W3ITYYCHUS
a0COJIFOTHO YEPHOTO Tea,

b=2,9-10"u-K - nmocrosHHas epBOro 3akoHa Buma.

3. Bropoii 3akon Buna

=b"T5,

r
AT max

1)1 (R - MakCHMajbHas CIEKTpajibHas IUIOTHOCTh JHEPreTUYECKOU

max

CBETUMOCTH aOCOJIFOTHO YEPHOTO TEJa,
b'=13-10°Bm/ K*®-u® - MOCTOSIHHAsE BTOPOT0o 3aKoHa BuHa.

4. Dueprusa poroHa
e=hv umn €=ho,

h
rac h - mocTostHHas HHaHKa, h = 2— - IIPUBCACHHAS ITOCTOSAHHAS HJ'IaHKa;

v-gacrora poToHa, @ =27V - HUKINYECKast YaCTOTa.

5. Macca ¢orona

cc ¢4

I'ac ¢ - CKOPOCTh CBCTA B BAKYYMC, A - IJIMHA BOJIHBI (1)OTOHa.

6. Umnynsc ¢potoHa

P:mc:E
A

7. ®opmya DitHmTeiHa 1is Gotodrddexra:
hvy = A+EL

max

rae hv - sueprus dorona, magaroiero Ha MOBEPXHOCTh METAILIA,
A-paboTa BbIX0/1a ANEKTPOHA,

~

E nax - MakcHMalbHas KHHETHUYECKas SHEPTHs (POTOIEKTPOHOB.
8. Kpacnas rpanuna ¢potosddexra:

vO:% 50301 ﬂozh—:.

rac vy, u /10 - MUHUMAJIbHAaA 4aCTOoTa CBETA U COOTBCTCTBYIOIIAA JAJIMHA BOJIHBI,

IIPH KOTOPBIX €Ilie BO3MOXKEH (OTOIP(DHEKT.
9. JlaBicHHE, NPOM3BOAMMOE CBETOM IIPM HOPMAaJbHOM TIAJCHUM Ha

MTOBEPXHOCTB,

P :5(+p::a)(+p:’
C
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rae Ee =Nhv _ 00JTy4E€HHOCTh TIOBEPXHOCTH;
p - Ko3hGUIUMEHT oTpakeHUs (IS 3epKaabHOW mmoBepxHoctH L =1, man
uepHoii moBepxHoctn o =0);

@ - 00bEeMHas INIOTHOCTH OHCPIUH U3JIIYUYCHHA.
10. U3meHeHue JJIMHBI BOJIHBI ITPH KOMIITOHOBCKOM PACCCIHHUHN

AM=A-2 =1(—cosgj= 2N Gin2 2¢ sinzg,

mc mc 2

e A u A' - AJMHBI BOJH NAJAIONMIETO U PACCESHHOTO M3JTyUeHHs;

M — Macca 2JICKTpPOHa, g - YToJI paCCCAHUA,

h

Ac = o = 2,43nM _ xommToHOBCKAS MITHHA BOJHBL

IIpumeps! pemrenust 3aga4

3amaya 1. /[nuHa BOJHBI, HA KOTOPYHO IPUXOJIHUTCS MAaKCUMyM DHEPIHU B
criekTpe wu3naydeHuss uepHoro Ttema 0,58 wmkxm. Onpenenuts SHEPreTUYECKYHO

CBCTHUMOCTDB (HSHy‘laTCHBHOCTB) ITOBCPXHOCTH TCJIA.

Tlano: A, = 0,58 mxm =5,8-10"" u

R, -7

e

Penienue.

DHepreTuueckass CBETUMOCTh R, aOCONIOTHO dYepHOTO Teina B
cooTBeTcTBUM ¢ 3akoHOM Credana-bonbiiMaHa mPOMOPIIMOHAIEHA YETBEPTOM
CTENIEHU TEPMOJUHAMUYECKON TEMIIEPATYPhI U BhIpakaeTcs PopMyIioin

4
R, =oT", (1)
rie o - mnocrosHHas Credana-bombumana, T - TepmoaMHaMHUecKas
TemIeparypa.
Temnepatypy 7 MOXHO BBIYMCIIUTD C IOMOIIIBIO 3aK0HA BuHa:
fo= ®
T H

rac b - mocTostHHas IICPBOIro 3aKOHAa CMCIIICHUA Buna.

Ucnions3ys dopmynst (2) u (1), moydaem BbIpaKeHUE:
4

b
Re =0 — (3)
A
HpOI’ISBCI{CM BBIYUCJICHUA:
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_3\4
R, =5,67-1o8(%] =3,54.10 (B—’ZJ=35,4(M€”7J.
y O M

M

MBm

7 -
M

OTBeT: 3HEpPreTUYeCcKasi CRETUMOCTh TOBEPXHOCTH Teja paBHa 35,4

3agaua 2. OmnpenenuTh MaKCUMAIbHYIO CKOPOCTH  (DOTORIEKTPOHOB,
BBIPBIBACMBIX C TIOBEPXHOCTH cepedpa:
1) ynbTpaduoaeTOBBIM U3IIYyYEHUEM C ITUHOU BOJHBI 0,155 mroum;
2) raMMa-u3JIy4eHHEM C JITTHHOU BOJIHBI 1 nm.

Jlano: A, =0,155mxm =1,55-10"" m,
A, =lnm=1-10""nm.

U D

"2 —
max1 ' max2 :

Penienue.

MakcumanbHyI0 CKOPOCTh (POTOAIEKTPOHOB MOKHO ONPENCIUTh U3 YPaBHECHUS
Oiinmrenina st pororddexra

2
e=Ar, (1)

rae & - sHeprus GOTOHOB, MAAAIONINX HA TOBEPXHOCTh METalIa,
A - paboTa BbIXOJIa JJIEKTPOHA,

2
mo
> ¢ - MakcuMasbHas KMHeTHdYecKas dHeprus (OTOdIEKTPOHOB.
OHeprusi GOTOHA BBIYUCIISIETCS TAKKE 10 (hopmyre:
hc
= @

rae h - mocrostanas [Tnanka, ¢ - CKOPOCTh CBETa B BaKyyMme, A - AJIMHA
CBETOBOM BOJIHBI.

Kunernueckass dSHeprus dSJIGKTPOHA MOXKET OBITh BBIpaXEHA WA IO
KJIaCCUYECKOH (hopmyTie:

£ kK ml)g
max 2 (3)

WJIU TI0 PENIATUBUCTCKOMN hopmyiie:
1
1

) 2

rae E, - sneprus mokos snexrpona, f=v/cC.

E.. =E,

max
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CkopocTh (OTOIIEKTPOHA 3aBUCUT OT DHEPruM (POTOHA, BBHI3BIBAIOIICTO
dboroaddexr. Ecau sHepruss ¢ (GoToHa HAMHOTO MEHBIE HSHEPruu Tokos E,
AJIEKTPOHA, TO MOXKET ObITh IpuMeHeHa dhopmyna (3). Eciou ke ’sHeprus ¢oToHa ¢

CpaBHUMA IO BEJIMYMHE C DHEPIHEH TOKOS d3JEKTpoHa E, , TO BBIYMCICHHE TIO
dbopmyne (3) mpuBOAMT K OOJBIION OIMIMOKE, MOATOMY HYXKHO IIOJIh30BaTHCS

bopmyroii (4).
1) Boruncnum sHepruro (GoToHa yabTpa(HOIECTOBOTO U3TyUYeHHUsS 1o (popmyrie

(2):
6,63-10 % .3.10° 18
g = - ~1,28-10 ° (/)
1,55-10
1,28.10 718
Nnu & =———q1g =808)
1,6-10

[Tonyuennass snHeprus ¢otoHa (8 9B) MHOTO MEHbBIIE SHEPrUU IMOKOS
anektpoHa (0,51M5B). CnepoBaTellbHO, B 3TOM Cllydyae KHUHETUYECKAsl SHEPTHUs
(hoToaekTpoHOB B popmyrie (1) MOkeT OBITH BhIpa)KeHa MO KJacCUueckoil popmyre

(3):

2

m.v
g, = A+_00max
2
Otkyna
T \/2(51 —A)/my | 5)

[IpoBepuM pa3MepHOCTb BbIpaKeHHUS (5).

1
= 1
—Al)2 1 } 2 A - 2
{[61 ]J _ 1ﬂo,c,k22:(lH WJZZ(MT:WC_
Mg 1xe

[ToacTaBuMm 3HaueHue Benu4IuH B hopmydy (5):

2(1,2810 18 _ 0, 7510718) g
v = — =1,08- mle 3,0
max 9,1110 31 M/C

2) Berunciaum sHepruto (GoToHa raMMa-u3IydeHHUS:

he  6,6310 °%310°
£ = — =
22 10—12

WJIN BO BHECUCTEMHbBIX €ANHULIAX.

~1,99-10 13 ()
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1,910 13 6
82 27_19:1, 24-10 3B =1, 24 M»>B.
1,610

Pabora Beixona snekrpoHna (4 = 4,7 5B) npeHeOpekuMo MaJia o CpaBHEHUIO C
sHepruedt gotoHa (&€, = 1,24 Mb>B), m03TOMY MOXKHO MPHUHATH, YTO MaKCUMaJbHas
KUHETUYECKasi SHEPTUsl AJIEKTPOHA paBHA dHEpruu ¢GoToHa. Tak Kak B JAHHOM cliydae
KUHETUYECKasi DHEPTHs 3JIEKTPOHA OOJIbIIE €r0 SHEPTUH MOKOS, TO ISl BHIYUCICHUS
CKOPOCTHU  DJIGKTPOHA  CJEIYyeT UCIIOJIb30BaTh  PEISTUBUCTCKYIO  (POpMyILy
KHUHETUYECKOU 3Hepruu (4).

N3 aroit hopmysl
B =+(2E,+EX)EY | E,+EX

max

k
3ameTHB, uto U=C-f wu Erfqa)x =&,, TOIYYHM:

JVOE, + &, ), _
E, +¢,
OHeprun E, M €, BXOJAT pacueTHYIO (GOpMYyJTy B BUJIC OTHOIICHUS,
MO3TOMY MX MO>KHO BBIPaXaTh BO BHECUCTEMHBIX €IUHUIIAX.
Buruncienue:

0

max — €

J(2-0,51+1,24)-1,24
0,51+1,24

OTBer: MakcuManbHasi CKOPOCTb  (DOTODJIEKTPOHOB, BBIPHIBAEMBIX C

v, =3-10° =2,85-10°(m/ c)

6 .
HIOBEPXHOCTH cepebpa yapTpaduoneToBsiM u3nydenrneMm, pasua 1,08-10°u/c;
MaKCHMaJIbHasi CKOPOCTh (DOTOIJICKTPOHOB, BBHIPHIBAEMBIX C IOBEPXHOCTH
8
cepebpa ramma-usiaydenneM, pasaa 2,85-10°u/c

3agaua 3. ®oton c sHeprueit ¢ = 0,75M»sB paccesuics Ha CcBOOOTHOM
anekTpone noj yriom 6 = 60°. [IpuHuMasi, 4ToO KMHETUYECKasi SHEPTUS U HUMITYJIbC
AJIEKTPOHA JI0 coyAapeHusi ¢ POTOHOM ObLIA MPEHEOPEKUMO MaJlbl, ONPEAEIUTh: 1)
SHEPIHI0 & paccesHHOro (POTOHA; 2) KMHETHUCCKYIO SHEprui0 7 3JEKTPOHA OTAauHu;
3) HampaBJIeHUE €ro JBMKCHUSI.

Hano: & =0,75M>5B.
6= 60°.

!/
g=? T-?2 ¢-2
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Peurenmne.

1. Dnepruto paccesHHOTO (HOTOHA HaifJIeM, BOCIIOJIb30BABIIUCH (HOPMYIIOi
Kommrona:
X—X=2ih(—cose:, (1)
m,C
rje A - JyIMHA BOJHBI Majaromero GoToHa;
A' - IJITHA BOJIHBI PacCESTHHOTO (POTOHA;

m, - Macca MOKOsI 3JIeKTPOHa;
¢ =3-10°u/c - CKOPOCTb CBETa B BAKyyMe;
0 - yrona paccesHus OTOHa.

BoipazuB jummHBI BOJIH A' U A 4epe3 dHepruu &', paccessHHoro (oroHa, u €
najaromero poroHa, MoOTyIUM:

2nhc  2mhc  2mh ~
— = = —c0sO . 2
€ € m,C ¢ - )
[IpuBenem BeipakeHue (2) K BUAY
1 1 1-cos 3)
€ & mC
N3BecTHO, YTO SHEPTHsI MOKOS AJIEKTPOHA
E, =m,c® (popmyna DifHITeiiHa) 4)
C yuerom (4) bopmyny (3) 3anuiiem B BUJIE:
3 : ()

~ €/E, {—cosO ¥1’
[lofCTaBUB YMCJIOBbIE 3HAYEHMS BEJIUYMH, MOIYy4UM 3HAYEHHE DHEPIUM

paccessHHOTO (hOTOHA:
¢ =0,43 M>B.

2. Kunetndeckas dHEprusi dJIEKTPOHA OTIaud, KaK 3TO CIEAyeT M3 3aKOoHa
COXPaHEHUs YHEPTHH, paBHA Pa3HOCTH MEXIy dHEprueil manaromiero GoToHa
Y DHEpruen paccessHHOro GoToHa:
T=g-¢&"=0,32(M>sB). (6)
3. Hampapienue ABWKEHHS DOJICKTpPOHA OTIAAud HaWAeM, MPUMEHHB 3aKOH
COXPaHEHHUsI MMITYJIbCa, COTJIACHO KOTOPOMY MMITYJIbC Taaaromero gorona P paBeH
BEKTOPHON CyMME MMITYJIbCOB PacCeIHHOro (DOTOHA U AJIEKTPOHA OTAAYH.

P=P+mV, @)
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rj1e P - HMITyJIbC MaJaronero poToua;
P’ - HMITYJIbC PaCCESHHOTO (OTOHA;
mV - UMIIyJIbC DJIEKTPOHA OTIAYM.

BekTopHas muarpamMma WMIYyJbCOB H300pakeHa Ha pHUCYHKE. Bce BEKTOpHI
pOBe/IeHbI U3 TOUKU O, I7ie HaXOWICS 3JIEKTPOH B MOMEHT COyJlapeHus ¢ (POTOHOM.
VYron ¢ onpenenseT HanpaBlIeHUE JTBUKEHUS JIEKTPOHA OTAAUH.

N3 tpeyronpauka OCD nHaxonum

ICD| ICA[sin 6
tao = = , 8
%= |oD| ~ oA/~ [CAlcos6 (®)
WJIN
p sin® sin 0
tgp = , = , : 9
9 p—p cos® p/p —cosO ©)
Tak kak p=% 5 P’:i,To
C C
sin©
tgp=—"+—"—. 10
Al ele —cosO (10)

[IpeoOpazyem dopmyiny (10) Tak, 4TOOBI YTOa @ BBIpAXKaJICS HEMOCPEICTBEHHO
yepe3 BEJIMYMHBI € U 6§, 3a1laHHbIe B yclioBuu 3anauu. 13 dopmynsl (3) cienyer:

L =% ¢-cos6 1, (11)
e E,|
C yuetom (5) dpopmyia (10) mpumeT BHI:
tgo sin® (12)

" (+e/E, X-cos0
YuuteiBas, 4TO Ssiné = 2sin gcosg n 1-cosd= 25in2§ IIOCJI€ COOTBETCTBYIOIINX

peoOpa3oBaHUM MOTYUUM:
_ctg@/2
? T lvel E,

[Tocne Beruucnenus no popmyne (13) maitnem tgp =0,701, otkynma ¢ = 35°.

(13)

OtBer: sHeprus paccessHHoro ¢otoHa paBHa 0,43 M>B; kuHeTHYECKass dSHEPTHS
aneKkTpoHa otnaud paBHa 0,32 MoB; HamnpaBieHHUE IBUXKEHUS DJICKTPOHA OTAA4YM
ONPEAETSAETCS YIIIOM ¢, paBHBIM 35°.

3agaya 4. Ilyyok MOHOXPOMATHMYECKOI'O CBETa C JJMHOW BOJHBI 663 MM
najgaeT HOPMajdbHO Ha 3€PKaJIbHYIO IIOCKYIO MOBEPXHOCTh. II0TOK sHepruu paBeH
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0,6 Bm. Onpenenutp cuity F naBieHHs, UCHBITHIBAEMYIO 3TOH MOBEPXHOCTHIO, a
takke unciao N (HoToHOB, MajarolMX HA HEE 3a BPEeMs, PaBHOE S C.

Jlano: A =663myu =663-107° x;

@, =0,6Bm;

At = 5c.

F-?2 N-?
Pemenue.

Cua cBETOBOIO AaBJICHUA Ha ITOBCPXHOCTHb paBHA IPOU3BCACHHUIO CBCTOBOI'O
JaBJICHUA P na 1101 aab S ITOBCPXHOCTH:

F=P-.S. (1)
CeToBO€ JaBlIeHHE MOXKET OBITh HalIeHO 110 hopmyJie
<1
P=E@+13, 2)
c
rae E, - o0aydeHHOCTh MOBEPXHOCTH (PHEPrus Bcex (HOTOHOB, MAJAIOIIMX HA
€MHHIY . _ TIOBEPXHOCTH 32 1 ¢;

£ - KO3PPUIHUEHT OTpaKeHUs (1151 3epKaIbHOM MOBepxHOCTH £ =1).

8
¢=3-10°m/c - cKOpPOCTH CBETA B BaKyyMe.

[Toncrasisist BepaskeHue (2) naBieHus cBera B popmyny (1), momyuum:
E.S ~
F=—"6¢+1. (3)
c
Tak kak mnpousBelneHHE OOJYYEHHOCTH Ha IUIONIAAbh IOBEPXHOCTH PaBHO
MOTOKY JHEPrUU W3IIYYCHHS, MAJAIONIEro Ha TMOBEPXHOCTh, TO COOTHOIIECHHE (3)
MOYKHO 3aMKcaTh B BUJE:

) -
F=—60+1, 4)
C

rac @V - IIOTOK SHCPIrun U3J1y4CHHUS.

HpOI/ISBO)II/IM BBIYUCIICHUA:

F 05, (+1 =4-10°(H)
3.-10° -

Yucio GpoToHOB, Magaromux 3a Bpemst Al Ha TOBEPXHOCTb,
ompenensiercs no Gopmyre:

AW
= ©)
rae AW - sHeprust uzydeHus, mojydaeMasi IoOBEPXHOCTHIO 3a Bpemst At ;
£ -sHeprus QoToHa.

N
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hc
BripaszuB B ¢dopmyne (5) snepruto ¢oToHa uepe3 AJUHY BOIHBI (827)

TIOJTyYHM:
DA ©
"~ h.c
[ToxcraBus B (GopMyny (6) YKMCIOBBIE 3HAUEHHS BEIMYMH U IIPOM3BELS
BBIYMCIICHUS, TIOTYYHM:
0,6-663-10°.5
N=— =10" (borToHoOB
6,63-10* .3.10° ((1) )
OTBeT: cuja AaBIeHHUs, NCIBITEIBAEMAas IIOBEPXHOCTLIO, paBHA 4nH |

3a IATh CEKYH/I Ha OBEPXHOCTH MajgaeT 10 GoToHoB.

3aaHus K KOHTPOJIbLHOM padore Ne 3

300. MarepuasbHas TO4YKa COBEpINACT TapMOHWYECKHE KOIeOaHUs C
aMIuIaTyou 4 cm m nepuoaoM 2 c. HanmcaTte ypaBHEHUE ABUKEHHS TOYKH, €CIIHA €€

JIBUJKECHUE HAYUHACTCS U3 ITOJIOKECHUS Xy= 2cm .

301. OgHopoanbiit muck paanycom 20 cu KOIEOJIETCS OKOJIO TOPU30HTAIBHON
OCH, ITPOXOJAILIEH HAa pacCTossHUU 15 cm  oT menTtpa aucka. OnpenenuTs Mepuom
KoJIe0aHus IUCKa OTHOCUTEIHHO OCH.

302. Haiitu BO3Bpamailyr0 CUiIy B MOMEHT BpemMeHu t = 1C M moiHyio
SHEPIrUI0 MaTepUaNIbHONW TOYKH, COBEpUIAIOUIEH KOJeOaHWs MO 3aKOHY x = Acosat,
rae A =20 cm, o =21/3 ¢, Macca MarepuaibHOUW TOUkHW paBHa 10 r.

303. Ha Bpamaronemcsi Tucke yKperuieH mapuk. Kakoe ABMKeHHE COBEpIaeT
TEHb HIapuKa Ha BEPTHKAIBHOM sKpaHe?
Omnpenennure cMEIICHUE TCHU MapuKa 3a Bpems, paBHoe 7/2 u T, eciii pacCTOSIHUE OT
IIEHTpa MapuKa 10 ocu BpamieHus paBHO 10 cMm. HauanbHas ¢a3a konebaHus TCHH
HIapvKa paBHa  Paj

304. I'py3 maccoit 200 r moABeIIeH K NpyXuHE ¢ KO3PHUIIUEHTOM yrnpyroctu 1
H/m. Haiitu niuHy MaTeMaTHYecKOro MAasTHHKA, MMEIOMIEro TaKOW Ke TepUuoj
KoJieOaHM, KaK JaHHBIA MPY>KUHHBIA MasTHUK.

305. Yemy paBHO OTHOILIEHHWE KHUHETHYECKON HIHEPruy TOUKH, COBEPIIAIOIICH
rapMOHUYECKHUE KOJIeOaHUs, K €€ MOTEHUUAIbHON 3HEpruu Jisi MOMEHTAa BPEMEHH
t=T/12, rae T - nepuos koaeOaHuUM.

306. Kak u3MeHMTCS MEepUOja BEPTUKAIBHBIX KOJI€OAaHUN rpy3a, BHUCSIIETO Ha
JIBYX OJMHAKOBBIX MPYKUHAX, €CIH OT MOCJIEI0BATEIBHOTO COEAMHEHHS MNPYKUH
MEepPEeNTH K UX MnapauieabHoMy coequHeHunto. Konebanus cuutarb rapMOHHUYECKUMU.

307. 'apmoHnueckoe KojebaHrue TOUYKA UMEET BU/L:

X = Asin(z—”tj
T
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Yepes Kakyio JOII0 MEpHOJa CKOPOCTh TOUKH OyJEeT paBHA €€ MaKCHUMaJbHOU
CKOpOCTH?
308. MaTeMaTuuecKkuii MasgTHUK COBEpIIAET KOJICOAHUs C aMIUIUTYJIO0H 3 CM.
Onpenenure cMmellleHUEe MasiTHUKAa 3a Bpems, paBHoe 7/2 u 7. Hauvanbnas ¢aza
KoJieOaHu paBHa 77 paj.

309. JIBa OAMHAKOBO HAIMPABJICHHBIX TapMOHUYECKHX KOJICOAHUS C
OJIMHAKOBOM YacTOTOM W aMIUIUTyAaMH 3 CM M 5 CM CKJIAQJBIBAIOTCA B OJHO
KoJebanue ¢ ammutynou 7 cM. Haiftu pa3HOCTh (ha3 CkiIaapIBaeéMbIX KOJICOAHUH.

310. Ckopblii moe3n ynansieTcsi OT CTOAIIErO Ha IMyTSAX JJIEKTPOIoe3aa Co
CKOpPOCTBIO 72 KM/4. OJJekTpomoe3n mojaer curHaa ¢ dacroron 0,6 kI
Onpenenutpy KaXyHIylOCd YacTOTy CHUTHAla, BOCIPUHUMAEMOTO MAIIUMHHUCTOM
CKOpOTO TOe3/1a.

311. [JIBmwKymuiicss MO peKe TemioxXoa JaeT CBUCTOK yactoTo 400 I
Ha6nronatens, crosdmuii Ha 6epery, BOCIpUHUMAET 3BYK CUTHaia 4actotoit 395 I'.
Onpenenutb CKOPOCTh TEIIIOXO0/1a, €CJIM CKOPOCTh 3BYKa B BO3AyX€E MPUOIU3UTEIBHO
paBHa 340 m/c.

312. Haiftu cMmemeHue OT TOJIOKEHHUS PABHOBECHSI TOYKH, OTCTOSIIIEH OT
UCTOYHMKA KOJIeOaHui Ha paccrostaun A/12, ams MomeHTta BpeMenu T/6. AMIuuTyna
kose0anus 0,05 m.

313. HcTouyHMK MOHOXPOMATHUYECKOTO CBeTa ¢ JAauHOW BOMHBI 600 HM
JBIDKETCS 110 HaINpaBlieHUIO K HabmogaTento co ckopoctbio 400 m/c. Onpenenuthb
JUIMHY BOJIHBI HW3JIYYeHHS, KOTOPYIO 3apErHCTPUPYET CHEKTPaIbHBIM MpUOOp
HaOII0ACHUS.

314. Camoner, nersmmuii co ckopoctb 300 M/c, sBIsSETCS HCTOYHUKOM
3ByKOBbIX BOJIH ¢ yacTtoToil 1000 T'm. Ha ckoibkO OTIMYaeTCss 4YacToTa 3BYKA,
BOCIIPUHUMAEMOTO HAOJIIOAaTeNIeM P yJIaJIeHUU OT HEro 3TOTO camosiera’?

315. Karep nBmxercss B MOpe CO CKOpocThio 54 km/4. Paccrosinue mexmy
rpebusmu BoH 10 M, mepuona kosnebanuii yactuil B BoiHe 2 ¢. C Kakoil 4acTOTOM
yIapsIFOTCST BOJIHBI O KOPIYC Karepa MNpH €ro JBWKEHUH: 1) B HampamJICHUU
pacrpocTpaHeH sl BOJIHBI, 2) HABCTpedy BOJHAM?

316. Onpenenute CKOPOCTh PACIPOCTPAHEHUS BOJIHBI, eciu ee JuymmHa 150 M, a
nepuop 12 c¢. Ha xakom paccTosHUM HaxoAsTCs ONMKaIline TOYKH BOJHBI, KOJEO-
JIFOIIHMECS B MPOTUBOMOJIOKHBIX (hazax?

317. OnpenenuTb CKOPOCTh L PaCHpPOCTPAHEHUSI BOJIH B YIPYTrod cpelie, eciiu
pa3HOCTh (a3 KoJieOaHUN NBYX TOUEK Cpeabl, OTCTOSIMUX ApYr oT Apyra Ha 10 cwm,
paBHa 60°. Yactora konebanuit v=25 I'm.

318. C kakoil CKOpOCTBbIO yHaajsieTcs OT Hac HEKOTOpas TyMaHHOCTb, €CIU
M3BECTHO, YTO JIMHUS BOAOPOJA C JUIMHOUN BOJHBI 434 HM B €€ CIEKTpEe CMEIleHa B
CTOPOHY KpPacHBIX BOJIH Ha 1 HM?

319. Tloe3n mpoxXoAUT MUMO CTaHIIMU CO CKOpPOCThIO 72 kM/4. YacToTa ryaka
anektpoBo3a 300 T'm. Ompenenuth 4acTOTy 3BYKa, KOTOPBIA OyneT yciblllaH
YeJI0BEKOM, CTOSIIIIUM Ha Tu1aTopmMe, eCiy Moe3 1 MPUOIUKAeTCS.

320. Ha xakoif nuama3oH JJIMH BOJIH MOXXHO HACTPOUTH KOJeOaTeIbHBIN
KOHTYP ¢ MHAYKTUBHOCTBIO 1 MI'H, ecu u3MeHsATh eMKOCTh 0T 50 n® no 500 nd?
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321. B oqHOPOIHOM U U30TPOITHOM Cpesie ¢ TUAIEKTPUUECKON MPOHUIIAEMOCTHIO
£=3 W MarHUTHOM TPOHMULIAEMOCTBIO w =1  pacCIpOCTpaHseTCs  IUIOCKas
AJIEKTPOMAarHuTHas BOJIHA. AMIUIUTY/1a HAPSDKEHHOCTH 3JIEKTPUYECKOIO MOl B HEH
10 B/M. Haiitu ¢a30By10 CKOPOCTH BOJIHBI.

322. PapuonepenaTunk UCKYCCTBEHHOTO CITyTHHKA 3eMJIM pabOTaeT Ha 4acTOTe
20 MTI'u. KakoBa nyvHa BOJIHBI IepeAaTunKa’?

323. KonebaTenbHbIi KOHTYp, COCTOSIIIMA W3 KaTyIIKU HHIYKTUBHOCTH U
KOHJeHcaTopa eMKocThio 1 nd, ummeer uactoTy KojeOanuii S5 MI'u. Haiitu
MaKCUMaJbHYIO CHJIy TOKa, MPOTEKAIOIIEro MO KAaTyIKe, €CIH MOJIHAS JIHEPIHs
koHTypa 0,5 MxJ[x.

324. Tlo rpaduky, n300pa>keHHOMY Ha pUCYHKe, ornpenenaute ammutyry S/C,
nepuoj Toka u yactory. Hanummre ypasuenue 3/1C.

h = 2
o0 —

&0
30

325. Tlo rpaduky, m300pa)KeHHOMY Ha PHCYHKE, OMpPEIEINTE aMILTUTYIy
CWJIbI TOKa, MIEPUOJ U YacToTy. Hanummure ypaBHEeHHE MTHOBEHHOT'O 3HAYEHUSI CHUJIbI
IIEPEMEHHOTO TOKA.

L

326. Ilmockas »dIeKTPOMAarHWTHAas BOJHA YacTOTOM 10°7y, HMeEromas
aMIUTATYAy HampsKEHHOCTH dJiekTpuueckoro mois 120 B/M, pacmpocTtpansieTcs B
BO3/lyX€. 3amMcarb ypaBHEHUE DJIEKTPOMArHUTHOHW BOJHBI C  YHCIOBBIMH
ko3 duireHTaMu, MOJI0KUB HAaYaIbHYIO (Da3y paBHYIO HYIIIO.

327. KonebarenbHbli KOHTYp COCTOMT U3 KOHAEHcaTopa W KaTyIIK{
UHAYKTUBHOCTH. OmnpenenuTh 4acToTy KoJeOaHUW, BOSHUKAIOUIMX B KOHTYpE, €CIH
MaKCHMajbHas CHJla TOKa B KaTyIIKe MHAYKTUBHOCTH 1,2 A, MakcuMasbHasi pa3HOCTb
MOTEHLMAJIOB Ha oOkmankax kouaeHcaropa 1200 B, momnas sHeprust kontypa 1,1
M/JDK.
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328. KonebarenbHbIE KOHTYpP COJEPKUT KOHACHCATOP 3JIEKTPOEMKOCTHIO
C =0,5#® wu xarymky uaayktuBHocThi0 L =0,4m/H. Onpenenurs ATUHY BOJIHBL
U3JTy4YCHUS, TEHEPUPYEMOTO KOHTYPOM.

329. B Bakyyme BAOJb OCH X PaclpOCTpaHSICTCs TUIOCKas dJECKTPOMAarHUTHAS
BOJIHA. AMIUINTY/Ia HAIPSOKEHHOCTH MArHUTHOTO I0JIss BOJHBI paBHa 1wmA/l m.
Onpenenuts aMIUIUTYAY HAIPSHXKEHHOCTHU AJIEKTPUYECKOTO OIS BOJTHBI.

330. CxopocTh pacmpOCTpaHECHUS SJIECKTPOMArHUTHBIX BOJH B HEKOTOPOU Cpejie
cocrapisier V = 250Mm/ c. Onpenenuts JIMHY BOJHBI JIEKTPOMArHUTHBIX BOJIH B
3TOM cpejie, €CIIM UX YacToTa Bakyyme v, = 1My .

331. PaccrosHue Mmexnay AByms miensmu B ombite HOnra pasuo 0,5 mm
(4 =0,6;mxm). OnpenenuTh paccTOAHWE OT MIENEH [0 3KpaHa, €CId IIMpHHA
MHTEp(PEPEHIIMOHHBIX MOJ0C paBHaaa 1,2 mm.

332. PaccrosiHme ot meneit 10 skpaHa B onbiTe FOHTa paBHo 1 M. Omnpenenutsb
paccTosiHue MEXIy IIeIsIMH, €ClIM Ha oTpe3ke IiuuHOM 1 cm ykmaneiBaetcs 10
TEMHBIX HHTEP(EPEHIMOHHBIX MOJ0C. J[JIMHA BOJIHBI MOHOXPOMATHYECKOTO CBETA
paBHa 0,7MKM.

333. Ha wmbulbHYy®O IUICHKY (TOKa3aTenb mpeioMicHus paBeH 1,33) mamaer
MOHOXPOMAaTHYECKUN CBET ¢ JUIMHOM BOJIHBI 0,6 MKM (3KeATHIN CBET) oA yrioMm 45°.
[Ipu kakoil HauMEHbILIEH TOJIIMHE IJIEHKU OTPaKEHHbIE Jy4u OyayT OKpallleHbI B
xentelii 1Bet? [lpu Kkakoll HavMEHbILIEH TOJIUHE IUIEHKHM OHa OYIeT Ka3aTbCs
TeMHOU? UTo OyneT ¢ OKpacKoM MIIEHKH, €CIIM MEHATh YroJl NajeHus?

334. VYcranoBka Jusg  HaOmoneHuss  kosen  HploToHa — ocBemiaercs
MOHOXpPOMaTHUECKUM CBETOM ¢ JnuHOoi BoHBI 590 HM. CBeT magaer mo HOpMaIH K
MOBEPXHOCTH TJIACTHHBI. MeXIy JUH30M U MIACTHHKOW HAaXOAWTCA JKUIKOCTH C
nokazarenem mperomieHuss 1,33. Onpenenuts TOMIIMHY 3a30pa B TOM MECTE, TJE B
OTpPaXXEHHOM CBETE HAOIIOIAeTCs TPEThE CBETIIOE KOJIBIIO.

335. B omwite KOHra paccrossane Mexay mensimu paBao 0,8 MM, 1irHA BOJTHBI
ceeta 0.7 Mxm. Ha kakoM paccTOSTHUM OT IeTei cleayeT pacioioKUTh SKpaH, YTOOBI
MIMpYHA UHTEPGEPEHIIMOHHON MTOJIOCH OKa3ajach paBHOM 2 MM?

336. YTo MeX/Iy CIIeKTPaMH BTOPBIX MOPSAKOB paBeH 36°. OmpeennTs JIHHY
BOJTHBI CBETA, MaJAIOIIET0 Ha TU(PPAKIIMOHHYIO PEIIETKY C MOCTOSIHHOM perieTky d =
4MKM.

337. Paccrosinue Mexxay IByMsl KOT€PEHTHBIMU UCTOYHHKAMU cBeTa paBHo 0,2
MM. OHU yJajeHsl OT 3KpaHa Ha paccTosiHue 2 M. Hailtu 1IiHy BOJHBI, H3Ty4aeMylo
KOT'€pEeHTHBIMU HUCTOUYHUKAMHU, €CIIM PACCTOSIHUE HAa KPAHE MEXIY TPETHbUM U HSATHIM
MUHUMYMaMH UHTEeP(HEPEHIIMOHHOM KapTUHBI paBHO 1,2 cMm.

338. Ha mienp mmpunoii 0,1 MM HOpMabHO MafaeT MapasuiesibHbIN MydYOK CBETa
OT MOHOXPOMATHYECKOTO MCTOYHWKA (JyiHa BOJHBI paBHa 0,5 MkMm). OnpenenuThb
MIUPUHY [EHTPATFHOTO MakCcMMyMa B IU(PaKIMOHHON KapTWHE, HaOII0AaeMol Ha
9KpaHe, y1aJeHHOM OT IIeJIM Ha PACCTOSTHUE 3M.

339. Onpenenuth paguyc 4eTBepToi 30HbI DpeHes, eciii paanyc BTOPOIl 30HBI
®peHenst U1 III0CKOT0 BOJIHOBOTO ()POHTA PABEH 2 MM.
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340. KakoBa HauMeHbIIIasl TOJNIIMHA MBUTPHOW TUICHKH, €CIIM MPU HAOIOICHUH
mox yrmom 30° K MOBEPXHOCTH MBUIBHON IUICHKH B OTPA&KCHHOM CBETE OHA
oKparuBaeTcs B prosieToBbii 11BeT ¢ A =0,4 MKM?

341. CremneHb NONSPU3ANUU YAaCTHUYHO MOJIIPU30BAHHOIO CBETa COCTABIISIET
0,75. Omnpenenutb  OTHOUIEHWE  MAaKCUMAJIbBHOW  WHTEHCUBHOCTH  CBETAa,
IPOMYCKAaEMOIr0 aHAIN3aTOPOM, K MUHHMAaJIbHOM.

342. YeMy paBeH yroia Mexay IVIaBHBIMH TUIOCKOCTSMHM JIBYX HUKOJICH, €Clu
WHTEHCUBHOCTh €CTECTBEHHOIO CBETa, MPOLIEAIIEr0 Yepe3 3Ty CHUCTEMY,
yMeHbmmiIach B 9,4 paza? Cuutarh, 4TO KaXAbli HUKOJb MOTJIOMIAET U OTPAXKAET —
14% manaroiiero Ha HEro CBeTa.

343. OmpenenuTbh, BO CKOJBKO pa3 YMEHBIIUTCS WHTECHCHUBHOCTH CBETa,
MIPOLLIEIIEr0 Yepe3 JiBa HUKOJIS, IJIaBHbIE MIIOCKOCTH KOTOPBIX 00pa3yroT yros 60°,
€CIIM KaXKIbIi U3 HUKOJIEW KaK IMOIJIONIAET, TaK U OTpaxaet 5% magaromiero Ha HETro
CBETA.

344, Mexnay nByMs TapaUieIbHBIMM HUKOJSMU TOMEIIAIOT KBapIEBYIO
IUTACTUHKY TONIIMHOW 1 MM, BBIpEe3aHHYIO NapajuleIbHO ontudeckoil ocu. IIpu atom
IJIOCKOCTh MOJISIPU3AL[MM MOHOXPOMAaTHYECKOIO CBETA, MaJAr0IEro Ha MOJISIpU3aTop,
noBepHynack Ha yron 20°. IIpu kakoil MUHMMalIbHON TOJIIMHE MJIACTUHKU CBET HE
IIPOMJIET Yepe3 aHaIu3aTop?

345. Ha nudpakuuronnyto pemierky, nmeronyto 500 mrpuxoB Ha 1 MM, nagaer
cBeT ¢ JMHOM BosHbI 600 HM. OnpenenuTs HanOOIbIIHKM MOPSAOK CHEKTPa, KOTOPBI
MOYHO TOJIYYUTh JAaHHOW PEMIETKOM.

346. udpakunoHHasi pemeTka UMeeT TaKoW MepHoJ, YTO MaKCUMYM TIEPBOTO
nopsiaka st aauasl Bostabl 0,7 MkM cooTBeTcTBYeT yriy 30°. KakoBa JinHa BOJIHBI
CBeTa, KOTOPBIH B CIIEKTPE BTOPOTO MOPSIKA HMEET MAKCHUMYM IO yIiiom 45°?

347. Ha rpanp KpucTajyla KaMEHHOH COJM TaJaeT NapauiedbHBIA MTydOK
PEHTIEHOBCKOTO U3Iy4YeHUsl. PaccTosiHrEe MEXIy aTOMHBIMU IIJIOCKOCTAMH paBHO 280
M. [log yrmom 65° k aTOMHOW TIJIOCKOCTH HaOmrofaeTcss audpaKIMOHHbBIN
MakCUMyM IiepBoro nopsiaka. Omnpenenutrs JUIMHY BOJHBI  PEHTIE€HOBCKOTO
W3JIy4YCHHUS.

348. PactBop TmIOKO3BI ¢ MaccoBoi KkomueHrpamueirr C; =0,212/ em®,
HAXOSAIIUWCA B CTEKISHHOW TpyOKe, MOBOpauMBaeT IUIOCKOCTh MOJSPU3AINN
MOHOXPOMATHYECKOTO CcBeTa Ha yroa ¢, =24°. OmnpenenuTh MacCOBYIO
KOHIICHTPAIMIO TJIFOKO3bI B JIPYTOM PacTBOpPE B TPYOKE TaKOW K€ JJIMHBI, €CJIU OH
MOBOPAYMBAET IUIOCKOCTh TOJISIPU3AIIMM MOHOXPOMATHYECKOTO CBETa Ha YToJ
@, =18",

349. OnpenenuTh Moka3areiab MPEJOMIICHUS CTEKJA, €CIU MPU OTPAXKEHUU OT
HETO CBETa OTPAKEHHBIN JTyY IMOJTHOCTHIO MOJIIPU30BAH MPH yIJIe MPEIOMIICHHAS 35° .

350. Ha moBepxHOCTh BOABI TOJ yriaomM bprocrepa mnamaer mMydok
TUIOCKOMOJIIPU30BAaHHOTO  cBeTa. [IMOCKOCTh  KoneOaHWit CBETOBOTO  BEKTOpa
cocTaBisieT yroa 45° ¢ miockocTbio nagaeHus. Hailtu ko3 huiimeHT otTpaxeHus.

351. Nmeercs aBa aOCONIOTHO YEpPHBIX HMCTOYHMKA TEIJIOBOIO W3ITyYEHHS.
Temneparypa ognoro u3 Hux 1; = 2500 K. Haiftu Temneparypy Apyroro KCTOYHHUKA,
€CIM JUIMHA BOJIHBI, OTBEYAKOIIas MAaKCUMyMY €ro Jy4YeUCITyCKaTeJIbHOM
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cnocoonoctr, Ha AA = 0,50 mxm Oomnbie IMHBI BOJHBI, COOTBETCTBYIOIICH
MaKCUMYMY JIY4EUCITyCKaTEIbHON CIIOCOOHOCTH MEPBOTO UCTOYHHUKA.

352. Menubiii 1mapuk guamerpa d = 1,2 cm moMeCTHIM B OTKaYaHHBIA COCY/I,
TeMIlepaTypa CTEHOK KOTOPOrO MOAJIEPKUBAETCS ONM3KOM K aOCOJIOTHOMY HYIIIO.
Havanbnas temneparypa mapuka To = 300 K. Cuuras MOBEpXHOCTh IIapuKa
a0COJIIOTHO YEpHOM, HATH, Yepe3 CKOJIbKO BPEMEHHU €ro TeMIepaTypa YMEHbIIUTCS B
2,0 paza

353. Kakas monst sHepruu (OTOHa H3pacxofoBaHa Ha pPaOOTy BBIPHIBAHUS
dboTodneKTpOHA, eciu KpacHas rpaHuna Gorodddexra ;=307 HM U MaKCHUMaJIbHAS
KuHeTnyeckasi sHeprus Tna poTosnekTpona pasHa 1 3B?

354. Ha nmMHKOBYIO IUIACTHHKY TaJaeT MOHOXPOMATHYECKHUN CBET C JJTMHOM
BOJTHBI A=220 Hm. OnpenenuTh MaKCUMAIIBHYIO CKOPOCTH (POTOTIEKTPOHOB.

355. Onpenenuth JIMHY BOJHBI A YIBTPA()HOIECTOBOTO U3ITYICHHUS, T AIOIICTO
Ha TOBEPXHOCTh HEKOTOPOro  MeTajyla, TMpU  MaKCUMaJbHOM  CKOpPOCTH
dhoToanekTpoHoB, paBHOM 10 Mwm/c. PabGoToil BBIXOAa SJESKTPOHOB U3 MeTalljia
npeHeopeyb

356. ®oron c sHepruent &€=0,4 mdB paccesncs mox yriaom 6=90° Ha
CcBOOOHOM ayekTpoHe. OmpenenuTh 23HEprut0 ¢ paccesHHOro (OTOHA W
KHUHETHYECKYI0 YPHEPTHUIO JIEKTPOHA OTAAuH.

357. Yroun paccesnust 6 ¢horona pasen 90°. Yros oTnauu ¢ 3JIeKTpOHA paBeH
30°. OnpeaenuTh SHEPTHIO & NaAaromero GoToHa.

358. ®orton c suepruerr 0,25 M»dB paccessics Ha cBOOOJTHOM 3JIEKTPOHE.
Oueprust paccesHHoro ¢otona paBHa 0,2 M»sB. OmnpenenuTbs yroa paccesHus
(dhoToHa.

359. ®oton (A= 1 nm) paccesuics Ha CBOOOTHOM 3JIEKTPOHE oA yriom 6=90°
Kaxkyto nomro cBoeit aHeprun GoToH nepean AIeKTPoHy?

360. Jlmuua BosHBI ()OTOHA paBHA KOMIITOHOBCKOW JUTMHE BOJIHBI 3JIEKTPOHA.
OnpenenuTs SHEPTUIO U UMITYIIBC (POTOHA.

361. Dueprusi €& manaromiero (OTOHA paBHA DHEPTHHM TOKOS DJIEKTPOHA.
OnpenenuThs 700 W; ODHEPrud Majaromero (poroHa, KOTOPYH COXPAHHUT
paccesiHHbIN (POTOH, U JIOJII0 W, 9TOM SHEPTHUH, TOJYUYECHHYIO JIEKTPOHOM OT/IauH,
eciu yron paccestaus 0 pasen 60°.

362. Dueprusi € manmarmomiero (oToHa paBHA DHEPTUU TOKOS DJIEKTPOHA.
OnpenenuTs JOJMIO W; OHEPrUM TMajaromero (GoroHa, KOTOPYK COXPaHHUT
paccessHHBIN (POTOH, M JIOJIF0 W, 3TOM SHEPTHH, TIOJYUYCHHYIO JICKTPOHOM OT/IauH,
eciu yron paccesinus 0 pasen: 90°.

363. DHeprusi € magarmomiero (GoToHa paBHA DHEPTrUU TOKOS DJIEKTPOHA.
OnpenenuTs JOMIO W; OHEPrHM TMajaromero (GoroHa, KOTOPYK COXPaHHUT
paccessHHbIN (POTOH, M JIOJIF0 W, 3TOM SHEPTHH, TIOJYUYCHHYIO JICKTPOHOM OT/IauH,
ecyiu yroi paccesnus 6 pasen 180°.

364. Ompenenuth JaBICHUE COJMHEYHOTO W3IYyYEHHUS HA 3a4EPHECHHYIO
MJIACTUHKY,  PACHOJOXKEHHYIO  TEPHEHAMKYJISAPHO  COJHEYHBIM  JydaM W
HaxXOJIAIIYIOCS BHE 3€MHOW aTMoc(epbl Ha CPEIHEM pPACCTOSIHUM OT 3eMJIU [0
Conuua.
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365. Ompenenuth MOBEPXHOCTHYIO TJIOTHOCTH IMOTOKA SHEPTHH U3ITyYCHHS,
NAJaoIIer0 Ha 3€pPKabHYI0 TOBEPXHOCTb, €CJIM CBETOBOE [IaBICHHUE IIPU
NEepNEHIUKYJIApHOM MaaeHuu tyyer pasHo 10 mxIla.

366. Ha 3epkanblie ¢ HJI€aJbHO OTPAXKAIOIIEH MOBEPXHOCTHIO IUIOLIAIBIO

S =15cm’ mamaeT HOPMAIBHO CBET OT IEKTPHUECKOi ayri. ONpeneIuTh HMITYIbC,
MOJTyYEHHBIM 3€epKaJiblleM, €CIM TOBEPXHOCTHAs IUIOTHOCTh MOTOKa HW3Iy4YeHUS,
najaomero Ha 3epkaisie, pasua 0,1MBm/m’. TIpomoInKUTENILHOCTD OONYYCHHS
paBHa lc.

367. JlaBieHne MOHOXPOMATHYECKOTO CBETa (A =600nM) nHa YEepHYIO

MMOBEPXHOCTh, PACIOIOKEHHYIO TMEPHEHANKYJISPHO MaJaronuM Jiydam, paBHo 0,1
Mklla. Onpenenuts dncio (GOTOHOB, MAMAOIIMX 3a BpeMs | ¢ Ha TMOBEPXHOCTH
miomanso S =1, cm?.

368. Ilyuyox MOHOXpOMAaTHYECKOTO cBeTa (A=662 1m) magaeT Ha 3a4EPHEHHYIO
MOBEPXHOCTh M TPOU3BOJAUT Ha HeEe JaBJICHUE PaBHOE
0,3 mklla. OnpenenuTs KOHIEHTpAIMIO ()OTOHOB B CBETOBOM ITyYKE.

369. Ha 3epkanblie C HJIeaJbHO OTPAKAIOIICH MOBEPXHOCTHIO IUIOMIAIBIO
S=1,5 cM® majaeT HOPMAIBHO CBET OT HICKTPUUECKON Ayri. OIpesenTh HMITYIIbC,
MOJIYYCHHBIM 3€pKaJIbIIEM, €CIH TTOBEPXHOCTHAS MJIOTHOCTh MOTOKA
U3IyYeHUs, TaJalolero Ha 3epKaiblie, paBHA
0,1 MBm/v*. TIpoRoIDKHTEIBHOCTD 06ITydeHs paBHa | c.

KonrpouabHas padora Ne 4
MeToanyeckue yKa3aHus K BbINIOJHEHUIO KOHTPOJIbHOM padoThbl Ned

B konTtponbHyro paboTy Ned4 BKIIOUEHBI 3aJaud 110 TeMaM: «DJIEMEHTBI
KBAaHTOBOM MEXaHUKN», «ATOM BOJOpoJia Mo bopy M ero KBaHTOBO-MEXaHUYECKOE
onucanue», «®Pu3uka aromMa © aTOMHOTO siapa», «Duzmyeckrne OCHOBBI
MOJICKYJISIPHO-KUHETUYECKOW TEOPHUH, OCHOBBI TEPMOIMHAMUKHU

Tema «2n€MEHTBl KBAHTOBOM MEXaHUKW» TMPEACTABICHA 33Jla4aMU HA TEMBI:
«BoHoBBIE CBOMCTBA YacTUI», « COOTHOILLICHUSI HEONPEAEIEHHOCTEN».

Tema «AtoM Bojiopojia o bopy u ero KBaHTOBO-MEXaHUYECKOE 00OCHOBAHHEY
BKJIIOYAET 3aJ]a4¥ Ha TEOPUIO aToMa BOAopoaa no bopy.

Tema «®Pu3uka aToMa U aTOMHOTO Sipa» BKIIOYAET 3a7a4M Ha OINPECIICHUE
SHEPTrUM CBA3U ATOMHOTO SApa, HA 3aKOH PaJUOAKTUBHOIO pacmnaja, sAepHbIC
peaKIuu.

Tema  «Dusznueckue  OCHOBBI  MOJIEKYJSIPHO-KHUHETUYECKOM  TEOPUU
MPEJICTABJICHA 3aJlayaMU 110 pacyeTy NapaMeTPOB COCTOSHUS MICAIBHBIX ra30B U UX
cMecer ¢ MOMOIIbK ypaBHeHUs MenneneeBa-Knaneiipona u 3akona JlanpToHA, B
KOHTPOJIbHYIO pPaboTy BKIIIOUEHBI 3aJaddl 10 pacdyeTy BHYTPEHHEH DSHEPruMl H
TEIIOEMKOCTH HJICaJILHOI'O ra3a.

3agaun 1o Teme «OCHOBBI TEPMOJMHAMUKIY 3aTPAruBAIOT TAKKME BOMPOCHI KaK
NepBOe Ha4YaJio TEPMOJAMHAMUKH, padoTa ra3a mpu pa3IMuHbIX Mpoleccax, TeII0BON
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nBUraresns, Ik KapHo, 3a1a4n no pacdery SHTPOIMM IIPU NMPOTEKAHUU  PA3ITUYHBIX
TEPMOJAMHAMUYECKHUX IIPOLIECCOB.

Tadunna BApuaHTOB KOHTPOJIBLHOM padoThl Ne 4

BapuanTsl Howmepa 3anau
1 2 3 4 &) 6
0 400 410 420 430 440 450
1 401 411 421 431 441 451
2 402 412 422 432 442 452
3 403 413 423 433 443 453
4 404 414 424 434 444 454
S 405 415 425 435 445 455
6 406 416 426 436 446 456
7 407 417 427 437 447 457
8 408 418 428 438 448 458
9 409 419 429 439 449 459

JieMeHTbI KBAHTOBO MeXaHUKH
OcCHOBHBIE 3aKOHBI U (POPMY.JIBI

1. lnvuna BosHE! Ae bpoitns

A

I/I€ P- UMITYJIbC YACTHULIBIL.
B penaruBucTckom ciyyae

2

p

F>=1\/(2EO+EK)Ek ,
C

rac EO - OHCPIU:A IIOKOS YaCTHIIEI,

EK - KHHCTHYCCKas SOHCPIUA YaCTHUILbI, paBHAA

rae My- Macca MOKOsI HaCTHUIIBI,

B HepensaTuBUCTCKOM citydae

V - CKOPOCTbh YaCTHIIBI.
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P=m,%=,2m,E, |

rac EK - KHHCTHYCCKAsA SHCPTUA YaCTHUIbI

2. COOTHOIIICHUS] HEONPEACICHHOCTEH:

a)AXAP, >/ (17151 KOOPAMHATHI ¥ UMITYJIbCa),

rae Apy - HEONPEIEeNICHHOCTh MPOCKIMUA HUMITyJIbca Ha OChb X, AX

HCONPECACICHHOCTh KOOPAHUHATHI X;

6) AEAt >
rae AE - HEONIPEICICHHOCTDh YHEPT UM,

At - BpPCMA JKU3HU KBaHTOBOM CHCTEMBI B JaHHOM SHCPICTHUYCCKOM
COCTOSHHMU.

( 171 DHEPTUU Y BPEMEHM),

3. Hepenamusucmcroe ypaenenue Illpeounecepa OTHOCUTEIIBHO OCHOBHOM
XapaKTEPUCTUKU COCTOSTHUSI MUKPOOOBEKTOB — BOJTHOBOM (DYHKIUU y (T,t) UMEET BUJ:

W (o ¢ o n:
- + + +U(F,t) - w=th—
2m(ax2 oy’ azz}’/ Oy =thav

4. Cmayuonapnoe ypasuenue lllpeduneepa 0OIMHO 3aNMCHIBAIOT B BUJIE:
Ay + Zﬁ—T €-Uy=0

SBHBIN  BUI  cTanmoHapHoro ypaBHeHus Ilpenunrepa

onpenenseTcs
KOHKPETHOM 3aBUCUMOCTHIO U ().

IIpuMepsl pelieHUs 3a1a4 M0 TeMe
«BoJIHOBBIE CBOMICTBA YaCTHID)

3agauya 1. DneKkTpoH, HAYaJIbHOM CKOPOCTBIO KOTOPOIO MOYHO NpeHeOpeub,

MIPOIIIENT YCKOPSIONIYI0 pa3sHoCTh noteHnuanoB U. Haittu niouny BosiHbl ae bpoiins
s aByx ciy4daes: 1) Uy =51 B; 2) U, =510 xB.

JlaHo:
BJIEKTPOH
U,= 51B;

U,=510xB=5,110°"B.

A=-7?
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Penienue

Jnuna BonHbl fe bpoitnsg A Ui 4acTuilbl 3aBUCUT OT €€ UMITyJbca p U
onpenensiercs GopMyoii:

A=—, (1)

rae h - mocrosauas [Tnanka.

HIMIyIbC 9acTHUIBI MOYKHO OIPEICIHNTh, €CIIM H3BECTHA €€ KHHETHYeCKas
sHeprus E, . CBsA3p WMIyJbca ¢ KHHETUYCCKOHM OHEPTHEH pas3dnyHa JUIs
HEPEIATUBUCTCKOTO ciydasi (Korja KHHETHUECKas SHEPrus YaCTUIlbI MHOI'O MCHbIIIE
DHEPrUH €€ TOKOs) M IS PEIATHBUCTCKOTO ciydas (KOoriga KMHETHYCCKas dHEPIus
CpaBHUMA C SHEPTUCH TOKOS YaCTHIIBI).

B HepeasITUBUCTCKOM cllydae

P:‘IZmOEk , (2)

rze M, - Macca 4aCTULIBIL.
B penmaruBuctckom ciyyae

1
P:E\/(ZEO +E)E, | 3)

2
I'me E; =m,C” - DHEPIHs TOKOS YaCTHUIIBI.

3anumem ®opmyny (1) ¢ yuerom cootHomeHuit (2) u (3)
B HEPEJISTUBUCTCKOM CITyvae:

h
A —
2m E, ' )
B peHﬂTI/IBI/ICTCKOM CJ'IyLIan
h
A=7 . (5)
= J(2E, +E,)E,
C

CpaBHMM KHHETHYECKHE DJHEPTUU DJIEKTPOHA, MPOIICAIICTO 3aJaHHBIC B
yCIIOBUU 3a1a4M pa3sHocTu norennuano U, =518 u U, =510«kB , ¢ sHeprueii mokos

ANEKTPOHA..
Kak u3BecTHO, KHHETUYECKAs! SHEPTUs SJIEKTPOHA, MPOILIEIIIEr0 YCKOPSIOIIYIO
pazHocTh noteHumanoB U, paBHa

B nepBom ciyuae
E =e-U, =515B=051-10" M5B
YTO MHOTO MEHBIII€ SHEPTUU MOKOS DJICKTPOHA.
CrnenmoBarenbHO, B 3TOM CJydyae MOXHO NpUMEHUTH ¢opmyny (4). Hns

-4 2
YHOPOILICHUS Pacye€TOB 3aMETHUM, YTO E, =10"myc",
[ToncraBuB 3TO BEIpaXKeHUE B GopMyiy (4), IEpenuiieM ee B BUe
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h 102 h
\/2m0-10-4‘m0c2 V2 mg

A, =

h
V‘II/ITLIBEUI, YTO BBIPAKCHHC —— CCTb KOMIITOHOBCKAsA [JIMHA BOJIHBI

m,C
A, = 2,43nm, nonyuum
102
S
_10°

2 43nm =171nm

Bo BTOPOM CJIy4aC KHHCTHYCCKAsA OHCPIHiA

E.=e-U, =510x5B =0,51M5B
Kunerudeckasi sHEprus 3J€KTPOHA paBHA €ro SHEPruu Mokos. B sTom ciydae
HEO00XO0JIMMO NMPUMEHUTH PEJISITUBUCTCKYIO popmydy (5).

2
VuurpBas, uto E, =0,91MsB =mc”

o gopmyiie (5) HalieM JUIMHY BOJIHBI Ae bpoiis:

L h _oh
= -
l\/(Zmoc2 +mc?)mc?  V3mee”
c
A
2, =2
HJIn 2 \/§ .
?Lzzﬁnm 1,4nm.

J3

Otset: nmuaf BomHbl e bpoiins B mepBom citydae paBHa 171 nm, BO BTopom
ciyyae JuiMHa BOJHbI e bpoiinsg paBHa 1,4 nw.

3agaua 2. Kunerudeckasi sHEprus 3J€KTpOHA B aTOME BOJIOPOJa COCTABIISET
BenuuHy nopsiaka 10 5B8. Mcnonb3ysi COOTHOIIEHUE HEOMPEACICHHOCTEN, OLICHUTD
MHHUMAaJIbHBIE Pa3Mephl aTOMA.

Jlano:
E. =105B =10-1,6-10""° forc =1,6 107 [Jouc
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min
Penienue.

CooTHOILIEHNE HEOTPEEIEHHOCTEH JIJIs1 KOOPJAMHATHI U UMITYJIbCA HMEET BH/]T

AP, -AX >N (1)

rae AP, - HeonpeaeneHHOCTh UMITYJIbCa YaCTHUIIBI (IJCKTPOHA),

AX - HeompeneIeHHOCTh KOOPAMHATHI YaCTHIIBI (B JAHHOM CIydae 3JIeKTPOHA),
h - npuBeneHHas nocrosiHHas [1nanka.

N3 cooTHOILIIEHUS] HEOTPEICTIEHHOCTEH CIIEIyEeT, YTO YeM TOUHEE ONpeAesieTCs
MOJIOKEHUE YaCTUIBI B TPOCTPAHCTBE, TeM OoJiee HEOIPEACICHHBIM CTaHOBUTCS
HMMITYJIbC, CJIEJOBATEIbHO, U HHEPrus d4acTuilpl. [lycTh aToM HMeeT JHHEHHBbIE

pazmepbl |, rorna AJIEKTPOH aroMa OyleT HaXOAUThCS I/Ie-TO B Ipenaenax o0JacT ¢
HEONPEIETEHHOCTHIO

AX=—, 2
5 @
B sTOM cimydae cOOTHOIIEHHE HEOTTPEAETCHHOCTEN MOKHO 3aIINCaTh B BUJIE
I
Ap, E >N (3)
OTKyZa
I> 2-h
>, 4
A, “

CDI/IBI/I‘ICCKI/I pa3yMHa;1 HCOHpe,Z[CJ'ICHHOCTB I/IMHy.Hbca HEC IOJI’)KHa HpeBBIH_IaTB
3HAYCHUEC CaMOrIo UMIIyJibCa, T. €.
AP <P, (5)

Nmnynbe cBs3aH ¢ KUHETUYECKON SHEPrUe COOTHOLLIEHUEM:

P :W/ZmEk _ (6)

C yuerom BeipakeHuii (5) u (6) mepeigemM K paBeHCTBY
2h

2mE,. - (7)

K

HpOI/IBBeI[eM BBIYHCJICHUSA, ITOJTYYUM:

210510 %

min _ 19
\/2'9,1-10 31 1610718

| 10

=1,231-10 " ()
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10 ().

OTBET: MUHMMAJILHBIE pa3MePhI aTOMa COCTaBIsAoT 1,231-10

ATtoMm Bogopoaa no bopy
U ero KBaHTOBO-MeXaHU4YecKoe ONucaHne

OcHOBHBIE 3aKOHBI N (POPMY.JIbI

1. OO6obmennass ¢opmyna banbmepa, omnuchIBaKIlas CEpUd B CIEKTPE
M3JIy4EeHHS aTOMa BOJOpPOAa,

1 1 1 1 1
v=R—--| nm —=R|—=--1,
(mz nzj A (mz nzj

I v - 4aCTOTa CIEKTPAIbHBIX JIMHUN B CIIEKTPE aToMa BOJ0PO/Ia;
15 -1
R =329.10"¢c™ — nocrosunas Punbepra;
7 -1
R'=110-10"m" - mocrosHHas Punbepra;

1
7 BOJIHOBOC 4HCJIO,

m ompenenser cepuro €1=123,... ;
N Ompenenser OTAENbHbIE JUHUU COOTBETCTBYIOIIEN ceprud @ =m+1m+2,... ;
m =1 (cepus JlaiimeHna),
m =2 (cepus banbmepa),
m =3 (cepus [lamena),
m =4 (cepus bpakeTa),
m =5 (cepus [Ipynna),
m=6 (cepus Xomdbpn).
2. 3akoH Mo3znu (cnekTpasibHbIE JIMHUUA XapaKTEPUCTUYECKOTO PEHTTEHOBCKOIO
U3ITy4YEHHS])
1 , (1 1
Z_R(Z a) (F F),
rae Z-mopsakoBbIi HOMep anemenTta, N = 1,2.3,...; K =(n+1), (n+2),...
a - MMOCTOSIHHAsI SKPaAaHUPOBAHMUS.
[Tepsriii moctynat bopa (nmocTynar cTaimoHapHBIX COCTOSTHUMN)

m.v,f, =N-7, €=123..
r7Ie M, - Macca dJIEKTPOHA; v, - CKOPOCTh DJIEKTPOHA Ha N-il OpOUTEe pagrnycomM

3. Bropoii noctynat bopa (mpaBuio 4acTor)
hv=E,-E,,
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rae E, u E, - BHEPIUH CTAlMOHAPHBIX COCTOSIHUI aTOMa COOTBETCTBEHHO JI0 U
MOCJIe U3Ty4eHUS (TIOTJIOIICHUS).
4. Paguyc N - i1 ctaiimoHapHO# opOUTHI B OOPOBCKOI MOJIEIN aTOMa BOAOPOa

2
n- - —2
m,e
rae i=h/2m - npuBeneHHas nocrosiHHas [lnanka;
£, - DJEKTPUYECKas IOCTOSIHHAS; M, - Macca JIEKTPOHA;

r. =

n

: 6=123..

€ — 2JIEMEHTapHBIN 3aps.
5. [lepBbIit 60POBCKUI paanyc

B h? Are,

= 52.8nm
m, -e

6. DHeprus JIEKTpOHA B aToMe BoAopo/ia 1o bopy

_ 1 me

— € —

-n — _F 8h2802 (1 =1,2,3...

136

E= " oB € =123...

rae h - mocrosanas Ilinanka;
m, - Macca 3JIEKTPOHa,

€ — DJIEMEHTapHBIN 3apsi.

7. IloTeH1ManbHas SHEPrUsi B BOJOPOAOIIOJ00HOM aTOME
2
Ze

Arg,r’

U=

r7ie I — pacCTOSIHUE MEXKY DJIEKTPOHOM H SIAPOM;
Z — IOpSIAKOBBIA HOMEP JIEMEHTA.

8. CoOCcTBEHHOE 3HAUCHUE PHEPTUH DJIEKTPOHA B BOJOPOIONIOI00HOM aToMe

i 1 Z°me’

“n — nz 8h28§ (1 :1,2,3.../
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9. 3HepFI/IH QJICKTPOHA B 4aTOMC BOJOpPO/Ja IIPpHM KBAHTOBO-MCXaHWMYCCKOM
OIIMCaHHUH

.1 mge! ~
-n n?2 8h28§ < =123...
10. DHeprust HOHU3AIUU aTOMa BOJIOPOA
4
. _ g __Me
T 1 2.2
8h°g;

11. MomeHT ummysbca (MEXaHMYECKUI OpOUTAIBHBIA MOMEHT) 3JIEKTPOHA

L =m/(+1)
rne |- opburanbHOoe KBaHTOBOE YHMCIIO, NPUHUMAIONIEE NP 3aJaHHOM N

suavenws: | =01,2,3...,n-1 (Bcero N 3nauyeHuii).

12. Ilpoexuns MOMEHTAa UMITyJIbCa HA HalpaBiieHue Z BHEIIHEr0 MarHUTHOTO
OISt

I—iz = hml :
rac I—iz = ITII - MArgmTHO€ KBAHTOBOC 4YMCJIO, HpI/IHHMaIOHIee HpI/I

3aganHoM | 3Hagenms: m, =0,£1,+2,... £ (Bcero 2| +1 3HaueHwmiA).
13. ITpaBuno otdopa st OpOUTATBHOTO U MATHUTHOTO YHCET

Al =41,
Am, =0,11,

IIpumeps! pelieHusi 3a/1a4 HA TEMY
«AToM Boaopoaa no bopy
U €ro KBAHTOBO-MeXaHN4YeCKoe ONMCAHUE)

3amaua 1. Onpenenuts dHEPTUIO € (POTOHA, COOTBETCTBYIOIIETO BTOPOM JIMHUU
B IepBoi nH(pakpacHoil cepun (cepuu [lamena) atoma Bogopoaa.

Hanyuenue, coomBemomby-
IOUJEE CNERMPANBHOU U=
Ky gcepuy fNawend
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Puc.
Penrenmue.

OHeprus ¢ (OTOHA, U3]Ty4aeMOT0 aTOMOM BOJOPOa IPHU MEPEXOAE IIEKTPOHA

C OJJHOU OpOUTHI Ha JIPYTYIO,
(5] )
1 2

rae E; - SJHeprus MOHU3aluK aTOMa BOJOPOA;
n, =1,2,3,...- HOMep OpOUTHL, HA KOTOPYIO IEPEXOUT JIEKTPOH;
n,=n, +Ln, +2;..;n, +m - HOMep OpOUTHI, C KOTOPOH MEPEXOUT ITEKTPOH.
M - HOMEP CIIEKTPAJIbHOM JIMHUU B JAHHOW CEPUHU.
Hna cepun Ilamena n =3; I BTOPOM JIMHUM O3TOW CEPUUM M= 2;
n,=n+m=3+2=5.

[loxcraBuB uncioBble 3HaueHus B popmyiy (1), Hailnem 3Hepruo GoToHA:
&=0,9758B.

OtBer: sHeprus (OTOHA, COOTBETCTBYIOIIETO BTOPOM JIMHUU B IEPBOU
uHppakpacHoit cepun (cepuu Ilamena) aroma Bogoposa pasua 0,97 25.

3agauya 2. Beriuucnuth paauyc nepBoi opOUTHI aToMa Bojopoja (0OpOBCKUiA
pagnyc) U CKOPOCTh DJIEKTPOHA Ha ITOU OpoOuTe.

Pemienue.

Cornacuo teopuu bopa, paauyc 3JeKTPOHHOU OPOUTHI U CKOPOCTh JIEKTPOHA
Ha Hel CBA3aHbBl paBeHCTBOM MUY =NN, rge m- macca JJIEKTPOHA, v - CKOPOCTh

AJIEKTpOHA Ha opOuTe; I — paauyc OpOUTH; N — TJIABHOE KBAHTOBOE YHUCIIO;
h= h =1,05-10"*
R : Hoic-¢ - mocrosunas Inanka.
V4

Tak kak B 3amaue TpeOyeTcsl ONPEAEIUTh BEJIMUMHBI, OTHOCSIIMECS K EPBOM
opOuTe, TO TJIABHOE KBAaHTOBOE YMCIO N=1 M yKa3aHHOE BBIIIE PABEHCTBO MPUMET
BUL: mor = nh (1)

Jlns ompeneneHus ABYX HEU3BECTHBIX BEIMYMH I M v HEOOXOIUMO elie OJHO
ypaBHEeHHE. B kauecTBe BTOPOTO ypaBHEHHUS BOCIOJIb3YEMCSI YPABHEHUEM JIBUKCHHUS
anektpoHa. CornacHo teopun bopa, anekTpoH Bparmiaercss BOKpyr siapa. [Ipu stom
CUJIa B3aUMOJCHUCTBUS MEXKIY DJJICKTPUUYECKMMH 3apsiaMH siapa H DIJIEKTPOHA
COOOIIAaeT 3JIEKTPOHY IEHTPOCTPEMHUTENbHOE yCKOpeHue. Ha ocHOBaHMHM BTOpPOTO
3akoHa HeroToHa MOXKEM 3anucarh
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mo? 1 .ez . 2)

(e m M — 3apsi U Macca AIIEKTPOHA), WITH

-
N

e
mo?=—.& 3
v Are, 1 ()

CoBmectHoe penieHue paBeHcTB (1) u (3) OTHOCUTENBHO ' aeT
Are, T
r= Ge? 3)
€
~
[ToacTraBuB crona 3HadeHus 7, e, M U MPOU3BEIS BHIYUCICHUS, HalJleM OOPOBCKUI
paauyc:
11
r=a=>529-10"" .
N3 paBenctBa (1) moyyuM BeIpakeHHE CKOPOCTH JIEKTPOHA HA MEPBOM opOuUTe:

~hn
Gr_

(4)

L

[IpousBens BbruncieHus no Qopmyse (4), HailieM 3HaU€HUE CKOPOCTHU JIEKTPOHA

Ha JIEKTPOHHOI opouTe:
v=218Mwmlc.

OTBeT: pajuyc IepBoil OpoUTE! aToMa Booposa paseH 5,29-107 i ;

CKOPOCTD 3JICKTPOHA Ha AJIEKTPOHHON opOuTE paBHa 2,18Mwm/c.

AToMHOe siipo. PainoakTUBHOCTD
OcHOBHBIE 3aKOHBI U (POPMY.JIBI

1. MaccoBoe 4ncIio sifipa (41ciIO0 HYKJIOHOB B S/IpE)
A=Z+N,
rae Z —3aps0Boe YUCO (YUCTIO0 MPOTOHOB); N — YMCI0 HEUTPOHOB.
2. 3aKOH paIMOAKTUBHOIO pacmnaja
dN = —/Ndt,

Nn
N = Ne™,
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rae dN - uncio saep, pacnagaromuxcs 3a uHTepBai Bpemenn dt ;
N — 4uclio saep, He pacnaBIIMXCs K MOMEHTY BpEMEHH {;
N, - YUCJIO s1ep B HAYAJIbHBIK MOMEHT (=0 ;

A - IOCTOSIHHAsI paJJUOAKTUBHOIO pacnaja.
3. Hucio sanep, pacnaBmnxcs 3a Bpems t,

AN =N,-N=N,{-e" .
4. B cimydae, ecau uHTEpBan BpemeHn Al, 3a KOTOpBI OIpemenseTcss YHCIIO
pacnaBIIMXCSl SAEp, MHOIO MEHbBIIE IEepuoAa mojypacnaga T,, TO YHCIO
2
pacmaBIINUXCS SIIEP MOXKHO OMPEIEIUTh 1o (hopmyrie
AN = ANAt.
5. 3aBUCHMOCTB MEPHUOJIA MOJIypacnaaa OT MOCTOSHHON paJuOaKTUBHOIO pacaaa
T,=(In2)/2=0,693/1
2
6. Cpennee Bpemss 7 KU3HM PaJMOAKTUBHOIO f]Ipa, T.€. MHTEPBAI BPEMEHH, 3a
KOTOPBIM YHCIIO HEPACTIABIIMXCA AJIEP YMEHbBILIAECTCS B € pa3,

T=—,
A
7. Yucno N aTomoB, coJiepxaliuxcsi B paJuOaKTUBHOM HU30TOIIE,

szNA

y7;
rje m —Macca usorona; A - MonsipHas macca;

N, =6,02-10®mom™ - oCcTOSIHHAST ABOTaIpo.
8. AKTUBHOCTb pPaJIMOAKTUBHOIO U30TOMA

A=—dN/dt=AN,

-t -t
Nnmu A = /ﬁLN Oe = Aoe ,
rae dN - yucio AOCP, paciagaromuXxcsa 3a HHTCPBaJI BPEMCHU dt ;
AO - AKTUBHOCTH MU30TOIIa B HaanBHBIﬁ MOMCHT BpeMeHH.
9. YI[eHBHaﬂ AKTHUBHOCTBH U30TOIIa

A
a=—,
m

3aKO0H NOTJIOIIEHUS U3TyYEeHUs
| =1,exp(—x), rae |,- ”HTEHCUBHOCTH IIOTJIOIICHUS HA BXO/IE B

MOTJIOIIAKOIIMK CJION BEIIECTBA; | - HHTEHCUBHOCTH MOTJIOMICHUS MOCIIE
MPOXO0XKAEHHUS MOTJIONIAIOIIETO CJI0S BEIIECTBA; X — TOJIIMHA CJIOS BEILIECTBA; |l —
JUHENHBIN K03 PUIMEHT NOTJIOIIECHHUS.
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In2

X,, =—— - CJIOW MOJIOBUHHOTO NorJiomeHus. [locie mpoxoxaeHus: 3Toro

o I
CJI0 HHTCHCUBHOCTD U3JTYUCHUS CTAHOBUTCA PABHOU | = ?0.

10. ledext maccel aapa
Am=Zm + @-Z m, —m

rae Z — 3apsa0BOe YUCIIO (YUCIIO0 MPOTOHOB B SJIpe);
A - MaccoBoe 4ucio (YUCIO0 HYKJIOHOB B si/Ipe);
€@ -Z - 4uciao HEUTPOHOB B APE;

mp - MacCCa IIpOTOHA, m, - MacCCa HGﬁTpOHa; m, - Macca gapa.

11. DHeprus cBa3u sapa

A

E,., =Amc?,
rae AM- nedeKT MaccHl sApa; ¢ - CKOPOCTh CBETa B BaKyyMe.
OOBIYHO TSI PacYETOB MOJB3YIOTCSI BHECUCTEMHBIMU €IUHUIIAMH YHEPTHH —
MsB wu wMaccel — a.e.m. Torma wuyucneHHoe 3HadyeHue KodduuueHTa
MPONIOPIIMOHALHOCTH ¢ = 931M5B .

IIpuMepsI pelieHUus 32124 HA TeMY
«ATOMHOE AAp0. PaIHOAKTHBHOCTB)

7 -
3amaua 1. Berumcauts 1e)eKT Macchl M SHEPTHIO CBS3H sapa 5 LI .

Penrenue.

Macca siapa Bcerja MEHBIIE CYMMBI MacC CBOOOJHBIX (HAXOJSIIUXCS BHE
sipa) MPOTOHOB M HEHTPOHOB, M3 KOTOPBIX SIAPO 00pa3oBaock. JledhekT Macchl sapa

AM u ecTh pasHOCT MEXIYy CYMMOII MacC CBOGOIHBIX HYKIOHOB (IIPOTOHOB H
HEUTPOHOB) U Maccou sJpa, T.e.

Am=27Zm + @—-Z i, —-m, (1)
rae Z — 3apsa0Boe YUCIIO (YUCIIO IPOTOHOB B SpPE);
A - MaccoBoe€ 4KCIIO (UUCIIO HYKJIOHOB B SIIPE);
@ -Z - 4KCII0 HEUTPOHOB B SIIPE;

m, - Macca OpOTOHA; M, - Macca HEWTPOHA; m,- Macca sapa.

B cripaBouHBIX TabiMIIax BCETIa NAIOTCS MAacChl HEUTPAIbHBIX aTOMOB, HO HE
anep, modromy dopmyny (1) memecoobpazHo mpeobpa3oBaTh Tak, 4TOOBI B Hee
BXOJIMJIA Macca HEUTPAIBHOTO atomMa. MOHO CUMTaTh, YTO Macca HEUTPAIbHOIO
aToMa paBHa CyMME MacC Siapa W DJIEKTPOHOB, COCTABJISIONIUX DJIECKTPOHHYIO
000JI0UKY aToMa:

ma:mz+z'me . (2)

N3 (2) BeIpazum maccy siapa:

m, =m, —Zm.,.
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Bripaszus B paBenctse (1) Mmaccy siapa o Gopmyiie (2), moaydaem
Am=Zm, + € —Z M, —m, +Zm,, wm
Am:261p+me;+ Q-Zm -m,.
3amedasi, 9To
m,+m,=m,,
rae M, - Macca aTomMa BOJOpO/ia, OKOHYATEIbHO HAaX0 UM
Am=Zm, + €-Z m, —m,. (3)
BBIpaKEHHE (3) YUCIOBBIE 3HAUEHUS MACC, TOIYYHM
Am=3-1,00783 + € —321,00867 —7,01601 = 0,04216 (a.e.m.) .
B cooTBeTcTBUU C 3aKOHOM ITPONOPLUOHATIBHOCTH MacChl U SHEPTUU

E=c’-Am,
IZle ¢ — CKOPOCTh CBETA B BaKyyMe.
Koaddurment MPONOPIUOHAIBHOCTH ¢’ =9-10" n?/c?, WIH
¢’ = AE =9.10" /Jorc/ ke |
Am

Ecii  BBIMHMCIUTH OSHEPTUIO CBSI3H, IMOJNB3YSICh BHECHCTEMHBIMH
enunuriamu, 1o ¢ =931MsB/ a.e.m.
Eciii BBIYMCITUTE SHEPTHIO CBSI3H, MOJIb3YSICh BHCCUCTEMHBIMH SIMHUIIAMH, TO
c? =931M»B/ a.e.m. C yaerom 310ro (opmyina (4) mpuMeT BH
E =931. Am (m5B).
[loncraBuB HaiiieHHOE 3HadeHHE AedekTa macchl siapa B dopmyny (5),
MOJTyYHM

E =931-0,04216=39,2(M>5B) .
OtBert: nedeKT Macchl sapa ; Li cocrapnser 0,04216 a.e.m.

DHEPrus CBSI3M ATOMHOTO SApa ; Li pasua 39,2M>B.
3agaua Ne 2. Beruuciauth S3HEPTHUIO SAACPHON peakiuu ,P+3;B ——3; He.

JlaHo:

1P+2B —>37He;
m, =1,00783a.e.m.;
my; =10,0129%4 a.e.m.;
m,, = 4,00260 a.e.m.
m, =0,00055a..e.m.

Q-2
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Pemenue.

Q= €, +mf —3m, >c*, (1)

rJie m, - Macca MpOTOHA;
m; - macca sipa 6opa;

m/;, - Macca siipa TeJus;

¢ - CKOPOCTb CBETA B BAKyyMe.

M>B
[Tonp3ysich BHECUCTEMHBIMH €IMHUIIAMH TTOJIATaloT ¢° = 931 :

a.em.
[Tpu ymncnoBeix mojcuerax mo Gopmyse (1) maccel saep 60pa U rejaus HAXO0IUM Kak
Pa3HOCTh  MAacC HEUTpPaJIbHBIX aTOMOB M MacC JIJIEKTPOHOB, COIEPKALIUXCS B

QJICKTPOHHBIX 000J10YKax JaHHBIX aTOMOB:

m, =m, —5m,;

e
A
Mye =My, _Zme'
Q=¢, +m, -5m —-3-m,, +6-m, -c?
~
Q=€, +m, -3m,, +m, .c?
M>B

a.em.

=-918,413M>58B

Q = €,00783a.e.m.+10,01294qa.e.m.— 3- 4,00260a.e.m. + 0,0005561.6.]\4.: 931

Tak kak Q<0, OHCPIU:A IIOIJIomacTCA, pCaKIUA ABJIACTCA BHHOTepMHqCCKOﬁ.

OTtBeT: sHEprUs sAJIepHON peakiuu paBHa -918,413 M»1B, peakius siBiseTcs
SHIOTEPMHUYECKOM.

MoJieky asIpHO-KHHETHYEeCKasl TeOPUs U1eaIbHOI0 raza
OcHOBHBIE 3aKOHBI M (POPMYJIbI

1.YpaBHeHue cocTosiHUS UAcaIbHOTO ra3a (ypaBHeHre MenneneeBa-Kaneipona)

pv = RT,
7,

rae P - maBnenue raza, V - ero oobem, T-TepMoarHaMHUUecKast Temmeparypa, m -
Macca rasa, (- Macca OJHOIO MOJIS Tas3a,
R =8,31 /i / €onn - K -yHUBEpCAlIbHAsA ra30Basl IOCTOSIHHAS,

m
V =— - YHUCJIO MOJICH.
7,
2. KonnuecTBo BeliecTBa (B MOJISIX)
v = N owm ov=",
N, [

_ 1123 1
rae N - gyncio mosekyn raza, Na = 6,0210% mons ™ - mocTositHHass ABoraapo.
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3. KomndecTBo BelecTBa B CMECH T'a30B OIPENENsieTcs 1o GopMyIie:

v=wntuy+,. . +y,= N1/NA+ NZ/NA+ T Nn/NA
N
V=M + Mol + o+ Myl
rae v, Ni, M;i, £4- COOTBETCTBCHHO KOJINMYCCTBO BEIIECTBA, YHUCIIO MOJICKYJ, MacCca,
MOJIIpHasi Macca 1-if KOMIIOHEHTBI CMECH.
MOJ’IHpHaﬂ Macca CMECH Ira3oB:
_ m1+m2+...+mn

v+, +.v,

rJe M; - Macca 1-ro KOMIIOHEHTa CMECH, V, - KOJIMYECTBO BEIIECTBA 1-TO KOMIIOHEHTA
CMeCH, N - YHCJI0O KOMIIOHEHTOB CMECH.
MaccoBast 10711 W; I-ro KOMIIOHEHTa CMECH Tra30B (B JT0JISX €AMHHIIBI)
m.

m’
rje M- Macca CMECH.
Konuentparusa MoJiekyn
n=N/V=N,p/u,
rae N - 4ucio MoJeKkys, CoiepKaluxcs B TAaHHOW CUCTEME;
0 -TUIOTHOCTH BemIeCTB; V - 00bEM CHCTEMBI.
dopmyna crpaBeIIMBa HE TOJBKO JJIS Ta30B, HO W JJIs JIFOOOTO arperaTHOTo
COCTOSIHMS BEIIIECTBA.
4. Tlo 3akony JlaJibTOHA JaBJICHHME CMECH Ta30B PaBHO CyMME€ HX MNapIHUaTbHBIX
JaBJICHUH

P=BR+P +..+P,

rae N - 4ucijio KOMIIOHEHTOB CMECH.
Haplﬂla]leblM daejieHuem Ha3bIBaeTCs JaBJICHUC ra3a, KOTOPOC UMCJI OBI KaXKIbIH
ras, BXO,Z[HIIII/Iﬁ B COCTaB CMCCH, IIpH YCJIOBHH, YTO IIPpH ,HaHHOI;'I TCMIICPATYPC OH

OJIMH 3aII0JIHSUI ObI BECh OOBEM.
5.0cHOBHOE ypaBHEHHUE MOJICKYJIAPHO-KHHETUICCKOW TEOPHUU:

P =n,kT

NN
Pzgn0 <&p >

rne P - naBnenme rasa;

Ny - gucito MoJIEKyIT B eIMHUIIE 00bEMa;

R
k = N 1,38-10*JIx/K - mocrostaHas BopiMana;

A

< gn > - CpeanHssd KHHCTHUUYCCKAA OHCPIrUusd IOCTYHATCIIBHOIO JABWIKCHHA OI[HOﬁ
MOJICKYJIbI;
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T’ - abcomoTHas Temmeparypa.
6.CpenHsisi KWHETHYeCKast SHEPTHUS TIOCTYMAaTeILHOTO IBUKCHHS MOJICKYJTBI:

3
_ kT
<gn> 2 ’

rae k =1,38-10% Iie/ K - nocrosunas BonbiMana.

CpCI[HHH IMOJHasA KHHCTUYCCKAA SQHCPTUA MOJICKYJIBI:

i
<8 " > = E kT
)
r1€e | — YuciIo cTeneHel cBoOOIbI MOJIEKYIIbI (U1 OMHOATOMHOIO rasa i = 3;
JIJIs IByXaTOMHOTO rasa i = 5; I MHOrOaTOMHOTO rasa i = 6).

CpeI[HHH KHHCTHUYCCKAA SOHCPIU:A, IMIPUXOAIIaiACa Ha OJHY CTCIICHD CBO6OI[I>I:
1
2

CpenHsst KHHETHYECKasi SHEPTUSI TIOCTYIATEIbHOTO JABUKEHUS MOJICKYJT
3
<g,>=—kT,
2
rne kK =1,38-10 /luc/ K - nocrosiauas BonbiMana;
7. CKOpPOCTH MOJIEKYJI:

CpCaHAA KBaApaTUiHasd CKOPOCTh
<v,, >=.3KT/m, =/3RT /u ,
cpenHss apudmeTrueckas CKOpoCTh
<v>=./8KT /2m; = \/8RT /71 ,
HanOoJiee BeposiTHAs CKOPOCTh
U, =~J2KT /M, =\J2RT [ it ,

rJe M; - Macca OJTHOM MOJIEKYJIBI.

8. 3aKOH I pacnpeAesieHUus: MOJIEKYJ UEalIbHOTO ra3a Mo CKOPOCTIM (3aKOH
Makcgenia):

3 mov?
f(v)=4r Mo_|*.p2.¢ @T
27KT !

rre (V) - (GYHKIHS pactpeeeHust MOJICKYJI 0 CKOPOCTSIM.
9. Pacnipenenenue bonpiiMana (pacnpeieieHre 4acTUI] B CUIIOBOM TI0JIE)
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rae N - KOHICHTpalus 4acTUll, En - HOTCHIOHUAJIbHAA SHCPI'UA MOJICKYJIBI B I1OJIC

TATOTEHHS, Ng - KOHIIEHTPAIM YaCTHIL B TEX ToUKax 1o, rae E = 0.

10. Bapomerpuueckast popmyiia, BeIpasKarolias 3aBHCUMOCTD JIaBICHHS
HI€aIbHOTO ra3a OT BEICOTHI N HaJ[ IOBEPXHOCTHIO 3eMIIH

—pugh
_ RT
P = Py€

rae P - naBnenue rasa Ha BhICOTE hi :
P, - naBnenue rasa Ha BbIcOTE h=0 :

T - TepMoIMHaMHUYECKas TEMIIEpATypa BO3ayXa Ha BBICOTE h=0.
11.Cpennuss ymmHa <I> cBoOoHOTO MpoOera MoJIeKy 1 raza

rre d - 3¢ (heKTUBHBINA AUaMETP MOJICKYJ; N — KOHIIGHTPAIUs MOJICKYJ rasa.

12.Cpennee uncino coygapeHuil MOJIEKYJI B €AUHUILY BPEMEHU
<vV>

<z>= .
<[>

13. Jlunamudeckas BSI3KOCTh (KO GUIIEHT BHYTPEHHETO TPEHUS):

1 - 1 —
=—p-V -l ==nmVI
77 3p 3 (O )

r7e p - IUIOTHOCTH raza (>KUJIKOCTH);

n, - KOHIIEHTpAIlKs MOJIEKYJI ra3a;

m, - Macca OJTHOW MOJIEKYJIbI;

| - cpenHsas uIMHA CBOOOIHOTO MPOOEra MOJIEKY/L.

14. TeronpoBoJHOCTH (KO3 GUIMEHT TEMIOMPOBOIHOCTH) ra3a:

1 —
lzécy()v.p.u‘ll

roe C yo - YAEIBbHAs TEIUIOEMKOCTB I'a3a IIPU MIOCTOSIHHOM 00BEME;

£ - IJIOTHOCTH rasa;

L - cpenuss apuMeTHIECKas CKOPOCTh MOJIEKYIL,
| cpenHsis AyiMHA CBOOOIHOTO MpoOera MoJIeKYJI

15. udbdysus (koapdunment nuddy3un):
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1
:—_’I
yi 31) _

[Ipumepsl penienns 3a1a4 HA TeMy
«MosekyJISIpHO-KMHETHYeCKAs TeOPHs U1eaTbHOI0 ra3ay

3agaua 1. bayuion coxepxut 80 r kucimopoaa u 300 r aprona. /{aBieHue cmecu
0
10 at™m, temnepatypa 15°C. IlpuHumasi maHHbIE ra3bl 3a HACAIbHBIE, ONPEACIIHUTD

€MKOCTb 0aJUIOHA.

Jlaro: m;= 80 r = 8107k
Ar m,=300r = 310"kr;
t = 15°C; 7=288K.
P=10arm=1,0110° ITa.

V-?

Penienue.

[To 3akony JlasibTOHA JaBJICHUE CMECH PABHO CyMME MaplUaJbHBIX JIaBIICHUN
ra3oB, BXOJSIIMX B COCTaB cMecu. llapiualibHbIM JaBJI€HHEM Ta3a Ha3bIBaeTCS
JaBJICHWE, KOTOPOE MPOU3BOAMII OBl Ta3, €CiM Obl TOJIBLKO OH OJWH HaXOJWICS B

COCyJcC, 3aHATOM CMCECHIO.

ITo ypaBHenuto MenpeneeBa-Knanelipona napiuanbHble JaBieHUs: Kuciaopoaa Py

u aprosa P, BbeIpaxkaroTcst GopmyiamMu

P = m, RT n P _m, RT
MoV M, V
ITo 3akony /lasibTOHA 1151 CMECH ra30B
P =P+ Py
Wu
P (ﬁ+&]_ﬂ,
M M)V

rae R =8,31/{oc/(monn-K) - MOJIsIpHAsa ra3oBas IIOCTOSAHHAS
N3 (3) BeipaxkaeM o0beM OaiioHa:

V{mm]RT
Moo M) P

IIpoBepuM pa3zmMepHOCTH pacueTHOU (HOPMYIIBI:

1)

(2)

(3)

(4)
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f— . . 2 . . 3
‘, :lMOﬂb‘lﬂofc 1K -1u :lH 1w -1m A
- Imons -1K -1H 1H

[ToxcraBuM yKcoBbIe 3HaYEHUS B popMmyny (4) U IpOU3BEEM BbIYUCIEHUS:

8,31-288

0,08 0,3
+
10-1,01-10°

~ 0,024(m°) ~ 24
32.10° © 40.10°° ) (") ~ 24

V= ) (

OtBet: 00beM OarioHa paBeH 24 1.

3amaya 2. HallTu KMHETHYECKYIO 3HEPTUI0 BpAIATEIbHOTO JBUKEHHUS OJHOU
0
MOJIEKYJIbI Kuciiopoaa mpu temneparype 13°C, a Takke KHUHETHYECKYIO YHEPTHUIO
BpAILaTEJILHOTO IBMKEHUS BCEX MOJIEKYJI, COAEPXKAIMXCS B 4 T KUCIOpOAa.

Jlano:
m=4z=4-10"kz;
t=13'C; T =286K;
1 =32-10"ke ! monv.

Ep-? W,, - ?

Penienue.

M3BecTHO, YTO HAa KaXAYI0 CTENEHb CBOOOJBI MOJEKYJbl ra3za MPUXOIUTCS
OJIMHAKOBAas YHEPrus, BbIpaxkaeMas GpopMyIion

1
&y ZEkT’ (1)

rie K - mocrosinHas bonbiiMana, T- aOcoitoTHas TeMIieparypa rasa.

Tak kak BpamaTeIbHOMY JBIKCHHUIO JIBYXaTOMHOM MOJIEKYJIbl (MOJIEKYJa
KHCJIOpPOJia - JBYXaTOMHAs) MPHUIUCHIBAIOTCS JIBE CTEMEHU CBOOOJBI, TO JHEPTrHs
BpaIIaTeIbHOTO JIBUYKEHUS MOJICKYJIBI KHUCIIOPOa BRIPA3UTCS (OPMYIION

1
g =2-—kT. 2
=2 @

£, =138 102 .286 =3,94-1072! (J1x).
KI/IHCTI/I‘—ICCKaﬂ 3HepFI/I$I BpaH_[aTeJ'IBHOFO JIBUXKXCHHUA BCEX MOJIeKyJ'I ras3a.

W =Ne,, 3)

rae N - guciio Bcex MoJieKyJ rasa.
Yucno monekyn N MOXXHO TTOJTy49uTh IO (hopmyIie
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N=N,v, (4)

rac NA - YHUCJIO ABOI‘&I[pO, V - KOJIMYCCTBO BCIICCTBA B MOJIAX!

y=—,
Y7

rae m - maccarasa, (- Macca OJHOTO MOJISI ra3a, CJICA0BATEIIbHO,

N=N,". (5)
)7

IToacraBus 310 BeIpaxkeHue N B hopmyny (3), moayuum

VVGP = NA ﬁgsp' (6)
2

[TogcTaBuM uwucieHHbIE 3HA4YeHUS] (U3MYECKUX BENIMUMH B Qopmyny (6) u
MIPOU3BEAEM BBIYUCIICHUS, TTOJTYUUM:

4107

W, =6,02-10%. 107 .3,94.1072 = 296( /Jorc).

OTBeT: KHHETHMYECKass HHEPrusl BpaAIIATEIBHOTO JBWKEHHUS OJHOM MOJIEKYJIbI
KUCJIOpOJa IpU TeMIIEpaType 13°C paBHa 3,94-1072! JIx, kuHeTHuecKas SHeprus
BpAIllaTEJIbHOTO IBMKEHUS BCEX MOJIEKYJI paBHa 296 Jx.

3agaya 3. B coBpeMeHHON BaKyyMHOW KaMepe JOCTHIaeTCsl BaKyyM MOpPSIKa
0,1 ulla. KakoBa cpenusis JuiMHa CBOOOIHOTO MpoOera MOJIEKYJ a30Ta B KaMepe Ipu
temmeparype 27°C . UeMy paBHO CpeiHEe YHCIIO CTOIKHOBEHHI KA I0H MOJIEKYJIIBI C
OCTAJIbHBIMU B €ITUHUILY BPEMEHU?

(Maccy MOJIeKyIIbl a30Ta canTath paBHoit 510 kr).

JlaHo:

N,

P=0,1 ulla=10""IIa;
t=27"C; T=300K;
m, = 510 kr.

| 2 <> -2
Pemenue.

Cpennsst jgiauHa  CBOOOJHOTO  mpoOera  MOJICKYJI — Ompenensercs U3
COOTHOIIIECHHUS
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<I>_<v>_ 1
<1z> J2z6°n’

(1)

rjae <V> - cpenHsis apudMeTndecKkass CKOpOCTh MOJIEKYI,

<Z> - cpeJHEe YHUCIO CTOJKHOBEHUN KaXKJOW MOJIEKYJIbI C OCTaJIbHBIMU B €IUHUILY
BPEMEHH,

N- KOHIEHTpALM MOJIEKYJ raza, o - 3Q(PEeKTUBHBINA AUAMETP MOJIEKYJIbI.
KonnenTpanus MoJeKys ra3a cBsizaHa ¢ €ro JJaBJIC€HUEM COOTHOLLICHUEM:

P =nkT (2)

rje x — nmocrossHHas bonbsiiMana, T — TepMOIMHAMUYECKas TeMIIepaTypa.
Takum obpazom,
= kT

[=__ "
V276 ?P’ ®)

A dexTrBHbI quamerp Mosekyisl o =3 10"y,
IToctosunas bonsiimana xk=1,38 1023 JIx/K,
[Tpousseaem BbIuucieHus mo gpopmyse (3):

—_ . 723 .
[ 138107300 o (0.
V2.314.9.1072 .10

N3 dbopmyiel (1) BeIpa3zuM cpeaHee YUCIO CTOIKHOBEHUN <Z> MOJICKYJI B €IUHUITY
BpPEMEHU:
<V >

<Z>= , (4)

<|>

r7e cpeaHss apupmMeTuyeckas CKOpOCTb MOJIEKYI

<0 >=,/8KT [7m, . (5)

[ToxcraBum Beipakenue (5) B popmyiy (4), MOTydnM::

S BT
|- Jz-m’

rne k=138-10%c\K - nocrosunas Bonbrmana; T- TepMOJIMHAMMUYECKas
TEeMITepaTypa;

| - cpeaHss AMHa cBoOOIHOTO mpodera mosiekya; My - Macca OHON MOJICKYJIBI.
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HpOI/ISBeI(eM BBIYMCJIICHUA:

__/8:1,38-10 -300

. 109 (-1
10°./314.5.10% =490,

</

8
OTBeT: cpeaussa JUIMHA cBOOO HOTO mpodera mojieky paBHa 1-10° am ; cpennee
YHUCJIO CTOJIKHOBEHWH, UCIIBITYEMBIX OJHOW MOJIEKYJIOW B €IUHUILy BPEMEHHU, PaBHO

459-107°

3amaua 4. Asor Haxomurcsa no nasnenneM 1OO0x/Z/anpu temneparype
290 K. Ompenenure koddpduiment auddysuu D u BHyTpeHHero Tpenus 1] .
D} heKTUBHBIIM AUaMeTp MOJIEKYI a30Ta IpuHAThH paBHbIM 0,38HM .

Jano: P =100«l1a =10°I1a;
T =290K;
d =0,381m =0,38-10° m

Penienue.

Ha ocHOBaHMM npencTaBiIeHNUN MOJEKYISPHO-KMHETUYECKOW TEOPUU T'a30B
KO3 GULIMEHT BHYTPEHHETO TPEHUS UACATBHOTO ra3a (IMHaMUYeCKasl BI3KOCTb) U
ko3 uimenT nuddys3uu onpenenstorcs no Gopmynam:

1
|:%.2 2.42.n, (1)
D:%-I_-\T; (2)
1 .
77:§.|.V.n.m0 (3)

rze | - cpennss nmuna cBo6oaHOrO MPOGEra MONEKYI a30Ta;
1] - KO3QPULUHUEHT BHYTPEHHETO TPEHUS;
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D - xosdpdurment quddysuu;
N - KOHIEHTPAIMs MOJIEKYJI Ta3a;

V' - cpensss CKOpPOCTh MOJIEKYII Ta3a;
Mg - Macca OJHOM MOJIEKYJIbI,

d —»>dpexTuBHLI TUaMeTp MONEKyI rasa.

KOHHGHTpaIIHIO MOJICKYJ TIa3a II0 3aJldHHbIM 3HAYCHUAM OAaBJICHHUA H
TCMIICPATYPBI OIPCACIUM K3 OCHOBHOI'O YPAaBHCHMU:A MOJICKYJIHPHO-KI/IHGTI/IIIGCKOI?I
TCOPHUH I'a30B:

P =nkT. (4)
Bripaxkas koHIIeHTpaIuo u3 ypaBHeHus (4) u nojcraiisis B Gopmyiy (1) moaydaum
= KT
l=—=
7-22.d*-P

[IpoBepka pazMepHOCTH pacueTHON (HOPMYJIBI:

e
- A K H-M
M -1la M H
L ] 2
L M _

Cpennsisi CKOpOCTb MOJIEKYJI

— 8RT

V= [—, (5)

T
IHC
rie R = 8,31’11— — MOJISIpHAst Ta30Basi MOCTOSHHAS;
(monv- K
T — TepMoMHAMHUYECKAS TEMIIEPATYPA;
_ Ke
u=28-10 3 - MOJIIPHASI Macca a3oTa.
MOJIb
BBIUMCIIUM CPEIHIOI CKOPOCTh MOJIEKYJI a30Ta:
HC
8- 8,31(’ZZK) 290K
— MOJb -
3 K2
314.28.1073

MOJ1b

[IpoBepka pazMepHOCTH pacueTHON (HOPMYJIBI:
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N~

ﬁi‘%c.[{ 1 1 2 1
|- moib - K _ (ﬂofcz _ (M)E - (KZ'M )E _M
o K2+ MOJlb K2 Ke 2 c’
¢ Ke

Jliist pacueta kodddunuenta qudy3un BoCoab3yeMcs MOTyYEeHHBIMH pe3yIbTaTaMu:

1.5 1

2
D==.1-V=2.63-10"-468 ~1,0-10°(2).
3 3 c

Jns pacueta KodpduIMEeHTa BHYTPEHHEro TpeHHs MojAcTaBuM B dopmyny (3)

KOHLICHTpaL N U Maccy O,HHOﬁ MOJICKYJIBI a30Ta mo, YUYUTBIBAA, 4YTO

n==-1-V.nmg;
P =nkT;
Nmeem: B B
me-n-V-k-T ~ my-V

"= = ;
3-7-42-d%-P  3.7.42.42

Macca ogHOM MOJIEKYJIBI ra3a

U

My =,
N A

rae 4 - MmonspHas macca raza, N, =6,02 102 moms ™! mocrosmuas ABorapo.

HpOI/ISBCI[CM BBIYMCJICHHUA .

= 1,38-107% - 290

| = ~6,3-107° (1)

1
314-22.(0,38-107°)%-10°

u-N 28-107° - 468 _
77: E = 1 )
N,-3-7-22-d> 6-10®-3-314-22-(38-107°)?

_5 Ke
n~12-107° "=
M-C
IIpoBepka pa3MepHOCTH pacyeTHOU POPMYIIBI:

b—_|:K2'M'M0]Zb:| _ Ke

2
MOJb-C*M M-C
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2
_EM
0>

c

OtBer: kodhuiment nudpdysuu pasen 1,0-1

_ Ke
07> =<
M-C

K02(hPUIUEHT BHYTPEHHETO TpeHus pasen 1,2 -1

3amaya N 5. KakoBo naBiieHHe BO3ayXa B IIaxTe Ha IIyOuHe 1 KM, eciu
CUUTATh, YTO TEMIIEPATypa MO BCEN BBICOTE IMOCTOSIHHA U paBHA 22 °C, a YCKOpPEHHUE
CBOOOJHOTO TAJCHUs HE 3aBUCUT OT BBICOTHI. JlaBieHue Bo3dyxa y MOBEPXHOCTH
3eMJIu IPUHATh PaBHBIM 10° 774 -

Jlano:

h =1xn =103

t=22°C;T = 295K = const;

P =10°ITa

P, -2
Penienue.

Bocnonb3yemcs 6apomeTpudeckoi popMyIoi:

Ph — PO .e™ €-h, J(RT) , (1)
rae P, u P, - maBiueHUs BO3ayXa Ha BBICOTE h W h, COOTBETCTBEHHO;
1 =29-10"k2/ monrs - MOJIIpHAs Macca BO3JIyXa;

g=98m/c’ - yCKOpPeHHE CBOOOIHOIO MaIACHHMS,

R =8,31/Joic/(K - monv) - MOJSApHAs ra3oBasi IOCTOSIHHAS,

T - TepMOAMHAMHUYCCKas TeMIIepaTypa.

3a HayaJio OTCYETA BBICOTHI MPUMEM JIHO IIaXThl, TOrAa h, =0;

P, 10°
Po = S7ani® ~ mmasw 1122919 ~112.10°(/Ta) .
e_ 8,31:295

Ke M- M
2 .yl PP
Moab-c? | | Ke-m | ke-m-c” |
- - y
toic- K ctn-m c? ke m
K - monw

OTBeT: 1aBJieHHE BO3/yXa Ha JIHE MaxThl 112-10°I7a .

OCHOBBI TEPMOAUHAMHUKHU
OcHOBHBIE 3aKOHBI 1 (DOPMY.JIbI
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1. KommdecTBO TEIIOTHI, COOOIIEHHOE TETy NP TETIO0OOMEHE:
dQ=C-dT.

rae C — TeII0eMKOCTb Tena; 1 — TepMOAUHAMUYECKas TeMIIepaTypa.

2. Buapl TENIOEMKOCTEN TEII U CBA3b MEXIY HUMH:

m
C=—C,=mc,
H YO,

M
rae C, - MOJApHast TEIUIOEMKOCTh Tena; Cy, - yAenbHas TeINIOeMKOCTb TeJa.
3. MonsipHbI€ TEIUIOEMKOCTH IIPU Pa3HbI MPOLIECCAX:

I+2 i

C = T R ; C = R

,UP ,uV 2 ’
rac C 4P~ MOJIIpHAA TCIINIOCMKOCTD IIPpH I/1306apI/I‘{eCKOM IIpoHeCcCe;

C v - MOJSIpHAS TENI0eMKOCTE IIPH H30XOPHIECKOM TIPOIIECCE.
4. Ypasuenue Pobepra-Maiiepa:
Cr—-Cuy =R,
5. BHyTpeHHss dHEprus naeaabHOro rasa:
I m
U=—.-—.
2 p
rme m - maccarasa; A - MomspHas Macca rasa;
i - 9UCIIO CTENEHEN CBOOOIBI MOJICKYJIBI;
R =8,31otc/(monv- K) - monsgpHas razoBast IOCTOSHHAS;

T — TepMoIMHaMUYECKasi TEMIIEpATypa.
W

R-T

UM TPV

H y-1

6. DnemeHTapHas paboTa, CBSA3aHHAs ¢ K3MCHCHHEM 00beMa ra3a:

VZ
dA=PdV  um A= [PV
Vl
rae Vl u V2 - HaYaJILHBIA M KOHEYHBIH 00BhEMBI ra3a.

7. IlepBoe Havayo (3aKOH) TEPMOJAMHAMUKHI
a) B nuddepennumanbaon Gopme:

S =dU + A
rie &Q - KOJMYECTBO TemJja, COOOIIEHHOE CUCTEME;

dU - msmenenue BHYTPEHHEU SHEPTUU CUCTEMBI;

OA - paGota, coBepIICHHAS CHCTEMOIA.
0) B MHTErpaJIbHOU (hopMme:

Q=AU +A.
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8. PaboTa rasa mpu u30TepMHUECKOM IpOIECcCe
P m P
A=Q=PV,In-t=—RTIh2
P P,’
2 M 2
rne P, u P, - HauanbHOE M KOHEYHOE NTaBJICHUS.
9. YpaBHenue anquabdbaruueckoro mnpoiiecca (ypaBuenue Ilyaccona):

PV’ =const wm TV’ ' =const,

C
_ P
rae V= a - IOKa3arTesb anadarol.
10. Tepmuueckuit K03(PGUIMEHT MOJIC3HOTO ASHCTBUS TEIJIOBON MAITUHBI:
A
77 =—_ []
Q

rac Ql - KOJIMYCCTBO TCILJIA, ITOJTYYCHHOC CHCTEMOM OT HarpeBaTeis;

A — pabora nukiIa.
11. Tepmuueckuii koadpdunnent nuukia Kapso:

QH_QX _TH_TX
Q. r, -

rac QH - TCIIJIO, ITOJJYYCHHOC OT HAarpCBaTCIAd,

77:

QX - TEIJ10, IEPEAaHHOE XOJIOANIIbHUKY;

T', - remneparypa HarpeBatens; 1, - TeMIepaTypa XOJNOIUIbHEKA

12. I3sMeHeHune S3HTPONHUU IBYX COCTOSTHUNA CUCTEMBI:

2
dQ
AS=S,-S 2 |—
1
JT
rme S, W S, - HayalbHOE€ M KOHEYHOE COCTOSIHME CHUCTEMEI. 3HAK paBEHCTBA
COOTBETCTBYET 00OpaTHMOM TIPOIIECCY, a 3HAK HEPABEHCTBA — HEOOPATUMOMY.
dQ - sneMeHTapHOE KOJMYECTBO TEIIOTHI, IIOJYYEHHOE TEJIOM IIpH TeMneparype 7.
m T \Y
AS=S,-S,=—|C,In-2+RIn-%
H T, Vi
T.¢ M3MEHEHHE SHTPOIMH HJCATBHOIO raza Npu IEepexoje €ro M3 CoCcTosHUS 1 B
COCTOSIHHE 2 He 3a8ucum om 8uod npoyecca nepexood.
[Ipu aguabaTryeckoM Mpolecce:

S =CoNnst: AS=0.

[Ipu n30TEPMHUUECKOM MPOIIECCE:

AS =mRIn\£_

H Vi
76



[Ipu n30xopHOM mpouecce:

T
As=" C, In=%.
H T,
13. DuTponus st KBa3UCTAIMOHAPHBIX MPOIECCOB:
d
ds = 3Q |
T
14. ®opmyna bonbsimana:
S=k-InW,

e O - SHTPOIHS CHCTEMBL

W' - repmoamHammaeckas BEpOSTHOCTD COCTOSHUSI CHCTEMBI;
-23

k =1,38-10" [{orc/ K - moctossHHas bonbuMana.

IIpumeps! pelieHns 3a1a4 HA TeMY
«OCHOBBI TEPMOAMHAMM K

3agaua 1. J[ByxaTOMHBEIA uaeanbHbI ra3 (V = 2MO0/b) HArpeBalOT IpH
IIOCTOSIHHOM 00beMe 110 TemrepaTypbl [, =289K . Omnpenenurs KoIM4ecTBO
TEIUIOTHI, KOTOPOE HEOOXOAUMO COOOLIUTD Ta3y, YTOObI YBEIMYUTh €0 JABIECHHE B
N =3 pasa.
Nano: 1=5;
vV =2MO0nb;
V —const;
T, =289K;
P,
3

Q-7

Pemenue.

KomuuectBo Ternorel Q, mormomaemMoe ra3oM Ipu H30XOPUUECKOM
npolecce, onpeaensercs mno Gopmyse:

Q =mc,AT, 1)
rac M - macca Harp€BacMoro rasa,
Cy - yZelbHas TEIIOEMKOCTh ra3a IIpy MOCTOSHHOM 00BEME;

AT - BenvuuvHa U3MEHEHUS TEMIIEPATYPHI Taskbl.
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I R
H3BectHO, uTO C\)= —*—.
2 u

JIns AByXaTOMHOTO ras3a

i 5 R R
=5, ¢y=—-—=2,5—.
2 p H
IToxcrasus BeIpaxkenue C, B popmyiy (1), momydnm
Q:m-Z,S-EAT:Z,S-v-R-AT, )
M
m
rne vV =— - KoJu4ecTBo BemiectBa (M - maccarasza, (/ - MOJspHas Macca
Y7

rasa).
3anumeM ypaBHeHue MenaeneeBa-Kianeiipona misi  AByX  COCTOSIHUM
UJEAIBHOTO ra3a:

pv =MRT,, 3)
7

pv =R, (4)
7,

ITo ycnosuro 3agaun V = CONSt , mponecc H30X0pHIECKUiA.
Paznenum (4) Ha (3), umeem (3akon Lllapmns):

T
2, ®)
Pl Tl
T
ITo ycnosuro 3agaun T_ =3, cnenosarensho, 1o =31y;
1
AT :STl—T]_ZZTl; (6)

C yuyerom noayuenHoro 3nadenus AT mo ¢popmysie (2) BEIYHUCIAEM 3HAYCHHE
KOJINYECTBA TEIJIOThI, COOOIIEHHOE rasy:
Q=25-v-R-AT =2,5-2-8,31-2-289 ~ 24016( /o)

[TpoBepka pazMepHOCTH pacueTHON (HOPMYJIBI:

D:=|:M0jlb'ﬂ—9fc K}:ﬂofc

Mmoab - K
OTBET: KOJIMYECTBO TEIJIOTHI, KOTOPOE HEOOXOAUMO COOOIIUTH Ta3y,

pasno 24,016x/[xc.
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3agayua 2. Bo ckompko pa3  HEOOXOOMMO  YBEIMYUTH  00BEM
v =5mo16 UCATIBHOTO ra3a NpU U30TEPMUYECKOM DPACIIUPEHUHU, €CIIU €0 SHTPOMHS

yBeIU4YMIach Ha AS =57,6 o/ K?

Jlano: V = OMOJb ;
AS =57,6 [{orc! K,

Penienue.

Tak Kak 1@poumecCc H30TEPMUYECKHM, TO B BBIPAXEHUH DOHTPOIUHU

AS=S,-§, = J‘? TEeMIIepaTypy BRIHOCHUM 3a 3HAK MHTETpaJIa, MOJTYIHM:
1

2
dQ _Q
AS = |—=—. (1)
;T T
KommdectBo Termmorel Q, moONydeHHOE ra3oM, HAJAEM IO TEPBOMY Hadary
TepMOJAUHAMUKU: Q =AU + A, rae AU - U3MEHEHHE BHYTPEHHEW SHEPTUM Ia3a;
A — pabota coBepiiaemasi ra3oM NPOTUB BHEHIHUX cuil. JIJIsi M30TEPMUYECKOTO

mnpouecca AU =0, ciaexoBaTelabHO,

Q=A; (2)
Pa0oTy raza nmpu M30TEPMUUECKOM IIPOLIECCE OMpPeAeseM o hopmyIie
v
A=" RT.InYz; (3)
H Vi

C yuerom (2) u (3) paBenctso (1) npumer Bun:

m-R-T _V \Y%
AS=———-In-2=v-R-In-2% (4)
p-T Vi Vi

rae v = M . 4ucno moeit rasa;

y7i
R= 8,31ﬂ—9’c - MOJIIpHas ra3oBasi IIOCTOSTHHAS.

(K - monv)

V, AS

U3 (4) nonyyaeMm: In v

1

v-R
V,  Hxc-K-mono

IIpoBepsieM pa3MepHOCTDL. —= 1
POBEp P P V.,  K-monplwc
BolunciieHue: In Vo AS _ 576- _ 1,386282;

V, v-R 5.831
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Va
Vl
OTtBeT: 00beM HEOOXOUMO YBEITUIUTH B 4 pasa.

1,386282
=e ~4.

3apaua 3. Termoas mammaa padoTtaet mo odparumomy nukiny Kapao (puc.3).
Temmeparypa Ternooraaranka 500°K. Ompenennts Tepmudeckuit KITJ mukma u
TEMIIEpaTypy  TEIUIOMPHEMHUKA TEIUIOBOM MAIMHBI, €CITU 3a CYET KaKIOro
KUJIOJ[KOYJISL TTUIOTHI, TTOJIYIeHHOM OT TEIUIOOTIaTYMKa, MAIlliHA COBEpIIaeT paboTy

350 JIx.

Jlano:

T.=500°K

Q.= 1x/x = 10° Ik
A =350 Ix

77'?T2'?

Puc.3
Pemienue.

Tepmuueckuit KII/[ TerioBoil MallinHbl MOKA3bIBAET, KaKasl 10JI TEIJIOTHI,
MOJIy4YeHHAs OT TeIIOOTAATUYHMKA, TPEBPAIACTCS B MEXaHUUECKYIO PadoTy.
Tepmuueckuit K.I1.4. BeIpaxkaeTcsi GOpMYyIIOii:

A

(S

1)

rae Q; - TerIoTa, MoMydeHHas OT TeIUIOOTAATYNKa; A - padoTa, COBEPIICHHAS

paboYnM TEJIOM TETJIOBOM MAIIIUHBI.
3nas KII/] nukna, MoxkHO U3 GopMyJibl
_ T1 — Tz
Tl
ONpPEENIUTh TEMIIEPATYPY OXJIaAUTeNs T, (TEIUIONPUEMHHKA)
T,=T, (- 77:
[TpousBeieM BbIYUCIEHUSI:
n =350/ 1000 = 0,35;
T, =500 €-0,35 =325(K).
OTtBet: Tepmuueckuii KITJ1 TermoBoit mamunbl paBeH 35%;
Temnepatypa TerionpruemMHrka pasHa 325K.

n

(2)

(3)

3agaua Ne 4. Onpenenut u3MeHeHue sHTponuu 14 2 a3zora npu HU300apHOM

HarpeBaHWu €ro ot t, =27° 1o t, =127°.
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Jlano: m=142=14-10"«e;
t,=27", T,=300K,
t, =127, T, =400K,
P =const .

AS =7

Penienue.
N3MeHeHue >HTponuu

“m C,dT "dT  m T
=[=—t—==c,[—==C,In2, (1)

m
AS —
i T T u T

rae AS U3MEHEHUE OHTPOIINHU Ia3a IIpHu IMOCTOAHHOM JIaBJICHUU,

m - Macca rasa,
Ke

1=28-10"° - MOJIIpHAs Macca a3oTa;
MOJlb
T, 1 T, - TEPMOAMHAMUYECKHE TEMIIEPATYPHI I'a3a B IIEPBOM U BTOPOM COCTOSTHUU
COOTBETCTBEHHO;
C, - MoJsipHas TEIUIOEMKOCTH ra3a IpH IMOCTOSHHOM JIaBJIICHUN
MouJtsipHasi TEIIOEMKOCTb T'a3a MPU MOCTOSHHOM JIaBJICHUU
i+2
C,=—"R, (2)
2
rae | - 4HCa0 CTermeHed CBOOOABI; T.K. MOJEKYJa a30Ta COCTOMT U3 JIBYX aTOMOB,
i=5;
Lo
R =83l———— - MOJIsIpHas ra3oBas IIOCTOSHHAas.

« - monw
[Toacrasnsiem (2) B (1), momyuaem:

AS :mﬂR |n_2’
uo 2 T
-3
Brruucnenue: AS = w -8,31-In a0 _ 4,18(”21—%) -
28-10 300 K

IIpoBepka pa3MepHOCTH pacyeTHOH GOPMYIIBI:

IXS - [KZ-ﬂO/C-MOﬂb:l _ Lo

Kxe - moav - K K

Tl

OTBeT: U3MEHEHUE SHTPOIUU PABHO 4,187 .
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3ama4u K KOHTPOJIbHOM padoTe Ne 4

400. Haiitu  neOpoiJIeBCKYIO JUIMHY  BOJIHBI ~ MOJIEKYJ — BOJOpPOJA,
COOTBETCTBYIOIIYIO UX HAanOoJee BEPOSITHOM CKOPOCTH NMPU KOMHATHOMN TeMIeparype.

401. Kakyrwo »sHeEprur0 HEOOXOIWMO JTOMOJHHUTEIHHO COOOIIUTH 3JIEKTPOHY,
9TOOBI €T0 1eOpoiisieBCKast JJIMHA BOJIHBI yMeHbIuiIack oT 100 mo 50 mm?

402. OmpenenuTh JUIMHY BOJHBI Ae bpoilna A, XapaKkTepH3yOIlyl0 BOJHOBBIC
CBOMCTBA JJIEKTPOHA, €CIIN €r0 CKOpOCTh paBHa | Mwm/c. CnenaTh TakoM e MOJACUYET
JUTS IPOTOHA.

403. Kunernueckas sHeprus 31€KTpoHa paBHa 1 k2B. Onpenennure IJIMHY BOJTHBI
ne bpoitis.

404. Omnpegenuth JJIMHY BOJHBI jAe¢ bpoins mnpoToHa, MNpoOIIEAIIEro
YCKOPSIOIIYIO pa3HOCTh MOTEHIHAIOB 1 KB.

405. Omnpenenuth JJIMHY BOJHBI ¢ bpoins mnpoToHa, MNpOIIEAIIEro
YCKOPSIIOIIYIO Pa3HOCTh MoTeHIManos 1 MB.

406. Kakyro yCKOpSIOLIYI0 pa3HOCTh NOTEHIMAIOB JOJHKEH MPOUTH 3IEKTPOH,
4yTOOBI JIJIMHA BOJHBI Jie bpoiiis Oblia paBHA CpeTHEMY PACCTOSTHUIO MEKy aTOMaMHU
B KPUCTAJUTMYECKUX pereTkax d =107 u?

407. IIpn kakOM 3HaYECHUH KMHETHYECKON YHEPTHUH JUIMHA BOJIHBI ¢ bponis nis
ANEKTPOHA paBHA €r0 KOMITOHOBCKOW JUIMHE BOJIHBI? C KaKOW CKOPOCTBIO JIBHXKETCS
TaKOM dJIEKTPOH?

408. Kakyro yCKOPSIONIYIO Pa3HOCTh MOTEHIMATIOB JOJDKEH MPOWUTH DJEKTPOH,
yTOOBI JyTMHA BOJIHEI J1e bpoiins Obuta paBHa 0,1 Hm.

409. DIEeKTpOH ABUIKETCS MO OKPYXKHOCTU paauycoM 0,5 cM B OZHOPOIHOM
MAarHUTHOM IIOJI€ C WMHAYKUWEW, paBHoM 8 mTn. Onpenenuts JIMHY BOJHBI 1€
bporins anexktpoHa.

410. IIpenmnonaras, 4TO HEOMPEAEIEHHOCTh KOOPANHATHI IBUKYILIECUCS YaCTHUIIbI
paBHa AeOpOIJIEBCKOM IJIMHE BOJIHBI, ONPEIEIUTh OTHOCUTENIbHYIO HETOUHOCTh Ap/p
HMMITYJIbCA 3TON YaCTHUIIbI.

411. Bo ckoapko pa3 neOpoitieBckasi JMHA BOJHBI YacTUIBI MEHBIIE
HEOIPEACICHHOCTH €€ KOOpPAMHATHI, KOTOpasi COOTBETCTBYET OTHOCUTEIbHOM
HEONPEIEIEHHOCTH UMITyJbca B 1%7?

412. OmnpenenuTe HETOYHOCTh B OMNPEACICHUU KOOPAUHATHI JJIEKTPOHA,
JIBIDKYIIETOCsT B aToMe BOJAOpPOAA CO CKOPOCThIO, paBHOM 15-10°m/c, eciu

JIOMyCKaeMasi HETOYHOCTh B ONpeAeseHHH CcKopocTu coctaBiasier 10 % ot ee
BEJIMYUHBI.

413. Vcionb3ysi COOTHOIIICHUE HeompeeneHHoCcTel AxAp>h, O1eHnTh HU3MIUN
SHEPreTUYECKUM YpPOBEHb DJJEKTPOHA B aroMe Boaopoxa. lIpuHATH nuHElHbIE
pasmepsl atoma 1=0,1 mm.

414. TlpunsB, uyto MUHUMAabHasg 3Heprusa E HykiioHa B sigpe paBHa 10 M»>B,
OLICHUTb, UCXO/ISl U3 COOTHOILIEHHS HEOIIPEAEIIEHHOCTEH, JINHEWHBIE pa3MephI spa.

415. IlpuHumasi, 4TO 3JEKTPOH HAXOAUTCS BHYTpU atoma guamerpoM 0,3 HM,
onpenenuTe (B 3JIEKTPOH-BOJIBTAX ) HEOMPEACICHHOCTh YJHEPTUH JAHHOTO 3JIEKTPOHA.

82



416. Ucnonb3ys COOTHOILIEHUE HEOMpPENeNeHHOCTH AEAt>h, OUEHUTHh LIUPUHY

DHEPreTHYECKOTO YPOBHS B aToMe BOJIOPOJIA, HaXOJISIIErocs
B OCHOBHOM COCTOSTHHH.

417. Hcnonws3ysi COOTHOIIEHUE HeOoMNpeaeaeHHOCTH AEAt>h, OlleHUTh IUPUHY
DHEPreTHYECKOTO YPOBHS B aToMe BOJIOPO/IA, HAXOISIIIErOCs

B BO30YXJCHHOM COCTOSIHUM (BpeMs >KU3HU aToMa B BO30YXIECHHOM COCTOSIHUU
pasHo 107 ¢).

418. TlpuHsB, 9YTO MUHUMAaJIbHAs SHEPrus HYKJIOHa B snape paBHa 10 Mb>B,
OLICHUTb, UCXO/ISl U3 COOTHOILICHHS HEOIIPEAEIIEHHOCTEH, JINHEWHBIE pa3MepbI apa

419. Haiftu HauOOJBIIYI0O U HAMMEHBIIYIO JJIMHBI BOJH B BHAMMOM oOxacTu
CIEKTpa U3Iy4YEHHUs aToMa BOAOPO/Ia.

420. Beruncnuth mo Teopun bopa pammyc BTOpOH cCTalioHApHOW OpOUTHI U
CKOPOCTb 3JIEKTPOHA Ha 3TOM OpOUTE [JIs1 aTOMa BOJOPOAA.

421. Omnpenenutb paanyc, 4acTOTYy U CKOpPOCTb OOpalleHHs 3JIEKTPOHA s
nepBoi opOUTHI O TeopuH bopa, a Takke S3HEPruI0 HOHU3ALIUY.

422. AToM BOJIOpO/Ia B OCHOBHOM COCTOSIHMM IOTJIOTUJI KBAHT CBETa C JIMHON
BoiHBI 0,1215 mxm. Onpenenuth paauyc 3JIEKTPOHHON OpOUTHI BO30YXKIECHHOTO
aToma BOJIOPOJA.

423. B BomOpoa0ONOAOOHOM HMOHE JIMTHS OJEKTPOH TEpemiesl ¢ YeTBEPTOTO
HHEPreTUYECKOr0 YPOBHS Ha BTOpOil. ONpenenuTs 3HEPru0 KBaHTa U JIJIMHY BOJIHBI
U3IIyYEHHUS], UCITYIIEHHOTO HOHOM.

424. I'pannvHas qyvHa BoJdHBI K-cepun XapakTepuCTHUECKOTO PEHTIE€HOBCKOTO
M3JIy4EHUS HEKOTOPOro seMeHTa pasHa 0,1284 am. OnpeaenuTs 3TOT 3JIEMEHT.

425. Onpenenuth MUHUMAIBHYIO JUIMHY BOJHBI TOPMO3HOTO PEHTTEHOBCKOTO
U3IIy4YEHHUs], €CJIM K PEHTIT€HOBCKOM TpyOke nmpuiioxkensl HanpsbkeHus 30 kB u 75 kB

426. CKOJBKO JMHUH CTIEKTpa aTOMa BOJOPO/Ia MOMaaacT B BUAUMYIO 00J1aCTh
(A ot 0,4 Mmxm 10 0,76 MKkM)? BeIUHCINTE IJIMHBI BOJH 3TUX JIMHUK. KakuMm 1iBeTam
OHHU COOTBETCTBYIOT?

427. Onpenenuth HEPruto (pOTOHA, UCITYCKAEMOTO MPHU MEPEXOe dIEKTPOHA B
aTOME BOJIOPOJA C TPETHErO SHEPTETUUYECKOIO YPOBHS HA OCHOBHOU YPOBEHb.

428. Bprunciuth 1mo Teopun bopa mepuon BpallleHUs D3JEKTpOHa B aToMme
BOJIOPO/1a, HAXOIAILErocsl HA BTOPOM SHEPIe€THYECKOM YPOBHE

429. DnekTpoH B aTOME BOJOPOJAa HAXOJUTCS Ha TPEThEM HHEPreTHUYECKOM
ypoBHe. ONpeaeNuTh B 91eKmMpOH-8016Max TOIHYIO SHEPTHUIO AJEKTPOHA.

430. AKTUBHOCTh HEKOTOPOTO MpernapaTa yMeHblaercs B 2,5 pa3a 3a 7,0 cyTok.
Havitu ero nepuon nonypacnazna

431. HaiiTi mMOCTOSIHHYIO pacnaja U CpelHee BpeMs KU3HU PaIMOaKTHUBHOIO
m3otona Co™, eclii M3BECTHO, YTO €ro aKTHBHOCTb yMmenbinaercs Ha 4,0% 3a gac?
IIponykT pacniaga HEpagUOAKTUBEH.

432. TIpemapar U**® maccsr 1,0 2 m3nyuaer 1,24-10° o -uacTuit B ceKyHy. Haiitu
IIEPHOJI NTOJIypacHaaa 3TOro U30ToNa U aKTUBHOCTH Mperapara.

433. OmnpenenuTh JIWHEWHBIH KOIPGUIIMEHT TOTJOMIEHUS [l . €CJIH TPHU
MPOXOXKJECHUU 4Yepe3 CIOHM Kene3a TOMMUHOW 3,15 ¢cM MHTEHCHUBHOCTb W3ITy4EeHUS
ocnabnsiercs B 4 pasa.
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434. YyryHHas TUTMTa YMEHbBIIIAET MHTEHCUBHOCTh Y3KOTO MyYKa Y — U3IYYCHUS
B 10 pa3 (u; = 0,26cm™) Bo CKONBKO pa3 yMEHBIINT MHTEHCHBHOCTb 3TOCO ITydKa
CBHUHITOBAs IJIMTA TaKOM ke ToauHsI (L, = 0,46 CM'l)?

435. Kak u3MeHHTCs CTENEHb OCNa0JIeHUs Y —ydyeld MpU MPOXOKJIECHUU uYepe3
CBUHIIOBBIM 3KpaH TOJIIUHON 1 CM, €Cly JJIMHA BOJIHBI 3TUX JIy4eu 4,1-10 M (W =
0,45 cm™) 1 8,2:10™m (uy = 0,56 cm™) ?

436. Haiitu ¢ moMombl0 TaOJMYHBIX 3HAYEHHM Macc aTOMOB DJHEPTHIO,
HEOOXOMMMYIO [UTS pasaencHus sapa O'° Ha 4eThIpe OJMHAKOBbIC YaCTHIIBL.

437. BerauciuTh AeQEeKT MacChl, SHEPTUIO CBA3M si/ipa U YACTbHYIO SHEPTHUIO
CBSI3U JUUISI DJIEMEHTA ‘% Ag .

438. BeIuuCIIUTh dHEPreTHUSCKUM 3G (EKT peakuu 2 H+.Li—  Be+n.

439. Haittu ¢ mnoMompl0  TAaONWYHBIX  3HAYEHWH  MacC  aTOMOB
CPE/IHIOIO SHEPTHIO CBSI3U Ha OXHMH HyKIOH B sype O'°.

440. HaitfT; 9ucio MOJICKYJ a30Ta B 1M , €N JaBieHue paBHO 3,69 atMm, a
CpeaHsis KBaJpaTUYHas CKOPOCTh MOJieKyJ paBHa 2400 m/c.

441. Cocyn eMKOCTBIO 3 J1 COAEPKUT a30T Mpu Temneparype 37 °C u gaBnenun 0,5
atM. HaliTu 4muClIO CTOJNKHOBEHUN MEXIy BCEMHU MOJIEKYJaMH 3a 1 C U CpeIHIOI0
JUIMHY CBOOOJHOTO mpoOera Mosekyl. (DdQeKTuBHBIA AUAMETP MOJEKYJBI a30Ta
3,1-10™%).

442. Haitnute TemriiepaTypy, MpH KOTOPOM CpeaHsisi KBaJpaTU4YHAsi CKOPOCTh
MOJICKYJIBI a30Ta paBHSJIACh ObI CpeJHEN KBaJpaTHUYHONW CKOPOCTH MOJEKYI
BoJI0poJa ripu temreparype Ti= 300 K.

443. Onpenenuth K03GOUIMEHT BHYTPEHHETO TPEHUSI JIJIsi BOJAOPO/IA, UMEIOIIETO
TeMIIepaTypy 27°C. (OddexTuBHBIN qUAMETP MOJIEKYJIBI Bogopoaa 2,3 10"m).

444, Omnpenenuth IUIOTHOCTh Pa3peKEHHOr0 a30Ta, €CJAU CpeaHss JJIMHA
cB0OOHOTO TIpodera moJiekyn 8 cm. KakoBa koHueHTpanus azota? (D¢p¢deKTHUBHBIM
[IMaMeTp MOJIEKyJIbI a3ota 3,110 %m).

445. Bsskoctb  Bogopoaa 8,6 wmkllacc.  Omnpegenure ko3 duLMEHT
TETUIONPOBOAHOCTH BOJAOPOAA MPU TE€X KE YCIOBUSX.

446. Berunciuth K03(QGUIUEHT BHYTPEHHEro TpeHUs: U koddduiment auddysuu
KUCJIOpo/a, Haxogmsmierocss npu pgasienun 0,2 MIla u Temneparype 280 K.
(DbbexTHBHBI quaMeTp MOIEKyIbI Kicaopoaa 2,910 m).

447. 3a nenento u3 crakana ucnapuiaoch 50 r Boabl. CKOJIBKO B CPEAHEM MOJIEKYII
BBLJIETAJIO C IOBEPXHOCTH BOJIBI 32 1¢ ?

448. B OamnoHe eMKOCTBIO 15 11 HaxoauTcs cMech, coaepkarmias 10 T Bogopoaa,
54 r BoastHOTO Mapa u 60 r okucH yriaepoaa. Temmeparypa cMecu 27°C. Onpenenuts
JaBJICHUE.

449. Kucnopon Maccoii 160 r HarpeBaroT npu noctostHHoM aaBiiennu ot 320 K go
340 K. OmnpenenuTs KOJIUYECTBO TEIUIOTHI, IOTJONIAEMOE Ta30M, H3MEHEHUE
BHYTPEHHEH 2HEPruu U paboTy pacllvpeHust rasa.

450. Bomopon maccoit m=10 r warpenu Ha AT=200 K, mpuyem razy ObLIO
nepenano kosmuectBo Termnorel Q=40 k/[x. Hailitm nzmenenme AU BHyTpeHHEN
SHEPTUU Ta3a U COBEPIICHHYIO UM paboTy A

451. Haittu nokazarenib aauadaThl JAJisl CMECH Ta30B, COJEpKallleil renil Maccoi
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m;=10 r u Bomopo Maccoil my=4 .

452. OnpenenuTsh yACIbHYIO TEIJIOEMKOCTh Cy CMECH T'a3oB, cojepkariet V=5
2 Bojtopoaa u V,=3 z renud. ['a3pl HAXOASATCS NpU OAMHAKOBBIX YCIOBUSIX

453. KakoBbl yJelbHBIE TEIUIOEMKOCTH Cy M C, CMECH TIa30B, COJepKallen
kuciaopos Maccor m;=10 r u a3ot maccoid my=20 .

454. B 6annone oobémMom 10 1 HaxoauTcs renuid o aaBiaeHueM p;= 1 Mlla u
npu temneparype Ti;= 300 K. Ilocne toro, kak u3 6amiona Obuto B3saTO 10 T remus,
Temneparypa B 6amuione nonuswiach A0 To,= 290 K. Onpeaenuts qaBieHue p, reaus,
OCTaBILIErOCs B 0A/UIOHE, U U3MEHEHHE BHYTPEHHEN SHEPIUH.

455. UneanbHas TeruioBas MallnHa, padoTaromas no ukity KapHo, coBepiiaer
3a ofMH LHKI paboty 1,5-10° [ix. Temmeparypa Harpesatemnst 400 K, Temmeparypa
xonoamwibHuka 260 K. Haiitu KIIJ[ MammHbl, KOJIUYECTBO TEMJIOTHI, MOIYYaAEMOE
MaIlIMHOW 3a OJMH ILIMKJ OT HarpeBarelisi, U KOJUYECTBO TEIUIOTHI, OTJAaBaeMoe 3a
OJIMH ITUKJI XOJIOJAWIIbHUKY.

456. Onpenenuth paboTy A, U30TEPMUYECKOTO CKATHUS Tra3a, COBEPIIAIOIIETO
nuki Kapno, KIIJ kotoporo pasen 0,3, eciu paboTa U30TEPMUYECKOTO PACIIUPEHUS
A; =9 JIx. [Toctpouts rpaduk HHKIA U yKa3aTh HA HEM A, , A; ¥ pabOTy IIUKIIA.

457. Cmemanu Bogy maccort mp= 5 kr npu temneparype T;=280 K c Boxo#
Maccot My= 8 kr mpu Temmeparype T,=350 K. Haiitu temmeparypy 0 cmecw,
U3MEHEHHUE YHTponuu AS.

458. Kycok mean maccel m; = 300 r mpu Temneparype t; = 97 °C nomecTuiiu B
KaJOpUMETp, Te Haxoautcs Bojga Maccel my = 100 r mpu temneparype t, = 7 °C.
Halitn mpupaimieHre SHTPOIUHA CHCTEMBI K MOMEHTY BBIPABHHBAHHUS TeMIIEpaTyp.
TennoeMKoCTh KaJopuMeTpa NPeHEOPEKUMO Maa.

459. HaifTu W3MEHEHHE SHTPOMUU TpPH H300aPUUECKOM PACIIUPEHUU TeNusl
Maccoit 8 r ot oobema 10 11 1o 00bema 25 1.

MNPUJIOKEHUSA

1. OcHoBHBIE pU3NYECKHE TOCTOSIHHbIE

DU3NYECKUE MOCTOSHHBIC O6o3HaueHUS 3HauCHUS
Y ckopenne cBOOOTHOTO MaieHUs g 9,81 m/c?
['paBUTAlIMOHHAS TIOCTOSIHHASI G 6,67-10 *'m*®/kr-c?
[TocTrosiHas ABoraapo N, 6,62-10*moup
MoznsipHasi ra3oBasi TOCTOSTHHAS R 8,31]x/monn' K
[Tocrossunas Boxprimana k 1,38-10 % JIxx/K
DJIeMeHTapHBIN 3aps (3aps/] SJICKTPOHA) e 1,6-10 ™ Kn
CKOpOCTh CBETa B BAKYYME C 3-10°m/c
IToctostanas Credana-bonbnmana o 5,67-10°Bt/m?-K*
[TocrositHHAs 3aKkoHA cMelieHns Buna b 2,9-10°mK
ITocrosinnas [Tnanka h 6,62:10* Jlx-c
KoM ToHOBCKasI IJTHA BOJIHBI AJIEKTPOHA Ae 2,43:10 ™M
ATOMHAs €IUHULIA MACCHI a.e.M. 1,66-10 % kr
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DJeKTprYecKas MOCTOSHHAS £, 8,85:-10 » ®d/m
MarHauTtHas IOCTOSIHHAS y7n 47.10"'Tu/M
2. Macca u 3Heprusi NoKosi HEKOTOPBIX YaCTHIL
Yacrtuna m, E,
KT a.e.M. JIx M5B
DJICKTPOH 9,11-10°* 0,00055 8.16-10 ™ 0,511
[Tpoton 1,672-10% 1,00728 1,5-10°° 938
Heiitpon 1,675-10% 1,00867 1,51-10" 939
Jletitpon 3,35:-10 7 2,01355 3,00-10°% 1876
O-4acTHIa 6,64-10% 4,00149 5,96:10 ™% 3733
3. Macchbl HEKOTOPbIX HEMTPAJIbHBIX ATOMOB B a.€.M.
DJIeMeHT H3oton Macca DJIeMeHT H3oTon Macca
Bonopon Hi 1,00783 AroMuHUN Al 26,98153
Bonopon H? 2,01410 Maruunit 2Mg 23,98504
Bonopon H?3 3,01605 Cepebpo Y Ag 107,868
[ennit JHe 4.00260 bepunnmii . Be 9,01505
I'enuii JHe 3,01603 Ypan U 235,11750
VYrnepon 2C 12,00380
Jlutuii ILi 7,01601
Kucnopon Yo 17,00456
P PeKTUBHBIC JUAMETPBI ATOMOB U MOJICKY.JI
BemectBo HdnameTp
I 0,20:107 m
Boaopon 0,23-10° m
Kucaopos 0,30-107 m
A3oT 0,30-107

PabGoTa BbIX0/1a 3JIEKTPOHOB U3 MeTaJLIa

BemecTBo PaboTa BeIxona, BemecTBo PaboTta BeIXOAA,
5B B
AmroMuHUHN 3,7 Huxkens 4.8
Bonbdpam 45 [ImaTuna 6,3
Jlurnit 2,3 Le3nii 1,8
Menb 4.4 007050 4.0
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MHOKHATEJIHN U INPUCTABKH JIJIA 06p330BaHI/Iﬂ ACCATHYHBIX KPATHBIX H
AOJBbHBIX €IMHHUII 1 HX HAUMCHOBaAHUA

IIpucraBka IIpucraBka
HaumenoBan | O6o3naueHn | Muoxute | HaumenoBan | O6o3HaueH | MHOKUTEN
ue ue b ue ue b
IKCa €] 10" TeIn hi§ 10"
noTa I1 107 CaHTHU c 10
Tepa T 10" MUJITA M 10
rura I 10° MHUKPO MK 10°
Mera M 10° HaHO H 10°°
KHUJIO K 10° ITHKO I 10"
TEKTO r 10° bemMTo b 10"
JeKa na 10* arTo a 1018
I'peuyeckuii ajnpaBur
Oo0o3HaueHus Ha3Banust Oobo3HaueHust Ha3Banus
OyKB OyKB OyKB OyKB
A, anbpa N,v HIO (HH)
B,B Oera =& KCHU
Iy ramma 0,0 OMHKPOH
A0 JenpTa I1,n il
E. DIICUJIOH P,p Po
7,C J3eTa 2,0 cUrma
Hn oTa Tt Tay
®,0 TeTa Y ,L UTICUJIOH
I1 nora D,p bu
K,x Karma XX XU
AN nsmMOaa Yy ncH
M,u MU (MI0) Qo oMera
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HPUJIOKEHHUE A

OcHoBHBIE ([)n3uqec1me INOCTOSAHHBIC

du3nyeckas NOCTOAHHAS O003HaUYeHne 3HayeHue

YckopeHne cBOOOIHOIO g 9,8m/c?
nageHus
['paBUTAIIMOHHAS TTOCTOSHHAS G 6,67 -10 v 1 €z-c? )
[ToctrosiHHas ABOraapo N, 6,02 -10% monw "
MosisipHast ra3oBast MOCTOSIHHAST | R 8,31 /1oic | € - monw_
IMocrostnuas bonbnmana k 1,38-107% el K
[Tocrosinnas dapazes F 9,65-10" K/ monw
DJIeMEHTapHBIN 3apsi e 1,6-107° Kn
Macca snekTpoHa m, 911-10 % ke
CKOpPOCTh CBETa B BAKYyMe C 3-10°m/c
ITocrosinnas Credana- o 567-10°Bm /€ - K*
boapMana
[TocTostHHAs 3aKOHA CMEIICHUS b 29-10%u-K
Buna
IMocrostnuas Ilmanka h 6,63-107* IIc - ¢

h 1,05-107* Il - ¢
[TocTostHHas Punbepra R 2,07-10 8¢

R’ 110-10" m7*
BopoBckwuit paauyc a 52910 m
KomrronoBcKast JiMHa BOJIHBI A, 2,43-10 ™% u
DIIEKTPOHA
Marueron bopa 7 9,27 -107* eI Tn
DHeprusi HOHU3AIKUN aToMa E, 218-107" JTxc
BOZIOpOJA
ATOMHAas €IUHAIIA MACCHI la.e.m 1,66 -107% ke
DJeKTpUYecKas MOCTOSHHAS & 8,85-10 “ @/ m
MarauTHast H1OCTOSHHAs M 47107 Tl m
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HNPUJIOKEHHUE b

HeKOTOpre ACTPOHOMHYECCKHNEC BCJIHYNHDI

HaumeHoBaHue 3HaveHne
Pagnyc 3emnu 6,37 10° m
Macca 3emin 5,9810% k2
Panuyc Jlynsl 1,7410° m
Macca JIyHsl 7,33-10% ke
PaccrosiHue oT 1ieHTpa 3emMiu 3,84-10% m
110 1eHTpa JIyHsl
PaccTtostHue oT nieHTpa 3emiuun 6,0-10° u
110 IeHTpa Benepsl
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HNPUJIOKEHUE B

Hexoropbie COOTHOLIEHUS
MeXKIY eAMHUIIAMHU U3MepeHnsi GU3n4eCKUX BeJUYHH

du3nyeckas BeJIMIAHA CooTHoOIlIeHHEe MeKIYy eIUHHUIAMU U3MepPeHust
Macca 1 monna = 10%xe
Bpewmst 1 cymxu = 8,64-10"¢c
1200 = 316-10"¢
Pabota, sHeprus, Temiora 1 xan = 419 e
1kBm - uac = 3,6 -10° e
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HNPUJIOKEHUE I

MHOKHATEJIHN U INPUCTABKH JIJIA 06p330BaHI/Iﬂ ACCATHYHBIX KPATHBIX U
AOJBbHBIX €IMHHUII 1 HX HANUMCHOBaAHUA

IIpucraBka IIpucraBka
Haumenosan | O6o3Hauen | Muoxure | HaumenoBan | O0o3HaueH | MHOXHUTEN
nue ue JIb ue ue b
JKCa ) 108 e i 10t
rmoTa I1 100 CaHTH C 102
Tepa T 10" MUJUTA M 10°
rura I 10° MHUKPO MK 10°
Mera M 10° HAHO H 10°°
KWJIO K 10° TUKO I 10
TeKTO r 10° demTo i) 10"
JIeKa na 10t aTTo a 1018
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IMPUJIOKEHUE

I'peveckmnii ajndaBut

Oo6o3HaueHus Ha3zBanust Oobo3HaueHust Ha3zBanusi
OyKB OYKB OyKB OyKB

A, anbga N,v HIO (HM)
B,B Oera =E KCH
Iy ramma 0,0 OMHKPOH
A0 TeJIbTa I1,7m 0%
E.c SICUIIOH P,p Po
7,C J3eTa 2,0 cUrma
Hmn oTa Tt Tay
®,0 TeTa Y,V UIICUJIOH
I nora D,p bu
K,k Karma XX XU
AN nsmOaa Yy IcH
M, MH (MIO) Qo oMera
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